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Gems and Gemology is the official organ of the American Gem Society and with it is 
included the Bi-Monthly Confidential Service of the Gemological Institute of America. It is 
published as a part of the educational gem and jewelry program of the American Gem 
Society by the Gemological Institute. The Gemological Institute of America is a non-profit 
educational institution directed by voluntary boards consisting of international gem authori- 
ties and appointees of American jewelry trade associations. It confines its activities to thé 
furnishing of education, books, instruments and educational publicity material of a gem- 
ological or jewelry nature. In harmony with its policy of maintaining an unbiased and unin- 
fluenced position in the gem and jewelry trade, no advertising is accepted in this or any 
other of its publications. Gems and Gemology will not overlap the field of any other periodical 
in America or England. 


IN OUR NEXT ISSUE 


G. Frederick Shepherd leaves the diamond exhibit and takes us on a 
personally conducted tour of the various gem displays throughout the Fair. 
This will prove a good guide for those who plan to attend the Fair when it is 
reopened next summer. 

The Regent Diamond once was pawned to buy “horse furniture” for 
Napoleon’s armies. The story of this famous gem will be presented by 
Robert M. Shipley. 

In the present issue, the gem course at Colgate is described. Our next 
issue will contain a complete account of the formation of the gem classes at 
Columbia, their history, and their present purposes.. Dr. Paul F. Kerr, one of 
the best-known gemologists in America, writes the article. 

Milton Gravender will review the properties and interesting points of 
another gem species. 


Dr. H. E. Briggs will continue his Encyclopedia, going further into his 
general discussion of the properties, optical and physical, of gem-stones. 


The diamond market will be reviewed briefly in every issue. 


An article will be carried which will deal further with the subject of 
diamond louves. 


EDITORIAL 


It is our purpose to give our readers accurate and up-to-date informa- 
tion concerning gem-stones. We intend to print not only new developments 
in the field of gems but also interesting points which will serve the jeweler 
as sales-tools. Furthermore, we shall publish news of students of gemology 
throughout the world. 


It is a difficult matter to gather the material which we print. We have 
no paid writers who send articles for our approval. Neither have we any 
news agency atour back. The items which we print we have solicited, largely 
through the mails. 


But this very fact makes Gems and Gemology of more value. It is the 
only magazine of its sort published in the United States. In fact, to the best 
of our knowledge, the English Gemmologist is the only other magazine 
printed which covers a similar field. 


Gems and Gemology carries no paid advertising. Therefore, our policy 
is an entirely independent one. We are not required to meet the demands 
—in the material we publish—of any large advertiser. How well we have 
succeeded in gathering this material and in presenting it, is for our readers 
to judge, We shall appreciate your candid criticism. 


{ } 


JANUARY, 1934 3 


FORUM 


“Diamonds,” says Mr. H. Paul Juergens of Chicago, “are ornaments, 
pure and simple, enjoyed only by those who can afford to wear them.” This 
is an interesting angle on a question which promises to become more dis- 
cussed than it already is. The Institute, in its courses, has maintained that 
investment or “security” value of diamonds should be used as a sales-tool. 
Some of those whose experience qualifies them to speak agree with the Insti- 
tute, some very definitely do not. 

_ Mr. John Vondey of San Bernardino, California, who is also one of the 
Institute’s staunchest supporters, bolts the party on this question and agrees 
with Mr. Juergens. Mr. Vondey says he “is not in accord with this invest- 
ment or ‘security selling of diamonds. People buy diamonds to wear... ” 

Both Mr. Juergens and Mr. -Vondey have behind their statements years 
of experience in conducting honest jewelry business. 

But, on the other side, we have the statement of Mr. H. E. Hawk of 
Columbus, Ohio, that, “As long as real estate, especially lots, is called invest- 
ment, diamonds can well and more favorably be so classified.” 

And Mr, E. Howard Phillips of Conneaut, Ohio, remarks in part, “stocks, 
bonds, real estate—haven’t half the assurance of a rise in value that: have 
diamonds. They (diamonds) are an investment!” 

Ohio, at least, agrees with us. What do the rest of you think? 


THE CODE AUTHORITIES 


The choice of the members of Code Authorities of both the 
Retail Jewelers Trade and Precious Jewelry Producers Trade 
deserve universal commendation. If these very excellent and 
generous-intentioned men are not supported in every manner by 
all sincere members of their respective trades, then those trades 
deserve the fate which will probably overcome them. 


ROBERT M. SHIPLEY, 
Pres. Gemological Institute of America. 


Corundum Determinations 

During the past six months our students have sent us quite a volume of 
corundum gems for determination. A ruby we received had been purchased 
from a bankrupt Helena, Montana firm thirty years ago and at a price of 
almost $80 per carat, The stone was of a pale red color and had evidently 
been cut in the Orient. An examination under the microscope at once proved 
the stone to be synthetic and of very poor quality. 

A sapphire and a ruby bought in the Orient by a traveler from the 
Mid-West were sent to us. The ruby proved to be synthetic and the sapphire 
was genuine. A fourth stone was a ruby of about a carat and a half of a 
fine deep red color. A letter accompanying the gem intimated that its sender 
suspected it of being either synthetic or reconstructed. Examination in the 
laboratory definitely established the ruby as a genuine. 
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GEMOLOGY AT COLGATE UNIVERSITY 
DAVID W. TRAINER, Jr., Ph.D. 


Geology, mineralogy and the related courses in physics and chemistry 
all of which are equally important for a well rounded training in gemology, 
are a very definite part of the physical science curriculum at Colgate. The 
instruction in gemclogy includes a semester course of elementary lectures, 
which are elective and are open to students of all classes. The purpose of 
these lectures is to stimulate interest in the subject of gems and to teach the 
elementary facts concerning the physical properties of minerals and how 
these effect the properties and value of the more important gem minerals. 
Besides the elementary lectures, work with a limited number of students is 
conducted in the actual determination of cut stones, the grinding and polish- 
ing of semi-precious stones, and the preparation of reports on individual 
gem minerals. The usual physical and optical methods are used in the de- 
termination procedure. 

Colgate is very fortunate in being fairly well equipped with instruments 
and has an excellent collection of minerals which are well exhibited and 
may be used for study purposes. The collection of cut stones used for labo- 
ratory determinations is not as extensive from the standpoint of variety of 
species as one might wish but it is sufficient to illustrate all of the important 
determinative methods. 

The author has found that cutting equipment for teaching the proper- 
ties of gems is invaluable. The cutting equipment used in the Colgate labo- 
ratory is extremely simple and includes vertical grinding wheels and polish- 
ing devices as well as horizontal laps for making faceted cuts. This type 
of creative work is especially interesting to many undergraduates. 

The library facilities are very good and include all the standard works 
on gems and mineralogy, and as well survey revorts and statistical informa- 
tion related to the subject. This information is of value to the student in 
preparing reports on individual gems. 

The elementary lecture course attracts a fair number, fifty to seventy- 
five, when the enrollment of the University, which is only 950 students, is 
considered. The special work usually includes five students and an effort 
is made -with this group to arouse sufficient interest in the subject so that 
the student will either continue the work after graduation or make a prac- 
tical application of the material which he has learned in the trade or business. 


~DIAMOND MARKET UNCERTAIN 


Reports from abroad indicate that the diamond market is still very 
unfavorable. The Diamond Corporation sold a large lot of Congo diamonds 
recently to a powerful group of buyers. The Belgian Diamond Industry 
infers that financial conditions forced the Corporation to dispose of this lot /( 
of diamonds at a price which was rather unfavorable. 

The condition of the diamond market in America was given as the reason 
for a 20% slump in prices at Johannesburg by the German Goldschmiede. 
Zeitung. This paper also reports that the Diamond Corporation has an- 
nounced that no more of its London “sights” of rough diamonds will be held 
until February 15th. 
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THE ORLOFF 


The early origin of this exquisite jewel—perhaps the fourth largest of 
cut diamonds—is shrouded in mystery. The exact date of the entry of the 
Orloff into the history of nations and into the lives of men is debated by world 
authorities. By scme it is thought to be the Great Mogul—the fabulous 
stone but once seen by European eyes—whose present location is unknown. 
The known history of the Orloff began when it served as the eye of an Indian 
idol. It is now among the financial reserves of one of the world’s richest 
nations. ‘ 


The story of the journey of this gem to the Occident from that vast 
Oriental jewel-box, India, is of more than passing interest. Near Trichi- 
nopoly, in Myscre, a native state in southern India, there is in the river 
Cauvery an island called Srirangen. Near the western shore of the island 
there stood a Hindu temple, enclosed within seven walls. Within the inner- 
most shrine of the temple stood the idol of a god. Its eyes were two great 
gems—one of these the Orloff. This was a massive diamond, of the shape of 
half an egg, and in weight almost 200 carats. 


A French grenadier—a deserter—lived in the neighborhood of the 
temple. He learned of this great treasure, and devoted many years of his 
worthless life to gaining possession of it. He must have embraced the Hindu 
faith, for no Christian was admitted beyond the fourth of the seven enclos- 
ures of the temple. The grenadier obtained employment within the walls; 
and after many years of carefully planned labor, he was admitted as a fre- 
quent worshipper at the inner shrine because of his apparent devotion to the 
god and to the priests. ! 


The French soldier laid his plans carefully. The moment for which he 
had waited came. A stormy night. The idol in fitful shadows. He pried one 
diamond eye from its socket. Then he lost his courage. Leaving the other 
diamond behind,: he fled. He successfully. scaled the walls and swam the 
river. In a raging tempest, he escaped through the jungle to the English 
army—Madras—and safety. 


At Madras, the ex-soldier was last heard of when he found a purchaser 
for the diamond, at $10,000, in the person of an English sea-captain. The 
skipper sold the stone for $60,000 to a Jewish merchant, who in turn sold it 
to a notorious Persian scalawag named Khojeh. ‘ 


This was in the year 1775. At this time, the Court of Russia was gay 
and extravagant. Khojeh determined to travel to the Russian Court to find 
a buyer for the jewel. He was fortunate: In Amsterdam, while on his 
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journey to the Court, Khojeh met the Russian prince Gregory Orloff. The 
prince had been the lover of Catherine the Great, Empress of the Russias. 
But at the time, he was out of her favor. 


Catherine had a passion for gems; her emeralds formed one of the finest 
jewel collections in the world, and her love for amethysts has become legend. 
Orloff knew her love for gems, so it was an easy matter for Khojeh to sell 
him the great diamond. By presenting it to Catherine, Orloff hoped to win 
back her favor. The Persian was able, within a single day, to sell the dia- 
mond to Orloff for about $450,000 and an annuity of $20,000. 


The Prince presented this gem to Catherine; and while it is recorded that 
she returned other valuable gifts, nevertheless Orloff never regained his 
former high estate. Catherine had the diamond—now called the “Orloff’’.after 
its donor—mounted in the Royal Scepter, and it became the symbol of sov- 
ereignity of a vast Empire. 


THE ORLOFF DIAMOND 
Now in the Emperor's aceptre omong 
the Russian Crown Jewels. 


There is a legend in Russia that as Napoleon was approaching Moscow, 
the Orloff diamond was secreted in the tomb of a priest in the Kremlin. 
When: Napoleon entered Moscow, he ordered that the gem be sought. Its 
hiding place was learned. Napoleon in person, accompanied by his body- 
guard, proceeded to the Kremlin to seize the stone. The tomb was opened 
and the great gem lay befcre the despoiler. One of the bodyguard extended 
a hand to take the Orloff, but before he had touched the jewel, the ghost of 
the dead priest rose and cursed the invaders. 


Napoleon and his bodyguard were then supposed to have fled from the 
Kremlin. But there seems to be sufficient reason to suppose this incident 


ye 


JANUARY, 1934 7 


untrue. It is doubtful that the little Corsican general who had put most of 
Europe at the feet of his conquering armies would flee before the ghost of a 
single dead priest. 

The Orloff survives in the Diamond Treasure of the Union of Soviet 
Republics, in Moscow. The exact weight of the gem is 199.6 carats. It is 
% of an inch in height, 114 inches wide, and 1% inches long. It is still 
mounted in the scepter of the Romanoffs, but the royal hands of this once- 
mighty family will never again wield the diamond as an emblem of sov- 
ereignity. 


Diamond Replica Used in Motion Picture 


Metro-Goldwyn-Mayer Motion Picture Studios rented a collection of 
Famous Diamonds from the Institute’s headquarters. The replica: of the 
“Star of the South” is to feature in a photoplay which M. G. M. is producing. 


Owner of Famous Jewels Visits America 


The actual “Star of the South” is among the jewels owned by His High- 
ness the Gaekwar of Baroda. The Gaekwar has been reported to hold in his 
treasury 75 million dollars worth of gems. 

His Highness was in this country last fall. He spent several days at 
the Biltmore Hotel in Santa Barbara before sailing for his native country. 


‘During His Highness’ stay in Santa Barbara, Mr. Shipley, president of the 


Institute, was fortunate enough to secure an appointment with him. Mr. 
and Mrs. Shipley drove to Santa Barbara from Los Angeles, and were re-® 
warded with a very fine interview. The Gaekwar showed a lively interest in 
the educational activities of the Institute, and inquired as to the possibility 
of securing courses for the keepers of his jewels. He was very-generous in 
promising to have any of the Institute’s questions regarding the gems in his 
possession answered after he returns to Baroda. 

His Highness told Mr. Shipley that the “Star of the South” and the 
“English Dresden” are mounted together in a necklace which is in his treas- 
ury. The “Akbar Shah” and the “Empress Eugenie” were reported about 
1870 to be among the jewels in his treasury. However, the Gaekwar could 
not remember having seen the gems. He looked at the replicas which Mr. 
Shipley had brought and said that the stones might be among his treasury, 
but that they were rather small and he probably would not have noticed them. 
The “Akbar Shah” is reported to weigh.71 carats and the “Empress Eu- 
genie” 51 carats! 

An. article concerning Mr. Shipley’ s visit to the Gaekwar and the dia- 
monds His Highness owns will be published in an early issue of Gems and 
Gemology... 


Famous Diamonds Shown 
The Gemological Institute displayed two of its window shows—the Cul- 


linan and Famous Diamonds in the Los Angeles Public Library last month. 


These are the duplicates of those which featured in the diamond exhibits at 
the. World’s Fair last summer. The displays in the Los Angeles Library 


‘attracted a great deal of interest, as they do wherever they are shown. Stu- 
‘dents of the Institute may secure these exhibits for their home town libraries 


and museums if they desire. 
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NEW NAMES OF GEMS AND GEM SUBSTITUTES 


A brochure from Ceylon advertises the following stones. Can you tell 
us what their true species are? 


Pushparagam (Padparadscha?) 

Cinnaman (Garnet?) 

Chemical Diamond 

Synthetic Diamond (Synthetic White Sapphire?) 
Gomedagam (Cinnaman? Garnet?) 


Two other gems have been reported to the Institute. We are seeking 
information concerning: 
Seal Sapphire 
_ Sherry Topaz 


Danburyite as a New Gem 

The English Gemmologist announces a new. gem-stone—Danburyite. 
Danburyite evidently is usually found in the colors yellow or brownish 
yellow. It has properties rather close to those of Topaz; Refractive Index, 
1.638; Hardness, 7; Specific Gravity, 3.0. 


Books Received for Review 


The following books have been presented to the Institute to be reviewed 
in following issues of Gems and Gemology: 


@ Louis Bouton—La Perle—G. Doin & Cie., Paris. 
Sir William Bragg—The Universe of Light—MacMillan, New York. 
Floyd L. Darrow—Story of Chemistry—Bobbs-Merrill, Indianapolis, Ind. 
J. W. Evans, G. M. Davies—Elementary Crystallography—tThos. Murby 
& Co., London. 
H. H. Read—Rutley’s Mineralogy—Thos. Murby & Co., London. 
E. A. Smith—Working in Precious Metals—N. A. G. Press, London. 
J. P. Sutton—Diamond—Thos. Murby & Co., London. 


Prince Adds to Institute’s Gem Collection 


Prince M. U. M. Salie of Ceylon presented the Institute a collection of 
cut stones. These include a fine Peridot, a grass-green Tourmaline, a blue 
Zircon, a golden Zircon, and a precious Moonstone. These gems are all of 
the finest quality, both of perfection and color. They range in size-from one 
and one-half carats to almost five carats. Prince Salie’s gift is a very valu- 
able addition to the collection of the Institute. 


Gemologists Present Talks 


Mr. Leslie Grey, of Culver City, Cautonite: addressed his Rotary Club 
a few days ago. His subject was the diamond, its properties, and its 
intrinsic value. Mr. F. Otto Zeiss of Chicago recently appeared before his 
Kiwanis Club and presented a similar talk.. Several other students through- 
out the country are preparing to give gem talks in the.near future. 
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CHRYSOBERYL 


(Alexandrite, Cat’s-Eye and Chrysolite) 
MILTON D. GRAVENDER 


Among gem-stones few are more interesting than those known as 
phenomenal gems. These fascinate many persons who otherwise are but 
slightly interested in colored gems. Diamonds and emeralds, as well as most 
other stones, exhibit beautiful but solid colors and their appearance under 
changing lights does not appreciably vary. Phenomenal gems include those 
which show unusual reflected patterns or effects—the sapphire and ruby 
asterias, and the opal, moonstone and others, among which is the cat’s-eye, 
a variety of chrysoberyl. -Other phenomenal gems are those which, under 
varying conditions of light, change their color. To this class belongs the 
alexandrite; also a variety of the 
mineral chrysoberyl. It has the ex- 

' traordinary quality of appearing 
green in daylight and red under arti- 
ficial light. : 


The discovery of the alexandrite 
is stated to have been made in 1831 
on the day Alexander, the Second, 
reached his majority, and was there- 
fore named Alexandrite by Norden- se 
skjold, the mineralogist. Although: Cutting gems in the Orient: 
in Russia it was used as the birth- 
stone for August, due to its comparatively recent discovery, it does not have 
the usual romance or tradition associated with other similarly valuable 
stones. The oriental cat’s-eye is used by the natives of Ceylon as a charm 
against the evil spirit. This stone is prized very highly by the natives 
of India. . ; 
Unlike the alexandrite and cat’s-eye varieties, both of which show phe- 
' nomena, there is beautiful transparent yellow green or chrysolite colored 
chrysobery! which like chrysolite colored sapphire, some jewelers call “Ori- 
ental Chrysolite” much to the annoyance of the scientists who believe such 
~ terms confusing to the layman. -Other transparent varieties of chrysobery] 
which do not show phenomena are golden; blue-white, blue-green, olive-green, 
and greenish-brown. Rare and little known, they are almost as brilliant, 
hard, and tough as the ruby and sapphire. 


Alexandrite and cat’s-eye are the most beautiful varieties of the chryso- 

- beryl family, and if they were better known in America, they perhaps would 
be as popular as rubies, emeralds, diamonds, and sapphires, since their fine 
qualities are extremely rare. -Cat’s-eye has been popular as an engagement 
ring gems amongst members of the present British royal family. The public, 
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who are connoisseurs of beauty and more especially those who like individual 
things, are particularly drawn to the alexandrite and cat’s-eye, since like 
most phenomenal gems, no two of them are ever exactly alike. The term, 
“eymophane” is usually applied to a cat’s eye, in which the pupil of the eye 
is not so straight or well-defined, but in which a cloudy light only “floats” 
about as the stone moves. 

Chrysobery] i is in composition an aluminate of beryllium, containing some 
oxides. It is closely related to spinel, and less closely to beryl. The finest 
alexandrite variety appears almost emerald-green when viewed in most 
directions and shows flashes of red in others. In artificial light, however, the 
green color is lost and the red alone becomes apparent, columbine red being 
the most favored hue. The variety that suggests the pupil of an eye of a cat 
has a. broadish band of light running across the stone when cut en-cabochon 
with a high center, and is known as cat’s-eye. Apple-green and honey-yellow 
are most highly prized while a fine dark green is also desirable. 

Transparent chrysobery] is found most extensively in Brazil, Ceylon, and 
South Africa. The alexandrite is found in the Ural Mountains in Russia, 
and Ceylon. The latter produces the largest and as a rule the finest quality. 
An unimportant amount is found in Tasmania. The cat’s-eye is found in 
Ceylon, China, and Brazil. 

Synthetic blue sapphires and spinels which display the phenomena of 
changing to purple, purplish-red or dark wine color under artificial light seem 
often to be mistakenly sold as synthetic alexandrite. The mineral quartz 
supplies a chatoyant or cat’s-eye like variety which displays the same phe- 
nomena but never possesses the beauty of color, finely drawn pupil, or silky 
appearance of chrysobery] variety. Correctly known as Quartz Cat’s-eye, it 
is sometimes called “Occidental” Cat’s-eye to distinguish it from the chryso- 
‘beryl to which the name “Oriental” Cat’s-eye is then applied. The toughness 
of these stones is very pronounced, and they rank next to the ruby and sap- 
phire in hardness. Alexandrite and Cat’s-eye are both gems especially ap- 
propriate for men. j 

This is an excerpt from Mr. Gravender’s booklet, Fascinating Facts About Gem-Stones, 


which: has been prepared as a popular handbook ‘for distribution among jewelers’ cus- 
tomers. Information concerning the booklet may be secured by writing to the Institute. 


OLIVER CUMMINGS FARRINGTON 
1864-1933 


Oliver Cummings Farrington, for thirty-nine years Curator of 
Geology at Field Museum, passed away on November 2, 1933, at 
the Billings Memorial Hospital, Chicago. He was sixty-nine years 
old at the time of his death. 


He received his bachelor’s and master’s degrees in science 


at the University of Maine and his doctorate at Yale. He was 
a frequent contributor to scientific journals on subjects of miner- 
alogy, meteorites and geology and was the author of “Gems and 
Gem Minerals” and “Meteorites”. ' 

Dr. Farrington was a member of the Advisory Board of the 
Gemological Institute. Even during the years of his failing health 
he gave his time and interest to the affairs of this organization. 
Through his passing, the Institute has lost one of its ablest and 
most revered advisors. 
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TEST YOUR LOUPE 


ROBERT M. SHIPLEY © 


The N.R.A. code for retail jewelers as signed by the President provides 
that a seven-power loupe shall be standard for grading diamonds. This will 
undoubtedly cause many a jeweler to purchase a new glass to take the place 
of the low-powered one he is now using. Most cutters and importers of dia- 
monds and most reliable diamond dealers have been using a 10-power loupe 
since long before there was need for codes. 


Investigation has shown that a majority of retail jewelers are using a 
loupe whose power they probably do not know. It has become a common 
thing in the trade to grade diamonds with a watchmaker’s loupe. Many 
jewelers have started as watchmakers and have continued to use their old 
magnifiers after they began their work with diamonds. Few watchmakers’ 
loupes are as strong as seven-power. However, those glasses which have a 
double lens arrangement will usually be found to meet the code requirements. 
It has been our experience that the latter type of loupe is from seven- to ten- 
power. Men who have been using a single-lens magnifier will have to check 
their instrument and probably they will find that they must buy a new one. 


You can check the power of your favorite glass in a very simple manner. 
Take some object of known size and focus your loupe on it. The object 
should be very small—about one-sixteenth of an inch long. A very short 
pencil mark on a piece of paper will serve the purpose well. Move the loupe 
until the object is magnitied as much as possible but is still in focus. Then 
lay a ruler—preferably a transparent scale graduated in millimeters—across 
the surface of the lens which is nearest your eye. You can thus measure the 
apparent size of the object upon which you have focused. Now put aside 
the loupe and measure the true size of the object. Divide the apparent size 
of the object as seen through the loupe by its true size; the result will be the 
power of your loupe. For instance, you have made a mark 1-16 of an inch 
long on a piece of paper to serve as an object. After focusing your loupe 
and measuring through the glass you find the apparent size of the pencil 
mark to be % of an inch long. % equals 6-16. 6-16 divided by 1-16 equals 6. 
Your loupe is only six-power, and you will have to get a new one to meet the 
code requirements. 


If your magnifier is of the monocle type, that is, equipped with a holder 
to fit in the eye-socket, you will have to follow a rather unusual procedure 
to learn its power. The most satisfactory simple method which we have 
found in the laboratory is to make a short pencil mark on a piece of thin 
white paper, hold the paper against a window or lighted show-case, and lay 
the loupe over the mark with the lens toward you. Most monocle loupes will 
be focused on the paper when placed in this position. Now lay your ruler 
across the lens, measure the apparent size of the mark, and proceed as above 
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to determine the magnification. It is preferable to use a millimeter scale in 
determining the power of loupes. For instance in this latter case you have 
made a pencil mark 1.5 millimeters long. Measured through the glass, the 
mark appears to be 15mm. long. Therefore the power of the loupe is 15 
divided by 1.5, or 10. 


Some jewelers have bought their loupes by focal length rather than by 
power. As arule, the shorter the focal length, the greater is the power of the 
lens. To take an example, a Zeiss aplanatic magnifier with a focal length of 
82 millimeters or approximately 1.26 inches is a 10-power. A focal length 
of 23 millimeters or about .906 inches implies 8-power; 18mm. or about .709 
inch implies 6-power. Thus in general a lens with a focal length of more 
than 30mm. or about 114 inches is less than a 7-power, and therefore does not 
meet the code requirements. However, this rule does not hold in every case; 
some loupes are made with a longer focal length than the above scale outlines. 


The focal length of a lens may be determined with but fair accuracy. 
Hold the loupe before a sheet of white paper and focus the image of some 
distant object upon the surface of the paper. The distance from the paper 
to the loupe in this position is the focal length. However, the method is but 
a check and not absolutely accurate. 


The mere fact that a loupe magnifies seven diameters does not recom- 
mend it as a good glass to use on diamonds. A jeweler’s loupe should be 
corrected both for color and for spherical aberration. If a loupe is not cor- 
rected for color—i. e., for chromic aberration—it will not focus sharply. A 
glass of this sort breaks up white light into the colors of the spectrum. An 
image seen through it will not be sharply outlined but will show rainbow 
colors at its edges. An image as small as an inclusion in a diamond might be 
so blurred as to be indiscernible. 


The second correction—for spherical aberration—is even more neces- 
sary. An ordinary glass, whose surface outline follows the circumference of 
a circle, focuses upon only one point. If a surface of any area, such as the 
interior of a diamond, is to be observed, the glass must be moved about and 
focused upon every single point within the stone. This takes a great deal of 
time and causes undue eye-strain. However, loupes are made corrected for 
spherical aberration. Their surfaces are ground in a curve which varies 
from the circumference of a circle. With a loupe which is corrected for 
spherical aberration the whole field of view through the loupe is visible and 
in focus. Thus the entire field can be observed at one time and without mov- 
ing the glass about. This saves time and prevents a certain amount of eye- 
strain. ' 


Chromatic aberration is overcome by using a multiple-lens magnifier 
with both crown and flint glass lenses. Loupes which have the corrections 
for both chromatic and spherical aberrations are usually known as triple 
aplanats, aplanatic triplets, or some similar name. By triplet is meant that 
the loupe is made up of three separate lenses. 


The Gemological Institute has tested the four following makes of aplan- 
atic loupes and announces these results: 


Bausch and Lomb Optical Company, Rochester, N. Y. Coddingtons, 
Triple Aplanats, and Hastings Triplets in both 7x and 10x hand loupes. The 
Hastings is somewhat better than the Aplanat. The Coddington is a one- 
piece lens and not as fine a glass as either of the triplets. These are perhaps 
the only 7x loupes on the American market. Eye-loupes (uncorrected) made 
in 1.7x, 2x, 2.2x, 2.5x, 3x, 3.3x, 4x, 5x, 7x, and 10x, not recommended. Prices: 
7x and 10x Triple Aplanats, $6.00; 7x and 10x Hastings Triplets, $7.50; 
7x and 10x, Coddingtons, $3.00; eye-loupes, 90c to $2.25. 


Spencer Lens Company, Buffalo, N. Y. We received for testing only a 
9x eye-loupe. This is a triple aplanat mounted in an eye-piece. The power 
is impractical for the jeweler and the loupe seems to be over-corrected, caus- 
ing the center of the field to be out of focus. Spencer also makes triple 
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aplanats in 6x, 9x, and 12x hand loupes with the conventional folding cases. 
We did not receive any of these for testing. Prices: 9x aplanat eye-loupe, 
$8.50; 6x, 9x, and 12x aplanats in folding cases, $6.00. 

Carl Zeiss, Jena, Switzerland. . 6x, 8x, and 10x in triple aplanatic magni- 
fier hand loupes. The 10x is the best loupe we have found on the American 
market. The 6x and 8x are of equally fine quality and are better than any 
similar power lenses we have tested. Zeiss also makes eye-loupes the strong- 
est of which is but 5x and not strong enough to meet code requirements. 
Prices: 6x, 8x, and 10x Aplanatic magnifiers in folding cases, $6.50. With- 
out folding eases, $5.50. Eye-loupes, 4x and 5x, $3.50. 

Carl Zeiss has mounted the 10x triple aplanatic magnifier in a holder to 
fit the eye. The aplanat is so mounted in the holder that it may be focused 
to fit the individual eye. 

J. H. Steward, London, England. 10x triple aplanat. This is the finest 
hand loupe we have ever seen. Largest field and the clearest focus. Price: 
About $9.50, varies with rate of exchange. 


Talks Available for Delivery 


The American Gem Society is preparing for its members a number of 
talks suitable for delivery before men’s service clubs, women’s clubs, and col- 
lege or high school classes. The talks will be so prepared as to be delivered 
in one-half and one-hour periods. Rough gem-minerals, replicas, and instru- 
ments will be sent with the talks for illustration purposes. Also, the Society 
will furnish the speaker with a condensed outline to follow while delivering 
the talk. These talks are somewhat more in the popular vein than are those 
which have been made available by the Gemological Institute of Saas and 
do not have as much of a scientific background. 


PREPARED 


1. The Diamond. The qualities which produce its value. The stability 
of its value in comparison with other commodities. 


IN PREPARATION 

1. The Romance of Gems. 

2. The Diamond and Other Gem-Stones. How they have grown and 
where they are found. 

8. Famous Diamonds of the World. 

Information about securing these talks and accompanying material niay 
be obtained by writing to the Educational Publicity Department, American 
Gem Society, 555 South Alexandria, Los Angeles, California. 


Vocational Research Groups 

Ten groups have been crganized recently in various sections of the 
United States. This follows a new scheme of education just being de- 
veloped by the Institute by which several jewelers meet and study together 
instead of taking the course separately. The success of the new system is 
evidenced by the fact that not one of the ten organized groups has stopped 
its work. 
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THE AMERICAN GEM SOCIETY 


MARGARET FINFROCK 


The American Gem Society is designed to make America “Gem-Con- 
scious.” It will educate the public in the appreciation of gems and will cre- 
ate a demand for diamonds and other gem-stones for the jeweler. It will 
accomplish this by educational campaigns among jewelers, teachers, librar- 
ians, men’s and women’s clubs, and scoutmasters. Through them the public 
will be reached by means of educational campaigns in jewelers’ windows, 
direct mail campaigns, prepared newspaper mat services, and by talks over 
radios, in clubs, and in college and school auditoriums. 

Membership will include persons sufficiently interested in gem stones 
to subscribe to the magazine Gems and Gemology. Therefore it is impera- 
tive that every jeweler be at least sufficiently interested to subscribe and thus 
become an ASSOCIATE MEMBER OF THE AMERICAN GEM SOCIETY. 

It is equally important that a majority of jewelers prepare to meet the 
increased interest of the layman with all fundamental facts concerning gem 
stones by becoming GRADUATE MEMBERS OF THE AMERICAN GEM 
SOCIETY. The American Gem Society is endeavoring to supply a funda- 
mental knowledge of gem stone facts to every jeweler of proven integrity, 
who wishes to be prepared to answer the questions of the public. The Gemo- 
logical Institute of America is discontinuing its preparatory course and 
the A. G. S. is offering an improved course, written by Robert M. Shipley. 
This covers the material formerly contained in the Institute’s preparatory 
course, but with stress laid upon gem salesmanship and selling points of 
gem stones, with specially designed semi-monthly educational window 
features. Thus it is within the reach of any jeweler to qualify as a GRADU- 
ATE MEMBER of the AMERICAN GEM SOCIETY in one of the following 
ways: 

First, by passing the examination of the AMERICAN GEM SOCIETY, 
if qualified to do so. Second, by research work or private tutoring, if not 
already qualified. (Recommendations regarding research or tutors available 
from Gemological Institute of America.) Third, by taking the organized 
course offered by the AMERICAN GEM SOCIETY. 

This examination will be accepted as an entrance examination by the 
Institute, should a GRADUATE MEMBER later decide to become a CERTI- 
FIED GEMOLOGIST. With the contemplated nation-wide dissemination of 
education regarding gems the public may be expected to confine their patron- 
age to those jewelers who thus evidence a sound knowledge of gems. CERTI- 
FIED GEMOLOGISTS already are being trained by the Gemological Insti- 
tute of America. This title carries with it the distinction of an expert with 
scientific knowledge and laboratory experience, who is equipped to determine 
the identity of gem stones. Formerly the opportunity of a course of study 
in gem stones in America was only offered to those jewelers who desired 
to become CERTIFIED GEMOLOGISTS. 
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Those who have passed the Institute course 012 together with those 
educational and trade authorities throughout the country who by their 
pioneer interest in the Gemological movement and knowledge of this or re- 
lated subjects are qualified to become Honorary members; will be mentioned 
nationally as Charter members of the A. G. S: It is the plan of the National 
Gem Society to have regional chapters throughout the country. These chap- 
ters may be formed by any person or persons interested in gems, providing 
there is a membership of at least 5 graduate members. Membership in..the 
Gem Society will consist of : 


(1) Associate members—Every subscriber to Gems and ay the 
magazine of the Society. 


(2) Graduate members—Associate members who have passed the examina- 
tion in a fundamental, scientific knowledge of 
gems. 


(3) Honorary members—Elected by local chapters because of their out- 
standing knowledge of gems. 


(4) Advisory members—Educators in colleges, high schools, grade schools, 
scout executives, etc., fitted to assist the efficiency 
of members in the dissemination of gem-apprecia- 

. tion among their students. 


Thus membership is open to any person who might be interested in 
gems and it gives the jeweler an opportunity to become a leader in his com- 
munity by becoming a charter member of his local chapter of the A. G. S. 


Meetings of the Gem Society will be held every two months and the 
National Society will develop, for use in these meetings, lectures upon gemo- 
logical subjects, slides, photographs and any material that might prove of 
value to the program. It is also suggested that each chapter hold a gem 
style show once a year to which jewelers may invite their customers or 
prospective customers. The display of gems and talks on jewelry fashioning 
will be featured. 

Dues in the National A. G. S. are $3.50 per year; this includes a sub- 
seription to this magazine Gems and Gemology. 

The public’s confidence can be restored only through education of the 
jeweler and of the public. If the jeweler is sure of the stones he sells and 
if his customers are sufficiently informed to be convinced of the dealer’s knowl- 
edge, then sales of gem stones will again become an important part of the 
jewelry business. The American Gem Society feels that in its formation 
it has brought to the jeweler a sound, intellectual means of gaining the con- 
fidence of the people and an opportunity for gem sales never before realized. 
When, the public is educated to recognize whether or not.a jeweler knows 
his subject, it may be expected to buy exclusively from those who possess 
a fundamental knowledge of gem stones. Graduate members of. the Gem 
Society and the man who is studying will not only gain in the confidence 
of his community but he will have the satisfaction of having sold with a 
stone a sense of appreciation to his customer which makes for greater happi- 
ness. A knowledge which increases anyone’s appreciation of the beauty and: 
value of esthetic objects, increases happiness. 
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If you have passed examinations which qualify you as a GRADUATE 
MEMBER sieze this opportunity to become a charter member of your local 
chapter of the A.G.S. Write to the American Gem Society for instructions 
on how to proceed with the formation of a chapter. If you have never studied 
gem stones, subscribe to this magazine and become an Associate member of 
the A. G. S. and immediately begin to prepare for graduate membership. 

To those who are taking the course for Graduate membership, will be 
sent two assignments for study each month for a period of twelve months 
or twenty-four assignments in all for a nominal cost. The students receive 
an attractive frame to hold the series of display signs and photos which are 
sent to him for use in his window. The signs carry important facts about 
gems and gemology which will attract the public passing his window. The 
photographs will demonstrate the properties of gem stones and points about 
which the average customer is not aware. This serves as splendid publicity 
all during the time the student is working and prepares his customers for 
his announcement when he becomes a GRADUATE MEMBER of the 
AMERICAN GEM SOCIETY. Verbal courses are also being offered in 
University evening extension courses, or if a jeweler possesses sufficient 
incentive, he may do individual research as suggested beginning in our next 
number, arrange for tutoring with persons qualified and recommended by 
the Institute, or otherwise prepare to pass the examination. However, one 
of these steps should be taken or the Society’s course begun immediately. The 
message written in the article following this is to be reprinted in pamphlet 
form and mailed to several million people in the United States, and the first 
question every jeweler should ask himself is “Am I prepared for my custo- 
mers to ask me these questions?” 


The exact text of this message to the public follows: 


HOW TO SELECT YOUR JEWELER 


Ever since primitive man first looked upon the exquisite beauty of rough 
gems or flashing metal lying upon the seashore or mountain path and labo- 
riously fashioned them into ornaments for neck or arm, men and women have 
craved the possession of genuine jewels. Gems were probably worn before 
clothes and the trade is among the most ancient. Many persons believe they 
cannot afford genuine jewels in these ever-troublous times, but man has al- 
ways possessed that which he desired. Genuine people want genuine things. 
There are jewels for every pocketbook. Lesser known inexpensive gems worn 
by cultured persons who “know”, are often among the most admired of 
jewels. The lack of knowledge and appreciation of gems frequently prevents 
their acquisition. Not only diamonds but also a score of colored gems, en- 
hanced by the art of accomplished metalsmiths, have brought happiness and 
pride of possession to millions of persons. Gold alone has proven to be as 
stable in value as gems. The love of jewels is latent in everyone and it often 
requires but a spark of interesting facts intelligently offered to create the 
desire of possession. Indeed, it is more often the uncertainty of obtaining 
the genuine which prevents their purchase. 

Few persons have time to become familiar with the many gem substi- 
tutes and deceptions and the scientific tests for their detection. However, a 
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jeweler can prepare himself in a knowledge of possible deceptions. ‘The 
customer wants to be assured that his jeweler possesses such knowledge. 
The most frequent query is how to select one’s jeweler. One fears the mer- 
chant whose profits are obtained from a deliberate and continued policy of 
misrepresentation.. He fears almost as much the watch-maker jeweler who, 
having proven his ability to sell satisfaction or lasting happiness in watch 
repairs, nationally advertised silverware, or other lines, but because of his 
limited knowledge in gems, charges his customers an unnecessary price for 
inferior quality. 

One too often follows the easiest way and, whether or not he shops 
around, finally buys “price” and regrets it always. The joy and happiness in 
jewels comes to you or to the loved one to whom you give, in the assurance 
that it is of the quality which you desire. 

For generations the purchase from a firm with an old established repu- 
tation was sufficient safeguard of merchandise. In less hurried days, such 
firms had time to specialize in a knowledge of the gems and metals. Many 
still do; but some can no longer spare the time or money or are owned by 
careless successors of more conscientious founders. 


The confidence of the buying public, severely shaken by repeated disap- 
pointments, was fast disappearing. However, the very trend of the times 
brings its own cures. A few jewelers wished to return to the guild ideas of 
their ancestors. They were of the mould who valued their good name to such 
an extent that they wished to know, themselves, the factors which made up 
the true value of the merchandise they sold. They wished to ask the con- 
fidence of their customers and in turn they knew they must merit that con- 
fidence through correct knowledge. Like those barbers who became surgeons 
in the 17th century, they too founded a profession in 1931. 


In England there had been available to jewelers a two-year course in the 
science cf gem-stones and precious metals known as Gemmology, which pre- 
pared for an examination for a certificate as a specialist. 


This was a guarantee to the public of the merchant’s knowledge. Those 
American retail jewelers who wished through similar knowledge to protect 
their customer’s interest established two examinations, the passing of 
which permits the use of titles. 

A highly specialized knowledge of gems and the precious metals would 
be difficult for the great mass of jewelers to obtain, although through both 
experience and study some had done so. The Gemological Institute of 
America was established, with an examining board which awards the title 
Certified Gemologist. 

However, not every jeweler, with his many other obligations to the 
public, can become a specialist and a certified gemologist.. So that the public 
may discriminate between the jeweler who has neither time nor inclination 
to learn accurate fundamental facts concerning gems, the American Gem 
Society was established with an examination which permits the use of the 
title Graduate Member American Gem Society, to any jeweler possessed of 
such fundamental knowledge. Many have already passed it. A year’s course 
is necessary for those jewelers who have not yet studied the fundamentals of 
the science of gems. 
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The use of this title upon windows, letterheads, and in advertisements 
not only protects the trade against the competition of those merchants with- 
out knowledge of merchandise or ethics who were destroying trade, but the 
use of the title-also protects the customer. For the first time the customer 
has a definite means of knowing whether his jeweler is a specialist—Certified 
Gemologist, or is at least qualified to make accurate statements regarding 
gems—Graduate Member of the American Gem Society. 

You may already have selected a jeweler who may not yet have had time 
to take these newly-established examinations. True! But he m-y be en- 
gaged in research work or pursuing a course or you may not have seen his 
announcement that he is preparing for examinations. 

TO PROTECT YOURSELF IS SIMPLE. One infallible test will prove 
whether or not a merchant has sufficient knowledge to protect his customer. 
After his every statement that an article is the best quality or is the cheapest 
for the price, ask him—-WHY? If he is honest and knows, he will welcome 
the question and will explain the facts about that particular article which 
make it so. The salesman who talks only of “special buys” or “large buying 
power” is no longer safe. “Buyer Beware” has been replaced by “Seller 
Beware.” The public has been promised protection. ASK FOR IT! 

If your jeweler does not display one of the above-mentioned titles which 
prove his to be a customér-protected store; ask WHY? When he says his 
merchandise is best, ask WHY? And especially when he says it is the 
cheapest, ask WHY? 


Tutoring for American Gem Society Examinations 


Persons with. a practical working knowledge in gems, to which they 
have added but a limited scientific and theoretical knowledge through study, 
may find it unnecessary to take the course of,the Society. A few weeks’ 
or months’ tutoring by mail will prepare such persons for examination. 
Others may need only to review the fundamental theoretical subjects and 
familiarize themselves with the required technique of creating gem appre- 
ciation by the use of the characteristics of gems as sales tools. For them 
the Society will furnish individual instructions for self-preparation based 
upon their particular needs. The Society is in a position to recommend 
tutors in various parts of the United States who would be capable of 
assisting candidates for the examination. Our readers may write to the 
Society for their names and addresses, or for advice as to the next sten 
in their preparation. 


Are You Already Qualified as a Graduate Member? 


Students having passed the examination at the end of gemological 
courses at Colgate, Columbia, Michigan, Northwestern, Southern California 
and Wisconsin, or the entrance examination to the Gemological Institute of 
America, may qualify immediately as graduate members by writing to the 
Society. 

Jewelers with ten or more years’ experience in selling diamonds and 
gem-stones, who have also sufficiently studied the science of gems, may 
also qualify. Such persons should apply for examination immediately. 


/ 
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A 


GEMOLOGICAL ENCYCLOPFDIA 


HENRY E. BRIGGS, Ph.D. 
PREFACE 


The Author in preparing this work has attempted to make it so simple 
and clear as to make it a desirable text for the beginner. And yet such 
accuracy and completeness, such careful and convenient arrangement has 
been incorporated in it that the Author believes the professional will find 
it an invaluable help and time-saver. 

In every case the technical data given is the result of a test, calculation 
or experiment made by the Author in his own private laboratory. It has been 
checked and rechecked for error in order that the information given may 
be depended upon to be correct. 

The information given, other than technical, has been compiled from 
over three hundred sources, and while the Author feels deeply indebted for 
this invaluable help, it would be cumbersome to mention here each source 
of help. 

The result of ten years’ study and research is contained in the pages 
that follow. I have spared no time or expense to make this work complete 
and reliable. I sincerely hope that my labors will lighten, so some extent, 
the burden of my readers. 


H. E. B. 
Columbia Falls, Montana, 2 


January ist, 1932. 


A GEMOLOGICAL ENCYCLOPEDIA 
CHAPTER 1 


An Introduction to the Study of Gems 


It will first be necessary for the reader to have a knowledge of the 
methods used to identify and classify gems and gem materials, before a 
comprehensive study of the gems proper can be commenced. Consequently 
we will discuss these subjects first. 

Two of the most reliable tests, and probably the ones usually tried first 
are the specific gravity and hardness tests. These tests, like most everything 
else, are not infallible. In most cases however, they suffice to settle the 
question. If they fail to prove the matter beyond all doubt, then some other 
test should of course be applied. In any case never should anything be taken 
for granted, especially anything in connection with gems. 


The Hardness Test 


In applying this simple test certain facts must be taken into considera- 
tion, else the test will only mislead and perplex the beginner. 
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The test is made by rubbing together the sample and.a substance of 
known hardness, as one of the prongs of a hardness gauge. It should be 
borne in mind however, that the sharp edge of an angle of a mineral can 
often be broken down by a material of inferior hardness if the test is applied 
at such a point. Consequently this test should be made on a plane surface 
and not on a sharp edge, since the sharp edge of a brittle mineral may be 
broken or crumbled off by a mineral or material which is much softer than 
the sample being tested. A beginner might easily mistake this crumbling 
of the mineral for abrasion and thus be misled. The test is made usually 
with a hardness gauge, a type of which is described later in this article. 
It can however be made with various substances of known hardness, but 
the gauge is so much more convenient. 

A mineral is harder than another if it will cut or abrade it. In the same 
manner as we say a Steel file is harder than a copper wire, since the steel 
file will cut the copper wire. 

In describing hardness Mohs scale is usually the standard. The follow- 
ing is Mohs table of hardness. (No. 1 is the softest and No. 10 the hardest 
of minerals). 


1. Tale—Very soft, being abraded even by the finger tips. 
Gypsum—Easily scratched with the finger-nail. 
Calcite—Easily scratched with a copper coin. 


Apatite—Scratched by hard steel easily. 
Feldspar—Seratched easily by quartz, but with difficulty with steel. 


Quartz—Too hard to scratch with steel, but easily scratched with 
topaz. ~ 


2 
3 
4. Fluorite—Easily scratched with apatite. 
5 
6 
7 


8. Topaz—KEasily scratched with corundum. 
9. Corundum—Very, very easily scratched by diamond. 


10. Diamond—Not scratched by any substance except diamond. The 
black amorphus variety being the hardest and toughest known sub- 
stance. Diamond is not even approached in hardness by any other 
known substance. Hence diamonds are cut with diamond dust. 


It is well to bear in mind that two minerals of the same hardness and 
toughness, if rubbed together, will be abraded equally. However if one be 
tougher than the other, the most brittle one is likely to suffer most. 


A hardness gauge can easily and cheaply be made by mounting suit- 
able materials as listed in above tabulation, in small handles or in a turret 
head. Each prong of the gauge should be marked with the hardness number 
and a case should be made so that the softer substances will not be destroyed 
when the gauge is carried in the pocket as it often is on field trips. 


One should of course try to avoid this test on a cut gem for the obvious 
reasons. But in the event that the gem has a fairly wide girdle the test 
can often be applied to that point without injuring the stone, providing the 
operator is careful. It is much better to use some other test however. 

(To be continued) 
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INTERFERENCE FIGURES 


FROM CUT GEM STONES 


THOMAS CLEMENTS, Chairman, Department of Geology, University of 
Southern California, and ROBERT M. SHIPLEY, Jr. 


The notes here set forth are the result of preliminary work on the study 
of cut gem stones under the polarizing microscope. The literature on the 
subject has not been thoroughly examined and it therefore is not claimed 
that similar results have not hitherto been recorded by other workers. It 
simply is because of local interest that it has been thought worthwhile to 
set down the results in this preliminary paper, a fuller and more complete 
report, with appropriate acknowledgements of earlier works, to follow later. 


Uniaxial optic axis interference fig- Biaxial figure (somewhat off cent- 
ure exhibited by tourmaline; micro- er) of topaz; microphotograph of 
photograph of thin section. cut stone taken.in G.I.A. laboratory. 


The stones used were furnished through the courtesy of the Gemological 
Institute of America, with which the junior author is connected. The 
laboratory equipment was largely that of the Bedpeeene of Geology of the 
University of Southern California. 


‘The purpose of the work was to determine whether or not it would be 
possible to employ the polarizing microscope in the identification of cut 
stones. Its use in the study of mineral grains and thin sections is too well 
known to need mention here, but a cursory inspection of the literature at 
hand failed to reveal an application to cut stones, which, after all, are of 
much greater interest to the gem dealer than the former. It was the belief 
of the authors that it would be possible to obtain interference figures from 
the stones in convergent light, and by means of the optical properties thus 
disclosed to determine the particular mineral represented. 


A petrographic microscope was employed. This was sated with 
polarizer and analyzer, with converging lens and Bertrand lens, with quartz 
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wedge, mica plate and gypsum plate. An ordinary desk lamp served as a 
source of light. A brass slide with a counter-sunk, glass-bottomed com- 
partment in which the stones could be immersed in oil or other media was 
found useful. 

The first stone tested was quartz, cut as a brilliant, with the pavillion 
terminating not in a point, but in a culet parallel to the table. The stone 
was placed table down on a glass slide on the microscope stage, and: the 
microscope brought to a focus on the surface of the culet. High power ob- 
jective and ocular were used, giving a magnification of five hundred and 
sixty times. The analyzer was inserted in the path of light and the Ber- 
trand lens pushed in place, the function of the latter being to bring into 
focus the light converging above the normal focus of the microscope. The 
strong converging lens was found to be unnecessary, since the stone itself 
acted as a converger. 

The results proved to be very satisfactory. The Bertrand lens brought 
into focus a beautiful uniaxial interference figure with isochromes (the color 
rings in a uniaxial interference figure) showing at least six orders of color. 
The stone had been cut slightly off the optic axis, and therefore the figure 
was somewhat off-center, but the straight arms of the isogyre (uniaxial 
figure) as it rotated, as well as the circular shape of the color rings attested 
te its uniaxial character. Insertion of the quartz wedge caused a distinct 
movement of the color rings outward in two quadrants and inward in the 
alternate two as the colors fell and rose respectively. Since they moved out- 
ward in the quadrants at right angles to the vibration direction of the slow 
ray of the wedge, -a positive optic sign was indicated, confirming the cut 
stone as quartz. 

Other stones were then tried, with equally satisfactory results in most 
cases. Colorless topaz was readily distinguished from quartz and from 
colorless zircon by the distinctly biaxial character of the former as con- 
trasted with the uniaxial nature of the other two. Ruby, sapphire, aqua- 
marine, peridot, tourmaline and garnet likewise showed very definitely their 
optical characteristics. 

The principal difficulty encountered was with those ‘ides that possessed 
no culet. This, however, can be readily overcome by means of a simple device 
that will allow the stone to be held in any position desired in the path of 
light. The same device will also. be helpful in the study of those stones 
that may be cut in directions other than normal to an optic axis or a bi- 
sectrix. 

The conclusion of the authors is that the polarizing microscope can be 
used to determine the optical properties of cut gem stones, and that it there- 
fore becomes a valuable adjunct to the gem expert’s laboratory. It should 
be realized, however, that a knowledge of the technique and of optical min- 
eralogy is essential to the satisfactory determination of gems by this method. 


Constructs Dichroscope 


‘Mr. C. A. Felt, a student in Prairie City, Oregon, has made a dichroscope 
for himself. He used a cleavage rhomb of calcite, a tube, and a simple lens. 
His results with the instrument, he writes, are very satisfactory. 
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DIAMONDS AT THE 
WORLD’S FAIR 


G. FREDERICK SHEPHERD 


Where is the Diamond Mine? 

Where are the Diamonds? 

Where is the Tiffany Diamond? 

Where can I find the Famous Jewels? 

These and a multitude of similar questions were asked of me during 
the 1983 Chicago World’s Fair while I was representing the Museum of 
Science and Industry in the same building which housed the Diamond Ex- 
hibit. The diamond mine and the accompanying educational displays were 
first and foremost in the plans of every gemologist who visited the great 
Century of Progress, and, if the Exposition is held over for another year, 
is one of the first exhibits any lover of gems should see. 

Under the excellent direction of Mr. Marion Mercer, a display of nearly 
three million dollars’ worth of diamonds was assembled, the unique mine 
planned and constructed, and other important phases of the great diamond 
industry portrayed in a fascinating and educational manner. To the Chicago 
Jewelers Association, in conjunction with the Museum of Science and In- 
dustry, sponsors of the Diamond Exhibit, much credit is due for the vivid, 
thorough picture telling the “Story of Diamonds”. 

It is not my purpose here to repeat the story of the discovery of diamonds 
in South Africa in 1867. Nor shall I try to:describe the origin.and occur- 
rence of these gems in “blue ground,” or the primitive and modern methods 
of extraction, milling, and cutting of diamonds—stories already familiar to 
those who may read this article—and also familiar, now, to the thousands 
who detoured for a few minutes from their frantic effort to “cover the Fair” 
to see the marvelous diamond show. 

My purpose is to describe the exhibit as it portrayed these facts to the 
public, making such a lasting impression that their friends came by thou- 
sands, asking: “Where is the Diamond Mine?” 

Many were attracted by the clever display case with its three-fold pro- 
tection—a self-locking safe, tear gas dispatchers, and an armed guard, in 
case of attempted theft; but many more were lured by the glistening Boule 
necklace and the Maximilian, Tiffany and other historic stones contained 
therein. Never satisfied with gazing at the jewels, the people would make 
room for others crowding around to get a glance at the much-talked-about 
diamonds. ; 

But their hunger was not long unsatiated, for in the four corners of the 
same room were displayed the only collection of exact replicas of most of 
the famous historic crowns of the world. These included crowns of England, 
Spain, Russia, Portugal, Italy, Denmark, Sweden, Norway, Netherlands, 
Germany, Austria, Lombardy, and Siam; the Japanese Emperor’s breast- 
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plate; the tiara of Pope Hermisdas, and the crowns of the Empress Josephine 
and of Nero. This collection is owned by Alfred J. Pitts of Fond du Lac, 
Wisconsin. i 

In the next room one could see beautiful replicas of the famous diamonds 
of the world, each one of which could relate a bloody history of lawless 
days in far-off places. The Cullinan, the largest diamond ever found, the 
“Great Mogul’, and the “Kohinoor” are only three of a score 6r more dia- 
monds which were reproduced. 

.. Should you ask the average person of what use are diamonds, the answer 
would probably be for rings and other jewelry. But if you ask one who has 
seen the Diamond Exhibit at the World’s Fair, you would be given a more 
factual answer. Of course, the gem stones attracted the great majority of 
people, but the diamond industry would hardly thrive on this trade alone. 
Many diamonds that are mined are not of sufficient good color or quality to 
be classed as gems. These less attractive stones, however, possess the same 
physical properties in other respects as do the gems. These have many indus- 
trial uses, such as grinding, cutting, and drilling. One room was given over 
to this important part of the story alone. The manufacture and use of dia- 
mond abrasives were well illustrated. Likewise, diamond drilling was rep- 
resented by a portable Sullivan Diamond Drill with a large block of stone 
in which had been drilled a hole, two inches in diameter, by a bit studded with 
“borts” or industrial diamonds. Some of the other uses for diamonds shown 
or mentioned in carefully executed charts are: . 

Truing grinding wheels. 

Truing pistons for automobile and airplane engines. 
Drawing wire (through diamond dies). 

Cutting and grinding lenses for spectacles. 

Cutting and drilling plate glass. 

Etching on metal. 

Sound recording and reproduction. 

Balancing delicate scales (diamond knife-edges).: 
Pivots in watches. 

‘Hardness testing. 


For the more than casually interested visitor and scholar, were many 
charts and displays telling how diamonds originate and how they occur in 
the necks of extinct volcanoes. Economic phases of the diamond industry 
were not neglected either. The importance of diamonds in international 
trade and even the geographic effect of diamond discoveries were there for 
those wishing to see the complete exhibit. - 


Sharing in importance was the carefully executed exhibit isite how 
placer diamond mining is carried on. A small model of a dredge was placed 
in a bed of gravel around which was painted a background representing the 
type of country in which placer mining takes place. 

' Elsewhere was a large diorama of the Kimberley Pipe. A diorama is 
a three-dimensional model with a two-dimensional background, built in per- 
spective to give a vivid life-like picture of the subject being shown. . In the 
case of the Kimberley Pipe, the visitor. stands on the brink of this vast 
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open pit and looks out across the workings into the City of Kimberley and 
the adjoining country. While he watches the diorama, a voice tells the story 
of the discovery of diamonds in South Africa and how the small region was 
built up into a great modern civilization, the livelihood of which depends 
on the recovery of the precious stones. 


Another part of the exhibit, which attracted a great deal of attention, 


The Diamond Recovery Plant at the Century of Progress. 


was the grease table on which the diamonds are separated from the blue 
ground. The ore as mined and crushed was actually run over the tables, 
which were constantly agitated. Diamonds, having an affinity for the vase- 
line used, adhered to the tables while all the other minerals and gangue 
rock were shaken off into conveyors which carried them to other parts of 
the plant. The grease tables were operated by men, experienced in the use 
of the machine, who explained in detail how the diamonds were extracted. 


But the thrill of all came in actually taking the visitor into a reproduc- 
tion of the 1540 foot level of the Kimberley }.ine where he. could see the 
native Kaffir boys at work. Little did the visitor care that he was illusioned 
into thinking he was being dropped 1540 feet in but a moment. To him, he 
was going down, his imagination picturing the view of the. surface as he 
had seen it in the diorama. When the attendant called out: “Here we are 
at the 1540 foot level of the Kimberley Diamond Mine”, that’s just where 
he was, so complete was the illusion. Stepping. out of the cage, he found 
himself in a narrow tunnel all sides of which were made ‘of a rough, bluish- 
green rock, in which he was told the precious gems are found. Then he saw 
a compressed-air drill and was startled by its thundering noise as it bit 
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into the hard rock. One rough stone was embedded in the wall of the tunnel 
to show how a diamond would look if left there by the blast, but as the at- 
tendant explained that this occurred on the average once in a miner’s life- 
time, the romance of winning diamonds became more intense. The feverish 
slavery of the miner is only awarded after treacherous work in the mine 
and a tedious process in the mill and this all has to be followed by the.expert 
cutting of the rough stone before the prize is won. 

Farther on in the mine was the beginning of a new stope. Small models 
of miners were properly placed to show how caving or stoping in a mine 
is carried on. Here the attendant explained how the native miners were 
kept in the “compound” and were searched and examined by every effective 
method at the end of their contract to see if they had tried to conceal any 
diamonds in their clothing or flesh. Before leaving the mine, the visitor 
was shown a mine car loaded with the blue ground as it was filled at the 
bottom of a stope. Even the necessary water pump was not missing. When 
he reached the surface, he had actually been in a South African Diamond 
Mine. 

Since the writing of this paper, I have been informed that the Chicago 
Jewelers Association have engaged Mr. Mercer for the coming year to lay 
out many improvements and additions to the Diamond Exhibit, as. the re- 
opening of the Fair next year seems probable. If he can improve upon the 
1933 show, as the plans intend, it will be something you can’t afford to miss. 


NUMBER OF FAMOUS DIAMONDS INCREASED 


Since our last publication, three large diamonds have been discovered, 
two of which rank among the four largest gem diamonds in the world. The 
first of these is a stone weighing in the neighborhood of 2000 carats which 
was discovered recently in an alluvial field in the state of Minas Geraes, 
Brazil. If the report is correct as to the size of the stone, it‘is the second 
largest in existence—ranking second only to the 3,024-carat Cullinan. The 
Institute’s direct inquiries to the Brazilian government as to whether it is 
gem or industrial diamond were not answered. The Excelsior, formerly 
ranking as the second largest diamond, weighed 971 carats. 

Daily newspapers report the finding of two large stones in the Pretoria 
district of Africa. They weigh respectively 560 and 726 carats. The larger 
of the two will rank fourth among the great diamonds. These stones were 
discovered in an alluvial deposit at Elands-Fontein. Elands-Fontein is three 
miles from the spot where the famous Cullinan was found. It will be recalled 
that the Cullinan in the rough showed a cleavage face along the whole of one 
side of the crystal. For this reason the authorities stated that the huge 
stone was but a part of the entire original crystal. The newspaper dispatches 
infer the possibility that the stones found at Elands-Fontein are the missing 
portions of the Cullinan. 


New Booklet on Gems 

Hudson’s of Minneapolis have published a booklet on gems orittan Be 
Milton D. Gravender of the firm. The booklet is unique in that it presents 
only authenticated facts and omits the weird beliefs which are incoreneny 
published in most booklets on gems. 
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GEMOLOGICAL GLOSSARY 


The preparation ‘of this Glossary was inspired by requests from public 
librarians who expressed a need for a careful and exhaustive work which 
would include the many trade terms and popular or deceiving names applied 
to the different varieties of gems. The pronouncing feature was added to 
supply a need of ieweler-students. Ss 

The definitions in the Glossary have been made as nearly self-contained 
as possible by defining elsewhere in the Glossary all but the most common 
words used in any definition. Exceptions to this rule are: 

Chemical, geological, mineralogical and biological terms of an advanced 
nature only, and terms pertaining to the advanced study of the diamond. 

Colors are not defined because descriptions of color are impossible to 
convey without reference to a eclor system familiar to both author and 
reader. An advanced Gemological Glossary and a Color Glossary are in 
preparation by the Institute. The former will contain advanced gemological, 
mineralogical and geological terms, especially those pertaining to the ad- 
vanced study of diamonds. The color Glossary will be accompanied by the 
explanation of a color system. Names in quotation marks are terms that 
might be used in a confusing, misleading or unethical manner, and should 
be avoided or explained. 


PRONUNCIATION GUIDE 


It is impossible in this magazine to use a standard system of marking 
the pronunciation of words. No magazine printer carries a full set of vowel 
markings among jhis type. The key which we have adopted here is designed 
to give the reader a guide to word pronunciation, but shadings of voice in 
the pronunciation of vowels cannot be indicated. 

In general, a vowel alone is to be sounded soft. For instance, the letter 
“a"’ alone should be sounded as the “a’’ in “eat”. An “e” following a vowel 
indicates a long sound for that vowel. Thus “ae” should be sounded as the 
“a”? in “mate”. When a vowel appears in a syllable, the same rule holds. The 
syllable “it” is pronounced as in “fit”; “ite” is pronounced as in “bite”. A 
primary accent (’) indicates the syllable of a word which receives the great- 
est emphasis, a secondary accent (”) indicates the syllable which receives 
the second greatest emphasis in the word. 


Abalone (ab”a-lo’nee). The mollusc light of different colors, it is 
haliotis, also known as the “Or- ealled chromic aberration. 
mer’’,. See also Haliotis. — . Abrasive (ab-rae’siv). Substances 
Aberration (ab’er-ae’shun). The such as emery (powdered corun- 


dum) used to wear away another 
substance by friction. 
Absorption (ab-sorp’shun). (Selec- 


failure of. a lens or mirror to 
bring the light rays to the same 


focus. When due to the form of tive) White light is a combina- 
the lens or mirror it is called tion of the colors of the spectrum 
spherical aberration. When due as seen in the rainbow. The color 


to the different refrangibility of of a mineral is due to the absorp- 
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tion of certain portions of white 
light in its passage through the 
mineral. The remainder of the 
white light, namely that which is 
not absorbed in the mineral, 
blends to produce the color seen. 

(Spectrum). By means of spec- 
troscope, exactly what portions 
of white light absorbed by any 
substance may be determined. 
The unabsorbed light is dispersed 
in its passage through the spec- 
troscope, forming a band of colors 
known as an absorption spec- 
trum. Dark zones crossing the 
spectrum represent the light 
which has been absorbed. 

Achroite (ak’roe-ite). Colorless 
tourmaline. 

Accidental Pearls. Genuine natural 
pearls. 

Acicular (a-sik’ue-lar). Needle like. 

Acute. Sharply pointed. 

Adamite (ad’am-ite). Trade name 
for artificial corundum manufac- 
tured for abrasive purposes. 

Adamantine (ad”a-man’tin). Extra- 
ordinarily hard. From Adamas 
(Greek). The luster of the dia- 
mond. ‘ 

Adductor muscle (a-duk’ter). A 
muscle passing across from one 
valve of a bi-valve to the other, 
for the purpose of closing the 


shell. ~ 

“Adelaide Ruby” (ad’e-lade). Blood- 
red pyrope (garnet) from South. 
Africa, ; 

Adularescence (coined word) (ad’- 
. ue-la-res’ens). Reflection from 
thin platy twin individuals of ad- 
ularia, causing interference of 
light and the resulting milky blue 
sheen, seen in the precious moon- 
stone, often incorrectly called 
‘opalescence. 

Adularia (ad’ue-la”ri-a). A trans- 
-parent colorless gem variety of 
orthoclase, known also as moon- 
stone. ; 

African Jade. Green grossularite. 
Same as Transvaal Jade. 

Agate (ag’at). A cryptc-crystal- 
line variety of quartz (chalce- 
dony). Colored bands of material 
are usually, arranged in parallel 
lines, which are sometimes flat 
but more often concentric. See 
also Banded Agate, Cloudy Ag- 
ate, Eye Agate, Fortification 
Agate, Cloudy Agate, Moss Ag- 
ate, Agatized Wood. : 


Agate jasper. Mixture of jasper 
and chalcedony. 

Agatized wood (ag’a-tized). Cloud- 
ed agate pseudomorphs after 
wood, some as petrified wood. 

A jour (a-zhoor). French. Allow- 
ing light to penetrate. 

Aggregates (ag’re-gates). Clusters 
or groups. 

“Alabandine Ruby” (al’a-ban’din). 
Red spinel of a violet tint. 

Alabaster (al’a-bas’ter). A trans- 
lucent to semi-transparent form 
of gypsum. Usually snow-white 
in color. Easily carved. -— 

Alalite (al’a-lite). A mineral. Same 
as diopside. 

“Alaska Diamond” (a-las’ka). Rock 


- erystal. ta 

Albandine (al’ban-din). Same as 
almandine. 

Albite (al’bite). A variety of feld- 
spar (Oligoclase), which furnishes 
a moonstone variety. See also 
aventurine. j j 

Alencon Diamond (a-len’son). Rock 
crystal. 

Aleppo Stone (a-lep’o). Eye agate. 

Alexandrite (al’eg-zan’’drite), A 
variety of chrysoberryl, emerald 
green in daylight, red by artificial 
light. 

Alexandrite cat’s eye. A chatoyant 
variety of alexandrite. 

Alladinite (a-lad’in-ite). A casein 
resin used as a mould material 
for many common objects. 


Allochromatie (al’’o-kroe-mat’ik). 
(Coined word). Minerals perfect- 
ly colorless or white when pure. 
Due to the presence of an acci- 
dental impurity, they are often 
colored. The majority of gem 
minerals are allochromatic. 

See also Idiochromatic. 

Alluvial (a-lue’vi-al). Washing 
away.rocks, soil, or other mineral 
matter from one place and de- 
positing them in others, which, 
after they have again been cov- 
ered with soil, are known as allu- 
vial deposits. 

Almandine (al’man-din). A species 
of garnet, generally with a purpl- 
ish tinge; sometimes called 
hyacinth garnet. Mineralogical 
name, Almandite. 

Almandine Spinel. Violet red spinel. 

Almandite (al’‘man-dite) minera- 
logical name for almandine gar- 
net. é 


(To be continued) 
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SELECTED BIBLIOGRAPHY 


Here we present the first installment of a comprehensive selected bibli- 
ography on gemology and subjects pertaining to it. In this issue appears 
the first group of titles under these subjects. The next issue will complete 
this present subject of geology and begin mineralogy. After mineralogy, 
selected bibliographies will be published on chemistry, physics, and biology. 
This will be followed by the very complete bibliography of gemology, includ- 
ing not only books but also magazine articles on the subject as a whole and 
upon individual gems. After the completion of the subject of gemology we 
shall publish a list of miscellaneous writings on allied material. 

***4% Indicates elementary and popular works suitable for the beginner 
as a simple introduction to the subject. , 
**** Indicates books suitable as reference books for a gemologist’s library. 
*** Indicates books for advanced students. 
** Indicates books suitable for research work. 
* Indicates works suitable only for specialists in geology. 


*** Agar, William. M., Flint, Richard Foster, and Longwell, Chester R. 
Geology from Original Sources (organized collateral readings for 
students in general geology), “reading references” included at end 
of each chapter. N. Y. Henry Holt. 1929. 

***#* Benson, Allan Louis. 
Story of Geology. N. Y. Cosmopolitan Book Corp. 1927. Inex- 
pensive, a popular book for light reading, valuable as an elementary 
introduction for the beginner or layman, entertaining, but not alone 
sufficient for a student, not illustrated. 

***** Blackwelder, E. _ 
Elements of Geology. N. Y. American Book Co. 1911. 

**4** Bradley, John Hodgon. 
The Earth and Its History, a Text Book of Geology. Boston, Ginn. 
1928. Recommended for the beginning student. Simple and not 
expensive. 

_ *** Branner, J. C. 
Syllabus of a Course of Lectures:'on Elementary Geology. Calif., 
Stanford University. 1908. 

**4*** Brewster, Edward Tenny. 
This Puzzling Planet; the Earth’s Unfinished Story; how men have 
read it in the past, and how they may read it now. Indianapolis, 

j Bobbs Merrill Co. 1928. 

*** Brigham, Albert Perry. : F : 

Geology, revised and expanded by Frederick A. Burt. New York, 
London. D. Appleton & Co. 1928. ef 

*** Brown, Charles Barrington, and Debenham. 

Structure and Surface; a book of field geology, London, Arnold. 
1929. 

*#** Chamberlin, Thomas Chrowder, and Salisbury, Rollin. 

College Text Book of Geology. Rewritten and Revised by Rollin T. 
Chamberlin and Paul MacClintock. N. Y. H. Holt & Co. 1930. 
An excellent reference book for a gemologist’s library, complete, 
well illustrated, authentic. 


(To be continued) 


30 GEMS & GEMOLOGY 


BOOK REVIEWS 
r 


: A. McC. BECKLEY 

Dana’s “Text Book of Mineralogy”, revised and enlarged by William 
F. Ford. Published by John Wiley & Sons, Inc., New York. $5.50. 

This great and indispensable work on mineralogy has been greatly en- 
larged and thoroughly revised. It is safe to state that no other text book 
on mineralogy to date has taken the place of this work. No other book is 
so often quoted as a reference on mineralogy. It has been called “The Min: 
eralogist’s Bible”. 

The origin, occurrence and association of minerals is a new feature of 
this work. To students of gemology this section is perhaps the one dis- 
appointing feature of the book, by reason of its brevity. 

The tables included in the appendix are especially recommended to gem- 
ologists as they are planned to give the student, at.a glance, the minerals 
arranged according to chemical composition, systems of crystallization, 
crystalline habit, structure of massive minerals and physical characteristics. 
A very suggestive table is included where minerals, metallic and non-metallic 
are arranged according to color. 

The indexes are.admirable; a general index and an index to species. 
A satisfactory index is a blessing. ( 

“Gems and Gem Materials” by Edward Henry Kraus and Edward Fuller 
Holden.* McGraw-Hill Book Co., N.Y. $3.00. 

This brief review of Kraus and Holden’s “Gems and Gem Materials” 
is written from the standpoint of an amateur student of gemology who has 
used the book constantly for the past two years. ‘ 

The text embodies the material contained in a series of lectures on 
precious stones given at the University of Michigan and is an ideal text 
book from every point of view. This is the second edition carefully expanded 
and enlarged from the former edition of the work. Gems and Gem Materials 
is scientific in statement of fact, fascinating in the method of presentation. 
Dr. Kraus has the happy faculty of conveying, in his text, much of the 
charm of his lecture room. 

Gems and Gem Materials, as the title suggests, includes all mineral 
species containing gem qualities as well as four of an organic nature, amber, 
pearl, coral and jet. Amber receives the lion’s share of attention and so ex- 
cellently is amber treated in the five pages alloted to it that the student 
regrets that the pearl is covered in but a single page; however, it is to be 
recalled that. Dr. Kraus’s specialty was mineralogy and that the pearl is 
a biological subject. 

There is a remarkable chapter on manufactured gems, that every gem- 
_ologist should be familiar with, and, by the way, the short chapter on the 
naming of gems should be memorized by every gemologist and jeweler. 


*Edward Fuller Holden, the junior author, was drowned at North Deer 
Isle, Maine. “May this book serve as one of the monuments to his memory” 
writes Dr. Kraus. 


~~ 
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NEW INSTITUTE MEMBERS 


The following two firms have been elected to membership in the gem- 
ological Institute of America since our last publication: 

Cowell and Hubbard Co., Cleveland, Ohio. 

S. Joseph & Sons, Des Moines, Iowa. 


SIXTEEN PASS EXAMINATION 


QUALIFYING CERTIFIED GEMOLOGIST Certificates have been 
issued to the following students upon their successful completion of the 
QUALIFYING. CERTIFIED GEMOLOGIST examination of the Institute 
since the publication ‘of the last issue: : 

’ C, Alden Aldrich, Providence, R. I. 
Albert Beck, Ludwigs’, Walla Walla, Washington 
Frank Blackstone, c/o John F. Vondey, San Bernardino, Calif. 
-Barney: Bobek, Little Ferry, N. J. 
S. P. Clauss, Mishawaka, Indiana 
Milton D. Gravender, J. B. Hudson, Inc., Minneapolis, Minn. 
John B. Hudgeon, Bedford, Ohio 
H. Paul Juergens, Juergens & Andersen, Chicago, IIl. 
Lew Koen, Wilkes-Barre, Pa. 
Paul Noack, San Bernardino, California 
Richard M. Pearl, Detroit, Michigan 
Howard Smith, Redlands, California — 
F. B. Thurber, Tilden-Thurber Corp., Providence, R. I. 
Fred Twogood, Riverside, California 
John F. Vorndey, San Bernardino, California 
F. Otto Zeitz, Chicago, Illinois x: 

Lack of space prevents our listing the Graduate Members of the Ameri- 
can Gem Society in this issue. Their names will be published in the March 
number. : 
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This is the first regular issue of Gems and Gemology. 
Subscribe at once so that you will miss none of the continued 
features. Gems and Gemology is being issued in limited num- 
bers, and should you miss some of the sections of the Glossary, 
the Selected Bibliography, Famous Diamonds, and the En- 
cyclopedia, it may be impossible for you to secure them. 


MAIL THIS COUPON 
Gemological Institute of America, 
3511 West Sixth Street, 
Los Angeles, Calif. * 
I enclose $3.50 for my subscription to Gems and Gemology. 
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GEM COURSE 


A combined display service and gem selling course in the funda- 
mentals of Gemology—the science. of diamond and other gems 
leading to examinations for: ' 

. Graduate Member American Gem Society 

Course and Service Include: (1) Elements of the science— 
gemology. The classification and characteristics of gems and 
gem substitutes. Correct and incorrect names. 

(2) Gem selling. The use of the characteristics of gems as 
sales-tools. Methods of creating and closing diamond and gem 
sales. Advertising. Ethics of gem selling. 

(3) Gem display in windows and show case. Color, mass 
and placing. Included with this part is the complete display 


and, semi-monthly, educational window service described below. 

icone consists of 26 semi-monthly assignments, including sections of 
Shipley’s Gemology and accompanying lectures and practical problems in 
display and advertising. Questionnaires and problems graded and returned 
with constructive suggestions. 


Window Display Service 
Permanent window display equipment for diamonds and other 
gems designed by artistic experts; accompanied by semi-monthly 
. additions or loans of specimens, instruments, actual photographs. 
and signs which create appreciation—desire—and sales. Includ- 
ed: with society’s course, or available separately. 


Write for full details and price: 


AMERICAN GEM SOCIETY 
555 South Alexandria ; Los Angelés, Calif. 


CERTIFIED GEMOLOGIST COURSE 

Two years advanced course in gemology, the science 
of gem-stones. Graduate members American. Gem 
Society admitted without examination. 

Individual study .of gems—one year alone upon 
diamonds. Identification of gems and gem qualities with 
instruments. Precious metals, mountings, costuming, 
birth stones, romance of sales-tools. 114 assignments. 
Enrollments filled: ‘Waiting list. Write for details and 
prices. 


BOOKS SOLD on gemology, mineralogy, geology 
and kindred sciences. 


| - GEMOLOGICAL IN. 
apne STRUMENTS a specialty. 
aplanatic |. Distributors of EYE 
a LOUPES and aplanatic 
citechmens,. ‘triplet magnifiers for all 
gs.7zs . leading optical manufac- 
turers. 
GEMOLOGICAL INSTITUTE OF AMERICA 


3511 West Sixth Street Los Angeles, Calif. 
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IN OUR NEXT ISSUE 


The various exhibits to see both at the World’s Fair when it re-opens 
this summer in the various museums of Chicago will be reviewed. 

Probably the last writing of the late Dr. Oliver Cummings Farrington, 
found among the papers he left at his death, is an account of the magnificent 
gem collection in the Field Museum of Natural History. It is published 
for the first time in Gems and Gemology. 

The first of a series of articles on the display of gems and jewelry will 
appear. 

Dr. René Engel records his use of pleochroism in a difficult determi- 
nation. 

Microscopes for use in the small gemological laboratory will be discussed 
in a confidential service. 

The Glossary, Encyclopedia, and other regular features will continue, 
and many timely articles will appear. 


EDITORIAL FORUM 
Cultivated Pearls in Dispute 


A producer of cultivated pearls, advertising in a jewelry trade magazine 
last month, reproduced a page describing cultivated pearls from the booklet 
Fascinating Facts About Gem Stones. This booklet is published by the 
Gemological Institute for distribution to customers by the retail jewelers of 
America. Attention was drawn in the advertisement to a statemen regard- 
ing cultivated pearls which read, “However, to the scientist they are 
genuine.” This statement, considered by itself and not in connection with 
the sentences which immediately preceded it on the same page, implies that 
the Institute considers that cultivated pearis are genuine. This naturally 
drew a storm of criticism from dealers in genuine natural pearls. The jewel- 
ers who criticized were not familiar with the present position of the Institute. 


Even though the biologist does consider cultivated pearls to be genu- 
ine, the Institute does not believe he should make that statement and not 
mention how they differ. 

e 

Nor is the Institute’s viewpoint that of jewelers who have had no 
scientific education. As an educational institution, it cannot always agree 
with them. But the sympathies of the Institute do lie with the jeweler and 
his many problems, and its efforts are entirely to protect him and his cus- 
tomer. The Institute seeks to educate its students so that they will not be 
deceived by advertising of the nature of that referred to above. 


. It is not the purpose of the Institute to quote science in such a manner 
that it will Serve to harm the jewelers’ interests. Nor is its purpose to 
condone confusing names, or deceiving statements made by that small por- 
tion of the trade whose very life depends upon incorrect representation of 
its merchandise. 


“ewe 


Advertisements of Gem Stones 


Many requests reach this magazine and the organizations of which it 
is the mouthpiece asking why we cannot accept advertising of gem dealers, 
or at least furnish lists of gem dealers. This need for information as to 
where to obtain certain gems themselves, and certain qualities of diamonds 
and other gems, has been growing among the hundreds of American gem 
students for many years. 

e 

The only available source of importance for such information has been 
an English magazine, with advertising of English and oriental dealers. 
Although many students and members of the Advisory Boards of the Insti- 
tute are in England and the Orient, we believe that American gem dealers 
should be given preference. For this reason, we are endeavoring to interest 
one or more American jewelry trade magazines in carrying permanently a 
section which would be confined to extensive diamond and gem advertising. 
e 

This section, we believe, could also be made by a national magazine a 
vital force to interest retail jewelers in the movement of the AMERICAN 
GEM SOCIETY “To Make America Gem Conscious.” It seems almost 
unnecessary for us to remind our many inquirers that our policy is one of 
no advertising, and if any other method can be found, we prefer not to 
recommend dealers. 


— @ —_ 
Research Service and Its Purpose 


The chief purpose of Gems and Gemology is to keep the student abreast 
with the latest and the most important advances in the science of gemology. 
Its monthly confidential service includes many features which, except for 
their very recent nature, would be included in the courses of either The 
American Gem Society or the Gemological Institute. They form, in fact, 
a supplement to the courses of the Institute, containing information which 
was not available as the courses were written. Every science develops 
monthly and everyone must study all his life or fall behind in the race in 
his vocation. 


—— ® 
The features prepared by the staff of the Institute, or developed by 
the Institute by inquiry among authorities, and which add to the science of 
gemology, are indicated in this magazine as Research Services. The articles 
which are so indicated should be of great interest to the sincere student. 
In publishing Gems and Gemology, we make a determined effort in include 
every new development of this science of gems, whether developed by the 
Institute or announced by independent authorities. The student, through 
reading this service, will be always in touch with the important recent de- 
velopments of the subject. 
e 
To graduates of the Society’s and Institute’s courses, certificates of 
yearly Research Examinations will be issued. These will indicate to the 
public that they are eligible for active practice and are still in the legiti- 
mate jewelry business. These yearly examinations will cover the new de- 
velopments and research additions to gemology during that year. In no 
other publication will the student find this material so completely included 
and so conveniently arranged as in Gems and Gemology. Research additions 
to those portions of the courses already completed will now be exclusively 
released in Gems and Gemology. 


—— @ —_ 
No February Issue 


We have received requests for the February issue. There was no Feb- 
ruary issue; Gems & Gemology was announced as a bimonthly service. In 
order to avoid this misunderstanding in the future, we are calling this the 
March-April issue, and we shall continue this plan of designation. 
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G.I.A. TO PRESENT SUMMER COURSES IN GEMOLOGY 
AT LOS ANGELES 


Tentative plans are being made for an intensified session of personal 
instruction at the Institute headquarters in Los Angeles this summer. The 
course will be given in the latter part of July or early in August. The material 
in the A.G.S. Graduate Member Course and the Institute Qualifying Certi- 
fied Gemologist Course will be covered in the three weeks’ term. Dr. René 
Engel, Instructor in charge of Mineralogy and Geochemistry of the Cali- 
fornia Institute of Technology, and Robert M. Shipley, will lecture in the 
Institute series, and three members of the Institute staff will instruct classes. 

Under the present plans, the first week’s instruction will cover the pre- 
paratory course of the Gemological Institute—the work now presented in 
the A.G.S. course. The second and third weeks will cover the Gemological 
Institute course to the Qualifying Certified Gemologist examination. Visual 
work of the C. G. final courses will be included also and these theoretical 
courses completed by student upon his return home. A week-end visit to 
several Southern California gem mines, with the owner-gemologist as con- 
ductor, will be a feature. The tuition will be $50 per week, which will include 
all laboratory fees. Individual laboratory instruction will be given to each 
student, and determination of unknown gems will be taught to the students 
as a part of the work. 

The enrollment in the course will be strictly limited to twelve—twice 
as many as the number of instructors. 


MOTHERS’ DAY GEM TO 


BE SELECTED 


B. W. BELL 
Window Feature Sent to Every Subscriber 


The American Gem Society plans, as one feature of its sales campaign, 
to select a Mothers’ Day gem. Previously the bulk of the sales of Mothers’ 
Day gifts have been candy or flowers—some perishable remembrance. A 
mother should be remembered on her Day by a more important gift than it 
has been the custom to give. A durable remembrance such as a piece of 
jewelry is more desirable, since it will be kept and cherished by the mother 
to whom it is given. 

An inexpensive stone might at first glance seem best. Still, the jeweler 
might profit more by a gem of greater cost and the use of the slogan, “Buy 
a Real Gift for a Real Mother This Year,” in his window display. ; 

Several stones have been suggested as being appropriate for a Mothers’ 
Day gem. The best suggestions received are amber, amethyst, garnet, and 
jade. Amber has been suggested because of its rich historical associations— 
it has long been valued as a gem—and because of its soft beauty. Amethyst 
is a good stone for the occasion; its color is fitting for an older woman; also, 


rae 
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amethyst is a stone easily accessible to every jeweler. Quite a range of colors 
is possible if the garnet is chosen; most of its varieties are inexpensive and 
easy to secure. Jade is also a likely gem for Mothers’ Day. It is a well-known 
stone, constantly increasing in appreciation and popularity. It is likewise 
a gem revered since ancient times, 

Gifts of amber or jade could be had in a greater price range and in 
more varieties of jewels. The others might harmonize better with grey hair 
and with more colors of costumes. 


Vote to Be Taken 


The American Gem Society members, both Graduate and Associate, and 
all others interested are asked for their votes on a Mothers’ Day gem. Be- 
low is printed a ballot; mark your choice and mail it to the headquarters of 
the Society. Be sure to write your name plainly. We will tabulate the votes 
and announce the results to everyone who has voted. To Graduate and Asso- 
ciate Members of the American Gem Society we will send a central window 
feature advertising the gem which is selected. This is one of the two or 
more yearly advertising services which the American Gem Society will supply 
to its members. The results of the vote will be published, and the announce- 
ment will reach those who have voted at least two weeks before Mothers’ 
Day, which is May 18. If you are not yet affiliated with the American Gem 
Society, send your $3.50 for membership dues and a subscription to Gems & 
Gemology with your vote; thus you will receive the window sign with the 
announcement of the results. If your vote is received and you are not a 
member of the Society, you will receive only the announcement of the results. 


The American Gem Society, 
555 South Alexandria Street, 
Los Angeles, California. 


The following is my choice for a Mother’s Day Gem: 


AUMDe Yee cec ec cee ence cee ceeee cece eee enceceae re ecesane seneeeeescenenconene 
Vote for 
Amethyst... cence ceecece cece cece cee ececeeene cee eceneeneeeneeenee [ 
one only. 
Gea retina eeecece ee eee cece eee eece ee cence cence eecenenecnaeeeaeeceaneeneneee [ 
J ADC. eee eeee cen c eee eec eee eee cece eee nee e ene cnne tie noe neeneeneaneeeceenceaececenoeass { ] 
I do not favor any of the four above gems and suggest instead: 
Other Gem—(_.......22..2.20eccecceee cece eee eeeeccneneeneeeees ) eee { } 
Name... ceee nee ccc en ence ce cece nee ne een ecc cece cree nee ec ccenepececeeseneencassnanseeaacenssanacesenmenceeerseccseete 
Ad eSS...02..2..e.ceccncceceeceeec cece eenecetee ee ceneceenecseeeseeesecceneecesnececennesesscesnesecemeaeseesteseseeseaccasmennen 
CY nice cece cece ce cce ence ee cee cece cree cee ee neaeenneneneetanecsoceaesottanseccaeenseneeseioeesstnceteneencsesteenmeneeens 


() Iam not yet a member of the American Gem Society. I enclose $3.50 
for my membership and subscription to Gems & Gemology. Please send the 
window feature when you send me the announcement of the results of this 
poll. 
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DIAMOND LOUPES 


ROBERT M. SHIPLEY 


In my article on loupes published last month, a slight error was made 
in the address of the Carl Zeiss Co., which was given as Jena, Switzerland. 
This should have read “Jena, Germany.”—Author’s note. 


Either my article in Gems & Gemology for January, or articles by me 
in jewelry trade magazines, have resulted in an unexpected reaction. A few 
readers gathered the impression that a criticism of the very excellent work 
of the A.N.R.J.A. Code Committee was intended. The reaction was unfor- 
tunate, but it seems, to me at least, to be unfounded. So also is any thought 
that either the Institute or I myself hoped to influence an increase by the 
Code Authority in the strength of the standard eye-loupe required by the 
Code to 10X. Statements by me commending the work of the Code Committee 
and calling for the support of the present Code Authority, have been pub- 
lished in this and other journals. I have repeated these statements before 
groups of jewelers and have also made the students of the Institute familiar 
with similar statements by including them in an assignment which was 
sent. Too much praise cannot be given to the Code Committee for accom- 
plishing the establishment of a standard magnification for loupes. Not only 
was a lower standard desired by many, but great pressure was undoubtedly 
placed on this Committee to prevent the establishment of any standard what- 
ever. My personal opinion is that the accomplishment of the Committee in 
establishing a loupe of seven power, as well as other rules having to do with 
the cost and nomenclature of gems, is of exceptional quality and a striking 
reflection of the fair and courageous character of its members. 

We have been advised that a seven power loupe corrected for spherical 
aberration, mounted in an eye cup, will soon be placed on the market by 
Bausch and Lomb. This loupe will probably offer to the buyer or dealer 
who examines a great many diamonds the added advantage, over the $1.00 
Bausch and Lomb loupe mentioned below, of a glass which focuses not upon 
a single point, thus relieving the chance of overlooking an imperfection. 

However, since it is reported that this loupe will sell for $5.50 to $6.50, 
it would seem more to the retail jewelers’ advantage to spend a couple of 
dollars more for a 10X triple aplanat and thus obtain the added protection 
so easily available to himself and his customer. Certainly, the advertising 
value of featuring added “customer protection” and the additional sense of 
security in his own decisions are worth the additional expenditure. Before 
the code IJ recommended a 14X loupe for the latter reason. 

For the retail jeweler who exercises extreme care to protect himself 
and his customers, I recommend the purchase of a 9X or 10X magnifier, cor- 
rected for spherical or chromic aberration, such as is made by Steward, 
Zeiss, Spencer, Bausch and Lomb (Hastings type only), Leitz, Busch, and 
others, as a hand magnifier, and which is made and registered by the Gemo- 
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logical Institute as an eye loupe. These should be selected by him according 
to his own personal opinion of their respective merits. 

As mentioned in my last article, some diamond dealers may have suffi- 
cient time and confidence in their own ability that they prefer to use a simple 
7X loupe, uncorrected for chromic and spherical aberration, which focuses 
upon only one spot within a diamond. For such dealers, it seems entirely 
sufficient to recommend the eye loupe No. 81-41-02 which has been made 
for many years by Bausch and Lomb. This consists of two simple lenses 
and magnifies seven times; it can be bought from any material house for $1. 


Confidential Findings by Laboratory Test* 

Findings of tests made by the Institute Laboratory regarding various 
makes of loupes are contained in the January issue of Gems & Gemology, 
and more will be included in future issues. Several loupes have been tested 
in the Institute Laboratory since the publication of the last issue. The 
Institute itself is also announcing a loupe. Reports follow: 

Busch, Germany. Ten power triple aplanat in folding case. The loupe 
we received was a very fine one, with an extraordinarily large lens and a 
flat, clear field of view. However, a report has reached us from a student, 
that one of these loupes showed a great deal of chromic aberration, which 
destroyed the focus. Price, about $6.25. 

G. I, A. Registered Loupe. The best lenses are selected from among 
those submitted by the various optical companies and mounted in an eye-cup 
made especially for the Institute. Only lenses which meet rigid tests for 
focus and correction for chromic and spherical aberration are thus mounted. 
Price $8.75. 

E. Leitz; Wetzlar, Germany. 10X triple aplanat. The instrument 
checked by the Institute was not satisfactory. It did not give a sharp focus 
at any distance. Some users of Leitz loupes report them to be very satis- 
factory. Price $8.00. 

Zeiss 10X Eye Loupe. Excellent aplanatic triplet. Holder awkward 
and heavy. Entirely impractical for use as eye loupe. Price $8.75. 


*G.LA. Confidential Service. 


COURSES IN PRECIOUS STONES 


AT COLUMBIA UNIVERSITY 


PAUL F. KERR 


The course is designed to cover the natural cccurrence and a description 
of the rough forms of gem materials, together with a discussion of the 
principal gem producing localities, forms of gem cutting, nomenclature, 
classification and principles of simple and rapid gem detection and an outline 
of the methods used in appraisal and evaluation. Equipment is available 
for illustrating the principles of gem detection and a considerable amount 
of demonstration apparatus has been assembled for lecture purposes. The 
use of complicated equipment is avoided as far as possible, and the principal 
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purpose of such apparatus as is employed is instruction in the rapid and 
non-injurious identification of gems. 

The Department of Geology and Mineralogy at Columbia University 
has included a course on the study of gems and precious stones in its cur- 
riculum over a period of twenty years. Instruction in the subject was first 
offered during the Summer Session of 1913. The work at that time was 
under the direction of Professor Alfred J. Moses. Professor Moses was 
continuously identified with instruction in the subject until the time of his 
death in 1920. Under his direction a complete collection of gems, precious 
stones and ornamental materials was assembled in the Eggleston Mineral- 
ogical Museum of Columbia University. This collection is now housed in 
Schermerhorn Hall and shows all forms of gem material, not only cut stones 
but also rough. Professor Moses showed a great deal of interest in the 
subject of gems and precious stones, and not only took part in university 
instruction but spent a great deal of his outside time in visiting the numer- 
ous jewelry establishments in New York City. He even voluntarily went 
behind the lapidary’s bench and became fairly experienced in the art of 
eutting and polishing precious stones. 


It is probable that Professor Moses stood in the front rank of American, 


mineralogists, not only in the development of the study of precious stones 
but in the systematic instruction in mineralogy. He was the author of a 
text book on mineralogy which includes a description of gem stones of con- 
siderable value. In addition, he was the author of a booklet, entitled, “The 
Identification of Gems and Precious Stones without Injury to the Specimen”. 
His name appeared frequently as an author in connection with articles in 
technological journals dealing with mineralogy. 

Instruction in gems and precious stones was discontinued at Columbia 
University for a short time after the death of Professor Moses. It was con- 
tinued, however, in 1923, and has been carried on with increasing support 
since that time. The course is no longer conducted during the Summer 
Session, as it was at first, but has been transferred to the: Extension Depart- 
ment of the University and is now given during the evenings extending 
throughout the Spring Session. 

The course is designed primarily for those engaged in the jewelry trade 
or for others who wish to improve their knowledge of precious stones. A 
goodly number are enrolled who are in no way connected with the jewelry 
business but merely desire to increase their fund of general knowledge. The 
work is handled in such a manner that it can be taken by beginners. 

Attendance has varied considerably throughout recent years, although 
it is probable that the average class would number between thirty and forty 
students. In the last ten years a total of about 350 students have passed 
through the course. At present the instruction is under the direction of 
poth Doctor Krieger, Instructor in the Department of Geology and Mineral- 
ogy, and the writer. The course is given in two parts; one part consisting of 
a series of lectures, one each week throughout the Spring Session; the other 
part consisting of a parallel series of laboratory exercises and demonstra- 
tions given on another night. - 

NOTE: Dr. Paul F. Kerr;-the author of this article, is a voluntary 
Member of the Advisory Boards of the G. I. A. A biography of Dr. Kerr 
will appear in the May-June issue. 
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Tiwportant-Diamonds 
of the 


THE REGENT 


The Pitt diamond, afterwards called the Regent, although one of the 
last of the big diamonds to be fcund in India, is one of the most renowned 
of gems, both because of the unusual beauty released by the diamond cutters 
who fashioned its present form and also for the fact that once in the réle 
of a quick asset it made possible the establishment of Europe’s most remark- 
able empire. Its artistic merit is acknowledged by a place of honor in the 
world’s greatest art museum, and its story proves that the history of a 
diamond may be interesting without an attendant record of bloodshed. 


The diamond weighed, as a rough stone, 410 carats, and it is said that 
it was found in the Partial Mines on the Kishtna River about the year 1701 
by an Indian slave. The slave, in order to avail himself of the possession 
of his treasure, cut a hole in the calf of his leg and secreted the stone among 
the bandages. Successfully making his way to the sea coast, he divulged 
his secret to an English sea-captain. The story says that he offered the 
stone to the skipper in return for a safe passage to a free land and a share 
of the proceeds. However, temptation must have proven too great for the 
skipper, because during the ensuing passage to Bombay the slave was un- 
fortunately lost overboard—not entirely by accident it is evident. 


The skipper then sold the stone to Jamchund, a Parsee merchant, for 
about $5,000. Prompted perhaps by a hope of stilling a troubled conscience, 
the captain spent the proceeds in riotous living, and very soon thereafter, in 
a fit of remorse and delirium tremens, hanged himself. 


It is a matter of definite record that Jamchund, who was then the best 
known diamond merchant in India, did in 1701 approach Thomas Pitt with 
this stone, leaving it in his possession days at a time in the hope of accom- 
plishing a sale at a price of almost half of a million dollars. Pitt was then 
governor of Fort George (Madras) and great-grandfather of Thomas Pitt 
of American Revoluticnary fame. No doubt Governor Pitt drove a hard 
bargain, although it is quite apparent that he could not have known from 
the appearance of the rough stone what color or degree of perfection might 
result from its cutting. This risk must always be assumed by the purchaser 
of a rcugh diamond. After three months of negotiation, it was purchased 
by Pitt for 48,000 pagodas or a trifle more than $100,000 and, valued at 
but 6,500 pagodas, sent to England in a British ship. 

Governor Pitt, returning to England in 1710, discovered that gossip had 
preceded him to the effect that he had obtained the gem by unfair means 
and although it seems to have been publicly received by general incredulity, 
the imputation was a source of great worry to him as was, also, the publicity 
given to his possession of the stone. The known possession of such a gem 
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drew much attention to him, and he is said to have traveled in disguise, 
concealing his movements and rarely sleeping two nights in the same bed. 


He immediately published a statement of the details of his purchase of 
the stone, and when he died was careful to leave the complete narrative, 
which it was found necessary to publish 17 years after his death when the 
scandal was again unearthed by political opponents of his family. 


For seven years Thomas Pitt retained his disturbed possession of this 
stone, although during a good portion of this time it was in the process of 
cutting and polishing.. The original rough stone had weighed 410 English 
carats, which distinguished it at the time as one of the largest diamonds 
ever found. This was before the days of diamond saws and modern methods, 
and two years’ time was required to fashion this gem. The resulting stone 
weighed but 143.2 metric carats, but the cutting job is one of the finest 
ever accomplished upon any important diamond of the world. The stone is 
in a cushion shaped brilliant cut, 17; inches long, 1 inch wide, and % of 
an inch deep, and contains but one very small imperfection. The cleavages 
and dust brought a sum variously stated at $30,000 to $45,000 and the 
resulting gem remains to this day one of the finest and most brilliant of 
known diamonds, surpassing most of those cut by more modern methods. 


In 1717 the Pitt became the Regent when Thomas Law, acting as Pitt’s 
agent, sold this wonderful gem to the Duke of Orleans, then Regent of 
France, during the minority of Louis XV. Thomas Law, afterwards famous 
in connection with the Mississippi Bubble, was a Scotch financier then at 
the height of his power in France, and the stone was purchased for the crown 
jewels. Law thus qualified as one of the world’s great diamond salesmen 
since he accomplished the sale, with only a model as a sample, for a total 
price variously stated to have been $625,000 to $675,000, but received no 
cash payment; the French government deposited other jewels as collatral. 
At first only the interest was paid, but eventually the account was closed. 
Law received $25,000 commission upon the sale and the deal netted Thomas 
Pitt about $500,000 and permanently established the fortunes of the Pitt 
family which later gave to England the Earl of Chatham. 


The Regent, which was also known in France as the “Millionaire,” was 
in the crown of France when Louis XV was coronated, and it caused the 


” 
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crown to be known as the most valuable in Europe. After the downfall of 
the monarchy and the beheading of Louis XVI, the Regent, together with 
other art objects belonging to the former “tyrants” were shown to the 
“eitoyens” on request. Those, who demanded as a right of the sovereign 
people a sight of this national diamond, were admitted to a strong room 
where, under the eyes of several disguised police, they were allowed to hold 
in their hand the securely bound and chained “Millionaire.” In 1791 the 
Regent was valued at $2,400,000. For the third time in its history it was 
stolen—together with the Sancy and the Blue Hope Diamonds and many 
other treasures of the crown—when, upon the night of September 17, 1792, 
the Garde Meuble, being carelessly guarded, was entered. With the excep- 
tion of the Regent, and perhaps the Hope, no other of these gems were ever 
recovered. 

When the police were despairing of any success, word was received and 
quickly verified that the Regent was buried in a ditch in an alley of the 
Champs-Elysees, the Fifth Avenue of Paris. Napoleon, then an ambitious 
leader of the people, hoping to increase his threatened power and desirous 
of financing his Marengo campaign, pawned the stone to Berlin bankers as 
security for the cost of necessary “horse-furniture” incident to the campaign. 
Again, later, Napoleon borrowed funds upon it from the government of 
Holland for the financing of a subsequent campaign. In 1802 he redeemed 
it and wore it in the hilt of his sword at his famous, personally conducted, 
coronation as Emperor. 

After Napoleon’s time the Regent was for a while the shuttle-cock of 
political fortunes. Carried off to Blois by Marie Louise after the exile of 
her husband Napoleon it was handed over to Louis XVIII by her father, 
the Emperor of Austria. Louis XVIII fled with it to Ghent in 1815, but 
brought it back when he ascended the French throne. Again among the 
newly augmented crown jewels of Napoleon III it survived the Second Em- 
pire and the Prussian war and when the French crown jewels were sold 
at auction in 1886 the Regent was reserved “on account of its historical 
value” and perhaps, also, because of its value as possible security for “horse- 
furniture” or “air-craft fuel” in some future war. 

No more convincing proof of the esteem with which peoples of culture 
regard gems as objects of art has ever been evidenced than in the case of 
this beautiful stone. France has placed its Regent in the central case in 
the Gallery of Apollo, most important gallery of the Louvre Museum in 
Paris. In discouragement of racketeers or of authors of detective stories, 
it is well to mention that night theft of the Regent is difficult, since the 
entire glass case is automatically lowered into a vault upon the closing of 
the Museum. 


THE SCIENTISTS’ VIEW OF 


THE CULTIVATED PEARL 


A. McC. BECKLEY 


Says Dr. J. R. Dolphin, M.Se., A.I.C., F.C.S., A British research chemist, 
in his article in the Encyclopaedia Britannica—‘ ‘Cultured’ pearls are ‘natu- 
ral’ pearls beautified by the scientific control of their formation and growth”. 
In this statement, Dr. Dolphin apparently reflects the opinion of the majority 
of biologists and masters of kindred sciences. These scientists feel that 
since the formation and composition of the cultivated pearl is essentially 
the same as that of the natural, it is genuine. 

Louis Boutan, in his famous book La. Perle, devotes an entire chapter to 
“the three principal methods for obtaining a greater number of genuine 
pearls by human intervention”. These methods he lists as: 
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1, Multiplication by cultivation of the molluses which produce the 
pearls. 


2. Multiplication of the number of pearls produced by increasing the 
causes of parasitic infection. (A parasitic infection is known to be 
one of the causes of the formation of a pearl.) 


8. Multiplication of pearls by the direct intervention of man. (Inser- 
tion of a pearl sae in a second oyster.) 


Boutan—who is Professor of Zoology on the Algiers Faculty of Sciences 
—makes it clear that he considers pearls produced by any of these methods 
to be genuine. 


To quote further from Dr. Dolphin’s Britannica article, “ ‘Natural’ pearls 
are found which contain no central nucleus, and Dr. Alverdes and K. Miki- 
moto independently, by transplanting small sections of the living epithelium 
cells from one oyster into another demonstrated the development of pearl 
matter, but such pearls were very irregular in shape, and entirely free from 
nucleus”. This would indicate that a pearl formation was artificially pro- 
duced without the aid of a nucleus which would probably be classed in the 
trade as a baroque. In his article, Dr. Dolphin infers that if anything the 
cultivated pearl is somewhat superior to the natural. He says that culti- 
vated pearls contain a smaller amount of water than do the genuine—“an 
important factor’, says he, “after the pearl has dried out”. 


Dr. H. Lyster Jameson—who has done a great deal of research on the 
detection of cultivated pearls—in the May issue of Nature Magazine says, 
“The trade distinguishes different kinds of pearls, according to shape and 
size (fine pearls, baroque pearls, etc.) just as biologists distinguish certain 
classes, according to where they arise (parenchyma or mantle pearls, muscle 
pearls), or to the kind of sheil material of which they are composed (nacreous 
pearls, columnar pearls, hinge pearls, penostracum pearls). All these classes, 
some valuable, some worthless, are from the biological point of view pearls. 
Biologically speaking the Mikimoto pearl satisfies all the conditions which 
go to make up a pear! as defined above”. 


Dr. Jameson’s opinion is one with which the producers of cultivated 
pearls naturally would have the general public most familiar, and his state- 
ments have been quoted several times in the descriptive literature issued by 
these producers. The late Dr. David Starr Jordan, a great authority on 
fishes, and sometime President of Stanford University, has also been quoted 
to this purpose. His statement concerning cultivated pearls, as it is fre- 


quently quoted in this connection is: “As they are of exactly the same 
substance and color as the natural or ‘uncultured’ pearl, there is no real 
reason why they should not have the same value. ... Each sort has the 


same luster and sheen, a quality which cannot be imitated by any form of 
‘Paste’ or ‘Artificial’ pearls. The best method ... has been carefully studied 
and patents have been taken by Mikimoto.” 


All these excerpts show the scientists’ attitude toward the cultivated 
pearl. But the viewpoint of these men is essentially that of the biologist. 
They thoughtlessly overlook the protection due to an uninformed pear]-buying 
public, which a qualified statement as to their actual value would clarify. 
How little these men have been in touch with the gem trade is well illustrated 
by the quotation of one more statement from the Encyclopaedia Britannica 
article previously mentioned. 

“The only method of ascertaining which variety is ‘cultured’ is to cut 
the pearl and examine the cross-section. In the case of the former, the 
mother-of-pearl bead can be observed.” 

The man of science who makes a statement of this sort knows as little 
of the development of the trade as the ordinary dealer has known of sciences. 
The viewpoint of scientist and merchant must be harmonized. 


NOTE: This article presents the viewpoint of the scientist toward the cultivated pearl. 
That this viewpoint is correct, the Institute does not agree. In the next issue, it is hoped 
that the other side of this question may be set forth by the dealers in genuine natural pearls. 


“~ 
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BIOGRAPHICAL SKETCHES 


DR. RENE ENGEL 


ROBERT SHIPLEY, JR. 


The Gemological Institute of Amer- 
ica takes pride in announcing as a 
member of its Advisory Boards, Dr. 
René Engel, Instructor in charge of 
Mineralogy and Geochemistry at the 
California Institute of Technology. 


Dr. Engel came to America from 
Paris, France. The greatest part of 
his formal education was in France, 
where he took several degrees. He 
worked with Dr. Verneuil, who is 
famous for his developments in the : . 
manufacture of synthetic corundum, , 
and also with Professor Moissan in his - 
experiments in the synthesis of the a 
diamond. Dr. Engel became associated 5 
with A. Karl, a former student of the 


Dr. René Engel, mineralo- 


Curés, in work with radium. His in- gist and geochemist, member 
terest in the radio-active elements fin- of the G. I. A. Advisory 
ally brought him to America, where Boards. 


he came in search of radium ores. 

When his search for these rare ores proved unprofitable, he applied to 
the Anaconda Copper Company and was given a position. He served in 
various engineering and geological capacities in this company. At the out- 
break of the World War, Dr. Engel was called to serve in the Chemical 
Division of the French Army. During the war, he served as a Member of 
the French Scientific Commission in the United States, and also as a Mem- 
ber of the Nitrogen Commission in London. After the war he was detailed 
as Geologist and Inspector of the Sarre Coal Mines and the Sarre-Lorraine 
Boundary Commission for the Peace Conference. 

In 1919, Dr. Engel returned to America and resumed his work with the 
Anaconda Copper Company. However, the copper depression caused him to 
leave this company in 1923. He accepted the position of Professor of Geology 
and Mineralogy at the Oklahoma Schcol of Mines. The next year, he held 
a similar position at the New Mexico School of Mines. In 1925, he joined 
the faculty of California Institute of Technology. 

Dr. Engel has a lively interest in gem stones, and is voluntarily assist- 
ing the development of the Institute’s facilities for identifying gems. An 
article by him on the pleochroism of gem minerals will appear in the next 
issue. 


Next month: Prof. Paul F. Kerr, of Columbia. 
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ROUGH DIAMONDS PRESENTED TO INSTITUTE ; 


The DeBeers Diamond Mining Corporation, desiring to aid in the activi- 
ties of the G.I.A., has sent very valuable publicity material to the head- 
quarters in Los Angeles. Included were many fine photographs of the mines 
and equipment in South Africa, some taken from the air especially for the 
Institute. The most valuable donation was three rough diamond crystals. 
One of the crystals is an octahedron, one is a modified dodecahedron, and 
the third is a spinel-twin or maacle. These diamonds all show very plainly 
the characteristic surface markings of the mineral. 

Dr. Alpheus Williams, former General Manager of the DeBeers Mines 
and author of the monumental Genesis of the Diamond, cabled at the same 
time that the Institute had entire permission to use quotations and repro- 
ductions of photographs or color plates from his book. The Genesis of the 
Diamond, considered by the majority of mineralogists to be the most valuable 
book on the subject in existence, will be reviewed in an early issue. 


UNIVERSITY GEM COURSE TO BE HELD IN LOS ANGELES 


A night course in gem stones is announced by Dr. Thomas Clements, 
Chairman of the Department of Geology of the University of Southern 
California. This course, which is to be given under the auspices of Uni- 
versity College, the adult education division of the University, will start on 
Monday, April 2, at 7 P.M., and will continue for twelve weeks, classes 
being held in Room 406 Bridge Hall, on the campus. Dr. Clements will be 
instructor in the course, which carries university credit. 

The course is based on the well-known book by Kraus and Holden, 
“Gems and Gem Materials,” which will be used as a textbook. The material 
eovered during the twelve weeks will include the elements of crystallography 
as applied to gems, the physical properties of gem materials, and the geologic 
background of their occurrence. The most important gems will be studied 
in detail. Methods of recognizing gem stones and detecting imitations will 
be explained. Attention also will be directed to some of the famous gems 
of the world and to their history. 


This Course Recommended 


Dr. Clements’ course, the tuition fee for which is $14.50, will be accepted 
as the required gemological training for the American Gem Society. Lay- 
man students who complete this course and jewelers who complete it plus 
the short sales course of the American Gem Society will be eligible for 
Graduate Membership in the Society. This U. S. C. course will also be 
accepted as full entrance credit to the Certified Gemologist course of the 
Institute. 

This University of Southern California course is especially recommended 
both for beginners and for advanced students who wish to get a different 
slant on the study of gems. Dr. Clements’ presentation of the subject is 
sure to be clear and concise; he is an excellent teacher. 
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SAPPHIRE 


MILTON D. GRAVENDER 


THE colors of the sapphire suit well a perfect day in September, the month 
for which it is the birthstone. This gem, which most us think of in the 
varying hues of blue, may almost run the gamut of the spectrum. All of 
the numerous colors constituting the gem varieties of the mineral corundum 
are known as sapphire with the exception of red. The red variety is ruby. 
Sapphires other than blue are all known as fancy sapphires. Among 
these are: 


Yellowish Red..............--..-----+- Golden Sapphire 


Bright Orange......... ...Padparadscha 
Yellowish Red.... ..Hyacinth Sapphire 
Reddish Purple......................... Almandine Sapphire 
Violet. ..........e cc ceeeeeee eee eeete eee Amethystine Sapphire 
Yellow Green...........-..-.-----220:--- Chrysolite Sapphire 


Because the source of all fancy varieties was formerly the Orient, names 
such as “Oriental Topaz”, “Oriental Amethyst”, “Oriental Chrysolite”, and 
“Oriental Emerald”, have been used by jewelers for them. Scientists con- 
sider these terms deceptive and misleading. This practice has unquestion- 
ably robbed the sapphire of much of its glory and interest and does not 
add to the desirability of the other stones. That variety known as the “corn- 
flower” blue is the most highly prized. “Cashmere Sapphire” is the term 
given to the velvety corn-flower blue color, described as having a “softened” 
appearance. This grade is, at present, almost impossible to secure. The 
“Burma” sapphire has a fine “rich” blue, darker in artificial light. The 
“Ceylon” sapphires occur usually in gray blue to purplish blue, generally 
clear and brilliant. “Montana” sapphires are a pale electric or steel blue 
with a characteristic metallic lustre. “Australian” sapphires are usually 
dense, inky blue, often almost black under artificial light, and have a green- 
ish cast, when held to the light. These terms are used in the gem trade and 
refer to grades and not necessarily to the locality in which they are found. 

The sapphire is said to be the symbol of truth and constancy. Tradition 
tells us that it was upon a sapphire that the ten commandments were en- 
graved. The Persians believed that the earth rested on a great sapphire 
of which the reflection gave color to the sky. It is known as the celestial 
stone. 

Star sapphires, together with the star rubies, are known as asterias, 
and have superstitions of their own. As the stone is moved a living star 
appears. The three cross bars, which form this star represent faith, hope, 
and charity. Oriental tradition reveals it as a guiding gem, warding off 
ill omen and bringing good fortune to its owner even after the gem has 
passed from his possession. Sir Richard Burton, famous explorer of the 
last century, and translator of the Arabian Nights, owned a large star sap- 
phire which he considered his talisman because it brought good horses and 
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prompt attention wherever he went. The reward for such attention wa 

view of the stone. The Orientals believed that good luck was sure to follow. 
J. Pierpont Morgan purchased and presented to the American Museum 

of Natural History in New York the sapphire asteria known as the “Star of 


The Star of, India. Weight, 543 carats. Courtesy: 
American Museum of Natural History. 


India”. It is most remarkable for both size and perfection of star. It 


weighs 543 carats. 
The principal source of star sapphires is Ceylon. They are found in 


colors varying from a pronounced blue to pale grey. Probably because the 
star is as a result of the inclusions which they contain, asterias are never 
perfectly transparent. The more distinct the star appears under a direct 
light the more valuable the stone. 

Ceylon is also the principal source of fancy colored sapphires, although 
many have been found in Montana. Siam is said to furnish half the world’s 
fine blue sapphires. Quantities are also found in Ceylon, Australia, Burma, 
and Montana. The supply from Cashmere in Upper India is almost ex- 


hausted. 
Sapphires are most beautiful and durable stones, because they are ex- 


ceptionally brilliant, very hard, and do not fracture easily. 


This is an excerpt: from Mr. Gravender’s booklet, Fascinating Facts About Gem-Stones, 
which has been prepared as a popular handbook for distribution among jewelers’ cus- 
Information concerning the booklet may be secured by writing to the Institute. 


-MONTHLY REPORT OF DIAMOND MARKET 
ANTWERP CUTTERS OPTIMISTIC 


The London market reported few sales of cut stones during the last month, and almost 
none of rough. The Diamond Corporation is holding no sights until March or April; 
hence, the principal source of rough goods is at present inactive. The London correspondent 
of the Belgian Diamond Industry magazine seems to regard the bad state of the diamond 
market to be largely the fault of America—because the Americans are not buying, and 
because their dollar will not stabilize. — 

Indian and Italian buyers have been keeping the Antwerp market alive, and a few 
Americans have bought there. In Antwerp most of the inferior rough is cut. The large 
sale of Congo diamonds by the Diamond Corporation which we reported in the January 
issue was largely less desirable material, so it is logical to suppose that a large part of it 
reached Antwerp and affected the price of these poorer qualities. The Antwerp dealers 
were having trouble because they could not get eredit.. Die Deutsche Goldschmiede-Zeitung 
reports that a credit association. has peen. formed which eliminates this difficulty. 

The Amsterdam cutters, who handle the fine rough, have been quite inactive. An 
“Amsterdam Week” which was held in an attempt to bolster the falling number of sales 
in this market, proved very disappointing. 

In general, the diamond market abroad seems slightly improved over last month, although 
this market has depended largely upon American buyers. No especial activity is yet reported 
to us by the American market. Since the devaluation of the dollar, the rate of exchange 
has gone from $40.25 to the 100 Belgian florins to $68.00 to the 100 florins. The resulting 
inerease of diamond prices in the American market, according to Mr. A. Kirsh, diamond im- 


porter, is about 65% 


tomers. 
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STRAIGHT STRIAE IN 


SYNTHETICS* 


ROBERT SHIPLEY, JR. 


Curved zones of color, of bubbles, or of striae in corundum and spinel 
had come to be regarded as definite proof of the synthetic character of 
the stone in which they appear- 
ed. It became accepted as a 
corollary that straight zones 
were proof of a genuine stone. 
Newer synthetics placed on the 
market have almost straight 
zones, as the accompanying mic- 
rophotograph illustrates. This 
microphotograph was taken by 
the writer, of one of the new 
alexandrite-like corundums in 
the possession of the Gemologi- 
cal Institute. The magnification 
used in making the photograph = 
was approximately 200X. 

This recent appearance of 
the straight zones in synthetics 
is no cause for alarm. As gem- 
ology devises tests for detection, 
makers of substitutes then work 
to overcome them. These newer synthetics would be almost impossible to 
distinguish under any magnifier of less than 100 power, but with correct 
microscopic equipment, their determination is quite easy. The patches of 
characteristic spherical bubbles peculiar to synthetics are present in these 
later-manufactured stones. The bubbles are smaller-and more difficult to 
locate than they were in earlier synthetics, but they will succumb to 200 
magnifications or more. 

Internal cracks caused by rapid cooling likewise seem to have been 
eliminated in many synthetics of recent manutacture. The stone of which 
the accompanying microphotograph was taken, showed no such cracks either 
within the body of the stone or near the junctions of the facets. Moreover, 
there are but a very few bubbles: These are so small in size that about 
700 magnifications are necessary to be sure of their spherical shape and 
characteristic appearance. 

The structure lines which are illustrated here are quite visible. They 
are also quite distinctively lines of synthetic corundum, in spite of their 


Microphotograph of one of the new 
synthetics, showing the nearly 
straight striae. Taken in G.l.A. Lab- 
oratory. 


*G.ILA. Research Service. Certified Gemologists will be issued Yearly Research Certificates 
upon the passing of an examination. Study material for this examination is included in the 
above article. 
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straightness. An inexperienced judge might pronounce the stone genuine 
from the straight lines, but a man who had handled many synthetics would 
seldom be fooled. There is a sweep to these structure lines which is never 
found in a genuine stone. In a genuine, the lines are more sharp-edged 
in their outlines, and they lack the continued sweep of the lines in syn- 
thetic material. Sometimes such lines are “silk”, which is easily recognized 
and never occurs in synthetics. 

It is becoming more difficult to distinguish between synthetic and 
genuine corundum without proper equipment. As a result, synthetics are 
appearing in more important pieces of jewelry. The synthetics used in 
finer jewelry are, of course, of the best quality, often of Oriental cutting. 
Some have appeared in jewelry of a style in vogue before the advent of 
synthetics! 


Vocational Research Groups Progress 


Two of the California Vocational Research Groups are ready to take 
the Qualifying Certified Gemologist examination—these are the Los Angeles 
and Berkeley organizations. Several members of the Huntington Park 
group attended the laboratory class at the Institute Headquarters last 
Thursday night. 

The Cleveland members have completed the assignment on refraction 
and are looking forward to the examination for Graduate Members A.G.S. 


Jadeite Thought Discovered in America 


A specimen, found near the sea coast of southern Oregon, was received 
recently at the Institute. At a casual glance, it appeared to be quartz. It 
was colorless and translucent, a water-worn pebble about two inches across. 
However, upon closer examination it proved not to be quartz. Its specific 
gravity was 3.5 by a hasty reading on the Jolly balance. The specific gravity 
of quartz is less than 2.7. Further tests indicated that the mineral was 
jadeite. Knowing its source, this seemed impossible. But the determination 
was tentatively set at jadeite, and the mineral is now to be analyzed chemi- 
cally, and a Becke test for refractive index is to be made. 

The finding of jadeite on an American continent would be of great 
importance, especially from an historical and archaelogical standpoint. The 
ancient inhabitants of the North and South American continents, the Aztecs, 
Mayas, and Incas, left behind them ornaments of both jadeite and nephrite. 
Sources of nephrite have been found in Mexico, Central and South America. 
Professor Schlossmacher, in Bauer’s Edelsteinkunde, mentions a report of 
the finding of jadeite in Mexico, but he discredits the report. Should this 
specimen received from Oregon prove definitely to be jadeite, it may con- 
stitute the first proven mineralogical occurrence of jadeite on this continent. 


oT 
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THE TOUGHNESS OF GEMS* 


Because almost all the mineral species whose varieties are cut as gems 
are listed in mineralogical classification as brittle, certain gems are in 
danger of becoming regarded as very fragile. This is a mistaken supposi- 
tion, for the mineralogical classification of brittle does not imply that all 
the brittle minerals are fragile. The term brittle, used in a mineralogical 
sense, does not mean a fragile substance. It indicates merely a degree of 
elasticity, as a glance at the classification shows. The mineralogical de- 
grees of elasticity are: 

1. Flexible; when a mineral can be bent without breaking and remains 

bent. 

2. Ductile; when a mineral can be drawn out into wire. 

3. Malleable; when the mineral can be sliced with a knife, and the 

slices can be flattened with out with a hammer. 

4, Sectile; when a mineral can be cut with a knife, but flies to powder 

when struck with a hammer. 

5. Brittle; when a mineral powders upon an attempt to cut it. 

Almost all of the minerals which produce gems are listed under the 
brittle classification. But it is easily seen that the term brittle refers to 
the degree of workability of a mineral rather than to its toughness. Indeed, 
of the flexibile minerals, which from their position at the head of the table 
seem to be the toughest group, tale is a member. Yet talc, or soapstone, 
as it is more commonly known, is anything but a durable mineral. 

Under the fifth classification, brittle, mineralogists make three further 
divisions. These are: 

A. Friable; when a mineral is easily separated into grains. An ex- 

ample of this is found in koalin, or china-clay. 

B. Soft; when the mineral offers little or no resistence to scratching 

or breaking. Graphite is an example. 

C. Tough; when the material is difficult to break or to scratch. Almost 

all of the gem-materials appear in this classification. 

Gemologists further divide the mineralogical classification of tough 
stones, listing them as either tough or fragile. Therefore, topaz, which 
mineralogically falls under the tough subdivision of brittle stones, is gemo- 
logically classed as fragile. 

From this discussion, the main point tc remember is that the term 
brittle does not imply that a mineral lacks durability. It merely indicates 
that the mineral is of an elasticity which does not permit it to be worked 
with tools in the manner in which metals are worked. Gem-minerals are 
in the tough division of brittle minerals, and their durability in comparison 
with the majority of minerals is excellent. In fact, in Dana’s Textbook of 
Mineralogy, nephrite which falls in the brittle classification of minerals is 
declared to be “extremely tough”. 


*This is an A.G.S. Research Service. Graduate Members of the Society and Certified 
Gemologists will be issued Yearly Research Certificates upon the passing of an examination. 
Study material for this examination is included in the article above. 
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LAYMEN GROUPS HEAR GEMOLOGICAL LECTURES 


The Kiwanis Clubs of America seem to be the first national group to 
become interested in the new science of gemology. Mr. Earl McBath, Gradu- 
ate Member of the American Gem Society, has been requested by a Chicago 
chapter of this organization to speak on the subject of gems sometime during 
March or April. Robert M. Shipley, Jr., of the Institute staff, addressed the 
combined Kiwanis Clubs of Southgate and Walnut Park, California, at their 
meeting on January 15. Readers will recall the announcement in the Janu- 
ary number, of Mr. F. Otto Zeitz’ speaking before another Kiwanis group in 

icago. 

Nor are the Kiwanis the only persons interested. The sixty members 
of a women’s club of Sioux City, Iowa, asked Wilson T. Clark to address them 
on the subject of gems; his talk was delivered February 28. Qualifying 
Certified Gemologist John Vondey threw caution to the winds and appeared 
before the Mineralogical Society of San Bernardino, California at their Feb- 
ruary meeting. The report is that Mr. Vondey withstood the mineralogists’ 
barrage of questions without noticeable difficulty. 

Graduate Members and Students of the American Gem Society, and 
Students of the Gemological Institute, may secure prepared talks without 
charge. Two of these are finished and ready to be mailed to prospective 
speakers upon application to the Educational Publicity Department of the 
American Gem Society, 555 South Alexandria Avenue, Los Angeles, Cali- 
fornia. These are: 


Talks available to qualified persons: 


1. The Diamond. Concerning the qualities which produce its value, and 
the stability of its value in comparison with other commodities. 

2. Imitation Gems and Their Detection. Explains simply the use of 
hardness points, the refractometer, and the dichroscope, with special refer- 
ence to substitutes for rubies and emeralds. This talk was written especially 
for delivery before a men’s organization. This talk, when given before the 
Kiwanis Club of Southgate, was very well received. 

Several other lectures are being prepared and may be secured in the 
near future from the Educational Publicity Department. These include: 

1. The Diamond and Other Gem Stones. Their formation and the de- 
posits in which they are found. 

2. Famous Diamonds of the World. Stories of the magnificent his- 
torical diamonds, and the hatred, war, love and fortune which they carried 
in their trains. 

3. The Romance of Gems. 

Several talks of carefully prepared subject matter are available to all 
Graduate Members and Associate Members of the American Gem Society. 
These are not so carefully prepared and so diligently checked for inaccuracy 
as are the preceding titles, but they are popular in nature and are well 
above the standard of similar articles previously offered by trade associa- 
tions. These are: 

l. Diamend Buying. Hints for the layman who plans to purchase a 
diamond. 

2. Diamonds in Jewelry. The diamond described as a basis of the 
jewelry trade. 

3. Ruby. Its sources, qualities, and the romance attached to this gem. 

4. Colombia and the Emerald. The emeralds of Cortez, and the Colum- 
bian mines from which they came. . 

5. Chinese Jade. The jade markets of Canton and Peking. The love 
of the Chinese for this gem. . 

6. The Romance of Rings. Some of the history and the association of 
one of the oldest forms of jewelry. . 

7. Platinum. Its properties and its applications, especially in jewelry. 

These talks may likewise be secured by writing to the Educational 
Publicity Department at the above address. 


MARCH-APRIL, 1934 57 


SELECTED BIBLIOGRAPHY 


(Continued from last issue) 


Explanation: Key Accompanies First Portion in January Issue 
*** Daly, Reginald Aldworth 
Our Mobile Earth. N.Y. Scribner, 1926. (Contains the substance 
of a course of public lectures, given during January, 1925, at the 
Lowell Institute of Boston.) 
*** Emmons, William Harvey 
General Economic Geology. N. Y. (etc.) McGraw-Hill Book Co., 
Inc., 1922. Contains Bibliographies. 
**** Emmons, William Harvey; Thiel, George A.; Stauffer, Clinton R.; 
Allison, Ira S. Geology. N. Y. and London. McGraw-Hill Book 
Co., Inc., 1932. “References” at end of most of the chapters. 
*#** Emmons, William Harvey 
The Principles of Economic Geology. N. Y. McGraw-Hill Book 
Co., Ine., etc. 1918. References at end of some of the chapters; 
bibliographical post-notes. 
*** Geikie, Sir Archibald 
The Founders of Geology. London and N. Y. MacMillan & Co., 
Ltd., 1897. 
*** Geikie, James . 
Structural and Field Geology for Students of Pure and Applied 
Science. N.Y. Van Nostrand, 1920. 
* Grabau, Amadeus William 
A Text Bock of Geology. Boston, N. Y. (ete.) D. G. Heath & Co., 
1920-21. 2 Vol. Volume 1, General Geology; Volume 2, Historical 
Geology. Also published under title—‘A Comprehensive Geology.” 
***** Gregory, John Walter 
Geology of Today; a popular introduction in simple language. 
Philadelphia, J. R. Lippincott Co., London. Seeley Service Co., 
Ltd., 1915. New and revised, London. Seeley, 1925. 
***** Grew, Edwin Sharpe 
The Marvels of Geology. The story of the making of the earth, 
with some account of prehistoric animal life; all told in non-tech- 
nical language. Phil. J. B. Lippincott Co. London. Seeley Service 
& Co., 1918. 
*#*** Hotchkiss, William Otis 
Story of a Billion Years. N.Y. Century, 1932. 
*** Joly, John 
Radioactivity and the Surface History of the Earth. Oxford. 
Clarendon Press. 1930. 


(To be continued) 


BOOK REVIEWS 


ROBERT M. SHIPLEY 


Bauer’s “Edelsteinkunde” (Precious Stone Science). A new work by Prof. 
Schlossmacher, Director, Mineralogical-Petrographic Institute, of Konigsberg. 
Published by Bernhard Tauchnitz, Leipzig, Germany. RM58.00 (about $23.20). 
Obtainable from the G.I.A. Book Department. 


(Continued on next page) 
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The first edition of this work was a quarto volume published in 1896 
by Professor Dr. Max Bauer of the Mineralogical Institute of the University 
at Marburg, Germany. A second edition was published in 1906. 


_ The first edition was translated into English in 1903 by Dr. L. J. Spencer, 
editor of the English Mineralogical Magazine, Keeper of the Minerals at 
the British Museum, and a Member of an Advisory Board of the G.I.A. 
Dr. Spencer in fact became co-author of the English text, which although 
now somewhat out of date, was long considered the most valuable English 
work on gems. 


This third edition, in German, was first published in pamphlets during 
its preparation in the years 1928 to 1932. It contains 120 more pages than 
the 751 pages of the previous edition and because much of this edition is in 
greatly reduced type size, it contains much more material. The eight excel- 
lent color plates of the original edition are repeated with the addition of 
one, much inferior in quality, depicting synthetics. Many valuable. photo- 
graphs have been added to the original text. 


The work is more technical than the previous edition, Bauer apparently 
having much more direct contact with actual gems than has Schlossmacher. 
The latter has cbtained many valuable first hand personal opinions from 
producers, cutters, trade associations, and dealers. 


He begins with a new and excellent introduction on geology, especially 
its eruptive phases. Another addition is a section of elementary mineralogy 
and crystallography, which includes the latest theories of the atomic crys- 
tal structure. He follows Michel in including an exposition of the effect of 
X-rays, cathode rays, violet rays and radium on gems. 

The second part contains a description of the diamond which covers 
188 pages and to which have been added descriptions of the new sources 
of diamond discovered since the last edition. The author incorporates the 
theories of Goldschmidt regarding the genesis and crystallography of the 
diamond with perhaps too little consideration of the opinions of other 
authorities. Then follow sections on the other principal gem species con- 
taining valuable material, upon a foundation in many cases the exact text 
of the second edition. New sources are well covered, although I believe some 
errors have been made in reporting new occurrences as gem material, which 
could hardly be classed as gem material, at least in the trade. 


German market prices of gems freely quoted are already of negligible 
value. In many eases, specific gravity and refractive index of individual 
color and gem varieties of the same species are given; not figures covering 
the entire species; as is customary in many texts. 


Ten pages are devoted to cultivated pearl; but to glass and other imita- 
tions and substitutes, little has been added except a rather weak section on 
synthetics. 


The fashioning of colored stones section is the result of valuable con- 
tracts with lapidaries. Of extraordinary value are the many references to 
authorities and their works, and the listing of confusing or deceptive trade- 
names. 

As always, some errors have apparently crept in. The green semi- 
translucent garnet from South Africa is mentioned in one place as andradite 
and in another as grossularite. Synthetic alexandrite is apparently classed 
as a synthetic commercial gem stone, together with ruby, sapphire, and spinel, 
and later the statement is made that it is but a scientific experiment. 


While probably not as practical as several other works on this subject 
and not of as much value to the jeweler unless he has studied over a period 
of many years, or completed an organized course in gemology, it is, in my 
opinion, by far the most complete and valuable work on the subject in print. 
Other works which have been published in special fields or for special pur- 
poses, are much more valuable, but this will remain as the monumental text. 
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THE AMATEUR LABORATORY* 


MAKE YOUR OWN DICHROSCOPE 
W. R. LEONARD 


Students of gemology, especially those who have the facilities of a 
work-shop, have been building their own dichrosecpes. The dichroscope is a 
very useful instrument, quick and simple in operation and positive in its 
results. For this reason many gemologists 
have been buying the dichroscope as the first 
piece of apparatus for a laboratory. A few a 
have chosen to build their own instruments 
and some of their results were quite satis- 
factory. 

It is quite a simple matter to build a dichroscope. The 
essential parts are a length of thin-walled tubing, a small 
lens, and a piece of calcite. The calcite is the most im- 


Dichroscope 
portant part of the instrument, so it should be selected and with special 
fashioned with the greatest care. Clear, easily cleavable attachment 
calcite suitable for this work may be bought from the for holding 


Gemclogical Institute of America, or Ward’s Natural Sci- 
ence Establishment. A piece at least one-quarter of an inch on a side and 
one inch long is required. 


Calcite cleaves very readily along the planes of a rhombohedron. That 
is, it can be cleaved to form approximating a distorted square. In making 
a dichroscope, the calcite should be cleaved to a shape about 3/16’x3/16"x1”. 
However, if difficulties in cleaving the calcite are encountered, the prism 
may be made as short as %” in length. An ordinary kitchen knife is a good 
instrument to use to cleave the calcite. The knife is placed upon the block 
of the mineral along a direction parallel to one of the faces. Then the back 
of the knife is struck sharply with an iron rod or a small hammer. If the 
calcite cleaves smoothly, leaving a flat, shiny surface, it is not necessary to 
polish it. However, some persons prefer to have the ends of the calcite 
prism squared up. This can be done by grinding the ends square on an 
iron lap, using alundum powder, then finishing the ground surfaces to a 
high polish by rubbing them cn a glass plate covered thinly with red rouge. 
A bright finish can then be added by gently burnishing the calcite with a 
fine-grained chamois skin. The squared ends to the calcite prism add slightly 
to the clearness of the image seen through the dichroscope. 

The tube to house the calcite prism should be at least 14%” long and at 
least %” in inside diameter. Brass tubing is the most satisfactory. The 
walls of the tube should not be more than 74” thick. The length and inside 
diameter may be slightly larger than these dimensions, to suit the material 
accessible. 

An ordinary bottle cork is cut to fit tightly inside the tube; the cork 
should be the same length as the calcite prism. Then the cork is cut out 
with a sharp knife so that the calcite prism will fit inside it. This makes 
the simplest and most satisfactory mounting for the calcite. It is not neces- 
sary to cement the calcite to the cork if the cork is cut so as to fit tightly. 


*G.LA. Confidential Service. Articles regarding various laboratory equipment will follow. 
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If cement is needed, ordinary glue is quite satisfactory to use to cement 
the prism firmly inside the tube. 

The lens should be small enough to fit inside the tube. It should be 
not more than 7 power, with a focal length of about 14% inches. The mount- 
ing of the lens in the tube must be largely left to the individual. Some of 
the students who have the facilities have mounted the lens between two 
metal rings which are machined to fit tightly inside the tube. If it is not 
possible to machine such rings, cork and cement may be used. One ingenious 
student used two rings of thin cardboard. 


The caps to fit over the ends of the tube should be made of sheet brass, 
about 7,” thick. If tools for working sheet metal are not available, strong 
cardboard can be made to serve. However, the cardboard does not make a 
durable construction and should be avoided if possible. 


The shape of the holes in the caps of the dischroscope is important. 
The opening nearest the lens should be circular and large enough to allow 
the image from the lens to pass through it. The most satisfactory size for 
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this hole is 4%” to %4” in diameter. The opening in the opposite cap—that 
is the one away from the lens—should be perfectly square. It should be 
ze” on a side, never should it be more than %” square. 

The cap with the circular opening may be mounted as soon as the 
calcite prism and the lens are firmly in place. The mounting of the caps 
offers a problem for the builder’s ingenuity. If no better means are avail- 
able, the cap may be fastened on satisfactorily with metal cement. 


The fastening of the cap opposite the lens should be the last operation 
in the constructing of the dichroscope. It should be held in place by hand 
while the builder looks through the eye-piece. Through the eye-piece, two 
images of the square in the opposite cap will be seen. The cap should be 
turned about until these two squares are quite distinct from one another. 
The squares may be aligned so that they appear corner to corner, or they may 
be placed side by side, as the builder desires. 


After the cap with the square hole is lined up correctly, it should be 
fastened to the tube in the same manner as the opposite cap was fastened. 
Then the dichroscope is ready for use. 
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A GEMOLOGICAL ENCYLOPEDIA 


(Continued from last issue) 


HENRY E. BRIGGS, Ph.D. 


Streak 
The streak or streak powder is often used to help identify a mineral. 
The streak or streak powder is the powder abraded from the sample when 
it is rubbed on a harder substance::: The color of most streak powders is 
white to greyish white, although some minerals have other colors. The streak 
of hematite is red. 
Fracture 
The fracture of a mineral is the breaking of it on a line which is not 
parallel to the cleavage plane of the mineral. That is if the cleavage of a 
mineral is in one direction only—say it is parallel to the base of the crystal 
—then the fracture would be the breaking of the mineral in a direction say 
at right angles to the base. 
The fracture is sometimes used to determine a gem crystal and is de- 
scribed as conchoidal (shell-like), sub-conchoidal, splintery, uneven, etc. 


Cleavage 

Minerals are often found to part along certain definite planes and can 
be split along these lines. This is called cleavage. Some minerals have a 
single cleavage plane, as the topaz, the cleavage plane of which is parallel 
to the basal pinacoid, and which is called basal cleavage. Other mineral 
may have many cleavage planes and as in the diamond or in fluorite, where 
the cleavage planes are parallel to the faces of the octahedron; such cleav- 
age is called octahedral cleavage. 

Cleavage may be described as perfect, imperfect, highly perfect, easy 
and other such terms all of which merely describe the ease or difficulty with 
which a certain mineral may be cleaved. Cleavage is. usually characteristic 
of the mineral although it is often more perfect in one sample than in 
another. 

The cleaving of a mineral is done by first determining the plane of the 
cleavage and then by cutting a slight niche or scarfe into the mineral along 
the cleavage plane, into which a sort of chisel is placed and struck a light 
but deft blow. The cleaving of a mineral successfully is something of an 
art. It is often made use of by lapidaries to avoid sawing as the cleaving 
is quicker and hence cheaper. Especially in diamonds cleaving is resorted to 
and it is really an art all by itself in the diamond cutting industry. 


Parting 
Sometimes the parting of a mineral is spoken of as “false cleavage”’. 
It is the parting of minerals along certain planes and is often due to poly- 
synthetic twining. It may also be caused by pressure. 
Parting as well as cleavage should be taken into consideration when 
a gem is cut as in some minerals it is important to have the cleavage plane 
in a certain direction in a cut gem so as to’ give the gem the utmost in 


62 GEMS & GEMOLOGY 


strength. However the optical properties of the mineral must also be taken 
into consideration and sometimes it is impossible to have the gem properly 
oriented both from an optical and physical standpoint of view. 


Specific Gravity 


The specific gravity of a substance is the ratio of its weight as compared 
with the weight of an equal volume of water at 39 degrees Fahrenheit. 

The specific gravity of solids can easily be determined with an ordinary 
balance type scale as follows: Weigh the sample in air, jot down on a paper 
the weight in air. Now fill a vessel with distilled water, which is large 
enough to allow the scale pan to be immersed in it and so that the sample 
in the seale pan will be completely immersed. Place the vessel full of water 
under the scale pan and into it pour enough sand or such substance to just 
balance the scale again. Now thoroughly wet the sample with distilled 
water and place it in the scale pan which is immersed in the water, and be 
sure the mineral sample is completely immersed. Now add weights to the 
the opposite pan in the usual way until the scale is balanced. The weights 
in the pan when the scale is balanced is the weight of the specimen in water. 
Jot down this weight and we are ready to make our calculations. Subtract 
the weight in water from the weight in air and the difference will be the 
weight of a volume of water equal to the volume of the sample. Now divide 
the weight in air by the difference just mentioned (the weight of an equal 
volume of water) and the result will be the specific gravity. 

As an example we will assume that a crystal weighs 7 grains in air. We 
suspend it in water and weigh it and find it then only weighs 5 grains. We 
then subtract 5 from 7 and get 2 grains the weight of a volume of water equal 
to that of the crystal. We now divide 7 by 2 and get a dividend of 3.5 which 
is the specific gravity of diamond. 

Specific gravity may also be measured with one of the many balances 
which are especially made for that purpose or by the suspension method. The 
suspension method consists of placing the gem in a heavy liquid. If the gem 
floats in the liquid it shows that the specific gravity of the gem is less than 
that of the liquid. If the gem sinks in the liquid to the bottom, it shows the 
specific gravity of the gem is greater than that of the liquid. When he spe- 
cific gravity of both the liquid and the gem is the same, the gem will be sus- 
pended midway between the bottom and top of the liquid. This test is of 
value where the sample is too small to test in the usual way as outlined above. 

The liquids which are usually used in this test are: Strong brine (salt 
and water) used to test the sp. gr. of amber. Methylene iodine, the specific 
gravity of which is 3.31 maximum (undiluted), Potassium mercuric iodide, 
specific gravity, 3.196; Cadmium borotungstate, specific gravity, 3.284; 
Barium mercuric iodide, specific gravity, 3.58; Thallium silver nitrate, spe- 
cific gravity, 5.0 (this is a solid at ordinary temperatures but is liquid at 
70 degrees centigrate and may be used at this temperature). 

A mixture of thallium malonate and thallium formate known as Clerici 
solution has a specific gravity of 4.65 is easily diluted with water and may be 
used to take a wide range of tests for this reason. The specific gravity of 
any of the solutions may be measured by any of the several methods such as 
with the Westphal balance etc. 

(To be continued) 
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HOW TO BUY DIAMONDS 


by ROBERT M. SHIPLEY 


This is the first of a series of articles by Robert M. Shipley on the subject “How to 
Buy Diamonds”. Another series will consist of articles explaining how a customer may 
best select a diamond. This latter series will be entitled ‘““How to Select a Diamond”, and 
each article after its appearance will be immediately republished in pamphlet form and 
will be obtainable by both Associate and Graduate Members of the A. G. S. for distribution 
as pamphlets to their customers. 

The other series of short articles will consist of information of value to the merchant 
who is maintaining or wishes to establish a diamond department. This must necessarily 
begin with elementary instructions as it must be of value to the person who has never 
before bought or sold diamonds as well as to the person more experienced in such 
activities.—Editor’s Note. 


A purchase of diamonds for resale to the public requires a reasonable 
amount of technical knowledge and practical experience if the merchant 
wishes to be considered a “diamond man” by his customers. The time may 
come when the public prefers to buy trade-marked diamonds, but that de- 
velopment in the history of jewelry merchandise will not occur until the great 
majority of retail merchants prefer to transfer entirely the asset—which is 
the personal confidence of their customers—to trade-marked merchandise. 
Although such a transfer would lessen the many responsibilities of the 
jeweler by relieving him of the necessity of knowledge of diamonds, the 
majority of such retail merchants believe that the very survival of the 
jeweler as a special merchant in the business life of the country depends 
upon his maintaining this personal confidence of his customer and not delegat- 
ing it completely to advertising lines. Whether or not this is a wise decision, 
it is not my province to say. Unless the A.G.S. or some other medium can 
develop and maintain some method of publicity whereby diamonds can be 
made more desirable to the American public and kept interesting to them, 
it is probably much better that the distribution of diamonds pass into the 
hands of two or three large firms who, by establishing and maintaining prices 
on trade-marked merchandise may be able to afford the advertising cost 
necessary to develop the aforementioned desire and to maintain the said 
interest. 


Trade-Marked Diamonds 


If one chooses to sell only trade-marked diamonds, he will succeed best 
if he has absolute confidence in the firm from which he buys, accepts their 
descriptions of the diamonds sold to him, and makes his sales on the assur- 
ance to his customer of the reliability and accuracy of that firm and its 
trade-mark. As before mentioned, his problem is greatly simplified and 
his necessary effort curtailed. He sells his customer confidence in the in- 
tegrity, knowledge, and buying power of the firm which owns the trade-mark. 
This seems almost an ideal method, but its drawback, which is pointed out 
by many merchants, is that after he has built confidence in this trade-mark, 
his customer may find it easier to buy in department stores or from specialty 
merchants other than jewelers. However, distributors of trade-marked 
diamonds have, until the A.G.S. campaign, been the only agency using desire- 
creating publicity. 
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A Diamond Man’s Equipment 


The first thing a jeweler who wishes to create confidence in his own 
knowledge and ability should buy is one or more diamond loupes or hand 
magnifiers. Eye loupes are usually preferred because the merchant has 
become accustomed to one during his work at the bench as a watchmaker 
or repair man. Hand magnifiers are becoming more commonly used, but 
it is doubtful whether they will supercede the eye loupe. The Jewelers’ Code 
at present specifies the use of a 7X loupe to be used in grading diamonds. 
If the merchant has the “trained eye” required by the code, it is possible 
for him to use the 7X loupe which has long been manufactured by Bausch 
and Lomb, consisting of two lenses mounted in a two-section eye loupe which 
is sold by materia! houses for $1.00. 

I would recommend to the merchant who wishes to be careful that im- 
perfections never be found in his diamonds by any person using any 7X 
loupe, and who also wishes to appear to his customers in a professional 
light, to purchase also a 10X triplet, corrected for chromic and spherical 
aberration. These may be obtained either in eye cups or as hand magni- 
fiers—either of which may be obtained from the Gemological Institute or can 
soon be obtained from any material house. They cost from $5.50 to $12.50. 

For the merchant who has elected to establish confidence in his own 
integrity, accuracy and knowledge, and prefers to buy diamonds in the 
competitive market, either mounted or unmounted, this series of articles is 
prepared. This merchant must, in selling diamonds, first sell confidence 
in his own knowledge of diamonds, ability to buy them at the lowest price 
for the given quality, and accuracy in making his selections. Therefore, it 
is first necessary for him to supply himself with these loupes and other 
tools of a diamond merchant. 

First among these tools is a diamond scale. These may be purchased 
from any jewelers’ material house and there are a number of them which 
can be recommended depending upon the amount of money the merchant 
wishes to place in this equipment. 


Recommendations 


‘Portable. Folds into case which may be carried in the pocket. 
Not so accurate a balance as the following two. Price $13.50. 


Kohlbush. A fine balance, enclosed in a glass case. Price $75.00. 


Chainomatic. Finest diamond scales available. Fine adjust- 
ments may be made without opening the glass case in which the 
balance is contained. Price: New $150.00; good used Chainomatics 
about $100.00. 


Other Accessories Necessary 


The real diamond merchant should also possess a Moe gauge. This is 
a gauge by which is obtained the approximate weight of a mounted diamond 
from its measurements made by the gauge. A Moe gauge may be purchased 
from any large material house at a price around $4.00, including its ac- 
companying book of tables. It is also of use in measuring diamonds for 
proper proportions of cutting. The next necessity is a good diffused light 
which varies as little as possible. For this reason a north light is usually 
recommended. It is not desirable to examine diamonds in a direct light 
such as that from an electric light or the sun, or the direct refiections from 
either, because even a diffused light varies from day to day depending on 
the weather. Some method of observation under diffused light which would 
not vary from day to day is greatly to be desired. Designs for a diamond 
testing apparatus in which light conditions are ideal and constant have been 
shown to me and it is hoped that a description and announcement of it may 
be available in an early issue of this periodical. 

With the necessary lighting conditions established, the merchant is in 
a position to carefully examine diamonds for imperfections and for color. 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(The key to pronunciation will be found in the January issue.) 


Alomite (al’oe-mite). Trade-name 
for the fine blue sodalite quar- 
ried at Bancroft, Ontario, Can- 
ada, for use as an ornamental 
stone. Also called Princess Blue. 

Aloxite. Trade name for a form of 
fused crystalline alumina, or arti- 
ficial corundum. 

Alpine Diamond (al’pin). Pyrite. 

Altered Stones (ol’terd). Stones 
which are coated or internally 
treated with some foreign sub- 
stance in order to change their 
color or appearance. See also 
Coated Stones. 

Alundum. Trade-name for artifi- 
cial corundum. 

Amatrice (a-mae’-tris, a-mee’-tris). 
Trade-name for a green gem- 
stone from Utah, consisting of 
variscite, utahlite, or wardite, or 
a mixture of these in a matrix of 
quartz( chalcedony, etc. So-called 
a-matrix) because it is an Ameri- 
can matrix gem stone. 

Amazonite (am’a-zon-ite). Same as 
Amazon stone. 

Amazon Stone (am’ a-zon). Bright 
green gem variety of microline 
(feldspar); also sometimes sold 
as jade. 

Amber (am’ber). A transparent to 
translucent fossil resin used as a 
gem material. See also Block 
Amber. 

Ambergris (am’ber-grees). A waxy 
substance found floating in tropi- 
cal seas, and as a morbid secre- 
tion in the sperm whale, whence 
it is all believed to come. Valued 
in perfumery. 

Amberine (am’ber-in). Yellowish- 
green agate. 

Amberoid (am’ber-oid). 
Amber. 

Amber Opal. Brownish-yellow va- 
riety stained by iron oxide. 

Ambroid (am’broid). Same as am- 
beroid. 

“American Jade” 
Californite. 

“American Ruby”. Red garnet. 


Pressed 


(a-mer’i-kan). 


Ambrite (am’brite). A fossil resin 
occurring in large masses in New 
Zealand. 

Amethyst (am’ee-thist). A pale vio- 
let to a deep purple transparent 
variety of crystalline quartz used 
as a gem stone. February birth- 
stone. 

Amethystine Quartz (am’ee-thist’- 
in). Quartz of an amethyst color, 
not necessarily in crystals or 
solidly colored. 

Amorphous (a-more’fus). A word 
meaning “without form” applied 
to minerals or. gem materials 
that have no definite internal 
structure or arrangement of 
atoms. Sometimes used to mean 
no external form, but such usage 
is confusing and probably ill ad- 
vised. 

Amphibole (am’fi-bole). Also called 
hornblende. A mineral similar in 
structure to asbestos. Nephrite 
is a variety of amphibole. 

Amulet (am/’ue-let). A charm, or 
talisman, worn on the person to 
prevent disease or misfortune. 

Amygdaloid (a-mig’da-loid). An 
igneous rock having gas vessels 
filled with secondary minerals. 

Amygdaloidal geode (a-mig”da-loi’- 
dal). A geode which has formed 
in an amygdaloid. See also geode. 

Amygdule (a-mig’dule). A spher- 
cidal aggregate of secondary min- 
erals formed in a cavity of igne- 
ous rocks. 

Anaglyph (an’a-glif). 
cameo. 

Analcite (an-al’site). A white or 
slightly colored variety of zeolite. 
Not a gem mineral. ~ 

“Ancona Ruby” (an-koe’na). A red- 
dish Quartz. See rubasse. 

Andalusite (an”da-lue’site). A 
transparent to translucent, 
brown-green, yellow green or 
gray gem stone. Chiastolite 
(macle) is a variety. Also incor- 
rect trade name for brown tour- 
maline. 


Same as 
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Andradite (an’dra-dite). A species 
of garnet transparent to opaque. 
Demantoid, topazolite, and mel- 
anite are varieties of andradite. 

Anhydrite  (an-hei‘drite). Anhy- 
drous calcium sulphate occurring 
rarely in orthorhombric crystals, 
usually massive, white or slightly 
colored. Not a gem mineral. 

Anhydrous (an-hei’drus). Not con- 
taining hydrogen or water in its 
composition. 

Anisotropie (an-ei”so-trop’ik). 
Doubly refractive, affecting light 
differently as it passes along 
lines of different direction. See 
also refraction. ; 

Anomalous (a-nom’a-lus). Uneven, 
irregular. 

Apatite (ap’a-tite). A transparent 
green, pink, blue, purple, violet, 
or colorless gem stone, 

Aphrizite (af‘ri-zite). Black tour- 
maline. 

Aplanatic Lens (ap”la-nat’ik). A 
lens free from spherical aberra- 
tion. See Aberration. 

Apophyllite (a-pof’i-lite, ap”o-fil’- 
ite). A hydrous silicate of po- 
tassium mineral, usually trans- 
parent. Not a gem mineral. 

Apricotine. Trade-name for yellow- 
ish-red, apricot-colored quartz 
nebbles from near Cape May, 
New Jersey, used as gem stones. 

Aquagem (a’kwa-jem). Trade-name 
for a light blue synthetic spinel. 
Synthetic aquamarine spinel. 

Aquamarine (a”kwa-ma-reen’). A 
transparent usually blue to sea 
green colored species of beryl. 
See also Brazilian Aquamarine, 
Madagascar Aquamarine, Rus- 
sian or Uralian Aquamarine. 

Aquamarine Chrysolite. Greenish- 
yellow beryl. 

Aquamarine Emerald. Trade name 
for genuine Beryl or Aquamarine 
triplet. See “Emerald Triplet”. 

Aquamarine Topaz. Greenish to- 
paz. 

Aquamarine Triplet. A genuine 
triplet which is used to imitate 
an emerald, and often incorrectly 
called an “Emerald Triplet”. It 
consists of two portions of aqua- 
marine with a cemented layer of 
green coloring matter between 
them. 

Aragonite (ar’a-gon-ite). A mineral 
composed like calcite, of calcium 


carbonate, but differing from cal- 
cite in its orthorhombic crystals, 
greater density, less distinct 
cleavage etc. It occurs commonly 
in beds of gypsum and of iron 
ore, in basalt, ete. Not a gem 
stone. 

Arborescent (ar”’bo-res’ent). Tree- 
like in appearance. 

“Arizona Ruby” (ar”i-zoe’na). Deep 
red pyrope (garnet) from Ari- 
zona and Utah. 

“Arizona Spinel”. Deep-red pyrope 
(garnet) from Arizona and Utah. 
Same as “Arizona Ruby.” 

Argillaceous (ar”ji-lae’shus). Con- 
sisting of or containing clay. 

“Arkansas Diamond” (ar’kan-so). 
Diamond from Arkansas; also 
(incorrectly) rock erystal from 
Arkansas. 

Artificial Stones (ar’ti-fish’al). 
Stones which have been manufac- 
tured. Includes synthetic, recon- 
structed and imitation stones. 

Asbestos, asbestus (as-bes’tos or 
az; or as-bes’tus or az). A kind 
of mineral unaffected by fire; a 
variety of amphibole. 

Assembled Stones. A term suggest- 
ed by Shipley for any stone made 
of more than two parts of genu- 
ine or of genuine and imitation 
gem-materials. 

Aschentreckers. Dutch word mean- 
ing ash drawers (tourmaline). 
Ash Drawers. Early name applied 
to tourmaline because of its elec- 

trical property. 

Asparagus Stone (as-par’a-gus). 
Pale-yellow apatite. 

Asteriated (as-te’ri-ate’”ed). Like a 
star—with rays diverging from 
a center. 

Asteria (as-te’ri-a). A star. Any 
gem stone displaying asterism. 
Asterism (as’ter-izm). Property of 

being asteriated. 

Atom. See also molecule. When or- 
dinarily used in mineralogy, or 
gemology, refers to the smallest 
particle of an element which ex- 
ists either alone or in combina- 
tion with similar particles of the 
same or a different element. 

Augite (o’jite). A mineral. See 
pyroxene. 

Australian Sapphire (os-trae’li-an, 
os-tral’'yan). A trade name for 
any deep inky-blue sapphire. 


(To be continued) 
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TITLES PROTECT BOTH JEWELERS AND CUSTOMERS 


The following statement has been issued jointly by the Gemological Institute and the 
American Gem Society: 


Gemological titles serve three purposes: 
1. As protection for the experienced and legitimate merchant against unqualified 
and “high pressure” competitors. 
2. As a challenge to stimulate the merchant who is not yet properly equipped, to 
improve his ability, profits, and position in his community. 
3. As protection to the buying public against unqualified merchants. 
Examinations are established for Graduate Member American Gem Society, not to discrimi- 
nate against practical jewelers who are well posted on diamonds and other gems and jewelry. 
Nor will examinations for Certified Gemologists harm gem experts. On the contrary, these 
titles are for the protection of these very persons and examinations are open to all by writing 
to the Society or Institute. By these titles, merchants who can pass examinations will be 
distinguished by their customers from those who can not. 


Nine Pass Qualifying Certified Gemologist Examination 


Since the publication of the January Gems and Gemology, the following 
have passed the Qualifying Certified Gemologist Examination. 


Hans J. Bagge, J. Milhen- 
ning, Inc., Chicago, Il. 

Paul Cohard, Peru, Ii. 

Leslie E. Dewey, J. B. Hud- 
son, Inc., Minneapolis, 
Minn. 

Ferdinand L. Hotz, Jr., Chi- 
eago, Ill. 

Alvin M. Knudtson, Rose- 
burg, Oregon. 


Graduate Members of the A. G. S. 


The following is a list of the 


E. C. Lusecomb, C.D. Peacock, 
Ine., Chicago, Ill. 

Paul C. Reitz, Juergens & 
Andersen Co., Chicago, I. 
E. Paul Shaw, J. B. Hudson, 
Inc., Minneapolis, Minn. 
Richard H. Van Esselstyn, 
with Mirabeau C. Towns, 

New York, N. Y. 


Graduate Members of the A. G. S. at the 


time Gems and Gemology goes to press. 


ARIZONA 
Newton Rosenzweig, Phoeni« 


CALIFORNIA 
Walter Dibb, San Diego 
Ned L. Ender, Woodland 
G. Fred Fisher, Fresno 
F. J. Hyde, Huntington Park 
Lotta H. James, Hanford 
Percy F. Jones, Los Angeles 
George Kerrigan, San Diego 
Leo Kirchhoff, Long Beach 
W. R. Leonard, Los Angeles 
Mary C. Mand, Long Beach 

_ George H. Marcher, Los Angeles 
Edward R. Mitchell, Alameda 
James A. Newton, Long Beach 
Paul Noack, San Bernardino 
H. E. Rapp. Los Angeles 
I. F. Roure, San Francisco 
Floy Runyon, Huntington Park 
George R. Schneider, Hollywood 
H. S. Smith, Redlands 
John Vondey, San Bernardino 


COLORADO 
Capt. Ted Syman, Denver 


ILLINOIS 

Paul Cohard, Peru 

Herbert A, Fischer, Chicago 

J. B. Gum, East Moline 

Earl McBath, Chicago 

John J. Ryant, Chicago 

F. Otto Zeitz, Chicago 
INDIANA 

Sylvester P. Claus, Mishawaka 
KANSAS 

W. G. Glick, Junction City 
MAINE 

Linwood Cross, Portland 


MASSACHUSETTS 

Justin DeVylder, Springfield 
MICHIGAN 

Richard M. Pearl, Detroit 
MINNESOTA 

Karl G. Johnson, Minneapolis 
MONTANA 

Colin L. Christie, Butte 
NEW JERSEY 

T. Harry Goodwin, Trenton 
NEW YORK 


Barney Bobek, Little Ferry 

Richard Van Esselstyn, New York City 

Samuel R. Zickerman, Corona, L. I. 
NORTH CAROLINA 

Harold Seburn, Greensboro 
OHIO 

Basil B. Felts, Cleveland 

Edward F. Herschede, Cincinnati 

John B. Hudgeon, Bedford 

Earl E. Jones, Cleveland 

E. Howard Phillips, Conneaut 
OREGON 

Alvin M. Knudtson, Roseburg 
PENNSYLVANIA 

Eugene O. Muth, Philadelphia 

Wilbur Stahler, Allentown 
RHODE ISLAND 

C. Alden Aldrich, Providence 

F. B. Thurber, Providence 
SOUTH CAROLINA 

Gilbert T. Humphreville, Spartanburg 
WASHINGTON 

Albert Beck, Walia Walla 

H. W. Crothers, Aberdeen 
WISCONSIN 

Henry R. Bloedel, Milwaukee 

Ellsworth Miller, Green Bay 

Edwin E. Olson, Milwaukee 


NOTE: Because of numbers, it has been found impossible to publish lists of Associate 


Members. 


THE NEW WORD 
“GEMOLOGY” 


GEMOLOGY is the science of diamonds and 
other gems, and of their qualities and values. 


GEMOLOGY combats mierepresentation and 
deceptive names. 

GEMOLOGY furnshes titles to thoee jewelers 
who can pass examinations in a knowledge of thet 
science, These titles separate those jewelers who can 
prove the porscssion of a fundamental knowledge of 
geaw from those who can not, and distinguishes those 
who can qualify as authorities. 


GEMOLOGY fumishes accurate facts direct to 
the public, 


ROB WAGNER SAYS: 


“One dees not 
£0 to a plumber for haircut.” 


Neither dess 
one now go te a jsweler for a. diamond if he has net 
‘passed an examination in GEMOLOCY. 


Barbers did 
surgical work until the surgeon's profession wae 
established. . Jewelers sold gema until the new 
profession of GEMOLOGIST was established. 


GRADUATE MEMBER 
OF THE AMERICAN GEM SOCIETY examinations 
have been passed in this store, 


EXQUISITE DISPLAY ACCOMPANIES GRADUATE MEMBER COURSE 
BLACK GLASS, PLATINUM METAL FINISH, AND BLACK VELVET 


Displays not only your own diamonds and gems, but also 9 you, and 6 signs creating gem desire and building up value 
actual photographs and 8 exquisite color plates,with accom- of title Graduate Member American Gem Society; 3 actual 
panying explanatory signs to create desire and appreciation displays of: rough gem minerals, cut gems, and gem testing 
of gems; 6 window signs stressing importance of buying from instruments, to accompany latter sign. 


SHOULD ITSELF PRODUCE MORE THAN ENOUGH EXTRA PROFIT TO PAY THE ENTIRE COST 


This complete 14 months’ window display service is included without additional cost with the first 25 Graduate Member courses in gemology and gem 
and jewelry salesmanship,—prices $5.50 per month. 


AMERICAN GEM SOCIETY 555 SOUTH ALEXANDRIA STREET LOS ANGELES, CALIFORNIA 


—— 


Gems & Gemology 


A bi-monthly periodical, without paid advertising, supported by subscriptions from 
Gemologists and other gem enthusiasts, aims to increase the gem merchant’s knowledge 
and ability in order that he may protect more thoroughly his customers’ best interests. 
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IN OUR NEXT ISSUE 


The story of the Sancy Diamond, perhaps the most-pawned gem of all 
time, will be related. 

Dr. Thomas Clements, of the University of Southern California, will 
appear in Gems & Gemology again. 

Dr. Henry E. Briggs, in his Gemological Encyclopedia, completes his 
discussion of the physical properties of gems and begins his interesting chap- 
ter on optics. 

A short article by Dr. R. C. Emmons explains the gemological instrue- 
tion presented at the University of Wisconsin. 

The Glossary, Bibliography and Book Reviews will be printed, and if 
space permits, another gem species will be reviewed. 


There will be an article on the security value of gem stones. 


EDITORIAL FORUM 


WE HAVE FAILED our readers. In an effort to print material of 
immediate value, we have promised more than we can print. An article on 
microscopes and another on display were planned for this number, and they 
could not appear. They will be held for the issue after this one. 


A QUICK LOOK through these pages shows that there just isn’t room 
for another twenty words. After all, thirty-two pages will hold only a cer- 
tain amount of type, even with the assistance of an obliging printer. We 
have retained in this issue the material which will result in the greatest 
service to the greatest number of readers. 


THE STAFF at the Institute’s headquarters is in something of a twit 
as we go to press. The reason—the furthest-distant enrollment has just 
been received. Mr. Max Cooper of Cape Town, South Africa—clear around 
on the opposite side of the world—has just sent in his contract. 

=} 

-SPEAKING OF SOUTH AFRICA reminds us of diamonds, and a dis- 

play we saw at the Chicago World’s Fair, at the head of the Diamond Mine 

near the exhibit of Famous Diamonds. It is called “The Nature of the 

Diamond”, and it shows at a glance more about the geological nature of the 

South African diamond deposits than an half-hour lecture, even by a fast 
talker, could explain. 


AFTER A. McC. BECKLEY’S ARTICLE, The Scientists’ View of the 
Cultivated Pearl, published in our last issue, we expected to hear a response 
from aroused dealers in natural pearls. But even though we encouraged, 


‘ 


/ 
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even solicited, these dealers to write their reasons for not considering a culti- 
vated pearl to be genuine, we received but two replies, both letters, and not 
enough to make a convineing article. 


WE FEAR that the conclusion of our readers may be that there is no 
argument to be advanced against calling the cultivated pearl genuine. If 
there is one—and surely there must be—we urge someone to write it to 
us. We will keep open our promise to print any article received which pre- 
sents the genuine pearl dealers’ views which conflict with those of the sci- 
entists as expressed in the above-mentioned article. 


DURING the past three years a constant effort has been made to in- 
crease the interest in gems among the public. Definite results of this effort 
are now being felt. Radio stations are presenting programs with the aid 
of material prepared by the G. I. A. treating with colored stones and dia- 
monds. KFAC Los Angeles, is presenting a serial on famous diamonds. 
Clubs are asking Graduate Members A. G. 8. and Qualifying Certified Gem- 
ologists to speak before their organizations. There has even been filmed 
“The Mystery of Mr. X”, starring Robert Montgomery; a motion picture 
which tells the fate of a large diamond. 


THE RADIO, the movies, and the popular magazines are perhaps the 
best barometers of the public mind. With the re-appearing of the so-called 
“jewel-thief” story in these mediums, we have a very positive indication 
that the American public is renewing its interest in gems. 


WHAT is a Jager? How is this trade grade of diamond defined, and how 
does it differ from a River? The replies to a questionnaire sent to a num- 
ber of American retail jewelers have proved confusing rather than enlight- 
ening. A reply from Illinois states that the Jager is a blue-white stone 
which ranks below the River in quality. A contradictory answer from the 
same state classes the Jager as the “superior stone because of the tint of 
blue.” A Californian tells us that the River is a fine blue and that the 
Jager shows a violet tint, and from a New. York dealer comes the statement 
that the two terms are now-synonymous, The definition of a J ager must 
be established if the retailer and his customers are to be protected. 


Cornflower Blue Not Best Color 


The most valued colour (of sapphire) is an intense royal blue. (Deep, 
but not too dark.) This colour must not darken or change in any way by 
artificial light. Such stones are rare, and will realize far higher prices 
than those of a cornflower-blue colour which are also much appreciated, but 
for value cannot be compared with the above superfine stones which come 
exclusively from Burma.—Note by Major J. F. HALFORD-WATKINS, 
Mogok, Upper Burma. 
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A COMPARISON OF THE CULLINAN AND 
JONKERS DIAMONDS 


Oaklands, Binfield, Berks, England, March 20, 1934. 
Dear Sir: 


I have delayed answering your letter of Feb. 1, ’34 until I could see 
the newly-found Jonker diamond. This I have seen, and have compared it 
with the fine glass model of the Cullinan. Also I have discussed the matter 
of the latter stone with Mr. E. Weatherby, valuator to the Diamond Corpora- 
tion, who had examined it carefully after it was found. 


The resemblance between the Cullinan and Jonker stones is remarkable. 
In fact, if the latter were four times its actual size the two would almost be 
twin brothers. Each stone has the same broad base (“cleavage plane!!”). 
Each has suffered some damage by splintery fracture; and what is signifi- 
cant, the base on each is surrounded by a small rounded bevel mainly con- 
forming to the dodecahedral plane, both about 1/10 of an inch across. The 
chief difference is that whereas the base on the Cullinan is not absolutely 
plane, though smooth, the base of the Jonker is not smooth and carries some 
small projections. 


Mr. Weatherby is emphatic that the Cullinan is not a cleavage piece in 
the mineralogical sense. He never had any doubts that it was a whole stone 
as Nature made it, saving minor accidents. All this confirms me in my 
opinion. 

Of the authors you quote* is there one who can be regarded as an 
expert in the study of the natural diamond, especially diamond cleavage? 
Is there one whose knowledge is equal to say, a week’s work in a big diamond 
office? They have all seen, in museums and elsewhere, and Crookes experi- 
mented somewhat on, the stone. But their united testimony only comes to ( 
this: That one copies what the other has said, all taking Corstorphine’s 
“technical description” as gospel. (Just as this person copies what the other 
says about diamonds exploding!) 

I have seen an unbroken diamond fresh from the mine which I would 
wager diamond to paste that every one of the same authors would have said 
had been roughly shaped by a cutter. Most of them seem not able to tell 
diamond from zircon at sight. I know of three cases—one in Canada, and 
two in South Africa—where the geologists have reported diamond finds:— 
actually zircon in one, garnet in another, and probably zircon in the third. 

My definition of cleavage would be the opened face of a split diamond. 
“Cleavage” as a trade term includes both broken diamonds and unbroken 
misshapen lumps. Both the Cullinan and the Jonker would be trade cleavages. 

I left Corstorphine’s technical description behind in South Africa; but 
speaking from memory there was no suggestion in it of a proper examina- 
tion of the “cleavage” faces. With few exceptions octahedron faces of the 
diamond crystal carry triangular indentations. But on occasional so-called 
“glassies’ one may look in vain for these markings; the surfaces being as 
mirror-like as a cleavage face. 

All things considered, it seems to me that those who claim the Cullinan 
as a piece of a much bigger stone have a stiff proposition to prove. 


Yours faithfully, 
J. R. SUTTON, 
Author of “Diamond, A Descriptive Treatise.” ( 
P.S. The Jonker and Cullinan clearly grew under identical conditions. 


Therefore, the Jonker not being a portion of a much bigger stone, it isa 
fair argument that the Cullinan also is not a fragment. 


*Messrs. Hatch and Corstorphine, Cattelle, Kraus, Smith, Wagner, and others have made 
the statement in their books that the Cullinan had suffered cleavage before it was found.— 
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THE GEM FOR MOTHER 


ON HER DAY 


B. W. BELL 


When the idea of selecting a gem suitable for Mother on her day was 
first suggested, it seemed that without question, Amethyst would be chosen. 
Being old enough to be the mother for whom this gem might be chosen I 
instinctively thought of my mother and Amethyst is the gem I would select 
for her. Would this not be the gem perhaps more suitable for the grand- 
mother? Is it not associated with lavender and old lace? 


The gem suitable for all mothers of all ages. This was the gem to be 
considered carefully by our members—a gem which could be procured in 
a wide price range—one which could be used as a ring stone, for earrings, 
clips, brooches, beads, as a color accent to costumes. The smarter and deeper 
green shades of Jade can be selected for the younger mother—the white, 
lighter green and lavendar shades for the older mother. There have been 
many collectors of Jade and the first Mothers’ Day gift may be the begin- 
ning of a Jade collection. Jade probably received the greatest number of 
votes because unlike any other gem, it offers opportunities for: successive 
gifts during the years. The Chinese rank Jade above all precious stones 
and they believe it unites in itself the five cardinal virtues—Charity (which 
is love), Modesty, Courage, Justice, and Wisdom. These virtues are surely 
the attributes of Mother. Ornaments, desk fittings, boxes all come in the 
less precious varieties of Jade—an almost inexhaustible selection suitable 
for all tastes and purses. As the first votes came, Amethyst led, but later 
a surprising number of votes were cast for Jade and the final count showed 
Jade to have the first place. 


The selection of a Mothers’ Day gem offers a fine opportunity for the 
jeweler with imagination, even though his stock be limited to one or two 
pieces of Jade. These pieces may be used as the nucleus of a window dis- 
play which will create interest and produce sales of his merchandise suitable 
for Mothers’ Day gifts. It is the first opportunity the jeweler has had to 
focus the interest associated with Mothers’ Day upon his window and 
merchandise. This year the time is too short to build up the prestige and 
interest which this gem should receive. All the jeweler can hope to do is 
to plant the seed for sales next year and many years to come. ‘The window 
should, I believe, carry if possible a print of Whistler’s “Mother”. This 
print ean be borrowed from an art store in your community or purchased 
through the National Jeweler magazine. The background of the window 
should be white. Don’t fail to remember the present vogue for white. There 
is no more arrestingly beautiful combination for display than Jade-green, 
white, and silver. The Mothers’ Day card which has been sent to all Asso- 
ciate Members of the American Gem Society can be effectively placed in 
the window either unframed or framed in silver. The postage stamps which 
the Government is issuing for the first time this year could also be a 
part of the window display. I bélieve that the jeweler should avoid putting 
too much in the window. Restraint, dignity and beauty should be the key- 


note of this display—it honors Mother on her day.’ Crowded. windows never 
sell sentiment merchandise, - eee 


We solicit your help and cooperation in the Mothers’. Day compaign for 
next year. Send window display suggestions, photographs of your window, 
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to be used by this magazine. Save this year’s sign and another will be sent 
next year. 


A gem for Mother on her day has been selected—a Real Gift for a 
Real Mother—let us not lose sight of the fact that at least ninety per cent 
of the gems sold through the ages have been sold because of love of some 
one—the most universal of all love is the love of a, Mother. 


All the many signs tying in with campaigns and sent with Gems & Gemology which you 
receive from us will be of the same size as the one sent for the Mother’s Day gem sign. 
A silver or leather frame, probably from your stock, in which is placed this Mother’s Day 
sign pasted upon a suitable background (light green or ivory preferred) will add to the 
attractiveness of the display. A frame has been especially designed for these signs. It is 
an artistic one, of platinum and gold finish. It has a grey cardboard easel back and will 
be delivered to you for $1.25, postage prepaid, upon receipt of remittance to A. DeBarr, Jr., 
1316 Glendale Blvd., Los Angeles. 


Plans to Be Made for Fathers’ Day Gift 


The keen interest shown by Members of the American Gem Society in 
selecting a gem for Mothers’ Day has made the selection of a similar gift 
for Fathers’ Day desirable. 


A preliminary discussion of the plan has produced the suggestion that 
some article of jewelry, for instance a particular type of fathers’ ring, cuff 
buttons, or even desk or writing equipment might be more appropriate than 
some certain gem. However, it must fall within the province of the jewelers’ 
activities. This is, of course, merely a suggestion; the selection will be made 
from the votes of the Members of the A.G.S. 


Fathers’ Day falls on June 17; therefore, it will not be possible to pub- 
lish the announcement of the selection in time to be of use this year. However, 
the nature of the Fathers’ Day gift to be featured by Members of the A. G. S. 
may be carefully chosen now, and plans intelligently laid for a sales cam- 
paign in connection with a Mothers’ Day campaign in 1935. Below is a 
coupon by which you are urged to enter your choice of a Fathers’ Day gift, 
be it a gem stone or some other article of jewelry, and send it to the head- 
quarters of the A.G.S. 


American Gem Society, 
555 South Alexandria. 
Los: Angeles, California. 


My choice for a Fathers’ Day gitt is: 
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THE GEM COLLECTION IN 


FIELD MUSEUM 


BY THE LATE DR. OLIVER C. FARRINGTON 


The collection of gems and jewels displayed in Higinbotham Hall of 
Field Museum of Natural History, Chicago, is one of the most complete and 
valuable in existence. It contains nearly every known variety of gems and of 
precious and semi-precious stones in the finest cut examples and as crystals, 
cleavages and rolled grains. Many of the specimens are of historic interest 
and world-wide reputation. The major part of the collection was brought 
together for Tiffany and Company of New York by the brilliant efforts of 
that prince of collectors, George F. Kunz. It was exhibited by the Tiffany 
firm at the World’s Columbian Exposition in Chicago in 1893, where it 
formed one of the most notable exhibits shown. At the close of the expo- 
sition, the collection was purchased by the late H. H. Higinbotham of Chicago 
and presented by him to the Field Museum of Natural History (or the Field 
Columbian Museum as it was known at that time). Additions have been 
made to the collection from time to time as desirable pieces have been ob- 
tained by Museum expeditions or Museum benefactors have donated them. 
Among the latter, William J. Chalmers of Chicago has been a generous 
contributor, presenting a number of fine specimens. A’ number of notable 
Brazilian gems were also added. to the collection by the Marshall Field 
Expedition to Brazil made in 1922-23. 


An Engraved Diamond 


One of the most important specimens in the collection is a diamond 
remarkable for having engraved on it in intaglio form the bust of King 
William II of Holland. The work is so skilfully executed that an excellent 
likeness of the king is presented.. The diamond itself is pear-shaped and 
one-half of an inch in length. Its weight is about. ten carats. It has a set- 
ting of gold, part of which is in the form of a crown, which caps the head 
of the king. The reverse of the stone and all edges are finished with facets 
which illumine the interior. The whole is fastened to a pin in such a man- 
ner that it can be used as a scarf pin. The engraving and mounting of the 
stone were the work of the famous diamond cutter De Vrees of Amsterdam 
and so exacting and laborious was his task that it consumed all his spare 
time for five years. The diamond was first exhibited to-the public at the: 
Paris Exposition in 1878, and later at the World’s Columbian Exposition 
in Chicago in 1898. ; : 


Rough Diamonds. 


_ Other representative diamonds in the collection include four cut Brazil- 
ian diamonds, the. largest of which weighs four carats and another which 
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shows the characteristic luminescence and greenish-yellow color of some 
of the Bahian diamonds. Also twenty rough Brazilian diamonds illustrate 
different colors and forms of these stones. Four black diamonds or “carbon- 
ados”, the occurrence of which is almost exclusively confined to the state of 
Bahia, are also shown. There is also a large cut black diamond from the 
state of Bahia. Except for the engraved stone previously described, South 
African diamonds are represented only by rough stones. The largest of 
these is a transparent octahedron, which with some adhering bort, weighs 
fifty-five carats. A bort from South Africa of spherical form in the collec- 
tion is three-quarters of an inch in diameter and weighs forty-one and 
19/82 carats. A diamond in matrix which was in the collection of John 
Ruskin is of historical interest. It is supposed to have been from one of 
the early finds in South Africa. — 


Many Emeralds Are Here 


Representing emeralds, there are crystals from the Ural Mountains, 
from Bom Jesus des Meiras, Bahia, and from Alexander County, North 
Carolina. Of these crystals, those collected by the Marshall Field Expedition 
at Bom Jesus des Meiras, Brazil, in 1923 are the most important. One of the 
erystals weighs 175 grams, is three inches long and one and one-half 
inches in diameter, another weighs 151 grams, is three inches long and one 
and one-quarter inches in diameter, and a third weighs 128 grams, is five 
inches long and one inch in diameter. The first two are terminated by one 
basal plane each, while the third has a low pyramidal and basal plane termi- 
nation. All are of rich emerald green color and contain many transparent. 
portions. Another perfectly clear crystal of this series is paler in color but 
beautifully terminated by two sets of pyramids. It weighs twenty-seven 
grams, is one and three-quarters inches long and three-quarters inch in 
diameter. From Alexander County, North Carolina, three crystals are 
shown ranging from one and one-half to three inches in length and about. 
one inch in diameter. They have a total weight of ninety-four grams. Two, 
small, cut emeralds are also shown from this locality. The Columbian em- 
eralds are represented by a crystal one inch in length and three-quarters 
inch in diameter, embedded in a matrix of bituminous limestone and. by a 
cut stone of rich color weighing four and 7/32 carats and having the di- 
mensions, #;x74 of an inch. Eight small, cut emeralds, weighing altogether 
four carats, from Takovaya, Ural Mountains, illustrate the color of the 
fine Siberian emeralds. 


Sapphire is represented ‘by a large number of cut stones varying widely 
in size and color. Most of the larger stones have Ceylon as their place of 
origin. The series of Star sapphires is especially important, and includes 
six large stones. Of these, one weighs 134 carats and has a diameter of 
% inch and a like depth. Three from Kandy, Ceylon, have a total weight 
of 219 15/32 carats, and two others weigh 130 and 135 carats respectively. 


( 


Blue sapphire is illustrated by a circular cut stone weighing fifty-four © 


carats. Its diameter is +# of an inch and its depth % of an inch. Smaller 
blue sapphires are also shown. Two: large brilliant cut yellow sapphires 
shown weigh, one, ninety-nine and one-half and the other, sixty-two and 


one-half carats. The first has the dimension of #4x3; of an inch on the table 
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end and a depth of # of an inch, and the second is one inch x #} of an inch 
on the table end and has a depth of % inch. 

A fine ruby spinel shown has the dimensions on the girdle of %x% of 
an inch and weighs thirty-one and 7/32 carats. It is from the Irawaddy 
district, Burmah. . 


Beryls of Several Colors 


. The series of cut aquamarines in the collection presents a number of 
specimens unusual for their size and fine color. Of these the largest is a 
Siberian stone of beautiful sea-green tint. It weighs 3315 carats, is oval 
in form and is 24%4x15 inches on the girdle and 3 inches deep. It is from 
Adun Tschilon, Siberia and was at one time in the Henry Philip Hope col- 
lection. Next to this.in size is one of a rich blue color with no trace of green. 
It is circular in outline, weighs 190 carats and measures one and one-half 
inches in diameter with a depth of % of an inch. This gem is from Aras- 
suahy, Minas Geraes, Brazil, and was obtained in 1923 .by the Marshall 
Field Expedition to that country. The finest aquamarine ever produced in 
the United States is also preserved in this collection. This stone measures 
one and % inches by one and % inches by three-quarters inch (35x35x20mn). 
Its color is bluish greeri and it weighs 133 25/32 carats. It was cut from 
a crystal found in 1881 at Stoneham, Maine. Another large cut aquamarine 
is from Mursinka, Perm, Russia. It is of English cutting, rectangular in 
form and weighs 111% carats. The table of the stone measures 114x1 inch. 
Its color is green, but much paler than that of the larger stones above men- 
tioned. A cut section of aquamarine from Nortschinsk, Russia, shown in 
the collection is three inches in diameter and % of an inch thick. It-is per- 
fectly transparent, sea-green in color, and finished on two broad surfaces, 
but otherwise rough. 


A cut stone of golden beryl collected by the Marshall Field Expedition 
to Brazil is remarkable for its deep, rich, golden color. It is oval in outline, 
isX% of an inch in dimension and weighs six carats. Another cut beryl, 
pale yellowish green in color, from Siberia, is circular in outline, one inch 
in diameter and weighs forty carats. A number of smaller cut stones and 
crystals illustrate other localities and colors of beryl. 


A Fine Collection of Topaz 


. The series of topazes is one of the most complete and important in ex- 
istence, all principal localities and varieties being represented with especial 
fullness, both by. crystals and by cut stones.. The crystallized specimens 
include a giant mass from Marambaia, Minas Geraes, Brazil. It is in the 
form of a prismatic crystal, terminated by a steep dome at one end and by 
basal cleavage at the other. One of the prismatic sides is considerably water- 
worn. The dimensions of the prism on the cleavage face are seven by fifteen 
inches. The crystal weighs ninety pounds. Its clearness and transparency 
are nearly perfect, being interrupted only by a plane of inclusions which 
passes in.an inclined direction through one portion. It is slightly yellowish 
in.color.’ A: number of’ fine crystallized. specimens illustrate the. rare blue 
topazes of Russia. Of these, three are groups, showing the characteristic 
association ‘of this topaz with smoky quartz, mica and feldspar; the others 
are single crystals, no’ less than nine oe large’ size being shown.’ Among cut 
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topazes various colors and localities are represented, many of the stones 
being of large size. The royal golden topaz of Brazil is illustrated by an oval 
stone, one inch in diameter, weighing fifty-three carats and by several smaller 
stones. The largest cut blue topaz in the collection is from Ceylon. It is 
of rectangular form, and deep for its breadth, its dimensions being 11%4x1%4 
inches by 1 inch deep. It weighs 290 carats. From the Ural Mountains 
there is a table-cut stone of jade blue color, having the dimensions of 13x 
17x % inches. It weighs 165 carats. Smaller stones shown from the Ural 
Mountains range from 109 to 74,4 carats in weight. There is also a 
blue topaz weighing thirty-five carats from the state of Minas Geraes, 
Brazil. White topaz is illustrated by a number of cut stones, the largest one 
being from Ceylon. It weighs 233 carats. It has a circular girdle and is 
1% inches in diameter. A white topaz from Russia shown weighs 91 carats. 
Altogether, seventeen large blue and white cut topazes are shown. 


Precious Opal 


In the exhibit of precious opal, typical rough and cut stones from Aus- 
tralia, Mexicc and the United States are shown. The most remarkable 
specimen from an historic standpoint is the so-called “Sun God” opal. This 
opal, in addition to its size and brilliancy, is famous for having been kept in 
a Persian temple for three centuries. Whether it played any part in the tem- 
ple ceremonies is not known, but from the manner of its mounting and the 
name which tradition has ascribed to it, it may have been connected with the 
worship of the sun or have been itself an object of worship. The stone is of 
cabochon cut, with elliptical outline. Its length is one inch and width three- 
quarters of an inch. Its weight with the setting is ninety-five carats. It is 
carved to represent a human face and is mounted in.a hemispherical cup 
of gold, the surface of which is inscribed with figures of black enamel in 
Oriental designs. From the border of the cup long, tapering prongs of gold 
extend radially outward. The resemblance of the whole to a miniature sun 
and its rays is thus quite striking. The material of the opal indicates a 
Mexican origin, but the carving does not have Aztec characteristics. The 
opal was acquired by the famous collector, Henry Philip Hope, in the early 
part of the nineteenth century, being listed in his catalogue of 1839. It is 
known to have brought £262 at the salg of the collection in London in 1886. 


Tourmaline is illustrated by a number of cut stones and crystals rep- 
resenting the various colors of this gem and the more important localities 
of the United States, Brazil and Russia. One ruballite (red tourmaline) 
stone shown from Brazil is table cut, %-inch square, and weighs 54% 
carats. It is of fine color. A green tourmaline from the same country is 
also table cut, weighs 61 1/82 carats and has the dimensions 1%x% inches. 


Unusual Gem Quartz 


The series of cut amethysts is remarkable for the fine color’ of the 
stones shown. There are eighteen stones which exceed 20 carats in weight 
and a number of smaller ones. Most of the specimens are from Brazil and 
have the deep, rich royal purple color characteristic of the best stones from 
that country. The largest. cut stone weighs 320 carats and has the dimen- 
sions, 2%x1% inches. A pair of table-cut stones have the dimensions, 


MAY-JUNE, 19384 79 


134x% inches each, and together weigh 75 carats. A carved amethyst 
of Brazilian cutting, obtained by the Marshall Field Expedition, weighs 105 
carats. : 

Smoky quartz and citrine or Spanish topaz are illustrated by specimens 
remarkable for their size and perfection both in cut and rough examples. 
The largest cut smoky quartz shown is a large brilliant from Colorado 3% 
inches in diameter and weighing nearly eighteen ounces. A large cut citrine 
from Brazil is 2% inches in diameter by 15 inches and weighs 755 carats. 
One from Spain has the dimensions 2x1% inches and weighs 225-5; carats. 

The series of carved Rock Crystal contains a number of notable pieces. 
Most of them represent the work of Russian or Austrian lapidists. They 
include the following: : 

Rock Crystal Screen, “Finding of Moses.” Engraved on a thin section 
of rock crystal 9% inches in diameter. Believed to be the largest section 
of its kind in existence. Executed in. Vienna. 

Jewel Casket. Composed of twenty-five engraved rock crystal slabs 
mounted in jeweled and enameled silver. Seventeenth century style. Original 
in the Ambrose collection, Vienna. The dimensions of this casket, exclusive 
of the feet, are 18x10%x5 inches. p ahh 

Rock Crystal Seal. Arabic inscription on one end, Russian on the other 
end. Russian cutting. ‘ ; 

Rock Crystal Tazza. Engraved to represent a marine festival. Ural 
Mountains, Russia. The bowl of the tazza is oval in form and six inches in 
its longest diameter. Its height is five inches. i 

Rock Crystal bust of Ivan ‘Lurgenieff. Russian cutting. 

Rock Crystal tablet, 4%x4% inches square. Ancient carving, probably 
of Aztec origin. Found in an excavation near Cholula, State of Pueblo, 
Mexico. Evidently made to represent an inundation. The whole tablet rep- 
resents the goddess of water, the lines indicating water. The inundation is 
given as the year “four flint”. al , 

Rock Crystal Balls. Eleven balls of rock crystal of remarkable trans- 
parency and finish are shown. Of these the largest is 534 inches in diameter. 
It was made from a erystal obtained at Mount Antero, Colorado. : 


This description was written by the late Doctor Farrington in 1927. It mentions on!ty the 
more outstanding features of the collection and takes no account. of the many . specimens 
of lesser interest. Since the article was written the collection has increased. The most 
outstanding additions are a bowl, nine inches in diameter, carved from rose. quartz, pre- 
sented by M. R. T. Crane Jr., and a collection of fifty-five cut stones from Ceylon presented 
by Prince Satie of that island—Note by. Dr. H. W.' Nichols. ass 


Los Angeles Group Completes Examination 


One entire Los Angeles Vocational Research Group passed the Quali- 
fying Certified Gemologist examination which was given at the headquarters 
of the Institute March 19. This adds Messrs. Gray, Jones,. Kirk, Rapp, and 
Schneider to the swelling roll of students. who have passed this difficult 
examination. The Los Angeles Group now plans to continue with the Dia-. 
mond Course. ; ® 5 : aah i ; Lange 

The, San Bernardino members are well along in the: Diamond: Course 
now. Their consistently fine work has not.diminished. At. their meeting. 
Monday, April 16, they performed an. experiment to illustrate the theory of 
the type of. twinned crystal ‘of diamond which is known as maacle. An 
octahedron was cut from an apple, then cut across parallel to one of the faces. 
By rotating one part of this “vegetable: crystal” through. 180°, the likeness 
of a maacle was produced. ; a : oat 
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JADE 
Among the writings of Confucius was found the following statement: 
“In ancient times, men found the likeness of all excellent qualities in jade.” 
This Chinese philosopher lived twenty-four centuries ago. Jade has ever 
been a gem of greatest esteem in China. There it is called “Yu” and is 
classed as the most precious of gems, ranking above ruby, emerald, and 


diamond. The term “Yu” in its broader meaning refers to all precious 
gems; specifically, it refers to jade. 


There are two distinct minerals which are correctly termed jade— 
nephrite and jadeite. Nephrite is an amphibole mineral whose chemical 
composition is silicate of calcium, magnesium, and iron. It is a compact 
aggregate of tiny fibrous crystals and is very tough; even with a hammer 
it is difficult to damage it. The properties of. nephrite—such as hardness, 
specific gravity, and refractivity—except for toughness, are slightly lower 
than those of jadeite. Jadeite is a pyroxene, a silicate of calcium and 
aluminum. It is a more granular aggregate than nephrite and its tough- 
ness is slightly less. Jadeite, which is the true “Chinese Jade”, is harder 
and heavier than nephrite. Chloromelanite is a dark green to black variety ¢ 
of jadeite; its dark color is caused by the presence in its composition of 
a greater amount of iron. : 


The principal source of jadeite is the Mogaung district in Upper Burma; 
it is perhaps also found in China and Thibet. The principal nephrite deposit 
is in the Karakash Valley of Turkestan and it comes also from China, 
Siberia, New Zealand, and several other less important localities. A large 
portion of the jade produced in Turkestan and Upper Burma is sent.to the 
jade markets in Canton and Pekin (Peiping). These two cities are the 
center of the jade-cutting industry. Many shops are found in their streets, 
selling largely to tourists. However, the finer pieces are sold secretly and 
appear but rarely in these markets. The tourist’s chance of securing a 
good piece of jade in a shop in Canton or Peiping is small. As is frequently 
the case with purchases of gems made by the layman in the Orient, much 
higher prices are paid than for the same gems from their home-town jeweler. 


The name jade has evidently been derived from the Spanish hijada, 
which means kidney. The term was applied to jade because of its sup- 
posed power to remedy disorders of the loins. Similarly, the word nephrite 
has come from the Greek: nephros, kidney. The Spaniards brought back 
many pieces of jade from their plunder of the Aztecs, in the mistaken belief 
that they were emeralds. The Aztecs valued jade highly, called it Chalchi- 
tuitl; it is stated that. Montezuma wore a. fine specimen of the gem. The 
source of the.jadeite of the Aztecs and Incas has never been found on the 
American continent, although several deposits of nephrite have been dis- 
covered. ; on 
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The Maoris of New Zealand used axes and knives made of nephrite. 
Other ancient civilizations have also fashioned the jade minerals into 
weapons. In the ruins of the lake dwellings of Switzerland and among the 
relics of the ancient people of New Guinea, jade weapons have been found. 
Perhaps the most unusual use of jade was made by the Chinese at the time 
of Confucius; the material was used for the sounding blocks of a type of 
musical instrument. The tone of the jade was considered superior to that 
of any other stone used in the instrument. The tone of bells made of jade 
is repeatedly the subject of enthusiastic praise by the poets of China and 
other lands. 


By the Chinese, jade is valued above all other worldly possessions; it is 
even used as specie in the payment of debts. The Chinese believe that the 
five cardinal virtues—charity (love), modesty, courage, justice, and wisdom 
—are united in this gem. It is considered the emblem of constancy, happi- 
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Carved Jade Vases 
Courtesy Koke-Slaudt Company 


ness, and long life. The association of these virtues with jade make its 
choice as the gift for Mother’s Day a particularly happy one. 


The Chinese bury the dead with a piece of jade beneath the tongue; the 
heart of the deceased supposedly enters the gem and is thus preserved 
eternally. Many old Chinese tombs which have been opened have yielded 
jade which has been turned rust red by the iron in the earth. These speci- 
mens are known as “grave-old” jade and are so highly prized by collectors 
that they are often produced artificially. 


The Chinese still apply the ancient method of jade cutting. The 
material is sawed to a convenient size by two men using a thin wire upon 
which an abrasive, usually powdered corundum, is dropped. The pieces are 
then carved and polished by hand. Many of the carvings on Chinese jade 
are symbolic. A bat is the figure which denotes happiness; the butterfly 
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is the symbol of immortality; a Phoenix bird worn by a girl is an indica- 
tion that she is eligible for marriage. Chinese love to carry a pocket-piece 
of jade. These they finger gently when they wish to concentrate; to the 
experienced touch of any person, and especially to a Chinese, the feel of 
jade is delightful. 


The most common color »f both jadeite and nephrite is green. There 
are many shades of green; the Chinese jade expert distinguishes over fifty 
of them. However, the most valued color in China is that hue of white jade 
which has been described as “mutton-fat”. There is also silvery white 
jadeite which is highly esteemed in all lands. The most prized color in 
America is emerald-green; a variety which is known in China as Imperial 
Jade. Other varieties of jadeite and nephrite include yellow, yellowish- 
brown, reddish brown, lavender, and bluish lavender. The existence of. a 
true jade of blood-red color is questionable. The reddish brown colors are 
sometimes called red in the trade. Thus jade offers a wide range of colors 
as a gift for Mother on her Day. 


The value of jade is lessened by dark-colored inclusions and by variation 
in color. The Chinese lapidary is extremely skillful at working inclusions 
and spots of a different color from the body of the stone into the design 
which he carves. For this reason, pierced jade is not so valuable as a fine- 
colored specimen which is cut in the simple cabochon form. An unpierced, 
flawless piece of jade, in the desirable emerald green color may find a ready 
sale at a price of several hundred dollars. 


Jade may be used in many ways. It is suitable for almost any form of 
jewelry, lends itself with equal charm to earrings, brooches, and rings. It is 
also carved to form a number of ornamental objects. Chinese snuff bottles 
are often used in other countries as perfume bottles. Jade vases and bowls 
are seen. A prized collector’s piece is an old Mandarin belt-buckle; it may 
also be effectively used as a dress clasp. Jade articles set in precious metals 
may be purchased at prices from $1.00 to $80,000. 


Persons of culture in America and European nations to whom the 
unusual properties and fascinating background of jade have been revealed 
frequently become jade collectors. Each specimen has a beauty of its own. 
Lovers of jade throughout the world are quietly building collections. As a 
gift for Mother on her Day, many sons and daughters may now begin, 
with the guidance of their jewelers, to buy jade. Even a small piece will 
start a collection; it may be added to each year. Mother’s jade may soon 
be the visual evidence of the devotion of her children. 


Adamantine-Spar Corundum 


Brown (Silky) corundum stones are known as Adamantine-spar. They 
are not at all common, but may be found in any deposit of corundum. They 
are nearly always chatoyant, and more rarely asteriated. They are so great- 
ly esteemed by the Chinese that they seldom reach other markets.—Note 
by MAJOR J. F. HALFORD-WATKINS, Mogok, Upper Burma. 
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GEM LUSTERS* 


ROBERT M. SHIPLEY 


In many cases properties of rough minerals are quite changed when 
the minerals are cut and polished as gems. For this reason there is often 
a difference between the gemological and mineralogical interpretations of 
5 uronenty: This difference’ is nowhere better illustrated than in the case 
of luster. 


Luster’is defined as the appearance of the surface of a mineral in re- 
flected light. In mineralogy the surface is that of a fracture or a cleavage. 
Gemological luster cannot apply to fracture or cleavage surfaces, because 
the whole of the mineral is carefully polished and the facets so arranged 
as not to coincide with cleavage planes. Therefore, the act of polishing often 
entirely changes the type of luster. ; 


It is usually found that polishing a specimen increases the luster. Peri- 
dot and some garnets show distinctly greasy on fractured surfaces; polish- 
ing can increase this rather dull surface to a bright vitreous luster. However, 
low polish on peridot allows some of the greasy character to remain. Thus 
a well polished peridot, mineralogically classed as greasy, may show a more 
vitreous luster than a fine piece of jadeite, classed mineralogically as vitreous. 
The dull, waxy luster of rough, black chalcedony is raised to a mirror-like 
vitreous polish. 


Many rough gem species are less affected by polishing. Thus the adaman- 
tine diamond, the vitreous quartz, and the resinous amber retain their 
mineralogical luster no matter whether they are rough or highly polished. 


Luster, to be of value in gemology, cannot refer to the surfaces of the 
rough mineral or of cleavages, as it does in mineralogy, since gemologists 
other than lapidaries rarely deal with such surfaces. Luster in a.gemological 
sense refers to the appearance of polished surfaces. It is much more impor- 
tant that we know whether a certain gem is capable of “taking a high polish”, 
whether that polish be adamantine or vitreous or whether it retains all or 
a certain amount of its original (mineralogical) luster. 


In the mineralogical reference tables, the luster of jadeite is described 
as vitreous (glass-like) or silky. Polishing jadeite alters the luster to greasy. 
Therefore, in the case of jadeite, the luster of the rough specimen is reduced 
in brilliancy by polishing. The subdued luster of polished jadeite is pre- 
ferred by some people to the brilliant adamantine luster of diamond. 


The degree of surface reflection has been shown te be more or less de- 
pendent upon the refractive power of the specimen. Especially is this true 
if the mineral is polished. When light falls upon the surface of a gem, part 
of it is reflected from the surface and part of it enters the stone, being re- 
fracted or bent as it enters. As a general rule, the higher the refractive 
power of the stone, the greater is the portion of the light reflected from the 
surface. From the very definition of luster, an increase in the amount of 
light reflected can be seen to increase the brilliancy of the luster. 


*A. G, S. Research Service, 
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BIOGRAPHICAL SKETCHES 


PROF. PAUL F. KERR 


ROBERT SHIPLEY, JR. 


Professor Paul F. Kerr of 
Columbia University, New York 
City, is the latest. member of the 
G. 1. A. Advisory Board. He re- 
ceived both his B. S. and his 
Ph.D. in California, the former 
from Occidental College, the lat- 
ter from Stanford University. 
His first teaching experience 
was at Stanford where he was 
acting instructor in mineralogy 
during 1923-1924, 

In the Fall of 1924, Dr. Kerr 
joined the faculty of Columbia 
University. His rise has been 
rapid; he is now an associate 
professor in that institution. Dr. 
Kerr’s joining the teaching force 
at Columbia has not entirely 
destroyed his allegiance to Stan- 
ford; he has been an assistant 
professor at the latter school , 
during Summer sessions since 
1926. ‘His book, Thin Section 
Mineralogy, in. collaboration 
with Professor Rogers of Stan- 
ford, was published in 1933. 


Professor Kerr served as a member of the committee on clay materials 
of the National Research Council. He has featured prominently in mineralogi- 
eal circles; among other honors, he has been Councillor and is now Secretary 
of the Mineralogical Society of America. He is also past president of the 
New York Mineralogical Club. 


Professor Kerr’s work with gems is well known. He is considered one 
of the foremost authorities in America in the identification of both colored 
stones and pearls. His course, presented at Columbia, on Gems and Precious 


Stones, has been attended by many jewelers living in the vicinity of New 
York. City. 


Professor Paul F. Kerr 


Red jade 


I am very much surprised at your statement about the result of your 
questionnaire on red jade. I have been working with jades for the last ten 
years and have fourd many excellent specimens of beautiful red jade, jadeite, 
NaAl (Si03)2. I have tested many pieces of red jade and found them always 
to be true jadeite. The color pink you mentioned is probably the mauve jade. 
This is also a jadeite, whereas all the other colors of jade such as lemon 
yellow, black, and dark grey are usually always nephrite, Ca(MgFe)3 
($i08)4. These variations in color usually occur in small spots intermixed 


with the more common colors of white and green.—Note by MARTIN L. 
EHRMANN, New York. 


( 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


HENRY E. BRIGGS, Ph.D. 


Asterism 


Asteriated minerals when held in a strong light show a certain chatoy- 
ancy which takes the shape of a six pointed star. It is most often met with 
in the corundums. 


Chatoyancy 


That changeable or undulating silky luster which is sometimes met with 
in certain fibrous minerals is called “ehatoyancy”. If we look at a fine ca- 
bochon of albite or moonstone we will better see chatoyancy than it can be 
described in words. 


Luster 


Luster is the quality and intensity of light reflected from the surface 
of a mineral. The intensity of lustre is described as: glimmering, glistening, 
shining and splendant. The quality or type of luster is described as: Adaman- 
tine (diamond), vitreous (quartz), metallic (pyrites), silky (tiger-eye) satiny 
(satin-spar) pearly (star-sapphire on the basal plane) nacreous (pearl) 
greasy (poor lapis lazuli) waxy (turquoise) resinous (common garnet). 


Transparency 


Transparency is the ability of a substance to transmit light. It is dis- 
tinctly separate from color. Transparency is often confused with the color 
of a substance. Yet it has nothing to do with the color; a gem may be ab- 
solutely colorless and yet, due to imperfect crystalization, be of very poor 
transparency. A gem may be of some light color and still be very transparent. 
Transparent objects transmit light readily and objects are easily and clearly 
seen through them in detail. Lesser degrees of transparency are described 
as sub-transparent, translucent etc. 


Color 


Most gems depend more or less upon their color for their beauty and 
charm. The color of a mineral is either inherent to that particular combina- 
tion of elements which make up the gem in question, when it is called idio- 
chromatic; or it is allochromatic or due to certain foreign matter which have 
the properties of imparting color or colors to the mineral. 


The gems which have copper as an important part of their composition, 
as turquoise, azurite, malachite etc., are idiochromatic, that is the color is 
due to certain essential parts of the mineral rather than to foreign matter. 
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Gems such as amethyst, topaz, diamond, beryl, etc., are colorless when 
they are pure but owe their beautiful colors to certain impurities. These 
minerals are called allochromatie minerals for they owe their color to foreign 
matter. 


Color is distinctly separate from transparency, but if the color of a min- 
eral is very deep it will, of course, cut down on the transparency accordingly 
as it grows deeper. 


Color is often in bands in minerals and often unevenly distributed, 
which usually cuts down the value of the gem. Not always, however, for 
some gems owe their value to the fact that color is unevenly distributed in 
a novel manner, as the dark markings in moss agate, etc. 


Gems often have inclosed in them other crystals as rutile in quartz crys- 
tal or tourmaline crystals in quartz. These crystals are often bunched in one 
spot but nevertheless such gems are often fairly valuable considering the 
price of the ordinary gems of their kind. 


The cause of color will be discussed again under the heading “Optical 
Properties”. 


Fluorescence and Phosphorescence 


Some minerals will react to etheral vibrations such as heat, light, elec- 
tricity, X-rays, gamma rays, etc. 


When a piece of mineral such as fluorite is heated it will glow like a coal 
of fire. Where this phenomenon continues only during the duration of: the 
heat it is called Fluorescence. If it continues after the cause has been re- 
moved it is called phosphorescence. 


A mineral which is one color in reflected light and another in transmitted 
light is also called a fluorescent mineral. 


Many gems are easily classified by their degree of transparency under 
X-rays. X-rays also have a marked effect upon many of the gems, colorless 
quartz will become smoky and diamonds will take on a greenish cast if sub- 
jected for a long time to the action of X-rays or gamma rays (radium rays). 
X-rays will set the color often times in gems which show a tendency to fade. 
However these experiments should only be performed by one who is experi- 
enced in the handling of such radiant energy. In the hands of the novice a 
fine gem may be ruined and not only that but the life of the operator who 
is inexperienced may be seriously endangered by using such powerful 
agencies. : 


The accompanying table will help in using X-rays for the determination 
of gems. 


Entirely Almost Entirely Semi-Transparent 
Transparent under Transparent under under X-rays 
X-rays X-rays Opal 
Diamond Corundums Andalusite 
Jet. Cyanite 
Amber Chrysoberyl 
Copal 


(To be continued) 


( 
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GEMS OF THE 


CENTURY OF PROGRESS 


G. FREDERICK SHEPHERD 
Technical Assistant in Geology, 


Museum of Science and Industry, Chicago, Illinoia 


Important as was the Diamond Exhibit at A Century of Progress, it 
would be unfair to say that there were no other exhibits of special] interest 
to the Gemologist. In the Republic of China, for example, was the beautiful 
altar of the Green Jade Pagoda, truly the pride of China. Carved from a 
single block of pure jade, nearly nine cubic feet in size, is this beautiful 
masterpiece, the result of 1,500,000 hours of expert craftsmanship.’ The 
pagoda has been universally acclaimed as a great wonder in artistic achieve- 
ment. 


A striking display of the famous Mikimoto seed pearls was exhibited in 
the Japanese Pavilion. Here it was shown how the J apanese raise oysters 
on great farms in shallow waters, insert a tiny pearl in a sac of oyster 
tissue, and leave the oyster to create a large pearl in its own natural way. 
The resulting pearl seems as beautiful as an uncultivated one. Unique and 
extraordinary is the gorgeous replica of Mount Vernon in pearls and mother- 
of-pearl. This model was constructed as a token of good-will and, as such, 
certainly achieved its object if one can judge by the enormous crowds of 
people who went especially to see it and who were awed by its splendor. 


Thus one could trace through building after building seeing exhibits 
of gems, jewels, and precious stones. In the Czechoslovakian Building was 
a case of native pyrope and almandine garnets, beautiful dodecahedrons 
arranged in necklaces, rings, and other pieces of jewelry. In an adjacent 
case were lovely specimens of precious opal from the Czerwenitza locality. 
As I mentioned in a’ previous article,’ this field formerly was within the 
political boundary of Hungary, and the early extraction of the Hungarian 
opals made that country famous until the discovery of the Australian mines, 
some fifty years ago, made a deep cut in the Hungarian market. 


Early in the season the Mexican train, exhibited near the Travel and 
Transport Building, attracted great crowds to see the famous Monte Alban 
jewels and gems. Among the precious stones and metal trinkets, all re- 
moved from one tomb, were jade, turquoise and opal. An unusually large 
pearl was also included in this exhibit. Some varieties of gems were shown 
which are not known to occur anywhere in Mexico and indicate foreign 
barter of a very early date. 


‘Shepherd, G. Frederick: “The Story of Opal’. Rocks and Minerals, Vol. 8, No. 1, 
March, 1933, pp. 5-6. 
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Of all concessions selling precious and semi-precious stones, Montana 
Agates, Inc., exhibiting and selling merchandise in the General Exhibits 
Building, might be cited as an example. Beautifully cut and polished pieces 
of agate were mounted in anything from rings and stick pins to lamp shades 
and fireplace decorations. But were I even to list all dealers in this field, 
I would have an almost endless task and not an altogether profitable one. 


If the gemologist is interested in the broader field of mineralogy, there 
are many more exhibits which should be considered. I shall mention a few 
of them. 


In the Geology Section of the Hall of Science was a collection of some of 
the most beautiful fluorescent minerals in the world. Assembled by the 
Philadelphia Academy of Science, the collection consisted of specimens select- 
ed from among the thousands which best displayed the mysterious lumines- 
cent qualities under ultra-violet light. Two Cooper-Hewitt lamps were 
operated on a flasher to alternate the ultraviolet with white light, so that 
the public could see how the uninteresting gray, black, or sometimes highly- 
colored rocks would change to an incomparable array of gorgeous hues 
under the weird effect of the ultra-violet light. 


Several exhibits in the Court of States contained mineral displays. 
Georgia had probably the best selection of all, of unique interest, perhaps, 
being the small, twinned, cruciform staurolites. In the Arkansas exhibit was 
an unusually fine group of quartz crystals; and other states, such as IHinois 
and Missouri made an effort to portray to the public their mineral resources 
along with their agricultural, industrial, and cultural advantages. Brazil 
had in their exhibit in the Travel and Transport Building a case of some 
unusual minerals native to that country. But space does not permit a 
description of the many mineral exhibits that fall in this class. 


In closing I would like to call attention to one type of exhibit of which 
I made a special study: source maps. In more than a score of industrial 
exhibits throughout the Fair were maps showing the sources of raw materials 
used in some product. Several of these were accompanied by mineral speci- 
mens. Westinghouse Electric employed excellent exhibit technique in their 
display showing the raw materials used in the manufacture of the tungsten 
lamp. On the wall was a large United States map with small electric lamps 
marking the sources of the various ores. Below the map were about twenty 
minerals, labelled as to-ore and the refined product. The visitor had merely 
to press a button near the specimen in which he was interested to see where 
it was mined, and simultaneously a transparency of a tungsten lamp was 
illuminated to show the function of that mineral in the manufacture of the 
lamp. This is but one example of the many different types of source maps 
that were to be seen at the Fair. 


The Science of Gemology can well feel proud of the important part it 
played in the great International Exposition of 1933. It is to be hoped that 
the Gemologists of this country will accept the challenge of this year’s suc- 
cess by cooperating to increase their usefulness in this field of public 
education. 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(The key to pronunciation will be found in the January issue.) 


Aventurine (a-ven’tue-rin). A mas- 
sive variety of opaque crystalline 
quartz. Green, brown, or red with 
small flakes of hematite or mica, 

Aviculidae (av’i-kue’li-de). Wing- 
shells, or pearl oysters. 

Axinite (ak’si-nite). A transparent 
to translucent brown, yellow- 
brown, or violet species of gem 
mineral. 

Axis (ak’sis). Axes or planes of 
erystals or other minerals, as ex- 
plained in crystallography. 

Aztec Stone (az’tek). See Chal- 
chuite). 

Azurite (or chessylite) (azh’ure- 
ite, a’zhure-ite). A translucent 
to opaque blue species rarely used 
as a gem stone; also called “Blue 
Malachite”. 


Azurlite or Azurchalcedony (azh’- 
ure-lite, a’zhure-lite). Chaleedony 
colored blue by chrysocolla, from 
Arizona, used as a gem stone. 
See chrysocolla quartz. 


Baby. A trough or cradle in which 
gravel was washed for diamonds 
by early So. African diamond 
prospectors. 

“Baffa Diamond”. Rock Crystal: 


Bague (bag’). French for a ring. 


Baguette (ba-get’). A style or 
shape in which gems are cut. 


Bahia (ba-ee’a). A. gem bearing 
state or territory in Brazil. Also 
a name for diamonds from this 
territory. 


Bakelite (bae’ke-lite). A manufac- 
tured substance. Derives its name 
from Baekelite, the inventor. A 
“synthetic resin” or, more prop- 
erly, a resinoid made by action of 
pheno or formaldehyde. Used as 
substitute of amber, celluloid, 
galalith, ete. 


“Balas Ruby” (bal’as). Rose-red 
spinel. 


Ballas. An important industrial 
variety of the diamond. Spher- 
ical masses of minute diamond 
crystals arranged more or less 
concentrically. Does not cleave 
easily—hard and tough. 


Ball Pearl. Name given to round 
pearl by pearlers at the inland 
fisheries of the United States. 


Baltic Amber (succinite or geda- 
nite). Baltic amber constitutes 
the greater bulk of genuine am- 
ber in the trade, and is claimed 
by its producers to be the only 
genuine amber. See also Bastard, 
Bone, Clear, Cloudy, Fatty, 
Foamy, Massive and Pit Amber. 


Banded Agate. Agate with colors 
usually disposed in parallel bands, 
which are more or less wavy. 


Baroque (ba-roke’). Any pearl of 
very irregular form. 


Basal (base’-al). Parallel to the 
basal pinacoid of a crystal; across 
the length of a prism. 


Basalt (ba-solt’ or bas’olt). Basic 
igneous rock, dark and compact. 


Basanite (baz’a-nite). Lydian 
stone, or Touch Stone. Velvety 
black quartz. Not a gem. 


Base. “Foundation price of a one- 
grain pearl from which to reckon 
price of pearls of other weights. 
‘the price of pearls is quoted by 
the grain and reckoned by the 
square. Example: a two-grain 
pearl at three dollars base would 
be twice two-grain, or six dollars 
per grain “flat”; and two grains 
at six dollars would be twelve dol- 
lars, the cost of the pearl.” (Cat- 
telle’s Precious Stones), 


Base. The portion of a cut stone 
which is below the girdle. The 
basal plane of a crystal. 
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Basic Igneous Rocks. Those low in 
silica; heavy and generally dark- 
colored. : : 

Baskets (bas’ket or kit). Brass 
sieves used in Ceylon for separat- 
ing pearls of different. sizes. 


Bastard Amber (bas’tard). Cloudy 
amber. : 

Bastite (bas’tite). 
bronzite. 

Beckite. Same as Beekite. 


Beef Blood Ruby. Term used in 
England for a_ subdivision of 
Burma rubies. Deeper shade of 
red than pigeon’s blood. See 
Pigeon Blood. 

Beekite (beek’ite). Silicified coral. 

Benitoite (be-nee’toe-ite). A trans- 
parent pale blue to deep blue col- 
ored gem species found only in 
San Benito County, Calif. In col- 
or resembles the sapphire but is 
easily distinguished because of 
inferior hardness and distinctly 
different twin colors. 

“Bengal Amethyst” (ben-gol’). Pur- 
ple Sapphire. ; 

Berkeyite. A blue gem stone from 
Brazil, afterwards identified as 
Lazulite. See Lazulite. 

Bernstein (bern’shtine). “The stone 
which burns.” German name for 
Amber. 

Beryl (ber’il). A gem species that 
includes the emerald, aquama- 
rine, golden beryl, morganite, 
helidor, and other colored beryl. 

Berylite (ber’il-ite). A rose-colored 
synthetic spinel. 

Beryllonite (be-ril’o-nite). A min- 
eral little used as a gem. Hard- 
ness, 5% to 6; Specific Gravity 
2.85; R.1.1.56. Transparent and 
colorless to yellow. 

Beryllium Glass (be-ril’i-um), Con- 
sisting either of same chemical 
composition as that of the min- 

. eral Beryl, or so closely approach- 
ing it as to be analysis proof, but 
not erystalline. 


Beryl] Triplet. Correct name for 
genuine triplet. Made from two 
portions of greenish or colorless 
Beryl with a cemented layer of 
green coloring matter between 
them, often incorrectly called 
“Emerald Triplet.” 


Variety of 


Bezel (bez’el or bez’il). The upper 
portion, above the girdle, of a 
brilliant cut gem. 


Bezel Facets. These eight facets on 
the crown of a round brilliant cut 
gem, the upper points of which 
join the table and the lower 
points, the girdle. If the stone is 
cushioned shape brilliant, four of 
these beze] facets are called cor- 
ner facets. 


Biaxial (bei-ak’sal or bei-ak’si-al). 
Substances crystallizing in the 
orthorhombic, monoclinic, and tri- 
clinic systems, having two iso- 
tropic directions or optical axes. 


Bicycle Tires (bei’si-k’l). Brilliant 
cut diamonds with girdles which 
are too thick. 


Bierne. German meaning a ball. A 
pear or carrot-shaped mass of 
alumina that forms during the 
production of synthetics. 


Bijouterie (Fr.) (bee’’zhoo’’t’ree’). 
General term applied to all jew- 
elry, in which metal work is most 
important. See also Joallerie. 


Bike or Boke. A “pale quince” col- 
ored coral from Japan. 


Binarite. An obsolete synonym of 
Marcasite. 


Biological (bee”oe-loj’i-kal). Of or 
referring to Biology. 


Biology (bei-ole’o-ji). The science 
of life; the branch of knowledge 
which treats of organisms, in- 
cludes fishes and pearls. 

Bird’s Eyes: Term applied by 
American fishermen to pearls 
which have slight imperfection on 
the best surface. 


Birefringence . (bei” re-frin’jenz). 
The strength of double refrac- 
tion. The word is sometimes used 
in a loose sense to mean double 
refraction. 

Bishop’s Stone 
ethyst. 


(bish’up). ~Am- 


_ Bivalve (bei’valv). A shell fish. A 


mollusk distinguished by the shell 
consisting of a right valve and a 
left valve connected by a dorsal 
hinge. 

Bixbite (biks’bite). 
beryl from Utah. 


Rose-colored 
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Bizel. Same as Bezel. 
“Black Amber.’ Jet. 


Black Diamond. Carbonado. Also 
may refer to almost black gem 
diamond. Also incorrectly used 
for hematite. 


“Black Diamond.” Hematite. 


“Black Opal.” Opal exhibiting col- 
ors in a dark matrix. 


“Black Onyx.” Onyx stained black 
to represent black layers of Onyx, 
or any black-stained chalcedony. 


“Black-shell Pearl.” Oyster shells 
of which nacreous lining has a 
black edge. 


Bladed. Having long flattened crys- 
tals resembling knife blades. 


Blebby. Containing bubble cavities 
or vesicles. 


Blemishes (on diamonds) (blem’- 
ishs). Surface imperfections on 
fashioned diamonds; scratches; 
“nicks;’. “knots;” “naturals” on 
the girdle. 


Blister Pearl. Pearls attached to 
the shell and therefore not true 
pearls. Flattened, irregular and 
sometimes contain clay, water, 
ete., and occasionally a true pearl. 


Block Amber. Natural amber, as it 
has been found; not compressed 
amber. s 


Blood Agate. Flesh-red, pink, or 
salmon-colored agate from Utah. 


Blood Jasper. Bloodstone. 


Bloodstone (Blud’stone). A variety 
of impure quartz, also, an ancient 
name for hematite. ; 

Blue Asbestos. See Crocidolite. 


Bluebacks. Shell of a variety of 
Haliotis. 

Blue Bird Diamond. A  trade- 
marked name applied by an 
American importing firm to the 
diamonds advertised and sold 
‘by it. . : 

Blue Chalcedony. See Sapphirine. 

Blue Chrysoprase. Chalcedony 
stained blue with chrysocolla 
(natural). 

“Blue Earth”. A marine glauconite 
in which amber occurs. Glauco- 
nite (a dull green amorphous 
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silicate of iron and potassium) 
occurring abundantly in green- 
sand. 


Blue Ground. An unoxidized gray- 
blue roek in which the diamonds 
are found in the “pipes”’. 


Blue Jasper. See “Swiss Lapis”. 
Blue John. Variety of fluor. 


“Blue Moonstone”. Blue chalce- 
dony. 


“Blue Opal’. A synonym for lazu- 
lite, which is a hydrous iron, 
aluminum magnesium phosphate. 

Blue Pearls. Dark-colored pearls 
of opaque slate-blue color. Also 
a trade term meaning a pearl 
containing mud or clay. 

Boart. Same as Bort. 


Bobrowska Garnet (bob”rof”’ska’). 
Variously mentioned in gem ref- 
erences as both grossularite and 
demantoid garnet. 


“Bohemian Diamond” (boe-hee’mi- 
an). Roek crystal. 


Bohemian Garnet. Dark blood-red 
pyrope garnet. 


“Bohemian Topaz”. Yellow quartz. 


“Bohemian Ruby”. Red or rose 
quartz. 


Boke. See Bike. 


Bombay Pearls (bom-bae’). Fine 
pearls from the Arabian and Red 
Seas, so named because marketed 
through that city (Bombay). 

Bonamite (boe’na-mite). “A jew- 
eler’s trade name for an apple- 
green calamine resembling 
chrysoprase in color, from Kelly, 
New Mexico. Called “bonamite” 
by Goodfriend Brothers of New 
York (no doubt, in playful allu- 
sion to their own name).’”’ (Spen- 
cer). See also Smithsonite. 

Bone Amber or Osseous Amber. 
More opaque and softer than 
cloudy amber. Looks like bone or 
ivory. White to brown in color. 
Contains many bubbles. Takes 
an inferior polish. 

Bone Turquoise. Fossilized teeth of 
animals stained blue by natural 
chemical action. 


Boort (boort). See Bort. 
Bért (bortz, boort, boart or bowr). 


Round form of poorly crystallized 
diamond, dark in color and trans- 
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lucent or opaque. Cleavage is 
difficult. Used for industrial pur- 
poses. “In the trade the defini- 
tion of ‘bort’ is extended to all 
impure diamonds and even to 
fragments and powder of gem 
diamonds, provided on account of 
their small size or because of im- 
purities, they are valueless as 
gem stones.” (Ball.) But min- 
eralogically and. industrially, bort 
is a distinct variety of the dia- 
mond species. 
Bortz (borts). Same as Bort. 


Botryoidal (bot-ri-oi’dal). Closely 
united spherical masses resem- 
bling a bunch of grapes. 


Bottle Stone. Moldavite. See Mol- 
davite. 


Boulder Opal. Term used by 
Queensland miners for nodules of 
siliceous ironstone of concre- 
tionary origin containing pre- 
cious opal and occurring in the 
opal-bearing sandstone and clay 
at all depths. 


Boule (bool). French meaning a 
ball. -A pear or carrot-shaped 
mass of alumina that forms dur- 
ing the production of synthetics. 

Bowenite (boe’en-ite). Jade-like va- 
riety of serpentine. 

Bouton (boo’ton). French term for 
button pearl. : 

Bowr. See Bort. 

“Brazilian Aquamarine” (bra-zil’~ 
yan). Greenish topaz. 

“Brazilian Diamond”. Rock crystal 
from Brazil. 

“Brazilian Chrysolite”’. See Chryso- 
lite Chrysoberyl. 

“Brazilian Emerald”. Green tour- 
maline. 

“Brazilian Pebble’. Rock crystal 
(quartz). : 

“Brazilian Peridot”. Yellow-green 
tourmaline. 

“Brazilian Ruby’. Rose-red or pink 
topaz, either naturally or arti- 
ficially colored. Most pink or 
reddish topaz are artificially col- 
ored by heating dark-yellow 
topaz. 

“Brazilian Sapphire”. Light-blue 
or greenish topaz. Also, blue 
tourmaline. 

“Brazilian Topaz’. True yellowish 
topaz. 


Break Facets. The 32 small facets 
along the girdle of a brilliant 
stone; 16 of these are above the 
girdle and 16 below. 

Brilliancy (bril’yan-si). The com- 
parative ‘‘brightness’’ which 
reaches the eye as a result of (1) 
reflections from the internal sur- 
face of facets (called total inter- 
nal reflection) ; and (2) reflections 
from the external surfaces of the 
table and other facets of a gem 
stone (luster). See total internal 
reflection and luster. 


Brilliant (bril’yant). Word some- 
times used to mean a diamond cut 
in the brilliant style, but more 
generally to mean that style of 
cutting itself when applied to any 
stone. 

Brillianteering (bril”yan-teer’ing). 
The operation of cutting and pol- 
ishing the facets on diamonds. 

Briolette (bré’6-lét’). Pear-shaped 
or oval stones faceted all over 
with triangular facets. 

“Bristol Diamond”. Rock crystal. 

Brittle. Crumbles under knife or 
hammer, cannot be cut in slices. 
Means that a gem is not flexible, 
ductile, ete., but not necessarily 
that it is fragile. 

Bronzite (bron’zite). A variety of 
enstatite. ; 


“Brown Hematite”. Limonite. 


“Brown Hyacinth”. Vesuvianite. 

Bruting (broot’ting). Polishing dia- 
monds by rubbing together. 

“Bubbles”. A globule of air, or a 
globular vacuum in a transparent 
solid, as bubbles in window glass 
or a lens. Spots in diamonds, 
which are usually air bubbles but 
may contain gas. ? 

Buffed Top. With cabochon on top 
and brilliant base. 

Bull’s Eye. Laboradorite with a 
dark sheen. 

Burma or Burmah (bur’ma). Brit- 
ish possession northeast of India 
proper. Also a term applied to 
the finest colored rubies. 

Burmite (bur’mite). Amber found 
in Burma. Generally pale yellow, 
but reddish and dark brown speci- 
mens are .also known. Slightly 
harder than succinite (Baltic 
Amber). See also Chinese Amber. 


(To be continued) 
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Robert D- Shipley 


THE NASSAK 


(Also known as the Nassac, Nasik, Nessuck, ete.) 


That which man, himself, values above all else. he. most natu- 
rally feels that his gods will appreciate most highly. So to their houses 
of worship in many lands and many ages have come king and peasant alike, 
bringing gifts of precious stones to their favorite god. These holy places 
often become veritable treasure houses, their sacred possessions secure from 
the looting which accompanied the overthrow of governments and dynasties, 
until, perhaps, those of still another faith laid sacrilegious hands upon 
them. Thus, in the Jewish synagogue, the Christian cathedral and the tem- 
ples of Incas and the Hindus there have lain safely through many troubled 
years some of the world’s most famous gems. Sometimes these have been 
torn violently and suddenly from their sacred security to re-assume their 
age-old role in the lives of individuals as objects of art or investment. 


In India, where river and hill held stores of precious stones, and kings 
commandeered all those found above a certain size, the wealth of her tem- 
ples waxed so great that high walls were built around them and strong 
guards stationed to watch over them. Such a one was, perhaps, the temple 
to the great goddess Siva, Hindu deity of destruction and reproduction, at 
Nassak. This Indian city lies ninety-five miles northeast of Bombay, and 
among its store of precious stones was a great diamond. Diamonds of the 
size and quality of this gem were rare and famous in India, yet from whom 
or whence it came to the temple is a matter of mystery. Although Nassak 
was a shrine to which pilgrims came from great distances, it lies upon the 
upper Godavery many hundreds of miles from those nations in which were 
located the diamond mines. Nor is it known how long Siva had peacefully 
possessed this stone. Certain it was that during the height of the Hindu 
power-of the Mahrattas it remained respected and revered. But when the 
great Mahratta confederacy fell upon troubled days, its nominal rulers the 
Peishwas violated the temples of their own faith to obtain collateral to 
finance wars against petty chieftains and the East India Company. When 
the. British tide could be no longer stemmed and the last Peishwa, called 
Bojerow, surrendered his independence to the British during the conquest 
of India in 1818, he was in possession of this stone. His attempts to conceal 
its whereabouts were in vain; it was taken from him and came into the 
hands of the Marquis of Hastings, Commander of the British forces, and 
became a part of the “Deccan Booty”. 
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The g.eat diamond then became known as the Nassak. It was sent. to 
England and was valued at $150,000. It apparently was in the safe custody, 
if not in the possession, of that famous firm of English jewelers, Rundell 
and Bridge. When they retired from business in July, 1831, it was sold at 
auction to Emanuel Bros. at the “distressed” price of £7200 ($36,000), a 
forced sale during the period of most serious depression. 


In 1877, the Nassak again went to the auction block and, together with 
a famous pair of diamonds which had been presented to Queen Charlotte 
by the Nabob of Arcot, were purchased by the Marquis of Westminster. 
The Marquis wore the Nassak in the hilt of his sword and had the Arcot 
diamonds mounted as earrings for the Marchioness. 


In 1929, the Nassak again came into prominence when, after having 
been imported into America as an artistic antique by the French jeweler, 
Monsieur Georges Maubousin, to be offered for sale by his New York branch, 
the United States Customs Court. at New York upheld its importation free 
of duty. Such a decision, although well founded by facts, might have es- 


THE NASSAK 
Once ina temple in Nassak, India. 
Weight about 80 carats 


tablished a precedent which would cause no end of trouble with claims made 
by owners of old cut diamonds of doubtful antiquity, so the American jew- 
elry trade arranged an.appeal to the Court of Customs.and. Patent Appeals 
which reversed the former decision. 


Such a decision was perhaps necessary, but the Nassak is nevertheless 
in many ways the acme of an artistic antiquity. Few diamonds are of finer 
quality or purity, but that which is most remarkable is its cutting and pol- 
ishing, which was indeed the work of an artist. When brought from India 
it weighed over 90 métric carats (89% English carats). The raw stone had 
apparently been of a roughly triangular shape which, as was customary 
with. Indian stones, had been but slightly altered when facets had been 
placed upon it in the usual effort of the Indian cutter to retain a maximum 
of weight. While in the custody of Rundell and Bridge; the Nassak was 
recut and polished. Such was the skill of the artisan and so excellent was 
the taste of his associates who planned its new form that but slightly over 
eleven carats were lost in recutting. This reduced the Nassak to its present 
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weight of 80.59 carats, and produced a stone of most unusual beauty and 
brillianey, which retained its original triangular form in'a most pleasing 
manner. The careful planning and placing of its 90 facets are most unusu- 
ally well. done, especially when the unusual shape of the diamond is con- 
sidered. Together with the example of the Florentine with its 126 facets, 
the results obtained in the Nassak tend to prove the desirability of the 
placing of many facets on stones of large size. 


The value of the stone was greatly increased. Streeter in 1882 esti- 
mated its value at $125,000 to $150,000 and said that “by amending its 
defects and accomodating the pattern to the exigencies of the subject mat- 
ter, they transformed the rudely facetted, lusterless mass into a diamond 
of perfect brilliancy”’. 


After the courts decided to assess a duty on the Nassak, it was returned 
to Paris and to Monsieur Mauboussin, in whose possession it was in Janu- 
ary, 1932. The gem is now offered at $400,000, a price of approximately 
$5,000 per carat. 


Pleochroism in the Determination 
of Gem Minerals* 


DR. RENE ENGEL 
California Institute of Technology 


Pasadena, California 


As is well known, pleochroism, or the varied colors exhibited by some 
minerals when examined in: transmitted plane polarized light, is a property 
of marked value in distinguishing various gem stones. With pleochroism, 
the effect due to absorption, or relative intensity of the light passing through 
the mineral in various directions is also to be carefully observed. The use 
of the instrument called a dichroscope in the detection of pleochroism in 
gems is rather common, but does not serve the purpose as well as the 
Nicol prism or polarizer forming part of the substage of a polarizing micro- 
scope. With this last apparatus, if correctly designed, it is possible to 
establish the relations which exist between the pleochroism and absorp- 
tion on the one hand, and the directions of vibration of the light passing 
through a birefringent mineral on the other, besides many other properties 


*G. I. A. Research Service. 
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such as inclusions, fractures, flaws, cleavage planes and several optical 
characteristics, which serve to establish the diagnosis and also the qualities 
of the gem under observation. The relations between the directions of 
vibration and the nature and intensity of the colors constituting the pleo- 
chroism usually exhibit marked discontinuities between many of the gem 
stones and are thus very valuable in determinative work, particularly in the 
case of cut stones where the obtaining of fragments is usually impossible 
without defacing the gem. 


Without attempting to enter into the details of the theory of this 
method which would lead to a lengthy restatement of most of the principles 
of optical mineralogy, it may be of interest to illustrate its practical appli- 
cation by a definite example. 


During the recent examination by the writer of an unusually colored 
gem stone, thought to be either zircon, tourmaline or andalusite, the use 
of the pleochroism-direction of vibration method permitted it to be definitely 
concluded that the stone was a tourmaline. To show precisely the dif- 
ferences existing between these three minerals, these properties are sum- 
marized below: : 


General Intensity of Relative Intensities Parallel to 
Pleochroism and Directions of Vibration Denoted 
Absorption: by X, Y and Z: 
Andalusite _ Strong X (yellow to rose) is stronger than 


Y (colorless to green) is stronger than 
Z (colorless to green) 


Tourmaline Strong to very Z (brown-green-pink) is stronger than 


strong. X (colorless to greenish yellow) 
Zircon Weak Z (pale brown) is stronger than 


X (colorless) 


The weak intensity of pleochroism and absorption in zircon as com- 
pared to the strong intensities in tourmaline and andalusite reduces the 
determination to these last two species. Regarding zircon, the play of colors 
due to dispersion should not be confused with those due to pleochroism. 
Between andalusite and tourmaline the distinction is based on the differ- 
ences in colors corresponding to the. same directions of vibration. 


The stone, identified in this fashion as a tormaline, is a Ceylon gem 
weighing 21.72 carats and prettily cut in a cushion shape. In natural trans- 
mitted light its color is a dark brownish green to chrysolite green varie- 
gated by a reddish brown coloration which appears to be related to internal 
reflections on some of the facets. Under artificial light the stone has a light 
reddish brown color resembling that of hyacinth zircon. 
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Lahee, Frederic Henry 
Field Geology, 3rd Ed., Revised and enlarged N. H., ete. Me- 
Graw-Hill Book Co., Inc. 1931. Bibliography. 

Lee, Willis Thomas 
Stories in Stone; telling of some of the wonderlands of Western 
America and some of the curious incidents in the history of 
geology. N.Y. Van Nostrand. 1927. 

Leith, Charles Kenneth, and Mead, W. J. 

Metamorphic Geology. A Text Book (in two parts). N. Y. H. Holt 
& Co. 1915. Part 1, Rocks, Crystalline & Metamorphic; Part 2, 
Geology. 

Longwell, Chester Ray; Knopf, Adolph, and Flint, Richard F. 

A Text Book of Geology. N. Y. Wiley, 1923-33, 2 vol.; Successor to 
L. V. Pirsson’s “Textbook of Geology.” “Reading References” at 
end of most chapters. Vol. 1, Physical Geology, by C. R. Longwell 
_—R. F. Flint. An excellent reference book for the gemologists’ 
library. Vol. 2, Historical Geology, by Charles Schuchert and 
A. O. Dunbar; 3rd edition largely rewritten. 

Mather, Kintley Fletcher : 

Old Mother Earth; Cambridge. Harvard University Press. 1928. 
These lectures were originally prepared for broadcasting, and have 

.. been somewhat modified and. re-arranged for the reader. 

Miller, William John 
An Introduction to Physical Geology, with special reference to North 
America.. N. Y. Van Nostrand, 1930-——“Selected references.” A 
slightly expanded edition of Part 1, of the same authors. Elements 
of Geolcgy. 

Miller, William John 
Elements of Geology, with special reference to North America. 
N. Y. Van Nostrand Co., Inc. 1981. 

An excellent book for the beginning student, necessitates no formal 
knowledge of other sciences. Well illustrated. 

Miller, William John 
Introduction to Historical Geology, with special reference to North 
America. N. Y. Van Nostrand Co., Inc. 1981. A slightly expanded 
edition of Part 2, of the same authors. Elements of Geology. 

Mills, Enos Abijah 
Romance of Geology. Being adventures with. glaciers, rivers, and 
wind, fossil hunting, trailing ancient sea shores, and following 
mirages of the desert. Garden City. N. Y. Doubleday, 1928. 

Moore, Raymond Cecil 
Historical Geology. N. Y. and London. McGraw-Hill Book Co., Inc., 
1933. “Selected References.” 1, Geology. 2, Geology, stratigraphic. 
3, Geology, North America. 4, Paleontology. 

Pirsson, Louis Valentin, and Schuchert, Charles 
Introductory Geology for use in Universities, Colleges, Schools of 
Science, etc., and for the general reader. Part 1, Physica] Geology. 
Part 2, Outlines of Historical Geology. N. Y. Wiley, 1924. 

Pirsson, Louis Valentin, and Schuchert, Charles Ae 
A Text Book of Geology. Part 1, Physical Geology by Louis V. 
Pirsson. Part 2, Historical Geology by Charles Schuchert. N. Y. 


(To be continued. The next issue will complete the subject of geology and 
begin the subject of mineralogy.) 
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BOOK REVIEWS 


ROBERT SHIPLEY, Jr. 


Sir William Bragg, “The Universe of Light”, New York, Macmillan Co. 
1933—$3.50. May be secured from the G. I. A. Book Dept. 


Too often a great research scientist writes of his experiments and seems 
to take the attitude that he alone can thoroughly understand the results. 
And very often it is true that the scientists’ writings are quite incompre- 
hensible to the average person. In his “Universe of Light”, Sir William 
Bragg commits no such error. The material was first presented as the 1931 
Christmas Lectures in the Royal Institution at London, to an audience com- 
posed largely of young people. In book form, the material has not suffered. 
The author describes graphically the experiments he used to illustrate the 
talks. Twenty-six plates, two of them in color, add to the completeness of 
his descriptions. And in addition to the plates there are abundant line draw- 
ings all through the book. : 


A great portion of the phenomena which we see about us daily—par- 
ticularly the many colors in Nature—are explained in Bragg’s clear and 
simple style. The explanations of refraction and double refraction and of 
interference will be of interest to every prospective Gemologist. The author 4 
treats with the polarization of light in such a manner that one is given not\ 
only a thorough understanding of the principle but also a desire to be able 
to apply it. j 

The last chapter but one of this work deals with Réntgen rays (X-rays) 
and their use. Here Bragg not only gives the explanation of the rays but 


he also speaks on the subject of erystal structure. The author is noted for 
his researches in the fine structure of matter. 


The whole of the “Universe of Light”? may be said to bear more or less 
directly upon the study of gems, as almost all of a gem’s charm comes to 
us through the medium of light rays. Moreover, the book is cleverly writ- 
ten; its author is a philosopher and something of a humorist as well as a 
great scientist. 


Rutley’s Elements of Mineralogy, revised by H. H. Read, London, 1933. 
Thomas Murby & Co. ; 


This is a comparatively small and very compact mineralogical reference 
book. Especially are the economic aspects of the various ore minerals treated. 
However, Read has not given an equal importance to the mineral species 
which produce gems. Jadeite, for instance, is dismissed in two sentences. 
The book is thoroughly indexed, and many of the field terms applied to 
minerals by prospectors are included. Its best feature is its terse clarity. ( 


Unfortunately, there are no identification tables. With a comprehen-| 
sive set of tables, the Elements of Mineralogy would be almost unsurpassed 
as a field manual. In its present form, it is best recommended to gem en- 
thusiasts as a reference book and as a method of refreshing a previously 
acquired knowledge of mineralogy. That the text has a certain very definite 
value is proved by the fact that it is now in second printing of its twenty- - 
second edition. : ; 4 


a 
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TWO LARGE DIAMONDS 


Johannesburg, South Africa, 


15th March, 1934. 
Dear Sir: 


In reply to your letter of the 7th February, the weight of the two large 
diamonds found in the alluvial diggings on Elandsfentein near Pretoria 
was as follows: 

JONKER DIAMOND ..... . . . 1726 carats 
POHL DIAMOND .... . . . . 287 carats 
Both diamonds were of magnificent quality, irregular in shape, and blue white. 

There is no basis for the statement that either stone was a portion of 
the Cullinan diamond, although the quality was very similar. Both diamonds 
have now been shipped to London. 

Yours faithfully, 
H. T. DICKINSON, 
Consulting Engineer, 
De Beers Consolidated Mines. 


Lectures Gain in Popularity 


Mr. John Ware of San Diego, California, seems at the present writing to 
be the most prolific of gemological speakers. He has addressed the students 
of the San Diego High School, and also the University Club. Mr. Ware has 
also been asked to appear before the San Diego Mineral Society in the 
near future. ' 

But the distinction of being the most enthusiastic of the speakers must 
be tendered to Mr. Burt P. Hann of Lawton, Oklahoma. Mr. Hann attended 
the convention of the Oklahoma jewelers in Oklahoma City equipped to deliver 
a talk. To his surprise, he all but stopped the show... Nor was that the end 
of it; Radio Station KOMA of the City called and asked if he could give a 
15-minute talk over the air—forty-five minutes after the telephone call. 

Mr. Hann considers that he had rather a busy time. And now that he 
has returned to Lawton, he is not allowed to rest. The Lawton Constitution 
is after him to write the radio address for publication. 

In summing up he says, “I know I got a great kick out of it...” 


Books To Be Reviewed 


The following books have been received at the Institute for reviewing 
purposes. The reviews will. appear as soon as space will permit. 

Blackwelder and Burrows. Elements of Geology. American Book Co. 
New York. 

H. W. Shimer. An Introduction to Earth History. Ginn & Co. Boston. 

J. H. Bradley. The Earth and Its History. Ginn & Co. Boston. 

-H. Michel. A Pocketbook for Jewelers. Gustav Herz. Vienna. 

Emmons, Thiel, Stauffer, and Allison. Geology. McGraw-Hill Book Co. 
New York, : 
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Eight New Qualifying Certified Gemologists 


Since the publication of the March-April Gems and Gemology, the follow- 
ing have passed the Qualifying Certified Gemologist Examination. 


Henry R. Bloedel, Bloedel’s 
Jewelry, Inc., Milwaukee, 


Wisconsin. 

Colin L. Christie, Leys, Butte, 
Montana. i 

W. J. Glick, Junction City, 
Kansas. 


Leslie V. Gray, Jeweler, Cul- 
ver City, California. 


Perey F. Jones, E. W. Rey- 
nolds, Inc., Los Angeles, 
Catifornia. 

D. A. Kirk; Slavick’s, Inc., 
Los Angeles, California. 
H. E. Rapp, Pasadena, Cali- 

fornia. 

George Schneider, Jeweler, 
Hollywood, California. 


Graduate Members of the A. G. S. 


The following persons have qualified as Graduate Members of the A. G. S. 


since the publication of the March-April issue cf Gems and Gemology. 


CALIFORNIA 


Earl Bothwell, San Jose 

W. R. Burke, Berkeley 

Carl Chamberlain, Long Beach 
Chas. W. Clark, Van Nuys 
H. C. Corey, Santa Maria 
Godfrey Eacret, San Francisco 
R. E. Finfrock, San Gabriel 
Leslie V. Gray, Culver City 
HE. W. Hanf, San Bernardino 
W. C. Haubrich, Berkeley 
A. B. Hillabold, Fullerton 
Norman L. Jenkins, Oakland 
Armand Jessop, San Diego , 
E. C. Kendrick, Anaheim 

D. A. Kirk, Los Angeles 

G. W. Lawton, Gilroy 
Harold Lewis, Long Beach 
William Lorenz, Santa Ana 
Robert Mills, Oakland 

E. C. Morrison, San Pedro 

J. E. Peck, Campo 

Leo J. Potthoff, Whittier 

F, W. Twogood, Riverside 
Burt F. Umstead, Glendale 
H. E. Wellman, Alhambra 
Ralph Wilson, Southgate 


IDAHO é 

L. E, Zenier, Lewiston 
KENTUCKY 

Franklin Shumate, Lowisville 
MINNESOTA 

Leslie E. Dewey, Minneapolis 

Milton D. Gravender, Minneapolis 
MISSOURI 

Roy Culbertson, St. Louis 

tto Kortkamp, Jr., St. Louis 

NEBRASKA 

Carl Vondrak, Omaha 
NEW YORK 

J. Arnold Wood, Poughkeepsie 

W. A. Sweeney, New York City 


OHIO 

M. F.. Fournier, Lakewood 
OKLAHOMA E 

Burt P. Hann, Lawton 
TEXAS 

Neal Hutton, Dalhart 
WISCONSIN 

Louis Esser, Milwaukee 
INDIA 


J.-A. Mountvala, Bombay 


ARE YOU A MEMBER? 


American Gem Society, 
555 South Alexandria, 
Los Angeles, California. 


Send $3.50 today for your Associate Membership in the American Gem 
Society, its services, and a year’s subscription to Gems & Gemology. 


Cit yao ee bi caease 
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EDITORIAL FORUM 


We were surprised when the Code Committee for the Retail Jewelry 
Trade adopted resolutions fixing the physical properties of several gems. 
Especially absurd seemed the statement that the hardness of sapphire was 
to be considered 8.8. Every mineralogical text gives sapphire the hardness 
of 9—indeed, the degree of hardness represented by 9 on Mohs scale is deter- 
mined by sapphire. After all, corundum is a mineral made by the Great 
Maker, and not General Johnson. Or perhaps the statement of the hardness 


8.8 for sapphire was a bit of dry humor on the part of the Committee who 
drew the code. 


However, we have just read the report of the B.I.B.0.A. Conference at 
The Hague, Holland. After studying the advance reports of the resolutions 
adopted by this conference, we find that the work of our Code Committee 
was really excellent by comparison. The Hague Conference, which met on 
May 13 and 14, was called “The Fourth International Conference of. the 
Association of Manufacturers, Wholesalers, and Retailers of Jewelry and 
Gold and Silverware.” The title is imposing; the resolutions, as far as 
gems are concerned, are amazing. However, great progress has been made 
since the meeting of the Rome Congress a year ago. 


The Conference met with the purpose of making recommendations to 
be acted upon at the International Congress which is to meet next year in 
Berlin. Evidently expert opinion has to a certain extent prevailed and 
several of the absurd resolutions adopted at the Rome Congress are to be 
rectified. The proposed “Safranite” or “Topaz Safranite” for brown quartz 
promises to give way to the correct term—Citrine or Topaz Quartz. “Hya- 
cinth,” recommended at Rome as a name for the Hessonite Garnet, is to be 
replaced by the term Hyacinth Garnet. These are part of a system of 
nomenclature first proposed in Shipley’s Gemology in 1931. Subsequently, 
as a result of answers to questions submitted to 100 international authorities, 
the adoption of this system by the G.I. A. was approved. The adoption by 
the Berlin Congress will make truly international terms like Ruby Spinel, 
Ruby Garnet, Topaz Quartz, to explain that the gem is ruby-colored spinel, 
ruby-colored garnet, topaz-colored quartz, etc. The suggestion to use the 
term Olivine Garnet for the Demantoid indicates that the recommendations 
published in the prospectus issue of this magazine were adopted as far as 
using the name of one species to describe the color of another is concerned. 
However, in this case, it seems too bad to drop as fine a name as “Demantoid” 
in favor of the prosaic Olivine Garnet. 


Probably much of this very necessary revision which has been done 
may be credited to two expert members of the Conference—Prof. Dr. 
Schlossmacher of the University of Konigsberg, and M. Gobel of the gemo- 


Gems and Gemology is the official organ of the American Gem Society and with it is 
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logical laboratory of Paris. Dr. Spencer’s criticism of the Rome Congress 
recommendations in the English journals must also have carried weight. 


Not a little of the credit is due, we believe, to the American jeweler- 
students of gemology, who, through the Gemological Institute, protested 
vigorously against the garbling of correct gemological terms in an effort 
to satisfy all the factions of the Rome Congress. 


Several new points developed at the Conference. Evidently the French 
representatives are of the opinion that fresh and salt water pearls should 
be carefully distinguished and that none except the Burma Ruby should be 
called “Ruby.” Other red corundums should be called “Ceylon Ruby,” “Siam 
Ruby,” ete. Even if it were possible to determine the source of a particular 
pearl or ruby—as frequently it is not-—the spirit of the resolution is opposed 
to the principle of that school of ethics, championed by the G.I. A., which 
holds that gemological nomenclature should, above everything, protect the 
purchaser and, though of lesser importance, harmonize with the nomen- 
clature of related sciences. Moreover, a fine Siam ruby is undoubtedly more 
desirable and valuable than a poor quality of ruby from Burma. Any dif- 
ferentiation according to the locality where a gem was found puts a false 
value upon it, a value determined not by the quality of the stone in question, 
but by the source from which it came. 


The Hague Conference, probably taking a leaf from the page of our 
Retail Jewelers’ Code, has asked that the findings of the various research 
laboratories on the hardness, physical properties, and refractive indices of 
gem species be submitted for approval by the Congress next year. This 
sounds an ominous note; it forecasts that the Congress plans to pass reso- 
lutions arbitrarily fixing the properties of gems. Mineralogists will protest 
any such action. The results. of scientific experiment can never be changed 
by man-made laws. 


The Conference plans to use “Germany’s Figures” in the first edition 
of the proposed publication, “International Nomenclature of Precious Stones.” 
We suppose that “Germany’s Figures” refers to Bauer’s Edelsteinkunde, 
as revised by Prof. Dr. Schlossmacher, who is a member of the Conference. 
No better source could be found. Hdelsteinkunde is a carefully compiled and 
authentic work, as sympathetic toward trade terms and usage as could be 
the work of any college professor. However, the Congress should not make 
the mistake of accepting the figures from this or any other source as final. 
To do so would be to make absurd “resolutions” of what might otherwise 
re valnerls material for distribution to the jewelry trade throughout 
the world. ‘ 6 


The International Congress has done some fine work, and will un- 
doubtedly do more. It can, by suggesting that correct gemological classifi- 
cations—which have already been revised to correspond almost exactly with 
correct mineralogical classifications—be generally adopted, render an in- 
valuable service to the entire gem trade. If, on the other hand, the repre- 
sentatives attempt to make new and arbitrary classifications not based upon 
both: mineralogy (or biology in the case of pearls), and protection to the 
purchaser, only harm to the trade can result. Confusing and arbitrary 
classifications which are now used should be dropped, rather than new ones 
added with increased confusion as a result. 

e 

And one last suggestion: America was not represented at all at The 
Hague Conference, and only ineffectively at Rome. No ruling made by a 
conrerence lacking authentic representatives from the American jewelry 
trade can be regarded as “International.” ; 
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NEW GEM SUBSTITUTES ON AMERICAN MARKET * 


Two stones among dealer’s paper of pink tourmaline were found to be 
glass. They had ‘a refractive index of 1.67—-very close to that of kunzite, 
which is 1.660-1.675. It is thought, from their color and refractive index, 
that these stones were made to be used as an imitation of kunzite. They 
are easily distinguished, however, as they are less than 5% in hardness 
and are 3.6 in specific gravity. These imitations sink rapidly in pure 
methylene iodide whereas kunzite floats. 


A blue glass has been unwittingly sold by an old and -experienced 
colored stone dealer (who depends upon only a refractometer test and his 
-experienced eye) as a blue topaz. It has the proper refractive index of 
topaz, 1.62, and its specific gravity is 3.45, just below that of 3.53 for topaz. 
The imitation is easily detected. by its inferior hardness of approximately 5, 
compared to the hardness of 8 for genuine topaz. 


Gemologists are warned to be on the lookout for these glasses. They 
are very natural in appearance—the “topaz” particularly so—and might 
easily be passed as genuine stones if tests were not applied. 


EMPRESS EUGENIE DIAMOND IN SCANDAL? 


A dispatch appearing in national newspapers a short while ago, which 
hinted that the $100,000 engagement ring which is featuring in the scandal 
surrounding Miss Gillespie, ex-fiancee of John Jacob Astor III, contains the 
famous Empress Eugenie Diamond, is evidently entirely without founda- 
tion. So far as is known, there has never been a report that the Empress 
Eugenie was in the possession of the Astor family. The gem is reputedly 
owned by the Gaekwar of Baroda; the latter did not remember the famous 
diamond as being in his treasury when he was interviewed last fall in 
Santa Barbara by Robert M. Shipley. His Highness, the Gaekwar, how- 
ever, did not state that the diamond was not still in his treasury, as are 
the famous Star of the South and the English Dresden. After looking at 
the model of the 51 carat Eugenie, he stated that there were so many gems 
of similar size in the Baroda Treasury that it might easily have escaped 
his notice. 


Dr. Kunz reported that the Sancy Diamond had been bought by Lady 
Astor. It is evidently from this report that some enthusiastic reporter 
attempted to build a story. Probably the newspapers intended to report 
the diamond in the Astor-Gillespie engagement ring as being the Sancy, but 
confused it with the Empress Eugenie. It is even doubtful that the Sancy 
is in the possession of Lady Astor. Some time after Dr. Kunz’s report, 
the Maharajah of Pattiala—-who was stated to have sold the stone—advised 
the late Dr. Farrington that he was wearing in his turban the Sancy, pur- 
chased by his predecessor. 


*A. G. S. Research Service. 


( 
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TivportavtDiamonds 
f the A 


THE JONKER 


Of fine quality gem diamonds, the Jonker may rank as high as fourth 
in size in the world, perhaps as low as sixth. The Cullinan, of 3025% carats, 
was undisputably first. A table of Bauer’s Edelsteinkunde, as revised by 
Prof. Dr. Schlossmacher lists the find of a 1500-carat blue-white fragment 
in the Premier Mine in 1919. The table is credited in part to L. J. Spencer 
and P. A. Wagner; probably the report is Wagner’s, since Dr. Spencer’s 
report was published in 1912, before the stone was reputed to have been 
found. However, A. F. Williams, in his very complete tables of the produc- 
tion of large South African diamonds, does not mention this stone. Direct 
information from Africa is being secured, and further details will be pub- 
lished in Gems & Gemology, as soon as they are received. If we accept the 
report as true, the stone is the second largest. The third largest diamond, 
then, is the Excelsior, with its weight of 969% carats. If we are to accept 
Tavernier’s record, written in the seventeenth century, as to the size of the 
mythical Great Mogul, 78714 carats—the Jonker diamond falls to fifth place. 
But Fersman and a few authorities doubt Tavernier’s accuracy. If we 
accept the possibility suggested by Kunz, in 1929, that the Portuguese 
Braganza is not a topaz, but a gem diamond of about 1680 carats, as orig- 
inally claimed, then the Jonker falls to sixth place. If these three doubtful 
stones are disregarded, the Jonker could take the rank of third in the list 
of great gem diamonds of the world, as has been reported. However, we 
prefer not to assume the responsibility of discrediting either the existence 
or the reported weight of the Mogul in the rough and, therefore, class the 
Jonker as fourth largest of the Important Diamonds of the World, and third 
largest of those from Africa. ; 


From the standpoint of all diamonds found, the Jonker must take a 
much lower rank. No less than three industrial carbonadoes of over 2000 
carats have been found in Brazil. The Premier Mine in 1912 yielded a 1640- 
carat diamond and, in 1924, one of 1195% carats. The former is recorded 
as having been largely bort and the latter may also be considered to have 
been bort, since there is no record of a stone of that size ever having been 
cut. In a list of all the above-mentioned diamonds, both gem and bort, the 
Jonker ranks eighth. 


It is, however, foolish to class the Jonker against diamonds technically 
of the gem variety but containing large amounts of industrial bort. The 
newly-mined Jonker is flawless and blue-white in color; if cut into one large 

*stone, it will rank as one of the most important diamond gems in the world. 
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THE MOST RECENT ADDITION TO THE IMPORTANT 
DIAMONDS OF THE WORLD 


Two Views of the Jonker Diamond 


Found Near Pretoria, South Africa, in January, 1984. 
Weight, 726 carats. 
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The diamond was found on January 17, 1934, on the Elandsfontein farm, 
the same tract in which the Premier Mine is situated. The claim was that 
of Jacobus Jonker, from whom the stone took its name. Jonker is a “digger,” 
a man sixty-two years old, the father of seven children. For eighteen years 
he has worked in various diggings, usually barely managing to survive. It 
is an interesting sidelight on the character of Jonker that the newspaperman 
who went to interview him after the phenomenal discovery, found the bearded 
old man still working his claim. ? 


The Jonker Diamond was then sold to Sir Ernest Oppenheimer for 
£63,000, about $315,000. The entire sum was not retained by Jonker, how- 
ever. £27,600—$138,000—went to the State in the form of poll and super 
taxes. Sir Ernest Oppenheimer, according to an exclusive report from Lon- 
don to Gems & Gemology, purchased the diamond on behalf of the newly- 
formed Diamond Producers’ Association. It has been reported that another 
syndicate offered £75,000 for the Jonker Diamond, but the offer had to be 
refused since Oppenheimer had previously secured an option on the stone. 
Jacobus Jonker retains $177,000 of the sale price; with it he plans to buy a 
ranch in the Transvaal and raise sheep. 


It would be incorrect to refer to this 726-carat gem as a “new” diamond 
or as “young”; it was formed millions of years ago, perhaps in the Premier 
pipe which in 1905 yielded the magnificent Cullinan.. It has lain in the’ 
alluvial deposit where it was found for perhaps longer than the years the 
race of man has inhabited this planet. 


The Jonker is a flawless blue-white gem of 726 carats. It is, according 
to word from South Africa, of a quality very similar to that of the Cullinan. 
Likewise the shape of the Jonker, as the illustrations show, is comparable 
to the Cullinan. As Dr. J. R. Sutton remarked in his letter published in 
the May-June issue of Gems .& Gemology, “if the latter (Jonker) were four 
times its actual size, the two would almost be twin brothers.” Dr. Sutton 
is emphatic in his belief that the Jonker is not a missing portion of the 
Cullinan, that both it and the Cullinan are complete stones and, with but 
minor injuries, exactly as Nature made them. 


The Pohl Diamond, which was found near the spot which yielded the 
Jonker, is a 287-carat stone and is also of fine quality and blue-white in 
color. The majority of reports have erroneously placed the Pohl at 500 
carats or more. The smaller gem has been sent to London. 


The Jonker Diamond is now in London, in the possession of the Diamond 
Producers’ Association. The report that the stone has been sold to Prince 
George, younger brother of the Prince of Wales, is unfounded. So also is 
a report that the gem is to be cut in the famous Asscher plant in Amsterdam. 
The authoritative report received by Gems & Gemology states that as yet 
no decision has been made as to the disposal of the stone. The Diamond 
Producers’ Association may decide to have it cut to produce one large stone, 
or perhaps to form several smaller and more readily salable gems. The 
Jonker may be sold to an individual or a group of men, in whose hands its 
fate will rest. Perhaps the report of its purchase by Prince George of 
England is not entirely without foundation and the gem will pass into the 
possession of a member of the British Royal Family, to whom the Cullinan 
was presented. 


Gems & Gemology is following the developments in connection with the 
Jonker Diamond and hopes to add to the information concerning this 
Important Diamond. : 


Note: Other reports concerning the Jonker will be found on pages 26, 79. dnd 99 of Vol. I 
of Gema & Gemology. 
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NATURALLY-OCCURRING VS. 


SYNTHETIC GEMS 


DR. THOMAS CLEMENTS, 
Chairman, Department of Geology, 
University of Southern California 


Chemically there is perhaps not the slightest difference be- 
tween a naturally-occurring ruby and a synthetic ruby; both are 
aluminum oxide with a trace of impurity to give the red color. 
Nor is there any particular difference in crystal structure; both 
are definitely crystallized in the hexagonal system, and both give 
the same optical reactions. In the finest synthetics of today even 
the bubbles, those tell-tale marks of the artificial, have become 
almost invisible, and the accretion lines are apparent only under 
high magnification. 


If all this is true, then why should not one be as easily satis- 
fied with a synthetic as with a genuine stone, and at but a fraction 
of the amount the latter would cost? If they are identical chemi- 
cally, physically, and in every other way, why do not synthetics 
entirely replace the naturally: occurring stones in the markets 
of the world? 


The synthetic stone was made yesterday; the day before it 
was.but a bit of white powder on a chemist’s shelf. But what 
of the genuine? Yesterday it lay in the dusty treasury of a 
democracy—the day before it glowed like a coal of eternal fire 
amid the royal jewels of a king’s bride. Before that it graced 
the forehead of an idol unto which teeming millions bowed them- 
selves to earth. It was a rajah’s prior to that, taken with fire 
and sword from a neighbor princeling who had received it as 
tribute from the ruler of the land where it was found by a weary 
slave sweltering in a rice field. 

So the genuine stone has background—history. But even this 
history of a few hundreds of years fades into insignificance when 
compared with the almost infinitely longer period of its geologic 
history. 

. The stone was carried to the place of its finding by those forces 
of erosion, weathering, and running water, that have been 
changing the face of the earth since time first began. It was 
taken by these gnawing agents from the place where it had 
rested in a great dike of material that once seethed and bubbled 
as it forced its way into a narrow crack between huge blocks of 
limestone, and once gaining an entrance, urged on by resistless 
force from below, forced those blocks farther and farther apart 
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until somewhere something had to give and great earthquakes 
shook a land in which man not only had not yet appeared, but 
would not appear for millions of years. 


Thus the history of the naturally occurring stones goes vack 
not merely hundreds or thousands, but millions of years. It has 
background. It has a pedigree. It is the thoroughbred horse, 
the blooded dog, the man of ancient and honorable lineage. 
It is genuine. 


The synthetic serves its purpose; it does almost as well for 
the jewel of a fine watch as ‘a genuine stone; it makes as good 
polishing material as the genuine; it is a good ornamental stone; 
it has its place in jewelry. But itcan never supplant the naturally- 
oecurring—the genuine stone. 


CARVINGS OF GEM STONES IN THE 
ART INSTITUTE OF CHICAGO ~ 
HELEN C. GUNSAULUS 


Members and students of the Gemological Institute and of the A. G. &. 
who plan to visit Chicago this summer will find much to interest them in 
the Art Institute which is to house the official Art Exhibit for the Century 
of Progress Exposition. ; 


Particularly will they enjoy the exhibition of Chinese carvings made 
from jade, coral, turquoise, lapis-lazuli, malachite, crystal, amber and agate, 
shown in the Oriental Galleries in the East Wing of the museum. This 
collection consists of ceremonial objects, ornamental pieces, and objects of 
use and convenience, such as small censers, brush-washers and boxes and 
a variety of bottles used for snuff. The larger part of the collection: bears 
the name of Lucy Maud Buckingham; other examples come from the collec~ 
tions of Mr. and Mrs. S. N. Nickerson, Mr. and Mrs. Potter Palmer and 
Mr. and Mrs. Edward Sonnenschein. : 


The earliest objects are of jade and were found mainly in tombs of 
the Han Dynasty (206 B.C.-22 A.D.). They are generally in the form of 
amulets or ornaments used in burial ceremonies. 


Jade, coral and turquoise have been used for some very interesting 
figures and objects made purely for ornamental use. They were particu- 
larly popular during the late Ching Dynasty which lasted up until 1911. 
Most of the better examples date from the reign of the Emperor Chien 
(1736-1796) 


The jade objects range in color from white through green to “spinach 
jade,” a lovely flecked stone of sombre tone. Some are carved in intricate 
open-work patterns, or in low, flat relief with designs recalling those used 
on the old bronze vessels. The forms are also often reminiscent of bronzes. 
Certain jades, such as a small sereen and a brush-washer are carved in 
high relief, showing sages roaming through mountainous landscapes, and 
peonies growing in profusion with rich, heavy leaves. 
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The coral and turquoise carvings generally represent favorite legendary 
characters, such as the Goddess Lan Ts’ai ho, one of the Eight Immortals 
who carries a basket of flowers and a hoe. Another charming subject in 
coral is that of two tall female figures whose long bodies form the trunk 
of a tree and whose flowing sleeves blossom into pink flowers. Malachite 
and lapis have been used by the carvers of small sail boats on which little 
men and women seem to be enjoying themselves, and amber has been cleverly 
carved into both figure pieces and floral sprays or branches of luscious fruit. 


The collection of snuff-bottles includes all of the foregoing materials 
as well as rose-quartz, agate, crystal and aqua-marine. The range of design 
is unending and each piece is worthy of study and fascinating in subject of 
decoration. One beautiful green jade snuff-bottle with tiny rose-quartz 
stopper and another entirely carved from delicate blue aqua-marine must 
have been the property of very exquisite and wealthy aesthetes who enjoyed 
“the filthy weed” in powdered form. Great ingenuity is shown in the use 
of the agates in these little bottles. The differing layers of colors are used 
to great advantage and any apparent imperfection is incorporated into the 
design in a most clever manner. Certain of the snuff-bottles are made of 
moss-agate with the natural patternings beautifully exposed. Venus hair- 
stone seems also to have found favor with the makers of these little luxuries 
and some of the most choice examples are to be seen in ivory, lacquer inlaid 
with mother-of-pearl, and in the porcelains for which China is so famous. 


CULTIVATED PEARLS 


NOT GENUINE 


The contention of a number of scientists, as set out in the March-April 
issue of GEMS & GEMOLOGY, that cultivated pearls are equal in every 
respect to genuine natural pearls, is an argument which seems not to be 
based upon all the facts. 


The other side of this question has been ably set forth by several well- 
known pearl dealers—men who themselves have made a comprehensive, 
practical study of the qualities and value of cultivated and natural pearls. 


Mr. Emil W. Kohn, president of the Jewelers’ Association of New 
York, writes: 


. “Tt seems to me that a definition should be accurate and clear. In my 
opinion, the use of the word ‘genuine,’ as applied to stones or pearls, should 
only be used in relation to the natural product. 


“To illustrate, a synthetic ruby is 100% ruby but it should never be 
offered or regarded as a genuine ruby. To do so, would be destructive in 
every respect. Genuine ruby is the natural ruby, similarly in the case of 
cultured or cultivated pearls. 
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“We appreciate the fact that cultivated pearls are a scientific achieve- 
ment of which the producers may justly be proud. It is, however, produced 
or provoked by inserting a small mother-of-pearl ball, or other foreign sub- 
stance within the mussel shell. It is, therefore, insofar not natural and 
not genuine. 


“It is in no sense a disparagement of synthetic rubies or cultivated 
pearls, to insist that they must never be offered or regarded as ‘genuine’.” 


The longest reply to the statements made in the former article is that 
of Mr. P. Irving Grinberg, of the Gem & Pearl Dealers Association of New 
York, and representative on the pearl section of the Advisory Board of the 
GEMOLOGICAL INSTITUTE OF AMERICA. He says: 


“When visiting any of the art museums in which famous pictures are 
displayed, one frequently finds artists copying celebrated canvases. Oftimes 
the effect compares favorably with the original and biologically speaking, 
the materials used are the same but certainly there can be no comparison 
as to value or touch of master. To the untrained individual, the fine points 
are lost which are so apparent to the expert. We know that there are but 
very few who have the knowledge and judgment, developed by study, which 
make them capable of giving a valued opinion when discussing works of art. 
Everything that has been said above applies to the genuine natural pearl. 
One often hears the question, ‘Why should one pearl be worth so much 
more than another?’ Some professors seem to think that because biologically 
speaking they are the same, the value likewise should be the same, but experts 
who have dealt in pearls for many years agree that there are certain char- 
acteristics which very definitely tend to fix values. It is well known that 
producers and dealers of cultured pearls have repeatedly quoted statements 
from scientists. However, regardless of Mr. Boutan, a professor of zoology, 
the French courts have decided that there is a difference and the cultured 
pearl must be designated as such in distinction to the natural pearl which is 
called a ‘perle fine’, Both in England and America there are provisions 
which demand that the cultured pearl be so designated when sold. The 
statement of the late Dr. David Starr Jordan, a great authority on fishes, 
‘As they are of exactly the same substance and color as the natural or 
“uncultured” pearl, there is no real reason why they should not have the 
same value’, must be recognized as one made without a knowledge of intrinsic 
value by anyone familiar with gems of any sort as there are many reasons 
why they should not have the same value. All will agree that every indi- 
vidual gem is unique as to quality and value though biologically they may 
be in exactly the same group. It would be impossible to point out the 
differences in an article such as this. The ability to judge gems and pearls 
comes after much study and handling, certain characteristics, while easily 
recognized by the expert, can not be described by mere words. Although 
cultured pearls have merit as cultured pearls, they are definitely and dis- 
tinctly different from the natural fine pearl. Besides the trained eye of the 
expert, there are perfected lamps and X-ray machines which definitely show 
the difference between the natural and cultivated pearl.” 


In the article printed some time ago in Gems & Gemology, the Encyclo- 
paedia Britannica was liberally quoted. Mr. Grinberg comments: 


“Frequently in quoting various articles from magazines and encyclo- 
paedias, sufficient effort is not made to secure the latest information. Sci- 
entists are aware that changes are continuously being made. The Encyclo- 
paedia Britannica, as everyone who is interested in research knows, is 
always revising its material according to the latest information. 


“The following is an excerpt from a letter written and signed by F. H. 
Hooper, American editor of Encyclopaedia Britannica written on August 
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30th, 1988. ‘In reply to your favor of yesterday that some short time ago 
my attention was drawn to the last paragraph of the text of the article 
PEARL, CULTIVATED, the question being, was the information given 
there up to date. After a thorough investigation, it seemed to me that it 
was not and I had the plates of the Britannica altered. This change does 
not appear in any of the printed copies of the Britannica yet on the market 
but the printer has completed a reprint which will appear shortly. I take 
pleasure in enclosing herein a slip showing how the section referred to will 
appear in future issues. 


“PEARL, CULTIVATED (COPY)— 


“ <Cultured’ pearls are ‘natural’ only as regards an outer skin averaging 
in thickness about three-tenths to four-tenths of a millimetre. Examination 
of a section of ‘natural’ pearl shows, generally, a nucleus surrounded by 
a series * *.* 


“‘Distinction between Cultured and Natural Pearls 


“<The ordinary cultured pearl, because of its external appearance, can 
readily be distinguished by the expert from the natural. In the case of the 
finer grades, distinction was not at first easy except by cutting a cross- 
section, thus disclosing the interior of the pearl. Two French scientists, 
Chilowsky and Pertrin, invented an instrument called the endoscope, which 
introduces into the holes of the drilled pearls a powerful light so that the 
origin (whether cultivated or natural) of the pearl can be determined and 
the thickness of the pearly covering of the cultivated pearl measured. A 
skillful and experienced operator can examine over.150 pearls in an hour. 
X-ray photography is now also employed’ successfully for the same purpose, 
but the process is rather slow. An instrument of German origin which 
makes use of the powerful electric-magnets has proved successful in dis- 
covering the nature of pearls which have not been drilled. Many other 
types of instrument have also been employed, but not so successfully.’ 


“Since the above article, the X-ray machines have been perfected so that 
pictures properly taken show conclusively whether a pearl is cultivated or 
natural.” 


And a sentence from the pen of Mr. Julius Kaufman, president of Good- 
friend Brothers of New York, is a terse summary: 


“The liberties that the naturalists and the authorities on fish matters 
take in stating that the values of cultured pearls approach or compare in 
any way with the values of natural pears are on the face of it so ridiculous 
that anyone with any common sense would be able to judge how foolish 
some of these articles are.” : 
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BIOGRAPHICAL SKETCHES 


DEAN EDWARD H. KRAUS 


HORATIA J. CORBIN 


Edward H. Kraus, mineralogist and 
educator, was born in Syracuse, N. Y., 
on the first day of December, 1875, the 
son of John Erhardt and Rosa Knobel 
Kraus. His early education was received 
in Syracuse, and in 1896 he was gradu- 
ated from Syracuse University with the 
degree of Bachelor of Science. He was 
immediately appointed to the staff of 
Syracuse University and for three years 
acted as instructor in German and min- 
eralogy. In 1897 the degree of Master 
of Science was conferred. Going ‘to Ger- 
many in 1899, he studied crystallography, 
mineralogy, geology, and chemistry, and 
in 1901, at the University of Munich, he 
received the degree of Doctor of Phi- 
losophy. He returned to Syracuse, was 
instructor in German and mineralogy 
for one year, and in 1902 was made 
associate professor. At thé same time, 
however, he was offered a position as Dean Edward H. Kraus 
head of the Science Department of the 
Syracuse Central High School. He left 
university teaching and held this position for two years. In 1904 he was 
called to the University of Michigan as assistant professor of mineralogy, 
became junior professor in 1906, junior professor of mineralogy and 
petrography in 1907, and full professor of mineralogy and petrography in 
1908. Since 1918 he has held the chair of crystallography and mineralogy. 


In addition to his teaching duties, Dr. Kraus has held a number of 
administrative positions. From 1908 to 1933, he was Director of the 
Mineralogical Laboratory. From 1908 to 1912, he was Secretary of the 
Graduate School. From 1908 to 1910, he was Secretary of the Summer 
Session. In 1911, he was appointed Acting Dean of the Summer Session, 
and from 1915 to 1933, he was Dean of the Summer Session. In 1920, he 
was made Acting Dean of the College of Pharmacy, and from 1923 to 1933, 
he was Dean of the College of Pharmacy. In August, 1933, he was appointed 
Dean of the College of Literature, Science and the Arts, University of 
Michigan. 


Dr. Kraus is a Fellow of the Geological Society of America, Fellow 
of the American. Association for the Advancement of Science, honorary 
member of the Deutsche Mineralogische Gesellschaft, and a member of the 
Committee of Revision of the U. S. Pharmacopeia. He is also a member 
of Phi Beta Kappa, Sigma Xi and other learned societies. 


In addition to his earned degrees, Dr. Kraus has been the recipient of 
the honorary degrees of Doctor of Science, 1920, Syracuse University, and 
LL.D., 1934, Syracuse University. 
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Dr. Kraus is author of a number of important works on crystallography 
and mineralogy. In 1906 was published his Essentials of Crystallography, 
and in 1911, Descriptive Mineralogy. The first edition of Tables for the 
Determination of Minerals, compiled jointly with W. F. Hunt, was published 
in 1911, and the second edition in 1930. Mineralogy, with Hunt, appeared 
in 1920, with a second edition in 1928, and Gems and Gem Materials, with 
E. F. Holden, first appeared in 1925, with a second edition in 1931. Dr. 
Kraus is also the author of some 60 monographs and articles in German and 
English in his fields of scientific study, and also on educational problems. 


He is the inventor of modifications of Jolly’s recording spiral-spring 
balance for the determination of specific gravity. In 1925 he improved the 
device by an attachment that enabled the specific gravity to be read directly 
from the graduated scale. A smaller addition of the balance is used in 
the determination of cut gems. 


Dr. Kraus’ work with gem stones is almost too well known to be 
mentioned. The textbook, Gems and Gem Materials, is known to every pro- 
gressive gem-dealer in America. The gem courses of the University of 
Michigan are but slightly less famous; a description of them will be found 
elsewhere in this issue. Because of Dr. Kraus’ efforts to advance the knowl- 
edge of gemology he has. been selected as a member of the Examinations 
Standards Committee of the Gemological Institute. 


GEMS AND GEM MATERIALS AT THE UNIVERSITY 
OF MICHIGAN 


DR. CHESTER B. SLAWSON 


Director of Mineralogical Laboratory, University of Michigan; 
and Member of Students’ Advisory Board, G.I. A. 


Classroom instruction in Gems and Gem Materials as a.distinct and 
separate course was first offered at the University of Michigan in the spring 
of 1916. Prior to that. time certain phases of this subject such as, gem 
cutting incident to the consideration of the diamond, and the- manufacture 
of synthetic rubies and sapphires as part of the general subject of corun- 
dum, had been discussed in the other general courses in mineralogy. By 
this method there was gradually developed illustrative material and equip- 
ment which furnished the foundation for the special course in Gems and 
Gem Materials which was offered for the first time in 1916 by Professor 
Edward H. Kraus, then Director of the Mineralogical Laboratory.. 


As originally given this course consisted of two lectures each week 
with laboratory work available to every student. At that time there was 
no adequate textbook available so the instruction was confined to lectures 
and demonstrations. No attempt was made to give the student a practical 
working knowledge of the subject which would lead him to a professional 
career in this field but the instruction was designed to furnish him with a 
better understanding and appreciation of gem materials. Nor has it since 
seemed advisable to give a professional trend to our class work because of 
the general character of our students, although a few of them, especially 
sons and daughters of jewelers, have been aided in a business way. 


During the first few years a number of changes were introduced includ- 
ing the dropping of the laboratory work for the class as a whole and con- 
fining it to a small group selected for their scholastic ability and special 
interest in the subject. Those not allowed to do the laboratory work are 


q 
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required to submit a thesis upon some subject pertaining to gem stones. 
This change in laboratory work was made because of the large enrollment 
and the necessity for close personal supervision while in the laboratory. 
Because of the demand for such a course in the Summer Session it has been 
given each summer for the past three years. Finally, in 1925, the lectures 
with additional material were incorporated into a textbook “Gems and Gem 
Materials” under the co-authorship of Professor Kraus and Dr. E. F. Holden. 
Subsequently this widely-used textbook has furnished the basis about which 
the lectures and demonstrations are given although only thirty of the most 
important gem materials are discussed. ! 


One of the most important steps in the development of the course was 
the acquisition in 1926 of the gem collection of the late Frederick Stearns 
of Detroit. Even prior to this time the laboratory was very well equipped 
with all types of apparatus for the determination of the physical and opti- 


The Natural Science Building at the University of. Michigan. 
Here the Courses in Gems Are Presented. 


cal properties of not only gem stones, but of all other types of material that 
fall within the domain of mineralogical study. The laboratory had gradu- 
ally acquired representative material covering all of the gem minerals and 
glass models illustrating the famous diamonds, the various types of cutting, 
and also of the different steps and stages of the cutting process. It was 
especially well fortified with material showing the development of the manu- 
facture of synthetic sapphires and rubies. But with the addition of the 
Stearns collection we are now able to illustrate abundantly every known 
gem mineral. An idea of the size and character of the collection may be 
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obtained from the fact that it contains 29 cut beryls including a 8.72 carat 
emerald, 30 cut corundums including a 55 carat star sapphire, and 36 cut 
topazes. : 


As stated above, we have not endeavored to develop a course of study 
preparing the student to step into the business field, but rather to develop 
in the general student a proper appreciation of gem stones and an under- 
standing of the accurate scientific facts upon which that appreciation is 
built. At the present time we have no intention of going further and we feel 
that the commercial and merchandising side of this subject should be de- 
veloped by the technical schools and trade associations. 


Those students who have successfully completed the gem course at the University of 
Michigan are eligible as non-commercial Graduate Members of the American Gem Society 
upon application to its headquarters. 


G..1. A. Registered Loupe Ready 


After ten months of careful experimental work, the G.I. A. registered 
loupe is now ready to be presented to the trade. This is a ten-power eye 
loupe, which uses a triple aplanatic lens, corrected for chromic and spherical 
aberration. No make of triplet has been permanently adopted as a stand- 
ard. The stock numbers of two makes of triple aplanats have proved 
superior to the lens system of any other manufacturers, and thus far, lenses 
of but one of these have been used exclusively, although each individual 
glass is carefully and individually tested in the G.I. A. Laboratory. before 
it is accepted for mounting. 


The eye cup of the registered loupe is made of duraluminum-——the metal 
used in the manufacture of aircraft—and the whole instrument is but a 
few grams heavier than any diamond eye loupe previously made, in spite 
of the fact that its entire lens system, without the mounting, weighs more 
than many of the black rubber eye cups and their inferior lenses. . The 
aplanatic lens is mounted in an individual cell. This cell can be moved in 
a sleeve in the eye cup so as to be focused at the will of the user. The G.LA. 
registry number is engraved upon the side of the eye cup. A window 
in the opposite side of the cup permits inspection of an object without 
magnification and without removing the loupe from the eye. 


The G.I. A. registered loupe is enamelled black, and the cell which 
houses the lens is left unfinished. The contrast of the jet black eye cup 
with the platinum-like sheen of both the lens cell and the large letters 
“G.I.A. No. —”? upon the eye cup makes the instrument a very attractive 
one; it has been proved to have a great appeal for customers and several 
diamond sales have been attributed to its possession by students of gem- 
ology now using it. 


NEW BOOKS 


Minerals and the Microscope, by H. G. Smith. Thos. Murby & Co., 
London. 


Minerals and How They Occur, by W. G. Miller. Revised by A. L. Parsons. 
Copp Clark Company, Toronto, Canada. 


The above two volumes have been received for reviewing purposes. The 
reviews will appear in Gems & Gemolegy as soon as space permits. 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


HENRY E. BRIGGS, Ph.D. 


Partly Transparent Slightly Transparent Partly “ paque 
under X-rays under X-rays under X-rays 
Quartz Spinel Gypsum 
Adularia (feldspar) Fluorspar Calcite _ 
Topaz (crystalline) Garnet (essonite) Tourmaline 
Labradorite Turquoise 


Minerals which are opaque under X-rays are: Beryl, Garnet (alman- 
dite), Epidote, Hematite, Magnetite, Pyrite, Rutile, Zircon, etc. 


I have not here tried to give a complete list, as few of my readers will 
have an X-ray machine at their disposal, and still fewer will be versed in 
handling such a machine. However, the list can be quickly completed if 
such a machine is at your disposal. It will be necessary to use the machine 
on those gems mentioned in order to get a clear mental picture of just how 
each one will look under the fluoroscope. 


It is quite obvious how this method is used to tell one gem from another 
or from a paste. If a ring is set with what on first sight appears to be a 
diamond, it can be quickly slipped under the fluoroscope, and if it is com- 
pletely transparent it is without doubt a diamond. If it is entirely opaque, 
it may be only a lead glass paste or it may be a zircon; other tests will have 
to be applied to determine this. If it is partly transparent, it may be<a 
colorless topaz. 


Some minerals will glow brightly when under the excitation of X-rays. 
This is particularly true of Kunzite, and also true of some diamonds. How- 
ever, I have experimented on some diamonds which would no more fluoresce 
than would a piece of common glass. Yet the diamonds were genuine and 
of very high quality. Colored diamonds fluoresce more often under X-rays 
than do the colorless ones. 


Electrical Charges 


Certain minerals possess the property of taking on an electrical charge 
by rubbing. Such gems as tourmaline, diamond, topaz, amber, copal, etc., 
will take on a charge and will pick up bits of paper, as a magnet will pick 
up bits of steel, if they are rubbed vigorously with a cloth or-some such 
material. 

Other minerals will often develop an electrical] charge by mere heating, 
as the heat from the sun, ete.; such minerals are said to be “Thermoelectric.” 
If the gem or crystal develops polarity (positive and negative charges on 
opposite ends) it is said to be “Pyroelectric.”’ ; 

Pyroelectricity may be detected in a gem very easily by the Kundt 
method. The crystal is first gently heated and allowed to cool on an insu- 
lated support. Put a small quantity of red lead and sulphur into a small 
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bellows, such as is used for spraying insecticides, and cover the nozzle with 
a very fine screen which will just allow the powder to be blown through it. 
Now spray the gem or crystal which has been prepared with this mixture. 
The red lead, in passing through the fine screen, is positively charged, and 
will hence collect at the negative pole of the gem or crystal, while the sulphur 
in passing through the screen is negatively charged and will collect at the 
positive pole of the gem or crystal. Remember, in electricity unlike charges 
attract each other, while like charges will repel each other. 


Pyroelectricity will be found only in gems which are differently termi- 
nated (crystals) as one terminating on one end in a pyramid and on the 
other end in a basal pinacoid. Tourmaline is very often pyroelectric. 


CHAPTER 2 
OPTICS 
Light 


It will possibly be best for us to here review a little on that natural 
force which makes possible vision—Light. 


Light is the undulatory disturbance of luminiferous ether, which, when 
it impinges upon the retina of the eye, causes in the brain that sensation 
which we call vision. The etheral vibrations which make up visible light 
are in the forty-ninth octave, and the vibrations per second amount to about 
five hundred and sixty-three trillions. 


Comparatively little is known of light itself. However, we do know 
considerable of what it will do and how it will act under certain conditions. 
We know that ordinary white light is made up of seven colors, which we 
call “spectrum.” The seven colors of the spectrum are: violet, indigo, blue, 
green, yellow, orange, and red. 


Black and white are often spoken of as colors, but this is erroneous, 
for black is rather the entire absorption of light and hence the entire lack 
of color, while white is a combination of certain colors, or of all the 
entire spectrum. Violet has the highest frequency of all visible vibrations 
and is refracted most, while red has the longest wave-length of all visible 
light and is refracted the least. 


Light travels in air of the clearest kind at a rate of about 186,000 miles 
per second. When it enters a medium of greater density its speed is some- 
what retarded, due to the resistance offered by the greater density of the 
second medium. The resistance offered by the second medium will also 
largely depend upon its index of refraction. It will be noted that density 
and index of refraction are entirely different things, although the word 
density is often used in optics to denote the refraction of a certain medium. 
Density is a physical property, while refraction is an optical property. 
While we feel that density is the proper word to use in optics in this way, 
yet it often confuses the beginner, and it should be remembered that when 
this word is used in connection with the optical properties of a gem, that 
there is absolutely no reference to the specific gravity of it. 


When light impinges upon the surface of a denser medium (optically 
speaking), part of it will be reflected according to the laws of reflection, 
part of it will be absorbed and the balance will be refracted, dispersed and 
transmitted. 


(To be continued) 
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The Pocket Book for Jewelers, by Dr. Hermann Michel. Published by 
Gustave L. Herz, Vienna, 1929. Present price in United States, $8.50. May 
be secured from G.I. A. Book Department, -or from Jewelers’ Cireular. 


The Pocket Book consists of 200 pages of printed material and 28 full- 
page illustrations in a loose-leaf binder. There is a terse introduction to 
crystallography and mineralogy. Forty-six pages are devoted to the methods 
of detecting cultivated pearls and 24 pages to distinguishing between col- 
ored stones and their reproductions. There is no systematic description of 
the individual gem stones, but comprehensive tables and instructions for 
testing make the book an excellent reference guide for use in determinations. 


In the pearl section minutely detailed instructions, profusely illustrated 
with actual photographs, are given for testing, especially with the micro- 
scope. The pages on detection of synthetics, doublets, and glass—even more 
fully illustrated and supplemented by 19 pages of photos—should prove 
valuable to the gemologist who wishes to have a reliable guide for determi- 
nation of these reproductions. Although the Pocket Book was written 
before some new improvements in synthetic manufacture, these illustrations 
are still of the greatest value. 


One very impor- 
tant criticism of the 
book must be made: 
Much of its material 
which should be of 
value is worthless 
because it applies to 
special instruments. 
These instruments = 
were formerly fur- mane 
nished solely by the i honuntnowe 
publisher of the 
Pocket Book. Today, 
many of them can- 
not be secured at all. 


Four pages in full color show the differences between genuine and cul- 
tivated pearls in more detail. Two color pages are devoted to actual repre- 
sentations of dichroism shown by the more important colored gems. The 
value of the latter, however, is impaired by the fact that many of the 
dichroic colors represented are those seen only when a stone is viewed over 
special color filters. 


The Pocket Book for Jewelers is highly recommended to gemologists 
who plan to put their knowledge into practice and desire a competent refer- 
ence book to help them interpret their results. —R. S., Jr; 


A Textbook of Geology. Part I—Physical Geology, by Chester R. Long- 
well, Adolph Knopf, and Richard F, Flint, New York, 1932. John Wiley & 
Sons, Inc. May be secured from the G.I. A. Book Department. 


The old and trusted geology of Pirsson is the predecessor of this work. 
However, the Textbook of Geology is capable of making its own way with- 
out depending upon its well-known forerunner for support. In its 493 well- 
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written pages, the subject of physical geology is clearly outlined. There 
is no conscious attempt made to popularize the subject by weaving it into 
a story; but the authors never forget for a moment that geological processes 
are constantly in-motion, and their awareness of this concept gives move- 
ment and life to what might otherwise be merely another geology book. 


The Textbook of Geology is another evidence of the enlightened trend 
toward accepting-—even stressing——the fact that both student and author can 
work together toward a conclusion, rather than the author arbitrarily and 
dogmatically stating his beliefs to be true. The book gives the facts which 
might disprove a conclusion as well as those which support it. Especially 
in this manner is the chapter on the earth’s interior, credited to Longwell. 
The facts concerning that inaccessible region, gleaned from manifestations 
at the surface, particularly the paths taken by earthquake waves, are set 
forth, and a conclusion hinted. Then the reader is left to a great extent 
to put his own interpretation upon the facts, guided gently by the author. 


Two of the chapters—“Igneous Rocks” and “Volcanoes and Voleanism” 
—should be of especial interest to students of gemology. The mighty sub- 
terranean processes which have caused the crystallization of the majority 
of the gem minerals are here described in an interesting and intelligent 
manner. 


A book to be especially recommended for the library of every certified 
gemologist. —R. M.S. 


Crystals and the Fine Structure of Matter, by Friedrich Rinne. New 
York. E. P. Dutton and Co. May be secured from the G.I. A. Book 
Department. 


As in the case of Bragg’s “Universe of Light,’’ we have here the record 
of a series of experiments written by one of the experimenters. Dr. Rinne, 
whose death in 1932 ended long years of outstanding prominence in the 
scientific world, was the Professor of Mineralogy in the University of 
Leipzig and everywhere known for his research in the ultimate structure 
of matter. He explains the experiments made both by himself and by others, 
and from them draws his conclusions. 


The form and behavior of atoms, as indicated by various manifesta- 
tions, are first described. Dr. Rinne then explains the combination of atoms 
into molecules. The study of fine structure from the standpoint of physics 
is likewise detailed. From this discussion, the author leads into the process 
of formation and the: structure of crystals. During the explanations of 
erystal behavior, the diamond is frequently used as an illustration, and some- 
times as a particular isolated case. 


“Crystals and the Fine Structure of Matter” is no book for a beginner. 
However, it is a-book which not only clarifies crystal structure for many 
students of gemology in which subject only the elements of fine structure 
are included, but it opens wider the door to the fascinating experiments now 
being feverishly pursued in the race between nations to further subdivide 
the atom, to transmute elements, and possibly to release unimagined power. 


—R. M.S. 


JULY-AUGUST, 1984 : 128 


GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(The key to pronunciation will be found in the January issue.) 


Burnt. Term applied as a prefix, 
i. e., Burnt Topaz) to refer to 
gems such as topaz, amethyst, 
etc., the color of which has been 
changed by burning or heating. 


Button Pearl. Dome-shaped pearls 
with one surface almost plane. 


Byon. Alluvial gravels in which 
rubies are found in Burma, lo- 
eally known as byon. 


Byssus (bis’sus). The threads se- 
ereted by glands in the foot of 
certain shell-fish, for attachment 
to hard bodies or to one another. 


Bywaters (bei’wa’ter). Decidedly 
yellowish diamonds. 


Cabochon (ka”boe”shon’). A’ stone 
of convex form, highly polished 
but not faceted; also the style 
itself. Such stones are said to be 
cut “en cabochon”, or simply 
cabochon, 


Cachalong (kash’oe-long). A milky- 
white opaque (or feebly. trans- 
lucent), porcelain-like variety of 
common opal. 


Cairngorm (karn’gorm). Smoky 
quartz. “Scotch Topaz”. A va- 
riety of crystalline quartz which 
is smoky-yellow to dark-brown or 
black in color. 


Calamine (kal’a-mine or min). See 
Smithsonite. 


Calcite (kal’site). Calcium carbo- 
nate. (Carbonate of lime). Hard- 
ness, 3; R. I., 1.49-1.66; Specific 
gravity, 2.71; birefringence very 

' strong. When pure is white or 
colorless. When colorless is 
known as Iceland spar, a variety 
used to illustrate birefringence 
and to polarize light. When 
banded is correctly called onyx 


marble and incorrectly as “Ori- 
ental alabaster’’, ‘‘Mexican 
Onyx,” “California Onyx,” etc. 


Calibre Cut Stone (kal‘i-ber). Small 
stones which are cut to exactly fit 
a-space in a mounting; such 
spaces are usually lines in which 
are set many stones side by side. 


“California Cat’s-eye” (kali-for’- 
ni-a). Compact serpentine, suffi- 
ciently fibrous to show a silky 
luster and to produce a cat’s eye 
effect when cut cabochon. 


“California Iris’, Kunzite (spodu- 
mene). 


“California Jade’, Californite.- 


“California Lapis”. An incorrect 
name for blue dumortierite or 
dumortierite quartz resembling 
lapis lazuli in appearance. ~ 


“California Moonstone”. White or 
gray chalcedony. 


“California Onyx”. Dark-brown 
aragonite. 


“California Ruby’. Garnet. 


“California Tiger-eye’”’. California 
cat’s-eye. 


Californite (kal’i-for’nite). Com- 
pact variety of vesuvianite or 
idocrase. Incorrectly known as 
“California Jade’. 


Cameo (kam/’ee-oe). Generally a 
carved gem of two differently col- 
ored layers, the lower layer forms 
a background for a raised figure 
cut out of the other layer. When 
cut from onyx, or less commonly 
used gem minerals, are known as 
stone cameos. When cut from 
shells are known as shell cameos. 
Cameos are molded from a kind 
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of semi-porcelain called Wedg- 
wore. They are also molded from 
ava. : 


“Canary”. Diamond with pro- 
nounced yellow color. 


Canary Beryl. Greenish-yellow 
beryl. 


Cancrinite (kan’kri-nite). A min- 
eral occurring only in igneous 
rocks of the nephelite, syenite and 
related groups. Sometimes used 
as a gem stone. Hardness, 5-6; 
specific gravity, 2.42 to 2.50. Lus- 
ter, sub-vitreous or a little pearly 
or greasy, strongly translucent. 
Bright orange yellow to pale yel- 
low, gray, green, blue, reddish 
and white. 


Cannel Coal (kan’el). A substitute 
for jet. 


Canutillos. Term used in Columbia 
for fine emeralds suitable for 
gems. 


Canton (kan-ton’). A city in China. 
The world’s most important jade 
market. @ 


“Cape”. A jewelry trade term for 
a white diamond, which to the ex- 
perienced diamond grader exhib- 
its a noticeable yellowish tinge. 


“Cape Chrysolite’”. Green prehnite 
from South Africa. 


Cape Garnet. Bright red-yellow 


garnet. 


“Cape May Diamond”. Colorless 
and clear rock crystal from Cape 
May, New Jersey. 


“Cape Ruby”. Blood-red pyrope 
garnet from South Africa. 


Capillary (kap’i-la-ri). Hair-like. 
Very thin and greatly elongated 
prismatic crystals. 


Capillary Attraction. Refers to the 
tendency of the surface of a 
liquid, as water to slightly resist 
an object which is passing 
through it. 


Carat (kar’at). A unit of weight 
for diamonds, other gems and 
pearls. The carat formerly varied 
somewhat in different countries, 
but the metric carat of 0.200 
grams or 200 milligrams was 
adopted in the United States in 
1918, and is now standard in the 
principal countries of the world. 


Carbon (kar’bon). An element. A 
jewelry trade term used to refer 
to any black inclusion or imper- 
fection in diamonds; also a term 
used in industry to refer to the 
ecarbonado variety of diamond. 


Carbonado (kar”bo-na’doe). Black 
diamond. A massive, impure, 
slightly cellular aggregate of 
small diamond crystals, forming 
a rock of granular to compact 
texture. Opaque, black, brown or 
dark grey. An industrial dia- 
mond. “Carbon” and “Carbonate” 
are trade terms for Carbonado. 


“Carbonate” (kar’bon-ate). An in- 
dustrial trade term for Carbon- 
ado. The word carbonate as used 
in chemistry and other sciences, 
has other definitions. See dic- 
tionary. 


Carbonatization (kar-bon”a-ti-zae’- 
shun). Formation of carbonates. 


Carbon Dioxide. Carbonic acid gas; 
a colorless gas 1.524 times as 
heavy as air and 22 times as 
heavy as hydrogen. 


“Carbon Pin-points”, A jewelry 
trade term referring to small 
black inelusions in diamonds or 
other gems, which are usually 
extremely small crystals of other 
minerals. 


(To be continued) 
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UNUSUAL GARNETS 


Most gemologists are well acquainted with the pyrope and almandine 
garnets. These gems, in their finer qualities, have always been in demand. 
Lately the desire of the public for garnets seems to be increasing. As a 
result, species of the garnet group which were once considered unimportant 
as items in jewelers’ stocks, are beginning to find popularity with the public. 
The decision of dress. designers to use brown as the predominant hue in 
fall styles may be used by the intelligent jeweler to further increase the 
interest in the many types of garnet. The brown gems may be sold on 
the strength of the harmony of their colors with brown dress material. The 
more unusual green garnets—especially demantoid—as accessories, furnish 
an excellent contrasting color to any brown shade. 


Some interesting gem stones have been received recently at the G.I. A. 
laboratory, most of them from Ceylon. Among them were several oriental- 
cut stones of a very attractive bright violet red. These stones were not of 
the violet color usually encountered in almandine garnet, but were lighter, 
somewhat more pink in hue. Sent by an Oriental dealer, the stones were 
listed as “Ruby Garnets.” Instrument tests determined the following prop- 
erties: Single refraction; refractive index, 1.75; hardness 714; and specific 
gravity 3.80. These all proved the stones to be pyropes, despite their 
almandine-like appearance. ' Almandite has a refractive index of about 1.79, 
hardness 714 and specific gravity 4.05. 


Another violet-red garnet gave the laboratory a stiff battle before it 
was determined. This gem exhibited single refraction, a refractive index 
of 1.76, and specific gravity 3.89. The difficulty in the determination was 
encountered when the stone proved to be over 8 in hardness; it scratched 
topaz and topaz would not scratch it. The spectroscope was resorted to, 
and the gem showed the absorption bands characteristic of almandite. Upon 
the strength of this test in conjunction with the refractive index and specific 
gravity, and in the absence of a description of a mineral possessing such 
properties and a hardness of over 8, the gem was classified. as a rhodolite 
garnet. Rhodolite is generally considered to be a garnet composed of two 
molecules of pyrope to one of almandite. Due to the content of almandite 
molecules, rhodolite shows the same absorption bands as almandite. Pyrope 
shows no such bands. The other gems with which the stones tested might 
be confused—notably. spinei—show either no absorption bands at all or 
bands of a very different character. The rhodolite was of a very beautiful 
red-violet and showed only microscopic flaws. As yet the only reported 
source of this material is North Carolina; it is to be supposed that the stone 
tested by the G.I. A. was from this source. The owner of the gems tested 
has no record of the source from which he had purchased them. 


Grossularite, the green, semi-transparent gem which was formerly 
used as a substitute for jade, is finding favor on its own merit. This stone, 
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like jade, is extremely tough and durable. It has a hardness of 7%, and 
will therefore hold its polish longer than either jadeite or nephrite, both 
of which are slightly below 7 in hardness. The specific gravity is 3.61, and 
the refractive index 1.745. This material is found in fairly large deposits 
in South Africa in fine qualities and at several points along the west coast 
of the United States in paler and therefore less valuable qualities. It is 
to be expected that grossularite will appear more and more frequently 
in the trade. 


A variety of the grossularite species is hessonite. It has the same phy- 
sical and optical properties as has grossularite except that it is brown and 
transparent. Hessonite especially should find favor with the inauguration 
of fall styles. The rich orange-brown of this stone makes it the appropriate 
accessory gem for the promised new dress styles. The best qualities of 
hessonite are found in Ceylon; however, the Southern California mines near 
the Mexican border have also furnished gems. 


Spessartite is another brown garnet; it ranges from orange-red to 
brownish-red, sometimes tinged with violet. It is 7% hard, 4.15 in specific 
gravity, and has a refractive index of 1.81. Although spessartite is found 
in many localities, very little of the material discovered is fit for cutting. 
The vicinity of Amelia Court House, Virginia, has yielded some fine gems, 
but no other source has become a producer. For this reason, and also be- 
cause it is very similar to hessonite, spessartite has never won great favor 
as a gem. 


Perhaps the most beautiful of all the garnets is demantoid, a variety of 
andradite. Demantoid is lower in hardness and higher in dispersion than 
any other garnet. Whereas the other garnets range between .024 and .028 
in dispersion, demantoid possesses the figure of .057—greater even than dia- 
mond. A well-cut demantoid shows many rainbow colors. Flashing from 
the cool green depths of the gem, the spectra have a strangely beautiful 
effect. Demantoids are found usually in very small sizes; large gems are 
rare and valuable. The green of these gems sometimes approaches that of 
emerald, but. the great difference in physical and optical properties easily 
distinguishes the two stones. Demantoid has a refractive index of 1.85, 
specific gravity 3.84, and hardness 6%. The Ural Mountain district of 
Russia has so far proven the only important source of demantoids. There 
they are found in and around the stream Bobrowska; the gems are some- 
times called Bobrowska garnets. Demantoid is also called ‘Uralian 
Emerald,” although true emeralds are found in the Urals. Even though the 
source of the demantoid seems limited, specimens appear rather frequently 
in the trade, especially in calibre work. Several have come from Ceylon, 
along with other gems cut on that island. There is, of course, the possi- 
bility that the rough material is imported from the Urals. However, since 
the Uralian deposits have proven to be very similar to those of Ceylon from 
the standpoint of gems yielded, demantoid may have been discovered in 
Ceylon. Germany, Hungary, and Italy are less important sources. 
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GEMOLOGICAL MICROSCOPY 


I. DETECTION OF REPRODUCTIONS 


The importance of the microscope in gem-testing is second to that of 
no other instrument. This statement, of course, does not apply to the small 
and inefficient beginners’ microscopes now being featured by several optical 
houses, but to more important equipment which includes aplanatic lenses 
and attachments for polarized light. The larger instruments, which have 
been referred to in G.I. A. literature as polarizing microscopes, have a great 
deal of practical value in testing gem stones. No less than four separate 
tests, each of considerable value, may be applied with such apparatus. 


Although limited largely to distinguishing between genuine stones and 
their manufactured reproductions, the smaller beginners’ microscopes have 
a place in the laboratory of the gemologist who does not plan later to equip 
his instrument for use in determination between the various gem species. 


The first and most important applica- 
tion of any microscope in gem testing is its 
use simply as a magnifier.” This includes 
principally the determination of synthetic 
and imitation gems through a study of their 
inclusions. A large number of the newer 
synthetics require. a magnification of 200 
times (200X) for identification. In a few 
cases in the Institute laboratory, over 400X 
has been found necessary. These latter 
stones, of course, were exceptional. 


In order to secure 200X, a 20X objec- 
tive (lower lens) and 10X eyepiece are re- 
quired. The use of a 10X objective and a 
20X eyepiece would not give the same re- 
sult; beyond a certain point raising the 
power of the..eyepiece, while theoretically 
increasing themagnification, does not in- 
crease the power of resolution. The 200 
magnifications secured by the use of a 10X 
objective and a 20X eyepiece enable no 
closer study of inclusions than would 100 
magnifications secured by a 10X objective 
and a 10X eyepiece. 


The working distance of the objective 
also limits the magnifying power it is pos- 
sible to secure. A high power objective has 
a very short working distance, and focuses The Zeiss Microscope. 
less than a millimeter from the object. This Recommended by the. G.I. A. 
short working distance makes it impossible for Gem-Testing. 
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to study the inside of a stone with an objective of more than. about 40X. 
In fact, a 20X objective cannot be focused, through the table, on the culet 
of a cut stone of more than about five carats. 


For general use in testing gems, objectives of approximately 10X and 
20X and eyepieces of 5X and 10X are recommended. The magnification 
furnished by any pair composed of objective and eyepiece is determined by 
multiplying the power of the former by that of the latter. Thus, with the 
lenses recommended, magnifications of 50X, 100X and 200X may be secured. 
This range is sufficient for any but the most difficult determinations. 


The placing of the stone upon the stage of the microscope should be 
done carefully. Often a gem has a culet sufficiently large to permit exami- 
nation through it. In this case, the gem may simply be placed table down 
on a glass slide and centered on the stage. However, very few gems have 
culets large enough for this purpose. Then the stone must be mounted in 
such a manner that it may be studied through the table or one of the larger 
facets. The best material to hold a stone in any desired position has been 
found in the Institute laboratory to be ordinary beeswax. Beeswax may 
be shaped in the fingers to any desired form; it adheres to a gem pressed 
lightly against it. A rod of wax about one-fourth of an inch or less in 
diameter and an inch long may be relled out between the fingers. Press one 
end of this rod against the stage and bend the wax in a right angle at the 
center of its length and adjust it until the free end is almost under the 
objective lens of the microscope. The gem to be studied may now be pressed 
against the free end of the wax rod in any desired position under the objec- 
tive. In most cases, it is advisable to mount the stone with the girdle 
pressed against the wax and the table up. 


It will often be found advantageous to mount the stone and wax upon 
a thin glass microscope slide, rather than directly upon the stage. The glass 
slide may be moved about to center the stone in the field of focus without 
moving the gem in its wax mounting. 


Light is thrown upon the lower side of the object on the stage by a 
small mirror mounted at the base of the instrument. (See illustration.) 
A good source is an ordinary desk lamp, the sort with a flexible neck about 
a foot long. Special microscope lights are an unnecessary expense. The 
light from the mirror is passed through the substage condenser, in case the 
microscope is equipped with that accessory, and then to the gem. It passes 
through the gem, into the objective, and finally through the eyepiece to the 
observer. In case the gem is cut in such a manner that light can in no way 
be sent through it, or if the stone is opaque, the desk lamp may be raised 
to throw its light upon the top of the stage rather than on the mirror below. 
For most uses, however, it is preferable that light be sent through the 
stone from below. A fine microscope is usually equipped with a sub-stage 
condenser. This consists of a series of lenses which condense or concen- 
trate the light upon the object on the stage. In most cases, a condenser is 
a very great aid in examining a transparent or translucent stone. It is, of 
course, impossible to use to illuminate an opaque gem. Sometimes the 
cutting of a stone will destroy the value of the condenser by deflecting the 
concentrated beam of light in a direction other than into the objective lens. 
In such an event the condenser should be removed from the body of the 
microscope and light directed from the substage mirror alone. As this 
mirror is movable, it may be adjusted in the position which throws the maxi- 
mum amount of light into the stone. This procedure also is followed in case 
the microscope is not equipped with a condenser. 


When the gem is mounted on the stage and the light is satisfactorily 
arranged, the microscope may be focused. And at this point we reach the 
first rule which must always be observed when using a fine microscope. 
Never focus downward. With your eyes at a level with the stage, and watch- 
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ing the position of the objective lens, turn the coarse adjustment—the pair 
of large knobs on the microscope in the illustration—until the exposed lens 
of the objective is almost resting upon the gem stone on the stage. Never 
let the objective touch the stone, however lightly. Each time the soft glass 
of the lens comes in contact with the hard gem, a scratch is made. Several 
such scratches can destroy the value of a fine lens. 


Now the eye may be applied to the eyepiece and the microscope focused 
by turning the coarse adjustment. As the tube is thus raised, the stone 
will come into focus. In order to bring any point into the sharpest possible 
focus, the fine adjustment—the smaller knob set into the body of the micro- 
scope below the coarse adjustment in the illustration—is used. If a focus 
is not secured as the tube is raised, do not turn the coarse adjustment in the 
opposite direction without again removing the eye from the eyepiece and 
watching the objective approach the gem below. 


Once an approximate focus is secured, the mirror or the lamp should 
be moved about until the maximum possible amount of light is sent through 
the stone. If the ’scope is equipped with a sub-stage condenser, this should 
also be focused, by turning its adjustment screw, until the light passing 
through the stone to the microscope is at its maximum brightness. Also, 
the stone itself should be moved by gently pushing it with the fingers or 
tweezers or by shifting the slide upon which it is mounted until that portion 
of the gem which it is desired to study is in the center of the field of vision. 
The fine adjustment is again used to sharpen the focus after the light and 
gem have been moved. 


If one power of a microscope is being used—let us say 50X, it is some- 
times necessary to go to a higher magnification—100X. or 200X, to obtain 
a more distinct view of the inclusion or feature which is under observation. 
First be sure that the object which is to be studied is as nearly as possible in 
the field of vision. Then use the.coarse adjustment to raise the tube of the 
’scope well up out of the way. Change the objective lens, either by remov- 
ing it and fastening.a higher power in its place, or in case the microscope 
has a revolving hosepiece, merely by rotating the latter; then turn the coarse 
adjustment to lower the tube and focus as before, 


Often when fh magnification is used, it is very difficult to find inclu- 
sions in a light-colored gem. In this case, a rotating stage is of great value. 
The microscope may be-set in such a position that it is known to be focusing 
inside the gem. Then the stage may be rotated. As moving objects are 
easily seen, the inclusions in the stone, which move in a circle as the stage 
is turned, may be located with more facility. Moreover, the rotating stage 
is an important aid in securing the maximum Boesgue light through a 
facetted stone. 


Using a microscope throws a strain on the eyes. However, an experi- 
enced microscopist can work with his instrument for several hours without 
fatigue. The secret lies in using each eye alternately. Most people, of 
course, have one eye which they prefer to use for close work. Therefore, 
it is necessary to start from the very first to use both eyes. In the beginning 
this will be rather difficult but as the trick is learned, it becomes second 
nature to shift from one eye to the other. Teachers advise changing eyes each 
time the microscope is re-focused. If this is followed as a rule, it will soon 
be found that one eye is equally as valuable as the other during a working 
period of reasonable length. 


Moreover, both eyes should always be kept open. That i is, the eye which 
is not. being used should not be closed in-order to see into the microscope 
tube more clearly.. This throws a large amount of unnecessary strain upon 
the eye wnich is being used. As the eyes become trained in the use of the 
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microscope, it will be found that the eye in use, upon which the microscopist’s- 


attention is fixed, is doing all the work; the resting eye will not register its 
impressions. / 


When working with gems, a number of difficulties are met which are 
not encountered in other microscopic determinations. Almost without excep- 
tion these difficulties may be traced to the facets of the cut stones. The 
facets refract light at angles which prevent its passing through the stone 
and into the lens system of the microscope. Sometimes two facets, inclined 
steeply to one another, will break up the light passing through them into 
brilliant dispersion colors, thus preventing a focus. Most of these “facet 
effects” may be overcome by immersing the gem in a liquid of refractive 
index approximating its own. There is then no appreciable effect as the 
light enters and leaves the facets, and the light behaves, in reality, as though 
it were passing through a flat plate. The method of immersing the speci- 
men has its drawbacks; the liquid used is often spilled on the stage and 
sub-stage parts of the microscope. Moreover it is difficult. to shift the posi- 
tion of the stone while it is immersed in the fluid. 


It is, of course, impossible to forecast all of the problems which the 
beginner may encounter. However, if the three definite rules which we 
have stated: (1) Never focus downwards; (2) Use both eyes alternately, 
and (3) Keep both eyes open—are always faithfully observed, one will lay 
the foundations for true expertness in microscopy. Kase and rapidity of 
determinations will come with practice. 


MICROSCOPES FOR GEMOLOGICAL USE* 


The following microscopes have been chosen from among the apparatus 
offered by each of the listed optical manufacturers. The microscopes listed 
here are those which, of each company, are the most useful for testing gems. 
Two instruments, as noted below, were found to have value in the testing 
of synthetics alone; that is, they fulfill the requirements under I, but not 
those of II. The following requirements were used as a basis of testing 
the various instruments: 


I. Imperative features: 


A. Sufficient power to distinguish the most carefully 
made synthetics, such as those recently appearing in 
' the trade. 


B. Great enough focal length to allow examination of a 
fairly thick stone. 
II. Desirable features: 


A. Microscope stage must permit attachment of polar- 
izing equipment. 


B. Calibrated fine adjustment screw. 


C. Stage of sufficient size that examination of gems is 
not unreasonably difficult. 


The following microscopes were tested: 

Bausch & Lomb. Stand equipped with. rotating stage and double 
nosepiece for objectives. 10X and 20X objectives—10X divisible to produce 
4X. 10X eyepiece. This is a good, manageable instrument. The rotating 
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stage isa very desirable feature. May be equipped with polarized light. 


- Fine adjustment, but not calibrated. Price, $105.75. Polarizing’ equipment, 


$79.00, including substage condenser. Recommended. 


The Little Gem or New Gem, much advertised product of Bausch & 
Lomb, is a beginner’s instrument, although quite good of its type. It may 
be used to a limited extent for determination of synthetics. Magnifies to 
300X. No fine adjustment; cannot be equipped with polarized light; cannot 
be increased above 300X magnification. Price, $17.00. Not recommended, 
except for limited work with the determination of synthetics. 


E. Leitz. Standard microscope with objectives and eyepieces to give 
100X to 500X. May be equipped with polarized light. Double nosepiece. 
Fine adjustment, uncalibrated. This instrument is of the usual fine 
quality of Leitz apparatus. Price, $83.00. Polarizing equipment, $79.00. 
Recommended. 


Spi is the designation given to the Leitz beginner’s microscope. Mag- 
nifies 100K to 500X. No fine adjustment. No provision for polarizing 
equipment. Price, $37.50. Recommended, but only for determination of 
synthetiés. 


Leitz also makes a small folding microscope of some merit. It may be 
equipped with stock lenses to give magnifications up to about 600X. It may 
be equipped with special polarizing attachments and rotating stage. The 
instrument is, however, extremely difficult to operate, especially when used 
with gems. Price, $50.00. Polarizing equipment, $59.00. Not recommended. 


Spencer Lens Co. No. 64D. 10X and 4X divisible and 20X objectives. 
6X and 10X eyepieces. Excellently calibrated fine adjustment. May be 
equipped with polarizing attachments. The lenses in the instrument sub- 
mitted for tests were of very inferior quality. Price, $84.25. Polarizing 
equipment, $79.00. Not recommended. 7 


No. 74Z. 4X and 10X divisible, and 36X objectives. 6X and 10X eye- 
pieces. This is essentially the same instrument as the 64D, save that it 
has even poorer lenses and no fine adjustment. Price, $61.50. Polarizing 
equipment, $79.00. Not recommended. 


Carl Zeiss. Standard microscope. 8X and 20X objectives; 5X and 10X 
eyepieces. Calibrated fine adjustment. Rotating stage. May be fitted with 
polarizing equipment. For any sort of work with gems, this is by far the 
most satisfactory instrument tested. Bubbles which other microscopes 
showed as little more than black patches, were resolved so that they could 
be studied closely by this apparatus. Price, $105.25. Polarizing equipment, 
including sub-stage condenser, $43.00. Recommended. ‘ 


(These prices are those given by Pacific Coast representatives of the 
firms. Although every effort has been made to obtain accurate quotations, 
the Institute does not guarantee the prices to be absolutely correct.) 
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GEMOLOGICAL TITLES AWARDED 


Since the publication of the May-June issue of Gems & Gemology, the 
following have passed the Qualifying Certified Gemologist Examination: 


Justin DeVylder, Jeweler, Capt. Ted Syman, Syman 
Springfield, Massachusetts. Bros. Jewelry Co., Den- 
Karl G. Johnson, S. Jacobs tae, (lo 
- & Company, Minneapolis, Burt Umstead, C. C. Lewis 
Minnesota. Jewelry Company, Glen- 
Earl McBath, Jeweler, Chi- daly neal n ete: 
cago, Illinois. Samuel R. Zickerman, 
Wm. H. Meyer, S. Jacobs Zickerman Bros., Jewelers, 
& Company, Minneapolis, Woodside, L. I., New York. 
Minnesota. 


The following persons have qualified as Graduate Members. of the 
American Gem Society since the publication of the May-June issue of 
Gems & Gemology: 


CALIFORNIA MISSOURI 
Earle B. Hall, Pasadena Leo J. Vogt, St. Louis 
Joe Handcock, Compton OHIO 


E. I. Hunt, Alameda 
Harold B. Ross, Hollywood 
William Stedman, Fullerton 
J. W. Ware, San Diego 


Clayton G. Albery, Cleveland 
Louis J. Binder, Cleveland 
Cc. J. Cornell, Cleveland 

H. A. Erickson, Cleveland 


ILLINOIS H, B. McCague, Cleveland 
Hans J. Bagge, Chicago W. A. Ritzi, Parma 
Joseph Galowitsh, Chicago VIRGINIA 
INDIANA Geo. C. Barclay, Newport News 
Guy Swarizlander, Kendallville WASHINGTON 
ran Harry F.. Arold, Seattle 
‘ WISCONSIN 
eas ae eg Ervin A. Christianson, 
MASSACHUSETTS Port Washington 
H. D. Feuer, Worcester Alvin F. Loose, Milwaukee 


The new Graduate Members of the American Gem Society 
are now displaying this registration card: 


THIS CERTIFIES THAT 


WILLIAM H. ROBINSON 


HAS SATISFACTORILY COMPLETED THE GRADUATE REQUIRE- 
MENTS OF THIS SOCIETY AND ALSO ITS ANNUAL CUSTOMER- 
PROTECTION EXAMINATION FOR THE YEAR 1934. 


AMERICAN GEM SOCIETY. 
Registered Diamond Robert MA, Shipley 


and Gem Merchant No. 32 7 Secretary, Examining Board 


— Obtainable from American Gem Society. 
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EDITORIAL FORUM 


We were pleased when the first paragraph of our July-August Editorial 
Forum was quoted by another trade journal. Then another paper printed 
the whole Forum and we considered ourselves very good indeed. It is a 
good feeling—to know that your work has been of sufficient merit to be 


repeated by competitors. 


But the Northwestern Jeweler went one better. They reprinted seven 
of our best articles in their August issue. For five of them they gave us 
credit—-a terse “Gems & Gemology” at the end of the material. 


The articles in our book are written or secured only through consid- 
erable effort or expense. Indeed, Gems & Gemology was founded as 2 
Confidential Service for Members of the American Gem Society, and is copy- 
righted. We enjoy being quoted but request our exchanges to apply for 
permission to republish whole articles. 


Gems and Gemology is the official organ of the American Gem Society and with it is 
included the Bi-Monthly Confidential Service of. the Gemological Institute of America. It is 
published as a part of the educational gem and jewelry program of the American. Gem 
Society by the Gemological Institute. The Gemological Institute of America is a non-profit 
educational institution directed by voluntary boards consisting of international gem authori- 
ties and appointees of American jewelry trade associations. It confines its activities to the 
furnishing of education, books, instruments and educational publicity material of a gemo- 
logical or jewelry nature. In harmony with its policy of maintaining an unbiased and unin- 
fluenced position in the gem and jewelry trade, no advertising is accepted in this or any 
other of its publications. Gems and Gemology will not. overlap the field of any other periodical 
in America or England. 
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“CHINESE TURQUOISE” APPEARS* 


A new material which is being used as a gem substitute has recently 
been detected in the laboratory of the Gemological Institute. This material 
is evidently a combination of soapstone, calcite, and quartz. The substance 
is easily carved because of the softness of the soapstone and calcite. It is 
seratched by fluorite, which is four in hardness, and less easily by calcite; 
a knife blade, even of very inferior steel, cuts into it readily. The hardness 
test is the quickest means of identifying this material. The two specimens 
which have been tested by the G.I.A. are light blue and dark blue respectively, 
and had undoubtedly been dyed. The natural material, it was found by 
scraping one of the specimens, is practically white with a soapy appearance. 
Both pieces were carved in the Oriental manner and mounted in thin, gold- 
plated silver rings. The dark blue was sold as “Lapis-Lazuli” and the 
lighter blue was represented as “Chinese Turquoise.” It is logical to assume 
that specimens dyed other colors—particularly green, in imitation of jade— 
will eminate from the same source; therefore, gem and jewelry buyers are 
warned to be on the lookout for them. 


No Seed Pearl Nuclei 


Concerning the letter written by you about the possibility of real pearls 
being used as nuclei in cultured pearls:—I have never denied the possibility 
that such pearls may have been produced experimentally, but I maintain 
that if such products were to be marketed on a large scale they would be 
heralded by a great flourish of Japanese trumpets and loudly advertised 
as “exactly the same as natural pearls,” ete., etc. Also, never among the 
thousands of cultured pearls tested here have any types occurred other than 
those containing the usual mother-of-pearl bead. In this connexion, I would 
add that in my opinion a classification. of cultured pearls according to the 
thickness of the outer coating would not be very sound, as the finest quality 
cultured pearls are often those having a rather thin skin. (Not very thin, 
of course.)—Note by B. W. ANDERSON, Diamond, Pearl and Precious 
Stone Trade Section, London Chamber of Commerce. 


Spectroscope Tests 


A number of interesting results were found when a number of gems 
were tested in a spectroscope at California Institute of Technology, Pasa- 
dena. An especially noteworthy phenomenon was found in a synthetic 
greenish blue spinel by Robert Shipley, Jr., Laboratory Director of the 
Gemological ‘Institute. The spinel showed definite bands indicating 
chromium in the stone; however, chromium has never before been reported 
as a cause of this particular color. A further test, in ultra-violet light, 
showed the stone to fluoresce with the same pale-red color which is charac- 
teristic of synthetic ruby—-a gem known to be colored with chromium. The 
spectroscope tests revealed other unexpected facts. Several garnets of an 
unusual red-purple color, which were formerly tested and classified on the 
basis of their physical and optical properties ag pyrope garnets were proved 
to be in reality the variety of garnet commonly called rhodolite. ia 
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PEARL TESTS* 


ROBERT SHIPLEY, JR. 


The volume of recent discussion—in these pages and elsewhere—of 
the distinction between natural and cultivated pearls has caused a revival 
of the discussion of methods of pearl testing. The research staff of the 
G.1LA., working under the direction of Dr. René Engel of California Insti- 
tute of Technology, and a Member of the Advisory Board of the G.LA., 
has investigated several methods of determining cultivated and natural 
pearls. So far the greatest amount of attention has been given the Endo- 
scope owned by Brock and Co. of Los Angeles. This machine throws an 
intense beam of light through a needle inscribed in the drill hole of a 


pearl. Upon the end of the needle which is in the pearl are two mirrors, 


back to back, and inclined at a 45° angle to the length of the needle. Light 
falling upon the first mirror is shot against the wall of the drill hole. The 
theory of the test is that in the case of a genuine pearl, concentric spherical 
layers cause the lights to reach the second mirror and be visible through 
the open end of the drill hole. The light which is not sent to the second 
mirror is reflected and refracted to every spot in the pearl, illuminating 
it with an even, diffused glow. If the testing pearl be cultivated, the light 
from the first mirror is carried off by the plane parallel layers of the mother- 
of-pearl center, and little or none reaches the second reflector. The light 
is carried between the layers in such a manner that the surface of the 
pearl shows a single distinct band or spot of light instead of even illumination. 


The distinction made by this machine is by no means as sharp as the 
above discussion would indicate. For the majority of drilled pearls, the 
Endoscope furnished a quick and decisive test. A few pearls gave rather 
indecisive results which made their determination difficult. Also, the Endo- 
scope is a very expensive instrument and is rather difficult of operation— 
nor will it function on any but drilled pearls. 


Undrilled pearls are another matter. Obviously the Endoscope is use- 
less for testing them. Two methods have been experimented with in the 
G.LA. laboratory. The first and most promising is the use of a micro- 
scope in what is thought to be a manner never before attempted, the pearl 
illuminated by an intense light which will allow a study of its interior 


to be made. The second test is the appearance of the pearl in strong ultra- 


violet light. Cultivated pearls generally show an even fluorescence, green 
in color, to their very center. Genuine pearls, on the other hand, are prone 
to exhibit a dark or “dead” spot at their centers. However, this test is 
likewise too indefinite to be of value except as a check upon some more 
positive means of identification. 


The experiments on pearl testing instruments are as yet scarcely begun. 
Enough work has been done to convince Dr. Engel and his fellow workers 
that no one of the instruments tested is capable of distinguishing in every 
case whether a pearl is natural or cultivated, but that a method of pro- 
cedure—perhaps involving two or more instruments—can be discovered 
which will overcome this situation. The experimental work is being con- 
tinued and it is hoped that a further, more definite report can be published 
at an early date. 


*G.LA. Research Service. 
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HOPE DIAMOND STILL IN 


EXISTENCE 


G. FREDERICK SHEPHERD 
Museum of Science and Industry, Chicago, Illinois 


Contrary to wild rumors regarding the famous Hope Dia- 
mond, it is still extant and is the proud possession of Mrs. Edward 
B. McLean of Washington. This stone is said to be worth 
approximately $300,000. At the present time, Mrs. McLean is 
on an extended trip into Greenland and other points in the North 
Atlantic and, without fears or dread that her ship might be 
wrecked, is wearing this diamond in her necklace. 

In a recent issue of the Gemmologist, Major J. F. Halford- 
Watkins reported that the Hope Diamond, which was supposed 
to have brought bad luck to its owners, had met its just fate in 
sinking with the Titanic in 1912. Stories have even percolated 
around that this diamond was the cause of the sinking. I suppose 
that whoever started this story thinks that some Oriental genii 
had an iceberg shoved into the path of the Titanic because the 
Hope Blue was on board! 

It seems impossible to put an end to such ridiculous ideas as 
are held, that if the owner of some famous stone meets with a 
series of misfortunes, that stone is the cause of the ill luck. True, 
some of the past owners of the Hope Diamond had had some bad 
luck, but who hasn’t? Perhaps people in the coming generations 
will be intelligent enough not to blame an opal or some stone 
reputed to bring bad luck, if the owners happen to meet with 
tragic ends. 

In “The Magic and Science of Jewels and Stones,” Isadore 
Kozminsky states that the Hope Diamond was sold by Mrs: 
McLean to Monsieur de Hautvi'le and he goes on to tell of all 
the tragic deaths that came to this family shortly after. I do not 
doubt the statements about the tragedies of de Hautvilles, but 
I am assured by first-hand information that he does not own 
the Hope Diamond and, therefore, this innocent stone cannot 
be the cause of their troubles. Mrs. MeLean has owned this 
gem since 1912. 

Several questions have been raised about this stone being at 
A Century of Progress. It has been, but only as a pendant to 
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a necklace worn by Mrs. McLean. On her visit to the Fair 
earlier this season she was wearing the genuine, original Hope 
Diamond which she is now said to be wearing on her extended 
trip. At the World’s Fair the stone was seen by Mr. J. F. Sulli- 
van of the Diamond Exhibits Corporation. Mr. Sullivan has 
been associated with the De Beers Company for 42 years and is 
considered a diamond expert. In an interview with Mr. Sulli- 
van, he related the following account of his experience with 
the Blue Gem. 

Mrs. McLean walked in the Diamond Exhibit, General Exhibits 
Building, went straight to Mr. Sullivan and said: 


“Hello, South Africa, how are you?” 

“Very well, Madam,” Mr. Sullivan replied. 

“Are you superstitious?” Mrs. McLean went on, with a smile. 
. “Not a bit,” was the definite answer. 


Mrs. McLean then took off her necklace and placed it in 
his hands. 


“Here is the Hope Diamond,” she said calmly. 


Mr. Sullivan examined the gem closely for several minutes 
and says that without, doubt it is a true diamond, steel blue in 
color, weighing about 40 carats. 

Mr. Mercer, manager of the Diamond Exhibits Corporation, 
informed me that they offered Mrs. McLean nearly $10,000 for 
the privilege of exhibiting her diamond at A Century of Progress, 
but she refused with her characteristic smile. She has tried on 
several occasions to sell the stone, or to get a loan on it, but 
without success. 


For two and a half centuries the glittering Hope Blue has 
been one of the world’s famous precious stones. Its tragic his- 
tory began in 1688, when it was stolen from a Hindu temple. It 
was, according to the superstitious, immediately invested with 
an Oriental curse which falls upon all who own it. Eventually 
it was sold to Louis XVI, who presented it to Marie Antoinette 
shortly before she was sent to the guillotine. Since then, bad 
luck has pursued its owners (so they say), until it came into 
the possession of Mrs. McLean. Her wearing it as constantly 
as she does certainly testifies to her ps a in these wild claims 
as to its. destined ill favor. 
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UNINTENTIONAL CODE VIOLATIONS* 


The record of corundum and spinel determinations made at the G.IL.A. 
laboratory indicates that two of the provisions of Article VIII, Rule 1 of 
the Code of Fair Competition for the Retail Jewelry Trade, are being vio- 
lated rather frequently. The two paragraphs referred to are: 


“(h) No retail jeweler shall use the word ‘diamond,’ ‘emerald,’ 
‘ruby,’ ‘sapphire,’ or ‘pearl’ in selling, offering for sale, or advertis- 
ing for sale any article or articles that are manufactured, produced 
or artificially cultured or cultivated as an imitation of, or substitute 
for, any real or natural diamond, emerald, ruby, sapphire, or pearl, 
as defined hereafter, without using a word or words conspicuously 
and clearly portraying that the article is manufactured, produced, 
or artificially cultured or cultivated, as the case may be. 


“(i) No retail jeweler shall use the word ‘real,’ ‘genuine,’ 
‘natural,’ or any other word of similar meaning, in any way in con- 
nection with, or-as descriptive of, any article or articles that are 
manufactured, produced, or artificially cultured or cultivated, as 
an imitation of, or substitute for, any prscigis or semi-precious 
stones or pearls.” : 


Over a representative period, 33 corundum and spinel gems were received 
from all parts of the United States for determination atthe G.I.A. Labora- 
tory. Most of these stones were doubtfully classified or were thought to 
be genuine. Gems definitely known to be synthetic are seldom sent to the 
Institute. The 33 stones were determined as follows: 


Genuine Synthetic 
3 Rubies 9 Rubies 
A Blue Sapphire 5 Blue Sapphires 
0 Alexandrite-like 2 Alexandrite-like 
Sapphires . ; Sapphires 
2 Fancy Sapphires 8 Fancy Sapphires 
0 Blue Spinel 4 Blue Spinels 
0 Yellow Spinel . 1 Yellow Spinel 
9 Genuine Stones 24 Synthetic Stones 


As stated before, most of these stones were thought by the jewelers 
who sent them to be genuine. Some belonged to customers but a large 
proportion were in the jewelers’ stocks. One ruby, of approximately 2% 
carats, had been bought at a price of almost $100.00 per carat. The two 
alexandrite-like sapphires had been bought in the Orient at fancy prices 
for genuine alexandrite. During the same period of determinations, one 
genuine chrysoberyl was tested by the G.I.A. The five synthetic spinels 
were without exception thought by their senders to be genuine zircons. 
During the period, but one genuine zircon was determined. Oddly enough, 
one of the genuine rubies and one of the genuine sapphires had been thought 
synthetie by their owners. 

The import of this record of determinations is obvious. If more than 
two-thirds of the stones received at the Institute proved synthetic, the pro- 
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portion in jewelers’ stocks must be similar. And if a synthetic, even though 
ignorantly, is advertised or sold without the qualifying “synthetic,” it is a 
direct violation of the Code and punishable by the loss of the Blue Eagle, 
and perhaps also by a heavy fine. 


Moreover, even a gem expert could not have determined most of the 
33 stones without a fine microscope. In all but two or three cases, mag- 
nifications of over 300x were necessary before a determination could be 
made. More than half of the gems were-of good color and lacked the off-tint 
which betrays a synthetic to an experienced dealer. One padparadscha 
(orange sapphire) required several hours’ work and 800 magnifications; 
it was finally proved to be genuine. On the other hand, a ruby which 
required even longer to work out, using the same magnification, was proved 
synthetic. 


A reasonable number of determinations sent by A.G.S. students as 
well as those sent by students of the G.I.A. are performed in the Institute 
laboratory without charge. Therefore, the students of both organizations 
are urged to send doubtful gems classified as genuine ruby or sapphire, 
or as zircon or alexandrite, to the laboratory for a definite determination. 
To non-students a minimum fee of $3.00 will be charged, and will not be 
exceeded without first notifying the sender. Associate Members of the 
A.G.S8., are entitled to a 3314% reduction in this fee, making the mini- 
mum $2.00. ; 


Acquire Kunz Library of Gems 


The extensive collection of works on precious stones, gems, and jewels 
formed by the late Dr. G. Frederick Kunz, of New York City, who for many 
years was associated with the U. S. Geological Survey, was bequeathed 
by him to his widow, Mrs. Opal Logan Kunz, of New York City, and to his 
daughter, Mrs. Hans Zinsser, of Boston, Mass. Through the good offices 
of Mr. Walter E. Reid, Mrs. Kunz and her daughter presented the collec- 
tion to the Geological Survey Library with the understanding that any items 
not desired by that library were to be sold, their proceeds to revert to the 
estate. There were some items unsuited to the collection of the Geological 
Survey: Library; the Library of Congress was given the first opportunity 
to examine theecollection and have already purchased 270 volumes and 
pamphlets and have placed an order for 174 additional volumes and 3 maps, 
which have not yet been delivered. The volumes acquired include scientific 
books and periodicals and many works in limited editions and fine bindings. 
The most outstanding items are quite widely varied in subject material; 
they comprise three medieval manuscripts, the collection of works relating 
to Jeanne d’Arc, the rare Mercator Atlas, Amsterdam, 1623, ete. 


The report above was obtained through the particular effort of Mr. Al C. 
Reade, head of the book order department of the Los Angeles Public Library. 
The G.I.A. has secured a catalogued list of books of the Kunz Library which 
are now in the Geological Survey Library. This list will be incorporated 
in the gemological bibliography which will soon appear in Gems & Gemology. 


GEMOLOGICAL GLOSSARY 


- (Continued from Last Issue) 


Carbon Spots. Opaque black specks 
or spots in diamonds. 


Carborundum (kar”boe-run’dum). 
An artificial abrasive discovered in 
1931. It is a erystallized carbide 

- of silicon (Csi). It is the hardest 
known substance with the excep- 
tion of the diamond, being harder 
than corundum but more brittle 
(between 9 and 10 in hardness). 


Carbuncle (kar’bun-k’l).. Any red 


garnet; or sometimes, incorrectly, | 


a ruby, spinel, or other red gem—_ 


cut convex or cabochon; there is 
no such specific mineral. 


Carnelian or cornelian (kar-nele’- 


yan). A variety of quartz belong- | 


ing to the chalcedony group. Red 
to reddish brown. Rarely light 
yellow. _The only difference be- 
tween carnelian and sard is that 
of color; brownish shades being 
called sard. Often used for seals. 
See also Sard. 


Carnelian-Onyx. Onyx with red 
and white bands. Simple onyx is 
black and white. : 


Casealho (kas-kal’yoe). Diamond- 
bearing gravel of Brazil. 


Casein (kae’see-in). A product pro- 
duced by treating -animal milk 
with acid. Molded and used to 
imitate ivory, tortoise-shell, amber, 


horn, ebony, agate, malachite, and 


other decorative materials. 

Cashmere or Kashmir (kash’mere or 
kash’mere’). A territory. in 
Northern India. (See Maps.) Also 
a grading of sapphires; those of 
finest cornflower blue color. 


Cassiterite (ka-sit’er-ite). Tin-stone. 
Gem quality rare. It is the most 
important tin ore. 


Hardness 6-7; | 


R.I. 1.99-2.09; Specific Gravity, 
6.8-7.1. Red, grey, or yellow. 
Transparent to opaque. ; 

Catalin. Product simikar to bakelite. 

“Catalina Sardonyx” (kat”a-lee’na). 
Catalinite. 

Catalinite.° Beach pebbles from 
Santa Catalina Island, California. 

Cathode Rays (kath’ode).. Rays pro- 
jected from the cathode of a 
vacuum tube in which an electric 
discharge takes place. By im- 
pinging on solids the cathode rays 
generate Rontgen rays or X-rays. 

Cat’s-Eye. -A term applied to gems 
which, when cut cabochon shew a 
band of light, usually across in- 
clusions of parallel fibres of 
asbestos; name derived from re- 
semblance to the eye of a cat. (Is 
applied by many authorities to 
any stone with what in German 
is called a billowy, gleaming light. 
effect.) See also Alexandrite Cat’s- 
Eye, Chrysobery], Cymophane, 
Hawk’s-Eye, “Hungarian” Cat’s- 
Eye, “Occidental” Cat’s-Eye, Ori- 
ental Cat’s-Eye, Quartz Cat’s-Eye, 
Tiger-Eye, and Tourmaline Cat’s- 
Eye. 

Cat’s-Eye Opal. The rarest form of 
Harlequin exhibiting a chatoyant 
line over the center of the dome 
somewhat similar to the cat’s-eye 
and usually of a bright green color. 
Seel also Harlequin Opal. 

Cat’s-Eye Sapphire. A term some- 
times applied to sapphires with 
milky, floating light more properly 
called Girasol Sapphire. 

Celestial Stone (se-les’chal). 
quoise. 


Tur- 


Cellular (sel’ue-lar). Full of small 
openings—sponge-like. 
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Celluloid (sel’ue-loid). Manufactured 
product. substituted for amber, jet, 
and ivory. , 


Centigrade (sen’ti-grade). A ther- 
mometer on the scale of which the 
distance between the two standard 
points, the freezing point and boil- 
ing point of water, is divided into 
one hundred equal parts or degrees. 


Cer-agate. 
from Brazil. 


Chrome-yellow agate 


Cerulene (se-rue‘lene). Trade-name 
for a form of calcium carbonate 
colored green arid blue by mala- 
chite and chessylite; found near 
Bimbowrie, South Australia, and 
used as a gem stone. 


Ceylon Cat’s-Eye (see-lon’). Chryso- 
beryl cat’s-eye. 


Ceylon Chrysolite. Yellowish-green 
or greenish-yellow tourmaline. 


Ceylonese Zircon (see”lon-eze’ or 
ese’), Fire-red cloudy zircon. 


“Ceylon Hyacinth.” Hessonite 


Garnet. 


Ceylonite (see’lun-ite). Dark-green 
to black spinel. Opaque but some- 
times used for ornamental wear. 


“Ceylon Opal.” A variety of 
feldspar-moonstone. 


“Ceylon Peridot.” Honey-yellow or 
yellowish-green tourmaline. 


“Ceylon Ruby.” Incorrectly applied 
to almandine garnet from Ceylon; 
also correctly a pale ruby. 


Ceylon Sapphire. An American 
trade-name for pale blue sapphire 
(corundum). 


Chalcedony (kal-sed’o-ni or kal’se- 
do-ni). 
species of quartz. Transparent to 
translucent, light colored, white, 


grey, red, brown, or blue, Luster | 
Chlorastrolite (klore-as’troe-lite). A 


waxy. See also Agate, Agatized 
Wood, Bloodstone, Carnelian, Car- 
nelian Onyx, Chalcedony “Moon- 


The eryptocrystalline sub- | 


stone,’ Chrysocolla, Chrysoprase, 
Jasper, Mocha Stone, Moss Agate, 
Onyx, Plasma, Prase, Sard, and 


Sardonyx. 
“Chalcedony Moonstone.” See Ori- 
ental Chalcedony. 


Chaleedonyx or Chalcedony Onyx 
(kal-sed’o-niks). Chalcedony with 
alternating stripes of grey and 
white. 

Chalcedony Patches, 
ishes in rubies. 


Chalchuite or chalchihuitl (chal’choo- 
ite or cha]”chu-we't’]). Green tur- 
quoise found in Mexico. 


Changeant, Changeable labradorite. 

Chatoyancy (sha-toi’an-si). Prop- 
erty of displaying a cat’s-eye. 

Chessylite (ches’i-lite). 
See Azurite. 


White blem- 


A mineral. 


Chesterlite (ches’ter-lite). Microcline 
feldspar from Chester County, Pa. 


Chevee (che-vae’). A flat gem with 
a polished concave depression. 


Chiastolite (kei-as’toe-lite). A va- 
riety of andalusite containing 
black carbonaceous inclusions. 
These usually have a definite ar- 
rangement resembling a cross. 
Used as a curio gem stone. 


“Chinese Amber”. (chei-neze’ or 
nese’). Sometimes correctly ap- 
plied to amber mined in Burma 
and marketed in China, but more 
often applied incorrectly to pressed 
amber. 

Chinese Jade. Term correctly ap- 
plied to jadeite. 


Chip. A gmall piece of a crystal. 
A small irregularly shaped dia- 
mond. In diamond nomenclature 
any such piece weighing less than 
three-fourths of a carat. 


variety of prehnite. When cut ex- 
hibits a chatoyant appearance. 


(To Be Continued) 
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li. APPLICATIONS OF POLARIZED LIGHT 


It is a well-known fact that ordinary light vibrates in the ether in all 
the possible airections at right angles to the direction of advance of the 
ray. In polarized light, the vibrations are at right angles to the direction 
of advance cf the ray of light and in only a single plane. Polarized light 
finds very important applications in many tests of gems. There are several 

: - ways of securing light of this quality. A plate of dark- 
colored tourmaline absorbs one of the two polarized 
rays into which it breaks a single ray of ordinary light 
and passes the other ray almost completely polarized. 
Light reflected at the proper angle (57°) from a sheet 

» of clz:ar plate glass is likewise polarized. The most 
effective method of polarized light, and also the one 
which is most easily applied to an optical system, as 
for instance, a microscope, is the Nicol prism. 


Rene to foe rs _. The Nicol prism is simply a cleavage rhomb of cal- 
mieroscope. cite sawed from corner to corner and recemented. When 


a ray of light enters the calcite it is divided into two 
rays, each polarized in a plane at right angles to the other. Not only are 
the two rays separated as to their vibration direction but also one ray 
travels at an appreciably greater speed than does the other; the R.I. for 
one ray is approximately 1.66, whereas that of the faster ray is in the 
neighborhood of 1.49. When these two rays strike the dividing’ plane in 
the Nicol prism with its lining of cement, the ray with the = 
higher R.I. is totally reflected, passes out the side of the - " 
prism, and is absorbed in the wall of the container. The 
other ray possesses a R.I. closely approximating that of 
the cement; therefore, it passes through readily. The ray | 
which is allowed to pass straight through the Nicol prism 7 tne, 
is almost perfectly polarized. mr i z 

The so-called petrographical or polarizing microscope Zeiss cap ana- 
is but little different from the compound microscope with lyzer; drawing cut 
substage condenser and rotating stage except that it is away to show 
equipped with two Nicol prisms, one attached below the % BORO ROD 
stage and known as a polarizer; the other, called the analyzer, is mounted 
in the body tube of the microscope soriewhere above the objective, or is 
used as a cap over the eye-piece. 


From a petrographic standpoint, inorganic materials may be divided 
into three classes.. These are: ; 


1. Isotropic; i. e., singly refractive. 


2. Uniaxial, which includes all crystals of tetragonal and _ hex- 
agonal systems, and 


3. Biaxial which includes the crystals of the orthorhombic, mono- 
clinic, and triclinic systems. 


The isotropic substances include all amorphous materials and all crys- 
tals of the cubic (or isometric) system. They have no double reflection. 


The uniaxial crystals have one direction in which there is single refrac- 
tion, and in all other directions they are doubly refractive. The two 
distinct refractive indices are designed by the Greek letters‘w (omega) and 
e (epsilon). , : a ; 
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Biaxial crystals have two directions of single refraction and three sepa- 
rate refractive indices designated by the Greek letters, « (alpha), 8 (beta), 
and y (gamma). ae 


The first application of the polarizing microscope to crystals which 


should be ‘mastered by the student is the determination of pleochroism 
(dichroism and trichroism). ‘This test is simply performed. The gem is 
mounted on the glass slide as explained in the previous article, slipped onto 
the stage of the microscope, and brought into focus. During this operation 
the analyzer or upper Nicol is removed. However, the polarizer or the 
Nico] prism mounted below the stage is retained in position. 

Having secured a focus upon the gem, the operator rotates the stage. 
If the stone is colored and doubly refractive, as the stage is rotated it will 
change color in a greater or lesser degree. The reason for this change 
of color is that all doubly refractive crystals separate a single ray into 
two rays, each of which is polarized and each traveling at a different rate 
of speed. The different characteristics of these two rays cause them while 
passing through a colored substance to take different hues. The rotation 
of the.stage turns the gem with respect to the polarizer, thereby allowing 
the polarized light to pass through it, vibrating first in one direction and 
then in-the direction at right angles to the first with respect to the gem. 
The variation of these polarized rays passing through the crystal structure 
of the gem cause them to’be different colored. Thus, for instance, a ruby 
viewed under these conditions will change from a strong yellow to a deep 
red which is almost violet as the stage rotates through 90°. With the 
polarizing microscope slight nuances in the differences between the dichroic 
eolors, such as the very faint ones between the twin colors. of zircons other 
than blue, are distinguished with greater ease and accuracy than is possible 
with the dichroscope. The beginner must be sure, however, that the ‘stone 


itself changes color; rotation of the stage often varies the light through 


the gem in ‘such a manner that it might be taken for dichroism. 
(To Be Continued) 


New Gem-Testing Microscope Reported 


Recently a German firm has announced a (so-called) microscope fitted 
for gem testing. Some scientists consider that a magnifying instrument 
of this type should not be called a microscope; it consists principally of a 
low power lens mounted above a stage to hold the stone. Immersion attach- 
ments are supplied for the stage and a strong light is built in below. For 
casual examination of a gem, the instrument would probably have merit, 
but for a definite determination, such as those described above, it would 
be entirely useless. For the accurate examination of diamonds or synthetics 
for-imperfections, it is of not much more value than an aplanatic loupe. 
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EDITORIAL FORUM 


ONE YEAR OF PUBLICATION 


With this issue, Gems & Gemology 
completes its first year of publica- 
tion. The work necessary in order 
to publish these six issues has been 
infinitely harder than the casual 
reader would imagine. And our 
contributors have supplied the 
highest type of material, with no 
reward for their efforts other than 
the gratitude of the editors and of 
the subscribers. 

r 


Gems & Gemology has been com- 
mended and it has been condemned. 
In the main, we have had more com- 
pliments than eriticisms. And even 
those who criticized have hastened, 
in the same breath, to declare that 
Gems & Gemology has a very real 
value. 

+ 


Not, mind you, that we dislike or 
discourage criticism. It is only by 
making changes that we can in- 
erease the value of Gems & Gem- 
ology to its readers. The suggest ons 
received are regarded as our book 


of rules. 
ry 


The criticism that we have re- 
ceived more than any other is that 
the material heretofore ineluded in 
Gens & Gemoloyy has been some- 
what too technical for the average 
reader. It is our intention—evi- 


denced even in this issue—to alter 
our policy and choose articles of 
more general interest to the jewelry 
trade. 
ry 

We are making every effort to se- 
cure more diversified and more gen- 
erally interesting material. In 
addition to the regular features of 
Gens & Gemology, which will be 
continued along their present lines, 
several interesting new series will 
be inaugurated. One of these is a 
group of articles on the precious 
metals and their use in jewelry. 
Another series consists of a number 
of surveys of the gem and jewelry 
trade in distant parts of the world. 
This latter material is being pre- 
pared by gemological students and 
will therefore deal especially with 
the gem markets in foreign loeali- 
ties. 

° 

But our primary intention is to 
deal more intensively with the gem 
trade in America. It will be our 
purpese to issue a service practical 
to the needs of the gem dealer in 
this country. To this end we will 
publish as much material as pos- 
sible suggesting means of inecreas- 
ing sales of diamonds, colored stones, 
and fine jewelry. We shall solicit 
articles explaining the sales methods 
used by jewelers who are success- 


Gems and Gemology is the officinl! organ of the American Gem Society and with it is 
ineluded the Bi-Monthly Confidential Service of the Gemological Imstitute of America. Ii is 
published as a part of the educational gem and jewelry program of the American Gem 
Society by the Gemological Institute. The Gemological Institute of America is a non-profit 
educational institution directed by voluntary boards consisting of international gem authori- 
ties and appointees of American jewelry trade associations. It confines its activities to the 
furnishing of education, books, instruments and educational publicity material of a gemo- 
logical or jewelry nature. In harmony with its policy of maintaining an unbiased and unin- 
fluenced position in the gem and jewelry trade. no advertising is accepted in this or any 
other of its publications. Gems and Gemology will not overlap the field of any other periodical 
in America cr England. 
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fully applying gemology in their 
businesses. 
° 

We shall also publish material ex- 
plaining proven methods of display- 
ing gems to their best advantage. 
For this purpose, we shall report 
on effective displays used by jew- 
eler-gemologists, whenever possible 
using actual photographs for illus- 


tration. 
+ 


The technical material which has 
heretofore featured in Gems & 
Gemology will net be eliminated in 
order to achieve these ends. The 
reader who is an advanced student 
of gemology will continue to find 
in these pages reports of the latest 
advances of his fast-developing sci- 
ence. There will be further articles 
explaining the building and use of 
a gemological laboratory. Material 
concerning diamonds will continue 
to appear. 

r 


And, as we have always done, 
we shall continue to follow the sug- 
gestions of our readers. We earn- 
estly solicit criticism. If Gems & 
Gemology is to be of great value to 
its readers, it can do so only through 
supplying them with the material 
which they wish most to read. There- 
fore we ask that anyone who has a 
suggestion for the improvement of 
this publication send it to us with- 
out hesitation. 


Gemology Goes Over 
Encouraging reports have been re- 
ceived from Robert M. Shipley, 
president of the G.I.A., who is mak- 
ing an organization tour through 
the East on behalf of both the 
Gemological Institute and of the 
American Gem Society. Gemology is 
becoming known to the majority of 
the jewelers in that section of the 
country, Mr. Shipley reports. And 
those jewelers who have already 


studied the courses of either the In- 
stitute or of the Society are extremely 
enthusiastic about the benefits deriv- 
ing from an increased knowledge of 
their business. 

¢ 


Strangely enough, the group of 
jewelers who show the greatest en- 
thusiasm about gemology are not 
in the East, but in the Middle West. 
My. Shipley stopped off at Milwau- 
kee. This city was, before Mr. 
Shipley’s most recent visit, already 
more thickly populated with gemo- 
logical students than almost any 
other in the country. Mr. Shipley’s 
meetings there were enthusiastically 
attended, not only by Milwaukee 
jewelers, but also by dealers for 
neighboring communities. Many new 
students have been enrolled in both 
the G.LA. and the A.G.S. courses 
directly as a result of the Milwaukee 
meetings, 

+ 


Nor is Wisconsin the only state 
which has responded heartily to Mr. 
Shipley’s spreading of the gemo- 
logical gospel. Everywhere he has 
lectured, the G.I.A. president has 
found a sincere and growing interest 
in the science of gem-stones. 

° 


Another Display Service 


Following our policy of furnishing 
service to the retail jeweler, we in- 
close with this issue a Christmas 
window display card. The card is 
worded to attract passers-by away 
from lower-priced stores and into the 
establishments of jewelers. 

We sugevest that you frame the 
eard appropriately and display it in 
a prominent place in your show win- 
dow. It is patterned after displays 
tried and proved effective by the 
Gemological Institute of America, 
and we feel sure that you will be 
pleased with the results it produces. 
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The Headquarters of the Gemological Institute of America 
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The Executive Office and Lecture Room of the Gemological Institute 
in Los Angeles 


CAN YOU ANSWER THESE QUESTIONS? 
Of what gem species is Emerald a variety? 
Has Emerald ever been produced synthetically? 
What is Morralla? 


Are there sources of Emerald in South America 
other than those of Colombia? 


In what country are the majority of first-grade 
Emeralds sold? 


Answers will be found in Emerald Mining 
in Colombia, beginning on page opposite. 
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Emerald Mining in Colombia‘ 
Cc. KENDRICK MacFADDEN 
Director, General Mining Co.; Chairman, Bogota Syndicate 


\ \ HEN the first groups of Span- 
ish adventurers reached the high- 
lands of Columbia, they were amazed 
at the vast stores of emeralds which 
had been treasured by the Indian 
tribes inhabiting that area. The re- 
ports of the most famous Conquista- 
dor, Gonzalo Jiminez de Quesada, 
were said to be replete with descrip- 
tions of the wonderful emeralds in 
possession of the natives, and one of 
his first efforts after his arrival on 
the High Plateau in 1537, when he 
subjugated the principal chieftains, 
was to ascertain the sources from 
which the Indians had obtained their 
gems. Many of the records of these 
explorers still remain in the ancient 
archives at Bogota. 

It is recorded that among the early 
remittances sent to the Spanish 
Crown by the Conquistadores were 
four chests of emeralds, many of 
them of large size, one of the large 
erystals having been cut into the 
form of a small cup. 


Indians and Emeralds 


It is evident that the native In- 
dian chieftains realized something 
of the value of the emerald. Its hard- 
ness, brilliancy and ability to take 
a high polish had fascinated the 
aborigines. It had been mined by the 
natives in certain areas of the coun- 
try for centuries. Many of the 
emeralds had been the subject of 
barter with other Indian tribes, this 
trade probably extending to the 


*G.1A. Research Service. 


notth as far as Mexico and to Peru 
and Bolivia on the south. 

Throughout the past 300 years, 
despite the most diligent search, no 
other emerald-bearing areas than 
those in Colombia have been found 
in the Andean range, nor in Central 
America or Mexico. Therefore the 
so-called “Peruvian” and “Mexican” 
emeralds were in all probability the 
product of the ancient Colombian 
mines. 


Extent of Emerald-bearing Areas 


Intensive exploration throughout 
the emerald-bearing areas in Colom- 
bia has disclosed the fact that they 
are probably only to be found in a 
narrow strip of territory which ex- 
tends from the vicinity of Muzo 
southeast for a distance of about 100 
miles to the foothills on the eastern 
flank of the Andes. The principal 
commercial deposits are in two locali- 
ties, one known as the Muzo District 
and the other as the Somondoco or 
Chivor District. The geological char- 
acteristics of the areas are more or 
less identical, although the produc- 
tive gangue at Muzo seems to be 
more heavily impregnated with car- 
bonaceous material than that in the 
Somondoco section. 

In addition to the emeralds found 
in pockets or veins, there are some 
in the float materials along the 
stream beds which drain the emerald 
districts, but these finds are incon- 
sequential. Because of the brittle- 
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ness of the gem crystals, when they 
become detached from the producing 
formations, through erosion or other- 
wise, they are soon ground into 
worthless chips by the gravels of the 
streams, which inthe emerald-bearing 
areas are boisterous mountain tor- 
rents throughout 


The chemical composition of the 
emerald, as well as its form of crys- 
tallization, is well known. The gem 


material is beryl deposited in hexa- 
gonal crystals ranging from a color- 
transparency to 
emerald green, 


the deepest 
depending on the 
amount of chro- 


less 


the rainy season. 

The emerald- 
producing areas 
so far discovered 
are covered with 
jungle growth 
containing heavy 
timber. At Muzo, 
as well as in the 
vicinity of the 
Chivor mine in 
the Somondoco 
section, the mantle 
of vegetation and 


mium contained. 
During crystalli- 
zation many of 
the individual 
specimens become 
filled with feath- 
er-like flaws 
which are locally 
called jardin or 
“garden.” Legend 
tells us that the 
ancient fortune 
tellers, by gazing 
deeply into the fo- 


forest has con- 
cealed surface 
outcrops to such 
an extent that the exploration and 
subsequent exploitation of much of 
the more desirable territory is of 
necessity a slow and laborious pro- 
cess. Some localities which have ex- 
cellent possibilities cannot be worked 
economically due to the lack of ade- 
quate water supply. In this class of 
open cut mining large quantities of 
water are used to remove the debris 
which the miners dislodge. The neces- 
sity arises also for proper disposal 
of the vast amount of worthless ma- 
terial discarded, and in several cases 
this particular problem has made com- 
mercial exploitation impracticable. 

From early days geologists have 
attempted to correlate the structural 
conditions which are prevalent 
throughout the emerald-producing 
section, but, except along broad gen- 
eral lines, no comprehensive geology 
has been completed. 


Location of Emerald fields in 
Colombia 


lage of the “gar- 
den” enclosed in 
the emerald, could 
foretell with certainty happenings 
which were beyond the ken of the 
average person. Some of the emerald 
crystals. especially those obtained 
from the Somondoco district, have 
small bright crystals of iron pyrites 
included in the midst of the emerald 
material. These brilliant particles 
seem to be suspended within the em- 
erald, which must have given the 
“crystal gazer” something of a puzzle 
to unravel. 

Some crystals appear to be formed 
of layers of alternating light and 
dark green at right angles to the 
length of the specimens: others are 
formed with concentric. bands of 
color—the almost colorless core sur- 
rounded by successively deeper green 
encircling bands—-the outer layer 
being the darkest green. Again, 
erystals of good size and color will 
have penetrating 


and passing’ 


through them, at various angles to 
the main crystal, as many as three 
perfect hexagonal emerald crystals, 
often discernible only when viewed 
in a strong light. 

Some of the erystals are twinned, 
some of triplet form, and often in 
a single ‘‘pocket” will be found an 
assortment varying in size and crys- 
tallization to a remarkable degree. 
A vein that contains at its outcrop 
a preponderance of stones of a given 
eolor or size will usually yield the 
same grade of emeralds throughout 
its length. 

The emerald may be imitated by 
skillful artisans, usually with poor 
success. It has never been syntheti- 
cally produced and the genuine stone 
may be immediately recognized by 
any competent mineralogist. The 
specific gravity of the Colombian 
emerald is from 2.7 to 2.8 and its 
dichroism is always very marked. 


Uncertain Profits 


The attitude of the Spanish Crown 
toward emerald mining is the same 
as that shown in connection with 
other classes of mines. In the be- 
ginning, the tribute to the Spanish 
Crown was approximately one-fifth 
of all mineral wealth obtained, and 
this applied to the mining of emer- 
alds as well as to the production of 
the precious metals. From time to 
time special grants or concessions 
for emerald mining were given to 
individuals favored by the govern- 
ment. Some of these grants, accord- 
ing to authenticated records, proved 
a bonanza to the owners, but in the 
vast majority of instances the min- 
ing operations resulted in no real 
profit. It is known that in the early 
days when slave labor was procur- 
able some operations yielded hand- 


NOVEMBER-DECEMBER, 


1934 151 


some returns, although even with 
slave labor the unusual hazards of 
this class of mining must have 
brought many disappointments. 


A Slump in the Emerald 
Market 


One of the most interesting anec- 
dotes regarding the early develop- 
ment described the operations of a 
titled Spaniard who had received, as 
his reward for services rendered the 
Crown, an exclusive mining conces- 
sion for one of the famous deposits. 
He expended practically his entire 
fortune without result, although out- 
crops on the concession had indicated 
most attractive possibilities for the 
finding of rich pockets of emeralds. 
As his rights were about to termi- 
nate, and as a forlorn hope, he fol- 
lowed the suggestion of one of his 
laborers and tore down what had 
been supposed to be a worthless mass 
of formation which had shown no 
surface indication of emerald-pro- 
ducing veins. To his amazement he 
uncovered a spectacular deposit, and 
within a few days extracted emer- 
alds of value exceeding his entire 
investment. He selected a large 
parcel of emeralds from the lot and 
sailed to England, expecting to sell 
them at top prices to the lapidaries 
of London, Brussels and Amsterdam. 
He fitted up a room in his tavern 
in London and invited all his pros- 
pective customers to a magnificent 
banquet, after which he exhibited 
his collection of emeralds on a large 
table, amid the most appropriate 
setting, and confidently expected to 
obtain from them an offer for imme- 
diate purchase. The gem dealers 
were astonished at the quantity and 
quality of the assortment. They 
asked him, cautiously, whether there 
were any more such emeralds to be 


152 


GEMS & GEMOLOGY 


found at his mine. In an attempt to 
brag of his achievement he 
nounced that all the emeralds had 
been obtained with a few days’ labor 
and that many more gems remained 
unmined. The effect on his audience 
was immediate—they visualized the 
certainty of a large production of 
fine emeralds about to be thrown on 
the market and refused to make a 
bid. The seller attempted, in vain, 
to correct his falsification and it is 
said that his emeralds remained un- 
sold for nearly two years, during 
which time the purchasers had satis- 
fied themselves that the gems offered 
were likely to be the only product 
from that particular property. 


an- 


Accidental Discoveries of Single 
Stones 


The emerald, probably more than 
any other gem, intrigues the mind 
of the itinerant prospector. In its 
rough form it is an object of beauty; 
its identification as a valuable gem 
is immediate. It is often found in 
a soft or friable formation which, 
by weathering, exposes fine gem ma- 
terial. Even the most ignorant In- 
dian of the highlands of Colombia is 
aware of the fortune that will come 
to him from the discovery of a fine 
emerald crystal. The history of the 
country is filled with stories of poor 
natives who thus unexpectedly find 
themselves in possession of an emer- 
ald of great value. 


Throughout the emerald-produc- 
ing areas, the craw or gizzard of 
every barnyard fowl that is killed 
for food is carefully examined, often 
with profitable results. As many as 
seventeen small emerald pieces have 
been recovered from an observant 
hen raised in the emerald area. The 
brilliant green particles were evi- 
dently selected by the fowl from the 


less attractive gravels on the range. 
At Muzo mine, during government 
operation, every fowl killed through- 
out the district had to be delivered 
by its owner to the police for exami- 
nation of the viscera, under heavy 
penalty for noncompliance. 

During recent years, the Colombian 
Government has attempted to nation- 
alize all emerald deposits and the 
sale of rough emeralds has been pro- 
hibited, except from certain mining 
claims, titles to which were per- 
fected many years ago and whose 
rough emeralds, on being presented 
to the proper government official and 
duly certified as to origin, are per- 
mitted to be sold; otherwise any 
rough emeralds discovered through- 
out the Republic are the absolute 
property of the government and sub- 
ject to confiscation. In a case where 
it is proved that the emerald has been 
found on the surface, in areas which 
are not already under concession, 
the finder is given a proper compen- 
sation and it becomes the property 
of the government. 


Present Production and Value 
of Emeralds 


At present, there is but a single 
emerald deposit in Colombia being 
developed, this being the Chivor 
mine, supposed to be the one op- 
erated by the Indians before the 
conquest of the Spaniards. This 
property, situated in the Somondoco 
district, is owned by an American 
company and is the only mining 
venture of this class that is being 
systematically developed. 

The other great mine from which 
large production has been obtained 
intermittently for the past 300 years 
is known as the Muzo mine. The 
greater portion of the Muzo deposit 
is controlled and owned by the gov- 
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ernment, as is also a neighboring 
deposit in the Muzo district known 
as the Cosquez mine, previously oper- 
ated at great profit. Although no 
accurate record can be obtained as 
to the total output of the Muzo dis- 
trict, it is known that the Govern- 
ment of Colombia in certain years 
has received more than one million 
dollars from its participation. 

The emerald material is sorted by 
an expert immediately after mining, 
into five classes or grades and mor- 
ralla, which is a semicrystallized 
product having much of the appear- 


emeralds recovered was about 10 lb. 
Avd. 


The values given are believed to be 
considerably higher than are at pres- 
ent used by the government apprais- 
ers in estimating the value of the 
rough material. 

It will be noted immediately that 
notwithstanding the very high value 
placed on the No. 1 grade, the total 
value of this grade mined during 
these particular two months repre- 
sents less than 8 per cent. of the 
total values, whereas the No. 5 
quality, valued at one-twentieth the 


Two Months’ Mining at Muzo Mine 


Per Cent of Per Cent of 


Classes Weight, Carats Value? Total Weight Value 

No. Vo 523 $ 130,750 0,75 7.70 

No. 2)... 2,182 218,500 3.15 12.80 

NO, 8.200022 eee 9,548 477,400 13.60 28.60 

No. 4.00000. 12,649 316,200 18.50 18.50 

No. 5. 44,116 551,400 64.00 32.40 

69,018 “$1,694,250 ~ 100.00 100.00 © 

pn 

Average per month, 34.509 cts. = $847,125 as operated by English Mining Co. 


l{t will be noted that the No. 1 and 2 grades, having a total weight of less than 4 per cent 
of the output, yield more than 20 per cent of total value. 


“Estimated values based on one carat (8 1/5 grains): No. 


No. 3, $50: No. 4, $25; No. 5, $12.50. 


ance of turquoise matrix, but green 
in color. This material at present 
is given no commercial value, but 
has possibilities for use in the manu- 
facture of cuff link settings, and so 
forth. 


Typical Production Figures 


No accurate estimate or prediction 
can be made of the proportions of 
the several classes in the total mined 
material. A fairly typical mining 
return sheet from the Muzo mine 
covering two months’ operations 
shows percentages of the five prin- 
cipal classes into which the product 
was divided. The total weight of 


1 vrade, $250; No. 2, $100; 
price per carat, yields nearly one- 
third of the total value of the two 
months’ mining. 


The United States provides the 
best market for the superfine grades, 
although those classed as No. 2 and 
even No. 3 find a ready sale at satis- 
factory prices. The material of 
cheaper quality has always found a 
better market in the European coun- 
tries and this is especially true of 
India, where the lighter colored 
stones seem to be in steady demand. 
In New York the superfine Colom- 
bian emeralds are sold at retail as 
high as $3000 per carat and for some 
special gems as much as double this 
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amount, thus far outranking the 
diamond in value. 


Fine Color Extremely Rare 


It is interesting to note that even 
during a period when veins con- 
taining emeralds of fine color are 
regularly producing, an almost infin- 
itesimal portion of the total product 
would grade as superfine gems, the 
proportion being something like 0.01 
per cent. The exact percentages can 
only be ascertained after the stones 
have been cut by a skillful lapidary. 

The mining manager of the British 
company which some years ago oper- 
ated the Muzo mine on special con- 
tract with the Colombian Government 
is authority for the statement that 
once, after a long period of poor 
returns, one of the veins “commenced 
to produce”; a pocket or “nest” of 
high-grade crystals was encountered 
and from a few cubic yards of 
vein material, $400,000 in fine emer- 
alds was obtained in a few hours. 
Such instances, although rare, are 
the incentives which urge the mining: 
engineer familiar with gem mining 
to unravel the geological snarl which 
at present marks the genesis and 
deposition of the Colombian emeralds. 

The lapidaries who make a spe- 
cialty of the emerald, or any other 
colored gem, have as their ideal 


achievement the production of a cut 
gem exhibiting the maximum of color 
combined with as much brillianey as 
possible. This calls for skill of a 
different order that that used in the 
cutting and polishing of a diamond, 
whose maximum value depends upon 
brilliancy alone, provided the “rough” 
is of superfine quality. The lapi- 
daries who cut and polished the 
emeralds in earlier days did not 
possess the skill of the modern gem 
cutter, who, if he be an artist, may 
often greatly increase the value of 
an old emerald by recutting. The 
weight of the finished gem will be 
less than the original, but the in- 
creased value per carat may add as 
much as 100 per cent. to the modern 
appraisal because the color and bril- 
ancy have been enhanced. 


In Colombia one may be offered 
emeralds that have been handed down 
from generation to generation, which 
to the inexperienced seem to offer 
attractive speculative possibilities for 


purchase. As a general! rule these 
emeralds of ancient cut lack the 
qualities desired today. It is evi- 


dent that grading of emeralds is 
more of an exact science today than 
100 years ago. Properly graded 
emeralds can be purchased more 
cheaply in New York, London or 
Paris than in Colombia. 


Question: 
What is Chlorospinel ? 


See Gemological Glossary, page 167. 
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Mining Engineers Send 
Diamond Material 


The 


America 


Gemological Institute of 


has received voluminous 
notes on the production and sale of 
Sidney H. 


Ball, Mining Engineer of New York 


rough diamonds from 
City, whose article on the formation 
of the diamond appears in this issue. 
These notes clear up many points 
heretofore misunderstood in the dia- 
mond trade of this country; other 
facts which Mr. Ball points out were 
formerly unknown to move than a 
very few persons. 


First-hand Information from 
South Africa 

Extremely valuable material has 
been sent by H. T. Dickinson, Johan- 
nesburg, South Africa, Consulting 
Engineer for the De Beers Consoli- 
dated Mines. Included are reports 
on the operation of the De Beers 
group of mines and also of the 
Jagersfontein and Premier (Trans- 
vaal). Mr. Dickinson has also fur- 
nished a great deal of information 
concerning the alluvial deposits of 
South Africa, and geological maps 
as illustration. 


GEMOLOGISTS EARN TITLES 


Since the publication of the September-October issue of Gems & Gem- 
ology, the following have passed the Qualifying Certified Gemologist 


examination: 


J. W. Ware, San Diego, California. 
Harold Seburn, Greensboro, North Carolina. 


The following are the newly qualified Graduate Members, American 


Gem Society: 


ILLINOIS 
Jack Lund, Chicago. 


NEBRASKA 


NEW YORK 
Daniel F. Smith, New York City. 


Elton T. Combs, Omaha. 


GEM COLLECTION DRAWS INTEREST 


The G.LA. collection of gem stones, now being used by Robert M. Shipley 
to illustrate his lectures, continues to arouse interest wherever it is shown. 
The gems, which are of nearly 100 different varieties, are contained in a 
partitioned, glass-covered box made especially for this purpose. 


Stones which have created particular interest are the two uncut 
diamonds presented to the Insitute by the De Beers Consolidated Mines, 
and a fine square-cut Kunzite loaned to the collection by J. W. Ware of 
San Diego. 
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Notes As to the Multiple Source 
Theory of the Diamond* 


SYDNEY H. BALL 
Mining Engineer, New York 


K ivperurte pipes are so im- 
portant as diamond producers that 
some scientists consider kimberlite as 
the sole mother rock of the gem. We 
all admit that it is the sole known 
commercial rock source of diamonds 
but it is not the only source and it 
is possible that other rock sources 
may become commercial. 


Widespread Occurrence 


The diamond has been found at a 
number of places on each of the 
continents and its geographic dis- 
tribution, broader than that of kim- 
berlite itself, suggests that the latter 
ean scarcely be in all cases the 
parent of the gem. Of less weight 
but also suggestive of multiple 
sources is the wide range in geo- 
logic time, during which diamonds 
were formed. Its formation ante- 
dates the Witwatersrand series 
(Cambrian or pre-Cambrian) for it 
occurs as a pebble in “reefs” of sev- 
eral of the South African gold mines 
while the South African and the 
Arkansas diamondiferous kimber- 
lites are of late Cretaceous or early 
Tertiary Age. Graphite is closely 
associated with the diamond in sev- 
eral diamondiferous igneous rocks; 
and physically the gem varieties of 
corundum are of all minerals the 
nearest analogues of the diamond; 
graphite is a constituent of igneous 
rocks varying from the most acid 
to the most basic; it is also produced 
by both contact and regional meta- 


morphism and it occurs in veins. 
The ruby and sapphire are little less 
catholic in their geologic habitats. 


Diamonds in Igneous Rock 


Igneous rocks of a wide range of 
composition and of both terrestrial 
and extra-terrestrial origin are 
known to contain diamonds. Begin- 
ning with the most basic, they are: 

1. Meteoric irons and melts: 

Canyon Diablo and Arva iron 
meteorites, 

Huntington believed he found 
diamonds in the Smithville 
(Tennessee) iron meteorite 
and cliftonite, probably a 
pseudomorph after diamond, 
occurs in the Youndegin 
(Australia) iron meteorite. 
Diamonds have probably been 
artificially produced from 
melts of iron, silver and lead. 

2. Iron-rich basic rocks and me- 

teorite: 

Careote (Chile) meteorite, 
consisting of bronzite, olivine 
and nickeliferous iron. 

In Canada, at four widely 
separated places, microscopic 
diamonds have been reported 
from chromite aggregates in 
dunites, 

3. Peridotites: 

Kimberlite, the mother rock 
of ‘‘pipe’’ diamonds in 


*(G.1.A. Research Service. For further de- 
tails see “Sydney H. Ball. Congres. Internat. 
des Mines, 6me Seasion, Liege. (Belgium), 
June, 1980, pp. 13-5, 


southern Africa and Ar- 
kansas. 

Peridotitic xenoliths in South 
African kimberlite. 
Novo-Urei (Russia) aerolite 
consisting of about 67.48% 
olivine and 23.82% pyroxene. 
Artificial melts of olivine and 
other magnesia- and lime-rich 
silicates. 


Two Types of Kimberlite 


The writer has recently sum- 
marized the occurrence of diamonds 
in kimberlite, a greenish-black 
porphyritic rock of the peridotite 
family, substantially as follows: 
(A.LM.E. Lindgren Volume, “The 
Ore Deposits of the Western 
States,” N. Y., 1933, pp. 524 to 526): 
“Two varieties of kimberlite are 
recognized, one basaltic with promi- 
nent olivine phenocrysts but poor in 
mica; the other, lamprophyric and 
rich in phlogopite. The first variety 
is much the more important as a 
source of diamonds. In both, the 
diamond is an original constituent, 
occurring as phenocrysts of various 
sizes. Common in the kimberlite 
are coarsely granular nodules, many 
of which consist of eclogite. They 
are variously interpreted as_ local 
segregations in the kimberlite and 
as inclusions of an earlier, deep- 
seated rock of similar composition. 
Diamonds are occasionally found as 
original constituents of these 
nodules. 


“Kimberlite occurs in hundreds of 
local intrusions of late Cretaceous or 
early Tertiary age, scattered over 
the vast plateau of southern Africa, 
notably in the Union of South 
Africa, Southwest Africa, Rhodesia, 
southeastern Belgian Congo, and 
Tanganyika Territory. The intru- 
sions embrace sills, dikes, pipes and 
intermediate forms. The pipes, 
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which alone are commercially 
diamond-bearing, are steep-sided, 
funnel-shaped masses, forced from 
below usually through flat-lying 
sediments but in instances through 
other rocks. Many of the pipes 
appear to be complex and are 
ascribed to two or more intrusions 
of slightly varying age and com- 
position. The elliptical or circular 
cross-section ranges from a few tens 
of feet to 2300 feet in diameter and 
from less than an acre to over 80 
acres in area; in the majority of 
pipes, the diameter decreases down- 
ward. To a depth of from 60 to 
140 feet, the kimberlite is thoroughly 
decomposed and oxidized to a yellow 
clayey mass—‘yellow ground.’ The 
underlying ‘blue ground’ is more or 
less sepentinized, perhaps by mag- 
matic waters following the kimber- 
lite intrusion. 


Proportion of Diamonds to 
Blue Ground 


“Of the numerous kimberlite oc- 
currences of southern Africa, many 
appear to be barren of diamonds. 
Many others contain too few dia- 
monds to pay, while those with a 
commercial content can be counted 
on the fingers. In the operating 
mines, the ratio of diamond to rock 
is from i)... The 

17,500,000 90,000,000 
diamond content may vary markedly 
within the pipe horizontally, per- 
haps because of complex character 
of the intrusion. At the very sur- 
face, there is a notable enrichment 
of diamonds through removal by 
wind of the lighter constituents of 
the disintegrated rock. Once this 
zone of mechanical enrichment is 
traversed, the diamond content in 
the majority of pipes decreases with 
depth. The present deepest work- 
ing is about 3600 feet. Due probably 
to favorable physical or physico- 
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chemical factors, the horizon near 
the present surface is of maximum 
diamond content. Each pipe pro- 
duces its distinctive type of dia- 
monds, and from the size, shape, 
color and purity of the stones 
experts can determine their pro- 
venience.” 

4. Melogite: 

Garnet-diopside zenoliths in 
South African kimberlite 
pipes. 

5. Hornblende diabase: 
Hornblende diabase from 
Oakey Creek, Copeton, 18 
miles southwest of Inverell, 
N. 5. W. It consists of lab- 
radorite, augite, hornblende, 
ilmenite, chlorite and a little 
quartz and chemically resem- 
bles the Triassic diabase of 
Connecticut, 

6. Augite-andesite: 

Amyegdaloidal augite-andesite 
probably one of Ventersdorp 


series (early Paleozoic) of 
Vaal River. The felspars 


are relatively acid, that is 
oliglocase and andesine. 
From the above we ean positively 
state that diamonds ave constituents 
of rocks ranging from species more 
basic than any occurring in quantity 
on our earth to a relatively acid 
rock (augite-andesite). 


Other Possible Sources 


Personally, I believe diamonds 
probably occur in still more acid 
rocks. M. Chaper’s diamondiferous 
epidotized pegmatite at the diamond 
locality of Wajra Karur near Bel- 
lary, India, needs confirmation, al- 
though somewhat supported by the 
reported presence of quartz, musco- 
vite and rutile as inclusions in 
Indian diamonds. 

In the past fifteen years a num- 
ber of geologists have thrown new 
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light on the origin of the upland 
diamond deposits of Brazil (Boa 
Vista, Serrinha, ete.). Relations to 
the enclosing quartzite, the sharp 
differentiation between the inclusions 
and matrix, and the vertical posi- 
tion of the majority of the numerous 
somewhat rounded angular inclu- 
sions strongly suggests that these 
upland deposits are igneous breccias. 
Consonant with this conclusion is 
the fact that parcels of diamonds 
from each deposit have character- 
istics of their own, which permit of 
the identification of their source. 
As to the composition of the highly 
weathered matrix, we have little 
data but it appears to be relatively 
acid. David Draper reports that 
the principal concentrates are mag- 
netite, hematite and muscovite and 
he states that chemically it is low 
in magnesia and contains from 
57-69 SiO. and from 20-31% 
Al,O,. Mi, John Baragwanath ob- 
tained at the Corrego Novo Mine, 
Minas Geraes, Brazil, a diamond in 
which R. J. Colony (Am. Jr. of Sci., 
Vol. V., 1928, pp. 400-2) found 
quartz in tabular intergrowths and 
an “undeterminable green chlorite- 
like or serpentine-like mineral.” 
“The quartz has all the character- 
istics of ordinary pegmatitic quartz 
and must have formed, therefore, at 
a temperature lower than 870° C.” 
The following minerals are reported 
as inclusions in Brazilian diamonds, 
gold, pyvite, topaz, rutile, clino- 
chlore and ilmenite. Gorceix states 
that diamonds rest on specular hema- 
tite and that quartz. specular hema- 
tite and anatase enclose diamond. 
While the evidence is by no means 
conclusive, it indicates that the mat- 
rix of the Brazilian upland diamond 
deposits is a relatively acid rock. 

It has been suggested that dia- 
monds are constituents of metamor- 


phic rocks and of veins. Hither 
source seems reasonable although 
neither is as yet proved. 

The heavy minerals associated with 
diamonds in alluvial mines have 
been carefully studied but these min- 
erals include the heavy, chemically 
inert and physically resistant con- 
stituents of not only the rocks from 
which the diamonds were derived 
but also those from all other rocks 
of the drainage basin in which the 
diamond placers occur. They are of 
little diagnostic value as to the dia- 


mondiferous source rock. The 


G.LA. and A.G.S. 


A very valuable addition has re- 
cently been made to the mail courses 
of the G.I.A. and also to those of the 
A.G.S. Robert M. Shipley has writ- 
ten four elementary assignments on 
precious metals and one on jewelry 
the Society’s 


for American Gem 


minerals however associated with the 
alluvial diamonds of California, 
Oregon, Agua Suja (Brazil) and 
Martopoera (Borneo) suggest deri- 
vation from a basic rock while those 
of some other occurrences suggest 
strongly as a source an acid rock. 

In resume the presence of dia- 
monds in igneous rocks ranging in 
composition from the most basie to 
those of at least medium composition 
is known; their occurrence in even 
more acid rocks is probable while still 
other sources are by no means un- 
likely. 


Expand Courses 


In the Certified Gemologist 
course, these assignments ate ampli- 
fied by three dealing with the quali- 
ties and identification of precious 
metals in jewelry and jewelers’ 
wares. Also assignments on jewelry 
forms, enamels, and design are to 
be incorporated in the latter course. 


course, 


MARKETING OF DIAMONDS 


Conditions of marketing of diamonds have completely changed. 


The 


new arrangements were fully dealt with in Sir Ernest Oppenheimer’s speech 
at the meeting of the De Beers Company held on June 8th. 1934. 


Briefly put. all the South African Producers deliver their diamonds 


according to fixed quotas to a Diamond Producers Association, the Board 
of which consists of representatives of the Producers. the Diamond Corpora- 
tion, and the Government (South African}. The Producers Association 
sells these diamonds to a concern known as the Diamond Trading Company 
which has selling offices in Kimberly and London. The method of selling, 
prices, etc.. are fixed by mutual arrangement between the Diamond Trad- 
ine Company and the Producers Association. 


It will be noted that the Diamond Corporation which holds large stocks 
of diamonds previously purchased from the Producers is a member of the 
Producers Association and has agreed to dispose of its stocks according to 
quota. 


The arrangement outlined has been in operation since April, 19384, and 
so far has functioned satisfactorily and has generally established the con- 
fidence of the trade in the stability of prices and the firm control of pro- 
duction and sales. 


Note by H. T. Dickinson, Consulting Engineer for DeBeers Consolidated 
Mines. 


Gemological Microscopy 


(Continued from lust issue) 


If the gem on the stage is isotropic (singly refractive) or is so orientated 
that the light is transmitted along a direction of single refraction, the 
change of color will not take place. Therefore, it is always necessary to 
place the gem on the stage in at least three different positions before decid- 
ing that it is not pleochroic. Even then the difference between the two 
colors may be so slight as to be almost unnoticeable. In this case, the 
stone may be said to have no dichroism. However, it cannot upon this 
basis be pronounced singly refractive. A quick test to determine whether 
or not a stone is singly refractive is to place the upper Nicol or analyzer 
in its position in the upper tube of the microscope. The analyzer and 
polarizer are arranged at right angles to each other so that with the stage 
clear no light is allowed to pass through the optical system of the micro- 
scope. The polarized light transmitted by the polarizer is stopped by the 
analyzer. 

Distinguishing Single from Double Refraction 


However, if a doubly refractive stone is place in the path of this light 
between the polarizer and analyzer, viz., on the stage of the microscope, 
it so affects the polarized light from below, twisting it into a new plane 
of vibration, that it can pass through the analyzer. Since singly refractive 
or isotropic substances do not divide a ray of light into two and do not 
produce polarization they are unable to twist the polarized light from the 
polarizer so that it may be transmitted through the analyzer. Therefore, 
if after the analyzer is placed in position, little or no light comes through 
at any time during rotation of the stage, the mineral if transparent is 
indicated to be isotropic. Doubly refractive substances unless viewed 
along a direction of single refraction will pass a considerable amount of 
light and the field of view of the microscope will be alternately light and 
dark four times during a single rotation. When it is light the illumination 
is practically as brilliant as with the analyzer removed. Because of its 
inclined facets, a singly refractive gem will usually allow a little light 
to pass; however, the occasional flashes in this case are easily distinguished 
from the full illumination caused by a stone which is doubly refractive. 

A singly refractive substance may sometimes because of internal strain 
show what is known as anamolous double refraction. This, however, need 
never confuse the student. A stone showing polarization due to this 
phenomenon seldom lights evenly across the whole space which is in focus. 
Rather irregular parts or patches will show light at a certain position 
of the stage while others are either never light or are only at a different 
position of the stage. The anamolous double refraction is very common 
in diamond, almandine garnet, and synthetic spinel. The latter especially 
shows a sharp contrast between numerous light and dark patches. Lami- 
nations in very rare cases may cause alternate patches of light and dark 
to be viewed under crossed Nicols. 


Credit to Dr. G. F. Herbert Smith S 


In a previous article by Dr. Thomas Clements, of the University of 
Southern California, and the author, the use of interference figures in the 
identification of cut stones was previously outlined. (Since the publication 
of that article the authors have found that their work was not as they 
had thought the original application of this principle in gem identification. 
Dr. G. F. Herbert Smith in his “Gem-Stones” explains very carefully and 
completely the use of interference figures as a means of identification.) 
As the previous article in Gems & Gemology explained in sufficient detail 
the methods of securing these figures, this material will not be repeated. 


However, it is best to suggest to the student the method for using an 
ordinary polarizing microscope without the customary petrographic acces- 
sories for the same purpose. An interference figure may be secured with 
an ordinary polarizing microscope merely by focusing through a pair of 
parallel facets of a gem and removing the eye-piece. Of course, an inter- 
ference figure will not be found each time the microscope is focused through 
a pair of parallel facets. In order that the figure become visible the facets 
must be perpendicular to an optic axis. For this work a high-powered 
objective must be used. Fortunately the power of this objective need not 
be so great when thick sections such as gems are used, as it must be when 
very thin mineralogical slides are used. The 20X objective recommended 
in our last article has proven very satisfactory for securing an interference 
figure from a cut gem. 

The doubly refractive crystals as stated before are divided into two 
general classes—-uniaxial and biaxial. Uniaxial figures are recognized by 
their perfect symmetry, i. e., their circular rings and brushes crossed at 
90°. (See illustration.) A biaxial figure may be recognized by the fact 
that its colored rings are elliptical rather than circular, and it may possess 
either only a single curved brush or a pair of curved brushes which do 
not intersect. Also the brush of a uniaxial figure is stationery as the 
stage is rotated, while the brush of a biaxial figure revolves counter to the 
direction of the stage. 

The uniaxial and biaxial groups are each further divided into nega- 
tive and positive crystals. A uniaxial mineral is said to be positive when 
e (epsilon), its extraordinary index, is greater than « (omega), its ordi- 
nary index. If « is greater than « the gem is negative. The biaxial crystals 
a (alpha) is always the least index, #@ (beta) the medium index, and 7 
(gamma) the greatest. If the R.I. of 8 is closer in value to a, the gem is 
positive. If the value of 3 approaches more nearly that of v, the mineral 
is negative. 


Use of the Quartz Wedge 


Interference figures whether biaxial or uniaxial may be analyzed for 
optic sign by the use of a quartz wedge. This is a very thin wedge of 
quartz mounted between two glass slides to prevent damage. Most quartz 
wedges, especially those available in America, are cut in such a manner 
that the so-called ‘slow ray” vibrates at right angles to the length of the 
wedge. The direction of vibration of the slow ray 
is indicated by a pair or arrows. These arrows are 
placed at the thin end of the wedge—the end which 
is inserted in the microscope tube. To analyze a uni- 
axial figure, the figure is first secured and focused 
as clearly as possible. The quartz wedge is then in- 
serted in a slot just above the objective lens of the 
microscope. This slot is so placed as to bisect the ( 
angles between opposite brushes in the uniaxial 
figure. As the quartz wedge is moved into the slot 
(usually from the lower right-hand corner of the field 
or vision). the colored rings of the uniaxial figure 
will move toward the center in one pair of opposite 
quadrants, and will move toward the edges in the _ 
other pair of opposite quadrants. If, as the quartz 
wedge is moved into its slot, the rays in the quadrants 
at the sides of the quartz wedge move in toward the 
center, the gem is positive. If the rings in the quad- 
rants at the sides of the quartz wedge move outward 
away from the center of the interference figure, the Bausch and Lomb Micro- 
mineral is proved to be negative. thee. ecomimended by the 

Except in a very tiny stone, and then only under 
unusual circumstances, a biaxial figure with more than one brush will not be 
visible. The one brush which it is possible to find even in a large stone which 
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is biaxial will almost invariably show a pronounced curve. In order to ana- 
lyze this interference figure the stage is rotated until the brush has its 
concave side toward the lower right of the field, i. e., toward the point of 
insertion of the quartz wedge. As the quartz wedge is inserted, the color 
rings of the biaxial figure do not move, as those of the uniaxial. Instead 
when the quartz wedge is inserted, colors appear on each side of the brush. 


Left: Uniawxial interference figure shown by Tourmaline. 
Right: Ojf-center biaxial figure of Topaz. The concave side of the brush faces 
the bottom of the microphoto. 


If the colors upon the convex side of the brush become first red, then orange- 
yellow, green-blue to violet as the wedge is moved in, the gem is positive. 
The progress of the colors from red to violet in this manner is known as 
“rising.” If the colors on the convex side of the brush (the side to the upper 
left) “fall” in color, i. e., go from violet through blue, green, yellow-orange 
and to red, the mineral is negative in optic sign. 


A Valuable Test 


This material may seem at first to be terribly complicated. It will 
be found, however, that if the student uses a microscope and applies the 
tests as suggested here, experimenting for himself and mastering the use 
of this complicated instrument, he will become proficient at identifying 
gems with the polarizing microscope. The observation of dichroism and 
of the differentiation between singly and doubly refractive substances is 
very simple and may quickly be mastered. However, the student if he pos- 
sesses a polarizing microscope should learn to apply it to testing interference 
figures. This test is often the only one by which certain stones may be 
identified, and it is also very definite in its results. It is, for instance, 
the only practical test to distinguish between certain almandine garnet and 
the beta variety of zircon, between tourmaline and andalusite, ete. 


Do You Know... 


Who is reported to own the Sancy Diamond? 


See Important Diamonds of the 


World, page 169. 
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BOOK REVIEWS 


The Genesis of the Diamond, by Alpheus F. Williams. Ernest Benn, Ltd., 
London, 1932. Price, $25.00 (subject to change without notice). Available 
from G.I.A. Book Dept. 

This is by far the most complete work ever prepared upon the subject 
of diamonds. A great deal of the practical knowledge of the author—-who 
was for years General Manager of the DeBeers Mining Company, and son 
of Gardner F. Williams, a former General Manager of the same company 
and author of “The Diamond Fields of South Africa,”—is combined with the 
writings of other authorities and offered to the reader in two large volumes, 
totalling 636 pages. Mr. Williams states his own conclusions upon many 
points and quotes also the agreeing and conflicting statements of other 
authors. The result is that in one book are combined the pertinent quota- 
tions from many books, reducing the reference work necessary upon the 
part of the student. Unfortunately, Mr. Williams is very positive in many 
of his beliefs, and the selection of the quotations may have been uncon- 
sciously influenced by a desire to prove his theory of the coincident rise 
of the Kimberlite magma in the diamond-bearing pipes of South Africa. 


Unusual Illustrations 

The two volumes of the “Genesis of the Diamond” are profusely illus- 
trated. Colored microphotographs of the various diamond-bearing kimber- 
lites and their inclusions are a feature of the book. There are many other 
microphotos, showing details of the crystal forms and inclusions of dia- 
monds. There are many photographs of sources and of mining methods. 
In addition to the printed half-tones, there are many line sketches, iliustra- 
ting hypothetical and proven geological structures of the various sources. 
Particularly valuable is Mr. Williams’ description of each mine individually. 
The formation of the pipe, its extent, its productivity, and the quality and 
size of the stones vielded is set forth in each case. 

No Synthetic Diamonds 

Speaking of the productive pipes, Mr. Williams shows clearly their 
close interrelation with one another, inferring that all had a more or less 
comnion source, seated deep within the earth. The author is more or less 
friendly to the theory that diamonds may have had their origin in forma- 
tions other than those which produced the gems of the South African pipes. 
He definitely disagrees with any statement of the synthetic production of 
diamonds. He hazards that the minerals produced by experimenters in an 
attempt to synthesize diamonds may be colorless spinel. 

The “Genesis of the Diamond” is an extremely valuable book, and praise 
is due the author who compiled it. It is deserving of a place in the library 
of every gemologist who specializes in the handling and knowledge of dia- 
mondg although its numerous illustrations and color plates, and beautifully 
printed text on fine paper makes its two volumes unusually expensive. 


—R.S., Jr. 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


HENRY E. BRIGGS, Ph.D. 


Refraction 


In the study of gems we will deal more with refraction since we will 
use the index of refraction to determine many gems. Consequently we 
will dwell more on refraction than we did on reflection. 


Refraction is the bending of a ray of light. When light passes from 
one medium to another of different density it is bent into an angle exactly 
at the point where the two mediums meet. Thus a stick thrust into water 
appears to be bent or broken right at the surface of the water. If the 
rays are passing from a rare to a dense medium, they will be refracted 
or bent toward the perpendicular. If the ravs are passing from a dense to 
a rare medium the reverse is true, that is the rays are bent away from 
the perpendicular. The amount that the rays will be bent depends upon the 
two mediums in question. In our study one will usually be air so then it 
will depend entirely on the index of refraction of the other medium in 
question. 


The index of refraction is the ratio between the sines of the angle 
of incidence and the angie of refraction. 


In isotropic minerals this index of refraction is constant and the same 
in all directions (providing there is no internal or external pressure to 
interfere with the elasticity of the substance), and is usually expressed by 
the letter “n” in tables and papers on this subject. Since the indices of these 
substances are always constant, for water 1.333, for diamond 2.42, for flint 
glass (lead glass) 1.621, ete., it will be obvious that the index of refraction 
offers an easy method of determining gem stones. 


Double Refraction 


Some minerals have different degrees of elasticity in different directions 
and consequently the refraction will differ along such a mineral’s different 
axes. This is called double refraction and such minerals are said to be 
anisotropic. Anisotropic crystals may have one or two directions or axes 
along which a ray of light can proceed without suffering double refraction, 
that is they may have one or two directions in which they are isotropic 
or single refracting. Minerals having one such direction or axis are called 
uniaxial and minerals having two such directions or axes are called biaxial. 
These axes are the optic axes of the crystal. 


When a ray of light passes through an anisotropic mineral in any 
other direction than along the optic axis cf the mineral, the ray is not only 
refracted but is divided into two rays which proceed through the crystal 
with different velocities, hence the refractive index of each ray is different. 
The refractive index of the ordinary ray is designated by the Greek letter w 
(omega), the index of the extraordinary ray is designated by the Greek 
letter « (epsilon). If the index « is greater than ¢« the mineral is optically 
negative. If «is greater than » the mineral is optically positive. 

In the biaxial minerals we have three principal optical directions at 
right angles to each other. Each of these directions has its own index of 
refraction. These indices are designated by the Greek letters, 2 (alpha) 


the smallest, 6 (beta) the intermediate, and y (gamma) the largest. If 
the intermediate index 8 is nearer in value to « the smallest, then the mineral 
is optically positive. If 6 is nearer y in value then the mineral is negative 
optically. The determination of these directions in a mineral is accomplished 
by the aid of a polarizing microscope equipped with some such accessory 
as a “Berek” compensator. 

Minerals are grouped according to their optical and crystallographical 
character. That is, minerals crystallizing on a certain system will possess 
certain optical characteristics regardless of what elements may make up 
the mineral. Below we have a table of the three optical groups and the 
systems of crystallography which accompany them or wice versa. 


OPTICAL NATURE CRYSTALLINE FORM 


Cubie system 
Isotropic or single refracting 
Amorphus minerals 
{Hexagonal 
| Uniaxial 
| Tetragonal 
Anisotropic or double refracting 5 
| Orthorhombie 
Biaxial , Monoclinic 
| Triclinic 


Transmission of Light 
We have now seen how a ray of light is bent and even divided when 
passing through certain substances. We see that it is impossible for any 
transparent medium to transmit all of the incident rays which fall upon it 
for the reason that part of the light is thrown off again by reflection. Now 
we will consider another reason why not all of the light is transmitted; this 
reason is that every transparent medium has certain powers of absorption. 


Absorption may in some cases be a disadvantage but we owe all color 
to this property in matter. Indeed were it not for their power to absorb 
part of the incident rays we would have no beautiful colors in our gems. 
This matter was touched upon before in the chapter on reflection. 

As light proceeds through an isotropic mineral the absorption is the 
same in all directions and consequently if the mineral reflects or transmits 
only the red spectra to our eye then the mineral will look red and it will 
look the same color and shade no matter what direction we look through it. 
This property is known as selective absorption. In the event that two or 
more colors of the spectrum are transmitted then they will blend to produce 
the color which we see. 

In anisotropic minerals, however, the absorption of light will vary as 
does the velocity of light, in the different directions of the crystal. It is 
quite obvious now that we may see two or even three colors or shades of 
color in some crystals by viewing them in different directions. This property 
of variation in color is called pleochroism. Pleochroism is the word used 
in a collective way and embraces both those minerals showing two and 
those showing three colors. 

Crystals which are uniaxial usually show two colors sometimes called 
“twin colors.” Such minerals are said to be dichroic and the property is 
called dichroism. Crystals usually show three colors or shades of the same 
color. These minerals are trichroic and the property is called trichroism. 

Pleochroism is detected and studied best with a dichroscope which is 
discussed in a later chapter. Also see table of twin colors. 


(To be continued) 


GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(The key to pronunciation will be found in the January, 1934, issue) 


Chlorite (kloe’rite). Any of a group 
of monoclinic minerals of exten- 
sive occurrence associated with, 
and closely resembling the micas, 
and ordinarily characterized by a 
green color. 

Chloromelanite (kloe”roe-mel’a-nite). 
A gem mineral. Dark-green, nearly 
black jadeite. 

Chloropal (klore-oe’pal). Green opal 
from Silesia. 

Chlorospinel (klore’oe-spin’el or spi- 
nel’). Green spinel. 

Chromatic (kroe-mat’ik). Of or per- 
taining to color or colors. 

Chrome Garnet (kr6m). Uvarovite 
(garnet). 

Chromic Abberation. See aberration. 

Chromite (kroe’mite). Occasionally 
cut into beads. Black and opaque. 
Heavier than jet. Hardness, 5%; 
Specific Gravity, 4.3 to 4.6. 

Chrysoberyl (kris’oe-ber’il). A 
beryllium aluminate. Orthorhom- 
bic system. Hardness, 84, R.I. 
1.74-1.753. Specific Gravity, 3.73; 
Transparent to translucent. Gem 
varieties: golden chrysoberyl, 
chrysolite chrysoberyl, cat’s-eye or 
cymophane, and alexandrite. 

Chrysocolla (kris’oe-kol’a). Hydrous 
copper silicate. Amorphous or 
crypto-crystalline. Hardness, 2-4; 
specific gravity, 2.0-2.2. Green 
and blue-green to turquoise blue. 
Translucent to opaque; resembles 
turquoise in color. Of gem inter- 
est only as a coloring impurity of 
chalcedony when it is known as 
chrysocolla quartz or blue chryso- 
prase. 


Chrysocolla Quartz. In California 
sometimes called blue chrysoprase. 
It is a rare stone and in its most 
transparent quality is of excep- 
tional beauty. See also Chryso- 
colla. 

Chrysolite (kris’oe-lite). Olivine or 
peridot; also improperly applied to 
any light greenish-yellow to yel- 
lowish green transparent gem ex- 
cept when used as a prefix. 

Chrysolite Chrysoberyl. Chrysolite 
colored chrysoberyl, or incorrectly 
“Oriental Chrysolite,” “Brazilian 


Chrysolite.” Yellowish-green. 
Chrysolithus (kris’oe-lith-us). Pale 
vellowish-green beryl. 
Chrysoprase (kris’oe-praze), A va- 
riety of the chalcedony group. 
Apple-green. See also Blue 


Chrysoprase. 

Cinnabar (sin’a-bar). Only impor- 
tant ore of mercury occurring in 
brilliant red crystals and used in 
China as a coloring pigment for 
a red lacquer. See also Vermillion 
Opal. 

Cinnamon Stone (sin’a-mun). Hes- 
sonite garnet. 

Citrine (sit’rin). Yellow to 
vellowish-red transparent quartz. 
See “Saxon Topaz.” 


Clam. Word often incorrectly ap- 
plied to fresh water mussels in 
which pearls are found. Clam is 
properly a different species. 

Clam Pearl. Not true pearls. Found 
in oysters and clams. Light drab, 
purplish red or blue, almost black. 
Sometimes sold as black pearls 


(deceivingly). The word “clam” 
is often used incorrectly for the 
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fresh water pearl mussel of the | 


Mississippi basin. 
Clastic (klas’tik). 
fragments. 
Clatersal (kla’ter-sal”). 
mond splints from which diamond 
powder is produced by crushing. 
Clay. Fine, soft, aluminous sedi- 
ments that are plastic. 
Clean. Free from noticeable flaws. 
Cleavage (kleve’aj). (1) The proc- 
ess of splitting a mineral in a 


Composed 


definite direction or directions to | 


produce smooth planes. (2) Dia- 
mond crystals which require cleav- 
ing, also pieces cleaved and large 
fragments. 
Cleavage, False. See Parting. 
Close Goods. Diamond crystals re- 
quiring no preparation for cutting. 
Flat semi-transparent 
patches, usually brownish or 
blackish, along the cleavage 
planes (grains); often finely pow- 
dered with “carbon.” See also 
Diamond Glossary. 


Clouds. 


Cloudy Agate. Name is self- 
explanatory. 
Cloudy Amber. Includes Bastard 


Amber and pearl-coloved amber. 
Cloudy appearance due to multi- 
tude of small bubbles. 


Cloudy Texture. This refers to 


of | 


Small dia- , 


“milky” appearance of some dia- 


monds, which may result from 
infinitesimal inclusions or from 
peculiarities of crystallization, See 
also Diamond Glossary. 

Clusters. Groups of small diamonds 
(melée) set closely together and 
to give the effect of a single 
(vound) brilliant cut diamond. 
When a diamond is 

coated with 


Coated Stones. 
completely 


| Combustibility 


blue a. 


strong microscope will detect the 
surface coating. Mounted dia- 
monds are often painted blue on 
or around the culet, or when set 
in flat top mountings around the 
girdle. Coating temporarily im- 
proves the color and is, of course, 
deceptive. See also Altered Stones. 

Cocoanut Pearls (koe’koe-nut”). 
Pearls from the oyster or clam of 
Singapore. 

Cohesion (koe-hee’zhun). All sub- 
stances are considered to be made 
up of small particles or atoms, 
These minute particles are held 
together by force of attraction 
called cohesion, which tends to re- 
sist any separation between the 
atoms. 

Collet (kol’et). Same as culet. Also 
the metal portion of a finger ring 
in which a stone is set. Seet Culet. 

Colloids and Gels (kol’oids and jels). 
Masses which do not crystallize. 
Amorphous. Opal is an example. 

“Colorado Ruby” 
Pyrope (garnet). 
zona Ruby.” 


(kol”oe-rae’doe). 
Same as “Ari- 


Citrine (yellow- 
correctly, topaz 


“Colorado Topaz.” 
quartz); also, 
from Colorado. 

Color-Play. Usually refers to colors 
produced by dispersion and not to 
play of color. 

Color Range. The various colors ex- 
hibited by different varieties of a 
mineral. 

Having 

parallel 


Columnar (koe-lum’nar). 
slender prisms in close 
grouping. 

(kom-bus”ti-bil’t-ti). 
Among gems is a quality possessed 
by the diamond only. 

Commercially Perfect. Pique. (Very, 
very slight imperfections in a 
diamond.) See also Perfect. 


(To be continued) 
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THE SANCY 


Fine jewels, perhaps more than any other commodity, retain their 
value with singular equality. Great diamonds have been given as security 
in far-off days of Eastern history; security for safety of goods and of 
life itself. In European history they have been pledged for men and 
money. The Sancy is a singularly interesting illustration. From the days 
that legend tells us Fugger, the Nuremburgh banker, secured the diamond 
with other Ducal jewels from the Bernese government, to the day when 
poor James Stuart, exiled king of England, parted with it to Louis XIV, 
the Sancy was invaluable as a money raiser. Henry III, Henry IV, and 
the Stuart Kings of England profited by the possession of the stones, to say 
nothing of Sancy himself. 


The Sancy Diamond has had a most confusing history owing to the 
old legend that it was one of the great diamonds lost by Charles of Bur- 
gundy after his defeat at Nancy or Granson. Its history is well confused 
with that of the Florentine. Authorities are now in perfect agreement 
that the Sancy was never in the possession of the Duke of Burgundy, but 
the story still lingers on in newspapers, magazines and in the stories of 
many “pretended” diamond experts. This commonly accepted but now 
disproved story was that the Sancy was owned by the Great Moguls, that 
it was brought to Europe at some date, not known, and came into the 
hands of Philip, Duke of Burgundy. 


The truth is that the gem had been purchased in Constantinople about 
1570 by Nicholas Harlai, Seigneur de Sancy, who had evidently a passion 
for jewels. It was a fashion more extravagantly indulged in during the 
sixteenth and seventeenth centuries in Europe than at any other time or 
in any other place save the East. 


M. de Sancy was a prominent figure at the court of Henry III, the 
unfortunate, vicious, weak son of Catherine de’ Medici. With his dogs in 
a basket about his neck, his sweetmeat balls, his powder and rouge, his 
whole body reeking with scent, Henry III was a pitiful figure. He was 
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bald when very young and was most sensitive because of this defect. He 
always wore a small cap decorated with the Saney diamond which was 
either loaned or sold (probably loaned as de Sancy came in possession of 
the diamond after the death of the Valois) to the king by the owner. 
Henry III was assassinated in the war of the Three Henrys, and Henry IV 
ascended the throne. Henry IV was gallant in love and war and the 
husband of the greatest royal woman fool in history, Marie de Medicis. 
Henry made de Sancy superintendent of finance. Henry borrowed the 
gem from de Sancy to give as security for a loan, by which he could secure 
hired soldiers. The messenger was dispatched with the jewel, but never 


THE SANCY 


Collateral of Kings 
and Queens 


Weight, 55 Carats 


reached his destination. Thieves had probably followed him. De Sancy, 
knowing that the man was loyal, had a search made, and the body was 
discovered, disinterred, and in the stomach of the faithful man the great 
diamond was found. Follow the fate of the owners. Henry IV fell by a 
dagger stroke even as in the same manner the last of the Valois—Henry III. 


De Sancy sold the diamond to Queen Elizabeth, and in the Inventory 
of Jewels in the Tower of London, March 22, 1605, (James I) the jewel is 
described in the quaint language of the time—‘A greate and ryche jewell 
of golde, called the ‘Myrror of Greate Brytayne’ conteyninge one verie 
fayre table dyamonde, one verie fayre table rubye, twoe other lardge 
dyamondes, cut lozengewyse, the other of them called the ‘Stone of the Letter 
H of Scotlande,’ garnyshed wyth smalle dyamondes, twoe rounde perles, 
fired, and one fayre dyamonde, cutt in Fawcetts, Bought by Sauncey.” 
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The diamond was in England until 1669. Charles I, son of James I, 
lost his head, and his widow, Henrietta Maria, presented the jewel to 
Somerset, Earl of Worcester, from whom it passed again to the English 
Crown. Fortunate that Cromwell did not get his grasping hands on the 
stone, and “sell” it for a few shillings to some good Puritan friend. Later 
King James II owned it, and he lost his throne. (The Earl of Worcester 
may have given the diamond to him.) Poor James IT lost all at the 
disastrous Battle of the Boyne and fled to France. Louis XIV was an 
affable host to his guest for a season, but mournful, shabby exiled kings 
bored him, and was not Cromwell, whose foreign policy he admired, eyeing 
him? In desperation, James Stuart sold the diamond to the grasping king 
whose fondness for diamonds was well known. Louis gave him, we are 
told, 25,000 pounds ($125,000) and James thanked heaven for diamonds 
that were always a security in a time of trouble. James showed a side 
of the Stuart character that must have been inherited from his canny 
Scotch father for he had held fast to the diamond as a last resort and 
“saved his face’ in the courts of Europe. Louis XV inherited it and 
placed it in his Coronation hat. Much more decorative on the handsome 
head of the haughty Louis than the weak Valois. Louis XVI lost his head 
and the jewel was stolen from the Garde Meuble in Paris in 1792 with 
other Crown Jewels (the “French Blue” and the Regent). 


This robbery was one of the most mysterious and dramatic robberies 
in history. It was more than a sordid theft according to some scandal 
mongers of the Radical party who saw the hand of the Legitimists in the 
robbery, and at the time of the law suit the Royal Bourbon name was 
dragged in, and an agent of the family accused of selling the jewel to 
the Demidoff family in 1835. This was quickly disproved by evidence that 
a French merchant, who could not possibly have been connected with the 
Bourbons, was later responsible for its sale in 1828. This robbery of the 
Garde-Meuble, so called from the building in which the Crown Jewels and 
regalia of France were kept, occurred in the year 1792, 


In pre-Revolutionary days the jewels were displayed to public view 
during certain days of the year. After the dreadful days of September, 
1792, the jewel cabinets were closed and sealed. A careful inventory was 
made. Not only did the Treasury contain jewels impossible to duplicate, 
but priceless golden vessels and other relics too numerous to list here. 


The guards were either too trustful, or too careless or worse, for 
one morning they found the window open and the treasure gone—the seals 
broken, but the locks not picked. Many were arrested on suspicion and 
the police were in despair when an anonymous letter reached the Com- 
mune, telling where to search for a portion of the treasure. The letter 
was not a hoax—the Regent was recovered and the famous onyx vase, 
called “The Chalice ef the Abbot Suger,” but stripped of its splendid 
gold mounting. Fear of attempting to dispose of articles so unique as 
the Regent and the Chalice led to the sacrifice. 
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The Sancy Diamond reappeared and was sold by a French merchant 
about 1828 to Prince Demidoff for $100,000. The squabble and lawsuit 
that grew out of this sale would take too long to relate, but it was a cele- 
brated case in the French law courts. 


1865 the Sancy returned to the lands of its birth, having been pur- 
chased by a wealthy Parsee merchant, but it came back to Paris and was 
shown at the Exhibition of 1867. Again it returned to India to become 
the property of the Maharajah of Patiala. It was set in platinum and 
was a part of the state regalia of the Maharajah. Dr. Kunz is authority 
for the statement that the jewel is now the property of Lady Astor. There 
is, however, another stone quite similar in appearance to the Sancy, and 
there is a possibility that this is the jewel in the possession of Lady Astor. 
Indian Rajahs do not easily part with their dearest gems, which they 
regard with a devotion that approaches adoration. 


The diamond is about the size and shape of a peach stone, and weighs 
55 carats. Its form and cut show its Indian origin. It was originally 
faceted on both sides and is said to be of fine brilliancy and “water.’’ The 
old story that it was one of the first stones to be cut with symmetrical 
facets is perhaps true, but that it was cut by Louis de Berquem for the 
Duke of Burgundy does not seem possible. 


LARGEST RUBY-RED DIAMOND 


Two of the finest diamonds of the world were on exhibit at 
the Chicago World’s Fair. A five-carat ruby red diamond, 
valued at $150,000, is the largest and most valuable ruby red dia- 
mond in the world. The other stone, which brought thousands 
of visitors to the Diamond Exhibit, is “La Favorite” (50.28 
carats) said to be the finest blue white diamond for its size in 
the world today. It is owned by a Parisian and is valued at 
$1,000,000.—Note by G. Frederick Shepherd. 
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Sapphires and Sapphire Bearings 
B. W. St. CLAIR 
Standardizing Laboratory, General Electric Company 


Crystallized corundum has no cleavage. This is true of all of the 
natural varieties with which we have had contact and the synthetic 
corundums. Sapphire may exhibit parting due to repeated twinning. This 
is met with very infrequently in well-crystallized material and is almost 
completely absent in gem stock. Massive corundum very frequently shows 
parting, often in two directions at approximately right angles to each other 
(along the rhombohedron). When this is met with it is often thought due 
to excessive pressure changes after the formation of the corundum. 


Many natural sapphires will have a shaley appearance due to altera- 
tion or to solution in one particular direction. This nearly always occurs 
parallel to the base of the prism (0001 plane). Such stones are frequently 
found in sapphire from Australia and Ceylon and probably also from Burma, 
and can be split into fairly thin laminae. This parting is quite distinct 
from the cleavage of mica in that the individual layers which can be split 
off appear to have definite thicknesses. 


Internal Cracks Indicate Synthetics 


In synthetic sapphire there is a breakage of the original boule parallel 
to the long axis of the boule when the surface is disturbed in any way. 
Most boules are sold as halves. The relationship of the plane of this split 
to crystal directions is inexact except that the C axis lies somewhere in 
this plane. Synthetic sapphire when highly polished will often exhibit 
minute sub-surface cracks known in the German literature as “Sprunge.” 
These are very frequently seen along the edge of gem facets and apparently 
appear only in the synthetic stones. 


In both natural and synthetic sapphire we are recognizing a pseudo- 
parting to which we have given the term “pressure parting.” This appears 
as short, straight lines or cracks when the polished surface of the stone is 
put under excessive pressure. These cracks are parallel to the basal plane 
(0001) and ean be brought out by rubbing a needle over the polished surface. 

Polysynthetie twinning occurs fairly frequently in crystallized corundum 
and is present in synthetic sapphire despite statements to the contrary. 
Imperfect crystallization that has the appearance of twinning in polarized 
light is quite common in synthetic sapphire. Polarized sapphires very sel- 
dom give any external evidence of internal twinning although occasionally 
an abrupt change of color or hue will be found to coincide with the twinning 
plane. Twinned crystals occur fairly frequently in sapphire from Ceylon, 
Burma, and South Africa. They probably never occur in Montana sapphire 
and very rarely if ever in sapphire from Queensland. This refers to macro- 
scopic twins. Polysynthetic twinning does occur fairly frequently in the 
Montana sapphire, but there is no external evidence of it in the crystal 
either before cutting or afterwards. 
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Genuine Sapphire More Serviceable 


For all watt hour meter bearings where there is continuous rotation 
of the armature and where the bearing will probably be in service for many 
years before it is inspected we use only natural corundum and from selected 
sources. For some very light instruments where the armature weights 
are very small and where the service conditions are not very exact we have 
used some synthetic corundum. Our use of it for this purpose has been 
very restricted as it is generally possible to get the natural sapphire bearings 
for substantially the same cost as the synthetic. 


It has been our experience that natural sapphire when used in bearings 
carrying considerable load (10 grams or more) has a much longer life than 
synthetic sapphire has. There are many factors which may cause the start 
of failure in a jewel bearing so that one finds some natural sapphire bear- 
ings which break down earlier than some synthetics, but when a sufficient 
number of bearings are examined so that statistical methods can be used 
the results are very much in favor of the natural sapphire. The reasons 
for this are probably related to the almost complete absence of strain in 
natural sapphire and the presence of relatively high strain in the synthetic. 

Our experiences have been almost entirely with sapphire, but as ruby 
is only a minor modification of this material our results are believed to be 
true of ruby also. 


And! 
Has your subscription expired? 


See article below. 


FREE DETERMINATIONS TO NEW AND 
RENEWAL SUBSCRIBERS 
Special Christmas, 1935, Offer 


Aside from the change of policy as outlined in the EprrorlAL Forum, 
Gems & Gemology is making a special offer in order to increase circulation. 


Have You a Friend in the Trade? 


The majority of the present subscriptions to Gems & Gemology began with 
the January-February, 1934, issue. Therefore, most subscriptions expire 
with this issue. In addition, Christmas is approaching and you may have 
a friend or friends in the jewelry business to whom you would like to 
present a subscription to Gems & Gemology as a Christmas gift. In order 
to fill both of the above needs, the American Gem Society makes the follow- 
ing combination offer: 


™ 
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Your renewal (or new) subscription. .......... 0... 0c eee eee $3.50 


Your renewal (or new) subscription and one 
additional new subscription....... 2... eee eee eee eee $6.00 

Your renewal (or new) subscription and two 
additional new subseriptions.... 0.0.6.0 0c eee $8.00 
Fill the blank below and mail with your check to the American Gem 
Society. An appropriate card will be sent to the recipients of your gift 
subscriptions advising them that you have supplied them with a subscrip- 

tion to Gems & Gemology for 1935. 


Free Gem Stone Determination 


In addition, each new and renewal subscriber is entitled to one determina- 
tion of a facet-cut stone for himself or for any one of his customers. This 
determination will be made in the laboratory of the Gemological Institute 
of America. (You may pass the determinations on to your gift subscribers 
or retain them for yourself, as you like.) Remember, no determinations 
of unpolished or cabochon-cut gems will be made on this offer. 


Send Your Order at Once! 


This special combination offer is effective only until January 15, 1935. 
Mail your check or order at once. Payment may be made at your con- 
venience between now and January 15, 1935. You may send the stone for 
determination any time before the end of 1935. 


To 

AMERICAN GEM SOCcIETY, 
555 SouTH ALEXANDRIA, 
Los ANGELES, CALIFORNIA. 


Please renew my subscription to Gens & Gemology. 
Name 
Address 
City 

Enclosed is my check for $3.50, or 

I will send check before January 15, 1935, 
Please enter as my gift subscriber: 


Name 


Address bese ee aes : 


Also enter as my g@ift subseriber: 
Name 
Address ee . boc teevteentes seneeeeee 


City 
Enelosed is my check for $8.00. 
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EDITORIAL FORUM 


ERROR CREPT IN 


In our July-August editorials, we 
made some rather caustic comments 
regarding the proceedings of the 
International Jewelry Conference at 
the Hague. Particularly we com- 
plained of the indications that this 
Conference intended to set arbitrary 
rules concerning the physical and 
optical properties of gem stones. 


o 


Evidently we misinterpreted their 
true intention. A letter from B. W. 
Anderson, director of the Laboratory 
of the Diamond, Pearl, and Precious 
Stone Section of the London Chamber 
of Commerce, chides us gently for 
our error. 

+ 


Says Mr. Anderson: 


“T think you take a wrong attitude 
with regard to the suggested revision 
of the physical property data by the 
Laboratories. I myself have been 
pressing this keenly for some years, 
and for the very reason which you 
give as an argument against the 
idea—i. e., that I do not wish to see 
these data ‘arbitrarily fixed’ as they 
are at present by the standard text- 
books, which copy from one another 
and give no freshly-determined data 
of their own. 


“The annual submission of data 
actually determined in our labora- 
tories will not fix these data—they 
will, on the contrary, leave them in 
a healthy state of readiness for 
further revision. A perfectly good 
comparison of this procedure is given 
by the tables of atomic weights, the 
values for which are periodically 
overhauled by an International Com- 
mittee, which draws up a list of the 
best values to date, without any pre- 
tence of finality.” 

+ 

It is also pointed out that we are 
wrong in assuming the figures con- 
sidered by the International Jewelry 
Conference were those of Dr. Schloss- 
macher’s revision of Bauer’s Edel- 
steinkunde. It seems that a special 
committee has been appointed to pre- 
pare the list of properties and nomen- 
elature. Also we withdraw our 
complaint against the lack of 
American representation upon the 
B.LB.0.A. Since our editorial, the 
Gemological Institute of America 
has been asked to send a_ repre- 
sentative to the conferences. The 
Institute has also submitted upon 
request a list of proposed nomen- 
clature of gem stones; this will be 
incorporated in future rulings of 
the B.I.B.0.A. 


Gems & Gemology is the official organ of the American Gem Society and in it will appear 


the Confidential Services of the Gemological Institute of America. In h 


armony with its 


position of maintaining an unbiased and uninfluenced position in the jewelry trade, no 
advertising is accepted. Gems & Gemology does not intend to overlap the field of any other 


periodical in America or England. 


Contributors are advised not to submit manuscripts without first assuring themselves 
that the information contained in them is of scientific accuracy. Manuscripts not accompanied 
by return postage will be held thirty days and destroyed. 


Any opinions expressed in signed articles are understood to be the views of the author 


and not of the publishers. 


Supplement to Continue 

Our September-October issue in- 
corporated the experiment of pre- 
senting news of the activities of 
the American Gem Society and its 
students along with those of the 
Gemological Institute of America. 
This innovation met with general 
approval of readers. Since then, 
the organization of the A.G.S. 
Guilds—briefly mentioned elsewhere 
in this issue—demands a medium 
through which instructions for or- 
ganization, announcements of meet- 
ing places and dates, reports of 
each Guild’s lectures and clinics, 
and news of members’ lectures and 
other activities can be released. For 
this purpose a publication to be 
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called Guilds will make its bow with 
one separate issue about February 
1, 1985, after which it will appear in 
the nature of a supplement with the 
later issues of Gems & Gemology. 


Announcement Extraordinary! 


Publication of this magazine will 
henceforth be by the American Gem 
Society. The staff will remain the 
same. The nature of the articles and 
the form will remain the same. Also 
Gems & Gemology will continue to 
publish all articles and services of 
the Gemological Institute, but they 
will be distinguished from other 
material as contributions of the 
Institute. 


NEW MEMBER APPOINTED TO EXAM BOARD 


The Gemological Institute announces that Mr. Frank L. Spies has 


been appointed to the Examination Standards Board. 
with the firm of Handy and Harman. 


He is associated 
As he has had a great deal of experi- 


ence in both manufacture and sale of precious metals, Mr. Spies will be a 
competent representative of the Precious Metals Trade on this board. 


Do You Know... 


When is a Spectroscope Used in Testing a Gem? 


See Precious Stones Tested 
in Laboratory, page 188. 
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Duke of Kent Wears 
Wedding Ring 


The Duke of Kent, according to the British Goldsmiths’ Jour- 
nal, accepted the custom of the native country of his bride, 
Princess Marina of Greece, and a double-ring ceremony was 
performed. The Goldsmiths’ Journal sees in the Duke’s deci- 
sion an opportunity for the revival of the sale of men’s wedding 
rings. Wholesalers, in the same issue, are advertising several 
styles of ring for the bridegroom. 


The custom of the bridegroom’s wearing a ring is by no means 
new. The Greek Catholic Church of the present day emp'oys 
two rings in its marriage service—gold for the groom and silver 
for the bride. Until a couple of decades ago it was common 
practice in England for men to wear wedding rings, and there 
are a few Americans today who can remember the days when 
one’s grandfather wore one. The custom has always been latent 
among us. Many rings are worn today and this recent news 
offers an opportunity to extend the custom. In a recent article, 
the Manufacturing Jeweler urges all American jewelers to adopt 
the custom of wearing wedding rings in order to set a style 
which wi'l furnish added business. 


Examination Results 


The following men have successfully completed title examinations of 
the G.I.A. and of the A.G.S. 


Qualifying Certified Gemologists 


George C. Barclay, Barclay & Harold D. Feuer, Jeweler, Leo J. Vogt, Hess & Culbert- 
Sons, Newport News, Va. Worcester, Mass. son, St. Louis, Mo. 


Graduate Members American Gem Society 


CALIFORNIA RHODE ISLAND 

F. R. Mathes, Eureka A. Ronald Reed, Providence 
FLORIDA WISCONSIN 

Julius Kadish, Tampa William H. Schwanke, Milwaukee 
OHIO PHILIPPINE ISLANDS 


William O. Theis, Cleveland Leopold Kahn, Jr., Manila 
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Godfrey Eacret 
AN APPRECIATION 


With the passing of Godfrey 
Eacret on December 17, the entire 
jewelry trade, and especially the 


Gemological movement lost one of 
its most valuable and constructive 
time when 
needed to 


forces and at a such 
constructive forces are 
revive confi- 
dence in a trade 


From the time he became a 
founder, Mr. Eacret gave unstint- 


ingly of his time and advice. Files 
of correspondence prove beyond 
question his rare executive and 


judicial ability and are now mute 
testimony to his unfailing desire to 
be of maximum 
assistance and 


suffering from 
the results of 
many destruc- 
tive practices. 
Godfrey Eacret, 
more than any 
one man in the 
jewelry trade, 
was responsible 
for the success- 
ful establish- 
ment of the 
Gemological In- 
stitute of Amer- 
ica, Without 
his vision and 
that of a hand- 
ful of other 
retail jewelers 
who four years 
ago first investi- 
gated the work 
and plans of 


to treat with 
most studied 
fairness every 
branch of the 
jewelry trade. 
He understood 
and appreciated 
the efforts of 
the scientist and 
educator. With 
a long and suc- 
cessful record 
of practical ex- 
perience in the 
marketing of 
gems he also 
possessed the 
qualities of a 
true scientist, 
for he insisted 
upon ascertain- 
ing the facts 
and of reveal- 


Robert M. 

Shipley, the G.I.A. would not have 
come into being and developed to a 
position where the value of its 
service is proving of assistance to 
thousands of jewelers on this conti- 
nent, and to numerous organizations 
and associations among 
numbered the American 
Society. 


which is 
Gem 


ing them to all, 
regardless of momentary disadvan- 
tuge to any special group. At the 
same time he accepted no excuse 
for careless or unverified statements, 
which were met by him with force- 
ful and unvarnished criticism. He 
frequently expressed himself as be- 
lieving it useless to “call a spade a 
sugar spoon.” 
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With the advent of the cultured 
pearl he spent much time and 
money—probably as much or more 
than anyone else in the American 
trade—to develop a satisfactory test, 
and his constructive efforts in this, 
as in all things to which he set his 
hand, never ceased. Only two weeks 
before his death he devoted several 
days in collaborating with a mem- 
ber of the staff of the Gemological 
Institute in experimentation with 
certain details of a possible pearl- 
testing method. To ferret out the 
truth was not a wholly selfish effort 
to assist himself in buying and to 
protect only the interests of his own 
customers. The results of suecessful 
research work for which he was 
responsible he was eager to pass on 
to all legitimate dealers. 


His career throughout had been 
intimately associated with gems. He 
had seen and handled in its original 
form the great Cullinan. He had 
examined carefully the Hope Dia- 
mond before its importation to this 
country. He carried in his memory 
actual descriptions of these and 
many other important gems, and 
in the diamond department of 
Shreve & Company in San Fran- 
cisco, he once recognized the fact 
that a blue stone, offered to him by 
a local lapidary as a sapphire, pos- 
sessed slightly unusual properties. 
With the aid of the mineralogical 
department of the University of 
California, the stone was identified 
as a new gem and named benitoite. 
He investigated the deposit which 
has proven to be the only one known 
in the world, and for a time his firm 
exclusively controlled its output. 
His character is again exemplified 
by the fact that by far the largest 
and finest specimen of benitoite, 
which was for a time his personal 


property, he released to the gem col- 
lection of the Smithsonian Institute 
in an effort to further gemological 
education. His gifts of gem-testing 
equipment and gem specimens to 
the Gemological Institute have been 
the subject of numerous acknowl- 
edgments in Gems & Gemology. 


Notwithstanding all this Godfrey 
Eacret gave generously of his time 
to other organizations. The December 
bulletin of the A.N.R.J.A. pays ex- 
traordinary tribute to the value of 
his work as regional vice-president 
of that organization. The members 
of the Retail Jewelers’ Research 
Group will mourn the passing of 
one of their most beloved and re- 
spected colleagues. The many other 
organizations of which he was an 
officer will also know the loss of his 
strong character and his rare spirit. 


As president of the world-famous 
Bohemian Club of San Francisco 
he succeeded against powerful op- 
position in releasing the money for 
the erection of its new building dur- 
ing the depression years when San 
Francisco business and labor were 
seriously in need of such stimula- 
tion. His thought was always for 
constructive progress and the good 
of the greatest number. His ideals 
will live after him as the soul of 
the gemological movement and 
prove an inspiration to thousands 
of jewelers and an untold number 
of their customers. One of the 
monuments to his memory will be 
the G.LA., in the future service of 
which his spirit will be reflected, 
the organization which he re- 
peatedly called “the first real plan 
which has been offered to the trade 
in order to make of our business the 
profession which the writer thinks it 
should be.” 


Godfrey Eacret was born in 
Englewood, N. J., on February 28, 
1874. His first experience in the 
jewelry trade was as a boy with 
the formerly well-known firm of 
Randall, Baremore, and Billings in 
New York. In 1900, Shreve and Co., 
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years, of both his partners imme- 
diately placed a heavy responsibility 
upon Mr. Eacret. 


For the three years preceding his 


death, Godfrey Eacret was Chair- 
man of the Board of Governors of 


the Gemological Institute of Amer- 
ica. He was also Chairman of the 
Local Retail Jewelry Code Authority 
for the district of San Francisco- 
Oakland, director and immediate 
past-president of the San Francisco 
Retail Jewelers’ Association, and a 
director of the Jewelers’ Security 
Alliance. 


of San Francisco, asked him to be- 
come their diamond man. Mr. Eacret 
accepted and held the position until 
1911, when he and Walter P. Treat, 
also of Shreve and Co., organized 
the retail firm of Treat and Eacret. 
In 1912, George R. Shreve, son of 
George C. Shreve who founded 
Shreve and Co., sold his interest in 
that corporation and joined the 
Treat and Eacret Co. The firm 
then adopted the name which it 
bears today—Shreve, Treat, and 
Eacret. The death, within a few 


He is survived by his wife, Mrs. 
Clarissa B. Eacret, and his three 
daughters, Mrs. Barbara Irene Win- 
ter and Misses Bonnie Geraldine and 
Clarissa Beatrice Eacret. 


NEW SCHOOL OF GEM-CUTTING TO OPEN 


Max N. Felker, of the Felker Research Laboratories. will conduct classes 
of instruction in lapidation in quarters secured especially for this purpose 
at 9000 Sunset Boulevard in Los Angeles. Mr. Felker is known in this 
country for his successful attempt to apply the most modern methods to 
cutting gems and fashioning ornamental objects. The course will have three 
divisions: (1) Cutting en cabochon, (2) Fashioning of facet cut gems, 
and (3) Fashioning modern stiaight-line art objects. Special equipment, 
designed and constructed in the Felker laboratory, will be used, and rough 
material will be furnished as part of the tuition fee, 


So far as we know, this is the first school of its kind ever planned. It 
has been customary for lapidaries to confine a knowledge of their methods 
to their assistants. In the older nations of Europe and Asia these assist- 
ants were most frequently confined to members of the lapidary’s family. 
Mr. Felker has as an assistant instructor in his school a German who learned 
his trade in this manner, beginning while he was but a child. 
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Reminiscences of a South African 
Diamond Buyer 


In 1921, the writer of this article bought diamonds in South Africa. 


His 


aceount of the country and of his experiences in the diamond fields presents 
a side of the diamond business unknown to the majority of readers. 


JEAN P. SPITZEL 
Diamond Importer, Los Angeles 


I left Antwerp—my birthplace 
on May 15th, 1921, reached South- 
ampton two days later, and landed 
in Capetown after a very pleasant 
trip eighteen days after that. I 
entrained the same day for Jo- 
hannesburg and arrived in forty- 
four hours. 


Johannesburg is a very nice city. 
It is situated on a plateau 7000 feet 
high; climate semi-tropical. White 
population about 125,000; colored 
population about 300,000. Johannes- 
burg is the largest city in the Union 
of South Afriea. This Union con- 
sists of several states: The Cape 
Colony, Orange Free State, Trans- 
vaal and Rhodesia. Aggregate white 
population in the Union was then 
approximately 2,000,000 souls. By 
white population I mean both white 
native Dutch Colonials and European 
immigrants. 


The first move T had to make to 
start any buying was to secure a 
diamond buyer’s license. To get 
this I had to go to the Gold & 
Diamond Office and after being 
cross-examined by Mr. Brink—the 
official in charge of the office—I was 
granted the license. A bond of 
£1000 was required and I had to 
satisfy the authorities as to my 
knowledge of the diamond business 
and as to my integrity. 


The next regulation I had to 
comply with was to have a small, 
portable sign painted (about 10x14 


inches) with my full name and 
official title of “licensed diamond 
buyer.” I also had to buy a little 


flag about 142x2% feet, with dis- 
tinetive colors. I was then ready to 
set out to buy diamonds in Africa. 


The Lure of the Diamond Fields 


Diamonds in South Africa were 
bought from individuals. These 
men were really prospectors, but 
were commonly referred to as 
“diggers,” although they, them- 
selves, never turned a_ shovel; in 


South Africa all manual labor was 
done by negro natives. The diggers 
were a very colorful lot. They were 
men from all walks of life, young 
and old, sick and healthy, strong and 
feeble; mostly adventurers attracted 
by the diamond lure. Ex-eonvicts, 
who wanted a new start-—-men dis- 
appointed in love or business, law- 
yers and college professors — in 
short, everything and everybody 
was there. Looking them over and 
contacting them one could not but 
wonder where all these derelicts 
came from; there was drama behind 
every one of them and their be- 


havior showed this plainly. They 
all turned to one of two lures— 
diamends or whiskey. 


Diggers also had to secure licenses 
to work their claims; a fee of 2/6 
(the equivalent of 62c) a month was 
required by the South African gov- 
ernment. In addition, several regu- 
lations had to be strictly observed. 
The most important one was that 
whenever a diamond was sold by 
the claim-holder he had to render 
a bill-of-sale and the buyer had to 
sign a receipt for the purchase. 
Both buyer and seller had to report 
the transaction to the Gold & PDia- 
mond Office. 


Bloemhof was the main center of 
activity for alluvial diamond buy- 
ing. It is about two hundred miles 
away from Johannesburg. The 
name Bloemhof is rather deceiving. 
Literally, it means “Garden of 
Flowers,” but in reality the town is 
just an outpost in the heart of the 
desert, or, as it is called in South 
Africa—the veld. Bloemhof was 
then a town of three hundred in- 
habitants with hotels, general store, 
garage and bars. Kimberley, the 
center of the pipe-mining, is also 
situated in the heart of the veld, 
and both Kimberley and Bloemhof 
boast a very hot climate. I have 
worked at temperatures as high as 
120° in the shade. 


We discarded collars and coats 
and went to work in a small cor- 
rugated iron office. We called them 
offices because that is what the gov- 
ernment called them, but they were 
just shacks one-quarter the size of 
a bungalow garage. No flooring, 
just gravel, and if you happened to 
drop a diamond you had to dig in- 
stead of sweeping the floor. 


Offices stood in a row like cabins. 
When a buyer was in his office he 
hoisted his little flag to show the 
diggers he was open for business. 
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When he was not in, or when he 
was in but not ready to buy, he 
pulled down his flag. 


Each Purchase Recorded 


There were two kinds of diamond 
buying—buying direct from the 
Syndicate, which we will neglect 
here for there was no use to go to 
South Africa and buy from the 
Syndicate. Their prices were sup- 
posed to be the same in London and 
in South Africa. The 10% export 
tax was not added in Africa, but to 
London prices. As soon as we 
shipped diamonds out of South 
Africa we had to pay the tax. We 
had to go to the Diamond & Gold 
Office and show whatever we had 
bought. Each stone was checked 
back exactly with buying records, 
then the whole packet was weighed 
and the man in charge sealed the 
package in front of us. With that 
sealed package we had to go to the 
Internal Revenue office, pay the 10% 
export tax and after obtaining both 
the receipted tax receipt and the 
officially sealed package, we could 
go to the post office to ship the 
diamonds. Otherwise, there was no 
earthly way of getting legitimate 
diamonds out of Africa. Some illicit 
buying existed. Natives stole and 
always tried to have the diamonds 
reach the buyer in some round-about 
way. Some of the natives cut the 
skin under their feet and hid dia- 
monds in there. Some of them swal- 
lowed diamonds. Illicit buying and 
selling was very risky. There was 
only one sentence for buying or 
smugeling—seven years’ hard labor 
and no parole. 


Buying was not limited to the 
Bloemhof territory. Camps were 
scattered all over the veld and as 
it would have been a physical im- 
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possibility for the buyers to travel 
from camp to camp they only went 
to some of the more important ones. 
The days were pre-arranged and the 
diggers brought their finds to one 
of the more important camps; this 
often meant tramping through dust 
as much as ten or twelve miles. 
Sometimes women and children 
tramped along half stiff and frozen, 
for it is also cold in Africa. The 
fields are all located on high plateaux 
and in winter, before the sun comes 
up, the air is biting cold and pene- 
trating. 


Gate-Opening His Specialty 


The roads in South Africa were 
not highways. They were just dirt 
roads running through farms. When 
we wanted to go somewhere we went 
through farms, thousands of acres. 
When we reached the other side of 
the farm we had to open the gate, 
pass and close it again. That was 
quite a tiresome job, so I hired a 
Kaffir boy for that sole purpose. 
When we approached a gate he 
jumped out and opened it. He closed 
it after the car passed and ran and 
jumped on the running-board. 


Buying was done only three 
days a week—Thursday, Friday and 
Saturday. There was a gentlemen’s 
agreement among the buyers—and 
that was the only one—not to buy 
on Monday, Tuesday or Wednesday. 
Those days reserved for 
the diggers to find the diamonds. 
Usually they worked Monday, Tues- 
day and Wednesday. Thursday they 
went to a certain camp where the 
buyers were congregated. On those 
days all at once a flock of cars 
would arrive. Then the whole camp 
would come to life. Diggers rushed 
from one office to another. 


were 
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Diggers seldom 
about diamonds. They just knew 
how to find them. Sometimes they 
offered us a pebble which they had 
mistaken for a diamond. 


knew anything 


You may think diamond digging: 
was a very profitable occupation. 
At the time I was on the fields only 
300 diggers out 7000 there at that 
time made a living and I think the 
figure for the average earning was 
£250 a year (the equivalent of 
$1250). The cost of living in South 
Africa was about 25% higher than 
in England. 


Buying the Rough Gems 


Diggers often came to see the 
buyers in twos and threes. Usually 
they were partners working the 
same claim and sharing in the pro- 
ceeds. Sometimes the escort was 
simply for moral support, or per- 
haps to impress the buyer. Invari- 
ably the same preliminary procedure 
occurred, one fellow would open his 
handkerchief and put a little stone 
on the table, look at us and wait. 
They never stated a price. They 
always wanted you to make them an 
offer. Sometimes offers did not work 
out so well. Suppose the digger 
had two or three little stones and 
we made him an offer of £10. The 
digger might have thought they were 
worth £75 and if we were the ones 
to disillusion him he might even go 
as fay as to call us names. Some- 
times it happened that one dealer 
had a grudge against another. Then 
he used the diggers as instruments. 
If I had a grudge against Mr. Blank, 
I would send the first tough digger 
who came along to see him. Before 
I did this I would make the digger 
an offer above the value of his mer- 
chandise and as the digger never 


sold at the first offer this would not 
be risky. Then I would tell him 
confidentially that his stone was 
really worth more than what I could 
afford to pay for it, but that Mr. 
Blank had just received a cable with 
instructions to buy that particular 
kind of stone. Then the digger would 
go over to see Mr. Blank. Usually 
a hot argument resulted. The joke 
worked—I was square with my com- 
petitor. 


Another unpleasant experience 
was this: Suppose that an unnamed 
digger had been coming to me every 
week for several months. One week 
he had one stone and another week 
two stones and we had been getting 
along very well. Naturally he kept 
coming back. One day he came in 
with a piece of undesirable diamond. 
He would never admit it to be brown 
or undesirable—to him it was a 
“fancy” stone. He was usually un- 
der the impression that if I would 
put it in hydrochloric acid it would 
turn as white as snow. He would 
come in as usual, smiling, and say, 
“T have something nice today.” I 
would look at the piece of brown. 
Finally I would say, ‘Well, I'll give 
you £3.” He would think it worth 
£30. I would offer £4-0-0, £5-0-0. 
then £6-0-0, even if it actually were 
worth only £5. “I will give you 
£6-10—I will give you an open offer,” 
which meant he could go to all 
the buyers (there were twenty or 
twenty-five always present) and if 
none of those offered him as much 
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as £6-10 he was at liberty to return 
and take the offer. This procedure 
was supposed to show the man our 
good intentions, but actually we 
gambled that later on the man would 
come back and we would make up 
our loss. Unfortunately, nine times 
out of ten he did not come back— 
some other buyer had thought that 
if Spitzel could gamble £1-10, he 
could gamble £2 for the good will 
of this digger. 


Crude Methods of Mining 


The alluvial diamonds which I 
was buying were found in rivers or 
in old river beds. Through floods 
and voleanic eruptions those river 
beds had sometimes been covered by 
earth and dirt, and when a man 
started to work his claim he had to 
remove all the earth until he found 
a layer of gravel. Then he started 
to wash it in a special machine. It 
was done like gold washing. After 
the gravel was thoroughly washed a 
shovelful of it was dumped in a 
sieve and this sieve swirled steadily 
for three or four minutes. This mo- 
tion has a centrifugal effect and 
draws the minerals of the highest 
specific gravity towards the center 
of the sieve and the bottom. Then, 
with a quick motion, the washer 
turned the contents of the sieve on 
a table like a child would a mold 
filled with wet sand, If there were 
diamonds in that shovelful of 
gravel they were found right on top 
and in the center of the pile. 


any 
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Precious Stones Tested 


in Laboratory 


This is not an article by the G.LA. but a “story” about the laboratory of 
the Institute wriiten by a young author who has become familiar with the 
work and who prepared it at the request of a popular scientific magazine. 
While sticking closely to facts, it loses no opportunity to glorify the laboratory. 
For instance, your editor is also one of the members of the “staff” so 


heroically pictured. 


by 


BRUCE SUMNERS 


The identification of precious 
stones is usually thought of as a 
comparatively simple job. The ma- 
jority of us have the idea that any 
jeweler experienced in handling gems 
can recognize any stone at sight. 
Such is by no means the case. 

In Los Angeles, California, there 
is a completely equipped laboratory, 
devoted exclusively to testing jewels 
of all kinds. This laboratory is one 
of the departments of the Gemo- 
logical Institute of America. Gem 
stones from cities large and small 
on this continent, and in fact from 
every corner of the world, are sent 
here for a final authoritative deci- 
sion. These are gems which have 
defied local jewelers with only limited 
gem testing equipment at their com- 
mand. Every instrument in the 
G.LA. laboratory is either made 
especially for the testing of gems or 
has been altered by expert techni- 
cians to serve this exclusive purpose. 
Several pieces of apparatus already 
have been designed and built by mem- 
bers of the Institute’s research de- 
partment and are available in no 


other laboratory in the world, and 
others are in the course of experi- 
mentation and development. 


A visit to the Gemological Institute 
while a batch of determinations is 
being run presents a fascinating new 
angle on what is probably the oldest 
business in the world—that of barter- 
ing jewels. It is an amazing ex- 
perience to watch these scientists fix 
a costly jewel on the stage of a 
microscope and study it as intently 
as a bacteriologist studies a smear 
preparation. 


Accurate Grading of Diamonds 


The diamond—best known of the 
gems to the average buyer—rarely, 
if ever, requires a scientific test for 
its identification. However, the 
majority of jewelers agree that one 
of the greatest problems of their 
trade today is a lack of standardi- 
zation in the grading of diamonds. 
The often-heard term ‘“Blue-White 
Perfect Diamond” has been used to 
describe so many grades of diamonds 
(some of them actually quite yellow- 


ish and not at all perfect) that it 
has come to mean nothing at all. 
The term perfect should mean that 
a stone is free from flaws under a 
certain magnification. The N.R.A. 
has specified that the magnifier used 
in examining diamonds must be at 
least seven power. To insure maxi- 
mum efficiency in grading diamonds, 
the Gemological Institute has pre- 
pared for the jewelry trade a ten 
power magnifier corrected to true 
focus and freed from color defects. 
The technicians connected with the 
Institute have developed a special 
holder for the Zeiss aplanatic triplet 
lens system. The whole assembly is 
so lightly constructed that it can be 
used as an “loupe,” which is the 
jeweler’s term for a magnifier de- 
signed to be held in the eyesocket of 
the user. This new instrument weighs 
less than the average low power 
loupe formerly used for the purpose. 
Yet the Institute’s loupe can be 
dropped on a stone floor without 
damage; its case is constructed of 
the very strong aircraft alloy 
duralumin. 


The distinction of color in a given 
diamond is a more. difficult matter 
than classifying its perfection. Ex- 
periments in the G.LA. laboratory 
are being carried out toward the 
perfection of a special colorimeter to 
grade and record the exact hue of 
a diamond. 


Diamonds Easily Distinguished 


Because of their great hardness, 
their brillianey, and their “fire” or 
power of breaking light into the 
colors of the spectrum, diamonds are 
easily recognized at sight by any 
expert. Distinguishing between other 
gems Is not so easy. In the Insti- 
tute laboratory, a battery of instru- 
ments is used to classify these stones. 
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The most important instrument 
used here for determination, and the 
easiest to operate, is the refracto- 
meter. It measures the relative 
amount which a gem bends the light 
rays which enter it. The stone to 
be tested is placed on a hemisphere 
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Reading from foreground: Zeiss Spectro- 
scope, Tully Refractometer, Smith Refrac- 
tometer, Loupes and Dichroscopes. 


of dense glass and the refractive 
index is read by viewing a trans- 
parent scale through an eyepiece. 
Two types of refractometers are 
shown in the accompanying: illustia- 
tions. Other tests are used when 
the refractometer fails to give a 
reading. The microscope especially 
seems to be an important aid in such 
a case. As each gem species has its 
own particular power of refraction, 
this index when secured serves to 
make a first separation. It is never 
enough to make an absolute deter- 
mination. 


A little instrument called a diehro- 
scope also finds important applica- 
tion in gem testing. Many stones 
which appear to be a solid color 
actually owe their hue to the blend- 
ing of two or three distinct colors. 
When the gemologist looks through 
a dichroscope, he sees two lghted 
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squares side by side. These are really 
two images of the same opening, 
produced by a prism of Iceland spar. 
If a dichoric (twin-colored) gem is 
viewed through this instrument, the 
squares will appear as two distinct 
colors. It is the blending of these 
colors which causes the apparent hue 
of the gems. Many imitation gems 
are detected by the use of this in- 
strument. Three dichroscopes are 
shown in the upper left-hand photo- 
graph of the page of illustrations. 
A colorless stone, of course, can 
have no dichrosim. In the case of 
such a gem, a microscope which is 
fitted with attachments for polarized 
light is often applied. Two monocu- 
lar (single eyepiece) instruments 
illustrated are of this type. Through 
a series of complex optical tests de- 
pendent upon the observation of the 
interference of light as it passes 
through a crystalline substance, the 
workers in this laboratory can de- 


PHOTOGRAPH BY HERBERT LYMAN EMERSON, JR. 


The Jolly Balance and Diamond Balance for 
Specific Gravity Determinations. Dense 
Liquids and Acids for Metal Testing. 


termine the nature of the gem being 
tested. While the stone is still in 
focus these scientists study the tiny 
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inclusions which are made visible by 
the microscope, and from them draw 
an indication of the gem’s identity. 


Few Physical Tests Are 
Possible 


Very few physical or chemical 
tests can be applied to precious 
stones. As some of these gems are 
worth many hundreds of dollars, 
bits of them cannot be chipped off 
for use in blowpipe and acid tests. 
However, two properties — hardness 
and specific gravity—are often used 
to advantage. As these tests are 
simply applied, they are also the 
mainstays of the smaller laboratories 
in jewelry stores throughout the 
country. Gems vary in hardness 
from diamond at 10 down to soap- 
stone, which is sometimes substituted 
for jade, at 1. Through the use of 
sharp points of minerals of various 
hardnesses or of polished plates of 
the same substances, the laboratory 
staff at the Institute are able to 
determine the approximate hardness 
of a particular gem. 

The use of specific gravity tests 
is known to every student of physics. 
Several types of balance are used 
by the G.I.A. to determine the spe- 
cific gravity of a gem. The most 
accurate of these is an adaptation 
of the very sensitive diamond-weigh- 
ing balance. The lanky Jolly balance, 
well known to mineralogists, also 
finds an occasional application. For 
very small stones, with which an 
accurate determination of specific 
gravity by weighing methods is not 
possible, a graded series of very 
dense liquids is employed. 

Often a cut gem will defy all the 
above efforts on the part of the 
laboratory to determine its identity. 
Most of the determinations per- 
formed at the Institute are those of 
gems whose identity could not be 


agreed upon by smaller laboratories. 
This is a serious business, acting as 
final arbiter on the identity of a 
gem. Upon the strength of the de- 
termination made at the G.I.A., the 
gem may be valued at $5 or $5000. 
And if the gem proves to be worth 
only $5, it may mean financial trag- 
edy for its owner. 


Difficulties Must Be Overcome 


When a gem defies the simpler 
tests, the Institute’s staff must use 
more difficult methods to identify it. 
More complex instruments, requir- 
ing even greater skill in handling 
are taken from their cases. Delicate 
adjustments are made. Sometimes 
hours are required to obtain a single 
focus to the satisfaction of the oper- 
ator. One of these instruments is 
the spectroscope which appears in 
two of the above illustrations. Also 
the fluorescence or glowing of gem 
stones when exposed to ultra-violet 
light is used as a guide. Filters are 
used to screen out visible light. In 
the dark, gems under the influence 
of these rays seem to shine with a 
self-produced light. The ultra-violet 
apparatus employed in this labora- 
tory is seen in use as an illuminator 
for the Zeiss microscope. 


For detection of synthetic jewels 
this laboratory is especially pre- 
pared. Several gem species have 
been produced synthetically; that is, 
stones exactly like the genuine in 
physical and optical properties have 
been manufactured by man. Corun- 
dum (which includes ruby and sap- 
phire) and spinel are made in 
commercial quantities. They appear 
everywhere in the jewelry trade, 
and as they are much less valuable 
than the naturally-occurring gems 
which they reproduce, their detec- 
tion is imperative. The minute 
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bubbles in syntheties differ widely 
from the angular inclusions in 
genuine gems, and most synthetics 
can be detected by simple tests. 
The inclusions in especially difficult 
specimens are studied through the 
use of powerful microscopes and a 
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Left to right: Powell and Lealand Miero- 
seope, Bausch and Lomb Binocular Micro- 
scope, Zeiss Microscope, Hanovia-Kromayer 
Ultra-Violet Lamp. 


determination made on this basis. 
In case the microscope test is not 
entirely satisfactory, the gem is 
examined through the spectroscope 
and under ultra-violet rays. 


The Problem of the Pearl 


Cultured pearls are produced 
which are difficult to detect from the 
genuine. A mother-of-pearl ball is 
inserted in an oyster, which is then 
returned to the sea in a cage and 
allowed to coat the ball with a layer 
of true pearl. Many of these cul- 
tured pearls have exactly the same 
external appearance as true pearls. 
The endoscope is used to test pearls 
which have a hole drilled through 
them. This instrument—it is im- 
ported from France—throws an 
intense beam of light through a 
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Left: The Rndo- 
seope Used for 
Testing Pearls. 
Right: The Sypee- 
troscope, 
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hollow needle which is inserted in 
the drill-hole. A pair of tiny mir- 
rors mounted on the end of the 
needle are designed to reflect the 
light around to the eyepiece if the 
pearl is genuine. If the pearl is 
cultured, the light is trapped be- 
tween the parallel layers of the 
mother-of-pearl core and strong 
beam cannot reach the second mir- 
ror. Therefore, only a faint glow 
is visible in the eyepiece. Other 
modifications of the endoscope 
principle are incorporated in some 
instruments, but as the G.J.A. staff 
can adapt the endoscope to perform 
the same tests, these other instru- 
ments are not used in the laboratory. 
A delicate specific gravity determi- 


Question: 
Why are Metals Generally Used as Alloys Rather 


nation employing a dense liquid can 
be used oceasionally as a_suppli- 
mentary test. 

Other tests have to be applied if 
the pearl has no drill-hole through 
which to insert one of the special 
types of mirror-needle. The research 
workers at the Institute, however, 
are not satisfied with any of the ex- 
isting instruments designed for this 
purpose. They are working along 
what are considered new and untried 
lines in an effort to develop an in- 
strument which will determine the 
true nature of an undrilled pearl. 
If such a test is discovered it will 
almost entirely supersede the instru- 
ments which require a drilled pearl 
for their operation. 


Than in Their Pure State? 


See Metals and Alloys, page 195. 
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BOOK REVIEW S 


An Introduction to Physical Geology, Second Edition, 1927. Price $3.00. 
An Introduction to Historical Geology, Third Edition, 1928. Price $2.75. 
Elements of Geology, 1931. Price $3.00. 


All by Dr. William J. Miller, published by Van Nostrand, New York. 
May be secured from any book store or from G.I.A. Book Dept. 


These books reflect the lecture-room personality of Dr. Miller—smoothly 
expressed, brief and clear. He inclines, even in his books, a bit to the chatty 
side. The result is reading matter which is not cold, factual dissertation, 
but an interesting account of geological processes and results. 


Physical Geology is an excellent elementary volume which is recom- 
mended by the Gemological Institute as supplementary general reading with 
the geological sections of its course No. 2. 


Good Illustrations 


This volume is profusely illustrated with pertinent sketches and photo- 
graphs; a large number of both were personally prepared by the author. 
The illustrations are a valuable aid to visualizing the processes and land 
formations described in the text. 


Much of the life of this book is derived from the originality with which 
Dr. Miller expresses himself. An unusual order of subject matter, which 
is claimed to eliminate much repetition and anticipation, is but one example. 
The author draws upon other sources only when absolutely necessary; other- 
wise he talks from his own knowledge and experience. 


Historical Geology is of practical interest only to those gemologists 
eoncerned with prospecting for gems or metals. However, it is a fascinating 
subject for any who have time and inclination for earth history. One 
especially interesting part of this text is paleogeography (ancient geog- 
raphy). The evolution of the continents, particularly North America, is 
clearly traced, accompanied by a number of sketch maps. 


Theories of Evolution Expounded 


The evolution of plant and animal life, as their history is recorded in 
the fossils, is also told. The author presents clearly the history of the 
ancient fish and animals which inhabited this planet long ago, and outlines 
their evolution up to the present day. 


Elements of Geology is an abridged combination of the two above vol- 
umes. It is necessarily very brief, inclining toward sketchiness. However, 
it is readable and forms a fairly complete reference book on the general 
subject of geology. It is recommended by the American Gem Society to 
those of its Graduate Members who are unable to continue an organized 
course in gemology. 
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Metals and Alloys* 


Can you define a metal? 
articles intended to give you some 
metals and their alloys as they are 


The average person, if asked to 
define a metal, would find difficulty 
in doing so. Everyone is familiar 
with metal, yet the exact properties 
which must be distinguished in an 
element in order for it to fit the 
scientific definition are not gen- 
erally known. A popular usage of 
the term means any substance which 
is composed principally of an ag- 
gregation of crystals of the metallic 
elements, such as copper or iron, 
whether or not they are combined 
with other elements. By a scien- 
tific definition, metals are those 
chemical elements which usually 
form solids at ordinary tempera- 
tures and which when heated and 
allowed to cool solidify in an opaque 
mass of closely interlocking crystals. 
The most distinguishing feature of 
a metal is its luster. All metals 
have—in greater or lesser degree— 
an unusual ability to reflect light. 
The principal reason for this is that 
little or no ght is refracted and 
enters the material. The whole of 
the light falling on the surface is 
reflected. This brilliant reflection 
produces the high or metallic luster 
of these substances. 


Other important properties of 
metals are their ability to conduct 
heat and. electricity. And most 
metals, when pure and in compact 
form, may be hammered out or 
shaped, or drawn into wire without 
breaking——-properties known respec- 


*A.G.S. Research Service. 


It is not easy. This is the first of several 


elementary facts about the precious 
used in jewelry. 


tively as malleability and ductility. 
Pure gold possesses the last two 
properties to a greater degree than 
any other metal. 


The Occurrence of Metals 


Metals usually occur in nature 
combined with other elements in 
mineral compounds known as ores. 
Only occasionally are these elements 
found in the uncombined or native 


state. Gold, because of its slight 
affinity (combining power) with 
other elements, is almost always 


found as a native metal. Silver is 
frequently found in a native state, 
but a principal ore of silver is the 


mineral argentite Ag.S. Native 
copper and iron are found only 
occasionally. 


Metals are extracted from ores by 
several methods. Chemical reactions 
in which the metal in a mineral 
compound is precipitated in a free 
state are often employed for this 
process. The method of smelting is 
well known; many ores thus brought 
to a temperature exceeding the melt- 
ing point of the metals contained in 
them release their holds upon the 
metals and allow them to run off 
in the molten state. Smelting and 
chemical reactions are the two 
principal modes of recovery. Other 
processes are sometimes employed. 
For instance, magnesium is recov- 
ered from the mineral magnesite 


196 GEMS & GEMOLOGY 


(Mg CO,) by heating this ore to a 
temperature considerably below the 
melting point of the magnesium 
which it contains and thereby driv- 
ing off the CO,. This leaves fairly 
pure magnesium. 


Alloys 

According to correct scientific ter- 
minology, a combination of two or 
more metallic elements is not a 
metal but an alloy. The majority 
of substances which are commonly 
spoken of as metals are really alloys. 
Steel (iron and carbon), brass (cop- 
per and zine), and “German silver” 
(copper, nickel, and zinc) are com- 
monly-used alloys. Any combination 
of a metallic element with one or 
more other elements, whether or not 
the latter are metals, is correctly 
called an alloy. 


There are two principal types of 
alloy. The first of these is an inti- 
mate combination in which one of 
the constituents is dissolved in the 
other as salt dissolves in water. A 
less intimate combination of the 
constituents produces a_ purely 
mechanical mixture. Often the addi- 
tion of but a small per cent of 
foreign elements to a metal forms 
an alloy whose strength and dura- 


bility greatly exceed those of the 
pure metal. As gold is much too 
soft and malleable for use in its 
pure form, all gold jewelry is made 
from an alloy in which some foreign 
element or elements (usually silver 
or copper, and sometimes zine or 
nickel) have been added in order to 
increase the strength. 


Classification of Metals 
Metals can be divided into three 
general classes: 
1. The noble or precious metals. 
Osmium, iridium, platinum, rhodium, 


ruthenium, palladium, gold, and 
silver. 
2. The common metals. Iron, cop- 


per, lead, tin, zine, nickel, alumi- 
num, chromium, tungsten, antimony, 
cobalt, bismuth, magnesium, ete. 

3. The lesser-known metals. Such 
as beryllium, sodium, zirconium, and 
lithium. 

Of these groups, gemology is espe- 
cially concerned only with the first 
two. Common metals are used in 
alloying the precious metals, par- 
ticularly gold. The lesser-known 
metals, although they are finding 
ever-increasing use in tool and 
machinery alloys, have not yet been 
applied in jewelry alloys. 


“BLUE EAGLE” CHALCEDONY 


During his Eastern trip Robert M. Shipley, president of the Institute, 
inspected the unusual cut chaleedony owned by Adrian Reiter of Indian- 


apolis, Indiana. 


This stone, which has been featured because of its natural 


resemblance to the blue eagle emblem of the N.R.A., is a blue chaleedony 


containing a large amount of red inclusions. 


The inclusions surround a 


patch of the blue background in such a manner as to form an almost perfect 
eagle. This unusual cut stone was exhibited at one of the meetings of the 
American Gem Society which immediately preceded the A.N.R.J.A. Con- 


vention in Cincinnati last Fall. 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(The key to pronunciation will be found in the January, 1934, issue.) 


Commercial White. Term applied 
to very slightly yellow diamonds, 


about the same as Top Cape. See 
also Top Cape. 
Common Opal. Translucent, only 


slightly colored opal without fire 
or play of colors, not gem ma- 
terial. 

Compact. Consisting of a_ firm, 
closely united aggregate. 

Complex Crystals. Those having 
many crystal forms and faces. 
Compound. Enclosures at the South 
African diamond mines in which 
the natives are held under contract 

while they work. 

Concentrates (kon’sen-trates or kon- 
sen’trates). Minerals or ground 
reduced by mechanical or chemi- 
cal processes to a minimum bulk. 

Coneentric (kon-sen’trik). Consist- 
ing of spherical layers about a 
common center, like an onion. 

Conch. (Pronounced konk. For- 
merly and still by some pronounced 
konch or konsh.) Any of the 
various marine shells, originally 
of various bivalve shells, now of 
various large spiral univalve shells. 

Conch Pearls. Pearls, often pink in 
color from the univalves Strombus 
and Cassis, commonly known as 
Conch. 

Conch Shells. Univalves of the 
species Strombus and Cassis em- 
ployed for making cameos. 

Conchoidal Fracture (kon-koi’dal). 
Shell-like or conchoidal fracture 
are terms used to describe break- 
age which produces curved ridges 
like the outside markings on a 
shell, or the ripple marks in water. 


Conchiolin or Conchyolin (kon-kie’oe- 
lin). <A constituent of the pearl 
oyster’s shell. 

Coneretions (kon-kree’shuns). Me- 
chanical aggregation, or chemical 
union of particles of mineral form- 
ing balls or nodules in strata of a 
different material. 

Confused. Irregular, indistinct ag- 
gregate. 

Conglomerate (kon-glomer-ate). 
Rock composed of gravel em- 
bedded in sand which acts as a 
cement. 

“Congo Emerald” (kon’goe). Diop- 
tase from the Belgian Congo. 
Contact Twins (kon’takt). Twins 

joined on a common plane. 

Copal (koe’pal). A natural resin 
obtained direct from living trees 
or from “fossil resin.” Kraus 
states that “It occurs in rounded 
amorphous masses generally with 
‘goose skin’ surface and a con- 
choidal fracture. Hardest vari- 
eties are used for gem purposes 
and used especially in imitation 
of amber.” 

Copaline or Copalite (koe’pal-in or 
koe’pal-ite). A  vesinous  sub- 
stance, first found in blue clay at 
Highgate, near London, and ap- 
parently a vegetable resin, partly 
changed by remaining in the 
earth. Like resin copal in hard- 
ness, color, transparency and dif- 
ficult solubility in alcohol. Color 
clear, pale yellow to dirty gray 
and dirty brown. Emits a resin- 
ous aromatic odor when broken 
(Dana). 


“Copper Emerald” (kop’er). 
tase, 

Coral (kor’al). Hard limestone-like 
structure secreted by the tissues 
of various sea animals called 
zoophytes. When fossilized, the 
limestone-like matter is often re- 
placed by silica. 


Diop- 


Cordierite 


(kor’di-er-ite). A gem 
mineral species. See Iolite. 
Corean (koe-ree’an). See Korean, 


Cornelian (kor-neel’yan). See Car- 


nelian. 

“Cornish Diamond” (kor‘nish). Rock 
crystal. 

Corundum (koe-run’dum). Oxide of 
aluminum. Hexagonal system. 
Hardness 9; R.I. 1.76-1.77; Spe- 
cific Gravity 3.95-4.10. Gem vari- 
eties, Ruby and Sapphire. 

Cotterite (kot’er-ite). Quartz hav- 
ing a metallic pearly luster. 

Cracks. Cleavage cracks which are 
separations “along the grain,” 
i. e., between atomic planes in 
gems, and which show smooth re- 
flective surfaces. 

Cradle (krae’d’l). A 
which placer miners 
“rock” gem gravels. 

Crested. Consisting of groups of 
tabular crystals forming ridges. 


trough in 
wash or 
See Baby. 


Creolite (kree’oe-lite). Banded 
jasper. 
Critical Angle (krit’i-kal). Angle 


which determines amount of total 
internal refleetion. 

Crocidolite (kvoe-sid’oe-lite). Fi- 
brous hornblende of a bluish or 
greenish color. The altered form 
consists of silica colored yellow, 
brown or red and is called tiger- 
eye. 

A 


in 


Crocoite (kroe’koe-ite). 
chromate mineral, red 


lead 
color. 
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Hardness 212-3; specific gravity 
6.0; refractive index 2.45. 


Cross Stone. Chiastolite; also, 
staurolite. 
Crown. That part of a cut stone 


above the girdle. 

Crown Glass. The most inferior and 
cheapest variety of paste from 
which gem imitations are made. 

Crypto-Crystalline (krip’toe-kris’tal- 
in). Indistinetly crystalline, in 
which the crystalline grains are 
not discernible even under mag- 
nification, although an indistinct 
crystalline structure can be proven 
by the polarizing microscope. 

Crystal (kris’tal). A crystalline 
solid bounded by natural plane 
surfaces. 

Crystal. A trade term for diamonds 
of a particular nuance of color. 
See Diamond Glossary. 

Crystal Aggregate or Crystal Group. 
A number of crystals grown to- 
gether so that each crystal in the 
group is large enough to be seen 
by the unaided eye and each crys- 
tal is more or less perfect. Dif- 
fers in a gemological sense from 
a crystalline aggregate in that a 
gem cut from the crystal agere- 
gate cannot be polished with a 
smooth surface, although such a 
gem might be cut from an indi- 
vidual crystal. 

Crystal Group. 
Aggregate. 

Crystal Material, Crystal structure 
which does not result in a definite 
eeometric form visible te the un- 
aided eye is known as crystal ma- 
terial or crystalline material. 

Crystal, Rock. Uncolored transpar- 
ent quartz. 

Crystalline (kris’tal-in). Having 
crystal structure, but without 
definite geometrical external form. 


Same as Crystal 


(To be Continued) 
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Modern Methods of Fashioning 
Gem Materials 


An American company has developed a process by which they believe 
they can fashion gem stones in competition with the large cutting plants in 


Germany. 
efficiency. 


Their secret lies in performing every operation with maximum 
In this article, Mr. Felker tells how the cutting is done. 


MAX N. FELKER 
Felker Research Laboratory, Torrance, California 


It is difficult to prepare an article 
dealing—as I was requested to do— 
with methods of gem-cutting “in gen- 
eral.” Gem materials vary consider- 
ably in the methods best applied to 
cutting them. We should not expect 
to apply the same process to fash- 
ioning the 9-hard sapphire, and to 
the opal whose hardness is less than 
that of steel. Lapidaries, too, have 
their favorite methods of working 
and no two of these methods are the 
same in every detail. In general, 
though, the procedures favored by 
various gem cutters do not differ 
greatly. 


In our shop, we handle material 
varying in hardness from 4to9. As 
arule the softer substances are fash- 
ioned into ornamental boxes, desk 
Facetted 
gems are seldom cut from minerals 
less than 6 in hardness and usually 
they are formed from stones whose 
hardness is between 7 and 9. As the 
same process which we apply to 
cutting quartz is applied with equal 
efficiency if with considerably less 
speed to faecetting corundum, IT shall 
explain it in detail. 


sets, and similar objects. 


The ancient lapidaries’ first step 
in the fashioning of a gem was to 


“soften” the stone so that it might 
be cut more easily. Serpent’s blood 
was considered an excellent softening 
agent to use on a rough diamond, 
for instance. Today we omit this 
step, and begin by planning as nearly 
as possible the exact size and form 
of cutting of each stone which we 
expect to obtain from a certain piece 
of rough. 


Planning before Cutting 


First of all, we study the material, 
usually holding it against a strong 
light, to find what flaws are present. 
In almost every case, it is planned 
to eliminate any flaws present, even 
though several small stones rather 
than one large one may result. A 
stone of one carat which is free from 
flaws is more valuable than an 
exactly similar gem of six carats, 
which has its beauty spoiled by a 
conspicuous blemish. By “free from 
flaws” is not meant, however, per- 
feetiow in the sense that the term 
seems usually te be applied te dia- 
monds—that is, 
magnifications. 


clean under ten 

Vf the rough material is water- 
worn so that the exterior is nearly 
opaque, or if it is covered with 
matrix, several small patches on the 


surface will be polished so that the 
interior can be studied. If a vem 
crystal is perfect throughout, which 
it almost never is, plans can be made 
to cut it into one large stone. 


Finest Color Sought 
Color in a gem stone is 
more important than freedom from 


even 


flaws. It should be neither too 
light nor too dark, and should 
be evenly distributed throughout. 


Many stones cut in the Orient owe 
their hue to a small, deeply-colored 
spot near the culet. Often the base 
of the gem is placed greatly off- 
center, or cut deeper than it should 
be, in order to pick up the spot of 
color. In America, material which 
must be treated in this fashion is 
avoided. Rough with its color evenly 
distributed throughout is sought. 
Sometimes a gem crystal will have a 
fine color on one end and a poor one 
or none at all on the other. In such 
a case, we plan to fashion a gem 
from the good part and. either 
abandon the other half of the crys- 
stal or cut it as inferior material. 

Most colored gems must be “lined 
up” or oriented in order to secure 
the best possible color. The reason 
for this is the very strong dichroism 
(property of being two-colored) 
possessed by some of these stones. 
A tourmaline, for instance, may be 
a fine green when viewed from end 
to end, but show an unattractive 
yellowish green through the crystal. 
To bring out the better color, it is 
necessary to cut the finished ¢em 
with its table ;arallel to the base 
of the crystal. 


Deeper of Dichroic Colors 
More Desirable 
In most cases, the deeper color of 
a dichroic gem is the finer. Espe- 


cially is this true of ruby and 
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sapphire. Sometimes, however, a 
rough gem crystal is of a too-dark 
color, or even opaque, viewed from 
end to end. In this case, the gem 
must be cut with its table parallel 
to the length of the original crystal. 
This method of hghtening the color 
is never very successful—the result- 
ing stone shows two distinct colors 
which seldom produce a_ pleasing 
effect. 

In fashioning gems such as zir- 
con and the transparent quartz 
varieties, where the dichroism is 
not pronounced, the orientation of 
the gem is disregarded. This is 
also true in the case of the sin- 
gly refractive and, therefore, non- 
dichroic stones garnet and spinel. 


Orientation by Instinct 


Lapidaries who have been long 
at the work do not consciously orient 
a crystal before cutting it. They 
seem to have an ability acquired 
through years of experience, and 
from their fathers and grandfathers 
in many cases, of sensing the most 
beautiful gem possible from a given 
piece of rough. A gem cutter of 
this school heats the wax on his 
lapidary stick and begins to set the 
stone in it. He often is dissatisfied 
with its first position, melts the 
wax, and rearranges the stone. 
Once it is placed to his satisfaction, 
it is ready to go on the wheel. In 
almost every case, the finished gem 
proves to be the finest it is possible 
to secure from that crystal. 

A large part of the rough material 
received at our factory is in pieces 
too big to be fashioned into single 


gems. A few lapidarics use a ham- 
mer to reduce the size of these 
pieces—especially when little or 


nothing has been paid for the rough. 
The fragments are then fashioned 
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according to their shapes. We wish 
to preserve as much as possible of 
the rough. Also, we almost always 
work toward a particular finished 
shape. Therefore, we cannot handle 
our rough material in this manner. 
The diamond saw is used to reduce 
the size of large pieces of rough. 


The same is true in the use of 
cleavage. Although many gem min- 
erals have perfect or nearly perfect 
cleavages which may be used to 
split the rough along parallel planes, 
the material wasted in the applica- 
tion of this process more than offsets 
the time saved over sawing. 

The diamond saw cuts quickly and 
in any desired direction. The saws 
which we use do not employ the 
small, three or four-inch diameter 
blades used in actually sawing dia- 
monds. Our blades range from 
six to thirty inches and will cut 
through great slabs of material. 


“Mud Saw” Not Favored 


Some lapidaries use what is 
called a “mud saw.” This employs 
the same bronze or auto-steel blade 
as the diamond saw, but it is 
charged with carborundum rather 
than with diamond. The charge on 
a diamond saw consists of finely- 
crushed bort. The saw blade is 
hacked and the bort fed into the 
fissures. Then a steel roller is 
used to embed the diamond powder 
firmly into the edge of the blade. 
Thus a rotary saw whose teeth are 
minute grains of diamond is pro- 
duced. Owing to the greatly 
superior hardness of diamond over 
any other material, the saw cuts 
through rough material easily and 
very rapidly. A tank of kerosene, 
through which the saw turns, is 
employed to clean and lubricate the 
blade while it is cutting. 


The mud saw does not have its 
charge forced into the metal. A 
mixture of carborundum powder 
and light oil or water is fed to the 
blade from a tank through which it 
turns. The saw picks up enough 
of this mixture as it rotates to give 
it cutting power. The mud saw is 
much slower than the diamond saw. 
We have also found it to be much 
less economical, one of our most 
important requirements being that 
of speed. For this reason, we use 
the diamond saw exclusively. 


The Correct “Touch” 


The stone being cut on the dia- 
mond saw, if small, is held against 
the blade by hand. It is imperative 
that a sharp point of mineral does 
not come against the blade first. 
This point will often strip the dia- 
mand charge from the rim of the 
saw and make recharging neces- 
sary. Larger pieces of material are 
clamped into a special holder on 
a swinging arm which guides them 
through the saw. The “touch,” or 
pressure of the material being cut 
against the saw, must never be 
heavy. If the stone is pressed 
heavily against the blade, it will 
cause the very thin metal to bend 
slightly and the resulting cut will 
be badly out-of-line. No large saw 
cuts an absolutely straight line; but 
after using a blade a few times, we 
are able to predict its course with 
fair accuracy, place the material 
being cut slightly out of position, 
and thus cut almost as we please. 
A small, comparatively thick blade 
will yield a straight cut. 


The sound which the saw makes 
as it cuts is an important guide. 
Experience teaches us the exact note 

x 


which the saw “sings” as it cuts 
with maximum efficiency into a cer- 


tain piece of rough. This note is 
higher or lower depending upon the 
hardness of the material being cut. 
Always, it is a whirring rasp. 
Visitors to a lapidary shop are 
usually made very nervous by the 
piercing sound of the working saws. 


Preventing Breakage in Sawing 


As the saw approaches the end 
of a cut, that is, as it forces its way 
almost to the far edge of a piece of 
rough, the stone very often breaks 
through to finish the cut. This 
leaves a jagged fracture and wastes 
a considerable amount of material. 
To prevent this loss. we fuse a laree 
mass of wax to the back of the 
material. Even after the stone is 
cut through, the wax holds the two 
halves in position. The rough is 
thereby given opportunity to 
aid the saw by fracturing. 


less 
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Even with these precautions, no 
little material is wasted in sawing. 
The loss, however, is due largely to 
the necessity of removing flawed or 
poorly colored portions and not to 


actual mechanical breakage. In 
Kunzite, whose crystals are com- 


monly full of both internal and ex- 
ternal fractures and cleavage lines, 
the loss necessary before pieces 
suitable for polishing may be se- 
cured is sometimes as great as 
eighty or ninety per cent. Of all 
stones, garnet probably shows the 
least waste in fashioning. The rough 
material is usually very evenly col- 
ored and relatively free from flaws. 
The loss is seldom as much as forty 
per cent. The average loss for all 
rough stones between seven and 
nine in hardness I should judge to 
be about fifty per cent, even with 
the careful and. efficient handline 
applied in our shop. 


(To be Continued) 


A. G. S. GUILDS ORGANIZED 


The most important new development resulting from the 
numerous meetings and conferences during Mr. Shipley’s 100- 
day tour was the perfection of a plan to re-establish the old 
guild system and adapt it to the retail jewelry business in this 
country. Immediate membership in guilds will be open to those 
meeting ethical requirements and having had actual trade ex- 
perience. Full membership will eventually require passing of 
scientific examinations covering principally material which will 
be presented at guild meetings. Eight guilds were organized. 
Full details of this new plan will be published in the first issue of 
the new magazine Guilds, which will appear about February Ist. 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


HENRY E. BRIGGS, Ph.D. 


Total Reflection 


We will remember that when light passes from a rare to a dense medium, 
it is refracted toward the perpendicular, hence in that case the angle of 
refraction will be less than the angle of incidence. Now if the ray is passing 
from the dense to the rare medium, it will be refracted away from the 
perpendicular, hence the angle of refraction in this case will be greater than 
the angle of incidence. When the angle of refraction becomes so great as 
to be a right angle, the immergent ray will just graze the surface between 
the two media. When the angle reaches this point it is called the critical 
angle for if it is further increased, the ray will not be able to immerge from 
the dense medium, but will be reflected back from the surface of it according 
to the laws of reflection. This then is called total reflection for in this case 
no part of the ray is lost by absorption but all of it is reflected back into 
the dense medium. 


Total reflection plays an important part in the beautiful effect we see 
in a fine faceted gem. A gem which is properly cut should confine the 
light which enters it by total reflection for a short period. While the light 
will actually be in the gem only a very short time, so short, in fact, that 
man could not appreciate it, yet since it travels several times as far in the 
gem the brillianey will be greatly increased. It must be remembered that 
in use light enters a gem from all angles and this must be kept in mind 
when cutting a gem. 


The critical angle is determined easily from the index of refraction. 
In this measurement air is the standard and its index is taken as 1; the sine 
of the critical angle is always equal to 1/n. In this we see that 1 is the 
standard or index of air while n is the index of refraction of the specimen 
in question, or that is to say the ratio between its refraction and that of 
the standard air. Thus the index of refraction for diamond 2.42 would 
be divided into 1. This will give us .4132 which is the sine of the critical 
angle of diamond. Now refer to a table of values of trigonometric values 
(in any trigonometry text-book) find this sine and the angle opposite it 
will be 24° 25’, the critical angle of diamond. (Sce table of critical angles.) 


Dispersion 


Dispersion is the power of separating whole light into spectrum of 
which it is composed. It is always accompanied by refraction although 
the two are independent of each other. That is, a mineral may be highly 
refractive and yet weakly dispersive and vice versa. Dispersion is due to 
unequal refraction of the spectrum which makes up whole light. A certain 
mineral may have the power to bend a ray of light considerably and yet 
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it may be weakly dispersive because it bends all the spectrum almost equally, 
Again a certain mineral may not have a very great refractive power and 
yet be highly dispersive for the reason that it does not bend the spectrum 
evenly. Some of the spectrum may pass through, being bent just a little 
and then the balance may be each one bent more and more until the last 
is bent until it immerges from the crystal with quite a distance between 
it and the first portion of the spectrum. Thus we see that dispersion is 
directly due to refraction in one way and yet in another way it is independent 
of it. Dispersion is the refraction of spectrum which makes up light while 
refraction as we studied it before is the bending of light in a whole state. 


Dispersion is measured and expressed by the difference in the indices 
of refraction of red and violet light of a given mineral. As in diamond 
the index for red light is 2.407, and for violet light 2.465, the difference 
0.058 is the dispersion for diamond between red and violet. Sometimes 
dispersion is read between red and blue. 


Systems of Crystallography 


While there are thousands of different crystals, yet all of the many 
forms may be divided into six groups, defined by the lengths and angular 
relationship of imaginary lines, called crystal axes, passing through the 
center of the crystal. These groups are called systems. 

Cubic System. This system includes all crystals which have 
three axes of the same length, which are all at right angles 
to each other. 

Hexagonal System. This system includes all crystals which 
have four axes. The axes are arranged thus: three horizontal 
and equal intersect each other at 60 degrees. The fourth is 
either longer or shorter and is perpendicular to the other axes. 

Tetragonal System. This system includes all crystals having 
three axes all at right angles to each other and with the vertical 
axis longer than the two equal horizontal axes. 

Orthorhombie System. This system includes all crystals 
which have three axes all at right angles to each other, but all 
of different lengths. 

Monoclinie System. This system includes all crystals which 
have three axes arranged thus: two in the horizontal plane 
intersecting at an oblique angle and unequal in length, one per- 
pendicular to the other axes and which is also unequal to the 
others. 

Trielinie System. This system includes all crystals which 
have three axes all unequal and all inclined to each other at 
angles other than right angles. 


Occasionally we find two or more erystals which have grown together. 
Also we find compound crystals. These are all termed ‘twins’ or “twin 
erystals.” 

(To be continued) 
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Gemological Microscopy 


(Continued from last issue) 
Il. MEASUREMENTS OF REFRACTIVE INDEX 


Two methods of measuring refractive indices, developed by mineralogists 
for use with the microscope, are applicable to cut gem stones. The first of 
these is the Due de Schaulnes method; the second is a modification of the 
well-known Becke test, modified for use with cut stones by Dr. Thomas 
Clements of the University of Southern California. 


The Duc de Schaulnes method is easily applied with a microscope which 
is equipped with a calibrated fine adjustment screw. It can be used only 
upon a gem transparent enough to permit the microscope to be focused 
through it. 


R.I. of Diamond May Be Read 


The method is applicable to any transparent stone, no matter how high 
the refractive index; zircon and diamond may be tested by this method. 
As a rule, the Duc de Schaulnes method can be applied accurately only to 
stones of over 4% carat and less than 25 carats. With an ordinary watch 
maker’s millimeter micrometer, the depth from table to culet of the gem 
to be tested is measured. The stone is mounted on the microscope stage 
with the table up and parallel with the surface of the objective lens. The 
microscope is focused through the gem, onto the culet. 


Great care must be exercised in securing this first focus, lest the objec- 
tive lens strike the gem and be chipped. The microscope should be focused 
downward while the operator watches from the side until the objective almost 
touches the surface of the stone. Then, looking through the eye-piece, the 
operator turns the coarse adjustment back up until either the culet or the 
surface of the stone is in focus. If, during several repetitions of this oper- 
ation, the culet does not come into focus before the characteristic dust specks 
and scratches of the table are seen, it will be necessary to use a lens of 
lower power and longer working distance in order to reach the culet. 


When a focus on the culet is secured, it is adjusted to its maximum 
clearness by use of the fine adjustment screw. Then the micrometer read- 
ing on this screw is taken. The microscope is focused upward, using only 
the fine adjustment until the table of the gem being tested is in focus, and 
the micrometer reading again taken. The difference between the two read- 
ings is the apparent depth of the stone. The measurement made with the 
micrometer calipers is the true depth. Dependent upon the R.I. of the stone 
tested, the apparent depth will vary with respect to the true depth, being 
always less. The higher the refractive index of the gem, the smaller will 
its apparent depth be. This relation is expressed by the formula: 


True Depth T 
RI. = ,ornm—. 
Apparent Depth A 
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Accuracy Is Essential 

It will be seen at once that this method furnishes an easily applied test 
for refractive index. The measurements, however, must be taken with 
extreme care if inaccuracy is to be avoided. 

As already stated, the focus on the culet must be made carefully. It is 
advisable first to measure the true depth of the stone and select the objective 
lens accordingly. If the true depth, for instance, is 8mm., obviously an 
objective with a working distance of 2mm. cannot be used. If the working 
distance of an objective is not known, it may be determined quickly by 
fitting the lens in the microscope and focusing upon a white card or a glass 
slip on the stage. The distance between the card and the objective lens 
when the instrument is in focus is the working distance of that particular 
objective. A stone of 4mm. true depth can almost invariably be measured 
with an objective of 8mm. working distance. This is due to the fact that 
the refractive index of the gem causes the length of the focus through it 
to be less than its true depth. 

Large Stones Require Different Application 

The fine adjustment on most microscopes will measure only a few 
millimeters. In case the stone being tested is too thick for a determination 
of its apparent depth by the above process, another procedure may be 
followed. Mount the stone table upon a glass microscope slip and place 
this on the stage. First focus on the slip away from the stone; note the 
set of the fine adjustment and call this reading F,. Then move the glass 
slip until the stone is in line with the objective of the microscope. Focus 
through the table onto the culet (the tube must be raised in order to secure 
this focus) and call the micrometer reading at this point F,. 

The difference between these two readings is equal to the difference 
between the true depth and the apparent depth of the gem being tested, or: 


= F.-F,. 


The true depth (T) is measured with the mechanical micrometer, and 
the apparent depth (A) is determined from the equation: 


A=T—D. 
Substituting the value for A in the first equation, 
True Depth T T T 
RI. = = = ,orn = —— 
Apparent Depth A T-D T-(F.-F,) 


All Measurements Made with Microscope 
If this method is applied to a small stone, the mechanical micrometer 
may be dispensed with entirely. Focuses F, and Fy are secured as explained 
above. Then a third focus, on the table of the stone, is secured. The 
microscope micrometer is again read and the reading noted as Fy. 
Obviously the difference between F, and F, is the true depth of the 
stone; F,-F, is its apparent depth. In this case: 
True Depth F,-F, 
RI. = ,orns 
Apparent Depth F,-F. 
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This second method, while somewhat more difficult to apply with 
greatest accuracy, has the advantage of eliminating the use of the micrometer 
calipers. All measurements are taken with the micrometer of the micro- 
scope. 


The Becke Method 


Dr. Clements’ modification of the Becke test is perhaps most valuable 
for use in a mineralogical laboratory. It requires the use of a series of 
liquids of known refractive index. In the ordinary Becke test, mineral 
grains are compared with a liquid in which they are submerged. It would 
be impossible to make this test on a cut stone. Too much liquid would be 
required for immersion, and a focus with the high-power objective, with a 
necessarily short working distance required, could not then be secured. 
This difficulty is neatly avoided by Dr. Clements’ method; namely, placing 
a drop of liquid for comparison purposes on the surface of the cut gem. 


The so-called “Becke line” is a bright border which appears when two 
substances of different refractive indices are placed in contact in trans- 
mitted light. In order to see the Becke line, which is very thin, it is neces- 
sary to use a high-power objective, at least 40X for satisfactory results. 
The stone to be tested is mounted upright on the stage of the microscope 
and a tiny drop of the liquid to be used for comparison is dropped on the 
surface. Light must be transmitted through the stone. In order to achieve 
accuracy, the beam must be reduced to a small pencil of parallel rays. This 
may be done either by lowering the condenser and almost closing the iris 
diaphragm, or by removing the condenser and inserting a card with a small 
hole punched in it between the substage mirror and the stone. 


The microscope is focused on the extreme edge of the drop of liquid 
and the illumination varied until the bright line or Becke line appearing 
at the juncture of the surface of the stone and the liquid is at its maximum 
brightness. Now, if the microscope is focused upward, the line will move 
either toward the liquid or toward the stone. If it moves toward the liquid, 
the liquid is higher in refractive index than the gem being tested. If the 
Becke line moves away from the liquid, the stone is higher in refractive 
index. When the line does not appear, the index of the stone is the same 
as that of the liquid. 


A Mineralogical Test 


This test is so delicate that a variation of .001 between the stone and 
the liquid can be detected, and it is by this method that the majority of the 
very accurate refractive indices published in tables are secured. However, 
as a Becke test requires a complete set of liquids, grading from 1.54 to 1.80 
in steps of .01 or less, it is not practical for the gemologist’s laboratory. 
It is used extensively in mineralogical laboratories, however. 


Combination Offer 
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To Introduce GEMS & GEMOLOGY, Its Publishers, 
the American Gem Society, Offer: 
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EDITORIAL FORUM 


_GEMOLOGICAL ODDITIES 


In ‘the ordinary course of the 
affairs of the Gemological Institute 
and of the American Gem Society, a 
number of interesting stories about 
gems come to light. Believing that 
several of these “yarns” will inter- 
est our readers as much as they 
have us, we present them here. 


New Color Grade of Diamond 


The most extraordinary color 
grade, perhaps, ever yet conceived 
was mentioned in a recent letter 
from a student in Akron, Ohio. 
Says this student: “It seems in- 
credible but one of our customers 
wrote us from a Southern city 
where she was visiting asking. our 
advice as to whether or not she 
should buy a one-carat diamond for 
$125, the quality of which the per- 
son trying to sell her described as 
a ‘Burnt Brazilian Snake-Eye’.” 
(From the price and the color 
“grade”, this sounds like a rather 
poor yellow stone.) 


A Gemological Divining Rod 


An extremely valuable instrument 
(if it would only work) is men- 
tioned in a letter from an honored 


correspondent. He writes: “I met 
an old person in the jewelry busi- 
ness who showed me a colored glass 
or combination of glass _ plates 
through which he claimed he could 
see red stripes in a genuine ruby, 
sapphire, or emerald. Th: : was his 
method of distinguishing the genu- 
ine stones from their imitations or 
synthetics.” 


This Stone Was Lousy 


An Associate Member from Mon- 
tana called at the Los Angeles 
headquarters a few days ago and, 
during the course of an interesting 
conversation, told this story.-- It 
seems that one of his customers 
owned a diamond—a stone which 
contained in it an amazing array 
of imperfections. It contained car- 
bon and pin points in a general 
assortment. But most of all, this 
stone boasted a large quantity of 
the type of flaw known rather gen- 
erally in the trade as “ice”. The 
customer took the stone to a jeweler 
in the same town in which the nar- 
rator’s store was located and asked 
for an opinion on it. Receiving this, 
the customer came into the store of 
the teller of the story to unburden 
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herself of a grievance. It seemed 
that the other jeweler had told her 
that her stone had lice im it. 


Wanted—A New Type of 
Star Sapphire 


In a recent article Hubert A. 
Fischer, gem importer of Chicago, 
told of a problem put up to him by 
a retailer to whom he had sent a 
selection of star sapphires. These 
possessed, as do all star sapphires, 
three bands of light intersecting at 
the summit of the gem to produce 
a six-rayed star. But they were 
not satisfactory. The retailer sent 
them back “with a request for some 
with a five-rayed star, as his cus- 
tomer had requested this”. 


Synthetic Security 


Colin L. Christie, of Butte, Mon- 
tana, has sent this story: 


“Day before yesterday. a man 
came in with a ruby of about ten 
carats and wanted to know if it 
were genuine. It was easy to deter- 
mine that it was a synthetic, the 
color being good but not quite right 
and all the other characteristics of 
the synthetic. stone being. present, 
but its history was quite interest- 


ing. It was brought to this city 
about 1906 by a wealthy Turk who 
was a gambler. He claimed to have 
paid. over $900.00 for it in San 
Francisco. Finally he lost it in a 
gambling game and since that time 
it hag circulated among the gam- 
blers here, possibly being used as 
security on a gambling loan or put 
up on a bet. Its present owner has 
it now as security for a loan of one 
thousand dollars. Unless it is re- 
deemed by the borrower, it will, no 
doubt, cease to circulate as the 
present holder is not.a gambler, and 
I believe that since he knows it is 
not genuine, he will not try to dis- 
pose of it.” (Nor is it an unknown 
occurrence for others than gamblers 


-thus to dispose of synthetic stones.) 


Our Display Service Continues 


Enclosed with this issue of Gems 
& Gemology is another sales servy- 
ice—a window sign titled “Diamonds 
as Investments”. Sales arguments 
to tie up with it appear on page 232. 
Frame this sign suitably and display 
it in your window; you will find it a 
valuable stimulus to the sale of 
diamonds during the ensuing few 
months. 


NEW MEMBER OF EXAMINATION STANDARDS BOARD 

Fred B. Thurber of Thilden-Thurber Corporation of Providence has just 
been appointed by. William D. McNeil, President of the A.N.R.J.A., to serve 
upon the Examination Standards Board of the Gemological Institute of 
America. Mr. Thurber succeeds the late Godfrey Eacret as representative 


of the A.N.R.J.A. upon this Board. 


Can You Answer This? 
Where Is the “Star of the South” Diamond 


at the Present Time? - 


See Important Diamonds of 
the World, page 220. 
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“Synthetic Diamonds” 


A scientific report of the so-called Jourado “Diamonds”, prepared espe- 
cially for Gems & Gemology by a world-famous expert on gems. 


by 
B. W. ANDERSON 
Director of London Gemological Laboratory 


Early in February, stories appeared in sections of the London 
Press which made somewhat startling reading. From the news- 
paper accounts one gathered that a new synthetic stone had been 
produced which “answered the known tests” for diamond and 
would “deceive 99% of the experts”. 

Diamond and Precious Stone dealers were mainly incredulous, 
but of course anxious to see these wonderful stones; pawnbrokers, 
quite naturally, were somewhat alarmed. Fortunately, specimens 
were soon available for laboratory inspection, and a simple 
refractometer test at once revealed them to be spinel; further, 
included bubbles were seen under the microscope, Peveey ine 
their synthetic origin. 

A short but decisive statement giving the result of a laboratory 
test on the stones was issued to the Press by the London Chamber 
of Commerce, and was also broadcast—and so the excitement 
subsided. We have now been able to examine a number of these 
stones, and a full description of their appearance and properties 
is given below. 

The stones are bright, very fraiaparcit and free from any 
trace of color. They take a high polish, and when carefully cut 
present quite an attractive appearance. Those which are bril- 
liant cut are so lacking in life and “fire”, however, that they no 
more resemble diamond than does quartz or white topaz. Most 
of the stones seem to be emerald-cut, in which form their claim 
to compare in appearance with diamond is a little less prepos- 
terous, since the lack of “fire” is not so noticeable with this type 
of cutting. 

These spinels are said to be made in Paris, but their physical 
properties accord exactly with similar synthetic stones which 
are made in the great factories in Germany and elsewhere.: The 
specific gravity seldom varies beyond the limits 3.62-3.63; the 
refractive index is always very near 1.726; the dispersion «"G-"B) 
is .0204, which is less than half that of diamond (.0440). The 
hardness is similar to that of topaz, according to a lapidary’s re- 
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port, i.e., 8 on Moh’s scale. An analysis, actually carried out some 
months before the scare arose, showed the stones to be essentially 
Mg0.2A1.03. This excess of alumina is a common feature of 
all synthetic spinels, as shown by Rinne and others some years 
ago. It is a fact worth noting that only in the case of ruby may 
the chemical composition of the synthetic stone be said to cor- 
respond exactly with that of the natural mineral. The coloring 
agents of the other natural corundums have not been exactly 
reproduced in their synthetic counterparts, and in the synthetic 
spinels not only is the chemical nature of the coloring matter 
(where present) quite “unnatural”, but the basic composition 
of the stone usually corresponds with that of no natural mineral. 


THE RECURRING “SYNTHETIC” 


February newspapers in the Unit- 
ed States carried press reports from 
England announcing the successful 
manufacture of synthetic diamonds 
in gem sizes which could be sold at 
a fraction of the cost of genuine 
diamonds. The announcement had 
been made by a Mr. Jourado, a “gem 
expert”. It was couched in such lan- 
guage as to be almost self-evident 
that the stones were a synthetic re- 
production of some less valuable gem, 
or merely glass. However, before a 
verification of their identity by Eng- 
lish gemological authorities could be 
obtained, the radio also repeated ‘the 
story. Many jewelers unfamiliar 
with scientific facts and scientific 
terminology were unable to counter- 
act their harmful effects by a 
statement of how improbable was 
the successful manufacture of gem- 
diamonds. 

Identification of the Jourado 
stones was soon made by Mr. Ander- 
son of the London Chamber of Com- 
merce, and in the March issue of the 
Jewelers’ Circular-Keystone, the 
falsity of Mr. Jourado’s announce- 
ment was revealed. Mr. Anderson’s 
report, prepared especially for Gems 
& Gemology, appears above. 


Following closely upon the English 
report came a United Press report 
from Vienna that a Dr. Hans Kara- 
baceil had claimed to have made dia- 
monds “large enough for a lady’s 
ring”. The process used involved the 
heating of “a mixture of iron filings, 
furnace cinders and coal” in an elec- 
tric oven. 

A similarly harmful announcement 
might have reached the press in 1932 
if the promoter had not chosen Los 
Angeles to introduce his claims. 
Arriving from the Orient with a 
quantity of “a new gem as hard and 
brilliant as the diamond just discov- 
ered in the Orient”, he chose the 
Ambassador Hotel as headquarters 
and. offered a scheme of promotion 
for the distribution of these gems to 
local persons. An agreement was 
made to finance and publicize them 
if they were verified by the Gemo- 
logical Institute as a substitute for 
diamond. A few moments’ investi- 
gation proved them to be very pale 
yellowish synthetic sapphires. _ 

A few facts repeated from a state- 
ment prepared at the request of the 
Jewelers’ Circular-Keystone by Rob- 
ert M. Shipley will reveal. to both 
laymen and jewelers the slight pos- 
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sibility in the truth of these or simi- 
lar reports. It is hoped that retail 
jeweler subscribers to Gems & Gem- 
ology will make use of this article 
in denying future similar reports in 
their local papers—should they occur. 


The Synthesis of Diamond and 
the Attempts io Accomplish It* 

Synthetic diamond must be com- 
posed of the same element as the 
genuine, i.e., carbon, and must pos- 
sess the same properties, notably 
hardness and index of. refraction, as 
the genuine. It would have to be 
sufficiently hard to scratch other 
diamonds, and its index of refraction 
would have to be very close to 2.42. 
Moreover, X-ray photographs ob- 
tained by special processes must 
necessarily reveal the same atomic 
structure as possessed by the genuine 
gem. 

For many years science accepted 
the statement of the successful syn- 
thesis of diamonds. However, many 
eminent scientists now express 
“skepticism regarding any success- 
ful .production of even microscopic 
synthetic diamonds. With the estab- 
lishment of tests dependent upon dis- 
coveries which have attended the 
recent pronounced development of 
optical mineralogy, certain scientists 
point out that without the aid of 
present optical tests, ascertainment 
of the true nature of the microscopic 
specimens produced by Moissan and 
other earlier experimenters was then 
impossible. 

“For many years after the produc- 
tion of an artificial substance resem- 
bling diamonds by Henry Moissan 
in 1897, and the immediately sub- 
sequent work of Sir William 
Crookes and Sir Andrew Noble, the 
scientific world generally accepted 
their identity as synthetic diamonds. 


*A.G.S. Research Service. 


However, Sir William Crookes in his 
book ‘Diamonds’, published in 1909, 
states that ‘the largest artificial dia- 
mond is less than one millimeter 
across’ and also that such stones 
‘sometimes broke after their prepara- 
tion’, an indication of unusual inter- 
nal strain. Because of the exorbitant 
expense and the failure to produce 
diamonds of sufficient size to be of 
any appreciable value these experi- 
menters probably then turned to 
other fields. 

“Sir Charles Parsons later repeat- 
ed the efforts of Moissan and others 
with no success. In an address be- 
fore the Microscopical Society in 
April, 1924, he stated that he had 
been trying to make diamonds for 
20 years. He had spent $100,000 
upon experiments, and had come to 
the conclusion that nobody had ever 
made diamonds. In his opinion, 
Moissan and Crookes had both been 
mistaken. 

“Alpheus F. Williams states in his 
‘Genesis of the Diamond’, published 
in 1932, that ‘Grave doubts are now 
felt as to the justification for the 
claims, many holding that there has 
been no clear proof that the crystals 
produced were diamonds’. 

“J. R. Sutton in his ‘Diamond a 
Descriptive Treatise’, 1928, states, 
‘It is doubtful if they be diamonds 
at all, more likely a kind of carbo- 
rundum.’ 

“In 1932 it was reported that Dr. 
Ralph McKee of Columbia in an 
effort to produce a high-class abra- 
sive had produced artificial diamonds, 
the largest of which weighed .05 of 
a carat—in its crystalline or ‘rough’ 
form, of course. It is doubtful if 
such stones were synthetic diamond 
that they could have been cut, as 
even the smallest melee. Detailed re- 
ports of the necessary tests to prove 
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their identity as synthetic diamonds 
were not released to the scientific 
world. 

“Dr. Brauns, the famous German 
mineralogist, and Dr. Hoffman had 
previously questioned the results of 
the earlier experiments, the general 
principle of which had been used by 
Dr. McKee. Dr. Edward H. Kraus, 
the famous American mineralogist, 


pointed out that detailed proof had 
not been presented by Dr. McKee 
which could be accepted by mineralo- 
gists as incontrovertible evidence 
that they were synthetic diamonds, 
and mentioned that such proofs must 
reveal similar index of refraction 
and identical crystal structure.” 
Shipley in the Jewelers’ Cireular- 
Keystone. 


Retailing Gems in India 


Have you ever wondered about the jewelry trade in India, the acknowl- 
edged “home of precious gems”? <A jeweler, native of that country, tells 


some interesting facts. 


J. A. MOUNTVALA 
Registered Jeweler, A.G.S., Bombay, India 


My firm was established in Bom- 
bay forty-five years ago by A. H. 
Mountvala, my late father. I joined 
the business twelve years ago. After 
my father’s death I took over the en- 
tire business. : 


From the time of my-father until 
this day, the firm has been known 
for its excellent workmanship and 
honest dealings in high quality gems. 
At present I deal in diamonds and 
precious coloured stones. Only the 
highest quality of diamonds in all 
sizes are stocked, whereas, in col- 
oured stones, various qualities are 
kept. Hence, my house enjoys the 
reputation among all classes of cus- 
tomers as being best stocked in high- 
est grade goods. Valuation of cus- 
tomers’ jewelry is done by charging 
a small fee, which is a percentage of 
the valuation. I suffer most in this 
time of great competition as I do not 
stock inferior quality goods and do 
not mark down my prices. 


! 


Generally, all customers ask for the 
highest quality goods without having 
any knowledge of “first class qual- 
ity”.. Ultimately they do not buy 
what they. desire, as the money they 
want to spend would not purchase 
first quality goods. Besides, there is 
one impression stamped in the minds 
of all customers, i.e. that the price 
of diamonds has gone down consid- 
erably. 


Most of my customers are my own 
cast people—“Parsis”—besides a few 
Indian Princes, Europeans, Hindoos, 
and Mahomedans (Mohammedans). I 
have also a large number of up-coun- 
try customers. 

On the’ whole, customers on our 
side of the world practically do not 
understand the A.B.C.’s of diamonds 
and full advantage is taken by un- 
scrupulous dealers, who do not take 
the trouble to explain the right thing. 
When a new customer visits my of- 
fice, I take great pains to explain 
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everything in detail until finally he 
is fully satisfied. Most of my old 
customers have so much respect for 
my work that they put blind faith in 
me and quietly take what I show and 
advise them to buy. 

Finally, gems are set in various 
types of jewelry, according to the 
purse and taste of the customer, 
Among fashionable and rich class of 
Parsis, the large size pendants with 
diamond chains, bracelets, and ear- 
rings, and rings to match are made. 
Whereas, among orthodox classes, 
choker style necklaces, single dia- 
mond or rose pattern ear-rings, and 
single line diamond bracelets are pre- 


ferred. The same uses of diamonds 
are made among the Hindoos. Nose 
rings of diamonds and pearls, or dia- 
monds and emeralds are also made. 
Among the richer classes of Hindoos 
and Indian Princes, head and ankle 
wear, known as “Kalgee” and “Py- 
jebs” are made in fancy designs 
of diamonds and coloured stones. 
Preference is given to single line 
necklaces of large size diamonds. 
Generally, jewelry is made in gold 
and silver, or 10% or 25% platinum. 
Pure platinum is rarely used as few 
customers would pay for it. Ortho- 
dox classes always prefer ornaments 
to be made of gold. 


NEW ACTIVITY AT SOUTH AFRICAN MINES* 


It has recently been authoritatively reported that washing operations 
have been resumed at the DeBeers group of diamond mines. No statement 
has. been made that the mines have been reopened. The blue ground which 
is being treated, has been spread on the weathering floors for at least three 
years. In times of maximum production, the blue is not left on the floors 
to weather but is sent through special machinery which breaks it up. The 
slow diamond market during the past few years has made it advisable to 
resort to the less expensive method of. recovery by allowing the forces of 
Nature to break down the rock in which diamonds are found. 


The following table has been compiled upon the basis of information 
contained in the “Forty-Sixth Annual Report” of the DeBeers Consoli- 
dated Mines, covering the year ending December 31st, 1933. The figures 
in the right-hand column, which are based upon both the number of loads 
of blue ground on the floors and the production in carats of diamond from 
the blue at each mine during the period immediately preceding its being 
closed down, are merely estimated and are not to be regarded as official. 


Mine Blue Ground on Floors Last Yield Estimated. 

of Mine in Carats of 
Carats per Diamond in 

Load Blue on 

Floors 
Kimberley (Closed down since 1914)...,.. 571,176 (1) 081 (2) 46,200 (2) 
DeBeers (Closed down since 1908).......... 48,396 8 (3) 18,200 (2) 
Wesselton (Closed down since 1932)........ 344,435 24 82,700 (2) 
Bultfontein (Closed down since 1982).:.. 602,124 80 180,600 (2) 
Dutoitspan (Closed down since 1932)... 315,641 18 56,800 (2) 
Approximate Total 


(1) Reef and biue ground mixed. (2) Estimated figures; not official. 
{3) From combined washings of. DeBeers and Kimberley blue in 1908. 


During the single month of November, 1934, the United States alone 
imported over 26,000. carats of cut diamonds. Comparison of this figure 
with the above total (a large proportion of which is not gem quality) 
makes it at once apparent that the “stock above ground” at the DeBeers 
group of mines can supply the market for only a short time, after which 
it is to be expected that mining operations will be resumed. 4 


*A.G.S. Research Service. | 
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Gem Mining In San Diego 
County, California’* 


In our November-December issue, we carried an article on the emerald 


mines of Colombia. 


Since that time, readers. have asked why we did not 


publish something about the gem mines of Southern California which are 


almost at our door. 


Here is our answer. 


J. W. WARE 
Qualifying Certified Gemologist, San Diego 


The existence of colored tourma- 
line in Southern California was 
known as far back as the year 1872; 
when it was discovered on Thomas 
Mountain in Riverside County. No 
active mining was done. until 1898, 
at which.time three claims were 
worked to. some extent. These were 
located at some six thousand feet 
altitude. At this time 
considerable tourma- 
line was found in a 
pegmatite dike about 
40 feet wide and of 
unknown length and 
depth. Crystals of 
tourmaline as large 
as 4 inches in diam- 
eter were taken out, 
some of which were 
of'green outside shell 
with pink centers, 
others of red, pink, 
blue, and colorless. 


Pala: District—The 
Home of the 
Kunzite 
~ In 1892 red tour- 
maline (rubellite) 
‘was discovered in 
or adjacent to the. 
lithia deposits at 


RIGHT: 


Pala,. California. In Extracting 

1902. rich deposits ue Topaz 
. Tom 

of kunzite, tourma- Gone Peete. 


*G.LA. Research Service. 


line, and. beryl. were ‘discovered: in 
several localities at Pala and the 
mines were worked for several years 
with wonderful results. 

A most spectacular gem pocket 
was located in the Pala Chief Mine 
in one of the tunnels, by following a 
streak of brown clay (Kaolin) in its 
varied course through a large deposit 


LEFT: 


View in 
Blue Topaz 
Pocket, 50 feet 
in length by 20 
feet in width. 


( 


oy 
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of lepidolite. This pocket measured 
about 3 by 6 feet, and was thickly 
studded with fine large crystals of 
kunzite and pink tourmaline—a sight 
never to be forgotten. The Pala Dis- 
trict is very rich in gem minerals 
and has produced a large amount of 
kunzite, rubellite, and other colored 
tourmaline, together with a consider- 
able amount of pink and blue beryl. 


Mesa Grande Deposits 

Another discovery of tourmaline 
of no less importance was made near 
Mesa Grande, California, in 1898. 
Here the pegmatite ledge carrying 
tourmaline of many colors, together 
with pink beryl, dips into the moun- 
tainside at a 37-degree angle, and 
has now. been worked to a depth of 
150 feet with most gratifying re- 
sults. This ledge has produced an 
estimated amount of 40 tons of tour- 
maline. Much of the extra fine pink 
tourmaline on the market has come 
from this source. 

An interesting bit of history con- 
nected with these mines lies in the 
fact that a few children passing 
through the saddle of this mountain 
on their way to school picked up some 
fine crystals of tourmaline and in 
school called them “Pretty Pencils”. 
This caused search to be made for 
more such crystals and resulted in 
the discovery of some of the best pro- 
ducing tourmaline mines of history. 
However, Indians knew of these tour- 
maline outcroppings for many years 
previous. 

Precious Blue Topaz 

The Mountain Lily Gem Mine 
(now known and patented as Emer- 
alite Mine No. 2) was discovered in 
1902, when gem tourmaline was 
found on Aguanga Mountain at 
5,100 feet elevation.. This, unlike the 
other gem mines of San Diego 
County, is a blanket ledge of pegma- 
tite showing many slides due to earth 


movements and differing somewhat 
in chemical content. 

This mine is the property of the 
author of this article and has been 
worked under my supervision to the 
extent of about 2,500 feet of tunnels. 
The principal production is precious 
blue topaz, of which the mine has 
netted several hundred pounds. Crys- 
tals of blue topaz ranging from about 
1 carat in weight up to 8% pounds 
have been taken out. One erystal, 
which cut a 17 carat pear-shaped 
gem, is of an unusually beautiful 
blue color and has been pronounced 
by competent authority, including the 
late Geo. F. Kunz, to be the finest 
blue topaz in the world. 

This mine also produces pink, 
white, and golden beryls, as well as 
pink, green, blue, and colorless tour- 
maline, and emeralite, the beautiful 
nile green tourmaline of most un- 
usual and pleasing color, for which 
the mine is named. 


Ramona District 

The Ramona gem mines, situated 
slightly over ten air miles southeast 
of Mesa Grande, have also produced 
a quantity of tourmaline, beryl, and 
hessonite garnets of fine quality. 

Due to the depression years just 
passed and lack of demand, very 
little gem mining has been done in 
Southern California, but with in- 
creasing demand for gem stones there 
is no doubt that many of the mines 
will be put in operation and new 
ones opened up. 

The California Pacifie Interna- 
tional Exposition will open in San 
Diego on May 2th, 1935, and the 
author will have a representative 
display. of San Diego County gem 
stones in the Palace of Better Hous- 
ing. Here the public may see a won- 
derful display of rough and cut 
tourmalines, beryls,. kunzites, and 
hessonite garnets, 
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Ttportant- “Diamonds 


rover: D tists 


THE STAR OF THE SOUTH 


_  The-older diamond fields of Brazil (where the Star of the South was 
found) are objects of considerable interest. When diamonds were discovered 
(about 1725) the government took. possession of the whole district, drew a 
military cordon about it, and imposed strict regulations and taxes upon the 
miners, However, the loss in taxes due to the activities of clever Negro and 
Italian smugglers was very great. The government then tried the system 
of farming out the privilege of mining the entire area to contractors.. This 
scheme worked but little better. It was succeeded by an arrangement with 
the firm of Hope and Company, the Dutch bankers, who took the entire 
product at the rate of $9.00 per carat, and assumed the debt of Brazil. The 
latter was, Seed by the sale of diamonds. 


As the tenon were taken peat Brazil to Holland the industry of diamond 
cutting was built up in Amsterdam. In 1848, the arrangement with Hope 
and Company came to an end, and since ‘then the mines have been free to any- 
one who would pay a rental per square yard. 


The discovery of a large and beautiful diamond in Brazil in the early 
days of mining in that country was attended with much ceremony and 
rejoicing. The lucky finder was feted as the diamond made a triymphal 
progress to Rio de Janeiro. The ceremony with which such a diamond was 
received is reminiscent of the reception said to have been accorded a splendid 
ruby in the old Indian days. - 


_. No one knows to this day if the Peedenzet that formerly, belonged to 
the Portuguese crown, is really a diamond. It was at one time considered 
the largest known “diamond”, weighing 1680 carats in the rough, but today 
is regarded as a “Nova Mina” or white topaz. Topaz is often mistaken for 
a diamond by those who are not “experts”. The finders of the Braganza 
(who were said to have been criminals) were pardoned and a special frigate 
was dispatched with the stone to Lisbon. Brazil was then a | colony of 
Portugal and Lisbon was the seat of the government. : 
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A rather pathetic story is told of a free negro: who found ‘what he 
supposed to be a diamond of great size and beauty. He was sent to Rio de 
Janeiro under an escort of honor and in his excitement imagined the great 
rewards that would be bestowed upon him—he might even be given the Cross 
of San Bento and he would have a reward as great as the salary of a general 
of a brigade. He was conveyed in state to the palace of the Prince Regent 
and the diamond was carried in by a special officer. 


Mawe, the gem expert, who was in Brazil at the time, was asked to 
examine the stone. Reaching the palace he was conveyed through a laby- 
rinth of rooms to an inner chamber where an exquisite little cabinet stood. 
This was unlocked and the “diamond” brought out. Before Mawe touched 
it he knew that it was only a nounded piece of crystal. The hopes of the 
poor negro vanished as quickly as “snow upon the desert’s dusty face”. 
The return to his home must have been a pitiful one. 


‘THE STAR OF THE SOUTH © 


Now in the Possession 
of the Gaekwar of Baroda 


Weight, 12812 Carats 


In 1853 the great Star of the South was found by a slave woman in the 
Mines at Bagagem, where the largest diamonds of Brazil have been discov- 
ered. Her find was rewarded by freedom anda pension for life, and this 
meant a new world of happiness and comfort for one who had Jed the 
wretched life of a slave. 


The stone, in the rough, sold for an absurdly low figure (approximately 
$15,000) ; later it brought 302 Brazilian contos (about $165,000). The price 
continued to soar until it came into the hands of the cutters, and of course, 
after cutting, the value increased enormously. A syndicate of Paris mer- 
chants bought the diamond and christened it “Estrella do Sud” or “Star of 

_the South”. It was shown at. the London. Exhibition of 1862. Later, the 
notorious Gaekwar of Baroda (Mulhar Rao) purchased it for 2,000,000 
francs ($400,000). The Gaekwar was, according to Streeter, “next to the 
eccentric Duke of Brunswick, the greatest diamond fancier. of modern times.” 
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Mr. E. Dresden of London received the commission to secure the Star of 
the South for the Gaekwar: He bought it from the Parisian syndicate, 
which was represented by Halphen, one of the merchants of the group. The 
purchase price of 2,000,000 francs was (to quote Dresden) “inclusive, of 
course, of the mountings, etc., which were very costly.” 

The Gaekwar was an unpleasant person with a habit that smacks of 
Mediaeval days in any land. Some disagreeable persons of note are accused 
of using subtle poisons, and especially diamond dust, in preference to cold 
steel. Benvenuto Cellini, the greatest goldsmith of all time and one who 
knew gems, relates how an attempt was made to poison him.in this fashion 
during his imprisonment in the Castle San Angelo. He gives a most lively 
account of his terror when he felt a gritty substance between his teeth when 
he bit into his food. The Gaekwar, however, took the precaution to mix a 
little arsenic with diamond dust and found the combination a most effective 
mode of disposing of several of his objectionable subjects. When he at- 
tempted to murder a British official, Colonel Phayre, in this fashion, he was 
threatened by an irate Queen with loss of his possessions. However, the 
threat was not carried out. 

The Star of the South “was cut by Coster of Amsterdam at an expense 
of $2,500 (£500), to a gem 35 millimeters (1% inches) long, 29 millimeters 
(1% inches) broad, and 19 millimeters (34 of an inch) thick. These propor- 
tions are remarkable for the length given the stone. The. cut stone weighs 
128.5 metric carats. While it is a ‘white’ stone by reflected light, by refracted 
light it shows a decided rose tint, an unusual but attractive feature which 
Streeter regards as derived. from the form given to it in cutting, but this 
seems somewhat unlikely.” (Farrington.) 

‘The present Gaekwar of Baroda, now owner of the Star of the South, 
in an interview with the writer in 1934, stated that this gem, together with 
the famous “English Dresden”, was mounted in a necklace among his 
Crown Jewels. é 


THE DICHROIC COLORS OF RUBY 


The dichroism of ruby may be rubies’ will also show two dark 
regarded as varying from distinct to shades of red only, with no blue. 


very strong, but the colors observed 
vary widely. One color is usually 
some shade of red and the other a 
bluish-red. But the true pigeon- 
blood shows two shades of bright red 
only, without the slightest trace of 
blue; and some of the very dark 


A Question... 
In Fashioning a Gem, Which Facet Is Usually 


Placed Upon It First? 


Very often, however, the blue in 
one of the dichroic colors of ruby is 
so pronounced that an expert can 
see it with the unaided eye.—Note 
by Lt.-Col. J. F. Halford-Watkins, 
Mogok, Upper Burma. 


See Modern Methods of Fashioning 


Gem Materials, page 227. 


MARCH-APRIL, 1985 223 


A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


HENRY E. BRIGGS, Ph.D. 


Occasionally we will find a mineral having a crystalline form which is 
foreign to this particular mineral. This is due to replacement. By chemical 
action, particle by particle, the mineral which first composed the crystal 
was carried away and, particle by particle, a different substance replaced 
it. Thus we find not only crystals which have been replaced, but also wood, 
bones, ete. Such crystals are called “‘Pssudomorphs” and this term really 
means “false form’. 


Use of Optical Instruments 

We find ourselves practically lost in geology without the aid of optical 
instruments. Since these instruments are of great importance to us, 
perhaps it would be well to dwell at least briefly upon them. We should 
know at least a few of the various types of instruments and something of 
what they will do in order for us to select our instruments intelligently. 
We should also know something of the way to properly care for optical 
instruments in ofder that we may keep our instruments in' good condition 
and maintain their efficiency. 


Dichroscope 

The dichroscope is one of the most simple of optical instruments to 
use. It consists of a prism of optical calcite mounted in a body: tube in 
such a way that there will be no stress exerted upon the prism, and of an 
eyepiece which is adjustable to suit the observer. Some instruments have 
special devices for holding crystals and orienting them before the objective 
aperture. A ray of light entering the aperture of the instrument is sep- 
arated into two rays by the spar prism, thus the observer will see two 
images of the aperture side by side. These two images are polarized at 
right angles to each other and consequently we can see the color of the 
ordinary and the extraordinary rays side by sidé where it is easy <0 
compare them: It is impossible for the unaided eye to see these colors 
separately as both the ordinary and the extraordinary rays will impinge 
upon the retina at the same time and in the same place, consequently the 
unaided eye will see neither color, but rather a color intermediate. 

Daylight is best. for observation with the dichroscope, since with many 
forms of artificial light we cannot see certain shades of color, notably 
yellows of light tint. The crystal under observation is held directly before 
the aperture of the instrument and the eyepiece adjusted to obtain the 
clearest image. The mineral can then be oriented so that it has been 
viewed from every angle and the pleochroism noted. See Pleochroism. 

Care should be taken never to drop a dichroscope, as a sudden shock 
may ruin the spar prism by parting it. The lenses should be carefully 
protected so that they will not become scratched and when cleaning them 
they should be slightly moistened by breathing on them before wiping 
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them. They should be wiped off with a very soft cotton cloth which will 
not leave lint. Never apply oil to any part,of a dichroscope. A chromatic 
instrument should be protected from extreme cold or sudden temperature 
changes, as these may cause the balsam to give away. When an optical 
instrument requires repairs or adjustment it should never be tampered 
with but should always be taken to an optician skilled in this branch of 
optical work or returned to the factory. 


Simple Magnifiers . 
Simple magnifiers are so aces used as to require no description. 
Instructidns for the care of the dichroscope will also apply to magnifiers. 


Microscopes 

The compound microscope is a very valuable asset in examining minerals 
and gems; however, the polarizing microscope is so much more adapted to the 
study of minerals that we will discuss the use and care of PEELOSEODES, under 
that heading. 

Polarizing Microscope 

The polarizing intrument differs widely from the ordinary compound 
microscope or those especially for biological work. The construction of the 
stand of a polarizing microscope is considerably different than those of the 
other types. The polarizing instruments usually have a round revolving 
stage. Often the stage is calibrated in degrees so that it may beset 
at any desired angle. Also provision is made in the polarizing instrument 
for the use of accessories for various tests which will be discussed later in 
this chapter. The essential difference however between the polarizing oan 
biological microscope is in the optical system and equipment. 

It will be necessary first for us to get an idea of polarized light before 

we can go farther on the subject of the polarizing microscope. 
, We will recall that according to the undulatory theory; light is a form 
of radiant energy or etheral vibration which travels at the rate of 186,000 
miles per second. It is propagated by the vibration of ether particles in all 
directions at right angles or perpendicular to that in which the light is 
traveling. However in polarized light (plane) this etheral vibration takes 
place in one direction only. This condition can be produced with special 
prisms such as the Nicol’s prism or with a glass or other reflector set at an 
angle so that the reflected and incident rays are at right angles to each other. 
Both methods are used in polarizing microscopes although the prisms are 
preferable. We must aid the eye with a second prism which is called an 
analyzer in order to observe. polarized light. The polarizer is the prism or 
reflector below the stage and the analyzer is the special prism mounted in 
the tube above the stage. Polarized light will be acted upon by lenses much 
the same as ordinary light. That is, it can be rendered conv eKe uk, divergent 
or parallel with the proper lenses. : 

The polarizing microscope is equipped with a special prism or with a 
glass set at a certain angle, to act as a polarizer and with a special prism 
to serve as an analyzer. It is usually possible to rotate either the analyzer 
or the polarizer, or both. 7 
(To be continued) 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


Crystalline Aggregate. Massive 
crystalline material made up of 
many particles, each an individual 
crystal too small to. be seen by the 
unaided eye. When cut as a gem 
can be polished with a smooth, re- 
flecting surface. See also Massive. 
See also Crystal Aggregate. 


“Crystalline Emerald.” A_ false 
triplet. An emerald triplet with 
a beryl or quartz crown and glass 
pavilion. See Assembled Stones. 


“Crystalline Glass.” A trade name 
given to partly colored glass. 


Crystalline Material. Same as Crys- 
tal Material. 

Crystallization (kris”tal-i-zae’shun). 
The process of forming crystalline 
structure; which may result in 
erystals or in irregular crystalline 
masses. See Crystalline. 

Crystallographic Direction, or Crys- 
tallographic Orientation (kris”tal- 
oe-graf’ik). Refers to directions 
in the various crystal systems 
which correspond with the growth 
of the mineral and often with 
the direction of, one of the faces 
of the original crystal itself. 

Crystallography (kris”tal-og’ra-fi). 
The science which describes the 
form of crystals. 

Crystalloluminescence (kris”tal-oe- 
lue”’mi-nes’ens). Light given off 
by certain substances in crystalliz- 
ing from a solution. Arsenic oxide 
(As,0,) is an example. 

Cubic. Having the form of a cube, 
as a cubic crystal; or referring to 
directions parallel to the faces of 
-a cube, as cubic cleavage. 


Cubic System. A crystallographic 
system, the crystals of which may 
be described by reference to three 
axes of equal length each situated 
perpendicular to the plane of the 
other two. 


Culasse (koo”los’). The pavilion. 


Culet (kue’let). Small flat facet 
at the bottom of a brilliant-cut 
diamond. 


Culette (koo"let’). Var. of culet. 


Cullinan (cul-lee’nan). Largest dia- 
mond ever found. From Premier 
Mine, South Africa. Named for 
Thos, Cullinan, promoter of mine. 
Weighed 3024% karats. 

Cultivated Pearl (kul”ti-vate’ed). 
Another name for Cultured 
(whole) Pearls. 

Cultured Pearl (kul’tuerd). An 
artificially propagated pearl. The 
name describes both (1) the early 
type of blister pearl, which grew 
to the shells, and the bases (backs) 
of which were mother-of-pearl and 
(2) whole pearl consisting of. a 
core—usually a sphere of mother- 
of-pearl—over which layers of 
nacre, similar to those in the 
natural pearl, are deposited by a 
living oyster. It is an artificially 
propagated pearl, and therefore, 
not genuine. See also Blister 
Pearl. 

Cupid’s' Darts (kue’pid’s darts). 
Quartz with needle-like inclusions 
of goethite or rutile. See also 
Sagenite. 

Cushion Cut. The older form of the 
brilliant cut, which has a girdle 
outline approaching a square with 
rounded corners. Often applied, 
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probably incorrectly, to the step 
or trap cut. 

Cut Glass. See “English Crystal.” 

Cutting. Strictly speaking, that 
operation in the fashioning of a 
diamond commonly called round- 
ing wp. Applied rather generally 
in the jewelry trade to the entire 
process of fashioning diamonds 
and other gems. (See Fashioning.) 

Cuvette (koo”vet’). A term some- 
times applied to the intaglio which 
has a raised cameo-like figure in 
a concave depression. 

Cyanite or kyanite or disthene (sye’- 
a-nite). Rarely used as a gem 
stone. Transparent light to dark 
sky blue. Hardness 4-7. 

Cyclic (sik’lik or si’klik). Cireular 
as in certain types of repeated 
twinning that tend to produce cir- 
cular forms. 

Cymophane (sye’moe-fane or sime’- 
oe-fane).. A variety of chryso- 
beryl usually considered identical 
with the Oriental Cat’s-eye, but 
sometimes applied to that sub- 
variety in which an irregularly 
shaped light floats in the stone. 

Cyprine (sip’rin or sip’rine). Sky- 
blue vesuvianite. 

Cyst Pearls (sist). True pearls 
which occur in the tissues of pearl- 
producing shell fish in a pearl sac 
and away from the shell, 

Dammar Resin (dam’ar or da-mar’). 
Java and Malay damar. A resin 
from a pinaceous tree of Australia, 
the Philippine Islands, etc. Dam- 
mar Australia is the Kauri pine. 
Used in Amber imitations. 


Dammer. Var. of Dammar. See 
Dammar. . 
Datolite (dat’oe-lite). A calcium: 


. boro-silicate ‘occurring both in 


glassy monoclinic crystals, and in 
compact -dBaque masses. Hard- 
ness 5 to 5%. 


Specific Gravity 


2.9 to 8.0; luster vitreous, trans- 
parent to opaque. Massive dato- 
lite is whitish, yellowish, reddish, 
greenish, or brownish and often 
mottled. Sometimes used as a 
gem. ; a 

“Dauphine Diamond” (do’feen). Rock 
crystal (quartz). 

Davidsonite. Greenish-yellow beryl. 

D.C. An abbreviation in the trade 
meaning diamond or brilliant cut. 

Dead Pearls. Pearls with only a 
lusterless or dead white appéar- 
ance. 

Decrepitation (dee-krep”i-tae’-shun). 
Violent breaking away of par- 
‘ticles, with crackling sound, on 
.sudden heating. To snap and 
break into fine powder when 
heated. 

Deflagration (def”la-grae’-shun). 
Sudden combustion; flashing like 
gunpowder. 

Deformed Crystal. A crystal bent 
or twisted out of its normal shape, ~ 
so that it may differ widely in 
angle from the regular form. See 
Distorted Crystal. : 

Delatynite (de-la’tin-ite). _ A vari- 
ety of amber from Delatyn in the 

" Galician Carpathians, differing 
from succinite in containing rather 
more carbon (79.98%), and no 
sulphur. : 

Delawarite (del’a-war-ite). Aven- 
turine feldspar from- Delaware 
County, Pa. 

Deltah Pearls (del’ta). Trade- 
marked name for both solid and 
wax imitation pearls. 

Demantoid (dee-man’toid). . Dia- 
mond-like. : 

Demantoid Garnet. A grass-green 
variety of andradite garnet, known 
-erroneously as olivine. Demantoid 
is very brilliant and has a high 
dispersion, which is unusual 
among colored stones. 


(To be continued) 
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Modern Methods of Fashioning 
Gem Materials 


In our last issue, a given rough gem was studied carefully, and given its 
first form by sawing. In this concluding, installment Mr. Felker completes 


the process of fashioning. 


MAX N, FELKER 
Felker Research Laboratory, Torrance, California . 


Roughing 


After the rough stone is reduced to 
the correct size by sawing, it is ready 
to go to the horizontal laps for facet- 
ing and polishing. If the rough 
specimen is approximately the size 
of the finished stone desired, the saw- 
ing process is omitted. 


At this point, it is probably best 
to remind the reader that this article 
concerns especially the gems whose 
hardness ranges from seven to nine. 
Softer stones, especially opaque 
gems, receive a very different treat- 
ment after having been sawed than 
do gems whose hardness is seven or 
more. 


The first faceting on the harder 
stones is accomplished on a horizon- 
tal copper lap charged with diamond 
dust. In its charge, this lap does 
not differ greatly from the previously 
mentioned saws. -The lap has dia- 
mond forced into a flat surface; the 
saw carries this charge on a thin 
eusal 


--The material to be cut is mounted 
in a prepared cement (equal parts of 
red sealing wax and shellac) on a 
lapidary stick. . This stick is of maple 
or a wood of similar hardness, point- 
ed at one end and-with a flat: table 
at the .other.. The. gem is then 
“roughed: out” on the diamond dust 


charged lap. After being ground on 
this wheel, the stone has its approxi- 
mate shape and size. 


Rough material which approaches 
the desired final shape—for instance 
a rounded pebble which is to be cut 
en cabochon—is not submitted to the 
first grinding lap but goes immediate- 
ly to the second. 


Faceting 


The facets are placed on the gem 
by grinding on another diamond- 
charged copper lap. The charge in 
this case is much more finely crushed 
than that used on the first lap. Al- 
though the majority of lapidaries 
guide the stick by hand when placing 
the facets on a gem, we employ facet- 
cutting machines. These may be ad- 
justed to cut a facet in any desired 
position and the facets thus produced 
are always set at the correct angle. 


The ‘first. facet placed is the table. 
This is eut by grinding with the lapi- 
dary stick held exactly perpendicular 
to the cutting surface. Then the main 
crown facets, followed by the smaller 
crown facets are placed on the gem. 
The stone is cut away from the stick 
and remounted with its table against 
the wood. The main facets of the 
pavilion, followed by the smaller 
ones, are then cut. 
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As the stone comes from the second 
lap, it is shaped and faceted as it 
will be when completed. But the sur- 
face is rough and dull. It seems im- 
possible that its flashing transparent 
beauty can be released. 


Although the surface of the gem is 
rough, it should not be scratched. 
Seratches are often produced by too- 
fast cutting, or by large grains in an 
incorrectly prepared charge of dia- 
mond. These scratches must, of 
course, be removed during a later 
operation—often a tedious job. 
Therefore, it is best to avoid pro- 
ducing them during the first rough- 
ing. 


“Feel” Is a Guide 


As in the case of sawing, the cor- 
rect pressure of the stone against the 
wheel must be maintained. If the gem 
is pressed too lightly, the lap will cut 
very slowly if at all. Too great pres- 
sure produces the undesirable 
seratches and may even shatter the 
gem. In faceting, the correct pres- 
sure is achieved principally by using 
the “feel” of the lapidary stick in 
the cutter’s hand. Each gem species 
requires a particular touch based 
largely upon the known hardness and 
toughness, but-learned only through 
experience. After each few seconds 
on the wheel, the surface being cut 
is wiped clean and studied carefully 
before the operation is resumed. 


The final high polish is given to the 
gem by a tin lap charged with tin 
oxide. (Some lapidaries use Tripoli 
as'an abrasive in. this operation.) 
The surface of the wheel is scorified 
and hackmarked in order to hold the 
charge. Great care is used in the 
operation performed on the tin lap. 
At this time it is especially neces- 
sary to guard against producing 
facets which are not perfectly flat. 


Such facets cause the finished gem 
to lack a sharp brillianey and to take 
on a “sleepy” appearance. The gem 
which comes from the tin lap is a 
finished product. Therefore, each 
facet must be perfectly flat and 
brightly polished; the junction lines 
between facets must be straight and 
sharp, 


Fashioning Softer Gems 

Softer stones— those ranging about 
from four to seven in hardness— 
often respond more satisfactorily to 
a treatment considerably different 
from the above. These gems are 
roughed out on the edge of a car- 
borundum wheel, then ground ona 
wheel of finer-grained carborundum. 
A wood wheel faced with carborun- 
dum paper is used to further shape 
the gem. This paper covered wheel 
often has the wood behind the paper 
grooved in such a manner as to 
facilitate the production of cabochon 
cuts. 

Other abrasives are also used in 
fashioning gems whose hardness is 
seven or less. A notable instance is 
the use of sand-stone grinding wheels 
in the quartz-fashioning plants at 
Idar, Germany. 


After the stone is shaped on the 
carborundum wheels, it is polished 
on a hard felt lap charged with tin 
oxide. If the stone is cut faceted 
rather than en cabochon, the tin lap 
is employed for this final operation 
in place of the felt. 


I have outlined in this article only 
the method of cutting which we have 
found most effective. Methods used 
by other lapidaries vary widely. But 
it is safe to say that the use of dia- 
mond or carborundum. saws and laps, 
and tin-oxide polishing wheels will 
be found in almost every case the 
most satisfactory and economical! pro- 
cedure in gem-cutting. 
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Degrees of the Lapidary’s Craft 


There are three general types of 
gem-cutting depending upon the skill 
required of the lapidary. The first 
and easiest is the fashioning of sim- 
ple cabochons. The second is facet- 
ing in any form; the third, cameos, 
intaglios and other engraved gems. 
The last type of cutting requires not 
only a knowledge of fashioning in 
facet or cabochon shapes, but also a 
high degree of skill in the delicate 
task of carving. The tool now often 
used for this work is a tiny diamond 
saw—1/16 inch or less in diameter— 
mounted on the end of a shaft. 


Suggestions for judging the rela- 
tive perfection of cutting are of even 
more interest to the retail jeweler 
than a discussion of methods of fash- 
ioning. Two important points must 
be considered in judging a gem for 
perfection of cut: 


1. The shape of the stone and loca- 
tion of facets. 


2. The polish of the facets. 


Under (1) the first factor to judge 
is the symmetry of the facets. Each 
individual face should have a mate 
on the exact. opposite side of the 
stone. The table and culet should 
be centered above and below the gir- 
dle. As to the relative angles of the 
base and pavilion, these are not as 
important in colored gems as they 
are in a colorless stone in which the 
maximum brilliancy is possible. The 
correct angles for several gems of 
varying refractive indices as com- 


puted by Dr. Whitlock are quoted 


here. Various lapidaries have worked 
out differing proportions which each 
believe to produce a more effective 
result. The correct proportions for 
colored stones are by no means as 


generally. accepted as are those for 
diamonds. 


The reader may estimate the pro- 
portions of gems not listed upon the 
basis of the known refractive index. 
The width of the table should, in all 
cases, be approximately 60% of the 
width of the stone at the girdle. 


Correct Crown and Base Angles 
for Gems According to 
Variation in Refrac- 


tive Index 
Gem net “0 a “Te 
Diamond 2A17 35° 41° 
Zircon 1.95 40° > 40° 
Corundum 1.76 37° 42° 
Tourmaline 1.64 40° 43° 
Quartz 1.55 4% 43° 


*“With respect to table or girdle plane. 


How to Judge the Cut of a Gem 


Of course, unless the stone in ques- 
tion is either square or circular, the 
angles will vary at different positions 
on the girdle. The average of the 
varying angles, however, should 
approach the above figures. A gonio- 
meter such as is used in mineralogy 
is often valuable for measuring these 
angles. The base of the goniometer 
is placed flat against the table and 
the swinging arm is lined up with the 
main crown facets. The angle is then 
read on a scale. The arm is swung 
around against the principal pavilion 
facets and the angular reading again 
noted. 


As to the facets, these should be 
perfectly flat and highly polished. 
This factor is best judged by reflect- 
ing diffused light from the facet and 
studying it through a magnifier. The 
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facet should show no scratches or pits 
and should have clean, sharp edges 
between it and adjoining facets. 

If a gem passes all of the above 
tests without a flaw, it might be 


called a “perfect cut,” but it has been 
my experience that truly perfect 
cutting jobs are even more rare than 
gems which are actually perfect as 
to absence of inclusions. 


Reminiscences of a South African 
Diamond Buyer 


In the first installment of this article, Mr. Spitzel told of the diamond- 
buying practices in the camps by the Vaal. In this portion he tells something 
of the people of the diamond districts, and of the sale of a rare “fancy”. 


JEAN P. SPITZEL 
Diamond Importer, Los Angeles 


I met an interesting character at 
the diamond fields—a man in his 
seventies by the name of Cohn. He, 
at one time in his younger days 
(somewhere around 1865) found a 
very rich claim which turned out to 
be one of the big mines in the Kim- 
berley district and people said it 
was “The” big mine. He sold it 
to the Syndicate for £250,000 (about 
$1,250,000). He thought he was 
sitting on top of the world and went 
to London to break the stock ex- 
change. But it broke him, so he 
came back. In 1922 the poor old 
fellow was getting along, but not 
doing very much. He didn’t have 
any export connection. He was a 
local buyer and had to sell his mer- 
chandise to some of the exporters. 
One day he came to me with a par- 
cel and—digger-fashion—did not ask 
me a price. I glanced at it, spotted 
a couple of pebbles and immediately 
picked them out as worthless. He 
was a highstrung old man. He 


picked up his diamonds and walked 
out. He didn’t show up for three 
or four weeks but finally he came 
back. Again I noticed a couple of 
pebbles, but I didn’t say anything 
about it. I figured out what the 
parcel was worth and bought the 
lot from him. After I had bought 
it, I said, “Here is a present for 
you,” and handed him the worthless 
stones. He saw I was not trying 
to put one over. Somebody had been 
slick enough to sell them to him on 
account of his poor eyesight. 


Farming Too Prosaic 


South Africa is a fertile country 
and immigrants could make a very 
nice living, but somehow whenever 
an Englishman or German, or what- 
ever he may be, emigrated to South 
Africa he heard such wonderful 
tales of diamonds being found that 
whatever purpose he had in mind, 
he always seemed to feel that he 
was first going to gamble a little. 
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He turned to the diamond fields and 
staked a claim. Regardless of how 
poor a digger was, he would never 
lift a shovel. We could get a Kaffir 
for £2-10 a month and his keep. A 
few pounds of maize would keep him 
for a long time. A more expensive 
commodity was water. All the dig- 
gers had to buy water. Sometimes 
it had to be hauled fifteen to twenty 
miles. <A tank of it cost a shilling, 
and it took a lot of water to wash 
gravel. 


Gravel and diamonds, alike, were 
always coated with red earth. I 
suppose all of you have seen a dia- 
mond with a red imperfection. 
These imperfections are inclusions 
of common clay which in South 
Africa is brick-red. If you. split 
the diamond in half you can take a 
little saliva and wipe off all that 
red. Whenever we bought a dia- 
mond that had'a red spot in it, we 
put it in hydrochloric acid for two 
or three days and part of the red 
always disappeared, but where the 
opening was too small for the acid 
to' penetrate, naturally, the earth re- 
mained. The red marks are the 
surest way to identify that a dia- 
mond has come from an alluvial field 
and is “a river diamond”. It does 
not have to be a blue river color. 
You will find river diamonds all the 
way from black to pink, including 
yellows and browns. 


The Color of Diamonds in 
the Rough 


Nine times out of ten we can tell 
the color of a rough stone accurately. - 
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Suppose that one-half of a stone is 
crystal clear and the other half of 
inferior quality. In such @ case 
color is very. hard to determine be- 
cause the so-called “rotten” piece 
affects the color of the better half 
until the former is removed by split- 
ting. As the good and bad pieces 
fit closely together, sometimes we 
get reflections from the poor piece. 
Nobody can tell definitely what the 
color is, going to be ultimately. 
Sometimes South African river dia- 
monds were coated. That was rather 
unusual, however. Only Brazilian 
diamonds are always coated. They 
looked like they had been dropped 
in pitch—dark green or black in 
color. F 


One day one of the local people 
at Bloemhof had a round piece 
about 6 by 8 mm. which was not 
even translucent—black as ink. He 
wanted £20 for it. The outside was 
smooth and indicated that the in- 
side was sound. Even if the ma- 
terial were sound and the color not 
good, it was not worth much. A 
friend and I tried to buy it as a 
speculation. We made an offer of 
£15. The owner kept it for several 
weeks until one of the diamond cut- 
ters, running short of rough, came 
to the fields and talked that digger 
into having the stone cut. In.all 
the years that I have been in the 
diamond business in Amsterdam and 
Antwerp, I have never seen such a 
beautiful stone. (And I have seen 
quite a lot of collection stones.) It 
was sold for £2500 in London.. Its 
color was a beautiful indigo blue. 


(To be continued) 
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This Month's Window Sign 


Believe it or not, retail jewelers have recently reported purchases of 
diamonds as speculative investments! Most jewelers are convinced that in 
normal times great harm has been done to the trade and to the individual 
merchant by representing diamonds as investments. This month’s sign, 
however, is designed for use on show case or among diamonds in your window 
to attract those persons who wish to possess property instead of money in 
the event of inflation. So that no misrepresentation may result we urge our 
members to read the excellent article of Mr. Marcus, one of America’s 
outstanding jewelers, on page 98 of the Jewelers’ Circular-Keystone for 
March, 1935, the article “Consider Gems as a Good Investment” on page 55 
of the February issue of the same journal and the section of the booklet the 
Purchase and Care of Diamonds, which appears below. 


DIAMONDS AS INVESTMENTS 


To sell a diamond as an investment 
in the sense of its yielding financial 
income would be dishonest, but from 
the standpoint of yielding an in- 
come in the enjoyment of the beauty 
it continually offers and the pride of 
possession it affords, it does excel. 
No other thing can give as much joy 
and satisfaction over as long a period 
and then be sold for so nearly its 
original price as can a diamond. In- 
deed, it is more imperishable than 
the hills and rivers from which it 
came. 

The price of diamonds fluctuates 
with economic changes, but no more 
than those of stocks, bonds, and real 
estate. Upon a forced sale — like 
that of one’s home—the returns from 
a diamond rarely approach its origi- 
nal-cost, and because of the limited 
number of persons who actually know 
the qualities and values of diamonds, 
there is never the ready market of 


buyers that there is for bonds and 
real estate. However, you can always 
realize some reasonable return from 
every diamond. This is not true of 
every stock, bond, or piece of real 
property. Because of their extra- 
ordinary stability of value, diamonds 
are perhaps among the most stable 
of commodities and added to this, 
they are not subject to disintegration. 
For this reason, diamonds, other 
gems, and gold form the majority of 
assets of governments, notably those 
of India, where in the Treasury of 
Hyderabad, they are reputed to total 
in value over $1,000,000,000. 

The fact that in gems a larger 
fortune can be carried about than 
even in gold, and that in unexpected 
times of need, they can be converted 
into the necessities of life in any 
corner of the globe makes them ex- 
traordinarily desirable to every per- 
son capable of owning them. 


‘Note: Orders for this booklet imprinted with jeweler’s name may now be 


placed with the A.G.S. 
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GUILDS 


Devoted to News and Activities of Educational Organizations 
and of Vocational Study Groups and Their Members. 


THE A.G.S. GEM AND JEWELRY PUBLICITY CAMPAIGN 


Although the campaign “To Make America Gem and Jewelry Conscious” 
is not to be fully launched for many months, the “Advance Guard” of student 


lecturers has become so active since January that it 
seems that the greatest service Guilds can give its 
readers is to acquaint them with the nature of their 
present possibilities to help both themselves and the 
trade by making available the experiences of others. 
A list of lectures now available is on Page 19 of the 
February Guilds. A.G.S. Guild and Chapter news is 
necessarily curtailed in this issue. ° 


NATIONAL PUBLICITY LECTURE 
COMMITTEE ANNOUNCED 
The National Publicity Lecture 

Committee is being formed to act in 

an advisory capacity for the G.I.A. 

and the A.G.S. regarding the type 

of material to be included in lectures 
now being prepared; the technique 
of presentation; and the nature of 
groups before whom these lectures 
should be designed to be given. 
The following .members have so 
far been appointed to serve on this 

Committee: 

Hans Bagge, Qualifying Certified 

Gemologist, Chicago. 

Colin L. Christie, Qualifying Cer- 
tified Gemologist, Butte, Montana. 
Fred J. Cooper, Philadelphia. 
Milton Gravender, Qualifying Cer- 

tified Gemologist, Minneapolis. 
John Vondey, Qualifying Certified 

Gemologist, San Bernardino, Cali- 

fornia. 

These men have been delivering 
talks very successfully in their com- 
munities and are well qualified to 


assist the A.G.S. in the preparation 
of lectures for use by its Associate 
Members and students and by 
students of the Gemological Institute. 


TALKING BEFORE 27,000 
by 


FRED J. COOPER 


Member of National Publicity Lec- 
ture Committee, Philadelphia 

In May, 1915 (just twenty years 
ago) I gave my first lecture on 
“Precious Stones”. In the audience 
there was a very prominent business 
executive who congratulated me upon 
my very humble efforts and also made 
the following suggestion: “As a Jew- 
eler you have a great wealth of 
interesting facts that the general 
public would be deeply interested in, 
bit I think your efforts would reap a 
greater reward if you would create 
a series of lectures on some specific 
subject, and the audience would leave 
with something of new and lasting 
interest.” At the time, I was con- 
nected with a very conservative 
jewelry house. They could not vision 
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the possibilities of such a campaign. 
However, eleven years ago I left this 
“Conservative Old Fortress” and 
started in business with an abund- 
ance of new ideas. 


The advice about a series of talks 
came to the fore and I busied myself 
with gathering the necessary mate- 
rial for my first lecture, “The Pearl’. 
From the first I decided that I would 
illustrate my talks and the policy 
of having interesting exhibits has 
proved-of great value. Also, things 
seen with the eye seem to make a 
deeper impression oh the audience 
than words heard with the ear. My 
talk on “The Pearl” has been given 
twenty-nine times to approximately 
two thousand people. 


“Time and Timekeepers”, which 
was to be my lecture number two, 
was born in 1926. Up to the present 
time it has been given sixty-two times 
to approximately nine thousand peo- 
ple. The same year that “Time and 
Timekeepers” came out, J also intro- 
duced the talk “‘The Romance of the 
Diamond”, which I have given sixty- 
two times to 6,358 people. 


From the experience gathered as 
the result of these three talks, I had 
not found a real live contact that 
would tie-in these lectures with the 
store ‘without giving the lecture a 
commercial flavor (which, by the 
way, will sign the death warrant for 
any talk). Inasmuch as I sold An. 
tique Silver from England, I hit upon 
a scheme to print some old English 
Hall Marks upon an attractive card 
which would make it easier to ex- 
plain in a talk how silver has been 
stamped for over six hundred years. 


Then I worked up “The History of 
Sterling Silver” lecture and invited 
all of the members of various. clubs 
where the lecture was given to bring 


their old heirlooms to my store for 
identification. 


My Hall Mark cards are distrib- 
uted to the members of the audience 
before the lecture begins and they 
work like a charm. They are also 
held by the people for future refer- 
ence. So far, the talk on “Silver” 
has proven to be the most popular. 
It was given on November 2nd, 1927 
for the first time (eight years ago). 
I have delivered this lecture ninety- 
five times to over eight thousand 
people, and it still brings more new 
customers into the store than any of 
the other lectures. The great advan- 
tage in having a series of talks is that 
you can go back year after year to 
the same audience and every time you 
make one more “living contact” by 
word of mouth and sight of eye. 


Having been to some Clubs four 
times, I was forced to edit another 
lecture. On May 9th, 1933, I inaug- 
urated “The Antiquity of Jewelry’. 
This has been delivered four times to 
about five hundred people. In the 
last eleven years I have delivered two 
hundred and fifty-two illustrated 
talks to almost twenty seven thou- 
sand people. ; 


A few months ago I learned of the 
American Gem Society and in spite 
of having passed the half century 
milestone, I am taking a course which 
will enable me to learn more about 
the precious gems. Money cannot 
measure the invaluable help the 
course affords to the jeweler who has 
“eyes” to see the future of our old 
and honorable craft. 


In this age of great scientific de- 
velopment and with the public so well 
informed, the time is not very distant 
when the jeweler who guesses will 
lose his prestige whenever gems are 
to be sold. 
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GEM PUBLICITY BEGINS TO SPREAD 


Associate members and students 
of the American Gem Society are 
deriving very valuable publicity 
from the delivery of talks on gem 
stones to organizations in their 
localities. Popular talks are avail- 
able to Associate Members and more 
authentic lectures to students and 
Graduate Members. Such talks 
serve to spread the word in the 
community that the speaker is a 
student. of his merchandise, The 
result is that he earns the name of 
an expert in his line and confidence 
in his statements on the part of his 
customers, and of those who hear 
him speak, is built. 

To date, reports of the delivery 
of more than thirty-five of these 


talks have been received at the 
headquarters of the G.I.A. and 
A.G.S. It is known that other talks 


which have been given were not 
reported. The majority of these 
lectures are furnished to students 
by the above organizations as part 
of their service, without charge. 
Kiwanis and Rotary Clubs pre- 
dominate among the organizations 
to which the talks have been. given. 


Some notable lectures are those 
of John Ware to the San Diego 
University Club and the San Diego 


Mineralogical Society; F. Otto Zeitz 
to the Kiwanis Club of Chicago; 
Clayton G. Allbery to the Cleveland 
Lodge of the Knights of Pythias. 
Other students who have addressed 
various groups are: James W. 
Uncles, Hans Bagge, Linwood Cross, 
George Barclay, J. Willard Tobin, 
Colin L. Christie, Wilson T. Clark, 
Leslie V. Gray, Earl McBath, E. 
Howard Phillips, Julian Zenier, and 
John Vondey. 


Newspaper editors to whom notice 
of the awarding of Graduate Mem- 
bership is sent, are often eager to 
obtain copy of this nature and in 
some cases have even solicited the 
gemological students in their locali- 
ties for articles, 

Mention may be made here ‘of: 
Burt Hann, series of articles in the 
Lawton,: Oklahoma, Constitution; 
William Theis, birthstone articles 
in the Cleveland Plain Dealer; and 
F. R. Mathes, series in a Eureka, 
California, journal. As in the above 
ease, these by no means constitute 
the whole of the articles which have 
thus been published. 


These are but a few of the lectures 
which occurred before February 1st. 
Reports of lectures occurring since 
that time will appear in later issues. 


DISPLAYS CREATE DEMAND FOR GEMS AND LECTURES 


I wish at this time to say that I have been able to interest my customers 
greatly in talks over the counter on gems. This has been brought about by 
the interest created by customers reading your signs, ete. and the window 


displays which accompany the Display Course. 


This has led to a request 


from several Rotary Clubs that I compile material that would be suitable 
for a talk at their meetings in the near future. I realize that this is getting 
into deep water and yet I believe there is a great possibility in just some such 
way of presenting our ideas to the public. 

—Note by Frank Bromley, Cleveland. 
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CHEAPER INSURANCE TO INCREASE SALES? 


My. idea is that one reason there is so much jewelry in the vaults and 
not worn is due to the expense of insurance. If people could be induced to 
take their jewelry out of the vaults and wear it, and one lady see another 
wearing hers, they will naturally look into the situation themselves. 

I have been working with a number of brokers and also underwriters and 
after about a year and half have finally got one very representative company 
to see my point, and I am now awaiting the confirmation of a letter from 
the insurance company before I send it out to a number of people to see 
whether they are interested—Note by H. Paul Juergens, Qualifying Certi- 


fied Gemologist, Chicago. 


Let us have your ideas on this subject. There will be more comments 


in a future issue. 


THE INFREQUENCY OF JEWELRY ROBBERIES 


In your blue bulletin in regard to 
diamond robberies wish.to say that 
I have given this a great deal of 
thought and, while no accurate fig- 
ures are available, the number of 
robberies in proportion to the stones 
now worn I think would be about one 
hundred thousandth of one percent 
that would have been taken in this 
way. This, of course, does not in- 
clude jewelry store robberies. 

Do not know where accurate fig- 
ures would be available unless it 
would be through the number of 
stones imported into this country 
through the custom house since the 


landing of the Pilgrim Fathers. This 
is usually my argument when a cus- 
tomer tells me he is afraid of rob- 
bery. 

The easiest way to control this 
would be for the Gemological Insti- 
tute to compute these figures and 
issue this statement to a National 
Jewelers’ Service and reprints made 
to be used by all jewelers in ads and 
in window display—Note by Capt. 
Ted Syman, Qualifying Certified 
Gemologist, Denver. 

What are your ideas on this sub- 
ject? There will be more comments 
in a future issue. . 


IMPORTANT GIFT TO GLA. 


A gift of outstanding value is the 
recent one of Meyer D. Rothschild, 
one of the most outstanding figures 
of the American gem and jewelry 
trade for over a score of .years. Mr. 
Rothschild has presented to the In- 
stitute the plates of his book, A 
Hand Book of Precious Stones, con- 
taining 143 pages published in 1889 
forty-four years ago. 

Because of its usefulness to the 
jewelry trade—an object to which 
the Gemological Institute is dedi- 
cated — Mr. Rothschild’s gift is a 


most appropriate one. A probable 
use of this gift of value to the pres- 
ent trade is already under con- 
sideration. 

New Mine Sapphires, a well-illus- 
trated booklet issued in 1914 by the 
New Mine Sapphire Syndicate of 
London, has also been presented to 
the library of the Institute by Mr. 
Rothschild. This booklet explains in 
detail and in a popular manner the 
Montana mines which produced sap- 
phires and the methods of winning 
and sorting the rough gems. 
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NEWS OF A.G.S. GUILDS AND CHAPTERS 


Below are the officers of two of the newly-organized Guilds. Other 
Guilds have met during the months of March and April and the officers will 
be listed later. 


New Jersey Guild 
The first meeting of the New Jersey Guild was held in the Douglas Hotel, 
Newark, on the evening of February &th. Dr. Alfred C. Hawkins addressed ° 
the group. At this meeting the By-Laws were adopted and the following 
officers elected; 


President . 3 S , .,. © Jean R. Tack 
Vice-President : 5 5 5 P. J. de la Reussille 
Secretary and Treasurer . & . Jerome B. Wiss 


The next meeting of the New Jersey Guild will be held in May; members 

will be notified of date. 
Eastern Pennsylvania Guild 

The Founders’ meeting of the Eastern Pennsylvania Guild was held 
Thursday evening, February 14th. The meeting consisted of an address of 
welcome by Dr. Samuel G. Gordon, of the Academy of Natural Sciences of 
Philadelphia, where the meeting was held; the election of officers; and a 
very fine talk on Gemology by Dr. Alfred C. Hawkins. The following officers 
were elected: 


President . . i 5 . Fred J. Cooper 
Vice-President . - 2 3 A. Lester Sauter 
Secretary . : s ‘ . Kenneth W. MacLennan 


The next meeting of the Eastern Pennsylvania Guild will be held in May; 
members will be notified of date. 


New York Chapter 
Second meeting held Wednesday, March 29th, at 24 Karat Club. Sydney 
H. Ball gave an illustrated talk on “Diamonds”. The following committees 
were appointed: Membership Committee: Mr. Engel, Udall & Ballou; 
William D: McNeil, A.N.R.J.A.; and Leopold Nathan, S. Nathan & Co. 
Nominating Committee: Frank L. Spies, Handy & Harman; Frank C. 
Osmers, Jr.; and Ralph J. Laware. Next meeting: end of May. 


Tri-State Guild 
Met in Pittsburgh Feb. 12th. Prof. Fettke, Carnegie Inst. of Tech., 
and Paul Hardy spoke. Next meeting: second week in June. 
Wisconsin Guild 
Second meeting held at Hotel Pfister, Friday, April 12th. Dr. A. J. 
Walcott spoke on “Optical Properties”. Next meeting: Monday, May 20. 
Northern Ohio Guild and Cleveland Chapter 
The next meeting of the Northern Ohio Guild and Cleveland Chapter 
will be held in Cleveland on Friday evening, May 24. ; 
' Central New England Guild 


The next meeting of the Central New England Guild will be held in 
Worcester, Massachusetts, the first week in June. 
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VOCATIONAL RESEARCH GROUPS 


G.I.A. mail instruction has proved eminently successful over a long 
period of time. The system of instruction through suppleméntary lectures 
has not been satisfactory because students have been found to rely upon 
lectures and not-to put into regular study the work necessary to get the 
best results out of the courses. However, at the present time in many regions 
where a sufficient number of students are enrolled in either the courses of 
the G.I.A. or the A.G.S. monthly Study Group meetings are held, at which time 
the students meet together to review their work and to have any matter upon 
which they are not clear more fully explained. The meeting is in the nature 
of a round-table discussion and is. led either by an instructor arranged for 
by the Institute or by a member of the group. This type of study is still 
in the experimental stage and is proving most satisfactory. Group study is 
not, however, essential for a student to receive the maximum value from 
his courses. Some of the finest students yet enrolled have been in communi- 
ties by themselves and have done all of their work independently with only 
the material which they have received by mail. 


We are listing some of the Groups which have been formed and which 


are now functioning most satisfactorily. 


Los Angeles Study Group No. I 


Leader : Perey F. Jones, Qualifying Certified Gemologist, Los Angeles 
Meeting every Monday evening, at the headquarters of the Gemological Institute of America. 


Members: Percy F. Jones George Marcher 
Leslie V. Gray ,D. A. Kirk George Schneider 


Boston Study Group 


Instructor: Dr. Edward Wigglesworth, Director, Boston Society of Natural History, Boston. 


Meeting first Tuesday of each month at Boston Society of Natural History. 


Members: , 

Edmond Beaulieu, Portland, Me. Robert E. Hutchinson, Boston A. Ronald Reed, Providence, R. I. 
Linwood Cross, Portland, Me. John S. Kennard, Boston Montgomery C. Reed, Boston. 
Allan Davidson, Boston Heywood B. Macomber, Boston Richard S. Shreve, Boston 

F. Forest Davidson, Boston Douglas E. Nathan, Fitchburg Henry Stevenson, Boston 

Harold D. Feuer, Worcester William Park, Boston Fred Thurber, Providence 
Robert R. Hodgson, Boston John H. Peterson, Needham Kenneth Woodward, Attleboro 


Milwaukee Study Group 


Instructor: Dr. A. J. Walcott, Field Museum of Natural History, Chicago. 


Members: 

Henry R. Bloedel, Milwaukee C. E. Kasten, Milwaukee Richard Seidel, Milwaukee 
Howard Bruhys, West Bend Alvin F, Loose, Milwaukee H. E, Snyder, Milwaukee 

Bob Esser, Milwaukee + Ellsworth A. Miller, Green Bay Henry I. Stetcher, Milwaukee 
Alfred A. Fuchs, Milwaukee Edwin E. Olson, Milwaukee Earl Trauger, Racine 

Henry Jung, Milwaukee Fred A. Schmitter, Milwaukee Ralph H. Young, La Crosse 


Fred W. Kaeding, Milwaukee W. H. Schwanke, Milwaukee 


Cc) 


c 
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A.G.S. REGIONAL CERTIFICATION COMMITTEES 
We are announcing two more Certification Committees in this issue. 
The duties of these Committees were explained in the February issue of 
“Guilds”. Numerous others have been appointed and the personnels will be 
published in a later issue. 


New Jersey 


Jean R. Tack, Chairman, Newark Kenneth A. Henke, Montclair 
W. M. Baird, Jersey City Ambrose New, New Brunswick 
T. H. Goodwin, Trenton H. V. Paul, Newark 


P. J. de la Reussille, Red Bank 


Northern Ohio 
C. J. Cornell, Chairman, Cleveland John B. Hudgeon, Bedford 
V. E. Chittenden, Akron E. Howard Phillips, Conneaut _ 
H. E. Hawk, Columbus Edward W. Powers, Youngstown 
° William Theis, Cleveland 


G.LA. BOARD OF GOVERNORS MEETING 
The semi-annual meeting of the Board of Governors of the Gemological 
Institute occurs in Philadelphia, April 16th. Matters of national policy 
will be determined and a chairman elected to succeed the late Godfrey Eacret. 


NEW G.1LA. GOVERNORS ELECTED 
Elections to the Board of Governors for 1935 include four new eahbanes 
Geo. C. Brock of Brock and Company, Los Angeles; E. W. Hodgson of 
Hodgson, Kennard & Co., Inc., Boston; H. A. Maier of Maier & Berkele, Inc., 
Atlanta; and H. B. MceCague of The Cowell and Hubbard Company, Cleve- 
land. Messrs. Dougherty, Esser, Everts, Hardy, Herschede, Homann, Thur- 
ber, and Vogt were re-elected. 


INTEGRITY AS A BUSINESS ASSET 

If a merchant wishes to build a business which will thrive and endure, 
he must be concerned with his “human duty” to his customers, his creditors, 
and his bankers. In practically all gem sales, the customer must depend 
upon the integrity of the merchant for information regarding the gem he 
is purchasing. And, naturally, a customer will seek out a merchant whom 
he feels to be reliable. 

Therefore, it is of greatest importance for the merchant to acquire an 
accurate knowledge of his merchandise. It is his duty to protect his cus- 
tomers with a sound knowledge of the mefehandise he is offering for sale, 
and to honestly inform them as to its value. A reputation for honesty is 
invaluable to the merchant. : 

It is worthwhile for a merchant to pay his obligations promptly, thus 
maintaining good credit standing both locally and also with the manufac- 
turers and jobbers. It is also his duty to conduct himself creditably on all 
oceasions, thus establishing himself in the confidence of the public. 

A reputation for being fair and honest in all of his business transactions 
and for being up-to-date and informed regarding the merchandise he is offer- 
ing for sale, is of the greatest value to the merchant and should be considered 
the “human duty” of every man interested in building business for the future. 


—Note by H. I, Rosencrans, Registered Jeweler, Longmont, Colo. 
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Gem-Testing Instruments 
Listing and Prices ot G. I. A. Recommended Apparatus 


Refractometers 


G. F. Herbert Smith Refractometer fan 
illustrated)... ...$80.00 


Tully Retoleronieten) PRICE. UPON REQUEST 


Sulphur-saturated methylene iodide 
(n=0..79-1) lO. grams ee serene $2.00 


e Sidi’ Srewanag: 
Dichroscopes | MOH DOM Tam 
Dichroscope, producing exceptionally large 
images of opening, permitting twin col- 
ors to be readily compared..................... .. $7.50 
J. H. Steward Dichroscope, with adjustable focus and sped device to hold 
stone. In. wooden case ites 


! Loupes 
10x Eye-Loupe, G. I. A. registered aplanatic lens in duralumin eye-cup....... 
10x, 14x, or 20x aplanatic Hand Magnifier. 


Specific Gravity Attachments 


Specific Gravity Attachments for converting diamond balance. Include stand, 
water, container, holder for stone, and counterbalance..............-....2...:cccccseeee-cee ee ...$2.00 


Hardness Points and Plates 
Hardness Points of 6, 7, 8, 9, and 914 on Moh's Scale, mounted in metal rods 7 
attached’, Forgcha inc: es. comer ce WAU ae | UNM, Se USENET PANE Ee $2.00 
Hardness Points, better-finished points set in individual] metal rods contained in 
lettres “Gaee 5 es -cs Ae cce  2  ee, ay TM aR OE Ege, nae $7.50 


Hardness Plates, specimens of each of minerals of Moh's Scale (except diamond) 
with polished flat  faces..............cccccccccseecceceeeceeceeesceeeeneneeceeneceeseee PRICE UPON REQUEST 


Diamond Gauge 


Gauge for checking angles of bezel facets 
and comparative depth of pavilion of 
brilliant-cut diamonds................0..0--.--ececeeneeeoes $2.00 


Microscopes 


Compound Microscope (approximately as 
illustrated) especially valuable for de- 
tection of synthetics..........0.--20.2:ccccccceece $127.50 

Compound Microscope, same as above, but 
with accessories for polarized light........ $164.50 

Compound Microscope, completely equipped 

---$32 


gem-testing model... 5.00 


Spectroscopes 


Direct-vision hand Spectroscope, in case...... $20.00 
Prism Spectroscope..........0.2-cccccceccseceeeeseseeeeseeees $55.00 


Packing costs paid by us, shipping costs 
paid by consignee. All prices subject to 
change without notice. 


Further Information Concerning Above 
Instruments Upon Request 
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EDITORIAL FORUM 


Profits from Colored Stones 


On page 259 of this issue appears 
an article by Hubert A. Fischer, an 
importer of precious stones. Mr. 
Fischer presents some very interest- 
ing points regarding the possibility 
of profit through sales of colored 
stones. He strongly urges that every 
jeweler consider the lesser known 
gems not as a “drug on the market”, 
but as a live item in the stock of a 


progressive jewelry establishment. 


Diamond Is Still King 
Admittedly, 


comparatively fast-selling item, are 


diamonds, being a 
far more important merchandise 
than colored stones at the present 
time. It is to be hoped that this 
situation will continue to exist. But 
it is unfair to compare colored stones 
with diamonds in this respect. 


The Lure of Genuine Stones 

Colored stones offer a field which 
does not overlap that of diamond 
sales. At the present time much 
so-called novelty jewelry selling at 
but a few dollars per piece is being 
A great deal of this 


trade can be transferred by the 


purchased. 


clever retailer to more profitable 
sales of genuine stones. It has been 
argued that the public today wants 
cheap novelty jewelry which can be 
worn a few times and discarded. 
However, a large portion of the 
public have become tired of tawdry 
articles. Inherent in every person is 
a desire for fine things—a desire 
especially gratified in the purchase 


of jewelry. 


Colored Stone Engagement 
Rings 

With increasing frequency, reports 
of the sales of colored stones in en- 
gagement rings are being received. 
If any jeweler will try the experi- 
ment of questioning representative 
young people of his community, we 
predict that he will find a surprising 
interest in colored stones on their 
part. He will probably even learn 
that many of them would prefer to 
find some gem other than the dia- 
mond which can be used in engagre- 
ment rings. Recently reported sales 
of colored-stone engagement rings 


prove this point. 


Gems & Gemology is the official organ of the American Gem Society and in it will appear 


the Confidential Services of the Gemological 


position of maintaining an unbiased and 


Institute of America. 
uninfluenced position in the jewelry trade, no 


In harmony with its 


advertising is accepted. Gems & Gemologu does not intend to overlap the field of any other 


periodical in America or England. 


Contributors are advised not to submit manuscripts without first assuring themselves 
that the information contained in them is of scientific accuracy. Manuscripts not accompanied 
by return postage will be held thirty days and destroyed. 

Any opinions expressed in signed articles are understood to be the views of the author 


and not of the publishers. 


Gems as a Stock Item 

The percent of profit in sales of 
colored stones is greater than that 
with diamonds. At the present time 
diamonds maintain their position as 
a faster selling item, but a wisely 
chosen stock of fine colored stones 
will seldom prove a poor investment. 
As Mr. 


article, competition in the sale of 


Fischer points out in his 


such stones is practically non- 


existent. 


Range of Qualities and Prices 

Finally, these gems offer a much 
wider choice of colors and qualities 
They may be had 


in any color desired and at prices 


than do diamonds. 


ranging from a few dollars a carat 
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to values even greater than those of 
The 


stocks these genuine stones and sells 


fine diamonds. jeweler who 
them to his customers will find that 
in addition to earning good profits. 
he will secure “repeat” customers 
and create for himself an invaluable 


prestige in his community. 


Proposed Gem-Dealer Listings 
As an aid to those of its readers 
who sell, or intend to sell, colored 
stones, Gems & Gemology is plannirg 
a listing of dealers and the material 
It is hoped 


that final arrangements can be made 


which they can furnish. 


with such dealers and the first list- 


ing published in an early issue. 


Do You Know— 


How May a Museum Prove Valuable to a 


Retail Jeweler? 


—See How the Jeweler Can 


Use 


a Museum, page 245. 


JONKER DIAMOND IN U.S. 


The Jonker Diamond, a 726-carat perfect gem, has been purchased by 
Harry Winston, an American dealer, and is now in this country. The gem. 
it will be recalled, was found near the Premier Mine in South Africa in 
January, 1934. It was purchased by the Diamond Producers Association 
from Jacobus Jonker. the finder, for approximately $315,000. News dis- 
patches reported that Winston purchased the Jonker for an amount vari- 
ously stated to be $700,000 and $750,000. 


in New York, where it was taken to the American Museum of Natural His- 


The great gem has just arrived 


tory. News reels have been released showing its arrival at that institution. 
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At Headquarters of the Gemological Institute of America 


Examinations Completed 


The following men have completed examinations for titles since the 
publication of the last issue of Gems & Gemology: 


Graduate Members and 
Registered Jewelers American Gem Society 


CONNECTICUT OHIO 


Stuart G. Wikander, New Haven Edward F. Herschede, Cincinnati 
John Z. Herschede, Cincinnati 


William J. Toensmeyer, Cincinnati 


MASSACHUSETTS 


Henry Stevenson, Boston WEST VIRGINIA 


Frederick Kropff, Morgantown 


NEW JERSEY WISCONSIN 
Donald J. Cooper, Bayonne Ralph H. Young. La Crosse 
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How the Jeweler Can Use 
a Museum’ 


by 


EDWARD WIGGLESWORTH 


Custodian, Museum of the Boston Society of Natural History. 


Instructor, Boston Study Group of the American Gem Society. 


The species and varieties of cut 
stones sold by the average jeweler 
are very limited in number; in fact 
the number of species could be 
counted on one’s fingers and the va- 
rieties usually sold seldom exceed 
three or four, Most jewelers are of 
course thoroughly familiar with 
these, but very often they are not 
familiar with the kinds of minerals 
that are only occasionally used as 
cut stones. A small collection of 
about a dozen such gems was re- 
cently shown to a group of jew- 
elers in the writer’s office and out 
of the group only two members were 
able to identify a total of three of 
them. Many such unusual stones 
possess great beauty and sales pos- 
sibilities and should be better known. 


In many of the larger cities are 
museums of natural history which 
have mineral collections and usually 
an exhibit of cut gems. Jewelers 
should make the most of the fa- 
cilities offered by such museums to 
add to their knowledge of gemology. 
They will find the curator in charge 
of such a collection is only too glad 
to talk with them and answer ques- 
tions. In the larger institutions 
there is often equipment such as 
powerful binocular magnifiers, mi- 
croscopes, and other instruments, not 
available to the jeweler elsewhere. 


*A.G.S. Research Service. 


There are also often many more 
specimens in their reserve and study 
collections than are on exhibit. This 
material is available for study and 
comparison to any properly ac- 
credited person. 


A jeweler who is really interested 
in gems should not only be familiar 
with the cut stones, but should know 
what the uncut material, from which 
they are fashioned, looks like. Mu- 
seums offer the best opportunity 
to see and study such “rough” ma- 
terial. Many of the uncut stones 
oecur in beautiful crystals, a knowl- 
edge of which greatly increases the 
appreciation of the cut gem. 


In the larger collections an effort 
is made to show the varieties of 
each species, not only as to crystal 
shape but also as to color and the 
characteristics of the species as 
found in various localities. Ideas will 
at once occur to the thoughtful jew- 
eler on seeing some of the color 
varieties not usually found in jew- 
elers’ stocks. Many customers are 
partial to a particular color or com- 
bination of colors and can be sold 
stones of these colors if they are 
available. The museum label tells 
where they come from. Other cus- 
tomers can be interested in the rarer 
gems merely because they are rare 
and no one else possesses them. Here 
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again an enterprising jeweler will 
get ideas from the unusual gems 
on display at the museum. In the 
few highest ranking museums, both 
in America and Europe, are to be 
seen some of the finest and largest 
gems in the world. No jeweler can 
afford to miss an opportunity to see 
these. He will never forget them 
and a description of them to a cus- 
tomer often leads to the customer’s 
visiting the museum and becoming 
enthusiastic over something. Such 
enthusiasm may lead to important. 
sales. 

In many art museums are collec- 
tions of old jewelry illustrating the 
styles of mountings which have been 
used in the past by earlier artisans, 
as well as some of the present styles 
the far east. Slow indeed 
would be the jeweler who could not 
get useful and profitable ideas from 
such a collection. 


from 


Nearly all museums maintain li- 
braries dealing with their respec- 
tive fields. They are always glad to 
allow visitors in their reading rooms, 
where in the larger institutions 
many books on mineralogy and gem- 
ology as well as other works valu- 
able to the jeweler may be consulted. 

Museums exist to be useful as well 
ax to preserve valuable objects. As 
a means to this end they employ 
specialists in the various depart- 
ments whose duties are to care for 
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the collections and to help those who 
wish to study them. I would strongly 
advise the jeweler who is fortunate 
enough to be located near a natural 
history museum to make the ac- 
quaintance of the mineralogist. He 
will be cordially received and sur- 
prised to find how eager the mu- 
seum person is to help him. Access 
to the study and reserve collections 
of minerals and gems 
always be obtained and will be found 
a gold mine of information, and in- 
valuable in making comparisons for 
identification. And every time you 
visit a museum of any kind keep 
your eves open for ideas on display- 
ing your goods, 
clalists in methods of display and 
arrangement, to say nothing of 
lighting—and may I add, in answer- 
ing questions! 


can almost 


Museums are spe- 


Note: A partial list of collections 
of minerals which are available for 
study in various American cities is 
printed below. If no collection is 
mentioned in the locality of the 
reader, Gems & Gemology will at- 
tempt to place him in touch with 
one, 

An article on the gem-collection 
of the Field Museum in Chicago ap- 
peared in the May-June, 1934, issue 
of Gems & Genology and articles on 
gem collections in other museum col- 
lections in this and other nations 
are contemplated in later issues. 


A Directory of Mineral Collections 


Adapted and condensed from A Directory of American and Canadian 
Mineral Collections by Samuel G. Gordon, Associate Curator of the De- 
partment of Mineralogy and Geology, Acudemy of Natural Sciences of 
Philadelphia, und Instructor of Eastern Pennsylvania Study Group of the 


American Gem Society. 


The complete Directory was published in the 


American Mineralogist, July, August, September, October and November, 


193.3, 
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It is important to note that the following are collections of minerals 
some of which include collections of gem-stones and some of which include 


only rough minerals, 


“Collections marked thus are those in possession of pri- 


vate individuals. 
therefore essential. 


todian. 


Alabama 
Auburn-—Alabama Polytechnic Institute. 


Museum of 
Walter 2B. 


University— Alabama Natural 
History, Ine. Dr. 


rector, 


Jones. Di- 


Arizona 
‘Tueson-~University of Arizona. Colleze of 
Engineering, and Arizona Bu- 


Prof. G. M. Butler, Dean 


Mines and 
reau of Mines, 
and Director, 
Arkansas 
Hendrix College, George H. 
Museum of Natural History. 

Fayetteville—---University of Arkansas Mu- 
Albert W. Giles. Custodian. 


Conway:- Burr 


seum. Dr. 
California 

C. i. Williams. 

Berkeley-—University of California. 

Collexe. A. O. 


Barstow- 

Claremont— Pomona Wood- 
ford, Custodian. 

Los Angeles-—--California State Exposition 

Building. Exposition Park. 

Los Angeles Museum, 

H. R. Hill, Curator. 


University of Sonthern California. 


Exposition Park. 


Pasadena-—-Pasadena Junior College. Edwin 
F. Van Amringe, Curator, 

History (San 
Diezo Society of Natural History), Balboa 
Park. J. E. 


San Franciseo—Division of Mines, Formerly 


San Dievo- Natural Museum 


Morrison, Curator. 


California State Mining Bureau, Ferry 
Building. Walter W. Bradley, State Min- 


eralugist. Custodian. 
Santa Barbara—-Museum of Natural History. 
Santa Clara—-University of Santa Clara Mu- 
seum. 
Colorado 
Boulder— University of Colorado. 
Denver—Colorado Museum of Natural His- 
tory, City Park. Frank Howland, Curator. 
*Arthur G. Pohndorf, 400 lth Street. 
State Bureau of Mines, in the Capitol. 
Golden—Colorado School of Mines. J. Harlan 
Johnsen, Custodian, 


Connecticut 
Hartford-—Wadsworth Athenium. Mrs, Flo- 


rence Paul Berger, General Curator. 
Middletown—-Wesleyan University. Dr. W. 
G. Foye. Custodian. 


Their permission to view collections is 


**Not on view except by special arrangement with cus- 


New Haven--Yale University, Peabody Mu- 
seum of Natural History. Dr. William FE. 
Ford, Curator. 

Delaware 

Newark — University of Delaware. 
Hilbiber Collection. 

Wilmington---*lrenee 


Fred J. 
DuPont, Rising Sun 
Lane, 
District of Columbia 
Washington Smithsonian Institution, United 
States National Museum. Dr. W. FL Fo- 
shag. Curator of Mineralogy and Petrology. 
Florida 
Tallahasse---Florida Geological Survey. 
Georgia 
Athens-—University of Georgia. 
Atlanta 
Survey of Georwia.) 


Georgia State Museum. (Geological 


Hawaii 
Honolulu—*Bernice P. Bishop Museum. Ha- 
walian Hall. 

Idaho 


Moscow--University of Idaho, Department. of 


Geology. Dr. FL B. Laney. Custodian. 


Illinois 
Museum of Natural History. 


University of Chicazo Walker Museum. Dr. 
Kk. oS. Bastin, Custodian. 

Springfield State 
Building. ALS. 

Urbana--University of Ttlineis. 
Natural History. 


Chicazo~ -Mield 


Museum, Centennial 
Cogveshall, Curator. 


Museum of 


Indiana 
Indianapolis ---Children’s Museum, 1150 North 
Meridian St. Arthur B. Carr, Director. 
Indiana State Museum, State Honse base- 
ment. 


Terre Haute---Ruse Polytechnic Institute. 


Towa 
Cedar Rapids-—Coe College. 
Grinnell-——Grinnell College: Parker Museum 
of Natural History. H. W. Norris, Cus- 
todian, 


Kansas 

Baldwin City-~**Baker University. Museum 
and Science Hall. KE. J. Cragoe. Custodian. 
Lawrence-- **University of Kansas. Haworth 
Kenneth K. Landes, 


Building. Dr, Cus- 


todian. 
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Kentucky 
Covington — Baker-Hunt Foundation: Wil- 
Natural History Collection, Museum 
and Library. G. N. Hobbs, Curator. 
Lexington—University of Kentucky. 
Louis ville—Louisville Public Library Museum, 


liams 


Louisiana 
Baton Rouge—Louisiana State University. 
New Orleans—Tulane University. R. A. 
Steinmayer, Custodian. 
Maine 


Lewiston---Rates College Museum. Dr. Lloyd 
W. Fisher, in charge. 

Orono—University of Maine. 

Paris—Hamlin Memorial Hall. C. BE. Sham, 
Librarian. 

Portland—Portland Society of Natural His- 
tory Museum, A. H. Norton, Curator. 
Thomaston— Knox Academy of Arts and Sei- 
ences: Knox Museum. Norman W. Ler- 


mond. Curator, 

Maryland 
University. 
of Sciences. 


Baltimere—Jobns Hopkins 


Maryland Academy 


Massachusetts 
Amherst—** Amherst College. 
B. Loomis, Custodian, 


Dr. Frederick 


Bosten— Boston Society of Natural History. 


234 Berkeley Street. Edward Wiggles- 
worth. Custodian. 

Cambridge—-Harvard University. Mineralogi- 
cal Museum. Prof. Charles Palache. 
Curater. 

Fall River—Public Library. 

Northampton—-Smith College. 

Salem-—-Peabody Museum. Mr. Morse. Cu- 
rator. 

Wellesley—*Shelley W. Denton. 24 Denton 


Road. 
Williamstown——** Williams College. 
F. Cleland. Custodian. 


Prof. H. 


Michigan 
Alma—Alma College, Hood Museum of Nat- 
ural History. H. M. MaecCurdy, Director. 
Ann Arbor—University of Michigan, Natural 
Science Building. Dean Edward H. Kraus, 
Director. 
Detroit — Children’s Museum, 96 Putnam 
Street. Gertrude A. Gillmore, Curator. 
East Lansing—**Michigan State Colleze. 
8S. G. Bergquist, Custodian. 
Houghton--~-Michigan College of Mining 
Technology, Mineralogical Museum. 
Kalamazoo—Kalamazoo Public Museum 
Art Institute. DuPortal D. Porter, Cura- 
tor of Minerals. 
Saginaw—*Fred Dustin, 


and 


and 


705 S. Fayette St. 


Minnesota 


Minneapolis—University of Minnesota. 


Mississippi 
Starkville—State College (Formerly Missis- 
sippi Agricultural and Mechanical College). 


University—University of M sippi. 
Missouri 
Jefferson City—-Missouri State Museum (Re- 
sources Museum Commission). Alfred C. 
Burrill. Curator. 
Rolla — ** Bureau of Geology and Mines. 
State Geologist H. H. Buehler. Custodian. 
St. Louis—Educational Museum of the St. 
Louis Publie Schools. 
Washington University. Wilson Hall. W. 
O. Shipton, Custodian. 
Montana 


Butte—-Montana Schoo} of Mines. 
Perry. Custodian. 


Eugene 8. 


Missoula— University of Montana. 


Nebraska 
Hastings—-Hastings College. W. J. 
Custodian. 
Lincoln—University of Nebraska: State Mu- 
Erwin H. Barbour (Department of 
Geology), Director. 
Nevada 
Manhattan—*H. G. Clinton. 
Reno—Mackay School of Mines, Mackay Mu- 
Carl Stoddard, Custodian. 


New Hampshire 
Keene—-Keene Natural History Society. Mr. 


Kent, 


seum. 


seum, 


Hayward, Custodian. 
Manchester—Manchester Institute of Arts 
and Sciences. George I. Hopkins, Cus- 
todian. 


New Jersey 


Newark—Newark Museum Association, 49 


Washington Street. Weatrice Winser, Di- 
rector. 
New Brunswick—Rutgers College, Geological 
Museum. 
New Mexico 
Albuqueryue-—University of New Mexico. 
Museum. 
Socorro—**New Mexico School of Mines, 


Dept. of Geology. Prof. S. B. Talmadge. 


Custodian. 

New York 
York State 
Building). ¢. 


Albany—-New 
Education 
rector, 

Brooklyn—-* Beulah and Maurice Blumenthal, 
558 Irving Street. : 


(State 
Di- 


Museum 


Cc. Adams, 


Buffalo—Buffalo Museum of Science. Hum- 
boldt Park. 

Clinton—Hamilton College. Nelson C. Dale. 
Custodian, 

Hamilton — Colgate University, Geological 
Museum. 

New York—American Museum of Natural 


History. H. FP. Whitlock, Curator of 


Mineralogy. 


College of the City of New York. 
Columbia University, School of Mines: 
Schermerhorn Hall (Egleston Mineralogical 
Museum). 

Metropolitan Museum of Art. 
the famous Bishop Collection 
Jades.) 

Poughkeepsie-—Vassar College. 
Rochester---Rochester Museum of Arts and 
Sciences, Arthur C. Parker, Custodian. 
**University of Rochester, Museum of 
Natural History. E. J. Foyles, Custodian. 

{Dewey Building.) 
Schenectady-—-** Union College, 

C. Smith in charge. 
Troy—Rensselaer Polytechnic Institute. Dr. 

Joseph L. Rosenholtz, Custodian. 

North Carolina 

Durham—Duke University, Museum of Na- 

tural History. 
Raleigh -— North Carolina 

Harry T. Davis, Curator. 

Ohio 

Bowling Green-—-State College. 

Holt, Curator, 
Cincinnati—-Cincinnati 


(Contains 
of Carved 


Prof. E. S. 


State Museum. 


Prof. Wm. Ll. 


of Natural 
Ralph 


Society 
History, Museum, 
Dury. Curator. 

Cleveland—Cleveland Museum of Natural His- 


312 Broadway. 


tory, 2717 Euclid Ave. J. KH. Hyde, 
Curator. 


Columbus—Ohio State Museum (Qhio State 
Archaeological and Historical Society). 
High Street at Fifteenth Ave. Howard R. 
Goodwin, Curator of Mineralogy. 

Oberlin—Oberlin College. 
D. Hubbard, Custodian. 

Toledo—Toledo Institute of Natural Science. 
Fred F. Bradley, Mineralogist. 


Oklahoma 


Norman---University of Oklahoma. 


Professor George 


Oregon 
Eugene — University of Oregon, 
Building. E. J. Hodge, Custodian, 
Portland——Collection of the City of Portland, 
City Hall. 


Condon 


Pennsylvania 
Carlisle—Dickinson College. 


Gettysburg-—Gettysburg College. 


Lancaster—Franklin and Marshall College. 
Museum. Professor H. Justin Roddy, 
Curator. 

Philadelphia—Academy of Natural Sciences 


of Philadelphia, Mineral Hall. Samuel G. 
Gordon, Associate Curator, Department of 
Mineralogy and Geology. 
Pittsburgh—Carnegie Museum. 
South Carolina 
Columbia—-University of South 
LeConte College. 


Carolina, 
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South Dakota 


Custer—-*Seott Rose Quartz Company. 
Vermilion—University of South Dakota. 


Tennessee 
Nashville--Tennessee Division of 
State Geologist, Custodian. 
Vanderbilt University, Garland Hall. W. 
B. Jewell, Custodian. 
Texas 
Austin—Bureau of Economic Geology. 
versity of Texas: Museum Building. 
Houston--Houston Museum of Natural His- 
tory. C. L. Brock, Director. 
San Antonio--Witte Museum, Brackenbridge 
Park. 


Geology. 


Uni- 


Utah 
Salt Lake City--University of Utah. 


Vermont 
Burlington—University of Vermont. KE. C. 
Jacobs, Custodian. 
St. Johnsbury— Fairbanks Museum of Natural 
Science. Mabel A. Shields, Curator. 
Virginia 
Blacksburg-——Virginia Polytechnic Institute. 
Charlottesville — Virginia, 
Brook's Museum. 
Richmond—State Museum, 
J. G. Blount, Custodian. 
Washington 
Seattle—University of Washineton, State Mu- 
seum, 
Walla Walla-~"*Whitman College, Whitman 
Museum. H. S. Brode, Curator. 
West Virginia 
Morgantown —- West Virginia University, 
Chemistry Building. Dr. J. H. C. Martens, 
Custodian. 


University of 


Capital Square. 


Wisconsin 
Appleton—**Lawrence College, Science Hall. 
Dr. Rufus Mather Bagg, Custodian. 
Milwaukee—Milwaukee Public Museum. Ira 
Edwards, Custodian. 
Wyoming 
Cheyenne—Wyoming State Geological De- 
partment, 313 Capitol Building. John G. 
Marzel, Custodian. 


CANADA 
Manitoba 
Saint John—The New Rrunswick Museum. 
Nova Scotia 
Halifax—Provincial Museum of Nova Scotia. 
Harry Piers. Curator. 


Ontario 
Kingston—Queen's University, Miller Hall. 
Toronto—Royal Ontario Museum of Min- 


eralogy, 100 Queen’s 
Walker, Director. 
Quebec 
Montreal—**Eecole Polytechnique, 
Denis St. A. Mailhiot, Custodian. 
University, Peter Redpath Museum. 


Park. Dr. T. 1. 


1430) St. 
McGill 
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Twportavt--Diamonds 


ares 


Robert @D- Shipley 


THE JUBILEE 


This stone was found in the Jagersfontein Mine in the Orange Free 
State, South Africa, in 1895. In the rough, it was a flattened octahedron 
weighing 650.8 metric carats. It was entirely flawless and perfect in color. 
transparency, and brilliancy. When the stone was found, it was named the 
“Reitz Diamond” in honor of F. W. Reitz, then President of the Orange 
Free State. 


in 1897, the year of the Diamond Jubilee (sixty years’ reign) of Queen 
Victoria, the great diamond was cut. At this time, it was renamed the 


THE JUBILEE 


One of the World's 
Largest Diamonds 
Weight, 245 Carats 


’ 


“Jubilee,” although it does not seem to have figured in any of the events 
celebrating Queen Victoria’s sixty years on the throne. The gem, however, 
was shown at the Paris exhibition of 1900, 


N 
ot 
m 
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In many respects, the history of the Jubilee resembles that of the 
Jonker. The two stones are within 100 carats of the same weight. Both 
have been in London during a Jubilee year of the Royal Family of Great 
Britain. Neither the Jubilee nor the Jonker has been one of the [Important 
Diamonds of the World long enough to have made any outstanding history. 

It is generally conceded that at the present time (June, 1935) the Jubi- 
lee is the third largest cut diamond in existence, ranked only by the two 
largest Stars of Africa (Cullinan Diamonds). However, the German 
authority, Dr. Schlossmacher, states that the “Nizam of Hyderabad’’—a 
diamond in the possession of the Indian ruler bearing that title—-weighs 
277 carats, somewhat larger than the 245 carat Jubilee. 

If the Jonker is cut as a single gem, it will probably exceed the Jubilee 
in size, for the Jubilee lacked some seventy-five carats of the “rough” weight 
of the Jonker. It has been estimated that a single gem of 400 carats or 
more can be secured from the rough Jonker. 

In 1930, the Jubilee was in the possession of the London firm, 
Wernher, Beit & Co., at which time negotiations concerning its sale were 
in progress. No report of a buyer was ever released and it is therefore 
believed that the diamond either remained unsold or was purchased by an 
individual who requested secrecy regarding the transaction. 


Reminiscences of aSouth African 
Diamond Buyer 


by 
JEAN P. SPITZEL 
Diamond Importer, Los Angeles 


Fancy Stones Sometimes 
Appear 

Someone asked me if the color of 
the clay would not determine the 
color of the stone. If it would, all 
the mined diamonds would be blue 
and the alluvial ones red, and that 
is not the case. I have bought green 
diamonds. As a matter of fact. I 
bought one beautiful bottle-green 
diamond because I like fancy colors. 
It was rather oblong in shape, and 
in order to get the best percentage 
of weight I had to have one of the 
ends cleaved off and had two stones 
from it. Qne weighed 0.96 or 0.97 
carats cut, and the smaller one 0.30 
carats. They differed in color; 
there was at least two or three 
shades difference. The one 1 sold 


and the other one I brought to this 
country. A retired jeweler in San 
Francisco fell in love with It and 
wore it for two weeks. By the time 
I wanted it back he did not want to 
part with it-—so I sold it to him. 

It is very hard to get a parcel of 
stones of uniform color. If I had 
two or three hundred carats of 
rough, I tried to assort these into 
colors, qualities, and shapes. They 
might produce twelve or fifteen 
parcels, That was one of the draw- 
backs of buying by individuals; 
they never get enough together at 
one time to make a big parcel. 

Buying a Big Diamond 

When I went to Africa, I went 
for my brother-in-law. He wanted 
large stones principally, so I was 


naturally on the lookout for these. 
One day the valuator of one of the 
small mines called me and asked if 
I would be interested in a stone 
weighing close to two hundred 
carats. Of course, I was very in- 
terested and made an appointment. 
I went there with my partner, who 
was much older than I was and an 
experienced South African buyer. 
While we were on our way to the 
office of the valuator my companion 
told me he had seen the stone, which 
weighed exactly 171 carats. He had 
made an offer of, I think, £15-10 
per carat. He said that as I was 
a cutter and he was not, he wanted 
my opinion. 

We went to the office where the 
three diggers who had found the 
stone were. One brought out his 
handkerchief and put the stone on 
the table. It was about one and a 
half inches long, the same in width, 
and about one-half inch thick. It 
was a second or third cape in color. 
In the center was a nest of imper- 
fections resembling ink spots. The 
rest of the stone seemed to be clean 
and clear. It was not a frosted stone 
and the story could be read com- 
paratively easily. Of course a big 


stone like that is never an easy 
thing to buy. 

I turned to my side-kick and 
asked him his opinion first. He 


slunk into a corner and said he 
didn’t like the stone. Suddenly and 
reluctantly he said, “You are work- 
ing for a relative, I am working for 
a stranger. If I make a mistake I 
am going to lose my job, but if you 
make a mistake you can only be 
called down.” Anyhow, in order to 
be safe and not make any blunders 
T could avoid, I sat down and drew 
a diagram on the stone with my pen 
and visualized how it would be split. 
Mentally, I visualized how much 


each piece would weigh after the 
stone was split. After I got 
through I totaled my estimate and 
came within 2.00 or 3.00 carats of 
the total weight of the stone. Then 
I did the same thing to find out 
how much every one of these pieces 
was worth per carat, and divided 
that by the total weight of the stone. 
After I got all through I was satis- 
fied the stone was worth consider- 
ably more than the offer. I bought 
the stone after much arguing. 


A “Rogue” Diamond 

The diamond cost me about £2200 
plus the 10% export duty. Then I 
had to report the purchase. Mr. 
Brink said, “Man, why didn’t you 
ask me before buying that stone, 
it has been on the market for months. 
Somebody bought it for some Indian 
prince and resold it because the 
cutter told them it could not be cut 
a perfect stone.” This made me 
feel rather worried, but 1 had the 
stone. The next time I went to the 
market everybody knew I bought a 
lemon. I sent the stone to my firm 
and asked as a special favor to send 
me a cable to tell me how they liked 
it. It took twenty-one days for the 
stone to reach Antwerp; I spent 
three uneasy weeks. When the cable 
came I was told that if I could buy 
more similar stones at 10% more 
to do so. When I went to Antwerp 
later, I asked how the stone had 
turned out. My _ brother-in-law 
showed me a diamond and_ said 
“That is the last stone left of it.” 
In a thousand years I would not 
have recognized that cape. It was 
almost white, a fine silver cape. 

It took close to two months to saw 
this stone right through with the 
saws working twenty-four hours a 
day. They wanted to saw it all 
through instead of splitting, because 


the cut could pass through the cen- 
ter of the imperfections and the 
moment they had it in half they 
would have two stones to work on. 


Life in South Africa 

Colored people in South Africa 
had no right to drive a car, in fact, 
had no rights at all. They could 
not be on the street after seven in 
the evening nor before six in the 
morning. They had to get a special 
permission to be on the streets after 
sunset. That was because the white 
population was so small in South 
Africa. The only way to keep up 
the iron rule was to give the natives 
no education and absolute prohibi- 
tion. If they had been educated the 
British would have had a hard time 
with them. 

I lived in Johannesburg and 
every Wednesday night I had to 
take the train to the diamond fields 
and return Sunday morning. From 
Wednesday to Sunday I worked, 
and the rest of the time I didn’t 
do anything because of the gentle- 
men’s agreement. Most of the other 
diamond buyers in South Africa had 
lived there for a good many years 
and had work all week. Monday, 
Tuesday and Wednesday they tended 
to their ranches and cattle. As I 
wasn’t there to raise cattle, I had 
only a three-day week. 

It was quite interesting that there 
never was a holdup in South Africa. 
When I went there I bought two 
things, an automatic and a mosquito 
net. I thought I was going to a 
very wild country and I had to be 
protected. I discarded the net be- 
cause there were no more mos- 
quitoes there than here. Somebody 
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offered me a profit on the gun and 
I sold it. 


The Syndicate’s Maintenance 
of Prices 

The alluvial buying was open to 
the public and not controlled by the 
syndicate. The only control the 
syndicate had was that they knew 
at what prices merchandise was sold. 
The syndicate usually had two or 
three buyers in the field and although 
we knew who they were, the dig- 
gers did not. Those people did not 
do a thing except keep track of 
prices. It so happened that during 
my stay there business was bad. 
My correspondent sent me a cable 
advising that market prices had 
dropped-—to buy in accordance. 
Others received similar instructions 
and first thing you knew everybody 
wanted to buy a few per cent 
cheaper. In the course of a few 
weeks the price levels had dropped 
about 15% or 20%. The result 
was that in the open market in 
Antwerp the alluvial diamonds sold 
more readily than the syndicate’s 
material. Then the syndicate got 
busy. They instructed their men to 
buy at the former prices. Could you 
imagine a group of diggers who were 
trying to get £10 for a stone and 
only getting £8 and suddenly dis- 
covering that Mr. Blank is in the 
market and pays £10? In ten min- 
utes there is a lineup in front of 
that office. The others had only 
one of two things to do, either go 
home without diamonds, or pay £10. 
Most of the buyers worked on a 
commission basis and did not want 
to waste their time. They also paid 
£10 and prices came back up. 


(The End) 
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A Coated “Emerald” 


by 


HENRY E. BRIGGS, Ph.D. 
Kalispell, Montana 


A ring set with an emerald and 
several small diamonds was recently 
brought to me for examination and 
valuation. The workmanship 
very good and the impression re- 
ceived by examination with the un- 
aided eye was that of an exquisite 
piece. The color of the emerald cen- 
ter stone (which was large, at least 
4 carats) was ideal. Test of refrac- 
tion corresponded to that of beryl. 
The specific gravity test was of 
course impossible, and a hardness 
test is never used on emerald. The 
dichroscope showed peculiar twin 
colors, though not far from normal. 
The variation in color in this test 
was so slight as to be very easily 
overlooked by anyone who possessed 
a poor memory for color shade, or 
who had had only limited oppor- 
tunity to make such observations. 
Therefore while this test might be 
of some value, and in fact was what 
first roused my suspicions, yet one 
cannot be too careful with cases 
where a swindle has been so nicely 
done as it was with this stone. Care- 
ful examination of the pavilion with 
a standard diamond loupe (10X 
Aplanat achromatic) failed to show 
any of the characteristic crystals of 
dye-stuff, and it is amazing that the 
surface luster seemed all right, and 
even minor imperfections in the 
polishing of the facets showed nor- 
mally. However, a drop of water 


was 


*G.LA. Research Service. 


applied with piece of pegwood 
quickly flattened out and covered 
quite an area. Further examination 
with a needle-point showed the pa- 
vilion of the gem to be covered with 
a backing of a cellophane-like sub- 
stance containing a dye. After care- 
ful removal of this backing the gem 
proved to be, not a very valuable 
emerald, but a genuine California 
aquamarine of rather deep tint. 


a 


This calls to mind the old trick 
of coating the pavilion of an off- 
color diamond with dye to improve 
its salability and value, but this trick 
is infinitely more dangerous since 
the backing is not dissolved in wa- 
ter, alcohol, ether, or acetone and 
therefore the color is not changed 
by these solutions. Certain of the 
cellophane materials behave some- 
thing like the material used in this 
fake. 


It strikes me that the person who 
perpetrated the swindle must possess 
an appreciable knowledge of physics 
and chemistry, if not of gemology. 
It will be noticed that it was applied 
to a valuable gem of low refractive 
index with a vitreous luster. 
Had the coating been put on the 
pavilion of a diamond it would have 
been instantly obvious, due to the 
difference between the luster of the 
paint or coating and the adaman- 
tine luster of diamond. 


and 


PRICE OF DICHROSCOPE 
Through an error, the price of the first dichroscope advertised on the 
back page of the March-April issue of Gems & Gemology was quoted as 
$7.50. The correct price of this instrument is $8.50, 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(The key to pronunciation will be found in the January, 1924, issue.) 


Dendrite (den’drite}). An inclusion, 
as in agate, having a_ tree-like 
form. 

Dendritic (den"drit’ik). 
form of a tree. 

Dendritic Agate (den’drit’ik). 
Mocha-stone and moss-agate with 
tree-like inclusions, usually of 
manganese oxide. 

Density. Refers to the quantity of 
matter in a given space, See also 
Specific Gravity. 

Determinative Gemology (dee-tur’- 
mi-nae-tiv). The science of dif- 
ferentiating between the various 
gem-stones and gem-materials. 

Diallage (dye’a-laj). Near diposide 
in composition. Hardness 4, specific 
gravity 3.20-3.35, luster pearly, 
sometimes metalloidal and resem- 
bling bronzite. Greenish-gray to 
bright grass green, deep green 
and brown. 

Diamantiferous (dye”’a-man-tif’er- 
us). Bearing or containing dia- 
monds. 

Diamond (dye’a-mund). Carbon erys- 
tallized in the isometric system. 
When transparent and free from 
flaws highly valued as a gem. 

Diamond Cut. A term used by some 
lapidaries to mean brilliant cut. 

Diamond Drill. Cylindrical iron pipe 
having carbonado or bort set in 
the edge as teeth, for drilling. 

Diamondiferous (dye”a-mund-if’er- 
us). Same as diamantiferous. 

Diaphaneity (dye”’a-fa-nee’i-ti). The 
property of being either trans- 
parent or translucent, 

Diaspore (dye’a-spore). Hydrated 
sesquixoide of aluminum, rarely 
used as a gem stone. Hardness 6 le 


Having the 


to 7, specific gravity 3.8 to 3.45, 
luster brilliant, being pearly on 
the cleavage face and vitreous else- 
where. Transparent to translucent. 
Colors white, greenish grey, brown, 
yellowish, topaz yellow to colorless 
—sometimes violet blue in one di- 
rection, reddish purple in another 
and pale brownish green in a third 
direction. Bears some resemblance 
to topaz but is softer and lighter. 
Dichroie (dye-kroe’ik). Pertaining to 
or exhibiting, dichroism. 
Dichroism (dye’kroe-izm). The 
property of presenting different 
colors in two different directions 
by transmitted light. See also 
Trichroism. See also Pleochroism. 
Dichroite (dye’kroe-ite). A  gem- 
stone. Same as Iolite. 
Dichroscope (dye’kroe-seope). An 
instrument designed to exhibit the 
two colors emerging from most 
doubly refractive, colored gems. 
Diffraction (di-frak’-shun). A modifi- 
cation which light undergoes, as 
in passing by the edges of opaque 
bodies or through narrow slits, or 
when transmitted through or re- 
flected from a diffraction grating 
in which the rays of white light 
are broken into a series of col- 
ored spectra. Diffraction also 
takes place upon reflections of 
light from the sharp, jagged edges 
of broken and from the 
edges of the minute scales which 
make up the surface of a nacreous 
pearl. See also Orient. 
Diffraction Grating. A grating of 
fine parallel lines ruled on glass 
or metal, used to produce spectra 
by diffraction. See Grating. 


glass 
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Diffusion Column. Specific gravity 
test. A long, narrow test tube 
partially filled with methylene 
iodide with about five times as 
much benzol added. The benzol 
and methylene iodide gradually 
diffuse and a mixed liquid results 
whose density increases gradually 
from top to bottom. 

Dike. A vertical or inclined fissure 
in the earth’s crust which has been 
filled with a mass of igneous ma- 
terial forced upward while molten 
and become rock by cooling. 

Dimorphism (dye-more’fizm). The 
occurrence of two minerals having 
the same composition, but differ- 
ing in crystallization and other 
physical properties, and often also 
in chemical properties. Pleo- 
morphism or Polymorphism is the 
broader term, referring to two or 
more. See also Polymorphism. 

Diopside (dye-op’side). Same as Ala- 
lite. Same as Malacolite. (Violan.) 
A calcium magnesium _ silicate. 
Monoclinic system. Hardness 5 to 
6. R.I. 1.664 to 1.694. Specific grav- 
ity 3.2-3.6. Transparent. Light 
to dark green, colorless, grey or 
yellow. Sometimes used as gem. 
Violan is a variety with a fine blue 
color. 

Diopside-jadeite. A pyroxene (jade 
from Mexico) intermediate be- 
tween jadeite and diopside in com- 
position. The jadeite from Burma, 
being jadeite-proper, is distin- 
guished as soda-jadeite. 

Dioptase (dye-op’tase). A mineral of 
a deep green color approaching, 
but always darker than, that of 
emerald. Dioptase is a hydrous 
silicate of copper with the formula 
H,O0.Cu0.Si0.,. Occurs usually in 
well developed but small crystals. 
Belong, like crystals of emerald, to 
the hexagonal system. Hardness 


approximately 5. Specifie gravity 
3.28. In spite of fine color, its 
deficient hardness and imperfect 
transparency prevent its extensive 
use as a gem. 

Dirigem (trade name). 
thetic spinel. 

Dispersion (dis-pur’shun). The 
property possessed by a_ stone 
which breaks up a ray of white 
light into the rainbow colors of 
the spectrum. 

Disseminated. Scattered through a 
rock or other mineral aggregate 
in the form of grains or pebbles. 

Disthene (dis’thene). Same as Cya- 


Green syn- 


nite. 
Distorted Crystals. Crystals whose 
faces have developed unequally, 


some being larger than others. 
Some crystal forms are drawn 
out or shortened, but the angle 


between the faces remains the 
same. 
Divergent (dye-vur’jent). Extend- 


ing in different directions from a 
point; radiating. 

Dodecahedral (doe” dek-a-hee’dral). 
Pertaining to the rhombic do- 
decahedron, a form with twelve 
faces in the cubic system. 


Dodecahedron (doe’dek-a-hee’dron). 
A geometrical crystal form in the 
cubic system. 

Dolomite (dole’oe-mite). Carbonate 
of calcium and magnesium. Hex- 
agonal-rhombohedral. H.3.5-4, Spe- 
cifie gravity 2.85, Transparent to 
translucent. Color usually some 
shade of pink, or flesh color. May 
be colorless or white, gray, green, 
brown or black. Sometimes used 
as a building or ornamental stone. 


Dolomitic (dole”oe-mit’-ik). See Dolo- 
mite. 

Domatic (doe-mat’ik). Relating to a 
dome, a horizontal prism. 


(To be continued) 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


HENRY E. BRIGGS, Ph.D, 


Isotropic Substances Under Polarized Light 
Isotropic substances when examined with polarizer only will show up in 
an evenly illuminated field. With both polarizer and analyzer if the directions 
of polarization be crossed with isotropic substances the field is always dark in 
all positions. This will serve to distinguish between isotropic and aniso- 
tropic substances, unless the former had an internal stress which causes the 
elasticity to vary with the different directions. 


Anisotropic Substances Under Polarized Light 

Uniaxial substances will behave differently according to their or- 
ientation with respect to the optic axis, when observed in polarized light. 
If we cut a section perpendicular to the optic axis, from one of these crystals 
and place it on the stage of a polarizing microscope we will note: That with 
the analyzer removed from the tube, but with the polarizer in use, such crystal 
sections show up in a well illuminated field in all positions of the stage; with 
the analyzer also in use and with the cross-hairs of the Nicols set at right 
angles, we find that the field is dark in all positions, This is true of sections 
cut directly across the optic axis only. Sections cut parallel to or inclined 
to the optic axis will look entirely different. Such sections, when observation 
is made with both polarizer and analyzer, will be four times dark and four 
times light during the complete rotation of the stage, when the light is 
parallel. The positions of greatest darkness are called the positions of 
extinction. The cross-hairs of the Nicols are parallel to the vibration direc- 
tion of the prism, and are used to determine the vibration or extinction 
directions of crystals or sections of them. With crossed Nicols in convergent 
polarized light, uniaxial sections cut perpendicular to the optic axis (across 
the optic axis at right angles) present an interference figure which will serve 
to distinguish them from any biaxial crystal. When such observations are 
made in white light (day light) the figure will consist of a series of concentric 
colored rings with a dark cross super-imposed upon them. The arms of 
the cross will be parallel to the cross-hairs of the Nicols and will remain so 
throughout the rotation of the stage, although the cross will move back and 
forth across the stage as the stage is rotated and will move in the direction of 
stage movement. In monochromatic light the rings will be light and dark 
and the cross will act the same as stated. If the section is inclined to the 
optic axis then the interference figure will be eccentric instead of concentric; 
otherwise the observation will be much the same. With the use of a selenite- 
mica plate or a quartz wedge in the tube slit of the microscope one can easily 
determine whether the crystal is optically positive or negative. 

Biaxial substances will usually appear four times light and four times 
dark during the complete rotation of the stage, with crossed Nicols and 
parallel light. Sections cut perpendicular to the optic axis will remain well 
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illuminated in all directions when polarizer only is used as stated of uniaxial 
sections similarly cut. In triclinie crystals the extinction is always inclined. 
In orthorhombic crystals the extinction may be either parallel or symmetrical. 
Monoclinic crystals may show either parallel, symmetrical or inclined ex- 
tinction. Thus we may distinguish between the various systems in biaxial 
minerals. 

Interference figures of biaxial crystals will differ widely from those 
of the uniaxial substances. The figures in biaxial minerals will vary with 
the direction in which they are cut with respect to the optic axes. The dark 
cone-shaped spot in these figures will not remain stationary as with the 
uniaxial crystals but will move in a direction opposite to that of the move- 
ment of the stage. With the aid of selenite-mica test plates or the quartz 
wedge the optical character of these minerals can be determined. 


Enantiomorphous Crystals 

Crystals which exhibit circular polarization, that is which rotate the 
plane of polarized light are called enantiomorphous. This may be clearly 
observed in some quartz crystals in the crystalline structure without the 
use of optical instruments. It may be observed with the polarizing micro- 
scope with the aid of test plates in the tube slit or by cutting two slices 
one of a right hand and one of a left hand crystal and then super-imposing 
these sections one upon the other. 


Measuring the Indices of Refraction 

There are several methods of measuring the refractive indices of sub- 
stances, but for our use the reflecting type of refractometer or the gonio- 
meter will probably be the best. In either event it is a simple matter and 
can be easily done with very little experience. 

With the reflecting type of refractometer we take advantage of the 
fact that every different index has its own critical angle. In these instru- 
ments we really measure the index by the critical angle, although the in- 
struments are equipped with a scale so that the indices are directly read 
without calculation. However, the range of the instrument is limited 
and usually does not go higher than 1.90 and often the limit is lower. 
However, it is one of the quickest methods known, and the limits will take 
in by far the greater share of the gems. The mineral to be tested must 
have a plane polished surface, as the table of a faceted gem, which can 
be put into immersion contact with the glass hemisphere of the instru- 
ment, which might be called an objective. Some liquid of high index is 
used for making the immersion contact such as methylene iodide. A drop 
of the liquid is placed on the glass objective of the instrument near the 
center, the flat portion of the mineral or gem is then applied to the glass 
so that the liquid will displace all air from between the objective and the 
specimen. The reflectors are then adjusted to reflect the light properly 
and the index can at once be read directly from a scale through the eye- 
piece. By using monochromatic light the refractive index of any of the 
spectrum can be read and with white light the observer can read from an 
intermediate color and thus avoid the necessity of using monochromatic 
light. 

(To be continued) 
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Popularity of Colored Stones 


Colored Stones Don't Sell? Mr. Fischer Says They Do. 


by 


HUBERT A. FISCHER 
Graduate Member, A.G.S., Chicago 


At the Century of Progress, 
in Chicago, a little shop 
of the villages illustrated a num- 
ber of facts very forcibly — that 


a display of colored stones always 


in one 


seems to attract maximum atten- 
tion—that they 
the customer, proven by repeated 
visits and, in many 
peated sales—that there are some 
people always looking 
for something unusual in colored 
stones—that many jewelers are neg- 
lecting a vital phase of their business 


create interest in 


cases, re- 


who are 


that will yield a profit in most cases 
very much greater than the regular 
mark-up. For instance, a customer 
visits a store and prices are quoted 
If the 
merchandise is of well known manu- 
facture the profit is fixed by the 
producer. On quality merchandise 
this is usually adequate, but it is well 
known that every legitimate jeweler 
in town also can quote the same 
price, and some that are not so legiti- 
mate may under-cut. The same holds 
true of a diamond. A customer can 
get a quotation on a carat diamond 
from every jeweler in town. On col- 
ored stones it is different. Ifa pros- 
pective customer calls for, say, a fine 
Black Opal, or Star Sapphire, or 
Cats Eye, a substantial price can be 
asked without the fear of another 
dealer ‘“under-cutting.” There is 
not nearly the competition in this 
class of merchandise. 


on silverware and watches. 


Gems in the Smaller 
Establishment 


The small store cannot tie up too 
much of its finances in colored stones, 
no doubt, but the jeweler who can 
intelligently discuss them can create 
enough confidence in his client to in- 
duce him to return. In the mean- 
while, he can secure a selection of 
those gems in which he has become 
interested. 

There are many instances where a 
customer has returned two or three 
times or even more often to view a 
selection of merchandise in which he 
was interested. A customer who does 
this is pretty certain to buy. It is 
absolutely necessary, however, to 
know and discuss with some knowl- 
edge the merchandise in order to gain 
and hold a person’s confidence. 


A Lost Sale 


In contrast, here is an incident 
which happened this summer. A 
gentleman walked into a first class 
jewelry store. He approached the 
salesman at the diamond counter and 
told him he was interested in an 
Alexandrite—-and “Had they any in 
stock to show him.” The customer 
was directed to another part of the 
store where he was shown a tray of 
white gold rings mounted with vari- 
ous synthetic stones, among which 
were several synthetic Alexandrite 
Spinels. He shook his head, smiled 
and left the store. That was that. 
Here was a customer whose appear- 
ance bespoke his ability to pay a 
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thousand dollars or more for a gem 
stone and he was directed to a twenty 
dollar item. The interesting part of 
the story is that the salesman did 
wot know that the twenty-dollar 
“Alecandrite’ was not genuine. 

To get back to the little shop at 
the Century of Progress. Here was 
a space hardly any larger than the 
diamond room of the average jewel- 
ery store. Their display consisted 
mostly of high grade antique jewel- 
ery and genuine colored stones. 


Men Like Star Sapphires 

Black opals sold well. They always 
attracted attention. On two different 
occasions, special orders were taken 
for ear drops—several were mounted 
into scarf pins. Both the above are 
usually considered dead items. One 
fine large specimen was mounted in 
platinum, surrounded with diamonds. 
Some were set into inexpensive gold 
rings and many were sold un- 
mounted. Star Sapphires sold well. 
The majority were mounted into 
gentlemen’s rings. They are ever 
increasing in popularity as a man’s 


stone. One man made the remark, 
“I believe I’d wear one of them 
myself.” His wife returned the 


following week and bought a ring 
for him, set with a large “Star.” 
She was delighted to finally find a 
piece of jewelry he cared for. He 
never would wear it before. 


It was interesting to note how 
many stones were bought unset. 
Mostly out-of-town people bought 
them. This is undoubtedly accounted 
for by the fact that in smaller towns 
jewelers do not stock them or make 
an effort to get this business. 

The sale of numerous items set 
with Cameos showed that they are 
still desired by many people and not 
to be ignored. This is especially true 
of the finer sorts. 
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The usual remark vegarding a dis- 
play of Sapphires of various colors 
was, “I thought Sapphires were 
always Blue.” This makes one realize 
how much educational work is neces- 
sary among the public to get the 
maximum appreciation of these tine 
gems. 

Sapphire Chosen as Engage- 

ment Ring by Royal Couple 

Colored stones in general are much 
more appreciated in Europe than 
here. The engagement ring which 
the Duke of Kent, Prince George of 
Great Britain, gave to his fiancée. 
Princess Marina of Greece, was a 
fine Kashmir Sapphire. The gem, 
which was purchased from Cartier's 
in London, was a large, square-cut 
stone, of a fine, deep blue color. It 
was mounted with a baguette dia- 
mond on either side. The Kashmir 
Sapphire is generally considered the 
finest of all, and gems of this grade 
are becoming very scarce. 

Recently in Chicago the engage- 
ment ring of a prominent society 
couple was a large Ceylon Sapphire 
of gem quality, over twenty carats 
in size. It was mounted with two 
large triangle diamonds on the sides. 
The stone was of very deep cutting 
and though artistically mounted the 
ring seemed rather cumbersome. 

This merely proves that the tend- 
ency is toward larger stones. The 
desire for larger stones naturally 
will mean greater use and apprecia- 
tion of colored gems. The parental 
wedding gift to the bride, of the 
above couple, was a ring set with a 
large Emerald. 

The time is not far distant when 
the engagement ring is just as apt 
to be a colored gem as a diamond. 
The diamond expert who does not 
understand colored gem stones (and 
a great majority do not) will be at 
a decided handicap. 


ve 
bo 
a 
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BOOK REVIEWS 


Elementary Crystallography, by John W. Evans and George M. Davies. 
London. 1924. Thomas Murby and Co. 

This is a briet description of symmetry in crystals. The authors state 
in their preface that the book is intended as an elmentary text and “to 
afford such information as will assist in the recognition of mineral species.” 
The material is presented in a simple manner. easily understood by the 
beginner. The involved technical discussions which appear in many Crvstal- 
lography texts have been avoided. 

An unusual arrangement of material is followed. The orthorhombic 
system—held by the authors to be the most readily understood—is described 
first. Then follow in turn the monoclinic, triclinic, tetrogonal, cubic and 
hexagonal systems. The description of twin crystals appears in the usual 
position, after the discussion of the six crystal systems. 

The methods of describing crystals and crystal faces by reference num- 
bers (indices) or letters are explained without excessive mathematical pres- 
entation. A knowledge of these indices is of value to the gemologist, since 
it enables him to understand the meaning of descriptions of cleavage di- 
rections as expressed in standard mineralogy texts. This knowledge should 
be particularly useful to the lapidary. 

Blementary Crystallography also furnishes a foundation for recogni- 
tion of natural crystals by their form. Although this knowledge is not 
required of Certified Gemologists, several students have become interested 
in the subject and have done independent additional reading. 

The Story of Chemistry, by Floyd L. Darrow. New York. 1927. Bobbs- 
Merrill. Published in reprint by Blue Ribbon books. $1.00. May be secured 
from G.I.A. book department. 

The book, as its title indicates, is written for popular reading. While 
intended primarily to interest the mass of readers, it presents much of the 
theory of present-day chemistry. Recent theories of the structure of atoms 
and molecules are discussed in simple, readable language. 

The economic importance of scientific discoveries is always stressed. 
That industry is slow to accept the improvements suggested by scientists 
the author regards as unfortunate; but he points out that the eventual ex- 
haustion of natural resources will force industry to utilize the more effi- 
cient processes and the synthetic substances which are now regarded as sci- 
entific “stunts.” 

Throughout the book particular attention is given to American achieve- 
ments in the field of chemistry. Each successful attempt to produce in this 
country material which formerly had to be imported is roundly praised. 

The gemologist should find a reading of The Story of Chemistry a 
valuable addition to his study, for chemistry is an important subject in the 
understanding of any present-day science. 
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SELECTED BIBLIOGRAPHY 


(Contiuced from last issue) 


GEMOLOGY 


This Bibliography includes only general works on precious stones. 
Later; selected bibliography details are contemplated on individual precious 
stones and other materials (diamond, ruby, sapphire, chrysoberyl, pearl, 
etc.) and on engraved gems and jewelry, 

No attempt has been made to include all periodical articles. Public 
libraries have complete indices of periodical literature which may be 
consulted. 

Abdalaziz, Ahmed Ben 
Treatise on Jewels. 
Aben Ezra, Rabbi 
Commentarium in Decalogum. Basel (Basle), 1527. 
Adams, F. D. 
A Visit to the Gem Districts of Ceylon and Burma. Washington, Annual 
rept., Smithsonian Institution, 1926. 
Adler, C., and Casanowiez 
Precious Stones of the Bible. [In Biblical Antiquities, Report, U. S. 
National Museum, 1896, p. 943.] 
Agostini, L. 
Gemmae et sculpturae antiquae. Franequerae (Franecker), 1699. 
Agrippa, H.C. 
Philosophie occulte. [Translated by Levasseur.] La Haye (The Hague), 
1655. Contains material relating to the mystical properties of gems. 
Alamus Ab Insulis, Alain de Lisle 
Dicta alam, ete. Lugduni-Batavorum (Leyden), 1599. An alchemical 
treatise containing material relating to the mystical properties of gems. 
Albertus Magnus (Lived about 1230) 
Die mineralibus. [In his opera, v. ii.] Lugduni (Leyden), 1651. 
De Virtutibus herbarum, lapidum animalium, ete., var. ed. 
Les admirable secrets d’ Albert le grand, ete. Lyon, 1758. Contains 
extracts from the works of Albertus Magnus, relating to the magical 
and medicinal properties of gems. 
Alcot, T. 
Gems, Talismans, and Guardians. New York, 1886. 
Alfonso X, el sabio, King of Castile and Leén (1221-1284). 
Lapidario del rey d’Alfonso X. Codice original [Madrid]. 1881. 
Aristotle 
His Works, especially the Meteorology and Wonderful things heard of. 
Aristotle was born about 384 B.C., and died about 322 B.C. 
Lapidarius. {De novo Graeco translatus, Lucas Brandis.] Regia Mers- 
bourg (Merseburg), 1473. 
Arnaldus de Villanova 
Chymische Schriften, ete. (Translated by Johannem Hippdamum.] 
Wien (Vienna), 1742. The several writings of this alchemist contain 
much concerning the occult, medicinal, and other properties of gems. 
Arnobio, Cleandre 
De Tesoro delle Gioie, trattato maraviglioso. Venit. (Venice), 1602. 
Aubert de la Rue, Edgar 
Pierres Precieuses et Pierres d’Ornementation: caracteres, gisements, 
usages. Paris P. Lechevalier, 1928. 


(To be continued) 
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Gemological Spectroscopy 


Recent scientific developments have brought the term “spectroscope” 


before the general public. 
in determination of fashioned gems. 


As a gem testing instrument the 
spectroscope has yet to receive the 
full credit due it. In a number of 
determinations it furnishes a very 
easily applied and definite test. In 
some cases it enables determinations 
to be made which could be effected 
otherwise only through the use of 
expensive and complex equipment. 
This is especially true in the case of 
eolored zircons and garnets whose 
yefractive indices are too high to be 
read on the refractometer. 


The spectroscope is, furthermore, 
a fascinating instrument to use, giv- 
ing a new insight into the color of 
various gems. The recent rise in 
importance of this instrument in 
chemical analysis has caused the 
name ‘spectroscope’ to become 
known to a surprising number of 
people, and the of a 
model of this instrument by a jew- 
eler cannot fail to impress his cus- 
tomers. 


possession 


The spectroscope itself is a com- 
paratively simple instrument. It 
consists principally of a narrow slit 
through which a thin beam of light 
passes, a prism or grating which 
breaks the beam into a spectrum, 
and an eyepiece for focusing clearly 
each part of the spectrum. Spec- 
troscopes are of various types, the 
majority of them, however, employ 
glass prisms. Diffraction gratings 
are also sometimes used, but no sat- 
isfactory gem-testing spectroscope 
seems to be available at present in 
the American market employing this 
principle. 


The gemologist will find this instrument of value 


A scale is often included in the 
optical system of a spectroscope in 
order that absorption effects may 
be definitely located. Such scales 
are usually calibrated in m mu units 
(millionths of a millimeter); the 
wave-length of red light is approxi- 
mately 650 m mu units. The Ang- 
strom unit, which is one-tenth of a 
m mu unit (or ene ten millionth of 
a millimeter) is finding increasing 
favor. The wave-length of red light 
in Angstrom units is about 6500. A 
wave-length scale, while it is an 
aid in making observations, is not 
necessary in spectroscopic differen- 
tiation of gem stones. 


The spectroscope is easily used. It 
is first adjusted by allowing white 
light to pass through the slit and fo- 
cusing the instrument until the spec- . 
trum viewed is as clear as possible. 
The gem to be tested is then placed 
between the light source and the 
slit. The light source should be 
quite brilliant in order that the ab- 
sorption effects be as pronounced as 
possible. A 150-watt frosted bulb 
has been found very satisfactory. 
A “daylight” filter or a “daylight” 
blue globe is desirable since an elec- 
tric lamp ordinarily passes more red 
and yellow light than blue and vio- 
let. The daylight filter equalizes, to 
a certain extent, the amount of 
transmission at both ends of the 
spectrum. 

With the stone in position, the 
slit is adjusted until any absorption 
effects are as sharply defined as pos- 
sible. It is then usually necessary 
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to move a faceted stone from one 
side to the other with respect to 
the slit in order that it may trans- 
mit as much light as possible. The 
ability to observe absorption effects 
increases with practice. When the 
spectroscope is first used, it is ad- 
visable to employ a ruby, an alman- 
dine garnet, or one of the other 
stones which shows very distinct ab- 
sorption bands. 


When white light passes through 
a colored substance, certain com- 
ponents of the white light are ab- 
sorbed. For instance, when light is 
passed through a red glass, other 
portions of the spectrum are ab- 
sorbed more than the red. Red glass, 
however, often transmits all the 
colors of the spectrum. Its hue is 
due (1) to the blending of the vari- 
ous hues thus transmitted into a 
sensation which is seen by the eye 
as red or (2) to the transmission of 
many more of the red waves than 
of waves of the other colors. 


In several colored substances, 
however, not only are certain wave 
lengths partially absorbed, but some 
portions of the spectrum are can- 
celled completely. When a colored 
stone possesses this property it gives 
very characteristic effects in the 
spectroscope. The absorbed areas 
may be either very narrow, such as 
are shown by the majority of zircons 
or they may extend over a consider- 
able area as does the band in the 
yellow and green shown by ruby. 
The very narrow absorption areas 
are known as absorption lines, while 
the larger areas are known as ab- 
sorption bands. Often a colored gem 
shows both absorption lines and ab- 
sorption bands. It is with gems 
which show pronounced and com- 
paratively invariable effects that the 
spectroscope is of greatest value. 
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Outstanding examples of such stones 
are ruby. emerald, garnet, and zircon. 

The accompanying illustrations 
are sketches of several characteristic 
absorption effects shown by impor- 
tant gem stones. The strength of 
the lines and bands is indicated as 
far as possible. It is apparent that 
the spectra of zircons are very 
characteristic. Although an occa- 
sional zircon may show no absorp- 
tion lines, the majority of specimens 
of this species can be readily dis- 
tinguished by the spectroscope. In 
this case, the spectroscope furnishes 
a very important test, since zircon 
is too high in refractive index to be 
read on the refractometer, <A 
mounted stone can often be identi- 
fied without removing: it from its 
setting as would be necessary in 
order to make a= specific gravity 
test. 

Demantoid garnet is also outside 
the range of the refractometer. The 
position of the absorption band in 
a demantoid evidently indicates the 
nature of the coloring matter. In- 
tense green demantoids may exhibit 
several absorption lines similar to 
those of emerald. The coloring agent 
in these stones—as 
probably chromium. Lighter and 
more yellowish green demantoids 
show a single absorption band in 
the blue portion of the spectrum. It 
is supposed that this band is due to 
iron, which may also be the cause of 
the yellowish green color. 

The spectroscope distinguishes 
between red spinel and garnets, a 
determination sometimes very diffi- 
cult to make by other means, since 
in some few cases spinel may over- 
lap red garnets in physical and op- 
tical properties. 


in emerald—is 


The absorption effects shown by 
synthetic gems are generally more 
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Absorption Effects of Gem Stones 
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These are sketches of the lines and bands seen in the spectroscope 
achen various gems are viewed through it. The drawings are vot to be 


regarded as actual photographs. 


The position of any line or band in the illustrations may be located 
approeimately, by reference to the colors indicated above, and more aceu- 
rately by reference to the scale in Angstrom Units. (See teet on accom- 
panying pages.) The “bright lines” or lines of brilliant transmissicn 
referred to in the accompanying article are indicated by the letters “BL” 
in the above sketches. As fur as possible the relative strength of absorption 


lines or bands have been indicated by shading. 
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pronounced than those shown by Both genuine and synthetic rubies 
their genuine prototypes, — a fact show a line of brilliant transmission 
which can be ascribed to the greater (“bright 
proportion of coloring matter in the 
synthetic. But as the intensity of 
the absorption bands varies with the shown that this bright line is due to 
depth of color of the specimen, the fluorescence. Ax a rule, synthetic 
spectroscope can serve only as an ruby fluoresces more strongly than 
indication in detecting synthetic 
stones whose coloring agent corre- 


sponds with that of the genuine ma- ; 
terial—as is the case of sapphire therefore usually—but not always 


line”) at approximately 
7000 Angstrom units. It has been 


the genuine stone; the bright line 
in the spectrum of the synthetic is 


and ruby. However, synthetic blue —more pronounced than that of the 
spinel* shows a spectrum entirely genuine. This test must be regarded 
different from that of the genuine 
stone, and the spectroscope can be 

used (although it is rarely neces- : * Strictly speaking, this is not truly spinel 


vay . + - synthetically prepared. but is a synthetic 
sary) to detect this synthetic. stone isomorphous with spinel. 


as an indication, only, vot as a proof. 


SPECTROSCOPES FOR GEM TESTING* 


A number of spectroscopes have been tested in the G.LA. laboratory. 
The three listed below are those which have been found most satisfactory 
for gem testing, a distinction based upon both cost and results obtained in 
the observation of cut gems: 

Winkel-Zeiss. Model A. Direct vision hand spectroscope. Price $20.00. 

Bausch and Lomb, Prism spectroscope on tripod. With wave length 
scale. Price $50.00. 

Gaertner, Model L-201. Prism spectroscope on tripod. With wave 
length scale. Price $50.00. Some with tangent screw for shifting telescope 
to view entire spectrum (L-201A). Price $55.00. 


*G.LA. Confidential Service. 


NEW POLARIZING MATERIAL 


A new substance, named “Sheet Polarizer’ has been developed by 
American scientists. The material is a plastic film of cellulose acetate, in 
which—it is reported—is dissolved a colloidal substance which polarizes the 
light which traverses the film. Samples of the new sheet polarizer have 
been received for testing in the G.I.A. Laboratory. As Gems & Gemology 
goes to press, preliminary work has been done, indicating that the material 
will prove of great value in several of the gem-testing instruments which 


require polarized light. 
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GUILDS 


Devoted to News and Activities of Educational Organizations 
and of Vocational Study Groups and Their Members. 


FIRST CERTIFIED GEMOLOGIST EXAMINATIONS 


The Examination Standards Board 
have approved examination ques- 
tions for the Certified Gemologist 
Examinations and several candi- 
dates have already arranged to stand 
for their examinations during June, 
July and August. 

The C. G. examination will be 
given in three portions. The first 
portion is written by the candidate 
with free access to reference books 
and consists of questions, which by 
requiring discussion on the part of 
the candidate, are designed to re- 
veal the extent of his knowledge re- 
garding various important subjects, 
as well as questions the answers to 
which require only a thorough fa- 
miliarity, with the use of reference 
material as a source of information 
regarding gems and metals. The 
second portion of the examination 
is conducted without the access to 
reference material of any kind and 
consists of questions upon subjects 
with which the gemologist should be 
familiar in his daily activities of 
buying and selling during which ac- 
cess to reference material is not 
practical. The third portion consists 


identification of un- 
(genuine, synthetic, 

imitation) by the 
testing instruments. 
These stones are sent in individual 
unmarked diamond papers and this 
third portion as well as the second 
portion is sent directly to a Proc- 
tor appointed by the Institute. The 
candidate appears for examination 
under observation of the Proctor 
upon an appointed date. Members 
of the mineralogical or geological 
departments of universities and cu- 
rators of museums will act as Proe- 
tors in many of the larger cities. 
Also in many localities members of 
the Gemological Institute, officers of 
A.G.S. Guilds or Certified Gem- 
ologists who are equipped with the 
necessary laboratory equipment will 
be appointed proctors. 

The examinations are not limited 
to candidates who have pursued the 
courses of the Institute. A reason- 
able fee, of an amount to be de- 
cided by the Boards of the Institute, 
will be charged for candidates who 
prepare for examination in 
other manner. 


of the actual 
known = stones 
assembled and 
use of gem 


some 


NEWS OF GUILDS AND CHAPTERS 


Central New England Guild 
A meeting of the C.N.E. guild occurred at the Hotel Bancroft, Wor- 


cester, Mass., on the evening of June 3. 


The educational feature of the 


evening was a talk by Robert M. Shipley on the subject of the Cutting and 


“Make” of Diamonds. 


Plans for regular quarterly meetings to begin in the fall were dis- 
cussed and these members of an organization committee were appointed: 
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Douglas Nathan of Fitchburg, Mass.; Robert Franks of Worcester, Mass.: 
and Cyrus Gidley of New Bedford, Mass. 
Wisconsin A.G.S. Guild Officers and Meetings 


At a meeting of the Wisconsin Regional Guild of the A.G.S. on May 
20, the following officers were elected for the ensuing year: 


President . . . . . . Wm. H. Schwanke. Milwaukee 
Vice-President . . . . . Chas. E. Kasten, Milwaukee 
Secretary . . . . . . . Henry Bloedel, Milwaukee 
Treasurer... . . Henry Stecher, Milwaukee 


Robert. M. Shipley, of the National Society, addressed the meeting on 
the subject of the make of the brilliant cut diamond and its effect upon 
brillianey and fire. 

Southern California Inland Guild 

This Regional Guild has been organized to include retail jeweler mem- 
bers of the American Gem Society in San Bernardino, Riverside and 
Orange counties. At an organization meeting on May 15 the following 
officers were elected for the year 1935: 


President . . . . . =. John Vondey, San Bernardino 
Vice-President. . . . . . Howard Smith, Redlands 
Secretary-Treasurer . . . Paul Noack, San Bernardino 


Members of the Executive Committee soe 
Clarence Fisher, Riverside 
Chas. M. Hanf, San Bernardino 


Cleveland Chapter 
At a meeting of the Cleveland Gem Society at the Statler Hotel the 
evening of May 24 it was voted that that Society be dissolved and the mem- 
bers present then reorganized as the Cleveland Chapter of the American 
Gem Society. The constitution and by-laws were adopted and the following 
officers elected: 


President . . . . . Frank Bromley, Shaker Heights 
Vice-President . . . . . Bruce McCague, Cleveland 
Secretary .. . . . . . Clayton Allbery, Cleveland 
Treasurer. . . . V. E. Chittenden, Akron 


Member Executive Committee John B. Hudgeon, Bedford 
The next meeting of the Chapter will occur in October. The Executive 
Committee will determine the regular evening each month which will be 
devoted to either the quarterly meeting of the Guild or the meeting of the 
Northern Ohio study group which will be directed by the Guild. 
Tri-State Guild 
(Headquarters, Pittsburgh, Pa.) 
Upon the evening of June 15 at the Metropolitan Club, Pittsburgh, the 
Tri-State Guild elected the following officers for the ensuing year: 
President . . . . . Paul Hardy. Pittsburgh 
Vice-President . Frederick Kropff, Morgantown, W. Va. 
Secretary-Treasurer . D, R. Cochran, Wheeling, W. Va. 
Plans were completed for the quarterly meetings at which educational 
features will be presented beginning in October. The Executive Commit- 
tee were authorized to set the permanent meeting date for the second 
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Tuesday or Thursday of each third month. Upon the same day of inter- 
vening months will occur the meeting of the vocational study group, which 
the Guild is to direct for the coming year. 


Founder Members of the Tri-State Guild include: 
Chas. W. Baum, Wheeling, West Va. A. B. Powell, Wheeling, West Va. 


H. A. Caplan, Clarksburg, West Va. 
William Caplan, Clarksburg, W. Va. 
D. R. Cochran, Wheeling, West Va. 
Miss Helen G. Craddock, Wheeling, 
West Va. 
Norman B. Hardy, Pittsburgh, Pa. 
Paul S. Hardy, Pittsburgh, Pa. 
R. G. Henne, Pittsburgh, Pa. 
James Herron, Pittsburgh, Pa. 
Francis Keating, Pittsburgh, Pa. 
Frederick Kropff, Morgantown, 
W.Va. 


Thaddeus B. Reese, Johnstown, Pa. 
R. W. Rehn, Pittsburgh, Pa. 

Leon Rubin, East Liverpool, Ohio 
Alvin J. Schallus, Pittsburgh, Pa. 
Raymond F. Smith, Indiana, Pa. 
J. P. Sommer, Pittsburgh, Pa. 
Geo, A. Spies, Steubenville, Ohio 
Robert E. Stone, Meadville, Pa. 
Herman L. Turk, Etna, Pa. 
Gordon L. Uhl, Pittsburgh, Pa. 


New York Chapter, A.G.S. 


The following report of May meet- 
ing of the New York Chapter is 
reprinted from The Jewelers’ Cir- 
cular for June: 

Dr. Paul F. Kerr, gemologist and 
associate professor of mineralogy, 
Columbia University, spoke before 
the New York Chapter of the 
American Gem Society at a meeting 
held May 238 in the Jewelers 24 Karat 
Club Room, 608 Fifth Ave., on the 
methods of distinguishing synthetic 
from genuine gems. About 25 mem- 
bers of the retail and wholesale 
trades were present. The jewelers 
showed intense interest in Professor 
Kerr’s remarks, and applauded with 
vigor at the close of his lecture and 
demonstration. 

Following the address, Kenneth I. 
Van Cott presided, while the con- 
stitution suggested by the national 
organization for use by local bodies 
was adopted. Election of officers 


was then held, the following’ men 
being chosen to serve: 

President, K. I. Van Cott (Marcus 
& Co.); vice president, Richard 
H. Van Esselstyn (Mirabeau C. 
Towns); treasurer, Jack Gordon 
(Avvocato & Tuch, Inc.); secretary, 
J. Arnold Wood (Poughkeepsie) ; 
member of executive board, Frank 
L. Spies (Handy & Harman). 

Mr. Van Cott spoke briefly to out- 
line in tentative form the activities 
in which the Society will engage. A 
minimum of four meetings a year 
are planned, with the next one 
scheduled for October. Dues are 
to be $6 annually, $3.50 of which 
covers membership in the national 
organization, the American Gem 
Society, which includes subscription 
to the bi-monthly publication, Gems 
& Gemoloyy, while the remainder 
will be used to defray expenses of 
the local chapter. 


ROBERT M. SHIPLEY TALKS TO DALLAS JEWELERS 


A dinner meeting of the Dallas Jeweler’s Association was held June 


20 at the University Club of Dallas, Texas. 


Miss Cecil Lowenstein, Sec- 


retary, was chairman of the evening. Robert M. Shipley was speaker of 


the evening. His subject was the Grading of Diamonds. 


The possibility 
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of organizing, with Dallas as headquarters, a Regional Guild of the Amer- 
ican Gem Society to embrace Northern Texas and Southern Oklahoma was 


discussed. 


A.G.S. VOCATIONAL STUDY GROUPS 


Cleveland 

A study group composed of new 
and advanced students of both the 
American Gem Society and of the 
Gemological Institute of America 
has been arranged by the American 
Gem Society for monthly discussion, 
review and = gemological practice 
under the direction of its Cleveland 
Chapter. The present personnel of 
this group consists of students and 
will be under the leadership of Dr. 
Fureron of Western Reserve Uni- 
versity. An initial meeting of the 
group under the direction of Dr. 
Fureron was held June 5, 1935, in 
the mineralogical laboratory of the 
University, where succeeding meet- 
ings will also probably be held. 
Prof. Theodore Braasch, well known 
as a scientific student and collector 
of gems, has offered the group the 
use of several valuable gem-testing 
instruments and of his counsel and 
experience. The first regular 
monthly meeting will occur in Sep- 
tember, and thereafter meetings will 
be held upon the same day of every 
month. Prospective students in the 
Northern Ohio region may enroll 
and take advantage of all group 
meetings at any time before Sep- 
tember 10. Information may be ob- 
tained from Clayton Allbery, Secre- 
tary, Cleveland Chapter, 1641 E. 
85th St., Cleveland, Ohio, or from 
American Gem Society, 555 So. 
Alexandria, Los Angeles. 


Pittsburgh 
A study group for recently- 
enrolled and prospective students of 


the A.G.S. and G.I.A. has been ar- 
ranged by the American Gem Society 
to begin monthly meetings in Sep- 
tember. The meetings will be conduct- 
ed by a member of the Geological De- 
partment of the University of Pitts- 
burgh, probably in the mineralogical 
laboratory of that University. Jew- 
elers and others in West Virginia, 
Eastern Ohio and Western Pennsyl- 
vania may form this study group. It 
will be under the direction of the 
A.G.S. Regional Guild in that area 
and applications for enrollment may 
be sent to D. R. Cochran, Secretary 
of that Guild, at 1814 Market Street, 
Wheeling, West Virginia. Detailed 
information is obtainable from na- 
tional headquarters of the Society, 
555 South Alexandria, Los Angeles, 
Calif, 


Cincinnati 


Prof. Otto Von Sehlichten, head of 
the Geology Department of the Uni- 
versity of Cincinnati, whose radio 
talks on gems are well known, will 
conduct monthly meetings of a voca- 
tional study group to begin in Sep- 
tember. Newly-enrolled and prospec- 
tive students as well as advanced 
students of the A.G.S. and G.I.A. in 
Kentucky, Eastern Indiana, and 
Southern Ohio, will be eligible to at- 


tend these meetings. Applications 
may be addressed to Edward F. 
Herschede, Chairman A.G.S. Re- 


gional Certification Board, c/o Frank 


Herschede Co., Cincinnati, or to 
Nolte C. Ament, member of that 
board, c¢’o Geiger and Ament, 


Louisville, Kentucky. Further infor- 
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mation is obtainable from the 
American Gem Society under whose 
direction the work will be conducted. 

The following new and advanced 
students are already enrolled in this 


rence Herschede and Wm. J. Toens- 
meyer of Frank Herschede Co.; 
James Chapman and Mr. Laemle of 
Loring Andrews Co., Tudor New- 
stedt of Geo. H. Newstedt Co., and 


Holland Q. Saunders; from Louis- 
ville, Nolte C. Ament. 


group: from Cincinnati--Ed. Her- 
schede, John Z. Herschede, Law- 


Washington, D. C. 


A vocational study group has been arranged by the national society 
for both recently enrolled and prospective students of the A.G.S. and G.LA. 
in Maryland, Eastern Virginia and the District of Columbia. Study 
groups will be conducted by the internationally known mineralogist, Dr. 
W. F. Foshag of the Smithsonian Institution, and will take place monthly 
during this fall and the coming spring. Applications for enrollment in this 
group may be addressed to Mr. W. H. Wright, 607 Thirteenth Street, Wash- 
ington, D.C., Chairman of the Certification Board of this Region, or in- 
quiries regarding this study group courses, or applications for enrollment 
may be addressed to the national Society at Los Angeles. 


Chicago 


Plans are being completed by the 
American Gem Society for the or- 
ganization of a study group of its 
new and advanced students and for 
students of the Gemological Institute 
under the direction of the Chicago 
Chapter of the A.G.S. The group 
will meet for discussion, review and 
gemological practice under the lead- 
ership of Dr. A. J. Waleott of the 
The first of these 


Field Museum. 


meetings to be held upon a regular 
date each month will oceur in Sep- 
tember. The group will be open to 
students in Chicago, Northern IIli- 
nois and Indiana, and Southern Wis- 
consin. Prospective students in this 
area may enroll and take advantage 
of all group meetings by enrolling 
before September 10, and may re- 
ceive full information by writing to 
the American Gem Society, 555 So. 
Alexandria, Los Angeles. 


Milwaukee 


The last meeting of the spring study group occurred upon the evening 
of June 25 at the Pfister hotel with a majority of its twenty-one members 
in attendance. Dr. A. J. Walcott discussed pleochroism and the use of the 


dichroscope in distinguishing gems. 


The members of the group experi- 


mented with the use of dichroscopes in testing unknown stones. 
A resumption of the study group beginning a systematic review of 


elementary gemology, is planned by the American Gem Society to begin 
in September with Dr. A. J. Walcott as leader and instructor. Monthly 
meetings are contemplated for students just beginning its courses, and ap- 
plications for entrance or for information may be addressed to William H. 
Schwanke, President, Wisconsin Guild, 322 E. Wisconsin Street, Milwaukee, 
or to national Headquarters. 
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REDUCED INSURANCE COST MAY STIMULATE THE 
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WEARING OF GEMS 


In the past years, insurance pro- 
tection developed so rapidly that pre- 
miums mounted to such a point that 
many people put their jewelry away 
because of the high cost of pryo- 
tection. 

The trouble as I see it is that the 
premium on insuring jewelry is not 
so high but the protection premium 
on carelessness is very high. I think 
this thought is substantiated by the 
demand for “all risk” policies. Bear- 
ing in mind what the term “all risk” 
means, this coverage must naturally 
command a very high premium be- 
cause of its wide scope. In the ‘all 
risk” policy on jewelry alone, the 
yearly premium on a $5000.00 policy 
is $125.00, and there is no coverage 
on any other personal effects or 
household articles. This latter policy 
offers less protection for more money 
and the excessive premium is merely 
for the privilege of being careless. 

Through the efforts of Mr. Bruce 
Davis of the Lumberman’s Mutual, 
Lloyds of London have agreed to 
write a policy which protects the 
public against robbery, hold-up, lar- 
ceny, ete., for a premium just one- 


you must bear in mind, does not 
insure breakage, loss of a stone, and 
unexplained loss or mysterious dis- 
appearance or any “careless protec- 
tion’. Any London Lloyds agency 
can write the policy and it has found 
favor in a great many instances. 

If the public demands insurance 
on their own carelessness, the pre- 
mium should be high but with ordi- 
nary precaution and care to which 
jewelry of great values is certainly 
entitled, the premium is just one- 
half. 

My interest has not been in a 
policy which would take the place of 
any other policy, as the people who 
want the all risk coverage are cer- 
tainly entitled to it, and it is a won- 
derful form of insurance. The newer 
policy I think is for people who are 
a little older and very much more 
reserved in their mode of living, and 
it will to take the 
jewelry out of the vault and wear it 
with the protection that they want 
against all forms of robbery and not 
against a careless loss.—Note by H. 
Paul Juergens, Qualifying Certified 


enable them 


half of the “all risk” policy. This Gemologist, Chicago. 


NEW RULING 
Special arrangements for additional Associate Members from one firm. 

Where one member of a firm is either a Graduate Member or an 
Associate Member (and therefore a subscriber to Gems & Gemology), and 
other members or employees of the firm wish to attend Guild meetings but 
do not wish to subscribe to Gems & Gemology, they may become Asso- 
ciate Members of the American Gem Society (so long as they are employed 
by that firm) upon the payment of $1.50 yearly as dues to the National 
Society. This does not apply to additional Graduate Members. All Gradu- 
ate Members must subscribe to Gems & Gemology and if also Registered 
Jewelers, must answer yearly questionnaires upon all subjects in Gemology 
marked (in footnotes) “A.G.S. Research Service.” 


Gems & Gemology 


A bi-monthly periodical, without paid advertising, supported by subscriptions from 
Gemologists and other gem enthusiasts, aims to increase the gem merchant’s knowledge 
and ability in order that he may protect more thoroughly his customers’ best interests. 
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EDITORIAL FORUM 


European Jewelers Revise Gem Nomenclature 


International Nomenclature of Ad- 
missable Trade Names of Precious 
Stones, Synthetics, Doublets, Imita- 
tions and of Pearls is the imposing 
title of the most recent report of 
the B.I.B.0.A. (a European associa- 
tion of jewelers). However, the 
nomenclature presents a sharp con- 
trast to its involved title. 


No Newly-Coined Terms 

This new publication shows a great 
advance over the first suggestions 
which were made by the B.I.B.0.A. 
when such terms as “Topaz Saffra- 
nite” for transparent yellow quartz 
were proposed. Terms of this na- 
ture were perhaps adopted in an 
attempt to satisfy various opposing 
factions at the meetings. Evidently 
even such compromises were not 
satisfactory, for the present nomen- 
clature contains no “especially- 
coined” terms. 


Too Simple for Trade Usage? 

Through repeated revision the 
nomenclature has been very much 
simplified. The American trade 
will probably feel that it has been 
over-simplified, since it largely 
eliminates the use of such classifica- 
tions as “Burma Ruby” and “Wes- 
selton Diamond.” 


The Question of Observation 
of Rulings 
Whether the European trade, to 
which these rulings will apply, will 


generally observe the nomenclature 
is a matter which will be watched 
with keen interest. In America 
there are many dealers who object 
to such nomenclature because they 
believe, often without reason, that 
the continued use of traditional or 
favorite terms assist their sales, re- 
gardless of the fact that they may 
be misleading to the buyer. How- 
ever, the students and many of the 
enthusiastic supporters of the G.I.A. 
and A.G.S. in the American trade 
have for some time been adhering 
to the nomenclature accepted by 
these organizations, a system which 
on the whole is very similar to that 
of the B.I.B.0.A. 


Scientists Will Be Pleased 

The present system of B.I.B.0.A. 
nomenclature is, in the main, of 
great scientific accuracy. It con- 
tains a few points which need revi- 
sion in order to make it entirely 
uniform, but the critical test of it 
will probably not be its approval by 
scientists but its acceptance by the 
members of the trade which it is 
designed to benefit. 


Let Us Have Your Comments 

Gems & Gemology is especially 
anxious to receive comments on this 
system of nomenclature from its 
readers. A more complete analysis, 
by Robert M. Shipley, of the 
B.1.B.0.A. rulings will be found on 
page 293 of this issue. 


Gems & Gemology is the official organ of the American Gem Society and in it will appear 


the Confidential Services of the Gemological Institute of America. 


In harmony with its 


position of maintaining an unbiased and uninfluenced position in the jewelry trade, no 
advertising is accepted. Gems & Gemology does not intend to overlap the field of any other 


periodical in America or England. 


Contributors are advised not to submit manuscripts without first assuring themselves 


that the information contained in them is of scientific accuracy. 


Manuscripts not accompanied 


by return postage will be held thirty days and destroyed. 
Any opinions expressed in signed articles are understood to be the views of the author 


and not of the publishers. 
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Gem Sales Show Upturn 


In the editorials of the August 
issue of Jeiwelers’ Circular-Keystone 
the fact is brought out that sales 
of gems are increasing. This point 
is substantiated by numerous re- 
tailers throughout the country, par- 
ticularly by those men who have 
studied the courses of the Gemologi- 
cal Institute and of the American 
Gem Society. It seems to us that 
much of the credit for the increased 
demand can be given to these two 
educational organizations which have 


shown the retailer how to interest 
his customers in precious stones. 

In the same issue of the Jewelers’ 
Circular-Keystone appears an ar- 
ticle describing the methods em- 
ployed by John F. Vondey of San 
Bernardino—one of the Institute’s 
students’—to build up his 
extremely satisfactory gem business. 
Mr. Vondey credits a great part of 
his success to his study of the 
courses of the Gemological Institute. 


“star 


A Question— 
From What Country Is the Hope Diamond 
Thought to Have Come Originally? 
—See The Hope Diamond, 
page 277. 


CHAIRMAN VISITS MEMBERS OF THE BOARD OF GOVERNORS 


George C. Brock, chairman of the Board of Governors of the Institute, 
left Los Angeles July 27 for a trip to New York and other large cities, 
during which he will confer with several members of the Board regarding 
matters of policy connected with the Institute. 
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THE DIAMOND MARKET 


Generally speaking, the outlook in the diamond markets of the world is 
optimistic. The price of cut goods at Antwerp and Amsterdam has not shown 
an advance during the past few weeks, but the Diamond Corporation has 
promised a 712% increase in the price of the rough which will be shown at 
the September “sight”. There is considerable demand at present for melee 
and eight-facet stones, and the price on these stones shows a corresponding 
increase. Small brilliants are also being sought. These sales can probably 
be traced directly to the increasing use of diamond-set wedding rings in 
the U.S.A. 

H. J. O’Brien, in the Wall Street Journal of July 11, discusses the buying 
of large diamonds as a “hedge” against inflation. He points out that ‘in 
some instances buyers are ordering delivery made direct to safe deposit 
boxes —’”. Increased buying of small and moderate-sized stones for personal 
wear is also reported. Mr. O’Brien states that the price of cut stones has 
increased 35% since 1933, but that it is still substantially below the 1928-29 
peak. 


The pronounced increase in demand for industrial diamonds furnishes 
indication of growing business activity. “Orders have been especially brisk 
from the Detroit automobile area as well as from mining regions where they 
are used for boring purposes.” 


GEMOLOGICAL TITLES AWARDED 


During the month of July the following retail jewelers passed examina- 
tions permitting the use of titles: 


Qualifying Certified Gemologists 


Hubert A. Fischer. Chicago Clayton G. Allbery, Cleveland 


Registered Jewelers American Gem Society 


OHIO PENNSYLVANIA 
Tudor Newstedt, Cincinnati 
Frank B. Bromley, Shaker Heights 


Joseph P. Carden, Scranton 


Graduate Members American Gem Society 
OHIO 


Charities Carolyne, Youngstown 


In Collaboration with 
A. McC. BECKLEY 


THE HOPE DIAMOND 


The Hope Diamond, now in the possession of Mrs. Edward McLean of 
Washington, D. C., is one of the few truly blue diamonds in the world. It is 
an unusual stone, combining as it does a pronounced color with the flashing 
brillianey and fire common to all diamonds. 

The origin of this gem is not known with absolute certainty, but cireum- 
stantial evidence so strong as to be almost irrefutable links it with the blue 
diamond which Tavernier bought in India during his visit there in 1642. The 
stone which this early diamond trader secured supposedly came from a 
mine located on a branch of the Coleroon, which is in the mountain range 
known as the Ghats in Southwest India. In the rough it was “flat and thin” 
and weighed 112% carats. 

In 1668 Tavernier returned to Paris and there sold the blue diamond, 
along with many other diamonds, to Louis XIV. It is believed that Louis or 
one of his successors had the rough stone cut, since a century later the only 
blue diamond in the French Crown Jewels, which fitted Tavernier’s descrip- 
tion, was a triangular brilliant which weighed about 68 carats. 

When Louis XIV gave audience to the Persian Ambassador in Paris, 
February, 1715, he wore gems whose value was estimated at about $60,000,- 
000. One of these, according to reports, was a large blue diamond which he 
wore suspended from a ribbon about his neck. This is the only time that the 
king seems a pathetic figure—pallid and frail and very small. He was to die 
in the fall of that year after a reign of seventy years. What were the 
thoughts of this Persian Ambassador as he gazed at this miniature jewel 
tower? Did he think of the Persian Ruler, Nadir Shah, a man in his 
superb height and great breadth who could wear the jewels of all the 
world with ease? 

In an inventory of the Crown Jewels made in 1791 “a fine light-blue 
diamond weighing 67% carats” is listed. It was stolen in a grand scoop 
with the other Crown Jewels from the Garde Meuble (the Royal Treasury) 
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in Paris in 1792. Of course, so well-known a diamond of such a rare color 
could not easily be sold intact, in any market in Europe, without positive 
detection. Recutting would be the only resort of the thief. 

Evidently this course was followed, and the diamond was cleaved, for 
in 1830, an extraordinary 4414-carat blue gem came into the market. David 
Eliason was the dealer, a man very well known as an expert on jewels. He 
had sold many superb gems to kings and princes and bankers. This jewel 
passed into the hands of Henry Thomas Hope for the sum of $80,000—a 
small sum when we realize that this is a stone which could not be duplicated 
in color and size. Indeed few other blue diamonds of notable size are known. 
Other blue gems are the 13%4-carat Brunswick and the 40-carat Wittlesbach 
Diamond which was recently offered for sale at Christie’s in London. 

This blue Brunswick Diamond came into the market in 1874, when the 
jewels of the Duke of Brunswick were sold. The English gem dealer, Edwin 
W. Streeter (who had the reputation in annals of jewelry sales that Duveen 
has in the world of picture sales), made a close examination of both the 
Hope and the Brunswick and was convinced that they were parts of the 
same stone, the lost “French Blue”, both being identical in color and quality, 
moreover the shape confirmed Streeter in his theory. In the first cutting of 
the stone, when it was owned by the King of France, the shape was triangular 
thin and flat. Streeter believes that “it would have been easy for an expert 
to cleave a triangular piece of about 10 or il carats, the recutting of which, 
as a perfect brilliant, well proportioned, would reduce it to its present weight 
of 4444 carats. The Brunswick jewel “once formed the triangular salient 
protuberance which formerly appears to have characterized the stone now 
known as the ‘Hope Brilliant’.”. This weighs 1334 carats. There is also a 
fragment weighing about 114 carats of the same blue. Any differences be- 
tween the original weight of the “French Blue” and the added weights of the 
Hope, the Brunswick and the fragment may, of course, be accounted for by 
loss of weight incidental to cleaving and treatment. This fragment is now 
one of the brilliant stones in a butterfly composed of colored diamonds which 
was last reported to be in the possession of an English family. 

The Hope family owned the 44-carat blue gem for a number of years 
and from them it took the name which it bears today. In 1851 the Hope 
diamond was shown at the great Exposition in London. In 1867 it was sold 
at Christie’s in London, along with the other gems of the Hope collection. 

The history of the stone about this period is somewhat confused, but the 
following report from “The Romance of the Jewel”, by Francis Stopford, 
may be of interest: 

“There are many other stories of diamonds which are supposed to bring 
bad luck to their owners: for instance the well-known Hope blue diamond, 
which has always been a stone with a curse. It was brought from India by 
Tavernier, the French explorer, who sold it to Louis XIV. Fouquet, the 
king’s famous minister, borrowed the stone, and fell from his high estate. 
Marie Antoinette had forsworn its wear before her proud head was placed 
under the blade of the guillotine. Her favorite friend, the Princesse de 
Lamballe, had occasionally worn it before the ‘Day of Pikes’. In 1880 it was 
bought by Mr. Henry Thomas Hope, from whom it derives its name, for 
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£18,000. He escaped any evil consequences. It then became the property of 
Lord Francis Hope. Lady Francis Hope (a well-known actress), when she 
parted from her husband attributed all her troubles to the Hope diamond, 
and prophesied evil for its purchaser. The stone passed from Lord Francis 
to Mr. Weil, a London diamond merchant, who sold it to a New York jeweler, 
who could not find a buyer for it, and fell into financial trouble. The un- 
lucky gem found a buyer in M. Jacques Colot, a French broker, who paid 
£60,000 for it. He sold it to a Russian, Prince Kanitovski. The prince lent 
the diamond to a beautiful actress at the Folies Bergéres, and shot her from 
a box in the theatre on the first night she wore it. A few days afterwards 
the prince was stabbed by revolutionists. Colot had not got rid of the evil 
heritage of the diamond, as he went mad and committed suicide. The next 
aspirant for disaster was Simon Montharides, a Greek jeweler, who is said 
to have been thrown over a precipice and killed. From Montharides it passed 
into the custody of Abdul Hamid, who speedily lost his throne.” 


THE HOPE 


The World’s Largest 
Blue Diamond 
Weight, About 45 Carats 


At least parts of the above account, which was taken from the London 
Daily Express by Stopford, are without foundation in fact. They are 
but a few of the amazing tales of the baleful powers of the Hope dia- 
mond which have been concocted by various feature writers. Another report 
is that at the time the stones were put up for sale at Christie’s, one of those 
interested in it was the Emperor of Russia. The sale failed to materialize 
when the trustees of the Hope estate refused the Emperov’s bill of credit. 

In 1908 the Hope diamond was acquired by Habib Bey at a price re- 
ported to be about $400,000. In 1909 the diamond was again on the market. 
A dealer by the name of Rosenau bought it at auction in Paris for about 
$80,000. 

The last sale of this famous gem was to Edward B. McLean of Wash- 
ington in 1911, the sale price in this case being $300,000. The “curse” of the 
Hope diamond seems to have attacked the McLean family in true traditional 
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style. In 1919 the only son of the family was run down by an automobile and 
killed. Edward McLean, on October 31, 1933, was judged insane. The gem 
is now the property of Mrs, MeLean, who has tried upon several occasions 
to sell it, but without success. 


A blue diamond is exceedingly rare, especially when a rich depth of 
color is combined with great brillancy. A very few quite red diamonds have 
been found and red is still the rarest color, but stones possessing any pro- 
nounced hue of blue are almost as unusual. 


A few authorities do not feel that the blue color of the Hope is of 
especial beauty. The late Godfrey Eacret of San Franciseo, described it 
as being of a slightly greyish blue, the color of the more usual Montana 
sapphire. However, this hue is extremely rare in a diamond. 


CHANGE IN BIRTH STONE LIST AGAIN SUGGESTED 


The directors of the California 
Retail Jewelers Association have 
adopted a resolution to be presented 
to the A.N.RJ.A. at their annual 
convention, urging a change in the 
birth stone list adopted by the 
A.N.R.J.A. in 1912. The changes 
proposed would add or change sev- 
eral alternative stones for various 
months. They would substitute other 
stones for both turquoise and its 
alternate lapis lazuli as December 
birth stone. This would eliminate 
from the traditional lists one more 
stone with some claim as a tradi- 
tional stone for persons born in this 
month. 


At a recent meeting of represen- 
tatives of the mineral societies of 
California and Oregon a resolution 


was adopted “against the proposed 
changes in the traditional list of 
birth stones.” These mineral socie- 
ties are composed principally of lay- 
men interested in the collection of 
minerals. 


The list adopted by the A.N.R.J.A. 
in 1912 contained several important 
changes and substitutions from tra- 
ditional lists, notably the substitution 
of sapphire for chrysolite or sar- 
donyx, which alone had foundations 
in tradition as the September stone. 


Unfortunately many of the stones 
in the traditional lists are lacking 
in popular appeal today, and it has 
been in an effort to popularize the 
list that the majority of changes 
have been proposed from time to 
time. 


IMPROVED GEM-CUTTING MACHINE EXHIBITED 


Recently on view in Los Angeles was a revolutionarily-designed gem- 


cutting machine developed in the Felker Research Laboratory of Torrance, 


California. 


Designed especially for amateur lapidaries, the outfit is con- 


structed to occupy minimum floor space. All operations, including sawing, 
cutting and polishing, may be performed with results which compare favor- 
ably to those achieved in much more completely equipped lapidary shops. 
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Synthetic Beryl 


Following hard on the heels of the “Synthetic Diamond” story 
comes the report of successful synthesis of Emerald. The follow- 
ing articles, however, show that the gem dealer has little to fear. 


Interest in this product is being 
revived in Germany. 

Almost every important gem- 
mineral has been recorded as hav- 
ing been synthetically produced as 
a scientific experiment. However, 
with the exception of corundum, and 
a synthetic substance which more 
or less approaches genuine spinel, 
no synthetic stones have been made 
in commercial quantities, qualities 
and sizes suitable for use in jew- 
elry. Therefore, the synthetic stones 
on the market today are various- 
colored varieties of these two sub- 
stances. 

Synthetic beryl was first reported 
as having been successfully manu- 
factured in France in 1884. Syn- 
thetic beryl crystals of emerald color 
have for several years been in the 
collections of the U.S. National 
Museum and the University of 
Michigan. Kraus and Holden’s Gems 
and Gem Minerals (1981) states: 

“Synthetic Emerald. — While 
many attempts have been made 
to make the emerald syntheti- 
cally, the various methods used 
thus far have yielded only very 
small crystals, These are often 
well developed, but are so small 
that they are of no commercial 
importance. Furthermore, the 
methods are generally compli- 
cated and involve long periods 
of time.” 

As early as 1931 synthetic ma- 
terial had been successfully pro- 
duced in crystal aggregates such 
as the one shown in our photograph. 
This same year gem-stones meas- 


uring as large as 5 millimeters in 
length, 4.5 millimeters in width 
and 3 millimeters in depth were 
apparently cut from such crystal 
aggregates as scientific specimens. 
However, in quality their appear- 


Photograph, Actual Size, of the Ig- 
merald Crystal Tested by the GIA. 


ance was comparable only to a quite 
inferior natural emerald. 

Recently the same, or very similar, 
synthetic material to that just de- 
seribed has been the subject of pub- 
licity in Germany where it has been 
developed and named Igmerald by 
its manufacturers’ (who also pro- 
duced the specimen previously men- 
tioned as being owned by the U.S. 
Museum). There its proposed use 
in jewelry is the subject of propa- 
ganda in which its value as a scien- 
tific masterpiece is being stressed,” 
although it has not yet been placed 
upon the market and it is reported 
to require months or even years to 
produce crystals sufficiently large 
to yield material suitable for jew- 
elry and at a cost of as much or 
more than natural emerald. Opin- 
ions expressed by qualified observers 
are that it still remains commercially 
uncompetitive with natural emerald.' 
No report received would indicate 
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it to be more than it has been for 
many years—a successful scientific 


experiment. 

The substance is being called 
synthetic emerald in Germany. 
However, the results of scientific 


determinations of synthetic material 
which reached the U.S.A. in 198] 
and of a specimen of Igmerald re- 
cently examined in Germany” indi- 
cate that certain properties of the 
synthetic material are lower than 
those of most emeralds. Therefore, 
some gem authorities believe that 
the substance may not be a true 
synthetic emerald but only iso- 
morphous with emerald.*| However, 
natural emeralds with properties as 
low as this substance have been re- 
ported as rarely occurring.® 

Three synthetic specimens — the 
crystal illustrated above and two 
cut stones of .22 carats and .38 
carats respectively — were recently 
examined by the Gemological Insti- 
tute of America. The average of 
their specific gravities was about 
2.64; they exhibited refractive in- 
dices of approximately 1.56. Char- 
acteristic properties of Igmerald re- 
ported by other experimenters, such 
as inclusions, anomalous double re- 
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were verified. An additional char- 
acteristic property of the synthetic 
substance, which may prove of great 
value in detecting it (in the unlikely 
event that this should be necessary) 
was observed in the G.I.A. Labora- 
tory: In ultra-violet light, produced 
by a carbon are and passed through 
a Wood’s filter, the artificial stones 
were found to fluoresce quite 
strongly; the fluorescent color was a 
light orange. No genuine emerald 
yet tested in the G.I.A. Laboratory 
has been found to exhibit more than 
very faint fluorescence under the 
above conditions. 

The material was very cloudy or 
turbid and while some of it was of 
fair emerald color, experienced gem 
dealers and lapidaries estimate that 
natural stones of the same color 
and quality would not be worth more 
than a few dollars per carat. The 
uncut crystals are particularly in- 
teresting because all of their faces, 
both prism faces and basal pina- 
coids, are noticeably concave. 

The synthetic material recently 
examined in Germany” and England’ 
revealed the physical qualities as 
listed in the following table, in which 
are also listed the properties of 


fraction, and absorption spectra, specimens of natural emerald: 
Specific Birefrin- 
Gravity Refractive Indices gence 
England 
Igmerald ......0.0..-- eee 2.66 1.5647 1.5660 0013 
Colombian Emerald................ 2.698 1.565 1.570 005 
S. African Emerald................ 2.765 1.586 1.593 007 
Germany 
Tgmerald .................---- ee 2.662 1.5606 1.5644 .0038 
Colombian Emerald................ 2.694 1.5632 1.5690 0058 
Colombian Emerald................ 2.688 1.5696 1.5751 .0055 
Brazilian Emerald................. 2.676 1.5679 1.5732 0053 
Siberian Emerald......02.0000...... 2.703 1.5734 1.5795 0061 
Siberian Emerald... 00... 2.703 1.5748 1.5810 0062 
S. African Emerald... 2.718 1.5805 1.5870 0065 
S. African Emerald... 2.726 1.5807 1.5873 0068 


All observers report the material 
also to be turbid, and the published 
conclusions of Dr. Eppler’ (roughly 
translated) are: 


1. The new synthetic emerald 
(substance) of the I. G. Farben- 


industrie can with certainty be dis- 
tinguished from all natural emeralds. 
2. It possesses a lower refractive 
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curved striae by which synthetic 
corundum is identified. 

Statements regarding this syn- 


thetic substance have kindly been 
submitted to Gems & Gemology by 
Dr. Karl Schlossmacher, well-known 
German mineralogical authority, by 
G. O. Wild of the German Gesell- 
schaft fir ERdelsteinkunde (institute 


index, less birefringence, and a lower of precious stone science), and by 


specific gravity than the natural B. W. Anderson, director of the Eng- 
emerald. lish Gemological Laboratory, and 
8. It exhibits entirely different are published herewith. 


liquid inclusions arranged in a man- 
ner characteristic to it. 

4. It shows an anomalous double 2. 
refraction which may be used as an 
indication toward its recognition. 

Because of difference in the method 
of manufacture, inclusions in this 
material do not resemble the char- 
acteristic inclusions of bubbles and 


‘Deutsche Goldsechmiede Zeitung, February 
1935, page 8. 
“Deutsche Goldschmiede Zeitang, June 16, 
1985, page 244. 
Jeutsche Goldschmiede 
1985, pages 144-146, 
‘Chemical compounds which have an analo- 
gous composition and a closely related erys- 
talline form are commonly said to be 
isomorphous. (Dana’s Textbook of Min- 
eralogy.) 
"The Gemoloyist, 


Zeitung, April 6, 


May, 1935, page 297. 


SYNTHETIC EMERALD 
by 
PROF. DR. KARL SCHLOSSMACHER 
University of Konigsberg, Konigsberg, Prussia 


The synthesis of the Emerald is an achievement. The scientists who 
had the first success in the making of synthetic Beryls, of which Emerald 
is but a variety, were Hautefeuille and Perrey. Their work dates of 1884 
and was done in Paris. They produced sma!] crystals measuring fractions 
of a millimeter so that their work had no practical consequence. In 1894 
a German scientist, Traube, arrived at the same product by a different 
process but his stones were also of no commercial importance. Quite 
recently only it was possible to make larger stones, even if they are of no 
marketable size as yet. They are the success of several years of research 
of the two German chemists Dr. Espig and Dr. Jaeger of the I. G. Farben 
concern at Bitterfeld. The color is identical with that of the real stones 
and according to measurements of the author the absorption curve is also 
the same as that of natural stones. Even flaws of distinct shape in natural 
Emeralds are to be found in the synthetic product and it will be a task 
for science to find means of differentiating between the two. 


It may be stated that it has been impossible up to date to make stones 
of any importance as to size. Several millimeters square are about the 
utmost that has been produced and the cost of their production is said 


to be higher than that of equal genuine material. The present groups of 
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intergrown crystals are not suitable for cutting but allow only small 
portions to be used for gem material. It is impossible at the present time 
to tell anything about the goal at which the makers are driving. The 
point of view at present is that that matter is only of scientific importance. 
The makers assure the trade that they have no intention to make any 
practical use of their achievement. For this reason the public has been 
acquainted with the matter in a new and unique fashion; a cut stone 
mounted with other precious stones has been sent out as a lottery prize 
at the occasion of a fashionable affair at the German capital. The press, 
the radio and the pictorials have at the same time published news about 
the matter so that the entire country was well informed. 


IGMERALD 
by 
B. W. ANDERSON 
Director of London Gemological Laboratory 


Recent reports from Germany of precious stone. Under a lens, the 


the Synthesis of emerald by the I. G. 
Farbenindustrie naturally aroused 
considerable interest (tinged with 
uneasiness) in Precious Stone circles. 
Now that the facts about these 
stones are more truly known it is 
to be hoped that any feeling of alarm 
will quickly subside, for, in the first 
place, it is very unlikely that these 
“Tomeralds’” will ever be placed 
upon the market to compete with 
the natural emerald; and in the sec- 
ond place, the Igmeralds so far 
available for examination have shown 
distinct differences from the natural 
stones—quite sufficient to enable a 
definite distinction to be made. 


Specimens of the new synthetics 
are extremely difficult to obtain— 
the specimen which we were able to 
examine was most kindly lent to us 
by Herr G. O. Wild, Director of the 
Precious Stone Laboratory at Idar. 
As a gem-stone this speciinen was 
not such as to excite admiration. 
The small size (.108 carat) poor cut, 
and internal markings were such as 
to make the stone far more valuable 
as a scientific euriosity than as a 


Igmerald showed a strongly-marked 
banded structure and curved, crack- 
like markings, as ean be seen in the 
photo-micrograph. The dichroism 
was strong enough to be clearly 
visible to the naked eye, the twin 
colors being a deep bluish green and 
a paler yellowish green. 


Physical Properties 

The specific gravity (2.66), refrac- 
tive indices (€1.5647 and » 1.5660) 
and particularly the birefringence 
(.0013) were found to be unusually 
low, and provide means of distinc- 
tion from the natural emerald. In 
this connection it is interesting to 
note that determinations on another 
specimen of Igmerald at Hamburg 
University (as reported by Dr. 
Eppler in the Deutsche Goldschmiede 
Zeitung) yielded very similar 
results: specific gravity, 2.662; re- 
fractive indices, 1.5606 & 1.5644; 
birefringence, .0038. In our case the 
birefringence was too small to be 
measurable on a Tully refractometer. 

Anomalous double refraction, due 
to strain, which is very rare in 
natural emerald, was observed both 


in the Hamburg specimen and in the 
Igmerald we examined. One fur- 
ther significant feature of the syn- 
thetic stone was at once noticeable 
when we examined its absorption 
spectrum with a direct-vision prism 
spectroscope. In the red and orange 
the usual narrow bands, due to 
chromium, were present, but in addi- 
tion to these we observed two new 
bands in the yellow at wavelengths 
6060 and 5940, which were particu- 
larly strongly developed in polarized 
light (extraordinary ray) and at 
once revealed that the stone was not 
natural, A Laue photograph was 
taken, in the direction of the hexa- 
gonal axis, and gave a pattern appar- 
ently identical with that given by 
natural beryl. 

To sum up, it will be seen from 
the above account that the internal 
structure, strong dichroism, anomal- 
ous double refraction, characteristic 
absorption spectrum, and low bire- 
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fringence, specific gravity and re- 
fractive index, all provide means of 
distinguishing the Igmerald from 


The Internal Markings of a Fash- 
ioned lymerald, as Seen Under 
it Magnifications 


the natural emerald. Actually, ow- 
ing to the laborious process involved 
and the high cost of production, it 
is unlikely that these synthetic 
emeralds will ever appear on the 
market. 


SYNTHETIC EMERALD 
by 
GEORG O. WILD 
Gesellschaft fur Edelsteinkunde, Idar, Germany 


The synthetic Emerald, which has lately been produced by two German 
scientists of the I. G. Farben concern, does not entirely merit the fuss 
which was made about it. 


It might be argued that the situation was similar when the first Rubies 
were secretly put on the market. The outsider might believe this. However, 
there is a vast difference between the crystallizing powers of Corundum 
and Beryl. While the first possesses to a high degree the urge to form 
crystals, the latter is almost entirely free from this tendency. Years 
are required to bring the atoms of the complicated structure of Beryl into 
their position, while a few seconds suffice to form Ruby or Sapphire crys- 
tals. The only obstacle in the way of the commercial production of 
the Ruby was a mere technical and not a fundamental one, while with 
Beryl the problem is vital. The ruby split and cracked into many small 
pieces during the cooling period, which for the sake of cheap production had 
to be shortened as much as possible. Once this was overcome there was no 
obstacle to mass production. The same factor, time, enters the production 
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of Beryl only in a different way. To cut it down an intricate set of apparatus 
and machinery is required, so that the commercial production may be ques- 
tioned for years to come. Whoever knows what it means to keep constant 
high temperatures between 2000 and 3000 degrees Fahrenheit will be able 
to imagine what it means to “squeeze” the Beryl atom into the crystal state. 
A period of several years is probably required to do this, during which time 
the temperature has to be kept constant within a degree of even fractions 
of it. Deviations will ruin the long prepared process and possibly spoil the 
last period of growth, It is not known along which lines the synthetic 
Emeralds have been produced today, but it may be assumed that they are 
along those followed by Hautefeuille and Perrey. 

It may be said that, while the Ruby production is a crude process, where 
any well-trained workman with the necessary experience can watch over a 
number of furnaces, the making of the synthetic Emerald is a most difficult 
matter to be compared with the work of a highly trained surgeon. By its 
very nature it cannot enter into a stage of mass production. The amount 
which has to be invested in the form of time and apparatus for the making 
of a small individual erystal is entirely out of proportion to the value of 
the desired product. 


GEMS DISPLAYED AT SAN DIEGO FAIR 


The Pacific International Exposition at San Diego is disappointing 
from the standpoint of one who wishes to see fine gem stones. Many booths 
exhibit jewelry, but few of them are worth studying. Prince M. U. M. Salie 
of Ceylon exhibits fine stones from the Orient—particularly sapphires, star 
sapphires and moonstones. J. W. Ware, Qualifying Certified Gemologist of 
San Diego, has constructed a full-sized model of a California gem mine; 
it represents the type of working from which many of the gems he displays 
have been taken. Of particular interest in the accompanying display are 
three fine blue topaz which Mr. Ware has mined and eut. The largest of 
these was declared by the late G. F. Kunz to be one of the finest gem-topaz 
in the world. Both of the above displays are in the Palace of Better Housing. 

In the Electrical Building is the exhibit of Philip Klein of San Fran- 
cisco. Only genuine stones are displayed, many of them in platinum or gold 
mountings manufactured by Klein’s. The famous Monte Alban jewels from 
Mexico will be shown at the Exposition when they reach San Diego early 
in August. Also, the permanent mineral collection in the San Diego 
Museum, which is on the Fair grounds, contains many fine gem specimens 
and should be visited by every gemologist. 


Do You Know— 
What Is an Endoscope? 


—See Gemological Glossary, 
page 291. 
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The Jeweler Tests His Metals 


Are you sure that the articles you sell are correctly stamped? 


The 


author stresses the ease with which you can find out for yourself. 


by 


Cc. M. HOKE 
Author of “Testing Precious Metals,’ New York 


The philosopher says Know Thy- 
self. 

The 
Goods. 


customer says Know Thy 

And the wise retailer obeys. All 
of us, as buyers, have had the ex- 
perience of entering one store and 
finding ignorance, and entering an- 
other store and finding knowledge. 
And whether the goods be socks, dia- 
monds, bananas, or municipal bonds, 
our tendency is to purchase from 
the man who literally knows his 
stuff and to return to his store again 
and again, with confidence and re- 
spect. 

Realizing this, the jeweler of to- 
day studies every aspect of his wares 
—the fashion aspect, the sentimen- 
tal or romantic aspect, and the ma- 
terial aspect. 


The Need for Testing 

Aside from the fact that a knowl 
edge of his goods makes him a more 
successful salesman, there are other 
reasons for knowing their character 
and intrinsic value, primarily his 
legal responsibility. A seller of gold, 
silver, or platinum jewelry that has 
the quality stamp, is responsible for 
its quality—whether he manufac- 
tures it or not. During recent 
months, when much old jewelry has 
been turned in and assayed, it has 
been proven that a tragic proportion 
of stamped jewelry is below stand- 
ard. An article by Mr. G. H. Nie- 
meyer, chairman of the Jewelers’ 
Vigilance Committee, in the May 16 
issue of The Manufacturing Jeweler, 


discusses this subject in an able man- 
The jeweler must know his 
goods both for his customers’ sake 
and his own. 


ner. 


But this is not all, he wants to do 
more than to say merely: “This is 
white gold,” or “This is platinum”’. 
He knows the value and the pleasure 
of being able to say, for instance, 
“This 18-k white gold has been 
whitened by nickel; this other 18-k 
gold, of nearly the same appearance 
but higher price, was whitened with 
palladium; though both are excel- 
lent metals, the latter will hold its 
color better and will always be of 
higher intrinsic value.” He follows 
this with a little chat on the plati- 
num-group metals, and a sale is 
made. 


The Ease of Testing 
Fortunately it is an easy task to 
test jewelry,—and without injury to 
it. Many of us who have seen old- 
gold buyers file deeply into an ar- 
ticle, then drop acid into the cut, 
have assumed that any test is sure 
to damage the article beyond repair. 
This is far from the truth. One of 
the most useful of all tests can be 
made without the slightest injury; 
most others can be made so as to 
leave only a minute trace—a trace 
no more noticeable than the tiny 
scratches that watch-repair men 

make to identify their work. 


Specific Gravity 
For example, the specific gravity 
test is applicable to many cases, and 
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is made without injury to any article 
that can withstand plain water, 
since it involves merely weighing it 
as usual, then hanging it on a thread 
and weighing it again while it is 
immersed in water. A little arith- 
metic on the jeweler’s part will then 
tell him the specific gravity of the 
object. The student of gemology is 
already used to testing the specific 
gravity of gem stones. 

With the precious metals the 
method described above, in which the 
article is weighed first in air, then 
in water, involves only a balance, a 
few moments of time, and no dam- 
age to the jewelry. Anyone using 
the figures thus obtained cannot pos- 
sibly confuse white gold with stain- 
less steel, white gold with high grade 
platinum, platinum with palladium, 
nickel with silver, yellow gold with 
brass, nor most filled gold with solid 
gold. It is even possible to deter- 
mine roughly the karat of gold arti- 
cles, and to distinguish between 
iridio-platinum and _ palladio-plati- 
num. 

One limitation of the method must 
be noted; if the article contains 
stones, either the stones must be re- 
moved, or if the specific gravity of 
the complete article is taken, allow- 
ance must be made for the stones. 
This latter is not easy to do. Also, 
care must be taken to avoid jewelry 
in which two or more alloys are em- 
ployed, such as _ platinum-topped 
gold, or sterling silver that is gilded. 
However, these combinations requliie 
care no matter what method of test- 
ing is employed, so this fact is no 
criticism of the specific gravity 
method. 


Touchstone Tests Need Not 
Injure Jewelry 


In spite of the custom of old-gold 
buyers, which is usually to ruin any 
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article that is tested on the touch- 
stone, this damage is not necessary. 
Men accustomed to handling watch 
parts, and to whom the use of the 
loupe is natural, can readily learn 
a sort of semi-micro technique for 
testing jewelry. First they make a 
tiny cut in some inside part of the 
article, using a jeweler’s saw—fine 
as a horse-hair—then a minute drop 
of the proper acid is introduced, 
and its action watched under the 
loupe; then it is washed off thor- 
oughly, Following that a streak may 
be made on a touchstone if desired, 
for comparison with standard 
streaks; a short streak is 
enough, involving almost no injury 
to the article, and it in turn can 
be tested with a small drop of acid, 
and watched with the loupe or hand 
lens. Even if the article should have 
been spotted or scarred by this 
treatment, the expense of re-gilding 
it is small, and the satisfaction of 
knowing its quality is considerable. 


single 


Practice Is Easy and Inexpensive 

Every jewelry shop within the 
range of the Depression contains a 
few articles of no sales value—arti- 
cles of gold or silver or platinum, 
now outmoded or for some other 
reason waiting to be disposed of as 
old metal. In many cases the qual- 
ity of the metal is known. What 
better way of realizing part of its 
value is there than to utilize these 
articles in training every employee 
in methods of testing’? The beginner, 
when making touchstone tests, is apt 
to make too conspicuous a cut, use 
too much acid, make too many streaks 
on the stone, etc., and of course he 
does not learn how to interpret the 
tests without some practice of hand 
and eye. This outmoded jewelry is 
precisely the stuff for him to learn on. 

The older members of the staff no 


doubt already know these tests, 
especially as applied to gold. But 
even they—-even many otherwise 
capable gold-buyers—are not fta- 
miliar with all the new tests for 
platinum, palladium, etc., notably 
those that enable one to detect 
palladium in white gold or platinum, 
to detect nickel in jewelry or dental 
alloys, to detect gold when used as 
an adulterant in platinum, and so 
on. These tests require only a few 
additional bits of equipment, a few 
additional chemicals, and they are 
fascinating to use and profitable to 
depend upon. 

To the younger members of the 
staff, these tests offer an inexpensive 
and delightful road to that knowl- 
edge of jewelry which makes a sales- 
man both happy and successful. 


Expensive Ignorance of White 
Alloys 


White alloys range in value from 
a few dollars a ton—as in the case 
of stainless steels—to a value even 
higher than that of 18-k gold—as 
in the case of iridio-platinum. Sadly 
enough for the gold buyer, stainless 
steels present a handsome appear- 
ance and have a strange resistance 
to acids. 

That is, some acids—notably ni- 
tric acid and aqua regia. Now, there 
is no special magic about nitric acid, 
there being other acids of compa- 
rable strength, but to jewelers it has 
traditional virtue. If a metal resists 
nitric acid, they think of it as 
“noble”. If not, they call it “base”. 

There are obvious objections to 
this tradition. Palladium, a metal 
of the platinum group, and as fine 
a jewelry metal as ever known, dis- 
solves promptly in nitric acid; so 
does silver. Steel, chromium, and 
aluminum, all base metals, are 
strangely resistant to it. 
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However, some jewelers still rely 
solely on nitric acid or aqua regia 
for distinguishing between expensive 
metals and cheap ones! As a result, 
many of them have been cruelly 
punished. Thousands of dollars 
have been paid out for stainless steel, 
worth a few cents a pound, under 
the misapprehension that it was 
white gold, simply because the buy- 
ers had neglected to learn the few 
easy tests that would tell the dif- 
ference in a trice. 


In some cases, losses were taken 
in silence, because the jewelers and 
loan brokers involved were unwilling 
to admit their ignorance of how to 
test metals. 


Old White Metals Now 
Profitable 


Among the hordes of gold buyers 
that sprang into activity recently, it 
was noticed that most of them re- 
jected white metals, and would buy 
only yellow gold. In view of the 
value of iridio-platinum and many 
dental alloys, the cause of this dis- 
crimination is seen to be simple ig- 
norance of metals and their values. 
Because of this ignorance, many 
pieces of excellent white metal in 
which gold, platinum, or palladium 
were constituents, are still on the 
old-metal market. The owners, dis- 
couraged by this lack of interest, 
have acquired a sort of inferiority 
complex regarding their goods, and 
are willing to sell it at a low price. 
When a buyer with proper training 
meets such owners, he can pick up 
bargains. 


Has White Gold Lost Its Vogue? 


Fashion swings back and forth 
like a pendulum. In 1880 we ad- 
mired yellow gold jewelry, the more 
massive the better. In 1920 we ad- 
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mired white jewelry, the more lace- 
like the better. Now in 1935 we are 
swinging back to yellow gold again. 
A contributing cause is the fact that 
some of the early white gold alloys, 
hastily compounded in war times, 
were of poor working quality and 
bad color. 
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The yellow gold of 1880 is going 
back to the melting pot. The un- 
wanted white jewelry of 1910-1929 
should go with it, hastened on its 
way by the enlightened jeweler, back 
to the form of bullion, whence it 
can be made up again into new ar- 
ticles of present day appeal. 


GEMOLOGICAL INSTITUTE RECEIVES EQUIPMENT 
AND SPECIMENS 


A few weeks before his death, Mr. 
Godfrey Eacret, Chairman of the 
Board of Governors of the Institute, 
presented a very fine ultra-violet 
ray apparatus to the laboratory —- 
only one of his many generous gifts. 
The instrument is a Kromayer mer- 
cury vapor quartz tube burner 
manufactured by the Hanovia 
Chemical Co. It is a very strong and 
steady source of ultra-violet light. 
This burner is so mounted as to be 
used readily as a source of light for 
use with a microscope as well as in 
the usual type of ultra-violet work. 


Securing cut stones to use in the 
practical examination required of 
candidates for the title Certified 
Gemologist presented a serious prob- 
lem when the examinations were first 
being prepared, since the collection 
of gems owned by the Institute was 
very limited. However, several firms 
responded at once when material 
suitable for the examination was 
solicited. Large lots of cut stones 


More Technical— 


were loaned by Tilden-Thurber, Inc., 
of Providence; by the American 
Gem and Pearl Co. of New York; 
and by C. B. Brown and Co. of 
Omaha. 

Wilbur A. Sweeney, who has been 
working with the laboratory staff 
of the Institute in development work 
on instruments, has presented a 
number of pieces of chemical equip- 
ment. These include a series of cru- 
cibles, distillation apparatus, flasks, 
ete. The principal application of 
this equipment will be in the prep- 
aration of various liquids useful in 
gem-testing —for instance, in dis- 
solving sulphur in methylene iodide 
for use with the refractometer. 


Cc. A. Allen, G.I.A. student of 
Cranbury, N.J., has sent a repre- 
sentative collection of rough zircons 
for purposes of laboratory experi- 
mentation. These include both treated 
and untreated stones; and since the 
history of each specimen is known, 
accurate research can be conducted. 


How Can a Monochromatic Red Flame Be 


Produced with a Bunsen Burner? 
—See A Gemological Encyclopedia, 
page 295. 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(The key to pronunciation will be found in the January, 1934, issue.) 


Dop (dop). Device for holding dia- 
mond during process of cutting 
and polishing. 

Dop marks. Marks left on diamond 


from dop. 
Double Refraction. When a ray of 
light passes obliquely through 


minerals of the tetragonal, hex- 
agonal, rhombic, monoclinic and 
triclinic systems it is not only 
refracted, but also resolved into 
two rays which travel with differ- 
ent velocities. This is known as 
double refraction. 

Doublet. A real gem cemented to a 
piece of glass cut and colored to 
imitate the real stone, or portions 


of two genuine gems cemented 
together. 

Dravite (dra’vite). Brown tourma- 
line. 


Drilled Pearls. Pearls with one hole 
for setting on peg, or quite 
through the center for stringing. 

Drop Pearls. Oval or pear-shaped 
pearls, not necessarily of perfect 
shape. 

Druse (drooz). A surface covered 
with small projecting crystals. A 
cavity in a rock, having its interior 
surface studded with erystals and 


sometimes filled with water; a 
geode. 
Drusy or Drused. Covered with 


minute crystals closely crowded, 
giving a rough surface with many 
reflecting faces. 
Ductile (duk’til). 
drawn into wire. 
Dull. Not reflecting much light; 
ebsence of luster. 


Capable of being 


Dumortierite (due-more’ti-er-ite). A 
basic aluminum borosilicate. Or- 
thorhombic. Hardness 7. Specific 
gravity 3.26-3.36. Luster vitreous. 
Color bright blue to greenish-blue. 
Transparent to translucent. Pleo- 
chroism very strong. 

Dumortierite Quartz. A massive va- 
riety of quartz. Deep blue and 
violet blue to violet. Opaque. It 
is quartz containing and colored 
by the mineral dumortierite. Its 
blue variety closely resembles 
lapis-lazuli and is improperly 
called “California lapis.” 

Durability. Ability of a gem stone 
to resist chemical and abrasive 
influences. Durability depends 
largely, but not entirely on the 
hardness and the toughness of a 
mineral. 

Dust Pearls. Small 
weighing less than 
grain, 

“Dutch Bort.” Zircons found in the 
South African diamond mines. 


seed pearls 
1/25 of a 


Dyke. See Dike. 

Earthy. Consisting of minute par- 
ticles loosely aggregated; clay- 
Uke, dull. 


Eclogite (ek’loe-jite). A rock found 
in the diamond “pipes” thought 
by some scientists to be the origi- 
nal matrix of the diamond. 

Edelsteinkunde (German). The Sci- 
ence of Precious Stones. 

Edisonite (ed’‘i-sun-ite). Mcttled blue 
turquoise. 

Effervescence (ef”er-ves’ens). Evolu- 
tion of gas in bubbles from a 
liquid. 
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Egg Pearls. Ovoid; shaped like an 
ege. 

Ege Shell Turquoise. Turquoise 


with crackled appearance owing to 
fine, irregular arrangement of 
matrix which appears like cracks 
in an egg shell. See also Tur- 
quoise. 

Egyptian Jasper 
Banded _ yellow, 
black jasper. 

Egyptian Pebble. Egyptian Jasper. 

Elaeolite (ee-lee’oe-lite). See Nephe- 
lite. 

Elastic (ee-las’tik). The property 
of springing back to its original 
form when bent, as in thin sheets 
of mica. 

El Doradoite. Trade-name for a blue 
variety of Quartz used as gem- 
stone; from El Dorado County, 
California. 

“Electric Emerald.” 
tion of Emerald. 

Electrons (ee-lek’tron). The particles 
or electric charges which make up 
the greater portion of the atom 
and which revolve about the nu- 
cleus of the atom. See also pro- 
tons. 

Electrum (ee-lek’trum). Alloy of 
gold and silver, also obsolete name 
for Amber. 

“Elie Ruby.” Red pyrope (garnet) 
from Elie, Scotland. 

Emerada. Trade-marked name for 
a yellowish-green synthetic spinel. 

Emerald (em’er-ald). The most valu- 
able variety of the Beryl species. 
Color, bright emerald-green, due 
to the presence of a little chro- 
mium. 

Emerald Cut. A square form of 
cutting in which all facets are flat 
and parallel to the girdle. See 
also square-cut, step-cut, trap-cut. 

Emeraldine (em’er-al-din or dine). 
Chalcedony artificially colored 


(ee-jip’shun). 
red, brown or 


A glass imita- 


GEMS & GEMOLOGY 


green. 

“Emerald Malachite.” See Dioptase. 

“Emerald Triplet.” An assembled 
stone. Usually consisting of a top 
of beryl of lighter or different 
color from Emerald and sometimes 
of a base of the same mineral. 
The term is also applied to an 
assembled stone of rock crystal 
top and back with a green separa- 
tion layer. 

Emeraldite 
tourmaline. 

Emery (em’er-i). Impure granular 
variety of common corrundum. 

Enamel (en-am’el). A vitreous com- 
position usually opaque or semi- 
opaque, applied by fusion to the 
surface of metal, glass, or pottery 
for ornament or protection or as 
a basis for decoration, 

Enantiomorphous (en-an’ti-oe-mor’- 
fus). Forms related to one another 
as is the right hand to the left; 
hence not superimposable. 

Endoscope (en’doe-skope). An in- 
strument used to discriminate be- 
tween drilled true and cultivated 
pearls. 

“Endura Emerald.” A trade term 
applied to any kind of green glass 
though originally applied to a 
special type. 

“English Crystal” or “Full Crystal.” 
Used for fine tableware, including 
“Cut Glass.” See also Imitations, 
Glass. 

Enstatite (en’sta-tite). Known in- 
correctly as “green garnet.” Rarely 
found in sizes sufficiently large to 
use as gem-stones. Chemical com- 
position, MgSiO,; Hardness 5%; 
refractive index 1.67-1.70. Trans- 
lucent, yellowish-green to bluish- 
green, 

Epaulet (ep’o-let). A five-sided form 
of the step-cut; its girdle outline 
resembles an epaulet. 


(em’er-al-ite). Green 


(To be continued) 
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Gem Nomenclature in Europe 


ROBERT M. SHIPLEY 
President of the Gemological Institute of America, Los Angeles 


The B.I.B.0.A. (The International 
Association of Jewelers, a European 
organization) has just published 
valuable tables of nomenclature of 
precious stones entitled “Interna- 
tional Nomenclature of Admissable 
Trade Names”. It has been officially 
prepared by this organization to 
establish correct and incorrect nom- 
enclature or terminology in Europe. 
It contains admissable names printed 
in black and inadmissable (incorrect, 
misleading, or deceptive} names in 
ved. The nomenclature is printed 
in four languages. 

Minor criticisms of the contents 
on these tables are possible as is true 
of everything published, but the 
accomplishment marks a great stride 
forward on the principle of protect- 
ing the buying public. The compila- 
tion of the work has obviously been 
laborious, and it seems almost free 
from the influence usually brought 
to bear upon such undertakings by 
selfish interests. The material is the 
result of work by Prof. Dr. Schloss- 
macher, Prof. Dr. Brauns of Ger- 
many, Prof. Michel of Vienna, B. W. 
Anderson of London and others. 


It is interesting to note that the 
majority of correct and incorrect 
names follow the recommendations 
in the table of nomenclature pre- 
pared by the American Gem Society, 
for its Students and Graduate Mem- 
bers. In the preparation of the 
A.G.S. Table many recommendations 
for the elimination of certain trade 
terminology was withheld for future 
recommendation by the Society. This 
was because the A.G.S. classification 


of incorrect or misleading terms al- 
ready made had been considered by 
certain factors in the American 
trade to be too revolutionary. There- 
fore it was deemed best in the 
U.S.A. to withhold several sugges- 
tions for some future time and to 
refer them for consideration by the 
entire membership of the A.G.S. 


However, the B.J.B.0.A. seems to 
have proceeded upon the conviction 
that it was to the best interests of 
both the jewelry trade and to the 
public to immediately make radical 
changes in present trade termi- 
nology. These changes, on the whole, 
have been more revolutionary than 
those established in the A.G.S. table. 
For instance, in their announced 
policy of establishing classifications 
“in fullest accord with the truth” 
the B.I.B.O.A. has established as 
inadmissable “the additions of place 
of origin to any designations” un- 
less they can be applied without 
doubt or the correctness can after- 
wards be proved by testing. This 
establishes as incorrect such trade 
terms as Burma Ruby for any ruby 
other than from the Burma gem 
deposits; the term Ceylon sapphire 
for any sapphire other than one 
mined in Ceylon; Siberian amethyst 
for an amethyst mined outside of 
Siberia, etc. As the names of “trade 
grades,” such terms are in common 
use in the legitimate trade in the 
U.S.A. as classifications to describe 
the color and general appearances 
of stones, so also are such terms as 
Wesselton Diamond which, as com- 
monly used, refers to a color grade 
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and not to the origin. Such use of 
the names of mines in reference to 
diamonds is not practiced in Europe 
and that problem of establishing 
such usage as incorrect did not have 
to be met when they formulated this 
ruling. However, there is a school 
of thought in the American Trade 
which considers the use of such 
terms as unethical. 

The B.I.B.0.A. tables are silent 
upon the use of the term Oriental 
pearl to describe salt water pearls 
from sources which are not in the 
Orient, such as Panama or the South 
Seas. Of course, the use of the terms 
Oriental emerald, Oriental topaz, 
etc., to describe colored sapphires is 
listed as inadmissable because so ob- 
viously misleading as to the nature 
of the species itself. 

The B.I.B.0.A. tables admit the 
use of terms such as, ruby-like spinel 
and alexandrite-like sapphire; estab- 
lish as inadmissable the use of 
the terms ruby-spinel, rubicelle, and 
sapphire spinel; but at the same 
time list sapphire-quartz and topaz- 


Gems & Gemology will be inter- 
ested in receiving opinions of A.G.S. 
Members regarding any of those 
above-mentioned recommendations or 
“prohibitions” as they are called by 
the B,I.B.OA. 
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quartz as admissable. This seems 
the only flagrant inconsistency. It 
would seem that the use of the ad- 
jectives ruby, sapphire and emerald 
as a “prefix” to describe color should 
all be permitted or that only ruby- 
colored, topaz-colored, etc., should be 
approved for such descriptions. 

Stained red, blue, green, brown, 
and black chalcedony is not to be 
sold without the use of the prefix 
dyed, The classifications of the 
terms chalcedony, agate and onyx 
do not seem entirely scientific or 
consistent. For instance, the pro- 
hibition of the use of the term chal- 
cedony in describing bluish agate and 
the use of the term agate for both 
solid-colored or banded chalcedony 
would seem difficult of rationaliza- 
tion by an American customer 
familiar with mineralogical classi- 
fication. However, as mentioned, 
these are minor criticisms of what 
Gems & Gemology’s contemporary, 
The Gemologist calls “a foundation 
on which a very valuable work will 
be constructed.” 


The booklet is obtainable from 
the B.I.B.0.A., 1 Noordeiende, The 
Hague, Holland, at a cost of about 
$2.65 plus the money order fee and 
is an interesting addition to a gemo- 
logical library. 


“MAXIXE BERYL” 


In the German mineralogical publication Zentralblatt fur Mineralogie, 
1935, a new variety of Beryl has been described by Schlossmacher and 
Klang. Its specific gravity is reported as 2.805, higher than sea green 
beryl but lower than the rose colored morganite. This is the most important 
difference in physical properties from other bluish or bluish-green aqua- 
marines. In composition its principal distinction from other beryl lies in 
the fact that it contains a small amount of boron oxide (0.39%). 

This beryl was found in the Maxixe Mine in the northeastern of 
Minas Geraes, Brazil. The authors suggested the name of Maxixe Beryl, 
but R. Brauns in the Goldschmeide-Zeitung states as his opinion that it is 
an unimportant variety of aquamarine and that a distinctive name for 
it is superfluous. 
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A GEMOLOGICAL ENCYCLOPEDIA 


‘Continued from last issue) 


HENRY E. BRIGGS, Ph.D. 


However, the burning of a non-luminous gas flame colored with some 
metal salt will serve for occasional use. The following salts will produce 
monochromatic light in a non-luminous flame: Lithium, red flame of wave 
length 6700 Angstrom units; Sodium, yellow flame of wave length 5890 
Angstrom units; Thallium, green flame wave length 5350 A.U., ete. 

With the goniometer we must have a prism cut from the mineral to be 
tested. In a faceted gem two opposite facets can usually be used. 

After we have a prism suitable we can either use the perpendicular 
incidence method or the minimum deviation method. 

In the perpendicular incidence method a ray of monochromatic light 
is allowed to pass through the collimator of the instrument and fall per- 
pendicularly upon the face of the prism to be tested. The angle of the 
prism will of course have to be smaller than the critical angle of the 
mineral otherwise the ray would be totally reflected (see total reflection) 
within the specimen. With the telescope find the angle of deviation and 
then from the angle of deviation o and from the angle between the prism 
faces a the index of refraction n may be calculated as follows: 

_ sin (a + 0) 
“sina 


n 


Note: It is necessary to use a table of trigonometrical functions (found 
in most any good trigonometry text-book) to find the sin of the angle read 
from the scale of the goniometer. This caleulution must be made by the sin 
of the angle. 

In the minimum deviation method a ray of monochromatic light is 
allowed to pass from the collimator through the prism which is mounted 
in the center of the instrument. With the telescope find the angle at which 
this ray is least deviated in its passage through the prism. From this angle 
of least deviation and from the angle between the prism faces we reckon 
the ratio or refractive index thus: Let a be the angle of least deviation 
and o be the angle between the prism faces and n be the index we wish to 


determine. 
sm a+ oo 
> 
sin a 
2 


Note. As above you will have to make these culeulations with the sin 
of the angles. 
Spectroscopes 


We will remember that the color of a mineral is due to selective ab- 
sorption. That is all the colors of white light not absorbed, blend to produce 
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the color we see. Oftentimes two minerals which look to be exactly the same 
color will be found to absorb entirely different parts of the spectrum. The 
unaided eye cannot tell what portions of white light are absorbed and what 
is not. However, with the aid of the spectroscope we can see clearly the 
portions of light which are not absorbed and hence we can determine what 
has been absorbed. 


Every different substance has a different way of absorbing light and 
we can make excellent use of this fact to identify gems as well as to 
analyze a great variety of other substances. No chemical analysis is so 
delicate and sensitive as is the analysis of the transmitted spectrum. How- 
ever, the high efficiency of spectrum analysis is so well known that it 
needs really no introduction. We will proceed at once to the use of the 
instrument. 


There are a great variety of spectroscopes on the market and the 
design and methods of handling is so widely different that the author will 
only try to explain their use in a broad way. The optical companies who 
manufacture these instruments will gladly furnish instructions for handling 
their particular design, however, all spectroscopes are comparatively simple 
to use. 


A ray of white light is allowed to pass through the gem specimen into 
the collimator. It will pass from there through a prism or series of prisms 
and to a telescope which can be adjusted to see the spectrum. Some instru- 
ments are complex and have an arrangement for showing the spectrum along 
side a scale. Some of the simpler and cheaper spectroscopes consist of merely 
a little tube and eye piece with a prism or set of prisms in the tube between 
the objective and the eye piece. Other instruments have what is called 
a comparison prism which can be swung into the upper half of the slit 
(objective aperture) so that a ray of day light may be broken up and 
projected beside the band which is partly absorbed, then the two can be 
compared, hence the name “comparison prism”. 


It will be obvious from the foregoing that the spectroscope affords one 
of the most convenient ways of identifying gems and other minerals. The 
author has used it with gratifying results and heartily recommends the 
spectroscope to the beginner. 


NOMENCLATURE OF GEMS 


The common names of most of the gems have been handed down 
through many ages. Names which we use today to designate certain gems 
—such as garnet, amethyst, sapphire, and ruby—are all names which 
originated centuries ago before mineralogy became a science. 


” 


It will be noted that some gem names end with “ite These are gems 
which have been recognized since mineralogy became a firmly-founded 
science. Some of the common names of days gone by have been replaced 
with others, but for the greater part the older names seem to have lived 
down through the years. 

(To be continued) 
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BOOK REVIEWS 


Testing Precious Metals, by C. M. Hoke, second edition, published by The 
Jewelers’ Technical Advice Co., New York, 1933, price $1.00, may be secured 
from G.I.A. Book Dept. 


Particularly valuable at the present time, owing to the advanced price 
of gold and silver and also because of the prevalence in the jewelry market 
of jewelry with misleading or fraudulent descriptions, is a practical text ex- 
plaining in detail the methods of testing precious metals. This book is of 
great value both to the buyer of old metals and to the jeweler who wishes to 
check the authenticity of the metal in new pieces of jewelry in his stock. 

As the author points out in a footnote, incorrectly stamped articles are 
constantly appearing in the trade. The great majority of jewelers wish to 
avoid selling such pieces, even unintentionally. Testing Precious Metals tells, 
in simple language, the various tests which will definitely determine the true 
nature of precious metals. 

The book is carefully written and instructions are clear and easily fol- 
lowed. The work is very brief, covering but some sixty pages, yet the meth- 
ods of testing are presented in sufficient detail to enable even a layman to 
apply the tests. The author is a recognized practical authority in the precious 
metal trades, with the background of a university degree in chemistry. 


Geology, by W. H. Emmons, G. A. Thiel, C. R. Stauffer, and I. S. Allison. 
Published by McGraw-Hill, New York, 1932. 

To quote its preface: “The textbook ‘Geology’ is a brief presentation of 
the subject, prepared for use in a one-semester beginning course for college 
students.” A general knowledge of sciences is presumed on the part of the 
reader, but no specific previous study is necessary. The book is complete in 
itself, as many texts are not, and requires no outside references to atlas, 
dictionary, or encyclopaedia in order to gain a thorough understanding of 
the subject. 

The subject matter is almost exclusively physical geology; only one 
short chapter is concerned with earth history. The style is simple and clear, 
with no attempt to popularize the subject; but the authors explain causes as 
well as outlining processes, and the result is an interesting treatment of 
physical geology. 

Each of the four authors was evidently assigned the writing of chapters 
concerning the subjects with which he was most familiar, a plan which suc- 


ceeds in raising the standard of the text as a whole. 
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Tauchnitz, 1896. 
Precious stones; a popular account of their characters, occurrence, and 
application, with an introduction to their determination, for mineralo- 
gists, lapadaries, jewelers, etc. With an appendix on pearls and corals. 
Tr. fr. the German with additions by L. J. Spencer. London, C. Griffin 
and Co., Ltd., 1904. 
(To be continued) 
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GUILDS 


Devoted to News and Activities of Educational Organizations 
and of Vocational Study Groups and Their Members. 


STUDY GROUPS TO MEET IN SEPTEMBER 


All study groups conducted by the 
A.G.S. or G.I.A. for their students 
will hold September meetings. Be- 
low are listed dates, meeting places, 


and names of instructors: 

Boston: Boston Society of Natura) History. 
September 10th. 

Instructor: Edward Wigglesworth. 

Eastern Pennsylvania: Academy of Natural 
Sciences of Philadelphia, September 19th. 
Instructor: Dr. Samuel G. Gordon. 

New Jersey: Douglas Hotel, Newark, Friday, 
September 13th. 

Instructor: Dr. A. C. Hawkins. 

Pittsburgh: Date and hour obtainable from 
officers cf the Tri-State Guild, Paul Hardy 
(c’o Hardy and Hayes), President. 
Instruetor: Dr. Richard Sherrill of the 
University of Pittsburgh. 

Cincinnati: Date and hour will be obtainable 
from Edward Herschede, c/o Frank Her- 
schede and Co., Cincinnati. 

Instructor: Dr, Otto Von Schliehten, Geol- 
ogy Department, University of Cincinnati. 

Cleveland: Study Northern 
Ohio Guild. Date and place to be later 
advised by officers of Regional Guild. Clay- 
ton Allbery, Secretary, 1641 East 85th, 
Cleveland. 

Washington, D. C.: Date and place of 
meeting obtainable from W. H. Wright. 
eo Galt and Bro., Washington, Chairman 


group of the 


Regional Certification Committee. 


Instructor: Dr. W. FL Foshae. 
Milwaukee: Pfister Hotel. Exact date of 
meeting obtainable from officers of Wis- 


consin Guild, Wm. H. Schwanke, President. 
Instructor: Dr. A. J. Wolcott. 


Chicago: Date and place of meeting ob- 
tainable from Organization Committee, 
Chicago Chapter, Paul Juergens, 55° E. 


Washington, Chairman. 
Instructor: Dr. A. J. Wolcott. 

San Bernardino, Calif.: Will meet in Sep- 
tember to complete Certitied Gemologist 
examinations. 

John F. Vondey. 

Los Angeles No. 1: Will resume weekly meet- 
ings at G.I.A. Headquarters in September 
to complete final assignments before Certi- 
fied Gemologist examinations. 

Leader: Percy F. Jones. 

Los Angeles No. 2: Meeting fourth Thursday 
of each month at G.I.A. Headquarters. 
August 22nd meeting will feature an actual 
demonstration of gem-cutting by Max N. 
Felker. 

Instructor: Robert Shipley, Jr. 

Los Angeles No. 3: Regular meetings sec- 
ond Thursday of each month to begin in 
September. At G.I.A. Headquarters. 
Instructor: Robert Shipley, Jr. 

Long Beach, Calif.: 
night. 
Leader: 


Leader: 


Meeting each Monday 


James Newton. 


JEWELERS USE GEMOLOGICAL PUBLICITY 


Cowell and Hubbard of Cleveland, 
Ohio, have been featuring a series 
of newspaper advertisements on 
gems. The form, type, and copy of 
these advertisements are of the high- 
est character. They feature gems of 
quality and the selection of mer- 
chandise with aid of scientific 
methods by buyers or students of 
gemology. 


The series was also printed upon 


excellent stock for insertion with 
customers’ monthly invoices. Mats 


of this series for insertion in news- 
papers and for printing upon mail- 
ing insertions are obtainable from 
the G.LA. 

George C. Barclay of Newport 
News, Virginia, has been publishing 
an interesting series of newspaper 


300 


advertisements stressing the im- 
portance of diamonds and _ other 
gems as investments, and the un- 
usual protection that is afforded the 


public in buying from Certified 
Gemologists. 
J. B. Hudson, Ine., of Minne- 


apolis, Minnesota, has recently pub- 
lished extremely well-written and 
effective educational display adver- 
tisements regarding diamonds and 
diamond qualities. Especially pre- 
pared sketches of correct and in- 
correct proportions of diamonds have 
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been featuring a series of well- 
written educational advertisements 
on gems. Each advertisement is 
confined to an individual stone and 
consists of well-chosen educational 
copy. In addition to the individual 
stones, they have featured native 
California stones, and jade as the 
Mother’s Day stone. The text of 
this series of advertisements is ob- 
tainable from Myr. F. R. Mathes. 
Richard H. Van Esselstyn and 
Mirabeau ©. Towns, 3 Maiden Lane, 
New York, have prepared an attrac- 


been included in their copy. Imme- 
diately above their signature cut they 
announce the fact that three Quali- 
fying Certified Gemologists serve the 
public in their store. 

F. R. Mathes and G. H. Mathes, 
American Gem Society Registered 
Jewelers of Eureka, California, have 


tive pamphlet for distribution to 


their customers. It contains inter- 
esting facts regarding gems—their 
value as “investments.” Through- 
out the copy the importance of the 
titles, Certified Gemologist and Reg- 


istered Jeweler are featured. 


George A. Arbogast, 55 E. Washington, Chicago, is continuing the pub- 
lication of his series of brochures on individual gems. These are prepared 
for the most discriminating Retail Trade. They are hand set on the best 
laid stock and with a reproduction of the particular gem which is the subject 
of the brochure printed in excellent color. The theme of the introductory 
brochure—‘“Science Dominates Our Age’’—is subtly repeated in the subse- 
quent brochures. These are particularly of value for distribution by Certi- 
fied Gemologist students to their highest class prospects. Mr. Arbogast finds 
that they build prestige and important sales. A portion of the copy of the 
introductory brochure was published on the back cover of Guilds of February, 
1935. Samples and prices are obtainable directly from Mr. Arbogast at 
the address above mentioned. 


A.N.R.J.A. CONVENTION 
The annual national convention of the A.N.R.J.A. will be held at the 
Waldorf-Astoria in New York City, beginning August 26th. Educational 
conferences and addresses are increasingly receiving the attention of this 
organization and its officers are to be commended for the excellent service 
the organization offers to the retail trade, handicapped as they have always 
been by lack of adequate financial support from it. 
It is expected that the G.I.A. and A.G.S. will be represented by a booth 
in charge of the New York Chapter of the American Gem Society and the 
Northern New Jersey Guild. 
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GEMOLOGICAL STUDENT USES ASSIGNMENTS IN 
CLOSING SALES 

Leo J. Vogt, Qualifying Certified Gemologist of the Hess & Culbertson 
Co. of St. Louis, reports an additional effective method of using the 
assignments of the Certified Gemologist course. After interesting customers 
in the purchase of a gem of some particular species, he suggests that they 
take with them the assignment of the course which tells of that particular 
gem. The return of the assignment to Mr. Vogt assures him of another con- 
tact with the customer, and the reading of the assignment has, in many cases, 
been responsible for the sale of important diamonds or other gem stones. 


REGIONAL CERTIFICATION COMMITTEES 


Several Regional Certification Committees, not previously announced, 
are: 
Western Pennsylvania, West Virginia, Eastern Ohio 
Paul Hardy, Chairman, Hardy & Hayes Co., Pittsburgh, Pa. 
M. W. Rehn, Pittsburgh. 
A. B. Powell, W. J. Lukens Co., Wheeling, West Va. 
W. A. Caplan, Jr., Clarksburg, West Va. 
Paul F. Sellers, Altoona, Pa. 
W. G. Spies, Steubenville, Ohio. 
Frederick Kropff, Morgantown, West Va. 
R. B. Smith, Indiana, Pa. 
Cincinnati Region 
Ed Herschede, Cincinnati, Ohio. 
Algernon Chapman, Cincinnati, Ohio. 
Joseph Thoma, Piqua, Ohio. 
Wm. Rindt, Richmond, Ind. 
Nolte C. Ament, Louisville, Ky. 


Eastern Michigan 
Perey K. Loud, Wright, Kay & Co., Detroit. 
F. L. Matheson, Traub Bros. & Co., Detroit. 
Ray Schlanderer, Schlanderer & Sons, Ann Arbor, Mich. 
N. E. Hascall, Norman Hascall & Son, Inc., Toledo, Ohio. 
C. G. Broer, Broer-Freeman Co., Toledo, Ohio. 


CERTIFIED GEMOLOGIST EXAMINATION 

The first of the three portions of the Certified Gemologist examination 
has been completed by seven candidates and seven more are being completed 
as Gems & Gemology goes to press. The second and third portions which are 
to be taken under proctorship and which include the actual determination of 
unknown stones has been completed by one candidate. Several more have 
been sent to the Proctors of a number of the seven first-mentioned candidates. 
The nature of the Certified Gemologist examination was explained in the last 
issue of Gems & Gemology in the Guilds section. The first gemologists to 
be certified will be announced soon. 
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TALKS BY GEMOLOGICAL STUDENTS AT 
JEWELERS’ CONVENTIONS 


Recently R. C. Hoover, Registered 
Jeweler of the A.G.S. of Akron, 
Ohio, was invited to address the 
Canton, Ohio, Jewelers’ Association 
on the subject of gems. He read a 
most excellent paper on gems and 
practical value to the jeweler of a 
knowledge of them. He has gener- 
ously offered the use of his manu- 
script to other Gemological students. 

Dorothy Sartori, Graduate Mem- 
ber of the American Gem Society, 
and daughter of the well-known 
Spokane jeweler, Mr. A. J. Sartori, 
was a speaker at the Washington 
State Jewelers’ Association at the 
Washington Hotel in Seattle. The 
subject of her talk was “The Ro- 
mance of Jewels and Jewelry.” It 
was excellently written—the result 
of much personal research upon her 
part. It is full of inspirational ideas 


for the jewelers. It is equally valu- 
eble as a popular talk by the jeweler 
to groups of laymen or clubs. Copies 
of her manuscript are obtainable 
frcm the Society 


students. 


for delivery by 


It is becoming customary at State 
Jewelers’ Conventions and at many 
meetings of loeal associations to 
feature talks on gems by students 
of the Gemological Institute or the 
American Gem Society. The Ameri- 
can Gem Society maintains a service 
assisting program committees to se- 
cure the services of such speakers. 
A file is being assembled by the 
Society of manuscripts of suitable 
talks and copies may be obtained by 
writing to the Executive Secretary 
of American Gem Society of Los 
Angeles. 


ADDRESSES PHILIPPINE UNIVERSITIES 


Leopold Kahn, Registered Jeweler 
of Manila, P. I., was recently hon- 
ored by a request from the Philippine 
Women’s University to deliver a 
lecture upon Diamonds. The lecture 
prepared by Mr. Kahn was some- 
what scientific in nature and was 
met with the sincere appreciation of 
the student body. Shortly after- 
wards Mr. Kahn was asked to re- 
peat his lecture before the University 
of the Philippines. A set of replicas 
of Famous Diamonds he had on dis- 


play caused a great deal of comment 
amceng the students. He also illus- 
trated the diamond with a large 
wooden model of a round, brilliant, 
cut diamond. 

The complete text of his lecture 
was published in the Women’s Maga- 
zine and the anniversary number of 
the Manila Tribune, together with 
photographs. Almost an entire page 
cf reguiation size newspaper sheet 
was devoted to reporting the lecture. 


REDUCING DIAMOND THEFTS 
Regarding the possibility of reducing diamond thefts, I should make the 


following suggestions: 


That accurate registered diamond sales records be kept by all legitimate 
diamond merchants (i.e. a description of the diamonds as a means of identi- 
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fication) and a duplicate statement issued with the purchase. This would 
trace the true ownership and act as an authorized transfer in resale. Stones 
without this statement or transfer, would not be repurchased. 

Strictly enforced rules governing the repurchase of gems—and requir- 
ing the purchaser to make out a proper report to an authorized city or 
Federal agent. This method would greatly eliminate thefts by discouraging 


the sale of illegitimate Diamonds. 
Note by Edwin E. Olson, Q.C.G., Milwaukee. 


STUDY GROUP MEMBERSHIPS 
Newark Study Group 


Instructor: Dr. Alfred C. Hawkins, former head of Mineraloyical Department of Rutgers 
University, New Brunswick. 
Members: 


Barney Bobek, Little Ferry Samuel Haimann, Morristown L. J. Rad. West New York 
Donald J. Cooper, Bayonne . Jean R. Tack, Newark 

P. J. de la Reussille, Red Bank Kenneth A. Henke, Montclair Bertrond J. Weber, Ridgewood 
Louis Haimann, Morristown H. V. Paul, Newark Jerome B. Wiss, Newark 


Los Angeles Study Group No. 2 


Instructor: Robert M. Shipley, Jr., Laboratory Director, Gemological Institute of America. 
Meeting fourth Thursday of each month at the G.1.A. headquarters. 


Members: 


William Gordon, Fullerton Dorothy Lovell, Les Angeles W. A. Sweeney, Los Angeles 
David Howell, Pasadena Harold Ross, Hollywood E. E. Tompkins, Los Angeles 
D.M. Jasper, Los Angeles E, Vail Shipley, Los Angeles Burt Umstead, Pasadena 
W. R. Leonard, Los Angeles C. L. Smith, Redlands H. L. Woodruff, El] Monte 


Los Angeles Study Group No. 3 
iustructor; Robert M. Shipley, Jr.. Laboratory Director. Gemological Institute of America. 
Members: 


George C, Brock Orville Joy E. J. Smith 
T. B. Buchan G.L. Kronmiller C. H. Terstegen 
Seott Cook 


Eastern Pennsylvania Study Group 


Instructor: Dr. Samuel G. Gordon, The Academy of Natural Sciences of 
Philadelphia, Pennsylvania 


Meeting third Thursday of each month, at Academy of Natural Sciences of Philadelphia. 


Members: 


Cc. A. Allen, Cranbury, N. J. Kenneth MacLennan, Philadelphia, Pa. 
Carl W. Appel, Allentown, Pa. A. Lester Sauter, Philadelphia, Pa. 
Percy L. Appel, Lancaster, Pa. Orrin Siegfried, Allentown, Pa. 

Fred J. Cooper, Philadelphia, Pa. Wilbur Stahler, Allentown, Pa. 

T. Harry Goodwin, Trenton, N. J. W. 3B. Weylman, Vineland, N. J. 


San Bernardino Study Group 
Leader: John Vondey 
Members of the Group: 
Frank Blackstone, Paul Noack, Howard Smith, F. Twogood 
Meeting: Each Monday Night in San Bernardino 
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Material of Value 
to Gemological Students 


A Birthstone Display 


In response to many requests for a series of birthstone 
signs to be used for window display, the American Gem Society 
is developing a set of signs carrying authentic scientific and 
historical information regarding birthstones. These displays 
are designed for use by Associate Members of the American 
Gem Society as well as for students and Registered Jewelers. 
Each sign carries a plate of the gem in color. Further infor- 
mation will be supplied upon request. The series will be ready 
on October 1st. 


Source Maps 


The A.G.S. has available a set of six source maps, cover- 
ing the world gem deposits. The important gems found in 
countries represented by each map are plainly marked. The 
maps are black lines on white background and are easily studied, 
furnishing an invaluable source for review and study by those 
interested in gemology. The set of six maps is offered for 
one dollar. 


Back Issues of Gems & Gemology 


A few of each of the 1934 issues of Gems & Gemology 
remain. These may be secured for one dollar per copy, or five 
dollars for the complete year’s file. Those subscribers who wish 
to have a complete volume of Gems & Gemology and who lack 
one or more issues should secure these at once before the supply 
is exhausted. In addition to the continued features such as the 
Gemological Glossary, the Gemological Encyclopedia, and the 
Important Diamonds of the World, many single articles of 
value to the gem student are contained in these issues. 


Act promptly, the supply is Iimited! 


AMERICAN GEM SOCIETY 


555 South Alexandria 
LOS ANGELES CALIFORNIA 


Gems & Gemology 
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EDITORIAL FORUM 


Gems as an Investment 


In his September editorials Mr. H. C. Dake, Editor of Mineralogist, 


brought out some interesting points concerning the investment value of 


gem-stones. With his permission we reprint his editorial below. 


The 
high-quality gem 


recent heavy purchases of 
stones by mer- 
chants and princes of India brings 
to mind a number of interesting 
facts concerning the past history of 
gem stones as an investment. Is is 
well known that some of the later 
Napoleonic wars were financed by 
loans made to the Emperor by Am- 
sterdam bankers, Napoleon giving as 
security, a number of then famous 
gem stones. History records nu- 
merous similar outstanding in- 
stances. The early “bankers” and 
money lenders were prone to show 
a preference for large diamonds and 
sapphires for collateral in making 
loans. It is obvious that money 
values may change in a country, yet 
this would in no way have any ma- 
terial effect upon the intrinsie worth 
of better-quality gem stones. 
Investigations of retail prices for 
emeralds, diamonds and sapphires re- 
veal that there are few commodities 
greater stability 


that have shown 


For 
instance, the retail prices for good- 


over a period of many years. 


quality emerald in 1934 were ap- 
proximately the same as in 1910. 
are now 
1910, 


The same is true of many of the 


Diamond and sapphires 
quoted even higher than in 


lesser-valued gem stones. 


The fact also must be taken into 
consideration that an enormous value 
can be concentrated into a relatively 
small gem stone, which is readily 
secreted and freely portable; hence 
it was the practice of early money 
lenders to concentrate the bulk of 
their fortune in gem stones. In times 
of stress or economic disruption 
“paper” securities and values may 
sink to nearly zero and vet only af- 
fect gem values to a slight degree, 
if any. While it is true a large dia- 
mond does not carry interest-bearing 
coupons, yet it would appear from the 
recent history of the world’s security 
markets, the principal, at least, is 
safe when carried in high-quality 


gem stones. 


rr er 


Gems & Gemology is the official organ of the American Gem Society and in it will appear 


the Confidential Services of the Gemological Institute of America. 


In harmony with its 


position of maintaining an unbiased and uninfluenced position in the jewelry trade, no 
advertising is accepted. Gems & Gemology does not intend to overlap the field of any other 


periodical in America or England. 


Contributors are advised not to submit manuscripts without first assuring themselves 


that the information contained in them is of scientific accuracy. 


Manuscripts not accompanied 


by return postage will be held thirty days and destroyed. 
Any opinions expressed in signed articles are understood to be the views of the author 


and not of the publishers. 
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It appears likely inflation will in gem stones, the shrewd business 
come in our economic system and man and nobility of India are chang- 
with the advancing prices of silver ing their silver for gem stones. 


and gold and only slight advances 


A GOOD NUMBER! 


We have been fortunate in securing several very interesting and valuable 
articles for this issue of Gems & Gemology. We realize that this will reach 
jewelers at a period when they cannot spare much time for reading. We 
strongly urge, however, that each subscriber carefully preserve this copy 


of Gems & Gemology if he does not have time to read it at present. 


Do You Know— 


What Variety cf Fancy Diamond Is the Most 
Valuable? 


—See Fancies, page 309 


REQUIRED READING 


To keep up to date on subjects already studied, articles are indicated as 
required reading for both Registered Jewelers and Certified Gemologists. 

Continued yearly registration of R.Js. and C.Gs. will depend on the 
answering of a yearly questionnaire on these articles. Required reading for 
Registered Jewelers is indicated by footnotes which state “A.G.S. Research 
Service.” Required reading for Certified Gemologists consists of both these 
articles and the articles which carry the footnote “G.I.A. Research Serv- 
ice.” The questionnaires may be answered by direct reference to these 


articles, 
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T. EDGAR WILLSON 


FEBRUARY 3, 1873—SEPTEMBER 1, 1935 


T. Edgar Willson, editor of the 
Jewelers’ Circular-Keystone, died 
suddenly, Sunday, September 1st at 
his home at Demarest, N. J. 
Throughout Mr. Willson’s life his 
efforts were directed toward the bet- 
terment of the jewelry trade. His in- 
terest in the development of gemo- 
logical education and his readiness to 


support the organization of the 
Genological Institute of America 
were largely responsible for its 


aa 


fcunding. In 1933, he was chosen by 
the jewelry trade papers as their 
representative upon the Examination 
Standards Board. In August, 1935, 
shortly before his death, he was 
elected by that board as one of the 
members of the Examinations Board 
under whose supervision the exami- 
nations of candidates for the title 
Certified Gemologist are conducted. 
He was never able to accept the hon- 
or which was conferred upon him by 
his selection for this office. 

T. Edgar Willson’s activities in 
the gemological movement were but 


one of his many constructive serv- 
ices in the development of the 
jewelry trade. He was a director of 
the Horological Institute of America, 
past president of the Jewelers’ 
Twenty-four Karat Club, and mem- 
ber of the Good and Welfare Com- 
mittee of the Jewelers’ Board of 
Trade. He assisted in the formation 
and was director of the Jewelers’ 
Vigilance Committee. He was a for- 
mer chairman of the A.N.R.J.A., 
member of the Jewelers’ Fraternal 
Association and served as secretary 
of the National Stamping Law Com- 
mittee and a member of the United 
States Assay Commission. 


At the time of his death, he was 
sixty-two years of age. He was born 
in Greenpoint, L. I., on February 3, 
1873. After a brief service with the 
New York World and the Sun, he 
joined the staff of the Jewelers Cir- 
cular, in 1892 when but 19 years of 
age. He later became editor of the 
publication and was Vice-President 
at the time of his death. The de- 
velopment of the Jewelers’ Cireu- 
lary to its present position as an out- 
standing journal of the American 
jewelry trade is largely due to Mr. 
Willson’s efforts. 

The name of T. Edgar Willson 
must remain in the annals of the 
Gemological Institute of America 
and the American Gem Society as 
one of the most powerful and con- 
structive forces responsible for 
their existence. In years to come, 
many students and members of these 
organizations will benefit from the 
generosity and vision of this fine 
personality. 
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F'ancies* 
Notes on Colored Diamonds 


Mr. Baill is known as one of the outstanding world authorities on Dia- 
mond. Below he gives us many interesting facts concerning the rare fancy- 


colored varieties of the King of Gems. 


SYDNEY H. BALL 
Consulting Geologist, New York 


For over two thousand years the 
beginner in mineralogy has been 
taught that color is an important 
characteristic of each mineral spe- 
cies, and yet the principal gems, the 
diamond, the ruby-sapphire family 
and the emerald - beryl - morganite 
family, appear in practically all col- 
ors. Color in a marked degree is 
normal to the latter two species, 
but “fancies”, the “pierres de fan- 
taisie” of the French, that is dia- 
monds of vivid color when cut, are 
among Nature’s rarest products. To 
show that fancies are no newcomers 
in the gem market, we quote old 
John Mandeville, who accuses the 
diamond of taking “pleasure in 
assuming in turns the colors proper 
to other gems.” When of deep color, 
due to their wonderful brilliance 
and play of prismatic colors, fancies 
exceed in beauty all other gems. The 
Abbé Haiiy described gems as the 
flowers of the mineral kingdom; 
fancies are its orchids. 


Blue-whiteness is associated with 
the diamond, and such stones are of 
course most sought by the public. 
They harmonize with every gown, 
nor must the feminine wearer, as 
with colored gems, decide whether 
they fit her type. That great gem 
merchant, Jean Baptiste Tavernier, 
two hundred and seventy-five years 
ago naively expressed this view when 


*G.LA. Research Service 


he stated that ‘all Orientals are of 
our opinion in the matter of white- 
ness and I have always remarked 
that they love the whitest pearls, 
the most limpid diamonds, the 
whitest bread — and the whitest 
women.” 


Of the diamonds produced each 
year, one-half is bort, of value for 
industrial purposes only, a quarter 
is limpid and colorless (i.e., excellent 
gem material) and a quarter tinted 
(mediocre gem material). The tint 
is usually feeble and often of an 
undesirable shade and normally de- 
tracts from the value of the stone. 

Of the markedly colored diamonds, 
the blues, the reds, the greens and 
the pinks, together with exception- 
ally fine canary-yellow, orange and 
golden brown and fine black stones 
are “fancies”. The latter gem is 
occasionally found particularly in 
Borneo, less commonly in Brazil and 
South Africa; when cut, while it has 
no prismatic play, it has a magnifi- 
cent lustre, almost metallic. It is 
much in demand as a mourning gem 
in eastern countries as it is in 
Portugal. 

Of the colors characteristic of typi- 
cal fancies, yellows are most com- 
mon, then browns, then rose and 
light green, to be followed in my 
opinion by blue, then decided green 
and lastly, rarest of all, red. Thomas 
Nicols, writing in 1651, was a great 
admirer of the red diamond and 
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refers to the “glorious beauty of its 
perfection” and emphasizes the “‘ex- 
cellencies of super-celestial things.” 
In the corundum family, as is well 
known, the sapphire is much more 
common and occurs in larger pieces 
of gem quality than the ruby; simi- 
larly, fine blue diamonds are not only 
more common but also occur in 
larger crystals than the red. Their 
rarity being considered, fancies other 
than those of deep red color prob- 
ably average with limpid diamonds 
as to size, 

The color may be evenly dis- 
tributed; on the other hand, it may 
occur as a spot of intense color, or 
as bands of varying intensity paral- 
lel to the crystal faces. In the first 
case, a skillful diamond-cutter may 
produce a fine fancy stone. John 
Mawe even mentions a parti-colored 
diamond, yellow and blue. Brazilian 
and Transvaal, and less commonly 
Congo rough, frequently has a dis- 
tinctly green exterior, although many 
such stones are limpid on cutting. 
Indeed cutting fancies or “potential” 
fancies is a gamble of the first order 
as the results may be astonishingly 
satisfactory or most disappointing. 
What appears to be a fancy in the 
rough may cut into an unattractive 
off-color stone, while a brown “indus- 
trial” may cut into a pleasing brown 
fancy. 

Some brown stones, subjected to 
radium examinations, assume a 
greenish tint, but upon heating the 
original color is restored; such 
stones do not come within the defi- 
nition of fancies. 

No adequate figures exist as to 
how rare fancies are. I am inclined 
to believe, however, that of the total 
world’s diamond production to date, 
including of course much material 
wholly unsuitable for gems, that 
fancies make up but about 1/100th of 
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a per cent of the total. Of unusu- 
ally fine cut material, one stone in 
from 2500 to 5000 may be a fancy. 
In proportion to production, India 
is the outstanding source of fancies 
in every color, next come Borneo and 
Brazil, while the African fields, 
South Africa, Angola, Congo, and 
the Gold Coast, produce almost none. 
In other words, the fields, which 
were relatively rich in fine colored 
stones, are today insignificant fac- 
tors in the world’s diamond produc- 
tion. Most of the famous fancies 
came from India. Borneo produces 
from time to time a red or a bottle- 
green fancy, frequently an 
“ajer-laut” (one of sea-green color), 
and of course it is the home of the 
black gem variety; it also produces 
the “soul of the diamond”, a grey 
or black kernel enclosed in a colorless 
shell. The Malay value it as a talis- 
man and wear it around their neck 
to procure luck. Brazil produces an 
assortment of colors, particularly 
red and rose, less commonly fine 
greens and very rarely blues. Had 
South Africa been a less prolific 
diamond producer, we would rank 
its fine canary and orange-colored 
stones, which it produces much 
higher among “fancies” than we do. 
Indeed the Abbé Reynal (History 
of Settlement and Trade of Euvo- 
peans in East and West Indies, Vol. 
Ill, p. 411), writing in 1784, ranks 
emerald-green as most valuable and 
thereafter, as a group, the rose, blue 
and yellow. South Africa, besides 
producing a surfeit of yellows, also 
produces fine coffee-browns and from 
time to time an occasional blue, 
green, red, or rose stone, but in pro- 
portion to its production these latter 
are unusually rare. Jagersfontein 
has produced sapphire-blue stones; 
Bultfontein, heliotrope; Voorspoed, 
rose-colored, and the Kimberley Pre- 


more 
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mier deep-orange stones. The ancient 
alluvial stones occasionally recovered 
from the Reef gold mines, Transvaal, 
are frequently greenish, but nor- 
mally the color is lost upon cutting. 
It is not necessary here to more 
than mention the famous fancies: 
the Tavernier Blue (now split by a 
vandal’s hand into the Hope and the 
Brunswick Blues); the Dresden 
Green; Paul I’s Red and Le Grande 
Conde and the Fleur de Peche, both 
rose-colored gems. Among collec- 
tions of colored diamonds, we may 
cite that in the Royal Museum of 
Vienna, a collection from Brazil on 
which a Tyrolese, Virgil von Helm- 
reichen, spent the major part of his 
life, and the attractive specimens of 
African colored diamonds assembled 
by the late Gardner F. Williams. 
Fancies, because of their beauty 
and rarity, are like fine paintings 
without fixed price. Each is unique 
and the price is determined largely 
by the sum the seller is willing to 


accept and the buyer is willing to 
pay. With the exception of radium, 
they are the most precious of com- 
modities. A fancy of decided color 
is always more valuable than a fine 
colorless diamond of equal weight. 
That master of precious stones, Dr. 
George F. Kunz, some ten years ago 
(Spurr & Wormser, The Marketing 
of Metals and Miners, p. 340, N.Y., 
1925) gave the following per carat 


values for exceptionally fine dia- 
monds: 
White $3,500 
Blue 6,850 
Green 7,000, and 
Red 8,500 


Before the discovery of the South 
African fields, a fine yellow would 
have been equally high-priced, but 
today, owing to the old law of supply 
and demand, it is indeed a fine yel- 
low stone which brings a_ price 
equivalent to that of a white dia- 
mond. 


Recent reports from abroad indicate that the demand for all types of 


fashioned diamonds in the European centers is increasing, while the supply 
has become appreciably limited. The result, of course, is an increase in 
the price of diamonds and a healthier condition in the diamond industry 
as a whole. Added to this is the recent increase of 71» per cent in the price 
of rough goods by the Diamond Corporation. American retailers also 
report an increased demand for diamonds on the part of the public. 

The above up-turns in the diamond industry are particularly encourag- 
ing since they were felt even during July and August, which are normally 
“slow” months. It is expected that price of fashioned diamonds will con- 
tinue its gradual increase for some time to come, especially if jewelers 
experience the volume of Christmas sales which they anticipate. 


Try This One... 
What Effect have Convex Facets on the 
Brilliancy of a Gem? 


—See Notes on Gem Cutting, 
page 315. 
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Valuable Gemological 
Instrument Perfected* 


The Shipley Hand Polariscope is expected to become one of the most 
valuable gem-testing instruments; its most important use will probably be 
the rapid, accurate detection of alass imitations. 


A new gem-testing instrument— 
the hand polariscope—has recently 
been developed. It is expected that 
this instrument will prove of great 
value to jewelers, as it readily and 
conclusively distinguishes glass imi- 
tations from the great majority of 
genuine stones. The hand polariscope 
also finds important application in 
the detection of internal strain in 
diamonds. Several other important 
tests may also be made with this in- 
strument. 

In the May-June, 1935, issue of 
Gems & Gemology announcement was 
made of the new polarizing substance 
known as Sheet Polarizer. Samples 
of this material have been in the 
hands of the research staff of the 
Gemological Institute for several 
months. A great deal of experimen- 
tation has been done with a view to 
developing a simple gem-testing in- 
strument which would employ the 
valuable new substance. This instru- 
ment, which was designed and per- 
fected by Robert Shipley, Jr., is now 
ready to be placed on the market. 

Sheet Polarizer is a very thin plas- 
tic film which lends itself to a great 
variety of uses. In the hand polar- 
iscope, a section of Sheet Polarizer is 
set in each of the fixed end caps. One 
end cap is fitted with a knurled ring 
which permits a rotation of the sheet 
polarizer mounted in it. By setting 
the knurled ring so that the 0° mark 
or the 180° mark is opposite the in- 
dicator, a position of “crossed” polar- 
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izers is obtained and almost no 
light is transmitted through the in- 
strument. When the 90° or 270° 
mark is opposite the index, the 
polarizers are in a parallel position 
and pass light freely. 

Mounted between the two fixed end 
caps is a cylinder which ean be ro- 
tated. One portion of this cylinder 
consists of a removable door in which 
is mounted a knurled head. On the 
opposite end of the knurled head is a 
beeswax support used to hold the 
stone to be tested. Turning the 
knurled head from the outside of the 
polariscope with the door in position 
in the cylinder, turns the gem being 
tested inside the instrument. The 
door is of sufficient size to permit the 
entrance of even a very large ring 
and therefore mounted stones can be 
tested. In all tests, the cylinder is 
rotated while the end caps are held 
in a fixed position. 

The illumination used with the 
hand polariscope is of consider- 
able importance. Unhindered light 
coming from a broad area of the 
north sky is preferable, but an arti- 
ficial light can be used successfully. 
In the latter case, it is recommended 
that a lamp be set behind a diffusing 
screen, such as a translucent sheet of 
white paper, and the polariscope used 
pointing toward the screen, and quite 
close to it. 

The principal value of the hand 
polariscope is that it immediately 
distinguishes singly refractive trans- 
parent or translucent substances 
from doubly refractive. In order to 


perform this determination the 0° or 
1807 mark on the end cap is set op- 
posite the indicator. The gem is 
then mounted on the beeswax support 
and the door is placed in position in 
the cylinder. Rotation of the cylinder 
may produce one of two effects. The 
stone may remain dark or show very 
little light during this rotation or 
it may become alternately brightly 
lighted and quite dark. The first is 
the appearance of an isotropic singly 
refractive substance which does not 
alter the light so as to allow the pol- 
arizers to transmit it. The alternate 
lightness and darkness of the stone 
as it is rotated is seen only in doubly 
refractive materials which do alter 
(polarize) light and therefore allow 
it to pass through both polarizers. 


Doubly refractive stones become 
alternately light and dark as the 
eylinder is rotated. During one com- 
plete rotation they show light four 
times and dark four times. Isotropic 
materials remain comparatively dark 
and but rarely show any pronounced 
change from light to dark as the 
cylinder is turned. 


If upon first testing, a gem reacts 
as an isotropic material, the knurled 
head to which it is attached should 
be turned about to make sure that 
the observation is not being made 
along an optic axis, that is, along 
the direction of single refraction in 
a doubly refractive stone. Isotropic 
materials remain dark in all posi- 
tions, while doubly refractive stones 
can show but two directions along 
which they do not polarize light. 

In some cases, singly refractive 
stones show anomalous double re- 
fraction, which is caused by internal 
strain. Anomalous double refraction 
may easily be distinguished from 
ordinary double refraction after a 
reasonable amount of practice, since 
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the former does not show uniform 
illumination or extinction (that is, 
uniform lightness or darkness) in 
any position at which the stone may 
be set. This effect is sometimes 
referred to as “patchy” extinction 
and the name is a good description 
of the appearance. 

Often the use of a magnifier, such 
as an eye loupe, is of value in de- 
tecting anomalous double refraction. 
The magnifier is used in the cus- 
tomary manner and focused on the 


The Shipley Hand Polariscope, 
Showing the Door Removed. 


stone inside the instrument, through 
one of the polarizers. The “patchy” 
effect shows up more strongly when 
observed under magnification. 
Pleochroism may be observed with 
the hand polariscope. The 90° or 270° 
mark on the knurled ring is set op- 
posite the indicator; the cylinder is 
then rotated. If the stone has ple- 
ochroism and is not being observed 
along an optic axis it will change 
eolor during this rotation. Often 
turning the knurled head to which 
the gem is attached will serve to in- 
crease the difference between the ple- 
ochroic colors. If the gem is of the 
tetragonal or hexagonal systems it 


can show but two distinct colors, no 
matter what position it may have in 
the polariscope. If it is of the ortho- 
rhombic, monoclinie or triclinic sys- 
tem, it may show three distinct 
colors. Two colors will appear al- 
ternately as the cylinder is turned 
about. Turning the knurled head to 
shift the position of the stone may 
cause a second pair of colors to ap- 
pear, if the gem being tested is of the 
orthorhombic, monoclinic or triclinic 
system. One of the second pair of 
colors will always be the same as one 
of the first pair. 

The interference figures which 
have been described in previous ar- 
ticles on microscopy in Gems & Gem- 
ology may also be observed by em- 
ploying the magnifier in conjunction 
with the hand polariscope. The mag- 
nifier is set so that it touches one of 
the polarizers and the back lens of 
the magnifier is viewed from a dis- 
tance of about a foot. Turning the 
knurled head to shift the position of 
the stone and also shifting the stone 
on its wax mounting are usually nec- 
essary before an interference figure 
can be seen. Uniaxial interference 
figures show concentric circular col- 
or rings and crossed “brushes” which 
remain stationary as the cylinder is 
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rotated. Biaxial figures usually show 
non-circular color rings and ‘“brush- 
es” which rotate opposite the direc- 
tion of rotation of the cylinder. 

By determining whether a stone is 
isotropic or anisotropic (doubly re- 
fractive) the great majority of glass 
imitations can be detected, since glass 
is isotropic; while all gem-stones, 
except those of the cubic system, are 
doubly refractive. Gems of the cubic 
system include diamond, all garnets 
and spinel. Aniostropic minerals can 
be further separated by observation 
of their pleochroic colors or by secur- 
ing interference figures. Complete 
instructions for the use of the hand 
polariscope accompany each instru- 
ment. 

Another use of the polariscope 
which will be valuable to any jeweler 
who does repair work is its ability 
to detect anomalous double refraction 
in the diamond. When this anomaly 
appears, it indicates that the dia- 
mond which exhibits it is in a state 
of internal strain and should be han- 
dled carefully, especially with re- 
spect to heating. 

This Shipley Hand Polariscope will 
be distributed by the Gemological In- 
stitute of America. Patents have been 
applied for by the inventor. 


BIOGRAPHICAL SKETCHES 


DR. ALBERT J. WALCOTT 


Dr, Albert J. Walcott received his education at the University of Michi- 
gan, where he earned his A.B., M.S., and Ph.D. degrees. Since his graduation 
from Michigan, he has held several important teaching positions, notably at 
the Case School of Applied Science, the University of Michigan, and at North- 
western University. At present he is associated with the Field Museum of 
Natural History in Chicago where he is performing research work in 


mineralogy and optical mineralogy. 
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Dr. Walcott’s record of 


himself intimately 


scientific | 
achievement was begun early; during the 
War, while still a student at the University 
of Michigan, he was associated with sev 
eral members of the Geophysical Laboratory 
in conducting research on optical glass. 
Dr. Walcott holds memberships in the 
American Mineralogical Society, the Ameri- 
can Chemical Society, the American Ceramic 
Society and the American Association for 
the Advancement of Science; he is a mem- 
ber of Sigma Xi and Gamma Alpha hon- 
orary societies. Dr. Walcott has associated 
with the gemological 
movement in this country. One gemological 
project which he completed was a special 
study of some diamond-bearing rocks from 
Minas Geras, Brazil. He has also made a number of fiel 


studies on gem 


minerals. During the summer of 1982 he performed special work on gemo- 
logical subjects at the headquarters of the G.I.A. in Los Angeles. He also 
acts as leader of the study group of the Chicago Chapter and of the Wiscon- 
sin Guild of the American Gem Society. Dr. Walcott holds the important 
position of Secretary to the Examinations Board of the G.LA., in which 
capacity he passes on the final examinations taken by candidates for the 
Certified Gemologist degree. 


Notes on Gem Cutting 


. A lapidist of long experience gives some valuable information concern- 
ing the correct fashioning of gem-stones. 


by 
GEORGE H. MARCHER, Q.C.G. 
Los Angeles 


Deep beneath a rough and jagged cutter may be dealing with the 


exterior, concealed by flaws and im- 
purities, Nature hides away many 
of her precious gems. To free such 
a gem and to give it a form best 
suited to display its own peculiar 
properties, requires knoweldge and 
skill on the part of the lapidist. In 
addition to this, he must see that the 
stone is so shaped that it can be 
mounted safely and gracefully into 
jewelry. Its own-design, too, must 
be pleasing and beautiful. The 


beauty of color, brilliancy, disper- 
sion, chatoyancy, or other character- 
istics. Each should be treated in a 
manner best to reveal the type of 
beauty that is latent within the 
stone. 

Let us examine various modes of 
treatment to learn the best way to 
make different types of gem stones 
more beautiful than Nature left 
them. This is not an attempt to tell 
in detail the processes involved in 
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gem cutting, but to explain some of 
the things a proficient lapidist should 
do and why he should do them. 


Irregular Reflection 

If you look carefully at a rough 
uncut gemstone under a single source 
of light, you may see on each pro- 
jection a tiny point of reflected 
light. These lights differ in size and 
intensity because their reflecting sur- 
faces differ. If you tilt the stone, 
or move your eye to a new position, 
you may still see these reflections, 
although they change their positions 
slightly. Suppose this stone is ground 
on a wheel to shape it. This new 
surface we say is “dull”. It has no 
polish. One might think that this 
surface produces no reflections, but 
that is incorrect. Each of the smaller 
projections made by this grinding 
reflects a bit of light in all direc- 
tions. These two examples illus- 
trate what is known as irregular 
reflection. We will refer to it later. 


The Cause of a Polish 

To polish a facet, this coarser 
abrasive that was used to shape the 
gem must be followed by a polish- 
ing powder. This too is an abrasive 
material but of much smaller grit, 
which has been carefully graded to 
eliminate all particles above a cer- 
tain size. This process wears down 
the larger projections that were left 
by the grinding abrasive and pro- 
duces much smaller ones. When 
these minute ridges have been re- 
duced below a certain size in rela- 
tion to the wave lengths of visible 
light, the surface registers to the 
eye as “polished”. 

Direct Reflection 

When a facet has been ground, 
but not yet polished, it displays 
irregular reflection. The polishing 
process first acts on the tops of all 
irregularities. An examination then 
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would show that light falling upon 
it from a window or other source 
begins to be reflected uniformly in 
a definite direction. Irregular re- 
flection still is present, but in a 
lesser degree. When continued pol- 
ishing has reduced these projections 
to sizes corresponding with the pol- 
ishing grit, the irregular reflection 
will have disappeared. Light rays 
from a given point will then be 
reflected uniformly. This is called 
direct reflection. 

Theoretically, the polishing process 
has turned all of these irregular 
darts of light in one direction. No 
surface, however, can be polished 
perfectly, as some irregular reflec- 
tion will always remain. If its polish 
were perfect, such a surface would 
be invisible. 


It must not be thought that all 
light falling upon a surface is re- 
flected. When light impinges upon 
any solid substance in air, a certain 
portion is reflected and the rest 
enters the solid. This is just as true 
of an opaque gem stone as of a 
transparent one. The relative pro- 
portion that enters depends essen- 
tially upon the optical density of the 
gem and the angle from which the 
light approaches it. 


Absorption, Cause of Color 

White light reflected from the 
surface of a ruby without entering 
remains white. The same is true of 
light reflected from a turquois, a 
hematite or an amethyst. In other 
words, reflected light does not take 
on the color of the reflecting sub- 
stance unless it has passed into that 
substance and is reflected on the 
inside. 

When white light enters a trans- 
parent stone, a ruby for example, 
such light immediately begins to 
suffer a loss. As it proceeds, more 


and more of its component parts, 
other than red, are quenched. The 
red alone goes on without much loss 
of vigor. If this light is reflected 
across the pavilion and up again 
through the crown, as usually occurs, 
this screening-out phenomenon pro- 
gresses and the red color becomes 
more and more free from the fading 
effect of the other frequencies. 


Asphaltum is black because all of 
the components of white light that 
enter it are absorbed. If a thick 
eoating of asphaltum is placed on 
the back of a ruby, the optical density 
of the asphaltum is such that the 
reflection from the back facets is 
greatly lessened and the light con- 
tinues through the stone and into 
the asphaltum. The ruby now ap- 
pears black. From this experiment 
one can see that the ruby seems red 
only by light that has been trans- 
mitted through it. 

When white light enters an 
“opaque” gemstone, a turquois, for 
example, it passes into the turquois 
for only a short distance, then it is 
reflected out again. This is due to 
the fact that such a substance is not 
optically homogeneous. It is, as one 
might say, filled with reflecting sur- 
faces. During this short transmis- 
sion, the white light loses much of 
its components other than blue. 


A Good Polish Aids Color 

When an opaque gem stone is not 
well polished, irregular reflection 
takes place along its surface. This 
white light dilutes the color coming 
from below the surface. 

An imperfect polish on a faceted 
stone not only blurs the purity of 
color, but it impoverishes the bril- 
lianey by refracting and reflecting 
some of the brilliancy away where it 
will not be effective. In a brilliant, 
the effective light enters a crown 
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facet, reflects from one pavilion 
facet to another and leaves the stone 
through another crown facet, thus 
making four opportunities for dam- 
age to the brillianey. Visible imper- 
fections may also distract the atten- 
tion and prevent the full enjoyment 
of the limpid beauty and the ripple 
of color that is possible in a beauti- 
ful gem. 
Convex Facets 

“Sleepy” appearing stones are 
often such because of a lack of flat- 
ness of the facets. If they are con- 
vex they create an effect somewhat 
similar to irregular reflection. They 
cause the reflected light, as well as 
the refracted light, to spread and 
thus lose intensity. 

Convex facets produce lazy light 
movements, and flat facets allow 
quick flashing movements in the 
brilliancy. This fault is frequently 
observed on stones polished on lead 
laps, because the stone presses into 
the softer metal. 


Brilliancy and Dispersion 

Brillianey of a diamond-cut stone, 
or a brilliant, depends not only upon 
the flatness and the polish of the 
facets, but upon a careful exactness 
of proportion between the depth of 
the pavilion, height of the crown, and 
breadth of the table. This insures 
that the angles between facets will 
be optically correct to produce effi- 
cient brillianey. The principal ob- 
ject sought in such proportions is to 
gain the greatest advantage of total 
reflection within the gem. 


Dispersion is the result of unequal 
refraction of the colors that com- 
pose white light. Since the blue is 
bent more than the yellow and the 
red less than the yellow, these three 
colors may be seen separately in cer- 
tain well-cut stones under favorable 
conditions of light. A steeper slope 
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for the bezel facets, up to a certain 
point, dispersion. How- 
ever, if the pitch is too great, too 
much light is reflected back into the 
stone, causing a loss of brilliancy. 

As before stated, a certain relative 
depth of the pavilion is necessary to 
provide the largest amount of in- 
terior reflections. If it be too shal- 
low the center lacks brillianey; if 
more shallow still, this “fish eye” 
becomes larger. 

Greater depth is sometimes effec- 
tively retained (in order to deepen 


increases 


the color) by the addition of more 
facets than are on a brilliant. This 
depth only harms a colorless gem 
whose beauty depends primarily on 
its brillianey and possibly its dis- 
persion. Excessive depth, too, is 
likely to be a disadvantage in mount- 
ing. A high mounting ts required to 
hold such a stone off the finger. This 
extra height is difficult to dispose of 
artistically. However, pale stones, 
like the kunzite, need to be given 
extra depth, and the designer must 
make the best of it. 


(To be concluded) 


Balinese Jewelry 


The island of Bali has been made famous by song and story. We believe 
this article to be one of the few reports ever prepared concerning the 


jewelry of this far-off island. 


DAVID H. HOWELL 
Pasadena, California 


Recently, the writer of this article 
was shown the jewelry in the accom- 
panying illustration and was asked 
to have the Institute identify the 
stones in the rings. I was granted 
an interview with the owner, Mrs. 
Katharane Edson Mershon of Pasa- 
dena, California, who has spent the 
last three years among the natives 
on the Island of Bali. These rings 
were a part of the collection gathered 
by Mrs. Mershon and her husband 
during their stay in Bali. 

The Island of Bali is rather closely 
assceiated with the Island of Java. 
The people are today, a mixture of 
the original Balinese and Javanese. 
Years ago Java, a Hindu island, be- 
came Mohammedan and many of the 
Hindus left in order to carry on their 
Hindu worship elsewhere. Those who 
migrated to Bali were the higher- 
class Hindus and were for the most 
part artisans, goldsmiths, weavers, 


architects or of other artistic voca- 
tions. The people who came and in- 
termarried with the Balinese created 
a new Balinese, trained in arts and 
trades. They use their artistic tal- 
ents solely for the purpose of pleas- 
ing their Hindu Gods. Their works 
are outstanding and they are world 
famous for their sacred dances, mu- 
sic and architectural achievements. 
These rings are a sample of their 
goldsmithing and outstanding work- 
manship with crude and primitive 
methods. 

Bali, itself, does not possess any 
precious metals or gem-stones. The 
rings in this collection are of especial 
interest, as the origin of the stones 
is unknown and each ring was made 
for a specific reason by an artisan 
who wished to please a god and thus 
put forth his utmost in creative abil- 
ity in its production. 

In general, the stones in this col- 


SEPTEMBER-OCTOBER, 19385 319 


lection of rings were found to be 
corundums. The bottom row of il- 
lustrations shows Rajahs’ rings. The 
one on the extreme left is set with a 
fine ruby. The center ring is called a 
Fighting Cricket, evidently worn by 
a Rajah who trained and fought 
crickets as a hobby. The stones in 
all the rings in this row are corun- 
dum, except the one on the far right 
which is turquoise. 


A Number of 
Pieces of 
Balinese 
Jewelry. 
See Text 
For De- 


scriptions. 


The earrings, in the center of the 
middle row, are those worn by the 
young boys in religious dances. The 
rings to the right and left of the ear- 
rings are Priest rings, worn by the 
Hindu Priests in their services. 
These are sapphires and have a tend- 
ency to asterism, the one to the ex- 
treme left being a distinct star- 
sapphire. The next one to it is black, 
but exhibits a phenominal light effect 
resembling that of alexandrite. Those 
stones which are either blue or black 
are the most highly prized by the 
priests, for they worship the God 
Siva, whose colors are blue and black. 
The top row right, presents in the 
first three rings from the right, those 
worn by witch-doctors, called Due- 
coons. Tests in the G.LA. laboratory 
proved the center gem of the three- 


stone ring of this group to be a syn- 
thetic ruby. The next ring or circlet 
was originally the type placed around 
a sword between the blade and the 
handle. 

The ring on the extreme left of 
the top row was made for Mrs. Mer- 
shon in her presence. She gave a 
young native goldsmith the opal and 
a British sovereign from which he 
made the ring. This entire group, 


and in fact all the jewelry manufac- 
tured on the Island, is made from 
foreign coins. 

Balinese goldsmiths make a kind 
of flowered headdress for the women, 
which is marvelous in workmanship. 
Also, they make gold-thread which is 
used in altar cloths and priest robes. 
The gem-stones are probably import- 
ed principally from either Ceylon or 
Burma, and traded among the na- 
tives. These traders were quite nu- 
merous in the past and were for the 
most part either Chinese or Arabians. 

The method of manufacturing or 
working the precious metals em- 
ployed by the Balinese is interesting. 
The gold is heated to a plastie state 
and forced by crude punches in the 
hands of the smiths into a die. The 
heating and soldering is done by the 
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use of cocoanut oil lamps and blow- 
pipes. This method is most primitive. 

The jewelry is very unique and 
shows great ability on the part of 
the native workmen, when one thinks 
that they have such antiquated meth- 
ods of manipulating and working 
their metals. The owner assured me 
that the Priest rings shown here, 
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with the exception of the opal, are 
all over one hundred years old. This 
is verified by the fact that the priest 
rings are of an ancient pattern no 
longer used in their modern jewelry 


designs. The synthetic ruby in the 
witch-doctor’s ring proves this piece 
to be of comparatively recent origin. 


Make Your Own Specific Gravity 
Attachments 


W. A. SWEENEY 


The specific gravity test is one of 
the most definite which can be ap- 
pled to unmounted gems. Anyone 
who has access to a diamond balance 
can easily adapt it for the determi- 
nation of specific gravity. The equip- 
ment described below has been de- 
signed by the writer, incorporating 
certain features suggested by the 
Gemological Institute. 

Little material is required: one 
6%” by 2%” piece of sheet metal, 
preferably nickel steel of 20 to 24 
gauge, one 12” length of 24 or 26 
gauge wire (brass recommended), 
and a suitable container for water 
—a 50 ML (50 cubic centimeter) 
glass beaker has been found the 
most satisfactory vessel for this 
purpose. 

First lay out the design of the 
accompanying figure on the surface 
of the metal. Then cut along the 
solid line, using a pair of metal 
shears, and smooth jagged edges 
with a file. Make right-angle bends 
along the dotted lines at A and B. 
The four prongs are then bent up 
at their ends to hold the water con- 
tainer. If a standard 50 ML glass 
beaker is used, the angles will be 


along the dotted lines at C,, G,, 
Cy, and C4. 

The twelve-inch length of wire is 
cut in two at a point about %” from 
its center. The longer section is 
shaped to hold the stone in the water. 
At one end, a flat loop is bent so 
that it stands at right angles to the 
length of the wire. The small loop 
is preferable to a “basket” or other 
device to hold the stone since it re- 
quires less metal in the water and 
thereby makes for greater accuracy. 
The other end of this section is bent 
into a flat loop to fit over the hook 
which holds the scale pan to the beam 
of the diamond balance. This loop 
should be shaped so that when the 
wire is in position on the scale the 
stone holder hangs somewhat lower 
than halfway between the top and 
the bottom of the water container 
when the latter is in position. 

The shorter length of wire is to 
counter-balance the wire which holds 
the stone. In it, too, a hook is shaped 
to suspend the wire from the beam 
of the balance. 

With a steel file or carborundum 
stone make a mark on the side of 
the water container. This should 


run parallel to the base and about 
4%” below the top of the vessel. This 
indicates the level to which the con- 
tainer should always be filled with 
water during determinations of spe- 
cific gravity. Fill the beaker to this 
point with distilled water, set the 
vessel on the metal support and place 
all the equipment on the diamond 
balance. 


The stand holding the water con- 
tainer should be placed so that the 
solid piece AB is behind the scale 
pan. This leaves the space in front 
of the pan free for inserting and 
removing the gems to be weighed. 
Suspend the wire with the loop at 
its end from one end of the beam and 
arrange the water container so that 
this wire is approximately in its 
center. Be careful that no bubbles 
of air adhere to the wire in the 
water, as these will prohibit correct 
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While this balancing is being done, 
and later when stones are being 
weighed, it is necessary to watch 
closely the point at which the wire 
enters the water. On the up-swing, 
the water pulls down on this wire; 
on the down swing, the water pushes 
up. This surface effect can be some- 
what overcome by jarring the balance 
slightly. Also, a liquid whose sur- 
face attraction is less—toluol recom- 
mended--may be used in place of 
water, but the lower specific gravity 
(.88 compared to water at 1.0) must 
be figured in when calculations are 
made. 

The specific gravity of an un- 
mounted gem is easily determined 
upon a diamond balance fitted with 
the above equipment. Wipe the stone 
clean and weigh it first in the scale 
pan below the water container (W,). 
Then attach the gem in the loop 


I-14 


Layout of Holder for Water Container (One-half Actual size) 


balancing of the scale. The shorter 
wire is suspended from the opposite 
end of the beam. 

The equipment is balanced by 
snipping off bits of the wire on the 
heavy side. A final delicate adjust- 
ment may be made by filing the 
heavier wire in order to bring the 
scales to a perfectly balanced po- 
sition. 


made for this purpose, bending the 
wire to grasp the stone if necessary. 
Then attach the wire to its place on 
the beam. If any air bubbles adhere 
to the stone or wire in the water, the 
accuracy of the test is impaired. 
These bubbles can usually be avoided 
by thoroughly wetting the stone and 
the wire before they are inserted in 
the water container. Now weigh the 


stone again (W.). The second 
weight should always be less than 
the first. The specific gravity of the 
stone tested is found by applying the 
formula: 
W, 
Specific Gravity = —————— 
Ww, — W, 
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If toluol is used instead of water, 
the result of the above computation 
divided by the specific 
This value, at 
(70° 
862 


must be 
gravity of toluol. 
temperature 
approximately 


ordinary 
fahrenheit) is 
for fresh toluol. 


room 


The Growth 


of a Crystal 


ALLEN L. BENSON 


Since the great majority of gems sold are fashioned from crystals or 
aggregates of crystals the following excerpt should vrove of value in 
inereasing the appreciation of those persons fortunate enough to possess or 


handle gem-stones. 


A crystal is one of the strangest 
objects in nature. It is not alive, 
yet a learned writer has said that 
“no definition of life has been ad- 
vanced which will not apply to a 
crystal with as much veracity” as 
to any animal or plant. A crystal 
attracts the same kind of materials 
of which it is composed, arranges 
them with great accuracy in geo- 
metrical forms, cements the parts 
together and holds them. Place a 
erystal in a liquid or a vapor com- 
posed of the same ingredients as the 
crystal and the process of accumu- 
lation immediately begins. If a crys- 
tal be broken in two and the parts 
placed in a bath of liquid erystal, 
the broken surfaces will be repaired, 
and each part will grow into another 
crystal. 

Even after a crystal has been 
worn until it is but a rounded grain 
of sand it will speedily become a 
crystal again if placed in a solution 
containing the ingredients of which 
it is composed. There is no known 
limit to the ability of a crystal thus 


to repair itself and resume its 
growth. Time has no effect upon it. 
It seems never to die, but the fact 
is that it has no life. It exists, but 
it does not assimilate food nor move 
its bulk. 

Under a microscope a crystalline 
solution can be seen forming into 
erystals—and it is a wonderful 
sight. First innumerable dark spots 
form in the fluid, they stand still; 
then they begin to move. It is soon 
seen that the movement tends to ar- 
range the spots in straight lines, 
like beads. The beads speedily coa- 
lesce into rods, and the rods arrange 
themselves into layers until a crys- 
tal is created. The process proceeds 
so rapidly that it is almost impos- 
sible closely to follow it. But it isn’t 
growth. It is accumulation. Nor is 
it movement, in the sense that an 
animal moves from place to place. 
It is movement only in the sense 
that particles of iron fly to a mag- 
net. But it is movement of the most 
orderly and precise kind. As archi- 
tecture it Is superb. As an example 


of precision, human skill can hardly 
equal it. 

Almost any inorganic substance 
that is capable of becoming solid can 
form crystals—even the vapor that 
at low temperature forms such won- 
derful designs upon window-panes. 
More than 250 different crystal de- 
signs have been noted, all of which 
fall under six classifications. What 
makes them form? No one knows. 
To say that particles of matter at- 
tract each other is not an answer. 
To say that it is the nature of cer- 
tain substances, in certain circum- 
stances, to arrange themselves in 
beautiful geometrical designs is also 
to say nothing. The truth is that 
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human beings do not know the pri- 
mary cause of anything, nor can 
they ever be wiser. We can some- 
times tell what action follows an- 
other, but not in one instance can 
we tell the cause of the -first action. 
An apple falls to earth because mat- 
ter is mutually attractive; the mass 
of the earth is greater than the mass 
of the apple and therefore the earth 
moves the apple more than the apple 
moves the earth, though theoretically 
the apple does move the earth some. 
But why does all matter attract all 
other matter? Nobody knows. No- 
body knows the first cause back 
of a flower’s growth, or the first 
cause back of the breath he draws. 


From The Story of Geology, by Allen L. Benson, copyright, 1927, and 
reprinted by permission of the publishers, Farrar & Rinehart, Ine. 


Precious Stones As Medicines 


by 


EDWARD PODOLSKY, M. D. 
Brooklyn, N.Y. 


In his eventful search for healing 
agents, man has had some very inter- 
esting experiences. There has hardly 
been a substance anywhere on earth 
which he has not at one time or an- 
other used as a medicine. One of the 
most interesting experiences in this 
regard is the use of precious stones 
as remedies. 

Like other stones, the diamond was 
thought by the ancients to have me- 
dicinal value. The dust of the stone, 
however, was a deadly poison, and 
dire tales were told of its mixture 
with food or drink, in the days when 
poisoning was popular. Curiously 
enough, one old book on medicine ex- 
plains that while glass was poison, 
diamond dust was an antidote for 
this and all other poisons. The Hin- 


dus say that if an inferior diamond 
dust be used for medicine, lameness 
would result. Diamonds as medicine 
were most costly, and given only to 
kings and popes. Pope Clement VII, 
in 1532, had a mixture of powdered 
stones costing 40,000 ducats, one 
dose alone costing 3000 ducats, and 
most of this mixture was of dia- 
monds. It is recorded, however, that 
after the fourteenth dose, Pope Clem- 
ent died. 

Emeralds were also popular as 
medicines times. Hindu 
doctors used the emerald for cures 
in all troubles, calling it cold and 
sweet to the taste. Jewel workers of 
old rested their eyes while at work 
by gazing on an emerald. It was used 
in water for eye baths, causing in- 


in former 
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flammation to cease. Aristotle in his 
book on gems says: “An emerald 
hung from the neck or worn in a 
ring will prevent the falling sickness. 
We, therefore, commend noblemen 
that it be hanged about the necks of 
their children that they fall not into 
the complaint.” 

Powdered emeralds were used in 
the 17th Century as a drug taken 
internally for dysentery, epilepsy 
and bites of serpents, scorpions and 
others, also as a remedy for fevers. 

Another gem which found favor in 
medicine was the ruby. The ancients 
believed, that medically, the ruby pre- 
served the health of the owner. If 
rubies were applied for many dis- 
eases, cures of all kinds were ex- 
pected to take place. In Annobais’ 
receipt for a “cure all” there were 
34 ingredients of powdered stones, 
precious and non-precious, and ru- 
bies were the most prominent in the 
mixture. 

Naharari, a physician of Cash- 
mere, who wrote in Sanskrit of the 
medicine of the 13th Century, said: 
“Rubies are a valuable remedy for 
biliousness and flatulency.” A fa- 
mous “ruby elixir’? was compounded 
by a secret process at great expense, 
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and was used only by wealthy pa- 
tients. The ancient method of apply- 
ing the ruby as a cure was to place 
it on the tongue, which was rendered 
at once cold and heavy, so that only 
incoherent sounds could be emitted. 
The fingers and toes also became 
cold, and a violent shivering followed. 
Thus the head symptoms disappeared 
and a sense of elasticity and well- 
being followed—the cure was com- 
plete. The stone was also used as a 
disinfectant in dread diseases. 

Old medicine books show that the 
carnelian was used medicinally as 
“a powder or worn as a ring, and 
was believed to prevent bleeding at 
the nose.” Ancient peoples used the 
stone with a carved intaglio for orna- 
mental wear, believing that it would 
cure tumors, prevent or cure all voice 
and throat infections, and because of 
its cooling and calming effect on the 
blood, still the angry passions. 

Another stone which was used as 
a medicine was the turquoise, which 
the ancients used as a paste to treat 
diseases of the hip. Precious stones 
have had a most profound influence 
on human destinies, and among the 
most interesting of these were their 
uses as medicines. 


LABORATORY ASSISTANT MAKES EASTERN TRIP 


Wilbur A. Sweeney, Research As- 
sistant in the G.I.A. laboratory, 
left Los Angeles in September for a 
year’s stay in the East. His principal 
purpose is the refinement of the de- 
sign of the several instruments whose 
construction he has been supervising. 
He also will call upon various optical 
companies in order to interest them 
in the manufacture of various gemio- 
logical instruments. 

Upon his departure, Mr. Sweeney 
presented Institute laboratory with 


much valuable equipment which for- 
merly formed a part of his private 
laboratory. 

Mr. Sweeney’s work at the Insti- 
tute laboratory is at present being 
performed by David Howell of Pasa- 
dena. Mr. Howell is now engaged in 
supervising the development of a 
simple illuminator for judging the 
color and perfection of diamonds, 
which will probably be brought on 
the market by the American Gem So- 
clety in the near future. 
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BOOK REVIEWS 


Getting Acquainted With Minerals, by George Letchworth English. 
Mineralogical Publishing Company, Rochester, 1934. 


This text is written in an extremely interesting manner and should 
appeal to all types of persons, since no scientific background is required 
for its complete understanding. Each mineral is described in simple fashion 
and the “mathematical relationships” which appear in the usual mineralogi- 
cal text are avoided. 

The illustrations are interesting and easily understood and are pertinent 
to the text. Twenty-eight pages of fine mineral identification tables are 
included, but their value to the gemologist is limited, since they are based 
primarily upon hardness tests. The pronouncing vocabulary at the end of 
the book should prove of considerable value to every gemologist. From 
the gemological standpoint, some of the discussions of gems—particularly 
of the various phenomenal light effects—are rather haphazard. 

The author has a long record as an authority on minerals and is at 
present a consulting mineralogist for Ward’s Natural Science Establish- 
ment. Therefore, his work is sound fundamentally as well as interesting 
to the average reader. Combined with clarity and simplicity, its authenticity 
renders “Getting Aequainted with Minerals” an excellent book on the subject. 


Working In Precious Metals, by E. A. Smith. Published by N. A. G. Press, 
London, 1933. 


“Metallurgy,” states this author, “is the most ancient of the mechanical 
arts...” He goes on to show that under the name of metallography it is 
one of the most modern of sciences as well. 

Mr. Smith tries to combine both the scientific and artistic aspects of the 
metal workers’ craft, but his material deals far more with the science 
of working metals than with their artistic application. He makes a strong 
point of the necessity of correct procedure in jewelry manufacture, both 
while working metals and while annealing them. His discussions of the 
effects of working and annealing upon the structure and consequently upon 
the physical properties of metals and alloys is clearly presented and should 
be of great value to any manufacturer of jewelry. 

Unfortunately, the gold alloy discussed are those which are standard 
in Great Britain and are not exactly the same as those used in the United 
States; but the discussion of these alloys may easily be applied to similar 
alloys used in America. The platinum metals are fully discussed and many 
helpful suggestions concerning their manufacture are given. Various 
jewelry alloys are compared and suggestions are made for the use of the 
correct alloy in each particular type of jewelry. 

Methods of coloring, cleaning and polishing precious metals are explained 
in detail. The difficulties encountered in each process are pointed out and 
advice is given as to how to avoid or remedy them. 
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The Athenaeum commentating on the translation—“The rendering 
of such a treatise was long needed. An ordinary translator is eertain 
to go wrong over technical terms, and the language of mineralogy is 
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Les Merveilles des Indes Orientales et Occidentales, ou nouveau Traite 
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Epidote (ep’i-dote). Known also as 
Pistacite. Gem quality resembles 
tourmaline or peridot. Chemical 
composition Ca, (Al,Fe), (A10H) 
(Si0,), Monoclinic system. Hard- 
ness 6-7; Refractive index 1.75; 
Specific gravity 3.387. Transparent 
(pistachio-green) light yellow 
green. See also Piedmontite. 


Epithelial Sac (ep”i-thee’li-al). A 
sac composed of epithelium, for 
example, the pearl sac. 

Epithelium (ep”i-thee’li-um). A layer 
of cells bounding a surface in the 
body of an animal, whether ex- 
ternal or internal. 


Erinide. Trade-marked name for a 
yellowish green synthetic spinel. 


Erinoid. A casein resin used as a 
mould material for many common 
objects. See also Imitations. 

Eruptive (ee-rup’tiv). Minerals of 
voleanic origin in geological for- 
mations. Sometimes synonym of 
igneous rock. 

Essence d’orient (e”sans’ doe”rian’). 
A substance imitating the luster 
or orient of a pearl; made from 
silvery scales of underside of a 
fish. 

Essonite (es’oe-nite). See Hessonite. 

Estrellada (es-tre’ya-da). A diamond 
bearing deposit of Brazil. 

Etched. Having the surface rough- 
ened by solution or corrosion. 
Euclase (ue’klase). Very rare and 
desirable gem mineral. Chemi- 
cal composition Be(AIOH)Si0O,; 
Hardness, 7%; Refraction 1.66; 
Specific gravity 3.07. Transparent, 
very light green and light blue. 
Classified by Schlossmacher (lead- 


ing German authority) as 
cious. 


pre- 

European Cut. <A specific style of 
brilliant cut. The angles of its 
bezel facets (41°) and pavilion 
facets (388%°) with the plane of 
the girdle make it rather too thick 
a stone for maximum efficiency. 

“Evening Emerald.” Peridot which 
loses some of its yellow tint by 
artificial light, appearing more 
greenish. 

Exfoliation (ex-foe-li-ae’shun). Split- 
ting apart and expansion of flakes 
or scales on being heated. 

Exotic Fragments. Foreign rock 
reef, found in diamond pipes which 
is unlike floating reef. 

Eye Agate. Concentric rings of agate 
with a dark center. 

Eyestone. Thomsonite. 

Facet (fas’et). One of the small 
planes which form the sides of a 
natural crystal, or of a cut gem. 

Fahrenheit (fa’ren-hite). Pertaining 
to the scale used by Fahrenheit 
in the graduation of his ther- 
mometer; as 40° Fahrenheit (or 
40°F), 

Faience (fae”yans’). A term now ap- 
plied generally to all kinds of 
glazed pottery. Formerly a variety 
of majolica, usually highly dec- 
orated with colors and glazed, 
originally made in Faenza, Italy. 
See also Glazed Faience. 

Fairy Stone. Twinned crystal of 
staurolite, forming a cross. 

Fales. Stones with two, or more, dif- 
ferently colored strata. 

“False Amethyst.” Purple fluorite. 

“False Chrysolite.” Moldavite. 
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False Cleavage. Same as parting. 
“False Diamond.” Quartz crystal. 
“False Emerald.” Green fluorite. 
“False Hyacinth.” Garnet. 

“False Lapis.” Agate or jasper arti- 
ficially colored blue. 

“False Ruby.” Red fluorite. 

“False Sapphire.’ Blue fluorite. 

“False Topaz.” An incorrect name 
applied both to yellow fluorite and 
to citrine quartz. 

Fancy Agates. Agates showing deli- 
cate markings and intrieate pat- 
terns, 

Faney Stone. An unusually fine 
stone, or trade term applied to 
those varieties of a gem less often 
encountered commercially, as for 
instance, the term “fancy sap- 
phires” which refers to sapphires 
other than blue or white. 

Fashioning (of gems) includes slit- 
ting, cleaving, cutting, polishing, 
and other operations employed in 
preparing rough gem material for 
use in jewelry. 

Fashoda Garnet. Dark brownish-red 
pyrope garnet. 

Fault. Anything within, or on the 
surface of a stone which affects 
its beauty or value. 

Feathers. A term commonly applied 
to almost any irregular semi-trans- 
parent fault within any stone. 

Feldspar (felspar) (feld’spar”). The 
minerals known as feldspars are 
important as major constituents of 
igneous rocks. Certain varieties 
are of gem value. Gem varieties 
are colorless, white, pale yellow, 
green or reddish. Vitreous to pearly 
luster. Hardness 6 to 6%. See 
also Adularia, Amazonitem Labra- 
dorite, Microlene, Oligoclase, Sun- 
stone, Yellow orthoclase. 

Felted. Composed of matted fibers. 


Female Ruby or Sapphire. 
colored ruby or sapphire. 


Light- 


Feminine (fem’i-nin). Term applied 
to stones of a pale color. 

Ferrous (fer’us). Any mineral sub- 
stance having a considerable por- 
tion of iron in its composition. 

Fibroe (fei’brok). Bakelite product. 
A paper composite combined with 
asbestos. 

Fibrolite (fei’broe-lite). A gem min- 
eral. Same as Sillimanite. 

Fibrolithoid. Substitute for Celluoid. 

Fibrous (fei’brus). Having a thread- 
like or hair-like form. 

Filiform (fil’i-form, or fei’li-form). 
See Capillary. 

Finger Printing (of Diamonds). Spe- 
cial process of Frank Heitzler of 
Boston which photographs micro- 
scopically and in perspective the 
imperfections in diamonds and 
other gems. 

Fire. Term applied to the appear- 
ance of dispersion in gems, more 
especially in the diamond. Also, 
somewhat incorrectly applied to 
play of color in the opal. 

Fired Stones. Those which have been 
heated to change their color. 
Treated stones. 

Fire Opal. Red or yellowish-red opal. 

First Bye. First quality of by-waters. 

First Water. Diamonds so pure and 
colorless that they can scarcely be 
distinguished from water when 
immersed in it, and (in England), 
also without imperfections of any 
kind. 

Fish-eyes. Brilliant cut diamonds 
with dullness in their centers. 

Fissure (fish’ure). Separation along 
cleavage plane which slightly pene- 
trates the surface of a diamond. 
Geologically, a narrow opening 
formed by a parting of the earth’s 
crust. 


(To be continued) 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


HENRY E. BRIGGS, Ph.D. 


It is interesting to note that certain names have been applied to first 
one gem by one people, and then to another totally different gem by a people 
of another age. Thus the name “Sapphirus” was applied in ancient times to 
the opaque blue gem lapis-lazuli. Ina later age it was modified to “sapphire” 
and applied to the blue variety of corundum. How entirely different are 
these two gems, and yet the same name has been used to designate both. 
The name really means “azure”, a tint of blue, and consequently might in 
one sense be applied to any blue stone. However, in the nomenclature of 
gems, we should be more specific than that. 


The name corundum is indeed of great antiquity. It is derived from 
an ancient name “Korund”, which was applied to the same mineral to which 
we apply the name corundum. 


We also see reflected in the names of gems some of the ancient lore con- 
nected with the minerals. The Greek name “Amethyst” will call to our 
memory the myth of Bacchus. Who according to the myth bestowed upon 
this stone the power to prevent intoxication of its wearer. The Greek word 
literally means “without drunkenness”. 


Mineralogists have adopted a new system of nomenclature of gems, but 
it seems to have never gained much popularity with the average public. 
Perhaps it is well it isso. For we should hardly care to diseard the common 
name “Garnet” for the cumbersome “Carbunculus dodecahedrus” given by 
Dana. Or our ancient and loved name “Jade” for Dana’s “Nephrus amor- 
phous”, ete. 


However, the new names which are coined and which are objectionable 
are such names as “Starlite” and “Sparklite’. And, as well, all such mis- 
leading qualifying names as: “Cape Ruby”, “Brazillian emerald”, “Spanish 
topaz”, “Scotch topaz” and “Montana ruby”. Such qualifying names are 
absolutely misleading, and the fact that they are designed to mislead cannot 
be gainsaid. It is a well-known fact that Montana has produced some of 
the finest corundum ever produced, and any such name as “Montana Ruby”, 
when applied to garnet, as is usually the case, is directly misleading. Such 
names are coined in the hope to lead the buyer to believe that he is getting 
a rare and valuable stone, when in reality he is getting only a very common 
and comparatively cheap one. In many cases the qualifying name is eventu- 
ally dropped altogether, as in the case of topaz. Over 90% of the topaz sold 
today by jewelers is nothing but the very common mineral quartz. Either 
of the variety “Citrine”, which is naturally yellow, or of the smoky variety 
which, when treated properly with heat will turn a bright yellow to golden 
brown color. This was at first sold as “Scotch topaz”, “Spanish topaz”, etc., 
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but eventually the qualifying and misleading part of the name was dropped, 
and the selline of quartz as topaz became a wholesale swindle. 

The trade names such as “Sparklite” and “Starlite” whch are applied 
usually to altered stones are more or less m'sleadine. It is very plain that 
the vendors of these stones do not want the customers to know exactly what 
the stones are. For if they did whv would they not use the names of the 
stones which are commonly understood instead of these patent names? 
The two names mentioned apply to zircons which have been heat-treated 
to alter their color. The zircon as it comes from the mine is often of a 
color which would render its sale as a gem almost impossible. These 
stones are heated and after a skillful treatment some will be found to 
have turned blue, while others have become entirely colorless. The blue 
ones are often sold as “Starlite” and the colorless ones as “Sparklite”’. 
Many times they are sold as natural-mined stones and with absolutely 
no mention being made of the treating process through which the stones 
have passed. 

We will turn to the synthetic or scientific gem line and even there 
we find that vice has entered in and misleading names are used in an 
effort to “hoodwink” the unsuspecting customer. It is possible to produce 
synthetically, corundum which more or less is the same as the natural. 
(See synthetics.) This artificially prepared corundum is often made in 
various colors in imitation of the other gems and sold as: “Synthetic 
Garnet,” “Synthetic Alexandrite,” “Synthetic Tourmaline,” and “Synthetic 
Beryl.” Such naming is directly misleading as they are not scientific 
reproductions of the genuine gems whose names they bear. They are 
rather a mere synthetic corundum colored to imitate the other gems, and 
the use of such qualifying names is just as questionable in this case as 
it is in the case of the misrepresentation of natural stones. 

Today the markets are cluttered with countless thousands of skillful 
imitations. In many cases the names of costly gems are applied either to 
mere “fakes” or to other minerals of little value. These conditions make 
it necessary for the buyer to arm himself with a fairly comprehensive 
knowledge of gemology. 


ARTIFICIAL GEMS 


Since time immemorial man has used gem stones for personal adorn- 
ment. Unfortunately some of the most beautiful are also the most rare. 
For this reason man soon learned to place a great price upon fine gems 
and this in turn made it impossible for some of the less financially for- 
tunate to possess these things of beauty. 

In ancient times the mines or localities which yielded gems were 
comparatively few. The mining methods were extremely crude and we 
can readily see why gems of real beauty often commanded a stupendous 
price even in ancient times. 

These facts caused man to seek to produce artificially gems to satisfy 
his longing. This was accomplished with more or less success many, many 
years before Christ. At first only glass imitations were made. Later 
methods of treating common minerals, to render them like more expensive 
kinds, were devised. 

(To be continued) 
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GUILDS 


Devoted to News and Activities of Educational Organizations 
and of Vocational Study Groups and Their Members. 


FIRST CERTIFIED GEMOLOGISTS ANNOUNCED 


The Gemological Institute of America has announced the first group 
of students to be awarded the coveted title, Certified Gemologist. These 
title-holders have been working over periods varying from three to five 
years and have completed an extensive training course in the theory and 
practice of gemology. The examinations which must be passed before this 
title is awarded were explained in Guilds for February, 1935. 
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The first group of students to receive the title, Certified Gemologist, 
consists of: 

Hans J. BaccE, Chicago, of J. Milhening, Inc., manufacturing jew- 
elers; Secretary of Metropolitan Chicago Chapter, A.G.S. 

Lesuiz E. Dewey, Minneapolis, Minnesota, of J. B. Hudson Co., retail 


jewelers; Mr. Dewey has been one of the most consistent students of 
the G.I.A. 


Minton GRAVENDER, Minneapolis, of the Diamond Department of J. B. 
Hudson Co.; author of “Fascinating Facts about Gem Stones”. 


H. Pau JuERGENS; Mr. Juergens is one of a long line of jewelers. 
In his possession is a letter of apprenticeship which was issued to his 
great-great-grandfather in 1798. Mr. Juergens is Vice-President of Juer- 
gens & Andersen Company, a firm founded by his father and grandfather; 
and President of the Metropolitan Chicago Chapter of the A.G.S. 

Ricuarp M. Pgari, son of a Detroit retail jeweler, finished high 
school and temporarily gave up education as a bad job. After completing 
the Certified Gemologist course, he has now decided to obtain a degree in 
mineralogy and is studying at the University of Colorado. 

E. Paut SHaw; Mr. Shaw, of the J. B. Hudson Co., Minneapolis, 
with Messrs. Gravender and Dewey of the same firm, another of the Insti- 
tute’s early students. 

Howarp §. SMITH, retail jeweler of Redlands, California, is Vice- 
President of the Southern California Inland Guild. In special work at 
the Institute headquarters, Mr. Smith has distinguished himself as an out- 
standing laboratory man. 

Capt, TED SYMAN, Denver, President of Syman Bros. Jewelry Com- 
pany; prior to taking the Institute’s courses, Capt. Syman searched for 
gems in Africa and has distinguished himself as one of the outstanding 
“showmen” of the American jewelry trade. He is also an instructor of 
night classes in a Denver art school. 

Frep B. TuHuRBER, Providence, of Tilden-Thurber Corporation; mem- 
ber of the Board of Governors of the G.I.A. and the A.N.R.J.A. appointed 
representative to Examination Standards Board. Mr. Thurber, who is a 
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third-generation jeweler, was the first to complete all three portions of 
the Certified Gemologist examination and is Certified Gemologist No. 1. 

JOHN F. VoNbEy, San Bernardino, President of the Southern Cali- 
fornia Inland Guild, A.G.S., was one of the first men to complete verbal 
courses during the organization period of the G.I.A., thereby earning 
the title of Theoretical Gemologist. He has continued his studies to become 
one of the first Certified Gemologists. For two years he acted as leader 
of his regional study group. Mr. Vondey has distinguished himself by 
building a large business in colored stones in his region. 

In addition to the above, George C. Barclay, Newport News, Va.; Frank 
Blackstone, San Bernardino, California; Colin L. Christie, Butte, Mon- 
tana; Basil Felts, Banning, California; Alvin M. Knudtson, Roseburg, 
Oregon; Harold M. Lewis, Cleveland; Paul Noack, San Bernardino; Edwin 
E. Olson, Milwaukee; E. Howard Phillips, Conneaut, Ohio; Newton Rosen- 
zweig, Tucson, Arizona; Harold Seburn, Greensboro, N.C.; and F. W. 
Twogood, Riverside; are at present engaged in completing their Certified 
Gemologist examinations. 

The G.LA. Examination Standards Board has recently made the rul- 
ing that the second and third portions of the C.G. examination ate to 
require one whole day each. This additional time has become necessary 
chiefly because of the increase from 10 to 20 of the number of unknown 
stones whose identification ig required. 


OTHER TITLES AWARDED 
During the months of September and October the following retail jew- 
elers passed required examinations and were awarded titles. 


REGISTERED JEWELERS AMERICAN GEM SOCIETY 


California: Massachusetts: 

George C. Brock, Los Angeles F. Forest Davidson, Boston 
Thomas B. Buchan, Los Angeles 

S. L. Cook, Los Angeles Pennsylvania: 

Chas. H. Terstegan, Los Angeles Orrin A. Siegfried, Allentown 
Mlinots: Carl W. Appel, Allentown 
John C, Conlin, Oak Park 

Maine: Wisconsin: 

George B. Bryant, Bangor Fred A. Schmitter, Milwaukee 


GRADUATE MEMBER AMERICAN GEM SOCIETY 
Illinois: 
Milton H. Herzog, Chicago 


QUALIFYING CERTIFIED GEMOLOGISTS 


Florida: Indiana: 
Julius M. Kadish, Tampa Guy Swartzlander, Kendallville 
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A.G.S. GUILD AND STUDY GROUP MEETINGS 
Held in October 


October 8th—Boston Study Group—Held at Boston Society of Natural 
History under leadership of Dr. Edward Wigglesworth. 

October 1lth—New Jersey Guild meeting held at Douglas Hotel, Newark. 
Synthetic exhibit shown and talk read by Donald J. Cooper, Registered 
Jeweler, of Bayonne. 

October 17th—Eastern Pennsylvania Guild meeting at Academy of Nat- 
ural Sciences of Philadelphia. Synthetic exhibit shown and talk read 
by Dr. Samuel G. Gordon. 

October 17th—Wisconsin Guild—Hotel Pfister, Milwaukee. Hans J. Bagge, 
Certified Gemologist, of J. Milhening, Chicago, gave talk on Diamonds, 
showing crystal models and rough diamonds. 

October 25th—Northern Ohio Guild—Held at Case School of Applied Sci- 
ence, Cleveland. Synthetic exhibit was shown. 

October 29th—Tri-State Guild—Held at University of Pittsburgh. Synthetic 
exhibit shown. 

October 30th—Washington, D.C., second Study Group meeting held at 
Raleigh Hotel under leadership of Dr. W. F. Foshag. 

October 30th—Second meeting of Cincinnati Study Group held at Uni- 
versity of Cincinnati under leadership of Prof. Otto Von Schlichten, 


To Be Held in November 


November 5th—Metropolitan Chicago Chapter of A.G.S. to meet in Illinois 
Room of Palmer House. Synthetic exhibit to be shown and talk deliv- 
ered by F. Otto Zeitz, Q.C.G. 

November 5th—Boston Study Group—Boston Society of Natural History 
under leadership of Dr. Edward Wigglesworth. 

November 8th—-New Jersey Study Group under leadership of Dr. A. C. 
Hawkins. 

November 21st--Wisconsin Study Group under leadership of Dr. A. J. 
Walcott, to be held at Pfister Hotel. 

November 21st--Eastern Pennsylvania Study Group under leadership of 
Dr. Samuel G. Gordon, to be held at Academy of Natural Sciences 
of Philadelphia. 

November 22nd—Northern Ohio Study Group—Case School of Applied 
Science under leadership of Professor Richard Barrett. 


New York Chapter A.G.S. 


The New York Chapter will meeet on the afternoon of November 2nd 
in the American Museum of Natural History, New York City. Herbert 
P. Whitlock will be the lecturer, and his talk on “colored stones” will be 
supplemented by lantern slides. 
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A.G.S. CHAPTER FORMED IN CHICAGO 


Students of the American Gem Society and the Gemological Institute 
and other persons prominent in the retail jewelry trade met in Room A 
of Marshall Field’s grill Thursday, September 12, 1935, and formally organ- 
ized the Metropolitan Chicago Chapter of the American Gem Society. Mr. 
Hans J. Bagge, of Milhening, Inc., acted as temporary chairman, and after 
approval of constitution and by-laws, the following officers were elected 
to serve for the ensuing year: 


H. Paul Juergens, Juergens & Andersen.......00000000000.0.... President 
Geo. A. Arbogast, Arbogast & Holdorf..0...... Vice-President 
Hans J. Bagge, Milhening, Inc.......00020 eee Secretary 
Earl C. Luscomb, C. D. Peacocek.........000.e. cece Treasurer 


The new chapter of the A.G.S. will meet quarterly upon the evening of 
the first Tuesday of each month beginning in November. 

It was decided that the chapter would supervise the meetings of a study 
group of the A.G.S. which is to be organized. The first meeting of the study 
group was held Tuesday, October Ist. 


ADDRESSES L. A. MINERAL SOCIETY 


On Thursday, October 17, Robert 
Shipley, Jr., Laboratory Director of 
the Gemological Institute, addressed 
the Los Angeles Mineralogical So- 
ciety. His subject was “The Com- 
mercial Production of Synthetic 
Gems.” This talk was the same as 
the one which is now being given at 


various A.G.S. Study Groups, except 
that the special 
could not be shown to the Los An- 
geles Mineralogical Society as they 


display exhibits 


had previously been scheduled to be 
used at the meeting of the Eastern 
Pennsylvania Guild in Philadelphia. 


DIAMOND REPLICAS USED WITH JONKER EXHIBITIONS 


In conjunction with their display of the Jonker Diamond in Los Angeles, 
Brock & Company, who are Institute Members, used the Institute’s Famous 
Diamond show in their front window. This exhibition of glass models of 
the important diamonds of the world, which had been exhibited by the 
Institute at the recent World’s Fair in Chicago, attracted a great deal of 
attention. 

When the Jonker was forwarded to Shreve & Company of San Fran- 
cisco for display in that city, the latter firm made special arrangements 
with the Institute to use the display of diamond replicas, having heard of 
the great interest it created in connection with the showing of the Jonker 
Diamond in Los Angeles. 
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DIAMOND INSURANCE AND HOLD-UPS 


I fail to see how any system of registration or identification could be 
established that would reduce the number of hold-ups. It has been my 
observation that the customer who brings up the subject of hold-ups is 
usually not much interested in diamonds and does not offer this objection 
In fact, I believe that 


hold-ups for diamonds alone are few and far between and about 99% of 


as a real reason for not buying and wearing them. 


hold-up artists are far more interested in money than anything else, and 
in case a customer gives this as 2 real reason for hesitating to purchase, 
that, the jeweler can go a long ways to overcome it by ealling attention to 
the new insurance policy mentioned in the May-June issue of Gems & 
Gemology which only costs one-half the premium as the all-risk policy. 
I think the trade certainly owes Paul Juergens a vote of thanks for his work. 
—Note by Leslie E. Dewey, Certified Gemologist, Minneapolis. 


New Instructor for American Gem Society 
Study Group in Cleveland 


On September 27th occurred the 
first monthly meeting of the students 
of the A.G.S. and the G.I.A. in the 
Cleveland region to be conducted un- 
der the auspices of the Cleveland 
Guild of the A.G.S. 


The Study Group was fortunate to 
secure the services of a new leader, 


Prof. Richard L. Barret, the head of 
the Mineralogical Department of the 
Case School of Applied Science. The 
future meetings of the study group 
will be held in the laboratory of this 
institution. They will oceur upon the 


fourth Friday of each month. 


BOOTH AT A.N.R.J.A. CONVENTION SUCCESSFUL 


The joint G.I.A. and A.G.S. booth 
at the A.N.R.J.A. Convention in 
New York was managed by mem- 


bers of the New York Chapter, 
A.G.S., and of the New Jersey 
Guild. 


Members who spent time in the 
booth included Kenneth I. Van Cott 
of Marcus & Co., New York; Jack 
Gordon of Avvocato & Tuch, New 


York; H. V. Paul of Wiss & Sons, 
Newark; Frank L.Spies of Handy & 
Harman, New York; Richard H. 
Van Esselstyn of New York; and 
J. Arnold Wood of Poughkeepsie. 
The booth was a pronounced suec- 
cess and the members in charge of it 
answered many questions and dis- 
tributed literature explaining the 
work of the G.I.A. and of the A.G.S. 


The Gemological Institute of America 
Announces 


The latest achievement in the designing of gem-testing 
instruments, one which will prove of outstanding value to 
every jeweler who wishes to be able to test his own gems. 


THE SHIPLEY HAND POLARISCOPE 


This instrument is explained in detail on page 312 of 
this issue of Gems & Gemology; its great value is the 
rapid distinction of glass imitations from the majority of 
genuine stones without recourse to dangerous hardness 
tests. Other important tests can also be made with polar- 
ized light. 


Complete instructions for its operation accompany each 


Polariscope. 
$18 


Only Twelve Polariscopes Are Now Ready for Delivery 
—Order Yours at Once! 


Order from The Gemological Institute of America 
3511 W. 6th, Los Angeles 


NOTE—Insiruments Do Not Necessarily Conform in Every Structural Detail 
with Ilustrations 
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EDITORIAL FORUM 


Important Announcement 


In the first issue of Gems & Gem- 
ology, published in January, 1934, 
we announced that our policy would 
be to give our readers gemological 
information and to report each new 
development in the field of gemology. 
We followed this policy for several 
issues. With the November-December, 
1934, issue we altered it somewhat 
to follow a plan of presenting materi- 
al which would be of more general in- 
terest to all retail jewelers. We hoped 
to develop a service of which the ma- 
jority of all the retail jewelers ethi- 
cally eligible for membership in the 
A.G.S. would avail themselves. This 
course has been followed throughout 
the past year. 

However, following this plan made 
it necessary to delete much scientific 
material—of value to the jeweler 
who is a conscientious student of his 
merchandise—in favor of the more 
popular subjects, which were of value 
to a greater number of jewelers. It 
has now been proved that, even in 
its present form, Gems & Gemology 
is more valued by those jewelers who 
wish to make a serious study of their 
merchandise and methods of selling 
it. 

We have also found that not only 
Registered Jewelers and Certified 


Gemologists, but also the majority 
of our other readers are saving each 
copy of Gems & Gemology, re-arrang- 
ing and filing its pages in binders, 
and thus compiling gemological ref- 
erence books of permanent value. 

Beginning with our first issue in 
1986, we will institute a policy of 
limiting our material almost exclu- 
sively to that which is of distinct 
value for permanent reference. Fu- 
ture publications will be more in the 
nature of loose-leaf installments of 
reference books than issues of a mag- 
azine. Much heavier and more dur- 
able paper will be used. Each article 
will be so printed that pages on 
which it appears can be segregated 
for filing with other pages concern- 
ing the same subject. 

Only subjects of importance to 
Certified Gemologists and Registered 
Jewelers and other students of gems 
and precious metals will be included. 
Special attention will be given to the 
compilation of material which will 
keep the knowledge of both Certified 
Gemologists and Registered Jewelers 
constantly up to date. For them, 
Gems & Gemology will serve as a 
source of current and advanced in- 
formation with which every practic- 
ing gemological student should be 


Gems & Gemology is the official organ of the American Gem Society and in it will appear 


the Confidential Services of the Gemological Institute of America. 
unbiased and uninfluenced 
Gems & Gemology does not intend to overlap the field ef any other 


position of maintaining an 
advertising is accepted. 
periodical in America or England. 


In harmony with its 


position in the jewelry trade, no 


Contributors are advised not to submit manuscripts without first assuring themselves 


that the information contained in them is of scientific accuracy. 


Manuscripts not accompanied 


by return postage will be held thirty days and destroyed. 
Any opinions expressed in signed articles are understood to be the views of the author 


and not of the publishers. 
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familiar. Both practicing Certified 
Gemologists and Registered Jewelers 
will be required to answer annual 
questionnaires on the subject of 
specially indicated articles before 
their vearly re-registration cards and 
signs will be issued. 

These changes, while they obvious- 
ly will increase the value of each 
page of Gems & Gemology, will re- 
duce the total number of articles 
published, and at the same time will 
increase the amount of material of 
value to all jewelers or laymen in- 
terested in the scientific study of 
gems and precious metals. Because 
the dificulty of securing suitalle ar- 
ticles of this nature, or of preparing 
them ourselves, is far greater than 


339 


is the case with more popular ma- 
terial, the number of issues of Gems 
& Gemology in its new form of a 
loose-leaf reference service will be re- 
duced to four each year: Spring, 
Summer, Fall and Winter. 

The Gemological Glossary, Briggs’ 
Encyclopedia, the Selected Bibli- 
ography and, the Book Reviews will 
of course continue as will articles on 
various gem-stones. News of the 
A.G.S. will be presented in very con- 
densed form. 

Our intention is to ‘make every 
page count” and give to those persons 
who are conscientiously interested in 
attempting to perfect their knowl- 
edge of our subject even more valu- 
able information than formerly. 


JAMES NEWTON 


James Newton, junior member of the S. J. Newton firm of 
Long Beach, California, died of pneumonia Saturday, November 
30. He was a young man; in fact, he had been married less than 


a year before his death. Mr. Newton was one of the first Ameri- 
can jewelers to undertake the study of gemology; he was one of 
the eleven men to receive the title Theoretical Gemologist in 1981. 
At the time of his death, he was working toward his Certified 


Gemologist. 
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NATURAL BLUE ZIRCONS* 


The Gemological Institute of America maintains a constant vigilance 
in an attempt to clarify doubtful or disputed statements which appear in 
gemological literature. Questionnaires regarding such questions are addressed 
to recognized authorities from time to time. 


One of these statements of great interest both to the American jeweler 
and to his customer at the present time, concerns the possibility of the oc- 
currence of the zircon in a natural blue color. 

The policy of the Institute in such controversial subjects is to accept 
no statement as accurate, except when made by a person generally accepted 
as an authority who has, himself, answered the questionnaire as a result 
of personal research or experience. 

The majority of published statements have been to the effect that there 
was no conclusive evidence of the natural oceurrence of blue zircon. Re- 
cently a manuscript was received from Lt. Col. J. F. Halford-Watkins of 
Upper Burma, which indicated that natural blue zireons were known to him. 
This manuscript was published in an English periodical. In answer to a 
subsequent inquiry, he states that some years ago he actually saw blue 
zircons taken from mines in Ceylon, and has seen bluish zireons in the 
rough which were alleged to have been found naturally in that color in Siam. 
Certain rough zircons may, of course, be easily changed to blue, but the 
statement of this experienced gem mining engineer that he had seen blue 
zircon taken from a Ceylon mine even if it were several years ago, is of 
great gemological importance. Excerpts from his statement follows: 

“Of the natural blue stones I have seen in Ceylon, some were of a very 
fine bright blue colour, somewhat resembling a good deep aquamarine and 
others were paler. During these investigations we actually mined stones of 
these colours and there could be no question of their having been planted. 
Some thirty years ago it would have been possible to obtain a dozen or so of 
such authentic natural blue stones at almost any time, but I doubt if it would 
be possible to find a single one on the Island available for sale today.” Lt. 
Col. J. F. Halford-Watkins. 


No scientific color nomenclature being yet in existence, it is difficult to 
envision the exact meaning of a “bright” blue or whether the blue is the 
greenish-blue hue of many aquamarines or the nearly exact blue hue of others. 
The term—good aquamarine—would indicate that the stones seen by the 
authority were of a lighter tone than the flxest qualities of heated blue zir- 
cons now on the market. 


This natural blue zircon from Ceylon seems never to have been found 
in commercial quantities at any time and no single specimens have been 
reported as having been found since those mentioned above. The blue zircons 
now on the market are all apparently produced by heating brown and reddish- 
brown stones found in Siam which, before heating, are devoid of beauty. 


*G.LA. Research Service. 
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The Heat Treatment of 
Siamese Zircons* 


by 


C. A. ALLEN 
Graduate Member, A.G.S., Cranbury, N. J. 


Any attempt to describe the heat 
treatment of Siamese zircons may 
well be prefaced by the remark that 
on a subject concerning which, as 
this, so many diverse procedures 
have been reported, it is perhaps 
best to keep within the realm of 
one’s own experience, bearing in 
mind that approximate, or identical, 
results may possibly be obtained by 
methods differing in detail. 


While there are zircon mines 
within the territory of Siam which 
are worked to some extent today, 
the bulk of zircon rough, called 
Siamese rough, that reaches Bang- 
kok at the present time comes from 
the province of Annam, French 
Indo-China, from a region difficult 
of access, lying between the towns 
of Veun Kham, on the right bank 
of the Meh Khong river approxi- 
mately two hundred forty miles 
north of Pnom Penh, and Kontoum, 
approximately one hundred thirty- 
five miles due east of Veun Kham, 
the mines being about a ten days’ 
journey from Bangkok. 


The rough mined in this region 
is in the nature of washed pebbles, 
a large percentage showing evidences 
of erystal faces, and ranging from 
a light-brownish appearance through 
all the shades of that color to a 
rather deep reddish-brown. There 
uve many mines in the locality men- 
tioned, and by experience resulting 


=G.ILA. Research Service. 


from purely empirical methods the 
stone dealers in Bangkok have come 
to recognize different peculiarities 
in the rough from different mines, 
and vary the heating process accord- 
ingly. The rough from certain mines 
commands, in the open market, a 
much higher price than that from 
other mines because it is recognized 
that the results from treating such 
material are more uniform in reach- 
ing the desired standards of trans- 
parency and color. 


The charcoal stoves used in the 
process are the common type of open 
elay stoves used by nearly every 
family in the land for cooking pur- 
poses. They are about ten inches 
high and twelve inches in diameter 
at the top; near the base is an aper- 
ture for draft; and immediately 
above the upper edge of this aperture 
is a grate, merely a shelf of clay 
pierced with holes. This is called 
a single stove. 

A double stove is the combination 
resulting from another of the same 
size and shape, but without the 
draft aperture and grate, placed up- 
side down on the single stove. A 
double stove with a chimney made of 
thin iron, four to five feet high, is 
used together with a forced draft 
when the most intense heat the 
charcoal is capable of giving is 
desired. 


The clay crucibles generally used 
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are three and three-quarters inches 
high by two and one-half inches in 
diameter at the top. 


Whites 


As already intimated, the method 
of heating as well as the results 
from heating, largely depend upon 
the quality of the rough and the 
particular locality from which it 
has come. In obtaining whites, a 
chemical is used. This consists of 
one ounce of arsenous acid, one 
ounce of silver nitrate, five ounces 
of soda hypophosphite, and 
pound of sodium chloride, thoroughly 
mixed. 

If the rough have come from what 
are locally known as the Bor Kao 
and the Bor Tukom mines, about 
ten ounces is placed in a crucible 
and ten grammes of the mixture is 
poured over it; the crucible is placed 
on the grate of a double stove with 
a chimney—indicating that an in- 
tense heat is required—then covered 
with charcoal and heated for about 
one and one-half to two hours, or 
until the energy of the charcoal has 
been expended. When this has oc- 
curred the crucible is removed and 
allowed to cool, after which the 
rough is poured out. The result 
should be a goodly percentage of 
transparent stones which may then 
be cut and polished. 

Assuming, however, the rough has 
come from a territory known as 
Moung Kha, a somewhat different 
treatment is prescribed. It is placed 
in a crucible and heated in a single 
stove until red-hot. The result 
should be that some of the rough 
will have a yellowish, or a very light- 
bluish, appearance, while some will 
have become varying shades of blue. 
The blues are sorted out, but the 
vellowish and the very light-bluish 
are rough ground and are 


one 


pieces 
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then heated a second time in a 
double stove with the solution as 


described above, the result being 


that some will be a_ transparent 
white, but the majority variously 
tinted. The whites are sorted out 


and the others are reheated, fre- 
quently from three to six times, be- 
fore all that will become a clear 
white have done so. These are then 
cut and polished. The balance, some- 
times as high as eighty percent of 
the original lot, may be milky or 
tinted, and are usually disposed of 
locally or in other eastern countries, 
since only the first quality whites 
are desired by the trade in the 
United States and in Europe. 

To test the stones after they have 
been polished, the natives place them 
in the sun which, in Bangkok, al- 
most any day of the year registers 
between 145 and 160 degrees Fahren- 
heit, until they become warm. If the 
stones retain their color and clarity 
they are passed; but should there 
be a reversion to any brownish, yel- 
lowish, or bluish tint they are heated 
again in the same way but with 
more of the solution, more charcoal, 
and with a fan—either hand or 
electric—applied to force a draft. 

The formula used varies with dif- 
ferent dealers, but long experience 
has convinced my shop manager that 
the one given is as satisfactory as 
any, and more so than some. 

It is interesting to note that the 
rough from some localities, particu- 
larly those known as the Bor Koh 
mines, cannot be turned into whites. 


Blues 
The heating of the rough from 
other than the Bor Kao and the Bor 
Tukom mines to obtain the blue color 
appears to be an intermediate proc- 
ess between the first or the second 
heating for whites, as the case may 


be, and that for browns, described 
later. 

A erucible is filled with 
placed on the grate of a single stove, 
surrounded with charcoal, and the 
fire fanned until the crucible is red- 
hot. It is then removed and emptied 
after having been allowed to cool. 
All shades of blue should be the 
result, but some will appear whitish, 
some yellowish, and others light- 
bluish. These latter, i.e., the whitish, 
vellowish, and light-bluish, are sep- 
arated for changing into whites 
later. 


rough, 


Of the remainder, those which are 
of a blue 
sorted out; the others, generally of 
all sorts of nondescript colors, are 
placed in a double stove without a 
chimney, and with no fan, and are 
reheated for from one to two hours. 
The result should be an assortment 
of various blues. Again, those of a 
satisfactory color are sorted out, and 
the others onee more are heated in 
the same manner but with less char- 
coal, This heating should improve 
in color as many as can be improved 
excepting a tew which, because of 
their individual peculiarities, require 
as many as one to three additional 
and heatings before their 
blue color can be brought out, if 
at all. 

It should be said that, though not 
all the rough is of a satisfactory 
blue after the second heating, never- 
theless it is generally cut after this 
heating so that the actual quality 
of the color may be discerned. To 
protect the cut stones, they are cov- 
ered with tiny sand-like particles of 
rough zircon material to exclude any 
foreign matter. 


satisfactory color are 


similar 


Browns 
The rough is first changed into 
blues, as deseribed; these will be of 
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all shades from the very light to the 
gem quality. Among them will also 
be stones with a light-greenish cast, 
a dark-greenish cast, and a brown- 
ish-east, all of which may usually 
be turned into browns by reheating 
in a single stove and continuing the 
heat until the energy of the charcoal 
is expended. The light-greenish blues 
and the brownish-blues should then 
have become browns of different 
shades; the dark-greenish blues 
should have become a deep brown 
or a reddish-brown. 


Occasionally, a piece of the natural 
rough may be of sufficient depth of 
color to warrant cutting without first 
being heated, but this igs not fre- 
quent, and the practice is to heat 
all the rough. 

A genuinely red color is extremely 
rare in from either the 
Siamese or the Annamese source. 
It is thought that the heavy heating 
destroys that in a stone whieh would 
permit it to become a genuine red 
in color. If what turn out in the 
first heating to be a dark-greenish 
could be picked out of the original 
rough before the heating, and a less 
intense heat applied, it is believed 
by some Bangkok dealers that the 
supply of ruby and garnet red zir- 
eons would be more abundant, but 
this is pure speculation. As it is, a 
fine red color appears to be the acci- 
dental meeting of a particular piece 
of rough with a particular tempera- 
ture. 


zircons 


No one yet, to my knowledge, has 
discovered a way to tell before heat- 
ing, by observation of the rough, just 
what the result after heating will 
be. The dissimilar chemical con- 
stituency of the rough, even from 
proximate localities, appears to pre- 
vent this. I have been told by Bang- 
kok dealers that they can, to some 
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extent, predict the result after heat- 
ing by inspecting a piece of the 
unheated rough, but on viewing the 
result it seemed to me that they 
were wrong as often as they were 
right. The methods described, based 
entirely upon experience, appear to 
be the only known methods of heat- 
ing the zircon in Siam; and when 
it is understood that the procedures 
described are those generally, but 
not always, followed in detail by the 
various zircon dealers, it is obvious 
that much remains to be discovered 
if precise knowledge is to be had. 
From all this, however, one bit of 
information appears to be evident. 
Speaking very generally, 
which, under a certain temperature, 
would become blue, turn to yellow or 
if this temperature is ex- 
ceeded; and if the temperature which 
produces browns is extended, and a 
chemical used, the possibility is that 
either a clear ov a milky white will 
be obtained, while poor quality 
whites are obtained, at times, by an 
increase of temperature only. 
Speaking of particular 
some blues will not change color 
under any temperature up to 2,600 
degrees Fahrenheit, nor will some 
browns; but my experience has been 
that most whites will become off- 
color at that temperature. On the 
other hand, it would seem that many, 


stones 


brown 


stones, 


perhaps a majority, of blues which, 
for some reason, have partially lost 
their attractive color, may have that 
color either partly or wholly restored 
by being heated in a temperature 
not exceeding approximately 600 
degrees Fahrenheit, while the color 
of others cannot, apparently, be re- 
stored once it has been lost. Some 
browns, though not all, may likewise 
be restored in color by the applica- 
tion of the same temperature; but 
in attempting to restore the color of 
both blues and browns great care 
must be taken not to raise the tem- 
perature too high or the color that 
is there may be permanently de- 
stroyed. 


The temperatures given are those 
obtained with an cleectric furnace. 
With reference to the temperatures 
of the charcoal stoves, this is a mat- 
ter of speculation since no pyro- 
meters are attached to any of the 
stoves in Bangkok at the present 
time. It cannot be too strongly em- 
phasized that there are certain dif- 
ferences in the rough from various 
localities, and that the experience in 
heating gained from one lot will 
probably be of little or no use when 
with another lot, 


results are 


working if sys- 


tematic sought, unless 
one is positively assured that they 


both have come from the same mine. 


NEW TYPE OF OPAL DOUBLET 


A San Francisco lapidary seems to have developed a very interesting 
and attractive method of constructing opal doublets not previously recorded 
in gemological literature. The process is to first cut a hollowed section (in- 
taglio} of black chalcedony and then to fit a polished slab of opal into the 
hollow. This produces a doublet which appears from the top to be a section 
of opal framed by a narrow border of black chaleedony. In addition to being 
attractive in appearance, it is reported that the stones wear much better 
than the usual type of opal doublet due to the protection which this style 
of manutacture gives against chipping along the separation plane. 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


Flash Opal. Opal in which the col- 
ors show as a single color. 

Flat. In connection with price quo- 
tation, means price per grain re- 
gardless of size, C. 


Flat Ends. Thin cleavages from 
diamonds. 
Flats. Thin, flat portions of diamond 


crystal. 

Flaws (in gems). Inclusions of other 
substances, internal fractures or 
visible imperfect crystallization 
within a gem-stone. 

Fleches d’amour  (flesh’da”moo1”). 
Sagenite (quarts). 

Flexible. Capable of being bent with- 
out breaking, but not returning to 
its original position. 

Flint. A massive, somewhat impure 
variety of quartz, in color usually 
gray to brown or nearly black, 
breaking with a conehoidal frac- 
ture with sharp edges. It is very 
hard, and strikes fire with steel. 
It is the chief material of the stone 
implements of primitive man. 
(Webster. ) 

Flint Glasses. Glasses containing an 
appreciable amount of lead and 
include light flint, medium flint, 
heavy silicate flints, extra heavy 
silicate flints, ete. To the last 
three varieties the term lead glass 
is sometimes applied. See also 
“Full Crystal,” Cut Glass, Com- 
mon Pressed Glass, Optical Glass, 
Strass. 

Floating-light. See Cymophane. 

Floating-opal. Small pieces of hydro- 
phane or bits of gem opal, placed 
in glycerine in transparent drop- 
shaped glass containers, are 


known in the trade as floating- 
opals. 

Floating-reef. Inclusions of the sur- 
rounding reef in the blue or vellow 
ground of the diamond pipes. 

Float-Stone. A variety of opal that 
floats on water. 

Flohmig Amber or Fatty Amber. 
Resembles goose fat and is full of 
tiny bubbles, but not as opaque as 
Cloudy Amber. 

Floors. Flat areas of ground on 
which the diamond-bearing rock 
of the African mines is weathered. 

Flower Stone. Beach pebbles (chal- 
cedony). 

Fluor (floo’ore).Same as Fluorite. 

Fluorescence (floo”oe-res’ens). The 
property possessed by some sub- 
stances of emitting visible light 
when exposed to ultra-violet cath- 
ode rays, X-rays. etc. 

Fluorite, Fluor, or Fluorspar (floo’- 
ore-ite). Mineral in cubic system. 
Hardness 4, refractive index 1.43. 
Transparent to translucent. Red, 
blue, green, gray, yellow, orange, 
violet, ete. Known as “Blue John,” 
“False Ruby,” “False Sapphire,” 
“Mother of Emerald.” 

Fluorspar (floo’ore-spar). 
Fluorite. 

Flux (fluks). To melt, to fuse. As 
a noun, x fluid or substance which 
may be used to fuse some other 
material. 

Foamy or Frothy Amber. 
Chalky white—will not take polish. 

Foil Backs. (1) Genuine foil backs 
are gems backed with colored foil 
or similar material of color to im- 
prove appearance of stone. (2) 


Same as 


Opaque. 
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Semi-genuine, or imitation foil 
backs are backed by foil or similar 
material of the color which 
changes their appearance to re- 
semble that of a more valuable 
stone. See also Assembled Stones. 


Foiling. A thin leaf of metal silvered 
and burnished and afterwards 
coated with transparent colors; 
employed to give color or bril- 
lianey to pastes and inferior stones. 
Diamonds usually backed with a 
black varnish composed of lamp 
black and oil of mastic. 


Folia (foe’li-a). Thin flakes” or 
leaves; lamellae. 


Foliated (foe’li-ate-ed). Composed 
of or easily splitting into thin 
flakes or plates. 


“Fools Gold.’ A popular name for 
pyrite. 

Fortification Agate. Agate with 
parallel zigzag lines. 


Foss (fos). A sort of meandering: 
furrow on the surface of a rough 
diamond. 


Fosse (fos). See Foss. 


Fossil (fos‘il). Originally, any rock, 
mineral or other object dug out of 
the earth. Now, any remains, im- 
pression, or trace, of an animal or 
plant of past geological ages, 
which has been preserved in a 
stratified deposit or a cave. The 
term is frequently further re- 
stricted to remains of a stony 
nature, as those which have under- 
gone more or less petrification. 
The term is applied to foot-prints 
or tracks of animals which have 
been preserved on the surface of 
the strata. (Webster.) See also 
Petrification. 

Fossil Coral. Coral replaced by silica ; 
called Beekite. 


Fossil Resin. See Amber. 

Fossil Turquoise. See Bone Tur- 
quoise. 

Fossiliferous (fos”il-if’er-us).  Con- 
taining fossils, remains of plants 
or animals. 

Fracture. Fracture is the term used 
to describe the chipping or break- 
ing of the surface of a stone in a 
direction other than that of cleav- 
age plane. 

Frangibility (fran”ji-bil’i-ti). Capa- 
bility of being broken; breakable; 
brittleness; fragility. 

Fresh Water Pearls. Pearls from 
the Unio; a fresh water mussel 
of the family Unionidae. 

Friable (frei’a-bl). Readily broken 
into grains; crumbling easily. 

Frost Stone. In 1912 chaleedony con- 
taining inclusions of white opal 
was discovered about 30 miles from 
Barstow, California. This pol- 
ished beautifully and was put on 
the market under the name of 
frost stone, and met with a ready 
sale. 

Frothy Amber. See Foamy Amber. 

“Full Crystal.” See “English Crys- 
tal.” 

Furrowed. Having deep grooves or 
striations. 

Fused Quartz. See Quartz Glass. 

Fused Stones. May refer to any gem 
substitute produced by means of 
fusion; especially synthetic stones 
and glass. 

Fusibility. The capacity for being 
fused or melted in the blowpipe. 
Gadolinite (gad’oe-lin-ite). Velvety- 
black yttrium, beryllium, iron sili- 
cate, and silicates of other ele- 

ments. 


Gahnite (gan’ite). Green spinel. 


(To he continued) 
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Buying a Diamond—a 
Customer’s View 


The following excerpt is reprinted with permission from the Southern 


Jeweler. 


At the first store on my list, I was 
ushered into the diamond room and 
various styles of rings were placed 
on the table before me. I was given 
an expensive cigar, a light, and seat- 
ed in a comfortable chair while being 
quoted prices that were well above 
my limit. I very patiently explained 
that I could not pay so much, and 
could I see something for less. I 
could. In fact, I was informed that 
right in that store, I could see the 
largest assortment of diamond jew- 
elry to be found in the city. I was 
net, however, looking for an assort- 
ment. One piece was all I wanted. 
But that one must be of good taste. 
The salesman continued to parade 
them across the table, until some two 
or three dozen rings were there to 
confuse me, mostly gaudy and flashy 
and ranging in prices all the way 
from Alpha to Omega. 

When I asked for something a lit- 
tle more delicate, a little more re- 
fined, something for a young lady of 
taste, the salesman probably thought 
I was going highbrow on him; he 
ignored my remarks. I began ques- 
tioning him about the color and grade 
of the stones which were nearest to 
my wants. A peculiar light came into 
his eyes and he wanted to know who 
I had been talking to, but showed no 
inclination to set me right on the sub- 
jects which I was most interested in. 
He did finally tell me to take his ad- 
vice and buy diamonds only from 
someone whom I could trust, as dia- 
monds were sold strictly on con- 
fidence; and his expression told me 


It has a moral for every diamond salesman. 


that I could trust hardly anyone be- 
side himself. This was no help to me, 
as I knew no one who sold diamonds 
and therefore one’s statement meant 
as much to me as another’s. 


Still he showed no inclination to 
discuss technical points, further than 
stating that the mounting was plati- 
num or 18-karat gold. These things 
were obvious. Other technical points, 
he hastened to explain, I would not 
understand anyway. By this time 
I was beginning to doubt his ability 
to explain, and after his flattering 
ecmpliment, I reached for my hat 
and indicated I would look areund 
before making up my mind. Right 
here a few careful explanations 
might have made a sale, but appar- 
ently one sale more or less meant 
nothing to him. 

Failing to realize that I was not 
interested in a ring simply because 
it was priced high or low, he brought 
out two or three others that were 
nearer what I had in mind. On 
these, he said, I might have a special 
price. I wondered why a _ special 
price when I had not asked it or in- 
dicated that I wanted a better price, 
and I left the store feeling that 
buying an engagement ring was as 
hazardous as the salesman had indi- 
cated—like taking a bride for better 
or for worse. 

I paused before the window of the 
second store on my list and found 
there a rather neat display of dia- 
mond pieces ranging from a few dol- 
lars up to a few thousand. Here, I 
thought, I should find just what I 
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want. After giving the pieces dis- 
played more than a mere glance, 
while giving the salesman hovering 
just inside the door a chance to work 
up to a keen pitch of anticipation, 
I walked in and asked to see a soli- 
taire, naming the price I wanted to 
pay and asking if terms could be ar- 
ranged. 

I was assured that these matters 
could be taken care of and was 
passed on to the diamond salesman, 
who came forward and greeted me 
courteously, though not gushingly, 
and led the way back to the mer- 
chandise I had asked to see. He 
began by setting three pieces before 


trated on the two for which I had 
shown preference. He was careful 
to move any pieces that might cause 
confusion. 

Then, without my asking for it, 
he began a detailed description and 
classification of each stone. Color, 
brilliance, perfection of stone and 
cutting, weight and other technical 
points were covered carefully and 
thoroughly, without exaggeration or 
undue emphasis, and in plain, easily 
understood terms. Each point was 
given its proper relation to the whole 
in a manner that was convincing. 
Any questions I asked were answered 
quickly, intelligently, and in a man- 


ner that indicated he knew his sub- 
ject from both a technical and sales 
standpoint. His sales talk was not 
high-pressure, but rather it leaned 
toward sales psychology—-an intelli- 
gent attitude of helpfulness. I made 
up my mind that here was the man 
I would trade with. 


me, all approximating the price I had 
asked for. Realizing, by my expres- 
sion, no doubt, that none of these 
registered, he removed them and 
produced four others. Two of these 
caught my eye immediately. The 
salesman, quick to sense this, re- 
moved the other two and concen- 


DIAMOND MARKET 


The most outstanding feature of the diamond market at the present 
time is its obvious strength. Amsterdam, and particularly Antwerp, the 
cutting centers, report activity greatly increased over that of a year ago. 
The United States is again, as it has always been in the past, the best custom- 
er for these cutting centers. Moreover, the Diamond Corporation continues 
to raise prices of rough, and ready sales evidently are always found for 
this material when “sights” are presented. At the present time it is re- 
ported that no more sales of rough diamonds will be made before January, 
1936. Some criticism of the Corporation’s policy has been heard, especially 
from Amsterdam cutters who claim that too much rough is being sold; but 
in general all parties interested in the diamond trade are pleased with the 
policy which the Corporation is following. All indications point to gradually 
rising prices for rough and cut diamonds, and to a constant, though perhaps 


leisurely, increase in demand for the stones. 
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BOOK REVIEWS 


Elements of Geology, by Eliott Blackwelder and Harlan H. Barrows. 
New York, 1911, American Book Co. 


This is obviously intended primarily as a textbook. Its material is ar- 
ranged in ideal order for study, but the book must be read consecutively 
from beginning to end if the beginner is to understand it thoroughly. It 
presents a very fine discussion of the elements of physical and historical 
geology For a complete comprehension of all the subjects presented, a series 
of lectures by a geological teacher would probably be desirable in addition 
to studying the textbook. However, this cannot be construed as a criticism 
of the work, since it follows the expressed purpose of the authors to pro- 
duce a text which was “not a manual or reference book.” 


Elements of Geology makes interesting reading when followed from be- 
ginning to end. Questions are asked throughout the text, referring to ma- 
terial previously presented; these undoubtedly aid in the obtaining of a 
clearer understanding of the subject. 


This text is recommended to any student who wishes to secure a well- 
grounded elementary knowledge of geology. 


Diamond, A Descriptive Treatise, by J. R. Sutton, M.A, Se.D., 1928, 
London, Thomas Murby & Co., New York, D, Van Nostrand Co. 


Dr. Sutton’s treatise is largely the result of his own practical experi- 
ence. Many of his statements are drawn from actual observations made 
during his some thirty-five years in the South African diamond fields. His 
experience was largely gained in Grigualand West and he was also employed 
by De Beers Consolidated Mines. Therefore, the discussion concerns pri- 
marily the diamonds found in South Africa. Physical properties, crystallog- 
raphy, and theories regarding the origin of diamond are explained in par- 
ticular. 


The author presents many interesting facts, which constitute extremely 
valuable information even though one may tend to disagree with the conclu- 
sions which Dr. Sutton draws from his data. He disregards other texts and 
descriptions on diamond and presents his facts as he interprets them. His 
book, therefore, is of great value despite the fact that many of its conclu- 
sions are open to question. 


Of particular interest is Dr. Sutton’s refutation of the often repeated 
assertion that diamonds from different sources vary considerably in hard- 
ness. On the other hand, he supports the theory that diamond “separated 
from the magma first as a plastic crystal, becoming solid later on,” a theory 
which has long since been abandoned by the majority of authorities. 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issie) 


HENRY E. BRIGGS, Ph.D. 


Still later man succeeded in producing some of the gems synthetically. And 
for many centuries before the production of synthetics, slabs of genuine 
stones were cemented or fused on to glass bases. And sometimes two thin 
genuine stones were cemented together, thus making a piece sufficiently deep 
to cut one large and consequently much more valuable stone, 

It is necessary for the gemologist to be familiar with these artificial 
gems and we will touch wpon each kind in this chapter. 


IMITATION GEMS 

Under this heading we will consider the materials made from colored 
glass or a special kind of glass known as “Strass’. Sometimes this glass 
is merely pressed into molds while it is in a molten state, thus forming 
the gems without the process of cutting with its higher cost. However, 
occasionally we see one which is perfectly cut and polished. Many times 
the cutting of these pastes consists of a polishing operation only which 
is done on a blank which has been pressed into shape. The polishing 
operation gives the desirable sharp angles which is often not obtained 
in mere pressing, and also it will give a superior finish. The following 
are examples of the many dozens of mixtures used to imitate gems: 

Formula for Strass. One part crushed rock crystal, three parts of 
cream of tartar, melt in a crucible. Pour this mass in luke warm water, 
adding nitric acid as long as it will boil. Dry and add 11% parts of white 
lead. Take 134 parts of this mixture and add i: part calcined borax, 
melt and cool in cold water by pouring directly from the crucible into the 
cold water. Now to this add ib parts of saltpeter and melt. The result 
will be a colorless and highly refractive glass called “Strass” after its 
inventor. 

Another composition used in making artificial gems is composed of 300 
parts of rock crystal, 470 parts of red lead, 163 parts of pure potash, 22 
parts of borax, and one part of white arsenic. 

When imitating colored gems these pastes are colored with various salts. 

Gablonz, Czecho-Slovakia, is the most important producer of glass imi- 
tation gems and other glass adornment. 

Glass imitations or pastes may be very easily identified, except in the 
case of carefully imitated “Moldavite.” Moldavite is a glass of natural 
origin and it is a difficult task to discriminate between the genuine and the 
natural. It is entirely possible to make the artificial in every way the same 
as the natural. In the cases of glass imitations of other gems, we do not meet 
this difficulty. In most cases it will be found that the paste has a different 
hardness and specific gravity than the natural gem in question. Then too 
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the greater part of the gems are anisotropic, that is doubly refractive, while 
the pastes are of course singly refractive, being amorphous. It is indeed 
seldom that the pastes have the same index of refraction that the gems have 
that they are made to imitate. Consequently this will afford a quick means 
of discrimination. Then in the cases where dichroism is known to be marked 
in the natural gem, imitations can easily be detected with the aid of the 
dichroscope. 


Other imitations on the market are bakelite and celluloid. The bakelite 
is used mostly to imitate amber. It is composed of phenol and formaldehyde 
and when vigorously rubbed will give off an odor which is entirely different 
from the pleasant odor of amber. Perhaps the quickest test is that of the 
salt water immersion. A glass of water to which has been added a couple 
of teaspoons of table salt will float the specimen if it is true amber. On the 
other hand bakelite will sink at once. This is due to the difference in specific 
gravity of bakelite and amber. Celluloid imitations will only have to be rubbed 
briskly to note the odor of camphor which will identify them as celluloid. 


DOUBLETS AND TRIPLETS 


There are three different types of doublets and one type of triplet. The 
doublets are mainly divided into two classes, the true and the false. The 
true doublets consist of two pieces of gem crystal cemented together so as 
to afford sufficient depth for cutting, such as two slabs of emerald which 
are too thin to be cut into gems of a breadth which their surface area would 
permit. These two stones are carefully faced and cemented together thus 
forming a single block of sufficient depth to cut one large gem. Of course, 
a single large gem would be worth more than the total value of the two thin 
pieces. The cement which is used to join the doublets is of a transparent 
type and seems to have most remarkable strength. Diamonds, emeralds and 
rubies are often made in doublets. However, the making of ruby doublets is 
now practically a thing of the past as far as true doublets are concerned. 
The detection of the true doublet is not always a very simple matter and 
will sometimes require very careful examination. The joint is made exactly 
on the girdle in fine true doublets and this fact of course makes it an easy 
matter to overlook the extremely thin film of cement, especially in a well- 
done job. 


The gem’s girdle should be very carefully examined under a high power 
loupe or preferably a low power microscope. Often the film of cement can 
be deteeted this way. If the gem be immersed in a solution with a refractive 
index near that of the gem fragments, the film of cement (usually of a lower 
index) will often be more transparent than the remainder of the piece. 
Lastly the soaking of the gem in alcohol, chloroform or acetone will some- 
times cause the frauds to part since the cement will be dissolved. 


(To be continued) 


Notes on Gem Cutting 


GEORGE H. MARCHER, Q.C.G. 
Los Angeles 


Correct Proportions 
The lower third of the pavilion is 
the most important part of a bril- 


liant. This area may be seen simul- 
taneously through the table and 


through the facets around the table 
when looking directly into a well- 
cut brilliant. This means that nearly 
all the brilliancy depends on this 
part for its existence. Flaws near 
the culet may be repeated throughout 
the face of the stone, and a patch of 
beautiful color may likewise be in- 
creased and thus enrich the appear- 
ance of the entire gem. Similarly a 
deceiving tint from an_ indelible 
pencil on the outside imparts a false 
color to a diamond. Soapy dirt 
allowed to accumulate around the 
culet more seriously damages the 
brilliancy than it does on any other 
part of the stone. Sometimes while 
finishing the inside of a ring, a work- 
man allows the back of the gem to 
become abraided by carborundum 
cloth. This ruins the beauty of the 
stone by making the entire stone 
frosted in appearance. 


The height of the bezel usually 
should be maintained at about one- 
fourth the total thickness, but when 
a stone is excessively deep in color, 
such as dark garnets and sapphires, 
this height may be sacrificed some- 
what to lighten the color. 


Flaws in Gems 
Badly flawed faceted stones are at 
their worst when cut brilliant. The 
irregularity of the flaws in contrast 
with the mechanical simplicity of the 
radiating facet lines, seems to give 
the flaws emphasis. And flaws are 


easily noticed in a stone which is 
cut with long step facets, especially 
if the gem be of a light color so one 
can see into it readily. The most 
favorable cut for a flawed stone 
seems to be one with a large number 
of triangular facets which tend to 
disguise flaws. 

The girdle should be as thin as 
needed strength will permit. If too 
thick, it is unsightly from the out- 
side and it may reflect into the bril- 
liancy from within and appear like 
a flaw. If too thin, its strength is 
impaired while being set or while In 
use. Diamonds usually are cut with 
a thin girdle that is left unpolished, 
but the girdles of large, fine ones 
are occasionally polished. Other gem 
stones should have polished girdles 
as thin as are practicable and should 
consist of two bevels, one above the 
other. 


Styles of Cut 

While the round diamond-cut pro- 
duces the most life, it is the least 
ornamental in design. Its outline has 
none of the decorative element of 
variety, as its curvature is the same 
all the way around. A circular stone 
offers less opportunity for the lines 
composing the stone to “lead out” 
into the lines composing the mount- 
ing, thus offering but little assistance 
toward unity, another element of de- 
sign. Recent fashion, too, quite defi- 
aitely favors shapes other than round. 
Modern, or contemporary, art deals 
more extensively with straight lines 
and angles which require the use of 
calibre gems and baguette diamonds 
as auxiliary stones. This influence 
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naturally suggests that the chief 
stone should also conform to such 


lines and angles. 

Simple and conservative shapes, 
such as round, eliptical and cushion- 
antique, are favored when cutting 
rare and valuable gems. Such 
shapes conserve the material best. 
The simple dignity of such forms 
creates fewer distractions from other 
features of beauty less dependent on 
excessive ornamentation. 

The eliptical, or “oval” shape, is 
pleasing to the eve because its differ- 
ing curvature of outline contains the 
element of variety. Its faults are 
that it produces less brilliancy and, 
again, it does not so well suit present 
fashions. It is a style that has been 
used much during the last hundred 
years, and it lends itself well to 
antique designs, which please many 
people. 

The rectangular and octagonal 
styles of cutting are better than the 
eliptical shape for brilliancy as more 
of their reflecting facets lie opposite 
one another. This permits light to 
reflect across more effectively. The 
corner points are liable to break 
while in use, but modern styles accept 


them. The corner facets of the 
oblong octagon shape cannot be 


opposite other facets, so the brilliancy 
suffers a bit. If such faceted stones 
are step-cut, the parallel lines are 
not so artistic. If flaws are visible, 
their irregular shapes contrast with 
the severe, parallel lines of the 
facets, and the flaws become more 
noticeable. 


Phenomenal Gems 
The adularescence of the moon- 
stone is more satisfactory when the 
“light” presents itself in the very 
top of the stone. If it is to be worn 
in a vertical position, as in a searf 
pin, the “light”? becomes more effec- 


tive when placed somewhat toward 
the upper end of the stone, then 
illumination, which usually comes 
from above causes the adularescence 
to appear lower where it belongs. 
The back should be convex and 
polished. 


A star sapphire contains three 
series of straight lines or filaments 
like silk. The lines in each series 
are parallel with what was the base 
of the crystal and they extend 
through all parallel planes, and the 
lines of each series are parallel 
respectively with what was one of 
the sides of the crystal, which places 
each series of 60° with one another. 


When such a stone is cut cabochon, 
a path of light is seen wherever the 
lustrous sides of these lines present 
themselves along the rounded con- 
tour of the gem. A round cabochon 
shows uniformity in the width of the 
“arms” of the star and evenness in 
the distance of the separation. An 
eliptical cabochon shows a greater 
width of the “arms” on the sides 
than on the ends, with a correspond- 
ing distortion of the star itself. If 
the top of the stone is made a bit 
conical it tends to sharpen the star 
and to hold it to the center. These 
observations, of course, apply to any 
asteria. 

A cat’s eye contains but one series 
of parallel filaments. Such a stone 
develops a sharper streak when cut 
into an eliptical cabochon with a 
sharper curvature extending length- 
wise along its top. This tends to 
cheapen the appearance so it should 
be done with caution and delib- 
eration. 


An opal often has but a thin zone 
of fire. The proper fashioning of 
such an opal is to make the top as 
high as the zone of fire will permit 
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and leave extra material on the back with more subtlety of artistic detail 
by cutting it convex, for strength. than the intaglio, which has its sub- 


Engraved Cutting ject carved below the surface of the 

Among engraved stones the cameo background. As the carving must 
is of first importance. A cameo is 
a miniature sculpture with the sub- 
ject produced in relief. Since the 
details are in better view of the obstruct the view. This is especially 


be done with minute diamond-charged 


wheels or burs, the tools tend to 


workman, the cameo can be executed the case with the intaglio. 


(THE END) 


EMERALD FILTER TESTED* 


The Gemological Institute of America has completed a series of tests 
on the emerald filter developed by the students of the classes of the British 
Gemmological Association. It has been found that the filter performs the 
work of distinguishing emeralds from the majority of substitutes, as well 
as from other genuine green stones, exactly in accordance with claims made 
fov it. These claims are: 


“Emeralds will appear distinctly red (the better the quality the 
brighter the red), whereas Green Pastes, Doublets, and almost all 
green stones except Demantoid & Zircon (which appear reddish) appear 
green, 


“Synthetic Blue Spinels (imitating Blue Zircon or Aquamarine) 
may also be detected by their red colour. 


“Rubies appear a characteristic brilliant fluorescent red.” 


The “Chelsea Colour Filter” is the best instrument of its sort ever to 
be received by the G.I.A. It is priced at five shillings, and at present sells 
in America for about $2.00, including duty. 


*G.LA. Confidential Service. 
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Educational Exhibits and Lectures Presented 
In Various Cities 


An educational feature consisting 
of a lecture accompanied by a com- 
plete comprehensive exhibit of syn- 
thetic boules, photographs and 
sketches of synthetic stone manufac- 
turing equipment, enlarged micro- 
photos of inclusions in genuine and 
synthetic stones and a special illumi- 
nator display of actual genuine and 
synthetic stones illustrating the dif- 
ference in imperfections, was pre- 
sented by A.G.S. Guilds in various 
cities. 

It is by means of familiarity with 
the difference of the inclusions or 
so-called imperfections which the 
synthetic stones contain as distin- 
guished from the genuine stones 
which makes it possible to definitely 
detect synthetics. This traveling ex- 
hibit would probably not be of great 


educational value to the trade if a 
demonstration of the manner of de- 
tecting synthetics had not been in- 
cluded, however, with the addition of 
this extraordinary demonstration, the 
exhibit becomes an extremely valu- 
able one for every jeweler to see. 

The lecture and exhibit have al- 
ready been presented before the New 
Jersey Guild at Douglas Hotel, New- 
ark, October 11, by Donald J. Coop- 
er; before the Eastern Pennsylvania 
Guild at Academy of Natural Sci- 
ences of Philadelphia, October 17, 
by Dr. Samuel G. Gordon, and before 
the Cleveland Guild at Case School 
of Applied Science, October 25. The 
synthetic display will be exhibited 
and explained at the coming meetings 
of several other Guilds. 


GEMOLOGICAL STUDENTS FROM ABROAD 


Two more foreign jewelers have 
begun gemological courses with 
American organizations. 

Mr. Friedrich F. A. Meinecke of 
Guatemala City, Guatemala, has en- 
rolled in the elementary course of 
the American Gem Society and has 
expressed his hope to be able to 
continue in the Gemological Insti- 
tute’s Certified Gemologist course. 

Mr. H. Tillander of Helsingfors, 


Finland, who recently completed the 
study courses of the British Na- 
tional Association of Goldsmiths, 
obtained its Diploma, and won the 
Tully medal as an outstanding 
gemological student, is taking spe- 
cial correspondence work with the 
Gemological Institute. His intention 
is to take the examinations of the 
G.I.A. in February, 1936, and earn 
the title, Certified Gemologist. 


PURCHASES MINNEAPOLIS STORE 


Word has recently been received by Gems & Gemology that Henry Snyder, 
formerly with the Louis Esser Company of Milwaukee, has purchased the 
old-established firm of White and McNaught of Minneapolis. 

Mr. Snyder is one of the country’s more advanced gemological students 
and prior to his purchase of the Minneapolis firm was Chairman of the 
A.G.S. Certification Committee for Wisconsin. He rendered outstanding 
service in forwarding the gemological movement in Wisconsin and assisted 


in founding the Wisconsin Guild. 
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Devoted to News and Activities of Educational Organizations 
and of Vocational Study Groups and Their Members. 


Rulings Regarding A.G.S. Membership Classification 
and A.G.S. and G.LA. Titles * 


As revised for 1986, as a result of votes of A.G.S. Guilds and G.LA. 
Board of Governors, and subject in the future only to possible minor 
changes in requirements for preparation. 


AMERICAN GEM SOCIETY 

Associate Member, A.G.S. (Not a title usable in advertising—-a mem- 
bership classification.) A subscriber to Gems & Gemology who, after 
subscribing is approved by National and Regional Certification Boards. 
Eligible for selection as member of Regional Guild. 

Graduate Member, A.G.S. (Not a title usable in advertising—a membership 
classification.) A person successfully passing the examination at com- 
pletion of A.G.S. course on gems, metals and jewelry and who has been 
approved by A.G.S. Certification Boards. Yearly requirement: Payment of 
A.G.S. annual dues, which includes Gems & Gemology. 

REGISTERED JEWELER, A.G.S. (A title.) Limited to retail jewelers or 
their employees who (1) become Graduate Members and whose firm is 
approved by Certification Boards; (2) complete the A.G.S. courses on dis- 
play, merchandising and salesmanship, or their equivalent in commercial 
accomplishment; (3) pass special examinations on diamond grading and on 
nomenclature of gems and metals; and (4) possess two years practical 
experience in buying or selling gems and precious metals. Yearly require- 
ments: Answering of a questionnaire on those educational articles in Gems 
& Gemology especially prepared to keep R.J.’s up to date. Yearly approval 
of Certification Boards. Payment of A.G.S. annual dues and nominal 
registration fee which includes registration cards and a window sign 
(shown below) issued yearly. 


GEMOLOGICAL INSTITUTE OF AMERICA 

JUNIOR GEMOLOGIST. (Replacing the now obsolete title Qualifying Certi- 
fied Gemologist.) An A.G.S, Graduate Member who has also passed exam 
at completion of G.I.A. Course No. 1. 

CERTIFIED GEMOLOGIST. (A title.) A person who, after approval by 
A.G.S. Regional and National Certification Boards, has passed the C.G. 
examinations prescribed by the G.I.A. Examinations Board (see page 267), 
and whose record has been approved by the G.I.A. Examinations Board and 
Board of Governors. 

Procticing Certified Gemologists. Certified Gemologists in retail trade whe 
have also met A.G.S. Registered Jeweler educational requirements (2). 


“AGS. Research Service. 
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(3) and (4). Yearly requirements: Yearly approval of the A.G.S. Certifica- 
tion Boards and Board of Governors, and annual questionnaire on those 
articles in Gems & Geniology which are prepared to keep C.G.’s up to 
date as well as those similarly prepared for R.J.’s. Payment of A.G.S. 
dues and nominal registration fee covering both RJ. and C.G. classifica- 
tions, which include registration cards and signs, like the following, issued 


yearly. 
TITLES AWARDED 


During the months cf November and December the following persons 
have passed examinations and have been awarded titles: 


Certified Genalogist 


Californie 
David H. Howell, Pasadena. 


Paul J. Noack, Manufacturing Jeweler, San Bernardino. 


Virginia 


George C. Barclay, Barclay & Sons, Newport News. 


Qualifying Certified Gemologist 


(Jinior Gemologist ) 


Washington 


Dorothy L. Sartori, Sartori & Wolff, Spokane. 


————— 


REGISTERED JEWELER | 
LaMeRiCn GEM SOCIETY | 


Pennsylvania 
John Fellin, Fellin’s, Hazleton. 
Washington, D.C. 


William H. Wright, Galt & Bro., Ine. 


SELLING DIAMONDS 


Quite often a salesman will get the 
type of customer who only has a few 
minutes, but wants to look at a dia- 
mond. I have found that by informing 
him that it will take at least a half 
an hour to show and explain my mer- 
chandise, I usually arouse interest. 

I have also found that by telling 
how a diamond may be colored, by 
explaining about “swindled” stones 
and various other cutting imperfec- 
tions I soon make the customer rea- 
lize that freedom from carbon and 
blue white color (which the average 
jeweler stresses only) are only two 
smali items in the perfection of a 
diamond. 


I always allow the customer to ex- 
amine the stone with a diamond 
loupe meanwhile explaining Trade 
Commissions ruling on loupes and 
pointing out the fact that we use 
10x loupe. I may not make the sale 
then, but it surely makes it harder 
for the uneducated jeweler to talk 
intelligently to this customer if he 
should decide to stop and shop. 

No high pressure is used, but a sur- 
prisingly high percentage of lookers 
come back and buy, and tell us that 
we are the only people they talked 
to who seemed to intelligently know 
our merchandise. Note by Burt Um- 
stead, Glendale, Calif. 
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A.G.S. GUILD AND STUDY GROUP MEETINGS 
To Be Held in January 


January 7th—Metropolitan Chicago 
Chapter under the leadership of 
Dr. A. J. Walcott at the Illinois 
Room of Palmer House. 

January 7th—Boston Study Group— 
under the leadership of Dr. Ed- 
ward Wigglesworth at the Boston 
Society of Natural History. 

January 8th—Cincinnati Study 
Group at the University of Cin- 
cinnati, to be held under leadership 
of Professor Otto Von Schlichten. 

January 10th—New Jersey Study 
Group—under the leadership of Dr. 
A. C. Hawkins. 

January 10th—No. Ohio Study Group 
under leadership of Professor 


Richard Barrett of Case School of 
Applied Science, Cleveland. 

January 16th—Eastern Pennsylva- 
nia Study Group. Under the lead- 
ership of Dr. Samuel G. Gordon at 
the Academy of Natural Sciences 
of Philadelphia. 

January 16th—Wisconsin Study 
Group under leadership of Dr. A. 
J. Walcott, to be held at Pfister 
Hotel. 

January 27th—Washineton D. C. 
Study Group at Raleigh Hotel un- 
der leadership of Dr. W. F. Foshag. 

The Tri-State Study Group will meet 
in Pittsburgh under Prof. R. E. 
Sherrill. Date not vet definitely 
set. 


Study Group and Guild Meetings Held in November 


November 5th—Guild meeting of the 
Metropolitan Chicago Chapter was 
held in the Ilinois Room of the 
Palmer House. Synthetic exhibit 
was shown and the talk about the 
exhibit was delivered by F. Otto 
Zeitz, Q.C.G. 

November 12th—Boston Study 
Group—Boston Society of Natural 
History—Study Group meeting 
held under leadership of Dr. Ed- 
ward Wigglesworth. The synthetic 
display was shown and discussed. 

November 8th—New Jersey Study 
Group—Douglas Hotel, Newark— 
Study Group meeting held under 
leadership of Dr. A. C. Hawkins. 
Reviewed Optical Properties and 
the Cutting of Gems. 

November 20th—Cincinnati Study 
Group—University of Cincinnati— 
Study Group meeting held under 
leadership of Professor Otto Von 
Schlichten. Use of the petrographic 
microscope and Zeiss total reflec- 
tometer was demonstrated. Demon- 


stration of double refraction in 
thin sections explained in an ele- 
mentary way. Pleochroism of tour- 
maline was demonstrated in thin 
sections under the microscope. Dis- 
cussion of total reflection and the 
relationship which the critical an- 
gle bears to the index of refraction. 
November 21st—Wisconsin Study 
Group—Hotel Pfister, Milwaukee 
Study Group meeting held under 
leadership of Dr. A. J. Walcott. 
Polarizing Microscope and Polari- 
scope discussed. 


November 21st—Eastern Pensylva- 
nia Study Group—Academy of 
Natural Sciences of Philadelphia 
—Study Group meeting held un- 
der leadership of Dr. Samuel G. 
Gordon—Color was discussed along 
the lines of Course No. 012. 

November 22nd— Northern Ohio 
Study Group—Case School of Ap- 
plied Science— Cleveland— Study 
Group meeting held under leader- 
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ship of Dr. Richard L. Barrett.— Washington, D. C. Study Group 
Assignments No, 4 and No. 5, of meeting held under leadership of 


Course No. 012, on Crystallogra- 


Dr. W. F. Foshag. i ¢ "- 
phy were discussed. r. W oshag. Optical proper 


November 25th—Washinegton, D. C. ties, dispersion, dichroism and re- 
Study Group—Hotel Raleigh, fraction were discussed. 


CLEVELAND STUDY GROUP HOLDS UNUSUAL MEETINGS 


The Cleveland Study Group has offered its members a number of fine 
meetings on subjects aside from those which were covered at usual sessions. 
This group has studied the subject of fluorescence of gem-minerals, and 
several of the members have constructed displays illustrating this phenome- 
non. Students have also been allowed to make a close study of the many 
gem-mineral specimens in the collection of the Case School of Applied Science 
in Cleveland. An outstanding meeting was held when the group visited the 
Carter Diamond Tool Company to witness the actual manufacture of syn- 
thetic rubies and sapphires. Dr. Richard L. Barrett of the Case School is the 
instructor for the group; much eredit is also due to Clayton G. Allbery, 
Secretary of the Northern Ohio Guild, who has been instrumental in arrang- 
ing several of the special meetings. 


Cleveland Study Group 


Instructor: Richard L. Barrett. Case School of Applied Science. 
Members: 


Clayton Allbery, Cleveland Karl E. Jones, Cleveland 
Louis J. Binder, Cleveland Roy Klever, Bowling Green 
Frank Bromley, Shaker Heights H. M. Lewis, Cleveland 


Chas. Carolyne, Youngstown 
V.E. Chittenden, Akron 
C.J, Cornell. Cleveland 


H. B. MeCague, Cleveland 
Geo. N. Nelson, Cleveland 


Harry A. Erickson, Cleveland E. Howard Phillips, Conneaut 
M. F. Fournier, Lakewood Chas. W. Post, Brady Lake 


R. C. Hoover, Akron Edw. W. Powers, Youngstown 
John B. Hudgeon, Bedford W. A. Ritzi, Parma 


GEMS PRESENTED FOR EXAMS 


The Gemological Institute of America acknowledges receipt of a number 
of cut stones from Martin L. Ehrmann, New York gem dealer, to be used 
in the Certified Gemologist examinations. These stones are particularly 
valuable since they consist of several specimens which, although fairly 
well-known, are difficult to obtain. Included in the stones sent were a num- 
ber of genuine spinels and several zircons of unusual colors. 


STUDIES AT G.LA. HEADQUARTERS 


Dorothy Sartori, daughter of Mr. paring herself as a Certified Gemol- 
A. J. Sartori of the firm of Sartori ogist. She is associated with her 
and Wolff of Spokane, Washington, father in the jewelry business. 
has been working as a special stu- She has been studying especially 
dent at the G.I.A. headquarters in to perfect herself in various lab- 
Los Angeles. Miss Sartori is pre- oratory methods of identification. 
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Anderson, B. W., Igmerald, 284-285; 
No seed pearl nuclei, 135; ‘ 
thetic diamonds,” 213-214 

Artificial gems, Dr. Henry E. Briggs, 
330 

Asterism, Dr. Henry E. Briggs, 85 


‘syn- 


Balinese jewelry, David H. Howell, 
318-319 

Ball, Sydney H., Fancies, notes on 
colored diamonds, 309-311; notes 
as to multiple source theory dia- 
mond, 156-159 

Bauer, Max, Review of Prof. Dr. 
Karl Schlossmacher’s revised edi- 
tion of Bauer’s “Edelsteinkunde,” 


Robt. M. Shipley, 57-58 

Beckley, A. McC., Hope diamond, 
277-278; scientists’ views of culti- 
vated pearl, 43-44 

Bell, B. W., Mother’s day gem to be 
selected, 36-37, 73-74 

Benson, Allen L., Growth of a erystal, 
322-323 

Beryl, “Maxixe,” 294; synthetic, 281- 
283; see also Emerald 
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and related subjects, 29, 57, 97, 
119-120, 164, 194, 262, 298, 326, 
350 

Biographical sketches, 45, 8&4, 
114, 181-183, 308, 314-315 

Birthstone, change in list again sug- 
gested, 280 

“Blue Eagle” chalcedony, 196 

Book Reviews, 30, 57-58, 98, 121-122, 
163, 198, 261, 297, 325, 349 

Briggs, Dr. Henry E., a coated 
“emerald,” 254; a gemological en- 
cyclopedia, see Gemological Ency- 
clopedia 


118- 


California (San Diego County) gem 
mining, J. W. Ware, 218-219 

Carvings of gem-stones in Art Insti- 
tute of Chicago, Helen C. Gunsau- 
lus, 109-110 

Century of Progress Exposition, 
carvings of gem-stones in Art In- 
stitute of Chicago, Helen C. Gun- 
saulus, 109-110; gems at, G. Fred- 
erick Shepherds, 23-26, 87-88 

Certified Gemologist examinations, 
267, 301, 331-332; titles awarded, 
381-3882, 358 

Chatoyancy, Dr. 
185 

“Chinese Turquoise” appears, 135 

Chrysoberyl, Milton D. Gravender. 
9-10 


Henry E. Briggs. 
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Classification, membership, 857-358 

Cleavage, Dr. Henry E. Briggs, 61 

Clements, Dr. Thomas, interference 
figures from cut gem-stones, 21-22; 
naturally occurring vs. synthetic 
gems, 108-109; University gem 
course, 46 

Code violations, unintentional, 139- 
140 

Colgate University, gemology at, Dr. 
David W. Trainer, Jr., 4 

Collections, a directory of mineral 
collections, 246-249; Field Museum, 
Gem, Dr. Oliver C. Farrington, 
75-79; see also name of Museum 

Color, Dr. Henry E. Briggs, 85-86 

Colored Stones, popularity of, Hubert 
A. Fischer, 259 

Columbia University, courses in pre- 
clous stones, Prof. Paul F. Kerr, 
39-40 

Cooper, Fred J., talking before 27,- 
000, 233-234 

Corbin, Horatia J., Dean Edward H. 
Kraus, 113-114 

Corundum, adamantine-spar, 82; de- 
terminations, 3; see also sapphire 
and ruby 

Crystal, growth of, Allen L. Benson, 
322-323 

Crystallography, systems of, Dr. 
Henry E. Briggs, 204 

Crystals, enantiomorphous, Dr. Henry 
E. Briggs, 258 

Cullinan and Jonker diamonds, com- 
parison of, J. R. Sutton, 72 

Cutting, gem, notes on, George H. 
Marcher, 315-318, 353-355 

Danburyite, as new gem, 8 

De Beers Consolidated Mines, new 
activity at, 217; present rough dia- 
monds to Institute, 46 

Diamonds, as investments, 232; buvy- 
ing a diamond, 347-348; Century 
of Progress, 87-88; Important of 
the World, Robt. M. Shipley, 5-7, 
41-43, 93-95, 105-107, 169-172, 220- 
222, 250-251, 277-280; Fancies, 


notes on colored diamonds, 309-311: 
how to buy, Robt. M. Shipley, 63- 
64; largest ruby-red diamond and 
La Favorite, a blue-white diamond 
(note by G. Frederick Shepherd), 
172; loupes, Robt. M. Shipley, 38- 
39; market, 4, 48, 276, 311, 348; 
marketing of (note by H. T. Dick- 
inson), 159; material, mining en- 
gineers send, 155; mines, new ac- 
tivity at So. African mines (De 
Beers Consolidated), 217; notes as 
to multiple source theory, Sydney 
H. Ball, 156-159; number of fa- 
mous diamonds increased, 26; 
reminiscences of So. African buyer, 
Jean P. Spitzel, 184-187, 230-231, 
251-258; review of Alpheus F. 
Williams “Genesis of the Dia- 
monds,” 163; rough presented to 
Institute by De Beers Diamond 
Mining Corporation, 46; selling 
diamonds, Burt Umstead, 358; 
“synthetic,” B. W. Anderson, 213- 
224; at World’s Fair, G. Frederick 
Shepherd, 23-26; see also name of 
diamond 

Dichroic colors of ruby (note by Lt. 
Col. J. F. Halford-Watkins), 222 

Dichroscope, make your own, W. R. 
Leonard, 59-60; price of (correc- 
tion), 254; Dr. Henry E. Briges, 
228-224 

Dickinson, Marketing of diamonds 
(note), 159; weights of Jonker and 
Pohl diamonds, 99 

Doublets, Dr. Henry E. Briggs, 352; 
new opal doublet, 244 


Eacret, Godfrey, Obituary, 181-183 

Electric charges, Dr. 
Briggs, 177 

Emerald, a “coated,” Dr. Henry E. 
Briggs, 254; filter tested, 355; 
mining in Columbia, C. Kendrick 


Henry EF. 


MacFadden, 149-154; synthetic 
(Igmerald), B. W. Anderson, 284- 
285; synthetic, Prof. Dr. Karl 


Schlossmacher, 283-284; synthetic, 
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Georg O. Wild, 285-286; see also 
Beryl 
Empress Eugenie diamond, 104 
Engel, Dr. Rene, Biographical sketch 
by Robt. M. Shipley, Jr., 45; 
pleochroism in determination of 
gem minerals, 95 


Erhmann, Martin L., red jade, 84 
Examinations, First Certified Gem- 
ologist, 267, 301 


Fancies, notes on colored diamonds, 
Sydney H. Ball, 309-311 

Farrington, Dr. Oliver C., Gem col- 
lection of Field Museum, 75-79; 
obituary, 10 

Fashioning, Modern methods of fash- 
ioning gem material, Max N. Felk- 
er, 199-202, 227-230 

Felker, Max N., modern methods of 
fashioning gem materials, 199-202, 
227-230 

Field Museum Gem collection, Dr. 
Oliver C. Farrington, 75-79 

Filter, emerald, 355 

Finfrock, Margaret, American Gem 
Society, 14-16 

Fischer, Hubert A., popularity of 
colored stones, 259 

Fluorescence and phosphorescence, 
Dr. Henry E. Briggs, 86 

Forum, editorial, 3, 34-35, 70-71, 102- 
108, 185, 146-147, 178-179, 210-211, 
242-243, 274-275, 306-307, 337-338 

Fracture, Dr. Henry E. Briggs, 61 


Gaekwar of Baroda, 7, 222 

Gamma rays, Dr. Henry E. Briggs, 
86 

Garnets, unusual, 125-126 

Gemological Encyclopedia, Dr. Henry 
E. Briggs, 19-20, 61-62, 85-86, 117- 
118, 165-166, 203-204, 223-224, 257- 
258, 295-296, 829-330, 351-852 

Gemological Glossary, 27-28, 65-66, 
89-92, 123-124, 141-142, 167-168, 
197-198, 225-226, 255-256, 291-292, 
327-828, 345-346 


Gemological Institute of America, an- 
nual re-registration of certified 
gemologists, 307, 357; certified 
gemologist examinations, 267, 301, 
381-382; certified gemologist titles 
awarded, 331-382, 358; confiden- 
tial service, 38-39, 59-60, 130-131, 
144, 266; receives equipment and 
specimens, 290; research service, 
58-54, 95-96, 136, 149-154, 156-159, 
254, 309-311, 340, 341-344; titles 
protect both jewelers and = cus- 
tomers, 67 

Gemological Microscopy, see micro- 
scopy 

Gemological titles protect both jew- 
elers and customers, 67 

Gemologists, certified, 381-832, 358; 
junior, 357-358 

Gemology at Colgate University, Dr. 
David W. Trainer, Jr., -L; courses 
in precious stones at Columbia 
University, Prof. Paul F. Kerr, 
39-40; selected bibliography, 262, 
298, 327; University of Michigan, 
courses in Gemology, 114; Univer- 
sity of So. California, courses in 
Gemology, 46 

Gems, artificial, Dr. Henry E. Briggs, 
239; Century of Progress (other 
than diamond), G. Frederick Shep- 
herd, 87-88; cutting machine ex- 
hibited, improved, 280; cutting 
school (new) to open, 183; cutting, 
notes on, George H. Marcher, 315- 
318, 3538-355; displayed at San 
Diego Fair, 286; in India, retailing, 
J. A. Mountvala, 216-217; lusters, 
Robt. M. Shipley, 88; gems, Milton 
D. Gravender’s booklet, 26; gem 
materials, modern methods of fash- 
ioning, Max N. Felker, 199-202, 
227-230; mining in San Diego 
County, California, J. W. Ware, 
218-219; mothers’ day, B. W. Bell, 
36, 73; gems and gem substitutes, 
new names of, 8; gem nomen- 
clature in Europe, Robt. M. Ship- 


lows 
Le 
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ley, 293-298; tested in laboratory, 
188-192; toughness of, 55 

Geology, selected bibliography, 29, 
57, 97, 119 

G.IL.A. See Gemological Institute of 
America 

Glass imitation gems, Dr. Henry E. 
Briggs, 351-352 

Glossary, gemological, see gemologi- 
cal glossary 

Gravender, Milton D., booklet, gems, 
26; chrysoberyl, 9; sapphire, 47- 
48 

Grinberg, Irving P., Cultivated 
pearls not genuine, 110-112 

Guilds, a periodical to further educa- 
tion in the retail trade, Feb., 1935, 
1-40) (insert between Gems and 
Gemology, Jan.-Feb., and March 
and April, 1935). 

Gunsaulus, Helen C., carvings of 
gem-stones in the Art Institute of 
Chicago, 109-110 


Halford - Watkins, Lt. Col. J. F., 
Adamantine-spar corundum, 82; 
most valuable color of sapphire, 
71; notes on dichroic colors of 
ruby, 222 

Hardness test, Dr. Henry E. Briges, 
19-20 

Hoke, C. M., The jeweler tests his 
metals, 287-290 

Hope Diamond, the, Robt. M. Shipley, 
277-280; still in existence, G. 
Frederick Shepherd, 137-138 

Howell, David H., Balinese jewelry. 
318-320 


Iemerald, see synthetic emerald 

Imitation gems, Dr. Henry E. Briges, 
351-352 

Important diamonds of the world. 
sce diamonds, important 

India, retailing gems in, J. A. Mount- 
vala, 216-217 

Insurance, Reduced cost may stimu- 
late the wearing of gems, Paul 
Juergens, 272 


Integrity as a business asset, H. I. 
Rosencrans, 239 

Interference figures from cut gem- 
stones, Dr. Thomas Clements and 
Robt. M. Shipley, Jr., 21-22 


Jade, 80-82; 
mann, 84 
Jadeite, thought discovered in Amer- 
ica, 54 

Jewelers, How to select your, 16-18; 
registered, see American Gem So- 
ciety 

Jewelry, Balinese, David H. Howell, 
318-320 

Jonker Diamond, Robt. M. Shipley, 
105-107 

Jonker and Cullinan diamonds com- 
pared, J. R. Sutton, 72 

Jonker diamond and Pohl diamond, 
weights of, H. T. Dickinson, 99 

Jonker diamond in U. S., 248 

Jubilee diamond, Robert M. Shipley, 
250-251 

Juergens, Paul, Reduced insurance 
may stimulate the wearing of gems, 
272 


Junior gemologist, 357 


red, Martin L. Ehr- 


-3)8 


Kahn, Leopold, lectures before Philip- 
pine Universities, 289-301 

Kent, Duke of, wears wedding ring, 
180 

Kerr, Professor Paul F., Biographi- 
cal sketch, R. Shipley, Jr., 84; 
courses in Precious Stones at Co- 
lumbia University, 39-40 

Kraus, Dean Edward H., Horatia J. 
Corbin, 113-114 

Kunz Library of Gems, 140 


Laboratory, amateur, W. R. Leonard. 
59-60; precious stones tested in, 
Bruce Sumners, 188-192 

La Favorite, diamond (note by G. 
Frederick Shepherd), 172 

Laymen groups hear gemological lee- 
tures, 56 
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Lectures, Fred J. Cooper, 233-234; 
before Philippine Universities, 
Leopold Kahn, 802 

Leonard, W. R., Make your own dich- 
roscope, 59 

Loupe, G.I.A., 116; Shipley, Robert 
M., 11-18, 38-39; test your own, 
Robert M. Shipley, 11-13, see also 
magnifiers 

Luster, Dr. Henry E. Briggs, 85 


Lusters, Gem, Robert M. Shipley, 
83 


MacFadden, C. Kendrick, Emerald 
mining in Columbia, 149-154 

Magnifiers, see also loupe, see also 
microscope; simple, Dr. Henry E. 
Briggs, 224 

Marcher, George H., notes on gem 
cutting, 315-318, 353-855 

‘““Maxixe beryl,” 294 

Medicinal uses of precious stones, see 
precious stones as medicines 

Membership classification, 857-358 

Metals and alloys, 195-196 

Metals, The jeweler tests his, C. M. 
Hoke, 287-290 

Michigan, University of, Gem and 
Gem Materials at the University 
of Michigan, Dr. Chester B. Slaw- 
son, 114 

Microscopes for gemological use, 130- 
131; new gem-testing microscope 
reported, 144; see also loupes; see 
also magnifiers; see also polarizing 
microscope 

Microscopy, Gemological Applica- 
tions of polarized light, 21-22, 143- 
144, 160-162, 205-207; detection of 
reproductions, 127-180; measure- 
ments of refractive index, 205-207 

Mineralogy, selected bibliography, 
119-120, 164, 194 

Mothers’ day gem, B. W. Bell, 36-37, 
73-74 

Mountvala, J. A., retailing gems in 
India, 216-217 


Museum, How the jeweler can use a, 
Edward Wigglesworth, 245-246 


National sales campaign of the 
A.G.S., 49 

Naturally-oceurring vs. synthetic 
gems, Dr. Thomas Clements, 108- 
109 

Nassae diamond, see Nassak 

Nassak diamond, Shipley, Robert M., 
93-95 

Nessuck diamond, see Nassak 

Newton, James, obituary, 339 

Nomenclature, gem in Europe, Rob- 
ert M. Shipley, 2938-294 

Nomenclature of gems, Dr. Henry E. 
Briggs, 296, 329-330 


Obituary, 10, 181-183, 308, 339 

Olson, Edwin E., Reducing diamond 
thefts, 302-303 

Optical instruments, use of, Dr. 
Henry E. Briggs, 2238 

Opal doublet, new type, 344 

Orloff diamond, Robert M. Shipley, 
5-7 


Parting, Dr. Henry E. Briggs, 61 

Pearl, cultivated not genuine, Emil 
W. Kohn, Irving P. Grinberg, F. 
H. Hooper, Julius Kaufman, 110- 
112; no seed pearl nuclei, 185 (note 
by B. W. Anderson); scientists’ 
view of the cultivated, A. McC. 
Beckley, 43; tests, Robert Shipley, 
Jr. 

Phosphorescence, and Fluorescence, 
Dr. Henry E. Briggs, 86 

Pitt Diamond, see Regent diamond 

Pleochroism in the determination of 
gem minerals, Dr. Rene Engel, 
95-96 

Podolsky, Dr. Edward, precious 
stones as medicines, 323-324 

Pohl diamond and Jonker diamond, 
weights of, H. T. Dickinson, 99 

Polariscope, Shipley hand, 312-314 

Polarized light, anisotropic  sub- 
stances under, Dr. Henry E. 
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Briggs, 257; applications of, 21-22, 
143-144, 160-162; isotropic sub- 
stances under, Dr. Henry E. 
Briggs, 257; see also polarizing ma- 
terial 

Polarizing, material, new, 266; micro- 
scope, Dr. Henry E. Briggs, 224; 
use in gem-testing, 21-22, 148-144, 
160-162; see also polarized light 

Precious stones as medicines, Podol- 
sky, Dr. Edward, 323-324; tested 
in laboratory, Bruce Sumners, 188- 
192 

Publicity, Gem, 285 

Pyroelectrie minerals, Dr. Henry E. 
Briggs, 117-118 


Refraction, Dr. Henry E. Briges, 165- 
166; measuring the indices of, 205- 
207; 258, 295 

Refractive index, measurements of, 
205-207, 258, 259 

Regent diamond, Robert M. Shipley, 
41-43 

Registered jewelers, see 
Gem Society 

Reproductions, detection of, 127-130 

Research Service, A.G.S., 55, 83, 104, 
135, 139-140, 195-196, 197, 214-216, 
217, 245-246, 312-314, 357 

Research Service, G.I.A., 58-54, 95- 
96, 136, 149-154, 156-159, 254, 309- 
311, 340, 341-344 

Robberies, jewelry, infrequency of, 
Capt. Ted Syman, 236 

Robbery, reducing diamond thefts, 
Edwin E. Olson, 302-303 

Rosencrans, H. I., Integrity as a 
business asset, 239 

Ruby, dichroic colors of, note by Lt. 
Col. J. F. Halford-Watkins, 222 


American 


St. Clair, B. W., Sapphires and 
sapphire bearings, 173-174 

Sales campaign of A.G.S., 49 

Salie, Prince M. U. M., adds to Insti- 
tute’s gem collection 

Sancy diamond, Robert M. Shipley, 
169-172 


San Diego County, California, Gem 
mining in, J. W. Ware, 218-219 
San Diego Fair, gems displayed at, 
286 

Sapphire, Milton D. Gravender, 47- 
48; most valued color, Lt. Col. J. 
F. Halford-Watkins, 82 

Sapphires and sapphire bearings, 
B. W. St. Clair, 173-174 

Schlossmacher, Prof. Dr. Karl, 57- 
58; synthetic emerald, 284-285; 
revised edition of Bauer’s Edel- 
steinkunde, book review of Robert 
M. Shipley, 57-58 

Selling 
358 

Shepherd, G. Frederick, Diamonds at 
the World’s Fair (Century of Prog- 
ress), 23-26; gems of the Century 
of Progress, 87-88; Hope Diamond 
still in existence, 137-138; Note on 
largest ruby-red diamond and “La 
Favorite,” a blue-white diamond, 
172 

Shipley hand polariscope, 312-315 

Shipley, Robert, Jr., biographical 
sketch of Rene Engel; biographical 
sketch of Prof. Paul F. Kerr, 84; 
Interference figures from cut gem- 
stones, 21-22; pear] tests, 186; Re- 
view of Alpheus F. Williams’ Gene- 
sis of the diamond, 163; Straight 
striae in synthetic, 53-54 

Shipley, Robert M., How to buy dia- 
monds, 63-64; diamond Joupes, 38- 
39; Gem lusters, 83; Gem nomen- 
clature in Europe, 298-294; Hope 
diamond, 277-280; Jonker dia- 
mond, 105-107; Jubilee diamond, 
250-251; Nassak diamond, 93-95; 
Orloff diamond, 5-7; Regent dia- 
mond, 41-43; Saney diamond, 169- 
172; Star of the South diamond, 
220-222; Test your loupe, 11-13 

Slawson, Dr. Chester B., gems and 
gem materials at the University 
of Michigan, 114 


diamonds, Burt Umstead, 
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Specific gravity, Dr. Henry E. 
Briggs; attachments, make your 
own, W. A. Sweeney, 320-822 

Spectroscopes, Dr. Henry FE. Briggs, 
295-296; for gem-testing, 266; 
tests, 185, 263-266 

Spectroscopy, gemological, 263-263 

Spitzel, Jean P., reminiscences of a 
South African diamond buyer, 184- 
187, 230-281, 251-2538 

Star of the South, Robert M. Shipley, 
220-222 

Strass glass, Dr. Henry E. Briggs, 
B51 

Streak, Dr. Henry E. Briggs, 61 

Study groups, A.G.S., see American 
Gem Society 


Substitutes, new gem, 104; new 
names of, 8 
Sumners, Bruce, precious stones 


tested in laboratory, 188-192 

Sutton, J. R., Cullinan and Jonker 
diamonds compared, 72 

Sweeney, W. A., make your own spe- 
cific gravity attachments, 320-322 

Syman, Capt. Ted, infrequency of 
jewelry robberies, 236 

Synthetic beryl, 281-286 

“Synthetic diamonds,” B. W. Ander- 
son, 213-214 

Synthetic emerald (Igmerald), B. W. 
Anderson, 284-285; Prof. Dr. Karl 
Schlossmacher, 283-284; Georg O. 
Wild, 285-286 

Synthetic gems vs. naturally occur- 
ring gems, Dr. Thomas Clements, 
108-109 
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“Synthetic,” the 
mond), 214-216 

Synthetics, straight in striae in, Rob- 
ert Shipley, Jr., 53-54 


recurring (dia- 


Tests, see under names of individual 
gem-testing instruments 

Titles protect both jewelers and cus- 
tomers, Gemological Institute and 
American Gem Society, 67 

Toughness of gems, 55 

Trainer, Dr. David W. Jr., Gemology 
at Colgate University, 4 

Transparency, Dr. Henry E. Briggs, 
85; see also X-rays 


Umstead, Burt, selling diamonds, 358 


Vceational Research Groups, 238; see 
American Gem Society 


Waleott, Dr. Albert J., 314-315 

Wigglesworth, Edward, How the 
jeweler can use a museum, 245- 
246 

Wild, Georg O., synthetic emerald, 
285-286 

Williams, Alpheus F., “Genesis of 
the Diamond,” Review by Robert 
Shipley, Jr., 163 

Willson, T. Edgar, obituary, 308 

World’s Fair, Chicago, see Century 
of Progress Exhibition 

X-rays, degree of transparency under 
X-rays, Dr. Henry E. Briggs, 86, 
117 

Zircon, heat treatment of Siamese 
zircon, C. A. Allen, 3841-344; natu- 
ral blue zireon, 340 


ATTENTION, REGISTERED JEWELERS AND CERTIFIED 
GEMOLOGISTS 


Subjects upon which Registered Jewelers of the A.G.S. will be examined 
for annual re-registration are indexed under Research Service, A.G.S. Those 
subjects upon which Certified Gemologists will be examined for yearly re- 
registration include articles indexed under both Research Service, A.G.S. 


and Research Service, GIA. 


Instrument Prices Climb 


The price of almost every 
gem-testing instrument is ex- 
pected to advance during the 
coming year. The Gemological 
Institute recommends that any 
person who contemplates buy- 
ing apparatus purchase it as 
soon as possible, thus taking 


advantage of the present lower 
prices. It will be noted that 
several of the prices listed be- 
low have already advanced over 
those quoted in the advertise- 
ment in the March-April, 1934, 
issue of Gems & Gemology. 


Refractometers 
G. F. Herbert Smith Refractometer.............. $ 85.00 
Tully Refractometer............ 00.00.0000 cece $123.25 
Polariscope and Dichroscope 
Shipley Hand Polariscope.................0.00. $ 18.00 
Dichroscope 2.0... 0... ccc ee eee ees $ 8.50 


Loupes 


10x Eye-Loupe, G.I.A., registered aplanatic triplet 


lens in duralumin eye-cup 


10x, 14x, or 20x aplanatic Hand Magnifier (Bausch 


and Lomb) ............. 


Specific Gravity Attachment 


S. G. attachments for diamond balance. 


Include 


stand, water container, wire to hold stone and 


wire for counterbalance.................005- $ 2.00 
Hardness Testing Equipment 
Set of Five Hardness Points on key chain........ $8 2. 
Set of Five Hardness Points in leather case...... $$ TL 
Hardness Plates ..... 0... c eee eee eee $ 20.00 


Microscopes 


Compound Microscope (magnifications 40x to 200x) 
especially valuable for detecting synthetics... .$133.50 

Compound Microscope, same as above, but with 
accessories for polarized light................ $162.00 

Compound Microscope, completely equipped gem- 


testing model........... 


Spectroscopes 


Direct-vision hand spectroscopes, in case......... $ 20.00 
Prism spectroscope, with wave-length scale, on 


tripod ................. 


Le eee ee 8S 50.00 


All prices subject to change without notice. All prices F.O.B. 


Los Angeles. 
sent upon receipt of inquiry. 


Further information concerning any instrument 


GEMOLOGICAL INSTITUTE OF AMERICA 


3511 West Sixth 


Los Angeles 


Gems & Gemology 


GEMS & GEMOLOGY is the quarterly official organ of the American Gem Society, and in 
it appear the Confidential Services of the Gemological Institute of America, In harmony 
with its position of maintaining an unbiased and uninfluenced position in the jewelry trade, 
no advertising is accepted. Any opinions expressed in signed articles are understood to be 
the views of the author and not of the publishers. 
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EDITORIAL FORUM 


This issue is the first under our 


new policy of publication as an- 


nounced in Gems & Gemology for 
November-December, 1935. As we 
made clear at that time Gems & 
Gemology will now appear quart- 
erly and articles in it will be chosen 
primarily for their value as refer- 
ence material. 


The adoption of this plan makes 
comments from our readers doubly 
important to us. We wish to give you 
a maximum number of articles which 
you consider valuable. We can do 
this much more efficiently if you are 
unsparing with your suggestions for 
articles which you would like to have 
for reference. 


EXAMINATION RESULTS 
Since the November-December, 1935 issue of Gems & Gemology exami- 
nations for various titles or for classifications have been completed by the 
following persons: 


Certified Gemolngist 


California Illinois 
Basil Felts, Banning. Paul Cohard, Peru. 
Oregon 
Alvin Knudtson, Roseburg. 
Massachusetts Junior Gemologist adel 
John S. Kennard, Hodgson, Kennard & Co., Boston. ( } 


Rhode Island 
A. Ronald Reed, Tilden-Thurber Corp., Providence. 
(_RGISTERED JEWELER 
(AMERICAN GEM SOGIET) 


Washington, D.C. Wisconsin 
Eugene Violland, Galt & Bro., Inc. Alf. A. Fuchs, Milwaukee. 


Graduate Member, A.G.S. 
New Jersey Ohio 
Jean R. Tack, Newark. A. A. McCarvel, Cleveland. 
Jerome B. Wiss, Wiss Sons, Inc., Newark. 


SYLVESTER P. CLAUSS 

It is with a feeling of real loss that word of the death 
of Sylvester Clauss was received at the Gemological Institute. 

Sylvester Clauss, of Mishawaka, Indiana, was the thirty- 
second student to enroll in the courses of the Gemological Insti- 
tute. The faith that these early students showed in the work, 
by completing their studies before the value of the work had 
been proved, was a very important factor in the growth of the 
Institute. 

Mr. Clauss 
Gemologist. 


requirements of a Junior 


completed the 
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The Ruby Mines of Burmat 


Condensed from The American Consulate Report of Winfield H. Scott, 
Rangoon, Burma, completed May 22nd, 1925, loaned through the courtesy of 
the Metals and Non-Metals Division of the United States Bureau of Mines, 
Washington, D.C. A summary prepared by David H. Howell, Certified 


Gemologist of Pasadena, California. 


Early History 
The earliest recorded history of 
any occupation of the Burma Ruby 
districts is contained in Burmese 
legends of possible Chinese origin, 
corresponding to Marco Polo’s “Sin- 
bad the Sailor.” The legend tells of 


_a deep valley in old Cathay whose 


floor was covered with beautiful red 
stones of exceedingly great value. 
The natives living near this valley 
threw large pieces of meat down into 
the valley and many stones adhered 
to the meat, being eaten by vultures 
which were then killed by the na- 
tives and the stones thus recovered. 

The Chinese were the first people 
to occupy the Burma Ruby region. 
Historians allege that a son of Kun- 
Lung, the founder of the Shan* dy- 
nasty, controlled the district di- 
rectly adjacent to the ruby mining 
area during the 6th century, A.D. 

No further references appear un- 
til the 15th century when one Nicolo 
de Conti (1420-44) followed by Sef- 
ano and di Varthena visited Pegu 
(Burma) in 1496 and the ruby is 
referred to in the reports of these 
expeditions. The reference is to, and 
is called, The Mogok Stone Tract, 
or Jewel Land. However, the earliest 
history is shrouded with mystery 
and East Indian lore and is unpene- 


*The Shans—A _ southern Mongoloid 
race, numerous in number and of great 
importance in Asia. Originated in the 


Kin-lung. Mountains and fused with the 
Chinese and upland people of Tibet. (En- 
cyclopaedia Britannica.) 


+G.LA. Research Service. 


trable, as far as mining and pro- 
ductions during these periods are 
concerned. 

Swabwa, a prince, failed to meet 
certain royal demands of the Bur- 
mese King, and the King issued an 
edict in 1587 that the Stone Tract 
was thenceforth to be his personal 
estate. Officials wére appointed to 
enforce his will and titles were 
awarded such as “Lords of the 
Mines of Rubies, Safires, and Spin- 
els.” During the reign of Alaung- 
paya (1752-81) the kingdom was di- 
vided into petty provinces under the 
rule of petty princes all of whom 
owed allegiance to the Burmese 
King. Burma at that time was re- 
ferred to as the “Golden Country.” 

While the territory was under the 
direct supervision of the King, con- 
ditions were very bad.. Excessive 
demands of the emperor for vast 
revenues from the district caused 
the ministers in charge to overwork 
the miners, and even to resort to 
slave labor. The district came to be 
regarded by the Burmese as a land 
of exile and penal servitude. Labor- 
ing conditions were most unhealthy 
and the death rate among laborers 
was extremely high. Things pro- 
gressed from bad to worse until a 
rebellion broke out. The district be- 
came practically deserted. This nat- 
urally curtailed revenue and the 
district was finally declared, in 
1868, free and open for all to work. 
However, all stones mined: were 
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subjected to royal supervision and 
none could be exported without gov- 
ernment permits. The purchaser of 
the stones was required to pay an 
ad valorem tax before removing 
them from the district. A custom 
heuse was established at Kin to 
supervise and control the traffic. 
Here miners and travelers were ex- 
amined for possible possession of 
illicit stones. 


If the gems were not disposed of 
Iccally the owner was required to 
list them and have them evaluated 
and pay ‘a 25% tax on this valua- 
tion. Those sold locally were taxed 
as follows: the purchaser paying a 
10% ad valorem tax and the seller a 
5% tax of the proceeds of the sale. 
If no sale transpired the owner was 
required to pay a 10% tax on the 
stone’s valuation. They could then 
be sealed in a package and offered 
for sale at another time, or removed 
from the district. The penalty for 
theft was death and floggings were 
administered for illicit dealings and 
the stones were confiscated. How- 
ever, due to the high taxes, many 
stones were smuggled and stolen 
and annually disposed of in Lower 
Burma and India. 


The district came into the pos- 
session of the British after the Third 
Burmese War, on January 1, 1886. 
The pillage, murder and arson 
which prevailed up to this time 
ceased with the arrival of the Brit- 
ish. 

Concessions were awarded to a 
Mr. C. Streeter, a London jeweler, 
and the Burma Ruby Mines, Ltd. 
was formed with a capitalization of 
£3,000,000. The Corporation paid 
£30,000 annually for rent for the 
tracts and 30% of the profits. The 
concession granted the corporation 
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the right to be the sole operators 
and to employ machinery in the min- 
ing operations. The native miners 
were allowed by the B.R.M.Ltd. to 
continue mining by their own meth- 
ods, but they had to pay the Com- 
pany a tax of 30% of the value of 
the stones which they recovered. 
The result of this policy was in- 
creased theft by the miners and 
smuggling became uncontrollable. 
Competition of mines and districts 
made it impossible for the Company 
to regulate prices. The miners re- 
volted against the per cent policy 
and the Company abandoned this 
method. Henceforth, the miners were 
required to be licensed and these 
licenses cost 20 rupees per month. 
The result of the licensee’s labor 
was to be his own property. The 
Company was required to pay the 
Burmese Government ail royalties 
over 10% collected by them. Later 
the annual rental of the B.R.M.Ltd. 
was reduced to £15,000 and then 
later abolished entirely, the Govern- 
ment receiving 30% of the profits 
and royalties collected, less the still 
allowable 10% left the Company of 
the collected royalties. 


Geology 


The Mogok Stone Tract, the prin- 
cipal source of the best rubies, sap- 
phires and spinels in Burma, covers 
about 600 square miles. Mogok is 
the principal town, where carving 
and polishing of the gems removed 
from the district are still carried 
on, as well.as being the center of 
all mining activities. Mogok is 500 
miles north of Rangoon, by road. It 
is reached by rail to Mandalay and 
then a nine-hour journey by steamer 
to Thabeitkyin, plus 59 miles by 
auto over a mountainous road, at 


c 


y 
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Active ruby mining operations in the Mogok area. 


places attaining an altitude of over 
6000 feet. The town itself is at an 
altitude of 3800 feet. 

The important areas of the dis- 
trict are: the Mogok valley; around 
Katha, 6% miles by road west of 
Mogok, an outpost and custom house 
during the days of the early Bur- 
mese Kings; Kyatpyin, 8% miles 
west of Mogok; and there are also 
valuable mines at Sakangyi and 
Kin. Other important sources of 
rubies, sapphires and spinel are in 
the Sagyin Hills, 16 miles north of 
Mandalay, and the Nanyseil Stone 
Tract southeast of Tawmaw, the 
jade mining center. 

According to J. Coggin Brown, 
the gneisses and associated rocks of 
the ruby mines consist of biotite 
gneiss, biotite-granulite and more 
rarely biotite schists. Hornblend is 
usually absent and garnet exceed- 
ingly common. Interfoliated with 
these intermediated types of rock 
are other rocks of more acidic na- 


ture, including very coarse pegma- 
tites and graphie granites, aplites 
and granulites, granular quartzite 
and orthoclase epidote rocks. Often 
occurring with these in the Nyaun- 
gok district are rubellite (dark red 
tourmaline).and indicolite, often. of 
fine gem quality. Other subordinate 
basie rock and ultrabasic rock, py- 
roxene gneisses and granulites with 
basic felspar related to anorthite, 
are found in which a partial or com- 
plete transformation into scapolite 
is sometimes traceable. 

The ferro-magnesium silicates are 
represented by: Sahlite, diopside 
and aegirine, bronzite, hypersthene 
and rarely by hornblend, while 
garnets are frequent. The leading 
types of rock are: augite gneiss, 
enstatite gneiss, enstatite granulite, 
scapolite gneiss, pyroxenites, amphi- 
bolites and lapis-lazuli (Lazurite- 
diopside—and epidote rocks). 

Many of these rocks contain 
crystals of calcite scattered through 
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them. The erystalline limestone 
which contains the rubies, sapphires 
and spinels is most intimately as- 
sociated with basie rocks and pas- 
sage from one into the other is the 
most insensible kind. Some of these 
limestones are highly micaceous 
while others are calciphyres. Associ- 
ated with the gems are many oxides, 
and silicates occur both original and 
secondary, and in addition there is 
much graphite and pyrrhotite. - 


Varieties of Gem-Stones Found 

Rubies and sapphires are the so- 
ealled precious gems of most impor- 
tance. Burma is the sole source of 
the supply of the Pigeon-Blood 
ruby. Ruby stars are also mined in 
the Mogok area. The Sapphires oc- 
cur in all varieties and color from 
the rich translucent velvety blue to 
the poorest grades, including asteri- 
ated stones varying from gray-black 
to gray and greenish-blue. Other 
gem-stones found in the districts 
follow: 

Spinel, zircon, garnet, lapis lazuli, 
aquamarine, apatite, chrysolite, 
chrysoberyl, iolite, phenacite, epi- 
dote, and quartz. 

Moonstones are mined at Moon- 
stone Mountain about five miles east 
of Mogok. 


Native Mining Methods 

There are three types of native 
mining methods: (1) by means of 
“twins”, (2) “Hmyaws” and (3) 
“Lus.” 

A “twin” is any boring, pit or 
excavation. In general they are 
small, round pits of only sufficient 
diameter to permit a miner to de- 
scend by placing his feet in notches 
cut into the side walls for this pur- 
pose. They are not reinforced and 
are impracticable, being workable 


for only six months of the year on 
account of the rains. Two miners 
are capable of sinking a 50-foot 
“twin” in one day. They are sunk 
down into the “byone’”—the term 
used to describe the gem-gravels, 
and then on down to the layer of 
decomposed limestone or bed rock 
called “ahkan.” The usual depth of 
these “twins” is between 20 and 
40 feet, but occasionally they have 
been sunk to 100 feet. Below the 


40-foot depth, however, a parallel 


shaft is required for ventilation 
purposes. “Twins” of 100-foot depth 
are very rare. After reaching 
the ‘“byone” horizontal passages 
or drifts are dug in all directions. 
Pits from four to five feet in diam- 
eter and reinforced are called “ko- 
bins.” “Ins” or “In-byes” are larger 
excavations similarly reinforced and 
timbered. The latter two—‘in-byes” 
and “ko-bins”—are rather uncom- 
mon and require quite a large per- 
sonnel to work, as well as higher 
license fees. Also greater expense 
is entailed in the removal of accu- 
mulated underground water. 


“Hymaws” are deep, open cuts in 
gently sloping hillsides or between 
hills, situated in a sloping valley. 
In these worknigs, the overburden 
and “byone” are washed down into 
tailing channels and the gems recov- 
ered there. The requisites for this 
type of working are good channels 
for tailings and an abundance of 
water supply. Sometimes the natives 
have made ingenious channels and 
tunnels to conduct water from great 
distances, even in one case having 
gone as far as 20 miles for the 
water. Water is stored and led to 
the workings for the operations by 
means of bamboo pipes. 


(To be continued) 
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A NEW GEM VARIETY* 


An unusual variety of tourmaline 
is making its appearance in the 
trade. Several dozen specimens of 
this variety have come to the atten- 
tion of the Gemological Institute 
during the last year. The sales pos- 
sibilities of the stone are attracting 
the attention of many dealers in 
gems. This variety is olive-green by 
daylight and brownish-red by arti- 
ficial light, but the color change is 
by no means as constant as that of 
the alexandrite variety of chryso- 
beryl. These gems vary rather 
widely in color according to the con- 
ditions under which they are ob- 
served. This variety may appear 
quite green in diffused daylight, 
golden-yellow in direct sunlight, and 
fiery red under artificial light. 

This variety of tourmaline was 
first seen by the writer when a 
twenty-two carat gem was received 
for determination in the laboratory 
of the Gemological Institute. The 
owner of the stone had imported it 
from Ceylon and had classified it 
as a zircon. Simple tests at once 
proved the stone not to be zircon. 
Additional tests were applied in the 
G.I.A. laboratory, and checked by 
Dr. Rene Engel of California Insti- 
tute of Technology and Dr. Thos. 
Clements of the University of South- 
ern California before the identity of 
the gem was definitely stated to be 
tourmaline. 

During testing, the reason for the 
pronounced color change was dis- 
covered. The dichroism is extremely 
strong, the twin colors being yellow- 
ish-green and rich red-brown. The 
change from green by daylight to 
red-brown by artificial light can 
probably be referred to this dichro- 
ism. The cause of the appearance 
*A.G.S, Research Service, 


of a brownish-yellow hue in certain 
lights was determined by the spec- 
troscope; this tourmaline variety 
transmits strongly the red-yellow- 
green portion of the spectrum, while 
blue is entirely absorbed. 

The source of this gem is Ceylon. 
There the stones are found in stream- 
beds and other alluvial deposits, 
associated with sapphire, alexandrite 
and other colors of chrysoberyl, and 
spinel. The mines are near the 
southern end of the island of Cey- 
lon, especially in the neighborhood 
of Rakwana and Ratnapura (“The 
City of Gems”). According to Hans 
Van Starrex of Matale, reddish- 
brown tourmalines are found fairly 
often in the washings, but less than 
ten per cent of them possess the 
marked color change necessary for 
their classification as specimens of 
this particular variety. 

This variety is, however, found in 
quantities sufficient to prevent its 
becoming merely a collectors’ stone. 
During the past year, several fine 
specimens have appeared in the 
American jewelry trade. The twenty- 
two carat gem mentioned above, re- 
cently has been sold by a California 
dealer to a prominent Los Angeles 
patron of the arts. The latter was 
so pleased with his purchase that he 
has now placed a standing order 
with the dealer for another tourma- 
line to match the one he owns. 

This variety of tourmaline is an 
ideal man’s stone, and its unusual 
change of color appeals to the ma- 
jority of male customers. It is suffi- 
ciently hard and tough to be recom- 
mended as a comparatively durable 
stone. It has a definite place as a 
costume accessory for tailored wom- 
en’s wear. 
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Obviously, the selection of a dis- 
tinctive name for this gem-variety 
will create a more popular interest 
in it. As a rule, nomenclature would 
be simplified if the name of the 
color is simply used as a prefix, as, 
for instance, red-brown tourmaline. 


is changable. It is a phenomenal gem 
and, therefore, a new variety name 
has been suggested by several deal- 
ers. Specimens of this gem have 
been displayed at the meetings of 
most of the A.G.S. Guilds. Of the 
names so far suggested by the vari- 


But it is not possible to call this 


ous Guilds, “Chameleonite” has been 
variety by its color, since its color 


the most. favored. 


THE SPECIFIC GRAVITY OF LAPIS-LAZULI 


The majority of tables in gemological textbooks list the specific gravity 
of lapis-lazuli at approximately 2.4. This is the value given by mineralogical 
authorities for pure lazurite which, however, is but one of several minerals 
which are almost invariably present in the lapis-lazuli of the jewelry trade. 
Due to the fact that calcite, with a specific gravity of 2.95, and pyrite, whose 
specific gravity is 5.0, are very frequently present in considerable amounts 
in lapis-lazuli, the specific gravity of the gem material is commonly higher 
than that of pure lazurite and lies between 2.6 and 2.8; although specimens 
as high as 2.9 are by no means rare. 

The fact was first pointed out by B. W. Anderson, Director of the 
Diamond, Pearl and Precious Stone Laboratory of London, and was veri- 
fied by tests in the laboratory of the G.I.A. 


AN UNUSUAL SPINEL 


Another interesting variation in properties was recently pointed out 
by Mr. Anderson at a meeting of the British Mineralogical Society. He re- 
ported the occurrence of blue-green spinels in packets coming from Ceylon 
which showed noticeably higher refractive index and specific gravity than 
those commonly listed for this gem mineral. This variation in properties 
was assumed to be due to the replacement of some of the magnesium, which 
is a constituent of spinel, by zinc; and spectrographic tests confirmed this. 
Blue-green Ceylonese spinels which fit Mr. Anderson’s description had 
previously been tested in the Institute laboratory and found to show re- 
fractive indices averaging about 1.73 and specific gravities averaging about 
3.65, both of which properties are slightly higher than the values (specific 
gravity 3.6, refractive index 1.715) commonly given for spinel. 


NEW BALANCE FOR G.LA. LABORATORY 


Mr. George C. Brock, President of Brock & Company and chairman of 
the Board of Governors, G.I.A., has presented the laboratory with a fine 
Kohlbush balance. These scales have been converted for use for specific 
gravity determinations, and this work can now be done with considerably 
more accuracy than was possible heretofore in the Institute laboratory. 


Cj 
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Sources of Ultra-violet Light 


by 


RICHARD L. BARRETT 
Case School of Applied Science, Cleveland, Ohio 


The phenomenon of fluorescence is 
at present arousing great enthu- 
siasm among student gemologists, 
amateur mineralogists and other fol- 
lowers of science. It provides some 
very beautiful and spectacular 
effects. and will be a sure way to 
attract the attention of a jeweler’s 
customers and help to arouse their 
interest in the more scientific as 
well as the romantic side of gems. 
A display of fluorescent minerals 
will attract and hold the attention 
of every person who sees it and 
offers a natural approach to a talk 
on the beauties of gems. 


This discussion begins with a 
brief explanation of what fiuores- 
cence is, and in the second part of 
this article Mr. Allbery will describe 
the construction of a fluorescent dis- 
play. It is a well-known fact that 
light consists of radiant energy 
which is vibratory in character, and 
that one of the very important prop- 
erties considered in describing light 
is its frequency, or the related prop- 
erty, its wave length. In the case of 
radio waves, which are similar in 
character to light except that their 
frequency ‘of vibration is much 
less, we express the frequency in 
kilocycles. The dial of your radio 
set is marked off in kilocycles and 
the number of kilocycles means the 
number of thousands of vibrations 
per second undergone by the waves 
from the station to which you are 
tuned. We may also use the term 
wave length, which means the dis- 


tance the waves will travel in one 
second divided by the number of 
vibrations per second. In describing 
light, we usually speak of the wave 
length, which we express in Ang- 
strom Units, the Angstrom Unit be- 
ing about one two-hundred-and-fifty- 
millionth of an inch. Ordinary light 
which is visible to our eyes, consists 
of wave lengths ranging between 
about 4000 Angstroms and about 
8000 Angstroms. There are also 
other rays of different wave lengths 
which are not visible to our eyes. 
The infra-red rays, which are of 
longer wave lengths than visible 
light, are of no interest to us here, 
but the ultra-violet rays and the X- 
rays, which are of shorter wave 
length than visible light, are of im- 
portance in connection with fluores- 
cence. 


The color of an object. as seen 
under ordinary conditions depends 
on its ability to absorb part of the 
light that strikes it. If the object 
is exposed to white light, which con- 
sists of a mixture of all wave 
lengths within the visible range, it 
may absorb part of these waves 
and reflect back the remainder. A 
red object; is one which will absorb 
all light except red, red being the 
longer wave lengths in the neigh- 
borhood of 7000 Angstroms. A: black 
object is one which absorbs all light 
regardless of color, a white object 
being one which reflects back all 
wave lengths, a yellow object one 
which absorbs all light except yel- 
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low (about 6000 Angstroms), which 
it reflects back, and so forth. 


Ordinary objects are entirely in- 
visible when they are viewed in 
light of wave lengths: shorter than 
4000 Angstroms (which we call ultra- 
violet) because they can only reflect 
back the same kind of light they 
receive, and this is invisible to our 
eyes. However, there are some sub- 
stances which possess the peculiar 
property of converting the invisible 
ultra-violet light into the longer 
wave lengths which are visible, be- 
fore radiating it out again. This 
phenomenon we eall fluorescence. 
The effect ceases when the ultra- 
violet which causes it is shut off. 
Some substances possess the still 
more remarkable property of hold- 
ing back part of the energy, and 
these continue to give off light for 
a time after the ultra-violet is shut 
off. This we call phosphorescence. 
In either case the effect produced is 
one of amazing beauty. The object 
appears to glow of its own accord 
as though it were on fire. Often the 
eolor of the light given off is very 
striking, the ruby for instance, giv- 
ing off a fiery red color when it is 
exposed to a sufficiently strong 
source of ultra-violet light. Other 
substances give off a fluorescence 
quite different from their ordinary 
color, such as certain kinds of scapo- 
lite, which are white normally, but 
glow a brilliant yellow under the 
ultra-violet. 


Our chief problem in making a 
fluorescent display is to provide a 
sufficiently strong source of ultra- 
violet and at the same time reduce 
to a minimum the visible light, since 
the latter only’ masks and obscures 
the fluorescent effect. This is not 
so easy to do, since most sources 
give off a mixture of ultra-violet 
and visible light. The sun, for in- 
stance, gives us the visible light by 
which we see, and at the same time 
the ultra-violet which produces sun- 
burn. Probably the most generally 
useful source is the mereury vapor 
tube made from a special glass that 
cuts out most of the visible light 
while passing the ultra-violet. This 
has the disadvantage of being some- 
what expensive. Carbon ares using 
special type carbons are excellent, 
but require a special filter and are 
rather inconvenient to use. The be- 
ginner will get. some very interest- 
ing results with the argon bulbs, 
which are cheap and easy to handle. 
Their limitation is that the intensity 
is rather low. In general, the 
stronger the source of ultra-violet, 
the more intense will be the fluores- 
cent, effect, provided the visible light 
is excluded by suitable filters. 

In the second portion of this 
article Mr. Allbery describes the 
construction of a simple fluorescent 
display and lists a number of sub- 
stances which may be displayed in 
it. It is a very fascinating hobby 
to search for new substances which 
are fluorescent. 
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The Jeweler’s Fluorescent Display 


CLAYTON G. ALLBERY 
Junior Gemologist, Cleveland, Ohio 


A quick and inexpensive way to 
rivet. the attention of a jeweler’s 
customer or prospect is to make use 
of the phenomenon of fluorescence. 
While fluorescence is one of the 
minor methods of identification in 
gemology, it is something that im- 
mediately attracts the interest of 
almost anyone. In this way, it gives 
the jeweler the opportunity to direct 
the conversation along whatever 
channel he desires and “breaks the 
ice” for a talk on-the scientific, as 
well as the romantic side of gems 
in un unostentatious and natural 


The writer has made three such dis- 
plays, each of which required but a 
negligible outlay of cash, as each 
was assembled from material on 
hand, and the price of the argon 
bulbs is but 60c¢ apiece. 

While the iron are or Nico lamp 
creates beautiful displays for the 
jeweler, because of the vivid re- 
sponse of the ruby to these sources, 
still the argon bulb is considered in 
this article because it probably best 
serves the desired purpose’ of the 
jeweler in attracting the attention of 
the layman to a scientific subject. 


Two views of a fluorescent display box made by R. C. Hoover of Akron, Ohio 


manner. The confidence of the cus- 
tomer is virtually won “at a glance.” 

The box for a fluorescent display 
can be made as plain or elaborate 
as the amount of ingenuity, time and 
money one wishes to devote to it. 


Other sources of ultra-violet light 
are costly in comparison. 

It is not my purpose to give de- 
tailed instruction here for the con- 
struction of the set. Knowing the 
parts necessary and a few general 
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suggestions .and precautions, one 
may do very well using his own 
ingenuity. It is necessary to have 
from one to twelve or more argon 
bulbs and one or two ordinary 
Mazdas, sockets for same, two 
switches and a small supply of insu- 
lated wire. 

For a box, one may use a card- 
board one, a quite large tin can 
(square or rectangular), a wooden 
box or one made up from wallboard. 
Size will depend on number of bulbs 
to be accommodated. The tools 
necessary depend on whether work- 
ing with cardboard, tin, wood, or 
wallboard. 

One surface of the box must be 
hinged or otherwise fixed to open 
for the insertion of specimens, re- 
placement of bulbs, ete. Another 
surface, front, or top, must have a 
slit, or better, a built-up eyepiece 
to permit viewing the entire bottom 
of box, where the specimens will 
rest. As much light as _ possible 
must be kept from entering the box 
from outside sources. 

One switch takes care of the 
Mazda circuit, the other of the 
argon. It is interesting to note at 
this point that the probable life of 
an argon bulb is 3000 hours; it then 
loses its value because of the bom- 
bardment of the glass of the bulb 
by the ultra-violet rays, which cause 
the inside of the glass to blacken 
so that the rays no longer pass 
through, although they are still gen- 
erated:or developed by the filaments 
(or plates) and gas. These lamps 
are rated at 2 watts, so cost of oper- 
ation is negligible. 


The writer believes the box has 
possibilities in a window display, 
using a flasher timed properly to 
turn the Mazdas on and off, leaving 
the argons on continuously. It 
would probably be more effective at 
night time, when outside sources of 
light were at a minimum. However, 
if the aperture to the box were 
placed snug against the window and 
the most responsive minerals used, 
the daytime effect might be just as 
good. : 

In lieu of a flasher, the argons 
only could be kept continuously 
lighted in the box, and duplicate 
specimens, numbered, be placed near- 
by in the window. The flasher 
would be more impressive. In either 
case, some explanatory signs should 
accompany the display. Another 
sign might explain that some dia- 
monds exhibit the phenomenon of 
fluorescence under the X-ray. 

Fluorescent minerals may be ob- 
tained from Ward’s Natural Science 
Establishment, Inc., P. O. Box 24, 
Beechwood Station, Rochester, N.Y. 
A few are amber, calcite, fluorite, 
opal, willemite. 

A few common substances that 
fluoresce are lubricating oil, castor 
oil, vaseline, a few drops of mercuro- 
chrome in water. Vaseline may be 
used with a brush or pen to apply 
to black cardboard for signs inside 
the box as a fluorescent paint or ink. 
The pale yellowish-green varieties 
of synthetic spinel—called ‘emer- 
ada” and “erinide’”’—show very strik- 
ing fluorescence. 

The price of the argon bulbs is 
60c each, postpaid. These may be 
procured from any electrical dealer 
or from the American Gem Society. 
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BOOK REVIEWS 


Review of An Introduction to Earth History, by Hervey Woodburn Shimer. 
Ginn and Co., Boston, 1925. $3.00. 

This text was written by a professor at the Massachusetts Institute of 
Technology and reflects the thorough and accurate presentation which might 
be expected from a member of the faculty of that institution. 

The book combines historical and physical geology. An Introduction to 
Earth History should prove an excellent reference book for geological stu- 
dents. The theories expressed are sound and are easily understood. The 
latest concepts of atomic structure and of relationship of matter are in- 
eorporated throughout. 

Careful reading on the part of the student who has not previously studied 
geology is required for comprehension of this introduction to earth history, 
but one with a knowledge of the subject should find the text very valuable 
for reference. 


Review of The Earth and lis History, by John Hodgdon Bradley, Jr. Ginn 
and Co., Boston, 1928. $2.60. 

In this work the science of geology in general is covered with particular 
attention given to the historical and physical aspects. Economic geology is 
also briefly discussed. 

Explanations are short, clear and not unduly repeated in the manner of 
some authors in order to emphasize them to the inattentive student. The 
text is presented simply and does not go into the various “pros and cons” 
concerning the theories but explains the necessary theoretical matter in a 
clear and generally interesting manner. ; 

A chapter on the history of the advance of geological knowledge is unique 
and of considerable interest. 


Minerals and the Microscope, by H. G. Smith. Thomas Murby & Co., 
London, 1914. Third Edition, 1933. 

This is a small, 124-page reference book which has been used with 
good results in connection with some of the laboratory instruction at the 
G.I.A. It is recommended to the gemologist who owns a microscope 
equipped for work with polarized light. Although much of the text is 
useless in gem-testing, as it refers particularly to prepared thin section, 
this book perhaps contains a larger proportion of gemologically pertinent 
information than any other which covers the same field. 

Descriptions of testing procedure are short and expressed in such a 
manner that they can be used by the beginner as instructions for the use 
of the petrographic microscope. For those minerals which are described, 
most of the properties of value in identifying cut gems by the microscope 
are listed. However, the omission of any description of many important 
gem minerals—e.g., diamond, corundum, beryl, chrysoberyl, and spinel are 
not described—is a.bad fault from a gemological standpoint. 
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THE FLORENTINE 


The Florentine is one of the largest and most. famous of diamonds. It 
was a cherished possession of one of Europe’s most important families and 
subsequently an ornament in the crown of a European dynasty which 
dominated continental Europe. 

For more than a century the Medici family of Florence were ‘Pamnoue 
as the bankers of Europe, and to them came kings, governments and 
merchants for financial advice and assistance. They were equally promi- 
nent, as patrons of the arts, and their name has gone down in history as 
the guiding spirits of the Renaissance. No one did more to reawaken art 
and learning in the western world than did the Medici. That they would 
possess a wealth of gems is to be expected, and when the family became 
extinct, its last survivor bequeathed to the new ruler of the Duchy of 
Tuscany, of which Florence was the capitol and of which her ancestors 
had long been sovereigns, gems of a value of $2,000,000. These did not 
include the crown jewels of Tuscany nor a very much smaller collection 
which became the property of the city of Florence and which now delights 
the eyes of visitors to the Pitti Palace in that city. 

It seems entirely in character that such a family as the Medici would 
own one of the most important diamonds of the world, and that this 
diamond should have been both an artistic treasure and an investment, a 
quick asset in a possible hour of necessity. Easy to understand, also, is 
the fact. that the wisdom of such a line of financial genii would have. influ- 
enced them to keep almost secret the existence of such a possession. Taver- 
nier, the French gem dealer, seems to have been their solitary confidant. 
The diamond was shown to him (in the seventeenth century) with no word 
as to when, or from whom, it came into the possession of the Medici. 
Tavernier visited the reigning Duke of Tuseany in 1657, and it was at 
that time that he must have examined this gem. Therefore, the early 
history of the Florentine remains a pleasant and mysterious puzzle yet 
to be unravelled. That it had previously brought pleasure to those other 
patrons of the arts, the Dukes of Burgundy and Ludovico Sforza, may 
still be proven, for that story persists. 


16 GEMS & GEMOLOGY 


However the later history of the Florentine is clearly defined, for with 
the passing of the last of the Medicis, the Duchy of Tuscany became a 
prize coveted by the larger nations of Europe the future possession of 
which was discussed at many international conferences. The final decision 
favored Austria, and it was arranged that Maria Theresa of Austria was 
to be married to Francis Stephen, Duke of Lorraine. The Duke would 
then trade his Duchy for the Duchy of ‘Tuscany and Lorraine would be 
given to France. When the last male Medici, Giovanni Gastone, died this 
plan was consummated. Then in 1748, Anna Maria Medici died without 
heirs and the big diamond travelled to Austria. There it, symbolized 
Austria’s leadership in Europe and was placed in the Crown of the House 
of Austria when Francis Stephen was made Emperor of the Holy Roman 
Empire in 1745. Since that time it has remained an Austrian crown jewel 
to appear on various occasions in brooch, hat ornament, or other royal 
jewel. It is now in the Royal Palace at Vienna. Added to its former 
names—the Florentine, the Tuscan, and the Grand Duke of Tuscany—it has 
since been known at, various times as the Austrian and the Austrian Yellow. 


The last name is not entirely unsuitable since the Florentine is of a 
citron yellow (light greenish-yellow) color, exceptionally clear and free 
from flaws, and is remarkable for the fire (dispersion) fiashing from its 
126 facets. It is a mute testimony to the desirability of many facets on an 
exceptionally large diamond. Its weight is 18712 metric carats, Its style, 
which is accepted by most authorities as being typical of Indian cutting of 
the early eighteenth century, may be called a double rose pendeloque. It has 
nine flat sides about the girdle, which gives it somewhat the appearance of 
a nirie-rayed star. The replicas represent it quite well. Tavernier, three 
hundred years ago, by using his method of calculation of large diamonds, 
figured its value to be $950,000. Later it was valued by the Austrians 
at, $750,000. 


We could not leave the Florentine without discussing the formerly 
long accepted story of its pre-Medici travels in Europe which have been 
doubted by Streeter and other careful investigators. The story goes that 
a diamond owned by the Duke of Burgundy was cut by Louis de Berquem 
at Bruges (now in Belgium), which was then a Burgundian possession. 
Berquem has been called “the inventor of diamond cutting’ since in 1456 
he first fashioned diamonds in symmetrical shapes with facets effectively 
co-related one to another. 

Following the fashion set by earlier princes, Charles the Bold, of 
Burgundy, carried with him into battle all of his jewels. In a final war 
with the people of Berne and other Swiss communities, he lost many of 
these ‘treasures in perhaps more than one battle, and after one of these 
disastrous engagements with the Swiss, Charles’ career culminated in his 
death at Nancy in 1477, still wearing his few remaining jewels. After 
the Burgundian rout at one of these battles at Granson, the Florentine 
diamond is said to have been picked up by a Swiss soldier who, thinking 
it, but a piece of glass, sold it to a priest for the price of a drink. After- 
wards it may or may not have come into the possession of the government 
of Berne. 
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Having made a collection of some or perhaps all of the former Bur- 
gundian jewels which had been left strewn upon those battlefields, the 
government sold them to Jacob Fugger, a wealthy dealer of Nuremberg, 
for 47,000 florins. Among these jewels was a pendant containing one 
diamond in the form of a pyramid, five-eighths of an inch square at the 
base, with but four large facets, which Fugger sold to Henry VIII of 
England as mentioned in our story of the Sancy. 

This stone sold to Fugger was, as we have seen, much smaller than 
either the Florentine or the Sancy, and it really is doubtful if there was 
a diamond of the size of either of those important stones in all of Europe 
in the year 1477. Although such stones were then known in India, and 
the Duchy of Burgundy maintained close trade relation with Venice through 


: iD. 


THE FLORENTINE 


A diamond with a long and 
peaceful history. 


Weight, 137 carats 


which an importation of such a stone would most probably have occurred, 
the Dukes of Burgundy were ostentatious and not of the nature that would 
be expected to conceal such a possession. It is a fact that they were known 
to own “the most talked-of diamonds in all Christendom,” but this descrip- 
tion could at the end of the 15th century have been filled by such dia- 
monds as the pyramidal diamond afterwards sold to Henry VIII. Fugger 
sold a portion of the Burgundian jewels to the German Emperor Maxi- 
milian, and apparently because of the possible association between these 
stones and the Florentine, the latter has also been called the Maximilian, 
although it could never have belonged to that Emperor. 

From its style of cutting it seems somewhat doubtful that Berquem 
did cut the Florentine, and that it ever came into the possession of Fugger, 
but a statement in the Catalogue of the Objects Contained in the Treasury 
of the Imperial House of Austria seems more possible of belief. This 
Catalogue sets forth that the Florentine was lost “at the battle of Morat 
on 22nd June, 1476—_.”” It does, indeed, seem possible that the Florentine 
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may have been a stone which had a subsequent history entirely different 
from those jewels sold to Fugger. It is elsewhere related that a wealthy 
Bernese merchant, Bartholemew May, purchased this stone for 5000 florins 
($2000), plus a “present” to the mayor of Berne. May sold it at a small 
profit to a dealer of Genoa. From this Genoese, Ludovico Sforza, the 
Duke of Milan is said to have bought it for 10,000 florins and “when the 
treasures of Milan were distributed, Pope Julian II purchased it for 20,000 
ducats ($45,000).” From this pope it might easily have passed into the 
possession of the Medici family, who had close relations with the church. 

The Florentine will be always slightly touched with mystery because 
of these stories which constantly recur in early records; perhaps the 
Florentine actually did go into battle with the Duke of Burgundy before 
it became an investment item of the banker-dukes of Florence. 


THE DIAMOND MARKET 


The policy of The Diamond Cor- 
poration of gradually raising the 
price of rough diamonds and at the 
same time limiting their sale to less 
than the actual demand has evident- 


ly resulted in a very firm market 
for cut stones. 


An impediment to a still stronger 
diamond market seems to be among 
the diamond cutters, who are com- 
peting by cutting their prices until 
they are making but very little profit 
for themselves. Cutters’ organiza- 
tions have been formed in Belgium 
and Holland but as yet they seem to 
have proved impotent in meeting this 
problem. If the cutters can manage 
to consolidate their organizations the 
result undoubtedly will be a further 
rise in the price of cut diamonds. 


Another objection voiced by Euro- 
pean cutters is that the uncontrolled 
price of bort is causing difficulty 
in the polished diamond market. This 
undoubtedly is felt chiefly in the 
market for very inferior stones and 
therefore probably has less effect on 
the American market than upon 
foreign ones. 


The principal demand at the 
foreign cutting centers continues to 
be for small melee, and an increased 
demand for baguettes is beginning to 
be felt. The American buyers, it is 
reported, are chiefly interested in 
medium sized and large stones of fine 
quality. In fact, the demand for larg- 
er stones of fine quality has been 
very brisk for a number of months, 
and their price in America has in- 
creased. 


LENDS DIAMONDS FOR EXAMINATIONS 


The American Gem Society acknowledges the extremely valuable service 
rendered by J. R. Wood & Sons, wholesale jewelers of Brooklyn, N. Y., in 
lending a number of unmounted diamonds for use in the Registered Jeweler 
examinations. These stones are employed in the diamond grading examina- 
tion which is now required of all candidates for the title Registered Jeweler. 
The co-operation of J. R. Wood is in line with their commendable policy of 
co-operating with the retail jeweler in his efforts to protect himself against 
unethical competition. 


~~ 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


Galalith (Galilith) (gal’a-lith). A 
horn preparation obtained by the 
action of formaldehyde on casein. 
Skim milk is treated with caustic 
alkali carbonate and the casein is 
precipitated by the action of ren- 
net, pressed and impregnated with 
formaldehyde and dried. It is vari- 
ously colored and used as a substi- 
tute for ivory, amber, tortoise 
shell, coral, ebony, etc. 

Gangue (gang, or ganj). The worth- 
less stony or earthy vein substance 
associated with metallic ore. 

Garnet (gar’net). A gem-stone. Cu- 
bic system. “The name covers a 
number of closely related miner- 
als. Several chemically similar 
elements freely replace one an- 
other in the garnet group. As a 
result, the properties of the group 
are variable, and there are a num- 
ber of garnet gems, quite different 
in appearance.” (Kraus.) See also 
Almandite, Andradite, Grossula- 
rite, Pyrope, Rhodolite, Spessart- 
ite. 


often betrays it. Because of its 
lack of toughness it can only be 
used for beads. It is so inferior 
that it is sometimes classed as a 
gum. 


Gem. Cut and polished precious 


stone. Term sometimes applied to 
a specially fine specimen of its 
particular variety. A gem must 
possess: (1) Beauty, (2) Durabil- 
ity, (3) Rarity. 


Gem-Color. The most desirable color 


for a stone of its particular 
variety. Perfection color. 


Gem-Gravels. Gem-bearing -gravels 


of present or former river or lake 
beds. 


Gem Mineral. Minerals which are 


suitable for use as gems. See also 
Gem. 


Gemology (jem-ol’oe-ji). Gemology is 


the science of those minerals and 
other substances possessing the 
necessary beauty and durability 
for wear as ornamental objects, 
and the history of their source, 
production, and use in civilized 


“Garnet Jade.” See Grossularite society. Gemology (American 
Garnet. usage) was first used in Jewelers’ 
Gas Inclosures. An inclusion of gas Circular. See also Gemmology. 
in a mineral. See also Inclusion. Gemmology (jem-ol’oe-ji). (Fr. Latin 
Gas Pocket. A cavity formed by gemma—a gem.) First used in 
gas in an igneous rock. See also England. Same as Gemology. 
Amygdaloid. “Geneva Ruby.” A _ reconstructed 
Gedanite (jed’a-nite). <A _ brittle, ruby formerly made in Geneva, 
resinous substance sometimes - Switzerland. 
classed as amber, found on the Geo-chemistry. The science of the 
Baltic coast along with amber. chemistry which treats with the 
Less valuable than pressed amber. materials of the earth. 
Lacks tenacity, usually contains Geode (jee’ode). Cavities in clay 
powdery inclusions, has a greasy or other formations which have 
luster and a glassy fracture, and been incrusted with a wall of 


its inability to take a high polish quartz or other mineral and which 
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(later) separate as a hollow mass, 
the interior walls of which are 
usually studded with crystals. See 
also Amygdule. 

Geyserite or Siliceous Sinter (gei’- 
zer-ite or gei’ser-ite). A porous 
variety of common opal deposited 
by geysers. ‘ 


Girasol (jir’a-sol). A variety of 


opal. As an adjective, girasol may 


be used to describe any gem 
variety which shows a floating 
light resembling adularescence, as 
girasol sapphire. 

Girdle. The outer edge or periphery 
of a cut stone; the portion of a 
cut stone which is grasped by the 
mounting. 

Glass. An amorphous substance, or- 
-dinarily consisting of a mixture of 
silicates. Glass is usually manu- 
factured by fusing silica, an alka- 
li, and lead oxide or another 
metallic oxide. Fine glass (paste) 
imitation gems contain a large 
proportion of lead and may con- 
tain oxides of rarer elements, such 
as thallium. Some glass imitations 
are made according to very com- 
plex. formulas. Natural glass also 
oceurs; see Obsidian; see Molda- 
vite. 

Glass Agate. Obsidian. 

Glassies. Diamond crystals which 
exhibit natural bright, transparent 
faces. 

Glauconite (glo’koe-nite). See “Blue 
Earth.” 

Glaziers’ Diamonds (glae’zher or 
glae’zi-er). Small diamonds or 
corners of diamond crystals, used 
for glass cutting. 

Glazed Faience. Used to imitate 
opaque stones. See Faience. 

Glazed Porcelain. Used to imitate 
opaque stones. See also Porcelain. 

Glimmering (glim’er-ing). Affording 
imperfect reflection, apparently 
from points over the surface. 


Glistening (glis’n’ing). Affording a 
general reflection from the sur- 
face. 

Globular (glob’u-lar). Having spheri- 
cal, or rounded form. 

Glow-Stone. Chalcedony. 

Gneiss (nise). A crystalline rock of 
metamorphic origin with its min- 
eral content “bedded” so that the 
rock appears in crude, irregular 
layers of lamination; similar to 
granite in composition. 

Goa (goe’a). A city in India through 
which the Portuguese imported 
diamonds during the 18th century. 

Goleonda (gol-kon’da). An ancient 
city in India, formerly a principal 
diamond market. Also, a term now 
applied to fine quality old Indian 
diamonds which rarely reappear 
in the market. : 

Gold. A metallic element; one of the 
noble or precious metals. 

Gold Opal. Opal showing yellow 
light over large areas. 

Golden Beryl. Clear, bright-yellow 
beryl. ; P 

Golden Stone. Greenish-yellow peri- 
dot. ; 

Gold Quartz. 
closing gold. 

Goldstone. A translucent or semi- 
translucent glass imitation in 
which copper filings have been 
fused. Sometimes sold incorrectly 
as “fire agate” or “aventurine.” 

Goniometer (go’ni-om’eter). An in- 
strument for measuring angles. 
Several types are made; probably 
the most useful to the gemological 
is the horizontal single circle in- 
strument which is used for meas- 
uring the index of refraction of 
crystals and gems, as well as for 
measuring angles of facets, etc. 
(Briggs.) 

Gooseberry Stone. Brownish-green 
grossularite (garnet). 


Massive quartz en- 


(To be continued) 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


HENRY E. BRIGGS, Ph.D. 


Of false’ doublets we have two types. In one the upper portion of the 
gem is of the genuine stone which the doublet imitates and the other type 
has the upper portion of the stone of some hard stone such as quartz (rock 
crystal). The lower portions in both cases are of colored glass or paste. 
Occasionally the doublets have a top of some cheap stone of fair hardness 
and color similar to those of the gem which is being imitated, such as a ruby 
doublet with an almandite top, or an emerald doublet with a demantoid 
top. These false doublets are sometimes cemented and sometimes fused to- 
gether. Of course, if the glass back has been fused onto the top, separation 
cannot be affected by soaking. They can easily be detected however by -im- 
mersion in some fluid of fairly high index of refraction (near that of the 
stone top). This causes the crown to stand out in definition much better 
than will the glass pavilion. An easy method of detecting a false doublet 
consists of merely breathing on the stone, which will sometimes reveal the 
joining plane. 

An extremely informative and valuable article on zircon by one of the 
largest American importers of zircons, who lived ten years in the Orient, 
in which the method of heating is discussed is printed in this issue of Gems 
& Gemology. 

Triplets are very similar to doublets, except that a portion of the 
pavilion also is made of the genuine stone. In the case of a triplet we 
have only a small amount of colored glass lying in the plane of the girdle 
of the gem, the crown and pavilion of the gem being .of genuine stone. 
The purpose of the colored glass is quite obviously to impart. the desired 
color to the finished gem, while the crown and pavilion of genuine stone 
will give the desired hardness. Triplets are used mostly for imitating 
emeralds. Of late years, the sale of doublets and triplets has fallen off 
considerably on account of the low cost of synthetic stones eolored to 
imitate other gems. 


ALTERING OF GEMS 


Gems and gem materials are often treated to alter their color and 
thus render them more readily salable. In the transparent and more 
valuable gems, the treatment usually consists of heat treatment or radiation 
with X-rays or gamma-rays. Heat treatment is applied to many gems, 
and with a certain amount of success. Topaz of a yellow tint or a yellowish- 
brown tint may be rendered pink by treatment with heat. The stones to 
be “pinked” are packed in asbestos or magnesia in an iron container and 
very slowly heated to a dull red heat, about 560 degrees Centigrade. 
They are then cooled very slowly and if the operation has been properly 
done, the stones will be found to have turned a fine pink color. If the 
stones are overheated, however, they will lose all color. The darker shades 
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of smoky quartz or amethyst are converted into.a citrine to amber tint by this 
same process and are then sold as topaz. 

Zireons also, as mentioned before, are heat treated to render them 
either colorless or blue, as the case may be. Corundums with streaked 
color, and amethyst, which is spotted with dark spots of color, are often 
improved by heat treatment. Greenish beryl can often be rendered a 
beautiful shade of blue by this process. 

X-rays and gamma-rays are often used to improve the color of dia- 
monds, Yellowish stones may be rendered practically colorless with 
radiation. However, the color is apt to again return in time, especially 
if the stone is subjected to much heat. Diamonds can be ruined by radia- 
tion; carbon spots form and the diamonds take on a green tint if too 
long subjected to the action of these powerful agents. Quartz which has 
been treated to change its color will regain its original color if subjected 
to radiation, and faded amethyst will be in part restored. In some cases 
the treatment seems to hold fairly well, while in others it is not very 
satisfactory, depending on the heat and temperature changes to which 

em is subjected. 
re si Pressure and Heat 

Amber fragments which are of little value are rendered more valuable by 
heating and pressing into molds. Some times it is also colored at the 
same time. Since amber is amorphous, the detection of pressed amber 
presents its difficulties. However, pressed amber is usually not as trans- 
parent as the natural unaltered amber, and the colors are sometimes patchy. 
However, great care is taken to prevent this by using amber of one tint 
only. Pressed amber will lose its transparency. somewhat with age. 


Dyeing and Chemical Alteration . 

Agate, opal, jasper, chalcedony, ‘turquoise, and other gems are often 
dyed. Even diamonds are sometimes given a coat of blue analine dye to 
neutralize their yellow tint. Of course, proper cleaning will show up 
this fraud, but yet many unsuspecting people have been swindled by this 
trick and even today we hear of the trick making its reappearance every 
now and then. Turquoise is often dyed to improve its color, but the 
fraud can usually be shown by rubbing the stone with ammonia. If it is 
natural turquoise the color will remain unaltered, but if it is dyed it will 
fade at once. Agate, jasper and chalcedony are very often dyed to improve 
their color. The rough is prepared by soaking it for a long period of 
time in a solution of honey and water or sacchrine and water. After the 
porous layers of the stone have absorbed all of the organic matter they 
can, the stones are subjected to an acid treatment. Also, solutions of 
metallic salts are used to color the agates and jaspers various colors. Opal 
is also. dyed by the same methods. The opal’s matrix usually is the part 
that is dyed, and that is usually dyed black or some other color which will 
emphasize the inclusions of precious opal. Opal is also treated with a 
view to increasing the brilliancy, but the author is inclined to believe 
from a series of experiments that these methods are more or less of a 
failure and that nothing further than proper curing of opal can be done 
to increase the beauty of the gem. 

(To be continued) 
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ANOMALOUS DOUBLE REFRACTION 


Anomalous double refraction is a 
very important property both in iden- 
tifying gems and in judging the 
amount of strain present in a stone. 


The fact that anomalous double 
refraction is caused by internal 
strain may be proved by an inter- 
esting experiment. A small piece of 
transparent celluloid or catalin may 
first be tested by the polariscope or 
polarizing microscope; unless it has 
been worked it should show but very 
little internal strain. Then either 
pass it through a roller or twist. it 
severely with pincers. Upon again 
being tested in the polariscope, the 
specimen will show a greatly in- 
creased amount. of internal strain. 


Many gems which in ideal condi- 
tions are singly refractive show 
anomalous double refraction. This is 
especially true of garnets and syn- 
thetic spinel. Many diamonds also 
show the phenomenon. The presence 
of strong anomalous double refrae- 
tion should serve as a warning to 
the jewelery repairman or stone set- 
ter, for it indicates the presence of 
considerable internal strain. Gems 
in which very strong anomalous dou- 
ble refraction is present are much 
more likely to be damaged as a re- 
sult of heating or striking. with a 
metal tool than are those stones in 
which little or. no anomalous double 
refraction is seen. 


The efficiency of diamond mount- 
ing may be checked through the use 
of polarized light. If a diamond un- 
mounted shows little or no anomalous 
double refraction but shows a con- 
siderable amount after having been 
mounted, the mounting is proved to 
be tight and to be causing an unde- 
sirable strain. 


Anomalous double. refraction may 
also occur in doubly refractive gems. 
It is evidenced by a lack of complete 
extinction during the rotation of the 
polariscope stage or the cylinder of 
the hand polariscope. Instead of 
showing a sharp point of extinction, 
doubly refractive gems exhibiting 
this anomaly become but partly dark, 
showing patches of light and some- 
times even of color. The German syn- 
thetic green beryl (emerald): which 
has been described in a previous is- 
sue shows very strong anomalous 
double refraction which aids in dis- 
tinguishing it from genuine beryl. 

In testing gems with the polari- 
scope or polarizing microscope, it is 
imperative that anomalous doyble re- 
fraction never be confused with true 
double refraction. Also, true double 
refraction is sometimes considered 
anomalous owing to the form in 
which a gem is cut; this occurs when 
the cut gem transmits but a small 
amount of light even in ordinary 
light and when viewed through the 
polariscope the small amount of 
transmission is mistaken for anoma- 
lous double refraction. 

A simple test with the polariscope 
has been found very effective in dis- 
tinguishing true double refraction 
from anomalous double refraction. 
The stone is placed in position and 
the cylinder of: the polariscope is 
rotated until the stone is as light as 
possible. The analyzer is then turned 
until the polarizers are no longer in 
a crossed position. If the double re- 
fraction in the gem being tested is 
anomalous, the stone becomes very 
much lighter when the analyzer is 
thus turned, but if the gem exhibits 
true double refraction, but very lit- 
tle change in the amount of light 
transmitted is noticeable. 
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Research Spectrometer an 


Other Gifts to G.I. A. Laboratory 


The facilities of the Gemological 
Institute of America have been very 
materially increased by recent im- 
portant gifts. 

The most valuable of these was a 
very fine research spectrometer pre- 
sented to the Laboratory by Harold 
D. Feuer, Certified Gemologist, of 
Worcester, Mass. The instrument is 


Spectrometer presented to GIA. 
Laboratory by Harold D. Feuer. 
(About 1/15 actual size.) 


one of the finer models manufac- 
tured by Gaertner of Chicago. The 
great value of this instrument can 
readily be seen from the fact that 
it can be used for measurement of 


the refractive index, birefringence 
and dispersion, and for accurately 
calibrating the angles of cut stones, 
as well as for regular spectroscopic 
work. 

A second very important donation 
by Mr. Feuer was that of a number 
of cut stones, including zircon, spinel, 
chrysoberyl, ruby, sapphire, beryl, 
tourmaline, peridot, and quartz, in 
a wide variety of colors. The group 
includes more than 200 stones. The 
finest of these specimens are to be 
added to the Institute’s collection, 
while others will be used as test 
stones for the identification exami- 
nations of the G.I.A. 


Other gifts not previously acknowl- 
edged in Gems & Gemology include 
a number of emerald crystals pre- 
sented by Richard Van Esselstyn of 
New York City. The crystals are 
of many varying types from Colom- 
bian mines and serve to illustrate 
very completely the types of ma- 
terial and matrix from the several 
sources in that country. 


EXAMINATION RESULTS 


Since the Spring, 1936, issue of Gems & Gemology, examinations for 
titles or for classifications have been completed by the following persons: 


Certified Gemolagist 


Massachusetts 
Harold D. Feuer, Worcester 


Wisconsin 
Edwin E. Olson, Milwaukee 


Junior Gemologist 


New Jersey 
Cc. A. Allen, Cranbury 


New Jersey 
Jean R. Tack, Newark 
Jerome B. Wiss, Newark 


Ohio 
R. C. Hoover, Hood & Hoover Co., Akron 


( REGISTERED JEWELER 
AMERICAN GEM? SOCIETY) 


Connecticut 
William B. Hawley, Davis & Hawley Co., 
Bridgeport 


Graduate Member, A.G.S. 


New Hampshire 
Myer J. Kassner, Rennie & Kassner Co., 
Laconia 


New Jersey 
Louis A. Jackes, Jr., Newark 
Warren R. Larter, Larter & Sons, Newark 
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Cultured Pearls* 


ROBERT M. SHIPLEY 
President, Gemological Institute of America, Los Angeles 


The following advertisement by. 
one of America’s largest and most 
exclusive department stores appeared 
in a newspaper: 


CULTIVATED PEARLS IN A 
SPECIAL 
ACCESSORY ROOM 
SHOWING 


February 24th to February 29th 
—a glamorous tale of discovery 
and achievement—a tale of con- 
quest and beauty—the cultivating 
of genuine pearls by (here appears 
the name of a producer) from a 
tiny pearl seed to its full-fledged 
beauty after seven years of scien- 
tific cultivation — a real pearl, 
identical with a natural pearl in 
formation, color, texture—the re- 
sult of nature’s process, yet not 
an accident of nature! ...... 

——— Ee eee 

The manner in which this adver- 
tisement was worded leaves a wholly 
incorrect impression of the true 
nature of cultured pearls. As a re- 
sult of extensive acquaintance with 
thousands of American retail jewel- 
ers, it, is my observation that similar 
statements made by traveling sales- 
men and in advertising pamphlets 
and articles in national periodicals 
have left an incorrect impression of 
the true nature of cultured pearls, 
both in the minds of the public and 
in the minds of the proprietors of 
most retail jewelry stores. 

There is a fundamental difference 

between genuine and cultured pearls. 
Genuine pearls almost always have 


*A.G.S. Research Service. 


nuclei so small that they rarely can 
be seen by the naked eye—while 
cultured pearls (spherical) are 
formed by the insertion, by man, of 
a bead of mother-of-pearl in the 
mantle of the mollusk; the bead is 
then coated over with deposits of 
pearly nacre in the process of shell 
growth. The mother-of-pearl sphere 
used in the cultured pearl is com- 
posed of parallel (or almost parallel) 
layers of nacreous material, while 
the inner layers of genuine pearls 
are concentric. ] 

Research conducted by the labora- 
tory staff of the Gemological Insti- 
tute of America in the examination 
of numerous strands of cultured 
pearls retailing above $50.00 reveals 
that the layers of nacreous coating 
on cultured pearls average in the 
neighborhood of one millimeter. This 
is observed in drilled pearls by 
methods which require no sawing or 
other damage to the pearl. On the 
larger pearls in such strings this 
coating is of about the same thick- 
ness, and therefore makes up a still 
smaller portion of the entire cul- 
tured pearl. Obviously, although 
their chemical composition is identi- 
cal, the structures of genuine and 
eultured pearls differ greatly, and 
any statement that their formation 
is identical tends to mislead the pub- 
lic as:to the true nature of the cul- 
tured pearl. 

No proof has ever been submitted 
to the Gemological Institute that any 
pearl contained in the pearl strands 
offered to the trade has been cul- 
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tured or cultivated by the substitu- 
tion of a seed pearl (or any genuine 
pearl) instead of a mother-of-pearl 
sphere. Many -retail jewelers have 
been shown, by cultured pearl dis- 
tributors, pearls which have been 
sawed into two portions; one larger 
and one smaller. The larger portion 
reveals the contour and orient of an 
inner (spherical) layer of nacreous 
material. This has the appearance 
of a nucleus which might have been 
a smaller pearl which had been in- 
serted by man, but when a concentric 
nacreous layer of a natural pearl is 
thus exposed, it also will present a 
similar appearance. “Seed pearls” 
have uneven (“bumpy”) surfaces 
which would present an entirely dif- 
ferent appearance. It has also been 
questioned whether the depositing of 
nacreous layers upon the uneven 
surfaces of seed pearls would pro- 
duce cultured pearls of sufficiently 
spherical form with smooth surfaces. 

Natural pearls were found in 
Japanese waters before the produc- 
tion in these waters of cultured 
pearls, although they were inferior 
in value to pearls from the Persian 
Gulf and Ceylon. It seems entirely 
possible that one or more natural 
pearls might, at any time, be found 
in a mollusk in which a mother-of- 
pearl sphere has been inserted by 
man. If several pearls should be 
found in such a mollusk, it would be 
obvious that only one was cultured, 
since the producers state that only 
one mother-of-pearl bead is inserted 
in the culture process. 

-The. sawed pearls shown to jew- 
elers are probably pearls which have 
been formed naturally rather than as 
a result of the efforts of the pro- 
ducers of cultured pearls. Distribu- 
tors’ representatives say that some 
pearls found on Japanese pearl 
farms do not have mother-of-pearl 


centers, but that the proportion is 
probably less than 1%. They do not 
state definitely that such pearls are 
the result of the insertion of genuine 
pearls in the mollusk by the cultured 
pearl producer; but, unfortunately, 
the impression which is left with 
many retail jewelers is that some 
cultured pearls are thus produced, 
i.e. from the insertion of small genu- 
ine pearls in the mantle of the 
mollusk. 

Seven years is ordinarily men- 
tioned as the period of time usually 
necessary to bring a natural pearl 
to its greatest beauty. Many cul- 
tured pearls are produced in less 
than this period of time. The thick- 
ness of the coating does not seem 
always to depend upon the length 
of time that a pearl has been in the 
mollusk. However, many cultured 
pearls have a much thinner coating 
of nacreous material than that indi- 
cated by the above mentioned experi- 
ments in the Institute’s laboratory. 

Many biologists also consider the 
cultured pearl to be genuine from a 
purely biological standpoint; but, as 
was clearly pointed out in Gems & 
Gemology in the Editorial on page 34 
and also in the footnote on page 44 
of the March-April, 1984, issue and 
page 110 of the May-June, 1984, 
issue, the cultured pearl is not gemo- 
logically genuine. On the other 
hand, the cultured pearl is a more 
desirable article than an imitation 
pearl. As a result of their scientific 
education, Certified Gemologists rec- 
ognize that a cultured pearl, in one 
respect at least, is, in structure, 
somewhat similar to a gold-plated 
article. However, the cultured pearl 
has distinct merits upon which it can 
be sold honestly, and it is unneces- 
sary to leave an incorrect impression 
with his customer regarding its true 
nature in order to take advantage 


of the great sales opportunity it 
offers to many jewelers. Copies of 
the paintings of old masters are 
worth only a fraction of the value 
of the originals, no matter how 
beautiful or perfect the copies 
may be. 

Of great importance is a dissemi- 
nation of knowledge of the true 
nature of cultured pearls among all 
retail jewelers. If the retail jeweler 
obtains the wrong impression of this 
merchandise, he may be guilty of un- 
intentional misrepresentation in the 
sale of that merchandise to his cus- 
tomer, which will not only destroy 
confidence in him, but will also under- 
mine confidence in the entire trade. 
What is more important, the ma- 
jority of those jewelers who rarely, 
if ever, sell genuine pearls seem to 
have obtained the false impression 
—and passed it on to their millions 
of customers—that there is almost 
no difference between genuine and 
cultivated pearls and that there is 
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no method of distinguishing be- 
tween them. 

The difference in appearance be- 
tween the majority of genuine pearls 
and the majority of cultured pearls 
is apparent to the experienced pearl 
dealer. The cultured pearl can be 
accurately and unmistakably distin- 
guished from the genuine pearl by 
scientific methods. It is being thus 
scientifically distinguished in the 
national gemological laboratories of 
France, England, and the United 
States, an ever-increasing number 
of them being sent for determination 
to the laboratory of the Gemological 
Institute of America. If, when cul- 
tured pearls are sold, the impression 
is left with the customer that they 
are identical with genuine pearls in 
the manner implied in the advertise- 
ment quoted at the head: of this 
article, it may later be revealed by 
scientific tests that the jeweler has 
deceived his customer. 


SMALLER PEARL Illustrates Average Thickness of 
Coating of Better Quality Cultured Pearl. LARGER 
Has Thinner Coating and Is Apparently Representa- 
tive of the Cheap Cultured Pearls. These are Cross- 
Sections, 2% x Actual Size; the Larger Specimen Is 
6.8 mm. in Diameter—the Smaller, 5.4 mm. 
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New Member of G.LA. Board of Governors 


William Elder Marcus was elected a Governor of the Institute at 
the last semi-annual meeting of the Board of Governors. At the same 
meeting, the firm of Marcus and Co. of New York was chosen as a sustain- 
ing member of the Institute. This firm for years has been especially active 
in disseminating a knowledge of gems to the American public and has 
recently prepared and distributed extremely attractive and valuable book- 
lets on asterias and pearls. 

Marcus and Co. was the first retail firm in New York City to become 
affiliated with the Gemological movement, and its general manager, Kenneth 
Van Cott, as President of the New York chapter of the American Gemo- 
logical Society, has done outstandingly constructive work for the move- 
ment. Marcus and Co. are preparing three certified gemologists. 

Members of the Institute Board of Governors are elected from among 
Institute member firms, and as William Elder Marcus, President of this 
firm, has, during the past year, rendered signal service in criticism and 
development of the Institute’s courses and other educational work, his 
election as a member of the Board of Governors of the Gemological Institute 
of America quickly followed. Well known as one of America’s outstanding 
pearl experts, and the head of the retail firm which, since it introduced 
the black opal in this country, has been one of America’s outstanding 
gem institutions, the selection of Mr. Marcus as Governor is a particularly 
fortunate one, - 


Confirms G.LA. Synthetic Emerald Research 


In ‘an article prepared by Dr. 
W. Fr. Eppler which appeared in 
the May 28rd, 1936, issue of the 
German Goldschmiede Zeitung, the 
validity of the fluorescent test for 
the new synthetic emerald-beryl 
(igmerald) was confirmed. This test 
was discovered in the laboratory of 
the Gemological Institute of Amer- 


ica and first reported in the July- 
August, 1935, issue of Gems & 
Gemology. The distinction is made 
possible by the fact that synthetic 
green beryl—under certain wave- 
lengths of ultra-violet light—exhibits 
a bright red fluorescence, while the 
genuine emerald shows little or no 
fluorescence under the same rays. 


Appointments to Advisory Board 


To fill the vacancy left by the death of T. Edgar Willson, late editor 
of the Jewelers’ Circular—Keystone, A. Merchant Clark has been appointed 
to the Student’s Advisory Board of the Gemological Institute of America: 
Mr. Clark is well known in the jewelry trade, as he served on the Jewelers’ 
Circular staff as associate editor for many years, and succeeded T. Edgar 
Willson as editor of the journal. 

Other appointments to the Student’s Advisory Board are: Richard 
L. Barrett of Case School of Applied Science, Cleveland; Samuel G. Gordon, 
Academy of Natural Sciences, Philadelphia; Alfred C. Hawkins, author 
of the Book of Minerals, Brunswick, New Jersey; and Edward Wiggles- 
worth, Boston Society of Natural History, Boston. 
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The Ruby Mines of Burma* 


Condensed from The American Consulate Report of Winfield H. Scott, 
Rangoon, Burma, completed May 22nd, 1935, loaned through the courtesy of 
the Metals and Non-Metals Division of the United States Bureau of Mines, 
Washington, D.C. A summary prepared by David H. Howell, Certified 


Gemologist of Pasadena, California. 


After the overburden has been 
removed the “byone” is removed and 
placed on floors constructed of flat 
stones and clay. Water is then con- 
ducted to the “byone” and the lighter 
material is washed away into a tail- 
ing channel with small falls built in 
it with small pits at the bottom of 
each fall where the gems lodge and 
are later retrieved. 


“Lus” consist of deep underground 
excavations or shafts into the hill- 
sides, sometimes several hundred 
feet in depth. This term also in- 
cludes large openings in the “byone” 
filled with decomposed material and 
all natural widenings which may be 
mined with profitable results. These 
workings are dangerous and re- 
quire great experience on the part 
of the miners. Another method of 
river and stream damming is em- 
ployed called “saye.” Pools are 
formed and hand dredging by diving 
operations are used to recover gem- 
stones, 


Modern Methods 


One of the modern methods is to 
dig large pits about 50 feet in depth 
and several hundred feet in length 
into the “byone” and then dig 
smaller water holes in the limestone 
bed rock which are then filled with 
water. The “byone’”’ mined is con- 
veyed to these water holes and then 
sucked up to the surface by mechan- 
ical means through eight-inch pipes. 


*G.LA. Research Service. 


Here it is conducted through sluices 
and series of falls arranged at in- 
tervals and the gems extracted from 
the “byone” much as gold is recov- 
ered with “riffle boards” in placer 
mining. 

At Mogok and Katha there were 
two washing plants operated by the 
B.R.M.Ltd. The gravels were trans- 
ported from the mines to the wash- 
ing plants and recovered by screen- 
ing and washing in pans. The Com- 
pany also built a large drainage 
tunnel through a small mountain 
range at a cost of £40,000 which 
enabled mining to a greater depth 
than heretofore. They also con- 
structed a hydro-electric plant to 
furnish electricity for the district 
and this plant was the first to be 
built in Burma. It also supplied 
light for the town of Mogok. Re- 
cently, however, this tunnel has 
eaved in in some parts and two 
large lakes have been formed which 
now cover the site of the Mogok of 
1885. 

Mining operations proceeded fa- 
vorably in the district until 1908 
and the advent of the synthetics 
and the silver panic of the United 
States of America caused a tremen- 
dous drop in the price of rubies. It 
is stated that the ruby declined 
300% for the good grades and much 
more for those of inferior quality. 
Then came the World War which 
demoralized the situation still fur- 
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ther. The B.R.M.Ltd. went into vol- 
untary liquidation December, 1925, 
and offered their equipment for sale. 
Operations continued, however, on 
a small scale until the advent of 
the world depression and they were 
forced to surrender their leases to 
the government, This was on June 
80, 1931. 


Washing, Examination and 
Sorting 

The traditional method of remov- 
ing the gem-stones from the “byone” 
is to wash it in oval-shaped basins 
made of large boulders and finished 
smooth with clay. There is a small 
opening at one end for the removal 
of the silt and lighter materials 
which are removed during this pro- 
cess. The “byone” is dumped into 
this basin and a stream of water 
is conducted to it and directed to 
flow over the “byone” by means of 
bamboo pipes. Hoes are employed 
and the natives also use their hands 
to agitate and stir the material in 
the basin. The lighter material es- 
capes through the small opening 
and when the water runs clear the 
remaining concentrate is flowed 
through a trap called a “zaloke.” 
The gems are then removed by hand 
and the refuse washed down with the 
other tailings. Native women are al- 
lowed to search the tailings for any 
gem-stones not heretofore recovered. 

Marketing and Grading 

After the stones are recovered 
from the washings at the mines they 
are placed in bamboo or metal con- 
tainers. and sealed. They remain 
sealed until all parties interested 
in the mine are present and then 
are opened for sorting and evalua- 
tion. 

Sorting is always done in the 
daytime. The stones are placed on 


brass trays around which are seated 
the sorters. They first remove the 
valueless. and inferior gem - stones 
and these are later sold for watch 
jewels or crushed and sold to lap- 
idists for abrasive use. Many of 
these inferior stones, however, are 
peddled in and around Mogok, Man- 
dalay and Rangoon to tourists, vis- 
itors and local residents. The re- 
maining stones are then roughly 
graded according to size. After this 
they are evaluated by the owners, 
assisted by one or more brokers. 
During the evaluation no words are 
spoken and all trading and bidding 
is carried on in a finger sign lan- 
guage. The hands are generally hid- 
den under the large sleeves of the 
native dress or under handkerchiefs. 
The following are a few of the Bur- 
mese terms for gem-stone grades: 
Lenbouk—1Ist water stones ex- 
ceeding four carats. 
Anygyi—2nd water stones. 
Asah—3rd water stones. 
Gair—Large opaque stones, 
Anyun—1lst quality two-carat 
stones. 
Lathi—1%4-carat stones. 
Athaibouk—34-carat stones. 
Sagathai—%4-carat stones. 
Kyauk-me—Dark stones. 
Gaungsa—Pale, inferior stones 
of mixed sizes up to six 
carats. 
Apya—Fine quality flat stones. 
Pingoo-choo — Star rubies, 1st 
quality. 
Pingoo — Silky ruby with or 
without star. 
Gawdone, gaw-cho—Star sap- 
phires. 
Nilt—Large sapphires. 
Nilasa — Mixed, inferior 
phires. 


sap- 
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Every phase of the sorting and 
valuing is shrouded with the ut- 
most secrecy. Nearly all mine own- 
ers and operators in Mogok’ main- 
tain a considerable stock of all 
classes of gem-stones but all are 
carefully concealed and revealed 
only upon the most persistent in- 
quiry and demand from a prospec- 
tive buyer. 

Cutting and Polishing 

During the reign of the Burmese 
Kings all royal rubies were cut 
round, or en cabochon, by means of 
rough grinding stones. Indian carv- 
ers were brought into the country 
and brought the art of fashioning 
with them. However, today they have 
entirely disappeared and the cut- 
ting and polishing is done by Bur- 
mese and Burmo-Shans. During the 
time of the B.R.M.Ltd. nearly all 
stones were sold in the rough and 
sent to London from whence they 
were shipped to America, France 
and Germany. Those stones not sent 
to London were cut locally or in 
India but though the cutting has 
been considered efficient, most of 
these stones were recut upon reach- 
ing European centers. 

In grinding the stones they are 
attached to one end of a rough piece 
of wood about one-half inch in di- 
ameter and six inches long, by 
means of an adhesive gum called 
“check.” : 

Instead of using stone grinding 
wheels and metal laps in the rough- 
ing operations, the natives use 
wooden laps called “boards.” As 
many as eight boards are employed 
during the grinding of the stone. 
Some of these boards are imported 
from India and they vary in rough- 
ness and hardness. The boards are 
charged with corundum, varying 
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from coarse grains to the finest. dust. 

After the stone is ground, cutting 
is the next step. This is accom- 
plished upon fast revolving metal 
discs using either corundum or dia- 
mond powder. Faceting and polish- 
ing are done on hand-propelled pol- 
ishing stones charged with corun- 
dum powder. The powder is mixed 
with a little water and olive oil. 

The charges for grinding and pol- 
ishing are one rupee per carat for 
rubies and: sapphires and eight an- 
nas per carat for spinels. Four 
annas are charged per carat for all 
other stones.* 


Laws Regulating Mining 
Operations 

Those eligible for mining licenses 
are people whose names appear on 
a list of hereditary miners. Later 
this list was amended to include 
those miners who had been employed 
by the B.R.M.Ltd. for a period of 
at least ten years. The fee for this 
license is 10 rupees per man. Cus- 
tomarily three miners are employed 
for the smallest claims. These fees 
allow the miners to employ only the 
native methods for their operations. 
Extraordinary licenses are issued 
upon application and payable three 
months in advance. The: fees vary, 
depending upon the location of the 
claim and the methods employed. 
These licenses allow the miner to 
use machinery and other modern 
methods for their operations. How- 
ever, since the closing down of the 
B.R.M.Ltd. most of the operations 
are being conducted upon native 
methods. 

Illicit Mining 

Since the disappearance of the 

old tribute system and a more strict 


*16 annas equals one rupee. One rupee is 
about 37 cents American money. 
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attitude of. the courts, illicit opera- 
tions are gradually lessening. Dif- 
ficulty in the disposition of stolen 
stones has also reduced stealing. 
However, there is still some illegal 
and dishonest trading. Those women 
who work the tailing dumps often 
act as fences for stolen goods, claim- 
ing such stones, if found in their 
possession, were actually found in 
the tailings.. Also, some unscrupu- 
lous miners secrete stolen goods in 
their own mine workings, later min- 
ing them and claiming legal pos- 
session. Also, non-privileged outsid- 
ers. who cannot obtain licenses le- 
gally finance miners on the list and 
smuggle goods out of the district. 


Exports 

Total value of rubies, sapphires, 
and spinels produced by the B.R.M. 
Ltd. for the years 1889 to June 30, 
1931, officially stated was approxi- 
mately £2,038,600 to £3,644,800. This 
averaged about £55,000 per year of 
operation: There is no consideration 
for stolen goods in these figures. 

Until recently shippers on con- 
signment basis paid the prescribed 
local import duty upon the return 
of their stones from foreign im- 
porters and dealers. However, now 
the shippers of consignment goods 
register export certificates with the 
collector of customs at Rangoon and 
these stones are allowed to re-enter 
the country duty free if they return 
within three years of their export 
date and are the same size, weight, 
and quality recorded on the export 
certificate. 


Future of the District 
_ According to the export reports of 
the. B.R.M.Ltd., approximately 85% 
of all the stones recovered in the 
Mogok Stone Tract were rubies. 


The rarity of large stones is evi- 
denced by the statement that 182 
stones mined aggregated 8903 car- 
ats and their sales prices averaged 
about £183 or more per carat. Four- 
teen of the 182 stones recovered 
realized £0.66 or more per carat. 
One of the fourteen weighed in the 
rough 24 carats and six weighed 20 
carats each. The day peace was de- 
clared after the World War a ruby 
was discovered and called the 
“Peace Ruby.” It weighed in the 
rough 42 carats and sold in Mogok 
for £27,500, the highest price ever 
realized for a ruby in the rough. 
Since the termination of the 
B.R.M.Ltd. all rubies and sapphires 
and other stones mined, with the 
exception of the three mines, are 
mined by natives employing native 
methods. During the operations of 
the company some gem-bearing gra- 
vels were left untouched. Certain 
Buddhist pagodas stood in the way 
of the mining operations and would 
not sell to the company. Thus the 
ground under them represents valu- 
able sources of gems. Also, the 
flooding of the country by the break- 
ing of the water drainage tunnel has 
buried another possible source of 
gems. According to this Consulate 
report, however, even under the 
most optimistic conditions ruby min- 
ing offers small profits. The aver- 
age run or yield of the gem gravels 
is about one rupee per ton removed. 
When one figures that. this is about 
87 cents United States of America 
money, it becomes evident that the 
margin is small. Then, too, taxes 
must be paid, labor must be hired 
and mining overhead is notoriously 
high, so ruby mining is not such a 
lucrative business as an uninformed 
person might be led to believe. 


= 
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Cleaving the Jonker Diamond 


Excerpts from the address delivered by Lazare Kaplan 
at a meeting before the New York Chapter of the American 


Gem Society. 


At no time in my experience have 
I been. confronted with so definite a 
challenge as when the Jonker Dia- 
mond was submitted to me. Every- 
thing about this astounding stone 
presents a new facet. It would seem 
that nature herself had entered into 
a conspiracy contrived to conceal 
this ‘priceless treasure from the 
covetous eyes of men forever. 


Calling to her assistance incalcula- 
ble forces, heat that no thermometer 
could record, when the earth was in 
the making, she had so adroitly dis- 
torted its surface that even Europe’s 
leading experts were misled. Their 
plans for cutting the Jonker Diamond 
would have destroyed the stone. 


Fortunately, when I had made a 
thorough examination of the stone, 
I discovered their error. But even 
then, I was not sure how to proceed. 
So elusive was this beauty that it 
was a year before I was sure of its 
grain. And I may add that in its 
study, not only did I have to devise 
new tools, but I had to establish new 
rules for myself. 


In the rough, the Jonker has all the 
characteristics of the typical river 
diamond: the red spots of iron oxide 
and sand, often forced into the open 
eracks of the stone by the action of 
the water; the gray coat; the form 
and true composition; and finally the 
softly pleasing blue color. 


As I have already said, the finding 
of the correct planes of cleavage pre- 
sented an extremely difficult problem. 
Much publicity had been given to the 
large, flat surface of the Jonker Dia- 


mond. Wild conjectures had been 
made that it might correspond with 
the flat surface of the Cullinan Dia- 
mond, and that, ages ago, the two 
might have been one huge stone. The 
European experts to whom the Jonker 
was submitted, at any rate, took it 
for granted that the large surface of 
the Jonker formed one of the planes 
of cleavage, and planned to split the 
diamond in accordance with that 
theory. 

This plane, however, ran across the 
grain, and to attempt to. cleave in 
any parallel plane would have been 
comparable to attempting to split a 
piece of wood across the grain. It 
would have ruined the stone. What 
the Europeans mistook for a split 
which had produced the flat surface 
was in reality a natural formation— 
a freak of nature. My study of the 
Jonker revealed to me this trick of 
nature’s, and at the same time led 
me to discover the true line of 
cleavage. 

There was one certain spot on the 
surface of the Jonker that indicated 
the correct planes for this cleaving. 
Then, somewhat as a naturalist re- 
constructs a dinosaur from a few 
scattered bones, I laboriously recon- 
structed the crystallization of the 
diamond and thus determined exactly 
all the planes along which to cleave. 

Usually, in cleaving diamonds, the 
planes of cleavage are obvious at first 
sight, the real problem being to dis- 
cover the exact position of any chance 
imperfection. In the Jonker, how- 
ever, the problem was presented in 
reverse order, as I have already indi- 
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cated, the location of the grain pre- 
senting the greater perplexity. 

I found only one small space on 
the Jonker where I could make my 
groove. Then began a work of in- 
ealeulable patience. One small slip 
would spoil the groove, and I should 
be compelled to abandon my whole 
plan for cleaving. You may well 
imagine that in this initial step my 
son, Leo, and I exercised the utmost 
care. We took every precaution to 
make sure that the groove not only 
followed the grain accurately, but 
that it was perfectly shaped. We 
knew that, whereas in many other 
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difficult industrial processes satisfac- 
tion may be attained by performance 
that is merely good, in diamond cleav- 
ing the performance must be perfect. 

It is at this final high point in the 
drama of diamond splitting that the 
feeling of romance and adventure is 
at its height. And I must admit that 
it is a glorious feeling of superiority 
that comes over me when I find that 
I can make the diamond, the hardest 
and most durable thing on earth, 
obey my every command .. . when, 
by the application of a little strain, 
I am enabled to do a thing that files 
and drills could never do. 


The Three Pieces Produced by the First Two 
Cleavings of the Jonker Diamond, Reassembled to 
Show Their Relationship in the 726-Carat Original 


Stone. 


The Weights of the Pieces Are: From Left 


to Right, 505 Carats, 185 Carats, and 36 Carats. The 
Largest Finished Gem Will Weigh About 175 Carats. 
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Gorgulho (gore-gul’hoe). A diamond- 
bearing quartz and clay ‘gravel of 
Brazil. 

Goshenite 
beryl. 

Goutte d’Eau (goot doe). Colorless 
topaz. 

Goutte de Sang (goot d’san). Blood- 
red spinel. 

Grain. In gemology, one-quarter of 
a metric carat (.0500 grams), a 
unit of weight commonly used for 
pearls, also with other gems. In 
English system of weights, .0648 
grams, or 1/7000 of a pound aver- 
dupois. Also refers to a cleavage 
direction in a gem mineral. 

Grainers. Diamonds which in weight 
correspond to fourths of a carat. 
A diamond of one-quarter carat 
weight is a one-grainer; a dia- 

‘mond of one-half carat, two- 
grainer; a diamond of one carat 
weight is a four-grainer. 

Grain Marks. Lines on facets result- 
ing from imperfect polishing, espe- 
cially refers to the marks appear- 
ing on a facet placed parallel to 
a cleavage direction. 

Granite (gran’it). A granular igne- 
ous rock containing principally 
quartz and feldspar. 

Granitic (gra-nit’ik). Granite-like 
or composed in part of granite. 
Granular (gran’ue-lar). Composed 

‘of or resembling grains. 

Graphite (graf‘ite). An opaque black 
mineral whose composition—car- 
bon—is the same as that of dia- 
mond. Hardness 1-2. Specific grav- 
ity 2.2. Sometimes occurs as in- 
clusion in diamond. 


goe’shen-ite). Colorless 


GEMOLOGICAL GLOSSARY 


(Continued from lust issue) 


Grating (grate’ing). 
close equidistant and parallel lines 
or bars, especially lines ruled on 
a polished surface, used for pro- 


A system of 


ducing spectra by diffraction. 
Gratings have been made with 
over 40,000 such lines to the inch, 
but those with a somewhat smaller 
number give the best definition. 
They are of great assistance in 
spectroscopic work. 

Greasy Luster. Luster resembling 
that of oily glass. Produced by 
reflection from a non-plane sur- 
face. Seen on polished jade. 

Green Chalcedony. Usually a crypto- 
erystallne variety of quartz 
stained green. Also may refer to 
chaleedony of a natural green 
color. 

“Green-ears.” Pearls taken from in- 
land streams. 

“Green Garnet.” Incorrectly applied 
to green enstatite from South 
Africa. 4 

“Green Onyx.’ Green-colored chal- 


o 


cedony; also incorrectly called 
“Chrysoprase.” 
Green Starstone. Chlorastrolite. 


Greenstone. Nephrite. 

Grinding. The preliminary shaping 
of a rough stone; followed by 
polishing. Grinding is dohe on 
carborundum wheels or on metal 
laps and diamond powder oy car- 
borundum is usually used, depend- 
ing on hardness of stone. 

Grossularite (gros’sue-lar-ite). From 
Grossular, meaning “Gooseberry.” 
A species of garnet. Hardness 
7%; refractive index 1.745. Trans- 
lucent to semi-translucent. Light 
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to dark yellowish-green, also 
white. Occasionally substituted for 
green or white jade. Called 
Gooseberry stone and incorrectly 
“African Jade,” “South Afriean 
Jade,” “Transvaal Jade,” “Garnet 
Jade,’ “White Jade.” Hessonite 
is the transparent orange variety 
of grossularite. See Hessonite. 

Grupiaras (grue’’pi-ar’as). Shallow 
deposits of diamond-bearing gravel 
on hills near rivers in Brazil. 

Guarnaccino (gwar-na’sene-oe). Yel- 

- lowish-red or brownish-red garnet. 
Same as Vermeille. 

Gum. Any of a number of amorphous, 
tasteless substances, exuded in 
most cases in plants, and harden- 
ing on exposure to air. A natural 
gum prepared for industrial or 
other uses. Used to imitate amber. 
See Copal Gum and Dammar 
Resin. 

Gypsum (jip’sum). An ornamental 
and curio material. Monoclinic. 
Hardness 2, refractive index 1.52. 
Fibrous, pearly chatoyancy, red- 
brown to colorless. Satin Spar is 
a variety incorrectly called “Ni- 
agara Spar” and “Hyacinth of 
Compostela.” Transparent, color- 
less variety is Selenite, incorrectly 
called “Russian Crystal.” Opaque 
snow-white (Alabaster). See also 
Alabaster. 

Habit. Crystal shape or shapes in 
which a mineral usually is found. 

Hackly Fracture. Breaking with a 
rough surface having many sharp 
points, like most metals. 

Half Moon. A style of cutting which 
produces a stone shaped as a half- 
eircle. 

Half Pearls. 
halves. 

Hair Stone. Same as sagenite. 

Haliotis (hal’i-oe’tis or hae’li-oe-tis). 


Pearls sawed into 


The genus consisting of the ear 
shells. Often yield blister pearls 
or irregular whole pearls, usually 
of pronounced colors. See also 
Abalone. 

Hardness. In gemology, the resist- 
ance of a substance to being 
scratched. A property by which 
various gem-stones and imitations 
may be identified. 

Hard Mass. Generally applied to an 
unusual glass, over 6 in hardness; 
also occasionally, but inaccurately, 
to synthetic spinel. 

Harlequin Opal (har’lee-kwin or 
kin). Opal with close-set, angular 
(mosai¢-like) patches of color. See 
also Cat’s-Eye Opal. 

Hatchet Stone. Nephrite. 

Hatiyne or Haiiynite (ha’win or 
ha’win-ite). A constituent of lapis- 
lazuli; hardness 6; translucent to 
opaque; bright blue to green-blue. 
See also Lapis-Lazuli and Sodalite. 

Hawaiite (ha-wye’ite’). A gem va- 
riety of olivine from the lavas of 
the Hawaiian Islands. It contains 
but little tron and is pale green in 
color. 

Hawk-Eye. A variety of crystalline 
quartz, similar to tiger-eye, but 
contains fragments of crocidolite 
not entirely replaced by quartz. 
These crocidolite fibers retain their 
original grayish-blue color result- 
ing in a bluish chatoyant stone. 

Haystacks. Term applied by Ameri- 
can river fishermen to high-domed 
button pearls. ' 

Heated and Stained Stones. See 
Altered Stones. 

Heating. The heating of minerals to 
drive off or to change their color, 

Heliodor (hee’li-oe-dore). Yellow to 
brown variety of beryl. 

Heliolite (hee’li-oe-lite). 
(feldspar). 


Sunstone 


(To be continued) 
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The Selection of a Microscope 
For Gemological Work* 


The value of a correctly equipped 
microscope for gem-testing work has 
been amply proved by the use of 
such an instrument in the G.I.A. 
laboratory, and also by gemological 
students throughout the United 
States. This instrument will per- 
form more valuable services in gem 
identification than any other. It is 
the only apparatus which can be 
relied upon in every case to detect 
synthetic rubies and sapphires (co- 
rundum), and spinel. Moreover, by 
proper attachments for polarized 
light, the optic character of any 
transparent stone can be ascertained 
and the pleochroism, and even in 
many cases the refractive index of 
gems can be determined. 


Grading vs. Testing 

Several manufacturers of optical 
equipment are producing and at- 
tempting to sell to the members of 
the jewelry trade, apparatus. which 
they claim to be “gem testing micro- 
scopes.” Almost without exception, 
these are designed simply for study 
of imperfections under relatively low 
magnification and should be classed 
as gem or diamond grading instru- 
ments. In one case the instrument 
furnishes rather high magnification, 
probably sufficient for the identifica- 
tion of the majority of synthetic 
stones, but even this equipment can- 
not be provided with accessories for 
polarized light. 

Of course, a grading instrument 
which makes the study of imperfec- 
tions a very easy matter is the de- 
sirable piece of apparatus for a 


*G.1.A. Confidential Service. 


jeweler to own. It has added value 
in that he can use it to show im= 
perfections, or the absence thereof, 
to his customers in a manner which 
is not possible with the ordinary 
eye loupe. In instruments for this 
purpose, the binocular feature has 
some advantage. However, in de- 
signing a microscope suitable for 
use in identification of an unknown 
gem, it has not yet been possible to 
combine the required attachments 
for polarized light with the binocu- 
lar feature. 


In microscopic equipment suitable 
only for perfection grading, the par- 


Zeiss Microscope, Specially Equip- 
ped for Gemological Work. 
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ticular advantage of a stationary 
instrument with fixed light source 
over the ordinary eye loupe is that 
the former gives much better illumi- 
nation than is ordinarily possible 
with the eye loupe alone. Of course, 
if a suitable box furnishing illumi- 
nation were available in conjunc- 
tion with the eye loupe, it would 
serve this purpose just as well ag the 
more ornate apparatus now being 
marketed which has both the magni- 
fier and illumination as integral 
parts of the assembly. In fact, the 
Uluminating unit alone would, in 
many cases, have very decided ad- 
vantages, as it would be possible to 
equip it with a finer lens than is 
commonly employed with the com- 
plete unit. The ideal imperfection 
grader would probably be a binocu- 
lar instrument with a built-in light 
source. As yet, this combination has 
not been featured on the market. 
Research is being carried on in the 
laboratory of the G.I.A. with a view 
toward making such apparatus avail- 
able in the near future. 

The jeweler who contemplates 
purchasing a microscope should, first 
of all, decide what use he wishes to 
make of it. If his desire is only to 
grade imperfections and to furnish 


an instrument with which he can 
show relative perfection of a stone 
to his customer, one of the grading 
instruments now on the market will 
probably serve his purpose better 
than a complete gem-testing outfit. 
However, he should be careful not 
to purchase complicated and worth- 
less equipment, such as is being 
offered by at least one manufacturer. 

If it is his desire to do both grad- 
ing of imperfections and gem identi- 
fication work with his microscope, a 
complete unit such as that illustrated 
here will undoubtedly prove the most 
valuable. It is equipped with sev- 
cral unique attachments designed 
solely for use with cut stones, 
whether mounted or unmounted. 
Attachments of this nature are not 
manufactured by large optical firms, 
who consider the field of gemology 
too limited to warrant the necessary 
expense of development. An instru- 
ment can be purchased complete for 
approximately $350.00. The essen- 
tial parts used for detection of syn- 
thetic stones and for grading of 
imperfections can be bought for 
about $160.00 and additional gem- 
testing features added from time to 
time at the will of the owner. 


Readers of Gems & Gemology are entitled to confidential information concerning any 
gemological apparatus as part of the service included with a subscription to this periodical, 
and prospective purchasers of microscopic equipment are urged to take advantage of 


this service. 


SUMMER, 19386 Al 


A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


HENRY E. BRIGGS, Ph.D. 


ALTERING OF GEMS (Continued) 

The bulk of black chaleedony coming from Germany is dyed. The 
color of “Swiss lapis” is also due to dyeing; the stone is nothing but agate 
dyed blue. Jasper dyed blue is sold as “German lapis.’’ Chalcedony is 
dyed blue and sold as blue onyx. It is also dyed green and sold as 
chrysoprase. ; 

By far the greater percentage of cheap stones coming from Germany 
are altered. Idar and Oberstein are the centers of this business, and great 
quantities of the material are turned out yearly. 

The American lapidaries have done little or no altering of gems, espe- 
cially in a commercial way. The bulk of gems cut in America are natural, 
unaltered minerals, if they are minerals at all. However, because of the 
low cost of these altered gems in Germany, many are imported into Amer- 
ica and offered as “genuine.” True, the stones are genuine, but they are 
also altered. In the case of dyeing, the microscope or spectroscope will 
usually reveal the fraud. 


Foil and Enamel Backings 
Occasionally we see a genuine stone which lacks in brilliancy, backed 
with foil to increase the “snap” of the stone. Also, mountings are often 
backed or lined with special foil to improve the color or brillianey of the 
gem. Enamel is also employed for the same purpose. 


SYNTHETIC GEMS. 


A synthetic gem is one which is man-made, but which is exactly the 
same as the natural in composition and optical and physical character. 
However, it is beyond the present ability of man to produce a gem crystal 
which is exactly in every respect the same as the natural, perhaps because 
the natural gems were formed very slowly and often under pressure 
which man is unable to produce artificially. These conditions caused cer- 
tain peculiarities in the natural gems which can be taken Oe of to 
discriminate between the natural and the artificial. 

About 1895 reconstructed rubies were introduced to the Aide While 
reconstructed rubies had been made prior to this date, they were not of 
a very good quality and hence comparatively few were sold. These recon- 
structions were made by fusing together tiny fragments of the natural 
ruby. They were not as successful as were the truly synthetic stones 
which came onto the market a few years later. Today the synthetic has 
almost entirely replaced the reconstruction. 

Synthetic ruby came onto the market about 1903, and made rather 
rapid progress. It afforded a cheap substitute for the natural gem where 
the purchaser was unable to afford the genuine article, and yet it was as 
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hard as the natural and thus would gtive far better service than would 
any other type of artificial gem. Synthetic sapphires also were introduced 
shortly after and have found a ready market in cheap jewelry. 


Synthetic corundum is produced by a process known as the “Verneuil 
proc’ss,”’ so called after its inventor. This process, briefly, consists of the 
fusing of pure bauxite in a special furnace. The furnace consists of a 
gas torch so arranged that the powdered bauxite may be introduced into 
the current of gas and blown out into the flame at the aperture of the 
torch. The bauxite is instantly heated to a terrificly high point, fused, 
and changed into molten alumina Al,O,. A fireproof support is arranged 
directly under the aperture of the torch and the molten alumina collects 
upon this support and grows into a boule. In some of these boules one 
can clearly see the crystallographic outline of the gem, while in others 
it is not so clear. However, the nature of the crystal ‘can be easily proven 
with the aid of the polarizing microscope. The red color is produced in 
this synthetic corundum by adding chromium oxide to the bauxite. By 
varying the amount of this oxide that is added, almost any shade of pink 
or red can be obtained. By introducing various other coloring agents, 
the synthetic corundum is colored many different colors and sold as imita- 
tions of various stones. Beside the synthetic ruby and sapphires (blue, 
green, pink, colorless, yellow, violet, brown, etc.), synthetic corundum’ is 
to be had in the following colors and made to imitate the gems as shown 
in the brackets: Green-red (alexanderite), Light-bluish to bluish-green 
(aquamarine), Pink (Morganite), Hyacinth (hyacinth Zireon), Yellow 
and pink (Topaz), Green and pink (tourmaline). 

The properties of synthetic corundum are the same as the natural. 
However, due to a difference in the crystalline growth of the two, there 
are certain differences which will serve to distinguish the two. In the 
synthetic, we find that under a microscope concentric rings of color are 
clearly visible, and also certain structure lines, giving the stone the appear- 
ance of being composed of thin layers which are always parallel to the 
surface of the boule. In the natural stones, we will note that the color 
is often uneven, but the zones of color in the natural gems are straight, 
or nearly so, and parallel. Grain marks due to imperfect polishing, or 
striation due to repeated twinning, may be seen in the natural gems, but 
they are not like the structure lines found in the synthetic. In the syn- 
theties we will often find air bubbles which are so large as to be easily 
seen with the naked eye, and in every synthetic will be found small air 
bubbles which are visible under the microscope. These can best be seen 
when the stone is immersed in a liquid of fairly high index of refraction. 
The bubbles are always round and appear the same as bubbles in glass. 
In the natural gems, we sometimes find cavities, but they are always of 
angular geometrical shapes and conform to the shape of the crystal. Also, 
in the synthetic, we often see a cloudy patch which is nothing more than a 
certain amount of unfused bauxite which is present in the stone. In the 
natural stones inclusions are found, but they are either liquid or of some 
such material as rutile, silica, etc. 


(To be continued ) 
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The Line-Cut Diamond* 


A new form of cutting for diamonds has been developed; it promises 


soon to become popular in the trade. 


WARREN R. LARTER 
Graduate Member, A.G.S., Newark, N. J. 


It has long been recognized in 
cutting of diamonds and other trans- 
parent gems that the brilliant cut 
produces the most satisfactory re- 
sults from the standpoint of maxi- 
mum brilliancy and fire. Caprice of 
fashion, however, in later years, has 
had much to say about how dia- 
monds and other gems shall be cut, 
especially those used in a decorative 
background in a fine piece of jewelry 
in conjunction with or supporting a 
larger diamond or other colored 
jewelry. 

A profusion of lines, angles, and 
fancy shapes are the current vogue. 
This has necessitated the substitu- 


Perspective top view of a small, square, 
line-cut diamond. Stone appr. 2.2 mm. square, 
magnified 4X. 
tion of squares, oblongs (baguettes), 
triangles and other fancy shapes, 
in the place of the small, round, 
brilliant cut or eight-facet diamonds 
(melee). _ Up to the time of the in- 
vention of the line-cut diamond, 
much of the desirable  brilliancy 
and fire inherent in the diamond was 
not used to the fullest extent in these 
fancy shapes, due to the conven- 
tional step-cut style for fashioning 
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the square, baguette, and other off- 
round shapes. 

The problem of the inventor of 
the line-cut diamond was to follow 
the whim of fashion, which at present 
calls for small squares, baguettes, 
and fancy shapes, and at the same 
time devise a style for cutting these 
shapes so as to approach more closely 
the brilliancy and fire of the rec- 
ognized best method, the brilliant 
cut, without increasing the weight 
per stone over the conventional step- 
cut style usually followed in fash- 
joning square diamonds and other 
fancy shapes. This has been accom- 
plished, as is proven by grants of 
patents not only in this country and 
Canada, but in England and France. 
The line-cut diamond approaches more 
closely the brilliancy and fire of the 
round brilliant-cut stone than any 
other known means thus far devised 
for fashioning gems in shapes other 
than round. Furthermore, the pro- 
portions for this style of cutting 
have been computed so that the re- 
fractive power of the diamand is 
utilized to a greater extent than is 
possible in the conventional step-cut 
form. It eliminates to a marked de- 
gree the lifeless appearance of the 
small diamond when cut in the con- 
ventional step style, especially when 
grease, dust or other foreign matter 
accumulates on the pavilion facets 
of a gem. The latter result is 


4A GEMS & GEMOLOGY 


achieved by the large number of 
crown facets and by their arrange- 
ment. 

During the years of the diamond’s 
popularity, a number of styles of 
cutting have been developed with a 
view to releasing more of the gem’s 
inherent beauty than was possible 
with more conventional shapes. Nota- 
ble among these developments were 
the twentieth century cut, and the 
star-cut developed by M. Caire of 
France. Both of these were round, 
and intended to replace the standard 
brilliant. Though both were very 
effective, neither found enduring 
popularity; the reason probably was 
the added expense of cutting the 
complex systems of facets. In the 
case of the recently developed line- 
cut, this condition will not prevent a 
general acceptance by cutters as well 
as purchaser, since the facet arrange- 


ment of the line-cut is comparatively 
simple. 

The line-cut fashion is more like 
the step-cut than any other form. 
However, it differs from the step- 
cut—the form generally given bagu- 
ettes—in that its facets are not all 
four-sided. (See illustration.) Ac- 
cording to the inventor, this revolu- 
tionary method of faceting gives the 
line-cut diamond more brilliancy 
and fire than is possible with the 
step-cut. 

It is of interest to know that com- 
paratively few mechanical patents 
have been issued for the fashioning 
of gems, especially the diamond, so 
to students of inventive minds, inter- 
ested in gemology, the accomplish- 
ment of the inventor of the line-cut 
diamond should serve as an inspi- 
ration. 


DIAMOND MARKET 


Sales volume in the European diamond centers, Antwerp and Amster- 
dam, showed a slight falling-off in the past month or so, but no importance 
is attached to this decrease since it is regarded as purely seasonal. Prices 
of all types of finished stones continue to be firm and to show constant 
increase. Unfavorable labor conditions in the diamond-cutting centers, 
which had previously allowed the cost of finished stones to be retained at 
a very low level, are being improved and will probably result in raised 
prices on the finished articles. Strikes of diamond workers have occurred, 
and should they continue will tend to cause a rise in prices. 


Fine quality larger stones continue to be in demand, and their in- 
creasing scarcity produces constantly rising prices. The demand for 
industrial stones, particularly of sizes from 4 to 12 carats, shows a 
constant increase, and has a helpful effect on the stability of diamond 
prices in general. 


The DeBeers Corporation proposes shortly to begin washing of the 
blue ground on the floors of the Jagersfontein mine, which work will be 
followed by the washing of the blue above ground at Koffyfontein, Mining 
operations have been pursued at the Dutitspan since March, with one 


shift operating. The DeBeers Company expects to work two shifts in 
this mine before long. 
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BOOK REVIEWS 


The Key to Precious Stones, by L. J. Spencer. Blackie & Son, London, 1936. 


Although apparently written as a popular treatise for the layman, 
much of interest to the gemologist is included in this recent book. Written 
by the former Keeper of Minerals in the British Museum (Natural 
History), by an author already well-known for his 1904 translation of Bauer’s 
Edelsteinkunde (Science of Precious Stones), the text includes much new 
information, and some startling personal opinions. 

The Key combines a scientific presentation with popular handling. 
There is a very good discussion of the diamond. Some valuable information 
on instruments and methods of gem testing appears. There is much 
description—unnecessary to the average gemologist—of crystal forms. 

One notable characteristic of the book is its unique viewpoint on 
the subject. of synthetic stones. Its author even goes so far as to make 
very clear that he considers carefully manufactured. synthetics generally 
superior to genuine’ stones produced by the less controlled processes of 
nature. : % 

Without doubt, A Key to Precious Stones is a valuable contribution 
to the subject of gemology. 

The Story of the Gems, by Herbert P. Whitlock. Lee Furman, New 
York, 1936. 

Admirably fulfilling the promise of its title, this book—which is shortly 
to be released—deals with the subject of gems from the popular viewpoint. 
The technical side of gemology is only slightly developed, but sufficiently 
to serve as a foundation for discussion of more generally interesting 
subjects. The book in general igs one which can easily be read and under- 
stood by a layman. It is recommended to those jewelers who desire to 
know something of the true nature of the gems, but do not wish to make 
a serious study of them. The Story of the Gems will serve as an excellent 
book to which the gemologist or the scientifically trained jeweler can refer 
those of his customers who are interested in “reading up” on this fascinating 
portion of the jewelry trade. It is a valuable contribution toward making 
the American public gem conscious by a man admirably fitted for that 
service. Herbert Whitlock has devoted a long and useful life to the 
education of the public, and this book has been long in preparation. 

Especially to be recommended is Mr. Whitlock’s discussion of the 
development of gem cutting. This chapter is thoroughly illustrated with 
line-drawings which, together with the text, trace the history of forms 
of cutting from the first crude cabochon style to the effective brilliant of 
the present day. 

The chapter on jade also is noteworthy. In its preparation, the author 
has had free access to the famous Drummond collection in the American 
Museum of Natural History, where he is Curator of Minerals and Gems. 

—Robert M. Shipley. 
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A Substitute for 


Man continues his attempts to re- 
produce the beauty of natural gems. 
However, with the recent appear- 
ance of a stone which admirably 
represents blue star sapphire, sci- 
ence need not develop a test for its 
detection. The great popularity of 
star sapphires stimulated its crea- 
tion and will probably result in a 
demand for it which will be a source 
of additional profits for the jeweler 
—especially if it is sold on its own 
merits, rather than as an imitation 
of sapphire. 


The stone is an assemblage of a 
simple cabochon of natural asteri- 
ated quartz (apparently rose quartz) 
and a thin, blue glass mirror ce- 
mented to the base—-although it 
might be further sub-classified as 
a doublet, or possibly as an improved 
foil back—a type often used abroad 
in fine jewelry. It is being mar- 
keted under the name of Star-o-Lite, 
although it could probably be prop- 
erly sold as backed or mirrored 
star quartz. The blue color of the 
glass is strong enough to entirely 
offset. the very light-reddish. (pink- 
ish) hue of the rose quartz. In fact, 
the quartz portion of a star doublet 
which was tested in the Laboratory 
of the Gemological Institute of 
America was found to be almost 
colorless, giving rise to a question as 
to whether or not it may have been 
treated in order to lighten its color. 
' Although the resulting star is less 
pronounced than one in a fine star 
sapphire, the effect achieved is very 
good. Under casual observation 
from above, the stone appears to 
be a fairly good star sapphire. 


*A.G.S. Research Service. 


Star Sapphire? * 


When the stone is viewed from the 
side, the attached mirror is immedi- 
ately visible; therefore, detection is 
simple. Should one of these stones 
be so mounted as to conceal the 
attached mirror, it could easily be 
detected by a simple hardness test— 
an 8-point will seratch quartz (7) 
very easily, but will not scratch 
sapphire (9). 

Tests show that ordinary exposure 
to hot or cold water, such as would 
be experienced when the wearer of 
a ring set with a star quartz doublet 
washed his hands, results in no 
appreciable damage to the stone. 
However, jewelers are warned 
against. “boiling out” a piece of 
jewelry, in which one of the stones 
is set, after cleaning or repairing it. 
The heat of boiling water is suffi- 
cient to soften the cement joining 
the mirror to the quartz cabochon, 
and also to remove the silvered coat 
on the back of the mirror. Custom- 
ers should also be warned not to 
clean rings in boiling water or with 
chemicals—like aleohol—-which will 
dissolve the cement. Also, purchasers 
of shirt-studs or cuff-links should be 
especially careful to remove them 
before sending shirts to the laundry. 

As yet, no instance of sale of a 
star quartz stone as a genuine star 
sapphire has been reported. How- 
ever, it is very possible that such 
misrepresentation will be made, and 
jewelers are cautioned to be on the 
lookout when purchasing new stocks 
of star sapphires or jewelry articles 
in which they are set. It is also 
highly probable that similar stones, 
backed with red glass to imitate star 
ruby, may appear shortly. 
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YEARLY EXAMINATIONS SENT 


The first annual examinations for 
Registered Jewelers, A.G:S., and 
Practicing Certified Gemologists, 
G.I.A., are now in the hands of hold- 
ers of these titles. Those who have 
not already done so are urged to an- 


swer their questionnaires immediate- 
ly. This is required for 1987 re-regis- 
tration of title-holders. If you are a 
title-holder and have not yet received 
the examination, be sure to advise the 
American Gem Society immediately. 


THE DIAMOND MARKET* 


The strong tone of the diamond market which has been reported in each 
issue continues, with prices gradually rising. Fine stones in large sizes 
become increasingly scarce and it is said that it is now almost impossible 


to secure selected material of over 5 carats. 


The imports of rough diamonds into the United States are increasing 
and American cutters are resuming operations, suspended since 1932. 


In the foreign markets the demand continues to be firm though the 
Belgian cutters still bewail their lack of profits. The increased armaments 
of almost every country are causing a greatly increased demand for indus- 
trial stones and prices on these are rising steadily. Only bort continues 
variable. When it is offered at low prices it is used for cheap goods. 
Stabilization of the price of bort, as the foreign cutters point out, will tend 
to further stabilize the price of all cut material, particularly of the cheaper 


qualities. 


The Diamond Corporation maintains its policy of selling limited amounts 
of rough at continuously increasing prices, and this, of course, reflects 
beneficially on the diamond trade as a whole. The gradually increasing 
price of cut stones in addition to the sensational rise of platinum to double 
its price at the first of the year has increased the price of jewelry in the 
United States and has raised the value of almost every jeweler’s stock. 
The removal of the 10% tax on jewelry has also been beneficial to the trade 
and has allowed reliable firms to “push” their fimer merchandise without 
fear of competition from unscrupulous dealers who were in the habit of 
“dodging” the tax. 

The stabilization of the currencies of France, Great Britain, and the 
United States has caused a momentary lull in the market, especially in 
Amsterdam, where cutters are apparently awaiting the reaction of American 
buyers to the stabilization. It is doubtful, however, that, stabilization will 
lead to lower prices, except possibly in the case of melee. 


*A.G.S, Research Service. 
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Construction of a Polarizing 
Microscope 


For these who cannot afford to purchase a microscope, Mr. Hoover gives 
practical instructions for making one which will perform as satisfactorily as 


many factory-built instruments. 


by R. C. HOOVER 
Registered Jeweler and Junior Gemologist, Akron, Ohio 


One of the most useful instru- 
ments in all branches of scientific 
investigation is the microscope. In 
gemology, as in mineralogy, it affords 
a means of determination through a 
number of applications. A variety of 
microscopes are made, with features 
designed for special types of work, 
and among these specialized instru- 
ments the one which most closely 
approximates that needed for aid in 
determination and study of gems is 
the standard petrographic micro- 
scope. This instrument is provided 
with adjustments and accessories for 
the study of thin sections of rock, 
crystals and minerals. Its main fea- 
tures are a revolving stage for the 
rotation of the object and some means 
of polarizing the beam of light used 
for illumination, Also a polarizing 
device for analyzing the light after 
it passes through the specimen. The 
standard petrographic microscope is 
further equipped with cross hairs in 
the eyepiece; a graduated circle on 
the eyepiece for measuring crystal 
angles with the cross hairs; a gradu- 
ated rotary stage, various crystal 
plates and screens and many other 
accessories which are needed for 
making exact measurements and 
highly accurate determinations of 
great importance to the mineralogist 
in dealing with raw materials, but 
for simple determinations and the 
application of polarized light only 
the revolving stage and polarizing 


apparatus are needed. It is the con- 
struction of such a simpler form of 
instrument, with the additional fea- 
ture of a means of changing from 
polarized light to ordinary light for 
observation of imperfections, inclu- 
sions, striz, etc., in gem stones which 
the writer will attempt to describe. 


Fig. 1 
Front View of the Microscope Made 
by Mr. R. C. Hoover. 

It will be assumed that the pros- 
pective builder will, in most cases, 
be a jeweler or have had some ex- 
perience with metal working and 
equipped with the necessary tools and 
skill for making the various parts 
and putting them together, so no 
definite instructions or measurements 
other than those which apply to 
proper operation of the instrument 


52 GEMS & GEMOLOGY 


will be given, the builder thus being 
left free to make it as simple and 
plain or as complicated and highly 
finished as fancy or necessity dictate. 

Now as to cost and materials. 
The microscope illustrated was made 
by the writer at a total cost for all 
parts and materials of just under 
$15.00. The lens equipment consists 
of a 5X Huygenian eyepiece at 
$3.00 and a 32 mm. 0.10 objective at 
$7.00 both obtainable from Bausch 
& Lomb or any optical house. The 
rack and pinion, if used for focus- 
ing, may also be obtained from B. 
& L. for $1.25, more about this later, 
however, as it may be eliminated if 
preferable. The other parts bought 
are an automobile dash light socket 
and 21 candlepower headlight bulb 
and a transformer for delivering 6 
volts reduced from 110. A toy trans- 
former will serve, but heats up badly 
if used for long periods and it is 
preferable, if possible, to persuade a 
radio repair man to rewind a burned- 
out miniature radio power supply 
transformer to deliver exactly 6 volts 
when in use, as this runs fairly cool 
and costs little. Brass plates % or 
is inches thick for the base and stage 
ean be obtained from any large hard- 
ware store, and the 20-gauge brass 
tubing, 1 inch outside diameter, for 
the draw-tube, etc., is most easily 
obtained from a plumber in about 12- 
inch lengths, it being a necessary 
part of an essential. bathroom fixture. 
The “backbone” or column which 
supports the stage and draw-tube 
support, in the instrument illustrated 
was made from half of a brass wash- 
bowl trap sawed off at the center of 
the curve. 

These parts and some thin brass 
plate, to be used for making brack- 
ets to hold the light, some brass 


screws and an extension cord com- 
plete the parts, with the exception 
of a condensing lens and plate glass 
for the polarizing mirrors which will 
be described later. 

The wooden base under the micro- 
scope has a hinged door in the back 
and contains the transformer and 
extension cord and this, as well as 
the wooden box to contain the entire 
outfit, is optional. If no special em- 
phasis is placed on appearance by 
the builder, the parts may be soft- 
soldered together, but brazing will 
produce a much stronger and neater 
job and one which will stand buffing 
and polishing and permit electro- 
plating if desired. “Ezy-Flo” braz- 
ing wire, used with the flux which is 
furnished with it, was found to work 
very nicely used with a torch capable 
of heating the parts to redness. 
“Ezy-Flo” flows at 1100 degrees, 
thus leaving plenty of margin be- 
tween it and the melting point of 
the brass, whereas silver solder is 
so close to the melting point of the 
material that there is danger of 
melting laboriously made parts and 
so should not be used. 

Of the several means of producing 
polarized light, this instrument util- 
izes the polarizing angle of ordinary 
glass as being the most economical 
and suitable for self-manufacture. 
Fig. 1 shows the entire outfit with 
the regular or ordinary light straight 
tube on the microscope and the 
analyzing draw-tube lying beside’ it, 
and gives a good idea of the general 
layout. Fig. 2 (in next issue) gives 
a side view, with the analyzing tube 
in place. This tube, together with.the 
polarizing mirror below the stage, 
being the most important and neces- 
sarily accurate parts they will be 
described first. 


(To be continued) 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


HENRY E. BRIGGS, Ph.D. 


Synthetic corundum is very brittle and the boules often are rent by 
the extreme internal strain caused by rapid cooling. For this reason 
the boules are split lengthwise or along the optic axis in order to relieve 
this stress. The boules split readily in this direction, and by being so 
split the stress is most effectively overcome. However, it, results in pieces 
of such a shape that it is difficult to properly orient the crystals for 
cutting. Natural ruby and sapphire are usually cut perpendicular to the 
optie axis; by this orientation the best color is obtained. However, in the 
synthetic it is not practical to so orient the crystals for the reason that 
they could not be economically cut, and also for the reason that such a 
method would entail a careful examination of each crystal before its 
cutting. This would consume a great deal more time, and consequently 
the price would be much higher. Then, too, the lapidaries of some of 
the foreign countries where synthetics are cut, do the work in their own 
homes and are not equipped with the necessary optical instruments to 
make such examinations. They are paid such low wages that they can 
scarcely live as it is, and cannot afford to waste time with proper orienta- 
tion of crystals. The lapidary to whom is entrusted the cutting of a rare 
natural gem, is better paid and has more time to spend upon each job. 
For this reason the dichroscope can be used to detect synthetic, as a rule. 
The synthetic will be dichroic when viewed through the table, while the 
natural will not be because the table is perpendicular to the optic axis, 
and in that particular direction the mineral is isotropic. 

Because of the extreme brittleness of synthetics, they are apt to check 
at the angles of the facets. Any slight blow or pressure during use will 
cause these checks, and frequently they are present as the stones come 
from the cutters, having occurred during the cutting and polishing. Espe- 
cially if the polishing lap is slightly out of true, or if it is run at too high 
a speed, these checks will appear. The natural stone, on the other hand, 
is one of the toughest of stones, and it requires a terrific blow to cause 
a fracture in it. When such a blow does oceur, a conchoidal piece will 


usually be broken out of one of the angles, instead of a check forming. 


Regarding the composition of the synthetic corundum: In the color- 
less synthetic the stone is pure alumina, while in the natural it would indeed 
be exceptional to find a stone which was entirely pure. In the Blue, the 
synthetic contains a certain amount of titanium oxide, while the natural 
does not. Also, in the ruby the percentage of iron in the natural is rather 
high, while in the synthetic it is either absent or present only as a trace. 
The spectroscope will be found rather invaluable in determining the syn- 
thetic corundums and the natural. 
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Spinel is also produced synthetically by the same process as described 
in the making of the corundums. The only difference being the addition 
of a small amount of magnesium oxide, which changes the product to 
magnesium aluminate or spinel. 

Spinel crystalizes in the cubic system, and in the boules of the synthetic 
the square outlines and large faces clearly point to this system of crystalliza- 
tion. It is singly refractive, the same as the natural, and the specific 
gravity and index of refraction will be found near to that of the natural. 
However, the test of microscopic bubbles, as outlined for the corundums, 
will hold true here also, and will serve as a means to distinguish between 
the synthetic and the natural, as will also the structure lines. 

The gems sold as synthetic zircon, rozircon, aquamarine, and alexan- 
derite all may be synthetie spinel colored to imitate these gems. How- 
ever, In every case mentioned the natural gems are all anisotropic, while 
the synthetic spinel is isotropic. This will afford an easy method of 
detection, _ 

Synthetic spinel is exceedingly brittle and often chips while being” set 
in mountings. The natural stone is a very durable gem. 

Synthetic beryls and emeralds have never been produced in a com- 
mercial way. All gems offered ag “synthetic emeralds” are merely spinel 
of corundum which is colored to imitate these gems as outlined before, 
or are doublets or triplets, or imitations. ; 

Synthetic diamonds have been a bugbear to many in the form of 
wild imaginations. Large sums of money have been squandered in an 
effort to produce diamonds artificially. However, despite the fact that 
different men from time to time have laid claim to having produced 
crystallized carbon, it still remains to be done, at least in a way so as to 
produce crystals of a size visible to the naked eye.. Moissan, Noble and 
Crookes all claimed. to have a process to produce diamonds artificially. 
However, despite their claims they were only able to show the most 
minute microscopic grains. So tiny were these grains that very grave 
doubt clouds their actual identity: Such is the success attained along 
this line. The author feels that since the diamonds (so-called) which 
were produced were worthless, the processes are hardly worth spending 
time on. 

From the foregoing it will be obvious that despite the claims of 
makers of synthetic and others, there has not yet been produced a lab- 
oratory gem which was in every sense of the word identical to the natural. 
It is true that moldavite or natural glass can be so skillfully imitated as 
to defy detection by the methods ordinarily at our disposal. However, in 
the case of the higher types of crystallized gems we will see, from a very 
little observation, that there exist many points, such as the structure 
lines, whérein the synthetic is not identical to the genuine. 

Synthetic gems fill a useful place in cheap jewelry and ag jewels for 
delicate instruments. Due to their superior hardness they are a very 
welcome substitute for the old doublets, and because of their low cost they 
are appreciated by those who cannot afford the genuine. Synthetic gems 
are manufactured chiefly in Switzerland, France, Italy, and Germany. 

(To be continued) 
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SPECTROGRAPHIC CHEMICAL ANALYSIS OF 
SIAMESE ZIRCONS* 


The Zircon presents more bailing problems than any other gem species. 
Mr. Howell contributes the results of preliminary work on the gem. 


by 


DAVID H. HOWELL 
Certified Gemologist, Pasadena, California 


The following spectrographic in- 
vestigation of Siamese zircons con- 
ducted at Pomona College, Clare- 
mont, California, with the aid of 
Dr. T. G. Kennard, Research Fellow 
in Chemistry and appearing soon in 
the “American Mineralogist,” is 
herewith rewritten in part for Gems 
& Gemology. 

The gem-stone zircon, a silicate of 
zirconium, is generally classified into 
three types according to its density 
and refractive index. Those with a 
refractive index of approximately 
1.93-1.99 and density of 4.7 are the 
b- zircon according to the modifica- 
tions given by Smith and Spencer, 
and is the alpha type of Schloss- 
macher and the G.I.A. The second 
or unstable variety, refractive index 
about 1.92-1.97, density 4.3, are said 
to increase these properties and be- 
come the normal type upon heating, 
and are the G.J.A. beta zircons. The 
third type, generally seen in the 
green variety which are exported 
from Ceylon, have an index of re- 
fraction of 1.81 and a density aver- 
aging 4.0. The material used in this 
investigation was the normal, or 
alpha, modification and were very 
kindly donated by C. A. Allen of 
Cranbury, New Jersey, a graduate 
member of the A.G.S. and a junior 
gemologist. 

The examination was made with a 
large quartz spectrograph of the 


*G.1.A. Research Service. 


Littrow type manufactured by 
Gaertner. The samples were crushed 
in an agate mortar and examined 
under a microscope using a magnifi- 
cation of 35X. Only material free 
from inclusions and color spots, vis- 
ible under a magnification of 35X 
was selected. This material is desig- 
nated as “clear” or “inclusion-free.” 
Sample No. 10 was found to be coated 
with a grayish white glaze, pre- 
sumably due to the chemicals used 
in heat treating. This glaze was re- 
moved and spectrographically exam- 
ined as sample No. 10a, the included 
black spots and zones of black ma- 
terial composed sample No. 10b. The 
inclusions removed from samples 
Nos. 1, 2, and 8. (brown mine-rough) 
were red in color, and in No. 2 black 
spots were also found. The red spots- 
corresponded with those of the clear 
water-white samples. 

In all the zircons, distinct spots or 
zones, or both, appeared as inclusions 
when examined under a magnifica- 
tion of 35X. Separation of clear 
portions for samples, in the crushed 
material, was comparatively simple 
except in the case of the blue variety. 
Here the inclusions consisted of a 
relatively small number of black 
spots distributed throughout the en- 
tire sample. No separation was 
made since the material as a whole 
was practically inclusion-free. 
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Chemical Elements Found in Siamese Zircons 


Sample 


No. 


1. 


Color 


Brown 
(clear) . 


la. Red (inclusions) 


10a. 


10b. 


11. 


lla. 


12. 


12a. 


13. 


18a. 


Ag—silver ; Al—aluminum ; Ba—hbarium ; Ca—calcium ; Cu—copper; F 


Li—lithium; Mg—magnesium ; 


Brown 

(clear) 

Red (inclusions) 
Black (inclusions) 
Brown . 

(clear) . . . 
Red (inclusions) 
Blue 

Blue 

Blue 

Blue 


Straw-yellow 


Water-white . 


Water-white . 


Glaze 


Black (inclusions) 


Water-white 


Red (inclusions) 


Water-white . 
Red (inclusions) 
Water-white 


Red (inclusions) 


Large 


Na—sodium ; 


Medium 


Ag 


Al 


Si—silicon ; 


Small 


Very 
Small 


Hf 


HE 
Hf 
Ht 


Hf 


Minute 
Trace Trace 
Ca Mg 
Ba 
Fe Mz 
Ca Ba 
Ca Mg 
Ba 
Fe Mg 
Ca Ba 
Ca Mg 
Ba 
Fe Mg 
Ca Ba 
Ca Mg 
Ba 
Mg Ba 
Ca 
Mg Ba 
Ca Ti 
Mg Ba 
Ca 
Mg Ba 
Ca 
Na 
Mg Ba 
Ca 
Me Ba 
Ca 
Ag 
Li Ba 
Vv 
Me Ba 
Ca 
Na 
Ca Ba 
Ca Ba 
Ca Ba 
Ca Ba 
Ti 
Ca Mg 
Ba 
Ca Ba 
Mz 
Cu 


‘e—iron ; Hf—hafnium 3 
Ti titanium ; 


Zr—zirconium. 


Newent 
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The accompanying table lists the 
various zircons analyzed, together 
with their colors and chemical ele- 
ments—even the most minute traces 
—found to be present. _Oxygen— 
though not listed in the table—is an 
integral element in the composition 
(Zr Si04) of zircon. 

The cause of color in zircons has 
generally been attributed by various 
authors to impurities, particularly 
iron, copper, titanium, chromium, 
vanadium, uranium, thorium, hafni- 
um and magnesium. With the ex- 
ception of traces of magnesium, so- 
dium and silver, this spectrographic 
examination did not show any marked 
differences in chemical composition 
between the blue, brown and colorless 
“inelusion-free” samples. Hafnium, 
barium and calcium appear in all 
“clear” samples and no correlation 
between color and composition is 
shown. The presence of sodium and 
silver in samples 8, 9, 10 may be 
accounted for by the chemicals used 


in heat treating. C. A. Allen, in his 
article in Gems & Gemology, Novem- 
ber-December, 1935, says that the 
colorless zireons are often produced 
from the brown mine-rough by the 
use of chemicals and heat and that 
sometimes silver nitrate, arsenous 
acid and sodium hypophosphite is the 
chemical employed. 

Since no difference in composition 
between the three color varieties was 
observed it was concluded that the 
color was not due to any specific 
element in the zircon as an impurity, 
but that the color may be due to 
variations in crystal structure or 
colloids (impurities in a finely divided 
state). 

This examination is the first of a 
series of investigation which I have 
planned to carry on in an éffort to 
solve some of the mysteries of this 
little known and fascinating gem, 
zircon. No definite conclusions can 
be drawn from the data now avail- 
able and given herewith. 


The Large Spectrograph with which 
the Results imthe..Above. Article 
Were Obtained. Dr. T. G. Kennard 


ig the Operator. 
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BIOGRAPHICAL SKETCHES 


SYDNEY H. BALL 


Sydney H. Ball was born in Chicago 
in 1877. His geological training was taken 
at the University. of Wisconsin, where he 
received his A.B. in 1901 and his Ph.D. 
in 1910. Mr. Ball began practical work 
in geology in 1901 as geologist for the 
Missouri Bureau of Mines. From 1902 
to 1908 he taught geology at the University 
of Wisconsin and from 19038 to 1907 was 
assistant geologist for the United States 
Geological Survey. From 1907 to 1909 
he accompanied an expedition in the Bel- 
gian Congo as Chief Geologist for the 
“Societe Interiore Forestiere et Miniere 
du Congo” (an organization more com- 
monly known as “Forminiere”). This 
expedition resulted in the opening up of 
the vast alluvial diamond mines of the Congo, which are an extremely 
important factor in the world diamond production today. 


Since 1909 he has practiced generally as a consulting geologist in 
Europe, Asia, Africa, America, and Greenland. Mr. Ball is a member of 
the American Institute of Mining and Metallurgical Engineers of which 
organization he was a director from 1924 to 1927; a fellow of the Geological 
Society of America; and of the American Society of Economic Geologists, 
of which he was president in 1930; and of the Mining and Metallurgical 
Society. He is also a member of a number of other scientific organizations, 
including the Belgian Geology Society. In 1919 the Belgian Royal Order 
of the Lion, Grade of Officer, was conferred upon him. 

Sydney Ball has always been interested in the source and production 
of gem-stones and he has prepared many papers on this subject; at the 
present time he prepares the official reports on gem production appearing 
in the Minerals Yearbook of the United States’ Bureau of Mines. Mr. Ball 
has been extremely helpful to the Gemological Institute of America and 
has served as a member of the Students’ Advisory Board and of the Examina- 
tion Standards Board. By the latter body he was elected as one of the 
three members of the Examinations Board. Readers of Gems & Gemology 
are familiar with Mr. Ball’s writings, which have appeared from time to 
time in this journal. 

His particular interest is with diamonds, and his annual report on the 
diamond market is known to all jewelers. However, he is also interested 
in the history, valuation, and production of colored stones. 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(The key to pronunciation will be found in the January issue. ) 


Terms in quotation marks are considered incorrect. 


Hematite (hem’a-tite). A gem min- 
eral; hardness 6, opaque, black, 
translucent and red in thin sec- 
tions. Incorrectly called “blood- 
stone,” which was the ancient 
name for hematite, “black dia- 
mond,” “brown limonite.”’ Blackest 
material with metallic luster is 
most desirable. 


Hemihedral (hem”i-hee’dral). Hav- 
ing but half the planes or facets 
which a symmetrical crystal of the 
type to which it belongs would 
possess. 


Hemimorphic (hem’i-more’fik). Hav- 
ing the opposite ends (of crystals) 
terminated differently. 


“Herkimer Diamond.” (hur’ki-mer). 
Clear quartz crystal, from Herki- 
mer County, New York. 


Hessonite (hes’oe-nite). A variety 
of grossularite (garnet), known 
also as cinnamon stone, hyacinth 
garnet, “hyacinth,” “jacinth,” 
“California hyacinth,” “American 
hyacinth,” “Ceylonese hyacinth,” 
“false hyacinth,” “Montana ruby,” 
“California ruby.” Transparent, 
yellow to red-orange, also yellow- 
brown and orange-brown. 


Hexagon (hek’sa-gon). A six-sided 


‘style of cutting. 


Hexagonal System (hek-sag’oe-nal). 
A system in crystallography, a 
division of which is known as the 
rhombohedral system; has four 
axes, three in one plane inclined 
to each other at 60 degrees, the 


fourth perpendicular to this plane. 
Corundum, beryl, tourmaline, and 
quartz are important gems in this 
system. 


Hiddenite (hid’n’ite). Green spodu- 
mene, known also incorrectly as 
“lithia emerald.” Intense yellow- 
ish-green to yellow-green. See also 
Spodumene. 

High Gate Resin. 

Hinge Pearls. Pearls of elongated 
shapes from the hinge of the fresh 
water mussel. 

Hololith Ring (hoe’loe”lith). An en- 
tire ring made from a single piece 
of gem material. 


See Copaline. 


“Honan-Jade” (hoe-nan’). 
“Soochow jade.” 


Same as 


“Hope Sapphire.” Term originally 
applied to a blue synthetic spinel, 
in fanciful allusion. to the blue 
Hope Diamond. 


Hope Stone. A trade name now ap- 
plied by an American importer to 
any synthetic corundum or spinel. 
See Hope Sapphire. 


“Horatio Diamond” (hoe-rae’shi-oe 
or shoe). Colorless quartz from Ar- 
kansas. 


Dark 


Hornblende (horn’/blend”). 
green-brown mineral. See also 
Amphibole. 

“Hot Springs Diamond.” Rock 


crystal. 


Hue. The principal attribute by 
which a color is distinguished 
from black, white or neutral gray. 
The attribute by which colors, 
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when they are arranged in orderly 
sequence around the circumference 
of a color cirele, are perceived as 
differing from one another. Red, 
yellow, blue, ete., are different 
hues, while pink (light red), ma- 
roon (dark red) and red-brown are 
colors which have the same hue 
but which differ in other attri- 
butes. 


Hulls. The very thin outer coatings 
or nacreous layers of pearl. 


“Wungarian Cat’s-Eye” (hun-gae’ri- 
an). An inferior yellowish green 
variety. of quartz cat’s-eye from 
Bavaria. 


Hungarian Opal. <A. white opal with 
a fine play of color, found in the 
country which was formerly Hun- 
gary—now part of Czechoslovakia. 


Hyacinth (hye’a-sinth). A variety 
of zircon. The term is by some 
writers applied only to the red 
and orange variety. Others use 
it interchangeably with jacinth to 
mean yellow-orange or red or 
brown zircon. It is sometimes 
loosely used to mean any zircon. 
Hyacinth is also often used in the 
U.S.A. for the reddish, orangy, or 
brownish hessonite garnet. 


“Hyacinth of Compostela” (kome- 
poe-stae‘la). Quartz, with red 
metatie inclusions; also applied to 
a reddish variety of gypsum. 


Hyacinthozontes (hye’a-sinth”oe- 
zone-is). Sapphire-blue beryl. 


Hyalite (hye’a-lite). Colorless opal; 


also called water opal, ‘water 
stone,” “Muller’s glass.” 
Hydration (hye-drae'shun). Com- 


bining chemically with water. 


Hydrogen (hye’droe-jen). A chemi- 
cal element, a constituent of many 
gem-stones. 


Hydrophane (hye’droe-fane). A va- 
riety of common opal. Must be 
immersed in water to produce play 
of color. Sometimes immersed or 
boiled in oil. See Floating Opal. 


Hydrous (hye’drus). Containing 
hydrogen or water, and therefore, 
yielding water on heating. 


Hypersthene (hye’per-sthene). A 
gem mineral in the orthorhombic 
system, closely related to enstatite 
and bronzite. Hardness 5-6, re- 
fractive index 1.71, translucent to 
opaque, dark green, brown to 
black, luster nearly metallic. See 
also Enstatite. 


“Teeland Agate” (iceland). A 
brownish or grayish iridescent 
variety of obsidian. 


Iceland Spar. Calcite. Hardness 3, 
refraction 1.49-1.66, transparent or 
translucent, colorless and light 
tones of all hues. 


Icy Flakes. A seldom used trade 
name for small cracks along 
cleavage planes sometimes caused 
by overheating stones during pol- 
ishing. 

I.D.B. Act. A South African law 
which makes the buying of dia- 
monds from native laborers and 
others not entitled to their pos- 
session, a criminal offense. 

Idiochromatic (id’i-oe-kroe-mat’ik). 
Stones in which the substance pro- 
ducing the color is an inherent 
constituent of the mineral and is 
limited to such stones as chrysb- 
colla, malachite, diopside, and 
azurite. 

Idocrase (eye’doe-krase). A gem 
mineral. A _ silicate of calcium 
and aluminum. Translucent, light 
blue to dark yellowish-green. Re- 
fractive index 1.72, hardness, 6%, 
specific gravity 3.4. 


(To be continued) 
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BOOK REVIEWS 


The Book of Minerals, by Alfred C. Hawkins. New York. Wiley & Sons. 
1935. $1.50. 


This is a handbook for the amateur mineralogist. It offers hints as to 
where to find and how tc collect and preserve minerals. Unfortunately, 
specific localities are seldom listed under the sources. Except for this omis- 
sion the book will serve excellently as a guide to the beginner in the collect- 
ing of mineral specimens. Many minerals are described, and although 
discussed but briefly almost every one is presented in an interesting fashion. 
Dr. Hawkins has served for several years as a member of the Students’ 
Advisory Board of the Gemological Institute of America, and for the last 
two years as leader of the New Jersey Group of the American Gem Society. 
He has had long experience in practical mineralogy and in adult education, 
so his “tips” are of undoubted value to anyone who wishes to build a mineral 
collection either through searching for specimens himself or by purchasing 
or trading for them. s 

The Book of Minerals is written in a popular fashion, for reading by 
the untrained amateur, and is definitely not a textbook. Technical discussion 
is altogether omitted, and the reader is referred to a bibliography if he 
desires more detailed information on any subject in the book. His book 
is written especially to create an interest in mineral wealth in general on 
the part of persons who are interested only in the more valuable min- 
erals simply because these are the only ones which they know about. 
He states in his foreword that the minerals which he describes are mainly 
those “which furnish products which we use daily, or which give us gem 
stones, or something else that we know about.” 

Minerals and How They Occur, by Willet G. Miller, revised by A. L. Parsons. 

Copp Clark, Toronto. 1928. 

This text was prepared for study in Canadian schools and is written 
along rather unusual lines. The book refers especially to the minerals from 
Canada, and the discussion of sources is limited largely to those of the 
Dominion. Minerals and How They Occur presumes some knowledge of 
physics and chemistry on the part of the reader. It gives almost, equal 
importance to mineralogy and geology; even discussing fossils and economic 
geology. The text is not much concerned with gems; moonstone, for instance, 
is not even mentioned as one of the varieties of feldspar, and the discussion 
of the diamond is limited to six lines. 

In that the text discusses rocks as well as minerals, describing not only 
the minerals themselves, but also tying them in with the deposits in which 
they. occur or in which they have formed, it has a very definite value for 
the reader who wishes to correlate the sciences of geology and mineralogy. 
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A New Gemological Refractometer 


Every student of gemology knows 
the great importance of a refracto- 
meter in the identification of un- 
known gems. Only testing for spe- 
cific gravity rivals determination of 
the refractive index of a gem as a 
means of determining its species. 
Unfortunately, many gemologists are 
prevented from owning a refracto- 
meter by the high cost of this instru- 
ment. Due to the complex construc- 
tion required if the instrument is to 
perform even reasonably well, it is 
extremely difficult to simplify meth- 
ods of manufacture and thereby 
reduce production costs; much of 
the work of assembly and aligning, 
indeed, must be done entirely by 
hand. 

Therefore, Rayner of London is 
especially to be complimented on their 
recent achievement — the production 
of a truly satisfactory gemological 
refractometer which is priced at 
considerably less than any similar 
instrument on the market. 


A principal item in the cost of 
the average gemological refracto- 
meter is the hemisphere, or portion 
of hemisphere, of expensive dense 
optical glass which is the “soul” of 
the instrument. By employing a 
very small prism of this glass, backed 
up with a large specially shaped lens 
of ordinary optical glass, Rayner has 
cleverly overcome the problem. More- 
over, every lens in the instrument is 
a segment employing only the mini- 
mum necessary area and thereby a 
saving in optical glass is effected 
throughout. 

Another defect of the average re- 
fractometer is that it is very difficult 


*G.I.A. Confidential Service. 


to refocus if one or more lenses should 
become displaced. This difficulty also 
has been neatly overcome in the new 
Rayner instrument. Removal of the 
side plate renders every adjustable 
part easily accessible and adjust- 
ments can be made while observing 
results through the eyepiece. 

The only principal criticisms which 
can be made of the instrument are 
relatively unimportant. It would be 


The Rayner Refractometer, with 
Side Plate Removed to Show Lens 
and Prism Assembly, 


desirable to have a rotating hemi- 
sphere instead of the fixed glass 
prism, but this, of course, is made 
impossible by the very design we 
have commended above. Also, it 
would probably increase the value 
of the instrument if the light shield, 
which prevents unwanted reflection 
from entering the stone being tested, 
could be attached in such a manner 
that grazing illumination could be 
used. Such grazing light is often 
valuable when a clear reading is not 
possible by the usual method of 
illumination. 


For price of new Rayner refractometer, see next page. 
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The Diamond Industry in 1936* 


SYDNEY H. BALL, Ph.D. 


Mining Engineer and Member of G.I.A. 
Examinations Board, New York 


An improvement in the diamond 
industry in 1936 was foreseen in 
1935, but the gain in the year has 
been more than had been expected. 
Practically. all indices of the in- 
dustry show an advance of from 25% 
to 40% over those of 1935. And 
that’s why the jeweler is again learn- 
ing to smile. 

In 1936 production increased mod- 
erately over the 1935 rate (7,300,000 
carats, worth $30,000,000), but the 
increase was wholly from the larger 
mines, owned by those in control of 
the world industry. In March, De 
Beers reopened the Dutoitspan pipe 
mine, while the Congo, Angola, and 
Sierra Leone productions were 
slightly higher. Consolidated Afri- 
can Selection Trust (A. Chester 
Beatty interests) which operates in 
the last-named colony, is also said 
to be producing a few diamonds in 
French Guinea. The stock of dia- 
monds in the hands of the Diamond 
Corporation and in those of the lead- 
ing producers has, however, notably 
decreased. Sales of rough by the 
Corporation during the past two 
years have been as follows: 1934, 
£3,719,242; 1935, £6,235,080; sales 
in 1936 will almost certainly top 
£8,000,000. For the past three years 
diamonds for industrial uses have 


‘formed an increasing factor in the 


sales, and many diamonds which 
formerly went into low-priced jew- 
elry are now being used up in indus- 
try. The gain in the Corporation’s 
sales is highly satisfactory, but is 


*G,1,A, Research Service. 


still but 70% of those of a really 
good year. 

The share quotations of diamond 
mining companies, largely traded in 
in London, were strong early in the 
year, but in February the various 
threats to European peace led to the 
loss of most of the gain in a decline 
which extended to August, since 
when the shares have gained about 
75%. The leaders have been. De 
Beers deferred, Consolidated Dia- 
mond Mines of South-West Africa, 
and Consolidated African Selection 
Trust. . 

Imports of cut stones into the 
United States in the first ten months 
of. 1986 totalled $18,045,292 (140% 
of those of the corresponding months 
of 1935) and of uncut diamonds 
$5,025,857 (155% of those of the 
corresponding months of ©1935). 
Wholesale sales in the United States 
show for the first eleven months of 
1936 an increase of 27% in compari- 
son with the corresponding period of 
1935 and retail sales by jewelers an 
inerease of about 25%. Jewels of 
the more expensive type are begin- 
ning to move across the jewelers’ 
eounters, the repeal of the luxury 
sales tax on articles selling at over 
$25 being undoubtedly a favorable 
factor, although the main one is 
that Americans are again luxury- 
minded. The Christmas trade was 
the best enjoyed since 1929. Stocks 
in the hands of diamond merchants 
are still low, but were perhaps 
slightly increased in 1986. At the 
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year end, the jeweler was pleased 
to find his inventory showed a mark- 
up. The credit situation in the in- 
dustry is easier. 

Great Britain and India were also 
good customers, and France also be- 
gan to purchase diamonds. Vienna 
and Budapest enjoyed a brisk trade 
during the summer tourist season. 
The reduction of the fantastic Japa- 
nese duty from 100% to 10% ad 
valorem in April, 1935, resulted in 
a 1000% increase in imports in the 
first year under the new ard rea- 
sonable duty. 

The scarcity in many markets of 
fine stones of one carat or more 


their respective currencies. 

The price of all types of rough has 
been firm, with small increases in 
certain grades. Small cut goods have 
increased in price due to the higher 
prices for rough and to wage in- 
creases in the cutting industry. Sizes 
in better grades have increased 25% 
to 35% in price during the past year. 

Employment among diamond cut- 
ters has increased about 25% as 
compared to a year ago, and the 
Belgian cutters have received a small 
wage increase. 

The continued recovery of the in- 
dustry is particularly satisfactory 
as it has been made in the face of 


indicates a considerable amount of 
investment buying throughout the 
world, especially in Europe where 
many citizens fear the stability of 


political conditions in Europe which 
normally would have been expected 
to halt any tendency toward an 
advance. ‘ 


A SPHERICAL DIAMOND 


Diamonds from the South African pipe mines never show any signs 
of wear. Those from the gravels often do, mostly a little, sometimes much, 
but very rarely so much that all their surface features have become 
abraded away. Through the kindness of the Diamond Corporation I have 
recently become possessed of what may perhaps be unique: a whitish West 
African crystal of about half a carat worn down to almost a perfect sphere, 
as round as any quartz pebble from a river bed ever was, or as shot bort. 
Of course, it may have crystallized originally in a very rounded form; in 
this connection it is interesting to record that some years ago I obtained 
a stone from the Dutoitspan mine that was quite a good natural sphere. 

J. R. SUTTON, Author of Diamond, a Descriptive Treatise. 


NEW DIAMOND CUTS BREAK MORE EASILY 


Regarding the indestructibility of diamond: It seems to me that, the 
modern cut diamond (with top bezel facets of 3414° or less) is far less 
indestructible than the older cut stone with a higher crown. 

The modern cut diamond, although exhibiting better dispersion “fire” 
and more spread per carat weight, still, due to the smaller angle between 
the bezel and pavilion facets, becomes more fragile, and more easily broken 
about the girdle. 

There seems to be an ever-increasing number of diamonds broken in 
customers’ rings, and especially those diamonds with slightly swindled crowns. 
J. W. WARE, Junior Gemologist and Registered Jeweler, San. Diego, Cal. 
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The Crown Jewels of England* 


St. Edward the Confessor’s Crown, The Imperial State Crown 
the Crown of England 


St. Edward the Confessor’s Crown, or the Crown of England, which 
is shown above, is a copy of the original Crown of England, which was 
destroyed by Cromwell’s followers during the Commonwealth. The records 
are that it is one of the oldest Crowns in the history of England—Edward 
the Confessor was crowned with it when he ascended the throne in 1042. 
It is the Crown which is seen in the coat of arms of England and which 
is used in many of the official seals of the country. With it the King is 
officially crowned; but it is not again used, as the Imperial State Crown 
is worn at all State functions after the coronation ceremonies. and, in fact, 
is worn by the King during the latter part of the Coronation Services. 

The Imperial State Crown was made for Queen Victoria’s coronation 
in 1889. Alterations and additions to it were made by Edward VII and 
George V. It contains many famous old gems: the large irregular cabochon 
in the front of the crown is the famous Black Prince’s “ruby”—actually 
a fine red spinel which for many years was thought to be a ruby. This 
was given to the Black Prince, Edward, in 13867 by Dom Pedro, a King 
of Spain, in appreciation of military assistance. Immediately below this 
is the second largest of the diamonds (Stars of South Africa) cut from 
the great Cullinan; the four pearls which are set near the top of the 
‘Crown at the points where the two arches intersect are supposed to have 
been earrings belonging to Queen Elizabeth. The stone at the center of 
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the cross at the top is the Sapphire of Edward the Confessor, and the Stuart 
Sapphire—once worn in the Crown of Charles II (1630-1685)—occupies a 
paved cross on the back of the Crown directly opposite the one containing 
the Black Prince’s “ruby.” Altogether this Crown contains 1 spinel, 4 
rubies, 11 emeralds, 13 sapphires, 277 pearls and 2,783 diamonds. 


The Queen’s State Crown is the personal property of Queen Mary, 
widow of the late George V, though three of the great diamonds in it 
belong to the State. It is possible that it may not be used at the forth- 
coming coronation. A new Queen’s Crown may have to be constructed, 
or one of the other Queen’s Crowns in the Jewel House might possibly be 
used. However, because of the three great diamonds which it contains, this 
crown is of considerable interest. In the Cross at the top is the second 
larger of the two great pendeloque-shaped stones which were eut from 
the Cullinan. In the cross at the front of the Crown is the recut Kohinoor; 
immediately below this is the smaller of the two large step-cut stones 
fashioned from the Cullinan. This Crown is entirely set with diamonds and 
contains no colored stones. 


The King’s Royal Scepter was made for Charles II and is about three 
feet long. Edward VII had the largest Star of Africa, a 516-carat gem, 
and the world’s largest cut diamond, inserted in it; but this seems to be 
about the only change made in the Scepter since its manufacture. By means 
of an ingenious device incorporated in the mounting, this gem can be re- 
moved at will in order to be worn as a pendant. In addition to the Star 
of South Africa, the Scepter contains a great number of colored stones 
and diamonds, and much enamel work. 


The Queen’s State Crown The King’s Royal Séepter 


~ 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(With phonetic pronunciation system) 


Terms in quotation marks are considered incorrect 


Igneous rock (ig’nee-us). A rock 
formed by the solidification of a 
molten megma, either at the sur- 
face, as voleanie lava or within 
the earth as plutonie and intru- 
sive igneous rock. 


Igmerald. Synthetic emerald. Al- 
though produced in gem sizes is 
thus far more valuable as a scien- 
tific curiosity than as a gem sub- 
stitute. 

Iimenite (il’men-ite). A mineral in 
the hexagonal system. Hardness 
5-6, opaque, black, metallic. A 
common inclusion in diamond. 

Imitations (im’i-tae”’shun). In its 
broadest sense, any material other 
than genuine, natural gems. In 
an exact sense, is applied only to 
glass, or amorphous compositions, 
such as bakelite, galalith, etc., as 
distinguished from synthetics and 
assembled stone. 

“Imitation Doublets.” A term ap- 
plied in American trade to paste 
or glass imitations of gem-stones. 


Imperfection (im’per-fek”shun). A 
trade term used to refer to inclu- 
sions or faulty structure of any 
kind which is visible to the eye 
whether observed with or without 
the aid of a magnifier. 


Imperial Jade (im-pee’ri-al). In 
China, a term properly applied, to 
the finest color of green jadite. 
The term has been adopted in the 
American trade. 


“Imperial Yu-Stone.” Green aven- 
turine quartz. 


Impregnated (im-preg’nate-ed). 
Having a substance intimately dis- 
persed or disseminated within. 

Impressed (im-prest’). Indented: 
marked by pressure. 

Inca Stone (in‘ka). Pyrite. 

Inclusion (in-kloo’shun). The gen- 
eral name inclusion, is given to 
any foreign body enclosed with a 
substance, whatever its origin. 
They may be gaseous, liquid, or 
solid; visible to the naked eye or 
requiring the use of a magnifier. 

Incrustation (in’krus-tae”shin). A 
crust or coating. 

Indian Agate (in’di-an). Moss 
Agate. 

Indian Cut. A clumsy form of the 
single brilliant cut, adopted by 
East Indian cutters for the pur- 
pose of getting as much weight 
as possible after cutting. 

“Indian Jade.” Aventurine Quartz. 

“Tndian Topaz.”. Citrine quartz. 

Indicolite (in-dik’oe-lite). Blue tour- 
maline. Very light to dark violet- 
blue to blue. Frequently almost 
black, sometimes greenish-blue. In- 
correctly called “Brazilian sap- 
phire.” 

Indigolite. See Indicolite. 

“Indigo Sapphires” (in’di-go). Very 
dark blue sapphires. 

Indra (in'dra). A casein resin used 
as mould material for many com- 
mon objects. 


Inelastic. Not elastic; not returning 
to its original form after bending. 
In Situ (in-seye’tue). A term used 
to describe the location of minerals 


72 GEMS & GEMOLOGY 


when found in the place where 
they were originally formed. 

Intaglio (in-tal’yoe or. en-tal’yoe). A 
carved. gem in which the design 
has been engraved into the stone. 
Sometimes the figure is engraved 
into the stone and sometimes the 
background is. engraved leaving a 
raised figure. Such raised. figures 
differ from cameos by the fact 
that the edges of the cameos are 
lower than the figures and the 
figures in intaglios are below the 
edge. Intaglios may be used as 
seals—cameos cannot. 

Interlaced. Interwoven. Confusedly 
intertwined, as fibres or slender 
crystals. 

Intumescence (in”tue-mes’ens). The 
property of bubbling and swelling 
as it fuses. 

Invelite. A plastic product similar 
to bakelite. 

Jolanthite. Trade-name for a jasper- 
like mineral from Crooked River, 
Ore. 


Iolite. A gem-stone in the ortho- 
rhombic system. Hardness 7 to 
7%, refraction 1.55, transparent, 
light to dark blue. Incorrectly 
called “Water Sapphire.” 

Iridescence (ir”i-des’ens). The ex- 
hibition of prismatic colors in the 
interior or upon the surface of a 
mineral caused by interference of 
light from the layers. 

Iris (eye'ris). Rainbow Quartz. 
Rock erystal containing cracks of 
air which produce iridescence. 

“Irish Diamond” (eye’rish). Rock 
erystal from Ireland. 

“Tron Glance.” Hematite. 

Iron Pyrites. Popular name for 
pyrite. 

Isochromatic (eye”soe-kroe-mat’ik). 
Lines or sections possessing the 
same color. 


Isometric (eye”soe-met’rik). Another 
name for the cubic system of crys- 
tallography. 

Isomorphism (eye’’soe-more’fiz’m ). 
The property of crystallizing to- 
gether in variable proportions pos- 
sessed by some substances of like 
molecular structure. 


Isomorphous (éye”soe-more’fus). Ex- 
hibiting isomorphism. 

Isotropic (eye”soe-trop'ik). Singly 
refractive. Affecting light simi- 
larly in all directions as it passes 
through the mineral. See also 
Anisotropic. 

“Italian Chrysolite” (i-tal’yan). Ve- 
suvianite. 


“Italian Lapis.” Same as Swiss 
Lapis. 

Ivory (eye’voe-ri). The hard 
creamy-white opaque, fine-grained 
substance, consisting of a peculiar 
form of dentine, which comprises 
the tusks of elephants; also the 
dentine of the tusks of other large 
mammals, or, in a broader sense, 
that of any tooth. 


Ivory, Artificial, Any substitute for 
ivory, Bakelite, Cederon, celluloid, 
fibroe, invelite, micarta, redma- 
nol, ete. 


Jacinth (jae’sinth or jas‘inth). A 
variety of zircon. The term is. by 
some writers applied only to the 
yellow or brown variety. Others 
use it interchangeably with Hya- 
cinth to mean yellow-orange or 
red zircon. It is sometimes loosely 
used to mean any zircon, and im- 
properly to mean a Hessonite 
Garnet. 


Jade (jade). A gemological group 
of two species—jadeite and neph- 
rite—closely related in appearance, 
properties, and uses. See jadeite; 
See nephrite. 


(To be continued) 
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Construction of a Polarizing 
Microscope 


by 


R. C. HOOVER 


Registered Jeweler and Junior Gemologist, Akron, Ohio 


(Continued from last issue) 


To form the tube, a piece of the 
1-inch brass tubing is sawed diag- 
onally at an angle of 57 degrees. 
This angle can be laid out with a 
protractor on a piece of paper and 
placed on the bench under the tube 
which is held parallel with one line 
and the saw kept parallel with the 
other. The sawed edges should be 
trued up with a file to assure a 
smooth fit. Now reverse the sawed 
angles and solder or braze together 
again and you have a knee-shaped 
tube. Now saw off the top half of 
the knee at an angle of 33 degrees 
with the tube.. This 33 degree angle 
is about the polarizing angle of 
ordinary glass. This saw cut is to 
remove the top half of the knee so 
that when a mirror is placed over 
the opening and the tube sighted 
through, the tube will appear to be 
perfectly straight. Measured from 
the center of the brazed joint, now 
cut the tube off, leaving one end 3 
inches long, the other 4 inches. Make 
and braze on 3 brass clips to hold 
the mirror over the opening in the 
knee and in the 4-inch end braze or 
‘solder a threaded brass collar to 
take the objective lens. This collar 
jis a machine shop job, as the objec- 
tives have special threads. 
chine shop can make the collar to fit 
the objective used, and a tight fit 
inside the brass tubing and two of 


Any ma- 


Microscope Built by the Author, 
Showing the Polarizing Devices 
in Place. 


these collars should be obtained, one 
to be used in the straight tube. 


The mirror is made from good %- 
inch plate glass free from scratches. 
First lay out an ellipse on paper to 
fit the hole in the knee of the draw 
tube. Cement this paper on a piece 
of plate glass and grind the edges 
down to the size of the paper, at the 
same time grinding a bevel on the 
back. The second mirror fits in the 
noteh in the tube below the stage, 
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which must, also be cut at 57 degrees 
and suitable supports placed inside 
the tube to hold the mirror at very 
close to this angle. This mirror is 
similar to the one for the top, but 
is more difficult to describe. The 
shape is elliptical, but the edges are 
shaped as if the glass were a diag- 
onal section through a cylinder. An 
apt description would be that it re- 
sembles a diagonal slice of salami. 
After the two mirrors are properly 
fitted both are given a coat of black 
paint or enamel on the back and 
edges, but not on the face of the 
glass. 


The tube below the stage which 
contains the polarizer mirror is 4% 
inches long, with the top of the 
notch cut 2 inches from the top of 
the tube. The top of this tube should 
extend % inch through the plate 
which supports the revolving stage 
in order to form a bearing for the 
stage, which is 4 inches in diameter. 
A simple lens such as a flashlight 
bulls-eye.is fastened inside this tube 
above the notch for the purpose. of 
concentrating the light in the cen- 
ter of the opening in the stage and 
the correct position of this lens can 
best be determined by trial and this 
also applies. to the correct position 
for the head-light bulb, as it must 
be in such position that it appears 
centered on the polarizing mirror 
when looking down through. the 
draw-tube support. As illustrated, 
two brackets are used so that the 
light can be adjusted above the stage 
to illuminate opaque objects when 
used as a regular microscope with 
the straight tube which is a piece of 
the l-inch brass tubing 6% inches 
long and fitted with the threaded 
collar for the objective. The. eye- 


piece will fit sufficiently close in this 
tubing. 

When used as a regular micro- 
scope for transparent stones with 
below-stage illumination, another 
“salami”’-shaped reflector should be 
cut from %4-inch regular silvered 
mirror which can be easily inter- 
changed with the black polarizing 
mirror. 

Now as to the arrangement for 
focusing. It is suggested that if the 
rack and pinion is used the builder 
study the method of attaching same 
used on factory-built microscopes and 
use the ideas he can gain from these, 
together with his own inventiveness 
to work out the best plan. An alter- 
native is to split a piece of the 1- 
inch tubing and spread it so that it 
makes a friction fit over the draw- 
tube and use this method of focus- 
ing, as with the low-power lenses 
used the focusing is not, critical. It 
is very important that the draw-tube 
and the stage and the tube below 
the stage all be accurately centered 
in relation to each other as otherwise 
when the stage is rotated the stone 
being viewed will not stay centered. 

A. few minor details of the instru- 
ment illustrated are mentioned here. 
The nut which comes on the threaded 
end of the dash light was soldered 
into a brass tube fitted with a 
knurled wheel on the end and used 
for .tightening the light on the 
brackets. The shield over the light 
was dapped out of sheet brass and 
brazed to a ring to fit friction tight 
on the socket to permit, adjustment. 
One side of the transformer was 
grounded to the instrument and the 
other attached to a radio binding 
post which permits attaching the 
wire which comes built into the dash 
light. 


(To be concluded in next issue) 
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BOOK REVIEWS 


Praktikum der Edelsteinkunde (Practical Gemology), by Georg O. Wild. 
Franckh’sche Verlagshandlung, Stuttgart, Germany, 1936. 

This is a comparatively small text (187 pages) written in German. 
Although Mr. Wild has done much advanced research work on precious 
stones, the contents are of a comparatively elementary nature; reports of 
his more advanced work are, in fact, given more attention in Schloss- 
macher’s revision of Bauer’s Edelsteinkunde. However, this is not neces- 
sarily a bad feature of the book, for the author has purposely confined 
himself to a more general discussion of his subject, as the title would indicate. 

Of particular interest are the descriptions of gem sources and the 
numerous sketch maps which illustrate them. Mr. Wild is a member of a 
firm .of cutters who buy rough from all parts of the world; therefore, his 
reports of countries from which the material emenates are from personal 
experience and not copied, as are those of so many authors, from the work 
of other authorities. 

The text is well organized, and the order in which subjects are presented 
is commendable; this is a problem which vexes a gemological author even 
more than the writer of a text on mineralogy or geology. Four excellent 
color plates are included in the book. 

Mr. Wild’s firm, located in Idar-Oberstein, fashion stones largely from 
the varieties of the quartz family, and the text gives much more space to 
quartz than to any other gem, even diamond. Unfortunately, no index is 
included; this is a very real need to the English reader, especially. 

De Edelsteenen (Precious Stones), by Dr. A. Willemse. C. van Hoof, 
Ekeren, Holland, 1936. 

If this book were written in English, or indeed in German or French, 
it could be considered an extremely valuable addition to our gemological 
literature. Unfortunately, very few students in this country have any 
knowledge of Dutch. De Edelsteenen presents its subject upon the basis of 
identification of unknown stones. All colorless stones are discussed under 
one heading, all red stones under another heading, etc. Practical and simple 
tests are suggested for distinguishing the gems of each color from one an- 
other. This, of course, would cause a beginning student much trouble, for 
the gems of a given species are not described together, but scattered among 
the different, colors in which the species may occur. 

Of further interest is the fact that Dr. Willemse has adopted and used 
exclusively the standard gemological nomenclature of the B.I.B.0.A.*; so 
far as we know, he is the first author of a gemological text to do so. Another 
unusual feature of the book are the numerous freehand sketches, which give 
the reader somewhat the impression that he is receiving a personal lecture 
from the.author. 


*See Gems & Gemology, July-August, 1935, pp. 293-294. 
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Notes on Diamond Grading* 


During the past several months a 
considerable amount of research on 
methods and instruments for dia- 
mond grading has been conducted in 
the laboratory of the Gemological 
Institute. As a result of this research 
at least one new diamond-grading 
instrument will be announced to the 
trade during the coming year. Also 
as a direct result of the experiments 
a number of methods of procedure 
which greatly facilitate diamond 
grading have been discovered, and 
these are briefly outlined here for 
the benefit of jewelers and readers 
of Gems & Gemology. 


Observation for Imperfections 


In observing for imperfections it 
is common practice to observe the 
stone with diffused transmitted light, 
ie., light immediately behind the 
stone and coming through the gem 
to the observer. While this method 
is satisfactory for observation of 
such dark-colored inclusions as 
patches of black carbon, etc., it is not 
at all satisfactory for viewing trans- 
parent inclusions such as included 
crystals (which are frequently re- 
ferred to as “bubbles”). For the ob- 
servation of the latter, it is better 
to throw a fairly strong light through 
the side of the stone while observa- 
tion is made from above; that is, 
with the light entering the stone 
coming at right angles to the direc- 
tion along which observation is made. 

For either type of observation (by 
“right-angle’’ light or by transmitted 
light) the character of the light 
source plays an important part. 
When a transmitted light is desired, 


*A.G.S. Research Service. 


it is essential first of all that it be 
strong enough to permit close obser- 
vation; but it must be so diffused 
that it does not, confuse observation 
by giving bright reflections from in- 
side the stone. While a good north 
night is ideal for this purpose, so 
far as transmitted illumination goes, 
the necessity of holding the stone 
high and tilting the head back to 
observe up. toward the sky makes a 
very awkward position and one which 
is unsatisfactory if a number of 
stones must be graded; the common 
practice of reflecting skylight from 
a diamond paper held beneath the 
stone furnishes a more comfortable 
working position. It is very much 
better to arrange, if possible, ah arti- 
ficial source of illumination which 
can be placed at about table level. 


For the “right-angle” illumination 
no type of natural light other than 
early morning or late afternoon sun- 
light is really practical. However, 
an ordinary gooseneck desk lamp 
with a 60-watt bulb has proven par- 
tially satisfactory. The stone to be 
observed is held just below and just 
outside the reflector, in such a posi- 
tion that the direct rays from the 
lamp strike the stone. Observation 
is then made from a position above 
and to one side of the reflector, thus 
shielding the observer’s eye from any 
direct light from the lamp. When a 
diamond is observed in light of this 
character, colorless inclusions, in- 
stead of being unobservable or at, 
best appearing as faint dark spots 
as they do in transmitted light, show 
up as very bright points in the stone 
and therefore they are much more 
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readily located. The laboratory ex- 
periments indicate that the ideal sys- 
tem for grading imperfections is to 
use both types of light in grading 
every stone, and a grading instru- 
ment incorporating them is being 
developed. 


Judgment of Color 

Preliminary research shows that 
the greatest single handicap in ac- 
curate color grading is the difficulty 
of securing a light absolutely free 
from colored refiections from adja- 
cent objects. In order to overcome 
this difficulty, the entire laboratory 
of the Gemological Institute was 
painted in neutral tones of black and 
gray, but it was found that even this 
expedient did not suffice, for the re- 
flections of yellowish-colored build- 
ings over 100 feet away threw very 
confusing color reflections into the 
stones. It was found that a cubical 
box made of translucent, dead-white 
paper, open on one side for observa- 
tion, furnished a much more satis- 
factory locale for judging colors. 

The use of a standard artificial 
light for illumination in place of 
daylight—which was: found:to vary 
and at different seasons of the year 
—added another factor of control. 
Contrary to opinions which have 
often been voiced in the trade, the 
use of the artificial light did not 
cause any particular deviation in the 
color grading from that which was 
made under natural light. 


Premiers 


Apparently one color grade of dia- 
mond which is often overlooked by 
the American trade is the Premier. 
This stone shows a slightly yellow 
light or in daylight transmitted 


to strong yellow body color when 
observed in transmitted artificial 
through glass. When observed in 
unobstructed, reflected daylight its 
yellowish cast disappears and some- 
times, in fact, is replaced by a defi- 
nitely bluish or whitish hue. As a 
Premier is neither as valuable as the 
bluish or whitish cast in daylight 
would indicate, nor as low in value 
as the yellowish body color would 
otherwise decree, it is necessary that 
it be graded entirely upon its own 
merits, which, of course, is impos- 
sible if a Premier is not recognized 
as such. 

A very simple method of detecting 
a Premier was found to be by ob- 
serving first in unfiltered daylight 
such as comes through an unscreened 
open window (not recommended in 
winter time) following with the clos- 
ing of the window or placing a sheet 
of window glass between the stone 
and the light source. With several 
of the Premiers used in making the 
experiments, a very pronounced 
change of color was noticed as the 
stone was alternated between these 
two light conditions. However, an 
even. more satisfactory method of 
recognizing a Premier was found to 
be to use the simple argon bulb which 
has previously been described in this 
journal.* By using an illuminating 
box which can be lighted alternating 
by a single strong artificial light and 
a bank of about four argon bulbs, 
this difference in color can be shown 
even more strongly. Such a feature 
will be incorporated in grading equip- 
ment now being prepared. 


*Sources of Ulira-Violet Light, Richard L. 
Barrett, Spring, 1936; also The Jeweler’s 
Fluorescent Display, Clayton G.. Allbery, 
Spring, 1936. 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from. last issue) 


by 
HENRY E. BRIGGS, Ph.D. 


CUTTING OF GEMS 


In this chapter we will consider the various cuts which are used in 
preparing gem stones to show their greatest beauty. Also a brief synopsis 
of the processes used. We.shall not deal with this subject from the stand- 
point of a lapidary, for our limited space will not permit discussing this 
voluminous subject. 

In the very early ages before man had advanced to a stage where 
he was able to work hard materials, shiny and beautifully-colored stones 
were attached to bits of hide and worn as gems of adornment. The constant 
abrasion of wear caused the softer ones to. become smooth and conse- 
quently more beautiful. It was then that it dawned upon man that gems 
could be beautified perhaps by a mere continued rubbing with earth or 
sand. Thus was the start of this aged art, which is so mingled with 
mystery and romance. , 

Man at first was, of course, only able to crudely smooth the stones, 
and even then perhaps only the softer ones. Later they were more per- 
fectly done and the element of symmetry was taken in and the stones were 
definitely shaped. Cabochons were without doubt the first form of gem 
cutting. They are still used today, and in several styles. The ordinary 
cabochon is merely a stone of almost any shape with a flat bottom and 
an oval top. No set curvature is used and this matter is left to the. good 
judgement of the lapidary. The double cabochon is merely the same thing 
as the ordinary cabochon except that the underside, too, is a curved or 
convex surface. Usually the lower surface is of a longer radius of curva- 
ture than the upper. The high cabochon is one which: is unusually high 
and usually the lower surfaces of these are at least slightly convex. The 
hollow cabochon is merely a single or common cabochon with the underside 
cut coneave. This type of cut is best for stones showing opalescence, 
chatoyancy or asterism. Or for stones which are opaque and where the 
color is depended on for the charm. Opals are cut en cabochon, for in this 
style of cutting they show their color play to best advantage. 

Engraving upon gem stones was practiced at a very early date. Many 
specimens preserved in collections today are known to date back thousands 
of years. Today the art of gem engraving is very highly developed. 
Cameos and intaglios are cut so accurately that the faces can be easily 
recognized. The cutting is done in America with a small lathe fitted with 
a suitable cutter. But in some foreign countries the cutting is still done 
with merely a hand tool. The symmetry of the figure is entirely deter- 
mined by the eye. Consequently it requires great skill to produce fine 
work in this line. . 
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Cameos are engraved stones where the figures are raised in relief 
and where the backgrounds are either flat or very slightly oval. Intaglios 
are engraved stones where the figures are engraved or sunk into the stone, 
the surface being flat or nearly so. Cuvettes are similar to cameos except 
that the background is slightly concave in the cuvette instead of being flat 
or slightly oval as in the cameo. 


Boring in gems, too, is a very old art, dating before Christ. Never- 
theless, it is an art which requires a great deal of skill. The operation is 
done with a drill of metal charged with abrasive or with a metal drill set 
with a hard stone such as topaz, corundum or diamond. Usually the latter. 
The stones are cemented to a frame or holder and the drilling is usually done 
by hand, although the author is at this time using a machine for this 
purpose in his lapidary shop. 

Faceted gems will perhaps be considered of more importance, and 
we will endeavor to deal with them a little more lengthy. Faceting is 
usually stated to have been discovered about the middle of the latter part 
of the fifteenth century: However, it is a proven fact that, gems were faceted 
long before that date. The table and rose cuts are among the oldest known. 
The table being used extensively for diamonds and later the rose eut also. 
The table cut at first consisted of an octahedron with two opposite points 
eut down, making a table and a culet. The rose cut consists of a flat base 
with an oval top which is cut into triangular facets varying in number 
from twelve to thirty-two, or even more in the cases of very large stones. 
The rose cut is now practically a thing of the past. Being used today only 
on a few small stones. 

The brilliant cut, so extensively used today, was introduced during 
the seventeenth century. This cut consists of thirty-three facets above the 
girdle (including the table) and twenty-five facets below the girdle (including 
the culet). The angle of the facets in any gem should depend upon the 
refraction and optical nature of the gem in question. However, it is a fact 
that, most of. the foreign cut gems are cut without much respect to their 
optical characteristics. The bulk of the American cut gems will be found 
much superior to the foreign in this respect. The standard brilliant cut 
consists of eight bezel facets, eight top corner facets, one table and sixteen 
skill facets above the girdle. Below the girdle it has eight pavilion facets, 
one culet and sixteen skew facets. It is impossible here to go into the 
matter of the dimension of brilliants as this will necessarily vary with the 
various gems. However, we will note a few important points with regard 
to the angles of the various facets with relation to each other. In gems 
where the refractive index is intermediate or low, the gem should be cut 
with a high crown and a shallow pavilion or comparatively shallow. This, 
of course, will have to be governed also by the depth of color, ete. Should 
the gem possess weak dispersion, then the angles between the different set 
of erown facets should be as great as is practically possible. The lower 
the refractive index and dispersion of a gem, the wider the table should be. 

(To be continued) 
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Construction of a Polarizing 
Microscope 


by 


R. C. HOOVER 


Registered Jeweler and Junior Gemologist, Akron, Ohio 


(Continued from last issue) 


The clips for holding a glass slide 
on the stage were made from thin, 
stainless steel and held down by nuts 
from dry-cell terminals, the screw 
part being tapped into the stage. 
The knurling on edge of the stage 
and adjusting wheels was done by 
the machinist who made the threaded 
collars. Relative dimensions of the 


The Completed Instrument and Case 


other parts can be gained by. com- 
parison with those parts in the cuts 
for which dimensions are given and 
we believe it possible for anyone with 
some degree of skill, the necessary 
time and the urge to make things 
for one’s self to go ahead and turn 
out a creditable and workable instru- 
ment. Many and varied works on 
microscopy are obtainable giving in- 
structions for use impossible to in- 


clude in this article, but we will add 
just enough so that. you may be sure 
that the instrument is operating 
correctly. 

With the microscope assembled and 
black mirrors in place, but no lenses, 
light the bulb and look through the 
eye-tube (knee shaped) down at the 
light. The appearance should be that 
of a straight tube over a foot-long 
with the light in front of the tube 
and centered in it. Revolve the 
draw-tube around in its holder and 
watch the effect. When the two mir- 
rors are sloping in the same. direc- 
tion or are parallel, the light is very 
bright; but swing the draw-tube 
slowly and watch the light gradually 
dim until a position is reached where 
it will appear to go out with the 
filament weakly visible. This is the 
position of “extinction” or “crossed 
Nichols” of a regular polarizing mic- 
roscope and is the position in which 
it is used. Put a piece of cellophane 
that has been folded several times on 
the stage and notice the colors. Re- 
volve the stage and watch the cello- 
phane go out and light up as it is 
revolved. It goes out as the crystal 
axis of the cellophane is parallel 
with the axis of each of the black 
mirrors, thus corresponding with the 
action of a doubly refractive or aniso- 
tropic stone. 


The End 
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The First Gemological Conclave 


One hundred and three graduates and students of the G.I.A. 
and A.G.S. from 12 Central States attend two-day educational 
session in Chicago, with Chicago Chapter as hosts. 


For the first time in the develop- 
ment of the new gemological profes- 
sion in America a meeting of more 
than one regional group of students 
and graduates oecurred in the spa- 
cious clubrooms of the Palmer House, 
Chicago, on Sunday and Monday, 
May 9th and 10th, 1937. Here Certi- 
fied Gemologists, Registered Jewel- 
ers, Graduate Members and student- 
jewelers from ten Guilds and twelve 
states and the Philippine Islands par- 
ticipated in a meeting which many 
characterized as the most construc- 
tive ever held in the American jew- 
elry trade. 

The meeting was primarily edu- 
cational in nature—not unlike clinics 
of the medical profession. Of the 
busy two-day session, less than one 
hour was devoted to Society business. 
At the business session officers and 
members from the following Chap- 
ters and Regional Guilds discussed 
both established and proposed rulings 
governing the Registration of Jew- 


elers: Chicago, Cleveland, Wisconsin, 
Michigan - Northern Ohio, Iowa - 
Western Illinois, Nebraska-Western 
Iowa, Minnesota-Western Wisconsin, 
St. Louis Study Group. A temporary 
organization of Chapters, Guilds and 
students in Ohio, Indiana, Illinois, 
Michigan, Wisconsin, Minnesota, 
Missouri and Nebraska was formed. 
Officers of the Chicago Chapter (at 
present H. Paul Juergens, president; 
Geo. A. Arbogast, vice president; 
Hans J. Bagge, secretary; and E. C. 
Luscomb, treasurer) are to serve as 
officers of this Central Division, 
A.G.S., with the presidents of the 
Guilds in the area as additional 
members of the Board. 

At the enthusiastic request of the 
members present, plans are already 
being considered for yearly, or at 
least bi-yearly, three-day conclaves, 
not only in this central area, but also 
in the eastern area. A Gemological 
meeting of Eastern and Southeastern 
graduates and student-members will 


Members at Tables 4. 5.6. and 7 Working with Instruments 
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Lazare Kaplan Answers Questions Following His Description of the 
Cutting of the Jonker Diamond 


occur at the Waldorf-Astoria in New 
York on Monday, August 28rd (the 
first day of the A.N.R.J.A. National 
Convention). At this short session 
the educational program will not be 
as ambitious as at this Chicago Con- 
clave, but will acquaint members 
with the use of gem-testing instru- 
ments; with the new diamond- 
grading and gem-testing equipment 
and with other recent developments, 
including new sales promotional 
services. Here an organization will 
be perfected to conduct a gemological 
conclave in the east in 1938. 

Those at Chicago left enthusiasti- 
cally appreciative of having been 
present at the first history-making 
conclave of this new profession. 
What began as.a purely experimental 
meeting ended as a distinct success, 
principally from the educational 
results obtained by the members who 
came from localities as far distant 


as Newark, N.J.; Youngstown, Ohio; 
Louisville, Kentucky; Tulsa, Okla- 
homa; Alliance, Nebraska (near the 
Wyoming line) and Manila, Philip- 
pine Islands. 

When a two-day educational meet- 
ing at which each man should have 
an opportunity to actually use both 
old and new gem-testing and dia- 
mond-grading instruments was first 
proposed, it was contemplated that 
perhaps 385 students and members 
might attend. As the number of 
reservations grew in number to 50, 
then to 75, and finally passed the 100 
mark, the problem became a serious 
one. Indeed, no attempt has ever 
been made in the jewelry trade even 
to hold the attention of as large a 
group of jewelers continuously for 
12 hours, the period planned for Sun- 
day, and for nine hours, the period 
planned for the Monday session. The 
results were extremely satisfactory, 


Members Workina at Tables 1, 2, and 3 


im. 
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Two Groups of Students at Work: Left, Studying Inclusions in Synthetic Stones; 
Right, Diamond Grading at the Windows 


and while certain improvements can 
be made in the program of future 
conclaves, the success of this first 
meeting is attested by the fact that 
at 11 P.M. on Sunday, 94 men were 
still interested participants in the 
program, and when the conclave ad- 
journed Monday the only expres- 
sions were those of regret that the 
session was ending. 

A.G.S. Headquarters and the Chi- 
cago Chapter collaborated in prepa- 
ration of the program. Paul Juer- 
gens, C.G., President of the Chicago 
Chapter, presided. He was assisted 
by Robert M. Shipley and Robert 
Shipley, Jr., President and Labora- 
tory Director, respectively, of the 
G.I.A., who spoke on various sub- 
jects. 

Guests at the Conclave included 
Lazare Kaplan and Leo Kaplan, 


cutters of the Jonker Diamond; 
Frank B. Wade, author of Precious 
Stones and of Diamonds, and Dr. J. 
J. Runner of the University of Iowa, 
both members of the G.I.A.’s Student 
Advisory Board; Dr. A. J. Walcott 
of the Field Museum, Secretary to 
the Examining Board; and Dr. Ches- 
ter Slawson, University of Michigan, 
Member of the Examining Board. 
Dr. Slawson, Frank Wade and Laz- 
are Kaplan contributed valuable 
talks as features of the session. Mr. 
Juergens spoke on pearls, using 
many genuine and cultured pearls as 
examples. 

The sessions were held in the three 
large inter-communicating banquet 
rooms of the Palmer House club- 
rooms. In one room were nine tables 
seven feet square, each of which ac- 


Students and Visiting Instructors at Tables 8 and 9. At Extreme Left, Dr. A. J. Walcott; 
Left Foreqround, Dr. J. J. Runner; Center Foreground, Prof. Frank B. Wade 
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PROGRAM 
Sunday, May 9th, 1937 


Morning Session 
10:00-10:30 Address of Weleome by H. Paul Juergens, President of Chicago Chapter. A.G.S., 


and Introduction of Guests. 


10 :35-11:30 General Lectures on gemological subjects. A 
11:30-12:00 “The True Nature of the Polished Surface of a Gem,” by Frank B. Wade of 


Indianapolis, Indiana: 


12:05-1:25 Buffet Luncheon in Conclave Room 5. R 
Afternoon Lecture Sessions 


1:30-2:10 Color of Diamonds. 


Discussion of Members’ Recommendations for Improvement 


of Color Grading Systems, Methods of Grading and Color Grading Equipment. 
2:30-3:30 “Cutting of the Jonker Diamond,” Lazare Kaplan. 


3 
4 


:30-4:30 Technique of detection of synthetic stones, illustrated by projection of inclusions, 
:35-5:10 The principle of the polariscope, demonstrated by projection polariscope. 


Hvening Session 
7:00-7:30 “The Development of Gemological Education” by Dr. Chester B. Slawson of the 


University of Michigan. 


7:30-7:55 Practical Application of Gemology in the Jewelry Business; An Open Forum of 


the Experiences of Students. 


8:00-8:30 Demonstration of newly released sales promotional materials for Gemological 
Students and Title Holders (Attendance Optional.) 


8:30-9:30 Business meeting. 


: American Gem Society. 
Registered Jewelers and Certified Gemologists. 


For Research and Graduate Members, 


Monday, May 10th, 1937 


Morning Session 
8 :00-11:25 Individual demonstrations of new scientific diamond grading methods established 


for use in the Retail Store. 


11:30-12:15 Members’ discussion of Diamond Grading and its standardization. Appointment 
of Committee on terminology of diamond grading. 
Afternoon Session 
1:15-5:30 Entire afternoon devoted to demonstration of use of Gem-Testing Instruments. 
Every student present was able to handle each instrument. 


commodated from ten to twelve stu- 
dent-jewelers. Upon each table was 
placed, as nearly as possible, a com- 
plete Registered Jeweler’s Labora- 
tory, consisting of refractometer, 
specific gravity scales, polariscope, 
dichroscope, and hardness points, 
supplied by the G.I.A. laboratory or 
loaned by graduates and students. 
Each table was in charge of a Certi- 
fied or Junior Gemologist, assisted by 
a Junior Gemologist, who demon- 
strated and directed the gem-testing 
activities of the students. The pro- 
grams in this room were divided 
between sessions at these tables, edu- 
eational talks from the speaker’s 
table, and demonstrations of the new 
diamond-grading instruments at 
Table No. 10, after which this dia- 
mond-grading equipment was made 
available to the various tables for 
actual practice. Leaders and their 
assistants were: 

Table No. 1: H..Paul Juergens, 


C.G., Assistant, Charles 
Carolyne, J.G., Youngstown. Table 
No. 2: Hans J. Bagge, C.G., Chicago; 
Assistant, Nolte C. Ament, J.G., 
Louisville. Table No. 3: Leopold 
Kahn, Jr., J.G., Manila, P.I.; Assist- 
ant, E. C. Lusecomb, J.G., Chicago. 
Table No. 4: Milton Gravender, C.G., 
Minneapolis; Assistant, Warren R. 
Larter, J.G., Newark. Table No. 5: 
F. Otto Zeitz, C.G., Chicago; Assist- 
ant, G. A. Arbogast, Chicago. Table 
No. 6: Karl Johnson, C.G., Minne- 
apolis; Assistant, Ed. F. Herschede, 
C.G., Cincinnati. Table No. 7: Paul 
Cohard, C.G., Peru; Assistant, R. C. 
Hoover, J.G., Akron. Table No. 8: 
Edwin E. Olson, C.G., Milwaukee; 
Assistant, Jack Lund, Chicago. Table 
No. 9: Earl E. Jones, C. G., Cleve- 
land; Assistant, Hubert A. Fischer, 
J.G., Chicago. 

The speaker’s table, seven feet by 
twenty-one feet, contained the more 
complex instruments, microscopes, 
endoscopes, and spectroscopes, which 


Chicago; 
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The Certified Gemologists: Left to Right, Hans J. Bogge, Karl Johnson, Ed. F. Herschede, 

F, Otto Zeitz, Edwin Olson (front), Paul Cohard (rear), H. Paul Juergens (front), 

Milton Gravender (rear), Earl Jones. Right: Leopold Kahn, Jr., J.G., of Manila, explains 
a point to H. C. Kirkberg 


were demonstrated and explained by 
Robert Shipley, Jr. Eight compound 
microscopes were used, particularly 
to demonstrate—by means of espe- 
cially prepared specimens—methods 
of distinguishing synthetic from 
genuine stones. At intervals during 
the program the students from each 
table were given the opportunity to 
examine these instruments and to 
study the effects seen through them. 

In the second large room, 120 
chairs were arranged for observation 
of views projected upon a screen di- 
rectly from actual specimens under 
the microscope. Here Robert Ship- 
ley, Jr., conducted a “clinic” in the 
technique of the identification of 
genuine from synthetic stones by 
means of their inclusions. 

In a third room was exhibited a 
fine collection prepared especially for 
the Conclave by members of the Chi- 
cago Chapter. This included almost 


every variety of colored gem inelud- 
ing colored diamonds. Also, samples 
of sales promotional materials were 
displayed. These included window 
displays, signs, newspaper mats, 
booklets, pamphlets, ete., being made 
available to Registered Jewelers and 
Certified Gemologists. In this room 
on Sunday evening occurred Dr. 
Slawson’s talk (See program) and 
a two-hour session on the Use of 
Gemology in Business. Various 
jewelers described their use of gem- 
ology to increase business and profits 
by means of sales talks, window and 
store displays, newspaper and radio 
advertising, lectures at schools and 
clubs. Nolte Ament, Junior Gem- 
ologist of Louisville, played one of 
four electrical transcriptions which 
he prepared specially from his most 
recently released programs, offering 
these transcriptions to Registered 
Jewelers. There was shown the first 


Members at Tables 6 and 7 During Lazare Kaplan’s Talk 
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Robert M. Shipley Explains Diamond-Grading Equipment 


of a series of still film lectures being 
prepared by the A.G.S. for presenta- 
tion in a standard projector for 
Registered Jewelers. The subject 
was the Mining of Diamonds. 

A fourth room in the hotel was 
used as a Committee Room. Here a 
Diamond Terminology Committee 
appointed by Robert M. Shipley and 
consisting of diamond men from nine 
representative retail firms assisted 
in an advisory capacity by three 
manufacturers met and drew up 
rulings and recommendations on 
terms and definitions used in the 
descriptions of diamond qualities. 
The Committee will probably be ex- 
panded to include the remaining 
areas of the U.S.A., and a meeting 
is being considered for New York in 
August. 

The 


Resolutions Committee in- 


cluded Perey Loud, Bruce McCague, 
and Carleton Broer. A. resolution 
was prepared for presentation to 
Mrs. Godfrey Eacret, which eulo- 
gized the late Godfrey Eacret, the 
first Chairman of the Board of Gov- 
ernors of the G.I.A., for his un- 
shakable faith in the ideals of Robert 
M. Shipley and his untiring efforts 
in the development of the gemologi- 
cal movement into the national pro- 
fession which but he and a few 
others envisioned. 

Other Resolutions were adopted 
providing for a temporary organiza- 
tion for the Central Division; and 
thanking the Chicago Chapter for 
its hospitality and the untiring ef- 
forts of its officers, especially Mr. 
Juergens in ‘Making this Conclave 
an epoch in the history of our in- 
dustry.” 


Students Practicing with Diamond-Grading Equipment 


a 
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BOOK REVIEWS 


Trade Winds, by Louis Kornitzer; Pearls and Men, by Louis Kornitzer, 
published by Geoffrey Bles, Ltd., London. 


These are two quite similar books, written by a man, who, in addition 
to an intimate practical knowledge of the pearl trade, has a decided ability 
to write. In Trade Winds, he describes his early experience as a pearl 
dealer, ending with his establishment as an important buyer in the Philippine 
Islands. Of especial interest is the story of the former pearl trade of the 
Philippines—now greatly curtailed. 


In both his books, Kornitzer is fully as interested in the men whom 
he met as in the gems he handled, and his writing is full of anecdotes. This 
makes more interesting general reading, especially so in view of the author’s 
power of graphic characterization, but the gemological reader will probably 
regret that he does not stay closer to the subject of pearls. 

Pearls and Men deals with pearls in a more concentrated and effective 
manner than does Trade Winds. Especially interesting are the descriptions 
of the pearl business of Paris, and of the men connected with it. There is 
a considerable amount of information of practical value in this book as 
well. The author explains in detail] his method of improving inferior pearls 
by peeling, even describing the tools he uses. He also gives a fairly detailed 
explanation of the bases of pearl valuation. His description of methods of 
buying pearls “out of income” should furnish some excellent selling points 
for a retail jeweler handling genuine pearls. 


Pearls and Men has a chapter on the wearing of pearls by ancient 
peoples, followed by one on the use of pearls—and other gems as well—in 
“more recent times.” A chapter on “Pearls and Superstition,” dealing 
particularly with the beliefs of men connected with pearl fishing, is very 
interesting. 

At the time the first culture pearls made their appearance, the author 
was buying in the Philippine Islands, and through a friend was able to 
inspect specimens—said to have been produced off the Island of Mindanao— 
before culture pearls were generally on the market. He tells several inter- 
esting stories of the first effects of these substitutes on the pearl market. 

Both these books, Trade Winds especially so, are “adventure stories” 
very nearly as much as discussions of pearls, but the jeweler should find 
much of value in them. 
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UNUSUAL INCLUSIONS IN SYNTHETIC RUBY* 

Since the first of the year, several synthetic rubies showing very 
irregular inclusions have been received for testing at the laboratory of 
the Gemological Institute of America. Ten microphotographs, all views 
of different features in the same stone, are reproduced here. Figures 1 
and 2 especially illustrate the crystallized appearance of some of these 
inclusions. In neither of these views are any of the typical bubbles of a 
synthetic stone visible. In figures 3 to 7 inclusive, both crystalloids and a 
few bubbles are seen in the stone, and in figure 7, prominent bubbles 
are shown. 

Figures 8, 9, and 10 were taken with the stone immersed in methylene 
iodide, and, therefore, the curved striae are easily seen. However, these 
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striae were not sufficiently prominent to betray the stone’s identity without 
immersion in a highly refractive liquid. 

The difficulty of detecting this type of synthetic lies in the fact that 
only the genuine-appearing inclusions may be perceived upon a hasty 
examination. In every specimen tested so far by the G.I.A., the bubbles, 
when found, were very large and prominent. 

From the illustrations it will be immediately apparent that double 
care must be taken before stating that a ruby is genuine. Moreover, though 
these inclusions have so far been noted only in synthetic rubies, they may 
cecur in synthetic stones of other colors. 

=~ 


Fre. 7 (00x 


Fre.9 10x F76./0 10x 
DECEPTIVE USE OF CULTURED PEARLS* 


Many undrilled: cultured pearls have recently been presented to retai\ 
jewelers by customers who either intentionally or innocently offer them for 
sale or appraisal. 

In some instances they are represented to jewelers as having been 
found in oyster or clam shells in local waters. In other instances they are 
represented as coming from the Orient. The majority of these cultured 
pearls are apparently originating in cans containing a preserved pearl- 
bearing’ mollusk and a cultured pearl, which are offered for sale in adver- 
tisements which have appeared in jewelers’ and amateur mineralogists’ 
magazines. 


Also, it has been reported that café owners are placing cultured pearls 
in oysters for advertising purposes, apparently in the hope that the ensuing 
publicity will attract new customers to their premises. The majority of 
these cultured pearls are extremely inferior in quality and easily identified 
by experienced dealers. 

“~*A.G.S. Research Service 


” 
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HENRY E. BRIGGS, Ph.D. 


Always a gem should be cut so that total reflection will be taken 
advantage of, for by so doing the brilliancy of the gem is greatly increased. 
Many volumes have been written on the subject, of gem designing but often- 
times the rules given do not prove out in actual practice. The rules here 
given are not mere mathematical calculations but, are rules which have 
proven themselves during many years of Pupeuee: Thus the author is 
positive of the reliability. 

The emerald cut is not uncommon in diamonds and other gems and 
consists of twenty-five facets above and twenty-five below the girdle, 
totaling in all fifty facets including the table and culet. 

The. marquise cut at first consisted of only six main or bezel facets. 
However, this method has been dropped and now the marquise has the 
samé number of facets as the brilliant cut, the only difference being in the 
general shape or outline of the gem. The same is also true of Peat shape 
and some of the heart-shaped gems. 

In cutting colorless gems which are anisotropic, the gem should be so 
oriented that the axis of greatest index (refractive) will proceed through 
the gem in a direction intersecting the center of the table and of the culet. 
This will give the greatest brilliancy. In colored anisotropic gems (dichroic) 
the gem should be so oriented that the best color is obtained. Where the 
depth of color is desirable as in the ruby or emerald, the gem should be cut 
perpendicular to the optic axis, that is, the table should lie in that plane. 
Such minerals as tourmaline, zircon, ete., should be cut parallel to the optic 
axis, or so that advantage is taken of the dichroism of the mineral. 


The physical strength of the finished gem should also be taken into 
consideration and wherever possible the gem should be so cut as to give it 
the greatest possible strength. 

The processes used in cutting of gems are many and varied. In some 
countries gems are faceted by cementing them to the end of a small stick 
and rubbing them on a flat piece of metal charged with an abrasive, such 
as emery sand or diamond dust, depending on the hardness of the gem 
being cut. Then we go on a step further to the cutters who use a wheel 
mounted on a mandrel which is turned by means of a bow, the thong of 
which is wrapped around the mandrel. By drawing this bow back and 
forth the mandrel and wheel is rotated. Abrasive is used on the wheel to 
cut the gem. Then we have the cutter who uses foot power to turn the lap. 
Riggings of various kinds are used to convey the power applied to the pedals 
into. circular motion. 

Also we have the hand power cutting machine where the laps are 
driven with one hand while the other is used to manipulate the gem on the 
lap. However, in America practically all cutting is done with electric 
power. Abroad, also, this type of power is utilized more and more every year. 
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The gems are either cleaved or sawed to obtain the practical size and 
shape which can be readily worked by the cutter. It then goes to the 
cutter who shapes it and puts on part or all of the facets on a metallic lap 
with abrasive. The gem then is sent on to the polisher who polishes each 
individual facet. This is merely a general outline and the process will 
vary with the material being cut and the system used by the lapidary. 
The gems are held in dops while being cut and polished. The dop consists 
essentially of a brass or copper cup with a piece of rod welded to the 
bottom which serves as a handle. Mechanical dops are also used.. The 
mechanical ones hold the stones by a clamping arrangement not unlike a 
pin vise, while the ordinary dop is filled with an easily fusible metal or 
cement into which the gem is imbedded. Today automatic machinery is 
also used in diamond cutting but it is not entirely practical with some of 
the other gems which are more fragile. 

In some of the foreign countries especially in Germany and France, 
large sandstones are used for cutting agate and other soft stones. These 
stones are of tremendous size, running around four feet in diameter and 
are usually powered with a water power. The large grindstones are run 
at a speed of about 150 revolutions per minute. Streams of water are 
constantly directed on the grinding surface of the stones and often two 
men work on one wheel. This class of men is called stone grinders in Idar 
and Oberstein, Germany, where the business is highly specialized. The 
men who cut on laps and carborundum stones there are termed lapidaries 
while those who cut diamonds are called diamond cleavers, cutters, polishers, 
brillianteerers, etc. In America, however, any man who cuts gems seems 
to be termed a lapidary. Whether he is a cutter of common agates or a 
cutter of precious emeralds seems to make no difference, he is called a 
lapidary just the same. Diamond cutter seems to be the only gem cutter 
in America which goes into a class by himself. However, even here we 
do not always make a distinction. 

Weight and Sizes of Gems 

The carat is almost the universal unit for weighing precious gems 
although the gram of the metric system, and the grain and pennyweight 
of the troy system are also used. Other gems are often sold by measure 
as by the inch or millimeter. 

The carat at one time was different in the different countries but today 
it seems to be fairly well standardized. In all the principal countries of 
the world now the carat is equal to 200 milligrams or two-tenths of a gram. 
The metric carat was adopted in the United States in 1913. It is a very 
decided improvement over the old system of weighing gems. By the metric 
system a stone weighing %4 of a carat would be expressed by the decimal 
.75 Carat. Thus where in the old system where two to three fractions 
were used, by the metric system we only have the decimal which is never 
carried more than three places and usually only two. 

Diamonds are sometimes sold by the “point,” designated as a 10 pointer 
or a 40 pointer, which would mean the stones weighed .10 and .40 carat 
respectively. The point is equal to one one-hundredth of a carat, and 
expressed in a decimal as .01. 


(To be continued) 
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A GEMOLOGICAL GLOSSARY 


Jadeite (jade’ite). A gem mineral 
in the Monoclinic system. Hard- 
ness 6-7, refraction 1.66, semi- 
transparent to opaque, mostly light 
green, also green to yellowish 
white, white, and green to very 
light bluish violet. Chloromelanite 
is a variety of very dark green to 
almost black jadeite. 

Jadeolite (jade’oe-lite). A  deep- 
green chromiferous syenite cut as 
a gem-stone and resembling jade 
in appearance, from the jadeite 
mine at Bhamo, Burma. Possibly 
the same as the pseudo-jadeite. 

Jager (yae’ger; rare, ja’ger). A 
term originally applied to an espe- 
eially fine quality of diamond, 
found in the Jagersfontein Mine. 
Later, by general practice in the 
trade, Jaeger has become a term 
used to describe diamonds with a 
slightly bluish body color (as dis- 
tinguished from perfectly color- 
less diamonds) regardless of the 
locality in which such diamonds 
may have been found. 

“Japan (or Japanese) Pearls.” Cul- 
tured Pearls produced in Japa- 
nese waters. ; 

Japanese Coral. Coral from Japa- 
nese waters. Usually pink in color 
with white centers. Beads and cut 

“specimens pink, often flecked 
with white. 

Jargoon or Jargon (jar-goon’ or 
jar’gon). Colorless to grayish va- 
riety of zircon. Term is some- 
times incorrectly applied to all 
varieties of zircon. 


Jasp Agate. Intermediate between 
jasper and chalcedony with pre- 
dominate opaque jasper. 

Jaspopal (jasp-oe’pal). Jasper 
Opal. 

Jasper (jas’per). An impure chal- 
cedony quartz. Semi-translucent 
to opaque; usually red, yellow, 
brown, rarely green. A grayish 
jasper from Nunkirchen is stained 
blue and sold as “Swiss Lapis,” 
“German Lapis” or “Italian 
Lapis.” 

Jasper Opal. A greasy, opaque, yel- 
low, yellow brown, reddish brown 
to red variety of common opal, 
with a resinous luster, resembling 
jasper. The color is due to im- 
purities, principally of iron oxides. 

Jet (jet). Fossilized coal. Term 
sometimes used incorrectly for 
black glass. 

Jeweler’s Topaz. 
quartz). 


Citrine (topaz 

Jewels. Gems set or mounted. 
Strictly speaking, the term is in- 
correct when used for unset gems. 

Jig. A sieve shaken vertically in 
water to separate gem gravel 
from worthless material. Also, a 
pulsator. 

Jigging. The using of either a jig or 
a pulsator. 

Joaillerie. The French term for 
jewels, separate and distinct from 
the term bijouterie, which refers 
to jewelry containing no gems. 
See also Bijouterie. 

Job’s Tears (jobe). Local name for 
peridot from Arizona and New 
Mexico. 


96 GEMS & GEMOLOGY 


Jolly Balance (jol’i; prop., yole’e). 
A spiral spring balance especially 
adaptable to rapid determination 
of specific gravity of medium to 
large-sized specimens of cut and 
rough gem material. 

Karat (kar’at). Originally a unit 
of weight, now replaced by carat. 
Karat, now refers to the propor- 
tion of pure gold in an alloy. Pure 
gold is 24 karat; 10 karat gold is 
10/24 or 413%2% pure gold, ete. 
See also Carat. 

Kashmir '§ (kash’mere or _ kash’”- 
mere’). Same as Cashmere. 

Kauri Gum (kow’ri). A substitute 
for Amber. See Dammar Resin. 

Keystone (kee’-stone). A style of 
cutting in the shape of the con- 
ventional keystone. 

Keystoneite. Blue chrysocolla or 
chalcedony colored by copper sili- 
cate. 

“Kidney Stone.” Nephrite. 

“Killiecrankie Diamond” (kil’i- 
kran’ki). Colorless topaz from 
Tasmania. ; 

Kimberlite (kim’ber-lite). Mineral- 
ogical name for the serpentine 
breccia, more usually called “blue 
ground,” which is the diamond- 
bearing rock of the South African 
“pipes.” 

“King Topaz.” Clear, transparent 
orange, yellow, or brown corun- 
dum. 

King’s Coral. Black Coral formerly 
abundant, in Persian Gulf and on 
Great Barrier Reef of Australia. 
Not used in Occident. 

Kinradite. Local trade-name for a 
spherulitic jasper-like quartz from 
California. 

Kite. A style of cutting for gems. 

Knife-edge. The girdle of a diamond 
cut to a sharp edge. 

Knots. In diamonds. Apparently in- 
cluded crystals of smaller dia- 


monds partly protruding through 
surface; troublesome to the cutter. 

Kopje (kop’i). A small hill in South 
Africa. 

“Korean Jade” (koe-ree’an). Artifi- 
cially colored soapstone or other 
mineral, which may fade. Also, 
various impure jades; also, green 
glass imitations of jade. 

Kunzite (koontz’ite). Pink or lilac 
spodumene. (Named for George 
F. Kunz, American gem expert.) 

Kyanite (kye’a-nite). Same as cyan- 
ite. 

Labrador Feldspar (lab”’ra-dore’ or 
lab’ra-dor). Labradorite. 

Labrador spar. Labradorite. 

Labrador Stone. Labradorite. 

Labradorescence (lab’ ra-doe-res’- 
ens). The phenomenon notably 
possessed by labradorite, of show- 
ing a solid change of color when 
turned about in the light. 

Labradorite (lab”ra-dore’ite or lab’- 
ra-dor“ite). One of the species of 
the Feldspar group. As a trade 
term, “Labradorite” refers only to 
the varieties of this species which 
show labradorescence. 


“Lake George Diamond.” Clear 
quartz crystal from Herkimer, 
New York. 


Lake Superior Greenstone. Chloras- 
trolite. 

Lamellae (la-mel’ee). Thin plates or 
layers; laminae. 

Lamellar (la-mel’ar or lam/’e-lar). 
Consisting of laminae; or tabular. 

Laminae (lam/‘i-nee). Thin plates 
or layers, usually, but not always, 
of repeated or polysynthetic twin- 
ning. See Repeated Twinning. 

Laminated (lam’i-nate’ed). Consist- 
ing of plates or layers. 

Landerite. Pink grossularite from 
Xalostoe, Morelos, Mexico. Also 
called rosolite and Xalostocite. 


(To be continued) 
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* “MOONSTONE” AND “DYED OPALS” 


Recently a number of transparent colored cabochons have appeared in 
the market under the name of “dyed opal.” Several of these have been 
tested in the G.I.A. laboratory and all have been found to be glass. Also 
colorless transparent cabochons with milky sheen very closely resembling 
true moonstone, and sold as such, or as “opal,” have been tested in the 
G.1.A. laboratory and have been found to be either a good quality of glass 
or of milky quartz. Gemologists are advised to test any stones represented 
as colorless or dyed opals, or as moonstone before purchasing or selling them. 


SEAL SAPPHIRE 


In our issue of January, 1934, we asked for information on a series 
of trade names, one of which was Seal Sapphire. Reliable information as to 
the true nature of this stone has finally been received from several sources. 
Two interpretations of the term have been given. The first is that it is the 
usual blue sapphire, cut with a large, flat top which may be carved with 
a seal, or the same cutting with the seal already carved. This is apparently 
the usual American trade interpretation of Seal Sapphire. In the Orient, 
the term probably refers more often to a brown corundum which is trans- 
lucent because of silky inclusions and somewhat resembles the color and 
sheen of seal fur. 


BLACK STAR SAPPHIRES 


A few grey star sapphires so dark in tone as to be added to the classi- 
fication of gem corundum as black star sapphires have recently appeared 
in the market. 


IMPORTANT GIFT TO INSTITUTE 


In the nature of a memorial tribute to Godfrey Eacret, and to further 
the work of the Institute, of which he was the first chairman, the Retail 
Jewelers Research Group recently made a gift of $250.00 to the Gemo- 
logical Institute in appreciation of its constructive results to the trade. 


List of members of the Precious Stone Dealers Association contributing 
stones to the Gemological Institute of America for research purposes. 

C. Frederick Loch, 48 West 48th Street. 

Dreher Bros. & Wider, 48 West 48th St. 

A. Mastaloni, 17 John Street. 

Edward Starke, 65 Nassau Street. 

Wm. V. Schmidt, Co., 22 West 48th Street. 

James A. Drilling, 87 Nassau Street. 

Sol Gordon, 68 Nassau Street. 

Belgard & Frank, 31 West 47th Street. 


— 
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Gem-Stone Identification by 
Emission Spectroscopy 


DAVID H. HOWELL 
Certified Gemologist, Claremont, Calif. 


A few months ago a red gem-stone 
was presented to the G.I.A. labora- 
tory for identification. The usual 
gemological tests, including the ob- 
servation of absorption bands using 
a Gaertner spectrometer, gave re- 
sults which were not entirely satis- 
factory for positively identifying 
the specimen.. The stone had a 
density and a refractive index which 
could be a value for either garnet 
or spinel. X-ray spectrograms 
made at the California Institute of 
Technology, through the courtesy of 
Dr. L. Pauling, gave lattice values 
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Figure 1 


Shipley, Jr., communicated with me 
suggesting a method which was 
thought possible and together we 
tested the procedure. The results 
were quite satisfactory. Subse- 
quently the method was extended to 
the separation and identification of 
certain mineral specimens which 
could be confused when using only 
the simple gemological tests’. 
Briefly, the method is the spectro- 
graphical recording of the emission 
spectra employing a minute sample 
of the gem-stone in question. The 
results show the principal chemical 
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B—Boron; Mg—Magnesium; Si—Silicon 


of spinel. .Inasmuch as X-ray 
spectrograms are quite expensive, 
the G.I.A. wished to find a method 
less costly, yet positive. Robt. 


1A full account of the specimens examined, 
technique employed and the results obtained 
in this series of experiments is appearing 
soon in the American Mineralogist under the 
title, “Identification of Certain Gem-stone 
Materials by the Emission Spectra.” 
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elements present in the specimen 
examined and thus the chemical 
composition is obtainable. 

In the initial experiment cut and 
polished specimens of the spinels, 
one garnet and a stone which had 
given unsatisfactory physical and 
optical data for conclusive iden- 
tification were examined spectro- 
graphically. A corundum hardness 
point was applied to a back facet of 
each of these specimens and the ma- 
terial removed, by a few strokes of 
the “point”= was loaded directly 
upon the spectrographic electrodes. 
Each sample was ignited in the are 
and the emission spectra produced 
was photographed in the ultra-violet 
region. The two known spinels gave 
the typical spectral lines due to the 
elements magnesium and aluminum 
while the garnet gave these lines 
plus those of manganese, iron and 
silicon. The spectrum of the ques- 
tionable gem-stone was’ similar to 
the spectra of the two known spinels 
and thus indicated the chemical com- 
position of spinel. These results 
likewise agree with the X-ray data. 

Extension of this initial experi- 
ment, employing the same general 
technique, was carried on with speci- 
mens of jadeite, nephrite, epidote 
and sillimanite comprising one 
group and specimens of tourmaline 
and andalusite making up the sec- 
ond. Again the results were quite 
conclusive in identifying each min- 
eral species which might be confused 
and. difficult to identify by simpler 
gemological tests alone. The ac- 
companying illustration shows por- 
tions of the spectra produced by 
tourmaline and andalusite (Figure 
1); jadeite and nephrite (Figure 2). 
Tourmaline is readily: identified by 
the strength of the boron lines at 
2496.77 A and 2497.73 A, being a 
boro-aluminum silicate while these 


same lines are decidedly weaker in 
the case of andalusite and indicates 
that boron is present only as a trace. 
Similarly the relative intensities of 
the magnesium lines, in Figure 2, 
jadeite and nephrite, are markedly 
different. In the spectrum of neph- 
rite the characteristic group of five 
magnesium lines between 2777 A 
and 27838 A appear showing a rela- 
tively large amount of magnesium 
to be present. The amount is suf- 
ficient that magnesium can _ be 
considered an integral part of the 
mineral. Spectrograms made of the 


same material in the visible region: 


confirm the identification for in this 
portion of the spectrum the sensitive 
sodium and calcium lines appear. 
Intense sodium lines are character- 
istic of jadeite, a sodium aluminum 
silicate, while calcium and mag- 
nesium are indicative of nephrite. 
It is found possible to separate and 
identify jadeite, nephrite and other 
minerals sometimes confused with 
them by comparison of the alumi- 
num, magnesium, silicon and iron 
contents of each whereby ratios can 
be established which are character- 
istic of each species. 

In conclusion, this methed has 
been shown to be applicable in fur- 
thering a positive identification of 
cut and polished gem-stones or orna- 
mental stones which may be rather 
difficult to identify. and which may 
thus require chemical] analysis. The 
minute amount of material em- 
ployed, yet giving satisfactory re- 
sults, is. indeed small, being not 
more than 0.2 mg. The results may 
be quantitatively as well as qualita- 
tively interpreted. Work is now in 
progress employing this method to 
study of certain species and their 
sub-groups, as for example the gar- 
nets and feldspars. 


SUMMER, 1937 101 


A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


HENRY E. BRIGGS, Ph.D. 


The metric gram is equal to .03527 of an avoirdupois ounce. One 
gram would also be equal to five carats. Some of the foreign countries 
sell gems by the pennyweight and gold is almost always sold by the 
pennyweight. 

Pearls and a few other gems are sold by the grain. Where this word 
is used in connection with diamonds it shows the fraction of the carat. A 
carat is about equal to four grains; thus a “one grainer” would be a quarter 
carat, a “two grainer” a half carat, ete. 

Very cheap gems, in cabochons especially, are usually sold by the size 
in inches or millimeters. This is a common practice both in America and 
in Europe. 


VALUATION OF GEMS 


Gems are often an article of commerce which is difficult to value fairly. 
Gems, like humans, are all different. Some may be of the same kind, they 
may even look so nearly alike that the unaided eye cannot tell them apart, 
and yet each gem has its own peculiarities. So to say each gem has a 
character and personality all its own and which is not found exactly dupli- 
cated in any other gem. Any student who makes an intensive study of 
gems will find this to be a fact, and it will be brought home more keenly 
to the man who is called upon to value gems. The opal is a fine example 
of this point, although the quality is shared to a greater or lesser degree 
by all gems. Of the many thousands, even millions, of cut opals existing 
in the world, there cannot be two stones found which are exactly alike in 
every way. This difference may not be evident to the amateur, yet to the 
experienced gemologist there exists that difference which gives a certain 
individuality to all gems. 

The word “perfect” is used today with such carelessness that it is 
indeed marvelous that we still know the meaning of the word. As far as 
gems are concerned there are none which are perfect. Indeed it is said 
“There is no perfection under the sun.” This, it seems, will hold true as 
far as the gems are concerned also, despite the many, many thousands of 
gems sold as perfect. It is true indeed that many gems are so nearly perfect 
that it is difficult to see their imperfections. Yet they are there and can 
be very plainly viewed with the aid of the proper optical instruments. The 
perfection of commerce is no doubt a quality bordering on perfection, or, 
putting it another way, we would say as perfect as seem to exist. How- 
ever, in the true sense of the word such a thing does not. exist in gems. 
A gem to even border on perfection must be free from all internal flaws, 
bubbles, inclusions or opacities even when viewed through an eye loupe 
of the ordinary strength used for such examinations (about one inch focus). 
The color, whatever it be, must be evenly distributed. The cut must be 
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optically perfect and correct and, as well, it must be perfect in symmetry. 
The polish must be such that no grain marks are visible even when the eye 
is aided with the loupe mentioned. And all these qualities will only consti- 
tute a gem of “near perfection.” 

The matter of color is another factor which will enter into the valua- 
tion of a gem to a very great extent. In certain gems one color may be in 
demand, and in the event the supply is limited, as is usually the case with 
fine gems of any kind, then the price may soar high. Then a change of 
fashion and public favor may place this color in the cheap class again 
and select some other which will be sent to dizzy heights in price. Thus 
it is impossible for the author to give any tables of color or comparative 
prices, for the prices of most all gems are affected by the whims of fashion 
and also by the inflexible rule of supply and demand. An example of supply 
and demand is clearly seen in the alexandrite (green chrysoberyl). A few 
years ago it, could be bought for a very nominal price, and today it commands 
ten times what it did in 1892. Just forty years, yet the stone has climbed 
from a comparatively cheap stone to one which will command a good price 
if it be of fine quality. 


Size is another factor which is very important. in the valuation of gems. 
Considering that gems be of equal quality, and a one-carat stone will cost 
$20, then a two-carat stone of the same kind and quality would cost from 
$50 to $80, depending. In some gems which are less in demand and in 
which larger sizes are more plentiful, the increase in the value per carat 
is less with the increase in weight, than it is in gems where large sizes are 
in good demand and where they are not readily obtainable. Thus, in garnet, 
we would find that a large stone would not be so much higher in the cost 
per carat for a six-carat stone than it would be in a two-carat stone. Yet 
in the pearl we will find that the weight is usually squared and then figured 
on the base price. Thus we will assume that a one-grain pearl is offered 
at $2, then a four-grain pearl would be worth $32. Here we have a tre- 
mendous increase in price with very little increase in weight. Again it is 
difficult to give any table which would serve for any length of time to use 
as a standard. An example of the changing supply is clearly seen in the 
case of zircons of large size. A few years back zircons were quite rare in 
large, fine stones and thus the large stones commanded a very good price 
(if fine colorless or of fine color). Today the larger stones in very good 
color are readily obtainable and the price is moderate. In the matter of size, 
however, it must not be forgotten that a large, imperfect stone is often 
of less value than a fine quality stone of much smaller size. In fact, in the 
valuation of gems one must consider all points affecting the value, and so to 
say “balance up” before any real valuation can be placed upon a gem. A 
gem may be, so to say, perfect, and yet if it is not in popular demand and 
is to be had in plenty then the value must necessarily be low. On the other 
hand, a gem may not be in demand but yet be so exceedingly scarce as to 
have a great value even though it is not in demand. The value of such 
gems, then, cannot be readily established, for there is no market by which 
to judge, but the value must be a matter to be settled between the buyer 


and seller. (To be continued) 
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The twelve magnificent gems fashioned from the rough 
Jonker are shown here in actual size. See next page for story. 
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The Jonker Diamond 


For actual-size photographs of the gems cut from the Jonker, see page 103. 


Almost two years since it was found (in January, 1934) the cutting of 
the 726-carat Jonker into 12 magnificent stones has been completed. The 
rough diamond was found on the claim of Jacobus Jonker, a 62-year-old 
miner, who before its discovery had earned little more than a living .wage 
from his claims. The stone was bought from Jonker for a reputed price of 
approximately $315,000 and later was sold to Harry Winston, New York 
diamond merchant. 


Winston entrusted the cutting of the stone to Lazare Kaplan, a New 
York diamond cutter, who is from a family of Antwerp, Belgium, diamond 
cutters. Kaplan produced 11 step-cut stones and one marquise-shaped stone, 
with a total weight of 370.87 carats. 355.13 carats of the original 726 were 
reduced to powder during the fashioning processes. The weights of the stones 
follow: No. 1, 142. 90; No. 2, 40.46; No. 8, 35.45; No. 4, 30.84; No. 5, 25.66; 
No. 6, 24.91; No. 7, 19.76; No. 8, 15.77; No. 9, 18.55; No. 10, 11.43; No. 11, 
5.70; No. 12, 5.80. Seven of these-gems are now reported to have been sold. 
The Jonker No. 2, a 40.46-carat, gem, is said by representatives of Harry 
Winston to have been sold to an unnamed purchaser in Paris. Jonker 
stones No. 5 (25.66 cts.), No. 7 (19.76 cts.), No. 11 (5.70 cts.), and No. 12 
(5.80 cts.) are said to have been sold to the young Maharajah of Indore, three 
of them through Brock & Co.. of Los Angeles. The purchaser of the 24.91- 
earat Jonker likewise has not been named. The 11.43-carat stone was pur- 
chased by Marcus & Co., New York jewelers. 


The No. 1 Jonker is probably not the third largest diamond to have 
been cut, as has been stated in some American trade journals. Schlossmacher* 
lists large diamonds from which were cut six finished gems larger than 
the 142.90 earats of the Jonker No. 1. These are: (1) The Cullinan I; the 
530.20-carat pendeloque which is in the scepter of the King of England; 
(2) The Cullinan II, a 317.40-carat step-cut which is in the State Crown 
of the King of England; (3) The Red Cross, a stone found in Africa in 
1917 and from which a 250-carat finished stone is said to have been cut; 
(4) The Jubilee, a cut gem of 245.35 carats; (5) The DeBeers, with a cut 
stone reputed to be 234.5 carats; and (6) The Victoria, with a reputed 
184.5 earats. Of the last four stones first, mentioned, no definite information 
is available today, although the Victoria is said to have been purchased by 
the Nizam of Hyderabad, and the DeBeers also is said to have been bought 
by another, unspecified, Indian Prince. 


The stones cut from the Jonker are fine examples of the diamond cutter’s 
art, having very nearly ideal proportions and exhibiting a beautiful, truly 
blue-white color. Indeed few diamonds of any size equal them in color. 


1Bauer’s Edelsteinekunde, revised by Prof. Dr. Kari Schlossmacher. 
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BOOK REVIEWS 


Jade Lore, by John Goette. Published by Kelly & Walsh, Ltd. Shanghai, 
1936. 

In his bibliography, the author states that he has attempted to con- 
tinue the study of jade where the famous Dr. Barthold Laufer, author of 
the monumental Jade, which appeared in 1912, left off. Dr. Laufer’s Jade 
is a very thoroughgoing text, but it applies particularly to students of 
archeology and religion, whereas the work of Mr. Goette is more general 
in its scope. 

Jade Lore is a book of 321 pages full of valuable information. The 
book is profusely illustrated with reproductions of photographs of all kinds 
of worked jade. The frontispiece is a color plate, titled “A Partial Jade 
Spectrum,” of 35 colors. These include several of the red-browns (“rust 
reds”) sometimes seen in true jade, but do not show the bright reds which 
many authors—and dealers as well—claim to be true jade. 

The author tells the history of the evolution of jade objects em their 
first applications such as axes and hammers, and continues down through 
the use of jade for musical instruments and ceremonial objects, to the purely 
ornamental purposes such as in jade mountains. These mountains are great 
masses of jade, weighing several tons, and beautifully carved in allegorical 
studies. Among more recent practical uses of jade listed are the well-known 
jade bowls and snuff boxes, vases, fans, and even protectors for the long 
finger nails of the high-class Chinese of a few decades ago. 


The symbolism (meanings) of the most important. jade carvings is 
covered in a fairly comprehensible manner, furnishing a record which we 
have often wished to secure. An interesting comment in this chapter is the 
author’s opinion that the much-used dragon of China probably was derived 
from the crocodile. Many of the carvings are in the nature of puns. The 
Chinese word “Fu,” for instance, means both the bat and happiness; there- 
fore, a carved bat symbolizes happiness. The great importance of jade in 
Chinese life and customs and even the tremendous influence of the character 
Yu (which means jade) as a root of much of the language is fully described. 

It is supposed that some five thousand years ago nephrite jade was found 
in what is now the Kansu Province of China; but no jade source is now 
known in Kansu or any neighboring province. For some two thousand years, 
it is definitely known that nephrite was obtained from Chinese Turkestan. 
Jadeite, however, is comparatively new to the Chinese, having been imported 
from Burma in quantities for perhaps less than two hundred years. 

A very complete bibliography and an unusually accurate index complete 
Jade Lore, making it both a valuable text for reference by the gemologists 
interested in jade and an extremely fascinating book for general reading. 
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A GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


Landscape Agate. White or gray 
chalcedony with inclusions of man- 
ganese oxide irregularly arranged 
and bearing fanciful resemblance 
to a landscape. 

Lap..Cutting or polishing wheel used 
by the lapidary or diamond cutter. 
See also Skief. 

Lapidary (lap’i-dae-ri). 
fashions colored stones. 

Lapidist (lap’i-dist). One who has a 
special knowledge of minerals and 
their preparation for use as gems 
or ornamental objects. 


One who 


Lapis (lape’is). Meaning .a stone, 
but used only in phrases. Used in 
the trade as an abbreviation for 
lapis-lazuli. 

Lapis-Lazuli (lape’is laz’ue-lye). A 
gem material composed largely of 
the mineral lazurite in the form 
of a granular crystalline aggre- 
gate. One or more of the follow- 
ing are almost invariably included 
in the aggregate: diopside, am- 
phibole, mica, calcite, pyrite. The 
most desirable color is an intense 
blue of medium to dark tone. 

Lapis Matrix. Lapis Lazuli contain- 
ing prominent patches of calcite. 

La Tausca Pearls. Trade-marked 
name for both solid and wax-filled 
imitation pearls. 

Lattice. The pattern in which atoms 
or moleeules are arranged in a 
erystal structure. 

Lava (la’va). An igneous rock which 
has solidified on the surface of 
the earth. 

Lazulite (laz’ue-lite). A translucent 
to opaque, light to dark blue min- 
eral. Deeper colored varieties re- 


semble lapis-lazuli and are some- 
times called ‘False Lapis.” Lighter. 
color specimens more nearly ap- 
proximate turquoise in appear- 
ance. R.I. 1.62; 8.G. 3.1; Hard- 
ness 5-6, 

Lazurite (laz’ue-rite). A mineral; 
the principal constituent of lapis- 
lazuli. lLazurite itself contains 
molecules or grains of hatynite, 
ultramarine, and sodalite. 

Lead Glass. Any glass which con- 
tains a large proportion of lead 
oxide; the inclusion of this oxide 
raises the refractive index and dis- 
persive power over that of ordi- 
nary glass. The lead glass most 
often used for gem imitation is 
flint (or Strass) glass, with R.I. 
around 1.61 and 8.G. around 3.4. 

Leakage. The escape of light from 
an optically denser substance (as 
a gem) into air; opposed to total 
reflection. See also total reflection. 

Lechosos Opal (la’choe”sis). Accord- 
ing to strictest definition, a color- 
less opal showing green play of 
color. Also any colorless or fire 
opal with green, dark blue, dark 
violet, or purple play. of color. 

Lennilite (len’i-lite). Greenish feld- 
spar. 

Lentil (len’til). A form of cabochon 
cutting, approximately symmetri- 
cal about the girdle plane, with 
comparatively thin top and base. 
This style is used especially for 
fashioning opal. 

Lenticular (len-tik’ue-lar). Lens- 
shaped; of tabular form, thick at 
the middle, and thinning toward 
the edges. 

Lepidolite (lep’i-doe-lite). A mineral. 
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Leptology (lep-tol’oe-ji). The science 
of the fine or crystal structure of 
substances. See also Crystal Struc- 
ture. 


Leuco-Sapphire (lue’eco). Colorless 
Sapphire. 
Light Brown Diamonds. A trade 


grade usually placed between 
crystals and top capes. Shows a 
very light brownish tinge rather 
than the yellowish tinge commonly 
associated with top capes. 

Light Yellows. One of the less de- 


siderable color grades of dia- 
monds: Between cape and yellow 
qualities. 

Limestone. A rock composed chiefly 


of. calcium carbonate (calcite). 
See also Marble. 

Limonite (lye’moe-nite). 
tant ore of iron. 

Limpid, Limpidity (lim’pid, lim-pid’i- 
ti). Referstorelative transparency, 
especially of diamonds. The trans- 
parency of absolutely pure water 
is usually taken as a standard, 
hence the formerly-used terms 
“first water,” ete. 

Lingah. Oriental pearl from the 
Persian Gulf. May also refer to 
pearl shell. 

Liroconite (lye-rok’oe-nite). A trans- 
lucent to opaque blue to green 
mineral rarely used as an orna- 
mental stone. R.I. 1.65; S.G. 2.9; 
Hardness 2-2%. 

“Lithia Amethyst” (lith‘i-a). Light 
purple to violet spodumene. (kun- 
zite.) 

“Lithia Emerald.’ Green spodumene. 
Properly called hiddenite. 

Lithomancy (lith’oe-man”si). Divin- 
ation by minerals or gems. 

Lithoxyle or lithoxyl (li-thok’sil). 
Wood silicified by opal, showing 
woody structure. 

Lithoxylite (li-thok’sil-ite). Opalized 
Wood. 


An impor- 


Liver Opal (Menilite). Brown or 
dull gray, opaque, banded, or con- 
cretionary variety of common 
opal. 

Lode-Stone. Magnetite. 

Loop. See Loupe. 

Loss of Color. Becoming lighter or 
darker in tone, as when blue be- 
comes darker when observed under 
artificial light. (Either change in 
tone results in lowered intensity 
of a hue, hence the “loss’”’). 

Loupe (also loop, loup, lupe). (From 
the German lupe, a magnifying 
glass) any small magnifier for use 
in the hand or mounted in a cup 
to be held in the eye-socket. 

Love Arrows. Sagenite (quartz). 

“Love Stone.” Aventurine quartz. 

Lower Girdle Facets. The triangu- 
lar facets adjoining the girdle on 
the pavilion of a brilliant cut 
gem. 

Lozenge (loz’enj). A style of cutting. 

Lucky Stone. Fairy stone (stauro- 
lite). 

Lumpy. Refers to a diamond (rarely 
to another gem) cut with too great 
depth in proportion to its width. 

Lumpy Girdle. A too-thick girdle. 

Lunaris (lue-na’res). Roman name 
for moon-stone. 

Luster. The appearance of a surface 
in reflected light. It depends prin- 
cipally upon the relative smooth- 
ness (texture) of the surface and 
upon the refractive index, which 
governs the amount of light re- 
flected. The body appearance of 
a gem may also have some effect 
upon its luster, as the fibrous body 
appearance of tiger-eye causes 
even a plane-polished specimen to 
have a somewhat silky cast. 

Lydian stone (lid’i-an).. See Basa- 
nite. 

Lynx-eye (links). Green labradorite 
(feldspar). 


(To be continued) 
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Gauges for Diamond 
Proportions 


In connection with the term 
“measurement,” the average per- 
son’s thought is of a simple ruler 
which is laid’ against an object to 
be measured, and read directly. 
This, of course, is. the simplest 
method of measurement and is the 
basis of all. However, for calibrat- 
ing the proportions of a diamond in 
order to judge whether or not it is 
cut in such a manner as to give the 
maximum brilliancy and dispersion, 
it is not possible to use a simple 
ruler. Because the distances are so 
very small and because their exact 
relation to one another is extremely 
important, some device which very 
greatly improves over the accuracy 
of the simple ruler must be used. 
In order that the efficiency of the 
cutting of a diamond may be ecalcu- 
lated to best advantage, four meas- 
urements on the stone must be made. 
These are: (1) table diameter, (2) 
girdle diameter, (3) depth of crown 
(top), and (4) depth of base 
(pavilion). The last two measure- 
ments (8 and 4) total to give the 
depth of the stone from table to 
culet. All of these obviously are too 
small to be measured by the usual 
“vyard-stick” method unless an ex- 
tremely large stone is under con- 
sideration. Because the jeweler’s 
stock usually consists of diamonds 
which average a carat or less, dis- 
tances on the order of thousandths 
of an inch are quite important. 

Several different instruments are 
manufactured for the accurate meas- 
urement of small distances. For cali- 
bration of diamonds it is preferable 
to be able to measure in millimeters 
rather than in fractions of an inch. 
Careful calibration of a diamond 


should require a gauge which will 
measure 1/100 of a millimeter, equal 
approximately to 1/2500 of an inch. 
Accurate measurements may be 
made by several types of instru- 
ment, the simplest of which is prob- 
ably a millimeter caliper such as is 


Starrett Vernier Calipers 
Figure 1 


illustrated in Figure No. 1. This 
caliper reads millimeters directly, 
and by means of the Vernier, tenths 
of a millimeter; and in some types 
of this instrument, twentieths of a 
millimeter may be read. With the 
simple Vernier attachment on a slid- 
ing rule, a twentieth of a millimeter 
is about the smallest unit which can 
be accurately measured. 

The reading of a Vernier gauge is 
simple once its operation is learned. 
The sliding portion of the gauge is 
divided into 10 equal units whose 
total is 9 of the units on the fixed 
scale. By observing which of the 
lines on the sliding bar exactly cor- 
responds with one of the lines -on 
the fixed scale, tenths of a millimeter 
can be measured with accuracy. 

The next most accurate type of 
measuring gauge is perhaps the so- 
called compass calipers, which are 
represented by the Moe Gauge (Fig- 
ure No. 2). Because the scale arms 
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are much longer than the arms com- 
posing the measuring jaws, the read- 
ings on the scale are more accurate 
than is possible with the simpler 
type of sliding micrometer described 
above. When a Vernier attachment 
is added to the scale of a compass 
caliper, still greater accuracy is ob- 
tained and fairly reliable measure- 
ments to 1/100 of a millimeter are 
possible. ; 


{ 
Sore } 


Moe Gauge 
Figure 2 


The most accurate type of mi- 
crometer caliper suitable for use 
with diamonds is the screw mi- 
crometer, as is illustrated in Figure 
No. 3. By means of this instrument, 
accurate measurements to 1/100 of a 
millimeter are easily made between 
any two points which the jaws of the 
caliper can encompass. 

Still a third type of accurate read- 
ing gauge is the dial type such as is 
illustrated in Figure No. 4. The finer 
dial micrometer also will read to 
1/100 of a millimeter, though it 
tends to be less aecurate than the 
screw micrometer; the usual dial 
micrometer such as is used in the 
jewelry trade will read only tenths 
of a millimeter. 

The great objection to all of the 
above measuring devices is that, 
although they will measure 1/100 
of a millimeter, they must make a 
contact across a stone (on two 
opposite surfaces) in order to meas- 
ure accurately. They will, there- 
fore, read the girdle diameter and 
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the total depth of a diamond with 
great accuracy. But with them, 
the table diameter can only be esti- 
mated, and the depth of the crown 
and the depth of the base cannot be 
measured at all. 

If the table diameter can be meas- 
ured with fair accuracy and the 
angles of the bezel and pavilion 
facets can be read, the proportions 
can be secured fairly closely. These 
angles can be measured to approxi- 
mate values with a contact gonio- 
meter (angle measurer) if the dia- 
mond is a large one. However, on 
any stone smaller than a carat, the 
contact goniometer is quite difficult 
to use. An optical or reflecting 
goniometer will measure these angles 
with great accuracy, but, it is a com- 
plicated instrument to use and an 
unnecessarily great amount of time 
is spent in securing each angle. 
Even after the angles are secured 
it is necessary to make trigonometric 


Starrett Screw Micrometer 
Calipers 


Figure 3 


calculations in order to secure the 
linear dimensions of the base and 
crown. : 

The ideal type of instrument for 
measuring the proportions of dia- 
monds is probably the optical mi- 
crometer. This instrument furnishes 
a magnified image of the surface to 
be measured and superimposed on 
this image gives the image of a scale 
which reads directly in some known 
unit as, for instance, in hundredths 


f 
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of a millimeter. The objection to 
the simpler form of optical microme- 
ter is that its accuracy is less even 
than that of the dial type microme- 
ter, though it can be relied upon to 
read accurately to about 1/20 of a 
millimeter. By means of the optical 
micrometer measurements, even in- 
cluding the width of the table, the 
height, of the crown, and the depth 
of the pavilion (base) of a diamond 
can be obtained and from these 
approximate figures, the proportions 
ean be secured with considerable 
accuracy. For still greater accuracy 
a screw type of micrometer can be 
used to check the values obtained 
for total depth and girdle diameter 
of the stone by the optical mi- 
crometer. 

The accuracy of the optical mi- 
crometer can be increased very 
greatly by the use of filar microme- 
ter eyepieces. This eyepiece has a 
fixed hair mounted in it and parallel 
to this is a movable hair which is 
shifted very accurately, over the 
smallest distances, by a micrometer 


The New A.D. Leveridge Gauge 
Figure 4 


screw which is attached outside the 
eyepiece. By means of moving the 
two hairs until they exactly cor- 
respond with the two points the 
distance between which is to be 
measured, and then reading the mi- 
crometer screw, distances as small 
as even 1/100,000 of an inch can be 
measured. However, the filar mi- 
crometer is very expensive and gives 
great, efficiency only when used with 
the eyepiece of a fine microscope. 
Therefore, it is not practical for the 
ordinary measurement of diamonds. 


CELLULOID EYE LOUPES 


In stocks which seem recently to have been imported from France, a 
number of low-powered eye loupes with celluloid cases have appeared. 
Celluloid is inflammable almost. to the point of being explosive. The use of 
such a loupe is extremely dangerous if flame or unusual heat is near. We 
recommend that anyone using such a low-powered lens, in a composition 
case, test this to be sure it is not celluloid. One Los Angeles repairman was 
seriously burned when the case of his loupe exploded. 
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New Diamond Grading 


Equipment! 


Jewelers, especially those trained 
in Gemology, have long wanted some 
device affording critical examination 
of the inclusions—that is imperfec- 
tions—in diamonds. Such an instru- 
ment required two features: First, 
a built-in illuminating and magnify- 
ing unit which overcame the difficul- 
ties of illuminat- 
ing and observing 
the diamond in- 
clusions, - includ- 
ing the elimina- 
tion of surface 
reflection on the 
facets; and _ sec- 
ond, a_ set-up 
which would hold 
a diamond §sta- 
tionary so that it 
eould be viewed 
more critically 
and conveniently 
under magnifica- 
tion either by the 
jeweler or (if he 
so desired) by his 
customer.* 

After almost 
five years of re- 
search and prac- 
tical experiment, a new illuminating 
device has been perfected in the lab- 
oratory of the Gemological Institute 
of America. During the period of 
experimentation, many known. illu- 
minating principles were tried and 


tA.G.S. Research Service. 


*A development which occurred independ- 
ent of the gemological movement was that 
of the showing of diamonds to customers 
{under binocular microscopes) by an increas- 
ing number of retailers during the last five 
years. Special features to meet this demand 
have been incorporated in instruments de- 
scribed here. 


FIGURE 1 


Diamondscope with Bausch and Lomb 
with Drum Nosepiece. 


a few quite radically new ones were 
developed. As work progressed, and 
the experimental instruments came 
nearer to achieving the desired re- 
sult, it became evident that the dark 
field principle, which was brought to 
perfection sometime in the 19th cen- 
tury, was the most successful. The 
reasons for its su- 
periority to other 
methods is ex- 
plained below. 
Even after the 
dark field prin- 
ciple was decided 
upon, five differ- 
ent actual work- 
ing models apply- 
ing this principle 
were made, and 
each thoroughly 
tested in practi- 
cal work. Those 
students of the 
Gemological  In- 
stitute of Amer- 
ica and American 
Gem Society who 
attended the Chi- 
cago Conclave in 
May, 1987, will 
remember the experimental design 
(No. 5) of the illuminator which was 
exhibited. For those who did not see 
it, it embodied the same system of 
illumination which now appears in 
the final model, but the working 
parts were enclosed in a sheet metal 
ease much too large and awkward 
to be really practical in a jewelry 
store. After receiving criticisms 
from experienced jewelers both at 
the Chicago Conclave and at the 
many points which Robert M. Ship- 


ley, Pesident of the Gemological 
“Institute of America, visited during 
his trip in the spring of 1937, four 
months were spent in redesigning 
the exterior of the illuminator, the 
final result: being the unit which is 
illustrated on these pages. This is 
the final model of the instrument. 
In order to better understand the 
reason for the effectiveness of this 
illuminating device some understand- 
ing of the true nature of the char- 
acteristic inclusions in diamond is 
essential. By far the greatest pro- 
portion of diamond inclusions are 
either white or colorless. However, 
a considerable proportion of these 
look dark, and, therefore, are often 
called carbon or carbon pin points 
incorrectly, because by the usual 
methods of illuminating a diamond 
for study with an eye or hand loupe, 
they are made to stand out in con- 
trast with the brightly-lighted body 
of the stone. As the light is trans- 
mitted through the stone, some of it 
is absorbed or deflected by these in- 
clusions, causing them to appear as 
dark or even black spots against the 
white or lighted body of the stone. 
However, as the result of actual 
study of many stones, it has been 
proved by the Research Department 
of the Gemological Institute of 
America that of the stones sold in 
the United States, surprisingly few 
contain opaque black inclusions 
which might strictly be defined as 
carbon. Obviously, therefore, the 
common practice of illuminating in- 
clusions by transmitted ght does 
not provide the best contrast of very 
tiny inclusions against the back- 
ground, as it is simply an intensifi- 
cation of the comparatively slight 
contrast existing between minute 
white or colorless inclusions and the 
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colorless body of the stone. If (1) 
it were possible to light only the 
body of the stone, leaving the inclu- 
sions entirely unlighted, or (2) to 
light only the inclusions while the 
body of the stone was kept dark, a 
much greater contrast between in- 
clusions and the body of the stone 
would be afforded, and all inclusions 
would, therefore, be much more 


FIGURE 2 
Diamond Imperfection Detector, with 
G.I.A. 16% Loupe. 


easily observed. Neither of these 
effects can be produced. by trans- 
mitted light, and the first can be 
achieved by no means of which we 
know at the present time. The sec- 
ond method of illumination, that is, 
the illumination of the inclusions 
while keeping the body of the stone 
unlighted, is exactly the function of 
dark field illumination. 

In the new illuminator, by means 
of a unit, which consists basically of 
a light source, two reflectors, and a 
light stop or baffle, light is lead into 
a stone from all sides, but none 
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is transmitted or passed directly 
through the stone. Given ideal con- 
ditions and a perfectly flawless piece 
of material, all the light passes 
through the material from side to 
side, and none, therefore, reaches the 
observer whose eye is placed directly 
above the illuminated point. If, how- 
ever, there are even the most minute 
inclusions in the material, these im- 
purities reflect some of the light 
which would otherwise pass straight 
through the material, and that por- 
tion of the light which is directed 
upward reaches the eye of the ob- 
server, outlining each inclusion as a 
bright spot or area in a generally 
dark field. Thus the imperfections 
which usually require careful search 
to locate, are made immediately vis- 
ible. This is the effect which is pro- 
duced by the inclusions in a diamond 
or in-any other gem stone. As a 
matter of fact, the illuminator is not 
quite so perfectly efficient. as the 
foregoing would indicate, because 
the facets of a cut stone tend to 
redirect some unwanted light up- 
ward. However, by carefully design- 
ing the curves of both reflectors, it 
has been possible to largely avoid 
this unwanted reflection from any 
but the most poorly cut diamonds, 
and even when some such reflection 
is experienced, its detrimental effect 
is minimized by the use of a diffus- 
ing reflector which prevents direct 
bright light from confusing the ob- 
server. By means of this illuminat- 
ing system, even the tiniest imper- 
fections are readily visible. Small 
internal cleavages, usually over- 
looked but extremely undesirable, 
are quickly seen. 

The illuminating device is pro- 
vided with a changeable baffle which 
will convert the instrument to give 
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types of light other than the dark 
field 
By sliding the baffle out of its slot, 
turning it over and replacing it, a 
bright-finished or almost white metal 
surface is brought under the stone 
being observed, and the field against 
which the inclusions are seen is com- 
paratively light rather than dark. 
By removing the baffle and replacing 
it with the other end first, a trans- 
lucent glass is brought into the sys- 
tem, thus giving transmitted light. 
Transmitted light, of course, is of 
particular value for observing di- 
rectly black inclusions. when they do 
occur. ; 

By any of the above methods of 
illumination, an intense light is 
thrown into the stone, so much light 
in fact, that by comparison the ordi- 
nary surface reflections which make 
it so difficult to see within the stone 
are practically eliminated. 

The illuminating device consists, 
in brief, of two castings, two spun 
reflectors, the baffle assembly, a six- 
volt lamp, and either a resistance 
eoil or transformer for stepping 
down light current to the necessary 
six volts. 
houses the reflectors and baffle as- 
sembly, is of aluminum, while the 
bottom foot of the instrument is of 
brass. This combination adds to the 
stability of the instrument, by con- 
centrating the weight in the base. 
The two reflectors are joined by 
means of a bolt and hand nut, per- 
mitting tilting of the instrument, 
and also whatever magnifier it car- 
ries, into any desired position. The 
top reflector is of unplated spun 
aluminum, affording diffused rather 
than direct reflection. The bottom 
reflector has a bright surface, chro- 
mium plated to prevent deterioration. 


illumination described above. 


The top casting, which 


Se 


The table of the illuminator is tapped 
with two serew holes, either or both 
of which may be used for attachment 
of a stone holder or holders. 

The stone holder itself is one of 
the most difficult problems which had 
to be overcome in the manufacture 
of this instrument. After many ex- 
periments, it has reached the final 
form illustrated in figure 3. It will 
be seen that the holder consists of a 
pair of tweezers closed by spring 
tension, held in a sleeve which per- 
mits sliding the tweezer ends toward 
or away from the 
illuminated center of 
the field. In addition 
to this backward and 
forward adjustment, 
the tweezers can be 
moved from side to 
side, .rotating about 
the axis of the post 
upon which they are 
mounted. The third 
plane of motion, up 
and down, is afford- 
ed by the axis upon 
which the _ sleeve 
which carries the 
tweezers is mounted. The tweezers 
are so constructed that they will 
hold the very smallest stone or one 
of over 20 carats equally well. Also, 
the spring tension is great enough 
to hold even a man’s heavy ring in 
place. The entire holder assembly 
is attached to the stage of the illu- 
minator by a friction post and, 
therefore, the unit can be slipped off 
at will in order to pick up a stone, 
the holder being used as an ordinary 
pair of tweezers for this purpose. 
After being replaced on the stage, 
the holder is adjustable in any di- 
rection, permitting any object held 
in or by the tweezers to be brought 
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into the center of the field. After 
the object is located, the friction- 
tight joints of the holder keep it in 
a fixed position, even when the illu- 
minator is tilted or moved about, as 
for demonstration to a customer. 
The principal advantages of the 
stone holder are three: First, be- 
cause it holds the object stationary, 
it permits a closer study of the stone, 
and ready observation of inclusions 
too small to be located if the stone 
were being moved about, a condition 
which it is impossible to overcome if 


FIGURE 4 
Close-up to Show Stone Hoider. 


the stone is held in place by hand. 
Second, by means of this holder, in- 
clusions or the lack of them in a dia- 
mond can be demonstrated to a pros- 
pective customer. The stone can be 
set in place and the illuminator 
shifted and tilted if necessary so 
that the customer can look through 
the magnifier. Third, it has been 
suggested that its use will prolong 
the diamond merchant’s years of 
acute vision, since by use of former 
unscientific methods the continued 
movement of tweezers held by hand 
results in much greater strain upon 
the eyes. 
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It, is obvious that by the use of 
this illuminator imperfections can 
now be quickly detected which might 
easily be overlooked by the former 
methods ordinarily in use in the 
trade. Application for patent has 
been made. 

Figure 2 shows the illuminator 
with the Gemological Institute of 
America registered 10x aplanatic, 


FIGURE 4 
Diamondscope with Zeiss XII. 


achromatic loupe as a magnifier, a 
set-up which is called the G.I.A. 
Diamond Imperfection Detector. Fig- 
ures 1 and 4 illustrate the illumi- 
nator with Zeiss and Bausch & Lomb 
binocular microscopes, respectively. 
Equipped with any approved binocu- 
lar microscope, the apparatus is 
known as the G.J.A. Diamondscope. 

The Imperfection Detector (with 
the 10x loupe), of course, reveals 
some inclusions which cannot be seen 
with the 10x loupe under ordinary 
conditions, and also makes much 
more accurate grading of a diamond 


for imperfections possible because of 
the critical illumination afforded, and 
because both stone and loupe are held 
stationary. With standard binocular 
microscopes, magnifications from 
about 6x to over 100x are practical. 
Of these magnifications, those above 
80x are used primarily for detection 
of synthetic stones. The dark field 
type of illumination is of particular 
value for study of the bubbles of 
synthetics; it has even been proved 
that some inclusions which cannot be 
found even with the special gemo- 
logical microscope show up as bright, 
though unresolvable, points under the 
dark field illuminator. 

The Diamondscope has several 
points of superiority over the Detec- 
tor. A range of magnifications is 
available, the method of binocular 
vision is generally believed superior 
to that afforded by only one optical 
system in reducing strain on the eyes 
and also in giving a perspective 
which enables the observer to locate 
an object definitely in a vertical di- 
rection, and from a practical selling 
standpoint, the microscope is prob- 
ably more impressive to a customer. 
Those who thus wish to use it need 
not exhibit a diamond to a customer 
under any higher magnification than 
the standard 10x. 

A 10x aplanatic, achromatic loupe 
has just been established by vote of 
the American Gem Society as a 
standard for diamond grading. Its 
use with the illuminator as a G.I.A. 
Imperfection Detector creates an 
even. more critical standard. The 
10x magnifications which are avail- 
able with the Diamondscope are, of 
course, also more critical than this 
A.G.S. standard. It is believed that 
these instruments offer the most 
searching method known for diamond 
grading. 


‘ 
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Binocular Microscopes* 


In making the recommendations below, 
the following points were considered: 1. 
Width of field covered at a given magnifica- 
tion. 2. Flatness of field. 3. Brightness of 
field—a very important point in locating in- 
elusions in gems. 4. Price, i.e., the amount 
of practical microscope for the money. The 
prices listed are for each microscope fitted 
to give one magnification, as nearly 10x as 
possible. 

The wide-field binocular microscopes, be- 
lieved most practical for the jeweler, of the 
four leading manufacturers—Bausch and 


Lomb, Leitz, Spencer, and 
Zeiss—were tested thor- 
oughly. Other makes are 
probably available but 
were not offered us for 
testing. 


In the summaries below, 
total magnifications may 
be learned by multiplying 
the power of any objective 
by that of any ocular 
(eyepiece). The instru- 
ments are listed in the 
order in which we recom- 
mend them. A summary 
of the actual tests may be 


Right: Zeiss XII. 
Below: Bausch and Lomb AKW, 
with Drum Nosepiece. 


FIGURE 3 


em 


*G.LA. Confidential Service. 


FIGURE 1 


Bausch and Lomb AK, 
with Shuttle Nosepiece 


had from the G.I.A., 3511 
W. 6th St., Los Angeles. 

Bausch and Lomb AK 
(Fig..1) $98. Widest field 
(23 mm at 10.5x). Flat- 
ness second only to Zeiss 
XII and B. & L. AKW. 
Field brightness average. 
Objective changers: either 
drum nosepiece for 3, or 
shuttle nosepiece for 2 ob- 
jectives; neither takes .39x 
obj., only drum takes .7x, 
which is built in. Objec- 
tives: .39x, .7x, 1.5x, 2.0x, 
4.0x, 7.5x; Oculars: 10x, 
ldx, 20x. 


Zeiss XII. (Fig. 2) $113: Narrow field 
(15 mm. at 10x). Field absolutely flat ex- 
cept at highest. power. Field brightness 
low. From a critical optical standpoint, 
the finest of all. No objective changer. Obj.: 
Wx, 1Mx, 2%x; Oc.: 8x, 12%x, 17x. 


Bausch and Lomb AKW. (Fig. 3) $106.50. 
Optical characteristics same as B. & L. AK, 
except slightly flatter, less bright, field. 
Larger stand with longer focusing move- 
ment than AK; however, these are of no 
particular value to jeweler. Nosepieces, 
Obj. and Oc. same as AK. 


FIGURE 2 
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Leitz Bi-C. (Not illus- 
trated) $103.00 approx. 
Optical qualities above 
average, but inferior to 
other three except for 
brightness of field. Multi- 
ple (3) objective changer. 
Obj.: .75x, Ix, 2x, 3x, 4x, 
6x, 8x, 12x; Oc.: 5x*, 8x, 
12%x, 18x. 

Spencer. 56. (Fig. 4) 
$111.50 approx. Though 
mechanical construction is 
excellent, optical quality 
is below average. Field 
flatness poor, width of field 
low to average, brightness 
of field low. Revolving 
nosepiece (3) objective Spencer 56, with Revolving Nosepiece. 
changer. Obj.: .6x, Ix, 

L.7x, 2.8x, 3.4x, 4.8x, 6.8x; Oc.: 6x*, 9x, 12%x, 17x, 25x, 30x. 

Zeiss X. (Fig. 5) $141.00 (12x); $121.00 (25x). Field brightness 
highest of all, but field flatness very low, field width average. Re- 
volving (3) nosepiece. Ob.: 2x, 3x, 4x, 6x, 8x, 12x; Oc.: 6x, 12%x, 
17x, 28x. 


Each of the above manu- 
facturers also makes a bi- 
nocular microscope with in- 
clined eyepieces, permitting 
the observer to sit more com- 
fortably if the stand must be 
used without tilting—a neces- 
sity rarely encountered with 
gems. Of these inclined 
bodies, the ones made by 
Spencer and by Zeiss were 
tested. These both rated ap- 
preciably lower in optical 
characteristics than the com- 
parable stands without the 
inclining feature. 


*Eyepieces to be used only with 
1x objectives or lower. 


Zeiss X, with Revolwing Nosepiece 
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A GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


Lynx Sapphire. 
sapphire. 

Lynx Stone. Iolite. 

Maacles (mak’ls). Name given to 
flat, triangular twin crystals of 
diamond. 


Very dark blue 


Macle (mak’l). Same as maacle. 
Also, a seldom-used name for 
chiastolite. 


Macled Stones (mak’ld). Twin crys- 
tals of diamond. 

Macroscopie (mak”roe-skop’ik). 
Large enough to be observed with- 
out the microscope. 

Madagascar aquamarine (Mad”a- 
gas’kar). Trade term used to de- 
scribe beryl whose color is a me- 
dium to light tone of blue, a darker 
and more intense blue than the 
usual aquamarine. 


“Madeira Topaz’ (ma-dee’ra). Cit- 
rine quartz, 
Madras Pearls (ma-dras’). Fine 


white pearls from the Ceylon fish- 
eries, so called because marketed 
principally in the city of Madras. 

“Magic Stone.” A white, opaque 
variety of hydrophane, in rounded 
lumps, with a chalky or glazed 
coating; has been found in Colo- 
rado. 

Magma (mag’ma). Molten (liquid) 
rock material within the earth; 
the molten mass from which any 
igneous rock or lava is formed. 
The glassy base of an igneous rock. 

Magnetic (mag-net’ik). Capable of 
attracting the magnetic needle or 
being attracted by a magnet. 

Mahabharata (ma-ha-ba’ra-ta). <A 
Hindu epic containing early infor- 
mation regarding India. 


Maiden Pearls. Pearls newly fished 
and never worn. 

Make (of diamond). The term in- 
cludes all the operations of fash- 
ioning a diamond, including cleay- 
ing, sawing, rounding up (cut- 
ting), grinding and _ polishing 
facets. As used in the trade, 
“make”. usually refers to the cor- 
rectness of the proportions and to 
the polish of a fashioned diamond. 

Malachite (mal’a-kite). An opaque 
green copper carbonate mineral 
used as a gemstone or ornamental 
stone. 8.G. 3.8; R.I.; 1.65-1.91; 
Hardness 38%-4. 

Malacolite (mal’a-koe-lite). A light- 
colored variety of diopside from 


Sweden. See Diopside. 
Male Sapphire. Deep-colored sap- 
phire. 


Malleable (mal’ee-a-b’/l). Capable of 
being hammered or rolled into a 
sheet. 

Maltesite (mol-teze’ite). A variety 
of andalusite resembling chiasto- 
lite. 

Mammillary (mam’i-lae-ri). Having 
a smooth, hummocky surface, with 
curved protuberances larger than 
botryoidal. See Botryoidal. 
Reniform. 

Mangelin (man’g’line). Hindu weight 
equal to 1% carats. 

Mantle. Two flaps arising one on 
either side of the body of a mollusk 
or other bivalve. 

Manufactured Stones. A term ap- 
plied to all kinds of gem substi- 
tutes made by man, which either 
duplicate or imitate some genuine 


See 
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stone. See names of Manufactured 
Stones, i.e., Synthetic, Imitation, 
ete. 

Manul. Loose or 
bottom. (Ceylon.) 

Maori-Stone (ma’oe-ri, collog. mou’- 
ri). Name given nephrite of New 
Zealand from its use by the Maori 
natives. 

Marcasite (mar’ka-site). Iron disul- 
phide crystallized in the ortho- 
rhombic system. Opaque bronze or 
grayish yellow with metallic luster. 
S.G. 4.9; Hardness 6-64%. The 
term is also applied to marcasite 
cut for use in jewelry, and incor- 
rectly to pyrite cut for the same 
purpose. See also Pyrite. 

Margaritifera (mar’gar-ri-tif’er-a). 
Term loosely applied to the salt- 
water pearl-bearing mollusks, 
ie., meleagrina. Strictly, Boutan 
applies it only to the Tahitian va- 
riety of meleagrina, the Grande 
Pintadine, Avicula Margaritifera, 
or Meleagrina Margaritifera, 
largest of the pearl-bearing mol- 
lusks. 

Marquise (mar-keze’). A style of 
fashioning, varied from the 58- 
facet brilliant, with one girdle 
width extended to form a more or 
less slender double-pointed (lens) 
shape. 

“Mascot Emerald” (mas’kot). Trade 
name for genuine Beryl Triplet. 
See also “Emerald Triplet.” 

Masculine (mas’kue-lin). Term ap- 
plied to stones of a deep and rich 
color. 

Massive. Not occurring in crystal 
forms or shapes, but not neces- 
sarily non-crystalline. 

Massive Amber. A compact, almost 
eolorless to dark orange-yellow 
variety of Baltic Amber. 


soft sand sea- 


“Matara Diamond” (ma’ta-ray. Col- 
orless or faintly smoky zircon 
from Ceylon, the pale-brown zir- 
cons are sometimes decolorized by 
heat. (Matura.) 

Matrix (mae’triks). The rock in 
which a mineral is contained. 
When the gem mineral is cut to- 
gether with a portion of this 
matrix, the resulting stone is 
known as the matrix of that stone, 
as for instance, turquoise matrix. 

Matto Grosso (mat’oo grose’oo). A 
gem-bearing state or territory of 
Brazil. 

“Matura Diamond” (ma-tue’ra). 
Same as “Matara Diamond.” 

Mayaite (ma’ya-ite). The “jade” of 
worked objects left by the ancient 
Mayas in Central America, grades 
from tuxtlite to nearly pure albite. 
The name Mayaite from Maya na- 
tion, 1s applied to this series of 
rocks. 

Meager or Meagre Feel. Rough or 
harsh to the touch; the opposite of 
smooth and greasy feel. 

“Medina Emerald” (mee-deye’na). 
Green glass. See Imitations, Glass. 

Meerschaum (meer’shom or shum). 
See Sepiolite. 

Megascopie. (meg’”a-skop-ik). Vis- 
ible to the unaided eye; in contrast 
with microscopic; same as macro- 
scopic. : 

Melange (mae-lanzh’). An dAssort- 
ment of diamonds of mixed sizes. 

Melanite (mel’a-nite). Black andra- 
dite garnet. 

Meleagrina (mel”e-a-gree’na). The 
genus of mollusks which includes 
the principal producers of Orien- 
tal Pearls and of pearl shell. 

Melee (mae”lae’). Small diamonds 
(generally used in embellishing 
settings of larger gems). 


(To be continued) 
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‘Eastern Meeting of A.G.S. 


On August 28rd and 24th, at 
Waldorf-Astoria, New York City, 
occurred an experimental education- 
al meeting, followed by a short busi- 
ness session arranged for gemologi- 
cal students and graduates in the 
Eastern and Southeastern states. 

The American Retail Jewelers’ 
Association acted as hosts, allocating 
two banquet rooms, and the sessions, 
which occurred previous to and dur- 
ing its national convention, were 
opened by an address of welcome by 
its President, Wm. D. McNeil. 

Important features of the program 
were talks by well-known gem 
authorities who are members of the 
Educational Boards of the Gemo- 
logical Institute. These and other 
members of the Educational Boards 
presided at the educational sessions 
or assisted in supervising the vari- 
ous gem-testing tables. At the Mon- 
day morning diamond session, Dr. 
Sydney H. Ball, the international 
diamond authority, read a paper, 
“Progress in Diamond Trading,” 
the text of which may be found in 
recent American and English trade 
journals as having been delivered at 
the A.N.R.J.A. Convention. Tuesday 
afternoon Dean Edward H. Kraus, 
co-author of “Gems and Gem Ma- 
terials,” presented a lantern lecture 
on “The Gem Cutters of Idar-Ober- 
stein,” followed by a talk by Dr. 
Chester B. Slawson, his associate at 
the University of Michigan, on “The 
Development of Gemological Educa- 
tion in America.” 

In addition to the session on dia- 
monds and diamond grading on Mon- 
day morning, there was a called 
meeting on Tuesday for attending 
Members of the A.G.S. Diamond 


Nomenclature Board, followed by a 
general discussion of proposed new 
rulings for obligatory observance by 
Registered Jewelers and of ethical 
requirements for students enrolling 
in gemological courses. Luncheon 
meetings of the A.G.S. Publicity 
Committee and G.I.A. Board of Gov- 
ernors also accomplished construc- 
tive results. 

All members of the G.I.A. Exami- 
nations Board were in attendance, 
and a three-hour meeting of these 
and other Members of G.I.A. Edu- 
cational Boards placed limits upon 
(1) the number of retakes possible in 
the Certified Gemologist examina- 
tions; (2) the length of time inter- 
vening between examinations’; and 
(8) ruled that the diamond grading 
examinations now required of retail- 
ers should also be required of non- 
retailers before they be allowed to 
use their title in the trade. Members 
in attendance: Mr. Thurber, Chair- 
man; Messrs. Ball, Clark, Faust, 
Kraus, Kaufman, Hawkins, Slawson, 
Spies and Wigglesworth. 

As an experiment, a method of in- 
struction, differing from the Central 
Conclave plan, was pursued. At a 
master identification table, unknown 
stones were given to student-mem- 
bers, who then progressed past a 
series of tables at each of which they 
made observation of one or more of 
its properties with gemologieal in- 
struments under the supervision of 
Members of the G.I.A.’s Students’ 
Advisory Board or Certified Gemolo- 
gists. After completing the necessary 
steps for the identification of this 
stone, they returned to the master 
table, where their findings were ap- 
proved or criticized and, if correct, 
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another unknown stone was allotted 
to them. This method proved espe- 
cially constructive, sixty student- 
members devoting five hours of in- 
tensive and uninterrupted work to 
this feature. 


Educational Leaders at Monday 
Session 

The following assisted at the 
tables Monday: 

No. 1. Master Identification Table. 
Unknown stones were here allotted 
to students, whose determinations at 
Tables No. 2, No. 3, No. 4 and No. 5 
were later checked by Chester B. 
Slawson, Ph.D., Member G.LA. Ex- 
aminations Board and Advisor East- 
ern Michigan-Northern Ohio Study 
Group, assisted by John S. Ken- 
nard, C.G. 

No. 2. Loupes, Immersion Vessels, 
Imperfection Illuminators (for study 
of inclusions). Leader: Geo. T. 
Faust, Ph.D., Advisor New York 
City Study Group; assisted by Nolte 
C. Ament, C.G., and Leopold Kahn, 
dies, CLSe, 

No. 3. Polariscopes and Dichro- 
scopes. Leader: Edward Wiggles- 
worth, Ph.D., Advisor of. Central 
New England Study Group; assisted 
by Leon Davis, R.J., and Lieut. D. H. 
Wilson. 

No. 4. Refractometers. Leader: 
Fred B. Thurber, C.G., assisted by 
Harold Seburn, R.J., and Kenneth 
Woodward. 

No. 5. Specifie Gravity Scales and 
Tiquids. Leader: Earl E. Jones, 
C.G., assisted by D. J. Cooper, J.G., 
and J. Arnold Wood, J.G. 

No. 6. Gemological Microscopes 
Adapted for Determination of Posi- 
tive and Negative Uniaxial and Bi- 
axial Gemstones. Nolte C. Ament, 
C.G. 

No. 7. Gemological Microscopes 


Adapted for Difficult Synthetic De- 
tection. Leader: Leopold Kahn, Jr., 
C.G., assisted by Jerome B. Wiss, 
R.J., and Myer J. Kassner, J.G. 

No. 8. Pearl Testing Equipment. 
John S. Kennard, C.G. 

No. 9. Diamondscopes and Dia- 
mond Imperfection Detectors. Lead- 
er: C. I. Josephson, Jr., J.G., assisted 
by Earl George, R.J. (S. Joseph & 
Sons), William B. Hawley, R.J. 
(Davis & Hawley), H. B. McCague, 
R.J. (Cowell & Hubbard), and Wil- 
liam H. Schwanke, R.J. (Schwanke- 
Kasten Co.). 

The gem-testing session began 
with leaders at Tables No. 6, No. 7, 
and No. 8 demonstrating advanced 
technique to Junior Gemologists. 
(During these hours, Robert M. Ship- 
ley reviewed the simpler methods.of 
gem-testing for the attending Reg- 
istered Jewelers and elementary stu- 
dents.) 


Instruments Furnished 

For general use of students a large 
number of refractometers, dichro- 
scopes, polariscopes and 10X loupes 
were furnished by the G.J.A. and 
numerous generous students. 

Diamondscopes were loaned by 
Nolte C. Ament, C. I. Josephson, Jr., 
John S. Kennard, Jerome B. Wiss. 
Diamond Imperfection Detector by 
Harold Seburn. 

Gemological microscopes were 
loaned by the following and their 
use in advanced gemology demon- 
strated by the first five: 

Nolte C. Ament, C.G., Louisville. 

Leopold Kahn Jr., C.G., Manila. 

Myer J. Kassner, J.G., Laconia, 
N. H. 

John S. Kennard, C.G., Boston. 

Jerome B. Wiss, R.J., Newark. 

Warren R. Larter, J.G., Newark. 

Fred B. Thurber, C.G., Providence. 
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An example of such a gem, whose price is subject only to asking, 
was the beautiful opal found on the Rainbow Ridge Mining Company’s 
property in Humbolt. County, Nevada. This stone weighed 16.95 ounces 
Troy, and according to reports was sold for a quarter million dollars. It is 
now in the National Museum (Roebling collection) in Washington. This is 
one example of a gem where it was impossible to establish any set valuation. 
The price on such goods must rest with the buyer and seller. 


PRECIOUS GEMS 


Perhaps the most important of precious gems from a commercial 
standpoint of view is the diamond. Consequently we will treat that, first, 
and all others in the order of their demand at this time. 


DIAMONDS 


Diamond is the only gem composed of only one element. It is pure 
carbon, as shown by the burning of the crystal. The combustion of a per- 
fectly clear crystal produces only carbon dioxide (CO,). However, the com- 
bustion of colored diamonds leaves a very small amount of ash, which proves 
they are impure. The impurities, no doubt, cause the color. 

Diamond crystallizes in the cubic system and is, therefore, isotropic. 
Anomalous double refraction, however, may be present due to internal stress. 
Diamond has a perfect octahedral cleavage, and the fracture is conchoidal. 
It is the hardest known substance and is listed as 10 on Mohs’ scale. The 
specific gravity of fine gem crystals will hold nearly constant at 3.52. How- 
ever, the other varieties will vary from 3.15 to 3.535. Diamond is one of the 
most highly refractive of gems, ranking third among those treated in this 
volume.. The index of refraction for an intermediate wave length (green) 
is 2.427; dispersion between red and violet is .058 which is also very high, 
being again third in the list of gems treated. The luster is adamantine and 
of glimmering to shining intensity. Diamond occurs in many shades of the 
following colors: yellow, pink, red, blue, green, brown and violet, also in 
colorless and black. The colorless, green, blue and red are the most valuable. 
I have not mentioned the violet because of its very extreme rareness. The 
fact that in this color diamond is extremely rare causes the price of such 
colored stone to rest with the buyer and seller. Diamonds of a greenish tint 
are more often met with than the blue or red, but the most plentiful of all 
are the yellows, browns and colorless. Comparatively few of the stones pro- 
duced are absolutely colorless and of first water. The yellowish stones seem 
to occur in the best perfection on the average. However, stones of a yellowish 
or brownish tint are not valued so highly as gems and are often spoken of 
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as “off-color” gems. However, it will be noted that one particular shade of 
yellow diamond seems to exceed most of the pure white ones in brilliancy. af 
Nevertheless, these yellowish stones do not seem to meet the approval of 
the exacting connoisseurs. The pure white is preferred to all except the 
rare colors mentioned. Stones of a brown or even a brownish cast are not 
valued nearly as high as even the yellow stones. Large brown stones are 
usually offered at a comparatively nominal figure. Diamond occurs in 
crystals varying in transparency from the finest water to complete opaque- 
ness. Only the transparent variety are usable as gems, as the diamond 
depends entirely on the fire caused by refraction and dispersion for its 
charm. The diamonds sold as blue white are sometimes even tinted yellow, 
and it is a regrettable fact that our Better Business Bureaus have to re- 
peatedly call someone on this score. A diamond which is designated as 
“blue white” should be just enough tinged with blue to counteract any 
trace of yellow which may be present in the stone, much as a tinge of blue 
is given white linen in a laundry in order to counteract the naturally yellow- 
ish cast of the fabric. Stones, however, which show a fair tint are sold as 
blue gems, steel blue, ete., according to the depth of the tint. It is not defi- 
nitely known what causes the color of diamonds, but it is believed to be 
due to metallic oxides, ete. 

The nonuniform hardness of diamond has been a matter of more or 
less discussion in the past. Some mineralogists contend that diamonds are 
always uniformly hard all through. However, the author is a diamond 
cutter and has learned very positively from experience that diamonds are 
not always uniform in hardness throughout the crystal. Occasionally the 
diamond crystals are abortive and the grain of the stone seems snarled, 
much as the grain of the root. of some trees. Certain spots in these stones 
are harder than others, as can be unquestionably proven by working in the 
abortive crystal with a sharp off a crystal of straight grain and conse- 
quently uniform hardness. It is indeed true that unless a diamond is applied 
to the skeif so that the grain is in a direction across that of the rotation 
of the skeif, cutting will be difficult and little can be done. Of course, this 
may be used for an argument in the case of abortive crystals. Some say 
that the apparent varying hardness is due to its being almost. impossible 
to have all the grain in the proper direction at once. This is partly true, 
but it does not prove the point, for the crystals show some variation even 
when they are being worked by hand so that each turn of the grain may be 
taken advantage of. Diamonds from various localities vary in hardness 
also. The author has found diamond crystals from Australia to be the hard- 
est, and those from Borneo and India to follow closely, then the stones from 
Brazil (gem quality) follow next in hardness. The diamonds found in 
Arkansas come after the Brazilian, and last of all, and softest of all, are 
the South African stones. However, these stones referred to as “soft” are 
so hard that they cannot be scratched by any substance but diamond, and 
they will steadfastly resist all attempts to cut them, except those of a 
skilled artisan. In this matter of hardness of diamonds we have considered 
only the gem stones. (To be continued) 
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STAR CHRYSOBERYL* 


A cabochon-cut dark greenish-gray specimen of chrysoberyl which 
shows a six-rayed star, was recently received at the G.J.A. laboratory. 
Though the specimen is undoubtedly star chrysoberyl and may be entered 
in the gemological records as such, the star is not very distinct, except in 
sunlight or a bright concentrated artificial light. An interesting point in 
connection with this stone is that the rays are not evenly spaced as they 
are in star ruby and sapphire, but two of the three streaks which make up 
the six-rayed star are noticeably closer to one another than either one to 
the third streak, thus producing a somewhat unsymmetrical star. 


DRY ICE TESTING* 


For some time Dr. Samuel Gordon, 
leader of the Philadelphia Study 
Group, and several of the students of 
this group have been experimenting 
with the use of dry ice for distin- 
guishing between crystalline and 
non-crystalline gem materials and 
substitutes. The results which have 
been obtained have shown that crys- 
talline substances will cause a dis- 
tinct “squeaking” noise to be heard 
when brought into contact with dry 
ice while amorphous materials do 
not have this effect. This informa- 
tion has been released to the general 
public, through the American Weekly 


which is incorporated in the Sunday 
edition of Hearst newspapers. Ex- 
periments in the laboratory of the 
G.I.A. confirm the fact that, this will 
distinguish between most crystalline 
and amorphous substances. It is the 
opinion of the staff of the G.LA. 
laboratory that the test may prove-a 
dangerous one and might result in 
the breakage of some gems thus 
tested due to the rapid transfer of 
heat from the stone to the dry ice. 
Students are advised not to use this 
test, with valuable stones until more 
definite information regarding its 
safety can be released in Gems & 
Gemology. 


SAPPHIRES* 


Sydney H. Ball reports 1,075,000 carats of sapphires produced in Kash- 
mir in 1934, and 800,000 carats in 1935. The statement that the supply is 
limited, which occurs in various texts prepared or printed before that time 
is, therefore, subject to correction. 


GREEN DIAMONDS TESTED 


Through the courtesy of the DeBeers Consolidated Mines of South 
Africa, the Gemological Institute has received two natural green diamonds. 
A test proved that neither of these affects a photographic plate; green dia- 
monds artificially colored by radium make a self-exposure on a plate. This 
tends to confirm the effectiveness of the self-exposure method as a test 
between natural and artificially produced green diamonds. 


*A.G.S. Research Service. 
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NEW SYNTHETIC EMERALD DEVELOPMENTS* 


The appearance of synthetic emer- 
ald (concerning which Gems & Gem- 
ology carried its first report in July- 
August, 1935, issue) is apparently 
becoming more of. a possibility in the 
trade with improvement of the manu- 
facturing processes employed in the 
factory of the I. G. Farbenindustrie 
of Germany. The attention of both 
the trade and public was called to 
this fact in a recent release by the 
Associated Press, reporting a speci- 
men just placed on display at the 
American Museum of Natural His- 
tory. In this report, Dr.- Pough, of 
the Museum, was quoted as saying 
that experts might be deceived by 
stones cut from the synthetic ma- 
terial. 

As quoted in the Associated Press 
story, Dr. Pough refers to a newer 
type of synthetic emerald than that 
reported in the July-August, 1935, 
issue of Gems & Gemology. The 
synthetic emerald reported in 1935 
had the form of a long hexagonal 
prism, in the center of which were 
attached a number of tiny hexagonal 
crystals. The newer material lacks 
the cluster of tiny attached prisms 
and, therefore, it perhaps is more 
adaptable to fashioning. The new 
type is, however, no less distinguish- 
able from the genuine emerald. A 
specimen reported to be of the newer 
type synthetic emerald has just been 
thoroughly tested in the laboratory 
of the Gemological Institute of 
America. Like the specimens tested 
in 1935, it corresponds in appearance 
with a cheaper quality of genuine 
emerald, lacking a truly fine color, 
and containing a mass of inclusions. 
In the G.I.A. laboratory tests, com- 
parisons were made with genuine 


*G.J.A. Research Service. 


emeralds of a similar quality, with 
which this synthetic stone might pos- 
sibly be confused. (A glance, of 
course, would show it was not a fine 
gem quality emerald.) 

Various internationally known 
gemological authorities have sug- 
gested distinguishing features useful 
in detecting the synthetic emerald. 
These include lower refractive index 


Figure 1. 

Left, Older Form; Right, Newer 
Form of Synthetic Emerald. 
(Actual Size.) 
and specific gravity than genuine 
emerald, stronger dichroism, strong- 
er fluorescence, a different absorp- 
tion spectrum and characteristic in- 
clusions. Of these, research in the 
laboratory of the Gemological Insti- 
tute of America indicates that the 
most reliable tests for the newer type 
of synthetic emerald are observation 
of inclusions, the use of a spectro- 
scope, and the cheeking of fluores- 
cence, It is true, moreover, of the 
five specimens of synthetic emeralds 
which thus far have been tested in 
the laboratory, that the refractive 
index is measurably low, none of 
these synthetics reading higher than 
1.565 under any condition, whereas 
no specimen of genuine emerald yet 
tested in this laboratory has ever 
given a reading lower than 1.57. 
This .005 difference of refractive 
index is, of course, distinguishable 
with a reasonably well-adjusted gem- 

ological refractometer. 
Concerning the use of specific 
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Figure 2. 
Synthetic Emerald, 
Showing Crack-like Markings. 
Kx 18%. 


gravity, it is doubtful in our minds 
that this test can be used effectively 
for distinguishing the present syn- 
thetic emeralds from genuine. In 
an experiment performed, 16 Colom- 
bian emeralds, 3 Uralian emeralds, 
3 synthetic emeralds of the earlier 
type and one synthetic emerald of 
the new type were checked by im- 
mersion. Of these, in a solution made 
up to keep the synthetic emeralds 
exactly suspended, 3 Colombian 
emeralds floated, while 12 of the 
Colombian emeralds and 3 Uralian 
emeralds sank. The remaining Co- 
lombian emerald and the four syn- 
thetic emeralds were in suspension, 
indicating that these five specimens 
all were of exactly the same specific 
gravity. As all of the material used 
was of approximately the same qual- 
ity, this obviously makes the specific 
gravity test no more than a fair indi- 
cation, especially considering the fact 
that 25% of the Colombian emeralds 
thus tested were of the same specific 
gravity or lower than the synthetics. 

The dichroism of the synthetic 
emerald, which has been suggested 
by several experimenters as being a 
valuable means of differentiating be- 


Figure 8. 

Colombian Emerald, 
Showing Liquid Inclusions and 
Fractures. X18%. 
tween synthetic and genuine emerald, 
is believed by the Gemological Insti- 
tute of America to be of doubtful 
value as a test. Of the four syn- 
thetic emeralds mentioned above, a 
eut stone of the older type and a 
rough specimen of the new type— 
when tested under conditions avail- 
able to the average jeweler—showed 
dichroic colors of bluish-green and 
light yellowish-green, too closely 
similar to those of many genuine 
emeralds to be of determinative 
value. Two of the older type syn- 
thetic emeralds do, however, show 
stronger dichroism and, therefore, 
different dichroic colors than have 
ever been observed by this laboratory 
in a genuine emerald. The dichroic 
colors exhibited by these stones are 
rather dark blue-green and a light, 

brownish, yellow-green. 

The fact that the synthetic emer- 
ald fluoresces distinctly reddish in 
the ultra-violet light produced by a 
carbon arc filtered through a Woods’ 
filter, while specimens of genuine 
emerald show negative results, was 
first reported by the Gemological In- 
stitute of America in 1935. This test 
separates the new type synthetic 
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Figure 4. 
Synthetic Emerald, 
- Crack-like Markings, 
x 50. 
emerald, though the new type does 
not show quite the intensity of red 
fluorescence which the older speci- 
mens did. 

B. W. Anderson of the London 
Laboratory reported as early as May, 
1935, that the spectrum of the syn- 
thetic emerald shows a marked dif- 
ference from that of the genuine 
stone in that two absorption bands 
observed at 6060 and 5940 Angstrom 
units are present in the synthetic 
stones, absent in genuine emeralds. 
These bands, as Dr. Anderson point- 
ed out, are especially strong when 
the synthetic emerald is so placed 
with respect to a polarizer that only 
the extraordinary ray of its two 
doubly refractive rays is allowed to 
pass. Recent experiments in the 
Gemological Institute of America 
laboratory show that if the present 
characteristics of the synthetic emer- 
ald. are not greatly changed, this 
characteristic will permit a rapid 
and simple check on the inclu- 
sions. When the synthetic emer- 
ald and the spectroscope are set up 
in such a way that a polarizer can 
be rotated (either. between the emer- 
ald and the light source, between the 


ae 24; 


Figure 5. 
Colombian Emerald, 
Liquid Inclusions and Irregular 
Fractures. x 50. 


emerald and the spectroscope, or even 
between the spectroscope and the 
eye of the observer), a very definite 
appearance and disappearance of 
the bands in the orange-yellow part 
of the spectrum occurs as the polar- 
izer is rotated. Though similar rota- 
tion of a polarizer when a genuine 
emerald is being tested causes varia- 
tions in the bands of the red portion 
of the spectrum, the marked change 
in the orange-yellow occurs only with 
the synthetic stone. 

Many research workers who have 
made a thorough study of the new 
synthetics seem to be of the opinion 
that the inclusions in the synthetie 
will prove to be the most valuable 
method of identifying this new sub- 
stitute. The particular type of inclu- 
sion which serves to distinguish these 
stones is illustrated in Figures 2 & 4. 
Figures 5 & 7 were purposely taken 
of inclusions in genuine stones which 
are as nearly as possible like those 
of synthetic emeralds. Though there 
is a certain similarity in the general 
appearance of these inclusions and 
the curling fracture-like inclusions 
of the synthetic stone, it will be seen 
after brief study that the synthetic 
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Figure 6. 


Synthetic Emerald, 
Small Portion of Stone Lacking — 


Crack-like Markings. x 18%. 
inclusions are entirely characteristic 
of this material and those of the 
genuine are quite dissimilar. These 
wisp-like markings are present in 
profusion in all of the synthetic 
emeralds so far observed in the 
G.I.A. laboratory. Prof. Dr. Karl 
Schlossmacher of the University of 
Konigsberg, Prussia, who has had 
opportunity to study a considerable 
number of synthetic emeralds, re- 
ports that these inclusions are in- 
variably present in this material. Of 
course, in our research on this newer 
type synthetic emerald we have 
given, as usual, most attention to 
tests which can be put to practical 
use by gemologists in laboratories 
in their own stores. 

The possibility that improvements 
in the manufacture of the synthetic 
emerald may make it very difficult 
to identify, in our opinion, is of 
little importance. After nearly 
thirty years of manufacture, the 
synthetic sapphire is far from a 
degree of perfection which would 
render it indistinguishable from the 
genuine stone. Despite all efforts of 
manufacturers to improve the prod- 
uct, gemological technique has been 


Figure 7. 

Genuine Emerald, 
Fracture and Liquid 
Inclusions. xX 50. 
developed to detect the cleverest syn- 
thetic sapphire. We'see no reason to 
believe that synthetic emerald can be 
brought to a degree of perfection 
which will make it indistinguishable 

from the genuine. 

The G.I.A. has been keeping in 
close contact with developments in 
the synthetic emerald and has learn- 
ed, through reliable sources, that the 
I. G. Farbenindustrie is feeling its 
way toward placing these stones on 
the market. So far as ean be learned 
no “Igmeralds,” as these synthetic 
stones are called, have yet been re- 
leased for sale in the jewelry trade. 

Reports continue to be received that 
they will command a relatively high 
price in relation with prices of the 
genuine. However, it is possible that 
the material may he released gener- 
ally. If so, warning of its possible 
appearance in the trade may or may 
not be possible. We will, of course, 
keep in closest touch possible with 
the situation and with any possible 
improvements in the material which 
may occur. We will keep Members 
and Readers of Gems & Gemology 
advised of our activities and ob- 
servations. 
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BOOK REVIEWS 


Gemmologist’s Pocket Compendium, by Robert Webster, F.G.A., N. A. G. 
Press, London, 1937. Price $1.75 in United States. May be obtained from the 


G.LA. Book Department. 


This is a small, pocket-size volume 
containing 143 pages of useful text, 
in addition to its some 50 pages of 
advertisements. The book is primari- 
ly a collection of tables and of brief 
instructions for gem-testing. As a 
reference book for a trained gem- 
ologist, it should prove of great val- 
ue, though the average jeweler who 
does not have close acquaintance with 
gemology will probably find it quite 
baffiing. The Pocket Compendium 
contains a short 53-page Glossary 
which, however, covers the majority 
of important terms with which the 
gemologist must be familiar. It 
briefly describes crystal systems and 
lists the gems falling in each system. 


The hardness table in the Compen- 
dium is well prepared, the degrees of 
hardness being set down, and op- 
posite them are listed the several 
gems which fall under each degree. 
Methods of determining specific 
gravity, including the use of heavy 
liquids, are briefly described, and in 
the table which follows this descrip- 
tion the specific gravities of the 
various heavy liquids are inserted 
between the values for the various 
gem stones. Methods of determining 
refractive index are likewise de- 
seribed and an example is given of 
the method of refractive index de- 
termination by measurement of mini- 
mum deviation on the goniometer. 


Optic character is also described, 
and in the table of refractive indices 
the birefringence, optic character, 
and optic sign are listed in addition 
to the refractive index for each gem. 
In this table also, the refractive in- 
dices of the various liquids some- 
times used in refractive index deter- 
mination are inserted at their proper 
places among the gem stones. In ad- 
dition to the refraction and specific 
gravity tables, the Compendium con- 
tains tables on pleochroiec colors, ab- 
sorption spectrums (some of which 
are perhaps open to question), and 
colors seen through the emerald filter. 


A table listing gem stones by col- 
ors is also included and brief expla- 
nations are given on synthetic stones 
and glass, artificial coloration, styles 
of cutting, acid tests for metals, and 
the base system of pearl evaluation. 


A table for converting penny- 
weights and grains to troy ounces is 
given, and specific gravities of both 
water and tolulol for varying tem- 
peratures are listed. The book closes 
with tables on the atomic weights of 
the chemical elements and a periodic 
classification. table for elements, the 
last two tables being of doubtful 
value to the practical gemologist. 


The Gemmologist’s Pocket Compen- 
dium is recommended to gemologists 
who wish a handy compilation of 
tables, especially for use in identifi- 
cation of unknown stones. 
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The Australian Black Opal 


by 
JOHN DUPRE 
Sydney, Australia 


Opals have been found in several 
countries, including Czechoslovakia, 
Mexico, the United States and Aus- 
tralia. 

It is only in the latter country, 
however, that the most beautiful of 
all, the fine black opal occurs. Also, 
although opals are found in a num- 
ber of widely separated places in 
Australia, it is only at one field— 


miles, and the stones are found em- 
bedded in a layer of clay underlying 
a sandstone belt. The clay bed lies 
at depths of from 15 to 75 feet from 
the surface. 

The diggings and the miners’ 
camps are spread out over the area 
and abandoned diggings are seen 
everywhere. The small township con- 
sisting of a hotel, post office, stores 


pe 


fas “ 
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Lightning Ridge Opal Miner at Work. 


Lightning Ridge, in Northern New 
South Wales—that the true black 
opal is found. 

The field was. discovered in the 
nineties, but was not extensively 
opened up until about ten years later. 
As its name implies, it is a low ridge. 
It is surrounded by black soil plains, 
but water and vegetation are scarce. 

The opal area extends for several 


and a few dwellings, presents an un- 
usual appearance owing to the entire 
lack of vegetation. 

The opals are distributed at ran- 
dom throughout the clay band and 
do not often occur in large batches 
or pockets. Finding them is a matter 
of trial and error. A vertical shaft 
is run down through the sandstone to 
the clay, then one or more horizontal 
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shafts are made, using the sandstone 
as a ceiling. The waste material re- 
moved from the vertical and first 
horizontal shafts is removed by 
windlass and bucket. The clay from 
each succeeding horizontal shaft is 
then stowed in the preceding one. 
The miners usually work in pairs, 
but some of them work alone, re- 
quiring assistance only when remoy- 
ing earth or clay to the surface. 

In the early days of the fields, 
large numbers of valuable black 
opals were found. However, now the 
area has become almost worked out, 
and a very limited number are found 
each year. The average yearly re- 
turn to a miner is small. Neverthe- 
less, the freedom of the life and the 
chance of making a valuable find 
offer a strong appeal. 

The opal clay, which is of the con- 
sistency of cheese, is dug away with 
a small pick, by light supplied by a 
candle. The miner usually works in 


a very confined space. The pick is 
wielded very gently so as not to break 
any opal encountered. When any 
hard object is encountered, it is care- 
fully removed, and if the miner finds 
it to be opal material he sets it aside 
for examination when he gets to the 
surface. There the irregular shaped 
piece of. opal is “snipped” to deter- 
mine its value. Many of the pieces 
upon being broken into have no color 
present. 

If the piece shows good color it is 
ground down and shaped on an abra- 
sive wheel and the surface is pol- 
ished. This leaves a roughly shaped 
lump from which the buyer can get 
a very good idea of the quality of the 
specimens. The quality of the black 
opal can vary tremendously, and the 
more. beautiful pieces are of very 
great value. The best black opal is 
of dark body color, brilliant from all 
angles, with large color pattern and 
showing an appreciable amount of 
red. 


OPALS PRESENTED TO GLA. 


The G.I.A. is indebted to Mr. John Dupré, both for first-hand informa- 
tion furnished concerning the opal deposits of New South Wales and for 
two very fine black opal doublets which he presented to the Institute’s col- 
lection. Despite being assembled stones, these gems show play of color as 
beautiful as that, of many fine opals seen on the American market. 


BLACK OPAL 


Reports in the trade indicate a renewal of importations of Black Opal 
from the Lightning Ridge district of Australia. For a considerable period 
of time this source of the world’s finest black opals was reported as appar- 
ently exhausted and statements to that effect were contained in the Ameri- 
can gemological courses and in text books which accompany them. 


r 
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A GEMOLOG I er ENCYCLOPEDIA 


(Continued from last issue) 


HENRY E. BRIGGS, Ph.D. 


Of diamonds of commercial quality, the carbonado, of Bahia province 
in Brazil, will surpass all other diamonds and substances for hardness and 
toughness, the carbonado of Bahia being the hardest and toughest known 
substance. 

Diamonds were first, discovered in India, and the mines of Golconda 
were long preéminent. These mines produced some of the finest, as well as 
some of the most celebrated, large gems. The Kohinoor and the Great Mogul 
are from the mines of India.. Later, diamonds were found in Borneo, Brazil, 
Russia, Ireland, Arabia, Algiers, America, Australia, South Africa, Java 
and British Guiana. Africa and Brazil are the most important producers 
of gem diamonds, and Brazil is the most important producer of black dia- 
monds. In.a recent letter to the author, the American Consular at Bahia 
gave the production of gem diamonds in the Bahia section as 20,000 carats, 
and valued at $500,000 yearly.. This is indeed very small in comparison with 
the tremendous production of the South African mines, but it will be noted 
that these figures are for the Bahia section only. Minas Geraes, in Brazil, 
is also an important producer of gem and commercial diamonds. 

It is not the purpose of the author to go into the history of the gems, 
nor the processes used in mining them. Consequently, we will not discuss 
these subjects further than the mention already made. 

A partial list of the famous diamonds and important data is as follows: 

Cullinan. Weight in rough, 3,106 carats; color, fine white; locality, 
Premier Mines, South Africa; owner, British Crown. 

Great Mogul. Weight in rough, 787 carats; color, white; locality, Gol- 
conda Mines, India; last mentioned by Tavernier of France. 

Jubilee. Weight cut, 245 carats; color, white; from Jagersfontein Mine, 
South Africa; owner not known. 

Orloff. Weight cut, 194.8 carats; color, fine white; locality, said to 
have been stolen. from an idol in a temple in Mysore; last known 
owner, Russian Crown. 

Kohinoor. Weight cut, 106.10 carats; color, fine white; locality, Golconda 
Mines, India; present owner, British Crown. 

Regent, or Pitt. Weight cut, 136.90 carats; color, the very finest white 
and of the finest water; locality, Puteal, India; last known owner, 
French Crown. 

Florentine. Weight cut, 133.20 carats; color, yellowish tint, very bril- 
liant; locality and history clouded with mystery; last heard of. in 
the Austrian jewels. 

Tiffany. Weight, 128.50 carats; Glow deep yellow, brilliant but lacks 
prismatic play because of its deep tint; locality, Kimberley Mine, 
South Africa; present owner, Tiffany & Co. 
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Star of the South. Weight cut, 125.50 carats; color, white; locality, 
Bogageno River, Brazil; present owner, Gaekwar of Baroda. 

Hope. Weight cut, 44.50 carats; color, sapphire blue, steel-like tint; 
claimed to be the largest blue diamond known; this stone formed a 
part of the Hope collection, is now owned by Mrs.. Edward McLean 
of Washington. 

Dresden. Weight cut, 40 carats; color, apple green. 

Stewart, 120 carats; Nassak, 89.5 carats; Dresden (English), 76.50 
carats; Empress Eugenie, 51 carats; Star of South Africa, 46.50 
carats; Polar Star, 40 carats; Pasha of Egypt, 40 carats. 

Braganza. Weight 1,680 carats; color, fine white; locality, Brazil; 
owned by the Portuguese Crown, but believed to be a colorless topaz. 


COMMERCIAL DIAMONDS 


‘Ballas are a type of commercial diamond so called because of their 
peculiar spherical form. It is due to concentric arrangement, of very small 
diamond crystals which make up the nodule. Because of this structure it is 
extremely hard and tough and is well suited for commercial purposes. 

Bortz is the name applied to several different commercial diamonds 
ranging from translucent to dark opaque masses of crystals. The structure 


of these is often fiberous and radial. Bortz are used for making drills, ete. 


Small fragments and dust of diamond are sometimes called bort also. 

The carbonado, found in Brazil, is by far, the most important of all 
commercial diamonds. It is the hardest and toughest known substance and 
is, consequently, of great importance in industry wherever an abrasive of 
this nature is required. The specific gravity of this exceedingly hard sub- 
stance is less than that of the gem diamond. 


EMERALD 


Emerald is in reality a vivid green variety of beryl and for years has 
been the most costly of all gems, It is one of the most rare in perfection 
and is much sought after by connoisseurs. However, today almost anything 
of a green color is sold as emerald. Sometimes a qualifying name is added 
and sometimes not. The author has met with ordinary glass recently, of a 
green color, being offered by a reliable dealer as “genuine Emerald.” In 
this case the dealer had been “hoodwinked” by taking someone’s word for 
granted, and it is deplorable that such a condition should exist. It is not 
altogether a surprising fact, however, that such a thing should occur when 
many of our museums will recognize several kinds of semi-precious stones 
as “emerald” of one kind or another.. It is the honest opinion of the author 
that as long as the name “emerald” is accepted as a universal name for the 
vivid green variety of beryl, that any offering of other mineral of similar 
color by this name is absolutely misleading. If the words “emerald green” 
are used to describe a stone, it could probably be overlooked, although it is 
not advisable to use the name of a precious gem in describing a semi-precious 
one, lest the buyer be misled. 

(To be continued) 
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WARREN R. LARTER, CERTIFIED GEMOLOGIST 


Through the death of Warren R. 
Larter, of a streptococcus infection, 
on January 7th, the gemological 
movement lost one of its most valu- 
able friends and supporters. Mr. 
Larter, who in 1931 had succeeded to 
the presidency of Larter & Sons, 
well-known manufacturing jewelers 
in Newark, New Jersey, died at his 
home in South Orange, New Jersey. 

Enrolling in the 
Certified Gemolo- 
gist course of the 
Gemological In- 
stitute of Amer- 
ica in February, 
1936, Mr. Larter 
completed the en- 
tire C.G. course 
by May, 1937, and 
had finished part 
of his C.G. exam- 
inations. He was 
making plans for 
completing his ex- 
aminations when, 
in August, he was 
attacked by the 
streptococcus in- 
fection which fi- 
nally took his life. 

Warren Lar- 
ter’s direct assist- 
ance to the gemological movement 
was of greatest value. He was a 
Member of the National Certifica- 
tion Board of the American Gem 
Society, and his firm was elected as 
Sustaining Members of the Gem- 
ological Institute of America. He 
was directly responsible for inter- 
esting a great many members in 
the jewelry trade in preparing for 
Registered Jeweler and Certified 
Gemologist titles. Furthermore, he 


criticized and re-wrote the greater 
part of the assignments on Jewelry 
which are included in the R.J. and 
C.G. courses. 

In order to help other students, as 
much as a check on gem purchases by 
his firm, he was installing a complete 
gemological laboratory, and, at the 
time he was taken sick, was helping 
several eastern students prepare for 
their C.G. stone 
examinations. In 
view of the excel- 
lent work: which 
Warren Larter 
had done on his 
courses and the 
ability which he 
showed in the 
identification of 
unknown gems, 
both at the Chi- 
eago Conclave in 
May, 1937, and 
by his helping 
other students 
with this impor- 
tant subject, he 
has posthumously 
been awarded the 
title of .CERTI- 
FIED GEMOLO- 
GIST, becoming 
the thirty-third to win this honor. 
Shortly before his death a scroll 
signed by George Brock, Chairman 
of the Board of Governors of the 
G.I.A., and Robert M. Shipley, Presi- 
dent, was awarded to him for the 
most valuable assistance to the gem- 
ological profession during 19386 and 
1937. Warren Larter’s death is a 
great loss to the numerous friends 
he made in the profession; we shall 
all miss his advice and counsel. 
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LIEUT. COLONEL J. F. HALFORD-WATKINS, V.D. 


On November 9th, 1938, Lieutenant Colonel J. F. Halford-Watkins died 
at Mogok, Upper Burma. Lieut. Col. Halford-Watkins was a Member of the 
Students’ Advisory Board of the Gemological Institute of America, and in 
this capacity gave much valuable assistance to the preparation of the 
courses of the G.I.A. He was formerly Deputy Agent of the Burma Ruby 
Mines, and later was a Director of Ruby Mines, Ltd., Mogok, until the 
activities of this firm were suspended. His knowledge of. gems, especially 
ruby and sapphire, was vast, and—a fact which made his advice of greatest 
value—his knowledge was practical. Much of the material incorporated in 
the G.I.A. assignments on ruby and sapphire, and even parts of the assign- 
ments on emerald and zircon, are largely due to the information contributed 
by him. At the time of his death, Lieut. Col. Halford-Watkins was completing 
a book on Gemology. It is hoped that the publisher, who now has the first 
draft of this manuscript, will see fit to have it completed and published. 
We were fortunate enough to be sent several sections of Lieut. Col. Halford- 
Watkins’ book by him, and each of these is of great value, containing Pieny 
points never before brought out concerning the gems which it covers. 


J. R. SUTTON, Sc.D. 


Dr. Sutton, who formerly was with 
DeBeers Consolidated Mines in Kim- 
berley, South Africa, in the Sorting 
Rooms, was also a Member of the 
Students’ Advisory Board of the 
Gemological Institute of America. 
Of late years he had been living in 
Oaklands, Binfield, Berk., England, 
where he died on the 11th of October, 
1937. Dr. Sutton greatly assisted the 
Institute during the preparation of 
the G.I.A. Course (No. 2) on Dia- 
mond. His advice and corrections 
helped to decide between many con- 


flicting statements of other authors 
and to eliminate many misconcep- 
Per- 
haps because of his work in the 


tions prevalent in the trade. 


Sorting Rooms, Dr. Sutton was par- 
ticularly interested in the erystallog- 
raphy of diamond. Readers will re- 
call his notes concerning the crystal- 
lography of the Jonker Diamond, 
especially the one published in the 
May-June, 1984, 
Gemology. Dr. Sutton’s book, “Dia- 


issue of Gems & 


mond—-A Descriptive Treatise,” is 
well known among gemologists for 
its brief and lucid manner. 
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A GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(With phonetic pronunciation system.) 
Terms in quotation marks are considered incorrect. 


Menilite (men’i-lite). Grayish-brown 
banded opal. See also Liver Opal. 

Metallic Luster (me-tal’ik). Having 
the surface sheen of a metal; with 
a metal-like reflection. 

Metalloidal Luster (met’al-oy’dal). 
Reflecting light somewhat like a 
metal. 

Metallurgy. (met”al-ur’ji). Separa- 
tion of metals from their ores or 
from impurities. 

Metamorphic (met”’a-more’fik) of, 
pertaining to, produced by, or ex- 
hibiting metamorphism (Webster). 
See Metamorphism. 

Metamorphism (met”’a-more’fism). 
The alteration of the chemical 
composition or the structure of 
any rock or mineral by the natural 
agents of heat, pressure or gases. 

Meteorite (mee’tee-or-ite”). A mass 
of stone or metal that has fallen 
to the earth from outer space. 

Methylene Iodide (meth’i-lene eye’oe- 
dide). A liquid of high fractive 
index (1.74) and high specific 
gravity (3.32). 

“Mexican Diamond.” 
(quartz). 

Mexican Opal. Opal from Mexico 
with white or light body color. 
Much fire opal is also found in 
Mexico. 

“Mexican Onyx” (mek’si-kan). Band- 
ed. mottled, or clouded travertine 
(calcite). 

Mexican Turquoise. Light blue to 
greenish-blue and bluish-green tur- 
quoise from Mexico or from New 
Mexico (U.S.). 


Rock crystal 


Mica (mei’ka). A group of minerals, 
including as gem or ornamental 
varieties Muscovite (Fuchsite. or 
Verdite), R. I. 1.57, Sp. Gr. 2.9, H. 
2-2%, color green, and Lepidolite, 
R. I. 1.59, Sp. Gr. 2.85,.H. 214-4, 
color light violet-red to light red 
and light yellow, and white. 

Micaceous (mei-kae’shee-us).. Com- 
posed of thin plates or scales, or, 
like mica, capable of being easily 
split into thin sheets. 

Mica Schist (shist). Schist composed 
largely of mica. | 

Micarta. A product: similar to Bake- 
lite. 

Microcline (mei’kroe-kline). Potash 
feldspars in the triclinic system; 
aluminum and potassium silicate. 
See also Feldspar. 

Microscope (mei’kroe-skope). An in- 
strument affording magnification 
of small objects such as inclusions 
in gems. Polarizing —, a micro- 
scope equipped with accessories to 
provide polarized light, useful for 
determining double refraction and 
optic character. 


Mikimoto Pearls. A trade term for 
cultured or cultivated pearls whose 
formation is artificially propa- 
gated and scientifically controlled 
by Dr. Mikimoto, a Japanese scien- 
tist. 

Milk Opal. A translucent, milky- 
appearing variety of common opal. 
Rarely exhibits play of color. 

Milky Quartz. A translucent to 
nearly opaque white variety of 
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erystalline quartz. When contain- 
ing small particles of gold is 
known as gold quartz. 

Mimetite (mim’e-tite or mei’me-tite). 
Yellow to brown or colorless min- 
eral. Lead arsenate and lead chlo- 
ride crystallized in hexagonal sys- 
tem. S. G. 7.0; R. I. 2.1; Hardness 
3%. 

Mimicry. Imitations of crystal forms 
of higher symmetry by those of 
lower grade of symmetry, usually 
the result of twinning. 

Minas Geraes (mee’nash zhae’rishe). 
Important gem-bearing. state or 
territory of Brazil. 

Mineral (min’er-al). A chemical ele- 
ment or compound occurring as a 
result of an inorganic process. 
Usually crystalline, resulting in 
definite properties, but occasion- 
ally amorphous. 


Mineralogy (min”er-al’oe-ji).. The 
science of minerals. j 
Mixed Cut. A style of fashioning 


with 58-facet type of brilliant 
cutting above the girdle and step 
cutting below. 

Mocha Stone (moe’ka). Variety of 
quartz. See Tree Agate, tree stone. 

Moderne Cut (moe-dern’). Any modi- 
fication or combination of table 
cut, step cut and brilliant, used 
especially in connection with dia- 
mond. Includes emerald cut, 
baguette, triangle, keystones, half 
moon, etc. 

Moe Gauge (moe). A diamond weight 
caleulator which estimates to with- 
in a few hundredths the weights of 
brilliant cut diamonds only, by 
measurements of width and depth 
of both set or unset diamonds. 

“Mohave Moonstone” (moe-ha’vae). 
Translucent, lilac-tinted chalce- 
dony. from the Mohave Desert, 
California. 


Mohs Scale (moze). The most com- 
monly used scale of hardness—Dia- 
mond 10, Corundum 9, Topaz 8, 
Quartz 7, Orthoclase Feldspar 6, 
Apatite 5, Fluorite 4, Calcite 3, 
Gypsum 2, Tale 1. Divisions are 
not equal, minerals representing 
various hardnesses having been 
chosen arbitrarily by the mineralo- 
gist F. Mohs. 

Mojave (moe-ha’yae). 
have. 


Same as Mo- 


Moldavite (mol’da-vite). Green obsi- 
dian. 

Molecule (mol’ee-kule or moe’lee- 
kule). The molecule is usually de- 
fined from a chemical standpoint 
as the smallest part that exists 
free in the gaseous form of a sub- 
stance, when a solid or liquid is 
heated. A molecule represents the 
smallest unit of a substance of 
which the chemical properties are 
wholly retained. Molecules may 
consist of more than one element 
and, therefore, of more than one 
atom. See Atom. 

Molluse (mol’usk). <A _ soft-bodied 
non-segmented invertebrate ani- 
mal which typically possesses a 
hard shell. This shell may be uni- 
valve as in the snail, or, bivalve, 
as in the oyster, cockle, and mussel. 

Monochromatic (mon”oe-kroe-mat’- 
ik). Having or consisting of, one 
color; presenting rays of one color 
only. 

Monoclinic (mon’oe-klin’ik). A erys- 
tallographic system; has three 
axes, two of which are unequal in 
length but at right angles to one 
another, the third also of unequal 
length and not at right angles to 
the plane of the other two. 

“Montana Jet” (mon-ta’na, or tan’a). 
Obsidian, from Yellowstone Park. 


(To be continued) 
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SOUTH AFRICAN EMERALDS* 


by 
J. M. LaGRANGE 
Johannesburg, South Africa 


Shortly after its discovery, I was at one time, through the Beryl Mining 
Company, connected with the first exploited occurrence of emeralds in the 
southern part of Africa. Emerald of very good quality has been found at 
this and other later discoveries in the vicinity. The proportion of really 
good class of gem material to the less valuable and worthless material was 
not very high, but this was, of course, to be expected, especially in view 
of the superficial nature of the workings. 

The best gem material, as commonly found elsewhere, was often flawed, 
but the color was a fine, pure, deep emerald green, The inclusions, if any, 
usually consist of small biotite flakes, while in many cases a cloudy develop- 
ment, probably of kaolinite, was present. I am referring more particularly 
to the uncut crystals. A large proportion of the crystals consisted of pale 
and clouded greens which, I believe, were also polished, but in the cabochon 
form. 

Some of the cut stones are reported by the press to have averaged ‘up 
to $600 a carat, but this may have been exceeded in some rare instances. 
One crystal of 130 carats, flawed of course, is reputed to have given pieces 
of which one stone realized $4,000 when cut. Another % gem realized $400 
a carat. 

In the early stages (1928-29) a good deal of the cutting was done locally, 
but later most of the cutting was given to overseas firms, probably in 
London. The better stones were, of course, table cut, but the poorer quality 
was.turned out as cabochons, and these latter also found a ready market. 

The uncut crystals from one locality showed a marked zonary tendency. 
These zones were mostly recognizable by the fact that the coloring in some 
were of lesser or greater intensity than in the adjoining zones. I have been 
assured, but have not been able to verify the fact, that such zoning is not 
common at the other localities. 

In size, such crystals as I saw ranged from microscopic up to possibly 
4 inches in length, though I suppose crystal prisms ™% inch to 1 or 2 inches 
with proportionate diameters were perhaps most common. One unusual 
erystal measuring 4% inches by 2% inches and reputed to be “2,200 carats, 
or very nearly one pound” in weight, was reported. Unfortunately, it 
turned out to be disappointing when opened up. 

At present, I believe that regular marketing of its product is being 
effected by only one mine, the so-called Cobra Emeralds, Limited. In 1985 
I visited an occurrence of emeralds at Poona in West Australia. The mine 
had been, and still was, closed down. The occurrence is very similar to the 
South African one which I have described. I saw one or two erystals from 
this mine which happened to be of a fine deep emerald green color, but I 
suspect these were rather rare. 


*G.LA. Research Service. 
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The Westward Course of Zircon* 


Cc. A. ALLEN, J.G. 
Cranbury, N. J. 


So much has recently been written 
about the characteristics of the zir- 
con as to be sufficient evidence, if 
any were required, that that gem 
continues to be of absorbing interest 
to: the investigator. 

Several years ago, the principal 
sources of the Siamese rough were 
the districts of which Chantaburi 
and Pailin are the trading centers, 
and Muang Kao. Chantaburi is 
reached by both rail and steamer 
from Bangkok, and is situated a few 
miles up a small river emptying into 
the Gulf of Siam, not far from the 
southeastern border. Pailin is about 
thirty miles northeast of Chantaburi, 
in. Cambodia. Muang Kao, hke Pailin, 
is located in territory which, former- 
ly belonging to Siam, was ceded to 
France at the turn of the century, 
and lies on the Meh Khong River, 
slightly southeast of Ubol Rajdhani, 
a large village in the extreme east- 
ern part of Siam. 

The sources around.Chantaburi are 
now, in a commercial sense; ex- 
hausted. Pailin continues to produce 
small quantities; while Muang Kao, 
which, by the way, produced rough 
that furnished the finest colorless 
stones, appears to yield less and less 
annually. 

The chief source, today, is in the 
province of Annam, French Indo- 
China, about half way between Veun 
Kham, on the Meh Khong River, and 
Kontoum, to the east and slightly 
north. 

All the actual digging is per- 
formed by people, both men and 
women, belonging to the hill tribes. 
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They live in bamboo huts on the site. 
Usually from three to five people 
work together and share the pro- 
ceeds. There is no system as to where 
they shall dig, but pits are made 
here and there, as fancy dictates, 
provided other diggings are respect- 
ed. A pit is seldom dug more than 
eight feet for, with no restriction, 
it is easier to commence anew than 
to go too deep. The earth is lifted 
up in bamboo baskets and later sifted 
or “pawed-over” for the pebbles. 

These hill people, at least in cer- 
tain seasons of the year, work hard, 
but like so many others are ‘at the 
mercy of unscrupulous rough stone 
dealers, who arrive at the mines 
from Bangkok, drive the hardest 
bargain they can, and return to 
Bangkok, generally with the most 
extravagant demands for the ma- 
terial. 

When business is good, these de- 
mands are usually insisted on and 
only by long persistence can.be over- 
come, but no small part of the fre- 
quent high prices can be accounted 
for by the dealers making more fre- 
quent journeys than necessary be- 
tween the mines and Bangkok, and 
carrying but small amounts of 
material, rather than transporting 
a man’s-size load, in attempts to turn 
their money over more quickly. Three 
years ago, 24 dealers at most were 
working between the two places; last 
year, there were 120. 

Yet, whatever the demands of 
these dealers, I have learned that 
with proper bargaining zircon rough 
can be purchased in Bangkok from 
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these same dealers: cheaper than by 
sending an experienced man to buy 
it at the mines. For several months 
I had a man make monthly trips to 
Annam, purchase the rough from the 
diggers, if possible or, if not, through 
a middleman, and it usually cost me 
more than obtaining it in Bangkok 
at the right times and storing it 
against high prices and scarcity. 
During the past year, several pa- 
pers have been written giving valu- 
able suggestions on the heat treat- 
ment of this rough. As pointed out 
some time ago,* it has been my 
observation that methods differing 
in detail produce identical results; 
but nevertheless it isunfortunate that 
probably none of these recent papers 
reach the eyes of those who have 
spent years in the practical demon- 
stration that heat, applied in a sim- 
ple manner, will alter the color in 
different ways. And it is to be re- 
gretted that someone possessing the 
proper qualifications could not reside 
in Bangkok long enough to obtain 
material from known sources and to 
experiment with it in cooperation 
with those having this practical 
knowledge of heating large quanti- 
ties of rough without, any thought of 
scientific procedure. Such coopera- 
tion might prove invaluable in arriv- 
ing at an explanation of some of 
the “mysteries” of the zircon. 
Returning to Bangkok a few 
months ago after an absence of 
nearly five years, I found exactly 
the same methods in use now as 
then, and as were used as long ago 
as 1922, when I first went. out there 
to make it my home. These methods 
were described in a previous paper.* 
In the intervening years, no knowl- 
edge has been gained out there as 


*The Heat Treatment of Siamese Zircons, 
C. A. Allen, p. 341, Nov.-Dec., 1935. 
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to a way to fix the color in a stone, 
or to produce stones of uniform color. 
This remains in the lap of the gods. 

But while the process remains the 
same, the gem districts of Bangkok 
have undergone a remarkable change. 
Five years ago, small shops were 
congregated in only two sections of 
the city, Watkoh and Samyak. To- 
day—I am speaking of September, 
1937—not only have these centers 
been greatly enlarged by the addi- 
tion of scores of other shops, but in 
various other sections of the city, in 
Talat Noi, on Siphya Road, and in 
lanes so hidden by tiny huts and rank 
growth as to be non-existent to all but 
those who know their way, have risen 
more scores of shops, each with a 
few cutting wheels, from which the 
shrill hum of the stone on metal may 
be heard for hundreds of feet. 

From shop to shop, such as these, 
the rough stone dealers move, carry- 
ing their stones in a cloth tied by the 
corners, and displaying them on the 
floors, generally the center of lively 
scenes of bargaining. They naturally 
go to the large shops first, where 
they may dispose of their entire load 
if they are fortunate. If this cannot 
be done, they must peddle their 
stones around among the smaller 
shops and dispose of them in small 
lots; but as this requires time, and 
they desire to return to the mines 
for more as quickly as possible, the 
larger dealer has a decided advan- 
tage and can usually obtain better 
prices than his smaller competitor. 
The rough is sold by the catty, one 
catty representing a pound and a 
third. Sometimes conditions may 
seem to warrant storing large stocks 
when the material appears of good 
quality and is low priced. This is 
tempting to wealthy speculators, 
both native and European. 


(To be concluded) 
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New Trade Practice Rules* 


by 


ROBERT M. SHIPLEY 


President, Gemological Institute of America, 


Los Angeles 


New Trade Practice Rules for 
Wholesale Jewelry Industry have 
been approved by the Federal Trade 
Commission and promulgated (re- 
leased) on March 18, 1938. The 
F.T.C, states that these Rules super- 
cede those of July 10, 19381, and I 
am advised by Judge McCorkle, Di- 
rector Trade Practice Conferences, 
that all branches of the industry 
should obey these Rules. 

Below are quoted only the new 
Rules which affect present practices 
in the sale or representation of dia- 
monds and jewelry (not watches). 
The “comments” which appear after 
several of these Rules refer only to 
changes from the former Rules, and 
there I incorporate my personal in- 
terpretation of them, only in an 
effort to assist the jeweler who 
wishes to avoid any possible viola- 
tion of them. Such Rules, like laws, 
are often subject to different inter- 
pretation and the Commission itself, 
as the oceasion arises, may, of course, 
place a different interpretation upon 
them. 

Rule 2—It is an unfair trade prac- 
tice to use the word “perfect,” or any 
other word, expression, or represen- 
tation of similar import, as descrip- 
tive of any diamond, ruby, sapphire, 
emerald, cr other gem stone, which 
discloses flaws, cracks, carbon spots, 
clouds, or other blemishes or imper- 
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fections of any sort when. examined 
by a trained eye under a diamond eye 
loupe or other magnifier of not less 
than ten power, with the tendency 
and capacity or effect of misleading 
or deceiving purchasers, prospective 
purchasers, or the consuming public. 

Comment: Previous Rules for the 
use of perfect referred only to dia- 
monds; it is rarely used for “colored 
stones,” and as absence of flaws is 
less important in them it is to be 
hoped that this Rule will not stimu- 
late their sale as perfect or im- 
perfect. 

Previous Rules specified a “nor- 
mal” eye. The Retail Jewelry Code 
specified a loupe of not less than 7 
power, but the F.T.C. Rules of July 
10, 1931, again became operative 
when the N.R.A. ceased to function. 
The 19381 Rules specified an ‘“ordi- 
nary diamond loupe” (which made 
possible the use of loupes as low as 
three power). This new Rule 2 does 
not specify a 10x loupe corrected for 
chromatic and spherical aberration 
as does the definition of the Ameri- 
can Gem Society for flawless dia- 
monds which was recommended by 
its Diamond Terminology Committee 
and voted for adoption by its Regis- 
tered Jewelers in October, 1937. This 
A.G.S. definition follows: 

“The term ‘Flawless’ shall 
be used to describe a diamond 
which is free from all internal 
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and external blemishes or 
faults of every description 
under skilled observation in 
normal natural or artificial 
light with a ten-power loupe, 
corrected for chromatic and 
spherical aberration. This 
shall be a ‘Standard of the 
American Gem Society’.” 

As there is a greater possibility of 
overlooking small imperfections un- 
der examination by an uncorrected 
loupe, and as the A.G.S. specifies 
“skilled” observation and “stringent 
lighting” conditions and the Trade 
Practice Rules do not, a diamond 
graded as flawless under the A.G.S. 
Standard will remain a higher grade 
stone than a perfect stone under 
these new F.T.C. Rules. (Unless the 
F.T.C. Rule should be interpreted to 
mean that the Rule is violated if 
flaws, ete., can be disclosed under 
any 10x magnifier and under any 
method of examination.) 

Rule 3—It is an unfair trade prac- 
tice to use the terms “perfect cut,” 
“nerfectly cut,” “eye perfect,” “com- 
mercially perfect,” or “commercially 
white,” or any other terms, expres- 
sions, or representations of similar 
import, in advertising, labeling, rep- 
resenting, or describing any diamond, 
when such terms are so used for the 
purpose or with the capacity and 
tendency or effect of misleading or 
deceiving purchasers, prospective 
purchasers, or the consuming public. 

Comment: This Rule does not spe- 
cifically prohibit the use of the terms 
“clean,” “sound,” and “eye-clean” as 
does the A.G.S. Rule governing the 
practice of Registered Jewelers and 
Graduate Members (wholesalers) 
which follows: 


“Resolved that because. of 
the misuse intentionally or 
otherwise of certain terms 
commonly used in describing 
diamond qualities, which re- 
sult in public confusion, abuse 
and are misleading and decep- 
tive, the following terms be 
discontinued: sound, 
eye-clean, eye-perfect, com- 
mercially white, commercially 
perfect, perfect cut and per- 
fectly cut.” 

Rule 4—It is an unfair trade prac- 
tice to use the word “pearl,” or the 
word “diamond,” “ruby,” “sapphire,” 
“emerald,” “topaz,” or the name of 
any gem stone, in such manner as to 
mislead or deceive purchasers, pros- 
pective purchasers, or the consuming 
public into the erroneous belief that 
the product is a genuine pearl, dia- 
mond, ruby, sapphire, emerald, topaz, 
or other gem stone. 

Comment: This means that greater 
care should now be exercised in the 
manner in which synthetic or imita- 
tion stones and cultured pearls are 
represented. Cultured pearls cannot 
be sold as Japanese Pearls, etc. This 
Rule also includes definitions of 
pearls, diamonds, rubies, sapphires, 
emeralds and topaz, which seem to 
make very clear that the representa- 
tion of other genuine gems under 
these names is prohibited. The sale 
of green corundum as “Oriental em- 
erald,” red spinel as “Spinel Ruby,” 
quartz as “Quartz Topaz’ (or as 
Topaz), ete., ete., may be interpreted 
as violation of this Rule. Some of the 
definitions follow: 

Ruby: The name “ruby” is given 
to the transparent to translucent 
variety of the mineral corundum. Its 


clean, 


color is red with only limited traces 
of other tints or hues. The color is 
due to the. presence of minute quan- 
tities of metallic 
alumina. 


im the 
Its hardness is about 9, 
and its specific gravity varies from 
3.94 to 4.10. The variety of ruby 
which exhibits a six-rayed star is 
known as the “Star Ruby.” 

Comment: Corundum of a hue 
which is more purplish than red, can- 
not now be represented as a ruby. 

The sale of purple and violet star 
corundum as star ruby is apparently 
prohibited. All colors except “red 
with limited traces of other tints or 
hues” should be sold as sapphire. 

Emerald: A deep green to light 
grass green transparent to translu- 
cent variety of the mineral beryl 
which crystallized in the hexagonal 
system. Its color.is due to the pres- 
ence of chromium. Its hardness 
ranges from 7% to 8, and its specific 
gravity from 2.67 to 2.75. The still 
lighter green varieties of beryl are 
correctly known as either green beryl 
or aquamarine and should not be 
confused with emerald. 

Comment: A very light green beryl 
should not be sold as emerald, Un- 
less some color standard can be estab- 
lished to divide “light green” from 
“very light green” and “pink”: from 
“red,” the exact dividing lines be- 
tween emerald and green beryl and 
between ruby and pink sapphire will 
remain largely a matter of personal 
opinion. However, these definitions 
should greatly assist in prohibiting 
misrepresentation. 

Topaz: A mineral consisting essen- 
tially of aluminum fluosilicate crys- 
tallized in the orthorhombic system, 
Its characteristie color is yellow, 
varying from canary to deep orange, 
but it is also white, greenish, bluish, 


oxides 
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pink, rose, red, etc. Its hardness is 
8 and its specific gravity varies from 
about 3.4 to 3.6. This mineral, known 
in the trade as precious topaz, should 
not be confused with a yellow to 
brown variety of quartz (silica) 
generally known as topaz quartz, 
citrine quartz, or citrine. 

Comment: This. states that citrine 
(also known as citrine quartz or 
topaz quartz) is not topaz. It seems 
apparent that the rather common 
practice of selling citrine as topaz is 
now prohibited. 

I have omitted the Rule’s defini- 
tions of pearl, diamond and sapphire. 

Rule 5—It is an unfair trade prac- 
tice to use the word “real,” “genu- 
ine,” or “natural,” or any other 
word, expression, or representation 
of similar import, in any way as 
descriptive of any article or articles 
which are manufactured or produced 
synthetically or artificially, or which 
are artificially cultured or culti- 
vated, or which are a simulation or 
imitation of or substitute for any 
precious or semi-precious stones, or 
pearls, with the tendency and ca- 
pacity or effect of misleading or 
deceiving purchasers, prospective 
purchasers, or the consuming public. 

Comment: This Rule makes it ap- 
parent that the greatest, care should 
be exercised in the sale or description 
of cultured pearls or of imitation or 
synthetic stones, including those sold 
under trade-marked names. “Cul- 
tured pearls (genuine), “Real Zire- 
tone” and similar expressions would 
seem to be prohibited. 

Rule 6—(a) It is an unfair trade 
practice to use the term “blue white” 
or any other term, expression, or rep- 
resentation of similar import, as de- 
scriptive of any diamond which 
shows any color or any trace of any 
color other than blue or bluish, with 
the tendency and capacity or effect 
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of misleading or deceiving pur- 
chasers, prospective purchasers, or 
the consuming public. 

(b) The practice of tinting a dia- 
mond a bluish white or any other 
color for the purpose or with the 
tendency and capacity or effect of 
thereby misleading or deceiving pur- 
chasers, prospective purchasers, or 
the consuming public as to the natu- 
ral color, tint, or condition of such 
diamond, is an unfair trade practice. 

Comment: This differs from the 
1931 Trade Practice Rules, which 
referred to the presence of color 
when storie was “viewed from the 
front.” Rule 6 apparently prohibits 
the representation of any stone as 
blue-white which shows traces of any 
color other than blue when examined 
by transmitted light. Diamonds con- 
taining traces of yellow when viewed 
from the front under a blue sky can 
be made to show traces of no other 
except blue or bluish. Therefore, this 
Rule seems a great improvement in 
protection to buyers. But it is possible 
to more or less eliminate traces of 
yellow by certain methods, even when 
diamonds are examined by trans- 
mitted light and fuller protection to 
the buyer is probably impossible 
until more detailed specifications 
governing the methods for examina- 
tion can be established. 

Rule 11—Applying the term “syn- 
thetic” to gem stones other than 
those produced by artificial means 
and having essentially the same phy- 


sical, chemical, and optical properties 
as the genuine or natural gem stones 
which such synthetic products simu- 
late, with the tendency and capacity 
or effect of misleading or deceiving 
purchasers, prospective purchasers, 
or the consuming public, is an unfair 
trade practice. 

Comment: Apparently prohibits 
the representation as synthetics, of 
doublets, glass, bakelite or other 
products which merely simulate the 
appearance of the stone they repre- 
sent; also the sale of synthetic corun- 
dum or spinel as “synthetic garnet,” 
“synthetic topaz,” etc., ete. 

The F.T.C. has accomplished a vast 
improvement over the former Rules. 
The influence of the gemological 
movement seems distinctly apparent 
in them; one of the numerous indi- 
cations of that improvement upon the 
trade. Legitimate jewelers may, of 
course, refer to their Better Business 
Bureaus, or to the F..T.C. itself, viola- 
tions of these Rules by competitors. 
The Rules state, in part, that... 
“appropriate proceeding in the pub- 
lic interest will be taken by the Com- 
mission to prevent the use of such 
unlawful practices... .”’ These Rules 
should prevent much intentional mis- 
representation and, because they are 
the first of these Rules which make 
a knowledge of fundamental gem- 
ology necessary for those who wish 


to avoid violations, they should 
reduce unintentional misrepresen- 
tation. 


— 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(With phonetic pronunciation system.) 
Terms in quotation marks are considered incorrect. 


“Montana Ruby.” A term incorrect- 
ly applied to some red garnets, 
Montana Sapphire. A sapphire from 

Montana. Many fancy colors in 
addition to blue stones have been 
produced in this state. As a trade 
grade it refers to the sapphire, no 
matter where found, possessing a 
comparatively light and compara- 
tively grayish-blue color called 
electric blue, or steel blue. Stones 
of this grade from Montana have 
a slightly metallic-appearing lus- 

ter. 


“Mont. Blane Ruby.” A reddish 
quartz. 
Moonstone. A term used correctly 


or incorrectly to refer to certain 
varieties of Orthoclase (feld- 
spar), Albite (feldspar), Scapolite 
and Corundum. The name should 
probably be confined to Precious 
Moonstone, a variety of the min- 
eral “Adularia,” a type of Ortho- 
clase, exhibiting adularescence. 
See also adularescence. 

“Moonstone.” White chalcedony. 
When certain specimens are cut 
en cabachon, exhibits white moving 
light, which, however, differs from 
true adularescence. 

Morallion. Term used in Colombia 
‘for poorer grades of emeralds used 
as gems. 

Morganite (more’ga-nite). <A light 
red-purple to purplish red variety 
of beryl. 

Morion (moe’ri-on). _Deep-black, al- 
most opaque, smoky quartz. 


Moroxite (moe-rok’site). A blue to 
greenish-blue variety of apatite. 

Moss Agate. Agate with green moss- 
like inclusions. See agate. 

Moss Jasper. Opaque and translu- 
cent chaleedony crowded full with 
moss-like markings. 

Moss Opal. Milky opal with black 
moss-like (tree-like) inclusions. 
Mossy. If erystals are fine and soft 
like moss. Also term applied to 
emeralds clouded by fissures or 

fractures. 

“Mother of Emerald.” Green fluor- 
ite, also prase (quartz). 

Mother of Pearl. Lining of the shell 
of any pearl-bearing molluse. It 
is of the same composition. and 
quality as the pearls produced by 
each particular molluse. 

Mother Rock. See Matrix. 

Mottled. Having spots or irregular 
patches as of color or shading. 
Mountain Mahogany (ma-hog’a-ni). 

Obsidian. 

Mounted Stones. Fixed in a setting; 
or also, according to Kraus, de- 
scription of stones covered upon 
the back by foil, enamel or other 
substances. 

Muddy. Lacking brilliancy from the 
interior, due usually to cloudiness 
of the stone. 

Muller’s Glass. See Hyalite. 

Multi-colored. Having many colors. 

Multiple. Price of pearls subject to 
the multiple of weight. 

Muscle Pearls. Small pearls found 
in the muscular tissue near its 
attachment to the shell. 


154 GEMS & GEMOLOGY 


Mussel-Egg. Name given to fresh- 
water pearls by Tennesseans. 

Mussel Pearls. Pearls from true 
mussels are usually dark and dirty 
in color and possess little, if any, 
luster. See also Trematode. 

Muzo (moo’soe). A town in Colombia 
near which is the principal source 
of fine emeralds. 

Myrickite. Local trade-name for a 
variety of chalcedony from San 
Bernardino County; California. It 
shows red spots on a gray ground 


and resembles “St. Stephen’s 
Stone.” 
Naat. Thin, flat diamond crystals. 


Nacre (nae’ker). Mother of Pearl. 
The lining of the shell of the pear!- 
bearing mollusk. 

Nacreous (nae’kree-us). Possessing 
a coating of nacre, or the appear- 
ance thereof. j 

Nacrescope. An instrument contain- 
ing a strong’ light through which 
the nature of the nucleus of a 
pearl is observed. 

Naif (see Nyf). 

Napoleonite (na-poe’lee-on-ite). An 
obsolete synonym of orthoclase. 
Natal Stones (nae’tal). Birthstones. 
Naturals. Unpolished spots on girdle 

of a diamond. 

Natural Glasses. Natural amorphous 
substances, such as obsidian. 

Navette (nave-et’). Same as Mar- 
quise. 

Needle Stone. Sagenite (quartz). 

Negative Crystals. (a) in a mineral 
or cut gem stone, a cavity having 
the form of a crystal. (b) a crys- 
tal exhibiting negative double re- 
fraction. (See also Positive Crys- 
tal.) 

Nephrite (nef’rite). A compact, 
translucent gem variety of actino- 
lite. Semi-transparent to opaque, 
green, gray, white, brown, reddish, 
bluish, lavender, yellow. Hardness, 


6 to 7; Specific Gravity, 3.3 to 3.5; 
Refractive Index, 1.60-1.63. Both 
Nephrite and Jadeite are known 
as Jade. See Jade, Jadeitte. 

Nephelite (nef’e-lite). A mineral 
used rarely as a gem stone. Trans- 
lucent, white, red, green, blue. 
Hardness, 5% to 6; Specific Grav- 
ity, 2.6; Refractive Index, 1.53- 
1.54, 

“Nevada Diamond.” Obsidian arti- 
ficially decolorized. 

Newton Scale. A type of specific 
gravity scale. _ 

New Zealand Jade. Nephrite (Jade) 
from New Zealand. Also a term 
sometimes applied in the trade to 
all spinach-green nephrite, regard- 
less of its actual source. 

“New Zealand Greenstone.”. Serpen- 
tine; also, nephrite from New Zea- 
land. 

Niagara Spar. A colorless to white 
translucent variety of gypsum sold 
to tourists at Niagara Falls. See 
also Satin Spar, Gypsum. 

Nicks. Very small fractures along 
the girdle or facet junctions of a 
cut stone. See also Pits. 

Nicol Prism (nik’ul). A calcite prism 
sawed through and recemented in 
such a fashion as to pass only the 
extraordinary ray of the two 
doubly refracted rays, thus pro- 
ducing polarized light. 

Nicolo (nik’oe-loe).. Onyx with a 
black or brown base and a bluish- 
white top layer. 

“Night Emerald.” Same as “Evening 
Emerald.” 

“Nixonoid.” A type of celluloid. 

Noble (as a prefix). The word 
“noble” is used in mineralogy to 
express superiority or purity, e.g. 
Noble Opal, Noble Tourmaline, 
ete., as contrasted with inferior 
qualities of the same species. See 
also Oriental. 


(To be continued) 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


HENRY E. BRIGGS, Ph.D. 


EMERALD (Cont.) 


The only true emerald is the deep, vivid-green beryl. It is found prin- 
cipally in Colombia and the Ural mountains, although some few small stones 
have been mined in North Carolina and in the Tyrol. In Egypt are old 
mines from which the ancients, no doubt, obtained their emeralds, and even 
today a few are found there. 


BERYL 


Beryl crystallizes in the hexagonal system and the prism faces are often 
deeply striated vertically. The hardness of this mineral will vary from 7.5 to 
8; specific gravity will vary from 2.6 to 2.8; fracture is uneven to corchoidal; 
cleavage indistinct; luster vitreous to resinous; optically uniaxial negative; 
index of refraction 1.58; dispersion .014._ Beryl is found in the following 
colors: Green, bluish-green, blue, pink, golden yellow, red, and colorless. 
The vivid green is called emerald, the greenish-blue to blue is called aqua- 
marine, the pink and reddish, morganite; the yellow, golden beryl, and the 
colorless, goshenite. The composition of bery] is beryllium-aluminum silicate; 
the formula Be,A1,(Si03), is usually used to express beryl. However, in 
some varietiés part of the beryllium may be replaced by some other element, 
such as calcium. The author has also found sodium, lithium, magnesium and 
iron in samples of beryl examined.. 

While beryl is only weakly birefringent, yet the dichroism is marked 
and can often be detected by the unaided eye by orienting the crystal. This 
property should make it possible to distinguish it from the paste imitations 
and from the green colored spinels which are flooding the markets. Emerald 
green tourmaline often very closely resembles the emerald in color, but 
with the aid of the dichroscope it is possible to easily tell them apart, for 
the true emerald shows a deep green and a medium to light green through 
the dichroseope, while the tourmaline will show a fine vivid but light green 
and a deep blue-green when viewed through this instrument. There are 
many so-called “emerald testers” offered on the market, but the author has 
not yet met with one which is infallible, consequently it is safest to use 
the tests outlined in the fore part of this volume. 

Emerald is very seldom found in perfection or near-perfection, and a 
perfect emerald of any size above a carat will bring a fancy price. Those 
of large size and fine quality have frequently brought as much as $10,000 
per carat, and even more. The usual run of emerald-colored beryl crystals 
are full of fissures, cracks and inclusions of tiny particles of foreign matter. 
These cause the cloudiness so frequently met with in these gems. It seems 
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strange indeed that the grass green variety of this. mineral should be so 
rare, while some of the other varieties are found in plenty and in large and 
wonderfully. transparent crystals. 

Emeralds are cut with a view to showing off the glorious color and 
dichroism of the mineral, and hence some small stones. which might lack 
depth of color if cut in some plain fashion, are brilliant cut. The larger, 
and especially the more perfect, stones are cut on the pattern known as 
the emerald cut, which consists of 50 facets, 25 above the girdle and 25 
below the girdle, including the table and culet. This style of cut is one 
of the step cuts and is often used on diamond. Of late years:many other 
cuts have been employed. Because of the extremely high cost of emerald 
it rarely falls into the hands of any except the best of lapidaries, and hence 
the greater share of emeralds on the American market are very well cut 
and done in fine proportion. 

By far the finest emeralds produced are those mined in South America, 
and especially in the locality of Muzo, Colombia. 


CORUNDUM 


The corundum group embraces two of the precious gems, the ruby and 
the sapphire. All of the gems in this group are essentially the same in 
composition except, for the very slight amount of matter which gives the 
color to the mineral. The characteristics are essentially the same, and for 
this reason we will discuss these gems together rather than separately. 

Corundum crystallizes in the hexagonal system, and the ruby is usually 
found in nodules or prisms, while the sapphire is usually found either 
in rolled nodules, bipyramids or in pyramids. The range of color in this 
mineral is great. Gem varieties occur in red; yellow, blue, green, violet, 
pink and colorless. In the commercial varieties the mineral runs through 
the grays to brown and black. 

Corundum has no real cleavage, but it often shows parting on the 
basal plane. The fracture is conchoidal and the luster is vitreous to dull 
in the natural state and usually adamantine when cut. Corundum is ex- 
tremely durable, its hardness is 9, which is next to diamond, and it is very 
tough. Being crystallized in the hexagonal system it is uniaxial, and it is 
negative in character. The mean index of refraction is 1.76 and the dis- 
persion is weak (0.018) consequently there can be little fire to this gem 
and a colorless sapphire is easily distinguished from the diamond by a 
mere glance of the experienced eye. Some of the varieties are strongly 
dichroic, and while double refraction is low the stone will often show this 
property to a marked degree. It is especially noticeable in the deep blues 
and in the violet, stones. The ruby also often shows fair dichroism, although 
the twin colors of the ruby are not so easily seen. by the amateur as they 
are both reds, and the untrained eye might overlook the difference in the 
shades. However, in the blue and violet, sapphires the twin colors are en- 
tirely different colors so that even the novice cannot overlook the difference. 
Pure corundum is composed of aluminum oxide (A1,03), although the 
absolutely pure stones are not met with in nature. (To be continued) 
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THE BOMBAY PEARL MARKET 


A Summary of a Report 


by 


T. J. HOHENTHAL, American Vice Consul, Bombay, India 
Released through the courtesy of the U. S. Bureau of Mines 


For centuries the pearls of India, 
chiefly secured at the fisheries of the 
Bahrein Islands, have been known to 
the western world. Bombay is the 
center of this trade, and one of the 
leading pearl markets of the world. 

In recent years the demand for 
genuine pearls has fallen, while that 
for American slugs and Japanese 
cultured pearls is growing. ‘The 
trade is concentrated. in the hands 
of a few wealthy merchants, and the 
artisans who shape, grind, drill, 
string and otherwise prepare the 
pearls for sale are generally mem- 
bers of certain families. 

Though in the past few years the 
pearl trade has diminished due to 
world economic conditions, Bombay 
has continued as the distributing 
center, though the port of Karachi 
is growing in importance due to the 
shipments by air mail of pearls to 
this locality. The Oriental pearls 
come from the Bahrein Islands, Mas- 
kat and ports of the Persian Gulf. 
They are also bought from Arab and 
Persian merchants who generally 
visit Bombay twice a year, during 
August and October and January 
and March. Occasionally parties of 
Bombay merchants visit the Persian 
Gulf fisheries to make purchases on 
the spot. Pearls from the fisheries 
of, Tuticorin (South India) and of 
Ceylon also reach Bombay oceasion- 
ally. : 

The pearls are cleaned, sorted, 
pierced and strung at Bombay and 
are divided into lots according to 
size, color,-shape and luster. The 
piercing and drilling is a delicate 


job, done by skilled workmen known 
as “vindharas.” After this they are 
strung by another class of workers 
called “paronigars.” 

In addition to the large export 
pearl trade from Bombay, there is 
also much domestic demand for 
pearls and for precious stones as 
well. Ruling Princes of India and 
other wealthy Indians are reputed 
to possess valuable collections of 
pearls. Those with more moderate 
means buy cheaper qualities accord- 
ing to their financial situation. 

The most inferior pearls are 
bought by the masses, and those 
which are unsuitable for ornamen- 
tation are used as medicine. The 
poorer classes generally buy Ameri- 
can slugs for making of ornaments 
and for use in combination ‘with 
other beads in necklaces and brace- 
lets. About half a dozen large dis- 
tributors control the entire Bombay 
market. 

During recent years the demand 
by the United States and Europe for 
fine Oriental pearls has declined, and 
in the Indian market cheaper pearls 
are being sold where better qualities 
were sold formerly. Though the mar- 
ket is slowly reviving, the improve- 
ment is not keeping pace with that 
noted in the case of precious stones, 
especially diamonds. This increasing 
preference for diamonds indicates a 
very noticeable change in the buying 
habits of the public. Trade estimates 
of the value of the annual importa- 
tions of pearls into Bombay range 
from $5,000,000 to $6,000,000; 
American slugs about $50,000, and 
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cultured pearls from $50,000 to 
$60,000. 

In order to buy pearls in the Bom- 
bay market, a person must possess 
unusual tact, patience, and bargain- 
ing ability, as there is a tendency to 
state an exaggerated price from 
which reductions are gained only 
after protracted bargaining. The 
value of a given pearl is arrived 
through a rather complicated sys- 
tem. The unit of weight is the “rati” 
(.00605. of an ounce), Twenty-four 
ratis are known as a “tank” (.145 
oz.); 2 tanks and 14 ratis (62 ratis) 
equal 1 tola, 1 tola equals about % 
ounce. To evaluate the pearls a base 
known as the “chow” is applied. The 
following table is used: 

1 pearl of 1 tank = 330 chows 

2 pearls of 1 tank = 165 chows each 

5 pearls of l tank = 66 chows each 
10 pearls of Ltank = 33 chows each 

At the present time medium qual- 
ity pearls range in value from $18.75 
to $37.50 per chow, while better 
qualities range from $75.00 per chow 
up. Pearls inferior to those recog- 
nized as of medium quality range 
from $1.87 to $18.75 per chow. 

In order to be sure of the weight 
and genuineness of a pearl, a buyer 
may have it tested at the “Moti 
Jhaverno Dharamno Kanto” in the 
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center of the pearl market, where 
X-ray methods are used. The fee for 
this examination, however, is some- 
what high and dealers resort to it 
only rarely. The Oriental pearl trade 
has undoubtedly been adversely 
affected by the Japanese cultured 
pearl. These are now often sold to 
buyers who in the past could pur- 
chase genuine pearls only of inferior 
qualities. 

There is a fairly good demand for 
American fresh water pearls, and it 
is estimated that about 10,000 ounces 
of these, to the value of about $50,- 
000, are imported annually. The bet- 
ter grades of these are purchased by 
poorer people for making ornaments 
of various descriptions, those unsuit- 
able for such purposes being used for 
medicines. The trade in American 
pearls enjoys a somewhat unique 
position as it is not affected by the 
cultured pearl except to a very lim- 
ited extent. Furthermore, the re- 
duced price of Oriental pearls. has 
not injured this trade as the Ameri- 
can pearls are used by a class of 
people who have not the means to 
buy Oriental pearls and are senti- 
mentally averse to cultured pearls. 
Selected lots of American pearls are 
sold in the local market at from $3.00 
to $5.62 per tola. 
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Hawaiian Peridot* 


by 


E. L. VAN PELT 


U.S. S. Litchfield, Pearl Harbor, T. H. 


Were tradition true, and peridot 
did glow at night, the Hawaiian Is- 
lands would indeed be well lighted. 
The mineral may be found on all the 
islands in most, of the intrusive and 
extrusive lava. It occurs in the basalt 
and ranges from minute crystals to 
pieces one inch in diameter. Un- 
fortunately the larger pieces are 
generally fractured and disintegrate 
as the lava exfoliates. In some local- 
ities, it is the only mineral which 
has crystallized in an otherwise fine- 
grained basalt. 

On the island of Kauai, a cliff of 
basalt two or three hundred feet 
high and extending for several miles 
is impregnated with peridot of vary- 
ing sizes. The Hawaiian Geological 
Survey has collected several pounds 
of peridot from Mauna Loa. Several 
of these, if cut, would be approxi- 
mately three carats. Near Hilo in 
Hawaii, is a beach composed of black 
sand in which peridot can be found 
large and clear enough to be cut. 
This is the only spot, to my knowl- 
edge, where peridot is sought by local 
dealers, The hardness of the basalt 
in which peridot occurs prohibts 
mining in any other than alluvial 
deposits. Of the five large islands in 
the group, Hawaii seems to have the 
widest occurrence of the green min- 
eral. 

In Honolulu, Dawkins-Benny Com- 
pany are the only people who have 
peridot cut. They have been sending 
these stones to the states for the 


*G.1.A. Research Service, 


last four years in lots of a hundred 
or more. Up to date, the demand is 
only in Hawaiian fraternity and 
lodge pins, very few of the stones 
being large enough for single ring 
sets. The average weighs about one- 
half carat. Mr. Benny informs me 
the supply is considerably greater 
than the demand. It may be of in- 
terest to know the clear, elongated 
crystals are circled in a gold band 
and used with other Hawaiian min- 
iature articles in charm bracelets 
which seem to be popular at the 
moment. As far as they know, peri- 
dot from Hawaii has not been mar- 
keted in the United States. 


In the Bishop Museum of Ha- 
waiian Native History, there is a 
very complete collection of adorn- 
ments and jewelry, but peridot has 
not been used. The only stones used 
by the native Hawaiian was nephrite, 
which is from a source further south. 


Inasmuch as very little of the 
islands have been covered and the 
rocky interiors have never been sur- 
veyed closely, I believe Hawaii to be 
a probable source of gems. Corundum 
has been found. Nearly all types of 
metamorphism have occurred and 
most of the basalt is highly crystal- 
lized. No one has diligently searched 
for peridot because without trouble 
the supply can be found to meet the 
demand, and, as elsewhere, the people 
have not been educated to colored 
stones. 
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Synthetic Emerald* 


Figure 1. Fashioned Specimen of Synthetic Emerald, Photographed by 
Dark-Field Ilumination through eRe ees ag Showing “Wisp-Like” 
Inclusions. 


Detailed information concerning 
the synthetic emerald which is in 
process of development in Germany 
has spread more or less generally to 
the trade. As has been pointed out 
before in Gems & Gemology and in 
several other journals, this material 
—which is probably to be marketed 
under the trade term Igmerald, when 
and if it, does reach the market—is 
truly green beryl produced by an 
*A.G.S. Research Service. 


artificial process and may take its 
place along with other synthetic re- 
productions of gem species. 

It is quite doubtful that as yet any 
of this material has been released 
to the trade. Harold D. Feuer, C.G., 
of New York City, learned while in 
London last year, that the I. G. 
Farbenindustrie had sent a few cut 
specimens of this synthetic material 
to the firm of E. & E. Hopkins. These 


stones had been sent in order to 
obtain Messrs. Hopkins’ opinion as to 
what method of handling them would 
be the most satisfactory and also 
what prices might be charged for 
them. Apparently the I. G. Farben- 
industrie is feeling its way in an 
attempt to market the material profit- 
ably. From scanty information ob- 
tained regarding costs of production, 
it seems likely that a fairly high 
price will have to be charged for 
the material and this may be pre- 
venting its appearance on the mar- 
ket until more economical methods of 
manufacture, permitting sale at rea- 
sonable prices, have been developed. 
At the same time Mr. Feuer was in 
London, Messrs. Hopkins had sent 
one of the specimens of synthetic 
emerald in a paper of miscellaneous 
stones to the laboratory of the Dia- 
mond, Pearl and Precious Stone Seec- 
tion of the London Chamber of Com- 
merce where it was promptly and 
accurately identified as synthetic 
emerald by B. W. Anderson, Director 
of that laboratory. 


Unfortunately, either correct, re- 
ports have been misunderstood or 
false reports have been circulated to 
the effect that the synthetic emerald 
is already available somewhat gen- 
erally in the trade. Several known 
sales of green glass and doublets or 
triplets as the “new synthetic emer- 
alds” have been made, probably upon 
the strength of these reports. These 
substitutes, of course, are very easily 
distinguished from genuine emerald, 
since their physical and optical prop- 
erties are different from those of the 
genuine stone, 


The synthetic emerald will not be 
distinguishable upon the same basis 
as these substitutes are, but will 
necessarily be detected by differences 
similar to those employed in dis- 
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tinguishing between natural and syn- 
thetic rubies and sapphires. Any jew- 
eler who can learn to distinguish 
accurately between synthetic ruby 
and sapphire and the genuine ma- 
terial should be able to learn to 
distinguish the synthetic emerald 
with equal ease, unless the char- 
acteristics present in the stones pro- 
duced to date are eliminated by vast- 
ly improved methods of manufacture. 


The Gemological Institute first re- 
ceived specimens of synthetic emerald 
in 1935. These were not by any means 
the first synthetic emerald. As a 
matter of fact, tiny specimens of 
synthetic emerald were produced by 
Hautefeuille and Perry well before 
the end of the nineteenth century. 
The synthetic emeralds which are the 
subject of recent discussion are the 
result of a number of years’ research 
on the part of Dr. Espig and Dr. 
Jaeger of the I. G. Farbenindustrie 
at Bitterfeld, Germany. The crystals 
produced by Hautefeuille and Perry 
were very tiny, whereas those pro- 
duced by Espig and Jaeger are of 
sizes which permit cutting of gem- 
stones, 


The specimen of synthetic emerald 
which was first tested in the G. I. A. 
laboratory was a hexagonal prism, 
near the center of which was at- 
tached a large group of tiny crystals. 
Two stones fashioned from another 
prism of this description were tested 
at the same time. The research which 
was inaugurated on this material in 
1935 has been conducted at intervals, 
and is still in progress today. During 
this three-year period, the manu- 
facturers have effected a slight im- 
provement in the rough form of the 
synthetic material, making it more 
adaptable to fashioning. The tiny 
erystals which were attached to the 
center of the prism and which made 


C 


wy 


¥ 


it impossible to cut the prism into a 
single stone have been eliminated, 
and, therefore, the rough synthetic 
crystal can be fashioned with much 
less waste than would have been pos- 
sible with the older form. Prof. Dr. 
Schlossmacher has been informed by 
the I. G. Farbenindustrie that at the 
present time they can produce fair 
quality cut stones as large as 1.10 
carats. However, very little improve- 
ment in physical and optical proper- 
ties can be noted between the crystals 
and cut stones mentioned above (be- 
lieved to have been manufactured 
prior to 1930) and those which have 
been secured most recently——perhaps 
having been manufactured as late as 
the early months of 1937. 


Fortunately for the emerald mar- 
ket, the characteristic inclusions of 
the synthetic stones are even more 
prominent in later specimens than 
they are in those of earlier manu- 
facture. This may indicate that the 
manufacturing process is being 
speeded up and that more of these 
markings result from the increased 
difference between the synthetic pro- 
duction and the formation of the 
natural. 


Altogether, the Gemological Insti- 
tute laboratory has been able to make 
thorough tests on seven specimens 
of synthetic emerald: These were two 
of the crystals manufactured prior 
to 19380 and two cut stones fashioned 
from one of the prisms of this sort; 
a poorly formed rough crystal se- 
cured in Germany by Lala Penha, 
C.G., in 1937; and a comparatively 
pérfectly formed hexagonal prism 
and a cut stone secured in Germany 
by Dr. Frederick Pough of the 
American Museum of Natural His- 
tory in 1937. 

All of the synthetic emerald speci- 
mens tested by the G. I. A. are 
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measurably lower in refractive index 
than any genuine emerald which has 
ever been handled in the laboratory, 
and lower, in fact, than the values 
given by any reliable authority. The 
refractive index of the synthetic ma- 
terial varies between 1.560 and 1.565 
for the ordinary ray. This is measur- 
ably lower than the average refrac- 
tive index of 1.583 for the ordinary 
ray of genuine emerald and, in fact, 
is comfortably below the index of 


Figure 2. Same Stone as Figure 1, 
Photographed by Transmitted Light. 


1.577 for the extraordinary ray. 
Since the extraordinary ray for each 
of the synthetic emeralds was defi- 
nitely below the top limit of 1.565, 
there is a gap of .01, at the least, 
between the average reading for 
genuine emerald which would be ob- 
tained on a gemological refractometer 
and the highest reading which would 
be encountered with any of these 
synthetic specimens so far tested. 
This actually is not enough of a 
division to be relied upon entirely for 
distinguishing the synthetic material, 
but it does serve as a valuable indi- 
cation. The most accurate refractive 
index measurement made on the syn- 
thetic emerald material in the G.I. A. 
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laboratory was that of the cut speci- 
men lent by Dr. Pough, which was 
measured by the minimum deviation 
method with a Gaertner Research 
Spectrometer. The value 1.562 was 
secured for the ordinary ray and. 
since beryl is positive in optic sign, 
the extraordinary ray has a lower 
refractive index than this. The cut 
stone was oriented in such a way 
that it was not possible to make a 
definite measurement, of the extra- 
ordinary ray, but the birefringence 
was measured as accurately as pos- 
sible with a carefully adjusted re- 
fractometer and a value in the 
neighborhood of .004 was obtained. 
This would place the extraordinary 
ray in the vicinity of 1.558. 

Several authorities have advanced 
the difference in dichroism in syn- 
thetic and genuine emerald as a 
possible means of distinction. In all 
the specimens tested in the G. I. A. 
laboratory it was found that the 
dichroism of the synthetics is some- 
what stronger than that of genuine 
emeralds of similar color. However, 
this test is of doubtful value to the 
average jeweler since the difference 
in dichroism cannot be carried in the 
mind, and only a comparison of pleo- 
chroic colors with those of a genuine 
emerald of essentially the same color 
could be used even as an indication. 

The fluorescence of the synthetic 
material is a valuable means of de- 
tection. The first experiments made 
in the G. I. A. laboratory in this con- 
nection were carried out with a car- 
bon are filtered through a Wood’s 
filter. With the exception of one of 
the specimens (the one secured by 
Mrs. Penha), the fluorescence of ail 
of the synthetic material is notice- 
ably stronger than that of any gen- 
uine emerald ever handled by the 
G. I. A. laboratory. The Penha speci- 


men also shows stronger than ordi- 
nary fluorescence under the carbon 
are but considerable care is required 
in its observation. Recent experi- 
ments with a cold quartz tube pro- 
duced by the R. & M. Manufacturing 
Company, Pasadena, California, dis- 
closes that this unit, filtered through 
the special Corning glass filter sup- 
plied with it, shows more difference 
between the Penha specimen and 
genuine material than the carbon 
arc does. Since its publication by 
the G.I.A. in 1935, the value of the 
fluorescent effect of the synthetic em- 
erald as a means of its detection has 
been confirmed by several authori- 
ties. 


The specific gravity of all seven 
of the synthetic emeralds tested by 
the G. I. A. is the same within very 
narrow limits. Unfortunately, how- 
ever, this value lies well within the 
range of genuine emerald; and, 
although it is near the lower limit 
of the values obtained for the gen- 
uine material, the overlapping values 
of genuine emerald make it impos- 
sible to use this test as a means of 
distinguishing the synthetic. 

From the study made of the several 
specimens of synthetic emerald it is 
apparent to the Research Staff of 
the G, I. A. that unless radical 
changes are made in the manufactur- 
ing process, the inclusions will serve 
as the primary distinguishing fea- 
ture of the synthetic material. The 
peculiar irregular crack-like or wisp- 
like markings clearly illustrated in 
the accompanying photographs are 
so different from any inclusions ever 
reported as occurring in genuine ma- 
terial, that a careful inspection of 
any of the synthetic material with 
a 10x loupe by a jeweler familiar 
with the differences in the inclusions 
should be sufficient to distinguish 
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Figure 3. Synthetic Emerald Crystal, Photographed through the 
Diamondscope by Dark- Field Illumination. 


accurately between synthetic and 
genuine emerald. The fact that the 
characteristic. inclusions are more 
pronounced in the more recent speci- 
mens than in earlier ones makes it 
reasonable to doubt that improve- 
ment of manufacturing processes is 
likely to make the material more 
difficult to distinguish from genuine 
emerald. The concern of the manu- 
facturers, one may logically assume, 
is more to secure a product adaptable 
to fashioning at the lowest possible 
cost. If costs are to be reduced, it is 
essential that the manufacturing 
process be as brief as possible, and 
the hastening of the manufacture is 
likely to produce more rather than 
fewer of these distinguishing mark- 
ings. 


As pointed out at the first of this 
article, there is no reason to believe 
that synthetic emerald is yet avail- 
able in the trade. However, it. should 
be worth while for every jeweler who 
handles emeralds to study the in- 
clusions both of his present emerald 
stock and those of any hew material 
which he purchases. There is a pos- 
sibility, however remote, that he may 
find a synthetic stone among new 
stock of emeralds around one carat 
which he purchases; but, of more 
practical value, he will thus familiar- 
jze himself with the appearance of 
the inclusions of genuine emeralds 
and will be able to recognize the syn- 
thetic emerald with greater ease 
when—and if—it does: appear in the 
market. 
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ANOTHER STAR SAPPHIRE SUBSTITUTE* 


A new variation of very slightly 
pinkish star quartz with blue back- 
ing to simulate a star sapphire is 
now on the market. This substitute, 
instead of being backed with a sec- 
tion of blue glass, as was the material 
reported in Gems & Gemology for 
Summer, 1986, is coated on the back 
with blue coloring. Tests in the 
G.I.A. laboratory indicate that this 
coloring is more resistant to the 
effects of heat and solvents than is 
the attached blue glass. However, 
the thin film of color has the dis- 
advantage of being easily scratched; 
and the scratches may appear from 
the top of the stone to be flaws. 
The possibility of scratching can, of 
course, be materially lessened by set- 
ting the material in a closed mount- 
ing. Proprietors of retail jewelry 
stores should instruct their manufac- 
turing or repair departments to use 


great care against scratching the 
backs when sizing or repairing. 

This newer type of material is 
definitely not an assembled stone, 
but a stone with a color coating ap- 
plied to the back. It is more related 
to foil backs or coated stones and 
probably will be classed with the 
latter. It is easily recognized when 
viewed from the base, since the color- 
ing material is decidedly different 
in appearance from the surface of 
the stone. This coating may easily 
be scraped off with a knife. 

Reports have reached us that, there 
is a rumor that the Institute, Society 
or Robert M. Shipley has recom- 
mended this stone. It must again be 
stated that such recommendations 
are never given for any stones or 
jewelry. Recommendations of jew- 
elers’ merchandise are limited to 
gem-testing instruments. 


It has been reported in the trade 
that a star sapphire doublet has 
been observed, set in a man’s gypsy 
ring, backed with a natural rough 
sapphire with a top of ‘“‘white” (pre- 
sumably almost colorless) star sap- 
phire. The edges of the separation 
plane were apparently covered by 
the mounting. The pieces were re- 
ported as joined by blue coloring 
matter. 


Although this doublet was report- 


ed as having a white top of genuine 
sapphire, the colorless star quartz 
might also be used if the manufac- 
ture of star doublets with genuine 
backs is to reach any appreciable 
proportions. 

The detection of such doublets 
would be to observe them for color 
from the side, by transmitted light. 
Also, the usual tests of observing the 
reflection from the separation plane 
and of immersion. 


CULTURED PEARLS 
An increasing number of reports are being received from members on 
the wearing off of the nacre of small cultured pearls in necklaces, with the 
resulting exposure of the mother-of-pearl base. 


*A.G.S. Research Service. 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(With phonetic pronunciation system.) 
Terms in quotation marks are considered incorrect. 


Noble Opal. Precious Opal. 

Nodule (nod’ule). Small shapeless 
knot or lump of mineral or rock 
sometimes enclosing a foreign body 
in the center. 

Nomenclature (noe’men-klae’ture). 
The system of names used in any 
science, 

Nugget (nug’et or nug’it). Rounded, 
irregular lump, especially of a 
metal. 

Nyf (nif). Outer coating or “skin” 
of an uncut diamond crystal. 

Obsidian (ob-sid’i-an). A natural 
glass, sometimes cut as gems. 
Opaque to transparent black, gray, 
yellow, brown, or red; also green- 
ish or bluish. Hardness, 5 to 5%; 
Specific Gravity, 2.3 to 2.6; Re- 
fractive Index, 1.5 to 1.6. 

Occident (ok’si-dent). Europe and 
America, as differentiated from 
the Orient. 

Occidental Amethyst. True amethyst 
(quartz). 

Occidental Cat’s-eye. Quartz Cat’s- 
eye. 

Occidental Chalcedony. More: opaque 
than Oriental Chalcedony. 

“Occidental Diamond.” Rock crystal 
(quartz). 

“Occidental: Topaz.” Citrine (yellow 
quartz). 

“Occidental Turquoise.” Odontolite. 

Occurrence (o-kur’ens). The manner 
‘in which gem-minerals are found 
in the earth’s crust. 

Ocherous or Ochreous (oe’ker-us). 
Earthy and usually red, yellow, or 
brown in color. 


Octahedral (ok”ta-hee’dral).. Refer- 
ring to or resembling an octa- 
hedron. 

Octahedron (ok”ta-hee’dron). A erys- 
tal form in the cubic system having 
the appearance of two four-sided 
pyramids united base to base. 

Odontolite (oe-don’toe-lite). Fossil 
bone or tooth colored blue by a 
phosphate of iron. Known incor- 
rectly as “bone turquoise.” 

Odor.. A test made by heating, 
breathing upon, rubbing, or strik- 
ing a mineral. Rarely of value in 
gem identification except in dis- 
tinguishing amber and its substi- 
tutes. 

Oeil de Boeuf (Fr. “Bull’s-eye” or 
“Ox-eye”). Labradorite. 

Off Color. Having a tint of undesir- 
able color. 

Old Mine. Refers usually to old-style 
deep cut and (usually unevenly) 
cushion-shaped diamonds. 

Old Rock. A term applied to tur- 
quoise which holds its color more 

. or less permanently. 

Oligoclase (ol’i-goe-klase”). A min- 
eral of the feldspar group; most 
sunstone and, rarely moonstone, is 


oligoclase. R.I. 1.548, S.G. 2.65, 
Hardness 6-7. Triclinic crystal 
system. 


Olivine (ol’i-vin or vene). A mineral 
species. Same as Peridot. 

“Olivine.” Incorrect name for deman- 
toid (andradite garnet). ° 

Once. The square of the weight of 
a pearl, used in calculating the 
value. Also known as the “dollar 
base.” 
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“One Year Pearls.” Cultured pearls 
with exceptionally thin nacreous 
layers. 

Onyx (on’iks or oe’niks). A variety 
of quartz arranged in alternate 
straight parallel layers of differ- 
ent colors. 

Onyx Marble. A translucent compact 


calcite with straight parallel 
markings. 
Onyx Opal. Opal, usually common 


opal, with straight parallel mark- 
ings. 

Oolitic (oe”oe-lit’ik). Containing or 
consisting of small rounded par- 
ticles, suggesting fish roe. 

Opacity (oe-pas’i-ti). State of being 
opaque. 

Opal (oe’pal). A gem mineral char- 
acterized by play of color due to 
interference of light. R.I. 1.45, 
S.G.. 2.2, Hardness 5-64. Amor- 
phous. 

Opal Agate. Banded opal having al- 
ternate layers of opal and chalce- 
dony (agate). 

Opal Dirt. The opal-bearing layers 
of soft material like clay, or 
clayey sand, usually less than 
three feet in thickness, underlying 
a sandstone cap in most Australian 
deposits. 

Opalescence (oe’pal-es’-ens). A 

. milky or pearly appearance, not 
to be confused with the Play of 
Color exhibited by opal. See also 
Girasol. 

Opalescent Cat’s-eye. A somewhat 
misleading term sometimes applied 
to chrysoberyl cat’s-eye. 

“Opalescent Chrysolite.” Greenish 
chrysoberyl or corundum, exhibit- 
ing opalescence. 

Opaline (oe’pal-in or ine). (1) Opal 
Matrix. (2) Pale blue to bluish- 
white opalescent corundum. 


Opaline Feldspar. Variety of Labra- 
dorite. 


Opalized Wood. Wool opal. Silicified 
wood. Xylopal. A variety of com- 
mon opal in which wood has been 
petrified by opaline material re- 
taining the woody structure. 


Opal Matrix. Opal with portions of 
matrix included in the fashioned 
gem. 


Opal Onyx. Alternate layers of com- 
mon and precious opal. 


Opaque (oe-pake’). Transmitting no 
light, opposite of transparent. 
Optic Axis (op’tic ak’sis). In any 
doubly refractive substance, a di- 
rection along which no double re- 

fraction occurs. 


Optic Character. Refers to the opti- 
cal properties in general of a 
mineral, especially the number and 
position of the optic axes, and the 
type of double refraction. 


Optical Properties. The various 
effects of a given substance upon 
light. Refractive index (R.I.), 
birefringence and double refrac- 
tion, dispersion, pleochroism, and 
color are the most important of 
these from a gemological stand- 
point. 

Optics. The division of physies which 
covers the behavior of light. 


“Orange Topaz.” Same as “Spanish 
Topaz” (quartz). 


“Oregon Jade.” Californite (vesuvi- 


anite) or green Grossularite Gar- 
net. 


Organic. Belonging to the animal or 
vegetable kingdoms. 


Orient (oe’ri-ent). A literary word 
meaning Asia. Also, a term applied 
to the play of color on the surface 
of pearls. 


(to be continued) 


SUMMER, 1938 171 


BOOK REVIEWS 


Praxis der Edelsteinbestimmung, by Prof. Dr. Karl Schlossmacher. w.w. 
Ed. Klampt, Neurode (Eulengebirge) Germany. 1937. 


The above is an extremely practi- 
cal book on the identification of gem 
stones, prepared by a man who, since 
his masterful revision of Bauer’s 
Edelsteinkunde, is recognized as one 
of the foremost international au- 
thorities on gemology. Prof. Schloss- 
macher develops his text after a 
manner which we feel is ideal. In a 
simple and easily understandable 
manner he first describes the various 
properties upon which tests depend, 
then proceeds to the actual use of 
instruments in gem identification, 
and finally to the method of identi- 
fying an unknown stone from tests 
made. 

The book is a.small one of 128 
pages, is intensely practical through- 
out. It concerns itself only with the 
simple instruments, and with meth- 
ods which the average jeweler might 
reasonably be expected to use. In 
fact, it is so arranged that even 
though the jeweler may have but a 
few dollars’ worth of instruments, he 


can secure the identity of a consid- 
erable proportion of unknown stones. 
Particularly praiseworthy is. the 
system of identification which, if fol- 
lowed at all carefully, will prevent 
ineorrect identifications even though 
only the simpler instruments are 
used. This is a great failing in 
almost, every book or article covering 
determinative gemology which we 
have ever seen. 

Prof. Schlossmacher’s tables are 
arranged according to his system of 
identification and in such a way that 
they can be used for reference during 
the identification procedure. In addi- 
tion to the tables themselves, each of 
the important gem species is de- 
scribed in sufficient detail to aid 
materially in recognizing it. 

The only possible criticism which 
we might make of Prawis der Hdel- 
steinbestimmung is that, it is not 
written in English. We hope that 
before long an English edition may 
appear. 


Jewelry, Gem Cutting, and. Metalcraft, by William T. Baxter, New York, 


McGraw Hill, 1938. 

Although this book has been pre- 
pared for the amateur, the in- 
formation in it concerning jewelry 
manufacturing is very practical, 
even as a basis for one who desires 
to go into practical shop work. The 
material is carefully written; much 
attention is given to the working 
details which often are so difficult to 
pick up from a textbook. 


Another commendable feature of 
the book is that it describes methods 
of working with simple and inexpen- 
sive equipment, making it, practical 
for the amateur who does not wish 
to invest heavily in equipment. Un- 
doubtedly, many jewelers receive re- 
quests from customers who wish to 
secure a book of this sort, and Mr. 
Baxter’s work can surely be recom- 
mended. 
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The chapters on gem cutting are 
likewise full of detail. Most of the 
equipment described is not too ex- 
pensive and some jewelers might 
find the process valuable in repairing 
or refashioning the less expensive 
gems which they may have to mount. 

The section on gem identification 
leaves much to be desired. Some of 
the tests are good, but unfortunately 
many of them have already been 
found impractical, others unreliable. 


No definite system to be followed in 
identification is described and with- 
out tables of gem properties the 
section is quite useless for any prac- 
tical purpose. 

Much of the material included in 
Jewelry, Gem Cutting and Metal- 
craft will already be familiar to the 
readers of the excellent journal, The 
Mineralogist, in which certain chap- 
ters have previously appeared. 


Villiers, E, 
The Mascot Book; a popular encyclopaedia of bringers of luck, with 
their attendant legends and beliefs—talismans from every land— 
eastern lore and mystery—gypsy traditions, etc. N.Y., Frederick A. 
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Wade, F. B. 


SELECTED BIBLIOGRAPHY 


(Continued from last issue) 


A Text Book of Precious Stones for Jewelers and the Gem-Loving 
Public. N.Y. and Lond., G. P. Putnam’s Sons, 1918. 


Wagner, A. 


Gold, Silber und Edelsteine. Wein, 1881. 


Weinstein, M. 


Precious and Semi-Precious Stones. Lond. Pitman, 1930. 


Whitlock, H. P. 


Art of the Lapidary. N. Y. Am. Mus. Nat. Hist., 1936. 
The Story of the Gems; a popular handbook, N.Y. Furman, 1936. 


Wodiska, J. 


A Book of Precious Stones. Putnam’s; N.Y., 1909. 


Wruck, A. 


Die Geheimnisse der Edelsteine. Berlin Verlag; A. Wruck, Druck von 


Rosenthalav Co. 1913. 
Younghusband, Sir George John 


The Jewel House, an account of the many romances connected with the 
royal regalia, together with Sir Gilbert Talbot’s account of Colonel 
Blood’s plot, here reproduced for the first time. Lond. Jenkins, 1921. 


Younghusband, Sir George John ... and Davenport, Cyril 
The Crown Jewels of England. Lond., N.Y. (ete.) Cassell, Ltd., 1919. 
THE END 


c 


SUMMER, 1938 173 


The Westward Course of Zircon* 


by 
(On ALLEN, J.G. 
Cranbury, NJ. 


I have known some Bankok deal- 
ers to keep these stocks for several 
years, but I have never known of 
anyone who made money by doing 
so, while I have known several who 
have lost.a great deal. No one yet 
has been able to control the market; 
he usually runs up the prices so high 
that he is finally left high and dry. 

The gamble of dealing in zircons 
is twofold: first, a knowledge of the 
rough is essential. There are rough 
stone experts who will act as con- 
sultants, and unless a dealer is con- 


fident of his own ability it is well to 
employ such an expert. While all the 


rough has much the same appear- 
ance, some of these people are able 
to tell approximately the source, and 
it is well known that. stones from 
certain districts are of a better qual- 
ity than others when heated. These 
stones command high prices. 
Second, and this is of supreme im- 
portance, one must know how to heat, 
the rough. Much has been written 
concerning this, so it would only be 
repetition to give further detail here, 
but this is the test of a dealer’s 
ability to remain in the business or 
to close up shop. The average zircon 
dealer does not remain in business 
more than a few months. The suc- 
cessful, and reputable, dealers in 
Bangkok can be counted on the 
fingers of one hand. 


With regard to the cutting and 
polishing, good cutters can be ob- 
tained, but it is a matter of years 
to gradually build up an expert— 
and honest—staff. The average cut- 
ter requires constant supervision, 


_ *G.LA, Research Service, 


otherwise he will switch the good 
pieces of rough handed him and dis- 
pose of them on the side. There is 
no dishonesty if one is not caught; 
it is looked upon as a matter of wits. 
When an employer is able, over the 
years, to get together, by a weeding- 
out process, a.dozen men at the 
wheels whom he can rely upon, not 
only to cut well but to hand back 
the results of the rough given them 
to work on, that employer has a 
group he is loath to let go when 
business, as-at the time of writing, 
is poor. 

All in all, zireons involve the risks 
attached to dealing in other gems 
plus the added risk involved in the 
process of heating, for all zircons, 
today, are heated. Could a process 
be discovered which would eliminate 
this latter risk, it would save many 
native dealers from becoming pre- 
maturely aged. 

The lovely blue, or brown, or col- 
orless gem that has so captivated 
the imagination of people as to be 
in increasing demand is thus seen to 
have come a long way from the 
small pit in the jungles of Annam, 
where it was first picked out of the 
earth by the “wild men.” It has been 
handled, and haggled over, by Bur- 
mese, Siamese, Indian, and Chinese. 
It has been the cause of disastrous 
failures on the part of those who do 
not understand its properties. It has 
successfully experienced a beautify- 
ing process that has conquered about 
sixty per cent of its fellows. And it 
now flashes its brilliance in all parts 
of the world where, justly, it is still 
considered the ‘“‘Gem of Mystery.” 

(The End) 
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A NOTE ON DIAMONDS* 


The following paragraph, including an important definition, has just 
been added in the textbook “Gemology,” used in the A.G.S. and G.I.A. 
courses: 

“The color of a diamond, as it is seen by the eye, may be affected (1) by 
the comparative amount of the various spectrum colors which it disperses, 
and (2) by the color of the light reflected from sky, walls, ceiling or other 
objects. Upon examination by transmitted light against a white, neutral 
gray, or black background, the true color of the diamond itself is observable, 
and the resulting appearance is known as the BODY COLOR. However, if 
colored reflections fall upon those surfaces of the diamond which are toward 
the eye, the true body color may not be observable.” (If colored, reflections 
fall upon a white background against which the diamond is being examined, 
they will also affect the body color.) 


NEW G.LA. HAND LOUPE 


The Gemological Institute, in response to many requests, has just 
placed on the market a special registered hand loupe. This is a 10x triple 
aplanatic lens corrected for spherical and chromatic aberration, just as is 
the registered eye loupe. The lens itself has a usable diameter of five-eighths 
of an inch, appreciably larger than any other diamond loupe on the general 
market. It will cover a very large field, a great convenience in examining 
gems, as even the largest stone commonly handled will be easily seen in 
its entirety through the lens and, in the case of jewelry pieces, several 
mounted stones can be seen at one time. The lens, of course, passes the 
critical tests for sharpness of focus and flatness of field given to all lenses 
before they are registered by the G.I.A. The hand mount folds to protect 
the lens from damage, and the unit is furnished with a handsome leather 
case, The price is the same ($12.50) as that of the registered eye loupe. 


TOUGHNESS OF SPINEL 


It has proved extremely difficult to obtain accurate or detailed infor- 
mation regarding the comparative toughness of genuine spinel. This is 
probably due to the comparatively small number of genuine spinels sold 
in the U.S.A. Several reports received are from jewelers whose past ex- 
perience has indicated to them that spinel lacks toughness; others state that 
in their experience spinel has proven unusually tough. We solicit informa- 
tion as to the actual experience in: 

(1) the liability of genuine spinel to break. 

(2) its liability to surface fracture or “pitting.” 

(3) whether genuine spinels of certain colors are less tough than others. 


*A.G.S. Research Service. 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


HENRY .E. BRIGGS, Ph.D. 


CORUNDUM (Continued) 


Colorless sapphires’ are met with which are of natural origin, but they 
are never entirely pure. However, the synthetic colorless sapphire is so 
nearly entirely pure that it is difficult to detect the impurities. All colored 
corundums owe their color to the presence of some foreign matter or 
mineral such as iron, chromium, titanium, soda, etc. When magnesia is 
present it changes the crystalline structure of the gem to form spinel. 


Corundum is. often found which, due to peculiar crystallization, will 
exhibit a six-rayed star (asterism) when cut en eabochon. Such stones are 
called asteriated gems, or star gems. These are most often met with in the 
sapphires, although they are not uncommon in the ruby-colored stones. 
The specific gravity of corundum is variable, ranging from 3.9 to 4.15. 
The principal localities for corundum are: Montana, Burma, Ceylon, 
Australia, Siam, Siberia, and North Carolina. 

Ruby is one of the most valuable of all the gems and second only to 
the priceless emerald. It is rarely found in a perfect gem and any gem 
which appears to be very transparent should be carefully examined to make 
sure it is not a reconstruction or a synthetic. Silky looking streaks, inclu- 
sions of other mineral and white opacities called “chalcedony patches” are 
the most frequent imperfections in ruby. Sapphires usually lack trans- 
parency and seem to be filled with shining silky looking streaks; however, 
really fine stones do occur, and more often in a high degree of perfection 
than the ruby. Such stones, when of good color, are usually quite valuable, 
especially if of any great size. 


Really fine gems in either sapphire or ruby are rather searce and when 
a stone offered for sale is apparently of fine quality, it should be carefully 
examined according to the directions given in this volume for determining 
the genuine from the artificial before any purchase is made. Corundum is 
artificially made today, perhaps the most skillfully of any of the artificial 
gems. And for this reason it is necessary for the buyer to fortify himself 
with means for discriminating between the genuine and the artificial. 

.. Ruby of fine quality and color will often bring as much as $1800 per 
carat, and cases are on record where they have sold for much more. Sap- 
phire is of far less value, being worth, in fine quality and color, about $125 
to $150 per carat. The poorer qualities and colors of both these stones will 
sell for much less, running as low as $5 per carat for poor grade of 
sapphire. 


Corundum is usually cut brilliant, or trap cut, but of late many fancy 
shapes in both sapphire and ruby have been put on the market. The stone 
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has little or no fire and depends entirely on color for its charm. A cut 
which shows the color to best advantage is the most desirable. The color in 
corundum is often patchy and in bands and a cut which will tend to dis- 
perse this color throughout the stone is the most desirable in such stones; 
the brilliant pattern would probably be the most effective in most cases. 


PEARL 

The gem of the sea is one of the most beautiful of gems and one which 
is surrounded with more lore than any of the others, with perhaps two 
exceptions. It has enjoyed popularity down through all the ages. It has al- 
ways marked the ensemble of the wealthy and aristocratic and to possess 
fine pearls seems to have always been a mark of distinction. What queen’s 
jewels would be complete without the ropes of pearls? Or, indeed, what 
woman does not crave a beautiful string of pearls? 


The ancients, no doubt, were more impressed with the gem of the sea 
than with the mineral gems, because of the fact that it was difficult for 
them to distinguish between the different varieties of mineral gems, while 
the pearl always stood out alone. To them it was inimitable, and, indeed, it 
remains so even today, the paragon of excellence, truly worthy of its place 
in: the precious gems beside the other gems of glory. 


From the viewpoint of the mineralogist the pearl is merely a concre- 
tion of conchiolin (organic matter), aragonite (orthorhombic calcium carbo- 
nate), and calcite (hexagonal calcium carbonate). The greater part of the 
pearl consists of aragonite and a small amount of conchiolin in alternating 
layers. However, occasionally, we will find the calcite form in. pearls also. 


The beautiful luster of the pearl is due to the breaking up of light by 
its laminar structure. The indices of refraction of the organic matter and 
the aragonite are different and, consequently, interference of light will oc- 
cur, accounting for the beautiful, changing colors we see in a fine pearl. 
The tint of the gem is always due to some of the common pigments and the 
colors which are commonly found are pink, cream, bluish, reddish, violet to 
purplish, and, rarely, greenish to black. 


The pearl, being mostly aragonite, would, of course, be orthorhombic 
in form erystallographically; its hardness is 2.5 to 3.5; specific gravity, 2.5 
to 2.7; streak white; luster nacreous in quality and shining to dull in 
intensity. 

The pearl is formed by the intrusion of a particle of foreign matter 
or of some parasite into the body of the mollusc. To protect its tender body 
from the irritation of the intruder, the mollusc secretes a deposit about the 
particle, and thus starts the pearl. Eventually, as the shell of the molluse 
is worn down it is necessary for nature to replace this wear. This is accom- 
plished by the molluse’s secreting a deposit over the inner surface of the 
shell. If the pearl is started within the shell it, too, will receive a coat of 
this substance, and thus it will go on growing in size until the mollusc is 
gathered by the pearl-divers, or dies of natural causes, or is consumed by 
one of its enemies. 

(to be continued) 
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Buying Gems in South America 


by 


HAROLD D. FEUER 
Certified Gemologist, New York, N.Y. 


For a number of years I had been 
collecting selling 
these to museums and to collectors. 
Though I had developed foreign 
contacts and had secured many un- 
usual specimens during my years of 
handling gems, I still felt that by 
visiting the source directly I might 
be able to secure gems which no 
other dealer could appreciate. 

Therefore, on May 7th, 1937, I 
sailed from New York for Rio de 
Janeiro on the first part of a journey 
which was, in time, to take me to 
practically every important source 
of extraordinary gems in the world. 


rare gems and 


I spent several weeks in Rio de 
Janeiro visiting dealers there and 
buying both unusual and the more 
often encountered colored stones, as 
well as a few diamonds. During my 
dealings in Rio, I was also getting a 
line on the deposits in Brazil, par- 
ticularly those in the State of Minas 
Geraes, which adjoins the Federal 
District in which Rio de Janeiro is 
situated. Armed with information 
and, to my good fortune, accom- 
panied by Dr. Moraes, a government 
geologist, I left Rio on May 31, 1937, 
by train for Bello Horizonte. At 
Bello Horizonte we changed trains 
and proceeded on to Diamantina, the 
center of Brazil’s important dia- 
mond-producing region. 

We first went to the diamond de- 
posits at Dattas, where we met the 
English manager, Thomas Draper. 
The Dattas deposit is a friable con- 
glomerate, badly decomposed, which 


overlies a quartzite. This friable con- 
glomerate, known as _ itacolumite, 
holds the diamonds. This deposit is 
worked partly by hydraulic and 
partly by pick and shovel hand oper- 
ation. 

In the Diamantina district we also 
visited Minas Serrinha. The man- 
ager here was an American who had 
at one time worked in the African 
alluvial diamond deposits. At the 
same mine we met another Ameri- 
can, named Douglas, who had work- 
ed in the carbonada mines of Brazil. 
The Serrinha mine was worked by 
hydraulic pressure, powerful jets of 
water being used to wash out the 
gravel. These diamonds also occur- 
red in a weathered conglomerate, 
but of a harder nature than the 
above and requiring, therefore, more 
power to wash it loose. 

After the Serrinha mine, we 
visited the Boa Vista. Here the 
diamonds occurred in a highly de- 
composed massas, permitting’ easy 
hydraulic operation. This deposit is 
managed by Senhor George Dods- 
worth, a Brazilian, and is said to 
be one of the richest diamond mines 
now operating in Brazil. It pro- 
duces from .30 to .40 of a carat per 
cubic meter of earth. 

From my contacts with American 
diamond dealers and jewelers, I had 
gathered that Brazilian stones tend- 
ed to be somewhat brown, but during 
my expedition in Brazil I found no 
such brownish stones and discov- 
ered, in fact, that lots of diamonds 


offered for sale from the Brazilian 
mines generally tend very noticeably 
toward bluish and greenish hues, 
Leaving Diamantina, we took the 
train to the end of the line and then 
proceeded some miles in a Model T 
Ford (the alternative is either a 
horse or a mule) to Sao Joao de 
Sapada, some forty miles north of 
Diamantina. Here we visited the 
Barro mines, managed by another 
Englishman, Mr. Egbert. Here the 
diamonds occur in a breccia which 
has been claimed by several promi- 
nent authorities to be the original 
matrix of the stones. The Barro 
mines are not operating, having 


been refused a license because of 


some political ramification. 


Proceeding, we visited Campos do 
Sampaio, a very large diamond de- 
posit owned by Senhor Levy Leita. 
The diamond-bearing material here 
is brecciated quartzite cemented by 
silica, with the diamonds in silica 
cement. In this deposit an over- 
burden is encountered which must 
be stripped off before the diamond- 
bearing material is reached. Fifty 
miles from Sampaio is the Jo Bo 
mine, owned also by Senhor Leita. 
In character, this deposit is much 
like the other mine owned by this 
gentleman except that it lies in a 
viver bed and, being flooded, is 
worked by canoe and batea. 

After visiting Senhor Leita’s 
mines we set off through the forest 
toward Santa Rita de Arrasuahy. 
We traveled six days by horse and 
then engaged a 1926 Model T Ford. 
The Model T Ford is much esteemed 
in this country since it can cross 
the shallower rivers, a feat which 
modern, lower-built, cars cannot du- 
plicate. We paid as high as $85.00 
a day for such transportation, the 
price depending upon the difficulty 
of the route and the supply of Model 
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T Fords. As a rule, these cars car- 
ried no spare tires, and a puncture 
called for considerable halt, (with 
the rent of the car continuing) 
while the tire was repaired. After 
penetrating the jungle and crossing 
the mountains we finally landed 
safely in Santa Rita de Arrasuahy. 
Here we visited another deposit 
called Barro, operated by Senhor 
Luiz Antonio Tannero. This dia- 
mond deposit was a series of peg- 
matite dikes cutting through prophy- 
roid granite, the diamonds occurring 


Blue Topaz (actual size), cut from 
2500-Carat Crystal. The stone is 
44 mm. wide, 35 mm. wide, and 
24 mm. deep, weighs 277 carats. 


in small lenses of quartz or masses 
of feldspar in the pegmatites. This 
mine also yielded especially large 
beryl crystals known as “Escoria,” 
but unfortunately, only a little of 
them were of gem quality. I offered 
$500.00 for one of these large crys- 
tals, but it was refused. This beryl 
crystal was more than five feet long 
and more than fourteen inches wide. 
The usual procedure of the native 
miner is to break up the crystal 
little by little in order that they 
may find any gem material within. 
It so happened that this crystal con- 
tained absolutely no gem material. 
Therefore, my offer of five hundred 
dollars to them was a total loss. 
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This same Senhor Tannaro owns 
a beryl and topaz mine, known as 
the Ponzo Alto, four kilometers 
north of Santa Rita. The gems occur 
in a pegmatite which has largely de- 
composed. They are found in the 
koalin which has resulted from the 
decomposition of feldspar and which 
is mixed with quartz. Though this 
mine produces but small fragments 
of aquamarine, these are of the 
finest blue color. 


Leaving the neighborhood of 
Santa Rita we proceeded to a de- 
posit owned by Senhor Francisco 
Samuel de Costa Lage, situated be- 
tween Ferros and Itabira. The beryl 
here occurs in lenses of fractured 
quartz and decomposed feldspar 
which are found in a series of peg- 
matite dikes cutting gneiss. The 
beryl crystals are largely broken 
and recemented and only the unfrac- 
tured portions are suitable for cut- 
ting gems. These pieces average 
around 10 grams each and are sel- 
dom over 100 grams. 

The home life of Senhor Francisco 
de Costa Lage is more or less typi- 
cal of that of all the people living 
in this back country of Brazil. A 
private road winds 12 miles from 
the State road to his farm. -The 
farm is a very large one and on it 
Senhor Samuel raises hogs for lard 
and cane for his private distillery. 
There are 18 children in the family, 
and all, including the parents, sleep 
on a tick on the floor of the house. 
There are no glass windows, the 
house being equipped with shutters 
which are closed in inclement 
weather. There is no refrigeration; 
the meat, which is buried in the 
ground when butchered, is almost 
always tainted. 

Despite these surroundings, which 
to our minds would seem mere pov- 
erty, the people of the back country 
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of Brazil are all happy and remark- 
ably free from desire of others’ 
goods. Though I carried several 
thousand dollars on my person at 
all times in order to buy any stones 
which might catch my eye, I was 
never molested in any way, and, in 
fact, never encountered a beggar. 

During my stay in Brazil I visited 
the School of Mines at Ouro Preto 
(Black Gold) which is 100 miles 
from Bello Horizonte. At the School 
of Mines there is a superb mineral 
and gem collection, the prize of 
which is a six-carat, cut andalusite 
which shows strong pleochroism even 
to the unaided eye. The Director 
told me that they had refused an 
offer of $6,000.00 for the gem. Near 
Ouro Preto I visited the Boa Vista 
topaz mine. This mine was a large 
sill with the topaz occurring in 
koalin between strata and associated 
with opaque euclase and andalusite. 
This koalin deposit is very similar 
to the diamond material near Dia- 
mantina, several hundred miles 
away. The Boa Vista mine has not 
been in operation since two workmen 
were killed in an accident. 

I purchased a number of excellent 
gem specimens during this trip. One 
of the finest was a 2500-carat blue 
topaz erystal which I secured from 
a dealer in Bello Horizonte. This cut 
a very fine gem, absolutely clean, of 
277 carats. I also bought a consid- 
erable quantity of fine aquamarine, 
topaz, some diamonds and several 
specimens of andalusite. A  red- 
purple tourmaline (of the Siberite 
variety) weighing approximately 20 
earats was also a reward of this 
trip. I also obtained 2 kilos of the 
rough of the deepest blue aqua- 
marine I have ever seen, of which I 
still have a few cut stones in my 
stock. 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


by HENRY E. BRIGGS, Ph.D. 
PEARL (Continued) 


Round-shaped pearls of fine, shining luster and desirable color are 
the most valued and are sought after continually in good sizes. Black pearls 
are highly esteemed, but are not so highly valued as are the unblemished 
white ones. Baroque pearls are unevenly shaped and are used for pendants 
and other articles of adornment. Blister pearls are those which have 
adhered to the shell. Button pearls are, as the name indicates, flattened 
in form. 

Pearls are found in many different molluscs, but of all the families the 
Aviculidae produces the greatest amount of our fine pearls. The Unionidae 
are important fresh-water pearl bearers. 

Pearls are fished along the coasts of Ceylon, India, Japan, Red Sea, 
Persian Gulf, Australia, Central America, Mexico and practically all the 
Pacific islands. In the fresh waters of most all the continents are to be 
found the Unionidae which bears pearls. 

The pearl! is cultivated by wounding the molluse and inserting a bead 
of mother-of-pearl or other foreign substance. After careful treatment the 
molluse is returned to its watery home to grow and build up within itself 
the gem which is destined to adorn some queenly neck. 

Pearls are imitated with glass spheres filled with wax, also with porce- 
lain beads coated with a fish-scale lacquer. When properly made up these 
have a somewhat pleasing appearance. It should not be difficult to distin- 
guish any of these imitations from the genuine. But the matter of telling 
a cultured pearl from a natural one is oftentimes a matter which is rather 
a complex one. 


SEMI-PRECIOUS GEMS 


Oftentimes we look upon the term “Semi-precious” as meaning that 
a gem is not valuable, durable and beautiful. Such an idea is, indeed, errone- 
ous, for many of the semi-precious gems are not only very valuable, but 
are also quite durable, very beautiful, and occasionally extremely rare. The 
topaz is very hard and durable, it is very beautiful, especially in some of 
the delicate colors. But, unfortunately, it is extremely rare in some‘of the 
finest colors. Euclase is far rarer in good quality and size than any of the 
precious gems. The opal is not hard, but it is, indeed, one of the most beau- 
tiful of all gems, and in fine pieces will bring most remarkable prices. 

From this it will be noted that it does not mean that a gem has little 
value, that it is lacking in beauty, durability or rarity because it is classi- 
fied as a semi-precious gem. Many of the semi-precious gems are harder 
than some of those already treated under the heading of precious, and 
many are fully as beautiful. Many are as rare and some more rare than the 


182 GEMS & GEMOLOGY 


precious gems. Many will command a price nearly, if not just as high, as 
the precious gems. For these reasons it behooves us to give these gems very 


careful consideration. 
TOPAZ 


The name topaz has been so carelessly used for many years by 
jewelers and dealers that the average person today looks upon every 
yellow stone as a topaz. It seems to be the general idea that topaz is a 
very common mineral which may be purchased at almost any price at all. 
As a matter of fact, topaz is not at all common, and in some varieties 
is exceedingly rare. 

Topaz is very durable, being 8 in hardness, but it has a highly perfect 
cleavage. Many authors have conveyed the idea that the cleavage of topaz 
was so marked as to make it exceedingly fragile. This statement is not 
true. The cleavage is highly perfect, but the gem does not cleave any 
easier than do many diamond crystals. The composition of the topaz is 
somewhat variable. The two main classes are the fluorine topaz (Al, 
F,8i0,), and the hydroxyl topaz (Al,(OH).SiO,). With the varying of the 
composition the specific gravity and also the index of refraction will vary. 
The more common is the fluorine variety. The gravity of topaz will vary 
from 3.4 to 3.6. The index of refraction will vary from 1.62 to 1.63. The 
dispersion is low, being .014. The gem is biaxial and optically positive in 
character. The crystalline form is usually the orthorhombic prism with 
one end terminating in a pyramid and the other end a basal pinacoid. 
Being differently terminated, the crystals will develop polarity. Topaz has 
a white streak, the fracture is conchoidal and the luster is vitreous and of 
glimmering to shining intensity. This gem occurs in colorless, pale blue, 
green, violet, pink, and red. In the yellows it ranges from a mere tint 
to deep yellows and yellowish browns. A variety of Brazilian topaz occurs 
in a wine-yellow color and is very beautiful. 

The colorless variety when properly cut, especially in the brilliant pat- 
tern, is very brilliant and will show some fire. This fact, coupled with the 
specific gravity which is usually near that of diamond, will sometimes lead 
the layman astray. However, the inferior hardness, vitreous luster, and 
low index of refraction and anisotropic character will all make it very easy 
to tell these two gems apart. While the pleochroism in topaz is not strong, 
it will serve to identify it from many other gems which, to the ordinary eye, 
look similar. For instance, the light-blue topaz can easily be distinguished 
from the aquamarine by the aid of a good dichroscope. 

The topaz is susceptible to pyro-treatment. Colored erystals change 
color and become white or colorless if the temperature is raised high enough. 
Many topazes which are offered as pink topaz and Brazilian precious topaz 
are artificially treated to obtain the fine color. A deep yellow stone or one 
which inclines to brown may be heat treated and changed to a beautiful 
shade of pink. While the pink does occur in nature, it is very rare and it 
is doubtful if even ten per cent of the topaz sold yearly as pink topaz is 
really of natural color. Most of the altering is done in Germany and France, 
although some American cutters have turned to altering the gems. 

(To be continued) 


(>) 


om 


FALL, 19388 183 


Tinportant Diamonds 
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THE DRESDEN GREEN 


If, in addition to size, transparency and brilliancy, a diamond possesses 
a marked body color, no gem can surpass it in relative value. Of green 
diamonds, the finest and one of the largest known, is the Dresden Green, 
so-called because preserved in Dresden, Germany. It was purchased in 
1743 by King August the Strong of Saxony, for the royal treasury. He is 
said to have paid $60,000 for it. It was valued by Kluge, a German authority, 
in 1860, at $150,000. It is of almond or pendeloque shape and weighs 
49.8 metric carats. It is 1%” long and 5/6” thick. It is clear apple-green 
color, being intermediate between emerald and chrysoprase in tint, and is 
perfectly transparent and flawless. It is probably of Indian origin, but 
nothing is known of its history previous to its purchase by August the 
Strong. This king had a passion for collecting rare gems and jewels, and 
a large exhibit of these, including this green diamond, is still to be seen 
in the Green Vaults (Griine Gewélbe) in Dresden. Another green diamond 
in the collection is a brilliant weighing 40 carats which it is said the 
King was accustomed to wear in his hat. 


THE TIFFANY YELLOW 


This, perhaps the largest and finest of yellow diamonds, was found 
at the Kimberley Mine, Kimberley, South Africa, about 1878. It was cut 
in Paris. to a double brilliant weighing 128.5 metric carats. It has 40 
facets on the crown, 44 on the pavilion or lower side, and 17 on the girdle, 
a total of 101 facets. Dr. Kunz stated that this unprecedented number of 
facets was given the stone not to make it more brilliant, but less brilliant. 
The stone was of yellow color, and it was thought better to give it the 
effect of a smothered, smoldering fire than one of flashing radiance. The 
stone has the unusual feature, in a yellow diamond, of retaining its color 
by artificial light. It was exhibited at the World’s Columbian Exposition 
in Chicago in 1893, and again at the Century of Progress, Chicago World’s 
Fair, 1933-34, by Tiffany and Company of New York City, and it is still a 
highly prized possession of that firm. 
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THE EMPRESS EUGENIE 


E. W. Streeter described this diamond as “a perfect brilliant of 51 
carats, of an oval shape, blunt at one end and very beautifully cut.” It 
was first set as the center of a hair ornament belonging to the Empress 
Catherine II of Russia. This ruler presented it to her favorite, Potemkin, 
at the same time that she gave him a magnificent palace. From a grand 
niece of Potemkin, Emperor Napoleon III of France purehased the stone 
for a gift, on the occasion of his wedding, to his bride, the Empress 
Eugenie. During the whole of her reign, the Empress wore it as the 
center of a diamond necklace, but after the downfall of her fortunes, caused 
by the Franco-German war of 1870, the gem was sold to the Gaekwar of 
Baroda, India, for $75,000 (£15,000). 


THE ENGLISH DRESDEN 


The English Dresden, so called to distinguish it from the Dresden 
Green, is one of the few large diamonds that have been obtained from 
Brazilian mines. It weighed, in the rough, 119% carats. The rough stone 
was found about 1857 in the Bagagem district, Brazil, the locality from 
which nearly all the large Brazilian stones have been obtained. It came, 
the same year, into the possession of Mr. E. H. Dresden of London, Eng- 
land, who, after cutting it, offered it for sale to various crown princes of 
Europe without success. He finally sold it for $200,000 (£40,000) to an 
English merchant in Bombay, India. This merchant, was a large dealer 
in cotton and was able to purchase the diamond through profits made by 
the great increase in the price of this commodity resulting from the 
American Civil War. Shortly after his purchase of the stone, however, the 
war closed, the price of cotton fell to a low point and, lacking the capital 
which he had invested in the gem, the merchant failed. The shock of 
failure soon’ brought on his sickness and death. The stone was then sold 
by his executors to the Gaekwar of Baroda. 

In an interview with the author in 1934, the Gaekwar of Baroda stated 
that the Dresden and the Star of the South are both mounted in a neck- 
lace in his treasury. 


THE STAR OF ESTE 


This is a comparatively small diamond, weighing only 26 carats. It 
appears larger, however, because of its fine proportions. In purity and 
brilliancy it is said to be of the highest quality. It has been valued at 
$25,000. It derives its name from having been owned for many years by 
the Archduke Franz Ferdinand of Austria-Este, heir to the throne of 
Austria-Hungary. It will be recalled that the assassination of this prince, 
in Sarajevo, June 28, 1914, was the immediate cause of the World War. 
So far as known, this diamond was still in his possession at the time of 
his death. What subsequent disposition has been made of it, is unknown 
to the writer. 


AY 


a, 


FALL, 


1938 185 


Photography in Gemology 


The practical value of photography 
to a gemologist is great. As a rec- 
ord either of a gem stone alone or of 
a finished piece of jewelry it cannot 
be surpassed. A sharp, clear photo- 
graph of a piece of jewelry, or of 
the interior of a gem which contains 
a few inclusions, will serve as an 
absolute identification of that piece 
in case it is lost or stolen. A print 
of the latter type of photograph may 
be given to the purchaser of an 
important gem, increasing his re- 
spect for the purchase he has made. 

Many jewelry stores today make 
their own photographs of jewelry 
for future reference to designs or 
for illustrative purposes in conjunc- 
tion with advertising. For the 
latter purpose, jewelers with a keen 
appreciation of gems often are able 
to secure photographs very superior 
for their purpose to those taken by 
a commercial photographer who, al- 
though he knows photography well, 
does not have the innate love of 
precious stones. Such “design 
photographs” as they may be called, 
are also of value for reordering of 
stock, either from a specialty manu- 
facturer or from uncataloged stock 
of a quantity manufacturer. 

One of the most fruitful fields for 
gemological photography is in the 
preparation of lantern lectures for 
delivery at women’s clubs, service 
clubs, mineralogical societies, etc. 
Such lectures, general in nature, are 
available from the G.I.A. on 35 mm 
film. Even though a jeweler should 
wish to use a prepared film lecture 
of this sort he could enhance its 
value to him many times by splicing 


into it photographs of gems and 
jewelry pieces from his own stock 
to which he can call attention while 
he is showing the film. 

The many gemological students 
and enthusiasts who have attempted 
to photograph gem stones, either 
directly or through the microscope, 
have found themselves in a practi- 
cally unknown field concerning which 
no instructions or suggestions are 
available. Consequently, each man 
wishing to employ photography in 
this manner has had to work out 
processes and methods entirely for 
himself, with no help except what 
he might get from some more expert 
photographer whom he could interest 
in the work he was doing. This 
difficulty -was encountered in the 
G.I.A. laboratory when; in 1936, 
complete camera equipment was pre- 
sented by H. D. Feuer, C.G., and 
the first attempts at photography of 
gem stones were made, During the 
many months that, the photographic 
equipment has been used in the 
G.LA. laboratory, many processes 
have been developed and many stand- 
ard processes have been altered to 
suit the subject matter. At. the 
present time satisfactory photo- 
graphs of almost any manner of 
gemological subject can be obtained 
with almost mathematical certainty 
of results. In order to help those 
many camera-user students of gem- 
ology who wish to attempt the pho- 
tography of gem stones, this article 
has been prepared. General photog- 
raphy of gems or jewelry pieces, and 
photomicrography of the interior of 
gems (as for identification purposes) 
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both will be covered. Obviously, the 
eameras used by various gemologists 
vary widely in their design and in 
the uses to which they can be put. 
In the G.I.A. laboratory, a complete 
set of Zeiss Contax equipment is 
used. This excellent miniature cam- 
era has the great advantage of 
adaptability to almost any photo- 
graphic problem, though it has the 
one great disadvantage of small film 
size and consequent necessity for 
great enlargement in most cases. 
However, expensive equipment is by 
no means a necessity for making 
good photographs. A good box cam- 
era can undoubtedly be used to ad- 
vantage, especially if equipped with 
an exaggerated “close-up” attach- 
ment which can be secured at nomi- 
nal cost from any reliable lens 
maker. For satisfactory results, 
however, a somewhat better camera 
will prove much less expensive in 
the long run, and more satisfactory 
to use. 


The camera should first of all 
be equipped with a lens which 
gives a good clear focus. If a smali 
negative size is used, the lens should 
focus clearly enough to permit con- 
siderable enlargements to be made. 
Furthermore, either the lens should 
be one with which close-working at- 
tachments can be used, making pos- 
sible photography within six inches 
of the lens; or the camera should be 
one equipped with bellows extendable 
sufficiently to produce this same 
effect. An iris diaphragm for vary- 
ing the lens aperture (f. value) is 
very valuable. For most gem pho- 
tography,a ground glass for focusing 
is essential. With an inexpensive 
box camera, focusing may be done 
by means of heavy tissue paper 
stretched across the film guides 


when the back is removed from the 
camera. 

The camera support is an impor- 
tant accessory. Unless the camera 
is too heavy to permit its use, a 
laboratory support of the type ob- 
tainable from any school or labora- 
tory supply house, is satisfactory. 
A regular camera tripod is not as 
easily used as is the laboratory sup- 
port. Almost all photographs of 
gems are taken vertically, i.e., with 
the camera pointing down at the 
gem, and a suitable connecting arm 
may be obtained, or adapted from a 
stock apparatus-carrying arm, to 
attach the camera to the laboratory 
support. The center of the lens of 
the camera should extend no less 
than six inches beyond the foot of 
the support, though greater distance 
is not necessary since all the photo- 
graphs to be made with this appara- 
tus are of small pieces which rarely 
will exceed a few inches in width. 


.Some jewelry stores have previously 


purchased a camera, usually attached 
to the wall, which can be used. 


To sum up, the camera should be 
so arranged that it ean be focused 
sharply on an object six inches or 
less from the lens and should be 
mounted on a support which both 
allows ready adjustment and holds 
the camera rigidly for both focusing 
and photographing. 

Illumination is, of course, a very 
important consideration in photo- 
graphing fashioned gem _ stones. 
Most illuminating devices used for 
general photography are not, satis- 
factory in gem work, since they are 
not sufficiently adjustable to elimi- 
nate bright direct reflections from 
facets. These direct reflections are 
one of the most difficult problems 
in gem photography. 


(To be continued) 
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Abalones and Their Pearls 


LA PLACE BOSTWICK 
Scripps Institution of Oceanography, La Jolla, California 


Along the rocky shores of the 
California coast is found one of.the 
most remarkable classes of shells in 
the world—the abalone. They occur 
in other places, but attain their 
greatest size and perfection among 
the surf-swept rocks of “The Golden 
State.” At False Bay, near San 
Diego, fossilized abalones are taken 
from stone of the Pleistocene period. 
Nature appears to have been satis- 
fied that perfection was reached at 
that time, as the abalones of today 
are almost identical with those of 
that by-gone age. 

The overseeing Providence which 
continually works to make things 
perfect was good to the state of 
California—in different favored dis- 
tricts along its shores are various 
types of this marvelous shell, known 
under the common names of “red,” 
“black,” “green,” ‘pink,’ etc. The 
varieties differ slightly in form and 
greatly in color, but each shows such 
exquisite loveliness that it seems to 
be the best. The colors range 
through the brilliant greens and 
blues; there are green-blacks and 
blue-blacks; there are pinks and 
fawn-yellows, and mixed with and 
through these colors are flashes of 
flame-like reds. 

The creature is a mollusk, a 
species of large snail, and its shell 
is curiously formed. It has the pe- 
culiar twist or whor! that, is a char- 
acteristic of the snail, but the shell 
is flattened and has a certain re- 
semblance to the human ear. Along 
the left side, a short distance from 


and .paralleling the distal margin, 
is a regular series of holes for the 
admission of water to the respira- 
tory organs and other purposes. As 
the shell increases in size and length 
the holes at the posterior end close 
one by one and _ simultaneously 
others appear at the anterior ex- 
tremity. Nature has curious ways 
of protecting its creatures; the 
abalone when in danger can clamp 
down tightly on the rock to which 
it clings. Protected by its shelly cov- 
ering, it can continue to function 
properly by using the row of small 
holes. Abalones prefer to inhabit 
wave-swept rocks where food may be 
obtained easily—kelp, sea-moss, dia- 
toms, minute sea-worms, ete. A large 
muscular organ called the “foot” is 
so constructed that it can be spread 
over considerable surface and act 
with great suction—on the order of 
an exhaust-cup. No difficulty is en- 
countered in removing an abalone 
from its rock if it is taken in the 
proper manner, while in motion, but 
if it becomes startled and clamps 
down tightly for protection, consid- 
erable ingenuity and great force are 
required. It is much better to secure 
it while moving, as in this way the 
shell will not be broken or the aba- 
lone injured. While the exterior of 
the shell is usually enerusted with 
barnacles, sea-moss, and other ma- 
rine growths, the interior is as 
exquisitely lovely as a fairy’s home 
-—and in this wondrous environment 
grows an occasional pearl. 

While the commoner kind of pearls 
are produced by different varieties 
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of Margaritifera (“pearl-oysters’’) 
which are bivalves, both abalone 
pearls and conch pearls occur in uni- 
valves (two species of large snail). 
Oriental pearls from “pearl-oysters” 
do not usually occur in colors, but 
are generally creamy white, while 
abalone pearls and conch pearls are 
of bright and vivid coloring. 

Abalone pearls are found in 
statues of Buddha, made in Japan in 
300 A.D. It is possible that they 
were taken from the smaller and 
inferior “ear-shells’” of the Japan 
Sea, but it is also possible that they 
were acquired by trade or explora- 
tion in the distant past when Asiatic 
hordes poured into western North 
America and traveled south. The 
size and perfection of the pearls 
seem to indicate that they came 
either from the coast of California 
or from Baja California. 


It is probable that as “The Great 
Pink Conch” (Strombus gigas) oc- 
curs only in the Bermudas, the 
West Indies, and along the extreme 
southern coast of Florida, its pearls 
were probably unknown to Europe 
until Columbus discovered America. 
However, they may have been seen 
by Quetzal, “The White God” who 
came to the Mayas “in a ship with 
white wings” “from across the seas” 
—and they may have been seen by 
Vikings during their trip down the 
eastern coast of North America. It 
is a known fact that as soon as fine 
abalone pearls and conch pearls were 
obtainable they became highly prized 
by the princes and rajahs of India 
and were added to their marvelous 
collections of gems. The finest speci- 
mens have been used as crown 
jewels throughout Europe and the 
Orient. 

In years gone by it was not un- 
common for fine, well-formed aba- 
lone pearls to be found, but as the 


abalones in which they grew were 
recklessly taken by shiploads, they 
became ever scarcer. Baroques and 
rough pearly concretions are still 
occasionally found, but large, per- 
feet abalone pearls are rare. Dr. 
George Kunz, who was for over forty 
years gem expert with Tiffany and 
Company, once told the writer that 
“a perfect abalone pearl is among 
the most rare, the most beautiful, 
and most valuable of gems.” Dr. 
Kunz also stated that “the time may 
come when a large and profitable 
business in the growing of abalone 
pearls will be carried on along the 
Pacific Coast of North America.” 


It has been natural for the values 
of gems to be, to some extent, con- 
trolled by their scarcity and as fine, 
perfect abalone pearls are now the 
rarest of all pearls, they should head 
the list and command the highest 
prices. No other class of pearls can 
hope to compare with the brilliant 
beauty of coloring found in abalone 
pearls. Their bright blues and 
greens, their blue-blacks and green- 
blacks and fawn-yellows, all shot 
through with flame-like flashes of 
erimson and red, cause a breath- 
taking effect that cannot be dupli- 
cated by any other class of pearls. 

While the scarcity of large, fine 
abalone pearls is such that many 
jewelers of the United States have 
never seen a perfect specimen, and 
they are highly prized in some of 
the great collections of the world, 
they are not at present popular in 
the jewelry store. 

It is doubtful if any other stone 
or gem can equal a fine abalone pearl 
when used as the centerpiece of a 
group setting, and a designer with 
talent can, with spray and leaf, the 
different colors of gold, and chasing, 
chip-cutting, and bright-cutting, cre- 
ate art jewelry unsurpassed. 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(With phonetic pronunciation system.) 


Terms in quotation marks are considered incorrect. 


Oriental (oe”ri-ent’al). (1) Pertain- 
ing to the Orient (Asia), hence 
referring to gem-minerals which 
have actually originated in an 
Oriental country. (2) A trade 
name often used for the finest 
variety of a gem-mineral or other 
gem material such as pearls. See 
also Noble. (3) Prefix used with 
certain incorrect gem names: 
“Oriental Emerald” (for green 
corundum), ete. 

Oriental Agate. Finely marked and 
very translucent agate. 

“Oriental Amethyst.” Purple corun- 
dum. 

Oriental Cat’s-Eye. Chrysoberyl 
cat’s-eye; also, incorrectly, smoky 
corundum, 

Oriental Chalcedony. Finest trans- 
lucent variety of chalcedony, 
known also as “Beach Moonstone,” 
“Chalcedony Moonstone,” etc. 

“Oriental Chrysoberyl.” Yellowish- 
green corundum. 

“Oriental Chrysolite.” Greenish-yel- 
low corundum or chrysoberyl. 

“Oriental Emerald.” 
dum. 


Green corun- 


Oriental Garnet. Almandine. 

“Oriental Hyacinth.” 
corundum. 

Oriental Jasper. Bloodstone (quartz). 

Oriental Lapis. Lapis Lazuli. 

Oriental Moonstone. Genuine moon- 
stone. (Orthoclase Feldspar.) 

“Oriental Moonstone.” Pearly co- 
rundum. 


Rose-colored 


“Oriental Onyx.’ Banded, mottled, 
or clouded travertine. 


Oriental Pearls. A term broadly 
applied to all naturally occurring 
pearls from true pearl-bearing 
mollusks, and hence not to cul- 
tured pearls. Occasionally, natural 
pearls found in Oriental countries 
only. 


“Oriental Peridot.” Green corundum. 
Oriental Sapphire. Blue corundum. 


“Oriental Smaragd.” Same as 
“Oriental Emerald.” See also 
Smaragd. 


“Oriental Sunstone.” Girasol corun- 
dum. 

“Oriental Topaz.” Yellow corundum. 

Oriental Turquoise. Genuine tur- 
quoise. 

Original Lots. Unbroken parcels of 
diamonds as graded at the mines. 

Ormer (or’mer). See Abalone. 

Orthoclase (ore’thoe-klase). A min- 
eral of the feldspar group; pre- 
cious moonstone (adularia) is a 
variety of orthoclase. A transpar- 
ent yellow variety of orthoclase 
is sometimes cut as a gem-stone. 
R.I. 1.52, S.G. 2.56, Hardness 6- 
61%, Monoclinic crystal system. 

Orthose (ore’those). Moonstone 
(feldspar). ‘ 

Orthorhombic (ore”’thoe-rom’bik). A 
crystallographic system; has three 
axes of unequal length, each per- 
pendicular to the plane of the other 
two axes. 

Osseous Amber (os’ee-us). See Bone 
Amber. 
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Ostrea or Ostrea edulus (os’tree-a). 
The common edible oyster. 

Ounce pearls. Lower grade pearls 
sold by the ounce. 

Ouvarovite (o0-va’roe-vite). Same as 
Uvarovite. 

Ox-eye. Dark stones of labradorite 
Cfeldspar). 

Oxide (ok’side or sid). The combi- 
nation of oxygen with another 
element. 

Oxidation (ok’sid-ae’shun). Combin- 
ing chemically with oxygen. 

Oyster Pearl. Signifies those concre- 
tions found in ecommon edible 
oyster (ostrea edulus). They are 
generally black, purple, or with a 
mixture of black and white, or 
purple and white. They are almost 
invariably devoid of nacreous 
luster, possessing neither beauty 
nor value. 

Paar. Ceylon name for rock or hard- 
bottom oyster bed: The banks near 
Ceylon on which the pearl oysters 
live. 

Padparadscha (pad”par-ad’sha). An 
orange-colored variety of sap- 
phire. é 

Painted Diamond. A diamond paint- 
ed around the girdle or pavilion, 
or both, in order to improve its 
color temporarily. 

Panning, Primitive method of wash- 
ing gravel by use of a pan. 

Paper Worn Diamonds. Diamonds 
which have been dulled on the 
surface from being carried loose 
with other diamonds. 

“Paphos Diamond” (pae’fos). Quartz. 

Parent Rock. See Matrix. 

Parting. Separation of a mineral 
along planes of twinning, as 
opposed to true cleavage, which 
occurs along crystallographic 
planes. 

Parure (pa”rur’). A set of jewelry, 
such as a parure of emeralds, con- 


sisting of rings, bracelets, ear- 
rings, brooch, etc. 

Paste. Name for glass when used as 
imitation of gems. 

Paved or Pavé (pa”vae’). A number 
of small diamonds or other gems 
set one against another as closely 
as possible. 

Pearl. A calcerous concretion result- 
ing from one of several species of 
molluscs coating an irritant with 
shell-forming substance. In the 
strictest sense, the term pearl 
applies to such concretions only 
when they are of more or less sym- 
metrical form and exhibit fine 
luster (orient). 

Pearl Essence. See Essence d’Orient. 

Pearlite (pur’lite). See perlite. 

Pearlometer. Same as pearloscope. 

Pearlosecope. An attachment, or set 
of attachments, for a microscope 
for distinguishing genuine from 
cultured pearls, or a complete in- 
strument designed for this pur- 
pose. 

Pearl Sac. The little bag which se- 
eretes the layers that build up a 
pearl. 

Pearl-Shooting. Artificial 
and dyeing of pearls. 
Pearly. Resembling the surface ap- 

pearance of the pearl. 

Pear-Shape. Same as Pendeloque. 

Peat. Dark brown to black substance, 
formed by the partial decomposi- 
tion of vegetable matter in 
marshes. 

“Pecos Diamond” (pae’kose). Quartz 
from Pecos River, Texas. 

Peeler. A pearl with an imperfect 
skin, the removal of which might 
improve the pearl. See also Peel- 
ing. 

Peeling. Removing outer layer of a 
pearl in the hope that under layer 
will be of better quality. See also 


Peeler. (To be continued) 
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BOOK REVIEWS 


The Curious Lore of Precious Stones, by George Frederick Kunz, Copy- 
right in 1913. 7th printing in 1938 by Halcyon House (Blue Ribbon Books), 
New York. Special Edition, $1.69. Regular Price, $8.00. 


First printed in 19138, this reprint 
of the Curious Lore of Precious 
Stones at a special price will make it 
available for every gemologist’s 
library. 

In it Dr. Kunz concerned himself 
not at all with the science of gem- 
ology, but entirely: with the sym- 
bolism and superstitions regarding 
gems. Included in the volume are 
“Folk Lore, the Use of Precious 
Stones as Talismans and Amulets; 
Crystal Balls and Crystal-Gazing, 
Mysticism, Religious Uses, Divina- 
tion, Birth-Stones, Lucky Stones, 
Astral Influences of Precious Stones, 


and the Medicinal Use of Gems.” 
However, it must not be thought 
that this well-known work of the 
late Dr. Kunz is without value to 
the average gemologist. The de- 
velopment of the birthstone question 
is excellent—one of the few sources 
to which the average jeweler has 
reference which gives the traditional 
birthstone list. Dr. Kunz has strong 
criticism of the list arbitrarily 
adopted by the A.N.R.J.A. in 1912. 
The book is full of fascinating de- 
tails concerning gems, and a reading 
of it by the jeweler will surely dis- 
close to him many points which he 
can use later in selling gems. 


Minerals of California, by Adolf Pabst, Bulletin No. 113, Issued by the 
California State Division of Mines, San Francisco, 1938. 


This is a continuation of a listing of California minerals, the first 
issue of which was published in 1866. The first list contained about 75 
mineral species, while the present bulletin contains over 400 different min- 
erals. Of these, 54 were first discovered in California, and 41 have been 
found only in California. Of these minerals found only in California, the 
only one of importance to the gemologist is benitoite, which has had limited 
use as a gem stone, 


The listing in Minerals of California is of no particular value to the 
gemologist, unless he is particularly interested in sources. The properties 
of each gem are covered very briefly and the California sources of the gem 
are then described, usually in a very condensed form. Among the important 
gem minerals found in California and covered in Minerals of California are 
tourmaline, spodumene, topaz, beryl, various garnets, and diamond. Of 
the diamonds, several hundred specimens have been found, principally in 
the gold-mining regions, but few were over two carats and of gem quality. 
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SELECTED BIBLIOGRAPHY 
GEM DIAMOND 


GENERAL 


This month, the editors of Gems & Gemology are beginning an extensive 
bibliography of the gem diamond. The first section will include only general 
works on the diamonds. The bibliography is to cover the following subjects: 
Genesis of the Diamond, Crystallography, Physical and Optical Charac- 
teristics, Sources of Diamond, Cutting, Polishing, Famous Diamonds and 
allied subjects. The student is referred also to the bibliography of general 
works on gems, many of which contain chapters and sections on the 
diamond. (See Gems & Gemology, January, 1934, to. Summer, 19388.) 
Abraham, F. 

Die diamant-gesellschaften Sudafrikas, Berlin, H. Steinitz, [1867]. 
Austin, A. C. atid Marion Mercer 

The story of diamonds. Prepared for the Century of Progress com- 

mittee of Chicago jewelers’ association. Chicago, R. R. Donnelly & 

Sons, 1935. 

Babinet, Jacques. 
The diamond and other precious stones. [Smithsonian Institution, 
annual report, 1872]. 

Ball, S. H. 

Early gem mining, real and otherwise. 3 figs. Min. & Met. 9:488-492 N’28. 

General and historical review on mining gems and semi-precious stones 

interspersed with extracts from romantic tales and scientific literature. 

Geologic and geographical occurrence of precious stones. Econ. Geol. 

17:575-601 N’22. Tables. Bibl. Contains valuable general information 

on. diamond. : 

Geological notes on the various diamond fields of the world. Eng. & 

Min. 190:1202-1209 My 29 ’20. 

Historical study. of precious stones, valuation and prices. Econ. Geol. 

30 :6380-642 S-0’35. 

Batchelor, S. 

The cabinet of gems; or vocabulary of precious stones, arranged 

according to their comparative value, together with a description of 

the largest known diamonds and colored gems in the world; the com- 
mercial history of rough diamonds; an account of the pearl fishery; 

and the regalias of England and Scotland [London] 1846. 
Baumhauer, E. H. von. 

Diamonds. In Ann. Phys. Chem, 2 ser:, I, 1877, p. 462. 

Bournon, J. L. Comte de. 

Catalogue de la collection mineralogique du Comte de Bournon—Fait 

par luiméme, et dans lequel sont placés plisieurs observations et faits 

intéressants qui jusqu’ici n’avoient pas été décrits, ete., ainsiqu’une 
réponse, au memoire de m l’abbé Haiiy, concernant la simplicite des 
lois auxquelles estosoumise la structure des cristaux, etc. A. Londres, 

R. Juigné, 1813. 

A descriptive catalogue of diamonds in the cabinet of Sir Abraham Hume. 

London, 1815. 7 
Boutan, Edmond. 

Le diamant. Paris, Donod, 1886. 

Diamant. [In Frémy’s Encyclopédie Chimique. ] 

Cattelle, Wallis Richard. 
The diamond... N.Y., John Lane co., 1911. (To be continued) 
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Radium-Treated Diamonds 


A certain quality of yellowish or 
brownish diamond when exposed to 
the radiations of radium alters to 
a decided green color. The diamonds 
are packed in direct contact with 
radium bromide or other radium salt 
and left for a- period -of -several 
months. The result of this exposure 
to intense radio-activity is not- only 
the change of color of the diamond, 
but also a definite alteration of the 
material in certain localized areas. 
In these areas either the carbon is 
altered so that it becomes radio- 
active or..a small amount of the 
radium salt penetrates into the dia- 
mond. The green color in a radium- 
treated -diamond is particularly 
strong in the vicinity of tiny pits in 
the surface which are apparently the 
result of this breaking down of the 
diamond. 

Several methods of detection of 
radium-treated diamonds have been 
devised; all depend on the above 
effects. The pits with green color 
localized about them can easily be 
seen under the microscope and form 
quite definite proof of radium treat- 
ment. The radio-active nature of the 
transformed carbon or of the en- 
closed radium compound can also be 
detected by various means. The most 
common is, perhaps, the self-exposure 
of diamonds thus treated. Placed on 
a photographic plate in the dark 
room for a. suitable period, some 
radium-treated diamonds will expose 
the plate, an effect which can be de- 
tected by developing the plate. Also 
the radio-activity may be detected 
by a delicate electroscope or by a 
spinthariscope. Still more delicate 


tests for radio-activity are also avail- 
able. 

Radium, in breaking down, pro- 
duces three forms of energy. These 
are (1) alpha particles, which are 
positively charged atomic nuclei; 
(2) beta particles, which are nega- 
tively charged electrons; and (3) 
gamma rays, which are light waves 
comparable to X-rays. Of these three 
forms of energy, the gamma rays 
are the most penetrating. A radium 
salt, as ordinarily used, is shielded 
by a thin metal container which 
absorbs the alpha and beta particles 
and allows only the gamma rays to 
pass. However, the only known meth- 
od of altering the color of diamonds 
by radium involves packing the stone 
in direct contact with the radium 
salt. In this contact, of course, the 
stone is under the influence of the 
alpha and beta particles as well as 
the gamma rays, and furthermore, 
has opportunity to pick up by con- 
tact some of the radium salt itself. 
It is not known whether the gamma 
rays alone have produced the alter- 
ation of the color to green or whether 
alpha or beta rays are also necessary 
to produce the alteration. 

If the alteration can be produced 
by the gamma rays alone, yellowish 
diamonds can be turned green by 
pure gamma rays or by intense X- 
rays (without the use of radium), 
and, therefore, can be altered with- 
out, the resulting radio-activity in 
the diamond which now is used as a 
distinguishing test. Research is de- 
sirable on this point, but both the 
essary diamonds and the radium 
or intense X-rays are very expensive. 
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Supposed Synthetic 
Diamonds Tested 


The attempts of Dr. J. Willard 
Hershey, of McPherson College, 
Kansas, to synthesize diamond re- 
ceived considerable newspaper pub- 
licity in the Spring of 1938. The 
experiments. which received this pub- 
licity were a continuation of work 
begun by Hershey and his assistants 
and students in 1929. 

In a report to the Kansas Academy 
of Science, Hershey described the 


same paper, Hershey reports other 
methods attempted, using tungsten, 
copper, lead, silver and even blue 
ground from the South African 
mines. None of these solvents ap- 
peared to give as satisfactory results 
as did the iron. Also various methods 
were attempted in an effort to cool 
the molten mass of iron and carbon 
rapidly, brine with ice being found 
the most satisfactory. Dr. Hershey, 


MAGNIFIED 8 TIMES 
Figure 1. Five specimens sent to the G.I.A. Laboratory by J. Willard 
Hershey of McPherson, Kansas. Magnified approximately 8 diameters. 
From left to right, natural diamond, natural diamond, quartz, quartz, 
stone possibly synthetic but more likely natural diamond. 


method he used in attempting the 
synthesis of diamond. This is essen- 
tially the same as that used by 
Moissan in 1890-1900. In _ brief, 
molten iron is fused with carbon at 
an extremely high temperature by 
means of the electric furnace. The 
molten mass of iron, which dissolves 
some of the carbon, is then suddenly 
chilled. The pressure which results 
from the hardening and contraction 
of the exterior of the mass, while 
the interior is still expanding, 
theoretically should produce the 
pressure necessary to cause the car- 
bon to crystallize as diamond. In the 


1 Synthetic Diamonds. Trans. Kansas Acad. 
of Sci., 82:52-54, 1929. 


in his report to the Kansas Academy 
of Science, and in his report to the 
American Chemical Association at 
Denver in 1937, stated that from 
the residues obtained by dissolving 
the iron, small diamonds were picked 
out. These stones were tested for 
“insolubility in hydrofluoric acid; 
hardness, density; and index of re- 
fraction; the burning of diamonds in 
an atmosphere of oxygen. The 
density is determined by methylene , 
iodide, which has the same density 
of diamond, 3.51.’” 

The publicity resulting from Dr. 
Hershey’s papers, and also from the 


2The specific gravity of methylene iodide 
is 3.82. In it diamond will sink. 
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paper read by his student-assistant, 
Lewellyn D. Lloyd, at the American 
Chemical Society, at Dallas, Texas, 
on April 20, 1938, was unfavorable 
to the jewelry trade. For this reason 
the Gemological Institute interested 
itself in the matter. After an ex- 
change of communications, and 
through the valuable cooperation of 
William MeNeil, then president of 
the American National Retail Jewel- 
ers Association, Dr. Hershey kindly 
consented to send several specimens 
of the material which he had syn- 
thesized to the Gemological Institute 
Laboratory for testing. These were 
received June 21, 1938, and from 
this date until January 10, 1939, a 
series of tests have been conducted 
by the Gemological Institute Lab- 
oratory and also by Dr. Thomas 
Clements of the University of South- 
ern California, Dr. J. H. Sturdivant 
of California Institute of Technology 
and by David H. Howell, C.G., of 
Pomona College, California. é 

In his letter of June 19th, Dr. 
Hershey states: “On the request of 
Mr. William McNeil... we are send- 
ing you some gems, synthetic dia- 
monds, to test.” These were five 
stones (uncut, of course), the largest 
of which was less than 1/100th of 
a carat. They were enclosed in small 
numbered glass vials. These numbers 
will be used for reference in this 
article. 

Stone No. 1 is a fairly well-formed 
octahedron which weighs something 
less than 1/100th of a earat. 
(1/500th gram). Upon observation 
under low power of the microscope, 
this stone has the appearance of 
the typical small South African 
crystal. However, tests were con- 
tinued on it. By means of the Chaul- 
nes method the refractive index was 
determined to be 2.4 (+.05). An 


electronic diffraction pattern was 
obtained on the stone by Dr. J. H. 
Sturdivant of the California Insti- 
tute of Technology, who found the 
edge of the cubic unit cell to be 3.54 
Angstrom units, which corresponds 
within the limits of error to the 
value (3.56 A) of diamond. This 
stone is a colorless octahedron with 
inclusions which resemble in all re- 
spects those characteristic of a South 
African diamond. In view of this 
extraordinary resemblance to genu- 
ine material, it was obvious the speci- 
men could not have been produced 
synthetically. Dr. Hershey was con- 
tacted and asked specifically whether 
it be a natural diamond. In a letter 
of July 30th he revised the state- 
ment in his letter of June 18th, stat- 
ing: “No. 1 that I sent is consid- 
ered to be a genuine diamond. The 
remaining four are our synthetic 
gems made from carbon and melted 
iron as a solvent. We used chemical 
pure iron as a solvent for Nos. 2, 3 
and 5 and commercial 
No. 4,” 

Tests on the remaining four stones 
were then continued. Stone No. 2 
is a fragment somewhat smaller 
than No, 1, apparently having been 
broken from a larger piece since it 
shows cleavage faces. This stone was 
tested for refractive index by the 
Chaulnes method, and it also gave 
a reading of 2.4 (+ .05). In appear- 
ance, it. is very similar to No. 1 
except that it is more brownish in 
color and not as perfectly shaped 
externally. The inclusions are typical 
of a natural diamond, and this stone 
likewise is apparently a natural 
stone, not one which has been syn- 
thesized. 

Stone No. 3 was found to float in 
methylene iodide of specific gravity 
3.32, proving immediately that it 


iron. for 


was not diamond. This stone was 
powdered and a small portion of the 
powder was used to determine the 
refractive index, which was found to 
be 1.55, and the optic character, 
which was found to be uniaxial posi- 
tive. These properties indicated the 
material to be quartz. Inasmuch, 
however, as Dr. Hershey had stated 
in his papers that the tests for in- 
solubility in hydrofluoric acid had 
been made (quartz, especially such 
a small fragment, would dissolve 
readily in hydrofluoric acid) it was 
believed desirable to make a confirm- 
ing test. The remaining powder was 
burned in an are by David H. Howell, 
C.G., and a spectrogram obtained 
by means of the Gaertner-Littrow 
spectrometer at Pomona College. 
Definite silicon lines were found in 
the resulting spectrogram, thus con- 
firming the optical identification as 
quartz. 

Stone No. 4 likewise floats in 
methylene iodide, has a refractive 
index of approximately 1.54 and is 
uniaxial positive in optic character. 
These properties identify specimen 
No. 4 also as quartz. 

Specimens No. 3 and No. 4 are very 
deeply etched white semi-transparent 
fragments. From their appearance 
it may be inferred that they are the 
remainders of larger fragments of 
quartz which were attacked but not 
completely destroyed by the hydro- 
fluorie acid used. 

Specimen No. 5 is the most inter- 
esting of the specimens. It also 
weighs less than 1/100th of a carat, 
but it differs from numbers one and 
two in being of pronounced brown 
color, In external form it is a modi- 
fication of an octahedron. Its highly 
rounded faces prevent an accurate 
designation of its crystal form, but 
it seems to approach the triangular 
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trisoctahedron or the hexoctahedron. 
By means of embedding this speci- 
men in a fused mixture of 159 parts 
selenium to 41 parts sulphur (74% % 
selenium, 254% % sulphur), which has 
a refractive index of 2.417 for sodium 
light, Dr. Thomas Clements found 
the refractive index of the stone to 
be approximately 2.42. Dr. Sturdi- 
vant determined the structure of this 
specimen also to correspond with 
that, of diamond. The surface is not 
sufficiently clear to allow a detailed 
study of the inclusions to be made, 
but from its appearance this stone 
might possibly be diamond produced 


ACTUAL SIZE 


Figure 2. The same five specimens 
shown in Figure 1, here illustrated 
approximately actual size. 


by Dr. Hershey’s method. However, 
in view of the outcome of the tests 
on the other stones of this group, 
plus the appearance of this speci- 
men, which likewise is quite similar 
to that of many South African 
stones, its synthetic origin may rea- 
sonably be doubted, 

Because of the above facts, it is 
our opinion that the attempts of 
Dr. Hershey to synthesize diamond 
have not achieved much greater suc- 
cess than have those of any previous 
experimenter. Moissan, and others 
of his time, thought. that synthetic 
diamonds could and had been pro- 
duced by the general method of sud- 
denly cooling molten iron in which 
carbon was dissolved. This general 
procedure was tried by Sir William 
Crookes, later by R. H. McKee of 
Columbia University and is now be- 
ing attempted by Dr. Hershey. Both 
McKee and Hershey have received 
considerable publicity; and, just as 
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was the case as early as Moissan’s 
experiments, completely acceptable 
proof of the actual production of 
even the most minute fragment, of 
true synthetic diamond is lacking. 
As Dean Edward Kraus of the Uni- 
versity of Michigan® has pointed out, 
“The method has been repeated many 
times and by experienced and skilled 
European investigators, and always 
with negative results. Indeed, one of 
the investigators was an assistant 
of Moissan at the time he carried on 
his experiments.” 

It is possible that Dr. Hershey 
has succeeded in producing tiny syn- 
thetic diamonds by this process. How- 
ever, it is the contention of the Insti- 
tute, and likewise of both Dr. Clem- 
ents and David Howell that sufficient 
evidence has yet to be given to sub- 
stantiate the synthetic origin of stone 
No. 5 or of stone No. 2. 

It would seem that there may have 
been too much opportunity for con- 
fusion of specimens in the system 
followed by Hershey and his assist- 
ants in their attempts to synthesize 
diamond. In order that Hershey’s 
synthesis of diamond may be accept- 
ed, more definite and convincing 
evidence will be required, in our 
opinions. As Sydney H. Ball has 
pointed out, absolutely final proof 
will be lacking “until someone fi- 


3In his letter of July 13, 1988. 
4In a letter of October 11, 1938. 


nances ... observers who are to be 
present at a demonstration by Dr. 
Hershey. These men . .. should be 
permitted to mix the ingredients 
used in the experiments themselves 
and should be present throughout 
the experimentation period, and 
should actually dissolve the product 
out of the metal after the experi- 
ment is completed.” 

Furthermore, even though Her- 
shey should ultimately prove, to the 
satisfaction of all concerned, that he 
has been able to synthesize diamond, 
the proof would be much more im- 
portant from a theoretical than from 
a practical standpoint. The speci- 
mens which Dr. Hershey sent to the 
Gemological Institute Laboratory, 
even though all had been found to 
be truly synthetic diamonds, would 
have been of value only as abrasive 
material; and the tremendous cost of 
their production would prohibit their 
profitable production even though 
they had been many times larger. and 
of quality suitable for gems. The 
largest, of the specimens which Dr. 
Hershey sent is too small to be fash- 
ioned as the smallest grade of melee, 
and even the largest stone he claims 
to have produced (1/30 of a carat, 
according to his reports) would be 
worth only a few cents as contrasted 
with the many hundreds of dollars 
in time, equipment, and material re- 
quired to produce it. 
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A GEFMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


by HENRY E. BRIGGS, Ph.D. 


TOPAZ (Continued) 


Topaz is found in the Ural mountains in Russia, in the Mourne moun- 
tains in Ireland, in Brazil, Africa, Japan, Mexico, Ceylon, Cornwall, 
Saxony, Tasmania; and in the United States in Utah, Maine, California, 
Idaho, Montana and New Hampshire. 


OPAL 


Opal is perhaps one of the most simple of gems, and yet in some 
respects one of the most complex. Indeed it is one of the most beautiful. 
Chemically, the opal is merely hydrous silica. But optically the opal is 
more or less complex. It is amorphous and, therefore, is isotropic. The 
index of refraction varies from 1.44 to 1.45, depending on the water con- 
tent of the gem. The water content will vary from 1 to 21 per cent: How- 
ever, in precious opal the content is usually about 5 to 10 per cent. The 
chemical formula is usually written SiO,.xH,O. The cause of the color play 
in opal has been a matter of question for many years, but it is now an 
accepted fact that the color is caused by differing indices of refraction in 
the different portions of the gem. This may be due to small cracks or 
fissures in the gem, but it is much more likely that it is.due to the various 
layers of silica having different indices due to mere physical density. It is 
well known that opals are formed by deposition of silica from superheated 
waters which carry a large amount, of silica. As these waters are forced 
up from the inner earth they each time give the passage way a coat of new 
silica, until a wall is eventually built up. Thus this wall is built of very 
thin layers or laminae. It, is believed that the difference in the indices of 
refraction of these different layers or laminae produces the color play 
which we see in opal. It is true also that opals often contain clouds of 
some mineral substance which is foreign, such as a metallic oxide, usually 
iron. These may cause some of the color play, for such clouds would tend 


to increase the index of the strata or plane in which they lay. Other im- 


purities are not uncommon in opals. 

Opal is light in weight, the specific gravity. being only 2.1 to 2.3. 
It is soft, only 5% to 6% in hardness. Due to its structure and water 
content, it is more or less brittle, and breaks with a. conchoidal fracture. 
The luster of opal is vitreous to dull, and shining to splendent -in intensity. 

Many opals are very fragile due to loss of the water content of the 
stone after its removal from the earth. This will be noticed in uncured 
Nevada opal. The opal coming from the Nevada mines is of a high water 
content. Upon evaporation of this water the opal will shrink to some extent 
and this will cause a stress that, if it is not great enough to cause the opal 
to crack up of itself, will cause it to burst upon receiving a slight jar. Such 
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a stress will also cause anomalous double refraction to appear, which some- 
times will puzzle the amateur. It is possible, however, to cure these opals 
by replacing or displacing the water content or part of it with silica. The 
process used is a trade secret. and is known to comparatively few. Most of 
the miners try to cure these gems by slowly desicating them in earth taken 
from the mines. While a slow drying process is to be preferred to a sudden 
evaporation, yet the loss of water will, nevertheless, cause a shrinkage. 
This is clearly manifested by the peeling of the opal when so cured. The 
opal, when mined, is covered with a “peel” or coating of siliceous earth, 
which, when the opal has dryed out enough so as to contract a little, will 
peel off, leaving behind the gemmy opal. Other miners try to replace the 
water in the gem with some fluid which will not evaporate, such as 
glycerine. This, however, is not effective and would, of course, be objec- 
tionable in a gem. The fact that Nevada opals are so fragile and the fact 
that so few lapidaries are able to properly cure these gems, have, together, 
made the gems more or less unsatisfactory on the market, In beauty, 
however, they are unsurpassed. 

Precious opal includes those varieties which have a good play of color 
and are used for gem purposes. The varieties are: 

White Opal—including varieties of precious opal of light color. 

Black Opal—including varieties with black to grayish-black and deep blue 
color. 

Fire Opal—includes the yellow to reddish semi-transparent opals with a 
fiery play of color. 

Lechosos Opal—includes those varieties showing a deep green color play. 

Harlequin Opal—are those which exhibit patches of color of a rather uni- 
form size, the name being suggested by the likeness to the harleqin’s 
motley dress. 

Girasol Opal—is a variety of opal which is bluish-white and translucent, 
with a reddish chatoyancy. 

Opal Matrix—is a term applied to opal cut with the matrix. 

Common opal includes those varieties which have little or no color play. 
Most of these are not suitable for gem purposes, but a few are used to 
some extent in cheap jewelry.. The greater part of this material is used 
for making ornamental goods such as fountain pen bases, ash trays, clock 
cases, etc. Common opal includes the following varieties: 

Milk Opal—milk white, yellowish, reddish, greenish, or bluish in color. 

Agate Opal—a variety which is banded similar to agate. 

Jasper Opal—reddish to brownish opal, marked like jasper. 

Prase Opal—a green opal with an appearance similar to prase, 

Resin Opal—a variety of opal with a resinous luster and of a yellow color. 

Rose Opal—a variety with a pink to rose tint. - 

‘Wood Opal—pseudomorphous, after wood, and retaining the structure of 
the wood. Also called opalized wood, etc. Pseudomorphs, after shells, 
etc., are also known. 

Hyalite—a variety which is colorless and very transparent, having the 

i appearance of glass. 

Menilite—a brown to grey concretionary variety, sometimes called liver opal. 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(With phonetic pronunciation system.) 


Terms in quotation marks are considered incorrect. 


Pegmatite (peg’ma-tite). Coarsely 
grained igneous rock composed 
chiefly of quartz and feldspar, 


Pendeloque (pan’d’loke’). A style of 
cutting, a pear-shaped modifica- 
tion of the round brilliant, often 
used for a pendant. Formerly ap- 
plied also to the briolette style 
when fashioned in a pearl shape. 

Penetration Twin. A pair of crystals 
developed in reverse position with 
reference to one another and each 
penetrating through the other. 

“Pennsylvania Diamond.” Iron py- 
rite. 

Pentagon (pen’ta-gon). Any of sev- 
eral variations of the step cut, 
having five straight sides. 

Peredell Topaz. Light green to yel- 
lowish-green topaz. 

Perfect. Without internal defects or 
inclusions of any kind. May also 
include correct cutting and fine 
polish. 

“Perfect Cut.” A term sometimes 
used by unscrupulous dealers to 
convey to a customer the impres- 
sion that a diamond has no im- 
perfections. In its literal sense, 
Perfect Cut is seldom used, as 
few or no gem stones are ever 
absolutely correctly fashioned. 

Perfection Color. Finest color of that 
particular variety. 

Perforated beads. Beads carved 
‘through to an irregular design. 
Peridot. A gem species known also 
as olivine and as chrysolite. Or- 
thorhombiec system, R.I. 1.66-1.70, 
S.G. 3.8, Hardness 614-7. Trans- 


parent, yellow to fine green and 
dark green to brown. 

“Peridot of Ceylon.” Same as Ceylon 
Peridot. 

Peridotite (per’i-doe-tite). A very 
basic igneous rock, consisting 
chiefly of olivine and pyroxene. 

Perigem (per’i-jem). Trade name for 
light yellow green synthetic spinel. 

Periostracum (per’”i-os’tra-kum). 
The outermost horny layer of the 
shell of the mollusc. 

Perlite (pur’lite). Volcanic glass with 
a concentric shelly structure due 
to curved cracks produced by con- 
traction in cooling. See also 
spherulite. 

Persian Lapis (pur’shan or zhan). 
Fine lapis lazuli. 

Persian Turquoise. Fine turquoise. 

Peruvian Emerald (pe-roo’vi-an). 


Emerald from Colombia, South 
America. 

“Pesas Diamond.” Quartz. 

Petal Pearls (pet’al). Flattened, 


leaf-like pearls. 

Petrifaction (pet’ri-fak’shun). Proc- 
ess of changing organic material 
into stone by replacement. The 
original structure is sometimes re- 
tained, 

Petrified Wood (pet’ri-fide). Wood 
which has been entirely replaced 
by silica, and hence converted to 
quartz. See Petrifaction. 

Phenacite or Phenakite (fen’a-site 
or kite). A mineral species some- 
times used as gems. Transparent, 
colorless to light red, light yellow, 
or light brown, R.I. 1.67-1.70, S.G. 
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2.95, Hardness 712-8, Hexagonal 
crystal system. ; 
Phenomena (fee-nom’ee-na). Plural 

of Phenomenon. 

Phenomenal Gem (fee-nom’ee-nal). 
A gem-stone exhibiting an optical 
phenomenon. See phenomenon, 

Phenomenon - (fee-nom’ee-non). In 
gem-stones, an optical effect in 
visible light occurring in certain, 
but not in all, specimens of that 
species. See also: Adularescence, 
Asterism, Chatoyancy, Girasol, 
Labradorescence, Orient, Play of 
Color, Schiller, ete. 

Phosphorescence (fos”’fore-es’ens ). 
The property by some substances 
of emitting visible light after ex- 
posure to ultra-violet light, cathode 
rays, X-rays, etc. See also Fluor- 
escence. 

Pierre Precieuse (Fr. pyar’prae”’- 
syuz’). Precious stone. 

Pigeon Blood. Color of the finest 
quality of ruby. 

Pinacoidal or pinakoidal (pin”a-koi’- 
dal), Crystal form of two parallel 
planes which are also parallel to 
two or more crystallographic axes, 
or developed (as cleavage or part- 
ing) parallel to: such a form. 

Pinchbeck. Substitute for gold, so- 
called after inventor Christopher 
Pinchbeck (Pinsebeck). 

Pin Fire Opal. Opal in which the 
area of the individual colors is 
very small. 

“Pink Jade.” A combination of jade 
and quartz. 

“Pink Moonstone.” Scapolite. 

Pink Topaz. Topaz either naturally 
pink or artificially colored pink by 
heating yellow or brown varieties. 

Pinking.. Heating topaz to change 
its color to pink. 

Pin-Point Opal. Opal with play of 
color in very small patches. See 


also Pin-Fire Opal. 

Pipe Opal. Term applied in Australia 
to any long, narrow cavity filled 
by opal. Also opalized belemnites, 
long, narrow, cigar-shaped fossils. 

Pipes. Volcanic chimneys or fissure 
widenings. 

Piqué (pee-kae’), Touched with tiny 
imperfections. 

Pisolitic (pie’soe-litik or piz’oe-lit’- 
ik). Composed of or containing 
rounded masses about the size of 
peas. 

Pistacite (pis’ta-site). Epidote. 

Pit. A small fracture in the flat 
surface of a facet of a gem, or 
along the junction of two facets. 

Pitch Opal. A brown variety of com- 
mon opal with a pitchy luster. 

Pitchstone. Obsidian with a pitchy 
luster. 

Pitchy. Resembling pitch. 

Pitchy Luster. Resembling the luster 
of a fresh surface of pitch. 

PK. An abbreviation for piqué. 

Placer (plas’er or pla-ser’). Alluvial 
or glacial deposit: in which min- 
erals are found. Are usually ac- 
cumulations of sand and gravel 
containing gold, gem material, or 
other minerals of value. 

Plagioclase (plae’ji-oe-klase’”). A 
subdivision of the feldspar group. 
Includes the species albite, oligo- 
clase, labradorite, and others. 

Plasma (plaz’ma). A brownish-green 
variety of chalcedony quartz. 

Plastic. Capable of being molded or 
pressed into shape. 

Plates. Laminated layers. 
relatively thin masses. 

Platinum (plat’inum). A rare min- 
eral. A very heavy steel-gray 
precious metal of great usefulness 
in the jewelry art. 

Platy (plat’i). Consisting of, or 
readily splitting into, plates. 


Broad, 
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Photography in Gemology 


(Continued from last issue) 


A method developed in the G.IA. 
laboratory and tried out subsequently 
by several students, has been found 
to be very satisfactory. It is de- 
scribed in detail below: 

A single photoflood jamp* in a small 
reflector is used. For instance, a 
No. 1 photoflood lamp in an ordinary 


‘gooseneck desk lamp with reflector 


gives very satisfactory results. This 
is moved from point to point about 
the stone during exposure. 

Highly concentrated spotlights or 
flashlamps can be used when a 
dramatic effect is desired, but these 
are not satisfactory when detailed 
photographs are desired. Often, 
however, it is more important to give 
a feeling of intense brilliancy and 
sparkle to a stone rather than getting 
an accurate reproduction, and the 
spotlights or flashlamps, especially if 
used in conjunction with the photo- 
floods, will often achieve this effect. 
A single photoflood in a stationary 
position is satisfactory also. 

The illuminator base of the Dia- 
mondscope has been found to be very 
satisfactory as a source of illumina- 
tion for photography of gems. The 
microscope or loupe holder ordinarily 
used on the base may be removed 
and photographs, actual size or 
slightly enlarged, may easily be made 
of gems held in the specially designed 
tweezers of the Diamondscope. 

When higher magnification is de- 
sired than is obtained with the cam- 
era and its focusing attachment, a 
microscopic system of some sort 
must be resorted to. The simplest 
method of achieving this is photo- 


graphing through the eyepiece of the 
microscope. One of the eyepieces of 
the binocular microscope used with 
the Diamondscope can.be used in 
this way with excellent results. Most 
photomicrography employs the micro- 
Scope system as the camera lens; 
that is, the lens of the camera is 
removed and the camera, less lens, 
is mounted above the eyepiece of the 
microscope. A light-proof connec- 
tion from the microscope to the cam- 
era is essential. If the lens cannot 
be removed from the camera, it is 
sometimes possible to remove the 
eyepiece of the microscope and.focus 
the camera for the image formed by 
the objective alone. The latter 
method will place the camera at a 
considerable distance from the micro- 
scope, necessitating a long connec- 
tion from camera to microscope. 


The best position for the camera 
is found by trying it at several dis- 
tances from the microscope, using 
the ground glass (or tissue paper) 
for focusing. A simple object—a 
feather is satisfactory—should be 
used on the microscope stage to 
arrange the set-up and loeate the 
camera, The connection from the 
microscope to the camera may be 
made with any light-proof material— 
a very heavy black felt is easily 
worked. 

Whatever microscope is used for 
photography, it is essential that the 
microscope and camera be so set up 
that they cannot vibrate with re- 
spect to one another. Perhaps the 
simplest means of achieving this re- 
sult is to attach the camera directly 


*Be sure the lamp is a photofiood, with a life of about two hours, rather than the photo- 
flash, which gives an intense light of about 1/100 second duration. 
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to the microscope so that the micro- 
scope and camera vibrate as a unit. 
However, if it is not possible to 
attach the two together firmly, it 
often is satisfactory to screw both 
the microscope and the camera sup- 
port firmly to a thick board. 

If the camera used is capable of 
a very long bellows extension, it is 
often possible to mount a regular 
microscope objective in place of the 
photographic objective of the cam- 
era and thus to obtain high mag- 
nification without resorting to a 
complete microscope set-up. In this 
case, however, it, is often difficult to 
secure the necessary illumination 
which is simply obtained from the 
sub-stage apparatus of a good micro- 
scope. 

The flatness of the focus of the 
microscope lenses is not nearly so 
important in photographing cut gem 
stones as it is with thin sections, 
since even though the field of focus 
may be strongly curved, it will 
usually cover material inside the 
gem, whereas if a thin section were 
used, only a part of the field could 
be focused. 

In experimental work done in the 
G.1.A. laboratory, almost every 
standard type of film was used. It 
was found that any panchromatic 
film, which is sensitive to all colors 
of light, was preferable to ortho- 
chromatic or regular emulsions. The 
hues of gems in completed photo- 
graphs vary widely according to 
the color of the stone and satisfactory 
results were often impossible to ob- 
tain when other than panchromatic 
material was used. With panchro- 
matic film, which is sensitive to all 
colors in more nearly the same ratio 
as the human eye, the values in the 
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resulting print are much more satis- 
factory on the whole. 

The photographing of gems can 
be divided into two general classes: 
(1) photomacrography (from macro- 
scopic—visible to the unaided eye), 
the photography of small objects at 
magnifications from 1x to perhaps 
10x or more and (2) photomicrog- 
raphy (from microscopic—not vis- 
ible except with the microscope), the 
photography of objects too small to 
be seen by the unaided eye at from 
approximately 20x to several thou- 
sand magnifications. Of these two 
classes the average jeweler-gemol- 
ogist will have much more practical 
use for photomacrography, i.e., those 
photographs which can be taken 
without the aid of a microscope. or 
with only the lower magnification of 
the microscope. 

Of these two types of photography, 
the first — photomacrography — is 
probably the most difficult. when 
working with gems. Arranging the 
stone and focusing the camera are 
not difficult, but illumination and 
correct exposure are subjects which 
require careful consideration. I- 
lumination is important since, if it 
is incorrect, many reflections from 
top facets will be obtained with no 
penetration into the stone and the 
resulting photograph will be very 
uninteresting, unrepresentative of a 
fine gem. A method used to advan- 
tage in the G.I.A. laboratory is the 
following: The camera is focused 
on the gem and the stone brought 
up to the correct magnification by 
varying the distance between the 
lens and the stone and consequently 
the distance between the camera lens 
and the film or plate, until a sharp 
focus is secured. 


(To be continued) 


i 


o> 


WINTER, 


1938 207 


Index to Volume II of Gems & Gemology 
(Spring, 1936, to Winter, 1938) 


Abalone pearls, La Place Bostwick 
187. 

Advisory Board, Students’, new ap- 
pointments 30. 

Allbery, Clayton G., fluorescent dis- 
play 11. 

Allen, C. A., westward course of 
zircon 157, 178. 

Alteration of color of gems 21, 41. 

American Gem Society (A.G.S.): 
Chicago conclave, 1987, 83; East- 
ern meeting, 1937, 123; research 
services 7, 27, 48, 50, 77, 91, 92, 
114, 130, 149, 168, 168, 174; rulings 
147, 

Anomalous double refraction 23. 

Assembled stones 21. 

Australian black opal, John Dupré 
1387. 

Backings, foil and enamel 41. 

Ball, Sydney H.: biographical sketch 
58; diamond industry for 1936 67; 
synthetic diamond 198. 

Barrett, Richard L.: sources of 
ultra-violet light, 9; to advisory 
board 30. 

Baxter, Wm. T., jewelry, gem cutting 
and metaleraft 171. 

Beryl: Henry E. Briggs 155; syn- 
thetic, see emerald, synthetic. 

Bibliography, selected. Gems other 
than diamond: 14, 46, 62, 76, 106, 
125, 186, 157, 172; diamond 192, 
199. 

Biographical sketch, Sydney H. Ball 
58. 

Binocular microscopes 119. 

Black opal, Australian, John Dupré 
137. 

Black star sapphire 98. 

Board: advisory 30; governors 30. 

Bombay pearl market, T. J. Hohen- 
thal 159. 

Book .of minerals, the, Alfred C. 
Hawkins 61. 


Book reviews: book of minerals, 
Hawkins 61; curious lore of pre- 
cious stones, Kunz 191; earth and 
its history, Bradley 13; edelsteen- 
en (precious stones), Willemse 75; 
gemmologist’s pocket, compendium, 
Webster 135; introduction to earth 
history, Shimer. 13; jade lore, 
Goette 105; jewelry, gem cutting 
and metalcraft, Baxter 171; key 
to precious stones, Spencer 45; 
minerals and how they occur, 
Miller 61; minerals and the micro- 
scope, Smith 13; minerals of Cali- 
fornia, Pabst 191; pearls and men, 
Kornitzer 89; praxis der edelstein- 
bestimmung, Schlossmacher 171; 
praktikum der edelsteinkunde 
(practical gemology), Wild 75; 
story of the gems, Whitlock 45; 
trade winds, Kornitzer 89. 

Bostwick, La Place, abalones and 
their pearls 187. 

Bradley, Jr., John Hodgson, the 
earth and its history 138. 

Briggs, Henry E., gemological en- 
eyclopedia: 21, 53, 79, 938, 101, 
127, 189, 155, 175, 181, 201. 

Burma, ruby mines of, Winfield H. 
Scott 3, 31. 

Buying gems in South America, 
Harold D. Feuer 178. 

Celluloid eye loupes 111. 

Chameleonite 8. 

Chemical alteration of gems 22. 

Chicago conclave, 1937 83. 

Chrysoberyl, star 130. 

Clark, A. Merchant, 
board 30. 

Clauss, Sylvester, P., obituary 2. 

Cleaving Jonker diamond 35. 

Clements, Thomas, synthetic dia- 
mond 196. 

Color of gems, alteration of 21, 41. 


to advisory 


Conclave, Chicago, 1937 83. 

Corundum: Henry E. Briggs 155, 
175; see also ruby, sapphire, 

Crookes, William 197. 

Crown jewels of England 69. 

Cultured pearls: deceptive use of 
92; Robert M. Shipley 27. 

Curious lore of precious stones, the; 
George Frederick Kunz 191. 

Cutting of gems, see fashioning. 

Diamond: A.G.S. examinations 18; 
Henry E. Briggs 127, 139; color 
of 174; gauge, Leveridge 111; 
grading 77; grading equipment, 
diamondscope and detector 114; 
green 130; imperfection detector 
114; important, of the world, see 
Shipley, Robert M.; industry for 
1936, Sydney H. Ball 67; line-cut, 
Warren R.. Larter 43; market 18, 
44, 50, 67; new cuts break more 
easily 68; premier 78; proportion 
gauges 109; radium treated 194; 
spherical 68; synthetic 195. 

Diamondseope 114. 

Display, fluorescent 11. 

Detection of synthetic emerald, see 
emerald, synthetic. 

Detector, diamond imperfection 114. 

Doublets 21. 

Double refraction, anomalous 23. 

Dresden green diamond, Robert M. 
Shipley 183. 

Dresden, E. H. (English) diamond, 
Robert M. Shipley 184. 

Dry ice testing 180. 

Dupré, John, Australian black opal 
1387. 

Dyed “opal” 98. 

Dyeing of gems 22. 

Earth and its history, the, John 
Hodgdon Bradley, Jr. 13. 

Edelsteenen, de (precious stones), 
Dr. A. Willemse 75. 

Emerald: Henry E. Briggs 140; 
South African, J. M. La Grange 
- 146. 

Emerald, synthetic: 30, 181, 163; de- 
tection of 30, 131, 163. 


Empress Eugenie diamond, Robert 
M. Shipley 184. 

Encyclopedia, gemological, see 
Briggs, Henry E. 

English crown jewels 69. 

Este, star of, diamond, Robert M. 
Shipley 184. 

Examinations, yearly re-registration 
50. 

Fashioning 
Briggs 79. 

Federal trade commission rulings 
149. 

Feuer, Harold D., buying gems in 
South America 178. 

Fluorescent display 11. 

Gauges for diamond proportions 109. 

Gemological encyclopedia, see Briggs, 
Henry E. 

Gemological Institute of America 
(G.I.A.): board of governors 30; 
gifts 26, 98, 188; research services 
3, 31, 55, 67, 69, 181, 146, 147, 162, 
173; confidential services 37, 638, 
119. 

Gemological: glossary, see glossary, 
gemological; photography 185, 
205; refractometer 63. 

Gemmologist’s pocket compendium, 
Robert Webster 135. 

Gems, alteration of color 21, 41; 
buying in South America, Harold 
D. Feuer 178; fashioning, Henry 
E. Briggs 79; new variety 7; syn- 
thetic 41, 53; valuation 101. 

Gem-stone identification by spectro- 
scopy, David H. Howell 99. 

Glossary, gemological 19, 37, 59, 71, 
95, 107, 181, 143, 158, 169, 189, 208. 

Goetie, John, jade lore 105. 

Gordon, Samuel G., to advisory 
board 30. 

Governors, board of 30. 

Green diamond 1380, 194. 

Halford-Watkins, Lieut. Colonel J. 
F., obituary 142. 

Hand loupe, G.I.A. 174. 

Hawaiian peridot, E. L. Van Pelt 
162. 


of gems, Henry E. 


Hawkins, Alfred C., the book of min- 
erals 61. 

Hershey, J. Willard, synthetic dia- 
mond 195. 

Hohenthal, T. J., Bombay pearl mar- 
ket 159. j 

Hoover, R. C.: construction of polar- 
izing microscope 51, 73, 82; fluores- 
cent, display 11. 

Howell, David. H.: summary of re- 
port on ruby mines of Burma 38, 
31; gem stone identification by 
spectroscopy 99; spectrographic 
analysis of zircon 55; synthetic 
diamond 196. 

Identification: by spectroscopy, David 
H. Howell 99; of moonstone sub- 
stitute 98; of opal substitute 98; 
of star sapphire substitutes 47, 
168; of synthetic emerald 30, 131, 
163. 

Imperfection detector, diamond 114. 

Important diamonds of the world, 
see Shipley, Robert M. 

Inclusions: in diamond 114; in syn- 
thetic ruby 91. 

Introduction to earth history, Hervey 
Woodburn Shimer 13. 

Instruments for gem testing: binocu- 
lar microscopes 119; diamond im- 
perfection detector 114; diamond- 
scope 114; gauges for diamond 
proportions. 109; G.I.A. hand 
loupe 174; polarizing microscope 
39, 51, 78, 82; Rayner refracto- 
meter 63; spectrometer 26. 

Jade lore, John Goette 105, 

Jewelry, gem cutting and metalcraft, 
Wm. T. Baxter 171. 

Jonker diamond: cleaved 35; Robert 
M. Shipley 108. 

Kaplan, Lazare, 
diamond 35. 

Key to precious stones, the, L. J. 
Spencer 45. 

Kornitzer, Louis: trade winds 89; 
pearls and men 89. 

Kraus, Edward, synthetic diamond 
198. 

Kunz, George Frederick, the curious 
lore of precious stones 191. 


Cleaving Jonker 


La Grange, J. M., South African 
emerald 146. 

Lapis-lazuli, specific gravity of 8. 

Larter, Warren R.: line-cut diamond 
43; obituary 141. 

Leveridge diamond gauge 111. 

Line-cut diamond, Warren R. Larter 
48. 

Lloyd, Lewellyn, D., synthetic dia- 
mond 196. 

Loupe: celluloid 111; G.I.A.. hand 
174. 

Marcus, William Elder, to G.I.A. 
board of governors 30. 

McKee, R. H., synthetic diamond 197. 

McNeil, William, synthetic diamond 
196. 

Microscope: binocular 119; for use 
with gems 39; polarizing, con- 
struction of, R. C. Hoover 51, 738, 
82. 

Miller, Willet, G., minerals and how 
they occur 61. : 

Minerals: and how they occur, Wil- 
let G. Miller 61; and the micro- 
scope, H. G. Smith 13; of Califor- 
nia, Adolf Pabst 191. 

Moissan, Henri, synthetic diamond 
195. 

Moonstone, substitute for 98. 

Obituary: Sylvester P. Clauss 2; 
Lieut. Colonel J. F. Halford- 
Watkins 142; Warren R. Larter 
141; J. R. Sutton 142. 

Opal: Australian black, Briggs 201; 
John Dupré 137; substitute for 
98; dyed 98. 

Pabst, Adolf, minerals of California 
191. 

Pearl: abalone, La Place Bostwick 
187; Henry E. Briggs 176, 181; 
cultured, deceptive use of 92; cul- 
tured, Robert M. Shipley 27; mar- 
ket, Bombay, T. J. Hohenthal 159. 

Pearls and men, Louis Kornitzer 89. 

Peridot, Hawaiian, E. L. Van Pelt 
162. 

Photography in gemology 185, 205. 

Polarizing microscope, construction 
of, R. C. Hoover 51, 73, 82; for use 
with gems 39, 


Praktikum der edelsteinkunde (prac- 
tical gemology), Georg O. Wild 75. 

Praxis der  edelsteinbestimmung, 
Prof. Dr, Karl Schlossmacher 171. 

Precious stones, Henry E. Briggs 
127. 

Premier (diamond) 78. 

Radium-treated diamonds 194. 

Refractometer, new 
(Rayner) 63. 

Re-registration, yearly examinations 
50. 

Ruby mines of Burma, Winfield H. 
Seott, 3, 31. 

Ruby, synthetic, unusual inclusions 
in 91. 

Rulings, Robert M. Shipley 149. 

Sapphire, seal 98; star, black 98; 
star, blue 98; star, substitute 47, 
168; supply 130. 
Schlossmacher, Prof..Dr. Karl, Prax- 
is der edelsteinbestimmung 171. 
Scott, Winfield, H., Ruby mines of 
Burma 3, 31. 

Seal sapphire 98. 

Selected bibliography, see bibliog- 
raphy, selected. 


gemological 


Semi-precious gems, Henry E. 
Briggs 181. 
Shimer, Hervey Woodburn, intro- 


duction to earth history 13. 

Shipley, Robert M.: cultured pearls 
27; important diamonds of the 
world—Dresden green 183, Em- 
press Eugenie 184, English Dres- 
den 184, Florentine 15, Jonker 
103, Star of Este 184, Tiffany 
yellow 183; Trade practice rules 
149. 

Smith, H. G., minerals and the mi- 
croscope. 

Sources of ultra-violet: light, Richard 
L. Barrett 9. 

South African emerald, J. M. La 
Grange 146. 

South America, buying gems, Harold 
D. Feuer 178. 

Specific gravity of lapis-lazuli 8. 

Spectrographic analysis of zircon, 
David H. Howell 55. 


Spectrometer, gift to G.LA. labora- 
tory 26. 

Spectroscopy, identification by, David 
H. Howell 99. 

Spencer, L. J., the key to precious 
stones 45. 

Spherical diamond 68. 

Spinel: blue-green 8, toughness of 
174, 

Star: chrysoberyl 130; of Este 184; 
sapphire, black 98; sapphire, blue 
98; sapphire, substitute for 47, 168. 

Story of the gems, the, Herbert 
Whitlock 45. 

Students’ advisory board 30. 

Sturdivant, J. H., synthetic diamond 
196. 

Substitute, for moonstone 98; for 
opal 98; for star sapphire 47, 168. 

Sutton, J. R., obituary 142. 

Synthetic: diamond 195; emerald 30, 
131, 168; gems 41, 53; ruby 91. 

Tiffany yellow diamond, Robert M. 
Shipley 188. 

Titles, announcement of 2, 26. 

Topaz, Henry E. Briggs 181, 201. 

Trade winds, Louis Kornitzer 89. 

Triplets 21. 

Ultra-violet light, sources of, Rich- 
ard L. Barrett 9. 

Van Pelt, E. L., Hawaiian peridot 
162. 

Valuation of gems 101. 

Ware, J. W., breakage of diamonds 
68. 

Webster, Robert, gemmologist’s 
pocket compendium 135. 

Whitlock, Herbert, the story of the 
gems 45, 

Wigglesworth, Edward, to advisory 
board 30. 

Wild, Georg O., praktikum der edel- 
steinkunde (practical gemology) 
75. 

Willemse, Dr. A., edelsteenen (pre- 
cious stones) 75. 

Wood, J. R. & Sons, lend diamonds 
for examinations 18. 

Zircon, spectrographic analysis of, 
David H. Howell 55; westward 
course of, C. A. Allen 173. 


ee 
4 ) 


Gems & Gemology 


GEMS & GEMOLOGY is the quarterly official organ of the American Gem Society, and in 
it appear the Confidential Services of the Gemological Institute of America. In harmony 
with its position of maintaining an unbiased and uninfluenced position in the jewelry trade, 
no advertising is accepted. Any opinions expressed in signed articles are understood to be 
the views of the author and not of the publishers. 


VOLUME III SPRING, 1939 NUMBER 1 


In This Issue: ; Page 
Notes on the Polariscope, Harold I. Rosencrans, C.G............ 2 
Stamping Precious Metal, G. H. Netmeyer................-..- en eaees 5 
Gemological Glossary.............0...-..------ seaues veces exentes emcee 7 
Gem Sources of the South Atlantic 

States, Geo. C. Barclay, C.G....... be Se ED eer are Er eee aS 
A Gemological Encyclopedia, Henry E. Briggs..............-.--------..- 11 
Photography in Gemology....-.............-20---20000ee2eeeeeeees FESR ERODE 13 
Book Reviews....2............2:0c.c:ccseseseseseseeseeeeseeeeses Simuisiee arene 15 
Selected Bibliography, Gem Diamond Seeeecesaccesneeiesy i. .cecte 0 16 


Published by 


THE GEMOLOGICAL INSTITUTE OF AMERICA 


541 South Alexandria Ave. Los Angeles, California 


2 GEMS & GEMOLOGY 


Notes on the Polariscope 
by 
HAROLD I. ROSENCRANS 
Certified Gemologist,, Longmont, Colorado 


The finding of interference figures 
by use of the hand polariscope is one 
of my hobbies, and to me this is one 
of the most valuable tests we have in 
gem determination. If I can see and 
recognize an interference figure, my 
troubles are over as far as optic 
character is concerned. Anomalous 
double refraction won’t bother me in 
the least. 


Further, an interference figure not 
only assures me that the gem is 
doubly refractive but classifies it as 
either uniaxial or biaxial, giving me 
additional valuable information. Any 
crystalline stone which transmits 
light, whether colorless or colored, 
may be given this test. 


The hand polariscope, as the name 
implies, employs the principle of 
polarized light. The manufactured 
material known as polaroid is used 
as the polarizing agent. Polaroid is 
a plastic film of cellulose acetate in 
which polarizing erystals are held 
in colloidal suspension. These erys- 
tals form in minute rod-like shapes, 
and lie parallel to each other. It is 
estimated that there are several 
thousand billion of these crystals to 
the square inch. This polarizing ma- 
terial is generally mounted between 
two thin glass plates for protection. 


To determine optical character by 
means of interference figures in the 
polariscope, a strong, yet well-dif- 
fused, light source is essential. -To 
obtain such a light source, I have 
developed a special illuminator, 
which supplies a strong, well-diffused 


light to the polariscope without the 
interfering side light so often en- 
countered when the instrument is 
held in the hand toward the source 
of light. The heat from the lamp is 
well insulated from the instrument, 
and the door in the polariscope may 
be easily removed without disturbing 
the instrument. The upright position 
in which the polariscope is used with 
this illuminator is important for rea- 
sons which I shall explain later. 
This illuminator is especially valu- 
able when hunting interference fig- 
ures, for once you see them they can’t 
get away, and may be observed at 
ease. : 

To be able to see an interference 
figure in a cut stone, the surfaces of 
the stone, at the points where the 
optic axis emerges, should be parallel 
to each other, or nearly so, and at 
right angles to the optic axis, which 
is the direction of single refraction. 
In faceted stones it is sometimes 
quite difficult to obtain a figure be- 
cause of the angles which the facets 
form with the optic axis. In cabo- 
chon or sphere-shaped stones, the 
figures are not difficult to locate. 

The optic axis or direction of 
single refraction is that along which 
the most easily recognized figure is 
seen. In a great many cases it is 
found either along the direction 
through the table to culet or parallel 
to the plane of the girdle. 

Of course, we must have a stone 
which is. anisotropic to obtain an 
interference figure. The search for 


or 


— 


ca 


oo. 


a figure should start upon the loca- 
tion of a direction of single refrac- 
tion in a doubly refractive stone. 
Place the loupe over the analyzer; 
in a great many cases the interfer- 
ence is at once visible. With the 
illuminator, you do not have to hold 
the loupe in place, and thus you have 
both hands to operate the instru- 
ment. The loupe, or some other 
means of converging the light, is 
absolutely essential if the figure is 
to be seen. By turning the stone a 
trifle and revolving the cylinder, you 
can, as a rule, bring the figure in 
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image of the stone on the surface 
of the -polarizer. In this case note 
closely for extinction and illumina- 
tion through the culet. If the stone 
is doubly refractive through the 
table and in all positions of observa- 
tion when mounted with the edge of 
girdle in the wax, mount the stone 
with either the table or culet in the 
wax and repeat the searching 
process. 

In looking for the direction of 
single refraction, look closely for 
any trace of interference colors; for 
these will show at and near the 


Illuminator for Hand Polariscope, Showing Polariscope in Place. 


the center of the field of vision. 
Sometimes it is necessary to adjust 
the stone slightly on the wax for the 
best results. Many times you will 
not be able to get a complete figure, 
but it is not necessary as long as 
you have a section showing a brush 
clearly. 

When testing brilliant-cut stones, 
they may appear isotropic when 
viewed through the table because the 
light from the polarizer hits the 
facets at such an angle so that it is 
reflected back, instead of being 
transmitted through the stone. This 
condition often throws a reflected 


position of single refraction. By ro- 
tating the stone you may locate the 
optic axis on the girdle or you may 
note interference colors on _ the 
crown facets, but no color directly 
across the girdle on the pavilion 
facets. Rotate the stone one-half 
revolution. The colors will show on 
the pavilion facets, but not on the 
erown facets. You now know that 
the direction of single refraction is 
between these two positions, so ad- 
just stone on the wax so these two 
points are in a line perpendicular to 
the plane of the polarizers. 
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When the direction of single re- 
fraction is located along the girdle 
or through the facets which are not 
parallel, it is often difficult to obtain 
a clear figure. This trouble may be 
easily overcome by the following 
test. Have some distilled water and 
a pair of stone tweezers handy. Of 
course, the stone must be clean, 
should be cleaned before your test is 
started. Use the tweezers or hand- 
kerchief to handle the stone, so no 
oil from the fingers will get on its 
surface. Dip the tweezers with points 
closed into the water and deposit a 
small drop of water on the stone at 
the point where the direction of 
single refraction intersects the sur- 
face of the stone. 

The water will stand up on the 
surface in a hemisphere on all 
crystalline minerals. Now what we 
have done is this: we have, in effect, 
formed a lens which converges the 
light transmitted through the stone. 
Now by viewing the stone, we will 
see the interference figure complete 
and clear, but much smaller. Practice 
this test on a colorless, double re- 
fractive stone, and you will be sur- 
prised with the results. 

Now to interpret these figures. If 
the interference rings are circular 
and the brushes form a cross at 
right angles to each other, the stone 
is uniaxial and belongs to either the 
tetragonal or the hexagonal system 
of minerals. Ifthe rings are ellipti- 
cal in shape and the brushes do not 
cross (in fact, two brushes are rarely 
visible.at the same time in this type 
of figure when viewing faceted 
stones), the mineral is biaxial and 
belongs to either the orthorhombic, 
monoclinic, or triclinic system of 
minerals. Further, if by rotating the 


cylinder, the brushes of the figures 
remain stationary, the mineral is 
uniaxial. If the brushes rotate op- 
posite to the direction the cylinder 
is turned, the mineral is biaxial. 

The polariscope, used with this 
illuminator, is a much more valuable 
instrument than when used by hand. 
The instrument is in an upright 
position, and when the water test is 
used, the water will stay in position. 
If the instrument is held at an angle, 
the water has a tendency to creep 
to a lower level. 

If you have ever tried to show any- 
one an interference figure by hold- 
ing the instrument and loupe in 
hand, toward a light, you know how 
hard it is to retain the image. 

A geologist and teacher at one of 
our State institutions came into my 
store one day not long ago. He is 
quite a collector of minerals and 
showed me a beautiful light-blue 
stone. Then he told me that a miner 
had found an aquamarine crystal in 
the mountains, and gave it to him. 
He decided to have it cut, and was 
on his way home from the cutter 
when he stopped in to see me. He 
was doubtful whether he had the 
right stone, for the lapidist had told 
him he thought it was topaz. 

After making several tests, which 
all indicated the stone to be aqua- 
marine, I placed it in the polari- 
scope and obtained an interference 
figure. When he viewed it, he was 
much impressed and thoroughly satis- 
fied that it was beryl, for the figure 
was uniaxial. If it had been topaz 
the figure would, of course, have 
been biaxial. Since that day he has 
brought me several stones to mount 
for him, and has sent many of his 
friends into my place of business. 
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Stamping Precious Metal 


by 


G. H. NEIMEYER 
Chairman Jewelers’ Vigilance Committee, New York, N. Y. 


The National Stamping Law is 
supplemented by the following four 
Commercial Standards which cover 
the marking and sale of the articles 
covered by these standards in the 
following general manner, which 
applies in all of these Standards: 

“Apply” or “Applied” includes 
any method or means of application 
or attachment to, or of use on, or in 
conjunction with, or in relation to 
an article, whether such application, 
attachment or use is to, on, by, in, 
or with: 

(1) The article itself, 

(2) Anything attached to the ar- 
ticle, or 

(8) Anything to which the article 
is attached, or 

(4) Anything in or on which the 
article is, or 

(5) Any bill, invoice, order, state- 
ment, letter, advertisement, or other 
writing so used or placed as to lend 
to a reasonable belief that the mark 
in said writing or writings is meant 
to be taken as a mark on the article 
itself. 

All four Commercial - Standards 
provide that if a quality mark is 
used, the name or registered trade- 
mark of the manufacturer or seller 
must also be used. Initials are not 
permissible in lieu of a name unless 
registered as a trade-mark. 

Articles Made of Karat Gold 

CS67-38 

This standard covers the marking 
of articles made of karat gold. 

The term “Solid Gold” shall mean 
only Fine Gold and fine gold is 24K 
gold. 


The quality marks on a gold ar- 
ticle are limited to the term “Karat,” 
“Karat Gold,” “Kt,” “Kt Gold,” “K” 
or “K Gold,” preceded by a whole 
number indicating the 24th parts of 
fine gold contained in the alloy of 
which the article is made. Example: 
“14K.” However, the manufacturer 
is not prohibited from indicating on 
the cards, tags, labels, etc., the gold 
fineness in terms of fine gold. Ex- 
ample: Article stamped “14K” may 
be described as follows: “This article 
is guaranteed to assay 584/1000 
fine.” (No tolerance allowed.) 

No gold article less than 10K fine- 
ness shall have any quality mark 
applied to it. 

No gold article made with a hol- 
low center and then in any manner 
filled with metal, cement, pitch, or 
any foreign substance, thereby giv- 
ing the article added weight or 
strength, shall be marked with a 
quality mark. : 

Comment: 

As none of the points covered in 
this standard are specifically cov- 
ered in the National Stamping Law, 
their addition to the regulation and 
control of the stamping or marking 
of articles made of gold is most im- 
portant. 

The elimination of the use of the 
term “Solid Gold” has been hailed 
as most beneficial because of the 
ambiguity of the term—it meant a 
different thing to different people, 
being used both in the physical and 
relative sense. 

While it has been the general cus- 
tom not to make articles of a gold 
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quality less than 10K, some below 
that standard have appeared from 
time to time and, even worse, some 
of very low karat have been marked 
“Solid Gold.” Both of these prac- 
tices are now specifically prohibited 
through the adoption of this stand- 
ard. 


The elimination of the manufac- 
ture of hollow articles filled with 
metallic or non-metallic substances 
through this standard is also an im- 
portant step, because the question of 
the right to partially fill a gold 
article has led to confusion and inde- 
terminable argument. 


Marking of Articles Made Wholly or 
in Part of Platinum 
CS66-38 


The. principal provisions of this 
Commercial Standard are as follows: 

Articles must contain, if made 
without solder, 98%% platinum 
metals;-if made with solder, 95% 
platinum metals. 


A soldered article containing 95% 
or more of platinum metals, of 
which over 90% is pure platinum, 
may be stamped “Platinum.” 

_ A soldered article containing 95% 
or more of platinum and. iridium, 
provided the iridium is over 5% of 
the whole, may be stamped “Iridium 
Platinum.” On such articles the per- 
centage of iridium may be shown 
in thousandths. Example: (if 10% 
iridium) .900 Platinum, .100 Iridium, 


Platinum on gold articles contain- 
ing 5% or more of platinum (by 
weight) may be stamped with the 
karat. of gold followed by the words 
“and: Platinum.” Example: “14K 
Gold and Platinum.” 


No quality mark can be used with- 
out an accompanying trade-mark. 


The Commercial Standard cover- 
ing articles made of platinum fol- 
lows the laws prevailing in New 
York, New Jersey and Illinois very 
closely. 

It was obviously unfair that the 
control of quality standards aimed 
at by the laws passed by the states 
named should be limited to those 
states, as no other standards gov- 
erned the sale of platinum articles 
elsewhere. A manufacturer in New 
York or New Jersey could make 
platinum articles without reference 
to any law and sell such products 
in California or Pennsylvania. This 
is no longer possible as the pro- 
visions of this Commercial Standard 
will now be in effect throughout the 
United States. 


Marking of Articles Made of Silver 
in Combination with Gold 
CS-51-35 


This Standard covers articles 
made of sterling silver and gold. 


Where the gold entirely covers the 
silver, or if it is impossible to readily 
distinguish between the silver and 
white gold, a quality mark may be 
applied such: as “Sterling +” or 
“Sterling and,” which must be fol- 
lowed by a fraction and a karat mark 
which indicate both the amount of 
gold and the karat of the gold used. 
Example: “Sterling + 1/5-10K.” 

But the term Karat or K may not 
be used unless the alloyed gold con- 
tent by weight is at least 1/20 of 
the weight of the entire article. 


The mark “Sterling” must always 
come before the fractional or karat 
designation except when % or more 
of the article is alloyed gold, in 
which case the karat mark may come 
first. Example: “4% 10K + Sterling.” 


(To be concluded) 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(With phonetic pronunciation system.) 


Terms in quotation marks are considered incorrect. 


Play of Color. A. term somewhat 
loosely used. In instruction of the 
Gemological Institute of America, 
play of color refers to the phe- 
nomenon of prismatic colors seen 
in rapid succession when a min- 
eral is turned, and caused by inter- 
ference of light as in the opal. 
Differs from opalescence. See also 
Opalescence, Iridescence. 

Pleochroism (plee-ok’roe-izm). The 
property in a mineral of exhibit- 
ing two or more differing colors 
when viewed in different directions 
by transmitted light, or when 
viewed by polarized light as 
through the dichroscope. 


Pleomorphism  (plee”oe-more’fizm). 
Same as polymorphism. 
Pleonaste (plee’oe-nast). Black 


spinel. 
Plumose (ploo’mose or ploo-mose’). 
Feather-like. 


Pocket. A cavity in rock, often filled 
with minerals. 


Point Cut. Diamond of octahedral 
form with original faces polished. 
Polariscope (poe-lar’i-skope). An in- 
strument employing essentially 
two polarizers and a means of ro- 
_ tating a specimen between them. 
Used to determine optic character 
(single or double refraction), ete. 
Polarity (poe-lar’-i-ti). Of crystals, 
‘the property of having differing 
types of termination at the two 
ends of a prismatic erystal. May 
be reflected in pyroelectric prop- 


erties, conduction of electric cur- 
rent, etc. 


Polarized Light (poe’lar-ized). Light 


of which the vibrations have been 
limited to a single plane; as con- 
trasted with ordinary light, which 
vibrates in all planes at, right 
angles to its direction. 

Polarizer (poe’lar-ize’er). A device 
employed to produce polarized 
light: Nicol prism, polaroid sheet, 
tourmaline plate, glass reflecting 
plates, ete. ; 

Polaroid (poe'lar-oid). An organic 
“plastic sheet in which tiny polar- 
izing crystals are held. Light 
transmitted through polaroid be- 
comes polarized. See also Nicol 
prism. 

Polish. A’ smooth surface, usually 
produced by friction or abrasion. 


Polishing. The act of producing a 
polish, especially on the facets of 
a gem stone. 

Polymorphism  (pol’i-more’fizm). 
The occurrence of two or more 
‘minerals having the same compo- 
sition, but differing in physical, 
and often also in certain chemical 
properties. Dimorphism refers to 
groups of two, trimorphism to 
three, ete. See also Dimorphism. 

Polysynthetie twinning. A system of 
thin laminae due to repeated twin- 
ning, which may, comprise the 
whole of a gem mineral. 

Porcelain (por’see-lane or pors’lane). 
A vitreous, translucent pottery 
product, usually glazed. 
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Porphyry (por’fi-ri). A rock con- 
taining individual crystals much 
larger than its fine-grained matrix. 

Portability (pore’ta-bil’i-ti). Capa- 
ble of easy transportation. A fac- 
tor affecting value of a gem-stone. 

Positive Crystal. A doubly refractive 
crystal in which the index of re- 
fraction for the extraordinary ray 
is greater than for the ordinary 
ray, and.the former is refracted 
nearer to the axis than the latter, 
as quartz and ice. See also Nega- 
tive Crystal (b). 

Potch (poch). Miner’s term for an 
opal which may be colorful, but. 
without fine play of color. 

Potstone (pot’stone). Soapstone (im- 
pure talc). 

Prase (praze). Opaque green variety 
of quartz. 

Prase Opal. Common green opal. 

Precious Cat’s-Eye (presh’us). Chry- 
soberyl Cat’s-Eye. 

Precious Coral. Red coral. 

Precious Garnet. Fine quality al- 
mandite (garnet). 

Precious Jade. True jadeite or ne- 
phrite, more often the former. 
Precious Moonstone. See Moonstone. 
Precious Opal. Opal showing a fine 
play of color. See also Common 

Opal. 

Precious Stones. As contrasted with 
“Semi-Precious” stones, include 
the more important and compara- 
tively more valuable gems such as 
diamond, ruby, sapphire, and em- 
erald. However, in a strict sense, 
all true gem materials are 
precious. 

Precious Topaz. True topaz, distin- 
guished from citrine (topaz col- 
ored quartz). Also incorrectly ap- 
plied to yellow to brown sapphire. 

Precipitate (pree-sip’i-tate). The 
solid produced (generally in pow- 


dery or minutely crystalline form) 
when: chemical reaction produces 
an insoluble compound. 

Prehnite (prane’ite or pren’ite). A 
translucent, green to yellowish 
green gem material. Refractive in- 
dex about. 1.63, specific gravity 
2.9, hardness 6-6%. See also 
Chlorastrolite. 

Premier (pree’mi-er or preem’yer, 
formerly pree-meer’). A _ color 
grade of diamond, comparatively 
colorless in strong, direct light or 
daylight, yellowish to brownish in 
diffused artificial light. 

Pressed Amber. An amber substitute 
produced by consolidating frag- 
ments of amber. under pressure, 
usually with linseed or other oil 
as a binder. 

Pressed Glass. Glass objects formed 
by forcing glass heated to a viscous 
state into molds. Process used to 
produce the cheapest sort of imita- 
tion gem stone. 

Prism (priz’m). (a) (Optics) Trans- 
parent medium contained between 
plane facets, usually inclined to 
each other. (b) (Crystallography) 
A form having all its faces 
with the exception of bases parallel 
to one axis. 

Prismatic (priz-mat’ik). (a) (Op- 
tics) Resembling the colors formed 
by the refraction of light through 
a prism. (b) (Crystallography) 
Having elongation in one direction, 
eommonly parallel to one of the 
crystallographic axes; also paral- 
lel to the faces of a crystal, as 
prismatic cleavage. 

Prismatic Layer. A layer, in pearl 
or mother-of-pearl, composed of 
minute crystals of aragonite ar- 
ranged with their principal axes 
perpendicular to the surface of 
the layer. 


(To be continued) 
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Although gem material has been 
found in the South Atlantic states, 
namely Virginia, North and South 
Carolina, and Georgia for a great 
many years, there is very little gen- 
erally known by the public at large 
about it. Yet the finding of these 
minerals has contributed, from time 
to time, some very valuable and im- 
portant information and _ scientific 
data, as well as some very beautiful 
and valuable specimens and gems. 

The variety of gem minerals 
which have been encountered have 
been found in the erystalline rocks 
of the Piedmont province of these 
states. The Piedmont Plateau is the 
highland beginning at the eastern 
slopes of the Blue Ridge Mountains 
and extending eastward, joining the 
Coastal Plain at what is known as 
the Fall Line. The width of this 
plateau varies somewhat throughout 
its northeast-southwest course, just 
as the present Atlantic coastline 
varies relative to the mountain 
range, which extends from Maine to 
Georgia. Of the states mentioned, 
Virginia and North Carolina have 
the honor of being the real con- 
tributors of the greatest amount, 
variety and most valuable gem 
stones, namely: the corundum gems, 
including both blue sapphire and 
ruby; beryl, including extremely fine 
aquamarine and fine emeralds; em- 


erald matrix, the rhodolite garnet, 
essonite garnet, almandite garnet, 
hiddenite and the quartz group. In 
rare instances diamonds, a few havy- 
ing been found seattered in the 
gravels in both states. 

The geology of the Piedmont sec- 
tion dates back to the very earliest 
crystalline rocks, most of them going 
back to the very beginning of geo- 
logical history, locally called the 
Pre-Cambrian Basement Complex. 

Very many different types of 
crystalline rocks and minerals are 
found in this crystalline belt, but for 
the most part the granites, gneisses, 
schists and slates predominate. These 
older rocks were cut by later in- 
trusions of similar composition dur- 
ing the very severe earth disturb- 
ances before and during the form- 
ing of the Applachian Ranges. These 
intrusions and disturbances set up 
metamorphic conditions which alter- 
ed many of the then existing rocks 
to entirely different rocks. The in- 
tensely folded and crumpled nature 
of these rocks shows how great, 
was the pressure exerted during 
metamorphism. 

It is in the older rocks that most 
of the corundums are found. It is 
also thought that they are, in some 
instances, a secondary mineral de- 
rived by the alteration of the older 
chrysolite or chromiferous rocks. In 
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the decomposed and altered chryso- 
lite, called dunite, corundum is 
found in place. This is only one 
phase of corundum occurrence, al- 
though much the most conspicuous. 
It has been found in the crystalline 
schist and more or less decomposed 
basie rocks with garnets. This would 
lead one to believe that this phase 
of corundum occurrence was of sec- 
ondary origin. It is evident, however, 
that in most cases, from the study 
made, that most of the corundum 
occurrences are the products of true 


igneous action, having either crystal-. 


lized out from a molten rock directly 
or formed at the contact zones of 
such rocks with others which it pene- 
trated, by mutual chemical action 
under the influence of great heat. 


The pegmatites of the Piedmont 
Belt in some sections are rich in gem 
minerals, outstanding among these 
are the beryls, including fine aqua- 
marine and fine emeralds and the rare 
green variety of spodumene called 
hiddenite. The following are min- 
erals found in these pegmatites of 
sufficient purity to be a source of 
gems: essonite, almandite, beryl, 
quartz, albite, oligoclase, orthoclase, 
gahnite and spodumene (var. hid- 
denite). 

In the study of this paper one 
must bear.in mind that the author 
has sought to draw your attention 
chiefly to those gem localities situ- 
ated in Virginia and North Carolina 
because, as before mentioned, these 
two states are responsible for the 
greater amount of gem material thus 
_ far produced in the Southeast. 


Corundum-Sapphire and Ruby 


The first mention of corundum be- 
ing found in North Carolina was 
made in 1849. Professor Charles U. 


Shepard came in possession of sev- 
eral pounds of coarse blue sapphire 
broken from a large crystal reported 
to have been picked up at the base 
of a mountain on the French Broad 
River in Madison County, North 
Carolina. The first attempt to mine 
corundum gems within the state was 
in 1871 when a Mr. C.. W. Jenks 
opened a mine near Franklin in 
Macon County. This mine was known 
as the Culsagie Mine. This venture 
proved very unprofitable from a gem 
standpoint. Although quite a num- 
ber of fine gem erystals were ob- 
tained, the cost of operation far 
exceeded the revenue received. After 
a few years of mining for gems only, 
the owners. devoted their mining oper- 
ations to corundum for abrasive pur- 
poses. Many tons of this material 
were produced during the following 
years. Many fine gem crystals of blue 
sapphire have come from this mine. 
Also, the largest corundum crystal 
ever found came from here. It weigh- 
ed 312 pounds and measured 22” in 
length, 18” in breadth and had a 
thickness of 12”. It was a steep and 
somewhat irregular six-sided pyra- 
mid, terminated above by a rather 
uneven plane. Its color was grayish 
blue. It was not of gem quality, 
however. A fine blue cut sapphire 
from this mine, weighing one carat, 
is in the United States National 
Museum, along with a number of 
fine red and blue crystals and a 3%- 
carat wine-yellow sapphire. Prob- 
ably the finest emerald-green sap- 
phire in the world came from the 
Culsagie Mine, this specimen meas- 
ured 4”x2”x11%", a part of it is very 
transparent and could be cut into 
some very fine gems. This crystal is 
in the Morgan-Bemont collection in 
New York. 


(To be concluded) 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


by HENRY E. BRIGGS, Ph.D. 


OPAL (Continued) 


Cacholong—a bluish white, very porous variety with the appearance of 
porcelain. A dry piece when touched to the tongue seems to adhere to it. 

Hydrophane—a white to cloudy variety of dehydrated opal which becomes 
more or less transparent. when immersed in water. When soaked in 
water some samples will show a little color play, which will vanish 
when the opal has dried. 

Tabasheer—a siliceous deposit found in the joints of bamboo. When im- 
mersed in water some samples will show quite a bit of color play, but 
lose it upon drying. . 

Moss Opal—are to the opals what moss agates are to the agates. They have 
inelusions of manganese dioxide resembling moss or other organic 
matter. z 

Siliceous Sinter—a deposit found about hot springs and geysers. This for- 
mation is very unlike opal in appearance and is extremely odd shaped 
oftentimes. It is occasionally called geyserite. 

Tripolite or Diatomaceous Earth—siliceous fossils of minute sea organisms. 
It is porous and of a chalky appearance. 


Common opal is very widely distributed and samples may be found in 
almost every land. However, the precious opal suitable for gem use is not 
so widely distributed. Precious opal deposits of importance are found in 
Australia, Hungary, Honduras, Nevada, Mexico and in California. 

Opals are usually cut cabochon, but occasionally we see fire opals 
which are faceted. Opals are imitated, but with very little success. Any 
opal which shows a good color play may be safely taken for the genuine 
article if it is not a doublet. 


TOURMALINE 


Tourmaline is one of the most colorful and beautiful of gems. It 
ranges in color from the jet black to colorless, and shows itself in most 
all the prismatic shades. It is very strongly dichroic and, cut with the 
table parallel to the axis, will show this property, adding to the beauty 
of this already wonderful gem. 

Tourmaline is fairly hard, being 7 to 7%4, and will give satisfactory 
wear if given reasonable care. In specific gravity it exceeds the weight, 
of quartz, being 2.9 to 3.2. It has no well-defined cleavage, but parting 
perpendicular to the axis is common. It usually occurs in prismatic crystals, 
differently. terminated, with three, six, nine, or twelve sides. The sides 
of the prism faces are usually striated with grooves parallel to the axis. 
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Being hexagonal, tourmaline is uniaxial. It is optically negative in char- 
acter and has strong double refraction. The mean index of refraction is 
near 1.632 and the dispersion is .016. The strong dichroism of tourmaline 
serves to identify it. All of the transparent colored varieties will show 
the dichroism very plainly under a dichroscope, and often this is the only 
instrument necessary to identify the gem. When properly cut the gems 
show dichroism through the table, although some stones of very light 
tint are cut with the table perpendicular to the optie axis. 


The composition of tourmaline is complex as well as variable. The for- 
mula is usually written H29B2 $iqgO21. Fluorine, lithium, magnesium, calcium, 
manganese, iron, aluminum, etc., it is believed, replace the hydrogen in this 
formula. It is the alkaline tourmalines which are of good color and transpar- 
ent. The common gem colors and names used in the jewelry trade for them 
are: Achroite, colorless; Rubellite, red to pink; Indicolite, blue; “Brazilian 
emerald,” green; “Brazilian sapphire,” cornflower blue; “Brazilian peri- 
dot,” yellow-green; “Peridot of Ceylon,” honey yellow; siberite, violet; 
and schorl, an iron tourmaline, is black. We also have a brown tourmaline 
which is. rich in magnesia. A peculiar, characteristic of tourmaline is the 
varying of color in a single crystal. Sometimes one crystal will have many 
shades of two or even three colors. Sometimes the core of the crystal will 
be of one color and the outside of another, and again the color may 
be zonal. 

Tourmaline is strongly pyroelectric, and where the terminations are 
distinctly different will develop marked polarity. The mere heat of sun- 
light will cause the crystals to take on sufficient electrical charge to pick 
up bits of paper, lint, ash, ete. In Holland, tourmaline was long known 
as aschentrecker, which literally means “ash drawer,” because of this un- 
usual property. All tourmalines are almost entirely opaque to X-rays. 
Tourmaline is usually cut step, trap, table, or brilliant when sufficiently 
transparent. As the names would indicate, they are used to take the place 
of other more expensive gems; however, the dichroscope will usually show 
up the fraud. Tourmaline is imitated with glass, doublets, and recently 
with synthetic sapphire and spinel appropriately colored. However, the 
strong dichroism of tourmaline should serve to show up this type of 
fraud also. 

Tourmaline is widely distributed, but really fine gem. grades are not 
so plentiful. Gem tourmaline is found in Brazil; in Maine, California, 
Massachusetts, Connecticut, New York, Pennsylvania and Montana of the 
United States; in Madagascar; Ceylon; Saxony; Island of Elba, and Siberia. 


CHRYSOLITE 


Chrysolite is a green mineral which is often classed in gem books as 
olivine or peridot, which are really names of varieties rather than the 
name of the mineral. The darker green varieties are called olivine, or 
evening emerald, and the yellowish greens are called peridot. Those which 
are very light in color are called by the name of the mineral chrysolite. 


(To be continued) 
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Photography in Gemology 


(Continued from last issue) 


The results of the focusing are 
studied on the ground glass and the 
small gooseneck lamp. 

The photoflood bulb, referred to 
toward the beginning of this article, 
is turned on and moved carefully 
around the stone, while the effect of 
the varying positions is continually 
noted on the ground glass. Posi- 
tions with strong facet reflections, 
which tend to mask the interior of 
the stone, are avoided. After locat- 
ing positions which light up the back 
facets without producing an unpleas- 
ant reflection from the top facets, 
the photographer moves the lamp 
several times through the path neces- 
sary to light each of the spots in 
turn in order to memorize the neces- 
sary motion of his arm. The film 
or plate is now placed in the camera 
in place of the ground glass, the 
aperture of the camera stopped down 
sufficiently to necessitate an expo- 
sure of several seconds. Opening 
the shutter, the photographer again 
carries the lamp through the path 
which he has planned. Of course, 
each of the various positions of light 
registers in turn on the film and the 
effect, after the exposure is made 
and the negative developed and 
printed, is the same as though a 
battery of many lights had been 
used, each very carefully set in a 
position to prevent unpleasant re- 
flections. Some practice is necessary 
in order to master this system and 
the first few attempts will probably 
cause many objectionable facet re- 
flections, but after a few experi- 
ments, anyone can learn to move the 
lamp through its course and achieve 
the effect, desired. 


As mentioned above, photoflash 
bulbs or spotlights are sometimes 
used. Either of these has the dis- 
advantage of being stationary and 
cannot. be used when it is necessary 
to light every side of a stone, unless 
four or more separate sources are 
available. The spotlight can, of 
course,. be set up. and its. effect 
judged on the ground glass before an 
exposure is made. However, with 
the photoflash lamp, which burns for 
a small fraction of a second, it is 
necessary to judge the probable 
effect of illumination by using an 
ordinary electric light bulb. .Here 
the gooseneck lamp is of value in 
locating the. point. where the light 
will have the most effect. Without 
moving the desk lamp, remove the 
ordinary lamp and replace it by the 
flash bulb, which is to be flashed 
immediately after the shutter of the 
camera has been opened. Immedi- 
ately following the flash, the shutter 
should be closed to prevent stray 
light, entering the camera and fog- 
ging the film. The photoflood bulb 
may be used in place of the flash, but 
longer exposure is necessary, and 
the resulting prints seem in some 
eases to lack the crispness of those 
made with flashlamps. 

If the illuminator base of the Dia- 
mondscope or the Diamond Imper- 
fection Detector is used as the 
souree of illumination, the stone 
should be carefully adjusted and 
turned from side to side until the 
light through all the back facets is 
approximately equal. The Diamond- 
seope can then be shifted with re- 
spect to the camera in order to bring 
the stone in the center of the camera 
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field. The black background, which 
in the Diamondscope gives dark field 
illumination, gives much more satis- 
factory results than does the trans- 
lucent background, since the latter 
tends to create a very dead white 
field and, in many cases, to cause 
halation which destroys the sharp- 
ness of the image of the stone. 

A gem, when being photographed, 
should never be held in wax or any 
similar medium which moistens the 
stone. Placing the culet of the 
stone in beeswax in order to obtain 
a photograph invariably causes an 
unpleasant ring to appear around 
the pavilion facets at the points to 
which the beeswax extends. A very 
satisfactory method of holding gems, 
in order to photograph them with a 
vertical camera, is to have a small 
piece of soft material into which the 
stone can be gently pressed in order 
to hold it with its table up; or a 
block of catalin or similar material 
drilled with conical holes into which 
the pavilion facets of the stone may 
rest will hold the stone upright. The 
stone may, of course, be held in sta- 
tionary tweezers, such as those of 
the Diamondscope, if the appearance 
of the tweezers in the print is not 
objectionable. 

Many commercial photographers in 
photographing gems spread a thin 
film of chalk or similar “deadening” 
coating over the entire upper surface 
of the stone in order to cut down the 
bright facet reflections. This prac- 
tice, while successful in eliminating 
the bright facet reflections, gives 
very disappointing photographs, 


since it robs the gem of all its bril- 
liancy. The methods. outlined above 
will eliminate unpleasant reflections 
and retain the essential impression 
of brilliancy. Mountings sometimes 
pick up very “hot” highlights from 
the illuminating source and for this 
reason it is sometimes beneficial to 
coat a mounting with a thin white 
or gray wash, but the practice is 
never recommended on the gems 
themselves, whether or not they are 
mounted, 

If the camera used has an adjust- 
able lens, much of the focusing can 
be obtained by simply moving the 
lens panel while the back of the 
camera is stationary. However, if 
a camera which does not permit this 
lens to plate motion is used, the 
strongest close-working* lens practi- 
eal must be used with it and focusing 
done by moving the entire camera 
toward or away from the object. 
Once the focus is obtained, it is 
usually advisable to stop down the 
lens (i.e., to close the léns aperture, 
if such an adjustment is available) 
to very nearly its smallest opening. 
This makes a longer exposure neces- 
sary, but inasmuch as the stone and 
camera both are (or should: be) mo- 
tionless, the length of exposure is 
not important. Furthermore, a 
longer exposure gives better oppor- 
tunity for shifting the light source 
as explained above. Stopping down 
the lens, of course, has the primary 
value of increasing the depth of 
focus and the sharpness and clear- 
ness of the final print. 


*Called “Portrait lenses’? when used on the cheaper cameras. 


(To be continued) 
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BOOK REVIEWS 


Gems and Gem Materials, by Edward Henry Kraus and Chester Baker 
Slawson. Third Edition. McGraw-Hill. New York. 1939. 


This text is a new and much larger 
edition of the well-known Gems and 
Gem Materials. Dr. Chester B. Slaw- 
son, Assistant Professor of Min- 
eralogy, under Dr. Kraus, at the 
University of Michigan, has taken 
the place of junior author. Edward 
F. Holden, who worked with Dr. 
Kraus on the first edition, was 
drowned in 1925. The book very defi- 
nitely embodies the approach of the 
mineralogist, rather than that of the 
gemologist. However, it is by com- 
petent mineralogists and factually 
sound, especially where it deals with 
the realm of mineralogy as contrast- 
ed with that of gemology. The 
authors have also added much perti- 
nent information from direct contact 
with the jewelry trade and with 
gems. 

Dr. Kraus’s visits to the factories 
in which synthetic stones are manu- 
factured in Switzerland and Ger- 
many have enabled him to write a 
very good section on the production 
of synthetic stones. Unfortunately 
the material which deals with the 
detection of the synthetie product 
is so elementary that it is of little 
practical value. 

Another field which the authors 
have covered well is that of diamond 
fashioning. Their theory on the 
variation of hardness with respect 
to crystal direction in diamonds is 
summed up well. Excellent photo- 
graphs illustrate the material on 
diamond fashioning. Special men- 


tion is due those referring to the 
fashioning of the Jonker diamond. 

Another fine section, from the 
standpoint both of text and illustra- 
tions, is that dealing with fashion- 
ing. of colored stones in the Idar- 
Oberstein region of Germany. This 
material, which likewise is drawn 
from first-hand observation, deals 
largely with the quartz gems. 

An attempt is made to divide the 
gem species into the classification of 
precious and semiprecious. Diamond, 
ruby, sapphire and emerald alone 
are classed as precious. The only 
qualification of this classification is 
the statement: “It may be empha- 
sized here that there is no sharp 
distinction betwéen the precious and 
the semiprecious gems.” 

The four color-plates which the 
book includes are perhaps the finest 
color reproductions of gems avail- 
able. These are the same plates 
which were used by Dr. Eppler in 
his German text on gem stones. 

The great majority of the min- 
erals which have any use as gems 
are described. The jeweler reader 
may feel that the inclusion of so 
many minerals in a book of this size 
has stolen space from the more im- 
portant gems, which might. have 
been covered in more detail. How- 
ever, the amateur mineralogist and 
the dealer in all types of gem min- 
erals will undoubtedly welcome the 
concise descriptions of the seldom- 
seen gems. 
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' STAMPING ‘apeus METAL 


G. H. NEIMEYER 
Chairman, Jewelers’ Vigilance Committee, New York, N.Y. 


Comment: 

The manufacturer may designate 
the proportion of the alloyed gold 
to the weight of the entire article if 
he wishes. 

No quality mark may be used on 
gold less than 10K, and both the 
sterling. silver and the. gold must 
assay up to the requirements of the 
National Stamping Law. 
Comment: 

As the National Stamping Law 
does not cover articles made of 
precious metals in combination, this 
Commercial Standard has, in a large 
measure, corrected the misuse of the 
“Sterling” and “Karat” gold marks 
and has eliminated a very definite 
trend toward unfair competition. 


Marking of Gold Filled and Rolled 
Gold Plate Articles Other Than 
Watch Cases 
CS47-34 

Gold Filled: 

The term “Gold Filled” may only 
be used if the article stamped or 
described has a gold coating which 
is 1/20 or more of the weight of the 
entire article. The karat of the gold 
coating must also be indicated and 
must in no case be less than 10 karat. 

When the term “Gold Filled” is 
used, it must be accompanied by a 
fractional mark indicating gold con- 
tent which must precede the karat 
mark. Example: “Gold Filled 1/20— 
12K,” “1/10—10K Gold Filled.” 
Rolled Gold Plate: 

Exactly the same conditions that 
apply to the use of the term “Gold 
Filled” govern the use of the term 
“Rolled Gold Plate’ — except that 
there is no minimum limit as to gold 


content. Quantity and quality marks 
must also accompany the term 
“Rolled Gold Plate.” Example: 
“1/30th—10K Rolled Gold Plate,” 
“1/40th—12K Rolled Gold Plate.” 

When the quality marks “Gold 
Filled” or “Rolled Gold Plate” are 
used, they must be accompanied by 
the name or registered trade-mark 
of the manufacturer or seller of the 
article. Initials may not be substi- 
tuted. 


Comment: 

The adoption and enforcement of 
this Commercial Standard has had 
the effect of classifying gold-covered 
articles, clearing up much confusion 
and “chiseling” in the trade, and 
enabling the retailer and consumer 
to distinguish qualities of plate. 

The question is asked as to what 
the retail jeweler can do to help to 
enforce these “Standards.” My sug- 
gestion would be that 


1. Every retail jeweler insist, that 
every piece of jewelry has a quality 
mark stamped upon it. 

2. If a quality mark is used, see 
that it is accompanied by the name 
or trade-mark of the manufacturer. 

8. If you are suspicious of the 
quality by reason of the price or 
appearance of any article made of 
gold, silver, platinum or plate, send 
it to the Jewelers’ Vigilance Com- 
mittee for examination and test. 

(The interpretations of the Com- 
mercial Standards as given in the 
above summaries are abbreviated for 
your convenience. Anyone desiring to 


' obtain copies of the Standards may 


do so by writing to the Superintend- 
ent of Documents, Washington, D.C. 


(The end) 
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The Use of Clerici’s Solution to 
Determine Specific Gravity 


by 


D. H. WILSON 
Lieutenant, U. S. Navy 


It is a difficult, and tedious job to 
obtain the S.G. of a stone by the 
usual method of comparing the 
weight: of a gem stone in air to the 
weight of the water displaced by the 
stone. One must be very careful in 
weighing to avoid inaccuracies, par- 
ticularly if the stone be small. If the 
stone be small, the water displaced 
by the suspended wire must be ecal- 
culated. The use of heavy liquids, 
particularly Clerici’s solution, solves 
this problem very nicely whether a 
rough §S.G. is desired or whether an 
accurate §.G. is required. 

Dr. Samuel G. Gordon, of the 
Academy of Natural Sciences, Phila- 
delphia, has been using Clerici’s so- 
lution to obtain 8.G. of gem stones 
for several years. It is made up from 
thallium carbonate, malonic acid, 
formic acid and water. It will float 
all the usual gem stones and is 
miscible in water. In order to de- 
crease the S.G., I have only to add 
water; to increase 8.G.,.I must 
evaporate water. I have a range of 
S.G. from 1.00 to well over 4.00. The 
cost is about $14.00 and will last for 
several years if the bottles are not. 
broken and the solution lost. It is 
poisonous even to the hands; how- 
ever, no trouble will be had if the 
hands are washed with soap and 
water at frequent intervals. 

The equipment required consists 
of a block of wood with six or more 
drill holes, into which fit the vials 


and a glass spoon used to fish the 
stone from the liquid. The vials 
should be about 4%” in diameter and 
about, two inches long. These should 
be made of pyrex as the stones 
scratch the bottle and the scratches 
eventually turn into small cracks 
permitting the liquid to escape. If 
cheap glass vials are used, place 
these vials inside a larger vial so 
that the liquid will be saved in casé 
the inside vial breaks. The glass 
spoon can be made over a bunsen 
burner from a glass rod. A metal 
rod should not be used in the solu- 
tion. 

Ordinarily, the S.G. need only be 
obtained within certain limits to 
identify gem stones. For quick use, 
I have five vials, one of S.G., 4.03 
with a ruby in suspension, one of 
3.73 with a chrysoberyl, one of 3.5 
with a diamond, one of 3.1 with a 
tourmaline and the last of 2.6 with 
a piece of quartz in suspension. I 
am now given an unknown stone. As 
a rule, I have eliminated several 
stones as possibilities by use of the 
loupe, the polariscope and the re- 
fractometer so that by now I have 
the unknown stone narrowed down 
to a few possibilities. Suppose I 
have a red transparent stone, iso- 
tropic, with a R.I. of 1.71. It might 
be a spinel with a S.G. of 3.6 or a 
pyrope garnet of S.G. 3.78. To get 
the approximate S.G., I drop the 
stone in bottle No. 3 of S8.G. 3.54. 
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Suppose the stone sinks rapidly to 
the bottom, I now know that, the 
S.G. of the unknown stone is greater 
than 3.54. I-now fish out the stone 
with the small glass spoon, wash it 
in water and dry on a silk cloth and 
avoid touching the liquid as it is 
poisonous even to the hands, making 
the skin white. I next drop the stone 
in vial No. 4 with the chrysoberyl 
in suspension, S.G. 38.78, and the 
stone still sinks, but more slowly. 
I fish out, the stone, wash and dry it 
again and then drop it. into vial No. 
5 with the ruby in suspension, S.G. 
of 4.08, and find that the. stone 
floats. I now know that the S.G. of 
the unknown stone is between 3.73 
and 4.03. The only red isotropic stone 
that has S.G. between 3.7 and 4.0 
and R.I. of 1.71 is pyrope garnet. 
This entire process takes no longer 
than five minutes and can be used 
for any stone. This method is a very 
handy and quick check on other ob- 
servations. 

Again I wish to warn all that this 
solution is poisonous and will affect 
the hands if not washed frequently 
with soap and water. Do not put 
your hands in your mouth or on 
your eyes while working with Cle- 
rici’s Solution—or with any solution 
made from thallium salts. 

A rough idea of how close the un- 
known stone is to the specific gravity 
of the solution in the vial may be 
made by observing how quickly the 
stone sinks; also, compare the be- 
havior of the unknown stone to that 
of the known stone in suspension in 
each bottle. With a little experience 
you can tell whether the unknown 


stone is closer to the S.G. of the 
solution in which it sinks, or in 
which it floats, or midway between 
the two. 

We have now found out how to get 
quickly the approximate S.G. of any 
stone. To obtain an exact S.G. a 
variation of the method is used. I 
drop the unknown stone into a solu- 
tion heavier than the stone so that 
the stone floats. I now add water 
carefully to the solution, stirring the 
while to get a mixture such that the 
stone is just held in suspension, 
neither floating nor on the bottom. 
This must be exact. In adding water, 
the chances are the stone will sink 
before you get it exactly in suspen- 
sion. From this point add solution 
from the vial of next higher gravity. 
When it floats, add solution from 
the vial of next lighter solution. 
Continue this operation until a nice 
balance is obtained. I now take a 
small pycnometer or S.G. bottle and 
weigh it as accurately as my scale 
will record. Next, I fill the pyeno- 
meter with water, insert the stopper 
permitting the excess water to leak 
out of the tube through the hollow 
stopper, wipe the bottle dry and 
weigh it, subtracting the weight of 
the bottle from the weight just ob- 
tained gives you the weight of the 
enclosed water. Now fill the pyeno- 
meter with the solution which held 
the stone in suspension and weigh. 
Subtract from this the weight of the 
bottle and you have the weight of a 
bottle full of a solution of the same 
S.G. as the stone. Divide the weight 
of the solution by the weight of the 
water and you have an accurate S.G. 


(To be concluded) 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(With phonetic pronunciation system.) 


Terms in quotation marks are considered incorrect. 


“Prismatic Moonstone.” Clouded 
chalcedony. 

“Prismatic Quartz.” Iolite. 

Proton (proe’ton). The name for the 
particles or electrical charges 
which make up the nucleous of an 
atom. 

Pseudo (sue’doe or psue’doe). A word 
meaning false. 

Pseudo-crocidolite. Quartz pseudo- 
morphous after crocidolite; the 
well-known tiger-eye and hawk’s- 
eye used for ornamental purposes. 

Pseudochrysolite. Moldavite. 

Pseudodiamond. Quartz crystal. 

Pseudoemerald. Malachite. 

Pseudohexagonal, pseudotetragonal, 
etc. Having false and misleading 
resemblance to crystals of the 
hexagonal, tetragonal system, etc. 

Pseudojade. Name applied to almost 
any mineral resembling jade in 
appearance. 

Pseudojadeite. Some of the material 
collected as jadeite from the jade- 
ite quarry in Upper Burma was 
found, on examination, to be albite. 
See also Jadeolite. 

Pseudomorph (sue’doe-morf). (False 
form.) A mineral aggregate hav- 
ing the form of a crystal of an- 

- other mineral, due to alteration, 
replacement, etc. 

Pudding Stone Jade (pood’ing). 
Nodules of nephrite cemented to- 
gether by a darker olive-green 
variety. 

Pulsator (pul-sae’ter). Machine used 
to separate heavy minerals from 
lighter. Used, for instance, in proc- 


ess of recovering diamonds from 
blue ground in South Africa. 

Pulverulent (pul-ver’oo-lent). Pow- 
dery, finely divided, incoherent, ma- 
terial. 

“Pyralin” (pie’ra-lin or pi’ra-lin). 
Variety of celluloid. , 

Pyramidal (pi-ram’i-dal). Possessing 
the form of or pertaining to the 
pyramid, a crystal form the faces 
of which commonly intersect three 
crystallographic axes. : 

Pyrite (pie’rite). A mineral some- 
times used for gem purposes. 
Opaque, very light yellow, metallic. 
Iron disulphide, crystallized in the 
isometric system. Specific gravity 
5.0, hardness 6-614. Usually sold 
as marcasite, which it resembles 
closely. 

Pyroelectric (pie”’roe-ee-lek’trik). 
Electrical currents or effects pro- 

. duced by heat. 

Pyrope (pie’rope). A species of gar- 
net. Hardness 74%, refractive in- 
dex 1.75, specific gravity 3.7. 
Transparent red to slightly 
orangy-red. Incorrectly called 
“Arizona Ruby,” “Cape Ruby,” ete. 

Pyroxene (pie’rok-seen). A mineral- 
ogical group of minerals which in- 
cludes spodumene, jadeite, and 
enstatite. 

Quartz (kworts). A mineral which 
includes many varieties of gem 
stone. Refractive index 1.55, spe- 
cific gravity 2.66, hardness 7. 

Quartz Cat’s-eye. Quartz with cat’s- 
eye effect. 

Quartz Glass, or Fused Quartz. Pure 
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fused rock crystal. See also Imita- 
tions. Glass. 

Quartzite (kwort’site). A very well- 
compacted sandstone. 

“Quartz Topaz.” Transparent yellow 
to brown quartz; correctly should 
be called topaz quartz or citrine. 


“Quebec Diamond” (Kwee-bek’). 
Quartz crystal. 
Quinzite (kwin’site). Rose-colored 


common opal, 

Quoin-facets (koin or kwoin). Same 
as top corner facets. 

Radiated (rae’di-ate’ed). Having 
fibers, columns, scales, or plates 
diverging from a point. 

Rainbow Agate (rane’boe). Irides- 
cent agate. 


Rainbow Quartz. Same as_ Iris 


Quartz. 


Rati (rut’ee). Hindu weight, vari- 
able in quantity of mass according 
to use, time and place. 

Ratine (ra-tene’), The cottony or 
fuzzy appearance seen in a mix- 
ture of alcohol and water. The 
body appearance of most brilliant 
cut zircons. : 

Ratti (rut’ee). See Rati. 

Realgar (ree-al’gar). A red to 
orange-yellow semitransparent 
sulphide of arsenic, very rarely 
used as a gem. Refractive index 
around 2.6; higher than that of 
diamond. 

Reeonstructed Amber. 

~ “pressed amber. 

“Reconstructed Emerald.” See Sma- 
-ragdolin. << 

Reconstructed Stones. Made from 
‘small particles of genuine stones. 

“Ruby formerly was reconstructed. 
Today, only pressed amber is pro- 
duced by: this process. 

Rectangular (rek-tan’gue-lar). Mak- 


Same as 


ing a right angle, or an angle at 
90°, 

Redmanol (red’man-ol). Name of a 
phenol resin molding composition 
and varnish somewhat similar to 
Bakelite. 


Reduction (ree-duk’shun). Loss of 
oxygen chemically. 


Reef (refe). The earth immediately 
surrounding diamond chimneys. 
Floating Reef. The same earth 
found in the blue-ground of the 
pipes. 

Reflection . (ree-flek’shun). The re- 
turning of light which strikes a 
surface. 

Reflectometer (ree flek-tom’ee-ter). 
A term which strictly would be 
correctly applied to the instrument 
generally known in gemology as 
the refractometer, since this in- 
strument is generally used to 
employ the principle of total re- 
flection. See Refractometer. 

Refraction (ree-frak’shun). Bending 
of light rays. The deflection from 
a straight path suffered by a ray 
of light, heat, sound, or the like, 
in passing obliquely from one me- 
dium into another in which its 
velocity is different, as from air 
into water or from a denser to a 
rarer layer of air. 

Refractive (ree-frak’tiv). 
the power to refract. 

Refractometer (ree’frak-tom’ee-ter). 
Instrument measuring refractive 
index. See also Reflectometer. 

Refrangible (ree-fran’ji-b’l). Capa- 
ble of being refracted, as rays of 
light. 

Rejections (ree-jek’shuns). Dia- 
monds thrown out of the mixed 
lots at mines as undesirable. 

Reniform (ren’i-form). Kidney- 
shapedsis!” 


Having 


(To be continued) 
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COMMENTS MADE ON THE TESTED SYNTHETIC 
DIAMONDS 


J. WILLARD HERSHEY 


Head of the Chemistry Department 
McPherson College, McPherson, Kansas 


The paper given in the Kansas 
Academy of Science is a very brief 
report. on our work on synthetic 
diamonds up to 1929. We endeav- 
ored to begin where Moissau left 
off. Since 1929 the methods have 
been revised in most of the details 
and other methods added. 

Through the request of Mr. Wil- 
liam D. McNeil, American National 
Retail Jeweler’s Association of New 
York City, June 19, 1938, five speci- 
mens were sent to the Gemological 
Institute of America, Los Angeles, 
in numbered glass vials. They were 
simply. called gems and synthetic 
diamonds. My preference for not 
telling at the beginning until they 
made the tests was to see how their 
tests checked with mine. Number 1 
was-.a bort, an uncut natural dia- 
mond; number 2, a synthetic diamond 
made in our laboratory; numbers 3 
and 4 did not test for diamonds but 
some hard gem which did: not -dis- 
solve in J. T. Baker’s chemical pure 
hydrofluoric acid for sixty hours. 
These therefore could not be quartz. 
Number 5 was a synthetic diamond 
and tested as such in the chemistry 
department of McPherson College. 
These tests for all five were made 
here before sending them to Los 
Angeles. 

July 26, 1938, Robert M. Shipley, 
Jr., of G. I, A. wrote me and said 
in part that the stones 2, 3 and 5 
seemed to be material. produced at 
McPherson College, whereas stones 


1 and 4 on account of their clearer 
erystal form apparently are genuine 
diamonds. In order for us to proceed 
in anything like a logical manner to 
complete this research we will have 
to know the exact nature of each of 
the specimens. To this letter of July 
26 I replied on July 30 in part as 
follows: of those that I sent, number 
1 was a genuine uncut diamond 
(bort). The remaining four were 
our own synthetic gems. ° 

The methylene iodide which is usu- 
ally used for determining the specific 
gravity of diamonds is obtained 
from Merck and Company and has 
a specific gravity of 3.388 at 15° C. 
instead of 3.51 mentioned in the 
paper. In this I realize that I made 
a mistake in the decimal part, but 
so far as I know it is the nearest 
specific gravity to diamonds of any 
liquid. The specimens number 2 and 
5 weigh .013 and .024 carats respec- 
tively. ‘ 

Relative to European ‘investigators 
in making synthetic diamonds, I 
would suggest Sesta’s article in the 
Philosophical Magazine, and Journal 
of Science, No, 43, March 1929, who 
made a very careful examination of 
Moissau’s work. 

As for confusion of our experi- 
ments even if we take it for granted 
that there is a possibility of some 
confusion, but we ean feel assured 
that they would not all be so. We 
have from one to three students and 
myself to check on all that are made 
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here and we keep a numbered file 
of every one that is made as to time 
and how they are produced. 

With reference to what Sydney H. 
Ball has pointed out I am quoting 
one paragraph of a letter that Sci- 
ence Editor Waldemar Kaempffert 
with his permission that he wrote 
Mr. Ball when he criticised an article 
that Kaempffert had in the January 


12 number of 1936 of the New York 
Times concerning my work on syn- 
thetic diamonds. Dear Mr. Ball:— 
“For the life of me I cannot see the 
point for your letter of January 21st. 
We certainly made it clear enough 
that the alleged diamond produced 
by Hershey has no commercial value 
because of its small size. How then 
is the diamond industry injured?” 


DEMAND FOR IDEAL PROPORTION IN DIAMONDS* 


The decrease in purchasing power among more discriminating diamond 
customers has resulted in an increase in the demand for “spread” diamond 
brilliants by a majority of retailers. This overbalances the increasing de- 
mand from gemological graduates and students for diamonds which 
approach as closely as possible the ideal proportions established for the 
so-called American-cut brilliant. Until this situation changes, the cutters 
cannot be expected to make and stock a special line of diamonds which 
will approximate ideal proportions. 


Gemological students and graduates should keep in mind that while 
ideal proportions are desirable for maximum brilliancy and fire, the impor- 
tant point they have been taught is that variations from such proportions 
decrease value per carat in corresponding amount. If ideal proportions are 
unobtainable, those which closely approach such proportions offer a reason- 
ably non-competitive item to sell to more discriminating customers. But 
spread stones are also necessary in an attempt to meet, price competition. 


* A.G.S. Research Service. 
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BOOK REVIEWS 


Gems, A Classification According to Color, by H. Paul Juergens, National 


Jeweler, Chicago, 1939. 


This small book, of 59 pages, was 
prepared by a Certified Gemologist 
of Chicago for the particular purpose 
of giving a jeweler a guide for iden- 
tification of unknown stones. Though 
it falls short of being of sound prac- 
tical value in this regard, it is of 
undoubted value for the jeweler’s 
contacts with his customers, and 
especially for its clear separation of 
the trade grades of ruby, sapphire, 
and emerald. The book does contain 
in its introduction a number of 
valuable points on identification. For 
instance, the fact, that anomalous 
double refraction is more likely to be 
seen in light-colored stones than in 
dark is of value to anyone engaged 
in identification of unknown gems. 


Each important gem stone, with 
certain exceptions, is given a page, 
or several pages, to itself. Gem 
stones are classified not according to 
the mineralogical method of giving 
each species separately with its va- 
rieties as sub-heads, but under varie- 
ties according to color. This method 
should be of distinct value to many 
jewelers and gemologists by giving 
them a clearer idea of the various 
trade qualities of the more impor- 
tant gem stones. This portion of the 
work contains the report of specific 
and co-ordinated observations made 
by the author. 

At the bottom of each page is a 
so-called “comprehensive key” de- 
signed to facilitate identification of 
the gem stone described. This key 


gives, in order: hardness, specific 
gravity, index of refraction (that 
is, whether doubly or singly refrac- 
tive), and dichroic colors. Only two 
colors are given, even though the 
stone be pleochroic in three colors, 
as is alexandrite. The type of. re- 
fraction is given for such crystalline 
stones as chalcedony, jadeite and 
nephrite; however, the instructions 
in the introduction do not describe 
the method of distinguishing be- 
tween single and double refraction 
in such material. 

In the “comprehensive key,” hard- 
ness is the first test listed, although 
it is obvious to anyone who appre- 
ciates fine gems that hardness is a 
test which can be used only as a 
last resort, and in some cases not 
at all. More important, the text in- 
cludes only a very few of the many 
gem species which may be encoun- 
tered from time to time. Even 
though it might be assumed that 
only once in a hundred times or so 
would any colored stone appear 
which was not included in this book, 
one incorrect identification on the 
part of a jeweler would obviously 
undo the results of ninety-nine 
which were accurate. 

The book closes with two pages on 
pearl and cultured pearl. Mr. Juer- 
gens has had long and intimate 
experience with pearls and his ma- 
terial on this subject is of distinct 
value. Diamond is not included in 
this text. 
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This concludes the Selected Bibliography on the Gem Diamond—General. 
Selected Bibliographies on Genesis of the Diamond, Crystallography, Physi- 
cal and Optical Characteristics, Sources of Diamond, Cutting, Polishing, 


Famous Diamonds and allied subjects will follow. 
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GEM SOURCES OF THE SOUTH ATLANTIC 
STATES 


(Continued from last issue) 


by 


GEO. C. BARCLAY 
Certified Gemologist, Newport News, Virginia 


Another locality, although in the 
same county as the Culsagie Mine, 
is the Mincey, where some good ruby 
corundum occurs along with a bronze 
variety which has the property of 
asterism. Similar rubies and sap- 
phires. with asterism have been 
found in Cowee Valley and at sev- 
eral other points in the state. At the 
Cullakenee Mine in Clay County, 
masses of emerald-green to grass- 
green amphibolite (also called sma- 
ragdite) are found, through which 
are desseminated particles of pink 
and ruby corundum. In Macon 
County small crystals of rich ruby 
corundum are found, these are re- 
ported as equalling those coming 
from Burma. Some of these cut 
stones are now in the U. 8S. National 
Museum: in Washington. It is to be 
noted that up to the time of the 
finding of.gem corundum in North 
Carolina that these gems had never 
been found in place. Finding them 
in their matrix, therefore, in North 
Carolina was a valuable scientific 
discovery. 


Beryl-Emerald and Associated 
Gems 

In Alexander County, North Caro- 
lina, emerald crystals had been found 
loose in the soil left there by the dis- 
integration of the country rock. In 
1874 began a systematic search for 
emeralds and other valuable gems in 
that region. Later, emeralds were 
found at several different points in 
Alexander County, chiefly near 
Stoiny Point, 16 miles northeast of 


Statesville. They are found associ- 
ated with quartz, rutile, pyrite, 
muscovite, dolomite and garnet and 
closely associated with hiddenite, the 
green gem variety of spodumene. 
These two, emerald and hiddenite, 
are frequently found filling the same 
cavities in the vein rock. 

For those who are mineralogically 
minded, a brief description of the 
formation in which the gem material 
of Alexander County is found is 
given. The surface of the county is 
rolling, the altitude about 1000 feet 
above sea level. The soil is a red 
gravelly clay, resulting from the de- 
composition of the gneisoid country 
rock. This rock is decomposed to a 
depth of from 8 to 36 feet. As depth 
is reached, this country rock has re- 
tained its hardness and stability. It 
is traversed by quartz veins which 
have a general east-and-west ‘strike 
and a northward dip. These quartz 
veins are usually quite narrow, but 
widen or bulge at intervals, forming 
cavities. It is in these cavities that 
the gem material is found. This ma- 
terial generally consists of quartz 
crystals, clear, smoky and amy- 
thestine, rutile, monozite, mica, hid- 
denite, beryl, and emerald. The walls 
also are sometimes coated with crys- 
tallized dolomite, calcite and trans- 
parent apatite. There are other 
quartz veins traversing the gneiss 
which maintain a more or less even 
width throughout their course, no 
widening or pockets occurring. These 
veins do not produce gem material. 

In 1881 definite mining operations 
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started in this locality, to be carried 
on for a number of years. Many 
emeralds were recovered. The largest 
one measured 8% inches long, 
weighed nearly 9 ounces. It was one 
of nine crystals of emerald con- 
tained in the same pocket. One of 
the others measured 5 inches, and 
another 3 inches. The largest of 
these crystals, along with other 
specimens and cut stones, are in the 
American Museum of Natural His- 
tory in New York City. This district 
produced a quantity of fine gem- 
quality hiddenite during the time of 
operation. Hiddenite, as mentioned 
above, was found associated with 
the beryl and emerald in the vein 
pockets. The hiddenite crystals aver- 
aged for gem cutting better than the 
emeralds, Hiddenite is a transparent 
green variety of spodumene, as kunz- 
ite is the pink variety. 

It would be well to mention here 
two other important gem stones from 
North Carolina: the first is rhodo- 
lite, one of the garnet, group. It is a 
pale rose-red or purple garnet, cor- 
responding to two parts of pyrope 
and one part almandite. These gar- 
nets are found in Macon County. 
Some $50,000 to $70,000 worth of 
the garnets have been found in 


Mitchell County. A fine example of 
this cut stone is to be seen in the 
United States National Museum. 


The other important gem species 
occurring in North Carolina is the 
quartz group. Clear rock erystal, 
smoky quartz, rutilated quartz and 
amethyst are found in a number of 
localities in North Carolina and— 
except for the rutilated quartz—also 
in Virginia. In Amelia County in 
Virginia, at Amelia Court House and 
nearby, beryl, topazolite (a variety 
of andradite), microcline (Amazon 
stone), albite, and oligoclase (var. 
moonstone) are found either in or 
associated with the pegmatites. Near 
Fairfax Court House is found a 
greenish colored banded quartz, a 
milky white chalcedony and smoky 
quartz. In Amherst County are 
found beautiful amethyst crystals 
associated with the white quartz 
veins. In Amelia County are also 
found gem quality garnet (spes- 
sartie). Some cut stones of the latter 
have weighed as much as 100 earats. 


At the present time very little is 
being done in either state toward the 
production of gem material although, 
potentially, these states as gem pro- 
ducers appear to have a future. 


(The end) 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


by HENRY E. BRIGGS, Ph.D. 


CHRYSOLITE (Continued) 


Chrysolite is the only gem which we have that comes to us from 
celestial space. It is found in meteors occasionally; it also occurs in basalt 
and lavas. Also we occasionally find tiny grains in serpentine. It occurs 
in orthorhombic crystals, in water-worn pebbles and in granular masses. 
The mineral has a pinacoidal cleavage in two directions. The fracture is 
conchoidal and the streak white, or lighter than specimen. The mineral is 
biaxial and optically positive. Double refraction is high, being .04, and 
the mean index is 1.68. The dispersion is .018. Pleochroism is very weak 
in the mineral and is scarcely noticeable in the light shades. However, 
in the darker bottle-green gems it is noticeable, though with difficulty. 
Some authors state that this gem shows strong dichroism, but the author 
has carried out a long search for a sample which would even show a 
moderate difference in the twin colors and has been unable to find one. 
It is true, as stated, that the dichroism can be detected by a fine dichro- 
scope, but it is not plainly visible. It is presumed that in the case of others 
who state that chrysolite showed strong dichroism, tourmaline of a similar 
color was mistaken for the mineral chrysolite. There should be little diffi- 
culty experienced in distinguishing the. two minerals, however, for tourma- 
line is not of the same gravity and is of distinctly different optical char- 
acter. Chrysolite ranges from 6% to 7 in hardness and from 3.2 to 3.7 
in specific gravity. The composition of chrysolite is usually written 
(Meg, Fe) 2Si04. The magnesium and iron freely replace each other in this 
gem. However, both are usually present and account for the color of the 
gem. The colors range from shades of yellow through the greens to brown, 
reddish and greyish. Some authors mention this mineral as occurring in 
colorless, but it is very doubtful that the mineral ever occurs in a colorless 
state. The author has never met with a colorless sample of true chrysolite 
but has had many samples of mineral supposed to be chrysolite which were 
colorless, but which proved to be topaz or some other mineral upon exami- 
nation. The color in chrysolite is not due to impurities, but rather is 
inherent in this mineral, hence the statement that it is doubtful if it ever 
occurs in a colorless state. Since various works seem to conflict so much 
on the character and properties of this mineral the author has given only 
such data as has been checked and rechecked for accuracy. 


Chrysolite is found in gem quality in Egypt, on the island called 
Zebirget; in Ceylon; Burma; Queensland, Australia; Brazil, and in the 
United States in Arizona and New Mexico. Dr. Kunz stated that most of 
our modern supply comes from old jewelry. 
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SPINEL 


The spinel group is one of the most colorful of all. the gem- groups. 
The colors embrace almost every shade of spectral color, ranging from 
colorless through violet and down to deep reds. Spinels of the proper 
color are often sold .as “rubies,” “sapphires,” etc. However, it is not a 
difficult matter to distinguish spinel from.the corundums as it is singly 
refractive, while the corundums are anisotropic. Thus spinels will show 
no sign of dichroism while corundum, of even the lighter shades, are 
quite strongly dichroic. 

Spinel crystallizes in the cubic system and is, therefore, isotropic. The 
index is usually about 1.72 and the dispersion is .020. The fracture is 
conchoidal and the streak white. Cleavage is imperfect. octahedral. The 
luster is vitreous and often of glimmering intensity. In hardness the spinel 
is rather high, being 8. The specific gravity ranges from 3.5 to 3.7. The 
composition of spinel is Mg(Al02)2. It owes its color to impurities: 
usually cobalt, iron, or chromium. 

The gem varieties of spinel embrace the following: “Spinel ruby,” red; 
“Balas ruby,” pale red to pink; rubicelle, orange to yellow; almandine 
spinel, violet to purple; sapphirine, blue. Chlorospinel is an iron spinel of 
a grass-green color often sold as “Oriental emerald,” as is its cousin, 
green corundum. 

Spinels are made synthetically by the same process as is used in 
making synthetic corundum. They can be detected by the methods outlined 
for detection of synthetic corundum. 

Spinel of gem quality occurs in the gem gravels of Ceylon, Burma, 
and Siam, with corundum. Also it is found in India, Brazil, Norway and 
Sweden, and in France. In the United States, spinel occurs in New Jersey, 
New York, and Montana. 


ZIRCON 


Zircon is one of the gems which has gained popularity only recently. 
This is due to the fact that the supply has been rather limited heretofore. 
In later years, however, mines have been opened in Siam and Australia 
which produce sufficient quantity that the gem has gained rapidly in favor 
and is now one of the most popular of the colored gems. 

Zircon is of fair hardness, being 74%. Its luster is adamantine and 
the index of refraction high, being 1.94 (mean). The dispersion is high 
also, being .038. The system of crystallization is tetragonal; the cleavage 
imperfect and the fracture conchoidal. Zircon is optically positive and is 
uniaxial. Oftentimes, however, it is abnormally biaxia] and in such cases 
the mean index is usually lower, ranging from 1.79 to 1.85. 

Zireon is an oxide of zirconium and silicon. The formula is usually 
written ZrSi04. Some authors classify it with the silicates. Zircons are 
usually very impure and owe their color to impurities. 

The varieties used as gems, and the colors of them, are: 

Hyacinth—Yellow to orange transparent stones. 

Jacinth—Red to brown stones. 


(To be continued) 
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Photography in Gemology 


(Continued from last issue) 


Exposure may be judged either 
from the object itself or from the 
ground glass which is used with the 
camera. In. photographing objects 
as small as gem stones are it is much 
easier to judge exposure from the 
ground glass. If an exposure meter 
is used, it is seldom, if ever, possible 
to get’ an accurate reading from the 


gem itself as the stone is too small. 


to fill the aperture of the exposure 
meter. But an exposure meter can be 
used with good results against the 
ground glass of the camera. 

Many expert photographers judge 
exposure by watching the image on 
the ground glass while stopping 
down the lens and noting the point 
at which the image approximately 
disappears. This system, however, 
may cause trouble in the photog- 
raphy of gems, since with certain 
equipment it is not possible to stop 
down and exposure must be made 
upon the basis of the appearance on 
the ground glass at full aperture. 
The method used in the G.I.A. labo- 
ratory is to place a Weston exposure 
meter directly against the ground 
glass and take the foot candle read- 
ing from the galvanometer needle. 
The underexposure (“U”) arrow is 
then set opposite the foot candle 
reading on the special calculating 
disk of the meter and the reading 
opposite f 4.0 is taken as the ex- 
posure. If the ground glass is at 
all evenly lighted, this method is 
highly accurate, even sufficient for 
use in connection with color film, 
which must be exposed with great 
accuracy. If another exposure 
meter than the Weston is used, a 
similar interpolation can be made. 


For instance, with a Bewi exposure 
meter the reading is taken from the 
ground glass in the usual way and 
1/20 of the exposure indicated for 
f£.1.5 is given. Whatever exposure 
meter is used, it can easily be cali- 
brated by making a-series of test 
negatives at various exposures. A 
record must be kept, both of the 
exposure of each photograph, and 
also the reading of the exposure 
meter. When the negatives are de- 
veloped, the best “shot” is noted and 
its exposure, together with the read- 
ing of the meter, are combined as 
one of the points of calibration of 
the meter. Re 

Filters are seldom‘of value in gem 
photography, since it is usually de- 
sirable to reproduce the gem in as 
nearly as possible the same tonal 
values as it has to the unaided eye. 
However, it is sometimes desirable 
to make a colored stone in a mount- 
ing appear somewhat darker or 
lighter than its true tone in order 
to produce a more dramatic and 
interesting effect. This variation 
and contrast can easily be accom- 
plished by means of suitable filters. 
In general, a filter of the same hue 
as the stone will cause the stone to 
appear lighter, whereas a filter whose 
color is the complementary of that 
of the stone will cause the stone to 
photograph darker. For instance, a 
ruby mounted in a dark yellow gold 
ring will, when photographed with- 
out filter on panchromatic film, ap- 
pear approximately the same tone 
as the mounting. A dark red filter 
will cause the ruby to appear much 
lighter than the mounting and a 
dark green filter will cause the ruby 
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to appear much darker than the 
mounting. 

Photography through the micro- 
scope—photomicrography, to use the 
most technical term for it—presents 
many problems, but it is easily mas- 
tered by anyone accustomed to using 
delicate equipment. When a photo- 
micrograph of an interior of a gem 
is desired, the first step is to make 
a very thorough study of the gem 
under various magnifications, making 
notes of the features which are to 
be photographed and of the mag- 
nifications at which these features 
appear best. These notes should be 
written out and it is of considerable 
value to make a rough sketch of the 
stone, greatly exaggerated in size, 
showing the approximate location 
of each of the inclusions which is 
to be photographed. After this 
study is made the stone is left in 
place on the stage of the microscope 
and the camera is set. up. By means 
of the notes and the “map,” the 
inclusions can be located fairly 
readily by focusing on the ground 
glass. 

Often the facets of a cut stone 
will prevent sharp focus or clear 
illumination. In these cases it is 
valuable to immerse the stone in a 
liquid with as nearly as possible the 
same refractive index as that of the 
stone. This liquid reduces refrac- 
tion at the stone surfaces to a mini- 
mum and overcomes the distortion 
encountered when the stone is 
photographed in air. 

The’ illumination of gems ‘for 
photomicrography is accomplished 
by one of three distinct methods. 
The first of these is transmitted 
light, passing directly through the 
stone and into the objective of the 
microscope or camera. This method 


is the simplest to use, affording as 
it, does, greater control over the 
illumination. The second method is 
vertical illumination; or its equiva- 
lent, with light falling on the stone 
from the same side as the camera. 
This method has the great disadvan- 
tage of producing direct reflections 
from facets which in many cases 
destroy the sharpness of the image. 
The third method of illumination is 
by a dark-field illuminator; the il- 
luminator: base for the Diamond- 
scope and the Diamond Imperfection 
Detector is of this class. Dark-field 
illumination has the great advantage 
of causing inclusions to stand out 
bright against a dark field and, 
therefore, to be much more promi- 
nent than it is possible to render 
them by transmitted light. The 
primary disadvantage of dark-field 
illumination is the difficulty of judg- 
ing the exposure correctly, since the 
photograph is to be taken of small 
bright areas while the great majority 
of the image is comparatively dark 
and, therefore, does not register on 
the exposure meter. 

In making photomicrographs the 
judgment of exposure is necessarily 
confined to the ground glass. Fur- 
thermore, since this work is gen- 
erally done through a _ standard 
microscope, the method of stopping 
down the lens until the image dis- 
appears cannot be used and the only 
reliable exposure guide is the use 
of the meter directly 
against the ground glass as ex- 
plained above. The same factors 
are used with the Weston and Bewi 
exposure for photomicro- 
graphs as when used against the 
ground glass of the camera when 
used without the microscope. 


exposure 


meters 


(To be continued) 
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A VISIT TO THE DIAMOND MARKET 
by 


M. E. VEDDER 


Graduate Member, A.G.S. 
Detroit, Michigan 


As it was my object to investigate 
every possible souree of supply in 
Europe for cut or polished diamonds, 
IT stopped off in London to see if 
there were anything to the report 
we had heard that polished diamonds 
could be purchased cheaper in Lon- 
don than in Antwerp. 

I had a very nice visit with one 
of the major diamond brokers in 
London and found that all polished 
goods were shipped to them direct 
from Antwerp, mostly on a consign- 
ment basis to show their customers 
in London. They also have some 
Canadian customers who apparently 
prefer to deal through a British con- 
nection. When they learned that the 
Traub Manufacturing Co. had been 
importing direct from Antwerp they 
admitted there was no advantage in 
buying’ in London either for them 
or for us. 

From London I went direct to 
Amsterdam, and while numerous 
small cutters are still working quite 
regularly there, it is confined to full 
cuts almost entirely. The brokers in 
Amsterdam would like very much 
to. retrieve the lost reputation for 
their ‘fair city and again be known 
as the Diamond Market of the World. 
This change from Amsterdam to 
Antwerp has come about since the 
World War. There was a big demand 
for cheap eight facets after the war, 
and Antwerp was able to produce 
them at attractive prices and in 


quantities. As the buyers wanted 
more eight facets than other mer- 
chandise, they went to Antwerp to 
see them and the Amsterdam brokers 
began to go there too, that they 
might show their goods to these 
buyers. Now most of the Amsterdam 
brokers have permanent offices in 
Antwerp as well as Amsterdam. An- 
other factor in this change I think 
has been that it is somewhat cheaper 
to stay in Antwerp than in Amster- 
dam. 

To understand how the diamond 
market functions you must under- 
stand that there are two distinct 
lines of endeavor there and at least 
three different. kinds 6f brokers. 
There is the rough diamond trading 
handled by a large group of brokers 
who trade among themselves in split- 
ting up lots of rough which certain 
cutters cannot use to advantage and 
other cutters make a specialty of. 
The polished diamond trading is 
handled by two other distinct kinds 
of brokers which I shall call “Sell- 
ing Brokers” and “Buying Brokers.” 
American firms or importers deal 
through a buying broker. The selling 
broker is really a commission sales- 
man for‘the cutter and may represent 
one cutter or several cutters and very 
often has papers from buying brokers 
to be closed out or resold in the 
market. It is the job of the selling 
broker to know where he can best 
sell the different grades, colors, etce., 
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which the cutters produce. He usually 
has a somewhat regular’ clientele 
of buying brokers who have cus- 
tomers in the market from time to 
time for the type of goods produced 
by the cutter or cutters he is work- 
ing with. 

When an American buyer goes to 
Antwerp he sits in the office of his 
buying broker and interviews these 
selling brokers day after day, select- 
ing from what they carry the papers 
he thinks meets his requirements. 
A buyer who has been going there 
for years becomes quite well known 
to various selling brokers and when 
his name is posted in the diamond 
club by his buying broker they know 
from past experience what type of 
goods he likes and usually buys. It 
resolves down, then, to price, and 
this subject has many possibilities. 
The cutter. knows how much he paid 
for the rough and the cost of finishing 
it, but he endeavors always to get the 
maximum price for each paper re- 
gardless of cost. The selling broker 
may add whatever he thinks he can 
get in quoting prices and he has all 
the advantage because he can refuse 
any offer made on the lot, whereas 
the buyer must be prepared to pay 
his offer if it is accepted. 

The usual procedure is to ask the 
price and then offer what. you think 
it is worth or a little less, based upon 
other lots you have seen and the 
advice and counsel of your buying 
broker. If the selling broker thinks 
there is any possibility of the offer 
being accepted, he will “take a seal” 
on the paper at that price. This is 
done by having your buying broker 
check the weight, after which it is 
put into a special lightweight paper 
envelope with a heavily gummed flap 
which is folded and wrapped around 
the paper or papers and sealed 


securely. The offer is then written 
on the outside. The selling broker 
takes this package to the owner to 
see if he will sell at that price. If the 
offer is accepted the buying broker 
makes out an invoice in duplicate, 
showing the owner’s name and price 
agreed upon as well as the number 
and weight of stones in each paper. 
The original is given to the selling 
broker, who turns it over to the 
owner, receiving 1% commission on 
the sale for his services. 

The buying brokers charge from 
2% to 5% for their services, depend- 
ing upon the arrangement you agreed 
to when they were first engaged. His 
services include the use of his office, 
help in analyzing lots, checking 
weights and counts, assorting for 
color, make and perfection, as well as 
packing and clearing through the 
consul’s office. If the lot has been 
left for a day or more with the buy- 
ing broker for analyzing before 
making an offer, the owner or sell- 
ing broker may take the sealed offer 
package to the diamond club and 
have the seal broken and the weight 
officially checked, after. which it is 
resealed with their sticker and rub- 
ber stamp for a very small fee. This 
service is quite extensively used 
when the rough brokers deal among 
themselves. As they have no office 
except their pockets, they can get 
accurate and certified weights which 
are accepted everywhere in the dia- 
mond market. 

It is generally recognized that the 
amount of activity at the weighing 
booth in the diamond club indicates 
the amount of business being done in 
the diamond market. 

Besides the Diamond Club there 
is the Diamond Bourse and two 
smaller associations of a similar 
nature which are combined under 
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the Federation of Belgian Bourses 
with a total membership of 4000. 

Following is a typical assortment 
taken from a series of fine, top-grade 
rough, just as it was finished and 
assorted by the cutter. Seven sep- 
arate papers. 

130 ct. large (20 per ct. to .25 et. each) 
65.00 small (50 per ct. to 20 per ct.) 
15.00 cape or yellow (all sizes) 

33.00 1st pique (all sizes) 
43.00 2nd pique (all sizes) 


16.00 8rd pique (all sizes) 
4.00 rejections (all sizes) 


306. ct. total in the seven papers 


The large and small range from 
very fine ‘color to definite off-color, 
and also contain the slightly imper- 
fect and a few “flats” or spread 
stones, as well as some with broken 


culets and small naturals at the 
girdle. The rejections contain only 
those stones so filled with imperfec- 
tions as to be dead white or almost 
black, depending on the type of in- 
clusions. Other degrees of imperfec- 
tions are distributed among the first, 
second and third piques. 

All prices quoted in Antwerp are 
in gold guilders, which figure at 
$.68 each in dollars. In Amsterdam 
they quote in both gold guilders and 
paper guilders, the latter being the 
current rate of exchange for Nether- 
lands currency. 


At the present time the two major 
workers’ unions report from 45% to 
55% of their members unemployed. 


“TRUE-STAR” 


A student of the Certified Gemologist courses of the Gemological 


Institute of America, Robert Strothman of Milwaukee, some time ago dis- 
covered a novel method of producing asterism and chatoyancy artificially. 
His method is to back a transparent cabochon, (of any material whatsoever) 
with foil on which one or more systems of parallel lines have been inscribed. 
These parallel lines act somewhat as do the striae of natural star stones 
and cat’s-eyes, producing lines of light of right angle to the striae. By vary- 
ing the number. of systems of lines, stars of any desired number of rays 
may be produced. A patent on this construction has been granted. 

Synthetic ruby and sapphire backed with foil having three sets of 
parallel striae to produce six-rayed stars have been put on the market by 
the firm of S. Buchsbaum & Co., of which Milton Herzog—another Certified 
Gemologist student—is a member. These are being marketed under the 
trade name “True-Star,” made up in rings, euff links, etc. 

The stones quite lack much of the beauty of natural star ruby and 
sapphire. Furthermore, the foil backing, which is held in place by a coating 
of some sort of plastic, tends to separate readily. However, the stones are 
mounted in backed-up designs and are guaranteed; they will probably enjoy 
a brisk sale. 


4 


\ 


} 


FALL, 19389 37 


A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


by HENRY E. BRIGGS, Ph.D. 


ZIRCON (Continued) 


Emeraldite—Green zircon. 

Blue Zircons—of natural origin are sold as such, and those which 
are heat, altered are often sold as “starlite,” although they are now being 
offered to some extent as merely blue zircons, as the natural are sold. 

Jargoons—Zircons of a smoky color or lacking in transparency. ‘ 

“Matura Diamond”—has been applied to colorless zircon, but it has 
also been sold as “sparkelite.” It should, however, be sold for what it is— 
colorless zireon. 

The color of zircons is not stable under the influence of high temperature, 
and the colors of the stones may be altered by heat treatment. The bulk 
of blue-colored stones sold on the market as blue zircons, “Starlite” zir- 
cons, etc., are stones which have been heat-treated. The brownish stones 
will change to a blue color when heated to a certain degree in a furnace. 
The blue-green stone can be rendered a clear blue by the same process. 
Also the colored stones can be rendered colorless by a higher temperature, 
and often can be rendered more transparent. Altered zircons are not as 
valuable as are those which occur naturally of a desirable color. A great 
many of these gems are treated in the rough state in Siam and sold to 
cutters, thus the fact that a gem is purchased in the rough with a certain 
color does not mean that the gem is unaltered. Dichroism is fairly marked, 
especially in the blue stones, growing fainter in the light yellows; but never- 
theless it is readily distinguishable. 

Zircons of gem quality are found in Ceylon, Burma, Australia, France, 
and Russia. Zircons occur in the United States, but not in gem quality. 


GARNET 


Garnet, has come to be used in the jewelry trade to designate a good 
many red stones. Some of these are gems of the garnet group, and some 
mere imitations. Garnet is the name of a group of gems which vary in 
composition and, consequently, vary greatly in appearance and in properties. 

Many of the garnets are very common and consequently very cheap 
and, therefore, are often sold under deceptive names such as “Cape Ruby,” 
“Montana Ruby,” “Uralian Emerald,” ete. This questionable practice tends 
to enhance the price of the stones sold under such names. 

The whole group crystallize in the cubie system and are found in 
well-defined crystals of the various forms and also in rolled pebbles and in 
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granular masses. All of the group are isotropic and, therefore, not dichroic. 
Since the properties and composition vary, they will be treated under each 
gem in the group mentioned below: 

Grossularite. This species of garnet is composed of calcium and aluminum 
in the form of a silicate. The formula is Ca3zAl2 (Si04) 3: It is quite obvious 
that this member of the group would be colorless if it were pure. However, 
it, is never found in that state and seldom in any degree of transparency. 
Hessonite or cinnamon-stone (or essonite, as it is sometimes called) is of 
a brown color and is the most transparent of any of the grossularites. 
However, it has a peculiar granular structure which may be seen in even 
cut gems. Grossularite also occurs in pink and green to white or grey. 
Some of this material closely resembles jade in appearance, especially that 
coming from Transvaal, South Africa, and from southern Oregon. Most of 
the brown rough comes from Ceylon, where it is called cinnamon-stone. 
The hardness of grossularite is 6%4 to 7; the gravity 3.4 to 4.38; fracture 
is conchoidal; index of refraction 1.735; dispersion .028; its luster is 
resinous to vitreous. 

Pyrope. This species of garnet is a silicate of magnesium and alumi- 
num, the formula being Mg3Al2 (Si04) 3. Pyrope is usually a fine ruby-red, 
but sometimes runs into a deep red which looks black in reflected light. 
The color here is due to impurities also, but it is never found in the pure 
state, i.e. in the colorless state. Pyrope is found in gem grades in Arizona, 
Montana and New Mexico in the United States, and in South Africa in 
the diamond-bearing gravel of the rivers. : 

The hardness of pyrope is 7 to 744; the specific gravity, 3.7 to 3.8; 
index of refraction, 1.705; dispersion, .027; luster resinous to vitreous. 

Almandite. This garnet is a silicate of iron and aluminum. The formula 
is Fe3zAl2(Si04)3. Almandite is a deep red to violet-red or black. It. was 
undoubtedly. the “earbuncle” of the ancients. It is indeed beautiful when 
cut, but unfortunately most of the almandite found is too deep in color to 
cut into faceted gems and is employed as an abrasive material or in making 
cheap jewels for fine instruments and watches. In almandite we occasion- 
ally see an asteriated stone showing a four-rayed star which is not only 
novel but beautiful. Almandite of gem grade occurs in India, Australia, 
Ceylon, Uruguay, Brazil, and in the United States in Colorado. 

The hardness of almandite is 7 to 744; the specific gravity 3.9 to 4.2; 
the index of refraction 1.83; the dispersion .024; the luster vitreous to 
resinous. 

Spessartite. This species of garnet is a silicate of manganese and 
aluminum. The formula is written Mn3Alz (Si04) 3. Spessartite is usually 
of a rather poor brown color but also occurs in brownish red and orange- 
red to deep orange-red. It is not very popular in jewelry as its colors are 
not as pleasing as are those of the other garnets. Spessartite occurs in 
Ceylon, Brazil, Madagascar, and in Nevada. The hardness of spessartite 
is 7 to 7%; the specific gravity is 4.0 to 4.3; index of refraction 1.80; 
dispersion .025; luster vitreous to resinous, 

Rhodolite is a mixture of pyrope and almandite. It is found in Macon 
County, North Carolina. ' (To be continued) 
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THE GEMS OF COLORADO | 


by 


RICHARD M. PEARL, C.G. 
Candidate for Ph.D, in Mineralogy 
University of Colorado 


Almost since its earliest discov- 
eries of gold and silver, Colorado hag 
held a leading place in the produc- 
tion of gems, ranking among the 
first half dozen states in value of 
output. Over a hundred localities 
may be named as having yielded 
material of gem quality, repre- 
senting about forty mineral species 
and varieties, as well as the organic 
substance, jet. The first gems were 
obtained by scientists who used them 
for study purposes; then prospec- 
tors, individually or as small com- 
panies, mined them commercially; 
and in recent years mineral collec- 
tors have been responsible for an 
increasingly large proportion of the 
total. The history of gem mining in 
Colorado would make an interesting 
paper in itself. 

Colorado is about evenly divided 
into three major north-south topo- 
graphic zones—on the east, the Great 
Plains; on the west, the Colorado 
Plateau; and in the center, the Rocky 
Mountains. It is to the building of 
the Rockies that Colorado is respon- 
sible for practically all its rich min- 
eral resources, and the gems are no 
exception. Most of them either were 
formed by depositional or metamor- 
phic processes associated with the 
mountain-making activities, or were 
exposed by the uplift that followed 
most of the compressional folding. 
Igneous rocks, especially those of 
granite composition and the closely 
related pegmatites, predominate 
among the rocks that contain the 
gem minerals. 


(Beryl—Aquamarine) 

Fine gem aquamarine occurs in 
the highest mineral locality in North 
America, on the sides and virtually 
at the top of Mount Antero, in the 
Sawatch Range, 14,245 feet above 
the sea. The “Antero Lode” is one 
of the important gem deposits of the 
country, and the surrounding region 
has produced a good quantity of 
aquamarine since 1884 or 1885. The 
crystals oceur in miarolitie cavities 
in pegmatite veins and lenses that 
represent the residual phase of 
solidification of a post-Cretaceous 
granite magma, which is, in turn, 
a facies of a somewhat earlier quartz 
monzonite batholith, The common 
Antero beryl has a fairly typical 
bright blue color. Most of the crystals 
are badly fractured, apparently as a 
result of freezing and thawing of 
ground water, rendering them 
opaque. The gem variety is usually 
blue to pale blue-green, but some 
specimens are of the prized deep 
blue of foreign stones. There are 
many crystals that contain a trans- 
parent center but that are opaque 
at the ends. The length ranges up 
to 20 centimeters, though the average 
one that would be classified as large 
would be from 5 to 8 centimeters 
long. They are etched in a manner 
that was. first noticed on crystals 
from Antero, though similar etch 
figures have since been described 
elsewhere. The isolation at a high 
altitude of the source of supply, the 
interesting mineralogy of the area, 
the peculiar characteristics of the 
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crystals, and the beauty of the gems 
when fashioned, have all combined 
to make the Antero aquamarine of 
appeal to students, collectors, and 
dealers everywhere. The best collec- 
tions are those of the Field Museum 
of Natural History (Chicago), the 
American Museum of Natural His- 
tory (New York); and Harvard Uni- 
versity (Cambridge, Mass.). 


(Corundum—Sapphire) 


Blue gem sapphire has been found 
as tabular crystals in corundum 
schist at the abandoned Calumet iron 
mine near the once prosperous gold- 
mining town of Turret, Chaffee 
County, which now has a population 
of one. Colorless, pale to deep blue, 
and pale greenish transparent, sap- 
phire was taken a number of years 
ago from a corundum deposit near 
Canon City in Fremont County. 


(Feldspar—Amazonstone) 


Colorado amazonstone was made 
known to the world by a large dis- 
play of it at the Centennial Exposi- 
tion in Philadelphia in 1876, and the 
quality and quantity of the speci- 
mens and their low prices drove the 
Russian material from the market. 
Long the best known place in the 
state, Pikes Peak has supplied its 
name to most of the gems found in 
central Colorado up to forty miles 
from the mountain itself. In recent 
years the individual localities have 
been more frequently referred to by 
their own names— Crystal Park, 
Crystal Peak, Devil’s Head, ete., 
which together are the most impor- 
tant, source of present-day amazon- 
stone. The mineral occurs in miaro- 


litic cavities in. pegmatite, part of 
the Pikes Peak granite. Many thou- 
sands of fine crystals and groups 
up to a foot in length have been 
obtained. The color is gray to bright 
blue and green, usually varying from 
place to place, often in bands, with- 
in the crystal. Iron oxide from weath- 
ered mica stains many of the cleav- 
age cracks. Sales of cut amazon- 
stone, much of it to tourists in Den- 
ver and Colorado Springs, have gone 
above $1,000 annually for most of 
the past years. 


(Feldspar—Moonstone) 


Gem moonstone pebbles, ‘‘many of 
them equal to the Ceylon moon- 
stone,” have come from near Du- 
rango and at Wolf Creek Pass, both 
in the southwestern part of the state. 
In the gem collection of the United 
States National Museum in Wash- 
ington there is a cabochon moonstone 
from Colorado measuring 7x3 milli- 
meters and weighing .95 carat. 


(Turquoise) 


Colorado turquoise is surpassed by 
none produced today in its excellence 
of color. The state is second only. to 
Nevada in mining activity, and four 
deposits are known, all in the central 
part of Colorado, two in the San 
Luis Valley and two in the moun- 
tains. The Hall mine in the Coche- 
topa Hills region near Villagrove 
is at present the most important 
gem deposit in Colorado, employing 
three men and producing fine nugget 
and vein material which is sold to 
dealers in Indian goods in neighbor- 
ing states. 


(To be concluded) 


( 
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The Use of Clerici’s Solution to 
Determine Specific Gravity 


by 


D. H. WILSON 
Lieutenant, U. S. Navy 


This method requires considerable 
time to weigh the bottle, the water, 
and the solution as the bottle must 
be completely dry before the solution 
is inserted. However, since there is 
a definite relationship between the 
S.G. of Clerici’s Solution and the 
R.I. of Clerici’s Solution, a curve of 
various S.G.’s of Clerici’s Solutions 
against their respective R.I.’s can 
be made. Having this curve, I merely 
have to float. an unknown stone on a 
solution and add water until the 
stone is just In suspension. Now my 
solution is of the same 8.G. as the 
stone. I place a small drop of this 
solution on a refractometer, cover 
this drop with a garnet or zircon, 
and read the R.I. of the liquid. I 
enter my curve with this R.I. and 
find the S.G. of the liquid, which is 
the S.G. of the stone. The curve 
eliminates the weighing of the bot- 
tle, water and solution. One point 
which confuses many persons is that 
although the S.G. of the solution is 
the same as the S.G. of the stone, 
the R.I. of the solution differs from 
the R.I. of the stone. There is a 
relation between the R.I. of the 
liquid and the S.G. of the stone, but 
there is no constant relation between 
the R.I. of the stone and the 8.G. 
of the stone. 

A separate curve should be made 
for each batch of the solution as the 
malonic acid, formic acid or thallium 
carbonate may differ. To obtain the 


eurve, weigh the pycnometer; weigh 
the pycnometer filled with water and 
obtain the weight of the water. Now 
weigh a pycnometer full of the liquid 
in bottle No. 5 of about 4.03 S8.G. 
With this data obtain the S.G,.of 
that particular liquid. Next, get the 
R.I. of the liquid. You now have 
your first point on the curve. Con- 
tinue this operation for the solutions 
of approximately 3.78, 3.54, 3.10 and 
2.66 to get four more points on your 
curve, five points in all. Now plot 
the curve, which should be a straight 
line. 


A few hints on weighing: Do not 
touch the bottle any more than 
necessary, in order to avoid changes 
in temperature. To dry out the bot- 
tle, wash with water, then with 
ether or alcohol. Blow air on the 
inside of the bottle to dry. If you 
have a chemist, make up your solu- 
tion, it is a good idea to let him make 
your curve, as he can keep it at 
room temperature while making his 
reading. 

There follows the directions for 
making Clerici’s Solution as used by 
Dr. Samuel G. Gordon, Assistant 
Curator of Minerals, Academy of 
Natural Sciences of Philadelphia: 


Materials needed: 
100 grams thallium carbonate 
25 grams malonic acid 
(Eastman Co.) 
402 grams formic acid 
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1. Make up following solutions: 
11.1 gms. malonic acid in water. 

2. Dissolve 50 grams of thallium 
carbonate in above solution of 
malonic acid. (Add slowly to avoid 
effervescence.) 

3. Dissolve 50 grams of thallium 
carbonate in 10.6 milliliters (cc.) of 
90% formic acid (dilute latter with 
water first). 

Mix the solutions, filter, evaporate 
on a porcelain dish until an alman- 
dine garnet floats. : 

Solution ean be diluted with drops 
of distilled water until densities de- 
sired are reached; or density can be 
increased by evaporation. 

After long use, solution may be- 
come discolored; color can be re- 
stored. by filtering through Fuller’s 
earth. 

THE 


This solution should probably be 
made up by a chemist. Thallium 
carbonate is rather hard to obtain 
in 100-gram lots at a reasonable 
price. Akatos, Inc., 55 Van Dam 
Street, New York City, currently 
charges $10.00 F.0O.B. New York, 
for 100 grams. The same amount 
costs over $30.00 in Philadelphia at 
Arthur Thomas Co. The malonie acid 
and formic acid are cheap. Most 
chemists have a supply on hand. 

The most practical and quickest 
method is the use of 5 or 6 liquids 
to obtain an approximate S.G. It is 
doubtful whether the average jew- 
eler would need an exact S.G. once 
in five years. However, if you do 
need exactness it can be had from 
the S.G.-R.I. chart. : 


END 


AID IN SPECIFIC GRAVITY WORK 


A. suggestion. by Edward Wigglesworth, Ph.D., C.G., Boston, Mass. 


Specific Gravity is one of our best 
means. of identification, but it is not 
used as much as it should be as the 
process is time-consuming and the 
results are not, sufficiently accurate 
unless one is fairly expert.in handling 
the scales. The difficulty arises be- 
cause of the friction of the water 
surface on the wire supporting the 
stone when the weight in water is 
being taken. The scales do not swing 
freely and so an accurate reading 
is not obtained. Also, very frequently 
small bubbles of air adhere to the 
stone and these are difficult to dis- 
lodge, or may remain undetected. 
Both these difficulties may be easily 
overcome by using carbon tetra- 
chloride in place of water. This liquid 
may be obtained: at any drug store 
and is inexpensive. Most people are 
familiar with it under the trade 


name of “Carbona.” The weighing 
is done in exactly the same manner 
as when using water, only one finds 
that the balance swings nearly as 
freely as in air and that no air 
bubbles attach themselves to the 
stone or wire basket. The computa- 
tion is made exactly as if water 
were used, but it is necessary to 
multiply the result by 1.58 to correct 
for the lower specific gravity of 
earbon tetrachloride. I find this 
method not only more accurate than 
when water is used but also much 
quicker. Without hurrying I have 
obtained the specific gravity of a 
0.60 carat stone to within .01 in 
between five and six minutes. A lesser 
advantage is that the stone comes 
out of the test perfectly cleaned for 
the diamondscope or microscope. 
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Synthetic (?) Diamonds 


by 


R. SHIPLEY, JR. 
Director of Research, G.I.A. 


In the Summer, 1939, issue of 
Gems and Gemology appeared an 
article by Dr. J. Willard Hershey in 
which he commented upon certain 
of the findings of the Gemological 
Institute and those scientists who 
were associated with the Institute 
in testing the specimens which Dr. 
Hershey submitted. 

These specimens, when they were 
sent, were at least inferred by Dr. 
Hershey to be synthetic diamonds 
which he had manufactured. On 
testing these it was found that of 
the stones three were diamonds, but 
two (in vials No. 1 and No. 2) were 
very obviously of natural origin. 
The third (in vial No. 5) was a 
rather unusual specimen and_ it 
was thought that this might per- 
haps be a synthetic stone. The other 
two specimens, No. 3 and No. 4, 
were proved to be quartz by refrac- 
tive index and optic character, and 
by spectographic analysis. Dr. Her- 
shey, in his rebuttal, maintains that. 
these could not be quartz since they 
did not dissolve in hydrofluoric acid. 
The specimens showed very definite 
effects of acid solution, and it seems 
logical to assume that they were 
attacked but had not time to be 
totally destroyed by the hydrofluoric 
acid in which they were immersed. 

Dr. Hershey, by quoting only a por- 
tion of a letter from the writer, 
attempted to place the Institute in 
the position of having identified 
stones No. 1 and No. 4 as genuine 
diamonds and then having reversed 


this opinion... The reason for the 
assumption on the part of the Insti- 
tute staff that certain of the Hershey 
stones were not of synthetic origin 
was a letter of July 16, 1938, signed 
by Dr. Hershey, in which he states: 


“T would be very glad if you would 
not publish any of your results until 
after you have completed your work 
and report the results to me. I would 
like to give you some explanation 
what we know before this is done. 
I am very anxious to know what you 
find out about No. 2, No. 3 and No. 5. 
As I told you before, please do not 
powder No. 2 and No. 5. I will then 
gladly give you some reprints of 
our published work and other in- 
formation.” 


From this it was presumed that 
stones No. 1 and No. 4 were not the 
same as the rest of the material. 
Stone No. 1 obviously being natural 
diamond, the several scientists work- 
ing with the stones felt: that in view 
of Dr. Hershey’s greater interest in 
No. 2, No. 3 and No. 5, he might 
consider No. 4 also natural material. 


1 The paragraph of the letter mentioned is, 
in full+ i 

“Both Drs. Sturdivant and Clements and 
myself are very much eoncerned about what 
we feel is the method in which you have 
handled this matter. We are all of the opin- 
jon, though I sincerely hope that we are 
wrong, that the stones which you sent us are 
both known genuine diamonds and material 
produced by your process. As we interpret 
your inferences, stones No. 2, No.3 and No. 5 
seem to be material produced by you, where- 
as stones No. 1 and No. 4 (to which. be- 
eause of their clearer crystal form we have 
been giving particular attention) apparently 
are genuine diamonds.”’ 
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Later correspondence tended to sub- 
stantiate this, for in his letter of 
September 15, 1938, he stated: 

“You asked in your letter of Sep- 
tember 8th if I would permit you to 
destroy four or five in order to get 
an exact analysis by means of the 
spectograph. I will gladly do this if 
you first send these two to me insured 
so that I can see for certain which 
is four and which is five before this 
is done.” 

Dr. Hershey’s attitude in his 
article seems to be that the G.1.A., 
due to its affiliations with the jewelry 
trade, was unfair in the report of 
its findings and, furthermore, that 
it is unwilling to admit the produc- 
tion of synthetic diamonds even if 
reasonable evidence could be fur- 
nished. This is far from the case. 
Concerning the fragments which Dr. 


Hershey claimed to have produced, 
even if all should be proved to be 
diamonds, this would have no effect 
on the diamond market. All five speci- 
mens are much too small and of too 
poor quality to be of any possible 
value as gems. 

Furthermore, the Institute is still 
willing to concede that there is a 
possibility that the diamond in the 
paper which Dr. Hershey designates 
as No. 5 may be of synthetic origin. 
However, the Institute is firm in its 
belief that No. 3 and No. 4 are not 
diamonds and that No. 1 and No. 2 
are diamonds which have occurred 
naturally. However, in view of the 
circumstances which have surround- 
ed the sending of these stones to the 
Institute for testing, there is reason 
for -considerable doubt . concerning 
the synthetic origin even of No. 5. 


‘@ 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(With phonetic pronunciation system.) 


Terms in quotation marks are considered incorrect. 


Rennet (ren’et or ren’it). An extract 
made from the mucous membrane 
of the calf. Used in the making of 
cheese and other milk products. 

Repeated Twinning. A laminated 
structure produced by a great 
number of tabular individuals, 
twinned to form a whole. See also 
Twin Crystal. 

Reproduction (ree”proe-duk’shun). 
A term used to include recon- 
structed stones, synthetic stones, 
and also cultured or cultivated 
pearls in a similar manner to the 
use of the word for the finer copies 
of the original works of art. 

Resin (rez’-in). A solid to semisolid, 
transparent to opaque organic sub- 
stance. Usually yellow to brown 
in color, but resins—especially the 
synthetic products—may occur in 
almost any color. 

Resin Opal. Wax, honey, to ochreous- 
yellow variety of common opal 
with a resinous luster. 

Resinous (rez’i-nus). Luster like 
that of yellow resins. 

Reticulated (ree-tik’ue-late”’ed). 
Having slender crystals or fibers 
crossing like the meshes of a net. 

Rhinestone (rine’stone). Rock erys- 
tal (quartz). 

Rhodochrosite (roe’doe-kroe’site). A 
semitranslucent brown to red car- 
bonate of magnesium, used rarely 
as a gem stone. 

Rhodolite (roe’doe-lite). A fine red- 
purple garnet, intermediate be- 
tween pyrope and almandite in the 
garnet group. 


Rhodonite (roe’doe-nite). A gem 
minera]. Purplish-red to red-brown, 
translucent to opaque mineral 
sometimes used as a gem stone. 


Refractive index 1.73, specific 
gravity 3.5, hardness 54-614. 
Mn Si 03. 

Rhombic (rom’bik). A  crystallo- 


graphic system with three axes, 
each perpendicular to the plane of 
the other two, but with no two 
axes of the same length. 

Rhombohedral System (rom”boe- 
hede’ral). A division of the hex- 
agonal system in crystallography. 

Rhomb (rom or romb). A form 
bounded by three parallel pairs of 
lozenge-shaped faces, 

R. I. An abbreviation for refractive 
index. 

Riband Agate. 
agate. 

Richelieu pearls (ree”she”lyu’. Eng- 
lish, reesh’-e-loo”). Trade-marked 
name for both solid and wax imita- 
tion pearls. ; 

Ring Agate. Agate with differently 
colored bands arranged in con- 
centric circles. 

Ring-arounds. Term applied by 
American fishermen to pearls hav- 
ing a discolored ring around them. 

Rivers. Diamonds from the rivers or 
alluvial mines of Africa. Also, re- 
fers to the finest color grade of 
diamonds. 

River Agate. Moss-agate pebbles 
found in brooks and streams. 

River Sapphire. Light-colored sap- 
phire from Montana. 


(ribe’and). Banded 
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Roasting. Heating at a low red heat 
with a strongly oxidizing blowpipe 
flame, for the purpose of driving 
off sulphur, arsenic, ete. 

Roberts-Victor. The name of a dia- 
mond mine in South Africa. Also, 
a fine-quality diamond from this 
mine, 

Rock Amber. Same as block amber. 

Rock Crystal. Clear, colorless quartz. 

“Rock Ruby.” Red pyrope garnet. 

“Rocky Mountain Ruby.” Garnet. 

Rolled Pebbles. Pebbles which have 
been worn by water transporta- 
tion to a comparatively smooth 
and round shape. 

Romansovite (roe’manz-oe-vite). A 
brown garnet. 

Rondelle (ron-del’). A round, flat 
disc, usually pierced through the 
flat surfaces for use as beads. 

Rontgen Ray (runt’gen). X-rays. 

Rosaline (roe’za-lin). Thulite. 

Rose. A form of cutting diamonds, 
confined usually to small stones, 
and by which pieces too small for 
brilliants are sometimes utilized. 

“Rose Kunzite.” Pink pynthens sap- 
phire or spinel. 

Rose Opal. Quinzite. A pink. ie 
of common opal colored with or- 
ganic matter. 

Rose Pearls. Pink, iridescent, fresh- 
water baroques. 

Rose Quartz. A light red to purplish 
red (pink to rose) translucent to 
semi-transparent gem variety of 
quartz, Rarely asteriated. 

Rose Topaz. Pink topaz. 

Roselite (roe’ze-lite). Pink garnet. 

Rosette (roe-zet’). A cluster of flakes 
or scales resembling a rose. 

Rosin (ros‘in). A variant of resin. 

Rosolite. A rose-pink garnet from 
Mexico. See landerite. 

Rottenstone (rot’’n stone’). An 
easily powdered. siliceous ..stone, 


the residue of a siliceous limestone 
- from which the carbonate of lime 
has been removed by the solvent 
action of water. Used as a polish- 
ing powder. Known also as Tripoli. 


Rouge. (roozh). Formerly prepared 
by reducing hematite to fine pow- 
der. Now a red amorphous powder 
consisting of ferric oxide, usually 
prepared by calcining ferrous sul- 
phaté. Jewelers’ rouge is a fine, 
gently calcined variety; is some- 
times prepared from ferrous 
oxalate. 


Rough. Gem mineral which has not 
yet been cut and polished. 

Roumanite. See Rumanite. 

Royalite. Trade-marked name of a 
purplish red glass. 

Royal Topaz. Blue topaz. 

Rozircon (roe’zur-kon’ or roe-zir’ 
kon). Trade-marked name for a 
pink synthetic spinel. 

Rubasse (roo-bos’). Quartz artifici- 
ally stained red. 

Rubellite (roo-bel’ite). Red tourma- 
line. 

Rubicelle (xoo’bi-sel). 
orange-red spinel. 
Rubolite (roo’bo-lite). Red opal from 

Texas. 

Ruby (roo’bi). The red variety of 
corundum, one of the most impor- 
tant gem stones. Occurs rarely as 
star ruby, still less frequently as 
ruby cat’s-eye. 

Rumanite (roo’man-ite). Yellowish 
brown and reddish brown to black 
amber from the Province of Buzau, 
Rumania. 

“Russian Crystal.” Colorless selenite 
(gypsum). 

Rutile (roo’til or roo’tel). A red to 
black ‘mineral occasionally used as 
a gem. 


Yellow to 


(To be continued) 
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Photography in Gemology 


(Continued from last issue) 


Filters are really of no value in 
connection with photomicrography of 
gem stones. When photographs of 
an interior of a colored stone are 
taken, the material of the stone itself 
acts as a filter and colors the inclu- 
sions with the cclor of the body of 
the stone. Therefore, any filter which 
will alter the appearance of the in- 
clusions will alter the appearance of 
the body in the stone itself in an 
equal amount and: the cumulative 
effect is zero. In rare instances, in- 
clusions of definite colors occur in 
colorless stones. These can be made 
to. contrast more or less with the 
body of the stone by selection of 
suitable filters. 

With photography becoming one 
of the outstanding hobbies in the 
United States, most amateur photog- 
raphers are learning to develop and 
print their own negatives. In work 
as technical as the photographing 
of fine stones, development and 
printing by the photographer is 
recommended, since a professional 
photo-finisher, accustomed to han- 
dling subjects of a very different 
nature, often does not understand 
what to develop for and, therefore, 
destroys what might otherwise have 
been a first-class negative. This 
trouble has been experienced on 
several occasions by the G.I.A. labo- 
ratory—even after the photographer 
was told in detail just what to ex- 
pect as he developed the work. In 
general, it is desirable with gem 
stones to photograph on panchro- 
matic film at as nearly normal 
conditions as possible, i.e., without 
attempting to increase or decrease 


the contrast as compared with that 
registered by the average human 
eye. The film should be then de- 
veloped for as much contrast as 
possible to secure in it without 
producing a negative which is too 
contrasty to be printed satisfac- 
torily. The negative, if sufficiently 
contrasty, may be then printed on a 
normal or soft paper which can be 
given long development in order to 
bring up details and to secure a 
long range of tones. This method 
is used in the G.I.A. laboratory 
when photographs for direct study 
are desired. When photographs for 
printed reproductions (as in Gems & 
Gemology) are desired, both the 
negative and the print are made as 
contrasty as practical, since printed 
reproductions of photographs notice- 
ably tend to “go softer” than the 
original. 

Photographs of gem stones can be 
made fascinating by work in color. 
Several satisfactory color films are 
now on the market. Of these, East- 
man’s Kodachrome is preferred in 
the G.I.A. laboratory. However, 
Kodachrome has the disadvantage of 
being much more difficult to dupli- 
cate than materials such as the 
Finley-Eastman plate. However, 
Kodachrome transparencies can be 
projected by means of an inexpen- 
sive projector with truly beautiful 
effects. With any color film a filter 
to compensate the light will prob- 
ably have to be used. However, it 
has been found in the G.I.A. labora- 
tory that very good results can be 
obtained by use of photoflood lamps 
and Kodachrome type A (designed 


for use with artificial light) with 
no filter being used. A further ad- 
vantage of Kodachrome is that it 
will reproduce faint colors, such as 
the light blue body color of an aqua- 
marine or the delicate dispersion 
colors of a diamond much more 
clearly and beautifully than will 
other, denser processes. 

The exposure of color film is ex- 
tremely important; even — slight 
variations cause appreciable error in 
the reproduction of gem colors. The 
method for using the exposure meter 
outlined above is sufficiently accu- 
rate, however, to guarantee . very 
satisfactory results if care is taken. 
It, will probably be necessary for 
each user of color film to calibrate 
his own equipment, as exposure 
meters, even of the same model, vary 
appreciably; and the shutters of the 
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finest cameras may vary enough to 
cause noticeable variations in color 
rendition. 

The article above is designed to 
give the average jeweler-gemologist 
a starting point for photography of 
gem stones. In order to avoid exces- 
sive length, names of manufacturers 
and details of the use of particular 
camera equipment, etc., have been 
omitted. However, anyone who 
wishes further information on any 
subject. may contact the publishers 
of Gems & Gemology and detailed 
information on any phase of gem 
stone photography. will be sent. In 
requesting information, describe in 
detail the equipment which is avail- 
able, including light sources and the 
arrangement and also complete. de- 
seription of the subject which is to 
be photographed. 


THE END 


B. & L. SUBSTAGE LAMP 


A small and convenient lamp for use on any 110-volt current. Ideal for 


illuminating refractometer, polariscope, and similar optical instruments. 


Completely self-contained, furnished with bulb and cord. 


$750 


Order from Gemological Institute of America 
941 South Alexandria, Los Angeles 


CN 


C) 


Gems & Gemology 


GEMS & GEMOLOGY is the quarterly official organ of the American Gem Society, and in 
it appear the Confidential Services of the Gemological Institute of America, In harmony 
with its position of maintaining an unbiased and uninfluenced position in the jewelry trade, 
no advertising is accepted. Any opinions expressed in signed articles are understood to be 
the views of the author and not of the publishers, 


VOLUME III WINTER, 1939 NUMBER 4 


In This Issue: Page 
IBook (Revie Ws ipa ve sete tises capers ncevapesctaceeinesy aes sa een eke 50 
Gemming in Ceylon, H. V. Sardha Ratnavira........................ 51 
The Kohinoor Diamond, Robert M. Shipley ...........-2.2.--------- 53 
A Gemological Encyclopedia, Henry E. Briggs ........ = 7 
The Gems of Colorado, Richard M. Pearl.......... ee OD) 
Tiluminator-Magnifiers_._____... . é re ee OO) 
Gemological Glossary_.......... : e . Ne ae ee (Gil 
Gem-Testing Microscope, Robert Shipley, Jr...-.-......-.... 63 


Published by 


THE GEMOLOGICAL INSTITUTE OF AMERICA 


541 South Alexandria Ave. Los Angeles, California 


50 


GEMS & GEMOLOGY 


BOOK REVIEWS 


Gem Trader, by Louis Kornitzer. New York. Sheridan House. 1939. (May 
be ordered from G.I.A. Book Department, at $2.75.) 


This book, which was published in 
Great Britain under. the title “The 
Bridge of Gems,” is a distinct dis- 
appointment after Mr. Kornitzer’s 
two books on pearls which were re- 
viewed in Gems & Gemology for 
Spring, 1987. The author seems to 
have told the really interesting part 
of his story in his previous works 
and this book lacks much of the 
autobiographical interest which made 
“Trade Winds” and “Pearls and 
Men” fascinating reading. From the 
standpoint of the trained gemologist, 
the most interesting part of “Gem 
Trader” will undoubtedly be the fan- 
tastic errors which Mr. Kornitzer 
makes in his excursions into the 
realm of science. Among many, the 
following may be quoted: 

“Again, the crystalline forms may 
be cubic, tetragonal, hexagonal, 
rhombic, monoclinic or triclinic, ac- 
cording to natural crystallization, 
and this crystalline form is as im- 
portant to the beauty of gems as 
their colour, because it determines 
the way in which they reflect light.” 

“This Burmese ruby ranks next in 
the scale of hardness to the sap- 
phire.” 


“All beryls have the approximate 
hardness of 8, but they vary some- 
what, some being much softer than 
others. Both the aquamarine and the 
euclase, belong to this family of 
stones.” 

“The colourless variety (of tour- 
maline) is known as achroite and 
the green as andalusite, from its 
occurrence in Andalusian Spain.” 

“You will remember that the non- 
crystalline members of the family of 
silica are the opal and the chal- 
cedony.” 

“Actually there is no natural sub- 
stance harder than diamond, there 
have. been produced certain alloys of 
tantalum which not only compete for 
wearing qualities with the. hardest 
of all stones, but are even harder 
than diamond.” 

However, despite the errors, the 
author has had enough of his story 
left untold from his previous books 
to have moments in the present one 
to interest the most critical reader. 
Undoubtedly, since his initiation into 
the jewelry trade, Mr. Kornitzer has 
had a long and varied course of 
practical experience.—R. Shipley, Jr. 
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Gemming in Ceylon 


by 


H. V. SARDHA RATNAVIRA 


Gemological Student, Colombo, Ceylon 


Nestling among the peaks of the 
Sabragamuwa district lies Ratna- 
pura, famous throughout the world 
as the city of gems. Star sapphires, 
blue sapphires, rubies, cat’s-eyes and 
a large variety of other gems, of 
quantity unlimited, are found here. 
It is here that one finds the gemming 
industry of Ceylon at its best. Here 
one comes across many gem pits, all 
working at full speed, producing 
stones that will form the basis of 
some of the finest jewelry that, Cey- 
lon offers. 

If one be interested in gem mining, 
he first has to obtain a license to 
work a gem pit. An application must 
be forwarded to the Government 
Agent of the district, who will refer 
the matter to the Ratemahatmaya, 
or Headman. The matter does not 
end here, for the Police Vidane 
(police officer) must be informed, too, 
that he may make inquiries as re- 
gards the intended site of the gem 
pit. If the site belongs to the gov- 
ernment, permission will not be 
granted. These inquiries naturally 
cannot be rushed, the usual period 
extending from two to three months. 
The gem mining business is carried 
on mainly by the Singhalese. 

Once the application has been 
passed the applicant consults an 
astrologer as to the time most 
auspicious for the opening ceremony. 
The method of choosing the site is 
not done in a scientific manner. Usu- 
ally the site is chosen near a spot 
which has been well known to pro- 


duce gems, and a trial is first made 
by digging a. small section of the 
ground. An experienced man ean al- 
ways tell whether the site is work- 
able, usually by the presence of gem- 
bearing rock known as “Thiruvana” 
in Singhalese. Before work is started, 
prayers and offerings are given .to 
the “Powers That Be’ beseeching 
success in the undertaking. This 
ceremony is performed on the site. 
The first spade of gravel is turned 
by the owner of the gem pit and 
then the miners start to work on it. 
These miners are enrolled from the 
ranks of the villagers of that dis- 
trict, who, of course, have a wide 
experience in this type of work. 

As regards the shares, the ma- 
jority belong to the owner, the re- 
mainder being divided among the 
miners. The value of the shares de- 
pends on the quality as well as the 
quantity of the stones found. The 
owner sometimes furnishes food, but 
this usually is supplied by the miners 
themselves. In the case when the 
owner pays for the meals, the miner 
returns half of his share. This sys- 
tem is called in Singhalese “karu 
howl,” karu meaning laborer or work- 
men, and howl meaning a _ share. 
Sometimes the owner spends hun- 
dreds of rupees and does not get 
anything in return. 

The pit is usually dug about four 
feet square and three to six feet 
deep, making room for two or three 
miners to work. This type is dug 
only if the gem-bearing gravel is 


a 
La 


found near the surface. On the other 
hand, the gravel may be found deep 
down, and if this be the case the 
pits are dug about, six feet square 
and ten to twenty feet deep, or per- 
haps even more. If the soil be loosely 
packed, especially in deep pits, a 
scaffolding is erected inside the pit 
to prevent the soil from sliding in. 
This precaution must be taken, as 
very serious accidents have occurred. 
If a number of pits be found close 
together, tunnels are constructed 
connecting them together. One dis- 
advantage of a deep pit is that water 
gushes in due to the tapping of hid- 
den springs. This water is bailed out 
by an especially constructed winch, 
a number of buckets being attached 
to the connecting rope. The miners 
go on digging until they encounter 
either a blackish rock called “ralu 
ratta” or a rocky gravel of whitish 
color called “thiruvana.” This is an 
indication to the miner that the next 
layer must contain gems. This layer 
is called “illam.” If after the illam 
they come to a layer of clay, called 
“malawa,” they do not dig any 
further. 

The illam is the most important 
layer and is broken up by the miners 
who use an iron rod called the “illam 
kura.” The miners usually wear only 
a loincloth, and a handkerchief is 
tied tightly around the head, the 
handkerchief being used to prevent 
the debris getting amongst the hair. 
One feels sorry for the miners, for 
their work is hard; at the end of 
the ‘day’s labor they are covered 
from head to foot with mud. But 
they are a happy-go-lucky crowd and 
may often be heard singing while 
they work. 

The gravel is brought to the 
surface in baskets and collected in 
an adjacent spot. When no more 
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illam is obtainable the owner chooses 
an auspicious day for the washing 
and sorting. Until this time the heap 
of gravel is covered with leaves and 
well guarded. The usual custom on 
that day is to prepare “milk rice” 
(rice boiled with coconut milk) which 
is eaten on the spot just before the 
gravel is washed. If the pit be near 
a river, the gravel is transferred to 
the bank, where it is washed. When 
there is no river close by, a trench 
is cut near the dumped material and 
filled with water, the gravel being 
washed in this trench in large bas- 
kets. During the washing process 
the owner is always on the spot as 
the miners sometimes cannot resist 
the temptation to hide a good stone. 
As the gems are heavier than -the 
gravel they remain at the bottom 
of the baskets and the sediment is 
washed away. The rough stones are 
then given to the owner, who decides 
with the miners whether the stones 
are to be auctioned or sold to a 
gem merchant. The money obtained 
from this transaction is then divided, 
the owner taking his share and the 
rest being divided as previously 
arranged. 

When gems are found in streams 
the procedure is slightly different. A 
dam is constructed across the stream 
leaving a space in the middle of 
about five feet, in front of which a 
wooden log is fixed. The water rushes 
over this log and the miners stand- 
ing in front with long-handled ‘‘ma- 
moties” drag the gravel toward 
them. The sand is washed away and 
the illam is collected in the trough. 
As soon as the illam is noticed the 
miners either dive down with bas- 
kets and collect the illam or continue 
using their mamoties to remove it. 
The washing is, of course, done on 
the spot. 
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Tinportant--Diamonds 


THE KOHINOOR 


The Kohinoor, the most famous 
diamond in the world, has a long and 
tragic history and the longest known 
pedigree. Of all gems, it has been 
endowed with the greatest imaginary 
powers. For centuries it, was believed 
that he who owned the Kohinoor 
ruled the world, despite the fact that 
its possession endangered the posi- 
tion and even the life of its owner, 
unless that owner be a woman. Per- 
haps it is for this reason that it is 
now set in the crown of the Queen 
of England. 

There are breaks in its long pedi- 
gree, and at times its very origin 
is questioned. Certain authorities 
believe that it is a part of the Great 
Mogul, having been cleaved after the 
Great Mogul left India, probably in 
Persia. Koh-i-Nur, which is the In- 
dian spelling, means “Mountain of 
Light,” so named for the shape of 
the original stone. The actual history 
is as strange as any legend and 
threads its way through the romantic 
history of India and of the Moguls. 
The first historical reference to the 
stone appears in the “Memoirs of 
Sultan Baber,’ who founded the 


Mogul dynasty in India and wrote 
under date of May 4, 1526: 

“Bikermajit, a Hindu, who was a 
Rajah of Gwalior (Gwalior was a 
part. of the territory of Malwa), had 
governed that country for upwards 
of a hundred years. In the battle in 
which Ibrahim was defeated, Biker- 
majit was sent to hell. Bikermajit’s 
family and the heads of his clans 
were at this moment in Agra. Hau- 
mayun did not permit them to be 
plundered. Of their own free will 
they presented to Haumayun a 
‘peshkesh’ (tribute or present) con- 
sisting of a quantity of jewels and 
precious stones. Among these was a 
famous. diamond which had _ been 
acquired by Sultan Ala-ed-din. It 
was so valuable that a judge of dia- 
monds valued it at half of the daily 
expense of the whole world. On my 
arrival Haumayun presented it to 
me as a peshkesh, and I gave it 
back to him as a present.” 

Sultan Ala-ed-din, whom Baber 
mentions, had reigned some two hun- 
dred years before. Ala-ed-din is 
eredited with haying taken the jewel 
in the year 1304, from the Rajah of 
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Malwa, in whose family it had been 
for generations without number, and 
now more than two hundred years 
afterward it was again in the pos- 
session of a Rajah of Malwa. From 
the time of Sultan Baber’s account 
the diamond passed by inheritance 
through the long and powerful line 
of Mogul emperors, including Akbar 
Shah, Shah Jehan and Jehangir. Al- 
ways the symbol of power, possession 
of the Kohinoor was coveted by sons 
and brothers of these emperors, in 
their continuous and bloody strife 
for succession to the throne. Finally 
the Kohinoor left India when Nadir 
Shah of Persia invaded India and 
sacked Delhi in 1739. 

Various stories are told of Nadir 
Shah’s seizure of the diamond, which 
he knew existed. One story is that 
the Kohinoor was one of the eyes of 
the peacock in the great Peacock 
Throne which Shah Jehan began and 
Aurengzeb completed; that Nadir 
Shah carried off the throne and so 
gained possession of the jewel. An- 
other story, and a better one, is that 
“Having conquered Delhi and col- 
lected the booty which was due to 
the conqueror, the Kohinoor, the 
existence of which was well known, 
failed to appear amongst it. Diligent 
search was made, but with no result. 
At last one of the ladies of the harem 
of Mohammed Shah, the King of 
Delhi, gave away the secret. She said 
that her liege lord always wore it 
eoncealed in the folds of his turban 
and as an Indian rarely parts with 
his turban, even at night in hot 
weather, the stone, but for treachery, 
was fairly safe. 

“On hearing this news, Nadir Shah 
invited Mohammed Shah to dinner, 
and instead of there and then killing 
him, according to the ethics of the 
age, he took advantage of an inter- 


change of courtesies, which no East- 
ern potentate without gross breach 
of manners could refuse. He pro- 
posed changing turbans with his 
guest, which is a gesture of the great- 
est friendship. With such good grace 
as he could command, the King of 
Delhi thus passed the great diamond 
to the King of Persia. Nadir Shah 
in due course returned to his own 
country bearing the Kohinoor with 
him as part of the vast store of 
gems, among which, perhaps, was 
also the Orloff. 

“It brought no luck to the cun- 
ning thief, conquering captain though 
he was, and he died assassinated by 
a courtier. His wretched son, Shah 
Rukh, a feeble ruler, was deposed. 
Like Shah Jehan, in the hour of mis- 
fortune he found solace in the jewel 
which he eraftily concealed. Tor- 
tured horribly to disclose the hiding 
place of the diamond, he had not 
only boiled pitch. poured over his 
head, but finally had his eyes put out. 
Nevertheless he clung to the Kohi- 
noor and invested the stone with a 
new prestige, for in the end he was 
nominally restored to the throne so 
that the old saying was verified that 
‘Sovereignty rests with the Kohi- 
noor.’” 

The diamond passed, before Shah 
Rukh’s death, into the hands of the 
founder of the short-lived Durani 
dynasty, Ahmed Shah, who descended 
from his mountain heights to the aid 
of the weak, blind, successor of his 
old master. Ahmed Shah passed the 
gem on to his descendants. His eldest 
grandson, Shah Zeman, was deposed 
and his eyes pierced by a lance. His 
brother, Shah Shuja, succeeded him 
and fell heir to the diamond. He 
wore the diamond on his breast on 
all occasions and Mountstuart El- 
phinstone, British envoy to Pesha- 
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war, saw it in all its splendor in 
1809. Shah Shuja, too, fell and fled 
to the court of Runjit Singh, the 
“Lion of the Punjab.” 

Runjit Singh was at first friendly 
to the exiled Shuja, but soon op- 
pressed him. All that he had Runjit 
Singh took, save the great stone, and 
that he desired above all things. He 
had magnificent, emeralds, but the 
“Mountain of Light’ haunted him. 
At last he drove Shuja to bay. Runjit 
demanded the Kohinoor. Shuja tried 
to substitute a large topaz but Runjit 
was too clever for him. Runjit had 
the stone tested, kept the topaz, and 
immediately ordered the arrest of 
Shuja and took the Kohinoor. 

When the jewel was uncovered and 
lay before Runjit, he asked Shuja, 
“At what price do you value it?” 
“At good luck, for it has ever been 
the associate of him who has van- 
quished his foes.” By his answer he 
betrayed the true secret of the mys- 
terious reference akin to worship 
with which choice gems have ever 
been regarded in the East. 

Runjit wore the jewel in a bracelet 
for four or. five years—then set it 
in a turban—but after a year it was 
set in an armlet with a diamond on 
each side and so worn for upwards 
of twenty years. Runjit carried the 
gem with him wherever he went. 
When he traveled it was placed in 
a camel trunk on the lead camel and 
heavily guarded day and night. After 
the death of Runjit in 1839 the Koh- 
inoor remained in the Lahore jewel 
chamber. In 1849 the Punjab was 
annexed to the British Empire and 
the Kohinoor came with it. 

After April 3, 1849, the keys of 
the jewel chamber were given Dr. 
J. S. Login, later Lord Login. Dr. 
Login’s letters to his wife tell the 
story of the Kohinoor: “The Kohi- 


noor was placed in my hands.... 
“T was one of the very few en- 
trusted with the secret of its dis- 
posal. Indeed, they could not have 
got access to it without my knowl- 
edge, seeing that it never left my 


The Kohinoor before recutting. 


possession from the day I received 
it in charge. I may tell you now that 
it is safe—that Lord Dalhousie came 
to my quarters before he left Lahore, 
bringing with him a small bag made 
by Lady Dalhousie to hold it, and 
after I had formally made it over to 
him he went into my room and 
fastened it around his waist under 
his clothes, in my presence. There 
my responsibility ended, and I felt 
it a great load taken off my mind.” 
Unfortunately, the above letter 
eontradicts the rather amusing story 
of Sir John Lawrence as having 
thrust the gem into his waistcoat 
pocket and having absentmindedly 
forgotten it. (The Kohinoor, set as 
an armlet, would make a rather large 
vest pocketful, to say the least.) 
The Kohinoor weighed, when 
brought to England, 1867; carats. 
The Hindu cutter evidently had han- 
dled the jewel in a clumsy way “at 
a time when the art was still in its 
infancy,” and when first shown it 
must have been a great disappoint- 
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ment, looking, all experts declare, 
little better than a erystal. There 
-was much consultation and it was 
decided to recut the gem. The final 
shape and style of cutting was chosen 
by Queen Victoria and Prince Albert, 
who placed the diamond upon the 
mill. The Duke of Wellington gave 
the first touch to the wheel. Owing 
to the flattened and oval figure of 
the stone, the brilliant pattern “en- 
tailed the greatest possible amount 
of waste.” Eighty carats were re- 
moved in the cutting and the whole 
operation was a painful one, both to 
the stone and to the pride of the 
cutters. 

The model of the original stone is 
fascinating. There are four incisions 
in the girdle, placed there for setting 
the stone in Runjit’s bracelet; also 
another incision on an edge, the 
result of polishing out a former im- 


perfection, an early custom in India. 
When the gem was recut, the artistic 
and historical interest was lost and 
there was no great amount of bril- 
lianey gained. The stone was valued, 
before being recut, at 140,000 pounds 
($700,000). The eutting cost $40,000 
and occupied thirty-eight days of 
twelve hours each. The stone itself 
was not valued by Barbot, the French 
expert, at the enormous figure just 
quoted. He declares it an extraordi- 
nary stone, but more on account, of 
its great surface than for its fire. 
After its long and tragic history the 
Kohinoor now rests among the crown 
jewels of England. It is the central 
stone of the Queen’s State Crown, 
designed especially for Queen Mary 
in 1911. A clever method of mounting 
makes possible its removal so that it 
may be worn as a brooch. 


The Kohinoor after recutting. 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


by HENRY E. BRIGGS, Ph.D. 


GARNET (Continued) 


Andradite. This garnet is a silicate of calcium and iron. The formula 
is written Ca3Fe2 (Si04) 3. However, the composition is somewhat variable 
and consequently the colors are somewhat varied, too. It occurs in a fine 
emerald-green shade in the Ural Mountains in Russia. The color of this 
variety is due to chromium, and such stones are variously called Uvarovite, 
“Uralian emerald,” ete. It also occurs in the grass-green shade which is 
offered as peridot in the jewelry trade oftentimes. Also in the yellow color 
which is known as topazolite because of its resemblance to the yellow 
topaz. Andradite also occurs in the opaque black called melanite. Andradite 
is characterized by its high index of refraction—1.895—and also by the 
extremely high dispersion (.057) which is much higher than that of the 
diamond. This is unusual for a colored stone. The gem, when cut and of 
good quality, is very brilliant. It occurs in Saxony and in the Ural Moun- 
tains in the varieties except in the topazolite, this variety being found in 
the Piedmont region in Italy. The author had a rather unusual stone at one 
time which was found in Montana on the Yellowstone River east of Helena. 
This pebble was thoroughly examined by the author and several others 
who were skilled in determining of gems and it was found to be unmis- 
takably an andradite garnet. The occurrence was not the only unusual part 
of the incident, for the pebble was perfectly colorless, a thing which is 
seldom met with in garnet. The stone weighed 6% carats when cut and was 
very nearly an equal of the finest diamond in brilliancy and fire. Although 
no other stones have been obtained of this type from the section mentioned, 
it is possible there may be a deposit somewhere near the river banks in 
that section. 


CHRYSOBERYL 


Chrysoberyl was at one time a very popular gem in two of its varieties, 
the alexandrite and the cat’s-eye. It. is very scarce at the present time, 
however, and it has lost a certain amount of its favor because of the 
unsteady supply. However, the fine gems are sought after by amateurs 
and are absorbed as-soon as they are on the market. 

Chrysoberyl is orthorhombic in crystallization, but the crystals often 
are twinned into odd-looking forms. The mineral has a distinct pinacoidal 
cleavage and a conchoidal fracture. It is very durable, being 8% in hard- 
ness. The specific gravity is from 3.5 to 3.8. Pleochroism is rather marked, 
especially in the darker colored varieties. Chrysoberyl is biaxial and opti- 
cally positive. The mean index of refraction is 1.75 and the dispersion 
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is .015. The mineral is a silicate of beryllium and aluminum expressed by 
the formula Be(A102)2, but may also contain iron or chromium or both. 

Chrysoberyl occurs in greenish white, greenish yellow and runs through 
the greens to emerald-green. Sometimes it is found in the yellows and 
browns. The yellowish green variety is sold as merely “chrysoberyl,” while 
the varieties which have a silky luster and chatoyancy are sold as eat’s-eye. 
The latter variety is also known as cymophane. 

Alexandrite is perhaps the most popular of all the chrysoberyl group. 
It was first discovered in 1883 in the Ural Mountains in Russia and was 
named for the Czar Alexander II. The mineral is strongly pleochroic, 
showing emerald-green, columbine-red, and orange-yellow under the dich- 
roscope. An unusual property of alexandrite is that of showing one color 
in daylight and another in artificial light. By day the gem appears to be 
a fine emerald-green, while by lamplight it will appear to be a columbine- 
red. The coloring agent or impurity in alexandrite is probably chromium 
since the minerals show such an absorption band under a spectroscope. 
Alexandrite is now imitated in ‘synthetic corundum; however, this substi- 
tute is easily detected with the dichroscope by its twin colors, which are 
not the same as those of the true mineral. The coloring matter used in 
making these synthetics is reported by a manufacturer of them tq be 
vanadium. 

Gem varieties of chrysoberyl are found in the Ural Mountains in Russia, 
in Ceylon, China, Brazil, and Tasmania. 


QUARTZ 


Quartz is one of the most common minerals on the face of the earth. 
It is found in every land, and almost every land has many of the types 
used as gems or for other ornamental purposes. The crystallization of 
quartz is hexagonal and it occurs in well-developed crystals with striated 
faces. Crystals are not uncommon as “rights” and “lefts,” that is, with 
unsymetrical facets on either the right or left side. Such crystals will 
show two facets more on one side of the prism faces than on the other, 
and will rotate polarized light to either the right or left, as the case may be. 

Inclusions in quartz are very common: solids, liquids and gases. The 
solids usually are rutile, hematite, tourmaline, actinolite, manganese dioxide, 
organic matter, etc. Of liquids, the most common are liquid carbon dioxide 
and water. Of gases, carbon dioxide is usually the inclusion, although 
others have been found. 

The specific gravity of quartz ranges from 2.5 to 2.8; the hardness 
from 6.5 to 7. The cleavage, though indistinct and seldom observed, is 
rhombohedral, The fracture is conchoidal and the streak white, the luster 
vitreous to dull. Quartz is found in a wide range of colors, some trans- 
parent and some opaque. The colors are due to impurities and, therefore, 
we would say the mineral is ‘“allochromatic.” Radiation by radio-active 
minerals or waters is suggested as a possible cause of color in some of 
the quartz gems, although little proof has as yet been offered. 


(To be continued) 
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The Gems of Colorado 


RICHARD M. PEARL, C.G. 


(Zircon) 


Two sources of gem zircon have 
been found in Colorado, in the gold 
gravels of Bear River in Routt 
County, and in the pegmatite of St. 
Peter’s Dome, a conical peak near 
Colorado Springs. The smaller crys- 
tals of the latter place are as note- 
worthy for their perfection as for 
their colors, rich transparent pinks, 
reddish browns, honey yellows, and 
emerald greens. They are large 
enough for cutting small brilliants 
or baguettes. 


(Garnet) 


At least four of the six chief 
kinds of garnet are known as gems 
in Colorado. Almandite has come 
from several places near Canon City 
and from South Park. Andradite of 
the topazolite variety occurs near 
Ouray among some of the most spec- 
tacular mountain scenery to be found 
anywhere. The hessonite and cin- 
namon-stone varieties of grossularite 
have been found near Turret and in 
the basin of the North Fork of the 
Arkansas River. The source of py- 
rope, the “Colorado ruby,” is still 
in doubt, but there are probably 
specimens similar to those of: Ari- 
zona and New Mexico. Gem spes- 
sartite garnet is known from three 
localities, at Nathrop, Silver Cliff, 
and Westcliffe, all in rhyolite. The 
stones at Nathrop occur in three 
dikes which form low hills along 
the Arkansas River, and are found 
with topaz in cavities as fine dark 
red, entirely transparent crystals, 
small but perfectly formed on the 
exposed faces. Practically every 


piece of rock several inches square 
contains one or more crystals, and 
some of them have been used in 
jewelry set pavé, 


(Jet) 


Since its discovery near Golden 
70 years ago, jet has been found in 
a number of places in Colorado, and 
the material in two deposits—near 
Colorado Springs and on Trinchera 
Mesa—has been described by Kunz 
as equal to the best from Whitby, 
England. 


(Phenakite) 


Phenakite is one of the leading 
Colorado gems. It is second in inter- 
est only to aquamarine among the 
minerals of the Mount Antero peg- 
matite, and Antero is the most im- 
portant, locality for it in this country. 
The first discovery of phenakite in 
the United States was in Crystal 
Park, in the Pikes Peak region south 
of Manitou. This area and that of 
Crystal Peak, north of Florissant, 
still yield fine crystals; most of 
them are colorless, but some may 
be pale yellow, light gray, or red- 
dish. Five brilliants from Crystal 
Peak are in the gem collection of 
the Field Museum of Natural His- 
tory, Chicago. 


(Quartz) 


Amethyst, citrine, rock crystal, 
rose quartz, sagenite, and smoky 
quartz are to be included among the 
gem varieties of crystalline quartz 
found in Colorado. Fine specimens 
of jewelry quality have come from 
several dozen places within the state. 
Especially notable material includes 
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bright amethyst from Nevadaville; 
rock crystal from Antero and Trini- 
dad; sagenite from Turret, Durango, 
and the Tarryall Mountains; and 
smoky quartz from Antero and the 
Pikes Peak region. Gems cut from 
these stones are to be found in many 
leading museums. A rock crystal 
sphere from Antero, described as 
“one of the largest,” 5% inches in 
diameter, is in the Field Museum. 


(Chalcedony) 


Agate, bloodstone, chrysoprase, 
jasper, petrified wood, plasma, prase, 
and sardonyx are among the varie- 
ties of chalcedony that have been 
found in Colorado and used as gems. 
The localities are too numerous to 
list. The choicest material includes 
agate from near Canon City, petri- 
fied wood from South Park, and 
several kinds of chalcedony from a 
deposit near Fairplay. 


(Topaz) 
Gem topaz is known from eight 
places in Colorado, including several 
of the most interesting mineral de- 


posits. The finest. stones have come 
from cavities in the pegmatite of 
Devil’s Head, a large, rather isolated 
mountain in the Pikes Peak region. 
They are colorless, light yellow, and 
bluish. The complete transparency, 
and often the delicate color, of many 
of the specimens have made possible 
the cutting of beautiful gems for 
jewelry. Perhaps the largest com- 
plete topaz crystal yet found in 
North America came from. there in 
1935 and weighed 1160 grams. 


(Tourmaline) 


Gem tourmaline has been reported 
for certain from only one place in 
Colorado, in Eightmile Park, imme- 
diately north of the famous Royal 
Gorge of the Arkansas River. With- 
in a few months after their opening 
in 1906, the pegmatite deposits were 
the largest producers of tourmaline 
gems in the United States outside 
of California. None are available 
today, but very fine pink, lilac, 
green, blue, and colorless crystals, 
as well as vari-colored ones, were 
obtained. 


(The End) 


ILLUMINATOR-MAGNIFIERS* 


Two hand illuminator-magnifiers, made by Carl Zeiss, Inc., of Germany 
and by Swift & Anderson, Inc., of Boston have been checked in the G.LA. 
laboratory. The Zeiss instrument employs the excellent Zeiss aplanatic 
magnifier in a choice of 6x, 8x, or 10x. The Swift & Anderson instrument, 
which is being marketed as the “Se-All Firefly,” has a double lens of 
approximately 7 power. Though this lens is of good size, it is uncorrected 
and its resolving power is rather low. This or a similar magnifier is being 
advertised by some jewelers as a “Beam-o-scope,” of assistance to a customer 
in observing imperfections. 

Neither of the instruments is particularly effective for observation 
of gem stones. Both illuminate objects from the top only, when used with 
cut stones, and produce more unwanted reflection than effective illumination. 
Furthermore, the “Se-All Firefly” is below the 10x limit set by the Federal 
Trade Commission. 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(With phonetic pronunciation system.) 


Terms in quotation marks are considered incorrect. 


Ruttee. Same as rati. 

Sabalite. Trade-name for a banded 
variscite from Utah used as a 
gem stone. 

“Sacred Turquoise.” Pale blue smith- 
sonite. 

Saffronite or Safronite (saf’run-ite). 
A coined word recommended by 
the European jewelry trade con- 
ference held in Rome in May, 
19338, to refer to crystalline quartz 
of the color of yellow or reddish 
yellow topaz. The Congress recom- 
mended its use exclusively after 
January lst, 1937. Before that 
date the term topaz saffronite was 
proposed to be used instead of 
“topaz” for this variety. 

Sagenite (saj’e-nite). Transparent 
quartz with inclusions of hair- 
like or needle-like crystals of 


some other mineral, generally 
rutile. 
St. Stephen’s. Stone. Translucent 


chalcedony with round blood-red 
spots. 

Sandstone. A rock consisting of old 
beds of sands or gravel or both, 
bound together by. a natural ce- 
ment which may be of various 
light hues. 

Sandstone Opal. One of the miner’s 
varieties of opal found in the 
rough. (Queensland.) 

Sandy Sard. Sard dotted with darker 
spots. 

“Saphir d’eau” (sa”fere’doe’). 
(French, “Water Sapphire.”) Blue 
cordierite. 


Sapphire (saf‘ire). As generally 
used, refers to any gem corundum 
other than red (ruby). By some, 
considered only the fine blue co- 
rundum, other varieties being 
classed as fancy sapphires. Gem 
variety of sapphire should be 
transparent unless asteriated or 
chatoyant, or with girasol effect. 
The word sapphire is also used as 
an adjective to describe blue varie- 
ties of other species, as sapphire 
spinel. 

Sapphire Glass. A sapphire blue 
glass of apparently unknown com- 
position with exceptional hardness 
up to 6%. 

Sapphire Quartz. Blue quartz. 

“Sapphirine” . (saf’er-in or -ine). 
Term used incorrectly for blue 
chaleedony, blue quartz, or blue 
spinel, Also a separate, non-gem 
mineral. 

Sapphire Spinel. Transparent blue 
spinel. 

Sard (sard). Translucent brown to 
reddish brown chalcedony. See also 
carnelian. 


Sardonyx (sard-oniks’). Strictly, 
chalcedony of alternate parallel 
layers of brown and other color or 
colors. Frequently incorrectly ap- 
plied to sard, or carnelian. See also 
Carnelian Onyx. 

Sardoin (sar’doin). Same as sard. 

Satin Spar (sat’in spar). Translu- 
cent, silky variety of gypsum. Also 
occasionally applied to calcite. See 
Gypsum, Calcite. 
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“Saxon Chrysolite”’ (sak’sun or 
sak’s’n). Pale greenish yellow 
topaz. 


“Saxon Topaz.” Incorrect term. for 
citrine. 

Sealy (skale’i). Consisting of scales. 

Scapolite (skap’oe-lite). A transpar- 
ent to translucent, colorless to 
reddish brown, or greenish or 
bluish gray, mineral sometimes 
used as a gem. Hardness, 514-6, 
refractive index, 1.56, specific 
gravity, 2.7. A very light red, 
slightly adularescent variety is in- 
correctly called “Pink Moonstone.” 

Scarab (skar’ab). A form of cutting 
gem minerals and other substances, 
developed by the early Egyptians. 
The top of the stone is cut to repre- 
sent a conventionalized beetle, the 
lower side bears symbols and may 
be used as a seal. 

Schiller (shil’er). A general term 
applied to the peculiar luster, 
sometimes nearly metallic, ob- 
served in certain minerals, as in 
hypersthene, sunstone, and others. 

Schiller Quartz. Quartz Cat’s-eye. 

Schiller Spar. Bastite. An altered 
bronzite or enstatie having ap- 
proximately the composition of 
serpentine, and exhibiting pro- 
nounced schiller. 

Schist (shist). A metamorphic rock 
with a highly developed parallel or 
foliated structure, along which it 
splits easily. 

“Scientific Emerald” (sei’en-tif‘ic). 
Green glass. 

“Scientific Gems.’ Usually imita- 
tions, although formerly applied to 
synthetics and reconstructed 
stones. 

“Scientific Ruby.” Red glass. 

“Scientific Sapphire.” Blue glass. 


Scientific Stones. Same as Scientific 
Gems. 

Scoop Stone (skoop). A name for 
amber, applied especially to that 
amber scooped from the sea along 
the coast of Prussia. 

Schorl (shorl). Black tourmaline. 

“Scotch Topaz.” Smoky quartz. See 
Citrine, Saffronite. 

Sea Amber. Amber which has been 
scooped from the ocean or found 
on the beaches. See also Scoop 
stone. 

Seal Sapphire. A brown (seal-col- 
ored) silky or girasol variety of 
corundum. ; 

Seam. A thin vein; also a bed in 
stratified (layered) rocks, as a 
seam of coal. 

Seastone. Amber. 

Second Cape. Same as “Cape.” 
“First” cape is same as silver cape. 

Sectile (sek’til). Capable of being 
cut as into slices or shavings. 

Sedimentary (sed”i-men’ta-ri). Pro- 
duced by, or pertaining to, sedi- 
mentation. See Sedimentation. 

Sedimentation (sed’i-men-tae’shun). 
Process of rock or mineral forma- 
tion by consolidation of material 
transported from its place of 
origin. 

Seed Pearl. A pearl under % grain 
in weight (usually not perfectly 
spherical). 

Selenite (sel’e-nite). Colorless gyp- 
sum, used as an ornamental stone. 

Semicarnelian. Yellow agate. 

Semiopal. Common opal as distin- 
guished from precious and fire 
opal. 

Semiprecious. A classification of 
those gem materials ranking below 
precious stones. The classification 
is an artificial one and is perhaps 
best avoided. See Precious Stones. 


(To be continued) 
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GEM-TESTING MICROSCOPE* 
by 
ROBERT SHIPLEY, JR. 
Director of Research, Gemological Institute of America 
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Gem-Testing Microscope with complete accessories. 


Advanced students of gemology research and gem-stone identifica- 
have largely been using a Zeiss tion. The uncertainty of supply from 
monocular microscope, with several Germany and present increased costs 
special attachments developed by the have made it advisable to develop an 
Gemological Institute laboratory, for American-made instrument for this 
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purpose. Development of this has 
been in progress in the G.I.A. lab- 
oratory for the better part of the 
past year, and the Institute now 
takes pleasure in announcing the 
new G.I.A.-Bausch and Lomb gem- 
testing microscope illustrated on this 
page. 

In order not to duplicate develop- 
ment work already done on the Zeiss 
instrument, a petrographic or optic 
mineralogical stand by Bausch and 
Lomb was studied instead of the 
medical-style instrument. Though 
the resulting instrument is somewhat 
more expensive than the Zeiss in- 
strument, which is based on a medical 
’*scope, its delivery within a reason- 
able time is assured. Furthermore, 
if a less expensive instrument be 
desired, the Bausch and Lomb stand, 
which is the equivalent of the Zeiss 
instrument, can be adapted by the 
same methods which were formerly 
used, at a resultant cost considerably 
below even the former price of the 
Zeiss microscope. However, it is be- 
lieved that the average advanced 
gemology student or C.G. will pre- 
fer the petrographic form of instru- 
ment with its built-in features. The 
Bausch and Lomb instrument illus- 
trated on this page has all the same 
features as the G.I.A.-Zeiss gemo- 
logical ‘stand, and has the further 
advantage of having the analyzer 


built into the body tube of the in- 
strument. The Bertrand lens is also 
built-in, in the accepted petrographi- 
eal style. The Zeiss instrument em- 
ploys a cap analyzer which consider- 
ably limits the effective field in polar- 
ized light and which must be re- 
moved and replaced each time ordi- 
nary light is desired. The analyzer 
on the Bausch and Lomb instrument 
is thrown into the optical system by 
a thrust of the fingers and removed 
as readily. The Bausch and Lomb 
instrument has such additional fea- 
tures as focusing cross-hair eye- 
pieces, more working space on the 
stage, and a dustproof slot for quartz 
wedge in the body tube. The Bausch 
and Lomb instrument, as it is pri- 
marily designed for work with polar- 
ized light, is a handsome (and more 
impressive) instrument than is the 
Zeiss. 

The total cost of the G.J.A.-Bausch 
and Lomb gem-testing microscope is 
$441.00, and the same instrument 
with the additional feature of ro- 
tating analyzer in the body tube is 
$466.00. The equivalent, Zeiss instru- 
ment with cap analyzer is at present 
approximately $400.00. At these 
prices either instrument is equipped 
with stone-holder, with special uni- 
versal motion immersion stage, and 
with quartz wedge for analysis of 
interference figures. 
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GEMOLOGY FROM A GEOLOGIST’S POINT OF VIEW* 


An address to Third Conclave, Eastern Division of the American Gem 
Society, Newark, N. J., March 11, 1940 


v 
A. K. SNELGROVE, Ph.D. 
Assistant Professor of Geology, Princeton University 


As Dr. Foshag states in his very 
readable book, “Gems and Gem Min- 
erals”’ (Smithsonian Scientific Series, 
vol. 3, p. 169): “Gems may be inter- 
esting for beauty alone, but to under- 
stand the sources of this beauty and 
know the romance of their history is 
to increase their enchantment many- 
fold. Even the business of their win- 
ning is not without its fascination.” 

One of the many pleasures I have 
derived from my association with the 
New Jersey Study Group of the 
American Gem Society in the past 
two years has been the keen interest 
taken by the members in what may 
be called the geological or mineral- 
ogical approach to gems, as well as 
in their properties in the cut form. 
In partial return for the valuable 
knowledge which I as a geologist 
have received by exposure to the 
Certified Gemologists’ and Regis- 
tered Jewelers’ points of view, I 
propose in these brief remarks to 
call attention to the opportunities for 
field study, collection, and use of 
local gem materials. Admittedly the 
possibilities offered by New Jersey 
and adjacent states are limited in 
respect to the natural occurrence of 
valuable stones, but sufficient semi- 
precious and ornamental stones are 
available to enable one to explore a 
field which the geologist likes to re- 
gard as complementary to the science 
of gemology. 

In thus “lobbying for my hobby,” 
you will discern, but can hardly pro- 
test, a desire on my part to adver- 


*A.G.S. Research Service 


tise mineralogical field work on.such 
source materials as are available to 
this and other Study Groups. In 
dealing with college students, we in 
the geological teaching profession 
find such field work one of the most 
popular appeals of our science, pro- 
viding an educational experience of 
as great value as that derived in 
the laboratory by using the aesthetic 
interest of students in gems as a 
cultural phase of mineralogy to get 
across fundamental optical and crys 
tallographic concepts. 

Mr. Shipley, in the course which 
you have studied, or are studying, 
emphasizes the knowledge and dis- 
play of rough minerals as “sales 
tools.” The argument becomes all the 
more cogent, I believe, if material of 
local derivation, however meager, is 
used to stimulate interest in gems 
generally and also in that qualifica- 
tion of gem stones which is called 
geographic fashionability. 

Apropos of advertising, all of us 
have noted the current national cam- 
paign in non-scientific periodicals in 
connection with the diamond. The 
advertising possibilities have hardly 
been: probed, I surmise, for gems in 
general—those miracles of nature 
which at once merit and exhaust the 
poet’s superlatives. I leave to your 
imagination what a good Hollywood- 
ian publicity man could do in this 
field if given a free hand—in what 
salacious terms he could portray 
beautiful (crystal) faces, symmetri- 
cal (interference) figures and so 


forth! I pass this suggestion on to 
the Advertising Committee without 
charge. 

I wish to emphasize the unique 
opportunities which the general area 
in which we meet offers to students 
of gems in furtherance of my sug- 
gested extension of their activities, 
by way of museum collections of un- 
cut and cut gem stones and also in 
the presence of enthusiastic mineral- 
ogical clubs such as those of Plain- 
field, N. J., and of New York and 
Philadelphia. Such opportunities are 
known to the older men in the New 
Jersey Study Group, but I find that 
some of the beginners are unaware 
of their existence. In particular, I 
feel that participation by gemologists 
in the meetings and field trips of 
such mineralogical clubs would be of 
mutual benefit. 

With the beginners again especi- 
ally in mind (and as a hint to other 
Study Groups) I have compiled a 
partial list of books on mineralogi- 
cal localities within striking distance 
of Newark. These are available in 
most of the public braries and will 
serve as a guide to the local field 
work that I recommend. This bibliog- 
raphy could be greatly expanded, but 
the list presented will open up fur- 
ther channels. I also present for 
your inspection a display of uncut 
and cut material from nearby 
sources. 

Through Manchester’s valuable 
work on “The Minerals of New York 
City and its Environs,” or by field 
trips, we are, or can be, familiar 
with the occurrence of such gems, 
semiprecious and ornamental stones 
as the following within a radius of 
50 miles from New York City: 

Manhattan Island: 

Golden Beryl 
Aquamarine 
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Brown Tourmaline 
Spessartite Garnet 
Smoky Quartz 

West Paterson, N. J.: 

Prehnite 
Amethyst 
Datolite 
Agate 
Bedford, N. Y.: 
Citrine 
Rose Quartz 
Vathalla, N. Y.: 
Amazonstone 
Peristerite (Albite) 

Franklin, N. J.: 

Fowlerite (Rhodonite) 
Leucophoenicite 
Willemite, etc. 

Montville, N. J.: 

Serpentine ‘ 

To mention only a few, in my 
observation the semiprecious stone 
possibilities, both for display and 
cutting, of such abundant New Jer- 
sey minerals as prehnite, and many 
of the colored minerals from the 
unique Franklin locality have 
searcely been scratched. 

In view of the fortunate presence 
of Dr. Samuel G. Gordon among us 
this evening, I shall refrain from 
mentioning the potentialities of 
Pennsylvania in respect to my sug- 
gestion, and will refer those inter- 
ested either to that gentleman him- 
self or to his comprehensive work 
on “The Mineralogy of Pennsyl- 
vania.” 

For Connecticut, whose pegmatite 
minerals are well known, “The Min- 
erals of Connecticut,” by Dr. Schair- 
er is an indispensable guidebook to 
the student interested in field lo- 
calities. 

More generally, the late Dr. Kunz’s 
“Gems and Precious Stones of North 
America” (1892), although some- 
what out-of-date, will reveal that in 
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few localities is it impossible to cul- 
tivate the interest which I am ad- 
vocating. 

I do not wish to give the impres- 
sion, of course, that merely casual 
examination of any mineralogical 
locality will yield valuable speci- 
mens useful for display. Rarity is as 
much a yardstick in our evaluation 
of gems as of metals. The search, 
however, like fishing, has certain re- 
wards other than “big ones.” The 
technique of exploration and expla- 
nation of the occurrence of semi- 
precious stones is the same as for 
precious stones; monetary returns 
are not as large, but intellectual 
rewards are equally great. 

It may seem a narrow provincial- 
ism on my part to recommend the 
boosting of rough and cut stones 
from one’s native heath when most 
of you are daily concerned with 
precious stones whose appeal is uni- 


versal. The popularity of certain do- 
mestic semiprecious stones in such 
California and Maine, 
however, emboldens me to suggest 
that many others, if properly ex- 
ploited, will have a peculiar appeal 
to the clientele of the district in 
which is the source, 


states as 


In conclusion, let me state my 
opinion that the movement which the 
American Gem Society and the 
Gemological Institute of America 
represent is a most commendable 
one in regard to both methods and 
purpose. As a geologist, in urging 
a still closer contact of the rela- 
tively youthful science of gemology 
with the parent science of miner- 
alogy (and particularly field miner- 
alogy), I feel that this does not rep- 
resent a diffusion of interest but 
rather a reasonable broadening of 
focus on the part of gemologists. 


Reference Works on Gems for Collectors in New Jersey 


and Neighboring States 


“The Minerals of New York City 
and Its Environs,” James G. Man- 
chester. New York Mineralogical 
Club Bulletin, Vol. 3, No. 1, 1931. 

“The Collection of Minerals,” Her- 
bert P. Whitlock. Amer. Museum of 
Natural History, N. Y. Guide Leaflet 
No. 49, 1930. 

“Geology of the City of New 
York,” L. P. Gratacap (Holt & Co.), 
1909. 

“Crystal Cavities of the New Jer- 
sey Zeolite Region,’ Waldemar T. 
Schaller, U. S. Geological Survey 
Bulletin 832, 1932. 

“The Minerals of Franklin and 
Sterling Hill, Sussex County, N. J.,” 


C. Palache. U. S. Geological Survey 
Prof. Paper 180, 1935. 

“The Geology of New Jersey,” J. 
F. Lewis and H. B. Kummel. New 
Jersey Geological Survey Bull. 14, 
1915. 

“The Mineralogy of Pennsylvania,” 
Samuel G. Gordon. Philadelphia 
Academy of Natural Science Special 
Publication No. 1, 1922. 

“The Minerals of Connecticut,” 
J. F. Schairer, Connecticut Geological 
and Natural History Survey Bull. 
No. 51, 19381. 

“Gems and Precious Stones of 
North America,’ G. F. Kunz. (Scien- 
tific Publishing Co., New York), 
1892. 
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Differences Between Burma 
and Siam Rubies* 


by 


EDWARD GUBELIN, Ph.D., C.G. 
Lucerne, Switzerland 


It is generally known that most 
rubies in the trade come from Burma 
and Siam. There is a considerable 
difference in price between the two, 
caused by the less pleasing color of 
the ruby from Siam, which latter 
usually is brownish orange and of 
lower intensity. While the distinct 
difference of color allows a good dis- 
crimination between both sources, 
the microscopic research permits a 
more’ objective examination and 
shows a clear distinction between the 
rubies from the two sources. The 
microscope helps towards a very 
aceurate analysis of inclusions which 
are different in the rubies from 
Burma than those in the rubies from 
Siam, as shown by the accompanying 
photomicrographs. 

Such photomicrographs can be 
taken by any gemologist who com- 
mands a microscope and a special 
camera (as described by Mr. Ship- 
ley in Gems & Gemology, Fall, 1939), 
wherewith he ean thus produce in- 
disputable proof of the provenience 
of the ruby tested. 

Unfortunately I had not enough 
material from Ceylon on hand, but 
in the few specimens which I had 
examined I was able to notice the 
same peculiarities as in Burma 
rubies. However, as long as I do not 
dispose of sufficient material I do 
not wish to pronounce any statement 
concerning the rubies from Ceylon. 

Already, about the middle of the 
past century, the manifold inclu- 
sions within the rubies aroused great 
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interest among experts and an in- 
teresting literature began to pile up. 

In 1882 the various inclusions of 
rubies were analyzed by W. Prinz,* 
who wrote that large inclusions of 
fluids are always absent in rubies 
and that even small liquid inclu- 
sions are more rare than in sap- 
phires. He observed that flaws in 
rubies are more individualistic than 
those in sapphires and that the fluids 


ee we 


Figure 1 
Rutile Needles in Burma Ruby. 


within the canals of rubies (as far 
as it could be concluded by the ex- 
pansion of these fluids when the 
stones were heated were never water 
or watery acids, but rather liquid 
H2C03. W. Prinz also perceived the 
various solid inclusions and described 
them as small tetragonal needles and 
small hexagonal slabs. Obviously he 
did not know where his material came 
from, and, therefore, he does not 
mention any means whereby to dis- 
criminate the sources of rubies. 

It is the merit of G. von Tscher- 
mak’ to first have determined the 
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small and hairlike needles (not the 
“silk’”) to be rutiles and to have this 
made known. 

It is this kind of inclusion which 
is of greatest interest when distin- 
guishing between Siam and Burma 
rubies. Burma rubies, larger stones 
in particular, reveal systems of long 
and hair-thin needles of rutiles 
which are following certain and 
determined directions of the erystal- 
structure, i.e., cutting one another 
at angles of 60° respectively 120°. 
This is to be observed when looking 


Figure 2 
Inclusions in Burma Ruby. 


in the direction of the optic axis. 
Thus, these rutiles are oriented after 
the hexagonal habit of ruby. It was 
impossible for me to determine 
whether the rutiles in the cut ma- 
terial which was at my disposal were 
lying parallel to the edges of (0001): 
(1120) (Lasaulx® mentions this phe- 
nomenon to be typical for rubies 
from Ceylon) or parallel to the 
edges of (0001):(1011) (as is the 
case in-rubies from Miask also de- 
scribed by Lasaulx). Since both are 
very important faces of the hex- 
agonal habit and moreover essen- 
tially divisional planes, which par- 
ticularly favor the formation of in- 
clusions, the imbedding of rutiles is 
but natural. 


The orientation of these rutile- 
needles is the same, always and 
throughout the entire stone, and even 
twins, that occur quite often are 
pierced by the needles in the same 
direction. It is but natural that the 
angles change if the stone is ob- 
served in another direction. Yet, it 
is to be noticed that the needles are 
lying parallel to the basis of the 
crystal, i.e., perpendicular to the 
optic axis. On the other hand, this 
knowledge helps to find the direc- 
tion of the optic axis. Figure 1 
shows a system of rutile-needles as 
mentioned. 

The refractive index of these for- 
mations is so high that they appear 
black by transmitted light. 

Besides these most subtle and 
silky crystals larger inclusions of 
rutiles may be found which allow 
the crystal-form of the prism to be 
noticed as well as the combination 
of one prism, which is horizontally 
striped, with one of the pyramids. 
This is shown by Figure 2. 

Cavities in the shape of irregu- 
larly curved pipes are more seldom, 
but they do occur. Sometimes they 
seem to be filled with fluid and some- 
times they contain a gas bubble in 
the middle, which moves like a water- 
level when the stone is inclined to 
either side. The refractive index of 
these inclusions is lower than that 
of the ruby, which causes them to 
be almost invisible. 

As a contrast to the above-men- 
tioned. inclusions in Burma rubies 
most quaint formations will be ob- 
served in rubies from Siam, whereas 
inclusions typical for the rubies from 
Burma are absolutely absent here. 
The principal inclusions in Siam 
rubies are large systems of thinnest 
and finest cavities and swarms. of 
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very small and thin slabs with hex- 
agonal shapes..The latter ones are 
lying parallel to and above one 
another, and canals of larger and 
smaller sizes are meandering be- 
tween them. See Figures 3 and 4. 


The refractive index of the liquid 
inclusions is lower than the one of 
the ruby as well as of the included 
slabs, which, after all symptoms, 
and since their R. I. is equal to the 
one of ruby, are in my opinion also 
small crystallizations of ruby. These 
formations either had the shape of 
negative crystals right from the be- 
ginning (while the ruby was grow- 
ing) or later crystallization took 
place forming parallel oriented crys- 
tals which are regularly shaped in 
the center of the formations whilst 
the rims show irregular forms. It 
can be noticed that round and 
strongly encircled bubbles, which 
are filled with gas or another non- 
miscible fluid, are always lying in 


Figure 3 
Hexagonal Inclusions in Siam Ruby. 


the vicinity of the fine canals previ- 
ously mentioned. (Figure 3.) 

No inclusions of this kind were 
ever observed in rubies from Burma, 
and rutiles are never found in rubies 
from Siam. In addition, it must be 
mentioned that rubies from Siam 
show a great number of liquid in- 
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clusions which are oriented in rows 
forming fiag-like systems. (Figure 
5.) 

It seems to be a fact that the 
rubies from Siam are often twinned, 
thus forming very thin and numer- 
ous laminae. Obviously this phenome- 
non as well as the different types of 
inclusions in Burma and Siam rubies 
must .be brought in connection with 
the genesis of the rubies of the two 
sources whose rocks differ in their 
order and chemical composition and 
paragenesis. Vide Stutzer-Eppler.* 

These are my observations con- 
cerning microscopic characteristics 
of both Burma and Siam rubies by 
means of which any gemologist may 
be able to prove his assertion on 
their respective origins. 

G. von Tschermak? described rubies 
from Ceylon, containing inclusions 
of rutile, which seem to exhibit the 
same properties as the rubies from 
Burma. He mentions colorless inelu- 
sions that were lying parallel to the 
hexagonal faces of the crystal-form 
and in addition to them very fine 
nets of brown, most thin and silk- 
like needles also oriented perpen- 
dicularly to the optic axis. I am not 
able to prove these observations, 
since J had not enough Ceylon rubies 
on hand. 


Figure 4 
Inclusions in Siam Ruby. 


It may be interesting to add a 
short discussion on the subject of 
coloring elements. The difference of 
color is likely to originate from an 
intermixture of iron in Siam rubies 
which seems to be entirely absent in 
beautiful, purely red rubies from 
Burma. Here chromium principally 
accounts for the color. The manufac- 
turing of synthetic rubies at least 
yielded the experience that the ma- 
terial in the statu nascendi must be 
absolutely free of iron in order to 
avoid the brownish orange color 
which is characteristic for Siam 
rubies. By an admixture of chromi- 
um alone the beautiful, vivid red 
color of Burma rubies can be at- 
tained. 

The difference of coloring matter 
is clearly manifested by the lumines- 
cence under ultra-violet rays. While 
Burma rubies radiate a strong and 
glowing red fluorescence, Siam rubies 
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appear darker and their fluorescence 
light is of dull gray-red. Yet, the 
distinction of this phenomenon 
changes within wide spaces and 
needs the sensitive eye of an ex- 
perienced expert. 

The dichroism differs also. Burma 
rubies display red and yellowish red, 
Siam rubies more brownish tints. 

It is to be expected that more com- 
plete researches on the subject of 
the luminescence-light under various 
kinds of rays (short and long waves) 
may lead to even more exact means 
of distinction. However, the micro- 
scopic analysis is the surest and, 
above all, the easiest and most ad- 
vantageous to arrive at conclusions 
and to convince. 


1Annal. de la Soc. Belge de Microscopie, 
1882. 


2Mineralog. Mitt. 1878. 
SAnnal. de la Soc. Belge de Microscopie, 
885. 


‘Lagerstatten der Edelsteine und Schmuck- 
steine, Berlin, 1935. 


Figure 5 
Liquid Inclusions in 
Siam Ruby. 
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BOOK REVIEWS 


“Refining Precious Metal Wastes,” by C. M. Hoke, published by the Metalurgi- 
cal Publishing Co., New York, $5. (May be obtained from G.1.A. Book Dept.) 


Miss Hoke, of the Jewelers Tech- 
nical Advice Co., is well known to 
many jewelers of the United States. 
In this text she calls upon her long 
experience in the refining of precious 
metals to prepare a book of the 
highest possible practical value. 
Though the book is primarily con- 
cerned with the refining of precious 
metals in the average good-sized 
jewelry store, it covers also the 
saving of precious metal particles, 
the working of precious metals in- 
eluding melting and casting, hazards 
incident to refining, and the preven- 
tion of accidents, including much in- 
formation from the National Safety 
Council. 

Laws and recommendations con- 
cerning precious metals and jewelry 
are covered in detail with the Fed- 
eral Trade Commission rulings on 
this subject being largely drawn 
upon. 

The book closes with a list of 
dealers from whom equipment for 
refining and processing metals may 
be secured and also of those who 
buy precious metals. Following this 
is a very comprehensive bibliography 
on the subject of precious metals 
and an index which, in our limited 


use of the book, has proved. quite 
adequate. 

The book is not entirely well 
planned, and in some places is rather 
difficult to follow clearly. For in- 
stance, many chapters have at their 
end a list of questions and answers 
containing much valuable informa- 
tion which would be much better in- 
cluded at its proper place in the text. 

However, despite this rather minor 
objection the text is very clearly 
written and constitutes almost a 
laboratory syllabus for a course in 
refining precious metals. The jeweler 
who can afford the time and expense 
to carry out the processes described 
in detail would gain much first-hand 
information on refining which would 
undoubtedly serve him in good stead 
in a business way. 

Though not of such direct practi- 
cal value to the jeweler, the chapters 
on the processes used by certain 
large refiners and certain mines are 
particularly interesting. In these 
chapters are covered the purification 
of raw gold at the Homestake mine, 
the refining of precious metal at the 
Rariton Copper Works and bullion 
refining at the United States Assay 
Office in New York City. 


“The Book of Diamonds,’ by Willard Hershey, published by the Hearthside 
Press, division of the Chemical Publishing Co., New York. $2.00. 


It is our understanding that this 
book (which claims to cover “Dia- 
monds, including their qualities, lore, 


properties, tests for genuineness, and 
synthetic manufacture’), has been 
withdrawn from publication. There 
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is certainly ample reason for its be- 
ing withdrawn, though surely the 
jewelry trade would have little to 
fear from its release. In it Doctor 
Hershey reveals himself as a ram- 
bling and erratic writer. He repeats, 
and in many cases even contradicts, 
himself. The book abounds in the 
most fantastic of errors and for this 
reason, at least, should prove of 
interest to the jeweler who has 
studied the diamond thoroughly. 
Many of the errors are so ridiculous 
as to be quite amusing. 

To give just a few: Doctor Her- 
shey informs his reader that “the 
topaz ... is identical with the ruby 
and sapphire in everything but 
color .. .”, that “Graphite and dia- 
mond pass insensibly into one an- 
other” and “that any diamond in 
the rough is full of. imperfections.” 

In his: description of the impor- 
tant diamonds of the world, Doctor 
Hershey very peculiarly lists the 
“Austrian Yellow” Diamond as an 
entirely separate stone from the 
Florentine. Also, under the headings 
of the Orloff Diamond and the 


mythical diamond known as the 
“Moon of the Mountains,’ Doctor 
Hershey becomes very involved with 
Catherine the Great. of Russia, the 
Armenian merchant Shafrass, and 
Prince Gregory. Orloff. 

One is forced to conclude from 
these errors that the book was given 
little thought in preparation and re- 
ceived but the most superficial sort 
of a proofreading. 

The chapter on the synthesis of 
diamond is, of course, of particular 
interest to the gemologist. However, 
it contains little of value, since it 
simply repeats previous reports as 
to accounts of synthesis, including 
those of Doctor Hershey. However, 
it indicates that there is still no 
doubt in Doctor Hershey’s mind that 
he has synthesized diamonds, even 
though certain of the statements— 
especially one relating to the spe- 
cific gravity of methylene iodide— 
indicates that Doctor Hershey has 
taken heed of certain of the cor- 
rections which appeared in the 
article in Gems & Gemology for 
Winter, 1938. 


C} 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(With phonetic pronunciation system.) 


Terms in quotation marks are considered incorrect. 


Semitranslucent. A class of diapha- 
neity between translucent and 
opaque. Passes little light through 
thick sections. 

Semitransparent. A class of diapha- 
neity between transparent and 
translucent. Objects may be seen, 
but imperfectly, through thick sec- 
tions of semitransparent material, 
and seen quite clearly through thin 
sections. 

Semiturquoise. 
quoise. 

Sepiolite (see’pi-oe-lite”). A mineral 
species; white to gray or light 
yellow; opaque; hardness, 2-214; 
refractive index, 1.52; specific 
gravity 2.0. Used as an ornamental 

. material, especially for fine pipes, 
cigar and cigarette holders, etc. 

Serpentine (sur’pen-tin or tine). A 
mineral of occasional use as gem 
or ornamental material. Trans- 
lucent to opaque, brown, green, 
yellow, to white. Hardness 2% to 
6, refractive index 1.50-1.55, spe- 
cific gravity 2.6. 

Sequoia (see-kwoi’a). A genus of 
conifer forming one of several 
links between the firs and the 
cypresses. Named in honor of 
Sequoyah, who invented the Chero- 
‘kee alphabet. 

Shade (shade). Usually refers to 
dark tone in a color. Sometimes 
used as synonymous with hue. See 
Tone, Hue. 

Shale (shale). A fine-grained sedi- 
mentary rock, formed from beds of 
clay, mud, or silt. 


Soft pale-blue tur- 


Sharps (sharps). Thin, knife-edged 
pieces of diamond crystal. 

Sheen (shene’). A- term rarely used 
to refer to orient in a pearl. See 
Orient. 

Sherry Topaz (sher’i). Sherry-col- 
ored topaz. 

Shining. Producing an image by re- 
flection, but one not well defined. 

Shot Bort. Spheres of translucent 
diamond with more cohesion than 
ordinary bort. Used for rock drill- 
ing. See also Ballas. 

Siam Ruby (sye-am’ or see”’am’). 
Dark, somewhat  garnet-colored 
ruby usually found in Siam. Also 
ruby of this color grade, whatever 
its source. 

“Siamese Aquamarine” (sye”’a-meze’ 
or mese’). Blue zircon. 

Siberian Amethyst (sye-bee’ri-an). 
Rich or dark-colored amethyst, 
often reddish purple. 


Siberian Aquamarine. Very light 
greenish blue beryl. 

“Siberian Chrysolite.”’ Demantoid 
garnet. 


“Siberian Ruby.” Red tourmaline. 
Siberian Topaz. Very light-blue to- 


paz. 
Siberite (sye-bee’rite). Violet-red 
tourmaline. 


Sicilian Amber (si-sil’i-an). Simetite. 

Siderite (sid’er-ite). A translucent 
blue variety of quartz. 

Sight. The opportunity afforded buy- 
ers by the Diamond Trading Com- 
pany (formerly by the Syndicate) 
to inspect parcels of rough dia- 
monds offered for sale. 
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Silica (sil’i-ka). A white or colorless, 
extremely hard, crystalline silicon 
dioxide, found pure as quartz, or 
opal, in many rocks and sands, and 
combined with various bases in all 
the silicate minerals. 

Silicate (sil’i-kate). Any mineral or 
rock of which silica is an impor- 
tant constituent. 

Siliceous (si-lish’us). Of, pertaining 
to, or containing silica. 

‘Silicified (si-lis’i-fide). 
into quartz. 

Silk. White, glistening streaks (in- 
clusions) in certain gems, especi- 
ally ruby. 


Converted 


Silky. A luster suggesting silk, as in 
tiger-eye. 

Sillimanite (sil’i-mane-ite). A rather 
rare gem mineral. Aluminum sili- 
cate, orthorhombic system. Refrac- 
tive index 1.66-1.68, specific gravi- 
ty 3.24, hardness 6-7. White to 
brownish green, resembling jade. 
Fibrolite is a transparent blue 
variety. Fibrolite Cats-Eye is 
grayish green. 

Silt. A fine-grained, uncemented allu- 
vial deposit. 

Silver Cape. Diamond with slight 
tinge of yellow. Same as Top Cape. 

Simetite (sim’e-tite). Amber from 
the waters off Sicily. Red to orange 
yellow or brown, usually darker 
than. succinite. Also yellowish 
green, due to fluorescence. 

“Simulated Stones.” Term applied to 
manufactured stones. 

Single Cut. A brilliant form cut with 
but ‘éighteen facets. 

Single Refraction. When a ray of 
light enters a crystal of the iso- 
metric system, or an amorphous 
substance, it is refracted in the 
normal manner; this is single re- 
fraction. See also Double Refrac- 
tion. 


Sinople (sin’oe-p’l). Quartz having 
red: hematite inclusions. 

Skeleton Crystals. Those with edges 
defined, but with faces not fully 
filled in, as crystals of ice on win- 
dow panes, 

Skief (skeef). The cast-iron disc on 
which diamonds are cut and pol- 
ished. 

Skin. As applied to pearls, the outer 
layer of nacre. 

Skinning. Same as peeling. (Pearls.) 

Skip.-A bucket used for hoisting ore, 
etc., in narrow or inclined mine 
shafts. 

Slate. A dense metamorphic rock 
that splits readily into broad, thin 
sheets. 

“Slave’s Diamond.” Colorless topaz. 

Slitting. Making a saw cut part way 
into a mineral so that by wedging 
pressure it can be cleaved or frac- 
tured prior to further fashioning. 

Slugs. Nacreous excrescence; irregu- 
larly shaped pearly masses from 
fresh-water shells. 

Smaragd or Smaragde (smar’agd). 
Emerald. (German.) 

Smaragdine (sma-rag’din), Of or 
pertaining to emerald. (Obsolete 
or rare.) 

Smaragdite (sma-rag’dite). A light- 
green mineral, the Verde di Cor- 
sica Duro of the arts. 

Smaragdolin (sma-rag’doe-lin). 
Trade name of emerald-green va- 
riety of beryllium glass, sometimes 
sold as a “Reconstructed Emerald” 
or “Synthetic Emerald.” 

Smaragdus (smar’agd-us). (Latin.) 
Ancient name for emerald and 
other green stones. 

Smithsonite (smith’sun-ite). A light- 
green to blue or yellow carbonate 
of zine, of occasional use as a gem. 
Hexagonal-system. Translucent to 


~ 
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opaque. Refractive index 1.62-1.85, 

specific gravity 4.3, hardness 4%- 

5. 

Smoky Quartz. Yellow to yellow- 
brown or grayish brown variety of 
quartz. Often slightly cloudy. 

Smoky Topaz. True topaz of smoky 
color. 

“Smoky Topaz.” Smoky quartz. 

Soapstone. Steatite. 

Sodalite (soe’da-lite). A mineral of 
limited use as a gem, chiefly a 
substitute for lapis. Refractive in- 
dex 1.49, specific gravity 2.24, 
hardness 5144-6. 

Soda-jadeite. Synonym for jadeite. 

See Diopside. Jadeite. 

Soldered Emerald (sod’erd). Same 
as Emerald Triplet. 

Soldier’s Stone. Amethyst. 

Solidification (so-lid’i-fi-kae’shun). 
The process of changing from a 
liquid or gas to a solid, as, for 
instance, the solidification of 
molten alumina to solid in the syn- 
thesis of corundum. 

“Soochow Jade” (soo”’choe’). Term 
applied to a combination of jade 
and quartz and also to serpentine 
and even to dyed soapstone. 

Sorters. Men employed at the South 
African diamond mines to sort 
diamonds from the final concen- 
trates, or to sort the diamonds into 
the desired parcels. 

“South African Jade.” Green grossu- 
larite (garnet). 

Space Lattice. See Lattice. 

Spandite (span’dite). The term spes- 
sart-andradite, contracted to span- 
dite, is applied to garnets interme- 
diate in chemical composition be- 
tween spessartite and andradite. 

Spanish Emerald. Emerald of the 
finest quality (presumably from 
South America). 
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“Spanish Lazulite.” Cordierite. 


“Spanish Topaz.” Smoky quartz 
changed to yellow by heat. 


Spar. Miners’ term applied to such 
minerals as calcite and fluorite; 
lense cale spar, fluor spar. 

Species (spee’shees). A mineralogi- 
cal division. All the varieties 
in a species have the same basic 
properties such as refractive in- 
dex, specific gravity, and hardness; 
but they may vary widely in form, 
color, and transparency. See also 
Variety. 

Specific Gravity (spe-sif’ik). Rela- 
tive weight of a given specimen as 
compared with an equal volume of 
distilled water at 4° C. 

Spectra (spek’tra). Plural of Spec- 
trum. , 

Spectrometer (spec-trom’ee-ter). A 
form of spectroscope with scales 
for reading angles, etc. 

Spectroscope (spec’troe-skope). An 
optical instrument for forming and 
examining spectra. 

Spectrum (spek’trum). An image 
formed when a beam of light is 
subjected to dispersion as by a 
prism, so that its rays are ar- 
ranged in a series in the order of 
their wave length. 

Spessart-andradite. See Spandite. 

Spessartite (spes’ar-tite). One of the 
species in the garnet group. Sili- 
cate of manganese aluminum. 
Transparent, orange-red to brown- 
ish red. Refractive index 1.80, spe- 
cific gravity 4.15, hardness 7%. 

Sphene (sfene). A yellow to green, 
brown, or gray, transparent gem 
mineral. Silica-titanite of calcium, 
monoclinic system. Refractive in- 
dex 1.90-2.08, specific gravity 3.4, 
hardness 5-51. 

Spherical Aberration 
See Aberration. 


(sfer’i-kal). 
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Spherulite (sfer’oo-lite). A spherical 
crystalline body having a radiated 
structure, in some vitreous vol- 
eanic rocks, as obsidian and perlite. 
It is commonly an intergrowth of 
quartz and feldspar. 

Spinach Jade (spin’aj or ech). Dark- 
green spinach-colored jade, usually 
nephrite. Least valuable of green- 
colored jades. 

Spinel (spin’el or spi-nel’). A gem 
species of the isometric system. A 
magnesium aluminate. Transpar- 
ent red, orange, yellow, blue, vio- 
let, and. purple. Rarely green or 
colorless. Refractive index 1.72, 
specific gravity 3.6, hardness 8. 

“Spinel Ruby.” Red Spinel. 

“Spinel Sapphire.” Blue Spinel. 

Splendent. Very bright by reflected 
light. 

Splintery Fracture. Breaking into 
elongated splinter-like fragments. 

Splints. Sharp-pointed splinters of 
rough diamond or cleavages less 
than one carat. 

Spodumene (spod’ue-mene). A gem 
species occurring in transparent 
red, purple, yellow, green, and col- 
orless varieties. Monoclinic sys- 
tem, a silicate of lithium and alu- 
minum. Refractive index 1.66-1.68, 
specific gravity 3.16, hardness 6-7. 

Spread Brilliant. A brilliant too wide 
in proportion to its depth. 

Square Cut. A form of step cut in 
which the girdle outline and the 
table are square. 

Square Method. A method of com- 
puting the value of pearls. See 
Base. 

Stained Stone. A gem the color of 
which has been altered by staining 
or dyeing. See also Altered Stones. 


Staining. The alteration of the color 
of gems by staining or dyeing. 
Stalactite (sta-lak’tite). An inverted 
conical formation, attached to the 
roof of a cave by the percolation 

of mineral-bearing water. 

Stalagmite (sta-lag’mite). A conical 
or cylindrical formation on the 
floor of a cave, produced by the 
dripping of mineral-bearing water 
from the roof. 

Stalky. Consisting of slender col- 
umns, or long, stout fibers. 

Star. The appearance, in certain 
phenomenal gems, of two or more 
intersecting bands of light, result- 
ing from corresponding sets of 
striae of various types. 

Starolite (star’oe-lite). A trade-name 
for an asteriated quartz doublet 
showing a six-rayed star by re- 
flected light. 

Staurolite (sto’roe-lite). A mineral 
of the orthorhombic system. Trans- 
parent brown staurolite is fash- 
ioned as a gem stone. The cross- 
stone or fairy-stone variety — 
opaque brown to black interpene- 
trating twins—is used for orna- 
ment without fashioning. 

Star Stone. Any gem displaying the 
phenomenon of a star. 

Star Ruby. Ruby displaying a star. 

Star Sapphire. Sapphire (usually 
gray or blue) displaying a star. 

“Star Topaz.” Asteriated yellow co- 
rundum. (“Oriental topaz.’’) 

Steatite (stee’a-tite). A soft (1-1%) 
mineral occasionally used for or- 
namental purposes because it is 
so easily fashioned. Gray to gray- 
ish green, but may be dyed any 
color. 

Steinheilite. Cordierite. 


(To be continued) 
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QUARTZ (Continued) 


Quartz is optically positive and is uniaxial. The mean index of. re- 
fraction is 1.55 and the dispersion .018, both relatively low and conse- 
quently colorless quartz gems are lacking in brilliancy and fire. Quartz 
is optically active, that is, it will rotate the plane of polarized light as 
mentioned above. 

In composition, quartz is comparatively simple, being silicon dioxide 
SiO2. It is found in a very pure state occasionally, but usually it is con- 
taminated with various impurities. It is found pseudomorphous after many 
things, such as wood, shells, bones, etc. It is itself often replaced by 
other minerals. 


Crystalline Varieties 


Rock crystal is the most common of the crystalline varieties. It is 
pure quartz of water transparency. It is usually cut into ornamental 
objects such as balls, vases, ash trays, etc., but also is occasionally cut 
into gems and sold as “Mexican Diamond,” “Lake George Diamond,” “Hot 
Springs Diamond,” etc. Also, rock crystal has met, with considerable favor 
in the form of faceted beads. However, much of the goods offered as rock 
crystal in beads are nothing more than glass. The principal localities for 
rock crystal are Japan, Madagascar, Brazil, Arkansas, Switzerland, and 
Canada. However, rock crystal is so widely distributed that fine samples 
may be found in almost every land. 


Amethyst, the purple or violet variety of érystalline quartz, is remark- 
able for its occurrence in well-defined crystals. The color varies in density 
from a mere tint to a deep purple. The deep purple (the rich “royal 
purple’) ig the most valuable and also the rarest. The color in amethyst 
is usually very uneven and streaked. This condition may sometimes be 
altered by heat. treatment at from 375° to 450° centigrade. However, such 
gems, of course, loose much of their value to the true gem lover, for any 
altered gem is valued less than the natural by a connoisseur. It is a 
difficult matter to detect gems which have been altered in this way; hence, 
if a slight unevenness of color can be detected in a gem, it indicates that 
the stone has not been altered and no great doubt can be cast upon it. 

Some amethysts will become yellow to colorless when so treated, but 
the temperature will doubtless have to be raised 50 to 100 degrees over the 
point given above. Much of the so-called “topaz” is made by heat treatment 
of amethyst. The color of this gem is probably due to iron or to iron and 
manganese, 
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The amethyst is dichroic, although some samples are weak in dich- 
roism. However, the darker specimens nearly always show this property 
plainly. The twin colors are reddish purple and violet. The principal 
localities for amethyst are: Uruguay, the Ural mountains, Brazil, Ceylon, 


Mexico, Madagascar, Persia, North Carolina, the Lake Superior district,. 


New York, California, and Maine. 

Siderite is the name given to a rare variety of quartz having a blue 
color similar to that of sapphire. This also is called “sapphire quartz.” It 
is exceedingly rare and is seldom met with on the market. The color varies 
from a light shade to a deep Berlin blue. A few fine crystals are coming 
onto the market from Brazil, but the supply is meager and very unsteady. 

Smoky Quartz is a variety with a smoky yellowish to smoky brownish 
color, and sometimes the color is so deep as to appear black in reflected 
light. This variety is slightly dichroic and is offered under a host of names 
which tend to make the gem appear more valuable, such as: “Scotch 
Topaz,” “Colorado Diamond” and “Radium Diamond.” The color is likely 
due to the action of radium or radio-active waters; however, some samples 
show the color to be due to iron and other impurities. The dark brown pieces 
will usually change to a golden yellow color when subjected to heat treat- 
ment. The treating of certain of this material yields a large percentage 
of the materials offered by the jewelry trade as “topaz.” The color of all 
smoky quartz is very unstable and all the shades will alter with heat 
treatment, although some of them will become colorless. Principal localities 
for smoky quartz are: Scotland, Ceylon, Alps, Colorado, Maine, Montana. 

Citrine is the name applied to yellow crystalline quartz. Much of the 
citrine of commerce is made from amethyst and smoky quartz by heat 
treatment. It does occur in nature, however, the principal locality being 
Brazil, although some small quantities are found in the south-central 
states. The color of citrine is due to iron and the mineral is slightly dichroic. 


Milky Quartz is the name applied to whitish opaque varieties of this 
mineral. It is seldom cut into gems unless it is gold bearing. Occasionally 
gold quartz is offered in cabochons, pendants, etc. The principal localities 
for such material are California, Colorado and Alaska. 


Rutilated Quartz, also known as Thetis Hairstone, is merely rock 
erystal which has inclusions of needle-like crystals of rutile. Many other 
minerals occur in quartz in the same manner and the gems cut from these 
materials are sold under a host of names. The principal localities for 


rutilated quartz are: Brazil, Madagascar, North Carolina, Montana and 
Russia. 


Rose Quartz is a massive rose-pink variety, sometimes tinged with 
violet. It is slightly dichroie and will vary from semi-transparent to trans- 
lucent. The color is undoubtedly due to manganese. Often it is found to be 
opalescent or asteriated. It is cut cabochon style usually and sold, as are 
most of the quartz group, under a great many deceptive names. The prin- 


cipal localities are Japan, Brazil, France, Maine, South Dakota, California, 
and Montana. 


(To be continued) 
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Three Large Brazilian Diamonds* 


Summarized by 
ESMARALDO REIS 
Rio de Janeiro 


Study of the Diamond 


“Presidente Vargas” 


Study made by Prof. Victor Leinz, 
technician of the Department of 
Agriculture, with Mr. Godofredo 
Filgueiras Filho, of the Mint Gem 
Appraising and Classifying Bureau, 
acting as expert appraiser. 

The diamond “Presidente Vargas” 
shows a flattened shape with dimen- 


1 


of non-determinable faces, which 
afford proof that said face A3 lost 
but little by rolling. The rhombic- 
dodecahedral habit is precisely one 
characteristic of Brazilian diamonds, 
attention to this fact being called 
by Fersman and Goldschmidt. The 
edges of those neighboring faces run 


The President Vargas Diamond 


sions as follows: maximum length, 
52.2 millimeters; maximum width, 
24.4 millimeters. The two faces, Az 
and A3 (see figure 1) correspond to 
the directions of the rhombic do- 
decahedron, this being inferred from 
their orientation with regard to the 
octahedral cleavage. At least one of 
those faces (A3) must have consti- 
tuted a real rhombic-dodecahedral 
face, because there are still recog- 
nizable thereon 3 parallel groupings 


*G.LA. Research Service 


parallel to the octahedral edges. 

The third main face (Aj) is com- 
paratively recent, for it is still 
bounded by strongly marked edges, 
has adamantine luster, and shows no 
traces of rolling. As for the other 
faces, they present a darkish appear- 
ance. 

The original size of the diamond 
cannot be even approximately in- 
ferred. 

The coloring is that of pure water; 


only on two edges is a slight yellow- 
ish coloration apparent, penetrating 
down to 5mm., possibly originated by 
secondary infiltrations in the cleav- 
ages. 

The diamond shows a violet-blue 


luminescence under the quartz coat- 
ing. 

The diamond “Presidente Vargas” 
was found in Santo Antonio River, 
Municipality of Coromandel, State of 
Minas-Geraes. 


Study of the Diamond 
“Darcy Vargas” ’ 


Study made by Professor Dr. 
Othon Henry Leonardos and Dr. 
Reynaldo Saldanha da Cama, the 
former, of the National Museum, and 
the latter, of the Rio de Janeiro 
Faculty of Science and Philosophy, 
acting with them as expert technical 
appraiser, Mr. Esmeraldino Reis, of 
the Mint Appraising and Classifying 
Bureau. 

Habit: The diamond presents an 
octahedral habit with strong defor- 
mation and accentuated rounding 
(see figure 2). Under certain angles 
it has the aspect of a shapeless min- 
eval; under others, it shows marked 
furrows and re-enterings. 

Morphology: The existence is veri- 
fied of a growth of parallel indi- 
viduals with a predominance of octa- 
hedron faces (111), out of which no 
more than one, in a certain corner 
of the specimen, is perfectly plane. 
Between this and that individual 
there are still to be noted small cube 
faces (100) and faces of a triakiste- 
trahedron. It was impossible to 
obtain goniometric measurements. 

Corrosion: Tiny corrosion figures 
are to be observed on the curved and 
deformed surfaces, only a very few 
of them permitting to see, by means 
of a lens, their triangular contours, 
mostly ill-defined. The large quantity 
of these figures give the specimen 
its rugose appearance. A beautiful 
microphotograph was obtained of a 


large number of neatly outlined, 
typically triangular figures on the 
small, flat octahedral face. 

Coloring: The diamond is perfectly 
transparent and of a marked chest- 
nut hue. Exposed to ultra-violet rays 
it shows no appreciable luminescence. 

Specific Gravity: It was deter- 
mined at 21° C., and found to be 
3.517, after applying correction for 
4° CC, 


The Darcey Vargas Diamond. 


Dimensions: Measurements taken 
in the position shown by fig. 1 gave 
the following results: Length, 53 
mm.; width, 39.9 mm.; height, 25.6 
mm. 

Weight: The weight of the speci- 
men is 460.00 metric carats. The dia- 
mond “Darcy Vargas’ was discov- 
ered about two kilometres from the 
place where the “Presidente Vargas” 
diamond was found, in the Munici- 
pality of Coromandel, State of 
Minas-Geraes. 
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Carbonado (Black Diamond) 


Study made by Dr. Armando Woh- 
lers, assistant professor of the Rio 
de Janeiro Faculty of Science and 
Philosophy, and Esmeraldino Reis, 
assistant technician of the Mint Gem 
Appraising and Classifying Bureau, 


268-Carat Carbonado 
from Brazil. 


who also acted as expert technical 
appraiser. 

The specimen to be estimated offers 
a rugose surface, where brillianey 
is less intense than on other surfaces; 
we could classify it as submetallic 
luster. One of the surfaces appears 
plane, without rugosities, but with 
small orifices outlined by edges, not 
sharp, but rounded. The other sur- 
faces are irregularly scabrous with 
some portions salient and others defi- 


nite. Yet, in this portion, the lustre 
appears metallic, notwithstanding 
that the surface is not polished. This 
projection stands on the portion 
above referred to, which gives us the 
impression of a fractured part. 
Therefore, it is to be supposed that 
the size of the specimen must have 
been much larger than it now is, and 
there is a possibility of later coming 
across the portion that was, as we 
surmise, severed by the fracture. 


Dimensions: The dimensions are 
as follows: L., 41.5 mm.; W., 21 mm.; 
H., 39 mm., in the position shown by 
fig. 3. 


Specific Gravity: Determined at 
the temperature of 23° C., was found 
to be 3.48, after applying correction 
for 4° C, 


Weight: The Carbonado under 
consideration weighs 53.506 grams 
(267,53 metric carats). 


Origin: The specimen in question 
was found in the Pontesinha diamond 
bed, District of Western Rosario, at 
a distance of twenty-six leagues from 
Cuiaba, State of Mato-Grosso. 

1Astract of the paper published in the 


Mining and Metallurgy Magazine, Vol. No. 
8, Issue No. 21, Sept. and Oct., 1939. 
2 Abstract of the paper published in the 


Mineralogy Bulletin of the Science Faculty 
in S. Paulo University, No. 3, 1939. 
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Recent Developments in the 
Diamond Industry* 


by 


SYDNEY H. BALL, Ph.D. 
A paper read at the Newark Conclave, 1940 


I am a little embarrassed, as a 
mere. mining engineer, to address an 
assembly so learned in the science 
of gems. But the reply to a question, 
in a recent examination of one of 
the local groups, reassures me a bit: 
Question 10, “What is the largest 
diamond?” Blithely and rapidly came 
the reply: “The ace.” 

Let me, next, seriously pay a short 
tribute to the Gemological Institute 
of America and its affiliate, the 
American Gem Society. Due to the 
personality, the energy and the abil- 
ity of Mr. Shipley and his associ- 
ates, the Institute is, in my opinion, 
one of the most successful instru- 
ments of specialized education in 
this country. 

The diamond industry, at present, 
is in fair shape, much better than 
one would expect of. an industry 
which, through excessive taxation 
and war, has lost practically all of 
its markets except those of the 
United States, India and Latin 
America. The widespread use of 
small diamonds in pavé jewelry and 
the tremendous increase of the use 
of diamonds in industry may well 
sustain the industry at its present 
level, and if we had a series of good 
business years in this country, with 
the founding of a new brood of for- 
tunes—and the war may bring this 
about—this level might well be 
raised. A further encouraging fea- 
ture is the reversal of the industry 
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in its attitude toward the public. 
Instead of a haughty “We have dia- 
monds and, if properly approached, 
we will consent to sell them to you,” 
its present attitude is “The diamond 
is the most desirable of luxuries, 
and the most valuable of heirlooms. 
We should be most pleased to supply 
your needs or to be of any service 
possible in this connection.” The gor- 
geous gem exhibits at the New York 
World’s Fair and the advertising 
campaign of DeBeers are indicative 
of the change of viewpoint. May the 
old, self-complacent, supine attitude 
of the industry, which has cost it 
one-half of that part of the luxury 
dollar it had 25 years ago, never 
return. 

The producers did not foresee the 
European war and, in consequence, 
output in 1989 was almost as great 
as that in 1938, some 11,200,000 
carats, as opposed to 11,703,000, or 
a decrease of some 4%. Expressed in 
tons, worth at the mine in the rough, 
say, $19,000,000 (gold is worth a 
little over $1,000,000 a ton), the 
1988 production was 2% and that of 
1939, 2% tons. Don’t. forget that 
this is the work of some 100,000 
miners, each of whom produced in 
the year about 112 carats of dia- 
monds of all grades, equivalent to 
about 15 carats of cut of all grades 
and sizes, but of this only 1.5 carats 
would be good cut of one carat or 
more, 
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As to the value of the 1939 pro- 
duction, it was worth at the mine 
perhaps $39,000,000, or 6% less than 
that of 1988, due to smaller produc- 
tion in the alluvial mines of South 
Africa, Southwest Africa and Sierra 
Leone, all producers of fine stones. 
Of the other producers, Brazil, the 
South African pipe mines and the 
new fields of the French African col- 
onies increased their production, 
while the Gold Coast markedly cut 
production: As is usual, the Belgian 
Congo, by weight, accounted for 
some 65% of the output, although in 
value a much less percentage (16%). 

The Diamond Corporation, which 
buys 95% of the world’s production 
and sells it to brokers and cutters 
through its subsidiary, the Diamond 
Trading Company, inaugurated a 
new sales policy. Sights are now held 
at fortnightly intervals and are no 
longer open only to a small group 
of big brokers, but to the little man 
as well. Its sales were about £5,900,- 
000, or 60% better than in 19388. 
Notwithstanding this improvement, 
stocks in the hands of the corpora- 
tion and in those of the producers 
increased. 

As you know, imports into the 
United States in 1939 were large, 
over $35,000,000, or almost as large 
as those of 1937. The imports are, 
however, misleading, since, as you 
know, retail sales were only about 
10% above those of 1938; some of 
the stones were sent over here for 
safekeeping, and certain of our 
wholesalers built up their stocks. 


In short, stocks of the Corporation, 
producers and wholesalers are 
ample; stocks of some retailers, who 
got panicky when war was declared, 
may also be large. Stocks of cut 
and rough in the hands of Belgian 
and Dutch cutters are, on the other 
hand, small, as are stocks of cut in 
the hands of most retailers through- 
out the world. Stocks in Italy, Hun- 
gary and some of the Balkan states 
are non-existent. 

Prices of rough were firm with an 
upward trend until September 3. 
When war was declared, the Cor- 


poration stated that all future quo-. 


tations would be in pounds sterling at 
$4.68 per pound. At the first sight 
after the war, prices were up some- 
what, and in addition some 10% was 
tacked on for additional war taxes 
and increased insurance. By the 
year-end, small rough in cutting 
centers was up from 25% to 40%. 

Prices of cut were firm till war was 
declared. At that time, due in part 
to higher prices for rough, in part 
to speculation, and in part to fear 
of further supplies being cut off, 
prices rose in Europe from 25% to 
30% and in America from 15% to 
25%. Further increases are likely, 
particularly in small sizes and in 
brilliants of from one to five carats 
weight. The first, many of which 
were formerly cut in Germany, be- 
cause of increased cutters’ wages, 
and the second due to an actual 
scarcity of large, fine rough and a 
certain demand for investment pur- 
poses. 
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QUARTZ (Continued) 


Tiger-eye is a name applied to a quartz which is pseudomorphous after 
asbestos. The mineral usually retains faithfully the structure of the asbestos, 
but the color is usually brown or yellowish due to iron. In the variety 
replacing crocidolite we find bands of bluish or greenish color. Since this 
variety retains a part of the color of the mineral it is often sold in jewelry 
as crocidolite. True crocidolite is much too soft and fragile to cut into a 
gem. Both of the above varieties of quartz show a silky chatoyancy when 
cut en cabochon and are much used in cheaper jewelry and for ornamental 
objects such as paperweights. The principal locality for this mineral is 
Griqualand, West Africa. : 

Cat’s-eye quartz is chatoyant and of greyish, brownish or greenish 
eolor. The chatoyancy is due to inclusions of parallel fibers of asbestos. 
The mineral resembles, occasionally, the true cat’s-eye or chrysoberyl. The 
principal localities are Ceylon, Bavaria and Brazil. 

Cryptocrystalline varieties: Agate is perhaps one of the most popular 
of the cryptocrystalline quartzes. There are many different types of agate, 
all of which are merely a chalcedony with bands or patchy color or with 
dendritic inclusions of manganese dioxide. Banded agates have parailel 
wavy bands of color of uniform or varying widths. Eye agates have con- 
centric rings of color, or with the color occurring in rings of various geo- 
metrical shapes. Clouded agates are just what the name implies, clouded 
with various foreign matter. Moss agates are those which show a mass of 
dendritic inclusions of various matter which resembles moss or trees. 
Agatized wood is agate pseudomorphous after wood and may be colored 
beautifully or may be cloudy agate. Agate also occurs pseudomorphous 
after shells, bones and other such material. Agate is very widely dis- 
tributed and hardly a state in the Union is without its own deposit of 
agate of one kind or another. A few principal commercial deposits are 
found in Oregon, Montana, Arizona, California, Brazil, Ceylon and Germany. 

Chalcedony is a transparent or translucent form of quartz usually 
light in color. It occurs in colorless, whitish, greyish, yellowish, brownish 
and bluish to a distinct blue. Principal localities are Brazil, Uruguay, 
California, and Montana. 

Carnelian and Sard are yellowish to reddish chaleedonies. The color 
is due to ferric oxide, and although some samples are semi-transparent, 
yet there is no sign of dichroism. They are very widely distributed. 

Chrysoprase is a variety of chalcedony with an apple-green color due 
to the presence of nickel. It was much prized about the eighteenth century 
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and to it was ascribed many talismanic virtues. It lost a part of its favor 
but is again coming back into good demand. The deposits of fine chrysoprase 
are not plentiful nor extensive. The yield of the mines being much of it 
poor color. or quality. The principal localities for fine material are Germany 
and California. However, most of the chrysoprase coming from Germany 
at the present time is nothing more than dyed chalcedony. The off-color 
chrysoprase is often offered under the name of “prase.” However, much 
of this material again is nothing but a dyed chalcedony artificially made up. 

Heliotrope, or bloodstone, isa dark green chalcedony with spots of red 
jasper scattered through it. It was highly valued in early times, and more 
especially as a stone for engraving. It was held to be a sacred stone by 
the early church. A legend tells us that the blood of the Saviour as He 
hung on the cross fell upon green chalcedony, staining it red in spots. 
Hence the stone was regarded as sacred in the past. Bloodstone is usually 
cut en cabochon and fine gems of it are strikingly beautiful. Important 
localities are India, Siberia and California. 

Plasma is a variety of chalcedony with a greenish color and is irregu- 
larly streaked and spotted with white or yellowish. 

Onyx is very much the same as agate, except that the bands of color 
are even and flat. The color is usually black and white and the stone .is 
used principally for engraving of cameos. 

Sardonyx is an onyx in which the colors are reddish and white or black. 

Jasper is an opaque, yellow, red, brown, green, grey, black, blue or 
other colored cryptocrystalline quartz. The gravity of jasper is usually 
different than that of quartz, as it is very impure. Jaspers are variously 
named according to their marking, much the same as agates are so named. 

Flint is another variety of opaque to translucent quartz. It is found 
in many colors, including brown, gray, bluish gray, and black. It usually 
occurs in nodules with a whitish crust or coating in alluvial soils and in 
limestones. It found its principal use in making instruments and tools of 
the ancients. It is little used today either as an ornamental stone or as a 
gem stone except as it is found in arrowheads, etc., which are used for 
adornment. 

Hornstone and chert are impure varieties of quartz and are little used 
as an ornamental stone. 

Touchstone or basanite is a velvet-black variety of quartz used as a 
touchstone in testing precious metals. 


(To be continued) 
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Differentiation Between Russian 
and Colombian Emeralds* 


EDWARD GUBELIN, Ph.D., C.G. 
Lucerne, Switzerland 


The difference between Burma and 
Siam rubies having been dealt with 
in a preceding paper, it may be in- 
teresting to discuss the means of 
accurate discrimination between 
emeralds from the Ural Mountains 
and emeralds from Colombia. It is 
well known that a distinct difference 
of color exists between both occur- 
rences, but it is not seldom, especi- 
ally so in small sizes, that Ural 
emeralds display the velvety green 
of a Colombian emerald and, vice 
versa, Colombian emeralds the more 
yellowish tints of the Russian occur- 
rences. Thus, it is difficult for the 
unaided eye to recognize the proveni- 
ence of a given emerald and for the 
beginner in the trade, whose eyes 
are not experienced, it has hitherto 
meant an absolute impossibility. 

The difference of color absorption 
as seen through various filters is one 


of the characteristics to discriminate 
the two occurrences. As shown in 
Table No. 1. 

Yet, the use of filters demands a 
long training and a sensitive eye, for 
the slightest differences in tone and 
hue, and even then if no material 
for comparing is available, a precise 
determination is almost impossible. 

Though the origin may be detected 
by various methods of examination 
and with various instruments, none 
of them is sufficiently accurate or 
objective to be used as proof of one’s 
assertion. So, I wondered whether 
the microscope could not be of valu- 
able help as it proved to be for the 


‘determination of rubies from Siam 


and Burma. 

Since all emeralds contain long 
and large cracks in greater or 
smaller quantities, and since they 
seem to resemble each other much 


TABLE I 


Number Color 
of 
Filter 
dirty 
yellow 


Emerald from 
Colombia 


Same as filter with 
slightly reddish hues 


Emerald from 
Russia 


| Same as filter, with 
pronounced reddish to 
red hues. 


purple green 


Dark purple. 
stones 
more reddish hues. 


Dark | Same.as filter. Thicker 
display | stones bluish. 


bluish 
red 


pale 
blue 


white 


*G.I.A. Research Service 


Same color as_ stone, 
dark stones more red. 


Same color as stone. 


| Same color as stone. 


Same as filter. 


Same as filter. 


| Same color as stone. 
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more than those in rubies do, it was 
no easy task to recognize the mat- 
ter of difference which should be 
looked for. It was just that seeming 
resemblance which stimulated me 
to search the difference within the 
cracks and misty inclusions. Analyz- 
ing a great number of emeralds 
which the sources were known of 
(some were entrusted to me by the 
Colombian Consulate in Paris), I 
discovered a better, more accurate 
and absolutely incontestable way to 
discriminate objectively between 
Russian and Colombian emeralds. 


It is not the great mass of very 
visible inclusions or cracks, but 
rather the most subtle and most 
minute kind of liquid inclusions 
which hide the secret. 


Thus, it showed that the Colom- 
bian emeralds contain scattered and 
irregular groups of almost invisible 
liquid inclusions which are remark- 
able for their tail-like forms. See 
Figure 1. The refractive index seems 
to be lower than the one of the 
host-substance, but, however, close 
to it, for the line of demarcation is 
very delicate—nearly invisible. It 
was impossible for me to exactly 
determine the composition of these 
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Inclusions in Colombian Emerald. 


liquids, however, after their be- 
haviour, when artificially heated, and 
considering the facts of genesis it 
may be concluded that they consist 
of water. (As mentioned in “The 
Gemmologist,” January, 1940, page 
69.) These formations do not seem 
to obey any certain crystallographic 
direction of the mother-mineral, but 
they, rather, seem to be distributed 
in an irregular manner throughout 
the whole stone. Though combined to 
groups, the single inclusions are al- 
ways separated from each other and 
they never connect. 

As revealed by Figures 1, 2, 3, 
and 4, the most interesting and most 
important feature is the presence of 
one very small cubic crystal of other 
mineral in almost every single liquid 
inclusion. Generally, but not always, 
the cubic crystal touches on either 


Figure 2. 
Inclusions in Colombian Emerald. 


side a round gas bubble with a dark 
border. This gas bubble probably 
contains gaseous carbon dioxide. So 
the same cavity contains the three 
phases of matter at once. 

The straight lines of demarcation 
between the cubic crystal and the 
fluid are most thin and no distinct 
differentiation of refractive index is 
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seen when raising or lowering the 
tube of the microscope. 

These inclusions and the presence 
of the three phases of matter are 
typical in Colombian emeralds, but 
the most important and most char- 
acteristic part of the whole is the 


Figure 3 


Inclusions in Colombian Emerald. 


cubic crystal shape of the included 
foreign minerals. I lack knowledge 
as to the nature of these cubic crys- 
tals—maybe they are of the same 
substance as the gas bubbles, but 
more likely they are something else, 
which still has to be explored by 
future researches. 

Though the three phases of matter 
are also found within the Russian 
emeralds, distribution, kind and 
shape of their inclusions are differ- 
ent, and while the typical liquid 
inclusions within Colombian emer- 
alds are rarely bound to cracks and 
moss-like impurities this property 
can not be applied to the charac- 
teristic inclusions of Russian emer- 
alds. (Their distribution is undeter- 
mined and the shapes 
irregular.) See Figures 5 and 6. 
The tail-like formations are absent. 


are most 


The cavities of Russian emeralds 


Figure 4 


Inclusions in Colombian Emerald. 


seem to be filled with the same fluid 
of very low refractive index, and it 
is noticeable that generally the three 
phases of matter are also present 
here, i.e., the cavities contain liquid 
substance, one bubble or two of CO2 
gas and a solid, erystallized sub- 
stance of unknown chemical compo- 
sition. But here is the basis of differ- 
enciation: The crystal-form of the 
foreign mineral enclosed in Uralian 
emeralds displays the distinct figure 
of a lozenge. The cubic crystals 
which are so frequent in Colombian 
emeralds are never found in Russian 
emeralds. Maybe the included crystal 
does not, under ali circumstances, 
show the shape of a very geometri- 
eally pronounced rhomb lozenge, but 
it.is always easy to distinguish it 
from the clearly rectangular outline 
of the included crystals in Colombian 
emeralds. 


So we are able to discriminate be- 
tween Colombian and Russian emer- 
alds. Just keep in mind the initials 
of provenience: 

Colombian emeralds 

cubic crystals; 


comprise 


Russian emeralds comprise rhom- 
bie (lozenge-shaped) crystals. 
And, in order to have a proof on 


92 GEMS & GEMOLOGY 


hand, take a photomicrograph— it is 
easy and pleases the customer. 

A further and practical advantage 
is: you may detect these peculiarities 


Figure 5 


Inclusions in Uralian Emerald. 


under your diamondscope, which is 
less time-consuming and easier in 
use than a microscope. 

You may object that it makes no 
difference where emeralds come from 
as long as they display the finest of 
vivid green color. This may be true 
concerning the financial value of a 
given stone. It certainly will give a 


customer more satisfaction and more 
pleasure if he learns that his emerald 
originates from the famous mines of 
Colombia. On the other hand, if it 
is found out that a beautiful emerald 
of vivid proper green color originally 
came from the Ural Mountains it 
certainly will not diminish the value 
and inner worth of this stone, but 


‘ ¥ 
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Figure 6 


Inclusions in Uralian Emerald. 


its owner may rather appreciate it 
more highly for the rarity of its 
color beauty so seldom found in the 
Ural Mountains. 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(With phonetic pronunciation system.) 


Terms in quotation marks are considered incorrect. 


Stellate (stel’ate). Radiating so as to 
produce star-like forms. 

Step Cut. A basic style of cutting, in 
which all facets are four-sided and 
parallel to the girdle. The emerald- 
cut and the square-cut are two 
types of step cutting. 

Stilbite (stil’bite). A mineral which 
often forms cross-shaped twin 
crystals, occasionally used as orna- 
ments. 

Strass (stras). A type of lead glass 
often used for imitations. Typical 
properties: refractive index 1.63, 
specific gravity 8.6, hardness 5. 

Strata (strae’ta). Layers or beds of 
some ancient sea, lake or stream. 

Strawberry-Pearls. Large, pink, iri- 
descent and lustrous baroques, 
fairly regular in shape, with the 
appearance of being thickly sanded 
under the nacre, 

Streak. Color of fine powder of a 
mineral; used in identification. 
Stria (strye’a). A line, especially one 

of a series of parallel lines. 

Striae (strye’ee). Plural of stria. 

Striations (strye-ae’shuns). Lines 
usually parallel, on the faces of 
crystals. 

Sub-adamantine. Imperfect adaman- 

“tine luster. 

Sublimate (sub’li-mate). <A solid 
formed by the direct solidification 
of a vapor. 

Submetallic Luster. Like metallic, 
but somewhat dulied. 

Substitute. A general term used to 
describe the use of any material 


in place of another. As the use of 
imitations, assembled stones, re- 
productions, and even other genu- 
ine stones resembling a different 
material the place of which they 
are intended to fill. 


Sub-translucent. Same as_ semi- 
translucent. 
Sub-transparent. Same as semi- 
transparent. 


Sub-vitreous,. An imperfect vitreous 
luster. ; 

Succinite (suk’si-nite). A fossil resin, 
furnishing the majority of the 
amber of the trade. See also Bur- 
mite, Gedanite, Rumanite, Sime- 
tite. 

“Succinite.” A yellowish brown va- 
riety of grossularite. 

Sulphur (sulfur). A chemical ele- 
ment, forming a part of the com- 
position of several gem-species. 
Pure sulphur is a yellow, crystal- 
line substance. 

“Sulphur Diamond.” Pyrite. 

Sulphur Stone. Pyrite. 

Sunstone (sun’stone). A translucent 
white to gray variety of oligoclase 
(feldspar) containing numerous 
inclusions of reddish hematite. 

Sweet-water Pearls. Pearls from 
fresh water. 

“Swiss Lapis’ (swis). Chalcedony or 
jasper artificially dyed blue. Genu- 
ine lapis is also dyed to improve 
its color. 

Synthetic Emerald. A _ synthetic 
green beryl produced by the I. G. 
Farbenindustrie of Germany. A 
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few only have been released, under 
the trade-name Igmerald. 

“Synthetic Emerald.” Term some- 
times used for so-called “Emerald 
Triplet”; also less often for glass 
imitation. See also “Smaragdolin.” 

Synthetic Stones. Reproductions of 
stones which have the same chemi- 
cal composition, hardness, specific 
gravity, refractive power, dichro- 
ism, etc., as have the genuine gems 
which they reproduce. 

“Synthetic Turquoise.” A material 
once believed a true reproduction 
of turquoise. Now thought to be 
simply an amorphous imitation. 


Syntholite (sin’'thoe-lite). Trade- 
marked name for a _ synthetic 
“alexandrite” sapphire, green 


changing to purplish. 

Syrian Garnet (sir’i-an). Almandine 
garnet. 

Tabasher, Tabasheer, or Tabashir 
(tab”a-sheer’ or tub” a-sheer’). Va- 
riety of common opal. Amorphous 
and opal-like silica deposited in 
the joints of bamboo and used in 
the native jewelry in the Orient. 
It becomes transparent in water. 

Table Cut. An octahedron with table 
and culet facets. Other natural 
sides only polished. 

Table-Stone. Diamond or other gem 
eut in the table-cut style (see 
above). Perhaps the first form in 
which diamonds were fashioned. 

Tabular. In broad, flat crystals or 
masses. 

Tailings. The part of the washed 
gem ground which is thrown be- 
hind: the tail of the washing appa- 
ratus to be again washed or to be 
thrown out. 

Taille en seize (Fr.). Faceting in 
sixteen facets, plus table and culet. 
See Single Cut. 

Tale. Steatite. 


Talisman (tal‘is-man). A charm 


which produces 
effects. 

Tallow Top. A cabochon stone with 
a low, convex surface. 

Tantalum .(tan’ta-lum). A metallic 
chemical element. 

Tarnish. In minerals, a thin film 
formed on the surface when ex- 
posed to air and different in color 
from that of the fresh fracture. 
On silver, a film of silver sulphide. 

Tauridan Topaz (to-rud’i-an). Very 
pale-blue topaz. 

“Tecla Emerald.” A false triplet. 

“Tecla Pearls.” Trade-marked name 
for both solid and wax imitation 
beads. 

Templet (tem’plet). Same as bezel 
facet. 

Tenacity (tee’nas‘i-ti). The degree 
or character of cohesion. j 
Termination. The faces on the end 

of a crystal. 

Test Stone. Basanite. Used for test- 
ing streak of precious metals. 

Tetragonal (tet-rag’oe-nal). A sys- 
tem in crystallography which has 
three axes, two of equal length 
perpendicular to one another, the 
third of a different length, perpen- 
dicular to the plane of the other 
two. 

Tetrahedral (tet”ra-hee’dral). Per- 
taining to the tetrahedron, a four- 
sided form of the cubic system. 

Texas Agate (tek-sas). Agate jasper 
from Texas, 

Thallium. A rare metallic chemical 
element, somewhat similar to lead 
in certain properties. 

Thallium Glass. Thallium is substi- 
tuted for potash in some finer 


extraordinary 


glasses to increase dispersive 
power. 
Thallum Malonate (thal’i-um). 


Clericis’ solution, of great value 
in determining the specific gravity 
of very small gems or fragments. 


C 


The heaviest concentration of thal- 
lium malonate as a liquid has a 
specifie gravity of approximately 
4,10, which may be reduced to any 
desired value by addition of water. 

Thetis Hairstone (thee’tis). Sage- 
nite. 

Thomsonite (tom’son-ite). A mineral 
sometimes used as a gem. Trans- 
lucent to opaque, red, yellow, 
green, white, with circular spots 
of varying color. Orthorhombic. 
Refractive index 1.51-1.54, specific 
gravity 2.3, hardness 5-514. 

Thulite (thue’lite). A light red to 
purplish red variety of zoisite. 

Tibet Stone (ti-bet’ or tib’et). (Also 
Thibet.) A variety of quartz con- 
taining small jagged porphyritic 
inclusions of minerals. 

Tiffanyite (tif’a-ni-ite). A term sug- 
gested by Kunz for the tiny inclu- 
sions which he held responsible for 
phosphorescence and perhaps for 
fluorescence. 

Tigerite (tye’ger-ite). Same as Tiger- 
eye. 

Tiger-Eye. A variety of quartz with 
many silky inclusions. Indistinctly 
chatoyant. 

“Tin Cut.” A peculiarly distorted 
trade term meaning any glass imi- 
tation of Rock Crystal. Beads of 
glass when polished on tip-laps are 
known as tin polished or often, in- 
correctly, as “Tin Cut,” although 
they are not cut by tin. 

Tincture (tink-ture). Same as Foil- 
ing. See Foiling. 

Tin Stone, Cassiterite. 

Tint. An attribute of a color, speci- 
fically (1) a tendency toward or 
slight admixture of a different hue; 
(2) a light tone of any hue made 
by diluting it with white; (3) any 
variety of color; hue itself, especi- 
ally when of light tone. 

Titanite (tye’tan-ite). Sphene. 
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Toluene (tol’ue-ene). A hydrocarbon 
of the aromatic series, homolgous 
with benzine, and obtained as light 
mobile liquid by distilling balsam, 
eoal, tar, ete. 

Toluol (tol’ue-ol). Toluene. 


Tone. An attribute of color, deter- 
mining position in a scale from 
light to dark. Tone is lightened by 
adding white pigment, darkened by 
adding black. 


Topaz (toe’paz). A gem stone in the 
orthorhombic system. A  fluosili- 
cate of aluminum. Occurs colorless 
and in all hues, but usually in 
light tones. It is sometimes, espe- 
cially in the yellow and brown va- 
rieties, distinguished from topaz 
quartz by the term Precious Topaz. 
Refractive index 1.62-1.63, specific 
gravity 3.58, hardness 8. 

“Topaz Cat’s-Eye.’’ Chatoyant yel- 
low corundum. 

Topazolite (toe-paz’o-lite). A yellow 
to yellow-brown variety of andra- 
dite (garnet). 

Topaz Quartz. Citrine, yellow trans- 
parent quartz. 

Topaz Saffronite. See Saffronite. 

Top Cape. A color grade of diamond, 
not so yellow as Cape, but inferior 
to crystal. 

Top Crystal. A color grade of dia- 
mond just below Wesselton in col- 
or. A slight amount of yellow may 
be detected by the experienced eye. 

Top Wesselton. A color grade of 
diamond, the finest of the Wessel- 
ton quality, but inferior to River 
or Jager. 

Touchstone (tuch’stone”). See Test 
Stone, Basanite. 

Tough (tuf). Not easily broken, bent, 
or cut. 

Toughness (tuf’nes). The resistance 
which a gem offers to breakage, 
or to other change of form. 
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Tourmaline (toor’ma-line or tur’ma- 
line). A gem species which occurs 
in every color of the spectrum. 
Hexagonal system. Transparent to 
translucent and opaque. Refractive 
index 1.63-1.65, specific gravity 
3.1, hardness 7-714. A cat’s-eye 
variety also oceurs. 

Trainite (trane’ite). Impure banded 
variscite. 

Translucency (trans-lue’sen-si). State 
of being translucent. 

Translucent (trans-lue’sent). Pass- 
ing light imperfectly. A translu- 
cent material transmits light, but 
objects cannot be resolved through 
it. 

Transparency (trans-par’en-si). 
State of being transparent. 

Transparent (trans-par’ent). Pass- 
ing light perfectly. A transparent 
material transmits light, and ob- 
jects can be seen clearly even 
through a considerable thickness. 

“Transvaal Jade” (trans-val’).Green 
grossularite (garnet). 

Trap Cut. Same as Step Cut. 

Trapeze (tra-peze’). A type of step 
cut in which the girdle outline and 
the table have the shape of the 
trapezoid or truncated triangle. 

Trap Rock. A dark, basic heavy igne- 
ous rock, fine-grained or dense in 
texture. 

Travertine (trav’er-tin). A water- 
deposited calcite, often colored. 
Sometimes used as an ornamental 
material. 

Treated Stones. Stones treated by 
heat, chemical action or dyes to 
change their color or to remove 
blemishes. 

Treating. Changing color by heating, 
dyeing, or coating. 

Tree Agate. Mocha Stone. 

Tree Stone. Mocha Stone. 

Trematode (trem’a-tode or tree’ma- 


tode). A flat worm which is para- 
sitic either externally or internally. 
One species causes pearl formation 
in the edible marine mussel. See 
also Mussel Pearls. 

“Trenton Diamond” (tren’tun). 
Quartz crystal from Herkimer 
County, New York. 


- Triangle (trye’an’g’l). A style of 


cutting. 

Triboluminescence (trib”oe-lue-mi- 
nes’-ens). Luminescence produced 
by rubbing. 

Trichroism (trye’kroe-ism). Quality 
of exhibiting three different colors 
by transmitted light when observed 
along the three crystallographic 
axes. See also Dichroism, Pleochro- 
ism. 

Triclinic (trye-klin’ik). A system in 
crystallography based on three 
axes, no two of which are of equal 
length and no two of which are 
perpendicular to one another. 

Trilling (tril’ing). A symmetrical 
attachment or intergrowth of three 
crystals. 

Trimorphism (trye-mor’fism). 
polymorphism. 

Triphane (trye’fane). Spodumene. 

Triplet. An assembled stone of two 
main parts bound together by a 
layer of thin material, which is 
usually of deeper color. 

Tripletine (trip’le-tin). 
“Emerald Triplet.” 

Tripoli (trip’oe-li). See Rottenstone. 

Tripolite (trip’oe-lite). A form of 
silica made up of the shells of 
diatoms. Used as a polishing or 
scouring agent. 

True Pearls. Pearls whose surface is 
formed from nacre, as _distin- 
guished from similar formations 
which are not nacreous. 

Turkis (tur’kis). Turquoise. (Obso- 
lete or rare.) 


See 


Same as 


(To be continued) 
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Belgian Diamond Exhibit 
at World’s Fair 


by 
HENRY I. JACOBSON 
Gemological Student, New York, N.Y. 


The firm of Louis Verbeeck & Sons cut diamonds at the Belgian Pavilion 
of the New York World’s Fair since the opening of that building in the 
spring of 1939. The exhibition was most ingeniously arranged and hun- 
dreds of thousands of visitors walked by the display. They were intensely 
interested in seeing all the branches of the diamond cutting industry as 
shown by Mr. Verbeeck, his sons and their workmen. The work was all done 
behind plate-glass windows, and from the outside a visitor could, in a few 
minutes, get a good general idea of the many processes involved in the 
cutting of diamonds. 


The exhibition was a miniature diamond factory carried out to the 
last detail. There were ten diamond saws, a cutting lathe, and four polish- 
ing benches. The equipment was all brand new and modern to every degree. 
The saws were all in use, with the phosphor bronze diamond-coated blades 
cutting through rough diamonds. One stone in particular was on the blade 
for several months, as the grain was so twisted it could not be sawed in 
the ordinary manner. The other machines were finishing on the average 
of a stone per day. 


During the time that this exhibition was open, thousands of carats of 
goods, with a value of over-a half million dollars, were cut by Mr. Verbeeck 
and his associates. Mr. Louis Verbeeck is a man of fifty-seven, whose looks 
belie his age. He has been in the business for over forty years and is con- 
sidered one of the most expert workmen in the trade. His sons have been 
brought up in the industry in the very best tradition. They are both expert 
diamond polishers and work quickly and accurately. At the Fair, Mr. Ver- 
beeck operated the sawing machines and also did the cutting of the stones. 
All sizes and shapes were cut and polished. The largest stone finished at 
the Fair was twenty-four carats finished weight, and the smallest was a 
quarter of a carat. Besides the usual round stones, they made many emerald 
cuts and marquises. 

The exhibit was one of the most interesting features of the Fair and 
did untold good in publicizing the diamond cutting industry and acquainting 
the public with the high degree of technical skill required. 


C) 


FALL, 1940 


99 


The Fabulous Treasures 


of the House of Jewels 


by 


JUNE HAMILTON RHODES 
New York, N. Y. 


The jewels on display in the House 
of Jewels at the New York World’s 
Fair proved second in appeal only to 
the $9,000,000 General Motors build- 
ing. 

This is very interesting to the 
jewelry industry as a whole and has 
great significance. Fourteen million 


eenter of the display was a revolving 
spiral circled by a band of 1,259 cut 
and polished diamonds. 

The spiral rose from a crucible 
which rested on a Kimberlite (“blue 
ground’) base; out of the crucible 
the stones emerged and _ revolved 
around the spiral.to a platinum and 


One of the Side Panels of the De Beers Display at the House of Jewels. 


dollars’ worth of jewels, silver, and. 
unmounted diamonds in the building 
made a very enchanting exhibit. 


This was due, first of all, to the 
architecture and display areas of 
the building. The De Beers Consoli- 
dated Mines’ exhibit, was shown in a 
small theater in which one hundred 
people could stand at six different 
levels, and both see and hear a lec- 
ture synchronized with music. The 


Aceompanying Mrs. Rhodes’ article are list- 
ings of many of the jewelry pieces, with 
prices for the majority. This material is be- 
ing kept on file at G.I.A. headquarters and is 
available for reference, but lack of space 
prevents publishing it in Gems & Gemology. 


plastic globe which showed in dia- 
mond studded plaques the diamond- 
producing fields of the world. 

On the inner sides of the bays were 
displayed cut stones, including two 
diamond necklaces. One of these was 
of fine blue-white emerald-cut stones 
suspending a beautiful blue-white 
drop weighing twelve carats. The 
other necklace contained 438 dia- 
monds weighing 290 carats. 

Below each necklace were three 
solitaire diamonds: A _ blue-white 
emerald-cut stone weighing 23 
carats; a fancy rose-pink weighing 
18% carats; a sapphire blue weigh- 
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ing 14 carats; an amber-colored dia- 
mond; a fine white brilliant weigh- 
ing 10 carats, and a sapphire-blue 
stone. The total value of the jewelry 
was $600,000. 


The rough diamonds in each case 
were displayed as follows: 

1. Three diamonds in matrix as 
actually found in De Beers Mines. 

2. A large parcel of mixed dia- 
monds weighing 9,576 carats. 

3. Three parcels of industrial dia- 
monds weighing 11,422% carats. 


Cartier’s Exhibit 


4, An assortment showing irregu- 
lar stones-and cleavages, varying in 
size, color, and quality, weighing 
4,734 carats. 

5. Finally, the well-shaped and 
good-quality diamonds sorted so as 
to show color, size, and quality. This 
parcel weighed 5,318 carats. 

The total value of the De Beers 
exhibit, as stated in the narration 
which accompanied, was $4,000,000. 

Also on display were glass models 
of: , 

The Cullinan diamond, which 
weighed 3,106 metric carats, found 
at the Premier Mine, Pretoria, South 
Africa. This was the largest diamond 
ever discovered, and was a blue- 
white of perfect quality..This dia- 
mond was cut and now forms part 


of the crown jewels of Great Britain. 

The Jonker diamond, which 
weighed 726 carats, was found at the 
alluvial diggings at Bynespoort, 
Transvaal, South Africa. 

On the right wall of the building, 
as one entered, were long floor-to- 
ceiling windows, flooding the build- 
ing with clear, natural sunlight. In 
the center were three silver cases. 
These cases were filled with the 
finest silver from the display rooms 
of Tiffany and Cartier, and from 
Black, Starr, and Frost-Gorham. The 
silver ranged from cocktail services, 
water pitchers, table decorations, 
candelabra, to elegant dining table 
sets, cigar and cigarette cases, ele- 
gant tea services, fruit baskets, ete. 
Some very modern design was shown 
together with classic, neoclassic and 
antique. 

As visitors left the little theater 
which they first visited, they passed 
down the aisles of vignettes or cases 
which were set into the wall. 


Cartier, Inc., was the first exhibit. 
It was an elaborate and costly dis- 
play. Centered was a magnificent 
emerald necklace. On one side was a 
diamond necklace with ruby en- 
crusted pendants, on the other, a 
priceless three-strand pearl] necklace. 
Pendant enamel earrings, beautiful 
wide diamond bracelets, ruby and 
emerald bracelets, handsome rings 
and lapel decorations presented a 
noteworthy collection. 


In the next case was the Tiffany 
exhibit. Centered against a panel of 
black velvet was the famous Tiffany 
diamond, the largest canary diamond 
in the world, in an exquisite spray 
and shell design of diamonds, exe- 
cuted in marquise, pear shaped, 
emerald cut, baguettes and round 
diamonds, greatly enhancing the 
brilliancy of the Tiffany diamond, 
which weighs 128.51 carats. 
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At the left, in the case, was a 
pearl necklace. The pearls weighed 
705.72 grams. ; 

On the right was an aquamarine 
and diamond necklace of modern 
design. The aquamarine, which 
weighs 217.57 carats, is set in the 
diamond necklace. The case also con- 


Tiffany’s Display 


tained several distinguished pieces 
of jewelry, treated in the new and 
modern kind of stone setting, em- 
ploying, in the less expensive pieces, 
both red and green gold. 

Black, Starr, and Frost-Gorham 
was the third case. In this case was 
a valuable collection of bracelets, as 
well as two very interesting neck- 
laces. 

In the center of the display was 
an emerald-cut diamond and jade 
necklace, with a soft draping made 
possible by the center jade orna- 
ment. The second necklace was 4 
massive moonstone flower collar of 
fifty-two moonstones, twenty-seven 
baguette diamonds and one hundred 
and thirty-six round diamonds. 

A pearl weighing 289.12 grams, 
said to be the largest, ever known, 
was set in a delicate shell back- 
ground which was paved with two 
hundred and thirty-four baguettes, 
four fancy diamonds, three triangles, 
and three hundred and fifty-two 


round diamonds. The pearl was posed 
at the base of the shell, which was 
in actual size that of a large scallop. 
And the diamonds’ bands radiated to 
the outer edge where the scallops 
were also diamond encrusted. 

The eternal beauty of the Oriental 
pearl was glorified in this particu- 
larly successful arrangement, which 
harmoniously and dramatically com- 
bined the softness of the pearl with 
the brilliancy of the diamond, 

Marcus. Company featured, both 
years, a monthly changing display by 
the talented artist, William Bayard 
Okie. This added great interest to 
the entire exhibit and also presented 
to the visitors less expensive gem 
stones in some of the jewel designs, 
and also presented new ideas. Moon- 
stones were. first, set in flower ar- 
rangements by Marcus. These stones 
were picked up by diamonds, rubies, 
and sapphires as well as topaz. 

Moonlight, starlight, and daylight 
were represented in three circular 
displays. Moonstones are used for 


The Black, Starr & Frost-Gorham 
Window. 


moonlight, star sapphires for star- 
light and scintillating opals for day- 
light. 

Opals are no longer - considered 
“unlucky,” because in the light of 
knowledge superstition has become 
obsolete. The ill luck attributed to 


the opal arose out of the fact that 
it was difficult to cut and frequently 
broke. Hence, the cutters gave it a 
bad name to save their own necks. 
Udall and Ballou, employing the 
clever artist Robert Pichenot, used 
an unusual and beautiful composite. 
A series of low, broad steps worked 
up from the foreground to the back 
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the lure of precious stones is as old 
as life itself. And down through the 
ages have come colorful and fan- 
tastic tales of the part they have 
played in the lives of great and near 
great. Emperors and kings, em- 
presses, queens, and courtesans, the 
church, with its magnificent collec- 
tions, great merchant princes and 


The Marcus (left) and the 


of the case, to a sculptured wail 
and doorway. On the opposite side, 
a huge green, white, and pink flower 
arrangement was used. In the center 
of these realistic flowers were posed 
six very handsome brooches. A very 
fine yellow and blue sapphire neck- 
lace with a yellow and blue sapphire 
bracelet to match were also focal 
points in the display. Many beauti- 
ful jewels, including brooches, clips, 
bracelets, and necklaces were shown 
in a fine arrangement on the steps. 
There is little wonder at the inter- 
est of young and old in the magnifi- 
cent jewel display, the finest ever 
shown in a modern show in the en- 
tire history of jewels. The romance, 
the poetry, the genuine glamour, and 


Udall & Ballou Exhibits. 


men of wealth of all races, colors, 
and religious persuasion, have col- 
lected, enjoyed, hoarded, bought, and 
sold these precious gems. Some of 
the jewels have been, at one time, a 
part of royal collection. Time does not 
dim their beauty nor lessen their 
value. The pearl of great price men- 
tioned in the Bible is still the pearl 
of great price. More precious than 
rubies, it is still a scale to measure 
all that is of supreme value. 

Jewels again have gained great 
importance in a world full of refu- 
gees. Jewels are the only portable 
wealth in the world. The money in- 
vested in jewels is always commut- 
able, and they alone retain their 
value from the beginning. 
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GEMOLOGICAL GLOSSARY 


(Continued from last issue) 


(With phonetic pronunciation system.) 


Terms in quotation marks are considered incorrect. 


Turquoise, or Turquois. Also turcos, 
turkois (tur-koiz’ or tur’kwoiz). A 
gem species. Blue to blue-green. 
Opaque. Triclinic system. Refrac- 
tive index 1.61-1.65, specific gravity 
2.6-2.9, hardness 6. 


Turquoise Matrix. Turquoise con- 
taining an appreciable amount. of 
matrix. 


Turtle Back. Chlorastrolite; also, 
turquoise matrix; also, variscite 
matrix. 


Tuxtlite. A pyroxene from Tuxtla, 
Mexico, with diopside and jadeite 
molecules in about equal amounts; 
previously referred to as diopside 
jadeite. Named from the locality. 
See Mayaite. 


Twentieth Century Cut. A modifica- 
tion of the brilliant cut bearing 
80 or 86 facets. 


Twinned (twind). Composed of twin 
crystals. 


Twinned-Pearls. Pearls enveloped to- 
gether in one or more layers of 
nacre. 

Twins. Crystals composed of two 
crystalline individuals. 

Two-Year Pearls. Cultured pearls 
supposedly left in the molluse for 

~ two years, to receive a considerable 
coating of nacre. 

Ultralite (ul’tra-lite). Trade-marked 
name for a red-violet synthetic 
sapphire. 

Unctuous Feel (unk’tue-us). Very 
smooth and slippery; greasy to the 
touch. 


Uneven Fracture. Fracture produc- 
ing an uneven or irregular sur- 
face. 

Uniaxial (ue’ni-ak’si-al). Substances 
crystallizing in the tetragonal and 
hexagonal systems, having one 
isotropie direction or optie axis. 
See also Biaxial. 

Unio (ue’ni-oe). The river mussel; 
the genus of Unionadae in which 
fresh-water pearls are found. 


“Unripe Diamond.” Rock crystal. 

Uralian Emerald (ure-rae’li-an). 
Emerald from the Ural Mountains 
(Russia). 

Ural Chrysoberyl. Alexandrite. 

Utahlite (ue’ta-lite). Variscite. 

“Utah Turquoise.” Variscite. 

Uvarovite (oo-va’rof-ite). A green 
garnet, not found in specimens 
large enough for gem use. 

Value. An attribute of color. Same 
as Tone. 

“Vallum Diamond.” (val’um). Rock 
crystal. 

Variegated (var’ri-ee-gate”ed). Hav- 
ing different colors. 

Variety (va-rye’ee-ti). A division of 
a mineral species, based on color, 
form, or transparency, as emerald 
and aquamarine are varieties of 
the species beryl. 

Variolite (vae’ri-oe-lite). Dark-green 
orthoclase (feldspar). 

Variscite (var’is-ite). A mineral 
sometimes used as a gem. Opaque, 
light yellowish green to light blue- 
green. Refractive index .1.56-1.59, 
specific gravity 2.5, hardness 4-5. 
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Vegetable Fossil. Amber. 


Verdite. (ver’dite). Trade-name for 
an ornamental stone of a rich 
chrome-green color, found as large 
blocks on the south bank of the 
Kaap River, South Africa. 


Vein (vane). A crack, crevice, or 
fissure filled, or practically filled, 
with mineral matter. 


Venus Hairstone. Sagenite. 


Verd antique (vurd”an-teke’). A 
green serpentine marble. 


Vermeil, or Vermeille (vur’mil). 
Orange-red almandite (garnet). 

Vermilion Opal (ver-mil’yun). Milky 
Opal impregnated with red cinna- 
bar. See also Cinnabar. 


Vermilite (vur’mil-ite). Vermilion 
Opal. 

Vesicle (ves’i-k’1). A small cavity 
in a mineral or rock, in many cases 
produced by the liberation of vapor 
in the molten mass. 

Vesicular (vee-sik’ue-lar). Having 
steam or gas bubble cavities, as in 
certain igneous rocks. 

Vesuvianite (vee-sue’vi-an-ite). A 
gem mineral. Same as Idocrase. 
“Vienna Turquoise” (vee-en’a). An 
opaque enamel-like blue glass. 
Vinegar Spinel. Yellowish red spinel. 
Violan or Violane (vye’oe-lane). A 
massive blue diopside, of occasional 

use as a gem. 

Violet Stone (vye’oe-let). Cordierite. 

Violite (vye’oe-lite). Trade-name for 
a purple synthetic sapphire. 

Virgin Diamonds. A trade-marked 
name: applied by an American im- 
porting firm to the diamonds ad- 
vertised and sold by it. 

“Viscoloid.” A variety of celluloid. 

Vitreous (vit’ree-us). A type of 
luster possessed by the majority 
of gem stones. It is the luster of 
broken glass. See also sub-vitreous, 


“Voleanie Chrysolite”’ 
Vesuvianite. 


Volcanic Glass. Obsidian. 


Wart Pearls. German name for 
baroque pearls. . 


(vol-kan’ik). 


Warty. Having small rounded pro- 
tuberances, like warts. 


Wassie. A large cleavage of diamond 
crystal split for cutting. An octa- 
hedron divided into two such 
pieces. 


Water. A term describing the rela- 
tive limpidity, or transparency, of 
a diamond. It may also refer to 
color and relative perfection. 


Water Agate. Same as Wax Agate. 

“Water Chrysolite.” Moldavite. 

“Water Opal.” Same as Water Stone. 

“Water Sapphire.” Iolite. 

Water Stone. (1) Moonstone variety 
of orthoclase; (2) Hyalite. 

Water-Worn. Crystals of gem min- 
erals worn by action of water roll- 
ing them against gravels in river 
beds. ‘ 

Wave Length. The length of a wave 
(of light, water, sound, etc.) meas- 
ured from a given point on one 
wave to the same point on the 
following or preceding wave. 

Wax Agate. Yellow agate, with a 
pronounced waxy luster. 

Wax Opal. Yellow opal with a waxy 
luster. 

Waxy. A luster below vitreous, lack- 
ing the clear (plane) reflection of 
a vitreous luster. 

Weathering. Disintegration of min- 
erals by the weather. 

Wedgewood (wej’wood). A well- 
known type of semiporcelain 
(china). It has also been used as 
a medium for moulded cameos. 

Well. Small non-brilliant area in 
center of a poorly cut brilliant. 

Wernerite (wer’ner-ite). Scapolite. 


(To be concluded) 
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A DIAMOND COMPARISON GAUGE 
b 


y 
CHARLES CAROLYNE 
Certified Gemologist, Cleveland, Ohio 


This gauge is used to illustrate 
the color of a diamond. Practically 
every customer who comes into a 
jewelry store upon being shown a 
diamond, during the course of sale 
asks if the stone is yellow or if it is 
“blue white.” This gauge is used to 
show the correct color by a yellow 
diamond mounted at top of one prong 
with a hole drilled below, a master 
stone, mounted at top of the short 
prong, and a brown diamond (the 
only other bad color of the trade than 
yellow) is mounted in the other long 
arm with an observation hole drilled 
below it. 


When a customer mentions the 
question of color, the gauge is opened 
up by a catch at the top and each 
arm is spread out; the two not in 
use may serve as a handle. Now if 
a customer claims a stone to be yel- 
low, swing the arm bearing the yel- 
low stone into position and turn the 
other two around to a handle. Insert 
the stone which the customer believes 
to be yellow in the lower opening and 
compare it with the yellow diamond 
mounted above it. 


Similarly, comparison with a known 
brown stone may be made by. employ- 
ing the proper-arm. Finally, by using 


the master stone, which is mounted 
in the short prong, the fine color of 
a good-quality stone may be demon- 
strated. When not in use this gauge 
can be used as a charm on a chain. 
From one side, it would appear with 
two diamonds showing, the yellow 
diamond at the top and the master 
diamond showing through the open- 
ing below. From the other side, the 


brown diamond and the pavilion of 
the master stone are seen. It is 
planned to produce the gauge for 
sale to jewelers if sufficient demand 
is evidenced. It would be made in 
silver or platinum, diamonds to be 
supplied and set by the purchaser. 
Stones around one-quarter carat are 
most satisfactory. 


IMPORTER TO SUPPLY SER SERIES ( OF DIAMONDS FOR 
USE IN COLOR GRADING 


For some time, a. prominent diamond importer has been offering for 
sale a series of brilliant cut diamonds which have been graded by him for 
color. Each series consists of a range of stones of approximately the same 
size, each stone of a different color grade. When any stone is sold, another 


of the same grade can be furnished. 


Although this is not the ideal method of color grading which is being 
sought by the G.I.A., it is a service which offers an advance in the right 
direction for many jewelers who do not possess such a series for comparison 
purposes. The name of the importer will be furnished upon request. ; 
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THE COOPER CONOSCOPE 


An instrument which is in the 
process of development by Donald 
Cooper, Certified Gemologist of Bay- 
onne, New Jersey, for the purpose 
of obtaining interference figures 
from gem stones, seems to have con- 
siderable promise. Mr. Cooper has 
ingeniously adapted several prin- 
ciples to the problem and has evolved 
an instrument consisting fundamen- 
tally of a spherical vessel of liquid 
at the center of which the cut stone 
is placed, and a polarizer and ana- 
lyzer mounted at opposite ends of an 
arm which is arranged to turn about 
a horizontal axis passing through 
the center of the spherical vessel. A 
small lamp is mounted on the arm 
immediately behind the polarizer so 
that illumination is constant in all 
positions. 

By turning the arm bearing the 
polarizer and by rotating the vessel 
of liquid on the glass slide which 
supports it, universal motion of the 
polarizers with respect to the stone 
is achieved, 

Though the instrument is yet in 
rough form, it is possible, with a 


little practice, to obtain an interfer- 
ence figure from almost any un- 
mounted transparent cut stone. This 
conoscope is compact and would ap- 
parently not be expensive in its final 
form. 

With mounted stones, the cono- 
scope is, unfortunately, of little value 
since there is no adequate provision 
for the holding of a ring, brooch, or 
clip even if it were possible to insert 
any of these articles through the 
narrow mouth of. the immersion ves- 
sel. In its present form the Cooper 


conoscope does not afford a clear and © 


easily interpreted figure, and more 
careful figuring of the optic system 
is necessary. In the development of 
the instrument it, is further essential 
that provision be made for the inser- 
tion, somewhere between the polar- 
izer and analyzer, of accessories such 
as the quartz wedge and mica and 
gypsum plates. Furthermore, there 
is considerable room for improve- 
ment in the general design and 
useability of the instrument; in its 
present form it is awkward to handle 
and tends to slip out of adjustment 
too readily.— Robert Shipley, Jr. 


DIAMONDS DISPLAY UNUSUAL PHENOMENON* 


The great majority of diamond 
men are familiar with certain types 
ef diamonds, including the type 
known: ‘as premiers, which, due to 
strong blue fluorescence appear blue 
or fine white by reflected light, and 
which appear white or even yellow- 
ish or brownish by transmitted light. 


*A.G.S. Research Service. 


However, a type of stone which has 
almost, exactly the opposite effect has 
for some time been appearing in the 
trade in small quantities. This type 
of diamond is actually bluer or more 
colorless by transmitted light than 
by reflected. Some specimens of this 
type are fine white by reflected light, 
others are slightly off color.. 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


by HENRY E. BRIGGS, Ph.D. 
JADE 


The minerals offered as true jade are, Jadeite and Nephrite. Two 
minerals with a very similar appearance but with a different composition. 
Jadeite is a member of the pyroxene group. It is monoclinic in crystalliza- 
tion; hardness 6% to 7, specific gravity 3.8, fracture uneven to splintery, 
color white to emerald green, luster vitreous to pearly, index of refraction 
(mean) 1.67, composition sodium aluminum silicate, NaAl(Si03)2. Jadeite 
also occurs in a dark green or nearly black color called Chloromelanite. 
Jadeite occurs in China, Burma, Mexico and in South America. 

Nephrite is the more common of the two jades. It is a member of the 
amphiboles and is monoclinic in crystallization. The hardness is 6%; the 
specific gravity 2.9 to 3,1, fracture splintery, color. white to green of a 
leaf to dark shade, often unevenly distributed, luster vitreous and glisten- 
ing, index of refraction (mean) 1.62, composition calcium, magnesium, 
iron silicate, Ca(Mg,Fe) 3 (8103 )4. Nephrite is easily distinguished from 
jadeite since the gravity is lower and also the index of refraction. Nephrite 
is found in China, Siberia, New Zealand and Alaska. 

Many other minerals are offered as jade which bear some resemblance 
to it. The one most commonly offered is grossularite garnet. It is found 
with a fair jade color in South Africa and in southern Oregon. Green 
serpentine, vesuvianite, amazonite, aventurine, zoisite and many others are 
also offered as jade of some sort under various deceptive names. However, 
these can readily be distinguished by their properties. 


TURQUOIS 


Turquois is a gem that seems to never loose its favor. The delicate 
color of fine turquois seems to always find favor in the eye of man, and 
it is one of the first minerals to be used strictly as a gem. It is often cut 
with the matrix and in the case where the matrix is of a dark brown color 
the effect is most striking. Very fine gems of turquois matrix have been 
mined in Nevada, near Tonopah. Large gems of a pure, fine blue are very 
rare and, in fact, almost unknown. Turquois of good color is more highly 
valued than are most semi-precious stones and fine gems sell readily on 
the market. 

Turquois is usually considered to be amorphous, although it was found 
in 1912 in Virginia, occurring in minute crystals. These crystals were tri- 
clinic, but with the exception of this one occurrence it has never been found 
in crystalline form. The hardness is 6, the specific gravity 2.6 to 2.8, color 
blue to bluish white and green, luster waxy, mean index of refraction 1.68, 
composition is a phosphate of copper and aluminum, H 5 [A1(OH) 216 
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Cu0OH(PO4)4. Ferric iron often replaces part of the aluminum in the 
composition, and when iron is present a green shade seems to mingle with 

the blue. When the iron is present in sufficient quantity the color becomes S 
entirely green. The color of turquois is not stable and care should be 4 ) 
taken when wearing rings set with it, not to wash the hands with soap and 

water without first removing the rings. Soapy water causes the color of 
turquois to fade and often turns the stones to a greenish color. The color 

of turquois ean be best preserved by cleaning the gem with strong ammonia 

only and by keeping in a jewel case when not in use. Perspiration should 
always be carefully cleaned off turquois beads with ammonia before they 

are laid away. 

Many pastes are offered as imitations of turquois, all of which may 
be easily identified as they do not have the same gravity, etc., as the 
genuine. Also, attempts have been made to make turquois synthetically, but 
the results are never the same as the real stone as it occurs in nature. The 
gravity is usually less and the composition, although near, is not the same. 
However, little of this material is now on the American market. Many 
times we find the turquois which is cut in Germany and France to be dyed 
with analine dye to improve the color. The fraud may be easily showed up 
by soaking the stone in ammonia, as the color of the dyed stone will fade 
while that of the natural will be improved, if anything. 

A form of fossil bone with a bluish or greenish color is found in France - 
which is offered as turquois. This is called by the gemologist “Odontolite.” ( 
It is colored blue by vivianite, a hydrated iron phosphate. A slight heating 
of odontolite causes an offensive odor to arise, which is not the case with 
turquois. The gravity is not the same, nor is the luster. 

Turquois is found in Nevada, Arizona, California, New Mexico, Mexico, 
Persia, New South Wales and Turkestan, 


VARISCITE 
Variscite is a hydrated aluminum phosphate (AlPO42H20). The color 
is green to bluish green and it is sometimes substituted for turquois, al- 
though the two minerals are distinctly different. The hardness of variscite 
is 4 to 5 and the gravity near 2.55; luster vitreous; transparent to opaque. 
The compact variety, which is more or less mixed with other minerals 
such as wardite, chalcedony, sodium oxide, iron and others is called “Utah- 
lite” and also is offered to the trade under the name of “Amatrice.” A name 
coined for it from the two words American matrix, for it is distinctly an 
American matrix. 
It is usually cut en cabochon and has enjoyed considerable popularity 
in some sections, although it has not become widely distributed because of =e, 
the limited supply and comparatively high price which it brings when of « ) 
good quality. The gems with the brown streaking and spotting are the 
most beautiful and command a higher price than do those of the clear- 
green color. 
Variscite is found in Utah in Toole County and in Nevada near Man- 
hatten, and also in the Tonopah district. 
(To be continued) 
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Arkansas’ Diamond Field* 


PHILLIP HENSON 
Gemological Student, Little Rock, Arkansas 


Neglected during most of the past 
decade, North America’s only known 
diamond fieid, located near Murfrees- 
boro, Pike County, Arkansas, may be 
the scene of renewed activities. Mr. 
Ray E. Blick, of Chicago, was re- 
cently granted an option to purchase 
all the real estate of the Arkansas 
Diamond Corporation. The original 
company, known as the Arkansas Dia- 
mond Company, was organized in 
1908 by Samuel W. Reyburn, now 
chairman of the board of Associated 
Dry Goods, New York City, and the 
late Charles S. Stifft, Little Rock, 
Arkansas, jeweler. After W. J. Hud- 
dleston discovered the first diamonds 
on his Pike County farm following a 
heavy rain 34 years ago, the find 
was identified as genuine by Mermod, 
Jaccard & King Jewelry Company of 
St. Louis, Missouri, and the late Dr. 
George F. Kunz, Mr. Huddleston still 
lives near Murfreesboro and is fa- 
miliarly known as “Diamond John.” 

At the time of the discovery in 
1906, this field created much national 
interest and excitement was high. 
Fortune seekers came from far and 
wide in the hopes of a new bonanza. 
Old-timers of the vicinity recall the 
Arkansas “diamond rush” and tell 
how the landowners in this area 
staged “candle-light diamond hunts” 
at, night. These hunts were widely 
advertised and attracted people from 
miles around. Everyone brought 
candles or lamps and began the hunt 
after paying a fee of one dollar. One 
town sprang up in mushroom fash- 
ion, taking its name Kimberly from 
the famous diamond town of South 
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Africa. Kimberly, Arkansas, is now 
a ghost village, with less than fifty- 
six inhabitants and only a very few 
remaining buildings. 

The organizers of the Arkansas 
Diamond Company found financing 
difficult and made several ineffectual 
efforts to interest American capital. 
After failing to interest sufficient 
American capital, a delegation of 
Arkansas citizens went to England 
to place their proposition before the 
officials of the De Beers Mining Com- 
pany, but in view of the fact that 
these officials insisted upon owning 
51% of the stock, they could come 
to no agreement. There has been 
general presumption, for many years, 
that foreign diamond syndicates have 
owned and controlled the Arkansas 
field. Foreign capital has never been 
used in the development of this field. 
It is safe to say that the control of 
the field has been held not only in 
the United States, but principally in 
Arkansas, 

When organization of the Ar- 
kansas Diamond Company was 
finally completed, the Company pur- 
chased ‘‘Diamond John” Huddleston’s 
entire acreage for $36,000. The origi- 
nal capital stock was $1,000,000 and 
was later increased to $1,250,000. At 
this time, the late Mr. John T. Fuller, 
a consulting engineer, who had been 
manager of the Dutoitspan mine of 
De Beers Consolidated Mines, Lim- 
ited, was brought to Arkansas to 
make a report on the diamond field. 
After the completion of Mr. Fuller’s 
report, machinery was _ installed 
which cost a quarter of a million 
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dollars. This vast expenditure was 
merely to test the output of the 
field, but as it later developed, the 
company was inexperienced and not 
properly advised as to the methods 
to be followed in this class of mining 
and consequently wasted a good deal 
of money. ‘After a period of idle- 
ness, the Arkansas Diamond Com- 
pany was reorganized, and in 1919 
the Arkansas Diamond Corporation 
was formed and chartered under the 
laws of Virginia with an authorized 
capital of ten million dollars. In 1932 
the par value of this stock was re- 
duced from $10.00 to $0.10 per share. 
The corporation attempted to test 
and develop the field, but it also 
faced the same difficulties as its 
predecessor and wasted even more 
money. In spite of mining difficulties 
and adverse economic conditions, it 
is established that some $150,000.00 
worth of diamonds were recovered. 
The number of diamonds that has 
been recovered since their discovery 
in 1906 is only partly known, as the 
figures showing complete production 
have been withheld from publication. 
It has been roughly estimated that 
about ten thousand diamonds, in- 
cluding the very small stones, have 
been recovered. The diamonds that 
have been found range in size from 
a very small fraction to many carats. 
The average weight has been esti- 
mated to be between 0.3 and 0.4 of 
a carat. The largest diamond pro- 
duced was found in 1924 and weighed 
40.23 carats. One large stone, weigh- 
ing 18.8 carats, in the rough, was 
sold to Tiffany & Company for 
$6,800.00. Most of the diamonds were 
white, brown and yellow. A percent- 
age of yield of the various colors of 
the mine run was, at one time, given 
as: “40% white stones, 22% yellow 
stones, 87% brown stones and 1% 
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true bort.” According to the late Dr. 
George F. Kunz, there was a large 
percentage of white stones, most of 
them of a high grade in color, bril- 
liancy and freedom from flaws. In 
describing several yellow, brown and 
white stones, Dr. Kunz said: “They 
are absolutely perfect and are equal 
to the finest stones found at the 
Jagersfontein mine, or that was ever 
found in India.” A few diamonds 
were found with a blue or pink tinge. 

After the unsuccessful attempt 
of the Arkansas Diamond Corpora- 
tion, and a long period of idleness, 
a court order was issued ordering 
the corporation to liquidate its 
assets in order to pay off its indebt- 
edness of $90,000.00. At this time, 
the Arkansas stockholders which 
held the control of the Arkansas 
Diamond Corporation, were unable 
to induce the minority holders of 
43.6% of stock, who resided in other 
states, to assist further, so in order 
to prevent outside interest from en- 
tering the fields, a group of Ar- 
kansas citizens invested an additional 
$125,000.00 and formed The Diamond 
Mining & Engineering Company. 
The newly formed company secured 
an operating lease on all the prop- 
erty owned by the Arkansas Dia- 
mond Corporation. This lease was 
still in effect until very recently, 
when it was acquired and cancelled 
by the corporation. With its limited 
facilities and cash, the Diamond 
Mining & Engineering Company was 
able to recover some $30,000.00 
worth of diamonds with pick and 
shovel methods. 

The Arkansas Diamond Corpora- 
tion owns approximately 670 acres of 
land which covers nearly all of the 
diamond-bearing area. The actual 
surface area of the pipe comprises 
about 73 acres and consists of four 
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separate exposed areas of peridotite. 
Only three of the four areas have 
been known to produce diamonds. 
The largest and richest area and the 
only one to gain any prominence is 
that owned by the Arkansas Dia- 
mond Corporation. At one time, five 
separate mining companies held 
acreage in the field. No mining op- 
erations of any significance were 
ever carried on, except by the cor- 
poration and its predecessor. The 
area in which diamonds have been 
recovered is an approximate circle, 
which may roughly represent the 
mouth of the volcano. This treeless 
73-acre tract of volcanic rock is made 
up of three rather distinct types of 
peridotite varying from thoroughly 
disintegrated soft and crumbly earth 
of a green, blue and yellowish brown 
color to the dense, tough, dark green 
porphyritic rock, showing no evi- 
dence of weathering or alterations 
and known as “hardebank.” The 
peridotite found in the different areas 
is quite similar in geological char- 
acteristics to that of South Africa. 
Specimens of “hardebank” show 
phenocryst of olivine in a dark 
brownish ground mass consisting of 
the usual mineral, such as augite, 
biotite, perovskite and magnetite 
crystals, together with a few crystals 
of ilmenite and garnet. Core tests 
show that the “blue ground’ extends 
to a depth of 200 feet, how much 
deeper the deposit is, no one knows. 
The greatest depth reached during 
mining operations was 20 feet. Most 
mining was done in shallow, open 
cuts with the material being removed 
by means of plows and scrapers. 
Sub-surface operations were never 
attempted. Hydraulic mining was 
tried for a short time. 

In 1920 the Arkansas Diamond 
Corporation erected a large washing 
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plant. This plant operated for a total 
of nine months and processed ap- 
proximately 18,000 loads of pert- 
dotite, each load containing 16 cubic 
feet of material. The machinery 
which was installed in this plant 
consisted of: one 8-foot. Harginge 
tube mill, one gyratory crusher, two 
4x12 trommel screens, two 14-inch 
washing pans, two grease tables, 
three jig tables, one rotary dryer, 
one grizzley and a large generator. 

The first cut stones were offered 
for sale in 1921 by Tiffany & Com- 
pany of New York City and by the 
Charles S. Stifft Company of Little 
Roek, Arkansas. The value. of the 
cut stones ranged from $60.00° to 
$175.00 per carat, with an average 
of $104.00 per carat. Many of the 
stones were of remarkable purity 
and were reputed to have been one 
point harder and of a finer quality 
than the South African stones. Some 
of the yellow stones were of excep- 
tionally fine quality and color. 

The depression virtually closed 
the field, for the third time, in 1930. 
During the years of 1932 and 19383, 
the stockholders of the Arkansas 
Diamond Corporation decided to sac- 
rifice all the machinery for a ridicu- 
lously low price, before its only value 
would be that of scrap iron. During 
the years of idleness, the machinery 
deteriorated rapidly. All the ma- 
chinery was sold and the buildings 
wrecked. At the present time, there 
are no buildings nor even a vestige 
of the feverish activities of a few 
years ago. The only structure on the 
property is the home of the cus- 
todian. Mr. Lee Waggoner has acted 
as custodian of the property during 
the periods of idleness for the priv- 
ilege of farming the only productive 
lands in the area. He occasionally 
finds a diamond after a heavy rain. 
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It was Mr. Waggoner who picked up 
the large 18.3 carat stone which was 
sold to Tiffany & Company for 
$6,800.00. It is generally recognized 
that Mr. Waggoner is the best prac- 
tical authority on this particular de- 
posit of anyone else in the state or 
elsewhere. Without adequate pro- 
tection the lands have been invaded 
by trespassers who enter the fields 
at, night after heavy rains and, with 
the aid of flashlights, search for 
diamonds. There have been instances 
when whole truckloads of the “blue 
ground” have been taken. Diamonds 
have occasionally been found in tur- 
keys and chickens that have been 
allowed to run over the lands: 

As stated before, the operating 
lease of The Diamond Mining & En- 
gineering Company was recently ac- 
quired and cancelled by the Arkansas 
Diamond Corporation, and on June 
27th an option was granted to Mr. 
Ray E. Blick to purchase all the 
property of the corporation. The op- 


tion period is for one year at 
$2,500.00 with the privilege of re- 
newal for a second year upon the 
payment, of $10,000.00 for such re- 
newal. During the option period Mr. 
Blick has the right to test and ex- 
plore all the property. If any min- 
erals are produced during the option 
period, the corporation is to receive 
onejyhalf of the proceeds of the sale, 
less selling expenses, and is not, to 
be charged with any of the cost of 
production. If the option is not ex- 
ercised, the corporation will become 
the owner of any buildings, equip- 
ment or improvements placed upon 
the lands. If the option is exercised, 
Mr. Blick is to pay $176,000.00 for 
the conveyance of the property. 

There is speculation upon the idea 
that Mr. Blick is principally inter- 
ested in diamonds for their industrial 
value, diamonds of gem quality being 
only a secondary interest. At the date 
of this article no active operation 
had been started by Mr. Blick. 


- “SCIENTIFIC HEMATITE”* 


The Ostbye and Barton Company of Providence, Rhode Island, has re- 


cently been releasing a series of inexpensive rings set with material which 
is described as “scientific hematite.” Two of these rings were obtained and 
tested, one in the Eastern Laboratory and one in the laboratory at Interna- 
tional Headquarters of the Gemological Institute of America in Los Angeles. 
The material, which is mounted in sterling silver rings faced with 10-karat 
yellow gold, is in the form of intaglios; that is, a design sunk in the surface of 
the “stone.” Close observation reveals that the material is not hematite or 
any related substance, but is indeed a white metal. Tested in the Los 
Angeles laboratory, the metal was found to be a typical stainless steel, 
composed principally of iron and chromium with a small amount of nickel. 
It is, therefore, gemologically incorrect to describe these substances as 
scientific hematite or as hematite of any sort. Apparently the intaglio design 
is stamped into the metal and the complete specimen is formed by the 
same process. Inspection with the naked eye immediately reveals the 
smoothly curved rather than sharply cut lines, which proves the machine 
origin of the design. The feature, combined with the white metal color of 
the specimens, readily distinguishes the substance from hematite. 
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The Diamond Industry Today* 


SYDNEY H. BALL, Ph.D. 
Mining Engineer, New York, N.Y. 


The diamond industry in 1940 
started as if it were going places. 
The Diamond Trading Company of 
London, the sales agency for 95% 
of the world’s rough, sold almost 
$15,000,000 worth of goods in the 
first quarter of the year, a rate 
reminiscent of the glorious twenties. 
The business of Antwerp and Am- 
sterdam cutters and brokers was 
good, both in small goods and in 
sizes. The United States was the 
best customer followed by India and 
the East and South America and the 
Balkans. Thanks to profits on jute, 
tin and rubber, the Oriental was able 
to satisfy his hunger for diamonds, 
and South America and Eastern Eu- 
rope had also benefited by the war. 
The European and the Englishman, 
insofar as governmental financial 
regulations permitted, invested in 
fine stones, for he desired concen- 
trated and easily transportable 
wealth. 

And then in May, one Adolf Hitler 
staged his Low Countries’ show and 
the picture instantly changed. All 
business became cautious, as did the 
diamond industry—with reason, for 
its processing branch, that of cutting, 
was wholly disrupted. Sales of rough 
in the second quarter were small, 
those of the third quarter appreci- 
ably better. While 1940 sales will 
presumably be somewhat less than 
the satisfactory sales of 1939 they 
will handsomely top those of 1938. 

As to world sales of cut goods, 
they will be fair this year. As you 
know, sales in our own country are 
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some 12% better than in 1939 and 
this year is likely to be the best year 
the American retail jeweler has en- 
joyed since 1929. While the major 
demand is for items in the lower 
brackets, some important items have 
been sold. 

Canada is enjoying a boom; India 
and South America are prosperous. 
To these countries the industry must 
look for its patrons, for through war 
it has lost some of its best clients. 
But even in the war-torn countries, 
people, when able to do so, are -in- 
vesting in gems. 

Production at the mines continues 
at a high rate, but will be appre- 
clably less than the 12,500,000 carats 
produced last year. The mines will, 
however, produce at least as much 
rough as the world will buy. 

For the first nine months of 1940, 
total gem diamond imports into the 
United States at custom-house valu- 
ations amounted to $26,314,697, a 
10% increase over those of the cor- 
responding months of 1939. Doubling 
the rough imports offset a fall of 
13% in that of cut. The increase in 
rough imports is, in part, due to the 
greater activity of the American 
cutting industry, but in part repre- 
sents an inerease in stocks. The fall 
in the per carat price of rough in 
1940 as compared to 1939 suggests 
that the American cutter intends to 
cut smaller stones than he has in the 
past. Imports of cut for the first 
nine months of 1940 were, in round 
numbers, $16,600,000 as opposed to 
$19,150,000 in 1939 but the per carat 
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price rose from $54.29 to $73.84. 
The higher price is, in part, due to 
the higher price of cut throughout 
the world and, in part, to an increase 
in the average size of cut imported. 
Normally, stones weighing less than 
1/10th of a carat make up 80% of 
the value of American imports; in 
August, 1940, only 50%. Part of 
the imports of cut were brought in 
by refugees from the Low Countries. 
As to sources, rough largely came 
from South Africa and the latter 
country is now pressing and soon 
will pass Belgium and Holland as a 
source of cut. 

Large cut stones (over % carat) 
are up in price since September, 
19389, from 10% to 20% with the 
supply adequate. Small cut has 
doubled and, in instances, tripled in 
price and some brokers are unwill- 
ing to sell even at such prices. While 
the price tendency is still upward, 
prices have been more or less stabil- 
ized in the past three months. Medi- 
ocre qualities such as formerly were 
not saleable in the U.S., are appear- 
ing on the market. The stocks of 
small cut in America are not large, 
only small amounts are being im- 
ported, we cannot profitably cut 
small goods in America, and while 
a few small diamonds are being re- 
covered from outmoded jewelry, this 
cannot be a big factor. Within a year 
an acute shortage of small cut will 
either increase jewelry prices or 
force on the public new jewelry 
styles. Already single large stones 
are being mounted alone, intricate 
earving of the platinum mounting 
supplanting small diamonds. 

To be fashionable these days, an 
industry must have a bottleneck, and 
we have an efficient one in the cut- 
ting industry, for customers will be 
unwilling to wear uncut diamonds 
even if the supply is adequate. The 


cutting industries of Belgium and 
Holland, which normally have sold 
us 95% of the cut we imported, are, 
for the time being, wiped out. Last 
year, there were about 26,000 dia- 
mond cutters in the world, but as 
there was much unemployment in 
the trade, 12,000 cutters continu- 
ously employed could in that year 
have supplied the world’s needs. 
Since 1939, several relatively impor- 
tant markets have been lost due to 
the war, and perhaps 9,000 cutters 
could satisfy the present demand. 
We have in America between 350 
and 400 skilled cutters, the Union 
of South Africa some 300, England 
has a few, and there are also in 
Brazil, Borneo, Palestine and India 
perhaps 1,000 cutters, but their 
product is largely locally sold and 
if it were not, the make, in the main, 
is not sufficiently perfect to satisfy 
the American market. American 
and South African cutters can sup- 
ply us with large cut, of say over 
Ye carat weight. Wages, here and in 
South Africa, however, are so high, 
four to five times those of the Low 
Countries, that cutting stones of 
4th carat or less at present prices 
is uneconomic, as in small eut the 
labor may exceed the value of the 
rough used; indeed the profit to 
American cutters disappears some- 
where between that of % and %- 
earat stones. A number of Dutch 
and Belgian cutters escaped into 
Great Britain, perhaps about 1,000, 
but it has taken time to get wheels 
and other tools for their re-estab- 
lishment. The small industry at Bir- 
mingham, England, is being ex- 
panded and the old shop at Brighton 
is being reopened. In short, facilities 
exist for cutting an adequate supply 
of large stones; the newly cut supply 
of smalls will be inadequate, certain- 
ly for a number of months. While of 
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merely academic interest, German 
reports state that diamond cutting 
has recommenced in the Low Coun- 
tries. The stock of rough must be 
meager and cannot. be replenished 
and, of course, the British blockade 
renders. export to America impos- 
sibie. Considering the financial con- 
dition of Germany and its subject 
nations, the industry, however, 
should be able to satisfy the home 
market for some time. 

Attention has already been called 
to the effect of the war on some fac- 
tors in our industry. Others may be 
mentioned. The American armament 
program and the European war are 
sure to increase the use of industrial 
diamonds markedly. Prior to the fall 
of Belgium and Holland at least 
most of the stocks of cut and rough 
were moved to London. The evacu- 
ation of these stocks has added many 
a saga to the history of our industry 
so replete with romance. One word 
of warning, when the war is finished, 
a financially wrecked Europe is 
likely to sell seconds here; dia- 
monds, however, will be one of the 
last treasures to be given up by 
French, Belgian, and Dutch women 
and a flood of seconds, such as 
affected the market so adversely 
from 1932 to 1934 when the Soviet 
sent us its unholy horde, is scarcely 
to be expected. 

In resume, unless political condi- 


tions change markedly in Europe, 
there will be an adequate supply of 
fine large cut at firm prices, but 
there will be eventually a shortage 
of small eut and the price of such 
goods will, presumably, remain high. 
War has restricted the world’s sales 
of gem stones, although America 
may well buy more diamonds due to 
the indirect effect of our rearma- 
ment program. The lesser world 
sales of gem stones likely as long 
as war rages will be more or less 
offset by increased sales of indus- 
trial stones. The sale of such stones 
is advancing by leaps and bounds; 
for example, America and Canada 
alone are using from 2,000,000 to 
2,500,000 carats of industrial stones 
yearly worth, say $6,000,000. In the 
past 25 years imports of industrials 
have increased eightfold and the end 
is not yet. 

In its history, now over two 
thousand years old, the diamond in- 
dustry has lived through many a 
troublesome time; it is a vigorous 
industry and will weather this storm 
as it has many others. When the 
wars are over, other countries be- 
sides the United States, Canada, the 
South American republics, and India 
will buy gem stones, while the use 
of industrial stones in another dec- 
ade may tax the capacity of the 
world’s diamond mines. 
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The Institute’s Eastern 
Laboratory 


The Eastern Laboratory of the 
Gemological Institute of America 
was opened on September third at 69 
Newbury Street, Boston. Dr. Edward 
Wigglesworth, Ph.D., C.G., is the 
director with Mrs. Marjorie Wheeler 
as secretary. The laboratory consists 


The laboratory serves as an east- 
ern representative of both the G.I.A. 
and the A.G.S. Mr. John Kennard, 
as chairman of the International 
Committee of the A.G.S., conducts 
his. business here, and Dr. Wiggles- 
worth, as secretary of the Examina- 


of two rooms on the third floor which 
have exceptionally good light. In 
addition to regular office equipment 
there is here a complete set of instru- 
ments for the identification of gems: 
a petrographie microscope, two dia- 
mondscopes, specific gravity scales, 
Berman density balance, endoscope, 
refractometer, endoscopic pearl 
stages, polariscope, dichroscope, 
ultra-violet light, and other instru- 
ments. 


tion Board and chairman of the Edu- 
cational Advisory Board, conducts 
correspondence and grades examina- 
tion papers in addition to the labora- 
tory work. Information and circulars 
about the courses and other activities 
are kept on file so that inquiries can 
be answered promptly without writ- 
ing to Los Angeles. A stock of instru- 
ments is kept to aid eastern mem- 
bers in making selections of these 
and, in cases of rush orders, certain 
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instruments can be delivered directly 
from Boston. A stock of booklets 
and pamphlets is also on hand. 

Eastern members are invited to 
send stones to the laboratory for 
identification so that several days’ 
time may be saved over shipping 
them to Los Angeles and back. Stu- 
dents taking courses who live in the 
east may obtain practice in the use 
of instruments under Dr. Wiggles- 
worth’s supervision. Several candi- 
dates for the title of Certified Gem- 
ologist have availed themselves of 
the laboratory’s facilities in prepar- 
ing for their final stone examination 
and have then taken the examination 
in the laboratory. Students are also 
taking written examinations under 
proctorship. 

In a general way the eastern head- 
quarters is a branch of the head 
office and laboratory in Los Angeles, 
It sells courses, instruments, and 
publications of the A.G.S. and G.I.A. 
Its major functions are educational 
activities and identification work. 
Under the educational work is the 
revision of several assignments in 
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the courses, visiting and helping 
study groups, loaning practice 
stones, helping arrange the educa- 
tional programs of the Conclaves, 
personal help to students especially 
in the use of instruments and the 
grading of final written examina- 
tions. A plan is soon to be tried out 
in which unusual stones will be sent 
to various small groups of Certified 
Gemologists for identification. ‘The 
score made by each group will be 
kept so as to stimulate friendly com- 
petition between groups. It is hoped 
that this will interest the Certified 
Gemologists, keep them in practice 
as well as show them stones which 
they would not otherwise see. Dr. 
Wigglesworth hopes that any Certi- 
fied Gemologist -having unusual 
stones, or any who would like to 
join one of the groups will write 
to him. 

Identification will be made for the 
general public when submitted 
through a member of the American 
Gem Society. No charges are made 
for a reasonable number of such 
identifications. 


DEFINITION OF CAMEO* 


The following definition of cameo was prepared by the G.I.A. in col- 
laboration with the National Better Business Bureau and becomes an A.G.S. 


ruling. 


Cameos are generally, but not always, fashioned from substances com- 
posed of two or more differently colored layers. 

Genuine cameos contain. a design which has been produced by cutting 
away portions of the upper layer or layers (or of the upper surface, in 


singly colored substances). 


If cut from genuine gem materials, it is advisable to describe such 


cameos as stone cameos; if from shell, as shell cameos; if from coral, as 
coral cameos; if from glass, or other manufactured substance, as glass 
cameos, bakelite cameos, etc. If cut from synthetic stones, they should be 
described as synthetic stone cameos. 

Cameos are also molded or pressed, and when so constructed should be 
described as molded or pressed. Cameos which are made of two or more 
separate parts joined together should be described as assembled cameos. 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


by HENRY E. BRIGGS, Ph.D. 
LAZULITE 


Lazulite is a mineral of blue color and is often mistaken for lazurite 
or for turquois. It is, however, a distinctly different mineral and one which 
is much more valuable than lazurite. The hardness of lazulite is 5 to 6 
and the specific gravity is near 3.1. The luster is vitreous and glistening 
when cut, which should serve to tell it from lazurite which, at best, has 
only a shining luster and, more often, inclining to greasy. The index of 
refraction (mean) of lazulite is 1.62, it is strongly dichroic when trans- 
lucent enough to allow such examination to be made. It is biaxial and 
optically negative, double refraction is fairly strong. The composition is 
rather complex, being a basic iron, magnesium and aluminum phosphate 
(Fe,Mg)Alz (OH) 2(PO4)2. 

It oceurs with a brownish matrix and also with a white matrix in 
America. The brown matrix gems are the more desirable of the two. 

Important localities for lazulite are: Austria, North Carolina, Georgia 


and California. 
ANATASE 


Transparent anatase or octahedrite is sometimes cut for gem purposes 
and is a very attractive gem when properly cut. However, the hardness 
is so low that it is not usable for ring sets or, in fact, anywhere that it 
will be subjected to considerable wear. 

Anatase crystallizes in the tetragonal system; the hardness varies 
from 5% to 6, the specific gravity varies from 3.8 to 4.0. It is brown to 
black and transparent to opaque, luster adamantine, mean index of refrac- 
tion 2.58, uniaxial and optically negative. 

Transparent gem crystals of anatase are found in North Carolina, 
Cornwall, England; France, Germany, and Brazil. 


ANDALUSITE 


Andalusite is often mistaken for tourmaline since it is difficult to dis- 
tinguish it from tourmaline with the unaided eye. Andalusite occurs in 
orthorhombic crystals with a hardness of 7 to 7% and a specific gravity of 
8.1 to 3.2. The luster is vitreous and it is transparent to opaque. Pleochro- 
ism is strong in the deeper colored varieties. The mean index of refraction 
is 1.64, it is biaxial and optically negative; which will serve to distinguish 
it from tourmaline. Andalusite is a silicate of aluminum, Al2S8i0¢5. The 
eolors in which it occurs are: Gray, green, yellow and yellowish green, 
red, pink, violet, and brown. Important localities are Spain, Brazil and 
Ceylon. Chiastolite is a variety of andalusite, having black inclusions which 
are usually in an arrangement resembling a cross. It is cut en cabochon. 
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BENITOITE 


Benitoite was first discovered in 1907 in San Benito County, Califor- 
nia, and this is the only known locality. To the mineralogist benitoite is 
of special interest since it is the only mineral known to occur in ditrigonal- 
bipyramidal crystals. 

The hardness of benitoite is 64%, specific gravity 3.65, color pale to 
deep blue due to trivalent titanium, mean index of refraction is 1.78, 
double refraction strong .047, uniaxial optically positive, dichroism strong 
twin colors white and blue, composition BaToSi309. The supply is ex- 
tremely limited, since there is only one deposit which at this time is not 
being worked, nor has it been worked for some years. The gem is in demand 
with collectors of gems, and fine faceted stones are absorbed as soon as 
they are on the market. When it was first introduced, however, it did not 
meet with much favor and possibly this is the reason for lack of interest 
in the mines. The gem, while it bears a strong resemblance to blue sapphire, 
can easily be distinguished from it, for the twin colors of benitoite and 
sapphire differ widely. Also, the inferior hardness of benitoite will show 
it to be another mineral than corundum. 


BERYLLONITE 


Beryllonite is orthorhombie in crystallization and from 5% to 6 in 
hardness. The specific gravity is 2.85 and the color transparent colorless 
to light yellow. The luster is vitreous, mean index of refraction is 1.56, 
biaxial and optically negative, composition is sodium beryllium phosphate, 
NaBePOy4. It is little used as a gem since it is colorless in most cases or 
light yellow and having a low index of refraction and weak dispersion it 
has little brilliancy. It is found at Stoneham, Maine. 


AXINITE 


Axinite is rather rare in gem quality and is not of much importance 
as a gem, although it is sought after in good quality by collectors of gems. 
It occurs in wedge-shaped triclinic crystals, hardness 6%, specific gravity 
3.3, color yellow to brown and violet, luster vitreous, mean index of refrac- 
tion 1.68, biaxial optically negative, pleochroism weak to distinct, composi- 
tion boro-silicate of iron, calcium, and aluminum (Ca,Fe) 7Al4B2 (Si04) 8. 
The important locality for gem quality axinite is Le Bourg d’Oisans, 
Dauphiné, France. 


CYANITE 


Cyanite, or Kyanite, occurs in bladed triclinic crystals, hardness 
variable 4 to 7, specific gravity 3.5 to 3.7, luster vitreous, mean index of 
refraction 1.72, biaxial optically negative, pleochroism distinct in dark 
specimens, colors blue, gray, green, brown, white and colorless, composition 
silicate of aluminum, Al,SiO5. When entirely transparent gems of cyanite 
are very beautiful and quite brilliant. Important localities are Switzerland, 
Tyrol, Brazil, Massachusetts and North Carolina. 


(To be continued) 
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Characteristics of Ceylon Rubies* 


EDWARD GUBELIN, Ph.D., C.G. 
Lucerne, Switzerland 


In one of my previous articles 
(Spring, 1940) I apologized for not 
being able to give account on the 
characteristic and distinguishing in- 
clusions of Ceylon rubies. Since then 
I have studied every Ceylon ruby 
that found its way through my lab- 


fewer absorption lines in the lower 
spectrum, that the paler tones of 
Ceylon rubies are caused by a small- 
er amount of chromium. (Fig. 1.) 

The trained eye of an expert may 
distinguish Ceylon rubies from Bur- 
ma and Siam stones by their fluores- 
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Fig. 1 
Spectrograms of Burma Ruby (center) and Ceylon Ruby (bottom). 
Top Spectrum is That of the Are. 


oratory so that I might give a survey 
of the typical enclosures in Ceylon 
rubies. These enclosures differ dis- 
tinetly from those in rubies of other 
sources. 
Among all the rubies those from 
Ceylon show their birthmark most 
unmistakably, since they usually are 
lighter in tone than rubies from 
other localities. They closely ap- 
proach in color the so-called “pink 
sapphire,” though they are actually 
pale rubies containing chromium 
oxide which the color is ascribed to. 
The percentage of the coloring pig- 
ment (chromium) within the stone is 
responsible for the difference in tone 
between the “darker” Burma and the 
“paler” Ceylon ruby. The following 
spectrograms which are taken from 
both Burma ruby (center) and Cey- 
lon ruby (bottom) objectively and 
clearly manifest by the fainter and 
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cence under ultra-violet rays. The 
fluorescence of Ceylon rubies would 
in most cases be somewhat lighter. 

Yet the microscopic examination 
is more accurate and yields many 
more possibilities. Ceylon rubies con- 
tain solid, liquid, and gaseous inclu- 
sions which differentiate them mark- 
edly from other rubies. Among all 
inclusions the solid ones are particu- 
larly worth mentioning. 

Rutile needles, well crystallized 
though most subtle, are very fre- 
quently present and directed accord- 
ing to the crystallizing rules of the 
host mineral. In rubies from Ceylon 
the rutiles are oriented parallel to the 
edges of (0001) : (1120) (Lasaulx*) 
which are divisional planes. The in- 
clusions of rutile intersect each other 
at an angle of 60° under correct pro- 
jection, i.e., looking parallel along 
the erystal and optic axis. As in 


1Annal de la Soc. 
1885. 


Belge de Microscopie. 
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Figure 3 (at right) 
The Same Rutile Needles Seen in the 
Dark-Field Illumination of the 
Diamondscope. 


Burma rubies, the rutile needles 
appear mostly nontransparent on 
account of their high light refraction 
in spite of great thinness. They are 
one of the main peculiarities of both 
Burma and Ceylon rubies. In Ceylon 
rubies, however, they are more 
widely spaced and are scarcer. (Figs. 
2 and 3.) 

In Fig. 2 the ruby was photo- 
graphed in a beam of light reflected 
from the mirror beneath the stage 
and traveling through the stone 
from underneath, whereas in Fig. 3 
the light passed horizontally through 
the stone and was merely reflected 
by the rutile needles (at a right 
angle) into the tube of the micro- 
scope. It is interesting how the third 
figure shows a striking picture of 
rutile inclusions, while in Fig. 2 


Figure 2 (at left). 
Rutile Needles in Ceylon Ruby, as 
Observed by Transmitted Light. 


these appear rather weakly. This is 
a new and more effective procedure 
to illuminate gemstones when exam- 
ining “‘silk,” because these most thin 
formations are “swallowed up” by 
the strong and direct Hight coming 
from the mirror and cast through 
the gem into the observer’s eye. 

In rubies from Ceylon rutile 
needles are often found in conjune- 
tion with characteristic liquid in- 
clusions: large “flags” and “feath- 
ers.” Liquid inclusions as depicted 
by Fig. 4 are cavities of irregular 
shape, they appear hoselike, worm- 
shaped and droplike, in the latter 
ease the single drops are extending 
to long dotted lines, running more 
or less parallel. Very many liquid 
inclusions show balanceflies (Libel- 
lae), i.e, movable gas bubbles float- 


WINTER, 


1940 123 


ing on top of the liquid, which in 
every case designates the inclusion 
as a liquid one. The single, some- 
times extended, thin, liquid-filled 
channels are often combined to a 
“vane.” Fig. 5 shows typical feather- 
like formations of -liquid-filled cavi- 
ties in a Ceylon ruby. The included 
liquid is said, but not yet, proved, to 
be carbon dioxide. 

Siam rubies also contain liquid 
inclusions. Because their appearance 
and shape are markedly different 
from those in Ceylon rubies they 
may be called upon to play their 
part in helping the gemologist in 


Figure 6 (below). 
Zircons with 
Halos in Ceylon 
Ruby. (Photo- 
graphed through 
Diamondscope.) 


Figure 4 (above) 
ag? Liquid Inclusions 
in Ceylon Ruby. 


Figure 5 (left) 
Liquid “Feathers” 
in Ceylon Ruby. 


deciding the origin of a given ruby.’ 

The most characteristic peculiarity 
in Ceylon rubies are the enclosed 
zircons surrounded by more or less 
regular halos. Through the micro- 
scope the scattered crystals of zir- 
eons show broad border-lines because 
of their high refractive index and 
their crystal shapes are seldom well 
defined (Fig. 6). Usually the halos 
are brown, some concentric, growing 
fainter towards the perisphere, some 
formed by a mass of rays of various 


2Gems & Gemology, Vol. III, No. 5, Spring, 
1940, pp. 69-72. 
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length and darted radially (Fig. 7), 
others are not completed and consist 
merely of a few irregular rays. Zir- 
cons contain thorium, cerium and 
ytterbium, which elements are inter- 
placed within the structure and are, 
therefore, often radio-active. Radium 
rays issued by these radio-active 
elements within the zircon cause de- 
struction and alteration of the struc- 
ture of the host-mineral within their 
sphere of action, producing the so- 
called “pleochroic halos.” In linearly 
polarized light a dependency of ab- 
sorption upon the direction of vibra- 
tion can be perceived, and it seems 
to be the law that the stronger ab- 


sorption in the halo coincides with 
the one of the mineral. 

Halos are a well-known phenome- 
non in connection with zircons, and 
they are also observed. in Ceylon 
sapphires, cordierite and dark brown 
biotite. Particularly, in the latter, 
they produce beautiful, round spots. 
Since zircon, on account of being a 
primary excretion in rocks, occurs 
in various colored minerals, pleo- 
chroic halos are easily observed. 

Other accessory solid inclusions 
are more or less idiomorphic crystals 
of muscovite and corundum. Also 
very thin blades of calcite may some- 
times be noticed. 


Figure 7. 
Zircon with Pleochroic Halo 


Enclosed in Ceylon Ruby. 
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BOOK REVIEWS 


“Gemstones,” by G. F. Herbert Smith. Published by Methuen & Co., Ltd., Lon- 
don, 1940. $4.00. (May be obtained from G.IA. Book Department.) 


In this, the ninth edition of his 
standard textbook on precious stones, 
Dr. Smith has incorporated for the 
first time since the original printing 
important changes and additions. 
The new edition is considerably en- 
larged. Much of the material on 
properties and their uses in identifi- 
cation has been expanded. Especially 
valuable is the material on the use 
of the refractometer; a subject on 
which Dr. Smith is eminently quali- 
fied to speak. 

This text includes much of the 
new gemological information pub- 
lished in the last few years. The 
observations of B. W. Anderson, C. 
J. Payne, and Robert Webster, in 
connection with the London gemo- 
logical laboratory, are of especial 
value and much of the revision has 
been made on the basis of their 
findings. 

The sections on individual stones 
have been brought up to date and 
considerable material been added to 
them. Throughout these sections, em- 
phasis is placed on correct nomen- 
clature. Dr. Smith favors the use of 
mineralogical forms without excep- 
tion—unquestionably a sound basis 
if ever. put into universal practice 
in the jewelry trade. The section on 
the diamond especially has been ex- 
panded; much valuable information 


has been added, together with some 
of questionable nature. 


The color plates which are incor- 
porated in this new edition are fine 
reproductions. Especially to be men- 
tioned are the illustrations of alex- 
andrite on Plate IX. These illustrate 
the color change of alexandrite most 
faithfully. Many new photographs, 
including a series covering the de- 
velopment of the Kimberly Diamond 
Pipe, are included. Unfortunately, a 
serious error appears on Plate XIX; 
among the photographs a group of 
very palpable synthetic bubbles are 
illustrated as crystal inclusions in 
Burma Ruby. 

The book closes with the tables 
for identification which are. known 
to users of earlier editions of Gem- 
stones. Several of these, however, 
have been expanded and in the case 
of specific gravity and refractive in- 
dex, possible variations are listed. 
These limits of variation are most 
useful when correct identifications 
of unusual stones must be made. 

The index is very detailed, an im- 
portant advantage in view of the 
comprehensive nature of this revised 
edition. Altogether, the revised Gem- 
stones will be of undoubted value to 
the student of gems, whether be- 
ginning or advanced. 


“A Dictionary of Metals & Their Alloys,’ edited by F. J. Camm. Published by 
Chemical Publishing Company, Inc., New York, 1940. 
This very complete glossary contains by far the great majority of 
terms used for various metals and their alloys. In the case of pure metals, 
chemical symbols, atomic weights and atomic numbers are given, together 
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with details of the original discovery and the more important properties. 
For alloys the composition is listed and the principal uses of the alloy are 
usually given. 

Though the terms refer largely to the common alloys, steels, bronzes, 
brasses, etc., precious metal alloys and substitutes for precious metals are 
also included. These references to jewelry alloys are in sufficient quantity 
to render the book of value to the worker in precious metals, despite the 
inclusion of the volume of non-jewelry terms. 

The Dictionary would be of considerably more value if it were accom- 
panied by a general index; unless the common name of an alloy be known, 
the term cannot be located. An index referring to all the alloys in which the 
principal metals are used would correct this fault. : 


“The Story. of De Beers,’ by Hedley A. Chiivers. Published by Cassell and 


Company,. Ltd., London, 1939. 


This biography of the great De 
Beers Consolidated Mines was pre- 
pared under conditions which might 
have made it either a fascinating 
story of the diamond mines and the 
men who developed them, or an im- 
portant financial history of the 
growth of a great corporation. How- 
ever, the book attempts to do both, 
and as a result it is often difficult 
to understand; sometimes it is very 
slow reading. 

The first portion of the book deals 
with the amalgamation of the indi- 
vidual diamond claims in the South 
African diamond pipes, and the 
growth of the De Beers interests 
under the inspired management of 
Cecil Rhodes. The men and mines 
described in this portion make fasci- 
nating reading. However, so much is 
taken for granted by the author that 
unless the career of Cecil Rhodes, 
the principal character, be fairly 
well known to the reader, the thread 
of the story is difficult to follow. 

The student of the economics of 
the diamond fields will find much 
of interest in the book; especially in 
the many lines of activity in which 


the De Beers interests have engaged. 
Not only have De Beers obtained 
control of every important diamond 
deposit within their power, but also 
they have beén intimately associated 
with the development of railroads, 
the manufacture of explosives, and 
even with Rhodes’ opening of the 
vast regions of Africa which now 
bear the name Rhodesia. The magni- 
tude of De Beers’ part in the devel- 
opment of South Africa is well cov- 
ered. This company was especially 
important as a source of revenue to 
finance Rhodes’ work. Also, De Beers 
gave vast sums for improvement. of 
living conditions of the residents of 
Kimberley and its suburbs, for the 
foundation and support of schools 
and hospitals, and for charitable pur- 
poses, 

The book is illustrated with a 
group of splendid photographs. Those 
showing the important diamond 
mines in their early stages are of 
particular interest. Furthermore, the 
excerpts from the De Beers’ Com- 
pany records include many bits of 
valuable information for the student 
of diamonds. 
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GEMOLOGICAL GLOSSARY 


(Concluded from last issue) 


(With phonetic pronunciation system.) 


Terms in quotation marks are considered incorrect. 


Wesselton (wes’el”ton). An impor- 
tant diamond pipe in South Africa, 
operated by De Beers Consolidated 
Mines. Also used to describe the 
color of a fine quality of diamond, 
ranking just below River or Jager 
and above Top Crystal. 

Wet Diggings. Alluvial diamond 
mines, as contrasted with pipe 
mines, known as dry diggings. 

White Acid. Hydrofluorie Acid. 

White Carnelian. Cloudy, milk-white, 
or pale reddish or yellowish, chal- 
cedony. 

White Jade. White nephrite. 

White Sapphire, Colorless corundum. 


White-Shell. Pearl-bearing mollusk 
shells with nacre white to the edge. 

“White Stone Diamonds.” Genuine 
and imitation colorless stones of 
various kinds. 

White Topaz. Colorless topaz. 


Wilconite (wil’con-ite). Purplish red 
scapolite. 

Wild Pearl. Pearl whose growth be- 
gan naturally, as contrasted to 
cultured or culivated pearl whose 
growth is artificially induced. 

Willemite (wil’em-ite). A yellow, 
green, or brown, transparent to 
translucent mineral occasionally 
used as a gem. Refractive index 
1.69-1.72, specific gravity 4.0, hard- 
ness 514. 

Wing Pearls. Pearls that are elon- 
gated or irregular, resembling a 
wing or part of a wing. 


Wolf’s Eye. Moonstone (orthoclase). 
Woltf’s-Eye Stone. Crocidolite quartz. 
Wood Agate. Petrified Wood. 
Wood Opal. See Opalized Wood. 
Wood Stone. Petrified Wood. 
World’s Eye, Hydrophane (opal). 
Wulfenite (wool’fen-ite). A colorless 
to red-orange, green, or brown 
mineral, rarely fashioned as a gem. 
Refractive index 2.3-2.4, specific 
gravity 6.8, hardness 3. 


Yellow Ground. An altered form of 
blue ground, which weathering 
agents near the surface have 
changed to a yellowish, clay-like 
mass. 


Yellow Orthoclase. A transparent to 
semi-transparent yellow variety of 
orthoclase (feldspar). 


Xalostocite. See Landerite. 

Xylonite (zye’lon-ite). Celluloid. 
Xylopal (zile-oe’pal). Opalized Wood. 
Yellow Sapphire. Golden Sapphire. 


Yellow-Shell. Pearl mollusk with yel- 
lowish nacre. 

Yogo (yo’go). Montana 
from Yogo Gulch. 


sapphire 


Yu (yue). Chinese word for jade, 
or for any very precious stone. 
Zeasite (zee’a-site). (1) Wood Opal; 
(2) An old name for a variety of 

Fire Opal. 

Zeolite (zee’oe-lite). A group com- 
posed of a number of hydrous sili- 
cate minerals. Contains no impor- 
tant gem species. 
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Zircolite (zurk’oe-lite). Synthetic 


colorless sapphire. A trade name. 


Zircon (zur’kon). A gem mineral, of 
the tetragonal system. Zirconium 
silicate. Gem varieties transparent, 
in all colors and colorless. Refrac- 
tive index 1.93-1.98, specific gravity 
4.7; hardness 71%. A lower form, 
usually green or brownish green, 
has refractive index 1.81, specific 
gravity 4.0. 
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“Zircon 
spinel. 


Spinel.” Synthetic. blue 
Zirconium (zer-koe‘ni-um). A rare 


metallic chemical element. 

Zirctone (zurk’tone). Trade-marked 
name for a bluish green sytnhetic 
sapphire. 

Zoisite (zois’ite). A translucent gray 
to yellowish green or red mineral, 
sometimes fashioned as a gem. 
Refractive index 1.70, specific 
gravity 3.8, hardness 6-6%. 


THE END 
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The Emerald Mines of Muzo, 


Colombia, South America* 


by 


THOMAS CLEMENTS, Ph.D. 
Department of Geology, University of Southern California 


Introduction 
The emerald deposits of Colombia, 
South America, have been of great 
importance for centuries. Presum- 
ably the source of the great wealth 
in emeralds reportedly held by the 
Incas at the time of the Spanish 
conquest, they were worked by the 
Spaniards as early as 1594, and to- 
day they furnish the finest quality 

stones to the gem trade. 


The deposits are located in the 
Cordillera Oriental (eastern range 
of the Andes) of Colombia, princi- 
pally in the Departamentos or states 
of Cundinamarca and Boyaca. Some 
of the deposits, such as that near 
Nemocon, are of little more than 
scientific interest; others, as Chivor, 
Cosquez, and Muzo, are of commer- 
cial importance. It is the purpose of 
this paper to discuss the Muzo de- 
posit. 

The Mina Real de Muzo lies far 
down the western slope of the Cor- 
dillera Oriental, at an elevation of 
approximately 2,000 feet above sea 
level. The climate is warm, and very 
moist, and as a consequence the hills 
are covered with a dense jungle 
growth, which makes geologic work 
exceedingly difficult. The climate is 
said to be unhealthful, although at 
the time of the visit of the writer, 
which was in August, 1939, the 
weather was delightful, especially in 


*G.LA. Research Service, 


contrast to the penetrating, damp 
cold of the highlands. 


The area in which the deposits 
occur is drained by the Rio Itoco, an 
easterly-flowing tributary of the Rio 
Minero. The latter flows to the north, 
being called the Rio Carare in its 
lower reaches, and eventually joins 
the Magdalena, the great artery of 
commerce of Colombia. Since the 
Itoco and Minero are mountain 
streams, both in the stages of very 
early maturity, and dissecting a 
region that has reached late youth 
in the erosion cycle, at most, neither 
is navigable. 


Although the Muzo Mine is scarce- 
ly 100 kilometers, airline, from 
Bogota, the capital city of Colombia, 
it is still very difficult of access. 
A road is being constructed down 
the west face of the eastern Andes, 
connecting with the main highway 
along the broad crest of the range 
at Chiquinquird. This road is single 
width for long stretches, but is 
rigidly controlled, and quite safe for 
ordinary driving. In 1939, it ended 
at a construction camp at La Vega 
de la Tigre, a distance of 210 kilo- 
meters from Bogota, and still some 
twelve or thirteen kilometers from 
the little town of Muzo, which in 
turn is about eight kilometers from 
the mine. The road will eventually 
run to the town, but because of the 


() 


difficulty of the terrain, it probably 
will be some time before it is com- 
pleted. At present, it is necessary to 
go by mule or horse from the end 
of the road to the mine—a four to 
five-hour trip. 

The Muzo Mine is directly under 
the control of the Colombian govern- 
ment, although at times in the past 
it has been operated under conces- 
sion by foreign companies. It is 
closely and efficiently guarded by a 
detachment of. the National Police, 
and entrance may be gained only by 
permission of the ministry under 
which it operates—the Ministerio de 
la Economia Nacional at the time 
of the writer’s visit, but the Minis- 
terio. de. Minas y Petréleos since 
1940. It is under the supervision of 
an administrator, assisted by the 
officer in charge of the police de- 
tachment. 

The most important paper on the 
Muzo district is that of Dr. Roberto 
Scheibe,’ first director of the Comi- 
sién Cientifica Nacional of Colombia, 
based upon field. studies made in 
1914 and 1915. A more recent study 
by W. G. Fetzer, also employed by 
the Colombian government, has not 
yet been published, and was not 
available to the writer. It should be 
of very great interest when pub- 
lished. Other papers on the area are 
listed in the bibliography. The pres- 
ent writing is based upon observa- 
tions made by the author during a 
brief visit while serving as consult- 
ing geologist to the Departamento de 
Petroéleos of the Colombian Govern- 
ment in 1939. 

The writer wishes to acknowledge 
the cooperation of all the depart- 
ments of the Colombian government 
involved, in making possible the trip 


1 Scheibe, R., “Informe Geolégico Sobre la Mina de Esmeraldas de Muzo,” 
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to the mines. He is particularly in- 
debted to Dr. Benjamin Alvarado, 
chief geologist of the Departamento 
de Petréleos, who made all the ar- 


-rangements, and to Dr. Benjamin 


Jaramillo, administrator of the mine, 
especially for the great courtesy and 
thoughtfulness shown the. writer’s 
wife and small daughter, both of 
whom accompanied him. He also 
wishes to express his appreciation 
of the never-failing kindness and 
helpfulness of his two assistants, 
Mr. Luis Camargo, and Mr. Floren- 
tino Hernandez. 


Geology 


The Cordillera de los Andes com- 
prises, in Colombia, three separate 
ranges: the Cordillera Occidental 
(western Andes), the Cordillera Cen- 
tral (central Andes), and the Cor- 
dillera Oriental (eastern Andes). 
The first two are composed largely 
of crystalline rocks; the Cordillera 
Oriental is principally sedimentary, 
although schists and phyllites, of 
presumable Paleozoic age, with some 
intrusive rocks, also presumed to be 
Paleozoic, are known to occur on the 
east and west slopes of the range. 


The sedimentary rocks range in 
age from lower Cretaceous through 
the Tertiary. The former are defi- 
nitely of marine origin, and the 
highly organic shales and limestones 
of lower Cretaceous age are the 
source of the oil produced in the 
Magdalena Valley fields. The upper 
Cretaceous rocks are marine sand- 
stones and shales, with the former 
predominant, and these rocks form 
the great western escarpment of the 
Cordillera Oriental. The Tertiary 
beds are of brackish water or con- 
tinental origin, and are principally 
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los estudios geoldgicos oficiales en Colombia. Vol. I, pp. 169-198, (1983). 
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siltstones, sandstones and conglome- 
rates. 

The rocks in the immediate vicinity 
of the Muzo mine are black, carbo- 
naceous limestones and shales, so 
highly carbonaceous, in fact, that 
they soil the fingers as does soft 
coal. No fossils were observed by 
the writer, but the lithology is simi- 
lar to that of fossiliferous Villeta 
(lower Cretaceous) beds mapped by 
the writer farther south, and to the 
Palmira (also lower Cretaceous) 
known to occur somewhat to the 
north. On a lithologic basis, there- 
fore, they are here classified as lower 
Cretaceous, which is in accordance 
with Scheibe’s designation.’ 


Scheibe® recognized two principal 
subdivisions of the sedimentary rocks 
at the mine: the emerald-bearing 
beds, and what he called the “cam- 
biado.”’ The exact meaning that he 
intended to convey by this latter 
term is not altogether clear, but 
without question he used it to give 
the idea that he believed the beds 
to have been somewhat changed, or 
metamorphosed. The emerald-bear- 
ing beds lie above the “cambiado,” 
and presumably had a wider distri- 
bution formerly than at present, 
having been stripped from much of 
the area by stream erosion. 

The writer’s observations were 
confined almost. entirely to the 
emerald-bearing beds. These are the 
typical black limestone and shale of 
the Villeta formation, highly tilted 
and folded, and weathering to yellow 
and brown where exposed at the 
surface. They are cut by numerous 
veins of varying widths, and in these 
veins the emeralds occur. 

The gangue minerals in the veins 
are calcite, which predominates, 


2 Op. cit., p. 172. 
3 Ibid, 


quartz, dolomite, and pyrite. In this 
gangue are the crystals of emerald. 
The exact order of crystallization 
has not been determined by the 
writer, but one specimen that he ex- 
amined showed a well-formed dolo- 
mite crystal entirely surrounded by 
a larger emerald erystal, the whole 
in a matrix of calcite and pyrite. 
In many other specimens examined, 
dolomite was intimately associated 
with the emeralds, and it seems safe 
to assume that they are of the same 
generation; that is, they represent, 
together with the other minerals 
listed, a single period of vein filling, 
the emeralds having crystallized 
somewhat earlier than the dolomite. 


Scheibe* describes veins occurring 
in the “cambiado,’ which contain 
albite, fluorite, and barite, and men- 
tions in this same formation cer- 
tain beds that appear to have been 
albitized, and others containing ot- 
trelite. He also calls attention to a 
pegmatite dike outside of, and to the 
southeast of the emerald-bearing 
area. All these he considers as evi- 
dence of the proximity of a granitic 
intrusion, which metamorphosed the 
beds he calls the “cambiado,”’ and 
gave rise to the solutions that formed 
the emerald-bearing veins. He frank- 
ly admits that he has been unable to 
prove the existence of such an intru- 
sion, due possibly to the difficulty of 
thoroughly exploring the jungle- 
covered area. A window of granitic 
rock surrounded by metamorphics, 
known to occur some 18 kilometers 
from the Muzo mine, he concedes to 
be definitely pre-lower Cretaceous. 

The writer saw no albite in the 
emerald-bearing veins that came 
under his observation, nor in the 
matrix surrounding the large num- 


4 Ibid. 


ber of emerald crystals he examined 
in the laboratory at the mine. Fur- 
thermore, although the folding and 
faulting in the black limestones and 
shales indicated that they had been 
subjected to considerable stressing, 
there was nothing to indicate con- 
tact metamorphism, nor, for that 
matter, metamorphism of any sort. 
Neither do the lower Cretaceous or 
later rocks observed in other parts 
of the Cordillera Oriental show evi- 
dences of intrusion by granitic plu- 
tonics. Unfortunately, the writer did 
not see the pegmatite dike reported 
by Dr. Scheibe, and, therefore, has 
no judgment as to whether it is in- 
trusive into the lower Cretaceous 
rocks, or, like the window of granite 
mentioned above, is older than lower 
Cretaceous and has been exposed 
by erosion. 


The relative closeness of the 
granitic intrusive postulated by. Dr. 
Scheibe implies a high temperature 
origin for the veins, not only those 
in the “cambiado,” but the emerald- 
bearing ones as well, and Lindgren 
seems so to consider them.’ How- 
ever, typical high-temperature min- 
erals, such as the pyroxenes, am- 
phiboles, garnets, magnetite, tour- 
maline, topaz, are altogether absent. 
Certainly some of the lime-silicate 
minerals would be expected in rocks 
as calcareous as these. The calcite, 
dolomite, and quartz of the emerald- 
bearing veins suggest much more 
strongly mesothermal deposits, as do 
also the fluorite, barite, and albite 
mentioned by Dr. Scheibe as occur- 
ring in the other veins. All of these 
might also occur as gangue minerals 
in low-temperature deposits, and the 
irregularities of the veins, in width, 


5 Lindgren, W., Mineral Deposits (3rd ed.). 
McGraw-Hill Book Co., Ine., New York, p. 
858, (1928). 
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extent, directions, and distribution, 
further suggest an epithermal origin 
as a possibility. It is the opinion of 
the writer that the veins, and there- 
fore the emeralds as well, are the 
result of mineralization in the lower 
part of the epithermal zone, or the 
upper part of the mesotherma! zone; 
in other words, at relatively low 
temperatures. 


Exploitation 


The Muzo deposits are worked en- 
tirely by open-cut methods, and 
equipment is of the simplest nature, 
consisting of picks, shovels, and bars. 
The individual deposits or “bancos” 
are developed by a series of benches, 
about a meter in height, the waste 
being gradually moved down into the 
bottom of the canyon on the side of 
which the deposit occurs. Water is 
stored upstream behind a small dam, 
and when a certain amount of waste 
has accumulated in the bottom of the 
canyon, the water is released and the 
waste flushed out into the Rio Iteco. 

When a vein is encountered that 
experience tells the worker or fore- 
man may contain emeralds, the ad- 
ministrator and the officer in charge 
of the police detail are called to the 
spot, and the vein opened up under 
their supervision. Any emeralds 
found are taken to the laboratory 
near the administration building, 
and the matrix carefully removed. 
Gem quality material is sent to Bo- 
gota, where it is deposited in the 
Banco de la Reptblica. 

The Muzo, as well as the Cosquez 
mine, being controlled by the govern- 
ment, is operated only as the market 
demands. It is at present. shut down, 
and has been since January 1, 1939. 
A recent official government report® 


6 Informe del Ministro de Minas y Petréleos 
al Congreso Nacional en sus sesiones ordi- 
narias de 1940, p. xxiv. Bogota, (1940). 
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states that there is on hand in the 
Baneo de la Reptblica a stock of 
emeralds whose value is approxi- 
mately $700,000.00, Colombian cur- 
rency (nearly $400,000.00, United 
States currency). This includes the 
unsold portion of the emeralds ex- 
hibited by the Colombian government 
at. the International Exposition in 
San Francisco in 1939, out of whose 
total value of nearly $65,000.00 
(U.S.), approximately $14,000.00 
(U.S.) were sold in the United 
States. 


The Muzo deposits are by no 
means worked out. While the very 
shallow depth of the emerald-bear- 
ing ground indicated by Scheibe’ on 
his cross-section seems to be borne 
out by the workings, there is still 
a considerable area of known ground 
that has not yet been exploited. In 
addition, it is quite possible that 
careful prospecting in the area be- 
tween the Muzo mine and the Cos- 
quez deposits, some twelve kilometers 
to the north, may reveal hitherto un- 


7 Op. cit., plate No. 4. 


known areas 
material. 


of emerald-yielding 
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SYNTHETIC EMERALDS ON U. S. MARKET* 


A San Francisco lapidary has recently been advertising for sale, both 
rough and cut synthetic emeralds. The Institute has secured five cut stones, 
the largest of which weighs 0.07 carats, and six tiny rough crystals, the 
largest of which weighs just under 0.02 carats. These stones are typical 
synthetic emerald material, exhibiting the pronounced “wisp-like” inclu- 
sions which have been reported in previous articles.j These “wisps” are 
made up of masses of tiny liquid inclusions, and are best studied under the 
dark field illumination of the diamondscope, or of the diamond imperfection 
detector. In most cases low magnification (10x to 100x) reveals the syn- 
thetic emerald, more readily than does higher magnification. 


* A.G.S. Research: Service. 


+ Gems & Gemology, July, 1935, page 281 fol; Winter, 1937, page 131 fol; Summer, 1938, 
page 163 ‘fol. 
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The Vargas Diamond 


by 


SYDNEY H. BALL, Ph.D. AND PAUL F. KERR, Ph.D.* 


Brazil, considering that its output 
since the discovery of diamonds some 
220 years ago has been about 
17,000,000 carats, has produced rela- 
tively few large stones and most of 
these have come from what has long 
been known as the Bagagem district 
in western Minas Geraes. Coro- 
mandel, Patos, Tiros and Patrocinio 
are localities associated with diamond 
production from this district which 
lies about 200 miles west of Bello 
Horizonte, the state capital. In this 
district were found the Star of the 
South (uncut 261.88 metric carats), 
discovered in July, 1853; the English 
Dresden (uncut 119% carats), found 
about the same time; the Estrella de 
Minas (uncut 179.8 carats), found in 
1911; Minas Geraes (uncut 172.5 
carats), the Southern Cross (uncut 
118 carats), in 1929, and a 178-carat 
stone in October, 19387. In addition, 
several other sizeable diamonds are 
said to have come from the same 
region. Many, however, had ap- 
parently forgotten the  district’s 
record, judging at least from the 
surprise expressed in many quarters 
when the “Presidente Vargas” was 
found in 1938, and reiterated when 
the “Darcy Vargas” (uncut 455 
carats) was found early in 1939. 

The “Presidente Getulio Vargas” 
diamond was found in the gravels of 
the Santo Antonio river in the mu- 
nicipality of Patrocinio, Minas Ge- 
raes, in July, 19388. Patrocinio is lo- 
cated at the base of the western 


extension of Minas Geraes, approxi- 
mately seventy-five miles from the 
southeastern corner of the State of 
Goyaz and an equal distance from 
the northeastern corner of the State 


of Sao Paulo. There are several 
stories as to the identity of the 
finder, but he apparently was a 


Brazilian prospector, Clarindo de 
Souza, who was working in partner- 
ship with Joaquim Evancio, the 
farmer, on whose land it was found. 
The partners sold it to a broker for 
1,190 contos (say, $56,000). The 
story goes that in the transaction the 
garimpeiro, as frequently happens 
with mining men, profited little in 
the transaction. The broker took the 
diamond to Bello Horizonte, where 
it was sold to a merchant, Oswaldo 
Dantés dos Reis. The reported con- 
sideration was some 5,000 contos 
(say, $235,000). The stone was chris- 
tened “Presidente Getulio Vargas,” 
in honor of the chief executive of 
Brazil. Senhor Dantés dos Reis sold 
the stone to a Dutch syndicate rep- 
resented by the Dutch Union Bank 
(Hollandsche Bankunie) of Amster- 
dam for a sum reported to be £80,- 
000. From November 11, 1938, to 
early in 1940, the diamond rested in 
the safety deposit vault of that bank. 
Early in 1940 it became known that 
Harry Winston, of Harry Winston, 
Inc., of 620 Fifth Avenue, New York, 
N.Y., had purchased an option to buy 
the stone for some $600,000. It will 
be remembered that Mr. Winston 


* The writers wish to thank Mr. Harry Winston and the members of the staff of Harry 


Winston, Inc., for courtesies extended. 
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was also the purchaser of the Jonker 
diamond, a stone within 0.6 carats 
of the weight of the “Presidente 
Getulio Vargas.” To the layman, it 
may be of interest to state that the 
stone was sent from Europe to Amer- 
ica by registered mail for 70 cents, 
although it was insured by Lloyd’s 
for $750,000. In March, 1941, the 
cutting of the Vargas diamond will 
begin in the Winston cutting shop in 
his office. It is understood that the 
stone will be cut into twenty rela- 
tively small, considering the crys- 
tal’s size, emerald-cut stones rang- 
ing from 5 to 50 carats in weight. 

The five largest diamonds found 
in the two thousand years or more 
of the diamond industry are: 

The Cullinan, found in South 
Africa, weight 3,025.75 carats; 

The Excelsior, found in South 
Africa, weight 995.2 carats; 

-The Great Mogul, found in India, 
weight 787 carats; 

Presidente Vargas, found in Bra- 
zil, weight 726.6 carats; 

And. the Jonker, found in South 
Africa, weight 726 carats. 

The Vargas diamond is a remark- 
ably fine piece of rough without car- 
bon spots, and blue-white in color. 
Originally limonitie stain was con- 
centrated along a small fracture and 
a more or less opaque brownish film 
coated a large part of the crystal. 
The film was easily removed with 
acid. The only other flaw is a small 


incipient fracture, suggesting that 
in mining some tool, perhaps a pick- 
axe, had struck it. This shows a 
slight tendency to produce Newton’s 
rings in faint colors of brilliant hue. 
It is, in shape, a roundedly triangu- 
lar and relatively thin mass of rough, 
and, strangely enough, in outline it 
strongly resembles the shape of 
Brazil. The Jonker was frosted on 
almost the entire surface, although 
clear on the inside. The Vargas, ex- 
cept for one side which is micro- 
scopically striated on the surface, 
resulting in a frosted appearance, is 
a clear piece, resembling, except for 
its weight, a piece of clear glass. 
Indeed, through it, print can be 
easily read. It is 2.8 inches long, 2.2 
inches wide, and 0.9 inch thick. The 
stone weighs 726.6 carats. Its spe- 
cifie gravity is reported to be 3:53, 
an unusually high figure for a dia- 
mond (evidently determined before 
the iron oxide was removed). 


The stone is the upper two-thirds 
of an extremely flat and elongated 
octahedron, part of the lower half 
of which is missing, the lower boun- 
dary being a cleavage face. In the 
cleaver’s opinion, it forms a single 
crystal; a re-entrant or two throw 
some doubt on this conclusion, but, 
after all, cleaving will tell the story. 
The octahedral faces. are so irregu- 
lar that goniometric readings would 
appear to be valueless, particularly 
as all but the cleavage surfaces are 
distinctly curved. 
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BOOK REVIEWS 


Quartz-Family Minerals. by H. C. Dake, Frank L. Fleener, Ben Hur Wil- 
son. Published by Whittlesley House, Division of McGraw Hill Book Co. New 


York, 1938. 


This text states as its aim the com- 
plete coverage of quartz and allied 
minerals especially from the view- 
point of the mineral collector. In this 
it is successful, some three hundred 
pages. being filled with material per- 
taining solely to the silica minerals. 
Unfortunately, much of the material 
included is worthless and some is 
completely incorrect. The book is well 
prepared, being printed on a good 
grade of paper and profusely illus- 
trated. The arrangement of mate- 
rial is well handled, particularly in 
view of the difficult problem pre- 
sented in this respect. Unfortunately, 


the handling of the material does not 
come up to the excellent manner of 
its presentation. The authors are 
guilty of not only incorrect state- 
ments, but even of several errors in 
English grammar. 

Quariz-Family Minerals should 
prove of very definite value to the 
host. of amateur mineralogists, col- 
lectors and lapidaries who are 
springing up throughout the United 
States. There is much good informa- 
tion on sources and on the type of 
material produced by cutting the 
various ornamental varieties of 
quartz. 


Jewels and Gems, by Lucile Saunders McDonald. Published by Thomas Y. 
Crowell Co. New York, 1940. 


Miss MecDonald’s book is illustrated with some striking drawings by 
Vera Bock and with the color plates which were used by Marcus and Com- 
pany for their series of excellently prepared advertising booklets on precious 
stones. Jewels and Gems is elementary in scope and is not too well written. 
However, the factual content in the main is correct, though several surpris- 
ing or amusing errors are present. The book deals mainly with the history 
and romance of gems and contains a goodly proportion of interesting 
fiction. Very little of the superstition concerning gemstones or of their 
talismanic virtues is incorporated and altogether the book makes interest- 
ing reading. The index with which Jewels and Gems closes is remarkably 
complete; however, an index of any sort might be considered unnecessary 
for a book of this type. 
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Book Reviews 


(Continued) 


5,000 Years of Gems and Jewelry, by Frances Rogers and Alice Beard. 
Published by Frederick A. Stokes Company, New York, 1940. 


This book, obviously planned for 
public consumption, is divided into 
three parts; part one, history, ro- 
mance and superstition of gems; part 
two, the properties of gems, fashion- 
ing qualities and substitutes; and 
part three, a description of the more 
important individual gemstones. 

The book contains also an appendix 
of four parts. The first of these is a 
“summary of gemstones” in which 
gems are tabulated with their hard- 
ness, transparency, colors and usual 
cuttings. Second, is birthstones in 
which the recommendations of G. F. 
Kunz are featured. Third, a selected 


bibliography which is very scanty. 
Fourth, a glossary which, while too 
brief, is comparatively accurate. 

The book closes with an index 
which is better than average for a 
book of this type. 

Part one of the book is by far the 
most interesting, contains some well- 
presented historical stories of gems, 
together with much superstition and 
talismanic lore. The second and third 
parts are too brief to be of much 
real value, though they do have the 
marked advantage of being compara- 
tively free from serious errors. 

—R. &., Jr. 
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Pearl Colors 


by 


PAUL C. RIETZ AND H. PAUL JUERGENS, C.G. 
Chicago, Illinois 


The qualities of pearls are not 
widely understood in the trade today. 
This is partly due to the fact that 
but a relatively small number of 
jewelers stock fine Oriental pearls, 
and partly to the great difference in 
value which results from compar- 
atively slight differences in quality. 

Of the qualities affecting pearl 
values, color is one of the most im- 
portant. Yet the color of a pearl is 
often difficult, sometimes quite im- 
possible, for a novice to judge. 

The color of the majority of pearls 
is due to two separate effects: the 
color of the body or background of 
the pearl, and the predominant hue 
of the orient, which is often ealled 
the “overtone” of the pearl. 

The body color is the color of the 
mass (background) of the pearl; 
every pearl has some definite body 
color. Oriental pearls usually are 
some tone between medium and very 
light cream (yellow of low intensity), 
or white. Some pearls, particularly 
those from fresh-water molluscs, 
exhibit pronounced body color in red, 
purple, blue, and gray to dead black. 
These are generally known as “col- 
ored pearls,” and are distinet from 
“fancy pearls.” Often a pearl ex- 
hibits more than one basic or body 
color; the result is a “two-color” 
pearl. 

Superimposed upon the color of 
the background, in fine pearls, is a 
secondary color due principally to 
the orient. This secondary or over- 
tone effect is not always present. In 
the finest Oriental pearls this color 


is pink (very light red) and is known 
in the trade as rosé (pronounced 
roe-zay’). Other colors include yellow, 
orange, green, and purple. 

In some cases the rosé overtone 
may be combined with a certain 
amount of blue or green; this con- 
stitutes a fancy pearl. Fancy pearls 
have really three colors: a_ basie 
color of cream (dark to very light 
to almost white), then a superim- 
posed rosé with a blue or green tint. 
The blue with the rosé may. also 
give a purple tint due to the com- 
bination of the colors rosé and blue. 
This is very desirable. The green 
tint remains more constant (cream, 
rosé green) and these are less de- 
sirable. 

Pure and even color is essential. 
Muddy, thick, or dingy colors are 
much less valuable. As described 
above, colors of fine pearls include 
both body color and the color of the 
overtone. Upon this basis pearls may 
be classified into the three general 
groups: white, black, and colored. 

White pearls include those of 
which the background or body color 
is white or some tone of cream. The 
white group is further divided into: 

1. White. Pearls of which the 
background color is white or very 
nearly so, and which have no pro- 
nounced overtone except perhaps 
a faint blue cast. 

2. Cream. Pearls of which the 
body color is dark, medium, or 
light cream, and which exhibit no 
overcast color. Light cream is ap- 
proximately the equivalent, of very 
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light yellow of low intensity (yel- 
low-brown); dark cream approxi- 
mately the equivalent of medium 
yellow-brown. 


3. Light Rosé. Pearls with body 
color white or nearly so and with 
pink (rosé) overtones. Light rosé 
and cream rosé are the most valu- 
able pearl colors. 


4, Cream Rosé. Pearis exhibit- 
ing cream background with rosé 
overtones. The cream background 
may be light, medium, or dark; 
and these variations are described 
as “light cream rosé,” etc. Cream 
rosé pearls are much more valu- 
able than those of a straight cream 
color. 


5. Fancy is the term applied to a 
pearl with a background color of 
dark, medium, or light cream, or 
white, which has an overtone of 
more or less pronounced purple, 
violet, blue, green, orange, ete. in 
addition to a rosé effect. A very 
pronounced rosé overtone may in 
itself be considered fancy; if it 
appear on a cream background, 
the effect is known as “cream 
fancy rosé.” A green overtone is 
the least desirable. 


In the classification of black pearls 
fall not only truly black pearls, but 
also gray specimens. Classed under 
black also are bronze, blue, blue- 
green, and green pearls which ex- 
hibit a pronounced metallic sheen. 
Pearls having an iridescent peacock- 
green sheen are the most desirable. 
An intense, even color is essential in 
any pearl of the black classification; 
dingy (low intensity) colors are 
much less valuable. 


Colored pearls are those which 
exhibit a pronounced hue as back- 
ground color, and these differ from 
fancy pearls which exhibit strong 
overtone colors. This hue is usually 
a light to medium tone of red, purple, 
violet, blue or green. These colors 
are more common in fresh-water 
than in Oriental pearls. ; 


Two-color pearls are a type of 
colored pearl in which the same hue 
does not extend uniformly over the 
surface. Even if one side be very 
fine, a round two-color pearl is less 
desirable for a necklace than one 
having a more usable color over all. 
Such two-color specimens may, how- 
ever, be used in rings or other 
jewelry pieces. 


( 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


by HENRY E. BRIGGS, Ph.D. 


APATITE 


Apatite occurs in many beautiful colors and cuts into very excellent 
looking gems; however, the low hardness of 5 is a real disadvantage since 
it will not wear in rings satisfactorily. It has a gravity of 3.1 to 3.2, a 
mean index of refraction of 1.64, the crystallization is hexagonal and it is, 
therefore, uniaxial. The optical character is negative, the luster vitreous to 
greasy, dichroism distinct in deep-colored specimens. It occurs in colorless, 
green, blue, violet, yellow, purple, red, and pink. The composition of apatite 
is calcium fluor- or chloro-phosphate, Cas (F,Cl) (P04) 3- Important localities 
for gem grade apatite are Germany, Bohemia, Switzerland, Ceylon, Maine 
and Canada. 


EUCLASE 


Euclase occurs in monoclinic prismatic crystals, hardness 7%, specific 
gravity 3.1, color blue, green, or bluish, greenish or colorless, mean index 
of refraction 1.65, biaxial and optically negative, pleochroism weak, luster 
vitreous and transparent, The composition of euclase is beryllium aluminum 
silicate, Be(AIOH) SiO4. It is not a well-known gem, probably because of 
its rarity. It is indeed a beautiful stone when cut and strongly resembles 
the aquamarine variety of beryl, which is often sold as euclase in order 
to get more money for it. However, it is an easy matter to distinguish 
between euclase and aquamarine, for the two minerals are entirely different 
in character. Important localities are Russia and Brazil. 


IOLITE 


Iolite, also known as dichroite and cordierite, is remarkable for its 
strong pleochroism. Iolite is orthorhombic, but is usually found in massive 
form. The hardness is 7 to 7%, specific gravity 2.6, luster vitreous. The 
mean index.of refraction is near 1.55, it is biaxial and optically negative, 
the composition is magnesium, iron aluminum silicate, (Mg,Fe)4A18(OH)2 
(Siz07)5. The color of iolite is light to dark blue, and it is transparent to 
translucent. Since the index of refraction is very low, the gem would have 
little appeal were it not for the strong pleochroism which is readily notice- 
able with the naked eye. This, however, is a redeeming characteristic of the 
gem, and by it iolite has gained quite a little favor. The most important 
locality for gem iolite is Ceylon where it is sold as “water sapphire.” 
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FELDSPAR GROUP 


Under this head we have several gem materials which we will treat as 
a group. The crystallization of all except orthoclase is triclinic, orthoclase 
being monoclinic. The mineral occurs both in well defined crystals and in 
cleavable masses. The cleavage is perfect in two directions, one being more 
perfect than the other. The hardness is 6 to 614, specific gravity 2.5 to 2.8, 
luster vitreous to pearly, transparent to opaque, mean index of refraction 
1.52 to 1.58, all are biaxial, albite and labradorite being positive while all 
others are negative. Feldspars are colorless, green, red, bluish, yellow 
and white. 


Orthoclase of gem variety is colorless and transparent and is called 
adularia, when it is opalescent it is called moonstone. Albite of gem quality 
occurs colorless and shows chatoyancy, sometimes of a very striking bluish 
color. 


Oligoclase also occurs as a moonstone with chatoyancy or opalescence. 
Microcline occurs in a cleavable mass of green color, somewhat like that. of 
jade. It cuts into very pleasing stones for cheaper jewelry, and is sold as 
Amazon stone or amazonite. 


Oligoclase occurs in an aventurine form called sunstone. It is of a 
reddish color with bright reflections from inclusions of minute crystals of 
iron oxide. 

Labradorite is a variety with a beautiful change of colors, such as blue 
and green and occasionally yellow, red, gray or purplish. 


The composition of this group is as follows: orthoclase (KAI1S8i308), 
potassium aluminum silicate; albite (NaA18i308), sodium. aluminum 
silicate; microcline same as orthoclase; anorthite (CaAl2Siz08), calcium 
aluminum silicate; oligoclase intermediate between albite and anorthite; 
labradorite intermediate between albite and anorthite. 

Principal localities for gem varieties are: orthoclase—Switzerland, 
Elba, Ceylon, Brazil, Madagascar; amazonite—Ural mountains, Pennsyl- 
vania, Colorado and Virginia. Sunstone comes principally from Norway. 
Labradorite comes mainly from Labrador, as the name implies. 


EPIDOTE 


Epidote, as a gem, has met with little favor, although it is a very attrac- 
tive gem when of good quality and well cut. It has a hardness of 6 to 7 and 
a specific gravity of 3.3 to 3.5. The luster is vitreous and the color yellowish 
to brownish green, and occasionally colorless, brown or red. Pleochroism is 
strong, crystallization monoclinic, mean index of refraction 1.75, biaxial and 
optically negative. The composition is a silicate of calcium, iron and 
aluminum, Caz (Al,Fe)2(Al1.0H) (Si04) 3 Principal localities for gem epidote 
are: Alaska, France, Norway, Italy and Tyrol. 


(To be continued) 
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Twportanl-Diamonds 


Robert: @- Shipley 


THE GREAT MOGUL 


Jean Baptiste Tavernier, famous traveller and gem expert, who spent a 
great part of forty years in the East, is the only authority we have for 
details regarding the Great Mogul. 

The diamond was found about 1650 A.D. in the Kollur Mine on the River 
Kista in India. It came into the possession of the Emir Jemla, who farmed 
the famous diamond mines. Jemla was enormously wealthy and was Vizier 
to the King of Golconda. But jealousy and intrigue were soon afoot and 
Emir Jemla fled and placed himself under the protection of Shah Jehan, the 
Grand Mogul of the all-powerful empire to the north of Goleonda. Jemla 
lavished jewels on Shah Jehan and among the gifts was the Mogul. Shah 
Jehan had a nice taste in jewels, owning the Kohinoor also and when deposed 
by his son Aurangzeb and shut in the fortress prison of Agra, carried the 
bulk of his jewels with him. 

Tavernier was summoned to the presence of the Mogul Aurangzeb to see 
the splendor of his jewels and he gave an interesting and circumstantial 
account of his visit. “The first. piece that Akel Khan (Chief Keeper of the 
King’s jewels) placed in my hand was the great diamond, which is rose cut, 
round and very high on one side. On the lower edge is a slight crack, and a 
little flaw in it. Its water is fine, and it weighs 319% ratis, which makes 280 
of our carats.” (In another place he gives a more exact, figure 279 9/16 
carats.) Travernier states that the stone weighed, in the rough, 787% carats, 
but that the cutter, Hortensio Borgio, had cut it so poorly and reduced its 
weight so much that the King, instead of rewarding him for his work, fined 
him’ 10,000 rupees and would have taken more had he possessed it. 

“Tf the sieur Hortensio had understood his trade well, he would have 
been able to take a large piece from this stone without doing injury to the 
King, and without having so much trouble grinding it, but he was not a very 
accomplished diamond cutter.” (Ball’s Translation of Tavernier’s “Travels in 
India”) 

Tavernier further described the jewel—“The stone is of the same form 
as if one cut an egg through the middle;” a rather vague description, perhaps 
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a small hen’s egg if we try and link the Mogul up with the Orloff, as the 
great living Russian gem authority, Fersman, would have us do in his 
excellent work on the Orloff, written in 1926, Tavernier also published a 
sketch of the diamond from which the model has been constructed that serves 
as the present facsimile of the stone. 

Tavernier is usually very accurate in his statements, if we may judge 
him by his descriptions of diamonds still in existence, yet in spite of the 
record, a great diversity of opinion exists regarding the query—‘“What was 
the Great Mogul?” 

Maskelyn believed that Tavernier never saw the Mogul which was in the 
possession of the imprisoned Shah Jehan, and what he saw was the Kohinoor. 
However, the Orloff, save for size, is singularly like the description of the 
Mogul, and Doctor Fersman is sure that they are the same. 


The Model. of 
the Great Mogul 


THE STAR OF SOUTH AFRICA (OR DUDLEY) 


The history of this stone goes back to the earliest discovery of dia- 
monds in South Africa. During the excitement resulting from the recog- 
nition in 1867 by Mr. John O’Reilly of the fact that some pretty pebbles 
used as playthings by the daughter of a Mr. Van Niekirk, with whom he 
was staying, were diamonds, a report reached Mr. Van Niekirk’s ear to the 
effect that a native African had a much larger stone of the same kind. Mr. 
Van ‘Niekirk immediately hunted up the native and purchased the stone, 
although it cost him nearly all he possessed—500 sheep, 10 oxen, and a horse. 
He shortly after sold the diamond to a firm of South African jewelers for 
$56,000 (£11,200). The stone weighed, in the rough, 83% carats, and was 
cut by the purchasers to an oval, three-sided brilliant of 46% carats of 
great brilliancy and of the finest water. It then was sold to the Countess of 
Dudley for $125,000, who had it mounted in a head ornament surrounded 
by 95 smaller stones. 
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The Synthetic Emerald* 


EDWARD GUBELIN, Ph.D., C.G., Lucerne, Switzerland 
and LIEUT. ROBERT M. SHIPLEY, JR. 
Director of Education and Research, G.I.A. 


For many years past the synthetic 


emerald has been referred to as a 


notable and interesting. product of 
the scientist’s laboratory, available 
only to gemological organizations 
for the purpose of research or to 
museums for public display. It was 
long thought of as a commercially 
unimportant. gem. However, the in- 
troduction of the synthetic emerald 
in the trade has now become a fact. 
Fashioned synthetic emeralds are 
now offered for sale in the United 
States trade; furthermore, caliber- 
cut stones have been found mixed 
in papers of genuine emeralds. 
Certified Gemologists, however, need 
not fear a disturbance in the gem 
market by the appearance of this 
new synthetic stone, as its detection 
is no more difficult than is the case 
with synthetic corundum or spinel, 
though the characteristics are much 
different. 

Five synthetic emeralds, appar- 
ently produced but lately, were 
studied by Doetor Gibelin this 
winter. These confirmed previous 
statements on the characteristics of 
synthetic emeralds. Ten specimens 
were studied in the G.I.A. laboratory 
in Los Angeles by Robert M. Ship- 
ley, Jr. 

The: synthetic emerald which the 
IG. Farbenindustrie, the makers, 
markets under the name of “Igmer- 
ald,” is not manufactured by the 
same apparatus which is employed 
to produce synthetic corundum and 
spinel. Hence, the products of the 


*G.I.A. Research Service, 


synthesis are not the well-known 
pear-shaped boules, but druses of 
well-developed crystals of very near- 
ly the same habit exhibited by ecrys- 
tals of natural emerald. 


When observed with the unaided 
eye, many of the synthetic emeralds 


—-Photo by Dr. Giibelin 
Figure 1 
Anomalous Double Refraction in 
Synthetic Emerald. 


do not differ externally from the 
natural stone. They show the same 
velvety green emerald color and the 
same luster as the genuine gem; 
and reveal similarly small and subtle 
impurities and inclusions, which, 
just as in natural mined stones, do 
not impair the impression as a 
whole. 


(1) Ed’s Note: These 10 speci- 
mens came from the agent of a 
manufacturer who claims to be mak- 
ing them in the U. 8S. A. by an inde- 
pendently developed process. 


SUMMER, 


The synthetic emerald grows on 
druses as hexagonal prisms a(1010) 
and m(1120), determined by the 
basal pinacoid ¢c(0001) and some- 
times combined with short bipyra- 
mids p(1011) and s(1121), the same 
as natural emerald; and they some- 
times measure more than half an 
inch in length. Stones of well over 
a carat may be cut from these; and 
synthetic emeralds of this size and 
smaller, are known to have been in 
the trade as genuine emeralds.’ 

Striae parallel to the basal plane 
frequently occur and they may read- 
ily be observed under the microscope 
in cut material. These are perhaps 
produced by periodic crystal growth 
accompanied by slight differences in 
composition and coloring pigment of 
the mother-liquor. Contrary to the 
typically curved striae in synthetic 
corundums, the parallel bands in 
the ‘“Igmerald” are rigorously 
straight. All these properties are 
of no discriminative value and need, 
therefore, not be dealt with further 
in this paper. 
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It is the physical properties of 
the synthetic emerald as regards 
refractive index, double refraction, 
dichroism, absorption, fluorescence, 
absorption spectrum, density, and 
especially the inclusions as viewed 
under magnification, which afford 
reliable distinguishing features. Al- 
though some of the physical tests 
may appear to be negligible if car- 
ried out singly, summarized they 
procure accurate and authoritative 
results. 


Beginning with the refractive 
index: measurements on all stones 
submitted thus far, both in Switzer- 
land and in the U. S., reveal slight, 
but constant variations. In all cases 
the amount of double refraction 
remained around .003 and the high- 
est values obtained for nw(the 
ordinary ray) did not surpass the 
lowest of ne(the extraordinary ray) 
of natural stones. The figures for 
several synthetic stones and those 
for genuine emeralds from different 
localities, as determined by Doctor 
Gtibelin, are tabulated below: 


Refractive Index for 
Sodium Light 


Emeralds 


lw 


Double 
Refraction* 
ie 


Synthetic Emerald 1 | 
Synthetic Emerald 2 
Colombian Emerald, 
Muzo 
Brazilian Emerald 
Colombian. Emerald, 
Chivor 
Emerald 1 
Emerald 2 
Emerald 1 
Emerald 2 


1.562 
1.564 


1.569 
1.573 


1.575 
1.580 
1.582 
1.587 
1.587 


Russian 
Russian 
African 
African 


1.559 
1.561 


-0.003 
-0.003 


1.564 
1.568 


-0.005 
-0.005 


1.570 
1.574 
1.575 
1.580 


1.580 


-0.005 
-0.006 
-0.007 
-0.007 
-0.007 


(2) Occasional very poor unevenly colored synthetic beryls have appeared 
in the trade in even larger sizes. 

*No attempt has been made so far to establish the fourth place of deci- 
mals, since this would have been a matter of academic rather than practical 
interest. 
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The dichroism of the synthetic emerald also differs from that of a nat- 
ural emerald, showing the follow:ng pleochroi¢ colors: 


Source of Light “Igmerald” Emerald 
weak distinet 

Artificial yellowish green—green green—blue-green 
weak distinet 

Natural yellowish green—bluish green green—hblue-green 


However, for older synthetic emer- 
alds (1935) very strong dichroism 
was described as a means of distine- 
tion. The progress of manufacture 
has caused an important shift in 
this property. 

Another distinguishing feature is 
the pronounced anomalous double 
refraction. of the synthetic emerald. 
Genuine emerald very rarely shows 
this effect, and when it is present, 
the pattern is less regular. The 
synthetic. does: not entirely extin- 
guish-in parallel polarized light as 
the stage of the microscope -is ro- 
tated, but in the-four positions of 
greatest darkness it displays bire- 
fringent patches, of which Figure 1 
is a good illustration; in white light, 
interference colors are exhibited. 
This anomalous extinction is due 


—Photo by G.I.A. Lab. 
Figure 2 
Liquid Inclusions in Synthetic 
Emerald. (U.S.A.) 


—Photo by Dr. Gtibglin 

Figure. 3 

with Enclosed 

Crystalline Particles, in Colombian 
Emerald. 


Liquid Inclusions, 


to internal strain, which probably 
results from rapid growth. 


The internal strain in “Igmerald” 
has also been described by B. W. 
Anderson, B.Se., F.G.A. and C. J. 
Payne, B.Sc." through Laué photo- 
graphs, which were obtained in the 
direction of the hexagonal axis of 
the “Temerald.” The Laué photo- 
graphs confirm that both natural 
and synthetic emeralds belong to 
the hexagonal system, since both are 
showing an-exclusively six-fold sym- 
metry. The strain in the crystal 
structure is proved by the doubling 
of the outer dots in the photograph 
of the synthetic stone. 


(3) “Igmerald—The German Syn- 
thetic Emerald,” by B. W. Anderson, 
B.Se., The Gemologist, Vol. IV, May 
1935, No. 46, page 295. 


( ) 
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The “Igmerald” has its own char- 
acteristics in the absorption ‘spec- 
trum, and in fact it exhibits features 
different from those of the absorp- 
tion spectrum as known in any gen- 
uine stone. Besides. the typical ab- 
sorption bands of chromium which 
are perceived in the red end of: the 
spectrum at wave lengths 6295A, 


Photo by G.L.A. Lab. 
Figure 4 
Wisp-Like Systems of Inclusions in 
Synthetic Emerald. 


6460A, 6620A, 6740A, 6795A and 
6828A, two additional bands appear 
in the orange-yellow at 5940A and 
6060A, appearing most clearly in 
the polarized light. Moreover the 
whole spectrum of the “Igmerald” 
is somewhat more intense than that 
of natural emerald. The presence 
of these additional bands constitutes 
in itself a discriminating test for the 
“Igmerald.”. The. bands are probably 
due to a chromium content in excess 
of that found in genuine emerald. 

When we turn to the specific 
gravity of synthetic we again find 
lower values in comparison to the 
natural stone. The limits. so far 
determined between 2.497 and 2.702 
as against 2.670 to 2.750 for the 


—Photo by G.I.A. Lab. 
Figure 6 
Inclusions in Synthetic Emerald as 
Seen Through the Diamondscope. 


genuine gem. In general, the density 
increases slightly with depth of 
color; i.e., with increased content of 
chromium as a coloring agent. Since 
these values overlap, this property 
is of little value as a means of dis- 
tinction. / 


All of the above means of distine- 
tion depend upon instruments, which 
may not be found in the possession 
of the average jeweler. Therefore, 
a reliable test which. may be per- 
formed: simply, with a minimum of 
equipment, is desirable. Fortunately, 
the basis for such a test is found 
in the highly distinctive inclusions 
of synthetic emerald, as viewed 
under magnification. 


The impurities in synthetic em- 
erald may be classified as_ solid, 
liquid, or gaseous inclusions. The 
characteristic three phases of mat- 
ter in one cavity as seen in natural 
emerald are absent in the synthe- 
tic, and this seems to furnish a 
reliable test..(See Figures 2 and 3.) 
Under high magnification, the usual 
inclusions in synthetic emerald are 
seen to be liquid or liquid and gas, 
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but they lack the solid crystalline 
particles characteristic of the gen- 
uine material.‘ Solid inclusions in 
the form of minute particles spread 
swarm-like throughout the synthetic 
material. Under the microscope 
these appear black—under the Dia- 
mondscope, green in color. 

Liquid inclusions shaped as feath- 
ers are the most characteristic type 
of inclusions in the synthetic. These 
appear as most delicate, wisp-like, 
veil-shaped formations resembling 
cracked lacquer or cloisonne.’ High- 
power magnification (250 x) reveals 
these features to consist of countless 
tiny, single, liquid inclusions, each of 
which contains a little round gas- 
bubble. (See Figure 2.) They are 
grouped in broad, swarm-like lines, 
which cross the stone in slightly 
eurved directions. (See Figures 4 
and 5.) Systems of almost parallel 


(4) “Differentiation Between Rus- 
sian and Colombian Emeralds,” E. 


Giibelin, Gems & Gemology, Vol: 
III, No. 6, summer 1940, pages 
89-92. 


(5) “The Detection of Synthetic 
Emerald,’ Gems & Gemology, Vol. 
II, No. 10, summer 19388, pages 
163-168. 


rod-like inclusions (probably gas- 
filled cavities) are frequently pres- 
ent in synthetic emeralds. These seem 
to be more pronounced in stones of 
earlier manufacture, however. 

Summarizing the preceding, it will 
be apparent that the synthetic 
may be distinguished from any gen- 
uine emerald by the following dis- 
cerning qualities: 

1. Low refractive index, bire- 
fringence, and specific gravity; and 
anomalous double refraction in par- 
allel polarized light. 


2. Single bands at wave lengths 


5940A and 6060A in the absorption. 


spectrum. (In Igmerald.) 


3. Typical inelusions, especially 
wisp-like or feathery markings. 


It will be evident from the fore- 
going facts that, though the syn- 
thetic emerald is very similar in 
color and external appearance to the 
genuine stone, and has the same 
chemical composition and _ crystal 
form, no danger may ever threaten 
the natural gem because of the many 
possibilities of accurate distinction. 
It seems unnecessary that its value 
should ever be affected as were those 
of rubies and sapphires when syn- 
thetic corundums were first intro- 
duced. 


(Continued from page 160) 


Cullinan II. About 317 metric carats. Later placed in the King’s State 


Crown. 


Cullinan III. A Pendeloque or Pear about 95 carats. In the finial of the 


Queen’s State Crown. 


Cullinan IV. A square. About 63.7 carats. In the band of the Queen’s 


State Crown. 


There were five other gems from 18.85. to 4.89. carats, and 96 more with 


a total weight of about 8 carats. 


C) 
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DIAMOND GLOSSARY 


Aberration. The failure of a lens or 


mirror to bring the light rays to 
the same focus. When due to the 
form of the lens or mirror it is 
called spherical aberration. When 
due to the different refrangibility 
of light. of different colors it is 
called chromatic aberration. 


Abrade. To rub or wear off; to 


waste or wear away by friction, as 
to abrade rocks. (Webster.) 


Abrasion. A process of erosion. Ma- 


terial earried along streams is 
gradually worn away by contact 
with rock surfaces in the stream 
beds. Abrasion creates “water- 
worn pebbles,” in which form 
many gems are found. See Water- 
worn. 


Abrasive: A substance used for 


abrading, as for grinding and 
polishing. 


Accidental Inclusions. See Kimber- 


lite, Inclusions. 


Acromatic Triplet. Corrected for 


chromatic aberration. See Loupe. 


Adamant.. A stone imagined by some 


to be of impenetrable hardness; 
a name given to the diamond and 
other substances of extreme hard- 
ness; but in modern mineralogy it 
has no technical significance. 


“(Webster.) 
Adamantine. Extraordinarily hard. 


From adams (Greek). The luster 
of the diamond. 


Agulhas (Braz.). Oxides of titanium 


associated with diamonds. (Halse.) 


Ajer-laut. Fancy diamond from Bor- 


neo of sea-green color. (Ball.) 


This diamond glossary has been compiled to attempt to satisfy a definite need. 
Terms included are only those specifically related to the study of the diamond 
—for other gemological terms see the “Gemological Glossary.” 


Akbar Shah (Shepherd Stone). An 
Indian diamond. Belonged to Shah 
Jehan and presumably to his pre- 
decessor Akbar Shah. Arabic in- 
scriptions on stone indicate own- 
ership. Probably taken to Persia 
by Nadir Shah (1789); in 1865 
purchased in Constantinople and 
brought to London where it was 
recut, and drastically reduced in 
size from 116 carats to 71.7 carats. 
The inscriptions were destroyed 
in the recutting. Sold to Gaekwar 
of Baroda for $175,000. 


“Alaska Diamond.” Rock crystal. 
“Alencon Diamond.” Rock crystal. 


Allochromatic (coined word). Miner- 
als perfectly colorless or white 
when pure. Due to the presence 
of an accidental impurity, they 
are often colored. The majority 
of gem minerals are allochromatic. 


Allotrope. One of the forms as- 
sumed by an allotropic substance; 
as the diamond is an allotrope of 
carbon. (Standard.) 

Allotropy; Allotropism. The capac- 
ity of existing in two or more con- 
ditions, that are distinguished by 
differences in properties. Thus 
carbon occurs in the cubie system 
as diamond, in the hexagonal sys- 
tem as graphite, and in an amor- 
phous form—charcoal. 

Alluvial Deposits (alluvium). All 
deposits laid down on land by the 
agents of erosion. Many gems, 
especially diamonds, are found in 

_ this type of deposit. 
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Alluvial Sorting. Diamonds from 
poor original sources concentrated 
in smaller alluvial deposits, thus 
making mining commercially prof- 
itable. 

Alluvium. Lyell’s. name for the de- 
posit of loose gravel, sand and 
mud that usually intervenes in 
every district between the super- 
ficial covering of vegetal mould 
and the. adjacent rock. The word 
is derived from the Latin word 
for an inundation. It was em- 
ployed by Naumann as a general 
term for sediments in water as 
contrasted with eolian rocks. It is 
generally used today for the 
earthy deposit made by running 
streams, especially during times 
of flood. (Kemp.) 

“Alpine Diamond.” Pyrite. 

Altered Stones. Diamonds or other 
stones which are coated or in- 
ternally treated with some foreign 
substance to change their color or 
appearance. See, also, Coated 
diamond. See, also, Treated dia- 
mond. 

American Cut. A specific style of 
brilliant cut. The angles of its 
bezel facets (34 30’) with the 
plane of the girdle. Ideal propor- 
tions for maximum brillianey and 
dispersion according to Tolkowsky. 

Amygdaloidal Diabase. An igneous 
rock in which diamond has been 
found apparently at its point of 
origin in South Africa. 

Angola. The Kasai River forms 
part of the boundary between the 
Belgian Congo and Angola (Por- 
tuguese West Africa). The allu- 
vial deposits are not confined to the 
Congo side of the river. Also, the 
Angolese headwater tributaries 
of thé Kasai yield many alluvial 
diamonds. 

Angle of polarization. That angle 
whose tangent is the index of 


refraction of a reflecting sub- 
stance. (Dana.) 

Anomalous Double Refraction. Dou- 
ble refraction in a normally sing- 
ly refractive substance caused hy 
internal strain. 

Anomalies. As applied to crystals, 
refers to lack of harmony of op- 
tical phenomena with apparent 
symmetry of external form. 
(Dana.) 

Aplanatic Lens. A lens free from 
spherical aberration. See Aberra- 
tion. 

Aplanatic Triplet. Loupe corrected 
for spherical and chromatic aber- 
ration. See Loupe. 

AP (absolutely perfect). See Per- 
fect. 


Arizona Diamonds. See United 
States. ' 4 
Arkansas. Diamonds were discoy- 


ered in Pike County, Arkansas, 
in 1906, in a pipe similar to those 
in South Africa. Never really..a 
commercial source. 

Arkansas Diamond. Diamond from 
Arkansas; also (incorrectly) rock 
crystal from Arkansas. 

Ascension Theory. The theory that 
the maiter filling fissure veins was 
introduced in solution from below. 
(Raymond.) 

Assembled Stones. A term suggest- 
ed by Shipley for any stone made 
of two or more parts of genuine 
and imitation gem materials.. See, 
also, Foil backs. 

Atherstone, Wm. Guybon (18138- 
1898). Pioneer in South African 
geology. Atherstone’s identifica- 
tion as a diamond of a erystal 
found at De Kalk, near the junc- 
tion of the Riet:and Vaal rivers 
(1867), led indirectly to the es- 
tablishment of the great diamond 
industry of South Africa. He 
encouraged the workings at Jag- 
ersfontein, and he also called at- 


"a 
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tention to the diamantiferous 
neck at Kimberley. 

Atom. When ordinarily used in 
mineralogy, or gemology, refers to 
the smallest particle of an ele- 
ment which exists either alone or 
in‘ combination. with similar par- 
ticles of the same or a different 
element. See, also, Molecule. 

Attrition. Act of rubbing together; 
friction; act of wearing or state 
of being worn; abrasion. (Web- 
ster.) ; 

Augite.. The commonest rock-making 
pyroxene. As distinguished from 
other pyroxenes, augite refers to 
the dark varieties with consider- 
able alumina and iron. The name 
is used as a descriptive prefix to 
many rocks that contain the min- 
eral, as for instance, augite- 
andesite. (Kemp.) See Pyroxene. 

Australia. Diamonds. were discov- 
ered in New South Wales in 1851. 
Diamonds are found in other lo- 
ealities in Australia and a few 
finds have been reported from Tas- 
mania, but no deposits of im- 
portance. 

Axis. In crystallography, one of the 
imaginary lines in a crystal which 
are used as coordinate axes of 
reference in determining the po- 
sitions and symbols of the crystal 
planes. (La Forge.) 

Baby. A trough or cradle in which 
gravel was washed for diamonds 
by early South African pros- 
pectors. 

Bagagem (Brazil). Gne ‘source of 
the finest Brazilian stones. Second 
diamond-bearing region to be dis- 
covered in Brazil, west of Dia- 
mantina in Minas Geraes. It was 
in this region that the 254-carat 
“Star of the South” was found. 
See, also, Bahia. 


Baguette. A style or shape in which 
diamond gems are cut. 

Bahia. A gem-bearing state (or 
territory) in Brazil. Diamonds 
were discovered here as early as 
1755. Most important diamond- 
bearing region is in the vicinity 
of Cincora. Inferior to stones from 
Bagagem and Canavieiras. Also 
an important carbonado source. 

Balance Fly. Bubble. Bubble of gas 
in the liquid inclusion similar to 
a bubble in a .carpenter’s level. 
See, also, Gas inclosures. 

Ball, Dr. Sydney H (obart). Ameri- 
ean geologist and authority on 
geology, diamonds and other pre- 
cious stones. Dr. Ball has been 
assistant geologist of U. S. Geo- 
logical Survey; chief geologist 
Soc. Int. Forestiere et. Miniére du 
Congo; consulting engineer, U. 8. 
Bureau of Mines; is on advisory 
board of Gemological Institute of 
America; president of Soc. Econ. 
Geol. (’30); twice president. of 
Min. and Metal. Soc.; Member of 
Soc. Belge de Geol.; hon. mem. 
Chem. Metal. and Min. Soe. So. 
Africa. Dr. Ball is the author of 
many treatises and papers on 
geology and mineralogy. 

Ball, Dr. Valentine (1848-1895). Au- 
thority on economie geology of 
India and made of occurrence and 
distribution of diamonds in India. 
English translator of the best 
edition of Jen Baptiste Taver- 
nier’s Travels in India. 

Ballas (Modified form of the Portu- 
guese “bolas” meaning a bullet). 
An important industrial variety of 
the diamond. Spherical masses of 
minute. diamond = crystals, ar- 
ranged more or less concentrical- 
ly; cleavage difficult; extremely 
hard and very tough. 


(To be continued) 
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Colorado Lapis Lazuli* 


by 


HAROLD I. ROSENCRANS 
Certified Gemologist, Longmont, Colorado 


High in the Sawatch Range of the 
Colorado Rockies, on Italian Moun- 
tain, a prospector was finishing a 
day’s work on his garnet claim 
where he had discovered Grossular- 
ite of the green variety and also the 
Hessonite variety commonly called 
Hyacinth garnet. From the claim 
near the base of the west side of 
the mountain to his cabin on the 
east side lay his path—a long, dan- 
gerous climb. A cold rain had begun 
to fall and the sharp north wind 
made the rain cut like ice as it 
struck his face. 

Generally he worked his way along 
the crest of a ridge to the summit, 
but because of the cold wind and 
rain he decided to make his way to 
the top along the bottom of a gully 
which pitched steeply down the 
mountainside. The bottom of the 
gully was choked with slide rock 
which made climbing difficult. He 
had not traveled far when he noticed 
a rock one corner of which was of 
a decided blue color, especially so 
because it was wet from the rain. 
With his pick-a-dilly, or rock ham- 
mer, he knocked off a fragment and 
dropped it into his pocket. He did 
not give the blue rock much thought 
at the, time, thinking that the color 
was probably due to copper stain. 
Then he made his way up and over 
the twelve thousand five hundred-foot 
summit and when safely in his cabin 
consigned the blue fragment to a 
pile of samples yet to be tested. 


*A.G.S. Research Service. 


A couple of weeks later he came 
upon the specimen, and after exam- 
ining it closely he was convinced 
that he had never before found any- 
thing like it. His tests were simple 
but revealing. He heated it and 
found that he could bring it to al- 
most a red heat without its fractur- 
ing. Moreover, when the sample 
cooled: its blue color returned. He 
applied azids and noted the charac- 
teristic odor of hydrogen sulfide. He 
tested the hardness and streak, and 
determined the specific gravity of 
the material and finally concluded 
that he had found Lazurite or Lapis 
Lazuli. Having a scientific attitude 
he was not fully convinced on the 
basis of such simple tests. He sent 
a sample to a testing laboratory, 
and when the report was returned it 
verified his conclusion. He had found 
the treasure of the ancients, Lapis 
Lazuli. 


The prospector, whose name is 
Carl Anderson, returned to the lo- 
cality in which he had picked up the 
Lapis and soon found the rock from 
which he had taken his first sample. 
From where he stood, he looked up 
the mountain for he knew that this 
rock had broken loose and rolled 
down from some spot, on that broad, 
high slope. Back and forth across 
the steep slope he worked, hunting 
for some indication of the vein, and 
finally came to the top without suc- 
cess. For three days he repeated 
this procedure without finding even 
so much as a trace of Lapis. Then 
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he remembered a trick he had used 
with some success in the past. With 
a true prospector’s determination he 
started up the slope again, and be- 
gan to roll rocks about the size of 
the original mass down the moun- 
tainside. He continued to do this 
until two or three of the boulders 
stopped at about the place of his 
original discovery. But looking care- 
fully around him he could see not 
even one fragment of Lapis. The 
slope here was quite steep and cov- 
ered with disintegrated rock, gravel 
and soil. As a last resort he started 
to dig and before he had reached 
more than a foot below the surface, 
he began to find small pieces of 
Lapis. Below this, a few inches, he 
struck a vein of hard, metamor- 
phosed lime rock. Here in this lime 
rock vein the Lapis was formed. 

By digging he exposed this lime 
rock vein to a depth of five feet and 
discovered three veins of Lapis run- 
ning through it. In places the Lapis 
stringers were seven to eight inches 
wide; in other places they pinched 
out completely. After locating the 
vein he was able to expose Lapis 
outcrops for a distance of three hun- 
dred feet along the face of the 
mountain. 

Lapis Lazuli, the gem symbolic of 
truth, was worn and treasured by 
the ancients more than a thousand 
years B. C. In Biblical times it was 
known as the sapphire. In those 
ancient days it came from the mines 
of Afghanistan and was prized 
above gold and other precious ob- 
jects. In modern times Lapis has 
been imported from Persia, Siberia 
and Chile. There is a deposit of 
poor-quality Lapis near Lake Mono 
in California. 

Lapis Lazuli, the gem, is not a 
mineral but a rock formed of a mix- 
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ture of Lazurite and several other 
minerals, usually diopside, amphi- 
bole, mica, calcite and pyrite. Lazu- 
rite is a complex silicate and the 
blue color is perhaps due to the pres- 
ence of sulphur. It is an opaque 
stone of various shades of blue. Vivid 
ultramarine blue, light blue, green- 
ish blue, and violetish blue are 
among the colors exhibited. Gem 
material containing a very large 
amount of white calcite or other 
minerals in. proportion to Lazurite 
is called lapis matrix. It is appar- 
ently formed by contact metamor- 
phism between limestone or marble 
and igneous rocks. Its crystalline 
character is cubie and gem material 
is in the form of a massive granu- 
lar aggregate. The luster is feebly 
vitreous on a fractured surface. 
Polished surfaces are vitreous but 
never brilliant and often waxy. The 
hardness varies from 5 to 5%. The 
streak is white to light blue and its 
toughness is fair to poor. There is 
no cleavage. It has a subconchoidal 
to uneven fracture. Its specific grav- 
ity varies from 2.5 to 2.9 and its 
refractive index is 1.5. Lapis is de- 
composed by. hydrochloric acid and 
the distinguishing features are its 
intense blue color and inclusions of 
calcite and pyrite crystals which are 
usually present. 

Italian Mountain has been exposed 
in succession to folding and faulting 
and intense volcanic activity. Later 
glaciers carved into its sides great 
cirques depositing alluvial material 
in long moraines. Directly below the 
summit is a four-foot-wide vein of 
graphite, which unfortunately is 
worthless because it is amorphous. 

In this section, sedimentary strata 
of the Mississippian period have 
been folded against the pre-Cambrian 
mass of the Sawatch range and have 
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been profoundly folded and faulted. 
This folding and faulting occurred 
at about the close of the Cretaceous 
period. Igneous rock was intruded 
into the Paleozoic strata of which 
the Lapis-bearing limestone is a 
part. The intrusions were diorite 
porphyry. On the upper section of 
Italian Mountain the intrusive ma- 
terial is diorite. This difference is 
possibly due to more rapid cooling. 

The lowest of.-the. sedimentary 
beds is a thick layer of highly meta- 
morphosed, almost black, limestone 
with a slatey structure. This bed 
rests upon the diorite porphyry. Im- 
mediately above the black limestone 
is the mineralized stratum, contain- 
ing the three stringers of Lapis. 
Directly above is a 100-foot-thick 
layer of calcareous chert, called 
limey quartz by the miners of the 
district. Above the chert is another 
series of limestone beds. Capping 
the whole series of sediments is a 
mass of diorite. There is no sign of 
mineralization on this upper contact. 

I have concluded from my yet not 
thoroughly complete investigations 
that the Lapis was formed by pyro- 
metasomatic action.. Any action of 
this type is characterized by. the 
presence of large bodies of intruded 
magma. In. this case, the diorite 
magmas enclosed the Mississippian 
beds containing much carbonaceous 
material, and converted the carbon 
to graphite, to form the above-men- 
tioned vein. Ascending emanations 
consisting of hot, magmatic water 
and intensely heated gases attacked 
the carbonate minerals in the lime- 
stone, precipitating in their place 
Lazurite,. pyrite and re-crystallized 
calcite. The constituents of these 
minerals were undoubtedly leached 
from both the magma and the lime- 
stone by percolating waters. This 


reaction is supposed to have taken 
place at a temperature of about four 
hundred degrees centigrade. As the 
temperature gradually diminished, 
the other minerals noted in the lime- 
stone, including serpentine, were -de- 
posited. In order to form the com- 
plex silicate known as Lazurite, the 
temperature and pressure factors 
must remain within definite limits. 
Also, the surrounding rocks must 
contain the proper elements ready 
for solution in the hot water and 
gases. These are the reasons Lapis 
is not more extensively found. 


Since its discovery in September 
of 1989, the Lapis claim has been de- 
veloped to a depth of about fifteen 
feet in one location and produced 
about one hundred pounds of Lapis. 
Development work is slow, because 
of the short season, the high altitude 
and the fact that the overburden is 
badly fractured and must be removed 
before work on the vein can proceed 
with safety. 


The Lapis varies in color from 
almost black to intense blue; the 
best. colored material coming appar- 
ently from near the zone of contact. 
It contains narrow veins and spots 
of calcite and it is all heavily charged 
with pyrite crystals, which in some 
pieces require magnification in order 
to be seen. Of the hand-picked ma- 
terial we have cut and polished, only 
about: five per cent has been of the 
best color. So far the Lapis lacks 
the texture and hardness of good 
Siberian Lapis. Its specific gravity 
ranges from 2.82 to 2.85 and its 
luster is waxy to subvitreous on 
polished surfaces. 


The deposit has not been suffi- 
ciently developed to make possible 
an accurate estimate of the quantity 
and quality of its production. 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


by HENRY E. BRIGGS, Ph.D. 


SPODUMENE 


Gem varieties of spodumene embrace two varieties, which are not only 
beautiful, but of rather high comparative value. Hiddenite is the green 
variety, the color of which varies from a light yellow-green to a deep emerald- 
green. Kunzite is a variety of delicate pink to violet color named after Dr. 
G. F. Kunz. Spodumene is monoclinic, occurring in crystals of enormous 
dimensions. However, the gem varieties are seldom found in crystals of 
large size. It has a highly perfect cleavage, in fact, so perfect is the cleavage 
that the lapidary must use ‘great care in cutting such gems in order to 
prevent their ruin. A fall of a piece of jewelry set with a spodumene is 
indeed apt to shatter the gem and ruin it. Spodumene is rather hard, how- 
ever, being 6 to 7, but due to its extreme brittleness and highly perfect 
cleavage, it is not usable as a ring set. The specific gravity of spodumene 
is 3.1 to 3.2, luster vitreous, mean index of refraction 1.66, biaxial and 
eptically positive, pleochroism strong in gem varieties. Spodumene is a 
lithium aluminum silicate, LiAl(Si03)2. The green variety comes from 
Alexander County, North Carolina, where it is found in kaolin veins. The 
kunzite variety is found at Pala, California, and in Madagascar, while a 
yellow spodumene comes from Brazil. 

Kunzite is peculiar in that it will phosphoresce brightly for several 
minutes after being subjected to radiation by X-rays. Ultra-violet light also 
causes a similar effect, although not so marked. 


DIOPSIDE 


Diopside, when of good color and cut, is a rather pleasing gem, although 
it is not hard. The hardness is from 5 to 6, and, consequently, it is not 
durable for a ring set. The specific gravity is 3.2 to 3.3, crystallization mono- 
clinic, luster is vitreous, color green, yellow, greyish and colorless, mean 
index of refraction is 1.68, biaxial and optically positive, pleochroism 
faint to distinct, composition calcium magnesium silicate, CaMg(Si03)2. 
Principal localities for gem crystals are: Italy, Tyrol,.Canada and New 


York: State. 
CASSITERITE 


Transparent cassiterite, when of good. quality and cut, makes an 
unusually nice looking gem. However, fine transparent gems are very rare, 
and, consequently, this gem ig little known. Cassiterite is found in well- 
formed tetragonal crystals, sometimes twinned, and also in the massive state. 
The specific gravity is very high as gem materials go, being near 6.9. The 
hardness is 6 to 7, and being very tough, it is quite durable. The gem quality 
is transparent, and of a yellow, reddish brown or brown color. However, 
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the bulk of the cassiterite crystals found are black and opaque, thus being 
not suitable for gem purposes. The mean index of refraction is 2.04, uniaxial 
and optically positive, pleochroism strong, composition tin oxide, SnQ2. 
It is the one important ore of tin. Gem quality crystals have been found in 
the Malay peninsula, in New South Wales, in Cornwall, England; in Saxony, 
in Nigeria, Africa, and in the U. S., in the Black Hills of South Dakota. 


ENSTATITE, HYPERSTHENE, AND BRONZITE 

Occasionally we see gems cut from one of these closely related pyroxenes. 
Enstatite from South Africa has a pleasing yellowish green to green color 
and is often cut and sold, sometimes as “green garnet.’ This is true of 
much of the green enstatite found in the diamond fields of South Africa. 
Hypersthene also is used to some extent as a gem, but it is usually cut en 
cabochon. Bronzite is not used as a gem, but is occasionally used as an orna- 
mental stone for making paper weights, ete. 

The hardness of these minerals is from 5 to 6, the gravity 3.1 to 3.5, 
luster vitreous, pearly to metallic or dull, translucent to opaque, mean 
index of refraction 1.67 to 1.70, biaxial and optically positive for enstatite 
and negative for hypersthene, composition of enstatite is MgSi03, mag- 
nesium silicate, hypersthene is (Mg,Fe)Si03, magnesium iron silicate. 
Bronzite is intermediate between enstatite and hypersthene in composition 
and properties. Enstatite of gem grade is found in South Africa and Norway. 
Hypersthene of a gem grade is found in California and New Jersey. 


CHLORASTROLITE 

Chlorastrolite is used to some extent asa gem, but it is not widely 
distributed in commerce. It is found only around Lake Superior, especially 
nice pebbles coming from Isle Royale, and from the North Shore copper 
region. They are cut and sold in that locality as “Greenstones.” The mineral 
is very closely. related to prehnite, being a silicate of aluminum and calcium. 
It occurs in water-rolled pebbles, and exhibits 4 chatoyancy when cut. It is 
of a dark green color with unique markings of other shades of green or 
bluish. The hardness is 5 to 6 and the specific gravity near 3.2; When cut, 
the gem is very attractive, and is deserving of more attention than it has 


been given in the past. 
STAUROLITE 


Staurolite, also known as Fairy-Stone and Cross-Stone, is used oc- 
casionally as a gem, although it is of little interest, except. for its unusual 
twinning. Twin crystals form crosses which are rather novel, and when 
polished make nice looking watch fobs, charms and pendants. The crystalliza- 
tion is orthorhombic and twinned crystals are very common. The peculiar 
shape, resembling the cross. worn by the clergy, has caused legends and 
superstitions to surround the twinned crystals, and in some parts they are 
held as being almost a sacred stone, even today. The color is brown to 
reddish brown, and the mineral is translucent to opaque. The luster is 
vitreous to dull, index of refraction (mean) 1.74, biaxial and optically posi- 
tive, pleochroism distinct, hardness 7 to 7%, specific gravity 3.4 to 3.8, 
composition iron aluminum silicate, HFeAicsSiz013. The most important 
localities are Georgia, Brazil, Switzerland and Tyrol. 


( 
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The World’s Largest Diamond (% Actual Size), and Three 
“Stars of Africa” Cut from it. 


The great Cullinan diamond, found in 1905, is the world’s largest 
diamond. The story of the discovery is thrilling. Mr. Frederick Wells, the 
Surface Manager of the Premier Mine in South Africa, was walking 
through the mine at, the close of the day’s work. Eighteen feet below the 
surface of the ground Mr. Wells’ eyes were drawn to a shining reflection 
on the wall of the mine. Climbing the wall he found what appeared to be 
a large diamond crystal. Because tricks were common amongst the em- 
ployees of the mine, Mr. Wells decided that. someone had embedded a large 
piece of glass in the blue ground, and was lying in wait to watch his 
excitement when he should carry his “diamond” to the office. After loosening 
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the large crystal, Mr. Wells then made tests and satisfied himself that he 
had really found a diamond—the largest diamond in the world. It weighed 
3,106 metric carats (3,02534 South African carats), or about 11/3: pounds 
avoirdupois. What Mr. Wells did not know was that he had discovered 
an almost flawless diamond, limpid in color like clear water. One can well 
imagine the excitement his discovery caused. Mr. Thomas Cullinan, Presi- 
dent of the Premier Diamond Mining Company, was in the office at the 
time and the news of the great discovery soon reached England. The diamond 
was called the. Cullinan. Later King George V asked that it be called the 
Star of Africa. In a short time it was on its way to England, insured for 
$1,250,000. For his discovery Mr. Wells received a gift of $10,000 from the 
DeBeers Company. 

After reaching England the question was to find a purchaser for the 
gem. Various estimates of its value were made, some as high as $75,000,000. 
The stone was shown to many prospective customers, and when removed 
from the bank. was insured by a “floater” policy of $2,500,000 even though 
it. was guarded at all times by a squad of detectives. King Edward VII 
examined it and the cost of removing it from the bank for two hours was 
$725.00. It was suggested that the gem be purchased by public subscription 
for $2,500,000 and given to King Edward. Nothing ever came of this and 
in August, 1907, Premier Botha of the Transvaal, a former Boer general 
who had fought Britain, proposed its purchase by the Transvaal, as a gift to 
King Edward VII in appreciation of his having granted a constitution to 
that colony. The price paid by the Transvaal government has been: quoted 
at various amounts, but it seems safe to state that perhaps slightly less 
than. $1,000,000 is approximately correct. The diamond was presented to 
the king on his sixty-sixth birthday, November 9, 1907. The gift did not 
include the cost of cutting and His Majesty selected Asscher Brothers of 
Amsterdam, cutters of the Excelsior, for this task. 

After months of study of the huge erystal, it was decided to cleave it 
into five parts. Mr. J. Asscher was assigned to the task. On February 10, 
1908, at 2:45 p.m., the decisive blow was struck. Mr. Asscher placed the 
big cleavage knife in a previously prepared v-shaped groove one-fourth-inch 
deep. He struck the knife with a large steel rod. The crystal remained 
intact. The knife had broken. The second attempt was even more tense than 
the first. Failure might mean the complete destruction of one million dollars. 
There was no failure. The second time the gem cleaved exactly as planned, 
and Mr. Fritz Barkan of San Francisco, who was employed in the factory 
at the time reports that after the second blow Mr. Asscher fainted. A second 
cleavage in the same direction produced three principal sections. These 
sections were divided into nine principal gems. The polishing of the gems 
began March 3, 1908, and three men worked from 7:00 a.m. until 9:00 p.m. 
for.a period of eight months, Sundays included. Doctor Kunz stated that 
“The cost of cutting the Cullinan stones was met by the sale of several of 
the minor diamonds.” ; ' 

The four largest gems are a part of the crown jewels of England. 

Cullinan I, a Pendeloque or Pear, about 530 metric carats. Later placed 
in the English sceptre. 


(Continued on page 150) 
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A Solution To Diamond 
Color Grading Problems* 


by 
ROBERT M. SHIPLEY AND R. T. LIDDICOAT 


For generations two important problems have faced the men who grade 
diamonds. They are, first, an accurate method of imperfection detection, 
and, second, the accurate determination of the slight color nuances present 
in the gems. Research conducted at the Los Angeles laboratory of the Gemo- 
logical Institute of America brought about the introduction to the trade 
some time ago of the Diamondscope, which has effectively solved the prob- 
lem of accurate imperfection detection. 


Continued research on the part of the Robert, Shipleys, Senior and 
Junior, brought about the recent introduction of a uniform diamond-grading 
lamp and of a method of grading diamond colors against a standard in the 
form of a definitely set and constant scale, as incorporated in the new 
G.I.A. Colorimeter. This is the first time a color-grading “vardstick” has 
been established. : 

The presence, or absence, of imperfections plays an important role in 
the evaluation of diamonds, but imperfection detection does not offer as 
great a problem as the determination of color grades. To persons inexperi- 
enced in color grading, most of the gem variety diamonds appear colorless, 
and many of them slightly bluish. This is particularly true when the gem 
is observed “table up” under bright daylight and certain types of direct 
artificial light. However, when their body color is examined under the 
exacting conditions of the laboratory, some are colorless, but the vast 
majority are found to contain varying intensities of yellow. An occasional 
diamond possesses a blue body tint, but if so, it should probably be consid- 
ered a “fancy” and command a high price. 

There are several difficulties that confront the diamond expert when 
he attempts to reach a decision in regard to the color grade of a stone. 
Federal Trade Commission fair-trade-practice rules in the United States 
and the rulings established by the American Gem Society in both the United 
States and Canada require that the color of the stone be graded entirely 
on the basis of its body color. Even to the most experienced diamond man, 
without specially designed scientific aids there are many factors that have 
made this difficult. 


Need for Constant and Controlled Light Source and Environment 


The problems that face diamond color graders that could, in part at 
least, be solved by a standardization of grading conditions, were summed 
up by Robert M. Shipley as follows: 


*A.G.S. Research Service. 


C) 


FALL, 1941 163 


“Diamond has a very high dispersive power, and as a result flashes 
of the various colors of the spectrum continually strike the eye, the 
predominance of any one of which seriously influences the decision of 
the grader. 

“A second difficulty is caused by direct reflections from the mirror- 
like surfaces of the diamond of the source of the light that is falling 
upon the stone. These reflections both obscure the body color and cause 
confusion between the color of the reflections and the true body color 
of the stone. When the stone is being observed table-up, this problem 
is increased. 


“A third important problem is presented by the examination of 
the stone under too bright lighting conditions. Here the extreme bril- 
lianey of the light, even when reflected from inside the facets of the 
pavilion, tends to prevail over the true body color. 


“Fourth, light reflected into the diamond from surrounding objects, 
from the walls of the room, the walls of the nearby buildings, yellowish 
and brownish store fixtures, and also from the blue of the sky, is another 
source of error to the diamond man. Reflections from buildings, walls, 
or fixtures usually make the diamond appear more yellowish or brown- 
ish, and reflections from the blue sky more bluish (because of the 
reflection of the blue sky from the mirror-like surface of the diamond). 
Stones graded too close to a door or window often reflect the color of 
the sky resulting in incorrect decisions as to their true color. 


“Fifth, one of the most important causes of the anomalies that so 
often trouble a diamond grader is the change of color shown by many 
fluorescent stones when viewed under different light conditions. Often a 
fluorescent diamond which appears slightly yellowish under artificial 
light appears distinctly bluish in daylight. Many fluorescent diamonds 
even vary in interior daylight, depending upon the amount of ultra- 
violet light which has been filtered out by the glass of the windows 
and doors. Such diamonds are more bluish near an open window. 


“Sixth, daylight itself varies so markedly from one part of the day 
to another, as well as one time of the year to another, that many 
graders are led astray. There is a concentration of light of the wave 
lengths at one end of the spectrum during certain times of the day, and 
the other end at other times. Also, different qualities of light are 
found on sunny and cloudy days. The red and yellow glow at, sunrise 
and sunset affects color. Smoke and dust in the atmosphere tend to 
make daylight more yellowish. 

“Seventh, nearly as important as variations in quality of daylight 
are the variations in quality found in various types of artificial light 
used in color grading. Some graders use frosted bulbs, others use 
fluorescent light, a third common method of grading is to use a light 
with a blue filter, still a fourth man might use a frosted blue bulb, 
and a fifth a common bulb with a blue reflector. Even by the most 
experienced of diamond graders, the varying qualities of the artificial 
lights mentioned affect greatly the color grade determination.” 
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It was in an effort to solve the many problems here set forth that the 
research was carried forward in the G.I.A. laboratory which lead to the 
perfection of the new Diamolite. The instrument satisfies the need for ideal 
grading conditions by establishing a constant and controlled light source 
and environment. 


The Diamolite 


The Diamolite (Figs. 1 and 2) affords a light source as closely approxi- 
mating daylight as possible. In addition, it controls the intensity of the light 
and the direction from which light falls upon the stone, preventing unwanted 
and falsifying reflections. The 
overabundance of the long 
rays of the spectrum, counter- 
balanced by a special blue 
filter, give, as a result, a light 
that lacks only the ultra-violet 
rays of daylight. 


bs <C 


Figure 2 
Grading a group of stones on 
the Diamolite 


Filters are made to exact specifica- 
tions so that all light given is the same 
quality. A dull-white finish on the in- 
terior diffuses the light, also preventing 
unwanted reflections. To be conveni- 
ently used in a retail store the instru- 
ment is made as small and compact as 


possible. 
Figure 1 In general, the Diamolite accom- 
The new GJI.A. Diamolite plishes three objectives: 


(1) It establishes a constant light source. 

(2) The light source is controlled as to the direction in which it falls 
as well as to the amount of diffusion it undergoes before striking the stone. 

(8) The environment for grading is also controlled, because reflection 
is completely cut out from all directions except from the front lower portion 
of the instrument, and this direction can be easily controlled. 

By accomplishing the first objective (a constant light source) the 
Diamolite eliminates the fifth, sixth, and seventh problems of the seven 
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mentioned that confronted the diamond grader. The fifth problem is solved 
because a fluorescent stone will grade approximately the same in any 
Diamolite and, therefore, is not subject to variations of color as when 
observed in different types of daylight. The constancy of the light source 
also solves the sixth and seventh problems caused by variations in light 
sources. 


The second objective (controlled light) solves the first, second and third 
problems. Control of the light source prevents the old trouble due to flashes 
of fire as well as the difficulties caused by direct reflections of the light 
source. In the same manner, control of the light source prevents too intense 
a light from falling upon the stone. 


The third objective (controlled environment) solves one of the most 
troublesome of problems confronting the diamond grader—that listed as 
the fourth problem—-which refers to the anomalies arising from surface 
reflections of surroundings. 


Thus it is easily seen that the establishment of the Diamolite enables 
the diamond grader to work without being troubled by most of the problems 
that have so long made for poor diamond grading. 


The Need for a Color “Yardstick” 


The Diamolite was introduced to bring about the solution of the prob- 
lems of ideal grading conditions. Even when using a: Diamolite, a further 
difficulty presents itself to the jeweler grading a paper of diamonds. In 
most cases the jeweler grades a group of stones relative to one another, 
arriving at their order from best to poorest as he sees it under the lights 
he is using. One paper of stones may be confined in color to only one or 
two grades. Another may be evenly distributed over the whole color range. 
A third may have a concentration of stones in the better or poorer colors. 
Patently, it is difficult under such conditions to. keep the grades used 
constant. The only available means by which the jeweler can maintain the 
constancy of the grades he sells is to maintain a series of key stones estab- 
lished for comparison of diamond color nuances and to keep the series intact. 
Even with the key stones, most jewelers have no idea of how their series 
of comparison stones compares with that of other jewelers. Even if his 
best grade corresponds closely with that of a competitor, the other grades 
used probably differ markedly from those of other diamond men. Even if 
such a series has been maintained, no substitution has been practical as the 
substitute diamond may possess anomalies which would change the relation- 
ship of the stones in the series. As a result, the jeweler’s business may be 
suffering either from criticism by competitors of stones he has sold, or he 
may be paying higher prices for his grades than are being paid by com- 
petitors. In addition, he may be classifying his diamonds in one of the 
widely used systems for which no standard exists, such as River, Wesselton, 
etc., or blue-white, white, ete. Many persons in the trade have urged the 
discontinuance of these trade terms because their definitions now vary widely 
and to redefine them and obtain the co-operation necessary to establish 
them as a standard would probably be impossible. 
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Until the jeweler knows exactly the position of each of his key stones in 
relation to some fixed standard (i.e., in relation to the units of a standard 
“yardstick”), he has no accurate method of grading new stones that come 
to him. Upon consideration of these problems it becomes evident that the 
solution must lie in a definite and constant. standard by which diamonds 
can be graded with great accuracy. Nine years of research in the G.I.A. 
laboratory has finally borne fruit with the introduction to the trade of 
the new G.I.A. Colorimeter and its use as a diamond yardstick for A.G.S. 
members, which was authorized by the A.G.S. at their 1941 annual conclaves. 


The Colorimeter 


The Colorimeter (Figs. 3 and 4) consists of an indirect light source 
illuminating two trays placed side by side, in one of which a diamond is 
placed. Above the tray is a colored wedge that is just out of focus in the field. 
The “yardstick,” or scale, is attached to the color wedge used for comparison 
and the divisions marked on the 
scale make it, possible to read ex- 
actly the movements (controlled 
by an external rack and pinion) 
of the wedge within the instru- 
ment. The microscopic attach- 
ment shows a divided field bring- 
ing the two troughs into focus so 
that they are in juxtaposition, one 
on each side of the field. When 


Figure 4 
R. T. Liddicoat grading with the 
Colorimeter 


looking through the eyepiece, the scale 
is moved in and out until the color of 
the wedge matches exactly the color of 
the diamond. 

The scale, or “yardstick” of the 
Colorimeter is of considerable impor- 
tance because it is one of the key points 
of the new system. Following the 
recommendations of the Diamond Im- 
porters’ Advisory Group of the American Gem Society’s International 
Nomenclature Committee, the use of terms to indicate color grades is 
avoided. In grading stones on the Colorimeter a system of symbols was 
adopted which corresponds to the diamond grades on the “vardstick.” 
The scale is divided into seven equal parts between zero and six. These 


Figure 3 


The new G.1.A. Colorimeter 
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are further separated by half-division marks. The scale may be said to 
cover the same terms as were covered by grades from River (colorless) 
to yellow. The half-division of the scale above zero is absolutely color- 
less. A very slight tinge of color appears in the next  half-division. 
V nearly corresponds to what some diamond men call a Cape; others a 
Top Cape. This is a very rough comparison, for in general the grades be- 
tween 0 and VI are not comparable to the old terms as the new divisions 
are simply mechanical. Between each one of the seven divisions is a half 
mark, thus recording twelve color grades between the 

faintest blue and yellow. The instrument also grades 

quarter divisions (not marked on the scale). 0 


The 1941 Conclaves of the American Gem Society 
recommended the use of the Colorimeter scale as the 
standard, and the Gemological Institute is now grading 
a series of key or master stones for A.G.S. members 
which they will use as comparators in grading their dia- 
monds, but no member will be allowed to sell key stones 
as having been graded by the American Gem Society. 
Using stones graded on the G.I.A. Colorimeter as key 
comparison stones in connection with the Diamolite, the 
diamond man can determine grades down to at least the 
half division. Unlike the infrequently used key series of 
the past, any stone sold from a key series graded on the 
Colorimeter may be replaced by a stone of the exact color. 


It will be noticed on the scale (Fig. 5) that the zero 
division could be considered to extend to I and the next 
division from I to II. Working on this idea, the following 
symbols can be envisioned. Suppose the stone was in a 
position on the scale equal to the half mark between one 
and two, This can be marked by the symbol +, which is, 
of course, the symbol “one” crossed in the middle by a 
dash. Thus, verbally, the symbols would mean nothing 
to a customer, but among A.G.S. members could be called 
“line one dash” instead of grade one and a half, thus 
avoiding the use of a numeral. When grading on the 
Colorimeter, if the stone is found to be approximately 
between + and II (one and a half and two) which would 
be one and three-quarters, it could be marked in this 
manner, {. Similar markings could be followed on each 


of the other divisions. This system of symbols has been Figure 5 
adopted and is being applied to the diamond papers in The 
the series of master (key) stones now being graded by “yardstick” 


the G.LA. on its Colorimeter for A.G.S. members. 


Thus, the problem of the relative color of the grades seems to have been 
largely solved for the jeweler who has a series of key stones graded on the 
“yardstick” and who does all of his own color grading under the constant 
light of the Diamolite. 
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An International Standard Established 


Now, for the first time, a standard for the color grading of diamonds 
has been established in the United States and Canada. Two A.G.S. members 
who have had identical series of master stones graded on the Colorimeter, 
and who use them as comparators when grading in the Diamolite, are, in 
effect, comparing their purchases against the same master stones, under 
the same light, and in the same room! 


ARKANSAS DIAMOND MINE CHANGES HANDS 


The Arkansas Diamond Corporation sold its “pipe’ mine in Pike 
County to a Chicago syndicate. The increased demand for industrial dia- 
monds, together with the high wartime prices, has evidently led the buyers 
to the belief that development on a commercial basis may soon be possible. 


ANDERSON’S THEORY OF THE CAUSE OF 
SILK SUPPORTED 


The latest report on the silk in corundum adds weight to B. W. Ander- 
son’s findings that indicated the cause to be rutile. Conclusions drawn by 
Lala Penha, C.G., in an address given in March, 1941, before the Eastern 
Conclaves of the A.G.S. and later appearing in the September, 1941, issue 
of Jewelers Circular Keystone show that her findings lend support to those 
of Anderson. 
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Natural and Cultured Pearl 
Differentiation* 


A. E. ALEXANDER, Ph.D.t 


Bureau of Natural Pearl Information 
New York, N.Y. 


X-Ray Diffraction of Pearls 


The x-ray diffraction method for 
differentiating cultured pearls from 
those wholly of natural origin was 
used as early as 1924 by Dauvillier,! 
and later by Shaxby,? 1925, and 
Anderson,? 1932. In the course of the 
writer’s pearl research, it was deemed 
advisable to investigate at greater 
length the x-ray diffraction method 
as originally used by the above-men- 
tioned scientists.4 

It has been found, for example, 
that certain cultured pearls yield 
definite natural pearl diffraction 
patterns, while many natural fresh- 
water pearls are capable of produc- 
ing distinct cultured pearl diffrac- 
tion patterns. 

A genuine natural pearl is usu- 
ally composed of submicroscopically 
thin layers. of aragonite deposited 
concentrically throughout the jewel. 
These mineral layers may be densely 
packed, as in the case of certain 
Australian pearls, or they may be 
less well packed, as in the case of 
some Persian Gulf varieties. The x- 
ray equipment generally used for 
pearl diffraction work employs an 
oil-eooled Coolidge tube with copper 


1 Dauvillier, A.: Compt. rend., 179, 818-819, 
1924, 

2 Shaxby, J. H.: Phil. Mag., 49, 1201-06, 1925. 
3 Anderson, B. W.: Brit. J. Radiol., 5, 57- 
64, 1982. 

4 Alexander, A. E.: Am. J. Sci., 238, 366- 
71, 1940. 


* G.I.A. Research Service. 


anode and tungsten target; primary 
current 100 volts AC; secondary 75 
kilovolts, 10 milliamperes. A pinhole 
“camera” of 0.02-inch diameter per- 
mits passage of the pencil of x-rays 
which are directed on the pearl to 
be tested. 


Figure 1 
Diffuse natural pearl diffraction 
pattern. 


If the natural pearl is of the usual 
type and density, a diffuse x-ray pat- 
tern will be obtained. (Fig. 1.) The 
gem to be x-rayed is placed in three 
positions during the course of the 
procedure, 90 degrees apart, from 


¥ The pearl research forming the basis of 
this report was financed by Pearl Associates, 
Ine., of New York, and conducted in the 
laboratories of the Mellon Institute of Indus- 
trial Research, Pittsburgh, Pa. 
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which three different. exposures are 
made. If the natural pearl is struc- 
turally perfect, but less dense than 
in the first-mentioned case, a “spot” 
or spoke-like diffraction or lauegram 
may be obtained from two, and in 
some instances all three, positions 


Figure 2 


or spoke-like natural pearl 
diffraction pattern. Typical. 


“Spot” 


to which the pearl was subjected. 
(Fig. 2.) 

Natural pearls may yield a spot 
pattern in one direction and diffuse 
diffraction patterns in the other 
two, or the reverse may hold. Results 
of this kind mean that in one or 
more planes of the gem, the indi- 
vidual laminae are more closely 
packed than in the third direction— 
if two diffuse and one spot pattern 
have been registered on the x-ray 
film. Still other combinations are 
possible, all dependent on the density 
difference inherent in the particular 
pearl being tested. 

Cultured pearls, on the other hand, 
yield quite distinctive x-ray diffrac- 
tion patterns. We know that the 
Japanese cultured pearl contains a 
large mother-of-pearl nucleus and 
that this man-inserted irritant is 
composed of parallel (or nearly so) 
layers of pear] aragonite; surround- 


ed, of course, by concentrie layers 
of the same substance deposited by 
the pearl-oyster over a year or two 
of time. When a Japanese cultured 
pearl is x-rayed one finds that a 
maltese cross, or modification there- 
of is obtained, if the x-rays impinge 
on the mineral matter normal to the 
(010) plane or normal to the (100) 
plane. (Fig. 3.) If, on the other 
hand, the x-rays impinge on the 
(001) or iridescent surface, a sym- 
metrical “spot” or halo (diffuse) 
pattern results. 

Were no anomalous conditions en- 
countered, one would be prone to 
accept the x-ray diffraction method 
as infallible. However, a few large 
Japanese cultured pearls (of 30-40 
grain weight) may contain mother- 
of-pearl cores that average as little 
as 50% of the total linear diameter, 
rather than the usual 75-95% of the 
total linear diameter as is found in 


Figure 3 
“Maltese” cross diffraction pattern 
obtained from a cultured pearl. 
Typical. 


the great majority of cases. (Fig. 4.) 
Cultured pearls with cores of small 
size, will yield natural pear! diffrac- 
tion patterns. This condition is pos- 
sible, because the mass of natural 
pearl aragonite which surrounds the 
core is in such cases very much 
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greater than the mass of mother-of- 
pearl shell which forms the nucleus. 
On the order of 8-1 in the case of a 
large cultured pearl containing a 
core measuring 50% of the total 
linear diameter. The effect of the 
core material is consequently masked 
or negatived and only the nacre 
which is natural pearl aragonite pro- 
duces the diffraction effect. 


Again, as mentioned above, certain 
natural fresh-water pearls may yield 
distinct cultured pearl diffraction 
patterns. This is due to the fact 
pearls of this type possess in their 
geometric centers, peculiar mineral 
arrangements that are dissimilar to 
that which is found in the remainder 
or outermost part of the gem. In 
some, one finds that the central 


Figure 4 


Sectioned 47-grain cultured pearl, 
showing mother-of-pearl nucleus 
50% of total diameter. A cultured 
pearl with a core this small is rare. 


area, oval in shape, is oriented in 
the basal plane (001). The concen- 
tric layers which surround this “nu- 
cleus,” on the other hand, has. been 
deposited normal to the mineral 
matter of the “nucleus.” We have, 
therefore, a grating effect that is 
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analogous to, but not identical with, 
that, which exists in mother-of-pearl 
substance. 

The reason for the maltese cross 
diffraction pattern may, therefore, 
be explained on the basis of this 
structural mineral arrangement. As 


Figure 5 


9.8 (nine-eight) grain cultured pearl, 

showing large mother-of-pearl core. 

A typical cultured pearl of today. 
A thin section. (Made 1940.) 


many as 30-40% of the natural 
fresh-water pearls tested by the x- 
ray diffraction method produced 
anomalous x-ray diffraction patterns. 
However, this is not too serious a 
condition, for as we know, it. is rela- 
tively easy to distinguish by external 
characteristics natural fresh-water 
pearls from the cultured variety. 
The former possess a different ap- 
pearance or “orient.” 

Lastly, we have the case of the 
fresh-water cultured pearl. A few 
specimens have been brought to the 
writer’s attention. These pearls con- 
tain glass cores, which may average 
50-70% of the total linear diameter. 
Glass is for the most part inert to 
X-rays, producing a certain degree 
of diffusion on a photographic plate. 
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A pearl, therefore, containing a 
glass core will yield only a diffrac- 
tion pattern of a natural pearl, since 
the natural pearl aragonite which 
surrounds the glass core, alone dif- 
fracts the impinging x-rays. Fig. 5 
shows such a pearl in thin-section. 


X-Ray Fluorescence in Pearls 

That some pearls fluoresce under 
x-rays and others do not has been 
commented upon by several investi- 
gators.5.6 However, the observations 
that have been made have not been 
accurately recorded. As a result of 
the writer’s research, it has been 
found that natural pearls from the 
Persian Gulf do not fluoresce, that 
a few Australian pearls may fluor- 
esce, and that all Japanese cultured 
pearls and all natural fresh-water 
pearls as well as fresh-water shell 
fluoresce conspicuously. 

The cause of this interesting phe- 
nomenon was sought and through 
microchemical and _ spectrographic 


5 8t. John, and Isenburger, H. R.: “Indus- 
trial Radiography,” p. 168, Wiley (N.Y.) 
1934, 

6 Baldi, E.: 
128, 1937. 
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analyses it was possible to attribute 
the effect to the presence of the 
element manganese. The Japanese 
use fresh-water shell to initiate the 
pearl process and it is the presence 
of this material in any cultured pearl 
that makes for the marked fluores- 
cence noted when pearls of this kind 
are activated by x-rays. Natural 
fresh-water pearls contain varying 
amounts of the element manganese 
(contributing to the pink hue of 
many fresh-water pearls and shell) 
and, therefore, likewise fluoresce 
conspicuously. The effect is instan- 
taneous, and is best observed in a 
lead-lined, light-tight viewing box 
especially designed for this type of 
work. The pearls should be acti- 
vated by x-rays generated from. a 
tube equipped with a _ tungsten 
target, using 90 kilovolts and 10 
milliamperes. 

While this test is not infallible, it 
nevertheless serves as an indication 
and permits rapid separation of 
many pearls which can then. be 
further studied by radiographic or 
optical means. 


(To be concluded) 
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DIAMOND 


GLOSSARY 


(Continued from last issue) 


This diamond glossary has been compiled to attempt to satisfy a definite need. 
Terms included are only those specifically related to the study of the diamond 
—for other gemological terms see the “Gemological Glossary.” - 


Bantam. South African miners term 
for associated minerals in the 
river diggings, that, indicate the 
proximity of diamonds. 

Barkly West. See Klip-Drift. 


Barnato, Barnett (“Barney”). 1852- 
1897. English speculator. Came to 
Kimberley in 1873. Changed his 
name from Isaacs to Barnato. 
Barnato bought his first diamond 
claim in Kimberley in 1876, and 
in 1881 floated his first company. 
His ambition to unite all com- 
panies in Kimberley under a single 
organization led first to rivalry 
and finally amalgamation (1888) 
with Cecil Rhodes who had suc- 
ceeded .in consolidating the De 
Beers Mining Companies. (Brit.). 

Basalt. (melilite). This basalt ap- 
parently was formed from same 
magma which gave rise to kimber- 
lite, the differentiation resulting 
from local conditions of formation. 

Base. The portion of a cut stone 
which is below the girdle. The 
basal plane of a crystal. See Pa- 
vilion. _ 

Batea. Brazilian term for a wide, 
shallow pan used by early dia- 
mond and gold prospectors. 

Belgian Congo (West Africa). Rich 
alluvial deposits were discovered 
in 1907, but exploitation did not 
begin until about 1912. The orig- 
inal source of the diamonds is as 
yet unknown. The deposits at the 
present time (1940) in carats are 
predominant producers of the 


world, industrial  dia- 


monds. 


largely 


Bench Placers. Placers in ancient 
stream deposits from 50 to 300 
feet above present streams. See 
Gorgulho. 


Berghem, Lodewyk or Ludwig van. 
See Berquem, Louis de. 

Berquen, L. von. See Berquem, Louis 
de. 

Berquem, Louis de (Lodewyk or 
Ludwig van Bergham, L. von Ber- 
quen, Louis de Berquem). A cut- 
ter of Bruges, credited (perhaps 
incorrectly) with the first sym- 
metrical faceting of the diamond. 

Bezel. The upper portion above the 
girdle, of a brilliant cut stone. 
See, also, Bezel facets. 

Bezel Angle Gauge. 
angle gauge. 

Bezel Facets. The eight facets on 
the crown of a round, brilliant cut 
gem, the upper points of which 
join the table and the lower points, 
the girdle. If the stone is a cush- 
ion-shaped brilliant, four of these 
bezel facets are called. corner 
facets. 

“Bicycle Tires.” Brilliant cut dia- 
monds with girdles which are too 
thick. 

“Big Five.” The Dutoitspan, Bult- 
fontein, De Beers, Kimberley and 
Wesselton mines are often re- 
ferred to as the “Big Five.” Often 
classified as the De Beers Mines, 
because of common ownership. 
See, also, De Beers Mines. 


See diamond 
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Binocular Microscope. Magnifier 
equipped with twin objectives and 
oculars. 

Bizel. Same as Bezel. 


Bizet. In gem cutting, the part of a 
brilliant between the table and the 
girdle, occupying one-third of its 
depth and having 382 facets. 
(Standard.) 

Black Diamond (gem). A fancy, 
occasionally found, particularly in 
Borneo, less commonly in Brazil 
and South Africa; when cut, 
while it has no prismatic play, it 
has a magnificent lustre, almost 
metallic. It is much in demand as 
a mourning ring in eastern coun- 
tries as it is in Portugal. (Ball.) 


Black Diamond. Carbonado. Also 
may refer to almost black gem 
diamond. Rarely used in jewelry. 
Incorrectly used for hematite. 

Blebby. Containing bubble cavities 
or vesicles. 

Blemishes. Surface imperfections, a 
majority of which are results of 
inferior “cutting’’ and include 
cracks, cavities, “nicks,” knots, 
scratches, facets cut exactly par- 
allel to the grain. Some authori- 
ties also classify flat surfaces and 
naturals on the girdle as blem- 
ishes, 

“Blocker.” See “Lapper.” 


“Blow or Chonolith. A lens-shaped 
expansion of a dyke. 


“The Blue.” See Blue Ground. 


Blue Bird Diamond. A trade-mark 
name applied by an American im- 
porting firm to the diamonds 
advertised and sold by it. 

Blue Diamond. A distinctly blue 
color, even though it be a very 
light blue, is a fancy diamond. 
Blue diamonds are extremely 
rare. See, also, Fancies; See, also, 


Hope diamond; See, also, Wittles- 
bach diamond. 


Blue Earth. See Blue ground. 


Blue Ground or “the blue” (South 
Africa). A miner’s name for the 
altered peridotite, or kimberlite, 
a rock which contains the dia- 
monds in the South African mines. 


Blue Jager. Term sometimes used for 
Jager because diamonds of other 
qualities also come from the 
Jagersfontein mine. See Jagers. 


Blue River. Strict definition same as 
Jager. See Jager. Term occasion- 
ally used for Rivers because dia- 
monds of other qualities come from 
rivers, but, unless stone is actually 
blue, such usage approaches mis- 
representation. 

Blue Wesselton. An unsatisfactory 
and inaccurate term from a scien- 
tific standpoint. Only the color 
known as Jager can possibly be 
graded as blue. 

Blue-White. Color grade of dia- 
mond used by some dealers. Term 
not standardized. Blue-white is a 
color midway between blue and 
white (a fancy diamond). A mis- 
nomer often used. U. S. A. Federal 
Trade Commission characterizes 
it an unfair practice to use term 
with effect of misleading or de- 
ceiving customers by selling yel- 
lowish gems as blue-white. 


“Blue-White Wesselton” (Top-Wes- 
selton). A misnomer. See Blue- 
white. 


Boart. Same as Bort. 

Body Color. The color of a diamond 
as observed when examined by 
transmitted light against a white, 
neutral grey or black background. 
The resulting appearance is known 
as “body color.” 

Bohemian Diamond. Rock crystal. 

Boort. See Bort. 


(To be continued) 
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This diamond glossary has been compiled to attempt to satisfy a definite need. 
Terms included are only those specifically related to the study of the diamond 
—for other gemological terms see the “Gemological Glossary.” 


Bantam. South African miners term 
for associated minerals in the 
river diggings, that indicate the 
proximity of diamonds. 

Barkly West. See Klip-Drift. 


Barnato, Barnett (“Barney”). 1852- 
1897. English speculator. Came to 
Kimberley in 1878. Changed his 
name from Isaacs to Barnato. 
Barnato bought his first diamond 
claim in Kimberley in 1876, and 
in 1881 floated his first company. 
His ambition to unite all com- 
panies in Kimberley under a single 
organization led first to rivalry 
and finally amalgamation (1888) 
with Cecil Rhodes who had suc- 
ceeded in consolidating the De 
Beers Mining Companies. (Brit.). 

Basalt (melilite). This basalt ap- 
parently was formed from same 
magma, which gave rise to kimber- 
lite, the differentiation resulting 
from local conditions of formation. 

Base. The portion of a cut stone 
which is below the girdle. The 
basal plane of a crystal. See Pa- 
vilion. 

Batea. Brazilian term for a wide, 
shallow pan used by early dia- 
mond and gold prospectors. 

Belgian Congo (West Africa). Rich 
alluvial deposits were discovered 
in 1907, but exploitation did not 
begin until about 1912. The orig- 
inal source of the diamonds is as 
yet unknown. The deposits at the 
present time (1940) in carats are 
predominant producers of the 


world, industrial  dia- 


monds. 


largely 


Bench Placers. Placers in ancient 
stream deposits from 50 to 300 
feet above present streams. See 
Gorgulho. 


Berghem, Lodewyk or Ludwig van. 
See Berquem, Louis de. 


Berquen, L. von. See Berquem, Louis 
de. 

Berquem, Louis de (Lodewyk or 
Ludwig van Bergham, L. von Ber- 
quen, Louis de Berquem). A cut- 
ter of Bruges, credited (perhaps 
incorrectly) with the first sym- 
metrical faceting of the diamond. 

Bezel. The upper portion above the 
girdle, of a brilliant cut stone. 
See, also, Bezel facets. 

Bezel Angle Gauge. 
angle gauge. 

Bezel Facets. The eight facets on 
the crown of a round, brilliant cut 
gem, the upper points of which 
join the table and the lower points, 
the girdle. If the stone is a cush- 
ion-shaped brilliant, four of these 


See diamond 


bezel facets are called corner 
facets. 
“Bicycle Tires.” Brilliant cut dia- 


monds with girdles which are too 
thick. 

“Big Five.” The Dutoitspan, Bult- 
fontein, De Beers, Kimberley and 
Wesselton mines are often re- 
ferred to as the “Big Five.” Often 
classified as the De Beers Mines, 
because of common ownership. 
See, also, De Beers Mines. 
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Binocular Microscope. Magnifier 
equipped with twin objectives and 
oculars. 

Bizel. Same as Bezel. 


Bizet. In gem cutting, the part of a 
brilliant between the table and the 
girdle, occupying one-third of its 
depth and having 382 facets. 
(Standard.) 

Black Diamond (gem). A fancy, 
occasionally found, particularly in 
Borneo, less commonly in Brazil 
and South Africa; when cut, 
while it has no prismatic play, it 
has a magnificent lustre, almost 
metallic. It is much in demand as 
a mourning ring in eastern coun- 
tries as it is in Portugal. (Ball.) 


Black Diamond. Carbonado. Also 
may refer to almost black gem 
diamond. Rarely used in jewelry. 
Incorrectly used for hematite. 

Blebby. Containing bubble | cavities 
or vesicles. 


Blemishes. Surface imperfections, a 
majority of which are results of 
inferior “cutting” and include 
cracks, cavities, “nicks,” knots, 
scratches, facets cut exactly par- 
allel to the grain. Some authori- 
ties also classify flat surfaces and 
naturals on the girdle as blem- 
ishes, 


“Blocker.” See “Lapper.” 


“Blow or Chonolith. A lens-shaped 
expansion of a dyke. 


“The Blue.” See Blue Ground. 


Blue Bird Diamond. A trade-mark 
name applied by an American im- 
porting firm to the diamonds 
advertised and sold by it. 

Blue Diamond. A distinctly blue 
color, even though it be a very 
light blue, is a fancy diamond. 
Blue diamonds are . extremely 
rare, See, also, Fancies; See, also, 


Hope diamond; See, also, Wittles- 
bach diamond. 


Blue Earth. See Blue ground. 


Blue Ground or “the blue” (South 
Africa). A miner’s name for the 
altered peridotite, or kimberlite, 
a rock which contains the dia- 
monds in the South African mines. 


Blue Jager. Term sometimes used for 
Jager because diamonds of other 
qualities also come from the 
Jagersfontein mine. See Jagers. 


Blue River. Strict definition same as 
Jager, See Jager. Term occasion- 
ally used for Rivers because dia- 
monds of other qualities come from 
rivers, but, unless stone is actually 
blue, such usage approaches mis- 
representation. 

Blue Wesselton. An unsatisfactory 
and inaccurate term from a scien- 
tific standpoint. Only the color 
known as Jager can possibly be 
graded ag blue. 

Blue-White. Color grade of dia- 
mond used by some dealers. Term 
not standardized. Blue-white is a 
color midway between blue and 
white (a fancy diamond). A mis- 
nomer often used. U. S. A. Federal 
Trade Commission characterizes 
it an unfair practice to use term 
with effect of misleading or de- 
ceiving customers by selling yel- 
lowish gems as blue-white. 

“Blue-White Wesselton” (Top-Wes- 
selton). A misnomer. See Blue- 
white. 

Boart. Same as Bort. 

Body Color. The color of a diamond 
as observed when examined by 
transmitted light against a white, 
neutral grey or black background. 
The resulting appearance is known 
as “body color.” 

Bohemian Diamond. Rock crystal. 

Boort. See Bort. 


(To be continued) 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from last issue) 


by HENRY E. BRIGGS, Ph.D. 
PHENACITE 


It was not until 1833 that mineralogists were able to distinguish between 
phenacite and quartz. The name is derived from the Greek word PHENAX, 
meaning a deceiver. Today, however, the matter of determining these min- 
erals is a simple one, for phenacite is not only harder than quartz, being 
716 to 8, but it is heavier since it has a gravity of 3.0. The index of refrac- 
tion of phenacite is 1.66. It is uniaxial and optically positive, and in this 
respect is the same as quartz. It is colorless and transparent, with a vitreous 
luster, breaks with a conchoidal fracture, composition is beryllium silicate, 
Be2Si04. It is occasionally found with a light yellow tint, and also with a 
pinkish cast, when it is sometimes mistaken for topaz. Since the index of 
refraction and dispersion are low, the mineral has little fire, and has not 
been very popular as a gem. It is, however, durable, and will show ‘a fair 
amount of brilliancy if it is carefully cut. The gem should be oriented so 
that the table is parallel to the optic axis of the crystal to get the maximum 
brillianey. The eight bezel facets (upper main facets) should be inclined at 
an angle of 52-degrees, and the eight lower or pavilion facets should be 
inclined at an angle of 39 degrees to get a stone of the maximum brilliancy. 
The brilliant cut is the most suitable. Phenacite is found in the Ural Moun- 
tains, Brazil, Mexico, Maine and Colorado, 


MOLDAVITE 


Moldavite and obsidian are voleanic or natural glasses and are some- 
times used as gems. They are not true minerals in that they have a variable 
composition and the properties are also variable. The hardness is variable, 
ranging from 54 to 7. The specific gravity is variable also, ranging from 2.4 
to 2.6 or even higher. Both obsidian and moldavite are amorphous, but 
occasionally show anomalous double refraction due to stress caused by rapid 
cooling. It breaks with a distinct conchoidal fracture, leaving sharp edges 
the same as ordinary glass. It is transparent to opaque. Colors are from very 
light tan through the yellows, browns, reds and reddish browns to black and 
also mottled brown and black are found. Moldavite, or tektite, as it is some- 
times called, is a bottle green color, and is found in Bohemia and Australia. 
It is easily imitated with ordinary glass, and hard to tell the genuine from 
the “fake.” Obsidian is widely distributed in all volcanic localities. 


PREHNITE 


When prehnite is of an oil-green color it makes a very attractive gem 
stone. However, it is not much used. The mineral crystallizes in the ortho- 
rhombie system, but it is only rarely that a good crystal is found. It is 
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usually found in rounded masses and rolled pebbles. Prehnite has a hard- 
ness of 6 to 7 and its specific gravity is 2.8 to 3.0. It occurs in several 
colors, including shades of green, yellowish, white and colorless. It is 
transparent to translucent. The mean index of refraction is 1.63; biaxial 
and optically positive; luster vitreous to waxy; composition is a silicate 
of calcium and aluminum, H2 Caz Al2 (Si04) 3. The most important sources 
are New Jersey, Lake Superior region and France . 


TITANITE 


Titanite, or sphene, as it is usually called, is a most beautiful gem, 
but it has not been very popular. It is monoclinic in crystallization and 
the hardness is low, being 5 to 5%. The gravity is 3.4 to 3.6; the mean 
index of refraction 1.95 and dispersion .050—both high. Its birefringence 
is .135, highest of the gem stones. The luster is adamantine and it is 
transparent in the gem variety. Titanite occurs in greyish, yellowish, 
greenish and brownish tints. It is biaxial’ and optically positive. The 
composition is a silicate of calcium and titanium, CaTiSiOs being the 
formula. Principal localities are Switzerland, Tyrol, Maine and New York. 


LAZURITE (Lapis Lazuli) 


Lazurite is a blue mineral of rather complex composition. It occurs 
with many other minerals such as granular calcite, scapolite, pyrite, 
amphibole, ete., and is cut. and sold as lapis lazuli. The “sapphirus” of 
the ancients was undoubtedly lapis lazuli and the sapphire of the scrip- 
ture was probably lazurite. It is one of the first gems used as such by 
man and was in ancient times very highly esteemed and considered to 
possess many powers. The hardness is 5 to 5% and the specific gravity 
near 2.4. Lazurite is cubic in crystallization and, therefore, isotropic. The 
index of refraction is 1.50. The luster is vitreous to greasy, and it is semi- 
translucent to opaque. The composition of lazurite is rather complex, 
being a sodiun, calcium, and aluminum sulpho- and chloro-silicate. The blue 
color is due to the presence of sulphur. Lapis lazuli is imitated by stained 
or dyed agate and is sold as “Swiss Lapis.” Sodalite and lazulite are two 
minerals which are very similar in appearance to lazurite. The principal 
localities for lazurite are Siberia, Chile and California. 


RUTILE 


Rutile is very little used as a gem except as it occurs as an inclusion 
in quartz (rutilated quartz). However, it does occur in crystals which are 
suitable for gem use. The crystallization is tetragonal, occuring in slender 
crystals which are often twinned. The hardness is 6 to 6% and the specific 
gravity 4.2 to 4.3. The index of refraction is very high, the mean index 
being 2.71. The luster is adamantine to metallic and it is transparent to 
opaque. The color ranges from blood-red to reddish brown and black. It is 
uniaxial and optically positive. The composition is the same as that of 
anatase TiTi04. Titanium oxide. Rutile occurs in gem grade in Alaska, 
Norway, Sweden, Tyrol, Virginia and Madagascar. 


(To be continued) 
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GEMS & GEMOLOGY 


The Mining of Gems and 
Ornamental Stones by 
American Indians* 


Digest by RICHARD T. LIDDICOAT 
of an article by SYDNEY H. BALL, 


“Anthropological Papers,” No. 13, Bulletin 128, pages 11 to 77, 
Bureau of American Ethnology, Smithsonian Institution. 


When Europeans. arrived in Amer- 
ica, they. found the American Indian 
largely in the stone age, although 
a number of tribes, particularly 
those of Mexico, Central America, 
Colombia, and Peru, used certain 
metals. Imbued with our conception 
of racial superiority, we rarely think 
of the Indian as a capable prospector 
and a patient, if primitive, miner, 
yet the rapid development of mining 
in Mexico and Peru after the con- 
quests was mainly due to the large 
number of ore bodies and gem. de- 
posits opened up by the local abo- 
rigines. 

This article treats of the gems 
and ornamental stones used by the 
Indian before he came in contact 
with the white man. His metal min- 
ing has been frequently described: 
the pits he dug on the Lake Superior 
copper range, his exploitation of the 
mercury mines of New Almaden and 
Peru for paint, his placer gem min- 
ing in Georgia, Mexico, Central 
America, the West Indies, North- 
western South America and Brazil 
and his gold and silver lode mining 
in Mexico and Peru. Within the 
United States, copper and gold were 
treated as pebbles and pounded into 
the shapes desired, but in Mexico, 
Central America, and western South 


* A.G.S. Research Service. 


America an elementary smelting 
technique had been evolved, and in 
certain localities the skill with which 
metals were forged, cast, alloyed, 
and plated astonished the Conquista- 
dores. Platinum, it may be recalled, 
was used by the Indians long before 
it was. known to the white man. 
The Indian’s knowledge of gems 
and ornamental stones was, however, 
much more comprehensive than that 
of metals, and his most extensive 
mines, or at least those known to us, 
were of ornamental stones. His ac- 
quaintance with minerals suitable 
for decorative purposes exceeded in 
number at least that of the peoples 
of Europe and Asia at the time of 
the discovery of America. The In- 
dians made use of some eighty-four 
gems and ornamental stones known 
to the writer. It can be said with 
considerable assurance that at the 
beginning of our era, or roughly two 
thousand years ago, the American 
Indian used the following precious 
and decorative stones: agate, aga- 
tized wood, alabaster, azurite, blood- 
stone, calcite, hematite, chalcedony, 
jadeite, jasper, jet, lapis-lazuli, lig- 
nite, malachite, mica, moss agate, 
nephrite, obsidian, common opal, 
pyrite, rock crystal, satin spar, selen- 
ite, serpentine, soapstone, and tur- 


quoise. By 1000 A.D., and even 
earlier, the following, among others, 
had been added: amber, carnelian, 
catlinite, chloromelanite, emerald, 
fluorite, galena, garnet, magnesite, 
marcasite, moonstone, noble opal, 
sodalite, variscite. As sources of ma- 
terial to study the subject, we have: 
(1) Artifacts preserved in public and 
private collections; (2) mine work- 
ings, although many which once ex- 
isted have become obliterated; (3) 
early and present-day literature; and 
(4) the traditions and myths of the 
Indians. 

The gems, as we know them today, 
were used by the American Indians 
in various ways. The most important 
use the gem materials had was orna- 
mental. They consisted mostly of 
pendants, beads, and carved figures. 
Gem mosaics were worn among the 
Pueblos, the semicivilized Mexicans, 
the Peruvian peoples, etc. The In- 
dian adores vivid colors and he has 
a childlike love of beautiful pebbles, 
particularly if brightly colored. To 
the semicivilized peoples from Ari- 
zona to Chile, the blue and the bluish 
green of the turquoise and the green 
of jade and emerald had a peculiar 
fascination. Such stones were eagerly 
sought and highly valued. Turquoise 
gained its color from the cloudless 
sky, and jade symbolized the growth 
of crops; their value being increased 
by the supernatural power. gained 
thereby. So highly regarded were 
these stones that jade could be worn 
only by nobles among the Aztecs, and 
among the Yavapai (central Ari- 
zona) only a chief was. privileged to 
wear turquoise bracelets. 

Other materials whose beauty at- 
tracted the aborigines were utilized 
for other purposes by them. Obsidi- 
an was in great demand for arrow 
and other weapon points. Soapstone, 
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quartz, pyrite, and other materials 
were used in the home; the soapstone 
for utensils, the quartz for knife 
edges and for use with pyrite to 
obtain sparks for fire. In addition, 
gem materials were used for surgical 
instruments, graving tools, abrasives, 
mirrors, windows, embellishment of 
buildings, pigments, and currency. 

Like most primitive peoples, the 
American Indian saw in gems and 
decorative stones not only beauty but 
the supernatural and the awe-inspir- 
ing. Precious stones, therefore, were 
important factors in their religious 
life, indeed, fine gems were often 
actually worshipped by aborigines. 
Almost all gems were used as fetishes 
and charms. Some were protection 
against ill health, others against in- 
jury, others were supposed to bring 
good luck on the hunt. A common 
use of gems was as a native offering 
to the gods. They were also widely 
used by medicine men of the various 
tribes. 

American Indians mined gems and 
metals in a large number of locali- 
ties. Many of the important mining 
centers of the present were worked 
originally by the Indian. As miners, 
the Pueblos, Aztecs, Peruvians, and 
the Indians of the southern Appala- 
chians were outstanding, while the 
Mayas and Mound Builders depended 
largely on commerce for their sup- 
ply of gems. The Indian, generally 
using tools of stone, by long experi- 
ence became a fair geologist, know- 
ing the rocks most suited to his needs 
and their characteristics — indeed, 
probably much better than we do. 
This required a knowledge of tex- 
ture, hardness and mineralogical 
makeup, so that he could recognize 
the same mineral if found in two dif- 
ferent places. Many minerals were 
known to him that were unknown at 
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the time in Europe. The fact that 
arrowhead material was sought in 
stream gravel rather than from out- 
crops or detrital boulders shows that 
he realized that stream material was 
unaltered and would not shatter 
badly, in contrast to weathered out- 
crop material. 

The Indian was also an excellent 
prospector. In some cases he realized 
that where some easily noticed min- 
erals were found, certain gems were 
usually present. Proof of the Indian’s 
ability is the fact that practically 
all of the known turquoise localities 
of our own Southwest and the emer- 
ald deposits of Colombia were worked 
in pre-white time. As to nephrite and 
jadeite, the aborigines had sources 
which are still unknown to their 
white successors. Although most gem 
mining was confined to placer de- 
posits, some actual hard-rock mining 
was carried on. Both open-cut and 
shaft mining was undertaken in 
various places. Often the rock was 
broken by building a fire on the 
place to be broken and then quench- 
ing with water. In some mines there 
were several levels, and in some cases 
galleries extended for 300 feet. The 
laws that sometimes regulated min- 
ing are quite interesting. Most tribes 
usually at war were likely to meet 
on peaceful terms at a mining site, 
where they would work side by side, 
in peace. Levity was not tolerated at 
most mineral. sources. Often tributes 
were offered to the spirit. who guard- 
ed the. mine. 


GEMS MINED BY AMERICAN 
INDIANS 


Diamond 


There is some evidence that dia- 
monds were known to the Indians of 
Brazil and British Guiana. 


Emerald 
To the South and Central Ameri- 
can Indians, emerald was by far the 
most prized gem. Archeologists tell 
us they were used at least as early 
as 500 A.D. and probably much 
earlier. The Colombian emerald mines 
we know today were all worked by 
Indians. They prized the gems so 
highly that only chiefs were allowed 

to wear or own them. 


Quartz 

Quartz was one of the most im- 
portant minerals the Indians had. 
It served countless purposes. Flint 
was extremely important because it 
tipped the arrows they needed to 
kill game. In addition, it was neces- 
sary to produce fire. Amethyst, agate, 
rock crystal, etc., served as gems and 
ornamental stones. 


Turquoise 

The most prized gem to the North 
American Indian was turquoise. It 
served as an ornament, as a native 
offering, as a fetish, and as a meas- 
ure of wealth and a means of in- 
vestment. They judged its value 
much the same as does the. modern 
jeweler, on the depth and purity of 
the blue color. It was mined exten- 
sively, especially in our own South- 
west. The largest early mining proj- 
ect. was at Los Cerrillos, New Mex- 
ico. The size of one open-pit in that 
locality suggests that 100,000 tons 
of rock must have been removed. 
Colorado, Nevada, Arizona, and Cali- 
fornia had turquoise mines, The gem 
was also important in South Amer- 
ica, especially among the West Coast 
tribes. 

A small half-inch piece, of good 
color, was worth at least the price 
of a pony. The gem was also highly 
regarded by the South American In- 
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dians, but held second place to emer- 
ald in their esteem. 


Jade 

Both jadeite and nephrite were ex- 
tensively used by American Indians. 
In contrast to most of the other gems 
used, the sources of jade are rather 
obscure. Nephrite is found in some 
quantity in Alaska and as boulders 
in British Columbia and Oregon. It 
also occurs in Bolivia, Brazil and 
British Guiana. No jadeite sources 
are known that are important, but 
the Aztecs doubtless obtained it from 
southern Mexico. In three southern 
states of Mexico jadeite pebbles have 
recently been found. The aborigines 
cut small figures and beads from 
pebbles. In a good green color the 
material was very highly regarded. 
To the Mayas it was the most prec- 
ious of possessions; its ownership 
an insignia of wealth or power. 


WINTER, 1941 


181 


Pyrite 
Pyrite was rather widely used in 
both North and South America. The 
Mayas polished large pieces of it to 
use as mirrors. Northern tribes used 
the mineral to strike fire, much in 
the same way flint and steel was 
later used. 
Mica 
Mica was mined extensively in the 
Southern Appalachians. Some orna- 
ments were cut from mica and sheets 
of the material were wrapped around 
beads to produce imitation pearls. 


Other Gems 

Many other gem materials were 
of importance to the American In- 
dian. Among the most important 
were: Obsidian, used for arrowheads 
and knife edges, catlinite for pipes, 
steatite or soapstone for cooking 
utensils, and amber used for beads 
and other ornaments. 
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DIAMOND 


Borneo (Malay Archipelago). Sys- 
tematic diamond mining was con- 
ducted by the natives of Borneo 
when the Dutch first arrived there 
in the 17th century. The diamond 
deposits are notable because of 
the exceptional number of colored 
stones which have been found 
there. Borneo has been a minor 
diamond source since the 18th 
century. 


Bortz (borts). Same as Bort. 


Bort (boart, boort, bortz, bowr). 
Round form of a poorly crystal- 
lized diamond, dark in color and 
translucent or opaque. Cleavage is 
difficult. Used for industrial pur- 
poses. “In the trade the definition 
of ‘bort’ is extended to all im- 
pure diamonds, provided, on ac- 
count of their small size or because 
of impurities, they are valueless 
as gem stones.” (Ball.) But min- 
eralogically and industrially, bort 
is a distinct variety of the gem 
species. Bort occurs in Brazil (in 
all deposits), in South Africa and 
in British Guiana. 


Bowr. Same as Bort. 


Braganza Diamond. Found in the 
18th century in Brazil, and was 
said to be a diamond. It has been 
reported by various travelers as 
in the possession of Portugal, and 
to have weighed 1,680 carats, but 
it is generally thought to be a 
topaz and not a diamond. 

Brazil. Important diamond source. 
Diamonds discovered in 1725. Ex- 
ported to Lisbon in 1728. Most of 
the deposits lie in the present 
river beds and in the terraces 
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above the rivers. Diamonds are 
also found in deposits which lie 
high on the hills and plateaus 
above the present water courses. 
See, also, Itacolumite. See, also, 
name of diamond. See, also, Oc- 
currence. 


Brazilian Cut. A term used by Her- 
bert P. Whitlock to describe a 
cushion-shaped stone, with eight 
additional facets around the culet, 
making 66 facets. 


Break Facets. The 32 small facets 
along the girdle of a brilliant 
stone; 16 of these are above the 
girdle and 16 below. 


Breccia. When a rock is similar to 
conglomerate, except that it con- 
tains coarse angular fragments, 
rather than rounded pebbles, it is 
known as breccia. 


Brewster, Sir David (1781-1868). 
Leader in the study of optics. He 
made his name by a series of -in- 
vestigations on the diffraction of 
light. Made all important dis- 
coveries regarding the laws of 
polarization. Discovered crystals 
with two optic axes and many of 
the laws of their phenomena, in- 
cluding the connection of optical 
structure and crystalline forms. 
Sir David Brewster was one of 
the founders of the British Asso- 
ciation for the Advancement of 
Science. 


Briggs’ Scale. A scale to determine 
the comparative toughness of the 
so-called brittle minerals by press- 
ing the fragment of one mineral 
against another until one broke, 
the first to break being classed as 
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the lower in toughness. Carbonado 
oecupies the highest position in the 
seale. 

Briljandeerer. See Brillianteerer. 


Brilliancy. The comparative “bright- 
ness” which reaches the eye as a 
result of (1) reflections from the 
internal surface of facets (called 
total internal reflection) and (2) 
reflections from the external sur- 
faces of the table and other facets 
of a gem (luster). See Total In- 
ternal Reflection. See Luster. 

Brilliant. Word sometimes used to 
mean a diamond cut ih the bril- 
liant style, but more generally to 
mean that style of cutting itself 
when applied to any stone. 

Brilliant Cut. A style of cutting usu- 
ally used for diamond which is 
designed. to give maximum bril- 
liancy and fire. It has 33 facets 
above and 25 below a round girdle. 

Brilliant Cut (variations). The bril- 
liant style is applied in cutting 
the marquise or navette, the bril- 
liant pendelogue, the oblong bril- 
liant, the triangular brilliant, the 
half-moon, etc. All of these forms 
are fancy shapes of the brilliant. 

Brillianteerer (Dutch, briljandeer- 
er). The workman who polishes 
the facets of a brilliant other than 
the bezel and pavilion facets. The 
remaining facets are polished by 
a “lapper.” See “Lapper.” 

Brillianteering. The placing and pol- 
ishing of facets other than the 
bezel and pavilion facets. 

Briolette. Pear-shaped or oval stones 
faceted all over with triangular 
facets. 

“Bristol Diamond.” Rock crystal. 

British Guiana (South America). 
Diamonds were first discovered 
on the north coast of South Amer- 
ica in the early gold days. In 
1890 diamonds were discovered in 
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the gravel of the river bed of the 
Mazaruni River. Between 1890 and 
1902 less than 9,000 carats came 
from this deposit. But in 1927, 
more than 170,000 carats, valued 
at 724,152 pounds sterling (about 
$3,750,000). were exported. 


Brittle. Crumbles under knife or 
hammer, cannot be cut in slices. 
Means that a gem is not flexible, 
ductile, etc., but not necessarily 
fragile, 

Brown (very light). Diamond with a 
very light brownish tint, placed 
between crystal and top cape in 
the more usual trade classifica- 
tion. 

Brown (Fancy). Stones are not un- 
common: reddish brown, clove 
brown and coffee brown diamonds 
not infrequently reach the trade. 
These are particularly desirable 
in jewels, especially the “coffees.” 

Brown (Slightly). Color grade of 
diamond used by some dealers. 

“Brownies.” Term loosely used to 
describe any diamond with light 
brownish tinge. Not. applied to 
more desirable brown diamonds of 
pronounced color. 

Brunswick. Blue diamond. Weight 
44% carats. Probably a portion of 
the Tavernier Blue (“French 
Blue”). The Hope diamond is be- 
lieved by many authorities to have 
formed the larger part. of the 
Tavernier Blue. See Hope Dia- 
mond, 

Bruting. Rubbing or bruting two 
diamonds together until desired 
shape was secured. Now the pro- 
cess of cutting replaces the awk- 
ward method of bruting. 

“Bubbles.” A globule of air or a 
globular vacuum in a transparent 
solid, as bubbles in window glass 
or a lens. Spots in diamonds which 
are usually air bubbles, but may 
contain gas. 


(To be continued) 
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Natural and Cultured Pearl 
Differentiation* 


by 


A. E, ALEXANDER, Ph.D. 


Bureau of Natural Pearl Information 
New York, N.Y. 


(Continued from last issue) 


Radiography of Natural and 
Cultured Pearls 


That. radiography or the shadow- 
graphic technique might be used as 
a means of distinguishing pearls 
seemed worthy of investigation, in 
spite of the fact that an opinion has 
been expressed to the effect that 
insufficient difference in density 
existed between the nacre and the 
core of a cultured pearl and that 
consequently no useful shadowgraph 
could be obtained.? Within the past 
two years, however, a usable, and 
wholly accurate, technique has been 
evolved and perfected. The method 
has been described in detail else- 
where.§ 

The success or failure of this 
method was found to revolve around 
three conditions: Correct exposure, 
use of a suitable masking agent, and 
the employment of a very fine- 
grained x-ray film. 

Heretofore, too high a kilovoltage 
and milliamperage had been used, as 
well as the wrong kind of x-ray film. 
Continued experimentation showed 
that a lower kilovoltage was essen- 
tial. Now the penetration of the rays 
is governed by the voltage applied 
to the x-ray tungsten target equip- 


7 Anderson, B. 
no. 88, 52-4, 1938. 


8 Alexander, A. E.:. Photo Technique., 50-52, 
March, 1941. 
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ped tube. For satisfactory radio- 
graphs it was found that a kv of 
55 and an ma of 5, with an exposure 
of about 45-60 seconds was most 
effective for distances of 10 inches 
from target to film plate holder. Of 
course, size and weight of the pearl 
to be tested are factors that must be 
taken into consideration, and whith 


Figure 6 


Cultured fresh-water pearl, showing 
glass core. A thin section. 3-grain 
pearl. 


will determine the amount of kv and 
ma to be used. 

Relative to the use of a suitable 
masking agent, a consideration of 
the pearl shape’had to be taken into 
account. A spherical shape is a diffi- 
cult subject to' radiograph because 
of its great variations in thickness. 
Furthermore, the area of the film 


outside the shadow of the pearl re- 
ceives the full x-ray exposure and 
a portion of these rays is scattered 
within the shadow itself, with the 
result that the image is blurred and 
detail is impaired. To avoid this 
undesirable effect, the pearl should 
be surrounded with a suitable sub- 
stance to absorb the scattered x-rays. 
The most satisfactory masking liquid 
found for this purpose is carbon 
tetrachloride. This fluid will not in- 
jure either the organic or inorganic 


Figure 7 
A typical Persian Gulf natural salt- 


water pearl. 19.6 grains. 
section. 


A thin 


matter of which natural pearls are 
composed. 

Finally, it was found that a very 
fine-grained x-ray film was abso- 
lutely essential in order to bring 
out the delicate differences that are 
inherent in each and every pearl. 

Before presenting the results of 
the radiographic study of pearls, a 
few words describing the distin- 
guishing characteristics of a natural 
pearl are in order. The natural gem, 
either of salt- or fresh-water origin, 
is usually composed of exceedingly 
thin layers of aragonite, the ortho- 
rhombie variety of calcium carbon- 
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ate, deposited concentrically through- 
out the jewel. A small amount of 
organic matter, termed conchiolin, 
forms a tenuous network throughout 
the mass of calcium carbonate. In 
rare cases, calcite may be associated 
with the mineral aragonite. 


Cultured pearls, on the other hand, 
are composed essentially of two dis- 
tinct parts: first, a large internal 
mass manufactured from mother-of- 
pearl shell, and second, the concen- 
tric layers of pearl aragonite which 
have been deposited around the core 
by the pearl-oyster. 

In radiographing a cultured pearl, 
the mother-of-pearl core shows a 
greater absorption of the x-rays 
than the nacre or natural pearl 
aragonite which covers the core. As 
a result, the radiograph reveals a 
lower photographic density for the 
mother-of-pearl than for the nacre. 
The boundary between these two 
structures is generally fairly sharp. 
The higher absorption of the mother- 
of-pearl core is believed to be at- 
tributable to its greater density. For 
example, the mother-of-pearl] nuclei 
of cultured pearls have an average 
density of 2.835, while natural pearls 
have an average density of 2.685. In 
ascertaining the effect of light on 
mother-of-pearl, it was found that 
the greatest degree of absorption 
occurs where the (001) crystal planes 
are set perpendicular to the beam of 
light. If these planes are oriented 
parallel with the light beam, the 
least absorption takes. place. But 
this phenomenon does not apply to 
x-ray absorption which is independ- 
ent of the orientation of the crystal 
planes. It is only the higher density 
of the mother-of-pearl substance 
which distinguishes it from the natu- 
ral pearl material in the radiograph. 
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The line of demarcation, where 
the nacre or natural pearl aragonite 
is. initially deposited on the mother- 
of-pearl, is easily seen in the x-ray 
pictures of all cultured pearls. The 
presence of this line is a distinguish- 
ing factor which at once permits 


mine it by means of binocular obser- 
vation. Essential, first, is the need 
of good optical equipment. The 
Bausch & Lomb microscope, of the 
type incorporated in the “Diamond- 
scope” is an example of what should 
be had. An adequate light source, 


Figure 8 
Radiograph of a Japanese cultured-pearl necklace, showing large mother-of- 
pearl cores, and lines of demarcation—where nacre joins the MOP nucleus. 


cultured pearls to be differentiated 
from natural pearls. 

Natural pearls, either of salt- or 
fresh-water origin, do not show a 
definite line of demarcation. Such 
lines as do occur are more or less 
irregular in outline and are apt to 
extend only part way around the 
pearl. If the specimen is turned 90 
degrees; the line or lines may be 
longer or shorter, or may be absent 
entirely. A cultured pearl, of course, 
will not yield an anomalous shadow- 
graph of this kind. Some natural 
pearls, especially those of  salt- 
water origin, may be so uniform in 
structure, with the laminae closely 
packed together, that difficulty is 
experienced in bringing out detail in 
the radiograph, regardless of how 
the gem is oriented with respect to 
the x-ray beam.9, 10,11 


Binocular Observations 
The writer is very partial to this 
method. If a pearl is drilled, it is 
possible to easily and quickly deter- 


9 Pfund, A. H.: J. Franklin Inst., 183, 453- 
64, 1917. 

10 Friza, F.: Biochem. Z., 246, 29-387, 1982. 
11 Haas, F.: ‘‘Bauv und Bildung der Perlen.” 
Akademische Verlagsgesellschaft M.b.H., 
Leipzig (frankfort a/m) 1931. 


with filament band, or 100-watt pro- 
jection type bulb, is a necessary 
accessory. 

In the case of cultured pearls, the 
line of demarcation is usually readily 
discernible. If the pearl has been 
dyed, as many pink specimens are, 
the dye can be seen concentrated at 
the line of demarcation. The core of 
a cultured pearl is usually the same 
color throughout: white, gray, yel- 
low-white, ete., if undyed; or pink, 
or some variation thereof, if dyed, 
and, therefore, in turn can be dis- 
tinguished from the nacre which is 
often of slightly different hue. 

Many natural pearls are found to 
become progressively darker yellow 
in color as the interior of the gem 
is approached. This condition can be 
easily detected under the microscope. 
Cracks, flaws, concentration of im- 
pure, dark-brown, or black aragonite 
(the so-called “mud” center or “blue” 
pearl) located in one or more parts 
of the gem, are also distinguishable. 
Some natural pearls are encountered 
that have been artificially dyed 
black, blue-black, bronze, “gun 
metal,” etc., and it is often possible 
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to detect this condition by means of 
binocular observation—especially if 
a poor dyeing job has been done. 
Mother-of-pearl slugs (used to re- 
duce enlarged drill holes), metal fill- 
ings, cement of all kinds, ete., can 
also be detected with good optical 
equipment. 

The use of the binocular micro- 
scope becomes more effective as ex- 
perience is gained in using the in- 
strument, and as hundreds of pearls 
are carefully examined. Only by 
studying a large number of pearls 
is it possible to become proficient in 
analytical work of this kind. The in- 
strument has, of course, the added 
advantage of being useful for exam- 
ining cut stones of every type and 
description. 


Examination of Undrilled Pearls 
by Optical Means 


Where no x-ray equipment is 
available, or an endoscope for that 
matter, it sometimes becomes pos- 
sible to differentiate natural pearls 
from cultured types through use of 
light transmission. A very strong 
light is directed on the pearl, all 
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mother-of-pearl core that can be 
seen—if the nacre is relatively thin. 
The same effect, of course, can be 
seen if the light transmission method 
is used. Dr. Paul Kerr has described 
a device that can be used for this 
work, and the reader is referred to 
his original article.12 Furthermore, 
if a cultured pearl is rotated, it will 
be found that the pearl becomes 
alternately light and dark every 90 
degrees. This is due to the fact that 
strong incident light directed on the 
(001) layers (the iridescent surface 
of shell substance) is absorbed to a 
marked degree, whereas light: di- 
rected on the (010) and (100) layers 
is more readily transmitted. Natural 
pearls, if they are concentrically 
perfect. throughout and if they con- 
tain no impure mineral matter, will 
transmit substantially the same 
amount of light regardless of amount 
or degree of rotation. Of course, cul- 
tured pearls having relatively thick 
nacreous coatings will not react to 
differential absorption of light. Natu- 
ral pearls usually reveal deep yellow 
shades in transmitted light, while 
cultured pearls invariably appear 


Figure 9 
Radiograph of eight Persian Gulf natural pearls. First pearl from the left 
simulates a cultured pearl. Fourth pearl from the left shows a desiccation 
crack. Fifth and sixth pearls from the left show impure aragonite centers. 
Siath pearl from the left shows an oversized drill hole. 


light being masked éxcept that which 
comes through the gem. Pearls so 
examined should be viewed in a dark 
room. Mention has already been 
made of the parallel layers of the 


lighter to the eye—unless the latter 
type have been dyed. Cultured pearls 
have certain telltale blemishes, usu- 


12 Kerr, P. F.: The Jeweler’s Circular, Oct. 
14, 1925. 
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ally organic in character, which may 
be found just under the nacre—be- 
tween nacre and mother-of-pearl 
nucleus. These blemishes may not be 


Figure 10 
Natural salt-water pearl, showing 
clear, calcite center surrounded by 
red-brown crystals of aragonite, in 
turn surrounded by concentrically 
deposited aragonite. Such a pearl is 
the “blue” pearl or “mud”? pearl of 
the pearl trade. 


readily apparent in daylight, but 
may be brought out in strong trans- 
mitted light. Distinct air spaces, just 
under the nacre of a cultured pearl, 
and sometimes between the indi- 
vidual laminae of the nacreous coat- 
ing itself, may be noted. 


If a natural black pearl is tested 
by the above means it will be found, 
in most cases, that a certain amount 
of light is transmitted, usually un- 
evenly. A black cultured pearl, on 
the other hand, which is invariably 
artificially colored, is apt to be 
wholly opaque or nearly so when 
subjected to the same test. 


Lastly, it should be pointed out 
that the use of transmitted light and 
the effects that can be obtained are 
wholly contingent on the observer’s 
experience in handling pearls. The 
more pearls, of all kinds, that can 
be examined and tested by this and 
other means, the more apt one be- 
comes in “spotting” the cultured 
and imitated species from the geny- 
ine oriental gem. 


For the beginning student in gem- 
ology, the short article on pearls, 
appearing in the December, 1940, 
issue of The Gemmologist!3 is worthy 
of consideration. For the advanced 
student or individual specializing in 
pearls, the work of Dr. Haas is note- 
worthy.14 
13 The Gemmologist, 10, no. 113, 48-52, 1940. 


14 Haas, F.: “Bau und Bildung der Perlen.’”’ 
Akademische Verlagsgesellschaft M.b.H., 
Leipzig (frankfort a/m) 1931. 
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Evaluating the Make 
of Diamonds* 


M. E. VEDDER 


Traub Manufacturing Co. 


In my opinion, judging the “make” 
of diamonds over one-carat size re- 
quires a system. A system not only 
of taking the measurements, but also 
of comparing those measurements 
with the standard, and then evaluat- 
ing the differences. 

By standard measurements I mean 
the proportions as shown in Fig. 1, 
which were worked out by Tolkow- 
sky. When Tolkowsky published his 
little: book, “Diamond Design,” in 
1919, he established two points about 
diamond cutting and proportions, 
The first was that the brilliant cut 
is the mathematically correct shape 
to bring out the brilliancy and fire 
of diamonds, provided certain pro- 
portions were followed reasonably 
closely. The second point was that by 
trial and error over a period of 2000 
years the diamond cutters had devel- 
oped this shape and these same pro- 
portions. 

It is not my contention that all 
diamonds should or can be cut ex- 
actly to the proportions as shown in 
Fig. 1. The cutter has his problems, 
too. He must constantly balance pro- 
portion against waste and make 
compromises which give the best re- 
sults with the rough he has to use. 

My method of evaluating make 
consists of three steps: 

1. The stone is measured very care- 
fully in 1/100 mm. (22 measurements 
in all). 
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2. These 22 measurements are con- 
densed into seven by averaging some 
of them and compared with the 
standard. 


38. The difference in each measure- 
ment from the standard is deter- 
mined in percentage and then evalu- 
ated by definite rules. 


100 % ele 


\ pf 


Figure 1 


The instruments required are: 

1. Diamondscope. 

2. Mm, micrometer. 

3. Mm. micrometer depth gauge. 

4, A.G.S. angle gauge. 

The Diamondscope, or similar bi- 
nocular magnifier, leaves both hands 
free to hold the stone and the meas- 
uring device and provides the higher 
magnification necessary for accurate 
work. I use 20-power magnification 
on all except the two outside meas- 
urements. These two are the total 
depth and the diameter. 
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The diameter is measured with the 
mm. micrometer writing down the 
maximum and minimum measure- 
ments and averaging these two ex- 
tremes. This average is the diameter 
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Figure 2 


used as the base of all other meas- 
urements. 

Next, I measure the total depth 
from table to culet with the mm. 
micrometer. 


Third, I measure the table, under 
magnification, holding the stone in 
spring tweezers and still using the 
mm. micrometer. The table is meas- 
ured from the point of one bezel 
facet across to the opposite point. 
The maximum and minimum meas- 
urements are taken and then aver- 
aged. Still holding the diamond in 
the spring tweezers the angle gauge 
is applied on several bezel facets, 
under magnification, and the average 
angle is taken very easily. 


The next measurement, is the 
thickness above the girdle. The stone 
is placed table down on the surface 
of the depth gauge. If this surface 
is kept slightly greasy the stone will 
stick very nicely. 

Fig. 2 shows an outline of the 
diamond in position on this gauge. 
While taking this measurement be 
very careful to keep the flat surface 
of the post on the gauge directly in 
line with your vision. The thinnest 
point on the girdle is to the right 
or left of the top of each pavilion 
facet.. These are indicated by “A” 
and “B” in Fig. 2. I have standard- 
ized on the one to the right and 
proceed around the stone clockwise 
while it is face down on this gauge. 
The post on the gauge is run up 
until it is exactly even with the top 
edge of the girdle (point A in Fig. 4) 
and a reading taken. Then the post 
is run on up until it is even with the 
bottom edge of the girdle (point B 
in Fig. 4) and a reading taken. Now 
the stone is turned counter-clockwise 
on the surface of the gauge to the 
thinnest point beyond the next pa- 
vilion facet and a reading taken at 
the bottom of the girdle first, and 
then the indicator is run down to the 
top edge of the girdle. This is re- 
peated around the diamond until 
eight. measurements “table to top of 
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girdle” and eight “table to bottom 
of girdle” have been taken. Each 
group is added up and averaged. The 
difference between these two aver- 
ages is the average thickness of the 
girdle itself at its thinnest points. 

By deducting from the total depth 
the average depth from table to bot- 
tom of the girdle, we arrive at the 
depth below the girdle. 

Now we make a recap of our meas- 
urements as shown in Fig. 3. 

Next we compare these measure- 
ments with the standard. Using a 
chart which gives the correct meas- 
urement for any size stone from 5.0 
to 11.0 in diameter. We find that a 
stone which is 7.4 mm. in diameter 
should have a table measuring 3.92 
mm. Comparing this with our stone 
we find the table is .52 mm. too large. 
This is 742%. We find the below- 
girdle measurement is .16 mm. too 
thick, or 2%. The angle of the bezel 
facets are plus 414°. 


Weight = “4 et. 


457 Total Depth [ 
7149 Diam, &Girdle (©) 


444 Table. © wy TA% 1h | | 


119 Av. (a, ae 
3,35 Av below G (Ff) *2% ‘2 | 
39° Angle @*4h 2 
03 Girdle Thickness(A), | 

SM. Culet Size (8)! 


Figure 3 


All other measurements are cor- 
rect. This, by the way, is a very 
good make, being about the average 
for good proportions. 


To evaluate these differences refer 


to Fig. 5, which is the back of the 
grading card. The table on this dia- 
mond is 744% large. The schedule 
under “value reduction factors for 


1 2 3 oS 5 6 7 8 AV. 
118 - 120-121-120-118- 122-120-118 = 119 
123 - 119 - 124-121 ~- 122-124-123-122 = 122 


Figure 4 
make” shows that each 5% differ- 
ence in the table size equals one 
factor, so 74% would equal 1% 
factors as shown on the same line 
with the 744% in Fig. 3. The below- 
girdle measurement on this diamond 
is 2% too large. The schedule shows 
that each 3% difference in this par- 
ticular measurement equals one fac- 
tor, so 2% would be % factor, by 
using the minimum for fractions. 
The angle is 442° too much and each 
2° equals one factor, so this meas- 
urement equals 2 factors. Now the 
factors are added and the total is 
4 factors. By referring to the “grade 
ratings” from 1 to 12 shown in Fig. 
5. This stone is automatically classi- 

fied as No. 4 in make. 

Girdles 
I believe more can be learned about 
the make of a diamond by looking 
at, the girdle than any other one 
part of the stone. Anyone interested 
in diamond grading can spend con- 
siderable time to good purpose study- 
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ing girdles. When you know what to 
look for, a girdle tells most of the 
story about the skill or lack of it, 
used by the cutter. Your standard 
tweezers on your diamondscope can 
be used to hold the stone edge up 
under the binocular, but I prefer 
the spring tweezer. The stone is held 
firmer and can be rotated freely, 
which is very important. 


The most common complaint about 
girdles is thickness. What is a thick 
girdle, or. how thick is thick? I do 
not agree with the theory that a 
thick girdle reflects a grey or cloudy 
appearance into the stone. 


I have tried repeatedly to find 
such a reflection in stones with very 
heavy girdles. A more important 
factor is that a thick girdle stone 
weighs more than it should for the 
show the stone makes. On the other 
hand, a knife-edge girdle is even 
worse, in my opinion, because of the 
danger from breakage. Chipped 
stones are definitely the result of 
thin girdles. They not only break 
while being set, but while loose in 
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the paper and also while being worn. 
In my opinion, girdles which aver- 
age more than .1 mm. in thickness 
at the thinnest point are too thick 
and % of this thickness or less is 
too thin. This applies equally to 
small or large stones. 


The other features to look for in 
girdles are: 


1. Wavy girdles. 
2. Uneven girdles. 
38. Out-of-round girdles. 


4. Girdles on which the bezel and 
pavilion facets do not track. 


All girdles vary somewhat, but 
limitations must be established for 
these variations. A “wavy” girdle is 
one which is not cut on the same 
horizontal plane within at Teast .2 
mm. The thick points, indicated by 
“X” in Fig. 4, alternate in high and 
low positions producing a wavy 
girdle plane. Uneven girdle refers 
to thickness. On one side. of the stone 
the girdle is very thick, and on the 
opposite side very thin, resulting 
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in a lop-sided effect in the crown of 
the diamond. I would like to call 
special attention to girdles which 
do not track. Such stones have be- 
come quite common in the last few 
months as the result of employing 
improperly trained apprentices in 
the diamond-cutting trade. Unfortu- 
nately they are being offered for 
sale at the same prices as fine 
make, and in my opinion are really 
worth from 20% to 80% less. It is 
quite obvious that the pavilion facet 
should be directly underneath the 
bezel facet to properly reflect the 
light within the stone and produce 
maximum brilliancy. These “appren- 
tice” diamonds, as I call them, also 
have pavilion facets without points 
at their junction with the girdle, and 
the junction points between the pa- 
vilion facets themselves are often too 
close to the culet. This type of make 
is especially prevalent in ten-per- 
carat to half-carat sizes at the pres- 
ent time, 
Tables 

The most confusing and difficult 

measurement for me is the table. It 


PREMIER (YELLOWISH BLUE TINT) 10. 


LARGER FLAWS 
MANY NO. 5 TO NO. 7 
MANY NO. 8 TO NO. 10 
COPYRIGHT 1939 
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is not only hard to measure but is 
always too large anyway. Out of 
about 400 diamonds which I have 
measured only three have had near- 
ly perfect proportions. These three all 
have tables from 444% to 74% too 
large. 
Identification 

I would like to point out that im- 
portant large stones can be “finger- 
printed” with the information on 
this grading card and identified 
conclusively. In addition to make, 
the color is classified by number as 
well as the perfection. The 1.53-carat 
diamond shown in the examples of 
make grading, was a No. 5 color and 
No. 1 perfection. Therefore, it is 
filed as a No. 158-541 and could be 
readily located in the card file by its 
weight which precedes the grading 
number, and readily identified by the 
detailed measurements. 

The measuring is not as difficult 
or. time-consuming as it appears. I 
find that the location and diagram- 
ing of imperfections accurately takes 
more time on a first pique stone than 
filling out the balance of the card. 


M. E. VEDDER 
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BOOK REVIEWS 


Fire in the Earth, the Story of the Diamond. By James Remington McCarthy, 
Published by Harper and Brothers, New York, 1942, $2.50. 


The author has chosen an engag- 
ing title in keeping with his sub- 
ject, the diamond. The book is written 
with a most interesting style, free 
from too technical phraseology above 
the layman’s comprehension. The 
book is decidedly written for the 
layman, to whom it should prove 
exceptionally valuable. 

“Fire in the Earth” deals briefly, 
but not too accurately, with the na- 
ture of the diamond, its formation 
and its properties. Mining, cutting, 
color, history and uses of the dia- 
mond are dealt with fascinatingly 
and more accurately. However, the 
author states that he writes as a 
reporter and not as an authority. 
In evidence of this is his description 
of diamond tweezers as “forceps.” 

The chapters on “The De Beers 
Saga,” “The Art of the Cutter,” 
“Designed for Beauty,” are excep- 
tionally well written and a timely 
review, entitled “Hob-Nailed Boots 
in the Lowlands,” followed by one 
equally timely, “Diamonds Come to 
America,” answer the questions that 
people are asking every day regard- 
ing the fate of cutters and what 
has become of the diamonds in 
Europe. 

The author has not omitted chap- 
ters on “Diamonds in Legend, Su- 
perstition, and Sentiment,” ‘Colored 
Diamonds,” and “Industrial Dia- 
monds,” all well written and not a 
dull word. 

The chapter “On Buying a Dia- 


mond” gives the amateur some 
easily understood facts as a guide to 
a contemplated purchase. This chap- 
ter, in the main, is authoritative and 
its exposé of doubtful trade prac- 
tices is daring. As indicated by the 
author, it was largely reworded from 
the booklet “Diamonds,” published 
by the American Gem Society. One 
anomaly occurs here in the author’s 
reference to three different classifi- 
cations of diamond grades. The scale 
which graduates such classifications 
from “collection gem perfect” through 
“blue perfect” to “clean” and “pique” 
is a most confusing and questionable 
guide for the diamond-buying public, 
because it mixes grades of flawless- 
ness with fanciful color nomencla- 
ture. 

Mr. McCarthy’s book has been un- 
duly criticized because of the quite 
apparent publicity given to Baum- 
gold Brothers and certain of that 
firm’s more important customers, but 
such criticism emanates from those 
who are not aware that McCarthy 
has for several years been the pub- 
licity manager of the Baumgold 
organization, 

With the exceptions of cutting and 
the results on the diamond trade of 
the present. war, the information is 
not original; however, the sources 
from which the information has been 
taken (and to most of whom the 
author has given credit in his 
preface on text) are, in the main, 
authentic, although an occasional 
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transposition of that information by 
him is careless. 

In transposing the story of the 
Sancy, he attributes the late Dr. 
Kunz’s statement, that the Sancy is 
now in the possession of Lady Astor 
to Col. Henry Yule, a gentleman 
who died during the last century! 
Also all the paragraphs on pages 
219 to 222 are really direct quota- 
tions from Shipley’s “Famous Dia- 
monds.” The omission of quotation 
marks from these paragraphs makes 
certain subquotations that were of 
doubtful authenticity appear to be 
statements made by Shipley him- 
self, while in his work Shipley calls 
attention to the inaccuracy of these 
very statements. 

Other inaccuracies can be at- 
tributed less to carelessness than to 
source. For instance, in an earlier 
chapter Mr. McCarthy states that the 
difference between graphite and dia- 
mond. is that diamond is crystallized. 
He also believes that the specific 
gravity of the diamond is of im- 


portance because, “you can tell the 
difference between a real diamond 
and a phony by comparing their 
weight—the heavier one is the real 
thing.” It would be interesting to 
see the author or one of his readers 
make a determination on this basis 
between glass of high lead content, 
white sapphire, zircon, and diamond. 
Nevertheless, the author has an 
ability to bring his subject to life 
for a layman, which other authors 
on this subject have rarely possessed. 
For the gemological student cer- 
tain portions of the chapter on 
the war in “Diamonds in Fashion” 
will prove to be new information. In 
addition, the author’s lucid picture 
of diamond cutting is unsurpassed. 
The greatest use of the book to the 
jeweler lies in stimulating its dis- 
tribution to laymen. It should create 
diamond sales in a similar but more 
complete manner that less preten- 
tious booklets on “Diamonds” and 
“Famous Diamonds” are already do- 
ing.—A. McC. B. and R.T.L. 


Note: Obtainable from G.I.A. Book Department. $2.50. 


GIFTS TO THE INSTITUTE 


(From January 1-April 1, 1942) 


From James Donavan, Jr., R.J., of Donavan & Seamans Co., Los An- 
geles—2 fine, brilliant-cut diamonds; one of .37 carat graded better than 
1.00 on the G.I.A. Colorimeter; the second, which weighed .44 carat, graded 
at 1.50. They are a valuable addition to the Institute’s Master Series used 


with the Colorimeter. 


From C, A. Allen, C.G., Cranbury, N.J.—37 top-quality white and blue 
zircons. They will be very helpful for a study of zircon inclusions and stone 


examinations. 


Ag 
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The Classification and Sales 
Possibilities of Genuine Pearls* 


by 


PAUL C. RIETZ 
Juergens & Anderson, Chicago 


When I was asked, several years 
ago, to assist in writing the revision 
of the pearl assignments, I had a 
thought which I felt might be in- 
corporated in the course which 
would be of some help to the stu- 
dents. I spent a great deal of thought 
and time in attempting to explain 
my theory in a simple, understand- 
able manner. 


Sometime later. I asked some pearl 
dealers why my thought. was not 
given more consideration. The answer 
was, “Why, you are crazy. Why tell 
them all about pearls, make them buy 
pearls and find out for themselves, 
as you and I have.” That, in my 
mind, was an inadequate reason for 
not considering the merits of my 
thought, which had been to help 
students to the better understanding 
of pearl values and how they are 
applied in a commercial way. 

Such an attitude does far more 
harm than good to the industry as a 
whole. 


The Theory 


My thought is that pearls could 
be classified somewhat along the lines 
diamonds are. It would make it 
easier for you and future students 
to understand pearls. 


The application of my theory is 
rather simple. You all handle dia- 
monds; most of you have an excel- 
lent knowledge of diamonds and 
their value, and through experience 
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in handling them, many of you 
are real authorities. You classify 
diamonds. as being Jagers, Rivers, 
Wesseltons, etc., also as being per- 
fect or flawless, VVS, VS, ete. I 
believe that if you could apply the 
same methods with respect to pearls 
you would more readily understand 
the method of classifying and evalu- 
ating them. ; 


&, 
Terms of Classification 

While, on the whole, the principle 
would be the same, I believe that we 
should adopt the terms of the vari- 
ous classifications from what the 
Food Products Industry teaches us. 
I think they are much smarter than 
we in the Jewelry Industry, in that 
we start at the top with flawless and 
suggest that each succeeding step 
is much less desirable. Please under- 
stand that I do not advocate that our 
terms of classifying diamonds should 
be changed, however, we must admit 
our method is a negative suggestion. 

The Food Products Industry grades 
its products as super-fine, extra- 
fine, fine, select, special and stand- 
ard grades as -A, B, and C. These 
terms of classification all indicate 
that, they are presenting and you are 
buying something choice. The pow- 
er of suggestion in their classifica- 
tion is positive, it creates sales ap- 
peal so that if and when the Gem 
Society should create a classification 
for pearls, let us try to follow along 
the ideas presented by the canners. 
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Classification 

For example, let us use the term 
“gem quality” for the finest quality 
of pearls, which would be compar- 
able to the flawless Jager or Golcon- 
da diamonds, followed by the terms 
extra-fine, fine, good, fair, imperfect 
and poor quality. 

Before we proceed further, I want 
you to remember that the qualifica- 
tions combined in @& pearl of the 
very finest quality that nature can 
produce is iridescence, maximum 
luster of even intensity, even color, 
perfection of shape and surface skin. 
With this formula in mind, let us 
now attempt to classify the. various 
qualities to the terms previously 
suggested. 


Gem Quality 

{An iridescent pearl, absolutely 
round, with maximum luster of even 
intensity, free of all visible or under- 
surface blemishes.] The color must be 
even or unusual like a decided pink 
rosea (the body color of such a pearl 
is white with an over-tone of light 
red producing a pink tone) such 
pearls indeed are very rare and I 
believe that pearl dealers as a whole 
will agree a pearl or necklace of such 
pearls is the finest. Unusual, fine 
cream rosea and extreme fancy rosea 
pearls would also come into the gem 
classification. If and when it is pos- 
sible over a period of time to acquire 
a complete necklace of such pearls, 
the owner would have a very rare 
article which could and would com- 
mand a very high price. It would be 
comparable to assembling a necklace 
of all perfectly matched Jager’s or 
Goleonda diamonds, flawless, with 
the tables and make alike. 


Extra-Fine Quality 
[The same basic qualifications as a 
pearl of gem quality, but the color 
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need not be unusual or extreme.] 
This pearl being more plentiful, 
more easily blended and assembled 
into necklaces and consequently more 
commercial, I would make compar- 
able to the flawless, top Wesselton 
diamonds. 


Fine Quality 
[Pearls with the same qualifica- 
tions of extra-fine quality, but the 
pearls may be very, very slightly oval 
or flat, but when strung they will 
appear. round.] Such pearls are com- 
parable to VVS top Wesselton. 


Good Quality 

[Pearls of extra-fine classifica- 
tion with small, minute surface 
blemishes or pit near the drill holes 
so that when such pearls are strung 
into a necklace, the imperfections 
would not ordinarily be visible, or 
pearls without blemishes, round in 
shape, only very slightly less lus- 
trous.]| Pearls of this deseription 
would be comparable to the VS top 
Wesselton, or VVS Wesselton. 


Fair Quality 

[Pearls of good luster with small 
visible surface blemishes or pearls 
slightly more off shape.] Pearls of 
this description are comparable to 
PK diamonds, the size or amount 
of imperfections would designate 
whether they were comparable to 
first or second PK. 


Imperfect Pearls 
[Pearls with many noticeable sur- 
face blemishes and noticeably off 
shape.] They would be comparable to 
imperfect diamonds. 


Poor Quality 
[Dull, very imperfect, decidedly off 
shape pearls or pearls undesirable 
in color that would not be readily 
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salable for additions.] Europe and 
India absorb most of this quality. 


Color, Iridescence and Luster 

Color in itself is not a dominating 
factor in the value of pearls as long 
as the color is even and desirable. 
Whether it is dark or light or a 
variation of cream or fancy tints 
makes no difference as long as it is 
desirable, usable and saleable. 

Now, what I am about to say 
next may not be scientifically or 
gemologically correct, but to me 
iridescence is that property in a gen- 
uine pearl which is lacking in the 
majority of cultured pearls and that 
only a suggestion is found in the 
finer cultured pearls. 

The lack of this property in most 
cultured pearls is what usually gives 
one who is accustomed to handling 
pearls an almost instantaneous 
hunch that the pearl is not real. 

To me genuine pearls seem to have 
an indescribable warmth or life, due 
to their iridescence, that is lacking 
in the cultured pearl. 


Cost Basis for Figuring Pearls 

I will not attempt to give you a 
base price from which you can defi- 
nitely figure the cost of pearls. The 
market fluctuation as in diamonds 
does not make this feasible. I would 
rather attempt to give you an idea 
of the approximate percentages from 
an arbitrary base price cost of the 
extra-fine quality pearl. The various. 
other qualities will fluctuate there- 
from. 

Let us arbitrarily take the figure 
$8.00 base for the extra-fine quality 
pearl. The gem quality, which is the 
same as the extra-fine quality except 
that it is more unusual, would cost 
15% to 20% more, or about, $9.50 to 
$10.00 base. Before I go further, let 
me say that all the way through this 


discussion I refer to the average sizes 
of pearls, which are the more com- 
mercial sizes and which you, as deal- 
ers, are most likely to handle in your 
possible pearl transactions. The 
largest, sizes -would run seven to 
eight or even ten grains. 


Now we have defined and priced 
the gem and extra-fine quality pearls 
from the $8.00 base figure for the 
extra-fine quality. The fine quality 
would be somewhat similar to the 
difference between flawless and VVS 
diamonds, or 15% to 20%, making’ 
fine quality pearls around $6.50 base, 
the good quality pearls $4.00 base, 
fair quality pearls $2.50 base, the 
imperfect pearls $1.50 base and poor 
qualities from ten to fifteen to fifty 
cents base. So that you may more. 
clearly understand and actually see 
the pearls described in the various 
classifications of gem, extra-fine 
quality, ete, I have assembled a 
group of pearls figured on the arbi- 
trarily selected base price cost $8.00 
base for the extra-fine quality pearl. 
I believe that studying and examin- 
ing these pearls will make it much 
easier for you to understand these 
factors which determine in what 
classification the pearls are as I have 
described them to you. 

Now if you were buying an orig- 
inal bunch of pearls using the same 
basis of figuring the values, they 
would in all probability cost you 
$6.50 base. In assorting them you 
might find a very few pearls of the 
gem quality worth $9.00 to $10.00 
base, a fair proportion of the extra- 
fine quality costing $8.00 base, but 
the biggest proportion would be of 
the fine quality costing the ap- 
proximate price of the lot, or $6.50 
base. You would also find a fair 
proportion of the good quality cost- 
ing around $4.00 base, also in all 
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probability a small proportion of 
fair quality pearls costing around 
$2.50 base, A lot of pearls in the 
original bunch, if well balanced and 
of good value, costing $5.00 to $6.50 
base for the lot, should not contain 
any imperfect or poor quality pearls. 
These pearls are found in lots or 
bunches of effective pearls costing 
$2.00 to $3.00 base. 


Assembling a Pearl Necklace 


The majority of pearl necklaces 
are assembled more or less in the 
same manner in that, we naturally 
strive to make the center one-third, 
or visible portion of the necklace, of 
the best pearls. The remaining two- 
thirds or the pearls running along 
the sides and the back of the neck- 
lace are made up of lesscr quality, 
effective pearls, but of the same fine 
luster. These pearls you will recall 


in assorting the original bunch are 
the most plentiful in number. An- 
other reason for assembling neck- 
laces in this manner is to save some 
of the larger and finer pearls for 
additions to already completed neck- 
laces. It is the addition of pearls to 
existing necklaces that is by far the 
greatest. portion of the pearl _busi- 
ness. The sale of a pearl necklace 
is only the start of a good pearl 
prospect.. They are vulnerable for 
many further additions for many 
years to come, if the jeweler keeps 
up the interest of his prospect in 
the necklace and is careful in selec- 
tion of pearls so that, when additions 
are made it will not only enhance 
the appearance of the necklace, but 
also the value, doing so will main- 
tain the customer’s interest and their 
pride of ownership, as well as profits 
for the jeweler. 


(To be continued) 


R.J.R.G. HONORS FIRST 
G.LA. CHAIRMAN 


The Retail Jewelers Research 
Group recently presented this 
handsome sterling silver plaque to 
the Gemological Institute of Amer- 
ica. in honor of the late Godfrey 
Eacret, their former president and 
the first chairman of the Institute’s 
Board of Governors. 


Lacret Plaque 
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DIAMOND GLOSSARY 


(Continued from last issue) 


Bultfontein Mine (South Africa). 
Third pipe mine discovered (i. e. 
early in 1871). Bultfontein pro- 
duces the best color goods of the 
pipe diamond mines. The compara- 
tive perfection of the white Bult- 
fontein stone is below the average. 

Burning of Diamond. See heat. 

Bye or Off-Color. Having a tint of 
undesirable color-tone. Used some- 
times by the Diamond Syndicate. 

Calf’s head cut. A tapering baguette 
with the wide corners truncated. 


Calibre cut. Small stones which are 
cut to exactly fit a space in a 
mounting; such spaces are usually 
in lines in which are set many 
stones side by side. 

Caliper; Calliper. An instrument. 
used for determining the thickness 
or diameter of objects, distances 
between surfaces, etc. 

Calliper. See Caliper. 

Canary. An intense slightly greenish 
yellow fancy diamond. See Floren- 
tine. See Tiffany. See Yellow 
(Distinctly). 

Canavieiras (Brazil). A source of 
fine Brazilian diamonds. 

Cape. South Africa has long been 
known in Great Britain simply as 
the Cape, so at first all African 
diamonds were called ‘capes’. 
Later the term came to mean any 
diamond noticeably tinged with 
yellow. 

Cappe. Dutch term for octahedral 
cleavage. 

“Cape May Diamond.” Colorless and 
clear rock crystal from Cape May, 
New Jersey. 


Carat. A standardized unit of weight 
for diamonds, other gems and 
pearls. The carat formerly varied 
somewhat in different countries, 
but the metric carat of 0.200 grams 
or 200 milligrams was adopted in 
the United States in 1913, and is 
now standardized in the principle 
countries of the world. 


Carat-goods. Parcels of diamonds 
which have an average weight of 
about one carat each. 


Carbon. An elementary substance 
cceurring native as the diamond 
and also as graphite and forming 
the major constituent of coal, pe- 
troleum, asphalt; also important 
in limestone and other carbonates, 
and all organic compounds. Sym- 
bol, C. Atomic weight, 12.0. 


“e.2. A jewelry trade term applied 


to any black appearing inclusion 
or imperfection in diamonds. In- 
cludes also diamond crystals which 
appear black in transmitted light. 


8. Carbonado is sometimes called 
carbon or “carbonate.” 


Carbonado. Black diamond. A mas- 
sive, impure, slightly cellular ag- 
gregate of small diamond crystals, 
forming a rock of granular te 
compact texture. Opaque, black, 
brown or dark grey. An industrial 
diamond. 


“Carbonate.” An industrial term for 
Carbonado. 


Carbon inclusions. Inclusions which 
by transmitted light appear black. 
Although some occasionally may 
be graphite, or small inclusions 
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of some other black mineral, the 
majority of these by careful ex- 
amination by scientific grading in- 
struments or microscopes are re- 
vealed as included crystals of 
smaller diamonds or other trans- 
parent minerals. Patches or clouds 
of such “carbon” are apparently 
groups of crystals. 

Carbono (Sp.). The element carbon. 
Carbon pin-points. A jewelry trade 
term referring to small black in- 
clusions in diamonds and other 
gems, which were thought to be 
extremely small crystals of other 
minerals, They are probably tiny 
included. diamond crystals and 
sometimes graphite. 

Carbon spots. Opaque black specks 
or spots in diamond. 
Carborundum. An artificial crystal- 
line product. Silicon Carbide (SiC). 
Also found in meteorites associ- 
ated with diamond and graphite. 
The artificial product is 9% in 
hardness and its many commercial 
uses include that of furnishing 
material for polishing wheels for 
gem stones other than diamond. 
Cascalho. Diamond-bearing gravel in 
Brazil. Casealho is probably gor- 
gulho, which, being washed from 
the plateaus and mountain sides, 
has become somewhat worn. Floods 
or changes of stream courses have 
left the material in the valley de- 
posits. See Gorgulho. 

Cathode. The negative terminal of 
an electric source, or more strictly, 
the electrode by which the current 
leaves the electrolyte on its way 
back to the source. See also Elec- 
trode. See alsc Electron. 
Cathode rays. Rays projected from 
the cathode of a vacuum tube in 
which an electric discharge takes 
place. By impinging on solids the 


cathode rays generate Réntgen 
rays or X-rays. 

Cavities. Fosses or fissures in a 
surface, 

Cyclical twins. Diamond may form 
this type of twinning, somewhat 
similar to that of chrysoberyl. See 
Cyclical. 

Charcoal. The amorphous form of 
carbon, 

Ceylon cut. A mixed cut. 

“Ceylon diamond.” A misnomer for 
colorless. zircon. 

Chemical composition (diamond). Al- 
most pure carbon, the composition 
of the graphite of the lead pencil. 
The impurities, such as iron com- 
pounds may be a cause of color in 
the diamond. 

Chevee. A flat gem with a polished 
concave depression in the table! 
Chimney. A natural vent or opening 
in the earth as a voleano or the 
solidified rock filling such an open- 

ing. ; 

Chip. A-small piece of a crystal or 
cleavage. A small, irregularly 
shaped diamond. In diamond no- 
menclature any such piece weigh- 
ing less than three-fourths of a 
carat. 

Chonolith. See “Blow.” 

Chromatic Aberration. See Aberra- 
tion. 

Cinecora (Brazil). See Bahia. 

Clastic. Rock formed from the frag- 
ments of other rocks. Fragmental. 

Clatersal. Small fragments of dia- 
mond from which diamond powder 
is produced by crunching. 

“Clean.” Term formerly used by 
some jewelers to mean absence of 
internal imperfections only. Term 
used later by many jewelers to 
describe diamonds with slight im- 
perfections. Use of term prohibit- 
ed by American Gem Society. 


(To be continued) 


a> 


SPRING, 1942 15 


A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from Fall, 1941, Issue) 


By HENRY E. BRIGGS, Ph.D. 
HEMATITE 


Hematite is an important ore of iron, its composition is merely oxygen 
and iron after the formula Fe203. The gem variety occurs in hexagonal 
crystals, with a hardness of 514 to 6% and a specific gravity of 4.9 to 5.3. 
The luster is metallic and the streak red. Since the mineral is always opaque 
it is cut usually en cabochon and is often seen now as intaglios. It is widely 
distributed, important localities are England, Minnesota, Norway, Sweden, 


and Brazil. 
SMITHSONITE 


This mineral is little used as a gem; however, we see it occasionally in 
the form of a cabochon. It is hexagonal in crystallization and has a hard- 
ness of 5 and a gravity of 4.1 to 4.5. It is colorless when pure, but is 
usually greyish, yellowish, bluish, greenish, brownish, or white, but also 
occurs occasionally in a delicate pink. The mean index of refraction is 1.75. 
It is uniaxial and optically negative in character. The luster is vitreous 
and it is translucent to opaque. Pleochroism is very weak. In composition it 
is a carbonate of zine, ZnCO3. Important American localities are Marion 
County, Arkansas, and Kelly, New Mexico. 


COBALTITE 


Cobaltite is an opaque ore of cobalt and is sometimes cut as a gem 
stone. Its crystallization is cubic. Its hardness 5% and specific gravity 6.0 
to 6.4. The luster is metallic and the color is a metallic white inclining to a 
pink. The streak is greyish black. Composition, sulphide of arsenic and 
cobalt, CoAsS. Important localities are Sweden, Norway, England, and 


Ontario, Canada. 
SODALITE 


Sodalite is used to some extent as a gem, and really deserves. more 
attention than it gets. In crystallization it is cubic and, therefore, isotropic. 
The hardness is 5% to 6, and the specific gravity 2.14 to 2.30. It is a dark 
blue in color and transparent to translucent. Occasionally, however, it is 
found in other colors, including grey, greenish, yellow, and lavender-blue. 
The index of refraction is 1.48. In composition the mineral is rather com- 
plex, being a sodium aluminum chloro-silicate, NagAl2(AJC1) (Si04) 3. It is 
seldom that it is found transparent in crystals large enough to cut, but 
when such gems are found, they are very beautiful. They resemble the 
blue spinel in appearance. Important localities are Norway, Maine, Ontario, 
Canada, and the Ural Mountains. 


WILLEMITE 


Willemite is rather an uncommon gem, but is occasionally fashioned in 
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the brilliant or trap cut. It is hexagonal and occurs in rather small crystals. 
It has a hardness of 5 to 6, and a specific gravity of 8.9 to 4.8. It is trans- 
parent to opaque and the color is usuaily yellow, although greenish browns 
and reddish crystals are found. Willemite is uniaxial and optically positive. 
The mean index of refraction is 1.70. The composition of willemite is 
zine silicate Zn2Si04. The only occurrence of gem-grade material is at 
Franklin Furnace, New Jersey. 


MALACHITE, AZURE-MALACHITE, AND AZURITE 


Malachite is a green carbonate of copper and azurite a“Blue carbonate 
of copper. Azure-malachite is merely a mottled combination of the two 
minerals. They are soft, being only 3% in hardness, and specific gravity 
ranges from 3.7 to 4.0. The luster of malachite is usually vitreous to waxy, 
while the azurite is vitreous to dull. The index of refraction (mean) for 
malachite is 1.81 and for azurite 1.77. The crystallization is monoclinic 
for both minerals, they are biaxial, and malachite is optically negative 
while azurite is positive. The composition for malachite is CuC03.Cu(OH) 2; 
for azurite, 2CuCO3.Cu(OH)2. 

They are usually cut en cabochon and are usually very attractive, but 
not very durable. However, as beads, brooches, stones for pins, etc., both 
minerals are usually quite satisfactory. Malachite is extensively used as a 
material for ornamental objects such as table tops, paperweights, trays, ete. 

Important localities for malachite and azurite are: Belgian Congo, 
Rhodesia, South Africa, Alaska, Ural Mountains, and Arizona. 


PYRITE 


Pyrite is the sulphide of iron with a formula of FeS>. It is well known 
to prospectors as ‘Fools’ Gold.” The color is.a brass-yellow. The crystalliza- 
tion is cubic and the luster metallic. The hardness is 6 to 614, and the 
specific gravity 4.9 to 5.2. It is used to some extent in jewelry, but only 
in very cheap goods. Pyrite is a very widely distributed mineral. 


MARCASITE 
Marcasite has the same composition as pyrite, but its crystallization 
is orthorhombic and the color is usually more inclined to greyish. The 
physical properties are similar to those of pyrite. ; 


SCAPOLITE (WERNERITE) 

One variety of scapolite, wernerite, is used as a gem, and indeed is 
very attractive when cut on the brilliant pattern. An adularescent variety, 
cut cabochon, is sometimes sold as “Pink Moonstone.” It occurs in. colorless 
and shades of yellow to. brownish and reddish. The hardness is 5 to 6 and 
the specific gravity is 2.66 to 2.73. The luster is vitreous, the mean index 
of refraction is.1.56. The crystallization is tetragonal and, therefore, it is 
uniaxial. Optically it is negative. In composition, scapolite is somewhat 
variable; however, all are silicates of calcium, sodium and aluminum with 
chlorine present. in some samples. Important localities are Madagascar, 
Norway, Siberia, and Canada. Wernerite is strongly dichroic, colorless, and 
the color of the specimen being the twin colors. 


(To be continued) 
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Genuine Type Inclusions in New 
European Synthetics* r 


by 
EDWARD GUBELIN, Ph.D., C.G. 
Lucerne, Switzerland 


It is well known that the chemical 
and physical properties of both the 
genuine and synthetic corundum are 
so much the same that practically 
they cannot be called upon as a 
means of distinction. Differences be- 
tween the natural stone and the man- 
made counterpart, even the lumines- 
cence phenomenon, indices of refrac- 
tion, ete., welcome for distinction, 
are either too trivial to be of dis- 
criminative value or they overlap in 
both (natural and: synthetic jewels) 
and, therefore, cannot be used as an 
arbitral basis for identification. How- 
ever, whether natural or synthetic, 
both show accidental inclusions dis- 
cernible under the microscope. 

The inclusions of the genuine gem 
corundum consist of lawfully oriented 
fine needles and coarser crystals of 
rutile and variously shaped liquid- 
filled cavities. Further microscopic 
characteristics of natural corundum 
are oriented liquid enclosures, solid 
inelusions of ilmenite, corundum, 
pyrite, mica, zircon, spinel, slabs of 
hematite and growth lines (zonal 
structure). Twinning, on the other 
hand, affords’ no certain means of 
detection, since in exceptional cases 
it also occurs in synthetic stones. 

On the other hand, the character- 
isties of synthetic corundum which 
are sighted through the microscope 
consist of slightly curved striae and 
of rounded or ovalized gas bubbles. 
It must be said, though, that mod- 


*G.LA. Research Service. 


Figure 1 
Light blue sapphire from Ceylon. 
Typical design of included liquids. 


ern methods of manufacture have 
considerably diminished the size of 
the gas bubbles. Details concerning 
inclusions of natural and synthetic 
corundum are thoroughly described 
in Prof. D. H. Michel’s classical 
books** and lately they were il- 
lustrated in an article by Dr. E. 
Wigglesworth, C.G.22 As is men- 
tioned by the latter, the frequently 
occurring internal cracks at the junc- 
tion of the facets rather may be con- 
sidered as an indication. of a sus- 
picious condition than as an actual 
proof of synthetic origin, as was 
formerly believed. These cracks are 


1 Die kunstlichen Edelsteine by Dr. H. 
Michel, 1926. 

2The Pocket-Book for Jewelers by Dr. H. 
Michel, 1929. 

8 Detecting Substitute Gems by Dr. E. Wig- 
glesworth, C.G., in the Jewelers’ Circular Key- 
stone for April, 1941. 


caused by internal strain and may 
be observed in both natural and 
synthetic gems. 

Great was my surprise when a 
recent microscopic examination re- 
vealed to me the astounding fact that 
the gaseous inclusions in synthetics 
occasionally appear in bizarre forms 
very different from the round and 
oval gas bubbles mentioned above. 
These peculiar formations of the 
gaseous inclusions are observed par- 
ticularly in blue synthetic sapphires. 
They assume shapes which remind 
very much of. the workworm and 
hose-shaped liquid inclusions in nat- 
ural stones. 


In Fig. 2 the photomicrograph of 
such a synthetic sapphire is depicted 
which, besides some spherical minute 
gas bubbles, shows. a great. number 
of gaseous enclosures of long, hose- 
like and dendritic formation. The 
dark and hazy parts are enrichments 
of the coloring agent which, in this 


Figure 2 
Spherical gas bubbles and irregular 
gaseous inclusions in synthetic 
sapphire. 


stone, is distributed as stains, whereas 
normally the blue color of the syn- 
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thetic sapphire is often concentrated 
along the skirts of the boule. 

Fig. 3 shows a picture of mostly 
irregular, hose-shaped gaseous in- 


clusions in a blue synthetic sapphire 
and which, as a whole, resemble so 
much a coarsely formed liquid feather 
in a natural corundum that one has 
to beware of mistakes. Yet, here as 
well as in Fig. 2, the minute, round 


Figure 3 
Synthetic sapphire. 0.275 ct. Net- or 
mesh-like gaseous inclusions as 
formed in a crack. Magn. 40 x. 


gas bubbles betray the 
origin of this stone. 

Look at the irregular, hieroglyph- 
like, elongated and worm-shaped 
gaseous inclusions of a synthetic sap- 
phire shown in Fig. 4. Might they not 
easily lead to mistakes, were it not 
for the gaseous nature of the fillings 
cf the cavities and for the sporadic 
rounded and ovalized gas bubbles? 

Those worm-like formations of gas 
enclosures in synthetic corundums 
are, however, to be considered rare 
exceptions for the time being. They 
are so deceiving because of their like- 
ness to the liquid inclusions in genu- 
ine corundums that they are worth 
being dealt. with, and with the per- 


synthetic 
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manently improving process of manu- 
facture we may meet them more and 
more in the future. As said above, 
these inclusions in synthetic corun- 
dums are filled with gas, while the 
cavities in natural -stones contain 
liquid (gas merely appearing as a 
bubble, so-called balance-fly, within 
the liquid). The difference between 
gas and liquid is easily perceived as 
the stone is rotated in an immersion 
cell, since the gaseous inclusions re- 
main always black (opaque), while 
the liquid inclusions appear trans- 
patent when observed through the 
flat sides. 

The synthetic spinel of modern pro- 
duction contains, contrary to the 
natural gem, a considerable and 
strongly variable excess of aluminum 
oxide which causes the physical con- 
stants, such as refractive index and 
specific gravity, to vary. Therefore, 
tests depending upon these physical 
properties do not suffice and we must 


Figure 4 
Synthetic sapphire, 0.870 ct. Hlon- 
gated gaseous inclusion and thread- 
like gaseous formation, also minute 
spherical gas bubbles. Curved striae 
are perceived because iris diaphragm 
was closed. Magn. 40 x. 


refer to the more reliable methods of 
examination under the microscope, 
though the synthetic spinel does not 


Figure 5 


Long hose-like gaseous inclusions and 

small round gas bubbles as well as 

large gaseous patches in synthetic 
sapphire. 


show the typical and well-known 
curved striae of the synthetic corun- 
dum, despite the fact that it is pro- 
duced in the same manner. 

The spherical gas bubbles which 
are seen through the microscope are 
definite characteristics of the syn- 
thetic spinel. Sometimes they differ 
from the spherical form in that they 
reveal rather hose-shaped, worm-like, 
sometimes even oriented forms which, 
like the gaseous inclusions in syn- 
thetic sapphires, readily may be 
taken fer liquid enclosures of natural 
jewels. Occasionally, larger gas in- 
clusions appear, which amaze because 
of their elongated and interesting 
shapes with sharp profiles. Generally 
gas bubbles of spherical or any other 
shape occur rather rarely in synthetic 
spinel of whatever color. 

There exists another reliable prop- 
erty which readily betrays the arti- 


SUMMER, 1942 21 


ficial origin of any synthetic spinel 
and easily distinguishes it from the 
synthetic corundum, too. While the 
latter, as a doubly refractive mineral, 
gives complete extinction in the four 
positions of greatest darkness as the 
stage is rotated (except in the direc- 
tion of the optical axis), the syn- 
thetic spinel, which is isotropic 
(singly refractive), does not give 
complete extinction, but reveals an 
irregular pattern due to internal 
strain. This kind of refraction. is 
called anomalous double refraction by 
tension, and its presence in a sus- 
pected stone would form confirmatory 
evidence of its synthetic origin. 


the 


Figure 6 


Dark blue synthetic spinel with 

feathery or “cross-hatched” anoma- 

lous double refraction. Under crossed 
Nicols. 40 x. 


This peculiarity ‘of the synthetic 
spinel is as simple a characteristic 
as it is reliable and obvious. It ap- 
pears in many various ways though 
always recognizable, and among the 
great number of observed possibili- 


ties three typical patterns of extinc- 
tion are described hereafter. 

Synthetic colorless spinel in polar- 
ized light whose pattern of anomalous 
double refraction may be called 
“cloudy” is common. Irregular, most- 
ly arched, bright and dark patches 
and more or less broad channels vary 
alternately. Their mutual borders 
are hazy. It is interesting to notice 
that the dark fields emanate from 
small, hose-like and _ irregularly 
formed gaseous inclusions. (In the 
stone here photographed they were 
too small to be shown singly.) 

The anomalous double refraction 
due to internal strain may occasional- 
ly also occur in the natural spinel, 
and if so, it shows a “blotted” tex- 
ture differing greatly from the cloudy 
and absolutely from the feathery and 
fibrous pattern of the man-made 
jewel. It appears most faintly, and 
the borders between the bright and 
dark fields or the curved, bands are 
not very distinct. This property, by 
the way, also discriminates natural 
spinel from garnet, the ‘anomalous 
double refraction of which shows a 
more “chequered” structure. Natural 
spinels with anomalous double re- 
fraction enclose, as is well known, 
nearly always, solid or liquid in- 
clusions, where the “blotted” anoma- 
lous double refraction seems to re- 
sult from. The latter inclusions, as 
well as many others, which will be 
discussed in a later article, may be 
valued as certain substantiation of 
the natural genesis of the surround- 
ing gem. 

As a conclusion I may state that 
fibrous, feathery or cloudy patterns 
of anomalous double refraction are 
characteristic for synthetic spinel 
and never occur in the genuine stone. 
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The Berman Density Balance 


by 


EDWARD WIGGLESWORTH, Ph.D., C.G. 


Director, Eastern Headquarters Gemological Institute of America 


In identification work three tests 
are of utmost importance, first, 
establishing whether a_ stone is 
doubly or singly refractive; second, 
finding its refractive index, and 
third, determining the specific grav- 
ity. Of these tests the first two are 
limited to stones possessing a cer- 
tain degree of transparency, and in 
the case of the second test we must 
have a flat, polished surface. The 
third test may be applied to any 
stone regardless of transparency, 
shape or finish. It has also the ad- 
vantage, in common with the refrac- 
tive index, of giving a numerical 
value. This. value may vary slightly 
for gems of the same species, but if 
they are reasonably free of impuri- 
ties and inclusions this variation is 
limited to a narrow range. 


There are several means by which 
specific gravity may be obtained. The 
method generally employed is to use 
the diamond scales with a wire to 
hold the stone when weighing in 
liquid. This method gives satisfac- 
tory results if the scales are of good 
quality, in proper adjustment, and 
carefully manipulated, but only in 
the case of stones weighing two 
earats and above, and then only 
when carbon tetrachloride or toluol 
is used in place of water to overcome 
the damping effect that water has 
on the swing of. the seales, and to 
eliminate all chances of air bubbles 
adhering to the stone. When using 
tetrachloride the computation is 
made in exactly the same way as 


when using water, but the final re- 
sult must be corrected for the differ- 
ent specific gravity of tetrachloride 
as compared to that of water. This is 
done by multiplying the result’ by 
1.59 when using at ordinary room 
temperatures. When toluol is used 
the result is similarly multiplied by 
0.86. Toluol is perhaps slightly bet- 
ter to use than carbon tetrachloride, 
but it is not as easily obtained, and, 
therefore, most gemologists use 
tetrachloride. One caution must be 
observed—this liquid evaporates very 
quickly and, therefore, if left for 
any length of time on the balance, 
more must be added occasionally to 
bring the level of the surface of the 
liquid to the proper height. 


Granted that this method gives 
sufficiently accurate results for 
stones of two carats or more, it does 
take a considerable length of time, 
although the time of making the 
computation may be materially re- 
duced by the use of a slide rule, 
and facility coming with practice 
makes the actual weighing process a 
matter of only a few minutes. In 
order to save time, a series of heavy 
liquids of various densities may be 
employed. By dropping the stone 
into these, one can quickly tell 
whether the stone is heavier or 
lighter than the liquid (whose den- 
sity is, of course, known). by whether 
it sinks or floats. If it sinks, it is 
taken out, wiped, and dropped into 
a heavier liquid. Usually it is found 
that it will sink in one liquid and 
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float. in another liquid. This means 
that the specific gravity of the stone 
is somewhere between the density of 
the liquid in the first tube and that 
of the liquid in the second tube. In 
a few cases it will remain suspended 
in the liquid without sinking or 
floating and then, of course, the 
density of the stone is the same as 
that of the liquid. 

The use of liquids has several 
disadvantages. They tend to vary in 
their specific gravity when com- 
posed of mixtures of two liquids, as 
one liquid will evaporate faster than 
the other. Some of them are highly 
poisonous and will burn the skin of 
the hands. Some are difficult to ob- 
tain or make and are very expensive. 
They are fairly rapid for quick, 
rough determinations, especially 
when one has a number of similar 
stones and wants to be sure they are 
ali. the same. In such a case the 
whole batch of stones can be dropped 
into the liquid known to have the 
same density as the stones, and if 
any show a strong tendency to float 
or sink they can immediately be 
assumed to be a different species. 
The use of liquids is equally efficient 
for large and small stones, and in 
the case of the latter is more satis- 
factory than the diamond scales. 

The Pycnometer or Specific Gray- 
ity Flask is an accurate means, espe- 
cially for small stones, but it is slow, 
as the flask must first be weighed 
empty; second, full of distilled wa- 
ter; third, containing the stone; 
fourth, containing the stone and dis- 
tilled water. The Jolly Balance is 
used in mineralogical laboratories, 
but it is not very accurate and is 
useful only with the largest cut 
stones. 


At the eastern laboratory of the 
Gemological Institute we have been 


using an instrument known as the 
Berman Density Balance for all spe- 
cific gravity determinations of stones 
under two carats. This balance was 
shown at the conclaves in 1940-and 
has been in constant use ever since. 
It has the advantages of being ex- 
tremely accurate and much more 
rapid than other weighing methods. 
It consists of a standard Roller- 
Smith Precision Balance, Model 
“C,” specially adapted for specific 
gravity measurements. It is a deli- 
cate torsion spring balance with a 
scale reading up to 100 milligrams 
(one-half of a carat). By means of 
two small counterweights this ca- 
pacity can. be increased to 400 milli- 
grams or two carats. This scale is 
not the standard one ordinarily sup- 
plied with these balances which read 
only to 25 milligrams. At each end 
of the balance beam is a small hook, 
on one of these is suspended a fine 
platinum wire with two pans, one 
above for weighing the stone in air, 
and one below for weighing in liquid. 
On the other end of the beam the 
counterweights of 100 and 200 mg. 
may be hung. Both ends of the beam 
are protected from drafts of air by 
glass-sided cases that swing out for 
access. At the right-hand side under 
the pans is a device to hold a small 
beaker or glass to contain the liquid 
which may be raised or lowered to 
adjust the level of the surface of 
the liquid. 

The stone to be weighed is placed 
in the upper pan, having first locked 
the beam by a lever at, the left and 
having the lower pan immersed in 
the liquid. The beam is then released 
and brought into balance by rotating 
the arm in front of the scale until 
the beam pointer at the right. of the 
dial indicates zero. A reading, giving 
the weight in air, is then made di- 
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rectly on the scale. The beam is then 
locked again and the stone taken 
from the top pan and placed in the 
lower pan in the liquid and again 
weighed. By means of a vernier on 
the scale, readings can be made to 
0.0img. This gives extremely accu- 
rate results. The whole weighing and 
calculation can easily be made in 
less than five minutes. 


Our balance was presented to the 
laboratory by the Boston Guild. For 
those who wish a complete gem- 
testing laboratory this is one of the 
most valuable instruments both from 
the points of accuracy and rapidity. 
It, is made by the Roller-Smith Co. 
at Bethlehem, Penn., and is sold by 
the Baird Associates, 20 Palmer St., 
Cambridge, Mass. 


Cecil A. Allen, Certified Gemologist 


The American Gem Society is 
grieved by the loss of Cecil Albro 
Allen, C.G., Cranbury, New Jersey, 
who died May 22nd in Boston. 

Allen, one of the early members of 
the Society, was respected and liked 
by all those who knew him. He was 
one of the most constructive mem- 
bers of the A.G.S., having served 
capably, over a period of several 
years, as chairman of the Graduates’ 
Committee. 

After entering the precious gem 
business in 1932, Allen soon became 
the largest importer of zircons in 
North America, with cutting works in 
Bangkok. (The ever-increasing popu- 
larity of zircon is probably in a large 
measure due to the early efforts of 
Mr. Allen.) His numerous gifts of 
zircons and other gems to the Gem- 
ological Institute, both for its collec- 
tions of practice identification stones 
and for research work is still deeply 


appreciated by the Institute and its 
students. 

Cecil Allen was born in Union City, 
Pennsylvania, September 11, 1890. 
After preliminary schooling in Union 
City, he attended Wesleyan Uni- 
versity in Middletown, Connecticut. 
He received his B.S. degree in 1917, 
a short time before entering the 
American Volunteer Service in 
France. From 1917 to 1918 he was 
financial secretary of the Y.M.C.A. 
In 1919 he was on the International 
Committee of the Y.M.C.A., and con- 
tinued in that capacity until he be- 
came secretary of the Y.M.C.A. in 
1921. From 1922 to 1931 he was treas- 
urer of a Siam Mission. After return- 
ing from Siam he: became an im- 
porter of precious stones. Allen be- 
came a Certified Gemologist in 1938. 

He is survived by his widow, a son, 
Richard, and three daughters, Bea- 
trice, Virginia and Charlotte. 


* 
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The Classification and Sales 
Possibilities of Genuine Pearls 


by 


PAUL C. RIETZ 


(Continued from last issue) 


A matter of major importance in 
assembling a pearl necklace is luster, 
and the even blending of color. One 
often hears the expression matched 
pearls. Pearls are not, really matched, 
but are blended. There is variance 
in color in a lot of pearls of the 
same general color, consequently 
pearls are blended so as to produce 
a fine color to give the effect of 
matched pearls in the necklace. They 
will appear to be matched when 
casually observed, but careful ex- 
amination will usually show there is 
a variation in color between the 
center and the end pearls. When 
necklaces are not skillfully blended 
it is immediately noticeable, con- 
sequently high luster and even blend- 
ing of color and density are of far 
more importance in the construction 
of a pearl necklace than other quali- 
ties affecting the value of pearls, 
such as small surface blemishes or 
slightly off shape pearls. The most 
important factor in the making of a 
good, saleable necklace is creating 
beauty and eye appeal. It is not 
advisable to put too much stress on 
absolute perfection, which jewelers 
are inclined to do to top quality, 
flawless diamonds, for it must be 
remembered that pearls are a product 
of nature. They are not fashioned 
by man as diamonds are. First of 
all the production is relatively small. 


Production and Cost of Necklace 


Now let us see how the things 
we have discussed apply to an actual 


necklace. Suppose we take a necklace 
of one hundred and nineteen pearls 
that has a total weight of 1138.04 
grains, the center pearl of which 
weighs 6.92 grains graduating down 
in size to about one-half grain pearls 
on the ends. The necklace at $1.00 
base figures to cost $215.65. 

The center pearl is one of fine 
quality and costs $8.00 base, the six, 
eight, or ten supporting pearls on 
either side $6.50 base--graduating 
down to about $2.50 base for the 
end pearls. We computed the cost 
of the various pearls in the necklace 
and they totaled to $1240.00 for the 
entire necklace. The one times or 
the dollar base cost of the necklace 
is $215.65 which divided into the 
total cost of the pearl, namely 
$1240.00, gives you an average base 
cost for the necklace of about $5.75. 


Computing the Dollar Base 


In a single pearl the dollar is the 
square of the weight multiplied by 
one or $1.00. In a number of pearls 
it is the average weight of the 
pearls comprising the unit, . times 
the total weight, times one or $1.00. 

Let us determine the value of a 
necklace as an example: To accurate- 
ly figure the one times of a number 
of pearls, you must first divide them 
into units, the pearls of each unit 
must be approximately the same size, 
in fact, the variation in weight of 
the pearls in a unit should not be 
more than about five per cent. 

For instance, you cannot take the 


~~ 
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total weight of a complete, graduated 
pearl necklace, divide it by the num- 
ber of pearls and obtain the so- 
called average weight and use this 
figure to be multiplied by the total 
weight and expect or hope to come 
anywhere near the correct answer. 
For example, let us take the neck- 
lace which we just figured having 
one hundred and nineteen pearls 
with a total weight of 113.04 grains, 
which actually has a one times or a 
cost at $1.00 base of $215.65. 


If we divided the total weight 
113.04 grains by one hundred and 
nineteen, which is the number of 
pearls in the necklace, your answer 
for the supposed average weight 
would be .95 grains; hence, if we 
multiplied 113.04 by .95, we would 
have $107.39 as being the $1.00 base 
cost of the necklace, while the correct 
dollar base price is $215.65. So you 
see it makes a vast difference and 
demonstrates the importance of fig- 
uring the pearls making up the 
necklace in units of actual average 
size. 

I believe I can truthfully say to 
you that the pearl business done in 
this country to date has merely 
scratched the surface of the possible 
pearl business there is available to 
the jewelers. 


Almost every woman has the de- 


sire to own and wear pearls, but 
they have received little or no en- 
couragement from jewelers. 

Jewelers are always looking for 
something new. As a result, they 
have spread their activities to in- 
clude many items not sold in early 
jewelry stores. 

Many jewelers have gone along 
the lines of least resistance since 
the early thirties to maintain a 
volume of business and directed their 
efforts into less and still less ex- 
pensive articles on which they could 
put a much higher percentage of 
profit and forgetting that their finer 
articles of jewelry, which carry a 
smaller percentage of profit, have a 
much larger dollar profit and require 
far less number or unit sales to 
produce the same answer in total 
dollars. 


Proceeding along these lines many 
jewelers neglected and lost sales pos- 
sibilities for gems and completely 
passed up one of the cleanest, most 
satisfactory, profitable business op- 
portunities by not awakening the 
latent desire of women to own and 
wear pearls. 


I will agree that it takes time, a 
great deal of concentration, and 
hard work to build up a genuine 
pearl business. If you, as jewelers, 
do not have the knowledge and the 


At $1.00 X Base 

No. Weight Average Base Price Cost 
1 6.92 6.92 $47.89 8.00 £383.09 
2 9.44 4,72 44.56 6.50 289.62 
4 13.68 3.42 46.79 6.50 313.13 
4 9.12 2.28 20.79 4.50 93.55 
2 3.48 1.72 6.06 4.50 27.27 
8 9.16 1.145 10.49) 3.00 56.43 

10 9.12 91 8.325 

88 52.12 59 30.75 2.50 76.87 

119 113.04 $215.65 $1239.94 


Cc} 


na) 


te 


SUMMER, 1942 27 


confidence in yourself to do the job 
and you are not willing to give it 
the time and effort, just forget all 
about it, for this business will not 
walk into your store. 


Remember that it takes a lot of 
cultured pearl and costume jewelry 
sales to equal even a small genuine 
pearl necklace sale or the addition 
to a necklace. Also remember that 
when you sell cultured pearl neck- 
laces, etc., the sale is completely 
finished, but when you sell a genuine 
pearl necklace, particularly smaller 
necklaces, you are really only start- 
ing. The possibilities to the jeweler, 
if they will go after this added busi- 
ness, will result in many more sales 
for additions. 


All or many of you no doubt realize 
what has happened to the jewelry 
business in the past ten or twelve 
years. Many jewelers have slipped 
away from the real meat of the 
jewelry business which is the sale 
cf diamonds, colored stones and 
pearls, etc., many jewelers have ex- 
tended too much of their time and 
energies along other lines. Today, 
they find that their competitor is 
not the other jeweler or the other 
jewelers in their city, but the depart- 
ment stores and dress shops. Even 
the dollar chain stores are now more 
active competitors than fellow jew- 
elers. 


I can tell you that these new 
competitors are using their original, 
inexpensive lines as stepping stones 
for the sale of better jewelry, they 
work into gold jewelry and watches 
and then into the sale of gems. They 
are extending their efforts to get up 
into the better end of the jewelry 
business while many jewelers are 
going the other way. 


To demonstrate this more clearly, 


I can tell you that within the past 
two weeks we have received an in- 
quiry from a very exclusive dress 
shop whose principal business is 
ladies’ fine clothes and accessories. I 
understand they originally planned a 
department for unusual costume jew- 
elry as a sideline to their dress busi- 
ness. They moved up into the sale of 
gold jewelry, and in looking into the 
matter further, I found out that they 
developed prospects and occasionally 
sold unusual articles of effective real 
jewelry. 

Now they write to us and say, 
“We believe that we can sell genuine 
pearls and pearls for additions.” 
They further stated that they were 
not interested in the small end of 
the add-a-pearl business, as they 
catered to women and not to children. 

There, gentlemen, is the seed for 
the development of a pearl business. 
These people are more awake to the 
possibilities at the top of the jew- 
elry business than many jewelers are. 

You gentlemen are or intend to be 
specialists in your business and I 
believe it would be greatly to your 
advantage to give the matter I just 
mentioned a little thought, for if this 
shop is successful in its endeavors 
to sell genuine pearls you can be 
sure that others will follow. This 
business really belongs to the jew- 
elers, for a jeweler has the back- 
ground and the real opportunity to 
develop and hold the business for 
pearls and precious stones of all 
descriptions, 


Naturally, my first reaction on 
reading this letter was one of elation, 
but that evening after thinking it 
over, I really felt deflated. Here we 


spend years of untold effort to pro- 


mote and assist in the sale of pearls 
to the jewelers around the country, 


ep 
= 
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and, frankly, I cannot ever recall 
our having received such an inquiry 
from a jeweler. Out of a clear sky 
we receive a letter from an exclusive 
dress shop we knew little or nothing 
about, never thought to solicit for 
business, saying that they believed 
they could sell real. pearls. 

To further enlighten you to the 
interest concerns other than jewelers 
have in gems and pearls, I ean tell 
you that one of our largest add-a- 
pearl accounts is a department store 
and that another department, store 
in another larger city does not sell 
or carry diamonds, but they do suc- 
cessfully sell genuine pearls, precious 
colored stone rings and jewelry in 
which colored stones predominate; 
furthermore, this particular institu- 
tion in 1941 sold in number more 
small, complete pearl necklaces than 
all the jewelers we solicit in the 
country combined, also the number 
of genuine sapphires, rubies, emer- 
alds, aquamarines, citrines, pearl 
rings, pearl earrings, etc., which 
they sold last year was astonishing, 
particularly as they have only been 
extending their activities in this di- 
rection for a little over a year. 

Frankly, it is terribly disappoint- 
ing and distressing to me to see 
business that belongs to the jewelers 
getting away from them and I feel 


that you gentlemen should know these 
facts and that you should plan your 
future activities as jewelers accord- 
ingly, that you should take advan- 
tage of the added knowledge you 
have acquired in the study of the 
course and apply this in your busi- 
ness activities, and right now is the 
time for you to extend your activities 
in the promotion and sale of colored 
stones and pearls, in addition to your 
regular diamond business, as restric- 
tions enforced by our entry into the 
war has already almost depleted the 
market and manufacture of fine cos- 
tume jewelry, cultured pearls, ar- 
ticles. made of gold-filled and ten- 
karat gold, and it is questionable 
just how much longer we will still 
have fourteen-karat gold. 

Let me again stress the fact that 
genuine pearls are the product of 
nature, we must accept them as they 
are produced by nature; consequent- 
ly, you cannot expect the absolute 
perfection as one can in diamonds 
or other gem stones which are fash- 
ioned by man to produce the correct 
shape and proportions to produce 
utmost. brilliancy. 

The real importance in pearls is 
beauty and the factors producing 
beauty in pearls are iridescence, 
luster and eveness of color. 


SUMMER, 1942 29 


DIAMOND GLOSSARY 


(Continued from last issue) 


Cleavage. (1) The process of split- 
ting a mineral in a definite direc- 
tion or directions to produce 
smooth planes. (2) Diamond crys- 
tals which require cleavage, also 
pieces cleaved; large fragments, 
and applied also to diamonds 
whose faces are formed by cleav- 
age surfaces. 


Cleavage cracks. See Cracks. 


Cleavage (Diamond). Perfect cleav- 
age occurs in four directions, each 
parallel to a pair of opposite faces 
of the octahedron. The cleavage 
planes are known in the trade as 
the grain of the diamond. Sutton 
and others state there is also a 
much less perfect cleavage in six 
directions parallel to the faces of 
the dodecahedron. 

Cleavage, False. See Parting. 

Cleavage, Octahedral. This cleavage 
is.in but four directions, each of 
which is parallel to a pair of octa- 
hedral faces. 

Cleavage planes. The planes along 
which cleavage occurs. 

Cleavages. Misshapen stones, par- 
ticularly flat, rather elongated 
erystals. Called cleavages by cut- 
ters whether or not their forms 
result from cleavages 

Cleaver. (1) An experienced work- 
man who cleaves diamonds; (2) 
also the tool with which he cleaves 
them. 

Clerici’s solution. A liquid mixture 
of thallium carbonate and malonic 
acid, that has a very high specific 
gravity. The specific gravity is con- 
trolled by the amount of water 


added. Used for specific gravity 
determination. 


Close Goods. Diamond crystal requir- 
ing no preparation for cutting. 
Diamond Syndicate classification 
for diamonds which contained few 
imperfections. 


Closed season. When placers cannot 
be worked during seasons of 
drought. 


Clouds. Flat, semitransparent 
patches, usually brownish or black- 
ish, along the. cleavage .planes 
(grains); often finely powdered 
with “carbon.” 

Cloudy Texture. This refers to 
“milky” appearance of some dia- 
monds which may result from in- 
finitesimal inclusions, groups of 
tiny internal fractures, or possibly 
from lamination due to repeated 
twinning. 

Clusters. Groups of smali diamonds 
(melee) set closely together and to 
give the effect of.a single (round) 
brilliant-cut diamond. 

“Coal-oil blue.”’ Phenomenal dia- 
monds having an oily body appear- 
ance. See Phenomenal Diamonds. 

Coated. Diamonds are sometimes 
given a coating of bluish dye to 
improve color, or often a dye is 
applied around the girdle of 
mounted stones. This improves 
color, but of course is a deceptive 
practice. 

“Coffees” (fancy brown diamonds). 
See Brown, Fancy. 

Cognate Inclusions. Inclusions de- 
rived from the same source as the 
kimberlite. 
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Cohesion. All substances are consid- 
ered to be made up of small par- 
ticles or atoms. These minute par- 
ticles are held together by force 
of attraction called cohesion, which 
tends to resist any separation be- 
tween the atoms. 


Collet. Same as culet. Also the metal 
portion of a finger ring in which a 
stone is set. 


Collection Color. (1) Term used in 
color classification of diamonds at 
the sources by Diamond Trading 
Co. for the finest color grade of 
diamond, equivalent to River. Clas- 
sification of retail jeweler. (2) 
Also, sometimes used by jewelers 
for colorless diamonds and occa- 
sionally for those more or less 
tinged with yellow. 


Collection Blue. A term sometimes 
improperly used in the trade to 
refer to colorless diamonds and 
cccasionally to those showing more 
or less yellow. 


Collection Gem Blue. Same as collec- 
tion blue. 

Color, Desirable. Absence of color or 
slight tinge of blue preferable in 
diamonds. Slight yellow and brown 
tints are common and values de- 
crease as amounts of these colors 
increase. 

Color Grades. (1) Fashioned dia- 
monds which are colorless or which 
possess but slight tinges of yellow 
or brown were graded for many 
years by many experts as follows. 
Rivers: Top Wesseltons; Wessel- 
tons; Top Crystals; Crystals; Very 
Light Browns, Top (or Silver) 
Capes; Capes: Yellows. See under 
name of grade for definition. Color 
Grades (2) Condensed system of 
nomenclature used by some dealers. 
Blue-White; White; Capes; Slight- 
ly Yellow; Slightly Brown. In this 


system  Blue-White and White 
probably include all grades above 
and including Crystal. See under 
name of grade for definition. 


Colorimeter. Instrument for color 
matching. A colorimeter was espe- 
cially developed for diamond grad- 
ing by the G.I.A. and in 1941 made 
available to A.G.S. 


Color, Loss of. Becoming lighter or 
darker in tone when blue becomes 
darker when observed under. arti- 
ficial light (either change in tone 
results in lowered intensity of a 
hue, hence the “loss’’). 


Color, Play of. In diamond, play of 
color refers to colors produced by 
dispersion. 

Columns. Inclusions in kimberlite. 
Huge rounded boulders of foreign 
rock embedded in a matrix of blue 
ground. 

Combustible. Capable of undergoing 
combustion; inflammable. The dia- 
mond is combustible. 

Combustion. In science, rapid oxida- 
tion caused by the continuous com- 
bination of a substance with oxy- 
gen. 

Combustion point. Temperature at 
which a substance starts to burn. 

“Commercial White” or “Commerci- 
ally White.” Term formerly used 
by many dealers to mean “not 
White.” Term prohibited by Amer- 
ican Gem Society and Federal 
Trade Commission. 

Commercially perfect. Usually mis- 
leading term for diamond showing 
small imperfections. Prohibited by 
American Gem Society and Fed- 
eral Trade Commission. 

Common Bort. See: Bort. 

Common Goods. Poor quality dia- 
monds—used mostly for industrial 
purposes—rejection chips, rubbish 
and bort. Dr. Sutton’s classifica- 


c 
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tion as used at Big Five mines of 
Kimberley. See Rejection Chips, 
Rubbish, Bort. 


Compact. Closely or firmly united or 
packed; solid; dense; as a compact 
texture in rocks. 


Comparator. A device for examining 
variations of color under artificial 
light. 


Compound. Inclosures at the South 
African diamond mines in which 
the natives are held under econ- 
tract while they work. 


Compressed. Pressed together; re- 
duced in volume by pressure. Dia- 
mond is the least compressible of 
minerals. This quality is probably 
the result of the closeness with 
which the carbon atoms are packed 
together. 


Concentrates. The more valuable ma- 
terial that remains after the first 
separation of the sought-after min- 
eral from the poor rock of an ore. 
In diamond mining, the residue of 
heavier minerals and smaller crys- 
tals which remains after crushing 
and breaking up the “blue ground” 
and floating off the lighter ma- 
terial. 

Conde Diamond (Le Grand Conde). 
See Rose and Pink diamonds. 

Conoscope: An instrument. making 
use of convergent polarized light 
for gem examination—to produce 
interference figures. 

Consolidated Diamond Mines _ of 
South West Africa, Limited. Ger- 
man South West Africa was taken 
by Union of South African forces 
and subsequently by the territory 
was mandated to the Union gov- 
ernment. After the declaration of 
peace a new concern was formed 
known as the Consolidated Dia- 
mond Mines of South West Africa, 
Limited, which by purchase amal- 


gamated practically all the pro- 
ducing companies formerly operat- 
ing in the territory. See also Dia- 
mond Corporation. 

Contact goniometer. A projector of 
metal or cardboard used for meas- 
urement cf crystal angles. 

in a 

See also Twin 


Contact Twin. Twins united 
common plane. 
Crystals. 


“Cornish Diamond.” Rock crystal. 


Cracks. Cleavage planes which are 
separations “along the grain,” i.e., 
between atomic planes in gems, 
which show smooth reflective, sur- 
faces. 


Cradle. A trough in which placer 
miners wash or “rock” gem 
gravels. See Baby. 

Crater. The basin-like or funnel- 
shaped opening which marks the 
vent. of a volcano. 

Critical angle. The least angle of 
incidence at which total reflection 
takes place within a material. 

Cross-grained stones. Diamond crys- 
tals intergrown and irregular in 
form. 

Crystal. A regular polyhedral form, 
bounded by planes, which is as- 
sumed by a chemical element or 
compound, under the action of its 
intermolecular forces, when pass- 
ing, under suitable conditions, from 
the state of a liquid or gas to that 
of a solid. A crystal is character- 
jzed, first, by its definite internal 
molecular structure, and second, 
by its external form. (Dana). 

Crystal. A trade term for diamonds 
with a tinge of yellow; below 
Wesselton and above Cape in the 
standard color classification. 

Crystal forms. Various | crystal 
shapes occurring in a crystal sys- 
tem. 

Crystal indices. See Miller Indices. 
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Crystal system. All crystals fall into 
6 groups on a basis of the erys- 
tallographic axial relations. Each 
group is called a crystal system. 

Crystallographic axis. Certain im- 
aginary lines passing through the 
center of ideal crystals are taken 
as a basis to describe the crystal. 
They are called crystallographic 
axes. 

Crystallographic direction, or crys- 
tallographic orientation. Refers to 
directions in the various crystal 
systems which correspond with the 
growth of the mineral and often 
with the direction of one of the 
faces of the original crystal itself. 

Crystallographic orientation. See 
Crystallographic direction. 

Crystallographic system. See Crystal 
system. 

Cube or hexahedron. An ideal crystal 
form of the diamond with six 
square faces of equal size. 

Cubic. Having the form of a cube, 
as a cubic crystal; or referring 
to directions parallel to the faces 
of a cube, as cubic cleavage. 

Cubic system. A crystallographic sys- 
tem, the crystals which may be 
described by reference to three 
axes of equal length, each situated 
perpendicular to the plane of the 
other two. 

Culasse. The pavilion. 

Culet. Small flat facet placed upon 
the bottom of the stone for safety, 
since if a sharp point were left 
here ‘it could easily be splintered 
owing to the perfect cleavage of 
the diamond. 

Culette. The. culet. 


Cullinan. Largest gem diamond ever 
found. From Premier Mine, South 


Africa, 1905. Named for Thomas 
Cullinan, promoter of mine. Weigh- 
ed 3106 carats. The stone was 
presented to Edward VII. It was 
cut into nine largé stones and 
nearly 100 smaller brilliants. The 
largest cut diamond in the world 
was cut from the Cullinan. It is 
the “Star of. Africa,” 530.2 carats. 


Curvette. See Chevée. 


Cushion Cut.-The older form of the 
brilliant” cut, which has a girdle 
outline approaching a square with 
rounded corners. Often : applied, 
probably incorrectly to the step 
or trap cut. See Step cut. 


Cut-corner-triangle cut. A modern 
diamond cut. The stone, from which 
two of the corners have been cut, 
is triangular in shape. 


Cutting. Strictly speaking, that op- 
eration in the fashioning of a dia- 
mond commonly ealled “rounding 
up,” also “rounding,” “bruting,” 
“grinding” or “roughing.” Applied 
rather generally in the jewelry 
trade to the entire process of 
fashioning diamonds and other 
gems. See Fashioning 


Cutting centers. Early cutting cen- 
ters were Bruges and Paris. Prior 
to the World War II, Antwerp 
and Amsterdam in the low coun- 
tries, and Idar Oberstein in Ger- 
*many were very important cut- 
ting centers. Paris and New York 
were less important. Since the fall 
of France, Belgium and Holland 
in 1941, the cutting centers have 


moved to London, South Africa 


and especially the Western Hemis- 
phere. New York City is the most 
important center in this hemis- 
phere. 


(To be continued) 
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Local Peculiarities of 
Sapphires* 


EDWARD GUBELIN, Ph.D., C.G. 


Lucerne, Switzerland 


The problem cf classification of 
gem. stones in accordance with their 
sources of origin has always chal- 
lenged my special interest and has 
prompted me to carry on extensive 
research work in this matter. As a 
result I could not fail to be attracted 
to the multiplicity of physical, chem- 
ical and microscopic properties of 
the oriental sapphires varying ac- 
cording to the stone’s birthplace. In 
spite of the fact that opinions have 
been expressed to the effect that the 
differences in gemological properties 
were insufficient and that, therefore, 
ho accurate and convincing method 
could be achieved; I would like to 
attempt to prove, in the following 
paper, the existence of such distinctly 
discriminating properties which per- 
mit'a definite identification. 


To arrive at anything like exact 
and consistent results it seemed of 
great importance that the origin of 
a given stone be ascertained above 
any doubt. The stones, therefore, 
which served as a basis of my in- 
vestigation were procured from 
chosen dealers only, who traded di- 
rectly with the respective regions. 
Some even had their own residential 
agents in the mining districts. The 
study of blue sapphires from Ceylon 
was additionally assisted by their 


*G.I.A. Research Service. 


comparison to fancy sapphires whose 
home was definitely known to have 
been Ceylon. 


Before presenting the more valu- 
able facts of the microscopic study 
of the inclusions in blue sapphires 
from the different oriental deposits, 
a few words describing the discern- 
ing physical and chemical character- 
istics may be said. 


Though, of course, any of the four 
well-known localities of Cashmere, 
Burma, Siam and Ceylon may pro- 
duce various shades and tones of 
blue hues, there are typical color 
qualities which, as a rule, make it 
possible to the naked eye to dif- 
ferentiate a stone’s source of origin. 
The fine “Royal Blue” is as char- 
acteristic for Burma sapphires as is 
the inky, satiny aspect of stones 
from Siam, and the velvety, thick 
cornflower-blue seems to have reach- 
ed the top of its softened appearance 
nowhere else so entirely as in the far- 
off mines of Cashmere. Brilliant, 
light purplish-blue and pale gray- 
blue sapphires may at least indicate 
a hint at their genesis in the gem- 
pregnant soil of Ceylon. You noticed 
I said “a hint,” and I mean it, be- 
cause color does not signify every- 
thing, but it is a faint “supposition” 
permitting to classify the origin of 
the gem stone under examination. 


It has been scientifically proved, 
by means of emission spectra, that 
the various tones in the color of 
rubies from different sources are due 
to a variation in the colloidal ad- 
mixture of the coloring elements; and 
this same method, being more sensi- 
tive than the chemical analysis, was 
applied in determining sapphires 
from various localities. The stones 
were ignited in the arc of two spec- 
trographic electrodes consisting of 
pure carbon (top spectrum), and the 
emission spectra produced were pho- 
tographed within the brackets of 
2100 A° to 4000 A°. The accompany- 
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these stones’ differences, rather in 
hues than in tones, seem to originate 
from a reciprocal change of propor- 
tional amount of titanium and iron 
rather than from simultaneous varia- 
tion of both. 


These circumstances affecting the 
colors of sapphires lead to the con- 
clusion that other optical and physi- 
cal properties must also be slightly 
different. The study of the lumines- 
cence often yields conclusive infor- 
mation. Sapphires show differences 
of luminescence under cathode and 
under ultra-violet rays. For practical 
exercise Table I may be useful. 


Figure 1 


Fe -ALTAIAL Fe TiAl Th 


—photo by Dr. Giibelin 


Spectograms of Ceylon Sapphire (center) and Burma Sapphire (bottom). 
Ton svectrum is that of the are. 


ing illustration (Fig. 1) shows the 
spectra provoked by a Ceylon sap- 
phire (center) and a Burma sapphire 
(bottom). The greater amount of col- 
oring material, i., titanium and 
iron, in the Burma sapphire causes 
it to exhibit much more pronounced 
emission bands than does the Ceylon 
sapphire, the bands of which are de- 
cidedly weaker and fewer. And yet, 
the infinitesimal proportion of in- 
termolecular impurities of Fe and Ti 
is still sufficient te produce the blue 
color in Ceylon sapphires. The emis- 
sion spectra make it possible to 
interpret, the results qualitatively as 
well as quantitatively. No spectro- 
grams of Cashmere and Siam sap- 
phires are published here ‘because 


Though the use of this table be- 
comes more effective as experience 
is gained in testing sapphires under 
cathode and ultra-violet rays, and as 
scores of stones are carefully ex- 
amined, the table cannot be regarded 
as absolutely complete; deviations 
from standards do occur and may be 
dependent on inclusions and other 
impurities within the stones. Thus, 
in many cases this method does not 
render any results. Besides, the be- 
havior of the coloring substances in 
sapphires is much less calculable 
than that of those in rubies and 
much research is still needed before 
incontestable knowledge is attained. 
‘Turning to our standard-testing 
methods we will again find slight 
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TABLE I 


fine blue 
dark blue 


Stone Color 


Cashmere sapphire 


Burma sapphire dark blue 


; inky blue 


Siam sapphire dark blue 


Cathode rays U-V rays 


green blue medium 


dark purple (strong) 


Ceylon sapphire | light blue 


but interesting differences in refrac- 
tive index and density. Siam sap- 
phires have a higher specific gravity 
than those from Burma and Ceylon, 
and the disparity in respective R.I. 
is the following: 


Siam sapphire........ 
Burma sapphire............. 
Ceylon sapphire.............. 


dull red (weaker) 


vivid red (strong) 


inclusions of the sapphires from the 
four noteworthy sources in the Orient 
may be further clarified by the fol- 
lowing description of the microscopic 
peculiarities. 


&, =1.763 Ww, 1.775 
ea =1.762 wa =1.773 
ca =1.760 waa =1.768 


(Note: e and w represent epsilon and omega, respectively.) 


these being the average constants 
of ten readings. Stones containing a 
large percentage of pigment will 
normally show higher refractive in- 
dices and specific gravity. 

The differences offered by. the 
described tests are too small for sure 
detection, and it must be remem- 
bered that neither of these methods 
of discrimination should be regarded 
as more than a mere indication. 

After these preliminary remarks 
it may be recalled that in my papers 
of Spring and Winter 1940 in Gems 
& Gemology (Vol. III, Nos. 5 and 
8), I suggested the distinction be- 
tween the oriental rubies by means 
of their locally varying inclusions to 
be by far the surest method. Equally, 
the microscope may again assist the 
gemologist in determining the origin 
of a given sapphire. Therefore, after 
a thorough and accurate study, the 
mystery of the wide variation in 


The conditions under which sap- 
phires have grown are locally dif- 
ferent, ie., the mineral association, 
the mother rocks and the actual 
genesis of the gems are, to a certain 
extent, typical of each locality. As a 
result the inclusions which are but 
traces of the process of growth must 
also vary. 

To the eye the interior appear- 
ance of sapphires from Cashmere 
is oftentimes what might best. be 
termed “hazy,” which is likely to 
contribute to the beauty of color. 
But under the microscope this hazi- 
ness dissolves into most curious 
and interesting veil-like formations, 
which are composed of wavy fila- 
ments reminiscent of a fine silk tissue 
woven in a hexagonal pattern, the 
single twines intersecting at angles 
of 60°, respectively 120°. (Fig. 2.) 
However, they are not rutile needles 
and can readily be distinguished 
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—photo by Dr. Giibelin 


Figure 2 


Veil-like filaments of hexagonally 
intersecting fibers which consist of 
minute fissures. 100. 


from these. Exaggerated magnifica- 
tion shows the single fibers to con- 
sist of tiniest and subtle fissures 
or hollow tubes of a slightly brown- 
ish color and generally lying across 
the direction of the wavy threads. 
Liquid inclusions in sapphires 
from Cashmere manifest a special 
design. They start from apparently 
thin and striped films of a more or 
less intense yellow to brown hue, 
spreading into net-like, skeleton- 
shaped irregular systems of liquid- 
filled channels which in further con- 
tinuation range downwards to single 
microscopic drops of liquid. (Fig. 3.) 
As a whole they show sharply bor- 
dered, flatly shaped formations with 
rounded rims. The irregular liquid 


tubes are always located around the 
borders of the thin films which most 
probably are gas-filled cracks. When 
these films in the center of the entire 
inclusion are looked at perpendic- 
ularly they appear in the color of the 
sapphire and gradually turn yellow 
and brown, the more the stone is 
inclined in regard to the direction 
of vision. Such a phenomenon al- 
ways results from total reflection of 
light. upon gas-filled planes in a 
stone. 

It is only logical that the in- 
clusions in sapphires originating 
from localities where red and blue 
corundums grow adjacently should 
be equal in rubies found in the same 
place and that what has been written 
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Figure 3 
Large flat films dis- 
solving into net-like 
formations and sin- 
gle drops of liquid. 

100. 


—photo by Dr. Gitbelin 


ey 


—photo by Dr. Gitbelin C 


Figure 3 
Large flat films dis- 
solving into net-like 
formations and sin- 
gle drops of liquid. 
100x. Same picture 
but vastly blown up. 


Aes. 
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about rubies in previous articles of 
mine may also be applied to the sap- 
phires of corresponding source of 
origin. Anyway, as there are several 
interesting facts which it is useful 
to note, a short reiteration of the 
discernible features is herewith 
ealled for. 


their distribution is ruled by the 
hexagonal crystal lattice of corun- 
dum. Because of their arrangement 
parallel to the basis and perpen- 
dicular to the optic axis these inter- 
secting rutile needles are of decisive 
assistance in finding the direction of 
the optic axis (interference figures 


—photo by Dr. Gibelin 


Figure 4 


Short, thickly strewn rutile needles 
(silk) hexagonally arranged in 
Burma Sapphire. 75x. 


Burma sapphires have as their 
most characteristic inclusions rutile 
needles which are either thickly 
strewn through the gem or more gen- 
erally grouped to typical patches, 
clouds and zones (=zonal structure). 
They are found to have developed 
along the prism planes and when 
looked at parallel to the optic axis of 
the mother stone they intersect, at 
angles of 60°, respectively 120°; ie., 


and dichroism). Fig. 4 depicts a 
Burma sapphire showing - typical 
patches of rutile needles. It is gen- 
erally agreed to call these needle- 
like and slender crystals “silk.” The 
habit of the rutile needles in Burma 
sapphires is markedly shorter than 
in Ceylon stones. Also, they appear 
black in transmitted light because 
of their high refractive index. 
(To Be Continued) 
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Synthetic Emeralds 
Appear Commercially in Small 
Quantities* 


by 


ROBERT M. SHIPLEY 


Synthetic emeralds have appeared 
commercially in the jewelry trade, 
but so far in small numbers. They 
have recently been offered to retail- 
ers on the Pacifie Coast by a repre- 
sentative of a San Francisco jewelry 
house. 

Sizes up to and slightly over one 
carat are being offered from $12.50 
to $80.00 per carat depending upon 
size and quality. A statement has 
been made that sizes of two or even 
three carats may soon be offered, but 
we can obtain no confirmation of this 
fact. 

Like several synthetic emeralds 
previously examined by us, some of 
these would deceive the ordinary 
jeweler. Statements to the effect that 
such jewelers, with the aid of a few 
photo micrographs, can detect all 
synthetic emeralds are unfortunate 
and can result in disappointment for 
those jewelers. However, jewelers 
with some experience in handling 
genuine emeralds, or who have pro- 
gressed sufficiently in their study of 
gemology, should easily detect any 
of the fashioned synthetic emeralds 
which have been reported by the 
Gemological Institute. 

Six of these stones were examined 
by Richard T. Liddicoat, C.G., and 
the writer in the Gemological In- 
stitute’s Laboratory. Some are of 
good emerald color but lack the 
transparency and brillianey of good 


*A.G.S. Research Service. 


quality genuine emerald. The whitish 
wisp-like markings described and 
illustrated on pages 146 to 150 of 
Gems & Gemology, Summer, 1941, 
are prominent under magnifica- 
tion, in all except one. In the latter, 
the small irregularly shaped in- 
clusions mentioned (but not pic- 
tured) in the same article (at begin- 
ning of page 150) are “sprinkled” 
throughout the stone. The stone con- 
tains no other inclusions. These lat- 
ter are probably particles of. coloring 
matter. We illustrate these inclusions 
as observed in another synthetic 


emerald. However, the stone more 


—photo by Dr. Giibelin 


recently examined by us contains 
only the smaller sized inclusions of 
this illustration and, while greenish 
in color under high magnification, 
(Continued on Page 42) 
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BOOK REVIEWS 


Diamond and Gem Stone Industrial Production. Paul Grodzinski. N.A. Sy Press 


Ltd., London, 1942. 15 shillings. 


So far as the reviewer knows, this 
is the first, book devoted solely to the 
industrial uses of the diamond, pre- 
cious stones and other extremely 
hard substances. In it is not only 
conserved the meat of many technical 
papers on one or more phases of the 
subject, but also wisdom from the 
author’s wide practical experience. 
The immediate object of the book is 
to furnish an authentic technical 
background for the English diamond- 
cutting industry, which has sprung 
up since the Low Countries were 
overrun. It is particularly timely, 
as neither the United States nor 
Great Britain can longer depend on 
imports for their supplies of jewel 
bearings and diamond dies—both a 
“must” in making the instruments 
by which our pilots control. their 
planes and for other defense pur- 
poses. The book should be on the 
bookshelf of every diamond cutter, 
lapidary and maker of diamond dies, 
diamond-set tools and instrument 
jewels. 

The book is, to all intents and pur- 
poses, an artisan’s vade mecum and 
in consequence the reader can best 
grasp the scope of the book from the 
following summary of its chapters: 


Chapter I—“Technology of Ma- 
chining Methods”: The problems of 
machining hard substances (speed, 
pressure, etc.), the relative hardness 
of abrasives, their differing abrasive 
action, and the grinding action of 
abrasive wheels; the lubrication of 


the grinding surface and binders 
for diamond-impregnated wheels. 

Chapter IIJ—“‘Dividing of Dia- 
monds and Gem Stones” including 
chipping, cleaving and sawing; with 
the machinery and methods required 
therefor. While most of the chapter 
is devoted to the diamond, the shap- 
ing of piezo-electric quartz plates 
and the sawing of gem stones are. 
described. 

Chapter III—“Bruting,” referring, 
of course, to the shaping of diamonds. 

Chapter IV—“Cutting and Polish- 
ing”: The seaifes and dops used in 
the facetting of diamonds; machinery 
for the shaping and polishing of 
gem stones into cabochons and 
facetted cuts; the machinery used in 
the grinding and polishing of quartz 
plates and the preparation of slides 
for petrographic and metallographic 
study. 

Chapter V—‘Drilling and Boring 
of Holes” in: diamonds and gem* 
stones, largely devoted to the meth-— 
ods of producing diamond dies arid 
instrument jewels. 

Chapter VI—“Carving and En- 
graving” of diamonds, gem stones 
and hard metals. 

Chapter VII—“Diamond Powder”: 
Methods of crushing diamonds and 
grades of the resulting product. 

Chapter VIII—‘‘Diamond-dust Im- 
pregnated Tools” with description 
of the bonding material and methods 
of manufacture. 

Chapter [X—“The Manufacture of 
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Diamonds and Gem Stones for Orna- 
mental Purposes”: Diamond cutting 
and that of gem stones in the bril- 
liant form; gem stones, both cabochon 
and as facetted stones. 


Chapter X—“The Manufacture of 
Watch. and Pivot Bearings’: A very 
valuable and complete chapter on the 
subject; particularly timely, now im- 
ports from Switzerland are largely 
cut off. The various types of jewel 
bearings and the machines and meth- 
ods used in their processing are 
described. 

Chapter’ XI—“Manufacture of 
Diamond and Hardmetal Dies”: This 
chapter, with its description of the 
machine involved, is also of direct 
value to the American war effort. 

Chapter XII—“Industrial Dia- 
monds”: This chapter is devoted to 
the proper shaping of industrial dia- 
monds to be set in tools for truing 
emery wheels and for turning alloy 
steels. 

Chapter XIII—“Setting Industrial 
Diamonds”: Describes metals in 
which diamonds are to be set and 
the methods employed. 

Chapter XIV—“Grinding and Lap- 
ping of Sintered Carbides”: The final 


Synthetic 


shaping of these extremely hard 
substances with the help of diamond 
dust or a  diamond-impregnated 
wheel is described. 


The book ends with a short bib- 
liography, several appendices .and 
a few useful tables; 183 line draw- 
ings clarify the text. 


While to some of us a chapter on 
the occurrence and available supply 
of industrial diamonds and the manu- 
facture of synthetic corundums would 
have added interest, the book, on the 
whole, is excellent. Few flaws can be 
discovered, although the statement 
that the carbonado is harder than the 
gem stone (p. 234) is not, true, accord- 
ing to the experimental data at the 
reviewer’s disposal. The author also, 
unfortunately, does not give the 
weight (p. 90) deserved to the care- 
ful scientific work of Dr. Kraus and 
his colleague, Dr. Slawson. A few 
other minor errors are noted. 

In résumé, Mr. Grodzinski and his 
publisher, Mr. Arthur Tremayne, are 
to be congratulated for producing a 
book of such value to the diamond 
cutter and to other industrial users 
of the diamond and other gem stones. 


SYDNEY H. BALL. 


Emeralds 


(Continued from page 40) 


they appear as black inclusions under 
10x to 40x. They are, of course, not 
the typical genuine liquid inclusions 
pictured in Figures 2 or 8 in pre- 
vious article (above mentioned). 

In common with all synthetic 
emeralds examined in the Gemo- 


logical Institute’s Laboratory or re- 
ported by Doctor B. W. Anderson 
of the London Laboratory, these 
synthetics have the same double re- 
fraction, dichroism, and approximate- 
ly the same refractive index, specific 
gravity and hardness as the genuine. 
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DIAMOND GLOSSARY 


(Continued from last issue) 


Cutting, History of. Diamond began 
to be cut with a symmetrical ar- 
rangement of facets about 1450 or 
later. Names associated with early 
faceting are Herman of Paris and 
Louis de Berquem. 

Cyclic. Circular as in certain types 
of repeated twinning that tend to 
produce circular forms. 

Da-grade Color grading unit. Light 
for diamond grading developed by 
Gemological Institute of America. 
Superceded by the improved Dia- 
molite. See Diamolite. 

Darcy Vargas. Brazilian diamond. 
Weight, 460 carats. Found in Mu- 
nicipality of Coromandel, State of 
Minas Geraes, 1739. 

Dauphiné Diamond. Rock crystal 
(quartz.) 

D.C. An abbreviation in the trade 
meaning diamond or brilliant cut. 

DeBeers Consolidated Mines, Lim- 
ited. Cecil Rhodes completed the 
consolidation of the various claim 
holders in the DeBeers Mining 
Company before Barney Barnato 
had succeeded in a similar effort 
with the Kimberley Mine. Later 
the two concerns were amalga- 
mated, resulting in the forma- 
tion of the DeBeers Consolidated 
Mines, Limited. This concern later 
gained control of Dutoitspan and 

-Bultfontein Mines. In 1890 the 
Wesselton mine was discovered 
and operated by DeBeers. Control 
of Koffyfontein and Premier Mines 
was obtained in 1911 and 1917, 
respectively. Later the Jagersfon- 
tein and the mines of S. W. Africa 
were also taken over. 


DeBeers Diamond. A 440 earat octa- 
hedron discovered in the DeBeers 
mine in 1888. A stone of 284.5 
carats was cut from it and sold 
to an Indian prince. 


DeBeers Mine. A pipe diamond mine 
discovered in South Africa in 1871. 
Operated until 1908. 


DeBeers Mines. The Dutoitspan, 
Bultfontein, DeBeers, Kimberley 
and Wesselton Mines are often 
classed as the DeBeers Mines be- 
cause of common ownership. They 
are also often referred to as the 
“Big Five.” 

Deformed Crystal. A crystal de- 
formed or twisted out of its nor- 
mal shape, so that, its interfacial 
angles may differ widely from the 
regular form. See Distorted 
Crystals. 


Degree. (1) Angular measure—one 
degree equals 1/360 of the cir- 
cumference of a circle. (2) A sub- 
division or unit of measurement 
as in a thermometric scale, Fahr- 
enheit and Centigrade. 


Density. Refers to the mass of a 
material per unit volume. See 
Specific Gravity. 


Derya-Noor or Deryai-Noor (“Sea of 
Light”). Legendary diamond be- 
lieved by some authorities te be 
identical. with the Great Mogul 
and the Orloff. See Great Mogul. 
See Orloff. 


Dewey. Diamond. Diamond found. at 
Manchester, Virginia, in 1885. It 
is an octahedron of fine form but 
poor quality. Weight, 23% carats. 


Diabase. A dark basic igneous rock 
with lath-shaped feldspar crystals. 
Believed to be the source rock of 
diamonds in some areas. 


Diamant. A Middle English form of 
spelling diamond. 

Diamante. (Sp.) Diamond; D. en- 
bruto, a rough diamond; D. negro, 
a bort. 

Diamantiferous. Bearing or contain- 
ing diamond. 

Diamantina District (Brazil). Region 
in the neighborhood of the first 
discovery of diamonds in Brazil. 


Diamantinas. Grade of Brazilian 
diamond. Inferior to stones from 
Bagagem and Canavieiras. Name 
comes from the character of the 
majority of the stones from Dis- 
trict of Diamantinas. 

Diamolite (Trademark). An instru- 
ment for color grading of dia- 
monds, affording an artificial light 
source as closely approximating 
daylight as possible (in 1942) and 
designed largely to eliminate col- 
ored reflections from surround- 
ings. 

Diamond. A native crystallized form 
of carbon. Very hard. Used as a 
gem when pure and clear. Usually 
tinged slightly with yellow or, less 
often, with brown. Frequently col- 
orless, but sometimes colored 
green, blue, red and black, rare. 
See also Bort. See also Carbonado. 

Diamond Angle Gauge. Gauge which 
measures the comparative correct- 
ness of the angles for the slope 
of tthe bezel facets in relation to 
the table. 

Diamond Chisel. A cutting chisel 
having a diamond or V-shaped 
point. 

Diamond Core Drills. The drill bit is 
a hollow steel cylinder, the bottom 
of which is studded with small 
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diamonds to act as a cutting edge. 


Diamond Corporation. The Corpora- 
tion was formed in 1930 and is 
composed of the previous Diamond 
Syndicate which owns 50% of the 
stock, DeBeers Consolidated Mines 
which owns 3212%, Consolidated 
Diamond Mines of South West 
Africa with 1214%2%, and Jagers- 
fontein Mining and Exploration 
Company with 5%. (Year 1942.) 


Diamond Cut. A term used by some 
lapidaries to mean brilliant cut. 
See Brilliant cut. 


Diamond Imperfection Detector. A 
monocular microscope mounted on 
a Diamond Imperfection Illumi- 
nator. 


Diamond Imperfection Illuminator. 
An instrument used in combination 
with (1) a binocular microscope, 
(2) a monocular microscope or (3) 
an aplanatic loupe for the detec- 
tion of imperfections in a diamond. 
The interior of the diamond is 
completely illuminated, eliminat- 
ing reflections from the surface of 
the stone. The instrument is ad- 
justed for different types of mag- 
nifiers. When a 10x aplanatic, 
achromatic loupe or the monocular 
microscope is used, the instrument 
is called a Diamond Imperfection 
Detector; when a binocular micro- 
scope is used it is called a Dia- 
mondscope (Trademark). 


Diamond Lamp. A special type of 
lamp with a silvered reflector con- 
taining many protuberations. This 
reflector throws a multitude of re- 
flections (one from each of the 
protuberations) into the diamond, 
and causes a scintillation of the 
diamond, which is similar to that 
caused by a multitude of lights in 
a ballroom or other similar en- 
vironment. 


Diamond Powder. See Dust. 


Diamond Producers’ Association. The 
Association is made up of the Dia- 
mond Corporation, the South 
African Government and the South 
African diamond mining com- 
panies. The Association markets 
the output of all its members 
through the Diamond Trading 
Company (1933). See Diamond 
Trading Company. 

Diamondscope (Trademark). A binoc- 
ular microscope mounted on a Dia- 
mond Imperfection Illuminator. 


Diamond Syndicate. The Syndicate 
was formed by Cecil Rhodes in 
1890 and was made up principally 
of firms also interested in the 
Producing companies. The Syn- 
dicate made contracts with the 
Producing companies for their 
outputs, and through the methods 
adopted, established the prices of 
diamonds to the consumers and to 
the producers. Still controls 50% 
of the Diamond Corporation stock, 
but is otherwise no longer active. 

Diamond Trading Company, Limited. 
The marketing outlet for the Dia- 
mond Producers’ Association. 

Diamond Wheel. A wheel made of 
metal, as copper or iron, and 
charged with diamond powder and 
oil, used in grinding gems. 

Diaphaneity. The property of being 
either transparent or translucent. 

Diggings. See Dry Digging. See Wet 
Diggings. 

Dike. A vertical. or inclined fissure 
in the earth’s crust which has been 
filled with a mass of igneous ma- 
terial forced upward while molten 
and becomes rock by cooling. Dia- 
monds are sometimes found in 
Dikes. 

Dimorphism. Crystallization of a 
chemical compound into two dif- 
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ferent crystal forms. Carbon ap- 
pears in two forms, in diamond 
and graphite. 

Dispersion (Fire). The property pos- 
sessed by a stone which breaks up 
a beam of white light into the 
rainbow color of the spectrum. 
Diamond has a dispersion of .044, 
the highest of any colorless gem. 

Distorted Crystals. Crystals whose 
faces have developed unequally, 
some being larger than others. 
Some crystal forms are drawn out 
or shortened, but the angle be- 
tween the faces remains the same. 
See Deformed crystals. 

Dodecahedral. Pertaining to the 
rhombic dodecahedron, a form with 
twelve faces in the cubic system. 

Dodecahedral Cleavage. Cleavage is 
in six directions parallel to pairs 
of opposite faces of the dode- 
cahedron. In diamond it is not as 
perfect as the octahedral cleavage. 
The presence of this cleavage in 
diamond is oceasionally disputed. 

Dodecahedron. A geometrical crystal 
form in the cubic system. See also 
Rhombic dodecahedron. 

Dop. Any device which is used to hold 
a diamond during any stage of the 
process of cutting is called a 
“dop.” 

Dop Marks. Marks left on surface 
of a diamond by “fingers” of the 
dop. 

Double Color. See Premier. 
Fluorescent diamond. 

Double-cut. Brilliant. A diamond cut- 
ting with two rows of facets on 
the upper side. See also Triple cut. 
See also Single cut brilliant. 

Double Dutch Rose; Double Holland 
Rose. A rose-cut stone with i- 
angular crown facets and a large 
culet. See Holland rose. See also 
Rose. Also known as a “rose 
recoupee.” 


See 
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Double Holland Rose. 
Dutch Rose. 


See Double 


Double Rose Cut; Double Rosette. 


Two Holland rese cuts base to 

base, making a stone without a 

table or culet. See Pendeloque. 
Double Rosette. See Double Rose. 


Doublets. Occasionally reappear in 
the trade, sometimes with a base 
of other cclorless stones, and 
sometimes with two pieces of dia- 
mond cemented together. 


Draw color, To. When several dia- 
monds are placed in a diamond 
paper together and light passes 
through one stone after another, 
the slightly colored light from 
each stone intensifies the slight 
color in the other. The group of 
stones is then said to “draw color.” 

“Drek” (Dutch). Used to describe the 
inferior type of diamonds that 
were cut in Antwerp and Nurem- 
berg. 

Dresden, English. See English Dres- 
den. 

Dresden Green. An Indian diamond, 
apple green in color. Weight, 
41 m.c. Bought by Augustus the 
Strong of Saxony (1670-1733). Set 
in an ornament displayed in the 
Green Vaults of Dresden. (Pre- 
vious to 1939.) 

Dresden White. See Saxon White. 

Drop-form Cut. See Briolette. See 
Pendeloque. 

“Dry Diggings.” Term used to dif- 
ferentiate diamond diggings in 
veleanic pipes from river or al- 
luvial mining. 

Dudley Diamond. See Star of South 
Africa. 


Durability. Ability of a gem stone to 
resist chemical and abrasive in- 
fluences. Durability depends large- 
ly, but not entirely, on the hard- 
ness and the toughness of a min- 
eral, Diamond is the hardest of 
objects. Will seratch any other 
substance. Extremely difficult to 
polish, but will retain polish in- 
definitely. A sharp blow or a rapid 
temperature acting upon incelu- 
sions are the only normally en- 
countered agents which tend to- 
ward its disintegration. 

Dust, diamond (all varieties). Used 
in cutting and engraving the dia- 
mond and the lapidary’s wheel for 
faceting the diamond, a method 
said to have been introduced by 
L. von Berquen of Bruges. : 

“Dutch Bort.” Zircons found in the 
South African diamond mines. 

Du Toit Diamonds. Two diamonds of 
a yellowish tinge from Dutoitspan 
mine, Kimberley. One weighed 250 
earats, the other 127 carats. 

Dutch Rose. See Holland Rose. 

Dutoitspan Mine (South Africa). 
Second diamond pipe discovered in 
September, 1870, on the farm 
Dortsfontein, near present, town 
of Kimberley. Dutoit’s pan was 
the name given to the pan or nat- 
ural land basin upon this farm. 
The deposit proved very easy to 
work. Because of jthe absence of 
water in these deposits, they be- 
came known as “dry diggings” in 
contrast to the. “river diggings” or 
wet diggings. Yellow is the pre- 
dominating color of Dutoitspan 
mine diamonds. 

Dyke. See Dike. 


(To be continued) 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from Spring, 1942, Issue) 


By HENRY E. BRIGGS, Ph.D. f 
RHODONITE 


Rhodonite is a pinkish or red mineral often found with unique mark- 
ings of black. It is opaque and is cut into beads, cabochons, etc. It takes 
a high polish and when nicely marked makes a very attractive gem stone. 
The hardness is from .5 to 6 and the specific gravity from 3.4 to 3.7. It 
occurs in pink to red and occasionally yellowish, greenish or brownish, all 
of which will easily change to black by the changing of the manganese 
oxide which lends the color. The luster is vitreous to pearly and the mean 
index of refraction is 1.73. The crystallization is triclinic, but it is usually 
found in masses. Rhodonite is biaxial and optically negative. The composi- 
tion is MnSiO03. The principal supply of gem grade rhodonite comes from 
Russia and California. 


VESUVIANITE 


Vesuvianite, or idocrase, is another gem which is offered under a host 
of different names. It is impossible here to list all the names which are 
applied to this mineral in different localities. It occurs in prismatic 
tetragonal crystals and in compact masses. The hardness is 6% and the 
specific gravity is 3.3 to 8.5. The mean index of refraction is 1.72. It is 
uniaxial and usually optically negative but does occur optically posi- 
tive rarely. In composition it is a silicate of caleium and aluminum, 
Ca6[A1(OH,F)]Al2 (Si04) 5. It occurs in greens, yellows, browns and 
rarely in reds, blues, or blacks. Pleochroism is distinct in the darker speci- 
mens. Important localities are California, Mount Vesuvius, Siberia and 
Norway. 


DATOLITE 


Datolite is a monoclinic mineral occurring in white, greyish, pale-green, 
yellow, red, amethyst, and olive greenish colors. It has a vitreous luster and 
is transparent to opaque. Its hardness is 5 to 5.5 and. its specific gravity 
2.9 to 3.0. It is biaxial and optically negative in character. The mean index 
of refraction is 1.65. In composition it is a borosilicate of calcium, Ca(B.OH) 
Si04. Important localities are Scotland, Italy, Massachusetts, Connecticut, 
and Lake Superior copper region. 


GOLD 


Native gold in crystals, as wire in white quartz, or in nuggets, is often 
used as a set in pins, brooches, ete. In form, gold is cubical, but crystals 
are not common. The hardness is 2% to 3 and the specific gravity is 16 
to 19, depending on the purity. The luster is metallic and the streak golden 
yellow. It is not attacked by acids except aqua regia. 
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HEMATITE 


Hematite is an important ore of iron, its composition is merely oxygen 
and iron after the formula Fe203. The gem variety occurs in hexagonal 
crystals, with a hardness of 544 to 6% and a specific gravity of 4.9 to 5.3. 
The luster is metallic and the streak red. Since the mineral is always opaque 
it is cut usually en cabochon and is.often seen now as intaglios. Its widely 
distributed important localities are England, Minnesota, Norway and Sweden. 


SMITHSONITE 


This mineral is little used as a gem, however, we see it occasionally in 
the form of a cabochon. It‘is hexagonal in crystallization and has a hardness 
of 5 and a gravity of 4.1 to 4.5. It is colorless when pure but. is usually 
greyish, yellowish, bluish, greenish, brownish or. white.but™ also occurs 
occasionally in a delicate pink. The mean ‘indéx of refraction is 1.75. It is 
uniaxial and optically negative in character. The luster is*tvitreous and. it 
is translucent’to opaque. Pleochroism is very weak. In composition it is a 
carbonate of zinc, ZnCO3. Important American localities are Marion Co., 
Arkansas, and Kelly, New Mexico. 


COBALTITE 


Cobaltite is an opaque ore of cobalt and is sometimes cut as a gemstone. 
Its crystallization is cubic. Its hardness 5% and specific gravity 6.0 to 6.4. 
The luster is metallic and the color is a metallic white inclining to a pink. 
The streak is greyish-black. Composition is sulphide of arsenic and cobalt, 
CoAsS. Important localities are Sweden, Norway, England and Ontario, 
Canada. 


rene 


SODALITE - 


Sodalite is used to some extent as a gem and really deserves more attention 
‘than it gets. In crystallization it is cubic and therefore isotropic. The 
hardness is 5% to 6 and the specific gravity 2.14 to 2.30. It is a dark blue 
in color and transparent to translucent. Occasionally, however, it is found 
in other colors including grey, greenish, yellow and lavender-blue. The index 
of refraction is 1.48. In composition the mineral is rather complex, being a 
sodium aluminum chloro-silicate, NagAlz (AICI) (Si04) 3. It is seldom 
that it is found transparent in crystals large enough to cut, but when 
such gems are found they are very beautiful. They resemble the blue spinel 
in appearance. Important localities are Norway, Maine, Ontario, Canada, 
and the Ural Mountains. 


(To be continued) 
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Local Peculiarities of 
Sapphires* 


EDWARD GUBELIN, Ph.D., C.G. 


Lucerne, Switzerland 


(Continued from last issue) 


Coarser idiomorphic crystals of 
rutile are frequently met with. They 
show the crystal faces of the prisms 
as well as the combination of the 
prisms with the pyramids. This is 
illustrated by Fig. 5. 


Cavities in the shape of irregu- 
larly curved pipes are seldom, but 
they do occur (Fig. 6). They are 
filed with liquid which sometimes 
contains a movable gas bubble desig- 
nating the inclusion as a liquid one. 


Figure 5 
Large rutile crystal in a Burma 
sapphire. 100x. 


—photo by Dr. Giibelin 
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—photo by Dr. Giibelin 


Figure 6 
( Liquid-filled cavities in Burma sap- 


phire. 100x. 


—photo by Dr. Giibelin 


Figure 7 
Irregular liquid and resorbed solid 
inclusions in Siam sapphire. 75a. 
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Their refractive index is not much 
lower’ than that of the sapphire, 
which makes them almost invisible. 

In contradistinction to Burma and 
to Ceylon sapphires, those from Siam 
never contain rutiles of either habit. 
The principal characteristic features 
in Siam sapphires are large, curious 
systems of flat and somewhat “loop- 


somewhat vague contours they are 
easily distinguishable from zircons, 
garnets, and spinels. It often hap- 
pens that within the liquid inclusion 
a most interesting recrystallization 
has taken place, forming crystals of 
yet unknown nature in precisely hex- 
agonal arrangements. 

Twinning laminae with particu- 


—photo by Dr. Giibelin 


Figure 8 
Siam sapphire, showing a slightly 
“chequered” structure of twinning 
laminae. 30x. 


like” liquid inclusions reminiscent of 
splashes. They are always observed 
in conjunction with opaque more or 
less hexagonal crystals seeming to be 
in a state of resorption (Fig. 7). 
Liquid cavities as well as these crys- 
tals, which in many cases are nega- 
tive ones, are filled with a brown 
substance of iron compounds. The 
negative crystals have assumed the 
habit of corundum, and despite their 


larly “chequered” design as shown 
by Fig. 8 are often present, always 
and surely denoting the stone as a 
sapphire from Siam. 

No such inclusions are ever found 
in sapphires from other sources. 
Moreover, numerous liquid inclusions 
which are. oriented in rows forming 
script- or arabesque-like systems are 
frequently noted in sapphires from 


O 
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Siam and they are certainly worth 
mentioning (Fig. 9). } 
Ceylon sapphires are characterized 
by an enormous variety of inclu- 
sions and by a more disorderly dis- 
tribution of them, except for the 
rutile needles. The latter ones, which 
were one of the first microscopic 
features to be perceived with relation 
to local peculiarities‘, give the 
Ceylon sapphires, as will be noticed 
by Fig. 10, the: marked contrast 


to sapphires from Burma’. Long 
and slender rutile needles or, suc- 
ceeding them, liquid-filled tubes usu- 
ally running through the stone’s 
whole body in their entire length 
intersect at 60°, respectively 120°, 
that is lying along the prism faces 
of (1120)°. They are always much 
longer and generally of brighter col- 
or than those in Burma corundums 
and, in addition, this is typical: they 
are spaced at greater intervals and 


sparse. 


—photo by Dr. Giibelin 


Figure 9 
Rows of script- and arabesque-like 
liquid inclusions in a Siam sapphire. 


75x, 
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—photo by Dr. Giibelin 


Figure 10 


Long and widely spaced rutile needles 
in a Ceylon sapphire. The round spots 
are reflections from small fissures. 
75x. Dark-field illumination of the 
Diamondscope. 


1B. Gubelin, Characteristics of Ceylon Ru- 
bies, Gems & Gemology, Winter, 1940, p. 121. 

2h). Gibelin, Differences Between Burma and 
Siam Rubies, Gems & Gemology, Spring, 1940, 
p. 69... 

8K. Schlossmacher, Unterschiede zwischen 


Synthetisch und Echt, Das Fachblatt, Jan., 
1941, p. 284. 

4G. von Tschermak, Mineralog. Mitteilungen, 
1878. 

5Lasaulx, Annal. de la Soc. Belge de Micro- 
seopie, 1885. 


(To Be Continued) 
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Statistical Data and Remarks 
about Some Brazilian Diamonds' 


ESMERALDINO REIS 
of the Service of Classification of Precious Stones of the House of Moeda 


From the gross of 460,869.15 
quilates metricos ? (a measure) of 
diamonds, which, coming from the 
interior, during the period of Jan- 
uary to December, 1940, were pre- 
sented to the SCAPPM for entry, 
one can make a selection in the 
following form: 


Diamonds up to— 
5.00 qms (exclusive) 
Diamonds from— 


ams 456,520.34 


5.00 to 20.00 278 stones qms 2,480.64 
Diamonds above— : 
20.00 to 50.00 30 stones qms 878.57 
Diamonds above— 

50.00 to 100.00 1 stone aqms 51.85 

Diamonds above—— % 
100.00 8 stones qms 937.75 
460,869.15 


The statistics below show that the 
diamonds exported from this country 
in the period (year 1940) correspond 
to the same classification above: 


Diamonds up to— 


5.00 qms ams 240,005.67 
Diamonds from—— 
5.00 to 20.00 367 stones qms 8,184.90 
Diamonds above— 
20.00 to . 50.00 27 stones qms 812.44 
Diamonds above— 
50.00 to 100.00 7 stones 446.55 
Diamonds above— 

100.00 4 stones 1,226.80 


Total of qms 245,676.36 

The numerical difference between 
the diamonds exported and those 
entered in the market is explained 
by the fact that there are entries 
from the year before, 1939, and they. 
were exported only in 1940. These 
figures reveal, in relation to former 
years, an upward trend (an increase) 
in spite of the fact that they are 


(1) Translation of an article from the pe- 
riodical Mineracao e Metalurgia, Rio de Ja- 
neiro Marco—Abril, 1941. : 
(2) Translator’s Note: quilates metricos is 
probably a carat. 


based not on the material and reports 
of the SCAPP in Bahia, but exclu- 
sively. on the movements of the 
SCAPPCM in Rio de Janeiro. How- 
ever, this amount of this valuable 
raw material represents a consider- 
able monetary value, in our opinion, 
although it is not the scope of this 
modest research work of mine to give 
economic data. 


There seems not to be any regula- 
tion for the study of examples of 
interesting characteristics (I refer 
to. diamonds as well as to semi- 
precious stones) from the point of 
view of morphology—the realization 
of these studies is, it seems, diffi- 
cult or impossible—it would be neces- 
sary to break down the existing re- 
serve of our diamond experts, or to 
be illogical and speculative in carry- 
ing out commercial transactions 
based on assumptions. This said, one 
must understand the observations in 
this article and the classifications 
under this point of view. 


On the other hand, the SCAPPCM 
has the technical apparatus for these 
purposes, for the service and control 
from the fiscal, economic point of 
view, and we are in the beginning 
of the necessary reforms of regula- 
tions, to be brought into effect soon. 
Therefore, as elements are in the 
making in due course of time, I shall 
limit myself to descriptions some- 
what on the surface of the morpho- 
logical aspect of some interesting 
examples. 
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In the period to which I refer— 
1940—there were among the dia- 
monds which I inspected and ex- 
amined, five which for their char- 
acteristics deserve to be mentioned. 
The biggest one presented for ex- 
amination to the SCAPPCM was the 
Coromandel, for its curious morpho- 
logical aspect—a somewhat irregular 
shape, suggesting that, it will lose 
a great part of its volume when cut. 
The octahedral “habitus” was defined 
by 5 face edges and two points and 
it can be assumed that it had been 
broken. 

In the natural faces, edges, one 
can observe figures of corrosion and 
of attempts of cleaning, polishing, 
which lead one to believe that they 
are recent. Its exceptional size, 
weighing 400.65 carats, puts it in 
the twentieth place in the world scale 
of great diamonds, and in the third 
of our own seale, according to de- 
tailed studies on the part of the 
famous Professor Dr. Reinaldo Sal- 
danha da Gama, aided by eminent 
professors and the technical expert 
designated by the SCAPPCM, the 
author of these lines. The results. of 
these studies will be made public 
through the Academy of Science, by 
its famous member (Prof. da Gama). 
Most of the other stones I could 
cbserve for their curious character- 
istics, either gems or industrial dia- 
monds, came from the Minas Geraes. 

For color, one is outstanding, 
which was mined in Tiros (Estado 
de Minas Geraes), of pink color and 
absolutely pure, with a weight of 
14.90 carats. 

The originality of this diamond 
lies in its “bela” and its exceptional 
color. Later I was informed that it 
has been cut into emerald form. The 
resulting gem acquired extraordi- 
nary beauty and quite higher value. 


(However, the irregular form pre- 
judicated its final value.) 

From Piumi, in the Serras da 
Canastra region, we received a stone 
of 28.22 carats, clean, pure and ab- 
solutely colorless, unusual because 
this particular region rarely fur- 
nishes stones of great weight and 
especially pure ones. Mostly the 
stones of this district carry interior 
imperfections. 

Here, too, an octahedral habitus is 
observed, rather deformed, but with 
two parallel faces and of triangular 
form. The deformation decreased the 
value. After cutting, however, the 
price quotation was high. According 
to the information I received, the 
classification, commercially, was 
“extra absolutely white.” 

Another stone, of curious morpho- 
logical aspect, was a diamond from 
Coromandel, of distinct brown color, 
weighing 52.41 carats. This item, 
very interesting as a gem on account 
of its dark color, will probably be 
better for the industry. Small dia- 
monds were incrusted in one of the 
faces of the mother crystal, growing 
parallel. This phenomenon can hard- 
ly be explained, because the surface 
of the diamond presented itself to- 
tally “erodida” turning opaque, and 
not permitting detailed observations. 
Of this stone I have no information 
regarding its origin, scope and com- 
mercial value. 

Finally, two other stones of orig- 
inality can be mentioned, but I was 
unable to obtain photographie docu- 
mentation and could just notice their 
principal characteristics. 

The bigger one was covered with 
a greenish color of not great, depth, 
typical for the diamonds coming from 
Bahia. Sometimes it seemed to have 
a chestnut-brown shimmer. The prin- 

(Continued on Page 58) 


¢ 


C; 


WINTER, 1942 57 


Pad 


7 


BOOK REVIEWS 


Gem Testing for Jewellers. B. W. Anderson. 


Mr. Anderson’s position and ex- 
perience certainly makes him one of 
the leading authorities on the subject, 
covered by his new book, “Gem Test- 
ing for Jewellers.” He has given us 
here a short book which contains 
much of interest to Certified Gemolo- 
gists and Registered Jewelers. It 
deals solely with the identification 
of gems; the first few chapters de- 
scribe the various gem-testing instru- 
ments and their use. The other chap- 
ters take up various groups of gems, 
based largely on color, and explain 
the methods of distinguishing them. 
It is unfortunate that our Diamond- 
scope is not in use in England, as a 
chapter on it would be of great, in- 
terest to us. For magnification the 
only. instruments dealt with are the 
loupe and the microscope, the use of 
the latter is not gone into in detail, 
Likewise, the Shipley polariscope is 
evidently not used by our English 
cousins; they rely on the dichroscope, 
refractometer and loupe to deter- 
mine whether a gem is singly or 
doubly refractive. 

Considerable emphasis is placed 
on the spectroscope, which in a large 
laboratory: must. be a very helpful 
instrument in many cases. In this 
country we have felt that only an 
expensive, large-size spectroscope 
would be of much assistance and, 
that in view of our other instru- 
ments, would only be of use in a 
limited number of cases so that the 
purchase of such an _ instrument 
would hardly be justified. Mr. An- 
derson, however, apparently uses a 


small, less expensive model with 
good results. Perhaps we should do 
likewise. Another instrument to 
which much more weight is given by 
him than is given in this country is 
the Chelsea Filter, in use in many 
North American jewelers’ labora- 
tories. This is, of course, a relatively 
inexpensive instrument and one that 
ean be quickly and easily used. The 
writer has never used one, having a 
feeling that in some cases the re- 
sults might’ be misleading, but Mr. 
Anderson is convincing about its 
value in many cases. He is, also a 
believer in heavy liquids as a rapid 
means of establishing the density of 
gems. We might well employ this 
method more extensively than we do. 
Our Eastern Laboratory, being for- 
tunate enough to have a Berman 
Density Balance, has not used liquids 
to any extent. 

Much can be learned by reading 
Mr. Anderson’s accounts of the use 
of the refractometer and dichroscope. 
He urges the use of monochromatic 
light with the refractometer in order 
to get sharp lines and to determine 
the birefringence of doubly refrac- 
tive minerals. The importance of this 
has not been sufficiently stressed in 
this country. Many little tricks in 
using the instruments and in identi- 
fying certain species are described 
that are new to most of us and also 
invaluable. 

The grouping of the gems under 
various colors, he admits, is open to 
some criticism, but what other obvi- 
ous grouping is there that is at once 
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evident to jewelers. Robert Shipley, 
Jr., in his laboratory course at. Los 
Angeles, has always used it, and our 
course states that it is the first prop- 
erty to take into consideration. It 
does, however, cause much duplica- 
tion in the tables as many gems can 
oecur in several colors and often in- 
experienced persons are misled, rely- 
ing too much on color. This, of course, 
is true of jewelers who have not 
studied gemology, and the title of 
Mr. Anderson’s book indicates that 
he is writing it for such jewelers. 
Mr. Anderson describes the more 
common gems in the second part of 
the book under the different colors, 
and.explains the tests for separating 
one from the other. A most valuable 
feature of this section is a short 
table with each group giving the 
properties of each species and includ- 
ing a few rarer stones which might 
be encountered but which are not. 
gone into in the text. Thus, if we 
have a green gem, here are given 
practically all the green gems and 
their properties in a compact table 


that will save much time and con- 
fusion over looking one up in the 
large general tables. In the case of 
many individual gems, there is some 
one property which particularly 
identifies it. Such instances are em- 
phasized and are extremely helpful, 
and in many cases will be entirely 
new to our gemological students. 


All in all, Mr. Anderson has done 
a splendid piece of work in this 
little book. He has kept strictly to 
the subject outlined in the title, 
bringing together material scattered 
through text books and adding to it 
the results of many years’ practical 
experience in testing gems in his 
laboratory in London. It covers the 
subject that is of greatest, interest to 
us without going into unnecessary 
detail. I recommend it highly to all 
our members if, and when, it be- 
comes available in this country. 
—Edward Wigglesworth, Ph.D., C.G., 
Director Eastern Laboratory, GIA. 


Note: Will be obtainable from G.I.A. Book 
Department. 


Statistical Data and Remarks About 
Some Brazilian Diamonds 


(Continued from Page 56) 


cipal interest lies in a small diamond 
inerusted in its interior, or. regular 
depth, unlike the matrix crystal, with 
a rhombo-dodecahedral habitus, while 
the matrix. possessed an octahedral 
habitus. This stone, of a yellowish 
color, has less interest as a gem than 
as for industrial purposes. 

The other item was formed of two 


individuals of different tones, of 
which one of brownish color was 
inerusted in the other, colorless. Both 
were of octahedral habitus, in spite 
of deformations. The. incrusted one, 
when completed presentable, had lost 
about 50% of its value. However, the 
separation was carried out success- 
fully. 
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DIAMOND GLOSSARY 


(Continued from last issue) 


Eclogite. A garnet-pyroxene rock 
found in the diamond “pipes,” 
thought by some scientists to be 
the original matrix of the dia- 
mond. 

Economy Stones. Term used by a 
number of U. S. retailers for a 
diamond of about crystal color and 
slightly imperfect. See Crystal. 

“Edge up.” Observation of a diamond 
by light passing through it, to the 
eye, along the plane of the girdle. 

Bight Cut. See Single Cut. 

Electrical Conduction. Diamond be- 
comes positively electrified by fric- 
tion on paper, wood and various 
other substances, but retains the 
charge for less than half an hour. 
“As a rule the better the crys- 
tallization and the quality the 
lower the conductivity,” Sutton. 

Electrode. Either terminal of an elec- 
tric source; either of the con- 
ductors by which the current 
enters and leaves an electrolyte. 
See also Cathode. 

Element. One of a limited number 
of distinct varieties of matter 
which, singly or in combination, 
compose every material substance; 
and which cannot be decomposed 
chemically into more simple sub- 
stances. 

EUUDBE Se Eugenie Diamond. An oval- 
shaped diamond brilliant of 51 
carats. It was first set as the center 
of a hair ornament belonging 
to the Empress Catherine II of 
Russia. This ruler presented it to 
her favorite, Potemkin. From a 
grand-niece of Potemkin, Emperor 
Napoleon III of France purchased 


the stone for a gift on the occasion 
of his wedding to his bride, the 
Empress Eugenie. After the fall 
of the Empire it was sold to 
Gaekwar of Baroda, India, for 
$75,000. 

English Dresden Diamond. Found 
in Brazil in 1857. E. H. Dresden 
of London purchased it in rough, 
cut and sold it for $200,000 to an 
East Indian. It was later resold 
to the Gaekwar of Baroda. It 
weighed 119.5 carats in the rough 
and 76.5 carats when cut. , 

English Square Cut Brilliant. See 
Square Cut. 

English Star Cut Brilliant. See Star 
Cut. 

Epaulet. A five-sided form of the 
step-cut; its girdle outline resem- 
bles an epaulet. 

Eruptive Minerals. Those of volcanic 
origin in geological formations. 
Sometimes synonym of igneous 
rock. 

Estrellada. A diamond-bearing de- 
posit of Brazil. 

Estrella do Minas. See Star of Minas. 

Estrella do Sud. See Star of the 
South. 

Etched Figures. A marking, usually 
minute pits, produced by a solvent 
on a crystal surface; the form 
varies with the species and solvent, 
but conforms to the symmetry of 
the crystal, hence revealing its 
molecular structure. 

Etching. See Etched Figures, 

Eugenie, Empress. See Empress Eu- 
genie Diamond. 

European Cut. A term formerly used, 
without geographical significance, 
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to refer to certain type of bril- 
liant cut, the most ideal form of 
which possessed (in relation to the 
plane of the girdle) 41° angles 
with the bezel facets and 38%° 
angles with the pavilion facets, re- 
sulting in a higher crown and a 
smaller table. This type was more 
brilliant than the so-called Ameri- 
can cut when. observed along a 
line perpendicular to the plane of 
the table but less brilliant when 
observed along directions which 
varied considerably from that per- 
pendicular. 

Excelsior Diamond. Found in 1893 in 
the Jagersfontein Mine, South 
Africa, it weighed 995.5 metric 
carats. Of exquisite color, it was 
cut into 21 stones ranging from a 
fraction of a carat to 70 carats 
each. Ten of these weighed 10 
carats or over. One of the largest, 
weighing 18 carats, was shown in 
the House of Jewels at New York 
World’s Fair by the DeBeers Con- 
solidated Mines. In the rough the 
Excelsior was the second largest 
diamond. 

Exotic Fragments. Foreign rock reef 
found in diamond pipes which is 
unlike floating reef. 

Extra Color. Term used in color 
classification of diamonds at the 
source for the second finest grade 
of diamond; equivalent, Jager. 
See Jager. 

Extra Fancy gem blue. Term used by 
some jobbers for top crystal. 

Eye Clean. Misleading term used in 
describing diamond qualities. Pro- 
hibited by American Gem Society 
and Federal Trade Commission. 

Eye Loupe. See Loupe. 

Hye Perfect. Misleading term used in 
describing diamond qualities. Pro- 
hibited by American Gem Society 
and Federal Trade Commission. 
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Face. (1) A term used in brillianteer- 
ing for the entire group of facets 
which can be placed on a diamond 
in one setting of the dop; (2) In 
crystallography, a plane surface 
characteristic of a gem mineral. 

Facet. One of the small smooth or 
polished planes placed upon a cut 
stone or gem. 

Facet Cut or Faceted Cut. A type of 
cut gem bounded by plane faces as 
distinguished from cabochon cut 
or other unfaceted cut. 

Faceting. The operation of placing 
facets on a diamond or other gem; 
also slightly changing the angle 
of a facet. 

Faceting Tool. A device for holding 
gem stones on which facets are to 
be formed by pressure against the 
face of a rotating abrasive lap. 

“Face up well.” Applied to diamond 
which has a more or less undesir- 
able body color, but which is 
strongly masked by reflections 
from the facet on its crown or by 
flashes of blue spectrum color, 
tending to improve its color. 

“False-colored” Diamonds. Trade 
term formerly used for diamonds 
which fluoresce in ordinary day- 
light. 

“False Diamond.” Quartz crystal. 

Fancies. (1) Any diamond of notice- 
able color other than those trade 
grades which are called white, 
light brown, light yellow or yellow- 
ish. (2) Diamonds with any notice- 
able depth of hue. Red, blue and 
deep pure green are rarest; or- 
ange, violet, strong yellow and 
yellowish greens are more com- 
mon. Strong greenish yellow is 
ealled canary. Browns of fine 
transparency occur frequently. 

Fancy Diamonds. See Fancies. 

Fan-shape Cut. A form of diamond 
or other cut gem resembling a 
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partly opened fan, or a segment 
of a half circle. 


Fashioning. Includes operations of 
cleaving, sawing, “rounding up,” 
cutting facets, polishing, etc. 


Fault. Anything within or on the 
surface of a. stone which affects 
its value or beauty. Also, a break 
in earth’s crust, along which 
movement has oecurred. 


Faultless. As generally used, implies 
about the same as the classifica- 
tion flawless. See Flawless. 


Faulty Structure. Zones of improper 
crystallization and internal cleav- 
ages and fractures may all be con- 
sidered faulty structure. Result of 
disturbances during the growth of 
the crystal, or of later separation 
between the atoms of which it is 
composed, or replacement by atoms 
of another chemical compound. See 
Flaws. See Inclusions. 

Favas (Brazilian for beans). Term 
used to describe grains of gem 
minerals found in placer deposits. 
Also to refer to the deposits them- 
selves. 

Feather. A term commonly applied 
to almost any irregular semi- 
transparent fault within any 
stone. More specifically to those 
internal fractures which appear 
white. 

“Fine Color.” Comparative freedom 
from any tint or hue except yel- 
lowish or brownish. 

Fine light brown. Probably synony- 
mous with Very light brown. See 

“Very light brown. 

Fine Silver Cape. A diamond color 
grade usually used to describe 
same color grade of diamond as 
Top Silver Cape. See Top Silver 
Cape. 

Fine Water. See Water. 

Finest Water. See Water. 


Finger Printing (of Diamonds). 
Name applied by Frank Heitzler 
of Boston to his process which 
photographs microscopically, and 
in perspective, the imperfections 
in diamonds and other gems. 


“Fingers.” See Dop Marks. 


Fine Cleavage. Fragments of dia- 
monds fit for cutting after cleav- 
age. Refers also to flawed or odd- 
shaped stones requiring cleavage. 

Finish. Term referring to certain de- 
tails of “make” such as the placing: 
and polishing of the girdle, culet 
and facets. See “Make.” 

Fire. Term applied to the appear- 
ance of dispersion in gems, more 
especially in the diamond. Also 
sometimes incorrectly applied, 
from a gemological standpoint, to 
play of color in opal. 

First Bye. Finest quality of by- 
water or Bye. See Bye. 

First Cape. See Top (or Silver) Cape. 

First Color. Term used in color 
classification of diamonds at the 
South African source for the third 
finest grade of diamond, equiva- 
lent, Wesselton. See Wesselton. 

First Pique. A trade classification 
denoting the comparative degree 
of imperfection. First pique is the 
class which contains fewest, 
smallest and least important im- 
perfections. 

First Water. See Water. 

Fish-eye. A trade term referring to 
a brilliant. cut diamond, the center 
of which appears dead at all dis- 
tances from the eye. Diamond -cut- 
ters sometimes confine them to a 
brilliant in which a dark ring is 
observable in center of stone, be- 
ing the reflection of the girdle on 
the interior of the pavilion facets 
due to the fashioning of the gem 
with a too shallow pavilion. See 
also Thin or Spread Stones. 


62 


Fissure. Separation along cleavage 
plane which slightly penetrates the 
surface of a diamond. 

Flat Ends. Thin cleavages from dia- 
monds. 

Flat Stones. Crystals more or less 
tabular. 

Flats: Thin flat portions of diamond 


crystal, more specifically, flat 
octahedral forms. May include 
maacles. 


Flawless. Term. suggested for use in 
grading cf comparative perfection 
to take place of much-abused term 
Perfect. Recommended by A.G.S., 
Oct., 1937, for use by its members, 
but not required. “A diamond 
which is free from all internal and 
external blemishes or faults of 
every description under skilled 
observation in normal, natural or 
artificial light with a 10-power 
loupe, corrected for chromatic and 
spherical aberration. This shall be 

_a standard of the American Gem 
Society.” See also Perfect Dia- 
mond. 

Flawlessness. See Flawless. 

Flaws. A general term used to refer 
to any inclusion or any fracture 
or cleavage separation within a 
diamond or on its surface, such as 
“feathers,” “carbon,” fissures, 
kncts, ete. More specifically may 
refer only to internal structural 
faults. 

“Fleur de Peche.” See rose colored. 

Flinders Diamond. Perhaps a variety 
of topaz from Tasmania. 

Floating-reef. Inclusions of the sur- 
rounding reef in the blue or yellow 
ground of the diamond pipes. See 
Reef. 

Floors. Flat areas of ground on 
which the diamond-bearing rock of 
the South African mines is 
weathered. 

Florentine Diamond (known also as 
the Tuscan, the Grand Duke of 
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Tuscany, the Austrian and the Aus- 
trian Yellow). An Indian diamond. 
Weight in the rough unknown. Cut 
137.5 m.c. Citron yellow: and re- 
markable for fire flashing from its 
126 facets. Reputed value $750,000. 
Present location unknown, for- 
merly in Pitti Palace, Florence, 
Italy, and later in the Royal Castle 
in Vienna and probably remained 
there until Hitler’s invasion of 
Austria. 

Fluorescence. The emission of visible 
light rays of certain colors by a 
substance when excited by the in- 
visible ultra violet light waves of 
daylight or by certain electrical 
discharges. Some diamonds fluo- 
resce strongly. Most common fluo- 
rescence blue or green. ; 

Foil. A. thin leaf of metal silvered 
and burnished and afterwards 
coated with transparent colors; 
employed to give color or bril- 
liancy to glass or inexpensive gem 
stones. Used on back of colorless 
glass or gem stones to imitate the 
brilliance of diamonds. Diamonds 
are sometimes backed with a black 
varnish composed of lamp black 
and oil of mastic. 

Foil Back. See Foil. 

Foss (fos). A sort of meandering 
furrow on the surface of a rough 
diamond. 

Fosse. See Foss. 

Four-point Diamond. (1) A diamond 
which weighs four one-hundredths 
of a carat. (2) A rough diamond 
or portion of a rough diamond on 
which a table is to be placed 
parallel to a possible face of. the 
cube. 

Fracture. Breakage of a mineral 
along any direction other than a 
cleavage plane. Fractured sur- 
faces are not perfectly flat and 
are sometimes very irregular. 

(To be continued) 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from Fall, 1942, Issue) 


By HENRY E. BRIGGS, Ph.D. 
THOMPSONITE 


Mottled thompsonite pebbles from the Lake Superior region are often cut 
into gem stones and are very attractive when well marked. The colors usually 
cut as gems are yellow, pinkish, greens and whites. The markings are often 
very peculiar and take the form of concentric rings of color frequently re- 
sembling the human eye. This unusual appearance is caused by the radial 
fibrous structure of the mineral. The crystallization is orthorhombic and it 
is found in compact masses and pebbles. The hardness is 5 to 5%4 and the 
specific gravity 2.8 to 2.4. It is translucent to opaque and the mean index of 
refraction is 1.51. It is biaxial and optically positive. In composition it is a 
hydrated silicate of calcium sodium and aluminum, 2(Ca,Naz) Aly (S104) 2 


ie ZOISITE 


Zoisite is a member of the epidote group and is orthorhombic in crystalliza- 
tion. Its hardness is 6 to 6% and specific gravity 3.25 to 3.87. The mean index 
of refraction is 1.70 and it is biaxial with a positive optical character. It 
occurs in grey, yellowish-grey and yellowish-brown, greenish-grey, apple- 
green and also in a variety called Thulite, which is rose-red. It takes a high 
polish and makes attractive cabochons, pendants, beads, ete. Important 
localities are Norway and Italy. Pleochroism is strong in zoisite. 


CHROMITE 


Chromite is a black opaque iron chromium ore, which is sometimes cut 
into gem stones when it resembles jet. However, chromite has a high specific 
gravity as compared with jet, being 4.3 to 4.6. In hardness it is 54%. The 
mineral has a beautiful metallic luster. In crystallization it is cubic and 
also occurs in massive form. The streak is pale brown and the composition is 
(Fe,Cr) [(Cr,Fe)02]2. Important localities are Turkey, New Zealand and 
Maryland. It also occurs in Pennsylvania, 


CHRYSOCOLLA 


Chrysocolla is a hydrated copper silicate and is sometimes used as a gem 
stone. Its hardness is 2 to 4 and its specific gravity 2.0 to 2.2. The luster is 
vitreous to greasy or dull and it is translucent to opaque. The mean index 
of refraction is 1.498. It occurs in shades of blue and green, also in brown and 
black. The principal localities are Ural Mountains, Arizona and Lake 


Superior region. SERPENTINE 


Precious serpentine, Bowenite, Williamsite, and Verd Antique are the 
varieties of serpentine used as ornamental stones or gem stones. It is mono- 
clinic in crystallization, but is never found in crystals. The hardness is 2% 
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to 4 and the specific gravity 2.5 to 2.8. It occtirs in shades of green, yellow, 
brown, reddish and black. Often times it is blotched or multicolored, and 
such pieces. are perhaps the most attractive. The luster is waxy to dull. 
It is translucent to opaque. The mean index of refraction varies from 1.50 
to 1.55. It is biaxial and optically negative. In composition serpentine is a 
hydrated magnesium silicate, H4Mg3Si209. Iron and nickel often replace 
part of the magnesium and tend tc give the mineral a green color. 
Precious serpentine is massive, translucent and of uniform greenish or 
yellowish-green color. It is found in gem quality in Norway. Bowenite is 
a fine granular variety of green color somewhat similar to that of jade, 
found in Rhode Island. Williamsite is a blackish variety, little used as a gem. 
Verd Antique, frequently sawed and polished in large slabs and used as 
ornamental covering for store fronts, lobbies, etc., is a massive mottled 
green variety, often occurring with other minerals. Gem quality found in 


Vermont and France. DIOPTASE 


Dioptase commonly occurs in prismatic crystals and in crystalline groups 
or masses. The crystallization is tri-rhombohedral and the hardness 5. The 
specific gravity is 8.28 to 3.85. The luster is vitreous and the. mean index 
of refraction is 1.67. Dioptase is of emerald-green color. It is uniaxial and 
optically positive. It occurs in. French Congo in Africa and also in Arizona. 


FLUORITE 

Fluorite occurs in well-formed cubic crystals with a well-developed octa- 
hedral cleavage. It is soft, being only 4 in hardness, and the gravity is 3.0 
to 3.2. It occurs in many beautiful light or very light tones of various hues, 
including blues, greens, pink, yellows, red, orange, violet, brown, ete. It is 
transparent to opaque and is often fluorescent or phosphorescent. It is 
interesting to place a piece of fluorite upon a hot stove top in a darkened 
reom and see it fluoresce. All fluorite will not react-to heat, although most 
samples will. The index of. refraction is 1.434 and the dispersion is very 
low, .006. It is calcium fluride, CaF. Fluorite is too soft and has too 
perfect a eleavage to be durable, but is often used as an ornamental stone 
or as a gem set for brooches, etc., where the wear is not great. Principal 
localities are England, New Jersey, Arizona, California, Kentucky and 


Illinois. SEPIOLITE (Meerschaum) 


Sepiolite is known in commerce as -meerschaum and is soft and very 
easily worked into intricate shapes. It, is used mainly in the making of 
pipes and holders for cigars and cigarettes. Occasionally, though, we see it 
carved into ornaments and also cut into beads. The hardness is 2 to 2% 
and the specific gravity 1 to 2. It is very porous and may float upon water, 
especially salt water. Thus it derived its name meerschaum, which is a 
German word literally meaning “sea foam.” It is biaxial and optically nega- 
tive. The mean index of refraction is 1.55. The color ranges from white to 
greyish and yellow, the luster is dull but is vitreous to waxy when polished. 
It is a hydrated silicate of magnesium, H4Mf2S8i30 jo. Meerschaum is 
mined in Asia Minor and also in the United States in South Carolina, Utah, 
New Mexico and California. - (To be continued) 
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Local Peculiarities of 
Sapphires* 


by 


EDWARD GUBELIN, Ph.D., C.G. 
Lucerne, Switzerland 


(Continued from last issue) 


Although all other sapphires em- 
brace liquid inclusions, those in Cey- 
lon sapphires are so very typical, al- 
ways having something in common, 
that identification is made easy. They 
are “feathers” or “flags” consisting 
of countless worm-like and _ hose- 


*G.LA. Research Service. 


**The chemical composition of some liquid 
inclusions will be dealt with in another 
article of mine in one of the future issues 
of this organ. 


shaped cavities (Fig. 11) oftentimes 
extending into single drops of most 
fantastic shapes (Fig. 12). Many of 
them contain a movable, floating gas 
bubble, so-called libella (reminding of 
a water-level). Researches of my own 
proved these liquids to be carbon 
dioxide.** 


we 


Figure 11 
Large “feather” consisting of hose- 
shaped liquid cavities in Ceylon sap- 
phire. 100x. Lateral illumination of 
the microscope. 
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—vhoto by Dr. Gibelin 


Figure 12 


Liquid “feathers” ranging down- 
ward to single drops of irregular 
shapes, in a Ceylon sapphire. 75x. 


aa 


Seores of loosely scattered micro- 
lites (— small foreign minerals) 
represent another characteristic pe- 
culiarity in Ceylon sapphires (Fig. 
18). Moreover, long, broad, sausage- 
like tubes filled with a liquid sub- 
stance are sometimes seen in Ceylon 
stones (Fig. 14). They are irregu- 
larly distributed and do not seem to 
follow any crystallographic direction 
of the host-jewel. I am not familiar 
with any record of these strange 
liquid tubes appearing in sapphires 
from deposits other than those on the 
isle of .Ceylon. 

But the most characteristic and 
surest inclusion to be found within 
Ceylon sapphires are small, usually 
xenomorphic crystals of brown zir- 


con. These zircons exhibit all stages 
of decay, thanks to the destructive 
bombardment from radioactive atoms 
within the included zircons. The 
presence of minute amounts of the 
radioactive elements uranium, thori- 
um, cerium, and ytterbium in almost 
all zircons is well known, notably in 
those from Ceylon, which is said to 
be the source of abnormal zircons.® 
It is quite natural that these zircons 
do not only occur among the outer 
paragenetic minerals of the gem co- 
rundum in Ceylon, but also mark 
their. presence within the interior 
mineral association of Ceylon sap- 
phires. The radium rays darting from 
the radioactive elements, of course, 
do not only cause a breakdown in 
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—photo by Dr. Gibelin 


Figure 14 


Large cavity 
fuled with various 
non-miscible 
liquids. In 
the background 
large feathers, 
as they are-typical 
for Ceylon 
sapphires. 150« 


—photo by Dr. Giibelin 


Figure 13 


Small scattered 
included crystals 
in a Ceylon 
sapphire. 50x 


a 


} 
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the crystal lattice of the enclosed 
zircons but also affect the structure 
of the surrounding sapphire, leaving 
remarkable traces in the form of 
brown “pleochroic radiohalos” (refer 
to Fig. 6 in previcus article'). A de- 
tailed account, on these interesting 
features in Ceylon rubies has already 
been given in this previous paper. 
Considering the disturbing activity 
those radioactive zirecons have upon 
the crystal structure of Ceylon corun- 
dums I wish to propose that, these 
particularly destructive microlites be 
named “irritants” or “irritant micro- 
lites” in future. 

Many other accessory minerals, 
such as garnets, spinels, mica, hema- 
tite, calcite, corundum, tourmaline, 
and pyrite may be integral parts of 
the “interior paragenesis” of the 
oriental sapphires but, since they 
occur almost everywhere, they do not 
contribute toward a sure distinction 
between the sapphires from different 
sources of origin. 

The specialized microscopic method 
of distinguishing certain. gem stones 
from their various sources of origin 


according to their inclusions becomes 
more efficent and reliable as in- 
creased knowledge is gained of the 
innumerable and varying types of 
inclusions, and as heaps of stones 
are scrupulously tested. Only by 
studying a large number of stones is 
it possible to become expert in ana- 
lytical work of this kind. The micro- 
scopic distinction has, of course, the 
added advantage that. objectively 
proving and good photomicrographs 
will always fascinate interested cus- 
tomers. 


8B. W. Anderson; The Three Zircons, The 
Gemmologist, December, 1940, p. 56. 

Further literature dealing with the dif- 
ferentiation of local peculiarities in gem 
stones: 

Bach, S. R. Notes on Inelusions-in Gem 
Stones, The Gemmologist, April, 1940, p. 113. 

Gibelin, E. Differentiation Between Russian 
and Colombian Emeralds, Gems & Gemology, 
Summer, 1940, p. 89. 

Michel, H. Zeitschrift fir Kristallographie 
58, 1914, p. 533. 

Michel, H:. Die kiinstlichen Edelsteine, 
Leipzig, 1926, p. 387. 

Michel, H. The Pocket Book for Jewelers, 
New York, 1929. 

Prinz, W. Annal. 
Microscopie, 1882. 

Tschermak, G. von. Tschermak’s Min. u. 
petr. Mitteilungen, 1878, 1, p. 362. 

Schlossmacher, K. Edelsteinkunde, Leipzig, 
1932. 
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GEMOLOGICAL INSTITUTE OF AMERICA, INC. 


In December, 1942, the Gemological Institute of America, Inc., received 
a charter as a non-profit corporation. Its purposes are, broadly, to further 


~m.,, gemological education by various means and methods to be decided by its 


Board of Governors. This Board is annually elected by Sustaining Members 
of G.I.A., Inc., a number which ‘is to be increased by invitation from among 
those individuals or firms possessing certain required qualifications as to 
gemological education. 


Endowment Fund Established 


In April, 1943, the Committee of the American Gem Society presented to 
the Board of Governors a Research and Endowment Fund of approximately 
$50,000, raised entirely by voluntary contribution. Members of the Society 
were the principal contributors, but a number of non-member firms in the 
importing, manufacturing and jobbing branches of the North American 
’ jewelry industry, as well-as the South African diamond producers, also 
were invited to become Endowment Members, and many accepted. All con- 
tributions above specified amounts qualify donors as Endowment Members— 
a new membership classification established by G.1.A., Inc. 


As is the custom with educational institutions, it has been decided to keep 
the Research and Endowment Fund open at all times. 


Details of the raising of this fund and classified lists of its contributors 
are to appear in the Spring, 1943, issue of Guilds, the publication of the 
American Gem Society. An alphabetical list of all Endowment Members 
will appear in a future issue of Gems & Gemology, and subsequent con- 
tributions to the fund will be reperted from time to time in this periodical. 


The Board of Governors, which will act as the executive board and as 
Trustees of the Endowment Fund, as well as other property of G.I.A., Inc., 
consists of the following: 


Nolte C. Ament, C.G., Geiger & Ament, Louisville. 
Henry G. Birks, Henry Birks & Sons, Montreal. 
Carleton G. Broer, C.G., Broer-Freeman Co., Toledo. 
Louis Esser, Louis Esser Co., Milwaukee. 

Myron Everts, A.A. Everts Co., Dallas. 

Paul Hardy, Hardy & Hayes, Pittsburgh. 

Edward F. Herschede, C.G., Frank Herschede Co., Cincinnati. 
O. C. Homann, C. B. Brown Co., Omaha. 

C. I. Josephson, Jr., C.G., Moline. 

John S. Kennard, C.G., Hodgson-Kennard Co., Boston. 
Burton Joseph, S. Joseph & Sons, Des Moines. 

H. Paul Juergens, C.G., Juergens & Andersen, Chicago. 
P. K. Loud, Wright, Kay & Co., Detroit. 

F. A. Maier, Maier & Berkele, Inc., Atlanta. 

F. B. Thurber, C.G., Tilden-Thurber Corp., Providence. 


(Continued on page 72) 
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Refractometers—Their Upkeep 


by 
EDWARD WIGGLESWORTH, Ph.D., C.G. 


Director, Eastern Headquarters Gemological Institute of America 


Those of us who are fortunate have become affected and is giving 
enough to possess a refractometer poor readings, a useful ‘tip’ is to 
have found, after continued use over clean it with a little wad of cotton 
a period of time, that readings be- wool, dipped in a paste of ‘jeweller’s 
come faint and perhaps almost, dis- rouge and water’.” A trial of this 
appear. This is due to the glass of latter method at the Eastern Labora- 
the instrument, on which the stone tory gave greatly improved readings. 
is placed, losing its high polish. If The dulling of the refractometer 
the glass is not actually scratched, glass, apart from mechanical 
it is possible to restore its polish scratches, is due to chemical damage 
very easily. from allowing the methylene iodide 

The writer’s attention was called to remain on it too long. Both the 
to this on reading two very excel- above books recommend the use of 
lent English books that have re- blotting paper to remove the liquid 
cently appeared. In the first, after the reading is made. Both 
“Practical Gemmology,” by Robert books state that a film of vaseline 
Webster, on page 60, is the state- should be applied after cleaning and 
ment that “occasionally the glass before putting away. It is hardly 
table should be gently polished with necessary to warn anyone using 
a clean leather and jeweller’s rouge.” rouge to polish the glass, that it 
In the second, “Gem Testing for must be free from grit and other- 
Jewellers,” by B. W. Anderson, on wise great care must be used not 
page 25, it says, “If the glass should to scratch the glass. 


GIRDLE-FACETED DIAMONDS 


Diamonds with forty facets on the girdle are being commercially featured 
in the U.S.A. jewelry trade. 

These diamonds are being described as ninety-eight-facet diamonds and 
are represented as possessing greater brilliance, fire and quality of revealing 
the true color of the diamond. 

Diamonds with plain polished girdles had once been featured by certain 
retail jewelers and on some of such girdles a few facets had appeared. 

Future issues of Gems and Gemology may contain articles regarding the 
comparative action of light on girdle-faceted diamonds and grey-girdled 
diamonds. 


i ia oa 
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Arkansas Diamond Mines 


During recent months consider- 
able publicity has been given in daily 
and weekly news periodicals to the 
Arkansas Diamond Mines. The latest 
seems to have appeared in the Phila- 
delphia Inquirer. It quotes Governor 
Adkins of Arkansas as having re- 
ceived assurances that the mines 
near Murpheesboro would soon be 
reopened after an idleness of 22 
years. 

_ The Philadelphia Inquirer reports 
that the present owner, North Amer- 
ican Diamond Corporation, which 
purchased the mines in July, 1922, 
for $175,000, has been inquiring re- 
garding sources of electrical power 
suitable. for mining operations. This 
newspaper quotes a federal official 


as reporting the actual purchaser 
of the mines, in July, to be C. H. 
Wilkingson of Logansport, Ind.,; who 
exercised an option obtained by Ray 
E. Block of Chicago. 

There is a possibility that the 
activity mentioned above may be 
either that of stock promoters or 
actual preliminaries to working of 
the mines, in the improbable event 
that shipments of diamonds from 
South Africa should cease because 
of some unforeseen development of 
the war. Otherwise, labor costs in 
U.S.A. are expected to continue to 
make operations of those mines com- 
pletely unprofitable. 


ROBERT M. SHIPLEY 


GEMOLOGICAL INSTITUTE OF AMERICA, INC. 


(Continued from page 70) 


Leo J. Vogt, C.G., Hess & Culbertson, St. Louis. 
_ John F. Vondey, C.G., Vondey’s, San Bernardino. 
Jerome B. Wiss, C.G., Wiss Sons, Inc., Newark. 
This Board chose the following to serve until April, 1943-44, when its 


tenure of office expires: 


Chairman of the Board, Edward F. Herschede, C.G. 
Vice-Chairman of the Board, C. I. Josephson, Jr., C.G. 
Secretary of the Board, Leo J. Vogt, C.G. 

President of the Institute, Edward Wigglesworth, Ph.D., C.G. 
Vice-President of the Institute, H. Paul Juergens, C.G. 
Secretary-Treasurer of the Institute, P. K. Loud. 
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DIAMOND GLOSSARY 


(Continued from last issue) 


Framesite bort. Extremely tough 
variation of bort. A granular ag- 
gregate probably containing im- 
purities. 

“French Blue.” See Tavernier Blue. 

French Cut. A variety of mixed cut. 
Square in shape with a square 
table placed at a 45° angle to the 
edges of the stone. Also on the 
crown 24 smaller facets are 
usually placed, consisting of 8 star 
facets, 4 bezel facets and 12 girdle 
facets. The pavilion is either a 
step-cutting or a variation of the 
brilliant cutting. 

Full Cut. A brilliant cut diamond 
with 58 facets. Term misleading 
if applied to any brilliant cut 
diamond with less than 58 facets. 
The 58 facets consist of 1 table, 
8 star facets, 8 bezel facets, and 
16 girdle facets on the crown, and 
1 culet, 8 pavilion facets and 16 
girdle facets on the pavilion (back 
or base). 

Furrowed. Having deep grooves or 
striations. 


Gage. See Gauge. 


Garimpeiro. Brazilian term for an 
unlicensed digger in Brazilian dia- 
mond fields. 


Gauge. A measuring device for de- 
termining diameters, thickness, 
height, etc. See Caliper; Leveridge; 
Micrometer; Moh; Vernier. 

Gem. A trade term referring to qual- 
ity, correctly applied to especially 
fine specimens of diamond or other 
gem species, frequently misused 
to. refer to lesser trade grades of 
such stones. 


Gem-Color. The most desirable color 
for a stone of its particular va- 
riety. Perfection color. 

Gem-Gravels. Gem-bearing gravels 
of present or former river or lake 
beds. 

Gemolite (trademark). An illumi- 
nator employing either monocular 
or binocular microscopes. Such 
microscopes are also less effective- 
ly used without illumination. 

Gemoscope. An instrument employ- 
ing a glass cup in which un- 
mounted diamonds may ‘be im- 
mersed in a highly refractive 
liquid, and then examined by 
transmitted light under a loupe 
which is held in a fixed position. 

Genesis (Gemological). Origin or 
formation of natural diamond or 
other gem-mineral. 

“German Diamond.” Rock crystal. 

German South West Africa. See 
South West Africa. 

Girdle. The outer edge or periphery 
of a cut stone; the portion of a 
cut stone which is grasped by the 
mounting. See Perfect girdle. 

Girdle, polished. See Polished girdle. 

Girdle Facets. Same as top and bot- 
tom break facets; the small tri- 
angular facets adjoining the gir- 
dle of a brilliant cut stone, 16 on 
the crown and 16 on the base. 
Also called top half and bottom 
half facets; skill facets; cross 
facets. Facets are also sometimes 
placed directly upon the girdle, in 
which case the stone is usually 
said to have a polished girdle or 
to be girdle-faceted. See Polished 
girdle. 
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Glassies. Diamond crystals which 
exhibit natural bright transparent 
faces. More specifically in sorting 
diamonds. Flawless octahedrons 
are usually classed as glassies. 

Glassy. Diamonds lacking brilliancy. 

Glaziers’ Diamonds. Small diamonds 
or corners of diamond crystals 
used for glass cutting. 

Glessen. Semi-transparent fissures 
in diamonds. Feathers. 

Glide Planes. The result of the shift- 
ing of one portion of a crystal 
with respect to another. 

Gliding. A change of form by dif- 
ferential movements along definite 
planes in crystals without frac- 
ture. 

Gneiss. A crystalline rock of meta- 
morphic origin with its mineral 
eontent “bedded” so that the rock 
appears in crude irregular layers 
of lamination; similar to granite 
in composition. 

Goa. A city in India through which 
the Portuguese imported diamonds 
during the 18th century. 

Godavari. River in Hyderabad and 
Madras, India. At one time a 
source of diamonds. 

Golconda. An ancient city of Hydera- 
bad, India. A principal diamond 
market and cutting center in the 
16th century. Sometimes identified 
with Hyderabad, the modern capi- 
tal of the State of Hyderabad. 
See Golcondas; Tavernier, Jean 
Baptiste. 

Golcondas. “Diamonds obtained from 
the region watered by the Kistna 
and Godavari Rivers, but polished 
in Golconda, India.” G. P. Merrill. 
The trade term “Golconda” in the 
United States usually refers to a 
diamond of exceptionally fine color 
which was probably mined in 
India. 

Gold Coast (British West Africa). An 


important producer of diamonds. 
In 1919 diamonds were discovered 
in the Akim Abuakaw, 90 miles 
from the coast. The output in- 
cludes a large proportion of in- 
dustrial stones. 

Golden Dawn. A 138-carat diamond 
found in the Vaal River in 1913 
which was cut into an American 
cut brilliant of 6144 carats. 

Goniometer. An instrument for 
measuring angles. Several types 
are made; probably. the most use- 
ful to the gemologist is the hori- 
zontal single circle instrument 
which is used for measuring the 
index of refraction of crystals and 
gems, as well as for measuring 
angles. (Briggs). 

Goniometer Contact. An instrument 
for. measuring the interfacial 
angles on erystals. 

Goods. See Common goods. 

Gorgulho. A diamond-bearing quartz 
and clay gravel of Brazil. See 
Cascalho. 

Goyaz (Brazil). A minor diamond- 
bearing region of Brazil. 

Grades, Color. See Color grades. 

Grain. In gemology one-quarter of a 
metric carat (.0500 grams), a unit 
of weight commonly used for 
pearls, also with other gems. In 
the English system of weights 
.0648 grams or 1/7000 of a pound 
avoirdupois. Also refers to a 
cleavage direction. 

Grain Marks. Lines on facets result- 
ing from imperfect polishing, espe- 
cially refers to the marks appear- 
ing on a facet placed parallel to 
the girdle. See Running marks. 

Grainers. Diamonds which in weight 
correspond to fourths of a carat. 
A diamond of one-quarter carat 
weight is a one grainer; a dia- 
mond of one-half carat, two grain- 
er; a diamond of one carat, four 
grainer. 


Grao Mogol (Brazil). Diamond-bear- 
ing region in the State of Minas 
Geraes, the district was. soon 
worked out, but in 1839 some 2000 
people were engaged here. 

Graphite (plumbago). An ‘opaque 
black mineral in the hexagonal 
system. Composition, carbon, same 
as the diamond. Hardness 1-2, 
specific gravity 2.2. Sometimes 
occurs as an inclusion in diamond. 

Gravity, specific. See Specific gravity. 

Gray. A classification. According to 
Sutton “probably the most fre- 
quent of all [colors as recognized 
at the mines]. This classification 
ranges from nearly colorless to 
nearly black.” True bort also be- 
longs to Sutton’s classification. 

Grease Table. Crushed blue ground, 
which falls to the bottom of the 
jig or pulsator, is dropped on ta- 
bles covered with grease to which 
diamonds adhere while other min- 
erals contained in the blue ground 
do not. Grease is boiled to release 
the diamonds. 

Great Mogul. A 279.9 carat. diamond 
described by Jean Baptiste Ta- 
vernier. Tavernier is the only au- 
thority for details regarding this 
diamond. Said to have been found 
about 1650 A.D., in the Kollur 
Mine on the River Kistna, India. 
In the rough it weighed 787.5 
earats. Tavernier describes the 
Great, Mogul as “rose cut, round 
and very high on one side .. . its 
water is fine.” Some authorities 

. believe Tavernier did not see the 
Mogul, which was in the posses- 
sion of the, imprisoned Shah 
Jehan, and that the diamond he 
saw was the Kohinoor, in the 
Treasury of Mogul Aurangzeb, the 
son of the Shah Jehan. Doctor 
Fersman, the distinguished gem 
authority of the U.S.S.R., is sure 
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that the Great Mogul is the Orloff 
that, save for size, is singularly 
like the description of the Mogul. 
See Kohinoor; Orloff. 


Great Table. A diamond which Jean 
Baptiste Tavernier describes as 
having seen in India which 
weighed 242 5/16 French carats. 
See also Table diamond. 

Great White. See Victoria Diamond. 

Green. Fine green stones are ex- 
tremely rare. Bauer includes 
emerald green, but mentions as 
the most beautiful diamond of this 
color, the Dresden Green. The 
Dresden Green, however, has the 
hue and tone of greenish aqua- 
marine. Natural light-green gems 
occur frequently. Olive green is 
also common. Bauer mentiens leek 
green, asparagus green, pistachio 
green, bluish green and grayish 
green. See also Dresden Green; 
Treated diamonds. 

Grinding. The shaping of a rough 
stone, followed by polishing. See 
Bruting; Cutting; Rounding; 
Roughing. 

Griqualand West (South Africa). A 
division of Cape Province. Chief 
town, Kimberley. ; 

Grizzley. Screen used in sorting out 
blue ground. 5”, 2” and 1%” 
screens are used. 

Growth Markings. Markings on the 
surface of rough gem-minerals 
such as trigons on diamonds, which 
indicate the growth of the mineral 
in its erystallographic directions. 
See Trigon; Rough; Surface 
Markings. 

Grupiaras. Brazilian term for shal- 
low valley deposits on hills near 
rivers, in which diamonds are 
found. These also rest under red 
clay, but the diamonds are rarer 
and associated minerals more 
worn. See Gorgulho. 
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Gurgulho. See Gorgulho. 

H. Used sometimes in gemology as 
referring to hardness. More com- 
mon usage is in chemistry as a 
symbol for the element hydrogen. 

Habit. Crystal shape or shapes in 
which a mineral usually is found. 

Haidarabad. See Hyderabad. 

Hailstone Bort. A bort differing 
greatly in appearance and struc- 
ture from all other forms of bort. 
“Typically they consist of what 
looks like a kind of hardened and 
more or less porous paste [prob- 
ably graphite], superficially not 
unlike Portland Cement, alternat- 
ing with layers or shells generally 
of curvilinear sections of clouded 
crystal diamond.” (Sutton) Color, 
gray to gray-black. 

Hair. Term rarely used to describe 
hair-like flaws or inclusions in 
stones, 

Half-Brilliant. A diamond cut with- 
out a lower part, the top brilliant 
cut; the bottom; one large culet:. 
(Pough). In a sense, it is a rose 
with. a brilliant cut. See Rose. 

Half Dutch Rose or Half Holland 
Rose. A variation of the rose cut 
possessing 16 triangular facets on 
crown. See Holland Rose; Rose. 

Half Facet. In gem cutting, a skill 
facet or cross facet on a brilliant. 
See Break Facets; Girdle Facets; 
Skill Facets. 

Half Moon. A style of cutting which 
produces a stone shaped in a half 
circle. 

Hand Loupes. See Loupe. 


Hardebank. A compact form of 
kimberlite, so named because of 
its resistance to disintegration. 
Its difference from blue ground is 
probably caused by more rapid 
cooling. 

“Harder”. When the internal crys- 
tallization of a diamond requires 


a longer time for the operation 
of sawing it is frequently said to 
be “harder”, often confused with 
hardness of the mineral, but hard- 
ness is resistance to scratching. 
See Saw; Sawing. 

Hardness. The resistance of a sub- 
stance to being scratched. Diamond 
is 10 in Moh’s hardness scale. 
Tests prove that the diamond is 
50 to 150 times as hard as corun- 
dum, the next hardest mineral. 
See also “Harder”. 

Hatton Garden. A locality in London 
where diamonds are bought and 
sold by street dealers. 

Heat. In oxygen at extremely high 
temperature diamonds pass direct- 
ly into gas without passing 
through a liquid state. 3 

Heitzler, Frank. See Finger Printing 
(of Diamonds). 

“Herkimer Diamond”. Clear quartz 
crystal, from Herkimer County, 
New York. 

Hexagon Cut. A six-sided form of 
cutting. 

Hexahedron. See Cube. 

Hexakisoctahedron. See Hexoctahe- 
dron. 

Hexoctahedron. In crystallography, 
a form in the isometric system, 
enclosed by 48 similar faces with 
unequal intercepts on all three 
axes. 

Hindoo Cut. A form sometimes used 
to describe the form of cutting 
early practised in India which 
retained as much as possible of 
the original weight, of the rough 
stone regardless of symmetry. See 
Indian Cut. 

Holland Rose or Full Holland Rose. 
A rose cut stone with 24 triang- 
ular facets and a large single facet 
on the bottom. See Double Dutch 
Rose; Half Dutch Rose; Rose- 
cut; also known interchangeably 
as Dutch Rose. 


(To be continued) 
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A GEMOLOGICAL ENCYCLOPEDIA 


(Continued from Winter, 1942, Issue) 


By HENRY E. BRIGGS, Ph.D. 
GYPSUM 


Gypsum is a hydrated calcium sulphate and is really too soft to be classed 
with the gems, although it is used in the form of beads, ete. The hardness 
is 2, and the specific gravity 2.2 to 2.4. It is usually colorless to white, but 
may also be found in reddish, brownish, yellow and black. The luster is 
vitreous to adamantine and dull. It. is monoclinic in crystallization and has 
a mean index of refraction of 1.52. It is biaxial and optically positive. The 
formula of its composition is usually expressed thus: CaSQ4.2H 0. Prin- 
cipal localities are England; Niagara Falls, New York; and Ontario, 
Canada. In fine qualities it exhibits a light effect somewhat like the chatoyant 
variety of chrysoberyl and is called satin spar. 


GADOLINITE 
Gadolinite is a blackish, greenish or brownish mineral belonging, to the 
datolite group. Its hardness is 6% to 7 and the specific gravity is 4.0 to 4.5. 
The luster is vitreous to greasy and the mineral is usually opaque. The 
composition is expressed by the formula Be2FeY Si207 9. It is very little 
used as a gem. Localities are Sweden, Norway and Texas. 


HAUYNITE 

This mineral is occasionally cut into gem stones. It is translucent to opaque 
and is found in many shades of blue and green. The luster is vitreous to 
greasy. The hardness 51% to 6 and the specific gravity 2.4 to 2.5. It is cubic 
in crystallization and, therefore, isotropic, the index of refraction being 
1.49. Its composition is expressed by the formula Na2Ca(NaS0Oq4.Al) Al2- 
(SiO )3- Potassium also may be present in a small amount. Principal 
localities are Italy and Germany. 


APOPHYLLITE 

This mineral is sometimes cut as gem stones and is really quite attractive. 
It oceurs in rose-red, yellow, green and white with a vitreous luster. It is 
tetragonal in crystallization. The hardness is 4% to 5 and the specific 
gravity 2.8 to 2.4. It is uniaxial and occurs both negative and positive 
optically. The mean index of refraction is 1.53. The composition is expressed 
by the formula H7KCa, (Si03)8.44%2H20. Principal localities are Green- 
land, Germany, New Jersey and Lake Superior region. 


ANHYDRITE 
This mineral is rather soft to cut into a gem but it is sometimes met with. 
The hardness is 3 to 3% and the specific gravity is 2.89 to 2.98. The luster 
is vitreous to pearly. It crystallizes in orthorhombic crystals. It is biaxial 
and optically positive. The mean index of refraction is 1.58. Color, white to 
bluish and reddish. It is anhydrous calcium sulphate. Gem quality ccmes 
from Germany, New Jersey and Nova Scotia. 
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BARITE 


This mineral is not suited to gem use, but has been fashioned for that 
purpose from time to time. It oceurs in yellows, blues and reds of light tint 
and also in the brown to almost, black. It is transparent to almost opaque. 
The luster is vitreous to pearly. The hardness is 214 to 3% and the specific 
gravity 4.3 to 4.6. It is orthorhombic in crystallization and is optically 
biaxial and positive in character. The mean index of refraction is 1.64. 
The composition is barium sulphate, BaSO4. It is widely distributed, fine 
gemmy goods coming from Germany and South Carolina. 


LEPIDOLITE 


Lepidolite is little used as a gem, but is made into ornamental objects and 
is very beautiful for this purpose. Its hardness is 2.5 to 4 and the specific 
gravity is 2.8 to 2.9. The luster is pearly and it occurs in many beautiful 
colors including rose, violet, purple, yellow, ete. It is a rather complex 
lithia mica and is found in many localities. Those in Maine and California 
yielding some especially nice material. 


JET 


Jet is a hard variety of lignite or brown coal. It is black in color and 
rather light in weight. The specific gravity is 1.1 to 1.4. The luster is 
resinous and it is amorphous. It is composed of carbon with hydrogen and 
oxygen. The best material comes from England. However, much of the 
material now being exported is not true English jet, but an inferior grade 
of material which is mined in other countries and only cut in England. 
Jet is imitated by bakelite, glass and other waxy or pastelike materials. 


CORAL 

Coral is composed of a multitude of skeletons of small sea creatures 
known as polyps. It is essentially calcium carbonate with more or less 
organic matter much the same as pearl. The hardness is about 3% and 
the gravity 2.6 to 2.7. Red coral comes from the Mediterranean Sea and 
black coral is now supplied mainly by the waters of the Persian Gulf and 
by the Great Barrier Reef of Australia. Coral is usually worked into beads 
and other cheap jewelry. 


AMBER 

Amber is a fossil resin of prehistoric coniferous trees. It is found in 
deposits which appear to be of a fairly late period as the geologist figures 
ages. The greater part of the world supply of amber comes from the Baltic 
Sea and from Germany, but it is also found in many other localities including 
Sicily, Burma, Denmark and Rumania. 

Baltic Amber is found in irregular amorphous masses varying in size 
from small bits weighing a fraction of a gram to large lumps weighing 
several pounds. Records show one lump weighing 20 pounds and of fair 
quality. The hardness of amber is 2 to 2% and the specific gravity 1.0 to 1.1. 
It, is isotropic and the index of refraction is 1.54. The luster is greasy and 
it is transparent to translucent. It becomes electrically charged by friction 
and when burned gives off a pleasing odor. The color of amber is yellow 
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AMBER (Continued) 


and it ranges from almost colorless through all the shades to brown and 
may be tinged with whitish, greenish or bluish, and sometimes black. These 
colors are very uncommon, however. While amber ig brittle, it may be 
worked with an ordinary knife into many intricate shapes. 


Many specimens are found with inclusions of insects, plants, leaves and 
other organic matter. Proving, beyond all doubt, that amber at some time 
was in a liquid state. It affords many fine specimens of prehistoric insect 
life and enables us to study these minute organisms which we would other- 
wise be more or less at a loss to know anything about. 


Amber may be absolutely transparent and almost colorless and yet other 
specimens are almost opaque and are deep in color or blotched with color. 
There are several grades of amber as follows: 

Clear—perfectly transparent including water-white to red. 


Fatty—much less transparent, due to presence of small air bubbles, and 
having the appearance of oily fats. 


Bastard—cloudy and filled with small bubbles. 


Bony—white with the appearance of dry bone. Takes a good polish, but 
is filled with a multitude of minute bubbles. 

Frothy—white, opaque and will not polish well, larger bubbles. 

Some of these varieties are boiled in oil to clear them. The oil will pene- 
trate into the amber, filling the cavities and thus clearing it. Amber chips 
are collected when the amber is worked and are assorted according to color. 
These are heated to a temperature of 190 to 220 centigrade, when they are 
pressed into blocks or shapes as desired. It is often a difficult matter to tell 
pressed amber from the natural, providing the work has been carefully done. 
The matter of distinguishing this material requires considerable experience, 
as it will be obvious that tests of the chemical composition and of the optieal 
properties will be useless, since the material is the same as natural amber. 

Burmese Amber. Amber from Burma is usually of uniform color and pale 
yellow, but occasional specimens cf reddish and brownish are found. The 
chief locality is the valley of the Hukong River, in the Jadeite locality. 
This amber is usually full of cracks and often the cracks are filled with 
calcite, giving the amber a streaked appearance. Burmite, as this is called, 
is slightly harder than the Baltic amber of succinite. Little Burmese amber 
is on the American. markets. 

Rumanian Amber. This amber is called rumanite. It is usually of darker 
color than the Burmese material, being brownish yellow to brown and very 
rarely of yellow color. It is usually filled with cracks, but does not, seem to 
part on the cracks readily. It is transparent to opaque. Rumanite is some- 
what more brittle than the Baltic variety. 

Sicilian Amber. Simetite is the name applied to Sicilian amber and it is 
so called after the Simeto River, which is near the deposits. It is darker 
than succinite, running more to the reds and reddish browns or reddish 
yellows. This amber is quite tough and is somewhat easier to work without 
chipping, at least in the hand of an unskilled workman. 


80 GEMS & vi eae 


AMBER (Continued) 


Danish Amber is very similar to the amber from Germany. 

Substitutions. Copal gum is often substituted for amber in cheap jewelry 
and ornaments. It may be easily detected, however, since amber is not 
dissolved by sulphuric ether, while copal is. However, in appearance, copal 
is very similar to amber and it is best not to depend on tests of refractive 
index, as they, too, are sometimes misleading. A cloth, moistened with 
sulphuric ether, when rubbed upon copal, will attack it,“while. amber will 
be unaffected. This test also may be applied with some results on certain 
pressed amber. Occasionally, pressed amber will be dulled by the applica- 
tion. of this ether, but not always, there being. some pressed. goods which 
will not respond to it. 

Imitations. Bakelite is used to imitate amber, but if is easily detected by 
its higher index of refraction and by its greater specific gravity. Glass is 
also used as an imitation amber, but.only in the very cheap goods. Amber 
will float upon salt brine, while both glass and bakelite will sink. Celluloid 
is occasionally used as an imitation, but it may be easily detected by merely 
rubbing it vigorously, when, if celluloid, it will give off an odor of camphor. 


Conclusion 
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The Chemical Compound of 
Some Liquid Inclusions* 


by 


EDWARD GUBELIN, Ph.D., C.G. 
Lucerne, Switzerland 


It is of importance to both min- 
eralogy and gemology that there are 
means whereby to determine the 
chemical compound of liquid inclu- 
sions, because it is this knowledge 
which helps us to ascertain the origin 
of a given gem. We know today that 
the great majority of liquid inclu- 
sions consists of pure water, carbon 
dioxide, carbonic acid or dissolved 
salts, probably small particles of the 
mother liquor from which the gem 
stones have originated. Some, in 
which water or carbonic acid pre- 
dominates, also contain gas in the 
form of spherical or elipsoidical 
vesicles. 

Chemistry teaches us. that the 
“critical point of temperature” of 
carbonic acid, that is the tempera- 
ture by which carbonic acid turns 
from the liquid into the gaseous 
state, is 31.1°C. The fact is that the 
libella (= moveable gas bubble) of 
an inclusion containing carbonic acid 
disappears when the temperature is 
increased over 31.1°C, and that it re- 
appears after consequent cooling off 
to the critical point and below. 

When minerals containing liquid 
carbonic acid are split in lime water 
a precipitation of lime carbonate re- 
sults. Also, the spectral apparatuses 
(emission spectrograph and absorp- 
tion spectroscope) show the spectrum 
of pure carbon acid. Of late it has 
been noticed that the liquid carbonic 


*G.1.A. Research Service. 


acid occurs in a far greater number 
of gems than was formerly assumed. 

We owe a great debt of gratitude 
to the researches of Sir David Brew- 
ster, Th. Simmler, H. Vogelsang, H. 
Geissler, H. C. Sorby and P. J. Butler 
which yielded us the information 
that the various liquid inclusions in 
a great many gem stones, such as 
emeralds, aquamarines, other beryls, 
alexandrites, sapphires, topazes and 
quartzes consist of carbonic acid, 
water or carbon dioxide either liquid 
or gaseous. 

In 1835 the English physicist Sir 
David Brewster distinguished two 
types of liquid inclusions which were 
to be found either in separate cavities 
or together in one tube, yet never 
mixing. One liquid behaved very 
similar to pure water, showing a low 
refractive index and being of wetting 
and rather stable character, whereas 
the other solution was non-wetting, 


quite agile and revealed a high de- 


gree of expansion. He thought it to 
be carbon dioxide. He examined 
smoky quartz, sapphires and topazes. 

Twenty-three years later R. Th. 
Simmler was able to confirm Brew- 
ster’s observations as to the chemical 
nature of the included liquids. Yet, 
both based their assertions upon sup- 
position. 

Not until H. Vogelsang and H. 
Geissler from 1869 to 1879 worked 
by means of spectral analysis was 
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Photo by Dr. Giibelin 


Fig. 1 


Large phantom in a cairngorm at 
normal room temperature. 50x. 


Photo by Dr. Gibelin 


Fig. 2 
Same inclusion after the gem was 
heated over 31° C. 50a. 


it made clear that those liquid in- 
clusions consisted of water and 
earbon dioxide. 


H. C. Sorby and P. J. Butler (1858) 
extended their researches to rubies, 
sapphires and diamonds and pub- 
lished many detailed facts of physical 
and chemical properties of therein 
embedded liquid inclusions. 


Recent and modernized research 
by the author upon the chemical 
composition of liquid and gaseous 
inclusions endorsed those discoveries 
of the last century and, at the same 
time, led to further results as to the 
genesis of the respective gems. 


As is the case of many valuable 
examinations here again the mag- 
nificent G.I.A. Diamondscope proved 
to be of most beneficial service. 
The relatively high temperature de- 
veloped by the little bulb inside the 
illuminator and controlled by means 
of the transformer may suffice to 
heat a stone properly. The degree 
of temperature may be read from 
a simple room thermometer which 
may easily be attached to the in- 
strument. Thus one gets a highly 
efficient heating microscope for the 
determination of the nature of some 
liquid inclusions. 

Many samples of different species 
were examined under various heat- 
ing conditions. 

As. best objects for distinet ob- 
servations, stones encasing liquid in- 
clusions with one or more moveable 
gas bubbles may be chosen. These 
heavily bordered vesicles being 
spherical or elipsoidical in shape are 
strongly curved towards the sur- 
rounding liquid. This distinct and 
convex demareation line between the 
liquid and the gaseous phase-in the 
inclusion is called méniseus and it 
is the principal feature of the in- 
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clusion upon which measurements 
may be taken. The inclusions: them- 
selves may have all shapes and sizes; 
the larger ones generally lying along 
oriented crystallographic directions 
and assuming the crystal habit of 
the mother-gem or ranging down- 
wards to small and microscopic, 
irregularly arranged and shaped 
drops of liquid. 

For all inclusions which revealed 
to contain liquid and gaseous car- 
bonie acid the observations proved 
to be constant; and to summarize the 
results achieved, the description of 
the investigations carried on upon a 
large phantom inclusion in a smoky 
quartz may serve as a typical ex- 
ample which counts for all. 


By means of the stoneholder the 
gem was put on the Diamondscope 
and the bulb was heated by an elee- 
tric current of 4 volts. Thus, the 
stone warmed very slowly and ob- 
servation could be made at ease. 
The meniscus is strongly curved at 
about 20°C (the liquid clings to the 
walls of the cavity and partly em- 
braces the bubble), but slowly and 
gradually it flattens the higher the 
temperature rises. Simultaneously 
the volume of the liquid increases 
and the gas diminishes. At. about 
29°C the meniscus is absolutely 
straight and the liquid phase fills 
about 4/5 of the cavity. At 29.9° + 
0.1°C (critical temperature) a sud- 
den conversion of all liquid into gas 
takes place; in other words, the 
meniscus vanishes suddenly and all 
liquid gasifies. Upon slow cooling off 
the liquid phase returns visible be- 
cause of the reappearing of the 
meniscus at exactly the same place 
(provided the stone has not mean- 
while been inclined or rotated into 
another position) immediately after 
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Photo by Dr. Giibelin 


Fig. 3 
Group of phantoms and irregular in- 
g clusions containing carbonic acid in 
a light blue aquamarine at normal 
room temperature. 100x. 


Fig. 4 


Same group of inclusions after the 
stone was heated over 31° C. 100x. 
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a scarcely perceptible layer of haze 
has arisen. The quicker the gem is 
chilled the broader the cloud of mist; 
when the stone is suddenly cooled 
off by means of cold water the whole 
cavity appears foggy. Gas and liquid 
separate very quickly and afterwards 
a few bubbles rise in the clear liquid 
to join the large vesicle. 

Within the same stone the critical 
temperature is equal for all liquid 
inclusions. There is no doubt that 
the tested liquid and gaseous sub- 
stance is carbonic acid with but slight 
pollution of probably water and air. 
The critical constants of carbonic 
acid are the following: 


Critical temperature: 31.1-31.35°C. 
Critical pressure: 73 atmospheres. 
Critical density: 0.464. 


Impurities in the liquid may cause 
the critical temperature to be lower 
than 31°C, as it happened to be with 
the inclusion here referred to. The 
fact that no second phase of liquid 
matter seemed to be present in per- 
ceptible amounts justifies the as- 
sumption that the carbonic acid was 
practically pure. The diagram. of 
pressure and temperature, in this 


case, will but slightly deviate from 
that of pure carbonic acid. 

This fascinating phenomenon was 
also observed in Colombian emerald, 
Ceylon sapphire and Ceylon ruby, 
Ceylon alexandrite, various beryls, 
topaz, phenakite and various quartzes 
but it never occurred in. tourmaline, 
chrysoberyl, nor in certain types of 
inclusions in topaz, nor in inclusions 
containing three phases of matter 
in Colombian and Uralian emerald. 
A moveable bubble may generally 
be considered as indication of the 
presence of carbonic acid. 
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As a conclusion of those observa- 
tions the following theory about the 
genesis of the respective gem stones 
and their inclusions may be derived. 


(To be continued) 
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So-Called “Mexican Jade” 


by 


EDWARD WIGGLESWORTH, Ph.D., C.G. 


wi stone has recently been adver- 
tised in Harpers Bazaar, Vogue and 
The Jewelers’ Circular-Keystone, un- 
der the name of “Imperial Mexican 
Jade.” The advertisement implies 
that it is something unusual, and is 
being presented by the Imperial Gem 
Syndicate of 607 Fifth Avenue, New 
York. An A.G.S. Graduate Member 
purchased some of this material at a 
department, store and it has been 
submitted to the G.I.A. Eastern 
Laboratory for identification. Pre- 
viously, material advertised merely 
as Mexican Jade by a Detroit store 
had been submitted to Dr. C. B. 
Slawson at the request of Detroit 
Better Business Bureau, whose re- 
port on it caused the store at which 
it was sold to publish an advertise- 
ment. of apology to their customers. 

The specimen tested at our labo- 
ratory was a nearly opaque gem 
stone carved in the shape of a bird, 
but having one flat side. In color 
and luster it is suggestive of a piece 
of porcelain chinaware. Fortunately, 


it was possible to obtain refractive 
index readings which, while not very 
sharp, definitely showed two shadows 
—one at about 1.50 and the other 
at about 1.66. The specific gravity 
as obtained on the diamond scales, 
using carbon tetrachloride, was de- 
termined as 2.70. The hardness was 
3. These tests suggested calcite and 
so a drop of cold hydrochloric acid 
was placed on the stone. This im- 
mediately effervesced, which con- 
firmed that the material was in 
reality calcite. The material is band- 
ed, and the color varies with the 
bands, suggesting that it has been 
dyed. 

This is apparently the same ma- 
terial as that tested by Dr. Slawson 
and identified by him as calcite and 
confirms the tests on this particular 
stone by the above-mentioned Gradu- 
ate Member. It seems to add another 
instance of a material of little value 
being treated and sold under a mis- 
leading name. 
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U.S. Develops Synthetic 
Sapphire Industry 


Release of Linde Air Products Company, Unit of Union Carbide and Carbon 
Corporation, Library Members, Gemological Institute of America, Inc. 


Many are the near-miracles per- 
formed by American industry within 
the past two years, but few can 
equal in romance the story of 
America’s new synthetic ruby and 
sapphire manufacture. For, cut off 
from the European supply because 
of the war, America has had to 
develop its own manufacture of 
boules, the raw material for both 
synthetic gems and jewel bearings. 
Boule quality and production have 
been developed—in less than two 
years—to the extent that one com- 
pany, The Linde Air Products Com- 
pany, a Unit of Union Carbide and 
Carbon Corporation, supplies boules 
in commercial quantities of quality 
unsurpassed by European manufac- 
ture. 


To understand the accomplish- 
ments of American chemists and 
engineers, it is well to review the 
chemistry and history of the manu- 
facture of synthetic rubies and sap- 
phires, which, from a mineralogical 
standpoint, are classified as gem- 
quality types of corundum. 


Natural rubies and sapphires are 
single crystals of the chemical com- 
pound, aluminum oxide, commonly 
known as alumina. The color is 
caused’ by the presence of metallic 
oxides such as those of chromium, 
titanium, iron, or cobalt. If gem- 
quality corundum is red, the stone 
is a ruby; if blue, clear, yellow, 
green, pink or violet, it is called a 
sapphire. Synthetic sapphire. and 
ruby boules are of the same chemical 


composition as natural. stones. To 
make any of these varieties syn- 
thetically, it is necessary to purify 
aluminum oxides; add to it a suit- 
able pigment, which, in natural 
stones, was introduced as an im- 
purity by nature; and by a suitable 
method crystallize it in boule form. 


This can be accomplished by the 
oxygen-hydrogen furnace method de- 
veloped by Auguste Verneuil, a 
French chemist, in 1902. Today, this 
process is universally used to pro- 
duce synthetic material in crystal 
form, 


The Verneuil process was orig- 
inally intended for the manufacture 
of synthetic rubies. Improvements 
and modifications have now made it 
possible to produce sapphires of 
various colors as well as spinels. 
Essentially, the equipment consists 
of a powder dispenser from which 
alumina is fed into an oxy-hydrogen 
flame, and thence onto a pedestal 
where the fused material crystallizes 
as corundum. The corundum slowly 
builds up as a cylindrical or bullet- 
shaped mass (the boule), having its 
small end down. When the proper 
size of boule has been attained, the 
furnace is shut off and the boule is 
allowed to cool slowly. 


European Production 


The first boules made by this 
process in Switzerland, France, and 
Germany were small and contained 
many air bubbles, internal cracks, 
and other defects. As the furnace 
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Fig.1 


Boules are manufactured in an 

oxygen-hydrogen furnace of this 

type. This has been partially opened 
for photography. 


operators gained experience, how- 
ever, imperfections became fewer, 
and larger sizes were made possible. 

Until this year these three Eu- 
ropean countries were the only 
sources of synthetic corundum and 
spinel, the latter having been in- 
troduced about 1926. Production of 
all the European plants was last 
reported to be almost 1,000,000 
carats a day, practically all of which 
were cut in Europe. Cut gems, jewel 
bearings, and, to some extent, boules 
were imported to the United States. 
Considerable quantities of these im- 
ports were used for ornamental jew- 
elry, but a sizable proportion has 
been utilized for industrial purposes, 
such as for bearings for watches, 
electric meters, and precision in- 
struments. 


Recognizing, in the Autumn of 
1940, that the dwindling imports of 
synthetic sapphires would. soon not 
be sufficient to meet America’s 
growing demands, despite the fact 
that users had built up stocks as 
fast as they could all through 1939 
and 1940, the Government invited 
a number of domestic manufacturers, 
basically qualified, to attempt to pro- 
duce this material. The Linde Air 
Products Company was in a partic- 
ularly favorable position to investi- 
gate the problem and to set up 
facilities to manufacture corundum. 


Problems of Manufacture 


The production of synthetics was 
no easy task. No European experts 
were available to supervise manu- 
facture. Many problems arose and 
each had to be solved by careful 
and tedious experimentation. There- 
fore, the production of ‘the first 
small, clear crystal represented 
many menths of intensive research. 


From a single original laboratory 
furnace, the manufacturer went 
into small-scale production, and 18 
months after the start, The Linde 
Air Products Company reported to 
the War Production, Board that it 
was ready to furnish white sap- 
phire in any reasonable quantity. 
The boules are, at the present writ- 
ing, used entirely for essential in- 
dustrial and military uses. It is 
hoped, however, that in the not-too- 
distant future the material will be 
available for other uses. 


Advantages of Synthetics 


The principal advantage of syn- 
thetic corundum for wear-resistant 
bearings is its great hardness. Ac- 
cording to Mohs’ scale, it is next 
to the diamond in hardness. There 
is a difference in hardness, however, 


between individual specimens of 
corundum, whether natural or syn- 
thetic. The high hardness and 
homogeneity of synthetic boule pro- 
duces long-lasting wearing surfaces, 
thus increasing the accurate life of 
delicate mechanisms. y 
Practically, the synthetic gems are 
perfect, and this, coupled with the 
fact that the boule is of uniform 
size, offers decided economies in cut- 
ting not found in natural sapphire. 


Synthetics in Jewelry 


The use of American-made boules 
for ornamental jewelry holds the 
same advantages as are. found in 
industrial applications. Naturally, 
economies of cutting are realized, 
the same as in cutting industrial 
gems. There is less stone wasted 
because cutting procedures can. be 
standardized. 

Colored boules grow more slowly 
than clear ones, and are usually 
smaller. However, when the pres- 
sure of war demands is relieved a 
variety of colors and color tones 
will be manufactured. In fact, very 
fine colored gems have already been 
made experimentally. In addition to 
this, spinel of many colors will be 
made after the war. 


Identifying Domestic Synthetics 


The white boules (sapphires) are 
the desired industrial product, al- 
though red boules (rubies) have also 
been made in some quantity. In gen- 
eral, all synthetic and natural 
corundums are chemically identical. 
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The pigment has little effect on 
specific gravity and refractive index. 
Differences in hardness are exceed- 
ingly difficult to measure without 
elaborate equipment. 


While at the present time atten- 
tion is almost entirely focused on 
the production and fabrication of 
sapphire or jewel bearings, the ma- 
terial is destined to occupy an im- 
portant position for other industrial 
peacetime processes. The properties 
of high hardness, high resistivity to 
chemical attack and thermal shock, 
and excellent dielectric properties, 
are characteristics which, singly or 
collectively, automatically select sap- 
phire for such applications as in- 
sulators in vacuum thermionic de- 
vices, diesel engine injector nozzles, 
thread guides, oil burner nozzles, 
and special abrasives. Many indus- 
trial articles ean and probably will 
be fabricated by jewelers and lapi- 
daries as well as plants that spe- 
cialize in the cutting of industrial 
sapphire products. 


It is a tribute to American in- 
dustry that it could so rapidly adapt 
its. knowledge and experience to the 
making of such an exacting product. 
With the boule production problems 
solved in this country, it. is believed 
that the domestic cutting and fab- 
rication of synthetic sapphire will 
become more mechanized and the 
number of operators will grow to 
help form a complete, efficient, and 
lasting sapphire-fabricating indus- 
try. 
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Fig.2 


Observe the comparison between 
these American-made boules. Left, a 
i4-carat, white, opaque, and shat- 
tered boule, one of the earliest at- 
tempts in December, 1940. Next, a 
20-carat, clear boule made soon after 
—the first clear material made by 


Linde. Next, a 200-carat boule rep- 
resentative of present commercial 
material. At the extreme right, the 
“19438 model’—flawless, hard, and 
perfect in its formation, one of the 
most recent boules chosen for its 
outstanding size—about 350 carats. 


TABLE I 
Hardness of Mohs’ Minerals and Sapphire 


Gypsum 
Apatite (parallel to optical axis)... 


Quartz (parallel to optical axis)... 


Topaz.. 


Tungsten canes ie... tecer de he eee ee 
Montana Sapphire: § 2. we See! 
Burma Sapphire..........2222.....0c:eeseeeeceeee 
Synthetic Sapphire Geant to optical axis) 9 
Synthetic Sapphire (parallel to optical axis)... 


Diamonds ees 26>... SE a ees 


Mohs’ Tukon, Microhardness* 
Hardness (Knoop Indenter) 

2 32 

5 360 

7 710 

8 1,250 
Mee 9 1,450-1,600 
it ae 9 1,450-1,600 
on 9 1,600 


1,500-1,700 
1,600-1,900 
5,800-6,200 


*Values provided through the courtesy of the National Bureau of Standards. 
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Gift from Switzerland 


Edward Giibelin, C.G., of Lucerne, 
Switzerland, Sustaining and En- 
dowment Member and postgraduate 
student of G.I.A., has presented the 
Gemological Institute with an in- 
comparable gift, the result of many 
hours of careful research on his 
part—129 colored photomicrographic 
Kodachrome slides of inclusions in 
both genuine and synthetic stones. 
The slides include Burma; Siam and 
Ceylon rubies; Cashmere, Siam and 
Ceylon sapphires; Colombian and 
Uralian emeralds, aquamarines, 
beryls, alexandrites, cats-eyes, gar- 
net, spinel, tourmalines, topazes, 
amethysts, citrine, iolite, and dia- 
monds; also synthetic rubies and 
sapphires. The colors are unusually 
true. One minor but interesting fea- 
ture is the reproduction of the di+ 
chroi¢ colors of certain stones. 

The slides are accompanied by a 
19-page lecture which, among other 
things, explains the characteristic 
inclusions of rubies, sapphires and 
emeralds from different localities, 
and characteristic inclusions in syn- 
thetics and in glass imitations, many 
of them illustrative of Dr. Giibelin’s 
valuable research reported by him 


in previous issues of Gems & Gem- 
ology. 

The slides and lecture have been 
used with great success by Dr. Giibe- 
lin before the Rotary Club of Switz- 
erland, the faculty and students of 
certain Swiss universities and nat- 
ural history societies. A condensa- 
tion of the lectures, in form of an 
article, recently appeared in the 
Swiss counterpart of Life maga- 
zine accompanied by amazingly beau- 
tiful and accurate color reproductions 
of 9 photomicrographs. 

The slides and lecture will be made 
available to C.G.s and G.I.A. in- 
structors for presentation at Re- 
gional Guild meetings of the Ameri- 
can Gem Society and will probably 
be a feature of the G.I.A. educational 
program at the first postwar con- 
claves of that society. Under condi- 
tions which assure the safety of the 
slides they may be made available 
to universities and scientific societies. 

This gift represents the first work 
of this kind ever to be reported to 
us and an outstanding contribution 
both to the Gemological Institute and 
to world gemology. In monetary 
terms its value is inestimable. 


LEON 5S. DAVIS, CERTIFIED GEMOLOGIST 


Leon 8S. Davis, 54, Certified Gemologist of Binghamton, New York, died on 
June 21, 1943, after a long illness. Mr. Davis was C.G. #48, having re- 
ceived his title on November 10, 1938. He was among the first jewelers in 
the eastern states to become interested in gemology. His contributions 
to the development of the North American gemological profession were 
important and numerous. He was Organizer and Past President of the 
Central New York Guild, A.G.S.; Past-Chairman, International Admissions 
Board; Past-Chairman, Eastern Division Advertising Committee. 

Mr. Davis was born in Homer, Cortland County, New York, May 28, 
1889. At the time of his death he was a partner in the firm of Darrow- 
Davis, Inc., Registered Jewelers, A.G.S. 
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The Pearls of Lower California 


Editor’s Note: 


Max Miller’s “Land Where Time 
Stands Still—Today’s Story of Baja 
California,” is a vivid exciting and 
sympathetic book on Lower Califor- 
nia, a land practically unknown to 
the vast majority of the citizens of 
the United States, and yet Baja Cali- 
fornia is the mother of Alta Cali- 


fornia—“‘the matrix from which our 
own California was struck.” 

One of the chapters tells the fan- 
tastic story of the death of the pearl 
oyster and the end of the La Paz in- 
dustry that was a source of Mexican 
revenue for centuries. Through the 
courtesy of the publishers, Dedd, 
Mead and Company, New York City, 
we are permitted to quote the follow- 
ing: 


“A mysterious epidemic to the 
pearl-oyster beds is what caused it. 
Everybody in La Paz will agree on 
that part of the tragedy. The pearl- 
oysters suddenly all died within a 
single season not very long before 
my arrival. The beds all died at 
once, even those which were a hun- 
dred miles apart. Nothing like it had 
ever happened before in the entire 
history of La Paz pearling. 


“The synonymy of pearls and La 
Paz is a very ancient synonymy. And 
here it was just my luck to come in 
at the death of it. 

“My mind had been all set on de- 
seribing the pearling fleets. With any 
sort of luck I had hoped to make a 
cruise on one of the diving vessels. 
Well, I can still describe the pearling 
fleet of La Paz. Much of the fleet lay 
high, dry, and rotting upon the pe- 
ninsula across the bay. I ean still de- 
scribe the diving equipment. It was 
all stacked inside a board fence next 
to the water front. Here were the 
diving pumps rusting and weather- 
ing—much after the order of the 
Little Tin Soldier. 

“Nor does there seem much use 
for the diving pumps to wait, duty- 
bound, for the summons to go into 


action. again: According to the 
stranded old pearlers around town, 
there will be no more action. The 
stricken pearl-oyster beds appear 
unable to make a comeback. Periodi- 
eally, while I was in La Paz, scouts 
would return to town with a report 
that the oysters were growing once 
more. But to La Paz such reports 
already were becoming an old story. 
Yes, some of the oysters could be de- 
tected as growing—but only for a 
short time, and only until they 
reached a certain size (too little for 
commercial pearls, and then they 
would all die off again, killed by the 
mysterious epidemic, or blight, or 
whatever it is. 

“The prevailing rumor in La Paz 
is that some Japanese experts are 
responsible. Nor does the war have 
anything to do with the theory. It 
was circulated a year before Japan 
became an enemy. The theory, in 
fact, was circulated as soon as the 
beds began dying. Some of the pearl- 
ers had seen strange goings-on by 
Japanese fishermen prior to the epi- 
demic. 

“La Paz, with its natural-colored 
pearls as well as its white ones, had 
remained the one serious rival to 
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Japan’s pearl-culturing industry. 
Colored pearls, the blacks and the 
blues, cannot be deliberately cul- 
tured. For this reason the colored 
pearls were becoming more valuable 
and more in demand than the white 
ones. The buyer of a colored pearl 
knew he was not buying a, cultured 
one. And the pearls. of La Paz were 
noted for their colors. Japan, so they 
say in La Paz, began less and less to 
like the idea. It could prove serious. 
It could, in brief, knock the stilts 
from under the culture-industry. 
“So La. Paz, for the first time in 
the four centuries of history, has no 
more pearls. The pearl-oyster beds 


behave as if inoculated with a poison, 
a poison which has spread from a 
few diseased oysters in one bed to 
all the others. 

“The pearlers can understand how 
such a thing might have happened 
naturally in a single bed. But they 
cannot understand how it could have 
happened in all of the well-known 
beds, hundreds of miles apart, si- 
multaneously. 

“The pearlers don’t, know. Nobody 
in La Paz knows. And so it was a 
town of sadness which I entered. It 
was a medieval town as well. It was 
as medieval as the seventeenth cen- 
tury.” 


THE GEMOLOGICAL INSTITUTE OF SWITZERLAND 


Under the leadership of Edward 
Giibelin, Ph.D., C.G., this association 
has recently been organized. 

The third nation-wide organization 
of its kind, it has been patterned on 
the Gemological Institute of America, 
even to the spelling of the name with 
but one “m.” 

Dr. Giibelin completed his gemo- 
logical education at G.J.A. head- 


quarters in Los Angeles by studying 
the Institute’s courses, obtaining his 
Certified Gemologist title and pur- 
suing postgraduate work. 

The Swiss association has as its 
objectives not, only a laboratory, the 
immediate needs of which is served 
by Dr. Gtibelin’s excellent laboratory, 
but the establishment of gemological 
courses, 
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Holohedral. The name given to the 
highest symmetry class of the 
cubic or isometric system. Diamond 
is in this class. 


Hope. An Indian diamond, usually 


described as sapphire blue but 
sometimes described as a grayish 
or smoky blue, not unlike the 
familiar grayish blue of many 
Montana sapphires. Weight in 
the rough unknown, cut 44.5 c¢. 
Strong circumstantial. evidence 
links it with the blue diamond 
which Tavernier bought in India 
in 1642 and sold later to Louis 
XIV. The Hope is probably the 
larger portion of the “Tavernier 
Blue” stolen from the Garde 
Meuble (Royal Treasury) in Paris 
in 1792. The diamond was’ prob- 
ably cleaved and the larger por- 
tion appeared on the market in 
1830. The diamond passed into 
the hands of Henry Thomas Hope 
and the family owned the blue 
gem for a number of years. In 
1867 it was sold, passed through 
other hands until 1911 when it 
was sold to Edward B. McLean 
of Washington, the sale price in 
this case being $300,000. In 1938 
Mrs. McLean was still in posses- 
sion of the gem. See Brunswick; 
Tavernier Blue; Wittlesbach. 


“Horatio Diamond”. Colorless quartz 


from Arkansas. 


“Hot Springs Diamond”. Rock crystal 


from Hot Springs, Arkansas. 


Hyderabad. A native state of India, 


also its capital. See Golconda, 
Nizam of. 


DIAMOND GLOSSARY 


(Continued from last issue) 


(Abbreviation for imperfect). 
Term used in grading diamonds 
for comparative perfection. 


Icy Flakes. A seldom used trade name 


for small cracks along cleavage 
planes sometimes caused by over- 
heating stones during fashioning. 


I.D.B. Act. Tlicit Diamond Buying. 


Act. A South African law which 
makes the buying of diamonds 
from native laborers and others 
not entitled to their possession, a 
criminal offense. 


Ideal Brilliant. A term used prin- 


cipally in German publications re- 
ferring to a brilliant which pos- 
sesses those proportions and an- 
gles, which produce the greatest 
brillianey. In the ideal diamond 
brilliant consideration is also 
given to maximum dispersion. 


Igneous Rocks. Rocks formed upon 


the solidification of molten mate- 
rial or magma. 


IHuminating Hand Magnifiers. Hand 


flashlights which illuminate the 
surface of a gem as it is observed 
through a magnifier incorporated 
in the assemblage. Sold under 
trademarked names such as Beam- 
o-scope, the light is reflected from 
the stone’s surface, masking any 
imperfections it may possess. 


“Imitation Doublets”. A term applied 


in American trade to paste or 
glass imitations of gem stones, 
including diamonds. 


Imitations. In its broadest sense, 


anything which simulates a gen- 
uine natural gem. Gemologically 
the term is applied only to glass, 
plastics and other amorphous 
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compositions, distinguished from 
synthetics and assembled stones. 
Imperfect. Term used in grading dia- 
monds for ‘comparative perfec- 
tion. Containing imperfections 


easily seen unaided by any normal 


eye. See also Slightly Imperfect. 

Imperfect, Slightly (S. I.). Term 
used in grading for comparative 
perfection. Larger imperfections 
than in Third Pique, but not in 
a conspicuous position, easily seen 
under a loupe or even by the:un- 
aided eye. 

Imperfect, Very, Very Slightly 
(V.V.S.I.). Some dealers use term 
for Piqué, others use term for 
Clean. See Clean; Piqué. 

‘Imperfection. A trade term used to 
refer to inclusions or faulty struc- 
ture of any kind which is visible 
to the eye whether observed with 
or without the aid of a magnifier. 
Term is less rarely used to refer 
to faulty cutting. or polishing. 

‘Imperial Diamond. See Victoria Dia- 
mond. 

Inclusion. In gemology; the general 
name inclusion is given to any 
foreign body inclosed within a 
substance, whatever its origin. 
They may be gaseous, liquid or 
solid; visible to the naked eye or 
requiring the use of a- magnifier. 
In geology, a fragment, of what- 
ever size,of another rock inclosed 
in an igneous rock. : 

_Inclusions, Solid. More or less well 
formed crystals of the same or 
other minerals. However, crystals 
of ether minerals are often in- 
cluded in gem minerals. 

Incrustation. A crust or coating. 

Indestructibility. Diamond is com- 
paratively indestructible. It re- 
sists abrasion as does no other 
substance. It can be forced into 
steel. However, it can be destroyed 


by intense heat passing directly 
from a solid to a gaseous state. 
Sharp blows or the action of rapid 
temperature changes on inclusions 
may result in cleavage, breakage 
or disintegration. 

Industrial. Diamond usually un- 
suitable for gems, used for indus- 
trial purposes. See Ballas; Bort; 
‘Carbonado. 

. Index of Refraction. Refraction is an 
optical property of the diamond 
and other substances; the index 

“is a measure of the amount that 
light passing is bent as it passes 
from air into a more dense trans- 
mitting substance. The index of 
the refraction of the diamond is 
2,42, 

India. Diamonds were found gen- 
erally along the eastern slope of. 
the Decean .Plateau. The original 
source of these diamonds has never 
been discovered. The mines which 
were important from about 1000 
A.D. fell into disuse after dis- 
covery of the Brazilian sources. 

Indian Cut. A clumsy form of the 
single brilliant cut, adopted by 
East Indian cutters for the pur- 
pose of getting as much weight 
as possible after cutting. 

Ingrowth. A small crystal’ which 
completed its growth and was then 
caught up and partially inclosed 
by the larger growth. 

In Situ. A term used to describe the 
location of minerals when found 
in the place where they twere 
originally formed. 

Interference, Color. Colors produced 
by the destruction or weakening 
of certain wave lengths of a com- 
posite beam of light by inter- 
ference. An important element in 
the determination of minerals in 
thin sections under the polarizing 
microscope. 


(To be continued) 
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The Chemical Compound of 
Some Liquid Inclusions* 


by 


EDWARD GUBELIN, Ph.D., C.G. 
Lucerne, Switzerland 


(Continued from Last Issue) 


Without difficulty the following 
limits of pressure and temperature 
during the gems’ genesis may be 
calculated and read from the cor- 
responding diagram: 

Minimum temperature — 30° C. 

Minimum pressure = 73 atm. 


Since one phase only could orig- 
inally have formed the inclusions 
the carbonic acid was enclosed in 
gaseous state. 


Maximum temperature = 370° C. 
Maximum pressure = 580 atm. 


The fact that gaseous bubbles 
could only be formed in a liquid 
phase leads to the conclusion that 
the maximum temperature was 370° 
C, which represents the critical 
temperature of water and that, 
therefore, water had played an es- 
sential part in promoting the for- 
mation of such liquid and gaseous 
inclusions. Water must have been 
active in the original mother-liquor 
of those gems. 


This speaks for the fact that 
many liquid enclosures contain two 
liquid: and one gaseous phase, i.e., 
two non-miscible liquids besides each 
other and on top of one of them a 
gas bubble is seen. floating. They 
are most readily distinguished be- 
cause the two liquids have different. 
refractive qualities. Further investi- 


*G.I.A. Research Service. 


gations, also based on the tempera- 
ture test and carried out by means 
of a special electric heating furnace 
(microscope accessory) proved many. 
of them to be water and liquid car- 
bonic acid. The water generally oc- 
cupies the parts along the walls and 
fills the lappets, the carbonic acid 
is found in the central parts of the 
cavity. The bubble is then always 
floating on top of the carbonic acid 
and is gaseous carbonic acid itself. 

The formation of such inclusions 
containing one or more non-miscible 
liquids and a gaseous vesicle must 
be due to special geological condi- 
tions and the factors enumerated 
below may explain it: 


1. The older parts (formed right 
at the beginning of the crystal’s 
growth) of the gem crystallized from 
a watery solution, which under pres- 
sure was saturated with carbonic 
acid. 


2. A tectonic movement, or some 
other mechanical process caused a 
sudden discharge of pressure suc- 
ceeded by a boiling of the mother 
liquor. 


3. Rising of bubbles of water va- 
por and gaseous carbonic acid. 


4. Simultaneously the gem ecrys- 
tallized very quickly whereat these 
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Photo by Dr. Giitbelin 


Fig. 5 
Irregular liquid inclusion in an 


amethyst at normal room tempera- 
ture. 300x. 


Photo by Dr, Gibelin 


Fig. 6 
Same cavity containing but the gase- 
ous phase of carbonic acid after the 
amethyst was heated over 31° C. 
800k, 
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bubbles sticking to the crystal’s sur- 
faces got entombed. 

5. The larger inclusions form 
phantoms which counterfeit the ex- 
terior habit of a previous stage of 
the erystal’s growth. From this fact 
it ensues that all inclusions were 
formed at the same time—another 
proof of the sudden change of the 
chemical-physical conditions. 

6. The smaller inclusions show 
distinctly rounded or 
shape—the shape of bubbles. Since 
this bubble shape is not true of the 
larger inclusion enclosures, one may 
imagine that the growing crystal 
had it in its erystallization power 
to force its own habit, against the 


elongated 


surface tension of the vesicle, solely 
upon the inclusions of certain sizes. 
The circumstance that the phe- 
nomenon described above was ob- 
servable in gem stones particularly 
originating from limestone, car- 
bonaceous limestone or dolomite 
rocks is remarkable and the occur- 
rence of carbonic acid in those gems 
seems to be quite consequent. 


Modern literature dealing with the com- 
position of gaseous and liquid inclusions: 

Bach, S. R. Notes on Inclusions in Gem- 
Stones, The Gemmologist, Jaruary, 1940, 
p. 72. 

Michel, H. The Pocket-Book for Jewelers, 
1929, p. 77. 

Cohn, J. Die Einschliisse der Edelsteine, 
Deutsche Goldschmiede Zeitung Nr. 84, 1924, 
p. 241. 


Conclusion 


Institute Establishes Research 
Membership and Elects 
First Member 


By authority of the Board of Gov- 
ernors the first Research Member- 
ship has been awarded. Such Mem- 
bership is provided in the Constitu- 
tion and By-Laws of the new Gemo- 
logical Institute of America, Inc. 

Upon Dr. Edward Giibelin, Certi- 
fied Gemologist of Lucerne, Switzer- 
land, was bestowed the honor of be- 
coming the first Research Member 
of the Institute. His election to this 
membership is a timely recognition 
of the individual research which he 
has accomplished since he visited the 
United States in 1939 for the prin- 


cipal purpose of studying the Certi- 
fied Gemologist courses and taking 
the examinations. 

Readers of GEMS & GEMOLOGY 
are familiar with Dr. Gtibelin’s ar- 
ticles in which he has given the re- 
sults of some of his research. His 
presentation to the Institute of a 
series of colored slides illustrating 
other research work was reported in 
the last issue. 

It is expected that this award will 
stimulate other Certified Gemologists 
to pursue a greater amount of indi- 
vidual Gemological research. 


C 


c 


FALL, 


1943 101 


The “Moon” Diamond 


by 


B. W. ANDERSON, B.Sc., F.G.A. 
London Gemmological Laboratory 


A diamond weighing 1838 carats— 
possibly the largest ever to have been 
sold under the hammer—was auc- 
tioned at Sotheby’s sale rooms, Lon- 
don, on August 20, 1942. The stone 
was knocked down to a Mr. H. W. 
Thorne for the surprisingly low 
figure of £5,200, but subsequently 
passed into the hands of a Foreign 
Potentate, whose name cannot be 
divulged. 

One would expect that a diamond 
of this size would take rank as one 
of the “famous” diamonds of the 
world, and at the time of the sale 
publicity was given to the stone as 
the “Moon of the Mountains” with 
an attendant romantic legend which 
bore considerable likeness to the his- 
tory usually ascribed to the Orloff 
diamond. 

According to several authorities 
(among them Schlossmacher and 
Herbert Smith) the names Great Mo- 
gul, Orloff, Derya-i-nur, and Moon of 
the Mountains all refer to the same 
jewel—which was taken with other 
loot from Delhi in 1849 by Nadir 
Shah, and, after many vicissitudes, 
was presented by Prince Orloff to 
Catherine the Great of Russia. Rob- 


ert Shipley, in his scholarly booklet, 


“Famous Diamonds of the World,” 
writes: 

“The Orloff survives in the Dia- 
mond Treasury of the U.S.R.R. in 
Moscow. The exact weight of the gem 
is 199.6 carats. It is % of an inch in 
height, 1%, inches wide; and 1% 
inches long. It is still mounted in the 
scepter of the Romanoffs” ... The 
authority for these statements is the 


well-known Russian gem expert, Dr. 
Fersman. 


Thus, though there is still a mys- 
tery concerning the origin of the 183- 
carat stone sold at Sotheby’s, it can 
be definitely stated that it was not 
the Orloff. 


The “Moon” was actually the name 
attached to the Sotheby stone, and 
of this there appears to be no pre- 
vious record. 


According to an eye witness, the 
stone was a well-cut brilliant, almost 
circular, rather on the thick side, but 
showing good fire in any light. It had 
a faint tinge of yellow and was al- 
most certainly not an Indian stone 
—more probably a South African 
specimen, which would account for 
its lack of history. 


The stone reached London from 
Paris, where it had been in the hands 
of the (anonymous) owner for some 
twenty-five years. It was reputed to 
have been formerly among the Rus- 
sian Crown Jewels, but this cannot 
be substantiated. 

A scale drawing of the “Moon” 
diamond appeared in “The Gemmolo- 
gist” for September, 1942, shortly 
after its sale at, Sotheby’s. The draw- 
ing depicts a stone of diameter about 
1%4 inches, with the bezel facets di- 
vided into two facets each, making 
forty-one facets in all for the front 
part of the stone. 

It is quite possible that though 
the “Moon” diamond has at present 
no history, it. will earn one for itself 
in the future. Its acquisition by a 
“Foreign Potentate” has the correct 
romantic flavour. 
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Honorary Members of 
Institute Elected 


By authority of the Board of Goy- 
ernors the contributions to Gemology 
of three well-known men have recent- 
ly been recognized by their election 
as the first Honorary Members of 
G.LA., Inc. They are Dr. Sydney H. 
Ball, Mr. H. T. Dickinson, and Dr. 
Edward Henry Kraus. Drs. Ball and 
Kraus had previously been elected 
Honorary Members by the Board of 
the Institute before its acquirement 
by the North American jewelry in- 
dustry. Their contributions to Gem- 
ology are well known to all members 
of the Gemological profession on this 
continent and in Europe. 

Dr. Kraus is Dean of the College 
of Literature, Science, and the Arts, 
and Professor of Crystallography 
and Mineralogy, at the University of 
Michigan. He is the author of numer- 
ous books and scientific reports, in- 
cluding “Gems and Gem Materials” 
in collaboration with Dr. Chester B. 
Slawson of that University. 

Dr. Ball is recognized internation- 
ally as perhaps the world’s outstand- 
ing mining geologist. His best-known 
contributions to Gemological literat- 
ure are the Gem-Stone Chapter of 


the “Minerals Yearbook” published 
annually by the U. S. Department of 
the Interior, Bureau of Mines, and 
the “Annual Reports on the Diamond 
Industry.” 


Both of these men have rendered 
constructive assistance in the devel- 
opment of the Gemological Institute 
over a period of more than ten years. 
They have criticized and suggested 
additions to the Institute’s courses 
and have contributed valuable arti- 
cles to GEMS & GEMOLOGY. 

Mr. Dickinson’s contribution to 
Gemology is also of great importance. 
He holds the degree of E.M. from Co- 
lumbia University, and is a Director 
of De Beers and Affiliated Mines, 
Ltd. He has served upon the Advis- 
ory Board of the Institute for ten 
years. He has criticized and made 
valuable additions to all portions of 
the Institute’s courses which refer to 
the geology, mining, distribution and 
quality of diamonds. His other con- 
tributions to the development of Gem- 
ological education in general and to 
the development of the Gemological 
Institute in particular have been nu- 
merous. 
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Notes on Identification 
of Synthetic Spinel* 


EDWARD WIGGLESWORTH, Ph.D., C.G. 
Director, Eastern Headquarters Gemological Institute of America 


Synthetic spinel is often difficult to 
identify. The better stones often lack 
the definite characteristics listed in 
the textbooks. We are taught to look 
for bubbles and curved striae as 
proofs of the synthetic origin of both 
corundum and spinel. However, bub- 
bles in synthetic spinel are usually 
very small and scarce, never occur~- 
ving in groups as in synthetic corun- 
dum. In some stones it is difficult to 
find a single bubble and when they 
are found they appear as bright pin 
points rather than the spherical 
forms seen in synthetic corundum 
and glass. Curved striae, I feel cer- 
tain, never occur in synthetic spinel, 
in spite of many printed statements 
to the contrary. I had almost arrived 
at this conclusion at the time B. W. 
Anderson’s “Gem Testing for Jewel- 
lers” was published last year. I was 
much interested to note that he states 
they are not present. 

Another thing that is troublesome 
is the presence of an occasional small 
inclusion that is obviously not a bub- 
ble. Anderson describes these. as hav- 
ing the appearance of bread crumbs. 
They are probably bits of unfused 
material. The fact that they are an- 
gular is often misleading to anyone 
not having had experience with these 
‘stones. 

As a result of the absence (or near 
absence) of bubbles, the lack of 
curved striae, and the presence of 
solid inclusions, we must look for 
other evidence to make our identifi- 
cation between natural and synthetic 
spinel. 


* A.G.S. Research Service. 


First is the color. Most synthetic 
spinels are in light tones, and usually 
not the colors found in natural spinel. 

Second, it has been my experience 
that strong anomalous double refrac- 
tion is practically always present. 
This is indicated by the wavy type of 
extinction. Instead of the stone extin- 


guishing all at once as in true double 
refraction, there is a dark band that 
passes over the stone as it is revolved 
in the Shipley polariscope. A further 
test has been described by Robert 
Shipley, Jr. The stone in the polari- 
scope is turned to a point where the 
greatest amount of light comes 
through it. The top polarizing disk 
is then revolved away from the 
“crossed” position. If the light com- 
ing through the stone increases, it is 
proof of anomalous double refrac- 
tion. 


Third, the refractive index is, in 
most cases, around 1.73, as compared 
with 1.72 for the natural material. 

Fourth, the specific gravity is 
usually slightly higher than that of 
the natural material, running about 
3.68, as compared with 3.60. This is 
contrary to what we learned in the 
elementary gemology, that a syn- 
thetic must have the same optical 
and physical characteristics as the 
genuine. The explanation is that spi- 
nel is a mixture of magnesium oxide 
and aluminum oxide and in the man- 
made spinel a higher percentage of 
the heavier magnesium oxide is used 
than in nature. 
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GIFTS TO THE INSTITUTE 


From James G. Donavan, Jr., Registered Jeweler, A.G.S., an important 
group of synthetic emeralds manufactured in the United States and pur- 
chased by the donor especially for the Institute’s collection. The group con- 
sists of: One emerald-cut stone of .66 carats; three emerald-cut stones, total 
weight .76 carats; and three uncut crystals totaling 5.73 carats in weight. 
A long-desired addition to the Institute’s gem collection, these stones are of 
great value for research purposes and as additions to those divisions of the 
Institute’s examinations in which candidates for titles are required to iden- 
tify unknown stones. 


From Virginia V. Hinton, Certified Gemologist, A.G.S., a collection of 
nineteen beautifully cut stones from various carefully identified localities in 
the state of Texas. These were collected by the donor as the nucleus of what 
she hopes will become a separate gem display representing each state of the 
United States, in the Institute’s museum collection. Her gift collection in- 
cludes jasper, topaz, turquoise, hornstone, agetes, opalized and petrified 
woods, 


CLIFFORD F. LAMONT 


Clifford F. Lamont, head of the firm of John Lamont and Son, precious 
stone importers, a former president of the Jewelers’ 24-Karat Club, and for 
ten years a member of the Examinations Standards Board of the Gemological 
Institute of America, died on August 8 in his sixty-third year. 


Appointed to the Institute’s Examinations Standards Board ten years 
ago as the representative of the Gem and Pear! Dealers Association on that 
Board, he assisted in the establishment of the standards and questions of 
those parts of the Certified Gemologist examination which related to colored 
stones. 


During the ensuing years he contributed practical and valuable sugges- 
tions at the annual meetings of the Institute’s educational boards. He was a 
man of outstanding uprightness and integrity. His influence and advice will 
be greatly missed by the entire Gemological profession. 
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DIAMOND GLOSSARY 


(Continued from last issue) 


Intergrowth. A small completed dia- 
mond crystal partially inclosed by 
a larger crystal. 


Internal Fracture. Breakage or sep- 
aration within a diamond or other 
mineral, in any direction other 
than a cleavage direction, is known 
as internal fracture. In the dia- 
mond the most common form of 
internal fractures are known in 
the jewelry trade as feathers. 


Internal Strain. When an inclusion, 
particularly a solid inclusion, is 
caught. up by a diamond crystal 
during its formation, the atoms 
on all sides of the. inclusion at- 
tempt to assume the same posi- 
tions with respect to one another 
which they would if the inclusion 
were not. present. This force of 
attraction between the atoms is 
offset by the inclusion and a state 
of strain results. 


International Carat. See Carat. 


Interpenetrating Tetrahedron. A 
term used to describe a twinned 
crystal form, which probably con- 
sists of distorted octahedrons 
penetrating one another, as dia- 
mond is not tetrahedral. See Dis- 
torted Crystals. 


Interpenetration Twins. Two or more 
crystals in twinned positions which 
penetrate each other. 


Intrusion. In geology a mass of 
igneous rock which while molten 
was forced into or between other 
rocks. 


Ion. An atom with its associated 
electrical charge, i.e., its electron. 


Iris Diamond. A European term for 
a diamond chemically treated so 
as to appear to possess increased 
fire or dispersion. 


“Trish Diamond”. Rock crystal. 


Irregular Crystal. A crystal which 
has not had room in which to grow 
freely in all directions, assuming 
a shape conforming to its en- 
vironment. See Tabular Crystals; 
Negative Crystals; ‘Hopper’ or 
Skeleton Crystals. 


Irruptive Rock. An igneous rock 
which was forced into or invaded 
other rocks as molten magma. 


“Isle of Wight Diamond.” 
crystal. 


Rock 


Isometric. Equal in measurement, as 
minerals in the isometric (cubic) 
system, in which the three crys- 
tallographic axes are of equal 
length. See Isometric System, 
Cubic System. 


Isometric System. Another and more 
preferable name for the cubic sys- 
tem of crystallography. The most 
symmetrical of the crystal -sys- 
tems. 


Isomorphous. 
phism. 


Exhibiting isomor- 
Isotropic. Singly refractive, affecting 
light similarly in all directions as 
it passes through the mineral. 
Having the same properties in all 
directions. The diamond, and other 
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gem-minerals of the isometric sys- 
tem, glass and other amorphous 
substances are isotropic. | 


Itacolumite. A hydrated mica. schist 
containing much quartz. The ita- 
columite of Brazil has been ad- 
vanced by several authorities as 
a possible original matrix of dia- 
mond. 


Jaca (Brazilian). Spots in diamonds. 


Jager. A term originally applied to 
a diamond of especially fine color 
found in the Jagersfontein Mine. 
Later, by general practice in the 
trade, Jager has become a term 
used to describe diamonds with a 
slightly bluish body color (as dis- 
tinguished from colorless dia- 
monds) regardless of the locality 
‘in which such diamonds may have 
been found. The Jagersfontein 
Mine also produces many stones 
of inferior color. 


Jagersfontein Diamond. A large dia- 
mond found in 1881 at the Jagers- 
fontein Mine. It weighed in the 
rough, 215 et. 


Jagersfontein Mine. First pipe mine 
in South Africa, discovered in 
1870 in the Orange River Colony. 
Many writers make the mistake of 
calling Dutoitspan the first, pipe 
mine discovered. The diamonds 
were discovered among the boul- 
ders in the stream bed, and: the 
difficulty of mining contributed to 
the late development of Jagers- 
fontein in comparison with other 
pipes. The Excelsior, the Jubilee 
and other large but unnamed 
stones have been found in this 
pipe. Though the production of 
this mine has been below average, 
the quality has been very high. 
See also De Beers Consolidated 
Mines, Limited. 


Jagersfontein Mines. In addition to 
the Jagersfontein Mine four oth- 
er important mines were discov- 
ered in or near Jagersfontein: 
Buffelhoutfontein, eleven miles 
south; Koppiesfontein, 250 yards 
from Buffelhoutfontein; Vogels- 
fontein, three miles northwest, 
and Kalkfontein in the town itself. 
Two less important pipes were also 
discovered in this area. 


Jamb-peg. An upright at the edge 
of a lap which contains holes or 
carries a modern mechanical de- 
vice for controlling the angle of 
the dop in which the diamond is 
held during grinding or polishing. 


Jargon. A term once used for an in- 
ferioy diamond having a yellowish 
color. Jargon or jargoon is’ the 
correct name for a yellowish zir- 
con. 


Jewel Box. A popular name. given 
to a section of Kimberlite in the 
Roberts Victor Mine which was 
unusually rich in diamonds. 


Jig. Sieve shaken vertically in water 
to separate gem gravel from 
worthless material. Also, a pulsa- 
tor. ; 


Jigger. A workman who sorts or 
cleans ore by the process of jig- 
ging. Also a machine for dressing 
small ore in which a sieve is dipped 
or moved about under water. See 
jig. 

Jonker Diamond. A diamond, weigh- 
ing 726 carats in the rough, which 
was found by Jacobus Jonker in 
January, 1984, in alluvial deposits 
on his own farm known as Elands- 
fontein, near Pretoria, South Af- 
rica. The Jonker diamond was of 
unusually fine color. and purity. It 
was purchased for the Diamond 
Producers Association for $315,000 
and later sold to Harry Winston, 
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a New York dealer. The diamond 
was entrusted to Lazare Kaplan, 
a cutter, who produced from it 
twelve fashioned gems. The larg- 
est stone, also called the Jonker, 
weighed 142.9 carats, but was 
later recut to secure further bril- 
liancy and fire and to remove a 
slight imperfection near its edge. 
Recutting reduced its weight to 
129 carats. 


“Jourado Diamond”. An_ incorrect 
term for an imitation colorless 
stone. 


Jubilee Cut. A special type of bril- 
liant with 88 facets in which the 
table and culet were each replaced 
by eight facets meeting at a point 
and other facets were added or 
modified on both crown and pa- 
vilion. In England the name “Jubi- 
lee” was given to this cutting in 
honor of Queen Victoria’s Jubilee 
(60th year of her reign) but in 
the United States it was known as 
one style of the 20th Century Cut. 
See Twentieth Century Cut. 


Jubilee Diamond. Found in the Ja- 
gersfontein Mine, Orange Free 
State, South Africa, in 1895. In 
the rough, it was a flattened octa- 
hedron weighing 650.8 m.c. It was 
flawless and. perfect in color, 
transparency and brilliancy. When 
the stone was found, it was named 
the “Reitz Diamond” in honor of 
F. W. Reitz, then Orange Free 
State President. In 1897, the year 

of the Diamond Jubilee of Queen 

Victoria, the great diamond was 
cut. It was renamed the “Jubilee” 
and weighed 245.35 metric carats. 
In 1930 the Jubilee was in the 
possession of the London firm 
Wernher, Beit and Company. In 
1939 it was reported sold to an 
unnamed East Indian prince. 


Julius. Pam Diamond. A large dia- 
mond found in the Jagersfontein 
Mine in 1889, which weighed 248 
et. in the rough and 123 ct. when 
cut. 


K. Abbreviation for karat. 


Kaalfontein Mine. A small diamond 
mine in The Transvaal, Union of 
South Africa. 


Kalette. German equivalent for the 
word culet. 


Kalkfontein Mine. See Jagersfontein 
Mines. 


Kamfersdam Mine. See Kimberley 
Mines. 


Karat. Originally a unit of weight, 
now replaced by carat. Karat now 
refers to the proportion of pure 
gold in an alloy. Pure gold is 24 
Karats; 10-Karat gold is 10/24 or 
41 2/3% pure gold, ete. To distin- 
guish these two different meanings 
(except in England) the word is 
spelled ‘karat’? when applied to 
alloys of metals, and “carat” when 
referring to weight. See also 
Carat. 


Kathode. See Cathode. 


Kettle Hole. A steep-sided hollow, 
without surface drainage, especial- 
ly in a deposit of glacial drift. See 
Pothole. 

Kettled. In geology, hollowed out like 
a kettle, as surface bowls by ac- 
tion of a glacier. 


Key Diamonds. Diamonds of known 
color grade used as master stones 
in comparing the color of other 
diamonds. 

Keystone. A style of cutting of dia- 
monds and other gem-stones, the 
outline of which is the shape of 
the conventional keystone. 

“Killiecrankie Diamond.” Colorless 
topaz from Tasmania. 
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Kimberley Mine. July, 1871, is the Kistna Group (India). The group of 


usually accepted date for discov- 
ery of diamonds at Colesburg 
Kopje upon the farm Vooruitzigt. 
This first discovery was original- 
ly known as the De Beers New 
Rush, later shortened to New Rush 
and finally named Kimberley in 
honor of the then British Secre- 
tary for the Colonies. See De Beers 
Mines. 


Kimberley Mines. A term used to 


designate a group of diamond 
mines in and around Kimberley, 
Union of South Africa. These 
mines include: Bultfontein, De 
Beers Dutoitspan, Kimberley, 
Wesselton (all within five miles 
of the city hall), Belgravia, Kam- 
fersdam, Otto’s Kopje, Taylor’s 
Kopje, St. Augustine, and Spyt- 
fontein. Only the first. five, some- 
times known as The Big Five, or 
the De Beers Mines, proved to be 
important producers. Seven other 
mines were discovered in this area. 
To the northwest of the Kimberley 
Group of Mines, proper, is a 
group usually distinguished from 
the Kimberley Group by the name 
of the Barkly West Group, which 
includes fourteen diamond mines, 
the Frank Smith being the most 
important, gemologically. See also 
Klip-drift. 


Kimberlite. A brecciated biotite- 


peridotite, occurring in the dia- 
mond pipes of South Africa. Also 
known as blue ground, yellow 
ground, and hardebank. 


Kimberlite, Inclusions in. Accidental 


or foreign inclusions in kimberlite 
are frequently called reef. When 
they consist of small fragments 
they cannot be distinguished from 
the original or cognate inclusions 
of kimberlite. 


mines to the south and east of Gol- 
conda. See Golconda. 


Kite. A style of cutting of gems, the 


outline of which is kite shaped. 


Kite Facets. A rarely used term for 


the bezel facets. The outlines of 
these-facets resemble a kite. 


Klip-Drift (Barkly West). A kopje, 


or mound, near the Vaal River in 
the Orange Free State, South Af- 
rica. Here the early diamond pros- 
pectors found the first diamonds. 
In. this area fourteen diamond 
mines were ‘discovered in ensuing 
years, This group, about, twenty to 
forty miles northwest of Kimber- 
ley, were known as the Barkly 
West group. 8 


Knife-Edged. Term used to describe 


a sharp narrow girdle edge when 
the diamond is so fashioned. De- 
sirable for beauty and superior 
brilliance but somewhat more 
easily chipped than a wider girdle. 


Knots. A term used by cutters to 


describe an irregularity in internal 
structure of a diamond which 
makes sawing more difficult, fre- 
quently resulting in incorrect 
statements that such diamonds 
are harder than others. Such ir- 
regularities are usually inclusions 
of other transparent diamonds. 
Sometimes such knots protrude 
from the surface of a fashioned 
stone in the form of rounded 
knobs. 


Knot Lines. A term used by some 


cutters for the grain lines or cleav- 
age lines seen within a stone. They 
are apparently tiny separations 
between cleavage planes caused by 
the presence of an included crys- 
tal of other diamond. 


(To Be Continued) 
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Survey of the Genesis 
of Gem Stones* 


by 


EDWARD GUBELIN, Ph.D., C.G. 
Lucerne, Switzerland 


The study of the origin of gem 
stones is an important part of the 
science of gemology and is interest- 
ing to everyone dealing in precious 
stones. It clears many a problem 
and fosters the understanding of 
the individuality of each stone. Yet 
geology and the theory of deposits 
is often obseure to the student of 
gem stones. 


Well-constructed graphs may be 
of considerable help toward the 
understanding of the theory of de- 
posits and the genesis of gem stones. 
Necessarily they will always have to 
be schematized and they will never 
give full account of this complicated 
subject. They represent the main 
facts sufficiently, however, and may 
be useful as starting points or as 
a helpful summary to those inter- 
ested in this study. 


The graph (Figure 1) indicates 
the principal deposits which are 
especially important in mining gem 
stones and the genesis of such stones 
in connection with the deposits. The 
following may be distinguished: 


A. Primary formation of minerals 
by originally ascending solutions, 
i. e., magmatic in a broader sense: 


(a) Liquid Magmatic. 


*G.I.A. Research Service. 


(b) Pneumatolytie and 
pegmatitic. 


(c) Hydrothermal and volcanic 
exhalative. 


B. Secondary growth of minerals: 
Concentration of elements during 
processes such as decomposition, 
deposition of sediments and 
metamorphism. 


' (d) Chemical sediments—origi- 
nating from atmosphere or 
hydrosphere. 


(e) Residual deposits originating 
from residues of decomposi- 
tion and of metamorphism. 


(f) Mechanically concentrat- 
ed sediments (especially in 
alluvial deposits). 


Keplanation of graph. The nature 
of those deposits, the knowledge of 
which is particularly important for 
the exploitation of gem materials, 
is indicated outside the circle, the 
gems occurring therein are insert- 
ed within the respective sectors in- 
side the circle. Where processes of 
concentration of different kinds 
appear to be especially important, 
their gem products figure naturally 
in various corresponding sectors. 


To simplify the chart I have in- 
serted across the dividing line the 


ras 


A : . 


WINTE 


R, 1943 lil 


CHEMICAL SEDIMENTS FROM 

COLD SOLUTIONS (SEDINENTOGEN) 

DESCENDING SOLUTIONS IN 

QUTERMOST ZONES 
a 


< vd ‘DloprasE AZURITE 
SS CH RYSOCOLLAMAACHITE | 
* GYPSUM (SATINSPAR) 


A Turgioiseuruue GARUEUAN, OPAL, > 


HYDROTHERMAL AND 


ATE 


VARIETIES or (ALCEDONY. 
QUARTZ 


/ ~N_PEARLS ANATASE ~ 
/ yer CORALS SPKENE — \ 
/LAPIS LAZULI EE tet an (EMERALD, \ PEGMATITIC AND 
2 - ANDALUSITE Ps ERYL aquamarine) \ PNEUMATOLYTIC 
METAMORPHIC VESUVIANITE, Fei poTE / ~. TOURMALINE, TOPAZ, (INCLUSIVELY 
AMBER | (aK SPODUMENE | contact pNeu- 
2 | SERPENTINE 1% Lox (kus ziTe RHIDDENITE) ene 
\ © SeProuite OL Yoarire nase anosone | Borers) 
\ EHERALON = QUARTZ/ b 
\ SRAYSOBERYE™ = MAZONITE 
Rawal teen 
: ZIRCON 
a Tour ea ol 
Ps Se QUART DIAMOND = PERI DOT 
ae rae 
“ ‘~ x we 
MECHANICALLY 5S LIGUID-MAGMATIC 
ALLUVIAL DEPO 
¢ a 
SECONDARY PRIMARY 
EGO@ELIN PH.D,C.G. 
Figure 1 
name of such gem stones as may This may, however, suffice for the 
occur simultaneously in two depos- practical exploitation of gem depos- 


its of different nature. Corundum 
(sapphires and rubies), spinel and 
garnet may occur in several kinds of 
deposits, therefore their names over- 
lap several sectors in the center of 
the figure. 


It seemed expedient to make the 
definition so that amber and jet are 
referred to as metamorphic forma- 
tions, the same as carbon and oil. 
For the same reason pearls and 
corals are classed among the chemi- 
eal sediments. Of course, correctly, 
they are of organic nature, having 
been formed by living organisms. 
The purely genetic relations are ig- 
nored, as less important deposits have 
not been considered in the chart. 


its and for understanding the 
mineralogical and chemical arrange- 
ment of gem materials. Species of 
minerals that are closely related to 
each other by paragenesis or chemi- 
eally are grouped in the graph. The 
more important gems are emphasized 
by stronger characters. 


The table (Figure 2) somewhat 
more in detail. It is based on chemi- 
eal elements, showing not only the 
important gem minerals and their 
deposits, but also their main ele- 
ments in relation to those deposits. 
In addition, there is a column for 
the more or less residual deposits 
of the weathered zones (residues, 
products of oxidation and eventual 
cementation ores). 
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Element 


. Spodumene 
. Tourmaline 


. Beryl 
. Chrysobery! 


Important Minerals 
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. Sepiolite 
. Mg-Tourmaline 


(oe 


Al 


. Calcite 
. Gypsum 


. Andalusite 
. Corundum 


. Graphite 
. Diamond 


4 Amber 


** 


Jet 


1,2 


ne el 


Si 


. Quartz 
. Opal 
. Silicates 


(Garnet, Topaz, 
Feldspar, etc.) 


1-3 


1-3 


1-3 


1-3 1-3 


1:3 


- Rutile 
. Sphene 


; 


De) Ne 


. Turquoise 
. Apatite 


= 
nN 


Zircon 


. Pyrite 
. Sphalerite 


Cr-Spinel 


1,2 


Fluorite 
mostly as 
gangue 


. Copper 
. Malachite- 


Azurite 


Silver 


+ 


= 


woh | 


6 Sphalerite 
. Smithsonite 
. Zn-Spinel, 


Gold 


Franklinite 


x 
cemen- 
tation 


1,2 


x 
alluvial 
deposits 


voleanic 


1 


| —— 


Ne 


. Galena 
. Cerussite 


2 
L oxidation) 
| zones 


pea 
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MAGMATIC SEDIMENTARY 


Element Important Minerals | liauid hydro- | resid- mechan- chemi- Meta- 
mag- ther- | ual ical cal | mor-. 
matic mal | decay sed. sed. phic 


Sn Cassiterite x | x 
1, Franklinite 
Mn (Mn-Spinel) 1 2) 2 1 


2, Rhodonite 
3. Rhodochrosite 


Fe Hematite x x x | x x 
Tht 
Pt Platinum x x x 
(exploitation 


on secondary 


deposits only) 


*The decay of AlzQs3 silicates on the surface of the earth yields residues which are abundant 
in aluminum. Al-silicates, corundum and other Al-minerals are then reformed through 
metamorphism. 


**Prevalent participation of C.of the atmosphere in forming carbonates and organic products 
of life organisms. Fossilization and_metamorphism. 


***Most widely distributed element next to O. 
+Relatively early magmatic extrusion and secondary lodgement on alluvial deposits. - 
++Extruded from basic igneous rocks in particular. 


++?Extrusions from basic igneous rocks, hence exploitation on secondary deposits. 


Figure 2 


Rare elements forced me to name Both graph and table condense 
also rare gems, though several are present knowledge of the main fea- 
still left out, lest the table become tures of the theory of deposits and 
too extensive; hence naming of the they are, I hope, a starting point for 
stones is not complete. many towards more detailed study. 


Erratum: Fall 1943 issue of GEMS 
& GEMOLOGY, p. 101, paragraph 
3—Delhi was looted in. 1749, not 
1849. 
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Synthetic Diamond Question 
Reopened by London 
Investigations* 


Opinions of Dean Kraus and Dr. Ball 


As a result of the recent reports 
from London reopening and tending 
to confirm the claims of successful 
synthesis of diamond in the 19th 
Century, the G.LA. solicited and 
received the following opinions from 
two distinguished members of its 
Educational Advisory Boards. 


. From Dean Edward H. Kraus, 
University of Michigan, co-author of 
“Gems and Gem Materials” and the 
text book “Mineralogy”: 


“The article ‘An X-ray Study of 
Diamonds Artificially Prepared ‘by 
J. B. Hannay in 1880’ by F. A. Ban- 
nister and K. Lonsdale, which ap- 
peared in the June, 1948, number 
of the Mineralogical Magazine, Lon- 
don, has reopened the question as to 
whether or not the diamond has ever 
been successfully produced in the 
laboratory. oh 


“In studying the specimens al- 
leged to have been produced by 
Hannay, Mr. Bannister and Mrs. 
Lonsdale used modern X-ray meth- 
ods and found that the specimens 
possessed the properties of the dia- 
mond. The results of this study by 
these competent investigators is not 
to be .questioned. However, there 
still remains considerable doubt as 
to the authenticity of the specimens. 
Not until the methods used by 
Hannay over sixty years ago are 
repeated with success can this doubt 
be entirely removed.” 


*A.G.S. Research Service. 


From Sidney H. Ball, Ph. D., au- 
thor of internationally recognized 
annual reviews of the diamond in- 
dustry: 


“T have read the article by Dr. 
Bannister and Dr. Lonsdale as it 
originally appeared in the Mineral- 
ogical Magazine of London. Their 
work is, as was to be expected, a 
most excellent piece of scientific re- 
search, the accuracy of which cannot 
be doubted. 


“However, Mr.. Hannay’s work 
was done some two generations ago, 
during which long period it is pos- 
sible that the labels may have been 
displaced and hence the brilliant 
scientific work of. Drs.-Bannister and 
Lonsdale may possibly have been 
done on material which was not the 


result of Mr..Hannay’s work. Their: 


results, however, clearly indicate that 
Mr. Hannay’s experiments should be 
repeated under the most rigid con- 
trol which science can offer.” 


Resume of Preceding Experiments 
and Investigations 


Among the many attempts to pro- 
duce diamonds synthetically were 
those of a Glasgow chemist, J. B. 
Hannay, in 1880. 


Beginning with the idea that car- 
bon, if brought into solution with a 
gas under pressure, then cooled, 
might crystallize as diamond, Han- 
nay embarked upon a series of ex- 


C) 


‘eo 


C) 
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periments fraught with excessive 
difficulties. 


Into a wrought iron tube employ- 
ing the gun-barrel principle were 
placed mixtures of metallic lithium, 
light paraffins, rectified bone oil. A 
period of fourteen hours’ heating in 
a reverberatory furnace was fol- 
lowed by one of slow cooling—re- 
sults of the experiments were pre- 
ponderately discouraging. 


Of thirty-four trials in a final 
series, only four yielded condensed 
matter. The resultant hard, smooth, 
black masses were chiseled from the 
tube sides, and powdered in a mor- 
tar. By this operation some extreme- 
ly hard transparent pieces, assumed 
to be erystallized carbon, were freed 
from the black mass. 


Hannay’s report was that the 
transparent pieces were diamond 
because they (1) were as hard as 
diamond; (2) showed no trace of 
dissolving in hydrofluoric acid; (8) 
burned leaving no residue; (4) did 
not affect polarized light; (5) turned 
black upon being heated in an elec- 
tric furnace. 


Sir Charles Parsons attempted to 
reproduce the tests, but was unsuc- 
cessful. Present-day optical tests 
were not available at that time. 


However, with the development, of 
such tests for the identification of 
minerals, interest has been renewed 
in the experiments of Moissan, and 
Parsons, and of others whose ex- 
perimental specimens have been dif- 
ficult to locate. 


And thus the matter stood until 
recently when twelve minute speci- 
mens, found in the mineral collec- 
tion- of the British Museum on a 
slide labelled to indicate that they 
were diamond synthesized by Han- 
nay, were subjected to X-ray in- 
vestigations by F. A. Bannister and 
Mrs. K. Lonsdale. 


The first method of investigation 
applied to the twelve specimens was 
that of the rotation photograph. 
One specimen proved conclusively 
not to be diamond. The second test, 
applied to the largest of the other 
eleven specimens, was that of the 
Laué diagram. : 


Other details of the tests and fur- 
ther claims for their results are to 
be found in the report of Bannister 
and Lonsdale, which first appeared 
as a paper read early in the year 
before the Mineralogical Society and 
was later carried in the June issue 
of the London Mineralogical Maga- 
zine. 


NOTES ON THE DIAMOND MINES OF INDIA 


. Correspondence growing out of a 
¥equest from Reverend Frank Kurtz, 
of Kalamazoo, Michigan, for a copy 
of “The Story of Diamonds” brought 
the following interesting remarks 
from the former missionary: 


“I found your book very interest- 
ing, as I lived for forty years close 


by the Parteal diamond mines in 
India. So far as I know I was the 
second American to visit the old 
mines. I first visited them in 1903 
and often travelled over that terri- 
tory. The third American to see 
them was Charles S. Crossman, 
diamond dealer of New York City. 
(Continued on Page 117) 
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Industrial Diamonds and 
the Jeweler 


by 


DORUS VAN ITALLIE 
President, J. K. Smit & Sons, Inc. 


On frequent occasions we have 
been approached by jewelers from 
various parts of the country with 
requests for representation of our 
firm. Many jewelers, not knowing 
the industrial diamond business as 
it has developed, quite logically rea- 
son that the knowledge of gem dia- 
monds should make it possible for 
them to add the industrial diamond 
line to their business. Having had 
many opportunities to set. this mis- 
conception straight in individual in- 
stances, I feel that it may be helpful 
if I contribute a few words here in 
the way of general information. 

In a large sense, the industrial dia- 
mond business has changed from the 
supply of loose diamonds to diamond 
tools, and the variety of tools is so 
vast and complicated at the present 
time that even the most expert dia- 
mond too! maker with the best supply 
of available material has a constant 
problem in the way of obtaining both 
the right material for the tools he 
needs and the mechanics who are 
trained to read blueprints and un- 
derstand the purpose for which they 
are to make the equipment. 

Twenty-five years ago neither the 
dealers in industrial diamonds nor 
the users knew a great deal about 
the intrinsic potentialities of the ma- 
terial in which they dealt. The know]- 
edge involved in the pursuit of this 
business was based largely on the 
individual experience of the seller 


who had built up an understanding 
of the various types of diamonds 
which were then available but which 
were, at that time, not used in the 
many varied manufacturing process- 
es which developed together with 
high speed and high production 
manufacturing methods. 


A prospective industrial diamond 
dealer who would now attempt to 
sell diamonds as his predecessors did 
twenty-five years ago would soon 
realize that he was a very helpless 
person. The up-to-date industrial 
diamond man must be able to go into 
a factory and, after having studied 
the work and the equipment avail- 
able, as well as the specific problems 
involved, must be able to make rec- 
ommendations and discuss involved 
tools with highly trained mechanics. 


He has to have a general knowl- 
edge of grinding, boring and turn- 
ing, and must know the limitations 
as well as the possibilities of any 
given diamond tool on any specific 
job. He must come back to his own 
plant able to transmit his under- 
standing of the problem to those 
who are to make the tool. These 
tools have to be serviced subsequent- 
ly, and all in all, the present-day in- 
dustrial diamond tool manufacturer 
is continually involved in discussions 
on highly technical problems, which 
make necessary technical experts and 
engineers, who now have become an 
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integra] part of the diamond tool 
world. 


In the past. it was possible for an 
industrial diamond house to appoint 
agents In various parts of the world 
who, with a smattering of super- 
ficial knowledge of tools, could suc- 
cessfully represent their principals. 
This, too, has become impossible 
with the exception of a possible 
small line of standard diamond tools 
for wheel dressing. Outside of that, 
it would not be possible for an in- 
experienced man to discuss diamond 
wheels, diamond core bits, boring or 
turning tools, or gear-grinding or 
thread-grinding tools unless he had 
a store of experience in these spe- 
cific fields, as well as in the general 
way of diamond tool making. 


For all these reasons, it has be- 
come obvious that it would be a big 


step indeed from the gem diamond 
to the industrial diamond. In fact, 
a machine tool specialist, would be 
much closer to the industrial dia- 
mond tool field than would a jeweler. 


The jeweler, however, does have 
an important relation to the indus- 
trial diamond business. Gem dia- 
monds and the industrials come from 
the same mines and fields. You can- 
not mine industrials alone to meet 
an increased demand. You have to 
mine diamonds of all kinds and then 
sort the industrials out of whatever 
the earth may yield. Because of the 
price commanded by the beauty and 
rarity of the gems the jeweler sells, 
it has. been possible to obtain the 
industrial stones needed for war 
work in uninterrupted supply with- 
in price ceiling limits. In that, way, 
the work of the jeweler has con- 
tributed much to war production. 


NOTES ON THE DIAMOND MINES OF INDIA 
(Continued from Page 115) 


“The Indians abandoned the mines 
long ago. When I first saw them a 
German mining company was re- 
moving their machinery, on the 
Parteal side of the Kistna River. 

“Many of the closed mines, levelled 
off, are used as fields by local 
farmers. One near Parteal, where 
we have a church, is used as the 
church baptistry. Many are still filled 
with water. 

“T believe that diamonds are still 
found oceasionally in that region. 
Several times I met natives who had 


diamonds, regarded by the Govern- 
ment as treasure-trove and liable to 
confiscation if the police discover 
them. 


“It is interesting to note that all 
the mining area on the Parteal side 
of the Kistna, although surrounded 
on all sides by the British-controlled 
territory, was retained by the Hy- 
derabad State when the boundaries 
were made, and that that State many 
years ago assigned the area to one 
of the nawabs, or Mohammedan 
nobles.” 
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“Indian Emeralds’™* 


There were recently sent to the 
Eastern Laboratory, by a Sustain- 
ing Member of the Institute, two 
large beads of a material which 


had been purchased as “Indian 
Emeralds.” 
One of these beads had been 


placed in the sunlight for a month 
and was somewhat lighter in color 
than the other, which was kept in a 
paper, although they were said to 
have been the same color originally. 
The paler bead had been sawed and 
tests were made on this piece to de- 
termine the true nature of the ma- 
terial. Both beads, which had been 
drilled, were a mottled green color 
and ‘semi-transparent, with a vitre- 
ous -lusteér. 


A refractive index of 1.55 was ob- 
tained on the flat surface of the 
sawed bead, but the reading was not 
very sharp. No dichroism could be 
seen, and likewise it could not be 
determined to be doubly refractive. 
The specific gravity obtained, using 
the diamond scales, was 2.64. 


The stone had a distinct “erac- 
kled” structure, with some larger 
cracks. The green color appeared 
to be in both the “crackles” and the 
eracks. The center of the stone, 
which was easy to observe on ac- 
count of its having been sawed, was 
lighter colored than the outside, and 
the drill hole showed artificial col- 
oring matter on the walls. This col- 
or turned a yellowish brown on 
application of hydrochloric acid and 
apparently dissolved. The whole 
stone gave the effect of mossy chal- 
cedony. Fractures had a_ glassy 
luster. 


*A.G.S. Research Service. 


. These tests indicate that the beads 
are dyed crackled quartz—a far ery 
from emerald. Another case of a 
faney name for an ordinary, inex- 
pensive material, doubtless for the 
purpose of getting an extra price. 
EDWARD WIGGLESWORTH, 

Ph.D., C.G. Director 

Eastern Laboratory, GIA. 

Translucent emeralds, which these 
dyed stones most nearly imitate, are 
sometimes fashioned into cabochons, 
ring stones and beads for necklaces. 

These dyed crackled quartz beads 
are about three fourths of an inch in 
diameter. While their artificial col- 
or. is a fair emerald color, their 
structure or body appearance in tlie 
full beads more closely approaches 
that of a mediocre quality of chrys- 
oprase. In thinner sections, such as 
the sawed half, the appearance is 
more that of heavily veined moss 
agate. 

The quartz used for these stones 
is apparently colorless to almost col- 
orless before crackling. The crackling 
has probably been accomplished by 
an artificial process. The process of 
crackling, and the appearance of 
the material before dyeing differ dis- 
tinctly from that of Blued Quartz 
(colorless quartz coated with blue 
plastic) which recently appeared in 
the gem markets. mn 

Crackled quartz dyed to represent 
gems other than emerald, and color- 
less quartz coated with plastics col- 
ored to represent gems other than 
sapphires, may also be appearing in 
the market. 

ROBERT M. SHIPLEY, 

Executive Director, American Gem 

Society. 


WINTER, 1948 
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DIAMOND GLOSSARY 


(Continued from p. 108, last issue) 


Koffeyfontein Mine. Third largest 
diamond pipe in the Union of 
South Africa and one of the earli- 
est discoveries in the Orange Free 
State. Formerly an important pro- 
ducer. Between Kimberley and 
Jagersfontein Mines. 


Koffeyfontein Mines. In addition to 
the Koffeyfontein Mine four other 
less important pipes were diseov- 
ered in the Orange Free State 
near Koffeyfontein: Astoria Mine, 
twelve miles northeast; Ebenhaez- 
er, or Ebenezer, Klipfontein and 
Panfontein, all three near Koffey- 
fontein. In addition eleven unim- 

. portant diamond-bearing mines 
were discovered in this area. 


Kohinoor. “Mountain of Light”. An 
‘ Indian diamond; most famous dia- 
mond in the world. Weight in the 
rough, unknown. Weight. of stone 
in original cut, 186 carats. Weight 
“when recut in England, 108.93 
m.¢c. Reputed value, $700,000. In 
crown of the Queen of England. 


Kollur Minés. Old diamond mines in 
the Goleonda district of India. The 
Orloff diamond is thought to have 

been found in these mines. 


Kopje. A South African word mean- 
ing a small hill. 


Koppiesfontein Mine. See Jagersfon- 
“tein Mines. 


Kraal. South African word for a hut 
or group of huts for native miners. 


Kraus, Edward Henry, 1875—. Dean 
of the College of Literature, Sci- 
ence and the Arts, and Professor 
of Crystallography and Mineral- 
ogy, University of Michigan. B.S., 
M.S., LL.D. (Syracuse); Ph.D. 
(Munich). Honorary Member and 
Member Examinations Standards 
Board, Gemological Institute of 
America; Fellow Geological Socie- 
ty of America; A.A.A.S?; | Min- 
eralogical Society of America 
(Pres., 1926); Honorary Member 
German Mineralogical Society; 
Member American Chemical So- 
ciety; Optical Society of America; 
American Institute of Mining and 
Metallurgy; Engineering and oth- 
er scientific associations; Phi Kap- 
pa Psi; Phi Beta Kappa; Sigma 
Xi; Phi Kappa Phi; Phi Delta 
Kappa; Rho Chi. Author of “Min- 
eralogy” with Walter F. Hunt and 
Lewis S. Ramsdell; “Tables for the 
Dgtermination of Minerals” with 
Walter F. Hunt; “Gems and Gem 
Materials” with Chester B. Slaw- 
son; “Chemical and Physical Crys- 
tallography”, and “Optical Con- 
stants of Crystals at Varying 
Temperature.” 


Kunz, George Frederick. Mineralo- 
gist and gem expert. B. N. Y. 
1856, d. N. Y. 1932. Edueated pub- 
lic schools and Cooper Union, 
N.Y.; Honorary A.M., Columbia; 
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Ph.D., University of Marburg; 
Vice-President of Tiffany and 
Company; special agent, U.S. Geo- 
logical Survey 1883-1903 Pres. 
American Metrie Assoc.; Honor- 
ary Curator, precious stones, 
American Museum of Natural 
History. He assembled several im- 
portant collections of gems for 
J. Pierpont Morgan which were 
exhibited at World’s Fairs and 
then presented to museums, most 
important, of which is the Morgan 
collection in the American Museum 
of Natural History, N.Y. A noted 
collector of rare books, pamphlets, 
ete., on precious stones. Author of 
“Curious Lore of Precious Stones”; 
“Magic of Jewels and Charms”; 
“Rings”; “The Book of the Pearl” 
with Charles Hugh Stevenson; 
“Ivory and the Elephant’. His 
scientific works included “Gems 
and Precious Stones’ of North 
America” and: “California Gems”. 
Kunzite, a variety of Spodumene, 
was named in his honor. 


Lace, or Crown Mine. Diamond pipe 
about 100 miles south of Johannes- 
burg .in the Kroonstad District, 
Orange Free State, South Africa. 


Lagging. Heavy planks or timbers 
to support roof of a mine. 


“Lake George Diamond.” Colorless 
quartz crystal; a term applied by 
amateur mineralogists to certain 
doubly terminated crystals, such 
as those found near Herkimer, 
ING Ye 


Lambreu. A_ Brazilian term for 
bright irregular fragments of 
~ diamonds. 


Lamellae. Thin plates or layers. See 
Laminae. 


Laminae. Thin plates or layers; 
usually, but not always, of re- 
peated or polysynthetic twinning. 
Said by some authorities to oceur 
in diamond. See Repeated Twin- 
ning. 


Lamps, daylight. Lamps employing 
the use of various types of electric 
bulbs or tubes, either with or with- 
out use of filter. These more close- 
ly approach daylight than ordi- 
nary electric lamps, but none have 
the identical spectrum of daylight 
and therefore do not duplicate it. 
The so-called fluorescent tubes are 
well known as daylight lamps and 
were used in the Da Grade dia- 
mond lamp. They are not as ac- 
curate for diamond color grading 

_as the Diamolite, which employs 
an ordinary frosted electric lamp 
and a special filter. 


Lamps, Diamond. See Diamond 


Lamp. 


Lap. A flat, horizontal wheel which 
revolves about a vertical shaft, 
and upon which gems are polished. 
Wheels of various materials are 
used for polishing colored stones, 
but diamond laps are of soft iron, 
1 to 1% feet in diameter, are 
impregnated with diamond dust, 
and maintain high operating 
speeds. 


Lapidarian. Rare. See Lapidary. 


Lapidarist. Obsolete; rare. A con- 
noisseur of gems and precious 
stones, and the art of cutting and 
mounting them. 


Lapidary. A cutter, grinder and 
polisher of colored stones. In the 
trade a lapidary is not necessarily 
an engraver of gems, this being 
considered a specialized art. Also 
a cutter and polisher of diamonds 


classed as a diamond cutter, as 
distinguished from a gem cutter 
or lapidist. (At one time a refer- 
ence book on gems was known as 
a lapidary.) 


Lapidist. Same as lapidary. 


Lapland. A few small diamonds of 
fine color, though badly flawed, 
were found in Lapland. 


Lapper, or Blocker. A diamond cut- 
ter who specializes in placing the 
eighteen facets on a brilliant. On 
the crown he places the table and 
eight bezel facets (or the four 
bezel and four top corner facets) ; 
on the pavilion he places the culet, 
and the eight pavilion facets (or 
the four pavilion and four bottom 
corner facets). See also Brillian- 
teerer. : 


Lapping. The process of placing the 
first eighteen facets on a diamond 
brilliant by a lapper. Also known 
as blocking. See Lapper. 


Lasarev Diamond. Same as the Orloff 
or Orlov. See Orloff. 


Lask. See Lasque. 


Lasque. A thin, flat diamond with 
a simple facet at the side. Ap- 
parently an East Indian term for 
a portrait stone. 


Lath. A board or plank sharpened 
at one end, like sheet, piling, used 
in roofing levels or in protecting 
the sides of a shaft through a 

stratum of unstable earth. 


Lathe. A machine in which a piece 
of wood, metal or other substance 
is held and rotated while a tool 
is pressed against it for the pur- 
pose of shaping or rounding up 
the substance. Diamonds are thus 
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held and “rounded up” with a 
cutting tool in which another called 
a “sharp” is held in a mounting 
called a “stick.” 


Lathe Tools. Tools used in connec- 
tion with lathes. Many such tools 
contain industrial diamonds, 
which, because of their outstand- 
ing hardness, are exceptionally 
useful for cutting or shaping up 
metals and other hard substances. 


Lattice. See Space Lattice. 


Laué Diagram. A now almost ob- 
solete type of X-ray picture, al- 
though the present X-ray photo- 
graphic method used in pearl test- 
ing is essentially the same. In- 
vented by the German, Laué in 
1912, Laué photographs are ob- 
tained by passing an X-ray beam 
through a properly oriented crys- 
tal which is placed before a photo- 
graphic film. The rays are de- 
flected in passing through the 
crystal and the film indicates the 
pattern or arrangement of the 
stones, i.e., the type of crystal 
structure or symmetry. Laué dia- 
grams are still used. The Laué 
method formed the basis of the 
present determination of the loca- 
tion and pattern of atoms in crys- 
tals, by methods such as the pow- 
der method. See Powder. 


Lava. The molten material which 
flows from a voleano or other 
volcanic vents or fissures. Also the 
igneous rock resulting from the 
solidification of this molten ma- 
terial. 


Lava Flows. Solidified streams or 
flows of lava which have over- 
flowed onto the earth’s surface 
from volcanos or voleanie fissures. 
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Lax Diamond. A little-used term for 
a fashioned diamond which is low 
in dispersive qualities (fire) and 
otherwise lifeless. 


Lead Glass. Glass containing a large 
percentage of lead. The compara- 
tively high refractive index of 
lead produces a glass of high re- 
fractive index, which more close- 
ly resembles diamond than ordi- 
nary glass, and is therefore used 
in imitations of diamond. 


Leakage (of light). The escape of 
light from an optically denser sub- 
stance (as a diamond or other 
gem) into air. Opposed to total 
reflection. 


“Lean Pipes.” South African dia- 
mond pipes that cannot be profit- 
ably worked. 


Leather Lap. A disk covered with 
leather used for polishing many 
gem stones other than diamonds. 


Lens. See Loupe. 


Lesser Namaqualand. See Nama- 
qualand, Little. 


Leveridge Gauge. An instrument de- 
signed by A. D. Leveridge for 
measuring fashioned diamonds 
and estimating their weight. 
More: accurate than the Moe 
gauge. See also Millimeter Screw 
Micrometer, and Moe Gauge. 


Lewis, Henry Carvill. 1853 to 1888. 
Professor of Mineralogy, Acad- 
emy of Natural Sciences, Phila- 
delphia. M. A., F. G. S. Author of 
Papers and Notes on the Genesis 
and Matrix of the Diamond, pub- 
lished posthumously in 1897. In 
this he suggested a theory that 
the diamond had formed near the 


surface when the volcanic lavas 
had penetrated and acted upon the 
carboniferous shales, which often 
lie near the surface in Africa. 
Temporarily accepted by many 
scientists, this theory is now ob- 
solete. 


Liberia. Southwest (Guinea coast) 


of Africa. In 1910 diamonds were 
found in alluvial sands along the 
Joblong and Boa rivers, about 30 
miles inland from the capital, 
Monrovia. Probably not more than 
100 carats have been recovered 
from the stratum which is about 
six feet thick. However, many 
stones are colorless and free from 
flaws. Most of the stones are 
small, the largest being 4.8 carats. 


Lichtenburg (South Africa). Dia- 


mond fields discovered in 1925; 
important producers until 1929. 
The deposits were apparently the 
beds of rivers in an old system 
now high above the present, rivers. 
Production was largely cleavage 
and other stones not of gem qual- 
ity. 


Light (polarized). Light in which the 


vibrations are in one plane. See 
Polarized Light. 


Light Brown Cleavage. A term de- 


fined by MHerbert-Smith as a 
classification of rough diamonds 
at, the mines lying between. fine 
cleavage and rejection cleavage. 
The present classification of the 
De Beers group of mines includes 
only Best Cleavage, Inferior 
Cleavage and Brown Cleavage, in 
that order of desirability. 


Light Brown Diamonds. A_ trade 


grade usually placed between crys- 
tals and top capes. Shows a very 
light brownish tinge rather than 
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the yellowish tinge common to the 
color grades known as crystals 
and capes. 


Light Cape. A trade term some- 
times used in North America in 
place of top or silver cape. Eng- 
lish authorities define it as a 
trade grade between silver cape 
and cape. 


Light Off-colored. A color classifica- 
tion of rough diamonds at the De 
Beers. group of mines; a color bet- 
ter than off-color, but inferior to 
second Bye. 


Light Yellow. A North American col- 
or classification of fashioned dia- 
monds, between cape and yellow 
classifications. Also according to 
Herbert-Smith, a color classifica- 

‘tion, at the mines, of rough dia- 
monds of the “close-goods” lying 
between the off-color and yellow 
classification. Apparently not now 
used at De Beers group of mines. 


Limonite. One of the principal min- 
erals found in the Kimberlite of 
the South African diamond pipes. 
A brown, hydrous oxide of iron. 


Limpid; limpidity. Refers to relative 
transparency, especially of dia- 
monds. Limpidity or transparency 
of a diamond as compared with 
pure water resulted in the use of 
terms such as “first water,’ etc., 
which in the United States are not 
used in the trade, but appear 
sometimes in literary composi- 
“tions, as, “Diamonds of the first 
water.” 


Liquid Inclusions. Inclusions of 
liquids -within a mineral, which 
occur in rock crystal and other 
gems, including synthetics, but 
which apparently are absent from 
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diamond because of the great tem- 
perature which existed during its 
genesis. See Inclusion. 


Lisbon Cut. A double brilliant cut, 
with. 74 facets. See Double-cut 
Brilliant. 


Litkie Diamond. A 205%-carat dia- 
mond crystal recorded by A. F. 
Williams as being found in 1891 
in the Good Hope diggings in the 
Vaal River. 


Little Namaqualand. See 
qualand, Little. 


Nama- 


“Load.” Term used in mines in South 
Africa for 16 cubic feet of blue 
ground, weight about four fifths 
of a ton. 


Lodewyk. See Berquem, Louis de. 


Loop. An undesirable variation. in 
spelling of the word lowpe. See 
Loupe. 


Looped. See Louped. 


Loose Diamonds. Unset diamonds; 
a trade term used to distinguish 
fashioned diamonds not set in 
jewelry from those which are so 
set. 


Lopper. Same as lapper or blocker. 
See Lapper. 


Lopping. See Lapping. 


Loss of Color. The change, in tone, 
of a color which makes that color 
less desirable. Loss of color may 
be due to fading, light or dark 
discoloration resulting from chem- 
ical action, coating or impregna- 
tion with oils, or a change in the 
character of the light which falls 
upon the stone. The latter loss 
of color is the only one which oc- 
curs in diamonds, unless they have 
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been artifically colored green by 
radium. 


Lots. A term applied to groupings 
of diamonds offered for sale by 
Diamond Trading Company. Lots 
include both good material and 
bad. The diamond merchants who 
buy these lots must plan to dis- 
pose of the poor material as well 
as the good. The term lot is also 
applied by diamond merchants to 
regroupings of these diamonds 
which they make according to 
color, make and comparative free- 
dom from imperfections. Brokers 
may further regroup these dia- 
monds into lots. The retailer buys 
entire lots or often selects in- 
dividual stones from such lots. 


Loup. See Loupe. 


Loupe. Also spelled loup, loop, lupe. 
The French spelling loupe is ac- 
cepted in English-speaking nations 
as correct. Any small magnifying 
glass for use in the hand as a 
hand loupe, or mounted so that it 
ean be held in the eye socket as 
an eye loupe. Loupes are of va- 
rious magnifying powers, ranging 
in commercial usage from 2 to 20 
power. In the examinations of 
diamonds for the detection of im- 
perfections the U. S. Federal 
Trade Commission requires the 
use of a loupe of 10 power or 
more, or its equivalent. Loupes 
may consist of a single lens or a 
system of lenses. See Triplet, and 
Loupe, Corrected. 


Loupe, Corrected. A loupe in which 
the lens or lenses have been cor- 
rected for either spherical or 
chromatic aberration, thus reduc- 
ing the possibility of errors in de- 
cisions made regarding the quali- 


ties of diamonds. The American 
Gem Society requires that its 
members use a 10 power loupe 
corrected for both types of aber- 
rations, or its equivalent, in grad- 
ing. See Aberration; Aplanatic 
Triplet. 


” 


“Loupe-clean.” Diamonds are some- 
times represented as “loupe- 
clean,” meaning clean or free from 
imperfections when examined by 
a loupe. As the magnification of 
the loupe used for the examina- 
tion is not indicated by the term, 
the American Gem Society pro- 
hibits use of the term among its 
members. . 


Louped. Also looped. A trade term 
meaning that. a diamond or other 
gem stone has been examined and 
probably graded by a loupe, or 
loop. 

Lower Break, Cross, Girdle, Half 
or Skill Facets. The 16 triangular 
facets adjoining the girdle on the 
pavilion of a brilliant-cut gem. 
See Break Facets, Girdle Facets, 
etc. 


Lozenge. A modern style of diamond 
cutting the outline of which is 
similar to that of the diamond on 
playing cards. 

Luderitz. A bay in Greater Nama- 
qualand, Southwest Africa, near 
which diamonds were discovered 
in 1908. The deposits were in al- 
luvial ocean-built terraces and 
also in wind-eroded valleys one to 
eight miles from the coast. 

Luminescence. A general term used 
to describe the emission of light 
by a substance when excited by 
light (particularly ultra-violet or 
X-rays), electrical discharge, heat, 
friction, or a similar agency. 


(To Be Continued) 
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Status of the Diamond Industry 
as of April 29, 1944 


SYDNEY H. BALL 


Reprint of an address before members of the American Gem Society at the 
New York Conference. 


Believe it or not, and strange as 
it may seem, the diamond industry 
in 1948, the fourth year of World 
War II, attained an all-time peak 
of prosperity, due to abnormally 
large sales of gem stones and to an 
ever-increasing wartime demand for 
industrials. The large sales of gem 
stones were due to two factors: the 
high wages earned by war workers 
in North America and the fear of 
inflation—a fear suffered not only 
here—but throughout the world. 

The immediate future of the in- 
dustry is assured, as stocks. in the 
hands of the producers and the Dia- 
mond Corporation, once a menace 
because of their size, have been re- 
duced to a dangerous minimum, nor 
are they likely to grow markedly 
unless by chance a new diamond 
field is discovered. For the principal 
mining companies will produce only 
what the current market demands. 

The division between gem stones 
and industrials becomes more sharp- 
ly defined as time passes, for while 
largely produced by the same mines, 
the two types differ markedly. Beau- 
ty and, to a less degree, hardness 
are the valued characteristics of the 
first; hardness and toughness, of the 
second;- the first is never destroyed 
and adds itself to our ever-increasing 
stock of gem stones; the second is 
destroyed in a few. months, being 


ground to dust in the service of 
mankind; one is ornamental, the 
other utilitarian. 

The stocks of the principal dia- 
mond mining companies are traded 
in on the London Stock Exchange. 
In the first half of the year, they 
were market leaders and in that pe- 
riod they doubled in value. Those 
who bought $1000 worth of stock in 
these companies in mid-1941, 24 
months later had a paper profit of 
$3500. As to dividends, the diamond 
mining companies did well by their 
stockholders in 19438. 

The Diamond Trading Company, 
which in normal times sells 95 per 
eent of the world’s rough, is said 
to have sold, in 1948, uncut diamonds 
to the value of almost £20,000,000, 
or twice that of 1942, which we all 
considered a lush year. It is be- 
lieved the big sales increment was 
in gem grades, although in dollar 
value, sales of industrials also in- 
creased. In 1942, the latter accounted 
for 40 per cent of the sales; in 19438, 
if reports can be believed, 25 per 
cent. The company sells the com- 
moner grades of the latter by kilo, 
although the trade still uses the 
carat. ‘ 

It is stated that in recent “sights” 
the brokers are willing to buy five 
times what the company is willing 
to sell. Its stocks of many grades 
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are. believed to be depleted and its 
staff of sorters is inadequate. The 
Palestine cutting industry is already 
complaining bitterly of a shortage of 
small rough, its specialty in cutting. 

In America, in 1948, the retail 
jeweler sold 26 per cent more than 
in 1942, itself a big year. As dia- 
monds in the middle price brackets 
were among the most popular items, 
diamond sales were large. The 
answer: high wages among war 
workers and investment buying to 
partially offset inflation. In Europe, 
particularly, black markets thrived, 
as all preferred physical property 
to government paper of little prob- 
able value. 

Imports into the United States are 
believed to have been large, although, 
as you know, our Government has 
not published such figures for over 
two years. The activity of our cut- 
ting shops suggests particularly. 
large imports of rough and the big 
consumption of diamonds in the war 
effort, of industrials. 

Since 1939, the price of rough has 
been increased 70 per cent and fur- 
ther increases are in the offing. Since 
the war began, melee has tripled or 
quadrupled in price; one-quarter-cut 
sizes have doubled and one-carat 
stones almost doubled; the increase 
in larger sizes is smaller, since the 
market is more restricted. A good 
one-carat stone is now worth from 
$650 to $1000, and superfine qualities 
even. more. Fancies may be worth 
$3000 to $4000 a carat. The Trading 
Company states that, as a contribu- 
tion to the war effort, it has not 
raised the price of industrial stones. 

Gem stones have never been higher. 
After the war, with the re-establish- 
ment of the Belgian and Duteh cut- 
ting industries, the price of melee 


must crash. That of one-carat or 
larger diamonds may well hold, since 
the amount of fine rough available 
will be small and the cost of cutting 
such rough will be high. 

There are now in the world about 
10,000 cutters, one-third the prewar 
number, but capable of supplying an 
adequate quantity of cut, were it, not 
for strikes and lockouts. The present 
fantastically high wage scale will, 
inf the postwar period, doom some of 
the new cutting centers. Fancy a 
South African artisan is being paid 
more than Premier Smuts. Palestine, 
with 3000 employees, is the principal 
cutter of melee and our country and 
South Africa with, respectively, 1800 
and 550 employees, of large. These 
industries, together with the smaller 
centers—Brazil, Great Britain, Cuba, 
Porto Rico, Canada, India and Bor- 
neo, must compete after the war 
with the cheap cutting costs, thanks 
to a reasonable wage scale of Bel- 
gium and Holland. 

Due to the war, figures of produc- 
tion must be largely estimates, but 
the world’s production in 1943 was 
about 8,200,000 carats, of which only 
some 1,200,000 carats were gem ma- 
terial, small and large. The produc- 
tion was but 63 per cent of that of 
1940, war having not only reduced 
the staff at the mines, but also sup- 
plies essential to maximum produc- 
tion. 

The Belgian Congo, as has been 
the case for a number of years, was 
by far the leading producer as to 
weight and also led as to value. The 
value of the diamonds produced by 
the various members of the British 
Empire, however, exceeded the lat- 
ter figure. No pipe mines were. op- 
erated in 1941 and 1942, but on Sep- 
tember 1, 1943, DeBeers reopened 
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the Dutoitspan mine, accounting for 
1 per cent of the year’s production, 
the rest coming from alluvial mines. 
The production of the Belgian Congo 
and the Brazilian mines and that of 
the South African diggings decreased 
as compared to corresponding figures 
in 1942, while that of South-West 
Africa increased somewhat. 

We hear claims these days by irre- 
sponsible “authorities” that all we 
need to do, is to develop the South 
American diamond deposits and be 
independent, of Africa. The Brazilian 
fields have been known for over 220 
years, those of British Guiana for 
over 50 years, and those of Venezuela 
for over 20 years. Last year, not- 
withstanding this, the three together 
accounted for only 4 per cent of the 
world’s production and 2% per cent 
of its consumption. Referring to 
South America, diamonds are re- 
ported to occur in eastern Bolivia. 

Dr. N. R. Junner during the year 
published a classic account of the 
Gold Coast. diamond fields, with 
which every student of gemology 
should be familiar. 

Sierra Leone last year produced 
two large gem diamonds, one over 
500 carats. It thus joins the select 
group of large stone producers, In- 
dia, Borneo, South Africa and the 
Bagagem district in Brazil. But to- 
day large gem stones are not the 
prizes they once were; no one has the 
inclination these days to buy cut 
stones of 200 to 300 carats. 

The Bureau of Mines during the 


year did some development work on 
the Arkansas diamond pipe at Mur- 
freesboro. A certain number of small 
stones were recovered, the first dia- 
monds produced in America since 
1936. 

This year the world diamond pro- 
duction may exceed that of 1948. The 
United Nations have requested the 
Belgian Congo to double its produc- 
tion and DeBeers is adding an extra 
shift at Dutoitspan. 

To this group, little need be said 
about the use industrially of dia- 
monds. These stones come as a by- 
product from the same mines which 
produce gem stones, although the 
largest diamond producer in the 
world, the Belgian Congo B.C.K. 
mine, produces only a few gem 
stones. No implement of war is made 
without the help of industrial dia- 
monds and our country, which used 
from 1,500,000 to 3,000,000 carats a 
year before the war, now uses 
10,000,000 carats. Postwar consump- 
tion will be large. 

The diamond industry can face the 
future with confidence; its stocks 
have been depleted to a dangerous 
extent; the sale of industrial stones 
will hereafter be an important source 
of revenue to the producer, and pro- 
duction of rough gem stones will be 
geared to consumption, for the dia- 
mond producers, unlike their con- 
freres in other branches of mining, 
dare to shut down their mines if new 
supply and demand are out of 
balance. : 
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American-made Synthetic 
Crystals 


A. K. SEEMANN, Engineer 
The Linde Air Products Company 


Reprint of an address before members of the American Gem Society at the 


New York Conference. 


The development and perfection 
of American-made synthetic crystals 
represents one of the important 
achievements brought about by the 
insistent necessity of a world at war. 
At the time the war began our curi- 
osity in the creation of synthetic 
erystals in the oxy-hydrogen furnace 
was purely academic. But it was 
quite natural for us to be interested 
in them, for a major portion of the 
research in our business has been 
devoted to reactions conducted at 
very high and very low temperatures 
—our high-temperature work being 
more specifically concerned with the 
oxy-acetylene flame. 

We had not progressed very far 
in our experiments with synthetic 
crystals before the Government— 
aware of a grave shortage of jewel 
bearings and jewel-bearing materials 
—asked if we would endeavor to 
speed up our experimental program 
in order to. produce synthetic corun- 
dum in sufficient quantity and qual- 
ity to supply a fabricating industry 
which was about to be established. 
Our answer to this challenge was a 
16 months’ intensive research pro- 
gram, the first tangible result of 
which was the opening of a boule 
plant in April, 1942. Very fortunate- 
ly, fabricating facilities were com- 
pleted at about the same time, so 
that the industry has been furnished 


with an uninterrupted supply of the 
necessary raw material. 

The manufacture of synthetic co- 
rundum of jewel-bearing quality is 
quite different from any other process 
with which we are familiar. Most 
manufacturing processes lend them- 
selves to precise scientific control, 
and, while certain steps in thé manu- 
facture of syntheti¢ sapphire can be 
so controlled, much of the task is 
an art acquired. only after consider- 
able experience. Our early experi- 
ments were most disheartening. We 
assumed that our troubles could be 
wholly traced to improper boule- 
furnace technique, but found that 
this was but a part of the story. 

It was necessary to conduct an 
entirely separate research program 
on the manufacture of alumina in 
order to provide a source of mate- 
rial pure enough to manufacture 
large, water-clear corundum boules. 
It naturally would be assumed that 
chemically pure grades of alumina 
would be of sufficient purity for our 
purpose, but it was found that even 
unbelievably small traces of certain 
impurities could not be tolerated. 

In retrospect, it is rather easy 
to review the many difficulties which 
were encountered in these early days, 
but their solution then required 
precious time and extraordinary ef- 
fort. We knew, however, that syn- 
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thetic corundum crystals, both clear 
and ruby, had been manufactured in 
Europe for many years, and it was 
a challenge to our ability to compress 
into a matter of months the mastery 
of this skill. Unavailability of skilled 
European artisans forced us to rely 
solely on our own ingenuity. 

Most of the sapphire jewel bear- 
ings that have been made in this 
country have been manufactured 
from water-clear corundum. Suitable 
corundum boules mtist be homoge- 
neous, of proper crystallographic 
orientation, and free from. harmful 
bubbles, feathers, or other inclusions. 
They should have a minimum of the 
tiny gas bubbles which are seen in 
synthetic crystals only under .a mi- 
croscope. Preferably, they should be 
cylindrical in shape in order to yield 
a maximum. number of finished jew- 
els. The specifications for boule are 
necessarily rigid because internal de- 
fects may not be revealed until final 
polishing of the finished jewel. A 
brief description of the process 
whereby both corundum and spinel 
crystals are grown will furnish an 
insight into a few of the manufac- 
turing difficulties. 

In 1902 Verneuil announced the 
process which bears his name, and 
which is commonly used to grow co- 
rundum and spinel crystals in an 
oxy-hydrogen furnace*. Oxygen and 
hydrogen are fed into an inverted 
burner, the oxygen stream carrying 
finely divided alumina, which fuses 
while passing through the flame, and 
collects on a pedestal beneath the 
burner nozzle. The fused particles 
of alumina coalesce to form a tiny 
crystal, and through proper tech- 
nique this is made to grow in the 
form of a cylinder approximately 


*For illustration of furnace see page 89, Sum- 
mer, 1948, Gems & Gemology. 


*% inch in diameter and 2 or 3 
inches in length. The alumina powder 
is fed into the burner in small in- 
crements, since this is necessary for 
the growth of a clear, homogeneous 
crystal. 


Corundum melts at 3,750 degrees 
Fahrenheit, and the temperature 
range in which it is necessary to 
conduct deposition is very limited. 
The particle size of the powder 
greatly influences the success of the 
process and .we are now using a 
powder with a particle ‘size of less 
than one-tenth of a micron. It is 
difficult to appreciate the minute size 
of these particles, unless you realize 
that, when magnified 50,000 diam- 
eters, the image is about the size 
of the head of a pin. A penny mag- 
nified 50,000 times would be over 
8,000 feet in diameter. 


Corundum crystallizes in the hex- 
agonal system, and one expert has 
aptly characterized hexagonal crys- 
tals as “a perfect. example of an 
imperfect crystal.” One of the im- 
portant objects of our synthetic 
crystal program has been to grow a 
single, homogeneous crystal. But 
having attained this objective, it 
was found necessary to go a step 
further and study the crystals them- 
selves. Our physicists and spectro- 
scopists with the aid of such instru- 
ments as the electron microscope 
and the X ray have discovered valu- 
able information regarding crystal 
orientation, which makes it possible 
for us to furnish material that en- 
ables the fabricator to produce su- 
perior articles with a minimum of 
waste. 


The average corundum boules 
which we currently produce are 
about 200 carats in size, and we 
have grown single crystals as large 
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This picture graphically illustrates the advantages 
of the rod form over the boule for the fabrication 
of jewel bearings and other small articles. Rod is 
merely sawed to make roundels. Half boules re- 
quire several sawing operations followed by center- 
less grinding to obtain roundels. 


as 550 carats. Experimentally, we 
have produced spinel boules in ex- 
cess of 1400 carats. 

As you can well appreciate, the 
entire production of sapphire at the 
present time finds its way under 
allocation into military articles, the 
major portion of which are jewel 
bearings. In order to furnish mate- 
rial suitable for its end uses, we 
studied the fabrication of jewel bear- 
ings from sapphire boule and ob- 
served that it took a considerable 
amount of labor and consumed sig- 
nificant amounts of diamond and of 
sapphire itself to complete the slit- 
ting operations, which produce the 
roundel or blank from which the 
several types of bearings are made. 
Believing it to be our responsibility 
to furnish material in its most useful 
form, we experimented and have suc- 
ceeded in producing long, slender 
erystals known as corundum rod, 
which, when sliced, furnishes the 


blanks without the several interme- 
diary steps necessary when working 
with the boule form. At the moment. 
we are creating additional produc- 
tion facilities so that the jewel- 
bearing manufacturers can take ad- 
vantage of this improved form of 
material. One or two plants are now 
fabricating their entire production 
from corundum rod. 

We realize that the principal in- 
terest of this Society lies in syn- 
thetic crystals that may be’ fash- 
ioned into stones suitable for jewelry. 
Except for the ruby, which is in 
small demand as an industrial ma- 
terial, all of the industrial applica- 
tions specify water-clear corundum. 
We have therefore devoted very little 
time to the production of colored 
varieties suitable for jewelry. At the 
moment we have experimentally pro- 
duced ruby in a variety of shades, 
several of which are considered suit- 
able for jewelry purposes. At such 
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Each of these synthetic sapphire, ruby, and spinel 
rods is a single crystal. Production of corundum and 
spinel in this form saves time and material in the 
manufucture of jewel bearings and other small 


articles. 


time as corundum is removed from 
mandatory allocation, we will be in 
a position to furnish ruby boule to 
the. gem-cutting or lapidary trade. 


We have compared our production 
with synthetic ruby of European 
origin and find it to be of equal 
quality. It is our present opinion 
that. the American market will con- 
sume a sizable quantity of synthetic 
rubies which are of American origin 
and manufacture. We have also. ex- 
perimented briefly with blue spinel 
and have succeeded in producing a 
variety of shades. When conditions 
permit, we expect to offer this ma- 
terial to the American jewel cutters 
and are prepared to consider other 
synthetic crystals, such as the aqua- 
marine. 


We wish especially to direct your 
attention to the fact that we are raw 
material suppliers, and that the sev- 
eral synthetic crystals which we pro- 


duce will be sold to the fabricating 
industry, whether it be the jewel- 
bearing manufacturer or the lapi- 
dary. We believe that the durability, 
beauty, and perfection of our syn- 
thetic crystals are in themselves defi- 
nitely attractive features, which 
make them useful industrially as 
well as in the jewelry field. 


We do not wish to pose as gem 
experts, but we are reliably informed 
that. the ordinary jeweler using a 
loupe might find it difficult to dis- 
tinguish between a synthetic ruby 
and a first-quality natural ruby. We 
are further informed that. among the 
telltale marks are the imperfections 
found in the natural stone; in other 
words, the perfection so seldom 
found in natural ruby is usually 
present in the synthetic product. 


One fact should not be overlooked, 
and that is that many thousands of 
European-made synthetic rubies have 
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already been marketed in this coun- 
try and that our product is just 
about the same in appearance and 
quality. Therefore, the problem is 
not a new one, but one which likely 
has already occupied the attention 
of those interested in the jewel in- 
dustry. We may then rely upon the 
known tests that have already been 
developed and used in the past to 
differentiate between the natural 
and synthetic product. 

These facts are mentioned not to 
initiate a controversy but rather to be 
carefully considered by your Society, 
so that the unsuspecting purchaser 
will not pay for a natural ruby and 
obtain a synthetic crystal. Already 
a certain amount of misinformation 
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has sprung up in various sections of 
the country, and we should appre- 
ciate receiving the suggestions of 
this Society relative to the corrective 
and educational measures to be used 
for properly informing the industry 
and the public. 

In conclusion, we would be remiss 
if we did not mention with sincere 
appreciation the constructive and 
helpful interest that Mr. Shipley, and 
other members of the American Gem 
Society and The Gemological Insti- 
tute, have shown in our synthetic 
erystals. Your publications, Gems 
and Gemology and Gutids, as -well. as 
your textbooks and other literature 
have also been extremely helpful. 


SYNTHETIC EMERALDS TESTED 


by 


EDWARD WIGGLESWORTH, Ph.D., C.G. 
Director, Eastern Headquarters, Gemological Institute of America 


The Institute recently received as 
a gift four cut and three rough 
synthetic emeralds. These have been 
examined at the Eastern Laboratory 
and, while nothing new from what 
has previously been reported was 
found, a brief statement here may 
be of value. 

The actual process of making syn- 
thetic emeralds is still kept as a 
secret by the manufacturer. How- 
ever, it, is obviously a different process 
than that used in the manufacture 
of synthetic corundum and spinel. 

We do not find bubbles or curved 
striae, but in their place we find 
wisplike inclusions which were de- 
scribed by Robert. Shipley, Jr., in 
the July, 1935, issue of Gems & 
Gemology. These wisps usually are 


seen in groups which seem to be in 
the center of the stone and elongated 
parallel to its length. In other words, 
they extend in the same direction as 
a crystal axis, undoubtedly the ver- 
tical axis. In some of the specimens 
there are also straight. parallel lines 
at right angles to these. 

The wisps, when well illuminated 
on the diamondscope and using the 
22.5 magnification, are apparently 
made up of liquid inclusions’ some- 
what similar to those seen in sap- 
phires from Ceylon. These wisp- 
like inclusions readily distinguish the 
stone from genuine emerald whose 
inclusions are very characteristic. 

The refractive indices as meas- 


(Continued on Page 187) 
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Diamonds and Diamond Tools 


by 


PAUL GRODZINSKI, Manager 
Diamond Research Department 
The Diamond Trading Company, Limited 


Diamond is a mineral, pure carbon, 
which is found only in nature by 
mining (South Africa) and in sec- 
ondary alluvial fields (South Africa, 
South-West Africa, Congo, Angola, 
Sierra Leone, Brazil, and British 
Guiana, the last two in South Amer- 
ica). Diamond is mainly a crystal. 
Amorphous and_ cryptocrystalline 
formations (Ballas, Carbonado) are 
also known. Colour from white trans- 
parent to black and opaque. White 
and light yellow diamonds are prefer- 
ably used as ornament, the favoured 
shape is today the “brilliant.” Big 
stones are seldom. For diamonds not 
useful as ornament a big demand 
exists for industrial applications. 
Today nearly 75 per cent of all dia- 
monds found are used for this pur- 
pose, and for this reason it is not 
justified to call them inferior. 

In modern industry (see illustra- 
tion) diamonds are used in three dif- 
ferent forms: 

1. One or more rough diamonds 
are set into steel holders and 
serve as truing tools for grind- 
ing wheels. When numerous 
diamonds are set. on the end 
of a tubular holder, they serve 

as drilling crowns (the Ameri- 
can expression is drill bits) for 
deep drilling and exploration 
drilling. Further rough dia- 
mond tools are used in stone 
saws, as glass cutters (glazier’s 
diamonds), for engraving pur- 
poses, dentists’ drills, ete. 


2. Shaped diamond tools have cut- 
ting edges which are highly 
polished, similar to the sur- 
faces of ornamental ' stones. 
They serve for cutting all dif- 
ferent kinds of metals, for 
shaping fine grained thread- 
grinding wheels; also as dia- 
mond dies; as hardness indent- 
ers for testing materials, and 
as jewel bearings and wear- 
resisting plates. i 

3. Crushed diamonds and diamond 
powders: Impure diamonds and 
broken pieces are crushed, then 
embedded in metals or plastics 
(Bakelite) and used as grind- 
ing and polishing tools for hard 
materials, in particular cera- 
mic material, and the so-called 
hard metals. During the last 
few years there has been a big 
demand for very fine graded 
diamond powders with grain 
sizes of 1 micron and less. 

Truing Diamonds for grinding 

wheels: The accepted method today 
for finishing soft and hardened steel 
components is by grinding by means 
of a vitrified abrasive wheel. These 
wheels lose their shape or are clogged 
up and therefore need truing from 
time to time, an operation which 
only the diamond point can stand. 
In spite of the fact that tools exist, 
such as star wheel dressers and 
abrasive sticks, no known material 
is as suitable for the truing of pre- 
cision grinding wheels as the dia- 


C) 


C 


SPRING, 1944 135 


THE DIAMOND AT WORK 


y nah INDUSTRY ROUGH DIAMONDS POLISHED DIAMONDS TOOLS » DIAMOND POWDES| 


ta AIRDRAFT 
ers a. AiTOMORLLE 


“iT INDUSTRY. Teun TOD 
ERAMI 
) 6 DENTISTRY 
Ae : ¢- UMPHEGNETED TOG 
4 — 


‘ ~ ——— 
: TRUINE TODL 


={ 
av wh cauce 
MAKING = _— 
_ Sr auine TOO 
GLASS BRILL 


ASS £ 


PTICAL 


INDUSTRY 


* GOLOSMITHS 
& 

JEWELLERS 
cca 


GRAPHICAL «dy. 


£ <8 Tite 

PAPER 6 —— 

| INDUSTRY sg 378 Temes 
* 


= 


= | 
ae HARDNESS 
TESTING 


4% 


| INSTRUMENT oo” 
| INDUSTRY : 


= 


MINING & 
3:21 PROSPECTING 


| acuLF 
stone 


CUTTING me 
Meat WIRE 


* Foye g DRAWING <a 
ene CENTERING DRILL 


1 Lh | 

1 om | ry age | 
ee Ag 
Ud : 


: ate Bitaid | OF | jo | 
F @ 


Ghapen To 
DIAMOND PrRAvH’ 


aes 


poe 
MAUL EoGy WERE PLATE 


Wirt 
te 


Reproduced by courtesy of the Research Dept., The Diamond Trading Co., Lid. 


mond. The diamond holder should be 
somewhat inclined toward the grind- 
ing wheel (drag angle) and contact 
the grinding slightly below centre 
line or directly on centre line. 
Tubular drilling crowns provided 
with diamonds, invented in 1862, 
make it possible to produce in hard 


rock the deepest bore holes in the 
world. Abcut the same time the 
first diamond saws were produced. 
They permit a more economic cut- 
ting of stones. / 
Among the oldest diamond tools 
are glass cutters and engraving tools 
for stone and metals. Usually rough 
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diamond points with a sharp cutting 
edge (not a point) are preferred. 

Shaped diamond tools, i.e., tools 
with diamonds having polished facets 
and forming a real cutting edge, 
similar to ordinary lathe tools, are 
extensively used for the precision 
machining of bearings and pistons 
in .aero-engines. and other parts 
which must have a fine surface fin- 
ish combined with great wear re- 
sistance. Such tools have even been 
used for finishing hardened steel 
surfaces. 

Recently the grinding of threads 
on hardened parts has been developed 
and in this process shaped diamond 
points (cube-shaped, V-shaped and 
conical) are indispensable for recon- 
ditioning the wheel to its original 
form. In order to reduce the dia- 
mond consumption for multi-ribbed 
wheels down to certain pitches, 
crusher rollers of hardened steel are 
used, but these again need truing 
diamonds for the grinding wheels by 
which they are produced. 


Shaped Tools: Diamond dies with 
drawing channels down to 0.0004 in. 
diameters are produced for drawing 
the fine filament wires of tungsten 
for electric. lamps and other fine 
wires. This industry has been newly 
established in England during the 
war. 

In hardness testing of metals 
which develops to one of the most 
important routine methods without 
destruction of the component, the 
diamond is almost indispensable. As 
much as accepted methods’ show 
variations, they all rely in accuracy 
of testing and durability on the dia- 
mond (Rockwell, Alpha, Vickers, 
Shore). The reason for the prefer- 
ence of the diamond is that smaller 
impressions can be made which do 


not interfere with the intended use 
of the part as machine component, 
or tool. Still more sensitive indenta- 
tion tools and instruments are being 
developed to investigate structure 
and hardness differences in metals, 
such as the elongated pyramidal dia- 
mond, according to Fr. Knoop, and 
the pyramidal diamond mounted on 
a glass lens, according to Hanemann- 
Bernhardt. 

The testing and measurement, of 
surface quality is one of the most 
urgent manufacturing problems ne- 
cessitated by the increased demands 
on wear resistance and accurate fit- 
ting. At the present state of tech- 
nique, feeling lever or tracer point 
instruments show a better indication 
than optical instruments. These usu- 
ally electro-mechanical instruments 
use, after unsuccessful trials with 
hardened steel needles, exclusively 
sapphire and diamond needles. 

Diamond dust has slowly but 
steadily developed to one of the most 
important abrasive materials. The 
main problem seems to be the uni- 
form grading of the abrasive mate- 
rials in the subsieve sizes for fine 
grinding and polishing purposes. In 
this range (finer than 300 to 400 
mesh per linear in.) special methods 
are necessary, such as settling in 
water and air or by centrifugal 
methods; optical inspection methods 
are necessary. Diamond dust can 
be used either “loose” or “bound.” 
In the first case the diamond grain 
has to be mixed with oil or grease 
and,.is applied to lapping tools of 
metal or wood. Great progress has 
been made in uniformly and firmly 
embedding diamond grains in bake- 
lite or metal powders which are 

(Continued at Bottom of 
Following Page) 
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Photomicrographs, taken through Diamondscope by Mr. and Mrs. H. D. 


Hastings, showing (left) general view of wisps, and (right) cracks and clouds. 


SYNTHETIC EMERALDS TESTED 


(Continued from Page 133) 


ured on the Rayner Refractometer, 
seem to be slightly lower than that 
usually given for beryl (1.57-1.58). 
On the four gems, we obtained read- 
ings of 1.56 and 1.57 on three, and 
1.57 on the other. In this we seem 
to be in agreement with others who 
have reported on them. All showed 
strong dichroism with blue-green 
and yellow-green. When examined 
under the emerald glass in strong 
transmitted light, all the stones 
showed rose-red. 

The specific gravity of all was 


somewhat. below that of genuine 
emerald. Anderson states that emer- 
ald should be about 2.71, aquama- 
rine slightly lighter (2.69), and mor- 
ganite considerably heavier (2.80). 
The figures. obtained by us were 
2.65, 2.66, 2.65, and 2.67. These, we 
feel, are reasonably accurate, as 
they were obtained on the Berman 
Density Balance. The stones weighed 
34.6 mg to 185.5 mg (200 mg equals 
1 carat). The optic character of one 
stone was obtained and found to be 
uniaxial negative. 


DIAMONDS AND DIAMOND TOOLS 
(Continued from Page 186) 


formed into metal compacts. Such 
wheels are extensively used for the 
grinding and lapping of sintered car- 


bides, tool tips and dies, as they rep- 
resent the cheapest and quickest 
method for this purpose. 


at 
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DIAMOND GLOSSARY 


(Continued from Page 124, last issue) 


Lumpy. Term applied to a diamond 
the pavilion or base of which is 
cut too deep. Such stones lack 
brilliancy or have a dark non- 
brilliant spot in the center called 
a well. Also applied to a diamond 
whose total depth is too great in 
proportion to its girdle width. 
Sometimes called “thick stones.” 

Lumpy Girdle. A too-thick girdle. 

Lupe. The German equivalent of 
loupe. See Loupe. 

Luster. The appearance, in reflected 
light, of the surface of a mineral. 
The luster of most rough dia- 
monds is described as greasy, that 
of fashioned diamonds as adaman- 
tine. 

Maacle. Same as macle. 

Macle (French). Twin. Term used in 
the diamond trade for a flat tri- 
angular rough diamond which is a 
twinned crystal of the spinel twin 
type. More difficult to fashion than 
most other crystals because of the 
differing cleavage directions in the 
twins. See twinned crystals; 
twinned crystal. 

Macled Stone. Same as macle. 


Macroscopic. Large enough to be ob- 
served without the 
Same as megascopic. 

Magma. Molten (liquid) rock mate- 
rial within the earth; the molten 
mass from which any igneous rock 
or lava is formed. 

Magnetite (magnetic iron ore). Pres- 
ent in kimberlite as a primary 
mineral, as a primary transported 


microscope. 


mineral and as a secondary min- 
eral. 

Magnetite Twin. Same as polysyn- 
thetic. 

Magnifier. Anything which magni- 
fies. See loupe; gemolite; gemo- 
scope; Diamondscope; Diamond 
Imperfection Detector; microscope. 

Mahabharata (ma-ha-ba’-ra-ta). A 
Hindu epic containing early infor- 
mation about India. 

Mahanadi River. A river in India 
near which diamond mines were 
located. 

Main Facets. The bezel and pavilion 
facets of a brilliant cut diamond. 

Make (of a diamond). Trade term 
referring to the correctness of the 
proportions and to the polish of a 
fashioned diamond. Making a dia- 
mond includes cleaving or sawing 
or both; rounding up, and grind- 
ing and polishing the facets on 
the diamond. A well-made diamond 
is one which is well proportioned, 
with facets of even size placed at 
approximately proper angles to 
the plane of the table, and with 
all facets highly polished. 

Mangelin (man’g’line). Hindu meas- 
ure of weight equal to 1% carats. 

Manik. An old East Indian term for 
greenish diamonds. — 

Mari-diamond. Rock crystal 
India. 

Markings (on diamond crystals). See 
etched figures; trigons. 

Marmarosch Diamond. Quartz. 

Marquise Cut (mar-kese’). A cut, a 
variation of the brilliant cut, usu- 
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ally with 58 facets but elongated 
so that its outline from above is 
that of a boat and from the side 
that of a lens. Same as navette. 
A finger ring in which stones are 
contained in a setting which from 
above has the same outline as that 
of the marquise cut. 

Mascarenhas I and II. Two diamonds 
which belonged to Portuguese vice- 
roy, Dom Philip de Mascarenha. 
Seen by Tavernier in Goa (1648). 
Weigh 57 and 67% carats, respec- 
tively. Tolerably pure, of good wa- 
ter. Cut in Indian fashion. 

Mass (of a diamond). Term used 
for a rough diamond during the 
early operations of fashioning it. 

Massa. Brazilian term for diamond 
deposits lying high on the hills 
and ‘plateaus above the present 
water courses. 


Matan Diamond. Same as Mattan 


diamond. 


“Matara Diamond” (ma’ta-ra) or 
“Matura diamond’. Ceylonese 
name for colorless to faintly smoky 
zircon, most of which have been 
decolorized by heating. Some nat- 
urally colorless may come from 
the district of Matara or Matura 
Ceylon. 

Matura Diamond. Same as Matara 
diamond. 


Matrix. The rock in which diamond 
or other mineral is found. See 
kimberlite. 

Mattan or Mattam Diamond. An un- 
authenticated Borneo stone said to 

“be an. almost colorless diamond 
weighing 367 carats, said to have 
belonged to the Rajah of Mattan, 
and to have once brought an offer 
of $150,000 and two large war 
brigs. It is also said that great 
healing powers are ascribed to 
this stone and that it is rarely 


shown and never allowed out of 
the royal treasury. 

Matto Grosso. A state or territory 
of Brazil in which diamonds have 
been found. 

Mauve Diamonds. Pinkish violet. or 
very light purplish diamonds often 
called “pink diamonds” in the 
trade. Among the rare fancy col- 
ors. Very pale mauve diamond is 
included by Sutton in his clagsi: 
fication as a subdivision of his 
brown diamond group. 

May Mine. Old diamond mine in 
Kimberley district. 

Mazarin, Jules, Cardinal. (1602- 
1661). A French eardinal. and 
statesman, prime minister under 
Louis XIV. The cardinal is given 
the credit, if not for developing 
the earliest form of the brilliant 
eut, at least for popularizing it. 

Mazarin. A Mazarin cut diamond. 
More specifically one of the -first 
examples of such diamonds. The 
twelve Mazarins were famous, be- 
ing the largest twelve of the 
French crown diamonds to. be. re- 
cut in this style. All disappeared 
before 1791, when the government 
inventory listed only “the. tenth 
Mazarin” weighing 16 carats. 

Mazarin Cut. The earliest form of 
brilliant cut, introduced about 
middle of 17th century; thick, 
square with flattened corners and 
with 16 facets and square table 
on the crown and 16 facets and 
large square culet on the pavilion. 
See Mazarin. 

Mechanical Dop. A dop in which a 
stone is fixed by mechanical means 
so that it may be held at desired 
angles, as against.a skeif or pol- 
ishing wheel. 

Megascopic. Visible to the unaided 
eye; in contrast with microscopic; 
same as macroscopic. 
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Melange. An assortment of diamonds 
of mixed weights and of sizes 
larger than: melee. 

Melaphyre. A rock, through deposits 
of which the South African dia- 
mond pipes extend, and which is 
also found in kimberlite as both 
large and small inclusions. It. is 
an amygdaloidal diabase—an al- 
tered ancient fine grained basaltic 
lava, 

Melee (mell’ee). A trade term used 
collectively to describe smaller- 
sized brilliant cut diamonds 
whether full cut or not. In general, 
when shown or sold in lots or when 
prices are quoted, the designation 
melee may refer to such diamonds, 
up to .20 or .25 carats. In general, 
all small gem stones used in em- 
bellishing mountings or settings 
of a larger gem are called melee. 
See also sizes; smalls. 

Melilite-Basalt. An ultra-basic basal- 
tic rock which is found in many 
voleanic pipes of South Africa and 
which was apparently formed from 
the same magma which gave rise 
to kimberlite. 


Melle. A Brazilian term for diamonds 
of inferior quality. (Jewelers Cir- 
cular—Keystone). 

Mercury Vapor Lamp. Lamps used in 
the detection of fluorescence in dia- 
monds, employing vapor of the 
mineral mercury. See fluorescence. 

Metamorphic. Of, pertaining to, pro- 
duced by, or exhibiting metamor- 
phism (Webster). See metamor- 
phism. 

Metamorphism. The geological change 
in chemical composition or in the 
structure of a rock or mineral by 
heat pressure and other natural 
agents. 


Meteoric Diamond. Diamonds found 


in meteorites of very small to 
microscopic sizes. ! 

Meteorites. Masses of stone or metal 
which have fallen to thé earth 
from outer space. See meteoric 
diamonds. : 

Metric Carat. See carat. 

Metr’c Grain. See grain. 

“Mexican Diamond”. Rock crystal 
(quartz). 

Mica. A group of minerals gem- 
ologically imaportant as inclusions 
in various gem minerals and in 
kimberlite, where the species phlo- 
gopite occurs more frequently 
than other micas. / 

Micrometer. Any instrument for 
measuring very small dimensions 
or angles. See millimeter screw 
micrometer. 

Microscopes. Instruments which mag- 
nify small objects such as in- 
clusions in diamonds, the observa- 
tion of many of which is often 
impossible because the strong re- 
flection of light from the surface 
of polished diamonds obscures the 
view of the interior. See Diamond- 
scope; polarizing microscope. 

Milky Diamonds. Diamonds which 
have a milky appearance, partic- 
ularly in right-angle illumination, 
or in the Diamondscope, probably 
due to presence of a large number 
of very small internal fractures 


or other causes mentioned under 


cloudy texture. 

Mill. Diamond fashioning. Trade 
term for the entire machine upon 
the wheel or skeif of which dia- 
monds are ground and polished. 
Diamond mining. The building or 
buildings and adjacent establish- 
ment in which diamonds are re- 
covered from kimberlite by crush- 
ing, panning, jigging, and wash- 
ing over greased tables. 


(To Be Continued) 
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Gemstone Inclusions* 


Photomicrographs arranged .as an aid to identification of gem species and of 

the differences between genuine and synthetic sapphires, rubies and emeralds. 

All illustrations, except as indicated, from kodachrome transparencies by Dr. 
E. Giébelin, C.G., of Lucerne, Switzerland, Research Member, G.LA. 


While the feather-like. and sea- 
weed-shaped inclusions, the bubbles, 
erack-like formations and indistinct 
inclusions within. gemstones fire the 
imagination and-stir -one’s curiosity, 


they have a practical value over and 
above their fanciful appeal. 

The invaluable material included 
in Dr. E. Giibelin’s lecture “The 
Inelusions in Gemstones,” his recent 


Figure 1 


Light blue Ceylon sapphire, showing fine “silk’’, a proof of genuineness. In 

this instance the “silk” seems to consist of hewagonally oriented tubes filled 

with some unknown brown liquid which has probably replaced rutile needles. 
‘ Gemological microscope. 


*A.G.S. Research Service. 
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Figure 2 
Cabochon-cut dark blue Australian sapphire with zones marked by delicate 
variations of tones of blue, parallel to the faces of the hexagonal prism. 
Gemological Diamondscope. 


gift to the G.I.A., develops this theme 


and appeals not only to the sense 
of beauty and the imagination of 
the student and jeweler, but offers 
him as well two very interesting 
opportunities for practical applica- 
tion. 

By the very wording of his lecture 
and by the findings of his own 
studies, he quickens the will to fur- 
ther the study of gemstones, par- 
ticularily their inclusions. 

“In their great durability, today 
as in the illustrious times when 
Egyptian kings flourished in splen- 
dor, precious stones are the eloquent 
witness of the earth’s vital epochs 
of development,” he states; as he 
likens the value of intensive study of 
gems.and their inclusions to that of 
a knowledge of the cultural history 


of the Hellenes; the Egyptians, or 
the Inca tribes. [ 

As the geologist or mineralogist 
will examine gem inclusions in 
minutest detail for their revelations 
of age-long development, the jeweler 
and gemologist will study them for 
their conclusive distinction between 
genuine stones, and between these 
and their reproductions, the syn- 
thetics. 

From Dr. Giibelin’s 129 beautiful 
kodachrome transparencies has been 
chosen a series to stress this practical 
phase of a fascinating study. 

For purposes of comparison, Fig- 
ures 9 and 10 are reprinted from 
earlier published material. The 
major portion of Dr. Gtibelin’s 129 
photomicrographs will be reproduced 
in our following issues. 
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Figure 4 
Synthetic sapphire 
with curved striae 
(color accretion 
lines). Could be mis- 
taken by inexperi- 
enced jeweler using 
loupe to be straight 
lines which indicate 
genuine sapphire, as 

in Fig. 2. 
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Figure 8 
Blue sapphire with 
straight zoning 
structure. Compare 
with almost straight 
zoning structure of 
synthetic in Fig. 4. 
Also contains dark, 
wing-shaped inclu- 
sions and a liquid 
“feather” (large, 
dotted wing in the 
center). Gemological 
microscope. 
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Figure 5 
Blue sapphire exhib- 
iting a wonderful 
“flag” or “feather” 
consisting of script- 
like liquid drops. Ar- } 
rangement. of drops 
in lines results in | 
lighter and darker ® 
zones which might, 
under a jeweler’s 
loupe, be mistaken 
for the almost 
straight lines of a 
synthetic. Gemologi- 
cal microscope. 


Figure 6 
Pale grayish-blue 
Ceylon sapphire con- 
‘ taining a “flag”, 


UY, which consists of 


ye many hose-like liquid 
1 channels. 
4h 
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Figure 7 
Yellow sapphire from 
Ceylon, containing 
group of distinctly 
outlined tabular 
~ hematite crystals. In- 
cluded crystals of 
other minerals are 
never present in syn- 
thetics. Gemological 

microscope. 


Figure 8 
Genuine sapphire 
with liquid inclusions 
and newly precipi- 
tated mineral sub- 
stance. Under lower 
magnification, such 
as with jeweler’s 
loupe, the liquid in- 
clusions, most of 
which are obviously 
hexagonal in shape, 
might be confused 
with the bubbles in 
synthetic sapphire. 
Gemological micro- 

scope. 
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Figure 9 Figure 10 
Synthetic sapphire showing included Synthetic sapphire of newer type con- 
bubbles. Magnified somewhat over taining spherical gas bubbles and 
100 times. Gemological microscope. unusual irregularly shaped gaseous 
G.I.A. photo. inclusions. 


Figure 11 
Blue synthetic sap- 
phire containing in- 
numerable air bub- 
bles and one large in- 
dividual air bubble. 
Under high magni- 
fication these round 
bubbles cannot be 
mistaken for the dif- 
ferently shaped lig- 
uid inclusions such 
as seen in Fig. 6. 
Gemological micro- 

scope. 
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Figure 13 
Pale blue Ceylon sap- 
Phire with small 
group of three flat 
hexagonally shaped, 
liquid-filled cavities 
(the one on the left 
containing a gas bub- 
ble). Such inclusions 
have not been noted 
in synthetics, Gem- 
ological microscope. 


Figure 12 


Pink sapphire from 
Ceylon with inelu- 
sions of rounded 
grains of corundum. 
Obviously these 
never occur in syn- 
thetics. Gemological 
microscope. 
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Figure 14 
Sapphire from Cey- 
lon containing large 
liquid drops of va- 
rious forms; as «a 
whole they build a 
“feather”. Gemologi- 

cal microscope. 


Figure 15 


Blue sapphire con- 
taining irregular 
patch of unevenly 
distributed colloidal 
coloring substance. 
Rather easily mis- 
taken for similarly 
appearing color 
striae of color. some- 
times seen in syn- 
thetic sapphire and 
indicating the neces- 
sary observation of 
other inclusions as a 
determining factor. 
Gemological micro- 
scope. 
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Black Star Spinel* 


E. P,. HENDERSON, 
: Associate Curator, 
Division of Mineralogy and Petrology, 
U. S. National Museum 


Published with the permission of the Acting Secretary of the Smithsonian Institution. 


Figure 1 
These three stars occur as the path of one light band is followed from the 
girdle to the opposite side of the stone. 


Recently the United States Na- 
tional Museum acquired a black star 
spinel as an addition to the Roebling 
collection. When this stone was first 
submitted for identification, the own- 
er reported it to be a black star 
sapphire, but the dealer questioned 
this determination since the stone 
displayed more than one set of stars 
(Figure 1). 

This gem is cut in cabochon style, 
measured 12.2 mm. parallel to the 
long axis and 9.7 mm. parallel to the 
short axis. When received it weighed 
8.35 carats, but as a section was re- 
moved from the base of the stone for 
study, the present weight is 6.61 
carats. There is a well-developed 6- 
rayed star on the crown of the 
cabochon and 6 additional stars 
around the girdle. Following around 
the girdle of the stone the 6-rayed 
and 4-rayed stars alternate in occur- 
rence. If any one of the light bands 
of the star on the crown is followed 
from one edge of the stone to the 
opposite edge, 3 distinct stars are 
noticed. Since the stars around the 
girdle alternate, each band of light 


*G.I.A. Research Service. 
#*“Asterism in Garnet, Spinel, Quartz and 


in the main star on the crown will 
display one 4-rayed star and two 
6-rayed stars. The reason for this is 
explained further on and the dis- 
tribution of the stars can be under- 
stood by studying figures a and b 
taken from Walcott’s paper.** (Fig- 
ure 2.) 

The specific gravity of this gem 
was found to be 3.665 and the hard- 
ness between that of topaz and sap- 
phire. Topaz failed to. seratch it, 
while corundum just did mark it, 
however, since each face was polished 
and curved it was not easy to apply 
the necessary pressure to make a 
satisfactory test of the hardness. On 
the basis of hardness and specific 
gravity it appeared to be a black 
spinel. To confirm this, a portion of 
the stone below the girdle was re- 
moved by cutting with a wire saw, 
fed with fine carborundum powder, 
and the X-ray examination by J. M. 
Axelrod of the Geological Survey 
was made on a small portion broken 
from this plate (Figure 3). 

The above pattern shows that the 
star spinel (a) has the same struc- 


Sapphire.’”’ A. J. Walcott. Geol. Series, Field 
Museum, Vol. VII, No. 3, 1987. 
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Figure 2 
Oo Position of the cube face and a 3 fold star. 


A Position of the octahedron and a 6 fold star. 

© Position of the band of light. 

These positions correspond to the normal symmetry of the isometric cubic crystal. Fig. “a” 

corresponds to the orientation of this black spinel. Fig. ‘‘b’ shows the possible distribution of 
stars if a 4 fold star (or the cubic face) is located on the crown of the cut. 


ture as the spinel from Mt. Fran- 
cisco, Western Australia; (b) the 
analysis of which was published in 
the American Mineralogist, v. 13, p. 
461, 1928. 

The only other described star 
spinel was a dark-red stone weighing 
a trifle over 3 carats which was sub- 
mitted to Albert J. Walcott of the 
Field Museum who determined it to 
be a spinel. 

The following quotation taken 
from Walcott’s report explains in 
detail the asterism of the black spinel 
which is the subject, of this paper. 

“An examination of the spinel 
stone with a microscope under 
strong illumination reveals an 
inclusion system of a large num- 
ber of very fine elongated crys- 
tals. Around the center of each 

‘six-rayed star’ over an appre- 

ciable area, there are three sets 

of included crystals whose elon- 
gations extend in three direc- 
tions at angles of 60° to each 
other. The value of this angle 
was determined with a polariz- 
ing microscope, using the method 


for. determining crystal angles 
or cleavage angles. It is. quite 
evident that the system of in- 
cluded crystals produces the 
asterism in the spinel gem. 

“The relations of the chatoy- 
ant bands to symmetry direc- 
tions may be visualized by 
assuming a spherical projection 
of an octahedron oriented so that 
a trigonal axis of symmetry is 
in a vertical position. Three 
binary axes of symmetry, inter- 
secting at angles of 60° lie in a 
plane perpendicular to the trigo- 
nal axis of symmetry. Three 
sets. of included crystals are 
parallel to the pair of octahedron 
faces which intercept the vertical 
trigonal axis at 90° and are 
respectively parallel to the three 
binary axes referred to above. 
This accounts for the 60° angles 
formed by the included crystals. 
Three chatoyant bands produced 
by the included crystals intersect 
at 60° on the octahedron faces 
at the terminations of the trigo- 
nal axis of symmetry. 


152 


GEMS & GEMOLOGY 


. “The same condition with its 
resulting phenomenon prevails 
for each pair of parallel octa- 
hedron faces. If a chatoyant 
band is traced on an octahedron, 
it will be’ found that the plane 
of this is perpendicular to a 
binary axis of symmetry and is 


b 


axes of symmetry and, therefore, 

produce six ‘four-rayed stars.’” 

A slice roughly parallel to the six- 
rayed star on the crown of this black 
spinel was removed from below the 
girdle. After it was ground thin 
enough to transmit, light, numerous 
needle-like inclusions were found all 


Figure 2 
b—Spinel from Mt. Francisco, Western Australia. 


a—Black star spinel. 


parallel to a diagonal plane of 
symmetry. The plane of the band, 
therefore, includes one tetrag- 
onal axis of symmetry, one 
binary axis of symmetry, and 
two trigonal axes of symmetry. 
It will readily be seen that for 
the whole crystal there are six 
chatoyant bands. 

“The. interesting asterism 
phenomenon described above 
may be visualized more clearly 
if the octahedron is projected on 
a sphere. A sphere of spinel with 
inclusions like the stone here in- 
vestigated will show six great 
circle chatoyant bands. Three 
bands will intersect, forming 
angles of 60°, at each of the 
poles of the four trigonal axes of 
symmetry thus producing eight 
‘six-rayed stars.’ Two bands will 
intersect at 90° at each of the 
poles of the three tetragonal 


of which are arranged in a trigonal 
pattern. Since the mechanical control 
in the grinding of the section was 
not accurate enough to produce a 
face parallel to the octahedron the 
needles in the section are not abso- 
lutely horizontal. 

The fully developed star is visible 
in one place and. each star holds 
its fixed position as the stone is ro- 
tated. If the rotation is along a plane 
parallel to one of the light bands a 
new star will appear when the rota- 
tion has been sufficient to bring the 
stone into the proper alignment be- 
tween the source of light and the 
observer’s eye. As Walcott so clearly 
described above, the asterism defi- 
nitely follows the symmetry of an 
isometric crystal. This requires that 
the needles which produce the dif- 
fraction grating to be orientated 
parallel to the edges of the octa- 


( 


hedron face. No other arrangement 
would produce this effect. Since the 
normal habit of spinels is to form 
octahedrons it is logical to expect 
the inclusions to be orientated along 
the sides of this face. 

The author hopes that some day a 
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cutter will have a sizable specimen 
of spinel which shows asterism and 
that he will fashion it into a sphere. 
This should have display value and 
perhaps the public would enjoy hav- 
ing a stone which will effectively 
display this interesting effect. 
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At the Retail Jewelers Research 
Group luncheon for the Board of 
Governors of the Gemological Insti- 
tute, at Westchester Country Club, 
Rye, N.Y., April 27, Robert and 
Beatrice Shipley were honored in a 
ceremony in which a bronze plaque 
was presented to them in recognition 
of their far-reaching contribution to 
the jewelry industry. 

The secretary-treasurer of the In- 
stitute, Percy K. Loud, acting for the 
Board of Governors, made the pres- 
entation. 

Commenting on the success with 
which the Shipleys had transformed 
“a purely ephemeral plan into the 
reality of an institution known and 
respected throughout the civilized 
world,” Mr. Loud concluded: 

“The Board of Governors decided 
that.even as Robert Shipley and his 
wife, Beatrice, have taken the high- 
est ideals of the jewelry industry 


National Jeweler 


G.LA. BOARD OF GOVERNORS HONORS SHIPLEYS 
BY PLAQUE PRESENTATION 


and moulded them into a great edu- 
cational institution, so the Board 
should express in simple words the 
loyalty and admiration which the 
Shipleys have inspired, and mould 
them in deathless bronze that for all 
time our gratitude and affection may 
be cherished and remembered.” 

Mr. Shipley, in the East for the 
Board of Governors’ meeting and the 
American Gem Society Wartime Con- 
ference, accepted for. the Shipleys, 
remarking in part: 

“The success of which Mr. Loud 
speaks could not have been accom- 
plished without the self-sacrifice and 
wise collaboration of you Governors, 
and those many members of the 
A.G.S. who have built, and are still 
building, in the now strongly en- 
trenched gemological profession, a 
monument to their own business and 
personal ideals.” 
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DIAMOND GLOSSARY 


(Continued from p. 140, last issue) 


= 


Miller indices. Mathematical symbols 
denoting the face of a crystal. 
These symbols indicate the dis- 
tance from the crystal’s center at 
which the face intersécts each 
erystal axis.’ The symbols for the 
faces of the octahedron are 11, i, 
iu, ete., the first letter indicating 
the @ axis, the second the 6 axis, 
and the third, c; the negative sign, 
that sthe intersection occurs be- 
hind’ to the left, or below the 
center. 


millimeter screw micrometer. A pre- 
cision caliper gauge especially use- 
ful for accurately measuring the 
depth and girdle. width of dia- 
monds. See also Leveridge gauge; 
Moe gauge. 

milling of blue ground: See mill. 

Millionaire Diamond. Same as Regent 
Diamond. 

mimicry. Imitations of crystal form 
of higher symmetry by those of 
lower grade of symmetry, usually 
the result of twinning. 


Minas Geraes. A state of Brazil, 
north and east of Rio de Janeiro; 
first important Brazilian diamond 
deposits were discovered near Dia- 
mantina and later near Bagagem. 


Minas Geraes Diamond. An alluvial 
diamond of 172% metric carats 
found in Minas Geraes about 1937. 

mineral classification (of diamond). 
Diamond is of the normal (hex- 
ahedral or holohedral) class of the 
isometric crystal system, and 
therefore belongs to the most sym- 
‘metrical class of the most sym- 
metrical system. 


mine run. Unassorted product of a 
mine. (R. Webster). 

mine salting. See salting: 

Mirror of Naples. A. fine large dia- 
mond “valued at 30,000 crowns 
(approximately $37,500) that be- 
longed to Mary, sister of Henry 
VIII, who had married Louis XII 
of France. “What this diamond 


really was and its subsequent his- 
tory is still a matter of conjec- 


ture:” (Hamlin). 

Mirror of Portugal. See Mazarin. 

Modder River. A tributary of the 
Vaal River between Kimberley 
and Bloemfontein. An important 
alluvial diamond mining district. 

moderne cut or modern cut. Any 
modification, or combination, of ta- 
ble cut, step cut or brilliant used 
especially in connection with dia- 
mond. Includes baguette, triangle, 
keystones, half moon, ete. 

Moe gauge. A caliper gauge which, 
with accompanying table, esti- 
mates to within a few hundredths 
the weights of brilliant-cut dia- 
monds only, by measurements of 
width and depth of either set or 
unset diamonds. Not a precision 
instrument. See Leveridge gauge. 

Mogul, Moghal or Mughal Dynasty 
(1526-1857). Founded by Baber the 
Mongol. The greatest of his de- 
scendants were Akbar, Shah Jehan 
and Aurangzeb. After the death 
of Aurangzeb (1707) the empire 
declined rapidly. In 1739 Nadir 
Shah of Persia sacked Delhi, the 
capital of the empire and the title 
“Great Mogul” given the Emperors 
became but a name. The Mogul 
emperors had vast stores of gems, 
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especially diamonds. Tavernier, 
“the father of the diamond trade,” 
traveled in India and at the court 
of Aurangzeb saw a diamond 
sometimes known as the Great Mo- 
gul, and many other gems. See 
Great Mogul Diamond; Tavernier. 

Mogul, Great. See Great Mogul Dia- 
mond. 

Moli’s scale. The most commonly used 
seale of hardness: diamond 10, 
corundum 9, topaz 8, quartz 7, 
orthoclase feldspar 6, apatite 5, 
fluorite 4, calcite 3, gypsum 2, tale 
1. Divisions are arbitrary, not 
equal. Diamond is perhaps about 
100 times harder than corundum. 

Moissan, Henri (1852-1907). French 
chemist who, until adequate gem- 
ological tests were developed, was 
credited with having made syn- 
thetic diamonds in 1893. 

molecule. The smallest unit of a sub- 
stance in which the chemical prop- 
erties of that substance are en- 
tirely retained; may consist of one 
or more elements, and therefore 
of more than one atom. 

Monastery mine. Diamond pipe in 
Winburg area of South Africa. 
See also Kimberley mines. 

monazite. A mineral associated with 
diamond in Minas Geraes. Essen- 
tially (Ce, La, D) PO.; H. 5-5%; 
S.G. 4.9-5.3; R. I. 1.78-1.83; mono- 
clinic. 

Monteleo mine. Diamond pipe in Win- 
burg area, South Africa. See also 
Kimberley mines. 

Moon Diamond. A diamond identified 
by this name, weighing 183 carats, 
possibly the largest ever to have 
been sold under the hammer, was 
auctioned at Sotheby’s salerooms, 
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London, Aug. 20, 1942. The stone 
was purchased by H. W. Thorne 


for the low figure of £5,200, then 
passed into the hands of a foreign 


potentate, whose..name was not 
divulged. Described “by an eye- 
witness as a well-cut brilliant, 
almost, circular, rather thick, but 
with good fire and a faint tinge 
of yellow. Almost certainly not an 
Indian stone, more probably South 
African, which would account for 
its lack of history. Weighed 183 
carats and the drawing shows a 
_ stone of 1%” diameter, a crown of 
41 facets, the bezel facets being 
divided into two parts. Publicized 
' (but not represented) by Sothe- 
by’s, to be the Moon of the Moun- 
tains. f 
Moon of Baroda Diamond. Name 
probably given about 1926 to a 
24.95 carat, pear-shaped yellow 
diamond by one of its East Indian 
owners, Prince Ramachandra, who 
had acquired it after its return to 
India from Austria to whose Em- 
press Maria Theresa it has been 
given by the Gaekwar of Baroda. 
Moon of the Mountains Diamond. An 
ancient Indian diamond said to 
weigh 120 carats, the description 
of which by earlier chroniclers 
may have been faulty, and which 
Smith, Schlossmacher and other 
authorities believe to have been 
confused with the names Great 
Mogul, Orloff and Derya-i-nur, all 
of which may refer to the same 
stone which was taken from Delhi 
in 1749 by Nadir Shah, and even- 
tually given to Catherine the Great 
by Prince Orloff. See also Moon 
Diamend. 


(To Be Continued) 
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Gemstone Inclusions* 


Photomicrographs arranged as an.aid to identification of gem species and of 

the differences between genuine and synthetic sapphires, rubies and emeralds. 

All illustrations from kodachrome transparencies by Dr. E. Giibelin, C.G., 
of Lucerne, Switzerland, Research Member, G.I.A. 


The following eleven illustrations 
continue our presentation of mate- 
rial from the lecture “The Inclusions 
in Gemstones,” by Dr. E. Giibelin, 
C. G., of Lucerne, Switzerland. 

In this portion of his fascinating 
and invaluable study, Dr. Giibelin 
has photographed inclusions particu- 


larly helpful to the jeweler and 
gemologist in distinguishing between 
genuine and synthetic stones. 

Studies of sapphire inclusions 
were presented in our last issue. 
This issue’s reproductions are of in- 
clusions in both genuine and syn- 
thetic rubies. 


Figure 16 


Ceylon ruby exhibiting small xenomorphic 
grain of radioactive zircon surrounded by a 
very fine pleochroic radio-halo. 
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Figure 17 


Ceylon ruby with 
subtle tissue of a 
hexagonally woven 
pattern of long slen- 
der rutile needles as 
seen through the mi- 
croscope. Heavy 
white lines are re- 
flections from facet 
junctions. 


Figure 18 


Synthetic ruby show- 
ing strongly curved 
striae and numerous 
minute air bubbles. 
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Figure 19 


Genuine ruby whose 
closely packed lami- 
nations display 
straight parallel 
twinning striations. 
Parting or false 
cleavage is due to 
such twinning. 


Figure 20 


Synthetic ruby which 
shows an enormous 
mass of air bubbles. 
Under a jeweler’s 
loupe these strings 
of bubbles might 
seem, to the inex- 
peritenced observer, 
to be straight striae 
* which indicate genu- 
ineness. 
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Figure 21 


Genuine ruby ex- 
hibiting a patch of 
fine rutile needles 
hexagonally arrang- 
ed, and hence inter- 
secting at 60° angles. 
This arrangement is 
in noticeable crystal 
symmetry and is 
characteristic of 
Burma rubies. 


Figure 22 


Synthetic ruby show- 
ing a cloud of very 
fine bubbles and sev- 
eral irregular 
thread-like, gas-fill- 
ed formations which 
occur very rarely. 
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Figure 23 


Burma ruby with in- 
clusions of coarse ru- 
tile needles. 


Figure 24 


Synthetic ruby with 
slightly curved 
string of bubbles. 
The bright spots in 
the center are char- 
acteristic of bubbles 
seen in synthetics. 
Very high magnifi- 
cation is sometimes 
necessary for these 
to be discernible. 
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Figure 25 


Siam ruby contain- 
ing typical slabs of 
ilmenite surrounded 
by characteristic 
web-like inclusions. 
The large dark in- 
clusions might be 
mistaken for bubbles 
if observed under a 
lower magnification 
such as a jeweler’s 
loupe. 


Figure 26 


Synthetic ruby show- 
ing curved striae 
and a group of bub- 
bles. Coalescence of 
a number of such 
bubbles form the 
large very elongated 
bubble. Inclusions on 
the right are formed 
by the unification of 
two bubbles. 
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Gemstones and the 
Spectroscope* 


By 


B. W. ANDERSON, B.Sc., F.G.A. 


More than seventy years have 
elapsed since A. H. Church made 
the first observations on the absorp- 
tion spectra of zircon and almandine 
garnet, and yet the spectroscope is 
still not accorded the important place 
in gem-testing equipment which it 
deserves. 

A simple prism spectroscope is 
hardly more costly or bulky than a 
dichroscope and has a far wider 
application. It is capable of provid- 
ing positive identification of a large 
variety of stones whereas the dichro- 
scope can usually provide only acces- 
sory evidence. The spectroscope can 
be used equally well with cut or 
rough material, mounted or un- 
mounted, and is incomparably rapid 
in use. 

Moreover, the absorption spectrum 
method is aesthetically satisfying, 
which is an important factor where 
the routine testing of a large num- 
ber of stones is involved. Just as, 
when faced with a problem which 
may be solved by a number of meth- 
ods, the true mathematician prefers 
to use the most “elegant’’ proof, so 
does the skilled gemologist when 
identifying a stone avoid cumbrous 
and messy or time-consuming tests 
and employ the speediest and most 
satisfying means at his disposal, pro- 
vided that. there is no sacrifice of 
accuracy. 

One reason for the appreciation 
of the spectroscope’s powers is the 


*G.1.A. Research Service. 


lack of available data on the ab- 
sorption bands to be seen in the 
various species and on the technique 
to employ if good results are to be 
obtained. Kraus and Slawson’s excel- 
lent text-book “Gems and Gem Ma- 
terials” devotes a few lines to the 
subject, but the diagrams provided 
are not sufficiently accurate and 
cover very few of the species. The 
best text-book account to date is in 
the 1940 edition of Herbert. Smith’s 
“Gemstones”; also in my own short 
book “Gem-testing for Jewellers” a 
simplified account is given of the 
technique involved and the more use- 
ful spectra are described. 

It is more than ten years since my 
colleague C. J. Payne and I began 
concentrated work with the spectro- 
scope and our early enthusiasm for 
the instrument has in no wise abated. 
Eventually we hope to publish a com- 
prehensive paper giving all our re- 
sults in full, but that must wait 
until Payne returns from active 
service. In the meantime, it is hoped 
that the following short account of 
the absorption spectrum method may 
prove useful. 

First, as to apparatus. Useful re- 
sults can be obtained with a wide 
variety of instruments. Edgar T. 
Wherry, to whom credit must be 
given for much pioneer work and for 
the first would-be comprehensive 
papers on the absorption spectra 
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of minerals’, favoured the micro- 
spectroscope—a small prism instru- 
ment with superimposed wave length 
scale, made to fit into the body tube 
of the microscope. Such apparatus 
is undoubtedly useful and easy to 
employ, hut is rather expensive for 
the results obtained and has too 
small a dispersion for some pur- 
poses. 


Prism instruments give far more 
brilliant results than those with a 
diffraction grating, but the disper- 
sion increases progressively towards 
the violet, so that, where a low-dis- 
persion spectroscope is used, the 
red end of the spectrum is very com- 
pressed, while with instruments giv- 
ing larger dispersion, bands in the 
violet tend to become unduly broad- 
ened and vague. 
promise is a spectroscope having a 
dispersion of about 10°—barely suf- 
ficient to separate the D lines of 
sodium—and this, with adjustable 
slit but without the complication of 
a scale, should only cost about 
twenty dollars, and is capable of 
almost all that is needed for iden- 
tification purposes. For research and 
wave length measurements more 
elaborate instruments are needed, 
and photography enables one to de- 
tect band§ which are beyond the 
limits of human vision. 

The source of light, and method of 
illuminating the specimen are ex- 
ceedingly important. The source 
should be as intense as possible: a 
low voltage “intensity” lamp or a 
projection bulb (as used in lanterns 
and epidiascopes) of 250 or 500 
watts are very suitable though re- 
sults can be obtained with an ordin- 
ary strong bench-lamp. If a micro- 
scope with an Abbe condenser is 


~ 1American Mineralogist, 1929, Vol. 14, pp. 
299-308 ; 323-328, 


A happy com-- 


available, it is very convenient to 
place the specimens on a glass plate 
on the microscope stage, table facet 
down, and concentrate the light from 
the microscope mirror through the 
condenser into the stone under ob- 
servation. Using a low-power objec- 
tive (1”—1%”) and removing the 
eye piece, the focus should then be 
adjusted until a uniform glare from 
light which has passed through the 
specimen fills the microscope tube. 
To prevent undue dazzle while the 
adjustment is being made some dark 
colour filter (eg. cobalt glass or 
“Chelsea” colour filter) can be used 
to view the effect while looking down 
the tube before using the spectro- 
scope. With practice, to make all 
these adjustments is a matter of 
seconds. The hand spectroscope can 
then be held in place of the eye 
piece, resting lightly on the body 
tube of the microscope. In this way 
a good uniform spectrum free from 
“streakiness” is ensured. 

Certain effects, such as fluores- 
cence lines, are best obtained by 
scattered light, and these can be seen 
simply by directing the spectroscope 
from one side on to the brightly 
illuminated specimen on the micro- 
scope stage. As an alternative, no 
microscope need be used if the speci- 
men is placed on black card or vel- 
vet and the rays from the light 
source are focused on to the speci- 
men by means of a lens, with some 
form of screening to prevent un- 
wanted glare. The spectroscope is 
then simply directed at the stone 
from a few inches distance. 

An adjustable slit is a great con- 
venience as by opening the slit one 
can often discern bands which are 
almost lost in the obscurity at the 
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ends of the spectrum, while on the 
other hand the sharpest results for 
clearly defined narrow bands are 
attained when the slit is very nearly 
closed. Streaks parallel to the length 
of the spectrum are due to dust on 
the jaws of the slit. While one must 
expect these to appear when the slit 
is very narrow, should they persist 
when the slit is widened an improve- 
ment can be obtained if the jaws 
are opened still more widely and 
cleaned by rubbing gently with the 
tapered end of an orange-stick or 
sharpened match-stick. 

All spectroscropes have some form 
of focusing device to enable adjust- 
ment to be made to suit, individual 
eyesight—usually simply by extend- 
ing or shortening the sliding draw- 
tube to which the eyepiece is at- 
tached. The position of sharpest 
focus can best be ascertained by 
observing a bright-line spectrum 
from an arc-lamp, mercury or so- 
dium lamp or the sodium light from 
a hot gas flame into which a sodium 
salt has been inserted. When the 
slit is nearly closed the bright yellow 
sodium doublet will be exceedingly 
sharp. Alternatively the Fraunhofer 
lines of the sun’s spectrum can be 
used for the same purpose. These 
dark lines are simply the bright 
lines of the elements in reverse, that 
is, absorbing instead of emitting 
radiation of definite wave length. 

In the descriptions of different ab- 
sorption spectra which will be given 
in this series of articles, the posi- 
tions of the various bands in the 
spectrum will be recorded in Ang- 
strom Units (IA=1/10,000,000 mm). 
Many authors prefer to express 
wave lengths in millimicrons (1lmm= 
10A), but these units are so readily 
translated at sight into the other 
that no difficulty should arise on this 
account. 


Those new to spectrum work 
should accustom themselves to re- 
lating wave lengths to the rainbow 
colours of the spectrum. The ribbon- 
like band of colours seen when white 
light is viewed through a spectro- 
scope is simply a countless series of 
overlapping images of the spectro- 
scope slit which have been refracted 
or diffracted by different amounts 
by passing through prisms or a dif- 
fraction grating. From the glowing 
vapour of an element only light of 
certain definite wave lengths is 
emitted by the excited atoms, pro- 
ducing bright lines in positions char- 
acteristic of that particular element. 

According to the complexity of the 
outer electronic shell of the atoms, 
the spectrum of an element may 
consist of only a few lines (as with 
sodium) or of many hundreds of 
lines (as with iron). This type of 
spectrum is known as an emission 
spectrum and forms a delicate means 
of chemical analysis. An incandes- 
cent solid, on the other hand, no 
matter what its chemical nature, 
emits a jumble of all wave lengths 
from deepest red to extreme violet, 
forming a continuous spectrum. It 
is such light which we need to em- 
ploy when studying absorption spec- 
tra, since it is the dark bands cross- 
ing the bright background of the 
continuous spectrum of our light- 
source after the light has passed 
through the stone in question which 
tell us which wave lengths have been 
preferentially absorbed in passing 
through the stone. 

There are no sharp divisions be- 
tween one spectrum colour and the 
next, and it is a matter of opinion 
as to where exactly, for instance, 
the green ends and blue begins. Some 
writers interpolate “indigo” as a 
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colour between the blue and violet 
but I personally cannot, discern this 
distinction. A rough division of col- 
ours according to wave lengths is 
undoubtedly helpful to the beginner, 
however, and this is accordingly at- 
tempted below. For absorption spec- 
trum purposes the limits of vision 
can be considered as 7000 A in the 
red and 4000 A in the violet, though 
the eye can detect bright emission 


lines considerably ~ outside these 
limits. 

7000 A — 6400 A Red 

6400 — 6000 Orange 

6000 — 5700 Yellow 

5700 — 5000 Green 

5000 — 4500 Blue 

4500 — 4000 Violet 


In ensuing articles I hope to give 
details of all the important gem 
spectra. 


ERRATUM. Fall 1942 issue of GEMS & GEMOLOGY, p. 36: In the 
tabulation showing disparity of respective R.I. for Siam, Burma, and 
Ceylon sapphire, the first figure for Siam sapphire ‘should be €q = 1.767; 
while the first figure for Burma sapphire should be &7=1.765. All other 


figures remain the same. 
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Gemological Digest 


ADDITIONAL NOTES ON THE 
PRESIDENT VARGAS DIAMOND 


Courtesy Harry Winston, Inc. 


The Vargas rough pictured with the 18 most important of the 29 stones 
fashioned from it. The pear-shaped stone was fashioned from a 21.65- 
carat piece sawed from the rough before the first cleaving. 


Earlier notes on the President Var- 
gas Diamond*, which were written 
at a time when plans for cutting 
the stone were just taking shape, left 
the story of the diamond at that 
point, 

The illustration shows a model of 
the Vargas rough (third largest au- 
thenticated diamond in the world) to- 
gether with the twenty-nine flawless 
diamonds which have since been cut 
from it. 


“Spring, 1941 issue, Gems & Gemology. 


Because of an anomaly in the 
growth lines in the upper portion of 
the stone, which apparently inter- 
rupted the continuity of the cleavage 
planes, a 21.65-carat piece was first 
sawed from the top. Cleavage was 
later accomplished along the cleav- 
age planes then revealed. 

The pear-shaped diamond was fash- 
ioned from the piece from the top. 
Subsequent cleaving and sawing pro- 
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Courtesy Harry Winston, Inc. 


The Vargas as first cleaved. The 150-carat piece on the left and the larger 
§50-carat portion, produced 28 pieces in addition to the stone fashioned from 
the 21.65-carat. piece first sawed from the rough. 


duced 28 pieces from which the other 
stones were fashioned. 

Weights of the largest emerald- 
cut stones are: 48.26, 30.90, 29.95, 
28.05, 27.48, 25.35, 25.38, 24.83, 24.30, 
23.36, 23.10, 22.97, 19.45, and 17.91 
carats. 


The marquise-cut stone weighs 
12.82 carats, while the pear-shaped 
diamond is 10.05 in weight. Three 
small emerald-cut stones weigh 3.53, 
2.75 and one triangle, 2 carats. In 
addition there were cut ten very 
small diamonds. 


PUNCH JONES DIAMOND 


A rough diamond weighing 34.46 
carats was found by Mr. Grover C. 
Jones of Peterstown, West Virginia, 
in April, 1928. 

This is said to be the largest allu- 
vial diamond ever found in this 


country. The crystal form is well 
developed and the color is. slightly 
greenish gray. 

The rough stone was identified as 
a rough diamond by R. J. Holden, 
professor of geology at Virginia 
Polytechnic Institute. 


The story goes that Mr. Grover C. 
Jones is the father of seventeen con- 
secutive sons (all living) and the dia- 
mond was discovered while he and 
his eldest son were pitching horse- 
shoes. The father wishes to have this 
diamond known as the Punch Jones 
Diamond in honor of his son, Wil- 
liam P. (Punch) Jones, who is now 
in the Army. 

The diamond is on loan to the 
United States National Museum. 
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WYOMING JADE 


The discovery of nephrite in 1936, 
near Lander, Wyoming, has been of 
considerable interest throughout the 
industry. Gem stones of nephrite 
have not reached the market in 
quantity, which is probably due to 
the scarcity of gem cutters and the 
cost of cutting in the U.S.A. as com- 
pared with costs in China. 


The colors in which this nephrite 
have been found are green and black. 
Some of the green is of very fine 
quality and one prospector claims 
that some of the black is as fine as 
has ever been found in the world. 


The occurrence is in water-worn 
boulders and in angular blocks near 
the surface. The angular shape is 
more common. These boulders and 
blocks vary in size from small boul- 
ders up to very large ones weighing 
several tons. 

There has also been a report of the 
discovery of veins of jadeite in this 
same locality, but investigations con- 
ducted by the G.I.A. have resulted in 
obtaining the statement from reliable 
sources, which have tested this mate- 
rial, that it is also nephrite and not 
jadeite. 
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DIAMOND 


GLOSSARY 


(Continued from p. 156, last issue) 


Mora Diamond. Probably quartz 
crystal. 


Morrissey Diamond. Same as Dewey 
Diamond. 


Morse, Henry D. A Boston diamond 
merchant and cutter accredited 
with originating the so-called 
“American-cut brilliant” in about 
1865. 

mother liquid or liquor. (1) Gem- 
ological: A magma, especially a 
deep-seated magma in which dia- 
monds may have formed. (2) 
Chemical: The residual solution 
remaining after its contained sub- 
stances have become crystallized or 
precipitated. 

mother rock. Same as matrix. 


motichul. Hindu name for clear and 
brilliant diamonds. 

Mountain of Light Diamond. See 
Kohinoor. 


Mountain of Splendor. Murray refers 
to a MS “Sketches of Persia, 1838” 
as his source for the statement 
that this diamond was in the crown 
of Persia, weight 135 c., valued at 
£145,800. It may have been con- 
fused with another diamond. 

muddy diamond. Trade term for a 
diamond of inferior brilliancy due 
to lack of transparency resulting 

‘from presence of numerous tiny 
inclusions or structural anomalies. 

Multi-Facet Diamond. A trademark 
(applied for) used to describe a 
standard brilliant cutting with a 
polished or faceted girdle upon the 
circumference of which at least 
forty flat surfaces or facets have 
been polished. 


Murray, John. Author of Memoir on 
the Diamond, the 2nd. edition of 
which appeared in 1839. 

“Mutzschen diamonds”. Rock crystal. 

Mwanza. See Tanganyika. 

naat (Dutch). (1) Thin flat twinned 
diamond crystal. (2) The junction 
of the two individuals of a twinned 
erystal. See macle. 

naif, naife, or naive. (Pl. naifes or 
naives). (1) A well-formed dia- 
mond crystal as distinguished from 
distorted crystal. (2) A thick or 
pointed diamond crystal, as dis- 
tinguished from flat crystal from 
which only roses or thin stones can 
be cut (Murray). (3) A diamond 
crystal possessing bright or splen- 
dent faces (King). (4) The nat- 
ural, unpolished faces of a. erystal. 
See point naive. (5) The luster of 
such faces, 

naif gem. A gem still possessing nat- 
ural unpolished luster. 

Namaland. See Namaqualand. 

Namaqualand. Name of a region in 
Union of South Africa along At- 
lantic coast. It is divided by lower 
course of the Orange River into 
two portions: Little, or Lesser 
Namaqualand to the south, and 
Great Namaqualand to the north 
(formerly southern portion of Ger- 
man Southwest Africa). See Lu- 
deritz. 


Namaqualand diamonds. Diamonds 
from Namaqualand, many of 
which have a whitish coating 
which neutralizes yellowish body 
color and deceives the cutter. 

Namaqualand, Great. See Namaqua- 
land. 
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Namaqualand, Lesser. See Namaqua- 
land, Little. 


Namaqualand, Little. Here the dis- 
covery of diamonds in wave-built 


terraces was made in the coastal 
region in 1926. The richest terrace 
has been called the “oyster line”. 
See also ‘Namaqualand; “oyster 
line”; wave-built terraces. 


Napoleon Diamond. “A brilliant of 34 
carats, set in a ring,,.was sold by 
Mr. Eliason [noted “em dealer. 
Ed.] to Napoleon Buonaparte for 
£8000, to be worn on his wedding 
day, when married to the Empress 
Josephine. It was not, however, a 
diamond of the first class” (Mur- 
ray). Streeter adds that “Napoleon 
Buonaparte wore the diamond in 
the hilt of his sword on his wed- 
ding day but that it was known 
to have really been a very perfect 
stone.” Present location unknown. 

Nassak Diamond (also known as 
Nasik, Nassac, Nassack, Nessuck). 
Once among the treasures of a 
Hindu temple near the tower of 
Nasik, India, this stone fell into 
the hands of the Marquis of Hast- 
ings after the Mahratta War of 
1818, and became a part of. the 
“Deccan Booty”. Later it was in 
the custody of the English jew- 
elers, Rundell and Bridge. In 1831 
was bought at auction by Emanuel 
Brothers at bargain price of 
£7,200. In 1837 it was purchased by 
the then Marquis of Westminster. 
In 1929 imported into America and 
offered for sale by Mauboussin, at 
a price of $400,000. When brought 
from India, weighed over 90 m.e. 
(8914 English carats). When re- 
cut, weighed 80.59 and was a stone 
of unusual beauty and brilliancy, 
which retained its original tri- 


angular form in pleasing manner, 
More recently purchased (1937) by 
an American importing firm which, 
in an effort to make it more salable 
in a modern market, refashioned 
it into an emerald-cut stone of 
43.38 carats; dimensions, 23x19x 
13.8. 


natural. Trade term for the natural 


surface of .the rough diamond 
which is sometimes left by the 
cutter upon the girdle of a fash- 
ioned diamond when it is by some 
authorities considered an imper- 
fection but not.so by the majority. 
Its presence indicates to an em- 
ployer that the cutter has pre- 
served the greatest possible 
amount of the original weight of 
the rough stone, but crities claim 
that naturals are left on diamonds 
principally to preserve the weight 
at a sacrifice of beauty and good 
workmanship. Flat. polished sur- 
faces on the girdle where naturals 
have been polished out are also 
sometimes called naturals, at other 
times facets. Naturals on any por- 
tion of a diamond other than the 
girdle are, universally, considered 
an imperfection. 


navet. A little-used English contrac- 


tion of navette. 


navette (cut). Same as marquise cut. 


Schlossmacher’s definition as “a 
pear-shaped rose cut” may have 
an historical basis, but Eppler in- 
dicates that the German trade uses 
the terms “marquise” and “navy- 
ette” interchangeably. The word 
in French means literally “little 
boat” and is applied to such 
shaped articles as a weaver’s 
shuttle. 


nayfe (Portuguese). Same as naife. 
neck. See voleanic neck. 


(To Be Continued) 
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Gemstone Inclusions* 


Photomicrographs arranged as an. aid. to identification of gem species and of 
the differences between genuine and synthetic sapphires, rubies and emeralds. 
All illustrations from kodachrome transparencies by Dr. E. Gubelin, C.G., 


of Lucerne, Switzerland, Research. Member, G.LA. . 


Reproduetions of Dr. E. Gtibelin’s 
photomicrographs continues in this 
issue with a series chosen from his 


129 remarkable Kodachrome slides, © 


a gift to the Institute, which illus- 
trate his lecture “The Inclusions in 
Gemstones.” ; 

For the purposes of comparison, 
Figure 39 is reprinted from an 
earlier issue. 


Dr. Giibelin has photographed in- 


clusions helpful both to the jeweler 


and the gemologist in- distinguish- 
ing between genuine and. synthetic 
stones. : a 

Rubies were the subject of. our last 
presentation. The studies on these 
pages are of inclusions in genuine 


_and synthetic: emeralds. 


Figure 27 
A Colombian emerald showing a remarkable in- 


clusion whach 


is a well-developed trigonal 


crystal of tourmaline. 


*A.G.S. Research Service. 


WINTER, 


1944-'45 


175 


Figure 29 
Synthetic emerald 
with wisp-like feath- 
ers, the most prom- 
inent inclusions in 
synthetic emeralds, 
which under high- 


power magnification © 


dissolve into count- 
less tiny single liquid 
drops, each of which 
contains a. little 
round gas bubble. 
They are grouped in 
broad, swarm-like 
lines, which cross 
the stone in slightly 
curved directions, 


Figure 28 
A Colombian emerald 
having an abundant 
distribution of small- 
est three-phase in- 
clusions.. The three- 
phase inclusions are 
most interesting, as 
they are cavities 
which contain the 
three phases of mat- 
ter at once, that is, 
one or more crystals 
and one or more gas 
bubbles are bedded 
in liquid which fills 

the cavity. 
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Figure 30 


A Colombian emerald | : 


with a very unusual 
but interesting air- 
filled fracture exhib- 


iting a dendritic | 


pattern. 


Figure 31 
Synthetic emerald 
exhibiting wisp-like 
inclusions, with the 
small particles of col- 
oring matter sprin- 

kled throughout. 
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Figure 38 


Synthetic emerald 
showing smaller and 
coarser solid inclu- 
sions — particles of 
coloring matter. 
(Those small par- 
ticles which are out 
of focus seem to be 
spherical.) 


Figure 32 
Genuine Colombian 
emerald showing 
typically jagged in- 
clusion with non- 
miscible liquids, 
these are liquids 
which are not cap- 
able of mixing. A 
stil higher develop- 
ment of the filling 
is provided by the 
three-phase inclu- 

sions. 
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Figure 34 
Natural emerald 
having individualis- 
tic liquid inclusions 
of unknown proveni- 
ence. Such inclusions 
would never occur in 
the synthetic mate- 

rial. 
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Figure 35 
Synthetic emerald 
exhibiting solid in- 
clusions in the form 
of minute particles 
spread swarm-like 
throughout the syn- 
thetic stone. Under 
the microscope these 
appear black—under 
the Diamondscope, 

green in color. 
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Figure 36 
Genuine emerald ex- 
hibiting «4 great mass 
of calcite inclusions 
(presumably precipi- 
tation during growth 
of the host mineral) 
which is responsible 
for the slightly oily 
appearance of some 
of the most beautiful 
and highly priced 
Colombian emeralds. 


Figure 37 


Synthetic emerald which shows 
swarms of solid particles. 
(Reprinied from Fall, 1940 issue) 


Figure 38 


Synthetic emerald exhibiting 
anomalous double refraction. 
(Reprinted from Summer, 1941 issue) 
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Gemstones and the 
Spectroscope* 


Absorption Spectra Due to Chromium 


The Second in a Series by 
B. W. ANDERSON, B.Sc., F.G.A. 


In most cases the absorption bands 
seen in gemstones can be ascribed 
to the presence of one particular ab- 
sorbing element acting as “colouring 
agent” in the mineral. Different col- 
our-varieties of a species will usually 
have quite distinct absorption spectra 


which they occur form a contiguous 
series in the periodic classification 
based on atomic numbers, beginning 
with titanium (atomic number 22) 
and continuing with vanadium, chro- 
mium, manganese iron, cobalt, nickel, 
to copper (atomic number 29). Apart 


: 
i 
: 


(a) Absorption spectrum and (b) fluorescence spectrum of ruby, photo- 
graphed in grating camera on hypersensitive panchromatic plates; 
15 seconds exposure. 


—for instance red spinel, coloured 
by chromic oxide, has absorption 
bands entirely different from those of 
blue spinel, which owes its colour to 
ferrous iron. In describing the in- 
dividual spectra I shall attempt to 
group them as far as possible accord- 
ing to the colouring element mainly 
responsible for the bands, as this 
seems the most logical treatment, 
though there are some spectra which 
cannot yet be ascribed with certainty 
to a particular element. 

It is noteworthy that. the elements 
which have 'a colouring action on 
the minerals or other compounds in 


*G.I.A. Research Service. 


from these, some of the “rare earth” 
metals and uranous uranium also 
give distinctive absorption bands in 
certain minerals, though their action 
on visible colour is relatively slight. 

Chromium and iron are the prin- 
cipal colouring agents in the gem 
minerals, and pride of place will be 
given to stones coloured by chromium, 
since these include some of the most 
important varieties, and their spectra 
are peculiarly distinctive. Chromium 
indeed is undoubtedly the aristocrat 
amongst colouring agents, providing 
the finest reds in ruby, spinel, and 
pyrope garnet, the finest greens in 
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emerald, jadeite, demantoid, the rare 
green hiddenite, and chrome diopside, 
and also the curious half-way colour 
of alexandrite. In addition, we have 
detected chromium bands in pink 
topaz, pale green euclase, blue kyan- 
ite, and in the violet-blue chatoyant 
scapolite from Burma. It may be 
noted that all these minerals con- 
tain alumina- as an essential con- 
stituent, and it is by small-scale 
isomorphous replacement of A1,0, 
by Cr,O, in the crystal lattice that. 
the latter finds its home in these 
various minerals. 

Without further preamble, I will 
begin the description of absorption 
spectra of the individual minerals 
coloured by chromic oxide. 

Ruby : 

Ruby presents the richest and 
most clearly defined absorption bands 
of all the chromium-coloured min- 
erals, and has several very distine- 
tive features. Independent observa- 
tions, with wave-length measure- 
ments, on the ruby spectrum were 
published by Miethe in Germany 
(1907), Moir in South Afriea (1909) 
and Keeley in the U.S.A. (1911). 
Our own work in this field did not 
begin until the end of 1982, but, be- 
ing then unaware of what had pre- 
viously been published, we had all 
the excitement of “discovering” the 
phenomena in ruby for ourselves; in 
particular, the fluorescence spectrum 
described below. By photographing 
the spectrum on infra-red plates, and 
by careful scrutiny of exceptionally 
chrome-rich specimens, we added one 
or two previously unrecorded bands 
to the list: in all we measured twenty 
bands in ruby, though the majority 
of these are unimportant for diagnos- 
tic purposes and will not be detailed 
here. 


The main feature of the ruby 
absorption spectrum is an intense 
broad absorption band covering the 
yellow and green regions, and to 
this, and to the complete absorption 
of the deep blue and violet, the col- 
our of the mineral is due. The band 
is at its broadest in the direction of 
the optic axis, that is to say, in the 
“ordinary” ray. If ruby is observed 
at right angles to this direction and 
a polarising prism or filter is rotated 
between the stone and the spectro- 
scope, the broad band can be seen 
expanding and contracting like’a con- 
certina in accordance with the well- 
known dichroism of the mineral. 


More valuable than this main band 
from the point of view of identifica- 
tion are certain narrow bands seen 
in the red and in the blue regions 
of the spectrum. At room tempera- 
tures some of these are only 2 ang- 
stroms in breadth, and at liquid air 
temperatures they are comparable in 
sharpness to the Fraunhofer absorp- 
tion lines in the solar spectrum. Some 
authors have referred to them as. 
“hair lines” rather than “bands” for 
this reason. Similar narrow bands in 
the red are a typical feature of 
all transparent chrome-rich minerals 
and compounds, though the number 
and position of the bands is different 
for each species. It is also usual to 
find that the two strongest of the 
narrow lines form a close “doublet” 
in the deep red, which may appear 
as a single line in a small prism spec- 
troscope. In ruby this doublet is very 
strong and has the strange char- 
acteristic of being “reversible” that 
is, it appears as bright lines on a 
darker background when the strong- 
ly illuminated specimen is viewed 
through the spectroscope at an angle 
(“seattered light’’). - 


(To Be Concluded) 
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Dana’s System of Mineralogy 
B 
EDWARD = KRAUS 


-Dana’s System of Mineralogy, Sev- 
enth Edition, Volume I. By Charles 
Palache, Harry Berman, and Clif- 
ford Frondel. John Wiley and Sons, 
Ine., New York. 1944. XIII+834 p. 
$10. 

For over a hundred years, James 
Dwight, Dana’s System of Mineral- 
ogy has been recognized as a world 
authority and has frequently been 
referred to as the mineralogist’s 
Bible. The first edition appeared in 
1837 when the author was but 24 
years of age. It was received most 
favorably and revisions appeared in 
rapid succession. The sixth edition 
was published in 1892 by Edward 
S. Dana, the son. This monumental 
volume was supplemented by ap- 
pendixes in 1899, 1909, and 1915. 
During. the succeeding decades, 
progress in mineralogy and the re- 
lated sciences has been so great that 
a revision had long been hoped for. 
Accordingly, all interested in the 
earth sciences welcome the publica- 
tion of the first volume of the sev- 
enth edition by John Wiley and 
Sons, Ine.,, New York, publishers of 
Dana’s. System since 1844, The 
authors are Professors Charles 
Palache, Harry Berman, and Clif- 
ford Frondel, all of the Department 
of Mineralogy of Harvard Univer- 


sity. The revision was made possible 
by grants from the Geological So- 
ciety of America and from the 
Holden Endowment of Harvard 
University. ; 
Volume I includes the introduc- 
tory chapter and descriptions of the 
elements, sulphides, sulphosalts, and 
the oxides. Volume II will contain 
descriptions of the halides, car- 
bonates, - sulphates, borates, phos- 
phates, arsenates, and so forth, 
while volume III will be devoted 
entirely to silica and the silicates. 
Preparation of the second volume 
began in 1941, supported by a grant 
from the Penrose Fund of the 
American. Philosophical Society, 
but was interrupted in 1942 by the 
war. As soon as conditions of peace 
will permit, work on the -second 
volume will be resumed. Until all 
three volumes have been issued, ac- 
cording to the publishers, the sixth 
edition will remain in print. 


Scientific Changes 
The many scientific advances im- 
portant to the study of minerals, — 
which have been made since 1892, 
have required numerous changes in 
the new edition. It may be pointed 
out that X-rays were not discovered 


until three years after the sixth 
edition appeared, and radium and 
radio activity not until some years 
later. It is well known that modern 
X-ray analysis has led to a clearer 
understanding of the crystal struc- 
ture of many minerals which has 
made new classifications necessary. 

The new volume discusses in the 
introduction, the principles followed 
in classifying minerals, and pre- 
sents data relating to morphological 
and X-ray crystallography, crystal 
habit, the physical, optical, and 
chemical properties, occurrences, al- 
terations, syntheses, names, nomen- 
clature, and synonyms of minerals. 
There is an excellent bibliography 
of important periodicals: and inde- 
pendent volumes which includes 
387 pages. 

Those interested in gems and 
gem materials will be surprised that 
quartz is not described among the 
oxides. The authors inform us that 
this mineral will be considered with 
the silicates in the third volume. 
The section dealing with the ele- 
ments has been changed greatly in 
that the metals, instead of non- 
metals, are described first. Thus, the 
first element to be considered is gold, 
whereas in the older edition the de- 
seription of the diamond appeared 
first. In the new volume the descrip- 
tion of the diamond is quite concise. 
Some famous diamonds and their 
weights are listed but there is no 
reference to the cutting of the dia- 
mond for gem purposes or to the 
extensive use of diamonds in indus- 
try. 
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“Synthetic Diamonds” 


Unfortunately under the. subtitle 
of artificial preparation, the authors 
make the following statement cover- 
ing the diamond: “Obtained by reac- 
tion of alkali metals, kerosene and 
bene oil in sealed iron tubes at high 
temperature and pressure. The nu- 
merous other reported syntheses are 
questionable.” It is thus obvious that 
the authors have assumed that J. B. 
Hannay had succeeded in producing 
diamonds in 1880 for they give as 
the authority for this statement the 
article by Bannister and Lonsdale 
which appeared in the Mineralogical 
Magazine (London) in 1943. The 
readers of Gems and Gemology are 
well aware that in the winter issue 
of 1943, Volume IV, Number 8, the 
authenticity of Hannay’s alleged ar- 
tificial diamonds was questioned by 
Dr. Sydney Ball and me. The authors, 
unfortunately, erroneously credit 
Hey instead of Bannister and Lons- 
dale as having written the article on 
the Hannay diamonds, referred to 
above. 

The new volume kas entailed an 
enoérmous amount of diligent re- 
search and the careful weighing of 
evidence. Every effort has been made 
to have the data up to date and 
authoritative, but in a work of such 
a comprehensive nature, some errors 
are bound to creep in. The new 
volume will be greatly used and will 
contribute very materially to in- 
creasing the vitality and influence 
of Dana’s System. 


Dana’s System of Mineralegy, Seventh Edition, Volume 1. By Charles 
Palache, Harry Berman, and Clifford Frondel. Price $10.00. (May he obtained 


from G.LA. Book Department.) 


NOTE: Bold-face type was chosen by the editors for the opening paragraph under subhead “Synthetic 


Diamonds’ especially to recommend it to the attention of gemology sindents. 
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GEMOLOGICAL DIGESTS 


More Patents Issued on Modifications of 
Brilliant-Cut Diamonds 


A United States patent was issued some time ago on the processing of a 
diamond upon which a girdle had been polished with 48 flat surfaces or facets. 
Patents have more recently been issued for a diamond containing 12 star 
facets, 12 bezel facets and 24 top break facets and a table on the crown, plus 
12 pavilion facets and 24 bottom break facets and one culet, on the pavilion, 
being 86 facets in all instead of the usual 56. At the same time a patent was 
issued for a 114-facet stone which would possess 16 star, bezel and pavilion 
facets and 32 top and bottom break facets instead of the 12 and 16 facets 
just mentioned. Furthermore, a 102-facet diamond is being advertised in jew- 
elry trade periodicals as having patents applied for its processing or design, 
the number and placing of such facets as yet being unknown to this institute. 


Claims for Increased Brilliancy Not Yet Verified 

Claims of increased brilliancy are being made for most, if not all, of these 
cuttings and similar claims are being made or are implied for other diamonds 
recently announced under at least two different trademarked names, which 
diamonds seem to differ from standard brilliant-cut diamonds only by virtue 
of the circular polishing of their girdles. 

The Gemological. Institute has so far been unable to verify any such claims 
for increased brilliancy of any one of the above-mentioned modifications of 
the standard brilliant cut. 


Polished Girdles Not New 


Any implication that the polishing of girdles with or without flat surfaces 
or facets constitutes a new process or design is a deceptive implication since 
such polishing was extensively practiced on this continent decades ago. 

Robert M. Shipley 


Russian Diamond Production 


A recent United Socialistie Soviet monds, which are used in the min- 


Republic Bulletin reports extensive 
diamond mining development in an 
area of the Western Urals. The Urals 
“Diamond Land” was discovered in 
1829, when the first diamond was 
found in this area. Only 239 dia- 
monds were mined during an entire 
century. Recent demands for dia- 


ing, rubber, silk and weaving in- 
dustries and most important in tank 
and aviation construction which has 
increased during the war, has re- 
sulted in new mining districts spring- 
ing up. The equipment used is the 
latest and the living accommodations 
are the most modern. 
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New Imitation of Hematite 


Imitation hematite intaglios are 
being advertised in the trade papers 
of the North American Jewelry in- 
dustry and may soon be expected 
to appear in the trade. 

These are not only similar to the 
mineral in appearance, but are not 
genuine intaglios, in that they are 
not produced by hand carving. They 
are offered under the name of heme- 
tine which can easily be mistaken for 
hematite by unsuspecting buyers. 

Represented as a semi-precious 
stone which is not a substitute of 
any other stone but which is “genu- 
ine stone material” processed in the 
laboratories of the patent applicant, 
it is apparently a friable mineral, 
earth or other substance, which ap- 


pears to be so processed as to be 
either easily molded: or easily die- 
struck into the form of an intaglio. 
A sample of hemetine, tested in the 
Institute’s Boston Laboratory proved 
to be 6% in hardness, 4.8 in spe- 
cifie gravity and to have a black 
streak. Under slight wrenching pres- 
sure the intaglio broke rather easily. 

Genuine hematite has H. 5-6%; 
S.G. 4.9-+ or 5.8 (specular hematite 
generally used. for cameos, usualky 
5.2-5.3) and its streak is orangy-red 
to reddish brown. 

Hemetine is obviously a different, 
substance than the hematite substi- 
tute which was described in the Fall, 
1940, issue of Gems & Gemology, 
which was a metal alloy. 


American Synthetics Available 


The Linde Air Products Company 
has recently announced that boules 
of the “Linde ruby” (synthetic co- 
rundum) are now available in any 
quantity without priority. They, of 
course, do not supply any cut stones. 
Linde synthetics have, however, al- 


ready appeared in the jewelry trade 
in a gemologically interesting form. 
Sections of the rough synthetic erys- 
tals of the new, long, slender hex- 
agonal type have been mounted, with- 
out cutting or polishing, in ladies’ 
rings and clips. 


Gifts to the Institute 


An interesting gift of three rough 
natural green diamonds weighing 1% 
carats was recently received at Inter- 
national Headquarters for re- 
search. These diamonds were pre- 
sented by Mr. Hersov, Chairman of 
the Anglo Transvaal Consolidated 
Investment Company, Ltd. They 
came from the gold sands of Wit- 


watersrand Gold Mines. DeBeers 
Consolidated Mines, Ltd., were in- 
strumental in making this gift pos- 
sible. : 


A large, flat, polished stone, Lake 
Superior Agate, was contributed for 
our collection of stones from the 
States by Mr. H. W. Schmidt, R. J., 
Duluth, Minn. 
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Certified Gemologists and Their Activities 


Editorial Note: 


In this issue of “Gems & Gemology” we are presenting a new feature 
which is designed to give you the news of Certified Gemologists throughout 
the field. We have received letters from some who are changing their 
positions and from others who, even in the midst of a busy season, take 
time to prepare and deliver lectures on Gemology. Then there are those 
who are in the armed forces, some on the far-flung battle fronts. We hope 
that all Certified Gemologists will take the time to drop us a line, giving 
us the news of their activities, to be used in future issues of “Gems & Gem- 
ology.” 

H. PAUL JUERGENS, C.G., spoke on “Gems and Their Apprecia- 
tion” on November 15, .at the Museum of Science and Industry, Chicago. 

HAROLD SEBURN, C. G., has become General Manager of Schwarzs- 
_child Bros., Inc., Registered Jewelers, of Richmond, Va. Mr. Seburn previous- 
ly eel the jewelry store of anes & Frasier Co., Durham, N.C. due 
the absence of Wm. A. Frasier, Jr. in military service. 

RICHARD PEARL, C.G., is now residing in Cambridge, Mass., preparing 
for his Ph.D. in Mineralogy at Harvard University. 

VIRGINIA V. HINTON, C.G.-F.G.A., formerly with Corrigan’s of Hous- 
ton, Texas, is now on the staff at International Headquarters in Los Angeles. 
Mrs. Hinton occupies the position formerly occupied by Ensign Richard 
Liddicoat, including the supervision of students’ mail study and the 
publication of Gems & Gemology. While in Los Angeles she is also doing 
some specialized work on the Petrological Microscope, on gem minerals, 
under Thomas Clements, Ph.D., Head, Department of Geology, University 
of Southern California. Dr. Clements is a member of G.I.A.’s Educational 
Advisory Board. 

ORLANDO PADDOCK, C.G., formerly Manager of Diamond Depart- 
ment of Davis and Hawley, Bridgeport, Conn., and later of Fred J. Cooper’s 
of Philadelphia, became General Manager of Kohn and Sons of Hartford, 
Conn., on January 1, 1945. 

LESTER V. FORSYTH, C.G., has been accepted into full partnership 
by John Vondey, C.G., formerly sale proprietor of Vondey’s, Registered 
Jewelers of San Bernardino, Calif. Mr. Forsyth was certified as a gemologist 
in 1943, when in Klamath Falls, Ore. He joined the Vondey organization 
in 1943, 

NEW CERTIFIED GEMOLOGISTS.: The following have recently passed 
the three final examinations of the mail courses of the Gemological Institute 
of America and have been yegewres by ihe American Gem Society as 
gemologists: 

JAMES H. GARLICK, JR., member of the firm of J. H. Garlick & Sons, 
of Detroit, Mich., June 5, 1944, . 

GEO. CARTER JESSOP, member of the firm of J. Jessop & Sons, of San 
Diego, Calif., Oet, 26, 1944. 
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Harry Berman, Ph.D. 


Dr. Harry Berman, who was killed 
in an airplane crash in Scotland on 


August 27, 1944, was a recognized 


authority on mineralogy and his 
death is realized as a distinct loss to 
both the mineralogical and gemo- 
logical fields. — 

At the time of his death Dr. Ber- 
man was on a special mission for the 
Government. He was on leave from 
Harvard, where he was Curator of 
Mineralogy. 
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He was co-reviser with Dr. Charles 
Palache and Dr. Clifford Frondel, 
both of the Harvard Department of 
Mineralogy, on the only recently 
available 7th Edition of Dana’s Sys- 
tem of Mineralogy (Vol. 1). 

For the past several years Dr. 
Berman has served as a member of 
the Educational Advisory Board of 
the Gemological Institute of Amer- 
ica. 
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DIAMOND GLOSSARY 


(Continued from p. 172, last issue) 


negative crystals. Angular cavities 
within a crystal or stone, the out- 
lines of which coincide with pos- 
sible crystal faces of the mineral 
in which they occur. They rarely 
occur in diamond. 

negative inclusions. Same as negative 
crystals. 

“Nevada diamond”. 
ficially decolorized. 

New Eland mine. Diamond pipe in 
the Boshof area, South Africa. 

New Rush. See Kimberley mine. 

New South Wales. See Australia. 

New Thor mine. Diamond pipe in the 
Winburg area, South Africa. 

nicking. See nicks. 

hicks. Term applied to small frac- 
tures on the highly polished: sur- 
faces of a diamond, which are 
usually caused by contact with a 
sharp object after polishing and 
which most commonly occur on the 
girdle, to a lesser extent on the 
facet junctions and occasionally 
on facets. The easy cleavage of 
diamonds makes them unusually 
susceptible to nicking. 

Niekirk, Schalk Van. Boer farmer re- 
ported to have found (1867) first 
diamond in South Africa. In 1869 
Niekirk also found, in the posses- 
sion of a native, a fine white dia- 
mond weighing 83% carats (the 
Star of South Africa, known also 
as the Dudley Diamond). This led 

“indirectly to the establishment -of 
the great diamond industry of 
South Africa. 

Nizam, or Nizzam Diamond. An ap- 
parently unauthenticated stone 
thought to be in the treasury of 


Obsidian arti- 


the Nizam of Hyderabad (ancient 
Golconda) since before the Gol- 
conda diamond fields were ex- 
hausted. Reported variously to 
have weighed 440 c or 340 c in the 
rough and to have been broken 
during the Indian Mutiny in 1857. 
It was thought to weigh 277 c when 
polished. Models which have in- 
explicably been made of it repre- 
sent a concave-based, elongated, 
domed stone, covered with irreg- 
ular concave facets which may 
have been polished on with a 
leather wheel. If a diamond, - it 
was, at least, the world’s fifth 
largest rough stone. 

nyf (nif). The surface of the crystal 
faces, i.e., the “skin” of a rough 
diamond. See naif. : 

oblong brilliant. An oblong modifica- 
tion of the brilliant cut, having 
fifty-eight facets, but not all uni- 
form as in the standard brilliant 
cut. 

occurrence. In gemology, a word 
which refers to the formation in 
which a mineral is found—a for- 
mation which may be either the 
original matrix or a formation of 
which it later becomes a consti- 
tuent, such as a secondary deposit. 
Diamond occurs in pipes or vol- 
canic necks, in a matrix consisting 
of. the ground mass and nodules 
of kimberlite, in conglomerates or 
other consolidated sediments, in 
metamorphosed dikes, and in al- 
luvial deposits; also in meteorites. 


octagon work. In diamond-cutting 
procedure, the starting of the four 
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main facets by truncating the 
edges so that the square table is 
converted into an octagon shape. 
This is the operation followmey 
cross work. 

octahedral cleavage. Cleavage par- 
allel to the faces of the octahedron. 

octahedron. A crystal form in the 
cubic system having the appear- 
ance of two four-sided pyramids 
united base to base. This crystal 
form is the one in which diamonds 
most, frequently occur. The prin- 
cipal cleavage is parallel to the 


faces. of the octahedron. See 
cleavage. 
octavo. Same as oitavo. 


off-color diamond (or off-colored dia- 
mond). (1) In the American trade 
a diamond which has any tint of 
undesirable color, especially any 
tint of yellowish or brownish color 
which is easily apparent to an un- 
aided but practiced eye without 
comparison with a stone of known 
color. An off-colored diamond may 
be of any of the grades formerly 
known as second Wesseltons and 
top crystals, as well as more in- 
ferior grades. (2) A term which 
has been used at the South 
African diamond mines for the 
grade below the Cape and Bye 
grades (of rough diamonds). 

oillies. (1) In American diamond 
trade, 
onymous with the trade term Pre- 
mier diamonds. (2) In some Eu- 
ropean countries this term is said 
to apply to diamonds of a blue- 
green tint. — 

oil stones. A term used by South 
African miners for agates found 
associated with diamond in the 
alluvial diamond deposits. 

oitava. A Brazilian weight for gems 


a term which was syn-. 


which is the equivalent of about 
17% carats. (Cattelle.) Also 
spelled octavo. 


Old DeBeers Mine. A diamond mine 
located May, 1871, on the DeBeers 
farm, Vooruitzigt, about two miles 
from Dutoitspan. See Bip’ Five; 
DeBeers Mines; Kimberley Mines. 

Old DeBeers New Rush Mine. A dia- 
mond mine located on July 21, 
1871, on Colesherg Kopje on the 
DeBeers farm, Vooruitzigt, about 
two miles from Dutoitspan. See 
Big Five; DeBeers Mines; Kim- 
berley Mines. 

old English cut. Another name for 
single eut. 

old mine cut. (1) A trade term prop- 
erly applied to those brilliant-cut 
diamonds almost all of which were 
fashioned before production of-the 
South African mines entered the 
market. Hence the name referred 
to the old mines of Brazil, or oc- 
casionally, India. Such stones had 
much higher crowns and smaller 
tables than the present style of 
brilliant and the outline of their 
girdles were cushion-shaped and 
oceasionally almost square. (2) A 
term occasionally and incorrectly 
applied to a somewhat more mod- 
ern style of brilliant cut which 
also has a much higher crown and 
smaller table than the modern bril- 
liant cut, but in which the outline 
of the girdle is circular or ap- 
proximately circular—a style of 
cutting which is more properly 
termed a lumpy stone. 

old miner. A trade term for an old 
mine cut diamond. 

old mine stone. A term used to de- 
scribe an old mine cut diamond. 

See old mine cut. 


(To be Continued) 
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New and Old Novelty Styles of 
Brilliant Cutting 


By ROBERT M. SHIPLEY 
Executive Director, Gemological Institute of America 


The variation or modification of 
the standard 58-facet brilliant which, 
until recently, has attracted the at- 
tention of gemologists, was known 
in America as the Twentieth Cen- 


Figure 1 


and table were eliminated. The most 
novel modification was the substitu- 
tion, in place of the table, of eight 
inclined triangular facets meeting at 
an apex, as seen in Figures 1 and 2. 


Figure 2 


Figure 3 


The Jubilee or Twentieth Century Cut. 


tury cut,-and seems to have been 
known in England as the Jubilee 
cut). It appeared about the begin- 
ning of this century, and in England 
its name honored Queen Victoria’s 
Jubilee, which in 1897 commemorat- 
ed the 60th year of her reign. 

The Twentieth Century design 
made possible the preservation of 
more of the original weight from 
certain rough stones and increased 
the number of facets. Both the culet 


The facets totaled 88 in number, as 
shown in Figures 1, 2, and 3. The 
style differs from the standard 58- 
facet brilliant cutting by the addi- 
tion of 16 facets on the crown and 
16 on the pavilion. Sometimes only 
eight additional facets were placed 
upon the crown, making a total of 
80 facets. 

Cattelle states) that this cutting 
was patented by a New York im- 
porter. It created considerable inter- 


¢) G. F. Herbert Smith, Gemstones, 1940 ; Bauer’s Edelsteinkunde, Schlossmacher’s translation, 
19382; W. F. Eppler, Der Diamant und Seine Bearbeitung, 1983. 


(?) W. R. Cattelle. The Diamond, 1911, p. 129. 
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est and a certain amount of excite- 
ment, but by 1911 Cattelle recorded 
that “it has not proved popular.” 
The style was used almost entirely 
for diamonds. Few Twentieth Cen- 
tury cut diamonds are in existence 
today as most of them have been 
refashioned into standard 58-facet 
brilliant-cut diamonds. 

A less notable variation of the 
58-facet brilliant was that in which 
at least eight extra facets were 
placed on the crown, necessitating 
a very small and much higher table. 
Described by G. F. Herbert Smith 
and Schlossmacher as the “Ameri- 
ean-brilliant” cut or style, and by 
Eppler as the “old American cut’’(), 
this style seems to be unfamiliar to 
the contemporary American dia- 
mond trade. What popularity it may 
have enjoyed must have been super- 
seded by that of the standard 58- 
facet brilliant cut. Illustrations in 
Smith, Schlossmacher and Eppler 
show this so-called American cut 
with sixteen extra facets on the 
crown, although Smith and Schloss- 
macher specify only eight extra 
facets. 


Brilliants with Polished Girdles 


A modification or variation of the 
58-facet brilliant cutting which ap- 
peared at about the time the Twen- 
tieth Century cut was introduced, 
was Ernest G. H. Schenck’s addi- 
tion of a “circular polished girdle 
facet” to the standard 58-facet bril- 
liant in 1906. In that year, Mr. 
Schenck, who is still active in the 
firm of Schenck and Van Haalen 
of New York City, obtained a pat- 
ent on the style said to have been 
sponsored and introduced by Wil- 
liam S. Hedges & Company, of 
New York. 


() F. B. Wade, Diamonds, 1916, p. 81. 


Stones processed under this now- 
expired patent possessed a contin- 
uous circularly polished girdle, i.e., 
one facet entirely around the stone. 
An occasional small extra facet or 
facets were often placed in an incon- 
spicuous part of this cylindrical gir- 
dle, mainly to adjust the line of the 
circle. However, it has been said 
that the presence of too many such 
small facets was not considered de- 
sirable because the continuous girdle 
facet had been designed to eliminate 
“an old custom of placing a mul- 
tiplicity of straight facets around 
the girdle.” Apropos of. the latter 
subject, Wade stated(*), in 1916, that 
“of the stones with polished girdles 
some have a curved polished surface 
and some have a series of tiny-facets 
polished on them.” 

Mr. Schenck’s patent covered both 
a flat polished and a curved polished 
facet. It claimed that the curved 
polished facet avoided, to a great 
extent, the liability of chipping. The 
patent application also stated that 
the invention might also add to the 
brillianey of the stone. 


Polished Girdles Reintroduced 

No polished girdle with any specific 
number of flat polishings or facets 
seems to have been introduced, or 
at least featured, until 1944, when 
Edward Goldstein of Brookline, 
Massachusetts, obtained a patent on 
a 58-facet brilliant cutting with 40 
flat polishings or facets on the gir- 
dle. Specifications for the Goldstein 
patent include the polishing, upon 
the girdle, of such facets (a) in a 
position vertical to the plane of the 
table, and (b) in a position “which 
slopes upwardly and inwardly.” The 
inclination of the sloping girdle 
facets is specified as between “10° 
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and 30°” from the perpendicular to 
the plane of the girdle. Diamonds 
finished under specification (a) have 
appeared in the trade under the 
name of “Multi-facet” diamonds, 
advertised as 98-facet diamonds. Ap- 


published with patent papers 


Figure 4 
Side view of polished-girdle brilliant 
cut with 40 flat polishings or facets 
on girdle. 


parently the sketch shown in Figure 
4 (reproduced from the patent pa- 
pers) is intended. to illustrate these 
diamonds, although in those seen by 
the writer, the girdles were not as 
symmetrically placed. 

So far as is known to the writer, 
no diamonds have appeared in the 
trade which have been processed un- 
der the exact provisions of the pat- 
ent which describe sloping girdle 
facets (b), all of which would be 
“visible from above the stone as a 
distinct scintillating border for the 
crown” as indicated in Figure 5. The 
specifications also provide that the 
polished girdle does not tend to. col- 
lect dirt as does the unpolished gir- 
dle; that a firm grip is provided for 
the setting; and that rotation of the 
stone in the setting is resisted. 

During late 1944 and early 1945 
the 58-facet brilliant cutting with 
circularly polished girdle was rein- 
troduced in the United States under 
the trade-marked names of the “Cir- 


cle of Light” and the “Magic Circle,” 
and in Canada under the name of 
the “Halo Cut.” More recently they 
have appeared under the name “Bril- 
liant Circle’ and will probably be 
sold under other names, for most 
of which trade-marks will be applied 
for. So far as is known to the writer, 
these polished girdles do not differ, 
to any great extent, from those 
which were covered by the Schenck 
patent. 


Reproduced from diagrams 
published with patent papers 


Figure 5 


Polished-girdle brilliant cut with 40 
sloping facets or flat polishings; 
viewed from above. 


For almost forty years the term 
polished girdle has been applied both 
to. the circularly polished girdle con- 
sisting of but one continuous pol- 
ished facet and to girdles with any 
multiple of flat polishings or facets. 
During the early years of this cen- 
tury, polished-girdle diamonds were 
featured and sold by. several of the 
finest retail stores in America. How- 
ever, no continued demand was. es- 
tablished for these stones, although 
according to hearsay, one such re- 
tail firm held that a diamond, to. be 
called “perfect,” must possess a pol- 
ished girdle. 
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New Styles with Additional 
Facets on Crown and Pavilion 
During late 1944 and early 1945, 

patent papers were issued for sev- 
eral styles of cutting which varied 
from the standard 58-facet brilliant 
by the addition of facets to the 
crown and pavilion. All of these 
styles incorporate the standard un- 
polished girdle, but differ from the 
Twentieth Century and the so-called 


are added 4 pavilion facets and 8 
break facets, making a total of 37 
facets, including the culet. Thus this 
new cutting comprises a grand total 
of 86 facets, which are featured by 
the distributors as “constantly ac- 
tive facets.” A patent for this style 
of cutting has been issued to Max 
Suderov, of New York, and is as- 
signed to Patented Diamond, Ine. 
Also patented by Suderov, and as- 


Figure 6 


Reproduced from diagrams 
published with patent papers 


Figure 8 


Modified brilliant cut with 12-fold symmetry. Note especially that 
proportions shown in side view are reproduced from diagrams 
published with patent papers, 


“old American cut” by preserving 
the large table facet of the standard 
brilliant. 

One of these styles has appeared 
under the name of “King-cut.” It 
differs from the standard brilliant 
by the addition of facets in a man- 
ner which produces a 12-fold (do- 
decagonal) symmetry, instead of the 
8-fold (hexagonal) symnietry of the 
standard brilliant. As seen in Fig- 
ures 6, 7, and 8, this is accomplished 
by adding to the crown 4 star, 4 
bezel, and 8 break facets, resulting 
in a total of 49 facets on the crown, 
including the table. To the pavilion 


signed to the same corporation is 
a style which incorporates addi- 
tional facets in a manner to produce 
a 16-fold (sextodecagonal) symme- 
try, as illustrated in Figures 9, 10, 
and 11. In this style 8 star, 8 bezel, 
and 16 break facets have been added 
to the crown, making a total of 65 
facets on the crown, including the 
table. On the pavilion 8 pavilion and 
16 break facets have been added, 
making a total of 49, including the 
culet. This style comprises a grand 
total of 114 facets. It will be seen 
that the total number of facets, ex- 
cepting the table and crown, are just 
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double those of the standard 58-facet 
brilliant. Apparently this style has 
not yet been processed commercially, 
or at least has not yet appeared in 
the trade. 

The. most recent variation of the 
standard brilliant cut to appear is 
the 102-facet-cut patented by George 
Fine, of New York City. This style, 
illustrated in Figures 12, 18, and 14, 
consists of 60 facets and a table on 


Figure 9 


Comparative Desirability 

All other factors of value being 
equal—such as polish, symmetry of 
general design and of size and place- 
ment of facets, proportion of mass 
above and below the girdle, narrow- 
ness of girdle, clarity of material, 
etc.—polished-girdle diamonds have 
in the past been accepted as some- 
what more desirable than diamonds 
with unpolished girdles. However, 


Reproduced from diagrams 
published with patent papers 


Figure 11 


Modified brilliant cut with 16-fold symmetry. Note especially that 
proportions shown in side view are reproduced from diagrams 
published with patent papers, 


the crown, and 40 facets and a culet 
on the pavilion, or a total of 102 
facets. This style of cutting is 10- 
fold (decagonal). It also replaces 
each of the usual bezel facets by two 
triangular facets, and places an ad- 
ditional break facet between each of 
the usual pairs of break facets. Thus 
on the crown are 10 star, 20 bezel 
and 30 top break facets: on the 
pavilion are 10 pavilion facets and 
80 break facets. The processors have 
trade-marked the name “Magna-Cut” 
for this style of cutting. 


all such factors being equal, they 
have been more expensive per carat, 
and with few exceptions, the retailer 
or his customer have seemed un- 
willing to pay the difference. 

It is unknown whether wartime 
conditions have been responsible for 
the appearance of the large percent- 
age of polished-girdle diamonds pos- 
sessing much wider girdles than 
would be considered desirable in a 
standard-cut brilliant. Too-wide gir- 
dles increase the weight per spread 
and may, in polished-girdle dia- 
monds, seem to increase the cost per 


Corrected page for Spring, 1945, issue in which Figure 14 was an error. 
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spread without a corresponding in- 
crease in desirability. 

The addition of facets increases 
the number of points of light-reflec- 
tion which can be observed as the 
stone is moved about. This applies 
even to the polished-girdle diamonds 
with one continuous circularly pol- 
ished girdle facet, mentioned above 
(except when no portion of the gir- 
dle facet can be seen when the dia- 


single continuous circularly polished 
girdle facet, is productive of addi- 
tional brilliancy have not been gen- 
erally accepted, although one com- 
mercial laboratory in New York 
City. has reported an increase in 
the amount of light reflected from 
(1) brilliant-cut diamonds with one 
continuous girdle facet, and (2) bril- 
liant-cut diamonds with a series of 
40 girdle facets, in comparison with 


WAIT 
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Figure 12 


Reproduced from diagrams 
published with patent papers 


Figure 14 


The 102-facet Brilliant Cut. 


mond is observed from directly 
above). Therefore, the Bausch & 
Lomb optical company have been 
quoted by ‘one producer as stating 
that-the polished-girdle diamonds of 
that producer showed more life than 
brilliant-cut diamonds with unpol- 
ished girdles. As a general rule, in- 
creasing the number of facets would 
increase the number of these light 
reflections. This rule would apply 
more especially to styles with addi- 
tional facets on the crown. 
Comparative Brilliancy 

On the other hand, claims that 

the addition of facets, including the 


(4) The Electrical Testing Laboratory. 


. See correction on other side, bottom of page. 


the same diamonds before the girdles 
were polished. 

It was interesting to note that in 
the test of stones processed as in 
(1), this laboratory reported no in- 
crease when the stone was observed 
directly from above; an increase of 
from 0.91 to 0.93 at 22.59; and an 
increase of 0.79 to 0.81 at 45°. In 
these tests the laboratory apparently 
defines brilliancy as it is defined in 
American gemology, i.e., the total 
amount of light reflected. However, 
it is the opinion of the writer that 
the equipment and methods used by 
this laboratory (and another which 
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has tested the brilliancy of standard- 
girdle diamonds in comparison with 
polished-girdle diamonds) are not 
adequate to measure accurately the 
comparative brilliancy of diamonds. 
This opinion is shared by several au- 
thorities on optical physics, who also 
believe that. the development of 
equipment and methods which would 
be adequate to measure, consistently, 
very small differences, is an enor- 
mous, if not impossible, task. 

A great majority of diamond au- 
thorities agree that if there is any 
increase in brilliancy in any of the 
above-described stones, it is not great 
enough to be recognized accurately 
and consistently by the human eye 
alone, and the report of the com- 
mercial laboratory just mentioned 
would tend to bear this out. It is the 
belief of the writer that any in- 
erease or decrease in brilliancy 
would, therefore, be a matter of per- 
sonal opinion of each observer. 

The Future Popularity 
of These Styles 

The decrease in popularity of the 
Twentieth Century cut and of poi- 
ished-girdle diamonds earlier in the 
century does not necessarily imply 
that the recently announced novelty 
styles of brilliant cut will not achieve 
and maintain popularity. These have 
been generously publicized by ad- 
vertising in trade papers and, in the 
case of some styles, by advertise- 
‘ments in popular national maga- 


zines. In most cases an appeal has 
been made to the retail jeweler on 
the basis of confining the sale of 
one of these styles, for a period of 
time, to him in his area. Much more 
pressure has been used and may be 
expected to be used in popularizing 
these styles than was the case with 
earlier novelty styles of brilliant-cut 
diamonds which appeared at the be- 
ginning of the century. 

However, one can question the ad- 
visability of representing these 
styles as being more brilliant than 
ideally fashioned standard 58-facet 
brilliants, or than one another, at 
least until more scientific proof has 
been offered which can be accepted 
by the jewelry industry or by a dis- 
interested jury of responsible physi- 
cists. Eighty-five per cent of the 
Registered Jeweler firms of the 
American Gem Society in voting on 
this subject have established a ruling 
(May, 1945) which will prohibit any 
Registered Jeweler of the Society 
from representing any of these nov- 
elty styles as being more brilliant 
than ideally fashioned brilliants. 


Novelty Brilliant Cuts with 
Less Than 58 Facets 

Patents have also been issued re- 
cently on what might be termed a 
12-fold (dodecagonal) Swiss cut, and 
for styles which combine the crown 
or pavilion of such a cut with pa- 
vilions or crowns of other brilliant 
styles. 


Correction to line 18, Page 216, Orloff definition, in Diamond Glossary: 
Substitute word “cut” for “rough.” 
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EDWARD WIGGLESWORTH 


With the death in Boston, May 6, 
of Edward Wigglesworth, gemology 
has lost a man whose work is known, 
and whose personality was felt, 
throughout the United States and 
Canada. j 

His passing brings profound grief 
to hundreds of 
gemological stu- 
dents and to 
jewelers who 
knew his warm 
personality. His 
death is an indi- 
rect loss to every 
member of the 
jewelry indus- 
try, which prof- 
ited by his out- 
standing con- 
tribution to 
gemological edu- 
cation. 

As president 
of the Gemologi- 
eal Institute of 
America for the 
past four years, 
and director of 
the Institute’s 
Eastern Labora- 
tory since its 
founding, he was 
known to his colleagues and his stu- 
dents as quietly influential and deeply 
interested in the educational pro- 
gram for gemologists. In his capacity 
as the Institute’s Laboratory direc- 
tor, he had devoted his last five 
years, without financial recompense, 
to the furtherance of gemology. 


Humility tempered his own esti- 
mation of his many accomplishments 
and of his fund of gemological and 
mineralogical knowledge. He was an 
excellent instructor, understanding 
and painstaking in his development 
of the subject matter at hand. His 
gemology stu- 
dents felt . for 
him the deepest 
respect and sin- 
cerest affection. 

Boston -Study 
Group, the New 
England Chap- 
ter of the Amer- 
ican Gem So- 
ciety, had known 
his guidance 
since its organ- 
ization in 1985 
during the time 
he was director 
of the Boston 
Society of Nat- 
ural History. He 
was the popular 
and effective 
leader of their 
educational 
meetings which 
were held at the 
museum until 
after the establishment of the east- 
ern headquarters of the G.I.A. under 
his direction. 

As leader of these meetings he be- 
came interested in the courses of the 
G.I.A.,-and enrolling in them in the 
manner of any other student, he be- 
came a Graduate Member of the 


Kaiden-Keystone 
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American Gem Society and in 1939 
a Certified Gemologist. He was a fa- 
miliar figure at A.G.S. conclaves, 
where he lectured, and with Robert 
M. Shipley, Jr., directed all instru- 
ment instruction and demonstration. 
He only recently had assisted R. M. 
Shipley, Sr., in compiling a dic- 
tionary of gems and gemology. 

He had served for several years as 
chairman of the G.I.A. Educational 
Advisory Board, and a secretary of 
the Graduates’ Committee of the 
A.G.S. At the time of his death he 
had for six years held the important 
position of secretary to the Insti- 
tute’s Examinations Board. 

Born in 1886, the son of the late 
Edward and Sara Willard Wiggles- 
worth of Boston, he was. of pioneer 
New England stock, and the seventh 
successive member of the family to 
bear his name. In Harvard he ma- 
jored in mineralogy, graduating with 
the class of 1908, taking his Master’s 
degree in 1909, and when an instruc- 
tor in geology there received the de- 
gree of Doctor of Philosophy in 1917. 

From the office of Honorary Cus- 
todian of Mineralogy and Geology 
for the Boston Society of Natural 
History in 1914, he went on to the 
chairmanship of the Executive Com- 
mittee in 1916, and became full di- 
rector of the Society (New England 
Museum of Natural History) in 1919. 
In that post until 1940 his record 
for innovations included development 


Diamond Mine 


A notice in the April issue of The 
(London) 
states that the Premier Diamond 
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Mine may reopen. It is said that 
two years may be consumed in re- 
construction work before production 


of one of New England’s finest col- 
lections of minerals and gemstones 
and inauguration of annual gem 
shows in cooperation with Boston’s 
Registered Jewelers. It was during 
the latter years of this directorship 
that his gemological interests grew 
which led to his association with the 
Gemological Institute of America. 

His agricultural interests led him 
from the role of hobbyist into a lead- 
ership in that field. He developed his 
home in Topsfield as a model farm. 
He had been for the past twenty 
years president of the Essex Agri- 
cultural Society, and developed Tops- 
field Fair’s famed Guernsey show. 

He was high in the regard of the 
mineralogical fraternity. and served 
for a term as vice-president of the 
Mineralogical Society of América. 
He held membership in the Ameri- 
can Association for the Advancement 
of Science, the Seismological Society 
of America and the American Orni- 
thological Union. 

He was a member of the venerable 
Union Club of Boston. 

He is survived by four daughters, 
the Misses Jane, Sarah, Mary and 
Anne; two sons, Captain Thomas, di- 
rector of air intelligence for the 
First and Ninth Armies, now in 
Germany, and Lieutenant Edward, 
Jr. There are two grandchildren. 

The Board of Governors of the 
Gemological Institute of America has 
not yet. chosen his successor. 


May Reopen 

in the mine, now closed for 18 years, 
may be resumed. The mine is a sub- 
sidiary of De Beer’s Consolidated 
Mines, and was once considered rich- 
est in the world. The Premier Mine 
was the site of discovery of the fa- 
mous Cullinan Diamond. 


SPRING, 1945 203 


Gemstones and the 
Spectroscope* 


Absorption Spectra Due to Chromium 
The Second in a Series by 
B. W. ANDERSON, B.Sc., F.G.A. 


(Continued from last issue) 


When the stone is on the micro- 
scope stage, using the technique rec- 
ommended in my introductory paper, 
the bright line effect can be obtained 
simply by tilting the microscope mir- 
ror slightly to one side: by manip- 
ulating the mirror with one’s eye 


the beauty of a fine ruby in strong 
daylight or artificial light is due to 
the fluorescence it is emitting, in a 
similar way that the “blue-white” ef- 
fect given by many diamonds. having 
no trace of blue in their body-colour 
(as proved colorimetrically by Ship- 


Emission doublet of ruby at full brilliance, by scattered light. 


still looking through the spectro- 
scope the flickering transition from 
the absorption to the emission effect 
and vice versa can be followed, and 
is an interesting sight. In pale speci- 
mens it is difficult to see the doublet 
as a dark band at all, the emission 
effect being so readily produced and 
the absorption here being so rela- 
tively faint. 

Fluorescence is the cause of this 
striking phenomenon. If the spectro- 
scope be directed at a ruby glow- 
ing red under ultra-violet light, the 
bright doublet can be clearly seen, 
together with several other of the 
“hair lines” which are also reversible 
in the same way, though the doublet 
is so incomparably the most intense 
that it may be the only one noticed. 
There can be no doubt that part of 


*G,LA. Research Service. 


ley) is due to their blue fluorescence. 

We are accustomed to thinking that, 
ultra-violet or cathode rays are neces- 
sary to stimulate fluorescence, where- 
as visible light usually has the same 
action, provided that it is of shorter 
wave length than that of the fluores- 
cent radiation. It has been stated 
that as little as one thousandth of 
one per cent of chromic oxide in 
corundum is sufficient to cause the 
red fluorescence, and indeed the 
bright doublet may often be seen in 
apparently colourless sapphires and 
in blue sapphires which contain the 
merest trace of chromium. 

As will be deseribed later, pure red 
and more particularly, pink spinel 
also displays “fluorescence lines” in 
its spectrum when powerfully illum- 
inated and viewed by scattered light. 
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But with spinel there is a group of 
five feeble bands which appear to- 
gether, giving quite a different ap- 
pearance (quite apart from a dif- 
ference in wave length) from the in- 
tense doublet of ruby. Nobody who 
has once seen and compared the two 
effects should have any doubt, about 
being able to distinguish them. 

The fluorescence doublet is not the 
only distinctive feature in ruby; the 
group of narrow lines in the blue 
“window” of the spectrum is also 
unique. There are two strong lines 
forming a doublet, and a third strong 
line some seventy angstroms further 
towards the violet. In the photo- 
graphs shown, taken with a small 
grating camera, the main features 
mentioned can be seen: the strong 
doublet, both under fiuorescing and 
absorbing conditions, the general ab- 
sorption of the yellow and green and 
of the violet, leaving a transmission 
“window” in the blue in which the 
three narrow bands (looking here 
like only two, as the doublet appears 
as one line), and in one photograph, 
(b), a further narrow band in the 
orange-red. The wave-length meas- 
urements, accurate, in the case of 
the narrow bands, to within a few 
angstroms, are as follow: 


6942) very strong doublet 

6928 { (fluorescent). 

6590 mod. strong, narrow. 

6000 to 5000 approx. v. strong, 
broad. 

4765) 

4750 

4685 very strong, narrow. 

4600 onwards, general 
absorption. 

The broad. absorption band varies 
in width with crystal direction, as 
noted above, and with the proportion 
of chromic oxide present. Synthetics 
are wont to contain more chromium 
than natural rubies, and this band 
is apt to be broader and the nar- 
row bands more intense in synthetic 
stones, though, personally, I should 
not like to base a decision on this in 
discriminating natural from synthe- 
tic. In most other coloured synthetic 
stones, including spinels, the spec- 
troscope can provide very definite 
evidence, as I hope to deseribe in 
later articles. General absorption of 
the blue and violet sets in just below 
the 4685 band: in very chrome-rich 
specimens the blue “window” is prac- 
tically blotted out, giving continuous 
absorption from 6100 onwards. 

In my next article I hope to deal 
with the absorption spectra of red 
spinel and pyrope garnet. 


strong doublet, narrow. 
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Gemstone Inclusions 


Photomicrographs arranged as an aid to identification of gem species and of 
the differences between genuine and. synthetic sapphires, rubies and emeralds. 
All illustrations from kodachrome transparencies by Dr. E. Giibelin, C.G., 


of Lucerne, Switzerland 


Of absorbing interest to jewelers 
and gemologists is the study of in- 
clusions in diamonds, in which va- 
riety of material compensates for 
limitations in color and design. 

In his recent exhaustive study “The 
Inclusions in Gemstones,” of which 
his illustrative Kodachrome slides 
were a gift to G.LA., Dr. Edward 
Giibelin, Lucerne C.G., remarks of 
black-looking inclusions in diamonds: 

“Viewed under the ingenious dark- 
field illumination of the G.I.A. Dia- 
mondscope the majority ... are seen 


. Research Member, G.1.A: 


to be comparatively transparent crys- 
tals, with distinct idiomorphic forms 
or rounded outlines.” : 

His remarks corroborate observa- 
tions made over a period of four or 
five years in G.I.A.’s_ laboratories, 
published in previous issues of Gems 
& Gemology and incorporated in sub- 
sequent editions of their courses and 
books. 

Minerals, cracks and fissures are 
revealed in the following illustrations 
which comprise our fourth presenta- 
tion from Dr. Giibelin’s study. 


Figure 39 
Included diamond 
crystal, the octahed- 
ral habit of which 
is distinctly seen, in 
a diamond. G.J.A. 
Diamondscope. 100%. 
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Figure 40 
Group of rounded 
grains, probably of 
zircon crystals, “in- 
cluded in a diamond. 
G.I.A..-Diamond- 

scope. 60%. 


Figure 41 
Small cleavage sepa- 
ration radiating 
from an included 
crystal, in a dia- 
mond. G.I.A. Dia- 

mondscope. 10x. 
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Figure 42 
Long and deep cleav- 
age crack traversing 
the whole table of a 
diamond. G.I.A. Dia- 

mondscope. 10x. 


Figure 43 
Individual. zircon 
crystal with well- 
developed crystal 
faces, enclosed in a 
diamond. G.I.A. Dia- 

mondscope. 100x. 
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Figure 44 
A diamond crystal 
of less symmetrical 
form than that in 
Figure 39, enclosed 
in a diamond. G.I.A. 
Diamondscope. 100%. 


Figure 45 
Partly idiomorphic 
and partly «enomor- 
phie zircon crystals 
in a diamond. GIA. 
Diamondscope.. 60x. 


, 
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Figure 46 
Irregular cracks and 
fractures below the 
table of a diamond. 
G.I.A. Diamond- 

scope. 22x. 


Figure 47 
Assemblage of fine 
cleavage cracks run- 
ning from the girdle 
towards the center 
of the table in a dia- 
mond. G.I.A. Dia- 

mondscope. 10x. 
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Figure 48 


Included grains of foreign minerals and two fissures in a diamond. The 

grains would appear black and would be called carbon spots if examined 

under an eye loupe under ordinary lighting conditions. The fissures in the 
surface are along cleavage planes. G.I.A. Diamondscope. 10x. 


Revolutionary Improvement in Diamond Cutting (?) 


The Associated Press on May 15th 
reported the discovery, by staff mem- 
bers of the Bureau of Standards, of 
a method of greatly accelerating the 


cutting rate for diamonds. The prac- 
tical application of such a discovery 
might result in considerably reduced 
costs of cutting. 
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The G.I.A. Monochromatic Unit 


By JOHN T. SHANNON, E.E., M.E. 


The new G.I.A. Monochromatic 
Unit consists of a sodium lamp and 
a transformer, each designed espe- 
cially for use with gemological. re- 
fractometers. With them it is used 
in the same manner as the sodium 
flame produced by burning sodium 
chloride with the bunsen burner, ex- 
cept that the greater intrinsic bril- 
liancy is much more advantageous, 
as it is twenty-five to thirty times 
as bright as the sodium flame. 


user knows, it was often difficult, if 
not impossible, to distinguish the 
greenish yellow line of such spec- 
trum, which was. necessary for ac- 
curate readings. It has been found 
that with some stones this mono- 
chromatic unit also produces shad- 
ows on the refractometer scale when 
ordinary white light will not pro- 
duce a shadow of sufficient intensity 
to be distinguishable. 

An additional advantage is the 


Figure 1 
G.I.A. Monochromatic Unit set up with Rayner 
Refractometer in foreground. Portable transform- 
er in background. 


Like the sodium flame, it produces 
upon the scale of the refractometer 
a shadow with a very sharp edge, 
in contrast to the shadow with an 
edge consisting of a narrow spec- 
trum which is produced when white 
light is used. As every refractometer 


use of this light in connection with 
the refractometer in the determina- 
tion of birefringence, or the strength 
of double refraction of a gem. With 
this monochromatic unit most dou- 
bly refractive stones will show two 
shadow edges instead of one on the 
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refractometer. As the stone is ro- 
tated on the dense glass hemisphere 
it can be noticed that in certain posi- 
tions the edges attain maximum and 
minimum positions. These readings 
indicaté the minimum and maximum 
indices for the stone. If the mini- 
mum reading be subtracted from the 
maximum reading, the difference is 


eration is automatic. A specially 
designed unit can be supplied for 
direct current. Its use on alternating 
current is recommended where pos- 
sible, due to better performance and 
longer bulb life. The transformer has 
separate low voltage taps for pre- 
heating the filament cathodes (2%4v- 
38Amp). 


Figure 2 


G.I.A. Monochromatic Unit set up with Tully Re- 

fractometer in foreground. Cord connecting port- 

able transformer (in background), and lamp, is of 

sufficient length to permit placing transformer 

on floor and lamp on laboratory or diamond table, 
or on jeweler’s showcase. 


the birefringence, or the amount of 
double refraction, for the stone. 
The unit consists of a control bal- 
last transformer for use on alternat- 
ing current, 6cy, 115v, and its op- 


The electric cord between the 
transformer and lamp is provided 
so that only the lamp need be placed 
on a table or jewelers’ showcase, 


(Continued on Page 214) 
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GEMOLOGICAL DIGESTS 


Hemetine Not Friable 


In our last Gemological Digest (on erties, nor that it was friable in its 
page 185, of Winter 1944-1945 issue) finished condition. 
a statement appeared which we be- As to the durability and wearing 
lieve was very ambiguous and may qualities; reports from users of 
have been misunderstood by some of hemetine and from tests made on 
our readers. three specimens by a laboratory af- 

Our article did not state, or mean filiated with G.I.A. indicate that the 
to imply, that hemetine was more toughness of most hemetine stones 
brittle or more easily broken than may be equal to or greater than 
genuine hematite, that it was in- hematite. Tests on these specimens 
ferior to hematite in any of its prop- indicate a greater hardness. 


Brazilianite—a New Gemstone! 

A new mineral has been found specific gravity 2.94; refractive in- 

recently in Brazil, It crystallizes in dex 1.598-1.617 (Alpha 1.598, Beta 
1.605, Gamma 1.617). 
: Wi 4 At least two gemstones have been 
ical composition, Bis mreporied Mas fashioned from this mineral. One is 
Na,O,3A1,0;,2P20;,4H2O. It is trans- a 23-carat emerald cut. Another is 
parent to translucent. Its color is a 19-carat oval brilliant now in the 
chartreuse yellow (light, slightly Natural History Museum of New 
greenish yellow). Hardness 5%; | York. B. A. 


the monoclinie system. Its chem- 


770-Carat Diamond Found in Sierra Leone 


A Reuter’s dispatch of May 14 stated that the world’s largest uncut 
diamond had arrived in Britain, brought from the colony of Sierra Leone, 
West Africa. The gem was stated to have been found by a native workman 
in January. Its weight was given as 770 carats, and its size was compared 
to that of a chicken’s egg. The owners are named as the Sierra Leone Selec- 
tion Trust. The Cullinan and Excelsior were larger when in the rough; the 
President Vargas and Jonker smaller. 


120-Carat Diamond Found in East Africa 
According to the British Colonial Office, the largest diamond ever dis- 
covered in East Africa was found recently in the Shinyanga district of 
Tanganyika. It weighs about 120 carats and is valued at $60,000 in its raw 
state. 


214 GEMS & GEMOLOGY 


The G.I.A. Monochromatic Unit 


(Continued from Page 212) 


while the transformer may be 
mounted beneath the table. The cord 
should not be altered. 


The lamp is designed for conven- 
ient use with any of the gemological 
refractometers. For use with the 
Rayner and Smith refractometers 
the lamp is used in the horizontal 
position as shown in Figure 1. It is 
used in the vertical position with the 
Tully refractometer as shown in 
Figure 2. 


The lamp itself consists of a spe- 
cially shaped hard glass bulb con- 
taining two activated* (and pre- 
heated) cathodes which are directly 
connected to the heater windings of 
the transformer. The bulb contains 
an amount of metallic sodium and 
a modicum of argon gas which acts 
as a carrier gas. 


In operation the main line cur- 
rent is turned on and at once the 
filaments begin to heat, giving off 
the purple-violet color of the argon 
gas. In a few minutes the sodium 
color begins to appear as the heat 
of the cathodes begins to volatilize a 
portion of the sodium. The lamp 
now begins to glow with the charac- 
teristic sodium color (yellow) al- 
though for fifteen to twenty min- 
utes the color of the argon spectrum 
can still be noted. At the end of 
twenty minutes to one-half hour the 
bulb should attain its maximum 


brightness and the argon gas color 
will have practically disappeared. 

The life. of gaseous conductor 
light sources of this character is 
rated more upon the number of 
starts and stops than upon, the num- 
ber of hours of continuous burning. 
This is due to the loss of the activat- 
ing material on the cathodes during 
the warm-up period. 

For ordinary use in gem testing, 
a filter is unnecessary, and none is 
shown in the illustrations, or sup- 
plied with the unit. However, for ac- 
curate research work or disputable 
gem identifications, the filter is rec- 
ommended. Therefore, a lamp hous- 
ing is designed to take the standard 
8%” square filter and any of the 
following are recommended: Corning 
No. 4, or Wratten Filters No. 67 
and No. 23 in series. 

For all practical purposes this 
G.I.A. monochromator is almost 
completely monochromatic with its 
two very bright lines at 5890 Ang- 
strom units and 5896 Angstrom 
units. The only interference is from 
a few very low intensity lines which 
may be screened out. by the use of 
filters as above described**. 

The total current consumption is 
less than 75 watts. Owing to danger 
of fire, care must be taken when de- 
stroying burned-out bulbs, that the 
sodium does not come in contact with 
water or dampness. 


*The filament cathodes are coated with a metallic oxide (of the rare metals such as barium, 
thorium, and others) which, when heated, gives off a stream of electrons. 

**The D sodium line is given in many texts as 5898 Angstrom units, but recent practice is 
to mention two sodium lines, D, at. 5890A and D, at 5896A. 
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DIAMOND GLOSSARY 


(Continued from p. 192, last issue) 


onca (Portuguese). The Portuguese 


ounce, equivalent of 1.0148 avoir- 
dupois ounce. See onza. 


One Hundred and Two Facet Diamond 


(102-Facet Diamond). The name 
used to describe a modification of 
the 58-facet brilliant. It has 60 
facets and a table on the crown, 
and 40 facets and a culet on the 
pavilion. Its symmetry is ten-fold 
(decagonal) instead of the eight- 
fold (hexagonal) symmetry of the 
58-facet brilliant. The four-sided 
bezel facets of the latter are each 
replaced by two triangular facets 
and an additional break facet is 
placed between every pair of break 
facets, resulting in 10 star facets, 
20 bezel facets, 30 top break facets, 
30 bottom break facets and 10 pa- 
vilion facets. 

onza (Spanish). The Spanish (Cas- 
tillian) ounce. Equals 442.72 
grains avoirdupois. Onza para 
diamantes (the diamond ounce) is 
defined by one lexicographer as 
431.42 English grains, but may be 
metric grains. 


opening a diamond. In the diamond- 


cutting industry, a trade term 
used to describe the operation 
which consists of polishing par- 
allel facets on a heavily coated 
rough diamond so that a clear 
view of the interior of the stone 
can be seen by the cutter before 
he proceeds with the work. 

Oppenheimer, Sir Ernest. (1880-??.) 
Chairman, Anglo-American Cor- 
poration of South Africa, Ltd., 
1917-??; Chairman DeBeers Con- 
solidated Mines, Ltd., 1929-??; 


Deputy Chairman Rhokana Cor- 
poration; Chairman, Consolidated 
Diamond Mines of S.W.A., Ltd., 
The Diamond Corporation, Ltd., 
and the Premier (Transvaal) Dia- 
mond Mining Co., Ltd. Director 
of many other companies. 


optical anomaly. An irregularity in 


optical properties or unusual phe- 
nomenon such as anomalous dou- 
ble refraction in a diamond or 
other singly refractive mineral. 
See strain. 


orange diamonds. Diamonds of a dis- 


tinctly orangy color or tint, and 
not diamonds from the Orange 
River Valley, although most dia- 
monds of this color are found in 
South Africa. Many of them are 
reddish orange-brown, somewhat 
similar in color to reddish orange- 
brown zireons; others are of the 
more vivid reddish orange color 
of flame spinels or garnets, while 
some vivid deep orange diamonds 
have been found in the Wesselton 
Mine (S. H. Ball). Few of these 
diamonds reach the North Ameri- 
can trade. 


Orange Free State. A province of 


the Union of South Africa, south 
of the Transvaal. Formerly a 
practically independent. colony of 
Boers. Some important diamond 
mines, such as Jagersfontein and 
Koffeyfontein, are located in this 
province. 


Orange River. A_ river in South 


Africa; an important alluvial 
mining district. The first large 
white diamond, the Star of South 
Africa, or Dudley, weighing 83.5 
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earats (uncut) was found near the 
Orange River on the Zendfontein 
farm. The diamondiferous deposits 
of the Orange River near Hope 
Town are also known as Orange 
River Valley deposits. These are 
chiefly of historical interest, for 
it was. here, on the farm of De- 
Kalk, that’ the first diamond dis- 
covered. in South Africa was 
picked up, in 1866. There were 
several other finds during the fol- 
lowing year. See O’Reilly Dia- 
mond. 


orange Tiffany. same as Tiffany yel- 


low. 


O'Reilly Diamond. A 21%4-carat stone 


(in the rough). discovered by Eras- 
mus Stephanus Jacobs, in 1866, on 
the DeKalk farm, near Hope Town 
on the south bank of the Orange 
River. In 1867 the diamond came 
into the possession of John 
O’Reilly, a traveling trader. Later 
Dr. Atherstone of Grahamstown 
first identified it as a diamond and 
valued it. at $2500. The diamond 
is of historical interest, as it is 
the first South African diamond 
recorded, and one of two whose 
discovery precipitated diamond 
prospecting in Africa. The dia- 
mond was eventually purchased by 
Sir William Wodehouse, the gov- 
ernor of the Cape, at the price 
mentioned, and exhibited at the 
Paris Exhibition of 1867-8. See 
Star of South Africa. 


Oregon diamond. Any diamond found 


in the state of Oregon. Extremely 
rareand associated with platinum. 
Probably from the same source as 
California diamond. 


oriental diamond (obsolete). A term 


once used to distinguish diamonds 
from India from the diamonds 
from Brazil after the discovery of 
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Brazilian diamonds and while In- 
dian diamonds were still a factor 
in the market. Murray stated that 
the term was also used for the 
“finest and hardest gems” whether 
from India or Brazil. 

origin (of diamond). See genesis. 

original lot. A term used in the dia- 
mond trade to mean unbroken 
parcels of rough diamonds sold 
by the Diamond Trading Co., just 
as they were graded and sorted 
at the mines. 

Orinoor or “Sun of Light.” A name 
given by Mr. Samuel W. Dewey to 
a well-known Virginia diamond, 
although it has been more gen- 
erally known as the Dewey Dia- 
mond. A later name is the Mor- 
rissey Diamond. See Dewey Dia- 
mond. (Kunz) 

Orloff Diamond. Also known as the 
Orlov, Orlow, Amsterdam or Lasa- 
rey Diamond, it was discovered 
in the 17th Century (Schloss- 
macher states 1680), probably in 
the Kollur mines of Goleonda. Dr. 
Fersman, who considers it the best 
of all Indian diamonds, is con- 
vinced that it is identical with 
the Great Mogul and the Derya- 
noor. He has also reconstructed 
its original rough form as that 
of a rounded octahedron of about 
450 carats, from which a large 
portion had been cleaved before 
its discovery, leaving a large 
cleavage plane which is now the 
base of the cut stone. The rough 
stone weighs 199.6 m.c. and was, 
when last reported, still set in the 
Russian Imperial sceptre, which, 
together with other crown jewels 
of the Czars, was placed in the 
Treasury of the U.S.S.R: in the 
Kremlin, Moscow. Its dimensions 
are: Height, % inches; width, 114 


(To Be Continued) 
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Gem Myths Common to the Peoples of Eastern Asia and 


The American Indians Suggest Possible 


Contact Between These Peoples 


; SYDNEY H. BALL, Ph.D. 


Myths furnish us some of our most 
amusing tales about gems. For ex- 
ample, Abraham, according to the 
Talmud, seems to have been in- 
ordinately jealous of his rather ample 
supply of wives; in consequence, he 
immured them in a castle without 
windows. Nevertheless, the castle was 
brilliantly lighted by bowls of lumi- 
nous precious stones placed in the 
various rooms. 

Again, take Sinbad the Sailor’s 
tale of the Valley of Diamonds. 
Abridged it is as follows: In his time, 
which long antedated. that of meat 
rationing, diamonds occurred only at 
the bottom of an inaccessible canyon. 
The local “miners” took young lambs, 
skinned them and threw the carcasses 
into the abyss. Immense birds of prey 
swooped down into the valley and, 
seizing the meat in their claws, bore 
it to the adjoining heights. The 
“miners” then frightened off the 
birds and recovered the numerous 
diamonds which adhered to the car- 
casses. The earliest form of this 
myth is given by the old churchman, 
Epiphanius (4th century of our era), 
although in his version the stone 
recovered was the sapphire. 

These myths in some eases are 
purely fabrications, like the so-called 
gem dealers’ tales. The dealers con- 
sidered that, by concealing the true 
source of their gems, they could 
charge their customers a higher price 


for the gems; other myths undoubt- 
edly originated from some ancient 
religious ritual or some other tribal 
ceremony or custom; others were en- 
grafted from the culture of nearby 
peoples. 

Some of the myths are of practi- 
cally world-wide distribution; for ex- 
ample, that rock crystal is merely 
hardened ice; that snakes and drag- 
ons and some other animals have lu- 
minous precious stones-in their heads 
or in their mouths and that prehis- 
toric axes fall from heaven with light- 
ning. Other myths are known only 
to a single people or to perhaps two 
tribes usually adjacent to each other. 

A fairly complete tabulation of 
precious-stone myths seems to indi- 
cate that a relatively large number 
are common to the American Indians 
and the peoples of Eastern Asia. A 
few instances might. well be a mere 
coincidéenee, but the myths common 
to these two peoples are so numerous 
that they suggest possibly one or 
more, probably many contacts be- 
tween the two peoples. 

The forebears of the American 
Indian are supposed to have come 
from Asia across the Behring Strait 
some 15,000 to 20,000 years ago. 
Early in man’s. history he knew but 
few precious stones and most of these 
were of the quartz family. The 
earlier emigrants doubtless were fol- 
lowed by other bands at later dates. 
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One myth, however, may well have 
existed in Mongolia before the emi- 
gration, namely, that of the rain- 
making stones. This seems to be a 
very early concept among primitive 
tribes in arid or semi-arid regions, 
where a drought may threaten the 
very lives of the herds or the yield 
of the crops. A rain-making stone 
was, according to tradition, bestowed 
on Mongol, the ancestor of all Mon- 
golians. Attila the Hun had a stone, 
Gezi, which excited rains and storms 
and later Tamerlane had a stone, 
presumably a jade, which caused 
rain. The myth of rain-making stones 
passed to the Chinese from Mon- 
golia perhaps at a fairly early date, 
but in addition the Chinese them- 
selves at an early date placed jade 
cut in the form of a dragon on their 
altars in time of drought to bring 
rain. The myth is also known to the 
Turks. 

The myth was a common one 
among the American Indians, the 
Navajos (either the turquoise or a 
stone falling from heaven), the Dela- 
wares (mica, believed to be the scales 
of the Horned Serpent, a powerful 
rain-maker), the Pueblos (fossils 
and rock crystals), and the Santo 
Domingo Indians. The myth in one 
form or another, so far as I know, is 
elsewhere known only in Ceylon, 
among the upper Nile tribes (ame- 
thyst), among the Persians and 
Arabs and the Polynesians (quartz 
crystal) and the Australians (rock 
crystal). Also the Orphic poem (200- 
400 A.D.) and Damigeron, an Alex- 
andrian of about the 5th century, 
considered bloodstone or jasper a 
rain-maker. 

There are a number of other myths 
of precious stones common to the 
Eastern Asians and the North Amer- 


ican Indians, but these must long 
postdate the first emigration. They 
were either independently developed 
by the two peoples or they indicate 
that contacts have existed between 
the two peoples within the last few 
thousand years. Several of the myths 
relate to jade, a gem known to the 
Chinese at least by 2284 B.C., 
although in America, the oldest 
known artifact is a Mayan statuette, 
dated 98 B.C. 

Since the West has been known to 
us, say for somewhat over a century, 
it is reported that Japanese or Chi- 
nese junks, far off their course, have 
made a landfall on our Pacific shore 
line. It is reasonable to suppose that 
in the relatively recent past this has 
happened a number of times, estab- 
lishing at least a short-lived contact 
between the two peoples. Whether 
such periods were sufficiently long 
to bridge the language differential 
between the two peoples, is of course 
a matter of personal opinion. In some 
cases, however, the junk must have 
been in no condition to return to the 
homeland and the crews must have 
lived out their lives on. our continent. 

Among the myths regarding jade, 
common to the two peoples, is the 
use by the Chinese of jade blocks to 
read the future and to determine the 
will of the gods. The Mayas used 
jade balls for the same purpose. The 
Chinese place a smooth piece of jade 
in the mouth of a dead man, a custom 
dating from at least 699 B.C. The 
custom was also followed by the 
more prosperous Aztecs, the jade 
being “his heart,” and by the Mayas. 
By so doing, the Chinese mourners 
hoped to again hear the voice of their 
loved ones; the Indians, to speed 
the deceased’s arrival into another 
world. 


220 GEMS 


There is a rather amusing old 
Chinese variant of the custom: that 
of a dutiful son who was misled by 
an unscrupulous jeweler; therefore, 
he placed a counterfeit pearl in his 
father’s mouth. The corpse continued 
to spit up the false gem, a process 
which ceased only when a real pearl 
was substituted. The Hindoos had a 
rather similar custom. They placed 
a small bit of gold in the mouth of 
the dying to avert evil spirits, while 
the Greeks put a coin in the dead 
man’s mouth to pay the ferry- 
man Charon. The ancient Egyp- 
tians placed a scarab—often of green 
jasper—on the mummy as a symbol 
of the heart. 


Among both the Chinese and cer- 
tain American Indians, jade was the 
symbol of perfection. In a Toltec’s 
advice to his son, it is stated that the 
gods listened to the prayers of the 
wise men of old, as they were “of 
a pure heart, perfect and without 
blemish, like Chalchihuitl (jade).” 
The Chinese character for jade 
means “perfect.” 


The Chinese loved the sonorous 
notes emitted by chimes made of thin 
slabs of jade and the Venezuelan In- 
dians used thin pieces of jade as 
musical instruments. The sonorous 
quality of jade may well have been 
independently discovered by the two 
peoples. 

The Tlingit Indians’ (Alaska) 
name for jade was tsu (green), a 
close approximation of the Chinese 
word for jade, yu. 

The Mayas and the Toltecs, and 
the Eskimos of Kodiak Island 
“killed” the trinkets buried with the 
dead. Almost every article in the 
cenote at Chichen-Itza is broken. The 
Ainus break all things buried with 
the dead. The Hindoo’s widow breaks 
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her jewels and buries them with her 
dead husband. 


The Shasta Indians have a myth 
that the earth was created by Old 
Ground-Mole,:a huge beast that, dig- 
ging deep into the earth, heaved the 
soil up on his back. This parallels 
the myth of the Chinese subterra- 
nean dragon who, by his wiggling 
underground, causes earthquakes. 


The Peruvian Indians were able 
to record chronological events crude- 
ly by a rather intricate knotting of 
the quipu; long before the Christian 
era the Chinese, in a somewhat sim- 
ilar way, recorded dates. 


Among the Chinese the location of 
a quicksilver mine is divulged by a 
mist which rises from it; among. the 
Toltecs a slight smoke overhung de- 
posits of precious stones. Father 
Sahagen says the Indians of Mexico 
believed that the location of a jade 
deposit was marked by the cool and 
moist exhalations rising from it and 
the green grass that grew upon it. 
In medieval Europe it was believed 
that a blue flame marked the loca- 
tion of rich veins of ore or of other 
treasure. The Peruvian Indians be- 
lieved that a wavering white light 
flickered above buried treasure. 


The idea that spirits owned or 
presided over ore deposits of vari- 
ous. kinds was widespread, not only 
among the peoples of Eastern Asia 
but also among the natives of Amer- 
ica. The people of the Malay Penin- 
sula believe that if tin is to be mined, 
the spirit of the mine must be propi- 
tiated, as did the diamond miners of 
India and Borneo. The Burmese 
ruby and jade miners propitiate the 
mine nats (or spirits), and if satis- 
fied by their worship, the production 
of the mine is sure to be good. The 
California Indians who sought the 
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obsidian of Sugar Hill and the Eski- 
mos who mined soapstone, before 
mining began, left a gift for the 
spirit of the mine. Among the In- 
dians of the northern part of our 
country, the spirits were conciliated 
by many tribes before mining of 
flint began, for example, and by the 
Sioux before they mined catalinite. 

Religious ceremonies in instances 
preceded the mining, not only among 
the American Indians, but among 
the jade miners of Turkestan. The 
Borneon diamond: miners not only 
eonciliated the spirits of the mines 
but, while mining, preserved silence. 
If one laughed, no diamonds would 
be found. When the Chinese lapi- 
daries cut jade, no women are to be 
present. Of somewhat similar im- 


port, we may say that among the 
Pueblos, those miners of salt who 
were frivolous died in their tracks, 
and among the Alaskan Indians (the 
Tlingit), if his wife laughed while 
the warrior was using his jade knife, 
it at once broke. : 

It is difficult to believe that so 
many similarities are all coincidences 
and to me the common features sug- 
gest at least an interchange of ideas 
through physical. contact either by 
the late emigrants or by shipwrecked 
Chinese. This much is certain: be- 
tween the peoples of Eastern Asia 
and our American Indians there are 
more similarities in their myths than 
between most distantly separated 
peoples. It is believed that this is 
more than a series of coincidences. 


Gifts to the Institute 


From Lazare Kaplan & Sons an 
important addition of two diamonds 
to be added to the Master Stones of 
the Institute, used in grading sets 
of Master Stones sent in by our 
members. 
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From Mr. George H. Marcher, Los 
Angeles gem dealer, a most interest- 
ing selection of seven doublets. These 
will be of value to the Institute’s Re- 


search Department in that they are 
all glass rather than the usual type 
of doublets encountered in the trade, 
generally composed of a top of some 
genuine material. 
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From Theodore Schraft an unusual 
diamond showing a black inclusion 
around which the diamond has 
started to crack owing to the co- 
efficient of expansion. 
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A Cat’s-Eye Emerald! 


by 
E. P. HENDERSON 
Associate Curator, Mineralogy and Petrology 


U.S. National Museum 


An emerald displaying a cat’s-eye has recently been added to the Roebling 
Collection of the United States National Museum, and the chief interest is 
in its uniqueness. It is cut in cabochon style, measures .79 x 1.07 x .84 mm 
and weighs 4.56 carats. This emerald has a very attractive green. color and 
displays a sharply defined chatoyant band lengthwise at the long axis of the 
stone. The dealer from whom the stone was obtained was unable to supply 
the locality. 

Several different minerals have been cut into. cat’s-eye stones but in none 
of the available reference books on gem-stones in the National Museum’s 
libraries has any specific account been given of a cat’s-eye emerald. Emeralds 
have been described as possessing a 6-rayed star. A. H. Church? in “Precious 
Stones” lists an emerald in the Townshend Collection “with 6-rayed black 
star, subglobular with face and back centrally flattened, circular, one half 
inch in diameter, plain swing mount.” This stone is illustrated in Plate II 
of the book but from the illustration it appears that the star is more likely 
to. be an accidental arrangement of dark inclusions within the emerald than 
to the normal internal development of zonal lines which defract the light 
within the stone. 

Some of the gem dealers who have seen this cat’s-eye emerald remarked 
that they have heard of emeralds which display a star but as yet none of 
these men acknowledge having previously seen any stone which can be classi- 
fied as a cat’s-eye emerald. 

The primary purpose of this note is to list the apparently rare occurrence 
of a cat’s-eye emerald and to invite anyone who knows the whereabouts of 
one to notify the Division of Mineralogy and Petrology, U. S. National 
Museum, Washington 25, D. C., or to publish a brief description of the stone. 


1Submitted with the approval of the Secretary of the Smithsonian Institution. 
2“Precious Stones, considered in their Scientific and Artistic Relations,’ published by Chap- 
man and Hall, London, England, 1882. 


Editor’s Note. 

A ten-year investigation by G.I.A. has failed to reveal any verification of 
the previous occurrence of either true chatoyancy or epiasterism (asterism 
by reflected light) in an emerald. Shipley’s “Dictionary of Gems and Gem- 
ology” states that Schlossmacher’s reference to asteriated emerald seems to 
have been due to his misunderstanding of a report by Bernauer and that 
Halford-Watkins’s report of star emeralds was unsubstantiated. The latter 
were seen by him only in a temple and may have been beryl diasteria backed 
with a green mirror, or may have contained inclusions which formed a star 
somewhat like the one described by Church and mentioned in this article 
by Dr. Henderson. 
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GEMOLOGICAL DIGESTS 


The Tiffany Yellow Diamond, Facet Correction 


- All records show 101 as the num- 
ber of facets placed upon the famed 
Tiffany yellow diamond. This num- 
ber had been established in gem- 
ological texts and articles. from a 
description written by the late 
George Frederick Kunz, mineral- 
ogist and gem expert, whose state- 
ment appeared in “Science” for Au- 
gust 5, 1887. 

An inquiry, incident to revision 
of material on hand for the Diamond 
Glossary, later to be printed in book 
form, brought the following reply 
from the diamond’s owners, Tiffany 
& Co., of which firm Dr. Kunz was 
at one time vice-president: 

“We have been frankly puzzled by 
the discrepancy between the present 
cutting of the Tiffany diamond and 
that which is described by Dr. Kunz 


in 1887. Those who have been most 
closely associated with the House 
since that time have been consulted, 
and none have any recollection of 
a recutting of the diamond. 

“A careful recheck of the diamond 
confirms ... the number of facets. 
There are 90 in all. In addition to 
the table and the culet, there are 40 
facets on the crown of the stone and 
48 on the pavilion. There are-no true 
facets on the girdle. It is the unani- 
mous conclusion of all those con- 
sulted that Dr. Kunz was mistaken 
in his original statement about this 
subject.” 

Correction should be made to the 
Fall 1938 issue of Gems & Gemology, 
page 183, line 5, of the description of 
The Tiffany Yellow Diamond, to read 
90 facets. 


Gemstones in 1944 
Excerpts from Material Preparéd-by Sydney H. Ball 


According to data compiled by the 
Bureau of Mines, United States De- 
partment of the Interior, the value of 
uncut stones, from domestic sources, 
used in jewelry and related indus- 
tries approximated $41,000 in 1944, 
which is substantially lower than the 
$67,000 and $150,000 reported in 
1943 and 1942, respectively. 

Turquoise was the leading gem 
produced, its value being about 


$17,000. Miami, Ariz., is a new lo- 
cality. The Castle Dome Copper Co., 
Inc., states that in its open pit “oc- 
easional specimens of turquoise are 
uncovered during routine mining op- 
erations. Occurrence is in the form of 
small veinlets. Although of sufficient 
hardness for gem purposes, most of 
this material is of a very pale green 
or blue color, requiring impregna- 
tion with oil to darken the stones 
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before they are of commercial val- 
ue.” Presumably, the better stones 
are collected and perhaps sold by 
miners. 

The King mine, 11 miles southeast 
of Manassa, Coloradé, was worked 
for about 8 months in 1944. The 
Navajo and Pueblo silversmiths look 
to Colorado, Arizona and other states 
for the ‘turquoise used in their 
jewelry. 

Chinese agents purchased 5,890 
pounds of Wyoming jade during the 
year, to be shipped to China after 
the war. 

Clay Canyon, Utah, variscite de- 
posit was worked for a short time 
in 1944 and some good nodular varis- 
cite was shipped to the East. Smaller 


Commodity 
Diamonds : a 


Rough or uncut (suitable for cut- 
ting into gem stones), duty free. 


Cut but unset, suitable for jewelry, 
dutiable ... / ee vickeec th 


Emeralds : 
Rough or uncut, free 
Cut but not set, dutiable: 


Pearls and parts, not strung or set, 
dutiable : 


Natural 
Cultured or cultivated 


Other precious and semiprecious 
stones : 


Rough or uncut, free. 
Cut but not set, dutiable 
Imitation, except opaque, dutiable: 
Not cut or faceted 
Cut or faceted: 
Synthetic. 
Other Stes ates a 
Imitation, opaque, ineluding imita- 
tion pearls, dutiable. 
Marcasites, dutiable: Real. 


751,240 


193,701 


amounts were recovered from: the 
Grantsville (Tooele County) and Lu- 
cin (Box Elder-County) deposits. 

Some fine green smithsonite was 
produced in the Magdalena district, 
Socorro County, New Mexico. 

Up to the end of 1939, Australia 
had produced opals valued at £1,987,- 
090. Incomplete returns for 1939 fol- 
low: New South Wales £1020; 
Queensland £50 (only seven miners) ; 
South Australia (Coober Pedy field) 
£6020—a total of £7090. In 1944 it 
was reported that the black. opal 
fields were no longer operated. 

Rubellite (red tourmaline) of ex- 
cellent quality is reported to occur 
in Mozambique (Portuguese East 
Africa). 


Carats 


$37,443,240 896,547 $43,445,219 


31,458,089 169,097 29,263,121 
248 1,966 1,668 


32,508 38,666 81,233 


167,284 242,221 
107 15,394 


47,726 
2,590,931 


105,401 
3,725,453 


2,621 - 14,550 


503,718 
28,887 


167,166 
102,450 


8,149 23,113 


96,154 


$72,116,673 


84,828 


| $77,529,806 


Figures compiled by M. B. Price, of the Bureau of Mines, from records of the U.S. 


Department of Commerce. 
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Recent Rulings and Recommendations 


of the American Gem Society 


Rulings ave binding upon all Registered Jewelers, Graduate Members 
and Wholesaler Members of the A.G.S., with loss of membership the 
penalty for violation. Recommendations. are not binding, but the great 
majority of A.GS. members and member firms observe them. 


The International Committee of 
the American Gem Society in March 
approved the following ruling to be 
presented to the entire membership 
of the Society for vote. The Board of 
Directors of the Society canvassed 
the votes at their meeting June 13, 
1945, and found that the 95 per cent 
of affirmative votes necessary for its 
passage as a ruling had been cast. 


Advertising New Novelty Style 
Brilliant-Cut Diamonds 


Governs all Registered 
Jewelers, A.G.S. 


Ruling A-12 (1945). Until the sub- 
mission to the Society of what it con- 
siders te be proof of the increase in 
brilliancy of standard brilliant-cut 
diamonds by virtue of (1) the girdles 
of such stones having been polished 
(including the polishing of any num- 
ber of flat surfaces or facets upon 
them). or (2). the addition of any 
number of facets upon the crown or 
pavilion or both, Registered Jewelers 
shall not advertise that such stones 
are more brilliant or imply in any ad- 
vertisement that such polishings or 
facets increase the brillianey of such 
stones. 

Rulings and recommendations of 
the A.G.S. which concern nomencla- 
ture, definitions or trade use of terms 
relating to gemstones, which have 


not previously been reported in Gems 
& Gemology are: 


Unqualified Superlatives 


Governs all Registered 
Jewelers, A.G.S. 


Ruling A-10 (1944). Because un- 
qualified superlatives, if used in de- 
scribing merchandise, are usually 
misleading and cannot be proved if 
challenged: The terms the finest, the 
best, the most beautiful or other un- 
qualified superlatives in such phrases 
as “the finest amethysts ever shown,” 
“the best cut diamonds,” “the finest 
colored diamonds,” “the most beauti- 
ful emerald,” etc., may not be used in 
advertising by Registered Jewelers. 


Diamonds as Distinguished 
from Diamond Chips, etc. 


Governs all A.G.S. Members 


Ruling A-I1 (1944). Because Na- 
tional Better Business Bureau, for 
its own guidance, desires A.G.S. to 
establish a definition of diamonds as 
distinguished from. diamond chips, 
ete.: No uncut diamond nor cleavage 
of diamond or diamond chip, nor any 
cut diamond which has not been sym- 
metrically fashioned with at least six- 
teen facets and a table, may be de- 


(Continued on Page 239) 
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Inclusions as a Means 
of Identification 
by 
: EDWARD GUBELIN, Ph.D., C.G. 


Lucerne, Switzerland 


In his unusually comprehensive and extremely valuable studies 
of gemstone inclusions, Dr. Gibeiin has decided that in cer- 
tain cases inclusions are so typical that errors in identifica- 
tion are practically excluded. He is more and more under the 
impression that the modern gemologist may sooner or later 
abandon the more orthodox method of beginning an examination 
of gemstones by tests for specific gravity, refraction and dichro- 
ism in favor of an approach through study of their inclusions. 


All growing matter—and this in- 
cludes crystals—bears certain typical 
signs or traces of its origin and for- 
mation. As regards crystals, these 
marks can be observed either on the 
surface or in the interior. Gemologists 
are particularly interested in the 
internal phenomena of the growth 
of precious stones—-the so-called in- 
clusions. 

The inclusions in natural gem- 
stones are not merely the surest 
manifestation of genuineness; their 
great variety imparts also a very 
informative indication of the many 
different minerals with which a pre- 
cious stone was associated during its 
formation. Inclusions of foreign 
minerals form the “internal para- 
genesis” of a stone; and this can 
involve a far more decisive factor 
in its identification by the gemologist 
than the former “external para- 
genesis.” 

The ultimate purpose of the iden- 
tification of an unknown gem is the 


—Ed. ? 


determination of its belonging to a 
certain mineral species. It is often 
easier to decide whether or not a 
stone is genuine, than to ascertain 
to what mineral family and variety 
the unknown stone belongs. This is, 
however, a simple matter. when the 
necessary apparatus are at one’s dis- 
posal and the ascertainment can be 
based on the physical, chemical and 
optical characteristics, the testing of 
which is, as a rule, speedy and easy 
enough. 

There is not a gemologist of ex- 
perience who has not at one time or 
another been obliged to determine 
the nature of a stone submitted for 
his diagnosis without the valuable 
aid of reliable instruments. And the 
necessity often arises of examining 
and sorting a whole paper contain- 
ing hundreds of tiny stones of .05 
to .50 carats. Moreover, in this case 
matters are usually complicated not 
only by the fact of the stones not 
being easily identifiable, but also by: 


~~’ 


we 
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Photo by Dr. Gibelin 


Figure 2 
Byssolite fibres 
radiating from a 
common center in a 
demantoid. 50a. 


Photo by Dr. Gubelin 


Figure 1 
Byssolite as 
inclusions in 

demantoid. 50x. 


228 GEMS & GEMOLOGY 


their appearance and color admitting 
of several alternatives. What a job 
it always used to be to test each of 
the innumerable stones separately 
for specific gravity (by the hydro- 
static or suspension method), re- 
fraction (by the direct or the Becke 
method), birefringence, dichroism, 
absorption, etc. 

Here, too, Nature has kindly pro- 
vided the gemologist with reliable 
means of deciding the question. For 
she has placed within such external- 
ly similar stones these inclusions— 
the very internal paragenesis—which 
differentiate them in no doubtful 
manner, 


Inclusions Characteristic of 
Gamets 


The garnet group in particular, 
owing to its complicated and varied 
chemical, composition, presents such 
a gamut of colors and tints that a 
great many garnets resemble other 
gemstones. Hence the innumerable 
known cases of erroneous identifica- 
tion. 

The beautiful, sparkling, green 
demantoid was often in the past 
taken for olivine or emerald. If, 
however, those making such errors 
had been able to recognize the differ- 
ent inclusions in these absolutely dif- 
ferent minerals, they would certainly 
never have made such blunders. The 
demantoid contains absolutely typical 
and ever-recurring inclusions, which 
can be observed in 95% of all such 
gems. 

These consist of minute brown or 
colorless byssolite crystals (byssolite 
is the hair-like habit of asbestos) 
either arranged in curved bundles 
and bushes as in Figure 1, or radiat- 
ing from a common centre as shown 
in Figure 2, though they are very 
often found in disordered, irregular 


tangles, like a child’s tousled hair, 
well depicted in Figure 3. The centre 
of the ray-like byssolite threads 
which permeate the stone is often- 
times formed by a dark-brown, ap- 
parently highly limonitized mineral, 
the nature of which has so far 
evaded attempts at identification. 

The most interesting feature of 
these inclusions is the fact that the 
fine filaments are not in any way 
kinked or pressed together inside the 
demantoid: indeed, they have the 
appearance of being so free and un- 
influenced by the surrounding crys- 
tal substance as to give the impres- 
sion rather of unhindered develop- 
ment in air. These fine silky fibres 
are often large enough to be visible 
to the naked eye and can in every 
case be seen with the: help of a 
jeweler’s magnifying lens. They can, 
in consequence, be taken as a reliable 
identifying feature even when it is 
impossible to use a microscope for 
the examination. 

Every gemologist is acquainted 
with the curiously granular appear- 
ance of hessonite garnets. Dr. Her- 
bert Smith, the author of “Gem- 
stones,” says, “. .. just as if they 
were composed of tiny grains, im- 
perfectly fused together.” (See Fig- 
ure 4.) This is already a distin- 
guishing characteristic, though it is, 
as a rule, insufficiently evident to be 
relied on with the unaided eye. 

A thorough inspection with a mag- 
nifying glass or instrument shows 
that here, too, the inclusions play an 
interesting and essential part. Hes- 
sonite can be distinguished from 
gems of similar appearance, such as 
brown jacinth zircon (whose name 
it usurped for a long time), brown 
tourmaline, brown citrine and, of 
course, from brown paste imitations, 
by the irregular distribution through- 
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Photo by Dr. Giibelin 


Figure 3 
Byssolite threads 
as inclusions in 
demantoid. 50x. 


Photo by Dr, Gubelin 


Figure 4 
Granular diopside 
inclusions and oily 

streaks in hessonite. 
202. 
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Photo by Dr, Gtbelin 


Figure 6 
Included diopside 
crystals and oily 

streaks in hessonite. 
50x. 


Photo by Dr. Gibelin 


Figure 5 
Diopside crystals as 
inclusions and oily 
streaks in hessonite. 
50x. 
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out the whole stone of an infinity of 
often clearly idiomorphous diopside 
crystals (Figures 5 and 6). 
Hessonite is accompanied in its 
growth by this mineral, i.e. they 
have also the same external para- 
genesis. It is, moreover, traversed 


by peculiar streaks which give it an 
appearance of interior oiliness as in 
Figure 7. This has definitely to be 
borne in mind because it furnishes a 
particular characteristic of recog- 
nition also contributing to the hes- 
sonite’s granular aspect. 


(To be Continued) 


Photo by Dr. Giibelin 


Figure 7 
Diopside crystals as inclusions and 
oily streaks in hessonite. 50x. 
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Absorption Spectra of Pyrope 
Garnet and Red Spinel 


by 


B. W. ANDERSON, B.Sc., F.G.A. 


The absorption spectrum of ruby, 
already described, is so clear-cut and 
distinctive that a mere glance 
through the spectroscope serves to 
identify it. Unfortunately the same 
cannot be said of two other red gem- 
stones, pyrope and spinel, which are 
the subject of the present, article. 
These, too, owe their finest colour to 
the presence of chromic oxide, but 
the narrow bands in the deep red so 
typical of chromium spectra are 
often either absent or difficult to 
observe, and occur at almost the 
same wavelength, so that it is wiser 
to confine one’s attention to the 
broad absorption region towards the 
middle of the spectrum. In pyrope 
this has its centre near 5720A, in 
the yellow-green, while with spinel 
the very similar band is centred in 
the green at about 5400A. 

This difference of 300 Angstroms is 
quite sufficient to make distinction 
between the two certain if one has 
any kind of wavelength scale or 
other measuring device attached to 
one’s spectroscope. At the beginning 
of this series of articles, however, I 
maintained that the more expensive 
and elaborate instruments embody- 
ing such scales ete., were seldom 
necessary and hardly worth the extra 
cost. This question of discriminating 
between the spectra of spinel and 
pyrope happens to be one of the few 
instances. where some means of gaug- 
ing one’s whereabouts in the spec- 


trum rather precisely is advisable. 
Fortunately, there are several ways 
in which one can do this without 
much trouble or extra apparatus. 
One or the other of the methods 
suggested below should be possible 
to any reader who is sufficiently 
interested to take the small amount 
of trouble involved. 


(a) By direct comparison with 
known specimens of pyrope and red 
spinel, 


Pyrope pebbles from Kimberley 
are very suitable, and red spinel 
octahedra from Burma or Ceylon. 
Both can be obtained from any min- 
eral dealer. such as Wards’ Natural 
Science Establishment, Inc. It is pref- 
erable to get several pieces and 
then to choose one of each of con- 
venient size and depth of colour. The 
“unknown” specimen can be placed 
on a blank microscope slide between 
the pyrope and the spinel and the 
spectrum compared with first one 
and then the other by pushing the 
slide along under the objective of 
the microscope. I am assuming that 
the technique suggested earlier is 
being followed, in which the speci- 
men on the microscope stage has a 
concentrated beam of light directed 
through it by means of a broad 
angle substage condenser, and that 
the microscope tube, fitted with a 
low-power objective, is so focussed 
as to give an even field of illumina- 
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tion to the slit of the spectroscope 
held in place of the eyepiece. 

(b) By using a “wavelength 
filter.” 

Solutions of certain soluble salts 
having a clear-cut series of absorp- 
tion bands can be introduced into the 
path of the light beam and the dark 
bands. due to the solution then form 
a yardstick for gauging the approxi- 
mate position of absorption bands 
seen in minerals. Of these potassium 
permanganate is the most readily 
obtainable, and works very well in 
the present connection. Introduce a 
very weak solution of the perman- 
ganate into a shallow glass cell or 
dish. Adjust the strength so that, 
when placed on the microscope stage 
and light passed through, the 5 main 
dark bands due to the permanganate 
are clearly perceptible but not 
merged into one solid absorption 
block. The approximate wavelength 
measurements for the centres of these 
bands are 5680, 5440, 5250, 5040, 
4870 Angstroms. 

If now, a red spinel and a pyrope 
garnet. are immersed in the cell, and 
the cell moved so that light from 
first one and then the other is ob- 
served through the spectroscope, the 
difference in the respective positions 
of the broad absorption band is 
strikingly apparent. With red. spinel 
it falls almost exactly within the 
framework, so to say, provided by 


the permanganate bands 5680-5040, 
while with pyrope there is a marked 
“side-step” towards the red as the 
stone is slid under the objective. 
Didymium glass (used in Crooks 
anti-glare lenses), or a solution of 
didymium nitrate will serve a similar 
purpose. The strongest didymium 
group of fine bands is centred near 
5800A and is thus nearly coincident 
with the centre of the pyrope band. 
The spinel band is by comparison 
displaced considerably nearer the 
blue, 

(c) By comparison with emission 
spectrum. lines, 

If a carbon are is available as a 
light-source, the sodium doublet at 
5893A will be clearly visible against 
the background of continuous’ spec- 
trum colours provided by the incan- 
descent carbons. The relation of this 
bright doublet to the absorption band 
will be notably different in the two 
cases. The absorption band of pyrope 
swallows the sodium line up while 
with spinel it remains clear of the 
band. This type of comparison can 
be extended indefinitely; metallic 
salts such as those of lithium, 
barium, strontium, calcium, provide 
a range of bright lines, the wave- 
length of which is accurately given 
in tables, and by choosing suitable 
emission lines the precise position 
of any well-defined absorption band 
can be established. 


(To be Continued) 


New Diamond Deposits in Russia 


An AP release of May 22 reported announcement by the Russians of the 
discovery of nineteen new diamond deposits in the Ural mountains. 
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Use of the Polariscope 


EDWARD WIGGLESWORTH, Ph.D., C.G. 


Late President of the Gemological Institute of America, and until his death, 
Director of G.1.A.’s Eastern Laboratory 


A polariscope may be defined as 
any optical instrument consisting 
basically of two polarizers with a 
means of rotating a specimen be- 
tween them. A gemological polari- 
scope is one designed especially for 
use with gems. The Shipley polari- 
scope is the most efficient—if not 
the only—specially designed gemo- 
logical polariscope. 

This Polariscope is principally de- 
signed to separate singly and doubly 
refractive stones, especially colorless 
stones and others that show little or 
no pleochroism. It may, however, also 
be used to observe dichroism and in 
some cases, optic figures. The instru- 
ment consists essentially of two pieces 
of polaroid separated by a cylinder 
which can be rotated independently 
of the polaroid dises, and in which 
may be placed the stone to be tested. 
The polarizers are ordinarily placed 
in the “crossed” position, that is, so 
that very little, if any, light is al- 
lowed to pass. This adjustment is 
easily made by rotating the top po- 
laroid which is mounted in a movable 
sleeve in the upper part of the instru- 
ment. 


In the cylinder is a removable door 
with a knurled head, on the interior 
of which is mounted some beeswax to 
hold the stone for examination. This 
allows turning the stone in various 
positions. For illumination, either 
good direct daylight may be used, 
or better, the instrument may be 


placed directly over a substage lamp. 
When examining a stone, the instru- 
ment should be at least a foot from 
one’s eye and the specimen inside 
should be looked at and not through. 

Further, the stone should be ro- 
tated to three different positions to 


The Shipley Hand Polariscope, 
Showing the Door. Removed. 


avoid the possibility of looking along 
an optic axis, which, of course, would 
prevent, seeing any double refraction 
and might lead to thinking the stone 
singly refractive. If the stone is 
doubly refractive, it. will allow light 
to pass through it in spite of the 
crossed polaroids, but as it is rotated 
through 3860 degrees, it will become 
dark four times, or every 90 degrees. 
If the stone is singly refractive, it 
will stay dark through the complete 
rotation. 


Py 


SUMMER, 


1945 2385 


Care must be exercised in inter- 
preting what is observed and some 
experience is necessary. First, there 
is apt to be confusion due to what 
may conveniently be called “facet. ef- 
fects,” resulting from light being re- 
flected and refracted. from various 
facets. In a singly refractive stone, 
this may often be mistaken for dou- 
ble refraction; and again, a doubly 
refractive stone may, particularly 
with the pavilion down, shunt enough 
light away from the facets so the 
stone appears singly refractive. 

More mistakes are made by begin- 
ners on this instrument than on any 
other, so much so that in the labora- 
tory we caution them that if the 
results are at, variance with what 
the other instruments indicate, they 
should recheck results very carefully. 

Second, we must watch for anom- 
alous double refraction. If a singly 
refractive stone or imitation is under 
strain, it is very apt to show a patchy 
extinction while being revolved. Un- 
less on the lookout, for this, it may 
easily be mistaken for true double 
refraction. Usually in anomalous dou- 
ble refraction, the whole stone does 
not extinguish at once, but a dark 
wave crosses the facets of the stone. 
If such is suspected, a good way to 
verify it is to revolve the stone to a 
position where the greatest amount 
of light. passes through the stone, 
then while still looking at the stone, 
revolve the top polaroid away from 
the crossed position. If more light 
then passes through the stone, that 
is, if it becomes brighter, it is safe 
to assume that the stone is singly re- 
fractive. The fact that a stone shows 
anomalous double refraction is im- 
portant, as it shows that a strain 
exists; therefore care should be used 
in handling the stone, especially dur- 
ing heating and mounting. 


To observe pleochroism with this 
Polariscope, the polaroid discs are 
revolved until they are parallel in- 
stead of crossed, that is, both discs 
polarize the light in the same direc- 
tion and the maximum amount of 
light is allowed to pass. A pleochroic 
stone then placed in the cylinder and 
revolved will show a change in color. 
If dichroic, it will show only two col- 
ors alternately, regardless of its posi- 
tion, but if trichroic, a third color 
can be seen if the stone’s position is 
changed. Of course, only two colors 
are seen in one position. As the stone 
is revolved in another position one of 
these colors may be different. When 
this can be observed, we have a clue 
to the crystal system of the gem. If 
the colors are different enough so 
that there is no difficulty in recogniz- 
ing the change as the stone is re- 
volved, all well and good, but. usually 
the difference is small and therefore 
ean be more easily seen with the 
dichroscope which shows the two col- 
ors side by side at the same time. 

Interference figures may sometimes 
be obtained with this instrument. For 
this purpose, it is necessary to use a 
loupe with the polariscope. The po- 
Jarizers are crossed and the loupe is 
set in contact. with the upper one. A 
good light must come through and 
the position of the stone must be ad- 
justed until the line of vision is par- 
allel to an optic axis; then a figure 
may sometimes be seen. This is often 
time-consuming, if not extremely dif- 
ficult, but if everything is.just right, 
it is possible to see either a uniaxial 
or biaxial figure which may help to 
identify the stone. For this purpose 
the instrument should be at least 
eighteen inches from the eye. 

Of course, a petrographic micro- 
scope will do everything the Polari- 
scope will do and better. 
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BOOK REVIEW 


The Art of Gem Cutting, Third Edition, by Dr. H. C. Dake and Richard M. 
Pearl, C.G. Published by The Mineralogist, Portland; $1.50. 
Obtainable through the G.I.A’s Book Department. 


This book has much of the same 
material which was used by Mr. 
Young in the second edition of The 
Art of Gem Cutting, but some sub- 
jects have been enlarged upon, im- 
proved methods given and new meth- 
ods presented. One familiar with the 
second edition will find a rearrange- 
ment of the subject matter in many 
instances in this new third edition. 
Mr. Pearl, who has succeeded Mr. 
Young as co-author in this edition, 
was a jeweler before entering the 
service, and was one of our earliest 
students to receive the title of Certi- 
fied Gemologist. 

The first pages of this book are 
given over to those who enjoy gem 
cutting as a hobby, and to an inter- 
esting and enlightening history of 
the art of gem cutting. One cannot 
fail to be impressed with the prog- 
ress of this time-honored trade as 
outlined in the introduction. 

The authors of the third edition of 
The Art of Gem Cutting have con- 
veniently divided the book into four 
parts. Briefly, the subjects covered 
in each part are: 

Part I, Cabochon Cutting, is de- 
signed to bring to the lapidarist the 
materials necessary and the type of 
equipment best suited for different 
steps in cabochon cutting. The ama- 
teur will find instructions concisely 
accumulated, simply stated, and 


practical. The saws used for differ- 
ent materials are described, as are 
different types of grinding wheels 
with proper grits for each; sanding 
methods are dealt with; and polish- 
ing, the last of the four principal 
steps in cabochon cutting, is well 
covered. There are a number of illu- 
strations of equipment; detailed in- 
formation in connection with their 
use has gone so far as to advise the 
user the R.P.M. for maximum re- 
sults with the various items de- 
scribed. 

Part II, Facet Cutting, which is 
a much more difficult and elaborate 
phase of the lapidary art, is care 
fully developed from the amateur’s 
viewpoint. The new methods of facet 
cutting with the modern mechanical 
facet-cutting devices are advocated 
over the old method where the dop 
is held by hand, because it ig the 
authors’ point that there is more 
opportunity for variation in the 
angles, which are so vitally impor- 
tant, to produce a facet-cut gem of 
maximum beauty. There are a num- 
ber of photographs illustrating these 
modern devices. 

_Part Ill, Gemology, the subject 
covered in this portion of the book, 
is also presented for the amateur 
lapidarist rather than as a scien- 
tifie treatise. The behavior of light 

(Continued on Page 239) 
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DIAMOND GLOSSARY 


(Continued from page 216 of last issue) 


Orloff Diamond (Cont’d) 
inches; length, 1% inches. If it is 
identical with the Great Mogul it 
was acquired by Shah Jahan, who 
had it fashioned as a Hindu cut 
stone, which is, except for the 
broad base, entirely covered with 
facets. With other jewels of the 
Mogul emperors it passed into the 
hands of Nadir Shah, and event- 
ually reappeared as the eye of an 
Indian idol, from which it was 
stolen and found its way to Am- 
sterdam. There it was purchased 
by Prince Gregory Orloff, a dis- 
carded favorite of Empress Cath- 
erine II of Russia, who presented 
it to her in 1778, after which it 
remained in Russia as a crown 
jewel. 

Orlov. The Russian spelling of Orloff 
(Diamond). j 

Orlow. The German spelling of Orloff 
(Diamond). 

Orpin-Palmer Diamond. The first of 
several large South African allu- 
vial diamonds found (1902) on 
the Vaal River Estate. Valued at 
£1,000, it was said to be of a dull 
white color, and weighed 117% 
carats (Beet). 

Otto Bergstroom Diamond. A South 
African alluvial diamond discov- 
ered in. 1907 in the Gong-Gong 
diggings, by Bergstroom. Found 
in the deep ground near the pot- 
holes it was a perfect octahedron, 
yellowish in color. 

Otto’s Kopje. A diamond mine near 
the De Beers and Kimberley Mines 
that differs from their more or less 


circular volcanic pipes as being a 
wide and irregular volcanic fis- 
sure. 

out-of-round diamond. A term used 
to describe any brilliant or other 
round diamond the outline of the 
girdle of which is obviously not a 
symmetrical circle; a diamond the 
circumference of whose girdle is 
appreciably nonuniform. 

outside diamonds or outside goods. A 
trade term for gem diamonds 
which are not controlled by the 
Diamond Corporation and ean 
therefore be purchased from origi- 
nal or other sources than the Dia- 
mond Trading Co. They consist, 
in part, of the production of Bra- 
zil, British Guiana, and to some 
extent South Africa. The latter 
production consists principally of 
irregularly shaped alluvial stones. 

Ovalumpally. Name of an old dia- 
mond mine in the Madras district 
of India. Same as Woblapally. 


overgrowth. Term used to describe a 
coating of calcium carbonate 
(CaCO,) that is found on some 
rough diamonds, and that is ex- 
tremely thin but often prevents 
diamonds from adhering to the 
“grease tables (Sutton). 


overspread. Another name for a 
spread stone. See spread stone. 


oyster line. The name for alluvial 
diamond deposits which occur in 
orderly rows. Many of them con- 
tain shells of mollusks. These de- 
posits occur. along a _ thirty-mile 
stretch of the Atlantic Ocean in 
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Little Namaqualand. See. wave- 
built terraces, 


Pacha of Egypt Diamond. See Pasha 
of Egypt Diamond. 

pagoda. A Hindu unit of money men- 
tioned by Cattelle in 1912 as worth 
eight shillings English money. 

Painted Diamond. A diamond to the 
girdle or pavilion of which some 
substance has been applied (usual- 
ly of transparent violet or violet- 
blue color) for the purpose of mak- 
ing the diamond appear more 
whitish or bluish. 

pampel cut. Same as pampille cut. 

pampille cut. A drop-shape closely 
related to the briolette but with 
circular (or polygonal) ecross-sec- 
tion and usually more elongated. 
Covered with rows of facets of dif- 
fering shapes and sizes, which be- 
come smaller as they approach the 
lower point of the stone. 

Pan (The). A name once used by 
South African diamond diggers for 
the Dutoitspan (Du Toits Pan) 
diamond mine. : 

pane. A little-used name for star 
facet. 

Panfontein mine or diggings. See 
Koffeyfontein Mines. 

Panna. (1) Previous to the last cen- 
tury an important alluvial dia- 
mond locality in northern India, 
between the Son and Khan Rivers, 
tributaries of the Jumna River, 
northwest of the Manahi group of 
mines. Still produces a few stones. 
(2) The city and diamond market 
of that name. (3) An old Indian 
trade term for diamonds with a 
faint orange tint (Streeter). 

panning diamonds. The act of sepa- 
rating diamonds from other min- 
erals by shaking them with water 
in a pan. 

Paolo de Frontin Diamond. A Brazil- 
ian diamond, 49.5 m.e. in rough, in 


which condition it was sold in Lon- 
don in 1936. Its exterior showed a 
slightly greenish cast. 

paper marks. The dulled areas con- 
sisting of fine scratches on paper- 
worn diamonds. 

paper-worn diamonds. Diamonds 
which have been dulled on the sur- 
face from being carried loose in 
‘a diamond paper with other dia- 
monds. ~ 


paragon diamonds. (1) A term which 
seems to have been first used in 
the 16th century for the first large 
diamonds of probably over twelve 
carats (Hamlin). (2) A term once 
used by jewelers to mean diamonds 
“free from specks or foulness.” 
(3) A term now applied to dia- 
monds of over one hundred carats 
in weight (The New English Dic- 
tionary). 

parcels. A term used to describe 
groups or lots of diamonds, espe- 
cially those which have been sorted. 

Parisian diamonds. Name for an 
imitation diamond (Spencer). 

Parteal Mines. Diamond mines near 
Golconda, in India, some of which 
were worked as late as 1850. Lo- 
cated on north bank of the Kistna 
River, east of Kollur Mines and 
at the junction of the Kistna and 
Munyero Rivers. Said to have had 
large production from an alluvium 
of a decomposed diamondiferous 
stratum (Cattelle). 

Partial Mines. See Parteal Mines. 

parting (in diamonds). The tendency 
of a crystal to separate along cer- 
tain planes that are not true cleav- 
age planes, but which have become 
‘directions of minimum cohesion 
through gliding, secondary twin- 
ning or some other external cause 
(Standard). 

(To be Continued) 
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Book Review (Cont'd) 


and its relation to gem cutting to 
bring out such properties as disper- 
sion, brilliance, and the interesting 
effects of phenomenal gems is briefly 
touched upon. Some of the optical 
instruments in connection with gem 
testing are described, together with 
sketchy instructions in their use. 
Such instruments as the refracto- 
meter, the dichroscope, polariscope; 
loupe and microscope are dealt with. 
Some of the uses of the microscope 
discussed in connection with gemol- 
ogy are very practical. However, the 
Becke test is one the student must 
employ with extreme care and ac- 


curacy; the lapidarist might find it 
helpful with fragments of rough 
gem minerals. Mr. Pearl, author of 
this section, has taken a subject very 
large in scope and crammed it into 
a very few pages. The tabulations 
and other statistical information 
given are very accurate. 

Part IV is taken up with special 
lapidary technique such as cameo 
eutting (with interesting illustra- 
tions), making of doublets and cut- 
ting of star sapphires. 


Virginia V. Hinton, 
C.G., F.G.A. 


A.G.S. Rulings (Cont'd) 


scribed as a diamond (nor jewelry 
containing such a stone be described 
as diamond jewelry), without stating 
either the number of its facets or a 
clearly descriptive qualification that 
the stone is a rough or uncut dia- 
mond or that it is a rose-cut diamond, 
diamond chip, or chip diamond. 


Advertising Diamonds 
as “Blue White” 


Governs all A.G.S. Members 


Recommendation: A-6 (1944). Be- 
cause the term “blue white” has been 
abused so generally over a long pe- 
riod as to have become meaningless, 
and because such a small proportion 
of diamonds actually possess a bluish 
body color: It is recommended that 
the term “blue white” not be used in 
advertising. 


Note: This includes the use of the 
term on display cards, price tags, 
diamond papers, etc. The recommen- 
dation will not prohibit the descrip- 


tion as “blue” or “bluish” of a dia- 
mond possessing any tint of bluish 
body color or as “bluish fluorescent” 
or “blue fluorescent”? any diamond 
the body of which is colorless and 
which exhibits bluish fluorescence in 
daylight. 


Describing Diamonds 
as “Blue White” 


Governs all A.G.S. Members 


Recommendation A-7 (1944). It is 
recommended that a diamond should 
not be described as being “blue 
white.” 


Note: The terrn can be used only 
in defending the jeweler’s own mer- 
chandise, as for instance, by explain- 
ing that the term has become mean- 
ingless since different jewelers use it 
to describe diamonds of different col- 
ors, including diamonds tinged with 
yellow, and therefore the American 
Gem Society has entirely prohibited 
its usage. 
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Inclusions as a Means 
of Identification 
by 
EDWARD GUBELIN, Ph.D., C.G. 


Lucerne, Switzerland 


(Continued from Page 231, Summer Issue) 


Pyrope, almandite, and rhodolite 


(which is an isomorphous mixture: 


of the two) cannot be easily distin- 
guished from one another by their 
internal paragenesis. They contain, 
however, absolutely characteristic 
inclusions, which are a determinative 
factor in their identification in re- 
spect to other red, brown-red, pur- 
ple-red, purple and red-violet stones. 
The best-known type of inclusion in 
these three closely related garnets 
is black acicular crystals which in- 
tersperse the host-crystals in a direc- 
tion parallel to the edges of the 
rhombic dodecahedron, as seen in 
Figure 8. 

So far as my studies have yet 
proceeded I suspect these needle- and 
rod-like minerals to be hornblende 
crystals. What discriminates them 
from the subtle rutile needles, called 
“silk”, in rubies and sapphires, is 
their arrangement. In garnets these 
fine rods are distributed in a distinct 
tri-dimensional order, often com- 
pletely filling the interior of the 
stone. The “silk” in rubies, on the 
other hand, has a_bi-dimensional 
arrangement in that the needles are 
deposited sagenite-like on the accre- 
tion faces of the rubies; in conse- 
quence they lie parallel to these 
faces and, by the periodic succession 
of their growth, they often form 


zones. or the well-known hexagonal 
pattern when viewed along the di- 
rection of the main crystal axis. 


It may, in addition, be recalled 
here, that Siam rubies, which might 
be confused with dark red garnets, 
never enclose rutile needles. In the 
red garnets these acicular inclusions 
lie in seeming disorder, and only 
close observation reveals that their 
position is governed by crystallo- 
graphic laws. In almandite the 
needle-like hornblende crystals are 
often so thickly disseminated that 
they give rise to a four-ray star on 
the surface of cabochon cut. stones, 
just as the rutile needles sometimes 
do in star rubies and star ‘sap- 
phires. 

In rhodolites and almandites one 
often finds, lying parallel to the rod- 
like crystals, microscopic, shadow- 
thin, birefringent tablets, whose 
perimeter is either irregular or more 
frequently shaped like a parallelo- 
gram with displaced angles. Such 
delicate billets embedded between 
hornblende needles are clearly shown 
in Figure 9. 

Bohemian garnets frequently con- 
tain in addition quartz crystals with 
beautifully sharp forms, either as 
isolated individuals or in groups, as 
in Figure 10, or else the very strange 
phenomenon of small unknown het: 


contrast to these meager results, it is estimated that 
independent diggers, mining illegally, actually recov- 
ered about one million carats from the Séguéla field 
in the period 1957-1960 (Bardet, 1974). 

In 1963, Gaston Florian of Waston found the 
Bobi lamproite dike (Knopf, 1970; Mitchell and 
Bergman, 1991). During 1965-1969, the Waston- 
Sodemi joint venture recovered about 400,000 carats 
from the dike and its eluvial deposits (Bardet, 1974). 

Alluvial diamonds were first discovered in the 
Tortiya field during 1935-1937 by prospectors of 
Minafro (Société d’Exploitations Miniéres en Afrique 
Occidentale), which CAST had formed in 1935. 
Minafro’s field party chief was the omnipresent 
George Dermody, and among his prospectors was the 
young Marcel Bardet, who later wrote the magnifi- 
cent three-volume Géologie du Diamant (1973, 
1974, and 1977). As was the case with Forminiére, 
diamond finds were widespread but not sufficient to 
outline a promising economic deposit, so Minafro 
withdrew to Guinea (where it spawned Soguinex). In 
1946 a small French company, Saremci (Société 
Anonyme de Recherches et d'Exploitations Miniéres 
en Céte d'Ivoire}, used the Minafro data to restart 
prospecting (again with the help of Marcel Bardet). 
They traced the diamonds to outcrops of Birrimian 
sediments containing numerous small diamonds, 
similar to Ghana’s Akwatia deposits (Bardet, 1950). 
Production started in 1948, and rose to 100,000 
carats per year by 1953 and 230,000 carats in 1972, 
before it started to decline rapidly. Operations 
ceased in 1975, 

Other occurrences of alluvial diamonds and 
kimberlite/lamproite dikes have been found in 
northeast Ivory Coast, but little is known about 
them. Despite widespread prospecting, no large 
economic diamond deposits have been found in the 
Ivory Coast since the late 1970s. 


Mali. Alluvial diamonds and kimberlite pipes were 
found near Kéniéba in western Mali in 1955 and 
1956, respectively. The discoveries were made by 
the BRGM (Bureau de Recherches Géologiques et 
Miniéres) under the direction of Marcel Bardet and 
V. Morosoff (Bardet, 1974). The area was investigat- 
ed by CAST/Selection Trust in the early 1960s, 
then by a state organization, and finally by Soviet 
geologists in the 1970s, but no economic deposits 
were identified. 

Currently, the kimberlites and associated allu- 
vial diamond field near Kéniéba are being investi- 
gated by Canada-based Mink Mineral Resources 
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(“Mink Mineral Resources Inc., diamonds .. . ,” 
1993) and Australia-based Ashton Mining. 


COUNTRIES WITH MINOR OR 
UNSUBSTANTIATED OCCURRENCES 

Algeria. As in Botswana's Kalahari Desert, large, rich 
pipes may lie hidden in the Sahara Desert. However, 
current political conditions and logistical problems 
have discouraged international companies from pur- 
suing large regional prospecting programs. 

The first record of Algerian diamonds dates 
from 1953 (Thebault, 1959). An early report of a 
find near Constantine by Dufrénoy (Walferdin, 
1834, p. 164) was discredited by Lacroix (1897). In 
1990, a team of Algerian geologists, monitored and 
advised by Russian geologists, found a trail of small 
alluvial diamonds and indicator minerals in the 
Bled-al-mas valley of the Sahara Desert (Kaminskiy 
et al., 1992). This area, which is 50 km west of 
Reggane in southwestern Algeria, lies on the north- 
eastern margin of the West African craton. 
Therefore, the diamonds may be derived from as- 
yet-undiscovered kimberlites located farther north- 
west in western Algeria, northeastern Mali, or 
southeastern Morocco, or from lamproites located 
to the north in Algeria (Raoult and Velde, 1971; 
Kaminskiy et al., 1992). 


Burkina Faso (formerly Upper Volta). Bardet (1974) 
mentioned alluvial diamond occurrences near the 
border with the Ivory Coast, but I have found no fur- 
ther information on these deposits. Investigations of 
aeromagnetic anomalies in the central part of the 
country started in 1978 and led to the discovery, in 
1980, of 23 diamonds in four pipe-like dunite bodies 
(Haut et al., 1984). More recent investigations deter- 
mined that these diamonds were probably intro- 
duced by contamination in a diamond-processing 
plant, and the dunites are not individual bodies but 
part of the steeply folded country rock (Minister of 
Mines, pers. comm., 1995). 


Cameroon. Three diamonds, the largest of which was 
1.7 ct, were found in 1960 (Hartwell and Brett, 1962), 
but no further discoveries have been announced. 
There are no records of kimberlitic rocks in 
Cameroon. 


Congo. In the 1950s, there was a very small produc- 
tion of diamonds {only a little more than a thousand 
carats} from a deposit near Komono, which was 
thought to be a kimberlite (Wilson, 1982). The large 
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quantities of diamonds exported from this country 
in recent years originated from deposits in Zaire. 


Gabon. The first alluvial diamonds were found in 
1939 in the Waka River valley (Bardet, 1974). Small 
French companies mined modest quantities of dia- 
monds at several localities, but not enough to 
establish a local diamond mining industry. 
Precambrian metamorphosed kimberlites were 
found in the Ikoy River basin in 1946 (Choubert, 
1946) and near Mitzic in 1967, but no diamond 
mining has resulted (Bardet, 1974). 


Kenya. Kunz (1920) reported that a diamond had 
been found near Nairobi, but this was never con- 
firmed. The present author followed up some 
alleged diamond finds in 1965, but these, too could 
not be confirmed or repeated; nor were any dia- 
mond indicator minerals found. Rickwood (1969) 
reported kimberlites in southeastern Kenya, but 
these occurrences are actually dikes resembling 
kimberlites, similar to those that often occur 
around carbonatite complexes worldwide 
(Mitchell, 1986). The genuine kimberlite just north 
of Lake Victoria that Rombouts (1985) described is 
apparently not diamondiferous. 


Malawi (formerly Nyassaland). Bardet {1974 report- 
ed that a few kimberlite pipes had been found on 
the west side of the northern part of Lake Malawi. 
This is directly opposite the Ruhuhu area of 
Tanzania, on the east side of the lake, where pipes 
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Figure 5. For more than 50 
years, Sierra Leone has pro- 
duced large, fine diamonds. 
This 968.90 ct piece of rough, 
called the Star of Sierra 
Leone, was found in 1972 
(photo courtesy of De Beers). 
The largest stone cut from it, 
also known as the Star of 
Sierra Leone, was a 53.96 ct 
D-internally flawless pear 
shape (photo courtesy of 
Harry Winston Inc.). 


were found in 1956. There are no reliable reports of 
the occurrence of diamonds in Malawi. 


Mozambique. Several kimberlites, at least one of 
which was diamondiferous, were found near 
Zumbo in the Tete District of northwestern 
Mozambique in the early 1970s {Bardet, 1974}. No 
further reliable information is available. 


Nigeria. Junner (1943) reported the discovery of 
three diamonds (one of them 10 ct) 200 km south- 
west of Kano in 1935, but this was never substanti- 
ated. There are no further reliable reports of discov- 
eries, except for an apparently nondiamondiferous 
kimberlite pipe that was found in the early 1970s 
(McCurry, 1973). 


Uganda. Barnes (1961) mentioned unconfirmed 
reports of diamond finds made in 1938, but no fur- 
ther published information has come to light. Nor 
are there any records of kimberlites in this country. 
However, prospecting in the 1960s produced a few 
alluvial diamonds in central Uganda (Wilson, 1982). 


Zambia (formerly Northern Rhodesia). Prospecting 
activities in the 1970s and 1980s uncovered many 
small occurrences of alluvial diamonds in Zambia 
{confidential reports in author’s files), but no 
deposits large enough to sustain a mechanical opera- 
tion have been found so far. The first diamondifer- 
ous kimberlite, apparently not economic, was found 
in 1961 (Rickwood et al., 1969), and later prospecting 
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yielded at least 14 diamondiferous {but not econom- 
ic) kimberlites (Wilson, 1982). A number of diamon- 
diferous (but not economic) lamproites have also 
been found (Scott Smith et al., 1989). 


THEORIES ON THE GEOLOGY AND 
ORIGIN OF THE DIAMOND 


Integral to the histories of the African diamond 
sources that have been discussed thus far are corre- 
sponding developments in the theories of the geolo- 
gy and origin of diamond, advances in mining tech- 
nology, and the creation and consolidation of pro- 
duction and marketing channels. In particular, the 
discovery of the unique diamond source rocks near 
Kimberley led to an entirely new understanding of 
the formation of diamond and to new concepts in 
diamond exploration. 


Early Theories about the Nature of the Dry Diggings. 
The origin and structure of South Africa's dry dig- 
gings (Janse, 1995, p. 234) remained a mystery for 
some time. Most of the dry diggings—except for the 
De Beers New Rush (Kimberley mine, “Big Hole”), 
which formed a low hill of about 4 ha {10 acres!— 
were located in or around pans, that is, shallow 
depressions. Most of the geologists and land survey- 
ors (usually self-taught geologists as well] who visited 
the diamond fields included the action of water in 
their explanations for the origin of the pans, because 
they were influenced by the nearby alluvial river dig- 
gings. Some (Cooper, 1874) suggested that the pans 
represented depressions filled with detritus deposited 
by water or ice! The latter must have seemed utterly 
unbelievable to a hot, dusty, thirsty digger. Even 
when deeper excavations showed that some of the 
depressions were surface expressions of the eroded or 
collapsed tops of steep-sided cylindrical columns 
(later called pipes), many geologists still invoked 
action by water and interpreted the columns as mud 
volcanoes |Morton, 1877). French geologists wrote 
about alluvions verticales, a sort of upwelling of 
bouldery mud from unknown depth (Meunier, 1877). 


Early Mineralogy. At first, the diamonds from the 
dry diggings were recovered from a yellowish fri- 
able calcareous dry mud—yellowground—mixed 
with sand, soil, and rubble at the surface. This 
porous, easily worked mixture contained, besides 
mica flakes, hard bright red and black minerals. 
The latter, respectively called “rubies” and “car- 
bons” by the diggers, are now known as pyrope gar- 
net and magnesian ilmenite (also called picroil- 
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menite; Wagner, 1914). We have also learned that 
these are the most characteristic minerals in 
heavy-mineral concentrates from kimberlite and, 
when found, are usually indicative of the presence 
of kimberlite (Partridge, 1935). The first to mention 
the association of red garnets and diamonds is Fred 
Steytler, who, on a visit to Dutoitspan in October 
1869, saw hundreds of garnets and some diamonds 
in the limey soil of the digging (letter dated 
November 4, 1869, in Robertson, 1974, p. 219). 

The yellowground also contained many frag- 
ments of rocks, now called xenoliths {inclusions of 
rock that are different from the host rock), that 
were angular (such as sandstone, shale, and diabase, 
which occur as country rocks in the general area 
closer to the surface} or subangular (such as granite 
and quartzite, which were carried up in the pipe 
from older, deeper rock formations). It also con- 
tained rounded fragments composed of two assem- 
blages of minerals that elsewhere in the world only 
occurred in rocks believed to have formed deep in 
the Earth’s crust: (1) eclogite, consisting of variable 
proportions of “grass” green clinopyroxene 
{omphacite) and bright orange-red garnet (Cohen, 
1879); and (2) garnet peridotite and garnet pyroxen- 
ite, consisting of variable proportions of olivine, 
clinopyroxene, and garnet, with minor contents of 
orthopyroxene, ilmenite, and chromite (Wagner, 
1914). Occasionally, diamond-bearing eclogites 
were found; these were first described by Beck 
(1898) and Bonney (1899). 

The rounded rock fragments were called cog- 
nate xenoliths (different from, but formed at the 
same time as, the rock in which they were 
enclosed [Wagner, 1914]}. At first, they were inter- 
preted as boulders that had formed by the action of 
water on an old rock formation (Bonney,1899); this 
theory is consistent with the idea of the dry dig- 
gings being depressions filled with some kind of 
alluvial detritus. Later, the term cognate was 
dropped when it became known that these xeno- 
liths actually formed much earlier than the host 
rock, and were incorporated during the ascent of 
the (then magmatic) host, as fragments of the 
Earth’s mantle and deepest parts of the crust 
{Holmes and Paneth, 1936). 


First Scare: Yellowground Running Out. In 1872, at 
about 17 to 27 m (55 to 90 feet) depth in the 
Kimberley or the De Beers mine (it is not known 
which mine was first), diggers found that a much 
harder, compact, bluish gray rock {i.e., blueground) 
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underlay the yellowground. Many sold their claims 
because they thought that they had reached the 
bottom of the depression and thus the end of the 
diamondiferous ore (Williams, 1905). Those diggers 
who kept going deeper—perhaps out of desperation, 
but more likely because the transition from yellow- 
ground to blueground is gradual and there is no 
sharp break—were amazed and pleased to continue 
to find diamonds (Williams, 1905). 

At first, diggers had difficulty recovering dia- 
monds from blueground, because it had to be bro- 
ken up by pounding. Then they found that most 
blueground weathers easily on exposure to surface 
conditions, especially when wetted. This led to 
new diamond-recovery methods: The diggers 
spread broken blueground on the surface in so- 
called “floors” and left it to weather for six to nine 
months, at which point most of the rock fell apart 
easily and could be sieved to recover the diamonds. 
The blueground that would not disintegrate, but 
rather stayed hard, was called hardebank. 


Second Scare: No Diamonds below the Carbon Shale 
Horizon. The next scare arose from the theory that 
the diamonds were formed by the action of a hot 
basic magma on a formation of carbon-rich shale 
that occurs in the wallrock of the pipes around 
Kimberley (Dunn, 1881). Thus, there would be no 
diamonds in the pipe below the carbon-shale hori- 
zon, which occurred at a depth of 75 m (245 feet). 

The scare subsided in the mid-1880s, when dia- 
monds were found in blueground below the shale 
horizon. The carbon-rich shale theory was finally 
laid to rest in 1903, when the large Premier pipe 
was discovered about 500 km (320 miles) northeast 
of Kimberley: The kimberlite-penetrated rocks in 
this highly diamondiferous pipe were much older 
than any carbon-rich shale horizons formed in 
South Africa, so the kimberlite could not have bro- 
ken through any carbon-shale horizon. A similar 
observation had been made by government geolo- 
gist Molengraaff (1897) in his report on the first 
small pipe (the diamondiferous, but not economic, 
Schuller pipe) discovered in the Pretoria district, 
but it was largely ignored at the time. 


Recognition of the Volcanic Nature of the Pipes. 
German mineralogist Emil Cohen (in 1872} was the 
first scientist to state in print that the dry diggings 
were actually steep-sided cylindrical columns that 
represented volcanic conduits. Cohen wrote about 
pipes of eruptive tuff in which the diamonds are 
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embedded, from which it can be deduced that he 
thought that the diamonds were brought up from 
below by volcanic action and were not deposited in 
depressions by rivers. In 1879, Cohen first noted 
that some of the so-called cognate xenoliths were 
very similar to certain small bodies of high-grade 
metamorphic rock found in southern Germany 
that were called eclogites. Cohen was also the first 
{in 1877] to discover by chemical analyses that the 
black minerals the diggers called “carbons” were 
ilmenite with a significant magnesium content 
(10%-12% MgO}, and (in 1889) to determine that 
the red garnets they called “rubies” were chrome- 
bearing magnesian garnets called pyrope. 
(British-born) Australian geologist E. J. Dunn 
(1874) first introduced the term pipes in print. At 
that time, he was with the Geological Survey of the 
Cape Colony. He is usually credited with being the 
first to recognize the igneous origin of this peculiar 
kind of rock, which he described as a breccia in a 
matrix of gabbro (an igneous rock consisting of 
pyroxene and feldspar). Cohen (1874) later wrote 
that he was the first scientist to recognize the 
igneous nature of the dry diggings, in his 1872 
paper. However, because all of his publications 
were in German, he attracted little attention. 
Gradually it became clear that the pipes at 
Kimberley contained a previously unknown type of 
ultrabasic rock, and several names were suggested, 
such as “adamasite” for the rocks around 
Kimberley (Meunier, 1882) and “orangite” for the 
more micaceous variety in the Orange Free State 
(Wagner, 1928). The name kimberlite was proposed 
for the first time in an 1887 lecture at a meeting of 
the British Association for the Advancement of 
Science in Manchester, England, by American min- 
eralogist Henry Carvill Lewis, of the Academy of 
Natural Sciences in Philadelphia (Lewis, 1888). 
Although Lewis never visited the diamond fields, 
he did microscopic examinations on rocks sent to 
him. Before he could publish the results of his stud- 
ies, Lewis died of typhus late in 1888. His papers 
were handed first to George H. Williams, professor 
of mineralogy at Johns Hopkins University in 
Baltimore, Maryland, but he also died of typhus. 
Lewis's widow then gave the papers to Thomas G. 
Bonney, of University College, London, and almost 
10 years after Lewis's death his ideas and investiga- 
tions were published (Lewis, 1897). With this publi- 
cation, the term kimberlite started to be used by 
geologists; it gained widespread acceptance after 
the publication of Wagner’s landmark 1914 book. 
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Figure 6. Coated diamonds—stones with green or 
rough skins over transparent interiors—are com- 
mon in Sierra Leone and the Mbuji-Mayi region of 
Zaire. A window has been cut on one of these 
approximately 5-mm-diameter diamonds to show 
the color and clarity of the interior. Photo courtesy 
of Dearn Lee, Ashton Mining. 


Diamonds Recognized as Xenocrysts in Kimberlite. 
In the early days of the wet (river) and dry (pipe) 
diggings, an obvious difference in the quality of dia- 
monds recovered from the two types of deposits 
was observed. Almost immediately, the term River 
stones emerged to signify the better quality of the 
alluvial diamonds. The overall production at the 
De Beers Rush (De Beers mine) and De Beers New 
Rush (Kimberley mine) had a faintly yellowish 
tinge, but to avoid the word yellow, the first public 
relations man in the field thought to use Cape or 
Cape White. When diamonds from Wesselton and 
Jagersfontein arrived on the market, the terms 
Wesselton and Jagers came into being to indicate 
their superior quality over stones from other pipes. 
In a more regional sense, certain areas have their 
own characteristic stones, such as Cubes (cube- 
shaped stones) from Mbuji-Mayi (Zaire), Carbons 
(bort) from the Central African Republic, and 
Coated stones, which are common in both Sierra 
Leone and Mbuji-Mayi (figure 6). 

Experienced diggers and sorters claimed that 
they could identify the pipe from which a diamond 
came, because each pipe had its own characteristic 
mix of sizes, shapes (crystal forms), colors, and sur- 
face markings (Williams, 1932). Because of these 
differences, early theories on the origin of diamond 
in South Africa maintained that the diamonds had 
grown in the magma within each pipe |Dunn, 1881; 
Lewis, 1897); thus, they should be regarded as phe- 
nocrysts (crystals that form early in a magma). 

Others believed that the diamonds as well as 
the cognate xenoliths, eclogites (some of which 
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contain diamonds), and garnet peridotites had 
formed in the original magma before eruption and 
were subsequently transported to the surface, 
where the rest of the magma solidified (Williams, 
1932). Thus, the diamonds could still be regarded 
as phenocrysts and the xenoliths as cognate—that 
is, formed from the same magma at the same 
time—but it was not known how long they had 
formed before the pipe erupted. 

Bonney (1899) proposed that the diamond-con- 
taining eclogites were fornied much earlier (he 
could not say how much} than the kimberlite 
magma and thus were not cognate. He thought that 
diamonds in kimberlite originated from the 
breakup of eclogites, presumably caused by the 
eruption of the pipe. Holmes and Paneth (1936) 
were the first to measure the age of formation of 
the eclogites; they obtained Precambrian ages 
(older than 1,000 My) for eclogites in South African 
kimberlites that had intruded rocks of Mesozoic 
age {about 100 My). 

Although the age of formation of diamond 
itself cannot be measured, that of certain minerals 
included in diamond, such as sulphides and garnets 
(figure 7), can be. Kramers (1979) carried out the 
first measurements on sulphide inclusions, and 
Richardson et al. (1984) did the first age dating on 
garnet inclusions. The results showed that most 
diamonds were formed eons earlier than the kim- 
berlite in which they occur—that is, they are true 
xenocrysts. It is wonderful to realize that when you 
hold a diamond in your hand you hold an object 
that is from 1,000 to 3,300 million years old! 
(Diamonds as young as 628 My are known, but 
they are rare [Kinny and Meyer, 1994].) 

Modern theories on the origin of diamonds and 
their transport in kimberlites and lamproites can 
be found in Mitchell (1986), Gurney (1989), Kirkley 
et al. (1991), and Haggerty (1994). The central 
theme of these new theories is that diamonds 
formed at depths of 150-200 km in the upper man- 
tle as much as 3,300 My ago. They were located in 
regions where the mantle was cooler (and thus 
solid) rather than hotter (and fluid). If these areas 
remained cool and essentially unchanged for long 
periods of time (as evidenced by the occurrence of 
Archaean rocks {older than 2,500 My] or in some 
cases Proterozoic rocks |older than 1,600 My on the 
surface], they could be penetrated by deep-seated 
igneous magmas that would then transport the dia- 
monds to the surface. The rocks formed from these 
magmas, such as kimberlites and lamproites, 
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would be much younger (1,600 to 50 My) than the 
diamonds or their original hosts. 


Distribution of Diamondiferous Kimberlites on 
Cratons. Clifford’s Rule (Clifford, 1966) states that 
the most favorable environment for the intrusion 
of kimberlite pipes is a craton (an ancient, stable, 
and rigid part of the Earth’s crust). Worldwide 
observation has shown that economic kimberlites 
occur only on archons, that is, those parts of cra- 
tons that are underlain by basement rocks of 
Archaean age (more than 2,500 My old), whereas 
economic lamproites may also occur on protons 
(parts of cratons underlain by basement rocks of 
Early Proterozoic age, between 2,500 and 1,600 My 
old) close to the margin of archons (Janse, 1994). 

The distribution of Archean cratons in Africa is 
shown in figure 8, and the geology of diamond and 
kimberlite/lamproite occurrences in Africa and 
worldwide is summarized in Janse and Sheahan 
(1995). Most economic kimberlites (all the large 
pipe mines) known at present on the African conti- 
nent occur in the Kalahari archon of South Africa 
and Botswana, which is part of the South African 
craton. This may be due not only to its geology and 
structure, but also to the fact that the South 
African craton is fairly well inhabited and logisti- 
cally the easiest to explore. From a geologic/struc- 
tural viewpoint, other economic kimberlite pipes 
can also be expected to be found in Archean cra- 
tons that are more difficult to explore, such as the 
West African craton, a large part of which is cov- 
ered by the Sahara Desert. 


Primary Diamond Host Rocks. Primary diamond 
host rocks include kimberlite, lamproite, and— 
rarely—ultrabasic or alkaline lamprophyres (rocks 
containing large, dark-colored minerals, including 
olivine, dark mica, pyroxene, and amphibole, set in 
a fine-grained groundmass). However, only a few 
primary host rocks form economic diamond 
deposits. Of an estimated 5,000 worldwide occur- 
rences of kimberlites and lamproites, only 50-odd 
kimberlites have been mined. Only 25 of these pro- 
duced significant quantities of diamonds, and only 
15 major kimberlite pipe mines are active at pre- 
sent (Sheahan and Janse, 1994; Rombouts, 1995). 
Six lamproites have produced significant quantities 
of diamonds, and one—Argyle in Western 
Australia—is the world’s largest diamond mine {in 
carats per year] at present. On the African conti- 
nent, almost all economic primary diamond 
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Figure 7. Garnet is an important diamond indica- 
tor mineral, having crystallized in a similar high 
pressure/moderate temperature environment in 
the mantle. The garnet shown here is included in 
a2 ct diamond. Photo courtesy of Craig Smith; 
from the John J. Gurney collection. 


deposits were developed on kimberlites; only one 
small, now-dormant mine (Bobi) in the Ivory Coast 
near Séguéla was developed on lamproite dikes. 
Thus far, no economic deposits have been developed 
on ultrabasic or alkaline lamprophyres, anywhere, 
although diamonds have been found in these rocks. 


Prediction of Diamond Potential. It gradually 
became widely known that the presence of garnet 
and ilmenite in alluvial samples or in soil was a 
useful indication that diamonds might also occur. 
The range of indicator minerals was subsequently 
broadened to include diopside and chromite. 
Because all these minerals are common in many 
different rock types, the recognition of the specific 
varieties that accompany diamonds requires great 
skill in practical mineralogy. At first, this was done 
by observing the color (deep red to purplish red for 
chromiferous garnets, “emerald” green for chromif- 
erous diopside} and the shape and surface markings 
(for ilmenite}. In the 1950s, measurement of the 
refractive index, unit-cell size, and specific gravity 
of single grains became diagnostic; in general, the 
lower the value for each of these properties is, the 
more likely it is that the source is kimberlitic 
{when these minerals occur in more common 
igneous rocks, their values for these properties are 
typically higher). 

In the 1970s, the electron microprobe made it 
possible to analyze single small grains for their 
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major-element content, which led to the develop- 
ment of classification schemes for garnet, ilmenite, 
and chromite—based on their mineral chemistry— 
that claimed to predict whether the host rocks being 
traced were diamondiferous or not. These methods 
were first investigated by Sobolev and co-workers in 
Siberia (Sobolev et al., 1973); they were separately 
developed in South Africa and Botswana and com- 
mercially applied by Gurney and Switzer (1973) and 
Gurney (1985). 

Finally, in the late 1980s, the proton micro- 
probe and the laser probe made it possible to deter- 
mine the trace-element content of single small 
grains. This led to the “thermometers” for garnet 
and chromite developed by Griffin et al. (1989). 
They claimed that from the content of trace ele- 
ments such as nickel in garnet, the temperature of 
formation can be calculated. When a high propor- 
tion of the measured garnets fall within the tem- 
perature range in which diamond is formed, then 
the potential for diamond is high. As a result, 
prospecting has evolved from a relatively simple 
sampling survey to a highly sophisticated exercise 
in mineral chemistry. However, samples still have 
to be methodically collected in the correct loca- 
tions by skilled, reliable prospectors. 


DIAMOND MINING AND RECOVERY 


Early Mining Methods. The mining of diamondifer- 
ous material involves three major steps: (1) digging 
up gravel, soil, or rock; (2) washing and sieving the 
gravel, soil, or rock to remove undersize (mud) and 
oversize (lumps of rock) materials; and (3) recover- 
ing diamonds from the washed material. In early 
diamond mining, the three steps were carried out 
in one continuous process. In fact, this rudimenta- 
ry procedure is still used today by indigenous peo- 
ple working as individuals or in small groups in 
Angola and Central and West Africa, using simple 
shovels for digging, handheld wire-mesh sieves for 
washing (figure 9), and picking the diamonds out by 
hand. This workforce is known as artisanal labor. 
Within a few years of the first diamond discov- 
eries in South Africa, several people with experi- 
ence in Australian or Californian alluvial gold 
workings came to the South African diamond 
fields. This resulted in improvements at every step 
to increase the volume of material treated and the 
efficiency of diamond recovery. More and more 
capital was required, claims were combined, and 
individual diggers formed small group syndicates. 
The syndicates eventually made way for joint stock 
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Figure 9. Simple hand gravitator sieves are still 
used in many parts of Africa to look for dia- 
monds. Note the “dark eye” of heavy minerals in 
the center of the gravels. Photo by A. J. A. Janse. 


companies, which raised capital on the internation- 
al money market. 


Mechanization in the Recovery of Diamond. At first, 
from 1871 to 1873, the friable yellowground from 
the dry diggings was processed without water (dry 
sorting) by the use of the “baby,” a rocking cradle of 
screens. However, the more compact blue ground 
had to be pulverized or left on “floors” to weather 
and then treated with water in cradle-ripple washers 
(“long toms”). The “rotary pan washer” and “trom- 
mels” were introduced in 1875, and various jigs and 
finally the “pulsator” (1898) were used to concen- 
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Figure 10. Simple trommels and jigs are still used 
today to process the ore at small aluvial mines 
such as this one in South Africa. Photo courtesy of 
Robert E. Kane. 


trate the material further. The recovery of diamonds 
from the washed and concentrated material became 
more efficient with the invention of grease tables 
and grease belts in 1896 and 1910, respectively. 
Detailed descriptions of all these methods can be 
found in Reunert (1893), Wagner (1914), and Bruton 
(1978). Many of the tools (rotary pans, trommels, 
jigs, grease belts, etc.) are still used today at alluvial 
and small pipe mines (figure 10). 

In modern times, concentration has also been 
carried out by means of heavy-media separators 
(cones filled with a slurry of fine ferro-silicon pow- 
der). These machines have been used at mines 
since 1950 and in mobile units since the mid- 
1970s. Small diamonds have been recovered by 
electrostatic methods since 1947, Currently (since 
1958 in Siberia and since the mid-1960s elsewhere}, 
the most efficient and secure method of recovering 
diamonds is by X-ray separation in Sortex 
machines. Details of these methods can be found 
in Linari-Linholm (1969) and Bruton (1978). 
Processing plants at the newest large mines often 
extend over several acres (figure 11). 


Underground Mining. Traditional methods of 
underground mining for base metals and gold were 
modified to accommodate vertical pipe-like bodies, 
and new methods were developed. The earliest— 
drift stoping—methods were both haphazard and 
dangerous. They were replaced around 1890 by the 
“chambering” method, by which several large 
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caves (chambers) were excavated in several levels 
vertically above one another with wide pillars 
between them. Gardner Williams, the first techni- 
cal manager of De Beers Mining and its general 
manager from 1887 to 1905, developed this method 
(Williams, 1905). Detailed descriptions can be 
found in Williams (1911) and Wagner (1914). The 
chambering method was replaced around 1958 by 
“block caving,” in which large caves slowly col- 
lapse and the blocky ore is withdrawn from only 
one level. This method is better suited to mecha- 
nization and is more economical (Bruton, 1978). 


HISTORY OF DIAMOND PRODUCTION 


Early Stages. Before 1869, all the world’s diamonds 
were derived from alluvial deposits; 90% of the 
estimated 200,000 carats produced annually came 
from Brazil, and the remainder came from India, 
Borneo, and New South Wales, Australia. This 
changed in 1869, when the alluvial diamonds from 
the Cape Colony came on the market (see table 2), 
and by 1870 South African alluvials accounted for 
15% of the world’s diamonds. The most dramatic 
change was caused by the opening up of the “dry 
diggings.” Diamond production from South Africa 
amounted to 102,500 carats in 1870 and 269,000 
carats in 1871, when stones were recovered primar- 
ily from alluvial deposits; in 1872, when miners 
started working the dry diggings, production sud- 
denly rose to 1.08 million carats (Reunert, 1893). 
The impact of pipe-mine production is evident in 
the jump from 0% of total world production in 
1869 to 93% in 1879 (table 2). 


The First Thirty Years (1871-1900): The Emergence 
of De Beers Consolidated Mines and Dominance of 
Pipe Mines. Pipe-Mine Production. By the end of 
this period, the South African pipe mines generated 
96% of world diamond production, with the 
remaining 4% distributed about equally between 
the alluvial deposits along the Vaal River in the 
Cape Colony and Transvaal, and the alluvial 
deposits in Brazil. The number of stones mined 
declined slightly in 1882/1883, when prices 
dropped in response to overproduction, but a peak 
of 3.7 million carats was reached in 1888, just 
before De Beers Diamond Mining Company con- 
solidated all the claim blocks in the De Beers and 
Kimberley mines into De Beers Consolidated 
Mines Ltd. De Beers also gradually purchased a 
majority shareholding in the companies that con- 
trolled all the other large diamondiferous kimber- 
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lite pipes—the Bultfontein, Dutoitspan, and 
Wesselton mines in the Kimberley area, and the 
Jagersfontein and Koffiefontein mines in the 
Orange Free State—and leased the production 
rights. So, from 1888 to 1900, De Beers produced 
nearly all the world’s diamonds. 

Estimates are that in the early stages, when 
yellowground was mined, the grade at the 
Kimberley mine was well over 2 carats per metric 
tonne (ct/t); at the De Beers, over 1.5 ct/t; at 
Bultfontein, about 0.58 ct/t; at Dutoitspan, about 
0.32 ct/t; and at Jagersfontein, about 0.1 ct/t 
(Reunert, 1893). In later mining operations, there 
was a general decrease in grade, but the head grade 
{the grade derived from the actual recovery of dia- 
monds at the processing plant) increased at some 
stages as miners penetrated the blueground. This 
has been attributed to the existence of different 
types of kimberlite, but it is more likely the result 
of improved recovery methods (Sutton, 1918). In 
1890, the grade at the Kimberley mine—then at a 
depth of about 240 m (800 feet}—was still 2.14 ct/t; 


it had decreased to 0.4 ct/t by the time the mine 
was closed in 1914 (“Sampling diamond mines,” 
1956}, and it averaged just above | ct/t over its 
active life (for current grades, see table 4). 

By about 1900, many other kimberlite pipes 
had been discovered in South Africa, but these 
either were not diamondiferous or were low in 
tenor or small in volume. Furthermore, it appeared 
that the closer the pipes were to Kimberley, the 
bigger and better they were, so Kimberley was con- 
sidered the world’s center of large, economic kim- 
berlite pipe mines. This was expressed by Cecil 
Rhodes in his presidential address to the Eighth 
Annual General Meeting of De Beers Consolidated 
Mines (De Beers Annual Report for 1896). The 
September 1890 discovery of the large, economic 
Wesselton pipe less than 8 km (5 miles) from 
Kimberley seemed to confirm this viewpoint. 


The First London Diamond Buying Syndicate—the 
Breitmeyer Syndicate. The drastic drop in diamond 
prices in 1882/1883 favored the consolidation of 


Figure 11. At South Africa’s Venetia mine, which officially opened in August 1992, a modern processing plant 
occupies a broad area next to the open-pit mining operation. Photo courtesy of De Beers. 
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claims and small companies. To regulate and stabi- 
lize the supply and price of diamonds, the London 
Diamond Buying Syndicate {often called simply the 
“Syndicate”) was formed in 1889. It contracted to 
purchase all the diamonds produced by De Beers. The 
Diamond Syndicate originally consisted of four firms: 
Barnato Brothers, Dunkelsbiihler & Co., Mosenthal 
and Sons, and Wernher, Beit & Co. This first 
Syndicate was later called the Breitmeyer Syndicate, 
after L. Breitmeyer, who was Wernher, Beit & Co.’s 
agent in London; it lasted until 1926. (For a detailed 
discussion of the Syndicate, see Newbury, 1989.) 


Production Levels. From 1889 onward, following 
the formation of De Beers Consolidated Mines Ltd., 
more-reliable records for diamond production exist. 
During the period 1889-1900, annual production 
averaged 2 million tonnes of ore, resulting in 2.4 
million carats at a grade of 1.2 ct/t. There was a 
slight setback in production during the Boer War, 
but the five Kimberley-area mines survived the siege 
of Kimberley more or less undamaged, and produc- 
tion resumed at once after the siege was lifted. 


The Second Thirty Years 1901-1930: Challenges to 
the Regulated Diamond Market by Widespread 
Discoveries. First Challenge—the Discovery of the 
Premier Pipe. The first challenge to De Beers as the 
major producer and the Diamond Syndicate as the 
major buyer came with the opening of the Premier 
mine in 1903, inasmuch as the Premier {Transvaal} 
Diamond Mining Company sold all their diamonds 
outside the Diamond Syndicate. Initially, De Beers 
did not believe that the mine would be an impor- 
tant producer, but it was soon persuaded when, in 
its first full year of operation (1904), the Premier 
produced almost 750,000 carats—a figure that 
increased rapidly thereafter. De Beers and their 
associates, such as Barnato Brothers, responded by 
gradually purchasing more and more Premier 
shares and trying to persuade the Premier manage- 
ment to come to a quota agreement (to limit pro- 
duction at each mine to a certain percentage of 
total |world, at that time] production) with the 
Diamond Syndicate, but the management of the 
Premier mine responded only reluctantly. 

In September 1907, a financial crisis in the 
United States reduced the projected demand for 
diamonds the following year. De Beers responded 
by reducing output from their mines. In 1908, they 
closed the De Beers (only re-opened in 1963) and 
Dutoitspan (re-opened in 1910) mines (see table 5). 
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The Premier mine’s managers broke the tentative 
agreement that they had reached with the 
Diamond Syndicate and continued production at a 
high level, thereby in 1908 slightly exceeding De 
Beers’s production. By 1911, however, Barnato 
Brothers had purchased a controlling interest (at 
least 20%} of the Premier company. Premier subse- 
quently joined the Diamond Syndicate’s quota sys- 
tem, which was agreed to in July 1914 in coopera- 
tion with the Diamant Regie (see next section}. 
That same year, Ernest Oppenheimer formed the 
Anglo American Corporation of South Africa 
(“Anglo American”) to raise venture capital for the 
gold mines of the Rand, near Johannesburg. 


Second Challenge—the Discovery of the Coastal 
Deposits in German South West Africa (now 
Namibia). The second challenge to De Beers’s and 
South Africa’s leading position in world diamond 
production came in 1908, when diamonds were 
found in beach and dune sand in German South West 
Africa. The beach sand mines started production (of 
small, good-quality diamonds) in 1908, and by 1909 
they had captured 10% of the world market (table 2). 
De Beers responded by persuading the Diamant 
Regie (the German organization in charge of selling 
the German South West Africa diamonds} to join 
the Diamond Syndicate’s single-channel marketing 
system. An agreement was achieved in July 1914 
by which the quota for the De Beers Kimberley 
mines was 48.5%, for the Premier—19.5%, for 
Jagersfontein—11%, and for Diamant Regie—21%. 


Outbreak of World War I. The outbreak of World 
War I the month after the quota agreement was 
signed reduced demand for luxury goods, including 
diamonds, while it accelerated the demand for 
manpower to fight the war {many of the miners 
volunteered}. De Beers responded by closing their 
mines in July and August of 1914, and the Premier 
Company followed suit. Although the Kimberley 
mine (the Big Hole) stayed closed forever, most of 
the other Kimberley mines and the Premier 
resumed production between January and July, 
1916 (table 5). The Premier mine never reached its 
pre-war annual production levels of over 2 million 
cts, but stayed below one million carats until the 
mine was closed again in March 1932. 

After its troops occupied South West Africa in 
the first half of 1915, the South African govern- 
ment took control of diamond mining there. When 
the war ended, the German diamond mining prop- 
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Figure 9 
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erties were acquired by Consolidated Diamond 
Mines of South West Africa (CDM), which Emest 
Oppenheimer formed in 1919 specifically to pur- 
chase and develop the mines in the former German 
territory. In January 1920, the quota system agreed 
to in 1914 was renewed for a five-year period, and 
Anglo American joined the Diamond Syndicate. 


Recession of 1921/22. A general recession and a glut 
of cut diamonds from Russia (confiscated from the 
estates of emigrés by the new Communist govern- 
ment, or offered by the emigrés themselves] lowered 
the demand for new production in 1921 and 1922. 
De Beers again responded by reducing output: It 
closed the three operating (Bultfontein, Dutoitspan, 
and Wesselton) Kimberley mines and the 


Jagersfontein and Koffiefontein mines in early 1921 
{table 5), and it reduced output at the Premier mine 
to about 300,000 carats in 1922. Total production 
from South Africa dropped to as low as 670,000 
carats in 1922. Total world production was only just 
over 1.3 million carats, most of which came from 
new alluvial mines in the Belgian Congo (now Zaire) 
and Angola. Anglo American, by acquiring large 
shareholdings in these mines, secured contracts to 
purchase all their output, so these diamonds also 
flowed through the Diamond Syndicate. 


Third Challenge—the Discovery of the Lichtenburg 
and Namaqualand Coast Alluvial Deposits and 
the Rapid Increase in Alluvial Production Outside 
South Africa. The pipe mines were reopened gradu- 


TABLE 4, Area, grade of kimberlite ore, value of diamonds per carat, and value of kimberlite ore per tonne, plus calculat- 
ed volume of kimberlite ore to 120 m, quantity of diamonds to 120 m, and total value of diamonds to 120 m, for selected 
African diamond pipes. 


1 2 3 4 5 6 7 
Pipe Country Area Grade of Value of Value of Volume of Quantity of Total value of 
of pipe kimberlite diamonds __ kimberlite kimberliteoreto | diamonds to diamonds to 
(in ha)® ore (carat per carat ore per 120 m (millions 120m (millions 120m (millions 
per tonne)® (US$)° tonne (US$)°__ of tonnes)® of carats)® of US$)‘ 
Bultfontein South Africa 9.7 0.40 75 30 24 10 750 
Camutue Angola 9.3 0.12 200 24 23 3 600 
Catoca Angola 66.2 0.46 60 28 65 30 1,800 
De Beers South Africa 5.1 0.209 80 16 12 2 160 
Dokolwayo Swaziland 2.8 0.27 100 27 7 2 200 
Dutoitspan South Africa 10.6 0.20 75 15 26 5 375 
Finsch South Africa 17.9 0.75 40 30 44 33 1,320 
Jagersfontein South Africa 10.1 0.07 200 14 25 2 400 
Jwaneng Botswana 54 1.37 110 150 136 186 20,460 
Kimberley South Africa 3.7 1,00" 110 110 9 9 990 
Koffiefontein South Africa 10.3 0.08 125 10 25 2 250 
Koidu Sierra Leone 0.4 1.00 200 200 1 1 200 
Letihakane 1 Botswana 11.6 0.38 120 46 29 1 1,320 
Letihakane 2. Botswana 3.6 0.26 120 31 8 2 240 
Letseng Lesotho 15.9 0.04 400 16 9 0.4 160 
Mwadui Tanzania 146 0.20 85 17 143 29 2,465 
Orapa Botswana 106.6 0.68 50 34 104 71 3,550 
Premier South Africa 32.2 0.48 70 34 82 39 2,730 
Tshibua 1 Zaire 18.6 3.00 10 30 18 54 540 
Venetia South Africa 127 1.28 80 102 32 41 3,280 
Wesselton South Africa 8.7 0.24 100 24 21 5 500 


* Values for area of pipes, and grade of kimberlite ore, modified from Janse (1993), Jennings (1995), and De Beers Annual Reports. Ail grade and value (see foot- 
notes “b," “c,” and “f" below) figures are approximate and may vary from year to year as different types of ore are mined. The Letseng calculations used 3.7 ha (see 
Janse, 1995, p. 243). Conversions: 1 hectare (ha)= 2.47 acres. 1 metric tonne (the unit of weight used in diamond mining) = 2204.6 pounds or 1,102 short tons. 

» Value of diamonds per carat from Even-Zohar (1993), Rombouts (1994), and author's files. 

° Value of kimberlite ore per tonne modified from Janse (1993) or Jennings (1995). 

? Volume of kimberlite ore calculated from the surface area of the pipes and assuming the pipes taper at angles of 82°; except for Catoca, Mwadui, Orapa, and 
Tshibua 1, which are treated as cones tapering at 45°. Conversion of cubic meters to tonnes: 1 m? = 2.2 tonnes. Note: Depths are calculated to 120 m, as this 
is the depth to which open-pit mining is usually possible. 

® To obtain “Quantity of diamonds to 120 m," multiply Column 2 by Column 5. Figures are approximate. 

'To obtain “Total value of diamonds to 120 m," multiply Column 3 by Column 6. 

9 Average grade from 1963 to 1980 (Clement, 1982). 

” Average grade from 1890 to 1913 (“Sampling diamond mines, “ 1956), 
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TABLE 5. Periods of main activity of the major diamond pipes of South Africa and Botswanaé. 


Main periods of closure 
and date of final closure 
when applicable 


Remarks 


Start of Start of 
Mine Discovered production underground 
mining 
Bultfontein September 1869 1869 1906-1910 
Dutoitspan October 1869 1869 1906-1910 
Jagersfontein July 1870 1870 1910-1914 
Koffiefontein July 1870 1870 1977 
De Beers May 1871 1871 1884 
Kimberley July 1871 1871 1882 
Wesselton September 1890 1893 1909 
Premier January 1903 1903 1946 
Finsch 1958 1966 1990 
Letseng 1957 1977 
Orapa 1967 1971 
Letinakane 1968 1976 
Jwaneng 1973 1982 
1980 1990 


Venetia 


August 1914-—January 1916 
March 1921—August 1924 
March 1932-June 1937 
December 1939-October 1944 
July 1949-December 1952 
September 1971-—June 1974 


January 1908—January 1910 
August 1914—-May 1916 
March 1921—December 1925 
duly 1931—March 1936 
December 1939-September 1943 
March 1947-July 1949 
November 1952—-June 1955 


August 1914—January 1916 
January 1921-November 1922 
March 1932-July 1949 
May 1971 


August 1914-January 1916 
January 1921—May 1923 
June 1932-August 1971 
June 1982—March 1987 


July 1908-June 1963 
November 1990 


July 1914 


August 1914-January 1916 
March 1921—March 1924 
March 1932—January 1939 

September 1940~April 1947 
January 1953-May 1957 


August 1914—July 1916 
March 1932-1946 


October 1982 


Still active. 


Still active. 


Reopened as underground 
mine in 1949; 
closed in May 1971, 


Resumed as open pit mine in 
1971; changed to underground in 
1977; closed in June 1982; 
reopened in March 1987; 

still active. 


Closed in November 1990 


Closed in July 1914. 
Still active. 


Reopened in 1946 to develop an 
underground mine; full production 
started in 1949; 

still active. 


Changed to an underground mine 
in September 1990; 
Still active. 


Closed in October 1982. 
Large active open pit mine. 
Active open pit mine. 
Large active open pit mine. 
Large active open pit mine. 


* Information gathered from Mineral Industry (1915-1942), De Beers Annual Reports, and the CSO. 


ally from late 1922 through January 1926. World pro- 
duction rose rapidly, to nearly 8 million carats in 
1927, but this was mainly due to production from 
newly discovered alluvial fields at Lichtenburg and 
beach deposits in Namaqualand, both in South Africa 
(see Janse, 1995, pp. 239-242), as well as increased pro- 
duction from the Belgian Congo (now Zaire), Angola, 
and West Africa {i.e., the Gold Coast [now Ghana). 
Combined, African alluvial sources represented as 
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much as 60% of world production in 1929. This was 
the third and most serious challenge so far to the sta- 
bility of the regulated diamond market. 


The Second London Buying Syndicate—the 
Oppenheimer Syndicate. In the meantime, Anglo 
American had purchased shares in De Beers, 
Forminiére (Belgian Congo}, Diamang (Angola), and 
CAST (Gold Coast); due to its growing influence 
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among major diamond producers, it had become 
the major partner in the Diamond Syndicate. The 
other key partners were Dunkelsbihler, Barnato 
Brothers, and JCI {Johannesburg Consolidated 
Investment Co.). From 1926 to 1930, the reorga- 
nized Syndicate was known as the Oppenheimer 
Syndicate. Ernest Oppenheimer, who had formed 
both Anglo American and CDM, had become a 
director of De Beers in December 1925 and its 
chairman in 1929. To stabilize the market, the 
Oppenheimer Syndicate renewed all contracts to 
purchase pipe-mine diamonds from De Beers, 
beach diamonds from CDM, and alluvial diamonds 
from Diamang (Angola), Forminiére (Belgian Congo 
[now Zaire]), and CAST (Gold Coast [now Ghana). 
In 1929, it held stocks equal to the total production 
of South Africa for one year. The quota system of 
1914, renewed in 1920, stayed in force. 


The Period 1931-1939: The Great Depression and 
the Diamond Corporation. As production from 
sources outside South Africa increased, De Beers 
sought greater capital to purchase these diamonds. 
So Oppenheimer invited the South African dia- 
mond producers, who had organized themselves 
into the Diamond Producers’ Association, to join 
the buying syndicate. After protracted negotiations, 
the Diamond Corporation was formed in 1930 and 
new quotas were set: Union of South Africa (State 
Alluvial Diggings)—10%, CDM—14%, Diamond 
Corporation (to dispose of existing stock}—15%, 
Diamond Corporation (to buy outside produc- 
tion}\—16%, De Beers—30%, Jagersfontein—6%, 
Premier—6%, Cape Coast Exploration (the 
Kleinzee coastal deposits)—2%, and Koffie- 
fontein—1%. The Diamond Corporation also 
secured long-term contracts (usually five years) to 
buy the production of the major producing compa- 
nies, that is, Forminiére (Congo), Diamang 
(Angola), and CAST (Gold Coast and Sierra Leone). 
By June 1932, De Beers had completed the pur- 
chase of all the outstanding shares of Premier, 
Jagersfontein, Koffiefontein, and CDM, which 
made these companies subsidiaries of De Beers and 
simplified the corporate structure. It also moved its 
corporate headquarters from London to Kimberley. 
The Great Depression of the 1930s increased 
the difficulties in keeping prices under control. By 
1932, De Beers had closed all their operating kim- 
berlite pipe mines (Bultfontein, Dutoitspan, 
Wesselton, Jagersfontein, Koffiefontein, and the 
Premier; table 5) and their beach mines in 
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Namaqualand and South West Africa (“De Beers 
mines close down,” 1932). The State Alluvial 
Diggings (Namaqualand, South Africa) kept pro- 
ducing, but at a reduced rate. All the smaller pro- 
ducers in South Africa also stopped mining opera- 
tions, although a few still produced diamonds from 
tailings. In contrast, the Belgian Congo (now Zaire} 
stepped up production. It became the leading dia- 
mond producer by a large margin. Although the 
three De Beers mines at Kimberley and, on a small 
scale, the beach mines in Namaqualand and South 
West Africa (Namibia), were re-opened during the 
period from late 1935 to early 1939, all of South 
Africa plus South West Africa accounted for only 
10% of the world’s diamonds in 1939, compared to 
68% for the Belgian Congo (see table 2). The 
Premier remained closed until 1946. 

To deal with the increase in production outside 
South Africa and South West Africa, the Syndicate 
was restructured in 1934. Buying was channeled 
through the Diamond Corporation, and sorting and 
selling were channeled through the newly formed 
Diamond Trading Company. The selling agency 
became known as the Central Selling Organisation 
(CSO), and the first “sight” was held in 1939. 


The Period 1940 to 1990: Post-World War II 
Challenges and the Emergence of Independent 
African states. After World War II, several key events 
further diminished the importance of southern 
Africa as a diamond producer. They were: (1} the 
1940 discovery of a large economic kimberlite pipe 
in northwestern Tanganyika; (2) the large increase in 
illegal diamond digging {also called IDD) by local 
people on concessions held largely by expatriate 
companies, mainly in West Africa and Central 
Africa, and illegal diamond buying {also called IDB) 
by unlicensed buyers from the mid-1950s on; (3) the 
discovery of many diamondiferous kimberlite pipes 
in Siberia; and (4) the discovery of a highly diamon- 
diferous lamproite pipe in Australia. 


Williamson’s Mine at Mwadui. Immediately fol- 
lowing World War II, the percentages produced by 
the various diamond-producing countries changed 
little. By 1949, however, output at the Williamson 
mine at Mwadui, in what is now Tanzania, had 
reached 10% of world production by value 
{although only 2% by weight}. Williamson did not 
join the Diamond Producers Association, but kept 
his options open to sell diamonds outside the 
Diamond Corporation, which he sometimes did. 
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The Syndicate in 1955, IDB, and IDD. The high 
incidence of illegal diamond digging and illegal dia- 
mond buying since 1955 in Sierra Leone, Guinea, 
Liberia, Ivory Coast, and Zaire has also caused prob- 
lems for the Syndicate. Estimates for the annual illicit 
production of diamonds in each country for the period 
1955-1965 are on the order of several million carats. 
The Diamond Corporation formed subsidiaries in the 
West African countries and set up local buying offices. 
In 1955, the quotas were changed as follows: De 
Beers—25%, Diamond Corporation (which purchased 
most of the production from countries outside of 
South Africa}—35%, Premier—4%, Union of South 
Africa (the Alexander Bay State Diggings]}—10%, and 
CDM—26% (Lenzen, 1970). By 1965, the measures 
seemed to have had some level of success in stabiliz- 
ing the diamond market. 


The Challenge of Siberia. Diamondiferous kimber- 
lite pipes were discovered from 1954 onward in 
Siberia in the USSR territory of Yakutia (now the 
Republic of Sakha within the Russian Federation). 
The Siberian discoveries shattered the myth that 
large economic kimberlite pipes were restricted to 
the African continent. A good, early account in 
English of the Siberian diamond fields is given by 
Davidson (1957, 1960). 

The first pipe, named Mir (Peace), came into 
production in 1957. Subsequently, Russia’s contri- 
bution to world production rose from an insignifi- 
cant amount (derived from placer deposits in the 
Ural Mountains) at the time of the Mir pipe’s dis- 
covery, to 18% in 1969 and 27% in 1979. During 
this same period, the mainly eluvial, colluvial, and 
alluvial production from the Belgian Congo (now 
Zaire) and C.A.R. declined because of the civil wars 
that ensued after Zaire became an independent 
state in 1960—from 56% in 1959 and 35% in 1969, 
to 23% in 1979 (table 2). Consequently, the propor- 
tion of pipe-mine production rose. This is particu- 
larly evident in the share represented by southern 
Africa, that is, South Africa and Botswana com- 
bined, which is primarily from pipes (but in South 
Africa also includes some alluvials): It rose from 
11% in 1959 and 20% in 1969, to 32% in 1979 
{table 2). This was due largely to the output from 
the new pipe mines that came on stream in the 
1960s |i.e., Finsch in South Africa) and the 1970s 
(ie., Orapa and Letlhakane in Botswana). 


Diamonds Found in Lamproite in Australia. The 
most remarkable event in diamond exploration in 
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this century was the discovery of a hitherto 
unknown type of diamond host rock—olivine lam- 
proite—that was found to contain very high grades 
of diamond in the Argyle pipe in northwestern 
Australia. Discovered in late 1979, the pipe came 
into full production in 1986, when it captured up to 
35% of the world’s diamond production by weight, 
although it was only 7% by value, similar to that 
in 1994 |table 3). The production from Argyle, com- 
bined with that from the Siberian pipes, severely 
reduced Africa’s significance. Argyle’s production 
also shifted all other percentages, with the result 
that in 1994 (the most recent year for which figures 
are now available] pipe-mine production stood at 
80%, while alluvial production was 18% and 
beach, tidal zone, plus off-shore production was 2% 
{table 2). 


DIAMOND PRODUCTION TODAY 


Current Production. Botswana and South Africa 
produce the largest amount of diamonds by value 
on the African continent—23% and 20% of world 
production, respectively, in 1994 (table 3}. For 
Zaire, this figure is 9%, for Namibia it is 6%; and 
for Angola it is 4%. The percentages for production 
by weight are significantly different: Zaire, 17%; 
Botswana, 14%; South Africa, 10%; Angola, 1%; 
and Namibia 1%. A comparison of these two sets 
of figures shows the great significance of the value 
of the Botswana plus South Africa production (pipe 
and alluvial}, the very high value of the Namibia 
[beach and submarine deposits) and Angola {allu- 
vial) diamonds, and the low value of the Zaire 
(Mbuji-Mayi eluvial and colluvial) deposits. Area, 
grade, value per carat, volume, and other data for 
selected pipes are summarized in table 4. 


South Africa. Pipe and Fissure Mines. Three of the 
original five kimberlite pipe mines around 
Kimberley (Bultfontein, Dutoitspan, and Wesselton} 
are still active (table 5). However, the importance of 
the Kimberley mines is diminishing as underground 
development goes deeper, into narrower areas of the 
pipes where the reserves are correspondingly small- 
er. Thus, mining costs will eventually overtake 
revenue and the mines will have to close, possibly 
as early as the next decade if current |quota-depen- 
dent) production levels—between 500,000 and 
600,000 carats per year for all three mines—are 
maintained. Depths in 1993 were 845 m (2,772 
feet) below the surface at Bultfontein, 870 m at 
Dutoitspan, and 995 m at Wesselton. 
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About 400 m below the surface, the Premier 
kimberlite pipe is cut by a sill (a horizontal intru- 
sion of igneous rock) of gabbro (an igneous rock 
consisting of plagioclase and pyroxene, not contain- 
ing diamonds) that is about 75 to 80 m thick 
(McMurray, 1979}. The ore reserves above the sill 
are virtually mined out, and a new mine had to be 
created to exploit the ore below the sill, from 
which nearly all current production is derived. The 
below-sill ore reserves are very large, which assures 
a long life for the Premier mine. Because of quota 
allotments, production at the Premier went from 
2.5 million carats in 1988 to 1.6 million carats in 
1994 (De Beers Annual Reports for 1988 and 1994). 

The Koffiefontein mine has reached a depth of 
370 m (1,213 feet) in underground workings, and 
produces between 125,000 and 135,000 carats per 
year. The future of this mine depends on whether 
or not the grade decreases. 

The Finsch mine (figure 12) went underground 
in September 1990, when the open pit reached a 
depth of 430 m (1,410 feet}; in 1994, all ore was 
drawn from underground workings. Production lev- 
els are between 2.5 and 3 million carats annually. 
The open-pit Venetia mine produces 5 million carats 
per year (again, see figure 11). Reserves at the Finsch 
and, especially, the new Venetia mine are sufficient 
to maintain South African production at the present 
level for the next two to three decades. Several small 
companies are actively mining diamond-bearing fis- 
sures, such as the Star mine (in Orange Free State). 
Such fissures may account for up to 1% of pipe-mine 
production. 


Alluvials. De Beers, Transhex, and Alexcor are still 
actively mining the alluvial deposits in 
Namaqualand, such as the Buffels River complex 
and the beach deposits along the coast. 


Off-Shore Deposits in Namaqualand (South Africa) 
and Namibia. The world’s largest diamond reserves 
may lie on the continental shelf off the coasts of 
Namibia and Namaqualand. Great efforts are being 
made to improve the technology needed to evalu- 
ate and mine these ocean deposits, and their pro- 
duction is likely to overtake that of all other 
sources in southern Africa, except perhaps the 
largest pipe mines such as Jwaneng and Orapa in 
Botswana. De Beers is at the forefront of research 
on undersea exploration; after years of exploration 
activities, they officially started mining operations 
off the coast of Namibia in 1991 to replace their 
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Figure 12. A large production rig is used to mine 
underground at South Africa’s Finsch mine, which 
currently produces between 2.5 and 3 million carats 
a year. Photo courtesy of De Beers South Africa. 


dwindling reserves of on-shore beach deposits. De 
Beers is actively prospecting off the coast of 
Namaqualand, and several small companies are 
actually mining diamonds near-shore and in the 
tidal zone. 

Recently, (Australia-based) BHP has shown 
interest in the Namibian and Namaqualand under- 
sea deposits. BHP is also likely to invest much in 
improving the necessary technology. 


Namibia. The on-shore beach deposits in Namibia 
are now mined by newly formed Namdeb. 
Although most Namibian diamonds still come 
from these on-shore deposits, an increasing propor- 
tion is being derived from off-shore activities. In 
1994, the latter represented 31% of total Namibian 
production (De Beers Annual Report, 1995). 

Namdeb is actively mining an alluvial terrace 
deposit at Auchas, on the northern (Namibian) 
bank of the Orange River (figure 13). It has been 
projected that the mine will produce 45,000 carats 
of relatively large, good-quality diamonds each year 
for the next decade 


Botswana. In 1994, Botswana was the highest- 
value diamond producer in Africa {and the world, 
accounting for 23% of world production by value}, 
and second largest in Africa by weight (14% of 
world production). In Africa, only Zaire produced 
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more stones (17% of world total), but these repre- 
sented only 9% by value. All Botswana diamonds 
are derived from three open-pit kimberlite pipe 
mines: Orapa, Letlhakane, and Jwaneng. Jwaneng is 
the world’s largest and richest kimberlite-pipe 
mine—54 ha (133 acres) with a grade of 1.37 ct/t in 
1994 and a value per carat of $110 (table 4}, for a 
value per tonne of ore of $150. Jwaneng (figure 14) 
produced 9 million carats in 1994. The figures for 
Orapa and Letlhakane 1 are, respectively: grade, 
0.68 and 0.38 ct/t; value per carat, $50 and $120; 
and value per tonne of ore, $34 and $46 (table 4). 
These three mines have very large ore reserves, suf- 
ficient to maintain Botswana diamond production 
at the present level (15 to 16 million carats annual- 
ly) for several decades. 


Angola. The potential reserves of kimberlite pipes 
and alluvial deposits in Angola are large. Since 
1975, however, civil war and social unrest have 
prevented systematic exploration for new pipes and 
detailed evaluation of known pipes. As political 
and social conditions gradually stabilize, many 
companies will start prospecting and will seek to 
secure evaluation and mining rights over several 
known pipes. Pipes will have priority over alluvial 
deposits, because the fact that their ore reserves are 
stacked vertically, with a minimum surface area, 
makes them easier to manage and secure than allu- 
vial deposits. Production from Angola is likely to 
increase greatly; in the next decade, it may over- 
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Figure 13. At the alllu- 
vial terrace deposit 
known as Auchas, on 
the Namibian bank of 
the lower Orange River, 
this prospecting trench 
has been cut through the 
deep overburden to 
reach the diamond-bear- 
ing gravels. Photo by 
Manfred Marx. 


take South Africa (10 million carats annually at 
present}, but it probably will not surpass Botswana 
(16 million carats at present). 


Zaire. International companies are currently 
involved in very little prospecting because of the 
generally chaotic and unsafe conditions in this 
country. Official diamond production has declined 
greatly, from 24 million carats in 1990 to 17 mil- 
lion carats in 1994 (table 3). 


West Africa. It is likely that the diamond potential 
of the central part of the West African craton, 
buried under Tertiary and Recent sediments in the 
western part of the Sahara (Mauritania, Mali, 
southern Morocco, and southwestern Algeria) will 
be investigated in the first decade of the next cen- 
tury or perhaps even in this decade. Given the lim- 
ited information presently available, no prediction 
as to the scope and success ratio of these investiga- 
tions can be ventured. My personal feeling is that 
the success ratio will be high. 

West Africa currently supplies 1.4% by weight 
and 4.5% by value of world production (table 3). 


FUTURE TRENDS 


I believe that Africa will continue to be a major—if 
not again become the major—diamond producer for 
a number of reasons. First, it is projected that the 
proven ore deposits of the open pit at Argyle will be 
depleted before 2005, and the economics of under- 
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ground mining are still in doubt. Second, in eastern 
Russia (Yakutia), all but one (Udachnaya) of the 
current Siberian pipes are almost mined out, and 
complete financing has not yet been obtained for 
the development of the Jubilee and Botubiya pipes. 
Consequently, production is not likely to increase 
significantly in the near future. Third, in northern 
Russia, the Archangel prospects are still in the 
early stages of development, and little international 
funding has been obtained to date. It is unlikely, 
therefore, that a significant mine will be in opera- 
tion before 2005. Fourth, the projected diamond 
mine in the Northwest Territories of Canada, to be 
managed by BHP, is not likely to be fully opera- 
tional before 1998; even so, it has an estimated pro- 
duction of only 2-3 million carats a year. Thus, it is 
unlikely to have any significant impact on the 
world diamond market. 

In Africa, the dwindling reserves of the 
Kimberley mines, the on-shore beach deposits in 
Namaqualand and Namibia, and the eluvial and 
alluvial deposits at Mbuji-Mayi in Zaire will be 
more than offset by production from the off-shore 
submarine deposits, which are an enormous 
resource. It would also be possible to increase pro- 
duction at the large pipe mines at Finsch, Orapa, 
Jwaneng, and Venetia, which are currently underpro- 
ducing. There is the possibility, too, of major new 
deposits in Angola. Consequently, I believe that the 
proportion of world production represented by Africa 
will not decline further and might even increase. 


CONCLUSION 


Africa has a 130-year history of diamond produc- 
tion that in general has been high in both quantity 
and quality. Discovery of the primary diamond 
host rock—kimberlite—stimulated the develop- 
ment of theories about the origin of diamonds and 
generated a wide range of scientific research on 
mineral inclusions in diamonds, on deep-seated 
xenoliths (such as eclogites and garnet peridotites), 
and, in general, on the composition of the Earth’s 
crust and mantle. Despite the opening of several 
large diamond mines in Siberia and Australia since 
the 1960s, Africa is still the most important pro- 
ducer of diamonds, with 46% of world production 
by weight and 69% by value in 1994. Two of the 
world’s most important diamond sources—Zaire 
by weight and Botswana by value—lie on the 
African continent. Because of the increase in pro- 
duction from kimberlite pipes in South Africa and 
Botswana, from enormous resources in submarine 
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Figure 14, Botswana's Jwaneng mine, opened in 1982, 
produced 9 million carats of diamonds in 1994. It is 
the largest and richest kimberlite mine in the world. 
Photo courtesy of the Central Selling Organisation. 


deposits off-shore from Namibia and South Africa, 
and possible increased future production from 
Angola, Africa will maintain its prominent posi- 
tion in world diamond production. 
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Errata to Part I (Janse, 1995): In the caption to figure 14 
(p. 242), the date the Premier mine closed should be 1932. 
Figure 25 (p. 252) features a 128 ct fancy yellow diamond 
owned by Tiffany; it is not the original Tiffany diamond, 
which is a 128.51 ct square antique modified billiant cut. 
The Boocock (1960) Reference should be p. 4, not Vol. 4. 
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erogeneous minerals—perhaps augite 
erystals—arranged in a circle, as 
Figures 11 and 12 manifest, them. 
It is to be expected that. many gar- 
nets from the South African diamond 
deposits carry diamond inclusions, as 
well as the reverse case occurs, since 
both gems join in their paragenesis. 

Ceylon’ almandites are. distin- 
guished by an infinity of microlites 
more or less regularly distributed 
throughout the entire stones (Figure 
13) showing under strong enlarge- 
ment a clearly idiomorphous habit. 
In the intervals between these are 
intruded the hornblende needles de- 
scribed above, and, as a further local 


peculiarity, slightly bent, occasion- 
ally even kinked, tubular liquid in- 
clusions. Figures 14 and 15 reveal 
some of their various typical shapes. 

It is hardly amazing that the char- 
acteristic birth-marks of Ceylon 
corundums, i.e. zirecons with radio 
halos, are evidence of their source. 
Here, too, the halos are caused and 
formed by the destructive influence 
of radioactive rays emanating from 
the enclosed microscopic zircons. 
Zircons and halos show exactly the 
same aspects as those observed in 
Ceylon corundums, which were men- 
tioned in a previous article of mine 
in this periodical (Figure 16). 


(To Be Concluded) 


»” Photo by Dr. Gitbelin 


Figure 10 
Group of quartz erystals embedded 
in a Bohemian garnet. 40x. 
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GEMOLOGICAL INVESTIGATION OF A 
New TYPE OF RUSSIAN HYDROTHERMAL 
SYNTHETIC EMERALD 


By John I. Koivula, Robert C. Kammerling, Dino DeGhionno, 
Ilene Reinitz, Emmanuel Fritsch, and Mary L. Johnson 


Tairus, in Novosibirsk, has produced yet another new type of Russian 
hydrothermal synthetic emerald, now being marketed in Bangkok. 
Examination of eight faceted samples revealed that, with the exception of 
certain characteristic inclusions, the basic gemological properties shown 
by this new synthetic are essentially the same as those encountered in other 
hydrothermally grown synthetic emeralds and some natural emeralds. If the 
characteristic inclusions are not present, distinctive spectral characteristics 
in both the mid- and near-infrared regions of the spectrum will serve to 
separate these synthetic emeralds from their natural counterparts. 


The first commercially successful hydrothermal 
synthesis of beryl is generally attributed to Johann 
Lechleitner who, in 1960, produced hydrothermal 
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synthetic emerald overgrowth on pre-faceted natu- 
ral beryl (Nassau, 1980). Today, gem-quality 
hydrothermal synthetic emeralds are available from 
Innsbruck, Austria (Lechleitner), from the United 
States (Regency, formerly Linde), from China, from 
Japan (formerly Biron, which originated in 
Australia}, and from Russia. The focus of this article 
is a new product from Russia, specifically from the 
joint-venture company Tairus. 

The gemological literature contains useful 
information on previous examinations of 
hydrothermal synthetic emeralds from the former 
Soviet Union (Takubo, 1979; Koivula, 1985; 
Schmetzer, 1988; Henn et al., 1988; “What to look 
for... ,” 1989), Since late 1993, Pinky Trading Co. 
of Bangkok, Thailand, has been marketing a 
hydrothermally grown synthetic emerald with 
internal features that are different from those of 
earlier Russian-grown hydrothermal synthetic 
emeralds and other colored synthetic beryls. This 
new type of hydrothermal synthetic is being com- 
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mercially manufactured through a joint-venture 
company known as Tairus. The crystals are grown 
by the Laboratory for Hydrothermal Growth at the 
Institute of Geology and Geophysics in the Siberian 
Branch of the Russian Academy of Sciences in 
Novosibirsk, Siberia. They are fashioned and 
released to the market in Bangkok. Comparison of 
these hydrothermal synthetic emeralds to those pre- 
viously described shows distinct differences, partic- 
ularly with respect to inclusions, although they can 
still be conclusively identified as synthetic. 


MATERIALS AND METHODS 

All the samples used for this study were obtained 
in Bangkok from the same lot. According to the 
supplier, they were manufactured in 1993. The 
eight transparent oval mixed cuts (figure 1) 
weighed between 0.17 and 0.41 ct, with measure- 
ments ranging from 4.87 x 2.96 x 1.99 mm to 5.72 x 
4.15 x 2.98 mm. The body color of all eight syn- 
thetic emeralds, when examined table up, was a 
very slightly bluish green of medium dark tone and 
moderate intensity. To the unaided eye, all the 
samples appeared flawless. 

Refractive index was determined using a 
Duplex II refractometer with a polarizing filter (to 
determine birefringence) and a sodium vapor light 
source. We established specific gravity by the 
hydrostatic method, using a Mettler AM100 elec- 
tronic balance. The reaction to ultraviolet radiation 
was observed under darkroom conditions with a 
standard UV lamp. The samples were also exam- 
ined with a Chelsea filter and a Hanneman- 
Hodgkinson emerald filter (Hodgkinson, 1995), as 
well as with a standard polariscope, a calcite 
dichroscope, and a Beck prism spectroscope. 

In addition, we submitted these samples to 
infrared spectroscopy, X-ray fluorescence spec- 
troscopy, and electron microscopy. Mid-infrared 
spectra were taken using a Nicolet 510 Fourier 
transform infrared spectrometer (FTIR) in the 
region from 6600 to 400 cm! (1515-25,000 nm), at 
a resolution of 4 cm:!. Ultraviolet-visible-near 
infrared (UV-Vis-NIR) spectra were taken with a 
Hitachi U-4001 spectrophotometer in the region 
250-2500 nm, with calcite polarizers used to obtain 
oriented spectra in two crystallographic directions 
for three faceted ovals—O.19, 0.21, and 0.37 ct. 

Energy-dispersive X-ray fluorescence [EDXREF) 
spectroscopy was performed on four faceted ovals 
(0.19, 0.23, 0.37, and 0.41 ct) using a Tracor 
Northern (Spectrace) 5000 unit with a rhodium X- 
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Figure 1, The eight Russian hydrothermal synthetic 
emeralds examined for this report, all oval mixed 
cuts, ranged from 0.17 to 0.41 ct. Photo by Maha 
DeMaggio. 


ray tube. Three faceted ovals (0.20, 0.23, and 0.41 
ct) were examined using a Camscan Series II ana- 
lytical scanning electron microscope (SEM) at the 
Division Analytical Facility, Division of Geological 
and Planetary Sciences, California Institute of 
Technology, Pasadena, operating under run condi- 
tions of 15 kV excitation voltage and 100 A speci- 
men current, with a Tracor Northern 5500 energy- 
dispersive X-ray spectrometer for elemental analy- 
ses at selected points. 

GEMOLOGICAL PROPERTIES 

The results of the gemological testing on this collec- 


tion of Russian hydrothermal synthetic emeralds 
are summarized in table 1 and discussed below. 


Refractive Index. We recorded R.I. ranges of 
1.572-1.578 (ng) and 1.579-1.584 (no}, with a bire- 
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fringence of 0.006-0.007 and a uniaxial negative 
optic character. These refractive indices are compa- 
rable to those of previously examined Russian 
hydrothermal synthetic emeralds (see, e.g., 
Koivula, 1985; Schmetzer, 1988; Henn et al., 1988; 
Scarratt, 1994}, but they are higher than the values 
reported for the Biron material (Kane and Liddicoat, 
1985). These values also overlap those reported for 
natural emeralds (Schrader, 1983). 


Specific Gravity. The eight samples had average 
S.G. values for three tests that ranged from 2.67 to 
2.73. Although the air weights were consistent for 
each weighing, the values obtained in water 
immersion were not, due to the relatively small 
size of these samples; this led to the variation in 
the final calculated S.G.’s. 

These values are comparable to those previous- 
ly reported for hydrothermal synthetic emeralds 


TABLE 1. Gemological properties of the new Russian 
hydrothermal synthetic emeralds. 


Properties that overlap those of 
other synthetic and natural emeralds 


Color (through table) Very slightly bluish green 


Refractive index Ng = 1.572-1.578; 
Ng = 1.579-1.584 


Birefringence 0.006-0.007 

Optic character Uniaxial negative 

Specific gravity (hydrostatic) 2.67-2.73 

Ultraviolet fluorescence® Inert to both long- and short- 
wave UV 

Phosphorescence None 

Chelsea color-fitter reaction Weak red 

Pleochroism Moderate yellowish green and 
bluish green 


Optical absorption Virtually identical to the spectrum 


spectrum shown by natural and earlier 
Russian hydrothermal synthetic 
emeralds 

Inclusions Opaque black hexagonal plates 
and crystals that look like 
phenakite 

Possible key 

identifying properties 

Inclusions Numerous tiny red-brown and 


white nondescript particles 


Weak to moderate absorptions 
at about 2235, 2320, and 

2440 cm”'; weak, sharp peak at 
about 2358 cm"'; broad shoul- 
der at 4052 cm". 


Infrared spectrum 


“Testing done in total darkness (darkroom conditions). 
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(Takubo, 1979; Koivula, 1985; Kane and Liddicoat, 
1985; Schmetzer, 1988; Henn et al., 1988; Scarratt, 
1994; “What to look for .. ,” 1989). They also over- 
lap those reported for natural emeralds (Schrader, 
1983; Webster, 1994). 


Reaction to Ultraviolet Radiation. As with natural 
emeralds and other hydrothermal synthetic emer- 
alds reported in the literature, all of the samples 
were inert to long-wave (365 nm) and short-wave 
(254 nm} UV radiation. 


Color-Filter Reactions. When placed on the tip of a 
fiber-optic illuminator and observed through the 
Chelsea color filter at a low angle to the direction 
of illumination, all eight samples revealed a weak 
red glow. These stones also showed a very weak red 
transmission luminescence in white light when no 
filter was used. (The angle of observation is impor- 
tant, and the only visible light source in the room 
should be the fiber-optic illuminator.) Similar reac- 
tions have been observed in both natural and syn- 
thetic emeralds. Like natural emerald, these syn- 
thetics showed no reaction to the Hanneman- 
Hodgkinson emerald filter. 


Polariscope Reaction. Each stone exhibited typical 
double refraction and standard uniaxial optic fig- 
ures. Because of facet interference, we had to 
immerse the three smallest stones in methylene 
iodide to observe their optic figures. 


Dichroism. All eight specimens showed distinct 
dichroism of yellowish green (perpendicular to the 
optic axis) and bluish green (parallel to the optic 
axis}, as is typical of many natural and synthetic 
emeralds. No specific optic orientation was noted 
in the eight samples. 


Spectroscopy. Using both transmitted and internal- 
ly reflected light, we observed a relatively weak 
absorption spectrum in all eight stones, but it was 
typical of emerald (Liddicoat, 1987). The features 
noted were located in the red at approximately 652 
(weak), 632 (moderate), and 606 (moderate) nm. In 
addition, there was a weak, “smudged” band of 
general absorption in the orange-red between 584 
and 603 nm, and a cutoff in the red starting at 
about 660 nm. 


Internal Characteristics. The most obvious charac- 
teristic seen with the microscope (with any illumi- 
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Figure 2. Clouds of tiny red-brown particles, like 
those shown here, were seen in all eight of the new 
Russian hydrothermal synthetic emeralds exam- 
ined. They have not been reported before in natural 
or other hydrothermal synthetic emeralds. 
Photomicrograph by John I. Koivula, magnified 50x. 


nation technique, in all eight samples) was the lack of 
the distinctive and highly developed chevron- or V- 
shaped growth zoning that is typical of all other 
Russian hydrothermal synthetic beryls (Takubo, 
1979; Koivula, 1985; Giibelin and Koivula, 1986; 
Schmetzer, 1988; Henn et al., 1988). Also, the internal 
motif observed in these new hydrothermal synthetics 
does not resemble the suite of characteristic inclu- 
sions recognized so far in natural emeralds (Gtibelin 
and Koivula, 1986; Schwarz, 1987). These unusual 
internal characteristics serve to identify them as a 
new type of Russian hydrothermal synthetic. 

Specifically, all eight stones contained numer- 
ous tiny red-brown particles (visible even at 10x in 
some cases}, which were so small that they could 
not be resolved microscopically into any recogniz- 
able crystal habit (even at 120x}, These particles usu- 
ally were arranged in dense clouds with no particular 
orientation or form (figure 2); in one instance, they 
appeared in a linear arrangement (figure 3). 

With fiber-optic illumination and 30x magnifi- 
cation, we also saw clouds and layers of tiny, ran- 
domly oriented, white-appearing particles in all 
eight of the synthetic emeralds. These inclusions 
were extremely dense (figure 4) and easily observed 
in four of the eight samples, but they were very dif- 
ficult to detect in the other four, even with strong 
pinpoint fiber-optic illumination. As with the red- 
brown inclusions, these white-appearing particles 
were too small to be resolved completely with a 
standard gemological microscope. Because of their 
small size, their white appearance may be due in 
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Figure 3. In one of the Russian synthetics, the tiny 
red-brown particles appeared in a linear arrangement. 
Photomicrograph by John I. Koivula, magnified 50x. 


part to light reflection and scattering rather than to 
their true color. 

One 0.20 ct stone had a small fingerprint-like 
accumulation of white particles under the table 
facet that resembled a partially healed fracture (fig- 
ure 5). This was the only evidence of fracturing or 
fracture healing noted. 

Only two samples contained inclusions large 
enough to be identified as crystals. One 0.37 ct 
sample contained a 0.2-mm-long, birefringent, 
euhedral crystal that had the habit of phenakite 
(figure 6). The 0.23 ct sample contained two opaque 
black hexagonal plates that showed a silvery gray 
metallic luster in reflected light. One of these 


Figure 4. Dense concentrations of extremely fine, 
white-appearing particles are another distinctive 
internal feature noted in the new Russian 
hydrothermal synthetic emeralds. Photomicrograph 
by John I. Koivula, magnified 30x. 
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Figure 5. Only one fingerprint-like pattern was 
observed in any of the eight samples of Russian 
synthetic emeralds. Photomicrograph by John I. 
Koivula, magnified 35x. 


hexagonal plates (figure 7) caused growth blockage 
in the form of two conical growth zones extending 
away from one flat surface, which was visible in 
shadowed transmitted light. 


ADVANCED TESTING 


Infrared Spectroscopy. Features due to water and 
hydroxides are easily seen in the infrared spectra of 
emeralds and other beryls, and are useful in differ- 
entiating natural stones from their synthetic coun- 
terparts (Wood and Nassau, 1968; Schmetzer and 
Kiefert, 1990). Absorption features from other 
chemical groups (such as CO,) are also present. 
The mid-infrared spectra of our eight samples 
are similar in overall appearance to those of natural 


Figure 6. This 0.2-mm-long crystal, seen in the 0.37 
ct Russian hydrothermal synthetic emerald, looks 
like phenakite. Photomicrograph by John I. Koivula. 
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emeralds and other Russian hydrothermal emeralds, 
but they differ significantly from those of both flux 
and other (non-Russian) hydrothermal synthetic 
emeralds (figure 8). Other hydrothermal synthetic 
emeralds have high water contents and, thus, very 
strong absorptions in the region around 3600 cm! as 
well as strong absorptions between 3000 and 2000 
cm:!, However, these Russian hydrothermal syn- 
thetic emeralds have only moderate to strong water- 
related peaks at 3600 cm:! and are quite transparent 
at 3000 cm-!. Nevertheless, such a spectrum still 
contrasts sharply with that of a flux-grown synthetic 
emerald, which is essentially free of water. 

Wood and Nassau (1968) described two posi- 
tions that water molecules can occupy within the 
channels in a beryl’s structure. The different orien- 
tations of these “type I and type II water” molecules 
are clearly reflected in the positions of their absorp- 
tion peaks in the ordinary- versus extraordinary-ray 
spectra. Both types of water cause several sharp 
absorption peaks between 3510 and 3825 cm'!; 
however, only type II water causes absorptions at 
about 3910 cm! and 3230 cm:!. Wood and Nassau 
found that all natural emeralds and Linde 
hydrothermal synthetic emeralds contained type I 
water, but that only natural emeralds showed type 
II water, although in greatly varying amounts. In 
1990, however, Schmetzer and Kiefert reported type 
II water bands in Lechleitner and some Russian 
hydrothermal synthetic emeralds as well. 

Because of the difficulties inherent in taking the 
spectra of faceted gems, we could only obtain unori- 
ented mid-infrared spectra for our samples, which 
made the interpretation of mid-infrared water bands 
more difficult. Weak type II peaks can be seen in the 
spectra of both the natural emerald and the represen- 
tative Russian hydrothermal synthetic emerald from 
our study sample, as shown in figure 8. 

The gross spectral similarities in the mid-infrared 
between these Russian hydrothermal emeralds and 
natural emeralds do not extend to the finer structure 
seen in the region around 2300 cm:! (figure 9A). 
Natural emeralds have a moderate to strong, sharp 
absorption at 2358 cm:!, much stronger in the ordi- 
nary-ray spectrum, which Wood and Nassau assign 
to COy oriented within the beryl structure. Stockton 
(1987) describes a distinct peak at 2290 cm:! and a 
peak or shoulder at about 2340 cm!, in addition to 
the peak at 2358 cm:! (which she asserts is always 
stronger than the 2340 cm! in natural emeralds), but 
she does not identify the causes of these absorptions. 
All three features also have been observed in the 
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Figure 7. One of the samples contained two black 

opaque hexagonal plates like this one, here multi- 
ply reflected by facets. Photomicrograph by John I. 
Koivula, magnified 50x. 


spectra of 67 natural emeralds identified by standard 
gemological techniques in the GIA Gem Trade 
Laboratory over the last four years. Although these 
peaks vary considerably in magnitude from one spec- 
trum to another, probably due in part to the fact that 
these are unoriented spectra, our data support 
Stockton’s statement regarding their relative 
strengths in natural emeralds. 

In this region around 2300 cm-!, however, our 
eight Russian hydrothermal synthetic emeralds 
showed a structure very different from that seen for 
natural emeralds. These synthetics have weak to 
moderate, somewhat broad absorptions at about 
2235, 2320, and 2440 cm!, and a weak, sharp peak at 
about 2358 cm:!, They show no peak at 2290 cm!. 
Accepting Stockton’s assertion that the “2340 cm:!” 
band may be found as far away as 2310 cm:! in syn- 
thetic emeralds, we see that in these Russian 
hydrothermal synthetics, too, the “2340” peak |actu- 
ally at 2320 cm”! for our samples) is stronger than the 
absorption at 2358 cmr!, 

Stockton’s examination of three Russian 
hydrothermal emeralds available at that time also 
revealed weak features at 4375 cm! and 4052 cml, 
which had not been seen in natural emeralds. The 
spectra of the Russian synthetic emeralds examined 
for this study have no features at 4375 cm!, but all 
show a broad shoulder at 4052 cm! (figure 9B). 

Water in beryl also absorbs in the near-infrared 
at about 1400 and 1900 nm, and in these regions we 
were able to obtain oriented spectra for three sam- 
ples. The extraordinary-ray near-infrared spectra (fig- 
ure 10A) of a natural emerald and all three synthet- 


Notes & New Techniques 


ics showed strong water-related peaks at about 1896 
nm and 1400 nm, a moderate peak around 1464 nm, 
and weak peaks at 1149 nm and 2145 nm. In the 
ordinary-ray spectra (figure 10B), there are three 
strong peaks at 1950, 1895, and 1830 nm, and two 
moderate peaks around 1400 nm. Comparison of 
these results with Wood and Nassau’s figure 4 con- 
firms that both the natural emerald used for reference 
and these Russian hydrothermal synthetic emeralds 
contain small amounts of type II water, similar to 
Schmetzer and Kiefert’s “group II” emeralds. 


Figure 8. Representative mid-infrared spectra of a 
natural emerald, a “traditional” hydrothermal syn- 
thetic emerald, a flux synthetic emerald, and one of 
the new Russian hydrothermal synthetic emeralds 
are shown here for comparison. Note that the spec- 
trum of the Russian hydrothermal synthetic is 
more like that of the natural emerald than like that 
of either the typical hydrothermal synthetic or the 
flux synthetic. 
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Figure 9. (A) The fine structure of their spectra around 2300 cm! (mid-infrared) reveals marked differences 
between natural emerald (green curve) and the Russian hydrothermal synthetic emeralds tested for this 

study (blue curve). (B) In the region around 4200 cnr!, these synthetics display one of the features reported 
by Stockton (1987) for other Russian hydrothermal synthetics, at 4052 cm:!. Such a shoulder has not been 


seen in natural emeralds. 


There are, however, some dramatic differences 
in the near-infrared spectra of these Russian (manu- 
factured by Tairus) synthetic emeralds as compared 
to those of natural stones. The synthetic emeralds 
produced two broad absorptions in the extraordi- 
nary-ray spectrum (figure 10A), one centered around 
1500 nm and the other at about 900 nm, and one in 
the ordinary-ray spectrum (figure 10B) at about 1180 
nm; none of these features has been reported in nat- 
ural emeralds. 


Thus, in both the mid- and near-infrared, even 
for unoriented spectra, these Russian hydrothermal 
synthetic emeralds display diagnostic features that 
distinguish them from all natural emeralds. 


Ultraviolet-Visible Spectroscopy. The UV-Vis 
absorption spectra of all eight Russian hydrother- 
mal synthetic emeralds studied showed compara- 
ble features, which are similar to those published 
by Schmetzer (1988) for Russian hydrothermal syn- 


Figure 10. These near-infrared extraordinary-ray (A) and ordinary-ray (B) spectra of a natural emerald (green 
curve) and a sample new Russian hydrothermal synthetic emerald (blue curve) show that both contain 
small amounts of type II water, which was once believed to occur only in natural emeralds. Note, however, 
the broad absorption peaks in the synthetic that are not seen in the natural stone. 
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thetic emeralds. The green color is due to a trans- 
mission window around 500 nm, surrounded by 
two broad absorptions centered at about 435 and 
600 nm. These measurements are in partial dis- 
agreement with handheld spectroscope observa- 
tions. For example, the lines observed at 632 and 
652 nm with the spectroscope are probably those 
noted at 637 and 661 nm with the spectrometer. 


Chemical Analysis. EDXRF. Four of the synthetic 
emeralds were selected for EDXRF analysis. Only 
some of the elements present in emerald are 
detectable by X-ray fluorescence; oxygen, hydrogen, 
and beryllium are not. In addition to aluminum 
and silicon, a minor amount of iron and traces of 
chromium, potassium, calcium, titanium, nickel, 
and copper were detected in the four faceted stones. 
Unlike some other (non-Russian) hydrothermal 
synthetic emeralds (see, e.g., Hanni and Kiefert, 
1994), our samples did not show any chlorine. 


SEM-EDS. In an effort to identify the minute white 
and red-brown particles in these synthetic emer- 
alds, we submitted three samples to SEM-EDS 
analysis. Only one white-appearing inclusion, in a 
0.20 ct sample, reached the surface. Within this 
inclusion, we found a micron-sized calcium- and 
sulfur-bearing grain—possibly synthetic gypsum. 
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Traces of sodium, potassium, titanium, iron, and 
chlorine—found in the dark pit on the emerald’s 
surface—may be the evaporated residue of the 
hydrothermal solution in which the emerald grew, 
or may represent residue from the polishing com- 
pound. 


CONCLUSION 


These eight Russian synthetic emeralds represent a 
new type of hydrothermal product. Their standard 
gemological properties, such as R.I. and S.G., over- 
lap those of both natural and other hydrothermal 
synthetic emeralds. However, microscopy and 
spectroscopy provide information useful for gemo- 
logical identification. 

Although the roiled, chevron-shaped growth 
zoning that is generally considered to be character- 
istic of Russian synthetic beryls was absent in this 
new product, other internal characteristics, if pre- 
sent, would readily identify this material as syn- 
thetic. In particular, the tiny red-brown particles (of 
undetermined nature) observed in all eight faceted 
ovals have not been previously noted in natural 
emeralds or in the “traditional” Russian hydrother- 
mal product. In the absence of such particles, 
advanced testing by such techniques as infrared 
spectroscopy or EDXRF analysis may be needed to 
identify this material conclusively as a synthetic. 
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GROWTH METHOD AND GROWTH-RELATED 
PROPERTIES OF A NEW TYPE OF RUSSIAN 
HYDROTHERMAL SYNTHETIC EMERALD 


By Karl Schmetzer 


A new type of Russian hydrothermal synthetic emerald is produced by 
seeded growth in steel autoclaves without noble-metal inserts; the seed 
slices have been cut parallel to a face of the second-order hexagonal 
dipyramid s {1121}. This seed orientation avoids the easily recognizable 
Srowth pattern seen in earlier Russian production. However, character- 
istic growth planes of a different nature—that is, parallel tos and form- 
ing a 45° angle with the optic axis—are present in the new material. 


Hydrothermally grown synthetic emeralds from 
Russia have been discussed in the gemological lit- 
erature since 1983. Gemological, chemical, and 
spectroscopic properties of these synthetic emer- 
alds were comprehensively described by Schmetzer 
in 1988. Production methods were also detailed. 
The most noteworthy features of this older manu- 
factured material are: 


e Normal chromium, high iron, and (unlike 
other synthetic or natural emeralds) measur- 
able amounts of nickel and copper. 

e Absorption bands of Cr3+, Fe3+, Ni3+, and Cu2+ 
in the visible and near-infrared, with chromi- 
um and nickel as dominant color-causing trace 
elements. 
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¢ Absorption bands of type I and type II water 
molecules in the infrared. 

¢ Series of parallel growth lines with a step-like 
microstructure, which are occasionally con- 
nected to color zoning (figure 1), revealing an 
inclination of 30°32’ vis a vis the optic axis of 
the samples. 

Details of the production technique explain 
why these properties were unique for commercially 
produced synthetic emerald. Specifically, seed 
slices oriented parallel to a second-order hexagonal 
dipyramid (5 5 10 6) or its symmetric equivalent 
are placed in steel autoclaves without noble-metal 
inserts. With this seed orientation (for that of other 
commercial producers, see Kiefert and Schmetzer, 
1991), extremely fast growth can be obtained 
(Klyakhin et al., 1981; Lebedev and Askhabov, 
1984; Lebedev et al., 1986). 

The crystal form {5 5 10 6} has not been 
observed in natural beryl {see Goldschmidt, 1897), 
because crystal faces generally correspond to the 
directions of slow growth. As a consequence of the 
rapid growth of the early Russian hydrothermal 
synthetics, however, a distinct step-like micro- 
structure is produced parallel to the seed surface, 
and subindividuals of synthetic emerald are found 
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FALL, 1945 245 


Photo by Dr. Gitbelin 


Figure 11 
Augite (?) crystals 
arranged in a circle 

as inclusions in a 
red garnet. 50. 


Photo by Dr. Gibelin 


Figure 12 
Augite (?). erystals 
forming a circle in 
an almandite. 50”. 


Figure 1. The earlier production of Russian 
hydrothermal synthetic emerald shows step-like 
growth lines and color zoning, as well as irregu- 
larly changing subgrain boundaries between 
subindividuals that are almost perpendicular to 
the color zoning. Crossed polarizers, immersion, 
magnified 45x. 


with a preferred orientation oblique to the seed 
plate (figure 1). The boundaries between these 
subindividuals are characterized by angular growth 
patterns (figure 2), which are also easily recogniz- 
able with a microscope. 

Because of these characteristic growth features, 
such Russian hydrothermally grown synthetic 
emeralds can be distinguished easily from their 
natural counterparts by microscopic examination. 
Additional techniques, such as spectroscopy or X- 
ray fluorescence, are rarely necessary. 

An apparently new type of Russian hydrother- 
mally grown synthetic emerald was first men- 
tioned by Scarratt (1994) and is comprehensively 
described by Koivula et al. in this issue (1996). This 
new material does not show the distinct growth 
pattern of the previous material, although the 
gemological, spectroscopic, and chemical proper- 
ties were similar to that of the older type. This arti- 
cle describes the unusual growth pattern of this 
newer material and suggests the changes in growth 
technique that have caused it. 


MATERIALS AND METHODS 


In November 1995, the author purchased eight 
“rough” samples of this new type of Russian syn- 
thetic emerald in Bangkok, where they were offered 
as a new type of internally “clean” synthetic emer- 
ald. All samples were fragments or slices of what 
were originally larger synthetic emerald crystals. 
Two contained residual portions of colorless (figure 
3) or slightly greenish seeds. One of the samples 
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Figure 2. Also in the earlier production of 
Russian hydrothermal emerald, boundaries 
between subindividuals appear as an angular 
growth pattern. Immersion, magnified 45x. 


had small external crystal faces, which were identi- 
fied as prisms {1010} and {1120} in combination 
with a face of the hexagonal dipyramid s {1121}. 

Four additional faceted samples were made 
available by colleagues from GIA, part of the sample 
described in Koivula et al. (1996). Because the gemo- 
logical properties of the eight rough samples were 
consistent with the material described in the Koivula 
et al. article, the reader is referred to that comprehen- 
sive description for additional information. 

The internal growth structures of these sam- 
ples were characterized by means of a Schneider 
horizontal (immersion) microscope with a specially 
designed sample holder and with specially designed 


Figure 3. In this sample of the new type of 
Russian hydrothermal emerald, we can see a 
colorless seed plate and growth zoning parallel 
to the seed/synthetic emerald boundary at a 45° 
angle to the c-axis. Crossed polarizers, immer- 
sion, magnified 16x. 
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Figure 4. A pattern of growth planes parallel to 
the hexagonal dipyramid s can be seen inter- 
secting the c-axis at an angle of 45° in this new 
type of Russian hydrothermal emerald. 
Immersion, magnified 25x. 


{to measure angles) eyepieces. For more on the 
techniques used to determine growth structures, 
refer to Box A of Peretti et al. (1995, p. 8). 


RESULTS 


Energy-dispersive X-ray fluorescence (EDXRF) anal- 
ysis and absorption spectroscopy revealed the pres- 
ence of chromium, iron, nickel, and copper as trace 
elements, which is consistent with known data on 
the earlier material; the infrared spectra were also 
similar to those seen for the earlier product (see, 
e.g., Schmetzer, 1988]. All of these properties indi- 
cate that the new material is still produced by seed- 
ed growth in steel autoclaves without noble-metal 
liners. That is, the copper and nickel (and high iron) 
originate at least partly from the walls of the auto- 
clave, and would not be evident if a noble-metal 
liner (a more expensive technique) were used. 

The two samples that retained seed residue 
revealed distinct growth zoning consisting of one 
series of planar growth faces parallel to the 
seed/synthetic emerald boundary (figure 3). All 
other rough and faceted samples showed a similar 
series of parallel growth planes (figure 4). In all 12 
samples examined, these dominant growth pat- 
terns formed an approximately 45° angle with the 
optic axes of the emerald crystals. These measure- 
ments indicate an orientation of the seeds parallel 
to a face of the second-order hexagonal dipyramid s 
{1121}. In addition to the distinctive growth pattern 
parallel to s, the rough sample with prism faces 
showed small areas with subordinate growth zon- 
ing parallel to both prisms {1010} and {1120}. One 
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faceted sample had growth zoning parallel to one 
prism face in a small growth area, too. These two 
samples probably came from the growth area of a 
synthetic crystal that was confined to the upper or 
lower end of the respective seed. No growth pattern 
similar to that of the older material was observed. 

Hydrothermally grown synthetic emeralds of 
other producers, in general, also reveal only one 
dominant orientation of growth planes relative to 
the respective seed, the angles of which are sum- 
marized in table 1. Note the significantly greater 
angle for the new Russian material. By comparison, 
natural emeralds typically show more than one ori- 
entation of growth planes, and they are different 
from those seen in these hydrothermal synthetics. 
In particular, s faces in natural emeralds will nor- 
mally occur in combination with prism faces, with 
a basal pinacoid, and with other hexagonal dipyra- 
mids, but not as a single and dominant growth 
plane (see Kiefert and Schmetzer, 1991). 


DISCUSSION 


Experiments with hydrothermal emerald synthesis 
have shown that growth rates perpendicular to s 
{1121} are somewhat slower than growth rates per- 
pendicular to (5 5 10 6}. By using seed slices cut par- 
allel to s, however, good growth rates can still be 
obtained (Klyakhin et al., 1981; Lebedev and 
Askhabov, 1984; see also Flanigen, 1971; Flanigen 
and Mumbach, 1971), and the resulting material 
lacks the easily recognizable growth pattern of the 
older material. 


TABLE 1. Orientation of seeds and dominant growth 
planes in hydrothermally grown synthetic emeralds.@ 


Producer or Inclination of seed and/or growth planes 


trade name versus the optic axis 
Linde 36°-38° 
Regency 38° 
Lechleitner 32°-40° 
Biron 22°-23° 
Pool 22°-24° 
AGEE 19°-21° 
Swarovski o° 
Russian (old) 30°-32° 
43°-47° 


Russian (new) 
"From Kiefert and Schmetzer, 1991, and author's files (based on examina- 
tion of at least 10 samples for each product). Note that each producer nor- 
maily used only one specific orientation. Even hydrothermal synthetic 
emeralds distributed under different names (e.g., Linde and Regency) can 
be shown from the orientation of their seeds, vis a vis the c-axis of the 
beryl crystals, to be products of the same manufacturing technique. 
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The recognition of one dominant growth pat- 
tern parallel to s in an emerald of doubtful origin is 
of diagnostic value as an indication that it may be 
synthetic. Further diagnostic techniques (e.g., 
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Notes & New Techniques 


absorption spectroscopy and/or EDXRF) should be 
used to confirm or disprove such a preliminary 
result. This is due to the possible presence of s 
faces in natural emerald. 
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A Notable Yellow Synthetic 
DIAMOND from Russia 


At one of the trade shows in the Far 
East last fall, a diamond dealer and 
manufacturer showed a tray of about 
two dozen small, yellow, faceted syn- 
thetic diamonds with a sign suggest- 
ing that every gemologist should buy 
one for reference. The 0.23 ct yellow 
round brilliant shown in figure 1 was 
obtained at that show and examined in 
both the East and West Coast labs. 
The dealer offering these synthetics 
said that they were grown in Russia, 
and we found that the properties of 
this sample were consistent with 
those reported previously for such 
material (see, e.g., the comprehensive 
article on Russian synthetic diamonds 
by J. E. Shigley et al., Gems #@ Gem- 
ology, Winter 1993, pp. 228-248). 
However, this stone differs a little 
from other Russian synthetic dia- 
monds reported in the literature with 
regard to the graining and color zoning. 

Note in particular the geometric 
arrangement of the brown graining 
illustrated in figure 2. This series of 
concentric squares bears some simi- 
larity to the phantom graining some- 
times seen through the table of a “4- 
point” natural diamond—that is, one 
made by sawing a regular octahedron 
along the cubic direction into two 
parts, each of which is then polished. 
In this instance, however, the pattern 
is seen when the sample is viewed 
from an oblique profile, a position in 
which a “4-point” diamond would 
show intersecting octahedral planes. 
Furthermore, when the synthetic dia- 
mond was turned 90° in profile view 
(figure 3), we saw an array of concen- 
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tric angles (perhaps corners) connect- 
ed by a thick swath of brown color, 
with a second group of angles slightly 
offset from the first. Such a pattern is 
unlike anything we have seen in a 
natural diamond. 


Figure 1, This 0.23 ct round bril- 
liant synthetic diamond, report- 
edly from Russia, was purchased 
at a trade show in the Far East. 


Confirmation that these growth 
patterns are typical of those seen in 
synthetic diamond was found in the 
pattern of luminescence to long-wave 
ultraviolet radiation. Figure 4 shows 
a central square marking cubic sec- 
tors, with extensions from the four 
comers, along the dodecahedral sec- 
tors. A similar pattern was evident in 
the green luminescence to strong vis- 
ible light. This is another example of 
the importance of examining a stone 
thoroughly, from many angles, and 
testing for several properties before 
reaching a conclusion as to its identity. 
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EMERALD Earrings, 
One Natural and One Imitation 


Synthetic emerald is by far the most 
common substitute for natural emer- 
ald that we encounter in the labora- 
tory. This is not surprising, as both 
flux-grown and hydrothermally 
grown synthetic emeralds are readily 
available and aggressively marketed 
in the trade. However, we occasional- 
ly encounter a number of less sophis- 
ticated, if not less ingenious, simu- 
lants. These include dyed beryl 
(Winter 1981 Gem Trade Lab Notes, 
pp. 227-228), bezel-set colorless quartz 
with a green backing (Winter 1984 
Lab Notes, pp. 228-229), and synthet- 
ic spinel and glass triplets (Winter 
1986 Lab Notes, pp. 236-238). 
Recently, the West Coast labora- 
tory received a pair of yellow and white 
metal earrings for identification of 
the green emerald cuts (figure 5). The 
stone in the earring on the right in 
figure 5, which measured 8.30 x 7.80 
x 5.25 mm, had properties consistent 
with natural emerald: R.L, 1.575-1.582; 
birefringence, 0.007; uniaxial negative; 
inert to both long- and short-wave 
ultraviolet radiation (although under 
the long-wave UV lamp there was 
some yellow fluorescence from sur- 
face-reaching fractures); and two- and 
three-phase inclusions, as well as 
growth and color zoning. Magnifi- 
cation also revealed residue from 
clarity enhancement. This stone was, 
therefore, identified as a natural 
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emerald, with a note in the report's 
conclusion stating that evidence of 
clarity enhancement was present. 
The green emerald cut in the 
other earring (9.25 x 7.05 x 4.05 mm} 
was similar in color and transparen- 
cy. However, a refractive index taken 
on the crown produced readings of 
1.545-1.552. Examination with mag- 
nification revealed that the item was 
assembled, consisting of an essential- 
ly colorless crown and pavilion 
joined at the girdle plane by a green 
cement (figure 6). The crown looks 
green because of the reflection of the 
green cement, which is also refracted 
so that it appears as a green band in 


the pavilion. Because of the mount- 


ing, we could not identify the materi- 
al used for the pavilion; however, we 
did note that it contained a large par- 
tially healed fracture and two-phase 
inclusions (reminiscent of the inter- 
nal features found in beryl of peg- 
matitic origin}, On the basis of this 
examination, we identified this emer- 
ald cut as a triplet consisting of a 
rock crystal quartz crown joined by 
green cement to a pavilion of unde- 
termined identity. 

While it is possible that the pavil- 
ion was also quartz (quartz triplets, 


Figure 2. The brown graining in 
the synthetic diamond in figure 1 
marks the cubic growth sectors. 
When examined from an oblique 
profile view with diffused trans- 
mitted light, this graining forms a 
pattern of concentric squares that 
could be confused with the phan- 
tom graining seen in some natu- 
ral diamonds. Magnified 10x. 
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known as soudé [soldered] emeralds, 
were a popular emerald substitute in 
the early 1900s), our staff gemologists 
have also examined triplets that were 
constructed of quartz crowns/beryl 
pavilions and beryl crowns/quartz 
pavilions. We suspect that two differ- 
ent gem materials were not intention- 
ally used for such stones; rather, they 
were fabricated from readily available, 
relatively inexpensive parcels of rough 
that included both quartz and beryl. 

‘RCK and SFM 


GROSSULAR Garnet-Bearing Rock, 
Resembling Impregnated Jadeite 


We have reported before about rocks 
composed of garnet and other miner- 
als that at first glance resemble jadeite 
jade. Recent examples include: mas- 
sive grossular garnet (Winter 1991 Lab 
Notes, pp. 249-250], a feldspar-garnet 
snuff bottle (Spring 1994 Lab Notes, 
pp. 42-43), and grossular-diopside 
rock (Fall 1994 Lab Notes, p. 186). In 
August 1995, the West Coast labora- 
tory received for identification sever- 
al examples of another grossular gar- 
net-bearing rock that resembled 
jadeite jade in a new way. 

The material had the following 
gemological properties: color—mot- 
tled green and white, or a mottled 
green; optic character—aggregate; spot 
refractive index—1.73; fluorescence— 


Figure 3. From another angle, the 
graining seen in this synthetic 
diamond shows a pattern closer 
to what has been reported previ- 
ously in Russian synthetic dia- 
monds, and unlike anything one 
would see in a natural diamond. 
Magnified 30x. 
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Figure 4. When exposed to long- 
wave UV radiation, the synthetic 
diamond in figure 1 showed a 
fluorescence pattern typical of 
that seen in synthetic diamonds: 
a square with extensions from 
the four corners. 


inert to faint yellowish green to long- 
wave UV radiation, no fluorescence 
to short-wave UV; and weak 470 and 
600 nm bands seen with the hand- 
held spectroscope. $.G. could not be 
determined because all the pieces 
were mounted. As these properties 
were not sufficient to identify the 
material, we also took X-ray powder 
diffraction patterns. One indicated 
that the bulk of the material was 
grossular garnet. 

Magnification revealed why this 
material could be confused with 
jadeite jade: When observed with 
reflected light, the grossular stood out 
against the softer undercut areas of 
white to near-colorless material (fig- 
ure 7). At first glance, this texture 
could be confused with that of some 
polymer-impregnated jadeite jade, or 
some other plastic-filled rock where 
the softer plastic also undercuts (see, 
for instance, “Jadeite Jade: Bleached 
and Impregnated, with Distinctive 
Surface Features,” Winter 1994 Lab 
Notes, pp. 266-267). However, the 
softer material did not react to the 
thermal reaction tester (“hot point”). 

Again, X-ray powder diffraction 
analysis was used to identify the soft- 
er material as a member of the chlo- 
rite mineral group. Chlorite minerals 
are made up of silicate and metal 
hydroxide layers that are stacked in 
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Figure 5. The green emerald cut in 
the earring on the right was iden- 
tified as a natural emerald, while 
the emerald cut on the left was 
found to be a triplet consisting of 
a rock crystal quartz crown joined 
by green cement to a pavilion 
fashioned from an undetermined 
material. 


various ways. In many, they are 
orderly; in some, there is no long- 
term order in the stacking arrange- 
ments. The latter was the case for 


this material. Because energy-disper- 
sive X-ray fluorescence (EDXRF) 
analysis showed that the rock con- 
tained considerable magnesium, we 
suspect that the softer interstitial 
mineral is clinochlore, which is con- 
sistent with the X-ray powder diffrac- 
tion pattern of a chlorite mineral. 
ML] 


JADEITE JADE 


With Copper Inclusions 
In the Summer 1994 Lab Notes sec- 
tion (pp. 117-118), we described 
metallic inclusions (probably pyrite 
and pyrrhotite) in an unusually 
translucent jadeite cabochon. Last 
spring, we saw metallic inclusions in 
jadeite that had a different appearance. 
A necklace of 72 translucent-to- 
opaque, mottled green-and-white 
beads was submitted to the West 
Coast lab for identification. To the 
best of our client’s knowledge, this 
material was some sort of Central 
American jade. Tests on one bead 
revealed the following gemological 
properties: R..—1.66 {spot}; an aggre- 
gate structure; inert to long- and 
short-wave UV; and a typical natural- 


Figure 6. Magnification clearly reveals the separation plane at the gir- 
dle of the earring-set assembled stone shown on the left in figure 5. 
The green band in the pavilion is a reflection of the green cement at 


the girdle. Magnified 12x. 
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color jadeite spectrum seen with the 
handheld spectroscope [437 nm line 
plus three “chromium” lines, at 630, 
655, and 690 nm). 

To further characterize this mate- 
rial, we ran an X-ray powder diffrac- 
tion pattern. This matched that of our 
standard jadeite reference pattern. 
Furthermore, we did not see any poly- 
mer peaks with Fourier-transform 
infrared (FTIR) spectroscopy. 

Figure 8 shows the most inter- 
esting feature of this material: bright 
brownish orange metallic flakes visi- 
ble with magnification in some of the 
beads. X-ray powder diffraction con- 
firmed that these flakes were elemen- 
tal copper. We also saw a dark green 
fibrous mineral (figure 9), possibly an 
amphibole, in some beads. Amphi- 
boles (e.g., glaucophane, actinolite} 
are typically associated with jadeite 
in high-pressure, low-temperature 
rocks |see, e.g., the jadeite chapter in 
W. A. Deer et al., Rock-Forming 
Minerals: Volume 2A, Single-Chain 
Silicates, John Wiley and Sons, New 
York, 1978}, and pyrite-rich jadeite has 
been described from Guatemala (e.g., 
D. Hargett, “Jadeite from Guatemala: 
A Contemporary View,” Gems & 
Gemology, Summer 1990, pp. 
134-141), However, we have been 
unable to find any previous mention 
of copper as an inclusion in jadeite. 

ML] 


With “Reconstructed” Area 
Periodically, laboratory examination 
of an item submitted for identifica- 
tion reveals areas that were damaged 
and then subsequently repaired. In 
most instances, a portion of a gem- 
stone has been broken off and then 
reattached with cement [as illustrat- 
ed by the repaired chalcedony cameo 
described in the Fall 1982 Lab Notes, 
p. 169); in some cases, it is repaired 
with a different material (see Fall 1992 
Lab Notes, pp. 193-194). We have also 
seen mineral specimens with crystals 
that had been broken and then 
reassembled. One of the more unusual 
repaired gems was a baroque pearl 
with a hole that was plugged with a 
small natural pearl (Summer 1990 Lab 
Notes, pp. 155-156). 
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Figure 7. The uneven surface of 
this polished cabochon of 
grossular garnet-rich rock resem- 
bles the surface of some pieces of 
jadeite jade that have been 
etched and polymer-impregnat- 
ed. However, the undercut area 
in this case is a chlorite-group 
mineral, probably clinochlore. 
Magnified 16x. 


Last summer, the West Coast 
lab was asked to identify a pierced 
carving made from a translucent 
material that was mottled white, 
green, and yellowish brown (figure 
10). Standard gemological testing— 
including a spot R.I. of 1.66 and a 437 
nm absorption line—showed that the 
carving consisted of jadeite jade. 
Other features seen in its spectrum 
(fine “chromium” lines in the red) 
proved that the green color was natu- 
ral. During our examination with a 
binocular microscope, we noted that 
an area on the top had been repaired. 
However, not only had a broken 
piece of the original carving been re- 
attached, but a translucent materi- 
al—probably a polymer-like sub- 
stance—was also used to fashion a 
replacement for the rest of the bro- 
ken portion (figure 11). We hypothe- 
sized that the damaged surface was 
first “built up” with some form of 
cement or plastic, and then fashioned 
to imitate the missing part. 

On the basis of this examina- 
tion, we identified the carving as 
jadeite jade, with the green areas 
being of natural color. A note to the 
report’s conclusion stated that the 
carving had been repaired and men- 
tioned that there was evidence of lus- 
ter enhancement (also discovered 
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Figure 8. These metallic brown- 
ish orange flakes were seen ina 
bead of jadeite jade that was 
reportedly from Central America. 
They proved to be copper. 
Magnified 15x. 


during the examination and probably 
paraffin, which is commonly used for 
that purpose). RCK and SFM 


PEARLS 


Abalone 


In the past, both the West and East 
Coast labs have seen several natural 
abalone pearls shaped like sharks’ 
teeth. When one particularly fine 
example arrived at the West Coast 
lab for identification recently, we 
decided to report on this recurring 
phenomenon. 

This roughly triangular pearl 
(39.40 mm long x 26.78 mm wide x 
12.00 mm thick) displayed a striking 
combination of body color and orient 
(iridescence) in green, blue, and pur- 
ple hues (figure 12). Similar types of 
pearls frequently have a concave base 
bordered by a dark horny seam, and 
are well illustrated in the literature 
(e.g., Shohei Shirai, Pearls and Pearl 
Oysters of the World, Marine Planning 
Company, Okinawa, Japan, 1994, p. 
92). An X-radiograph (figure 13) 
revealed the characteristic large hol- 
low center, with roughly the same 
outline as the pearl, surrounded by 
several layers of nacre (which is less 
transparent to X-rays). 

Abalone pearls are rarely spheri- 
cal. The various shapes and colors 
depend on where they grow in the 
univalve mollusk. Tooth-shaped 
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Figure 9. A dark green fibrous min- 
eral, possibly an amphibole, was 
seen included in this jadeite bead 
from the same necklace as the 
bead in figure 8. Magnified 15x. 


pearls grow next to the shell in the 
horn-like gonad of the abalone (P. V. 
Fankboner, “Abalone Pearls: Natural 
and Cultured,” Canadian Gemmolo- 
gist, Vol. 16, No. 1, 1995, p. 4}. 

The growing popularity of the 
abalone pearl’s magnificent irides- 
cent hues has led to the appearance 
of several abalone pearl—culturing 
farms along the American West 
Coast, from Canada to southern 
California, as well as in several other 
locations outside North America 
(see, for example, the “Cultured 
Abalone Pearls” entry in the Gem 
News section of this issue}. CYW 


Partially Coated to 
Conceal Old Drill Holes 


Although natural pearls are rarely 
subjected to other than traditional 
processing, we have seen some 
notable exceptions. Among these are 
the pearls contained in four strands 
examined by the West Coast lab in 
1995, Many of these pearls had been 
partially coated to conceal old drill 
holes. The location and shape of 
these drill holes (near the perimeter, 
not through the center, of the pearl) 
indicated that they were probably 
once used to attach the pearls to fab- 
ric, After the old holes were filled, 
the pearls were redrilled through the 
center for stringing on a necklace. 
Under normal viewing condi- 
tions, the old drill holes were cleverly 
disguised by the soft coating, which 
had a “pearly” luster and closely 
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Figure 10. An area on the top of this (10.41 cm high) jadeite carving has 
been repaired with what appears to be a polymer-like substance. 


matched the off-white color of the 
pearls (figure 14). These drill holes 
were so well camouflaged that they 
could have been easily missed had 
the pearls not been X-rayed or closely 
examined with magnification. 

To determine the composition of 
the coating, we subjected it to X-ray 
powder diffraction analysis. However, 
the results were too vague for conclu- 
sive identification, CYW 
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PERICLASE, Possible Confusion 
with Grossular Garnet 


A 5.49 ct transparent near-colorless 
emerald cut prompted several ques- 
tions at the West Coast lab last sum- 
mer. Gemological properties were: 
R.L—1.738; $.G.—3.59; optic charac- 
ter—singly refractive (with slight 
anomalous double refraction, seen as 
first-order gray strain colors in the 
polarized light); no fluorescence to 
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Figure 11. Magnification revealed 
not only that a piece at the top of 
the jadeite carving shown in fig- 
ure 10 had been glued back on, 
but also that an adjacent area 
had been “reconstructed” with a 
polymer-like substance. 
Magnified 10x. 


long-wave, but weak yellow to short- 
wave, UV radiation; and no absorp- 
tion features seen with the handheld 
spectroscope. With magnification, we 
noted a slight cloudiness throughout 
the stone, which showed graining in 
a cubic growth pattern when viewed 
through the pavilion. The surface of 
the stone had a poor polish, with pit- 
ting visible at higher magnification. 
One gem material that has these 
properties is near-colorless grossular 
garnet, which is known to occur, for 
instance, in East Africa and in 
Asbestos, Quebec, Canada. For direct 
comparison with the unknown mate- 
rial, we examined four colorless 
grossulars from these two localities. 
The gemological properties of the 
unknown stone were not significant- 
ly different from the ranges of these 
garnets: R.I.—1.736-1.738; S.G.— 
3.59-3.66; optic character—singly 
refractive, with slight anomalous 
double refraction; and no distinct 
absorption features seen with the 
handheld spectroscope. With magni- 
fication, we saw crystalline inclu- 
sions in two of the grossulars, but 
two were “clean.” One slight differ- 
ence we noted between the compari- 
son garnets and the unknown sample 
was that the grossular comparison 
stones showed faint orange fluores- 
cence to long-wave UV radiation and 
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Figure 12. Abalone pearls are 
noted for their striking irides- 
cence. This 45.53 ct (182.12 
grains) shark-tooth-shaped 
abalone pearl is typical of many 
that have been seen in the lab. 


weak orangy yellow fluorescence (or 
were inert} to short-wave UV. 

However, one staff member 
sensed that the inclusions and surface 
polish of the unknown did not “seem 
right” for grossular garnet. This was 
confirmed by EDXRF spectrometry 
(which revealed a high Mg content, 
less Fe, and possible traces of Ca, Cr, 
Mn, and Ni} and an X-ray powder 
diffraction pattern which matched that 
of periclase (MgO). We could not, 
though, establish definitively whether 
the specimen was natural or synthetic. 
The trace-element contents do not 
necessarily imply natural origin, since 
the source material for synthetic peri- 
clase is natural magnesite (see G. 
Brown, “Australian Synthetic Periclase,” 
Australian Gemmologist, November 
1993, pp. 265-269), which has these 
same trace elements. In addition, al- 
though natural periclase usually occurs 
in small gray nodules, we could not dis- 
count the possibility that fine crystals 
had been found and not yet reported. 

In his description of facetable 
near-colorless synthetic periclase (see 
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Figure 13. An X-radiograph of the 
pearl seen in figure 12 reveals the 
large hollow center characteristic 
of natural abalone pearls, sur- 
rounded by several layers of 
nacre, which is less transparent 
to X-rays. 


article cited above), G. Brown noted 
that much periclase tends to react 
with the atmosphere to form a surface 
coating of brucite, Mg{OH)», or similar 
phases. This probably accounted for 
the pitted surface in the sample we 
examined. A freshly polished periclase 
might be easily confused with (near- 
colorless} grossular garnet, since the 
properties are so close and can overlap. 
A cause for still greater concern is the 
green synthetic periclase (colored by 
chromium} described by H. Bank 
(“Griiner schleifwiirdiger synthetisch- 
er Periklas,” Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 
29, No. 1/2, pp. 88-89), which could be 
confused with green garnets. 

ML], SFM, and Dino DeGhionno 


Imitation RUBY 

Dyed Quartz 

A necklace that superficially appeared 
to be composed of ruby beads (figure 
15) was submitted to the East Coast 
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laboratory for identification. Exposure 
of the beads to long-wave UV radia- 
tion revealed the unnatural orangy 
red color of a fluorescent dye (figure 
16). With that observation and rou- 
tine gemological testing, which 
revealed a 1.54 R.L., it was easy to 
determine that we were dealing with 
dyed, quench-crackled quartz. 

GRC 


Ruby/Ruby Doublet 
We seldom see doublets consisting of 
two sections of natural ruby [called 
“genuine” or “true” doublets by vari- 
ous authors). One such ruby/ruby 
doublet was reported in the Spring 
1987 Lab Notes section (pp. 47-48). 
Only now, more than eight years 
later, has the East Coast lab received 
another such stone. Routine gemo- 
logical testing established that both 
parts were indeed natural ruby. 

Because the separation plane 
{figure 17) was below the girdle, the 
fact that the stone was assembled 
could be easily disguised when it 
was mounted, particularly if it was 
bezel set. This stone weighed pre- 
cisely 1.00 ct, which illustrates a 
point made in the 1987 lab note: If 
the deception is successful, the per- 
petrator stands to profit handsomely, 
since natural rubies of one carat or 
more bring a premium price. 

GRC and TM 


Figure 14. To help conceal an old 
drill hole, this pearl was partial- 
ly coated with an off-white 
material that has a “pearly” lus- 
ter. Magnified 16x. 
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Figure 15. The dyed quench- 
crackled quartz beads in this 
necklace (graduated from approx- 
imately 22.5 x 15 mm to 10x 6 
mm) superficially resemble ruby. 


SYNTHETIC RUBY, 
With Fanciful Polishing Marks 


In September 1995, an easily identi- 
fied material nevertheless provided 
the West Coast Gem Trade Labor- 
atory with a certain amount of quiet 
satisfaction, and a small difference in 
artistic opinion. The material was 
purplish red, 5.30 ct, and revealed 
obvious internal clouds (most likely 
decorated dislocations, but possibly 
fine gas bubbles) and gemological 
properties consistent with ruby. The 
table facet showed the crescent- 
shaped crazing that is frequently 
referred to as rapid-polishing marks. 
In their book Gemology (2nd ed., 
Wiley Interscience, New York), 
authors C. S. Hurlbut and R. C. 
Kammerling noted that similar surface 
features are occasionally seen in old 
flame-fusion synthetics, the result of 
heat from polishing too rapidly. 
However, such marks are sometimes 
seen on natural rubies and sapphires as 
well. In the case of this piece, curved 
striae as well as the internal clouds 
proved it to be synthetic. Very likely it 
was an older Verneuil product, since 
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Figure 16. The dye in the beads 
shown in figure 15 fluoresced read- 
ily to long-wave UV radiation. 


modern polishing methods almost 
entirely eliminate such marks. 

The satisfaction, and the slight 
difference in opinion, resulted from 
viewing the table in two different ori- 
entations. One laboratory denizen 
immediately stated that her view 
through the microscope resembled a 
landscape painted in the manner of 
Chinese watercolors: The rapid-pol- 
ishing marks looked like mountain 
tops, and the internal clouds resem- 
bled fog (figure 18). However, another 
resident gemologist, looking at the 


Figure 17. This profile view 
shows the separation plane of a 
ruby/ruby doublet. Immersion, 
magnified 17x. 
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stone after it had been rotated 180", 
but with the table in the same plane, 
thought that the marks resembled a 
flock of birds in a cloudy sunset. 

ML] and RCK 


SAPPHIRE, 
With Rounded Facet Junctions 


There are instances where the condi- 
tion of a gem’s facet junctions can pro- 
vide useful information during exami- 
nation with magnification. Examples 
include the abraded facet junctions on 
some zircons and sapphires (both con- 
sidered to be the result of increased 
brittleness caused by heat treatment), 
the dark color outlining facet junc- 
tions on diffusion-treated corundums 
(seen with diffuse illumination) and 
the exceptionally sharp facet junctions 
of diamond (which are helpful in dis- 
tinguishing diamond from its softer 
imitations—such as CZ). Rounded 
facet junctions are also seen on glass 
and plastic imitations of gems that 
have been “fashioned” by molding 
rather than cutting on a lap. 
Occasionally, we see this feature on 
natural gems, usually on stones of fair- 
ly low hardness that appear to have 
been polished by inappropriate tech- 
niques (e.g., too much pressure was 
applied while the stone was being pol- 


Figure 18. The rapid-polishing 
marks and included clouds 
resemble a landscape of moun- 
tains and fog in this view of a 
5.30 ct synthetic ruby. Viewed in 
another orientation (turn the page 
upside down), these features 
resemble a flock of birds at sun- 
set. Magnified 10x. 
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Photo by Dr. Giibelin 


Figure 13 


General view of 
enclosed microlites 
as is typical in 
Ceylon almandite. 
20%. 


Photo by Dr. Gitbelin 


Figure 14 
Liquid-filled tubes 
and microlites as 

inclusions in Ceylon 
almandite. 20x. 


ished on a fairly soft, flexible lap). This 
has also been noted on stones of mod- 
erate hardness, such as the tanzanite 
reported on page 176 of the Fall 1983 
Lab Notes section. 

In late spring 1995, the GIA 
Gem Trade Laboratory’s West Coast 
facility was asked to identify a 0.71 ct 
transparent purplish pink oval modi- 
fied brilliant. Traditional gem testing 
methods identified the stone as a 
pink sapphire. Although the inclu- 
sions—fine, short needles and trans- 
parent, birefringent crystals—were 
ambiguous, trace-element analysis 
showed that the stone was natural. 
What struck us as highly unusual 
during the microscopic examination 
was the condition of the facet junc- 
tions, which were very rounded (fig- 
ure 19). As noted in the above-refer- 
enced entry, this may have resulted 
from an inappropriate polishing 
method (such as polishing with dia- 


Figure 19. It is very unusual to see 
rounded facet junctions—like 
those evident on this 0,71 ct pur- 
plish pink natural sapphire—on 
corundum gems. Magnified 40x. 


mond grit on a soft lap), or it could 
have occurred if the stone was repol- 
ished with a buff normally used for 
polishing cabochons rather than a 
faceting lap. RCK 


Green SYNTHETIC SAPPHIRE 


In the Spring 1995 Lab Notes section 
(pp. 57-58}, we described a green syn- 
thetic star sapphire that was exam- 
ined in the West Coast lab. As noted 
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Figure 20. The origin of this 5.90 ct synthetic sapphire, shown here with 
a 116.71 ct boule of green synthetic sapphire, was determined on the 
basis of its absorption spectrum and inclusions. 


in that entry, green star sapphires— 
natural or synthetic—are not com- 
monly encountered in the gem trade. 
However, another green gem (not 
asteriated) with the properties of 
corundum was received for examina- 
tion in the West Coast lab late last 
summer. 

This 5.90 ct transparent green 
cushion mixed cut (figure 20) had R.L. 
values of 1.762-1.770, a birefringence 
of 0.008, and an S.G. (determined 
hydrostatically) of 4.00; a uniaxial 
interference figure was noted 
between crossed polarizers; and the 
item was inert to both long- and 
short-wave UV radiation. All of these 
properties are consistent with a sap- 
phire, either natural or synthetic. 
However, with a desk-model spectro- 
scope we noted the following: a cut- 
off at about 410 nm, weaker general 
absorption from 440 to 470 nm, and a 
diffused band at about 640-680 nm. 
This last feature is similar to, but 
broader than, the one absorption fea- 
ture we noted in the synthetic star 
sapphire mentioned above, and the 
diffused band in the 400 nm range is 
quite different from the “iron series” 
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in the 450-470 nm range typical of 
natural green sapphires. Examination 
with magnification revealed curved 
color zones that contained clouds of 
gas bubbles, confirming that this was 
a synthetic. The curved growth was 
most clearly resolved when the gem 
was examined while it was immersed 
in methylene iodide. 

EDXRF analysis revealed only 
aluminum, an essential component 
of corundum {Al,O3), and cobalt. As 
with the previously examined green 
synthetic star sapphire and with 
commercially available nonphenom- 
enal green synthetic sapphires manu- 
factured in Switzerland, we believe 
that Co4* is the sole cause of color in 
this specimen. RCK 


PHOTO CREDITS 

Nicholas DelRe supplied the pictures used in tig- 
ures 1-4 and 15-17. Shane McClure provided 
figures 5-7, 10-12, 14, and 19. The photomicro- 
graphs in figures 8, 9, and 18 were taken by John 
|. Koivula. Maha DeMaggio provided figure 20. 
The X-radiograph in figure 13 is by Cheryl Y. 
Wentzell. 
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TUCSON ‘96 


The annual February series of shows held in Tucson, 
Arizona, has become such an industry institution that it 
almost requires no introduction. The many Tucson 
exhibitors represent four distinct approaches to natural 
products, from unprocessed minerals through finished 
jewelry: fashioned stones {including diamonds and col- 
ored stones of every description) and ornamental materi- 
als; findings and jewelry supplies {including beads}; fin- 
ished pieces (mostly jewelry, but also carvings and other 
objets d'art); and items for collectors (such as mineral 
and fossil specimens]. This year, the editors and con- 
tributing editors were helped by many people. Special 
thanks go to GIA’s Bill Boyajian, Brook Ellis, Debbie 
Hiss-Odell, D. Vincent Manson, Andrea McShane, and 
James E. Shigley, as well as GeG’s technical editor Carol 
Stockton and GIA Gem Trade Laboratory’s Nick DelRe 
and Cheryl Wentzell. 


DIAMONDS 


Matrix diamond specimens from China and Russia. D. J. 
Parsons, Rapid City, South Dakota, had three approxi- 
mately 2 cm samples of eye-visible diamonds in matrix 
from Mengyin, Shandong Province, China. Several dealers 
had Russian diamond-in-matrix specimens, some with 
exact localities such as the Udachnaya kimberlite pipe. 


Synthetic diamonds are in the marketplace. The Morion 
Company, Brighton, Massachusetts, had synthetic dia- 
mond crystals on display and for sale. One of the editors 
(MLJ) looked at three crystals at their booth: The crystals 
were yellow octahedra with one truncated pyramidal cor- 
ner. Gray to somewhat blue color zoning was eye-visible 
in the center of each crystal. A Morion representative 
reported that these crystals are produced in a factory out- 
side of Moscow, at a rate of 15-20 carats per month. 
Prices ranged from $265 per carat (for half-carat crystals) 
to $1,750 per carat for 2.29 ct crystals, according to a 
price list Morion handed out at the show. 
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Another firm, Pinky Trading of Los Angeles, 
California, also had about 10 faceted Russian synthetic 
diamonds for sale at Tucson. These samples appeared to 
be similar to the synthetic diamonds manufactured in 
Novosibirsk and reported on by Shigley et al. (Gems & 
Gemology, Winter 1993, pp. 228-248). 


Synthetic moissanite as a diamond simulant. A “new” 
diamond simulant debuted at Tucson this year: 
Although not a new material, synthetic moissanite previ- 
ously had not been actively marketed as a diamond sub- 
stitute. Synthetic moissanite (silicon carbide, SiC) is 
probably more commonly known in its polycrystalline 
form—carborundum—which is used as an abrasive. 

Over the years, the GIA Gem Trade Laboratory has 
examined several faceted examples of synthetic moissan- 
ite that were submitted for identification. These sam- 
ples—all of which were green—were visually convincing 
as diamond simulants. Now, a company called C3 
Diamante of Raleigh, North Carolina, is preparing to 
market synthetic moissanite, not only the typical dark 
green color, but also pale green to pale brown. Although 
synthetic moissanite in these latter colors had been 
reported before, previous efforts to control the color (or 
even the growth) of facetable single crystals were unsuc- 
cessful (see, for instance, Kurt Nassau, Gems Made by 
Man, Chilton Book Co., Radnor, Pennsylvania, 1980). 
Representatives of C3 Diamante believe that they have 
overcome at least some of these problems and will be 
able to market this material later this year. 

We were not able to acquire any samples for testing 
purposes by press time. The more than a dozen faceted 
samples we saw at the show were for display only. 
However, we did briefly examine one faceted synthetic 
moissanite with a microscope. Although uniaxial, the 
stone was cut with the optic axis perpendicular to the 
table facet, so no doubling of back facets was observed 
when the sample was viewed table up. When we exam- 
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Figure 1. In fluorescent light (left), this 3.29 ct color-change pyrope-spessartine has the bluest color that we have 
yet seen in a garnet; it is shown in incandescent light on the right. Photos by Shane F. McClure. 


ined the stone through the girdle, doubling of the most dis- 
tant facets was seen. We will examine and report on this 
material in more depth when samples become available. 

Published properties for synthetic moissanite {Joel 
Arem, Encyclopedia of Gemstones, 2nd ed., Van Nostrand 
Reinhold, New York, 1987) are: crystal symmetry—hexag- 
onal, rarely cubic; refractive indices of ng = 2.65, ng = 2.69; 
hardness—9¥; birefringence—0.043; dispersion—about 
0.09; specific gravity—3.17 to 3.20; cleavage—none. 


COLORED STONES AND ORGANIC MATERIALS 


Color-change garnet. The Fall 1988 issue of Gems & 
Gemology (pp. 176-177) reported on four exceptional gar- 
nets from East Africa with a color change that 
approached that of fine Russian alexandrite. Color- 
change garnets of that quality have continued to be 
extremely rare. This year in Tucson the editors saw one 
such garnet (figure 1) at the booth of K & K International 
of Falls Church, Virginia. 

Gemological testing of this 3.29 ct stone showed 
properties consistent with those reported in 1988: a 
refractive index of 1.770 and an absorption spectrum (as 
seen in a Beck desk-model prism spectroscope} typical for 
color-change pyrope-spessartine garnets (see “A Proposed 
New Classification for Gem Quality Garnets,” by C. M. 
Stockton and D. V. Manson, Gems & Gemology, Winter 
1985, pp. 205-218). Energy dispersive X-ray fluorescence 
{EDXRF) analysis showed relatively high amounts of 
manganese and vanadium, and a comparatively small 
amount of chromium; these findings were also consis- 
tent with the stones previously examined. 

One important feature of this particular garnet did 
separate it from the ones reported earlier—its color, 
which changes from reddish purple {in incandescent 
light) to bluish green {in day or fluorescent light}. For 
many years, gemologists have searched for a truly blue 
garnet; still, blue is the only color in which garnets have 
not been found. We do (rarely) see color-change garnets 
that have a blue hue in day or fluorescent light, but—to 
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date—the blue has always been a secondary color, that is, 
modifying the predominantly green hue. The daylight 
color of this stone has more blue than we have yet seen 
in a garnet, using a standard gemological illuminant. 

A caution concerning this stone is warranted, espe- 
cially since we have already seen others like it. The color 
change of this garnet is so much like that of a fine 
alexandrite that visually they are virtually indistinguish- 
able. Of course, a simple test for double refraction or 
pleochroism would show that it is not an alexandrite, 
but we have seen garnets similar to this one traded as 
alexandrites in the past. As always, gemologists should 
remember never to rely on visual appearance—or any 
single test—to identify a stone. Identifying this stone as 
an alexandrite would be a costly mistake indeed. 


Heliodor from Tajikistan. Previous Gem News entries 
have reported on purple scapolite (Fall 1995, pp. 211-212) 
and red spinel (Fall 1995, p. 212) from Tajikistan. New at 
Tucson this year was yellow beryl—heliodor—from this 
nation. Mark Herschede, of Turmali & Herschede, 
Sanibel, Florida, loaned the editors five faceted examples 
and nine rough crystals for examination (see, e.g., figure 2). 

The faceted stones ranged from 6.80 to 14.39 ct. All 
were yellow, with even color distribution and very weak 
pleochroism in yellow to slightly darker yellow. The 
stones were uniaxial negative (R.L.’s of 1.571-1.575 [ng] 
and 1.578-1.581 [no]) with birefringences of 0.006-0.007. 
S.G.’s ranged from 2.69 to 2.72; the stone with the high- 
est refractive indices also had the highest $.G. We did not 
see any spectra with the handheld spectroscope; nor did 
any of the stones react to the (Chelsea) color filter. All 
were inert to long-wave UV radiation; one stone fluo- 
resced a faint, even greenish yellow to short-wave UV, 
but the others were inert. Among the inclusions were 
fine, wispy or small, liquid fingerprints; needles (for the 
most part running the length of the stone, with some in 
random orientation), straight and angular internal growth 
zoning, and pinpoints. Two-phase inclusions (figure 3} 


GEMS & GEMOLOGY Spring 1996 53 


Figure 2. These faceted stones and crystals of 
heliodor come from Tajikistan. The longest crystal 
is 50.75 mm (49.92 ct); the three faceted stones 
weigh (from left to right) 8.10, 11.76, and 10.083 ct. 
The cut stones were fashioned by David Brackna, of 
Germantown, Maryland. Photo by Maha DeMaggio. 


were seen in two of the stones. EDXRF spectroscopy 
revealed Al, Si, Mn, Fe, Zn, Ga, Cs, and Rb. 

The nine rough crystals weighed 9.70-49.92 ct; the 
largest measured 50.75 x 11.45 x 9.07 mm. These were 
singly or doubly terminated hexagonal prisms; each of the 
doubly terminated crystals had at least one severely 
etched termination. Faces observed were tentatively iden- 
tified as prisms (1010) and (2130); pinacoid (0001); and 
pyramids (1011) and (1121); overall, the crystals resembled 
examples from Mursinka, Ural Mountains, Russia, as 
illustrated in Goldschmidt’s Atlas der Kristallformen 
{originally published in 1913; reprinted by Rochester 
Mineral Symposium, Rochester, NY, 1986). In some cases, 


Figure 3. A two-phase (liquid and gas) inclusion is 
evident in this 6.80 ct faceted heliodor from 
Tajikistan. Length of inclusion, about 0.25 mm; 
photomicrograph by John I. Koivula. 
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the prism faces were also etched (figure 4), and some crys- 
tals showed conchoidal fracture surfaces. A white mica- 
ceous material was visible in etch pits on two samples, 
and one crystal contained a 3.5-mm-long dark greenish 
brown crystal with the morphology of tourmaline. 

Mr. Herschede and Rob Lavinsky (The Arkenstone, 
San Diego, California), who distributes mineral speci- 
mens from this region, provided some locality and pro- 
duction information. The heliodor mine, called Zelatoya 
Vada (approximate translation, “yellow water’) by its 
owners, is located near Lake Rangkul, east of the town of 
Murgab. Each pocket in this pegmatite produces a slight- 
ly different set of associated minerals. The matrix mate- 
rial is the clevelandite variety of albitic feldspar, and is 
similar to that from deposits in Pakistan. Other associat- 
ed minerals include: white and purple apatite, schorl, 
topaz, red-to-orange spessartine, quartz, and minerals 
tentatively identified as loellingite and stibiotantalite. 


Figure 4. Deep surface etching is evident on the 
prism face of a 9.74 ct heliodor crystal from 
Tajikistan. Field of view, about 5.5 mm; pho- 
tomicrograph by John I. Koivula. 


The Zelatoya Vada deposit was discovered in 1991; 
the first pocket produced a “minimal” amount of facet- 
grade rough and matrix mineral specimens. The peg- 
matite itself may be 3 to 5 km long; by the time of the 
Tucson shows, pockets first uncovered in 1994 had pro- 
duced about 30-40 kg of material. Mr. Herschede 
believes that his source will produce 4-10 kg per month 
as the operation grows. All mining is now done with 
hand tools and manual labor, and there are no plans to 
mechanize mining at such a remote and poorly accessi- 
ble location. 


“Leopard opal” from Mexico. Although the editors saw 
few genuinely new gem materials at Tucson this year, 
they discovered one while exploring the many gem-and- 
mineral-laden rooms at the Executive Inn: a black-and- 
white opal-bearing rock that has been tentatively named 
“leopard opal” by its distributor, gemologist-geologist 
Warren F. Boyd, of R. T. Boyd Ltd., Ontario, Canada, In its 
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best quality, “leopard opal” is a black vesicular basalt in 
which the vesicles are filled with white opal that shows 
green, red, blue, and yellow play-of color; when viewed as 
a whole, the stone appears to have black-and-white spots 
(hence the trade name}, with flashes of color that quickly 
change as the stone or the light source is moved. 

We obtained a 4.87 ct cabochon (figure 5) and a 
rough sample for gemological documentation. A spot R.L 
of 1.46, typical for opal, was the only reading that could 
be determined. Because the material can be somewhat 
porous, we did not attempt to test for specific gravity. 
The opal portions fluoresce bluish white, with a stronger 
reaction to long-wave than to short-wave UV. 

The material was found in the state of Hidalgo, in 
southern Mexico, according to Mr. Boyd. He could not 
give a more specific locality because the property is in 
the early stages of development. He did say, however, 
that reserves look very promising. One special feature of 
this material is that it can be cut in any size without 
having to make allowances for distribution of color or 
patches of matrix, as is the case for solid opal. “Leopard 
opal” can be used for beads and carvings as well as cali- 
bre-cut cabochons and other fashioned stones. 

An impressive 2 kg boulder of the basaltic rough was 
being used to prop open the door to Mr. Boyd’s room in 
the Executive Inn. However, because the discovery is so 
new, only a few cabochons were available. If the mining 
operation goes well, and if the size of the “door stop” is 
any indication, perhaps next year we will see a signifi- 
cant amount of “leopard opal” in Tucson. 


Cultured abalone pearls. Cultured abalone pearls, long 
rumored to be in production, have finally reached the 
market. (For a brief discussion of natural abalone pearls, 
see the Lab Notes section of this issue.) According to 
research by biologist P. V. Fankboner, of Simon Fraser 
University, Burnaby, British Columbia (Canada), the 
American red abalone (Haliotis rufescens) is the largest 


Figure 5. This 16-mm-long (4.87 ct) cabochon of 
“leopard opal” is from the state of Hidalgo, 
Mexico. Stone courtesy of Warren F. Boyd; photo 
by Maha DeMaggio, 


Gem News 


Figure 6. These abalone blister pearls (the buttons are 
about 2 cm in diameter) are from a culturing opera- 
tion in New Zealand that uses paua abalone shells 
like the one shown here. Photo by Robert Weldon. 


and most prolific producer of gem-quality cultured 
abalone pearls. However, cultured abalone pearls are 
being produced elsewhere as well; one of the newest 
localities is New Zealand. Liz and Michael McKenzie, 
directors of Empress Pearl of Christchurch, New 
Zealand, were at Tucson this year with their first produc- 
tion of cultured blister pearls from the paua abalone 
{Haliotis iris), which is being promoted by the 
McKenzies as the Empress abalone. Although the 
McKenzies did not have a booth, they did have several 
trays of cultured abalone blister pearls. These samples 
were mostly large (about 2 cm), round, high-luster blister 
pearls that had been fashioned into mabe-type pieces 
with a polished paua shell backing (figure 6; for more 
information on this type of cultured blister pearl, see the 
entry on an “Abalone ‘Mabe’ Pearl” in the Winter 1994 
Lab Notes section, p. 268). Since the paua abalone pro- 
duces the most iridescent nacre of all abalone, its pearls 
boast the most colorful orient. The hues range from 
shades of blue and green—normally associated with nat- 
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Figure 7. This 29.71 ct cushion-cut spessartine 
(“Mandarin” garnet) is from the vicinity of the 
Marienfluss River, Namibia. The matrix piece 
behind it (about 7 cm high) shows how the garnets 
are found in black, manganese-rich veins. 
Courtesy of Colgem Ltd.; photo by Robert Weldon. 


ural abalone pearls—to a distinct purple that, in our 
experience, is very unusual. The McKenzies said the pur- 
ple was their rarest color. 

One major difficulty in culturing abalone pearls has 
been the implantation of nuclei. Free-forming {nonblis- 
ter) pearls are difficult to cultivate because the bead is so 
easily rejected by the univalve abalone, which can use its 
large foot to eject the implanted nucleus. Formerly, the 
greatest success in culturing blister pearls in this mol- 
lusk was achieved by attaching the bead nucleus firmly 
to the shell beneath the mantle tissue. According to the 
McKenzies, Empress Pearl culturists currently use spe- 
cial tools to slide the plastic nucleus behind the mantle 
of the abalone and insert it into the cavity in the “horn” 
of the shell, from which the abalone has difficulty eject- 
ing it. This process must be done with great care, as 
abalones are “hemophiliacs” and will likely die if 
wounded. The blister pearls take about 30 months to 
grow, at which time they are cut from the shell, filled 
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with a polymer, and backed with abalone shell. The 
abalones can only be used for pearl culturing once, after 
which the meat is sold to restaurants and stores. 

An article on this subject is intended for a future 
issue of Gems @& Gemology. 


Update on Namibian spessartine. Namibian spessar- 
tine—sometimes called “Hollandine” or “Mandarin” 
garnet—has been described in earlier Gem News sec- 
tions, including Spring 1993 (pp. 61-62), Winter 1993 (p. 
293), and Summer 1995 (p. 134). This material was con- 
spicuous at the Tucson shows this year, especially a 
noteworthy 29.71 ct stone and some matrix specimens 
(figure 7). 

The Summer 1995 Gem News section described the 
chemistry of these garnets. Contributing Editor Henry A. 
Hanni, who provided the analyses for that report, has sent 
additional information. At this time, two companies are 
working at least two different mining sites in northwest 
Namibia. The SSEF Swiss Gemmological Institute 
received the first material they examined from Israel 
Eliezri, of Colgem Ltd., Ramat Gan, Israel, who is working 
with one of the mines in northwest Namibia. The mining 
area lies in metamorphic terrain in a remote region just 
east of the Skeleton Coast and south of the Kunene River 
(which forms the northern border with Angola), near the 
Marienfluss River. The parent rock consists of inclined 
mica schist strata in which the spessartines occur both as 
nodules and as beautifully developed idiomorphic crystals. 
At Tucson, Mr. Eliezri informed another editor (MLJ} that 
the garnets are found in the black streaks of higher man- 
ganese concentration that run through the host rock. 
Frequently, the garnets nucleate on individual particles of 
black manganese oxide. 

In Winter 1993, SSEF received Namibian spessartines 
from another mine, worked by Alan Roup of G.E.M. 
Namibia Pty. Ltd., Jerusalem, Israel. This mine is 28 km 
south of the Kunene River contact with the Marienfluss, 
and 320 km by road northwest of the village of Opuwo. 
The mine is situated along a ridge that consists of mica 
schist—similar to the Colgem occurrence—which pro- 
trudes from the desert plain. Here the garnets also occur 
in (somewhat larger) nodules, but the nodules appear to 
have been fractured at some point in the past. Fibrous 
inclusions reduce the clarity in much of the most recent- 
ly found material, although the garnets are comparable in 
color to those from the Colgem occurrence. 

SSEF analyses of the spessartines from the Kunene 
occurrence revealed characteristics similar to those pre- 
viously reported: R.I—1.789-1.790; optic character— 
isotropic; $.G.—4.12 to 4.14; absorption spectrum [with a 
handheld spectroscope|—dominant lines at about 412, 
424, 432 (edge), 462, and 485 nm (typical of spessartine) 
as well as a line at 495 nm. X-ray diffraction analysis 
gave a unit-cell edge length (lattice constant a) of 1160.2 
picometers (11.60 A). 

The chemical compositions of seven samples, as 
measured by electron microprobe on at least two points 
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Figure 8. Among the features seen in spessartine 
from Kunene, another Namibian locality, are color- 
less fibers (tirodite) and black anhedral inclusions 
(iron and manganese oxides). Photo courtesy of 
SSEF; magnified 30x. 


per stone, and normalized to garnet end-members, were 
in the following range: 12-15 mole percent {(mol%} 
pyrope; 0,0-1.5 mol% almandine; 84-86 mol% spessar- 
tine; and 1.0-1.5 mol% grossular. We can understand the 
color of these garnets, given this chemistry. The Kunene 
material contains almost no almandine component, 
which adds a brown tint to the bright orange color when 
present. Any almandine component present would be 
very strongly colored, so that only concentrations less 
than 1 mol% do not appreciably influence the spessartine 
color. In addition, pure pyrope and grossular are colorless, 
so these components do not add color but dilute the 
intrinsic spessartine color. 

Among the inclusions observed were colorless grains 
(found to be quartz}, colorless fibers, and black anhedral 
shapes (figure 8}. These inclusions were identified by 
SEM-EDS and microprobe. In the Summer 1995 Gem 
News section, the colorless fibers—birefringent acicular 
crystals—were tentatively identified as tremolite, 
undoubtedly because they resemble the tremolite inclu- 
sions in Sandawana emerald. Professor B. Lasnier, from 
Nantes (France}, suggested that they might be tirodite 
(figure 9), a Mn-Mg-amphibole, which SSEF has con- 
firmed by SEM-EDS and X-ray diffraction analysis. The 
black inclusions were ilmenite, hematite, and senaite, a 
Mn-Fe-Ti-Pb oxide that occurred as tiny black spots in 
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some of the spessartines. One inclusion was identified as 
barite by means of the Raman microprobe. 

The pure orange seen in most of the Namibian pro- 
duction is also encountered in some spessartines from 
California {the Little Three Mine} and Madagascar. 


Large taaffeite crystal from Sri Lanka. U. A. Ranatunga, of 
Lanka Rare Gems Exporters and Lapidary, Ratnapura, Sri 
Lanka, showed one of the editors (MLJ) a light purplish 
pink rounded bipyramidal crystal with some iron staining 
on its surface. A gemological report that accompanied the 
crystal said that it was a 36.05 ct taaffeite, with refractive 
indices between 1.718 and 1.723; the report also con- 
tained a photograph that clearly matched the crystal. 


Tanzanite beads. Among the more unusual items we saw 
this year were four single-strand necklaces of graduated, 
faceted tanzanite beads (much like the emerald beads 
mentioned in last year’s Tucson report, Spring 1995, p. 
61). Seen at the booth of the Black Star Trading Company 
of Flagstaff, Arizona, these strands were about 36 cm (14 


Figure 9. In some broken pieces of Kunene spessartine, 
tirodite fibers were seen extending above the surface, 
here by about 7.5 mm. Photo courtesy of SSEF. 
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Figure 10. This 7.19 ct alexandrite (as it appears in fluorescent [left] and incandescent [right] illumination) is 
from the Tunduru region of Tanzania. Photos by Robert Weldon. 


inches) long. The largest bead measured about 5.5 mm in 
diameter. Some variation in body color—from blue to 
violet—was noted among the beads, and many contained 
small black inclusions. 


Gem materials from the new locality at Tunduru, 
Tanzania. Finds of gem materials in Tanzania were 
reported in the Spring 1995 (pp. 64-65) and Summer 1995 
(pp. 133-134) Gem News sections. At Tucson this year, 
we saw a broad variety of gem materials from the region 
near the town of Tunduru, in the far south of Tanzania. 
Many dealers have likened the wealth of gem species in 
the area to that of Sri Lanka. Steve Ulatowski of New Era 
Gems, Grass Valley, California, said that among the gem 
materials from Tunduru are: ruby; blue, pink, and other 
colored sapphires; spinel; chrysoberyls, including an 
unusual “mint” green (vanadium) variety, as well as 
alexandrites and cat’s-eyes; garnets, including chrome 
pyrope, rhodolite, color-change, and light pink garnets; 
tourmaline; topaz; amethyst; tsavorite; zircon; and even 
some diamonds. Horst Krupp, of La Costa, California, con- 
firmed this list and added that aquamarine—as well as 


green, white, and yellow beryls—have also been found in 
this area along arteries of the Ruvuma River. (He also 
noted that gem materials are being recovered across the 
border, in Mozambique.) Especially notable at Tucson was 
a 7.19 ct alexandrite from Tunduru (figure 10), shown by 
Michael Couch and Associates of Cumming, Iowa. 

Unwilling or unable to specify exact amounts, pro- 
ducers would only say that quite a lot of material had 
been removed from Tunduru. Many reported a vast gem 
field (Dr. Krupp estimated that the gem-bearing area 
exceeded 500 km2 [about 200 square miles]) that appears 
to hold large reserves (figure 11). Most of the mining, 
which is almost entirely alluvial, was proceeding with 
the use of very simple techniques, but some miners had 
pumps. One of the more sophisticated operations (figure 
12) used a motorized dredge to mine around rocks in 
deep areas of the river. 

In mid-January, all mining permits held by foreign 
nationals in were suddenly revoked. New regulations, as of 
March 1, prohibit mechanized mining in Tunduru and 
restrict claims to Tanzanian nationals, according to Abe 
Suleiman in the April 1996 ICA Gazette. To further pro- 


Figure 11. This aerial photo of the Muhuwesi River, part of the Tunduru gem field (taken in December 1995), 
shows the main gem-mining camp left of the bridge and, on the far right, the dredging area for this operation 
(which is about 3 km away). Photo courtesy of Randy Wiese, Michael Couch and Associates. 
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tect small-scale mining and develop a cutting industry in 
Tanzania, foreign involvement is limited to joint ventures 
for the export of polished goods only. 

*Editor’s note: We believe that the material tentatively 
identified as being from Songea in the Summer 1995 
Gem News entry was probably from Tunduru. 


ENHANCEMENTS 


Update on polymer-impregnated malachite. The Fall 
1995 Gem News section (p. 213) reported on fibrous 
malachite that was impregnated with Opticon resin. Joe 
Jelks has corrected some of the information provided in 
that entry. Specifically, Opticon hardener is used at one 
stage of the impregnation process: Fibrous malachite 
(from Morenci, Arizona) is heated, filled with Opticon 
resin, heated again, slabbed, and heated once more, filled 
with Opticon resin, and heated yet again. Then, after the 
stones have been preformed, Opticon resin with hardener 
is brushed on them. Adding the hardener at this stage 
eliminates what would otherwise be a long wait between 
sanding steps in the final polishing of this material. 


SYNTHETICS AND SIMULANTS 
Beryl triplets imitating Paraiba tourmaline. The Winter 
1995 Lab Notes section (pp. 272-273) reported on topaz 


Figure 12. Randy Wiese, left, works a dredge 
on the Muhuwesi River, near the town of 
Tunduru, in December 1995. Photo courtesy 
of Randy Wiese. 
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Figure 13. This 75 ct construct (about 48 x 15 x 15 
mm) was made from five individually fashioned 
pieces of quartz. Photo by Robert Weldon. 


triplets that resemble Paraiba tourmaline. Grimm 
Edelstein, of Idar-Oberstein, Germany, was marketing 
another Parafba imitation—triplets that reportedly con- 
sist of top and bottom pieces of near-colorless beryl held 
together (and colored) by a layer of blue-green glue. These 
convincing pieces rapidly sold out. 


Faceted quartz construct. A quartz construct, “Congrego 1,” 
was one of the more unusual pieces seen at Tucson this 
year. Carved by Klaus Schafer of Idar-Oberstein, 
Germany, the approximately 75 ct piece (figure 13} is 
actually a composite of five separate carvings cemented 
together with a UV-setting epoxy. Such a technique 
enables sharp re-entrant angles in the finished construct. 
The construct was displayed at the booth of 
Bernhard Edelsteinschleiferei, also of Idar-Oberstein. 
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The Winter 1995 Gem News section included abstracts 
and field trip reports from the November 1995 
International Gemmological Conference ([IGC) meeting 
in Rayong, Thailand. This issue’s Gem News presents 
more reports from this meeting. 


DIAMONDS 


Fingerprints of natural diamonds—observations with 
cathodoluminescence. In the laboratory at the Gem- 
mological Association of All Japan in Tokyo, Junko Shida 
has conducted extensive research into distinctive growth 
patterns in a variety of commercially important gems, 
including natural and synthetic rubies, sapphires, and dia- 
monds. Her IGC presentation concentrated on the dis- 
tinct cathodoluminescence patterns shown by many nat- 
ural diamonds. 

Each stone has a unique pattern. Because no two are 
exactly alike, when such a pattern is present it serves as 
a distinctive fingerprint for its diamond. During her 
research, Ms. Shida also observed that the cutting orien- 
tation of the original rough crystal sometimes could be 
determined from the pattern observed in a fashioned 
diamond. In the cathodoluminescence image in figure 14, 
the triangular pattern shows that an octahedral face of the 
original crystal was almost parallel to the table, making 
this stone a “three-point” diamond. By contrast, the essen- 
tially square image in figure 15 shows that this stone is a 
“four-point diamond,” with the orientation of the table 
parallel to a possible cube face in the original rough. 


COLORED STONES AND ORGANIC MATERIALS 


Mineral inclusions in quartz. Dr. Edward J. Giibelin of 
Luceme, Switzerland, showed photomicrographs of interest- 
ing and colorful mineral inclusions in quartz, including 
bright blue-green dioptase crystals (figure 16). The inclu- 
sions discussed and shown in this talk all had been identi- 
fied by a variety of techniques, including Raman microspec- 
trophotometry and X-ray powder diffraction analysis. 


Figure 14, Cathodoluminescence reveals that the 
table facet of this diamond was oriented almost 
parallel to an octahedral face on the original crys- 
tal. Photo by Junko Shida. 
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When quartz crystallizes, associated minerals from 
the geologic environment may be incorporated within a 
developing crystal, he said. Since quartz occurs in such a 
wide range of geologic environments, and can be found as 
a major or minor component in many rock types, it is 
not surprising that many different mineral inclusions are 
found in quartz. Examination of these inclusions and 
their position in the host quartz can help determine min- 
eral crystallization sequences. When sufficient inclusions 
are present, the growth and subsequent geologic history 
of a quartz crystal can be recorded. 


Montana sapphires. Robert E. Kane, of Helena, Montana, 
briefly discussed the history of sapphire mining and cur- 
rent mining activities in Montana at Yogo Gulch, the 
Missouri River deposits, and Dry Cottonwood Creek. He 
also detailed the mining and processing of sapphires from 
the Rock Creek deposit (Gem Mountain}, near Phillips- 
burg, Montana. 

Sapphire-bearing gravels are mined using excavators 
and then are screened, washed, and sluiced to separate 
heavy concentrates {including sapphires and any gold) 
from the waste material. The remaining waste is 
returned to the mine site for reclamation. After the sap- 
phire is hand-separated from any obvious nontranspar- 
ent, nonsapphire material, the sapphire concentrate is 
put into methylene iodide to insure that all materials 
with specific gravities less than 3.32 {such as quartz} are 
removed. It is then cleaned in acid and put under fluores- 
cent lamps, where any remaining garnets are removed by 
hand before heat treating. 

Details of the heat-treatment process are regarded as 
proprietary. However, Mr. Kane did say that the sap- 
phires are initially heated under oxidizing conditions, 
after which the fancy yellows, oranges, and pinks are 
ready for cutting. The blue and green stones {which con- 
stitute the majority of Rock Creek sapphires) are subse- 
quently heated under reducing conditions. 


Figure 15. The square pattern revealed by cathodo- 
luminescence means that the table facet of this 
diamond was oriented along a possible cube face 
in the original crystal. Photo by Junko Shida. 
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Photo by Dr. Giitbelin 


Figure 16 
Group of included 
radioactive zircons 

with halos in Ceylon 
almandite. 80x, 


Photo by Dr. Gitbelin 


Figure 15 


Liquid-filled tubular 
inclusions in Ceylon 
almandite. 20x. 


Figure 16. These colorful dioptase crystals in quartz 
from Congo are oriented along a growth plane in 
their host. Photomicrograph by Dr. Edward J. 
Gubelin; magnified 66x. 


Sapphires and rubies from Laos. George Bosshart, manag- 
ing director of the Giibelin Gemmological Laboratory, 
Lucerne, Switzerland, described corundum varieties 
found with black spinel and orange zircon in the gem- 
stone placers of Ban Hua(e}i Sai (sometimes spelled Ban 
Houay Xai) in northwestern Laos, near the Mekong River 
and the Thai border. 

Blue sapphire is the dominant gem material; howev- 
er, because of sporadic production and limited quantities, 
this material has been absorbed by local markets rather 
than exported. These limitations, and the comparatively 
dark color of the stones, explain why Laotian sapphires 
have gone largely unnoticed thus far on the world mar- 
ket. In the past, up to six eluvial and alluvial gravel 
deposits have been mined in the hills and valleys behind 
Ban Houay Xai, usually by “independent” miners and 
with traditional extraction methods. The sapphires origi- 
nate from nearby Quaternary alkali basalts. 

Occasionally, Laotian sapphire occurs in good color. 
Some finished stones have weighed up to 10 ct. In addi- 
tion to blue sapphires, violet-to-purple color-change sap- 
phires and (contrary to earlier reports in the literature) 
small quantities of rubies in sizes below 10 mm recently 
have been confirmed from the open-pit diggings. 
Preliminary investigation of all three colors of Ban 
Houay Xai corundum—blue sapphires, color-change 
corundums, and rubies—revealed that all have properties 
consistent with a basaltic origin. The violet-to-purple 
stones appear more closely related to the rubies than to 
the blue sapphires, on the basis of very similar inclu- 
sions, absorption characteristics, and chemical composi- 
tions (Cr+V; (Fe+Ti}/Ga ratio). It is conceivable, therefore, 
that the rubies and fancy-color sapphires originate from 
another basaltic source in the same general area as the 
source for the blue sapphires. 

A common problem encountered when heat treating 
Laotian and other basalt-associated sapphires is that of 
Fe?*—Fe3* intervalence charge transfer, which causes the 
gray (to black} tone typical of basaltic sapphires. However, 
greenish blue sapphires can be modified to light blue by a 
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two-stage annealing (oxidizing/reducing) process, and 
dark blue colors can be improved somewhat by conven- 
tional heating with charcoal or petroleum. Saturated, 
attractive blue stones are not heat treated. 

Mr. Bosshart has been studying various mineral 
inclusions in the Laotian corundums, using SEM, 
Raman, XRD, FTIR, and microscopic techniques. High- 
type zircon inclusions are ubiquitous and are commonly 
accompanied by columbite- and monazite-group miner- 
als, albitic feldspar, rutile, graphite, and possibly apatite. 
Negative crystals in basal orientation, containing two- 
phase (fluid and gas) fillings, are surrounded by iridescent 
fluid rosettes reminiscent of those seen in Thai rubies. 

George Bosshart confirmed recent reports of another 
ruby occurrence and placed it in southern Laos. He added 
that it is not the same as the corundum deposits recently 
detected in Vietnam along the Laotian border. 


ENHANCEMENTS 


Durability of polymer-impregnated (B-type) and natural 
jadeite. C. M. Ouyang, of the Hong Kong Gems Lab- 
oratory, reported on an “aging” test that she had per- 
formed on six natural jadeites and at least four polymer- 
impregnated (B-type) jadeite samples. Each jade sample 
was cut into pieces, with one piece of each retained for 
“before-and-after” comparisons. Samples were exposed 
to four types of durability tests: soaking in detergent, 
heating in an 80°C oven, exposure to a 40W daylight- 
equivalent light source, and exposure to ultraviolet radia- 
tion. After 90 days of each treatment, none of the natural 


Figure 17. Part of the Guarrazar Treasure, this 11- 
cm-diameter gold crown has five sapphires and one 
iolite as drops. Photo © Patrimonio Nacional, Spain. 
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jadeites was affected; the B-jade samples were not affect- 
ed by the lighting or UV radiation tests, were slightly 
affected by the heating tests, and were significantly 
affected by soaking in detergent. 

For the detergent test, the B-type jadeites were 
soaked in a detergent solution (one part “washing” liquid 
to five parts water] for up to 90 days. The solution was 
stirred twice daily, and the material was examined at 
about two-week intervals. Surface polymer layers 
showed partial-to-nearly complete dissolution at the first 
examination (15 or 16 days); the boundaries between 
crystal grains became evident at 35 or 54 days (two sam- 
ples); and two B-type jade samples appeared cracked at 40 
and 73 days. Ms. Ouyang calculated that this correspond- 
ed to cracks appearing after 10 and 19 years’ wear, respec- 
tively, if one submerged the jade in quarter-strength 
detergent solution (that is, one part detergent to 20 parts 
water} for one hour daily. 

One of the four B-type jadeite samples exposed to 
heat showed a burn mark after 24 days at 80°C, but the 
others showed no change after 55 days of heating. In pre- 
vious studies, Ms. Ouyang had found that B-type jadeite 
turns brown at 250°C, brownish black at 350°C, and 
“charcoal black” at 400°C {natural jadeite is unchanged 
by heating to these temperatures). None of the samples 
was affected by the tests for prolonged exposure to light 
or UV radiation, although more powerful sources might 
have produced different results. 


INSTRUMENTATION 

Infrared spectroscopy of Thai rubies and sapphires. Wilawan 
Atichat, from the Thai Ministry of Industry, examined FTIR 
spectra in transmission mode of 38 corundums from 
Chanthaburi-Trat and Kanchanaburi, in Thailand. She 
found seven different types of mid-infrared spectra for these 
samples, depending on the regions from which they came. 
Morphological and visual-characteristic studies of the inclu- 
sions were also correlated to the FTIR spectra. In fact, the 
variations present in the FTIR spectra were due mostly to 
inclusions (type, variety, size, shape, number, and assem- 
blage), and were affected by the corundum chemistry to a 
lesser degree. With inclusion and chemistry information, 
these FTIR spectra could be used to determine the location 
from which the stones were derived. 


Infrared spectroscopy distinguishes synthetic from natu- 
ral emerald and quartz. In two presentations, Pierre 
Zecchini, of the Crystallography and Mineral Chemistry 
Laboratory at the University of Franche-Comté, 
Besancon, France, and co-workers explored the use of 
infrared spectroscopy to distinguish synthetic from natu- 
ral materials. In the first of these talks, they asserted that 
spectroscopy of reflected IR radiation can be used to 
determine whether emeralds crystallized in nature or in 
the laboratory, and to separate emeralds from green 
beryls. Transmitted IR radiation can confirm the results 
from the reflected method, and it may also be used to 
determine whether an emerald has been impregnated. 
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Also covered was how infrared spectroscopy can sep- 
arate natural from synthetic amethyst, citrine, and 
quartz of other colors. Each variety has its own typical 
spectra for natural and artificial crystallization; hence, 
the IR spectrum acquired for an unknown quartz exam- 
ple must be compared with standard spectra for the same 
variety (for instance, amethyst with amethyst; not cit- 
rine or some other variety with amethyst). Another part 
of this presentation concerned ametrine: Differences 
were seen between the compositions of the purple and 
yellow regions of natural ametrine. However, natural 
ametrine could not be clearly differentiated from 
ametrine obtained by heating natural amethyst. 


MISCELLANEOUS 

Gems from archeological excavations in Rome (Crypta 
Balbi) . .. Dr. Georgio Graziani, of the University of Rome, 
described his investigation with G. B. Andreozzi and L. 
Sagui of 28 gems coming from “Crypta Balbi,” a Roman 
archeological site dating to the 7th century B.C. The iden- 
tification of the materials was made more difficult by the 
fact that the samples had been poorly preserved and by the 
need for completely nondestructive (and, within limits, 
noninvasive] tests. Still, enough information was obtained 
to hypothesize about origin. The samples included a blue 
sapphire from Sri Lanka, an emerald from Egypt, and a 
piece of amber from the Baltic area. Also identified were 
quartz varieties (including rock crystal, carnelian, and sar- 
donyx!, as well as garnets, lapis lazuli, and corals. 


... and gems in a Visigoth treasure. Cristina Sapalski, of 
the Instituto Gemoldgico Espanol, in Madrid, discussed 
gems from the Guarrazar Treasure. This hoard of 7th-cen- 
tury jeweled votive crowns (see, e.g., figure 17) and crosses 
was discovered in 1858 in the province of Toledo, Spain. 
The part of the hoard that was studied by Ms. Sapalski 
and her associate, Juan §. Cozar, included 243 blue sap- 
phires, three cordierites {iolites; probably thought to have 
been sapphires), 14 emeralds, one aquamarine, two moon- 
stones, nine rock-crystal quartzes, six blue chalcedonies, 
21 amethysts, 169 pearls, 154 pieces of mother-of-pearl, 
110 glass “stones” (green, blue, orange-brown, and of 
indeterminate color owing to later devitrification), and 
many small garnet fragments. All the sapphires had been 
polished, some were partially faceted, one was cut as a 
hollow cabochon, and one was engraved. The sapphires’ 
gemological characteristics suggest that they came from 
the old Ceylon (now Sri Lanka) deposits. 


ANNOUNCEMENTS 


Treasures of Mexico exhibit at the Houston Museum. 
The Houston (Texas) Museum of Natural Science is 
hosting an exhibit of minerals, gems, and precious met- 
als until September 8, 1996. “Mineral Treasures of 
Mexico: the Romero Collection of Gems and Minerals,” 
includes over 200 pieces, most of which have never been 
seen outside Mexico. More information is available 
through the museum’s World-Wide Web site, 
http://www.hmns.mus.tx.us. 
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SOME COMMENTS ON “A CHART 
FOR THE SEPARATION OF NATURAL 
FROM SYNTHETIC DIAMONDS” 


In Box A of this article (Winter 1995 Gems # Gemology, 
pp. 256-264), I think there are some misleading state- 
ments about ultraviolet fluorescence of natural versus 
synthetic diamonds. The authors state that “A natural 
diamond typically fluoresces blue to long-wave UV 
(LWUV]) radiation, with a weaker and usually yellow 
reaction to short-wave UV (SWUV}). . . . Conversely, syn- 
thetic diamonds typically fluoresce yellow to yellowish 
green to both LWUV and SWUV, with the reaction often 
noticeably stronger to short-wave than long-wave.” 

My first comment: Blue is the most common fluo- 
rescence color in diamonds, but it is not typical, as many 
stones are visibly inert. 

My second comment: The authors state that syn- 
thetic diamonds (all the stones and all the colors} fluo- 
resce yellow to both LWUV and SWUV. I know that it is 
diagnostic for synthetic diamonds not to show a visible 
LWUYV reaction, and to fluoresce yellow to SWUV; only a 
particular kind of colored synthetic diamond also fluo- 
resces yellow to LWUV. 

The authors’ statements appear to contradict the 
chart (and the literature, too}. I think an erratum is need- 
ed for further clarification. 

Filippi Roberto, G.G. 
Lucca, Italy 


In Reply 


We thank Mr. Filippi for taking the time to share his 
remarks, and we appreciate the opportunity to clarify this 
information for him and our readers. 

With regard to his first comment, it is true that many 
diamonds are visibly inert when exposed to UV radiation. 
In our experience, however, most diamonds do luminesce 
when excited by ultraviolet light. As stated in Box A, it is 
important—for identification purposes—to observe the 
reaction with the stone in total darkness. Although the 
fluorescence of natural diamonds is often very faint, it 
does exist and typically is blue. 

With regard to Mr. Filippi’s second comment, we 
agree that, as stated, the text in the box and the chart may 
appear to be inconsistent. To clarify this matter, we should 
have added to the box text that when present, the fluores- 
cence of synthetic diamonds (that is, synthetic yellow dia- 
monds) to long-wave UV radiation is typically yellow. 

It is interesting to note that whereas no LWUV fluo- 
rescence was visible in the synthetic yellow diamonds we 
first examined, those we have seen in recent years have 
often had a moderate to strong reaction. In rare instances, 
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we have observed a very weak orange reaction to LWUV 
in some colorless to near-colorless synthetic diamonds. 

James E. Shigley, Ph.D. 

Director of Research, GIA Santa Monica 


MAGNETIC PROPERTIES OF 
SYNTHETIC DIAMONDS 


The recent article on separating natural from synthetic dia- 
monds (Shigley et al., Winter 1995, pp. 256-264) recom- 
mends suspending the stone on a thread and causing it to 
swing as a magnet is moved close to it. Aside from the 
problem of fastening a thread to a small faceted gem, any 
movement of the stone requires that the stone be raised 
against the pull of gravity. Consequently, the larger the 
stone is, the lower the sensitivity will be, and mounted 
stones probably can’t be tested at all. 

However, if the stone is floated on a small plastic foam 
raft (e.g., a piece of a polystyrene cup) in water, the effect of 
gravity is eliminated and magnetic attraction will cause the 
raft to move toward the magnet. Finally, in the interest of 
historical accuracy and practicality, the “Magnetic Wand” 
rare-earth magnet ascribed to Alan Hodgkinson was devel- 
oped by Hanneman Gemological Instruments, Poulsbo, 
Washington 98370. It is available for less than $15, a minute 
fraction of the cost of a cathodoluminescence instrument. 
W. Wm. Hanneman, Ph.D. 
in Reply Poulsbo, Washington 
Again, we appreciate Dr. Hanneman’s comments and 
especially this opportunity to expand on our original arti- 
cle. Please note, first, that we usually do not rely on the 
property of magnetism for mounted stones. Second, clay 
or Blu-Tack make attaching a diamond to a thread rather 
easy. Third, when a diamond is suspended from a fine silk 
thread, virtually no vertical movement is needed to prove 
magnetism. Rather, magnetism is typically detected by a 
very slight side-to-side movement, especially when the 
thread is fairly long (12-15 inches}. In many cases, a synthet- 
ic diamond reveals magnetism by pivoting on the thread 
when the magnet is moved in a semi-circular motion close 
to the stone. In this situation, even a weak magnetic reac- 
tion is detected and there is no vertical or horizontal move- 
ment, only a slight pivoting. 

I have not personally tried Dr. Hanneman’s method, 
but from my experience with the thread, I would anticipate 
that it also has pluses and minuses. The bottom line is that 
both methods are rather low tech and both probably work 
for most synthetic diamonds with metallic inclusions. 

Thomas M. Moses, G.G. 
Vice President, Identification Services 
GIA Gem Trade Laboratory, New York 
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THE GEMS & GEMOLOGY 
MOST VALUABLE ARTICLE AWARD 


Alice S. Keller, Editor 


If the final vote tally for 1995’s Gems # Gemology Most Valuable Article Award is any indication, 
diamond was the topic of the year. Articles about the (arguably) most valuable gem material—cov- 
ering past, present, and future industry concerns—swept all three awards. Readers gave first place 
to the comprehensive wall chart and accompanying article—”A Visual Guide to the Identification 
of Filled Diamonds”—which deals with one of the modern diamond industry’s most pressing 
problems. Authored by Shane F. McClure and the late Robert C. Kammerling, this article appeared 
in the Summer issue. The award for second place went to another tool to help prepare the industry 
for what may be the greatest challenge of the 21st century—”A Chart for the Separation of Natural 
and Synthetic Diamonds”—by James E. Shigley, Emmanuel Fritsch, Ilene Reinitz, and Thomas M. 
Moses. It has been said that we cannot judge our future without knowing our past, which is 
reflected in our readers’ selection for third place, “A History of Diamond Sources in Africa: Part I,” 
by A. J. A. (Bram) Janse. Both the second- and third-place winners appeared in the Winter issue. 


The authors of these three articles will share cash prizes of $1,000, $500, and $300, respectively. 
Photographs and brief biographies of the winning authors appear below. 


Congratulations also to Marcia Matthieu, of Palm Springs, California, whose ballot was randomly 
chosen from all submitted to win the five-year subscription to Gems # Gemology. 


FIRST PLACE 


SHANE F. MCCLURE 
ROBERT C. KAMMERLING 


Shane F. McClure, with 18 years 
in gemology, is supervisor of iden- 
tification services in the GIA Gem 
Trade Laboratory, Santa Monica. A 
contributing editor to both the 
Gem News and Gem Trade Lab 
Notes sections, and an author on 
many Gems & Gemology articles, 
Mr. McClure is also an accom- 
plished gem photographer. The 
late Robert C. Kammerling was 
vice president of research and 
development at the GIA Gem 
Trade Laboratory, Santa Monica, and a regular contributor to gemological 
publications worldwide. An associate editor of Gems #@ Gemology and 
coeditor of the Gem Trade Lab Notes and Gem News sections, he coau- 
thored—with Dr. Cornelius Hurlbut—the book Gemology. 


Robert C. Kammerling 


Shane F. McClure 
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SECOND PLACE 


JAMES E. SHIGLEY 
EMMANUEL FRITSCH 
ILENE REINITZ 
THOMAS M. MOSES 


James E. Shigley, who has a doctorate in geology 
from Stanford University, is director of GIA 
Research. He has written many articles on natu- 
ral, treated, and synthetic gems, and directs 
research on all aspects of identifying and charac- 
terizing gem materials. Former manager of GIA 
Research Emmanuel Fritsch has returned to his native France, where he is now a professor of physics at the 
Gemology Laboratory, University of Nantes. He has an advanced degree in geological engineering from the 
Geology School in Nancy, France, and his Ph.D. in Spectroscopy from the Sorbonne in Paris. He has written more 
than 80 articles, most related to the application of spectroscopy to gemology, the origin of color in gem materials, 
and treated and synthetic gems. Ilene Reinitz is a research scientist at the GIA Gem Trade Laboratory in New 
York. A regular contributor to the Gem Trade Lab Notes section and coauthor of a number of Gems & Gemology 
articles, she has a B.S. in geochemistry from the 
California Institute of Technology in Pasadena 
and a Ph.D. from Yale University. Dr. Reinitz 
specializes in research into the origin of color in 
diamonds and the application of spectroscopy in 
gemology. Thomas M. Moses, with 19 years of 
trade and laboratory experience, is vice president 
of identification services at the GIA Gem Trade 
Laboratory in New York. A prolific author, as 
well as a contributing editor on the Gem Trade 
Lab Notes section, Mr. Moses specializes in 
pearl identification and origin-of-color determi- 
nation for colored diamonds. 
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A.J.A. (BRAM) JANSE 


Bram Janse has been involved in diamond exploration for 38 years, working 
on projects in Australia, Brazil, Canada, India, and South Africa. President 
of his own geological consulting company, Archon Exploration Pty Ltd, of 
Perth, Western Australia, he has a B.Sc. in geology and a M.Sc. in petrology 
and mineralogy from the University of Leiden in the Netherlands, as well 
as a Ph.D. in petrology from the University of Leeds in England. He is cur- 
rently a director of KWG Resources in Montreal. In addition to his consult- 
ing work and many publications, Dr. Janse is working on an extensive 
database of diamond and kimberlite occurrences. 


Most Valuable Article GEMS & GEMOLOGY Spring 1996 65 


GEMS GEMOLOGY 
C:-H-A-L-L-E-N-G-E 


The 1995 volume year offered a broad variety of articles, ranging from 
historic localities such as Baja California for pearls and Turkey for 
meerschaum, to new ones such as Mong Hsu for rubies and Mali for 
garnets. In gem identification, however, the dominant concerns sur- 
rounded diamonds and especially the need for visual aids to help sort 
through the vast amounts of information that have become available 
in two key areas: (1) the identification of filled diamonds, and (2) the 
separation of natural from synthetic diamonds. Now, we invite you 
to test your knowledge of these important topics by taking the 10th 
annual Gems & Gemology Challenge. 

The following 25 questions are based on information from the 
four 1995 issues of Gems & Gemology. Refer to the feature articles 
and Notes and New Techniques in these issues to find the single best 
answer for each question; then mark your choice with the corre- 
sponding letter on the response card provided in this issue (sorry, no 
photocopies or facsimiles will be accepted; contact the Subscriptions 
Department if you wish to purchase additional copies of the issue). 
Mail the card so that we receive it no later than Monday, August 12, 
1996. Be sure to include your name and address. All entries will be 
acknowledged with a letter and an answer key. 

Score 75% or better, and you will receive a GIA Continuing 
Education Certificate. Earn a perfect score, and your name will also 
be featured in the Fall 1996 issue of Gems & Gemology. Good luck! 


3. Aclear and ready means for sepa- 
rating southern Vietnam sapphires 
from their synthetic counterparts 
is a combination of internal char- 
acteristics and 


Note: Questions are taken only from 
the four 1995 issues. Choose the sin- 
gle best answer for each question. 


1. The vast majority of faceted Mong 
Hsu rubies found on the world 


A. X-ray diffraction pattern. 
market are 


B. microprobe analysis. 


A. oiled. C. chemical analysis. 

B. dyed. D. absorption spectrum. 

C. glass filled. 

D. heat treated. 4. Repopulating the Gulf of Califor- 


nia’s pearl grounds through 


Gemological Institute of America 


‘This Letter of Completion is presented to 
Robert T. Jeweler 


for participation in the 
1996 


GIA Gems & Gemology Challenge 


‘Taking part in a program of this sort ts evidence of 
i dedication to continuing education. You are 
to be commended for your commitment and your effort to 
increase your ability to serve the jewelry-buying public 
ethically and rafisiionilly ma 


Dennis Foltz 
Vice President of Education 


. The internal growth structures of 


southern Vietnam sapphires are 


A. typical of most metamorphic 
corundum deposits around the 
world. 

B. identical to sapphires found 
in Pakistan. 

C. similar to other basaltic 
deposits around the world. 

D. unique, and useful in conclu- 
sively determining origin, 


2. Fracture-filled diamonds can be artificial breeding was primarily 6. In the late 1600s, meerschaum 
detected routinely using the work of was mined in 
A. spectral analysis. A. A. P. Cattet. A. Spain. 
B. chemical analysis. B. Gast6n J. Vives. B. China. 
C. magnetic attraction. C. Manuel de Ocio. C. Austria. 
D. basic microscopy techniques. D. Colonel Miguel L, Cornejo. D. Turkey. 
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ll. 


. Microscopic features characteris- 


tic of Czochralski-grown synthet- 
ic pink Ti-sapphire include 


A. gas bubbles and subtle 
color banding. 

B. metallic inclusions. 

C. evidence of twinning. 

D. none of the above. 


. Sepiolite can be easily carved as 


long as it is 


A. dry. 
B. cold. 
C. moist. 
D. heated. 


. The most consistently encoun- 


tered diagnostic feature of 
fracture filled diamonds is 


A. flow structure. 

B. the flash effect. 
C. surface residue. 
D. trapped bubbles. 


. The emerald mines of Russia’s 


Ural Mountains have been 
worked 


A. almost continuously since 
1831. 

B. sporadically throughout the 
20th century. 

C. very little between 1917 and 
the late 1980s. 

D. sporadically since the late 
17th century. 


The most common colors for 
Mali garnets appear to be 


A. greenish yellow to yellow- 
green. 

B. orange to red. 

C. bluish green to greenish 
yellow. 

D. yellow to orange. 


. Kokishi Mikimoto’s early suc- 


cess in pearl-oyster cultivation 
was largely the result of 


A. appropriate environmental 
conditions. 

B. having information about 
Vives’ work. 

C. extensive experimentation 
and research. 

D. refining methods and equip- 
ment to control the 
environment. 
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13. 


17. 


19 


Sapphires were first discovered 
in Montana in 


A. 1865. 
B. 1889. 
C. 1892. 
D. 1895. 


. The GIA Gem Trade Laboratory 


calls Mali garnets by the name 


A. Mali garnet. 

B. grandite garnet. 

C. grossular-andradite. 
D. Mali grossular garnet. 


. Emeralds in the Urals are found 


. in schists. 
in granites. 
. as xenoliths in basalts. 
. primarily as alluvial 
deposits. 


GOS> 


. If included crystals of a transpar- 


ent mineral such as garnet or 
diopside are discovered in a 
diamond, the 


A. sample’s origin is uncertain. 
B. diamond is natural. 

C. diamond is synthetic. 

D. diamond is of Russian origin. 


Most Mong Hsu rubies can be 
separated from other natural 
rubies as well as from synthetics 
in part because Mong Hsu rubies 


A. are not zoned, 

B. do not have fluid inclusions. 

C. often display distinctive 
growth patterns. 

D. have a lower specific gravity 
than other rubies. 


. The diamond-producing nation 


that ranks first in the world in 
per-carat value is 


A. Zaire. 

B. Angola, 

C. Namibia. 

D. South Africa. 


From 1889 through 1959, South 
Africa’s proportion of worldwide 
diamond output was 


A. 50%. 
B. 75% 
C, 90%. 
D. 98%. 
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20. 


21. 


22. 


24, 


25, 


The height of pearl fishing in the 
Gulf of California was approxi- 
mately 


A. from the mid-1700s to the 
mid-1800s. 

. between 1800 and 1889, 

. from the mid-1800s into 
the 1920s. 

. between 1920 and 1970. 


Go Of 


The largest transparent diamond 
found to date was the 


A. Jonker. 

B. Premier. 
C. Cullinan. 
D. O'Reilly. 


When an unknown stone is 
suspected of being a synthetic 
Ti-sapphire, the most conclusive 
means of identification is 


A. birefringence or pleochroism. 

B. high magnification or immer- 
sion in methylene iodide. 

C. optic character or specific 
gravity. 

D. chemical analysis or UV- 

visible absorption spectrum. 


. When a diamond does not 


respond to a magnet, the 


A. test is inconclusive. 

B. diamond is natural. 

C. diamond is synthetic. 

D. diamond is fracture filled. 


When attempting to separate 

natural from synthetic diamonds, 

the presence of hourglass grain- 

ing is 

A. inconclusive. 

B. evidence that the diamond 
is natural. 

C. evidence that the diamond 
is synthetic. 

D. None of the above 


Most gem-quality sapphires 
from Yogo Gulch are 


. heat treated. 

. noticeably included. 

. larger than one carat. 

. naturally well saturated and 
uniform in color. 


voe> 
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BOOK 


SUSAN B. JOHNSON AND JANA E. MIYAHIRA, EDITORS 


SYNTHETIC DIAMOND: 
EMERGING CVD SCIENCE 
AND TECHNOLOGY 


By K. E. Spear and J. P. Dismukes 
(Eds.), 663 pp., illus., publ. by John 
Wiley & Sons, New York City, 1994. 
US$89.95* 


Chemical vapor deposition (CVD}, 
as used in the context of this book, 
involves the production of synthetic 
diamond from carbon-containing 
gases (CO, CO, CHy, etc.) at low 
pressures (1 bar or less) and relative- 
ly low temperatures (<1000°C). All 
synthetic diamonds presently avail- 
able commercially are produced at 
high pressures (>50 kbar) and high 
temperatures (>1400°C). 

Although not well known, the 
first successful reproducible dia- 
mond synthesis by any method was, 
in fact, achieved by CVD in 1952: 
William G. Eversole, of the Union 
Carbide Corporation, grew a coating 
(film) of diamond on a substrate 
(seed) of natural diamond. Despite 
its early start, CVD research and 
development languished because of 
technical problems (e.g., extremely 
slow growth rates) and the rapid 
commercial development and suc- 
cess of the high pressure/high tem- 
perature process. Furthermore, at 
the time, CVD synthetic diamond 
could only be grown on a diamond 
substrate. Russian scientists made a 
major breakthrough in the mid- 
1970s when they grew CVD synthet- 
ic diamond on a nondiamond sub- 
strate. The modern era of CVD syn- 
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thetic diamond began in the early 
1980s, when Japanese researchers 
published methods by which rapid 
growth was achieved, 

At present, the technology 
exists to deposit a coating of CVD 
synthetic diamond on many types of 
substrates (including various natural 
and synthetic gemstones}. Although 
thus far there has been no report of 
large single crystals grown by CVD, 
vigilance is recommended because of 
the rapid advances in technology 
made over the past decade. Current 
production and consumption of 
CVD synthetic diamond materials is 
relatively small, but projections sug- 
gest that they are poised for rapid 
growth. 

This comprehensive (through 
1992) book covers all of the above 
topics and many more, in 16 chap- 
ters by different authors. It is 
intended primarily for professionals 
in material science engineering, 
solid-state physics, electronics, and 
optics, because diamond has superi- 
or properties for applications in 
these fields. 

After an introduction (Part I) 
with a vision of the 21st century 
revolutionized by products made 
with CVD synthetic diamond, Part 
II traces the origins and emergence 
of the process in the USA, Russia, 
and Japan. Part III reviews the cur- 
rent scientific and technical status 
of the new CVD techniques, while 
Part IV looks at the fundamental 
properties (e.g., physical, electrical, 
optical) of diamond. The book con- 
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cludes (Part V) with a review of 
potential industrial and technologi- 
cal markets for CVD synthetic dia- 
mond in the 21st century. 

Even though some of the chap- 
ters are highly technical, most 
gemologists will be able to gain suf- 
ficient insight into the historical 
development and other aspects of 
CVD, and its potential effect on the 
diamond jewelry industry, to make 
this excellent book worthwhile. 

A. A. LEVINSON, Ph.D. 
University of Calgary 
Calgary, Alberta, Canada 


THE PEKING DIAMONDS 


By Peter Read, 208 pp., publ. by 
Gembooks, Dorset, United King- 
dom, 1995, US$17.00* 


Few authors have had the distinction 
of writing successful works of fiction 
based on a career in another field. 
With this book, Peter Read is a 
delightful exception. Having had a 
long and fruitful career as a gemolo- 
gist and technical manager associated 
with De Beers, Mr. Read’s knowledge 
of the diamond industry is unques- 
tioned. Furthermore, the highly color- 
ful and accurate descriptions of vari- 
ous locales reflect his many travels to 
gem-producing countries. 


“This book is available for purchase through 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. Telephone (800) 
421-7250, ext. 282; outside the U.S. (370) 
829-2991, ext. 282. Fax: (310) 449-1161, 
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Peking Diamonds is the second 
volume in Peter Read’s diamond tril- 
ogy; the first, Diamond Mine, was 
reviewed by this author in the Winter 
1993 issue of Gems & Gemology. 
From a literary standpoint—that is, 
plot and character development, pace, 
and action—this book holds up 
remarkably well and is highly enter- 
taining. The characters are properly 
“fleshed-out,” appearing very believ- 
able and even bringing into focus very 
modern problems within relation- 
ships. The plot creates the tension 
necessary to keep the reader involved, 
the pace is fast-moving, and there is a 
dramatic intensity to the action. The 
author tells the story well, riveting 
the reader’s attention, and sets up 
some very believable settings. 

From a gemological standpoint, 
the book is highly educational. The 
reader enters the inner rooms of the 
London Diamond Syndicate, visits 
the gem markets of Thailand, partici- 
pates in trade commission visits to 
China and Moscow, and studies the 
technical aspects of manufacturing 
flux-grown synthetic gem crystals. 
Such details are illuminated with 
accurate and authoritative descrip- 
tions, which add to the believability 
of the story as they also pique the 
interest of the gemologist. 

Although the book is, overall, 
both entertaining and educational, it 
is not without some minor faults. 
For example, the KGB agents in the 
story seem to lack finesse and are 
constantly “bungling” their opera- 
tions, as in the inept timing of a 
murder in China and the London 
kidnapping event (the latter, involv- 
ing a 24- to 36-hour vigil with the 
victims, should have been manned 
by at least six agents, not two}. In 
both instances, a more complex 
treatment of the events could have 
intensified the drama. Also, there is a 
plot device that creates a believability 
problem for the gemologist: Would 
diamond buyers (or their cutters) real- 
ly be fooled by flux-grown synthetic 
spinel octahedra that showed up in 
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packets of diamond rough? Although 
the shape may approximate that of a 
diamond crystal, other characteristics 
would certainly separate the two 
materials (the quality of the trans- 
parency, typical markings found on 
rough diamonds, etc.}. Such discrep- 
ancies, it seems, should have been 
caught early by sight alone, not by 
the cutting operations described in 
the story. 

Nevertheless, the major elements 
of the story are sound, and the book is 
well worth reading, both by the gener- 
al public and the gemologist. 

JOHN D. ROUSE 
Carson, California 


OTHER BOOKS 
RECEIVED 


Colorado Rockhounding, A Guide to 
Minerals, Gemstones, and Fossils, 
by Stephen M. Voynick, 372 pp., 
illus., publ. by Mountain Press 
Publishing Co., Missoula, MT, 1994, 
US$14.00* (paper). Colorado is one 
of the nation’s most interesting 
locales for the field collector. Part 
one of this book, “Collecting in 
Colorado,” looks at the geology of 
the state, mining and digging activi- 
ties, historical collecting areas, and 
legal and safety issues. Part two, 
“Collecting Localities and Related 
Sites of Interest,” covers gold, min- 
eral, fossil, and gem occurrences on 
a county-by-county basis, as well as 
such places as museums and rock 
shops. There is also a Colorado min- 
eral guide, a glossary, references, 
and an index. 

The book is easy to read and 
logically formatted. The author is 
strong on the history of mining in 
Colorado and on mineralogical data. 
The listing of locales is impressive, 
and the maps and directions far 
exceed the typical field-collecting 
guide. Unfortunately, the photos are 
only in black and white, and some 
of the photography and specimens 
are not of top quality. There are also 
some gemological errors, such as 
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calling aquamarine the birthstone 
for October, and misapplying the 
term fire (dispersion) to the play-of- 
color phenomenon in opal. Never- 
theless, the book is useful and infor- 
mative. 


MICHAEL T. EVANS 
Instructor, GIA 
Santa Monica, California 


Mineral Books, a special issue of 
Mineralogical Record, Vol. 26, No. 
4, July-August 1995, 256 pp., illus., 
publ. by Mineralogical Record, 
Tucson, AZ, 1995, US$24.00* 
(hardcover with supplementary 
text, US$49.00"). This special issue 
covers a broad range of topics: col- 
lecting, medieval mineralogy, gem 
minerals in early Arabic literature, a 
history of systematic mineralogies 
(brought up to date}, and a series of 
articles on such landmark works as 
D’Agoty, Rashleigh, Sowerby, and 
Koksharov, with several of their 
plates reproduced here in color. An 
extensive list of books and other 
publications dealing with regional 
mineralogies, the history of the 
now-defunct Mineral Digest, a large 
illustrated article on mineralogical 
bookplates, a review of Sinkankas’ 
Gemology—An Annotated Biblio- 
graphy, and a note on the Mineral- 
ogical Record library complete the 
issue. 

Of particular interest to gemol- 
ogists is the section on medieval 
mineralogy, which should have 
been labeled “Medieval Gemology,” 
because most of the books reviewed 
therein deal with lapidaries. This 
essay, written by F. D. Adams, was 
originally published as Chapter V in 
his Birth and Development of the 
Geological Sciences {1938}. The arti- 
cle by W. J. Sersen on Arabic gemo- 
logical writings is also interesting 
and valuable. Sersen notes that 
most of the Arabic literature in his 
field remains untranslated. 

JOHN SINKANKAS, Ph.D. 
Peri Lithon Books 
San Diego, California 
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GEMOLOGICAL 
ABSTRACTS 


C. W. FRYER, EDITOR 


REVIEW BOARD 


Charles E. Ashbaugh III 
Isotope Products Laboratories 
Burbank, California 


Emmanuel Fritsch 
University of Nantes, France 


Michael Gray 
Missoula, Montana 
Andrew Christie 
GIA, Santa Monica Patricia A. S. Gray 


Missoula, Montana 


Jo Ellen Cole 

GIA, Santa Monica Professor R. A. Howie 
Royal Holloway 

Maha DeMaggio University of London 

GIA, Santa Monica United Kingdom 

COLORED STONES AND 


ORGANIC MATERIALS 


The co-precipitation of Fe3+ and SiO, and its role in 
agate genesis. T. J. Moxon, Neues Jahrbuch fiir 
Mineralogie Monatshefte, No. 1, 1996, pp. 21-36. 

This article reports detailed experimental work on the 

use of Fe3* and Mg?* in removing H,SiO, and colloidal 

silica from separate dilute silica solutions and sols (a sus- 
pension of solid particles of colloidal dimensions in a liq- 
uid) over periods of 45 minutes to 14 years. It is demon- 
strated that Mg?*-SiO, gels in an alkaline saline environ- 
ment at room temperature can develop signs of transfor- 
mation into opal-CT after 14 years. The concentrations of 

Fe3* found in some agates is considered to be coinciden- 

tal and too low to precipitate silica from any silica sol or 

solution. RAH 


extraLapis. No. 9, 1995, 
The four groups of articles (all in German) in this special 
issue offer comprehensive and up-to-date information on 
many aspects of garnets. 

The first group starts with a glossary of 72 garnet 
terms (from Achtarandit through Rainbow Garnet to 
Zimtstein| and a summary table of the garnet group. The 
chemistry and crystal structure of garnets are then 
described, including discussion of an easy way to calcu- 
late the relationship between the composition of garnets 
and their specific gravity and refractive index. Although 
rather technical, this article is easily understood, even by 
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Mary L. Johnson 
GIA Gem Trade Lab, Santa Monica 


A. A. Levinson 


Gary A. Roskin 
European Gemological Laboratory 
Los Angeles, California 


Jana E. Miyahira 
GIA, Santa Monica 
James E. Shigley 
GIA, Santa Monica 
Carol M. Stockton 
Alexandria, Virginia 
Rolf Tatje 


Duisburg University 
Duisburg, Germany 


University of Calgary 
Calgary, Alberta, Canada 


Loretta B. Loeb 
Visalia, California 


Elise B. Misiorowski 
GIA, Santa Monica 


Himiko Naka 
Pacific Palisades, California 


those who normally despair when faced with crystallo- 
graphic details and chemical and mathematical formulas. 
Detailed descriptions of almandine, andradite, grossular, 
pyrope, spessartine, and uvarovite complete the first 
group of articles. Each description contains the miner- 
alogical characteristics, gemological aspects, and a list of 
the most important deposits. 

The first article in the second group focuses on the 
almandine garnets in the Austrian Alps {Tauernfenster], 
especially in Zillertal: their formation, their value for geo- 
logic research (measurement of age, pressure, and tem- 
perature), their mining, and their use in jewelry. The sec- 
ond article describes interesting hessonites from Piemont 
which have “fibers” comparable to those seen in some 
quartz crystals. 

The third group of articles traces the history of gar- 
net jewelry from antiquity to modern times. One article 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we fee! will be of greatest interest 
to our readership. 

Inquines for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
© 1996 Gemological Institute of America 
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Use of the Refractometer 


KENNETH G. M 


There are various methods of 
measuring the refractive indices of 
gemstones, as an aid to identifying 
their mineralogical species, and 
while all of them have their uses 
in special cases, by far the most 
useful and practical for the gem- 
ologist is the employment of an_in- 


APPIN, F.G.A., C.G. 


fractive indices of the two media in 
contact and the critical angle at total 
reflection; and, while it is limited 
in range by the refractive index of 
the constant medium, it has the 
great advantage of giving direct 
readings, thus eliminating all fur- 
ther calculations. These direct read- 


The Rayner Refractometer 


strument known as a refractometer. 

It is hardly necessary in an article 
such as this to go into the details 
of the construction of the instru- 
ment which has been well covered in 
the G.I.A. educational courses by 
Shipley’s Gemology, Herbert Smith’s 
Gemstones, and other authoritative 
textbooks on the subject. This meth- 
od is based on the relation which 
exists between the ratio of the re- 


ings take the form of a line running 
horizontally across a graduated scale, 
so that all that is necessary is to 
look through the eyepiece and take 
the reading where the light and dark 
fields meet, which is the horizontal 
line referred to above. 

As all refractometers are based 
on the same fundamental principles 
the choice of the instrument is not 
so important as is the source of 


discusses the origins of the names garnet and carbuncle, 
the important role of garnets (especially almandines}, and 
the setting techniques used in early medieval jewelry. 
Outstanding examples of 17th and 18th century garnet 
goblets, cameos, and intaglios are described in the second 
article, The third article is a review of the pyrope 
deposits, mining, and jewelry manufacture in Bohemia 
from the 14th century to the present. 

The articles in the last group again deal with more- 
technical aspects. The first covers production of synthet- 
ic garnets (especially YAG and GGG} and their many 
technical applications. The second article discusses the 
causes of color in garnets, including color-change garnets 
and the possible existence of blue garnets. 

In addition to the wealth of valuable information, 
this issue is beautifully illustrated with 23 black-and- 
white and more than 120 color photographs. RT 


Precious potential. G. Dick, American Jewelry Manu- 

facturer, Vol. 40, No. 8, August 1995, pp. 18, 20, 22. 
“Rubies and sapphires—gems of royalty for centuries—are 
now available to volume manufacturers in quantities and 
qualities beyond the dreams of ancient kings,” says Ms. 
Dick in the opening sentence to this article. However, if 
“dreams of ancient kings” were for stones of great color, 
clarity, and size, such is not now the case. True, ruby sup- 
ply is better than it has been for years, according to the 
International Colored Gemstone Association (ICA). But, 
as the author notes, today it is so much harder to find great 
stones in larger sizes that cutters in several world centers 
are concentrating on smaller, mostly commercial goods. It 
is the same story for sapphires: There is a seemingly end- 
less supply of dark-blue commercial material in sizes 
under half a carat, but only a few mines are producing larg- 
er stones. This article also briefly discusses other sapphire 
colors and their availability. 

Large quantities of commercial-quality rubies and 
sapphires will benefit everyone—manufacturers and con- 
sumers alike. For manufacturers, the large quantities 
enable them to produce volume jewelry at low prices. For 
consumers, this means a larger variety of jewelry at very 
affordable prices. Anne M. Blumer 


DIAMONDS 


Archaean Re-Os age for Siberian eclogites and constraints 
on Archaean tectonics. D. G. Pearson, G. A. Snyder, 
S. B. Shirey, L. A. Taylor, R. W. Carlson, and N. V. 
Sobolev, Nature, April 20, 1995, pp. 711-713. 
Mantle-derived eclogite xenoliths erupted by kimberlites 
theoretically could tell us a lot about conditions on the 
early Earth, since they may be the remnants of an early 
{over 4 billion years) magma ocean of subducted 
Archaean crust or of crystallized high-pressure magma 
melts. Age dating can differentiate between these two 
cases. 
Rhenium-osmium |Re-Os) isotope data for diamond- 
bearing eclogites from the Udachnaya kimberlite pipe 
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give formation ages of 2.9 billion years (plus or minus 400 
million years}. Although these rocks are too young to tell 
us about early differentiation of the Earth, they do indi- 
cate that the crust was at least 150 km deep (the mini- 
mum thickness required for diamond formation} by the 
Mid-Archaean era. These results are consistent with an 
age of 2.7 billion years derived from data on lead isotopes 
in eclogitic clinopyroxenes separated from other 
Udachnaya xenoliths. 

Such relatively young ages imply that these xeno- 
liths are not related to early crust formation 4 billion 
years ago. Rather, they are related to craton formation in 
the Archaean era. {Note that other diamond inclusions 
{from South Africa] are Proterozoic in age, and eclogites 
from any one locality may have different ages.) The trace 
elements and oxygen isotopes in these Siberian xenoliths 
are consistent with an origin as oceanic crust that under- 
went low-temperature hydrothermal alteration; it may 
have been subducted during the Archaean era. ML] 


Best friend hides deep secret. W. M. White, Nature, 
January 11, 1996, pp. 117-118. 

On the basis of the study of inclusions in diamonds, 
among other things, it has generally been accepted that 
once a continental mass forms, a region of mantle down 
to depths of 200 km (or more) is “frozen in” below it. 
Although most diamond inclusions come from the man- 
tle (some apparently from the lower mantle—depths 
greater than 650 km), a crustal mineral [staurolite) has 
been found as an inclusion in diamond. In fact, staurolite 
is not even stable at the depths necessary for diamond to 
form, so this inclusion must have either: {1) occurred in a 
low-silica environment with silica present, staurolite 
reacts to form kyanite and garnet); or (2) been stored, pos- 
sibly as an inclusion in a garnet {and so protected from 
reaction], before its current encapsulation in the diamond. 

Although this inclusion is the clearest evidence that 
crustal material can come into contact with diamond- 
producing environments, it is not the only evidence. 
Some diamonds have carbon isotopes consistent with 
derivation from crustal carbon; in addition, kyanite, 
coesite, corundum, and alkali feldspar—all common min- 
erals in metamorphosed crustal rocks—are found as 
inclusions in diamonds. Thus, it seems that in diamond- 
forming regions, the mantle may retain regions of incom- 
plete mixing due to subducted crustal material. ML] 


De Beers, diamonds and the deep blue sea. A. Wannen- 
burgh, Optima, Vol. 41, No. 2, 1995, pp. 24-29. 

This article describes how De Beers Marine [Debmarine) 
mines diamonds in waters deeper than 100 m. Such min- 
ing is economically significant; for instance, 407,000 
carats of gem-quality diamonds—31% of the total pro- 
duction of Namdeb (an equal partnership between 
Namibia and De Beers|}—were recovered from deep 
waters off Namibia in 1994. Debmarine is also investi- 
gating deep-sea mining areas off the Namaqualand coast 
of South Africa and is sampling off Sierra Leone. 
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Offshore Namibian diamonds are concentrated in 
gullies and gravel “lag” deposits, seldom more than a few 
meters thick, which became submerged as ocean levels 
rose after the ice ages. Using a drilling ship and then a har- 
bor dredge to collect samples in water up to 30 m deep, 
De Beers first explored these deposits in the early 1960s. 
As the diamondiferous gullies trended into deeper water, 
more-sophisticated mining vessels were developed. 
Debmarine, which was formed in 1983, devised a mining 
ship (the Louis G. Murray) with a remote-controlled 
underwater crawler to bring up diamond-bearing gravels 
from depths down to 200 m. Commissioned in 1987, this 
ship is still in use. 

A less-expensive alternative for ocean-floor mining is 
the ship-mounted drilling platform. Rotary drill bits 
chew up the ocean floor in 0.5-m-diameter chunks; the 
global positioning system (GPS) is used to determine the 
position of the drill holes; and ship-based plants handle 
the ore. Gravels are “air-lifted” through the drilling pipe 
to a ship and screened (with the >19 mm and <2 mm frac- 
tions discarded]. The remaining gravel is separated into 
fractions with densities less than and greater than 3.0 
(diamond has a density of 3.5}, and then sorted again into 
X-ray fluorescing {including diamond) and nonfluorescing 
fractions. The final concentrate is 20%-30% diamond. It 
is sealed on the ship for later sorting. ML] 


Diamonds, Metals & Minerals Annual Review, 1995, pp. 
26-27, 30. 

Industrial diamonds. Metals &) Minerals Annual Review, 
1995, p. 88. 

The Central Selling Organisation {CSO} sold US$4.3 bil- 

lion of rough diamonds in 1994, down slightly from 

US$4.4 billion in 1993. An estimated US$700-$800 mil- 

lion of Russian rough was sold outside the CSO agree- 

ment. World retail sales of diamond jewelry rose 4% (by 

U.S. dollars) in 1994 over 1993. (These two mining 

reports rely heavily on figures provided by De Beers.] 

De Beers continued to work in partnership with local 
governments, including: restructuring CDM into the new 
firm Namdeb (Namibia), mining in partnership with the 
Botswana government (Debswana}, negotiating with 
Angola and Sierra Leone, and prospecting in Canada. 

In South Africa, the Finsch mine produced 2.3 mil- 
lion carats (Mct}, the Kimberley mines produced 600,000 
carats (including 40,000 carats from mine-dump rework- 
ing), Koffiefontein produced 120,000 carats, the 
Namaqualand mines produced 700,000 carats, the 
Koingnaas complex (Koingnaas and Mitchells Bay plants, 
including surf-zone production] produced 400,000 carats, 
the Premier mine produced 1.7 Mct, and the Venetia 
mine produced 4.9 Mct. The total South African produc- 
tion of 10.2 Mct was below capacity, and a cost-contain- 
ment program remained in effect. 

In Namibia, the Elizabeth Bay region produced 
100,000 carats, and marine production totaled 1.3 Mct. 
Botswana production in 1994 was 15.6 Mct. Angola may 
have produced 1.4 Mct in 1994, but the exact amount was 
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hard to estimate because much of the output was smug- 
gled out of the country. 

Russian diamond production for 1994 was estimated 
at 11.5 Met, primarily from Sakha |Yakutia}; some inter- 
esting primary deposits have also been discovered in the 
Arkhangelsk and Perm regions. About half of Russian 
diamond production went to domestic cutting plants. 
Exploration and development continued in Canada in 
1994, but there was no actual diamond production. 

World diamond production rose to 107.5 Met in 
1994, from 101 Mct the previous year. In Australia, 
Argyle produced 42.8 Mct and Bow River produced anoth- 
er 200,000 carats. Zaire produced 18 Mct, including 12-15 
Mct from small-scale diggers, most of which was proba- 
bly smuggled out of the country. 

World industrial diamond sales for 1994 were esti- 
mated at US$550 million; synthetic diamonds accounted 
for 90% of this total. At the end of the year, there was an 
oversupply of industrial-diamond products on the mar- 
ket, but demand for superabrasives in developing coun- 
tries was increasing. ML] 


Diamond encouragement for Ashton. Mining Journal, 
London, July 28, 1995, p. 60. 

Ashton Mining Ltd. has reported results from several joint 
ventures in Russia, Finland, Australia, and Mali. 
Kimberlite indicator minerals are being collected for analy- 
sis in Karelia, western Russia. “Mini-bulk sampling” has 
begun for three kimberlite pipes in Finland, with 26.6 
carats per 100 tons reported from sampling Pipe 21, and 
25.7 carats per 100 tons from Pipe 7, Bulk sampling is 
under way at Merlin in Australia’s Northern Territory, 
with 200 tons of kimberlite ore collected for analysis. 

In Mali, exploration by other companies identified a 
2,000 km? kimberlite field in the Kéniéba region, in 
which 21 kimberlite pipes are known. Ashton expected 
to begin sampling a 36,000 km? neighboring region in 
October. ML] 


Distribution of luminescent centres in Yakutian dia- 
monds. V. Mironov and B. Antonyuk, Archiwum 
Mineralogiczne (Polska Akademia Nauk), Vol. 50, 
No. 2, 1994, pp. 3-12. 

The laser-luminescence tomography method for revealing 

crystal zoning has been used to examine diamonds col- 

lected from the Malobotuobinskoe field in the Mirnyy 
region of Yakutia, Russia. This nondestructive method 
shows the distribution of luminescence centers in the 
crystals, usually arranged in zones formed during succes- 
sive stages of growth. “Phantoms” |i.e., luminescent out- 
lines of the growth zones) in diamond crystals provide 
information on changes in crystallization conditions in 
the parent rock. The method has been developed for use in 
the classification of diamonds from both primary kimber- 
lite and secondary alluvial deposits in the Mirnyy region. 

The paper is illustrated with nine color photographs of 

yellow, green, and blue UV luminescence. RAH 
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Fossicking for diamonds in the Copeton area, part one. J. 
Tottenham, Australian Gold Gem & Treasure, Vol. 
10, No. 3, March 1995, pp. 32-37. 


In the late 1880s to early 1900s, diamonds were mined 
commercially in the Copeton area, about 23 km by road 
southwest of Inverell, in New South Wales, Australia. 
The author began “fossicking” (amateur collecting) for 
diamonds in this area many years ago while investigating 
the suitability of sand and gravel deposits there for con- 
crete manufacture. The Copeton area is rich in alluvial 
sediments; in the 1970s and 1980s, exploration unsuc- 
cessfully sought hard-rock sources for the diamonds. 

Total “official” diamond production in this area up 
to 1973 was 168,000 carats, but as many as 300,000 carats 
may have been mined there. (Alluvial tin is also found in 
the Copeton region, and has been of greater economic 
value historically.) The diamonds averaged 4 per carat (25 
points each}. Although most are industrial quality, the 
author thinks they make attractive mineral specimens. 
He describes them as unworn transparent crystals with 
high surface luster, usually yellow to white (but also pale 
pink, green, or brown). Complex twins are common, and 
“classic” octahedra are rare. 

The diamonds are found in Tertiary river gravels 
(leads), many of which are covered by later basalt flows. 
At least two separate fossil river systems occur at 
Copeton, and diamonds are found in both channels. 
Gently falling “modern” creeks that cut through these 
leads may have workable concentrations of diamonds in 
their beds. 

Some controversial evidence points to a dolerite (dia- 
base) dike—not kimberlite—as being the source rock for 
the Copeton diamonds; this evidence includes a specimen 
of diamond in dolerite matrix. Regardless, typical kimber- 
litic-diamond indicator minerals (pyrope garnet, chrome 
diopside, and nickel-rich ilmenite] are not present in 
Copeton. ‘ 

This admittedly nontechnical article gives tips on 
how to recognize diamonds at Copeton. The most amusing 
of these is the (quintessentially Australian) “beer glass 
test.” Drop a diamond and a similar-sized look-alike stone, 
such as a topaz, into a glass of beer from rim height. The 
diamond should bounce around “like a super ball,” while 
the other stone should not. As a conscientious reviewer, I 
regret that I have not yet tried this test. ML] 


Recent deformations of the deep continental root beneath 
southern Africa. L. P. Vinnik, R. W. E. Green, and L. 
O. Nicolaysen, Nature, May 4, 1995, pp. 50-52. 
One way to determine the nature of Earth’s upper mantle 
is to examine xenoliths brought up from great depths by 
geologic forces; another is to bounce sound- or shock- 
waves off layers in the Earth. The authors studied the 
mantle beneath the Kaapvaal craton of South Africa using 
the latter technique. They conclude that the mantle in 
the region between 150 and 400 km beneath this craton 
flows in a direction parallel to plate motions in modern 
times {i.e., the last 200 million years). The old continen- 
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tal root beneath the craton must be deformed by the plate 
motion. 

Silicate inclusions in diamonds from the Kaapvaal 
craton have been dated as Archaean in age—significantly 
older than 200 million years; we would expect to see 
young inclusions in Kaapvaal diamonds if the diamonds 
were: (a] coming up through the crust in recent times (the 
last few hundred million years], and {b) sampling the 
region where the mantle is flowing. The authors argue 
that (b) is not the case: Kaapvaal craton diamonds sample 
the mantle and craton root at depths shallower than 200 
km, and most of the mantle flow occurs at a depth greater 
than this. ML] 


Russia’s diamonds: 40 years of mettle. R. Shor, Jewelers’ 
Circular Keystone, Vol. 166, No. 10, October 1995, 
pp. 78-81. 
While attending a diamond summit in Moscow in June 
1995, leaders of the international diamond community 
toured the Mir and Udachnaya diamond mines in the 
republic of Sakha. Production figures and mining process- 
es for each deposit are reviewed. Their remoteness and 
the incredibly harsh natural conditions create special 
problems at each mine, which are described in detail. 
Industry delegates also visited the diamond museum in 
the town of Mirnyy, which provides the history of the 
mining areas. 

Privatization and problems at the mines have cut the 
workforce drastically, and environmental concerns have 
prevented startups at new locations. The government is 
optimistic, however, pointing to 50 polishing factories 
and the rapid growth of towns like Mirnyy and Udachny. 
Although many in the trade are skeptical that Yakutsk 
{the capital of Sakha) will become a major diamond hub, 
the government has proposed creating a large diamond 
cutting and polishing center there. JEC 
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Bulk opal mining a Qld first. Queensland Government 

Mining Journal, Vol. 96, No. 1123, August 1995, p. 27. 
Three gem-quality black opals were discovered in August 
1994 at the Hebel tenement, in Queensland, Australia, 90 
km north of Lightning Ridge. This prompted the lease- 
holder, Redfire Resources, to begin bulk sampling at Hebel. 
Open-cut mining has been used to remove overburden, up 
to 30 m thick, followed by large-scale drilling to identify 
zones in the clay-seam target areas that have high concen- 
trations of opal. Bulk methods can be used at Hebel 
because the claim area is large (400 km2); at Lightning 
Ridge, individual claims are limited to 50 x 50 m, which is 
too small for bulk-mining techniques. ML] 


Connecticut: Gems & gem minerals. B. Jarnot, Rocks @ 
Minerals, Vol. 70, No. 6, 1995, pp. 378-382. 

Most gem-quality minerals from Connecticut were dis- 

covered during the first half of this century, when various 

mines, quarries, and prospects were being actively 

worked. Although many of the famous localities are now 
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closed to collectors, several of Connecticut's finest gem 
specimens are in the university collections of Harvard, 
Wesleyan, and Yale. 

Jarnot describes characteristic material from notable 
localities, quoting old accounts of tourmaline from the 
Strickland quarry, Gillette quarry, and the Brack prospect. 
Many green crystals from the Strickland quarry were 
reportedly sold to Tiffany’s and to rock shops in Maine 
(where they were mistakenly called “Maine tourma- 
lines”), The Gillette quarry became world famous for its 
beautiful specimens of pink-and-green “watermelon” 
tourmalines. Such “watermelon” tourmalines were also 
frequently encountered at the Brack prospect, but that 
locality is noted more for crystals with a distinctive deep 
blue “cap” on pedion terminations. 

Considerable quantities of pale yellow to “golden” 
brown heliodor, and pale to medium green aquamarine, 
were recovered at the Roebling mine. The Slocum and 
CCC quarries also produced heliodor, and the Pelton quar- 
ry was known for its well-formed, deep blue aquamarine 
crystals. The Swanson gem mine produced morganite as 
well as heliodor. Several pounds of high-quality pink-to- 
peach morganite, green-to-blue aquamarine, and colorless 
goshenite were recovered from the Brack prospect. 

Jarnot notes other localities for topaz, quartz, garnet, 
and spodumene, as well as for collector specimens of 
cordierite, pollucite, datolite, fluorite, oligoclase, and 
prehnite. All specimens pictured are from the author's 
comprehensive personal collection of Connecticut gems 
and minerals. LBL 


Connecticut mineral locality index. M. H. Weber and E. 
C. Sullivan, Rocks & Minerals, Vol. 70, No. 6, 
1995, pp. 396-409. 

Connecticut, “a small state that is big on mineraliza- 

tion,” boasts hundreds of different minerals throughout 

its eight counties. This index is a basic guide to the 

names, spellings, and locations of sites where the most 

significant minerals have been found. 

The main index presents the locations {with the 
minerals noted) in alphabetical order within each county. 
Type minerals are noted at their type location. Another, 
smaller index alphabetically lists the localities by name, 
with their county of origin or alternate names in paren- 
theses. The article includes an extensive bibliography and 
28 color photos of mineral specimens. LBL 


Finders keepers? Not in NSW. N. Keating, Australian 
Gold Gem & Treasure, Vol. 10, No. 5, May 1995, 
pp. 22, 24, 26. 
The New South Wales (NSW) Mining Act was amended 
in 1992; new rules limit the amount of gold or gemstones 
that can be collected and retained by amateurs (fossick- 
ers) over 48 consecutive hours. Gold is restricted to 30 g 
{increased from 10 g in October 1994) and gemstones to 
20 g (100 ct}. The author notes further limitations under 
this act, including the fact that large individual stones {or 
nuggets} cannot be legally collected; that all gemstones 
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have the same 100 ct limit, including “semi-precious” 
stones such as agate; and that composites such as matrix 
opal and gold-in-quartz are not defined. Those who col- 
lect illegally can be fined up to Aus$1,000. However, the 
NSW Department of Mineral Resources lacks sufficient 
personnel to enforce these laws, so the chance of being 
fined is very slim. Another problem with fossicking in 
Australia is that different states {and the Northern 
Territory) have different collecting laws. The author con- 
cludes with a plea for uniform, logical legislation. ML] 


Jantar: World centre of amber production. Europa Star, 
No. 201-3, 1995, p.104. 
The Sambia Peninsula lies along the border between 
Poland and Kaliningrad, an “extraterritorial” section of 
Russia (Belorus and Lithuania lie between Kaliningrad 
and the bulk of Russia]. In the sands of the Russian part 
of the Sambia Peninsula, up to 700 tons of amber are 
excavated annually; this represents 90% of world amber 
production. Most of this amber is processed in the 
Gdansk area of Poland. ML] 


More Benitoite locality information, another new one 
and another discredited [letter]. Mineral News, Vol. 
11, No. 8, August 1995, p. 9. 


In a letter to the editor, reader Alfredo Petrov straightens 
out some misconceptions in the mineralogical literature 
about benitoite localities. References to localities in the 
Owithe Valley, Belgium, and in southwest Texas are 
incorrect, he says. A reported locality in Hashidate 
Kanayame, Niigata prefecture, west-central Japan, pro- 
duces blue six-sided crystals in a riebeckite-albite rock in 
serpentinite. 

This letter revises the lists of known benitoite local- 
ities outside San Benito County, California, to include 
the Japanese site; New South Wales, Australia; and 
Magnet Cove, Arkansas. AC 


And NUTS to you, too. P. O’Brien, Australian Gold Gem 
& Treasure, Vol. 10, No. 10, pp. 26-29. 
A “Yowah nut” is an opal formation from what is loose- 
ly called the “boulder opal” family. Boulder opal fills the 
cracks, cavities, and nodules in the host rock. The opal- 
filled nodules—which typically appear as small, round 
ironstone balls—are usually called “Yowah nuts.” 
Although they normally range from pea- to grapefruit- 
sized, the “Spirit of Yowah,” discovered in 1993, is one- 
and-a-half times the size of a basketball and weighs just 
under 100 kg. “Yowah nuts” are found with greatest fre- 
quency in the ironstone and sedimentary rock around the 
small town of Yowah, Queensland, Australia. 

The author reports on the find of the “Spirit of 
Yowah,” and then relates good potential locales for opal 
rockhounds (called “fossickers” in Australia) in the 
Yowah area, as well as mining claims that are open to the 
general public. The report continues in the next issue of 
the magazine. AC 
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Rubies, sapphires and ball-point pens—small-scale gem 
mining operations in Sri Lanka. C. Hunt, 
Geoscience and Development, No. 2, May 1995, 
pp. 10-12. 

On the basis of a three-day trip into the Central 

Highlands of Sri Lanka, the author describes the economy 

of small-scale gem mining in this island nation. The 

search for gemstones in alluvial deposits is a mainstay of 

Sri Lanka’s economy. The earliest mention of gems in 

Kandy libraries dates back to the Buddhist period 

(624-544 B.C.}, although this manuscript may refer to 

gems in India. However, Sri Lankan gemstones were cer- 

tainly well known by Marco Polo’s time. The Mineral 

Survey of Ceylon was established in 1903. 

Almost all Sri Lankan gem deposits are in the 
Central and Southern Highlands regions, originating from 
either pegmatite dikes or their Precambrian metamorphic 
rock hosts. Because of high rainfall and intense weather- 
ing, the resistant gems concentrate in alluvial sediments, 
which cover 20% of the island. Gems found include 
corundum (ruby and sapphire}, chrysoberyl, topaz, moon- 
stone, and beryl, among many others. 

For 2,000 years, mining knowledge—such as extrac- 
tion techniques and the location of good mining sites— 
has been passed down by word-of-mouth. Mines are con- 
trolled by families or small consortia. A typical mine con- 
sists of a single shaft, about 2-3 m2, that descends some 
20-40 m to a small supported annex; the work face is 
found at the edge of this annex. Gravels from the work 
face are washed and concentrated using water removed 
from the mine shaft by “the only essential piece of mod- 
ern equipment”—a gas-driven pump. The final step in 
gem recovery is panning the gravel. Some miners pan 
modern river gravels; however, these do not have gem 
concentrations as high as the older gravels found well 
below the surface. 

Regardless of the mining technique used, the work- 
ers remain very poor, even when they own the land. At 
the various sites, children sell fragments of gems for 
school pens and similar trinkets. The author suggests 
that with modern extraction methods more gems could 
be found; with better record-keeping, worked-out areas 
could be avoided. In a 1993 Gems & Gemology article, 
Rupasinghe and Dissanayake generated a “gem-probabil- 
ity map,” on which more than 5% of Sri Lanka is pre- 
sented as being “highly probable” for finding gems and 
more than 21% as having a reasonable possibility. This 
map could be useful in establishing a more-efficient cor- 
porate mining program, but such a program might lower 
gemstone prices to the point where many of the small- 
scale miners now involved in this industry could no 
longer be supported by it. ML] 


The SA mineral industry: 1—The geological background. 
Mining Magazine, Vol. 172, No. 5, May 1995, pp. 
RSA 6-7, 9. 

This review article describes the geology of South Africa 

as it relates to the ore deposits that have been found there, 
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some of which are relevant to gemologists. Most of South 
Africa sits on the Archaean (up to and possibly more than 
3 billion-year-old) Kaapvaal craton, a terrain built up of 
gneisses, granitoids, and lesser amounts of metamorphosed 
volcanic-arc-related rocks (greenstones}. The greenstones 
host many economically important ore deposits, including 
gem minerals; corundum is sometimes found in the gneiss- 
es and granitoids. Karsting (cave formation) in 2.1-to-2.6- 
billion-year-old dolomitic rocks —in the Griqualand West 
area near Kuruman and Hotazel—tresulted in the man- 
ganese deposits there (with associated sugilite and gemmy 
rhodochrosite crystals, among other minerals); nearby 
banded iron formations host amphibole asbestos and its 
silicified replacement, tiger-eye. The Premier diamond 
pipe was emplaced into the Kaapvaal craton 1.3 billion 
years ago; fragmentation of the Gondwana “superconti- 
nent,” which began less than 200 million years ago, was 
also accompanied by the emplacement of kimberlites, 
especially in the Kimberley area. ML] 


Semi-precious gem mining in southern Brazil: In view of 
the environmental aspects. B. Grimm and M. 
Priester, Small Mining International Bulletin, No. 
8, February 1995 (no page numbers). 

Gemstone mining in many regions of Brazil traditionally 

has been performed by garimpeiros, small-scale miners. 

In the amethyst- and agate-mining region in the northern 

part of Rio Grande do Sul State, each mine, or “garimpo,” 

usually belongs to a working cooperative of landowners, 
owners of mechanical equipment, and garimpeiros. Legal 
reorganization in Brazil in the late 1980s resulted in new 
laws governing these mines. In particular, applications for 
concessions must be approved by the Brazilian mining 
authority (DNPM), and mining grants in Rio Grande do 

Sul are only valid when sanctioned by the appropriate 

environmental authority. 

These environmental laws have two components: {1) 
protection of the physical environment (the land surface, 
water, and air quality, and local forests}, and |2) protection 
of the health and safety of workers in the mines and pro- 
cessing facilities. Protection of the physical environment 
in this quartz-mining area is relatively simple. Because of 
the lack of capital and the independent nature of the min- 
ers’ work, however, it is difficult to enforce safety regula- 
tions. Use of personal protective equipment (helmets, 
work boots, dust masks, etc.) promises more effective 
protection to both miners and processing-facility work- 
ers. ML] 


Spotlight on Namibia. Mining Journal, London, June 30 
1995, pp. 484-485. 

This brief article concentrates on prospects for economic 
development in all sectors of Namibia’s mining industry. 
Gem exports in 1994 included sodalite (725 tons export- 
ed, at a total value of US$840,000)}; other “semi-precious” 
stones, including tourmaline and several varieties of 
quartz (947 tons; US$390,000); and especially diamonds 
(1,130,768 carats; US$384 million). 


GEMS & GEMOLOGY Spring 1996 75 


A significant portion of the diamonds mined in 
Namibia come from offshore deposits. In November 
1994, Namdeb Diamond Corporation was formed—an 
equal partnership between De Beers and the Namibian 
government. Also in 1994, De Beers Marine, acting as 
contractor to Namdeb, recovered 407,000 carats from the 
concession south of Luderitz. It was expected to recover 
much more by 1996. Also, from the end of next year, an 
additional 100,000 or so carats could be mined by three 
new operators: Ocean Diamond Mining (recovering 
stones from shallow waters surrounding the 12 “Guano 
islands”), BHP/Benguela (the Diamond Fields Resources 
[DFR] concession offshore from Luderitz), and Namibian 
Minerals Company (Namco; adjacent to the DFR hold- 
ing). 

The Geological Survey of Namibia is creating a 
series of 1:250,000 magnetic and radiometric maps of the 
entire country, which should facilitate exploration for 
more resources. It has also developed an in-house miner- 
al information database, NAMDAT. 

Mineral collectors take note: Reserves at the Tsumeb 
copper mine are “virtually exhausted.” In addition, the 
nearby Tschudi copper deposit will probably be mined by 
solvent extraction, a method that dissolves rather than 
produces mineral specimens. ML] 


Ein Trapiche-Rubin aus Myanmar (Burma) [A Trapiche 
Ruby from Myanmar]. H. -J. Miiellenmeister and J. 
Zang, Lapis, Vol. 20, No. 12, 1995, p. 50. 

Highlighting this brief article are two color photos of a 

ruby from Mong Hsu (Myanmar) that strikingly resem- 

bles trapiche emeralds in form. The separating “walls” 
between the ruby segments are mainly composed of cal- 
cite and ankerite, which were probably incorporated into 

the crystal on the planes with the highest growth rates. A 

trapiche sapphire was also found recently at Mong Hsu, 

so more of this beautiful new type of corundum may soon 
appear in the literature. RT 


Turquoise from the Urals-Paikhoy region {in Russian 
with English abstract]. V. L. Silaev, L. A. Yanulova, 
A. V. Kozlov, and V. P. Ljutoyev, Proceedings of the 
Russian Mineralogical Society, Vol. 124, No. 6, 
1995, pp. 71-86. 
Detailed descriptions are given of the composition and 
properties, including crystal structure, of turquoise from 
the Paikhoy region of the Polar and Subpolar Urals. 
Chemical analyses for 29 turquoise specimens from this 
area are tabulated and compared to data from the litera- 
ture; estimates are made for the degree of filling of the 
octahedral sites in the structure by Cu2* and Fe+, on the 
basis of both electron microprobe and electron parameg- 
netic resonance data. The frequencies of principal absorp- 
tion bands in the infrared spectrum of turquoise from the 
Urals-Paikhoy region are tabulated, and various hypo- 
thetical schemes for the isomorphous replacement of 
cations in turquoise are proposed. RAH 
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Zaire diamond exports rise. Mining Journal, London, 
September 15, 1995, p. 195. 
Zaire exported 9.6 million carats (Mct) of diamonds in the 
first half of 1995, up from 7.8 Mct for the same period in 
1994; the value of these exports rose from US$116.9 mil- 
lion to US$177.9 million. Of the 9.6 Mct, 2.1 Mct came 
from major producer MIBA, while 7.5 Mct came from 
agencies that purchase diamonds from small-scale pro- 
ducers. MIBA reportedly will provide diamonds directly 
{that is, bypassing the CSO) to the Indian cutting and pol- 
ishing company, International Diamond Services; over 
US$37 million of diamonds are expected to be exported 
through this channel annually. ML] 


INSTRUMENTS AND TECHNIQUES 


Scotch tape and a magic box. J. Nelson, Diamond Inter- 
national, November-December 1995, pp. 47, 48, 
51, 52, 54. 

This paper describes a visionary new method of detecting 

fracture-filled diamonds, by a type of stereo-radiography. 

The author developed the technique after observing that 

the detection of fillings by microscopic methods (specifi- 

cally, by color-flash effects): 


1. May not always be reliable (e.g., he describes a 2.14 
ct filled diamond that exhibited only an extremely 
faint flash). 

2. Is time-consuming, as each stone must be exam- 
ined individually. 

3. Requires a degree of expertise that many in the 
trade lack. 


The basic principle behind the new technique is that 
the glass used in fracture filling {presumably because of 
its lead or other heavy-metal component) is less transpar- 
ent (more opaque} to X-rays than its lower-density dia- 
mond host. As a result, the filling will be visible on X-ray 
film after irradiation. This is analogous to medical X-rays, 
where relatively dense bone, for example, is easily visible 
on the film, but the (lower density) fleshy parts of the 
human body are more transparent to the X-rays. The 
instrument required for this technique consists of three 
parts: 

1. An open box-like compartment (the “magic box” 

of the title), which contains a moveable (especially 

tiltable} stone holder that uses “Scotch Tape” (also in 
the original title) to keep the diamonds in place dur- 
ing analysis. 

2. An X-ray generator. 

3. A viewer/scanner, which features a traversing 

stereoscopic microscope that has been modified to 

enable examination of both the X-radiographs and 
the corresponding stones in the same holder. 


The instrument is currently used at the Asian 
Institute of Gemmology in Bangkok, Thailand, to scan 
batches of up to 300 loose stones (0.01-0.15 ct) for the 
presence of fillings. 
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Because it can simultaneously screen large numbers 
of stones (some of which may be filled and possibly flash- 
free}, this instrument is a most valuable addition to gemo- 
logical testing, especially for laboratories that process large 
numbers of loose diamonds. However, it is relatively 
expensive and complicated, it cannot screen mounted 
stones, and some jurisdictions may require special licens- 
ing because of potential radiation hazards. AAL 


JEWELRY HISTORY 


Alma Pihl’s designs for Fabergé. V. Swift, The Magazine 
Antiques, Vol. 149, No. 1, January 1996, pp. 
176-181. 

Sumptuous photographs of Fabergé jewelry and objets de 

vertu pair with fascinating text in this piece by the former 

head of Christie’s objects of vertu department. Two record 
books of master jeweler Albert Holmstrém, which were 
rediscovered by A. Kenneth Snowman, shed considerable 
light on the inner workings of the Fabergé workshop. 

These records reveal that Alma Theresia Pihl, the daugh- 

ter of Finnish Fabergé workmaster Knut Oskar Pihl and 

Fanny Florentina Holmstrém (the sister of Albert 

Holmstrém}, was more actively involved in the design of 

important pieces than was previously believed. In a move 

unusual for her time, Alma continued to work after her 
marriage in 1912 and became a respected designer in the 
famous workshop. 

Alma Pihl was remarkable for many reasons, but 
three stand out. First, Fabergé so liked her designs that 
they adopted them even though she had just finished her 
apprenticeship. Second, unlike typical House of Fabergé 
designs, which were generally based on reinterpretations 
of historic styles, hers were innovative, taken from every- 
day life. Third, although ice was rarely a subject in the 
medium of jewelry, many of Pihl’s most noteworthy 
designs were based on the theme of ice and snow. One is 
the Ice Egg, made for Dr. Emanuel Nobel. The Ice Egg was 
rediscovered in 1994 after being lost for many years. 
Deceptively simple, the design is an amazing example of 
the enameler’s art. Another well-known Pihl design is the 
Mosaic Egg, which Czar Nicholas II presented to Czarina 
Alexandra Feodorovna on Easter 1914. 

Unfortunately, Alma Pihl’s career was cut short by 
the Russian Revolution of 1917. She escaped to Finland, 
where she stayed until her death in 1976. Her legacy lives 
on in the wonderful jeweled objects she designed. | JEC 


JEWELRY RETAILING 


Estimating estimates: A bidder’s guide. A. Walker, 
Celator, Vol. 9, No. 5, May 1995, pp. 36-40. 
Although this article is in a coin-collecting magazine, the 
principles in it are probably useful for anyone bidding at 

auction. Those principles include: 

¢ Avoid fractional, “cute” bids (e.g., $648 instead of 
$650). 

e¢ Avoid unreasonably low bids; these mark you either 
as an idiot or as someone only seeking market infor- 
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mation with no real interest in buying. 
e = Avoid “system bidding,” that is, bidding a percentage 
of the estimated price on multiple lots in the same 


auction. (Your only reward probably will be over-val- 
ued goods.) 


The author explains how to make “sensible” bids, 
even when starting estimates are unrealistically low or 
absent altogether. This method consists of determining 
whether you want an item and then comparison shop- 
ping to estimate its value. Using this method, you decide 
reasonable starting and final bids. The author recom- 
mends using this method even if there are estimates. The 
estimates can then be compared with your bidding range. 

If there is an item that you really want and you can- 
not attend the auction, you may opt to have a trusted 
dealer—who is attending—bid for you. This option is 
often preferable to bidding by mail, especially if your top 
bid is significantly higher than the estimate and if you are 
not well known to the auction house. ML] 


Gold Jewelry Sales Rise 5.1% in 3rd Quarter of 1995. M. K. 

Golay, National Jeweler, February 1, 1996, p. 28. 
Third-quarter 1995 gold jewelry dollar sales increased 
5.1%, and unit volume increased 4.7%, over the same 
period in 1994, according to the World Gold Council. 
This marks the 16th consecutive quarter of increased 
sales for gold jewelry. Year-to-date gold jewelry retail sales 
topped $6 billion, an increase of 5.9%. Unit volume for 
the nine-month period grew 7.7%. Discount stores 
remained the fastest growing retail outlets, with a 15.8% 
jump in dollar sales posted year-to-date over the same 
period in 1994. 

Chain jewelry stores averaged a 4.9% dollar-sales 
increase as compared to the same period in 1994, 
Department stores (20.3% of total gold jewelry dollar 
sales) posted a 5.7% increase in dollar sales for the period, 
while catalog showrooms showed a 0.7% increase. 
Neckchains performed well below the category average, 
with a 3.2% increase in dollar sales year-to-date. Earrings 
and charms led all classifications, with a 13.9% increase 
in dollar sales over the prior year. A 5.5% increase in dol- 
lar sales was recorded for wedding rings, with a 6.2% 
increase recorded for bracelets. MD 


Sotheby’s and Christie’s enjoy significant growth in 
worldwide jewellery auction sales. N. Packer, 
Retail Jeweller, August 10, 1995, p. 5. 

Sotheby’s and Christie’s both experienced a significant 

boost in jewelry sales as part of a general growth in 

turnover during 1994-95. Christie’s reported that jewelry 
sales were up 28%, due to strong buying from Saudi 

Arabia and Southeast Asia, as well as the establishment 

of regular Christie’s Western jewelry and jadeite sales in 

Hong Kong and Singapore. 

Meanwhile, the first half of 1995 was exceptional for 

Sotheby’s, with worldwide jewelry sales increasing 40% 

to $122.2 million. Sotheby’s retained its position as num- 
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ber one in auction sales for 1994-95 (with total sales of 
$1.48 billion, up 7% over the preceding year}, although 
Christie’s gained considerable ground {with total 
Christie’s International sales of $1.41 billion, a 20% 
increase}. 

Christie’s jewelry department enjoyed its best year 
ever in 1994. Its new policy of reducing the number of 
lots (to concentrate on quality rather than quantity) was 
regarded as a significant factor in the improved perfor- 
mance. In Geneva, Christie’s presented only 833 lots for 
sale during the year, compared to 1,391 in 1993; in New 
York, the number dropped from 2,000 to 1,595. Jewelry 
sales increased significantly in both the U.S. and Europe, 
while business in Asia was boosted by the company’s 
first-ever jewelry auctions in Hong Kong and a second 
sale in Taipei. 

Highlights of the year at Christie’s included the 
world-record sale of a pink diamond ($7.4 million) and the 
second highest for a blue diamond ($6.3 million) both at 
Geneva. Highlights for Sotheby’s included the May 
Geneva sale, which brought in $49.2 million, a 100% 
increase over the May 1994 sale. MD 


PRECIOUS METALS 


Gold from Mt. Kare, Papua New Guinea. A. A. Flower, 
Australian Journal of Mineralogy, Vol. 1, No. 1, 
1995, p. 32. 

A 1988-1989 gold rush in the Mt. Kare area of Papua New 

Guinea yielded “beautifully crystallized” gold specimens 

from colloidal clays, as well as nuggets from nearby 

stream channels. Most of this one-page letter describes 
conditions at the gold camp during the rush. However, 
the author also recounts seeing a pair of earrings, each 
about an inch long and made up of eight or nine cubic 
gold crystals, which were joined naturally at the corners. 

ML] 


Records for gold market. M. K. Golay, National Jeweler, 
March 1, 1996, p. 16B. 

New records were set last year in the gold market, accord- 
ing to Gold Fields Mineral Services, which provided a 
flash estimate of gold supply and demand for 1995. On 
the demand side, fabrication and bar hoarding accounted 
for 3,550 tons of consumption, well above the 3,416 tons 
used for these purposes in 1992. Despite record demand, 
1995 gold prices remained within the narrowest trading 
range recorded (6% of the average price) since the gold 
market was freed in 1968. 

Gold Fields Mineral Services said that the higher 
demand was due to the continuing growth of jewelry con- 
sumption in India, although there was an even greater 
year-to-year increase in jewelry fabrication in the Middle 
East. Combined fabrication demand for these two regions 
rose 16% to more than 950 tons, representing 30% of the 
world total. In the Far East, jewelry fabrication grew a 
modest 2%, with the region as a whole feeling the effects 
of weaker demand from China, where fabrication fell 
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more than 10%. Fabrication in Europe rose 6% to more 
than 800 tons, the result of higher levels of jewelry-sector 
consumption in some countries and a sharp increase in 
coin fabrication in Austria. Bar hoarding rose more than 
40% to 334 tons, primarily due to a first-half surge in 
Japan. MD 


SYNTHETICS AND SIMULANTS 


The distinction of natural from synthetic diamonds. I. 
Sunagawa, Journal of Gemmology, Vol. 24, No. 7, 
1995, pp. 485-499. 
Professor Sunagawa is a recognized expert on the science 
of crystal growth. In this article, he presents important 
concepts that help explain the differences between natur- 
al and synthetic diamonds. All crystals owe their external 
\i.e., shape, surface characteristics, etc.) and internal {i.e., 
growth sectors, inclusions, etc.) features to the chemical 
and physical conditions present during (and, in some 
cases, after} their growth. Professor Sunagawa summa- 
rizes the conditions of diamond formation in both nature 
and the laboratory. He states that natural and synthetic 
diamonds can be distinguished on the basis of their crys- 
tal morphology, crystal surface features, and internal 
growth structures. The article concludes with a discus- 
sion of the powerful tools, such as cathodoluminescence 
and X-ray topography, that gemological laboratories can 
use to identify synthetic diamonds. JES 


TREATMENTS 


Coming clean about clarity enhancements. D. Federman, 
Modern Jeweler, Vol. 94, No. 8, August 1995, pp. 
45-49. 

This well-written article touches on nearly every opin- 
ion— from the jeweler and the treater to the researcher— 
about clarity-enhanced diamonds. Although the number 
of jewelers who are selling clarity-enhanced diamonds as 
a way to provide “irresistible diamonds at irresistible 
prices” continues to increase, still other jewelers refuse to 
carry these stones. Whichever the case, jewelers, treaters, 
and researchers alike agree that it is important to disclose 
the practice of fracture filling to the consumer. A nagging 
question: Why do some in the industry who deplore frac- 
ture filling defend nondisclosure of the far-more-wide- 
spread practice of laser drilling? 

One interesting fact that has been brought out in the 
literature (the article derives much of its information 
from “An Update on Filled Diamonds: Identification and 
Durability, by R.C. Kammerling et al., Gems & Gem- 
ology, Fall 1994) is that fracture-filling compounds are not 
always stable, and some are more stable than others. One 
researcher suggested that jewelers research the gemologi- 
cal literature before deciding from which treater to buy 
clarity-enhanced diamonds. 

I feel that this article is objective: It does not say that 
selling fracture-filled stones is either right or wrong. It 
does, however, provide information that makes one real- 
ize how important it is to stay current on such an ever- 
changing subject. Anne M. Blumer 


GEMS & GEMOLOGY Spring 1996 


— GEsRGENOL 


VOLUME XxxIl SUMMER 1996 


RTERLY JOURNAL OF i GEMOLOGICAL INSTITUTE OF AMERICA 


» he 


THE QUA 


(yGEMOLOG! 


OF C ON TEN TS 


GEMS 


SUMMER 1996 


EDITORIAL 


Madagascar: Making Its Mark 
Richard T. Liddicoat 


FEATURE ARTICLES 


80 — Sapphires from the Andranondambo Region, Madagascar 
Dietmar Schwarz, Eckehard J. Petsch, and Jan Kanis 


100 = Russian Demantoid, Czar of the Garnet Family 
Wm. Revell Phillips and Anatoly S. Talantsev 


NOTES AND NEW TECHNIQUES 


pa-81 112 ~~ Opal from Shewa Province, Ethiopia 
Mary L. Johnson, Robert C. Kammerling, 
Dino G. DeGhionno, and John I, Koivula 


REGULAR FEATURES 


Gem Trade Lab Notes 
Gem News 
141 = Thank you, Donors 
142 Book Reviews 

143 Gemological Abstracts 
Guidelines for Authors 


ABOUT THE COVER: Perhaps no gem material in modern times carries the mys- 
tique of the demantoid garnet. Found in commercial quantities only in Russia’s 
Ural Mountains, demantoids were esteemed by scientists and royals alike when 
first discovered in the mid-19th century. When Czarist Russia gave way to 
Communist Russia, however, demantoids—like other gems—fell out of favor. 
With virtually no mining for three-quarters of a century, few of these bright green 
garnets entered the marketplace except as part of historical pieces of jewelry like 
the fanciful Edwardian “dragonfly” shown here. Today, some efforts are being 
made to revive the historical localities and explore for new ones. The second article 
in this issue looks at the history of demantoid mining in Russia and reports on the 
current situation at the two main demantoid districts, north and south of 
Ekaterinburg. The dragonfly pin, platinum over gold with diamonds and rubies, 
contains 17 demantoids; the largest are 5.2 mm and 4,7 mm in diameter. The 
loose demantoid weighs 8.95 ct. The pin and the stone are courtesy of Michael M. 
Scott, Sunnyvale, California. 


Photo © Harold & Erica Van Pelt—Photographers, Los Angeles, CA. 


Color separations for Gems & Gemology are by Effective Graphics, Compton, CA. 
Printing is by Cadmus Journal Services, Baltimore, MD. 


© 1996 Gemological Institute of America Allrights reserved ISSN 0016-626X 


FALL, 


x 
light which is vital for accurate 
results. If white light is the source of 
illumination, the shadow edge on the 
scale appears coloured. This coloured 
edge is in reality a spectrum, with 
the violet lying in the dark portion 
and the red merging into the light 
portion. The correct reading for the 
stone lies somewhere in this coloured 
edgé and is taken as a rule where 
the yellow and green meet. 


If, however, a monochromatic 
light is used, such as a sodium flame, 
the shadow edge on the scale is 
sharp and clear so that an accurate 
reading can be madé without diffi- 
culty. In the past it has been difficult 
for gemologists to obtain a suitable 
type of monochromatic equipment 
because few have the advantage of 
a laboratory, having to do their 
work in the store itself or at best 
in an adjacent office. The Gem- 
ological Institute of America has 
completely overcome this problem by 
the production of an excellent outfit 
which can be used anywhere, which 
was described in Gems & Gemology 
in the Spring number, 1945. The 
writer has used many types of equip- 
ment from the burning of salt in the 
flame of a Bunsen burner to quite 
elaborate apparatus and has no hesi- 
tation in recommending the G.LA. 
set to anyone contemplating chang- 
ing from ordinary to monochromatic 
light. 

So far we have mentioned the one 
shadow edge given by singly refrac- 
tive material. But the greater number 
of gemstones are doubly refractive 
and will show two distinct shadow- 
edges on the dial of the refractom- 
eter. In some gems such as olivine 
(peridot) 1.658-1.696, the edges are 
so widely separated that they may 
be seen even with ordinary light, 
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while others such as beryl 1.575- 
1.582 are so close together that prac- 
tice is required to separate them 
with monochromatic light, and in 
white light it would be practically 
impossible to do so. 


Further examination of the effect 
produced by doubly refractive ma- 
terial will reveal some very inter- 
esting facts. If the stone is revolved 
so that the facet under observation 
remains parallel to the plane surface 
of the glass of the refractometer it 
will be noticed that the edges will 
move up or down the scale. It is 
necessary to manipulate the stone 
until the highest and lowest readings 
obtainable are noted. These are the 
greatest and least of the principal 
indices of refraction, and the dit- 
ference between them is the max- 
imum birefringence of the stone. If 
the facet selected for observation is 
perpendicular to the crystallograph- 
ie axis, i.e., the direction of single 
refraction, neither edge will move 
in the case of an uniaxial stone, 
while if it is biaxial, one edge re- 
mains fixed and the other moves 
between the extreme values of the 
other two principal refractive in- 
dices. For identification it is not 
necessary to bother about the inter- 
mediate index because the greatest 
and least of the principal indices 
are all that are required. 

If the stone to be tested were 
placed so that it rested directly on 
the glass of the refractometer, a 
thin film of air would intervene and 
prevent a reading being obtained. 
To obviate this, a drop of some 
liquid is placed between the stone 
and the glass to ensure good optical 
contact. This liquid must have a 
higher refractive index than the 
stone under test, and a drop of it’ 
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MADAGASCAR: 
MAKING ITs MARK 


Richard T. Liddicoat, Editor-in-Chief 


The lead article in this issue of Gems # Gemology describes a new find of gem blue sapphires 
on the island of Madagascar. Over the years, we have come to think of Sri Lanka as the gem 
island, but Madagascar certainly vies with it in the variety of fine-quality gem materials that 
have been found there. It is interesting to compare the two islands historically as gem sources. 
Looking back to 1958, and the 13th edition of G. F. Herbert Smith’s famous textbook Gem 
Stones, we see that the index to this volume refers to Sri Lanka 28 times and to Madagascar, 24 
times. Both islands are underlain by ancient Precambrian rocks, with an abundance of later peg- 
matite dikes. Yet Madagascar is nine times the area of Sri Lanka, and it has not been prospected 
as extensively as the smaller island. The potential is enormous. 


Over the years, the main gem materials to enter the international market from Madagascar were 
magnificent aquamarines and large morganites, plus topaz and tourmaline. (I must confess that 
Madagascar is my personal favorite source for the last of these gem materials, because it is the 
type locality for liddicoatite, the calcium end-member of the tourmaline group.) Within the last 
two decades, important quantities of fine emeralds have been found as well, primarily in the 
vicinity of Mananjary, on the island’s east coast. 


Both ruby and sapphire were among the stones Professor Smith listed for Madagascar in 1958, 

but the discoveries up to that date were not of any great significance. Today, however, major 
amounts of fine sapphires are coming from the Andranondambo region {including the newer 
Antsiermene area}. From all reports in the literature and within the trade, this new find is impor- 
tant to the colored stone market, especially in light of decreasing production of blue sapphires at 
major localities such as Kanchanaburi (Thailand) and elsewhere. Even more recently, as we report 
in a Gem News item this issue, commercial quantities of gem rubies are also now coming from 
Madagascar. 


Politically, Madagascar was a French territory from 1896 to 1958, when it became a republic of 
the French community, under the name Malagasy Republic. It gained independence in 1960, 
Since 1975, it has been the Democratic Republic of Madagascar. There was a time during the 
heady early days of independence from France when those operating mining ventures were sum- 
marily removed from their properties. In recent years, however, the island’s government has been 
friendlier to mining activities and has even made some efforts to attract former operators back to 
the island. 


As in many third-world countries, Madagascar’s burgeoning population has resulted in the 
destruction of much of the forest cover. While ecologists worry, with good cause, about the 
future of the fauna and flora of this unique island, the encroachment into the wilderness area has 
led to the discovery of new gem deposits and has improved the economic outlook for Madagascar 
as an important source of gem minerals. As long as the political situation is encouraging to 
would-be prospectors and miners, Madagascar’s growing role as a world power in the gem com- 
munity seems assured. 
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SAPPHIRES FROM THE 
ANDRANONDAMBO REGION, 
MADAGASCAR 


By Dietmar Schwarz, Eckehard J. Petsch, and Jan Kanis 


Since 1993, large amounts of gem- 
quality sapphires from the Andranon- 
dambo region of southern Madagascar 
have entered the international gem 
market. These sapphires, which are 
found in metamorphic skarn-type 
deposits, show a broad range of gemo- 
logical and chemical properties, many 
of which are similar to those of sap- 
phires from Sri Lanka, Myanmar 
{Burma}, and even Kashmir. Most of 
the Andranondambo sapphires are 
heat treated in Bangkok; these can be 
separated from their non-heat-treated 
counterparts on the basis of inclusion 
features and absorption spectra. Key 
factors in the separation of Andranon- 
dambo sapphires from synthetic sap- 
phires of different manufacturers are 
chemistry (especially the Ga content 
of the natural material) and internal 
features. 
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80 Sapphires from Madagascar 


adagascar has been a major gem-producing coun- 

try for many years. In the past, the most impor- 

tant gems have been various pegmatite minerals 

-- such as beryls and tourmalines (see, for example, 

Chikayama, 1989) and emeralds from schist-type deposits 

(Schwarz, 1994). Most recently, however, fine sapphires have 
emerged onto the international gem market (figure 1). 

Corundum occurrences in Madagascar have been 
reported occasionally in the literature (for geographic loca- 
tions, see figure 2}. Schmetzer (1986) mentions rubies from 
Vatomandry and Gogogogo in the southem region. Chika- 
yama (1989) cites Gogogogo and Ejeda on the southwestern 
part of the island (rubies), Amboasary in the southeast, near 
Tolanaro (sapphires}; and Antanifotsy in the central region, 
about 100 km south of Antananarivo (rubies and sapphires). 
Koivula et al. (1992) describe an unusual type of multi-col- 
ored sapphire from a locality called Iankaroka, southwest of 
Betroka, in Toliara Province. Non-gem-quality rubies 
examined in the Gubelin Laboratory in 1994 reportedly 
originated from Ihosy, about 120 km north of Betroka {L. 
Gentile, pers. comm., 1994]. Whereas none of these locali- 
ties has had much commercial importance, however, the 
Andranondambo {also called Andranondamtso} deposit in 
southern Madagascar has turned out to be a significant new 
source for fine blue sapphires. This has been of special 
interest for the gem trade, because Bangkok dealers report 
that some of the classic sources for high-quality blue sap- 
phires in Kashmir, Myanmar {Burma}, and Sri Lanka are 
declining in production. 

The much-talked-about Andranondambo sapphire 
deposit is not a recent discovery, although fine-quality sap- 
phires from here first appeared on the world market only a 
few years ago (Eliezri and Kremkow, 1994; Kammerling et 
al., 1995a). As early as 1952/53, French geologist Paul 
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Figure 1. In only the last 
few years, Madagascar has 
produced mumerous fine 
sapphires. Although most 
of the crystals are small, 
some excellent large 
stones have also been 
recovered. The fine sap- 
phires in this suite are all 
reportedly from the 
Madagascar deposits. The 
16 graduated pear-shaped 
sapphires in the yellow- 
gold necklace weigh a 
total of 149.87 ct, the sap- 
phires in the earrings 
weigh a total of 45.68 ct, 
and the ring is set with a 
54 ct pear-shaped sap- 
phire. Courtesy of 
Mouawad Jewelers. 


Hibon reported the occurrence of small (up to 10 
mm} eluvial sapphire crystals that came from an 
area 1 km northeast and 2 km south of Andran- 
ondambo village; the sapphires were found together 
with a previously unknown mineral that was sub- 
sequently named hibonite (Noizet and Delbos, 
1955; Curien et al., 1956). 

About four years ago, in 1992, local miners and 
Malagasy traders first offered on the Antananarivo 
market parcels of sapphires in various tones of 
blue, including a milky blue type (geuda), of which 
90% were very small crystals, When one of the 
authors {EJP} visited Andranondambo in March 
1995 with one of the claim owners, Chabany, he 
learned that rumors first circulated in Fort 
Dauphin, now called Tolanaro, that a new sapphire 
deposit had been found near the city of Bekily, in 
the central portion of southern Madagascar. It was 
subsequently shown, though, that the stones were 
from farther southeast, near Andranondambo. Thai 
merchants soon discovered that the pale milky 
blue sapphires reacted very well to heat treatment, 
changing to an attractive blue that in some cases 
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was comparable to that of Kashmir sapphires. From 
then on, Thai, Indian, and other traders rushed to 
Madagascar to purchase rough material. 

As news of the rich sapphire deposit spread 
quickly in Madagascar, thousands of gem miners 
traveled to the Andranondambo area, leaving behind 
their aquamarine and tourmaline mines in other 
regions of the island. As a result, production of these 
latter gem minerals dropped dramatically. Even in 
the Mananjary region, a decline in emerald produc- 
tion was noted. It is estimated that as many as 
10,000 miners were aggressively working the new 
area at different times, leading to numerous fights 
and even some murders. According to various 
Bangkok dealers, since the end of 1994 approximate- 
ly 100 kg of rough Andranondambo sapphires have 
been shipped to Bangkok monthly, with as much as 
80% of the material ultimately usable for jewelry 
purposes {usually after heat treatment). Although 
most of the crystals are small, about 10%-15% are 
2-7 ct and crystals as large as 50-60 grams— 
although not entirely gem quality—have appeared in 
the marketplace. The largest Madagascar sapphire 
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Figure 2, The Andranondambo sapphire deposit is 
located in southern Madagascar, east of the village 
of Andranondambo, approximately 150 km by grav- 
el road from Amboasary. 


reported to date is a 17.9 kg piece of rough that was 
recently described by Gary DuToit, of the Asian 
Institute of Gemological Sciences (AIGS) laboratory, 
as “definitely gem-grade sapphire, a fine gem blue 
color” (“The find of a lifetime,” 1996). 

During the March 1995 visit to the sapphire 
deposit, Mr. Petsch’s reconnaissance flight in a small 
twin-engine plane over the Andranondambo mining 
area (figure 3) was followed by a Landcruiser safari to 
the sapphire deposit to collect first-hand information 
and samples. The present study is based on informa- 
tion gathered during this visit, and on the examina- 
tion and analysis of samples obtained from the 
deposit at that time as well as from marketing chan- 
nels in Bangkok and Switzerland. 
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LOCATION AND ACCESS 


Situated in the Indian Ocean, Madagascar is the 
world’s fourth largest island, 1,580 km long and 
580 km at its widest point. The Andranondambo 
deposit is located at 24°26’ E and 46°37’ S. Travel 
from Tolanaro to Amboasary, about 70 km, is on a 
good paved road that follows the southern coastline 
(again, see figure 2). From Amboasary, however, the 
journey continues on a gravel road north through 
Behara and Tranomaro to the village of Andranon- 
dambo. The conditions of this latter road are so 
poor, however, that it takes five to six hours to 
cover the approximately 150 km from Amboasary to 
the mining area, through sparsely populated territo- 
ry. This trip is possible only with a well-equipped. 
four-wheel-drive vehicle. The road to Tranomaro 
crosses arid land covered by huge forests of cactus- 
like succulents that are so dense they are virtually 
impenetrable. There is very little rainfall in this 


Figure 3, Seen from the air, looking north, the 
Andranondambo sapphire deposit looks like 
Swiss cheese, with hundreds of small shafts 
made by local miners over a distance of about 3 
km. The buildings in the far north, near the 
river, belong to an overseas mining company. 
Photo by E. J. Petsch. 
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Figure 4. This geologic map of the 
Andranondambo region (adapted from Besairie, 
1970) shows the location of the Fort Dauphin 
and Tranamaro groups of the Androyen system, 
in which the sapphires have been found. Also 
shown are the Cretaceous volcanics, younger 
granites, and Precambrian Anosyen granites. 


region, and the climate is extremely hot. After 
Tranomaro, the succulent forests become less dense 
and the higher, semi-desert plateau presents a more 
pleasant, hilly landscape. There are no major rivers 
or lakes in this plateau region, which has an average 
altitude of 500 m above sea level, with several hills 
rising up to 1,200 m. The dry climate makes it possi- 
ble to reach the mining area year round. 
Andranondambo is a very small village, but the 
shanty town that has sprung up near the deposit is 
extensive; as noted earlier, at times it has housed as 
many as 10,000 people, under the most primitive 
hygiene conditions. By March 1995, only about 
3,000 miners were still searching for sapphires in 
Andranondambo proper. One reason for this is that 
the local miners have only primitive equipment, 
which makes it impossible to sink extremely deep 
shafts. Therefore, only a limited number of miners 
can work effectively at any one shaft (see “Mining” 
below}. Another, perhaps more important, reason is 
the discovery of sapphires nearby, about 10-12 km 
north of Andranondambo, at Antsiermene. According 
to Thomas Banker, of GemEssence Ltd. in Bangkok 
(pers. comm., June 1996), there is a new shanty 
town of 3,000-4,000 diggers in that area, which is 
also responsible for many of the fine southern 
Madagascar sapphires that are entering the market. 
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GEOLOGY AND OCCURRENCE 


Serious geologic studies of Madagascar began only 
after its annexation by France in 1896. The first geo- 
logic map of the entire island was published in 1900, 
on the occasion of the International Geological 
Congress. The classic three-volume work on the 
mineralogy and petrology of Madagascar was pub- 
lished by Lacroix (1923). 

The southern three-quarters of Madagascar is 
occupied by the Precambrian basement complex, of 
which the oldest system (> 3 billion years old} is 
the Androyen. The Androyen system is subdivided 
into three groups, two of which are found in the 
Andranondambo area (figure 4}: the Fort Dauphin 
group, which is composed mainly of hornfels with 
cordierite; and the Tranomaro group, which con- 
sists mainly of a varied series of originally sedimen- 
tary rocks that were subsequently subjected to 
high-grade (granulite) metamorphism (Rakoton- 
drazafy et al., 1996). 

The sapphire deposits in the Andranondambo 
region occur in the high-grade granulite facies, 
metamorphic rocks of the Tranomaro group; in this 
area, the granulite facies consist of crystalline lime- 
stone (marble, figure 5) containing some diopside, 
anorthite-rich plagioclase, and wollastonite, as well 
as gneisses and pyroxenites. The granulite belt in 
the Andranondambo region is approximately 30 
km wide and is sandwiched between two younger 


Figure 5, Miners dig through the crystalline 
limestones along the eastern contact of the 
Andranondambo deposit. In the background is 
the Precambrian Anosyen granite massif. 
Photo by E. |. Petsch. 
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Figure 6, At the Andranondambo mining area, it 
is dangerous to walk between the deep shafts, 
which are sometimes not more than 50 cm apart. 
Note in the shafts the profile of the cataclastic 
structure of the calcareous sapphire-bearing rock. 
Photo by E. |. Petsch. 


formations: the extensive Cretaceous volcanic 
massif (mountainous mass] that outcrops in the 
vicinity of Vohitsimbe in the west (again, see figure 
4), and the Precambrian Anosyen granite massif in 
the east (figure 5). The area also has experienced 
episodes of intrusion by younger granites and the 
formation of skarns (Rakotondrazafy et al., 1996}. 
Clearly, the rocks of the Androyen system have 
been repeatedly subjected to various types of geolog- 
ic processes (e.g., metamorphism, igneous activity) 
throughout their long history. The profile exposed 
in the various shafts (see, e.g., figure 6) shows a cata- 
clastic structure {i.e., a rock texture resulting from 
tectonic forces], which indicates that intense 
mechanical forces have crushed the rocks. 
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The sapphires actually occur in thin veins in 
the metamorphic rock. These have been described 
as fine strings, meandering through the rock, that 
seem to start and stop without any real geologic 
definition. An American mining engineer working 
in the area describes the occurrence as a “pea soup” 
mixture of minerals (T. Banker, pers. comm., 1996). 
H. Hanni suggested that the sapphires formed 
locally in nests and pockets in the reaction zones 
between pegmatite dikes and pyroxenite (as report- 
ed in Kammerling et al., 1995b). 

Numerous explanations for the origin of sap- 
phires and other varieties of gem corundum in cal- 
careous metamorphic rocks are found in the litera- 
ture. The explanation applicable to each deposit 
depends on the extent of metamorphism in the 
region, the nature and abundance of mineral impuri- 
ties (e.g., clay minerals} in the original rock, whether 
or not additional elements have been added during 
the metamorphic event {e.g., metasomatism], as well 
as other factors, the discussion of which is beyond 
the scope of this article. 


MINING 


The irregularly shaped Andranondambo sapphire 
deposit covers an area that is at least 3 km long and 
varies in width between 500 and 1,000 m (again, 
see figure 3). From the air, one can easily observe 
the location and extent of the exposed mining area. 
The northern extremity, crossed by a small river 
and visible on figure 3, is the only section of the 
deposit where mechanical mining was being done, 
by an overseas company, in March of 1995. Today, 
there are a number of Thai groups, a Swiss group, a 
French group, and more than one Israeli concern 
working in the area, usually in partnership con- 
tracts with local residents. Mining concessions have 
been granted to some of these groups, with each con- 
cession 2.5 km x 2.5 km. However, local miners 
often do not observe the boundaries of the conces- 
sions. They regularly mine on the land illegally but 
with the approval of the local chiefs, who make their 
own often-powerful claims on the basis of ancestral 
rights (T. Banker, pers. comm., June 1996). 

The local miners work independently in small 
groups by sinking narrow (2 to 2.5 m in diameter) 
shafts as much as 20 to 30 m deep {figures 6 and 7}, 
which is as far as they can safely dig using manual 
mining methods. Fortunately, the area is very dry, 
so there is no rain or groundwater to cause the col- 
lapse of these shafts, which would further endanger 
the lives of the miners. The workers excavate the 
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calcareous rock with 2-m-long crowbars and shov- 
els to open their shafts. The material is hoisted in 
buckets to the surface with a rope, and after dry 
sorting the waste is carried to huge dumps. Every 
group of miners has its own small claim area where 
shafts are sometimes no more than half a meter 
apart, making it very dangerous to walk over some 
parts of the deposit (again, see figure 6). 

At the time of Mr. Petsch’s visit, the deposit 
was being worked very inefficiently, with some of 
the waste material being dumped on unexploited 
sections of the mining area (again, see figure 5). To 
date, however, no serious effort has been made to 
bring in heavy machinery to mine the deposit by 
open pit and set up a sophisticated processing 
plant. This is largely due to the nature of the veins, 
which, as noted above, are relatively thin, discon- 


Figure 7. Small groups of miners work at each 
shaft, descending by ropes, tree trunks, or crude 
wooden ladders as deep as 20-30 m to reach the 
gem-bearing veins. Photo by E. J. Petsch. 
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tinuous, and do not appear to follow any set pattern 
(T. Banker, pers. comm., 1996). Consequently, the 
occurrence of sapphire crystals is erratic. 


PRODUCTION AND DISTRIBUTION 


During his visit, Mr. Petsch saw no more than a 
few hundred grams of small gem-quality sapphires, 
most of which varied between 0.2 and 0.5 grams 
each. This left the impression that production at 
the time was very limited, considering the vast 
number of miners that had been working the area. 
Although larger crystals (2+ grams} have been 
reported, not a single crystal of more than 1 gram 
was seen during the visit (which consisted of two 
days at the mine and several days in the general 
area). There are always traders in the mining village, 
buying most of the miners’ production at the end of 
each day. In fact, some Thai dealers were living per- 
manently in the shanty town. Amornpongchai 
(1995, p. 6) reported that “around 100 Thai traders 
are in the country buying rough at the moment” 
(that is, at the beginning of 1995). 

Most of the Andranondambo sapphire produc- 
tion is sent directly to Bangkok for heat treatment 
and cutting. K. Siu of Tai Hang Gems in Bangkok 
{pers. comm., 1996} estimates that about 90% of 
the gem-quality rough material is submitted to 
heat treatment before cutting. Part of the material 
is also cut in Israel. The finished goods are market- 
ed mainly through channels in Thailand and 
Switzerland. 

As noted earlier, dealers in Bangkok report that 
on average 100 kg of rough enters that city monthly 
from the Andranondambo region, 80 kg of which is 
gem quality. Most of the crystals are small, cutting 
stones less than 4 mm. Nevertheless, as much as 
15% of the gem-quality crystals yield cut stones 
over 2 ct. Very large crystals—S0-60 grams—have 
been recovered, but these usually must be cut before 
heat treatment to remove the potentially damaging 
negative crystals. However, a number of 15-20 ct 
cut stones have been reported in the trade and seen 
at the Gtibelin Laboratory. The largest of the 
Madagascar sapphires shown in figure 1 is 54 ct, 
and (again as noted above} a 17.9 kg rough blue sap- 
phire from Madagascar recently appeared in 
Bangkok. 


MATERIALS AND METHODS 

The test sample consisted of more than 800 non- 
heat-treated crystals of varying (including gem] 
quality that ranged from about 0.2 to 4 ct (see, e.g., 
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figure 8). All were purchased by Mr. Petsch during 
his March 1995 visit to the mining site. From this 
collection, we selected a number of pieces for 
gemological research. One or two windows were 
polished on 200 non-heat-treated crystals to facili- 
tate testing. Sixty additional crystals were subject- 
ed to heat treatment, half of these by T. Hager at 


Figure 8. As these crystals from the test sample 
show, Andranondambo sapphires have a broad 
range of variability in their morphology. The 
most common type is the dipyramid, shown here 
at the top right and center right. Note also the 
dissolution features on the surface of the crystal 
on the bottom right in particular. The crystals 
range from 0.46 ct (bottom left) to 0.98 ct (center 
left). Photo © GIA and Tino Hammid. 
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the University of Mainz, Germany, and the other 
half by K. Siu of Tai Hang Gems Ltd., Bangkok. 
Windows were also polished on these heat-treated 
samples for examination. In addition, several 
parcels of faceted Andranondambo sapphires (about 
60 total, ranging from 1 to 6 ct) were obtained through 
marketing channels in Bangkok and Switzerland for 
examination and chemical analysis. These stones had 
been heat treated in Bangkok (the treatment condi- 
tions are not known}. 

Refractive indices, birefringence, optic charac- 
ter, and pleochroism were recorded for each of 50 
non-heat-treated and 50 heat-treated samples. 
Specific gravity was determined hydrostatically on 
60 faceted stones and 40 crystals. The fluorescence 
behavior was checked for the entire test sample, 
more than 800 crystals and faceted stones. Color 
and fluorescence of 60 of these samples were 
checked before and after heat treatment. 

One hundred non-heat-treated sapphires, out of 
the 200 polished (windowed) samples, and 100 
heat-treated sapphires (40 windowed and 60 faceted 
stones} were subjected to spectroscopic examina- 
tion. Polarized ultraviolet-visible-near infrared 
spectra (280 to 880 nm} were run on a Perkin Elmer 
Lambda 9 spectrophotometer. We recorded a total 
of 100 spectra (both o [ordinary ray] and e [extraor- 
dinary ray]; 50 from samples that had not been heat 
treated, and 50 from heat-treated stones}. Twenty 
samples were measured before and after heat treat- 
ment. Infrared analyses were performed on about 
20 of the stones with a Pye-Unicam FTIR 9624 
spectrometer. A total of about 80 polished samples 
and faceted stones were analyzed by means of ener- 
gy-dispersive X-ray fluorescence (EDXRF} spec- 
troscopy. These analyses were performed on a 
Tracor Northern Spectrace 5000 system, using a 
program specially developed by Prof. W. B. Stern, of 
the Institute of Mineralogy and Petrography, 
University of Basel. 

The internal features (growth characteristics] 
were studied in all 320 windowed or faceted sam- 
ples. To identify the mineral inclusions, we had 
selected samples polished down until the inclu- 
sions to be analyzed were exposed at the surface. 
Analyses of about 40 mineral inclusions were car- 
ried out with a scanning electron microscope 
equipped with an energy-dispersive spectrometer 
[SEM-EDS} at the SUVA laboratory, Lucerne. The 
mineral inclusions of about 20 polished samples 
were examined by Raman spectroscopy at the 
AIGS laboratory, in Bangkok. 
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As mentioned above, some stones in our test 
sample were heat treated in Bangkok and some 
were treated at the University of Mainz. Mr. Siu 
explained that the details of his heat-treatment 
process for the Andranondambo. sapphires depend 
on the color of the original material. Pale blue sap- 
phires are heated in a charcoal oven in a reducing 
atmosphere. For darker crystals, the material is 
first heated in an oxidizing environment. The sap- 
phires are then heated in a gas oven at high tem- 
peratures (1200°-1700°C), for varying lengths of 
time, depending on the nature of the starting mate- 
_ tial. The oxidation/reduction can be controlled by 
changing the O,/H, gas ratio. Mr. Hager used a 
slightly oxidizing atmosphere and temperatures of 
about 1850°C for approximately five hours. He 
heat-treats the stones in alumina crucibles without 
adding Al,O3 powder. 


CHARACTERIZATION OF THE 
ANDRANONDAMBO SAPPHIRES 


Visual Appearance. A large number of the 
Andranondambo sapphires showed more or less 
well-developed crystal habits (again, see figure 8). 
These can be classified into four main types: (a) 
dipyramidal (with or without a basal face}, (b] pris- 
matic (always with a basal face}, (c) transition or 
combination type—prismatic + dipyramidal, and (d] 
distorted plate-like or distorted dipyramidal crys- 
tals. By far, the most common type is the dipyra- 
mid. Most of the Andranondambo sapphires 
showed at least a few crystal faces, rarely were they 
entirely irregular or fragments. Some of the crystals 
displayed interesting dissolution features on their 
surfaces (again, see figure 8). Before any treatment, 
the samples were typically weak to saturated light 
blue to dark blue; almost all of the crystals showed 
distinct color zoning. 

Once faceted, the heat-treated samples are typi- 
cally blue with tones that range from medium dark 
to very dark {figure 9}; rarely, they appear almost 
black in daylight. Eye-visible color zoning is often 
present, but eye-visible internal features such as 
minerals or fissures are relatively rare. Cut stones 
of less than 1 ct can be quite clean, even when 
examined with a gem microscope at moderate 
(20x-30x} magnification. 


Gemological Properties. The standard gemological 
properties for the Andranondambo sapphires (see 
table 1) were found to be consistent with corun- 
dum in general. 
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Figure 9. Heat-treated sapphires from southern 
Madagascar (like these 0.28-0.57 ct stones) typical- 
ly range from medium dark to dark blue. Courtesy 
of heat treaters Kenneth Kin Ming Siu and Joao Jose 
Ip Iau Tchun; Photo © GIA and Tino Hammid. 


Pleochroism. All heat-treated samples exhibited 
distinct to strong dichroism. In paler non-heat- 
treated crystals, the pleochroism was sometimes 
less distinct. Normally, the colors seen in the 
dichroscope are blue (parallel to the c-axis) and 
greenish blue (perpendicular to the c-axis). 


Fluorescence. Most of the Andranondambo sap- 
phires (heat treated and non-heat-treated) were 
inert to both long- and short-wave UV radiation. 
Rarely, we observed a bluish white fluorescence in 
non-heat-treated crystals exposed to long-wave UV. 
Some heat-treated stones showed a chalky blue or 
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is first applied to the glass; then 
the stone is pressed firmly down on- 
to it, care being taken to avoid any 
Sliding or sideway movement which 
might scratch the exceedingly soft 
glass of the instrument. In view of 
the fact that the R.I. of the liquid 
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1.780. So, it is wise to check peri- 
odically the liquid itself on the re- 
fractometer to avoid confusing the 
shadow-edge of the liquid with 
stones of approximately the same 
R.I., such as corundum or almandine 
garnet. There are many highly re- 


The Tully Refractometer 


must be greater than that of the 
stone, it.is desirable to have one with 
as high a refractive index as pos- 
sible. Probably the most convenient 
liquid for general use is methylene 
iodide (CHz2I:). Pure methylene 
iodide has a refractive index of 
about 1.742, but this can be raised 
to about 1.800 by saturating it with 
sulphur, which is sufficiently high for 
the majority of gems. In common 
with most highly refractive liquids 
the saturated solution of methylene 
iodide is not constant, the excess 
sulphur gradually crystallizing out, 
causing the index to fall to about 


fractive oils on the market with 
indices up to about 1.70 which are 
much pleasanter to use and com- 
paratively constant, and I would 
recommend that at least one of these 
oils be kept, in addition to the satu- 
rated solution of methylene iodide, 
and used whenever possible; falling 
back on the higher liquid if neces- 
sary. The majority of gemstones 
have refractive indices lower than 
1.70 and the use of methylene iodide 
is unnecessary with those. 

Let us now summarize the uses 
to which the refractometer may be 


(Concluded on Page 253) 


Table 1. Gemological characteristics of sapphires from Andranondambo, Madagascar. 


No, samples 
Property (natural/ Natural (non-heat-treated) Heat treated 
heat treated) 
Color 800/120 Weak to saturated colors ranging from light to dark Medium to highly saturated blue with medium to 
blue. Almost all crystals show distinct color zoning. very dark tones. The cofor zoning, in general, is 
less distinct. 
Clarity 800/60 Very clean to heavily included, Most faceted material Same as non-heat-treated. 
slightly included to clean. 
Refractive indices 50/50 Ng = 1.760-1.762 Same as non-heat-treated. 
: Ng = 1.768-1.770 
Birefringence 50/50 0.008-0.009 Same as non-heat-treated. 
Optic character 50/50 Uniaxial negative Same as non-heat-treated. 
Specific gravity 60faceted 3.99-4.01 Same as non-heat-treated. 
40 crystals’ 3.89-3.99 
Pleachroism 50/50 Light greenish blue (perpendicular to c-axis). Light greenish blue (perpendicular to c-axis). 
Saturated blue; rarely, violetish blue (parallel to c- Satured blue; rarely, violetish blue (parallel to c- 
axis). Sometimes less intense in paler crystals. axis). Distinct to strong. 
Fluorescence@ 800/120 Usually inert to long- and short-wave; sometimes By far, most samples are inert to long- and 
(reaction to faint bluish white to long-wave; very rarely, a faint red — short-wave UV; rarely, chalky blue or green to 
UV radiation) fluorescence to long-wave UV is seen. long- and short-wave; a weak red fluorescence 
to long-wave UV is extremely rare. 
Optical absorption §0/50 ¢ Most pronounced absorption minimum, in general, — « Almost always, the absorption minimum shifts 
spectrum (UV/Vis) around 490 nm (e-spectrum). to 360 or 420 nm (0- and e-spectrum). 
¢ Absorption edge, in most cases, at relatively high e Absorption shoulder (around 320-330 nm) 
values (compared to sapphires from Myanmar and becomes more pronounced and more frequent 
Sri Lanka): 0 ~ 320-335 nm, e ~ 320-340 nm. than in non-heat-treated sapphire. 
Very rarely, absorption shoulder around 320 nm. 
Chemistry 60/20 FeoO3 = 0.12-0.61 Same as non-heat-treated. 
(trace and TiOg = 0.01-0.10 
minor elements) GagQOx = 0.01-0.04 
CrgO3 < 0.01 
VoO5 < 0.01 
MnO < 0.01 
Internal featurese = 200/120 e Strong color zoning, mainly parallel to the basal Changes after heat treatment: 
(growth face c; sometimes very dark blue or brownish bands. — , \ineral inclusions become “turbid"-translucent 
characteristics) e Prominent growth structures (parallel to the basal 


pinacoid c, to various dipyramids [normally n,z], to 
the 2nd order prism a, and to the rhombohedron 1). 
e Healing fissures with varying textures; often “frosty” 
appearance. 

e Negative crystals showing a large variation in sizes 
and shapes. 

¢ Stringers of pinpoints. 

e Fine hollow tubes. 

e Mineral inclusions: calcite, apatite, feldspar (olagio- 
clase, K-feldspar), phlogopite, Mg-hornblende, 
pyroxene (“hedenbergite”), rutile (grains and nee- 
dles), Fe-mineral (exact nature not yet determined, 
probably hematite), Ca- and K-silicates (exact nature 
not yet determined). 

e Tentatively identified (based on visual appearance): 
“sulfide,” “spinel,” thorianite/uraninite. 


or even opaque; superficially, they appear glass- 
or mirror-like, Some porcelain-like. 

e Stress fissures are formed around crystal inclu- 
sions and negative crystals; these show a mirror 
effect (mostly, they have a frosted appearance). 
In other healing fissures, the original fluid inclu- 
sions become rounded and look like highly 
reflective spheres. Rarely, textures are similar to 
those observed in same synthetic flux corun- 
dums. 

¢ Most striking are fine-, medium- or, sometimes, 
coarse-grained bands that are grayish white; 
these bands may have a bluish gleam. 

¢ Color zoning (mostly weak to moderate with 
light to medium blue tones), parallel to the basal 
pinacoid c, to different dipyramids, to the 2nd 
order prism a, and to the rhombohedron r. 


@ For “color” and “fluorescence,” 60 of fhe 800 non-heat-treafed sampfles were also tested after heat treatment. 
© Some of the crystals contained many mineral inclusions. 
© Most of the minerals were identified by SEM-EDS; calcite, apatite, phlogopite, and rutile were also found by RAMAN spectroscopy. 


green fluorescence in short- or long-wave UV, this 
was probably induced by heat treatment, as we did 
not observe it in any of the 800 non-heat-treated 
stones we examined (see also Themelis, 1992). 
Very rarely, we observed a faint red fluorescence to 
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long-wave UV in both heat-treated and non-heat- 
treated samples. 


Internal Features/Growth Characteristics. Growth 
Structures. The dominant crystal forms are the 
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Figure 10. These growth structures and color zon- 
ing were common in the Andranondambo sap- 
phires examined (view perpendicular to the c- 
axis): narrow growth planes parallel to the basal 
face c and repetitive sequences of the dipyramids 
n and z. Color bands that show different shades 
of blue are confined to these well-defined 
domains. Magnified 40x. 


dipyramids n {2243} and z {2241} and the basal pina- 
coid c {0001}, the second order prism a {1120} and 
the rhombohedron r {1011} may also be of impor- 
tance. Under the gem microscope, with an immer- 
sion liquid, most of the Andranondambo sapphires 
showed prominent growth characteristics that 
reflected most of the morphological properties that 
have been observed macroscopically. These con- 
sisted mainly of straight and angular sequences of 
growth planes/bands (“zones”) parallel to the basal 
pinacoid c, the dipyramids n and z (often in repeti- 
tive sequences}, the prism a, and the rhombohe- 
dron r (see figures 10 and 11). 


Color Zoning. In most of the non-heat-treated crys- 
tals, color zoning was very pronounced, with dark, 
intense areas. After heat treatment, color zoning 
usually was less distinct, and for the most part the 
color bands were light to medium blue. The color 
bands were, in general, very narrow (figure 12} and 
tended to be concentrated in certain areas of the 
crystal. Even without magnification, the color zon- 
ing in the non-heat-treated crystals was often seen 
as strong, well-defined domains of a dark blue 
(almost black} or dark brownish blue that were typ- 
ically delineated by faces parallel to the basal pina- 
coid c, the dipyramids n and z (normally, in repeti- 
tive sequences; again, see figure 10} and, rarely, the 
prism a. We commonly saw darker central zones 
({tube-, cone-, columnar-, or pipe-like in appearance, 
see, e.g., figure 13) with more-or-less well-defined 
outlines, similar to those observed in Mong Hsu 
rubies (Smith and Surdez, 1994; Peretti et al., 1995). 
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Figure 11, Also seen were growth structures and 
color zoning that consisted of sequences parallel 
to the dipyramid n and the rhombohedron r. 
Immersion; magnified 60x. 


In some cases, the central zones were also accom- 
panied and delineated by growth structures parallel 
to the basal c plane and to the dipyramidal faces. 

A few crystals showed a dark blue border zone 
(rim) along the dipyramidal faces. These zones var- 
ied in thickness on the different faces but, in gener- 
al, were less than 1 mm. The opposite case—that 
is, a large, intensely colored blue central zone {core} 
and a narrow near-colorless outer zone—also was 
observed. Here, the color zoning was parallel to the 
faces of the second-order prism a (figure 14}. When 
looking parallel to the c-axis of the Andranon- 
dambo sapphires, we often saw different types of 
color zoning. Most frequent were very compact 
central zones of intense blue color and hexagonal 


Figure 12. The color bands in Andranondambo 
sapphires, here shown parallel to the basal pina- 
coid, were typically very narrow. Magnified 80x. 
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Figure 13, Commonly seen in the Andranondambo 
sapphire crystals was a central zone with a cone- (as 
here) or pipe-like appearance. Such central zones are 
delineated by planes parallel to the basal c face and 
by repetitive dipyramidal (n,z) faces, These central 
zones are similar in appearance to those observed in 
Mong Hsu (Myanmar) rubies. Magnified 60x. 


outline, as well as hexagonal “growth rings” that 
varied in color intensity and thickness. 


Twinning. Pronounced twinning is rare. In most 
cases, the presence of twin planes and intersection 
lines was only suggested. 


Mineral Inclusions. The minerals we observed in 
Andranondambo sapphires were randomly dis- 


Figure 14. In a few samples, a large, intensely 
colored blue core was surrounded by a narrow 
(< 1 mm) near-colorless “rim.” Magnified 20x. 
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tributed. The most common mineral appeared to 
be calcite {chemical analyses showed an almost 
pure Ca-carbonate). The calcite crystals varied 
greatly in size (up to 1 mm} and shape. Some were 
rounded and some were elongated (figure 15}, 
whereas still others were plate-like. Frequently, the 
calcite inclusions were well-developed, presenting 
various morphologies. Although usually transpar- 
ent and colorless, the calcite crystals themselves 
sometimes contained numerous small (usually 
fluid) inclusions, which gave them a turbid white 
appearance. 

Other colorless and transparent crystal inclu- 
sions were identified as apatite. They occurred 
most often as irregularly rounded prisms (figure 16}, 
or as elongated hexagonal prismatic crystals. They 
also appeared as plate-like crystals with many 
faces. Two types of feldspar were identified. 
Plagioclase most commonly occurred as colorless, 
transparent grains of varying size (normally less 
than 0.5 mm) and irregular morphology, but it was 
sometimes seen as whitish crystals or as “filling 
material” in fissures. Typically, the plagioclase was 
of anorthite composition. The K-feldspar crystals 
appeared as transparent, often slightly yellow 
grains and as small, irregularly shaped crystals. 
Colorless, transparent, needle-like to long-prismat- 
ic or stalk-like crystals distributed without any ori- 
entation were identified as the amphibole Mg- 
hornblende. 

The second-most-common included mineral 
was biotite/phlogopite (figure 17). As a rule, it 
formed isolated orangy brown transparent platelets 
or mineral aggregates. The chemical analyses actu- 
ally distinguished two types of mica: In addition to 
the “normal” biotite/phlogopite composition, some 
of the analyzed crystals showed distinct Ti concen- 
trations {a few weight percent TiO}. Sometimes, 
the mica crystals were intergrown with other min- 
eral inclusions (most often, with calcite and pyrox- 
ene}. A Ca/Al-silicate that normally occurs in the 
form of greenish brown grains or irregularly shaped 
crystals belongs to the pyroxene group (hedenber- 
gite]. The chemical analyses proved some crystals 
to be Ca- and K-silicates, but we have not yet deter- 
mined their exact nature. Some grayish to black 
grains with metallic luster showed only the ele- 
ment titanium in the chemical analyses. With 
Raman spectroscopy, we identified these as rutile. 
We also saw rutile in the form of oriented needle- 
like crystals of varying length and as plate-like 
inclusions. 
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Figure 15, Colorless calcite crystals were the 
most common mineral inclusions identified in 
the Andranondambo sapphires. They occurred 
rounded or elongated (as shown here) or even 
plate-like. Magnified 80x. 


A few mineral inclusions could not be ana- 
lyzed chemically because they were too small or 
were in faceted gems that could not be polished to 
bring the minerals to the surface. These inclusions 
were identified on the basis of their visual appear- 
ance under the gem microscope: (a) opaque, brown- 
ish yellow grains with metallic luster (sulfide]; (b} 
opaque, black, cube-like crystals with metallic lus- 
ter, sometimes accompanied by stress-fissures, 


Figure 16. Also identified in the sapphires from 
southern Madagascar were irregularly rounded 
prisms of apatite, like the sample shown here at 
the top center with some colorless to near-color- 
less calcite crystals and a few opaque black 
grains (probably rutile or spinel). Magnified 60x, 
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which are probably uraninite or uran-thorianite 
{see also “Discussion” section); and (c} other 
opaque grains with a grayish black metallic luster 
and more-or-less rounded outlines, which probably 
belong to the spinel group. 

In one non-heat-treated sample, we observed 
fine yellowish brown needles and pinpoints that, in 
reflected light, had a strong metallic luster; these 
were concentrated in some well-delineated areas of 
the host crystal (figure 18}, Although we could not 
conclusively identify these needles, chemical anal- 
yses in areas of the host crystal where the needles 
reached the surface revealed high Fe concentra- 
tions. This indicates that the needles are an Fe 
mineral (possibly hematite, which has been identi- 
fied—e.g., by Barot et al., 1989—in sapphires from 
Kenya]. We also observed, but could not identify, 
long, fine needles that ran parallel to the basal face 
of the host crystal. 


Negative Crystals and Fluid Inclusions, Relatively 
common in the Andranondambo sapphires were 
so-called negative crystals and their fluid fillings. 
These inclusions varied greatly, from minute parti- 
cles and flat, disk-like cavities to elongated, irregu- 
larly shaped cavities and large forms delineated by 
many faces or showing bizarre shapes. Some of the 
larger, elongated negative crystals were accompa- 
nied by tails or “seams” of smaller negative crys- 
tals (figure 19). Small negative crystals were often 
arranged in rows, giving the appearance of strings of 


Figure 17. Biotite/phlogopite was the second 
most common mineral observed in the southern 
Madagascar sapphires, often appearing as miner- 
al aggregates. Photomicrograph by E. J. Gtibelin; 
magnified 66x, 
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Figure 18. One crystal had concentrations fin 
well-defined areas) of fine needles and “pin- 
points” of a yellowish brown color and a strong 
metallic luster in reflected light. Chemical analy- 
ses of the areas with high concentrations of these 
needles cutting the surface had distinctly higher 
Fe contents than the rest of the stone. Thus, the 
needles probably represent an Fe mineral (proba- 
bly hematite). Magnified 60x. 


pearls, or they were dispersed over former growth 
planes (figure 20). Sometimes, the negative crystals 
on the growth planes were accompanied by small 
crystals of different minerals. The faces of larger 
negative crystals (especially the flat ones) frequent- 
ly showed a strong reflection (mirror effect} or stria- 
tion of the cavity walls. All types of negative crys- 
tals may be accompanied by relatively flat healing 
fissures with random orientation. 


Figure 19. Negative crystals were common in the 
Andranondambo sapphires. Here, large, elongat- 
ed negative crystals are accompanied by a 
“seam” of smaller ones. Magnified 80x. 
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The nature of the material(s) filling the nega- 
tive crystals is still not well known. Most of the 
negative crystals looked like single-phase fluid 
inclusions. However, they are probably two-phase 
inclusions in which one liquid phase occupies 
almost the entire cavity. One large three-phase neg- 
ative crystal contained a colorless liquid, a brown- 
ish liquid, and a gas bubble. Rarely, we saw grayish 
black platelets with strong luster (graphite?) in the 
fluid inclusions; more common, however, were 
needle-like inclusions that we have not yet been 
able to identify. 

The fact that the negative crystals in Andran- 
ondambo sapphires are often concentrated on 
growth planes can have significant consequences 
for heat treatment. As these inclusions commonly 
rupture at high temperatures, they may result in 
the breakage of the host crystal or cut stone. 


Color Bands. The most striking internal feature in 
the heat-treated Andranondambo sapphires exam- 
ined were the grayish white (rarely, grayish brown) 
fine-, medium-, or coarse-grained bands (figure 21). 
Because we did not see such bands in non-heat- 
treated Andranondambo stones, we believe that 
their formation is directly related to the heat-treat- 
ment process. In the Andranondambo sapphires, 
these HT-bands (the designation HT is given to 
emphasize that these structures formed during heat 
treatment} were observed in most of the samples 
examined; sometimes, especially in small stones, 
they were not easily seen. These bands were often 
accompanied by color zoning. Fine-grained HT- 
bands often appeared very compact, giving the 
impression of three-dimensional “block struc- 
tures.” Others were less compact and appeared 
fainter and more delicate. With the microscope, 
using oblique fiber-optic illumination, we frequent- 
ly observed a bluish “gleam” to the HT-bands. 
Some very compact bands appeared brown in trans- 
mitted light. 


Healing Fissures. Healing fissures were also quite 
common in the Andranondambo sapphires. They 
were typically flat, rarely wavy, with net-like, 
(rarely) grain-like, or tube-like “textures.” They 
might consist of isolated rounded or elongated fluid 
inclusions, of larger negative crystals, or sometimes 
of “stringers” of small rounded or slightly elongat- 
ed particles. Even in non-heat-treated stones, many 
healing fissures had a distinct frosty appearance. In 
the healing fissures of some heat-treated stones, the 
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Figure 20. In some of the southern Madagascar 
sapphires, negative crystals were dispersed over a 
former growth plane. Magnified 60x. 


original fluid inclusions were rounded and looked 
like highly reflective spheres, or they had textures 
similar to those seen in some synthetic flux corun- 
dums (figure 22). 


Other Internal Features. In the Andranondambo 
sapphires, we also observed: (a) stringers of pin- 
point-like inclusions in different arrangements 
(rarely, a sheaf-like appearance}, some of which 
were very delicate (almost cobweb-like}; and (b} fine 
hollow tubes (sometimes needle-like), which have 
been reported to contain polycrystalline material 
(by H. Hanni in Kammerling et al., 1995b]. Any of 
the inclusion minerals described in the preceding 
sections may be accompanied by (c] wing-like heal- 
ing fissures, unhealed stress fissures, or long, thin, 
tube- or canal-like inclusions (figure 23}. Sometimes, 
we also observed swarms of delicate, divergent tubes 
and stringers, which were almost identical to the 
“comet tails” seen in many Kashmir sapphires. 
After heat treatment, many of the originally 
transparent crystal inclusions turned turbid or even 
opaque. In addition, the surface of a mineral inclu- 
sion sometimes changed dramatically: Many crys- 
tal faces developed a porcelain- or glass-like appear- 
ance, whereas others became so reflective as to dis- 
play a mirror effect. Sometimes, a surface acquired 
a frosted or even crust-like appearance. In some 
mineral inclusions, we observed the formation of 
small tension fissures at the contact with the host 
crystal. Several of the heat-treated Andranondambo 
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sapphires showed grayish white to white needle- 
like inclusions. Because the samples in which we 
observed these needles were seen only after heat 
treatment, we could not establish whether the nee- 
dles were formed during treatment or were present 
before but changed their appearance during heating. 


Absorption Spectra. Non-Heat-Treated Sapphires. 
A typical absorption spectrum for most of the non- 
heated Andranondambo sapphires is shown in fig- 
ure 24a, The spectrum in figure 24b was seen in 
non-heat-treated material as well as in heat-treated 
samples. The broad absorption bands around 570 
nm in the o-spectrum and around 700 nm in the e- 
spectrum are responsible for the blue color {see, 
e.g., Ferguson and Fielding, 1971 and 1972, 
Schmetzer and Bank, 1980; Fritsch and Rossman, 
1987, 1988a and b; Moon and Phillips, 1994). The 
main difference between the two spectral types is 
the presence/absence of an absorption shoulder in 
the 320-330 nm range. The absorption minima for 
both spectral types lie around 360, 42.0, and 490 nm 
in both the o- and e-spectra. As a rule, in non-heat- 
treated Andranondambo sapphires the deepest 
absorption minimum for the e-spectrum was 
observed at 490 nm. In both heat-treated and non- 
heat-treated samples with the 320-330 nm absorp- 
tion shoulder, the absorption minimum almost 
always shifted to 360 or 420 nm. 


Figure 21, The most striking internal feature of 
the heat-treated Andranondambo sapphires 
examined were bands of fine-, medium-, or 
coarse-grained textures and grayish white (rarely 
grayish brown) color. The formation of these HT- 
bands is directly related to the heat-treatment 
process. Magnified 80x. 
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Figure 22. Healing fissures in some heat-treat- 
ed Andranondambo sapphires were reminis- 
cent of the textures observed in some flux- 
grown synthetic coruandums. Magnified 60x. 


Heat-Treated Sapphires. Most of the heat-treated 
samples had absorption spectra similar to that 
shown in figure 24b. The absorption shoulder 
around 320-330 nm is more or less pronounced, 
and in general the absorption edge lies between 290 
and 300 nm. In non-heat-treated material, the 
absorption edge was usually located between 320 
and 340 nm. It must be emphasized, however, that 
a strong 320-330 nm absorption shoulder was not 
always present in heat-treated Andranondambo 
sapphires. The shoulder may be very weak or even 
completely absent. As illustrated in figure 24 a and 
b, for the non-heat-treated and for most of the heat- 
treated Andranondambo sapphires, the absorption 
bands around 570 and 700 nm were dominant. 
These bands are ascribed to charge-transfer transi- 
tions between Fe2+ and Ti* (see, e.g., Krebs and 
Maisch, 1971; Ferguson and Fielding, 1971 and 
1972; Schmetzer and Bank, 1980; Moon and 
Phillips, 1994). In rare cases, however, an additional 
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absorption trend, beginning at about 700 nm and 
extending into the near-infrared region as a result 
of Fe2+ <—> Fe3+ charge transfers (Krebs and 
Maisch, 1971; Ferguson and Fielding, 1971 and 
1972; Schmetzer and Bank, 1980), may become 
more intense (figures 24 c and dj. Very strong Fe3+ 
absorption features at 375 and 387 nm, which are 
considered typical for sapphires associated with 
basaltic rocks (see figure 24e, the spectrum of a sap- 
phire from Antanifotsy, in central Madagascar], 
were not observed in the Andranondambo sap- 
phires. For comparison, the absorption spectra con- 
sidered typical for sapphires from Kashmir, Burma 
{Myanmar}, and Sri Lanka are presented in figure 25. 


Chemical Analysis. Table 2 gives the (semi-quanti- 
tative) EDXRF results for trace and minor elements 
in 80 sapphires from the Andranondambo deposit 
and in four sapphires of basaltic origin from Anta- 
nifotsy, central Madagascar. 

Compared to the sapphires from Kashmir, which 
are associated with pegmatite intrusions (Levinson 
and Cook, 1994), and those from Myanmar and Sri 
Lanka, which are of metamorphic origin, the 
Andranondambo “skarn sapphires” have similar 
Fe,O3 + TiO; and V205 sa CryO3 + MnO + Ga O3 
contents {although the latter may have a slightly 
broader range of variability; these figures are based 
on preliminary data from an ongoing Gubelin labo- 
ratory research project). The main difference between 


Figure 23. It was not uncommon in the 
Madagascar sapphires to see minerals like this cal- 
cite crystal accompanied by a tube-like inclusion. 
Magnified 40x. 
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Figure 24. These are the most common 
absorption spectra recorded in the An- 
dranondambo sapphires: (a) non-heat- 
treated; (b) heat treated and some non- 
heat-treated material, and (c) and {d) 
heat treated with dominant Fe?+ <—> 
9 Fe** charge-transfer absorption in the 
near-infrared. Spectrum (e) was record- 
ed from a “basaltic” sapphire from 
soo OD a a a ee er) Antanifotsy, central Madagascar, it 
WAVELENGTH (nn) WAVELENGTH (nm) : : 
shows a typical strong Fe** absorption 
in the ultraviolet at 375 and 387 nm. 
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these and the basalt-associated Antanifotsy sapphires formed in U-Th skarns that belong to the Pan 


lies in the iron concentration, which is higher for the African granulitic formations. Rakotondrazafy et 
sapphires found in basaltic deposits. We did not see al. (1996) defined two main stages of crystallization 
any definite correlations (for example, higher Ti in the skarns: The minerals aluminous diopside, 
contents where Fe concentrations are higher} in the COs3-scapolite, titanite or spinel, and thorian- 
Andranondambo sapphires. Also, there was no evi- ite/uraninite—as well as corundum—are character- 
dence of a simple correlation between iron content istic of stage 1; one of the main mineral reactions 
and color intensity. of stage 2. is the crystallization of hibonite at the 

expense of corundum and spinel. Many of the 
DISCUSSION Andranondambo sapphires are well-developed 
Geology and Occurrence. The Andranondambo crystals (figure 8), which often show interesting 
deposit—like the occurrences in Kashmir, Myanmar, dissolution features at their surfaces. The dissolu- 
and probably Sri Lanka—results from metamorphic tion phenomena are the result of changes in the 
conditions. The sapphires of the Andranondambo mineralogic environment during stage 2, of skarn 
mining region in southeast Madagascar were metasomatism. 


Figure 25. The three spectra shown here are typical for (a) Kashmir, (b) Burma (Myanmar), and {c) Sri 
Lankan blue sapphires. 
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The mineral inclusions in the Andranondambo 
sapphires—predominantly Ca minerals, especially 
calcite—reflect the nature of the surrounding meta- 
morphic carbonate and calc-silicate host rocks and 
the paragenesis of these sapphires. Other minerals 
found in sapphires from this deposit include: apatite, 
feldspar {plagioclase and K-feldspar}, phlogopite, Mg- 
hornblende, pyroxene (hedenbergite), rutile, Ca- and 
K-silicates, spinel, thorianite/uraninite, and sulfide. 
The following minerals related to sapphire genesis 
were identified in sapphire-bearing rock samples 
obtained at Andranondambo for this study: calcite, 
anorthite, wollastonite, phlogopite, hibonite, scapo- 
lite, pyroxene, K-feldspar, and amphibole. Behier 
(1960) also described spinel as occurring with sap- 
phire in the Andranondambo area. 

The lack of a continuous increase or decrease 
in the color intensity of the growth bands evident 
in most of the Andranondambo sapphires (figures 
10~12) means that there was no continuous 
increase or decrease in the coloring agents present 
in the nutrient fluid during crystal growth. Rather, 
the sequences of alternating color zones indicate a 
multi-stage growth with the several growth phases 
characterized by changes in the genetic environ- 
ment (e.g., variations in the composition of the 
nutrient}. 


Comparison to Sapphires from Other Localities. 
Most of the Andranondambo sapphires that reach 
the gem market are heat treated. The fine-grained 
bands induced by heat treatment in the Andran- 
ondambo sapphires are not exclusive to this locali- 


TABLE 2. EDXRF analyses of trace and minor elements 
in sapphires from the skam-associated Andranondambo 
deposits and the basalt-associated Antanifotsy deposits. 


Content (wt.%) 


Oxide Andranondambo® Antanifotsy® 
Fe,03 0,12-0.61 1.80-2.09 
TIO» 0.01-0.10 0.04-0,.08 
Gag02° 0.01-0.04 0.01-0.02 
V205 <0.01 © < 0.01 
Crp < 0,01 < 0,01 
MnO < 0.01 < 0.01 


a Concentration ranges in 80 samples from the Andrandambo deposits. 
© Concentration ranges in 4 samples from the Antanifotsy region. 

¢ In 10 synthetic sapphires from Kyocera, examined by the senior author, 
the Ga concentration was < 0.07 wt.% (Ga.0q4); in eight Seiko synthetic 
sapphires and in 36 Chatham flux-grown blue and orange synthetic sap- 
phires, the Ga contents were below the detection limit of about 0.005 
wt.% (GasO3) (see also Schrader and Henn, 1985). 
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ty. Clouds of fine-grained particles following inter- 
nal growth planes have been described in non-heat- 
treated sapphires from southern Vietnam (Smith et 
al., 1995). They are also known in sapphires from 
other basaltic sources (Kiefert and Schmetzer, 1987) 
and in sapphires from Kashmir (Schwieger, 1990) 
and Sri Lanka (based on Gtibelin laboratory data). 
Because of their very small size, we could not iden- 
tify the particles forming the HT-bands in the 
Andranondambo samples to determine if they are 
different from those seen in non-heat-treated sap- 
phires from other deposits. 

The appearance during heat treatment of 
unhealed tension fissures, or of healing fissures 
that extend into the host crystal, relates to differ- 
ences in the expansion coefficients of the minerals 
involved. The newly formed fissures show, in gen- 
eral, two modes of appearance: (a) flat and circular 
with a “seam”; and (b) healing fissures with frosted 
textures. At the Gitbelin laboratory, we have also 
seen both types in heat-treated sapphires from 
other sources. The absence of such fissures, as well 
as the presence of negative and/or mineral crystals 
that do not show evidence of rupture or other dam- 
age, provide good indication that a cut stone has 
not been subjected to heat treatment {figure 2.6}. 

Non-heat-treated samples, in general, show 
absorption spectra (figures 24 a and b, respectively) 
that are similar to those of Kashmir sapphires or, 
more rarely, to sapphires from Myanmar (figure 2.5). 
In the first case, the absorption edge is normally 
positioned at higher values (o ~ 320-335 nm; e ~ 
320-340 nm}, compared to sapphires from 
Myanmar or Sri Lanka (again, see figure 25). 

The heat-treatment process influences the 
absorption behavior of Andranondambo sapphires. 
However, the appearance of the absorption shoul- 
der at about 320-330 nm cannot automatically be 
related to heat treatment, both because the absorp- 
tion shoulder was not seen after treatment in many 
samples and because the shoulder was observed in 
some unheated stones (figure 24b}. This variable 
absorption behavior may be due to different heating 
conditions or to differences in the original materi- 
als. In most cases, the absorption edge in heat-treat- 
ed stones was still high (>315 nm}, only in a few 
samples was it lower (< 305 nm). Consequently, 
the position of the absorption edge and the pres- 
ence {or absence} of an absorption shoulder around 
320-330 nm is of only limited use in establishing 
whether an Andranondambo sapphire has been 
heat treated. In comparison to the original material, 
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the broad absorption bands in the 500-800 nm 
range do increase as a result of heat treatment. 
Empirical experience at the Gtbelin Laboratory 
indicates that, in general, the absorption spectra of 
heat-treated Andranondambo sapphires are more 
similar to those of most Sri Lankan sapphires 
{when no absorption shoulder is present; see figure 
25) or of Burmese sapphires (when a pronounced 
shoulder is developed; see figure 25). Whereas the 
absorption spectra of some Andranondambo sap- 
phires (figures 24c—d) in the 500-800 nm range 
resemble those of sapphires originating from basalt- 
associated deposits, the Fe3+ absorption in the 
ultraviolet, at 375 and 387 nm, is never as intense 
as in typical basaltic sapphires (figure 24e]. 

The concentrations of Fe, Ti, and Ga in the 
Andranondambo sapphires sometimes reach values 
higher than those that are considered typical of sap- 
phires from the metamorphic deposits in Myanmar 
and Sri Lanka (up to 0.61 wt.% Fe,O3, 0.10 wt.% 
TiOg, and 0.04 wt.% GagO3). The iron contents of 
the Andranondambo sapphires, however, are lower 
than those measured in the four (basaltic) 
Antanifotsy sapphires, but they may overlap those 
of sapphires from other basaltic deposits (compare, 
e.g., Guo et al., 1992; Smith et al., 1995). The 
chemical behavior of the Andranondambo sap- 
phires is probably related to the special genetic con- 
ditions that exist during skarn metasomatism. 

The range of mineralogical and gemological 
properties shown by Andranondambo sapphires is 
relatively broad, but within this range are speci- 
mens with spectral and chemical characteristics as 
well as internal features similar to those of sapphires 
from Sri Lanka, Myanmar, and even Kashmir. 

Internal features of non-heat-treated Andran- 
ondambo sapphires that resemble those of Sri 
Lankan or Kashmir sapphires include prismatic 
amphibole crystals; black, cube-like grains; colorless, 
irregularly rounded crystals; and short rutile needles. 
However, in our sample, we did not see the long, 
fine rutile needles that are typical for Sri Lankan sap- 
phires (compare Giibelin, 1973; Webster, 1983; 
Anderson, 1990}, or the nests/bands of short, dull 
rutile needles that are more common in Burmese 
sapphires (Gtibelin, 1973). Nor did we see those 
internal features that are most typical of Kashmir 
sapphires (the velvety appearance that is caused 
mainly by clouds, lines, strings, and flake-like 
arrangements of dust-like inclusions; or the associ- 
ation of zircon, tourmaline, pargasite, plagioclase, 
allanite, uraninite [compare Schwieger, 1990]}. 
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Figure 26. This 0.24 ct sapphire from southern 
Madagascar shows no evidence of rupture of the 
fluid inclusion or stress cracking around the small 
solid inclusions. This suggests that the stone was 
not subjected to high-temperature heat treatment. 
Stone courtesy of 1. Z. Eliezri; photomicrograph by 
John I. Koivula, magnified 30x. 


After heat treatment, many Andranondambo 
sapphires lack specific inclusion features. Small 
stones {< 1 ct) may be quite clean, even when 
examined with the microscope. For such stones, 
growth characteristics are of little or no diagnostic 
value, and identification should be based on absorp- 
tion spectra and chemical data. It appears that the 
reaction to UV radiation is a useful additional test 
to separate the Andranondambo sapphires from 
their Sri Lankan counterparts. Sri Lankan sapphires 
very often show quite strong red or orange-red fluo- 
rescence to long-wave UV-radiation. 

The properties for the few samples from 
Antanifotsy appear to be consistent with sapphires 
from other basaltic deposits (see, e.g., Kiefert and 
Schmetzer, 1987). The distinction between these 
basaltic sapphires and the Andranondambo sap- 
phires is relatively easy based on the inclusion fea- 
tures, absorption spectra (figures 24a-e], and chemi- 
cal properties (table 2). 


Separation from Synthetic Sapphires. Andranon- 
dambo sapphires can be fairly easily separated from 
synthetic blue sapphires grown by different meth- 
ods. The synthetics (Verneuil, Chatham, Kyocera, 
Seiko} normally have very little or no Ga {see the 
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251 


Zincite 


by 


E. P. HENDERSON 


Associate Curator, Mineralogy and Petrology 
U.S. National Museum 


Published with the Permission of the Secretary of the Smithsonian Institution 


Zincite,. the well-known mineral 
from Franklin, New Jersey, pos- 
sesses a most striking bright red 
color. It is so common that persons 
interested in minerals are likely to 
have a reasonably good specimen of 
it in their collection. However, to 
have zincite as a gemstone is indeed 
rare, in fact, it has not been listed 
in the popular texts on gems. Since 
some cut gemstones recently ap- 
peared in collections, it seems 
worthy of a brief note, calling them 
to the attention of gemologists and 
at the same time to record their 
properties. 

Most of the zincite is massive, 
granular and without external erys- 
tal form, but there are a good many 
specimens of this mineral which ex- 
hibit well-developed platy cleavage. 
Now and then there are small areas 
in some of these cleavage pieces 
which show a clear, translucent 
gemmy material but because. of the 
cleavage it is unfit for cutting ma- 
terial. When sizeable areas are 
found which yield small cut stones 
it is usually irregularly colored with 
red and orange-yellow areas. 

Mr. R. B. Gage, a well-known 
collector and dealer in minerals from 
Franklin, at the time of his death 
had in his private collection a mass 
of quite clear zincite which was 
found on study to be worthy of 
cutting. Mr. Nicola Goodwin D’As- 
cenzo, who acquired part of the 


Gage collection, and is himself in- 
terested in obtaining gems from as 
many of the different minerals as 
possible, decided to have this ma- 
terial cut. From this one specimen’ 
six zincite stones were cut and three 
of them are now in museums. The 
largest cut stone weighs 16.27 carats 
and is in the American Museum of 
Natural History; the next largest of 
12.7 carats is in the Philadelphia 
Academy of Sciences, and the Roe- 
bling collection of minerals of the 
U.S. National Muscum now contains 
a 5.12-carat stone. The remaining 
three stones are in the private col- 
lection of Mr. D’Ascenzo of Bala- 
Cynwyd, Pennsylvania, and their 


‘weights.are as follows: one of slight- 


ly over 12 carats, another 1.17 carats 
and the smallest of 1.10 carats. 
The important physical properties 
of zincite which are noteworthy to 
students of gemology are the follow- 
ing: Color is deep ruby, the hardness 
is 4, which makes it far too soft to 
ever become an important gemstone. 
It has a subadamantine luster, and 
refractive indices of m 2.018 and « 
2.029, both of which are well above 
the range in which gemologists are 
equipped to determine the indices. 
Zincite is not pleochroic. Specific 


_gravity is 5.5-5.68. 


The color of zincite is of interest 
since chemically pure zine oxide 
(Concluded on Page 256) 


'Mr. D’Ascenzo supplied the weights of the 


zincite gems. > 


footnote to table 2). In addition, most of the inter- 
nal features seen thus far in Andranondambo sap- 
phires are quite different from those observed in 
laboratory-grown sapphires (compare, e.g., Kane, 
1982, Gtibelin, 1983). 


CONCLUSIONS 

The appearance and properties of the sapphires from 
the Andranondambo deposit are related to the 
metamorphic geologic {skarn) environment in 
which these sapphires formed. Some Andranon- 
dambo sapphires, at least in some aspects, resemble 
sapphires from Sri Lanka, Myanmar, or Kashmir. 
On the one hand, non-heat-treated stones revealed 
some inclusions that are similar or almost identical 
to those seen in some Sri Lankan or Kashmir sap- 
phires. On the other hand, many {heated and not- 
heated} Andranondambo sapphires showed “Burma- 
type” absorption spectra. In most cases, however, 
these Madagascar stones could be separated from 
sapphires of other localities by means of, in addition 
to inclusion features, absorption spectra in combi- 
nation with chemical data. 

The separation of heat-treated from non-heat- 
treated Andranondambo sapphires is easy when the 
so-called HT-bands are present. Additional features 
that indicate that the stone has been heat treated 
are changes observed in the appearance of many 
inclusions and, to some extent, the absorption 
spectra. 

Although some internal features of Andranon- 
dambo sapphires may be similar to those observed 
in certain synthetic sapphires (especially the heal- 
ing fissures in heat-treated Andranondambo stones 
and those seen in flux-grown synthetics], the over- 
all inclusion scenes should make confusion unlike- 
ly. For sapphires that lack (typical) inclusions, a 
quite reliable separation is possible based on Ga 
content: The known synthetic sapphires have very 
little or no Ga, whereas the Madagascar stones can 
have quite high Ga values. 

Precise production figures for the sapphire 
deposits of Andranondambo in southern 


REFERENCES 


Amornpongchai A. (1995) Mining in Madagascar. Asian Jewellery, 
April 1995, p. 6. 

Anderson B.W. (1990) Gem Testing, 10th ed. Rev. by E. A. 
Jobbins, Butterworths, London. 

Barot N.R., Flamini A., Graziani G., Gibelin EJ. (1989) Star sap- 


98 Sapphires from Madagascar 


Madagascar are not available; nevertheless, we 
believe that thousands of kilograms of these sap- 
phires have reached the gem market since 1992/93. 
For the trade, this has been important because 
these sapphires could, at least in part, compensate 
for the inconsistency of production from the tradi- 
tional localities. In addition, a certain percentage of 
the Andranondambo material represents an alter- 
native to “Burma-type” sapphires, and some stones 
have even been compared to Kashmir sapphires. As 
the relatively recent discovery of sapphires at the 
Antsiermene perimeter, less than 12 km north of 
Andranondambo, indicates, the regional geologic 
conditions in this part of the island favor the occur- 
rence of other skarn-associated sapphire deposits. 


Acknowledgments: The authors are grateful to Prof. 
W. Hofmeister and to Tobias Hager, Institute of 
Gemstone Research, University of Mainz, Germany, 
for help with the discussion of genesis and occur- 
rence, as well as for some mineral identification in 
samples from the Andranondambo deposit. Kenneth 
Siu, Tai Hang Gems Ltd., Bangkok, together with 
Tobias Hager, heat treated the Andranondambo sap- 
phires. Dr. A. Perretti, Adligenswil, and Dr. H. D. von 
Scholz, SUVA, Lucerne, Switzerland, did SEM-EDS 
analyses on mineral inclusions. Raman spectroscopy 
of mineral inclusions was performed by Gary DuToit 
of the Asian Institute for Gemological Sciences, 
Bangkok. Prof. W. B. Stern, of the Institute of 
Mineralogy and Petrography, University of Basel, 
developed the program used for trace-element analy- 
ses. George Bosshart, of the Giibelin Gemmological 
Laboratory helped edit the original manuscript. 

Dr. Karl Schmetzer, Petershausen, Germany, and 
Christopher P. Smith, of the Gtibelin Gemmological 
Laboratory, provided discussion of the growth struc- 
tures of the Andranondambo sapphires. The largest 
part of the test sample was provided by the firm 
Julius Petsch Jr., Idar-Oberstein, Germany. 
Additional samples came from Kenneth Siu, W. 
Spaltenstein, Golden M. Co., and the AIGS laborato- 
ry, all of Bangkok. Unless otherwise noted, the pho- 
tomicrographs are by Dietmar Schwarz. 


phire from Kenya. Journal of Gemmology, Vol. 21, No. 8, pp. 
467-473. 
Behier J. (1960) Contribution a la minéralogie de Madagascar. 
Annales géologiques de Madagascar, No. 29, Tananarive. 
Besairie H. (1970) Carte géologique de Madagascar: Feuille 


GEMS & GEMOLOGY Summer 1996 


Ampanihy No. 8. Service geologique de Madagascar, 
Tananarive. 

Chikayama A. {1989} Gemstones from Madagascar. In 22nd 
International Gemmological Conference, Italia, 1989, 
Proceedings ATTI, CISGEM, Milan, Italy, p. 29. 

Curien H., Guillemin C., Orcel J., Sternderg M. (1956} La 
hibonite, nouvelle esp¢ce minéralé. Comptes Rendus, Vol. 
242, pp. 2845-2847. 

Eliezri 1.Z., Kremkow C. (1994) The 1995 ICA world gemstone 
mining report. JCA Gazette, December, pp. 1-19. 

Ferguson J., Fielding P.E. (1971] The origins of the colors of natu- 
ral yellow, green, and blue sapphires. Chemical Physics 
Letters, Vol. 10, No. 3, pp. 262-265. 

Ferguson J., Fielding P.E. (1972) The origin of the colors of natu- 
ral yellow, blue, and green sapphires. Australian Journal of 
Chemistry, Vol. 25, pp. 1371-1385. 

The find of a lifetime (1996) JewelSiam, June-July, pp. 86-87. 

Fritsch E., Rossman G.R. (1987} An update on color in gems. 
Part 1: Introduction and colors caused by dispersed metal 
ions. Gems & Gemology, Vol. 23, No. 3, pp. 126-139. 

Fritsch E., Rossman G.R. (1988a) An update on color in gems. 
Part 2: Colors involving multiple atoms and color centers. 
Gems # Gemology, Vol. 24, No. 1, pp. 3-15. 

Fritsch E., Rossman G.R. (1988b) An update on color in gems. 
Part 3: Colors caused by band gap and physical phenomena. 
Gems & Gemology, Vol. 24, No. 2, pp. 81-102. 

Gitbelin E. (1973) Innenwelt der Edelsteine. ABC Verlag, 
Zurich. 

Gibelin E. (1983) Identification of the new synthetic and treated 
sapphires. Journal of Gemmology, Vol. 18, No. 8, pp. 
677-706. 

Guo J., Wang F., Yakoumelos G. (1992) Sapphires from Changle 
in Shandong Province, China. Gens & Gemology, Vol. 28, 
No. 4, pp. 255-260. 

Kammerling R.C., Koivula J.L, Fritsch E. (1995a} Gem news: 
Sapphires from Madagascar. Gems &) Gemology, Vol. 31, 
No. 2, pp. 132-133. 

Kammerling R.C., Koivula J.I., Johnson M.L. (1995b} Gem news: 
The sapphire deposit in southern Madagascar. Gems & 
Gemology, Vol. 31, No. 4, pp. 283-284. 

Kane R.E. {1982} The gemological properties of Chatham flux- 
grown synthetic orange sapphires and synthetic blue sap- 
phires. Gems & Gemology, Vol. 28, No. 4, pp. 255-260. 

Kiefert L., Schmetzer K. (1987) Blue and yellow sapphire from 
Kaduna Province, Nigeria. Journal of Gemmology, Vol. 20, 
No. 7/8, pp. 427-442, 

Koivula J.I., Kammerling R.C., Fritsch E. (1992} Gem news: 
Sapphires from Madagascar. Gems #& Gemology, Vol. 28, 
No. 3, pp. 203-204. 

Krebs J.J., Maisch W.G. {1971} Exchange effects in the optical 


Sapphires from Madagascar 


absorption spectrum of Fe3+ in Al,03. Physical Review B, 
Vol. 4, No. 3, pp. 757-769, 

Lacroix A. {1923} Minéralogie de Madagascar. Challamel Ed., 
Paris. 

Levinson A.A., Cook F.A. {1994} Gem corundum in alkali 
basalt: Origin and occurrence. Gems &) Gemology, Vol. 30, 
No. 4, pp. 253-262. 

Moon A.R., Phillips M.R. (1994) Defect clustering and color in 
Fe,Ti:a-AlyO3. Journal of the American Ceramics Society, 
Vol. 77, No. 2, pp. 356-367. 

Noizet G., Delbos L.A. (1955) Etude géologique des schistes 
cristallins de LiAndroy Mandrareen. Service Géologique, 
Tananarive, Madagascar. 

Peretti A., Schmetzer K., Bernhardt H.J., Mouawad F. (1995) 
Rubies from Mong Hsu. Gems # Gemology, Vol. 31, No 1, 
pp. 2-26. 

Rakotondrazafy M.A.F., Moine B., Cuney M. (1996). Mode of 
formation of hibonite within the U-Th skarns from the gran- 
ulites of S-E Madagascar. Contributions to Mineralogy and 
Petrology, Vol. 123, No. 2, pp. 190-201. 

Schmetzer K., Bank H. (1980) Explanations of the absorption 
spectra of natural and synthetic Fe- and Ti-containing corun- 
dums. Neues Jahrbuch fur Mineralogie, Abhandlungen, Vol. 
139, pp. 216-225. 

Schmetzer K. (1986) Nattirliche und synthetische Rubine. E. 
Schweizerbartische Verlagsbuchhandlung Nagele und 
Obermiller, Stuttgart, Germany, p. 76. 

Schrader H.W., Henn U. (1985} Uber die Problematik der 
Galliumgehalte als Hilfsmittel zur Unterscheidung von 
naturlichen Edelsteinen und synthetischen Steinen. 
Zeitschrift der Deutschen Gemmologischen Gesellschaft, 
Vol. 34, No. 3/4, pp. 152-159. 

Schwarz D. (1994) Emeralds from the Mananjary Region, 
Madagascar: Internal features. Gems @& Gemology, Vol. 30, 
No. 2, pp. 88-101. 

Schwieger R. (1990) Diagnostic features and heat treatment of 
Kashmir sapphires. Gems e&) Gemology, Vol. 26, No. 4, pp. 
267-280. 

Smith C.P., Surdez N. (1994) The Mong Hsu ruby: A new type of 
Burmese ruby. JewelSiam, Vol. 4, No. 6, December-January, 
pp. 82-98. 

Smith C.P., Kammerling R.C., Keller A., Peretti A., Scarratt 
K.V., Khoa N.G., Repetto S. (1995). Sapphires from southern 
Vietnam. Gems &) Gemology, Vol. 31, No. 3, pp. 168-186. 

Themelis T. (1992) The Heat Treatment of Ruby and Sapphire. 
Gemlab Inc. [No city or country given] 

Webster R. (1983) Gems, Their Sources, Descriptions, and 
Identification, 4th ed. Rev. by B. W. Anderson, Butterworths, 
London. 


GEMS & GEMOLOGY Summer 1996 99 


RUSSIAN DEMANTOID, 
CZAR OF THE GARNET FAMILY 


By Wm. Revell Phillips and Anatoly S.Talantsev 


Demantoid, green andradite garnet, was 
discovered in the Central Ural Mountains 
of Russia in the mid-19th century. A 
favorite of the Czar’s court, demantoid 
was another victim of the 1917 Bolshevik 
Revolution, when mining of this and other 
Russian gems was halted. Today, howev- 
er, independent miners are recovering 
notable quantities of stream-worn deman- 
toid pebbles from two major districts: 
Nizhniy Tagil, about 115 km north, and 
Sissertsk, about 75 km south, of 
Ekaterinburg. As a result, these distine- 
tive bright “golden” green to dark green 
garnets are re-emerging in the gem mar- 
ket. Although cut stones continue to be 
small for the most part, a number of fine 
demantoids over 1 ct have been seen. 
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he popular garnet family is one of the most prolific 

mineral groups, with a family tree rooted primarily in 

five common end-member garnets and branching to a 

spectrum of colors and gem varieties. Historically, garnet 

was loved for its deep, rich red color, and the word pyrope is 

derived from the Greek word meaning “fire-like” (Dana, 
1958}. 

The green garnets are of a younger generation and the 
“darlings” of the family. Demantoid emerged first, in the 19th 
century, when it entered the royal courts of Czarist Russia 
from the valleys of the Ural Mountains. Purged in the early 
20th century by the Bolshevik revolution, demantoid all but 
disappeared from the international gem scene. In recent 
decades, it was largely replaced by its younger sibling, tsa- 
vorite, from the East African bush country. In a new Russia, 
however, the demantoid sites are again becoming active, with 
a trickle of green fire reentering the market (figure 1). 

Demantoid (Ca3Fe,[SiO4]3] is the chromium-green gem 
variety of andradite, but it usually exhibits a yellow over- 
tone due to intrinsic ferric iron. With a hardness slightly 
less than 7, demantoid is not a good ring stone. However, 
its high index of refraction (1.89) and dispersion (0.057; dia- 
mond is 0,044) make it a gem of great brilliance and fire for 
other jewelry purposes. 

The following account looks at the early history of 
demantoid as a gem material and its present status with 
regard to localities, geology, production, and marketing, as 
demantoid reemerges from virtual obscurity into a promis- 
ing future. Locality information is based largely on the 
authors’ own experience and knowledge of the Urals region. 
A review of demantoid’s place in the garnet family helps 
explain its distinctive properties, especially in contrast to 
tsavorite, with which it has been compared in the trade. 


HISTORY 


About 1853, children from the settlement of Elizavetin- 
skoye (also spelled “Elezavetinskaya”), southwest of the 
larger village of Nizhniy Tagil (also known as Nazhniy- 
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Tagilsk} in the Central Urals (figure 2), found unusu- 
al “grass’-green pebbles (probably similar to those 
shown in figure 3) in the heavy spring runoff of the 
Bobrovka River (Eichmann, 1870; Samsonov and 
Turingue, 1985). Local jewelers identified the green 
gem as chrysolite (olivine, |(Mg, Fe),SiO4|—generally 
known by gemologists as peridot). Mineral collect- 
ing was very stylish in late-19th-century Czarist 
Russia, especially among the nobility, and mineral 
collectors soon converged on Nizhniy Tagil in 
search of specimens of this gem. This “Ural chryso- 
lite” (which also was called “Bobrovsk emerald,” 
“Uralian emerald,” and “Siberian chrysolite”) soon 
appeared in the jewelry shops of Moscow and St. 
Petersburg, mostly as small, fiery calibrated stones 
framing enamel work or the larger gems of the Urals, 
such as pink topaz or beryl. 

Nils von Nordensheld {also spelled “Norden- 
skiéld”), a Finnish mineralogist who first gained 
fame in the Urals with his identification of the new 
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Figure 1. A number of fine 
demantoids from Russia 
have appeared in the gem 
market recently. These 
unusually large demantoids 
(1.64-5.40 ct) range from 
“golden” green to a deep 
“emerald” green. Stones 
courtesy of Gebr. Henn, Idar- 
Oberstein, Germany; photo 
© GIA and Tino Hammid. 


mineral phenakite (Be,SiO,), arrived at Nizhniy 
Tagil a year after the initial demantoid discovery. 
He remained for a year and a half studying copper 
deposits in the area. P.V. Eremeyer (also spelled 
"Eremeev”|, his friend and biographer, suggests 
that von Nordensheld never visited the actual site 
where the green stones were found, but rather 
examined those in several collections. On the basis 
of these examinations, von Nordensheld declared 
the green gem a new mineral and certainly not 
chrysolite. 

On February 20, 1864, von Nordensheld de- 
scribed the beautiful green gem before the St. 
Petersburg Mineralogical Society as green andradite 
garnet colored by a small chromium content 
{Eremeyer, 1871). The fact that andradite has the 
highest R.I. and dispersion of any of the garnets 
explained the unusual brilliance and fire, and he 
proposed the name demantoid (i.e., “diamond- 
like”) for the little “green diamonds” (Clark, 1993, 
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Figure 2. The main two 
demantoid localities 
described in this article 
are reached by paved 
and unsurfaced roads 
from Ekaterinburg, the 
largest city of the Central 
Urals in Russia. The 
northern—Nizhniy Tagil 
(A)—district is near 
Elizavetinskoye, about 
35 km by road south- 
southwest of Nizliniy 
Tagil. The southern— 
Sissertsk (B)—district lies 
between Poldnevaya and 
Verkhniy Ufaley, about 
35 km by road south of 
Polevsk’oy. The numbers 
on the roads represent 
the number of kilometers 
between the distance 
markers (stars). 


29 
\, Verkhniy Ufaley 
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p. 176, gives 1878 as the year the term was intro- 
duced and first published). The name was accepted 
subsequently by Russian mineralogists and jewel- 
ers, but it was initially rejected by the local people, 
who continued to call it “Ural chrysolite,” as 
demantoid sounded too much like a word that was 
vulgar in the local dialect. 

A second discovery was made about 75 km (90 
km by road) south of Ekaterinburg in the Sissertsk 
{also spelled “Sysert” and “Syssert”) District (also 
referred to as the Polevsk’oy District or Poldnevaya 
District) on the Chusovaya and Chrisolitka Rivers 
of the west slopes of the Ural Mountains. This area 
produced gems equal, or superior, in quality to 
those at the first locality (Church, 1879). 

Demantoid was very popular in Russia from 
about 1875 to 1920 (figure 4}. It was even incorpo- 
rated into some of the fabulous creations of Peter 
Carl Fabergé and other court jewelers. Although 
most of these gems were used by the Russians, 
who preferred the brownish or yellow-green stones 
({R. Schafer, pers. comm., 1996), a few—including 
the less popular (and less brilliant) intense green 
gems—were exported to the European market at 
exorbitant prices. Edward VII of England favored 
green gems, and demantoid entered the “Belle 
Epoque” (see cover and figure 5). 

Serious efforts have been made to find deman- 
toid deposits in similar geologic environments else- 
where in Russia. In 1980, one was reported at a site in 
the Kamchatka Peninsula of eastern Siberia. The 
stones are usually small (2-3 mm} but of good quali- 
ty. Several deposits of yellow andradite (sometimes 
referred to as “topazolite,” although this term is in 


Figure 3. These pebbles, in the form of abraded dodec- 
ahedra, are typical of the alluvial demantoids found 
in the Central Urals. The stone on the left clearly 
shows the spray of radiating “horsetail” fibers that is 
characteristic of demantoid garnets. From left to 
right, they weigh 6.63, 4.81, and 4.62 ct. Photo by 
David W. Hawkinson, BYU Museum of Art. 
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disfavor with modern gemologists] and uvarovite (the 
chrome analog of andradite} also came to light. Minor 
occurrences of demantoid also have been reported 
from Zaire, Korea, Sri Lanka (gem gravels), California 
(San Benito County; Payne, 1981), and south-central 
Mexico (Wilson, 1985}. Even some stones from the 
Ala Valley of Italy are green enough to be considered 
demantoid. Nevertheless, demantoid has largely 
remained a gem of the Ural Mountains (Samsonov 
and Turinge, 1985). Crystals from all of these other 
localities are rare, seldom more than a few millime- 
ters, usually very pale, with cut stones over one-quar- 
ter carat rare indeed. 

With the onset of the Bolshevik Revolution in 
1917, gems went out of vogue in Russia, along with 
other symbols of wealth and royalty, and Soviet 
resources turned to mineral production more in 
demand by industry. Localities of emerald and other 
beryls were mined for their beryllium, diamond was 
mined for industrial applications, and the tailings 
piles of chrysoberyl mines were hand-picked for 


Figure 4, Popular in Russian jewelry from 1875 to 
1920, demantoids provide a field of green for this 
antique star brooch manufactured in Russia. 
Gourtesy of A La Vielle Russie, New York City; 
photo by Nicholas DelRe. 


molybdenite. In the early stages of World War II, 
Joseph Stalin moved the Soviet heavy industry to the 
Central Urals, away from immediate Nazi invasion. 
The Urals produced planes, tanks, and guns for a 
desperate nation; demantoid and other gems for per- 
sonal adornment seemed unimportant. 
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Figure 5. Demantoids were particularly popular 
in late 19th- and early 20th-century Edwardian 
jewelry. This yellow-gold and silver 19th-century 
dragonfly pin is set with two relatively large 
demantoids—1.30 and 1.03 ct—in the main body, 
as well as assorted smaller demantoids (2.80 ct 
total weight) throughout the balance of the piece, 
together with diamonds and two rubies. Courtesy 
of the Susan Clark Gallery of Gem Art, 
Vancouver, BC, Canada. 


LOCATION AND ACCESS 


Two major districts in the Central Ural Mountains 
of Russia have historically yielded demantoid gar- 
net: Nizhniy Tagil (along the Bobrovka River) and 
Sissertsk (near Polevsk’oy and Poldnevaya}. These 
regions are alternating dense forest (spruce, pine, 
aspen and birch) and open meadows, with much of 
the area marshland (figure 6). 

The Nizhniy Tagil district is near the tiny vil- 
lage of Elizavetinskoye, about 115 km north-north- 
west of Ekaterinburg (figure 7). It is best accessed 
from there via Nev’yansk and Nizhniy Tagil over 
paved roads. This district contains two deposits: (1} 
the placer on the Bobrovka River (Bobrovskaya 
Placer}, which runs for about 2 km through 
Elizavetinskoye; and (2) a primary, in situ, deposit 
at the head of the Bobrovka River (Tochilny Kluch], 
which is the source of the alluvial demantoid. 

The Sissertsk district lies between Poldnevaya 
and Verkhniy-Ufaley near the Korkodin railway sta- 
tion, which is about 75 km south-southwest of 
Ekaterinburg (figure 8). All but 4 km of the road from 
Ekaterinburg to the site (90 km], via Polevsk’oy, is 
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paved. In this district there are two primary, in situ, 
deposits: at Kladovka (point I in figure 8) and at 
Korkodin (point TI in figure 8). In addition, there are 
five river placers: Bobrovka (area 1, figure 8}, 
Zyachiy Log (“Hare Creek,” area 2), Ufaleyka (area 
3), Chrisolitka (area 4), and Kamenuschka (area 5). 
(Note that the Bobrovka area in the Sissertsk dis- 
trict should not be confused with the larger 
Bobrovka River that is in the Nizhniy Tagil dis- 
trict.) 

In 1985, a small demantoid deposit was discov- 
ered in the southern part of the Arctic Urals on the 
Hulga River. This new deposit contains both in 
situ demantoid and a small placer. Crystals are gem 
quality, relatively large (6-8 mm}, and good green 
color. The site is difficult to reach and has not been 
studied. 

In 1995, another demantoid deposit was report- 
ed in the Arctic Urals on the Hadata River. The pri- 
mary deposit is on the Saum-Kev pyroxenite massif 
and is accompanied by a placer deposit about 1 km 
long. It is scheduled for exploration and study in 
the summer of 1996. 


Figure 6. There is no formal mining site at Nizhniy 
Tagil. Rather, alluvial pebbles of demantoid are 
recovered from stream beds in a complex of low, 
mature hills covered by dense forest—largely 
birch, pine, aspen, and spruce—and, as shown 
here, open meadows. 
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Figure 7. Demantoid was first discovered in 
gravels of the Bobrovka River near the small 
settlement of Elizavetinskoye, in what is now 
called the Nizhniy Tagil district. Primary crys- 
tals are also recovered from the peridotite 
intrusion south of the village, at Tochilny 
Kluch, where the demantoid forms in thin 
chrysotile veins in serpentinized pyroxenites. 


GEOLOGY AND OCCURRENCE 


In the Central Urals, primary deposits of deman- 
toid crystals occur in both major districts, as shown 
in figures 7 and 8. At Nizhniy Tagil, serpentine 
lenses about 1.5 km long by 200-300 m wide occur 
within ultramafic (pyroxenite-peridotite] intru- 
sions, and are cut by veins of coarse-grained olivine 
(chrysolite) and minor dolomite. At Tochilny 
Kluch (="Creek”), the demantoid crystals appear to 
form around tiny grains of chromite in the highly 
fractured contact zones between chrysolite veins 
and serpentine. Ultramafic rocks—such as peri- 
dotite, pyroxenite, and their alteration product, ser- 
pentine—usually contain high concentrations of 
chromium and are the source both of chromite 
(FeCr,O,4} and of the chromium for a plethora of 
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Cr-bearing minerals, including emerald, alexan- 
drite, and demantoid. 

Because demantoid crystals are relatively soft 
and brittle, they will not withstand the rigors of 
extensive stream transportation. Alluvial pebbles 
of demantoid (again, see figure 3) are found largely 
in the sandy gravels of the shallow headwaters of 
small streams fed by large springs (Samsonov and 
Turinge, 1985}. Demantoid in the Nizhniy Tagil 
district is recovered from Pleistocene river gravels 
cut by the active Bobrovka River; the principal 
deposit measures about 500 m along the river val- 
ley and is 20 to 100 m wide (again, see figure 7). 
The productive sandy, red gravels (sand-size to 
gravel-size grains and pebbles of the available rock 
types, stained red by iron oxides from the weather- 
ing of the iron-rich rocks] are as much as 2.5 m 
thick. They lie on an eroded surface of Paleozoic 
volcano-sediments, and are covered by several 
meters of detritus and soil. The best horizons are 
near the base of ancient terraces; these may contain 
100 g of demantoid per cubic meter, 80% of which 
are pebbles of 4 mm or less. A second deposit on 
the Bobrovka (also within the placer area marked in 
figure 7) is even larger (2.5 km by 50-60 m}; much 
of the Pleistocene sand and gravel lies below the 
present stream cut and may reach a total thickness 
of 6 m. Only the modern river bed has been exploit- 
ed for demantoid crystals, which are poorly formed 
dodecahedra {110} and may reach 5-6 cm, although 
such large crystals are very rare. 

The geology and deposits of the Sissertsk 
(Poldnevaya) district are similar to those of Nizhniy 
Tagil (again, see figure 8). At both primary deposits, 
demantoid occurs in thin (1.5-2 cm) chrysotile 
veins in serpentinized pyroxenites. Thus far, these 
primary sites have produced only mineral speci- 
mens. In all of the five placer deposits, demantoid 
is recovered from the lowest gravel bed (the basal 
bed}, with minor amounts from sand bars. 


MINING AND PRODUCTION 


Mining specifically for demantoid in Russia has 
been very erratic. Before 1915, the stones were usu- 
ally obtained as a by-product of platinum mining of 
the placers at Elizavetinskoye and gold mining of 
the placers in the Sissertsk district. Since then, the 
demantoid deposits have been worked mostly by 
private miners (figure 9], operating illegally, who 
search river gravels or dig pits up to 5 m deep and 
then wash and screen the pit gravels. Only the con- 
tract companies have licenses to dig, and even 
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Figure 8, In the Sissertsk demantoid district, the gar- 
nets occur as primary crystals in serpentinite pods in 
ultramafic pyroxenites and as detrital pebbles in 
stream gravels a few kilometers west of the Kladovka 
railway station or north of the Korkodin station. 


those may be for exploration only. Illegal digging is 
a dangerous profession, as the authorities are 
always alert and local competition is keen. Miners 
have been subject to arrests, threats, and even 
shootings. 

In the 1970s, government geologists studied 
the Nizhniy Tagil-Elizavetinskoye deposits for 
commercial development, and for three to five 
years thereafter, the AO Uralquartzsamotsvety 
(”“Ural-quartz-colored stones” Company} attempted 
hydraulic mining. Recovery was poor (40%-60%}, 
and much high-quality rough was lost in the tail- 
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ings. However, most of the demantoid was ulti- 
mately recovered by the local people, who work 
over every dump and tailings pile. 

A very crude estimate would suggest that, prior 
to 1990, a total of perhaps 200 kg of demantoid 
rough had been mined, the total remaining com- 
mercial reserve of the Elizavetinskoye placers has 
been estimated at 2,000-3,000 kg. In 1993, the 
deposit was licensed to a metallurgical company 
{AO NTMK [Nizhniy Tagil Metallurgical Kombi- 
nat]} for prospecting, but no commercial production 
has resulted. The license expires in 1997, and the 
company is desperately seeking foreign financing. 

The Korkodin-Chrisolitka deposit was explored 
in the late 1980s, and a license was purchased by a 
private conglomerate (TOO “Grani”} from the 
Chelyabinsk region. A production company was 
formed, and some small-scale organized mining 
began in 1994; however, no commercial production 
has yet been reported. Reserves at the Korkodin- 
Chrisolitka deposit are estimated at 5,000 kg. 

The Kamenuschka deposit, about 5 km north 
of Korkodin, is unexploited, unlicensed, and 
remains available for development. Trenches cut 
by “bandit diggers” expose the bedrock and reveal 
demantoid in drusy cavities, which are valued both 
for jewelry and as mineral specimens. No commer- 
cial production has been officially reported, and the 


Figure 10. These five stones (0,240.35 ct) were 
selected from a collection of about 50 small cut 
stones to represent the range of demantoid colors. 
On the basis of qualitative EDXRF analysis, the 
bright green stone on the far left contains much 
more chromium than any of the others, and the 
near-colorless stone on the far right contains much 
less. The three center stones all have about the 
same chromium content, between that of the previ- 
ous two samples. By comparison, a medium-green 
tsavorite garnet analyzed revealed more chromium 
than all but the brightest green demantoid here, 
but it also had 10 to 100 times more vanadium 
than chromium. Photo by David W. Hawkinson, 
BYU Museum of Art. 
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Figure 9. In the Urals, most of the demantoids are 
recovered by local villagers who illegally search 
the river gravels. Here, a Russian woman exam- 
ines gravels from the Bobrovka River. 


reserves at the Kamenuschka deposit are estimated 
at roughly 2,000-3,000 kg. 

Unofficial estimates place total demantoid rough 
production for 1995 at about 8 kg (Elizavetinskoye— 
5 kg, Poldnevaya—3 kg]. About 40% of this total, 
some 16,000 carats, is recovered as cut stones. Less 
than 10% of the latter group, about 1,600 carats, is 
represented by stones of one carat or more. 

Little more can be said at this time about the 
present status or future development of demantoid 
gamet in the Ural Mountains of Russia, except that 
interest is growing, foreign investors are welcome, 
and proposals to develop the deposits are under con- 
sideration. However, all of the areas containing 
demantoid, except Korkodin, supply drinking water 
to local cities, so the serious development of any one 
of them could become an environmental concern. 


MATERIALS AND METHODS 

The senior author selected from his collection of 
about 50 Russian demantoids five small cut stones 
(0.24 to 0.35 ct.) that ranged from the deepest green 


GEMS & GEMOLOGY Summer 1996 


to almost colorless (figure 10). In addition, for com- 
parative spectral analysis he included one yellow- 
ish brown andradite from Coyote Front Range, 
Inyo, California; one medium green tsavorite from 
east Africa; and one colorless grossular from 
Wakefield, Canada. 

Qualitative energy-dispersive X-ray fluores- 
cence (EDXRF) analysis was performed on these 
samples at Brigham Young University, solely to 
determine the presence or absence of chromium in 
the five samples. The UV-visible spectra were 
obtained by the senior author with a Hewlett- 
Packard HP8452.A diode array spectrophotometer, 
also at BYU, on one medium-green demantoid as 
well as on each of the tsavorite, andradite, and 
grossular samples described above. Details of analy- 
ses are available on request from the senior author. 


DESCRIPTION OF THE DEMANTOIDS 


Demantoid garnet is gem-quality green andradite 
(Ca3Fe,[SiO,]3}, usually very near the ideal andra- 
dite composition, 97.02 wt.% to 99.67 wt.% andra- 
dite (Stockton and Manson, 1985], with minor 
chromium contributing the valued green color, and 
traces of aluminum, titanium, vanadium, and 
sometimes manganese. Demantoid ranges from 
yellowish or brownish green to “golden” green (fig- 
ure 11}, and—the rarest—”emerald” green (again, 
see figure 1]. The gemological properties are consis- 
tent with those for other garnets (see table A-1 in 
Box A}, with the exception of the unusually high 
RI. (1.89) and dispersion (0.57). As noted earlier, for 
the most part demantoids are small, less than | ct. 
Although the authors have heard of at least one 
faceted stone over 21 ct (S. Fesenko, pers. comm., 
1996}, this is extraordinarily rare. 


ABSORPTION -—- 
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: 


ANDRADITE 


Figure 11. One of the most distinctive demantoid 
colors is this bright yellowish or “golden” green 
color. These two Russian demantoids, 1.36 ct 
(round brilliant) and 1.08 ct, are courtesy of Mayer 
ew Watt, Maysville, Kentucky. Photo © GIA and 
Tino Hammid. 


Cause of Color. Cr3* substitution for Fe?* in octa- 
hedral Y sites (again, see Box A) is responsible for 
the rich “grass” green of demantoid, which is 
superimposed over the yellow overtone contributed 
by the intrinsic ferric iron of andradite (figure 12). 
Cr-bearing demantoid shows red through the 


Figure 12. These UV-Visible spectra for a 
medium green tsavorite garnet from East 
Africa and a medium yellowish green 
demantoid garnet from the Central Urals 
clearly separate the two green garnets and 
also illustrate the greater influence of 
chromium in the demantoid. The spectra 
shown for samples of andradite and 
grossular that lack significant chromium 
and vanadium, illustrate the effects of 
these chromogens on these garnet types. 
The andradite is a brownish yellow sam- 
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California, and the colorless grossular is 
from Wakefield, Canada. 
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American Synthetics Easily Identified 


The Gemological Institute of 
America has not been able to sub- 
stantiate recent reports concerning 
the comparative difficulty of detec- 
tion of the new American. synthetic 
rubies and sapphires, as compared 
with those of prewar European 
manufacture. 

An exhaustive sampling of the 
new American synthetics has shown 
that, contrary to report, the new 
American stones are very much 
easier to identify than the great 
majority of prewar European syn- 
thetic rubies and sapphires. Anyone 
who has passed the Junior Gemolo- 
gist examinations of the G.LA. 
should be capable of detecting any 
of these new synthetics. 

Sampling was accomplished by the 
G.LA. through cooperation of its 
members in several cities, who either 
loaned or purchased cut and uncut 
stones which were tested and classi- 
fied in the Institute’s Los Angeles 
laboratory. 

No American synthetic ruby or 
sapphire was found which a Certified 


Gemologist, using 60x magnification, 
could not have identified quickly and 
easily. 

Gems & Gemology readers will 
recall that the Spring 1944 issue 
carried a reprint of an address, 
“American-made Synthetic Crys- 
tals,” by A. K. Seemann, engineer 
of the Linde Air Products Company, 
manufacturers of synthetic cor- 
undum, confined so far in the trade 
to ruby and to white sapphire. 

In a recent discussion of ~his 
organization’s policy, Mr. Seemann 
stated emphatically that there had 
been no attempt upon the part of 
the firm to produce stones without 
the inclusions by which the syn- 
thetics are distinguished from the 
genuine stone, nor did the firm desire 
to eliminate such characteristic in- 
clusions. 

This is consistent with all previous 
evidence which supports the belief: 
of those in the jewelry trade that 
the firm desires to work with and 
for the best interests of the industry, 
and to keep the industry advised of 
the exact nature of its products. 


A Chrysoberyl with Chatoyant Effect 


A flattened double cabochon stone, 
weighing 115 carats,. was recently 
examined, which, though not a speci- 
men of any beauty, was of some 
scientific interest. 


The stone was practically opaque, 
and showed a fairly clear chatoyant 
ray along the length of the oval- 
shaped piece, but in addition there 
was a feeble ray to be seen at right 


BOX A: Demantoid’s Place in the Garnet Group 


The general formula for the garnet group is 
X3Y9(SiO4)3: where X = divalent ions with eightfold 
coordination, primarily Ca2+, Mg2*, Fe2*, and Mn2+; 
and Y = trivalent ions with sixfold coordination, pri- 
marily Als+, Fe3+, ¥3+, and Cr3+, Nature combines X 
and Y elements to form real garnets depending on the 
availability of elements and the pressure and tempera- 
ture of formation, it seldom, if ever, forms a pure, end- 
member garnet (i.e., one in which only one ion occu- 
pies the X site and one the Y site]. Within the garnet 
group, the six most important end members, grouped 
by series, are: (1) uvarovite [(Ca,Cr)(SiO,4)3], grossular 
[CazAl, (SiOg)s], and andradite [Ca3Fe3+4(SiO4)3} [the 
calcium series}; and (2) pyrope [Mg3Al,(SiO,)3), alman- 
dine [Fe2+3A1,(SiO4)3], and spessartine [Mn3Aly 
{SiO4}3|. Recently, a seventh garnet species in the Ca 
series, goldmanite |Ca3V(SiO,)s|, has gained signifi- 
cance for gemologists, as it forms solid solution with 
grossular to produce tsavorite. 

Demantoid is an andradite garnet. Complete solid 
solution is possible between grossular and andradite, 
and individual members of this series (notably, deman- 
toid) may contain minor Cr,O3 in partial solid solu- 
tion with uvarovite, their chromium analog. 

The green gem varieties tsavorite and demantoid 
both lie near the ideal end-member compositions, 
respectively, of grossular and andradite (Stockton and 
Manson, 1985]. However, intermediate (yellow, not 
Cr-containing] grossular-andradite gems recently have 
been noted (Hurwit et al., 1994; Johnson et al., 1995). 


Selected optical and physical properties of garnets in 
the Ca seriés are presented in table A-1. The individual 
species, and their relationship to demantoid, are dis- 
cussed below. 


Andradite forms a complete solid solution with grossu- 
lar, and intermediate compositions are common 
(Stockton and Manson, 1983, Griffen, 1992), however, 
gem-quality specimens of both andradite and grossular 
occur, in nature, usually with compositions near their 
ideal end-members, Andradite is intrinsically colored as 
a consequence of ferric iron (Fe?+) in sixfold coordina- 
tion (Y site], which produces yellow (Loeffler and 
Burns, 1976), Yellow or yellow-green andradite gems 
(once referred to as “topazolite,” a term now in disfa- 
vor} are attractive but rare (Gill, 1978; Webster, 1983). 
Demantoid results when Cr+ from solid solution with 
uvarovite substitutes for Fe3+ in the Y sites and super- 
imposes a green color over the intrinsic yellow. 
Schorlomite [Ca3{Fe,TiJ,($i,Fe)3015] is a black gar- 
nét colored by Ti4+ and Mn?* in combination with 
intrinsic ferric iron (Phillips and Griffen, 1981} that 
occurs in solid solution with andradite to yield 
“melanite,” a Ti-tich black andradite. These black 
garmets have little gem application except in moum- 
ing jewelry, which was popular with the late 
Victorians, as an alternative to jet or black onyx. 


Uvarovite is a beautiful green gamet in small sizes, 
with larger specimens so dark as to appear almost 


Chelsea filter in proportion to the amount of 
chromium present. It typically shows no color zon- 
ing; however, the color is patchy [i.e., not homoge- 
neous}, and the senior author has observed intense 
green surrounding tiny chromite grains that appear 
to act as nucleation points for the demantoid crys- 
tals (figure 13]. This is also graphic evidence that 
dissolution of chromite frees Cr to contribute to 
the green color of the demantoid. 

EDXRE analysis of the stones shown in figure 
10 confirmed that the intense color was an indica- 
tion of high chromium content, although the 
stones of the medium color range showed less vari- 
ability in chromium than in apparent color. None 
of these five stones showed measurable vanadium. 
The single East African tsavorite revealed the pres- 
ence of both chromium and vanadium, but 10 to 
100 times more of the latter than the former. 

Both the demantoid and the tsavorite showed 
two major absorption peaks (again, see figure 12|— 
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one in the blue and violet wavelengths, with lesser 
absorption in the orange and yellow range—and 
transmit green and red wavelengths. Also evident 
in figure 12, the tsavorite showed strong absorption 
peaks at 426 and 608 nm, which are attributed 
largely to V3+ modified by lesser Cr3+. Unfor- 
tunately, the two vanadium absorption peaks 
almost coincide with the chromium absorption 
doublet (Loeffler and Burns, 1976); the slight shoul- 
der on the right side of the 426 nm peak and the 
asymmetry of the 608 nm peak may be due to 
chromium. The transmission valley is centered on 
green. Demantoid typically shows very sharp, 
strong absorption at 438 nm (blue-violet) and weak 
absorption at about 594 nm (orange); these repre- 
sent the characteristic absorption of Cr3+, which 
normally consists of two strong absorption peaks 
(Loeffler and Burns, 1976]. The ferric iron (Fe3+} 
inherent to andradite amplifies the 438 nm chromi- 
um peak in demantoid and, when Cr°+ is minor, 
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Table A-1. Selected properties of garnets in the ugrandite (uvarovite-grossular-andradite) 


series. 
Garnet species/ RI. 
gem variety 
Andradite #».<¢ ” 4,880-1.886 
Demantoid@ 1.880-1.889 
Uvarovite2.> 1.798-1.868 
Grossular@.® 1.731-1.760 
Tsavorite 1.739-1.744 
Goldmanite¢ 1.821 
Intermediate (Malije 1.762-1.782 


aFrom Rouse (1986). 
®Calculated value fram McConnell (1964). 
¢From Stockton and Manson (1988). 


black. It occurs mostly as drusy layers of tiny dodeca- 
hedral crystals in fractures in chromite. It is some- 
times used for jewelry, showing tiny, bright green 
scintillation points. Uvarovite is typically associated 
directly with chromite spinel (FeCr.O,). 


Grossular is colorless when pure; the addition of tran- 
sition-element impurities {(Fe3+, Mn3+, Cr+, V3+} pro- 
duces a wide variety of colors. For example, the hes- 
sonite variety (colored by Fe?+} ranges from brownish 
yellow to orange-red, and manganese varieties are 
pink. 

Tsavorite {also “tsavolite”) is gem-quality transpar- 
ent green grossular in partial solid solution with gold- 
manite, which contributes vanadium as the primary 
source of color. It is a recent addition to the garnet fami- 
ly, having been discovered in the 1960s in Kenya and 


demantoid transmits essentially all colors except 
violet. This yields strong yellow (red and green add 
to form yellow} with lesser blue, so the stone is 
green with a strong yellow overtone. As the Crs+ 
content increases, the absorption peak at 594 nm 
becomes both higher and broader, absorbing orange 
and most of the yellow and red wavelengths. A 
similarly enlarged peak at 438 nm may absorb 
more short wavelengths, so that only green wave- 
lengths are transmitted. Thus, Cr-rich demantoid 
may be “emerald” green without any modifying 
hue. A third high-energy Cr3+ absorption in the 
ultraviolet may be responsible for the red fluores- 
cence of most Cr-colored gems. 


Internal Features. The most distinctive internal 
feature of demantoid is its characteristic “horse- 
tail” inclusion (again, see figure 13) which was pre- 
sent, whole or in part, in most of the Russian 
demantoids examined by the authors and which is 
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S.G. Hardness Dispersion 
3.77-3,88 6% 0.057 
3,80-3,88 6% 0.057 
3.71-3.81 1% 
3.40-3.78 ic 0.028 
3.57-3.65 7 0.028 

3.75 
3.63-3.70 


4From Moench and Meyrowitz (1964). 
€From Johnson et al. (1995). 


introduced to the gem community in 1974 (Bridges, 
1974}. As much as 3 wt.% V 03 has been recorded in 
some stones (Muije et al., 1971). Some specimens are col- 
ored solely by vanadium, but others contain a subordi- 
nate contribution from chromium and may even appear 
red through the Chelsea filter. Tsavorite ranges from 
intense “emerald” green (the most valuable) through yel- 
low-green to almost colorless. Good-color gem tsavorites 
over 3 ct are very rare (Rouse, 1986, p. 100}. 


Goldmanite is a dark green to brownish green garnet 
that is much rarer (and much less attractive) than any 
of the other Ca garnets. It was first described in 1964 
(Moench and Meyrowitz) from specimens found in 
Laguna, New Mexico, where it derives from the con- 
tact metamorphism of a uranium-vanadium ore 
deposit in a sandstone-limestone host rock. 


found in no other green gem. In the gemological lit- 
erature, the “horsetail” generally is referred to as 
hair-like byssolite (an obsolete name for asbesti- 
form amphibole, usually of actinolite-tremolite 
composition) fibers that diverge from a focal point, 
usually a tiny opaque crystal of a spinel-group min- 
eral, probably chromite or magnesiochromite. 
Recently, however, the horsetail fibers emanating 
from the chromite grains have been identified as 
serpentine (chrysotile) by Dr. A Peretti (pers. 
comm., 1996). Sometimes the fibers form a dense, 
eye-visible bundle (figure 14) or cone stained orange 
or brown by ferric oxide. Each demantoid crystal 
appears to nucleate on the tiny chromite crystal 
that also serves as a nucleation point for the ser- 
pentine “horsetail,” so the demantoid and serpen- 
tine fibers must grow simultaneously. As the crys- 
tals are small, seldom large enough to cut more 
than one gem, each cut gem is likely to contain one 
horsetail, or the part thereof not removed by cut- 
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Figure 13. The most distinctive internal feature of 
demantoids is the “horsetail” of fibrous serpen- 
tine (chrysotile) that is present, in whole or in 
part, in most pebbles or cut gems. Note the tiny 
crystal (probably chromite) from which all the 
fibers radiate. Photomicrograph by John I. 
Koivula; magnified 20x. 


ting. In the authors’ experience, cut specimens 
lacking all traces of a horsetail are exceedingly 
scarce. Rarely, the fibers are uniform and parallel, 
and the gem may be cut to show chatoyancy 
(“Cat’s-eye demantoid,” 1960). Some of the deman- 
toids that have emerged most recently on the inter- 
national gem market contain randomly oriented 
acicular inclusions that do not appear to be related 
toa “horsetail” (figure 15). 


MARKETING AND DISTRIBUTION 


Because of its extreme rarity, the small size of the 
crystals, and its relatively low hardness, demantoid 
has not enjoyed widespread recognition outside 
Russia. It was popular in the Western world for a 
brief period during the Edwardian age at the turn of 
the century, but it slipped back into relative obscu- 
rity after World War I, when little emerged from 
the young Soviet Union. Many of the demantoids 
seen in the market today are set in estate jewelry 
from the Edwardian period. Typically, demantoids 
appeared in Edwardian jewelry as a field of green 
melee or as an encircling band of melee or calibrat- 
ed stones highlighting a much larger central stone. 
They also appeared in whimsical jewelry of the era, 
as bright green frogs, lizards, snakes, dragonflies 
(again, see figure 5], and the like (Misiorowski and 
Hays, 1993, p. 164}. 

Much of the modern production represents the 
secret caches of villagers and the work of “bandit 
diggers.” Each team of “thieves” has its own lapi- 
daries, who cut all the rough in some corner of a 
small apartment in Ekaterinburg. Many stones are 
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Figure 14. In some demantoids, like this recently 
mined stone, the “horsetail” takes the form of a 
cone-like bundle of fibers. Photomicrograph by 
Shane F. McClure; magnified 20x. 


poorly cut, although some fine ones are produced. 
Unfortunately, many are slightly scratched or 
chipped in handling. Essentially no rough deman- 
toid appeared in the Russian “gem fairs” in 1995, 
and very little rough reaches the outside market. 
Although many cut stones (about 15%-20%) are 
sold in Russia, where there is historic appreciation, 
the bulk of present production goes “unofficially” 
abroad, most of it to Germany with lesser amounts 
finding their way to Israel, the United States, the 
United Arab Emirates, Spain, Italy, and Canada. 
The authors’ experience is that German dealers, 
like most Russians, tend to prefer the pale “golden 
green” stones that best display demantoid’s inher- 


Figure 15. In some of the newer demantoids to 
emerge from Russia (see, for example, figure 
1), large quantities of randomly oriented acic- 
ular inclusions are found throughout the cut 
stones, with no evidence of a nucleating crys- 
tal. Photomicrograph by Shane F. McClure; 
magnified 20x. 
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ent brilliance and fire. American dealers usually 
seek out the much rarer “emerald’”-green stones, in 
which the darkness of the color largely masks the 
fire (again, sec figure 1). The best prices are found in 
Ekaterinburg at the Urals Exhibition of Colored 
Stones, held each year in the fall. 


CONCLUSION 


Demantoid is a beautiful green to yellow-green 
gem variety of andradite garnet, colored by minor 
chromium and intrinsic iron. It has great brilliance 
and “fire” (dispersion], but it is slightly lower in 
hardness than tsavorite. 

Historically, demantoid has been found almost 
exclusively in Russia’s Central Urals. Discovered 
in the mid-19th century, this bright green gem 
soon became popular among the nobility of Czarist 
Russia and even enjoyed brief exposure in Western 
Europe at the turn of the century. With the onset of 
the Bolshevik Revolution in 1917, however, expor- 
tation of this rare gem came to a halt, and little 
new material emerged until the economic restruc- 
turing (perestroika) of the late 1980s. 

Two important demantoid districts are known 
in the Central Urals, one about 115 km north- 
northwest and one about 75 km south-southwest 
of Ekaterinburg; each of these districts has two or 
more alluvial or in situ deposits. All of the locali- 
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NOTES AND NEW TECHNIQUES 
a Ss = 1 


OPAL FROM SHEWA PROVINCE, ETHIOPIA 


By Mary L. Johnson, Robert C. Kammerling, Dino G. DeGhionno, and John I. Koivula 


Opal occurs as nodules in volcanic rocks at a new gem opal locality in the 
Menz Gishe district of Shewa Province, Ethiopia. The opal field, still in the 
early stages of exploration, extends over several square kilometers. Opals 
from Shewa Province have near-colorless to white, yellow, orange, gray, or 
brown body colors; some show face-up play-of-color, and many have contra 
luz play-of-color. The gemological properties are consistent with those of 
other natural opals, and small particles are common inclusions. 
Preliminary stability tests indicate that much of the material absorbs 
water, and some crazes when exposed to light and heat. 


Gem-quality opals, for the most part, come from 
two types of deposits: volcanic and sedimentary 
(Frondel, 1962}. Although the most significant 
deposits of gem opal—those in Australia—are sedi- 
mentary in nature (see, for instance, Wise, 1993}, 
other important opal deposits are related to siliceous 
volcanic rocks. These volcanic occurrences include, 
among others, Querétaro, Mexico (see, e.g., Koivula 
et al., 1983; Gubelin, 1986; and Spencer et al., 1992), 
and Opal Butte, Oregon (Smith, 1988), with the lat- 
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ter’s related deposits in Idaho (Broughton, 1972) and 
British Columbia (Downing, 1993). 

Recently, opals were discovered at Yita Ridge 
in the Menz Gishe district of Shewa Province, 
Ethiopia. The opal-bearing rock is a nodular rhyo- 
lite (similar to that at Opal Butte). Material exam- 
ined from the Ethiopian deposit included stones 
resembling “contra luz” (that is, play-of-color only 
visible with transmitted light] and “crystal” opal, 
as well as a fire agate—like opal that shows play-of- 
color on a dark brown body color (figure 1). As the 
deposit is still in the preliminary evaluation stage 
(T. Yohannes, pers. comm., 1996}, its full produc- 
tion potential is unknown. However, early sam- 
pling results indicate that the opal-bearing rocks 
extend over several square kilometers. 


BACKGROUND 


To the best of our knowledge, the first report on 
gem opals from Ethiopia appeared in the February 
1994 ICA Gazette (Barot, 1994). According to that 
report, Ethiopian opals were first seen in the 
Nairobi gem market in mid-1993. Some of these 
opals (obtained in Nairobi as being of Ethiopian ori- 
gin, but with the precise locality unconfirmed) 
were subsequently examined and reported in the 
Spring 1994 Gem News section (Koivula et al., 
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1994a). The Summer 1995 Gem News section con- 
tained a short entry specifically describing opals 
from the Yita Ridge area of Shewa Province (Kam- 
merling et al., 1995). 


LOCATION AND ACCESS ~ 


Yita Ridge, in the Menz Gishe District of Shewa 
Province, is about 240 km (150 miles} northeast of 
Ethiopia’s capital, Addis Ababa (Kammerling et al., 
1995, figure 2). The opal field lies approximately 
15-20 km north of Mezezo, about 8 km off the road 
between Mezezo and Hirute, which branches off 
the main road between Addis Ababa and Dese. The 
road between Yita Ridge and the Mezezo-Hirute 
road has been washed out for about 10 years, how- 
ever, so the opal area is currently accessible only by 
mule trail or helicopter (T. Yohannes, pers. comm., 
December 1995), 

The opal-bearing rocks outcrop along the north 
flank of Yita Ridge, at about 2,450 m elevation. 
The surrounding area is predominantly agricultural 
(figure 3). 


GEOLOGY AND OCCURRENCE 

The opal-bearing area lies in a large volcanic field 
just west of the northern Great Rift Valley of 
Ethiopia (the valley of the Awash River, in this 
area], according to Mr. Telahun Yohannes, of the 
Ethio-American Resource Development Corporation, 
a joint Ethiopia-U.S. firm that is mining the area. 
The opal nodules (figure 4) occur in a continuous 
layer of welded tuff (approaching obsidian in char- 
acter}, about 3 m thick, that lies between more 
weathered (decomposing} rhyolite layers. The beds 
have been uplifted and tilted slightly since deposi- 
tion, but they are still more-or-less horizontal. The 
entire sequence of volcanic rocks, about 300-400 m 
thick, is probably part of the Amba Alaji rhyolites, 
which are Miocene in age (8 to 27 million years 
old; Merla et al., 1979}. The opal nodules average 
about 10 cm (4 inches} in diameter. 


PROSPECTING AND MINING 


Only a small amount of material (about 200 kg) has 
been produced so far, all from surface and near-sur- 
face occurrences. Although the opal-bearing layer is 
primarily horizontal, the steep, gulch-like nature of 
the topography means that this layer outcrops in 
many places. The decision to begin commercial 
production is pending completion of surveys of the 
area to determine the economic feasibility of the 
deposit. It is expected that these surveys—tracking 
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Figure 1. Gem-quality opal was recently discovered 
in Shewa Province, Ethiopia. These four opals 
demonstrate the range in body color and play-of- 
color in stones from that locality. Clockwise 
from top, 7.52 ct cabochon, 2.15 ct round bril- 
liant, 4.04 ct cabochon, and 2.31 ct triangle mod- 
ified brilliant. Photo © GIA and Tino Hammid. 


the opal-bearing outcrops, and assessing the quality 
and quantity of opal present—will be completed 
before the end of 1996. The few (less than 20) min- 
ers now working in the area use hand tools only, as 
the opal is too fragile for blasting (figure 5]. In the 
future, however, road-grading equipment may be 
used to remove the decomposed rhyolite above the 
opal-bearing layer. 

As of December 1995, on the basis of these out- 
crops of opal-containing rock, the gem field had been 
estimated visually to extend over an area of at least 7 
x 7 km. It has also been estimated, from opal nodules 
randomly gathered from 12 area sites, that about 
15% of the opal recovered is gem quality. About 1% 
of this gem opal shows distinct play-of-color. 
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Figure 2. Opals are found along Yita Ridge in the Menz Gishe 
district of Shewa Province, Ethiopia. Location map on the 
lower left modified from Ethiopian Tourist Commission map 
(1992); opal locality map modified from one provided by 
Telahun Yohannes. 


MATERIALS AND METHODS 

We examined 19 fashioned stones—six faceted 
(0.55-4.80 ct} and 13 cabochons (0.83-19.71 ct]— 
and over 250 grams of rough, including sections of 
several different nodules. We viewed the face up 
colors using both fluorescent and incandescent illu- 
mination. We observed play-of-color with the stone 
against a dark background and spot illumination 
placed above and then perpendicular to the viewing 
direction (the latter to observe any contra luz 
effect}. Refractive indices were measured with a 
Duplex If refractometer and a near-monochromat- 
ic, Na-equivalent light source. Specific gravity was 
determined by hydrostatic weighing; in those sev- 
eral cases where the stone absorbed water, we 
reported only the first result, which should be 
regarded as a minimum S.G. for that stone. 
Ultraviolet fluorescence was observed in a dark- 
ened room using a controlled viewing environment 
and a short-wave/long-wave UV lamp. Polarization 
behavior was noted using a GIA GEM Illuminator 
polariscope, and absorption spectra (for the body 
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color of the stones} were observed using a Beck 
prism-type spectroscope. The Chelsea color filter 
reaction was determined with illumination from a 
spectroscope base. Internal features were observed 
with a standard gemological microscope and bright- 
field, darkfield, and oblique fiber-optic illumina- 
tion, as well as polarizing filters. 

Trace-element chemistry was determined qual- 
itatively by energy-dispersive X-ray fluorescence 
(EDXRF} spectrometry, using a Tracor X-ray 
Spectrace 5000 unit with a rhodium-target X-ray 
tube. Mid-infrared FTIR absorption spectra were 
taken with a Nicolet Magna-IR Model 550 spec- 
trometer, with data collected in the range between 
6000 and 4000 cm"!. We employed X-ray powder 
diffraction analysis to identify some included mate- 
rials, using a Debye-Scherrer camera mounted on a 
Siemens Kristalloflex X-ray generator. 

Eight partially polished pieces were tested for 
durability. We exposed four samples to light and 
heat by placing them on a black surface, 8 cm from 
a 10G-watt, high-intensity incandescent light, for 
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Figure 3. The area in 
which the opal nod- 
ules are found is 
very rural, consist- 
ing primarily of 
numerous small 
farms and villages. 
Photo courtesy of 
Telahun Yohannes. 


24-hour periods up to a total of 192 hours (the tem- 
perature of the black surface reached 155°F—about 
68°C} to simulate shop-window conditions. Another 
four pieces were immersed in water for a few hours 
and dried in air to a constant weight {about 24 
hours}, for two cycles, to test the effects of drastic 
humidity changes. 


APPEARANCE AND 
GEMOLOGICAL PROPERTIES 


Color. The fashioned stones were near-colorless, 
milky white, and yellow through orange to brown 
(again, see figure 1); one cabochon was pinkish 
brown. The two darkest stones had brown and 
black body colors; however, the darkest stone was a 
doublet that had been backed with black obsidian, 
which affected the apparent body color. Most of the 
material was suitable for jewelry (figure 6). 


Play-of-Color. Two dark brown opals showed good 
play-of-color face-up, and the lighter stones had 
good {one example), moderate (four examples}, 
weak (one example}, or no play-of color when 
viewed face-up. Nine stones showed contra luz 
play-of-color. (The play-of-color is designated “con- 
tra luz” if it is seen with transmitted light—as 
described by Koivula and Kammerling [1988] and 
Smith [1988] for the Opal Butte material. For our 
nine contra luz samples, we saw play-of-color when 
we viewed the stones face up while they were illu- 
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minated from the side or rear; figure 7.) The black 
opal doublet had good play-of-color face up. 


Diaphaneity. The fashioned samples were transpar- 
ent to opaque. The darker they were, the less trans- 
parent they became. 


Refractive Index. Refractive indices ranged between 
1.40 and 1.45. In six cases, a second RJ. could be 
seen, usually at 1.45; this effect resembled the 
anomalous R.I. seen in some tourmaline {illustrated 
in Koivula et al., 1994b). 


Figure 4. Opal nodules (the split one on the dark rock 
is about 10 cm in diameter) are abundant in the rhy- 
olitic welded tuff, a rock that approaches obsidian in 
character. Photo courtesy of Telahun Yohannes. 
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Figure 5. Workers remove opal nodules from a sam- 
ple pit in this outcrop of the opal-bearing welded tuff 
zone. Photo courtesy of Telahun Yohannes. 


Polariscope Reaction. Twelve pale-colored stones 
showed weak-to-moderate anomalous double refrac- 
tion {ADR} when viewed between crossed polarizing 
filters. Two darker stones showed no ADR. 


Optical Absorption Spectrum. No spectrum was 
seen in the 14 lightest-color stones with the hand 
spectroscope. Three stones showed lower cutoff 
edges at 510 {yellow stone], 530 (yellowish orange], 
and 600 nm (brown}. One mottled brown stone 
showed a band between 550 and 590 nm, a lower 
cutoff at 520 nm, and an upper cutoff at 670 nm. 


Color filter. Two brown stones appeared red when 
viewed through the Chelsea color filter. 


Fluorescence to UV Radiation. We observed the fol- 
lowing reactions to long-wave UV radiation: faint- 
to-weak, even yellow-green (with weak phospho- 
rescence}; slightly chalky faint blue (moderate 
whitish blue}; inert; faint uneven blue and yellow; 
and faint even orange. When the stones were 
exposed to short-wave UV, we saw: faint-to-strong, 
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even yellow-green (with no phosphorescence}; 
slightly chalky faint (even) to weak (uneven) yel- 
low-green, slightly chalky faint-to-weak blue; inert; 
faint even blue-white; faint uneven blue and yel- 
low; and faint even orange. The doublet was inert 
to long-wave UV radiation, but it fluoresced a weak 
even yellowish green to short-wave UV. 


Specific Gravity. The hydrostatic measurements 
ranged between 1.35 and 2.03; samples that did not 
soak up water were in the 1.87—-2.03 range. Most of 
the near-colorless opals had specific gravities of 2.0 
or higher. Seven stones changed their weights 
noticeably by soaking up water during the S.G. 
measurements: two near-colorless opals, two milky 
white opals, and one each orangy brown, light 
pinkish brown, and mottled yellow. 


Microscopy/Inclusions. Solid inclusions were rela- 
tively common in the fashioned Ethiopian opals. 


Figure 6. As these three pendants indicate, the 
Ethiopian opals (2.31-7.52 ct) make attractive 
jewelry stones. Jewelry courtesy of the Gold Rush, 
Northridge, California; photo by Shane F, McClure. 
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Most of the transparent-to-translucent gems con- 
tained tiny crystals of unknown composition. 
Perhaps the most distinct inclusions (because of 
their color) were randomly scattered red-brown 
grains (figure 8). 

Intermixed with the red-brown grains were 
numerous small, opaque, black grains (figure 9). 
Some of these appeared a dark, brassy yellow when 
they were examined from above with a strong pin- 
point fiber-optic light. Although most of the miner- 
al grains were extremely small, a few of the largest 
were surrounded by small tension cracks (figure 
10}, which were probably caused by a difference in 
volumetric expansion between the inclusions and 
the enclosing opal. 

Many of the red-brown and black inclusions 
appeared to have a square cross section or outline, 
indicating that they might be isometric. Even the 
largest of these inclusions was too small for X-ray 
diffraction analysis, however, so their identity is 
still unknown. Although there is no direct proof, 
we speculate that the black grains might be pyrite 


Figure 8. Tiny red-brown grains were visible with 
magnification in most of the Ethiopian opals, In 
some stones, small near-colorless crystals were 
also seen. Photomicrograph by John I. Koivula; 
magnified 50x. 


Figure 7. This piece of 
rough Ethiopian opal 
illustrates the contra luz 
effect: With darkfield illu- 
mination (left) no play-of- 
color is seen; with fiber- 
optic iumination from 
the side (right), strong 
play-of-color is visible. 
Photomicrograph by John 
I, Koivula; magnified 4x. 


{on the basis of their brassy metallic luster and 
square outline}. Similarly, the red-brown grains 
might be pyrite altered to hematite. 

Also present, although much less common, 
were tiny white to near-colorless grains that 
revealed no distinct form (visible in figures 8, 9, and 
10; see also figure 11). Like the black and red-brown 
inclusions, these particles were too small to be 
identified by the methods available to us. 

The most distinctive inclusion type—and the 
rarest—was observed in only one stone. These 
inclusions had the appearance of elongated, rough- 
sided “voids” or “tube systems” {figure 11). All 
reached the surface of their host and were partially 
packed with what apparently was a light brown-to- 
white, semi-translucent epigenetic matter. At the 
interface with the surrounding opal, the surfaces of 
these “tubes” were randomly spotted with tiny red- 
brown and black grains, similar to those previously 
described. In comparable inclusions seen in opals 
from Mexico (Koivula et al., 1983], the voids once 
contained hornblende crystals that had dissolved 
away and been replaced by, or partially filled with, 


Figure 9, These small opaque grains (in a 4.77 ct 
Ethiopian opal) may be pyrite crystals. 
Photomicrograph by John I. Koivula; magnified 20x. 


Notes & New Techniques 


GEMS & GEMOLOGY Summer 1996 117 


C 


FALL, 


angles to this, forming a crude 4- 
point “star.” 

The appearance was reminiscent 
of some Ceylonese chrysoberyls I had 
seen previously, and my supposition 
was confirmed by a density test, giv- 
ing a value of 3.71, and by a broad 
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absorption band in the violet seen 
when a concentrated beam of light 
was passed through the thin edge of 
the stone. There was no opportunity 
to study the internal structure of 


the specimen. B. W. Anderson. 


Use of the Refractometer 
(Continued from Page 250) 


put by the gemologist, assuming 
that he is using monochromatic 
light: 

1. It is possible to obtain the re- 
fractive index or indices of a 
stone by simply reading it off 
a scale, at least to the second 
place of decimals. And, with a 
little practice, to calculate the 
third place by eye. 

2. In most cases it is possible to 
tell whether a stone is singly 
or doubly refractive. 


8. The birefringence can be meas- 
ured. 


4. The negative use: The refrac- 
tive index of the liquid is 
known, or can be read on the 
seale. Place the stone under 
test in position. If no reading 
is obtained, then the refractive 
index of the material is greater 
than the liquid, so that all 
stones with a lower index can 
be eliminated. 


5. All these tests can be applied 
“equally well to a mounted 
stone. i 

In submitting a stone to tests on 
the refractometer, greater accuracy 
is possible if the instrument is fitted 
with a polarizing eyepiece; but if 
not, equally good results may be 


obtained by rotating a piece of pol- 
aroid in front of the ordinary eye- 
piece. 


If monochromatic light is not 
available and white light is used, an 
orange-coloured filter placed over 
the aperture will reduce the dis- 
persion. 


In conclusion, a word on the care 
of the refractometer. Like all optical 
instruments it is very delicate and 
easily. damaged, and has a very 
vulnerable point in the highly re- 
fractive glass hemisphere where the 
stone is placed, which is very soft. 
The stone must be put carefully 
“down onto” the glass and not 
pushed into position sideways. 


When not in use the glass should 
be covered with a thin layer of vase- 
line, and when removing this it 
should be dabbed at the start and 
then rubbed carefully with a clean 
lens paper. 


Before use, see that the surface 
of the glass is clean. If it is stained 
or dusty, a little carbon tetrachloride 
or jewelers’ rouge may be used to 
bring it back to a bright, high polish. 


Always wipe the glass clean im- 
mediately after using methylene 
iodide, otherwise the glass will be- 
come stained. 


<a 


Figure 10. Some of the largest black mineral grains 
were surrounded by tension cracks. Photomicro- 
graph by John I. Koivula; magnified 40x. 


limonite and a white kaolinitic clay. Because we 
could not perform destructive tests on the sample 
loaned to us for this study, however, we could not 
determine the identity of the filling material in this 
Ethiopian opal. 

When opal nodules are freed from the rhyolite 
matrix, a black crust is sometimes visible on both 
the surfaces of the rough opals and on the rhyolite 
itself (figure 12]; it may also be present in the 
cracks in some gem opals. An X-ray powder diffrac- 
tion pattern, obtained from a scraping taken from 
one of these black crusts, matched that of the black 
manganese oxide ramsdellite. 

Only the two opaque dark brown oval cabo- 
chons showed any obvious flow structure. This 
resulted from varying degrees of iron pigmentation, 
and it was manifested in the form of light brown 
veins and fingers extending into and through a 
much darker brown opal groundmass (figure 13). In 
one of these stones, a cell-like structure had formed 
where the light brown areas surrounded the darker 
areas. This was particularly obvious in oblique 
reflected light, in which the dark brown “cells” 
showed strong play-of-color (figure 14). 


SPECTRAL AND CHEMICAL ANALYSES 


Infrared Spectrum. All the stones showed a typical 
opal spectrum in the range between 6000 and 4000 
cm:! (see Fritsch and Stockton, 1987, for comparison). 


Chemistry. Qualitative EDXRF analyses were per- 
formed on all 19 fashioned stones and on two 
pieces of matrix-free rough. For each stone, the 
only major element seen was silicon. Every stone 
also contained detectable trace amounts of calci- 
um, iron, strontium, and zirconium; most stones 
contained trace amounts of potassium (20 stones}, 
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Figure 11. Rough-sided epigenetically filled 
“tubes,” similar to those seen in some opals from 
Querétaro, Mexico, were observed in this 3.57 ct 
Ethiopian opal cabochon. Photomicrograph by 
John I. Koivula; magnified 15x. 


rubidium (17 stones}, or niobium (15 stones]; and 
some stones also contained trace amounts of cop- 
per (10 stones}, yttrium (8 stones}, zinc (7 stones], 
lead (6 stones], titanium (5 stones}, manganese (3 
stones}, chromium (2 stones}, barium (2 stones}, or 
gallium (1 stone}. 


STABILITY AND DURABILITY TESTING 


Very little has been published about testing opals 
for durability. Pearson (1985) tested opals for craz- 
ing by refluxing them in flammable organic liquids; 
however, we did not try to duplicate this test 
because the materials involved are hazardous. A 


Figure 12. Black flakes of ramsdellite were some- 
times visible at the interface between the opal and 
its matrix and may occur in the cracks in some 
rough and fashioned Ethiopian opal. 
Photomicrograph by John I. Kotvula; magnified 5x. 
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Figure 13. Flow structure is clearly visible in this 
2.36 ct Ethiopian opal. Photomicrograph by John 
L. Koivula; magnified 25x. 


practical “field test” for opal stability consists of 
exposing the material in a sunlit location for a few 
months, then recovering the undamaged remnants, 
according to Smith (1988), who also recommended 
a slow-drying technique to stabilize Oregon opal. 
He estimated that about 20% of the “fire opal” 
from Opal Butte, Oregon, was stable. 

The lack of consensus in the literature led us to 
develop a few simple tests based on the assumption 
that gradual or sudden dehydration/rehydration was 
the process most likely to affect opals. Although we 
could not subject the fashioned stones we had bor- 
rowed to destructive testing, Mr. Yohannes kindly 
allowed us to do durability testing on some of the 
rough material. We had a flat surface polished on 
each of eight pieces of rough—two each of semi- 
transparent yellow contra luz, semi-transparent gray, 
semi-translucent yellow, and semi-translucent gray 
opal. We then divided the stones into two groups for 
testing, one for gradual dehydration and the other for 
sudden changes in water-vapor pressure. Because of 
the limited amount of material tested, we regard our 
results as informative but not definitive. 

Gradual dehydration was simulated under “shop 
window” conditions: a bright light source and a 
black background (see “Materials and Methods”). 
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Figure 14. Play-of-color in this 4.04 ct dark brown 
Ethiopian opal is confined to distinct “cells,” sep- 
arated by lighter-colored brown opal, as seen here 
in oblique reflected light. Photomicrograph by 
John I. Koivula; magnified 15x. 


Under these conditions, the contra luz and the semi- 
translucent gray opals did not change. The two other 
stones had developed cracks when first examined 
after 24 hours (figure 15}, these cracks increased in 
size with subsequent exposure, but no new ones 
formed. It is interesting to note that during the first 
24-hour test period, the semi-transparent gray stone 
developed a transparent outer layer (figure 16) that 
did not extend further into the stone on subsequent 
exposure, although cracks formed during the same 
period did grow. No additional changes were noted 
in any stone after 96 hours’ exposure, which sug- 
gests that an exposure test such as this one may be 
sufficient to separate durable from easily crazed 
Ethiopian opals. 

Sudden changes in water-vapor pressure were 
accomplished by repeated hydrostatic specific-gravi- 
ty determinations. Between each test, we allowed 
the stones to dry completely {until the weight did 
not change]. The contra luz and semi-transparent 
gray opals showed weight fluctuations of about 
0.5-0.6 wt.% between wet and dry conditions, with 
significant cracking after the second humidity- 
change test. The two semi-translucent opals (yellow 


Figure 15. This 7.74 ct 
piece of rough yellow 
Ethiopian opal (left) 
cracked during 24 hours’ 
exposure to light and 
heat (right), Photos by 
John I. Koivula. 
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Figure 16, A 9.59 cr piece of semi-transparent gray Ethiopian opal (left, before testing) showed “clarification” of 
the less transparent areas and a few incipient cracks after 24 hours’ exposure to “shop window” conditions 
(center); by 48 hours (right), the cracks had extended through the stone. Photos by John I. Koivula. 


and gray) developed less-pronounced cracking after 
two cycles, despite far greater weight fluctuations of 
about 11 and 18 wt.%, respectively. The weight 
gains (with soaking) and losses (as the stones dried} 
did not vary much with repeated soaking and dry- 
ing, indicating no permanent gain or loss of water. 
Note, however, that we consider this test inherent- 
ly destructive and do not recommend any “real 
world” equivalent—such as wearing an opal ring 
while washing dishes—for any opal. 

In addition, the fashioned stones were exposed 
to variable temperature and humidity in open plas- 
tic bags for six months in our laboratory. During 
this time, external (relative) humidity fluctuated 
between about 10% and 70%. One stone—the 
black opal doublet—crazed, but none of the other 
stones was affected. 


CONCLUSION 


A new source for precious opal is being evaluated at 
Yita Ridge, in the Menz Gishe district of Shewa 
Province, Ethiopia. The nodules occur in a broad 
range of body colors and play-of-color, including 
excellent contra luz material. Tiny red and black 
particles are pervasive throughout even the most 
transparent opals; among the other inclusions noted 
were hollow tubes and black platy manganese 
oxides. As with opals from other regions (including 
the similar volcanic environments of Querétaro, 
Mexico, and Opal Butte, Oregon], durability is a 
potential cause for concern. Only time will tell if 
full-scale mining at Yita Ridge will prove to be eco- 
nomically feasible. However, current indications are 
that some material will continue to reach the world 
market even if only small-scale mining continues. 
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DIAMOND 
Some Unusual Cuts 


Most modern diamond cuts are sym- 
metrical in shape and in facet 
arrangement, with proportions cho- 
sen to take maximum advantage of 
diamond's optical properties. By con- 
trast, diamonds cut before the turn of 
the century were more likely to be 
characterized by “lumpy” shapes and 
an irregular placement of facets. 
Although modern-cut diamonds are 
generally more pleasing to the eye 
than the older styles, these earlier 
styles—such as the Mogul, table, 
rose, old mine, and old European 
cuts—often have considerable his- 
toric and aesthetic appeal. 

A few months ago, the East 
Coast lab had the opportunity to 
examine some of these older cuts. 
One client submitted two Mogul-cut 
stones (figure 1}. The Mogul cut is 
characterized by a broad, often asym- 
metrical base; a crown with either a 
table or four shallow facets in place 


Figure 1, These Mogul-cut dia- 
monds (9,27 ct, left, and 9.54 ct} 
may be from India’s Golconda 
region, possibly fashioned several 
centuries ago. 
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of a table; and two or more rows of 
facets between the table and the gir- 
dle. [The 115.60 ct Taj-i-Mah (Crown 
of the Moon] diamond in the Iranian 
crown jewels is a famous example of 
a Mogul cut.) The client mentioned 
that these Mogul-cut diamonds 
might be several centuries old and 
may have come from the Golconda 
region of India, which gained broad 
fame as a source of spectacular dia- 
monds after French gem merchant 
Jean-Baptiste Tavernier chronicled 
his 17th-century travels there. 

A third example was a drilled 
diamond (figure 2) that our client said 
was old and came from India. It was 
cut and polished to follow and retain 
the external crystal shape, in contrast 
to modern cutting techniques which 
typically leave no evidence of the 
original external morphology. The 
hole, which ran along the longest 
dimension, had been drilled at an 
angle from each end to meet in the 
middle of one side of the stone. In the 
early days of diamond cutting, 
drilling holes in diamond was very 
time consuming. The worker could 
either use a diamond “sharp”—a 
small, sharp-edged crystal fragment— 
or continually load diamond dust 
onto the steel point of a bow drill. 
We suspect that the latter method 
was used for this stone because the 
hole was so deep. In outline, this 
stone resembles the Shah Jahan 
Table Cut diamond, which also was 
pierced. However, those holes were 
much shallower, and they probably 
were drilled with a “sharp,” perpen- 
dicular to the longest dimension (see, 
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Figure 2. This diamond, which 
measures 11.65 x 9.75 x 5.60 
mim and weighs about 6.5 ct, 
was cut along the original crys- 
tal shape and drilled at an angle 
from each end for mounting. 


e.g., E. A. Jobbins et al., “A Brief Des- 
cription of a Spectacular 56.71 carat tab- 
ular diamond,” Journal of Gemmology, 
Vol. 19, No. 1, 1984, pp. 1-7). 

Figure 3 shows a 12-sided tablet 
cut, a variety of the table cut. This 
stone (16.24 x 15.73 x 3.63 mm thick) 
was probably cut recently, as indicat- 
ed by its symmetrical facet arrange- 
ment and the lack of abrasions. The 
tablet cut resembles a rondelle (a 
thin, flat round bead) that has not 
been drilled. Historically, such tablet 
cuts, if used to cover watch faces or 
miniature portraits set in rings, were 
called portrait diamonds. 


Editor's note: The initials at the end of each item identity 
the contributing editor(s) who provided that item. 
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Figure 3, Despite the antique cut- 
ting style of this 10.74 ct tablet- 
cut diamond, the facet symme- 
try and good polish indicate that 
it was probably fashioned within 
the last several years. 


The last example was a thin, 
irregular but roughly oval-shaped 
tablet-cut diamond on which an 
inscription had been engraved (figure 
4), The stone was probably cut from a 
cleavage piece. Our client informed 
us that this was an old cut, and we 
determined that the inscription was 
in Arabic, Because of diamond’s 
extreme hardness, pre-modern exam- 
ples of inscriptions are relatively rare. 
Perhaps the largest known inscribed 
stone is the Darya-i-Nur, also in the 
Iranian crown jewels, which has been 
variously reported to weigh between 
175 and 195 ct. 

Nicholas DelRe 


Figure 4. Historic engraved dia- 
monds, such as this 2.65 ct 
example, are relatively rare 
because of diamond’s hardness. 
The inscription, in Arabic, reads 
“Ya Allah” and is an invocation 
of God. 
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Figure 5. These natural-color 
jadeite cabochons appeared red 
when examined with a Chelsea 
color filter, which could lead a 
gemologist to falsely suspect that 
they were dyed. 


JADEITE JADE 


Natural Color 


Recently seen in the East Coast lab 
were two slightly dark, but otherwise 
very attractive, jadeite cabochons (fig- 
ure 5}. Routine gemological testing 
established that the stones were 
jadeite; and chrome lines in the red 
end of the spectrum proved that the 
color was natural. 

However, when we examined 
the stones with a Chelsea color filter, 
they appeared red. Usually, a red 
color under the Chelsea filter indi- 
cates that the stone has been dyed. 
However, we have seen that jadeite 
that is very rich in chromium (espe- 
cially so-called “Yunnan jade”), may 
appear red under this filter, as well as 
show strong absorption in the red end 
of the spectrum. This should serve to 
remind readers that under some cir- 
cumstances, the Chelsea color filter 
test is not reliable, and other means 
should be used to determine whether 
a stone has been dyed. GRC and TM 


Figure 6. The green stone in this 
closed-back ring proved to be a 
jadeite imitation. 
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Imitation Jade 

A stone in a closed-back ring (figure 
6], seen in the East Coast lab, rein- 
forced the fact that bleached, poly- 
mer-impregnated jadeite (so-called 
“B” jade|—although an ever-growing 
concern worldwide—is not the only 
challenge in the identification of 
translucent green gems. We must 
remain aware of the earlier attempts 
to imitate fine jadeite and be on the 
lookout for these as well. 

Normally, a spectroscope will 
quickly prove the identity of natural- 
color jadeite. However, because of 
the closed-back mounting, we could 
not use transmitted light. Instead, we 
reflected light off and into the surface 
of the stone. Since we saw no jadeite 
spectrum, this test was inconclusive 
{sometimes reflected light will not 
reveal a spectrum that might have 
been seen easily with transmitted 
light). 

The 1.63 spot refractive index 
was too low for jadeite, which is usu- 
ally about 1.66. Close examination 
with magnification quickly revealed 
the piece’s true identity—an imita- 
tion. A fern-like pattern (figure 7} dis- 
tinctive of partially devitrified glass 
was present. This type of glass is 
known in the trade as “meta-jade” or 
“Timori stone.” GRC and TM 


A PEARL Mystery 


What started off as a routine investi- 
gation into whether a pearl was natu- 
ral or cultured turned into a challeng- 


Figure 7. Microscopic examina- 
tion of the jade imitation in fig- 
ure 6 revealed the fern-like pat- 
tern that results from the devit- 
tification (partial crystallization) 
of glass. Magnified 20x. 
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Figure 8, This 14-mm-long drop-shaped pearl, here set as the pendant on 
a Retro-style necklace, was proved to be natural only after it was 


removed from its mounting. 


ing task for our East Coast lab. The 
very light gray, fairly symmetrical 
drop shape measured about 10.5 mm 
in diameter by 14 mm long (figure 8). 
The yellow-metal Retro-style neck- 
lace from which it was suspended 
had a scroll motif that was popular in 
the 1940s and ‘50s. The necklace was 
also embellished with diamonds, 
blue sapphires, and smaller pearls. 
The drop-shaped pearl did not 


Figure 9, The X-radiograph of the 
drop-shaped pearl in figure 8 
shows that the center is either hol- 
low or contains a substance that 
is transparent to X-radiation, 


~~ 
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fluoresce to X-rays, which indicated a 
saltwater origin but not whether it 
was natural or cultured, Usually an 
X-radiograph readily reveals a pearl’s 
mode of growth and, hence, its ori- 
gin. However, this one was peculiar: 
Except for the thin outside nacreous 
surface layer, the interior appeared 
completely and uniformly black (fig- 
ure 9}. This indicates that either 
there was no material in this area or 
the substance present was transpar- 
ent to X-radiation. 


Figure 10, When we examined the 
pearl in figure 8 inside the drill 
hole, we found that it contained a 
natural organic substance. 
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In the past, pearls with similar 
X-radiographs have turned out to be 
hollow (see, e.g., Spring 1984 and 
Spring 1994 Lab Notes, pp. 48-49 and 
45, respectively]. However, most of 
those pearls were irregular in shape. 

Since our findings were still 
inconclusive, the client removed the 
pearl from the mounting so we could 
examine inside the drill hole. 
Although the hole was narrow (1.1 
mm), which made examination diffi- 
cult, a combination of strong over- 
head and oblique illumination 
revealed that the pearl was filled with 
a substance (figure 10}. A minute 
amount of this material, which 
appeared to be conchiolin, was 
removed and tested with a thermal 
reaction tester (hot point}. It gave off 
an odor of burnt hair, proving that it 
was organic and the pearl was natural. 

KH 


PYROPE GARNET 


Late last year, a 3.14 ct oval mixed 
cut arrived in the East Coast lab for 
identification. The stone’s overall 


Figure 11. This 3.14 ct pale 
brownish pink garnet was iden- 
tified as pyrope. 


color was a pale brownish pink (fig- 
ure 11}. This 9.53 x 7.29 x 5.79 mm 
stone (reportedly from one of the new 
deposits in Tunduru, Tanzania) had 
the following gemological properties: 
diaphaneity—transparent; R.I.— 
1.735; optic character—singly refrac- 
tive; S.G.—3.69; and fluorescence— 
faint red to long-wave ultraviolet 
radiation {inert to short-wave UV}. A 
faint Fe2+ spectrum, with features 
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similar to those seen {in a much 
more pronounced fashion) in rhodo- 
lite and almandine, was visible in the 
handheld spectroscope: absorption 
below 430 nm, and lines at 505, 527, 
and about 576 nm. With magnifica- 
tion, we saw some intersecting 
coarse needles and interrupted nee- 
dles. From these gemological proper- 
ties, we readily identified the stone as 
a garnet. But which species? The 
spectrum was not consistent with 
the R.L and S.G. 

The most common pale pink 
garnets are grossular and hydro- 
grossular. However, pale pink 
pyropes are also known (see C. M. 
Stockton’s “Pastel Pyropes,” Gems 
# Gemology, Summer 1988, pp. 
104-106}. To obtain conclusive evi- 
dence, the stone was sent to the West 
Coast laboratory for X-ray diffraction 
analysis. The resulting pattern con- 
firmed that the material had a garnet 
structure, with a unit-cell spacing of 
less than 11.49 A. (Unit-cell spacing, 
the distance across one structural 
unit of a mineral, is measured by X- 
ray diffraction.) End-member pyrope 
has a unit-cell spacing of 11.459 A, 
while grossular and hydrogrossular 
have quite different unit-cell spacings 
of 11.851 A and 11.85-12.16 A, 
respectively (W. A. Deer et al., An 
Introduction to the Rock Forming 
Minerals, 1974, Longman Group, 
London, pp. 21-31). To further con- 
firm that this was pyrope, we also 
performed qualitative energy-disper- 
sive X-ray fluorescence (EDXRF} 
analysis on the stone, which revealed 
major Mg, Al, and Si (consistent with 
pyrope garnet); minor Mn, Fe, Ca, 
and Zn; and trace amounts of Cr, Ti, 
V, K, Ga, Ge, Y, and Zr, (The chromi- 
um was probably responsible for the 
faint red long-wave UV fluorescence, 
rarely seen in garnets, and the iron 
was probably responsible for the 
spectral features]. Note that although 
R.I and S.G. do not distinguish 
grossular or hydrogrossular from pale 
pyropes, Stockton’s (1988) criterion— 
the spectrum seen with the handheld 
spectroscope—still can separate 
them. ML] and TM 
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Figure 12. Note the uniformity of color in these cabochons (14 ct), all of 
which proved to be quench-crackled synthetic rubies. 


SYNTHETIC RUBY, 
Quench Crackled 


Occasionally over the years, we have 
tested synthetic stones that have 
been quench crackled to produce nat- 
ural-appearing fractures. In some 
instances, the stones had been 
guenched in dye or {we have been 
told) in tincture of iodine. The color- 
ing agent penetrated the induced frac- 
tures and crystallized to form very 
realistic “fingerprints.” 

We have seen numerous other 
stones that have been quench crack- 
led in various dyes. Quartz that has 
been quench crackled and dyed green 
to imitate emerald is the most com- 
mon. We also have encountered 
quartz dyed purple to imitate 
amethyst and quartz dyed red to imi- 
tate ruby. Some years ago, we were 
shown a necklace of quench-crackled 
red stones that had been purchased, 
incredibly, as “Swiss Jade” in Europe. 

More recently, the East Coast 
lab was asked to identify a group of 
red cabochons that the client thought 
were suspiciously uniform in color 
(figure 12}. Routine gemological tests 
proved that the stones were ruby. 
However, although they appeared 
highly flawed, as cabochon rubies 
usually are, these flaws seemed too 
uniform, In fact, on the surfaces of 
some of the cabs, the fractures 
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Figure 13, A distinctive honey- 
comb-like pattern was evident 
where the fractures reached the 
surface of the synthetic ruby 
cabochons shown in figure 12. 
Magnified 13x. 


formed a distinctive honeycomb 
appearance (figure 13). Some of the 
fractures resembled fingerprint inclu- 
sions (figure 14], and some seemed to 
contain a substance which gave them 
a more believable appearance than a 
fracture alone would have had. 
Fortunately, subtle curved striae— 
crossing the fractures—were visible 
when the cabochons were examined 
in the microscope with darkfield illu- 
mination. This proved that these 
rubies were actually synthetic. 

GRC and TM 
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Figure 14. Some of the fractures 
induced in the synthetic ruby 
cabochons shown in figure 12 had 
the appearance of natural finger- 
print inclusions. Magnified 40x. 


SAPPHIRE 


A Natural Stone Mistaken 

for a Doublet 

Shortly after issuing a laboratory 
report on a ring-mounted natural sap- 
phire (figure 15], staff members at the 
East Coast lab received a call from 
the client, who insisted that an error 
had been made on the report. In fact, 
he was so certain of our error that he 
had already sent the ring back to us 
for reexamination. Eventually, we 
were able to convince him of the 
accuracy of our conclusion. 

His confusion was due to a dis- 
tinct separation of colors in the girdle 
plane that made the sapphire appear 
as if it had been assembled, with a 
blue crown and a colorless pavilion. 
We explained to him that this separa- 
tion was caused by well-defined blue 
and colorless zoning, not by the 
boundary between two pieces of an 
assemblage. Our original observa- 
tions revealed fluid-filled “finger- 
prints” that were perpendicular to 
the girdle plane and extended across 
it into both the crown and the pavil- 
ion. Furthermore, when the ring was 
immersed in methylene iodide, a rou- 
tine procedure for all corundum that 
we examine, the side view (figure 16} 
showed both color zoning and the 
lack of a cement plane, the latter an 
unavoidable feature of any sapphire- 
sapphire doublet. 


126 Gem Trade Lab Notes 


Because of the nature of sapphire 
crystals, we more commonly see 
color-zoned stones in which the color 
is confined to the pavilion (see, e.g., 
figure 17). Although such stones 
appear evenly colored face up, they 
are much less likely to be mistaken 
for an assembled stone than this 
stone, in which the apparent color 
zone separation was straight and lay 
in the girdle plane. 

GRC and TM 


With an Unusual Star 

As heat-treated rubies and sapphires 
becoming increasingly common, it is 
a pleasure to see inclusions that 
prove that a natural sapphire has not 
been treated. The gemologist gets an 
added bonus when the arrangement 
of these diagnostic inclusions also 
creates a beautiful internal scene. 
Such was the case when a 2.22 ct 


Figure 15. Our client mistakenly 
thought that this 8.2 x 6.6 mm nat- 
ural sapphire was an assemblage. 


cushion-shaped, modified brilliant- 
cut sapphire was submitted to the 
West Coast Gem Trade Laboratory for 
identification. 

The transparent blue gem con- 
tained both fluid inclusions, which 
proved that the stone had not been 
heated to the temperature needed to 
alter its color, and a bold display of 
rutile needles that painted an obvious 
picture. The specific arrangement of 
the rutile needles and their orienta- 
tion to the table facet made this 
stone unique. 
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Figure 16. A side view of the 
stone in figure 15 shows that the 
color is confined to the crown, 
but there is no cement plane. 


As can be seen with darkfield 
illumination (figure 18], the rutile 
formed a six-spoked stellate pattern 
of thin, white-appearing needles that 
are oriented in a planar arrangement 
perpendicular to the optic axis. There 
is little or no rutile between the 
spokes. The six wedge- or V-shaped 
areas that are devoid of rutile needles 
extend outward from the center of the 


Figure 17. Unlike the stone in fig- 
ures 15 and 16, color-zoned sap- 
phires more typically reveal color 
confined to the pavilion, toward 
the culet, as illustrated by the 
stone shown here (immersed in 
methylene iodide). Such stones 
usually appear evenly colored 
when viewed face up. 
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Figure 18. The spoked arrangement of the rutile needles 
in this natural sapphire creates a pleasing star pattern, 
but not true phenomenal asterism. Magnified 10x. 


“star” formation, which results in the 
isolated rutile star seen in this stone. 
Another interesting feature of 
this stone was visible because the 
plane of the table facet was cut just 
off-parallel to the plane of the rutile 
star. This orientation results in a 
beautiful iridescent display by the 


rutile needles when they are illumi- 
nated through the table from above by 
intense fiber-optic lighting (figure 19). 
Although iridescent needles have 
been observed many times in the 
past, the combination in this stone of 
the vibrant iridescence and the 
unusual spoked star pattern make 


Figure 19, The star pattern becomes iridescent when 
illuminated by a strong fiber-optic light directed 
through the table facet from above. Magnified 10x. 


this a most pleasing inclusion display. 
John I. Koivula 
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The G.I. A. Fluorescent Unit 


JOHN T. SHANNON, E.E., M.E. 


Because of its design and con- 
struction, the high-intensity mercury 
lamp is especially suitable for many 
laboratory tests and inspection pur- 


of fluorescence in diamonds especial- 
ly. Its results are comparable to 
those of an arc lamp with a Wood’s 
filter, which was cumbersome and 


poses, and for the activation of 
fluorescent materials. 

Of these lamps which are made 
in several sizes and shapes, those 
having an inner lamp of fused quartz 
and a hard glass outer envelope are 
best suited for most of the purposes 
we will cover in this article. 

Research in the Gemological In- 
stitute of America’s laboratories has 
shown that the lamp described here 
is the most efficient for activation 


dangerous for the jeweler to use. No 
harm, either to eyes or skin, can be 
caused to the operator of this fluor- 
escent lamp, even if it is used over 
long periods, as its. wave lengths are 
too long. 

The G.I.A.. Fluorescent Unit, \ 
which fulfills the jeweler’s and gem- 
ologist’s requirements better than 
any others, consists of: A spun 
aluminum housing which contains 
the transformer ballast with a 6’ 


DIAMONDS - LESS SSeS 


Diamond with a fluorescent phantom crystal. Bob Lynn, 
of Lynn’s Jewelry, Ventura, California, found an unusual 
faceted diamond in his stock and loaned it to the editors 
for examination. The 1.00 ct near-colorless round brilliant 
looked normal under standard fluorescent and incandes- 
cent illumination; however, when the stone was illumi- 
nated by (long- or short-wave} ultraviolet radiation (figure 
1), a fluorescent internal octahedral crystal was easily 
seen. Higher magnification revealed that the fluorescence 
in the phantom crystal was zoned (figure 1, right). 

In other respects, the diamond was not notable. 
With the standard fluorescent lighting used for grading 
purposes, the included crystal was visible only as trans- 
parent graining and did not set the clarity grade of the 
stone. In polarized light, the inclusion appeared as a 
region of concentrated strain lines, it did not form an 
obvious phantom (unlike the strain phantoms illustrated 
in, for example, the Fall 1993 [pp. 199-200] and Summer 
1995 [pp. 120-121] Lab Notes sections]. 


Tairus synthetic diamonds in jewelry. Among the many 
synthetic materials produced by Tairus [a joint venture 
between the Siberian Branch of the Russian Academy of 
Sciences and Pinky Trading Co., Bangkok, Thailand) are 
synthetic diamonds grown in Novosibirsk. Tairus yellow 
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synthetic diamonds are now being marketed in jewelry 
(figure 2) by Superings, Los Angeles, California. To the 
best of our knowledge, this is the first example of syn- 
thetic diamonds being marketed as such in jewelry. 
Although the jewelry is not yet available in mass-market 
quantities, advertising brochures that were distributed by 
Superings this past spring generated 2,000 calls for fur- 
ther information on these goods in one week, according 
to Walter Barshai, president of Pinky Trading. Individual 
samples (mounted in rings} seen at the JC-K Show in Las 
Vegas this past June ranged between 0.15 and 0.25 ct. 

Mr. Barshai also provided details about Tairus’s pro- 
duction of synthetic diamonds. Near-colorless, yellow, 
and blue synthetic diamonds are being produced at their 
factory in Novosibirsk using the BARS method; also, the 
yellow synthetics can be treated (by irradiation followed 
by heat treatment} to produce pink and red colors (see, 
e.g., Gem Trade Lab Notes, Spring 1995, pp. 53-54). As of 
early June 1996, Tairus was producing 10-20 colored 
synthetic diamond crystals per month, but the company 
hopes to increase production to 100-300 crystals per 
month by winter, and possibly to 1,000 crystals per 
month by the summer of 1997. The largest crystal grown 
by Tairus thus far weighs about 2.5 ct, with most crystals 
weighing between | and 2 ct; by late 1997, synthetic dia- 
mond crystals up to 5 ct may be produced. Growth times 


Figure 1. This 1.00 ct diamond 
(about 6.5 mm in diameter) con- 
tained an octahedral phantom 
crystal that was visible only 
when the stone was exposed to 
UV radiation. With higher mag- 
nification (right, 7x}, the includ- 
ed crystal (also seen reflected in 
the table facet} showed a zoned 
fluorescence pattern. Photo- 
micrographs, taken with short- 
wave UV illumination, by 
Shane Elen, GIA Research. 
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are surprisingly fast: in theory, a 5 ct crystal could be 
grown in three days. Most synthetic diamonds as grown 
are light yellow-brown to saturated yellow, but blue crys- 
tals can be grown if boron is added. Near-colorless stones 
require additives such as zirconium and special growing 
conditions; the largest near-colorless crystals grown by 
Tairus so far weigh only about 0.10 ct. 

Approximately 100 carats of Tairus synthetic dia- 
monds—of any color—have been placed in the market to 
date. Mr. Barshai believes that the market will be much 
more tolerant of colored than near-colorless synthetic 
diamonds, so Tairus is concentrating on the production 
of colored synthetic diamonds. 


COLORED STONES AND 
ORNAMENTAL MATERIALS Mee 


Anorthosite rock with uvarovite garnet “speckles.” In 
September 1994, contributing editor Henry Hanni 
received some pieces of rough from Tay Thye Sun, a 
Singapore gemologist. One of Mr. Sun’s clients acquired 
the material in the Philippines because it looked like 
jade. On the weathered skin of the predominantly white 
samples, deep green idiomorphic crystals were visible. 
These 0,2-2.0 mm crystals showed excellent rhombic 
dodecahedron shapes (figure 3, left]. Microscopic exami- 
nation of a polished surface in reflected light (figure 3, 
right) revealed a granular groundmass that was occasion- 
ally interspersed with idiomorphic crystals (about 5% of 
the volume of the rock}. The green crystals had a much 
higher luster than the matrix. 

Raman spectroscopy quickly revealed-that the 
groundmass was plagioclase and the crystals were gar- 
nets. Examination with an electron microprobe eee 
lyst J. Partzsch} determined the exact chemical composi- 
tion. In fact, the groundmass was two different plagio- 
clases: The main mass consisted of almost pure anorthite 
(Abp)Anog: 2 mol.% albite [Ab] and 98 mol.% anorthite 
[An]}, but oligoclase (Ab77An93) was present between 
these grains. The garnet crystals were strongly zoned; 
they were composed primarily of uvarovite with varying 
amounts of andradite in solution. 

These pieces of rough may be the same material as 
the snuff bottle that was described and illustrated in the 


Figure 2. These three platinum rings contain fash- 
ioned yellow synthetic diamonds (0.30-0.40 ct). 
Courtesy of Superings, Los Angeles; photo by 
Shane F, McClure. 


Spring 1994 Lab Notes section (pp. 42-43]. The specific 
gravity of the rough material was 2.80, compared to the 
2.76 reported for the snuff bottle. 


Update on porous chrysocolla-colored chalcedony. In the 
Spring 1992 Gem News column, we reported on chal- 
cedony colored by chrysocolla that changed appearance 
when soaked in water for several hours (“Chrysocolla- 
colored Chalcedony from Mexico,” pp. 59-60). In that 
material, the soaking caused the blue color to intensify, 
the material to become more transparent (less opaque}, 
and the piece to gain weight. 

Late last year, Chris Boyd of CB Gems & Minerals, 
Scottsdale, Arizona, brought to our attention chalcedony 
colored by chrysocolla from Arizona, which showed a 
similar change in color and transparency that can also be 
produced by humidity alone. According to Mr. Boyd, this 
transition happens at about 55% humidity. Stones are “a 
nice semi-transparent blue” when exposed to humidity 
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Figure 3. The green hexagons in 
this polished section of rock from 
the Philippines (left) are uvarovite 
garnets; the largest garnet is 2mm 
across. In reflected light (right), 
the high-relief garnets (brightest 
reflectance) can be distinguished 
easily from the groundmass of 
anorthite feldspar (medium gray) 
and oligoclase feldspar (dark 
gray). Photomicrographs courtesy 
of the Swiss Gemmological 
Institute (SSEF), Basel. 
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Figure 4. This cabochon and the tablet are made 
of clinochlore, a chlorite mineral. Photo by 
Maha DeMaggio. 


of 55% or greater, or if soaked in water; when these same 
stones are exposed to lower humidity, or left under a 
heat lamp, they lose color intensity and transparency. 
This process is repeatable. 

Mr. Boyd also said that, in his experience, almost 
90% of Arizona chrysocolla-colored chalcedony will dry 
out if exposed to less than 55% humidity. 


Chatoyant clinochlore from Russia. One of the interest- 
ing “phenomenal” materials seen at the 1995 and 1996 
Tucson shows was a chatoyant chlorite-group mineral 
from Russia. Two samples—a 7.65 ct triangular tablet and 
a 6,06 ct cabochon (figure 4}—were obtained from Heaven 
and Earth, Marshfield, Vermont, which was marketing 
this material as “Seraphinite.” Gemological properties 
were as follows: color—green; diaphaneity—semi-translu- 
cent; color distribution—uneven (mottled, fibrous), 
pleochroism {visible in some more transparent areas] yel- 
low-green/bluish green; optic character—doubly refractive 
with an aggregate structure. Individual fibrous crystals in 
the aggregates appeared chatoyant, with a pearly luster. 
One stone had poorly discernible R-L’s of 1.580 and 1.585, 
and the other gave a spot reading of 1.58. Specific gravities 
were 2.62 and 2.66, Uneven luminescence was seen to 
both wavelengths of UV radiation: weak yellowish white 
to whitish yellow for long-wave UV, and very weak white 
to short-wave UV. In the spectroscope, one stone showed 
a cutoff edge at about 460 nm and a weak band centered 
at 500 nm, the other showed these bands as well as a faint 
band at 470 and 545 nm, and a cutoff edge at about 690 
nm, With magnification, both stones showed a radial 
fibrous structure. Qualitative energy-dispersive X-ray flu- 
orescence (EDXRF) spectroscopy revealed numerous ele- 
ments in both: Mg, Al, Si, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu 
(in one sample], Zn, and Ga. 

X-ray powder diffraction patterns for both samples 
were consistent with that of the mineral clinochlore, 
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(Mg,Fe*?)};Al(SizAN]}O}9(OH)g, a member of the chlorite 
mineral group. The source of this clinochlore is the 
Korshunovskoye deposit, on the east side of the Bratsk 
Reservoir, east of Lake Baikal, in Siberia, according to an 
article by A. A. Evseev in the Russian mineralogical mag- 
azine World of Stones (1994, No. 4, p. 44}. Standard min- 
eralogical references give the hardness of clinochlore as 
2-2.5. One sample had been wax treated, 


Cat’s-eye diopside from Southern India. Many materials 
that contain parallel acicular inclusions can be fashioned 
into cabochons to show a cat’s-eye effect. Among the 
green cat’s-eye stones are apatite, chrysoberyl, demantoid 
garnet, emerald, opal, tourmaline, zircon, and zoisite. We 
were delighted to see recently an unusually bright green 
example of another material—cat’s-eye diopside (figure 
5)—from a relatively new locality. 

The 4.59 ct oval cabochon {12.70 x 5.70 x 6.57 mm], 
which was loaned to the editors by Maxam Magnata of 
Fairfield, California, was a translucent dark green, with 
weak pleochroism of green and slightly brownish green. Its 
optic character was aggregate—showing the presence of 
many individual grains. The refractive index measured 
1.67, and a “blink” was seen at 1.70. The stone was inert 
to both long- and short-wave UV. With the spectroscope, 
we saw weak general absorption between 400 and almost 
500 nm, with two lines at 495 {weaker} and 505 (stronger] 
nm. Three “chrome lines” were also seen at 640, 660, and 
680 nm; despite this evidence of chromium, there was no 
reaction to the Chelsea color filter. These properties are 
consistent with those previously reported for chrome diop- 
side. Magnification revealed a fibrous texture, with some 
coarse channels (or, possibly, needles) present. 

The material comes from a relatively new mine near 
the small town of Iddipadi, in southern India, close to the 


Figure 5. This 4.59 ct cat’s-eye diopside is from a 
relatively new find in southern India, near the 
town of Iddipadi. Stone courtesy of Maxam 
Magnata; photo by Maha DeMaggio. 
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Figure 6. Mozambique is the country of origin for 
these two garnets (1.26 and 1.38 ct), identified as 
pyrope-almandine. Photo by Maha DeMaggio. 


cutting center of Karur Kangayam, according to Mr. 
Magnata. He believes the find was first made about six 
years ago, with the bulk of the cutting material sent to 
Hong Kong until recently. The mine is reportedly within 
40 m of star diopside and cat’s-eye enstatite deposits. 


Garnets from Mozambique. African garnets were very 
much in evidence at the 1996 Tucson shows, including 
brownish yellow to bright green grossular-andradites 
from Mali (see, e.g., “Gem-Quality Grossular-Andradite: 
A New Garnet from Mali,” Gems & Gemology, Fall 
1995, pp. 152-167), orange spessartines from Namibia 
(Gem News, Spring 1996, pp. 56-57], and various color- 
change garnets from Tanzania (Gem News, Spring 1996, 
p. 53}. A number of dealers also offered dark orangy red to 
slightly brownish red stones from still another locality, 
the southern African country of Mozambique. 

Although this locality is not new, garnets from 
Mozambique have not been characterized in the gemo- 
logical literature. To do just that, we purchased two 
brownish red modified triangular brilliant cuts (1.26 and 
1.38 ct; figure 6} on which we determined the following 
properties (where there are two sets of values, the value 
for the 1.26 ct stone is first}: R..—1.770, 1.776; S.G. 
{determined hydrostatically}—3.96, 3.89; singly refractive 
with strong anomalous birefringence noted between 
crossed polarizers; inert to both long- and short-wave UV 
radiation; and spectra (determined with a desk-model 
prism spectroscope) exhibiting strong bands at about 504, 
520, and 573 nm, Magnification revealed a few acicular 
rutile crystals in one stone (figure 7). On the basis of 
these properties, and using criteria established by C. M. 
Stockton and D. V. Manson (“A Proposed New 
Classification for Gem-quality Garnets,” Gems & 
Gemology, Winter 1985, pp. 205-218), we identified the 
garnets as pyrope-almandine. 


Green-and-white jadeite from Russia. Ross Shade of the 
Addexton Company, Auburn, California, provided us 
with a 113.90 ct sample of green-and-white mottled 
jadeite (figure 8) that reportedly came from central 
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Figure 7. Acicular inclusions were the only internal fea- 
ture seen in the Mozambique garnets shown in figure 6. 
Photomicrograph by John I. Koivula; magnified 30x. 


Russia. Mr. Shade acquired the material through an 
{undisclosed} American company that imports stones for 
the building industry; it was originally imported for use 
as kitchen and bathroom tiles. 

The gemological properties of our test sample were: clar- 
ity—semi-translucent to opaque; aggregate structure; R.I— 
about 1.66 (some areas, 1.655 to 1.670; others, 1.48-1.50); 
S.G.—3.29, luminescence—moderate mottled blue-white to 
long-wave UV radiation, and very weak to weak mottled 
blue-white to short-wave UV, typical green jadeite spectrum 
when viewed with a handheld spectroscope. 

Further tests helped explain some of these proper- 
ties. X-ray powder diffraction analysis of scrapings from 
two areas gave patterns indicating jadeite (predominant- 
ly) and minor natrolite. The natrolite, which accounted 
for the 1.48-1.50 RI. readings and the slightly low S.G., 
occupied about 5% of the sample by volume. The 
infrared absorption spectrum of a thin slice that had been 
cut and polished from this material showed no evidence 
of polymer impregnation. However, two small “wax 
peaks” were found at 2926 and 2855 cm‘!. These proba- 
bly resulted from the oil used in cutting the thin slice. 


Visit to Myanma Gems Museum. The October 1993 
Emporium was the first such event held in the new 
Myanma Gems Enterprise (MGE) exhibition hall in 
Yangon (Rangoon}, which was built solely for these bi- 
annual sales. In the summer of 1995, the Myanma Gems 
Museum opened in a building adjacent to the exhibition 
hall. One of the Gem News editors (RCK) visited this 
museum in November 1995 and provided the following 
report on this new facility. 

Each of the first three floors consists of a large open 
showroom containing retail sales outlets for firms licensed 
by the Myanmar government to sell gems and jewelry (all 
sales require MGE receipts like those used at the emporia). 
Ornamental objects fashioned from silver were offered, in 
addition to loose gems and gem-set jewelry. 

The top floor of the building houses the actual muse- 
um, which contains many interesting displays. Jadeite is 
very well represented. Along one wall are sawn jadeite 
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Figure 8. This 113.90 ct block of jadeite (here cut 
into three pieces) reportedly came from central 
Russia. Photo by Maha DeMaggio. 


boulders, each identified by its locality. A display of cabo- 
chons illustrates the three categories of jadeite—“imperi- 
al,” “commercial,” and “utility’—used in Myanmar gem 
markets. An exceptional 4.7 kg boulder of imperial jadeite 
has its own display case. There are also attractive displays 
of fashioned jadeite, including a plate with chopsticks 
(total weight 2,390 g) and the remaining 106 kg “water 
jade” boulder from which they were cut. 

Not surprisingly, there are a number of interesting 
ruby displays, including material from Mong Hsu, from 
the famous marble quarry at Sagyin in Mandalay 
Division, and from Pyin Lon in northern Shan State. 
Among the noteworthy gem-set items is a peacock fash- 
ioned from 61.86 g of gold and 256.84 ct of sapphires atop 
a jadeite base. Also on display is a large gold pendant set 
with a 329 ct oblong peridot cabochon (labeled as the 
world’s largest cut peridot) and many smaller peridots. 
Other cases highlight the range of gems found in 
Myanmar, including zircon, iolite, danburite, diopside, 
tourmaline, garnet, lapis lazuli, moonstone, enstatite, 
albite, and fluorite. Cultured pearls from the gold-lipped 
oyster are also well represented. 

A recent report provided by U Tin Hlaing of 
Taunggyi University, Myanmar (pers. comm., May 
1996}, lists the following large gems as being among 
those currently on display at the museum: a 21,450 ct 
(17.5 cm long x 11 cm wide x 10 cm high] rough mby 
from Block No. 14 of the Mogok Stone Tract, which 
Myanmar officials believe to be the world’s largest; a 
63,000 ct sapphire from Mogok; and a 23,500 ct piece of 
jade from the Hkamti area. 


Variegated translucent jasper from Mexico. One of the 
more notable trends at the Tucson gem shows this year 
was the rising interest in ornamental materials. In addi- 
tion to the exotic materials seen—such as drusy vanadi- 
nite and clinochlore—varieties of quartz and chalcedony 
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were quite prominent, especially those with aesthetic 
inclusions or patterns. One interesting example was so- 
called Imperial jasper (figure 9), reportedly mined in 
Mexico. Cathy Cwynar, of Minneapolis, Minnesota, 
loaned us three fashioned pieces for characterization. 

The gemological properties of the three free-form 
cabochons {15.43, 16.28, and 17.86 ct} were as follows: 
color and clarity—variegated between translucent-to- 
opaque brownish (olive) green to green in some regions 
and to opaque greenish white in others; optic character— 
aggregate reaction; R.I. —1.54 in the green area, 1.53 to 
1.55 in the white areas; §.G.—2.43 to 2.51 (the white 
regions were porous, and the more white material there 
was in the piece, the lower the S.G. was). For the most 
part, this material was inert to both long- and short-wave 
UV radiation, but some whitish areas showed a weak 
blue fluorescence to long-wave UV. Only the darkest 
(olive) green regions showed a distinct absorption spec- 
trum in the handheld spectroscope, with a lower-wave- 
length cutoff at about 460 nm, and faint bands at 500 and 
520 nm. Other than the typical chalcedony structure, no 
inclusions were evident with magnification, 

Of particular note was the material's unusual behav- 
ior in transmitted light: The dark green areas were 
translucent, with yellow “rims” between the green and 
opaque areas (figure 9, right}—an effect not evident in 
reflected light. Qualitative EDXRF spectroscopy revealed 
no significant differences in chemistry between the 
white and green regions of one sample examined; both 
areas showed major silicon, minor potassium, calcium, 
iron, and titanium, and trace amounts of manganese, 
zinc, rubidium, and strontium. 


An unusual morganite. In fashioned gemstones, fractures 
are generally considered very undesirable. One exception, 
however, is found in the variety of rock-crystal quartz 
known as “iris quartz” (not to be confused with “iris 
agate”), in which numerous air-filled fractures behave 
like thin films, imparting a rainbow-like iridescence 
when the gem is illuminated from above. 

Recently, Edward Swoboda, a gem and mineral 
miner and dealer from Beverly Hills, California, showed 
the editors another form of “iris” gem. The light pink 
stone, a 157.19 ct oval step-cut morganite beryl, mea- 
sured 42.69 x 32.34 x 19.28 mm. 

During cutting, instead of removing the fractures 
and making a number of smaller stones from the rough, 
the lapidary went against convention and fashioned a 
single large stone, positioning the fractures so that their 
plane was just off parallel to the table facet. In this way, 
light reflected from the fractures was not simultaneously 
reflected from the table facet, which would otherwise 
mask or diminish the “iris” effect. As figure 10 shows, 
this cutting technique produced a morganite with a table 
that is vividly iridescent when the stone is viewed from 
above in virtually any direction. As the stone and/or light 
source is moved, both the pattern and position of the var- 
ious colors change dramatically. 
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Scottish pearls. One of the most interesting items seen at 
the February Tucson shows was a double strand of gradu- 
ated pearls that ranged from 4 to 9 mm on one strand, and 
4 to 10 mm on the other (figure 11). The pearls were 
accompanied by a report from the Gemmological 
Association and Gem Testing Laboratory of Great Britain 
in which they were identified as natural. Of particular 
interest, however, was their provenance: All were collect- 
ed from freshwater mollusks in the rivers of Scotland, by 
veteran pearl fisher Bill Abernethy. These pearls, reported- 
ly the result of 40 years of pearl fishing, are particularly 
well-matched rounds and show the attractive luster that is 
characteristic of Scottish pearls (see, e.g., E. A. Jobbins and 
K. Scarratt, “Some Aspects of Pearl Production... ,” 
Journal of Gemmology, Spring 1990, pp. 5-7). The most 
important Scottish pearl recovered to date, called the 
Abernethy pearl, is 11.5 mm in diameter. 


Rubies from Madagascar. Blue sapphires from 
Madagascar have received attention in the trade press 
since their 1992 arrival on the gemstone market (see the 
article by D. Schwarz et al. in this issue). However, 
southern Madagascar is also producing gem-quality 
rubies, according to Christopher P. Smith of the Giibelin 
Gemmological Laboratory, Lucerne, Switzerland. 
Although most fashioned stones weigh 1 ct or less, some 
as large as 20 ct have been encountered. Recently, the 
Gibelin laboratory had the opportunity to examine more 
than 40 faceted Madagascar rubies, These rubies had a 
richly saturated, even color; most resembled Thai or 
Cambodian rubies in this respect, although some lighter- 
toned stones looked like rubies from Burma or Vietnam. 
My. Smith noted a distinctive combination of inter- 
nal features in these rubies. Most had dense concentra- 
tions of fine needles and platelets that, for the most part, 
were dull in luster and slightly blue or white in color; 
they lacked the highly iridescent appearance of rutile 
needles and platelets observed in rubies from Burma, Sri 
Lanka, or Vietnam. {It is, therefore, more likely that they 
are ilmenite or hematite.} Doubly truncated hexagonal 
dipyramidal negative crystals, surrounded by equatorial 
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Figure 9. Among the many 
ornamental gem materials 
seen at the 1996 Tucson 
gem shows was this 17.86 
ct cabochon of variegated 
jasper, fashioned by Cathy 
Cwynar, shown on the left 
in reflected light. In trans- 
mitted light (right), the 
dark green regions are 
translucent, revealing yel- 
low rims that are not visi- 
ble in reflected light. 
Photos by Maha 
DeMaggio. 


thin films or fractures, were another common feature 
(figure 12). These inclusions are reminiscent of those 
seen in Thai and Cambodian rubies. In addition, the 
Madagascar rubies revealed very prominent internal 
growth structures that gave a roiled appearance with 10x 
magnification. Many of the rubies also had a distinctive 
series of linear growth boundaries that created the 
appearance of a “cellular structure” (figure 13). 

Semi-quantitative chemical analysis performed on 
30 samples revealed the following contents: 97.3-99.1 
wt.% AlyO3; 0.27-1.68 wt.% Cr,03; 0.45-0.74 wt.% 
Fe,O3; 0.0-0.07 wt.% TiOo; 0.0-0.02 wt. % V_O5; and 
0.0-0.01 wt.% GayO3. 

From his extensive 1922-23 studies of the gem 
deposits of Madagascar, Lacroix described corundum 
deposits {ruby and sapphire) in the northern and central 
parts of the island (Minéralogie de Madagascar, 
Challamel Ed., Paris, 3 Vols.}. Later, additional deposits 
were noted by Besairie in 1956 (Carte géologique au 
1/200000 de Sakoa-Benenitra, 2nd ed.) and Noizet in 


Figure 10. The lapidary fashioned this 157.19 ct mor- 
ganite to display a pleasing iridescent, or “iris,” 
effect. Photo by Maha DeMaggio. 
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Figure 11, The 154 pearls (4-10 mm) in this dou- 
ble strand were reportedly fished from freshwa- 
ter mussels in Scottish waters by Bill Abernethy. 
Courtesy of the Susan Clark Gallery of Gem Art, 
Vancouver, BC, Canada. 


1958 (Carte géologique au 1/200000 de Ampanihy- 
Bekily, 2nd ed.}, in the southern portion of the island. In 
a 1992 geologic report, Dr. Alain Mercier placed the ruby 
deposits east-southeast of the town of Tulear, in the 
Fotadrevo-Vohibory region of southern Madagascar, con- 
centrated along northeast-trending faults. Some of the 
principal deposits include Anavoha, Vohitany, Vohibory, 
Marolinta, and [anapcra. 


Sapphire mining in Kanchanaburi. The Winter 1990 
Gem News section contained an entry on S.A.P. Mining 
Co., a large, mechanized sapphire-mining operation in 
Thailand’s Kanchanaburi Province, about 100 km (60 
miles} west of Bangkok. Mining takes place near Bo 
Phloi, a town about 40 km (25 miles) north of Kan- 
chanaburi City. Last fall, one of the editors (RCK) revisit- 
ed S.A.P. Mining and obtained updated information 
about that operation. 

S.A.P. Mining has determined that black spinel is the 
best indicator mineral for finding sapphires, according to 
exploration and mining manager Rouay Limsuvan. In gen- 
eral, the larger the spinels found in an area are, the larger 
the sapphires recovered will be. Dark brown (to black} 
pyroxene also has proved to be a good indicator mineral. 
All of the sapphires recovered to date have been from sec- 
ondary {alluvial} deposits. The actual gem-bearing gravel 
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layers are typically about 1 m thick. They occur as shal- 
low as 5~7 m, or as deep as 13-15 m, below the surface. 

Once a prospected area has been selected for mining, 
modern excavators strip the overburden to reach the gem- 
bearing gravels, which are then loaded on large dump 
trucks and taken to the firm’s modern processing plant. In 
a single day, some 250 truckloads of gravel—1,000 m8 of 
material—are transported to the processing plant. The 
gravels are first dumped into a sheet metal—walled pen. 
High-pressure water cannons help wash material out of 
the trucks, remove the clay and sand from the gravels, 
and force the gravels via chute into a large rotating trom- 
mel, which removes the bigger rocks. The gravels then 
pass through one of two rotating trommels with a small- 
er mesh size (figure 14}, after which they are processed in 
one of three vibrating jig systems (each of which consists 
of six jigs}. The resulting heavy concentrate is then collect- 
ed and taken to an on-site facility for hand sorting. The 
amount of rough sapphire recovered daily varies widely, 
from 200 grams to 2 kg. While the goal is to recover corun- 
dum, also found are sanidine, black spinel, garnet, mag- 
netite, pyroxene, and olivine. 

Although S.A.P, Mining is still very active, with a 
claim area covering 250-300 km2, the overall level of 
mining activity in the area has decreased in recent years. 
In the past decade, no fewer than 47 companies have 
been involved in mining for sapphires in the area. 
Currently, however, only four firms work the Bo Phloi 
area; a year earlier, there were seven active operations, 
according to Mr. Limsuvan. As S.A.P. Mining plans for 
the eventual end of mining operations on its holdings, it 
is carrying out an extensive reclamation program. It has 


Figure 12. This type of negative crystal—a doubly 
terminated hexagonal dipyramid with a sur- 
rounding equatorial thin film/fracture plane— 
was a common feature in the Madagascar rubies 
examined, Similar inclusions are found in rubies 
from Thailand and Cambodia. Photomicrograph 
by Christopher P. Smith; magnified 20x. 
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already developed mined-out portions of the lease area 
into a golf course. 


Update on Tanzanite mining. Gem dealer Michael 
Nemeth, of San Diego, California, has provided an 
update on tanzanite mining at Merelani, Tanzania, fol- 
lowing a visit there in late 1995, At that time, the D 
block contained about 200 mines and over 2,000 miners 
(see Gem News, Winter 1991, p. 262, for a description of 
the four main “blocks” for which mining rights have 
been granted at Merelani). “Vietnam Camp,” a mine in 
the D block, was being worked by 28 miners and extend- 
ed to 3,000 m in length. Mr. Nemeth learned that overall 
production had been good, and a “7 kg crystal” with 
excellent color and clarity had been found recently. 
However, local prices seemed high, probably inflated by 
the presence of foreign buyers. 

The Vietnam Camp mine was one of the few mines 
with a wooden ladder instead of a rope for access (figure 
15). In general, though, mining conditions were primitive 
(the typical miner’s headgear was a flashlight strapped on 
with a thick band of rubber), Throughout the visit, Mr. 
Nemeth heard and felt numerous dynamite blasts, after 
which glittering, graphite-rich dust filled the air of the 
mine shaft. He was told that “a few miners” are killed 
weekly by poor ventilation or by the blasts themselves. 
Some miners stay underground for two to three days at a 
time, eating only salt and ugali {a commeal-like porridge 
compressed into cakes in one’s hand). 

Figure 16 was taken at a depth about 250 m, at which 
point the mine shaft became less vertical. Further descent 
was accomplished by crawling head first down the steeply 
sloping adit. Over the next 50 m, the shaft narrowed from 
1 m to about 60 cm (three to two feet), and turning around 


Figure 13. A distinctive cellular structure is appar- 
ent in this ruby from Madagascar. The linear 
growth features separate zones filled with fine 
needles and platelets (probably ilmenite or 
hematite). Photomicrograph by Christopher P. 
Smith; magnified 25x. 
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Figure 14, At S.A.P. Mining’s modern washing plant near 
Bo Phloi in Kanchanaburi Province, Thailand, a huge 
rotating trommel (foreground, right) removes the larger 
rocks. The gravels then pass through one of two other 
trommels with smaller mesh sizes, one of which is at 
left. Photo by Robert C. Kammerling. 


was impossible. Mr. Nemeth and his party stopped at this 
point, since the miners above ground had taken a lunch 
break and stopped pumping air below. 

Mr. Nemeth was told that the miners were paid 
only with stones found in the mine, not currency. The 
age-old practice of high-grading by miners to supplement 
their meager incomes was tolerated as long as amounts 
were kept to a “single handful,” as in general only the 
mine manager, not the owner, was present. 


“Golden” tourmaline from Kenya. Tourmaline from a 
new find in Kenya is being described as “savannah” or 
“golden” tourmaline. Gemologist Yianni Melas recently 
sent us two samples of rough material for examination 
(figure 17}. The larger (4.50 ct) piece was transparent 
brownish orangy yellow, with some green areas. The 
smaller (3.06 ct) piece was a crystal section with a brown- 
ish orangy yellow core and a green rim. External morphol- 
ogy of the (broken} crystal section consisted of prism faces 
only, which were not striated parallel to the c-axis. 

We recorded the following gemological properties on 
the two samples: pleochroism—brownish orange {o} to 
yellow (g) in yellow regions, and dark green (o} to light 
yellowish green (e} in green regions; optic character—uni- 
axial, color-filter reaction—none (yellow regions], red 
(green regions}; R.I.—1.630 to 1.650, and birefringence— 
0.020 (measured on green rim only); $.G.—3.05, fluores- 
cence—inert to long-wave UV radiation (both colors), 
moderately chalky, moderately strong yellow (to short- 
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Figure 15. Gem dealer Michael Nemeth cautiously 
descends the upper shaft of the Vietnam Camp tan- 
zanite mine, in block D at Merelani. Miners use the 
piece of wood in the foreground to rest during their 
long descents and ascents. Photo courtesy of 
Michael Nemeth. 


wave UV], with stronger fluorescence in the green rim of 
one sample. Using a handheld spectroscope, we saw a 
general absorption in both stones to about 480 nm, the 
green rim also showed an absorption band between 590 
and 630 nm, and lines at 650 and 680 nm. Magnification 


Figure 16. The shaft of the Vietnam Camp mine con- 
tinues to narrow as it approaches 300 m depth. 
Photo courtesy of Michael Nemeth. 
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revealed a small anhedral crystal and a needle (or tube) in 
the larger piece; the smaller piece contained two-phase 
(liquid/gas) inclusions in healed fractures (“fingerprints”) 
and hollow tubes. 

Qualitative EDXRF spectroscopy revealed Mg, Al, 
Si, K, Ca, Ti, Fe, Zn, Ga, and Sr in both samples, with a 
small Mn peak in one spectrum. Cr was also detected in 
the green crust of the smaller piece, and the color-filter 
reaction and absorption spectrum were consistent with 
the presence of Cr, which causes the green color. 

Three possible sources have been cited in the trade 
press for this or similar material: (1) the Kasigau Mine, 450 
km from Nairobi in Kenya’s Tsavo West National Park 
(What's in a Name—Sales for Brown Tourmaline,” 1.C.A. 
Gazette, April 1995, p. 7), (2) the Mangari area of Tsavo 
West National Park, and (3) M’gama Ridge, south of the 
Taita Hills in south eastern Kenya (the latter two described 
in “New Find: East African Golden Tourmaline,” Jewelers’ 
Circular-Keystone, February 1995, p. 66}. 
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Novel opal doublets from Brazil. In the editors’ experi- 
ence, two basic types of doublets using natural opal are 
encountered in the trade. The first type uses a black 
material—such as dyed chalcedony (“black onyx”) or 
glass—as the backing material. (When the opal is fairly 
thin and translucent, the backing provides a dark back- 
ground that accentuates the opal’s play-of-color.} The 
second type of opal doublet uses as the backing material 
sandstone or ironstone matrix, typical of that seen at 
opal deposits, to reinforce the opal. If examined careless- 
ly {or if mounted to obscure the demarkation between 
the two components], this second type can be mistaken 
for natural boulder opal. The opal in most doublets of 
both types that we have seen is usually Australian. 

While examining gems at the Tucson booth of a 
Brazilian firm, one editor came across a type of opal dou- 
blet that he had not seen previously. These stones had 
been assembled from two Brazilian gem materials: milky 
white opal from Piaui State that was backed with 
sodalite from Bahia State (figure 18). The dark violetish 
blue of the sodalite provided a good contrast for the 
opal’s weak play-of-color. It also produced a background 
color similar to that seen in many opal triplets. 

As at many other gem shows, the editors also 
encountered assemblages made with synthetic opal. For 
example, Manning International, of New York, was offer- 
ing both doublets and triplets constructed from recent- 
production Gilson synthetic opal. The backing material 
on the doublets was ironstone matrix from Australia. 


Sapphires with “induced” stars, At the February 1996 
Tucson show, one of the editors [DDG] saw several star 
sapphires. Accompanying literature claimed that the 
asterism was “induced,” but without “additional chemi- 
cals.” Since no “chemicals” were involved, the literature 
maintained, this process was different from diffusion 
treatment. Curious, the editor obtained some of these 
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sapphires for examination (see, e.g., figure 19]. One end of 
a stone was polished flat so that the properties of the 
interior could be compared to those of the “skin” region. 

Gemological testing confirmed that the material 
was sapphire. With magnification, angular growth layers 
and two-phase and “fingerprint” inclusions were visible. 
When the stone was examined with fiber-optic illumina- 
tion, silk in the outer layer looked similar to the silk 
seen in synthetic star sapphires. When the stone was 
immersed in a heavy liquid, a shallow brownish surface 
layer was evident. 

To determine whether the treatment that induced 
the asterism had changed the stone’s chemistry, we 
examined both the surface and the polished, exposed 
interior of the stone with quantitative EDXRF spec- 
troscopy. (The penetration depth for X-rays is about 0.1 
mm under our standard operating conditions.) We found 
five times more titanium on the surface of the stone than 
in its interior (0.19 wt.% Ti as TiO, on the surface; 0.04 
wt.% TiO, in the interior,]} 

Because of the significant difference in titanium con- 
tent between the two regions, we concluded that the 
TiO, “silk” must have been produced by diffusing titani- 
um into the surface (despite the seller’s claim to the con- 
trary). However, diffusion treatment may not have been 
the intended result. Dr. John L. Emmett (co-author of 
“Heating the Sapphires of Rock Creek, Montana,” Gems 
# Gemology, Winter 1993, pp. 250-272) remarked 
recently that he knew of a treater who packed some sap- 
phires in a white titanium-dioxide-bearing powder for 
heat treatment, hoping that the powder would slow cool- 
ing and prevent breakage. When he examined the fin- 
ished stones, however, the unnamed treater was sur- 
prised to discover that his blue sapphires were now both 
heat treated and diffusion treated. 


SYNTHETICS AND SIMULANTS Ms 


Manufactured composite material imitating jadeite. A 
great many materials are used to imitate jadeite. These 
include such natural, untreated gem materials as massive 


Figure 17. These two pieces of tourmaline rough (4,50 
and 3,06 ct [the latter 12.60 x 6.67 x 5.63 mm]) are 
from a new find in Kenya. Photo by Maha DeMaggio. 
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Figure 18. Opal from Piaui has been backed with 
sodalite from Bahia to produce these Brazilian 
opal doublets, Photo by Maha DeMaggio. 


grossular garnet and serpentine; such wholly manufac- 
tured materials as glass and plastic; and such treated, natu- 
ral gems as dyed massive quartz and—more relevant to the 
following discussion—massive calcite that has been selec- 
tively dyed to resemble mottled green-and-white jade. 

Last fall, one of the editors (RCK) acquired, from a 
street vendor in a Chinese neighborhood of Los Angeles, 
a 239.37 ct statuette (figure 20) that appeared quite simi- 
lar to some of the mottled-colored, dyed calcite men- 
tioned above. Gemological testing revealed the following 
properties: diaphaneity—semi-translucent; polariscope 
reaction—aggregate (appears light when rotated between 
crossed polarizers); Chelsea color-filter reaction—none 
(appears same color as the filter}; specific gravity {dceter- 
mined by hydrostatic weighing}—1.98. Refractometer 
testing produced a birefringence blink. With a handheld 
spectroscope, green areas of the statuette showed a strong 
band centered at 650 nm, a weak band at 600 nm, and a 
faint absorption at 500 nm. The statuette luminesced a 
chalky, moderate-to-strong blue-white to long-wave UV 
radiation, and a chalky weak blue to short-wave UV. (The 
green areas had a weaker fluorescence to both wave- 
lengths than the white areas had.} 

With a microscope, we saw that the material con- 
sisted of white grains in a groundmass of transparent, 
colorless (or green} material with a resinous luster. X-ray 
powder diffraction analysis identified the white grains as 
calcite. The transparent groundmass burned readily 
when touched with a thermal reaction tester, producing 
an acrid odor and some liquid. Fourier-transform infrared 
(FTIR} spectroscopy, performed on a pellet of material 
scraped from the statuette, gave a spectrum that was 
very similar to that of an alkyd resin polymer, a synthet- 
ic resin used, for example, in house paint. 

On the basis of this information, we identified the 
statuette as a calcite/plastic composite that had been 
selectively dyed to resemble jadeite. It may have been 
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cord with standard attachment plug 
to fit into any convenient outlet; a 
filter holder into which the ‘lamp 
snaps (held in place by three shock- 
proof springs); a socket in a small 
aluminum cover which screws onto 
the back of the lamp (with both a 
bracket for holding it to the top of 
the transformer ballast can and a 
bale which can be used as a carrying 
handle, or, together with the bracket, 
may be converted into a stand when 
the lamp is used remote from the 
ballast). 

The unit consumes 100 watts of 
current in the lamp itself, but re- 
quires, for proper functioning, a 
ballast transformer to control the 
current and voltage to the burner. 

To prevent the lamp’s use without 
the transformer ballast which is 
necessary for all mercury lamps (by 
being screwed into a_ standard 
socket) the base is of the admedium 
screw type, slightly larger than a 
standard lamp socket and smaller 
than a mogul. 

In addition to the minute amount 
of mercury in the lamp there 
is also a modicum of argon gas, 
which acts as a carrier gas for 
starting. When the current is turned 
on a small spark occurs between this 
starter contact in the burner and 
the nearest cathode; this spark cre- 
ates sufficient heat at the activated 
cathode to release a few electrons 
which travel through the carrier gas 
to the other cathode and thus pro- 
vides a conducting path the length 
of the burner for the main line cur- 
rent which starts to flow and slowly 
heats up the lamp. The auto-trans- 
former ballast prevents any run- 
away current and as the lamp slowly 
heats this control prevents too rapid 
heating with possible injury to the 
burner. 


Current at the start is nearly 
twice that of normal, but voltage, 
internal pressure, and of course, 
temperature, are low. As temper- 
ature rises, pressure and the voltage 
increase and the current comes down. 
At the end of three minutes stabili- 
zation occurs and the lamp will 
operate at its normal and proper 
rating of 800 MA and 142 V. 

As a certain amount of the acti- 
vating oxides are lost during each 
starting and heat-up period, the life 
of the lamp is really based upon the 
number of starts and stops and not 
upon the hours of burning, so the 
fewer starts and stops the better. 
If the lamp is turned off it will not 
re-light until it has cooled. It will 
then automatically start again if the 
current has been turned on and the 
regular cycle of starting and heating 
to stabilization point again occurs. 

The light of this fluorescent lamp 
is not all full spectra with continuous 
light of every color merging into 
the next color like that of an in- 
candescent lamp, but in narrow 
bands in the ultra violet, violet, blue, 
green, and yellow. By the use of 
filters and combinations of filters 
these bands may be separated and 
light of one particular color may be 
obtained as wanted: 


Angstrom Filter Numbers 


Ulira Violet  3650line 5860 or 5874 

(for creating 

fluorescence) 

Violet 4050 line 806, 428, 597 
in combination 

Blue 4360 line 088, 511 

5 combination 

Green 5460 line Complete isolation 
with all three— 
350, 430, 512 

Green 5460 line 350,512 transmits 
some red (which is 
lacking in mercury) 

Yellow 5780 line 348,480 


Some gemstones have not only 
their own particular refractive in- 


produced in a mold that was filled with the pre-polymer- 
ized resin and finely ground calcite. Although the color 
and color distribution made it a fairly convincing imita- 
tion of some mottled jadeite, both its resinous luster and 
“heft” (1.98 S.G.) would raise the suspicions of anyone 
familiar with jade. 


“Drusy” silicon, a computer-industry by-product. The 
Summer 1992, Gem News section (p. 133) discussed and 
illustrated meteoritic iron used as a gem material. A man- 
ufactured material with a similar appearance is elemental 
silicon (figure 21); at the Tucson shows this year, we saw 
both fashioned and rough examples of this material. 

Bill Heher, of Rare Earth Gallery, Trumbull, 
Connecticut, loaned us a 31.5 x 40.3 x 5.54 mm elemen- 
tal silicon doublet for examination. Only a few gem prop- 
erties from this assembled triangular tablet could be 
determined: color and luster—metallic gray (backing 
material—yellow and brown], color distribution—even; 
diaphaneity—opaque; fluorescence—inert to both long- 
and short-wave UV radiation. The R.L. was over the limit 
of our refractometer (greater than 1.81), and no absorp- 
tion spectrum was detected using a desk-model spectro- 
scope. We also purchased three chunks of elemental sili- 
con from Gems Galore, Mountain View, California. One 
had a hardness of about 6% and a specific gravity of 2.34 
(hydrostatic method}. 

Some elemental silicon used in jewelry is different 
from that used to make computer chips; for instance, one 
distinguishing feature is the druse-like surface, consist- 
ing of many nearly flat-lying crystal faces, on some 
pieces. (This is the feature that resembles the Widman- 
statten pattern observed on some etched iron meteorite 
surfaces, as in the Summer 1992 illustration.) To the best 
of our knowledge, the “drusy” elemental silicon is 


Figure 19, The star in this 3.73 ct (9.18 x 6,82 x 
§.39 mm) sapphire was produced by a surface dif- 
fusion treatment. Photo by Maha DeMaggio. 
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Figure 20, This 239.37 ct imitation jadeite stat- 
uette (47.35 x 32.90 x 32.75 mim) is composed of 
finely ground calcite in a groundmass of alkyd 
resin polymer (plastic). The green areas were 
probably produced by selective dyeing. Photo by 
Maha DeMaggio. 


formed from the same starting material as the 
Czochralski-pulled elemental silicon boules that are the 
source material for computer chips; the drusy crystals 
form in the impurity-rich material left remaining in the 
“pot” after the purified boule is extracted. The trace-ele- 
ment content of the drusy material is thus higher than 
that of the boules; the silicon surface of the doublet we 
examined contained trace amounts of arsenic, as deter- 
mined by EDXRF. Our one boule contained only silicon. 

The fashioned tablet had been backed with another 
material because elemental silicon is brittle. The materi- 
al is popular in jewelry for people who work in computer 
fields, according to a Gems Galore representative. 


A convincing tanzanite substitute. Bill Vance, a gemolo- 
gist from Denver, Colorado, recently loaned us one of the 
most superficially convincing imitations of gem-quality 
tanzanite that we have ever seen. This new tanzanite 
substitute is now being sold at gem and mineral shows 
across the United States. Mr. Vance purchased it at just 
such a show in Denver in September 1995, 
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Figure 21, This tablet is assembled from drusy ele- 
mental silicon and an unidentified backing mate- 
rial. Elemental silicon (shown in its “raw” form on 
the right) is a byproduct of computer-chip manu- 
facturing. Tablet courtesy of Bill Heher, Rare Earth 
Gallery; photo by Maha DeMaggio. 


Natural tanzanite crystallizes in the orthorhombic 
crystal system; it is biaxial with strong pleochroism. In 
fact, strong pleochroism is one of tanzanite’s most dis- 
tinctive characteristics. It would seem unlikely, then, 
that an isotropic material with no pleochroism could con- 
vincingly masquerade as tanzanite. Nevertheless, as fig- 
ure 22, shows, this new material is a most convincing vio- 
let-to-blue. 

EDXREF analysis revealed that this manufactured 
material contains yttrium, aluminum, and europium. 
The sample we examined was a 7.07 ct transparent oval 
mixed cut {12.89 x 8.82 x 6.27 mm}. The only internal 
characteristics that we could resolve microscopically 
were very weak curved striae visible at a slight angle 
when we looked down the long direction. Through a 
Chelsea filter, the sample appeared orangy red. Its R.I. was 
over the limits of a standard refractometer, and its S.G. 
was 4.62. With a handheld spectroscope, we saw five dis- 
tinct absorption lines: the strongest at 530 nm, another 
strong one at 468 nm, two lines of moderate strength at 
589 and 472 nm, and a weak one at 480 nm. The sample 
fluoresced a moderately chalky, strong reddish orange to 
short-wave UV radiation, with a similar but weaker reac- 
tion to long-wave UV. In fact, while all the above-men- 
tioned properties will help separate this substitute from 
natural tanzanite, the fluorescence to short-wave UV radi- 
ation is the easiest test to distinguish the two materials 


“Tavalite,” cubic zirconia colored by an optical coating. 
Deposition Sciences Inc., of Santa Rosa, California, is 
marketing unusually colored cubic zirconia under the 
trademarked name “Tavalite.” Recently, we examined 
several examples in the six available colors (figure 23). 
Color descriptions for this material are complicated, as 
the color is due to a thin optical coating that produces a 
different appearance in reflected and transmitted light. 
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Six round-brilliant-cut samples—one of each color— 
were studied: one 6.5-mm-diameter sample weighing 
1.79 ct (not shown in figure 23], and five 4-mm-diameter 
samples weighing between 0.45 and 0.47 ct. The gemo- 
logical properties were consistent with cubic zirconia. 
The color distribution was on the surface only, both 
crown and pavilion. With magnification, the surface 
coatings on two samples appeared “dusty,” and a third 
showed a build-up of the coating material at the facet 
junctions. EDXRF spectroscopy of all six samples 
revealed yttrium, zirconium, and hafnium, these three 
elements are consistent with a base material of yttrium- 
stabilized cubic zirconia. Also discovered were tantalum 
and silicon, two elements that were probably compo- 
nents of the optical coating. In two examples, titanium 
was also detected, again probably as part of the optical 
coating. These coatings may also contain oxygen or 
nitrogen, but neither can be detected by our EDXRF 
instrumentation. 


Figure 22. This 7.07 ct tanzanite imitation—which 
contains yttrium, aluminum, and europium—has 
a very convincing color. Courtesy of Bill Vance; 
photo by Maha DeMaggio. 


As for durability, the surface coating was responsible 
for all of the color in these samples. The distributor cau- 
tioned that strong soaps might affect the surface of 
“Tavalite”; abrasives and polishing compounds should 
not be used. However, nonaqueous cleaners (such as rub- 
bing alcohol and “gentle” cleaning with a mild soap— 
even in an ultrasonic cleaning unit) are acceptable, 
according to product literature supplied with the samples. 


ANNOUNCEMENTS Ss 


Sixth annual Cutting Edge Awards. Judges chose 18 win- 
ners and 11 honorable mentions from 160 entries in this 
year’s sixth annual Cutting Edge competition, sponsored 
by the American Gem Trade Association (AGTA) in 
Dallas, Texas, on April 27 and 28. 
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Mark Gronlund, of the Custom Jewelry Shop in 
Deltona, Florida, took three honors, including first place 
in the Faceting division with his 23.92 ct trillion bril- 
liant-cut citrine. The citrine, when surrounded by spe- 
cially cut amethysts, also won second place in the Pairs 
and Suites category (figure 24). First place in Carving 
went to William Cox, of William H. Cox Enterprises, 
Provo, Utah, for a 28.67 ct teardrop-shaped sunstone. A 
79.10 ct ametrine—fashioned by Steve Walters, of 
Ramona, California—was awarded first place in the 
Combination category. Justina De Vries, of Bettenmann- 
De Vries, Medford, Oregon—who also took second place 
in the Classic Cuts category—won first place in Pairs and 
Suites with 7.76 ct and 8.07 ct tourmalines. Objects of 
Art first place (for the second year in a row) went to Gil 
Roberts, of North American Gem Carvers, Pilot, 
Virginia, for a carved chartreuse quartz perfume bottle; 
Stephen H. Newberg, of CCCC Company, Houston, 
Texas, was awarded first in Classic Cuts for his 2.52 ct 
pink spinel. 

The competition was open to all colored gemstones of 
natural origin that were fashioned in North America by a 
professional lapidary artist. Entries were evaluated on orig- 
inality of design, quality of work, technique, quality and 
rarity of the gem material, and overall beauty. The win- 
ning gemstones were displayed at the June JC-K Show in 
Las Vegas, Nevada; winners will be honored at a January 
29, 1997, reception at the AGTA Gem Fair in Tucson. 


Gem-related exhibits at American Museums. Several 
natural history museums currently have exhibits with 


Figure 23. These six 4-mm-diameter samples 
(about 0.46 ct each) of a cubic zirconia marketed 
as “Tavalite” owe their colors to thin optical coat- 
ings. Photo by Maha DeMaggio. 


140 Gem News 


Figure 24, This trillion-cut citrine took first place in 
the Faceting division of the 1996 AGTA Cutting 
Edge competition. The citrine with the amethysts 
took second place in Pairs and Suites. Stones 
faceted by Mark Gronlund; photo © Tino Hammid. 


gem and jewelry themes. In New York City, the 
American Museum of Natural History has “Amber: 
Window into the Past,” which nuns through September 
2, 1996. It includes major sections on the natural history 
of amber (including a simulation of an ancient amber- 
producing forest environment), and on the use of amber 
in jewelry and decorative objects in many ancient and 
modern cultures; a catalog is available. In Cambridge, 
Massachusetts, the Museum of Cultural and Natural 
History at Harvard University is presenting an exhibit on 
birthstones that is scheduled to remain on display for the 
next five years. Finally, a traveling exhibit of more than 
400 items from the studio of Peter Carl Fabergé, includ- 
ing several Fabergé eggs, is visiting the Metropolitan 
Museum of Art in New York City, the M. H. de Young 
Museum in San Francisco; the Virginia Museum of Fine 
Arts in Richmond; the New Orleans (Louisiana) Museum 
of Art; and the Cleveland (Ohio) Museum of Art. 


Special synthetics exhibit at the Sorbonne. The Mineral 
Collection of the Université Pierre et Marie Curie, 34 rue 
Jussieu, Paris, features a special exhibit of historical and 
contemporary synthetic gem materials. (The first syn- 
thetic crystals were grown in France in the late 19th cen- 
tury.) This special exhibit, set among the fabulous speci- 
mens of this world-class collection, will be open through 
October 31, 1996. 
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THANK YOU, DONORS 


The Treasured Gifts Council, chaired by Jeanne Larson, and co-chaired internationally by Martin 
Harman, has been established to encourage individual and corporate gifts-in-kind of stones, library 
materials, or other non-cash assets which can be used directly in GIA’s educational and research 
activities. Gifts-in-kind help GIA serve the gem and jewelry industry worldwide while offering 
donors significant philanthropic and tax benefits. We extend a most sincere thank you to those 
who contributed to the Treasured Gifts Council in 1995. 


1995 Treasured Gifts 
Award Recipients* 


Byard F. Brogan, Inc. 
Chatham Created Gems 
Eric Engel 

A. F. Greenwood Co., Inc. 


Kimberley-Created Emeralds, Inc. 


Kurt Nassau 
OroAmerica 
Hyman Savinar 
John Sinkankas 
Tiffany & Company 
Zale Corporation 


1995 Treasured Gifts Donors 


A. Levian & Company 
David M. Baker 

Claude Barbera 

Gerhard & Andreas Becker 
K. C. Bell 

Gordon Bleck 

William E. Boyajian 

George Brooks 

Cabochon Gems & Designs 
Donald Clary 

Jo Ellen Cole 

Colonial Jewelry Co. 
Richard W. Corirossi 
Crystural Corporation 
Martin B. De Silva 

Omer S. Dean 

Patrick J. Delaney 

Robert Dunnigan 

Ayman Dweik 

L. W. Ford 

Emmanuel Fritsch 

Barry Fruchtman 

Wang Fuquan 
Robert I. Gait 


*Gifts valued at $10,000 or more. 


Gem Bank Group 

Gem Reflections of California 
Gem Stones 

Gemstones International 
Giraux Fine Jewelry Ltd. 
Aura M. Godoy 

Golay Buchel USA Ltd. 
Diane C. Goodrich 
Laurence Graff 

Patricia Gray 

Wang Guo-Fang 

Liu Guobin 

Manoj Gupta 

Larry Hall 

Martin I. Harman 
Ingeborgs Stenar AB 
Isotope Products Laboratories 
J. Clayton Spears 

Zeng Jiliang 

John Anthony Jewelers 
Mary L. Johnson 
Josephs Jewelers 

Robert C. Kammerling 
Larry P. Kelley 

Linda Kha 

King Stone Gems 
Alexander J. Kissin 

John I. Koivula 

Guy Langolier 

Lelia L. Larson 

Gail B. Levine 
Hok-Shing Liu 

P. C. Lunia 

M. Fabrikant & Sons 
Mark Mann 

Manning International 
D. Vincent Manson 
Wolfgang Mayer 
Takahiko Mizuno 
Moses Jewelers 


Thomas Moses 

Kusum S. Naotunne 
Alvin M. Natkin 

Saw Naung U 

Gaylon O’Dell 
Michael O’Donoghue 
Keith R. Olivas 
Parkers’ Karat Patch 
Franz Pulver 

Maurice D. Quam 
Heather S. Quayle 
Wanda Radziwill 
Reiner’s Inc. 

River Gems & Findings 
Ramiro M. Rivero 
Miguel Romero 
Hiroshi Saito 

Thomas M. Schneider 
Henri-Jean Schubnel 
Ann Seregi 

Menahem Sevdermish 
Robert J. Shagy 
Vladimir Shatsky 
James E. Shigley 

Shinju Pearl Ltd. 

Mark H. Smith 

Iouliia P. Solodova 
Amirali Soofi 
Margherita Superchi 
Supergems Trading Corp. 
D. Swarovski & Company 
Tech Gem Corp. 
Thomas J. Terpilak 
USS. Jem, Inc. 

Vardi Stone House, Inc. 
Joseph C. Wildhagen 
Yu Xueyuan 

Ou C. Yang 

Mollie Yasuda-Abramitis 
Joaquim W. Zang 


In its efforts to serve the gem and jewelry industry, GIA can use a wide variety of gifts. These include natural and syn- 
thetic stones, media resources for the Richard T. Liddicoat Library and Information Center, and equipment and instru- 
ments for ongoing research support. If you are interested in making a donation, and receiving tax deduction information, 
please call Anna Johnston, Manager, Treasured Gifts Council, at ext. 274 at (800) 421-7250 or from outside the U.S. (310) 
829-2991, fax at (310) 829-2269, or e-mail ajohnsto @gia.org. Every effort has been made to avoid errors in this listing. If 
we have accidentally omitted or misprinted your name, please notify us at one of the above numbers. 
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THE ART OF JEWELRY 
DESIGN, Volume I 


By Maurice P. Galli in collaboration 
with Nina Giambelli, 224 pp., illus. 
by Maurice P. Galli, Dominique 
Riviére, and Fanfan Li, publ. by 
Schiffer Publishing, Atglen, PA, 
1994. * 


Promoted in the foreword by the 
Fashion Institute of Technology's 
Samuel Beizer as the first comprehen- 
sive reference for the jewelry design 
process, The Art of Jewelry Design 
accomplishes this objective visually, 
with minimal text. The approach is 
not only refreshing, it is also appro- 
priate, given that the essence of a sub- 
ject should be presented in its most 
effective and understandable format. 
This colorful volume is filled with 
illustrations of rendering techniques 
as well as fanciful paintings of jewel- 
ry designs that would be of interest to 
students, designers, artisans, and any- 
one who appreciates fine jewelry. 

There is a fascination with jew- 
elry design that is unique and person- 
al. It is exciting to envision the cre- 
ation of a work for human adorn- 
ment, exquisite in detail and move- 
ment, from materials that are them- 
selves beautiful, valuable, and rare. 
However, acquiring the ability to 
communicate this vision of a jewel 
through a striking illustration is even 
more compelling. This is the primary 
reason for the book's appeal. Much of 
the mystery behind the illustrative 
process is revealed, as the observer is 
invited to look over the shoulder of a 
professional jewelry designer and 
watch as the works unfold on paper. 

The collaborating illustrators 
share their expertise and experience, 
which was honed in some of the trade's 
most prestigious jewelry design firms. 
Mr. Galli, who manages Tiffany's jew- 
elry design department and teaches 
jewelry design at FIT in New York, has 
designed for Harry Winston, David 
Webb, and Van Cleef & Arpels. Ms. Li, 
an award-winning designer, currently 
creates for Van Cleef & Arpels in New 
York. Mr. Riviére, who has been associ- 
ated with the top jewelry salons in the 
world, now designs for GemVeto of 
New York. 

In Part I of this volume, the 
designers introduce the basics for 
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experimenting with a classic render- 
ing style. The sequential presenta- 
tions of the general painting methods 
will be clearly understood by the 
novice but also offer altemative styles 
of rendering for the experienced illus- 
trator. Several illustrations compare 
and contrast the application of vari- 
ous design principles. 

Part IJ supports the principles 
touched on in Part I with a series of 
specific methods to paint gemstones 
and metal. Of importance to student 
designers are the helpful bits of infor- 
mation, such as the shapes and cuts 
of those gemstones that are most fre- 
quently used, the standard setting 
styles, guidelines for stone layout, 
and variations on basic shapes. The 
practical information on working 
with costing parameters, terminolo- 
gy, and history is also useful. 

Unfortunately, J found the quali- 
ty of the book itself—the printing, 
resolution of images, binding, and 
particularly the graphic design—to 
be incongruent with the authors’ fine 
illustrations. Although each plate is 
thoughtfully arranged, with numer- 
ous and diverse examples, through- 
out the book there are inconsisten- 
cies in the graphics (e.g., some details 
are numbered while others are not) 
and the text layout, which often 
makes for difficult reading. 

While the work of Galli, Riviere, 
and Li is worthy of a more profession- 
al presentation, J am reminded that 
the book was "conceived as a hand- 
book and reference"; as such, it retains 
the overall impact of its content, The 
Art of Jewelry Design would be a 
beautiful and pertinent addition to 
any jewelry library. 

LAINIE MANN 

Curriculum Design Specialist 
Course Development Department 
GIA Santa Monica 
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COLLECTIBLE BEADS: 
A UNIVERSAL AESTHETIC 


By Robert K. Liu, 256 pp., illus., 
publ. by Ornament, Inc., Vista, CA, 
1995. US $49.95* 


Here is a book that every contemporary 
bead enthusiast should own. Robert 
Liu takes the reader through the actual 
process of collecting these portable, per- 
forated artifacts—from those that date 
as far back as 40,000 years to those 
made by present-day artists. 

Throughout history, beads have 
been an integral part of human exis- 
tence. They reflect the development 
of societies and of the skills, art, and 
economies of various civilizations. 
They are also useful in tracing the 
interactions between civilizations. To 
illustrate these themes, Liu takes the 
reader on a country-by-country tour of 
major cultural and geographic bead 
regions: Africa, China and Taiwan, 
Japan, Korea, the Himalayan coun- 
tries, Indonesia, Thailand and the 
Philippines, the Middle East, the 
Americas, pre-Columbian America, 
and Europe. It is more of a travelogue 
of beads than a strict chronology. 

In his narrative, Liu covers 
mainly those beads that have gained 
appreciation as collectibles during the 
past 20 years of what he considers to 
be the rise of the bead movement. 
The actual process and strategies of 
collecting are discussed in depth in 
this beautifully illustrated reflection 
of the author's enthusiasm for the 
subject. The book also includes chap- 
ters on necklace design, various 
stringing techniques, and clasp design, 
a glossary of bead terminology, as well 
as a listing of bead societies, research 
organizations, and international bead 
publications; and many well-refer- 
enced quotations about beads that 
have appeared in the literature. This 
publication is definitely a prized addi- 
tion to any "beadophile's" library. 

ELAINE FERRARI 
Instructor 
GIA Santa Monica 


*This book is available for purchase through 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404, Telephone: (800) 
421-7250, ext. 282; outside the U.S. (370) 
829-2991, ext. 282. Fax: (3810) 449-1161. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Captured in amber. D. A. Grimaldi, Scientific American, 
Vol. 274, No. 4, April 1996, pp. 70-77. 
This short article about Dominican and New Jersey 
amber does not really furnish much essential news for 
gemologists, but it is impressive because of its many fas- 
cinating color photos of different insects in amber frozen 
forever in different acts (even sex}. Also pictured are a 
gecko, frogs, and a feather (the latter the oldest terrestrial 
record of a bird in North America}. David Grimaldi 
{amber expert and professor of entomology at the 
American Museum of Natural History in New York) 
describes how the excellent preservation of plant and ani- 
mal tissues in amber allows examination of minute 
details by electron microscopy (illustrated here by a series 
of photomicrographs}. Creating dinosaurs from DNA pre- 
served in amber, as was done in the novel/movie Jurassic 
Park, may still be the stuff of fiction. However, it has 
been possible to analyze the DNA preserved in some cells 
and thus establish the evolutionary relationship between 
termites, cockroaches, and praying mantises. RT 


Corundum from basaltic terrains: A mineral inclusion 
approach to the enigma. J. Guo, S. Y. O’Reilly, and 
W. L. Griffin, Contributions to Mineralogy and 
Petrology, Vol. 122, No. 4, 1996, pp. 368-386. 

From over 1,000 corundum (predominantly sapphire} 

crystals and fragments associated with basaltic rocks, 
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mostly from eastern Australia and China, 82. primary 
mineral inclusions were identified. Most abundant (65% 
of the total} were niobium (Nb} and tantalum (Ta) oxide 
minerals, of which columbite, ilmenorutile, and pyrochlore 
are the most important. Silicates (30%) were predomi- 
nantly zircon and feldspar, and rare sulfide (pyrrhotite} 
and phosphate (brockite} minerals made up most of the 
remainder. 

On the basis of known geochemical characteristics 
and geologic associations of these mineral inclusions, the 
authors postulate that at least two magmas are involved 
in the formation of the corundum crystals. For example, 
feldspar, zircon, and ilmenorutile are associated with 
alkaline felsic rocks, whereas the types of columbite and 
pyrochlore that occur as inclusions in the corundums are 
associated with carbonatitic rocks. From this they devel- 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 

Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
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op a “mixing-hybridisation” process to explain the origin 
of corundum at these localities. 

The proposed process involves the interaction 
between a high-silica magma and a carbonatitic {or some 
other silica-poor) magma. From the resulting hybrid 
magma, corundum precipitates and gives rise to locally 
distributed lenses of corundum-bearing rock. Subsequent 
volcanic eruptions of basaltic magma, from mid-crustal 
levels within the Earth, bring the corundum as 
xenocrysts to the Earth’s surface (the corundum-bearing 
rocks having been disintegrated by the basaltic magma 
and the sapphires released}. Regrettably, the authors have 
not considered other recently proposed mechanisms for 
the origin of corundums from the same localities. AAL 


Notes from the Gem and Pearl Testing Laboratory, 

Bahrain—5. A. Bubshait and N. Sturman, Journal 

of Gemmology, Vol. 25, No. 1, 1996, pp. 20-23. 
This issue’s Notes section focuses on amber and emer- 
alds. An amber box, reportedly of Russian origin, was 
constructed primarily of natural amber, but darker-col- 
ored inlays in the lid proved to be pressed amber. The lat- 
ter was identified on the basis of interference colors and 
typical inclusions—that is, minute brown to black impu- 
rities forming swirled, smoke-like patterns. The identifi- 
cation was made more challenging by the presence of a 
reddish brown dye in the adhesive. A string of prayer 
beads that were represented as amber proved to consist of 
amber particles embedded in molded plastic, The nature 
of the beads became evident with magnification, which 
revealed typical seam lines running around the midsec- 
tion of each bead. 

Recently, the lab has encountered a number of resin- 
filled emeralds, primarily of Colombian origin. One 
notable example exhibited a pronounced flash effect from 
numerous filled fractures, as well as moderate reactions 
to both long-wave and short-wave UV radiation—both 
fluorescence and (to short-wave] phosphorescence. Staff 
members at the Bahrain lab had previously not seen such 
luminescence in resin-filled emeralds. This entry also 
addresses the ongoing debate on disclosure, and closes by 
stating the lab’s policy on such identifications: The report 
simply states that a filler is present [because of the diffi- 
culties in determining the exact identity of these fillers}. 
When lab staff agree on a more exact identification for a 
filler, they report it verbally to their clients. CMS 


DIAMONDS 


1995 a record year for diamond imports, exports. M. K. 
Golay, National Jeweler, April 1, 1996, p. 76. 
In 1995, American merchants imported 11.9 million 
carats of cut, unset diamonds valued at more than $5.3 
billion, compared to 10.6 million carats valued at more 
than $4.9 billion in 1994, according to U.S. government 
information interpreted by the American Diamond 
Industry Association, New York. Both figures established 
year-to-year records—an 11.7% increase in carats and 
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7.6% in value. More than 39% of the diamonds by value 
($2.1 billion} came from Israel. India ($1.4 billion) and 
Belgium ($1.3 billion} followed. Together, the three coun- 
tries supplied more than 95% of the total weight in dia- 
monds imported into the U.S. The average price of 
imported loose, polished diamonds dropped 3.7% in 
1995, from $463 to $446 per carat. Of the top eight 
sources by value, the average price of diamonds imported 
from Switzerland was highest, at $6,978 per carat, where- 
as stones from India averaged $183 per carat. 

Exports of cut, unset diamonds from the United 
States in 1995 set a record. Total shipments of 2.1 million 
carats ($2. billion) were all-time highs for both weight and 
value. Exports were up 62.2% by weight and 15.6% by 
value over 1994. Israel, Belgium, and Hong Kong were the 
United States’ top export trading partners by value, at 
$478 million, $463 million, and $433 million, respective- 
ly. Shipments increased in value to each of these coun- 
tries over 1994 by 22.9%, 15%, and 8.5%, respectively. 
Percentage increases were also seen in the value of dia- 
monds exported to Singapore (58.4%}, Japan (18.2%}, and 
Canada (12.6%). U.S. diamond exports averaged $932 per 
carat in 1995, compared to $1,317 per carat in 1994. This 
29% drop is a reflection of larger shipments of lower- 
priced goods to each of the top eight trading partners, 
except the United Kingdom and Canada. MD 


Canadian diamond boom. S. Voynick, Rock & Gem, Vol. 
26, No. 6, June 1996, pp. 21, 22, 24, 2.6, 68. 

It is now about six years since the Lac de Gras kimberlite 
field in the Northwest Territories of Canada was discov- 
ered. It is anticipated that, in a few years, this locality will 
be producing about 3,000,000 carats of diamonds annual- 
ly. This timely, well-written article repeats the saga of 
how Charles Fipke followed the trail of diamond-indica- 
tor minerals (pyrope garnet, ilmenite, chrome diopside} 
dispersed from kimberlites by glaciers, persevering over 
great adversities until he found the first of the many pipes 
in this inhospitable region. Mr, Fipke is now estimated to 
have a personal wealth of more than $300 million. 

This article, however, differs significantly from most 
others written on this topic in that it begins with a sum- 
mary of the basic facts of diamond formation and occur- 
rence that were undoubtedly used by Mr, Fipke in his 
exploration concepts and decisions. These include the 
depth {at least 120 km) within the Earth at which dia- 
monds form (diamond stability zones}; the rapid rate at 
which diamonds must be carried to the surface by kim- 
berlite magma (or else they will not survive the trip, 
because they will dissolve in the kimberlite}; and the crit- 
ical recognition that kimberlite is emplaced in specific 
geologic regions (archons}. 

The article also discusses the importance of geo- 
physics (e.g, airborne magnetics) in exploration, how dia- 
monds are recovered from kimberlite rock (e.g., dense- 
medium separation, X-ray sorters], and other topics of a 
general nature. AAL 
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Discard small diamonds—they’re not worth the effort. 
Diamond Industry Week, Vol. 2, No. 39, October 9, 
1995, p. 4. 


The per-carat value of large diamonds compared to small 
diamonds is much greater than can be accounted for by the 
difference in carat weight alone. In recognition of this fact, 
Western Australia’s Argyle diamond mine will no longer 
process ore to extract diamonds smaller than 1.5 mm. 
Although revenue is expected to increase as much as 10% 
because of this decision, the projected open-pit life of the 
Argyle mine will decrease by 10 months (ending in 2004). 

Argyle’s decision is likely to result in a slight increase 
in the price of small diamonds, which may hurt the dia- 
mond industry in India, where many such stones are cut. 
However, ignoring smaller diamonds is an action consis- 
tent with a “true market economy for diamonds.” ML] 


Inclusions in precious stones. I. Solid inclusions in dia- 
monds (Polish with English abstract}. M. Plaszynska, 
Mineralogia Polonica, Vol. 26, No. 1, 1995, pp. 
79-86. 

Mineral inclusions identified in diamonds are listed and 

linked to their probable paragenesis. The author con- 

cludes (1) that the chemical nature of most of these inclu- 
sions does not depend on the mode of occurrence of the 
diamonds, and (2) that two distinct suites of primary 
inclusions in diamonds can be distinguished (on the basis 
of X-ray and microprobe analyses]. RAH 


New places to look for diamonds. B. Cordua, Rocks 
Digest, Vol. 8, No. 1, 1995, pp. 5, 8. 
Very small diamonds (about 0.01 mm] have been found as 
perfect cubes and octahedra in garnet and zircon crystals 
recovered from metamorphic gneisses in the Kukchetin 
(or Kokchetev) block in Kazakhstan, about 800 km west 
of Novosibirsk. These rocks were first laid down as sedi- 
ments about 2 billion years ago, and they were metamor- 
phosed about 530 million years ago. In 1990, Sobolev and 
Shatsky concluded that the diamonds grew during the 
metamorphism of the rock, which occurred at tempera- 
tures about 900°-1000°C and pressures above 40 kbars 
(depths greater than 100 km}. The diamonds survived the 
uplift interval, which should have converted them to 
graphite, because they were encased in the garnet and zir- 
con; a short time-scale for uplift is also implied. ML] 


South Africa diamond plant success. Mining Journal, 
London, September 22, 1995, p. 2.16. 
Dowding Reynard and Associates, in Johannesburg, 
South Africa, design mineral processing plants. In 1995, 
they reported sharply increased interest in modular dia- 
mond-recovery plants for delivery to Africa and else- 
where. A new product is a full-scale dense media separa- 
tion plant that is exported in modular form. Traditional 
modular diamond plants can process up to 25 tons per 
hour of diamondiferous material; however, a 150-ton-per- 
hour plant has been ordered for De Beers in Namibia 
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(Namdeb}, a 120-ton-per-hour plant for De Beers in 
Tanzania, and two 100-ton-per-hour plants for Auridiam’s 
River Ranch project in Zimbabwe. 

Smaller plants require fewer resources. A jig plant for 
exploration in Mozambique, which processes 8 tons per 
hour, has an onboard diesel generator for stand-alone use; 
and a miniature DMS plant has been designed for field 
sampling and on-the-spot appraisal of resources in north- 
ern Canada. ML] 


Southern Era reports significant values at SUF-1. 
Diamond Industry Week, Vol. 2, No. 40, October 
16, 1995, p. 3. 
Southern Era Resources announced the most recent valu- 
ations of diamonds recovered from its kimberlite dike 
project in South Africa: The two lowest averaged 
US$85.29 per carat. As of mid-October 1995, 263.39 
carats had been recovered from the main pit (average 
grade was 5.49 carats per metric ton}; an additional 22.05 
carats were recovered from 17.66 metric tons of fault 
breccia. The largest diamond weighed 10.51 carats, and 
about 94% of the diamonds were “cuttable gems.” 
Reconnaissance sampling indicates that the main fis- 
sure zone contains kimberlite and/or diamonds along its 
length for at least 30 km. Diamonds have also been recov- 
ered as far as 1150 m from the main fissure ML] 


Thinking the unthinkable: Argyle ponders a break from 
De Beers. R. Shor, Jewelers’ Circular Keystone, Vol. 
167, No. 5, May 1996, pp. 98-105. 
Australia’s Argyle diamond mine is weighing the pros and 
cons of going independent, as De Beers’s Central Selling 
Organisation successfully concludes negotiations to contin- 
ue distributing and marketing Russia’s diamond produc- 
tion. An independent Argyle could fundamentally change 
the way rough diamonds are sold in the international mar- 
ketplace. Foremost, De Beers’s price-control policies would 
face the reality of actual supply and demand. An indepen- 
dent Argyle could help restructure control of the diamond 
trade, in essence allowing several large corporate mining 
companies to control the core trade in the future. Possible 
future “diamond czars” (along with De Beers) include RTZ- 
CRA, a British conglomerate and now the world’s largest 
mining company; BHP, a large Australian mining group that 
controls the major Canadian diamond discoveries; and 
Ashton, a smaller Australian mining company with a 40% 
share of the Argyle Mine. 

Argyle executives realize the importance of their 
decision and have been planning a possible break with De 
Beers for a long time. To this end, they have worked (suc- 
cessfully} to enlarge their customer base and improve the 
efficiency of their current mining operations. Even with a 
recent revamping of surface mining at Argyle, however, 
the future economic success of the mine will depend on 
whether the company can afford to develop an under- 
ground shaft, a decision that may have to be made as soon 
as next year. JEC 
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A year of overfeed. L. Rombouts, Diamond International, 

No. 39, January-February 1996, pp. 61, 62, 64-66, 68. 
In 1995, more rough diamonds—130 million carats— 
entered the market than in any other year in history (108 
million carats in 1994}, Production statistics for 1995 are 
presented for 21 countries (which accounted for 111.5 
million carats]. The remaining 18.5 million carats are 
believed to have originated from Russia (as diamonds 
brought to the market via non-CSO channels, either from 
Russia’s stockpile or through polishing joint ventures} 
and from artisanal mining in Africa and South America. 
Notwithstanding the large increase in “outside” rough, 
the diamond market absorbed the “overfeed” without 
serious problems. Statistics are also presented for the 
average value (US$ per carat} of each country’s production 
and for production from the world’s 18 major mines 
(mostly pipes, but also some secondary deposits, such as 
in Namibia}. In 1995, CSO sales amounted to 63% of the 
world’s total rough diamond supply. 

The status of diamond exploration in numerous 
countries is reviewed with the purpose of predicting 
future diamond reserves. For the next 20 years, according 
to Dr. Rombouts, 98% of the world’s diamond reserves by 
weight will be found in eight countries: Botswana (32%), 
Russia (21%}, Australia (11%}, Angola (10%), South 
Africa (9%], Zaire (8%}, Canada (5%), and Namibia (2%). 
However, by value, the sequence is (for 97% of the total): 
Botswana (33%|, Russia (26%}, Angola {11%}, South 
Africa (10%), Namibia (7%), Canada (5%), Zaire (3%}, and 
Australia (2%}. Relative to 1995 production statistics, the 
above 20-year reserve and value estimates show major 
reductions in the role of Australia and Zaire and, for the 
first time, a significant role for Canada (where production 
is expected to start in 1998). AAL 


GEM LOCALITIES 


Atop the Andes—mining Chile’s mountain-high lapis. F. 
Ward, Lapidary Journal, Vol. 50, No. 3, June 1996, 
pp. 36-40, 
I had always considered Chilean lapis Jazuli to be some- 
what “second-rate” until I read this enlightening article 
by a popular and well-known gemological author. Eight 
beautiful color photos illustrate quality lapis from this 
locality, now available in sculpture, accent tile, and a 
variety of other decorative objects. Covered are the geo- 
logic forces that form the lapis, the history of the Las 
Flores de los Andes lapis mine and methods of mining 
there, nomenclature, and differences between the classic 
Afghanistan deposit and its Chilean counterpart.  JEC 


Chad: Discovering new mineral wealth Mining Journal, 
London [advertisement supplement], September 
22, 1995, 12 pp. 

The geology and mineral potential of this land-locked 

African nation have not been investigated to any great 

extent; however, alluvial diamonds have been found in 

many regions. The main areas of alluvial diamond pro- 
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duction are Abeche, Biltine, Am Zoer, and Adre in 
Ouadday, and Melfi-Bitkine in Guera. Some alluvial 
stones also have been found along the Lim River in 
Baibokoum (on the Central African border), but the lack 
of diamond-indicator minerals implies that these dia- 
monds may have come from sources in neighboring 
countries. The Oadday and Guera stones are far from 
other drainages, however, and the primary sources, 
although not yet found, are believed to be in Chad, ML] 


The gems of Mont Saint-Hilaire, Quebec, Canada. W. 
Wight, Journal of Gemmology, Vol. 25, No. 1, 1996, 
pp. 2444. 
The common gravel quarry at Mont Saint-Hilaire is one of 
the world’s richest sources for rare minerals, many of 
which have been faceted or polished as collectors’ gems. 
Within this small (about 0.5 km?) area, more than 300 
species of minerals have been found, many for the first 
time and others in colors or qualities found nowhere else. 
Remarkably, this rich source has attracted the attention of 
mineral collectors only since the 1960s and lapidaries only 
since the 1970s. Among the notable {and facetable] miner- 
als found at Mont Saint-Hilaire are serandite, willemite, 
siderite, rhodochrosite, carletonite, hackmanite, and short- 
ite. These and others are illustrated. In addition, two tables 
list notable minerals recovered from this deposit, as well as 
identification properties for a considerable number of 
them. The author cautions that many of these minerals 
and gems can be very difficult to identify. CMS 


A guide to new fossicking legislation. B. Neville, 

Queensland Government Mining Journal, Vol. 96, 

No. 1123, June 1995, pp. 5-9 
“Rockhounding” in the United States is called “fossick- 
ing” in Australia. Many Australian states have laws to 
regulate this activity. In 1994, Queensland revised its fos- 
sicking law. Although fossicking is defined as purely an 
amateur activity, a renewable license is now required. 
Certain public lands are designated as Fossicking Lands 
and Fossicking Areas, collecting is permitted on private 
lands (with the owner's permission], and some areas— 
including national parks and lands under native title—are 
closed to collecting. There are limitations on the types of 
tools allowed, and fossickers must pay royalties to 
Queensland for quantities removed above exempted 
amounts. Among the places set aside especially for fos- 
sickers are some sapphire and opal fields. Vertebrate fos- 
sils and meteorite-related materials are not covered by 
fossicking regulations; however, this article does not say 
whether such materials may be collected legally. ML/ 


India: A rich mining heritage. Mining Journal, London 
[advertisement supplement], September 15, 1995, 
12 pp. 

This review article contains some information (from 

India’s Ministry of Mines via Mining Journal resource ser- 

vices) about diamonds and other gem materials found in 
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India. Primary diamond deposits (kimberlites and/or lam- 
proites} are found in the states of Madhya Pradesh (the 
Panna district} and Andhra Pradesh (the Anantpur, 
Krishna, and Karnool districts}, reserves are estimated at 
one million carats. One mine—the Majhgawan operation 
in Madhya Pradesh—produces 19,000 carats annually. 
Diamonds are also found in the “extensive” conglomer- 
ates in the Kurnool and Vindhyan basins, and in gravels 
along the Krishna and Mahanadi Rivers. India has the 
“world’s largest diamond cutting and polishing industry,” 
employing 600,000 people and producing 70% of the 
world’s finished diamonds. Colored stones (such as emer- 
alds, rubies, garnets, and cat’s-eye stones} are mined in 
the Kalahandi and Bolangir districts of Orissa. ML] 


River pearls from Bavaria and Bohemia. H. Hahn, Journal 
of Gemmology, Vol. 25, No. 1, 1996, pp. 45-50. 
The freshwater mussel Margaritifera margaritifera has 
long lived in the streams and rivers of northern Europe. 
During the Middle Ages, these mussels were exploited 
heavily for their pearls, and exquisite examples of their 
use—in both religious and secular pieces—can be seen in 
the museums of Germany and Austria in particular. 
Bohemia developed both a thriving pearl trade and an 
extensive jewelry manufacturing center in Prague. By the 
19th century, M. margaritifera had become virtually 
extinct, largely as a result of industrial pollution of the 
rivers. In fact, recent interest in propagating M. margari- 
tifera is due primarily to the fact that these mussels are 
so sensitive to water pollution that they are one of the 
best indicators available to ecologists concerned with 
river and stream conditions. Various government and 
educational groups throughout northern Europe are coop- 
erating to expand the distribution of M. margaritifera. 
The author also provides some fascinating informa- 
tion on these mussels, including their dependence on a 
particular species of trout for propagation. As this once 
nearly extinct animal again begins to thrive in European 
waters, gemologists can look forward to the bonus of see- 
ing more of their exceptional by-product—pearls. CMS 


The role of fluorine in the formation of colour zoning in 
rubies from Mong Hsu, Myanmar (Burma). A. 
Peretti, J. Mullis, and F Mouawad, Journal of 
Gemmology, Vol. 25, No. 1, 1996, pp. 3-19. 


The growth patterns and color zoning typical of Mong 
Hsu rubies suggest a complex growth history with com- 
positional fluctuations in the formation environment. 
When both Ti and Cr are abundant, violet-to-black sap- 
phire forms; when Cr is moderate to high and Ti virtual- 
ly absent, ruby forms; and when Cr is moderate and Ti 
low, pink-to-violet sapphire forms. The great number of 
mineral inclusions found in these rubies confirm the 
complexity of their growth environment and provide 
information about that environment. Specifically, the 
presence of fluorite inclusions is evidence that fluorine (F) 
was an element of the growth solution. Likewise, fluid 
inclusions indicate the presence of water. On the basis of 
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a preliminary model, the authors conclude that F con- 
centrations played a major role in the development of the 
color zoning in Mong Hsu rubies. CMS 


Shenzi: The politics of mining tanzanite. E. Blauer, 
Lapidary Journal, Vol. 50, No. 3, June 1996, pp. 
42-45. 


This beautifully illustrated, concise article chronicles the 
fascinating history of tanzanite mining in the country 
after which this distinctive blue gem was named. 
According to the authot, shenzi is a Swahili word that 
translates roughly to “sleazy.” After reading this article, 
it is not difficult to see why the word might apply to the 
subject at hand. 

Discovered in 1967, tanzanite (a gem variety of the 
mineral zoisite} has suffered through periods of erratic 
supply because of government intervention. Since 1971, 
the Tanzanian government has tried to control and profit 
from mining and sales of tanzanite. The net result of 
these efforts has been rampant illegal mining and smug- 
gling that, at times, only served to drive prices down, as 
large quantities of the gem entered the market with no 
regard to the sizes and qualities that were really needed. 

Although goods are still plentiful, especially the big 
stones that have made tanzanite so popular with design- 
ers, there is concern that some areas at the Merelani min- 
ing district are worked out. Smaller stones appear to be in 
short supply, especially in light of the demand created by 
the home shopping networks. Reported new discoveries 
in Kenya and elsewhere in Tanzania, however, may help 
to keep the supply steady for now. 

The final page of the article describes how Narottam 
Pattni discovered how to heat treat tanzanite, turning a 
near-worthless off-color crystal into the sought-after deep- 
blue treasure that it is today. JM 


Treasures of Glen Innes. M. Kelly, Australian Gold Gem 
&) Treasure, Vol. 11, No. 2, February 1996, pp. 
32-37. 

The New England region of New South Wales, Australia, 

has many different gem materials for the amateur collec- 

tor. Buried alluvial beds at Wellingrove contain sapphire, 
topaz, and zircon, beryl is found in Torrington, and nearly 
all the streams in the Glen Innes area contain sapphires. 

Persistent searchers continue to turn up stones missed by 

commercial miners. Unlike Queensland, however, there 

are no large zones of free access for gem mining, so collec- 
tors must ask local landowners for permission to dig. 

Although "cornflower blue" sapphires are easily rec- 
ognized in washed gravels, other colors {and shades of 
blue) can be overlooked. One technique to spot these sap- 
phires is the “old mirror trick": Take a large spoonful of 
gravel concentrate—washed "as clean as the water avail- 
able to you will allow'—and spread it across the surface 
of a mirror in the sunlight. The sapphires become translu- 
cent from the light reflecting back through them. 

The town of Glen Innes boasts "the best country 
museum in Australia," the Land of the Beardies Museum. 
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dex, but also their fluorescence char- 
acteristics, and a study of individual 
gems from this standpoint is not 
only of great interest, but leads to 
some very valuable and_ scientific 
knowledge of the gems themselves. 
Two filter holder rings are fur- 
nished with the unit. One is a 5” 
roundel, No. 5874, Corning, black- 
lite filter (heat resisting, red pur- 
ple). The other is designed to take 
the standard 34%” square filters. 
Square filters of the various colors 
mentioned below, and Angstrém 
lines, are obtainable for use with this 
lamp. The only square filter fur- 
nished regularly with the G.LA. 
unit is the yellow filter, which being 
5780 Angstrém units approaches, 
but does not equal, the efficiency of 
the G.I.A. Monochromatic Lamp. 


lines are from 5890A to 5900A, and 
also since the wattage of the lamp 
itself is too great, G.I.A. recommends 
this filter (on this Fluorescent Unit) 
only as a substitute for its Mono- 
chromatic Lamp Unit, but does con- 
sider its use more efficient than that 
of daylight. 

A spill ring louvre is supplied, if 
desired, to prevent light spread. All 
of the filter holders and louvres are 
slip-on fits, and all fit one another 
so they may be used interchangeably. 

For the jeweler and gemologist 
perhaps the greatest value of this 
fluorescent unit is its use to activate 
fluorescence in diamonds. Not only 
does it instantaneously reveal those 
diamonds which will slightly vary in 
color grade between artificial light 
and unfiltered daylight, but it is 
already being used by jewelers to 


‘Since refractometers are calibrat- more strongly individualize  dia- 
ed for the D lines of sodium, which monds. . 
e 
Zincite 


(Continued from Page 251) 


should be white. Most analyses of 
this mineral show the presence of 
manganese oxide and it has been 
assumed some of the manganese is 
present as Mn:Os which could impart 
such a color to the host mineral. 
The zincite gem in the U. S. Na- 
tional Museum’ is emerald cut and 
measures 9.3x7x4 mm. It contains an 
internal fracture and a small in- 
clusion of the reddish-orange color 
can be detected in one end. Along 
one side there is a small white in- 
clusion assumed to be calcite. To the 
unaided eye this zincite is otherwise 
clean and displays a beautiful rich 
red color. When examined under 
the microscope numerous delicate 


fibers are noted, some of which are 
in tufts while other individual 
threadlike inclusions are scattered 
through the clear gemmy areas. 
These inclusions are not identified 
but since this mineral occurs in a 
metamorphic limestone it is quite 
likely that these delicate fibers are 
one of the amphibole asbestus group, 
probably byssolite. 

Note: For a more complete de- 
scription of zincite the readers are 
referred to any standard text on 
mineralogy or to Professional Paper 
180 of the U. S. Geological Survey, 
“Minerals of Franklin and Sterling 
Hill, Sussex County, New Jersey,” 
by Charles Palache, 1935. 


It contains displays of minerals, gems, and old mining 
equipment. ML] 


An unusual ruby-sapphire-sapphirine-spinel assemblage 
from the Tertiary Barrington volcanic province, 
New South Wales, Australia. F. L. Sutherland and 
R. R. Coenraads, Mineralogical Magazine, Vol. 60, 
No. 4, 1996, pp. 623-638. 
Small, corroded, crystalline aggregates of ruby-sapphire- 
sapphirine-spinel occur in corundum-bearing alluvial 
deposits derived from the Barrington shield volcano. The 
sapphirine has a near 7:9:3 (MgO:Al,03:SiO.] composition 
and, together with the corundum, shows reaction rims of 
pleonaste. Spinel in these aggregates has a composition of 
Spgg.73Hey7..9Cmp.3. Potential origins for these aggregates 
include metamorphic recrystallization of aluminous mate- 
rial (<1460°C} or high-temperature, high-pressure crystal- 
lization reactions related to lamprophyric or basaltic 
magmas (<1300°C and 20 kbar}. Sapphirine-spinel ther- 
mometry suggests final crystallization for the aggregates 
at ~ 780°-940°C and reaction with the host magmas at 
>1000°C. The Barrington gemfield includes two distinct 
corundum sites. One, typical in eastern Australia, is domi- 
nated by blue-green, well-crystallized, growth-zoned sap- 
phire, commonly containing rutile silk and Fe-rich spinel 
inclusions. The other, an unusual site, is dominated by 
ruby and pastel-colored sapphires; these have little crystal 
shape or growth zonation, and they have limited mineral 
inclusions of chromian pleonaste and pleonaste. Chemical 
analyses are given for sapphirine and a range of spinels. It is 
tentatively suggested that sapphirine may be of use as an 
alluvial indicator mineral for ruby. RAH 


INSTRUMENTS AND TECHNIQUES 


Hanneman-Hodgkinson synthetic emerald filter. T. 
Linton and A. Shields, Australian Gemmologist, 
Vol. 19, No. 2, 1995, pp. 65-68. 
The authors tested the Hanneman-Hodgkinson Synthetic 
Emerald Filter and found that it performed as stated in the 
instruction booklet. This new emerald filter is designed to 
be used with the well-established Chelsea filter, not as a 
substitute for it. While jewelers are always hoping for the 
so-called black box that will easily separate natural from 
synthetic emeralds, the Hanneman-Hodgkinson Synthetic 
Emerald Filter is not the all-inclusive answer. It is a gemo- 
logical tool that works when used as specified. However, it 
does have certain limitations. 

For instance, table 1 shows that six observers differed 
about what color they saw when examining the same test 
stone(s}. They variously described the filter reaction for 
an emerald from Colombia as colorless, green, blue, and 
pink. The filter colors reported for some of the synthetic 
emeralds tested also varied somewhat. While all 
observers agreed that the Regency hydrothermal synthet- 
ic emerald appeared red through the filter, the visual color 
opinions on the Chatham and Inamori stones were far 
less consistent. 
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Another limitation, as stated by the filter’s inventors, 
is that it does not work on Biron or Russian hydrothermal 
synthetic emeralds. These appear to have the same color 
through the filter (green) that most natural emeralds 
have. 

With the Hanneman-Hodgkinson Synthetic Emerald 
Filter, if one observes a red color, then the stone is not a 
natural emerald. If a pink color is noted, then the stone is 
probably synthetic, but caution is in order. If the stone 
appears green, then other avenues of gemological testing 
are needed. 

As with all gemological testing techniques that 
appear outwardly simple, the Hanneman-Hodgkinson fil- 
ter actually requires a great degree of interpretive exper- 
tise and experience. The usefulness of this filter would be 
greatly enhanced if a set of reference emeralds of known 
natural and synthetic origin were available for direct 
comparison. John I. Koivula 


New methods of photography through the microscope: 
Application to gem materials. K. A. Kinnunen, 
Geological Survey of Finland, Special Paper 20 
(Current Research 1993-1994], 1995, pp. 185-187. 

New techniques are described for the photomicrography 

of macroscopic specimens, including crystal faces and 

gold nuggets, in their natural state. An acetate peel is 
obtained from the cleaned surface of the specimen, and 
the peel is mounted and studied in transmitted light and 
photographed. Color-filter shadowing is used to enhance 
the specimen’s three-dimensional aspects. Examples 
given include photographing the rhombohedral faces of 
amethyst crystals. The method has been used to identify 
faked specimens and in criminological studies. RAH 


PRECIOUS METALS 


U.S. mines more gold. M. K. Golay, National Jeweler, 
April 1, 1996, p. 24. 
The United States could top South Africa as the world’s 
largest gold producer by the year 2000, if the current trend 
continues, according to the Gold Institute. It is projected 
that by 1998, U.S. gold production will supply 16% of the 
world’s demand, as compared to 2% for 1979. However, 
South Africa’s contribution has dropped from 53% to 
21%. Royal Oak Mines, Kirkland, Washington, expects 
its 1996 gold production to reach approximately 425,000 
ounces, about 15% more than its 1995 production of 
371,151 ounces. Australia’s gold production is also rising, 
from 1% of the world total in 1979 to an estimated 13% 
in 1998. Canadian output remained roughly the same, up 
just slightly from 4% to 6%. MD 


World silver use. M. K. Golay, National Jeweler, April 1, 
1996, p. 24. 

Jewelry and giftware manufacturers in the United States 

used approximately 10.8% more silver in 1995 (a total of 

4.1 million ounces) than in 1994, according to the Silver 

Survey 1996, by CPM Group, a precious metals research 
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firm. The increase was due to greater consumer interest 
in silver jewelry, reports CPM. Worldwide silver use in 
jewelry and decorative objects was relatively stable last 
year, rising only 0.4% from 222. million ounces in 1994 to 
222.9 million ounces in 1995, The major reason for the 
sluggish market was a 15% decline in silver use in India 
because of severe supply constraints there. U.K. jewelers 
and silversmiths continued to expand, consuming 3 mil- 
lion ounces of silver in 1995, an 11% increase. Italian jew- 
elers increased their silver use by an estimated 14.5% to 
46.6 million ounces last year, CPM said. Silver prices 
year-to-year ended up fairly even; 1995 was the sixth 
straight year in which silver fabrication demands exceed- 
ed total new silver supplies. MD 


SYNTHETICS AND SIMULANTS 


[New type of] synthetic alexandrite we encounter in gem 
ID lab lately {in Japanese}. National Gemmological 
Association Technical Laboratory, Gemmology, 
Vol. 26, No. 308, May 1995, pp. 4-5. 


This article describes a new type of synthetic alexandrite, 
which contains needle-like inclusions that are very simi- 
lar to those seen in natural alexandrite. This material first 
caught the authors’ attention in November 1994. Since 
then, they have tested several mixed-cut loose synthetic 
alexandrites, from | to 3 carats. All of the samples exam- 
ined were of high clarity and showed a strong change-of- 
color from bluish green to purplish red, similar to that 
seen in natural alexandrite from Brazil. 

Their refractive index was 1.738-1.746 + 0.001, 
which were low values for their color (birefringence, 
0.008}. All of the samples fluoresced strong red to long- 
wave ultraviolet radiation; some showed strong red, and 
others showed moderately strong chalky yellow, to short- 
wave UV. With magnification, the authors observed ran- 
domly placed, needle-like metallic inclusions that were 
sometimes accompanied by gas bubbles. Immersed in 
methylene iodide, the stones showed curved color bands. 
The spectroscope revealed absorption at 680, 665, 655, 
645, and 465 mm, but it did not reveal the 365 and 375 
mm features almost always shown by natural alexan- 
drites. In addition, the absorption cut-off in the violet was 
shifted toward the lower wavelenghts. From these testing 
results, the authors concluded that the samples were 
manufactured by the (Czochralski) pulled method. HN 


TREATMENTS 


Heat treating sapphires from the Anakie District, 
Australia. T. Themelis, Australian Gemmologist, 
Vol. 19, No. 2, 1995, pp. 55-60. 
This article vaguely discusses the colors that resulted 
when 20,000 carats of rough sapphires were heat treated 
at various temperatures and atmospheres. The article 
looks very scientific and informative at first glance, but 
few practical details are given. For example, the author 
says that “careful controlled rates of heating and cooling” 
were used, but he does not say what the rates were. Nor 
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does he elaborate on the “gas mixtures used [that] were 
poisonous.” However, I did glean a few facts: A 20°C-per- 
minute rate of heating and cooling prevented recrystal- 
lization of rutile; strong reducing atmospheres during 
heating produced muddy green or black colors; blue-to- 
green sapphires turned a better color than green-to-yellow 
ones; and final color was established one to two days after 
treatment. CEA 


MISCELLANEOUS 


1995: The geosciences in review. [Various Authors], 
Geotimes, Vol. 41, No. 2, February 1996, pp. 17-54, 


This compendium reviews trends and new discoveries in 
the geologic sciences during 1995; some of these insights 
may be relevant for gemologists. Perhaps the most signif- 
icant change in recent years has been the drastic decrease 
in government funding for the geologic sciences, as evi- 
denced by the recent closure of the U.S. Bureau of Mines 
Also included in the many topics covered: 

° Information-science trends (reviewed by B. E. 
Haner) reflect the increasing importance of communica- 
tion through computer networks, especially—but not 
limited to—the rising prominence of the World Wide 
Web. The invaluable GeoRef CD-ROMs {which this 
abstracter consults frequently} continue to be updated, 
and high-resolution scanning is being developed, leading 
to the preservation as digitized information of large-for- 
mat illustrations, such as fragile geologic maps. 

° Although planetary geology (reviewed by J. R. 
Zimbelman]) leans toward the esoteric, one result this last 
year is that there are a calculated 72,000 tons of (admit- 
tedly tiny} 0.2 mm diamonds in the suevite rocks within 
the Ries impact crater, Germany. Similarly, meteoritics 
(reviewed by H. Y. McSween Jr.} reveals still smaller dia- 
mond, silicon carbide, and corundum grains (older than 
our solar system] found in chondritic meteorites. 

e An exciting trend in exploration geophysics 
{reviewed by W. H. Dragoset} is the development of real- 
time, three-dimensional seismic characterization of sub- 
surface rocks in the field. 

¢ Exploration geochemistry (reviewed by J. E. Gray) 
continues to be invaluable in the search for diamonds in 
Australia, Brazil, China, Guyana, India, Indonesia, 
Namibia, South Africa, Tanzania, Venezuela, Zimbabwe, 
and several provinces of Canada. 

e Satellite remote sensing data {reviewed by E. D. 
Paylor Il and M. Baltuck} have been used for observation 
of paleodrainages (former river channels) along the Nile 
River. 

® In the field of mineral chemistry (reviewed by C. 
Shearer], a research effort approaching fruition is the 
understanding of the rules governing trace-element dis- 
tributions in minerals, especially for the rock-forming 
clinopyroxenes (such as diopside and jadeite). 

¢ The growing development of microbeam analyti- 
cal techniques (such as ion microprobes and laser abla- 
tion/mass spectrometry} has enabled the study of light 
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elements (H, Li, Be, B) in tourmaline, vesuvianite, and 
other minerals. The ion microprobe is also being applied to 
the study of changes in rocks and minerals induced by 
metamorphism (reviewed by G. E. Bebout}. Computed X- 
ray tomography, another new technique, is currently being 
used to study the porosity of carbonate rocks (reviewed by 
C. Kerans, R. K. Goldhammer, and J. L. Banner). 

® In clastic sedimentology {reviewed by M. H. 
Gardner}, fluid dynamics models are being applied to 
stream flow, in the hopes of determining original deposi- 
tional environments (e.g., valleys versus channel-fill 
deposits}. ML] 


GPS: Useful, with care. L. R. Ream, Mineral News, Vol. 
11, No. 4, April 1995, p. 10. 

Global Positioning Satellite (GPS) receivers, which can 
pinpoint a position on the basis of data received from sev- 
eral orbiting satellites, are a wonderful way to find out 
where you are on the Earth’s surface. Now they are com- 
mercially available at modest ($300} to immodest 
($15,000) prices. However, some factors limit their use- 
fulness. These include interference from dense foliage, 
narrow views of the sky, and signals bounced off moun- 
tainsides and canyon walls (not to mention the fact that 
the U.S. Department of Defense purposely degrades the 
accuracy of publicly accessible satellite signals). The 
more expensive units are generally more accurate. 

The author recounts several anecdotes regarding 
false GPS readings. He notes that a GPS unit is generally 
more accurate than precise (ie., although the readings 
may not be the same each time, they will be “in the 
vicinity” of correct} and is subject to long-term drift in its 
information. He suggests that, if you buy one of the 
lower-end GPS units, you first take several readings and 
average them, to learn the limitations of the device and 
how to work with them. ML] 


Minerals in rock mass hold clues to 400-kilometer 
ascent. R. A. Kerr, Science, Vol. 271, March 1996, 

p. 1811. 
Mineralogists are agog over the discovery of a large chunk 
of garnet peridotite in the mountains of southern 
Switzerland, 400 km above the strata in the Earth’s man- 
tle where all mineralogical knowledge says it should be. 
The Alpe Arami massif, which measures 800 x 500 
m, has traveled to the surface from the mantle transition 
zone, 400 to 670 km down. Researchers determined its 
original depth of formation from the presence of ilmenite 
inclusions in olivine—some rod-shaped and some of a 
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structure previously unknown—all indicating formation 
below 300 km. 

Researchers can only tentatively explain this phe- 
nomenon as “deep subduction”; that is, the peridot mas- 
sif was surrounded by much lighter sedimentary crustal 
rock and buoyed to the surface. To the question of why 
this lightweight sedimentary rock from the Earth’s crust 
was in the deep mantle zone in the first place, some min- 
eralogists have proposed “the Ivory soap principle.” 
According to this theory, light crustal rock was driven 
downward by the collision of continents, then warmed 
up and bobbed back to the surface (like Ivory soap}, car- 
rying chunks of heavier mantle with it. 

Diamonds, which occur in the only other rocks 
known to have pulled off the trick, arrived by a different 
mechanism (having been blasted up from more than 100 
km depth through narrow volcanic conduits, or pipes). 
There are, however, similarities between the odd mixture 
of minerals in these rocks and that in the one from the 
Alpe Arami massif, Although “the Ivory soap principle” 
to explain the massif rock is controversial, the discovery 
has major implications for scientists’ understanding of 
the subduction process, and of the mineralogy and chem- 
istry of the Earth’s mantle. AC 


Twisted and contorted plants. E. B. Heylmun, 
International California Mining Journal, Vol. 65, 
No. 1, September 1995, pp. 30-31. 
This short summary of the 1983 textbook Biological 
Methods of Prospecting for Minerals, by R. R. Brooks, 
describes plants that are found preferentially in regions 
where the soil contains economically valuable elements. 
California poppies indicate copper, alyssum indicates sil- 
ver-lead-zine or nickel {and nickel is often associated 
with platinum], pennycress can indicate silver-lead-zinc, 
wild buckwheat is associated with silver, and wild rye 
grass occurs with sulfur. Equisetum (horsetails), wild 
onions, and “miner’s moss” are claimed by some to be 
associated with gold. In general, any poisonous, hallu- 
cinogenic, or foul-smelling plant (except poison ivy and 
poison oak) may indicate that the soil is rich in unusual 
elements. 

Another indicator of mineralization is unusually 
“stressed” plants—especially composites (daisies}— 
showing features such as stunted growth, twisted or con- 
torted growth, yellow foliage, or unusually colored flow- 
ers; or plants that are unusually early or late blooming. 
Boron, radioactivity, and bitumenous hydrocarbons may 
cause gigantism in plants. ML] 
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GUIDELINES FOR AUTHORS 


Authors must use the following guide- 
lines when submitting a manuscript to 
Gems & Gemology, or the paper may be 
returned unreviewed. Please contact the 
Editor's office if you have any questions 
about these guidelines or any other 
aspects of your topic. 


APPROPRIATE TOPICS 


Gems & Gemology publishes original 
articles concerning the study of gem- 
stones and research in gemology and 
related fields. Appropriate topics include 
(but are not limited to} colored stones, 
diamonds, gemological instruments and 
identification techniques, gem localities, 
gem enhancements, gem substitutes (sim- 
ulants and synthetics], gemstones for the 
collector, jewelry manufacturing arts, 
jewelry history, and contemporary trends 
in the trade. Remember that these are 
general guidelines only. Your best source 
of appropriate topics is Gems @& 
Gemology itself. Read the journal to 
acquaint yourself with the breadth of 
material covered. 
Manuscripts may be submitted as: 


Feature Articles—full-length articles 
describing previously unpublished studies 
and laboratory or field research. Such arti- 
cles should be no longer than 6,000 words 
(24 double-spaced, typed pages} plus 
tables, illustrations, and references. 


Review Articles—comprehensive reviews 
of topics in the field. Length of text 
should not exceed 8,000 words {32 dou- 
ble-spaced, typed pages}. 


Notes & New Techniques—brief prelimi- 
nary communications of recent discover- 
ies or developments in gemology and 
related fields (e.g., new instruments or 
identification techniques, gem minerals 
for the collector, and lapidary techniques). 
Articles for this section should be approx- 
imately 1,000-3,000 words (4-12 double- 
spaced pages). 


Gem News—very brief (100-500 words, 
one-half page to two double-spaced pages} 
items on current events in the field or 
unusual gem materials. 


To be considered for publication, all con- 
tributions to Gems &) Gemology must be 
original and not previously published in 


Guidelines for Authors 


English. We will consider articles already 
published in languages other than English 
only on a case-by-case basis and only if 
the author(s] inform us at the time of sub- 
mittal when and where the article was 
first published. It is our policy not to pub- 
lish feature articles, review articles, or 
Notes on single stones or research based 
on a single sample (unless of extraordi- 
nary historical importance, such as the 
Hope diamond). Authors may not publish 
the same material elsewhere for at least 
three months after the mail date of the 
issue in question, without express written 
permission from the Editor's office. 


Gems & Gemology also includes these 
regular sections: Gem Trade Lab Notes— 
reports of interesting or unusual gem- 
stones, inclusions, or jewelry encountered 
in the GIA Gem Trade Laboratory; Book 
Reviews—as solicited by the Book 
Reviews editor (publishers should send 
one copy of each book that they wish to 
have reviewed to the Editor's office); 
Gemological Abstracts—summaries of 
important articles recently published in 
the gemology literature. 


MANUSCRIPT PREPARATION 


All material {including tables, figure leg- 
ends, and references} MUST be typed, 
double spaced (no exceptions}, one side 
only, on 8.5 by 11 inch (21 by 28 cm} 
white paper (no colors) with |.5-inch (3.8 
cm} margins. Each page should be consec- 
utively numbered—including the first 
and those containing figure legends, refer- 
ences, etc. Use a fresh typewriter or print- 
er ribbon; one that prints black, not gray. 
Please avoid sending draft-quality dot- 
matrix printouts. It is strongly recom- 
mended that the article also be submitted 
on a floppy disk in: Microsoft Word 4 
through 6 (DOS), Wordstar 3 through 5.5, 
Wordperfect 5+, Rich Text Format (RTF), 
Microsoft Word for Windows (2 or 6], 
Windows Write, Microsoft Word 4+ for 
Macintosh, or ASCII (DOS and Macin- 
tosh]. Please indicate which format is 
used, 

Identify the authors on the title page 
only, not in the body of the manuscript or 
figures, so that author anonymity can be 
maintained with reviewers (the title page 
is removed before the manuscript is sent 
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for review}. The various components of 
the manuscript should be prepared and 
arranged as follows: 


Title Page. Page 1 should include: (a} the 
article title; (b) the full name of each 
author; (c} each author's affiliation (the 
institution, city, and state or country 
where he/she was working when the arti- 
cle was prepared), and (d} acknowledg- 
ments of persons who helped perform the 
research, prepare the report, or do the 
photography, etc. 


Abstract. Page 2 should repeat the title of 
the article, followed by an abstract. The 
abstract (no more than 150 words for a 
feature or review article, 75 words for a 
Note} should state the purpose of the 
article, what was done, and the main 
conclusions. 


Text. Papers should follow a clear outline 
with appropriate headings. For example, 
for a research paper, the headings should 
be: Introduction, Previous Studies, 
Materials and Methods, Results, 
Discussion, and Conclusion. Use other 
heads and subheads as the subject matter 
warrants. Also, when writing your article, 
please avoid jargon, spell out the first 
mention of all abbreviations, and present 
your material as clearly and concisely as 
possible. For general style (grammar, etc.], 
see The Chicago Manual of Style 
{University of Chicago Press, Chicago). 
Papers that describe original research 
must include a Materials and Methods 
section that contains, at a minimum, the 
numbers and descriptions of all samples 
examined, and the techniques and instru- 
mentation used to obtain the data. 


References, References should be used for 
any information that is taken directly 
from another publication, to document 
ideas and facts attributed to another writ- 
er, and to refer the reader to other sources 
for additional information on a particular 
subject. References must be cited in the 
body of the text (in parentheses), with the 
last name of the author(s} and the year of 
publication; add the appropriate page 
number when citing a direct quote or a 
specific illustration or set of numbers or 
data. An example would be: {Kammerling 
et al., 1990, p. 33}. The list of references 
at the end of the paper should be typed 
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double spaced in alphabetical order by 
the last name of the senior author; if 
there is more than one paper by that 
author or same group of authors, list 
those papers in chronological order, start- 
ing with the oldest paper first. List only 
those references actually cited in the text 
{or in the tables or figures}. A paper that 
lacks a reference section or is missing 
information in the reference section— 
publishers, dates, authors, etc-—may be 
returned unreviewed, 

Include the following information, 
in the order given here, for each reference: 
{a} all author names {surnames followed 
by initials}; {b} the year of publication, in 
parentheses; {c} for a journal, the full title 
of the article or, for a book, the full title of 
the book cited; and (d} for a journal, the 
full title of the journal plus volume num- 
ber, issue number, and inclusive page 
numbers of the article cited or, for a book, 
the publisher of the book and the city of 
publication. Sample references are: 


Kammerling R.C., Koivula J.L, Kane R.E. 
(1990) Gemstone enhancement and 
its detection in the 1980s. Gems & 
Gemology, Vol. 26, No. 1, pp. 32-49. 

Armstrong J.T. (1988) Accurate quantita- 
tive analysis of oxygen and nitrogen 
with a Si/W multilayer crystal. In 
D.E. Newbury, Ed., Microbeam 
Analysis—1988, San Francisco Press, 
San Francisco, CA, pp. 301-304. 

Liddicoat R.T. {1989) Handbook of Gem 
Identification, 12th ed., 2nd rev. 
printing. Gemological Institute of 
America, Santa Monica, CA. 


Personal communications {for infor- 
mation obtained from someone with par- 
ticular expertise] should be cited in the 
body of the text only, as follows—{G. 
Rossman, pers. comm., 1994]. Permission 
must be obtained from the people cited to 
use their names for this purpose. Such 
resources should also be listed, with their 
affiliations, in the Acknowledgments sec- 
tion. 


Tables. Tables can present a large amount 
of detail in a relatively small space. Con- 
sider using one whenever the bulk of 
information in a section threatens to over- 
whelm the text. 

Type each table double spaced on a 
separate sheet. If the table must exceed 
one typed page, please duplicate all head- 
ings on the second sheet. Number tables 
in the order in which they are cited in the 
text. Every table should have a title; every 
column (including the left-hand column) 
should have a heading. Please make sure 
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terms and figures used in the table are 
consistent with those used in the text. 


Line Illustrations. We prefer that all line 
art (graphs, charts, etc.) be sent to us on 
computer disk, accompanied by hard 
copy. (Please contact us about acceptable 
formats.} If this is not possible, line art 
should be professionally drawn and the 
original sent to us. 

Submit black-and-white pho- 
tographs and photomicrographs in the 
final desired size if possible. Where appro- 
priate, please use a bar or other scale 
marker on the photo, not outside it. 

On the back of each illustration, 
affix a label with the appropriate figure 
number and the article title. Do not trim, 
mount, clip, or staple illustrations. 


Color Photographs. For originals, 35-mm 
slides or 4- by 5-inch transparencies are 
ideal. For review purposes {see below} we 
need an additional three complete sets of 
color prints, slide dupes, or high-quality 
color Xeroxes submitted with the copies 
of the paper. We reserve the right to reject 
photographs that are not in keeping with 
the production standards of Gems 
Gemology. Please contact the Editor's 
office if you need help finding appropriate 
photographers or specimens. 


"Call Outs." Figures and tables must be 
called out at the appropriate place in the 
text. Figures and tables must be num- 
bered consecutively, starting with the 
first mention in the text. 


Figure Captions. Type figure captions 
double spaced on a separate page(s). Each 
caption should clearly explain, in com- 
plete sentences, the significance of the 
figure and any symbols, arrows, numbers, 
or abbreviations used therein, it should 
be consistent with the text. Where a 
magnification is appropriate, please 
include it in the caption. [For the purpos- 
es of this journal, the magnification for a 
photomicrograph should refer to the 
magnification at which the image was 
photographed.} 


Manuscrirr SUBMISSION 


Because your manuscript will be reviewed 
by at least three separate reviewers, we 
must have three complete copies of the 
paper and three complete, properly labeled 
sets of all illustrations. Color Xeroxes of 
the color illustrations are acceptable as 
long as they are of reasonable quality. We 
cannot consider any submission that does 
not include these three copies of the 
manuscript and figures, 
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Send all submissions to: 


Alice S. Keller, Editor 
Gems & Gemology 
1660 Stewart Street 
Santa Monica, CA 90404 


Copyright. In view of U.S. copyright law, 
we must ask that submitted manuscripts 
be accompanied by the following state- 
ment, signed by all of the authors: 

"Upon publication of (title of article} 
in Gems e) Gemology, | (we] transfer to 
the Gemological Institute of America all 
electronic-use, serialization, and ancillary 
rights, titles, and interest to the work, 
including copyright, together with full 
right and authority to claim worldwide 
copyright for the work as published in 
this journal. As author(s), I (we} retain the 
right to excerpt (up to 250 words} and 
reprint the material on request to the 
Gemological Institute of America, to 
make copies of the work for use in class- 
room teaching or for internal distribution 
within my (our) place of employment, to 
use—after publication—all or part of this 
material in a book I (we) have authored, 
to present this material orally at any 
function, and to veto or approve permis- 
sion granted by the Gemological Institute 
of America to a third party to republish 
all or a substantial part of the article. I 
(we} also retain all proprietary rights 
other than copyright (such as patent 
rights}. I (we] agree that all copies of the 
article made within these terms will 
include notice of the copyright of the 
Gemological Institute of America. This 
transfer of rights is made in view of the 
Gemological Institute of America's 
efforts in reviewing, editing, and publish- 
ing this material. 

As author(s}, I (we) also warrant that 
this article is my (our) original work. This 
article has been submitted in English to 
this journal only and has not been pub- 
lished elsewhere." 

No payment is made for articles pub- 
lished in Gems e&) Gemology. However, 
for each article the author(s} will receive 
50 free copies of that issue. 


REVIEW PROCESS 


Manuscripts are examined by the editor, 
editor-in-chief, technical editor, and at 
least three reviewers. Authors will remain 
anonymous to the reviewers, Decisions of 
the editor are final. All material accepted 
for publication is subject to copy editing; 
authors will receive galley proofs for 
review and are held fully responsible for 
the content of their articles. 
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ABOUT THE COVER: Responding to trade concerns about the possible commer- 


cial availability of cuttable-quality synthetic diamonds, De Beers researchers in 
Maidenhead, England, have developed two types of machines—the DiamondSure 
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OPENING PANDORA'S 
BLACK Box 


Richard T. Liddicoat, Editor-in-Chief 


In this era of increasingly sophisticated synthetic materials and forms of enhancement, 
gemologists need every possible weapon in their testing arsenal. To this end, this issue of 
Gems # Gemology offers two articles relating to new methods of identification. One 
describes two instruments designed by De Beers researchers to help identify synthetic dia- 
monds. These instruments successfully address a need and desire for quick, easy, and reli- 
able diamond testing in a fast-paced, competitive world. Thus, they represent a growing 
trend in gemology toward “black box” methodology, which can be practiced with a mini- 
mum of skill and technical knowledge. Although such instruments provide a great service 
to our industry, there are some problems for which no “black box” may ever be available, 
that to date have been solved only by using expensive instrumentation in a well-staffed 
laboratory. Foremost among these are the separation of some natural and synthetic rubies, 
sapphires, and emeralds. The second article, by the Gtibelin Laboratory’s Christopher 
Smith, involves an identification technique that may seem esoteric to some readers, but is 
actually closer to “grass roots” gemology. Internal growth-structure analysis (that is, analy- 
sis of features such as twinning and crystal planes within a cut natural or synthetic stone 
that reflect its distinctive growth history) requires relatively little new equipment. It does, 
however, call for the unique talents of the professional gemologist. 


There are many levels of need among gemologists. Those operating in a well-financed test- 
ing laboratory may have the resources and space to consider X-ray, ultraviolet, infrared, and 
Raman spectroscopy—and/or other systems costing $100,000 or more. A well-equipped elec- 
tron microprobe can cost over a million dollars. Most gemologists, however, have neither 
the finances nor the space to consider much more than a binocular microscope, refractome- 
ter, polariscope, desk-model spectroscope, and a few other relatively small and inexpensive 
items. As recently as the middle of this century, amateur gemologist Count E. C. R. Taaffe 
recognized that he had something hitherto unknown—the first taaffeite—using only a loupe 
and other rudimentary equipment. He lacked even a refractometer. 


Although any gemologist with access to extensive testing instrumentation may benefit 
from internal growth-structure analysis, it is of particular value to the gemologist in the 
office, the jewelry store, the small laboratory. First introduced to gemology by Karl 
Schmetzer, its advantage is that it requires only a binocular microscope and a few acces- 
sories that can be purchased or even created by modifying equipment on hand. Such a 
method may require extensive and time-consuming "jury-rigging” (at relatively minor 
expense}, but it can yield information as essential as that provided by the most sophisticat- 
ed instrumentation. However, it depends heavily on the most important of all gemological 
tools: the gemologist’s own knowledge, skill, and meticulous practice in testing. 


We can be thankful whenever a veritable “black box” is designed to meet one of our test- 
ing challenges. But when none is available, there is no substitute for creative gemology. O 
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THE OBSERVATION OF MAGNETISM 
IN SYNTHETIC DIAMOND 


“A Chart for the Separation of Natural and Synthetic 
Diamonds,” by J. Shigley et al. [Winter 1995, pp. 
256-264] is one of the jewelry trade’s most useful ref- 
erence aids. The article dealt with the range of indica- 
tor tests available to the jeweler/gemologist, one of 
which is magnetism. The article spawned two 
responses, which were published in the Spring 1996 
“Letters” section (p. 63). Both Dr. Hanneman’s original 
letter and the reply by GIA Gem Trade Laboratory 
Vice-President Tom Moses describe methods for 
observing magnetism in a gemstone, but both have 
their drawbacks. 

Suspending a gemstone on a fine thread, and bring- 
ing a powerful magnet close, does enable observation 
of the slightest magnetic response, but great care is 
required, inasmuch as just the observer’s breathing can 
induce movement of the stone. Attaching the speci- 
men to the thread with Blu-Tack or Stik-Tack is court- 
ing disaster, for both products induce a magnetic 
response! 

In my 1992, Tucson lectures on the magnetism 
test, I suspended an elastic band from the thread, and 
the band acted as a cradle to support the stone. In 
1995, I demonstrated two tests, using a ring set with a 
De Beers experimental synthetic diamond. In one test, 
I simply tied a fine thread through the ring shank and 
brought the magnet close; in the second test, I floated 
the ring on a polystyrene raft in a small basin of water. 
In both cases, the ring was drawn to the magnet. 
Australian gemologist Rod Brightman suspends the 
rare-earth magnet and brings the jewel close. 

In my experience, these tests work for most of 
the known synthetic diamonds, including those from 
De Beers, General Electric, and Russia. However, I 
have not observed any such response in Sumitomo 
synthetic diamonds. 
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Dr. Jeff Harris, at Glasgow University, indicated 
that the iron sulphide minerals pyrrhotite and pent- 
landite would show a magnetic response in a natur- 
al diamond, and together we observed the slightest 
of responses from such mineral inclusions in natur- 
al diamond when the stone was floated on a tiny (5 
x5 mm) polysterene raft. Fortunately for the gemol- 
ogist, such inclusions are black, and they are almost 
always accompanied by stress fractures that are also 
filled with black mineral films. (Metallic inclusions 
in synthetic diamonds do not exhibit stress frac- 
tures.) Even when large, such natural inclusions 
produce only the slightest response. In contrast, the 
synthetic’s inclusions induce a distinct response 
even when they are dust-like. When such inclusions 
are large, an unset synthetic diamond may jump 6 
mm or more off a surface to reach the rare-earth 
magnet. 

Readers might also like to know of a synthetic 
diamond demonstration last November at the 
Seattle (Washington) chapter of the GIA Alumni 
& Associates and the Canadian Gemmological 
Association Conference. A faceted blue synthetic 
diamond (courtesy of De Beers) phosphoresced for at 
least 12 hours after 30 minutes’ exposure to short- 
wave ultraviolet radiation, Subsequent carefully 
controlled observations showed that the phospho- 
rescence lasted 11 days! 


ALAN HODGKINSON 
Ayrshire, Scotland 


Editor’s note: We contacted Mr. Moses, who had 
mentioned Blu-Tack in his Spring 1996 issue reply 
to Dr. Hanneman’s letter. He confirmed that he 
has seen a magnetic reaction in some Blu-Tack, 
but only when the Blu-Tack is noticeably dirty or 
discolored, in which case it should be replaced. 
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Absorption Spectra of Pyrope 
Garnet and Red Spinel 


by 


B. W. ANDERSON, B.Sc., F.G.A. 


(Continued from Page 233, Swmmer Issue) 


To return now to a more complete 
description of the two absorption 
spectra which concern us, let us deal 
with the garnet first. “Pyrope’”’ is, 
in a sense, a courtesy title, for no 
garnet even approximating the pure 
theoretical pyrope, MegsAl.(SiO:)s, 
has ever been found in nature. 

As is well known, the garnets form 
an isomorphous group, and all va- 
rieties of garnet are mixed to some 
extent with other garnet molecules. 


In the case of pyrope, almandine is. 


the main intruder and the majority 
of red garnets used as gemstones are 
strictly neither pyropes nor alman- 
dines but almandine-pyropes. To 
avoid using this cumbersome term 
we. usually acknowledge as pyropes 
those blood-red specimens from the 
Cape, Bohemia, Arizona, etc., which 
have refractive indices in the region 
1.74-1.75, and include as almandines 
the more purplish-red garnets with 
indices 1.76 upwards to 1.82. As a 
fact, this classification accords well 
with what the spectroscope tells us. 
Almandine has an easily recognizable 
absorption spectrum of which the 
strongest bands are three in num- 
ber. These, which are rather broad, 
and almost amalgamate in a deep- 
coloured specimen, are centred at 
5750, 5270, and 5050A. These bands 


are due to iron and ‘are part of the 
make-up of the almandine molecule. 


By observing the strength of the 
bands in the spectroscope the ob- 
server can obtain a rough idea of 
how much of the almandine mole- 
cule is present in any particular 
garnet. With the pyropes instanced 
above, the main colouring agent is 
chromic oxide, and the weak al- 
mandine spectrum is more or less 
swamped by the intense broad. chro- 
mium band. The strongest and nar- 
rowest of the almandine bands, how- 
ever, at 5050A in the blue-green, is 
usually to be discerned—and while 
it is seen the distinction between 
pyrope and spinel is solved by this 
feature alone. 

Turning now to spinel, the pure 
red and pink types have, in common 
with ruby, the faculty of emitting 
fluorescent red light when strongly 
illuminated. As with ruby, when the 
brightly lit stone is examined oblique- 
ly through the spectroscope, narrow 
discrete fluorescence bands can be 
seen. Whereas in ruby, however, the 
emitted light is concentrated almost 
entirely in one brilliant line (actually 
a pair of lines very close together) 
with spinel the effect is noticeably 
different. A group of five distinctly 
separate lines can be seen in the 
deep red, the two in the centre of 


MORE ON THE HISTORY OF 
DIAMOND SOURCES 


It was with great pleasure that I read the two-part arti- 
cle “A history of diamond sources in Africa” [Winter 
1995 and Spring 1996, pp. 228-255 and 2-30, respec- 
tively]. Dr. Janse did an excellent job of condensing 
the most important historical events that have taken 
place during the more than 130 years since the first 
diamond finds were made in South Africa. 

For those Ge#G readers with an avid interest in 
the early years of South Africa’s development fol- 
lowing the initial diamond finds, I would like to add 
a reference to Dr. Janse’s extensive bibliography: 
South Africa’s City of Diamond: Mine Workers and 
Monopoly Capitalism in Kimberley, 1867-1895, by 
Dr. William H. Worger (Yale University Press, New 
Haven and London, 330 pp.}. I found it to be a fasci- 
nating factual account of the hardships experienced 
by those involved in the diamond industry during 
this formative period. It also looks at the impact of 
the diamond discoveries on South Africa, and 
Kimberley in particular, both culturally and eco- 
nomically. 

I highly recommend this book to any gemolo- 
gist, jeweler, or hobbyist who is intrigued by the his- 
tory and development of the diamond industry. 


CHRISTOPHER P. SMITH 
Manager of Laboratory Services 
Gtibelin Gemmological Laboratory 
Lucerne, Switzerland 


In Reply 


I thank Christopher Smith for his kind words about 
my articles. I have a copy of Dr. Worger’s book in 


my library and, although the socio-economic back- 
ground of early diamond mining was beyond the 
scope of my papers, I agree that this provides an 
excellent overview. For further information in this 
area, I would add Capital and Labour in the 
Kimberley Diamond Fields 1871-1890, by Dr. 
Robert V. Turrell (Cambridge University Press, New 
York and London, 1987, 297 pp.], and the more read- 
able Kimberley, Turbulent City, by Brian Roberts 
{O. Phillip, Cape Town, in Association with the 
Historical Society of Kimberley and the Northern 
Cape, 1976, 413 pp.}. 

I take this opportunity to thank the many readers 
for their complimentary remarks on these articles. 


A. J. A. JANSE, PH.D. 
Archon Exploration Pty Ltd 
Perth, Australia 


CORRECTION 


In the article “Russian Demantoid, Czar of the 
Garnet Family,” by W. R. Phillips and A. S. 
Talantsev (Summer 1996}, the identification of the 
yellow fibrous inclusions (often described as “horse- 
tails,” “tousled children’s hairs,” or “emanating 
from chromite grains”) was incorrectly attributed. 
These asbestiform inclusions—for many years 
believed to be byssolite—were identified as 
chrysotile, a variety of serpentine, by Dr. Edward J. 
Gtibelin. He first reported the results of his analyses 
at the October 1992 International Gemmological 
Conference in Paris. The identification was made 
by means of SEM for the chemical composition and 
X-ray diffraction analysis for the crystal structure. 


Mark Your 1997 Calendar Now 


Gems & Gemology editors will be at the AGTA Show in 
Tucson (Galleria Section, middle floor) on January 29 
through February 3, and the Basel Fair (Hall 2, lower level) 
April 10 through 17. Come by to ask questions, share 
information, or just say hello. Many back issues and charts will 
be available for purchase. See You There! 
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De BEERS NATURAL VERSUS 
SYNTHETIC DIAMOND 
VERIFICATION INSTRUMENTS 


By Christopher M. Welbourn, Martin Cooper, and Paul M. Spear 


Two instruments have been developed at 
De Beers DTC Research Centre, 
Maidenhead, to distinguish synthetic dia- 
monds from natural diamonds. The 
DiamondSure™ enables the rapid exami- 
nation of large numbers of polished dia- 
monds, both loose and set in jewelry. 
Automatically and with high sensitivity, 
this instrument detects the presence of the 
415 nm optical absorption line, which is 
found in the vast majority of natural dia- 
monds but not in synthetic diamonds. 
Those stones in which this line is detected 
are “passed” by the instrument, and those 
in which it is not detected are “referred for 
further tests.” The DiamondView™ pro- 
duces a fluorescence image of the surface of 
a polished diamond, from which the 
growth structure of the stone may be deter- 
mined. On the basis of this fluorescence 
pattern—which is quite different for natu- 
ral as compared to synthetic diamonds— 
the trained operator can positively identify 
whether a diamond is natural or synthetic. 


ABOUT THE AUTHORS 


‘Kingcom Mr ‘Cooper is Research Director of 
De Beers DTC Research Centre, 


Please see acknowledgments at the end of article. 
com Gemology, Vol. 32, ‘No. 3, pp. 186-169, 
1996 Gemological institute of America 
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he subject of cuttable-quality synthetic diamonds 

. has been receiving much attention in the gem trade 
recently. Yellow to yellow-brown synthetic diamonds grown 
in Russia have been offered for sale at a number of recent 
gem and jewelry trade shows (Shor and Weldon, 1996; 
Reinitz, 1996, Johnson and Koivula, 1996], and a small num- 
ber of synthetic diamonds have been submitted to gem grad- 
ing laboratories for identification reports (Fryer, 1987; 
Reinitz, 1996; Moses et al., 1993a and b; Emms, 1994, 
Kammerling et al., 1993, 1995; Kammerling and McClure, 
1995}. Particular concern was expressed following recent 
announcements of the production and planned marketing of 
near-colorless synthetic diamonds (Koivula et al., 1994, 
“Upfront,” 1995}. 

Synthetic diamonds of cuttable size and quality, and the 
technology to produce them, are not new. In 1971, researchers 
at the General Electric Company published the results of 
their production of synthetic diamond crystals up to 6 mm 
average diameter by the high-pressure temperature-gradient 
technique using “belt”-type presses (Wentorf, 1971; Strong 
and Chrenko, 1971; Strong and Wentorf, 1971). These 
included not only yellow-brown synthetic diamonds but 
also reduced-nitrogen near-colorless crystals and boron- 
doped blue crystals (Crowningshield, 1971). In 1985, 
Sumitomo Electric Industries Ltd., in Japan, started market- 
ing their Sumicrystal™ range of yellow-brown synthetic dia- 
monds; in 1993, they produced high-purity [i.e., near-color- 
less} synthetic diamond crystals fabricated into diamond 
"windows." De Beers Industrial Diamond Division {Pty} Ltd. 
has marketed its Monocrystal range of yellow-brown syn- 
thetic diamonds since 1987. None of these three manufac- 
turers has marketed synthetic diamonds for other than 
industrial or technical applications. 
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Figure 1. Like their predecessors in many other gem materials, cuttable-quality synthetic diamonds pose a 
potential threat in the diamond marketplace. To protect the integrity of natural diamonds should significant 
numbers of synthetic diamonds ever enter the trade, De Beers DTC Research Centre has designed and built 
two types of instruments—the DiamondSure and the DiamondView—that, together, can successfully identify 
all synthetic diamonds produced by current synthesis equipment. This figure shows, bottom center and to the 
right, six De Beers experimental synthetic diamonds: two yellow-brown samples weighing 1.04 and 1.56 ct 
and four near-colorless synthetics ranging from 0.41 to 0.91 ct. At the top center and to the left are six natural 
diamonds, ranging from 1.10 ct to 2.59 ct. It is substantially more difficult and costly to grow near-colorless 
synthetic diamonds than to grow the more usual yellow-brown crystals, De Beers cuttable-quality synthetic 


diamonds are not available commercially, they have been produced solely for research and education. 
Natural diamonds courtesy of Louis P. Cvelbar and Vincent Kong, Vincent’s Jewelry, Los Angeles. Photo © 


GIA and Tino Hammid. 


In 1990, researchers from Novosibirsk, Russia, 
published their work on the temperature-gradient 
growth of synthetic diamonds in relatively small- 
scale, two-stage multi-anvil presses known as “split- 
sphere” or “BARS” systems (Pal’yanov et al., 1990). 
Since then, there have been a number of reports of 
various groups within Russia intending to set up 
BARS presses for the purpose of synthesizing dia- 
mond. Usually, only one crystal is grown in a BARS 
press at any one time, whereas many stones can be 
grown simultaneously in the larger “belt” presses. 

Gemologists from GIA and other gemological 
laboratories have extensively examined synthetic 
diamonds from each of the above-mentioned manu- 
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facturers. Gemological characteristics of these syn- 
thetics have been published in a series of articles in 
Gems & Gemology {Crowningshield, 1971; Koivula 
and Fryer, 1984; Shigley et al., 1986, 1987, 1992, 
Rooney et al., 1993; Shigley et al., 1993a and b) and 
elsewhere (Sunagawa, 1995). The conclusion drawn 
from these studies is that all of the synthetic dia- 
monds examined to date can be positively identified 
by the use of standard gemological techniques. 
These results have been summarized in “A Chart 
for the Separation of Natural and Synthetic Dia- 
monds,” published by GIA (Shigley et al., 1995). 

The problem facing the gem trade should syn- 
thetic diamonds become widespread is that, in gen- 
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eral, most near-colorless diamonds are examined for 
grading purposes only, not for identification. 

It is to be expected that, in the main, synthetic 
diamonds would be clearly identified and sold as 
such by an honest trade working within national 
laws and regulations. Nevertheless, a small number 
of synthetic diamonds have already entered the 
trade without being declared as synthetic. De Beers 
has long regarded this potential problem as a serious 
one. For the last 10 years, researchers at De Beers 
DTC Research Centre have been actively investigat- 
ing the characteristic features of synthetic diamonds 
(see, e.g., Burns et al., 1990; Rooney, 1992), This 
work has been carried out in close collaboration 
with the De Beers Industrial Diamond Division’s 
Diamond Research Laboratory in Johannesburg, 
South Africa, which has been developing high-pres- 
sure/high-temperature diamond synthesis tech- 
niques for industrial applications for over 40 years. 
One aspect of this work has been the production of 


Figure 2. The DiamondSure is based on the presence 
or absence of the 415 nm Iine in the stone being test- 
ed. Here it is shown with its fiber-optic probe 
mounted vertically for testing loose stones.On com- 
pletion of a test, which takes about 4 seconds, the 
liquid-crystal display on the front panel will give a 
message of “PASS” or “REFER FOR FURTHER 
TESTS” (or sometimes “INSUFFICIENT LIGHT” if 
the stone is very dark or very strongly colored yellow 
or yellow-brown). Photo by M. J. Crowder. 
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experimental cuttable-quality synthetic diamonds 
(figure 1], with an extensive range of properties, both 
for research and for loan to the larger gemological 
laboratories throughout the world to give their staff 
members an opportunity to develop their own skills 
and identification techniques. {Note that these syn- 
thetic diamonds are not for sale by De Beers. The 
Monocrystal synthetic diamonds available commer- 
cially from De Beers Industrial Diamond Division 
{Pty) Ltd. are only sold in prepared forms and are not 
suitable for cutting as gems.) A second aspect has 
been the development of instruments that, should 
the need arise, could be made available to help 
rapidly identify synthetic diamonds. Such instru- 
mentation would be important should near-color- 
less synthetic diamonds enter the market in signifi- 
cant numbers. If this were to happen, grading labora- 
tories and others in the trade would need to screen 
substantial numbers of polished diamonds to elimi- 
nate the possibility of a synthetic diamond being 
sold as a natural stone and thus damage consumer 
confidence in gem diamonds. 

Although such a circumstance would potential- 
ly have a profound impact on the conduct of the 
gem diamond trade, it is important to put the prob- 
lem into context. The high-pressure apparatus 
required to grow synthetic diamonds is expensive, 
as are the maintenance and running costs. In addi- 
tion, it is substantially more difficult and costly to 
grow near-colorless synthetic diamonds than it is to 
grow yellow-brown crystals. To reduce the amount 
of nitrogen (which gives rise to the yellow-brown 
color] that is incorporated into the growing crystal, 
chemicals that preferentially bond to nitrogen are 
introduced to the synthesis capsule. These chemi- 
cals, known as nitrogen "getters," act as impurities 
which have an adverse effect on the crystal growth 
process. To the best of our knowledge, the only 
near-colorless synthetic diamonds to appear on the 
gem market thus far were 100 Russian-grown crys- 
tals displayed at the May 1996 JCK Show in Las 
Vegas. The largest of these weighed about 0.7 ct, but 
two-thirds of the crystals weighed 0.25 ct or less. 
Most of these were not suitable for polishing 
because of inclusions, internal flaws, and distorted 
shapes. 

Nevertheless, De Beers has considered it pru- 
dent to invest substantial resources to address this 
potential problem and thus ensure that the trade is 
prepared for this eventuality. This article describes 
two instruments, developed at De Beers DTC 
Research Centre, that are capable of screening large 
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numbers of diamonds and facilitatiz, the rapid and 
unambiguous identification of eynthetic diamonds. 
Ideally, the trade would like to have a simple 
instrument that could positively identify a diamond 
as natural or synthetic with the.same ease as a ther- 
mal pen distinguishes between diamonds and non- 
diamond simulants such as cubic zirconia. 
Unfortunately, our research has led us to conclude 
that it is not feasible at this time to produce such an 
ideal instrument, inasmuch as synthetic diamonds 
are still diamonds physically and chemically, and 
their distinguishing features are based on somewhat 
subtle characteristics involving the presence or 
absence of various forms of impurities and growth 
structures. The instruments developed at our 
Research Centre have been designed to be used in a 
two-stage procedure. The first instrument, called the 
DiamondSure™ allows the operator to screen large 
numbers of stones rapidly. This instrument will 
successfully detect all synthetic diamonds produced 
by current equipment (including experimental syn- 
thetics grown at the Diamond Research Laboratory 
at extremes of conditions and with non-standard 
solvent/catalysts]. However, a small proportion of 
natural diamonds will also produce the same 
response from the instrument. A second stage of 
examination is therefore required. This could be by 
standard gemological examination. However, a sec- 
ond instrument has been developed, called the 
DiamondView™, which enables a positive identifi- 
cation to be made quickly and easily!. Certain 
aspects of the design of these instruments are propri- 
etary and so cannot be described in this article. 
However, we have endeavored to give sufficient 
information on their operation to show clearly how 
they may be used to identify synthetic diamonds. 


THE DIAMONDSURE™ 
SCREENING INSTRUMENT 


Description. The DiamondSure (figure 2) has been 
designed for the rapid examination of large numbers 
of polished diamonds, whether loose or set in jewel- 
ry. It is 268 mm long by 195 mm deep by 107 mm 
high (10.6 x 7.7 x 4.2 ins.}, and it weighs 2.8 kg (6.2 
lbs.). Measurements are made by placing the table 
of a polished diamond on the tip of a fiber-optic 
probe, the diameter of which is 4 mm. For loose 
stones, the fiber-optic probe is mounted in a vertical 
position, and a collar is placed around the end of the 


1The DiamondSure and DiamondView instruments are covered 
worldwide by granted or pending patent applications. 
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Figure 3, The DiamondSure probe can be 


removed from its mounting to test a diamond in 
a ring or other setting. Photo by M. J. Crowder. 


probe so that stones can easily be positioned over 
the probe tip (again, see figure 2). The instrument 
can be used on diamonds mounted in jewelry pro- 
vided that the table is sufficiently accessible for the 
probe tip to lie flat against it {see figure 3). When the 
probe tip is in contact with the table of the diamond 
being examined, the operator presses the TEST but- 
ton on the front panel of the instrument or, alterna- 
tively, presses the button mounted on the side of 
the probe. The time required for the instrument to 
complete a measurement is approximately 4 sec- 
onds, It is designed to work with diamonds in the 
0.05-10 ct range. This size range is determined by 
the diameter of the fiber tip, because the instrument 
responds to the light that is retro-reflected by the 
cut diamond and re-enters the probe tip. Should the 
need arise, fibers with larger or smaller diameters 
could be manufactured to accommodate larger or 
smaller stones. The instrument is powered by a uni- 
versal-input-voltage power supply, and so is suitable 
for use in any country. 

The instrument automatically measures the 
intensity of retro-reflected light in a small region of 
the spectrum centered on 415 nm. Using proprietary 
software, it compares the intensity data, as a func- 
tion of wavelength, to the 415 nm optical absorption 
line typically seen in natural diamond. The measure- 
ment is highly sensitive; values of 0.03 absorbance 
units at the peak of the 415 nm line, relative to a 
baseline through the absorption-line shoulders, are 
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easily detected. We detected the 415 nm line in over 
95% of all natural diamonds tested by the 
DiamondSure instrument (see Test Samples and 
Results section, below), but not in any of the syn- 
thetic diamonds. If this feature is detected in a 
stone, the instrument displays the message “PASS.” 
If this feature is not detected, the message “REFER 
FOR FURTHER TESTS” is displayed. If very dark or 
very strongly colored yellow or yellow-brown stones 
are measured, the message “INSUFFICIENT 
LIGHT” may be displayed. With such stones, the 
optical absorption in the wavelength range used by 
the instrument is so strong that practically no light 
is being returned to the detector. However, in the 
tests reported in detail in the Test Samples and 
Results section below, all the yellow-brown syn- 
thetic diamonds used—including the largest (2.53 ct) 
sample—tested successfully. If the “INSUFFICIENT 
LIGHT” message is obtained with a particularly 
large stone, repositioning the stone on the probe will 
often produce a valid measurement. If the probe tip 
does not lie flat against the table, the light detected 
may be composed mostly of light reflected from the 
table without entering the diamond. In this case, 
the instrument would “fail safe” by “referring” the 
sample. 

Although the 415 nm defect is not present in as- 
grown synthetic diamonds, it can be formed in 
nitrogen-containing synthetics by very high-temper- 
ature heat treatment in a high-pressure press (Brozel 
et al., 1978). Temperatures in the region of 2350°C 
are required, together with a stabilizing pressure of 
about 85 kbars to prevent graphitization. At these 
extreme conditions, the lifetime of the expensive 
tungsten carbide press anvils becomes very short, 
the diamond surfaces are severely etched, and the 
likelihood that the diamond will fracture is signifi- 
cant. Given the present technology, it would not, 
therefore, be commercially practical to heat-treat 
synthetic diamonds to form sufficient 415 nm 
defects. 

A small proportion of natural diamonds, less 
than 5% from our tests, do not exhibit the 415 nm 
feature strongly enough to be detected by the Dia- 
mondSure. These include D-color and possibly 
some E-color diamonds, as well as some brown 
diamonds. As for diamonds of “fancy” color, the 415 
nm line is absent from natural-color blue (type Lb) 
diamonds, as well as from some fancy yellow and 
some pink diamonds. When these stones are tested, 
the DiamondSure displays the message “REFER 
FOR FURTHER TESTS.” It is important to recog- 
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nize that the fact that these stones were not 
“passed” by the mstrument does not necessarily 
mean that they are synthetic or in any way less 
desirable than stones that have been passed. The 
message simply means that additional testing is 
required for an identification to be made. 


Test Samples and Results. During the development 
of the DiamondSure, approximately 18,000 polished 
natural diamonds were tested. In the final phase of 
testing, which we report here, two instruments 
from an initial batch of 10 were each used to test a 
total of 1,808 randomly chosen known natural dia- 
monds. Most of these 1,808 stones weighed between 
0.25 and 1.00 ct, although we included some as 
small as 0.05 ct and some over 10 ct. The largest 
stone was 15.06 ct, and it tested successfully. Colors 
were in the D to R range, as well as some browns 
and some fancy yellows. In these particular tests, all 
except six stones were round brilliants; in an earlier 
experiment, though, more than a hundred fancy- 
shaped stones tested successfully. 

The tests were carried out at the London offices 
of the De Beers Central Selling Organisation. The 
instruments were used by a number of operators. In 
general, a combination of daylight and fluorescent 
lighting was used, but no special care with respect 
to lighting conditions was necessary. The average 
figure for “referrals” for these 1,808 diamonds was 
4.3%, 

In a separate evaluation, we used a third Diamond- 
Sure to test 20 D-color stones, of various shapes, 
ranging from 0.52 to 11.59 ct. Eight of the stones 
were passed, and 12 were referred. This indicates 
that, because of its sensitivity, the instrument can 
detect a very weak 415 nm line even in some D- 
color stones. 

The first two instruments were also tested on a 
range of De Beers experimental synthetic diamonds. 
A total of 98 samples were used: 23 in the yellow- 
brown range, 0.78-2.53 ct; 45 near-colorless, 
0.20-1.04 ct; 15 pale-to-vivid yellow, 0.19-0.63 ct; 
and 15 medium-to-vivid blue, 0.24-0.72 ct. (See fig- 
ure | for examples of the near-colorless and yellow 
De Beers synthetic diamonds tested.) All of these 
synthetic diamonds were round brilliants except for 
one fancy yellow sample, which was an emerald 
cut. Each was tested 10 times on each instrument. 
In addition, some yellow and near-colorless Russian 
BARS-grown synthetic diamonds were tested sever- 
al times on one of the instruments. In all cases, the 
synthetic diamonds were “referred for further tests.” 
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THE DiamonpD View™ LUMINESCENCE 
IMAGING INSTRUMENT 


Background: Growth Structure in Synthetic and 
Natural Diamonds. In the articles cited above on the 
gemological characteristics of synthetic diamonds, 
it was noted that the patterns of ultraviolet-excited 
fluorescence exhibited by synthetic diamonds are 
quite distinctive and so can be used to positively 
identify them. The DiamondView rapidly generates 
these fluorescence patterns—which are produced by 
differential impurity concentrations between 
growth sectors and growth bands—and provides 
clear images of them. With a little experience, it is 
relatively easy to recognize patterns that are charac- 
teristic of natural or synthetic diamonds. With prac- 
tice, one can obtain and identify the fluorescence 
images of two or three diamonds per minute. 

The reason that fluorescence patterns can be 
used to identify synthetic diamonds is that the basic 
growth structure of synthetic diamonds is quite dis- 
tinct from that of all natural diamonds, and details 
of these growth structures can be inferred from the 
fluorescence pattern. Synthetic diamonds grow 
essentially as cubo-octahedra. The degree of devel- 
opment of cube {100} or octahedral {111} faces 
depends on a number of parameters, but most 
notably on the growth temperature. At relatively 
low growth temperatures, cube growth predomi- 
nates; whereas at relatively high growth tempera- 
tures, the diamond morphology approaches that of 
an octahedron, although small cube faces are still 
present (Sunagawa, 1984; see figure 4). For synthetic 
diamonds grown using pure nickel as the 
solvent/catalyst, pure cubo-octahedra are produced. 
However, if other metals are used with or instead of 
nickel, then minor faces of dodecahedral {110} and 
trapezohedral {113} orientation also tend to be pre- 
sent (Kanda et al., 1989, see figure 5a). In certain cir- 
cumstances (e.g., when cobalt is a constituent of the 
solvent/catalyst, and getters have been used to 
reduce the nitrogen content}, additional trapezohe- 
dral {115} faces may be present (Rooney, 1992; Burns 
et al., 1996}. For large synthetic diamonds grown by 
the temperature-gradient method, growth starts on a 
seed crystal of synthetic or natural diamond and 
develops outward and upward, as illustrated in fig- 
ure 5b. If the crystal shown in figure 5a were to be 
sectioned along the planes A and B, the growth pat- 
terns exposed by these planes would be as shown in 
figures 5c and d, respectively. (For a comprehensive 
but easy-to-understand description of the numbers, 
or Miller indices, used to describe the orientation 
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Figure 4. This schematic diagram shows the depen- 
dence of synthetic-diamond morphology on growth 
temperature (after Sunagawa, 1984). The Berman- 
Simon line separates the region in which diamond is 
the thermodynamically stable phase and graphite is 
metastable (above the line) from that where graphite 
is stable and diamond metastable {below the line). 
Diamond growth can only occur to the right of the 
solvent/catalyst melting line. The dashed lines 
approximately represent regions where similar mor- 
phologies are produced, indicating that pressure Is 
also a factor in determining crystal shape. 


and position of faces on a crystal, see J. Sinkankas’ 
Mineralogy, 1986, pp. 119-127.) 

Those regions of a crystal that have a common 
growth plane are referred to as growth sectors. As 
the crystal grows, different growth sectors tend to 
take up impurities in differing amounts. For 
instance, nitrogen, the impurity responsible for the 
yellow to yellow-brown color in synthetic dia- 
monds, is generally incorporated at highest concen- 
trations in {111} growth sectors, with the concentra- 
tion in {100} sectors being about half that of {111} 
(Burns et al., 1990). (However, at low growth tem- 
peratures, the nitrogen concentration in {100} sec- 
tors exceeds that of {111} [Satoh et al., 1990].) 
Nitrogen levels are substantially lower in the {113} 
growth sectors and very much lower in the {110} 
sectors. The polished slice of synthetic diamond 
shown in figure 6 was cut parallel to the (110) plane, 
with the seed crystal at the bottom and the (001) 
face at the top. The variation in nitrogen concentra- 
tion between growth sectors results in the zonation 
of the yellow color. 

Nickel and cobalt impurities can also be taken 
up by the growing crystal to form optically active 
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Figure 5. The ideahzed synthetic diamond crystal, seed-grown by the temperature-gradient method, exhibits 
major octahedral {111} and cube {100} growth faces, and minor dodecahedral {110} and trapezohedral {113} 
growth faces (a). A view of the central section parallel to the (110) dodecahedral plane of this same crystal shows 
the position of the seed at the base of the crystal, from which growth develops outward and upward (b). The vari- 
ation in color saturation reflects the variation in nitrogen concentration between growth sectors in yellow-brown 
synthetic diamonds. The fluorescence pattern shown in (c) is that of a section from this synthetic diamond crys- 
tal, parallel to the (001) cube plane, indicated by the plane A in (a) and the line A-A' in (b). In yellow-brown syn- 
thetics, {100} sectors tend to fluoresce green, {110} and {113} tend to fluoresce blue. and {111} sectors are usually 
largely inert. The fluorescence pattern shown in (d) is that of a (001) section indicated by the plane B in (a) and 


the line B-B’ in (b). 


defects, but they are incorporated exclusively in 
{111} sectors (Collins et al., 1990; Lawson et al., 
1996). In low-nitrogen synthetic diamonds, nickel 
gives rise to a green color; heat-treated cobalt-grown 
diamonds show a yellow fluorescence. Boron is 
another impurity that is readily taken up by a grow- 
ing synthetic diamond. Blue, semi-conducting syn- 
thetic diamonds are produced by using chemical 
getters to reduce nitrogen levels and deliberately 
introducing boron into the synthesis capsule. Boron 
concentrations are highest for {111} sectors, next 
highest in {110} sectors, and substantially lower in 
other sectors. Even when these impurities are not 
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present in concentrations high enough to influence 
the color of the crystal, they still can cause fluores- 
cence behavior that varies between growth sectors. 
For natural diamonds, the basic form of growth 
is octahedral. Small natural cubo-octahedral dia- 
monds have been found, but these are very rare (J. 
W. Harris, pers. comm., 1990). Dodecahedral and 
trapezohedral flat-faced growth has never been 
observed in natural diamonds. Rounded dodecahe- 
dral diamonds are very common, but these shapes 
are formed by the dissolution of octahedral dia- 
monds (Moore and Lang, 1974). Figure 7a is a 
schematic diagram of a natural diamond in which 
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Figure 6. This optical micrograph of a slice cut paral- 
lel to the (110) dodecahedral plane from a De Beers 
yellow-brown synthetic diamond shows the greater 
concentration of nitrogen (and thus greater saturation 
of yellow) in the {111} growth sectors than in the 
{100}, {113}, or {110} growth sectors (again, refer to fig- 
ure 5b for a diagram of the different growth structures 
in such a crystal at this orientation). The slice is 5.01 
mm across X 3.20 mm high x 0.71 mim thick. 


the octahedral faces have undergone partial dissolu- 
tion so that rounded dodecahedral faces are begin- 
ning to form. A schematic diagram of a section 
through a central cube plane of this idealized crystal 
is shown in figure 7b. 

Dodecahedral faces that appear flat may be 


found on “coated” diamonds, but here the growth is 
fibrous and quite distinct from flat-faced {110} 
growth (Machada et al., 1985). 

A form of nonoctahedral growth that is relative- 
ly common in natural diamonds is so-called cuboid 
growth. The mean orientation of cuboid growth is 
approximately along cube planes, but the growth is 
hummocky and distinct from flat-faced cube 
growth. On the rare occasions that cuboid growth is 
well developed compared to octahedral growth, dia- 
monds with quite spectacular shapes are produced, 
as is the case with the “cubes” found in the Jwaneng 
mine (Welbourn et al., 1989). It is not uncommon 
for otherwise octahedrally grown diamonds to have 
experienced a limited amount of cuboid growth, par- 
ticularly on re-entrant octahedral faces. This is 
shown schematically in figure 7b. 

For most natural diamonds, the conditions in 
which they grew fluctuated over time, so different 
types and levels of impurities were incorporated at 
different stages of growth. This resulted in differ- 
ences in fluorescence behavior between growth 
bands within the crystal. 

Uncut synthetic diamonds can be readily identi- 
fied by visual inspection because of their crystal 
morphology and the remnants of the seed crystal 
present. However, these external features are lost 
when the stone is polished. 

For many years, cathodoluminescence topogra- 
phy has been used to image growth-dependent pat- 


Figure 7. In this schematic diagram of (a) the morphology of a typical natural diamond, the octahedral faces, 
decorated with trigon etch pits, have undergone partial dissolution so that rounded dodecahedral faces are 
beginning to form. The schematic diagram of the fluorescence pattern from a section through a central cube 
plane of this idealized crystal (b} shows concentric rectangular bands of octahedral growth and regions where re- 


entrant features have been overgrown by cuboid growth. 
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terns in minerals, including diamond (Woods and 
Lang, 1975; Hanley et al., 1977; Marshall, 1988, 
Ponahlo, 1992}. In cathodoluminescence {CL}, an 
electron beam, rather than ultraviolet radiation, is 
used to excite luminescence. Commercial CL 
instruments use a cold cathode discharge tube oper- 
ating in a relatively low vacuum to produce the 
electron beam. Although CL is invaluable in the 
study of minerals, the fact that it requires a vacuum 
can be a disadvantage when large numbers of stones 
must be surveyed rapidly, as it may take several 
minutes to pump down to the required pressure. 
Also, the surfaces of samples may become contami- 
nated by deposits of products from the pump oil. It 
was to avoid these practical problems associated 
with CL that our Research Centre developed an 
ultraviolet-excited fluorescence imaging technique. 


Description of the DiamondView. The Diamond- 
View consists of a fluorescence imaging unit (60 cm 
high by 25 cm wide by 25 cm deep (24 in. x 10 in. x 
10 in.), which weighs approximately 20 kg (44 Ibs.}, 
and a specially configured computer (figure 8}. Loose 
stones are mounted between the jaws of a stone 
holder that allows the stone being examined (from 
0.05 to approximately 10 ct} to be rotated about a 
horizontal axis while it is being viewed (see figure 
9a). Ring-mounted stones can also be examined, pro- 
vided that the total height of the ring is not too great 
(see figure 9b). Other simple jewelry mounts can 
also be accommodated. 

The instrument illuminates the surface of a dia- 
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Figure 8. The Diamond- 
View consists of a fluo- 
rescence imaging unit 
(left) in which the TV 
camera is located 
between two lamp 
housings (upper left), 
with special stone hold- 
ers for loose (foreground 
and figure 9a) and ring- 
set (foreground and fig- 
ure 9b) diamonds, and 
a specially configured 
computer. Photo by 

M. |. Crowder. 


mond with intense ultraviolet light, specially fil- 
tered such that almost all of the light reaching the 
sample is of wavelengths shorter than 230 nm. The 
energy of this ultraviolet light is equal to or greater 
than the intrinsic energy band-gap of diamonds. 
This has two important consequences. First, radia- 
tion of this energy will excite fluorescence in practi- 
cally all types of diamond irrespective of whether 
they fluoresce to the standard long- and short-wave 
UV radiation (365 and 254 nm, respectively} routine- 
ly used by gemologists. Second, at wavelengths 
shorter than 230 nm, all types of diamond absorb 
light very strongly. This means that fluorescence is 
generated very close to the surface of the diamond, 
so that a clear two-dimensional pattern can be 
observed. The fluorescence emitted is viewed by a 
solid-state CCD (charge-coupled device) video cam- 
era that has been fitted with a variable-magnifica- 
tion objective lens. The camera has a built-in video 
picture store, and images can be integrated on the 
CCD chip from 40 milliseconds up to 10 seconds, 
depending on the intensity of the fluoresecence. 

To examine a stone, the operator inserts the 
loaded stone holder into the port at the front of the 
unit. An interlocking safety mechanism eliminates 
the possibility of any ultraviolet light escaping from 
the instrument when the stone holder is out of the 
port. The stone is first illuminated with visible light 
and the camera is focused on, say, the table of the 
diamond. The stone is then illuminated with ultra- 
violet light and the fluorescence image is recorded. 
The instrument is controlled by an IBM PC-compati- 
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the group being the strongest, 
though even these do not approach 
the ruby doublet in intensity. The 
effect is that of a “fluted” band 
reminiscent of the violet cyanogen 
bands seen in any carbon are. 

When these fluted fluorescence 
lines are seen the stone can be defi- 
nitely claimed as spinel, since, in my 
experience, only three gemstones 
show narrow - fluorescence. bands .in 
the red, and of these spinel is the 
only one to show this multiple effect. 
The third mineral alluded to is pink 
topaz, in which I have detected a 
very feeble red fluorescence line on 
several occasions: the effect is far 
too faint to be confused with that 
shown by the other two minerals. 

Spinels of darker red may show 
quite a number of narrow bands in 
the red and orange; the strongest 
being a doublet, as in ruby. When 
specimens of a more purple-red are 
studied it will be noted that apart 
from the broad central absorption 
region, the typical chromium features 
have disappeared. With still more 
bluish specimens we begin to note 
the iron spectrum typical of blue 
spinel, which will be dealt with later 
on in a separate article. 

“As this article hag been somewhat 
discursive, I will try to summarize 
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the features by which the absorption 
spectra of spinel and pyrope can be 
distinguished from those of other red 
minerals, and from each other. 
Both spectra can be distinguished 
from that of ruby, as they lack the 
clear-cut fluorescence line in the 
deep red and the three narrow bands 
in the blue, typical of ruby. Pyrope 
shows no fluorescence lines; faint 
narrow bands in the-red- and a broad 
absorption region extending from the 
yellow to the green. A narrower band 
at 5050A ean usually be seen, and 
serves to identify the stone as a 
garnet. Spinel, when pure red, shows 
a group of 5 fluorescence lines in the 
red, giving a fluted appearance. 
Deeper red specimens show a broad 
absorption region centred noticeably 
nearer to the green than in pyrope. 
Comparison with known specimens 
of either mineral or with perman- 
ganate absorption bands etc., as sug- 
gested earlier in the article, will 
help to establish the position of the 
broad central band on which the 
decision may rest. With the editor’s 
permission, in my next article I will 
venture to step outside the limits of 
my subject for a little, and consider 
some of the other means by which red 
spinel and pyrope may safely be 
distinguished from one another. 


a — 


Errata 


Spring 1945 issue of Gems & Gemology, page 197, left column, seventh 
line from the bottom: Substitute for hexagonal the word octagonal. 


Summer 1945 issue of Gems & Gemology, page 222, first paragraph, third 


line, substitute em for mm. 


r 


Figure 9. The loose-stone holder is inserted into the measurement port of the DiamondView (left). The gear mecha- 
nism allows the stone to be rotated about a horizontal axis while located within the instrument, for alignment and 
observation of surface fluorescence patterns characteristic of its internal growth structures. The ring holder (right) can 
accommodate a ring-set stone that has a total height no greater than 30 mm (1.2 in), Rings mounted in this holder 
can be rotated about the axis of the holder and moved forward and backward along this axis. Photo by M. ]. Crowder. 


ble computer running Microsoft® Windows™ 
3.1-compatible proprietary software. The computer 
has a 120 MHz Pentium processor, 32 Mb of RAM 
(random access memory}, and PCI {peripheral com- 
ponent interconnect} video input and graphics dis- 
play cards. The fluorescence image is displayed on a 
high-resolution, 1024 x 768 pixel, computer moni- 
tor. If additional views of the stone are required, the 
stone holder can be rotated, without removing it 
from the chamber, to bring other parts of the stone’s 


Figure 10. This fluorescence image of a 0.3 ct near- 
colorless natural diamond shows concentric bands of 
octahedral growth with a re-entrant feature below 
the center of the image and several regions of hum- 
mocky cuboid growth. The blue color is typical of 
most natural diamonds and results from so-called 
band A emission together with some fluorescence 
from the 415 nm system. 
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surface into view. Fluorescence images that are 
required for future reference can be stored on the 
PC’s hard drive. The number of images that can be 
stored is limited only by the size of the hard drive. 
In this model, the 800Mb drive could hold over 500 
images. Images can be archived using, for instance, a 
tape drive or writable compact disk. The display 
screen produced by the DiamondView software can 
be seen in figure 8. The mouse-operated buttons 
that control the instrument are located beneath the 
main window, in which the current image is dis- 
played. This image may be compared with up to 16 
previously recorded images. These can be recalled 
on four pages, each of which has four “thumb-nail” 
windows, displayed on the right of the main win- 
dow. Tutorial files consisting of 16 “thumb-nail” 
images, complete with text notes, are provided in 
the software to help the operator identify fluores- 
cence patterns. The user can also produce “cus- 
tomized” tutorial files. 


Sample Images. The DiamondView was tested with 
the same synthetic diamonds described above for 
the DiamondSure tests, together with about 150 
randomly chosen natural diamonds. Following are 
some examples of the images obtained. Figure 10 
shows the fluorescence image of a near-colorless 
natural 0.3 ct diamond mounted in an eight-claw 
ring setting. The fluorescence in this sample ranges 
from bright blue to dark blue; it is typical for natural 
diamonds and results from so-called blue band A 
emission together with some fluorescence from the 
415 nm system (see, e.g., Clark et al., 1992). The 
stone was polished such that the table is close to a 
cube plane, and the striae visible in the image result 
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from bands of octahedral growth intersecting the 
table. Re-entrant features are evident in the lower 
part of the image, and cuboid growth horizons can 
be seen in various places, particularly toward the 
left in the image. The concentric rectangular bands, 
the re-entrant feature below the center of the 
image, and the hummocky cuboid growth bands 
are all similar to those shown in idealized form in 
figure 7b. 


Figure 12. In this yellow-brown plastically deformed 
natural diamond, approximately 0.1 ct, the fluores- 
cence image shows green H3 (503 nm) emission 
from two sets of parallel slip bands. This type of 
plastic deformation, covering the entire stone, is not 
uncommon in natural diamonds, but it has not been 
found in synthetic diamonds. 
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Figure 11, The fluores- 
cence image of the table 
(left) of this 1.5 ct natural 
diamond shows concen- 
tric bands of octahedral 
growth and a number of 
re-entrant features. The 
pavilion of this stone 
(right) shows some nar- 
row bright blue octahe- 
dral bands, with some 
re-entrant features, in an 
otherwise weakly fluo- 
rescing region. 


The fluorescence image of a 1.5 ct near-colorless 
natural diamond is shown in figure 11 {left). The 
banding is less pronounced in this stone than in the 
one shown in figure 10, but it is still apparent. 
However, the image of part of the pavilion of this 
stone shows greater contrast, as is evident in figure 
11 (right). 

The fluorescence image of an approximately 0.1 
ct yellow-brown natural diamond is shown in fig- 
ure 12. This diamond is plastically deformed, and 
the green lines are produced by slip bands (planes 
along which part of the crystal has undergone a 
shearing displacement) decorated by nitrogen-relat- 
ed H3 (503 nm) defects. Two sets of parallel slip 
bands may be seen. This type of plastic deforma- 
tion, which covers the entire stone, is not uncom- 
mon in natural diamonds but has not been found in 
synthetic diamonds, 

The DiamondView image of a 2.19 ct yellow- 
brown De Beers experimental synthetic diamond is 
shown in figure 13. From the symmetry of the pat- 
tern, it is clear that the table has been cut close to a 
cube plane. This image may be compared with the 
schematic diagram shown in figure 5c. The central 
(001) sector is surrounded by four other cube sec- 
tors, which fluoresce yellowish green, and by four 
inert octahedral sectors. The yellowish green color 
is due to the H3 (503 nm} system together with 
some green band A emission (again, see Clark et al., 
1992). Narrow, blue-emitting dodecahedral sectors 
lie between pairs of cube and pairs of octahedral 
sectors. 

The fluorescence image of a 0.33 ct near-color- 
less De Beers experimental synthetic diamond is 
shown in figure 14 (left). Although the fluorescence 
is blue, it is a less saturated, more grayish blue than 
is typical of natural diamonds (again, see Shigley et 
al., 1995}. A brief examination of this image reveals 
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Figure 13. The fluorescence image of the table and 
some of the surrounding crown facets of this 2.19 ct 
yellow-brown De Beers experimental synthetic dia- 
mond shows yellowish green emission from the cen- 
tral (001) sector and four other cube sectors. The color 
is due to the nitrogen-related H3 (503 nm) system 
together with some green band A emission. The inert 
regions between the yellowish green cube sectors are 
octahedral sectors. Narrow, blue-emitting dodecahe- 
dral sectors lie between pairs of cube sectors and pairs 
of octahedral sectors. Trapezohedral {113} sectors had 
not developed significantly in this sample. 


a central (001} sector surrounded by four somewhat 
brighter octahedral sectors. Pairs of octahedral sec- 
tors are separated by narrow, less intensely emitting 


dodecahedral sectors. The view of the pavilion of 
this stone (figure 14, center) shows the growth-sec- 
tor pattern even more clearly. A weakly emitting 
(001) sector may be seen in the region of the culet. 
This is surrounded by pale blue {111} sectors lying 
between narrow, less strongly emitting {110} sectors. 

The DiamondView has also been used to exam- 
ine a complete range of synthetic diamonds, 
including both yellow and near-colorless Russian 
BARS stones. In all cases, the stones could be posi- 
tively identified as synthetic from their fluores- 
cence patterns. 

Another feature of near-colorless and blue syn- 
thetic diamonds is that they tend to exhibit long- 
lived phosphorescence after excitation by ultraviolet 
light. Many natural diamonds do phosphoresce, but 
phosphorescence is relatively uncommon in near- 
colorless stones and is generally much weaker and 
for a shorter period than in near-colorless and blue 
synthetic diamonds. The DiamondView instrument 
has been designed to exploit this phenomenon in 
order to assist further in the identification process. 
Phosphorescence images can be captured at times 
from 0.1 to 10 seconds after the ultraviolet excita- 
tion has been switched off. An example of a phos- 
phorescence image from the 0.33 ct near-colorless 
synthetic diamond is shown in figure 14 (right}. The 
exposure time was 0.4 second, commencing after a 
delay of 0.1 second. Phosphorescence is strongest 
from octahedral growth sectors. 


Figure 14, The fluorescence image of the crown (left) of this 0.33 ct near-colorless De Beers experimental syn- 
thetic diamond shows a near-central (001) sector surrounded by four somewhat brighter octahedral sectors, 
which are separated by narrow dodecahedral sectors. The blue color is less saturated than is typical of natural 
diamonds, The view of the pavilion (center) shows a weakly emitting (001) sector in the region of the culet sur- 
rounded by pale blue octahedral sectors lying between narrow, less strongly emitting dodecahedral sectors. A 
phosphorescence image (right), recorded with an exposure time of 0.4 second and a delay of 0.1 second after the 
ultraviolet excitation had been switched off, shows strongest phosphorescence from octahedral sectors. Strong, 
long-lived phosphorescence is a characteristic feature of near-colorless and blue synthetic diamonds. 
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We have loaned the GIA Gem Trade Laboratory 
DiamondView and DiamondSure instruments, 
which they are evaluating for use as part of GIA 
GTL’s standard diamond testing procedures. In this 
evaluation, the DiamondSure is the first test for all 
diamonds that the laboratory takes in (T. Moses, 
pers. comm., 1996}. Using the DiamondView, GIA 
Research in Carlsbad, California, recorded fluores- 
cence patterns on eight Russian and three 
Sumitomo Electric synthetic diamonds (all yellow). 
From these patterns, all of these diamonds were 
quickly and easily recognized as synthetic (J. E. 
Shigley, pers. comm., 1996). 


CONCLUSION 

The DiamondSure is a relatively inexpensive instru- 
ment capable of screening 10 to 15 stones per 
minute and automatically producing a “PASS” or 
“REFER FOR FURTHER TESTS” result. It is based 
on the presence or absence of the 415 nm line, 
which was found in more than 95% of natural dia- 
monds tested but has not been found in any syn- 
thetic diamonds. Because a small proportion of nat- 
ural diamonds would be referred by this instrument, 
additional testing may be required. The 
DiamondView is a more complex and significantly 
more expensive instrument. It enables the operator 
to determine whether a diamond is natural or syn- 
thetic on the basis of a far-ultraviolet-excited fluo- 
rescence image. Synthetic diamonds are identified 
by their distinctive growth-sector structure, whereas 
natural diamonds show either purely octahedral 
growth or a combination of octahedral and hum- 
mocky “cuboid” growth. Because only two or three 
stones can be examined per minute, and an operator 
must interpret the fluorescence image, it would not 
be practical to use the DiamondView alone for 
screening large numbers of stones. It would there- 
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fore be appropriate for both instruments to be used 
together or for operators of a DiamondSure to have 
ready access to a laboratory with a DiamondView. 

At present, DiamondSure and DiamondView 
instruments are being loaned to a number of major 
gem testing laboratories throughout the world. Both 
instruments have been designed so that they can be 
manufactured in volume should near-colorless cut- 
table synthetic diamonds enter the gem market in 
significant numbers. Although it has yet to be 
shown that this will be the case, these instruments 
could be made commercially available quickly, 
should a real need arise. The price of the instru- 
ments will depend very much on the numbers to be 
produced, but it is estimated that a DiamondSure 
instrument might cost in the region of a few thou- 
sand dollars, whereas the more complex Diamond- 
View might be 10 times as much. 

The development of these instruments ensures 
that synthetic diamonds of cuttable quality can be 
easily identified. With such tools available to mem- 
bers of the gem trade, the existence of such synthet- 
ics should not be a cause of major concern. 
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INTRODUCTION TO ANALYZING 


INTERNAL GROWTH STRUCTURES: 


Identification of the Negative 
d Plane in Natural Ruby 


Growth-structure analysis has become 
increasingly important as a gemological tool 
for locality classification and distinguishing 
between natural and synthetic gemstones. 
This article presents the methods and instru- 
ments needed to analyze the internal growth 
structures of corundum. As an application of 
this testing procedure, the negative rhombohe- 
dral d (0112) plane is documented as part of 
the crystal habit in a small number of natural 
rubies—both as a subordinate form and, for 
the first time in natural rubies, as a dominant 
crystal form. Until recently, this crystal face 
was primarily associated with flux-grown syn- 
thetic rubies and sapphires. 
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By Christopher P. Smith 


. | 


f ie ver the past several years, the analysis of crystal 
I { / habits and internal growth features observed in gem- 


~ stones has gone beyond the realm of purely academic 
crystallography to applications in gem identification. The 
wealth of information learned through the determination of 
external habits and internal growth structures, which reflect 
the conditions in which the gem grew, can aid in (1) the sep- 
aration of natural and synthetic gem materials, as well as (2) 
the identification and characterization of gemstones from 
different deposits around the world (figure 1). 

For example, the type of twinning is an important factor 
in separating natural from synthetic amethyst (see, ¢.g., 
Crowningshield et al., 1986; Koivula and Fritsch, 1989, 
Kiefert and Schmetzer, 1991c). In diamond, internal growth 
structures (commonly referred to as graining) can affect the 
clarity of the stone {see, e.g., Kane, 1980) and be responsible 
for certain color manifestations (see, e.g., Kane, 1980; Hofer, 
1985; Kane, 1987). These and other growth structures also 
aid in the separation of natural and synthetic diamonds (see, 
e.g., Shigley et al., 1992, 1993; Sunagawa, 1992; Rooney et 
al., 1993, and the Welboum et al., 1996, article elsewhere in 
this issue on the new De Beers DiamondView instrument). 
Beryl classification from various sources, in addition to the 
separation of natural from synthetic emeralds, has also bene- 
fited from the study of internal and external growth features 
(see, e.g., Lind et al., 1986, Kiefert and Schmetzer, 1991b; 
Schmetzer et al., 1991). 

In corundum in particular, growth-structure analysis has 
become a standard procedure in many laboratories for both 
source determination and natural versus synthetic distinc- 
tions (see, e.g., Schmetzer, 1986a and b; Schmetzer, 1987; 
Kiefert, 1987; Kiefert and Schmetzer, 1987, 1988, 1991c; 
Hanni and Schmetzer, 1991; Peretti and Smith, 1993, Hanni 
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Figure 1, A wealth of infor- 
mation can be learned 
through the analysis of 

internal growth structures, 

including the distinction of 
natural from synthetic gem 
materials and the probable 
locality of origin of natural 
stones. With a relatively 
simple equipment set-up, 
some study, and practice, 
the professional gemologist 
can make determinations 
that otherwise might 
require sophisticated 
instrumentation available 
to only the most advanced 
laboratories. Some of the 
most intense investigation 
has been done on rubies, so 
that fine natural rubies 
such as those shown here 
(63 ct total weight in the 
bracelet, 40 ct in the ear- 
rings) can be properly iden- 
ulfied. Bracelet and earrings 
courtesy of Harry Winston 
Inc.; photo © Harold w 
Erica Van Pelt. 


et al., 1994; Schmetzer et al., 1994; Smith and Surdez, 
1994, Peretti et al., 1995; Smith et al., 1995). 

To make this new tool more accessible to gemol- 
ogists in all areas of the industry, this article describes 
the basic techniques and instrumentation that can be 
used to perform growth-structure analysis of gems. It 
also provides an example of how this procedure was 
recently applied to identify in natural rubies a rare 
crystallographic feature that had previously been con- 
sidered an indicator of flux-grown synthetic rubies. 


GROWTH-STRUCTURE ANALYSIS 

Background. Understanding of the methods and 
applications that will be presented here requires, 
first, an explanation of some fundamentals of the 
analysis of internal growth structures. The external 
form of a crystal consists of a combination of indi- 
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vidual crystal faces. The relative size and number of 
these faces dictate the overall external shape, or 
habit, of the crystal (figure 2). Which crystal faces 
form and their relative prominence are heavily 
influenced by the conditions of formation (e.g., pres- 
sure/temperature relationships, chemical fluctua- 
tions of the fluids from which the crystals precipi- 
tated, etc.). Consequently, analysis of these habits 
can provide important information concerning the 
way a particular gemstone grew. However, since the 
external habit of a stone is removed during the fash- 
ioning process, internal growth features are the only 
means to identify the original habit and crystal- 
growth characteristics in a faceted or polished gem. 
The internal growth structures represent the 
succession of crystal “habits” that formed while the 
crystal was growing (figure 3). (That is, internal 
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Figure 2. The external form, or habit, of a crystal is made up of a collection of various crystal faces. The number and 
relative prominence of these crystal faces can have a significant influence on the overail shape of the crystal. Shown 
here are bipyramidal (left) and tabular (right) blue sapphire crystals from Sri Lanka. The line diagrams illustrate 
which crystal faces comprise the habits of these two crystals: the basal pinacoid c (0001), the positive rhombohedron 
r (1011), the hexagonal dipyramid w (1121), and the second-order prism a (1120). Photo by Shane F, McClure. 


growth planes were at one point external crystal faces. 
For consistency, the word plane will be used to refer 
to internal crystal forms, and the word faces will be 
reserved for describing external crystal forms.] 
Minerals form over a long period of time—sometimes 
continuously and sometimes discontinuously—until 
the conditions of the formation environment can no 
longer sustain that mineral’s growth. This change in 
conditions can happen for a variety of reasons. For 
example, the crystal may be removed from the 
growth environment by geologic forces, or the growth 
environment no longer has the chemical/physical 
requirements (composition of fluids, temperature, 
pressure) to support the continued formation of that 
mineral, or there may be no more space for expansion 
because of competition from other minerals. 

The internal structures that indicate the growth 
of a crystal can be compared to the “rings” of a tree. 
Just as each “ring” represents one year’s growth of 
tree bark, the internal growth structures illustrate 
various stages in the history of a crystal’s formation. 
Internal growth features can be observed in transpar- 
ent gem materials in a variety of ways: as color zon- 
ing (which can fluctuate between the different 
stages of growth], by inclusions that form and con- 
centrate along crystal faces, or coat the crystal’s 
entire surface at one growth stage and then are 
enclosed by later phases (the latter is how “phan- 
toms” are formed]; or by the presence of “lines” that 
represent the interface or contact plane between 
consecutive stages of growth. These lines generally 
are visible with a microscope only when the interior 
of the gemstone is viewed in a direction parallel, or 
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nearly parallel, to the traces of a specific plane, par- 
ticularly if the stone is immersed in a liquid of simi- 
lar refractive index (to reduce the reflection of light). 

The appearance of these lines can be visualized 
by imagining a common type of window in which 
two sheets of glass have been vacuum sealed togeth- 
er. When you look perpendicular to the glass plane 
(i.e., as you would normally look through a win- 
dow}, the objects on the other side are not obstruct- 
ed. However, if you examine the glass parallel to its 
main surface {i.e., along the edge], a “line” is visible 
where the two sheets of glass meet. 

In 1985, Dr. Karl Schmetzer published his first 
paper dealing with the methods for determining 
internal growth structures in some uniaxial gem- 
stones, with specific focus on corundum, beryl, and 
quartz (see also Schmetzer, 1986a). For a more in- 
depth discussion on methods and applications of 
determining growth structures in some uniaxial 
gemstones, the reader is referred to these papers and 
others by Schmetzer (1985, 1986a and b}, Kiefert and 
Schmetzer (199la-—c], and Peretti et al. (1995). 
Following is a brief, step-by-step description of how 
to use this technique; it has been written specifical- 
ly for those gemologists, like the author, who do not 
have a formal background in crystallography. 


The Technique. The manner in which specific crys- 
tal planes can be identified relates to: {1} the posi- 
tion, or the angle, that the planes form relative to 
the optic-axis direction of the uniaxial gemstone; 
and (2) the angle created by the joining of two 
planes. In the technique used by the author to iden- 
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tify crystal planes, the equipment includes: a stone 
holder, modified by the author, which allows for 
rotation about both the vertical and horizontal axes 
(Box A}; a horizontal microscope; an immersion cell 
containing methylene iodide;,and a light source 
located behind the gemstone so light is transmitted 
through it (figure 4). Note that growth structures, 
color zoning, and the like, can also be seen, but not 
measured, with a standard binocular microscope 
using darkfield and various other illumination tech- 
niques. However, immersing the gemstone in a liq- 
uid will reduce the distortion of light and other detri- 
mental effects, thereby significantly improving the 
visibility (and measurability] of the growth struc- 
tures. The recommended procedure is as follows: 

First examine each specimen with magnifica- 
tion in the immersion liquid to locate any color 
banding or other structural features that might be 
present. Then position the stone in the stone holder 
so that the direction of the growth planes selected 
for identification is oriented vertically, that is, per- 
pendicular to the platform base that holds the 
immersion cell, thus allowing for the most accurate 
measurement of the angle between the optic-axis 
direction and the growth plane to be identified. The 
author has added this first step to the methods 
described by Schmetzer (1985, 1986a and b) and 
Kiefert and Schmetzer (1991a-—c}, in order to guaran- 
tee the most accurate measurement for those just 
beginning to use this testing method. When the 
growth planes are not in a vertical direction, but 
rather are at an angle, the angles measured may be 
off by a couple of degrees, thereby decreasing the 
accuracy of the technique. 

Next, center the optic axis {c-axis} of the gem- 
stone both horizontally and vertically, parallel to 
the observer's field of view. This is accomplished 
by using a pair of crossed polarizing filters and the 
dual-axis stone holder, which allows for a pivotal 
tilting both forward and backward, as well as a 360° 
rotation. By pivoting and rotating the stone holder 
{and the gemstone}, look for the interference rings 
to converge toward the center of the stone (figure 
5). At a certain point, you will notice the interfer- 
ence rings shift from converging to diverging. This 
indicates that the optic axis of the stone has just 
been “passed over.” Here, make smaller adjust- 
ments to center the stone in that small area between 
where the interference rings converge and diverge. 

During the final centering of the optic axis, very 
subtle movements left to right and backward to for- 
ward will cause the gemstone to go from white to 
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dark to white again (whereas more exaggerated 
movements will again display the interference 
rings}. When the optic axis is centered, the gem- 
stone should appear essentially black. It may take 
some practice to become familiar with this proce- 
dure. Nevertheless, the accurate centering of the 
optic axis is essential to the correct identification of 
the growth planes to be measured. 


Figure 3. Internal growth structures reveal the history 
of a gem’s formation. Each internal growth plane seen 
in a stone was once a face on the original crystal as it 
grew, Changes in the formation environment can 
change the presence and prominence of the various 
faces, providing clues to the origin of the stone. Often 
one can see the succession of crystal habits that 
formed over time. In this idealized example of a ruby 
from Mong Hsu (Myanmar), the optic axis is located 
parallel to the length of the stone, and the small, hori- 
zontal, basal growth planes are positioned down the 
middle, An equal amount of growth-structure infor- 
mation is present to the left and right, revealing a 
habit of c, n, and w. Note that most gemstones do not 
reveal such a well-centered sequence of growth struc- 
tures; typically, one side is either less complete than 
the other or absent. Immersion, magnified 10x. 
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BOX A: THE MODIFIED STONE HOLDER AND ITS BENEFITS 


Under optimal measuring conditions, the “optic axis” 
method has an accuracy of approximately + 1° 
(Schmetzer, 1985, 1986a; Kiefert and Schmetzer, 
1991a). These optimal conditions are present when the 
stone holder can be maintained in an essentially verti- 
cal position, so that the centered optic axis remains 
parallel to the observer’s field of view (along a horizon- 
tal rotation plane}, even after a 180° turn of the stone 
and stone holder. However, because the axial orienta- 
tion of a faceted gemstone is usually random, the 
observer commonly must tilt the stone holder either 
forward or backward to center the optic axis. It has 


Figure A-1. (a) When the stone holder and gem- 
stone are tilted to large degrees, the optic axis is 
no longer parallel to the observer's field of view, 
thereby increasing the potential error factor in the 
measurement of the angles and making it more 
difficult to separate the different crystal planes. 
(b) With the modified stone holder, major correc- 
tions can be made by rotating the gemstone itself, 
so that the stone holder remains vertical and the 
optic axis stays parallel to the observer's field of 
view, even after a 180° turn. This permits optimal 
measuring conditions and accuracy. The arrow 
shows the optic-axis direction, 


180° rotation 


ae 


ei a 


been proposed that the observer can tilt the stone hold- 
er up to approximately 40° and still get accurate read- 
ings (Kiefert and Schmetzer, 1991a}. In the author's 
experience, however, centering the optic axis frequent- 
ly requires that the stone holder be tilted to this degree 
or even further. Yet, on a 180° rotation or even a por- 
tion thereof, the optic-axis direction does not remain 
parallel along the horizontal rotation plane (figure A- 
la). This increases the error factor and makes the deter- 
mination of individual crystal planes more difficult. 

The author’s modification to the basic stone 
holder consists of two independently rotating, slightly 
curved, grooved channels (figure A-2}. These channels 
allow for an additional rotation axis about the vertical 
plane. Therefore, the observer does not have to tilt the 
stone holder to large degrees, or reposition the gem- 
stone in the stone holder, to center the optic axis of 
certain gemstones. Instead, he or she can rotate the 
gemstone itself by means of the channels, so that the 
c-axis maintains a parallel rotation about the horizon- 
tal plane and the field of view (figure A-1b), With this 
new rotation capability, the operator can correct 
major deviations, leaving the “fine tuning” adjust- 
ments to the tilting movement. Jt should not be nec- 
essary for the tilting movement to deviate more than 
approximately 5° either forward or backward from the 
vertical position, thereby always maintaining optimal 
measurement conditions. In addition, after locating 
the optic axis, the operator can now turn the gem- 
stone 90° along the vertical rotation axis, to view the 
growth structures perpendicular to the c-axis {again 
refer to figure 3) without removing the gemstone and 
repositioning it in the stone holder. 


Figure A-2. The author’s modification to the 
basic stone holder consists of two indepen- 
dently rotating grooved channels, which allow 
for an additional rotation capability so that 
the c-axis remains in a vertical position. Photo 
by Shane F. McClure. 
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BOOK REVIEW 


Dictionary of Gems and Gemology, First Edition, by Robert M. Shipley, founder 

and executive director of the Gemological Institute of America, and of the 

American’ Gem Society; assisted by Anna McConnell Beckley, the. late 

Edward Wigglesworth, Ph.D., C.G., and Major Robert M. Shipley, Jr. 

Published ~ by the: G.I.A: ‘and obtainable through its Book Department; * 
254 + XI pp.; price $5.50. 


This book, of handy, relatively 
small size, is a glossary of over 4000 
English and foreign words, terms 
and abbreviations which may be 
encountered in English literature 
concerning gems, or in the gem, 
jewelry or art trades. The subjects 
covered also include ornamental, 
decorative, and curio stones. 

The senior author has also writ- 
ten two other published works: The 
Story of Diamonds, in its second 
edition in 1941; and Famous Dia- 
monds of the World, in its third 
revised edition in 1944. Mr. Shipley 
was a jeweler with years of suc- 
cessful commercial experience before 
he inaugurated systematic gemologi- 
cal study in the United States. 

The definitions were written by 
the compiler, Mr. Shipley, and were 
condensed and checked against 
books, reports and articles from 
English, French and German 
sources. Naturally we find that the 
definitions and classifications are 
different from those of some stand- 
ard authors; but many such points 
show improvement, being up-to-date 
in most respects. 

Following the Introduction we 
find a chapter giving directions for 
the proper use of the book, certainly 
a desirable feature. In the future 


revised editions which are promised, 
constant improvements will be made. 
There will also be as a companion 
book, a Dictionary of Diamonds, to 
consider this subject in ratio with 
its true importance, 

The author states: “In determin- 
ing the format of this book the 
compiler’s principal purpose was to 
produce a compact, all-inclusive ref- 
erence book which for the layman 
or the beginning student would (1) 
be a pocket-size volume, (2) contain 
a definition of every unusual word 
or term used in any of its own 
definitions, and (3) contain all es- 
sential gemological information in 
such form that it will create a de- 
mand that it be revised and expand- 
ed frequently...” 

The book is intended for several 
groups of readers, (1) the pros- 
pective buyer of jewelry or gem- 
stones, (2) the beginner in the study 
of gemology or novice in the jewelry 
trade, (8) the reader of other gem 
literature, (4) the graduate or ad- 
vanced student of gemology. The 
reviewer would like to add that for 
those interested in mineralogy and 
geology, and for those who appre- 
ciate or collect gemstones, the book 
will prove of outstanding value. In 
the words of a well-known authority 


A simple method to check whether the optic 
axis is centered involves holding a jeweler’s loupe 
between the microscope and the immersion cell. If 
the gemstone is centered properly, the loupe will 
act as a coniscope lens (similar to the glass sphere 
used with a polariscope], revealing the uniaxial 
optic figure. 

Once the optic axis is centered, remove the 
polarizing filters and use the set screw to position 
the pointer of the stone holder at the 0° mark on the 
indicator dial (figure 6). Then rotate the stone and 
stone holder (left or right) until a vertical series of 
growth features is sharply delineated, often by color 
zoning (figure 7); the position of the pointer on the 
dial will show how many degrees these growth fea- 
tures are located from the optic-axis direction (figure 
8}. This number defines which crystal plane is repre- 
sented by the growth features being examined (see 
table 1 for the crystal planes seen in corundum and 
their corresponding angles from the c-axis]. The 
prism planes a (1120) are seen at 0° (because they are 
parallel to the optic axis], whereas the basal pinacoid 
c (0001), which is perpendicular to the optic axis, has 
the largest potential reading, 90° (again, see table 1). 
All other crystal planes are located at angles between 
these two. Typically, a gemstone contains more 
than one series of growth planes. When complex 
growth structures are encountered, it may be helpful 
to center the optic axis first, and then rotate the 
stone holder as previously described to identify 
which growth planes are present. 

Connecting growth planes can also be identified 
using a specially designed eyepiece that attaches to 
one of the microscope oculars. This eyepiece acts as 
a mini-goniometer, an instrument used by crystallo- 
graphers to measure angles between crystal faces, 
enabling measurement of the angles created by con- 
necting crystal planes within a stone (see, e.g., 
Kiefert and Schmetzer, 1991a). Contained within 
the eyepiece are two independently rotating disks, 
one with two lines intersecting at 90° (creating a 
cross} and the other consisting of small numbered 
marks around the periphery, indicating 360° in a 
complete circle. By lining up the longer “cross hair’ 
parallel to one series of crystal planes and then rotat- 
ing it so that it is parallel to the other series of crys- 
tal planes, one can use the scale around the periph- 
ery to determine the number of degrees in the angle 
created by the meeting of two or more crystal 
planes. (Author’s note: The eyepiece described here 
is no longer commercially available from the Leica 
Corp. The reader is therefore referred to Kiefert and 
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Figure 4, Internal growth structures are analyzed 
most readily with a horizontal microscope set-up 
such as this one, with the gemstone immersed in a 
container filled with methylene iodide and a light 
source positioned opposite the microscope head so as 
to transmit light through the sample. A horizontal 
microscope has the additional advantage of distanc- 
ing the operator from the methylene iodide fumes. 


Schmetzer, 199 1a, for a description of commercially 
available microscope oculars with “cross hairs” and 
an additional scale to measure the angles, which is 


Figure 5. Centering the optic axis of a uniaxial gem- 
stone requires rotating the stone holder left to right as 
well as tilting it forward and backward. The interfer- 
ence rings should converge toward the center of the 
gemstone as the optic axis becomes centered. At the 
point where the optic axis is centered, the stone should 
appear essentially black. Also note the faint vertical 
growth planes visible in this sample. Immersion, 
between crossed polarizers, magnified 10x. 
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Figure 6. Once the optic axis has been successfully cen- 
tered, before the stone is rotated to observe the growth 

features, the pointer must be positioned at the 0° mark 
on the indicator dial. Photo by Shane F. McClure. 


added to the exterior of the eyepiece tube of the 
microscope.| 

In contrast to the first (“optic axis”) method, 
this second (“connecting planes”) procedure does 
not depend on finding the optic-axis direction of the 
gemstone. (However, it is recommended that less 


Figure 7. One of the most obvious ways to identify 
sharpened growth structures is through color zones, or 
bands, the thickness of which may fluctuate between 
consecutive periods of crystal growth. Shown here are 
broad blue color bands alternating with narrow color- 
less bands, parallel to dipyramidal v (4483) planes, in 
a sapphire from Kashmir. The vertical growth planes 
are at 15.4° from the optic axis direction, and the 
angle created at the junction of the v-v planes is 123°. 
Immersion, magnified 15x. 
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Figure 8. By rotating the stone holder until the growth 
features are sharply defined, the pointer will show the 
number of degrees, on the indicator dial, that the 
growth features are located from the optic-axis direc- 
tion of the gemstone, The measurement of 20 shown 
here identifies a series of dipyramidal w (1121) planes, 
which are located characteristically at 20.1° from the 
optic-axis direction. Photo by Shane F. McClure. 


experienced practitioners locate and identify at least 
one series of growth planes initially by the optic-axis 
method.) What is critical to the accurate measure- 
ment of the angles is that both series of growth 
planes and the points at which they meet are very 
sharp. With our knowledge of the exact angles 
formed by various connecting crystal planes (see 
table 2, for the “interfacial” crystal angles for corun- 
dum}, once one set of crystal planes has been identi- 
fied, connecting crystal planes can be identified 
without requiring reorientation of the stone to the 


TABLE 1. The primary crystal planes and angles 
encountered in natural and synthetic corundum. 


) 
hkl (angle from the 
Crystal plane Designation indices c-axis) 
Second-order ae (1120) 0° 
hexagonal prism 
Second-order a> (14 14.28 3) 45° 
hexagonal yb (4481) 528 
dipyramids zp (2241) 10.4° 
yo (4483) 15.4° 
we (1121) 20.1° 
n (2243) 28.8° 
Positive r (1071) 32,4° 
rhombohedron 
Negative d (0172) 51.8° 
rhombohedron 
Negative ye (0115) 725° 
rhombohedron 
Basal pinacoid c (0001) 90° 


4@- Af,03, trigonal crystal class Dy = 3 2/m. Adapted trom Kiefert and Schmelzer, 1991a. 
5 More typically seen in natural corundum. 
& More typically seen in synthetic corundum. 
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128.0° 


28.8° 154.0° 
Dipyramidal n 


Figure 9, A second method of identifying internal 
growth structures uses a special eyepiece that is 
placed on one of the microscope oculars. It has a 
360° scale around the periphery, and cross-hairs 
with which to measure the angle from one growth 
plane to a connecting plane—that is, the angle 
formed by the intersection of the two planes. In 
this illustration, the vertical lines have been iden- 
tified, by the first (optic-axis) method described, as 
dipyramidal n (2243) planes, with a measurement 
of 28,8° from the optic axis direction (see table 1). 
By determining the number of degrees between the 
n planes and the connecting planes, one can identi- 
fy the remaining growth planes as positive rhom- 
bohedral r (1011) planes, with an angle of 154°, 
and a second series of dipyramidal n planes, with 
an angle of 128° (see table 2). 


optic axis (figure 9). When used in combination, the 
two methods provide a cross-check system. 

During growth-structure analysis, a helpful 
method to study the crystal forms is to examine the 
gemstone perpendicular to the c-axis, that is, parallel 
to the basal growth structures (again, see figure 3). 
This is also the best way to determine changes in 
“habit” that took place during the growth of the 
original crystal. For a more complete description of 
this procedure, the reader is referred to Peretti et al. 
(1995, pp. 8-9]. 


THE NEGATIVE d PLANE 

IN NATURAL RUBY : 
Background. The study and determination of the 
crystal faces and habits for corundum is certainly 
not new to crystallography. For the most complete 
collection of corundum habits from various natural 
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sources, the reader is referred to Victor Gold- 
schmidt’s Atlas der Krystallformen, published in 
1918, Over the past decade, however, this analysis 
has taken the additional dimension of aiding in the 
separation of natural and synthetic corundums of 
various colors {Schmetzer, 1985, 1986a and b, 1987; 
Kiefert and Schmetzer, 1986, 1988, 1991c; Smith, 
1992; Smith and Bosshart, 1993, Hanni et al., 1994, 
Schmetzer ct al., 1994]. Because consistent and 
reproducible crystal synthesis requires a controlled 
growth environment, most synthetic corundums 
display crystal habits that are typical of the specific 
methods (and uniform conditions) by which they are 
manufactured. In contrast, as a result of inconsisten- 
cies and fluctuations in the geologic conditions pre- 
sent during their formation, natural corundums dis- 
play a much wider variety of crystal habits. 

The structural differences between natural and 
synthetic corundums may be seen in a variety of 
attributes, including the presence or prominence of 
certain crystal planes, color-zoning characteristics, 
habit variations, combinations of crystal planes, and 
systems of twin lamellae. Of the crystal planes 
observed in flux-grown synthetic corundums pro- 
duced by the various manufacturers (such as 
Chatham, Douros, Kashan, Knischka, and 
Ramaura], the negative rhombohedral d (0112) plane 
was found to be present with a frequency and 
prominence that has not been observed in natural 
corundums (Schmetzer, 1985, 1986a and b; Kiefert 
and Schmetzer, 1991a—c; Hanni et al., 1994). The 
negative d plane is positioned at 51.8° (again, see 
table 1) from the optic-axis direction. The negative d 
face is located at the terminations (or ends) of a 


TABLE 2. The angles formed by the meeting of two 
crystal planes in natural and synthetic corundum. 


Crystal Angle Crystal Angle Crystal Angle 
planes planes (90+) planes (180-88) 
a-a 120.0° ca 90.0° ar 147.6° 
2-2 121.1° co 122.4° an 151.2° 
y-V 123.0° c-d 141.8° aw 159.9° 
w-w 124.0° c-y 162.5° a-v 164.6° 
nn. 128.0° cn 118.8° a-Z 169.6° 
ir 86.1° cw 110.1° a-v 174,8° 
r-v 148.0° c~v 105.4° a-@ 175.5° 
r-w 152.0° Cz 100.4° 

rn 154,0° cv 95.2° 

d-n 148.0° c-O 94.5° 

r-d 133.0° 


4 For the values of 6, see table 1. 
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Figure 10. These diagrams illustrate the 
position of the negative rhombohedral d 
(0112) and other crystal faces in the mor- 
phology of natural and synthetic corun- 
dum. The drawing on the left recreates the 
probable original crystal habit for the 4.51 
ct natural ruby described in this article, 
with the optic axis of the crystal inclined 
slightly from the vertical; the drawing 
below is of the same crystal viewed paral- 
Jel to the optic axis (to illustrate how differ- 
ent crystal planes may look at different ori- 
entations in the three-dimensional crystal). 
Note the location of the negative d face 
from the terminations, or ends, of the crys- 
tal and between two n faces. On the 
Douros flux-grown synthetic ruby crystal 
shown on the right, the negative d face also 
connects to the positive r face, as well as to 
the c and n faces. Note how the relative 
prominence of the various crystal faces can 
dramatically affect the overall appearance 
of the crystal. The presence of faces other 
than c, rt, n, and d suggests natural origin. 


corundum crystal, extending from the basal pina- 
coid c (0001), between two dipyramidal or prism 
faces, and opposite a positive rhombohedral r (1011) 
face (figure 10). This crystal face has been reported 
historically in natural corundum (Bauer, 1896; Dana 
and Dana, 1904; Goldschmidt, 1918, Bauer and 
Schlossmacher, 1932). However, it appears that Max 
Bauer (1896) is the only source where a ruby crystal 
with a negative rhombohedral d (0112} face was 
actually examined and illustrated. The other refer- 
ences appear to be citing Bauer (1896) as their source 
of the information. In the more modern literature, 
the negative d face has been described as represent- 
ing a subordinate crystal form that, if present in nat- 
ural corundum, would be very small (Schmetzer, 
1986a], However, no references can be found in the 
modern literature to the observation of a negative 
rhombohedral d {0112} plane on or in a natural ruby. 
This has led to the suggestion that the presence of a 
more dominant negative d plane, which is common- 
ly found in synthetic ruby, can be used as an indica- 
tion of synthetic origin (Schmetzer, 1985, 1986a and 
b; Kiefert and Schmetzer, 1991a-c}. 

As part of the gemological examination of sever- 
al hundred rubies, the author used internal growth- 
structure analysis, incorporating the combination of 
both methods described previously. These analyses 
revealed the presence of subordinate and, in some 
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cases, dominant negative rhombohedral d (0112) 
planes in rubies that other tests proved were natural. 


Materials and Methods. A total of eight natural 
rubies, between 0.15 ct and more than 25 ct, were 
identified with the negative rhombohedral d (0112) 
crystal plane as part of their original habit (table 3). 
Two had been purchased in northern Vietnam by 
Dr, Eduard J. Gtibelin (Lucerne, Switzerland) and 
Mr. Saverio Repetto (previously director of FIN- 
GEMS, Chiasso, Switzerland)—1.34 and 0.15 ct, 
respectively—and had been represented to them as 
originating from the Luc Yen mining region. Two 
others (7.03 and 2.5.55 ct) were reportedly from the 
Mogok Stone Tract in Myanmar, according to the 
clients who submitted them to the Gibelin 
Gemmological Laboratory for testing. The remain- 
ing four were also submitted to the Gtbelin 
Gemmological Laboratory for examination, but 
without any indication as to their source. 

A standard refractometer, desk-model spectro- 
scope, and electronic scale equipped with the neces- 
sary attachments for hydrostatic specific gravity 
measurements were used to determine that the 
eight samples were ruby. As part of the routine 
examination, as well as once the negative d planes 
were identified, extensive tests were conducted to 
confirm that the stones were indeed natural. To 
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establish their natural origin by means of their inter- 
nal features, a binocular microscope equipped with a 
darkfield light source was used in conjunction with 
fiber-optic lighting. Both of the methods described 
above were used to analyze the internal growth 
structures and twinning characteristics. Semi-quan- 
titative chemical analysis was performed using a 
Spectrace TN5000 energy-dispersive X-ray fluores- 
cence (EDXRF) spectrometer with a special measur- 
ing routine for corundum developed by Professor W. 
B. Stern of the University of Basel. 


Results. The refractive indexes (n, = 1.760-1.764, n, 
= 1.769-1.772, birefringence of 0.008-0.009), visible- 
range spectra (Cr3+ absorption bands}, and specific 
gravity (3.98-3.99) were consistent with known 
properties for ruby. In addition, each of the stones 
had a combination of inclusion features, twinning, 
habit, and trace-element concentrations that provid- 
ed proof of their natural origin (again, see table 3). 
Among the natural inclusion features observed 
in these rubies were transparent, colorless, and 
whitish mineral inclusions; unaltered and thermally 
altered healed fractures; zones of dense, unaltered 
rutile needles (figure 11), and rutile needles that were 
broken as a result of heat treatment. Also noted were 


very fine-grained whitish clouds, “cross-hatch” or 
“flake-like” inclusion patterns, as well as “antennae- 
like” intersecting stringer formations (figure 12} and 
long, fine, needle-like tubules along the intersection 
of two or more systems of twin lamellae (commonly 
referred to as “boehmite needles”). 

When the internal growth structures provided 
enough information to recreate the crystal habit, 
typically two or more dipyramidal crystal and/or 
prism planes, combined with the basal and rhombo- 
hedral crystal planes, were present (figure 13; see 
also figure 10). The combinations of these inclusion 
features and internal growth structures alone pro- 
vided sufficient evidence of the natural origin of the 
rubies described. 


Observation of the Negative Rhombohedral d (0112) 
Plane. In the eight natural rubies described in this 
article, the negative d planes ranged from subordi- 
nate through dominant, sometimes within the same 
stone. The negative d plane in the 1.34 ct ruby var- 
ied slightly in prominence from subordinate to inter- 
mediate during the growth of the gem (figure 14). 
This ruby also had dipyramidal w planes, dipyrami- 
dal z planes (of varying size}, positive rhombohedral 
r, and basal pinacoid c planes. 


TABLE 3. Properties and internal characteristics of the eight natural rubies with the d (0172) plane. 
Property! | Stone number 
Characleristic 1 9 3 4 5 6 7 8 
Carat weight 0.15 1.34 2.53 4.51 6.10 7.03 10.07 25.55 
inclusions Transparent Rulile needles, Thermally altered Stringer patterns  Flake-like and = Transparent and Dissolved Clusters of small 
colorless crystals, healed fractures healed fractures cloud patlerns, cross-hatch whitish crystals, rutile needles, transparent 
very fine grained rutile needles, cloud patterns, dissolved "boehmite" needles, colorless crystals, 
whitish clouds, transparent thermally altered rutile needles, thermally altered —_rutile needles, 
short rutile needles colorless crystals, healed fractures thermally altered healed fractures healed tractures 
“doehmite” needles healed fractures 
Evidence of No No Yes No Yes Yes Yes No 
heat treatment 
Twinning None 1 system None 2 systems 1 system 1 system 2 systems None 
parallel to r 
Growth Zz C-W-Z C-Z-@ OV o~N-Z c-n-Z c-d c-n-a C-N-@ OV 
structures rand d rand d rand d rand d rand d rand d and d 
d plane Intermediate Subordinate Subordinate Subordinate Subordinate to Dominant Dominant Subordinate 
dominant 
Chemistry 
Al,03 ° 99.7 99.5 98.5 98.2 99.3 99.5 99.0 98.9 
Tid, 0.014 0.016 0.031 0.050 0.022 0.035 0.044 0.024 
V205 0,032 0.051 0.027 0.016 0.016 0.016 0.034 0.108 
C03 0.210 0.256 0,899 0.691 0.612 0.413 0.733 0.528 
Fe03 0.038 0.093 0.018 0.023 0.012 0.003 0.006 0.009 
Ga,0; 0.008 0.014 0.001 0.005 0.004 0.003 0.006 0.018 
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Figure 11. Unaltered rutile needles, concentrated 
more densely in bands parallel to subordinate nega- 
tive d planes, provided proof of natural origin in the 
1.34 ct ruby obtained in Vietnam. Oblique fiber- 
optic illumination, magnified 20x. 


A subordinate negative d plane was present 
during most, but not all, of the growth observed in 
the 2.53 ct ruby. The dipyramidal planes o or v 
dominated the morphology of this gemstone, with 
subordinate c, z, and positive r planes also present. 
The 4.51 ct ruby had c, positive r, and two different 
dipyramidal—n and z—planes, with subordinate 
negative d planes having formed only during a brief 
period of crystal growth (refer again to figure 10). 


Figure 12. “Antennae-like” stringer formations, a 
typical feature of Vietnamese rubies, helped con- 
firm that the 4.51 ct stone was natural, Oblique 
fiber-optic illumination, magnified 22x. 
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The 25.55 ct ruby displayed dominant c planes and 
small negative d planes, which were present during 
the earlier stages of crystal growth (figure 15), as 
well as subordinate n planes and more dominant 
dipyramidal planes or v. 

Negative d planes and positive r planes of 
approximately equal, intermediate size were record- 
ed in the 0.15 ct ruby (figure 16], along with subordi- 
nate z planes. 

In the most striking examples, three rubies had 
dominant negative d planes. The 7.03 ct stone 
showed only dominant c planes along with the domi- 
nant negative d planes (figure 17). In addition to its 
dominant negative d planes {figure 18}, the 10.07 ct 
ruby had dominant positive r planes and two systems 
of twin lamellae, along with dominant c and a 
planes, with more subordinate n planes. Yet another 
sample (6.10 ct), revealed negative d planes that 
ranged from subordinate to dominant (figures 19 and 
20), it also displayed c, positive r, and two series of 
dipyramidal—n and z—planes (refer to figure 13). 


Figure 13. Viewing the 6.10 ct ruby perpendicular to 
the optic axis, revealed a well-developed growth 
zoning, typical of natural rubies, that consisted of 
the basal pinacoid c (horizontal growth planes), the 
hexagonal dipyramid n (the diagonal growth planes 
creating an angle of 118.8° with the basal planes), 
and the dipyramid z (the nearly vertical growth 
planes, with an angle of 100.4° from the basal 
growth planes). Immersion, magnified 10x. 


3 
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Figure 14. The negative d planes in this 1.34 ct 
Vietnamese ruby varied in size slightly during the 
stages of growth that are visible in the faceted stone, 
but for the most part they were subordinate. The 
brownish bands following the growth structures are 
concentrations of short rutile needles. Also notice 
the sharp horizontal line, which is a twin plane par- 
allel to a positive x plane. Immersion, magnified 15x. 


DISCUSSION 


Since this author first identified the negative rhom- 
bohedral d (0112) plane in a natural ruby (Smith, 
1992), he has identified this crystal plane in other 
samples. Statistically, however, this structural fea- 
ture remains very rare, having been observed in less 
than 1% of the several hundred corundum samples 
(primarily ruby and blue sapphire) measured to date 
by the author. The term corundum is used in this 
context, because the author did identify the negative 
d plane in a natural blue sapphire loaned by Dr. H. A. 
Hanni, of the Swiss Gemmological Institute (SSEF}, 
Basel, this stone also reportedly originated from 
northern Vietnam. Determining the conditions 
under which the negative d plane formed in these 
samples is beyond the scope of this research; we can 
only surmise that they must have been very special. 
To use the presence of the negative d plane to 
separate natural and synthetic rubies, careful inter- 
pretation of the growth features present is para- 
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mount. The negative d plane (especially as a domi- 
nant feature) remains more common in flux-grown 
synthetic rubies than in natural rubies. However, 
the entire collection of structural features should 
always be used in combination with a careful analy- 
sis of the other inclusion features, as well as with 
the information learned from a chemical or possibly 
infrared spectral analysis. Whereas the basal pina- 
coid c and the positive rhombohedral r planes are 
typically seen in both natural and synthetic rubies, 
n is the only dipyramid seen in synthetic rubies. 
Natural rubies typically contain one or any combi- 
nation of a, 0, V, Z, V, W, orn. 

Aside from the various inclusion features pre- 
sent, it was possible to identify seven of the eight 


Figure 15, Basal pinacoid c planes dominated the 
growth structures seen in this 25.55 ct natural mby, 
which was reportedly from Burma (Myanmar). The 
subordinate negative d planes were more prominent 
during the earlier stages of this gemstone’s growth 
creating an angle of 141,8°). The dark bands are 
concentrations of rutile needles oriented parallel to 
the growth planes, Immersion, magnified 15x. 
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Figure 16. Intermediate negative d planes are easi- 
ly seen in this 0.15 ct Vietnamese ruby, connected 
to positive r planes, The angle created at the junc- 
tion ts 133.0°; however, the complimentary angle 
is also readily seen at 47.0° (180 — 133 = 47). 
immersion, magnified 35x. 


rubies in the sample population (the exception was 
the 7.03 ct stone} as natural by the presence of inter- 
nal growth structures (again, see table 3) that have 
not been seen in flux-grown synthetics. Conse- 
quently, if a negative d plane is seen in a ruby, then 
it is important to look also for the hexagonal dipyra- 
mid and prism crystal planes. If, in addition to the 
negative d plane, only c, positive r, and/or n are 
observed, care must be taken: Although this suite of 
features is typical for flux-grown synthetic rubies, it 
may also occur in natural rubies. If no characteristic 
inclusions are present, the use of analytical tech- 
niques such as EDXRF chemical analysis (see, e.g., 
Stern and Hanni, 1982} or infrared spectroscopy (see, 
e.g., Smith, 1995} is advised. [f additional dipyramid 
or prism planes are present, then natural ruby is 
indicated. In addition, the negative rhombohedral y 
(0115) plane, located at 72.5° from the optic axis, is 
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Figure 17, The most striking example comes from 
a 7.08 ct ruby, reportedly from Burma (Myanmar), 
in which the only growth structures present con- 
sisted of dominant c planes and dominant nega- 
tive d planes, which created an angle of 141.8°. 
Immersion, magnified 18x. 


still considered indicative of a synthetic ruby in 
those very rare situations where it is present 
(Schmetzer, 1985, 1986a and b; Kiefert and Schmet- 
zer, 1991a-c}. 

If a negative d plane is detected in a ruby of sus- 
picious identity, then twinning characteristics can 
also provide important clues (Kiefert and Schmetzer, 


Figure 18. Dominant negative d planes are seen in 
this 10.07 ct natural ruby, creating an angle of 
133.0° with dominant positive r planes. The 
“checkerboard” appearance of intersecting lines is 
the result of twinning parallel to two positive r 
planes, forming angles of nearly 90°. Immersion, 
magnified 9x. 
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Figure 19, The negative d planes in this 6.10 ct natu- 
ral ruby ranged from subordinate to dominant. This 
view shows a subordinate form of negative d plane 

with dominant c planes. Immersion, magnified 10x. 


1986, 1988; Kiefert, 1987; Schmetzer, 1987, 1988}. 
Twin planes parallel to the positive r planes (com- 
monly referred to as “laminated twinning”) are 
common in natural rubies, but they may also be 
present in flux-grown synthetic rubies produced by 
Kashan (and, less commonly, in those from 
Chatham or produced by the Verneuil method). In 
synthetic rubies, however, only rarely will the twin 
planes intersect one another. In contrast, twinning 
in natural rubies frequently has a “checkerboard” or 
“lattice work” appearance (again, see figure 18, 
Schmetzer, 1987). Other forms of twinning 
observed in natural and synthetic corundum can 
also aid in this separation (e.g., Kiefert, 1987; 
Schmetzer, 1988; Schmetzer et al., 1994, Hanni et 
al., 1994). 

With regard to how the presence of the negative 
d plane may relate to source determinations, two of 
the rubies (1.34 and 0.15 ct} were purchased in 
Vietnam, and three others (2.53, 4.51, and 6.10 ct) 
revealed internal features typical of Vietnamese 
rubies. The suppliers of two of the remaining rubies 
(7.03 and 25.55 ct) indicated that they came from 
Myanmar. The author was unable to determine the 
probable source location of the 10.07 ct ruby. It is 
interesting that the negative d plane noted by Bauer 
{1896} also was reportedly in a natural ruby from 
Burma (now Myanmar}. Therefore, it can be stated 
that to date the negative d plane has been observed 
in rubiés from only two sources: Vietnam (Luc Yen} 
and Myanmar (Mogok Stone Tract). Whereas the 
author has examined five to 10 times as many 
Mogok as Vietnamese rubies, he has observed this 
plane more frequently in the Vietnamese stones. 
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Figure 20. The 6.10 ct ruby also displayed dominant 
negative d planes as the stone was rotated to view 
additional growth-structure characteristics. 
Inumersion, magnified 8x. 


CONCLUSION 


The analysis of internal growth structures {internal 
indicators of crystal habit formation} in fashioned 
gemstones has been increasing in importance since it 
was first introduced to gemologists in 1985. The 
methods and principles involved can be learned and 
used by any gemologist with a minimum of special- 
ized equipment. With experience, the study of growth 
structures—through the identification of individual 
and pairs of crystal planes—can help distinguish 
between fashioned natural and synthetic gems as well 
as help classify gemstones from various deposits. 
While this article focuses on the identification of 
growth planes, observations of color zoning and twin- 
ning characteristics can also provide key information 
relating to a natural/synthetic distinction or prove- 
nance determination (see, e.g., Schmetzer, 1987; 
Smith and Surdez, 1994; Peretti et al., 1995; Smith et 
al., 1995; Hanni et al., 1994). 

According to earlier reports, the negative rhombo- 
hedral d (0112) plane was extremely rare in natural 
rubies and occurred only as a subordinate feature. 
However, this article has detailed for the first time in 
the professional literature the occurrence of negative d 
planes as intermediate to dominant crystal planes in 
natural rubies. It is potentially relevant to locality 
determination that to date the negative d plane has 
been observed only in rubies from Vietnam and 
Myanmar. These findings reinforce the importance of 
not relying on any single growth feature as conclusive 
proof of the natural or synthetic origin of a ruby or sap- 
phire. Instead, identification and analysis of growth 
structures requires keen observation and interpreta- 
tion of all the observed crystallographic features. 
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on the subject of mineralogy, this 
is a work to which “every mineral- 
ogist should have access.” 

The terms discussed are printed 
in easily read, bold-face type, and 
erroneous or misleading names of 
gems are distinguished by being en- 
closed in quotation marks; both of 
these are-very desirable features, 
preventing confusion. Names of au- 
thorities mentioned in the definitions 
appear with a brief biography of 
their books in the alphabetical en- 
tries of the dictionary. An effort has 
also been made to include in alpha- 
betical order the names, descriptions 
and addresses of organizations, mu- 
seums, laboratories and periodicals 
which are especially concerned with 
gems. 

The reviewer finds the book im- 
partial in its views and statements, 
and free from any very noticeable 
errors or serious omissions. Opinion 
may vary on some details, as, for 
instance, whether the tree-like in- 
clusions in moss agate must always 
be green; and the geologist or 
petrographer would certainly say 
that thin sections of rocks and min- 
erals are much more widely used 
by the student of structural mate- 
rials such as building-stones,-and in 
the study of rocks and ores asso- 
ciated with them, than by the 
mineralogist. 

The whole subject of definitions 
and related matters seems to be 
fairly and completely presented so 
far as present knowledge allows; in 
future editions this should be even 
more complete. The fact that many 
of the definitions have already ap- 


peared in serial form before the 
author’s public (in a glossary pub- 
lished quarterly in Gems & Gem- 
ology from 1934 to 1940) assures 
a certain measure of accuracy and 
authenticity. 

There has more recently appeared 
a somewhat similar book entitled 
The Jeweler’s Dictionary, published 
in New York, 1945, by the Jewelers’ 
Circular-Keystone (Chilton Com- 
pany). This work of 272 pages cov- 
ers a wider field than that of gem- 
ology proper; it pays as much 
attention to watches, metals, metal- 
craft and apparatus connected with 
the setting of gems and watch- 
making, as it does to definitions di- 
rectly pertaining to gems and 
gemology, which are therefore Hany 
much fewer in number. 

The printing in Shipley’s Diction- 
ary of Gems and Gemology is clear 
and good, and the quality of the 
paper stock is excellent in spite of 
wartime conditions. Paragraphs and 
words are well spaced. A pronuncia- 
tion key is furnished for terms 
which are expected to give difficulty 
to the reader or student. Cross- 
references are numerous; entries 
are in bold type in the definitions, 
to indicate those to be consulted in 
other parts of the book. A page of 
corrections and additions is given 
with the book to give the very latest 
information. 

In recommending it for more se- 
rious consideration of those inter- 
ested in the subject of gems, the 
reviewer can only say that he has 
greatly profited in its inspection.— 

Alfred C. Hawkins. 
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RUSSIAN FLUX-GROWN 
SYNTHETIC ALEXANDRITE 


By Karl Schmetzer, Adolf Peretti, Olaf Medenbach, and Heinz-Jiirgen Bernhardt 


Synthetic alexandrite is being flux- 
grown in Russia in a molybdenum-, 
bismuth-, and germanium-bearing sol- 
vent by means of the reverse-tempera- 
ture gradient method. Characteristic 
properties include habit, twinning, 
growth patterns, residual flux inclu- 
sions, trace-element contents, chemical 
zoning, color zoning, and spectroscopic 
features in the visible and infrared 
ranges. The relationship between pro- 
duction technique and characteristic 
properties 1s discussed, and diagnostic 
properties that can be used to distin- 
guish these synthetics from natural 
alexandrite are disclosed. 
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ine alexandrites are even rarer than fine rubies, sap- 
phires, and emeralds. The major factors determining 
price are size, clarity, brilliancy, color in daylight, color 
change in artificial light, and country of origin. The finest 
alexandrites are characterized by a lively and intense green 
color in daylight with a prominent color change to purplish 
red or reddish purple in incandescent light. The most presti- 
gious source of natural alexandrites is Russia, specifically 
the Ural mountains, where they were first discovered. Fine 
alexandrites occasionally appear at international auctions. 
For example, a 31 ct alexandrite sold for almost US$185,000 
at Christie’s May 1992 auction in Geneva. Dealers in Idar- 
Oberstein report the sale of fine, large {over 5 ct} alexandrites 
for $10,000-$20,000 per carat, and even higher for exception- 
al stones (R. Guerlitz and A. Wild, pers. comm., 1996). 

During the past 10 years, new deposits of natural alexan- 
drite have been found in Minas Gerais, Brazil (Bank et al., 
1987; Proctor, 1988; Cassedanne and Roditi, 1993; Karfunkel 
and Wegner, 1993]; in Orissa and Madhya Pradesh, India 
(Patnaik and Nayak, 1993; Newlay and Pashine, 1993), and, 
most recently, near Songea in southern Tanzania (see “News 
on the Songea Deposit .. .”, 1995; Kammerling et al., 1995). 
In addition, gem alexandrites are still being recovered from 
the historic emerald deposits of the Ural Mountains (Eliezri 
and Kremkow, 1994; Laskovenkov and Zhernakov, 1995}. 

As greater quantities of gem alexandrite enter the mar- 
ket, significant amounts of faceted alexandrites are being 
submitted to gemological laboratories for testing. 
Occasionally, distinguishing natural from synthetic has been 
difficult, notably for flux-grown synthetics, but especially 
when a specimen lacks diagnostic mineral inclusions (see 
Bank et al., 1988; Henn and Bank, 1992; Kammerling, 1995}. 
These difficulties are caused by the similarity of growth 
structures and healing “feathers” in natural alexandrites 
from different localities to residual flux feathers in flux- 
grown synthetic alexandrites. In addition, hematite platelets 
in natural alexandrites sometimes resemble platinum inclu- 
sions in their flux-grown synthetic counterparts. 
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The Russian-produced synthetic alexandrites 
(figure 1} can imitate the highest-quality natural 
alexandrites—such as those from the Ural moun- 
tains. Yet some natural alexandrites have sold for up 
to 300 times as much as their synthetic counterparts. 
Consequently, these synthetic alexandrites occasion- 
ally are misrepresented in the trade as Uralian 
alexandrites. One of the authors (A.P.} recently 
encountered two instances of synthetic alexandrites 
offered for sale as natural stones in Switzerland. 

According to the voluminous scientific and 
patent literature available to the authors, synthetic 
alexandrite and synthetic chrysoberyl can be grown 
from the melt (Czochralski, Verneuil, Bridgman, 
and floating-zone techniques), hydrothermally, by 
the flux method, and by chemical vapor deposition 
(for a good description of most of these modern crys- 
tal-growth techniques, see Kimura and Kitamura, 
1993). Because of such factors as production costs 
and the small crystals that result from some of these 
growth techniques, gem-quality synthetic alexan- 
drites have been grown commercially and released 
to the market by just a few companies, which use 
the Czochralski, floating-zone, or flux method. 

Two types of flux-grown synthetic alexandrite 


have been produced commercially for gem purpos-. 


es. Since the 1970s, Creative Crystals Inc. of San 
Ramon, California, has produced synthetic alexan- 
drite crystals by a method that uses a lithium 


Synthetic Alexandite 


Figure 1. As the number of natu- 
ral alexandrites in the market- 
place increases, so does the quan- 
tity of synthetic alexandrites. 
One of the most convincing syn- 
thetic alexandrites is the material 
that is being flux grown in 
Russia. Shown here is a 1,08 ct 
(6.3 x 5.3 mm) faceted Russian 
flux-grown synthetic alexandrite 
in fluorescent light (left) and 
incandescent light. Photos © GIA 
and Tino Hammid. 


polymolybdate flux, as described in the Cline and 
Patterson patent (1975). 

The second type has been produced at various 
locations in the former USSR since the late 1970s or 
early 1980s, using a method originally developed at 
the Institute of Geology and Geophysics, Siberian 
Branch of the Academy of Sciences of USSR in 
Novosibirsk. A few crystals grown by this method 
were given to one of the authors (K.S.} by Drs. A. Ya. 
Rodionov and A. S. Lebedev in 1988 and 1991. 
Preliminary results from the examinations of these 
samples were never published because of the very 
small sample base. That situation has changed. 
Considerable quantities (many kilos} of rough 
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Russian synthetic alexandrite are now commercial- 
ly available, either directly from Novosibirsk or 
indirectly from Bangkok, and large parcels of rough 
are being cut in Sri Lanka, especially for the 
American market (G. E. Zoysa, pers. comm., 1995]. 
For the present study, the authors examined more 
than 200 synthetic alexandrites with properties that 
indicated that they were all produced by roughly the 
same method (i.e., using fluxes that were similar in 
composition}. In addition, one commercial source of 
Russian flux-grown synthetic alexandrite is the 
Design Technological Institute of Monocrystals, 
also in Novosibirsk, which works in cooperation 
with the Institute of Geology and Geophysics. 
During a 1994 visit to Novosibirsk, one of the 
authors (A.P.) obtained information first hand at 


both institutes and saw demonstrations of part of 
the growth facilities, including the use of crucibles 
and furnaces. 

The production technique used for Russian 
flux-grown synthetic alexandrite was briefly men- 
tioned by Godovikov et al. (1982} and later described, 
in greater detail, by Rodionov and Novgorodtseva 
(1988) and Bukin (1993). The gemological properties 
of Russian flux-grown synthetic alexandrites were 
first described by Trossarelli (1986) and later by 
Henn et al. (1988), Henn (1992), and Hodgkinson 
(1995). The present article examines the relationship 
between production technique and typical proper- 
ties, and identifies those characteristics that can he 
used to distinguish these synthetics from natural 
alexandrite. 


TABLE 1. Modern techniques for the flux growth of chrysoberyl and alexandrite. 


Authors Inventors/ Flux Growth Dopant Remarks 
assigned to conditions4 (oxide) 
Farrell et al. PbO-PbF, $,sn SC — Chrysobery! 
(1963) PbO sn fe — Chrysoberyl 
Farrell and Fang PbO S,sn SC — Chrysoberyl 
(1964) PbO-PbF, ssn SC — Chrysoberyl 
LipMo0,-Mo03 ssn SC Cr Alexandrite 
Bonner and Van Uitert PbO-PbF,-Si0, sn sc Cr Alexandrite 
(1968)/Bell Telephone + By03 
Laboratories 
Tabata et al. PbO-PbF, sn sc = Chrysoberyl; BoOs is used 
(1974) + B03 as habit modifier 
Cline and Patterson (1975)/ LiyMo0,-Mo0; $,sn SC Cr, Fe Alexandrite 
Creative Crystals Inc. (also Li-niobate, 
tungstate and 
PbO-PbF, ) 
Machida and Yoshihara LipMo0,4 § sc Cr,V Alexandrite 
(1980,1981) /Kyoto Ceramic Co. 
Godovikov et al. (1982) "Flux" tg Alexandrite 
Hirose (1984}/Suwa Vos + Mo- or Alexandrite 
Seikosha K.K. W-Oxides 
Kasuga (1984)/Suwa LigMo0,, MoO, $ Cr, Fe Alexandrite 
Seikosha K.K. V205, LIOH 
Togawa (1985)/ Vo0s s sc, tg Cr Alexandrite 
Suwa Seikosha K.K. 
Isogami and Nakata LisMo0, s sc Fe, Ce, V, Co, Cat's-eye; TiO, Sn0s, 
(1985,1986)/Kyocera Corp. W, Cr, Ni, Mn 2105, or GeO, 
causing asterism 
Rodionov and "Flux" sn sc, tg Alexandrite; two habits 
Novgorodtseva according to 
(1988) experimental conditions: 
platy or equidimensional 
Bukin (1993) Bi.03-Mo03 ssn Ig Cr, Ti Alexandrite; laser 
(sc, fe) applications 


3 fe = flux evaporations, S = seeded growth, sc = slow cooling, sn = spontaneous nucleation, and tg = temperature gradient. 
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Figure 2. Three main processes have been described for the flux growth of beryllium-bearing oxides and silicates 
such as synthetic alexandrite and emerald: (A) slow cooling of a saturated melt, with seeded growth or growth 
by spontaneous nucleation; (B) seeded growth in a temperature gradient, with a growth zone above the dissolu- 
tion zone; and (C) seeded growth or growth by spontaneous nucleation in a reverse temperature gradient, with a 
growth zone at the bottom of the crucible below the dissolution zone. Key: 1 = platinum crucible, 2 = flux melt, 
3 = growing crystals, 4 = seed, 5 = platinum seed holder, 6 = nutrient, 7 = baffle, 8 = insulation, t; = temperature 
in the upper part of the crucible, tp = temperature in the lower part of the crucible. The circular arrows at the top 
of A and B indicate the possible rotation of the seed holder; arrows at the bottom of all three processes represent 


the possible crucible rotation. Adapted from Bukin (1993). 


FLUX GROWTH OF 
SYNTHETIC ALEXANDRITE: 
HISTORY AND DEVELOPMENT 


Early 19th-century experiments in the flux growth 
of synthetic chrysoberyl were summarized by Elwell 
and Scheel {1975}. More modern flux techniques to 
grow synthetic chrysoberyl and/or alexandrite start- 
ed in the 1960s (table 1}. Most procedures use the 
slow-cooling technique (figure 2.A]. First, the solvent 
of flux and nutrient (Al,O3 + BeO + color-causing 
dopants) is heated above the point at which the flux 
liquefies and is then held at that temperature for a 
period sufficient to dissolve the nutrient oxides in 
the flux (Farrell and Fang, 1964). Next, the melt is 
cooled slowly at a constant rate until the flux solidi- 
fies. Last, the crystals that grew in the flux during 
cooling are removed from the crucible by dissolving 
the flux {e.g., in hot nitric acid). Common fluxes 
used for chrysoberyl and alexandrite are PbO-PbF,, 
LigMoO4-MoQO3, and V,Oz (see table 1). The tem- 
peratures at which the cooling process begins and 
ends vary according to the composition of the flux 
used. They generally range from 1350°C to 800°C. 
Cooling rates are usually between 0.125°C and 3°C 
per hour. Both seeded growth and growth by spon- 
taneous nucleation are used (again, see figure 2A}. 
Seed crystals may be natural or synthetic chryso- 
beryl! or alexandrite. Cr.03, FeyO3, and/or V,O03 are 
used as dopants. 


Synthetic Alexandite 


The morphology of synthetic chrysoberyl or 
alexandrite depends primarily on the composition of 
the flux and not on the temperatures or cooling gra- 
dients used. Tabata et al. (1974) demonstrated the 
influence of ByO3 on the habit of chrysoberyl grown 
from PbO-PbF, solvents: They observed a distinct 
modification of habit from platy (flux without B,O3} 
to prismatic or equidimensional (flux with B,O3). 

Isolated attempts to grow synthetic chrysoberyl 
or alexandrite by the flux evaporation technique 
have had poor results {see Farrell et al., 1963). In this 
method, constant heating of the melt in open cru- 
cibles leads to supersaturation of the melt and the 
growth of crystals by spontaneous nucleation. 

Godovikov et al. (1982) first mentioned the pos- 
sible growth of alexandrite by the temperature-gra- 
dient method, which works by creating a convec- 
tion current within the crucible. According to a 
Japanese patent application by Togawa (1985}, the 
nutrient is placed at the bottom of the crucible, 
where a certain temperature is reached and then 
maintained. A seed crystal is placed into the melt in 
the upper part of the crucible, which is held at a 
temperature lower than that at the bottom of the 
crucible (figure 2B). As the nutrient dissolves into 
the solution, circulation begins between the warmer 
and cooler areas in the crucible (convection cur- 
rents], When the solution with the nutrient reaches 
the cooler area, it becomes supersaturated and crys- 
tals begin to form. These different temperatures are 
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Figure 3. The Russian flux-grown synthetic 
alexandrite crystals examined were either single 
crystals (right, 9 x 7 mm) or cyclic pseudohexagonal 
twins (left, 12 x 11 mm), which are shown here in 
incandescent light. Photo © GIA and Tino Hammid. 


maintained, with the growth zone above the disso- 
lution zone, for weeks or even months. 

Rodionov and Novgorodtseva (1988) described a 
reverse temperature-gradient technique—in which 
the growth zone is located below the dissolution 
zone—for the growth of synthetic alexandrite. In this 
method, the nutrient is placed in the upper part of 
the crucible, where a certain temperature is reached 
and then maintained, while the bottom of the cru- 
cible is held at a lower temperature (figure 2C; tem- 
peratures are in the same range as those noted above 
for the slow-cooling process). With this technique, 
synthetic alexandrite crystals grow by spontaneous 
nucleation, usually in contact with the bottom of the 
crucible (Rodionov and Novgorodtseva, 1988), 
although seeded growth (with a seed placed at the 
bottom of the crucible] is also possible (Bukin, 1993). 

The solvent used in Russia is a complex bis- 
muth-molybdenum flux, mainly composed of Bi,O3 
and MoO; {A. Ya. Rodionov, pers. comm., 1988; 
Bukin 1993, confirmed during a visit by one of the 
authors [A.P.] to Novosibirsk in 1994). 

The basic growth technique that was developed 
in Novosibirsk forms synthetic alexandrite crystals 
with two different habits—thin and platy or more 
isometric and equidimensional—depending on con- 
trolled change in the growth conditions (Rodionov 
and Novgorodtseva, 1988). Growth rates of 0.13 to 
0.35 mm per day in different crystallographic direc- 
tions have been obtained. For example, a 14 x 8 x 9 
mm crystal was grown by spontaneous nucleation 
over three months with this technique (Rodionov 
and Novgorodtseva, 1988). According to Bukin 
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(1993), crystals as large as 2-3 cm (over one inch} 
can be grown by spontaneous nucleation in a 
reverse-temperature gradient, and even larger sam- 
ples are possible with seeded growth. 


MATERIALS AND METHODS 

In 1994, one of the authors (A.P.) purchased about 
50 synthetic alexandrites that had been flux grown 
in Russia. These samples were selected in Bangkok 
from six lots, each of which contained hundreds of 
synthetic alexandrite crystals and represented thou- 
sands of carats of flux-grown material. In addition, 
R. Goerlitz of Idar-Oberstein, Germany, loaned the 
authors a lot of about 150 rough crystals that he had 
purchased in Novosibirsk in 1993. This sample of 
more than 200 Russian flux-grown synthetic alexan- 
drites used for the present study also included mate- 
rial submitted by Novosibirsk scientists to one of 
the authors (K.S.] in 1988 and 1991. All of the origi- 
nal samples were rough crystals; the few faceted 
gems studied (see, e.g., figure 1} were fashioned from 
rough from the Bangkok and R. Goerlitz lots. 

About half of the crystals were fully developed 
single crystals or cyclic twins with one irregular pla- 
nar surface (figure 3). Compared to the smooth crys- 
tal faces, this irregular surface was somewhat rough 
and uneven; it probably represents the contact plane 
of the growing crystal with the bottom of the cru- 
cible (see the later discussion of growth conditions}. 
Most of the balance of the samples had one irregular 
plane or surface that was obviously produced by 
sawing or breaking, probably to remove some 
impure, non-gem-quality material or to separate the 
single crystals or twins from larger clusters. Seven 
smaller crystals (sizes up to 4 mm) were fully devel- 
oped without any irregular surface plane. 

We performed standard gemological testing on 
about 40 of these crystals. To identify the internal 
growth planes and the external crystal faces, we stud- 
ied about 50 crystals with a Schneider horizontal 
{immersion} microscope, which had a specially 
designed sample holder as well as specially designed 
(to measure angles) eyepieces (Schmetzer, 1986; Kiefert 
and Schmetzer, 1991; see also Peretti et al., 1995). In 
addition, we examined about 10 samples with an opti- 
cal goniometer (an instrument used to measure crystal 
angles). By a combination of these methods, we identi- 
fied all crystal faces and the most characteristic growth 
patterns. We studied and photographed the inclusions 
and internal structural features using the Schneider 
immersion microscope (with Zeiss optics) and an 
Eickhorst vertical microscope (with Nikon optics) and 
fiber-optic illumination. 
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Solid inclusions and solid phases on the surfaces 
of the crystals were characterized by X-ray powder 
diffraction analysis with a Gandolfi camera, by a 
Cambridge Instruments scanning electron micro- 
scope with an energy-dispersive X-ray detector 
(SEM-EDS], and by energy-dispersive X-ray fluores- 
cence analysis (EDXRF) using a Tracor Northern 
Spectrace TN 5000 system. 

We also performed qualitative chemical analysis 
of 22, samples using the same EDXRF instrumenta- 
tion. For quantitative analysis of nine other samples, 
a CAMECA Camebax SX 50 electron microprobe 
was used. To evaluate nonhomogeneous chemical 
compositions of the alexandrite crystals, we mea- 
sured 2-5 traverses (of 40 to 140 point analyses each) 
across the samples. For more detailed information, 
we also had one scan with 625 point analyses. 

Polarized absorption spectra in the visible and 
ultraviolet range were recorded for nine microscopi- 
cally untwinned single crystals with a Leitz-Unicam 
SP 800 double-beam spectrometer and a Zeiss mul- 
tichannel spectrometer. Infrared spectroscopy was 
carried out on 1] samples using a Philips PU 9800 
FTIR spectrometer. 


RESULTS 


Visual Appearance. The samples varied from slight- 
ly yellowish green to green and bluish green in day- 
light and from slightly orangy red to red and pur- 
plish red in incandescent light (again, see figures 1 
and 3). No distinct color zoning was apparent in 
either the rough or faceted samples. 

On the faces of some crystals, we observed a 
fine-grained white crust. In irregular cavities of 
other samples, we found a fine-grained gray or yel- 
lowish gray material. 


Crystallography. All samples examined revealed an 
equidimensional habit, which was formed by three 
pinacoids a, b, and c; by four different rhombic 
prisms, designated s, m, x, and k; and by the rhom- 
bic dipyramid o (table 2). The seven small crystals 
that lacked rough or uneven faces were fully devel- 
oped single crystals (see, e.g., figures 4 and 5}. 

All of the crystals with one uneven face—and 
those crystals that were sawn or broken—had three 
dominant faces: the pinacoid a, the rhombic prism 
x, and the rhombic dipyramid o. Frequently, the 
rhombic prism k was also present, and the pinacoid 
c was subordinate. About 90% of these crystals 
were cyclic twins (figures 6 and 7), which consisted 
of three individuals twinned by reflection across the 
rhombic prism (031) and forming a pseudohexagonal 
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contact twin (figures 6 and 8]. The remaining 10% 
of the samples were untwinned single crystals. 

For those crystals that were not broken or sawn, 
the most frequently observed habit consisted of the 
a, x, o, and & faces (figures 6C and D}. Also common 
was a habit formed by the three faces a, x, and o (fig- 
ure 6A}. Crystals with an additional c pinacoid were 
somewhat rarer (see table 2 and figures 6B and E). 

Most of the cyclic twins were somewhat dis- 
torted; that is, identical crystal faces varied in their 
respective sizes between the three individuals of the 
cyclic twin. Examples are shown in figures 6C and 
D, in which varying sizes were drawn for the rhom- 
bic prism x. Consequently, a typical crystal of 
Russian flux-grown alexandrite is a combination of 
the two trillings drawn in figures 6C and D, with 
sizes of the x faces varying within the cyclic twin. 

In a few single crystals with one irregular face, the 
pinacoid b and the rhombic prism m were also 
observed (see figure 5). In one of these single crystals, an 
additional rhombic prism i was also present (table 2). 


Gemological Properties. Table 3 summarizes the 
gemological properties of the Russian flux-grown 
synthetic alexandrites examined. The values are 
more or less within the ranges published by others 
for crystals of this material (Trossarelli, 1986; Henn 
et al., 1988; Rodionov and Novgorodtseva, 1988; 
Henn, 1992; Bukin, 1993). 

Specifically, these Russian synthetic alexan- 
drites are distinctly pleochroic. Their color change is 


TABLE 2. Morphological crystallography of Russian 
flux-grown synthetic alexandrites. 


Designation nkle Type 
Faces a 100 pinacoid 
ba 010) pinacoid 
C 001) pinacoid 
5a (120 rhombic prism 
mea 110 rhombic pris 
x (101) Thombic pris 
k (021) rhombic prism 
jo (011 rhombic prism 
0 11 rhombic dipyramid 
Faces Number of crystals 
Habit axo 21 
axoc 7 
axok 49 
axocKk 10 
Characteristic ax 141° xx’ 78° 
angles formed ao 137° oo’ ~—- 86° 
by two faces kk’ 815° kk’ 141.5° (re-entrant) 


@ Observed only in single crystals. 
» Observed only in one single crystal. 
© Orientation of the unit cell for the Miller indices: a = 4.43, b = 9.40, ¢ = 5.48. 
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Figure 4, This 3 x 4mm untwinned synthetic 
alexandrite single crystal was grown by sponta- 
neous nucleation without crucible contact. (The 
darkish patches on some crystal faces are the 
result of carbon coating for microprobe analysis.) 
Photomicrograph by John I. Koivula. 


caused by a change in two of the pleochroic colors— 
parallel to the a- and b-axes, with the latter making 
the greater contribution—when illumination is 
changed from day or fluorescent to incandescent 
light. The most intense color change was observed 
for those synthetic alexandrites that revealed a yel- 
lowish orange color in daylight and a reddish orange 
color in incandescent light parallel to the b-axis; a 
somewhat weaker color change was observed for 
samples that revealed a pleochroic color of greenish 
yellow or yellow in daylight and yellowish orange or 
orangy yellow color in incandescent light parallel to 
the b-axis (table 3; see also Schmetzer et al., 1980). 


Microscopic Characteristics. Structural Properties 
{Growth Features and Twinning). As mentioned 
earlier, most of the sample Russian flux-grown syn- 
thetic alexandrites were twinned. When examined 
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Figure 5. This illustration shows the untwinned syn- 
thetic alexandrite in figure 4 in two different orienta- 
tions (A, B). The second orientation (B) is consistent 

with the orientation of the cyclic twins in figure 6. 


with polarized light, the three individuals of the 
trilling and their twin boundaries became clearly 
visible—especially when the polarizer was rotated 
(figure 8). The angle between twinned individuals is 
59.88° (not quite 60°—Goldschmidt and Preiswerk, 
1900; Goldschmidt, 1900), which is why the twin 
boundaries are not exactly planar faces (figure 9}. In 
some samples, the twin boundary between two indi- 
viduals of the cyclic twin revealed a microstructure 
of small inclusions of alexandrite crystals oriented 
parallel to the third individual of the trilling. Most 
of the twinned samples revealed a 141.5° re-entrant 
angle formed by two rhombic prism faces k and k' 
(figures 6 and 10). 


Figure 6. The crystal habits 
of cyclic-twin flux-grown 
synthetic alexandrites are 
shown here in these ideal- 
ized drawings, as they 
appear looking down the 
a-axis (top row) and slightly 
oblique to the a-axis (bot- 
tom row), The habit of the 
crystals is formed by the 
pinacoid a, the rhombic 
prisms x and k, and by the 
rhombic dipyramid o; the 
pinacoid c is a subordinate 
face. 
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Figure 7. This approximately 3 x 5.5 mm cyclic 
twin of Russian synthetic alexandrite reveals an 
irregular contact plane (below) with the crucible; 
the habit of the crystal is formed by a, x, and o 
faces (see figure GA). 


The internal growth features of both the rough 
and faceted Russian synthetic alexandrites corre- 
sponded to the external morphology of the crystals. 
All single crystals or cyclic twins that showed one 
irregularly oriented uneven plane—that is, all sam- 
ples that grew in contact with the crucible— 
revealed distinct internal growth planes parallel to 
the four dominant faces a, x, k, and o. 

In a view parallel to the crystals’ a-axis {ie., per- 
pendicular to the a pinacoid), growth planes parallel 
to different & prism faces were visible in most of the 


Figure 8. The three individuals and the twin bound- 
aries of this trilling are clearly visible when this 
cyclic twin of synthetic alexandrite is viewed paral- 
lel to the a-axis, using a polarizer and immersion. 
Magnified 10x. 
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samples (abqut two out of three; again, see figures 6 
and 10}. Two characteristic angles were observed in 
this orientation: an angle of 81.5° formed by two k 
prism faces of one individual, and a re-entrant angle 
of 141.5° formed by two k faces of two individuals of 
the twin (see table 2). All of these kk’ characteristic 
growth structures also were observed in the faceted 
synthetic alexandrites (figure 11). 

In a view parallel to the b-axis (figure 12.A], a sec- 
ond characteristic growth pattem ax was observed in 
all samples. This consists of a pinacoids and x prism 
faces, which form a 78° angle (figure 13}. By rotating the 
crystal approximately 29° about the a-axis (figure 12B}, 
we saw a third characteristic growth pattem ao. Visible 
in all samples, it is formed by a pinacoids in combina- 
tion with o dipyramids {figure 14). In this case, the char- 
acteristic angle (formed by the two rhombic dipyramids 
o)} measures 86°. So, three characteristic patterns of 
growth structures were observed in single crystals and 
cyclic twins of Russian synthetic alexandrites: ax and 
ao in all samples, and kk’ in approximately two-thirds 
of the samples. 

In about 10% of the single crystals and twins 
examined, we saw a distinct color zoning—an 
intense red core (in incandescent light) and a lighter 
red rim—with the microscope. These areas are sepa- 
rated by a somewhat rounded, very intense red 
boundary (figure 15). This was the only color zoning 
seen in any of the samples. 

In those small single crystals that were obvious- 
ly grown without contact with the crucible (again, 


TABLE 3. Gemological properties of Russian flux-grown 
synthetic alexandrites. 


Property Observations 


Day (fluorescent) light Incandescent light 


Color Yellowish green or Orangy red or 
green or red or 
bluish green purplish red 
Pleochroism 
X parallel to a-axis Reddish purple Purplish red 


Y parallel to b-axis Greenish yellow or Orangy yellow or 


yellow or yellowish orange or 
yellowish orange reddish orange 
Z parallel to c-axis Blue-green Blue-green 
Refractive indices 
ny 1.740 -1.746 
n, 1.748 -1.755 
Density (g/cm) 3.67-3.74 
UV fluorescence 
Long-wave Bright red 
Shorl-wave Weak red or inert 
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Figure 9. The twin boundaries in this cyclic twin of 
synthetic alexandrite show a distinct step-like 
structure, View almost parallel to the a-axis; 
immersion, crossed polarizers, magnified 60x. 


see figure 4}, only very weak growth structures were 
found parallel to external crystal faces. 


Inclusions. Various forms of residual flux were 
observed in many of the Russian synthetic alexan- 
drites. These include “feathers” or “fingerprints” 
that consist mainly of isolated droplets or dots, 
which could be confused with healing features in 
natural alexandrites. Occasionally, we saw two- 
phase inclusions of residual flux and spherical bub- 
bles, formed by shrinkage of the trapped flux as it 
cooled. Feathers of interconnecting tubes or chan- 


Figure 11. The view parallel to the a-axis reveals 
characteristic growth structures parallel to the dif- 
ferent k prism faces of the cyclic twin in this 
faceted flix-grown synthetic alexandrite. 
Immersion, magnified 45x. 
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Figure 10. Growth structures parallel to different 
k prism faces form a characteristic angle of 81.5°; 
re-entrant angles of 141.5° are formed by two dif- 
ferent crystals of the cyclic twin. View parallel to 
the a-axis; immersion, magnified 35x. 


nels (figure 16) also were frequently seen. In some 
crystals, planar, almost continuous, thin films with- 
in a net-like or web-like (i.e, emanating outward 
from a central point) pattern of flux were observed 
{figure 17). Occasionally, birefringent refractive 
components were also found in these flux “nets” 
(figure 18). In many cases, the flux inclusions took 
the form of wispy veils (figure 19). 

In some of the samples, we observed metallic 
inclusions (particles or needles}. On the basis of 
EDXRF analyses of similar-appearing solid phases 
on the surfaces of some of the crystals, we identified 
these inclusions as platinum. 


Chemistry. The EDXRF spectra of the faceted sam- 
ples and rough crystals with clean faces—that is, 
without any flux residue on the surface or in open 
pits or cavities—indicated varying amounts of Cr, V, 
Fe, Ga, Ge, Bi, and Mo (figure 20}, as well as the 
expected Al. On the basis of these EDXRF results, 
we added Ge to the list of elements that we mea- 
sured with the electron microprobe. X-ray fluores- 
cence analysis also confirmed the presence of Sn, 
traces of which were detected in the course of the 
microprobe analyses. 

Initial scans by electron microprobe revealed 
zonal variations of all minor-to-trace elements, but 
zoning of Cr, Fe, and Ge—and sometimes V—was 
particularly evident. A detailed scan (about 3 mm in 
length, with 625 point analyses} across one sample 
{see table 4, sample 7} revealed a distinct zoning and 
correlation of Cr, Fe, and Ge. In this sample, Ge 
showed a positive correlation with Fe and a negative 
correlation with Cr. In other words, when Ge 
increased, Fe also increased, but Cr decreased as 
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DIAMOND GLOSSARY 


(Continued from page 238 of last issue) 


parure. A set of jewelry, such as a 


parure of diamonds, consisting of 
rings, bracelets, earrings, brooch, 
etc. 


Pasha of Egypt Diamond. One of the 


world’s famous diamonds; an East 
Indian diamond described by 
Emanuel as an octagonal brilliant 
weighing 40 (English) carats, of 
good quality and “lively.” Pur- 
chased by Ibrahim, viceroy of 
Egypt (1848) for £28,000, it was 
the most magnificent gem in the 
Egyptian Treasury, where it still 
remains, according to Farrington, 
Smith and Schlossmacher. How- 
ever, when Ismail, first khedive of 
Egypt (1863-1879), was deposed 
and exiled, historians of the pe- 
riod recorded that he carried with 
him an immense treasure. George 
Young, an authority on Levantine 
conditions and Ottoman law, 
states, “When Ismail embarked on 
his costly yacht (June 80, 1879) 
with a cargo of crown jewels and 
other public property, he took 
with him no regrets of the Egyp- 
tian people.” Later it was report- 
ed that the diamond was sold to 
an Englishman and offered for 
sale by Streeter. The name of the 


imitations as distinguished from 
strass (Smith). 


Patos Diamond. An alluvial Brazil- 


ian diamond found in 1937 near 
Patos, Minas Geraes, in the Sao 
Bento River. Weighed 324 m.c. 
Color, brownish. (Pough) 


Patrocinho or Patrocinio Diamond. A 


‘Brazilian diamond mentioned by 
Streeter, in 1882, as having been 
found in 1851 “near the source of 
the Rio Patrocinho”; weight, 
12038 carats. 


Paul I Diamond. An Indian didmond 


listed by Emanuel, and later by 
Dr. Sydney Ball, G. F. Herbert 
Smith and other writers on gem- 
stones as being in the Russian 
Treasury, ruby red in color and 
weighing 10 carats. Emanuel 
states that Paul I paid 100,000 
gold rubles for the diamond. Dr. 
Fersman, in his “The Russian 
Diamond Treasure of the Union 
of Soviet Republics” does not list 
a ruby red diamond known as the 
Paul I, but describes a “cele- 
brated” rose diamond weighing 
13.40 m.c., “often mentioned by 
Russian novelists, for which Paul 
I cheerfully paid 100,000 gold 
rubles.” 


purchaser was not revealed. pavilion. The portion of a fashioned 
diamond below the girdle. 


pavilion facets. (1) In general, the 


paste. (1) A name now used loosely 
to mean any variety of glass em- 


ployed as an imitation of dia- 
monds or other gemstones (Kraus, 
Anderson). (2) More specifically, 
any lead glass similar to strass 
(Anderson). (3) A name used 
generally for cheap, inferior glass 


facets on the pavilion of a diamond 
or any other gemstone of any style 
of cut. (2) In the diamond cutting 
trade, the term applies especially 
to the four main bottom facets of 
the brilliant cutting. The other 


growth conditions changed. In other samples, how- 
ever, a negative correlation between Ge and Fe was 
observed; that is, when Ge increased, Fe decreased. 
Two synthetic alexandrites had a positive correla- 
tion between V and Fe, and one sample showed a 
positive correlation between Cr and Ge. 

Table 4 summarizes the analytical results. In all 
samples, distinct amounts of Cr and Fe were present 
as chromophores (see Spectroscopic Features and 
Discussion sections below), in two alexandrites 
(samples 2 and 5}, minor concentrations of V were 
also detected. In one single crystal (sample 9], the 
vanadium content was distinctly higher than the 
chromium; EDXRF revealed a similar condition of 
V > Crin two other small single crystals. 

An extreme variation in CrpO3, FeO, and GeO» 
was observed in two samples (2, and G6). With the 
microscope, both revealed distinct color zoning: a 
somewhat irregular, very intensely colored bound- 
ary zone between a somewhat lighter core and a 
somewhat lighter rim {see figure 15]. One of these 
synthetic alexandrites (figure 21} was sawn and pol- 
ished to match the orientation in figure 12.A, so that 
electron microprobe traverses could be made across 


Figure 12. (A) This view parallel to the b-axis of a 
Russian synthetic alexandrite crystal reveals an 
orientation with a pinacoids and x prism faces per- 
pendicular to the projection plane. (B) After a rota- 
tion of the crystal through an angle of approximate- 
ly 29°, the projection plane is perpendicular to a 
pinacoids and o dipyramids, 
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Figure 13. In this crystal, a pinacoids and x prism 
faces (see figure 12A}) form a growth pattern charac- 
teristic for synthetic alexandrite; the x prism faces 
form a characteristic angle of 78° (see inset). 
Immersion, magnified 30x and (inset) 50x. 


growth zones related to x (scan 1) or a (scans 2 and 3} 
faces, The distribution of Cr, Fe, and Ge is shown in 
figure 22, which represents the analytical data 
obtained in scan 2. This traverse reveals inner and 
outer cores, a boundary area, and a rim, similar to 
the zoning seen with the microscope (figure 21]. The 
inner core had the most GeO, as well as distinct 
amounts of CryO3 and FeO. In the outer core, GeOo 
content was almost half that of the inner core, and 
the Cry»O3 and FeO contents were somewhat more 
than that of the inner core (table 5). The rim con- 
tained distinctly less Ge and Fe than the core, as 
well as slightly less Cr. In the boundary zone 
between core and rim, the Cr content jumped to an 
extremely high value and then dropped progressive- 
ly in several steps toward the rim. Scans |] and 3 (fig- 
ure 21) revealed similar results (table 5). A scan 
across a second color-zoned alexandrite (sample 2) 
showed similar Cr zoning in the boundary area. 

All samples had traces of Ga,O3 and trace-to- 
minor amounts of SnOy, (table 4). MnO and TiO, 
were always close to the detection limit of the 
microprobe. 


Solid Phases on the Surfaces of Rough Crystals. 
Several types of foreign matter were found on the 
surfaces of the rough synthetic alexandrites or in 
cavities, cracks, or pits in the surface. 
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Figure 14. Here, a pinacoids and o dipyramids (see 
figure 12B) form a growth pattern that is also char- 
acteristic for synthetic alexandrite; the o dipyra- 
mids form a characteristic angle of 86° (see inset). 
Iunmersion, magnified 30x and (inset) 50x. 


White polycrystalline crusts were removed from 
four samples and identified as anatase (TiO,) by a 
combination of X-ray powder diffraction analysis, 
SEM-EDS, and EDXRF. Highly reflective particles 
on the surface of rough alexandrites (figure 23) were 
identified by EDXRF as platinum, most probably 
originating from the crucible. On the surface of a 
few samples, we also observed a pattern of platinum 
particles: a tetrahedral particle with a smaller skele- 
ton-like crystal that is trailed by a thin needle. 
Similar platinum particles occasionally were found 
as inclusions. 

Gray, fine-grained materials in cavities, pits, and 
cracks were identified in several cases as molybde- 
num- and bismuth-bearing compounds, that is, as 
residual flux. In one sample, the X-ray fluorescence 
spectrum of a crust of this gray, fine-grained materi- 
al revealed characteristic lines for tungsten as well 
as for Mo and Bi. The morphology of this particular 
sample was typical of that described earlier for other 
samples (see figure 6). 


Spectroscopic Features. Ultraviolet-Visible Spec- 
troscopy. The polarized absorption spectra for the 
single crystals of flux-grown synthetic alexandrite 
were consistent with data reported in the literature 
for chromium, vanadium, and iron as chromophores 
in natural and synthetic alexandrites (Farrell and 
Newnham, 1965; Bukin et al., 1978, 1980; 
Schmetzer et al., 1980, Powell et al., 1985}. 
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Infrared Spectroscopy. The infrared spectra of the 
rough and faceted samples showed some character- 
istic absorption bands in the 2800 to 3300 cm:! 
range (figure 24). In samples obtained from 
Novosibirsk (1993), the following absorption maxi- 
ma were found (in cm7!): 2855, 2921, 2938 (shoul- 
der}, 3205 and 3224, samples originating from 
Bangkok (1994) revealed maxima at 2855, 2.921, 
2938 (shoulder), 3095, and 3196 cm-!. Because water 
and/or hydroxyl absorption bands—especially in the 
2500 to 3000 cm-! range—are absent from the spec- 
tra of synthetic alexandrites, infrared spectroscopy is 
a powerful tool for separating natural and synthetic 
alexandrites (Leung et al., 1983, 1986; Stockton and 
Kane, 1988). 


DISCUSSION 

Growth Conditions of Russian Flux-Grown 
Synthetic Alexandrites. The experimental results of 
our study are consistent with the descriptions pub- 
lished by Rodionov and Novgorodtseva (1988) and 
Bukin (1993) of growth techniques for Russian flux- 
grown synthetic alexandrites. The uniform morphol- 
ogy and chemical properties of our samples indicate 
that these synthetic alexandrites were grown from a 
solvent consisting of molybdenum-, bismuth-, and 
germanium-bearing compounds, most probably 
oxides. The nutrient contained the main compo- 
nents of chrysoberyl (Al,O3, BeO)}, as well as color- 
causing dopants (chromium, vanadium [sometimes], 
and iron oxides}. Cr, V, and Fe are known chro- 


Figure 15, An intense red, somewhat rounded, irreg- 
war boundary separates the red core and lighter red 
rim seen in about 10% of the single crystals and 
twins examined. Immersion, magnified 20x. 


GEMS & GEMOLOGY Fall 1996 


Figure 16, Interconnecting tubes of residual flux form 
characteristic “feathers” in this Russian flux-grown 
synthetic alexandrite, Immersion, magnified 40x. 


mophores of both natural and synthetic alexandrites 
(Farrell and Newnham, 1965; Bukin et al., 1980; see 
also table 1). A varying intensity of color change in 
different samples is caused by the absolute chromi- 
um and iron contents of the samples and by the 
chromium distribution between two different Al- 
sites of the chrysobery] lattice (Solntsev et al., 1977; 
Bukin et al., 1980; Schmetzer et al., 1980). 

We already knew that Mo and Bi were compo- 
nents of the fluxes used in Russia to grow synthetic 
alexandrite (A. Ya. Rodionov, pers. comm., 1988; 
Bukin, 1993). However, our chemical data do not 
agree with those given by Henn et al. (1988) and 
Henn {1992}, who reported the presence of sulfur. It 
is possible that they mistook the characteristic Ly 
line of Mo (at 2.31 KeV) for the Ky line of sulfur (at 
2.29 KeV). 

Ge has not been mentioned before as a trace ele- 
ment in Russian flux-grown synthetic alexandrites. 
The only reference we found to Ge in synthetic 
alexandrite refers to patent applications by Isogami 
and Nakata (published in 1985 and 1986), who 


Figure 18, Birefringence can be seen in some of the 
components of this net-like pattern of residual flux, 
Immersion, crossed polarizers, magnified 80. 
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Figure 17. Some of the synthetic alexandrites 
revealed planar thin films in a net-like pattern of 
flux. Immersion, magnified 50x. 


described a dopant of GeO, used to grow synthetic 
chrysoberyl and alexandrite cat’s-eyes. Because Ge 
is normally found in tetrahedral coordination in 
oxide structures, the zoning of Ge identified by elec- 
tron microprobe suggests an isomorphic substitu- 
tion of beryllium by germanium in the lattice of our 
samples. This disproves our preliminary assumption 
that the Ge came from compounds in cavities or fis- 
sures (“feathers,” “fingerprints”) within the synthet- 
ic alexandrites. It is most likely that the incorpora- 
tion of Ge into the chrysoberyl lattice is very sensi- 
tive to small temperature changes and/or to small 
variations in the composition of the flux, as is indi- 
cated by the extreme variation in Ge in the micro- 
probe scans (see table 5 and figure 22). Because Ge 
was positively correlated to Fe in some of the sam- 
ples, but others revealed a negative correlation 
between iron and germanium, we could not prove a 
coupled substitution of beryllium and aluminum by 


Figure 19. Residual flux takes the form of wispy veils in 
this Russian synthetic alexandrite. Fiber-optic illumi- 
nation, magnified 70x. 
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Figure 20. This EDXRF spectrum of a rough synthet- 
ic alexandrite was taken from an optically clean 
crystal face. The spectrum reveals distinct amounts 
of the chromophores (Cr, Fe), traces of Ga, distinct 
Ge concentrations, and residues of the flux (Bi, Mo). 


germanium and iron (for charge compensation) in all 
samples. Thus, we do not presently know exactly 
how Ge is incorporated into the chrysobery] lattice, 
but it is probably due to special growth conditions. 
It is very likely that one of the special growth condi- 


tions—imentioned by Rodionov and Novgorodtseva 
(1988} for the production of more-or-less equidimen- 
sional crystals (not thin platelets|)—accounts for the 
presence of a germanium-bearing compound in the 
solvent, which was found in all samples obtained 
since 1988 (see table 4). 

Our results also indicate that at least some 
Russian synthetic alexandrites were grown experi- 
mentally in a Mo-Bi-W-bearing flux. The use of a 
tungsten-bearing compound in the solvent was 
mentioned by Cline and Patterson (1975). Solid 
phases on the surfaces of the crystals we examined 
are representative of the major components of the 
flux (Mo and Bi, sometimes W) and the crucible 
material (Pt). At this time, however, no explanation 
is available for the presence of white crusts of 
anatase on some samples (G. Bukin, pers. comm., 
1995), and our chemical analyses of the samples 
(table 4) do not indicate the presence of titanium in 
the solvent during growth. 

Ga is known as a trace element in natural 
alexandrites (Ottemann, 1965; Ottemann et al., 
1978}, but small amounts of Ga recently have been 
observed in Czochralski- and flux-grown synthetic 
alexandrite (Schrader and Henn, 1986; Henn et al., 
1988; Henn 1992). To the authors’ knowledge, Sn 


TABLE 4. Electron microprobe analyses of nine Russian flux-grown synthetic alexandrites. 


Variable Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 68 Sample 7 Sample 8 Sample 9 
Origin Novosibirsk Novosibirsk Novosibirsk Novosibirsk Novosibirsk Novosibirsk Bangkok Bangkok Bangkok 
1988 1991 1993 1993 1993 1993 1994 1994 1994 
Description Cyclic twin Cyclic twin Cyclictwin Cycliclwin ~~ Single crystal Cyclic twin Cyclic twin = Cyclictwin. =~ Single crystal 
Growth zoning Yes Yes Yes Yes Yes Yes Yes Yes No 
Color zoning No Yes No No No Yes No No No 
Number of scans 4 2 1 1 1 5 qb | 1 
Number of 160 85 66 50 ral 560 100> 85 60 
analyses 
Approx. length 3mm 2mm 10 mm 3.6mm 6.5 mm 4-10 mm 2.5mm 3.5mm 3mm 
of scans 
Analyses in wt.% (range) 
Ga0, 0.01-0.07 0.01- 0.05 0.01- 0.06 0.02-0.07 001-007 0.01- 0.06 0.00-0.13  0.01- 0.11 0.01- 0.06 
Al,03 78.20-79.87 74.03-78.31 76.80-78.08 77.21-79.55 77.59-79.47 74.86-78.65  77.92-79.83 78.05-80.17  76.92-78.52 
V003 0.00- 0.03  0,00- 0.29 0.01- 0.03 0.00-0.03 001-019 0,00- 0.03 0.00- 0.03  0,00~ 0.03 0.70- 1.01 
GeO, 0.00-0.06 0,13 0.50 1.48~ 3.33 030-193 027-085 0.10- 1.57 0.27- 1.89  0.59~ 1.16 0.00- 0.04 
Cr203 0.17-0.32 0.28- 4.64 029-036 0.33-0.74 021-027 0.44— 4.55 0.28-0.96  0.34~ 0.43 0.43- 0.49 
MnO 0.00-0.02  0.00- 0.01 0.00- 0.02 0.00-0.02 000-002 0.00— 0.02 0.00- 0.02  0.00-~ 0.02 0.00- 0.03 
FeO 0.43- 0.62 0.33- 1.37 0.50-0.56 0.43-0.56 073-091 0.33- 1.42 0.22- 0.46 0.51- 0.60 1.27- 1.42 
TiO, 0.00-0.02  0.00- 0.02 0.00- 0.02 0.00-0.02 000-003 0,00- 0.02 0.00- 0.02  0,00- 0.03 0.02— 0.04 
Sn05 0.00- 0.04  0.00- 0.04 0.32- 0.45 010-036 0.00- 0.05  0,00- 0.06 0.01-0.15 0.19- 0.29 0.03— 0.08 
Color Cr, Fe Cr>V, Fe Cr, Fe Cr, Fe Cr>V, Fe Cr, Fe Cr, Fe Cr, Fe V>Cr, Fe 
a See also table 5, 
© For this particular sample, an additional detailed scan for GeOg, Cr203, and FeO with 625 point analyses was performed. 
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Figure 21, Visible in this color-zoned alexandrite 
are inner and outer red cores; a narrow, very 
intense, red boundary; and a light red rim (the yel- 
low in this photo is a function of the immersion liq- 
uid and the illuminant). The three electron micro- 
probe traverses across this section covered growth 
zones confined to x (scan 1) and a (scans 2 and 3} 
faces. View parallel to the b-axis, immersion, 
crossed polarizers, magnified 15x. 


previously was known as a trace element only in 
natural alexandrites (Ottemann, 1965; Ottemann et 
al., 1978; Kuhlmann, 1983). Its presence in some of 
our samples makes it less useful than before as an 
indicator of natural origin. 

The traces of gallium and tin came from impure 
chemicals used in the nutrient, and were not inten- 
tionally added to the solvent system, according to 
Dr. G. V. Bukin (pers. comm., 1995). 

Most of the alexandrites were grown in a nega- 
tive temperature gradient in contact with the bot- 
tom of a platinum crucible, as described for berylli- 
um-bearing oxides and silicates by Bukin (1993; fig- 
ure 2C). The exception, the seven small single crys- 
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Figure 22, An electron microprobe traverse across the 
synthetic alexandrite shown in figure 21 (scan 2) 
revealed distinct zoning of the major trace elements— 
Ge, Cr, and Fe. The inner and outer cores, a narrow 
boundary, and a rim are recognizable in these plots 
(no. of analyses: 120; approx. length of scan: 6 mm). 


tals that did not show an irregular surface plane, 
were grown by spontaneous nucleation without 
contact to the crucible. This is possible in a temper- 
ature-gradient system in the lower part of the cru- 
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TABLE 5. Electron microprobe analyses (in weight percent) of a Russian flux-grown 
alexandrite with pronounced color zoning@. 


Scans Oxide Left rim Left boundary Core Right boundary Right rim 
Scan 1: GeO, 0.12-0.21 0.15-0.30 0.70-1.12 0.13-0.19 0.11-0.19 
growth zone C503 0.50~0.58 0.59~4,20 0.63-0.86 0.62--2.93 0.47-0.59 
related to prism x FeQ 0,38~0.46 0.34-0.43 1.08-1.23 0,34-0.37 0.34-0.42 
Scan 2: GeO, 0.12-0.18 0.14-0.21 0.66-1.57 0.15-0.31 0.15-0.24 
growth zone Cr203 0.46--0.64 0.69-4.55 0.57-0.84 0.66-3.58 0.48-0.54 
related to pinacoid 4 FeO 0.37-0.45 0.35-0.45 1,03-1.38 0.33-0.57 0.38-0.42 
Scan 3: GeO» 0.18-0.24 0,14-0.25 0.42-1.46 0.12-0.23 0.10-0.13 
growth zone C120, 0.48-0.58 0.71-2.98 0.62-0,82 0.81-3.91 0.44-0.50 
related to pinacoid a FeO 0.37-0.41 0.34-0.40 1.07-1.42 0.34-0.38 0.37-0.38 


® For other data on this sample, see lable 4, sample 6, 


cible (figure 2C), but also in a slow-cooling system 
(figure 2A), A vanadium-rich nutrient is likely. 

No seed crystal was observed in any of the sin- 
gle crystals or cyclic twins examined, that is, those 
crystals with an irregular contact plane and without 
any broken or sawn parts were grown by sponta- 
neous nucleation from the solvent mentioned 
above. It is possible that those crystals that had one 
broken or sawn surface were produced by seeded 
growth, but no evidence of this was observed in any 
of our samples. 

The properties of those samples with distinct 
color zoning indicate a multi-step growth process: 
First, growth of the core, followed by partial dissolu- 
tion of the crystal during a period with a higher tem- 
perature; and then a second growth period, as the 
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Figure 24. The infrared spectra of Russian flux-grown 
synthetic alexandrites show characteristic absorp- 


temperature was lowered again. The extremely high 
chromium concentrations found at the beginning of 


Figure 23. X-ray fluorescence analysis proved that 
these white, highly reflecting particles on the sur- 
face of a rough synthetic alexandrite consisted of 
platinum, most probably from the crucible. Similar 
particles, as well as platinum needles, were seen 
included in the crystals and faceted synthetic 
alexandrites. Magnified 50x. 
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tion bands in the 2800 to 3300 cnv! range. Sample A 
was obtained from Novosibirsk in 1993; sample B 
was acquired in Bangkok in 1994. 


the second growth phase in these samples indicate 
an increase in the Cr concentration of the flux dur- 
ing the dissolution period. 

All samples with this distinct chromium zoning 
revealed an intense color and a good to very good 
color change, which is explained by the thin inter- 
mediate layer of alexandrite with an extremely high 
chromium content (which could remain, at least 
partly, after fashioning). 


Diagnostic Properties. Faceted Russian flux-grown 
synthetic alexandrites may show a number of fea- 
tures that distinguish them from natural alexan- 
drites. 

Careful microscopic examination can detect 
characteristic forms of residual flux and platinum 
particles (see also Trossarelli, 1986; Henn et al., 
1988; Henn, 1992, Hodgkinson, 1995). Although 
some patterns of residual flux resemble the healing 
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fractures seen in natural alexandrites (see, e.g., Bank 
et al., 1987; Henn, 1987; Bank et al., 1988), to date 
patterns with birefringent components and/or thin 
films of flux with a net- or web-like structure have 
been seen only in synthetic alexandrites. 

Characteristic growth patterns—which are 
formed by four dominant crystal faces a, x, k, and o 
in the Russian synthetic alexandrites—can be 
observed with immersion microscopy. However, 
characteristic twin structures and growth patterns in 
natural gem-quality alexandrites from major locali- 
ties have not yet been published. Consequently, we 
do not know how useful these features will be in an 
identification. Preliminary results indicate that the 
rhombic prism k (021), which is seen in most 
Russian flux-grown synthetic alexandrites, is 
extremely rare in natural samples (see, e.g., Gold- 
schmidt, 1913). Characteristic color zoning—an 
intensely colored, somewhat rounded boundary 
between a lighter center and rim—is also diagnostic 
for some of the Russian samples. 

Traces of germanium, molybdenum and/or bis- 
muth, and sometimes tungsten, provide proof of 
synthesis. All can be readily determined by X-ray 
fluorescence analysis. Traces of gallium and tin can 
be found in natural alexandrites and in synthetic 
Russian samples, as can the chromophores chromi- 
um, iron, and sometimes vanadium. Therefore, 
these trace elements are of no diagnostic value. 

Infrared spectroscopy of Russian synthetic flux- 
grown alexandrites shows some absorption bands in 
the 2800 to 3300 cm”! range that are characteristic 
of this material. Like other synthetic alexandrites, 
this material lacks the water-related absorption 
bands that are typical of natural alexandrites. 

Gemological properties--such as refractive 
indices, density, pleochroism, and UV-visible 


REFERENCES 


Bank F.H., Bank H., Giibelin E., Henn U. (1987} Alexandrite von 
einem neuen Vorkommen bei Hematita in Minas Gerais, 
Brasilien. Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 36, No. 3/4, pp. 121-131. 

Bank H., Gibelin E., Henn U., Malley J. {1988} Alexandrite: 
Natural or synthetic? Journal of Gemmology, Vol. 21, No. 4, 
pp. 215-217. 

Bonner W.A., Van Uitert L.G.G. (1968} Growth of divalent metal 
aluminates. United States Patent No. 3,370,963; February 27. 

Bukin G.V. {1993} Growth of crystals of beryllium oxides and sili- 
cates using fluxes. Growth of Crystals, Vol. 19, pp. 95-110. 

Bukin G.V., Eliseev A.V., Matrosov V.N., Solntsev V.P., Kharchenko 
EL, Tsvetkov E.G. (1980] The growth and examination of optical 
properties of gem alexandrite (in Russian}. In Inhomogenity of 
Minerals and Crystal Growth, Proceedings of the XI General 


Synthetic Alexandite 


absorption spectra—are of no help in separating 
Russian flux-grown synthetic alexandrites from 
their natural counterparts. 


CONCLUSIONS 


The chemical, physical, and microscopic properties 
of the more than 200 Russian flux-grown synthetic 
alexandrites we tested are consistent with known 
details of the production techniques developed in 
Russia for this material. Platinum crucibles—with a 
flux containing molybdenum-, bismuth-, and germa- 
nium-bearing components—are placed in a reverse 
temperature gradient, in which the growth zone is 
located below the dissolution zone. Almost equidi- 
mensional alexandrite crystals grow in this system 
by spontaneous nucleation in contact with the bot- 
tom of the crucible. The nutrients—which consist of 
Al,03, BeO, and the chromophores (chromium, iron, 
and sometimes vanadium oxides}—are placed in the 
upper parts of the crucibles. The morphology of the 
crystals, and their chemical and physical properties, 
are related to the exact compositions of the fluxes 
and the nutrients, as well as to the temperatures in 
the upper and lower parts of the crucibles. The man- 
ufacturers will not reveal the specific growth condi- 
tions, and the details of these conditions cannot be 
deduced from study of the synthetic alexandrites 
that result. 

A careful microscopic examination of inclu- 
sions and structural characteristics (growth patterns 
and twinning) may be helpful—but is often not con- 
clusive—in separating natural from synthetic 
alexandrite. However, modern gemological laborato- 
ries, especially those with X-ray fluorescence and 
infrared spectroscopy, should have no problem iden- 
tifying the synthetic Russian alexandrite material 
currently available in the trade. 


Meeting of the International Mineralogical Association, 
Novosibirsk, 1978, Moscow, pp. 317-328. 

Bukin G.V., Volkov S.Yu., Matrosov V.N., Sevastyanov B.K., 
Timoshechkin M.I. (1978) Optical generation in alexandrite 
(BeAl,O,: Cr3+} {in Russian]. Kvantovaya Elektronika, Vol. 5, 
No. 5, pp. 1168-1169. 

Cassedanne J., Roditi M. (1993) The location, geology, mineralogy 
and gem deposits of alexandrite, cat’s-eye and chrysoberyl in 
Brazil. Journal of Gemmology, Vol. 23, No. 6, pp. 333-354. 

Cline C.F., Patterson D.A. (1975} Synthetic crystal and method of 
making same. United States Patent No. 3,912,521; October 14. 

Eliezri 1'Z., Kremkow C. (1994) The 1995 ICA World Gemstone 
Mining Report. ICA Gazette, December 1994, pp. 1, 12-19. 

Elwell D., Scheel H.J. (1975) Crystal Growth from High- 
Temperature Solutions. Academic Press, London, New York, 
San Francisco, 634 pp. 

Farrell E.F., Fang J.H. (1964) Flux growth of chrysoberyl and 


GEMS & GEMOLOGY Fall 1996 201 


alexandrite. Journal of the American Ceramic Society, Vol. 
47, No. 6, pp. 274-276. 

Farrell E.F., Fang J.H., Newnham R.E. (1963] Refinement of the 
chrysobery! structure. American Mineralogist, Vol. 48, pp. 
804-810. 

Farrell E.F., Newnham R.E. (1965) Crystal-field spectra of 
chrysoberyl, alexandrite, peridot, and sinhalite. American 
Mineralogist, Vol. 50, pp. 1972-1981. 

Godovikov A.A., Bukin G.V., Vinokurov V.A., Kalinin D.V., 
Klyakhin V.A., Matrosov V.N., Nenashev B.G., Serbulenko 
MG. (1982} Development of synthesis techniques for miner- 
als of economic importance in the USSR {in Russian}. Geol. 
Geofiz., Vol. 1982, No. 12, pp. 42-54, 

Goldschmidt V. (1900) Zur Theorie der Zwillings- und 
Viellingsbildung, illustrirt am Chrysoberyll. Zeitschrift flir 
Krystallographie und Mineralogie, Vol. 33, pp. 468-476. 

Goldschimdt V. (1913) Atlas der Krystallformen, Band II, 
Calaverit-Cyanchroit. Carl Winters Universitatsbuchhand- 
lung, Heidelberg. 

Goldschmidt V., Preiswerk H. (1900) Chrysoberyllzwilling von 
Ceylon. Zeitschrift flir Krystallographie und Mineralogie, Vol. 
33, pp. 455-467. 

Henn U, {1987} Inclusions in yellow chrysoberyl, natural and syn- 
thetic alexandrite. Australian Gemmologist, Vol. 16, No. 6, 
pp. 217-220. 

Henn U. (1992) Uber die diagnostischen Merkmale von synthetis- 
chen Alexandriten aus der Gemeinschaft Unabhangiger 
Staaten (GUS). Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 41, No. 2/3, pp. 85-93. 

Henn U., Bank H. (1992} Examination of an unusual alexandrite. 
Australian Gemmologist, Vol. 18, No. 1, pp. 13-15. 

Henn U., Malley J., Bank H. (1988} Untersuchung eines synthetis- 
chen Alexandrits aus der UdSSR. Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 37, No. 3/4, pp. 85-88. 

Hirose T. {1984} Method for washing flux (in Japanese). Japanese 
Patent Application, Laid-Open No. 5-39796; March 5. 

Hodgkinson A, (1995} Alexandrite chrysobery] surprises. 
Australian Gemmologist, Vol. 19, No. 1, pp. 25-28. 

Isogami M., Nakata R. (1985) Katzenauge aus synthetischem 
Chrysoberyll-Einkristall. German Patent Application, Laid- 
Open No. 3434595, April 18. 

Isogami M., Nakata R. (1986} Chrysobery] cat’s-eye synthetic sin- 
gle crystal. United States Patent No. 4,621,065; November 4. 

Kammerling R.C. {1995} Gem trade lab notes: Synthetic alexan- 
drite flux grown without diagnostic inclusions. Gems @ 
Gemology, Vol. 31, No. 3, p. 196. 

Kammerling R.C., Koivula J.I., Fritsch E., Eds. {1995} Gem News: 
Sapphires and other gems from Tanzania. Gems &) Gemology, 
Vol. 31, No. 2, pp. 133-134. 

Karfunkel J., Wegner R. (1993) Das Alexandritvorkommen von 
Esmeraldas de Ferros, Minas Gerais, Brasilien. Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 42, No. 1, pp. 
7-15. 

Kasuga K. {1984} Synthesizing method of artificial alexandrite sin- 
gle crystal (in Japanese}. Japanese Patent Application, Laid- 
Open No. 59-107995; June 22. 

Kiefert L., Schmetzer K. {1991} The microscopic determination of 
structural properties for the characterization of optical uniaxi- 
al natural and synthetic gemstones, part 1: General considera- 
tions and description of the methods. Journal of Gemmology, 
Vol. 22, No. 6, pp. 344-354. 

Kimura S., Kitamura K. (1993) Growth of oxide crystals for opti- 
cal applications. Journal of the Ceramic Society of Japan, Vol. 
101, No. 1, pp. 22-37. 

Kuhlmann H. (1983) Emissionsspektralanalyse von natiirlichen 
Rubinen, Sapphiren, Smaragden und Alexandriten. Zeitschrift 
der Deutschen Gemmologischen Gesellschaft, Vol. 32, No. 4, 
pp. 179-195. 

Laskovenkov A.F,, Zhernakov V.I (1995) An update on the Ural 
emerald mines. Gems & Gemmology, Vol. 31, No. 2, pp. 


202 Synthetic Alexandite 


106-113. 

Leung C.S., Merigoux H., Poirot J.P., Zecchini P. (1983} Sur l’iden- 
tification des pierres fines et de synthése par spectroscopie 
infrarouge. Revue de Gemmologie a.fg., No. 75, pp. 14-15. 

Leung C.S., Merigoux H., Poirot J.P., Zecchini P. {1986} Infrared 
spectrometry in gemmology. In Morphology and Phase 
Equilibria of Minerals, Proceedings of the 13th General 
Meeting of the International Mineralogical Association, 
Varna 1982, Sofia, Bulgaria, pp. 441-448. 

Machida H., Yoshihara Y. {1980} Synthetic single crystal for alexan- 
drite gem. United States Patent No. 4,420,834; December 23. 
Machida H., Yoshihara Y. (1981) Synthetischer Einkristall fiir 
einen Alexandrit Edelstein. German Patent Application, Laid- 

Open No. 2925330; April 2. 

Newlay S.K., Pashine J.K. {1993] A note on the finding of rare 
gemstone alexandrite in Madhya Pradesh. National Seminar 
on Gemstones, December 11-12, Bhubaneswar, India, pp. 
88-90. 

News on the Songea deposit from SSEF (1995) ICA Gazette, June, 
p. 6. 

Ottemann J. (1965) Gallium und Zinn im Alexandrit. Neues 
Jahrbuch fiir Mineralogie Monatshefte, Vol. 1965, No. 2, pp. 
31-42. 

Ottemann J., Schmetzer K., Bank H. (1978} Neue Daten zur 
Anreicherung des Elements Gallium in Alexandriten. Neues 
Jahrbuch flir Mineralogie Monatshefte, Vol. 1978, No. 4, pp. 
172-175. 

Patnaik B.C., Nayak B.K. (1993) Alexandrite occurrence in Orissa. 
National Seminar on Gemstones, December 11-12, Bhubane- 
swar, India, p. 87. 

Peretti A., Schmetzer K., Bernhardt H.-J., Mouawad F, (1995) 
Rubies from Mong Hsu. Gems & Gemology, Vol. 31, No. 1, 
pp. 2-26. 

Powell R.C., Xi L., Gang X., Quarles G.J., Walling J.C. (1985) 
Spectroscopic properties of alexandrite crystals. Physical 
Review B, Vol. 32, No. 5, pp. 2788-2797. 

Proctor K. (1988) Chrysoberyl and alexandrite from the pegmatite 
districts of Minas Gerais, Brazil. Gems «) Gemology, Vol. 24, 
No. 1, pp. 16-32. 

Rodionov A.Ya., Novgorodtseva N.A. (1988) Crystallization of 
colored varieties of chrysoberyl by solution-melt and gas 
transport methods {in Russian]. Tr. In-Ta Geol. i Geofiz. SO 
AN SSSR, Vol. 708, pp. 182-187. 

Schmetzer K. (1986) An improved sample holder and its use in 
the distinction of natural and synthetic ruby as well as natural 
and synthetic amethyst. Journal of Gemmology, Vol. 20, No. 
1, pp. 20-33. 

Schmetzer K., Bank H., Giibelin E. (1980) The alexandrite effect 
in minerals: Chrysoberyl, garnet, corundum, fluorite. Neues 
Jahrbuch ftir Mineralogie Abhandlungen, Vol. 138, No. 2, pp. 
147-164. 

Schrader H.-W., Henn U. {1986} On the problems of using galli- 
um content as a means of distinction between natural and 
synthetic gemstones. Journal of Gemmology, Vol. 20, No. 2, 
pp. 108-113. 

Solntsev V.P., Kharchenko E,J., Matrosov V.N., Bukin G.V. {1977} 
Distribution of chromium ions in the chrysobery] structure. 
Vses. Mineral, Obs. Akad. Nauk SSSR, Trudy IV. Vses. 
Sympos. Isomorphismu, Part 2, pp. 52-59. 

Stockton C.M., Kane R.E. {1988} The distinction of natural from 
synthetic alexandrite by infrared spectroscopy. Gems @ 
Gemology, Vol. 24, No. 1, pp. 44-46. 

Tabata H., Ishii E., Okuda H. (1974) Growth and morphology of 
chrysoberyl single crystals. journal of Crystal Growth, Vol. 
24/25, pp. 656-660. 

Togawa E. (1985) Method for synthesizing single crystal by flux 
method (in Japanese}. Japanese Patent Application, Laid-Open 
No. 60-81083; May 9. 

Trossarelli C. (1986) Synthetic alexandrite from USSR. La 
Gemmologia, Vol. 11, No. 4, pp. 6-22. 


GEMS & GEMOLOGY Fall 1996 


| 


Editor 
C. W. Fryer, GIA Gem Trade Laboratory 
Contributing Editors 


GIA Gem Trade Laboratory, East Coast 
G, Robert Crowningshield 

Karin Hurwit 

Thomas Moses 

llene Reinitz 


GIA Gem Trade Laboratory, West Coast 
Mary L. Johnson 

Shane F. McClure 

Cheryl Y. Wentzell 


ARAGONITE 


A 55.10 x 37.80 x 9.04 mm white 
translucent carved pendant (figure 1} 
was recently submitted to the West 
Coast laboratory for identification. It 
had been represented to the client as 
nephrite jade. 

The piece was similar in appear- 
ance to nephrite and had a comparable 
specific gravity of 2.84. Magnification 
revealed an aggregate structure. No 
absorption spectrum was seen with a 
desk-model spectroscope. The refrac- 
tive index measurements, which 
were vague and difficult to determine 
because of the poor polish, gave val- 
ues of 1.50 and 1.65. There was a 
decided “blink” effect when the 
Polaroid plate was rotated. 

Other gemological properties 
were: moderate yellowish white fluo- 
rescence to long-wave ultraviolet 
radiation (with yellow fluorescence 
in fractures}, moderate light yellow 
fluorescence to short-wave UV, and 
effervescence when touched in an 
inconspicuous spot with a minute 
droplet of a 10% hydrochloric acid 
solution. Although these properties 
were not sufficient to identify the 
material, they proved that it was not 
nephrite. The effervescence, together 
with the RI. “blink” effect, indicated 
that it was a carbonate, X-ray powder 
diffraction analysis identified the 
carving as aragonite. 

Aragonite is not often used as a 
gem material because of its low hard- 
ness (about 4 on the Mohs scale). A 
blue massive aragonite from Peru, 
with gemological properties slightly 
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Figure 1. This carved pendant 
resembled nephrite, but 
advanced testing techniques 
proved that it was aragonite. 


different from those of this specimen, 
was described in the Winter 1992 
Gem News section (pp. 269-270}. 

SFM and ML] 


DIAMOND 


Different Colors from 
the Same Rough 


Yellow to brown colors in diamond 
are usually caused by nitrogen impu- 
rities found in various states of aggre- 
gation {see “Colour Centres in 
Diamonds,” by A. T. Collins, journal 
of Gemmology, 1982, Vol. 18, No. 1, 
pp. 37-75}. It has been shown that 
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nitrogen is often distributed uneven- 
ly in the diamond crystal (see, ¢.g., 
“Fractionation of Nitrogen Isotopes 
in a Synthetic Diamond of Mixed 
Crystal Habit,” by S. R. Boyd et al., 
Nature, Vol. 331, February 18, 1988, 
pp. 604-607). Consequently, it is 
common that two near-colorless dia- 
monds cut from the same piece of 
rough will differ by a few color 
grades, Hydrogen impurities may 
also cause an uneven distribution of 
gray or brown color in diamond (see 
“Gemmological Properties of Type Ia 
Diamonds with an Unusually High 
Hydrogen Content,” by E. Fritsch 
and K, Scarratt, journal of Gem- 
mology, Vol. 23, No. 8, 1993, pp. 
451-460). 

Last fall, a diamond dealer 
shared a particularly vivid example of 
the consequences of such variability 
with staff members in the East Coast 
lab. Although he had noticed some 
unevenness to the color before saw- 
ing the rough diamond into the two 
pieces shown in figure 2, he had 
expected that the rough would pro- 
duce two fancy-color stones. However, 
the larger of the two pieces yielded a 
3.79 ct “radiant” cut with a color 
grade of Fancy Brownish Yellow, 
whereas the smaller piece finished 
out as a 0.78 ct pear shape of G color. 

Although the two pieces had 
some similar gemological proper- 
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Figure 2. These two pieces are 
from the same brownish yellow 
rough diamond. Nearly all the 
color ended up in the 7.32 ct por- 
tion, whereas the 1,38 ct piece is 
near-colorless. 


ties—such as inclusions in both of 
small brown crystals (probably gar- 
net, judging from their partly dodeca- 
hedral shape|—there were substantial 
differences in their infrared spectra, 
which reflect their different impurity 
concentrations. The larger, brownish 
yellow piece had strong peaks due to 
nitrogen and moderate hydrogen 
peaks; however, the near-colorless 
piece showed moderate nitrogen and 
weak hydrogen absorptions. The 
nitrogen in both pieces had the same 
aggregation state, with approximately 
equal amounts of A and B aggregates. 
Much of the color in the brownish 
yellow piece was concentrated in a 


Figure 3, These five imitation diamond crystals 
(4.62-26.24 ct) are actually cubic zirconia. 


swirling cloud in the center, a distri- 
bution sometimes seen in hydrogen- 
rich diamonds (again, see the Fritsch 
and Scarratt reference cited above). 
IR 
Imitation Crystals 
Since its introduction in the early 
1970s, cubic zirconia (or “CZ”) has 
revitalized the diamond simulant 
market. Its availability in nearly every 
shape and facet arrangement provides 
ample evidence of its popularity. We 
have occasionally reported on CZ 
being fashioned into carvings and 
shaped into diamond-like crystal 
forms. Some of these “crystals” have 
had very believable diamond-like fea- 
tures, such as engraved triangular 
depressions to simulate trigons, 
engraved parallel lines to simulate 
growth striations, and “frosted” sur- 
faces (see Gem Trade Lab Notes, Fall 
1982, p. 169, and Winter 1988, p. 241). 
A good example of this deception 
was recently seen in the East Coast 
lab: five fashioned CZ “crystals” (fig- 
ure 3) that very much resembled 
modified octahedra, a shape common 
in rough diamonds. For comparison, 
we photographed five diamond crys- 
tals of similar size (see figure 4) to 
show just how convincing in appear- 
ance the look-alikes really were. Not 
only was the overall resemblance in 
shape striking, but one of the imita- 
tions (at the upper right in figure 3} 


even had parallel lines engraved on a 
“face.” These lines closely mimicked 
the striations often seen on dodecahe- 
dral faces of rough diamonds with 
modified octahedral habit (see the 
upper right stone in figure 4}, which 
are occasionally found on the small 
natural surfaces sometimes left on 
polished diamonds. 

The ersatz “diamond” rough was 
submitted to the lab because the obser- 
vant dealer noted that the “heft” did 
not feel quite right for diamonds. The 
specific gravity (5.80 compared to 
3.52 for diamond}, hardness, and 
ultraviolet fluorescence of these “crys- 
tals” were all consistent with pub- 
lished values for cubic zirconia. 

GRC and TM 


Natural, with Unseen “Flaws” 

Rarely is any gemstone examined as 
carefully for the presence of inclu- 
sions as is diamond. This is just as 
true for pieces of rough as for pol- 
ished stones. A client submitted both 
partially polished halves of what was 
originally a 40+ ct crystal to the East 
Coast lab for examination. The two 
pieces were worked on a day apart. 
Both fractured spontaneously (figure 
5) in the early stages of cutting. 

The highly experienced owner 
was surprised and puzzled that this 
had occurred. His rough stones were 
routinely examined before manufac- 


Figure 4. Compare the appearance of these five dia- 
mond crystals, ranging from 5,27 to 8.67 ct, to that of 
the imitations in figure 3. 
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four large facets on the pavilion 
are called the bottom corner 
facets. 

Peach Blossom Diamond (Fr. fleur 
de pécher). A rose-colored dia- 
mond, one of the few remaining 
gems of the French crown jewels, 
purchased by Louis XIV and 
later displayed in the Louvre mu- 
seum in Paris. Listed in the in- 
ventory of the French Regalia 
(1791) are three diamonds of a 
peach blossom hue: a pear-shaped 
diamond of 24 13/16 carats, valued 
at 200,000 francs; a brilliant of 
14 14/16 carats, valued at 25,000 
francs; and a brilliant of 14 12/16 
carats, valued at 30,000 francs. 

pear or pear-cut diamond. Term 
sometimes used to describe a pen- 
deloque diamond or any other dia- 
mond the girdle outline of which 
resembles a pear in shape. 

pear-shape diamond. A term loosely 
used to describe any diamond the 
girdle outline of which resembles 
a pear in shape. Such diamonds, 
in fact, possess more or less flat- 
tened pear shapes. 

“Pecos diamond.” An incorrect name 
for quartz from region of the 
Pecos River in Texas and New 
Mexico, 

pectolite. A secondary mineral found 
in the Kimberley pipes; sometimes 
deposited in fissures or deep frac- 
tures in the surface of diamonds 
(Sutton). H. 5; 8.G. 2.7-2.9; sub- 
translucent or opaque; whitish or 
greyish (Dana). 

pendant-cut brilliant. The anglicized 
name for a pendeloque. 

pendeloque (pahn’d’loke). A French 
word, meaning pendant, used in 
the American gem trade to de- 
scribe the pear-shaped or egg- 
shaped modification of the round 
brilliant cut, but with the nar- 
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rower end more pointed. The 
wider end may vary from a semi- 
circle to the width of a narrow 
marquise. It differs from the brio- 
lette in that it has a table, usually 
eight-sided, and a culet, usually 
round. It also differs from the 
oval cut. ' 


pentagon (cut). A name for any of 
several modifications of the step 
cut, the girdle outline of which 
possesses five sides. A modern cut 
of which the bullet cut is one va- 
riety. 

“perfect.” A term which has been 
widely used in the United States 
to describe diamonds. Defined by 
the Standard dictionary as “with- 
out defect or lack,” it implies such 
an ideal condition to the wunin- 
formed buying public. Therefore 
a few retail jewelers used the 
term “perfect diamond” to mean 
a diamond free from internal or 
external flaws, or other defects, of 
fine color quality, of almost ideal 
proportions and excellently pol- 
ished. Other jewelers omitted from 
its meaning any reference to pro- 
portions or polish, while the ma- 
jority used it to mean only a free- 
dom from inclusions or other in- 
ternal flaws. The strength of 
magnification used in detection of 
flaws varied in the trade from two 
power to fourteen power, with two 
to six power in the majority, but 
with ten power aplanatic loupes 
in use by most diamond importers. 
In 1938 the Federal Trade Com- 
mission promulgated a ruling in 
which the word “perfect” was de- 
fined as meaning absence of 
“flaws, cracks, carbon _ spots, 
clouds or other blemishes or im- 
perfections of any sort when ex- 
amined by a trained eye under a 

(To Be Continued) 


Figure 5. These two diamonds, a 16.48 ct blocked 
round and an 18.15 ct blocked square, were cut from 
the same piece of rough; both fractured due to strain. 


turing, both with a microscope to 
detect visible inclusions and with a 
polariscope to detect any extraordi- 
nary strain or graining. Some diamond 
categories and colors, such as browns, 
are noted for their high degree of inter- 
nal strain. In these diamonds, the pres- 
ence of strain often influences how 
the crystal is fashioned. For example, 
manufacturers will sometimes opt to 
forgo traditional sawing and keep the 
stone “whole” to avoid damage. Other 
times, they may orient the stone so 
that the sawing does not intersect the 
center of strain, 

We repositioned the two pieces 
in their original relative orientation 
to illustrate their relationship in the 
original piece of rough (figure 6). 
Figure 7 (taken with a polarizing 
microscope} shows the blue first- 
order interference color from residual 
strain that is present in both pieces. 
The fractures in both pieces related 
to a single area of strain that was 
present in the rough crystal. Also 
present was a linear strain pattern 
along the octahedral graining near 
both culets, but its gray interference 
colors indicated that this strain was 
significantly lower. 

Whether strain in a rough dia- 
mond will lead to spontaneous frac- 
turing during fashioning is a matter 
of chance, but the presence of local- 
ized strain is an indication for con- 
cern. Sawing is thought to be the 
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most stressful event in diamond cut- 
ting; however, in this case the stone 
survived sawing perpendicular to the 
strain region, but the pieces fractured 
as faces were polished subparallel to 
the strain region. TM and GRC 


Rare Color: Fancy 

Intense Pinkish Orange 

Over the years, we have reported on a 
number of diamonds notable for their 
rare colors (see, for example, the 
Winter 1965-66 Gems &) Gemology, 
p. 362, which illustrated a ring set 


Figure 7. First-order interference 
colors—shades of blue—seen 
here in the partly polished 18.15 
ct piece were actually present in 
both halves, indicating the pres- 
ence of residual strain. 
Magnified 10x. 


GEMS & GEMOLOGY 


Figure 6. Here the diamonds shown in figure 5 are 
oriented and repositioned to demonstrate their 
original crystallographic relationship. 


with natural green, blue, and red dia- 
monds; Winter 1982, p. 228, which 
showed a chameleon diamond with a 
dramatic color change; and Summer 
1988, p. 112, with a grayish purple 
round brilliant cut}. 

The 3.40 ct heart-shaped dia- 
mond in figure 8 is another addition to 
this list. It was graded Fancy Intense 
Pinkish Orange and Internally Flaw- 
less. (For a description of the GIA 
Gem Trade Laboratory color-grading 
system, see “Color Grading of Colored 
Diamonds in the GIA Gem Trade 
Laboratory,” by J. King et al., Gems 
# Gemology, Winter 1994, pp. 
220-242.) Not only was the hue 
unusual for diamond, but the satura- 
tion was unusually high for such a 
color: In the rare instances when we 
have seen diamonds in this hue, the 
depth of color has been much weaker 
(less saturated]. The rough reportedly 
came from Angola. 

Infrared spectroscopy revealed 
that the stone was a type Ila diamond 
(i.e., lacking measurable amounts of 
nitrogen]. The fluorescence was very 
strong orange to long-wave UV radia- 
tion and moderate orange to short- 
wave UV. The long-wave reaction 
further enhanced the color of the dia- 
mond when viewed in the daylight. 
The absorption pattern seen with a 
desk-model spectroscope consisted of 
a broad band centered at 550 nm. 

TM and IR 
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A Suite of Treated-Color 
Pink-to-Purple Diamonds 


The East Coast laboratory recently 
had the opportunity to examine six 
known treated-color pink diamonds 
borrowed from a local dealer. 
Although treated pink diamonds are 
relatively uncommon, we have seen 
and documented a number of them 
over the past 25 years. The diagnostic 
properties noted before (see Gems & 
Gemology, Summer 1976, p. 172; 
Summer 1988, p. 112; and Summer 
1995, p. 121) were also observed in 
these diamonds; however this parcel 
provided a few surprises. 

Two of the diamonds showed 
strikingly unusual colors, which are 
immediately apparent in figure 9. 
Although GIA GTL maintains a poli- 
cy of not issuing color grades for 
stones of treated color, these stones 
were put through the color-grading 


Figure 8. The Fancy Intense 
Pinkish Orange color of this 
3.40 ct Internally Flawless heart 
shape is rare. 


process in order to locate their posi- 
tions in color space and to compare 
them to the range of colors seen in 
natural-color pink diamonds. Treated 
pink diamonds are usually highly sat- 
urated, but dark in tone. The 0.05 
carat orangy pink diamond, compara- 
ble to a grade of Fancy Vivid, was sur- 
prisingly light in tone for a treated- 
color pink, as well as being highly 
saturated. The pink-purple color of 
the 0.07 carat diamond is truly 
extraordinary, comparable to a grade 
of Fancy Vivid. Purple is an extreme- 
ly rare color in diamond, and seldom 
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Figure 9, Among the colors displayed by this suite of treated diamonds 
are some that match or exceed the brightest natural pink colors seen in 
the lab to date. The 0.05 ct orangy pink and the 0.07 ct pink-purple 
stones, right, are particularly notable for their high saturation. 


has the lab seen a purple of this high 
saturation in either a treated- or natu- 
ral-color diamond. The orangy pink 
stone is at least as saturated as any 
natural-color diamond we have seen 
of similar hue. The colors of the 
other four diamonds lie on the edges 
of the distribution we have seen for 
natural-color diamonds, with the 
high saturations and medium-to-dark 
tones that are typical of treated-color 
pink stones. 

In a desk-model spectroscope, all 
six showed the diagnostic spectrum 
for treated-color pink (or purple or 
red) diamonds: sharp absorption lines 
at 575, 595, and 637 nm. Most of 
these diamonds showed emission 
lines at 595 and 637 nm as well. 
They also luminesced the character- 
istic strong, bright orange to both 
long-wave and short-wave UV that is 
associated with the 637 nm color 
center. Last, although graining was 
present in all six diamonds, it was 
phantom graining (for the meaning of 
this term, see “The Elusive Nature of 
Graining in Gem Quality Diamonds,” 
by R. E. Kane, Gems & Gemology, 
Summer 1980, pp. 294-314) with no 
relationship to the distribution of 
color within the gems. (By contrast, 
most natural-color pink diamonds 
show most, or all, of their color as 
colored graining.} One stone had a 
“streaky” color distribution (figure 
10}, but magnification combined 
with immersion revealed that this 
color lacked the planar appearance of 
colored internal graining and was 
largely confined to the surface. 
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Although the face-up appearance 
of both natural- and treated-color 
pink, purple, or red diamonds can be 
similar, the causes of the color are 
entirely different. Natural-color pink 
diamonds are type Ia or Ila and show 
a smooth, broad band in the visible 
spectrum at about 550 nm. (See E. 
Fritsch and K. Scarratt, “Natural- 
Color Nonconductive Gray-to-Blue 
Diamonds,” Gems & Gemology, Vol. 
28, No. 1, Spring 1992, pp. 38-39, for 
a complete discussion of diamond 
type.) Treated-color pink diamonds 
must contain at least some type Ib 
component, and are sometimes pure 
type Ib. Their visible spectra show 
the three sharp lines mentioned 


Figure 10. The streaky pink color 
seen in this 0.05 ct treated-color 
pink diamond might be confused 
with the pink graining seen in 
natural-color diamonds. 
Examination at 10x to while the 
stone was immersed in methy- 
lene iodide reveals that the color 
is largely confined to the surface. 
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above, with a broad feature formed 
from the overlap of their sidebands. 
Vacancies in the atomic structure are 
created in these diamonds by labora- 
tory irradiation, and then mobilized 
during an annealing process. Some of 
the vacancies become trapped at sin- 
gle substitutional nitrogen atoms, 
creating the NV center with its 
strong absorption at 637 nm. 

In examining these six stones, 
we found that four were type Ib, as 
expected, but one had some addition- 
al type aA component and one of the 
paler stones had what appeared to be 
a pure type IaA spectrum and an H1b 
peak (due to a vacancy trapped at an 
A aggregate, a common feature in 
treated yellow diamonds; again, see 
the A. T. Collins reference cited in a 
previous entry). We had not seen 
such a mid-infrared spectrum in a 
treated pink stone before. Although 
the infrared spectrum implied that 
this diamond had only A aggregates, 
the visible spectrum showed the 637 
nm peak, so there must have been at 
least some single substitutional 
nitrogen to trap the vacancies. 

The nitrogen content of all six of 
these diamonds was extremely low, 
and some of the initial infrared 
results suggested that a few of them 


might have no nitrogen at all. For the 
stone that showed type IaA, it is 
probable that there was not enough 
single substitutional nitrogen to pro- 
duce a detectable signal in the 
infrared spectrum. These diamonds 
demonstrate the time-honored gemo- 
logical principle that identification 
must rely on all of the observed prop- 
erties. A cursory examination might 
lead one to conclude that the paler 
stones are natural-color type Ila pink 
diamonds with orange fluorescence 
and faint pink graining. However, in 
our experience, such stones rarely 
show the 637 nm line, and never 
show the 595 nm line, in the hand 
spectroscope. 

John King, Elizabeth Doyle, and IR 


HERDERITE 


In spring 1996, the West Coast lab 
received for identification a large 
(25.86 x 18.55 x 13.31 mm) pear- 
shaped stone that was transparent 
yellowish green (figure 11). The 38.91 
ct stone proved to be an extraordinar- 
ily large herderite. 

We recorded the following gemo- 
logical properties for this stone: biaxi- 
al negative, with R.I. values of o = 


Figure 11. This 38.91 ct faceted herderite is unusually large for this material. 
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1.580, y = 1.611, and B between 1.600 
and 1.606; S.G. (measured hydrostati- 
cally) of 3.04; no reaction {inert} to 
long-wave UV radiation, but faint 
yellowish green fluorescence to 
short-wave UV. With a desk-model 
spectroscope, we observed an absorp- 
tion line at 585 nm. 

Microscopic examination re- 
vealed a small feather under the table, 
as well as scattered “pinpoint” 
inclusions in the stone. However, the 
most pronounced feature seen with 
magnification was the strong dou- 
bling of the back facets visible 
through the table. This was not sur- 
prising given the strong birefringence 
(0.031) and the depth of the stone. 

To satisfy our curiosity about 
this stone—and to characterize the 
material for our data files—we sub- 
mitted it to energy-dispersive X-ray 
fluorescence (EDXRF) analysis. 
Calcium (Ca) and phosphorus (P} 
were the major elements found, 
along with minor manganese and 
trace amounts of lead, strontium, and 
yttrium. Gem herderite consists of 
material in the mineral series that 
has herderite, CaBe(PO,]F, as one 
end-member and hydroxylherderite, 
CaBe(PO,)OH, as the other. Because 
the elements beryllium (Be), oxygen 
(O), fluorine {F), and hydrogen (H} 
cannot be detected with our EDXRF 
system, we could not determine 
which end-member in the herderite- 
hydroxylherderite series is dominant 
in this stone. The manganese is prob- 
ably responsible for the yellowish 
green color, which is similar to the 
color caused by manganese in some 
spodumenes. ML] 


JADEITE 


An intricately carved hairpin (figure 
12) with a dragon motif was submitted 
to the East Coast laboratory to deter- 
mine if it had been treated. Reportedly, 
this ornate piece was from the Chinese 
Qing dynasty (1644-1912), which pop- 
ularized the use of jadeite jewelry and 
objets d’art. 

Standard gemological tests re- 
vealed properties that were consis- 
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tent with jadeite jade. The strength of 
the “chrome” lines in the absorption 
spectrum varied with the intensity of 
the green color. There was no reac- 
tion with a Chelsea filter. Even with 
magnification, no visible reaction 
was observed when a “hot point” 
was brought near the surface. In addi- 
tion, the carving revealed a compact 
intergrowth pattern very different 
from the “honeycomb” structure 
sometimes seen in bleached and 
impregnated jadeite. Infrared spec- 
troscopy showed no evidence of 
impregnation. 

Unlike the simple Western defi- 
nition of “Imperial jade” (jadeite of 
uniform intense green color and 
exceptional translucency), Asian crite- 
ria are more complex and take into 
account a combination of factors, 
including the highest quality green 
color and translucency, as well as the 
carving’s quality and style (see “Asian 
News Section: Jadeite Jewellery in the 
Qing Imperial Court,” Christie’s 
International Magazine, May 1996, p. 
73}. We suspect that this hairpin 
might be considered “Imperial” by 
either standard. 

The difficulty in detecting that a 
piece of jadeite has been bleached and 
polymer impregnated, which is now a 
common practice in the marketplace, 
has made it necessary to test all 
important pieces, regardless of their 
purported history. GRC and TM 


OPAL, an Assemblage 


An opaque gray free-form cabochon, 
displaying primarily green and blue 
play-of-color, was sent to the East 
Coast laboratory for identification. 
Since the stone was bezel set in a 
closed-back pendant mounting (figure 
13), the client wanted us to deter- 
mine if this opal was a quartz-top 
doublet or triplet, as is frequently 
encountered in the trade. 

Visual examination showed that 
the top portion of the cabochon was 
obviously transparent. The play-of- 
color was not visible near the surface 
of the stone, but appeared to be con- 
fined to a deeper, somewhat opaque 
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Figure 12. Reportedly from the Qing dynasty, this 20.3-cm-long jadeite 
hairpin showed no evidence of polymer impregnation. 


layer. The refractive index of the top, 
obtained by the spot method, was 
1.52, which is lower than the 
1.54-1.55 of quartz. Because of the 
irregular shape and the bezel mount- 
ing, it was difficult to determine an 
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optic character between crossed 
polarized plates, but the transparent 
top appeared to be singly refractive 
with little anomalous double refrac- 
tion. When exposed to long-wave UV 
radiation, the cabochon fluoresced a 
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strong bluish white with a distinct 
phosphorescence. However, when 
the stone was exposed to short-wave 
UV, we noticed a faint chalky yellow 
fluorescence, which is not character- 
istic of colorless quartz. These prop- 
erties proved that the transparent top 
portion was not quartz, but a differ- 
ent material. 

Magnification did not reveal any 
obvious inclusions. However, using 
standard overhead illumination, we 
did locate a tiny gas bubble deep 
inside the transparent layer. This 
confirmed that the top was glass. 
Further examination of the underly- 


Figure 13, This assemblage, 
which measures about 30 x 22 
mm, has a colorless glass top 
over natural opal. 


ing colored layer with strong light 
showed the usual structure of natural 
opal. We did not find any evidence of 
cement planes, so we could not deter- 
mine if the cabochon was a doublet 
or triplet without unmounting it. 
Therefore, we simply identified the 
piece as an assemblage, with a color- 
less glass top over natural opal. 

KH 
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Figure 14. Numerous thread-like 
“inclusions” were seen in these 
gray-blue assembled cultured 
blister pearls, which each mea- 
sured about 6.35 mm in diameter. 


Assembled Cultured Blister 
PEARLS, With Thread-Like 
Inclusions 


Although gemologists do not expect 
to observe inclusions when examin- 
ing pearls, staff members at the West 
Coast lab noticed some interesting 
internal features in cultured pearls 
that arrived last year for identifica- 
tion. The assembled cultured blister 
pearls, each of which measured about 
6.35 mm in diameter, were an attrac- 
tive light gray-blue. They were sur- 
rounded by old European brilliants, 
all set in a pair of earrings (figure 14}. 

The fact that these pieces were 
assembled was readily apparent with 
microscopic examination. Fiber-optic 
illumination revealed gas bubbles in 
the curved interface between the nacre 
and the half-bead nuclei. The flat bases 
of the cultured pearls had soft, wax- 
like backings attached. Not only was 
the gray-blue color unnatural, but 
fiber-optic illumination also revealed 
vivid color concentrations reflecting 
along hairline fractures in the nacre. 
Although these features indicated an 
artificial coloring process, we could 
not prove that one had been used. 

The most interesting characteris- 
tic of these assembled cultured blister 
pearls were the thread-like inclusions 
in the nacre, which were again best 
observed with fiber-optic illumina- 
tion. For the most part, these abun- 
dant inclusions appeared to be ran- 
domly oriented; they were long, 
curved, and continuous, with some 
shorter, more kinked threads splitting 
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Figure 15. The long curved fibers 

in the assembled cultured blister 
pearls of figure 14 seemed, for the 
most part, to be randomly orient- 
ed. Magnified 25x. 


off to the sides (figure 15). The labora- 

tory was unable to identify the com- 

position or origin of these inclusions. 
CYW 


QUARTZ, Single-Crystal Green 


Last winter, the East Coast lab had 
the opportunity to examine a turn-of- 
the-century ring, stamped “Tiffany & 
Co.,” set with an oval mixed-cut 
green quartz that was surrounded by 
fine-quality old-European brilliant 
cuts (figure 16). Both the setting and 
the company name indicated more 
respect for this gem than is typical 
today for similar single-crystal quartz 
of grayish green color. The ring may 
well represent an example of Tiffany’s 
interest in promoting American gem- 
stones, as green quartz was known at 
that time to occur in several locali- 
ties (see G. F. Kunz, Gems and 
Precious Stones of North America, 
2nd ed., 1968, Dover Publications, 
New York, pp. 120-122, 2.63}. If so, it 
joins such American gems as 
Montana sapphires, chrome pyrope 
garnets, and American freshwater 
pearls, among others (see Gem Trade 
Lab Notes, Spring 1989, p. 37, and 
The Tiffany Touch by J. Purtell, 1971, 
Random House, New York). 

This color of single-crystal quartz 
was rare until the mid-1950s, when it 
was discovered that amethyst from 
the Montezuma mine in Minas 
Gerais, Brazil, would turn green with 
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Figure 16. This turn-of-the-centu- 
ry ring from Tiffany features green 
natural quartz. 


heat treatment. Such treated-color 
quartz is commonly known by the 
trade name “prasiolite.” In recent 
years, the lab has also seen a few 
pieces of synthetic quartz with this 
grayish green color. 

The stone in the ring proved to 
be natural quartz, as it demonstrated 
both Brazil twinning and parallel 
color zoning. However, it is not cur- 
rently possible to distinguish natural- 
ly green quartz from heat-treated 
material. GRC and IR 


SAPPHIRE, 
Unusual Treated Natural Sapphire 


In the Spring 1996 issue of Gems & 
Gemology, we reported on flame- 
fusion synthetic corundum oddities. 
Earlier this year, within a short peri- 
od of time, the East Coast lab 
received two rather odd natural sap- 
phires of treated blue color. The first 
was a 70.20 ct oval cabochon (figure 
17) with an incised design on the 
back. Microscopic examination 
revealed numerous fluid-filled “fin- 
gerprints” and unidentified crystals 
that were altered in ways consistent 
with heat treatment. Exposure to 
long-wave UV radiation produced lit- 
tle reaction, but the stone fluoresced 
a patchy chalky blue to short-wave 
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UV, further supporting the conclu- 
sion that it had been heat treated. 

When examined with magnifica- 
tion in diffused light, several of the 
cavities and shallow fractures revealed 
blue color concentrations reminis- 
cent of the effect sometimes seen in 
diffusion-treated stones (see, e.g., 
R. E. Kane et al., “The Identification 
of Blue Diffusion-Treated Sapphires,” 
Gems & Gemology, Summer 1990, p. 
124, figure 10). In this stone, the 
apparent color “bleeding” was actual- 
ly a blue “dye,” as was evident when 
the stone was immersed in methy- 
lene iodide (di-iodomethane; see fig- 
ure 18}. When we re-examined the 
stone with short-wave UV radiation 
and low magnification, the areas that 
luminesced corresponded to those 
with the blue dye. This treatment 
could easily have been confused with 
diffusion treatment because of the 
shallow penetration of the blue color 
in some areas. 

The second stone (figure 19) was 
a diffusion-treated natural sapphire 
that had been quench crackled, mak- 
ing it more challenging to identify. 
Quench crackling, a relatively com- 
mon procedure, is most often seen in 
quartz and beryl, which are quench 
crackled and then dyed green to imi- 
tate emerald. In the Summer 1996 
Lab Notes section (pp. 125-126}, 
however, we reported on a parcel of 
quench-crackled synthetic rubies. 
The crackling in this sapphire made 
it difficult to see the very small crys- 
tals and silk, which had been reduced 


Figure 17. The color distribu- 
tion in this 70.20 ct natural 
sapphire suggested some form 
of treatment. 
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from needles to lines of small uncon- 
nected dots. More importantly, it 
also disguised the surface diffusion 
treatment. Immersion again revealed 
the telltale outlined facet junctions 
and uneven surface coloration. 

GRC and TM 


Flame-Fusion 
SYNTHETIC SAPPHIRE 


When GIA was founded in the early 
1930s, gemology was relatively 
uncomplicated and most identifica- 
tions could be made with basic 
instrumentation. However, then as 
now, the identification of synthetics 
was particularly worrisome. When 
we consider the primitive gemologi- 
cal microscopes available at that 
time, the great concern for the proper 
identification of Verneuil flame- 
fusion synthetics—the only type then 
available—is understandable. 
Pioneering work in Europe had 
established that the main identifying 
features in these synthetic sapphires 
and rubies were curved striae or 
growth lines, as well as gas bubbles, 
large or small. One of the first indica- 
tions that features believed to be 
characteristic of natural sapphires 
were also seen in synthetics was 
reported in 1920 by Mr. E. G. Sand- 
meier of Locarno, Switzerland, and 
confirmed by Mr. W. Plato of 
Frankfurt, Germany: the discovery of 
polysynthetic twinning in synthetic 
corundum. It is significant that one 
of the first gemological notes written 


Figure 18. Immersion in methy- 
lene iodide revealed both natural 
color zoning and evidence of a 
“dye” in the sapphire in figure 17. 
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Figure 19. This quench-crack- 
led natural sapphire owes its 
color to diffusion treatment. 
Magnified 10x. 


by Robert Shipley Jr., in the second 
issue of the (then) new Gems @& 
Gemology—March-April 1934—con- 
cerned his observation of nearly 
straight striae in a synthetic sapphire. 
Significant, too, is the fact that the 
very first (Summer 1942) of many 
well-illustrated feature articles in this 
journal by Dr. Eduard Gibelin 
addressed “Genuine Type Inclusions 
in New European Synthetic.” 
Occasionally, other similarities 
between synthetic and natural gems 
have appeared in the gemological lit- 
erature. More recently, synthetics 


Figure 20. At first glance, the 
needle-like inclusions in this 
4.18 ct heart shape seemed to 
indicate natural origin. 


with characteristics introduced to 
make them look natural, such as nat- 
ural-appearing “fingerprints,” have 
been seen on the market (see, e.g., J. 1. 
Koivula, “Induced Fingerprints,” 
Gems & Gemology, Winter 1983, pp. 
220-227), 

Another example of a natural- 
appearing inclusion in a synthetic 
stone was recently seen in the East 
Coast lab (figure 20}. Needle-like 
inclusions near the cleft of this heart 
shape had convinced the client that 
the piece was natural. However, 
using only a loupe, he thought that 


rl 


Figure 21. The curved growth 
lines easily seen with immer- 
sion in methylene iodide 
proved that the sapphire in fig- 
ure 20 was synthetic, 


he also saw curved growth lines. His 
suspicion proved to be well founded, 
as the curved growth lines were easi- 
ly resolved when this synthetic sap- 
phire was immersed in methylene 
iodide (figure 21). GRC and TM 


PHOTO CREOITS 

Figures 1 and 14 were taken by Maha DeMaggio. 
Nicholas DelRe supplied the pictures for figures 2-7, 9, 
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McClure provided figures 11 and 15. Figure 12 is com- 
pliments of Christie’s international. 


LEARN DIAMONDS FROM THE EXPERTS 


grading. 


The GIA Learn-At-Home 
Diamonds Program #41 


This two course program will mold you into a 
true diamond professional via a uniquely struc- 
tured two-tiered approach. First, you are given 
the most up-to-date information on diamonds 
and trained in the art of selling them. Next, you 
learn the ultimate skill of a jeweler: diamond 


You’ll be able to speak the language other dia- 
mond professionals speak. Gain respect as a 
buyer. Learn proven techniques for promoting, 
displaying and protecting diamonds. 


Acquire the knowledge that is 
your competitive edge. 


_ Call toll-free (800) 421-7250 ext. 292 
ide the U.S. (310) 829-2991 ext. 292 


Enroll today! 


code #: GGDP 


Spring 1987 

“Modern” Jewelry: Retro to Abstract 

ntrared Spectroscopy in Gem Identification 

A Study of the General Electric Synthetic Jadeite 
ridescent Orthoamphibole from Greenland 


Summer 1987 
Gemstone Durability: Design to Display 
Wessels Mine Sugilite 

Three Notable Fancy-Color Diamonds 
The Separation of Natural from Synthetic 
Emeralds by Infrared Spectroscopy 
The Rutitated Topaz Misnomer 


Fall 1987 
An Update on Color in Gems. Part | 
The Lennix Synthetic Emerald 
Kyocera Corp. Products that Show Play-of-Color 
Man-Made Jewelry Malachite 
Inamori Synthetic Cat's-Eye Alexandrite 


Winter 1987 
The De Beers Gem-Quality Synthetic Diamonds 
Queen Conch "Pearls* 

The Seven Types of Yellow Sapphire 
Summer 1988 

The Diamond Deposits of Kalimantan, Borneo 
An Update on Color in Gems: Part 3 

Pastel Pyropes 


Fall 1988 

An Economic Review of Diamonds 

The Sapphires of Penglai, Hainan Island, China 
ridescent Orthoamphibole from Wyoming 
Detection of Treatment in Two Green Diamonds 
Spring 1989 

The Sinkankas Library 

The Gujar Killi Emerald Deposit 

Beryl Gem Nodules from the Bananal Mine 
“Opalite:” Plastic Imitation Opal 

Summer 1989 

Filled Diamonds 

Synthetic Diamond Thin Films 

Grading the Hope Diamond 

Diamonds with Color-Zoned Pavilions 


Fall 1989 

Polynesian Black Pearls 

The Capoeirana Emerald Deposit 
Brazil-Twinned Synthetic Quartz 

Thermal Alteration of Inclusions in Rutilated Topaz 
Chicken-Blood Stone from China 
Spring 1990 

Gem Localities of the 1980s 

Gemstone Enhancement and Its Detection 
Synthetic Gem Materials in the 1980s 
New Technologies of the 1980s 

Jewelry of the 1980s 


Winter 1990 

The Dresde ond 
Identifi SI ee 
A Suite of nd Jewelry 
Emera oe 

Spring 1991 


Age, Origin, and Emplacement of Diamonds 
Emeralds of Panjshir Valley, Afghanistan 


Summer 1991 

Fracture Filling of Emeralds: Opticon and “Oils” 
Emeralds from the Ural Mountains, USSR 
Treated Andamooka Matrix Opal 

Fall 1991 

Rubies and Fancy Sapphires from Vietnam 
New Rubies from Morogoro, Tanzania 
Bohemian Garnet—Today 

Winter 1991 
Marine Mining of Diamonds off Southern Africa 
Sunstone Labradorite from the Ponderosa Mine 
Nontraditional Gemstone Cutting 
Nontransparent “C2” from Russia 

Spring 1992 
Gem-Quality Green Zoisite 

Kilbourne Hole Peridot 

Fluid Inclusion Study of Querétaro Opal 


Natural-Color Nonconductive Gray-to-Blue Diamonds 


Peridot as an Interplanetary Gemstone 


Three-Phase Inclusions in Sapphires from Sri Lanka 


BACK 


ISSUES OF 


ENS GEMOLOG) 


Limited quantities of these issues are still available 


GesQGeNnLOG! 
7) 


Fall 1995 


Winter 1993 Winter 1984 


Complete your back issues of 
Gems & Gemology NOW! 


| Single Issues” $ 9.95 ea. US. $ 14.00 ea. elsewhere 


Complete Volumes:* 
) 1987, 1991,1992, 
1993, 1994, 1995 


Three-year set 


$ 36.00 ea. vol. U.S. 


$ 99.00 U.S. 
$160.00 U.S. 


$ 45.00 ea. vol. elsewhere 


$125.00 elsewhere 
$200.00 elsewhere 


| Five-year set 


TO ORDER: Call toll free (800) 421-7250, ext. 202 or 
(310) 829-2991, ext. 202 
FAX (310) 453-4478 OR WRITE: G&G Subscriptions GIA 
1660 Stewart Street, Santa Monica, CA 90404 USA 


Summer 1992 

Gem Wealth of Tanzania 

Gamma-Ray Spectroscopy and Radioactivity 
Dyed Natural Corundum as a Ruby Imitation 
An Update on Sumitomo Synthetic Diamonds 


Fall 1992 
Ruby and Sapphire Mining in Mogok 
Bleached and Polymers-|mpregnated Jadeite 
Radiation-Induced Yellow-Green in Garnet 


Winter 1992 
Determining the Gold Content of Jewelry Metals 
Diamond Sources and Production 
Sapphires from Changle, China 
Spring 1993 
Queensland Boulder Opal 
Update on Diffusion-Treated Corundum: 
Red and Other Colors 
A New Gem Beryl Locality: Luumaki, Finland 
De Beers Near Colorless-to-Blue Experimental 
Gem-Quality Synthetic Diamonds 


Summer 1993 

Flux-Grown Synthetic Red and Blue Spinels 
from Russia 

Emeralds and Green Beryls of Upper Egypt 

Reactor-Irradiated Green Topaz 


Fall 1993 

Jewels of the Edwardians 

A Guide Map to the Gem Deposits of Sri Lanka 

Two Treated-Color Synthetic Red Diamonds 

Two Near-Colorless General Electric Type lla 
Synthetic Diamond Crystals 


Winter 1993 

Russian Gem-Quality Synthetic Yellow Diamonds 
Heat Treating Rock Creek (Montana) Sapphires 
Garnets from Altay, China 

Spring 1994 

The Anahi Ametrine Mine, Bolivia 

Indaia Sapphire Deposits of Minas Gerais, Brazil 
Flux-Induced Fingerprints in Synthetic Ruby 


Summer 1994 

Synthetic Rubies by Douros 

Emeralds from the Mananjary Region, 
Madagascar: Internal Features 

Synthetic Forsterite and Synthetic Peridot 

Update on Mining Rubies and Fancy Sapphires in 
Northern Vietnam 


Fall 1994 

Filled Diamonds: Identification and Durability 

Inclusions of Native Copper and Tenorite in 
Cuprian-Elbaite Tourmaline, Paraiba, Brazil 


Winter 1994 

Color Grading of Colored Diamonds in the GIA 
Gem Trade Laboratory 

Ruby and Sapphire from the Ural Mountains, Russia 

Gem Corundum in Alkali Basalt 

Spring 1995 

Rubies from Mong Hsu 

The Yogo Sapphire Deposit 

Meerschaum from Eskisehir Province, Turkey 


Summer 1995 
History of Pearling in La Paz Bay 
An Update on the Ural Emerald Mines 
A Visual Guide to the Identification 

of Filled Diamonds 


Fall 1995 
Gem-Quality Grossular-Andradite: A New Garnet 
from Mali 
Sapphires from Southern Vietnam 
"Ti-Sapphire": Czochralski-Pulled Synthetic Pink 
Sapphire from Union Carbide 
Winter 1995 
AHistory of Diamond Sources in Africa: Part 1 
A Chart for the Separation of Natural and 
Synthetic Diamonds 


Some issues from the 1984-1986 
volume years are also available. Please contact the 
Subscriptions Office for details. 


ORDER NOW 


DIAMOND 


Chatham synthetic “white” diamonds at JCK show. 
Three years ago, Tom Chatham of Chatham Created 
Gems, San Francisco, California, announced that he 
would be marketing “white” synthetic diamonds from 
Russia for jewelry use. Although it took longer than he 
originally anticipated, Mr. Chatham offered for sale a 
number of near-colorless synthetic diamond crystals at 
the June 1996 JCK show in Las Vegas, Nevada. 

Mr. Chatham offered GIA Research a brief opportu- 
nity to examine about 100 of these synthetic diamond 
crystals (which ranged from about 10 points to almost a 
carat] before the show. Most were of small size and had 
too many inclusions for faceting. Research Associate 
Sam Muhlmeister and Research Gemologist Shane Elen 
focused their testing on four crystals of slightly better- 
than-average quality. These weighed between 0.41 and 
0.51 ct, and were cubo-octahedral in crystal habit. All 
four had eye-visible metallic inclusions (figure 1], one 
had a typical white “cloud,” one had relatively large 
stepped cavities (which resembled the hopper-growth 
cavities in, for instance, salt crystals, but are unusual in 
natural diamonds}, and two had surface structures that 
looked like trigons. All four crystals were attracted to a 
strong magnet. 

The crystals were inert to long-wave ultraviolet radi- 
ation, but fluoresced a very faint yellow or orange to 
short-wave UV. The UV fluorescence was typical, both in 
color and intensity, of that seen thus far in near-colorless 
synthetic diamonds; it is rare for a natural diamond to 
have a stronger fluorescence to short-wave than long- 
wave UV. However, no cross-shaped or octagonal pattern 
was visible in the UV fluorescence reaction—unlike the 
patterns reported previously for some synthetic diamonds 
(see, e.g., J. E. Shigley et al., “A Chart for the Separation of 
Natural and Synthetic Diamonds,” Winter 1995, pp. 
256-264). The crystals phosphoresced blue for at least 
one minute after exposure to short-wave UV; phosphores- 
cence was much fainter in one than in the other three. 

On the basis of their infrared spectra, we determined 
that these four samples were all type Ila {essentially 
nitrogen-free] synthetic diamonds. Near-colorless syn- 
thetic diamonds are typically type Ila or mixed type Ila 
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plus other types, whereas type Ila near-colorless natural 
diamonds are relatively rare. 

Energy-dispersive X-ray fluorescence (EDXRF) spec- 
troscopy disclosed both iron (Fe} and germanium (Ge) in 
all four crystals. GIA Research had not previously detect- 
ed germanium in any diamond, natural or synthetic. 
They suspect that Ge is being added to the growth envi- 
ronment of these crystals to prevent nitrogen from incor- 
porating into the crystal structure of the synthetic dia- 
monds, as the nitrogen would color them yellow. 

Although all of these properties indicated that these 
samples were synthetics, conclusive proof was provided 
most readily by the metallic inclusions, which were eye- 
visible in all four samples, and were easily identified with 
magnification. All four proved to be magnetic. The pres- 
ence of Ge in these samples also provides proof of synthe- 
sis, but trace-element determination requires the use of 
equipment beyond the reach of the average gemologist. 
Mr. Muhlmeister and Mr. Elen cautioned that this prelim- 
inary study involved only four crystals; the properties of 
other Chatham synthetic “white” diamonds may differ. 


Figure 1. Chatham “white” synthetic diamonds 
were recently offered for sale at the Las Vegas 
]CK Show. Note the numerous metallic inclu- 
sions—characteristic of synthetic diamonds—in 
this 0.51 ct example. Photo by Shane Elen. 
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Figure 2. This 2.14 ct diamond (9.40 x 8.46 x 5.26 mm) 
is an example of the “Buddha Cut.” Photo by Maha 
DeMaggio, 


Diamond novelty-cut as a seated Buddha. New forms of 
fashioned diamonds are designed either for novel light- 
transmission and weight-retention properties, or to resem- 
ble other items. Examples of the former cuts include the 
“Flanders Brilliant” (Gem News, Summer 1993, pp. 
130-131) and the “Context” and “Spirit Sun” cuts (Gem 
News, Spring 1995, pp. 59-60). Examples of the latter 
include diamonds cut to resemble dice (Lab Notes, Fall 
1985, p. 172) and letters of the alphabet (Lab Notes, Spring 
1986, p. 47]. We recently had the opportunity to examine 
a new cut, the “Buddha Cut” (figure 2), which is being 
marketed in the United States by J. Kleinhaus and Sons 
of New York City. The distribution of facets was remi- 
niscent of triangular modified brilliants, with 33 crown 
facets and 21 pavilion facets (no culet}. The girdle was 
also faceted; two GIA Gem Trade Laboratory (GTL} 
graders assessed the girdle as thick to extremely thick. 
Some consumers wear “Buddha Cut” diamonds in 
necklaces, while others treat them as objets d’art, 
according to a J. Kleinhaus spokesperson. (The unmount- 
ed sample we examined did “sit up” by itself.} Because of 
the potential religious implications, the cutter reportedly 
has strict criteria governing cut symmetry and what con- 
stitutes a diamond appropriate for this cut. For example, 
the “head” region should be free of unsightly inclusions. 


tive examples of green chrysoberyl, lacking change of 
color, were seen at the February 1996 Tucson gem shows; 
some material was marketed as “mint” chrysoberyl. Six 
months earlier, the editors had examined a 3,48 ct stone 
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cut from similar material. The gemological properties 
(see below} confirmed that this cushion-shaped modified 
brilliant cut was a natural chrysoberyl. We were some- 
what surprised that there was no perceptible change of 
color (alexandrite effect} between incandescent and fluo- 
rescent light in a stone of such saturated green. With 
magnification, we noted a small brown-red crystal in the 
pavilion and growth zoning. EDXRF spectroscopy 
showed that the stone contained Al, Fe, V, Ti, Ga, and 
Sn. We had seen synthetic nonphenomenal green 
chrysoberyls colored by vanadium, but we had not previ- 
ously examined natural vanadium-bearing chrysoberyls. 
For comparison, we borrowed from Malhotra Inc., 
New York City, four faceted nonphenomenal green 
chrysoberyls {figure 3} that reportedly had been mined in 
Tanzania. Three had properties similar to the chrysoberyl 
in question. These included: pleochroism—trichroic colors 
of bluish green to blue-green/yellow-green to green/near- 
colorless to yellow; optic character—biaxial positive; color- 
filter reaction—none to faint pink; refractive indices— 
1,742, and 1.750-1.751; birefringence—0.008-0.009, specific 
gravity—3.71-3.72,; luminescence to UV radiation—inert 
to faint orange (long wave} and inert to faint yellow (short 
wave}; no luminescence to visible radiation; absorption 
spectrum in the desk-model spectroscope—440-445 nm 
band, infrared spectrum—strong features at 3225 and 
2975 cm:!, weaker features at 3140, 2850, and 2650 cm:!, 
UV-visible spectrum—bands at 415 and 608 nm, peaks at 
318, 366, 375, and 380 nm. Again, EDXRF spectroscopy 
revealed Al, Fe, V, Ga, and Sn. The fourth stone (1.47 ct}, 
which was bluish green, showed additional features typi- 
cally associated with chromium (including a red reaction 
to the Chelsea color filter; moderate red luminescence to 


Figure 3. These four vanadium-bearing 
chrysoberyls (1.47-13.52 ct) are reportedly from 
Tanzania. The smallest contains chromium as 
well as vanadium, but none shows change of 
color. Photo by Maha DeMaggio. 
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Diamond Cutting by the Electric Arc Method 


Postwar announcement of a meth- 
od to greatly increase the industrial 
diamonds cutting rate in certain 
directions has been made. The 
method, ,developed during wartime 
by Chauncey G. Peters, and his asso- 
ciates, Karl F. Nefflen and Forest K. 
Harris, of the National Bureau of 
Standards, employs the electric are, 
and has not. yet been commercially 
applied to:gem diamond cutting. 

Mr. Jan “Taeyaerts voiced the 
opinion of certain industrial dia- 
mond authorities (in his article, 
“Will Electric Are Diamond Cutting 
Reduce Diamond Costs?”, in the Sep- 
tember, 1945, issue of Guilds) that 
while the are method. is a step for- 
ward, its value, commercially, has 
not yet been established. That article 
gives in detail the bases for the 
statement. 

To quote briefly from the National 
Bureau of Standards’ Research 
Paper RP 1657: 


Abstract 


The method universally employed 
for cutting plane surfaces or facets 
on diamonds has been to place the 
diamond in contact with a flat cast- 
iron lap charged with diamond pow- 
der and rotated at about 2,000 revo- 
lutions per minute. In the work 
described in this paper it was found 
that by producing a high-voltage 
electric arc at the contact between 
the diamond and the lap, the cutting 
rate is materially increased for all 
orientations of the diamond, and 
good progress can be made directly 
on a natural octahedron face, where 
cutting without the are is almost im- 
possible. 


By applying the arc to a diamond 
saw the sawing rate is greatly in- 
creased, and diamonds can be sawed 
regardless of the orientation of the 
cut relative to the crystal axes. 


Summary 

By connecting the lap of a dia- 
mond cutting machine to one of the 
secondary terminals of a 5,000-volt 
power transformer having a current 
of about 0.5 ampere flowing through 
the primary circuit and the dop to 
the other terminal, a bluish arc is 
produced at the contact of the dia- 
mond and lap. Under these condi- 
tions the cutting rate is materially 
increased for all orientations of the 
facets relative to the crystal axes of 
the diamond. Good progress can be 
made directly on the octahedron 
faces, where no appreciable cutting 
could be effected by the methods 
generally employed. Similarly, by 
applying the are to the diamond 
saw the sawing rate is greatly in- 
creased, and cuts can be made in the 
diamond under any orientation. 

The details from the Research 
Paper which are of the greatest 
interest gemologically are: 


Test of Cutting Rate 
To determine the effect of the 
electric arc on the cutting rate, 
experiments were run on some 25 
different diamond crystals, including 
octahedrons, cubes, dodecahedrons, 

three-point, capes and macles. 
Several well-formed diamond crys- 
tals were especially prepared by cut- 
ting a base and table accurately 
parallel to one another. The dis- 
tances between these two facets be- 
fore and after making the test.cuts 
were carefully measured with a 


Figure 4. Electron microprobe analyses revealed 
significant differences in chemical content 
between this natural 11.14 ct bluish green vanad- 
um chrysoberyl from the Tunduru area in southern 
Tanzania and the two synthetic chrysoberyls 
(right, 1.00 and 1.12 ct) produced in Russia. The 
natural stone is courtesy of W. Spaltenstein, 
Bangkok; photo courtesy of SSEF. 


visible light; and a 590-665 nm absorption—and 670 nm 
emission line—seen with the handheld spectroscope, as 
well as Cr in the EDXRF spectrum); however, there still 
was no perceptible change-of-color. 

Contributing editor Henry A. Hanni had the oppor- 
tunity to examine an 11.14 ct “intense” bluish green 
chrysoberyl (figure 4) that was reportedly from Tunduru, 
Tanzania. An associate at the University of Basel, M. 
Krzemnicki, performed electron microprobe analyses on 
this stone and on two samples of Russian hydrothermal 
synthetic nonphenomenal chrysobery] that had been pur- 
chased at Tucson. The natural stone contained 0.4 wt.% 
V203, 0.2 wt.% Fe,Q3, and trace amounts of Cr, Sn, and 
Ga; whereas the synthetic chrysoberyls revealed more 
vanadium (1.8 wt.% V,O3], more chromium (0.2 wt.% 
Cr)O3}, and no appreciable Fe, Sn, or Ga. 


Large faceted chrome diopsides. At one of the 1996 
Tucson shows, Alex Grizenko, of the Russian Colored 
Stone Company, Genesee, Colorado, showed an editor 
two dark green oval modified brilliants: chrome diopside 
from the Inagly mine, Yakutsk, Siberia, north of Lake 
Baikal. The larger oval, at 26.17 ct, may be the largest 
known example of this faceted material; however, the 
25.33 ct stone (figure 5) was brighter. Although this is 
not a new find (the rough for these pieces was probably 
mined 30-40 years ago}, this material is increasingly pop- 
ular in the colored stone market. Mr. Grizenko kindly 
loaned us these samples for closer examination. 

We recorded the following gemological properties for 
the two diopsides: color—dark green, with even distribu- 
tion; pleochroism—weak, green to brownish green; 
diaphaneity—transparent; optic character—biaxial posi- 
tive; Chelsea filter reaction—none. Refractive indices for 
the 25.33 ct stone were @ = 1.670, B = 1.680, and y = 
1.699, with a birefringence of 0.029; for the 26.17 ct 
stone, f§ was not determined, but o = 1.672, y= 1.700, and 
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birefringence was 0.028. Both stones had an S.G. of 3.30, 
were inert to both short- and long-wave UV radiation, 
and had very dark spectra as seen with a handheld spec- 
troscope: The cut-off was at about 520 nm, with 
“chrome bands” at 630, 660, and 690 nm. Both stones 
contained scattered small crystals and “fingerprints,” vis- 
ible with magnification but not particularly distinctive. 
EDXRF spectra of the two stones showed major Mg, Al, 
and Ca, with smaller amounts of Fe, Cr, Ni, Ti, and Sr. 


“Rose”-colored plagioclase-corundum rock from Sri 
Lanka. In March 1995, contributing editor Henry Hanni 
received two small “rose” pink translucent pebbles (fig- 
ure 6} that each had one small polished face. These 
stones reportedly came from a locality near Pallebedda, 
Ratnapura district, Sri Lanka. The sender could not iden- 
tify them on the basis of the R.I. (1.576) and S.G. (2.98) 
values that he determined. He also noted weak chromi- 
um lines in the absorption spectrum. 

At the SSEF in Basel, microscopic observation of the 
surface in reflected light revealed a granular groundmass 
{90%} with occasional interspersed aggregates of idiomor- 
phic crystals, which ranged from 20 to 70 microns (10%). 
The pink crystals had a hardness greater than that of the 
groundmass, as seen by their relatively higher relief. 
EDXREF analysis of the entire pebble indicated that Si, Al, 
and Ca were the main constituents, with Cr, Fe, and Sr 
present as trace elements. On the basis of SEM-EDS anal- 
ysis of individual mineral grains within the pebbles, the 
main (groundmass}) mineral component was identified as 
Ca-rich plagioclase feldspar, and the interspersed harder 
grains were identified as corundum. The Cr was con- 
tained in the corundum, which explained the rock’s pink 


Figure 5, The Inagly mine, Yakutsk, Siberia, is 
the source of this 25.33 ct (22.10 x 15.95 x 9.43 
mm) chrome diopside, one of the largest such 
stones ever seen by the editors, Stone courtesy of 
the Russian Colored Stone Company; photo by 
Shane F. McClure. 
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Figure 6. Mixtures of feldspar and corundum, these 
two pebbles from Sri Lanka have some gem proper- 
ties common to both materials. The largest pebble 
is about 1 cm across. Photo courtesy of SSEF. 


color and the Cr spectrum. The higher density of the peb- 
bles—about 2.98, compared to 2.76 for anorthite (plagio- 
clase}—is also explained by the admixture of corundum. 

Dr. Hanni doubts that this material will have great 
gemstone potential, but he considers it an interesting 
gemological puzzle: As a mixture of feldspar and corun- 
dum, it has the R.I. of one, the spectrum of the other, and 
an S.G. intermediate between the two. 


Quartz-magnesite rock, so-called “lemon chrysoprase,” 
from Australia. In past Gem News items, we have report- 
ed on various yellow-green materials from Australia, 
including the cryptocrystalline quartz variety chrysoprase 
(Summer 1994, pp. 125-126; Fall 1994, pp. 193-194}, col- 
ored by nickel, and the nickel-carbonate mineral gaspeite 
(Summer 1994, pp. 125-126), sometimes marketed as 
“Allura.” Another Australian material was seen through- 
out the 1996 Tucson gem shows, marketed as “lemon 
chrysoprase.” After a cursory initial inspection, the 
curiosities of contributing editors Dino DeGhionno and 
Shane McClure were piqued; they decided to investigate 
further. 

They acquired several samples, including a strand of 
7 mm beads and a heart-shaped pendant (figure 7}, and 
selected one 2.27 ct bead for detailed examination. The 
semi-translucent light yellowish green bead had a specif- 
ic gravity of 2.83 and refractive indices of 1.51-1.68, with 
a pronounced carbonate “blink.” Fluorescence to both 
long- and short-wave UV radiation was unevenly dis- 
tributed—weak yellow in scattered areas. The absorption 
spectrum viewed with a desk-model spectroscope 
showed a lower wavelength cutoff at 450 nm, a dark 
band between 490 and 510 nm, lines at 600, 615, and 630 
nm, and an upper-wavelength cutoff at 640 nm. With 
magnification, distinct areas of a lighter colored, more 
opaque material and a brighter yellowish green, more 
translucent material could be seen in the bead; the more 
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opaque material had higher relief (that is, it was harder 
than the greener material]. 

EDXRF analysis revealed silicon, magnesium, and 
nickel. X-ray diffraction powder patterns were consistent 
with two phases being present: quartz and a carbonate 
with the calcite structure. The unit-cell spacings deter- 
mined for the carbonate mineral were consistent with 
magnesite (MgCO3} rather than gaspeite (NiCO3]; howev- 
er, there is a solid solution between these two minerals, so 
that a phase can have up to 50% gaspeite and still be con- 
sidered magnesite mineralogically. One identification 
question remained: Was the quartz material colored green 
by nickel (that is, was it chrysoprase?}, or was it merely 
intergrown with the yellow-green carbonate? To answer 
this, the bead was submerged in a hydrochloric acid solu- 
tion: The bead was selectively dissolved and turned white; 
a diffraction pattern showed only quartz. Consequently, we 
concluded that the “lemon chrysoprase” was not chryso- 
prase at all, but rather a rock consisting of (white) quartz 
and (yellowish green} magnesite. 


Update on Madagascar sapphires. The Summer 1996 
Gems # Gemology featured an article on sapphires from 
Madagascar’s Andranondambo region (by D. Schwarz et 
al., pp. 80-99). Since then, we have received additional 
information about significant discoveries of sapphire 
elsewhere in this region. Thomas Banker, of Gem 
Essence Co., Bangkok, Thailand, writes that large quanti- 
ties of sapphires have also been found at Antsiermene, 
about 10-12 km north of Andranondambo. The “sap- 
phire rush” at Antsiermene began not long before Mr. 
Banker’s April 1995 visit. Mining resembled that at 
Andranondambo, with each individual digging accompa- 
nied by its own small tailings pile of white plagioclase- 
rich rock. By his second visit in November 1995, a con- 
siderable shanty town (with about five streets} had devel- 
oped next to the diggings (figure 8): Mr. Banker estimated 


Figure 7. This “lemon chrysoprase” is really a 
quartz-magnesite rock, Photo by Maha DeMaggio. 
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that 2,000-3,000 miners inhabited this town at the time 
of his visit, and others commuted from Andranondambo. 
The diggings covered about 3-5 km2, 

Madagascar is also the source of a large (17.97 kg; 29 x 
19 x 16 cm} crystal that was recovered late last year from an 


Figure 9, This 89,850 ct blue sapphire crystal, here 
held by gem dealer Jeffrey Bergman, was found in 
Madagascar Jate last year. 
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Figure 8. By November 
1995, a large shanty 
town, with a population 
in the thousands, had 
grown up adjacent to the 
rag Rens Antsiermene sapphire 

: diggings. Photo courtesy 
of Thomas Banker. 


undisclosed region. The deep blue crystal (figure 9) was the 
subject of a short report in the June-July 1996 JewelSiam 
(“The Find of a Lifetime,” pp. 86-87}. 


Spessartine from Pakistan. Late last year, the Gem News 
editors were loaned samples of spessartine from a relative- 
ly new locality, Azad Kashmir, in northeastern Pakistan. 
Dr. Lon C, Ruedisili of Ruedisili Inc., Sylvania, Ohio, pro- 
vided a 22.31 ct rough crystal and four faceted examples 
(figure 10) of this garnet, which is being marketed as 
“Kashmirine.” Gemological investigation of the faceted 
stones revealed: color—slightly yellowish orange to 
brownish orange or red-orange; diaphaneity—transparent, 
color distribution—even; optic character—singly refrac- 
tive, with weak anomalous double refraction, color filter 
reaction—orange; refractive index—1.800; specific gravi- 
ty (measured hydrostatically}—4.19 to 4.20; inert to both 
long- and short-wave UV radiation; and a typical spessar- 
tine absorption spectrum, with bands at 410, 420, and 
430 nm visible with strong transmitted light in a desk- 
model spectroscope. Using magnification {and for some 
stones, polarized light), we saw internal growth zoning 
(figure 11) in all samples. In addition, the 2.31 ct stone 
contained acicular inclusions, possibly birefringent (fig- 
ure 12), and the 1.91 ct stone contained two small “fin- 
gerprint” inclusions. Dr. Ruedisili also provided UV-visi- 
ble absorption spectra of some of this material—obtained 
by Dr. Eric Findson of the University of Toledo, Ohio— 
which showed absorption maxima at 408.5, 422, 430, 461, 
482.5, 504.5, 522.5, 563.5, and 611 nm. These gemological 
properties are similar to those given in a short article on 
this material by Dr. U. Henn (“Spessartine aus Pakistan,” 
Zeitschrift der Deutschen Gemmologischen Gesellschaft, 
Vol. 45, No. 2, 1996, pp. 93-94), Dr. Henn reports the 
composition of one stone (determined by electron micro- 
probe analysis} as 85.26 mol.% spessartine, 10.13 mol.% 
almandite, and 4.61 mol.% grossular garnet. 
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According to Dr. Ruedisili, this material first 
became known when a 19.30 gram specimen was discov- 
ered in the summer of 1993. A representative of the 
Remmy Company, Pakistan (partners with Ruedisili 
Inc.], saw some of the material at the Mineral and 
Industrial Development Corpotation (MIDC}, Azad 
Kashmir, government auction in April 1994. The 
“Kashmirine” garnets are found in a pegmatite in the 
Janwai-Folawai region (Neelum Valley) of Azad Kashmir. 
The deposit is about 177-200 km (110-124 miles} north- 
east of Muzaffarabad, Seven pegmatites are being 
explored for garnets and other gem materials. The main 
mine is in Jandranwala Nar pegmatite no. 1, which lies 
about 1.5 km northeast of Folawai Village, at an altitude 
of 2,590 m. The pegmatite occurs in a migmatite com- 
plex, and averages 15 m by 2 m; so far, 143 m? have been 
excavated. In addition to the spessartines, quartz and 
greenish black tourmaline have been found in the gem 
zone of this pegmatite. These same minerals occur in the 
neighboring Donga Nar pegmatite, but the spessartine is 
not of gem quality. 

Thirteen kilograms of spessartine were mined in 
1994, and 16 kg in 1995, Approximately 20% of this pro- 
duction was suitable for cutting as cabochons or faceted 
stones. Most of the fashioned “Kashmirines” seen to date 
are in the 0.75-7.50 ct range, with a very few stones 
above 7.5 ct. The largest to date is about 30 ct. A joint 
venture between Ruedisili Inc., the Remmy Company, 
and the Azad Kashmir MIDC is being planned, in order 
to exploit the spessartines and other gem materials— 
including morganite, aquamarine, “mint green” and 
bicolored tourmaline, and topaz—from pegmatites in 
this region. 


Figure 11, Internal growth zoning is visible with 
transmitted light in this 1.10 ct spessartine garnet 
from Pakistan. Photomicrograph by John I. 
Koivula; magnified 30x. 
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Figure 10. These four spessartines (0.69-2.31 ct) 
are from Azad Kashmir, Pakistan. Photo by 
Maha DeMaggio. 


Activity continues at the Capdo do Lana “Imperial” 
topaz mine. Two mining sites near the historic city of 
Ouro Préto in Minas Gerais, Brazil, are famous for their 
production of fine Imperial topaz: Capaéo do Lana and 
Vermelhao. Currently, operations at the Vermel- 
hao/HCC/Alcan mining complex, on the outskirts of 
Ouro Préto, are temporarily halted because of a landslide 
on the boundary between two concessions, according to 
geologist Daniel Sauer, of Amsterdam Sauer, Rio de 
Janeiro, Brazil. However, the Capao do Lana mine, in the 
Rodrigo Silva district, is fully operational. 


Figure 12. When examined with polarized light, 
these needle-shaped inclusions in a 2.31 ct spes- 
sartine garnet from Pakistan appeared to be bire- 
fringent. Photomicrograph by John I. Koivula; 
magnified 25x. 
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Figure 13, Draglines stretch across the large open 
pit at the Capdo do Lana Imperial topaz mine. 
Large buckets suspended from the two lines scoop 
up the gem-bearing slurry from the bottom of the 
pit and drag it to the top for processing. Photo by 
Daniel A. Sauer, Amsterdam Sauer, Rio de Janeiro. 


During an August 1996 visit to Capao do Lana, Mr. 
Sauer and Gems # Gemology editor Alice Keller 
observed the mining operations at what are now two 
large open pits (approximately 30 m at the deepest point, 
covering a total area of about 5 ha, or 12 acres} next to 
one another in the 800-1,000 ha (2,000-2,500 acre) con- 
cession area, Using draglines (figure 13), bulldozers, and 
water cannons, miners recover an average of 11,000 m3 
of mineralized rocks a month, which are processed to 
yield about 100 kg of topaz crystals. The estimated yield 
of fashioned stones from this material is 5,500 ct. 
Approximately 50 people are currently involved in min- 
ing and processing the ore. 

Typically, the material is heavily included, so totally 
clean crystals are quite rare. At the mine office, Mr. 
Sauer and Ms. Keller saw topazes in a wide range of col- 
ors—light yellow, orange-yellow, brownish orange, pink- 
ish orange {“salmon” or “peach”}, pink, reddish orange, 
orange-red, and purple or violet {figure 14}—all of which 


220 Gem News 


he 


Figure 14. Topaz occurs in a wide range of colors 
at Capao do Lana, as these groups of natural-color 
crystals seen at the mine office in Rodrigo Silva 
demonstrate (the largest crystal is 180 ct). Red 
and purple are the rarest colors. Photo by Daniel 
A, Sauer. 


are marketed as Imperial topaz. The most sought-after 
are the intense pink, red, and purple stones, which— 
according to mine director Wagner Colombaroli—trepre- 
sent less than one-half of one percent of the total cut- 
table material. Although these colors occur naturally, 
many of the pink and red stones on the market today 
were produced by heat treating the original rough to 
remove the yellow component. 

An article on gem topaz from the Capao do Lana 
deposit is in preparation for an upcoming issue of Gems 
& Gemology. 


Gem materials from Vietnam. Items on gems from 
Vietnam regularly appear in Gem News (see, e.g., Winter 
1992, pp. 274-275, Summer 1993, p. 134; Fall 1993, pp. 
211-212; Winter 1993, p. 285, and Fall 1994, p. 197). 
Vietnamese gems from many provinces were available at 
the 1996 Tucson shows. Mary Nguyen of Van Sa Inter 
national, Marina del Rey, California, showed one of the 
editors (MLJ) several examples of gem rough from 
Vietnam, including: aquamarine and topaz from Thanh 
Hoa; topaz from the Darlac Plateau; ruby and sapphire 
rough from Luc Yen; zircon and opal from Pleiku; 
amethyst and citrine from Phan Thiet; and several mate- 
rials from Lam Dong, among them tourmaline, peridot, 
petrified wood, chalcedony, and tektites. This extensive 
assortment suggests that Vietnam—a region with little 
previous history or lore in gemology—promises to be a 
rich source of gem materials for many years to come. 


TREATMEIN,S eee 


Coated quartz in “natural” colors. One of the techniques 
commonly used to change the apparent color of gems is 
that of coating the sample with a colored material (see, 
e.g., “’Tavalite,’ cubic zirconia colored by an optical coat- 
ing,” Summer 1996 Gem News, pp. 139-140}. The most 
prominent example of this technology is so-called “aqua- 
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aura” quartz, which owes its blue color to a thin surface 
coating of gold (Gem News, Winter 1988, p. 251; Fall 
1990, pp. 234-235]. At one of the 1996 Tucson shows, 
mineral dealer Rock Currier of Jewel Tunnel Imports, 
Baldwin Park, California, showed one of the editors (MLJ} 
several examples of coated quartz crystals in colors 
resembling natural quartz varieties. Four samples (figure 
15) were borrowed for further study; these resembled 
amethyst, citrine, green “prasiolite” (heated amethyst], 
and red “strawberry quartz.” The coatings contained 
gold, bismuth, lead, chromium, titanium, and lesser 
amounts of calcium, potassium, and iron, as determined 
by EDXRF spectroscopy. As with the “aqua-aura” quartz, 
the coatings on these samples were too thin to affect the 
1.54 RL. value expected for quartz. 


SYNTHETICS AND SIMULANTS BE 


Flexible “crystal” fabric. A new product from the 
Swarovski Company of Wattens, Austria, is a flexible 
mesh fabric of faceted glass “crystals” (figure 16). The 
editors recently examined a sample of this “Crystal 
Mesh,” which consisted of 238 mounted foil-backed sin- 
gle-cuts, each about 2.7-2.8 mm in diameter, which (in 
our sample} occurred in three colors: 

¢ Near-colorless (which had a weak-to-moderate, 
even light blue fluorescence to long-wave UV radiation, 


Figure 16. This 43 x 52 mm flexible swatch of 
“Crystal Mesh” contains 238 single-cut glass 
“crystals.” Photo by Maha DeMaggio. 
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Figure 15. These four quartz clusters (32.3-68,17 
mm long) owe their colors to thin coatings of 
gold, bismuth, lead, and other elements. Photo 
by Maha DeMaggio. 


and a moderate-to-strong, even whitish yellow fluores- 
cence to short-wave UV radiation} 

¢ Light blue (fluorescing a slightly chalky, weak-to- 
moderate, even yellow-orange to long-wave UV and a 
moderate-to-strong, even light blue to short-wave UV} 

¢ Medium dark blue (fluorescing a weak-to-moder- 
ate, even blue to long-wave UV and a moderate-to-strong, 
even blue to short wave UV} 

All had the same refractive index, 1.578. When 
examined with the microscope, these single-cuts were 
mostly free of inclusions, although some contained scat- 
tered gas bubbles. Each single-cut was foil-backed and 


Figure 17. The single-cuts in the “Crystal Mesh” 
sample shown in figure 16 are mounted in black 
cups, which are connected by prongs through 
black rings; the prongs are cemented closed. View 
from the back side, magnified 2x. 
Photomicrograph by John I. Koivula. 
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Figure 18. Optical fiber glass—like the 2.85 ct cabo- 
chon (10.03 x 7.86 x 4.09 mm) on the left—is being 
produced in colors such as this specifically for gem 
use. A natural (heat-treated) tiger’s-eye cabochon 
(1.83 ct, 9.61 x 7.96 x 3.67 mm) is shown on the 
right for comparison. Photo by Maha DeMaggio. 


fastened with black glue into a black-painted metal cup; 
these cups alternated with black-painted metal rings, 
with one of four prongs on each cup folded through the 
adjacent rings and then glued shut with a brown rubbery 
material (figure 17}. According to product information 
supplied by the manufacturer, “Crystal Mesh” can be 
machine-washed but not dry cleaned. Additional colors 


Figure 19. A stickpin mounted with a tourmaline 
attaches this woven 18K gold brooch to the wearer’s 
jacket or dress; other stickpins can be used to 
change the appearance of the piece. Gold wire-, dia- 
mond-, and pearl-mounted pins are shown; the 
brooch is about 5 cm in diameter. Pieces made by 
Barbara Berk; photo © Harold and Erica Van Pelt, 
Los Angeles. 
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and patterns are available, and “Crystal Mesh” is avail- 
able in pieces as large as 20 x 50 cm (about 8 «20 inches}. 


Fiber-optic glass imitation of tiger’s-eye. Entries on fiber- 
optic glass (marketed under the names “Catsceyte,” 
“Cathaystone,” and “Fiber Eye”} appeared in the Summer 
1991 and Summer 1994 Gem News sections. In the latter 
section, gray fiber-optic glass was discussed as a simulant 
of cat’s-eye sillimanite from Orissa, India. Fiber-optic 
glass, which is most often oriented in fashioning to pro- 
duce an extremely sharp chatoyant band, has been com- 
mercially available for some time in two colors: white 
and brown. 

During the last few years, we have seen additional 
colors on the market: saturated yellow, pink, purple, 
black, and blue, as well as a more subdued “gunmetal” 
grayish blue that yields cabochons reminiscent of 
hawk’s-eye quartz, a bright green similar to some cat’s- 
eye diopside now coming from India, and a reddish 
orange similar to some heat-treated tiger’s-eye (figure 18}. 
The most recent material seen was “striped” in 
red/white/green, red/blue/green, and red/white/blue. 
According to a representative of Teton Gems, Boise, 
Idaho, the white and brown material previously available 
had been produced and rejected for laser or other techni- 
cal applications. The newer colors, however, were pro- 
duced specifically for their gem potential. 

Gemological investigation of the 2.85 ct reddish 
orange glass cabochon shown in figure 18 revealed: 1.55 
spot R.L; 3.09 S.G.; moderate red appearance through the 
Chelsea filter; weak, dull red fluorescence to long-wave 
UV and strong, chalky whitish yellow fluorescence to 
short-wave UV. Magnification revealed that the optic 
fibers have hexagonal outlines with a “honeycomb-like” 
structure similar to that seen in other fiber-optic glasses. 
Also seen, when looking parallel to the fibers, was a 
“speckled” color appearance, apparently the result of 
orange fibers intermixed with colorless ones. 

Some of the cabochons displayed a somewhat less 
distinct chatoyant band than what has typically been 
encountered. According to the vendor, these stones had 
been cut as lower-domed cabochons to give the “eye” a 
more natural appearance. 


MISCELLANEOUS a se 

Versatile jewelry. A recurring trend in jewelry design is 
that of creating pieces in which the stones are inter- 
changeable, enabling the wearer to adjust color schemes 
or “looks” with minimum effort. One attractive contem- 
porary example of this trend is a brooch and stickpin 
combination (figure 19) designed by Barbara Berk, of 
Foster City, California. With this set of combination jew- 
elry, the overall appearance can be easily altered by 
changing stickpins; in addition to the tourmaline, dia- 
mond, pearl, and gold wire pins pictured, the set that we 
saw contained citrine- and onyx-headed stickpins. 
Virtually any gem material could be adapted for this use. 
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SUSAN B, JOHNSON AND JANA E. MIYAHIRA, EDITORS 


THE DEALER'S BOOKS OF 
GEMS & DIAMONDS 


By Menahem Sevdermish and 
Albert Mashiah, 1004 pp., illus., Kal 
Printing House, Israel, 1996, 
US$98.00* 


This two-volume work was first pub- 
lished in Hebrew in 1986 by Mada 
Avanim Yekarot Ltd.; a second re- 
vised edition in the same language 
was issued in 1995, This is the first 
English edition. 

Menahem Sevdermish is a 
Fellow of the Gemmological Asso- 
ciation of Great Britain, a founder and 
president of the Gemological Asso- 
ciation of Israel, and the owner of a 
gemstone manufacturing and trading 
company. He has particular expertise 
in gemstone cutting and selling. Co- 
author Albert Mashiah also has 
impressive credentials: A long-time 
member of the Israeli precious stones 
industry, he has been a vice-president 
of the Israel Precious Stones and 
Diamonds Exchange, as well as vice- 
president of the Israel Emerald 
Cutters Association and the Gemo- 
logical Institute for Precious Stones 
and Diamonds. 

This book presents an interest- 
ingly different approach to a gemolog- 
ical text, in that it is written from the 
gem dealer’s point of view. The 
authors seem totally at home with 
the business aspects of diamonds and 
colored stones, as well as with assess- 
ing rough and cutting it for the mar- 
ket. In general, however, the two vol- 
umes of this work differ in effective- 
ness and value. The chapters on dia- 
mond are up-to-date and probably the 
best exposition of current practices in 
diamond cutting to be found any- 
where in book form. The chapters on 
diamond grading and on judging value 
in colored-stone rough are very well 
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planned and executed. However, the 
chapters on colored-stone identifica- 
tion leave something to be desired. 
Although many of the comments 
made from a dealer's viewpoint are 
germane and useful to the reader, 
these chapters suggest that the 
authors have had little experience in 
colored-stone identification in a labo- 
ratory—or that the copyediting and 
proofreading were inadequate. 

For example, in a discussion of 
spinel identification, the authors 
mention that glass would be distin- 
guished because it is amorphous and, 
thus, isotropic. As I am sure the 
authors are aware that both spinel and 
glass are isotropic, this is undoubtedly 
a fault of inadequate proofreading. 
They also state that “it is sometimes 
very difficult to decide if a stone is 
peridot or sinhalite, and only a chemi- 
cal test will distinguish between 
them.” It is true, certainly, that for 
many years sinhalite was thought to 
be brown peridot, but the difference in 
spectra and the nature of the birefrin- 
gence readily separates the two. In the 
identification table for the peridot sec- 
tion, they list the birefringence of sin- 
halite—which they refer to as DR—as 
exactly the same as peridot, and they 
also give the refractive indices, specif- 
ic gravity, and hardness of the two as 
identical. Both the R.I. and S.G. for 
sinhalite are higher than those for 
peridot, and the beta index is closer to 
that of gamma. 

Elsewhere, the explanation of 
what causes play-of-color in opal 
leaves the reader bewildered. It states, 
in referring to the silica spheres, 
“When the spheres are uneven in size, 
the light reaching them is dispersed 
differently in each sphere, so that dif- 
ferent colors are reflected. But, since 
the human eye is unable to see the 
minute spheres, the color coming from 
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this layer will appear white because 
the human eye interprets a mixture of 
the spectrum as white.” These are just 
a few of a significant number of exam- 
ples where careful editing would have 
been useful. Editing in the chapters 
related to diamond seems to have been 
more rigorous. 

Yet there are also interesting 
chapters on subjects not found in 
other gem books, such as “A Com- 
mercial Analysis of the Gemstone” 
and “A Pre-purchase Cost Analysis.” 
In addition, there is a lucid account of 
the ingenious Robogem, a new instru- 
ment that analyzes rough to obtain 
maximum yield. 

On the whole, the book is useful 
because it offers not only the excep- 
tionally good diamond chapters, but 
also unique insights into other areas 
of the gem field. Although slightly 
flawed, the book seems, to this re- 
viewer, a very worthwhile addition to 
any gemological library. 

RICHARD T. LIDDICOAT 
Chairman of the Board 
Gemological Institute of America 
Santa Monica, California 


NEW FRONTIERS IN 
DIAMONDS—THE 
MINING REVOLUTION 


By David Duval, Timothy Green, 

and Ross Louthean, 175 pp., illus., 
publ. by Rosendale Press, London, 
1996, US$55.00* 


History has shown that no single fac- 
tor—other than the world econo- 
my—has affected the orderly func- 
tioning of the diamond industry more 


“This book is available for purchase through 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. Telephone: 
(800) 421-7250, ext. 282; outside the U.S. 
(310) 829-2991, ext. 282. Fax: (310) 449-1167. 
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than the production and availability 
of rough. Today, exploration for dia- 
monds is proceeding at a feverish 
pace on all continents except Ant- 
arctica. In addition to De Beers, 
dozens of mining companies have 
entered the arena These include 
some of the world's largest, who tra- 
ditionally have been involved pri- 
marily with metals. A very few 
appear to have been eminently suc- 
cessful, as evidenced by the antici- 
pated 3 to 5 million carats of produc- 
tion from one major new mine 
(BHP/Dia Met} in Canada by the end 
of this century. 

Responding to the interest that all 
of this activity has generated, three 
prominent resource journalists—from 
three widely separated parts of the 
world—have teamed up to review the 
highlights of diamond exploration dur- 
ing the last decade. The result is this 
small book, which is divided into four 
parts. Information is remarkably cur- 
rent, as the February 1996 “agreement” 
between De Beers and Russia is men- 
tioned several times. 

Part 1 (Green, London), "The 
Global View," reviews the special and 
essential role of De Beers in the dia- 
mond industry. It then proceeds to 
summarize the history and current 
status of mining and production. The 
main focus is on Africa (which is still 
the world's most important diamond 
producer, with—according to 1994 
data—46% by weight and 69% by 
value of world production}. There are 
many interesting statistics and facts, 
for example, a ship looking for marine 
diamonds off Namibia can "mine" 
0.25-0.40 km? of ocean bottom per 
year. However, there are also occa- 
sional errors—such as the area of the 
Mwadui mine (Tanzania) given as 13 
km2, when its surface area is actually 
146 hectares, or 1.46 km?. The chap- 
ter concludes with a discussion of 
production from Russia, followed by 
brief comments on exploration in 
Finland, Brazil, and India. 

Part 2. (Duval, Vancouver}, "Can- 
ada: Joining the Big League," is a nar- 
rative-style review of the history of 
diamond exploration in the North- 
west Territories, which led to the dis- 
covery of the Lac de Gras kimberlite 
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field by Charles Fipke in 1991. From 
Duval’s discussion of the current 
exploration activity by about a dozen 
companies (most small and specula- 
tive}, it is clear that only the BHP/ 
Dia Met mine mentioned above 
approaches commercial viability at 
this time. The difficulties of explor- 
ing for diamonds—especially the 
heavy investments in time and 
money required—become evident in 
this chapter and the next. 

Part 3 (Louthean, Perth}, "Aus- 
tralia: Any Heirs to Argyle?," is simi- 
lar in scope to Part 2, except that it 
places heavy emphasis on the Argyle 
mine (its discovery, development, 
corporate structure, marketing strate- 
gies, and the crucial question of 
whether it will be able to operate after 
about 2.003). Also discussed are many 
of the companies presently exploring 
in Western Australia, New South 
Wales, and offshore, where rivers 
draining the Argyle region empty into 
the sea. Brief mention is also made of 
exploration in Kalimantan, on the 
island of Borneo. However, the ques- 
tion as to who (if anyone} will be 
Argyle's heir is not answered. 

Part 4 (Green, London}, "Who 
Will Buy My Beautiful Diamonds?," 
is a short, statistics-based discussion 
of the world retail trade (there is a 
seemingly relentless rise in diamond 
jewelry sales). Green concludes that 
the markets for diamonds in the 
United States and Japan have matured. 
Future additional production will be 
consumed in East Asia (Taiwan, 
South Korea, Thailand, eventually 
China, and—it is hoped—India). 

It must be noted that every 
major topic in this book (including 
most of the figures and all three 
tables) can be found in articles that 
have appeared recently in such 
sources as /CK, Diamond Inter- 
national, Northern Miner, literature 
available from two investment (secu- 
rities}) companies, and this journal 
(Gems e) Gemology). Those gemolo- 
gists and jewelers who have kept 
abreast of the professional literature 
will have a sense of déja vu when they 
read this fairly expensive review. 
Nevertheless, this conveniently sized 
compendium will be appreciated by 
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those who are just entering the field 

or have not kept up with recent 
events. 

ALFRED A. LEVINSON, PH.D. 

University of Calgary 

Calgary, Alberta, Canada 


PHOTOGRAPHING 
MINERALS, FOSSILS AND 
LAPIDARY MATERIALS 


By Jeffrey A. Scovil, 224 pp., illus., 
Geoscience Press, Tucson, AZ, 1996, 
US$40.00* 


This important “how-to” book will 
be useful to anyone—beginner or pro- 
fessional—who wants to improve 
their photography of gems and min- 
erals. It explains in plain language, for 
those not trained in this type of pho- 
tography, the equipment and proce- 
dures necessary. Line illustrations 
and photographic examples clearly 
illustrate these lessons. 

Specifically, the book describes 
techniques for cameras that use a 
film size from 35 mm up to 4 x 5 
inches, This includes selection of 
lenses, films, lighting, filters, and 
backgrounds. Also explained and 
illustrated are special approaches to 
magnification in photomicrography, 
macro images, stereo views, and pho- 
tographing fluorescence. 

Authors who intend to travel to 
mines or other locations can improve 
the quality of their photos by follow- 
ing Mr. Scovil’s guidelines. They can 
also learn important tips on packing 
photo equipment for various modes 
of transportation, as well as how to 
prevent equipment loss or theft dur- 
ing international travel. 

Of help to lecturers are the tech- 
niques Mr. Scovil gives for presenting 
slide shows and his advice on how to 
copy artwork and line drawings. 
Writers can also improve their pre- 
sentations by using the reproduction 
procedures and instructions available 
in this valuable book. 

Overall, this publication is a use- 
ful addition to the library of amateur 
and professional photographers alike. 

HAROLD VAN PELT 
Van Pelt Photography 
Los Angeles, California 
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COLORED STONES AND 
ORGANIC MATERIALS 


Cretaceous mushrooms in amber. D. S. Hibbett, D. 
Grimaldi, and M. J. Donaghue, Nature, October 12, 
1995, p. 487. 
Recently, two mushrooms were discovered in amber of 
Turonian age (90-94 million years old, mid-Cretaceous) in 
central New Jersey. One specimen is nearly complete, with 
an intact cap, distinct gills, and a central stalk (it is the old- 
est known such mushroom, by about 60 million years); the 
other is a wedge-shaped fragment of a mushroom cap. Both 
mushrooms resemble modern common leaf-litter and 
wood-decayer species, and both were growing on a cedar (a 
member of the Cupressaceae family}. ML] 


Opal. extraLapis, No. 10, 1996, 96 pp. [In German]. 

Opal is the subject of another extraLapis, an issue of 
Lapis magazine that is devoted entirely to one gemstone. 
Following a comprehensive introduction by Edward 
Giibelin, a series of articles provide information on all 
important aspects of this colorful gem. 

An article by Max Weibel explains the origin of play- 
of-color. Two other papers describe Queensland's boulder 
opals, their forms, production, and prospecting methods 
(Wilson Cooper and Barry J. Neville); and the geologic set- 
ting and processes that led to opal formation in the sedi- 
ments of Australia’s Great Artesian Basin (Jack 
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Townsend). In disagreement with traditional theories of 
opal formation, Len Cram offers a surprising new model, 
based on ion exchange, that he demonstrated by growing 
synthetic opal out of “opal dirt” in a bottle in just three 
months. Jiirgen Schiitz describes the long history of 
Mexican opals, their varieties, and the present mining sit- 
uation, Jochen Knigge recounts the history and produc- 
tion of opals from Pedro II, Piaui, Brazil. Klaus Eberhard 
Wild portrays another important locality—Kirschweiler, 
near Idar-Oberstein—which was (and perhaps still is) one 
of the most important centers of opal fashioning and 
trade worldwide. 

Jurgen Schiitz explains the factors that determine the 
price of an opal (locality of origin, body color, play-of-color, 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemoflogy. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 

Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names, Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
© 1996 Gemological Institute of America 
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micrometer. The tables were cut to 
an area of about 8 square milli- 
meters, 0.013 square inch, before the 
rate data were recorded. Thereafter, 
the time required to remove an addi- 
tional thickness of from 0.010 inch to 
0.040 inch was used to determine the 
cutting rate, which is taken as the 
time requifed to remove a layer of 
0.001-inch thickness from a facet of 
about 8 square millimeters, 0.013- 


cut parallel to the octahedron face, 
which makes angles of 35 degrees 
with the three crystal axes. Figure 
2 shows the facets cut parallel to a 
dodecahedron face, which is parallel 
to one axis and makes angles of 45 
degrees with the other two axes. 
Figure 3 shows the facets cut par- 
allel to the cube face, which is par- 
allel to two axes and perpendicular 
to the third. 


Journal of Research of the National Bureau of Standards 


Figure 1.—Facet cut on the octahedron face of a diamond. 


square-inch area. Test cuts were also 
made on the back faces of diamond 
dies, figure 1. The thickness removed 
was accurately determined by means 
of a micrometer microscope sighted 
through the die window. 

The base and table in each case 
were cut accurately parallel to one 
of the principal crystal faces of the 
diamond. Figure 1 shows the facets 


On the octahedron face the rate of 
cutting was the same for all direc- 
tions of motion of the lap surface. 
On the dodecahedron face the maxi- 
mum cutting rate resulted when the 
direction of the lap motion was 
parallel to the crystal axis shown by 
A in figure 2, and the rate was at a 
minimum at 90 degrees to that direc- 
tion as shown by B. For the cube 


r 
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pattern, cut, size). Even with these criteria, it remains dif- 
ficult to know how much a harlequin opal is really worth. 
Three additional articles provide information on opal 
nomenclature {Jiirgen Schitz and Manfred Szykora), dou- 
blets, triplets, and opal mosaics (Karl Fischer), and synthet- 
ic opals and opal simulants (Manfred Szykora). The volume 
concludes with a description of opalized fossils: snails, 
mussels, belemmnites, and even dinosaurs {Alex Ritchie and 
Brigitte Szykora). 

This extraLapis also contains short descriptions of 
smaller opal sources (Denmark, Honduras, Indonesia, 
Mali, Saxony, Slovakia [formerly Hungary], Turkey, and 
the United States}; an opal glossary; and the stories of the 
Hope and El Aguila Azteca opals (by John S. White}. Also 
described is an extraordinary opal necklace that Queen 
Elizabeth I] was not given as a coronation present (by 
Helmut Weis]. Two stories tell us how Australian aborig- 
ines explain the origin of opals. 

A volume about opals with words only {in this case, 
German) would be utterly frustrating. In this edition, 
however, the stunning beauty and incredible variability 
of opals is illustrated throughout the entire volume by 
wonderful color photographs. RT 


Zur Entstehung der sternfoermigen Achate in sauren 
Vulkaniten. Eine modifizierte Bildungstheorie (The 
origin of star-shaped agates in acidic vulcanites. A 
modified theory of formation), R. Rykart, Der 
Aufschluss, Vol. 46, 1995, pp. 33-36. 

Tt has generally been believed that agate formation in rhy- 

olites and porphyries takes place at high temperatures. 

Recent research by M. Landmesser has shown that agate 

may form in other types of rocks at lower temperatures. In 

this article, Mr. Rykart proposes a new theory for the for- 
mation of star-shaped agates in lithophysae (e.g., thunder 
eggs) in rhyolitic vulcanites. The basic idea is that the 
gaseous bubbles in the magma contract to form polygonal 
cavities because of dropping gas pressure during cooling 
near the Earth’s surface. Subsequently, monomer H4SiOy, 
dissolved in the water that invades the cavities, fills them 
with chalcedony and quartz. The surrounding rhyolite 
devitrifies and hardens, forming the well-known quartz 
porphyry balls. RT 


DIAMONDS 


Aber Resources Ltd. Diamond Industry Week, February 
26, 1996, p. 3. 
Aber Resources has announced results from drill cores at 
A-418, one of their kimberlite pipes in the Northwest 
Territories, Canada, Nineteen tons of ore in a large-diam- 
eter (6 inches, about 15 cm} core drilled through 367 m of 
kimberlite yielded 83.1 carats of diamonds—4.3 carats per 
ton of ore—with individual stones between 0.025 and 3 
carats. The largest “gem” diamond weighed 2.2, carats. 
The A-418 pipe is estimated to contain 15 million tons of 
ore to 650 m depth, the grade is similar to that of the A- 
154 South kimberlite, which showed 4.5 carats per ton of 
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ore, at a valuation of $58.17 per carat. Bulk sampling is 
proceeding at the A-154 South, A-154 North, and A-21 
kimberlites. ML| 


Diamonds everywhere. C. Koeberl, Nature, November 2, 
1995, pp. 17-18. 

On Earth, diamonds usually occur in rocks derived from 
the mantle. They are thought to have formed from fluids 
or melts in the upper mantle at “immense” temperatures 
and pressures, probably—according to Mr. Koeberl—dur- 
ing several diamond-forming events early in the Earth's 
history. Diamonds have also been produced, directly on 
the Earth’s surface, during meteorite impacts; such dia- 
monds may have formed, at least in one case (Ries 
Crater], from the vapor phase. Diamonds found in iron 
meteorites and ureilites (another variety of meteorite] 
were formed by shock from graphite or amorphous car- 
bon, probably in the meteorite and not after it arrived on 
the Earth. Nanometer-size diamonds have been found in 
chondritic meteorites, associated with noble gases 
(xenon, argon, etc.} with unusual isotopic compositions; 
these came from interstellar or presolar events very early 
in the history of the solar system, Smal{ diamonds have 
also been found in clays marking the boundary of the 
Cretaceous and Tertiary periods, which has evidence of a 
large impact; their carbon and nitrogen isotopes point to 
an origin within the impact event or the resulting fireball. 
Polycrystalline diamonds up to 1 cm, discovered in 
impactites at a few Russian and Ukrainian impact struc- 
tures, also appear to be crustal in origin. Impact-produced 
diamonds are very different from microdiamonds found 
in high-grade metamorphic rocks. 

Also rare and unusual are polycrystalline black dia- 
monds, called carbonados. No carbonado diamond has 
ever been found in situ in a rock. Possible origins include 
carbon subduction in the mantle, shock metamorphism 
during impact, or irradiation of organic matter, vapor- 
deposition may also be a candidate. ML] 


Diamonds: Wyoming’s best friend. Geotimes, Vol. 41, 
No. 2, February 1996, pp. 9-10. 

The first diamond mine in Wyoming is about to begin pro- 
duction, and many more kimberlites and Jamproites in the 
region may contain diamonds, according to W. Dan Hausel 
of the Wyoming State Geological Survey. Redaurum Red 
Lake has just finished construction of a 140-ton-per-hour 
ore-processing mill for the company’s Kelsey Lake diamond 
property, along the Colorado-Wyoming state line; several 
gem diamonds, up to 14.2 ct, already have been recovered 
from this property. The Colorado-Wyoming kimberlite 
province includes more than 100 kimberlite intrusives, one 
of the world’s largest lamproite fields, and dozens of unex- 
plored geophysical and geochemical anomalies. More than 
120,000 diamonds have been recovered from this area in the 
last 20 years. 

No history of diamond mining in Wyoming is complete 
without mention of the “Great Diamond Hoax of 1872.” A 
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sandstone outcrop was salted with 10 pounds of uncut dia- 
monds and rubies (purchased in London}, plus another 50 
pounds of garnets and chrome-rich diopsides from Arizona. 
{At the time, sandstone was thought to be a host rock for dia- 
monds, no doubt based on the many alluvial diamond 
sources then known.} This hoax helped provoke passage of 
the Mining Law of 1872, which established the first mine- 
patenting regulations in this country. Full details of the story 
may be found in the Wyoming Geological Association's 
1995 Field Conference Guidebook. ML] 


Are euhedral microdiamonds formed during ascent and 
decompression of kimberlite magma? Implications 
for use of microdiatnonds in diamond grade esti- 
mation. D. R. M. Pattison and A. A. Levinson, 
Applied Geochemistry, Vol. 10, 1995, pp. 725-738. 


The authors answer this question with “Yes, quite likely 
in some cases.” Before they proceed with their explana- 
tion, they first state clearly that this paper only discusses 
transparent, well-crystallized, euhedral octahedral stones 
smaller than 1 mm (so-called microdiamonds}, which 
show little or no signs of resorption. No broken stones, 
fragments, or crystal shards are considered. 

In a detailed review of several theories about the ori- 
gin of euhedral microdiamonds [break-up of peridotitic or 
eclogitic xenoliths, resorption of larger diamonds, precip- 
itation from melts of metasomatic events}, the authors 
show that none of these satisfactorily explains the pres- 
ence of both resorbed macrodiamonds (larger than | mm} 
and euhedral microdiamonds in a single kimberlite pipe. 
They argue that if diamonds are resorbed in a kimberlite 
magma, the microdiamonds would be resorbed more, 
possibly to extinction, and there would be no euhedral 
microdiamonds. The authors propose a hypothesis: 
Varying pressure-temperature and oxidation conditions 
generate (at different times} resorption of existing macro- 
and microdiamonds, followed by crystallization of euhe- 
dral microdiamonds from carbon dispersed in the magma 
and, to a lesser extent, from carbon released by the resorp- 
tion of pre-existing diamonds. The process can be multi- 
stage and can produce different mixtures of stones in dif- 
ferent pipes, ranging from the extremes of only rounded 
resorbed macrodiamonds and no microdiamonds to no 
macrodiamonds {resorbed to extinction] and only euhe- 
dval microdiamonds. Thus, the relationship between the 
population of macrodiamonds and that of euhedral 
microdiamonds is not simple and direct. 

The implication is that the use of microdiamonds in 
estimating the overall diamond content in a pipe (which 
is widely done in Canada, where pipes are buried and only 
drill core samples are available for testing} is not straight- 
forward. In several cases, this method can give an incor- 
rect answer. Diamond exploration companies’ arguments 
that the method does work rest on their use of the ratios 
of euhedral, resorbed, and cubic microdiamonds, as well 
as broken and fragmented crystals. However, this privi- 
leged information is not available in published form, so it 
is impossible to confirm their arguments. 
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The authors note the paucity of published research 
into nitrogen content and the aggregation and carbon-iso- 
tope composition of microdiamonds, by which their 
hypothesis could be tested. Very recently, a number of 
papers (by researchers such as Milledge, Mendelssohn, 
Taylor, and Pillinger, among others) have addressed these 
subjects, but not the specific issue of euhedral microdia- 
monds, However, this interesting review and thought-pro- 
voking hypothesis may give a welcome impetus to the 
release of more information on microdiamonds and their 
usefulness in estimating diamond content. Bram Janse 


French Guiana diamonds. Mining Journal, London, 
March 22, 1996, p. 212. 
Diamonds have been found in a metamorphosed ultra- 
mafic rock in the Dachine permit area, Inini, French 
Guiana. Golden Star Resources, Guyanor Resources SA, 
and Lakefield Research have recovered 3,748 microdia- 
monds from over 113 kg of hast rock; also, 8 macrodia- 
monds (the largest being 2.4 mm} have been recovered 
from 1.8 tons of rock altered to saprolite. ML] 


ODM: Namibian gem. Mining Journal, London, March 
15, 1996, p. 205. 
Several companies have licenses to mine the diamond- 
rich offshore deposits along the Namibian and South 
African coasts: De Beers Marine (which produces the 
most stones at this time, about 0.5 million carats}, 
Namibian Minerals Corp., Diamond Fields Resources, 
BHP, and Ocean Diamond Mining (ODM), plus a few oth- 
ers. Capetown-based ODM is an “important, but under- 
reported” company operating in the region. ODM cur- 
rently works in two main areas: It has production around 
the 12 Penguin Islands, and exploration along South 
African concession 7b and deep-water concessions 6c and 
14c [in a joint venture with Benguela Concessions}. 
Production in fiscal 1995 was about 40,000 carats at an 
average price of US$200 per carat. ML] 


GEM LOCALITIES 


Alkali basalts and associated volcaniclastic rocks as a source 
of sapphire in eastern Australia, G. M. Oakes, L. M. 
Barron, and S. R. Lishmund, Australian Journal of 
Earth Sciences, Vol. 43, No. 3, 1996, pp. 289-298. 

The major sapphire deposits in eastern Australia are allu- 

vial; they occur in recent drainage systems where Tertiary 

alkali basaltic volcanic rocks dominate the present surface. 

As a result, it has been generally accepted that these 

basalts are the immediate source of the sapphires. The 

enigma is that sapphires are only rarely found in these 
rocks. This paper discusses recent developments in the 
understanding of sapphire occurrences in eastern 

Australia and reviews several possible origins for these 

deposits. 

During field studies, it was observed that the sap- 
phires are associated with volcaniclastic rock units, now 
mostly altered to clay minerals, that are common within 
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the main basaltic sequences. {Volcaniclastic means a 
rock composed of volcanic fragments, and includes such 
rock types as ash, tuff, or breccia). The volcaniclastic 
units are laterally extensive, but they are thin, easily 
eroded, and generally poorly exposed. In some locations, 
however, extraordinary concentrations of sapphires (up to 
12 kg per cubic meter) have been observed within these 
units. These voleaniclastic rocks are the products of the 
early explosive stages of the basaltic volcanic episodes of 
eastern Australia, and they are chemically distinct {i.e., 
“more fractionated”} from the surface basalts that are 
products of quieter episodes. 

The Tertiary volcaniclastic rock units constitute 
prime exploration targets for alluvial sapphires (and asso- 
ciated minerals such as zircon and spinel) in eastern 
Australia and possibly in similar geologic provinces else- 
where (e.g., Southeast Asia). AAL 


Alkaline rocks and gemstones, Australia: A review and 
synthesis, F L. Sutherland, Australian Journal of 
Earth Sciences, Vol. 43, No. 3, 1996, pp. 323-343. 

Valuable gemstones that occur in Australian alkaline 
rocks include diamonds in lamproites and kimberlites, 
sapphires, zircons, and rubies in alkali basalts; and one 
gem zircon prospect in carbonatite. This paper reviews 
the tectonic settings and origins of Australia’s gem-bear- 
ing alkaline rocks. 

There are marked contrasts between diamond and 
sapphire-zircon associations across the continent. Most 
western cratonic areas exhibit episodic, sparse, deep alla- 
line activity from the diamond zone (2 billion—20 million 
years [My] old}. However, in eastern fold-belt areas, pro- 
lific Mesozoic/Cenozoic basaltic volcanism carried up 
considerable amounts of sapphire and zircon (since 170 
My). Some South Australian Mesozoic kimberlitic dia- 
mond events {180-170 My) represent ultra-deep material 
rising through the mantle transition zone. Eastern 
Australian diamonds are unusual, at present, their origin 
is in dispute. Several different models compete to explain 
sapphire/zircon formation in eastern Australia. These 
range from eruptive plucking of metamorphosed sub- 
ducted materials to crystallization from felsic melts to 
carbonatitic reactions. Pb-U isotopic zircon ages favor for- 
mation during Phanerozoic basaltic activity and not dur- 
ing earlier Paleozoic subduction or granitic-intrusion 
events, A problem for the theory that zircon crystallized 
from fractionated basaltic melts is negligible Eu depletion 
in rare-earth-element patterns. 

The authors propose a model that favors sapphire/ 
zircon crystallization from relatively small-volume, lit- 
tle-evolved, felsic melts that are generated from metaso- 
matized mantle as the lithosphere overruns subdued hot 
spot systems, initiated at Tasman-Coral Sea margins. A 
unique ruby, sapphire, sapphirine, spinel assemblage 
from the Barrington basalt shield in New South Wales 
marks a separate ruby/pastel-colored-sapphire genesis. 

RAH 
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Country summaries. African Mining Supplement to 
Mining Journal, London, January 2.6, 1996, pp. 7, 9, 
13, 15, 17, 19, 21, 23. 

This article summarizes mining activities, by country, for 

African nations in 1994, Reports relevant to gemstones— 

primarily diamonds—include those for: 

e Angola, where only state-owned Endiama, or its 
joint ventures, can hold diamond-mining rights. Alluvial 
mining totaled 1.25 million carats (Mct) in 1992, but offi- 
cial production has collapsed since. 

e Botswana, the second biggest producer of gem dia- 
monds after Russia. Recovery from Jwaneng, Orapa, and 
Letlhakane rose 6%, to 15.5 Mct in 1994, The value of 
diamond exports rose 1%, to US$1.4 billion. 

¢ The Central African Republic, with official produc- 
tion figures of 530,000 carats annually. 

e Congo, where traces of diamonds were found near 
the border with the Central African Republic and on the 
island of M’bamu, near Brazzaville. 

¢ Ivory Coast, where two diamond mines, at Tortiya 
and Séguéla, produce about 15,000 carats annually. 

e Ghana, which produced about 750,000 carats of 
diamonds in 1994. 

¢ Guinea; production at Aredor’s diamond mine at 
Banankoro was suspended in 1994, 

e Liberia, where illicit gold- and diamond-mining 
activity continued around the Lofa River, on the border 
with Sierra Leone. 

¢ Malawi, which continues to have “extremely limit- 
ed” production. 

e Mali; 20 kimberlite pipes have been found in the 
southwest, but no production has begun. 

¢ Namibia, a major diamond producer (over one-third 
of its export income comes from diamonds]. Production 
from onshore and offshore deposits rose 15% in 1994, to 
1.31 Mct (95% of which was gem quality], mostly from 
Namdeb (or its predecessor Consolidated Diamond Mines}. 

e Sierra Leone; diamond production from the eastern 
Kono region generated 255,000 carats of exported dia- 
monds, valued at US$30.2 million. Civil unrest disrupted 
mining in most other areas. 

¢ South Africa, which produced 10.8 Mct of diamonds 
in 1994, split 90%-9%-1% among kimberlites, alluvial 
mines, and offshore production. 

¢ Swaziland; the Dolokwayo mine processes 600,000 
tons of diamond ore per year {but no production figures 
were given}. 

¢ Tanzania, where production at the dilapidated 
Williamson mine fell to 22,567 carats in 1994. However, 
changes in ownership may lead to overhaul, and explo- 
ration continues. 

¢ Zaire, where 16 Mct of diamonds were produced— 
11 Mct from artisanal working and 5 Mct from the 
Bakwanga (Miba) mines. Coffee is now the leading export. 

¢ Zimbabwe; Auridiam produced 15,000 carats from 
the River Ranch deposit. Two-thirds of the country is cov- 
ered with prospecting orders, mostly for diamonds. ML] 
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An evaporitic origin of the parent brines of Colombian 
emeralds: Fluid inclusion and sulphur isotope evi- 
dence. G. Giuliani, A. Cheilletz, C. Arboleda, V. 
Carillo, F, Rueda, and J. H. Baker, European Journal 
of Mineralogy, Vol. 7, No. 1, 1995, pp. 151-165. 


This paper presents the results of microthermometry, SEM, 
and Raman probe examination of emeralds and gangue min- 
erals, as well as the first sulfur isotopic data on pyrite, from 
seven Colombian emerald deposits. Also discussed is the 
origin of the hydrothermal fluids that formed the carbonate- 
pyrite-emerald vein mineralization in Colombia. 

The fluid-inclusion study shows the presence of homo- 
geneous and hypersaline brines; the isotope study suggests a 
uniform sulfur isotopic composition for the fluids and a 
heavy, probably unique, sulfide-sulfur source for emerald 
deposits of both the western and eastern emerald zones. 
Considering the presence of salt diapirs and gypsum diapirs 
in the area, the authors conclude that “the only likely and 
unique source of sulphur might be derived from evaporites 
through a sulphate reduction process at the site of mineral 
precipitation.” These results, together with those of previ- 
ous studies, support the interpretation of hydrothermal 
emerald mineralization in a sedimentary environment. In 
that respect, the Colombian emerald deposits differ dramat- 
ically from almost all other emerald sources. RT 


Opal safari. J. F. Watson, Australian Gold Gem & 
Treasure, Vol. 11, No. 2, February 1996, pp. 27-31. 


Mining for black opals continues in the area of New 
South Wales, Australia. Although Lightning Ridge proper 
is the most popular tourist destination, the author visited 
the more remote opal fields at Grawin, Glengarry, and 
Sheep Yards. Most of the miners in the Grawin and Sheep 
Yards area dig down 9-12 m to reach the working level. 
Prospecting entails two stages: A drilling rig makes a 17.5- 
cm-diameter test hole down to the working level; if the 
hole looks promising, a 1-m-diameter shaft is drilled after 
the claim is registered. 

Most of the opal mined is “potch,” or common opal, 
usually gray, “amber,” or black; a black-and-white variety 
is known locally as “magpie” potch. Only 5% shows play- 
of-color, and only 5% of that (0.25% altogether) is classified 
as “precious gem quality” opal. Gem opal sitting on black 
potch is the most desirable. 

The Grawin opal fields were discovered in 1907, and 
all three opal fields (Grawin, Glengarry, and Sheep Yards) 
have been extensively mined, However, amateur collectors 
continue to find opals in the “mullock heaps” (dumps). 
The author warns the unwary of the area’s many 
unmarked mine shafts, a fall down one is almost certain- 
ly fatal. In nearby Cumborah, “crystal clear” quartz and 
petrified wood can be collected. ML] 


Vietnam’s illegal miners. Mining Journal, London, April 
5, 1996, p. 252. 


Vietnam’s National Assembly passed a new mining law, 
scheduled to take effect in September 1996, that grants 
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foreign investors the right to exploit certain mineral 
resources, including gemstones. The law gives foreign 
companies the right to “store, transport, consume domes- 
tically and export minerals they exploit.” However, the 
first enforcement activity is expected to be aimed at 
small-scale operations in regions overrun by fortune seek- 
ers: In particular, the conditions of child laborers in min- 
ing camps—primarily gold mining camps—in the north of 
the country will be addressed. ML] 


INSTRUMENTS AND TECHNIQUES 


Scanning near-field optical microscopy (SNOM) and its 
application in mineralogy. W. Gutmannsbauer, T. 
Huser, T. Lacoste, H. Heinzelmann, and H.-J. 
Gintherodt, 1995, Schweizerische Mineralogische 
und Petrographische Mitteleitung,Vol. 75, pp. 
259-264, 

The technique described uses visible radiation (light) to 

observe sub-micron-sized features in mineral samples. 

Bluish green light from an argon-ion laser is transmitted 

though an optic fiber with a very narrow tip (around 50 nm 

in diameter]; the tip is scanned across the sample, and light 
transmitted through the sample is collected and displayed 
as a function of position. The resulting two-dimensional 
image has a resolution on the order of 0.5 micron or better. 

The authors examined 25-micron-thick transparent 
thin sections (with parallel front and back faces} for this 
paper, but they believe that reflected light could also be 
collected, enabling study of opaque samples. The tech- 
nique could be adapted to multi-wavelength (color) obser- 
vation if a tunable laser were used; it should also be adapt- 
able for fluorescence, cathodoluminescence, Raman spec- 
troscopy, and infrared spectroscopy. As described in this 
paper, however, the potential usefulness of this technique 

in gem testing is very limited, as the sample must be a 

transparent, well-polished thin section. ML] 


JEWELRY RETAILING 


Saleroom report: June results buoy London market. Retail 
Jeweller, July 11, 1996, p. 8. 
June was a bumper month for London jewelry sales, 
Christie’s and Phillips both did well. Christie’s June 19 sale 
was the greater success, with a £4,299,975 total. Buyers 
from 26 countries competed actively on the phone, in the 
room, and in the book; more than 60% were private clients. 
A pair of rare antique Indian diamond briolettes more 
than doubled their estimate, to sell to the trade at 
£115,500. An antique emerald, diamond, and pearl neck- 
lace, estimated at £30,000-£35,000 brought in £89,500, 
and a fancy intense yellow diamond ring—estimated at 
£40,000-£50,000—sold to an anonymous buyer for 
£122,500. A typical Belle Epoque garland-style diamond 
necklace brought an extraordinarily high £73,000. The 
overflow from these refined Christie’s sales goes to the 
ever-popular Christie’s South Kensington, which boasted 
its best-ever sale on June 18. 
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Phillips’s fine jewelry sale on June 27 was highlighted 
by a group of 19th-century jewels by French gothic-revival 
goldsmith Louis Wiese. A heavy neo-gothic bangle, 
mounted with a large cabochon sapphire and flanked by 
leopard heads, went above estimate for £21,850. A gold 
lozenge-shaped brooch with matching ring, again set with 
cabochon sapphires and with pearls, sold for £6,670. A 
heavy neo-Renaissance gold, cameo, and pearl locket and 
chain made £26,450. Buyers also showed a good appetite 
for old-cut Victorian diamonds. A diamond riviére neck- 
lace from about 1880 sold for £10,350, more than doubling 
its estimate. A late-Victorian pearl and diamond bangle, 
estimated at £1,200-£1,500, sold for £3,220. Solitaire dia- 
mond rings sold particularly well to private buyers. MD 


SYNTHETICS AND SIMULANTS 


Harder than diamond? R. W. Cahn, Nature, March 14, 
1996, pp. 104-105. 
Theorists have predicted a structure of carbon nitride that 
should be harder than diamond, and experimentalists are 
trying to make it. The predicted material, cubic C3Ny, 
has the same structure as Siz3N,. Attempts to make this 
compound by vapor deposition have been hampered by 
the difficulty in getting enough nitrogen into the materi- 
al; graphite-like structures and films with triple-bonded 
(acetylene-like) carbon form instead. Annealing of the lat- 
ter gets rid of the triple bonds and produces a film that has 
diamond-like electrical properties but much lower hard- 
ness than diamond thin films. It is possible that “super- 
hard” C3Nq can be produced by high-pressure synthesis 
methods, ML] 


Metastable diamond synthesis—Principles and applica- 
tions. C.-P. Klages, European Journal of Mineralogy, 
Vol. 7, No. 4, 1995, pp. 767-774. 
Chemical vapor deposition (CVD] of diamond films from 
activated gas phases was first achieved in 1952-53, but 
only since 1983 has it become an important and rapidly 
developing field of research. This paper summarizes the 
principles, results, and perspectives of CVD technology. It 
starts with a description of the conditions in which dia- 
mond thin films crystallize from gas phases and the many 
deposition processes now available. The growth of tex- 
tured and hetero-epitaxial diamond films on different 
substrates, especially silicon, is discussed and illustrated 
with scanning electron micrographs. The author then 
outlines the many applications of diamond films {from 
high-frequency electronic devices to optical filters to 
membranes for loudspeakers} and gives an outlook on 
their future potential. 
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Although not mentioned in this comprehensive arti- 
cle, the possible consequences for gemology (e.g., the 
coating of gems, especially diamond simulants) should be 
kept in mind. RT 


UF engineers’ patented process makes world’s largest syn- 
thetic diamond. Diamond Industry Week, February 
12, 1996, p. 1. 
Researchers James Adair and Rajiv Singh at the 
University of Florida (and their coworkers and industrial 
collaborators) have made the largest synthetic diamond 
known to date—about 1600 ct. It was grown by a low- 
temperature (to as low as 500°C) vapor-deposition tech- 
nique; color and clarity were not specified, but its dimen- 
sions (11 inches [about 28 cm] in diameter and 1.5 mm 
thick} would seem to preclude any gemstone application. 
The prospects for large-scale diamond coatings look very 
promising, however. ML] 


TREATMENTS 


A fact of life: Treatments are forever. Mazal U’Bracha, 
No. 79, June 1996, pp. 33-40. 

Highlights of the 27th World Diamond Congress in Tel 
Aviv included the general agreement that a standard 
nomenclature must be devised to cope with the rising 
numbers of fracture-filled, enhanced, and treated dia- 
monds entering the market. Some congress members 
expressed concern about fracture-filled rough; Howard 
Vaughan of De Beers said that the CSO would never sell 
treated or filled rough. He added, however, that De Beers 
could not prevent manufacturers from treating or filling 
rough they had purchased from De Beers. 

In other action, a trade development committee of 
international diamond dealers was formed to promote 
“exchange” (presumably an exchange of ideas, although 
the article does not say specifically) with developing 
Asian markets. The World Federation of Diamond 
Bourses agreed to look into the feasibility of creating a 
computer network. 

Addressing the Israeli Diamond Manufacturers 
Association, Yvegeny Bychkov, head of the Association of 
Russian Diamond Manufacturers, noted that Russia is 
the only country that both mines (about US$1.4 billion in 
1995} and cuts a substantial amount of diamonds. 
Twenty-five percent of all diamonds mined are Russian, 
and 7,000 people are employed by Russia’s 60 manufac- 
turers. Although Mr. Bychkov predicted that Russia 
would expand its cutting operations, he also warned that 
the fledgling industry could be strangled by “hard condi- 
tions imposed by De Beers.” AC 


GEMS & GEMOLOGY Fall 1996 


GEMS GEMOLOGY 


VOLUME XXXII WINTER 1996 


THE QUARTERLY JOURNAL OF | NVIERIC A: 


GEMS GEMOLOGY 


WINTER 1996 VOLUME 32 NO. 4 
T A BL E O F C ON TENT §S 


231 EDITORIAL 


In Honor of Robert C. Kammerling 
William E. Boyajian 


FEATURE ARTICLES 


232 An Update on Imperial Topaz from the Capao Mine, 
Minas Gerais, Brazil 
Daniel A. Sauer, Alice S. Keller, and Shane F. McClure 


242  Trapiche Rubies 
Karl Schmetzer, Henry A. Hénni, Heinz-Jiirgen 
Bernhardt, and Dietmar Schwarz 


252 Some Gemological Challenges in Identifying Black 
Opaque Gem Materials 
Mary L. Johnson, Shane F. McClure, 
and Dino G. DeGhionno 


262 Enstatite, Cordierite, Kornerupine, and Scapolite 
with Unusual Properties from Embilipitiya, Sri Lanka 
Pieter C. Zwaan 


270 Some Tanzanite Imitations 
Lore Kiefert and Susanne Th. Schmidt 


REGULAR FEATURES 


277 Gem Trade Lab Notes 
282 Gem News 
293 The Robert C. Kammerling Research Endowment 
294 Book Reviews 
; 295 Gemological Abstracts 
09. 264 0.257 = 302 §=Annual Index 


ABOUT THE COVER. The historic Ouro Preto region of Minas Gerais, Brazil, is 
world-renown for the fine topazes that have been produced there for more than two 
centuries. Today, the Capdo mine is one of the most productive in the region. This 
mine and the superb topazes produced there are described in the article by D, Sauer 
and colleagues in this issue. Marketed as "Imperial" topaz in the trade, the Ouro Preto 
topazes come in a broad range of hues, some of which are illustrated here. The fancy- 
cut topaz in the necklace weighs 24,13 ct; the three loose topazes weigh (from left to 
right) 44,11, 71.21, and 66.66 ct, respectively. Courtesy of Amsterdam Sauer 
Company, Brazil. 
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In HONOR OF 
ROBERT C. KAMMERLING 


We are dedicating this issue to the late Robert C. Kammerling. At the time of his tragic death 
in January 1996, Bob was an associate editor, a member of the Editorial Review Board, co-editor 
of both the Gem News and Gem Trade Lab Notes sections, and one of Gems &) Gemology’s 
most prolific authors. In fact, the Fall 1994 article “An Update on Filled Diamonds,” of which 
he was first author, won both the Gems e#) Gemology Most Valuable Article award and a nation- 
al award for best scientific article. A superb writer, a brilliant information gatherer, and a true 
friend to gemology, Bob had a tremendous impact on the journal and on gemology as a whole. 


We were very pleased with the response to our request for articles for this Gems &) Gemology issue 
honoring Bob. Papers were submitted from all over the world: Brazil, France, Germany, Great 
Britain, Myanmar, the Netherlands, Russia, Switzerland, and the United States. Although we 
could not publish all of the articles in one issue because of space and time constraints, this broad 
involvement speaks to the respect held for Bob internationally. 


Indeed, Bob Kammerling was the gemologist’s gemologist. He liked gem oddities—whether nat- 
ural, treated, or manufactured. Such oddities are well-represented in this issue: Unusual gem mate- 
rials from Sri Lanka (a country Bob visited several years ago) are described by Prof. Pieter Zwaan, 
several tanzanite imitations are characterized by Drs. Lore Kiefert and Susanne Schmidt, and iden- 
tification guidelines for black opaque gem materials are provided by Bob’s GIA GTL colleagues Dr. 
Mary Johnson, Shane McClure, and Dino DeGhionno. 


Bob also loved to travel to study gem localities, no matter how distant or dangerous. He believed 
that a true understanding of any gem requires an awareness of the circumstances under which it 
emerged from the ground and eventually reached the jewelry market. The article by Daniel A. 
Sauer, Alice S. Keller, and Shane EF McClure—on Brazil’s Capdo Imperial topaz mine—is the type 
of locality project he would have pursued personally or encouraged others to go after. In addition, 
Bob Kammerling brought people of diverse interests together for the common good of gemology. 
The article on trapiche rubies is a team effort by one of Germany’s leading gemologists, Dr. Karl 
Schmetzer, with fellow experts Dr. Henry Hanni, of the SSEF Swiss Gemmological Laboratory, the 
Gtibelin Laboratory’s Dr. Dietmar Schwarz, and Ruhr-University’s Dr. Heinz -Jiirgen Bernhardt. 


Bob Kammerling’s first love may have been the Gem News section of the journal, filled with the 
many small “bytes” of news that he and his co-editors brought to the gemologist. Many readers 
tell us that this is the section of Gems # Gemology to which they turn first, to get the latest 
information. It is also the place where Bob shared discoveries from his various trips, as well as from 
his many colleagues in the gemological community. 


If the study of gemstones is indeed a blend of art and science, Bob Kammerling epitomized the field 
he so loved. And, perhaps more than most, he played a primary role in helping us seek the truth 
about gems in a significant and yet practical way. For this gemologist, Bob Kammerling will be 
deeply missed and long remembered as one of the heroes of modern gemology. 


William E. Boyajian, President, 
Gemological Institute of America 
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AN UPDATE ON IMPERIAL TOPAZ 
FROM THE CAPAO MINE, 
MINAS GERAIS, BRAZIL 


By Daniel A. Sauer, Alice S, Keller, and Shane F. McClure 


The Capao mine is one of the oldest and 
most productive fully mechanized Imperial 
topaz mines in the historic Ouro Preto area 
of Minas Gerais, Brazil. Bulldozers, water 
cannons, and dragscrapers are used in two 
main pits to remove the thick brown over- 
burden for processing to recover topaz crys- 
tals in a broad range of sizes and colors. The 
rarest color is pinkish purple to purple. Heat 
treatment will turn some brownish yellow 
or orange Imperial] topaz to “peach” or pink. 
Preliminary testing suggests that there may 
be a difference in fluorescence between heat- 
treated and non-heat-treated topaz. 
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232 Imperial Topaz 


opaz has been known from the Ouro Preto area of 
_/i. Minas Gerais for more than 200 years, with the discov- 
ery first announced publicly in 1768 (Rolff, 1971]. Since then, 
topaz has been recovered sporadically from a number of 
deposits within an area of approximately 120 km* that lies, for 
the most part, just west of the colonial city of Ouro Preto. 
Today, the region known in the world gem market as the 
Ouro Preto Imperial topaz district comprises two major active 
mining sites—Cap4o (formerly Capao do Lana] and Vermelhao 
{also known as Saramenha}—and a few dozen abandoned mines, 
occurrences, and alluvial workings. Although Vermelhao and 
other mining areas have yielded excellent gem topaz (Vermelhao 
is especially noted for the large crystals found there}, the only 
private, wholly owned, and completely mechanized mine cur- 
rently in full operation is the Capao mine, in the Rodrigo Silva 
district. Specimens and information about that mine were 
gathered by the senior author (DAS) during several visits over 
the last few years and in a visit by the second author (ASK} in 
August 1996. 

Several articles have been written on the intense orangy 
yellow-to-orange-to-“sherry” red topazes from Ouro Preto (fig- 
ure 1) that are called Imperial topaz in the trade (e.g., 
Atkinson, 1908, 1909; Bastos, 1964, 1976; Olsen 1971, 1972, 
Fleischer, 1972; D’Elboux and Ferreira, 1975, 1978; Keller, 
1983; Cassedanne and Sauer, 1987; Cassedanne, 1989). The 
present article describes the current mining situation at the 
Capao mine and describes the topaz found there, both as it is 
recovered and as it reaches the market. It also reports on the 
heat treatment of some orange Imperial topaz to produce 
attractive pink stones. 


LOCATION AND ACCESS 


Capdo is one of several known topaz deposits in the Ouro 
Preto area (figure 2). It can be visited easily in a day from Rio 
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face, the cutting rate was at a 
maximum when the lap direction was 
parallel to one of the two axes as 
shown: by A in figure 3 and at a 
minimum at 45 degrees to those di- 
rections as represented by C. For 
intermediate directions the cutting 
rate lies between these extremes. In 
the table are given the maximum and 
minimum cutting rates, as defined 
above, with and without the are, for 
diamonds cut on the three crystal 
faces. For like conditions of crystals 
face and lap direction there was but 
little variation of rate between in- 
dividual diamonds. 


COMPARISON OF CUTTING RATES 


Time in minutes 


Without 


Pye With arc 

Dodecahedron face 

(fig. 2): 

Lap direction A 2 5.3 4.8 

Lap direction B 255.0 63.0 
Cube face (fig. 3): 

Lap direction A 15.0 9.2 

Lap direction C 110.0 45.0 
Octahedron face | 

(fig. 1): 

Three-point cape and 

macle >5,000 62.0 
Regular octahedron_| >5,000 39.0 


From these data it is seen that 
when cutting is done on the dodeca- 
hedron face with the lap direction 
parallel to the axis, A (which ap- 
pears to be the most favorable con- 
dition for cutting diamonds), the 
rate is about the same with or with- 
out the arc. With the lap direction 
at right angles to the axis, B, 
however, the arc increases the cut- 
ting rate about four times. 


On the cube face, when the cutting 
was parallel to one axis and at right 
angles to the other, A, figure 3, the 
are doubled the rate, and at 45 de- 
grees to the two axes, C, it increased 
the rate by about two and one-half 
times. 


For the octahedron faces without 
the arc, no cutting resulted in any 
direction of the lap motion; that is, 
not as much as 0.0001 inch layer 
could be removed in a day’s time. 
This agrees with the experience of 
expert lapidaries. 

With the arc, however, the cutting 

rate on the octahedron face equals 
the rates found for the unfavorable 
directions on the cube and dodeca- 
hedron faces, which in turn have 
been augmented about four times by 
the use of the are. That the arc 
facilitates such rapid cutting direct- 
ly on the octahedron face is the most 
striking result of this work. This 
should make it possible, in designing 
industrial diamond tools, to take full 
advantage of the orientation of the 
crystallographic directions of’ the 
diamond with respect to the cutting 
surface of the tool. - 
_ The data presented here have been 
obtained from facets cut parallel to 
the three principal crystal faces. 
Additional quantitative cutting-rate 
data are being accumulated for other 
definite orientations of the facets. 


Test of Sawing 

Sawing diamonds by established 
methods can only be performed in 
certain directions parallel to either 
a cube or dodecahedron face and 
have been called the “sawing grain.” 
According to Grodzinsky, “It is 
almost impossible to saw the dia- 
mond in other directions even if they 
differ a few degrees from the original 
axis.” It should be added that when 
sawing parallel to the cube or do- 
decahedron face the direction of mo- 
tion of the saw edge should be nearly 
parallel to one of the crystal axes. 

To test the effect of the arc when 
applied to diamond sawing, a saw 
previously employed for slicing sap- 
phire and spinel during an investiga- 


Figure 1. The fine 
Imperial topazes from 
the region near Ouro 
Preto, in Minas Gerais, 
Brazil, are most com- 
monly intense orangy 
yellow to orange. The 
most sought-after 
Imperial topazes are the 
“sherry” red and satu- 
rated pink stones. Bi-col- 
ored stones are rare. The 
stones shown here range 
from 8.82 to 14.28 ct; the 
bi-colored topaz at the 
bottom is 14.10 ct. 
Stones courtesy of 
Amsterdam Sauer Co.; 
photo © Harold e# Erica 
Van Pelt. 


de Janeiro, traveling first by air (about 350 air kilo- 
meters} to Belo Horizonte, and then by car on 
Route BR040 (Belo Horizonte-Rio de Janeiro) south 
for 30 km (19 miles) to Route BR356, then east 
(toward Ouro Preto} for 53 km (33 miles}, at which 
point a right turn onto a dirt road leads to Rodrigo 
Silva, about 7 km to the south. From Rodrigo Silva, 
a village of approximately 1,200 residents, one trav- 
els on a dirt road about 3 km west to reach the 
mining site. Access to the mine area is limited to 
those who work there or are invited by the princi- 
pals. Located in one of the highest regions of the 
country, the Capao mine lies at an altitude of about 
1,200 m (3,900 feet). The chief industry in this 
mountainous area is cattle ranching, both for beef 
and dairy products. ; 
Since 1972, the mine has been under the own- 
ership of the Topézio Imperial Mining Company 
(Topazio Imperial Mineragdo, Comércio e Industria 


Imperial Topaz 


Ltda.), of which the three partners are Dr. Wagner 
Colombarolli, Edmar Evanir da Silva, and Fernando 
Celso Gongalves. The entire concession is approxi- 
mately 600 ha {1,500 acres); it consists of the main 
mine and three reservoirs. The Topazio Imperial 
Mining Company also has another concession, the 
Cérrego do Cipé complex, which is 2.5 km north- 
west of Capao (again, see figure 2), it is now under 
development for possible future mining. 


A BRIEF SUMMARY OF THE GEOLOGY 


The geology of the Ouro Preto topaz area has been 
discussed by Keller (1983), Pires et al. (1983), 
Ferreira (1983 and 1987], Cassedanne and Sauer 
(1987}, Cassedanne (1989), and Hoover (1992). To 
summarize, the topaz deposits occur in the Ouro 
Preto quadrangle of the Quadrilatero Ferrifero (a 
famous iron-producing area) in southern Minas 
Gerais. The topaz mineralization falls within an 
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Figure 2. This map indicates the many topaz deposits in the Ouro Preto area. Two of the largest are 


the Vermelhdo mine, near Ouro Preto, and the Capdo mine, near the village of Rodrigo Silva. 
Adapted from a 1987 map produced by the Minas Gerais Light and Power Company. 


east-west trending zone that extends from Antonio 
Pereira village (Anténio Pereira mine} on the east, 
to Miguel Burnier village [Lagoa do Neto occur- 
rence} on the west, both in the Ouro Preto district 
(again, see figure 2). Pires et al. (1983) identified 
four main topaz belts in the region, each of which 
trends east-west. 

The formation of the topaz has been the subject 
of much debate over the last century (see Olsen, 
1971, 1972; Fleischer, 1972; for an informative sum- 
mary of this debate, see Cassedanne, 1989). The 
mineralized zone is characterized by intensely 
weathered (to depths of at least 50 m) rocks under- 
lain by unweathered granitic gneisses, granites, and 
three series of Precambrian metasedimentary rocks. 
The Minas series of Precambrian metasediments 
was subjected to two major intrusive events: (1] 
about 2,700 million years ago, by a batholith that 
fractured the sedimentary rocks; and (2) about 1,300 
million years ago, by acid intrusions (high-silica 
igneous rocks). It is believed by Keller (1983) and 
others that one or both of these intrusions provided 
the mechanism for the fluorine-rich solutions that 
entered the rocks through fractures and generated 
the topaz mineralization. Pires et al. (1983), Oliveira 
(1984}, and Hoover (1992) support the formation of 
strata-bound topaz deposits from a predominantly 
hydrothermal process that occurred during or short- 
ly after a period of intense metamorphism. 

Regardless of its mode of formation, the miner- 
alized rock comprises a single horizon that varies 
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in thickness from 1 to 6 m (rarely, to 10 m]. It is 
composed of a heavily weathered yellowish to dark 
brown talc-clay rock called “brown terrain” that is 
cut by discontinuous kaolinite veins (Cassedanne, 
1989} and lenses. Topaz crystals are found within 
the kaolinite—together with quartz, mica, and 
specular hematite. They sometimes are associated 
with rutile and, rarely, with green and blue euclase. 


CURRENT MINING OPERATION 
At Capio, the mining operation has grown signifi- 
cantly from the single shallow pit last described in 
this journal by Keller (1983). At the time of the pre- 
sent authors’ August 1996 visit, two large open pits 
were being worked, separated by a narrow access 
road that will be removed in the near future to make 
one large pit. The larger pit was 30 m at its deepest 
point and approximately 350 m long by 150 m wide 
(figure 3). The smaller pit was 18 m at its deepest 
point, and approximately 200 m by 80 m (figure 4). 
The two pits together covered about 7 ha, or 17 acres. 
Cap4o Creek, which runs through the hilly 
concession area, has been dammed in three places 
to form reservoirs that serve the mining operation 
and minimize its environmental impact. One reser- 
voir, for sedimentation control, blocks off an area 
where the mine tailings are dumped; once the sedi- 
ments have settled to the bottom of the reservoir, 
the suspension-free water is released back into the 
creek. The other two reservoirs provide water for 
mining and washing the ore. 
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Because of the depth of the current mining 
operation, dragscrapers are now used at both pits to 
recover the topaz. Large buckets are dropped from 
overhead lines into the pit, where they scoop up 
the materials comprising the weathered zone (fig- 
ure 5} and drag them to the top for processing. At 
the time of our visit, there were two dragscrapers at 
the larger pit and one at the smaller (newer) one. At 
both pits, bulldozers work the surface of the pit and 
push the lateritic soil and rock materials into the 
path of the dragscraper. This material is then pulled 
to a large, fixed bucket (washing area) at the top of 
the pit and washed by water cannons to form a mud 
pulp. This pulp then flows to a fixed screen, with a 
quarter-inch (less than 1 cm} mesh, through which 
the smaller particles pass to the sedimentation 
reservoir. The remaining gravels are processed to 
recover topaz. As a secondary operation, water can- 
nons are used at the bottom of the pit both to soften 
the rock for recovery by the dragscraper and to cre- 
ate a slurry. The slurry is then pumped out of the 
pit (again, see figure 3) onto the same quarter-inch- 
mesh fixed screen used to separate the mud pulp. 

When the bulldozer uncovers a white kaolinite 
vein, a good indicator of topaz mineralization, the 
driver stops. Three people are sent to scrape the 
vein by hand to look for gem crystals (figure 6). 
Like all of those who are authorized to pick up 
crystals, these special miners are identified by their 
red hats. The remaining minerals recovered from 
these veins are processed in smaller screens, also 
with a quarter-inch mesh. 

To date, the owners have determined that 
open-pit mining is the most efficient system for 
recovery of the topaz. Core drilling has shown that 
mineralization extends as much as 40-50 m below 
the lowest part of the larger pit (W. Colombarolli, 
pers. comm., 1996}. Over the last two years— 
because of the combined effects of a strong curren- 
cy (which has more than doubled labor costs in 
U.S. dollar amounts}, the deeper workings, and 
stricter environmental requirements—operating 
costs for the Capéo mine have risen 70%. The sedi- 
mentation reservoir will be full after only about 10 
years; it must then be restored to its natural state, 
and another reservoir created. . 


Recovery. At the washing area at the top of the 
pits, giant water cannons first push the material 
removed by the dragscraper through a 4 inch (10 
cm) “grizzly” screen (figure 7). Material that does 
not pass through the screen is rejected. Gravity car- 
ries the remaining pulp down through large gutter 
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Figure 3. In August 1996, the larger pit at the Capdo 
mine was 30 m deep and approximately 350 m long. 
Toward the bottom of the pit, a water cannon soft- 
ens the weathered host material and creates a slurry 
that is then pumped out of the pit. One of the mine 
owners, Dr. Wagner Colombarolli, is standing at the 
upper edge of the pit with one of the authors. Photo 
by Daniel A. Sauer. 


pipes to the quarter-inch-mesh screen that sepa- 
rates out the smaller particles. The fraction that 
remains is washed to remove any residual clay, so 
only rock fragments and minerals are left for fur- 
ther processing. 

Next, a conveyor belt transports the washed 
material to a bucket wheel that tosses the rock frag- 
ments and minerals onto a two-tier vibrating screen: 
One tier has a 1% inch mesh and the other is % inch. 
Any material over 1% inch is put in the waste pile. 
The fractions that remain—one between 14 inch 
and % inch and the other less than % inch—are 
stockpiled separately into two silos. 
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For final processing, crystals and rock frag- 
ments from one of the silos are placed on another 
conveyor belt, where several sorters pick out the 
topaz by hand (figure 8). By only processing one of 
the two sizes at a time, the miners reduce the risk 
of larger stones hiding smaller ones. Any topaz 
found is placed in a tube that runs alongside the 
conveyor belt. At the end of the day, a security 
manager runs water through the tube and collects 
all of the topaz in a bag at one end. These crystals 
are then placed in a locked box that has a padlock 
at the bottom and two “blades” at the top, so the 
crystals can be inserted easily but will not drop out 
if the box is turned upside down 

Currently, approximately 50 people are involved 
in the Capao mining and processing operation. 
Because more ore is mined daily than can be pro- 
cessed, some of the screened gravels are stockpiled 
for processing during the December-to-April rainy 
season, when mining slows down considerably. 


PRODUCTION 

Topaz is found in a broad range of colors at the 
Cap4o mine: light yellow, orange-yellow, brownish 
orange, pinkish orange (“salmon” or peach”), pink, 
reddish orange, orange-red, and “sherry” red {again, 
see figure 1}, All of these colors of topaz from the 
Ouro Preto deposits are traded as “Imperial.” 

The rarest color is pinkish purple to purple (fig- 
ure 9), Although this hue was not seen at the Capado 
mine for almost eight years, approximately 200 
grams were found from a single area of the main pit 
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Figure 4. The newer, 
shallower pit at CapGdo— 
separated from the orig- 
inal pit by only a nar- 
row access road (on the 
left)—has proved very 
productive. Here, a bull- 
dozer pushes the 
intensely weathered 
rocks and soils into the 
center of the pit for 
washing. Photo by 
Daniel A. Sauer. 


in 1996. Most of these crystals were heavily includ- 
ed, so the total production is expected to yield no 
more than 15 carats of faceted stones, ranging from 
0.5 to 2. ct. Also rare, but seen in finer, less-included, 
qualities this year, are bi-colored crystals. When cut, 
these make exquisite gems (again, see figure 1). 

After purple, the next rarest color of Imperial 
topaz is a slightly brownish or “sherry” red. The most 
sought-after color in the topaz market, “sherry” red 
topaz represents less than one-half of one percent of 
the total cuttable material found. Most faceted “sher- 
ry” red stones from Capao are 5-10 ct, but 20-80 ct 
topazes in this color range have been cut. Also rare are 
the pale-to-saturated pink stones that occur naturally 
at the Capo mine. 

Most common is yellow-to-orange topaz. Cap4o 
is the main source for commercial sizes (2-8 ct} in 
this color range. In addition, many stones in the 
10-15 ct range have been cut; 20-30 ct stones are 
rare but available. 

During our visit to the Capao mine, we were 
shown a half-day’s production from the main pit 
(figure 10). The 3.54 kg of topaz crystals represent- 
ed very good output for one day—according to the 
mine owners, a half-kilo of crystals is typical. The 
crystals we examined were predominantly yellow 
to orange to pink, although we did see at least one 
5.5 cm orange-red crystal that would yield about 12 
ct of faceted topaz, with the largest stone 7-8 ct. 
The largest fine crystal was 8 cm and was deep red 
down the c-axis. We also saw a few bi-colored, 
orange-and-pink, crystals. 
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Production from the smaller pit for the same 
time period was 500-600 grams. We saw more pink 
stones in this lot than in that from the larger pit. 

Only 1%-2% of all the material recovered is 
faceting quality, according to Dr. Colombarolli. In 
1995, from an average of 11,000 m8 of ore processed 
every month, fewer than 100 kg of mine-run topaz 
crystals were recovered. The estimated yield from 
these crystals, based on experience to date, would 
be 5,500 carats—a total of 66,000 carats of cut 
Imperial topaz for the year, or 0.5 ct of topaz per 
cubic meter of ore processed. 

The largest crystal recovered to date at the 
Capao mine (although broken into four pieces) was 
1.3 kg, Dr. Colombarolli noted. 


HEAT TREATMENT 

Although “peach” to pink (figure 11) Imperial topaz 
does occur naturally, these colors may be produced 
in some brownish yellow or orange topaz by heat 
treatment, which removes the yellow color center. 
At one operation visited by the second author 
(ASK), the cut stones are put in a small (about 7.5 
cm square] clay tray that is then placed in an oven, 
and the temperature is brought to 1050°F (565°C; it 
takes approximately 40 minutes). The oven is then 
turned off, and the stones are allowed to cool slow- 
ly to room temperature, to avoid thermal shock, 
before they are removed. Although the occasional 
“peach” stone that results from a partial heating 
may turn pink on further heating, the pink color 
obtained at 1050°F is usually the best that can be 
achieved. Reheating a pink stone or heating it 


Figure 5. One of two dragscrapers in the larger pit at 
Capdo pulls the saturated, intensely weathered 
host material to the top for processing. Photo by 
Daniel A. Sauer. 
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Figure 6. When the bulldozer uncovers a distinc- 
tive kaolinite vein, all other activity stops. Certain 
miners (denoted by red hats) then search for topaz 
crystals by hand. Here, the senior author exam- 
ines a topaz crystal found in this thin white vein. 
Photo by Alice S. Keller. 


longer will not produce any additional change (see 
also Nassau, 1994). However, as shown in figure 
12, the change is often substantial. 

Most topaz is not suitable for heating, because 
topaz typically contains a number of inclusions: 
liquid-and-gas, breadcrumb-like crystal clusters, 
needle-like voids, transparent-to-translucent rhom- 
bohedral crystals or negative crystals, and finger- 
print-like patterns of liquid inclusions. When liquid 
inclusions, in particular, are present, there is a good 
chance that the stone will develop large cracks or 
localized fractures as a result of fluid expansion. 


GEMOLOGICAL TESTING 


Materials and Methods. We examined a small sam- 
ple of material that the Amsterdam Sauer Company 
had obtained directly from the Capao mine office 
during the last two years and cut in their own facil- 
ities. The sample included: five faceted natural- 
color Imperial topazes, ranging from brownish yel- 
lowish orange to pinkish orange (3.09-9.59 ct}; two 
faceted stones (0.65 and 1.19 ct) and three crystals 
(17.73-67.97 ct} that were pinkish purple; six faceted 
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Figure 7. The two dragscrapers bring the host 
material directly to corresponding platforms at 
the top of the larger pit, where miners wield large 
water cannons to wash off the finer particles and 
push the rock fragments through a series of grates. 
The largest rocks are screened out first. Photo by 
Daniel A. Sauer. 


stones that had been heat treated to purplish pink 
(0.90-2.61 ct}; and one yellowish orange crystal 
(97.59 ct) that had been sawn in half, with one half 
then heat treated to purplish pink. All of the heat- 
treated stones had been treated by the method 
described in the preceding section. 

Refractive index readings were obtained on all 
of the cut stones with a Duplex II refractometer 
and a near-sodium equivalent light source. Specific 
gravity on the cut stones was determined by the 
hydrostatic weighing method, with three separate 
measurements taken on each stone. A desk-model 
Beck prism spectroscope was used to examine the 
absorption spectra of the cut stones in the study, 
and a polarizing-filter dichroscope was used to 
determine the pleochroism on all samples. The 
ultraviolet fluorescence of all samples was viewed 
in a darkened environment using four-watt long- 
and short-wave lamps. The stability to light of two 
of the heat-treated purplish pink samples and two 
of the natural-color orange samples was tested with 
an Oriel 300-watt solar simulator. The four stones 
were placed in the solar simulator for 145 hours, 
which is equal to about 290 hours of sun exposure 
(at noon strength for a mid-latitude location}. The 
temperature was monitored so that it did not 
exceed 130°F (54°C). Halfway through the test, and 
at the end, we compared the samples to the other, 
comparable-color stones in this study. 
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DESCRIPTION OF THE TOPAZ 

We determined refractive indices of ny =1.630 and 
my =1,638 (birefringence =0.008} on all of our sam- 
ples and a specific gravity of 3.52-3.54+0.02. These 
findings are consistent with published values for 
topaz (see, e.g., Webster, 1994} and did not vary for 
any of the colors we examined, including those that 
were the result of heat treatment. 

Also consistent with published values are the 
absorption spectra and pleochroism. In most stones, 
the only absorption visible was a general darkening 
of the far red portion of the spectrum. When viewed 
down the c-axis, the heated pink stones and the 
pinkish purple crystals showed a barely discernible 
line at 682 nm. This line is related to the chromium 
that produces these colors; it has previously been 


Figure 8. In a shed-like structure behind the main 
pit, miners manually sort through the concentrate, 
searching for topaz. Any topaz found is placed in 
tubes along either side of the conveyor belt. Photo 
by Daniel A, Sauer. 
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reported in heat-treated pink topaz from Brazil and 
in natural-color pink topaz from Pakistan (Hoover, 
1992; Webster, 1994), 

The pleochroism of the predominantly orange 
material was yellow, yellowish orange, and pur- 
plish pink. This changed to shades of pink in two 
directions, and colorless in the third, after heat 
treatment. Pleochroism in the pinkish purple sam- 
ples was purplish pink, pinkish purple, and colorless. 

All of the samples were inert or fluoresced mod- 
erate orange to long-wave ultraviolet radiation, with 
a somewhat stronger reaction in the predominantly 
orange stones. To short-wave UV, the orange and 
pinkish purple stones fluoresced a very weak to 
moderate chalky yellow-green. However, the heat- 
treated pink topazes had a generally stronger fluores- 
cence than the natural-color stones, with a shift in 
fluorescence hue to a yellowish or greenish white 
(figure 13). This distinction between the heated and 
unheated topazes was very evident in the two halves 
of the sawn topaz crystal {figure 14). To the best of 
our knowledge, this difference in fluorescence has 
not been reported previously in the literature. 
However, our results are based on a small sample 
and so are only preliminary. The possibility of fluo- 
rescence as an indicator of treated or natural color 
needs to be investigated further with a significant 
sample of known natural-color pink topazes. 

It is interesting that although the internal char- 
acteristics of the stones we examined were typical 
of topaz from this area (liquid inclusions, groups of 
tiny crystals, some larger rhombic crystals, angular 
grain plains, and internal fractures}, there was no 
apparent difference in the nature of these inclu- 
sions between the heated and unheated stones. 
This was true even for the sawn crystal (figure 15), 
which was heavily included; we thought it likely 
that at least some of the liquid inclusions in such a 
crystal would have burst. Nevertheless, we caution 
against heating material that has inclusions, as such 
stones often do not survive the treatment process. 

There was no noticeable loss or change of color 
in any of the topazes tested with the solar simula- 
tor, cither the heat-treated purplish pink or the nat- 
ural-color orange stones. 


CUTTING 


Because topaz has perfect basal cleavage, the table 
must always be polished at an angle to the c-axis 
(12°-15°, according to Webster, 1994}; extreme care 
should be taken to avoid grinding the stone perpen- 
dicular to the cleavage plane. Also, inclusions can 
cause the stone to break on the wheel. At 
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Figure 9. One of the rarest colors of topaz from the 
Ouro Preto region are these pinkish purple gems, 
found in a small area of the Capdo mine. This crys- 
tal is 36.87 ct; the cut stones are 1.19 and 0.68 ct. 
Photo by Shane F. McClure. 


Amsterdam Sauer, topaz cutters use a 360 grit 
grinding wheel, a 600 grit faceting disk, and polish 
the stones on a lead/tin lap with Linde A (Al,O3} 
powder. Recovery depends on the amount of inclu- 


Figure 10, For the authors, the mine owners 
removed the topaz crystals recovered after only 
about a half-day’s work (usually, they are recov- 
ered only once a day). The 3.5—4 kg of topaz crys- 
tals shown here represent a particularly good yield 
for a single day from the larger pit. The largest 
crystal, in the foreground, is approximately 8 cm 
Jong. Photo by Daniel A Sauer. 
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sions in each crystal. Well-formed, fairly clean crys- 
tals yield up to 2. carats per gram. 


SUMMARY AND CONCLUSIONS 


Brazil’s historic Ouro Preto topaz region continues 
to produce significant amounts of fine topaz in a 
broad variety of colors, which are known in the trade 
as Imperial topaz. The only private, wholly owned, 


Figure 12, This 97.59 ct Imperial topaz crystal was 
sawn in half and the bottom was heated to 
1050°F, which produced the purplish pink color. 
Photo by Shane F. McClure. 
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Figure 11. This suite of 
jewelry is composed 
entirely of pink topazes 
from Ouro Preto. They rep- 
resent some of the superb 
stones from this historic 
Imperial topaz locality. 
The topazes in the neck- 
lace weigh a total of 30.36 
cl; those in the earrings, 
5.50 ct; and the one in the 
ring is 1.90 ct. Jewelry 
courtesy of Amsterdam 
Sauer Co.; photo © Harold 
& Erica Van Pelt. 


mechanized mine currently in operation there is the 
Capao mine, which is near the village of Rodrigo 
Silva. Today, production from this mine represents 
as much as 50% of the total production of Imperial 
topaz from Ouro Preto. Although large amounts of 
ore are mined from the two open pits that constitute 
the Capado mine today, the recovery is only 0.5 ct of 
cut topaz per cubic meter of ore processed. 
Environmental responsibility and the greater depths 


Figure 13, A difference in short-wave UV fluores- 
cence was noted between the unheated and heat- 
treated faceted topazes examined for this study: 
here, a weak chalky yellow-green in the two 
unheated pinkish purple stones (left), as com- 
pared to moderate to strong greenish-to-yellowish 
white in the heat-treated pink stones (right). 
Photo by Shane F. McClure. 
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Figure 14. Fluorescence to short-wave UV radiation 
was the only difference in gemological properties 
between the unheated (left) and heated halves of 
the crystal in figure 12. Photo by Shane F. McClure. 


of the mining operation, together with the strong 
currency, have significantly increased the costs of 
extracting the topaz. 

The rarest topaz color is purple. “Sherry” red 
and bi-colored stones are also uncommon. Certain 
brownish yellow or orange stones can be heat treated 
to pink, which is stable to light and heat {as evi- 
denced by the fact that further heating or heating at 
higher temperatures will not change the color). The 
preliminary observation that heat-treated pink topaz 
fluoresces a strong yellowish-to-greenish white to 
short-wave UV radiation, as compared to the weak 
to moderate chalky yellow-green of their natural- 
color orange or purple counterparts, deserves further 


REFERENCES 


Atkinson A.S. (1908} Report on topaz in Brazil. Minerals 
Yearbook, U.S. Bureau of Mines, p. 842. 

Atkinson A.S. (1909) Mining for gems in Brazil. Engineering and 
Mining Journal, June 19, pp. 1234-1235. 

Bastos F.M. (1964} The topaz mines of Ouro Preto. Lapidary 
Journal, Vol. 18, pp. 918-920. 

Bastos F.M. (1976) Imperial topaz from Brazil. Lapidary Journal, 
Vol. 30, pp. 1838-1840. 

Cassedanne J.P., Sauer D.A. {1987} La topaze impériale. Revue 
de Gemmologie, No. 91, pp. 2-9. 

Cassedanne J.P. {1989] Famous mineral localities: The Ouro 
Preto topaz mines. Mineralogical Record, Vol. 20, pp. 
221-233. 

D’Elboux C.V., Ferreira C.M. (1975) Topazio na regiao de Ouro 
Preto. Boletim do Departemento de Geologia, UFOP, 
Publicacao Especial No. 1, pp. 73-79. 

D’Elboux C.V., Ferreira C.M. (1978) Topazio na regiao de Ouro 
Preto. Sociedade de Intercambio Cultural e Estudos Geologicos, 
Semanas de Estudos, Nos. 14 and 15, pp. 14-52. 

Ferreira C.M. (1983} Vulcanismo Acido no quadrilatero ferrifero e 
sua relagéo com algumas ocorréncias e/ou depésitos min- 
erais, Anais do II Simpdsio de Geologia de Minas Gerais, 
Belo Horizonte, Brazil, pp. 128-133. 

Ferreira C.M. {1987} Geologia da jazida de topazio do Morro de 
Saramenha. Revista Escola de Minas, Vol. 40, No. 3, pp. 15-17. 

Fleischer R. (1972) Origin of topaz deposits near Ouro Preto, 


Imperial Topaz 


Figure 15. No difference was observed in the nature 
of the inclusions between the heated and unheated 
halves of the sawn crystal. Note the undisturbed liq- 
uid inclusion plane in the center of the photograph, 
where it crosses the saw cut. Photomicrograph by 
Shane F. McClure; magnified 20x. 


investigation to determine its usefulness as an iden- 
tification criterion. 

Because of the heavily weathered host rocks 
and the discontinuity of the gem-bearing veins, 
open-pit mining appears to be the most efficient 
means to recover these rare gems. The prospects for 
continued production at the Capao mine are good, 
inasmuch as core drilling has shown topaz mineral- 
ization as deep as 50 m below the current low point 
of the main pit. However, we do not know what 
impact the difficulties and related costs of extract- 
ing the ore at such depths will have on the general 
availability of this gem material. 
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TRAPICHE RUBIES 


By Karl Schmetzer, Henry A. Hanni, Heinz-Jiirgen Bernhardt, and 


Ruby crystals from Southeast Asia with 
a fixed six-rayed star, similar in effect to 
trapiche emeralds from Colombia, are 
described. They consist of six transpar- 
ent-to-translucent ruby sectors separated 
by nontransparent yellow or white planes. 
Most samples also have a hexagonal 
tapered yellow, black, or red core. In the 
yellow or white arms of the star and in 
the boundary zones between the core and 
the six ruby sectors, a massive concentra- 
tion of tube-like inclusions is seen. These 
inclusions are oriented perpendicular to 
the morphologically dominant dipyrami- 
dal crystal faces; they contain liquid, 
two-phase (liquid/gas), and solid fillings 
identified as magnesium-bearing calcite 
and dolomite. A trapiche-type sapphire is 
also described. 
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Dietmar Schwarz 


n October 1995, a 6.0 ct cabochon-cut ruby with a distinct 

sectored appearance—similar to that associated with 

trapiche emeralds—was shown to one of the authors (KS) by 
a gem collector who resides near Munich, Germany. This sample 
was first described by Millenmeister and Zang (1995) and also 
briefly mentioned by Henn and Bank (1996). The unusual 
cabochon consists of six transparent ruby sectors delineated 
by six nontransparent (i.e., translucent-to-opaque} yellow arms 
in the form of a fixed six-rayed star. Myanmar was mentioned 
as country of origin by the Idar-Oberstein gem dealer who 
originally sold the stone (R. Goerlitz, pers. comm., 1996). 
Scanning electron microscope (SEM) examination of this sam- 
ple revealed the presence of what are most probably carbon- 
ates—mainly calcite plus some subordinate ankerite—in the 
arms of the star (Miillenmeister and Zang, 1995}, and carbon- 
ates were also mentioned by Henn and Bank (1996). SEM-EDS 
(energy-dispersive spectroscopy} revealed the characteristic 
peaks of Ca, Mg, Fe, and C {U. Henn, pers. comm., 1996). 

In November 1995, subsequent to the 25th International 
Gemmological Conference in Thailand, three of the authors 
(KS, HAH, and D§) visited the ruby market of Mae Sai, close 
to the Myanmar border, where great quantities of rough and 
some fashioned rubies were offered for sale. The dealers said 
that the material on display originated from the Mong Hsu 
mining area in Myanmar (see Peretti et al., 1995). After two 
days of searching, we obtained one cabochon (figure 1) and 
about 30 rough samples of sectored ruby similar to the piece 
seen in Germany. Some days later, one of the authors (DS} 
acquired more than 70 additional rough sectored crystals from 
various dealers in Bangkok. For these samples, the suppliers 
mentioned Vietnam and Myanmar as possible countries of ori- 
gin. In total, more than 100 trapiche-type rubies were avail- 
able for the present study. In the course of our research, we 
also encountered one gray trapiche-type sapphire (Box Aj. 


MATERIALS AND METHODS 

All samples were examined macroscopically as well as by con- 
ventional microscopic techniques in reflected and transmitted 
light. Eighteen samples, which represented all of the struc- 
tural varieties seen, were sawn into three or four slices each. 
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tion of jewel bearing materials was 
employed. This machine, which has 
a phosphor bronze disk 6 inches in 
diameter and 0.012 inch thick ro- 
tating at about 2,800 revolutions per 
minute, cannot be considered efficient 
for sawing diamonds. The diamond 
was mounted in an insulated metal 
block, which was connected to one 
secondary terminal of the trans- 


inch long, 0.015 inch wide, and 0.017 
inch deep was produced in 75 min- 
utes. Sawing on the dodecahedron 
face of the diamond in figure 2 with 
the direction of motion of the edge 
of the saw parallel to the crystal 
axis, that is, in direction A, a cut 
0.14 inch long, 0.020 inch wide, and 
0.030 inch deep was made in 15 


minutes. 
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Figure 2.—Facet cut on the dodecahedron face of a diamond. 
Direction A, parallel to one axis; direction B, perpendicular to one axis. 


former and the disk was connected 
to the other terminal. With the aid 
of the are, which is formed at the 
contact of the diamond and saw edge, 
the diamond can be sawed regardless 
of the axial orientation. 

The relative sawing rates for dif- 
ferent directions agree with those 
found for similar directions when 
cutting. was done with the flat lap. 
Sawing directly on the octahedron 
face of the diamond in figure 1, with 
the direction of motion of the saw 
edge parallel to the face, a cut 0.14 


When sawing at right angles to 
the crystal axis or in direction B, 
figure 2, the sawing rate was about 
the same as for the octahedron face. 

If we define the cutting or sawing 
direction as the direction of motion 
of the diamond particles imbedded 
in the lap or the edge of the saw, the 
maximum cutting rate results when 
that cutting direction is parallel to 
ohne of the crystal axes. Under this 
condition the cutting direction makes 
angles of from about 35 to 45 de- 
grees with the octahedron faces or 


The slices were oriented three ways: (1) parallel to 
the c-axis and parallel to one of the arms of the six- 
rayed stars, (2) parallel to the c-axis and perpendicu- 
lar to one of the arms of the stars, or (3] perpendicu- 
lar to the c-axis. From these slices, we had polished 
slabs about 1.0-1.3 mm thick prepared for each of 
the 18 crystals, as well as 10 polished sections 
about 200 um thick and two approximately 20 um 
polished thin sections. We cut an additional 30 
pieces of rough in one direction and polished one 
side to view the internal structure. 

We examined the polished slabs with a gemo- 
logical microscope, first with fiber-optic illumina- 
tion and then immersed in methylene iodide. The 
polished sections were examined with convention- 
al petrographic microscopes {Leitz and Zeiss]. 

To identify the solid inclusions, we used two 
microanalytical techniques: 10 of the polished 
slabs were examined by Raman spectroscopy with 
a Renishaw Raman microscope (see Hanni et al., 
1996, for experimental details), and eight of the 
approximately 200 um thick polished sections were 
analyzed with a CAMECA Camebax SX 50 elec- 
tron microprobe. 

For additional chemical characterization of the 
material forming the arms of the six-rayed stars 
and comparison with the chemistry of the host 
ruby, we submitted five natural crystal fragments 
and six polished slabs to energy-dispersive X-ray 
fluorescence (EDXRF} analysis using a Philips PV 
9500 X-ray generator and detectors with a Spectrace 
TX-6100 system and software package. We used 
lead foils with specially prepared holes to restrict 
analysis to the ruby areas only (without any arm 
component} and to analyze areas that included part 
of a yellow arm and some adjacent ruby. 

In addition, yellow, nontransparent (translu- 
cent-to-opaque], triangular areas with massive 
inclusions in the outer zones of two samples were 
examined both by electron microprobe and by X- 
ray diffraction analysis (using a conventional 57.3 
mm diameter Gandolfi camera). 


VISUAL APPEARANCE 


We first examined the samples with the unaided 
eye or a 10x loupe. All of the rough samples were 
fragments of barrel-shaped crystals; they ranged 
from about 3 to 8 mm in diameter and from 3 to 10 
mim in length. Some were water-worn, but others 
revealed a distinct striated surface structure on 
planes more or less parallel to the basal pinacoid 
(figure 2). About 20 of the crystal fragments had 
natural faces, all with a uniform habit consisting of 
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Figure 1. Trapiche-type rubies have been seen in 
Southeast Asian gem markets. This 1.55 ct cabo- 
chon was purchased in Mae Sai, Thailand, from 
among material that was mined in Mong Hsu, 
Myanmar. As is the case with trapiche emeralds, 
the six-rayed star is fixed; that is, it does not move 
when the stone or light source is moved. 


a single dipyramidal crystal form. These faces were 
inclined about 5° to the c-axis, which indicates that 
the dominant form is the hexagonal dipyramid 
{14 14 28 3}. Three crystals had one or two addi- 
tional rhombohedral faces r (1011). 

The divided structure of the crystals was 
best seen in those polished slabs oriented perpen- 
dicular to the c-axis. In these hexagonal cross- 
sections, six red, transparent-to-translucent sec- 
tors were subdivided by the yellow- or white- 
appearing arms of a six-rayed star. In some crys- 
tals, the six arms (which, unlike typical asteriat- 
ed gems, are fixed—that is, they do not move 
when the stone or light source is moved) inter- 
sected at one small point, forming six triangular 
ruby sectors (figure 3]. In many cases, however, 
the arms extended outward from a hexagonal 
central core (figure 4], producing trapezoidal ruby 
areas. The cores of our study samples were usu- 
ally either opaque yellow or black (figure 5]; in 
some cases, they were transparent red. We also 
saw thin yellow or (rarely) white zones, similar 
in color to the arms of the stars, in the bound- 
aries between the black or red cores and the six 
triangular ruby sectors (see, e.g., figures 4 and 5). 

In some samples, only a small intersection 
point between the six yellow arms of the star was 
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Figure 2. The six-rayed (hexagonal) star in this 7.5- 
mm_-diameter trapiche ruby separates the ruby into 
six triangular sectors. Note the surface striations 
oriented perpendicular to the six dipyramidal faces 
of this crystal, almost parallel to the basal pinacoid. 


observed on both sides of a crystal fragment or pol- 
ished slab. In most cases, however, distinct cores 
were seen, revealing a pyramidal or tapered outline 
(figure 6). That is, the diameters of the red, yellow, 
or black cores varied between the two ends of the 
crystal fragments or between the two sides of the 
polished slabs (figures 3 and 5). In most cases, the 
cores or intersection points at both ends were the 
same color; however, we also saw a few barrel- 
shaped samples with different colors at either end. 

In some samples, yellow, nontransparent, feath- 
ery structures extended outward from the dividing 
planes into the transparent ruby sectors, forming tri- 
angular areas of massive inclusions toward the edges 
of the crystals (figure 7}. Occasionally, these zones 
had been weathered out (figure 8). 


MICROSCOPIC EXAMINATION 


In transmitted light, the yellow or black central 
cores, the six yellow arms of the stars, and the yel- 
low triangular areas appeared opaque (figure 9). We 
observed a series of parallel tube-like structures or 
striations extending outward from the cores or 
arms into the ruby sectors {figure 10). Where the 
ruby sectors were transparent, these structures 
were largely restricted to thin areas close to the 
central core and the arms (figure 11}, although 
some tubes did run through the full transparent 
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Figure 3. In some of the trapiche rubies, the six 
arms intersect at one small point, forming six trian- 
gular ruby sectors, This polished slab is about 4.2 
mm in diameter. 


sectors to the outer dipyramidal faces of the crystal. 
Those ruby sectors that were semi-transparent to 
translucent had more of the tube-like inclusions. 
Examination of the polished sections revealed 
the same characteristic patterns noted above, with 
striations restricted to the arms and boundaries 
between the cores and transparent ruby sectors (fig- 
ure 12a, b, c] and a dense concentration of tubes in 
semi-transparent samples (figure 12e, f}. In some 
samples, the six arms intersected in a small point, 
that is, without a core (figure 12a, e}; others had a 
small transparent red (figure 12f}, a small nontrans- 


Figure 4, In many of the trapiche rubies, the arms 
radiate from a hexagonal central core, so the six 
ruby sectors are trapezoidal. This polished slab 
measures about 3.2 mm in diameter. 
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Figure 5. These trapiche ruby cross-sections illus- 
trate some of the different forms observed in the 
samples examined. The arms of the stars inter- 
sect in a small point (lower right) or extend out- 
ward from the corners of a hexagonal black 
(upper right and lower left) or yellow (upper left) 
core. The upper left sample (which measures 
about 4.2 mm in diameter) is the other side of the 
slab shown in figure 3; note the size difference in 
the centers on the two sides. 


parent yellow (figure 12c]), or an opaque black core 
{figure 12d). A few had large cores (figure 12b, d). 
Occasionally, the arms widened toward the edges 
of the crystals, often with evidence of weathering 
(figure 12.d_f}. 

With higher magnification, using crossed 
polarizers, we resolved the striations as thin 
tubes (figure 13a) that were often filled with bire- 
fringent minerals. The arms of the six-rayed stars 
were formed by massive concentrations of such 
tubes, which were filled with birefringent miner- 
als (figure 13b}, a liquid, or a liquid and gas (fig- 
ure 13c). 

Examination of sections parallel to the c-axis 
revealed that the tube-like structures are not ori- 
ented exactly parallel to the basal plane of the 
corundum crystals, but rather show a slight incli- 
nation, about 5° (figure 14). This indicates that 
they are oriented perpendicular to the dominant 
dipyramidal faces w, which are inclined about 5° 
to the c-axis. 

In.the black or yellow cores of some of the pol- 
ished sections, we observed small birefringent min- 
eral inclusions in the form of tiny round spots (fig- 
ure 13a}. These probably represent cross-sections of 
tubes oriented perpendicular to the basal pinacoid, 
which means that the tube-like structures also run 
parallel to the c-axis in the cores of some samples. 
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Figure 6. This view, parallel to the c-axis of this 
7.2-mm_-diameter sample, illustrates the tapered 
core, which is mostly red but black at one end. 
Note the strong striations in the outer zones, away 
from the core. 


IDENTIFICATION OF THE 
MINERAL INCLUSIONS 


The birefringent mineral inclusions in the tube- 
like structures were analyzed independently by 
Raman spectroscopy and an electron microprobe. 
Two types of Raman spectra were found repeatedly 
in all of the polished slabs (figure 15). These spectra 
were consistent with calcite and dolomite, as deter- 
mined by data in the literature (White, 1974; Pinet 
et al., 1992) and our own reference spectra. 

Electron microprobe analysis of the solids filling 
the tubes confirmed these results and provided some 


Figure 7. The arms in this 4 x 6 mm trapiche 
ruby slab “feather out” and widen toward the 
outer edge of the crystal, almost completely 
absorbing one of the ruby sectors. 
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Figure 8. In some of the trapiche rubies in which 
the arms form triangular zones at the rim of the 
crystal, weathering has created re-entrant angles, 
This sample is approximately 7 x 8 mm. 


additional chemical data. Two mineral phases were 
present in all of the samples examined (figure 16}: a 
magnesium-bearing calcium-rich mineral (calcite) and 
a carbonate with higher magnesium and lower calci- 
um contents (dolomite). Quantitative chemical analy- 
ses gave a Mg:Ca ratio of 7:93 for the magnesium- 
bearing calcite (average of five analyses) and a Mg:Ca 
ratio of 49:51 for the dolomite {average of six analy- 
ses]. No iron was detected in either of these minerals. 


Figure 9. When the slabs are examined with 
transmitted light, the cores and arms of the 
trapiche rubies appear opaque. The parallel stria- 
tions illustrated in figure 2 are clearly seen in this 
3.5-mm-diameter cross-section. Immersion, 
crossed polarizers. 
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reveals a series of parallel tube-like structures 
extending outward from each of the six arms of the 
star and from the dividing planes between the 
black core and the six trapezoidal red zones. 
Magnified 10x. 


Because the tube-like structures that extended 
into the gem-quality ruby sectors were colorless, 
and the calcite and dolomite inclusions were iron- 
free, we concluded that the yellow color of the arms 
and some cores must be due to intense weathering 
and secondary iron staining of the cavities and 
tubes. This interpretation was supported by the 
presence of white arms in some (not deeply weath- 
ered} samples and by X-ray fluorescence analyses. In 
two samples for which we recorded distinct differ- 
ences, the iron signal in the XRF spectrum of the 
yellow arm was about four to five times stronger 
than the iron signal of the adjacent ruby sector 
(which contained fewer tube-like inclusions). 

The massive, nontransparent, yellow triangular 
areas that broadened toward the outer rim in some 
samples consist of non-gem-quality corundum, 
according to X-ray powder diffraction and micro- 


Figure 11. In those samples with transparent ruby 
sectors, most of the tube-like inclusions ended close 
to the arms or dividing planes with the core. 
Magnified 50x. 
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Figure 12. When viewed with transmitted light, the polished basal sections of the trapiche rubies clearly illustrate 
the different types of star-like structures: (a) the arms of the star in this 3-mm-diameter sample intersect in a small 
central point; (b) the arms in this 4-mm_-diameter section extend outward from the corners of a yellow central 
core; (c) the arms in this 4.2-mm-diameter section extend outward from the corners of a small yellow central core, 
with evidence of weathering in the arins at the rim (re-entrant angles); (d) the arms in this 3.2-mm-diameter sec- 
tion, which extend from a black core, get thicker as they approach the outer rim of the crystal, with evidence of 
weathering at the rim; (e) weathering is more extensive in the arms of this 5-mm-diameter sample, which intersect 
ina small central point; and (f) the arms in this 4.5 x 5 mm sample extend outward from a red core, ending in par- 
tially weathered triangular structures at the rim of the crystal, Note the profusion of tube-like inclusions in the 
ruby sectors of semi-transparent samples e-f, as compared to the ruby sectors of transparent samples a—c. Polished 


sections a, b, and d-f are 200 um thick; sample c is 20 um thick, Photomicrographs by O. Medenbach. 


probe analyses. In the samples we examined, these 
sectors contained a massive concentration of inclu- 
sions, apparently also accompanied by intense 
weathering and iron staining. 


DISCUSSION 


Nomenclature. These ruby samples share a number 
of common structural features with trapiche emer- 
alds from Colombia, as described in the mineralog- 
ic and gemological literature (Bernauer, 1926; 
McKague, 1964, Schiffmann, 1968; Nassau and 
Jackson, 1970; O’Donoghue, 1971). In both mineral 
species, corundum and beryl, hexagonal single crys- 
tals are divided by included materia] into six distinct 
triangular or trapezoidal growth sectors, depending 
on the presence or absence of a central core. The 
arms of the six-rayed stars consist of the host (ruby 
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or emerald) with inclusions of other minerals: cal- 
cite and dolomite for ruby, albite for emerald. In 
both gem materials, the central core consists of the 
host mineral alone or of the host mineral plus 
inclusions (similar to the composition of the arms], 
and it is typically tapered. 

Oriented striations (tube-like inclusions) occur 
both at the outline of the core and extending out- 
ward from the nontransparent arms into the trans- 
parent ruby or emerald sectors. In our ruby samples, 
these striations were oriented perpendicular to the 
dominant crystal form, that is, perpendicular to the 
hexagonal dipyramid @ {14 14 28 3}; in emerald, 
they are perpendicular to the first-order hexagonal 
prism m {1010}. 

In general, most of the structural characteristics 
that have been described for various trapiche emer- 
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Figure 13. When the polished sections were viewed with higher magnification and crossed polarizers, it 
became evident that the tube-Iike structures (a) were filled with birefringent minerals (b}, or with a liquid or 
liquid and gas (c}. The tiny round spots in the core of figure a are actually cross-sections of tubes that run per- 
pendicular to the basal pinacoid. Photomicrographs by O. Medenbach; a = magnified 10x, b = 40x, c = 40x. 


alds from Colombia (see, e.g., Bemmauer, 1926; Nassau 
and Jackson, 1970) were also found in the sectored 
rubies described in this article. Thus, it seems reason- 
able to apply the term trapiche not only to sectored 
emeralds from Colombia, but also to similarly sec- 
tored rubies regardless of geographic origin. 


Formation Sequence. Discussions as to whether the 
structural features observed in Colombian trapiche 
emeralds are primary or secondary in origin (i.e., 
whether they formed during or after the formation of 
the host emerald) are ongoing [McKague, 1964; 
Nassau and Jackson, 1970; Petreus, 1974]. However, 
the arrangement of the tube-like inclusions in our 
samples suggests that the sectored structure of the 
trapiche rubies described in this article is primary. 
Specifically, we believe that the red or black core 
formed first; then, a change in the growth environ- 


Figure 14. In this view of a 5.9-mm-diameter 
trapiche ruby crystal parallel to the c-axis, the 
tube-like inclusions show a small inclination to 
the basal plane. 
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ment caused the massive formation of tube-like 
inclusions at the outer edge of the core. Subsequent 
to this event, new tube-like inclusions formed at the 
boundaries between the six dipyramidal growth sec- 
tors. In the direction along the c-axis, tube-like inclu- 


Figure 15. On the basis of these Raman spectra (note 
that scales are different), the mineral inclusions in 
the tube-like structures were identified as (A) calcite 
and (B) dolomite. The lines at 414.8 and 749.7 cm:4 
(not labeled) are assigned to the corundum host. 


COUNTS — 
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BOX A: TRAPICHE SAPPHIRE 


A different type of trapiche emerald, which originated 
from the state of Goids, Brazil, was described by 
DelRe (1994}. The samples he examined consisted of a 
hexagonal central core with dark, trapezoidal, non- 
transparent areas extending inward from the six prism 
faces of the crystal, the trapezoidal areas were separat- 
ed by narrower green transparent zones that extended 
from the corners of the central core. Consequently, 
the Brazilian material appeared to be a photographic 
“negative” of Colombian trapiche emeralds. 

Recently, trapiche corundum with a similar 
“negative” appearance was seen in the gem market. 
Ten sapphires with a sectored structure were offered 
at the 1996 Basel fair by a Berlin gem dealer. He had 
purchased several cabochons and one faceted trapiche 
sapphire in Myanmar in early 1996, at that time, he 
was told that the samples originated from the Mong 
Hsu mining area (H.-J. Engelbrecht, pers. comm., 
1996). 

A 6.59 ct trapiche sapphire was purchased by one 
of the authors (HAH). It is whitish gray in color, with 
six almost triangular white reflective (opaque) areas. 
Small bands of a darker gray, less translucent material 
delineate the six triangular zones. The overall effect is 
of a fixed six-rayed hexagonal star (figure A-1). The 
white reflective material in the triangular areas close- 


Figure A-1, Whitish gray sapphires with a sectored 
structure have also appeared recently in the gem mar- 
ket. A 6.59 ct trapiche sapphire is shown here with 
the 1.55 ct trapiche ruby cabochon for comparison. 


sions also formed in basal growth sectors, with an 
orientation perpendicular to the basal pinacoid. 
Where the basal faces were prominent, discrete cores 
with calcite and dolomite inclusions in tube-like 
structures formed; where the basal faces were small 
or absent, smaller cores or intersection points 
between the arms of the stars formed. 
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ly resembles “silk,” and microscopic examination 
confirmed the presence in these areas of a dense pat- 
tern of rutile needles, similar to that which is com- 
monly seen in Burmese rubies and sapphires. In addi- 
tion, hexagonal growth zoning parallel to prism 
and/or dipyramidal faces established that the six rays 
of the star in this sample are oriented perpendicular to 
the prism and/or dipyramidal faces of the corundum 
crystal (figure A-2). This indicates that the six arms of 
the star in this trapiche sapphire are oriented perpen- 
dicular to the arms of the stars in the trapiche mbies 
described in this article. 

Microscopic examination also revealed yellow- 
appearing mineral inclusions that were concentrated 
in the areas confined by the six arms of the star. After 
carefully repolishing the back of the sapphire cabo- 
chon, we were able to identify these inclusions by 
SEM-EDS as phlogopite. These phlogopite inclusions, 
which were undoubtedly concentrated during crystal 
growth, are responsible for the dark gray appearance of 
the arms of the star. 


Figure A-2. These schematic drawings illustrate dif- 
ferences between the trapiche rubies and trapiche 
sapphire studied. In the ruby (a), the dividing planes 
between the red sectors are formed by tube-like inclu- 
sions oriented perpendicular to dipyramidal crystal 
faces (see figure 12). In the sapphire (b), the dividing 
planes are formed by zones with a high concentration 
of phlogopite inclusions perpendicular to prismatic or 
dipyramidal growth planes (broken lines); the rutile 
needles in the whitish reflecting growth zones are ori- 
ented parallel to the growth planes, as indicated here 
by the arms of the small six-rayed stars. 


The appearance of the samples described in 
this article can be explained in terms of their rela- 
tive position in this trapiche ruby growth sequence: 
Samples with red and/or black cores on either end 
of the crystal fragments were grown at an earlier 
stage, and those with yellow cores or intersection 
points were grown in a later stage. 
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Origin. As mentioned previously, some of the 
material described in this article was selected by 
the authors from large parcels of reportedly Mong 
Hsu rough in Mae Sai, northern Thailand. Certain 
characteristics of these trapiche rubies are closely 
related to those of untreated rubies from Mong Hsu 
(see Peretti et al., 1995): The dominant crystal form is 
the hexagonal dipyramid @ {14 14 28 3}, typical sam- 
ples reveal dark violet to almost black central cores 
and red rims, and an abrupt change of growth condi- 
tions is evident in the growth sequence. Further- 
more, calcite and dolomite are components of the 
Mong Hsu host rock; Peretti et al. (1996) described a 
ruby crystal from Mong Hsu in a calcite vein, embed- 
ded in a dolomite marble. 

However, there are also some indications that 
Vietnam might be the country of origin for all or 
some of the samples. One Bangkok gem dealer 
mentioned that he had seen rubies of this type 
coming from Vietnam (K. Siu, pers. comm., 1995). 
In addition, rubies with sectored growth structures 
were seen about five years ago in large parcels of 


REFERENCES 


Bernauer F. {1926} Die sog. Smaragddrillinge von Muzo und ihre 
optischen Anomalien. Neues Jahrbuch fiir Mineralogie, 
Geologie und Paldontologie, Supplemental Vol. 54, Part A, 
pp. 205-242. 

DelRe N. (1994} Gem trade lab notes: Emerald, trapiche from a new 
locality. Gems e) Gemology, Vol. 30, No. 2, pp. 116-117. 

Hanni H.A., Kiefert L., Chalain J.-P., Wilcock IC. {1996] Ein 
Renishaw Raman Mikroskop im gemmologischen Labor: 
Erste Erfahrungen bei der Anwendung [A Renishaw Raman 
Microscope in the gemmological laboratory: First application 
experiences]. Gemmologie. Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 45, No. 2, 1996, pp. 
55-70. 

Henn U., Bank H. {1996} Trapicheartige Korunde aus Myanmar. 
Gemmologie. Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 45, No. 1, pp. 23-24. 

Koivula J.I., Kammerling R.C., Fritsch E. (1994} Gem news: 
“Trapiche” purple-pink sapphire. Gers & Gemology, Vol. 
30, No. 3, p. 197. 

McKague HLL. (1964} Trapiche emeralds from Colombia, part I. 
Gems & Gemology, Vol. 11, No. 7, pp. 210-213, 223. 

Miillenmeister H.-J., Zang J. {1995} Ein Trapiche-Rubin aus 
Myanmar (Burma). Lapis, Vol. 20, No. 12, p. 50. 


250 Trapiche Rubies 


——es POSIT 


Figure 16. Electron 
microprobe-generated 
X-ray scanning images 
for Ca (left) and Mg 
(right} confirmed the 
presence of calcite and 
dolomite in the tube-like 
inclusions, The more 
intense calcite image 
reflects the higher calcium 
content in this mineral. 


Mg 


material from Vietnam, which probably originated 
from the Luc Yen mining area (C. P. Smith, pers. 
comm., 1996], and a purple-pink trapiche sapphire 
described by Koivula et al. (1994) reportedly came 
from a parcel of Vietnamese rough. 


CONCLUSION 


Trapiche rubies represent a new variety of corundum 
that is similar in appearance to trapiche emeralds. 
Like trapiche emeralds, these rubies are composed of 
six triangular or trapezoidal sectors formed by the 
fixed arms of a six-rayed star, with or without a 
tapered core. The arms consist of the host material 
and massive concentrations of inclusions. In trapiche 
rubies, these inclusions are tube-like structures that 
are oriented perpendicular to dominant dipyramidal 
crystal faces. The minerals in these tubes are calcite 
and dolomite. Although the arrangement of these 
inclusions suggests that the star pattern formed at 
the same time as the ruby crystal formed, the 
detailed growth mechanism of the trapiche ruby pat- 
tern cannot be explained at present. 


Nassau K., Jackson K.A. {1970} Trapiche emeralds from Chivor 
and Muzo, Colombia. American Mineralogist, Vol. 55, No. 
3/4, pp. 416-427. 

ODonoghue MJ. {1971} Trapiche emerald. Journal of Gemmaolagy, 
Vol, 12, No 8, pp. 329-332. 

Peretti A., Mullis J., Mouawad F. (1996) The role of fluorine in 
the formation of colour-zoning in rubies from Mong Hsu, 
Myanmar (Burma). Journal of Gemmology, Vol. 25, No. 1, 
pp. 3-19. 

Peretti A., Schmetzer K., Bernhardt H.-J., Mouawad F. (1995) 
Rubies from Mong Hsu. Gems #& Gemmology, Vol. 31, No. 
1, pp. 2-26. 

Petreus I. (1974) The divided structure of crystals, I: Secondary 
structures and habits. Neues Jahrbuch fiir Mineralogie 
Abhandlungen, Vol. 122, No. 3, pp. 314-338. 

Pinet M., Smith D.C., Lasnier B. (1992) Utilité de la microsonde 
Raman pour l’identification non-destructive des gemmes. In 
La Microsonde Raman en Gemmologie, Association Francaise 
de Gemmologie, Paris, pp. 11-60. 

Schiffmann C.A. (1968) Unusual emeralds. Journal of 
Gemmology, Vol. 11, No. 4, pp. 105-114. 

White W.B. {1974} The carbonate minerals. In V.C. Farmer, Ed., 
The Infrared Spectra of Minerals, Mineralogical Society 
Monograph 4, London, pp. 227-284. 


GEMS & GEMOLOGY Winter 1996 


Fall 1988 

An Economic Review of Diamonds 

The Sapphires of Penglai, Hainan Island, China 
Iridescent Orthoamphibole from Wyoming 
Detection of Treatment in Two Green Diamonds 
Spring 1989 

The Sinkankas Library 
The Gujar Killi Emerald Deposit 

Beryl Gem Nodules from the Bananal Mine 
“Opalite:” Plastic Imitation Opal 


Summer 1989 
Filled Diamonds 
Synthetic Diamond Thin Films 
Grading the Hope Diamond 

Diamonds with Color-Zoned Pavilions 


Fall 1989 
Polynesian Black Pearls 
The Capoeirana Emerald Deposit 

Brazil-Twinned Synthelic Quarlz 

Thermal Alteration of Inclusions in Rutilated Topaz 
Chicken-Blood Stone from China 


Winter 1989 
Emerald and Gold Treasures of the Atocha 
Zircondeegy Ge AWA Range, Australia 
Blue ettolile 
Reflectance Infrared Spectroscopy in Gemology 
Mildly Radioactive Rhinestones 

Spring 1990 
Gem Localities of the 1980s 

Gemstone Enhancement and Its Detection 
Synthetic Gem Materials in the 1980s 

New Technologies of the 1980s 

Jewelry of the 1980s 

Spring 1991 

Age, Origin, and Emplacement of Diamonds 
Emeralds of Panjshir Valley, Afghanistan 


Summer 1991 

Fracture Filling of Emeralds: Opticon and “Oils” 
Emeralds from the Ural Mountains, USSR 
reated Andamooka Matrix Opal 


Fall 1991 

Rubies and Fancy Sapphires trom Vietnam 
New Rubies trom Morogoro, Tanzania 
Bohemian Garnet—Today 


Winter 1991 

atine Mining of Diamonds off Southern Africa 
Sunstone Labradorite from the Ponderosa Mine 
Nontraditional Gemstone Cutting 
Nontransparent “C2” from Russia 

Spring 1992 

Gem-Quality Green Zoisite 

Kilbourne Hole Peridot 

Fluid Inclusion Study of Querétaro Opal 
Natural-Color Nonconductive Gray-to-Blue Diamonds 
Peridot as an Interplanetary Gemstone 


Summer 1992 

Gem Wealth of Tanzania 

Gamma-Ray Spectroscopy and Radioactivily 
Dyed Natural Corundum as a Ruby Imitation 
An Update on Sumitomo Synthetic Diamonds 


Fall 1992 
Ruby and Sapphire Mining in Mogok 
Bleached and Polymer-Impregnated Jadeite 
Radiation-Induced Yellow-Green in Garnet 


Winter 1992 
Determining the Gold Content of Jewelry Metals 
Diamond Sources and Production 

Sapphires from Changle, China 


Spring 1993 
Queensland Boulder Opal 
Update on Diffusion-Treated Corundum: 
Red and Other Colors 
A New Gem Beryl Locality: Luumaki, Finland 
De Beers Near Colorless-to-Blue Experimental 
Gem-Quality Synthetic Diamonds 
Summer 1993 
Flux-Grown Synthetic Red and B 
Spinels from Russia 
Emeralds and Green Beryls of Upper Egypt 
Reaclor-Irradiated Green Topaz 


ue 


BACK 


ISSUES OF 


GEMS GEMOLOGY 


Lirhited quantities of these issues are still available 


GES GeNOLiGl 


Spring 1995 


Winter 1994 Winter 1995 Winter 1996 


Complete your back issues of 


Gems & Gemology NOW! 
| US. Canada & Mexico Elsewhere 
| Single Issues* $11.00 each $13.09 each $ 14.00 each 
Complete Volumes.* 


1987, 1991, 1992, 1993, 


1994, 1995, 1996 $38.00 each $ 44.00 each $53.00 each 
Three-year set $105.00 each $120.00 each $155.00 each 
Five-year set $170.00 each $190.00 each $245.00 each 


*10% discount for GIA Annual Fund donors at the Booster’s Circle level and above. 


TO ORDER: Call toll free (800) 421-7250, ext. 202 or 
(310) 829-2991, ext. 202 


FAX (310) 453-4478 OR WRITE: G&G Subscriptions GIA 
P.O. Box 2110, Santa Monica, CA 90404 USA 


Fall 1993 

Jewels of the Edwardians 

A Guide Map to the Gem Deposits of Sri Lanka 

Two Treated-Color Synthetic Red Diamonds 

Two Near-Colorless General Electric Type lla 
Synthetic Diamond Crystals 


Winter 1993 
Russian Gem-Quality Synthetic Yellow Diamonds 
Heat Treating Rock Creek (Montana) Sapphires 
Garnets from Altay, China 
Spring 1994 
The Anahi Ametrine Mine, Bolivia 

Indaia Sapphire Deposits of Minas Gerais, Brazil 
Flux-Induced Fingerprints in Synthetic Ruby 


Summer 1994 

Synthetic Rubies by Douros 

Emeralds from the Mananjary Region, Madagascar: 
Internal Features 

Synthetic Forsterite and Synthetic Peridot 

Update on Mining Rubies and Fancy Sapphires in 
Northern Vietnam 


Fall 1994 

Filled Diamonds: Identification and Durability 

Inclusions of Native Copper and Tenorite in 
Cuprian-Elbaite Tourmaline, Paratba, Brazil 


Winter 1994 
Color Grading of Colored Diamonds in the GIA 

Gem Trade Laboratory 
Ruby and Sapphire from the Ural Mountains, Russia 
Gem Corundum in Alkali Basalt 


Spring 1995 

Rubies from Mong Hsu 

The Yogo Sapphire Deposit 

Meerschaum from Eskisehir Province, Turkey 


Summer 1995 
History of Pearling in La Paz Bay 
An Updale on the Ural Emerald Mines 
A Visual Guide to the Identification 
of Filled Diamonds 


Fall 1995 

Gem-Quality Grossular-Andradite: A New Garnet 
{rom Mali 

Sapphires from Southern Vietnam 

“Ti-Sapphire": Czochralski-Pulled Synthetic Pink 
Sapphire from Union Carbide 


Winter 1995 

A History of Diamond Sources in Africa: Part 1 

A Chart for the Separation of Natural and 
Synthetic Diamonds 

Spring 1996 

AHistory of Diamond Sources in Africa: Part Il 

Gemological Investigation of a New Type of Russian 
Hydrothermal Synthetic Emerald 

Growth Melhod and Growth-Related Properties of a New 
Type of Russian Hydrothermal Synthetic Emerald 


Summer 1996 

Sapphires from the Andranondambo Region, 
Madagascar 

Russian Demantoid, Czar of the Garnet Family 

Opal trom Shewa Province, Ethiopia 


Fall 1996 

De Beers Natural versus Synthetic Diamond 
Verification Instruments 

Analyzing Internal Growth Structures: 
Identification of the Negative d Plane in 
Natural Ruby 

Russian Flux-Grown Synthetic Alexandrite 


Winter 1996 

Imperial Topaz from the Capao Mine, 
Minas Gerais, Brazil 

Trapiche Rubies 

Identifying Black Opaque Gem Materials 

Enstatite, Cordierite, Kornerupine and Scapolite 
from Embilipitiya, Sri Lanka 

Some Tanzanite Imitations 


Some issues from the 1984-1987 
volume years are also available. 
Please contact the Subscriptions Office for details. 


ORDER NOW! 


SOME GEMOLOGICAL CHALLENGES 
IN IDENTIFYING BLACK OPAQUE 
GEM MATERIALS 


By Mary L. Johnson, Shane F. McClure, and Dino G. DeGhionno 


Among the most difficult gems to identi- 
fy are those that are black and opaque (or 
nearly so). In general, any gem material 
can be opaque because of inclusions, any 
black opaque material can be fashioned, 
and any porous material can be dyed. 
Thus, to identify a black opaque materi- 
al, every possible mineral, and many 
rocks and manufactured substances, 
must be considered. Microscopic appear- 
ance, refractive index, specific gravity, 
and other properties (such as magnetism 
or radioactivity) provide useful clues, but 
in most cases advanced identification 
techniques (X-ray diffraction, EDXRF 
spectroscopy) are necessary, and even 
these may not be conclusive. Black 
opaque pyroxenes, amphiboles, and 
spinel-group minerals are especially chal- 
lenging to identify. 
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ne of the most challenging problems in gemology is that 
of determining the identity of a black opaque gem mate- 
rial—hereafter called a “black opaque.” Such materials are 
a mainstay of the jewelry business, primarily as side stones, dec- 
orative elements in multi-stone mosaics, and in men’s jewelry. 
Treated black chalcedony (“black onyx”), black jade, and 
hematite traditionally have been the black opaques in greatest 
demand. As a variety of quartz, “black onyx” is probably the 
most familiar durable black opaque to lapidaries and gem cut- 
ters. Today, it is a popular medium for artistic carvings, many of 
which have been incorporated into fine jewelry {figure 1). 

In recent years, various materials have been misrepresent- 
ed as “black onyx” or “black jade” to meet the trade’s need for 
calibrated goods in high-volume markets. Members of the 
trade, in turn, have been sending samples to identification lab- 
oratories to ensure that the material has been properly repre- 
sented, so that they can sell it honestly. Usually, individual 
items sent to the GIA Gem Trade Laboratory (GIA GTL] for 
identification are representative of larger lots. 

The purpose of this article is to provide a set of procedures 
by which to identify black opaques (that is, materials that are 
black or almost black and opaque or nearly so). The examples 
used are drawn primarily from our experience at GIA GTL. Not 
all black opaques are included here, as that is beyond the scope 
of a single article (and almost any gem material, by virtue of 
inclusions, can become a “black opaque”}. Because so many 
materials—both common and exotic—may be used as black 
opaques, any set of identification procedures must take all pos- 
sibilities into consideration, not just a few. For example, black 
jade (nephrite or jadeite), “onyx,” and hematite each have many 
imitations. Also, natural-color black diamonds may be confused 
with diamond imitations and treated-color diamonds. In the 
last few years, other black opaque materials have become 
increasingly available, such as the amphibole ferrohornblende 
(sold as black “gem barkevikite”} and various spinel-group min- 
erals (figure 2}. Still another challenging problem is that of iden- 
tifying black opaque polycrystalline aggregates, or rocks. 
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Figure 3.—Facet cut on cube face of a diamond. 
Direction A, parallel to one axis; direction C, 45 degrees to two axes. 


cleavage planes. When the cutting 
direction is parallel to the octahedron 
faces or cleavage planes the cutting 
rate is at a minimum. For other 
orientation the cutting, or sawing, 
rate lies between these two extremes. 
These same rules should hold for 
the rate of wear in diamond dies. 


Experiments are now in progress 
the purpose of which is to find the 
explanation of the electric phenom- 
ena involved in the are cutting, saw- 
ing, and drilling of diamonds. How- 
ever, the data now accumulated do 
not justify definite conclusions re- 
garding the nature of the process. 


This article will examine the applicability of 
advanced as well as traditional gemological tests in 
identifying black opaque gem substances. Basic 
gemological tests can distinguish some common 
black opaque materials, but they cannot be relied 
on for unambiguous determination in all cases. 
Various ancillary methods can also provide useful 
clues about the nature of black opaques. In most 
situations, though, only advanced techniques pro- 
vide the definitive information needed to identify 
these materials. 

Certain black materials (pearl, jet} are distinc- 
tive enough to present their own identification 
challenges, and are outside the scope of this article. 
The reader should consult Muller (1987) for the 
separation of jet from other natural and manufac- 
tured hydrocarbons; Goebel and Dirlam (1989} pro- 
vide a good summary of how to identify treatments 
in black natural and cultured pearls. 


TESTING METHODS FOR 
BLACK OPAQUES 


Optical Tests. As Liddicoat (1989) pointed out, the 
first test used in examining a gem material is visual 
observation—with a microscope, a loupe, or the 
unaided eye. For many transparent stones, much of 
the relevant identification information comes from 
the stone’s interior; that is, transmission of light 
through the stone is needed to detect characteristic 
features. In the case of black opaques, however, exam- 
ination is limited to surface or near-surface features. 
The first question to be addressed when identify- 
ing black opaques is whether the material is single- 
crystal (or glass} or an aggregate. An important clue in 
this regard is the appearance of a fracture surface. 
With fashioned stones, look for the small chips that 
are frequently present around the girdle or on the 
back of cabochons. Most aggregate materials will 
have a dull, granular fracture, although extremely 
fine, compact aggregates, such as chalcedony, may 
appear waxy and conchoidal. In contrast, single-crys- 
tal materials may have any of several types of fracture 
surfaces (including conchoidal, uneven, and splintery 
with vitreous [glassy] to adamantine luster), but they 
are never granular. Therefore, if a vitreous conchoidal 
fracture is observed, it can be surmised that the mate- 
rial is single crystal. Conversely, if a granular fracture 
is observed, the material must be an aggregate. 
Another simple test is to examine the polished 
material with reflected light, to look for fractures 
and grain boundaries, differences in relief (figure 3), 
and differences in reflectivity (figure 4), all of which 
indicate an aggregate. Contrasts in relief may result 


Black Opaque Gem Materials 


Figure 1, Because of their dramatic appearance, 
and the ease with which many can be fashioned, 
black opaque gem materials are increasingly 
important in gem carvings and custom-made jew- 
elry. This 9.1 x 3.5 cm piece is composed of carved 
drusy dyed black chalcedony (“black onyx”), 
together with carved Oregon opal, a pink tourma- 
line, mother-of-pearl, and diamonds. Carvings and 
gold fabrication by Glenn Lehrer, San Rafael, 
California; photo © Lee-Carraher Photography. 


from different polishing hardnesses among the 
minerals present, from directional variations in 
hardness between grains with different orienta- 
tions, or from different grain sizes, as in the bands 
in “black onyx” and black coral. Usually only large 
differences in refractive index values {and, thus, 
luster) can be observed. 
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Figure 2. These four opaque black stones, which 
range from 1.88 to 13.63 ct, are hercynite (the two 
faceted stones) and magnetite, spinel-group miner- 
als from the Bo Phloi region of Thailand. Photo by 
Maha DeMaggio. 


If a microscope with an analyzer is available, a 
polarizer can be placed over the light source to 
obtain additional information. Anisotropic (uniaxi- 
al and biaxial) minerals have different refractive 
indices with different directions of polarized light, 
so the relative reflectivities of adjacent grains in an 
aggregate may change as the analyzer is rotated. 
Some highly reflective materials, such as the black 
opaque minerals graphite and enargite, may show 
pleochroism in reflected light. 

Observation of the sample’s luster can be very 
important (again, see figure 2). Black opaques can 


Figure 3. The contrast in relief seen in reflected 
light in this dark green fuchsite (muscovite) mica is 
due to the presence of harder minerals, such as 
quartz, in this aggregate material. Photo by John 1. 
Koivula; magnified 15x. 
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have any type of luster and, in general, “higher” 
lusters (adamantine or metallic} correspond to high 
RI. values. However, the apparent luster also may 
be affected by the quality of the polish on a fash- 
ioned gem. 

In many cases, a black opaque is not complete- 
ly black or opaque when a very thin region is 
viewed with a strong beam of light. Fiber-optic illu- 
mination in conjunction with magnification is 
ideal for this purpose (Koivula, 1982). Materials 
that have a black appearance overall may look 
green, brown, red, blue, purple, gray, or the like, at 
these intensely lit thin edges. Sometimes growth 
structures are more visible in thin edges with 
strong transmitted light (figure 5) than with reflect- 
ed light. Inclusions—such as gas bubbles in manu- 
factured glass, and stretched gas bubbles and iron- 
titanium oxide inclusions in natural volcanic glass 
(obsidian; see, e.g., Gtibelin and Koivula, 1986, p. 
285]—may also be seen. 

Some black opaques display asterism (see, ¢.g., 
Kane, 1985 [sapphire]; Liddicoat, 1989 [diopside]; 
Koivula and Kammerling, 1990a [ekanite]; and 
Koivula et al., 1993b [irradiated quartz]}, which can 
be an important consideration for identification. 
Chatoyancy is also seen occasionally {as in opal— 
Koivula and Kammerling, 1990b}. Both of these phe- 
nomena may be very weak, so strong pinpoint illu- 
mination also should be used to search for them. 

In those cases where a material is black because 
of inclusions, it often helps to try to determine 
which opaque material is responsible for coloring 
the unknown. Strong, low-angle oblique illumina- 
tion can be used, with magnification, to distinguish 


Figure 4, The crystals in this sample of (manufac- 
tured) devitrified glass have a higher refractive 
index than the glass matrix, and so they reflect 
more light. Photomicrograph by John I. Koivula; 
magnified 20x. 
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Figure 5. The banding in this “black onyx” cabo- 
chon is visible only on a very thin edge with strong 
fiber-optic illumination. The black chalcedony 
may have been a banded agate before being treated 
to produce the black color, or it could have been a 
chalcedony in which different layers selectively 
absorbed the coloring agent. Photomicrograph by 
John I. Koivula; magnified 10x. 


{for instance} between metallic iron oxides such as 
hematite, which appear reddish brown when lit 
from the side (figure 6), and titanium-bearing 
oxides such as ilmenite, which may appear white 
when lit from the side (because of surface alteration 


Figure 6, The large hematite crystal in this 
quartz/magnetite/hematite cabochon looks red 
along a very thin edge; this red color is seen when 
the sample is examined with low-angle oblique 
illumination. Photomicrograph by John I, Koivula; 
magnified 15x. 
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into white so-called "leucoxene" [Deer et al., 1966, 
pp. 418-419], figure 7). Similarly, the opaque iron 
sulfides pyrite and pyrrhotite look brassy yellow in 
reflected light. This technique may also provide 
clues to the identity of a metallic-luster opaque. 
Many other optical tests—such as observing 
the absorption spectrum, checking the optic sign, 
or looking for pleochroism—are not feasible when 
testing black opaques. (However, a reflected-light 
spectrum sometimes can be obtained from opaque 
samples: Kammerling et al., 1990.) Fortunately, the 
refractive index {or indices) of an opaque material 
still can be measured, although many materials, 
especially those with metallic lusters, have indices 
that are over the limits of a standard refractometer, 
Measurements should be taken from several places 
on a black opaque to check for multiple phases, or 
to determine if the material is doubly refractive. 
{As used here, “phases” refers only to solid phases, 
including distinct minerals, glass, plastic filler, etc.] 


Other Physical Tests. Specific gravity can be 
extremely valuable for distinguishing among sin- 
gle-crystal materials, especially those with refrac- 
tive indices greater than 1.81. It is somewhat less 
reliable for aggregates and porous materials. Note 
that some materials give inconsistent specific 
gravity values, including the hercynite sample 
described below. Also, hydrostatic specific gravity 
measurements are less precise than, for example, 
refractive index measurements. 


Figure 7. The ilmenite crystal in this black 
labradorite moonstone cabochon looks white when 
viewed with low-angle oblique illumination. 
Photomicrograph by John I. Koivula; magnified 20x. 


GEMS & GEMOLOGY Winter 1996 255 


Various other tests may be useful or even diag- 
nostic for certain materials. One common test is the 
observation of luminescence to long- or short-wave 
ultraviolet radiation. For example, some black dia- 
monds fluoresce (Kammerling et al., 1990). Certain 
black opaques, notably magnetite, are strongly 
attracted to magnets, as are some other spinel-group 
minerals (e.g., some hercynite: Johnson, 1994) and 
some hematite (Fryer et al., 1984). The streak test 
(scratching an inconspicuous corner of the sample 
across an unglazed porcelain plate) must be made 
carefully, as it is a destructive test, but it can provide 
distinctive information about certain materials. For 
example, the iron oxides—magnetite, hematite, and 
goethite—have black, red, and brown streaks, 
respectively. However, for aggregate materials with 
small grain sizes, the low-angle oblique illumination 
test mentioned above provides the same information 
as a streak test, without the risk of damaging the 
sample. Some low-luster materials, such as jet and 
plastics, react to the thermal reaction tester (“hot 
point”) with diagnostic aromas. 

Some materials are electrically conductive. 
These will give a positive response to an electrical 
conductometer—or even to an electrical multime- 
ter, which is available at most hardware stores. For 
example, a diagnostic test for manufactured yttri- 
um iron garnet, YIG, is that it does not conduct 
electricity (Kammerling et al., 1990). However, 
practically any mineral or rock can appear black 
and opaque because of included graphite, which 
conducts electricity; consequently, such a material 
might give a positive response to an electrical con- 
ductivity test even though the host material is not 
electrically conductive. 

Finally, a few materials are innately radioactive, 
such as pitchblende (uraninite; Fuhrbach, 1987) 
and dark green to black-appearing ekanite (see, e.g., 
Kane, 1986a; "Gem News," 1987). Others are 
radioactive because of treatment, such as treated- 
color black diamonds (see, ¢.g., Reinitz and 
Ashbaugh, 1992; Koivula et al., 1992c}. Radio- 
activity can be detected by means of handheld 
detectors (such as Geiger counters}, by the fogging 
of photographic film (see, e.g., Fuhrbach, 1987), or 
with more sophisticated techniques (Ashbaugh, 
1992), 

In many cases, however, the information provid- 
ed by the tests described above will not be sufficient 
to identify a black opaque (figure 8). For these pieces, 
more advanced testing, requiring more sophisticated 
equipment, is necessary. 
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Advanced Tests. Two advanced testing procedures 
will usually identify any unknown black opaque: X- 
ray powder diffraction analysis and energy-dispersive 
X-ray fluorescence (EDXRF) spectroscopy. In X-ray 
powder diffraction analysis, a minute amount of 
material is scraped from an inconspicuous spot on 
the sample. The resulting fine powder is attached to 
a sinall glass fiber “spindle” that is then mounted— 
along with a strip of X-ray sensitive film—in a spe- 
cial diffraction camera. Next, the sample is exposed 
to a strong beam of nearly monochromatic X-rays. 
The lattice of atoms (atomic structure) of the rotat- 
ing powdered sample causes the X-rays to be diffract- 
ed and expose arc-shaped regions on the film. By 
measuring the positions of these arcs, and estimat- 
ing their relative intensities, we can compare the X- 
ray powder diffraction pattern of the unknown mate- 
rial to diagnostic patterns for known materials. 
Because the powder sample is usually taken from 
only one or a few inconspicuous spots, care must be 
exercised to ensure that the area sampled is repre- 
sentative of the piece as a whole; this is especially 
difficult to guarantee for black aggregates. 

In the second test, EDXRF spectroscopy, the 
entire sample is exposed to a strong X-ray source, 
which induces the elements in the sample to pro- 
duce (or “fluoresce”) secondary X-rays. Because each 
element in the sample produces X-rays with a char- 
acteristic set of energy levels, the sample’s chemical 
composition can be approximated by collecting and 
counting these X-rays. (Note that the elements with- 
in the sample absorb some or all of each other’s 
emitted X-rays, as well as the source X-rays, and can 
cause one another to fluoresce; consequently, the 
quantitative or even semi-quantitative determina- 
tion of a sample’s chemistry is much more compli- 
cated and, in general, requires appropriate and well- 
understood standards.] 

The combination of X-ray powder diffraction 
and EDXRF analyses can usually determine both the 
structure and the chemistry of a sample. Frequently, 
this information is sufficient to identify the materi- 
al. However, we may not be able to separate miner- 
als that form groups or series (such as pyroxenes, 
amphiboles, and spinels) from other members of the 
same mineral group without further testing, such as 
the destructive or relatively inaccessible tests 
described below. 


Petrographic and Other Geologic Tests (Not 
Recommended). Because of their destructive 
nature, certain standard geologic tests may be inap- 
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propriate for gemstones. The simplest of these is 
hardness testing, which requires scratching the 
sample one or more times. Detailed optical infor- 
mation about transparent minerals can be obtained 
from thin sections of that material—that is, slices 
with an ideal thickness of about 30 um that have 
been polished on both sides. Many minerals that 
appear to be opaque at a thickness useful for jewel- 
ry are transparent or translucent in thin section; 
however, most customers do not want a represen- 
tative slice taken from their valuable gem! 

Quantitative chemical techniques, such as 
electron microprobe analysis and scanning elec- 
tron microscopy—energy dispersive spectroscopy 
(SEM-EDS], require costly equipment, trained per- 
sonnel, and special sample preparation. Some 
other techniques, such as classical wet chemistry 
and the more modern gas chromatography/mass 
spectrometry (GC/MS), require complete destruc- 
tion of at least part of the sample. Other sophisti- 
cated tests—transmission electron microscopy, 
the “ion probe,” single-crystal X-ray diffraction, 
and the like—require special preparation and/or 
some sample destruction in order to characterize a 
mineral completely. Consequently, such tests are 
usually inappropriate for isolated gem samples, 
although they may be required to characterize 
fully a new gem material. 


SPECIFIC IDENTIFICATION EXAMPLES 


Several examples of black opaque materials that 
have been seen at GIA GTL are given in table 1, 
along with an abbreviated list of their properties 
and some references for further information. This 
list is certainly not complete, as any gem material 
may be black and opaque if it contains a sufficient 
amount of dark inclusions (as is the case with 
black diamonds, for example}. Furthermore, virtu- 
ally any dark-colored mineral that occurs in aggre- 
gates that are large and coherent enough can be 
fashioned into a cabochon, and any porous materi- 
al—such as calcite, dolomite, chalcedony, and the 
like—can be dyed black (figure 9). Three especially 
challenging identification problems are discussed 
below: rocks (aggregate materials}, pyroxene- and 
amphibole-group minerals, and black spinel-group 
minerals. 


First Example: Aggregate Materials (Rocks). 
Inspection with reflected light provides the best 
clue to the appropriate procedure for identifying a 
black opaque aggregate material. Are there differ- 
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Figure 8. It would probably be necessary to use 
advanced testing methods, such as EDXRF spec- 
troscopy and X-ray powder diffraction analysis, 
to determine which black material was used in 
this carving by Steve Walters. The carving is set 
with amethyst-citrine and diamonds in a con- 
vertible enhancer pin designed and manufac- 
tured by David W. Lisky and Christopher 
Engelken, of Christopher David Designs, 
Milwaukee, Wisconsin. Photo by John Parish. 


ences in polishing hardness, relief, or reflectivity, 
indicating the presence of multiple phases or of 
multiple orientations of the same mineral phase? If 
so, what are the relative amounts of the phases pre- 
sent? (Relative amounts are determined by estimat- 
ing the proportion of different distinct areas, a stan- 
dard practice in sedimentary petrology.) In most 
cases, only phases comprising 25% or more of the 
sample are identified by GIA GTL. 

Sometimes, the surface areas of individual 
phases in a rock are large enough so that individual 
RI. values can be determined. The specific gravity, 
on the other hand, is an aggregate property: The 
specific gravity we determine for an aggregate sam- 
ple should agree with the weighted average of the 
S.G. values of the individual phases present. (If it 
does not, the material may be different below its 
surface—e.g., hollow, or zoned around a denser 
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TABLE 1. Gemological properties of some black opaque gem maierials.4 


Name Rl. $.G. Luster Comments References 

Hematite 2.94-3.22 4,95-5.16 Metallic Sometimes magnetic Fryer et al. (1984), Liddicoat (1989), 
Webster (1994) 

Uraninite Nat available §.2-10.0 Submelallic, resinous Radioactive Fuhrbach (1987), Liddicoat (1989), 
Kammerling et al. (1990) 

Diamond 2417 3.52 Adamantine Liddicoat (1989), Crowningshield (1990), 
Kammerling et al. (1990), Johnson (1995) 

Irradiated “black” diamond 2417 3.52 Adamantine Sometimes Liddicoat (1989), Kammerling et al. (1990), 

radioactive Koivula et al. (1992c), Reinitz and 

Ashbaugh (1992) 

Cassiterite 2.006-2.097 6.99 Adamantine to vitreous Liddicoat (1989), Kammerting et al. (1990) 

Hausmannite > 1.81 4.84 Adamantine Kammerling et al. (1995b), observation of same 
material (unpublished) 

“Psilomelane" (Mn oxides) > 1.81 4.35 Melallic to submetallic Webster (1994) 

Spinel Group 

Magnetite 2.42 5.20 Metallic Magnetic Deer et al, (1966), Welch (1987), this work 

Hercynite > 1.81; 1.835 4.40 Subadamantine Sometimes magnetic Johnson (1994), Webster (1994), this work, 

Spinel 177 3.83 Vitreous Fryer et al. (1982), Hurwit (1984), Webster (1994) 

Intermediate spinel-hercynite 1.765 3.93 Subadamantine to vitreous Koivula et al. (1993a) 

Garnet Group 

Andradite garnet (melanite) 1.885 3.84 Subadamantine to vitreous Liddicoat (1989) 

Pyrope 1.740 About 3.72 Vitreous Fryer (1988) 

Corundum (star sapphire) 1.760-1.78 3.989-4.0 Subadamantine Kane (1985), Liddicoat (1989), Webster (1994) 

Pyroxene Group 

Augite 1.702-1.728 3.20-3.35 “High* vitreous Hurwit (1988a) 

Diopside (star) 1.675-1.701 3.33 Vitreous Liddicoat (1989), Webster (1994) 

Jadeite jade 1,65-1.67 3.20-3.34 Vitreous Liddicoat (1989), Hargett (1990) 

Tourmaline 1.622-1.655 3.15-3.2 Vitreous Liddicoat (1989), Webster (1994) 

Amphibole Group 

Ferrohornblende 1.60-1.70 3.36 Vitreous Crowningshield et al. (1994) 

Nephrite jade 1.600-1.641 2.90-3.02 Vitreous Liddicoat (1989), Webster (1994) 

Cummingtonite-grunerite 1.54-1.65 Kane (1984) 

Jet 1.59-1.66 1.20-1.30 Resinous Hunwit (1985), Liddicoat (1989), Webster (1994) 

Ekanite 1.593-1.595 About3.30 Vitreous Radioactive Kane (1986a} 

Labradorite feldspar 1.560-1.568 2.69 Vitreous Colored by inclusions —_ Liddicoat (1989), Webster (1994) 

Dyed chalcedony (black “onyx") 1.530-1.589  2.57-2.64 Vitreous Koivula and Kammerling (1991), Webster (1994) 

Chalcedony with “Psilomelane” 1.535-1.539 3.0-3.1 Metallic to submetallic Banded Liddicoat (1989), Kammerling et al. (1990), 
Koivula and Kammerling (1989) 

Coated quartz 1.54 Vitreous to dull Hurwit (1988b) 

Dolomite 1.51-1.67 2.8-2.9 Vitreous Koivula et al. (1994), Webster (1994) 

Black coral 1.56 1.34 Resinous Liddicoat (1989), Webster (1994) 

Obsidian 1.48-1.52 2.30-2.50 Vitreous Liddicoat (1989), Webster (1994) 

Opal (black opaque) 1.44 2.02 Vitreous Koivula and Kammerling (1890b) 

Rocks (aggregates) 

Dolomite/quartzite rock 1.66 spot 2.74 Vitreous Hargett (1991) 

Basalt rock nd? nd. nd. Koivula and Kammerting (1989) 

Simulants 

Cubic zirconia 2.14 6.14-6.16 Adamantine Kammerling et al. (1991), Koivuta et al. (1992b) 

Silicon > 1.81 2.34 Metallic Gray Webster (1994), Jotinson and Koivula (1996) 

“Hematine" > 1.81 4.00-7.00 Metallic Magnetic Liddicoat (1989), Webster (1994) 

YIG (yttrium iron garnet) not available about 6 Vitreous to submetallic Magnetic Liddicoat (1989), Kammerling et al. (1990) 

Barium sulfate/polymer mid-1.50s 2.26, 2.33 n.d. Koivula et al. (1992a), Webster (1994) 

Plastics 1.5-1.6 1.05-1.55 Vitreous to resinous Liddicoat (1989), Webster (1994) 

Glass 1.35-1.70 2.51-3.21 Submetallic to vitreous Kane (1986c), Welch (1988), Liddicoat (1989), 


Moses (1989), Webster (1994) 


? Arranged in approximate decreasing order of refractive index. 
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core.) In general, X-ray powder diffraction analysis 
of each phase is required to identify that phase con- 
clusively; EDXRF spectroscopy, like $.G. determi- 
nation, only provides information about the sample 
as a whole. : 

GIA GTL identifies black opaque rocks as fol- 
lows: If one phase comprises 75% or more of the 
sample, it is described as “a rock, consisting primari- 
ly of (name of appropriate phase), and possible addi- 
tional minerals.” If there are two or more phases 
that each comprises 25% or more of the sample, it is 
described as “a rock, consisting of (commonest 
phase, next commonest phase, etc.), and possible 
additional minerals.” In both cases, this comment is 
added: “Petrographic testing would be necessary to 
fully characterize this material.” Of course, if a black 
opaque rock has a well-established gemological 
name (e.g., nephrite|, that name is used instead. We 
do not use common petrologic names for rocks (such 
as basalt, granite, or conglomerate}, because such 
names imply that we know the history of the rock— 
such as igneous versus sedimentary origin—which 
cannot be determined easily with our testing proce- 
dures (Kammerling et al., 1995a}. Typical descrip- 
tions of rocks that have been examined by GIA GTL 
include “dolomite/quartz rock” (Hargett, 1991) and 
“a rock consisting of plagioclase feldspar, an amphi- 
bole, pyrite, and possible additional minerals.” 


Second Example: Pyroxene- and Amphibole-Group 
Minerals. As of 1995, there were 21 accepted species 
of pyroxene-group minerals and 66 species of amphi- 
bole-group minerals (Fleischer and Mandarino, 
1995). Common gem examples of these minerals 
include jadeite, diopside, and spodumene (pyrox- 
enes}, and the nephrite variety of tremolite or actino- 
lite {amphibole}. Many of the rest are dark colored or 
black, unfamiliar to gemologists, and separated 
from one another only with great difficulty {i.e., 
requiring quantitative chemical analysis and 
detailed crystal structure determination}. The most 
common dark pyroxene in terrestrial rocks is 
augite, but the correspondingly common black 
amphibole, once known as hornblende, has been 
“subdivided” into many different mineral species. 
GIA GTL usually relies on.a combination of X- 
ray powder diffraction and EDXRF to identify the 
less common pyroxenes and amphiboles. In some 
cases, the exact mineral species cannot be deter- 
mined. Examples of unusual gem pyroxenes and 
amphiboles (not necessarily black ones) seen by GIA 
GTL include the pyroxenes augite (Hurwit, 1988a, 
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Figure 9. A uniform black is often achieved by 
dyeing a porous material. This 8.0 x 5.5 cm set 
was fashioned from two pieces from the same 
slab of drusy chalcedony, one dyed black and the 
other natural light gray. Carvings and photo by 
Glenn Lehrer. 


1989}, omphacite (Johnson and Kammerling, 1995), 
and “orthopyroxene” (Kammerling, 1993}, and the 
amphiboles magnesian hastingsite {as indicated by 
the X-ray diffraction pattern; see Kane, 1986b}, ferro- 
horblende (Crowningshield et al., 1994], “a mem- 
ber of the cummingtonite-grunerite series” (Kane, 
1984], and “orthoamphibole” (Crowningshield, 
1993). Two additional stones that we examined 
could only be identified as “a member of the eden- 
ite-hastingsite-pargasite series of the amphibole min- 
eral group” and “a member of the amphibole miner- 
al group.” 

Because determination of the precise pyroxene 
or amphibole species may require additional, more- 
destructive tests than we routinely perform, identi- 
fication reports on these samples often contain the 
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comment, “Petrographic testing would be neces- 
sary to fully characterize this material.” This com- 
ment means that some of the “less appropriate” 
tests mentioned earlier would be needed to deter- 
mine the exact mineral species. Sometimes the 
comment, “Additional minerals may be present,” 
is added as well. 


Third Example: Black Opaque Spinel-Group 
Minerals. The black members of the spinel mineral 
group present significant identification challenges, 
since the group contains 21 species (Fleischer and 
Mandarino, 1995), and many of these form com- 
plete solid solutions (similar to the garnets). 
However, only four of these end-members are 
important components of the black spinels that we 
have examined: spinel, hercynite, magnetite, and, 
to a much lesser extent, chromite (Fryer et al., 
1982, Hurwit, 1984; Welch, 1987; Koivula et al., 
1993a; Johnson, 1994), 

Magnetite and hercynite have refractive indices 
that are over the limit of the standard refractometer 
{that is, greater than 1.81), but the RI. of spinel can 
be measured, as can those of some of the interme- 
diates between spinel and hercynite. When measur- 
able, the R.I. of a spinel-group mineral provides an 
important clue about that mineral’s identity. 

For many of the black spinels in our experi- 
ence, the measured specific gravity values 
(3.78-3.88 for five hercynites, including the two 
shown in figure 2, and 4.81-4.83 for the two mag- 
netites in figure 2) are lower than those predicted 
by Deer et al. (1966) from end-member composi- 
tions; however, other authors cite different S.G. 
values for hercynite (see, for instance, Phillips and 
Griffen, 1981], At least some of the hercynites that 
we have examined, and all of the magnetites, 
proved to be magnetic (e.g., Johnson, 1994), 

The unit-cell spacing, a, is the fundamental 
distance between identical groups of atoms in the 
atomic structure of an isometric crystalline materi- 
al. In spinel-group minerals, this spacing can be 
measured by X-ray powder diffraction analysis, that 
is, by carefully measuring the spacings of arcs on 
the photographic film, with comparison to a stan- 
dard, preferably one mixed with the powdered 
unknown {an “internal” standard). 

The general formula for the spinel group is 
AB,O,, where A and B are different cation ele- 
ments; spinel itself is MgAl,O,; and other spinel- 
group minerals contain Fe, Zn, Mn, Cr, V, Ni, Co, 
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Cu, Ti, and Ge. (Hercynite is FeAl,O,, magnetite is 
FeFe,O,, and chromite is FeCr,QO,.) All of these 
elements (except oxygen} can be detected by the 
EDXRF instrumentation available at GIA GTL, 
although special attention must be paid to the 
lightest elements, Mg and Al, so that they are not 
overlooked. EDXRF spectroscopy is a necessary 
step in identifying an unknown spinel-group min- 
eral, to make sure that no important component is 
overlooked. 

Deer et al. (1966, p. 431} provide a calibration 
chart for R.L, S.G., and a for six spinel-group miner- 
als, in the two series spinel-hercynite-magnesio- 
chromite-chromite and spinel-hercynite-magnesio- 
ferrite-magnetite. We can identify a spinel-group 
mineral using this chart, our determined values of 
R.I. and a, and the EDXRF results for chemistry. 
(Because there is some debate as to the appropriate 
S.G. values to use, we do not include this informa- 
tion.) Black spinel-group minerals examined by 
GIA GTL include: spinel (Fryer et al., 1982; 
Hurwit, 1984], hercynite (Johnson, 1994), mag- 
netite (Welch, 1987), and an intermediate between 
spinel and hercynite (Koivula et al., 1993a). 


SUMMARY AND 
CONCLUSION 


Black opaque gem materials present a special iden- 
tification problem, because many basic gemologi- 
cal identification techniques require the transmis- 
sion of light through the sample. In some cases, 
standard examination techniques are adequate to 
distinguish among common black opaques, at least 
to some minimum level of confidence. Certain 
modifications of these techniques, especially visual 
observation with reflected light, may provide addi- 
tional insights. Some specific but less routine tests 
(such as for magnetism] can also be very useful. By- 
now-routine advanced testing procedures, such as 
X-ray powder diffraction analysis and EDXRF spec- 
troscopy, give information that cannot be obtained 
by standard gemological testing alone. These 
advanced tests are usually required to positively 
identify most black opaque materials. With black 
opaques, as with other gem materials, all of the 
information available should be used to identify a 
sample. Because they are black and opaque, some 
uncertainty may remain about their identity even 
after advanced testing. In such cases, destructive 
testing techniques may be the only option for posi- 
tive identification. 
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ENSTATITE, CORDIERITE, KORNERUPINE, 
AND SCAPOLITE WITH UNUSUAL PROPERTIES 
FROM EMBILIPITIYA, SRI LANKA 


By Pieter C. Zwaan 


Gem-quality enstatite, cordierite, hornerupine, and scapolite with unusu- 
al properties have been recovered from alluvial deposits in the region of 
Embilipitiya, Sri Lanka. The occurrence of almost pure, completely color- 
less, enstatite appears to be unique in the world. The cordierites are also 
usually colorless and nonpleochroic. The diversity in the properties of 
kornerupine is mainly due to variations in the ratio of magnesium to 
tron. The strong “canary” yellow fluorescence of scapolites from this locality 
has not been observed in scapolites from other sources in Sri Lanka. 


Since 1984, a group of mineralogists from Leiden, 
the Netherlands, have performed systematic field 
work in Sri Lanka. During the course of this 
research, they accumulated a representative collec- 
tion of rocks and minerals from that country. 
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Although the well-known gem deposits of 
Ratnapura are still commercially the most important 
in Sri Lanka, other localities—such as Okkampitiya 
and Elahera—have also become interesting. Farther 
to the southeast, west of Kataragama, the Leiden 
researchers identified yet another locality of special 
mineralogic and gemological interest: Embilipitiya. 
Some gem minerals from this region were briefly 
described earlier (Zwaan, 1986]. The present article 
discusses specific properties, and special aspects of 
these properties, for gem-quality enstatite, cordierite, 
kornerupine, and scapolite (figure 1). 


GEM MINERALS FROM EMBILIPITIYA 


Geoscientists have examined the geology, in par- 
ticular the petrology, of Sri Lankan basement rocks 
for many years. To date, however, there has been 
no Clear explanation for the origins of most of the 
gem minerals. The best summary of the results 
obtained thus far are the recent article by 
Dissanayake and Rupasinghe (1995] and the book 
by Gunaratne and Dissanayake (1995). Most impor- 
tant gems are recovered from alluvial deposits; the 
few gem minerals that have been traced to their in 
situ sources are not commercially important (i.e., 
of cutting quality). 


GEMS & GEMOLOGY Winter 1996 


Gems & Gemology 


GEMS & GEMOLOGY is the quarterly official organ of the Gemological Institute of America. 
In harmony with its position of maintaining an unbiased and uninfluenced position in the 
jewelry trade, no advertising is accepted. Any opinions expressed in signed articles are 
understood to be the views of the author and not of the publishers. 


VOLUME V WINTER, 1945-’46 NUMBER 4 


i 


In This Issue: Page 


Inclusions as a Means of Identification, 
Edward Gtibelin, Ph.D., C.G......22.22:.2-:.2--0--000- ... 270 


Dr. Kraus Accepts Presidency of Institute..........._. 6 275 


The Scarcity of Fine-Color Flawless Diamonds, 
Hans J. Bagge, C.G......---... sae eee Co erg) 


Gemological Digests ........-------..c Ye Rese .. 283 


Use of the Diamondscope, 
Jerome B. Wiss, C.G. RIE os, eR Pt ORE see, - 285 


Diamond Glossary 22-2200... -oe eee SSS cecccisic 289 


Published by 


THE GEMOLOGICAL INSTITUTE OF AMERICA 
(UNITED STATES AND CANADA) 


541 South Alexandria Ave. Los Angeles 5, California 


Embilipitiya is a small village about 70 km (1.5 
hours) by road southeast of Ratnapura. The village 
has a population of about 300 and is situated in a flat 
valley, about 25 km2, surrounded by distant hills. 
The region is tropical, with both’wet and dry seasons. 
Petrologically, it is in the Highland Complex, which 
contains Precambrian rocks of the metamorphic 
granulite facies (figure 2). Most of the gem deposits in 
Sri Lanka are located within this complex. 

A variety of gem-quality minerals are found in 
the Embilipitiya region, in an area of about 6 km2, 
primarily in alluvial deposits. Locals engage in 
small-scale primitive mining, digging narrow pits 
in the alluvium to a depth of 1.5-2 m (figure 3) to 
reach the gem-bearing gravels. 

Of special interest, because of their unusual 
gemological properties, are scapolite and the Mg- 
rich minerals enstatite, cordierite, and kornerupine. 
Other gem minerals from this area include garnets, 
mainly almandine, and spinels. Since our first trip 
in 1984, we have visited the area several times and 
obtained several hundred carats of these unusual 
minerals from local inhabitants. During the last 
five years, however, greater demand by cutters and 
decreasing production have made it difficult to 
obtain more samples. These minerals are found 
mostly as broken and corroded fragments, seldom 
as rounded pebbles. Kornerupine is the most com- 
mon of the four gems discussed in this article. 


MATERIALS AND METHODS 


During fieldwork in 1984, the author and his col- 
leagues discovered Embilipitiya on the way from 
Ratnapura to gem localities in the southeast. At a 
lunch stop in the village, native people showed us 
dullam, pieces of rough gem minerals, that they 
were offering for sale. According to these villagers, 
the minerals came from the Embilipitiya area. At 
that time, we purchased about 3 kg of material, 
with a preponderance of colorless specimens. When 
we inspected these materials at the Netherlands 
Gemmological Laboratory in Leiden, we found that 
most of the samples were garnets and spinels, but 
we also identified a number of much less common 
gem minerals. During subsequent trips to Sri 
Lanka, we visited the village regularly and pur- 
chased almost every lot that was available. 

Within the sample minerals were many frag- 
ments without crystal faces but with a recogniz- 
able—though usually corroded—prismatic habit. 
Using a polarizing microscope, we were able to 
group hundreds of specimens by species. The 
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Figure 1, These four gem materials—cordierite 
(left, 3.75 ct), enstatite (top, 7.69 ct), scapolite 
(right, 3.08 ct), and kornerupine (bottom, 1.52 ct) 
—from the Embilipitiya area of Sri Lanka were 
found to have unusual gem properties. Photo by 
Shane F. McClure. 


enstatites were selected for further study because of 
their range of color, from colorless to deep brown. 
About 20 rough specimens with a prismatic habit, 
approximately 10 to 30 mm long, were confirmed 
to be enstatite by their absorption spectra. In addi- 
tion, we examined 10 cut enstatites; the largest 
was a 10.67 ct colorless specimen. 

From among the cordierites, we selected about 
40 rough samples (15 to 20 mm each} for further 
study. Most of these were nearly colorless, but 
some were pale blue. They were easily distin- 
guished from the enstatites by their behavior in 
ethylene dibromide, in which the cordierites are 
almost invisible. Five cut stones, the largest of 
which was 3.75 ct, were available for examination. 

A total of 56 rough kornerupines, varying in 
size from 5 to 20 mm and in weight from 0.91 ct 
(dark green} to 13.03 ct (dark brown], were selected 
for detailed study on the basis of their colors, inclu- 
sions, and physical properties (specimens with low 
and high refractive indices and specific gravities 
were represented). In addition, nine cut stones, the 
largest of which was 4.56 ct, were examined. 

We examined 10 rough scapolites in detail. 
These were irregular, long prismatic, colorless-to- 
yellow pieces that ranged from 3.66 to 7.06 ct in 
weight and from 12 to 16 mm in their longest 
dimension. In addition, we studied seven cut scapo- 
lites from Embilipitiya, ranging from 0.80 ct (yel- 
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Figure 2. The village of Embilipitiya is about 70 km 
southeast of Ratnapura. It is in the Highland Com- 
plex, one of the main Precambrian geologic complex- 
es that comprise the island nation of Sri Lanka. 


low} to 17.79 ct {colorless}, and compared their 
properties to those of 17 cut scapolites from else- 
where in the world. Scapolite is the name given to 
an isomorphous series in which marialite and 
meionite are the Na-rich and Ca-rich end mem- 
bers, respectively. The intermediate members are 
usually indicated by their molecular percentage 
{mol.%] of meionite. 

The physical properties of all specimens were 
measured by standard gemological methods; for this 
purpose, two flat parallel faces were polished on 
each, thus forming a window. A Rayner refractome- 
ter with an yttrium aluminum gamet (YAG) prism 
was used to measure the refractive indices and bire- 
fringence. Specific gravity was determined with a 
hydrostatic balance. 

The absorption spectra of all specimens were 
observed with both an Eickhorst handheld prism 
spectroscope and a Philips UV/ViS spectrometer 
{model PU 8730). X-ray powder diffraction pho- 
tographs were taken on representative samples of 
all gem minerals using a Debye-Scherrer camera on 
an Enraf-Nonius Diffractis 582 apparatus. 
Chemical analyses were performed on eight korner- 
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upines and six scapolites using an electron micro- 
probe JEOL model JXA-8800M], with three to five 
analyses per sample and the results averaged. The 
inclusions, mainly in the kornerupines and scapo- 
lites, were identified with a laser Raman micro- 
spectrometer (Dilor S.A. model Microdil-28). 


ENSTATITE 


The enstatites (Mg)Si,O¢) varied from colorless to 
deep brown (figure 4]. The colorless stones had 
exceptionally low refractive indices (as low as ng 
=1.650 and n,=1.658) and specific gravities (as low 
as 3.194}, Microprobe analysis of one colorless 
stone revealed that 99.4 mol.% of the magnesium 
sites in this stone were occupied by Mg. This com- 
position is very near the magnesium end-member 
of the enstatite-ferrosilite series. In fact, these were 


Figure 3. The gems are recovered from shallow 
(about 1.5-2 m) alluvial pits in the Embilipitiya 
area, Photo by Pieter C. Zwaan. 
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iv a 34 . i; 22 
Figure 4. The high-Mg enstatites from Embilipitiva 
are among the purest natural enstatites known. 

The enstatites shown here were all part of the 

study sample; the colorless 10.67 ct oval in the 
center is 20.5 mm in longest dimension. 


the purest natural enstatites ever examined at the 
Netherlands Gemmological Laboratory. 

The sample specimens had a distinct to very 
strong narrow absorption band at 506 nm, due to fer- 
rous iron. The intensity of this band—which was 
present, though weak, even in the colorless stones— 
increased with the saturation of the brownish color, 
that is, with the Fe content. This absorption band 
was found to be characteristic of this material and, 
therefore, of diagnostic value. Most of the stones 
were relatively inclusion free, but some contained 
well-developed quartz crystals and two-phase inclu- 
sions. (For additional information on enstatites from 
this locality, see Zwaan, 1987.) 


CORDIERITE 


We prefer the mineral name cordierite (Mg )Al,- 
SisOj 8}, instead of the gem names iolite or dichroite, 
for these colorless stones. All the crystals we exam- 
ined had a prismatic habit and were broken and cor- 
roded. We found little variation in their physical 
properties (refractive indices and specific gravity). 
Their refractive indices varied from 1.520 (lowest ng) 
to 1.541 (highest n,), and they had an average specitic 
gravity of 2.570. Pleochroism, usually a diagnostic 
property for cordierite, was not visible because of the 
lack of color. In most cordierites, iron {and other trace 
elements] can substitute for Mg, producing color. 
However, microprobe analyses showed that these 


Notes & New Techniques 


cordierites were very rich in Mg, up to 95 mol.% of 
the possible Mg sites. These confirm earlier micro- 
probe analyses of some specimens (Zwaan, 1986}, 
which also showed relatively high Mg content. 

To’the unaided eye, when cut these cordierites 
(see, e.g., figure 5) strongly resembled colorless 
enstatites from the same locality. Immersion in 
ethylene dibromide, however, was sufficient to sepa- 
rate the two gem minerals easily, because the RI. of 
the liquid is very similar to that of cordierite. In 
addition, the cordierites do not have the 506 nm 
absorption band in the blue that is found in 
enstatite. Liquid inclusions were common but not of 
any diagnostic value. 


KORNERUPINE 


Although considered rare (see, e.g., Webster, 1994], 
hundreds of carats of kornerupine [Mg,(Al,Fet?}¢- 
(Si,B]4O)(OH)] have been found in the Embilipitiya 
deposits {see also Zwaan, 1986, 1992), The author 
and colleagues saw large quantities of crystal frag- 
ments, varying from light brownish yellow, brown, 
or green to dark brown and dark grayish green (see, 
e.g., figure 6). Most of the specimens we examined 
were irregular in shape, because of fractures, and 
were corroded. Because we did not observe any crys- 
tal faces, we could not identify a typical habit. Note 
that chatoyant kornerupine has not yet been reported 
from this area. 

Specific gravity, ranging from 3.283 to 3.346, 
generally increased with color intensity (table 1). 


Figure 5. Also very high in Mg, the cordierites from 
Embilipitiya strongly resemble colorless enstatites 
from this locality. Here, the largest cordierite 
weighs 3,75 ct and is 11.8 mm long. 
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Figure 6, Kornerupine is usually considered a rare 
gem material. However, the author saw hundreds 
of carats of gem-quality kornerupines in 
Embilipitiya, which ranged from light brownish 
yellow to the dark brown and dark green stones 
shown here (the 4.56 ct stone at the center top is 
12.3 mm in longest dimension). 


Light brown specimens rose in methylene iodide 
(S.G. = 3.32), while dark brown samples slowly sank 
in this liquid. This behavior in methylene iodide, 
together with the very strong pleochroism in tones 
of greenish yellow and brownish yellow, appears to 


be a reliable test for kornerupine specific to this 
locality: Every green-to-brown strongly pleochroic 
gemstone from Embilipitiya that either rose or sank 
slowly in methylene iodide was kornerupine. The 
refractive indices varied from the lowest ny of 1.665 
(for a light brown specimen) to the highest n, of 
1.690 (for a medium brown sample). The birefrin- 
gence, however, was usually 0.012. 

Electron microprobe analyses of eight rough 
specimens, onto which one or two flat faces had been 
polished, indicated that the color intensity tended to 
be directly proportionate to the Fe content (again, see 
table 1). In general, pale kornerupines have distinctly 
lower S.G.’s and R.L’s than dark kornerupines, but 
hue (that is, whether the stone is brown or green} has 
no effect on these properties. 

Most of the Embilipitiya kornerupines we 
examined had interesting inclusions. The solid 
inclusions were identified by Raman spectroscopy. 
Well-crystallized black inclusions with a submetal- 
lic luster, seen in about 25 samples, were found to 
be rutile. One specimen also had red crystals of 
rutile {figure 7). Another common inclusion was 
colorless zircon, often with beautiful haloes in 
polarized light (figure 8). Rounded apatite crystals 
occurred frequently. However, elongated quartz 


TABLE 1. Properties, including electron microprobe analyses, of eight rough 
kornerupines (Mg,(Al,Fet5)¢(Si,B)4O.;(OH)] from Embilipitiya, Sri Lanka. 


Sample 
Properties At A2 A3 A4 A5 A6 A7 A8 
Color Light Brown Dark Light Green Dark Medium Green 
green brown brown green brown 
Weight (ct) 1.91 3.17 13.08 4.63 3.39 0.91 1.59 1.79 
Oxides (wt.%) 
SiOz 31.87 31.36 30.23 31.79 30.98 31.35 30,95 31.51 
TiO, 0.00 0.05 0.10 0.04 0,05 0.01 0.06 0.04 
AlpO3 42.36 44,75 44.71 44.15 43.37 43,08 43.36 42.05 
FesO3 1.85 2.51 6.61 1.63 5.40 5.13 5.17 4,60 
MgO 19.55 18.49 15.82 19.52 17.21 17.62 17.39 17.80 
MnO 0.01 0.02 0,05 0.03 0.07 0.10 0.05 0.05 
CaO 0.01 0.01 0.01 0.01 0,01 0.02 0,01 0.02 
Na,O 0.02 0.03 0.02 0.02 0.02 0.03 0.02 0.02 
Totala 95.67 97.22 97.55 97.19 97.11 97.34 97.01 96.09 
S.G. 3.288 3.283 3.346 3.284 3.337 3.339 3.335 3.332 
Ne 1.668 1.669 1.672 1.665 1.678 1.672 1.678 1.668 
ny 1.679 1.681 1.685 1.677 1.687 1.684 1.690 1.680 
Birefringence 0.0114 0.012 0.013 0.012 0.009 0.012 0.012 0.012 


@ Note: The element B and the OH group could not be detected by the analytical method employed; 


hence, the totals are less than 100%. 
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Figure 7. This Embilipitiya kornerupine specimen 
was observed to have red as well as black rutile 
crystals. Photomicrograph by Pieter C. Zwaan; 
magnified 35x. 


and tourmaline inclusions, observed parallel to one 
another, were seen only occasionally. Some 
kornerupines revealed red-orange hexagonal plates 
of hematite. Many liquid and liquid-and-gas inclu- 
sions were also seen. 

To summarize, kornerupines from Embilipitiya 
can be easily identified by their strong pleochroism 
and their behavior in methylene iodide. Pale-colored 
specimens contained considerably less iron than 
dark-colored samples. There were no distinctive dif- 
ferences between the optical (R.L) and physical (S.G.} 
properties of brown and green kornerupines. Rutile 
appears to be a typical inclusion in kornerupine from 
this locality. 


SCAPOLITE 


The crystal fragments and faceted scapolites 
[NagAl3Sig094Cl—CayAl6SigO74(CO3,SO4)] we 
examined were, for the most part, colorless to pale 
yellow (figure 9). We found that scapolites from 
Embilipitiya have mean refractive indices of n, = 
1.550 and ny = 1.578, an average specific gravity of 
2.694, and an average meionite content of 59.4 
mol.% (table 2). They fluoresce a strong “canary” 
yellow to long-wave UV radiation, comparable to 
the well-known fluorescence of scapolite (werner- 
ite) from Quebec, Canada. This UV reaction is gen- 
erally ascribed to sulfur (Webster, 1994). 

Although most of these samples were remark- 
ably clean, some contained yellow needle-shaped 
crystals, which Raman spectroscopy identified as 
pyrrhotite (figure 10). Pyrrhotite inclusions in 
scapolite have been mentioned by others (Graziani 
and Gtibelin, 1981; Gtibelin and Koivula, 1986). 
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The pale yellow faceted scapolites from Embili- 
pitiya resemble some other gemstones from Sri 
Lanka, such as citrine and feldspar. However, the 
scapolites can be differentiated readily by their 
strong yellow fluorescence and their much stronger 
birefringence (0.028). 

X-ray diffraction patterns were obtained from 
six samples. As expected, these patterns were 
almost identical to one another and were character- 
istic of scapolites in general. 

Electron microprobe analyses were made of 
two scapolites from Embilipitiya and four scapo- 
lites from other sources (one cach from Pakistan 
and Brazil, and two from Pohorabawa, a small vil- 
lage in the Eheliyagoda area that is the major 
source of colorless scapolite in Sri Lanka; figure 9). 
As evident in table 2, there were remarkable differ- 
ences in chlorine content, and thus the marialite/ 
meionite ratio, among the various scapolites. 

Note also in table 2. that the one violet scapo- 
lite has the lowest specific gravity, refractive 
indices, birefringence, and meionite content (7.66 
mol.%)}. Previously, the scapolites from East Africa 
were thought to have the lowest meionite content 
(10.80 mol.%; Zwaan, 1979). However, the meion- 
ite content of this violet scapolite from Pakistan 
was even lower. The properties of Embilipitiya 
scapolite, on the other hand, are very similar to 
those reported for scapolite from Madagascar (n, = 
1.550, ng = 1.571; S.G. = 2.686: Bank and Nuber, 


Figure 8, In addition to the black rutile crystals, 
this Embilipitiya kornerupine specimen revealed 
zircon crystals with haloes visible in polarized 
light. Zircon is a common inclusion in this 
material, Photomicrograph by Pieter C. Zwaan; 
magnified 35x. 
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Figure 9. The study of Embilipitiya scapolites 
included stones from different localities. For 
example, the 1.58 ct violet triangle-cut scapolite is 
from Pakistan; the 3.01 ct yellow triangle cut is 
from Pohorabawa, Sri Lanka, as is the 17.79 ct 
colorless emerald-cut stone; and the 3.08 ct yel- 
low marquise cut is from Embilipitiya. 


1970; Zwaan and Arps, 1980}, although the latter 
do not have the strong yellow fluorescence. 


DISCUSSION: SPECIAL ASPECTS 
OF THE EMBILIPITIYA GEM MINERALS 


All four of these gem materials are of special inter- 
est both mineralogically and gemologically. The 
enstatites have very uniform chemical composi- 
tions, which is consistent with the fact that they 
came from a very limited area. The extremely high 
Mg content of these truly colorless enstatites has 
not been reported in gem enstatites from any other 
locality. It is of particular interest that all the 
enstatites from Embilipitiya can be readily identi- 
fied with a simple hand spectroscope, by the pres- 
ence of the 506 nm absorption band. 

Like the enstatites, the cordierites also showed 
little variation in chemical composition from one 
sample to the next; they, too, were found to have a 
very high Mg content. The refractive indices and 
specific gravities of the specimens tested were 
extremely low. The complete lack of color in most 
of the samples is exceptional for cordierite, as is the 
resulting absence of pleochroism. : 

Kornerupine occurs abundantly in different 
tones of green and brown. The extremely strong 
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pleochroism, combined with a number of very 
interesting inclusions {in particular rutile, zircon, 
and apatite], make it an attractive collector’s gem- 
stone. 

The chemical composition of the Embilipitiya 
scapolites varied little from stone to stone. The 
strong “canary” yellow fluorescence is a very inter- 
esting property that has not been found in other Sri 
Lankan scapolites {although it has been seen in 
scapolites from other localities). 

The Mg-rich minerals in this area are probably 
derived from originally high-Mg rocks that have 
been subjected to deep-seated high-grade metamor- 
phism. These are now represented by metamorphic 
rocks {i.e., metamorphic granulite facies of the 
Highland Complex], such as hypersthene gneisses 
(charnockites], sillimanite-garnet gneisses (khon- 
dalites), biotite-garnet gneisses, and crystalline 
limestones (marbles}. 

Orthopyroxenes, particularly enstatite, are typ- 
ical minerals of the granulite facies (Deer et al., 
1978). They also occur together with cordierite in 
medium-pressure/high-temperature metamor- 
phosed pelitic rocks. Kornerupine is a typical min- 
eral in high-grade regional and contact metamor- 
phic rocks, whereas scapolite is commonly found 
in marbles, calcareous gneisses, and granulites. 
Petrologic studies have shown that many granulite 
facies rocks elsewhere in the Highland/Southwest 
Complex are also Mg rich. However, those in the 
Embilipitiya area seem to be inordinately so. 

The gem minerals in Embilipitiya are mined 
from alluvial deposits. Strongly weathered gran- 
ulites that contain enstatite were encountered in 
the field. These might be the host rocks in which 


Figure 10. Some of the Embilipitiya scapolites con- 
tained needle-like pyrrhotite crystals. Photo- 
micrograph by Pieter C. Zwaan; magnified 35x. 
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TABLE 2. Properties, including electron microprobe anaiyses, of six scapolites 
[NagAlgSigQ24Cl—Ca,AlgSigO54(CO3,SO0,)] from Sri Lanka and elsewhere. 


Sample 
Properties 1004 RGM 3.01 1006 98-5 R9 
164299 
Origin Pakistan Brazil Pohorabawa Embilipitiya 
Sri Lanka Sri Lanka 
Color Violet Yellow Yellow Colorless Yellow Yellow 
Form Cut Rough Cut Cut Cut Rough 
Weight (ct) 1.58 19.88 3.01 8.03 1.13 4.47 
Oxides (wt.%) : 
SiO» 62.11 55.96 55.16 55.35 48.56 49.15 
TIO. 0.05 0.02 0.04 0.01 0.02 0,03 
AlzOg 19.07 22.83 22.47 22.71 26.00 26.16 
FesOg 0.06 0,07 0.16 0.10 0.05 0.08 
MnO 0) 0.03 0.04 0.02 0.01 0.01 
MgO 0) 0) 0.02 6) 0.04 0.04 
Na sO 12.06 9.55 8.64 8.59 4.91 4,94 
KsO 1.45 1.24 1.40 1.32 1.04 0.95 
CaO 1.87 6.88 7.55 8.16 14.55 14.77 
SO, 0.14 0.03 0.62 0) 0.06 0.07 
F 0) 0.01 0.09 0.07 0.03 0.01 
Cl 3.92 3.44 22 2,87 0.99 1.00 
F=O 0) 0) -0.04 -0.03 ~0.01 0) 
Cl=O -0.88 -0.78 -0.61 —-0.65 -0,22 —-0.23 
Total@ 99.82 99.28 98.26 98.52 96.03 96.98 
Meionite (mol.%) 7.66 27.07 30.92 32.51 59.21 59.69 
SG. 2.584 2.622 2.651 2.632 2,694 2.694 
Tig 1.533 1.540 1.544 1.542 1.550 1.550 
No 1.540 1.557 1.560 1.559 1.578 1.578 
Birefringence 0.007 0.017 0.016 0.017 0.028 0.028 


aNote: The carbonate (CO;) content of the samples could not be detected by the analytical method employed; 


hence, the totals are less than 100%. 


the gem minerals originally formed. In other parts 
of Sri Lanka, gem minerals that occurred in sec- 
ondary deposits were found in situ in basement 
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NOTES AND NEW TECHNIQUES 
Ba Sea Ss 


SOME TANZANITE IMITATIONS 


By Lore Kiefert and Susanne Th. Schmidt 


Since at least 1995, various materials have been manufactured to imt- 
tate tanzanite in the gem trade. These include two glasses, two differ- 
ent YAGs (yttrium aluminum garnet), and a synthetic corundum. 
These imitation tanzanites can be readily separated from the natural 
gem by standard gemological tests, such as refractive indices, optical 
character, spectfic gravity, UV-visible spectra, fluorescence, and the 
presence or absence of pleochroism. The identifications were confirmed 
by chemical analysis and Raman spectroscopy. 


Tanzanite, the blue-to-violet gem variety of zoisite, 
was first discovered in Tanzania in the 1960s (see, 
e.g., Bank et al., 1967]. It has increasingly gained pop- 
ularity as a result of its unusual color and the attrac- 
tiveness of the cut stones. Most of the material that 
enters the gem trade is actually brown zoisite that 
has been heat treated to blue to violet (Nassau, 
1994). Although a number of gem materials, includ- 
ing spinel and iolite, may resemble tanzanite, manu- 
factured imitations of this material have also started 
to appear on the market (figure 1). These recent tan- 
zanite imitations were mentioned by Kammerling et 
al. (1995) and in the ICA Gazette (“Gem news,” 1996}, 
Johnson and Koivula (1996) describe one of the imita- 
tions in more detail. However, rumors of Russian imi- 
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tations, and of efforts by Russian manufacturers to 
produce synthetic tanzanite, were mentioned as early 
as 199] (Koivula and Kammerling, 1991). 

The present article characterizes and provides 
identification criteria for some of the imitations 
that have recently appeared on the market, includ- 
ing: (1) a doped heavy glass marketed under the 
trade name U.M. Tanzanic and produced by U.M. 
Science Company, Glendale, California; (2) a YAG 
{yttrium aluminum garnet, a manufactured materi- 
al) from Lannyte Company, Houston, Texas, which 
has been sold under the trade name Purple 
Coranite (figure 2]; and (3) a synthetic corundum, 
also from Lannyte, marketed as Blue Coranite (fig- 
ure 1). Also included are another glass and another 
YAG, with slightly different properties, that could 
be mistaken for tanzanite without gemological 
testing. 

For the gemologist, these materials are easy to 
distinguish from tanzanite (see Box A) on the basis 
of specific gravity, refractive indices, optic charac- 
ter, internal features, and—to a lesser extent—their 
spectroscopic characteristics. To characterize these 
simulants fully, they were also analyzed chemical- 
ly and by Raman spectroscopy. 


CHARACTERISTICS OF THE 

TANZANITE IMITATIONS 

Materials and Methods. The three imitations noted 
above—U.M. Tanzanic, Blue Coranite, and Purple 
Coranite—were readily available at the February 
1996 Tucson gem shows. The authors purchased 
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five faceted samples (0.59-2.89 ct) of the heavy 
glass (U.M. Tanzanic] and one 1.64 ct faceted syn- 
thetic corundum (Blue Coranite) for investigation 
purposes. In addition, the Lannyte Company kindly 
supplied us with one rough (112.54 ct) and one 0.72 
ct faceted piece of their YAG (Purple Coranite). 

We also included in our study a 1.99 ct blue YAG 
from Russia and a 6.90 ct bluish purple Ca-phosphate 
glass (again, see figure 1). Although these two samples 
do differ somewhat in color from tanzanite, they are 
sufficiently close to be mistaken for it. 

We determined refractive index, optic charac- 
ter, and specific gravity using standard gemological 
instrumentation and techniques. $.G. was deter- 
mined hydrostatically; the values reported are the 
average of at least two measurements per sample. 
Microscopic investigations were carried out with 
darkfield illumination in air with a Gemolite 
binocular microscope, as well as with immersion 
in methylene iodide using a Nachet horizontal 
microscope. We tested the fluorescence to short- 
and long-wave UV radiation using a commercial 
gemological UV lamp, and we tested spectroscopic 
properties with a laboratory spectroscope {both 
instruments by System Eickhorst}. 

Semi-quantitative chemical analyses of all sam- 
ples were performed by energy-dispersive X-ray fluo- 
rescence (EDXRF) spectroscopy on a Tracor Northem 
TN 5000 system. In addition, quantitative chemical 
data for samples of the heavy glass (U.M. Tanzanic} 
and the synthetic corundum (Blue Coranite) were 
obtained using a JEOL 8600 electron microprobe. 
Raman spectroscopy was carried out on all samples 
with a Renishaw Raman System 1000 with a 25 mW 
air-cooled Argon Jon Laser (Omnichrome} lasing at 
514 nm. Analysis times were between 60 and 100 sec- 
onds, depending on peak intensities and background 
fluorescence; the spectral range covered was between 
100 and 1900 cm! (see also Hanni et al., 1996). 


U.M. Tanzanic. In their advertising brochure for 
this material, U.M. Science Co. claims that it was 
created by means of a high-temperature flux pro- 
cess. The material is described as a mix of amor- 
phous and microcrystalline phases, with a refrac- 
tive index of 1.66-1.67 and a specific gravity of 
3.8-4.0. The brochure also lists a number of other 
properties, such as the absence of internal stress. 


Gemological Properties. Our results for the five 
faceted samples that we tested did not correspond 
to those published by the producer. The refractive 
indices varied between 1.600 and 1.605 (isotropic). 
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Figure 1, Several manufactured materials have 
appeared on the gem market as tanzanite imita- 
tions. A number of these are shawn here together 
with two natural tanzanites. From left to right: 
(top row) two tanzanites (3.03 ct and 5.89 ct) and 
a 6.90 ct sample of Ca-phosphate glass; (bottom 
row) a 1,64 ct synthetic corundum (called Blue 
Coranite}, a 1.99 ct synthetic garnet from Russia, 
and two samples (2.89 ct and 0.92 ct) of heavy 
glass (U.M.Tanzanic). Photo by H. A. Hdnni. 


The specific gravity ranged from 3.36 to 3.48. All 
specimens showed a poorly polished surface. Three 
of the five samples were virtually free of any inter- 
nal features, but two showed diffuse, syrup-like 
flow structures. One of these two samples also had 
an irregularly shaped milky white inclusion, proba- 
bly a microcrystalline portion of the surrounding 
glass, with syrup-like flow structures (figure 3). The 
samples fluoresced chalky white to both short- and 
long-wave UV. They showed weak absorption 
bands at approximately 490, 550, and 590 nm. 


Chemical Composition. We recorded an inhomo- 
geneity in chemical composition among the five 
samples (see table 1], as well as within the samples. 
PbO contents between 38.5 and 51.2 wt.% were 
measured, which appear to be extremely high. The 
products of other heavy-glass manufacturers only 
go up to 30 wt.% PbO (Swarogem, pers. comm., 
1996). Perhaps U.M. Science Co. uses a light ele- 
ment such as B or Li in their glasses, neither of 
which is detectable using the microprobe or X-ray 
fluorescence units available to the authors. SiO, 
contents varied between 46.3 and 58.3 wt.%. The 
K,O content ranged between 2.3 and 3.2 wt.%, and 
the trace elements Mn and Fe were 0.08-0.14 wt.% 
and 0.03-0.07 wt.%, respectively, expressed as 
oxides (see table 1). For the two major elements, Si 
and Pb, SiO, and PbO concentrations within one 


GEMS & GEMOLOGY Winter 1996 271 


Figure 2. Purple Coranite is a YAG manufactured 
by the Czochralski method that is marketed as a 
tanzanite imitation. The unfashioned section 
weighs 112.54 ct; the faceted piece is 0.72 ct. 
Photo by H. A. Hanni. 


stone varied by up to 7 wt.% (see table 1). Al,O3 
levels were below the detection limits of the 
EDXRE apparatus and the microprobe. 

The Raman spectra of this material showed 
broad peaks at Raman shifts of 505, 777, 989, and 
1064 cm”! (figure 4), as well as a considerable fluo- 
rescence to Argon laser light at 514 nm, as can 
often be observed in glass (Chemarin et al., 1996; 
Sharma and Wang, 1996}. 


Coranite. The Lannyte Company offered two tanzan- 
ite imitations: a YAG marketed as Purple Coranite 
and a synthetic corundum sold as Blue Coranite. The 
manufacturer reported that both materials are grown 
using the Czochralski-pulling method. 


Purple Coranite. The manufacturer’s brochure 
reported that "the material is garnet based, with a 
hardness of nearly 9 and a refractive index of over 
1.80. Our investigations confirmed that the RI. is 
over 1.80, and we measured a specific gravity of 4.58, 


Figure 3. Solid inclusions and a syrup-like flow 
structure are evident in this heavy glass manu- 
factured as a tanzanite imitation by U.M. 
Science Co. Immersion, magnified 35x. 


which is slightly higher than published data for YAG 
(e.g., Nassau, 1980). We saw no pleochroism in the 
samples, but we did see some strain with the polar- 
iscope. Spectroscopic observation showed a broad 
band at approximately 540 nm. 

The material fluoresced a strong chalky orange 
to short-wave UV radiation (figure 5). Similar data 
were obtained by Johnson and Koivula (1996) on a 
7.07 ct tanzanite imitation purchased in 1995. 
EDXRF analysis of their specimen revealed yttri- 
um, aluminum, and europium; all three elements 
were found in the EDXRF analyses of our two pur- 
ple coranite samples. 

The piece of unfaceted Purple Coranite was 
polished on one side for microscopic examination. 
However, we saw no bubbles or other internal fea- 
tures. Color zoning was apparent with the unaided 
eye: The core was a distinctly darker purple than 
the rim, and the color faded gradually from core to 
rim. The orange fluorescence corresponded to the 
zoning, but inversely; that is, it was brightest near 
the colorless rim (figure 5}. Microscopic examina- 
tion of the small faceted sample showed no growth 


TABLE 1. Chemical composition of five glass imitations of tanzanite from U.M. Science Co. 


Oxide Sample 14 Sample 2° Sample 38 Sample 44 Sample 6 
(wt.%) (2.89 ct) (1.84 ct) (0.92 ct) (0.76 ct) (0.59 ct) 
SiO, 51,26-58,30 51.39-55.77 50.25~55.50 4632-5155 46.49 -50.13 
K,0 2,.87-— 3.09 2,66- 3.15 2.89- 2.94 2,.29- 2.84 2.29- 2.62 
MnO 0,09- 0,10 0.08 - 0.09 0.11- 0.13 0.11- 0.13 O.10- 0.14 
FeO 0.04+ 0.002 0,038- 0.04 0.05 + 0,002 0.05-— 0.07 0.04- 0.05 
PbO 38.47 -45.53 40.96- 45.68 41 .39—-46.69 45.50-51.20 47.17-51.06 


4 Range of 3 microprobe analyses.» Range of 4 microprobe analyses, 
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Inclusions as a Means 
. of Identification 


EDWARD GUBELIN, Ph.D., C.G. 


Lucerne, Switzerland 


(Continued from Page 244, Fall Issue) 


A most interesting feature, which 
was omitted then, has been the sub- 
ject of recent, and more extetisive 
studies, the preliminary results of 
which may be described herewith. 
The halos are built up by brown con- 
centric rings of which the outmost is 
brimmed by a margin of discoloration 
of the host gem. Such pale margins 
are illustrated in Figure 17. In addi- 
tion to garnets and corundums they 
have also been noted in other gems, 
such as cordierite, fluorite, quartz, 
and spinel. The width of the discol- 
ored rings depends upon the reach 
of the emanated «-particles which 
are responsible for these discolora- 
tion rings. The reach of the o-par- 
ticles is ruled by the atomic. brake- 
power which depends upon the nature 
of the crystal-lattice. This percep- 
tion leads to the conclusion that the 


breadth. of . the--diseolored margin’ 


varies in accordance with thé mineral 
species and, hence, becomes char- 
acteristic for any gem within which 
halos are formed by radio emana- 
tive procéss, 

This is a most interesting phenom- 
enon, which, some time in the future, 
might bestow upon gemologists an 
additional and positive means of 
distinguishing similar-looking Cey- 


lon gems carrying radioactive zir- 
cons. Though this will most probably 
always remain an affair of academic 
diagnosis and will hardly ever turn 
into a method universally applied 
by gemologists, there exists an 
urgent necessity to further investi- 
gate radio halos, to note and evaluate 


all indications, so that we may learn ; 


still more about the dependence of 
the reach of emanated «-particles. 

Within almandites found in the 
hornblende-schist near Trincomali on 
the northeast coast of Ceylon coarse 
hornblende rods or shingles are 
densely packed, which give these 
almandites a dull and unassuming 
appearance. Figure 18 gives an ex- 
ample of this singular kind of 
interior paragenesis, which is readily 
discernible if -it be viewed through 
a lens of moderate power. 

It also happens—a rare but thrill- 
ing occurrence—that a garnet sup- 
posed to be hessonite proves on 
examination to be a totally different 
member of the great garnet family, 
namely the manganese aluminum 
garnet called spessartite, which con- 
tains typical inclusions exclusive to 
this variety. These consist of wavy 
and irregularly placed feathers 
formed by minute liquid drops, which 


' 
\ 


BOX A: CHARACTERISTICS OF TANZANITE, 
THE BLUE-TO- VIOLET VARIETY OF ZOISITE 


Zoisite is an orthorhombic silicate mineral of the epi- 
dote group with the chemical formula: Ca,Al, 
Siz01(OH). Crystalline zoisite is found in various 
hues, including colorless, brown, yellow, blue, purple, 
green, and pink. Certain ornamental rocks, such as 
anyolite and sausserite, contain massive zoisite 
(Webster, 1975). The best known zoisite is the trans- 
parent blue-to-violet variety, tanzanite, a name first 
promoted by Tiffany and Company in the late 1960s. 

The specific gravity of tanzanite is 3.35, with a 
hardness of 6-7 and refractive indices of ng = 1.692, n 
= 1.693, and n, = 1.700, with a birefringence of 0.008 
(Webster, 1975). There is one perfect cleavage. 
Tanzanite typically exhibits trichroism of a = violet 
blue, b = violet, and c = brownish red, and it shows 
broad absorption bands at approximately 535 and 595 
nm in the spectroscope (Gem Reference Guide, 1995), 
Tanzanite is inert to ultraviolet radiation (see, e.g., 
Malisa et al., 1986; Barot and Boehm, 1992). 


Inclusions. A variety of inclusions have been identi- 
fied in tanzanite: calcite, gypsum, graphite, hematite, 
ilmenite, staurolite, rutile, titanite, xenotime, quartz, 
diopside and tremolite-actinolite, as well as fluid 
inclusions in healed "feathers" (Gubelin and Koivula, 
1986; Malisa et al., 1986). As noted by Barot and 
Boehm (1992}, however, faceted tanzanites are often 
flawless, because most inclusions are removed in the 
cutting process. 


Chemical Composition. In 1967, Bank et al. reported 
on strontium-containing blue zoisite crystals. In 1969, 
Hurlbut described this Tanzanian material more com- 
prehensively, published a chemical analysis, and 
attributed the blue color to its vanadium content: 
0.03-0.44 wt.% V,03. For more information about 
trace elements in tanzanite, refer to Schmetzer (1978; 
1982), Barot and Boehm (1992), and Traber (1995). 
Tanzanite also has a characteristic Raman spec- 
trum (figure A-1)}, so that it can be easily separated from 
simulants or imitations by Raman spectroscopy alone. 


Figure A-1. This Raman spectrum of a tanzanite crys- 
tal loaned by Th. Ostertag, Freiburg, Germany, is con- 
sistent with the Raman spectra of other tanzanites 
seen in the SSEF laboratory. 
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structures, but it did reveal small bubbles that were 
arranged in a circular pattern. 

The Raman spectra of the two Purple Coranite 
samples that we examined were very distinct, with 
a large number of peaks; some of these were at 
positions different from those in the Raman spectra 
of the other YAG investigated and described below 
(figure 6]. Additional Raman studies of various col- 
ors of YAG showed that their peak intensities, and 
some peak positions, vary depending on the doping 
element. The Raman spectrum of a colorless YAG 
reproduced in Pinet et al. (1992) corresponds to that 
of the colorless YAG we analyzed. 


Blue Coranite. The gemological properties of this 
synthetic corundum are consistent with the known 
properties for corundum and are similar to those 
reported by Kammerling et al. (1995) for compara- 
ble material. The 1.64 ct oval cut that we examined 
had a specific gravity of 4.02 + 0.02 and refractive 
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indices of n, = 1.764, ng = 1.771, with a birefrin- 
gence of 0.007. In contrast to tanzanite, corundum 
is uniaxial, and this material showed much weaker 
pleochroism from purplish blue {ordinary ray) to 
light grayish blue (extraordinary ray]. No lines were 
observed in the spectroscope. The sample was inert 
to both short- and long-wave UV radiation. 
Microscopic examination revealed no inclusions or 
growth features. 

The chemical composition of this sample of 
Blue Coranite is similar to that of synthetic sap- 
phire, with few trace elements and no V or Ga. The 
only elements we detected were Al {in a major 
amount} and Ti and Fe (each in the same amount, 
as trace elements}. The TiO, content varied slight- 
ly within the sample. The Raman spectrum of our 
sample of Blue Coranite corresponds to the Raman 
spectra of other corundum samples, with only 
weak peaks at 375, 416, 577, 644 and 750 cm! (see 
Pinet et al., 1992). 
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Figure 4. This Raman spectrum of the heavy-glass 

imitation of tanzanite illustrated in figure 3 shows 
broad peaks at Raman shifts of 505, 777, 989, and 

1064 cmt, 


YAG from Russia. A 1.99 ct round-brilliant-cut 
synthetic garnet from Russia {again, see figure 1} 
was available from the collection of Dr. H. A. 
Hanni, SSEF Swiss Gemmological Institute, who 
purchased it in 1991 from Mr. P. Hollenstein of 
Zurich, Switzerland. It had an S.G. of 4.56 and an 
R.L. over 1.80. As with the Purple Coranite, this 
sample showed no pleochroism, but we observed 
some strain with the polariscope. Also, it fluo- 
resced a moderate orange to short-wave UV radia- 
tion. We also saw minute inclusions on an irregular 
plane throughout the piece. They resembled the 
rutile particles frequently observed in corundum. 
The chemical composition of this synthetic was 
found to be mainly Y and Al, with traces of Yb. The 
Raman spectrum differed distinctly from the one 


Figure 5, This sample of Purple Coranite, a YAG 
manufactured to imitate tanzanite, fluoresced a 
strong, chalky orange to short-wave UV radiation. 
Note that the fluorescence is strongest near the 
near-colorless rim. Photo by L. Kiefert. 


274 Notes & New Techniques 


g § 
2 
gi 
2 g 
g s z 
8 2 é 3 
& 4 & 
% g B ws 88 S 
e g 3] Em Es nr 
3 
"PURPLE CORANITE" 
| . 
2 e 
5 
8 
g 8 
g 
g 
} 
2 8 
ea 
i 8 3 3 
Is. = 2 
| Ny z 8h 
RUSSIAN BLUE YAG 
yl heer T a ae oe as T_ 
200 400 600° 800 1000 1200 1400 1600 1800 
RAMAN SHIFT (cm) 


Figure 6. The Raman spectra of these two YAGs 
manufactured by the Lannyte Co. (top) and in 
Russia (bottom) differ from each other because of 
different trace elements, but neither resembles the 
spectrum of tanzanite. 


obtained for Purple Coranite because of the different 
trace elements (again, see figure 6}. We observed no 
characteristic spectrum in the spectroscope. 


Ca-phosphate Glass. The mineral display at the 
University of Nantes contains a 6.90 ct bluish pur- 
ple brilliant-cut that was described to one of the 
authors by Dr. E. Fritsch, Nantes, as synthetic Ca- 
phosphate glass {again, see figure 1}. It had been 
purchased several years earlier at a Tucson Gem 
Show. Testing revealed a refractive index of 1.537 
for this isotropic material, a specific gravity of 2.64, 
and no reaction to either long- or short-wave ultra- 
violet radiation. In the spectroscope, we observed a 
moderate band in the yellow at 580 nm. 

When viewed with the microscope, the piece 
revealed the irregular flow structures and large 
number of bubbles frequently observed in glass (fig- 
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Figure 7. Bubbles and devitrification crystals help 
identify this sample as a purple Ca-phosphate 
glass. Immersion, magnified 35x. 


ures 7 and 8}. Raman spectra of the bubbles gave no 
specific peaks, which suggested that they might 
contain air. We observed devitrification effects 
around some of the bubbles, which had the appear- 
ance of needle-like crystals forming a radial pattern 
{figure 8]. Various crystalline phases, such as that 
illustrated in figure 9, and an apparently ortho- 
rhombic crystal inclusion were also seen. 

This sample was very similar in chemistry to 
apatite, with high amounts of Ca and P. We also 
recorded minor amounts of Mg, K, Fe, Co, Sr, and 
Zr, as well as traces of Zn. 

The Raman spectrum showed a curve similar 
to that of other amorphous materials, with broad 
peaks (figure 10}. The spectrum of the needle-like 
inclusions, however, had much more discrete 
peaks, at the same position as the broad peaks from 
the larger sample; whereas the orthorhombic crys- 
tal revealed peaks that were not observed in either 
the host or the crystallized areas around the bub- 


Figure 9. Various crystal phases were seen in this 
Ca-phosphate glass. Magnified 100. 
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Figure 8, Bubbles help show that this is a Ca-phos- 
phate glass. Note also the needle-like devitrifica- 
tion features on the large bubble. Magnified 100x. 


bles. The Raman spectrum of apatite, however, is 
distinctly different (again, see figure 10). 

The measured properties of this unusual stone 
contain no conclusive evidence as to the nature of 
the material, other than the fact that it is a Ca- 
phosphate glass. 


Figure 10. Raman spectra of a purple Ca-phos- 
phate with glass structure (A), devitrification area 
(B), and crystal inclusions (C) help characterize 
this tanzanite imitation, which was chemically 
similar to apatite (D). 
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TABLE 2. Gemological properties of tanzanite and some imitations. 


Number Refractive Specific Uv 
Trade name Identification of samples index Birefringence gravity fluorescence 
Short-wave Long-wave 
Tanzanite Zoisite NA@ 1,688-1.696 to 0.008 — 0.009 3.35 None None 
4.691-1.700 

U.M. 

Tanzanic Heavy Pb-glass 5 1.600-1.605 Isotropic 3.36 - 3.48 Chalky white Chalky white 

Purple 

Coranite YAG 2 > 1.80 Isotropic 4.58 Strong chalky Weak, chalky 
orange orange 

Blue Synthetic 1 1.764(n,}+1.771(n,) 0.007 4,02 None None 

Coranite corundum 

Russian YAG YAG 1 > 1.80 Isotropic 4,56 Moderate None 
orange 

None Ca-phosphate glass 1 1.537 Isotropic 2.64 None None 


@ Not applicable; properties quoted for tanzanite are from literature sources referenced in the text. 


DISCUSSION AND CONCLUSIONS 


Various tanzanite imitations are gradually entering 
the gem market. Three of the most convincing in 
appearance are the heavy glass manufactured by U.M. 
Science Co. and marketed under the name 
U.M.Tanzanic, the YAG manufactured by the 
Lannyte Company {and marketed as Purple Coranite], 
and the synthetic corundum by Lannyte that is sold 
as Blue Coranite. For the gemologist, tanzanite imita- 
tions are easily detectable because of differences in 
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CORUNDUM and PLASTIC, 
A Surprising Assemblage 


A charming dark-red Buddha stat- 
uette (figure 1) was submitted to the 
East Coast lab by a client who want- 
ed to know if it was artificially col- 
ored. When exposed to long-wave 
ultraviolet radiation in a darkened 
room, the statuette appeared splotchy 
orangy red, with some areas of slight- 
ly greenish blue (the ears, for exam- 
ple}; on the back, just above the base, 
were two lines of what appeared to be 
raised Thai lettering that also fluo- 
resced greenish blue (figure 2]. When 
we examined the item with a desk- 
model spectroscope, we saw a spec- 
trum typical of mby in some areas but 
no spectrum at all in others. 

Following these observations, we 
quickly turned to the microscope to 
determine better what material(s) we 
were dealing with. An examination of 
the most transparent area (the right 
arm] immediately showed the reason 
for the splotchy appearance to UV radi- 
ation: The Buddha was clearly made of 
a varicgated—near-colorless to pink— 
matrix embedded with small pink-to- 
red fragments. The morphology of the 
fragments suggested that they were nat- 
ural corundum. Higher magnification 
showed fractures and fluid-filled inclu- 
sions in the fragments. Although the 
spectrum seen in some areas matched 
that of ruby, we could not determine if 
all the corundum chips had the prereq- 
uisite depth of color to be classified as 
ruby. Small globules and numerous gas 
bubbles in surface areas of the matrix 
{figure 3) indicated plastic. Therefore, 
we concluded that the piece was an 
assemblage consisting of natural corun- 
dum fragments in plastic. 
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Figure 1. Testing revealed that 
this Buddha statuette (about 
41.60 x 21.40 x 16.20 mm) is an 
assemblage of ruby and pink 
corundum chips in plastic. 


A Thai staff member informed us 
that the script was the name of a well- 
known Buddhist monk. The piece may 
have been a way of honoring him and 
providing a “good luck” talisman for its 
owners. In addition to the monk’s 
name, the date “Sat 5” was present, 
which represents an important spiritual 
day for Buddhists. 

It is intriguing to speculate how 
the piece was manufactured. Indica- 
tions are that it was made in a mold, 
since corundum could not be pol- 
ished while embedded in such soft 
material, and the raised script could 
not have been produced as it was 
except in a mold. 
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Figure 2. Two rows of raised Thai let- 
ters along the base, seen here under 
long-wave UV, could only have been 
formed in this fashion if the stat- 
uette was produced in a mold. 


Similar assemblages that we have 
seen include a necklace of barrel-shaped 
beads (amber fragments in plastic; Fall 
1983 Lab Notes, pp. 171-172), a drilled 
“amber” tablet (Winter 1987 Lab Notes, 
p. 232}, and an imitation anyolite plaque 
(Gem News, this issue]. Once again, we 
cannot say whether this statuette is a 
one of-a-kind piece or another mass- 
manufactured tourist bauble from some 
gem-producing country. 

GRC and TM 


Editor's note: The initials at the end of each item identify 
the contributing editor(s) who provided that item. 
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Figure 3. With long-wave UV radi- 
ation, the individual fragments 
and gas bubbles in the “matrix” 
are readily apparent on the base of 
the statuette shown in figure 1. 


DIAMOND 


Fracture Filled 

Although we have been aware of frac- 
ture-filled diamonds for many yeats, 
we continue to see new or different 
aspects to the appearance of filled dia- 
monds. In most cases, when a fracture- 
filled diamond is noteworthy, it is 
because the flash effect is very subtle. 
Examples include a 0.88 ct heart- 
shaped brilliant with low-angle filled 
fractures (Summer 1993 Lab Notes, p. 
123) and a 1.07 ct diamond in which 
the orange darkfield flash was masked 
by the stone’s yellowish orange body 
color (Winter 1995 Lab Notes, pp. 
266-267). However, a 2.03 ct heart- 
shaped brilliant seen in the West Coast 
laboratory was notable for the opposite 
reason: The flash effects were so pro- 
nounced that we discemed an addition- 
al feature. 

One of our staff members (whose 
background includes petrology) keeps 
the analyzing filter (top polarizer} 
attached to the microscope. In general, 
flash-effect colors are more difficult to 
see with such an arrangement. How- 
ever, the flash-effect colors in this dia- 
mond were readily seen, even with the 
analyzing filter. In addition, and to our 
surprise, the flash colors changed as the 
polarizing filter was rotated, without 
any movement of the stone, in both 
darkfield and brightfield illumination 
(figure 4]. For each polarization direc- 
tion, the darkfield colors continued to 
be the “subtractive” opposites of their 
respective brightfield colors. This reac- 
tion suggests that, for at least this 
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stone, either the filler itself or optical 
effects resulting from the filling process 
behaved in an anisotropic fashion; that 
is, the flash colors acted as if the filler 
was pleochroic. Another possibility is 
that strain in this diamond caused the 
“flash pleochroism.” 

Qualitative chemical analysis by 
energy-dispersive X-ray fluorescence 
(EDXRF) spectroscopy revealed lead, 
bromine, and thallium, the same trace 
elements identified in the filled dia- 
mond described in the aforementioned 
Winter 1995 Lab Note. Subsequent 
EDXRF examinations revealed thallium 
in many diamonds that we believe were 
treated by the Goldman Oved Diamond 
Company in the early 1990s (see R. C. 
Kammerling et al., “An Update on 
Filled Diamonds: Identification and 
Durability,” Gems # Gemology, Fall 
1994, pp. 142-177). ML] 


Unusual Cause of Uneven 

Color Distribution 

A 1.15 ct octagonal modified brilliant- 
cut diamond submitted to the East 
Coast lab presented an unusual exam- 
ple of a colored diamond with uneven 
color distribution. In the color grading 
of colored diamonds, color distribution 


is defined as the perceived evenness or 
unevenness of color seen in the dia- 
mond in its face-up position (J. King et 
al., “Color Grading of Colored Dia- 
monds in the GIA Gem Trade Labor- 
atory,” Gems &) Gemology, Winter 1994, 
pp. 220-242}. In most colored dia- 
monds, uneven color distribution is an 
effect of cutting (for instance, the tips 
of a marquise brilliant may show 
color, while the center of the stone 
may appear near-colorless}, although 
occasionally the diamond is actually 
color zoned. In the case of this dia- 
mond, a large cleavage (and its reflec- 
tion) concentrated color in some areas, 
while other areas appeared nearly color- 
less. Consequently, the color distribu- 
tion of this stone was classified as 
“uneven.” 

The cleavage not only influenced 
the perceived distribution of color, 
but it also affected the apparent 
strength of color. As we have noted 
before {Winter 1985 Lab Notes, p. 
234), in some cases the way a dia- 
mond is cut may intensify the color 
appearance. In this stone, the cleav- 
age performed a similar role, by inter- 
nal reflection and refraction (figure 5). 
When examined table-down, the dia- 


Figure 4, By changing the direction of polarization of the light by 90° 
(below, left to right), the shift in darkfield (top) and brightfield (bot- 
tom) flash colors was readily seen in this filled fracture in a 2.03 ct dia- 
mond, Magnified 20x. 
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Figure 5, There is no foreign sub- 
stance in the cleavage of this 
1.15 ct round brilliant-cut dia- 
mond; the presence of the cleav- 
age is enough to profoundly 
affect its face-up color. 
Magnified 10x. 


mond appeared to be in the W-Z 
range, that is, Light Yellow. Face up, 
however, the angle of the cleavage 
intensified the color so that it 
appeared deeper than the “Z” master 
stone (figure 6). In accordance with 
GIA GTL policy to assess a diamond's 
color face up in such a situation (see p. 
225 of the King et al. article cited 
above), this stone was graded Fancy 
Light Yellow. 

Thomas Gelb 


Figure 6. When viewed face up 
next to the “Z” master stone on 
the left, the 1.15 ct diamond in 
figure 5 appears more intense, 
which resulted in a Fancy Light 
Yellow color grade. The color 
appears to be concentrated in 
regions where the cleavage and 
its reflection are visible. 
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SYNTHETIC EMERALD 


The Fall 1985 issue of Gems & Gem- 
ology carried a definitive article (by 
R. E. Kane and R. T. Liddicoat) about 
the Biron hydrothermal synthetic 
emerald, at the time a challenging 
newcomer. GTL staff members on 
the East Coast have not seen many of 
these stones submitted for routine 
testing in recent years. However, our 
initial examination of a small, rela- 
tively inclusion-free marquise bril- 
liant mounted in a lady’s cluster ring 
(figure 7} prompted another look at 
that enlightening article. 

It is important to remember how 
much the properties of this product 
overlap those of some Colombian 
emeralds. For example, Biron hydro- 
thermal synthetic emeralds do not 
fluoresce to long-wave ultraviolet radi- 
ation because of the quenching effect 
of vanadium; in natural emeralds, iron 
usually suppresses the fluorescence. 
Although the birefringence is lower, 
the refractive indices of this synthetic 
are very close to those of Colombian 
stones: ng=1.569, ng=1.573. The spe- 
cific gravity of 2.68-2.71 reported for 
the Biron synthetics in the Kane and 
Liddicoat article also does not help: 
This range almost exactly overlaps that 
of emeralds from Colombia. (In some 
other cases, S.G. provides a useful clue 
for separating unmounted stones.} 

As for using magnification to 
help with the separation, some inclu- 
sions in these synthetics can be con- 
fused with those in natural stones. In 
this case, a very small, highly reflec- 


Figure 7. The marquise brilliant 
(8.00 x 4.10 mm) in this woman’s 
closed-back cluster ring proved to 
be a hydrothermal synthetic 
emerald. 
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Figure 8, At lower magnification, 
this gold-colored plate-like inclu- 
sion in the synthetic emerald in 
figure 7 resembled pyrite, a min- 
eral found in some Colombian 
emeralds. Magnified 200x. 


tive “crystal” was at first thought to 
be pyrite, a mineral seen in emeralds 
from some Colombian localities. With 
higher magnification (figure 8), how- 
ever, the yellowish inclusion was 
clearly not equant, but rather appeared 
platy—calling to mind the gold inclu- 
sions reportedly seen, albeit rarely, in 
the Biron synthetic. A few needle-like 
inclusions further confused the mat- 
ter, as they resembled the needles 
sometimes seen in natural stones, 
With the aid of fiber-optic illumina- 
tion, however, their true nature was 
revealed: a series of closely spaced lin- 
ear “dashes,” not single solid needles. 
On further examination, we saw a 
two-phase “nail-head” spicule, similar 
to the one shown in figure 9, which is 


Figure 9. A two-phase “nail- 
head” spicule, similar to this 
one, positively identified the 
stone in figure 7 as hydrother- 
mal synthetic emerald. 
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Figure 10. A blister pearl (20 x 15 x 10 mm) can be seen at the top of this 
red abalone (Haliotus rufescens} shell. 


typical of hydrothermal synthesis. For 
further corroboration, we had an 
infrared spectrum of the stone taken. 
As expected, the spectrum showed 
water peaks typical of hydrothermal 
growth. GRC and TM 


PEARL, 
An Unusual Natural Abalone Blister 


Irvitants that find their way into a mol- 
lusk’s shell can induce the animal to 
form calcareous concretions. If layers 
of nacre are then deposited on the sur- 
face of this concretion, it is properly 
called a pearl. The irritants can take 
many forms. They can be organic, 
even another living organism. Or they 
can be inorganic—sand, for example. 
The pearls formed from these concre- 
tions can be loose in the mollusk or 
attached to the shel. If attached to the 
shell, they are called blisters. 

Our laboratories see many vari- 
eties of pearls. Although once rela- 
tively uncommon, abalone pearls are 
now appearing in the lab more fre- 
quently. Most natural abalone pearls 
seen in the trade are loose and irregu- 
lar in shape (see, e.g., Fall 1984 Lab 
Notes, p. 169). However, they can 
also occur as blister pearls, where 
they are a continuation of the inner 
nacreous part of the shell. Abalone 
blister pearls have been cultured, too, 
often with a specially shaped nucleus 
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to control the shape of the finished 
product. The blister is then cut from 
the shell and processed to make a 
“mabe,” an assembled cultured blister 
pearl (see, e.g., Winter 1994 Lab Notes, 
p. 268; Spring 1996 Gem News, p. 55}. 
Recently, the East Coast lab 
examined a red abalone shell (Haliotus 
rufescens; figure 10), which presented 
an opportunity to view a sizable nat- 
ural blister pearl and the irritant that 
caused it. In this case, the irritant 
was a mollusk that made its home by 
burrowing into the outside of the 
shell (figure 11}. It appears that the 
rate of pearl formation kept pace 
with the excavation of the burrow in 
the shell; the invader never reached 
the tissue of the abalone. 
Nicholas DeiRe 


Imitation STAR RUBY 


In recent years, the most convincing 
star-ruby imitations have been syn- 
thetic (or natural) rubies that were 
diffusion treated to induce the orient- 
ed rutile needle inclusions that pro- 
duce asterism (see, ¢.g., Fall 1985 Lab 
Notes, pp. 171-172). In these pieces, 
the star appears very close to the 
cabochon’s surface. We have also 
seen assembled pieces where the star 
appears to come from deep within 
the cabochon. One such doublet, 
described in the Fall 1993 Lab Notes 
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Figure 11. The blister pearl shown 
in figure 10 was produced from 
the irritant provided by the bur- 
rowing of a small bivalve mol- 
lusk, the shell of which is seen 
here embedded in the outer sur- 
face of the abalone shell. 


(p. 205), had a nonasteriated synthetic 
ruby top and what was probably a 
poor-quality natural star ruby— 
sometimes called “mud ruby’”—bot- 
tom, Last fall, the West Coast lab 
encountered a different type of 
assemblage imitating a star ruby that 
we had not seen in recent years. 

The ring shown in figure 12, was 
set with a red oval double cabochon 
that measured 11.98 x 10.33 x 6.25 
mm. Diaphaneity varied from trans- 
parent to opaque. It had a uniaxial 
optic figure, a spot R.I. of 1.76, and a 
typical ruby spectrum (when viewed 
with the desk-model spectroscope). It 
fluoresced medium chalky red to 
long-wave UV radiation, and medi- 
um-to-strong chalky red to short- 
wave UV. With magnification and 
immersion of the piece in methylene 
iodide, we discerned three distinct 
layers (figure 13]: a top transparent- 
to-translucent layer with gas bubbles 
and curved striae, but no silk (syn- 
thetic ruby); an opaque, highly reflec- 
tive middle layer; and a bottom layer 
that could not be characterized unless 
the cabochon was unmounted. 

The asterism appeared to origi- 
nate from the middle, opaque layer. 
Although this material was difficult 
to test because the piece was mount- 
ed, we did reach one area which we 
indented with a sharp needle—as 
would be the case with a metallic 
foil. Close examination revealed that 
the foil had been scored with fine par- 
allel lines in three directions (figure 
14), producing the asterism. The con- 
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Figure 12. The star in this double 
cabochon (11.98 x 10.33 x 6.25 mm} 
occurs deep within the doublet. 


clusion on our report stated that it 
was “an assemblage, consisting of a 
synthetic ruby top and an unidenti- 
fied back with a central engraved foil 
layer which produces the asterism of 
the material.” 

MLJ and SFM 


Imitation SPINEL, 
An Unusual Assemblage 


The jewelry trade first encountered a 
certain type of assembled stone, made 
to resemble either ruby or sapphire, in 
the early 1980s. Close observation of 
this material, even with the unaided 
eye, reveals a reflection from the join- 
ing plane, a strong indication that such 
a piece is an assemblage. When these 
stones are immersed in methylene 
iodide, it is easily seen that the crowns 
are green and joined by colorless 
cement to the pavilions, which are 
either blue (for imitation sapphire) or 
red (for imitation ruby). The iron line 


Figure 13, When we examined 
the cabochon illustrated in figure 
12 with 34x magnification, we 
noted a shiny foil layer in the 
middle of the assemblage. 
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Figure 14. Three arrays of paral- 
lel lines, which appear to have 
been scored into the foil layer, 
produced the asterism in the 
assemblage shown in figure 12. 
Magnified 17x. 


(or lines} in the absorption spectrum, as 
revealed with a handheld spectroscope, 
prove that the green crowns are natural 
sapphire. Typically, the blue pavilions 
are synthetic sapphire; the red pavil- 
ions are synthetic ruby, with an accom- 
panying ruby spectrum. 

Over the years, we have seen a few 
variations in the composition of these 
types of assemblages. One had a color- 
less synthetic spinel crown and syn- 
thetic ruby pavilion (Winter 1984 Lab 
Notes, pp. 231-232}. Another had a 
green synthetic spinel crown and a blue 
synthetic sapphire back (Spring 1985 
Lab Notes, pp. 46-47). 

Last summer, the East Coast labo- 
ratory identified yet another variation 
of this genre, a 6.28 ct “stone” with a 
beautiful purplish red hue. Because the 


Figure 15. Coarse polish lines (or 
scratches) on one of the surfaces 
that interfaces with the cement 
layer in this 6.28 ct assembled 
stone resemble needles that 
might be found in a natural 
ruby. Magnified 10x. 
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crown’s refractive index matched that 
of spinel, the piece was being offered as 
a natural spinel. Some coarse polish 
lines (figure 15}, apparently in the join- 
ing plane, resembled the needles that 
are frequently seen in natural corun- 
dum, but not in natural spinel. How- 
ever, these lines were actually on the 
surface of the crown (or pavilion) at the 
interface with the cement layer; they 
could easily have misled someone into 
assuming the stone was natural. 
Because we do not know the man- 
ufacturer’s intent, we cannot explain 
why this assemblage was made with a 
synthetic spinel crown instead of the 
usual natural green sapphire. However, 
the color of the crown (figure 16} does 
resemble that of the natural green 


Figure 16. Immersion revealed the 
green crown of the assembled 
stone in figure 15. Magnified 5x. 


Australian sapphire crowns that are usu- 
ally used, so the manufacturer may have 
simply mistaken this material for green 
synthetic sapphire during the creation of 
this piece (the pavilion was synthetic 
ruby}, Alternatively, inasmuch as the 
piece was being sold as natural spinel, 
this may have been an attempt to imi- 
tate fine red Burmese spinel, which 
itself can have significant value. 

GRC 
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DIAMONDS 


Diamonds from Kelsey Lake, Colorado. More than 1,000 
carats of diamonds from the mine at Kelsey Lake, 
Colorado, were examined by Thomas Hunn of Thomas 
Hunn Co., Grand Junction, Colorado, during his October 
1996 visit to this newly active locality (see, e.g., figure 1). 
Mr. Hunn provided the following report based largely on 
his examination of these diamonds and on conversations 
with Howard Coopersmith, manager, North America, for 
Redaurum Ltd. of Toronto, Ontario, Canada, which owns 
the mine. 

When the Kelsey Lake mine officially opened on 
June 1, 1996, it became the only active commercial dia- 
mond mine in the United States. (Although Crater of 
Diamonds State Park in Arkansas is well known as a pri- 
mary diamond occurrence in this country, we know of 
no significant commercial production from that source 
in recent years.) Mr. Coopersmith spent 20 years tracking 
indicator minerals and geologic clues to locate the heavi- 
ly weathered kimberlite pipes at Kelsey Lake. With 
approximately 16.9 million tons of ore reserve (that is, 


Figure 1. These diamonds (3.28 ct total weight) 
are from Kelsey Lake, Colorado, Photo © 1996 
Thomas Hunn Co. 
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not proven but potential ore], and a monthly production 
of 2,000 to 4,000 carats, the mine has an estimated life of 
at least seven years. 

The mix of “mine-run” (i.e., not specially selected) 
stones that Mr. Hunn examined contained both gem-quali- 
ty and industrial crystals. Of the more than 1,000 carats of 
rough diamonds that Mr. Hunn examined, 20%-25% were 
one carat and over, 50%-75% were 0.25 to 1 ct, and 
10%-20% were smaller than 0.25 ct. Some crystals weighed 
more than 9.5 ct, and a 28.3 ct diamond from Kelsey Lake 
was sold recently (Rapaport Report, October 11, 1996, p. 5). 
Most of the crystals were dodecahedra or octahedra, with a 
few macles; well-shaped transparent octahedra (“glassies”}, 
twinned crystals (interpenetrant and multiple twins], and 
modified dodecahedra were also present. 


Figure 2. This 0.27 ct round brilliant (about 4.08 mm 
diameter x 2.60 mm deep) was cut from one of the 
“copper” brown diamond crystals found at Kelsey 
Lake, Colorado. Photo © 1996 Thomas Hunn Co. 
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Photo by Dr. Giibelin 


Figure 17 
Group of included 
zircons with concen- 
trie radio halos in a 
Ceylon almandite. 
The small zircons 
are surrounded. by 
clearly marked dis- 
coloration rings. 

100x. 


Photo by Dr. Gabelin 


Figure 18 
Hornblende strewn 
through an alman- 
dite from Trinco- 

mali. 40x. 


The crystals varied from near-colorless to very dark 
brown. Most were faint to light brown, but about 10%- 
20% were in the near-colorless range. Only a very few 
crystals were yellow. Mr. Hunn noted a subtle “copper” 
tint in some of the brown crystals (figure 2). 

With regard to clarity, about half the crystals were 
cuttable quality; this was true for stones of all sizes, 
shapes, and colors. “Feathers” (fractures or cleavages] and 
some inclusions were common throughout the rough; a 
garnet crystal was identified in one stone. Most crystals 
displayed fine growth striations on the surface. 

Some of the Kelsey Lake diamonds already have 
been sold (again, see the previously mentioned Rapaport 
Report). Redaurum Ltd. is currently discussing (with var- 
ious firms] the possibility of bringing the mine’s entire 
production onto the U.S, market. 


Update on synthetic diamonds in jewelry. In the Summer 
1996 Gem News section {pp. 128-129], we presented infor- 
mation on the marketing of synthetic diamonds in jewel- 
ry. At that time, we believed that these synthetic dia- 
monds were being produced by the joint-venture company 
Tairus. Recently, Dr. Vitaly Efremov, deputy director of 
the United Institute of Geology, Geophysics and 
Mineralogy, Siberian Branch of the Russian Academy of 
Science, Novosibirsk, Russia, clarified this information. 
(Dr. Efremov also provided the technical information pre- 
sented in the Summer 1996 issue.) Although Taimis was 
involved in the early marketing of these synthetics, they 
actually were grown at the United Institute in 
Novosibirsk. They are currently being marketed—through 
Superings, Los Angeles—as “Superdimonds.” 


COLORED STONES 
AND ORGANIC MATERIALS Sy 


Natural “carvings.” For several years now, we have wit- 
nessed the creation of increasingly attractive and detailed 
carvings in various gem materials, including beryl, tour- 
maline, and quartz. The gem artisans who carve these 
works of art are usually highly skilled, having labored 
many years to perfect their craft. Kevin Lane Smith of 
Tucson, Arizona, has shown a special ability to create 
pieces that blend nature with artistic vision. 

His latest endeavors involve transparent gem crys- 
tals with picturesque natural etch or growth patterns 
that are works of art in themselves. When he locates 
such a crystal, Mr. Smith works the natural pattern into 
a fashioned gem, using cabochon or faceting methods, so 
that light hitting the stone casts shadows that enhance 
the effect of the pattern. One such natural scene in rock 
crystal quartz (figure 3) looks like the rugged crags of a 
mountain range. Most who saw this “carving” thought 
that the “mountain scene” had been artificially pro- 
duced. Perhaps the only immediate clue that it is natural 
is the myriad of tiny red iron oxide diskettes that paint 
the concave surfaces of the “mountain range” a subtle 
red. 
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Figure 3. The detailed mountain scene in this 48,7- 
mm-long fashioned rock crystal quartz by Kevin 
Lane Smith is the result of natural “carving.” 
Photo by Maha DeMaggio. 


A number of other artists are incorporating the surface 
texture of natural crystal faces into the pavilions of their 
faceted stones. The distinctive optical effects that result 
make every stone unique. This past year, the editors have 
seen the unusual works of some talented Idar-Oberstein 
artisans, including the designers of the Philipp Becker 
Company, who work primarily in beryls (aquamarine, mor- 
ganite, and heliodor; figure 4}, and Klaus Schafer. 


Figure 4. To produce the unusual optics in these two 
faceted beryls, a 50.66 ct heliodor and a 67.51 ct 
aquamarine, artists of the Philipp Becker Company 
incorporated natural faces of the original crystals 
into the pavilions. Courtesy of James Alger Co., 
Manchester, New Hampshire; photo © Harold w 
Erica Van Pelt. 
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Figure 5. A new deposit in Nevada is the source 
for this 26.59 ct blue chalcedony cabochon, the 
polished nugget, and the piece of rough. Photo by 
Maha DeMaggio. 


A new chalcedony locality. A new source for gem-quality 
blue-to-purple chalcedony was discovered in summer 
1994 by geologist Chris Rose, of High Desert Gems and 
Minerals, Walker Lake, Nevada. The new deposit is 
located on Mount Airy, near the town of Austin in 
central Nevada. 

Mining, which started in 1996, is currently done by 
hand. Initial exploration indicated that the site is a typi- 
cal geode (“thunder egg”) deposit; in some areas, the 
chalcedony nodules are only four inches {10 cm) apart. 
Eight full claims have been staked out along a mile-long 
(1.6 km} zone that shows continuous mineralization. 
The thunder eggs removed so far are typically a few cen- 
timeters in diameter, but some nodules over a meter (as 
large as four feet) across have been found. To date, Mr. 
Rose has recovered approximately 150-200 kg (330-440 
pounds) of nodules, approximately 20% of which con- 
tained gem-quality chalcedony. Minerals commonly 
associated with the chalcedony are calcite and the rock 
crystal and amethyst varieties of quartz. 

My. Rose supplied some of the newly discovered 
material to lapidary Kevin Lane Smith, who provided the 
Gem News editors with three samples for examination: a 
large piece of rough, a 474 ct polished “nugget” and a 
26.59 ct polished oval cabochon (figure 5). 

The Mount Airy chalcedony ranges from a slightly 
grayish blue (the most common color} to a more purple 
hue, according to Mr. Rose. The finest specimens are 
translucent. Energy-dispersive X-ray fluorescence 
{EDXRF) spectroscopy of the cabochon in figure 5, per- 
formed by Sam Muhlmeister in GIA’s Research 
Department, provided no clue as to a possible coloring 
agent; only silicon and a very small trace of iron were 
detected. Even at 200x magnification, with pinpoint 
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fiber-optic illumination, we could not resolve any inclu- 
sions in the cabochon. We saw only the fine fibrous tex- 
ture typical of chalcedony. 

On the basis of his exploration activities to date, Mr, 
Rose believes that there are significant reserves of chal- 
cedony in this area. 


Cat’s-eye emerald from Colombia... Chatoyant emerald 
has been found at the historic Coscuez mine, in the 
Muzo region of Colombia. Ron Ringsrud, of the 
Constellation Colombian Emerald Company, Saratoga, 
California, supplied us with two pieces from this new 
source: a 22.21 ct oval double cabochon and a 6.75 ct 
piece of rough (figure 6]. In the past, we have seen both 
cat’s-eye and star emeralds from Santa Terezinha de 
Goias, Brazil (Gem News, Spring 1992, p. 60; Spring 
1995, pp. 60-61; Fall 1995, p. 206); this is the first report 
of cat’s-eye emerald from Coscuez. 

The cabochon measured 18.97 x 15.80 x 11.20 mm. 
Its properties were consistent with those of natural emer- 
ald: spot R.I. of 1.58, doubly refractive optic character, 
typical emerald absorption spectrum when viewed with 
a desk-model spectroscope, and inert to both long- and 
short-wave UV radiation. The inclusions that caused the 
chatoyancy occurred as hazy linear “clouds.” Irregular 
and conical black inclusions were seen at either end of 
the cabochon. 

To date, according to Mr. Ringsrud, chatoyant emer- 
ald has been found in only one vein in the Coscuez mine, 


Figure 6. Reportedly from Colombia’s Coscuez 
mine, this cat’s-eye emerald weighs 22.21 ct, The 
inset shows part of the chatoyant emerald rough; 
note the dark carbonaceous shale matrix on the 
upper and lower faces. Cabochon photo by Shane 
F, McClure; inset photo by Maha DeMaggio. 
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embedded in carbonaceous shale (figure 6, inset) rather 
than calcite. Discovered in 1996, this vein was depleted 
within a month. Most of the rough crystals were suitable 
for fashioning into flattened elongated cat’s-eyes, the 
22.21 ct stone shown here is the largest that was cut. 


... And an update on emerald mining at the Muzo mine. 
On August 16, 1996, Gems & Gemology editor Alice 
Keller and William Rohtert, manager of gemstones for 
the Kennecott Exploration Company, visited the historic 
Muzo emerald mine in the state of Boyaca, Colombia. 
They provided the following account of current activities 
there. 

The Tecminas lease to mine at Muzo was renewed 
for 25 years in 1995. The three principals are Juan Beetar, 
Victor Carranza, and Miller Molina. Mr, Rohtert and Ms. 
Keller were accompanied on their trip to the mine, 100 
km north of Bogota (about a half-hour ride by helicopter 
from a private airport on the outskirts of the capital}, by 
Tecminas general manager German Bernal and geologist 
Adolpho Pacheco. They spoke with Mr. Beetar and Mr. 
Carranza at the mining complex in Muzo, and Mr. 
Carranza conducted the tour of the tunneling operation. 
At the mining complex, Mr. Carranza brought out a large 
group of fine emerald crystals—approximately 3,000 
carats of rough—that represented the production from a 
particularly good day (figure 7). 

The large mining complex has formal accommoda- 
tions for dozens of technical staff and has both television 
and cellular phone capabilities, with power supplied by on- 
site diesel generators. There is also a smal] mining village 
and trading area a few hundred meters down the valley. 

Currently, 350 people are working the main Muzo 
mine, with all organized mining underground, although 
Tecminas has helped approximately 1,000 local residents 
form cooperatives for small-scale surface mining and the 
re-processing of dump material throughout the Muzo 
area. Most of the tens of thousands of guaqueros (inde- 
pendent miners) who once worked the hills and streams 
at Muzo have moved on to Coscuez, about 10 km to the 
north, which is responsible for about 85% of Colombia’s 
current emerald production. Tecminas has two conces- 
sions (85 ha and 115 ha} at Muzo and a 73 ha concession 
at Coscuez. 

There are two major shafts at the main mine at 
Muzo—125 m deep and 95 m deep at the time of the 
August visit—approximately 1.5 km apart. The visitors 
descended through the 125 m shaft, which measures 5 m 
in diameter, in a dual-compartment skip (a small open 
elevator). This shaft is connected to the other, smaller 
shaft by an intricate network of reinforced tunnels, with 
a total length of about 2,000-2,500 m. Every 3 m down is 
a new horizontal level. The mineralized (strike) zone in 
the district is | km wide by 15 km long, and trends 
north-south. The actual ore zone developed at the Muzo 
mine measures about 100 m wide by 3 km long. It is dis- 
continuous, so exploration is difficult. The miners look 
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Figure 7. William Rohtert, Juan Beetar, and Victor 
Carranza (from left to right) examine approximately 
3,000 carats of emeralds recently recovered from the 
historic Muzo mine, in Boyacd, Colombia. Photo by 
Alice S. Keller. 


for calcite veins and breccias, usually than | m thick, 
with evidence of green beryl and pyrite in the highly car- 
bonaceous black shale. When dolomite bodies are 
encountered, this signals the end of the emerald min- 
eralization zone. 

Blasting is used to move the waste rock. An average 
of 30 tons of ore a day is shoveled into half-ton ore cars, 
which are pushed by hand through the tunnels and then 
taken to the surface in skips for processing in a trommel 
operation set up a few meters from one of the shafts. 
When a calcite vein is encountered while tunneling, the 
miners remove it with handheld pneunnatic chisels in a 
careful and meticulous search for emeralds. About half 
the emeralds produced are collected by hand from under- 
ground, with the remainder recovered from the trommel 
at the surface. At the time of the visit, a large calcite vein 
was encountered toward the ceiling of one of the tunnels, 
four or five miners worked the heavy chisel in rapid suc- 
cession. 

To date, the best stones have come from a small area 
on the surface called La Tequendama. According to 
Victor Carranza, efforts are now under way to tunnel 
under the Tequendama area. If the results are not satis- 
factory, they will return to open-pit mining in this 
region. Mr, Carranza believes that this is the richest 
“fringe” of the emerald area. Although the Muzo district 
has been mined for emeralds for more than a thousand 
years, Mr. Carranza believes that the reserves are excel- 
lent, and his company has identified a number of new 
mining prospects. 


A second Sri Lankan locality for color-change garnet. 
Garnets that exhibit different colors in incandescent and 
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daylight-equivalent fluorescent light are known from at 
least three localities: Umba and Tunduru, Tanzania 
(Spring 1996 Gem News, pp. 58-59}, and Embilipitiya, Sri 
Lanka. Similar garnets—with a color change strongly 
reminiscent of alexandrite chrysoberyl—have now been 
found at a second locality in Sri Lanka, according to 
Gordon Bleck of Radiance International, San Diego, 
California. This new locality, Athiliwewa, consists of 
about 25 acres {10.1 ha} of alluvium, approximately 1.5 
miles (2.4 km} east of the Kirindi Oya (stream), near 
Telulla, in the Monaragala district of southern Sri Lanka. 
The gem-producing area lies about 4 km east of highway 
A2 (between the 298 km and 302 km signs}, which rans 
between Tissamaharama and Wellawaya, the nearest 
large town. Because Athiliwewa is on government land, 
all mining there is illegal and so is usually done at night. 

The gamets are found in alluvial gravels, usually less 
than a meter below the surface, although one productive 
hole was reported by Mr. Bleck to be about 3 m deep. The 
alluvial material, or illum, differs from most Sri Lankan 
illum in that it has less clay. The garnets were supposedly 
discovered by a vegetable farmer in the course of planting. 
Production as of May 1995 was estimated at 1 kg of gar- 
net rough, Mr. Bleck was told that the largest piece of 
rough weighed 173 ct, but he did not actually see it. He 
did see a 40 ct piece of rough {that was later fashioned 
into a 9.75 ct color-change garnet with a six-rayed star] 
and a particularly gemmy 32.9 ct piece. As with other 
color-change garnets that have similar colors (see Spring 
1996 Gem News, p. 53}, some buyers have mistaken this 
material for alexandrite. 

Gemological properties were acquired for two oval 
stones, a 1.92 ct modified brilliant (figure 8} and a 0.82 ct 
mixed cut. In both, the color was evenly distributed and 
changed from gray-green (in daylight-equivalent Huores- 
cent light; grayish yellowish green in the 0.82 ct stone} to 
purple (in incandescent light; see again, figure 8}. Both also 
had strong anomalous double refraction when viewed 
between crossed polarizers, and both were inert to long- 
and short-wave UV. The large stone had an RI. of 1.760 
and a specific gravity of 3.89; the smaller one had values of 
1.768 and 3.91, respectively. Both showed similar absorp- 
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tion spectra with the desk-model spectroscope—435 nm 
cutoff; 460, 480, 504, and 520 nm lines; and a wide band at 
573 nm—typical for color-change pyrope-spessartines, 
Visible with magnification were iridescent needle-like 
inclusions {roughly parallel in the larger stone}, “finger- 
prints” {with a two-phase inclusion in the smaller stone}, 
and fractures with iron-oxide stains. EDXRF analysis of 
these two garnets revealed Al, Si, Mg, Mn, and Fe, as well 
as lesser amounts of Ca, V, Y, Zr, and Ti. 

It is interesting that the color change in these stones 
was much more obvious when viewed with transmitted 
light (an effect described by C. M. Stockton in “Two 
Notable Color-Change Garnets,” Summer 1982 Gems 
Gemology, pp. 100-101; see also “Pyrope-Spessartine 
Gamets with Unusual Color Behavior,” D. V. Manson 
and C. M. Stockton, Winter 1984 Gems & Gemology, 
pp. 200-207}, 


SYNTHETICS AND SIMULANTS Ss 
Composite tablets, imitation “anyolite.” While in 
Thailand for the International Gemmological Conference 
in November 1995, the late Robert Kammerling acquired 
two inexpensive plaques, each representing a seated reli- 
gious figure {in pink} against a green background {figure 
9). Mr. Kammerling suggested that the materials used in 
these plaques were meant to imitate so-called anyolite— 
ruby in a green-and-black zoisite matrix. Each plaque 
was tablet shaped; one measured 35.8 x 24.5 x 9.1 mm, 
and the other measured 35.3 x 24.3 x 9.5 mm. With mag- 
nification, we resolved individual grains of various colors 
(pink and near-colorless grains in the pink regions; near- 
colorless, yellow, blue, and green grains in the green 
regions} set in a pale yellow polymer. Bulk properties 
included an BUI. of 1.55 (for both tablets; a poor spot R.I. 
off the polymer filler material} and $.G.’s of 2.54 and 
2.51, respectively. The pink regions fluoresced a weak, 
uneven red to long-wave UV radiation and a faint, 
uneven red to short-wave UV, the green regions were 
either inert or fluoresced a very faint bluish white to 
both short- and long-wave UV. 

Both the pleochroism of the grains and the spectrum 
seen with the handheld spectroscope suggested that most 


Figure 8 The color 
change in this 1,92 ct 
garnet from Athiliwewa, 
Sri Lanka, is apparent in 
different lighting condt- 
tions (left, daylight- 
equivalent fluorescent 
light; right, incandes- 
cent light). Photos by 
Maha DeMaggio. 
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Figure 9, This molded tablet resembles a ruby-in- 
zoisite (“anyolite”) carving. Photo by Maha 
DeMaggio. 


of the grains, in areas of both colors, were corundum. For 
example, the spectrum of the green area showed readily 
discernible bands at 450, 460, and 470 nm. The polymer- 
like material in which the grains were set had many 
spherical gas bubbles (figure 10). In some of the 
ruby/pink sapphire chips, we saw clouds of gas bubbles, 
which indicate synthetic origin. In fact, we could not 
identify any of the grains in the pink region as natural 
corundum. Some grains in the green region showed evi- 
dence of heat treatment. Some yellow and near-colorless 
grains appeared to be of a different material, but we could 
not identify them by standard gemological testing. 
UV-visible spectroscopy for the pink region of one 
plaque revealed a typical ruby spectrum, with an addi- 
tional absorption edge at about 400 nm, possibly caused 
by the polymer-like binder. The UV-visible spectrum of 
the green region showed a band at about 450 nm (resolv- 
able into the 450, 460, and 470 nm peaks seen with the 
hand spectroscope by looking at the sharp edges} and 
broad bands centered at about 560 and 820 nm, the latter 
are related to Fe-Ti and Fe-Fe charge-transfer phenomena. 
Infrared spectra (between 6000 and 440 cm!) resolved for 
both the pink and green regions of one tablet were virtu- 
ally identical to each other. They were consistent (in the 
range between 4000 and 1000 cm:!} with the polymer 
being a mixture of polymethyl methacrylate and alkyd 
resin (by comparison with the Hummel polymer library]. 


Bahamian beauties. One tourist now knows that the old 
adage “let the buyer beware” is more than an idle warn- 
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ing. Susan Hendrickson of Seattle, Washington, an expert 
and dealer in conch “pearls,” was recently shown two 
beads that had been sold to a friend as conch “pearls.” 
They were purchased during a visit to the Bahama 
Islands, off Florida’s southeast coast. 

As is typical with conch “pearls,” the two beads were 
not perfectly spherical (figure 11). Their colors were also 
somewhat convincing: One {18.49 ct) was an intense slight- 
ly brownish red, and the other (18.89 ct] was somewhat 
more orange. However, the presence of eye-visible swirls in 
the beads—rather than the flame structure characteristic of 
conch “pearls’”—was immediate cause for suspicion. 

Subsequent gemological testing revealed that each 
bead had a spot refractive index of 1.49 and a specific 
gravity of 2.52. When the beads were examined with 10x 
magnification, small spherical gas bubbles were easily 
seen beneath the surface of each. All of these properties 


Figure 10. With magnification, gas bubbles can be 
seen in the polymer matrix. The grains in the pink 
region appear to be synthetic ruby and synthetic pink 
sapphire; in the green region, some of the corundum 
grains show evidence of heat treatment. 
Photomicrograph by John I. Koivula, magnified 5x. 


a 
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Figure 11. These 14.2 mm (red} and 14.3 mm 
(orange) glass beads were sold in the Bahamas as 
conch “pearls,” Photo by Maha DeMaggio. 


proved that the two beads were actually glass, 

On further investigation, Ms. Hendrickson learned 
that such glass imitations were being sold as conch 
“pearls” by local Bahamian fishermen. Apparently, at 
least some of the fishermen were convinced that these 
glass beads actually were conch “pearls.” Ms. 
Hendrickson was not able to find out who was manufac- 
turing and distributing the glass beads. 


An ancient Tibetan pendant, represented as a meteorite. 
Nickel-iron meteorites have long been a source of iron 
metal, especially in times and regions that lacked easily 
processed or acquired iron. The Ahnigito meteorite, for 
example, now at the American Museum of Natural 
History in New York City, was used as a source of metal 


Figure 12. The gray metal dog-shaped pendant, or 
tokcha, around which this pin was built was repre- 
sented to the owner as manufactured in 15th-century 
Tibet from meteoritic iron. The brooch (40.7 x 30.9 
mu) is courtesy of David Humphrey, Pacific 
Palisades, California; photo by Maha DeMaggio. 
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by early Greenlanders. So it seemed plausible that a gray 
metal pendant in the form of a dog (figure 12) could be 
meteoritic iron that was fashioned in 15th century Tibet 
(as was represented to its newest owner}. 

Close examination of the piece, however, revealed 
various features that made such a composition improba- 
ble. Specifically, the piece looked brown in reflected 
light, not steel gray. In addition, it appeared to be devel- 
oping a green patina (figure 13), whereas nickel-iron 
meteorites alter to brown rust in most climates. On the 
other hand, the green patina could be residual polishing 
compound, and perhaps the metal surface was brown 
because it was only slightly rusty. Magnification (again, 
see figure 13) revealed no evidence of exsolution into a 
lattice of lath-like metal grains (Widmanstatten struc- 
tures—Summer 1992, Gem News, p. 133), but only cer- 
tain nickel-iron meteorites—those with the appropriate 
composition and cooling history—show these patterns. 
Etching with a caustic compound is usually needed to 
expose the pattern when it is present. Ultimately, 
EDXRE spectroscopy provided the definitive evidence: It 
revealed copper, tin, zinc, lead, only a trace of iron, and 
no nickel. Consequently, the material was a bronze (cop- 
per-tin} or brass (copper-zinc} alloy, but not a nickel-iron 
alloy. 

University geology departments often are called on by 
members of the public to determine whether particular 
samples are meteorites; most of these unknown materials 
turn out to be “meteor-wrongs.” Although this pendant is 
not a meteorite, it is an unusual and attractive piece. (For 
more on meteorites and jewelry, see Spring 1995 Gem 
News, pp. 62-63.) Its age, and whether it came from Tibet, 
are beyond the scope of our normal identification process. 


Figure 13. With magnification, the metallic brooch in 
figure 12 appeared brown, with a greenish patina in 
some regions. Chemical analysis confirmed that the 
material was not a nickel-iron meteorite but rather a 
copper alloy, Photomicrograph by John I. Koivula; 
magnified 10x. 
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Figure 14, This 45.45 ct synthetic quartz was 
fashioned to emphasize the near-colorless seed 
plane. Stone courtesy of Paddie Harris, Santa 
Monica, California; photo by Maha DeMaggio. 


An unusual fashioned “tricolor” synthetic quartz. Last 
summer, Gems &) Gemology editor-in-chief Richard T. 
Liddicoat examined a particularly interesting example of 
a color-zoned synthetic quartz (figure 14). Most of the 
synthetic materials that we see have been fashioned in 
ways that disguise their manufactured origin, but this 
45.45 ct emerald cut flaunted its synthetic nature: The 
near-colorless seed plane formed an obvious stripe 
through the center of the table. Thin bands of synthetic 
yellow citrine flanked both sides of the stripe, and the 
balance of the sample was grayish green. The piece was 
acquired, already fashioned, in an inexpensive bag of 
mixed, predominantly rough material purchased at an 
auction. (For gemological information on a more typical- 
ly fashioned color-zoned—green and yellow—synthetic 
quartz, see Winter 1995 Lab Notes, pp. 268-269.} 


Figure 15. The 4.01 ct modified brilliant pear 
shape and 3.84 ct triangular modified brilliant 
shown here are synthetic spinel triplets, imitat- 
ing tanzanite. Photo by Maha DeMaggio. 
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Another tanzanite imitation: Synthetic spinel triplets. So 
far, we have seen no examples of synthetic tanzanite, 
although rumors of its existence have circulated since 
the early 1990s. However, several tanzanite imitations 
were available at Tucson in February 1996, including 
synthetic sapphire; a compound of yttrium, aluminum, 
and europium; and glass (see the article by L. Kiefert and 
S. Th. Schmidt in this issue, pp. 270-276). Another imi- 
tation, marketed as “Tanzation,” consisted of synthetic 
spinel triplets (figure 15), Max Schuster of Los Angeles 
gave two samples of this material to contributing editor 
Dino DeGhionno for examination. 

We recorded the following gemological properties for 
these triplets: color—violet; color distribution—even 
(face up}, but all color was contained in the middle 
“glue” layer; diaphaneity—transparent; optic character— 
weak anomalous double refraction, manifested as cross- 
hatching; color-filter reaction—red; refractive indices— 
1.727 (top and bottom of larger sample}, 1.729 (top and 
bottom of smaller sample}; and specific gravity—3.73 
(probably unimportant, as the imitation is likely to be 
successful only when mounted}. Each triplet was inert to 
long-wave UV radiation, but the top and bottom layers 
fluoresced a strong chalky even greenish yellow to short- 
wave UV. The “glue” layer was inert to short-wave UV, 
but was a weak red transmitter to visible light (“trans- 
mission luminescence”). When viewed with a desk- 
model spectroscope, each sample showed three diffuse 
absorption bands, the strongest at 570-590 nm and the 
other two at 520-540 nm and 630-650 nm. 

With magnification, the “glue” layer in each piece 
was seen to extend from midway down the girdle into 
the upper pavilion (figure 16). This layer showed gas bub- 
bles, flow structure, and mottled color distribution, with 
the color occurring in “thready spots.” EDXRF spec- 
troscopy revealed major Mg and Al in the top and bottom 
layers—consistent with synthetic spinel; the middle 
layer also contained Si, Pb, Nd, and Co. Therefore, we 
believe that the “glue” in the middle is, in fact, a silicate 


Figure 16, In profile, the bottom of the “glue” layer 
of the pear-shaped triplet in figure 15 can be seen 
as a faint line near the top of the pavilion. Photo 
by Maha DeMaggio. 
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Figure 17. The bright red stones in this historic 
cross from Basel Cathedral were identified as 
dyed red quartz by means of Raman spectroscopy. 
Photo by P, Portner, Museum for History, Basel, 
Switzerland, 


glass that owes its color to cobalt and neodymium chro- 
mophores. The glass is fused to the synthetic spinel 
crown and pavilion layers. 


INSTRUMENTATION Ms 


International conference on Raman spectroscopy and 
geology. Prof. Emmanuel Fritsch of the Institut des 
Matériaux, University of Nantes, France, provided the 
following report on the Georaman 96 conference held in 
Nantes last June. The conference focused on applications 
of Raman spectroscopy to geologic objects. One session 
concentrated on applications to gemology, with many of 
the talks related to the identification of inclusions. 

Prof. Paul Dhamelincourt and his colleagues from 
Villeneuve d’Ascq, France, have identified—using Raman 
spectroscopy—the following inclusions in Vietnamese 
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rubies: rutile, apatite, muscovite, margarite, phengite, 
zircon, dolomite, calcite, labradorite, goethite, pyrite, 
chalcopyrite, and quartz. It is unusual to get good Raman 
spectra from sulfides (pyrite, chalcopyrite}, and quartz 
was unexpected as an inclusion in ruby, as it should 
react with corundum to form aluminosilicates. Prof. 
Dhamelincourt et al. also identified carbon dioxide as an 
inclusion in an African ruby, and kaolinite and hydrocar- 
bons in fractures in a Burmese (Myanmar) ruby. Finally, 
they studied in extreme detail an inclusion in a diamond 
from Liaoning Province, China: The core of the inclusion 
was a pure forsterite (olivine) crystal that itself contained 
a microscopic diamond, The forsterite crystal was sur- 
rounded by silicate glass and black dendritic plates of 
graphite and majorite garnet; calcite and a possible sul- 
fate mineral were also found in the inclusion. 

Dr. Lore Kiefert, from the SSEF Swiss Gemmological 
Institute in Basel, reported that organic fracture fillings 
in filled emeralds can be recognized easily using Raman 
spectroscopy, as their Raman spectra are distinctive. In 
another study, grains of albite were detected as a minor 
rock component in a cabochon of deep violet jadeite jade. 

Professors B. Lasnier, Fritsch, and Serge Lefrant from 
the University of Nantes identified—using Raman spec- 
troscopy and scanning electron microscope data—a spec- 
tacular “golf ball” inclusion in a heat-treated sapphire as 
the product of incongruent melting of zircon. 

Another topic was the ability of Raman spec- 
troscopy to characterize samples in geometrically 
obstructed environments. For instance, Prof. Lasnier 
demonstrated Raman spectroscopy’s ability to document 
many small stones set in a large ring. Dr. Kiefert reported 
on identifying diamonds set in a watch face, testing 
through the transparent synthetic corundum watch 
“glass.” 

Raman spectroscopy is now routinely used for the 
nondestructive identification of archaeological or muse- 
um objects, the subject of another session. Using this 
technique, Prof. Lasnier characterized a neolithic bead 
from Western Brittany as a sericitic mica; Dr. Kiefert 
identified red dyed quartz set in a crucifix from Basel 
Cathedral {figure 17}; and Prof. David Smith, from the 
Paris Museum of Natural History, identified the compo- 
nent minerals of eclogite, gabbro, and jade rocks in pre- 
Colombian Mexican artifacts. Prof. H. G. M. Edwards 
and co-workers at the University of Bradford (United 
Kingdom) identified cinnabar and lazurite pigments in 
wall paintings and frescoes. 

Raman spectroscopy provides information about the 
vibrations of groups of atoms in a mineral or compound; 
because of this, it can be used to provide fundamental 
information on gem- and gem-related-minerals. Dr. 
Giancarlo Parodi and Prof. Smith used Raman spec- 
troscopy to describe the structures of the Fe3+ analog of 
beryl—the new mineral stoppaniite—and a kimzeyite 
(titanium-zirconium-rich garnet}, both from Latium, Italy. 
Prof. Smith also has interpreted systematics among the 
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Raman spectra of over 100 garnets from the pyrope-alman- 
dine-spessartine and grossular-andradite-uvarovite sub- 
groups. Dr. Shiv Sharma, of the University of Hawaii, 
Honolulu, Hawaii, obtained structural details of natural 
amphibole crystals. By using a special technique called reso- 
nance Raman spectroscopy, Dr. Mikhail Ostrooumov, from 
the St. Petersburg School of Mines, found that (SO,}?- ionic 
groups may play an important role in the coloration of lazu- 
rite, the main component of lapis lazuli. 

Instrument improvements were discussed as well. 
The use of the confocal technique has proved invaluable 
for obtaining the spectrum of an inclusion separate from 
that of the surrounding host. Near-infrared lasers and 
Fourier-transform spectrometers do not excite visible 
luminescence (sometimes called “transmission lumines- 
cence”) and so are ideal for running highly fluorescent 
materials. Also, Dr. Sharma and associates developed an 
oblique-illumination confocal microscope for the study of 
weakly (Raman] scattering materials, such as glasses. 

The notion of a standard catalog of reliable Raman 
spectra is still being pursued, although at the time of the 
meeting too few individuals had subscribed to a proposed 
standard database that was unavoidably expensive. One 
additional difficulty is that Raman peak intensities— 
though not positions—may vary with crystallographic on- 
entation, which could lead to misidentifications by unin- 
formed users of such a catalog. Abstracts of the Georaman 
96 conference are available as Terra Abstracts, Volume 8, 
supplement number 2, of Terra Nova, a Blackwell Science, 
London, journal. The next Georaman meeting is planned 
for 1999 in Valladolid, Spain. 


MISCELLANEOUS 


Synthetic sapphire assemblage with a gold “fractal” 
design. In triplets, the material of greatest interest is often 
that in the interlayer. In opal triplets, for example, a frag- 
ile piece of opal with a desirable play-of-color is protected 
by a backing material and a cover plate made of a durable 
transparent substance, such as quartz or glass (see Fall 
1996 Lab Notes, pp. 209-210). Recently, the editors 
became aware of a different type of patterned assemblage 
(figure 18), in which a microscopically detailed design is 
etched on the back of a single crystal of Czochralski- 
pulled synthetic sapphire; the pattern is then deposited 
with gold. The front surface of the transparent crystal pro- 
tects the design. The piece is then “backed” by another 
material. This assemblage is by Refractal Designs, of 
Danvers, Massachusetts. 

According to Refractal Designs president Rick 
Becker, a proprietary technique (patent pending) photo- 
lithographically deposits the 18k gold on a specially 
prepared surface. With this technique, extremely intri- 
cate designs can be created, some 10 times finer than a 
human hair. 

A fractal is the physical representation of a very 
complicated mathematical pattern that is “infinitely 
self-iterating,” according to Mr. Becker. In effect, design 
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elements visible in the overall view are also seen in the 
components of that design (figure 19], at (in theory) any 
magnification level. Mr. Becker reports clearly visible 
detail in the pattern at 1,000x with the proper instrumen- 
tation. Benoit Mandelbrot first brought these patterns to 
general attention over a decade ago (see, for instance, The 
Fractal Geometry of Nature, W. H. Freeman and Co., New 
York, 1982), but the complexity of the calculations made 
the representations very hard to produce until recently. 
Even with powerful desktop computers and special soft- 
ware, the generation of these images can take many hours. 

The imaged crystal section is “R-plane” Czochral- 
ski-pulled synthetic sapphire from Union Carbide, 
according to Mr. Becker. We measured refractive indices 
consistent with this material (1.762-1.770), The blue 
background to the gold design is a metallic oxide that has 
also been deposited photolithographically. In the proto- 
type sample we examined, glass was used as the backing 
material. Mr. Becker states that, in production runs, 
another piece of synthetic sapphire will be used. The 


Figure 18. This 22-mm-diameter assemblage, called 
“Deep Sea Rising,” consists of a piece of synthetic 
sapphire on one side of which a fractal design has 
been rendered in gold. The design is protected in the 
back by another slice of a transparent material, 
Courtesy of Refractal Designs; photo by Rudy 
DeLellis. 
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Figure 19, At 11x magnification, individual compo- 
nents of the fractal design in the assemblage shown 
in figure 18 can be seen to mimic the overall pat- 
tern, Photomicrograph by fohn I, Koivula. 


company is also developing processes to deposit more than 
one color of metal simultaneously. The designs reportedly 
can be deposited on many jewelry materials, 


Completely internal “carving” of glass. At two shows 
during the last year, one of the editors (MLJ) encountered 
an unusual method for carving isotropic materials, The 
78.25 x 50.2 x 49.8 mm sculpture in figure 20 was made 
from optical-quality (manufactured) glass. The balloons, 
and the ground below them, are completely internal to 
the glass block; they are actually patterns of short dashes 
that have been carved by a laser. 

Richard Sittinger of WonderWorks, Cambria, 
California, provided some information about this cutting 
style. The sculptures, called “Erokhin Laser Glass 
Crystals,” are made in Russia. For each piece, the three- 
dimensional design is created using computer graphics; a 
computer-controlled “focus laser-ray apparatus” then 
produces tiny energy bursts at specified points within the 
optical glass block. The laser ray actually passes through 
the glass and affects only the spot on which it is focused, 
according to information provided by Mr. Sittinger. 
Additional designs were available at both shows, includ- 
ing abstract geometric figures and sailboats. 
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Figure 20. The balloons in this glass block are 
completely contained by the surrounding glass; 
they were carved using a focused laser beam. 
Photo by Maha DeMaggio. 


When examined with magnification and polarized 
light, the glass showed areas of strain in the regions of the 
laser-etched pattern elements (figure 21]. We see no obvi- 
ous reason why this technique could not be applied to 
other isotropic substances, such as cubic zirconia—or 
even diamond. 


Figure 21. When examined in polarized light, the 
areas of laser damage in the glass are seen to be sur- 
rounded by small regions of strain, Photomicrograph 
by John I, Koivula; magnified 15x. 
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can best be compared with the 
liquid feathers in rubellites. 

These flaws, as depicted in Figures 
19 and 20, 


singly in the spessartite, or else, 


either are embedded 


combined in bundles, swarm in every 
possible direction. No other variety 
of garnet, nor indeed, any other 
precious stone resembling spessartite, 
such as diamond, zircon, sapphire, 
and chrysoberyl, ever shows this 
peculiar type of liquid inclusions. 
This is another case in which the 
interior paragenesis offers valuable 
and certain identification marks of a 
garnet. 


The accompanying microphoto- 
graphs illustrate better than words 
the appearance of the above-de- 
scribed characteristic inclusions in 
the varieties of garnets most, fre- 
quently met with in the trade. It is 
obvious that the internal paragenesis 
can not be determined in all garnets, 
especially when they are flawless. 
When, however, inclusions are pres- 
ent, they are a definite means of 
identifying and differentiating their 
host-gems. 

It is naturally an advantage to 
possess a polarizing microscope, or 
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if you are favored with a G.LA. 
Diamondscope, use it in combination 
with a polariscope, as this offers the 
additional possibility of observing 
under the polarized light the grill-like 
extinction caused by anomalous dou- 
ble refraction by tension; which is 
characteristic of garnets. This typical 
pattern of extinction, as it is well 
shown in Figures 21 and 22, has 
never been observed in any other 
gem. However, in order to be armed 
for every possible emergency, it is. 
a good idea to become sufficiently 
familiar with the inclusions in gar- 
nets and to attempt to recognize 
them with an ordinary jeweler’s 
pocket loupe as well. Errors in 
diagnosis will, in consequence, hap- 
pen less often. 

This method of recognition (by 
inclusions) is astoundingly rapid, as 
most garnets can be identified with 
reliable accuracy by their inclusions. 
Anyone accustomed to examining 
gems under the microscope soon be- 
comes acquainted with the above- 
described internal peculiarities ‘of 
the various garnets, and is thus in a 
fosition to determine with certainty, 
by this method, any transparent gar- 
net containing inclusions. 
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GEMSTONES OF 
AFGHANISTAN 


By Gary W. Bowersox and Bonita E. 
Chamberlin, 220 pp., illus., publ. by 
Geoscience Press, Tucson, Arizona, 
1995, US$60.00". 


While known for more than five mil- 
lennia as the producer of the world’s 
best lapis lazuli, Afghanistan has 
recently emerged as a premier locality 
for a variety of other fine gemstones. 
Today more than ever before, gem- 
stones are playing a key role in 
Afghanistan’s political development. 

Bowersox and Chamberlin des- 
cribe the history and current status of 
each of five types of gem deposits: 
lapis lazuli, spinel, ruby and sapphire, 
emerald, and pegmatite gems. For 
each category, the historical back- 
ground establishes the role of the 
gems in the country’s development, 
while generally excellent photography 
showcases the gems and the field 
areas. Maps are also included. 

Following an introductory chap- 
ter on the general geography, geolo- 
gy, and tectonic setting, and a second 
on Afghanistan’s history, each subse- 
quent chapter focuses on one gem 
category. The first is lapis lazuli, 
which is mined from remote moun- 
tains in the Hindu Kush Range, 
about 300 km northeast of Kabul. 
Access to the mines is along steep 
and dangerous pathways, and mining 
methods are still relatively primitive. 
In addition to Description and 
Location of the mines, the chapter 
on lapis lazuli includes Legends and 
Lore, Geology and Topography, 
Historic Notes, Illustrations of Lapis 
Use and Trade, Mining Methods, 
Production Figures, Properties, and 
extensive references. 

This chapter format is then fol- 
lowed for each of the other gem cate- 
gories. For many years, spinel was 
mined in the far northeastern corner 
of Afghanistan, but there has been no 
recent production. This area was prob- 
ably the source for such famous 
stones as the 170 ct Black Prince’s 
“ruby” (now known to be spinel} in 
the Imperial State Crown of Great 
Britain. In contrast, true ruby and sap- 
phire are mined today from white 
marble about 50 km southeast of 
Kabul, near Jegdalek, and about 32 km 
farther east, near Gandamak. Current 
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SUSAN B. JOHNSON AND 
JANA E. MIYAHIRA, EDITORS 


production is limited, but the area has 
potential for more discoveries. 

Emeralds of the Panjshir Valley 
are now world famous. Although 
noted in the literature as early as 250 
years ago, there was apparently no ref- 
erence to these deposits between 
1891—when they were briefly men- 
tioned in a report to the Geological 
Survey of India—and the 1970s. Today, 
more than 2,000 miners work nearly 
100 mines under often-dangerous con- 
ditions. Although the geologic origin of 
these emeralds is not well understood, 
there appear to be many similarities 
with the Colombian deposits. 

Gem-bearing pegmatites occur 
over a wide area in northeastem Afghan- 
istan, part of a 3,000-kim-long chain of 
pegmatites along the Himalayas. Evi- 
dence of gem beryl in Badakhshan 
archeological sites indicates that these 
gems were discovered thousands of years 
ago. However, contemporary mining 
has been active only since the 1970s. 
Many fine gems will undoubtedly 
emerge from this region (21 pegmatite 
fields have already been discovered). 

A final chapter outlines the 
potential for mineral development in 
Afghanistan, and an appendix lists 
locations of many deposits by latitude 
and longitude (a valuable feature). 

The text is very readable and 
coherent. Nevertheless, some typo- 
graphical errors are apparent, such as 
the omission of the Cambrian period 
on the Geological Timetable (p. 15}, 
and the incorrect age (600 million 
years rather than about 30 million 
years} assigned to the Oligocene 
Period (p.105}, The book should be 
carefully edited for a second edition. 

Because of the political upheaval 
that has plagued the country for many 
years, much of Afghanistan’s infras- 
tructure has been destroyed. Al- 
though gems are already being used 
by the mujahideen to finance their 
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struggle, mining could play a key role 

in rebuilding the country. Books such 

as this raise international awareness 

of the region. This book is also a nice 
addition to any gemologist’s library. 

F. A. COOK, Ph.D. 

University of Calgary 

Calgary, Alberta, Canada 


THE VOLCANIC EARTH 


By Lin Sutherland, 248 pp., ulus., 
publ. by University of New South 
Wales Press, Sydney, NSW, Australia, 
1995, US$45,95* 


Volcanoes are the most visibly dra- 
matic, as well as one of the most 
destructive (they have killed about 
100,000 people this century}, of all 
geologic processes. Dr. Sutherland has 
used the eye-catching physical fea- 
tures of volcanoes, and melded them 
with modern scientific concepts such 
as plate tectonics and geochronology, 
to produce a superb book. 

Although the main emphasis is 
on the southwest Pacific region 
(Australia and New Zealand), there 
are enough examples from other parts 
of the world (e.g., Hawaii, North 
America, Iceland) that readers from all 
countries will be able to relate to the 
material covered. Of particular inter- 
est to gemologists is the fact that 
important sources of some gems—ia- 
mond, sapphire, ruby, zircon, peridot, 
garnet, feldspar, and quartz—are 
directly or indirectly related to volcan- 
ism. These may be brought up from 
great depths by volcanic magmas (e.g., 
diamonds, pyrope}, may form within 
crystallizing magmas (e.g., peridot}, or 
may form as secondary minerals with- 
in cavities in the hardened rocks (e.g., 
amethyst}. Later geologic processes, 
such as weathering and erosion, may 
result in secondary gem deposits. 
Succinct discussions of these volcanic 
gems are presented. 

This book is superbly illustrated 
in color throughout. I recommend it 
highly for gemologists at all levels. 

ALFRED A, LEVINSON, Ph.D. 
University of Calgary 
Calgary, Alberta, Canada 


*This book is available for purchase through 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404, Telephone: (800) 
421-7250, ext. 282; outside the U.S. (3810) 
829-2991, ext. 282. Fax: (310) 449-1761. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Common and rare colourless gemstones. D. Kent, Journal 
of Gemmology, Vol. 25, No. 2, 1996, pp. 87-89. 
David Kent describes and illustrates his collection of 46 
colorless faceted gem and collector minerals, which he 
uses in teaching gemology. A table provides useful R.1. and 
S.G. data for all 46 specimens—a bonus for gemologists 
compiling their own databases. CMS 


Compositional characteristics of sapphires from a new find 
in Madagascar. C. C. Milisenda and U. Henn, Journal 
of Gemmology, Vol. 25, No. 3, 1996, pp. 177-184. 


Blue sapphires from Andranondambo, Madagascar, have 
been well represented lately in the gemological literature. 
The first of two articles in this issue of Journal of 
Gemmology succinctly reports on the regional geology, 
physical properties, and internal features of these sap- 
phires. The spectrum of a single sample was typical of sap- 
phires from high-grade metasedimentary sources, with 
Fe3+ and Fe2+/Ti+ charge transfer evident. Common min- 
eral inclusions are apatite, carbonates, and (tentatively) 
mica, A more detailed study of solid inclusions is being 
prepared. Color zoning, negative crystals, and fingerprint- 
type inclusions are also common. In general, Andranon- 
dambo sapphires resemble those from Burma and Sri 
Lanka. CMS 
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Emerald and green beryl from Central Nigeria. D. Schwarz, 
J. Kanis, and J. Kinnaird, Journal of Gemmology, Vol. 
25, No. 2, 1996, pp. 117-141. 


Central Nigeria is relatively well known as a source of 
aquamarine, but it also produces a limited quantity of 
emeralds and green beryl. This in-depth study reveals that 
these beryls formed under unusual geologic conditions 
which resulted in a suite of mineral inclusions that appears 
to be unique to emeralds and green beryls from this geo- 
graphic region: albite, fluorides (fluorite, “boldyrevite,” and 
ralstonite), F-silicate, Fe-rich mica, ilmenite, and monazite. 
“Boldyrevite” and ralstonite have not been reported previ- 
ously in emeralds from any locality. Inclusions were iden- 
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tified by SEM-EDS. Microprobe chemical analyses of the 
emeralds themselves revealed unusually low Mg and Na 
contents—another reflection of this material’s environ- 
ment of formation. Unfortunate from a gemological view- 
point is the low-Cr, low-V, and high-Fe chemistry of these 
emeralds. Distinct Fe2+ absorptions in their optical spectra 
will distinguish these emeralds from Colombian material 
when inclusions do not. CMS 


The genesis of emeralds and their host rocks from Swat, 
northwestern Pakistan: A stable isotope investiga- 
tion, M. Arif, A. E. Fallick, and C. J. Moon, Mineral- 
ium Deposita, Vol. 31, No. 4, 1996, pp. 255-268. 

Emeralds in this area, locally associated with other Cr- 

bearing silicates (Cr-dravite and fuchsite mica}, occur in 

veins with quartz, filling fractures in talc-magnesite and 
quartz-magnesite. The close spatial relationship and rela- 
tively narrow range of 8!8O values suggest that all the 
investigated phases (emerald, quartz, fuchsite, and tourma- 
line} are genetically related. The 8D composition of chan- 
nel water (released at >800°C) from emerald and that cal- 
culated for fuchsite and tourmaline are consistent with 
both magmatic and metamorphic origin, but a magmatic 
origin is favored. Relative to pegmatitic and other mag- 
matic minerals from elsewhere, the 8!8O values of the min- 
erals all show a strong enrichment in 180, the relatively high 

fluid 5!80 {calc.) suggests extensive interaction with !80- 

rich crustal (metasedimentary} rocks. The 8!8C and 8!8O 

values of the magnesite are remarkably uniform; their rel- 

atively low 6180 values suggest formation at a high tem- 
perature. The CO,-bearing fluids responsible for the car- 
bonation were probably metamorphic in origin. RAH 


Interesting gems from north-east Tasmania. B. Sweeney, 
Australian Gemmologist, Vol. 19, No. 6, 1996, pp. 
264-267, 


Author Boyd Sweeney describes and illustrates gems found 
by fossickers in northeast Tasmania, indicating the poten- 
tial for future production there. Significant gem minerals 
recovered to date include sapphire, ruby, spinel, zircon, 
topaz, quartz, chrysoberyl, and tourmaline. A 900 ct sap- 
phire was found in a paddock at Weldborough; sapphire 
reportedly is more abundant in the Weld River area. 
According to the author, most Tasmanian sapphires are 
found as clean, conchoidal fragments of trigonal crystals. 
Faceting-quality sapphires range from near-colorless to 
cornflower blue. More common are dark green sapphires 
and sapphires of a very dark, “ink” blue. Opaque Tas- 
manian sapphires commonly are pale blue to dark brown. 

Opaque spinel from this area is “steel” gray with a vit- 
reous luster and provides a good alternative to black onyx. 

The author's discovery of a 2.95 ct ruby crystal helps 
disprove the misconception that there are no rubies in 
Tasmania. Zircon typically ranges from bright red to dark 
reddish brown, in sizes from 3 to 10 ct. Because the rough 
usually is extensively fractured, only small fragments can 
be faceted. Paler Tasmanian zircons, however, yield fash- 
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ioned stones of good clarity and high dispersion. Much of 
the topaz from Weld River is found as colorless, waterworn 
pebbles. Only about 10% of all topaz rough occurs in pale 
shades of blue. The areas around Gladstone, Pioneer, South 
Mt. Cameron, and Derby are renowned for their yield of 
high-quality smoky quartz. Chrysobery] is relatively com- 
mon in the Weld River alluvial gravels. Colors range from 
a satiny “creamy” green to “grass” green; some rough cuts 
good cat’s-eyes. Black tourmaline, with some gem poten- 
tial, is also found in the rivers of northeast Tasmania. 

MD 


Mangatobangy: Amethyst-zepter aus Madagaskar (Manga- 
tobangy: Amethyst scepters from Madagascar). F. 
Pezotta, Lapis, Vol. 21, No. 9, 1996, pp. 32-35. 

Madagascar has been an important source of amethyst, 

generally from numerous small mines. This article briefly 

describes one such locality near Mangatobangy, about 40 

km (26 miles) west of Fianarantsoa. This mine is especial- 

ly interesting because it produces amethyst scepter crystals 

of extraordinary size and beauty. Most range from 5 to 20 

cm (2-8 inches}, but at least one was 60 cm (24 inches). 

They are usually well formed, with amethyst caps on 

milky to colorless quartz crystals; sometimes they are dou- 

bly terminated. Six color photos show the open-pit mining 
site and amethyst scepter specimens. RT 


Mintabie opal field. Australian Gold Gem & Treasure, Vol. 
11, No. 1, January 1996, pp. 68-72. 

This article is a first-person report (strangely lacking a 
byline} on a visit to the mostly depleted opal fields at 
Mintabie, South Australia, 400 km by road south of Alice 
Springs. Techniques used there to mine opal are described. 

The article is written in the breezy style of the maga- 
zine: for instance, “Like chooks on a compost heap, we 
started to investigate the rubble, finding parts of the potch 
band and cracking them open with our geopicks.” The 
claims are primarily strip-mined by bulldozer. On one 
claim visited, spotters behind the bulldozer had found 
table-top-sized seams of opal (showing green play-of-color, 
and worth eventually Aus$350,000}. The matrix sandstone 
is cemented together by strongly silicified bands of blue 
potch opal; jackhammers remove patches showing color. 
Some miners say that opal is often found in horizontal 
bands a few meters away from strong vertical faults. The 
Mintabie fields are due for a revival, as relocation of the air- 
field will free up many promising opal areas. ML] 


Ribbonstone. H. Bracewell, Australian Gold Gem & 
Treasure, Vol. 11, No. 1, January 1996, p. 44. 
Ribbonstone is a variety of chert, a cryptocrystalline quartz. 
It is distinguished by its pattern of fine banding: character- 
istic swirls that are partly concentric, the result of wide- 
spread cracking that was subsequently cemented by silica. 
This ornamental material is found at several localities in 
the Barkly Tableland of Australia’s Northern Territory, with 
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the best material coming from the Anthony’s Lagoon area. 
The ribbonstone was formed as a large, sheet-like deposit 
along a subsurface water table, probably in Tertiary times; 
the banded nature reflects changing rates of silica deposi- 
tion with seasonal changes in ground moisture. ML] 


Sapphire—"a funny place.” P. O’Brien, Australian Gold 
Gem & Treasure, Vol. 11, No. 1, January 1996, pp. 
22-25, 58, 60-61. 

The town of Sapphire, in the Anakie gemfields of Central 

Queensland, Australia, is colorfully profiled. Gem-quality 

sapphire was first found in the Anakie district in 1878, and 

the Anakie gemfields were officially named in 1902. By 

1907, at least 500 people were digging at Anakie: One carri- 

er shipped two tons of blue sapphires to the railhead that 

year. At that time, sapphire of any color other than blue was 
discarded as worthless, so yellow, green, and parti-colored 
sapphires were left on the dumps for more recent collectors. 

Several colorful characters populate the legends of 

Sapphire. Perhaps most notable was Darky Garnet, who 

entered the Anakie district with all his worldly possessions 

in a wheelbarrow, and eventually left the same way—after 
winning and losing a couple of fortunes. (A 19 km wheel- 
barrow race, starting at the local pub, annually perpetuates 
his memory.} A resurgence of sapphire mining occurred fol- 
lowing World War II. Today the district supports both pro- 
fessional mining and tourism, including “fossicking,” as 
amateur collecting is known in Australia. ML] 


Sapphires from Andranondambo area, Madagascar. L. 
Kiefert, K. Schmetzer, M. S. Krzemnicki, H.-J. 
Bernhardt, and H. A. Hanni, Journal of Gemmology, 
Vol. 25, No. 3, 1996, pp. 185-209. 

The second article on Andranondambo sapphires in this 

issue of Journal of Gemmology is more extensive, covering 

locality, geologic origin, crystallography, microscopic 
growth features, and detailed chemical and spectral analy- 
ses. The study collection contained more than 300 samples 
of both rough and cut stones that ranged from light to dark 
blue. Three types were distinguished on the basis of crystal 
habit: dipyramidal to barrel-shaped, prismatic, and tabular 
to short-prismatic dipyramidal. Internal growth features 
and color zoning are described in detail and illustrated 
extensively. Microscopic features and inclusions are dis- 
cussed by sapphire type. Many solid inclusions were iden- 
tified by Raman spectroscopy: apatite, calcite, and spinel 
(type I}; apatite accompanied by tubes (type II); and apatite, 
zircon, calcite, and three-phase inclusions {liquid and 
gaseous CO, with diaspore needles; type II). Healed feath- 
ers were observed in types I and II. Apatite and calcite crys- 
tals were often surrounded by rosette-like fissures in both 
heated and unheated type I samples, but only the heated 
specimens contained fissures with a dendritic pattern con- 
taining an unknown filler. EDXRF and electron micro- 
probe data document the chemical variability and zoning 
in this material. UV-visible spectra of samples before and 
after heat treatment reveal behavior similar to geuda-type 
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material from Sri Lanka. Infrared spectra reveal features 
typical of most corundum. CMS 


Shape, structure and colours of Polynesian pearls. J.-P. Cuif, Y. 
Dauphin, C. Stoppa, and S. Beeck, Australian 
Gemmologist, Vol. 19, No. 5, 1996, pp. 205-209 (trans- 
lated from Revue de Gemmologie, March 1993}. 

Described are the processes that determine nacre quality 

and color in bead-nucleated cultured pearls from Pinctada 

margaritifera, the black-lipped pearl oyster of French 

Polynesia. Biological researchers want to control these 

characteristics to achieve a greater yield of superior gem- 

quality cultured black pearls. 

The successful insertion of the shell-bead nucleus and 
mantle graft into the oyster will affect the shape and color 
of the resultant cultured pearl. The nacre produced is the 
result of a change in function of the epithelial cells that 
secrete calcium carbonate from the mantle. Essentially, 
calcite secretions are replaced by aragonite during forma- 
tion. The final tile-like layer is caused by an ordered, rhyth- 
mic secretion of aragonite platelets; it yields the outer 
nacre that gives the cultured pearl its beauty and orient. 
The formation of “circle” pearls (undesirable cultured 
pearls that are typically of inhomogeneous color, with cir- 
cumferential depressions) is also discussed. 

The periphery of the mantle has the greatest pigmen- 
tation for creating the color of the pearl, but it also has the 
highest concentration of calcite-secreting cells. The paler 
“inner” mantle tissue contains the cells necessary for arag- 
onite secretion and, thus, a thick nacre. The grafter risks 
producing cultured pearls with a thin nacre if he chooses to 
implant the darker epithelium that is restricted to the 
outer periphery of the mantle. 

The authors analyzed the pigment of Polynesian cultured 
pearls using low-pressure chromatography, spectrophotomet- 
ric techniques, and reflectance spectroscopy. Reflectance spec- 
troscopy allows determination of statistical distributions of 
color in pearl populations. With such data, the influence on 
color distribution of factors such as changes in the geographic 
distribution of species or in production methods could be mon- 
itored—and possibly controlled. 

Understanding nacre and color formation in pearls— 
and monitoring it with statistical techniques—is a signifi- 
cant step toward greater control in the production of high- 
er-quality Polynesian black cultured pearls. 

Cheryl Y. Wentzell 


DIAMONDS 


Automation: Still the key word. C. Hourmouzios, 
Diamond International, January/February 1996, pp. 
73-74, 76, 78-80. 

Mr. Hourmouzios does an excellent job of explaining the 

technology and machinery now available in the diamond- 

cutting industry. He describes a diamond-cutting laser that 
is accurate to 0.4 microns, 40 times more precise than the 
previous model. The bruting machine can stop automati- 
cally when the stone reaches the preset diameter. There is 
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a centering machine that plans, centers, and marks the 
stone. The blocking machine contains a diamond scaife 
that has boosted production 50%-75% in some areas of 
India. The polishing machine can polish excellent to ideal 
cuts from two points up to 18 ct and has an accuracy to 2.5 
microns. Finally, he describes a girdle-faceting machine 
that can polish from 40-200 girdle facets on rounds and 
fancies as small as 50 points to as large as 10 ct. 

This technology did not exist 25 years ago. At that 
time, Sir Philip Oppenheimer said, “Automation can only 
be an addition to the diamond industry.” Still, technologi- 
cal progress for the diamond-cutting industry has been 
slow compared to other industries. AMB 


A crustal mineral in a mantle diamond. L. R. M. Daniels, 
J. J. Gurney, and B. Harte, Nature, January 11, 1996, 
pp. 153-156. 
Recent studies of diamonds, their inclusions, and related 
rocks provide evidence for the origin of some of these 
materials in the Earth’s crust. Much of this evidence is iso- 
topic, especially that involving isotopes of oxygen, sulfur, 
lead, and carbon. This article is the first report of staurolite, 
a metamorphic mineral that occurs in crustal rocks, as an 
inclusion in diamond. 

The diamond that contained the staurolite inclusion 
came from the Dokolwayo kimberlite, one of a series of 
kimberlites that erupted about 200 million years ago in 
what is now northeastern Swaziland. Included minerals in 
Deokolwayo diamonds are consistent in composition and 
abundance with inclusions in diamonds from kimberlites— 
except for the relatively high contents of coesite, a high- 
pressure polymorph of quartz. The diamond studied was 
over 3 mm in its largest dimension; the staurolite inclusion, 
a discrete crystal about 0.08 mm, was completely enclosed 
by the diamond, with no cracks leading to it. Graphite was 
also included in the diamond; the diamond’s carbon iso- 
topic signature, 8!3C value of -5,0 per mil, was typical for 
mantle carbon without a crustal isotopic component. 

Staurolite is a metamorphic silicate mineral that is 
typically found in metamorphosed sediments of clay-rich 
composition, derived from continental sources, which 
crystallized under conditions of moderate temperature and 
moderate-to-high pressure within the crust. However, 
other Dokolwayo diamonds contain silica (coesite} inclu- 
sions, and staurolite is not stable at the pressure-tempera- 
ture conditions at which diamonds form if silica is present. 
{Magnesium-rich staurolites are stable at higher pressures 
and temperatures, but this specimen did not contain suffi- 
cient magnesium for this to be a factor.} The authors sug- 
gest that this inclusion formed under crustal conditions, 
before or during subduction of its source material, the stau- 
rolite survived as a relict grain in the diamond because it 
was not in contact with any silica phases. Unfortunately, 
the inclusion has been misplaced, precluding further study. 

ML] 


The diamond mining quarries of East Siberia as a factor 
affecting surficial water quality. V. N. Borisov, S. V. 
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Alexeev, and V. A. Pleshevenkova; in Y. K. Kharaka 
and O. V. Chudaev, Eds., Water-Rock Interaction, 
Proceedings of the 8th International Symposium on 
Water-Rock Interaction, WRI 8, Vladivostok, Russia, 
August 1995, published by A. A. Balkema, Rotterdam, 
Netherlands, pp. 863-866. 


The development of diamond mines in the arctic climate 
of Siberia, which has been ongoing since about 1960, has 
resulted in severe environmental problems. The nature 
and extent of these problems are only now being discussed 
openly in the scientific literature. This particular paper 
describes the effect that mining of the Udachnaya kimber- 
lite pipe has had on the quality of surficial waters, specifi- 
cally in the Markha River system. The same conditions are 
present at other mining locations, such as Mirny and 
Aikhal. The detrimental environmental effects are caused 
by: 

1, High chloride brines: When the open-pit mine at 
Udachnaya penetrated the permafrost (permanently frozen 
zone}, which occurs here at depths of 150-600 m, highly 
saline groundwaters began to infiltrate the pit. These brines 
came from porous and permeable sedimentary rocks sur- 
rounding the pit. The brines are predominantly of the chlo- 
ride type, with associated Ca, Na, Mg, and K. Especially seri- 
ous, however, are the dangerously high levels of bromide 
they contain. 

At first, the brines were discharged directly into the 
river system or released onto the surface. Because these 
practices had such a negative impact on the environment, 
in recent years the brines have been injected into the per- 
mafrost zones. However, this latter method has potential 
problems. For example, the brines may leak onto the sur- 
face, again leading to severe pollution. 

2. Tailings: The material that remains after diamond 
recovery generally includes finely ground kimberlite and 
chemicals from the separation process, which are stored in 
tailings piles on the surface. These piles are very suscepti- 
ble to leaching by water from rain and snow, a process that 
adds more undesirable chemical phases to surface waters. 
Leakages from the tailings have been recorded for more 
than 10 years. 

3. Spoil heaps from stripped rocks: Open-pit mining 
requires the removal (stripping] of large volumes of rock 
surrounding the pipe. These rocks are placed in spoil heaps 
that typically cover huge areas and are over 80 m high. 
Most of the stripped rocks are sedimentary (e.g., lime- 
stones}, and so are readily leached, adding more undesirable 
chemical constituents to the environment. In addition, 
these rocks have been used to build roads and for other 
industrial purposes, resulting in a “ubiquitous salting of 
[the] soil landscape.” 

Using background {baseline} values for chemical parame- 
ters in the Markha River system that were taken in 1979-1980, 
the authors show that pollution now can be detected as far as 
700 kim downstream from the Udachnaya mine! 

[Abstracter’s Note: Environmental pollution of the 
type described in this paper will not occur in the proposed 
diamond mining area of Canada’s Northwest Territories, 
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although the climate there is similar. In this area, the kim- 
berlite pipes have intruded into metamorphic rocks that 
contain no brines or easily leachable sedimentary rocks.] 

AAL 


Greenland: Country supplement. Advertisement Supplement 
to Mining Journal, London, March 1, 1996, 24 pp. 
The discovery of diamond-bearing kimberlites in Canada’s 
Northwest Territories has led to a reappraisal of similar 
rocks in Greenland. Some 500 potentially diamondiferous 
occurrences have been found in Precambrian rocks in West 
Greenland, between 60°N and 72°N (west of the perma- 
nent ice cap]. Diamond indicator minerals have been found 
in stream sediments within the West Greenland Archaean 
craton, and microdiamonds have been found in kimberlite 
dike swarms at both the northern and southern margins of 
the craton. Exploration is proceeding on the Bjornesund, 
Inglefield Land, Itillii, Kobberminebugt, Narsarsuaq, and 
Qagortoq properties/license areas. ML] 


Magnesite-bearing inclusion assemblage in natural dia- 
mond. A. Wang, J. D. Pasteris, H. O. A. Meyer, and 
M. L. Dele-Duboi, Earth and Planetary Science 
Letters, Vol. 141, No. 1-4, 1996, pp. 293-306. 
An inclusion in a diamond from the Finsch kimberlite pipe, 
South Africa, contains a euhedral rhombohedron-shaped 
crystal (~30 fm) of magnesite coexisting with several 
idiomorphic olivine (Foog) grains (~80 uum); many tiny 
anatase particles (~2-5 um} and microcrystallites of dia- 
mond (<1 um) and disordered graphite are attached to the 
surface of the magnesite grain. The occurrence of this syn- 
genetic multiphase inclusion assemblage—that is, a group 
of many minerals that formed at the same time, before or 
during the growth of the host—in a natural diamond pro- 
vides unambiguous evidence for the existence in the 
Earth’s mantle of magnesite, which some have suggested is 
a major carbon reservoir in most of the mantle. 

This inclusion assemblage suggests that two reactions 
involving the decomposition of the carbonates in mantle 
peridotite may occur during decompression. The P-T-f0, 
conditions defined by the inclusion are represented by the 
intersection of the graphite-diamond transition curve with 
the enstatite-magnesite-olivine-diamond buffer; they repre- 
sent the highest oxidation state under which a mantle dia- 
mond can be stabilized in a peridotite environment. This 
indicates that the conditions for diamond formation are 
very limited if carbonates are major carbon sources for dia- 
monds. It also suggests that, given the extremely low rela- 
tive amounts of free oxygen inferred for portions of the 
Earth’s mantle, carbonates may surely occur in peridotites, 
and much of the carbon in the mantle may be locked in 
reduced phases. RAH 


NWT Diamonds Project. Report of the Environmental 
Assessment Panel. Canadian Environmental Assess- 
ment Agency, Hull, Quebec, June 1996, 88 pp. 

BHP/Dia Met proposes to establish a diamond mine to 

draw ore from five kimberlite pipes in the Lac de Gras area 
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of the Northwest Territories. They plan to use a combina- 
tion of open-pit and underground methods over a 25-year 
period. The extremely fragile environment in the Canadian 
Arctic has been a major concern with respect to this project. 
Further, there are economic, social, and cultural factors that 
require consideration (e.g., the welfare of aboriginal peoples). 

In December 1994, a four-member federal environ- 
mental assessment panel was appointed to review all 
aspects of the proposed project, as documented by BHP in a 
series of impact statements. The panel’s report, published in 
this volume, concludes that the “environmental effects of 
the Project are largely predictable and mitigable.” Further, 
the potential economic benefits from the project are large, 
and the socio-cultural effects are likely to be both positive 
and negative (the latter to be addressed in the future}. Thus, 
the panel advocates approval by the Canadian government 
provided 28 recommendations are met. 

The recommendations cover a wide spectrum of sub- 
jects, including: quick and equitable settlement of aborigi- 
nal land claims; annual reports on monitored air and water 
quality; detailed monitoring of caribou herds and bird pop- 
ulations; cash compensation for the loss of fish habitat; 
monitoring of socio-economic conditions and trends result- 
ing from the project; and establishment by the government 
of procedures for diamond evaluation before full production 
starts. 

This report, which has been approved by the federal 
cabinet, is a major step toward establishing a significant 
diamond-mining industry in Canada. The first rough dia- 
monds may appear as soon as late 1998 (annual production 
is projected to reach 5,000,000 carats within five years]. It 
also sets environmental, cultural, and sociological stan- 
dards for future diamond-mining projects in northern 
Canada. AAL 


Review of diamond resources in South Australia, I. J. 
Townsend, B. J. Morris, and M. G. Farrand, Australian 
Gemmologist, Vol. 19, No. 5, 1996, pp. 233-236. 

Although most people associate Australian diamonds with 

the highly productive Argyle lamproite pipe found in 1979 

in the northwest of the country, diamonds were found 

much earlier in the east, in 1851 in New South Wales, and 
in the south, in 1859 in South Australia. In both cases, the 
diamonds were alluvial and were found by gold panners. 

This paper briefly describes the original (in the Echunga 

Goldfield) and all subsequent South Australian diamond 

occurrences, none of which is economic. 

Occurrences in which 100-200 stones have been 
reported include the Echunga Goldfield (the largest record- 
ed stone weighed 5.25 ct), the Springfield Basin, and kim- 
berlite dikes near Eurelia. The dikes are the only proven pri- 
mary source of diamonds, 140 microdiamonds have been 
recovered from them. 

Ten other localities, widely scattered throughout 
South Australia, have yielded up to 10 stones from gravels 
(e.g., gold placers}, soils, or occasionally from rocks of recy- 
cled secondary origin (e.g., sandstone). A number of zones 
with kimberlitic indicator minerals have been defined. 
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All of these diamond occurrences are on—or adjacent 
to—the Gawler Craton, so this part of South Australia has 
the basic geologic requirement for primary diamond 
deposits. Accordingly, extensive exploration has been 
undertaken in recent years. Despite the use of various tech- 
niques (such as aeromagnetic geophysical surveys}, no eco- 
nomic deposits have been reported. AAL 


Subduction model for the origin of some diamonds in the 
Phanerozoic of eastern New South Wales. L. M. 
Barron, S. R. Lishmund, G. M. Oakes, B. J. Barron, 
and F. L. Sutherland, Australian Journal of Earth 
Sciences, Vol. 43, No. 3, 1996, pp. 257-267. 

Eastern New South Wales, Australia, has produced more 

than 500,000 carats of alluvial diamonds, mostly from the 

Copeton-Bingara area. A local source is indicated by the 

diamonds’ distinct character and lack of surface damage, 

their 5!C values and suite of mineral inclusions are unlike 
those in diamonds from conventional diamond-producing 
areas, and their Phanerozoic setting is more than 1,000 km 
from the nearest craton. A subduction model has been 
developed to explain the origin and geology of these dia- 
monds. This model involves prolonged subduction of 

mature oceanic crust, resulting in the development of a 

low-temperature metamorphic window into the diamond 

stability field within the downgoing slab, at half the depth 
required by conventional models. 

The diamonds are preserved at depth by the termina- 
tion of subduction, and they are brought to the surface by 
overriding lithospheric plates or by entrainment in suitable 
magmas. The type of diamond formed depends on the orig- 
inal source rock. This model predicts that the New South 
Wales diamonds are young {Phanerozoic} and that their fea- 
tures, age, associated minerals, and geographic distribution 
relate to the New South Wales tectonic provinces. The 
subduction diamond model extends the range of indicator 
minerals to include corundum and Na-bearing garnet, with 
a new series of carrier magmas (basanite, nephelinite, 
leucitite). RAH 
World diamond production increases in ‘95. R. Shor, jewelers’ 

Circular-Keystone, Vol. 167, No. 10, October 1996, pp. 
104-108. 

World diamond production in 1995 increased by less than 

1% over 1994, to a total of 107.9 million carats (Mct). 

Australia is still the world’s largest producer by volume 

(40.8 Met), followed by Zaire (20 Mct], Botswana (16.8 

Mct}, Russia (12.5 Mct}, and South Africa (10.1 Mct). These 

five countries accounted for 92.8% by weight of the world’s 

1995 diamond production. Angola and Namibia produced 

about 1.8% and 1.2% of the world’s diamonds, respective- 

ly; and about a dozen other countries, mainly in West 

Africa and South America, shared the remaining 4.2%. By 

value, the top-producing countries were (in decreasing 

order]: Botswana, Russia, South Africa, Angola, Zaire, 

Namibia, and Australia. 

This paper gives the current status of mining and pro- 
duction from all important diamond-producing countries, 
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including selected details on production from important 
mines, recent changes in mine recovery operations, insight 
into exploration activities, and plans of certain companies 
for specific mines {e.g., De Beers is converting the present- 
ly dormant Mwadui [Williamson] mine in Tanzania into a 
smaller, low-cost operation), Of particular interest is the 
fact that the Argyle mine stopped recovering stones small- 
er than 1.5 mm, resulting in a production decrease of 3 Mct 
but a revenue increase of $15 million. 

Mention is made of a small diamond mine now oper- 
ating at Kelsey Lake, Colorado [see also the Gem News 
entry in this issue, pp. 282-283], the first in the United 
States since the 1930s, when the Prairie Creek pipe near 
Murfreesboro, Arkansas, ceased commercial operation. 
According to Mr. Shor, the Kelsey Lake mine is projected 
to produce 100,000 to 150,000 carats per year, which will 
barely register in future worldwide statistics. However, a 
mine in the Northwest Territories of Canada, expected to 
be fully operational in 1998, is projected to produce about 
2% of the world’s diamonds in the near future. AAL 


INSTRUMENTS AND TECHNIQUES 


The Adamas Advantage Gem Identification Kit 1.2e—a 
review. P. G. Read, Journal of Gemmology, Vol. 25, 
No. 3, 1996, pp. 219-224. 
The author of one well-known gem identification software 
package reviews a competitor’s product: the Adamas 
Advantage Gem Identification Kit (version 1.2e for 
Microsoft Windows}. This subset of the larger Adamas 
Advantage program is relatively easy to use and, with 524 
gem materials in its database, will satisfy the needs of most 
gemologists. Following a description of how to use the pro- 
gram, Mr. Read points out a few of its shortcomings. 
Although these “bugs” are not sufficient to deter potential 
buyers, users should be aware of them. The article closes 
with recommendations for improvements and an address 
where the kit can be obtained. CMS 


The Bailey light source. T. Linton, R. Beattie, and G. 
Brown, Australian Gemmologist, Vol. 19, No. 6, 
1996, pp. 250-251. 

The Bailey light source, a refractometer light source devel- 

oped and manufactured by South Australian gemologist 

Tony Bailey, was assessed by the Brisbane Instrument 

Evaluation Committee. Mr. Bailey came up with the idea 

in 1992, in response to the high cost of conventional sodi- 

um-vapor light sources. The Bailey product has three com- 
ponents: an LED light source {with six LEDs}, a stained 

wooden base, and alternative sources of power (either a 

240-volt power pack or a nine-volt dry-cell battery). 

Although the mean wavelength of 580 nm that is 
emitted by the LEDs closely approximates the sodium- 
vapor emission doublet, the measured luminance of the six 

LEDs was only 18% that of the sodium lamp. The accura- 

cy of the Bailey light source was evaluated on a Topcon 

refractometer; no significant differences were seen in the 
refractive indices determined by either the Bailey or the 
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sodium-vapor light source. However, the Bailey light 
source, with its essentially horizontally directed yellow 
light beam, relies on the output of its six LEDs, rather than 
any slight increase in their angle of emission, to produce a 
bright scale. A significant increase in the brightness of the 
scale can be accomplished by either altering the orienta- 
tion of the LEDs a few degrees upward or by placing the 
wooden base on an angle. 

The evaluation committee found the Bailey device to 
be a very economical alternative light source for the gem 
refractometer. However, the committee suggested that a 
more efficient array of LEDs be considered when this light 
is used with refractometers of Rayner or Topcon design, 
which produce brighter scales in their eyepieces when light 
is angled upward into their light-emitting portals. MD 


Fade testing: Has the time come? K. Nassau, Jewelers’ 
Circular-Keystone, Vol. 167, No. 9, September 1996, 
pp. 116-117. 

This article, by noted author Kurt Nassau, raises an interest- 

ing question: Should fade testing be used routinely to check 

the permanence of color in certain gem materials? Although 

fade testing can be slightly destructive, sometimes it is need- 

ed to complete a difficult gemological identification. 

Here, Dr. Nassau concentrates primarily on yellow- 
orange-brown sapphires and yellow-orange-brown topaz. A 
technique for fade testing is described that permits the 
rapid and reliable identification of rapid-fading color in 
some gem species. A simple, inexpensive fade testing appa- 
ratus is also described. It can be built and used easily—with 
negligible effect on colorfast or slowly fading material. A 
good suggestion by the author is that a person submitting 
material for a fade test should sign a disclaimer acknowl- 
edging the potential for color loss. JEC 


JEWELRY HISTORY 


Antique Cameos. O. Y. Neverov, World of Stone, No. 7, 
1995, pp. 29-32. 

In this interesting article, more technical than many, the 

author proves to be extremely knowledgeable about 

antique cameos. 

Antique cameos are distinctive works in miniature. 
Long known as exquisite, impeccable jewels, many ancient 
cameos served a different purpose: They were tributes to the 
strength and power of a worshipped sovereign, his military 
accomplishments, and his dynasty—subjects very different 
from those used in today’s cameos. In some ways, the art of 
cameo carving was similar to that of making medals—it 
served to document the life of an important figure. 

The author discusses minerals used during specific 
time periods and provides historical background on some 
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well-preserved cameos. There is also information on the 
cameo carvers themselves. 

For those fascinated with cameos (for pleasure or pro- 
fession), this article is essential. AMB 


Roots of the turquoise trade. S. E. Thompson, Lapidary 
Journal, Vol. 50, No. 3, June 1996, pp. 57-60. 

A thousand years ago, turquoise was “so valuable, a man 

could carry on his back a fortune in turquoise. It was like 

carrying your weight in diamonds.” 

So says Dr. Garman Harbottle, who—along with Phil 
C. Weigand—has spent 2.0 years piecing together turquoise 
trade routes between central Mexico and what is today the 
American southwest in an effort to discover where the 
Mesoamericans got their turquoise. By using an essential- 
ly nondestructive technique called neutron-activation 
analysis, Dr. Harbottle and Mr. Weigand have shown that 
samples recovered from individual mines have specific 
chemical profiles, and that these profiles are different for 
different mines. With this information, the two have been 
able to analyze samples from ancient Mexican artifacts and 
match the profiles to those of known samples from specif- 
ic mines in the southwest. 

The historical perspectives are fascinating, as are the 
conclusions attained through analytical means. Far from 
being a purely scientific report, the article conjures images 
of resolute ancients. To think of the hardships endured a 
thousand years ago to travel hundreds of miles in search of 
a blue stone makes one realize how much humans are will- 
ing to sacrifice for objects of wealth or worship. JM 


PRECIOUS METALS 


Improved wear resistance with electroplated gold contain- 
ing diamond dispersions. A. R. Zielonka, Gold 
Technology, No. 16, July 1995, pp 16-20 


This article reports the results of a research project funded by 
the World Gold Council and conducted by the Precious 
Metals Research Institute in Germany. Electroplating gold 
with a conventional cyanide gold electrolyte containing a 
fine homogeneous diamond power improved (as one would 
expect} the wear resistance of gold jewelry. Almost all of the 
relevant details of the electrolyte composition and the oper- 
ation are presented: Auruna 556 electrolyte, 0.25 micron dia- 
mond powder, deposition rate of 0.5 microns per minute, 
turbulent flow, and so on. The diamond content of the elec- 
trolyte—and, therefore, the electroplated layers—was varied 
up to 200 grams per liter and 2.76%, respectively. Wear tests 
using “grinding” paper showed that wear resistance 
increased three-fold over that of pure gold, making the fin- 
ished product almost twice as resistant to wear as copper but 
still only one-fifth as resistant as pure nickel. The additional 
cost to coat a ring would be a matter of pennies. CEA 
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A 


Abalone 
pearls—{GTLN]Sp96:47-49, 
W96:280; cultured (GN) 
Sp96:55-56 
Alexandrite 
synthetic flux-grown from Russia 
(Schmetzer]F96: 1 86ff 
Alexandrite effect, see Color change 
Alloy 
copper, represented as meteorite 
(CN)W96:288 
Amphibole group 
black opaque gem materials 
(Johnson|W96:2.52ff 
Andradite 
demantoid from Russia 
(Phillips)Su96: 1OOff 
Andranondambo, see Madagascar 
Anorthosite, see Rock 
Anyolite, see Rock 
Aragonite 
resembling nephrite 
(GTLNJF96:204 
Archeology, see Gemology 
Assembled stones 
beryl triplets resembling Paraiba 
tourmaline (GN}Sp96:59 
cultured blister pearls 
(GTLN)F96:210 
opal—doublets from Brazil 
(GN}§u96:136-137; and glass 
assemblage (GTLNJF96:209-2.10 
ruby-ruby doublet 
(GTLN}$p96:49-50 
star ruby simulant 
(GTLN)W96:280-281 
synthetic sapphire-and-gold assem- 
blage (GNJW96:291-292, 
synthetic spinel-and-glass triplets 
["Tanzation"] imitating tanzan- 
ite (GNJW96:289-290 
synthetic spinel-synthetic ruby 
doublet (GTLN}W96:28 1 
triplet imitating emerald 
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(GTLN]Sp96:44-45 
see also Composite materials 
Asterism 
induced in sapphires 
(GN)Su96:136-138 
simulated by engraved foil 
(GTLN}W96:280-281 
Australia 
quartz and magnesite rock from 
(GN}F96:217 


Bahamas 
source of glass imitation conch 
“pearls” (GN]W96:287-288 
Beryl 
heliodor from Tajikistan 
(GN}Sp96:53-54 
morganite with “iris” effect 
(GN)Su96:132-133 
triplets resembling Paraiba tour- 
maline (GN]Sp96:59 
see also Emerald 
Black opaque gem materials 
identification of 
(Johnson}W96:2526f 
Book reviews 
The Art of Jewelry Design, Vol. I 
(Galli and Giambelli} $u96:142 
Collectible Beads: A Universal 
Aesthetic {Liu} §u96:142 
Colorado Rockhounding, A Guide 
to Minerals, Gemstones, and 
Fossils (Voynick] Sp96:69 
The Dealer’s Book of Gems & 
Diamonds (Sevdermish and 
Mashiah] F96:223 
Gemstones of Afghanistan 
{Bowersox and Chamberlin} 
W96:294 
Mineral Books (Mineralogical 
Record, special issue} Sp96:69 
New Frontiers in Diamonds—The 
Mining Revolution (Duval, 
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Green, and Louthean) 
F96:223-224 

The Peking Diamonds (Read) 
Sp96:68-69 

Photographing Minerals, Fossils 
and Lapidary Materials (Scovil] 
F96:224 

Synthetic Diamond: Emerging 
CVD Science and Technology 
{Spear and Dismukes, Eds.} 
Sp96:68 

The Volcanic Earth (Sutherland} 
W96:294 

Brazil 

opal doublets from 
(GN)§u96:136-137 

topaz from the Capao mine, Minas 
Gerais (GN)F96:219-220; 
{Sauer]W96:2326f 


Cc 


Calcareous concretions, see Pearl 
Calcite, see Jade simulants 
Capdo mine, see Brazil 
Carborundum, see Moissanite 
Carving, see Lapidary arts 
Cathodoluminescence 
of diamond, characteristic patterns 
(GN}Sp96:60 
see also Fluorescence 
Cat's-eye, see Chatoyancy 
Cause of color, see Color, cause of 
Chalcedony 
blue-to-purple, from Nevada 
(GNJW96:284 
green-and-white jasper from 
Mexico (GN})Su96; 132-133 
porous chrysocolla-colored 
(GN}8u96:129-130 
“Challenge,” see Gems # Gemology 
Chatoyancy 
in clinochlore from Russia 
(GN)Su96:130 
in diopside from southern India 


Winter 1996 


WINTER 1945-746 278 


Photo by Dr. Gibelin 


Figure 19 
Typical feather of 
liquid drops as us- 
ually included in 

spessartite. 50x. 


Photo by Dr. Giibelin 


Figure 20 
Typical flaws im 
spessartite. 30%. 


(GN}$u96:130-131 
in emerald from Colombia 
(GN)W96:284-285 
Chemical composition 
of flux-grown synthetic alexandrite 


from Russia {Schmetzer)F96: 1 86ff - 


of kornerupine from Sri Lanka 
(Zwaan}W96:262ff 
of opal from Shewa, Ethiopia 
(Johnson}Su96:112.ff 
of sapphire from Andranondambo, 
Madagascar (Schwarz}Su96:80ff 
of scapolite from Brazil, Pakistan, 
and Sri Lanka (Zwaan}W96:2.62ff 
of tanzanite simulants 
(Kiefert]W96:2,70ff 
see also specific gem materials 
China 
diamond-in-matrix specimens 
from (GN}Sp96:52 
Chlorite, see Rock 
Chrysoberyl 
vanadium-bearing green 
(GNJF96:215-216 
see also Alexandrite 
Chrysoprase 
“lemon,” see Rock 
Clinochlore 
cat’s-eye, from Russia 
(GN}Su96:130 
Coating 
of cubic zirconia [Tavalite”] 
(GN}Su96:139-140 
of quartz (GN}F96:2.20-22.1 
Colombia 
cat’s-eye emerald from Coscuez 
(GN}W96:284-285 
emerald mining at Muzo 
(GN]W96:285 
Color, cause of 
in demantoid from Russia 
(Phillips}Su96:100ff 
in enstatite, cordierite, 
kornerupine, and scapolite from 
Embilipitiya, Sri Lanka 
(Zwaan]W96:2626f 
Color change 
in alexandrite from the Tunduru 
region, Tanzania 
(GN)Sp96:58-59 
in pyrope-spessartine garnet 
(GN}Sp96:53, W96:285-286 
in synthetic alexandrite from 
Russia (Schmetzer]F96:186ff 
Color zoning 
in sapphire—(GTLN}Su96:126; 
from Madagascar (Schwarz) 
Su96:80ff 
in synthetic quartz (GN)W96:289 
Colorado, see United States 
Composite materials 
corundum-and-plastic 
(GTLN}W96:2.77-2.78 
dyed calcite-and-plastic imitation 
of jadeite (GN)Su96:137-138 
faceted quartz construct 
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(GN)Sp96:59 
synthetic corundum-and-polymer, 
imitating ruby-in-zoisite 
(GN]W96:286-287 
see also Assembled stones 
Conch “pearl” 
glass simulant of 
(GN)W96:287-288 
Cordierite 
from Sri Lanka (Zwaan}W96:2.62ff 
“Coranite” 
“Blue,” see Corundum, synthetic 
“ Purple,” see YAG 
Corundum, see Rock, Ruby, Sapphire 
Corundum, synthetic 
"Blue Coranite," tanzanite simu- 
lant (Kiefert}W96:2.70ff 
Coscuez, see Colombia 
“Crystal Mesh,” see Glass 
Crystallography 
of corundum (C.P. Smith) 
F96:170ff 
of flux-grown synthetic alexandrite 
(Schmetzer}F96: 1 86ff 
see also Growth structure analysis 
Cubic zirconia 
imitation diamond crystals 
(GTLNIF96:205 
with optical coating [“Tavalite”] 
(GN}Su96:139-140 
Cutting Edge awards 
AGTA, for 1996 (GN}$u96:139-140 


De Beers 
history of formation and market- 
ing (Janse)Sp96:2ff 
instruments to detect synthetic 
diamonds (Welbourn]|F96:156ff 
Demantoid, see Andradite 
Diamond 
cathodoluminescence “finger- 
prints” (GN)Sp96:60 
from Colorado (GN)W96:282-283 
fracturing due to strain 
(GTLNIF96:205-206 
history of sources in Africa 
(Janse}Sp96:2ff; (Let)}F96:155 
in matrix, from China and Russia 
(GN})Sp96:52 
origin, history of theories 
(Janse]Sp96:2ff 
production in Africa 
(Janse]Sp96:2ff 
Diamond, colored 
black (Johnson}W96:2526f 
color intensified by cleavage 
(GTLN]W96:2.78-2.79 
and near-colorless from the same 
rough (GTLN}F96:204—-205 
pinkish orange 
(CTLN)F96:206~207 
synthetic yellow 
(GTLN}Sp96:44-45 
treated pink-to-purple 
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(GTLN)}F96:207-2.08 
Diamond, cuts and cutting of 
Buddha (GNJF96:215 
Mogul, drilled, tablet-cut, and 
engraved tablet-cut 
(GTLN)Su96: 122-123 
Diamond, inclusions in 
fluorescent phantom crystal 
(GN}Su96:128 
Diamond simulants 
cubic zirconia imitation of crystals 
_(GTLN)F96:205 
synthetic moissanite (GN] 
$p96:52-53 
Diamond, synthetic 
Chatham “white” (GN})F96:214 
comments on “A chart for the sep- 
aration of natural from synthetic 
diamonds” (Let)Sp96:63 
De Beers detection instruments 
(Welbourn}F96:156ff 
magnetic properties of 
(Let)Sp96:63, F96:154 
in the marketplace (GN]Sp96:52 
from Russia—{GTLN}S$p96:44, in 
jewelry (GN}Su96:128-129, mar- 
keted as “Superdimonds” 
(CN}W96:283 
Diamond treatment 
fracture filling (GTLN)W96:278 
Diffusion treatment, see Treatment 
Diopside 
cat’s-eye, from southern India 
(GN}$u96:130-131 
chrome, from Siberia (GN}F96:216 
Donors 
“Robert C. Kammerling Research 
Endowment” W96:293 
“Thank You, Donors” $u96:141 
Doublet, see Assembled stones 
Drusy gems 
black “onyx” (Johnson}W96:2526f 
silicon produced for the computer 
industry (GN]Su96:138-139 
Durability 
of natural and polymer-impregnat- 
ed jadeite (GN)Sp96:6 1-62. 
of opal from Ethiopia 
(Johnson}Su96: 1 12f 
see also Stability 


E 
Editorials 
“In Honor of Robert C. Kammerling” 
(Boyajian}W96:23 1 
“Madagascar: Making Its Mark” 
(Liddicoat}Su96:79 
“Opening Pandora's Black Box” 
(Liddicoat}F96:153 
“The Quintessential Gernologist, 
Robert C. Kammerling, 1947-1996” 
(Keller}Sp96:1 
Electron microprobe analysis 
of flux-grown synthetic alexandrite 
(Schmetzer}F96: 186ff 
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of inclusions in trapiche rubies 
(Schmetzer)W96:2426f 
of kornerupine and scapolite from 
Sri Lanka (Zwaan)W96:2.62f 
of “U.M. Tanzanic,” glass imita- 
tion of tanzanite (Kiefert] 
W96:2,70ff 
Embilipitiya, see Sri Lanka 
Emerald 
cat’s-eye, from Colombia 
(GN}W96:2.84-285 
earrings with natural and imita- 
tion (GTLN]Sp96:44-46 
infrared spectroscopy of, to sepa- 
rate from synthetic (GN}|Sp96:62 
mining at Muzo (GN)W96:285 
Emerald simulant 
triplet with quartz top in earring 
(GTLNI$p96:44-46 
Emerald, synthetic 
hydrothermal—growth-related 
properties (Schmetzer)Sp96:40ff, 
inclusions in 
(GTLN}W96:279-280, from 
Russia (Koivula)Sp96:32ff 
infrared spectroscopy of, to sepa- 
rate from natural (GN)Sp96:62 
Enstatite 
from Sri Lanka (Zwaan}W96:262ff 
Ethiopia 
opal from Shewa province 
Johnson)Su96:1 1 2ff 


F 


Feldspar (anorthite, plagioclase}, see 
Rock 
Fluorescence 
of diamond—natural and synthetic 
{Welbourn]F96:156ff,; synthetic 
(GTLN]Sp96:44-45 
of dyed synthetic ruby 
(GTLNJSp96:49-50 
of heat-treated and natural-color 
Imperial topaz (Sauer)W96:2326f 
of scapolite from Sri Lanka 
(Z.waan}W96:2626f 
see also Cathodoluminescence 
Foil backing, see Glass 
Fracture filling 
of diamond, with unusually strong 
flash effect (GTLN]W96:278 


G 


Garnet 

color-change pyrope-spessartine— 
(GN]Sp96:53; from Sri Lanka 
(GN}W96:285-286 

pale brownish pink pyrope 
(GTLN}JSu96: 124-125 

pyrope-alimandine from 
Mozambique (GN)Su96:131 
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spessartine from Namibia 
(GN)Sp96:57-58; from Pakistan 
(GN)F96:2.18-2.19 
see also Grossular, Rock 
Gemology 
of archeological gem materials— 
Roman (GN)$p96:62, Visigoth 
(GN)Sp96:61-62; using Raman 
spectroscopy {GN}Sp96:290-29 1 
identification of black opaque gem 
materials (Johnson|W96:252ff 
Gems & Gemology 
"Challenge”—Sp96:66-67 
“Challenge Winners”—F96:203 
“Most Valuable Article Award” 
(Keller)Sp96:64-65 
Ghana 
history of diamond sources in 
(Janse)Sp96:2ff 
Glass 
black opaque (Johnson}W96:252ff 
Ca-phosphate, as a tanzanite simu- 
lant (Kiefert)W96:270ff 
as a conch “pearl” simulant 
(GN]W96:287-288 
fiber-optic, imitating tiger’s-eye 
(GN}F96:222 
foil-backed, in flexible fabric 
[“Crystal Mesh” 
(GN}F96:22 1-222. 
internal laser carving of 
(GN]W96:292 
see also Assembled stones, Jade 
simulants 
Grossular 
periclase resembling 
({GTLN}Sp96:48-49 
see also Rock 
Growth structure analysis 
in diamond [synthetic and natural] 
(Welbourn}F96:156ff 
in hydrothermal synthetic emerald 
(Schmetzer]Sp96:40ff 
in flux-grown synthetic alexan- 
drite (Schmetzer}F96:1 86ff 
introduction to, with example in 
ruby (C.P. Smith|F96:170ff 
Guinea 
history of diamond sources in 
(Janse}Sp96:2ff 


Heat treatment 
of sapphire from Madagascar 
(Sch warz}Su96:80ff 
of Imperial topaz (Sauer)W96:232ff 
Heliodor, see Beryl 
Herderite 
unusually large (GTLN}F96:208 
History 
of diamond mining and production 
in Africa (Janse)Sp96:2ff 
“Hollandine,” see Spessartine 
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“Imperial” topaz, see Topaz 
Inclusions 
of calcite and dolomite in trapiche 
ruby (Schmetzer}W96:2.426f 
of copper in jadeite 
(GTLNJSp96:46-47 
natural-looking, in flame-fusion 
synthetic sapphire (GTLN]) 
F96:2.1 1-212, 
of phlogopite in trapiche sapphire 
(Schmetzer]W96:2.42.ff 
in quartz (GN]Sp96:60-61 
rutile needles creating unusual star 
pattern in sapphire 
(GTLN)Su96:126-27 
thread-like, in assembled cultured 
blister pearls (GTLN})F96:210 
see also Diamond, inclusions in; 
Growth structure analysis 
India 
cat’s-eye diopside from 
(GN}Su96:130-131 
Instruments 
De Beers DiamondSure™ and 
DiamondView™ to separate nat- 
ural from synthetic diamonds 
(Welbourn}F96: 1 56ff 
in identification of black opaque 
gem materials 
(Johnson}W96:252ff 
modified stone holder 
(Smith}E96: | 70ff 
Raman spectroscopy conference 
(GN)}W96:290-291 
Infrared spectroscopy, see 
Spectroscopy, infrared 
Internal growth structure analysis, see 
Growth structure analysis 
Iridescence 
in morganite (GN)Su96:132-133 
Ivory Coast 
history of diamond sources in 
(Janse)Sp96:2ff 


J 


Jade simulant 
anorthosite/uyarovite rock 
(GN]Su96:129 
aragonite simulating nephrite 
(GTLNJF96:204 
composite of dyed calcite and plas- 
tic (GN}Su96:137-138 
devitrified glass (GTLN}Su96:123 
Jadeite 
antique carving 
(GTLNIF96:208-209 
with copper inclusions 
(GTLN)$p96:46-47 
durability of natural and polymer- 
impregnated (GN]Sp96:61-62 
color filter reaction of 
(IGTLN}]8u96:123 
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repaired carving 
[CTLN]Sp96:46-48 
from Russia (GN]Su96:131-132 
Jasper, see Chalcedony 
Jewelry 
bronze/brass Tibetan pendant 
(GN]W96:288 
brooch with interchangeable stick- 
pins (GNJF96:222, 
faceted tanzanite beads 
(GN}$p96:57-58 
flexible fabric with foil-backed 
glass (GNJF96:22,1-222 


K 


Kammerling, Robert C. 

Obituary (Keller]Sp96:1 

In honor of (Boyajian)W96:23 1 
Kanchanaburi, see Thailand 
“Kashmirine,” see Garnet 
Kelsey Lake, see United States 
Kenya 

“golden” tourmaline from 

(GN)$u96:135-137 

Kornerupine 

from Sri Lanka (Zwaan}W96:2.62ff 


L 


Laos 
ruby and sapphire from 
(GN)Sp96:61 
Lapidary arts 
AGTA Cutting Edge awards 
(GN1Su96:139-140 
etched gold fractal design on syn- 
thetic sapphire 
(GN}W96:29 1-292, 
faceted construct of quartz 
(GN)Sp96:59 
internal laser carving of glass 
(GN}W96:292 
natural crystal faces on faceted 
stones (GN]W96:283 
Liberia 
history of diamond sources in 
(Janse|Sp96:2.ff 
Luminescence, see Fluorescence 


Madagascar 
rubies from (GN)Su96:133-135 
sapphires from Andranondambo 
(Schwarz]Su96:80ff; 
(GNIF96:217-218 
Magnesite, see Rock 
Magnetism 
in black opaque gem materials 
(Johnson|W96:2526f 
in synthetic diamond (Let}Sp96:63 
Magnetite, see Spinel group 
Malachite 
polymer-impregnated (GN}S$p96:59 
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“Mandarin” garnet, see Spessartine 
Meteorite 
Tibetan pendant represented as 
GN}W96:288 
Mexico 
green-and-white jasper from 
GN})Su96:132-133 
“leopard opal” from 
GN)Sp96:54-55 
“Treasures of Mexico” exhibit at 
the Houston Museum of 
Natural Science (GN]Sp96:62 
Microscopy, see Growth structure 
analysis, Inclusions, Instruments 
Minas Gerais, see Brazil 
Mining 
of demantoid in Russia 
(Phillips}Su96: 1 OOff 
of diamond in Africa 
(Janse}Sp96:2f 
of emerald in Colombia 
(GN}W96:285 
of gem materials at Tunduru, 
Tanzania (GN)Sp96:58-59 
of opal in Ethiopia 
(Johnson}Su96: 1 1 2ff 
of sapphire—in Madagascar 
Schwarz)Su96:80ff, 
GNJF96:2.17-2.18; in Montana 
GN)Sp96:60; in Thailand 
GN})Su96:134-135 
of Imperial topaz in Brazil 
GNJF96:219-220, 
Sauer]W96:232ff 
of tanzanite in Tanzania 
GN)Su96:135-136 
Moissanite 
synthetic silicon carbide, as a dia- 
mond simulant (GN}$p96:52-53 
Montana, see United States 
Morganite, see Beryl 
Mozambique 
pyrope-almandine from 
(GN)Su96:13] 
Museums and gem collections 
gem exhibits in the United States 
(GN}S$u96:140 
Myanma Gems Museum 
(GN)Su96:13 1-132 
synthetics exhibit at the Sorbonne 
(GN]$u96:140 
“Treasures of Mexico” exhibit at 
the Houston Museum of 
Natural Science (GN]Sp96:62 
Muzo, see Colombia 
Myanmar 
gem museum (GN}Su96:131-132 
trapiche ruby and sapphire report- 
edly from [Schmetzer]W96:242ff 


N 
Namibia 

spessartine from (GN]Sp96:56-57 
Nephrite 
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aragonite simulant of 
(GTLN}F96:204 
Nevada, see United States 


oO 


Obituary 
Kammerling, Robert C. 
(Keller]Sp96:1 
Opal 
assemblage with glass top 
(GTLN)F96:209-2.10 
doublets from Brazil 
(GN}Su96:136-137 
from Ethiopia {Johnson}Su96: 1 1 2ff 
“leopard,” from Mexico 
(GN}Sp96:54-55 


P 


Pakistan 
spessartine from (GN}F96:218-2.19 
Pearl 
abalone—{GTLN}Sp96:47-49, blis- 
ter (GTLN}W96:280 
coated to conceal drill holes 
(GTLN])Sp96:47-49 
drop-shaped hollow, with conchi- 
olin (GTLN}$u96:123-124 
from Scotland (GN]Su96: 133-134 
X-radiography of 
(GTLN}$u96:123-124 
“Pearl,” conch, see Conch “pearl” 
Pearl, cultured 
abalone (GN]Sp96:55-56 
assembled blister (GTLN}F96:2.10 
Periclase 
resembling near-colorless grossular 
(GTLN)Sp96:48-49 
Plagioclase, see Rock 
Plastic, see Assembled stones, Jade 
simulant 
Pyrope, see Garnet 
Pyrope-almandine, see Garnet 
Pyrope-spessartine, see Garnet 
Pyroxene group 
black opaque gem materials 
(Johnson}W96:252ff 
see also Diopside, Enstatite, 
Jadeite 


Q 
Quartz 

coated (GN})F96:220-221 

dyed to simulate ruby 
(GTLN)Sp96:49-50 

faceted construct (GN]Sp96:59 

glass imitation of tiger’s-eye 
(GNJF96:222 

green (GTLN}JF96:210-2.11 

inclusions in (GN}Sp96:60-61 

infrared spectroscopy of natural 
versus synthetic (GN}Sp96:62, 

synthetic tricolor (GN]W96:289 
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see also Rock 
Quench crackling, see Treatment 


Raman spectroscopy, see 
Spectroscopy, Raman 
Rock 
anorthosite with uvarovite 
(GN}Su96:129 
anyolite (ruby in zoisite) simulant 
(GN}W96:286-287 
black opaque (Johnson}W96:2524f 
grossular and chlorite, resembling 
impregnated jadeite 
(GTLN]Sp96:45-47 
plagioclase and corundum, from 
Sri Lanka {GN}F96:216-217 
quartz and magnesite (“lemon 
chrysoprase”), from Australia 
(GN}JF96:2.17 
Ruby 
doublet (GTLN]Sp96:49-50 
growth-related features in 
(Smith]F96: 1 70ff 
infrared spectroscopy of Thai 
(GN)$p96:62 
from Laos {GN}Sp96:61 
from Madagascar 
(GN]Su96:133-135 
trapiche (Schmetzer)W96:2.42ff 
Ruby simulant 
assemblage with synthetic ruby 
top and foil middle layer 
engraved with a star 
(GTLN]W96:280-28 | 
corundum-and-plastic statue 
(GTLN]W96:277-278 
corundum-and-polymer tablet 
(GN}W96:286-287 
dyed quartz (GTLN]Sp96:49-50 
Ruby, synthetic 
polishing marks on 
(GTLN]Sp96:50 
quench-crackled 
(GTLN}$u96: 125-126 
Russian Federation {includes Russia, 
Siberia, Yakutia, Tajikistan, 
Ukraine, Uzbekistan} 
alexandrite, flux-grown synthetic 
from (Schmetzer}F96: 186ff 
cat's-eye clinochlore from Russia 
(GN}Su96:130 
chrome diopside from Siberia 
(GN}F96:2.16 
demantoid from Russia 
(Phillips}Su96: 100ff 
diamond-in-matrix specimen from 
{GN]Sp96:50 
diamond, synthetic from— 
(GTLN)Sp96:44-45, from Tairus, 
in jewelry (GN]Su96:128-129, 
W96:283 
emerald, hydrothermal synthetic 
from (Koivula)Sp96:32ff; 
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(Schmetzer)Sp96:40ff 
heliodor from Tajikistan 

(GN)Sp96:53-54 
jadeite from Russia 

(GN)$u96:131-132 


Ss 


Sapphire 
color-zoned, resembling doublet 
{(GTLN]Su96:126 
with diffusion-induced star 
(GN]Su96:136-138 
diffusion-treated and quench- 
crackled (GTLN}F96:2.1 1-212. 
heat-treated and dyed 
{GTLN}F96:2.1 1-212 
infrared spectroscopy of Thai 
(GN)Sp96:62. 
from Laos (GN)Sp96:61 
from Madagascar 
(Schwarz)Su96:80ff, 
(GN)F96:217-218 
from Montana (GN)Sp96:60 
purplish pink with rounded facet 
junctions (GTLN]Sp96:50-5 1 
star pattern of needles in 
(GTLN})Su96:126-127 
from Thailand (GN)Su96:134-135 
trapiche (Schmetzer}W96:242ff 
Sapphire, synthetic 
assemblage, with gold fractal 
design (GN]W96:291-292 
flame-fusion, with natural-appear- 
ing inclusions 
(GTLNJF96;2.1 1-212 
green (GTLN)Sp96:5 1 
Scapolite 
from Sri Lanka (Zwaan}W96:2.62ff 
Scotland 
pearls from (GNJSu96:133-134 
Shewa Province, see Ethiopia 
Siberia, see Russian Federation 
Sierra Leone 
history of diamond sources in 
(Janse}Sp96:2ff 
Silicon 
drusy, produced for the computer 
industry (GN]Su96:138-139 
Silicon carbide, see Moissanite 
Simulants, see specific gem materials 
Spectrometry, energy-dispersive X-ray 
fluorescence [EDXRF| 
to identify black opaque gem 
materials (Johnson}W96:2.52ff 
of Russian flux-grown synthetic 
alexandrite (Schmetzer}F96:1 86ff 
of sapphires from Madagascar 
(Schwarz)Su96:80ff 
see also specific gem materials 
Spectroscopy, infrared 
of emerald—natural versus syn- 
thetic (GN}Sp96:62; Russian 
hydrothermal synthetic 
(Koivula)Sp96:32,f 
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of natural versus synthetic quartz 
(GN}Sp96:62 
of ruby and sapphire from 
Thailand (GN]Sp96:62, 
see also Spectroscopy, ultraviolet- 
visible; specific gem materials 
Spectroscopy, Raman 
Georaman 96 conference 
(GN)W96:290-291 
of tanzanite and tanzanite simu- 
lants (Kiefert)W96:2,70ff 
of trapiche ruby 
(Schmetzer)W96:2.426f 
Spectroscopy, ultraviolet-visible 
of demantoid from Russia 
{Phillips}Su96: LOOff 
of hydrothermal synthetic emerald 
(Koivula}Sp96:32ff 
of sapphire from Madagascar 
(Schwarz}Su96:80ff 
see also specific gem materials 
Spessartine 
from Namibia {“Hollandine,” 
“Mandarin” (GN)Sp96:56-57 
from Pakistan [“Kashmirine”| 
GN}F96:2.18-219 
Spinel and spinel group 
black opaque gem materials 
Johnson}W96:252ff 
synthetic spinel-and-glass triplets 
imitating tanzanite 
GN]W96:289-290 
synthetic spinel-synthetic ruby 
doublet imitating spinel 
GTLNJW96:281 
Sri Lanka 
color-change garnet from 
(GN]W96:285-2.86 
enstatite, cordierite, kornerupine, 
and scapolite from Embilipitiya 
(Zwaan|W96:2.62fF 
plagioclase and corundum rock 
from (GN}F96:2.16-217 
taaffeite from (GN)Sp96:57 
Stability 
of color in heat-treated Imperial 
topaz (Sauer]W96:2.32,fF 
see also Durability 
Star, see Asterism 
Stone holder, see Instruments 
“Superdimond,” see Diamond, synthetic 


T 


Taaffeite 
from Sri Lanka (GN}Sp96:57 
Tajikistan, see Russian Federation 
Tanzania 
chrysoberyl with vanadium from 
Tunduru (GNJ]F96:215-2.16 
gems from Tunduru 
(GN]Sp96:58-59 
history of diamond sources in 
(Janse}Sp96:2ff 
tanzanite mining in Merelani 
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(GN}Su96:135-136 
Tanzanite 
beads (GN])Sp96:57-58 
mining update (GN}Su96:135-136 
simulants—convincing substitute 
{GN]Su96:138-139; glasses 
[“U.M. Tanzanic,” Ca-phos- 
phate], synthetic corundum 
(“Blue Coranite”], and YAG 
{Purple Coranite”] ({Kiefert) 
W96:270ff, synthetic spinel-and- 
glass triplets [“Tanzation”] 
(GN]W96:289-2.90 
“Tanzation,” see Assembled stones, 
Tanzanite 
“Tavalite,” see Cubic zirconia 
Thailand 
infrared spectroscopy of ruby and 
sapphire from (GN}Sp96:62, 
sapphire mining in Kanchanaburi 
(GN}Su96:134-135 
Topaz 
Imperial, from Brazil 
(GNJF96:2,19-220; 
(Sauer]W96:2.32ff 
Tourmaline 
beryl triplets resembling Paraiba 
(GN}Sp96:59 
“golden,” from Kenya 
(GN}$u96:135-137 
Trapiche, see Ruby, Sapphire 
Treatment 
of malachite with polymer 
(GN}Sp96:59 
of sapphire—by diffusion and 
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quench crackling 
(GTLN}F96:2.12; with heat and 
dye (GTLNJF96:21 1-212; to 
induce star (GN}Su96:136-138 

of synthetic ruby by quench crack- 
ling (GTLN}Su96:125-126 

see also Diamond treatment, Heat 
treatment 

Tunduru, see Tanzania 


U 


Ukraine, see Russian Federation 
Ultraviolet luminescence, see 
Fluorescence 
Ultraviolet-visible spectroscopy, see 
Spectroscopy, ultraviolet-visible 
“ULM, Tanzanic,” see Tanzanite 
United States 
chalcedony— from Arizona, 
porous (GN}Su96:129-130; from 
Nevada (GN]W96:2.84 
diamond from Kelsey Lake, 
Colorado {GN}W96:282-283 
sapphire from Montana 
(GN}Sp96:60 
Uvarovite, see Rock 


Vv 
Vietnam 
gems from (GN)F96:220 


trapiche ruby and sapphire report- 
edly from (Schmetzer]W96:2.42,6f 
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Ww 


West Africa 
History of diamond sources in 
(Janse]Sp96:2ff 


4 
X-radiography 
of abalone pearl(GTLN]Sp96:47-49 
of pearls(GTLN}Su96: 123-124 
X-ray diffraction analysis 
to identify black opaque gem 
materials (Johnson) W96:2524f 


Y 


YAG 
“Purple Coranite” tanzanite simu- 
lant (Kiefert)W96:270ff 
Russian, simulating tanzanite 
(Kiefert}W96:270ff 


z 


Zoning 

growth— in flux-grown synthetic 
alexandrite from Russia 
(Schmetzer)F96:186ff, in ruby 
(Smith}F96:170ff in natural and 
synthetic diamonds (Welbourn) 
F96:156ff; in synthetic emerald 
from Russia (Schmetzer}Sp96:40ff 

trapiche-type, in ruby from 
Myanmar (Schmetzer]W96:2426f 
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AUTHOR INDEX 


This index lists, in alphabetical order, the names of authors of all articles that appeared in the four issues of 
Volume 32. of Gems &) Gemology, together with the inclusive page numbers and the specific isssue (in 
parentheses). Full citation is provided under the first author only, with reference made from joint authors. 


B 
Bernhardt H.-J., see Schmetzer K. 
Boyajian W.E.: In Honor of Robert C. 
Kammerling, 231 {Winter} 


Cc 
Cooper M., see Welbourn C.M. 


DeGhionno D.G., see Johnson M.L. 
and Koivula J.1. 


F 


Fritsch E., see Koivula J.L 


H 


Hanni H.A., see Schmetzer K. 


J 


Janse A.J.A.: A History of Diamond 
Sources in Africa: Part I, 2-30 
(Spring} 

Johnson M.L., Kammerling R.C., 
DeGhionno D.G., Koivula J.1.: Opal 
from Shewa Province, Ethiopia, 
112-120 (Summer} 

Johnson M.L., McClure S.F., 
DeGhionno D.G.: Some 
Gemological Challenges in 
Identifying Black Opaque Gem 
Materials, 252-261 {Winter} 

Johnson MLL., see also Koivula JI. 


K 


Kammerling R.C., see Koivula J.I. and 
Johnson ML. 

Kanis J., see Schwarz D. 

Keller A.S.: 
The Gems & Gemology Most 


Valuable Award, 64-65 (Spring] 
The Quintessential Gemologist: 
Robert C. Kammerling, 
1947-1996, 1 {Spring} 
sce also Sauer D.A. 

Kiefert L., Schmidt S.T.: Some 
Tanzanite Imitations, 270-276 
{Winter} 

Koivula J.L, Kammerling R.C., 
DeGhionno D.G., Reinitz L, Fritsch 
E., Johnson M.L.: Gemological 
Investigation of a New Type of 
Russian Hydrothermal Synthetic 
Emerald, 32-39 (Spring) 

Koivula J.1, see also Johnson M.L. 


L 


Liddicoat R.T. 
Madagascar: Making Its Mark, 
79 (Summer) 
Opening Pandora’s Black Box, 
153 (Fall) 


McClure S.F., see Johnson M.L. and 
Sauer D.A. 
Medenbach O., see Schmetzer K. 


Pp 


Peretti A., see Schmetzer K. 

Petsch EJ., see Schwarz D. 

Phillips W.R., Talantsev A.S.: Russian 
Demantoid, Czar of the Garnet 
Family, 100-111 (Summer} 


R 
Reinitz I, see Koivula J.L. 


$s 
Sauer D.A., Keller A.S., McClure S.F.: 


VOTE NOW AND 


Tell us which three 1996 articles you found most valuable. Mark them in order of prefer- 
ence: {1} first, (2} second, (3} third, and you could win a five-year subscription to Gems @) 


An Update on Imperial Topaz from 
the Capao Mine, Minas Gerais, 
Brazil, 232-241 (Winter) 

Schmetzer K.: Growth Method and 
Growth-Related Properties of a 
New Type of Russian Hydro- 
thermal Synthetic Emerald, 40-43 
(Spring) 

Schmetzer K., Hinni H.A., Bernhardt 
H-J., Schwarz D.: Trapiche Rubies, 
242-250 (Winter) 

Schmetzer K., Peretti A., Medenbach 
O., Bemhardt H-J.: Russian Flux- 
Grown Synthetic Alexandrite, 
186-202 (Fall) 

Schmidt S.T., see Kiefert L. 

Schwarz D., Petsch EJ., Kanis J.: 

Sapphires from the Andranondambo 
Region, Madagascar, 80-99 
(Summer) 

Schwarz D., see also Schmetzer K. 

Smith C.P.: Introduction to analyzing 
internal growth structures: Identifi- 
cation of the Negative d Plane in 
Natural Ruby, 170-184 (Fall) 

Spear P.M., see Welbourn C.M. 


T 
Talantsev A.S., see Phillips W.R. 


Ww 


Welbourn C.M., Cooper M., Spear 
P.M.: De Beers Natural versus 
Synthetic Diamond Verification 
Instruments, 156-169 (Fall) 


Zz 


Zwaan P.C.: Enstatite, Cordierite, 
Kornerupine, and Scapolite with 
Unusual Properties from Embili- 
pitiya, Sri Lanka, 262~2.69 (Winter) 


WIN! 


Gemology from our random drawing. See the insert card in this issue for your ballot, fill it 
out completely (including your name and address—all ballots are strictly confidential], and 
make sure it arrives no later than March 18, 1997. Remember, mark only three articles for 
the entire year. 
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T A BL E O F C ON T EN T S 


EDITORIAL 


The Dr. Edward J. Gitbelin Most Valuable Article Award 
Alice S. Keller 


FEATURE ARTICLES 
4 Applications of Geophysics in Gemstone Exploration 
Frederick A. Cook 


Rubies and Fancy-Color Sapphires from Nepal 
Christopher P. Smith, Edward J. Gtibelin, 
Allen M. Bassett, and Mache N. Manandhar 


Gemological Properties of Near-Colorless Synthetic 
Diamonds 

James E. Shigley, Thomas M. Moses, Ilene Reinitz, Shane Elen, 

Shane F. McClure, and Emmanuel Fritsch 


REGULAR FEATURES 


Gem Trade Lab Notes 
60 Gem News 

71 Gems & Gemology Challenge 
Gemological Abstracts 


ABOUT THE COVER: Geophysics has the potential to play an increasingly important 
role in gemstone exploration. Advances in geophysical technology and computer imag- 
ing now permit mapping of geologic features at various depths beneath the Earth's sur- 
face. Seismic-reflection profiling and georadar are particularly promising for high-reso- 
lution mapping of near-surface pegmatites, similar to the one in the Mesa Grande dis- 
trict of San Diego County—the Queen mine—that yielded these beautiful tourmaline 
crystals. Extremely rare, these "blue tops" measure about 12.5 cm (5 inches) across; 
the tallest crystal is about 17.5 cm (7 inches) high. Courtesy of Pala International, 
Fallbrook, California. 


Photo © Harold & Erica Van Pelt—Photographers, Los Angeles, CA. 
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THE DR. EDWARD J. GUBELIN 
MOST VALUABLE ARTICLE AWARD 


ALICE S. KELLER, EDITOR 


It is with great pleasure that we announce that Dr. Edward J. Gtibelin has agreed to have his name associated with 
Gems & Gemology's most valuable article competition. One of the industry's most respected scientists, Dr. 
Gtibelin's name has been synonymous with gemology for over 60 years. He has written numerous books and arti- 
cles (including the paper on Nepal rubies in the present issue), published a comprehensive map on world gem local- 
ities, and even produced films on the historic Burmese ruby and jadeite deposits. Photoatlas of Inclusions in 
Gemstones, co-authored with John I. Koivula, is perhaps his best-known contribution; the more than 1,400 pho- 
tomicrographs are unparalleled in both their quality and the information they convey. In Dr. Gtbelin's honor, the 
award has been renamed the Dr. Edward J. Gubelin Most Valuable Article Award. 


Beginning this year, as a result of Dr. Giibelin's generosity, the first-place winner of the Dr. Edward J. Giibelin 
Most Valuable Article Award will receive a plaque, and winners of the second- and third-place awards will be given 
certificates. Awards of $1,000, $500, and $300, respectively, will also be given to the authors of the three articles 
that our readers selected as the most valuable papers published in 1996. 


Receiving the Gtibelin plaque for the 1996 first prize is the article "De Beers Natural versus Synthetic Diamond 
Verification Instruments," by De Beers researchers Christopher M. Welbourn, Martin Cooper, and Paul M. Spear. 
This Fall issue article describes the research behind, and the operation of, two ground-breaking new instruments to 
separate natural from synthetic diamonds. Another article about diamonds, although from a completely different 
perspective, won second place: A. J. A. "Bram" Janse's "A History of Diamond Sources in Africa: Part II." (Part I of 
Mr. Janse's article won third place in last year's contest.) John I. Koivula, Robert C. Kammerling, Dino DeGhionno, 
Ilene Reinitz, Emmanuel Fritsch, and Mary L. Johnson co-authored this year's third-place winner, "Gemological 
Investigation of a New Type of Russian Hydrothermal Synthetic Emerald." Both the second- and third-place arti- 
cles appeared in the Spring 1996 issue. 


Photographs and brief biographies of the winning authors appear below. Congratulations also to Margaret 
Alexander of Mimbres, New Mexico, whose ballot was randomly chosen from all submitted to win the five-year 
subscription to Gems &) Gemology. 


FIRST PLACE 


CHRISTOPHER M. 
WELBOURN e 
MARTIN COOPER e 
PAUL M. SPEAR 


Christopher M. Welbourn is 
principal scientist in the Physics 
Department at De Beers DTC 
Research Centre, Maidenhead, 


\ 
Ss 
United Kingdom. Dr. Welbourn, 


whe joined the De Beers Christopher M. Martin Cooper Paul M. Spear 


Research Centre in 1978, has a Welbourn 

Ph.D. in solid state physics from 

the University of Reading. He has published several papers on the use of optical spectroscopy and X-ray and 
cathodoluminescence topography to study diamonds. Research director at De Beers DTC Research Centre, Martin 
Cooper has a B.Sc. in physics from the University of London and a M.Sc. in materials science from Bristol 
University. Paul M. Spear is a research scientist in the Physics Department at De Beers DTC Research Centre. 
With De Beers since 1986, he has a Ph.D. from King's College, University of London. 
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SECOND PLACE 


A.J. A. "BRAM" JANSE 


A. J. A. "Bram" Janse is manager of his own geological consulting company—Archon 
Exploration Pty Ltd, in Perth, Western Australia—and a director of KWG Resources, 
Montreal, Canada. During the 38 years he has been involved with diamond explo- 
ration, he has worked on projects in Australia, Brazil, Canada, India, and South 
Africa. He has a B.Sc. in geology and a M.Sc. in petrology and mineralogy from the 
University of Leiden in the Netherlands, and a Ph.D. in petrology from the 
University of Leeds in England. He is currently developing an extensive database on 


diamond and kimberlite occurrences. 


From left, John I. Raivata, Dino De 
Ghionno, and Mary L. Johnson 


THIRDPLAGE 


JOHN I. KOIVULA e 
ROBERT C. KAMMERLING 
DINO DEGHIONNO e ILENE REINITZ 


A. J. A. (Bram) ae 


EMMANUEL FRITSCH e MARY L. JOHNSON 


John I. Koivula, chief research 
gemologist at the GIA Gem Trade 
Laboratory (GIA GTL), is co-editor of 
the Gem News section of Gems & 
Gemology. World renowned for his 
knowledge of inclusions, Mr. Koivula 
holds bachelor's degrees in chemistry 
and mineralogy from Eastern 
Washington State University. The late 
Robert C. Kammerling was vice-presi- 


dent of research and development at GIA GTL, then in Santa Monica, California. A 
prolific author, he was also an associate editor of Gems &) Gemology and co-editor of 
the Gem Trade Lab Notes and Gem News sections. Dino DeGhionno is senior staff 
gemologist at GIA GTL, Carlsbad, California, and a contributing editor to the Gem 
News section of Gems &) Gemology. Before he joined GTL, Mr. De Ghionno worked 
for 14 years as a teacher and later manager of GIA's resident student program in colored stone identification. 
Ilene Reinitz is a research scientist at GIA GTL in New York. A regular contributor to the Gem Trade Lab 
Notes section and a co-author of several Gems & Gemology articles, she has a Ph.D. from Yale University. 
Emmanuel Fritsch is a professor of physics at the Gemology Laboratory, Physics Department, University of 
Nantes, France. He has a Ph.D. from the Sorbonne in Paris. His research specialties are eBeeeDy. in gemolo- 


gy, the origin of color in gem materials, and treated and 
synthetic gems. Mary L. Johnson, also a co-editor of 
Gems & Gemology's Gem News section, is a research 
scientist at GIA GTL. Dr. Johnson, has co-authored sev- 
eral articles in Gems & Gemology, is a Gem Trade Lab 
Notes contributing editor, and is a frequent contributor 
to the journal's abstract section. She holds a Ph.D. in 
mineralogy and crystallography from Harvard 


University. 
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Tene Reinitz 


: ee / 
Emmanuel Fritsch 
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Photo by Dr. Gibelin 


Figure 22 
Characteristic grill- 
like pattern of ex- 
tinction in garnet 
caused by anomal- 
ous double refrac- 
tion by tension. 20x. 


Photo by Dr. Giibelin 


Figure 21 


Typical grill-like ex- 
tinction caused by 
anomalous double 


refraction by 
sion. 200. 


ten- 


APPLICATIONS OF GEOPHYSICS IN 
GEMSTONE EXPLORATION 


Advances in geophysical technology and 
computer imaging now permit mapping of 
geologic features at various depths beneath 
the Earth’s surface in more detail than ever 
before. Geophysical methods, which for some 
years have been used to explore for diamonds 
(and many other minerals), also hold promise 
as important tools in both exploration for 
new colored stone deposits and assessment of 
known deposits. Particularly exciting are the 
use of seismic-reflection and radar-imaging 
techniques for high-resolution mapping of 
near-surface pegmatites, veins, metamorphic 
layering in crystalline rocks, and alluvial 
deposits in sedimentary rocks. These tech- 
niques can produce images of regions only a 
few centimeters to a few meters in size down 
to several meters to tens of meters below the 
surface. Thus, it is now possible to locate 
directly some buried structures containing 
gem deposits. 


4 Geophysics in Gem Exploration 


By Frederick A. Cook 


uch of the exploration for gemstones (even dia- 
monds, in some regions) is conducted with rela- 
tively simple, often primitive, techniques. In 
many areas of known gem occurrences, development and min- 
ing involve little more than shovels and screens for alluvial 
deposits, and explosives plus mechanical tools (such as pneu- 
matic drills) for hard-rock deposits (e.g., pegmatites; figures 1 
and 2). In areas where gems are not known to occur, most dis- 
coveries are made by chance. This contrasts with the explo- 
ration procedures routinely used for many other Earth 
resources, such as oil and gas or metallic minerals, in which 
years of regional geologic and geochemical mapping are usually 
followed by intensive periods of acquiring and analyzing geo- 
physical data. Once target areas are located, more detailed— 
and usually more expensive—exploration methods (such as 
drilling or excavation) can be undertaken. However, geophysi- 
cal techniques have seldom been used to delineate gemstone, 
particularly colored stone, deposits. 

This article describes the principles behind geophysical 
exploration, together with some applications in diamond explo- 
ration and some potential applications in colored stone explo- 
ration. Different contemporary geophysical exploration tech- 
niques are highlighted, and suggestions are made with regard to 
how these techniques could be applied to certain types of gem 
occurrences. As consumer demand for gems continues to rise, 
and older deposits are depleted, geophysical prospecting has 
considerable potential for identifying new resources or new 
areas of gem mineralization at existing occurrences. 


GEOPHYSICS AND GEMOLOGY 

Geophysics is the application of physical principles (e.g., using 
magnetism, gravity, or electrical properties) to study the inter- 
nal structure and geologic evolution of the Earth and other 
planets. In particular, physical principles are used to study the 
composition and geologic structure of rocks below the surface. 
Thus, geophysics includes a number of techniques that can 
help identify promising localities for mineral exploration. 
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Figure 1. The discovery of 
pegmatites, and of gem- 
bearing pockets in a peg- 

matite dike, is one of the 
greatest challenges in gem 
exploration. These bicol- 
ored tourmalines from the 
Himalaya mine, San 

Diego County, California, 

represent some of the fine 

gems waiting to be discov- 
ered in pegmatites world- 
wide. Courtesy of Pala 
International, Fallbrook, 
California; photo © 
Harold & Erica Van Pelt. 


Gemology and geophysics are similar in many 
ways. The nondestructive techniques that a gemolo- 
gist uses to determine the identity of a gemstone 
typically include determination of refractive index 
(speed of light ratios), specific gravity (density), ther- 
mal conductivity, and magnetism (occasionally), as 
well as describing or mapping internal characteris- 
tics (e.g., inclusions, internal growth structure, etc.). 
A geophysicist also uses generally nondestructive 
(sometimes called remote sensing) methods. Some 
of the most common techniques (table 1) include 
those that measure variations in the speed of vibra- 
tional waves (seismic refraction), in rock density 
(gravity), in the thermal state of the Earth (heat flow}, 
and in rock magnetism (magnetics); as well as those 
that use imaging to map subsurface structures (seis- 
mic-reflection profiling, ground-penetrating radar). 

There are essentially two branches of geo- 
physics that apply to studies of rocks: (1) whole- 
Earth geophysics, and (2) exploration geophysics. In 
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whole-Earth geophysics, geophysical methods are 
used to map deep and large-scale variations in the 
Earth’s properties, such as the depth and configura- 
tion of the Earth’s core, the internal characteristics 
of the Earth’s deep mantle (the region of the earth 
between the crust and the core), the depth and 
structure of the lithosphere (the outer shell of the 
Earth, approximately 100 km deep on average), and 
the thickness and properties of the crust (the outer- 
most layer of the lithosphere, about 10-40 km 
thick; see figure 3). The lithosphere is generally rigid 
and consists of a series of “plates” that shift relative 
to one another (i.e., plate tectonics), thus producing 
earthquakes, volcanoes, and uplift of mountains. 
The lithosphere usually reaches its greatest thick- 
ness (as much as 300-400 km) beneath ancient con- 
tinents. 

In exploration geophysics, on the other hand, 
geophysical techniques are used to search for hydro- 
carbon (oil and gas), mineral (gold, silver, lead, zinc, 
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etc.), and other economically significant deposits. 
Hydrocarbon and mineral deposits are usually locat- 
ed in geologic structures that are large enough 
(sometimes several square kilometers) to be easily 


Van Pelt. 


Figure 2. This pegmatite pocket from 
California’s Himalaya mine yielded 
thousands of carats of fine tourmaline. 
Unfortunately, the discovery of such 
pockets typically requires hundreds of 
meters of tunneling and a great deal of 
luck. Rapid improvements in geophysi- 
cal prospecting techniques offer the 
hope that this situation will change in 
the near future. Photo © Harold & Erica 


mapped by geophysical imaging. Although geophys- 
ical results rarely can identify whether economical- 
ly significant hydrocarbons or minerals are present, 
they often can pinpoint geologic features that may 


TABLE 1. Common geophysical exploration methods and potential applications to gemstone exploration@. 


Method Principle involved Usual geologic application Effective depth Effective resolution 

Gravity Responds to variations in rock apping subsurface structure eters to 100s of km 100 m to 10s of km 
density based on variations in density depends on spacing of mea- depends on spacing of 

surements measurements 

Magnetics Responds to variations in rock apping subsurface structure eters to 50 km A few m to 10s of km 
magnetism (usually iron based on variations in magnetic depends on spacing of mea- depends on spacing of 
content properties surements measurements 

Electrical Responds to variations in elec- apping fluids (e.g., ground eters to 100s of km 10 m to 100s of km 
trical conductivity (metals or water) and metal deposits depends on measurement depends on spacing of 
fluids) ime) measurements 

Heat flow Responds to variations in tem- apping variations in the outflow  1kmto 100s of km A few m to 10s of km 


perature at depth; thermal con- of the Earth’s heat depends on knowledge of depends on knowledge of 
ductivity properties at depth properties at depth) 
Radioactivity Responds to variations in apping concentrations of A few cm A few cm to 100s of m (depends 


radioactivity of rocks radioactive minerals on spacing of measurements) 
Earthquake seismology Responds to variations in seis- apping large-scale (lithosphere) To center of earth 10s of km 
mic-wave velocity (varies with and deep-Earth structure depends on frequency of signal 
rock density) and wave velocity) 
Seismic refraction Responds to variations in apping crustal thickness and 10 m to 100s of km 10m to 100s of m 
acoustic impedance (density x regional structure; depth to (depends on length of profiles; depends on length of profiles; 
velocity basement energy source) energy source) 
Seismic-reflection Responds to variations in apping detailed geologic 100 m to 100s of km A few m to 100s of m 
profiling acoustic impedance (density x structure and stratigraphy (depends on length of profiles, depends on frequency of signal 
velocity energy source) and wave velocity) 
Ground-penetrating Responds to contrasts in elec- apping detailed geologic Meters to 100 m About 10 cm to 1m 
radar (Georadar) trical conductivity structure and stratigraphy. depends on frequency of signal 


is) 


nd wave velocity) 


4Not all of these methods are described in detail in the text as their application to gemstone exploration may be limited (e.g., electrical, heat flow). 
Nevertheless, they may be useful for reconnaissance work under favorable conditions. For additional information on the applications of these techniques, 


see Telford et al. (1976). 


6 Geophysics in Gem Exploration 


GEMS & GEMOLOGY 


Spring 1997 


be promising targets. Unlike mineral and hydrocar- 
bon deposits, however, many primary gem 
deposits—such as those in veins or pegmatite cavi- 
ties (figure 2) are no larger than a few meters in 
diameter. Because of their small size, these deposits 
are easily missed with conventional mining meth- 
ods (e.g., trenching or tunneling), and most geophys- 
ical techniques cannot produce the resolution 
(detail) necessary to detect them. 

Today, though, new methods of data acquisition 
and analysis (including sophisticated computer pro- 
cessing) enable some geophysical techniques to 
resolve geologic features that are as small as a frac- 
tion of a meter to a few meters in longest dimension 
and very shallow, within a few meters of the surface. 
In addition, improvements in our knowledge of deep 
geologic structures (tens to perhaps hundreds of kilo- 


meters below the surface) now make it feasible to 
use large-scale reconnaissance geophysical tech- 
niques to identify regions of the Earth within which 
certain kinds of gem deposits might be found. Thus, 
the science of geophysics has the potential to play an 
increasingly important role in the exploration and 
development of some gemstone deposits. It is even 
possible that specific exploration strategies could be 
developed using geophysical techniques to optimize: 
(1) opportunities of for success in exploring for gems, 
and (2) knowledge of existing deposits (e.g., their 
extent and thus, potentially, their value) . 


THE “RESOLUTION PROBLEM” 

The objective of all geophysical methods is to pro- 
duce an image of the Earth’s interior, usually by 
making measurements at the surface. The type of 


Relative cost Limitations Comments Potential application 
in gem exploration 
Low ($100s per day); nherent ambiguity between rock Used for reconnaissance work and as a Reconnaissance; thickness of crust and 
cost increases for greater detai geometry and density limits usefulness measurement for density estimate lithosphere 
in exploration 
Low ($100s per day); nherent ambiguity between rock Used to map kimberlite pipes; may also Delineating kimberlites; mapping 
cost increases for greater detai geometry and magnetism limits assist in mapping regional geologic regional geologic structures 
usefulness in exploration structures in basement 
Low ($100s per day); nherent ambiguity between rock Used to explore for metal deposits; may Reconnaissance; thickness of litho- 
cost increases for greater detai geometry and conductivity limits assist mapping lithosphere thickness sphere; mapping kimberlites 
usefulness in exploration and basement structures 
Low, but usually requires costly drill- Requires drillholes, thus limiting Used to calculate temperature at depth, Reconnaissance; thickness of the crust 
holes at $1000s per drillhole number of measurements; inherent geothermal energy and lithosphere 
ambiguities in calculation 
Low ($100s per day); Limited penetration; not useful for Used to explore for radioactive mineral Might help to indicate presence of 
cost increases for greater detail regional studies deposits accessory radioactive minerals 
Low to moderate; Low resolution; not useful for detailed Used for mapping variations of seismic Reconnaissance; thickness of the litho- 
cost increases with number structure velocity in the mantle sphere in diamond exploration 
of receiving stations 
Moderate ($100s—1000s per day): Low resolution; not useful for detailed Used for mapping variations in depth to Reconnaissance; thickness of the crust; 
cost per kilometer increases with structure mantle and depth to basemen depth to basement beneath alluvial 
number of receiving stations deposits 


High ($1000s per day); Relatively expensive; not easy to image ost widely used geophysical method Reconnaissance; thickness of the crust: 
cost increases for greater detail shallower than 50 m in hydrocarbon exploration due to good _ detailed structure; mapping of alluvial 
image quality deposits 
Low ($100s per day) Signal can only penetrate up to 50 or Used in mapping near-surface features Alluvial deposits; delineating pegmatite 
100 m; quality may be severely affected such as archeological sites, pipelines, cavities 
by surface material tunnels, etc. 


Geophysics in Gem Exploration 


GEMS & GEMOLOGY Spring 1997 7 


Kw ie 


Ocean basins 


<4 Ocean —€Orogen p< 


Crust 5 Faults 
x= 
o —> | Descendin 
Subcrustal 38 Plate : 
lithosphere = 
Magma 
Asthenosphere [o> | 


Craton ——————__> 


Lower crust 


Subcrustal 
lithosphere 


Lithosphere 


Asthenosphere 


Continents 


Figure 3. In this schematic diagram, normal lithosphere is segmented into the tectonic plates of the Earth’s surface, 
with unusually thick lithosphere (combined crust and subcrustal) under archons (portions of cratons with an age of 
formation exceeding 2,500 million years [Janse, 1994]), where diamonds may form. Cratons are areas of the continent 
that have been stable for long periods of geologic time, and orogens are regions that have been subjected to folding 
and faulting. Geophysical techniques may be applied in different areas and at different scales to delineate gem 
deposits. For example, some methods are useful on a reconnaissance scale to delineate thick lithosphere, where most 
primary diamond deposits are found, as well as to identify regions of thin lithosphere, where economic primary dia- 
mond deposits are very unlikely to occur. Other geophysical methods are more useful for intermediate-scale explo- 
ration. Magnetic surveys, for example, respond to differences in properties between kimberlites and surrounding rocks 
and assist in locating specific areas for exploration (figure 4), whereas seismic profiles assist in delineating the deep 
geometry of mountains (figure 7) and basins (figure 8). Approximate positions of data in figures 4, 7, and 8 are shown 


as circled numbers. 


image depends on what parameter(s) are measured 
by the particular method being used (again, see table 
1). The value of a technique depends on its resolu- 
tion, that is, its ability to distinguish responses from 
different types and sizes of geologic features. 

In all cases, the measured response includes the 
combined effects of rocks between the target zone 
(area of interest) and the surface; in some cases, it 
also includes features below the zone of interest. 
Consider the following analogy. In measuring the 
density (specific gravity) of a gem, a gemologist 
weighs a sample first in air and then in water, and 
calculates the specific gravity according to how 
much water is displaced. In fact, however, the spe- 
cific gravity of the sample is affected by the specific 
gravity of the gem material plus the specific gravi- 
ties of any inclusions, some of which may be 
lighter (e.g., air or water) or heavier (e.g., heavy 
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minerals) than the host gem. For example, an emer- 
ald that has many pyrite (S.G. ~ 5.00) inclusions 
will have a specific gravity that is greater than for 
beryl alone (2.70). The inclusions thus add noise 
(ie., an unwanted signal) to the result, which caus- 
es the measured specific gravity to deviate from the 
theoretical value of the pure gem material or even 
from the value typical for relatively inclusion-free 
material. 

The geophysical method analogous to specific 
gravity is the measurement and analysis of the 
Earth’s gravity field (Box A; table 1). After account- 
ing for large-scale variations caused by the Earth as 
a whole (such as its shape and size), the remaining 
signal (e.g., the pull of gravity) is a function of varia- 
tions in the densities of rocks at depth. When a geo- 
physicist measures the Earth’s gravity field at a 
location on the surface, the reading includes the 
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Subtle variations in the Earth’s gravitational pull are 
brought about by differences in the density of large 
masses of rock. These variations can be identified by 
the gravity method, which is analogous to measuring 
specific gravity. In it, a gravity meter, or gravimeter—a 
sensitive mass-spring system that weighs about 5-7 kg 
(10-15 pounds}—is carried (usually on the ground, 
although sometimes in an airplane) from location to 
location, measuring the pull of the earth’s gravity field 
(figure A-1). When a gravity measurement is taken over 
an object with a high density, the object pulls on the 
mass and is recorded as an increase in gravity (figure A- 
1); decreases in gravity occur over low-density objects. 

Once appropriate corrections for elevation and lat- 
itude are made to the recorded gravity data, the result- 
ing values (anomalies) represent variations in mass 
(density) at depth. A problem inherent in interpreting 
these kinds of data is that the actual measured value is 
the sum of responses of all mass variations at depth 
(e.g., A and B in figure A-1). This makes it difficult to 
determine the subsurface structure with much preci- 
sion from this method alone, so gravimeter data are 
usually used in conjunction with magnetic and other 
data. 

The magnetic field at any location is a combina- 
tion of the field produced by the Earth’s core plus 
effects from nearby magnetic objects, such as iron- 
bearing rocks. Magnetic data are acquired in much the 
same way as gravity data, except that a magnetometer 
is used to measure the magnetic field on or above the 
surface. Once the Earth’s field is removed from the 
measured signal, the resulting anomalies can be inter- 
preted in terms of geologic features. Normally, rocks 
that contain large amounts of iron (e.g., kimberlites) 
produce large magnetic anomalies (see text figure 4). 
One advantage that the magnetic method has over 
most other methods is that a magnetometer can be car- 
ried behind an airplane, thus allowing the acquisition 
of large amounts of data in a short time. Interpretation 
of magnetic anomalies is similar to interpretation of 


BOX A: GRAVITY AND MAGNETIC METHODS 


gravity anomalies. Aeromagnetic surveys have been 
broadly used in the exploration for diamond deposits 
in Australia, Africa, and, most recently, Canada. 


Gravity Measurements 
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Distance along surface 
Figure A-1. In this schematic illustration of the 
gravity method, a gravity meter (gravimeter), 
which is essentially a mass-spring system, is placed 
at a series of locations along the surface. The dis- 
placement of the mass is a function of the strength 
of the gravity at each location. Following correc- 
tions for elevation and latitude, the remaining sig- 
nal consists of a series of anomalies that represent 


the combined gravitational attraction of local geo- 
logic features (A and B in this figure). 


Depth 


combined effects of all rocks below the area being 
measured, from great depths to the surface. The 
analysis must account for as many effects as possi- 
ble, so that resultant anomalies (in this context, 
deviations from uniformity or normal values in an 
exploration survey) can be interpreted. However, it 
is often difficult to separate the effects of different 
masses of rock, because their shapes and densities 
are not usually known. Because such detailed 
knowledge of subsurface rock types and geometries 
is not yet available, geophysicists cannot resolve 
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variations in rock density to a few meters in size, as 
would be necessary for many gem exploration appli- 
cations. Similar difficulties exist in measuring the 
Earth’s magnetic field (table 1), although high-preci- 
sion instruments and detailed measurements now 
permit greater resolution than ever before. 

In fact, interpretations of virtually all geophysi- 
cal measurements require careful understanding of 
the possible causes of the background noise that 
affects resolution. Usually more than one method of 
exploration must be applied before an economic 
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deposit can be clearly identified. The problem of 
background noise is even greater for conditions of 
analysis that might provide the detailed resolution 
necessary to delineate most types of gem deposits. 
Nevertheless, when much larger-scale varia- 
tions are considered (such as changes in the litho- 
sphere or locating some large features that may con- 
tain gems}, geophysics can and does play an impor- 
tant role. Such is the case in diamond exploration. 


CURRENT USE OF GEOPHYSICS 

IN DIAMOND EXPLORATION 

Primary Deposits. Geophysical techniques are com- 
monly used to locate promising regions for primary 
diamond deposits (Atkinson, 1989; Smith et al., 
1996], which are found in two types of rare igneous 
rocks, kimberlites and lamproites. The magmas 
from which these igneous rocks crystallized origi- 
nated in the Earth’s mantle at depths of more than 
150-200 km. As they ascended to the surface, these 
magmas traveled through the lower part of the con- 
tinental lithosphere, where the diamonds probably 
formed (again, see figure 3). Sometimes, these mag- 
mas carried some of the diamonds along with them. 
We know, then, that primary diamond deposits 
form in regions where the continental lithosphere is 
thick (150-200 km or more); to be economic, the 
kimberlites or lamproites must be present at or near 
the surface (Levinson et al., 1992). 

The presence of kimberlites or lamproites can 
be detected by geophysical methods, particularly by 
magnetic and electrical techniques. Kimberlites and 
lamproites typically have high iron concentrations, 
so they often are more magnetic and more electri- 
cally conductive than the rocks they have intruded 
(Atkinson, 1989; Hoover and Campbell, 1994, 
Smith et al., 1996). Furthermore, they usually form 
circular or irregularly shaped structures (in map 
view), so that they can be pinpointed by magnetic 
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Figure 4. Magnetic anomalies from kimber- 
lites tend to be roughly circular in map 
view (modified from Atkinson, 1989). On 
these maps of two kimberlites in Africa, 
Kolo and Jwaneng, the red lines represent 
magnetic highs (regions of high iron con- 
centrations), the blue contours represent 
magnetic lows, and the gray stippled areas 
are outlines of the kimberlite pipes. Map 
information taken from Burley and 
Greenwood (1972, for the Kolo area) and 
Lock (1985, for Jwaneng). 


(figure 4) and electrical measurements (Smith et al., 
1996], even if they are covered by a thin blanket of 
sedimentary rocks. 

However, only a small fraction of kimberlites 
contain diamonds in economic amounts, and these 
tend to be in areas with thick lithosphere. Thick 
lithosphere is more likely to have economic kim- 
berlite or lamproite deposits because diamonds 
form from carbon (or carbon-containing com- 
pounds such as methane and carbon dioxide) at 
pressures corresponding to 150-200 km depth. The 
lithosphere is usually about 100 km thick, so a 
150-200 km thick lithosphere is uncommon and 
would appear as a “keel” or “root,” much like the 
lower part of an iceberg. Thick lithosphere tends to 
occur beneath old continental cratons (those parts 
of the earth’s crust that have attained stability, and 
have been little deformed for prolonged periods), 
because that is where there has been the greatest 
amount of time for the lithosphere to cool and 
thicken (billions of years, as compared to a few 
hundred million years for oceanic regions). Thus, 
methods that measure the thickness of the litho- 
sphere can be valuable in assessing whether a 
region might contain diamondiferous kimberlites. 
Figure 5, for example, illustrates the various thick- 
nesses of the lithosphere under North America, 
with specific reference to the recently discovered 
diamond deposits in Canada. Lithospheric roots are 
higher in density than the surrounding mantle 
material, so geophysical techniques that respond to 
density are useful (e.g., gravity and earthquake seis- 
mology; again, see table 1). 

Measurements of seismic-wave velocity provide 
some estimation of variations in rock density as well 
as of the rigidity (strength) of the rocks. Because 
rocks in the mantle part of the lithosphere usually 
are denser and more rigid, they have higher seismic- 
wave velocities than adjacent rocks of the partly 
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Figure 5. The thickness of the lithosphere beneath continents may be estimated by measuring the velocities of seismic 
waves. Two maps of North America (a and b) show estimates of seismic-wave velocity for different depth ranges. Areas 
of increasingly high velocity (and probably increasingly rigid material) are represented by light to dark blue, whereas 
areas of lower velocities (and probably less rigid, partly molten material) appear pink to red. (a) For depths from the sur- 
face down to 140 km, this map shows high velocities under the center of the continent, where the lithosphere is thick. 
The velocities tend to decrease slightly near the edges of the continent, where some partly melted rock is closer to the 
surface. (b) For the depth range 235-320 km, only the central part of the continent (Canadian Shield) has high velocities 
and, thus, more rigid rock; this is the area where major primary diamond deposits have recently been found (diamond 
symbol). In both maps, dotted lines represent the boundaries between tectonic plates, and the scale at the bottom indi- 
cates perturbation of seismic-wave velocity from expected values. A-A’is the location of the cross-section of (c). 
Diagonal-lined areas have no data. (c) Cross-section A-A’ through the North American continent illustrates seismic- 
wave velocity as a function of depth. Again, the dark blue (high velocity) region extends to 300-600 km depth beneath 
the central part of the continent (Canadian Shield). The depth ranges of maps a and b are shown on the right of the dia- 
gram. Figures are modified from Grand (1987). 
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molten asthenosphere (the part of the Earth’s mantle 
that is located below the lithosphere and that acts 
somewhat like a fluid; figure 3). The top of the 
asthenosphere is found typically between about 100 
and 200 km, but it is sometimes much deeper 
beneath ancient cratons (again, see figure 3). Thus, 
maps of wave velocities (measured from earthquake 
waves) at different depths have anomalously high 
values (hence, high densities and greater strength) 
deep below the thick cratons (Grand, 1987). The 
dark blue areas of figure 5 represent regions with 
high density and are interpreted as the lithospheric 
roots. Once the lithospheric roots have been located, 
higher-resolution magnetic and electrical data may 
allow identification of anomalies associated with 
individual kimberlite or lamproite structures. These 
are the kimberlite structures that should receive the 
most intensive study (Atkinson, 1989; Smith et al., 
1996). Of course, identification of kimberlite fields 
in areas of thick lithosphere does not guarantee that 
economic diamond deposits will be found. Without 
these conditions (kimberlites/lamproites and thick 
lithosphere}, though, the possibility of economic pri- 
mary deposits is severely diminished. 

Atkinson (1989) states that geophysical tech- 
niques, specifically magnetics, were used as early as 
1932 to locate the boundaries of kimberlite pipes. 
Gravimetric and resistivity surveys were also used 
for similar purposes. All these early attempts were 
conducted on the ground. Following World War II, 
however, aeromagnetic surveys were flown as part 
of exploration for kimberlite, with the Russians 
being the first to use this method extensively in 
Yakutia. Since the early 1970s, aeromagnetics have 
been used in many places, such as Australia and 
Botswana, resulting in the discovery in the late 
1970s of the Ellendale lamproites in Western 
Australia. Today, geophysical techniques, particu- 
larly aeromagnetics, are used throughout the world 
in exploration for kimberlites, such as in the 
Northwest Territories, Canada (Smith et al., 1996). 


Secondary (Including Alluvial) Deposits. Exploration 
for secondary diamond deposits (alluvial, beach, 
marine deposits etc.) involves identification of the 
sedimentary layers within which diamonds occur. 
Diamonds may be transported long distances (hun- 
dreds of kilometers) from their primary source loca- 
tions, collecting in deposits that are no longer situ- 
ated on thick lithosphere. Consequently, geophysi- 
cal exploration for secondary diamond deposits 
requires techniques that allow mapping of detailed 
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features at shallow depths. For example, in South 
Africa and Namibia, diamond deposits in river grav- 
els are found at the edge of, or even offshore from, 
the African continental craton (Gurney et al., 1991), 
where the lithosphere is probably thin. In such 
cases, it is necessary to explore with methods that 
allow mapping of the shallow subsurface geometry 
of the diamondiferous sediment layers. Because this 
approach is essentially the same for all alluvial 
gems, colored stones as well as diamonds, it is dis- 
cussed in greater detail below. 


USES OF GEOPHYSICS IN 
COLORED STONE EXPLORATION 


Colored stones are found in a much greater variety 
of geologic environments than are diamonds, and 
many of the most valuable gem deposits occur 
where the stones are concentrated into secondary 
(alluvial) environments after redistribution from 
their primary source locations. Also unlike dia- 
mond deposits, primary colored stone deposits— 
such as those found in pegmatites, in igneous intru- 
sions in metamorphic or sedimentary rocks, in vugs 
in volcanic rocks, and the like—tend to be associat- 
ed with geologic features on the order of a few 
meters or less. As is the case with diamonds, how- 
ever, for a colored stone deposit to be economic it 
must be located within a few meters or tens of 
meters from the surface. Hence, whether the col- 
ored stone deposits being investigated are primary 
or secondary, the methods chosen must be able to 
delineate the near-surface geology in some detail. 

In the past, geophysical techniques generally 
have not been as useful for mapping the extremely 
shallow part of the Earth (upper few meters to tens 
of meters) as they have been for greater depths; the 
more established techniques—such as gravity and 
magnetic measurements or electrical and seismic 
methods—simply have not had the resolution nec- 
essary to map the near-surface in detail. This is why 
we rarely hear of geophysics being used in colored 
stone exploration. However, this situation has 
changed in the past five to 10 years. 

Some geophysical techniques are now being 
adapted for application to near-surface geologic 
interpretation, primarily to address geologic factors 
in environmental problems such as waste disposal 
(Beres et al., 1995; Lanz et al., 1994). Some of these 
methods are also being used in a limited way to 
explore for gemstones (e.g., Patterson, 1996; William 
Rohtert, Kennecott, pers. comm., 1997). Because 
most geophysical exploration techniques (such as 
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gravity and magnetics; see Box A) can be acquired 
and processed with high resolution, they are appro- 
priate for certain specific, near-surface, exploration 
targets. For example, magnetics may be useful in 
mapping locations of some gem-bearing igneous 
dikes that have intruded into sedimentary strata 
(because igneous rocks usually contain large 
amounts of iron compared to most sedimentary 
rocks}, or in mapping iron-rich sedimentary rocks. In 
fact, magnetics have been used to map concentra- 
tions of ironstone deposits that contain precious 
opal in Queensland, Australia (Senior et al., 1977). 
Magnetic anomalies coupled with anomalies in 
radioactivity have also been helpful in outlining 
possible areas for exploration of red beryl in Utah 
(William Rohtert, pers. comm., 1997; figure 6). 

Nevertheless, it is rare for these (gravity, mag- 
netics) and most other geophysical methods to be 
used for mapping alluvial deposits or other geologic 
features (e.g., veins, cavities, pegmatites, metamor- 
phic layering) that contain gemstones. The reason 
for this is exactly the same as that for the difficul- 
ties that arise in interpreting specific gravity read- 
ings: The ambiguities inherent in the analyses pre- 
clude obtaining the necessary subsurface geometry 
and resolution. Because these methods have some- 
what limited use in colored stone exploration, they 
will not be discussed further. 

There are, however, two methods that have 
proved valuable for mapping subsurface geology— 
seismic-reflection profiling (Box B) and ground-pene- 
trating radar (georadar; Box C}—that may also have 
broad applicability to gemstone exploration. 
Although these respond to different physical proper- 
ties, the images of subsurface geometry produced by 
both of these geophysical exploration techniques 
are consistently superior to those of the other meth- 
ods for mapping geologic layering. Illustrations of 
these methods clarify their potential value. 


Seismic-Reflection Profiling. The Method. Seismic- 
reflection profiling was first used in the 1920s to 
map subsurface geologic structures in the search for 
oil and gas. Since then, it has become the most 
important tool in exploration geophysics; more 
than 90% of geophysical exploration for hydrocar- 
bons is accomplished with seismic profiling. This is 
because the technique produces results that are 
similar to geologic cross-sections (figure 7). 
Although interpreting these data often requires spe- 
cific skills, particularly knowledge of how seismic 
waves propagate through rocks, with these skills 
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Figure 6. Kennecott geologists used a combination of 
magnetic anomalies and radioactivity anomalies to out- 
line potential deposits of red beryl in Utah’s Wah Wah 
Mountains. The 10 x 9 x 8 mm crystal and 0.76 ct cut 
stone shown here represent some of the fine red beryls 
found at this locality. Courtesy of Michael M. Scott; 
photo © Harold e& Erica Van Pelt. 


the geometry of the rock layers beneath the surface 
can often be determined with precision (again, see 
Box B). 

The layers on the image in figure 7 represent 
reflections from boundaries between different rocks 
or, more specifically, between rocks with different 
properties (seismic velocity and density). By deter- 
mining how fast the waves travel in the rock layers 
below the surface, we can convert the travel times 
to the reflecting surfaces to the depths of those sur- 
faces (figure 7b). Thus, if a wave travels at about 5 
km (3 miles) per second, a two-way (round-trip) 
time of 5 seconds represents 12.5 km depth (5 
km/second x 5 seconds + 2). With the data displayed 
this way, we are essentially looking at a cross-sec- 
tion of this portion of the Earth (about 50 km long x 
20 km deep in the example in figure 7), in a manner 
similar to a CAT scan or an X-ray image of a por- 
tion of the body. 

The profile in figure 7, which was taken in the 
Rocky Mountains of southwestern Canada, reveals 
a cross-section of some deformed (faulted and folded) 
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Dr. Kraus Accepts Presidency 
of Institute 


Announcement that Edward Henry 
Kraus, Dean Emeritus of the Uni- 
versity of Michigan’s College of 
Literature, Science and the Arts, 
had accepted the presidency of the 
Gemological Insti- 
tute of America 
was made at the 
January 18thG.I.A. 
Board of Govern- 
ors’ meeting in 
New York. 

Dr. Kraus, long 
known to members 
of the Institute as 
one of its first and 
most interested ad- 
visers, is exception- 
ally well qualified 
for the office in 
which he will serve 
in an advisory and 
consulting capacity 
in the Institute’s 
educational pro- 
gram. In his posi- 
tion on its Exami- 
nations Standards Board, he has con- 
tributed invaluable suggestions and 
articles to the organization and its 
publications since the Institute’s 
earliest days. He was elected an hon- 
orary member of the G.I.A..in 1948 
in appreciation of his contributions 
to the furtherance of gemology. 

He is recognized both in this coun- 
try and abroad for his outstanding 
studies and writings in an unusual 
number of scientific fields. Especially 
through his studies in mineralogy 
and crystallography he has earned 
international recognition amongst 
gemologists. In these two fields he 


has authored over seventy-five papers, 
and with Chester B. Slawson he co- 
authored “Gems and Gem Materials,” 
and with Walter F. Hunt and Lewis 
S. Ramsdell wrote Mineralogy. On 
educational trends 
and policies some 
fourteen of his 
writings have been 
published. 

For his out- 
standing contribu- 
tions in the field of 
mineralogy over a 
period of forty-five 
years, Dr. Kraus 
was awarded the 
Roebling Medal in 
February of 1945. 
To Dr. Kraus had 
been granted the 
honor of delivering 
the first presenta- 
tion address for 
award of the medal 
which has been pre- 
sented only five 
times since its establishment in 1930. 

A native of Syracuse, Dr. Kraus 
received his elementary and his uni- 
versity education in that city. For 
three years following his graduation 
from Syracuse University, class of 
96, he instructed in German and 
mineralogy, receiving his Master’s 
Degree in ’97. In Germany two years 
later, he began studies at the Uni- 
versity of Munich in crystallography, 
mineralogy, geology, and chemistry, 
and in 1901 received the degree of 
Doctor of Philosophy. Followed a 
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BOX B: SEISMIC-REFLECTION PROFILING 


In seismic-reflection profiling, vibrational waves are 
generated on the Earth’s surface and travel into the sub- 
surface; there, they reflect off rock layers and return to 
the surface, where they are received by a row of sensors. 
It is the most common geophysical technique in hydro- 
carbon exploration and has been developed to a very 
sophisticated level. As for all of these techniques, the 
basic components for seismic-reflection profiling are 
field acquisition, data processing, and interpretation 
(figure B-1). In data acquisition, a source of elastic 
(vibrational) energy such as a small explosion or a large 
vibrator truck (figure B-2) produces the signals that pen- 
etrate into the Earth and are reflected back. A series of 
sensors (geophones; figure B-3) are positioned along the 
surface and are connected to a recording truck by cable 
or radio communication. These sensors measure varia- 
tions in arrival times and amplitudes of waves, which 
relates to the densities and velocities of the different 
rock types. At the recording truck, the received signals 
are recorded through a computer onto magnetic tape. 

The geometry of the field recording allows signals 
from a single point on a boundary (P in figure B-1) to be 
recorded at different geophone positions as the process 
is repeated at subsequent locations. This means that 
the separate reflections from P can be added together in 
data processing to enhance the signal from the layer 
boundary and thus identify the rock formation (or type 
of formation) that boundary represents. 

Data processing is usually time consuming, and 
requires that a highly trained individual make judg- 
ments about parameters as different computer pro- 
grams are applied (figure B-1). The basic sequence 
requires inputting the data from a field tape to the com- 
puter facility, displaying the field data (step 1 in figure 
B-1); editing bad traces (step 2; a trace is the series of 
signals recorded at a specific geophone for a single 
source vibration), collecting the signals of vibrations 
that were reflected from a single point from different 
geophone locations (step 3); removing noise from the 


Figure B-2. Vibrator truacks—typically three or more 
in tandem—are commonly used as a source of ener- 
gy for seismic-reflection work. Each of these trucks 
vibrates a signal of known frequency and energy for 
several seconds. These signals travel into the Earth 
until they are reflected back to the surface by a rock 
layer. Photo courtesy of K. W. Hall. 
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Figure B-1,. This schematic drawing shows the many 
steps (described in the box) that are required to col- 
lect and analyze data in the seismic-reflection pro- 
filing technique (modified from Cook et al., 1980). 


waves that travel along the ground surface, rather than 
from those that reflected from depth (step 4); lining up 
these signals (step 5) and summing them into a single 
composite trace (step 6); applying different filters to 
enhance the pulse (step 7); and displaying the final sec- 
tion for each reflection point (step 8). Data presented in 
this article were processed through these steps. The 
final procedure is to interpret the data (step 9 in figure 
B-1), which requires that the analysts use as much geo- 
logic information as possible, as well as any other rele- 
vant geophysical information, to optimize the result. 
Because seismic-reflection profiling has potential for 
identifying relatively small geologic features (see dis- 
cussion in the text}, it has promise for gem exploration. 


Figure B-3. Geophone sensors, each about 4 cm across 
the top, are placed on the ground surface to record the 
vibrations returned from beneath the surface. Photo 
courtesy of K. W. Hall. 
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Figure 7. (a) This seismic-reflection 
profile, taken in the Rocky 
Mountains of southwestern Canada, 
is plotted with the horizontal axis as 
distance along the ground surface 
and the vertical axis as time (in sec- 
onds) for waves to travel from the 
surface (0) to a reflecting boundary 
(linear features on the data) and back 
to the surface. (b) Geologic interpre- 
tation of the data in (a) reveals differ- 
ent rock types, as shown by the col- 
ored areas, and faults. In this inter- 
pretation, sedimentary rocks were 

0 deformed by folding and faulting 
above undeformed basement rocks. 
A drill hole (not shown) about 10 km 
to the left of this profile penetrated a 
zone that was found to have large 
concentrations of metallic minerals 
(lead, zinc, silver). See figure 3 for the 
position of this profile relative to 
other geologic features. Adapted from 
Cook (1995). 
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sedimentary rocks. A drill hole located 10 km to the 
left of the section intersected the prominent layers 
observed; thus, these layers could be interpreted 
with some certainty. Furthermore, the drill hole 
also intersected a zone of metallic (lead, zinc, silver) 
mineralization that has not been exploited. This 
mineralization zone is associated with a stratum 
that can be followed as a recognizable layer, some- 
times even across faults, for tens of kilometers on 
these and related seismic-reflection data. Thus, 
while the method does not actually produce images 
of the lead, zinc, or silver minerals, it does allow us 
to map the geometry and extent of the layer that 
may contain the minerals. 

The large-scale profile (about 100 km long) in 
figure 8 illustrates an application of the method in a 
reconnaissance survey. This seismic-reflection 
cross-section of an area in western Canada required 
about two to three weeks of field work and another 
four to six weeks of computerized data analysis 
(again, see Box B). Layers are visible from near the 
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surface to the base of the section (about 30-40 km 
depth). In this instance, the method provided an 
image of a previously unknown, ancient (Precambrian, 
or older than 570 million years) basin that lies above 
westward-thinning crust and below young, flat- 
lying sedimentary rocks (figure 8b; Cook and Van 
der Velden, 1993). 

While details of the interpretation are not of 
major importance here, it is easy to see how seis- 
mic-reflection profiling can be used to map the deep 
geologic boundaries, and thus how it could be a 
valuable reconnaissance tool. But is this technique 
applicable to the very shallow part of the Earth, 
where gemstones might be recoverable? To a large 
extent, the answer to this question depends not 
only on the depths in question, but also on how 
small a feature the technique can detect; that is, on 
the resolution of the signal. 


Resolution of the Data. The resolution of seismic- 
reflection data depends on the wavelength (L) of the 
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Figure 8. (a) This seismic-reflection pro- 
file taken in northeastern British 
Columbia shows a decrease in thick- 
ness of the crust (depth to the top of the 
mantle, or Moho). (b) Interpretation of 
the data reveals that the flat layers 
between 0 and about 2 seconds are rel- 
atively young sedimentary rocks, 
which rest on Precambrian crystalline 
(granite and metamorphic) rocks 
(orange—tright) and Precambrian sedi- 
mentary basin rocks (yellow—left). The 
Moho (Mohorovicic discontinuity), the 
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15 transition from the crust to the mantle, 
lies at about 45 km on the southeast 
and about 35 km on the northwest. 
Inasmuch as some gem deposits may 
depend on variations in crustal thick- 
ness (¢.g., some gem corundum 
deposits appear to be located in areas 
where the crust is 40 or more km thick; 
Levinson and Cook, 1994), mapping 
the thickness of the crust could prove 
valuable for reconnaissance. (For this 
figure, the approximate depth values 
have been calculated assuming an 
average seismic-wave velocity of 6 
km/sec, rather than 5 km/sec as in fig- 
ure 7, because of different characteris- 
tics of the rocks.) Figure is modified 


Travel time of reflected waves 
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signal, which is a function of the frequencies (f) of 
the waves that are used, as well as on their velocities 
(V) through the rocks. The following equation sum- 
marizes the relationship between these parameters: 


L=V/f 


In general, the smaller the wavelength of the signal, 
the smaller the feature that can be detected and the 
higher the resolution of the measurement. In prac- 
tice, it is possible to obtain seismic frequencies up 
to about 100 cycles per second in the shallow sub- 
surface (first 20-50 m), where the seismic-wave 
velocity varies from about 6.0 km/sec in many crys- 
talline (e.g., granite) rocks to about 2.0 km/sec in 
loose sedimentary rocks (e.g., gravels). Using f = 100 
in the equation above, we find that L = 60 m (0.06 
km) for granites and L = 20 m (0.02 km) for loose 
sedimentary rocks. The resolution of the method is 
determined by the lower limit of size of the feature 
that can be imaged. In seismic profiling, geophysi- 
cists have found that this limit is about one-fourth 
times the wavelength of the signal, or about 15 m 
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from Cook and Van der Velden (1993). 


for granitic rocks and about 5 m for loose sedimen- 
tary rocks. This means that we can, in principal, 
map features on the order of 5 m thick in some 
areas (e.g., alluvial deposits), which approaches the 
resolution necessary for effective gem exploration. 
For example, it might be possible to map the loca- 
tions of large dikes (e.g., pegmatites) or the geome- 
try of important geologic layers, such as a gem-bear- 
ing gravel. However, it would still be difficult to 
identify pockets or cavities smaller than 15 m in 
diameter. 

We cannot change the speeds of the seismic 
waves in the rocks (which largely depend on the 
kinds of minerals the rocks contain), but we can 
vary the frequency of the source of seismic waves to 
improve the resolution. However, the Earth does 
not always cooperate, because it absorbs high-fre- 
quency signals very easily. (This is why the boom- 
ing low frequencies of a stereo sound system can be 
heard for a long distance, while the higher- frequen- 
cy signals are readily absorbed.) Additional techni- 
cal problems make it difficult to use the seismic- 
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reflection technique for depths less than about 20 
m. Nevertheless, as technical advances improve 
seismic-reflection profiling for applications to geo- 
logic problems in the shallow subsurface, it may 
become an important tool in gem exploration. 


Cost. Another important consideration is that seis- 
mic-reflection profiling can be relatively expensive; 
exact costs depend on the parameters (e.g., the spac- 
ing of the receiver points) that are used in the field. 
Although acquiring high-resolution shallow data is 
usually less expensive than acquiring deep reflec- 
tion data (because the area surveyed is smaller], sur- 
vey costs of several thousand dollars per day are not 
unusual, and a proper survey usually takes one or 
more weeks. Thus, even if the technique is refined 
to the point where meter-scale resolution is possible 
in the uppermost few meters, the costs may be pro- 
hibitive for many gem-exploration applications. 
Fortunately, there is a less-costly alternative for 
some situations—georadar. 


Georadar. The Method. Also known as ground-pen- 
etrating radar, or GPR, georadar is finding a number 
of geologic applications in the shallow subsurface 
(Box C). Radar has been used for about 15 years to 
map thicknesses of ice sheets and glaciers. More 
recently, it has been applied in mapping under- 
ground pipes and building foundations, shallow 
archeological sites (Imai et al., 1987), the geometry 
of landfill sites (Lanz et al., 1994), the geometry of 
sediment deposits (Beres and Haeni, 1991; Smith 
and Jol, 1992; Beres et al., 1995), and fracture sys- 
tems in some crystalline (metamorphic and 
igneous) rocks (Piccolo, 1992; Grasmueck, 1996). 
Based in part on work by Grasmueck (1995, 1996), 
and in part on results from the author's own experi- 
ments (figure 9), it is proposed here that, if carefully 
performed, radar may be applicable to gemstone 
exploration in many instances. 

When most of us think of radar, we think of air 
traffic controllers or military personnel monitoring 
the positions of airplanes or missiles. However, if a 
radar (radio wave) signal is directed into the ground, 
it can penetrate some distance and then reflect off 
rock layers beneath the surface (again, see Box C). 
The distance that a radar signal penetrates depends 
on the absorptive properties of the rocks through 
which it is traveling. The property that most affects 
penetration is probably electrical conductivity, a 
measure of how easily an electrical signal travels 
through a material. The more electrically conduc- 
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tive a material is, the more it absorbs a radar signal. 
Metals, as well as clay-rich and saltwater-rich mate- 
rials, are very electrically conductive; consequently, 
they prevent radar signals from being transmitted 
very far because they absorb much of the energy. 
Like ice, fresh water, and air, granite is largely trans- 
parent to radar signals; thus, the signals travel 
through it readily. This characteristic is key to the 
success (or failure) of the method. When a radar sig- 
nal impinges on a boundary between nonconduc- 
tive and conductive materials, some of the energy 
reflects back to the surface, where a receiver can 
measure it. Where there are large contrasts in elec- 
trical conductivity, large amounts of signal energy 
may be reflected. 

As with a seismic section, the travel time to 
and from each reflector is measured and, if the 
wave velocity is known, the depth can be deter- 
mined. Reflected signals received by instruments 
on the surface are recorded in the field and stored 
for later computer enhancement. Many of the com- 
puter-enhancement techniques that have been 
developed for seismic-reflection images are also 
applicable to radar images (Fisher et al., 1992, 
Grasmueck, 1996). The result, when recording a 
single profile or line, is a cross-section—much like 
a seismic-reflection section—that has a series of 
coherent signals, each of which corresponds to a 
reflection from a rock interface (or an abrupt 
change in rock properties) at depth. 

There are, however, two major differences 
between seismic-reflection data and georadar data. 
First, the frequencies and velocities of radar signals 
are much higher than those of seismic data: Radar 
signals travel at the speed of light in air (300,000 km 
per second) and about one-third of that speed in 
granite (Davis and Annan, 1989). Second, radar sig- 
nals respond to the electrical properties of the mate- 
rial, whereas seismic signals respond to the elastic 
properties of the material. (Elastic properties are 
measures of how easily a material deforms, such as 
when it vibrates.) Both of these characteristics of 
radar (higher frequencies and electromagnetic 
waves), prevent radar signals from penetrating very 
deeply into the rocks; in figure 9, for example, the 
radar section corresponds to only 60 m of rock, as 
compared to the 45 km depth for the seismic sec- 
tion of figure 8b. Even more importantly, radar sig- 
nals in the shallow subsurface often have wave- 
lengths of about one meter or less, providing a reso- 
lution to 0.25 m (25 cm), which is potentially useful 
for gem exploration. 
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Figure 9. This georadar profile (a) was recorded by the author in a gneiss in southern Switzerland. Here, reflections are 
caused by differences in electrical properties, and the depth of penetration is about 50-60 m (compare with figures 7 and 
8). Thus, the resolution is significantly more detailed than that for seismic profiling. Note that the datum (0.0 time line) 
is above the northeast-sloping ground surface. Interpretation of the data (b) reveals that prominent reflections at a depth 
(below the ground surface) of about 3 m (reflection X) and 6 m (reflection Y) on the right side of the section are probably 
cracks that are only a few centimeters thick (as interpreted on another dataset in the area by Grasmueck, 1995; see also 
[d] below). Red dots represent discontinuities, such as cavities or small faults, that give rise to the arcuate features (blue 
lines). The schematic diagram in (c) illustrates the relationship between the location of the georadar profile of (a) and (b) 
and the photograph of (d), an outcrop where a zone of mineralization (including cavities and small faults) is exposed. 
The outcrop is in a quarry wall immediately beneath the ground surface on the right side of the profile in (b). 
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Georadar in Three Dimensions. Most georadar 
recordings, as with most seismic-reflection record- 
ings, are made along lines that result in a two- 
dimensional profile (horizontal distance in one 
direction and vertical depth, or distance through a 
feature, in the other; see Box C and figure 9). 
However, pockets or cavities that are small (e.g., 
one meter or less in diameter), but nevertheless pro- 
ductive, would be easy to miss unless profiles were 
recorded very close together. In such a situation, it 
might be desirable to acquire data in three dimen- 
sions (two horizontal and one vertical; figure 10), as 
described, for example, by Beres et al. (1995). 
Although three-dimensional data require somewhat 
more effort in both recording and data processing, 
the resulting information provides images of the 
internal structure of a volume of rock, rather than a 
single cross-sectional profile; features such as cavi- 
ties or mineralized zones may be much more appar- 
ent and less likely to be missed. Preliminary results 
from an experiment conducted by the author and a 
colleague (J. Patterson) within a pegmatite have 
shown that it is possible to outline the three-dimen- 
sional geometry and size of a pocket. 

Georadar is not very expensive relative to seis- 
mic profiling. A three-dimensional survey, with 
accompanying profile lines like the one shown in 
figure 10, requires about two to four person days of 
field time and perhaps two to four weeks of com- 
puter work. A similar three-dimensional seismic- 
reflection survey would have required 10 times as 
much effort. 


Possible Uses of Georadar Profiling in Gemstone 
Exploration. Three characteristics of georadar make 
it a potentially useful method for gemstone explo- 
ration: 


1. Radar provides very high resolution (to as small 
as 25 cm) images of the near-surface environ- 
ment (in some cases, in the first few meters to 
tens of meters beneath the surface). 


2. Georadar data are comparatively inexpensive to 
acquire and process. 


3. Crystalline (granitic and metamorphic) rocks, in 
which many gem deposits typically occur, are 
relatively transparent to radar signals. However, 
the cavities or pockets that contain the gems 
(e.g., fluid-filled fractures, hydrothermal veins, 
clay-filled pockets in pegmatites, etc.) are likely 
to have electrical properties very different from 
the surrounding rocks. They could therefore pro- 
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duce very prominent reflected signals (figures 9a 


and b). 


As noted earlier, most economic gemstone 
deposits presently are found at the surface or within 
a few meters to tens of meters of the surface. 
Examples include various alluvial deposits (where 
diamonds, rubies, sapphires, spinels, and many 
other gems are found), silica-rich sedimentary or 
volcanic rocks (such as some opal deposits in 
Australia and Mexico, respectively), pegmatite 
dikes (where quartz, beryl [figure 11], tourmaline, 
and a variety of rare gems are found), and lampro- 
phyre (ultramafic) dikes (such as Yogo Gulch, 
Montana, where sapphires are found). Each of these 
deposit types may, if conditions are appropriate, be 
amenable to exploration using georadar or, in some 
cases, other geophysical tools. 

For example, exploration for gemstones in sedi- 
mentary rocks, such as alluvial and some opal 
deposits, requires mapping of the subsurface geome- 
try of the sedimentary layers. Georadar, and some- 
times high-resolution seismic-reflection data, can be 
very effective tools for constructing such maps. The 
data illustrated in figure 10 were recorded to map the 
three-dimensional geometry of sedimentary layers 
near the surface (Beres et al., 1995). Detail is provid- 
ed to 15 m depth. If one of the layers in such a sur- 
vey (e.g. that labeled R2) were known to have high 
concentrations of gems (diamonds, corundum, 
spinels, etc.), it would be easy to follow that layer in 
the subsurface to predict its extent, its continuity, 
and thus the potential value of the deposit. 

Exploration for primary deposits in granitic and 
metamorphic rocks is equally promising. Radar is 
already being used to locate high-quality (unfrac- 
tured) ornamental rocks in quarries (Piccolo, 1992), 
thus, there may be applications for locating zones of 
high-quality jade or other massive gem materials. 
Highly fractured, lower-quality material would have 
measurably different properties from solid material. 

Radar has been tested in some pegmatite 
deposits in California (Patterson, 1996), and at the 
Alma, Colorado, rhodochrosite deposits (Brian Lees, 
pers. comm., 1996) with limited success. In both 
areas, georadar has been useful for mapping subsur- 
face structures. At the Colorado rhodochrosite 
deposits, for example, the technique has been suc- 
cessfully used to map faults associated with the 
deposit. However, it has been less successful in pro- 
ducing images of crystal-bearing pockets, probably 
because the pockets are very small (commonly less 
than 25 cm; Brian Lees, pers. comm., 1996). 
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BOX C: GEORADAR 


Radio waves reflecting from contrasts in electrical con- 
ductivity can be detected by sensitive antennas. The 
georadar method is similar to seismic-reflection profil- 
ing in that a source of energy (radio waves in this case) 
is sent through a transmitting antenna (antenna T in 
figure C-1 and C-2) into the ground, and the returned 
signal is detected and collected at a receiving antenna 
(R in figure C-1 and C-2). The received signal is stored 
on a computer for later display and data processing. 
The simplicity and portability of georadar systems (fig- 


Figure C-1. This schematic diagram illustrates the 
georadar method for profiling along the Earth’s sur- 
face. The transmitting antenna (T) sends a pulse into 
the ground, where it is reflected back to a receiving 
antenna (R). The signal is sent through cable to a 
computer, where it is stored on disk for later display 
and processing. 


Antennas 


ga 36 gg 
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ure C-3} allow the instruments to be used horizontally, 
such as into or through walls (e.g., figure C-2). 
Anomalous objects such as cavities (e.g., in a peg- 
matite) would appear as traces with unusual shapes or 
arrival times (figure C-2). 


Figure C-2. This schematic diagram illustrates the 
georadar method for recording waves that are trans- 
mitted through an object (a wall) to detect anomalous 
zones such as cavities. Here the transmitting and 
receiving antennas are placed on opposite sides of the 
wall, and the anomalous zone appears in the data as 
an unusual waveform or arrival time. 


Anomalous zone 
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Figure C-3. The equipment required for geo- 
radar is very portable, and the procedure is 
not labor intensive. In this photo of a geo- 
radar field crew working in western Canada, 
the person in the foreground is setting the 
antennas, one for transmitting the radar 
pulse and the other for receiving the returned 
signal. The person in the background is car- 
trying the instruments that control the sig- 
nals and record them onto magnetic tape or 
disk. The wire along the ground connects the 
antennas to the recording instruments. 
Photo courtesy of D. G. Smith. 
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Figure 10. (top) These georadar data were acquired 
in northern Switzerland to map sedimentary (allu- 
vial) structures in the near-surface (modified from 
Beres et al., 1995). R1, R2, and R3 are positions of 
reflected signals. Horizontal “slices” at 2.8 and 2.0 
m are shown above the cube to illustrate how 
reflections R1 and R2 can be followed in three 
dimensions. If R2 were a gem-bearing gravel, it 
could be mapped easily over the region to deter- 
mine both its lateral and vertical extent. R3 is 
another boundary at about 10 m depth. 
Knowledge of gem concentrations within this 
structure could thus be used to predict the total 
value of the deposit. The colors represent reflected 
waves from different layer boundaries. (Bottom) A 
two-person radar team works on sedimentary stra- 
ta exposed in cross-section. The right-dipping lay- 
ers are about the same size as layers R2 above, 
thus illustrating the kind of detail that may be 
possible with this georadar application. Photo 
courtesy of D. G. Smith. 
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Limitations of Georadar in Gem Exploration. 
Georadar is not a panacea for gemstone exploration 
at shallow depths. Some gem deposits in sedimen- 
tary rocks, such as some alluvials and some opal 
deposits, may have large quantities of clay near the 
surface. In such cases, the radar signal might not 
penetrate more than a few centimeters (Davis and 
Annan, 1989), and thus georadar would not be 
appropriate. 

Pegmatite deposits in which the granitic rocks 
have weathered to produce a layer of surface clay 
are also problematic for radar, again because the 
clay absorbs much of the signal. This is commonly 
the case in southern California (Jeffrey Patterson, 
pers. comm., 1996). However, exposed pegmatites 
and deposits in relatively dry, sandy regions or in 
glacially scoured areas could be excellent environ- 
ments for radar detection of underground cavities 
and fractures (figure 9). Hence, georadar may be an 
appropriate tool for the first 20-40 m depth if there 
is not a layer of clay or saline fluid near the surface. 
If the desired target is at a greater depth, or if the 
surface is not conducive to radar-signal penetration, 
other methods such as reflection seismology or 
magnetics (see table 1) may be appropriate. 
Therefore, surface and near-surface conditions 
must be investigated, usually with field observa- 
tions or other tests, before deciding which tech- 
nique(s) to use. 


STRATEGIC APPLICATION OF GEOPHYSICS 
IN GEMSTONE EXPLORATION 


Application of geophysical methods to gemstone 
exploration begins with establishing the nature of 
the target. In some cases, geophysical programs that 
address continental-scale measurements may be 
useful to identify regions appropriate for more 
intensive exploration. This approach is commonly 
used in exploring for diamonds, but it may also be 
applicable in exploring for gem corundum. Some 
gem corundum is found in alkali basalts that origi- 
nated as magma below 50 km depth and picked up 
corundum from the lower crust (30-50 km) beneath 
continents as the magma traveled to the surface 
(Levinson and Cook, 1994). Thus, methods that 
allow the thickness of the crust to be mapped from 
place to place could be valuable. The seismic sec- 
tion of figure 8 is an example of a change in the 
thickness of the crust from about 40 km on the east 
to about 30 km on the west. Alkali basalts found 
east of this change would be more likely to contain 
corundum than those found west of it, if the theory 
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Figure 11. Georadar has great potential in pegmatite 
exploration, with the potential to locate gem pockets 
such as the one in which this superb aquamarine 
crystal (7.5 cm long) was found. Courtesy of Michael 
M. Scott; photo © Harold & Erica Van Pelt. 


proposed by Levinson and Cook (1994) is correct; 
that is, that alkali basalt-hosted gem corundum 
originates in thick crust. 

For other types of colored stone deposits, geo- 
logic mapping and serendipity will necessarily con- 
tinue to play major roles. However, geophysics may 
be useful in delineating the extent of a newly dis- 
covered deposit, as well as in identifying specific 
targets (e.g., cavities) to investigate. In these cases, it 
is likely that high-resolution seismic reflection and, 
especially, georadar will soon become important 
exploration tools. 

Following is a strategy to evaluate the potential 
usefulness of geophysical methods in a particular 
exploration venture: 


1. Define the target (potential gem deposit, or 
regional structure) in terms of its: 


a. Size: If the target is the entire thickness and 
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lateral extent of the lithosphere, and the desire 
is to establish likely regions for detailed work 
(e.g., diamond exploration), then only low-res- 
olution techniques may be required. 


b. Depth: The greater the depth of a target is, the 
lower the resolution that can be provided by 
geophysical techniques. 


c. Geologic environment: Alluvial deposits may 
be imaged by techniques that provide strati- 
graphic information; primary deposits may 
require more direct images, such as of cavities. 

d. Physical properties: Knowledge of physical 
properties allows predictive models to be con- 
structed. Such properties include seismic-wave 
velocity, density, magnetic characteristics, and 
electrical conductivity. 


2. Acquire existing “test” data. “Regional” data sets 
(e.g., gravity, magnetics, occasionally seismic) 
often are available from government agencies. 
Such data can provide a considerable amount of 
background information, such as the thickness of 
the crust, the lithosphere, and so on. 


3. Evaluate the costs versus the potential return. 


Initial field testing is advised, particularly with 
high-resolution techniques such as radar. For exam- 
ple, it may be worthwhile to record a single radar 
profile to determine if near-surface clay layers are a 
problem. Such a test could also indicate whether a 
larger-scale survey, or even a three-dimensional sur- 
vey, might be appropriate. 


SUMMARY 


Today, geophysical methods are sometimes used in 
diamond exploration, but they are not commonly 
applied for either exploration or exploitation of col- 
ored gemstone deposits. Part of the reason for this is 
historical: People searching for gems have not previ- 
ously used these techniques and often are not famil- 
iar with them. Much of the reason, however, is 
technical: Geophysical methods simply have not 
had the resolution to be effective in either finding or 
delineating gem deposits, which are typically small. 
In addition, many geophysical techniques are 
expensive and require sophisticated equipment and 
technical expertise. 

As technology progresses, however, the resolu- 
tion of these techniques is being enhanced. Seismic- 
reflection data, for example, may now resolve fea- 
tures as small as a few meters; 10 years ago, it was 
difficult to resolve features of even 20 m. Georadar, 
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too, was in the early stages of development as an 
application to subsurface studies a decade ago. Since 
then, the methods for acquiring and processing such 
data have improved measurably. It is now possible 
to analyze georadar data in the field with small 
recording systems and computers; more than five 
years ago, the equipment was much more cumber- 
some, if it existed at all. 
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The Scarcity of Fine-Color 
Flawless Diamonds 


by 


HANS J. BAGGE, C.G. 


Throughout the course of World 
War II and in the immediate postwar 
period it has become increasingly 
apparent to the jewelers that there is 
a real scarcity of fine-color flawless 
diamonds. Many fine stores are find- 
ing it extremely difficult to replenish 
their stocks of gems, even at the most 
exorbitant prices. 

For many years, I have personally 
advocated that the Registered Jew- 
elers should begin to educate their 
customers to accept slightly im- 
perfect diamonds. : 

In my extensive study of the dia- 
mond, I have found that even in 
normal or abnormal years the exist- 
ing supply of flawless fine-color 
diamonds has been very limited; 
that is, if we are to accept the 
standards of the American Gem 
Society and the Federal Trade Com- 
mission. 

My suggestions are irrefutable 
figures of diamond grading at the 
source of diamonds. Many A.G.S. 
members and students who attended 
the conclaves of the Central Division 
a few years ago will possibly recall 
my lecture. 

It is true that the output of the 
alluvial fields and the few operating 
mines has been definitely curtailed 
because of the wartime labor and 
machinery shortages. My charts and 
figures, however, are representative 
of the last normal years before the 
war, and so are indicative of the 
diamond output under peacetime 


conditions. I am suré that even the 
most conservative diamond merchant 
will be startled at the percentage my 
figures reveal. 

It is a well-known fact that 98 per 
cent of the rough diamonds are sold 
through the Diamond Trading Cor- 
poration, which has its offices in 
London. This corporation is capital- 
ized at £2,000,000 and maintains a 
stock equivalent to that amount at 
all times. As various qualities and 
quantities of diamonds are sold, the 
stock is filled in as soon as available. 
Showings are made periodically by 
invitation only. Single sales may 
amount to from £8,000 to £10,000 up 
to £150,000 to £200,000 sterling. All 
diamonds imported by this corpora- 
tion from South Africa are subject 
to a 10 per cent duty. 

Previously, it was the policy of 
the Diamond Trading Corporation 
to show sights of rough diamonds 
from the Wesselton or Jagersfontein 
Mines as Wesselton or Jagersfontein 
sights. Fundamentally, the diamonds 
from each source are types with 
which a cutter is familiar. He is 
able, to some extent, to tell what 
type of goods he will finish. Some 
years ago this procedure was 
changed. All of the diamonds from 
the mines and alluvial sources now 
pass through the leading diamond 
organization in South Africa... 
the Diamond Producers Association. 
In turn, the Diamond Corporation, 
the parent organization of its sub- 


RUBIES AND FANCY-COLOR 
SAPPHIRES FROM NEPAL 


By Christopher P. Smith, Edward J. Gublein, Allen M. Bassett, 
and Mache N. Manandhar 


Gem-quality rubies and fancy-color sap- 
phires have been recovered from dolomite 
marble lenses located high in the 
Himalayan mountains of east-central Nepal 
(Ganesh Himal). First discovered in the 
early 1980s, these deposits have had only 
limited and sporadic production because of 
their isolated locations, high altitudes, and 
harsh seasonal weather conditions. The pre- 
cise locations and geology of the two best- 
known deposits are described. In addition, 
27 polished samples and 19 rough crystals 
and mineral specimens were thoroughly 
investigated to document their gemological 
characteristics and crystal morphology. The 
most distinctive internal features are their 
color-zoning characteristics, various cloud- 
like and other patterns, as well as a wide 
variety of mineral inclusions, some of 
which have not been seen in rubies from 
other sources. 
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epal is a small mountainous country situated 
NMaers the Himalayan mountain chain in southern 
Asia.Landlocked by Tibet (China) to the north 
and India to the east, south, and west, Nepal's surface 
area covers only 140,000 km?; it has approximately 20 
million inhabitants. Southern Nepal is the birthplace, 
more than 2,500 years ago, of Siddartha Gautama, the 
founder of Buddhism. For many centuries, Nepal was 
closed off from the rest of the world. Only since it 
emerged from a feudal state in 1950, have the minerals 
and gemstones of Nepal begun to enter the world econo- 
my. Although Nepal has a reigning monarch, a multi- 
party democracy was established in 1990. 

Most widely recognized for having the highest eleva- 
tion of any country in the world, Nepal is the home of 
Mount Everest (8,848 m/29,028 feet above sea level). In 
all, seven of the eight highest peaks in the world can be 
found in this country's rugged terrain. 

Although Nepal has limited industrial development 
and relatively meager mineral wealth, it is blessed with 
a broad range of gem minerals that includes tourmaline, 
beryl, garnet, quartz, spinel, danburite, hambergite, 
kyanite, apatite, sodalite, zircon, sphalerite, epidote, 
diopside, iolite, feldspar, pyrite, hematite, andalusite, 
lepidolite, and corundum (Bassett, 1979; 1984; 1985a 
and b; 1987). Gems have been recovered in Nepal since 
1934, when tourmaline and aquamarine were first dis- 
covered there (Bassett, 1979). However, not until the 
early 1980s did rubies and sapphires begin to appear 
(figure 1). 

As the story was told to authors AMB and MNM, 
goat-herders of the Tamang ethnic group first spotted 
red crystals in 1981, high in the Ganesh Himal massif of 
the Dhading District in east-central Nepal. These stones 
were brought to the capital city (Katmandu) to sell for 
shop displays, where they were identified as rubies. The 
first official report of corundum in Nepal was made by 
Baba (1982), who erroneously described 
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Figure 1. Since the early 
1980s, rubies and fancy- 
color sapphires have been 
recovered in the 
Himalaya Mountains of 
east-central Nepal. The 
Nepalese rubies shown 
here range from 0.50 to 
2.50 ct. Jewelry courtesy 
of the Gold Rush, 
Northridge, California; 
photo by Shane F. 
McClure. 


ruby/corundum coming from the Taplejung 
District, in eastern Nepal. Soon after, however, it 
was determined that the source was actually in the 
Ganesh Himal (Dhading District), and many staked 
claims there, hoping to make their fortunes. For the 
most part, however, these earlier miners lacked any 
understanding of gemstone recovery methods or of 
the geology and challenging topography of the 
mountainous region, so these early efforts met with 
limited success. It was not until 1984 that one of 
the authors (AMB}) made the first geologic study of 
the corundum-producing region at Ganesh Himal 
(Bassett, 1984). After concluding this investigation, 
AMB joined with MNM to found Himalayan Gems 
Nepal, which acquired the leases to the two most 
commercially viable claims, known as Chumar and 
Ruyil. Himalayan Gems Nepal began officially rec- 
ognized mining activities during 1985. They also 
set up a cutting factory to bring these rubies and 
fancy-color sapphires to the gem and jewelry mar- 
kets. Several other parties also mined unofficially 
in the surrounding region. 


Nepal Rubies 


None of these mining ventures lasted long, how- 
ever, because of the isolated locations, harsh weather 
conditions, and difficulties encountered in efforts to 
develop larger-scale mining. All of the claims were 
eventually abandoned by their owners. Today, local 
Tamang farmers continue rudimentary mining; they 
bring their production to Katmandu for sale and dis- 
tribution. As a result, throughout the mid- to late 
1980s and early 1990s, the production of gem-quality 
rubies and fancy-color sapphires was sporadic. 
Although Himalayan Gems Nepal also ceased active 
mining after about two years, they continue to buy 
gems from the local farmers and cut them in their 
factory. 

Since mid-1996, two other deposits—Shelghar 
and Shongla—have produced corundum that is com- 
parable in quantity and quality to Chumar and 
Ruyil. During studies in 1985, AMB determined that 
the geology of these two deposits is identical to that 
of Chumar. Besides these four producing deposits, 
two others (Pola and Sublay) are known to have 
potentially significant amounts of corundum, 
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but they have not yet been mined. However, 
Chumar and Ruyil remain the most recognized 
deposits of commercial-grade and finer quality 
rubies and pink sapphires in Nepal. 

One of the authors (AMB) was told that blue sap- 
phires are currently being recovered from the 
Taplejung District of eastern Nepal. The authors 
have examined a few non-gem-quality specimens, 
but there is no additional information on the 
amount or quality of the material being unearthed. 
The claim holder reports, however, that the sapphire 
crystals occur in outcrops on the slopes of the moun- 
tain known as Sapphire Hill, approximately 1.5 km 
northwest of the small village called Khupatal, north 
of the Tamur River in the Taplejung District. 
Contrary to Baba's 1982 report, our investigations 
yielded no evidence that rubies have ever been found 
in this district. 

The first in-depth study of ruby from Nepal was 
provided by Harding and Scarratt (1986). Soon after, 
researchers in Germany also described fancy-color 
(pink and violet) sapphires from unspecified deposits 
in Nepal (Kiefert and Schmetzer, 1986, 1987). A 
detailed investigation of one very fine gem-quality 
ruby from Nepal was reported in 1988 (Bank et al., 
1988). Robinson et al. (1992) were the first to men- 


26 Nepal Rubies 


Shelghar ; Th 
~ , 
aoe! dz 
er ice Barat 74 sh fh 4 


H a Pipl Pech 
i 

ik in 

A * 


a 
ote 
repels” © catia oe 5 kiwi 
™. * 4 Re i! 

re. = 
Ks om ie tie fe 
; Auyil ie 


Petslayy 


Prk + hy 


Lapohet 
“7 a 
. - Kupirl ; ate 


tion a specific deposit, named Chumar, for the 
corundum occurrences. Overviews on gems from 
Nepal also described corundum deposits (e.g., 
Niedermayr et al., 1993). The most recent observa- 
tions on the internal features of this material were 
provided by Henn and Milisenda (1994). The present 
study supports the findings of these previous 
researchers, and adds both new characteristics and 
specific source information to these earlier reports. 


LOCATION AND ACCESS 

The corundum deposits occur on the southwest 
flank of the Ganesh Himal (a high mountain massif 
consisting of several major peaks clustered together), 
68 km north-northwest of the capital city of 
Katmandu, and 40 km west of Trisuli Bazar. An 
overview of the region reveals rice paddies in the 
lowlands, with primarily corn and barley crops in 
the hills. Above approximately 1,830 m (6,000 feet), 
one finds forests of rhododendron trees, then grass, 
and, eventually, bare rock. The landscape at the 
deposits is that of extremely steep, cliff-like domes 
of dolomitic marble about 150 m (500 feet) high 
lying in lenticular bodies that are surrounded by 
steep slopes of schist. There are deeply entrenched, 
rocky gorges, choked with dense vegetation that 
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reaches almost to the corundum deposits, which 
crop out in the dangerously craggy cliffs. 

Travel to the deposits from Katmandu usually 
takes about six days. The trek begins with a cir- 
cuitous bus ride from Katmandu to Trisuli Bazar, 
and then five days of rather strenuous hiking up the 
Ankhu River Valley and its tributaries. Travel to the 
deposits is hampered not only by the high eleva- 
tions, remote locations, and rugged terrain, but also 
by the severe seasonal weather conditions. Winter 
snow usually covers the higher trails from mid- 
November to the end of April, and monsoons buffet 
the countryside from mid-June through September. 
Therefore, the best times to reach the deposits are 
usually from early May to mid-June and from early 
October to mid-November. A knowledgeable guide 
is essential. 

Both the Chumar and Ruyil deposits lie within 
what was formerly known as the Laba Panchayat of 
the northern Dhading District, Bagmati Zone, in 
central Nepal (figure 2). The Chumar deposit lies at 
28° 13' 20" N, 84° 58' 52" E, at an altitude of 3,800 m 
(12,500 feet); it is approximately 1.2 km south of the 
Mandra Danda mountain peak (elevation 4,358 
m/14,300 feet), near the Tamang village of Burang. 
The Ruyil deposit lies about 6 km northeast of 
Chumar, at 28° 15' 05" N, 85° 02' 07" E, and an ele- 
vation of about 4,200 m (13,800 feet). 


GEOLOGY AND OCCURRENCE 

The geology of Nepal is dominated by the 
Himalayan Mountains, which formed as a result of 
the collision between the northward-drifting Indian 
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plate and the Asian plate starting about 30 to 50 mil- 
lion years ago. The initial line of collision (called the 
Indus Suture Zone) is now in Tibet. The Indian plate 
continued in a northward drift, pushing beneath the 
Asian plate, whereupon the Indian plate broke into 
northern and southern segments, as the southern 
segment was forced beneath the northern segment. 
This major structural breakage is known as the Main 
Central Thrust (MCT) and extends east-west, the 
full length of Nepal (figure 3). At least twice subse- 
quently, the continuing northward drift of the Indian 
plate caused a major breakage along progressively 
younger and more southerly thrusts, known as the 
Mahabharat Thrust and the Main Boundary Thrust 
(MBT). Each continental slice was pushed beneath 
the higher and more northerly slices of the Indian 
plate to form the imbricate (shingle-like) stack that 
is responsible for the elevation of the Himalayan 
Mountains. Each of these various continental slices 
has a different lithology and grade of metamorphism; 
yet they are all roughly the same geologic age 
(Precambrian and lower Paleozoic), with the highest 
grade above the MCT and lower grades below the 
MCT (there is no metamorphism below the MBT). 
This sequence is inverted from what is normally 
encountered, because of the subduction thrusts. 

The Ganesh Himal corundum occurs near the top 
of the lower-grade metasediments of the Nawakot 
Series (again, see figure 3), below the MCT. The 
gems are found in what was a limestone formation 
(the Malekhu Limestone, lower Paleozoic) that has 


Figure 3. This simplified 
geotectonic map of 
Nepal indicates the 
main geologic structures 
(tectonic zones) and the 
main rock-forming series 
and groups in Nepal. The 
study area is near the 
top of the Nawakot 
series, below the MCT. 
Source: Mineral 
Resources Map of Nepal, 


|_| Tathyan zone 

7 Higher Himalaya zone 
hat + —— 

@ Katmandu series 
Mahabharat Theust 

DF Nawakot serivs 
MET 

o) Siwaliks group 

| Fullaniiien 


United Nations publica- 
tion, 1993. 
Spring 1997 27 


Figure 4. The remote Chumar ruby deposits are 
visible along the steep slopes of the Himalayas, 
where the white marble outcrops overlook the 
valley below. Photo by Ted Daeschlet. 


been converted to a dolomite marble because of its 
proximity to the tectonic forces of the MCT. This 
once-continuous dolomite marble layer has been 
torn into a dozen isolated bodies, about 1 km from 
one another. These dolomite bodies occur as 
thickened beds and isolated pods 60-150 m thick 
and up to a kilometer long. The bodies are separat- 
ed by black schist with quartzite interlayers. 
Within these isolated dolomite pods are miner- 
al seams that were originally aluminous clay 
interlayers in the limestone,- these have been con- 
verted, again due to the intense shearing pressures 
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of the MCT, into a suite of metamorphic minerals 
that includes corundum. Each seam has a slightly 
different suite of minerals, depending on variations 
in the original composition of the clay interlayers. 
In one notable variation (the Ruyil deposit), abun- 
dant graphite has formed, presumably due to a local 
abundance of marine organic material in the origi- 
nal interlayer. The dolomite marble host rock is 
consistent throughout the dozen pods. 

At the western end of these dozen dolomite 
bodies, which extend for 15 km, they are more dis- 
tinctively pod-like lenses,- in the central section, 
the dolomite bodies are more like a thickened 
stratigraphic bed with parallel walls less than 100 
m thick. The continuation eastward has not been 
explored in the very deep, densely forested chasms, 
but corundum is known to occur at the Sublay 
claim at the far eastern end. Of the dozen dolomite 
bodies, the westernmost four—Pola, Chumar, 
Shongla, and Shelghar—have produced corundum, 
only Ruyil in the central part, and only Sublay at 
the eastern end, are corundum bearing. Of these six 
corundum-bearing bodies, Chumar and Ruyil have 
been the most productive, with Shongla and 
Shelghar only recently developed and Pola and 
Sublay not yet consistently worked. This study 
focuses primarily on the Chumar and Ruyil 
deposits. 


Chumar Deposit. First studied in 1984 by AMB, the 
Chumar deposit extends east-west for about 550 m, 
with a central thickness of approximately 150 m 
(figure 4). At the west end, the dolomitic body is 
bounded by a sharp fault trending N60°W, dipping 
steeply to the northeast. The east end of the body 
tapers down to a tail, with no fault line at the 
boundary. Distinct bedding in the dolomite body, 
which now consists of large eroded domes, strikes 
east-west throughout all but the extremities, where 
it is bent to the northwest, creating a sigmoid 
shape. The seams, which are about 8 m apart and 
dip 32°, vary widely in thickness but average about 
20 cm; they are sometimes folded on a small scale. 


Ruyil Deposit. The first studies of the Ruyil 
deposit were conducted in 1985 by AMB. This 
deposit extends east-west for approximately 128 m, 
with a general thickness of 60 m. The western por- 
tion of the dolomite body appears to end abruptly 
in a curved outline of shattered dolomite without 
distinct bedding; yet there is no discernible fault 
line. No corundum has been found in the continu- 
ous outcrops of bedded dolomite on the eastern 
side of this body. 
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ASSOCIATED MINERALS OF THE CORUNDUM 
DEPOSITS 


Six specimens of corundum in host rock from the 
Chumar mine (ranging from 2.3 x 1.3 x 1.8 cm to 7.3 x 
3.5 x 4.6 cm) were examined. We identified the seam 
material as primarily calcite and dolomite. Associated 
minerals include blue tabular blades of kyanite, small 
brownish orange euhedral crystals of rutile, different 
micas (stacked sheets of transparent green fuchsite, 
orange-brown phlogopite, and whitish margarite), and 
colorless apatite and scapolite, in addition to the vio- 
letish blue-to-red crystals of corundum (figure 

5). One of the authors also identified brucite, tremolite, 
talc, pyrite, and sphalerite during his geologic studies at 
the Chumar mine (Bassett, 1985a). This list expands on 
the ones published previously; other researchers have 
additionally identified zoisite, epidote, muscovite, and 
anor-thite in mineral samples containing corundum 
from Nepal (Harding and Scarratt, 1986). Mineral speci- 
mens from this locality are often very colorful, with 
green fuchsite, orange phlogopite, blue kyanite, and red 
corundum, all occurring together in a white calcite 
matrix. 

Rubies from the Ruyil deposit, unlike those from 
Chumar and the other deposits in Ganesh Himal, are 
embedded in abundant graphite with a less complete 
suite of associated minerals. In all other respects, 
though, they appear to be similar to the rubies from 
elsewhere in the district. Wel-formed gem-quality 
corundum crystals are more common from Ruyil than 
from Chumar. 


MINING METHODS 

The actual mining for gemstones is usually performed 
by local Tamang villagers using crowbars, picks, and 
shovels (figure 6), with occasional blasting. Blasting fol- 
lowed by hammering is used more commonly at the 
Chumar deposit than at Ruyil, and incline tunnels have 
been started at the latter deposit (Chakrabarti, 1994). All 
of the ruby and fancy-color sapphire deposits are prima- 
ry (i.e., the stones are found in the host rock); no sec- 
ondary deposits have been located to date. The miners 
usually excavate where the marble outcrops can be seen 
at the surface; the corundum itself is the prime indica- 
tor mineral for new deposits. 


PRODUCTION, QUALITY, AND SIZES 

It is very difficult to estimate how many tens of thou- 
sands of carats of corundum have been produced from 
these deposits over the past 15 years or so. Except for 
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Figure 5. The Nepalese corundum deposits have an 
interesting assemblage of mineral occurrences, 
including tabular stacks of green fuchsite, orange- 
brown phlogopite, and colorless to white margarite 
micas, as well as blades of blue kyanite and dipyra- 
midal forms of corundum in shades of red or pink 
(some containing large blue color zones). The host 
rock is white calcite and dolomite. Photo by Dr. H. 
A. Hanni. 


the brief period that Himalayan Gems Nepal offi- 
cially controlled the mining efforts, most mining 
has been unofficial and uncontrolled, so no 


Figure 6. At the Chumar deposit, local farmers use 
basic hand tools to remove the corundum crystals 
from the host rock. Photo by Allen M. Bassett. 


Figure 7. Many well-formed crystals have been 
recovered from the corundum deposits in east-cen- 
tral Nepal. While most crystals are small or medi- 
um (usually 5 ct or less) in size, some-such as this 
106.42 ct crystal-exceed 100 ct. Photo by Shane F. 
McClure. 


complete records are available. On the basis of our 
experience in Nepal and the material we have seen in 
Katmandu, we estimate that current yearly produc- 
tion is less than 1,000 kg. Most of the corundum 
crystals are small to medium in size (typically 5 ct or 
less). However, crystals over 100 ct are occasionally 
recovered (figure 7). The vast majority of the produc- 
tion is in the low-to-medium "commercial quality" 
range, which is best suited for polishing en cabochon. 
Only a small portion of the material is of fine to very 
fine "gem quality," which is appropriate for faceting 
(figure 8). 


MATERIALS AND METHODS 

All of the samples in this study were collected by 
two of the authors (MNM and AMB) in Nepal, from 
independent miners and the mines managed directly 
by Himalayan Gems Nepal. We originally selected a 
total of 29 polished gemstones (22faceted and seven 
cut en cabochon) that were fashioned from rough at 
the cutting factory of Himalayan Gems Nepal. Two 
faceted samples were subsequently removed from the 
study. We identified one as a flame-fusion synthetic 
ruby, and the second yielded properties and charac- 
teristics that were not totally consistent with the 
other samples. Thus, this article presents the results 
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of testing 27 polished samples (0.21 to 9.47 ct), none 
of which had been heat treated. Seven of these were 
from the Chumar deposit and 11 were from Ruyil; 
the exact deposits for the remaining nine are not 
known. Also included in this study were 13 crystals 
and crystal fragments, ranging from 0.35 to 106.42 
ct, and the six Chumar mineral specimens 
described earlier. This collection of gemstones and 
crystals represents the full range of colors—tone 
and saturation, as well as hue—observed in 
Nepalese corundums to date. 

We used standard gemological instrumentation 
to record the refractive indices, birefringence, optic 
character, pleochroism, optical absorption spectra 
(desk-model spectroscope}, and reaction to ultravio- 
let radiation (365 nm long-wave, 254 nm shortwave) 
on all fashioned samples. Specific gravity was deter- 
mined by hydrostatic weighing with an electronic 
balance equipped with the appropriate attachments. 
A binocular microscope, incorporating fiber-optic 
and other lighting techniques, was used to docu- 
ment the internal features of all fashioned samples 
and single crystals. The results are given in table 1. 
We used a Perkin Elmer Lambda 9 spectrometer, 
with a beam condenser and polarizing filters, for 
polarized spectroscopy in the UV-visible 


Figure 8. The Nepal deposits have produced some 
very high quality rubies, such as the fine 1.40 ct 
faceted ruby and 3.08 ct ruby crystal shown here. 
The crystal has a habit of c, r, n and z crystal 
faces. Also note the narrow, blade-like form 
which is characteristic of much of the rough from 
these unique deposits. Photo by Shane F. 
McClure. 
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TABLE 1. Gemological characteristics of the rubies and fancy-color sapphires from Nepal. 


Propererties No. samples Observations 

Color 27 polished Ranging from red to pink to purplish pink, often with visible violetish blue color banding 

Clarity 27 polished Very clean to heavily included, most in the range slightly to heavily included 

13 crystals 
Refractive 20 faceted n, = 1.760-1.762 
Index n, = 1.769-1.770 
7 cabochon n= 1.76-1.77 (spot method) 

Birefringence 20 0.008-0.009 

Optic 20 uniaxial negative 

character 

Specific gravity 27 polished 3.94-4.01 

13 crystals 

Pleochroism 27 Moderate to strong dichroism 
Red zones: yellowish orange to orangy red parallel to the c-axis, and reddish purple to purple-red, or 
purplish pink to purple-pink, perpendicular to the c-axis 
Violetish blue Zones: greenish blue to blue parallel to the c-axis, and violetish blue to violet-blue per 
pendicular to the c-axis. 

UV 27 Red to pink zones. Long-wave (365 nm): Moderate to very strong red Short-wave (254 nm): 

luminescence Faint to moderate red 
Violetish blue zones: Generally inert 

Optical 27 General absorption up to approximately 450 nm, 468 (sharp, narrow), 475 nm (sharp, 

absorption weak to moderate), 476 nm (sharp, narrow), 525-585 nm (broad band), 659 nm (faint, nar 

spectrum (nm) row), 668 nm (faint, narrow), 675 nm (very faint, narrow; when present), 692 nm (sharp, 
narrow), 694 nm (sharp, narrow) 

Internal features 27 Short rutile needles, various cloud patterns, stringer formations, strong color zoning, weak 
to prominent growth structures, laminate twinning and parting, "fingerprints," negative 
crystals and crystalline inclusions of (with elements identified and mode of identification 
in parentheses): 
margarite mica (Al, Si, Ca; SEM-EDS and XRD) apatite (Ca, P; SEM-EDS, XRD and 
Raman)? rutile (Ti; SEM-EDS) diaspore (XRD, Raman, and FTIR) dolomite (Raman) 
phlogopite mica (K, Mg, Al, Si, Fe; SEM-EDS and XRD)? calcite (Ca, C; SEM-EDS and 
FTIR) uvite tourmaline (XRD) anorthite feldspar (Raman) boehmite (FTIR) 


aOften containing black inclusions that presumably are graphite. 


through near-infrared region (between 280 and 880 
nm) on 17 fashioned samples. For the region between 
400 and 6000 wavenumbers (cm’!), we used a Pye- 
Unicam Fourier-transform infrared (FTIR) 9624 spec- 
trometer with a diffuse reflectance unit for sample 
measurement. We performed a total of 49 analyses 
on different regions, color zones, and orientations of 
27 samples. Energy-dispersive X-ray fluorescence 
(EDXRF) chemical analyses were performed on 25 
samples (and on different color zones on some sam- 
ples, for a total of 34 analyses} on a Spectrace 
TN5000 system, using a program specially developed 
by Prof. W. B. Stern for the semi-quantitative analy- 
sis of corundum. Prof. Stern's program uses chemi- 
cally pure element standards and three spectra focus- 
ing on the light, medium, and heavy elements, so 
that the results can be interpreted to three decimal 
places {i.e., 0.001). He also used a beam condenser to 
measure small areas or zones of an individual stone. 

To analyze the internal growth structures of the pol- 
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ished stones, we used a horizontal microscope, a spe- 
cially designed stone holder, and a mini-goniometer 
attached to one of the oculars on the microscope, 
employing the methods described by Schmetzer 
(1986a and b}), Kiefert and Schmetzer (1991), and 
Smith (1996). We analyzed more than 45 inclusions 
using a scanning electron microscope with an ener- 
gy-dispersive X-ray spectrometer (SEM-EDS}, X-ray 
diffraction analysis, and a Raman micro-spectrome- 
ter. Some of the inclusions were identified by a sin- 
gle method and others by a combination of tech- 
niques (see table 1). 


GEMOLOGICAL CHARACTERISTICS OF THE 
RUBIES AND FANCY-COLOR SAPPHIRES FROM 
NEPAL 

The data revealed no significant differences from one 
sample to the next-including those samples identi- 
fied as originating from Chumar and Ruyil— 
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in terms of standard gemological properties, crys- 
tal morphology, inclusion patterns, UV-Vis-NIR 
spectra, or chemical composition. Therefore, the 
complete data collected on all of the samples— 
those with specific deposit designations, as well as 
those without—will be presented as a single 
group. 
Crystal Morphology. The rough crystals were pre- 
dominantly euhedral, with little or no evidence of 
chemical dissolution on their surfaces. Two main 
crystal forms dominate the morphology of the 
corundum found in Nepal (figure 9). The first are 
dipyramidal crystal habits composed of larger, 
dominant hexagonal dipyramid z (2241) faces and 
smaller, subordinate basal pinacoid c (0001) and 
positive rhombohedron r (1011) faces. The second 
is a modification of this basic habit, where there is 
an addition of subordinate hexagonal dipyramid n 
(22.43) faces. Rarely, crystal forms consisting of 
dominant hexagonal dipyramid ? (14 14 28 3) 
faces, with subordinate c (0001), r (1011), and occa- 
sionally n (2243) faces, were also encountered. 
Many of the crystals had a blade-like appear- 
ance when viewed parallel to the c-axis (again, see 
figure 8). Groups of intergrown crystals were also 
frequently encountered. 


Figure 9. Two crystal habits were most typical in 
the rabies and fancy-color sapphires from Nepal. 
(A) The primary crystal form was dominated by 
dipyramid z (2241) crystal faces, with more sub- 
ordinate basal pinacoid c (0001) and positive 
rhombohedron r (1011) crystal faces also present. 
(B) This primary crystal form was frequently 
modified by subordinate to intermediate dipyra- 
mid n (2248) crystal faces. 
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Visual Appearance. Face up, most of the polished 
samples ranged from a "pure" red or pink to a pur- 
plish pink. Both the rough and polished samples com- 
monly had strong, eye-visible color zoning (see 
Growth Characteristics below). A few could even be 
better described as bicolored (red and very dark vio- 
letish blue) corundum; some had additional colorless 
or pink zones (figure 10). The diaphaneity of the crys- 
tals and polished samples ranged from transparent to 
translucent, depending on the nature and number of 
inclusions present, as well as on the color saturation 
and tone of the violetish blue zones. 


Refractive Indices, Birefringence, Optic Character, 
and Specific Gravity. These standard gemological 
properties were found to be consistent with corun- 
dum in general (see, e.g., Webster, 1983; Liddicoat, 
1989; Hughes, 1990; Hurlbut and Kammerling, 1991) 
and, more specifically, with the rubies and fancy- 
color sapphires from Nepal described by past 
researchers (Harding and Scarratt, 1986; Kiefert and 
Schmetzer, 1986, 1987; Henn and Milisenda, 1994, 
see table 1). 


Reaction to Ultraviolet Radiation. The various color 
zones of the sample corundums had different reac- 
tions to UV radiation. The red to pink zones fluo- 
resced red to both long-wave (moderate to very strong 
intensity) and short-wave (faint to moderate intensi- 
ty) UV. The dark violetish blue zones were generally 
inert to both long- and short-wave UV radiation. 


Pleochroism. All samples exhibited moderate to 
strong dichroism when viewed perpendicular to the c- 
axis with a dichroscope. Within the red-to-pink color 
zones, we observed yellowish orange to orangy red or 
pink parallel to the c-axis and reddish purple to pur- 
ple-red or purplish pink to purple-pink (i.e., for rubies 
or pink sapphires, respectively) perpendicular to the c- 
axis. In the dark violetish blue color zones, we noted 
greenish blue to blue parallel to the c-axis and vio- 
letish blue to violet-blue perpendicular to the c-axis. 


Growth Characteristics. Internal Growth Structures. 
Weak-to-prominent growth structures were seen in 
essentially all the polished gemstones examined. 
Most common were straight and angular sequences of 
the dipyramid z planes (figure 11). Less common were 
sequences of the dipyramids n or ?, as well as the 
basal pinacoid c and the positive rhombohedron r. 
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Observation of the gem perpendicular to the c-axis 
often enabled us to trace the progression of crystal- 
habit formation (figure 12). 


Color Zoning. Chemical fluctuations in the growth 
environment produced obvious color zoning in most 
of the samples examined. Oscillations between con- 
secutive periods of crystal growth, as well as a pref- 
erential crystallographic orientation of the color- 
causing mechanisms Cr*+ (ruby) or Fe?+ ? Ti*+ (blue 
sapphire], are responsible for the inhomo-geneity of 
color observed in the samples (also refer to UV-Vis- 
NIR Spectroscopy). When the color was not homo- 
geneous, red-to-pink and near-colorless zones were 
typically noted parallel to the dipyramid z planes, 
whereas the dark violetish blue zones were concen- 
trated along the dipyramid z, n, or ? planes, in addi- 
tion to the positive rhombohedron r (again, see fig- 
ure 12). 


The most distinctive color-zoning characteristics 
were related to the dark violetish blue zones. The 


dark appearance of these zones is attributed to the Figure 10. A wide range of gem-quality rubies 
presence of red (i.e., chromium) and blue (i.e., iron and fancy-color sapphires have been recovered 
and titanium) chromophores in the same growth from Nepal. Distinctly bicolored—red or pink 
phases. These color zones could be very narrow or and violetish blue—stones illustrate some of the 
very thick; the latter were observed only parallel to unusual zoning in this material. The non-heat- 
the dipyramid z planes (see figures 11 and 13). They treated Nepalese rubies and sapphires shown 
also appeared as distinct "wedges" cutting into the here range from 0.87 to 3.86 ct. Photo by Shane 
gemstone or even dominating it to the point of a F. McClure. 


bicolor (again, see figure 13). In these zones, we also 
observed a texture that might best be described as 


wispy or smoke-like. In some samples, an irregular Figure 11. Weak to prominent internal growth 
color concentration had an undulating nature that structures were frequently observed in the sam- 
resulted from near-colorless areas, or halos, sur- ple rubies and sapphires. This 4.81 ct ruby 
rounding very small, black-appearing mineral grains reveals moderate zonal structures parallel to 
of presumably rutile (figure 14). In the case of rutile two series of dipyramid z (2241) planes, along 


with distinct blue color banding. Immersion, 


(TiO2) inclusions, Ti would be absorbed from the ae 
magnified 8 x. 


host corundum, thereby depleting an essential com- 
ponent of the Fe2+ ?Ti4+ charge-transfer necessary 
for the blue coloration.. 


Twinning. We saw twinning parallel to the positive 
rhombohedron r (1011) in several of the stones. 
Typically, we noted only one direction of laminated 
twinning, parallel to a single series of r (1011) 
planes; occasionally, however, there were as many 
as three twinning systems, parallel to additional 
positive rhombohedral planes. Parting parallel to r 
(1011) was also prominent in a few samples (figure 
15}. 


Inclusions. A rich diversity of inclusions were noted 
in the sample rubies and fancy-color sapphire. 
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WINTER 


1945-’46 277 


sidiary, the Diamond Trading Cor- 
poration, purchases all of the rough 
from this concern. 

At the South African offices, the 
diamonds from all mines and alluvial 
sources are assembled in one lot and 
then sorted. The cutter, or broker, 
purehasing a lot of goods may get 
stones from -the Bultfontein and 
Wesselton mine and Namaqualand 
Alluvial Fields in one series. In this 
way, both the alluvial and mine 
diamonds are marketed simultane- 
ously. 

If we are to understand thoroughly 
the method of grading diamonds at 
the source, we must first familiarize 
ourselves with the terminology used; 
that is, the colors, crystal structure 
and qualities. Chart No. 1 shows the 
grading at the offices of the Dia- 
mond Producers Association. There 
are ten colors and the classification 
“frosted.” Opposite each I have list- 
ed the trade gradings for the colors. 


COLORS 
Rough grading Trade 
classification Grades 
Collection “Blue-White’’* 
Extra Color (so-called) 
MSE COLO T 2 ressee cepectenshces === Fine White 
2nd Color... White 
8rd Color___.... Silver Cape 
4th Color 9 kta _.....Cape 
yh @ Ol Ove. eee. eer Light Yellow 
Yellow 
Brown 
Green 
Frosted 
CHART NO. 1 


*Many merchants in- the American trade in- 
clude also 1st and 2nd color. 


Charts No. II and No. III illus- 
trate what is meant by close goods, 


irregulars, cleavage, macles and flats. 
With the colors and qualities of dia- 
monds in mind, let us proceed step 
by step to break down an original 
lot of rough diamonds into the va- 
rious categories. 

Assuming, in Chart IV, that the 
lot is 100,000 carats, we must first 
segregate it into two parcels. Fifty 
per cent (approximately) will be 
gem material and the other 50 per 
cent will be common goods; that is, 
rejection stones, cleavage, industrials 
and bort. We are primarily con- 
cerned with gems, so, with only the 
mention of common goods, we will 
pass on to the first classification. 

Gem material is divided into two 
assortments, “Stones” and “Cleav- 
ages.” 

“Stones” are that type of rough, 
symmetrical in shape, from which a 
good percentage of finished diamonds 
may be obtained. Only 40 per cent 
of the gem material are “Stones” 
(which amounts to 20,000 carats of 
the original lot). The remaining 60 
per cent, or 30,000 carats, of gem 
material consists of “Cleavages.” 

“Stones” are divided into four 
large categories (Chart No. V): 
close goods, irregulars, spotted goods 
and spotted shapes, and the colored 
classifications, such as yellow, frost- 
ed, greens and browns, each represent 
5 per cent of the total, or 4,000 
earats of the 20,000 carats. 

Our first group to be considered 
is close goods, that is, “Stones” 
which are apparently free from 
flaws. Ten per cent of “Stones” are 
close goods, or 2,000 carats. These 
are divided, or sorted, into collec- 
tion, extra color, Ist, 2nd, 3rd, 4th 
and 5th colors. 

Irregulars, that is, stones slightly 
off shape, but pure, comprise 2,000 
carats, or 10 per cent of the total. 


Figure 14. Some Nepalese rubies revealed irregular 
blue color zones that had paler patches or halos. At 
66x magnification, it can be seen that these halos 
actually surround small mineral grains of what are 
presumed to be rutile. Darkfield illumination; pho- 
tomicrograph by Edward f. Giibelin. 


Figure 12. When viewed perpendicular to the c- 
axis, several samples revealed a great deal about 
the sequence of crystallographic growth. This 
Nepalese ruby shows a crystal habit composed of 


the basal pinacoid c (the faint horizontal growth irregular clusters (figure 17); these displayed a metal- 
planes), the dipyramid n (the angled growth lic luster when they were polished at the surface. 
planes), and the dipyramid z (the vertical growth Other stringer-type inclusion patterns consisted of 
planes). Immersion, magnified 12x. nearly parallel, slightly diverging "sprays," extending 


essentially perpendicular to growth planes or in an 
antenna-like pattern (figure 18). 


Most commonly, clouds of very fine, short rutile Apatite took on a variety of forms, including 
needles, present throughout, gave some of the euhedral hexagonal columns (figure 19, left) and 
gemstones a slightly "hazy" appearance to the slightly curved rods (figure 19, right). Although not 


unaided eye (figure 16). Bright orange-to-black 


: ; : commonly noted in apatite, basal cleavage was 
crystals of rutile were observed singly or in small 


Figure 13. Distinct color zoning 
was present in most of the 
sample rubies and sapphires 
from Nepal. Colorless, 
red/pink, and dark violetish 
blue zones filled large sections 
of the stones, traversed them in 
bands, or appeared as large 
wedge-like forms. Such color- 
zoning characteristics gave 
many of the gemstones a bicol- 
ored appearance. 
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Figure 15. Parting planes parallel to one, two, or 
three series of positive rhombohedron r (1011) 
crystal faces, were seen in a few samples. In this 
stone, the parting planes-which form a checker- 
board pattern-were lined with the aluminum 
oxy-hydroxide boehmite, AIO(OH). Fiber-optic 
illumination, magnified 20x. 


observed in several of the apatites we identified, 
especially in the rod-shaped forms. The calcium- 
rich mica margarite was often present in irregular 
masses within which additional inclusions were 
noted, such as individual crystals of apatite or 
rutile, or masses of graphite, sometimes forming 
one complex mineral assemblage (figure 20). Light 
brown crystals of phlogopite mica occurred in 
small, mostly irregular, rounded forms (figure 21). 
Transparent colorless crystals of calcite and 
dolomite were seen infrequently (most of the 
transparent colorless crystals in these stones 
proved to be apatite or margarite). Although rare, 
black uvite tourmaline (figure 22) and transparent 
colorless anorthite feldspar (figure 23) were iden- 
tified. Also 


Figure 17. Clusters of small rutile crystals were 
also common in the rubies from Nepal. Typically, 
they were bright orange to black and displayed a 
metallic luster where polished at the surface. 
Fiber-optic illumination, magnified 50x. 
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Figure 16. Clouds of very fine, short rutile needles 
were present in nearly all of the rubies and fancy- 
color sapphires from Nepal. However, none of these 
stones revealed the nest-like concentrations that are 
typical of rubies from Mogok. Fiber-optic illumina- 
tion, magnified 22x. 


unusual was the "halo" of minute rutile needles sur- 
rounding an unidentified small black mineral grain 
(figure 24). 

We observed a wide range of fingerprint-like 
inclusions, all involved in various stages of the "heal- 
ing" process. Two-phase (liquid and gas) inclusions 
were common. "Intersection tubules" at the junction 
of two or three twin planes were frequently penetrat- 
ed by alteration products such as boehmite. 
Boehmite was also identified lining the parting 
planes. Irregular "veins" of AlO(OH)—mostly 
boehmite, but also diaspore—were also noted 
traversing several of the polished gemstones. In 
reflected light, the reduced luster of the AlO(OH) 
"vein," as compared to the higher luster of the host 
corundum, could be mistaken for the glass-like 


Figure 18. Antenna-hke stringer formations were fre- 
quently seen in the Nepalese samples. Although 
such inclusions have been noted in rubies from Luc 
Yen (Vietnam) and Mong Hsu (Myanmar), they 
tended to be more densely concentrated in the 
Nepalese samples. Fiber-optic illumination, magni- 
fied 32x. 
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fillings observed in some heat-treated rubies, but 
careful examination will establish that the gem has 
not been heated. 


Absorption Spectra. All spectra were dominated by 
Cr3+ absorption features, with the bands being weak- 
er in the lighter red (i.e., pinkish) stones and more 
intense in the deeper red stones. Occasionally a sec- 
ondary absorption influence was seen as a result of 
the Fe?+ ? Ti++ intervalence charge transfer responsi- 
ble for the blue color component in the dark vio- 
letish blue zones. These results are consistent with 
those reported earlier by Kiefert and Schmetzer({1986, 
1987). 


Desk-Model Spectroscope. In the visible range, a gen- 
eral absorption to approximately 450 nm was appar- 
ent, along with weak to distinct lines at 468 


Figure 20. Complex inclusion assemblages presented 
some intriguing identification challenges. In this 
Nepalese ruby, a large mass of the calcium-rich mica 
margarite (M) played host to other mineral inclu- 
sions of its own. The larger, granular-appearing mass 
proved to be a graphite and margarite combination 
(G/M), while several of the brighter spots were iden- 
tified as apatite (A) and rutile (R). SEM photo cour- 
tesy of SUVA, Lucerne, Switzerland. 


Figure 19. Common in the 
Nepalese samples, apatite 
took on several forms, includ- 
ing euhedral, hexagonal 
columns (left, magnified 50 x) 
and slightly curved "rods" 
(right, 32x). In most cases, 
these inclusions displayed 
basal cleavage, a property 
infrequently seen in apatite. 
Fiber-optic illumination. 


nm and at 475 and 476 nm (a doublet). The width of a 
moderate-to-distinct absorption band from approxi- 
mately 525 to 585 nm was related to the chromium 
content of the gemstone. We also noted faint lines at 
659 and 668 nm, plus two strong lines at 692, and 694 
nm, which appear as a bright emission line at 693 nm. 


UV-Vis-NIR Spectroscopy. The general shape of the 
spectral curve also varied considerably depending on 
the chromium content of the zones measured. The 
two broad bands at about 405 and 550 nm, as well as 
the weak to distinct sharp peaks recorded at 468, 475, 
476, 659, 668, 692. and 694, are all ascribed to Cr°+. A 
faint absorption peak observed at 675 nm in some 
stones has also been recorded in rubies from other 
sources (e.g., Mong Hsu, Myanmar, and certain 
deposits in east Africa), but the cause is still unclear 
(Peretti et al., 1995). 


Infrared Spectroscopy. In addition to the dominant 
absorption characteristics of corundum, between 300 
and 1000 cm (peak positions at about 760, 642, 602, 
and 450 cm; Wefers and Bell, 1972), the rubies 


Figure 21. Predominantly small, rounded light 
brown crystals of phlogopite mica also were seen 
frequently in the Nepalese rubies. Fiber-optic illu- 
mination, magnified 45x. 
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Figure 22. A series of unusual granular masses 
were identified as uvite tourmaline, which has not 
been documented as an inclusion in rubies from 
any other source. It thus provides a useful indica- 
tion of Nepalese origin. Fiber-optic illumination, 
magnified 35x. 


and sapphires in this study revealed two dominant 
bands at about 3320 cm? and 3085 cnr!, with an 
additional pair of weaker bands at 2100 and 1980 
cm"1 (figure 25). These absorption bands are relat- 
ed to OH stretching frequencies and identify the 
presence of boehmite (Farmer, 1974; Wefers and 
Misra, 1987). Although different color zones did 
not reveal any statistical differences in the pres- 
ence or absence of boehmite, different areas and 
orientations of the same stone did show variations 
in the absolute and relative intensities of the 
absorption bands, as well as a slight shift in the 
position of the absorption maximum. To a much 
lesser degree, diaspore was also indicated in the 
infrared spectra of some samples, with bands at 
approximately 1990, 2040, 2885, and 3025 cm! 
(Farmer, 1974; Wefers and Misra, 1987; Smith, 
1995). 

The presence of AlO(OH)—boehmite and dias- 
pore—was generally traced to locations along part- 
ing planes or irregular seams. Not all samples 
showed AlO(OH)-related absorption bands, while 
several displayed such strong AlO(OH) absorption 
features that a distinction between boehmite and 
diaspore was not possible. Absorption bands associ- 
ated with mica and calcite were also occasionally 
recorded. 


Chemical Analysis. The most significant varia- 
tions were recorded in Cr concentration, which 
again correlated to the depth of red-to-pink color in 
the area measured. Titanium (Ti) and iron (Fe) were 
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Figure 23. Raman micro-spectroscopy identified this 
mineral aggregate in a Nepalese ruby as anorthite 
feldspar. This is the first report of this mineral in 
ruby from any source. Photomicrograph by Edward 
J. Giibelin; darkfield illumination, magnified 66x. 


the next most significant trace elements recorded, 
followed by measurable amounts of vanadium (V) 
and gallium (Ga), as shown in table 2. 

One interesting observation related to the trace- 
element concentrations of areas that were "pure" red 
as opposed to ones that were "pure" dark violetish 
blue. In every instance, the concentrations in abso- 
lute and relative values showed no consistent varia- 
tion between Cr, Fe, or Ti within the two color 
zones. 


DISCUSSION 

Corundum from Nepal has received sporadic men- 
tion in the gemological literature over the past 
decade or so (see, e.g., Harding and Scarratt, 1986; 
Kiefert and Schmetzer, 1986 and 1987; Bank et al., 
1988; Niedermayr et al., 1993). The results of this 
current investigation support and expand on the 
findings of such earlier researchers and, for the first 
time, provide detailed locality information. We iden- 
tified three inclusions in the rubies from Nepal that 
had not been described before—uvite tourmaline, 
anorthite feldspar, and diaspore—as well as several 
distinctive inclusion and color-zoning patterns. 
However, we did not observe the three-phase inclu- 
sions described by Kiefert and Schmetzer (1986, 
1987) in any of our samples. Also, we did not 
encounter the identification difficulties experienced 
by Bank et al. (1988); that is, all of our samples were 
easily identified as natural corundum. 

In general, the rubies and fancy-color sapphires 
from Nepal are similar to corundum from other mar- 
ble-type sources found around the world, including 
Myanmar (Burma), Vietnam, Afghanistan, Pakistan, 
and Tanzania. The most distinctive features of these 
Nepalese corundums are their inclusions. 
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Figure 24. Still another feature that has not been 
noted in rubies from other sources was present in 
many of the rubies and fancy-color sapphires from 
Nepal: small black mineral grains surrounded by 
halos of very fine, minute rutile needles. Fiber- 
optic illumination, magnified 50x. 


The dense concentrations of very fine, short rutile 
needles are unlike the long, highly iridescent rutile 
needles observed in most rubies from marble-type 
deposits. Dense "nests" of short rutile needles, so 
typical of rubies from the historic Mogok stone 
tract in upper Myanmar, were not seen in our 
Nepalese study samples. The various stringer pat- 
terns we saw in these Nepalese stones have also 
been seen in rubies from other deposits, including 
Mong Hsu in Myanmar (Smith and Surdez, 1994, 
Peretti et al., 1995) and Vietnam (Kane et al., 1991, 
Smith, 1996). However, the Nepalese stones 
appeared to have much denser concentrations of 
such patterns. 

Apatite crystals of various forms may be seen in 
rubies from many sources, including Mogok (e.g., 
Gubelin and Koivula, 1986), Vietnam (Kane et al., 
1991), and various deposits in East Africa. 
However, the rod-shaped apatites observed in the 
samples from Nepal have not been described in 
rubies or fancy-color sapphires from any other 
source. Kane et al. (1991) described similar transpar- 
ent colorless rod-shaped minerals in rubies from 
Vietnam, but these were identified as calcite. A 
common mineral inclusion in rubies from marble- 
type deposits, calcite was encountered only rarely 
in the rubies from Nepal. 

Mica is common in corundum from other 
deposits (e.g., Myanmar, Sri Lanka, and Tanzania), 
but the sheer number of inclusions of the variety 
margarite in our test samples is unlike anything we 
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have seen in rubies from other sources. Anorthite 
feldspar and uvite tourmaline, which were observed 
in a few of our sample rubies and fancy-color sap- 
phires, have not been identified in rubies from any 
other locality. Therefore, they may also be instru- 
mental in establishing Nepalese origin. Nor have 
the authors seen inclusion patterns such as the 
small black mineral surrounded by a spherical 
"halo" of minute rutile needles in rubies from other 
sources. On the other hand, inclusions such as 
pyrrhotite, zircon, pyrite, and spinel have not been 
identified to date in rubies from Nepal; these are fre- 
quently seen in rubies from East Africa, Vietnam, 
and Myanmar, as well as other sources. 

In their natural (not heat-treated) state, these 
rubies, pink sapphires, and bicolored sapphires 
should not be difficult to distinguish from rubies, 
including those with blue color zones, from other 
sources. No heat-treatment studies were conducted 
on these samples. However, when such stones are 
heat treated, the inclusion features and color zoning 
will be greatly altered, making it more difficult to 
identify corundum from Nepal (see, e.g., Peretti et 
al., 1995). Although it is usually difficult to detect a 
gemstone's source by the inclusion features, obser- 
vation of any of the above-described mineral inclu- 
sions will clearly separate a natural ruby or fancy- 
color sapphire from a synthetic counterpart pro- 
duced by any of the known manufacturing 
processes. 

The linear and angular sequences of non-color- 
zoned growth structures in our samples—following 
the crystal planes z, n, ?, r, and c—did not reveal any 
unique or diagnostic features or patterns. Similar 
sequences of growth structures have been observed 
by one of the authors (CPS) in natural rubies from 
other sources (e.g., Vietnam or East Africa). 
However, they can be useful in separating 


TABLE 2. Semi-quantitative EDXRF chemical analyses of major- 


to-trace elements in the rubies and fancy-color sapphires from 
Nepal. 


Oxide Wt.% 

Al,0, 98.9-99.8 

Cr,0, 0.013-0.383 
TiO, 0.016-0.224 
Fe,0, 0.004-0.069 
V0. 0.004-0.034 
Ga,0, 0.010-0.023 


GEMS & GEMOLOGY Spring 1997 


iy 


3000 
WAVENUMBERS (CM) 


Figure 25. The non-heat-treated rubies and fancy- 
color sapphires from Nepal revealed additional 
absorption features in the infrared region of the 
spectrum. Distinct absorption bands at 3320 and 
3085 cm", and weaker peaks at 2100 and 1980 cmt, 
indicated the presence of boehmite, which was seen 
concentrated along veins or lining parting planes. 
Such absorption characteristics are helpful not only 
in identifying foreign mineral phases that may be 
present, but also for indicating that the gem has not 
been heat treated. 


natural from synthetic rubies (Schmetzer, 1986a and 
b; Kiefert and Schmetzer, 1991; Smith, 1996). Kiefert 
and Schmetzer (1986, 1987) also identified growth 
planes consisting of the second-order hexagonal 
prism a (1120) and hexagonal dipyramid v (4481). 
Bank et al. (1988) described an unusual sequence 
with these two growth planes that also was not 
encountered during our study. This unusual 
sequence appears to relate directly to the blade-like 
forms of some rough crystals. Our samples did not 
reveal any "swirled" growth structures, such as those 
seen in rubies from Mogok (e.g., Gtibelin and 
Koivula, 1986) or Vietnam (Kane et al., 1991). Nor 
did they have centralized "cores," such as those pre- 
sent in rubies from Mong Hsu (Smith and Surdez, 
1994, Peretti et al., 1995). 

Blue color zones and color banding have been 
noted in rubies from several sources, including 
Afghanistan (Bowersox, 1985; Bowersox and 
Chamberlin, 1995), Myanmar (Mong Hsu: Smith and 
Surdez, 1994; Kammerling et al., 1994; Smith, 1995, 
Peretti et al., 1995), Vietnam (Kane et al., 1991), as 
well as Sri Lanka and Tanzania (Tunduru], by one of 
the authors (CPS). However, the blue color zones and 
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banding in Nepal rubies have some distinctive 
characteristics. These include the successions of 
straight and angular, thin-to-thick bands parallel 
to the dipyramid z (2241) planes; the large red and 
dark violetish blue zones (i.e., bicolored stones); 
the "wedge-shaped" color zones,- and the wispy to 
smoke-like textures observed in the color bands 
and "halos" of nonblue zoning surrounding miner- 
al inclusions. 

Chemically, these rubies and fancy-color sap- 
phires are also similar to their counterparts from 
other marble-type sources (Tang et al., 1988, 
Hughes, 1990}. Nevertheless, their chemistry will 
provide a ready means of separating them from 
high-iron natural rubies from sources such as 
Thailand (Tang et al., 1988), Cambodia (Jobbins 
and Berrange, 1981), Madagascar (Smith, 1996), 
and certain deposits in East Africa (see, e.g., Hanni 
and Schmetzer, 1991). In addition, the collection 
of chemical data is also valuable in separating nat- 
ural from synthetic corundum (e.g., Stern and 
Hanni, 1982; Muhlmeister and Devouard, 1991). 

Infrared spectroscopy may provide additional 
proof that the gemstone was not heat treated, 
when AlO(OH) is present, as well as a very good 
indication of whether it is natural or synthetic 
(Volynets et al., 1972; Beran, 1991; Smith, 1995, 
pp. 326-328]. One of the authors (CPS) has 
observed that rubies from other natural sources, 
such as certain deposits in Vietnam or East Africa, 
sometimes also reveal dominant absorption fea- 
tures relating to boehmite, as well as other miner- 
als. 

No consistent variations were noted in the 
samples from Chumar as compared to those from 
Ruyil, with respect to their standard gemological 
properties, UV-Vis-NIR and FTIR spectral charac- 
teristics, crystal morphology, chemical make-up, 
or the inclusions identified. One inclusion feature, 
however, that may indicate that a ruby came from 
the Ruyil mine is the presence of graphite (in asso- 
ciation with certain mineral inclusions), which 
appears to be much more prevalent in the corun- 
dum from this deposit. 

It is interesting to note that "trapiche" corun- 
dum, with six "arms" extending from a central 
core, has been found at the Ruyil deposit (figure 
26). Trapiche-like rubies and pink sapphires have 
been reported from Vietnam and Mong Hsu 
(Miillenmeister, 1995; Schmetzer et al., 1996). 
However, the arms in the Nepalese samples are 
very different in composition—predominantly phl- 
ogopite, apatite, calcite, and graphite—from that 
identified in samples from other sources. 
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Figure 26, Reminiscent of trapiche emeralds, a 
very small number of rubies from the Ruyil 
deposit display a series of rays that intersect at the 
center of the crystal, along the three-fold axis and 
parallel to the prism crystal faces. Each ray con- 
sists of a linear concentration primarily of phlogo- 
pite, apatite, calcite, and graphite. Such unusual 
forms of "trapiche" corundum have also been 
recovered from Vietnam and Myanmar. Photo by 
Eva Strauss-Paillard. 


CONCLUSION 

In recent years, a number of ruby and sapphire 
deposits have been discovered in a wide variety of 
sources around the world. While Nepal is neither 
the newest nor most significant corundum source 
in the trade today, it offers an interesting array of 
ruby and fancy-color sapphires for jewelers, gemolo- 
gists, and consumers alike. These gems from the 
Ganesh Himal appear to be concentrated along a 
single geologic "belt" within the northern Dhading 
District of east-central Nepal, and in two mines in 
particular, Chumar and Ruyil. Since they were first 
discovered in the early 1980s, these gemstones have 
been entering the world markets. The isolated loca- 
tions, high altitudes, harsh seasonal weather condi- 
tions, and other difficulties have contributed to the 
sporadic mining activities and the relatively small 
amounts of gem material produced to date. 
However, research by two of the authors (MNM 
and AMB) indicates that larger reserves of these 
rubies and fancy-color sapphires are yet to be dis- 
covered. Modernized mining equipment and meth- 
ods (including tunneling or "benching" techniques) 
will be necessary for these deposits to reach their 
full potential. 
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Although similar in general to rubies and fancy- 
color sapphires from other marble-type deposits, 
the Nepal corundums may be distinguished on the 
basis of the entire collection of the gem's individu- 
al properties and characteristics. Certain features 
that may prove helpful in the identification 
include dense concentrations of very fine, short 
rutile needles throughout the stone; rod-shaped 
forms of apatite; masses of transparent colorless 
margarite,-opaque black masses of uvite tourma- 
line; transparent colorless anorthite feldspar; and 
small black mineral grains surrounded by "halos" 
of minute rutile needles. Nepal may also be indi- 
cated for a particular ruby if any of the transparent 
mineral inclusions are associated with black mass- 
es of graphite. Nepal rubies and fancy-color sap- 
phires may also have distinctive color-zoning char- 
acteristics, such as large red and dark violetish blue 
portions in a single stone (i.e., bicolor), or dark vio- 
letish blue zones in thick bands or wedge shapes. 
Especially distinctive is the presence of a wispy or 
smoke-like texture or near-colorless "halos" sur- 
rounding a mineral inclusion. 

Such an ensemble of internal features also will 
help separate a Nepalese corundum from a synthet- 
ic corundum of any of the various production tech- 
niques. As a reminder, even in the remotest 
regions of the world, one should never take for 
granted that a gemstone is natural, as the synthetic 
ruby crystal fragment purchased in Nepal by one of 
the authors (MNM) illustrates. 

Nepal's mineral wealth—consisting of tourma- 
line, beryl, garnet, quartz, spinel, danburite, kyan- 
ite, apatite, sodalite, zircon, sphalerite, epidote, 
diopside, iolite, and andalusite, among others—is 
already recognized widely in the trade. Now rubies, 
pink sapphires, and bicolored corundum can also 
be added to the list. 
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GEMOLOGICAL PROPERTIES OF 
NEAR-COLORLESS SYNTHETIC 
DIAMONDS 


By James E. Shigley, Thomas M. Moses, Ilene Reinitz, Shane Elen, 
Shane F. McClure, and Emmanuel Fritsch 


Examination of 51 colorless to near-col- 
orless synthetic diamonds from all known 
sources of production confirms that they 
can be distinguished from similar-appear- 
ing natural diamonds on the basis of their 
gemological properties. Although some may 
contain opaque mtallic inclusions, the 
most distinctive feature of near-colorless 
synthetic diamonds is their luminescence 
to ultraviolet radiation and to an electron 
beam (cathodoluminescence). In particular, 
almost all fluoresce yellow or yellow-green 
to short-wave UV and, when the ultraviolet 
lamp is turned off, they continue to phos- 
phorese for 60 seconds or more. These dis- 
tinctive reactions to ultraviolet radiation 
are very useful in identification, because 
many diamonds can be checked at one 
time. 
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¢ | he past few years have witnessed the entry into 
the trade of synthetic diamonds (mainly yellow) 
from various research institutes in Russia and elsewhere 
(Shigley et al., 1993a; Scarratt et al., 1994). In 1993, how- 
ever, Thomas Chatham, of Chatham Created 
Gemstones, made the first of several public announce- 
ments of his intention to market Russian-grown syn- 
thetic diamonds, including "colorless" ones, for jewelry 
purposes ("Chatham to sell 'created' diamonds," 1993; 
Nassau, 1993). So far, however, there are only a few doc- 
umented cases of faceted "colorless" synthetic diamonds 
in the jewelry trade. In 1996, a near-colorless 0.16 ct 
round-brilliant-cut synthetic diamond was submitted to 
the GIA Gem Trade Laboratory in New York by a local 
diamond dealer, and was quickly identified by laborato- 
ry staff. Nevertheless, gem-testing laboratories, individ- 
ual diamond dealers, and jewelers need to prepare for 
the appearance of small amounts of this material in the 
market, possibly represented as natural stones. 
A brief description of the distinctive features of color- 
less to near-colorless synthetic diamonds was provided 
in a chart and article by Shigley et al. (1995). However, 
the information in that chart was based on the examina- 
tion of only 22, near-colorless synthetic diamonds, the 
total data base at the time the chart was prepared. The 
present article expands on that description by presenting 
detailed information on these 22 synthetic diamonds 
plus 29 examined since then (see, e.g., figure 1), for a 
total of 51 colorless to near-colorless synthetic dia- 
monds tested by GIA researchers from 1984 through 
1996 (see the list in table 1). All known manufacturers 
are represented. 


BACKGROUND 
In 1971, Robert Crowningshield published the first 
gemological description of the faceting-quality synthetic 
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Figure 1. These near-col- 
orless synthetic diamonds 
(0.41 to 0.91 ct) were 
fashioned from crystals 
grown for experimental 
purposes at the De Beers 
Diamond Research 
Laboratory in 
Johannesburg, South 
Africa. Examination of 
these and many other 
near-colorless synthetic 
diamonds, representing 
all known methods of 
production, has revealed 
several distinctive gemo- 
logical properties that 
allow then identification 
by standard gem-testing 
methods. 


diamonds that had been grown by General Electric 
(G.E.) scientists. Among the samples he examined 
were two faceted synthetic diamonds that were 
nearly colorless (0.305 ct and 0.260 ct; "J" and "G" 
color grades, respectively). 

Although a number of diamond simulants 
(such as strontium titanate, yttrium aluminum 
garnet [YAG], and synthetic spinel) were available 
in the jewelry trade at that time (Nassau, 1980; 
Hobbs, 1981), these could be easily and readily dis- 
tinguished from diamond on the basis of their 
thermal conductivity and other gemological fea- 
tures. In contrast, the possibility of faceted "color- 
less" synthetic diamonds entering the gem market 
caused great concern among diamond dealers at 
both wholesale and retail levels. If these synthet- 
ics could not be identified readily and practically 
with simple gem-testing equipment (since thermal 
conductivity meters would read the same for both 
natural and synthetic diamond), they could under- 
mine consumer confidence in natural gem dia- 
monds. 

Following the article by Crowningshield (1971) 
and an update on the G.E. synthetics by Koivula 
and Fryer (1984), we know of only a few other 
gemological articles that mention "colorless" syn- 
thetic diamonds. In the early 1990s, we reported 
on two experimental, isotopically pure carbon-12, 
diamond crystals (1.04 and 0.91 ct) grown at 
General Electric Superabrasives (Anthony et al., 
1990; Shigley et al., 1993b). Shigley et al. (1992) 
described a 5.09 ct synthetic diamond crystal pro- 
duced by Sumitomo researchers that was yellow 
and blue at the outer portions, and colorless in the 
center. Rooney et al. (1993) described a small, 
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experimental, boron-doped, near-colorless (slightly 
gray) De Beers synthetic diamond that weighed 
0.049 ct. In their Fall 1996 Gems & Gemology arti- 
cle, Welbourn et al. describe two diamond-verifica- 
tion instruments developed by De Beers scientists, 
the DiamondSure™ and the DiamondView™. The 
DiamondSure, which is based largely on a spectral 
feature inherent to most near-colorless type la nat- 
ural diamonds, but not their colorless to near-col- 
orless synthetic counterparts, will refer near-color- 
less synthetic diamonds for further tests. However, 
the Diamond View uses the pattern of ultraviolet 
fluorescence, which is very different for natural as 
compared to synthetic diamonds, as the basis for 
separating both near-colorless and colored dia- 
monds. 


MATERIALS AND METHODS 

Synthetic Diamonds Examined. Table 1 lists the 51 
near-colorless synthetic diamond samples seen by 
GIA researchers from 1984 to the present and some 
of our observations: 11 from General Electric, three 
produced by Sumitomo Electric Industries, six 
Russian synthetic diamonds (the research facility 
where they were produced has not been identified 
by the distributor, Chatham Created Gems), 22 
manufactured by De Beers researchers in South 
Africa, eight of unidentified manufacture (loaned 
by Starcorp Inc., of Goleta, California), and the 0.16 
ct round brilliant mentioned above, which was 
submitted to the GIA Gem Trade Laboratory by a 
client in the trade. Most of these 51 samples 
(specifically, the G.E., Sumitomo, and De Beers 
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CLOSE GOODS AND SPOTTED GOODS 


Close goods are free from all spots, flaws or fracture observable under 
good eyesight. 


Spotted goods contain internal spots or flaws. 


Irregulars and shapes are flattened crystal shapes free from spots and flaws. 


CHART NO. II 


The irregulars run proportionate in 
color to close goods. 

By far the largest percentage of 
“Stones” are of the spotted variety 
-—spotted goods and spotted shapes. 
Spotted goods comprise 37% per 


cent, or 7,500 carats; and spotted 
shapes (similar to irregulars) 221% 
per cent, or 4,500 carats; making 
12,000 carats in all. Is it not appar- 
ent that even the finer qualities of 
spotted material must be scarce, 
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Color grades are for discussion purposes only. GIA-GTL does not grade synthetic diamonds. No grades are given for unfashioned samples. 
°n.t. = Not tested. 
°n.a. = Not applicable. 
IGE. = General Electric Company: Sumitomo = Sumitomo Electric Industries; De Beers = De Beers Diamond Research Laboratory. 
All but two samples were inert to long-wave UV. The two samples that fluoresced to long-wave UV were ret. nos. 21705 (weak orange, zoned) and 30096 (weak yellow). 
‘ Persistent=Phosphorescence that lasted 15 seconds or longer. 
Sn.d. = Tested but no reaction detected. 
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synthetic diamonds) represent experimental, rather 
than commercial, products. Color-grade equivalents 
on most of the faceted samples were determined by 
the staff of the GIA Gem Trade Laboratory, using 
standard grading procedures, for research purposes 
only. (GIA GTL does not provide color or clarity 
grading services for synthetic diamonds.) 

A large portion of this sample consists of the 15 
faceted near-colorless experimental synthetic dia- 
monds, produced by De Beers scientists during 
1995, that were loaned to GIA for examination in 
the spring of 1996 (see, again, figure 1 here and also 
figure 1 in Welbourn et al., 1996, which illustrates 
similar material). The largest of these samples 
weighed 0.91 ct, and the color grades of this group 
all fell within the "G" to "I" range. 

In May 1994, Thomas Chatham loaned GIA 
Research a 0.42 ct near-colorless synthetic diamond 
crystal that he reported was of Russian origin (for a 
photo and brief description of this crystal, see 
Koivula and Kammerling, 1994, pp. 123-124). Two 
years later, in May 1996, Mr. Chatham also made 
available to us about 100 small (as large as 0.7 ct, 
but most weighing 0.25 ct or less) near-colorless 
synthetic diamond crystals from Russia, which he 
later offered for sale at the 1996 JCK jewelry show 
in Las Vegas. Although these crystals appeared col- 
orless, for the most part they were distorted in 
shape, contained numerous metal inclusions, and 
were very small; as such, they were not well-suited 
for jewelry. Because we had very little time to 
examine these samples, we selected only four of the 
larger crystals for testing. 

The majority of the samples we examined for 
this study would be considered near-colorless on the 
GIA color-grading scale. 


Characterization Techniques. To observe the color, 

relative intensity (described as none, very weak, 
weak, moderate, strong, and very strong), and distri- 
bution pattern, if any, of the ultraviolet fluorescence 
in all of the samples, we used a long-wave (366 nm} 
and short-wave (254 nm) GIA Gem Instruments UV 
lamp unit in a darkened room with contrast-control 
glasses. When the UV lamp was turned off, a nota- 
tion was made of the color, relative intensity, and 
duration (by means of an electronic timer) of any 
phosphorescence emitted by each sample. Whenever 
possible, we took photos of these UV luminescence 
reactions to help illustrate the diagnostic value of 
these features. Some of the samples acquired in 
1996 were examined with the De Beers Diamond 
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View, which was loaned to GIA in September 1996. 
Fluorescence images captured with the Diamond 
View were stored electronically. 

Relative transparency to ultraviolet radiation 
was observed in all samples examined since 1991 by 
placing the sample between the short-wave UV 
lamp and a piece of synthetic scheelite (a material 
that luminesces blue to short-wave UV). The extent 
of the UV transparency could then be estimated by 
judging the relative intensity of the scheelite's fluo- 
rescence. 

We looked for luminescence to an electron beam 
(cathodoluminescence) in 21 samples with a 
Nuclide ELM-2B luminoscope (currently manufac- 
tured by Premier American Technologies, 
Bellefonte, Pennsylvania), again noting the color and 
distribution pattern, if any. Photographs of all the 
types of luminescence were captured whenever pos- 
sible. 

We used a binocular gemological microscope to 
examine all but the two earliest G.E. samples for 
inclusions and other features. (A Nikon SMZ-U 
photomicroscope was used to prepare photomicro- 
graphs of distinctive visual features for those sam- 
ples seen since spring 1995.) 

Magnetism (caused by the presence of transition 
metal inclusions, such as iron) has been shown to be 
a valuable test for recognizing some synthetic dia- 
monds (Koivula and Fryer, 1984; Shigley et al., 1986, 
1987, 1993a,- Hodgkinson, 1995). We judged mag- 
netic attraction (none, weak, moderate, or strong} 
for 41 samples by observing the amount of move- 
ment or rotation when a rare-earth iron magnet (as 
suggested by H. Oates and W. Hanneman,-see 
Hodgkinson, 1995) was brought close to a synthetic 
diamond that had been suspended in air by means of 
a thin plastic thread. (We did not use this specific 
test on the early G.E. samples or those that were too 
small to be suspended from the thread.) 

Forty-four samples were tested for electrical con- 
ductivity with a standard gemological conductome- 
ter. We also looked for visible luminescence pro- 
duced by an electrical current (electroluminescence} 
in these 44 samples. We used a darkened room with 
the sample placed between the metal probes of the 
conductometer. 

In five of the samples examined in 1996, we 
detected some interesting thermoluminescence by 
placing the synthetic diamond in hot water (about 
140°F/60°C) after exposure to the ultraviolet lamp. 
Again, a subjective visual judgment was made of the 
emitted color. 
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We used either a Beck prism or a Discan digital- 
scanning diffraction-grating spectroscope to observe 
the optical absorption spectra of all of our samples. 
Pye-Unicam 8800 and Hitachi U-4001 spectropho- 
tometers were also used to record visible-range 
absorption spectra over the wavelength range 
250-850 nm (with the sample held at liquid-nitrogen 
temperatures in an evacuated chamber) for 25 sam- 
ples. A Nicolet 60SX Fourier-transform infrared spec- 
trometer was used to record room-temperature 
infrared absorption spectra over the wavelength 
range 400-25000 cm’! for 24 samples. 


RESULTS 

We determined that all of these synthetic diamond 
samples were type Ha on the basis of a combination 
of their infrared absorption spectra and their greater 
transparency to ultraviolet radiation. As table 1 indi- 
cates, some of these were electrically conductive or 
had a faint yellow or faint blue component to their 
color. In those samples for which we had infrared 
spectra, we typically saw evidence of boron- and/or 
nitrogen-related absorption features. 


Characteristics of the Crystals. As with other syn- 
thetic diamond crystals (Shigley et al., 1986, 1987, 
1993a), all of the near-colorless crystals in this 
study had a very distinct shape that consisted of a 
portion of a cuboctahedron with a flat base. 
Octahedral {111} and cube {100) faces were most 
common in both abundance and surface area (size) 
on these synthetic diamond crystals, but smaller 
dodecahedral (110) and trapezohedral {113}—and, 
occasionally, {115}—faces were also seen. In general, 
these crystals had relatively flat faces, with sharp 
edges and corners between adjacent faces (figure 2). 
The flat base was not a true crystal face but a 
growth surface, where the tiny seed crystal was 
located (figure 3). 

The evidence of extensive mechanical abrasion 
or chemical etching that is seen on many natural 
(octahedral) diamond crystals was absent on our syn- 
thetic samples. Nevertheless, many of these syn- 
thetic diamond crystals had interesting surface 
markings that, if retained after faceting, might be of 
diagnostic value. Such diagnostic markings include 
dendritic or striated patterns (figures 2 and 4). 
However, features that appear identical to the well- 
known trigons seen on natural diamond crystals 
may also be found on some synthetic diamonds (fig- 
ure 5), so it is important not to conclude that a dia- 
mond is natural based on the presence of these trian- 
gular markings. 
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Figure 2. The cuboctahedral form exhibited by these 
two experimental Sumitomo synthetic diamond crys- 
tals (0.23 and 1.25 ct; reference nos. 21706 and 
21705, respectively) is typical of synthetic diamonds 
from all known manufacturers. The 1.25 ct crystal 
shows the larger octahedral faces and smaller cube, 
dodecahedral, and trapezohedral faces that are char- 
acteristic of this material. Note also the striations 
covering the surface, which are not seen in natural 
diamonds. Photo © GIA and Tino Hammid. 


Ultraviolet Fluorescence and Phosphorescence. All 

but two samples showed no fluorescence to long- 
wave UV radiation. No response to either long- or 
short-wave UV was observed in sample no. 30099. 
However, all other samples did fluoresce yellow to 
orange-yellow or yellow-green to short-wave UV 
(see, e.g., figure 6). The intensity of this reaction 
varied from very weak to moderate. Because the 
very weak short-wave fluorescence observed in 
some of these synthetic diamonds could be mistak- 
en for no fluorescence reaction, care must be taken 
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Figure 3. The flat base of this 0.22 ct Starcorp 
synthetic diamond crystal (reference no. 30096) 
shows the square imprint of the seed from which 
the crystal grew. Photomicrograph by Shane 
Elen; magnified 5x. 


in making these observations. This is why fluo- 
rescence should be tested in a completely dark- 
ened room, and only when one's eyes have had 
time to adjust to those viewing conditions (at 
least several minutes). 

In many of our study samples, the short-wave 
UV fluorescence was unevenly distributed, with 
certain internal growth sectors (sometimes in 
the form of a black, cross-shaped pattern; again, 
see figure 6) exhibiting no fluorescence. An 
example of the UV fluorescence pattern obtained 
with the new 


Figure 4. Magnification (12x) reveals the distinc- 
tive striation pattern on this Sumitomo synthet- 
ic diamond crystal (reference no. 21706). 
Photomicrograph by John I. Koivula. 
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De Beers DiamondView instrument is shown in fig- 
ure 7 (see also Welbourn et al., 1996). Note that the 
color of the UV fluorescence as seen with the 
DiamondView is different from that seen with a stan- 
dard UV lamp unit. In either case, it is the fluores- 
cence pattern that is of greatest diagnostic impor- 
tance. 

In addition, when the UV lamp was turned off, 
most of our study samples continued to phosphoresce 
a weak to strong yellow, yellow-green, or blue for 
15-60 seconds or longer. In some cases, this phospho- 
rescence was so intense that the glowing synthetic 
diamond could be seen from a distance of several feet 
in a darkened room. 


Cathodoluminescence. Of the samples tested, 19 
(representing all sources of production) exhibited blue 
(figure 8), yellow, or green-yellow 
Cathodoluminescence. This was unevenly distribut- 
ed in a pattern (again, often cross-shaped) that differs 
from those patterns seen in a natural diamond. 


Magnification. When viewed with a binocular gemo- 
logical microscope, the study samples revealed a few 
distinctive features. Most prominent were fluxmetal 
inclusions, which usually appeared opaque in trans- 
mitted light and metallic in reflected light. The flux 
inclusions were usually elongate with rounded edges, 
and could be seen singly or in small groups,-some had 
a dendritic appearance (figure 9). The elongate metal- 
lic inclusions were present in most of the samples 
(see table 1). In general, however, they 


Figure 5. The triangular, pyramid-like markings on 
an octahedral crystal face of this near-colorless De 
Beers synthetic diamond (reference no. 21618) 
strongly resemble the trigons seen on natural dia- 
monds. Photomicrograph by John Koivula; magnified 
10 x. 
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Figure 6. This 0.91 ct De Beers synthetic diamond 
(reference no. 30101) displays the zoned fluores- 
cence to short-wave UV that is commonly seen in 
synthetic diamonds. The black, cross-shaped 
areas where there is no fluorescence correspond to 
internal growth sectors that lack the impurities 
responsible for the UV fluorescence emitted by 
the other growth sectors. Photo by Shane Elen. 


seemed to be more numerous in the Russian syn- 
thetic diamonds. In some cases, the synthetic dia- 
mond was attracted by a magnet because of these 
metallic inclusions. In approximately onethird of 
our samples, we saw tiny pinpoint inclusions that 
probably also were metallic flux. 

In eight of the De Beers synthetic diamonds, 
we saw groups of thin, translucent, oriented, trian- 
gular inclusions of uncertain identity (figure 10). 
These inclusions, often associated with weak 
strain (anomalous birefringence), were translucent 
and blue in transmitted or polarized light (figure 
11, left), and less translucent and reddish brown in 
reflected light (figure 11, right). These triangular 
inclusions often were apparent only in certain ori- 
entations of the sample (with respect to the direc- 
tion of the light source); otherwise, they were 
nearly transparent and could easily go unnoticed 
during observation with a gemological microscope. 
Close inspection of these features revealed surface 
details similar to the large tetrahedral stacking 
faults observed using X-ray topography (as illus- 
trated in Field, 1979, p. 442). 

We did not see intersecting graining patterns in 
any of the samples; these patterns are an impor- 
tant identification feature in colored synthetic dia- 
monds (Shigley et al., 1995). Even the most strong- 
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Figure 7. The uneven pattern of fluorescence typi- 
cal of synthetic diamonds-here, in a cross shape-is 
readily apparent in this reference photo taken 
with the De Beers DiamondView verification 
instrument. Note that because two very different 
excitation sources are used, the color of fluores- 
cence as seen with the DiamondView is very dif- 
ferent from that seen with a standard UV unit 
(e.g., figure 6). Photo by Shane Elen. 


colored sample (no. 30095) exhibited no obvious 
internal color zoning. (In several instances, 
though, a very faint color zone was seen with mag- 
nification; table 1.) 


Figure 8. Like fluorescence, cathodoluminescence 
in near-colorless synthetic diamonds is also typi- 
cally uneven and very different from the patterns 
seen in natural diamonds. A faint cross shape is 
visible in this 0.61 ct near-colorless De Beers syn- 
thetic diamond (reference no. 30100). Photo by 
Shane Elen. 
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Figure 9. An unusual dendritic inclusion accom- 
panies the elongate inclusions in this 1.25 ct 
Sumitomo synthetic diamond crystal (reference 
no. 21705). Photomicrograph by John I. Koivula; 
transmitted light, magnified 20x. 


Birefringence. When observed between crossed 
polarizing filters with the microscope, the syn- 
thetic diamonds typically displayed weak anoma- 
lous birefringence ("strain"; see, e.g., figure 6 in 
Shigley et al., 1993b, p. 194}, as was the case for 
many of the colored synthetic diamonds we 
examined. This weak "strain" is indicated by low- 
order interference colors (typically just black, 
gray, or white, and frequently in a cross-shaped 
pattern). 


Magnetism. About one-half of the study samples 
exhibited some attraction to a magnet. Samples 
with more metallic inclusions seemed to display 
a stronger attraction. 


Electrical Conductivity. In 20 of the 45 samples 
tested, we noted some electrical conductivity 
with a strength that varied depending on the 
point on the sample that we tested with the con- 
ductometer probes. For the crystals, this electri- 
cal conductivity could be seen to vary depending 
on which pair of crystal faces were selected for 
testing with the probes (although it was not pos- 
sible to determine exactly which faces were con- 
ductive because of their small size and the diffi- 
culty of ensuring that we were touching just one 
face with the probe). 


Electroluminescence. Of the samples that 
showed some electrical conductivity, six also dis 
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played aninteresting blue luminescence (usually spo- 
radic and weak) when the sample was touched with 
the conductometer probes (figure 12). To our 
observers, this luminescence did not appear to be 
emitted by the entire sample. Rather, it appeared to 
be localized, and to extend between the points on 
the sample touched by the two probes (somewhat 
like a flash of lightning). Because this reaction is 
similar to that seen in many natural diamonds, this 
test usually is not useful to identify the synthetic 
stones. However, one Sumitomo crystal displayed 
both blue and red electroluminescence, depending 
on where it was touched with the probes; when the 
probes were removed, the diamond continued to 
phosphoresce blue for several seconds. 

As was the case with electrical conductivity, we 
could not relate the visible electroluminescence in 
the unfashioned samples to the particular crystal 
faces being touched by the conductometer probes 
(although the impurities causing the conductivity 
were presumed to be distributed unevenly between 
the internal growth sectors of the synthetic dia- 
mond). 


Thermoluminescence. When immersed in hot water 
after exposure to UV radiation, all five samples test- 
ed were seen to emit luminescence (which contin- 
ued briefly when the still-warm sample was removed 
from the water). Four emitted blue and one (refer- 
ence no. 21705) emitted orange. We have not 
observed this reaction in natural diamonds. 


Figure 10. Groups of tiny, translucent, oriented, tri- 
angular inclusions of uncertain identity can be seen 
in this 0.61 ct De Beers synthetic diamond (research 
no. 30100). Photomicrograph by Shane Eleri; unpo- 
larized reflected light, magnified 15x. 
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Absorption Spectrum. The vast majority of the syn- 
thetic diamonds in this study did not reveal any 
significant absorption bands with either the spec- 
trophotometer or the handheld spectroscope. 
(Although a well-defined band at 270 nm has been 
identified in near-colorless synthetic diamonds [C. 
Welbourn, pers. comm., 1997], it was not resolv- 
able with our instruments.) However, the two G.E. 
synthetic near-colorless diamonds we examined in 
1984 displayed a very weak band at about 732 nm 
in the spectra recorded with the Pye-Unicam spec- 
trophotometer (a feature discussed by Lawson and 
Kanda, 1993). Since we have not seen this band in 
synthetic diamonds produced more recently, we do 
not consider it to be significant. 

Although the infrared spectra allowed us to 
establish that all of our samples were type Ila dia- 
monds (and, as mentioned earlier, that some had 


Figuie 12. Blue electroluminescence was emitted 
by some of the samples when they were touched 
with the conductometer probes. Sample no. 30096 
(Starcorp); photomicrograph by Shane Elen, magni- 
fied 2.5x. 
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Figure 11. In polarized 
transmitted light (left), the 
triangular growth features 
appeared translucent blue 
and often had localized 
strain. In unpolarized 
reflected light (right), they 
appeared less translucent 
and reddish brown. Sample 
no. 21967 (De Beers); pho- 
tomicrographs by Shane 
Elen, magnified 12.5x. 


weak boron- and/or nitrogen-related absorption fea- 
tures), they contained no features by which we 
could separate a natural type Ila diamond from a 
synthetic type Ila stone. 


DISCUSSION 

Natural near-colorless diamonds are usually type Ia; 
those that contain little or no nitrogen are referred 
to as type Ila (for a brief discussion of diamond 
types, see Box A in Fritsch and Scarratt, 1992, pp. 
38-39). The synthetic diamonds described here are 
all type IIa, although some have a small type lib or 
type IaB component. To date, we have not seen a 
type la near-colorless gem synthetic diamond; nor, 
to our knowledge, has one ever been reported. Near- 
colorless type Ila diamonds have a greater degree of 
transparency from the blue end of the visible spec- 
trum into the near-ultraviolet region than do near- 
colorless type la diamonds. 

In addition, type Ila diamonds do not display the 
nitrogen-related sharp absorption peaks in their 
absorption spectra ("Cape lines," with the strongest 
peak at 415 nm and additional peaks between 415 
and 478 nm) that are seen in type la diamonds. This 
is the principal behind the new De Beers 
DiamondSure instrument (Welbourn et al., 1996). 
Once it is established that the diamond in question 
is a type Ila, other tests such as UV fluorescence or 
cathodoluminescence can be used to determine 
whether it is natural or synthetic. 

Natural diamond crystals are typically in the 
shape of an octahedron or dodecahedron, where 
growth has taken place outward in all directions 
from a central core to give an equant crystal (see fig- 
ure 7 in Welbourn et al., 1996 p. 163). Many natural 
diamond crystals have rounded surfaces that are due 
to chemical dissolution (etching) of the diamonds 
while they were still in the Earth, or to mechanical 
abrasion during transport from the host rock in a 
stream or river. Synthetic diamonds have a very dif- 
ferent crystal morphology (again, see figure 5 in the 
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article by Welbourn et al., 1996, p. 162). Unlike nat- 
ural diamonds, growth only takes place outward and 
upward from the seed location at the flat base. 

In his description of the early G.E. synthetic dia- 
monds, Crowningshield (1971) reported that the two 
near-colorless samples had an unusual reaction to 
ultraviolet radiation. They did not fluoresce to long- 
wave UV, but did fluoresce to short-wave UV, with 
a yellow color that continued, in his words, "for a 
long time" even after the UV lamp had been turned 
off (phosphorescence). He mentioned how different 
this reaction was to that of natural near-colorless 
diamonds, and how observation of both fluorescence 
and phosphorescence to short-wave UV would be 
imperative for synthetic diamond verification. 
Thus, at this early date, he established what has 
become a practical means by which synthetic dia- 
monds can be recognized by the gemologist. 

Observations of the fluorescent and phosphores- 
cent reactions to UV radiation among our study 
samples confirm Crowningshield's results. 
Specifically, strong short-wave UV fluorescence (rel- 
ative to long-wave UV) and, in some cases, phospho- 
rescence are very distinctive of synthetic diamonds 
(Shigley et al., 1995). Almost all the near-colorless 
synthetic diamonds we have examined to date 
exhibited these phenomena. Weak or absent long- 
wave UV fluorescence, and the presence of stronger 
short-wave UV fluorescence and phosphorescence, 
do not immediately prove that a "colorless" dia- 
mond is a synthetic. However, any diamond that 
displays these reactions should be considered sus- 
pect and should be examined by other gem-testing 
methods. The typical form of zoned fluorescence 
seen in synthetic diamonds is not found in natural 
diamonds. When present, fluorescence in a natural 
near-colorless diamond is typically blue (rarely, it is 
yellow) to both long- and short-wave UV radiation, 
with the reaction almost always being more intense 
to long-wave UV. 

Cathodoluminescence is an important additional 
means of identifying a diamond as being synthetic, 
since the pattern of luminescence from the different 
internal growth sectors is even more visible with 
this technique than with conventional observation 
of UV fluorescence (Ponahlo, 1992; Shigley et al., 
1995). This equipment has become more standard at 
gem-testing laboratories, although the availability of 
the new De Beers DiamondView may make the 
need for cathodoluminescence instrumentation less- 
critical. 
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Strong magnetism in a diamond suggests that it 

is synthetic. However, because some synthetic dia- 
monds (including a number examined during this 
study) contain few if any metallic inclusions, mag- 
netism is not an effective test for all stones. 
Our latest findings, reported here, support previous 
indications that the most diagnostic gemological 
features for distinguishing near-colorless type Ha 
synthetic diamonds (so far, from any source) are still 
those summarized by Shigley et al. (1995): 

@ The cuboctahedral crystal shape, and the possibil 
ity of striations and other unusual patterns on 
the surfaces of the crystal faces. 

@ Metallic inclusions, which seem to be relatively 
abundant in the near-colorless Russian-grown 
synthetic diamonds we have examined so far. 


@ Attraction of the synthetic diamond to a magnet. 


@ The short-wave ultraviolet fluorescence and 
phosphorescence. 


@ The greater UV transparency, which is indicative 
of a type Ila diamond (most natural near-color 
diamonds are type la). 

@ Weak or absent anomalous birefringence 
("strain"). 

@ Electrical conductivity. 

In contrast to the situation with colored synthet- 
ic diamonds, our near-colorless synthetic samples 
lacked color zoning, graining patterns, and, in most 
cases, distinctive absorption bands in the visible and 
infrared spectra. Thus, these features are of little if 
any diagnostic value for the separation of natural 
from synthetic near-colorless diamonds. 


CONCLUSION 

A few polished synthetic diamonds have been seen 
in the jewelry industry, but we know of only one 
confirmed instance of a near-colorless sample of 
unknown origin appearing in the trade without 
being represented as synthetic (the 0.16 ct round 
brilliant mentioned earlier). Because of technical 
challenges and the high cost of production, we ques- 
tion the likelihood that fashioned near-colorless 
synthetic diamonds over 25 points will enter the 
jewelry industry in commercial quantities. In our 
opinion, the greatest possibility is the availability of 
near-colorless melee, because at these small sizes 
synthetic diamonds can be grown relatively fast and 
efficiently. 
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The group of near-colorless type Ila synthetic 
diamonds described in this article is the largest 
known to have been examined by standard and 
advanced gem-testing techniques for the express 
purpose of establishing practical identification cri- 
teria. The most useful identification clues for syn- 
thetic diamond crystals are the crystal shape and 
surface features. For a polished stone, key identifi- 
cation features include metallic inclusions and 
the related possibility of attraction to a magnet, 
the possibility of electrical conductivity, and the 
characteristic short-wave UV fluorescence and 
phosphorescence. These gemological properties 
appear to be diagnostic of near-colorless type Ila 
synthetic diamonds, and are very different from 
near-colorless natural type la and type Ila dia- 
monds. 

Diamond dealers, jewelers, and gemologists 
must be prepared to handle the identification of 
jewelry-quality near-colorless synthetic diamonds 
if they become more widely available. Testing will 
require a more careful gemological examination of 


REFERENCES 

Anthony T.R., Banholzer W.F., Fleischer J.F., Wei L, Kuo P.K., 
Thomas R.L., Prycr R.W. (1990) Thermal diffusivity of iso- 
topically enriched !*C diamond. Physical Review B 
(Condensed Matter), Vol. 42, Third Series, No. 2, pp. 1104- 
1111. 

Chatham to sell "created" diamonds (1993). New York 
Diamonds, No. 22, Autumn, pp. 44, 46. 

Crowningshield R. (1971) General Electric's cuttable synthetic 
diamonds. Gems #& Gemology, Vol. 13, No. 10, pp. 302-314. 
Field J.E. (1979) Properties of Diamond. Academic Press, New 

York. 

Fritsch E., Scarratt K. (1992) Natural-color nonconductive 
gray-to-blue diamonds. Gems &) Gemology, Vol. 28, No. 1, 
pp. 35-42. 

Hobbs J. (1981) A simple approach to detecting diamond simu- 
lants. Gems & Gemology, Vol. 17, No. 1, pp. 20-33. 

Hodgkinson A. (1995) Magnetic wand-Synthetic gem diamond 
detector. Rapaport Diamond Report, May 5, pp. 34-35. 

Koivula J.I., Fryer C.W. (1984) Identifying gem-quality synthet- 
ic diamonds: An update. Gems & Gemology, Vol. 20, No. 3, 
pp. 146-158. 

Koivula J.I., Kammerling R.C. (1994) Gem news: Near-color- 
less Russian synthetic diamond examined. Gems & 
Gemology, Vol. 30, No. 2, pp. 123-124. 

Lawson S.C., Kanda H. (1993) An annealing study of nickel 
point defects in high-pressure synthetic diamond. Journal of 
Applied Physics, Vol. 73, No. 8, pp. 3967-3973. 

Nassau K. (1980) Gems Made by Man, Chilton Book Co., 
Radnor, PA. 

Nassau K. (1993) Are synthetic diamonds from Russia a 
threat? Rapaport Repoit, November 5, pp. 29-32. 

Ponahlo J. (1992) Cathodoluminescence (CL) and CL spectra of 


Near-Colorless Synthetic Diamonds 


near-colorless diamonds. The synthetic nature of a 
diamond must be disclosed at the time of sale or 
appraisal. The GIA Gem Trade Laboratory will con- 
tinue its policy of issuing only identification reports, 
reports, on synthetic diamonds. 


Acknowledgments: The following individuals and orga- 
nizations provided synthetic diamonds and, in some 
cases, information for this study: Rick D 'Angela and 
Dr. William Banholzer of General Electric 
Superabrasives, Worthington, Ohio; Dr. Thomas 
Anthony of General Electric Research # Development, 
Schenectady, New York; Dr. Shuji Yazu and his col- 
leagues at Sumitomo Electric Industries, Itami, Japan; 
Thomas Chatham of Chatham Created Gems, San 
Francisco, California; and Marion Matthews of 
Starcorp, Goleta, California. The largest group of sam- 
ples in this study were produced by Dr. Robert Burns 
and his colleagues at the De Beers Diamond Research 
Laboratory in Johannesburg, South Africa; they were 
made available through Martin Cooper of the Diamond 
Trading Company (DTC) Research Centre in 
Maidenhead, United Kingdom. 


De Beers' experimental synthetic diamonds. Journal of 

Gemmology, Vol. 23, No. 1, pp. 3-17. 

Rooney M-L.T., Welboum CM.., Shigley J.E., Fritsch E., Reinitz 
I. (1993) De Beers near colorless-to-blue experimental gem- 
quality synthetic diamonds. Gems #& Gemology, Vol. 29, 
No. 1, pp. 38-45. 

Scarratt K., Du Toit G., Sersen W. (1994) Russian synthetics 
examined. Diamond International, No. 28 (March/April), pp. 
45-52. 

Shigley J.E., Fritsch E., Stockton CM., Koivula J.L, Fryer C.W., 
Kane R.E. (1986) The gemological properties of the 
Sumitomo gem-quality synthetic diamonds. Gems & 
Gemology, Vol. 22, No. 4, pp. 192-208. 

Shigley J.E., Fritsch E., Stockton CM., Koivula J.L, Fryer C.W., 
Kane R.E., Hargett D.R., Welch C.W. (1987) The gemological 
properties of the De Beers gem-quality synthetic diamonds. 
Gems & Gemology, Vol. 23, No. 4, pp. 187-206. 

Shigley J.E., Fritsch E., Reinitz I, Moon M. (1992) An update 
on Sumitomo gem-quality synthetic diamonds. Gems & 
Gemology, Vol. 28, No. 2, pp. 116-122. 

Shigley J.E., Fritsch E., Koivula J.I., Sobolev N.V., Malinovsky 
LY., Pal'yanov Y.N. (1993a) The gemological properties of 
Russian gem-quality synthetic yellow diamonds. Gems & 
Gemology, Vol. 29, No. 4, pp. 228-248. 

Shigley J.E., Fritsch E., Reinitz I. (1993b) Two near-colorless 
General Electric type Ila synthetic diamond crystals. Gems 
& Gemology, Vol. 29, No. 3, pp. 191-197. 

Shigley LE., Fritsch E., Reinitz I, Moses T.M. (1995) A chart for 
the separation of natural and synthetic diamonds. Gems & 
Gemology, Vol. 31, No. 4, pp. 256-264. 

Welboum CM., Cooper M., Spear P.M. (1996) De Beers natural 
versus synthetic diamond verification instruments. Gems & 
Gemology, Vol. 32, No. 3, pp. 156-169. 


GEMS & GEMOLOGY Spring 1997 53 


WINTER 1945-746 279 
BLOCKS CLEAVAGE 
(Best Cleavage) 
r 
Cleavage is the category which includes not only broken stones (no great 
proportion), but irregulars that are likely to lose a great deal of their 
bulk in cutting. 
MACLES 
(twin crystals) 
i: oO Sct 
V NZ 
a Macles are twinned crystals more or less triangular in shape. 


FLATS 


Side View 


—S 


Top View 


Flats are crystals more or less tabular. 


CHART NO. III 


since these groups are divided into 
so many categories (8 colors and 5 
qualities)? 

“We now move to “Cleavage,” 
Chart No. VI, which represents 30,- 
000 carats, or 30 per cent of the 
original lot. Like “Stones,” “Cleav- 
ages” are separated into four im- 
portant categories. This group rep- 
resents not only broken stones (no 
great proportion), but also stones 


which are likely to lose a great deal 
of weight in cutting. 

Blocks, or “Bulky Cleavages,” are 
pure, like close goods. They repre- 
sent. 1214 per cent, or 3,750 carats, 
and, like “Stones,” are graded into 
various colors. 

The “Cleavage” group proper is 
not graded as closely as spotted 
goods, although we have quite a 
number of gradations. Eleven thou- 
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LAB NOTES 


DIAMOND 


Two Noteworthy Stones 

from the Americas 

The October 11, 1996, Rapaport 
Diamond Report included an 
article on the purchase of a 28.3 
ct rough diamond, recently 
recovered from the Kelsey Lake 
mine in Colorado (see also 
Winter 1996 Gem News, pp. 
282-283). The highly etched 
brownish yellow crystal yielded a 
5.39 ct pear-shaped brilliant (fig- 
ure 1). A rather deep, etched 
feather was seen in the pavilion 


of the finished stone (figure 2). 
Althoughthis stone was submit- 
ted to the laboratory for an 
Identification and Origin of Color 
Report only, we would have grad- 
ed the clarity in the SI range; the 
color was graded as Fancy Deep 
Brownish Yellow. 

Fluorescence to long-wave 
ultraviolet radiation was strong 
in intensity and predominantly 
blue with small zones of strong 
yellow. The diamond fluoresced 
a weaker yellow to shortwave 
UV. The absorption spectrum, 
seen at low temperature using 


Figure 1. This 5.39 ct Fancy Deep Brownish Yellow diamond was cut 
from a 28.3 ct piece of rough recovered from the Kelsey Lake mine in 


Colorado. 
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Figure 2. An etched feather can be 
seen in the pavilion of the Kelsey 
Lake diamond shown in figure 1. 
Magnified 57x. 


a desk-model spectroscope, showed a 
strong "Cape series" and weak sharp 
bands at about 545 and 563 nm. 
These properties are consistent with 
hydrogen-rich diamonds (see E. 
Fritsch and K. Scarratt, Journal of 
Gemmology, "Gemmological 
Properties of Type la Diamonds with 
an Unusually High Hydrogen 
Content," Vol. 23, No. 8, 1993, pp. 
451-60). Although the distinctive 
properties of this class of diamond 
were observed decades ago, hydro- 
gen's role in causing the color was 
only recognized in the last five years. 
These hydrogen-rich diamonds have 
also occurred in other recently 
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developed sources, such as in 
Australia, Russia, and the Jwaneng 
mine in Botswana. 

Only a few days after we saw 
the Kelsey Lake stone, a long-time 
GTL client submitted a 2.15 ct old- 
minecut diamond (figure 3) that 
was reportedly from Brazil. Graded 
Fancy Intense Greenish Yellow, 
this stone revealed gemological 
properties common to stones with 
strong "green transmission" lumi- 
nescence. The H3 optical center 
that is associated with this effect 
gives rise to absorption bands at 
about 494 and 503 nm. Diamonds 
with this optical center not only 
routinely fluoresce strongly to UV 
radiation, but they also are excited 
by visible light—often appearing 
quite green when exposed to a 
strong incandescent light source 
(figure 4). This strong lumines- 
cence may influence the color 
grade of such diamonds, as it did 
with this one. In our experience, 
some diamonds with these proper- 
ties do originate from Brazil and 
Venezuela, thus lending support to 
this stone's reported provenance 
(see also J. F. Cottrant and G. 
Calas, "Etude de la coloration de 
quelques diamants du Muséum 
National d'Histoire Naturelle," 
Revue de Gemmologie, No. 67, 
1981, pp. 2-8). 

According to our client, the 
stone was reportedly given by 
Pedro II (emperor of Brazil from 
1831 to 1889) to his niece. A mem- 
ber of the Braganza royal family, 


Figure 5. Many chips can be seen 
on the girdle of this 2.66 ct 
round-brilliant-cut diamond, 
which was originally set in a 
four-prong lady's ring. 
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Figure 3. This 2.15 ct old-mine- 
cut diamond was graded Fancy 
Intense Greenish Yellow. 


which ruled Portugal from 1640 
until 1910, Pedro II was purported- 
ly greatly interested in diamonds 
and mineral specimens. 

The submission of diamonds of 
known or well substantiated prove- 
nance provides the laboratory with 
the opportunity not only to docu- 
ment the properties of such stones, 
but also to help answer ongoing 
questions related to the origin of 
color in diamonds. T™T™ 


Damaged from Wear 

When appropriate, GIA GTL dia- 
mond grading reports on round 
brilliants contain a comment that 
the average crown angles are less 
than 30° or exceed 35°. These com- 
ments are intended to alert the 
reader of the report that the crown 
angles deviate seriously from 


Figure 6. Damage to the dia- 
mond in figure 5 is related to the 
combination of a thin girdle and 
shallow crown angles, as can be 
seen in this profile view. 
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Figure 4. The green transmission 
luminescence in the diamond in 
figure 3 is best seen when the 
stone is excited with a strong 
incandescent light source, such 
as fiber-optic illumination. 


industry norms and, in the case of 
shallow angles, warn of a threat to 
the stone's durability. 

The East Coast lab recently 
issued a report on just such a 
stone—a 2.66 ct yellow diamond 
that had been removed from a 
four-prong ring setting. As can be 
seen in figure 5, the unusually 
thin girdle was chipped in many 
places. When the stone was 
viewed from the side (figure 6), 
the crown angles appeared to be 
very shallow. Just how shallow 
was seen when the stone was 
viewed in a GIA Proportion 
Scope (figure 7): The angles aver- 

aged less than 25°. In addition, 
the pavilion anglewere less than 


Figure 7. A GIA Proportion 
Scope revealed that the dia- 
mond in figures 5 and 6 had 
crown angles of about 25°. 
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Figure 8. Only a muted pink flash 
color could be seen in this filled 
fracture in a 1.05 ct oval dia- 
mond. Magnified 30 x. 


41°. This combination of cutting 
faults usually leads to damage dur- 
ing normal wear. The potential for 
damage to such a stone can be min- 
imized by choosing mountings, 
such as gypsy or bezel settings, that 
protect the girdle area. 

GRC and TM 


Identifying Filled Fractures: 
New Challenges 


Over the last six months, the East 
Coast lab examined four diamonds 
with unusual-appearing fractures. 
These stones gave us an advanced 
lesson in distinguishing filled frac- 
tures from unusual-appearing frac- 
tures that are unfilled, a lesson that 
required checking for all the fea- 
tures summarized by McClure and 
Kammerling in "A Visual Guide to 
the Identification of Filled 
Diamonds" (Summer 1995 Gems & 
Gemology, pp.114-119, plus chart). 

A 1.05 ct oval modified brilliant 
showed muted, subtle flash-effect 
colors (figure 8), similar to those 
observed in filled diamonds that 
had been heated (see Kammerling 
et al, "An Update on Filled 
Diamonds: Identification and 
Durability," Fall 1994 Gems & 
Gemology, pp. 142-177, especially 
figure 27). This prompted us to 
examine the fracture closely at 
higher magnification, which 
revealed a dendritic pattern typical 
of filled fractures, together with 
flow structure and cloudiness in 
the fracture plane (figure 9). 

A contrasting unfilled example 
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Figure 9. At higher (63 x) magni- 
fication, the dendritic pattern of 
the flow structure and cloudi- 
ness of the fracture shown in fig- 
ure 8 con firmed that it was 
filled. 


was provided by a cleavage in a 1.23 
ct round brilliant (figure 10). 
Although large in area, this break 
was nearly invisible from most 
angles. Higher magnification, with 
a variety of lighting techniques, 
revealed neither flash colors nor 
any internal structure—all of which 
indicated that the cleavage was not 
filled. An X-radiograph confirmed 
this conclusion. The entire stone, 
including the fracture, was trans- 
parent to X-rays, whereas fracture- 
filling material would have been 
opaque. 

An unusual inclusion that 


Figure 10. This large cleavage in 
a 1.23 ct round brilliant dia- 
mond stretches from the pavil- 
ion to the table. Although not 
filled, the cleavage was only vis- 
ible from a few viewing angles. 
Magnified 15x. 
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proved to be fracture-filled was 
seen in the 1.01 ct round brilliant 
shown in figure 11. A laser drill 
hole led to a crystal inclusion cen- 
tered in a large fracture. The walls 
of the drill hole showed a rough 
texture, as did the fracture at the p 
oint of drill-hole contact. At the 
point of contact, the surface of the 
fracture appeared burned. The rest 
of the fracture was smoother and 
showed flow structures. We 
observed flash colors only in the 
areas of the fracture that surround- 
ed the crystal; these ranged from 
orange to pink and blue. 

The complicated group of frac- 
tures in figure 12 illustrate the 
importance of viewing angle in 
identifying filled fractures. From 
most sides, this 1.48 ct marquise 
showed both the characteristic 
flash colors of filled fractures and 
the natural iridescence of unfilled 
fractures. The profile view of this 
diamond (figure 13) showed one 
unfilled fracture that displayed a 
whole rainbow of interference col- 
ors, and another fracture, nearly 
perpendicular to the first, with a 
blue flash color. This diamond 
illustrates the importance of not 
halting the examination of a stone 
before it is viewed from all sides, as 
not all fractures in a filled stone 
can or will absorb the filling. The 


Figure 11. Flash colors and flow 
structure characteristic of frac- 
ture filling are visiable in parts 
of this complex inclusion in a 
1.01 ct round brilliant diamond. 
Magnified 45x. 
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Figure 12. Some of the fractures 
in this 1.48 ct marquise are 
filled and others are unfilled. 


many fractures and their reflec- 
tions in this diamond made the 
presence of fracture filling unusu- 
ally difficult to identify. 
IR and Vincent Cracco 

Imitation 
From time to time, mineral speci- 
mens—loose crystals or pieces of 
rough—are submitted to GIA GTL 
for identification. Transparent-to- 
translucent, near-colorless speci- 
mens arc usually submitted in the 
hope that they will turn out to be 
diamond. Sometimes these speci- 
mens have been doctored to resem- 
ble diamond crystals. Although 
occasionally minerals other than 
diamond are used for this purpose, 
the most common imitation dia- 
mond rough that we see is fash- 
ioned from cubic zirconia (see, for 
instance, Lab Notes, Winter 1988, 
pp. 241-242, and Fall 1996, p. 205; 
Gem News, Spring 1994, p. 47). 

Standard gemological testing 
alone was sufficient to identify a 
specimen of near-colorless rough 
that was submitted to the East 
Coast lab last winter. The rough 
had triangular engravings, resem- 
bling trigons, on part of its surface 
(figure 14). The specific gravity was 
also approximately that of dia- 
mond—and very different from 
that of CZ. However, one flat 
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Figure 13. In profile, the stone in 
figure 12 can be seen to contain 
naturally iridescent unfilled 
fractures (to the right of the 
tweezer) as well as a blue flash 
effect (visible throughout the 
region to the left) from reflec- 
tions of filled fractures. 
Magnified 20x. 


(cleaved or polished] surface gave 
refractive indices of about 
1.61-1.63. The fact that the materi- 
al was doubly refractive meant that 
it clearly could not be either dia- 
mond or CZ. With magnification, 
we observed fluid inclusions, 
which also typically are not 
encountered in diamond. 

This combination of properties 
identified the rough as topaz. The 
markings were probably added to 


Figure 14. Trigons were engraved 
on this 17.56 ct colorless topaz 
rough to make it look like a dia- 
mond. 
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simulate "trigons," to better con- 
vince the unwitting buyer that this 
was a diamond. Although the term 
is a misnomer and rarely used 
today, colorless topaz was once 
called "slave's diamond" because of 
its resemblance to diamond (see M. 
Bauer, Precious Stones, Charles E. 
Tuttle & Co., Rutland, Vermont, 
1969, p. 330). 

Nicholas DelRe 


HORNBILL "IVORY" 


An elaborate yellow metal brooch 
(figure 15) was sent to our East 
Coast lab for identification of its 
large center carving. Accented by 
two large pearls, this semi-translu- 
cent red and yellow portrait of 
Buddha measured about 70 x 47 x 
12.5 mm. 

Only very limited gemological 
tests could be performed because 
of the mounting. However, we did 
get a vague spot refractive index 
reading, in the low 1.50s, from a 
small, fairly well-polished area on 
one side. The carving fluoresced a 
faint bluish white to short-wave 
ultraviolet radiation, which is sim- 
ilar to the response of some den- 
tine ivories as well as of hornbill 
"ivory," a nondentine material that 
is among the rarest of gem rriateri- 
als. 

Observation with a microscope 
at about 10x magnification 
revealed numerous thin, parallel 
fibers in the yellow part of the 
carving, with a few small dark-pig- 
mented granules_ scattered 
throughout. These structural char- 
acteristics are typical of an organic 
material such as ivory. The thin 
layer around the main carving was 
uniformly red, with no internal 
features apparent. The transition 
from the red to yellow areas was 
gradual, with no obvious demarca- 
tion separating the different colors. 
These characteristics proved that 
the carving was a single piece and 
not assembled. We concluded from 
these properties, especially the dis- 
tinctive red and yellow coloring 
and the structure seen with magni- 
fication, that this carving was fash- 
ioned from hornbill "ivory." 
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Figure 15. This portrait of 
Buddha is carved from rare 
hornbill "ivory." 


Hornbill "ivory" is obtained 
from the casque (the large protu- 
berance covering a portion of the 
head and bill) of the helmeted 
hornbill, an exotic bird (Rhinoplax 
vigil) native to southeast Asia and 
Borneo. (Because this material is 
not fashioned from teeth or tooth 
modifications, such as tusks, it is 
not considered a true 


ivory.) Comprehensive articles 
have appeared in Gems & 
Gemology (A. S. Munsuri, 
"Hornbill Ho-Ting," Fall 1973, pp. 
208-211; R. E. Kane, "Hornbill 
Ivory," Summer 1981, pp. 96-97) 
and in the Journal of Gemmology 
(G. Brown and A. J. Moule, 
"Hornbill Ivory," January 1982, pp. 
8-19). The distinctive bright red 
border of the yellow helmet makes 
this material easy to identify 
despite its rarity. KH 


Editor's Note: The helmeted 
hornbill has been declared 
endangered throughout the 
region where it lives. Commerce 
in recent hornbill "ivory" is now 
illegal in most countries, 
including the United States. 
However, hornbill-" ivory" 
pieces 100 years old or older 
may be legal to own and 
import, provided they have not 
been repaired recently. 


MOGUL TALISMANS 


An interesting set of three large 
baroque beads, which reportedly 
once belonged to the Mogul emper- 
or Akbar Shah (1542-1605), were 


Figure 16. A set of beads, which reportedly once belonged to a Mogul 
emperor, consists of a 114.38 ct spinel, a 106.57 ct sapphire, and an 


87.72 ct aquamarine 
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submitted to the East Coast labora- 
tory for testing. The set (figure 16) 
consisted of a natural pink spinel, a 
natural blue sapphire, and an aqua- 
marine. Standard gemological test- 
ing readily identified the materials 
from which each bead was fash- 
ioned. 

The spinel's gemological prop- 
erties were within normal pub- 
lished values. Mineral inclusions 
established that the stone was nat- 
ural. It fluoresced strong red to 
long-wave UV radiation and mod- 
erate red to short-wave UV. As 
expected from the fluorescence, the 
stone showed several sharp "organ 
pipe" lines beyond 650 nm in the 
red end of the spectrum, which are 
due to the presence of chromium. 
The sapphire fluoresced weak red 
to long-wave UV. It had a moder- 
ately strong 450 nm line with weak 
"chrome lines" in its absorption 
spectrum. Long, fine needles, pris- 
tine crystals, and fluid-filled "fin- 
gerprint" inclusions were visible 
with magnification, indicating that 
the stone had not been heat treat- 
ed. 

The aquamarine had a "spot" 
refractive index of 1.57 and a rather 
strong iron line at 427 nm. The 
most distinctive feature was its 
color. Before the now-common 


Figure 17. The spinel bead in 
figure 16 is inscribed with the 
names "Akbar Shah" and 
Jehangir," as well as with the 
(Moslem calendar) date "971." 
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Figure 18. This 4.86 ct cat's-eye opal cabochon 
was cut from a band similar to those in the 
accompanying 8.59 ct piece of rough 


practice of heat treating aqua- 
marines to make them blue, the 
green color was actually considered 
more desirable (see, e.g., K. Nassau's 
Gemstone Enhancement, |st ed., 
Butterworth, Oxford, England, 1984, 
p. 98). The aquamarine bead is this 
green color. 

Because it is often difficult to 
validate historical information, we 
were unable to verify the age(s) of 
the beads. However, careful observa- 
tion can sometimes provide indica- 
tions of authenticity. The green 
color of the aquamarine bead is one 
such indication. In addition, all the 
beads had crude conical drill holes, 
which indicates that they were 
drilled with hand tools and not by 
machine. Further, the names Akbar 
Shah and Jehangir (his son), together 
with the date 971 (on the Moslem 
calendar, which is 1565 on the 
Gregorian calendar) are inscribed on 
the spinel (figure 17). These inscrip- 
tions are in keeping with a tradition 
of engraving gemstones with the 
names of rulers in India. An 
inscribed Mogul spinel from the 
time of Jehangir is in the collection 
of the Victoria & Albert Museum in 
London (Benjamin Zucker, pers. 
comm., 1996). 

TM and GRC 


OPAL, with True Chatoyancy 


In 1983, a piece of greenish yellow 
banded rough—identified as opal— 
was donated to the GIA collection. 
Later that year, we were shown a 1.5 
ct brownish orange chatoyant stone 
that was purportedly cut from 
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Figure 19. Chatoyancy in this 2.92 ct quartz cabo- 
chon is caused by reflection of light from the par- 


allel array of coarse rutile needles. 


one of the bands of this type of 
material (see Spring 1983 Lab 
Notes, pp. 45-46). Although this 
cabochon was also identified as 
opal, it was very different in 
color from the rough specimen in 
our collection. The Fall 1990 
Gem News section (pp. 232-233) 
reported on a 0.76 ct opal that 
had a sharp "eye" and showed an 
excellent "milk and honey" 
effect. Because such chatoyancy 
is relatively rare in opal, the lab- 
oratory was not able at that time 
to determine the reason for this 
phenomenon. (A different type of 
chatoyancy—and even asterism— 
is seen in opals with chatoyant 
play-of-color, including some 
stones from Jalisco, Mexico [see, 
e.g., Winter 1990 Gem News, p. 
304], and especially Idaho.) 
Earlier this year, staff mem- 
bers at the East Coast lab 
remembered the greenish banded 
rough while identifying a 4.86 ct 
cat's-eye opal. When this cabo- 
chon and the rough piece were 
examined side by side (figure 18), 
the similarity in color of the two 
specimens was evident; now it 
was easier to believe that the 
previous examples had been cut 
from similar rough. This materi- 
al is unusual in that it shows 
chatoyancy caused by linear 
inclusions—that is, "true" cha- 
toyancy. Such inclusions are 
uncommon in opal, which is pri- 
marily composed of small 
spheres of silica. 
TM and GRC 
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QUARTZ, 
Cat's-eye Effect Caused by Large 
Rutile Needles 


The cat's-eye phenomenon in gem- 
stones is usually caused by either of 
two forms of fine parallel inclusions. 
One form involves hollow tubes, as 
in cat's-eye emeralds and tourma- 
lines (see, for instance, Winter 1990 
Gem News, pp. 306-307). The other 
involves needle-like inclusions, as in 
the cat's-eye apatite illustrated in 
the Fall 1995 Gem News (pp. 
205-206). In many samples of cat's- 
eye and star quartz, the inclusions 
that cause this phenomenon are very 
fine rutile needles. This was not the 
case, however, with a 2.92 ct cabo- 
chon submitted to the West Coast 
laboratory in summer 1996: The 
rutile inclusions responsible for the 
cat's-eye effect were large and 
prominent (figure 19). In fact, had 
this stone not demonstrated chatoy- 
ancy, we would have simply called 
it rutilated quartz. However, 
because this stone fit the criteria for 
both cat's-eye quartz and rutilated 
quartz, our conclusion stated that it 
was cat's-eye rutilated quartz. 

ML] and SFM 
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TUCSON ‘97 


For the colored stone market, the new year begins not 
on January 1, but in late January to early February, at 
the many shows in Tucson, Arizona. The Gem News 
staff visited 17 of the 23 "official" shows—of gems, min- 
erals, beads, and finished goods. We also combed the 
blocks-long bazaar of open-air booths and tents that par- 
alleled the Interstate 10 highway. 

This year, a one-week gap separated two of the 
biggest shows, the American Gem Trade Association 
(AGTA) show and the retail segment of the Tucson 
Gem and Mineral Society (TGMS) show, both held at 
the Tucson Convention Center, so the overall "Tucson 
experience" lasted just over three weeks (from January 
26 through February 16). Several of the more interesting 
materials and individual stones that we uncovered are 
discussed here, and more will be profiled throughout 
the year. Special thanks go to GIA Gem Trade 
Laboratory gemologists Maha DeMaggio (who also pho- 
tographed many of the specimens}, Cheryl Wentzell, 
Nick DelRe, and Phillip Owens for their tireless quest- 
ing after the new, the unusual, and the downright odd. 


DIAMONDS IEEE 


"Opalescent" and other unusual diamonds. Although 
the Tucson shows primarily showcase colored stones, 
some interesting diamonds were also available, includ- 
ing black diamonds, treated-color green and blue dia- 
monds, and naturally "colored" (by cloud-like inclu- 
sions) "white" diamonds. These "white" diamonds are 
sometimes called "opalescent" because flashes of spec- 
tral colors, caused by dispersion from the back facets, 
resemble play-of-color when viewed through their 
milky white body color. One such diamond is shown in 
figure 1: In the table-down position, it has a "J" color 
grade and is faintly brown. Similar diamonds were also 
discussed in the Spring 1992 Gem News section (p. 58). 
Diamond crystals were prominent at the TGMS 
show. David New, of Anacortes, Washington, showed 
diamond crystals from many localities, including five 
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from the new Kelsey Lake mine in Colorado and a 
"Star-of-David" twinned made from South Africa. (A 
similar crystal is described and illustrated on pp. 
117-118 of the Summer 1991 Gem News section). 


Diamond "pearls." For some time, one editor (MLJ) has 
been intrigued by the idea of a cabochon diamond. This 
year, at the booth of Crystal Classics, Okehampton, 
Devon, England, she found the next best thing: dia- 
mond "pearls" (figure 2). Dr. Heinz Malzahn, of Berlin, 
Germany, has adapted the technique for making round 
pearlescent diamonds from one used by De Beers 
around 1970 to process industrial diamonds. According 
to Dr. Malzahn, rough diamonds with roundish shapes 
are ground to rough spheres and then "'cooked" in sodi- 
um carbonate, in an inert atmosphere at about 800°C, 
to produce the pearly surface. This process is some- 
times referred to as chemical polishing by selective 


Figure 1. This 0.03 ct "opalescent" diamond was 
among several marketed by Malhotra Inc., New 
York City. Photo by Maha DeMaggio. 
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Figure 2. These 1.66 and 0.28 ct diamond "pearls" 
were polished by selective dissolution in hot sodi- 
um carbonate. The larger "pearl" measures about 

5.76 x5.58 mm. Photo by Maha DeMaggio. 


dissolution: Comer sites on the surface of the diamonds 
etch faster than edge sites, and edges dissolve faster 
than flat or curved surfaces, resulting in a smoothly pol- 
ished round stone. Because the process is destructive, 
we have only seen the results of treating "industrial" 
(non-gem) diamond crystals. 

Custodiam, a Brussels firm, is also marketing "dia- 
mond pearls," according to the December 1996 issue of 
Antwerp Facets (pp. 37, 39). They also grind rough dia- 
monds into spheres, which they then "polish" by chemi- 
cal etching. Belgian designers—such as Christiguey and 
Jan Pycke—are using these "pearls" in jewelry. 


COLORED STONES 
AND ORGANIC MATERIALS 


Andradite from Arizona. Mineral collectors are familiar 
with the clusters of brownish green andradite crystals, 
some with iridescent surfaces, that have been found for 
many years at Stanley Butte in Graham County, 
Arizona. Although these specimens typically have 
bright surfaces and sharp crystal faces, they are not 
transparent enough to facet. This year at Tucson, how- 
ever, Charles Vargas of Apache Gems, San Carlos, 
Arizona, was offering gem andradites (figure 3) from a 
new locality near Apache Camp on the San Carlos 
Apache Reservation,- this is about 10 miles (17 km) 
from the Stanley Butte locality. 

These garnets come from a contact zone between 
carbonate-rich basement rocks and basalt lava flows, 
according to Mr. Vargas. The garnet deposit was discov- 
ered only recently, in June 1996, and there was no evi- 
dence that it had been worked earlier. The garnets occur 
as dodecahedral crystals, with calcite, in pockets in mul- 
tiple decomposing dikes within a 15 square-mile (about 
40 km2) area; up to 18 inches (about 45 cm) of topsoil 
covers the dikes. As of early April 1997, Mr. Vargas 
reports, the largest fashioned andradite weighed about 4 
ct; production was a few kilos per month of faceted 
stones, ranging in size from melee to just over | ct. 

We examined 10 andradites (see, e.g., figure 3}, 
which weighed 0.10 to 1.51 ct. All had properties typical 
for andradite garnet: brownish greenish yellow to yel- 
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Figure 3. These nine faceted andradites (0.10-1.51 
ct) are from a newly discovered contact metamor- 
phic deposit on the San Carlos Apache 
Reservation in Arizona. Stones courtesy of Apache 
Gems-, photo by Maha DeMaggio. 


low- brown color, singly refractive optic character, R.I. 
greater than 1.81 (over the limit of a standard refrac- 
tometer), and no reaction (inert) to both long- and short- 
wave ultraviolet radiation. Specific gravity values— 
determined hydro—statically-averaged 3.92 (18 readings 
on nine stones). All 10 samples had a line at 440 nm in a 
desk-model spectroscope. Visible through the micro- 
scope were healed fractures, "fingerprints," growth band- 
ing, a few dark crystals (in two stones), and two-phase 
inclusions (in four stones). The growth banding was vis- 
ible as linear or roiled features in plane-polarized light 
and showed first- to low-second-order interference col- 
ors between crossed polarizers. No "horsetail" inclu- 
sions were seen. 


Carved aquamarine with natural crystal faces. In the 
Winter 1996 Gem News section (p. 283), we reported on 
faceted stones that had incorporated naturally etched 
faces of the original crystal. The stones illustrated were 
gem varieties of beryl, this mineral, occurring as it does 
in late-stage pegmatites, often shows shattered or dis- 
solved surfaces that have healed into well-defined crys- 
tal faces. Mark Herschede Jr., of Turmali and Herschede, 
Sanibel, Florida, showed one of the editors another vari- 
ation on this same idea using aquamarine from the 
Ukraine. Not only did the approximately 45 ct stone 
include part of the natural crystal, but carver Glenn 
Lehrer (Lehrer Designs, San Raphael, California) had 
also fashioned the bail as part of the pendant (figure 4). 


Cat's-eye chrysoberyl. One of the notable stones at the 
AGTA show was a large, fine cat's-eye chrysobery]l (fig- 
ure 5), shown by Evan Caplan of Los Angeles, 
California. The 72.68 ct cabochon is reportedly from the 
Faisca area in northeastern Minas Gerais, Brazil, which 
has been producing relatively large quantities of fine 
chrysoberyl since 1939 (see, e.g., K. Proctor, 
"Chrysoberyl and Alexandrite from the Pegmatite 
Districts of Minas Gerais, Brazil," Gems & Gemology, 
Spring 1988, pp.16-32). Two flat sur faces on the back 
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Figure 4. This approximately 45 ct aquamarine pen- 
dant, shown here as viewed from the side, was 
carved both to include faces from the original crys- 
tal and to provide its own bail. Carving by Glenn 
Lehrer, courtesy of Turmali and Herschede-, photo 
by Maha DeMaggio. 


Figure 5. Some particularly fine cat's-eye 
chrysoberyl from Brazil was shown in Tucson this 
year, including this 72.68 ct cabochon and the 
accompanying 317.7 ct piece of rough. Courtesy of 
Evan Caplan; photo by Robert Weldon. 


62 Gem News 


Figure 6. The double center in this 3.50 ct trapiche 
emerald is most unusual. Photomicrograph by John 
I. Koivula; magnified 5x 


of the stone marked where two pieces had been 
removed to cut two smaller cabochons. Mr. Caplan the 
also had a large (317.7 ct) piece of rough chatoyant 
chrysoberyl that also reportedly originated from the 
Faisca area. 


Unusual trapiche emerald. Ron Ringsrud of 
Constellation Colombian Emeralds, Saratoga, 
California, displayed a variety of trapiche emeralds 
from Colombia at his booth in the AGTA show. One 
cabochon was particularly unusual, in that it had two 
central columns, each with the black "spokes" typical 
of trapiche emeralds (figure 6). The 3.50 ct oval cabo- 
chon measured 10.24 x 8.95 x 5.97 mm. The double- 
column structure extended completely through the 
stone and appeared to taper only slightly from the 
dome to the base of the cabochon. Perhaps the double 
center resulted from parallel growth of two individual 
crystals that were later incorporated into one piece as 
growth continued. This double-center trapiche emerald 
was the first that Mr. Ringsrud or any of the Gem 
News editors had encountered (although K. Nassau and 
K. A. Jackson showed a trapiche emerald slice with 
two inter-grown crystals in the April 1970 Lapidary 
Journal, p. 82). 


The return of jet. The natural hydrocarbon jet became 
popular in mourning jewelry in the late Victorian era. 
With the recent interest in black opaque materials (see, 
for instance, "Some Gemological Challenges in 
Identifying Black Opaque Gem Materials" by M. L. 
Johnson et al, Winter 1996 Gems & Gemology, pp. 
252-261}, we noticed more jet at Tucson this year, 
including bead necklaces from Czechoslovakia. At the 
Pueblo Inn, Russian dealer Serguei Semikhatov of 
Lithos, Irkutsk, had blocks of massive jet and a few 
carvings, including the bear shown in figure 7. The 
material is being quarried near the village of Matagan, 
on a river leading into Lake Baikal north of the city of 
Irkutsk, according to Mr. Semikhatov. The Russian 
name for this material is "gagate." 


"Bicolor" labradorite. So-called "spectrolitc'"— 
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Figure 7. This 71.1 x 42.1 x 41.1 mm bear was 
carved from the hydrocarbon jet, which is being 
quarried near Matagan, Russia. Photo by Maha 
DeMaggio. 


labradorite feldspar with iridescent schiller—is by no 
means a new material, and the locality at Ylamaa, 
Finland, is also well known. However, this year, G.P.G. 
Trading of New York City, in conjunction with Jogan 
Oy, Mikkeli, Finland, was marketing large quantitites of 
cabochons—in a variety of shapes—that had been cut 
from this material. Subsequently, one of the editors saw 
a nicely patterned 9.51 ct rectangular cabochon with a 
distinct delineation between two colors of sheen (figure 
8) at the booth of another firm, the D&R Collection, Los 
Angeles. 

According to Don Pier, of G.P.G. Trading, the lease- 
holder recently extracted 650 tons of material from this 
locality, using earth-moving equipment. The Ylamaa 
deposit is located close to the Russian border and the 
Arctic circle,- the nearest town is Lappeenranta. Mr. Pier 
estimates that the deposit is about 5 m wide by 40 m 
long by 80 m deep; because it is in a permafrost region, 


Figure 8. This 9.51 ct labradorite cabochon from 
Finland (17.65 x 13.75 x 4.01 mm) has blue and 
orange schiller in a "bicolor" pattern; the center 
white stripe probably marks the boundary between 
two adjacent crystals. Photo by Maha DeMaggio. 
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Figure 9. This 20.58 ct "rainbow" obsidian cabo- 
chon (19.20 x 16.39 x 10.91 mm) has been carved 
at its broadest point to produce a heart-shaped 
pattern of iridescence. Note the hole-visible on the 
right, where the cabochon has been drilled for easy 
stringing on a chain or cord. Photo by Maha 
DeMaggio. 


mining is possible only three months a year. The 
labradorite is being fashioned into calibrated goods by 
cutters in Sri Lanka. 


"Rainbow" obsidian hearts. We have reported in the past 
on "rainbow" obsidian from Mexico, which shows lay- 
ered schiller in interference colors (see, e.g., Summer 
1993 Gem News, p. 133). In 1996, many dealers were 
showing this material fashioned in a new way: A groove 
cut into the widest part of an oval or pear-shaped cabo- 
chon the size of a paperweight produced a pattern of 
concentric hearts. This year, Zee's of Tucson, Arizona, 
added yet another twist: Jewelry-size cabochons with 
the heart pattern were drilled through their tops, so that 
a chain or cord could be passed directly through the 
piece (figure 9). 


Botryoidal white opal from Milford, Utah. The botry- 
oidal opal from Milford, Utah, has been known for at 
least 20 years. Since 1996, William Cox, a gem cutter 
from Provo, Utah, has been cutting this material into 
flat-topped free-form cabochons with curved schiller—a 
result of the botryoidal internal layering. Mr. Cox is 
marketing these cabochons as Satin Flash opal. 

We examined the cabochon shown in figure 10. With 
magnification, we saw a structure of curved layers 
throughout this material; some layers showed crazing in 
reticulated patterns, but cracks were confined to individ- 
ual layers for the most part and did not extend through 
the stone. Some small rounded white crystals were also 
visible,- these were clumped in small patches rather 
than distributed evenly throughout the material. When 
examined with crossed polarizers, the stone did not 
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sand, two hundred and fifty carats 
of the total are represented here. 

“Macles” and “Flats” are graded 
alike. Fach comprises 7,500 carats of 
the 30,000 carats. Like the other 
categories, they are pure, various 
colored and spotted. 

Study the figures in Chart No. IV 
and the boxed portions of Chart V 
again. As we are concerned mainly 


100,000 carats 
(100%) 


one-third of close goods and irreg- 
ulars are flawless when cut. One- 
third of 800 carats gives us the 
amazing total of 266 carats out of 
a possible 100,000 carats as suppos- 
edly blue-white and flawless gems. 

On a basis of five tons of blue 
ground to every one carat of rough 
diamond, 500,000 tons must be mined 
for 266 carats of flawless diamonds. 


| 
Se 


- GEMS } COMMON.GOODS | 
50,000 carats 50,000 carats 
(50% ) (50%) 
BHON ES | ae REJECTION | INDUSTRIALS 

(40%) (60%) STONES & AND 
ey ahd CLEAVAGE BORT 
carats carats 

SIEVED 


for 
SIZES 


CHART NO. IV 


with good-quality stones which can 
be easily cut, for the purpose of this 
calculation we must consider only 
close goods and irregulars. Remem- 
ber, these categories are divided into 
seven different qualities, of which 
collection and extra color will cut 
into so-called blue-white goods. These 
two colors represent 20 per cent of 
the entire lot of 2,000 carats of close 
goods, or 400 carats of supposedly 
blue-white and flawless diamonds. 
As the irregulars are graded the 
same as close goods, we must add 
400 carats to this total, making 800 
carats out of an original lot of 100,- 
000 carats. Statistics show that only 


On the same basis as we computed 
the fine so-called blue-white dia- 
monds in close goods and irregulars, 
20 per cent of 50,000 carats equals 
10,000 carats, or 10 per cent of each 
original lot are fine colors. 

The percentage of .266 per cent 
certainly reveals that there never 
has been an over-abundance of fine- 
color flawless diamonds. 

Jewelers in the United States have 
stressed quality and perfection in 
diamonds for many years, so that a 
good portion of the public has be- 
come educated to this fact. Even in 
normal times, when diamond pro- 
duction is high and many fine cutters 


va 
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Figure 10. This 37.18 ct opal fmm Milford, Utah 
demonstrates schiller from its curved internal sur- 
faces. Stone cut by William Cox, provided cour- 
tesy of Richard Shall, Out of Our Mines, Arcata, 
California; photo by Maha DeMaggio. 


show the extremely high strain characteristics of hyalite 
opals from most localities. The cabochon had a typical 
opal R.I. of 1.45, and a specific gravity—measured 
hydrostatically— of 2.14; it was inert to both long- and 
short-wave UV. 

Similar opal from Utah—banded in translucent 
brown and translucent-to-transparent white—was seen 
in the booth of Charles R. Richmond, Blountville, 
Tennessee. Marketed as Candy-Stripe opal, this material 
could be carved into cameos or striped cabochons, 
depending on the orientation. 


Petrified palm wood as an ornamental material. 
Women's fashions sometimes affect the popularity of 
certain gemmaterials. For instance, last year's emphasis 


Figure 11. Petrified palm wood shows a variety of 
colors and animal patterns. Photo by Maha 
DeMaggio. 
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Figure 12. This rough section of a concretion from 
the Volga River, and the cabs cut from similar 
material, have surfaces of naturally iridescent 
drusy pyrite. The largest cab measures 21.73 x 
13.02 x 4.61 mm. Stones courtesy of foe Jelks; photo 
by Maha DeMaggio. 


on bright orange, yellow, and lime green clothing helped 
spark interest in "Mandarin" spessartine garnets, peridot 
from Pakistan, and grossular-andradite garnets from 
Mali. This year, one fashion trend is a growing interest 
in "animal prints"—fabrics designed to resemble the 
hide patterns of leopards, zebras, and other animals. Joe 
Jelks of the Horizon Mineral Co., Houston, Texas, mar- 
kets cabochons of certain naturally patterned stones as 
"animal print" cabochons, including Australian "zebra 
rock" (sec, e.g., Gem News, Summer 1994, pp. 128-129). 
Another material that is enjoying increased popularity— 
in part because of its resemblance to animal patterns— 
is petrified palm wood from Louisiana, Texas, and 
Arkansas. Although this is not a new material, custom 
jewelry makers are beginning to explore its design possi- 
bilities. The three pieces of petrified palm wood in fig- 
ure 11 show some of the colors and patterns in which 
the material is available. The 45 x 42 mm brooch, by 
Nature/Man, Lyons, Colorado, contains tan wood with 
a leopard pattern in black; while the rough samples 
from Ancient Earth, Hurricane, Utah, are reddish brown 
with tan patterns and tan with brown patterns. 


Drusy iridescent pyrite from Russia. The interest in 
drusy materials continues unabated. One new material 
this year was drusy pyrite, found as crystals lining con- 
cretions in the bed of Russia's Volga River. We bor- 
rowed samples of rough and fashioned material (figure 
12) from Joe Jelks of the Horizon Mineral Co. The con- 
cretions are gathered from one section of the Volga 
when the water is shallow. The pyrite is naturally iri- 
descent, according to Mr. Jelks, and has not been artifi- 
cially tarnished. The concretion material itself is suffi- 
ciently strong that a separate backing material is not 
required. 


"Wasp-tail" citrine/smoky quartz. Klaus Schafer, a 
young gem carver from Idar-Oberstein, Germany, cuts 
exacting stones from humble materials. This year, he 
showed several bar-shaped faceted stones cut from a 
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were cut from a chunk of heat-treated 
citrine/smoky quartz from Brazil. Stones courtesy 
of Klaus Shafer; photo by Maha DeMaggio. 


single heat-treated piece of banded citrine and smoky 
quartz (figure 13). The bars had been carefully cut—per- 
pendicular to the growth zoning that paralleled a rhom- 
bohedral face—so that the color bands were distinct. Mr. 
Schafer calls these pieces "wasp-tail" quartz, but he 
agreed that they also looked like bar codes. He showed 
these at the booth of Richard Bernhard and Company, 
Idar-Oberstein. 


Quartz with "rainbow" hematite inclusions ... We have 
seen quartz included with red iron oxides from 
Madagascar (Fall 1995 Gem News, pp. 209-210) and 
Kazakhstan ("strawberry quartz," Spring 1995 Gem 
News, pp. 63-64). This year at Tucson, Vladimir 
Chernavtsev of Charmex, Moscow, was showing quartz 
included with very thin hexagonal to irregular plates of 
hematite, showing an iridescent "rainbow" tarnish; this 
material came from Aldan Mountain in Yakutia. A 
25.59 ct polished free-form hexagonal tablet (22.20 
x18.47 x 6.50 mm) is shown in figure 14. The thicker 
hematite plates look black and opaque, but those that 
are thin appear transparent red and some plates show 
regions of both colors. 


Figure 15. Aventurescence in this 70.48 ct rock 
crystal quartz is caused by light reflecting off a 
multitude of pyrite inclusions. Photo by Maha 

DeMaggio. 
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Figure 14. Thin plates of bright red-to-black 
hematite, with an iridescent "rainbow" tarnish, are 
visible in this 25.59 ct polished free-form hexago- 
nal tablet of quartz from Yakutia. Photo by Maha 
DeMaggio. 


... And with pyrite inclusions. Aventurescence in quartz 
is generally thought to be caused by the presence of 
many tiny platelets of the chromium-colored variety of 
mica known as fuchsite. In such quartzes, the inclusions 
are randomly oriented. Thus, in almost any cutting ori- 
entation, a sufficient number of the platelets show 
essentially the same reflective direction, so that aven- 
turescence occurs in reflected light without a special 
need to orient the rough before cutting. 

However, Gem News editor John Koivula acquired 
another form of aventurescent quartz from the 
Gemological Center, Belo Horizonte, Brazil. The host 
material was a 70.48 ct oval faceted rock crystal quartz 
that measured 40.01 x 21.44 x 12.67 mm (figure 15). 
Here, the mineral inclusion causing the aventurescence 
was pyrite. 

The pyrite inclusions creating the distinctive 
reflectance did not display the isometric crystal habits 
typical for this mineral. Instead, these crystals grew as 
disks in a fracture plane in the quartz host. As seen in 
figure 16, these inclusions strongly resemble the so- 


Figure 16. The disk-shaped aventurescence-causing 
pyrite inclusions in the stone shown in figure 15 
formed along a single fracture plane. 
Photomicrograph by John I. Koivula; magnified 10x. 


FSS De 


Spring 1997 65 


Figure 17. The color in this 2.28 ct Tundura sap- 
phire is exceptionally vivid. Courtesy of Malhotra 
Inc.; photo by Maha DeMaggio. 


called pyrite "sand dollars" or "suns" that are found as 
concretions between bedding planes in black and gray 
shale and slate. 

To create the unusual aventurescence, the lapidary 
had to position the layer of pyrite disks at an angle just 
off-parallel to the table facet. This was done so that the 
aventurescent effect could be seen without the distrac- 
tion of light reflections off the table facet surface. This 
need for specific orientation of the inclusion plane is in 
direct contrast to the random orientation of cutting 
quartz in which the aventurescence is caused by fuch- 
site. 


Orange sapphire and other gems from the Tundura 
region. East Africa continues to produce astounding 
gems. One example is shown in figure 17: a 2.28 ct 
bright slightly reddish orange natural sapphire from the 
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Tunduru region of Tanzania, shown by Malhotra Inc., 
New York City. Mr. Malhotra said that he had not seen 
a stone of such color in his 40 years in the trade. The 
stone had been cut in Bangkok and may have been heat 
treated. 

Other unusual materials from Tanzania (seen at the 
booths of New Era Gems, Grass Valley, California} 
included: peridot and "mint" (light green) and "honey" 
(brownish yellow) grossular from Mcrelani; and light- 
pink and light-purple to "rose pink" spinel from Pokot, 
near Tunduru. According to Bill Vance of New Era 
Gems, some blue-to-purple spinels from Tunduru look 
pink when viewed through the Chelsea filter, so he 
suspects that they contain cobalt. 


Tanzanite in abundance: Gem carvings and "enhydro" 
crystal section. Tanzanite was readily available in 
Tucson this year. One possible reason was that-in addi- 
tion to the "traditional" tanzanite mines (see, e.g., 
Summer 1996 Gem News, pp. 135-136)—the gem is 
now being recovered as a byproduct of large-scale 
graphite mining in the Merelani region, as reported in 
the Mineralogical Record (T. Moore, "What's New in 
Minerals: Denver Show 1996," Vol. 28, No. 1, 1997, 
especially p. 60). In addition to plentiful supplies of 
calibrated goods, we saw some notable individual 
pieces. New Era Gems showed several examples, 
including a 255.75 ct terminated blue crystal that con- 
tained an obvious fluid inclusion, with a movable gas 
bubble (figure 18). They also showed contributing edi- 
tor Shane McClure a trio of tanzanite gem carvings: a 
rabbit, a frog, and a horse head (figure 19). 

Another firm, Affro Gems of Dallas, Texas, had 
some tanzanites with unusual colors, including a medi- 
um-toned grayish blue stone that was similar in color 
to some blue zircons. 


Tourmaline from the Neu Schwaben region, Namibia: 
A major new player. After an initial offering at the 
Hong Kong show last September, tourmaline from 
Indigo Sky Gems of Windhoek, Namibia, made its U.S. 
debut at Tucson. The Neu Schwaben deposit is alluvial 
in nature, according to the company's managing director 


Figure 18. This 255.75 ct 
tanzanite crystal contains 
a fluid inclusion with a 
large gas bubble that, as 
is evident in these two 
photos, moves freely with- 
in the liquid. Courtesy of 
New Era Gems; photos by 
Maha DeMaggio. 
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Chris Johnston, it is expected to produce fine green, 
blue, and blue-green tourmalines of all sizes, from cali- 
brated goods to major single gems, for many years to 
come. Several articles about this deposit have already 
been published in the trade press, including the 
November 1996 issue of Modem Jeweler ("Neu 
Schwaben Tourmaline," by David Federman, pp. 17-18); 
the December 1996 issue of Asia Precious ("Namibian 
Tourmaline Touches the Sky," by Robin Bower, pp. 
96-98); and the January 1997 issue of Colored Stone 
("Blue Tourmaline Makes Name for Namibia," by Greg 
Bartolos, pp. 539, 558-560). Mr. Johnston co nfirmed 
that the production information in these articles was 
essentially correct. 

The Neu Schwaben deposit has been known to 
sources in Idar-Oberstein since 1925, but it has been 
mined by the present company only for the last year or 
so. Current estimates of the reserves are 12.5 million 
carats of gem-quality tourmaline (from 500,000 to 
750,000 tons of alluvial gravels). The deposit covers a 
tourmaline-bearing dike—a potential source of addition- 
al material—that is about 1 km long. The Indigo Sky 
Company will only market cut stones, not rough; cur- 
rent production is 10,000 calibrated stones per month, 
about 10% of which are 1 ct or larger. Several large 
stones (see, e.g., figure 20) have been cut, with the 
largest to date approximately 65 ct. 

The Indigo Sky Company is operating under 
Namibia's Export Processing Zone regulations, which 
are intended to encourage employment of local work- 
ers,- the company hopes to employ 150 local miners, 
with some of the profits being invested in providing reg- 
ular medical care for workers and their families. 
According to Mr. Johnston, attempts are being made to 
mine the deposit in an "ecologically responsible fash- 
ion," so that sustainable long-term development over 
the mine's projected 20-year life will be accompanied or 
followed by reclamation of the mine site. 

Gemological information on this material will 
appear in a forthcoming issue of Gems &) Gemology. 


TREATMENTS Ss 
Gold-electroplated jade and silver ore. Bill Heher of the 
Rare Earth Mining Company, Trumbull, Connecticut, 
always brings unusual material to Tucson. New this 
year were nephrite jade cabochons that had been electro- 
plated with gold (figure 21). According to Mr. Heher, 
only the green and black nephrite from an old deposit 
near Victorville, California, responds to this treatment. 
This material contains magnetite inclusions, to which 
the gold attaches. Sometimes, only some of the black 
inclusions accept the gold plate (again, see figure 21). 
Mr. Heher first saw such treated material (not fashioned 
into cabochons) many years ago in Idar-Oberstein, and 
he had been trying to obtain some of this nephrite for 
many years. Finally, letters he wrote to several West 
Coast lapidary clubs resulted in the discovery of a few 
pounds of rough. 
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Figure 19. These are the first carvings made from 
gem tanzanite that the editors have seen. This 55 x 
22 x 33 mm frog, 62 x 37 x 33 mm rabbit, and 44 x 
26 x 12 mm horse head were at the booth of New 
Era Gems. Photo by Maha DeMaggio. 


SYNTHETICS AND SIMULANTS == 
Assembled stones using inset gem material. It is well 
known that color concentrated in the culet of a stone 
will appear to be spread evenly throughout the gem 


Figure 20. This 46.48 ct (23 x 18 mm) emerald-cut 
tourmaline from Neu Schwaben, Namibia, is rep- 
resentative of the fine material that this region 
produces. Stone faceted by Martin Key, courtesy 
of Indigo Sky Gems; photo by Maha DeMaggio. 
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Figure 21. Magnetite inclusions in some nephrite, 
such as this 56.62 ct crescent-shaped cabochon 
(65.8 x 17.75 x 4.38 mm), form artistic patterns 
when electroplated with gold. Photo by Maha 
DeMaggio. 


when that stone is viewed face up. David Brackna, a 
gem cutter from Germantown, Maryland, told staff 
gemolo-gist Cheryl Wentzell that he has found another 
use for this effect. For example, he set an approximate- 
ly 3 mm cabochon of Australian opal within the culet 
area of a 14 x 12 mm faceted green beryl from the Ural 
Mountains in Russia (figure 22, left). Face up, the opal's 
play-of-color is reflected throughout the larger stone 
(figure 22, right). Mr. Brackna calls this technique 
"optical inlay." 

To create this effect, Mr. Brackna first fashioned 
the rough beryl into an antique cushion mixed cut 
with a step-cut crown ("Harlequin cut"). The culet was 


cut off, and a concave "divot" was fashioned into the 
culet area of the main piece. A small opal cabochon 
was glued into the divot with UV-curing epoxy; the 
UV content of daylight was sufficient to set this 
glue in about 15 seconds. A replacement culet was 
then fashioned from a piece of beryl similar to the 
main piece. To increase the dispersive effects of the 
opal's play-of-color, Mr. Brackna carves high crowns 
on his pieces. The concave facet on the inside of 
each piece magnifies the effect of the inset material. 

In the two months before the Tucson shows, Mr. 
Brackna cut and assembled 25 such stones. Other 
shapes are possible, including round and fancy cuts. For 
the bodies of these assembled stones, Mr. Brackna has 
used amethyst and citrine, as well as aquamarine and 
golden beryl. 


Red and purple hydrothermal synthetic beryl. Two 
mysterious emerald cuts were turned over to GIA by 
the Tucson police in 1996. One, 0.81 ct, was red and 
the other, 0.90 ct, was red-purple (figure 23). 
Apparently, they had been found at a show that year 
and were never claimed by their owner. The red sam- 
ple (measuring 7.06 x 5.10 x 3.30 mm) was strongly 
pleochroic—with orange (ordinary ray) and purple-red 
(extraordinary ray) colors; the pleochroism was so 
strong that the color of the sample varied from orangy 
red to purplish red depending on its position and orien- 
tation relative to the viewer and the light source. The 
red-purple emerald cut (7.05 x 5.16 x 3.64 mm) was 
also strongly pleochroic, with the ordinary ray orangy 
red and the extraordinary ray red-purple. The two sam- 
ples were cut in different orientations: The optic axis 
ran down the length of the 0.81 ct piece, but through 
the width of the 0.90 ct piece. 

Gem properties in common for both samples 
included: specific gravity (2.68, measured hydrostati- 
cally), lack of reaction (inert) to both long- and short- 
wave ultraviolet radiation, lack of visible lumines- 
cence, and an orangy red color when viewed through a 
"Chelsea" color filter. Features visible with magnifica- 
tion were "chevron" growth zoning (typical for 
hydrothermal synthetic beryl), pinpoint inclusions, 


Figure 22. Left, a small opal 
cabochon was inserted into 
the culet area of this 11.82 ct 
assembled stone, and then 
covered with a replacement 
culet of green beryl similar to 
that used for the body. Right, 
when the stone is viewed face 
up, the play-of-color from the 
opal appears throughout. 
Courtesy of David Brackna; 
photos by Maha DeMaggio. 
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and stringers. The samples differed in some properties, 
however: The 0.81 ct red had refractive indices of 
1.568-1.572 (birefringence 0.004) and a complicated 
absorption spectrum when viewed through the hand- 
held spectroscope—with a diffuse band at 420 nm, a 
broad 435-465 nm band, a faint band at 500 nm, a dif- 
fuse weak band at 530 nm, a strong 545 nm band, and 
lines at 560 and 585 nm. In contrast, the red-purple 
0.90 ct emerald cut had refractive indices of 
1.575-1.581 (birefringence of 0.006) and a simpler 
absorption spectrum—a diffuse 435 nm band, a diffuse 
band at 540-580 nm, and weak lines at 650, 660, and 
670 nm. EDXRF revealed major amounts of Al and Si 
in both samples, as well as trace amounts of Mn, Fe, 
Ni, Cu, Zn, Ga, and Rb; the red-purple 0.90 ct example 
also contained Ti and Cr. All these properties were 
consistent with hydrothermal synthetic beryl; the 
samples' complicated absorption spectra are not sur- 
prising, given the many chromophores present. 


Dichroic glass as an opal imitation. Nancy 
Goodenough is an artist from San Francisco, 
California, who works in glass. She creates dichroic 
glass cabochons (figure 24) that could be mistaken for 
white opal, nonphenomenal white opal, and the blue 
opal from Peru. Another artisan, Susan Slayton of 
Earthly Enchantments, Covina, California, has been 
creating free-form cabochons of dichroic glass that she 
then etches to create a matte surface (again see, figure 
24). Neither artist creates these items specifically to 
imitate opal. However, we saw a display at one show in 
which such cabochons were scattered among free-form 


Figure 24. These cabochons of dichroic glass could 
be mistaken for opals. The large free-form piece, by 
Susan Slayton, measures 34.38 x 24.24 x 10.61 mm 
and weighs 64.82 ct; the round cabochons, by 
Nancy Goodenough, range from 1.30 to 4.40 ct (the 
largest is 10.4 mm in diameter). Photo by Maha 
DeMaggio. 
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Figure 23. These samples (0.81 and 0.90 ct), left 
unclaimed after the 1996 Tucson show, turned out 
to be hydrothermal synthetic beryls. Photo by 
Maha DeMaggio. 


cabochons of boulder opal. They could easily have been 
mistaken for opals by the unsuspecting. 


Aventurescent synthetic quartz. In the quest to devel- 
op more varieties of synthetic quartz, not all experi- 
ments are successful. One exhibitor from the state 
enterprise VNIISIMS (the Russian Research Institute 
for the Synthesis of Minerals and Pilot Plant}, 
Alexandrov, Vladimir Region, Russia, showed con- 
tributing editor Shane F. McClure two examples of an 
experiment gone awry. The scientists at VNIISIMS 
were attempting to synthesize aventurescent quartz by 
including flakes of copper in their hydrothermal syn- 
thesis; however, the copper flakes attached only to the 
middle seed plane of the synthetic quartz (figure 25). 


Synthetic opal in glass. Opal is in some respects an 
atypical gem material because of its durability prob- 
lems,- however, the beauty of opal gives it consider- 
able value despite the risks of damage inherent in 
wearing it. Gilson synthetic opal is actually more 
durable than most natural opal, in our experience, as it 
is more heat resistant and does not craze. Using this 
durability advantage, Gerry Manning of Manning 
International, New York City, was offering briolettes, 
hearts, and spheres (figure 26) of glass with Gilson syn- 
thetic opal chips in the center, similar to the faceted 
"Gemulets" mentioned in the 1992, Tucson Gem News 
report (Spring 1992, p. 65). When examined between 
crossed polarizers, two spheres showed strain colors up 
to first-order blue, as well as flow lines and spherical 
gas bubbles. This implies that the glass was in a 
molten state when it was poured around the synthetic 
opal chips. A natural opal probably would not have sur- 
vived this treatment. 
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Figure 25. These two crystals of synthetic quartz 
(44.28 and 15.28 ct, respectively) were produced in 
an attempt to simulate aventurescent quartz. The 
spangled inclusions are metallic copper. Samples 
courtesy of VNIISIMS; photo by Maha DeMaggio. 


MISCELLANEOUS MEE 


"Amphoragems." Many brightly colored gemmy mate- 
rials are primarily available as small crystals or crystal 
fragments, they only appear as larger pieces on rare 
occasions, or at prohibitive prices. While thinking 
about the design possibilities inherent in a small 
Paraiba tourmaline crystal, Brian Charles Cook of 
Nature's Geometry, Graton, California, had the idea of 
amplifying the effect of its color by enclosing it in a 
magnifying setting of optical-grade quartz. This idea is 
the basis of the assemblages that he calls 
"Amphoragems," in which small euhedral crystals with 
saturated colors are placed in liquid-filled wells in 
curved quartz bottles (figure 27). Crystals of more than 
one material may be used in the same piece, and the 
cap of the "amphora" may be quartz or another materi- 
al. The "bottles" may stand alone or be worn as pen- 
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Figure 26. This 26.55-mm-diameter sphere has a 
center of Gilson synthetic opal. Photo by Maha 
DeMaggio. 


dants. Among the materials that have been placed in 
the centers of these "Amphoragems" are spessartine 
and chrome pyrope garnets, Paraiba tourmalines, red 
beryls, gold nuggets, diamond crystals, and abalone 
pearls; materials chosen for the caps include chryso- 
prase, chrysocolla, rutilated quartz, amethyst, aquama- 
rine, and black jade. 


Gems & Gemology wins three out of five. For the third 
time in the past five years, Gems & Gemology won 
first place as best journal in the prestigious American 
Society of Association Executives (ASAE) Gold Circle 
competition. Gems # Gemology has won awards in 
the competition for five consecutive years, including 
twice winning first-place trophies for best scientific- 
educational feature articles. Gems & Gemology 
Technical Editor Carol M. Stockton, of Alexandria, 
Virginia, accepted the award in early December on 
behalf of the journal. 


Figure 27. The "Amphoragem" 
assemblage in this necklace contains 
crystals of (top to bottom): green 
gahnite, spessartine from Brazil, and 
red beryl from Utah. The body of the 
piece is quartz and the cap is 
rhodochrosite from Tadjikistan. 
Courtesy of Nature's Geometry; 
photo by Maha DeMaggio. 
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Anyone who missed even one issue of Gems & Gemology in 1996 
missed a great deal. Spring started the year with African diamond 
sources and Russian hydrothermal synthetic emeralds. Summer 
brought information on Madagascar sapphires, Russian demantoid gar- 
nets, and Ethiopian opals. Fall highlighted the new De Beers diamond 
verification instruments, growth-structure analysis in gem identifica- 
tion, and Russian flux-grown synthetic alexandrites. The Winter issue 
covered such diverse topics as imitation tanzanite, trapiche rubies, 
gems from Sri Lanka, black opaque gem materials, and the Capao 
Imperial topaz mine. Now, we invite you to test your knowledge of 
these important topics by taking the 1 Ith annual Gems # Gemology 
Challenge. 

The following 25 questions are based on information from the four 
1996 issues of Gems & Gemology. Refer to the feature articles and 
Notes and New Techniques in these issues to find the single best 
answer for each question,- then mark your choice with the corre- 
sponding letter on the response card provided in this issue (sorry, no 
photocopies or facsimiles will be accepted; contact the Subscriptions 
Department if you wish to purchase additional copies of the issue). 
Mail the card so that we receive it no later than Monday, August 18. 
Be sure to include your name and address (print legibly, please} All 
entries will be acknowledged with a letter and an answer key. 


Gemological Institute of America 


‘This Letter of Completion is presented to 
Robert T. Jeweler 
for participation in the 
1997 
~T9 7 a/ 7 ~ T, o 
GIA Gems e Gemology Challenge 


‘Taking part in a program of this sort is evidence of 
praiseworthy dedication to continuing education. You are 
to be commended for your commitment and your effort to 

increase your ability to serve the jewelry-buying public 
ethically and professionally 


Vice President of Education 


Score 75% or better, and you will receive a GIA Continuing Education Certificate. Earn a perfect score, 
and your name will also be featured in the Fall 1997 issue of Gems & Gemology. 


5. Demantoid's usefulness in 


1. The rarest color of topaz from 3. 


the Capao mine is 
A. purple. 

B. "sherry" red. 

C. orange-yellow. 
D. reddish orange. 


2. The De Beers DiamondSure™ 
instrument has been designed 
for the rapid examination of 
large numbers of 
A. natural diamonds. 

B. rough diamonds. 
C. polished diamonds. 
D. synthetic diamonds. 
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Of the top 10 diamond-produc 
ing countries from antiquity to 
1994, Africa is home to 

A. three. 

B. five. 

C. seven. 

D. nine. 


Before its recent fame as a source 


of fine blue sapphire, Madagascar 6. 


was best known for producing 
beryls, tourmalines, and 

A. rubies. 

B. emeralds. 

C. garnets. 

D. diamonds. 
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jewelry is dictated by its hard 
ness, which is just under 
A. 8. 


vor 
nan 


Some brownish yellow and 
orange topazes from Ouro Preto 
are altered to pink by 

A. dyeing. 

B. heat treatment. 

C. diffusion treatment. 

D. irradiation. 
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11. 


12. 
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One reason that the black 13. 


members of the spinel mineral 
group represent an identifica- 
tion challenge is that the group 
contains 


A. species with several 
morphologies. 

B. species with different 
specific gravities. 


C. 21 species 14. 


D. Shades of gray. 


In addition to advanced testing 
techniques, "Tairus" 
hydrothermal synthetic emer 


alds can be separated from nat 15. 


ural emeralds on the basis of 
their 


A. internal features. 

B. polariscope reactions. 

C. reaction to ultraviolet radiation. 
D. refractive indices. 


To date, the negative dplane has 16. 


been observed in natural rubies 
thought to be from 


A. Sri Lanka and Tanzania. 
B. Vietnam and Myanmar. 

C. Myanmar and Thailand. 
D. Thailand and Cambodia. 


17: 


The surest means of separating 

natural alexandrite from 

Russian synthetic alexandrite is 

A. optic character and specific 
gravity. 

B. UV-visible absorption spectra. 

C. characteristic growth patterns. 


D. X-ray fluorescence and 18. 


infrared spectroscopy. 


Opal mining at Yita Ridge, 
Ethiopia, is presently 

A. highly mechanized. 

B. diminishing. 

C. near capacity. 

D. small in scale. 


19. 


The most prestigious source of 
natural alexandrites is 

A. Mexico. 

B. Brazil. 

C. Russia. 

D. Tanzania. 
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For lapidaries and gem cutters, 
the most familiar durable black 
opaque material is probably the 
variety of quartz called 


A. "black jade." 
B. "black onyx." 
C. "burnt topaz." 
D. "black spinel." 


The negative d plane, as a domi 
nant feature, is most common in 


A. natural rubies. 

B. flux-grown synthetic rubies. 
C. flame-fusion synthetic rubies 
D. none of the above. 

Trapiche rubies are composed of 
triangular or trapezoidal sectors 
formed by the fixed arms of 


A. a six-rayed star. 

B. a four-rayed star. 
C. an eight-rayed star. 
D. all of the above. 


A new, commercial source in 
Madagascar for fine blue sap 
phires is 

A. Iankaroka. 

B. Amboasary. 

C. Antananarivo. 

D. Andranondambo. 


Much of the material that enters 
the gem trade as "tanzanite" is 
actually 


A. irradiated blue iolite. 

B. heat-treated colorless spinel. 
C. heat-treated brown zoisite. 
D. synthetic corundum. 

Before the introduction of pipe 
mining in South Africa in 1869, 
what percentage of the world's 
annual diamond production 
came from Brazil? 


A. 35%. 

B. 50%. 

C. 75%. 

D. 90%. 

The first country outside South 
Africa to have an economic 
kimberlite pipe was 

A. Ghana. 

B. Rhodesia. 

C. Tanzania. 

D. Ivory Coast. 
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20. 


21. 


22. 


23. 


24. 


25. 


Scapolite from Embilipitiya 
can be distinguished easily 
from similar-color citrine and 
feldspar on the basis of 


A. fluorescence and birefringence. 
B. inclusions and transparency. 
C. optic character and immer 
sion microscopy 
D. growth zoning and low- 
relief inclusions. 


Tanzanite generally can be easi 
ly separated from its many imi 
tators by 

A. growth-structure analysis. 
B. R.I. andS.G. 

C. chemical analysis 

D. ultraviolet fluorescence. 


Fine demantoids in commercial 
size are found almost exclusively 
in the 


A. Ukraine. 
B. Volga River. 
C. Ural Mountains. 


D. Kamchatka Peninsula. 


One indication that an emerald 
may be synthetic is the presence of 


A. a dominant growth pattern 
parallel to the s plane. 

B. Cr lines seen with a hand 
spectroscope. 

C. third-order interference colors. 

D. a reaction to long-wave ultra- 
violet radiation. 


The De Beers DiamondView™ 
enables the separation of natural 
from synthetic diamonds on the 
basis of 


A. cathodoluminescence. 

B. the presence of the 415 nm line. 
C. the fluorescence image. 

D. the colors of fluorescence. 


The arms of the star in a trapiche 
ruby are created primarily by 


A. oriented rutile needles. 

B. chatoyancy. 

C. aventurescence. 

D. concentrations of inclusions. 
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Consequences of recycled carbon in carbonatites. D. S. 
Barker, Canadian Mineralogist, Vol. 34, 1996, pp. 
373-387. 

The question of the cycling of carbon through the Earth's 
crust and mantle is one of great interest with regard to 
the origin and evolution of diamonds. Carbon-bearing 
phases in the mantle include calcite and dolomite, as 
well as diamond, graphite, silicon carbide, dissolved 
methane, carbon monoxide, and carbon dioxide in fluids, 
and "carbonate components" in magma. The phases that 
form are a function of the availability of oxygen, as well 
as carbon, in the mantle. 

Evidence has been accumulating that carbon from 
the crust is recycled deep into the mantle by subduc- 
tion,- an important destination for this carbon—other 
than in diamonds—is the igneous rock carbonatite. The 
carbon isotopes in carbonatites do not match those of 
either marine carbonates (e.g., from coral reefs) or organ- 
ic carbon (e.g., from plant debris); however, these iso- 
topes are similar to those in peridotitic diamonds. From 
the study of trace-element distributions, especially of 
ultramafic xenoliths in carbonatites, the author con- 
cludes that these rocks probably result from repeated 
interactions of carbonate-rich mag-matic fluids with 
restricted volumes of metasomatically altered mantle 
rocks. Several influxes of carbon-rich magma have been 
implicated in the formation of diamonds at the Premier 
mine, and of coated diamonds from Africa, Siberia, and 
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Mary L. Johnson Himiko Naka 

GIA Gem Trade Lab, Carlsbad Pacific Palisades, California 
A. A. Levinson Gary A. Roskin 

University of Calgary European Gemological 
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James E. Shigley 
GIA, Carlsbad 
Carol M. Stockton 
Alexandria, Virginia 
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Australia. Carbonatites are uncommon in the Earth's 
crust, but this is probably because the mantle "soaks up" 
most batches of carbonate-rich magma, and only a few 
manage to reach the surface. ML] 


Southern Africa's offshore diamonds. Mining Journal, 
London, January 26, 1996, p. 63. 

An increasing share of South Africa's diamond produc- 
tion comes from offshore deposits; for instance, in 1994, 
31% of the country's total output (407,000 carats out of 
1.31 million carats [Mct]} came from offshore, and 1995 
production probably exceeded 500,000 carats. "Huge 
quantities" of gem-quality diamonds have been deposited 


This section is designed to provide as complete a record as practical of 
the recent literature on gems and gemology. Articles are selected for 
abstracting solely at the discretion of the section editor and his review- 
ers, and space limitations may require that we include only those arti- 
cles that we feel will be of greatest interest to our readership. 


Inquiries for reprints of articles abstracted must be addressed to the 
author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the end 
of each abstract. Guest reviewers are identified by their full names. 
Opinions expressed in an abstract belong to the abstracter and in no 
way reflect the position of Gems & Gemology or GIA. 

© 1997 Gemological Institute of America 
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CHART NO. V. 


hibitive in cost, any attempt to main- 
tain this stock is a herculean, if not 


high that finely cut goods are pro- 
an. impossible, task. 


times difficult 


is some 
to procure a full stock of all sizes 


it 


are working, 


( 


of fine-color diamonds which are 


free from imperfections. 


Under war- 


Has not the education of the pub- 


time conditions, or for the first few 


years thereafter, 


therefore, been faulty? Is there 
not a great portion of that public 


lic, 


with a shortage of 


fine rough and cutting wages so 


along a 1,000 km stretch of Namibia's and South Africa's 
west coast; the total resource is estimated at 3,000 Met. 
Most of the deposits are along the Namibian coast 
because of prevailingly northward currents and waves. 
To date, about 80 Met have come from these deposits, 
but on-shore production from marine terraces and beach- 
es in Namibia is expected to decline in the future. 

Most offshore diamonds are presently recovered by 
De Beers Marine, from Namdeb concessions at 100 m 
depth, about 40 km from the coast. However, Namibian 
Minerals Corp. (Namco) has the largest exploration pro- 
gram in southern Africa, with concessions at Luderitz 
Harbor and Hottentots Bay in Namibia and in two areas 
off South Africa's west coast; its reserves are estimated 
at 80 Met. Namco is using a converted Russian spy ship 
to mine in water as deep as 100 m. 

Diamond Field Resources (DFR) also has a concession 
(with BHP/Benguela) in the Luderitz area, between Diaz 
Point at the south and Hottentots Bay in the north, 
extend ing from the shoreline to 12 km offshore (water 
depths to 125 m). On the basis of modest amounts of 
exploration, a resource of over 1 Met, with an average 
value of $165/ct, has been confirmed. In 1995, DFR was 
granted two South African concessions, including the 
Cape Canyon area (200-500 m depth), which is thought 
to be a major repository of diamonds carried along a for- 
mer trajectory of the Orange River. Last, Capetown- 
based Ocean Diamond Mining is expanding its small- 
scale mining around the 12 Penguin islands, off 
Namibia's southern coast. ML] 


The typical gemmological characteristics of Argyle dia 
monds. J. Chapman, G. Brown, and B. Sechos, 
Australian Gemmologist, Vol. 19, No. 8, 1996, pp. 
339-346. 

The Argyle mine produces more diamonds (about 40 mil- 

lion carats annually) than any other single source in the 

world. Yet there is a paucity of published data on the 
gemo-logical properties and characteristics of these dia- 
monds. 

Most Argyle diamonds are classified as industrial 
(45%) or near-gem (50%); only 5% are considered gem 
quality. Of this small percentage of gem-quality dia- 
monds, the main colors are brown (80%), yellow (16%), 
colorless (2%), gray (2%), and pink and green (each < 
1%). This article provides a valuable compilation of the 
properties of three color groups of gem-quality material: 
colorless, brown, and pink-red-mauve. 

The following characteristics of these three cate- 
gories are clearly tabulated and compared: classification 
(based on nitrogen aggregation), nitrogen content, habit, 
colors, color zoning, UV fluorescence and phosphores- 
cence, absorption spectra (infrared, visible, and ultravio- 
let), and characteristic inclusions. Thirteen color photos 
illustrate surface and internal features, such as etch pits, 
color zoning, graining, and inclusions. 

The authors found that more than 75% of the inclu- 
sions were of eclogitic origin, with orange garnet particu- 
larly abundant. However, epigenetic graphite lining 
cleavages and fractures was the most common inclusion 
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in the Argyle diamonds studied. Also summarized is the 
discovery and geology of the Argyle pipe. Available 
reserves (if underground mining goes below the 300 m 
planned for the open pit) total about 100 million tonnes; 
a diamond con tent of 3.7 ct per tonne is estimated. 

AAL 


GEM LOCALITIES 


California jade, a geological heritage. A. Pashin, 

California Geology, Vol. 48, No. 6, 1995, pp. 147-154. 
Nephrite, and to a lesser extent jadeite, has been found at 
several localities in California. California jade ranges 
from white to almost black, but the most common col- 
ors are shades of green. 

Primary deposits are found throughout the state's 
extensive serpentinite zones, with significant localities 
in the counties of Monterey, San Benito, Mendocino, 
Mariposa, Tulare, Marin, and Siskiyou. However, most 
of the material recovered comes from secondary alluvial 
deposits of rivers draining the Klamath Mountains, 
Coast Ranges, and Sierra Nevada. Jade Cove nephrite can 
be found in the rough waters of the Pacific Ocean. 

Commonly, jade is found in or adjacent to serpenti- 
nite bodies. An exception is in Riverside County, where 
a dark-green-to-black nephrite is found in a contact 
meta-morphic zone between quartz monzonite and 
dolomitic limestone. A Mendocino deposit is unique in 
that jadeite and nephrite are found together, often in the 
same rock. 

The most common California jade simulants are mas 
sive vesuvianite (idocrase or californite) and serpentine. 
The vesuvianite varieties have been marketed as "Happy 
Camp Jade" and "Pulga Jade." A California serpentine 
called bowenite is marketed as "New Jade." LBL 


Charoite: A unique mineral from a unique occurrence. 

M. D. Evdokimov, World of Stones, No. 7, 1995, pp. 

3-11. 

Charoite was first discovered in 1949, but it was not con- 
firmed as a new mineral species until 1978. Unlike some 
other decorative stones, charoite occurs in several differ- 
ent colors-such as lilac, brown, and gray-often in the 
same specimen. Contrary to prior beliefs, charoite is not 
named after the Chara River (the closest bend of which is 
70 km from the occurrence). "Instead, it was named for 
the impression that it gives: chary, a Russian word 
meaning charms or magic." 

Charoite occu rs in about 25 areas along the Ditmar 
and Davan streams. The structure and subsequent min- 
eralization of the occurrence are quite complicated. The 
stages of formation, which began in the early Archean 
(about 4.6 billion years ago), are described in detail. 
Charoite formed in breccia zones, the result of a mixture 
of solutions that was either deposited between the brec- 
cia fragments or metasomatically replaced the fragments 
in the zone. Discussions of the origination of the Murun 
Alkaline Complex and metasomatic rocks within the 
Complex complete a complicated and highly technical 
explanation of the formation of charoite. 
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Eight structurally diverse varieties of charoite reflect 
the order in which they were formed. The earliest to 
form was massive, structureless charoite. This was fol- 
lowed by parallel fibrous, undulatory-fibrous, felted, radi- 
al aggregates, mosaic-fibrous, slate-like, and, finally, 
sheaf-like varieties. Each of these is illustrated by intri- 
cate pen-and-ink sketches (which, unfortunately, are not 
clearly identified with figure numbers). Crystalline 
charoite has not been seen, so it is impossible to define 
the crystal structure and exact chemical formula of this 
mineral. There are at least nine different variations of the 
proposed formula. LBL 


Combarbalité: An ornamental kaolinite from 
Combarbald, Chile. R. R. Coenraads, Australian 
Gemmologist, Vol. 19, No. 8, 1996, pp. 325-334. 

Combarbalita, a beautifully colored and patterned orna- 

mental clay material, formed through the deep kaolinitic 

weathering of a metamorphosed volcanic and sedimenta- 
ry rock sequence. It is found only in a region near the 
town of Combarbala, Chile—hence, the material's name. 

The small town is about 900 m above sea level, 90 km 

south of Ovalle and 80 km from the Pacific Coast. 

Mining this ornamental material (by hand) and crafting 

objects from it are important activities in this small 

town. 

Long before the arrival of the Spanish, the original 
inhabitants of the area crafted beautiful pieces from this 
soft, easily worked and polished material. Examples of 
this somewhat primitive early art include pendants, 
necklaces, bowls, plates, arrowheads, and figurines. They 
have been found mainly in the local indigenous cemeter- 
ies, or as abandoned domestic items. 

Hundreds of small quarries in the hills around 
Combarbala produce combarbalita, with each quarry 
yielding specific colors or patterns. The mines are all 
close to the surface, the only area from which material 
can be recovered because weathering has made the origi- 
nal rock soft enough to be worked. The mines are 
worked by hand with basic tools—crowbars, hammers, 
and chisels. Pieces larger than 10 cm are collected and 
tested with a hacksaw blade. If the blade easily saws the 
material, then it is soft enough to be turned on a lathe or 
worked by hand. 

Most highly favored is a blue combarbalita that varies 
from a "blue-white" to a "strong sky-blue," very much 
resembling turquoise. These scarce varieties occur near 
copper mineralization, which points to copper as the pos 
sible coloring element. MD 


Ethiopia: A new source for precious opal. D. B. Hoover, 
T. Z. Yohannes, and D. S. Collins, Australian 
Gemmologist, Vol. 19, No. 7, 1996, pp. 303-07. 

A new source for precious opal has been discovered near 

the village of Mezezo, Shewa Province, Ethiopia. The 

deposit is located about 200 km northeast of Addis 

Ababa, on the Ethiopian plateau in central Ethiopia. 

Although Africa is not known for precious opal, artifacts 

show that ancient native cultures used it. Perhaps the 

source of these artifacts was the North Shewa deposit 
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near Mezezo,- the Kushitic people, a group of stone age 
farmers, inhabited the region about this time. 

Opal-filled lithophysae (hollow, bubble-like struc- 
tures composed of concentric shells of finely crystalline 
alkaline feldspar, quartz, and other minerals found in 
silicic volcanic rock) weather out of the host rhyolite and 
are found scattered on the ground. The smaller nodules 
are remarkably spherical, while the larger ones tend to be 
slightly elliptical. Careful sampling at one site indicated 
80 nodules per square meter at the face of the welded 
tuft host unit. About 10% of the nodules are solidly 
filled, the remainder have either partial or no opal filling. 

The common opal that fills the nodules occurs in 
many colors- colorless, white, brownish red, orange, yel- 
low, greenish, pale lavender, and an unusual chocolate- 
brown. The opal can be opaque, or it may be semi- 
translucent to transparent. Much of the material is trans- 
parent enough to facet; some is reminiscent of red 
Mexican "fire" opal. Precious opal is estimated to be pre- 
sent in about 1% of the nodules, but much of this has a 
weak play-of-color. Body color is similar to that found in 
the common opal, but no black opal has yet been found. 

More than 50% of the precious opal is of the crystal 
to semi-crystal type. Typically, the play-of-color covers 
the spectrum in each piece. Green and blue or only blue 
play-of-color is rare; red is common. Pinfire patterns are 
rare; most examples show "flashfire." In better-quality 
material, the play-of-color is evident in many lighting 
directions. Some of the opal, both common and precious, 
has been found to be of the hydrophane type, which 
becomes more transparent when immersed in liquid. 
Some specimens of translucent gem hydrophane opal 
become completely transparent after they have been 
soaked in water for an hour. At that point, these opals 
lose most or all of their play-of-color, but they regain 
their fire once they are dry. 

The long-term stability of this new opal is not 
known. Only a limited amount of material from near the 
surface has been collected and worked to date. 
Weathering has already taken its toll. Thus far, the 
authors of this arti cle have not experienced any major 
problems, such as frac turing or crazing, during cutting. 
Government regulations limit opal production to acqui- 
sition of representative sam ples for testing and evalua- 
tion, in advance of detailed mapping of the deposit and 
filing of a formal development plan. MD 


Editor's note: A detailed article on this locality was also 
published by Johnson et al. in the Fall 1995 issue of 
Gems & Gemology, Summer 1996, pp. 112-120. 


Euclase from Colombia showing three-phase inclusions. J. 
M. Duroc Danner, Journal of Gemmology, Vol. 25, 
No. 3, 1996, pp. 175-176. 
This note documents the properties of a greenish blue 
euclase from Colombia. The specimen was notable for 
its wealth of "well-shaped" three-phase inclusions, as 
illus trated by a single photomicrograph. Other proper- 
ties were characteristic for euclase. CMS 
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Goodletite-a beautiful ornamental material from New 
Zealand. G. Brown and H. Bracewell, Journal of 
Gemmology, Vol. 25, No. 3, 1996, pp. 211-217. 

The ornamental gem material from New Zealand called 

"goodletite" has been known for more than 100 years. 

Although mentioned as early as 1962, it has not been 

detailed in the gemological literature. This is partly 

because of its rarity. It is a coarsely granular rock consist 
ing of red to blue corundum, green Cr-rich margarite-mus- 
covite mica, and green Cr-tourmaline. Examination of 
two specimens revealed, not surprisingly, variable proper 
ties consistent with the composition of this rock. The 
best means of identification is magnification, as illustrat- 
ed by two photomicrographs. No in situ deposits have 
been located yet, and the availability of this material is 
still extremely limited. CMS 


Investigations on sapphires from an alkali basalt, South 
West Rwanda. M. S. Krzemnicki, H. A. Hanni, R. 
Guggenheim, and D. Mathys, Journal of Gemmology, 
Vol. 25, No. 2, 1996, pp. 90-106. 

Yet another new locality for natural blue and treatable 

sapphire surfaces in this description of material from the 

Cyangugu district of South West Rwanda. Following sum- 

mary descriptions of the sapphires! geologic setting and 

apparent origin from alkali basalts, the results of testing 

20 samples is reported. Absorption spectra (visible and 

infrared), quantitative chemistry (microprobe), and micro- 

thermometry were performed on two specially prepared 
samples. Ten prepared specimens were examined by SEM- 

EDS for inclusions, and eight rough samples were also 

studied by SEM for detailed surface analysis. The appar 

ently meticulous methodology yielded high-quality 
detailed information that is a welcome addition to the 
gemological literature, despite the small sample size. 

Numerous illustrations also indicate that this material 

yields fine-quality gems of brilliant blue color. However, 

no mention is made of its commercial availability or 
potential supply. CMS 


North Carolina's link to the Washington Monument. K. 
H. Roll, Rock # Gem, Vol. 27, No. 2, February 1997, 
pp. 32-34. 

The author relates the little-known story of the five- 

pound solid aluminum "pyramidion'"—made by process- 

ing rubies and sapphires mined in North Carolina—that 
was placed atop the Washington Monument in 1885. This 
leads to an account of corundum mining in North 

Carolina and the history of the Corundum Hill mine, 

once the world's largest producer of commercial corun- 

dum. 

In the 19th century, aluminum was $1 an ounce and 
the North Carolina corundum was prized as a source of 
nearly pure aluminum oxide for use in the manufacture of 
the newly discovered metal. The Western world's primary 
source of corundum-based abrasives and jewel bearings 
before the first World War, the Carolina deposits were 
played out by the early 1900s. Still, recreational panning 
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for the small gem-quality rubies and sapphires, notable for 
the distinctive asterism that many reveal, continues to be 
a tourist attraction in privately owned streambeds around 
the Corundum Hill area. AC 


Older and wiser. G. Poinar, Lapidary Journal, Vol. 49, 
No. 10, January 1996, pp. 52-56. 
The differences between copal (dried resin) and amber (fos 
silized resin)—a median of about 200 years versus 2-4 
million years—is discussed, along with a simple hot- 
needletest for separating the two similar-appearing mate- 
rials. Copal is popular as counterfeit amber. Large, color- 
ful insects or lizards can be pressed into resin, which then 
hardens into copal in about a month. The author exam- 
ined copal from deposits in New Zealand and Colombia 
(the latter is the basis of a bustling "amber" trade). Carbon 
dating showed that several samples of Colombian copal 
were between 10 and 500 years old. Nuclear magnetic 
spectrometry analysis confirmed that the samples did not 
differ significantly from resin from modern trees. The 
author concludes that most Colombian "amber" is really 
copal, found in fields and alluvial soil. Theoretically, 
amber could be found there, but it would most likely be 
in sedimentary formations. AC 


JEWELRY HISTORY 


Gleaning treasure from the Silver Bank. T. Bowden, 
National Geographic, Vol. 190, No. 1, July 1996, pp. 
90-105. 

On October 31, 1641, the Spanish galleon Nuestra Senora 

de la Pura y Limpia Concepcion struck a reef north of the 

(now) Dominican Republic and sank with most of her 

crew. The Concepcion was carrying treasure from the 

Philippines and Mexico; the reef where she sank was 

named the "Silver Bank" because the sailors piled treasure 

from the sinking boat on it. They did this not only to save 
the treasure but also to provide a higher place to stand, to 
literally keep their heads above water. 

The first successful salvager was William Phips, who 
hired native pearl divers to recover goods in 1687; the 
Burt Webber expedition visited the site in 1978. The 
author of this article returned to the site recently, under a 
contract with the Dominican Republic's Commission for 
Underwater Archaeological Recovery, and used ship- 
mounted vacuum-pumps to expose more artifacts. Shown 
in the article are gold chains, three gold-and-diamond pen- 
dants, a set of diamond-centered gold studs, and an 
amethyst ring. It is interesting that some of the porcelains 
recovered from the site show false markings, in an appar- 
ent attempt to indicate manufacture in an older (and more 
desirable) era than the one in which they were actually 
made. ML] 


JEWELRY MANUFACTURING ARTS 


Elusive talent. Cathleen McCarthy, Lapidary Journal, Vol. 
50, No. 10, February 1997, pp. 14-17, 66, 68, 70, 71. 
This article gives insight into one of America's most cre- 
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ative carvers, Steve Walters, a true craftsman who can 
pick out the right piece of material, look at it, and "see" 
the design. This rare in-depth interview, well worth 
reading, covers Mr. Walters' beginnings, influences, and 
current thoughts on his creative talents and their con- 
tinuing evolution. (He has no formal art training.) The 
unpretentious and prolific Mr. Walters insists that he is 
a craftsman and not an artist. Still, his work is so much 
in demand that his booth routinely sells out in the first 
four hours of the week-long Gem and Lapidary Dealers 
Association show in Tucson each February. How does 
he come up with his popular and unusual designs? "I 
don't know why I do it, and I don't know why it works . 
.. I've lucked out," he says. AMB 


Making semi-precious precious. C. Frankel, Art & 
Antiques, Vol. 19, No. 9, October 1996, pp. 
90-94. 


Andrew Grima has long been a force in jewelry design. 
His use of unusual materials, from the common to the 
unique, has marked his flamboyant style for the past 50 
years. Grima believes that good design need not always 
use the biggest stones and most costly materials. 
Originally a draftsman in a civil-engineering firm, he is 
thankful that he never formally went to school to learn 
design; he would have ended up turning out the same 
kinds of pieces as everyone else, he believes. His jewel- 
ry, though based on organic forms, tends toward the 
abstract, with emphasis on textured gold and exotic 
gems. 

Grima's London gallery was opened in 1966. He 
moved his shop to Gstaad, Switzerland, in late 1993. 
His clients have included Queen Elizabeth, Jacqueline 
Onassis, and Elizabeth Taylor. JEC 


Stuck on glue. A. Oriel, Lapidary Journal, Vol. 50, No. 
10, February 1997, pp. 34-38, 39, 41, 44. 
Andy Oriel talks about a product with which most in 
the jewelry and gem trade are unfamiliar—adhesives. 
These adhesives are very different from the gloppy 
"white" glue of our childhood. According to five jewelers 
and lapidaries who use high-tech adhesives in their 
work, the new adhesives stick with a vengeance and last 
not forever, perhaps, but certainly for a very long time. 
Thomas Harth Ames, Sid Berman, Henry Hunt, Martin 
Key, and Eugene Millerexplain the different adhesives 
that each uses and their properties, although they do not 
detail how the adhesives work chemically. All intervie- 
wees agree that adhesive has a place in working with 
gem materials, and they urge that we rethink the stigma 
of impermanence sometimes associated with "glue." 
The use of these new adhesives will allow more jewelry 
and carving possibilities than ever before. AMB 


JEWELRY RETAILING 

Retail pearl sales increase. National Jeweler, February 
16, 1997, p. 16. 

U.S. retail pearl sales increased an average of 18% in 
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1996 over 1995, according to a Cultured Pearl 
Information Center (CPIC) poll. Almost 89% of retailers 
surveyed reported an increase in their annual cultured 
pearl sales; 5% reported no change, and 6% reported a 
decrease. In terms of pearl sales, 41% of the retailers 
interviewed said they had an excellent year, 32% said 
they had a good year, 23% said they had a fair year, and 
4% rated the year poor. The CPIC cited several reasons 
for the large increase in 1996, including more money 
spent on advertising, larger pearl inventories, better- 
quality pearl jewelry stocked in stores, and greater 
awareness of Tahitian and South Sea pearls. In addition, 
pearls appear to have become a more important fashion 
accessory. Retailers expect an average 14% increase in 
1997 over 1996. MD 


The revised FTC guides-what's permissible, what's not. 
Jewelers' Circular Keystone, Vol. 167, No. 8, 
August 1996, pp. 152-154. 

This article focuses on the many changes present in the 

newly revised guidelines issued by the Federal Trade 

Commission for the jewelry industry. Included are 

reports on some of the commission's internal discussion 

of the issues involved. Sections on disclosing artificial 
coloring, misrepresentation of weight and total weight, 
and misuse of words such as ruby, sapphire, emerald, 
and birthstone are examined. This article is particularly 
helpful for anyone involved in manufacturing, sales, or 
appraisals. JEC 


TREATMENTS 


Dyed opalised sandstone and conglomerate: A new 
product from Andamooka. 1. L. Keeling and I. J. 
Townsend, Australian Gemmologist, Vol. 19, No. 
5, 1996, pp. 226-231. 

Opal-cemented sandstone and conglomerate from the 

Andamooka opal fields in south Australia is being treated by 

a process that is said to differ from the traditional sugar-acid 

method. The finished material is marketed for use in carv- 

ings, inlay work, cabochons, and assembled stones. Because 
of the high porosity of the sandstone and conglomerate 
starting material, it was very difficult to remove all traces of 
acid from the finished product when the conventional sugar- 
acid treatment was used. The new treatment process, the 
exact method for which (a "closely guarded secret") is not 
given in this article, purportedly has solved this problem. 
The article did reveal that an organic solution is con 
verted to carbon in a nonoxidizing environment at tem 
peratures above 500°C. This produces an overall darker 
body color in the material, making any play-of-color more 
apparent. It also results in the production of the typical 
black microscopic specks of carbon that are associated with 
the well-known sugar-acid treatment method. These carbon 
specks made the sandstone and conglomerate treated by this 

"new" method very easy for this gemolo- gist to identify as 

treated. However, it may not be possible to distinguish 

between this "new" treatment method and sugar-acid 
treatment. JIK 
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On the identification and fade testing of Maxixe beryl, 
golden beryl and green aquamarine. K. Nassau, 
Journal of Gemmology, Vol. 25, No. 2, 1996, pp. 
108-115. 


Dr. Nassau discusses his latest findings on the distin 
guishing characteristics and color stability of Maxixe, 
golden, and green beryl. Having originally made the dis- 
tinction between Maxixe and "Maxixe-type" beryl in the 
1970s, he now proposes that both be referred to by the 
term Maxixe, on the premise that the distinction "serves 
no useful purpose in gemmology." Maxixe samples tested 
in less-than-ideal conditions revealed spectra (680 nm 
absorption] typical for Maxixe-type beryl. They 
also responded to color-stability testing with the 

fading typical of this material. 

Similar testing of four "yellow to greenish" beryls pro- 
duced no fading, but exposure to 100° + 10°C heat (in 
darkness) for a week visibly reduced the yellow color 
component of two out of the four. Eight light-green to 
greenish yellow beryls proved to be aquamarine-type (pre- 
treat-ment) beryls with no Maxixe component. All of the 
colors studied could be natural or the result of laboratory 
irradiation, with no possibility of distinguishing between 
these origins of color. CMS 


MISCELLANEOUS 


A critical matter. M. Heckenberg, Australian Gold Gem 

& Treasure, Vol. 11, No. 2, February 1996, p. 26. 

The working definition of a gemstone's critical angle is 
the minimum angle at which the gem can be cut before it 
will have a "fish-eye" effect when viewed through the 
table. Light generally travels in a straight line, but it trav- 
els at different speeds in materials of different optical den- 
sities. Thus, light bends at the interface between media of 
different optical densities (such as air and water—a stick 
appears bent where it goes through the interface between 
the two). Light passing at an angle into a different medi- 
um is split into two parts: Some bends into the medium, 
and some reflects off the surface. At an angle greater than 
the critical angle, no light escapes from the denser medi- 
um (gemstone) into the less-dense air; all of it is reflected 
back into the gemstone. 

In cutting a stone, one wants the light coming in 
through the table to be completely internally reflected by 
the pavilion facets,- none should "leak out" the back. The 
higher the optical density of the gem material is, the high- 
er the refractive index—and the smaller the critical 
angle—will be. If you know the refractive index of a par- 
ticular gem material, you can look up the critical angle in 
a book of mathematical tables. It can also be calculated 
from the nat ural cosecant of the refractive index. ML] 


Program to study crust and mantle of the Archean craton 


in southern Africa. R. W. Carlson, T. L. Grove, M. J. 
de Wit, and J. J. Gurney, EOS, Transactions, American 
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Geophysical Union, July 16, 1996, pp. 273, 277. 
A research program has begun that will systematically 
study the Kaapvaal craton, which covers 1.2 million km? 
(extending across South Africa, Lesotho, Swaziland, and 
Botswana, and grading into related rocks in Mozambique 
and Zimbabwe as well). The Kaapvaal craton contains 
rocks between 3.7 and 2.6 billion years old, and was last 
disturbed about 2.5 billion years ago; it is cut by kimber- 
lite pipes, including the Jagersfontein, Finsch, Premier, 
Northern Lesotho, Farm Louwrcensia, and Ramapfeliso. 
Cratons are mysterious because of their long-term 

stability, which is thought to be caused by different types 
of sub-basement rocks in the mantle (for instance, the 
rocks under cratons are colder than other mantle regions 
at the same depths). Most of the information about these 
rocks comes from xenoliths in kimberlite pipes; the 
upcoming study will examine these xenoliths systemati- 
cally in terms of their chemical and isotopic composi- 
tions, petrologies, and petrofabrics. Also, a portable seis- 
mic array will be deployed to look at seismic velocities 
(and their anisotropies) under the Kaapvaal craton. 
Experimental petrology of lower crustal rock types (that 
is, growing examples of these rocks at high pressures and 
temperatures), and studies of the sedimentary history of 
the Kaapvaal craton, are also planned. ML] 


A salty heritage. J. Raloff, Science News, April 27, 1996, 
pp. 264-265. 

Chandeliers and life-size statues, altars, and "terrazzo" 
floors-all have been carved from rock salt (halite, NaCl), 
underground in Poland's Wieliczka mine. The dry air in 
the mine has preserved even the earliest carvings, which 
date to the late 17th century; recently, however, high pol- 
lution levels and variable humidity (exacerbated by 
hordes of tourists) have eroded fine features of the oldest 
and most valuable works. 

An international team of scientists has studied the 
moisture-related deterioration. They found that, although 
pure rock salt does not start to pick up water until the rel- 
ative humidity reaches 75%, pollutant-related salts 
(suchas ammonium nitrate) that collect on the rock-salt 
carvings can absorb water at relative humidities as low as 
20%. A special dehumidifier has been designed to lower 
the moisture content of the mine's air—and, it is hoped, 
protect Wieliczka's unusual art. ML] 


What everyone should know about the hardness of dia- 
monds and other minerals. B. Cordua, Rocks Digest, 
1995, Vol. 8, No. 2, p. 20. 

The durability and hardness of minerals can be explained 
in many different ways. Tests include Mohs and Knoop. 
Important terms are brittleness, tenacity, and strength. 
This article not only describes these tests and terms, but 
it also provides some insight into why various rocks can 
be made up of either hard or soft minerals, yet have very 
different "strengths" due to internal structure. CEA 
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ABOUT THE COVER: Although rhodochrosite had long been known to the gem and 
jewelry community as a massive, pink ornamental material, recently some attractive 
transparent orangy pink to red rhodochrosites have become available as faceted gems. 
Many of the transparent rhodochrosites in the gem market today are from the Sweet 
Home mine near Alma, Colorado. Current exploration and minig at this mine, as well 

as the gemological characteristics of—and cutting and setting guidelines for—Sweet 
Home rhodochrosite, are covered in the article by artist Kimberly Knox and Sweet Home 
Rhodo president Bryan Lees. A very soft material, rhodochrosite can still be worn in 
some jewelry if it is carefully set, as in this unusual necklace of rhodochrosites with 
enamel mounted in 18k gold. 

The necklace was designed by kimberly knox and manufactured by Ms. Knox and 
Zane A. Gillum of Golden Pacific Arts, San Diego, California. The rhodochrosites range 
from 1.50 to 14.06 ct. The loose rhodochrosites, which range from 6.50 ct. to 11.50 ct., are 
courtesy of The Collector’s Edge, Golden, Colorado. 
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Carlsbad: A new home for GIA and Gems & GEMOLOGY 


About 10 years ago, a new instructor called me and asked if he could 
visit the Gems e) Gemology offices. A great fan of the journal, he wanted 
to see where it was produced and meet the people responsible. I will 
never forget his surprise when he saw our little office and reception area, 
in a comfortable, but small, corner on the ground floor of GIA’s Santa 
Monica headquarters. “But,” he said, “from the quality of the publication, 
I always imagined that Gems e#) Gemology occupied the better part of a 
three-story building... .” 

I was delighted that he had that image of Gems & Gemology. Our goal 
17 years ago, when I was asked to redesign and reformat the journal, was 
to use GG as a springboard to enhance the professionalism of gemology 
both in the scientific community and with the trained gemologist. To 
this person, we had achieved that goal—too well, perhaps, because now 
he felt that G#G’s facilities did not reflect the role that the journal had 


assumed in the gemological community. 


It was a refrain that was being heard worldwide about GIA and its sub- 
sidiaries in the late 1980s. Through its education, laboratories, instruments, research, and publications, GIA had estab- 
lished a unique leadership position in the world gemological community. Yet, while the facilities in Santa Monica were 
state-of-the-art when they were first built in the 1970s, they eventually became inadequate in terms of space and future 
planning to meet the needs of the industry. 

Today, Gems &) Gemology is in that three-story building—one of three buildings on the Robert Mouawad Campus. 
The new campus fulfills a dream and years of hard work under the guidance of GIA’s president Bill Boyajian. Beautifully 
designed and constructed, the Carlsbad world headquarters sits on a hill overlooking the Pacific Ocean, about 30 miles 
(48 km) north of San Diego and only 100 miles (160 km) south of GIA’s former home in Santa Monica. The spacious 
Carlsbad facility can comfortably accommodate 1,000 students and staff members. The new West Coast GIA Gem Trade 
Laboratory already employs more than 100 graders. The Education building has 19 classrooms and two student lounges 
with room for expansion. The new library and information center houses more than 20,000 publications, supported by an 
expanded staff. An auditorium and a gem museum are planned for the future. The new Gems &) Gemology area, on the 
second floor of the administration building, looks out on the coastal mountains of Southern California from a wall of 
windows. With space for six employees and a number of visiting authors, the Gems &) Gemology area is now truly a 
place to be proud of. 

Do come visit us. Share our pride. Like Gems #) Gemology, GIA’s new world headquarters is dedicated to serving you 


and all members of the gem and jewelry community. 


As with all such moves, however, we have had to say good-bye to some old friends during this one. With this issue, 
C. W. (Chuck) Fryer, a former director of the West Coast GIA Gem Trade Laboratory, retires as editor of the Lab Notes 
section. Thank you, Chuck, for the years that you have devoted to making Lab Notes one of the most popular features of 
the journal. 


Alice S. Keller 
EDITOR 
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UPDATE ON EMERALDS FROM THE 
SANDAWANA MINES, ZIMBABWE 


By J. C. (Hanco) Zwaan, Jan Kanis, and Eckehard J. Petsch 


Zimbabwe’s Sandawana mines have been 
an important producer of emeralds for 40 
years. Since the mines came under new 
ownership in 1993, consistent production 
has been established and, in addition to 
the small sizes for which Sandawana is 
known, greater numbers of polished stones 
as large as 1.50 ct have been produced. 
Currently, mining at the most active area, 
the Zeus mine, is done underground, with 
the ore processed in a standard washing/ 
screening trommel plant. Sandawana em- 
eralds can be readily separated from em- 
eralds from other localities. They have high 
refractive indices and specific gravities. 
Two amphiboles, actinolite and cumming- 
tonite, are abundant inclusions; albite and 
apatite are common. Also found are rem- 
nants of fluid inclusions. Chemically, 
Sandawana emeralds typically have a 
very high chromium content. 


ABOUT THE AUTHORS 


Mr. Zwaan is curator at the Mineralogy 
Department of the National Museum of Natural 
History (NNM), Leiden, The Netherlands, and 
head of the Netherlands Gemmological 
Laboratory, Leiden. Dr. Kanis is a consulting geol- 
ogist/gemologist specializing in gemstone occur- 
rences; he resides in Veitsrodt near Idar- 
Oberstein, Germany. Mr. Petsch is president of 
the firm Julius Petsch Jr., Idar-Oberstein. 


Please see acknowledgments at end of article. 
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t is believed by some that the area now known as 
Zimbabwe was the fabled land of Ophir, which pro- 
duced gold for King Solomon’s temple. By the middle 
of the 10th century, the discovery of ancient gold workings 
in different parts of the country had led Arab geographers to 
speculate on Ophir in their writings (Summers, 1969). 
Although gold, and even diamonds, stimulated exploration 
in the 20th century, for gemologists the most important dis- 
covery was the large emerald deposit found in the mid- 
1950s at the area called Sandawana. For four decades, 
Sandawana has provided the jewelry industry with large 
quantities of fine, if typically small, emeralds (figure 1). 
Production was sporadic for much of this period, but new 
ownership in the mid-1990s has brought renewed attention 
to exploration and mining, with excellent results in terms of 
both the quantity and quality of the stones produced. 
Although the Sandawana mines have been known for 
some time now, only short articles on the characteristics of 
Sandawana emeralds have been published to date. There has 
been little information about the mining area and the tech- 
niques used for exploration, mining, and processing. This 
article attempts to fill that gap. Not only does it provide 
some results of a detailed study on the geologic factors that 
contributed to emerald formation in this part of Zimbabwe, 
but it also offers new data on the distinctive properties of 
these emeralds. 


HISTORICAL BACKGROUND 

In 1868, German geologist Carl Mauch uncovered some of 
the ancient gold workings to which Arab geographers had 
referred—in the interior of what is now Zimbabwe, near 
Hartley (now Chegutu). Subsequently, after Cecil Rhodes’s 
British South Africa Company obtained a charter to pro- 
mote commerce and colonization in Zimbabwe in 1889, 
prospecting for gold became a major industry. The simplest 
surface indicator was an ancient working. In the nine years 
between 1890 and the outbreak of the South African Boer 
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Figure 1. The Sandawana 
mines are known for the 
small but fine emeralds 
that have been produced 
there for more than 40 
years. This 16-strand 
necklace is composed 
entirely of Sandawana 
emeralds, more than 
1,000 beads, which range 
from 4 to 7 mm in diam- 
eter. Courtesy of Fine 
Emerald, Inc., New York 
City; photo © Harold w& 
Erica Van Pelt. 


War in 1899, over 100,000 gold claims were pegged 
(Summers, 1969). 

The search for gems in Zimbabwe appears to be 
more recent and can be dated only from H. R. 
Moir’s 1903 diamond find in the Somabula Forest 
(Mennell, 1906). Some prospecting and minor min- 
ing for diamonds took place between 1905 and 
1908, but these efforts faded as the results did not 
meet the expenses. Subsequently, several workers 
tried to make their fortunes in small mining opera- 
tions, but interest waned and activity all but ceased 
(Wagner, 1914). 

In 1923, Zimbabwe became a British colony 
under the name Southern Rhodesia. A sudden 
change in the fortunes of the nation’s gemstone 
industry arrived in the mid-1950s, as a result of 
increased demand for beryllium and lithium miner- 
als. On October 7, 1956, the first emerald was found 
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in the Belingwe district (now Mberengwa) by 
Laurence Contat and Cornelius Oosthuizen, two 
former civil servants who had relinquished their 
posts to take up full-time prospecting. This first 
stone was recovered in the Mweza Hills about 5 km 
west-southwest of the confluence of the Nuanetsi 
(now Mwenezi) and Mutsime Rivers. They called 
their first claim “Vulcan” (Martin, 1962). 

On May 17, 1957, after a rainstorm, a Vulcan 
worker named Chivaro found a deep green crystal 
protruding from a muddy footpath, some 2.5 km 
northeast of what eventually became the Vulcan 
mine. He reported the find to his employers, who 
rewarded him handsomely. Follow-up at the spot, 
which would later become known as the Zeus 
mine, revealed the presence of more such crystals in 
the “black cotton” soil, the popular name for a dark 
calcareous soil, relatively high in montmorillonitic 
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who would be willing to buy the 
slightly imperfect and medium col- 
ors if they could be educated to the 
excellent values some of these quali- 
ties offer? 

If we are to secure for ourselves 
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a share of the postwar dollar, we 
must think constructively to offer 
for that dollar more than we ever 
have before. The question is, can the 
progressive jeweler do this with 
scarce fine-color flawless diamonds? 
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CHART NO. VI 


Dr. Kraus Accepts Presidency 
(Continued from Page 275) 


year’s teaching at Syracuse and two 
years’ high school instructing. 

He was first called to the Univer- 
sity of Michigan as assistant pro- 
fessor of mineralogy in 1904, and 
following a rapid succession of ad- 
vancements became full professor of 
mineralogy and petrography in 1908. 

Preceding his appointment as 
Dean of Literature, Science and the 
Arts, Dr. Kraus’ many administra- 
tive posts had included eight years 
as Dean of the Summer Session, 


and ten years as Dean of the Col- 
lege of Pharmacy. His retirement 
after twelve years in his last dean- 
ship closed a faculty career marked 
by unusual service in both teaching 
and administrative capacities. 

His many affiliations in scientific 
organizations include past presi- 
dency of the Mineralogical Society 
of America, membership in the 
American Association for the Ad- 
vancement of Science, and Fellow, 
Geological Society of America. 


Figure 2. The Sandawana emerald mines are locat- 
ed in southern Zimbabwe, 65 km by gravel road 
from Mberengwa, the nearest village. 


clay, that formed from rocks with a low silica con- 
tent. Recognizing the superior quality of these crys- 
tals, Contat and Oosthuizen cautiously checked out 
the potential value through various renowned 
gemologists, including Dr. Edward Gtibelin, before 
revealing the discovery to government officials and 
seeking security protection. Late in 1957, Contat 
and Oosthuizen sent the first parcel of rough emer- 
alds to the United States. By February 1958, suitable 
regulations to control the mining and marketing 
had been promulgated; shortly afterwards, produc- 
tion formally began. The earliest processing consist- 
ed of simply washing wheelbarrow loads of soil 
(B6hmke, 1982). 

When these rich-green stones came on the 
world market, Zimbabwe quickly established itself 
as a source of fine emeralds. By late 1959, after 
washing a mere 70 m3 of soil, Contat and 
Oosthuizen made their fortune by selling out to a 
subsidiary of the large mining company RTZ (Rio 
Tinto Zinc) that was owned jointly by RTZ (53%) 
and the Zimbabwean public (47%). 

The name Sandawana, which refers to the min- 
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ing area and the emeralds mined there, was derived 
from that of a mythical “red-haired animal.” 
According to local African folklore, possession of 
one of this animal’s red hairs would result in life- 
long good fortune (BGhmke, 1982). Similarly, it was 
believed that possession of a Sandawana emerald 
should bring the owner good luck! 

The discovery of large quantities of fine emer- 
alds at Sandawana sparked further interest in emer- 
ald prospecting. Within a few years, determined 
prospectors were rewarded with new finds in the 
Filabusi and Fort Victoria (now Masvingo) districts 
(see figure 2). 

Some of these occurrences have been described 
by Anderson (1976, 1978), Martin (1962), and 
Metson and Taylor (1977). A more recent (1984) dis- 
covery was at Machingwe (Kanis et al., 1991), about 
12 km northeast of the Zeus mine (figure 3), also in 
the Mweza Hills. Because RTZ insisted on strict 
secrecy, Dr. Gtibelin’s initial article, published in 
1958, was not followed by another paper until 24 
years later: In 1982, resident geologist F. C. Bohmke 
published his lecture on “Emeralds at Sandawana.” 

In May 1993, RTZ sold the Sandawana compa- 
ny to a newly formed company, Sandawana Mines 
(Pvt.) Ltd., of which the Zimbabwean government is 
a minor shareholder. Co-author E. J. Petsch (Idar- 
Oberstein) was appointed chairman of the new 
board. He worked with a new technical team—con- 
sisting of Mr. P. J. Kitchen (Camborne School of 
Mines), co-author J. Kanis (consulting geologist), Dr. 
A. N. Ncube (mineralogist and director of the com- 
pany), and Mr. A. H. F. Braunswick (who continued 
as general manager of the mine}—to revitalize all 
activities at Sandawana. Additional investment pro- 
vided new mining equipment, transportation, hous- 
ing, and important improvements to underground 
mining and ore processing. 

In 1996, Mr. D. B. Siroya of Dubai became the 
chairman. The company, which is headquartered in 
Harare, currently employs about 400 workers at the 
mine, of which 60 are security officers. As is the 
case with most gem mines, security is a major con- 
cern. 


LOCATION AND ACCESS 

Zimbabwe is a landlocked country in south-central 
Africa, covering an area of 390,624 km2. It is sur- 
rounded by Zambia, Botswana, South Africa, and 
Mozambique (again, see figure 2). Zimbabwe lies 
astride the high plateaus between the Zambezi and 


GEMS & GEMOLOGY Summer 1997 


Limpopo rivers. In the south and southeast of the 
country are the extensive Limpopo and Save basins, 
which form part of the Low Veld land below 3,000 
feet (915 m). 

The Sandawana mines are located in the Low 
Veld (coordinates roughly 20°55’S and 29°56’E, con- 
firmed by global positioning satellite [GPS] readings}, 
approximately 830 m above sea level. The tempera- 
ture ranges from a high of 41°C in the summer 
(November) and a low of 6°C in the winter (May). 
The area has an average summer rainfall of 700 mm, 
with occasional light drizzle in winter. The natural 
vegetation is open savanna (B6hmke 1982). 

Zimbabwe has a well-maintained road system, 
and the nearest villages to the Sandawana mines— 
Mberengwa and West Nicholson—can be reached 
from Masvingo, Gweru, or Bulawayo on good tarred 
roads (again, see figure 2). The exception is the last 
65 km traveling via Mberengwa (or 68 km coming 
via West Nicholson), which are on gravel roads that, 
during the winter rainy season, are best traversed 


LEGEND 
(3B greenstone bet © granulite 


using a four-wheel-drive vehicle. When the weather 
conditions are good, however, the easiest way to 
reach the Sandawana area is by a small plane, as 
there is a good landing strip at the Zeus mine. The 
mine can be visited by invitation only. 

The Sandawana mines have their own medical 
clinic, which is essential in this remote area, and a 
primary school. There is also a sports-clubhouse, a 
soccer club, a community hall, a general store, as 
well as regular bus service to the capital, Harare. 

The mining lease and claim holdings cover a 
21-km-long strip along the southern slope of the 
Mweza Hills. They are bordered on the north by the 
densely populated Communal Lands. On their 
southern flank, the Sandawana claims share a 
16km-long electrified game fence with “The 
Bubiana Conservancy.” This syndicate of seven dif- 
ferent ranches, which covers an area of 350,000 
acres, represents one of the largest private game 
reserves in the world and is supported by the World 
Wildlife Fund. 
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Figure 3. This simplified geo- 
logic map shows the location 
of both the currently produc- 
ing emerald mines and the 
old emerald mines in the 
Mweza greenstone belt, near 
the major shear zone between 
the Zimbabwe craton and the 
Limpopo mobile belt. This 
map is mainly based on data 
from Robertson (1973) and 
Mkweli et al. (1995), and 
from satellite images. 
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GEOLOGY AND OCCURRENCE 


The Zimbabwe craton (a relatively stable part of the 
Earth’s continental crust) covers a large part of 
Zimbabwe and consists of Archean greenstone belts 
and granite terrains. The greenstone belts are impor- 
tant producers of gold, but they also contain signifi- 
cant amounts of chromium and nickel. The Great 
Dike, 530 km long and up to 4 km wide, crosses the 
Zimbabwe craton from north to south and is a 
major source of chromium. 

There are few early papers on the geology of the 
Sandawana region (Worst, 1956; Gibelin, 1958; 
Boéhmke, 1966), but geologic research in this area 
has intensified recently, as evidenced by the 
detailed studies on nearby greenstone belts (e.g., 
Fedo et al., 1995; Fedo and Eriksson, 1996) and the 
adjacent Limpopo mobile belt (e.g., Rollinson and 
Blenkinsop, 1995; Mkweli et al., 1995). 

These studies underline the important magmat- 
ic and tectonic processes in the area, which resulted 
in the emplacement of emeralds there, and include 
new data on the timing of these events. In addition, 
the petrologic and mineralogic aspects of the com- 
plex Sandawana occurrence will be published in the 
near future (J. C. Zwaan, in prep.). Such publications 
ultimately are possible because of the open attitude 
of Sandawana Mines (Pvt.) Ltd. 

The Sandawana emerald deposits lie along the 
southern limb of the Mweza greenstone belt, which 
is located at the southern margin of the Archean 
Zimbabwe craton, close to the northern margin of 


the Limpopo mobile belt (again, see figure 3). The 
Mweza greenstone belt consists of a series of 
intensely deformed and moderately metamorphosed 
ultramafic-to-mafic volcanic rocks and metasedi- 
ments. It also contains numerous relatively small 
pegmatite bodies that tend to be concentrated at the 
southern end of the belt. Emeralds occur near the 
pegmatites at the contact with (ultra)mafic lavas; 
they are concentrated in pockets at sites where the 
pegmatite is tightly folded and/or the rocks are 
sheared. These “ideal” locations are characterized 
by actinolite schist streaks in the pegmatite and 
pegmatitic stringers in the adjacent actinolite schist 
(figure 4). 

An order of geologic events in the Sandawana 
region has been reconstructed from field evidence 
and geochronological data (Robertson, 1973; 
Rollinson and Blenkinsop, 1995; Mkweli et al., 
1995; Fedo and Eriksson, 1996). About 2.6 billion 
years ago, the Northern marginal zone was uplifted 
over the Zimbabwe craton, accompanied by thrust- 
ing in a north-northwest direction. Associated with 
this at the southern border of the Mweza greenstone 
belt was a series of shear zones (planar zones of rela- 
tively intense deformation, resulting in crushing 
and brecciation or ductile deformation of the rock; 
such areas are often mineralized by ore-forming 
solutions). In response to the uplift and thrusting, 
crustal shortening occurred, which caused folding 
and metamorphism of the greenstone belt. The old 
greenstones consist of ultramafic lavas, which are 


Figure 4. At Sandawana, emeralds are typically found in the zone (outlined in red here) at the contact of 
small pegmatite bodies and greenstone (left, in the Zeus mine, 25/28 stope, 200 foot [61 m] level). Schlieren 
(streaks) of actinolite and phlogopite in pegmatite are commonly seen in the “ideal” emerald-bearing peg- 
matite bodies (right, in the Zeus mine, 17/16 stope, 250 foot [76 m] level). Photos by J. C. Zwaan. 


. te Sn Si 
TY . =~ 


84 Sandawana Emeralds 


GEMS & GEMOLOGY 


Summer 1997 


Figure 5. The open pit of the original Zeus mine was called the “Bank of England” because it was extremely 
rich in emeralds. Buildings in the foreground are the offices, workshop, and processing plant. The employees’ 
village is visible in the background. Note also the granitic hills of the Northern marginal zone of the 
Limpopo belt at the horizon. Photo by E. J. Petsch. 


“komatiitic” in composition (highly magnesium- 
and chromium-rich). 

Widespread magmatic and hydrothermal activi- 
ty occurred at the same time as the shearing, in the 
course of which beryllium-bearing granitic peg- 
matites intruded into the chromium-bearing ultra- 
mafic (komatiitic) rocks of the Mweza greenstone 
belt. Fluids present in the pegmatite/greenstone 
contact zone incorporated beryllium and chromium 
and migrated along local shear zones, in which the 
emerald crystals subsequently crystallized. The 
deformation in the area, the uplift of the Northern 
marginal zone, the intrusion of the pegmatites, and 
the metamorphism in the greenstone belt occurred 
so close in time that they cannot be resolved 
geochronologically. This would imply that the 
Sandawana emeralds formed during the main defor- 
mation event, around 2.6 billion years ago. 


MINING 


Since the discovery of the Sandawana deposits in 
1956, an almost continuous exploration program 
has been carried out within the 21-km-long claim 
holding. Over the years, systematic trenching and 
surface drilling of profiles for structural studies has 
led to the discovery of many emerald-bearing sites, 
including: Eros, Juno, Aeres, and, more recently, 
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Orpheus. Nevertheless, since the earliest days, 
emerald exploitation has been concentrated mainly 
in the Zeus area (again, see figure 3). 

The Zeus mine was an open-cast operation until 
the pit reached 15 m. It was so rich in emeralds that 
the location was nicknamed the “Bank of England” 
(figure 5). Subsequently, the Zeus mine was devel- 
oped into a modern underground mine. Over a strike 
of 700 m, four vertical shafts have been sunk. The 
No. 3 shaft (figure 6) currently serves as the main 
production shaft, reaching levels as far down as 400 
feet (122 m). Another almost vertical shaft serves the 
mine from 400 feet (122 m) to the 500 feet (152 m) 
level. Levels and sublevels are 25 feet (7.6 m) apart 
vertically and are connected by raises. Drifts (hori- 
zontal tunnels) are mined along the hanging and 
footwall contacts of the pegmatites, and mining of 
the emerald-bearing shoots is done by stoping meth- 
ods. Ore is removed via small tunnels called ore 
passes. It is then transported in cocopans (ore carts) 
on rails to the haulage shaft. 

More than 40 km of tunnels and shafts have 
been dug at the Zeus mine. All underground survey 
data are plotted on a composite mine plan, scale 
1:1000. Since its inception, the survey department 
has maintained a three-dimensional model of the 
underground mine workings. 
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Figure 6. The main production shaft at the Zeus 
mine, the No. 3 shaft, serves as a haulage shaft 
down to 400 feet (122 m). Photo by E. J. Petsch. 


After extensive trenching (figure 7, left), surface 
drilling (figure 7, right), sampling, and some open- 
pit mining, exploration shafts recently were sunk at 
the Aeres-3 and Orpheus sections. These prospects 
are 3 km northeast and 10 km southwest of the 
Zeus mine, respectively (again, see figure 3). 


PROCESSING 

Waste rock loosened by the blasting is dumped near 
the haulage shaft, and rock with any “green” in it 
taken from the (narrow) ore-zone is transported to 
the processing plant and batch processed. 
Exceptionally rich matrix with fine-quality emer- 
alds visible is hand cobbed underground and treated 
separately from the normal run-of-mine material. 
Some of these pieces are selected for sale as collec- 
tors’ specimens. 

The processing plant is a standard washing/ 
screening trommel plant with a capacity of approxi- 
mately 300 tons of ore per month. About 42 people 
work there, eight hours a day, five days a week. 
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After the ore passes through a grizzly-grid (24 
cm), it is broken by a jaw crusher. (Although some 
emeralds might be slightly damaged by the jaw 
crusher, there is no alternative for large tonnages.) 
The ore is then washed and sized, with the largest 
(over 20 mm) and smallest (under 3 mm) pieces sep- 
arated out in a rotating trommel. Additional vibrat- 
ing screens further separate the material into specif- 
ic size ranges, so that larger and smaller pieces are 
not mixed (and the latter hidden by the former) dur- 
ing the next stage of sorting, on slow-moving con- 
veyor belts. Under strict security, 30 hand-pickers 
scan this material for emeralds (figure 8). For emer- 
ald recovery from the 1.6-6 mm fraction, 
Sandawana has introduced innovative processing 
technology based on gravity separation. The DMS 
(dense media separation) module, which has a 
capacity of one ton of ore per hour, was originally 
designed for diamond processing. This technology 
enables the mine to recover those smaller emeralds 
that might be overlooked in the course of hand sort- 
ing (figure 9). 

Next, “cobbers” use tungsten-tipped pliers and 
chipping hammers to liberate the emeralds from 
their matrix with a minimum of damage (figure 10). 
Some material needs additional tumbling for further 
cleaning. Last, all the rough emeralds are sorted 
according to size, color, and clarity to prepare 
parcels for the international market. The entire pro- 
cessing plant area is surrounded by a security fence, 
patrolled by security staff, and monitored by securi- 
ty officers using closed-circuit television. 


THE SANDAWANA ROUGH 


The majority of the rough emeralds are recovered as 
crystal fragments, most of which show a few crystal 
faces. Also seen are well-formed short-prismatic 
hexagonal crystals with pinacoidal terminations. In 
fact, most of the emeralds seen in situ to date have 
been either euhedral or subhedral, with prominent 
prismatic faces (figure 11). Many of the crystals con- 
tain fractures filled with fine-grained albite, which 
represent very weak zones. Consequently, these 
emeralds break easily when they are removed from 
the host rock or processed. 

Most of the emeralds are medium to dark green. 
Although pale-green stones (perhaps more appropri- 
ately called green beryls) have occasionally been 
found, to date these have been seen only in the peg- 
matite, away from the contact with the schist. 

Sandawana emerald crystals are typically small 
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(most gem-quality material is between 2 and 8 mm, 
although opaque crystals as large as 12 mm are fre- 
quently seen), but some larger crystals were found 
recently. The largest crystal that one of the authors 
(JCZ) has seen was 1,021.5 ct, found at the Orpheus 
mine in 1995. It showed complex interpenetrant 
twinning and, in addition to the first-order prismat- 
ic faces, a small second-order bipyramidal face. 
Some of the larger crystals from Orpheus (figure 12) 
were found in “khaki’-colored altered schist near a 
pegmatite at the surface. These crystals represent 
the more common crystal habit for this size, show- 
ing prismatic faces and rounded-to-somewhat irreg- 
ular terminations, with pinacoidal faces only partly 
developed. Most of these large crystals contain a 
substantial portion that is suitable for cutting, usu- 
ally as cabochons. The average retention after cut- 
ting is 10%—20% of the original weight. The general 
manager of the mines recently reported that larger 
crystals, about 25 to 100 ct each, are now regularly 
extracted from the Zeus mine as well. 


PRODUCTION AND DISTRIBUTION 


Since 1993, when the mine changed management, 
monthly emerald production has improved consid- 
erably and become more consistent. As noted earli- 
er, crystals in the 25-100 ct range are now produced 
fairly regularly (precise quantities are not available); 
a few exceptional crystal clusters, weighing around 
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Figure 7. Exploration activities at Sandawana 
include (left) cross-trenching at the Aeres-3 sec- 
tion to find new pegmatite bodies, and (top) sur- 
face drilling at Orpheus to locate new ore zones. 
Photos by J. C. Zwaan (left) and E. J. Petsch 


(top). 


500 ct, have also been found. Nevertheless, many 
polished stones weigh less than 0.25 ct, as previous- 
ly described by Giibelin (1958), although a substan- 
tial number of polished stones weighing between 
0.25 and 0.80 ct have entered the market. 
Additionally, stones weighing above 1 ct and even 
close to 2 ct are sometimes produced. Cut 
Sandawana emeralds of 1.50 ct or more are still rare 
(figure 13). 

Although the quantity of emeralds produced 
varies somewhat from month to month, figures 
over the last three years show a production of at 


Figure 8. Ore fractions on the slow-moving con- 
veyor belts are carefully checked for emeralds 
by hand-pickers. Gem-quality pieces are 
deposited in safety boxes by each sorter. Photo 
by E. J. Petsch. 
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Figure 9. The high-efficiency DMS (dense media 
separation) module is used at Sandawana to 
separate emeralds in the 1.6-6 mm fraction of 
run-of-mine material from the other minerals 
that are present in the ore zone. This computer- 
controlled module can process about one ton of 
ore per hour. Photo by J. C. Zwaan. 


least 60 kg of mixed grades of rough emeralds per 
month, of which 10% is usually transparent enough 
and of a sufficiently attractive color to be faceted or 
cut en cabochon. 

As regulated by the government, part of the pro- 
duction is cut locally for export from Zimbabwe. 
However, the greater part of the rough material is 
sold to traditional clients and, in recent years, also 


Figure 10. Tungsten-tipped pliers are used to free 
the emeralds from their matrix. Photo by E. J. 
Petsch. 
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at regular invitation-only auctions. Sales of all gem 
materials (rough and cut) in Zimbabwe are moni- 
tored by the Mineral Marketing Corporation of 
Zimbabwe (MMCZ]). For those emeralds cut offi- 
cially in Harare, the fractures are not filled with an 
oil or an artificial resin. When fractures in these 
stones are filled, this happens at a later stage “along 
the pipeline.” 

Although it is difficult to give a precise esti- 
mate of reserves, ongoing exploration in the 
Sandawana area indicates that current production 
can be maintained for many years to come. 


GEMOLOGICAL CHARACTERISTICS 


Materials and Methods. For this study, we exam- 
ined a total of 68 emerald samples, of which 36 
(ranging from 0.07 to 1.87 ct) were polished. Almost 
all of the rough samples were transparent to translu- 
cent, suitable for cutting. Some of the material was 
collected in situ during fieldwork. The rest was 
obtained from the mine run, but from material that 
was kept separate for each stope, so that we could 
identify from which mine or part of the mine it 
came. Most of the rough emeralds were found near 
the contact between pegmatite and schist, but we 
also studied one 2.5 cm pale-green gem-quality crys- 
tal that was recovered from the pegmatite 1.25 m 
from the contact. 

A Rayner refractometer with an yttrium alu- 
minum garnet (YAG] prism was used to measure 
the refractive indices and birefringence of all pol- 
ished samples. We measured specific gravities on all 
samples—except the 11 from which thin sections 
were made (see below)—using the hydrostatic 
method. Inclusions were identified using a standard 
gemological (Super 60 Zoom Gemolite Mark VII) 
microscope, a polarizing (Leica DMRP Research) 
microscope, and a laser Raman microspectrometer 
(Dilor S.A. model Microdil-28). For the detailed 
study of fluid inclusions, we had polished thin sec- 
tions made from 11 samples. Polarized absorption 
spectra of 10 representative medium- to dark-green 
samples were taken with a Pye Unicam PU 8730 
UV/VIS spectrometer under room-temperature con- 
ditions. 

Quantitative chemical analyses were carried 
out on some emeralds and some inclusions with an 
electron microprobe ([EOL model JXA-8800M). In 
total, 40 spot analyses were performed on four gem- 
quality medium- to dark-green rough emeralds and 
the one light-green emerald extracted from a peg- 
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Figure 11. Most of the emeralds seen in situ 
(here, in fine-grained, sugary albite) have been 
either euhedral or subhedral, with prominent 
prismatic faces. Photo © NNM, The Netherlands. 


matite, all from the Zeus mine, and one medium- 
green emerald from the Orpheus mine; 23 were per- 
formed on amphibole inclusions; and 20 analyses 
were done on other inclusions. 

Both the Raman and microprobe analyses were 
performed at the Institute of Earth Sciences, Free 
University of Amsterdam. 


Visual Appearance. Fashioned Sandawana emeralds 
are known for their attractive color. Most of the 
samples we examined were a vivid green with 
medium to dark tones (figure 14). It is striking that 
the darker tones are not restricted to the larger 
stones; for instance, one stone weighing only 0.10 ct 
had a medium dark tone. Sandawana emeralds typi- 
cally show even color distribution and are slightly 
to heavily included. Eye-visible internal features 
such as minerals or (partially healed) fractures are 
quite common. 


Physical Properties. The standard gemological prop- 
erties of the Sandawana emeralds tested are given in 
table 1 and discussed below. 


Refractive Indices. The measured values fell within 
a somewhat narrower range than was indicated by 
Giibelin (1958; n, =1.581-1.588 and n, =1.588- 
1.595), which only confirms that small variations 
exist. More than 70% of the stones tested showed 
n, = 1.585-1.586 and n, = 1.592-1.593, and 90% 
showed a birefringence of 0.007. 


Specific Gravity. The measured values varied 
between 2.73 and 2.80. However, stones weighing 
0.15 ct or more gave results between 2.74 and 2.77, 
and most stones (66%) showed values around 
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Figure 12. Note the crystal habits of these large 
emerald crystals found at the Orpheus mine, 
108.58 ct (left) and 64.95 ct (right). Both have 
translucent areas from which cabochons or 
beads could be cut. Photo © NNM, 

The Netherlands. 


Figure 13. Although the row of calibrated emer- 
alds (0.09-0.18 ct) is more typical of the emer- 
alds routinely produced from the Sandawana 
mines, more larger stones, such as the approxi- 
mately 0.80 ct pear shape, have been produced 
recently. Stones like the 3.67 ct Sandawana 
emerald in the ring are still extremely rare. The 
row of calibrated emeralds is courtesy of 
Edward Boehm, Joeb Enterprises, Atlanta, 
Georgia; the ring and pear-shaped emerald are 
courtesy of The Collector Fine Jewelry, 
Fallbrook and La Jolla, California. Photo © 
Harold & Erica Van Pelt. 
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Figure 14. These stones, which range from 0.28 
to 1.87 ct, are part of the group of 36 cut 
Sandawana emeralds examined for this study. 
Like most of the polished samples studied, they 
are medium to dark in tone. Photo © NNM, 

The Netherlands. 


2.75-2.76. These numbers are consistent with earli- 
er reports by Gtibelin (1958) and Bohmke (1966). 
Note that the smaller stones with higher specific 
gravities contained many (predominantly amphi- 
bole) inclusions. Thus, the scattering of values 
between 2.73 and 2.80 can be attributed in part to 


TABLE 1. Physical properties of 86 cut emeralds from 
Sandawana, Zimbabwe. 


Color Saturated colors ranging from medium to dark 
green. Color is evenly distributed; only weak 
color zoning is seen in some crystals and pol- 


ished stones. 
Clarity Slightly to heavily included 
Refractive indices on, = 1.584-1.587, n, = 1.590-1.594 
Birefringence 0.006-0.007 
Optic character Uniaxial negative 
Specific gravity 2.74-2.77 


(samples 0.15 ct) 


Pleochroism Dichroism: yellowish green (@) and bluish 
green (e) 

Fluorescence Usually inert to long- and short-wave ultraviolet 
radiation. Sometimes faint green to long-wave 
UV. 

Reaction to Light pink to pinkish red; the majority of the 


Chelsea filter 
Internal features 


material shows pink 


e Mineral inclusions: actinolite and cumming- 
tonite needles and long-prismatic laths, ran- 
domly oriented; albite and apatite, both 
showing various morphologies; phlogopite, 
calcite, dolomite, quartz, ilmenorutile 

¢ Partially healed fissures 

e Decrepitated primary fluid inclusions, typically 
rectangular in shape 

e Weak, if any, color zoning; complex zoning 
roughly parallel to the prismatic crystal faces 
seen in some clean crystals 
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Figure 15. The “tremolite” needles and laths 
that are a well-known hallmark of emeralds 
from Sandawana were conclusively identified as 
actinolite and cummingtonite. Darkfield illumi- 
nation, magnified 50x; photomicrograph by J. C. 
Zwaan. 


inaccuracy due to the small size of the stones and 
the greater influence of the inclusions at these sizes. 


Internal Features. Mineral Inclusions. The most 
abundant inclusions in the Sandawana emeralds 
examined are fibrous amphibole crystals (figure 15), 
which were previously described by various authors 
(e.g., Gtibelin, 1958; Bdhmke, 1982) as tremolite 
needles or fibers. In this study, we identified two 
amphiboles. Actinolite (a series with tremolite and 
ferro-actinolite) was identified by optical 
microscopy with transmitted light and by electron 
microprobe analyses. Tremolite and actinolite have 
the same basic chemical formula, Ca?(Mg,Fe2*)<- 
SigO9(OH),, but they have different Mg/(Mg + Fe2+) 
ratios. Tremolite contains very little iron and is 
extremely rich in magnesium (Mg/(Mg + Fe2+) = 
1.0-0.9). Actinolite, however, contains significantly 
more iron (Mg/[Mg + Fe2+] = 0.50-0.89; e.g., Leake, 
1978; Fleischer and Mandarino, 1995). The analyses 
gave a Mg/(Mg + Fe2+) ratio of 0.69-0.74, which is 
well within the actinolite field. 

The other amphibole, identified with these 
same techniques, is cummingtonite, which occurs 
both as fibers and as somewhat thicker prismatic 
crystals. It is as abundant as actinolite and some- 
times (where the fibers are large and thick) can be 
distinguished from it by its slightly higher relief in 
transmitted light and the presence of lamellar twin- 
ning in polarized light (figure 16). 

Using the electron microprobe, we observed 
that the thicker actinolite crystals are zoned and 
often show a rim of cummingtonite; in contrast, the 
cummingtonite crystals are not zoned. In many 
thinner amphibole needles, actinolite is intergrown 
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Figure 16. Long-prismatic crystals of the amphiboles actinolite and cummingtonite were identified in the 
Sandawana emeralds studied. In transmitted light (left), the cummingtonite laths (here, on the right of the pho- 
tomicrograph) show a slightly higher relief. Between crossed polarizing filters (right), these same cummingtonite 
laths show lamellar twinning. Photomicrographs by J. C. Zwaan; magnified 35x. 


with cummingtonite. Therefore, it will not come as 
a surprise that it is virtually impossible to distin- 
guish between actinolite and cummingtonite with a 
normal gemological microscope, using either trans- 
mitted or darkfield illumination. 

Another fairly common mineral inclusion is 
albite. It most frequently occurs as large tabular 
fragments (figure 17) or as small, slightly rounded, 
colorless crystals (figure 18). It also occurs in the 
form of a whitish, rectangular crystal surrounded by 
minute grains of (probably) albite, which give it the 
appearance of a snowball (figure 19). 

Apatite is a common inclusion, too, but the 
apatite crystals are often very small and show vari- 
ous morphologies. Apatite may occur in clusters of 
small colorless-to-light green crystals, or as isolated, 


Figure 17. Large colorless to milky white tabular 
albite crystals, such as the one shown here near 
the surface of the stone, frequently occur in 
Sandawana emeralds. Oblique illumination, 
magnified 60x; photomicrograph by J. C. Zwaan. 


idiomorphic crystals, sometimes brownish green 
but also colorless (figure 2.0). In addition, apatite fre- 
quently occurs as rounded crystals with an irregular 
surface (figure 21). This illustrates that, in some 
gem materials, the same mineral can have a variety 
of appearances, which makes these inclusions diffi- 
cult to identify by using only the microscope. In 
many cases, Raman spectroscopy helped reveal the 
true nature of an inclusion (see, e.g., Pinet et al., 
1992; Hanni et al., 1997); in some, it easily distin- 
guished between albite and apatite, which may look 
very similar. 

Phlogopite is abundant in the ore zone where 
the emeralds are found, but it was only occasionally 
present in the samples we studied. The distinctive 
orangy brown plate-like crystals are easy to identify 


Figure 18. Many Sandawana emeralds of various 
qualities were also seen to contain small, round- 
ed, colorless albite crystals. Transmitted light, 
magnified 125x; photomicrograph by J. C. 
Zwaan. 
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GEMOLOGICAL DIGESTS 


Jonker No. 1, Weight Correction 


Since our first mention of Jonker 
No. 1, in Summer of 1937, the gem 
has been reduced in weight by a 
recutting to remove a flaw and im- 
prove its proportions, and by a sub- 
sequent repolishing to remove a 
slight scratch. 

A record but recently furnished 
us of present weights of the twelve 
fashioned gems produced from the 
Jonker rough was in error in the 
weight listed for the largest. 


Throughout our material on the 
great rough and its fashioned gems 
we are correcting the present weight 
recorded for Jonker No. 1. Those 
who retain the Diamond Glossary 
section of each issue as a separate 
reference source should make the 
following correction: 

Fall 1943 issue, Gems & Gemology, 
page 107: The last line of the para- 
graph at the beginning of the page 
should read 125.65 carats. . z 


New Colorscope Tested 


The Gemological Institute of 
America Laboratory has tested an 
instrument recently available in the 
jewelry trade under the name of 
Colorscope. 

The instrument is in the form of a 
folding pocket magnifier, made of 
plastic and mounting two circular 
sheets of smoked glass about %4” in 
diameter, between which there is a 
small colorless lens of about 2x 
power. This lens and the two sheets 
of smoked glass are separated by 
rings of plastic. When viewed from 
the outside the mounted combination 
of glass and plastic appears to be 
one solid piece of glass. 

Instructions accompanying the in- 
strument state: That it is an aid 
in distinguishing differences in color 
of ordinary trade grades of dia- 
monds (this assistance is said to be 


more pronounced in daylight or 
other strong light); that Premier 
diamonds may be distinguished by a 
distinctive purplish color under the 
instrument; and that “doctored” dia- 
monds reveal their true color under 
it. 

The G.I.A. reports that the Color- 
scope does aid in distinguishing 
colors of ordinary trade grades of 
diamonds, but neither as efficiently 
nor as accurately as an ordinary 
colorless magnifier of the same mag- 
nification, while a colorless magnifier 
3x or, 4x is still more efficient. Still 
further efficiency is obtained by use 
of the Diamolite, or under other con- 
trolled and diffused light of the type 
most often used by experienced dia- 
mond graders. 

In sunlight the Colorscope is more 
efficient, as the smoked glass tends 


Figure 19. This albite crystal, which is surround- 
ed by minute inclusions (probably also albite), 
looks like a snowball. Oblique illumination, 
magnified 60x; photomicrograph by J]. C. Zwaan. 


visually (figure 22; identification confirmed by 
microprobe). Inclusions also identified visually (and 
confirmed by microprobe) were calcite and a 
dolomite-group carbonate, emerald, quartz (very 
small, elongated, and rounded crystals), and zircon 
(minute crystals). Large black crystals of chromium- 
bearing ilmenorutile were found in one cut emerald, 
but they cannot be considered common inclusions. 
Gersdorffite, another opaque mineral, also was iden- 
tified by microprobe analysis, but it is only present 
as extremely small grains. In the reaction rim of a 
medium-green emerald that was found in the peg- 
matite near a streak of amphibole schist (only 10 


Figure 21. In a classic “Sandawana scene” of 
long actinolite and cummingtonite crystals, lie 
three small, rounded apatite inclusions with 
slightly corroded surfaces—very different in 
appearance from those apatites shown in figure 
20. Transmitted light, magnified 160x; photomi- 
crograph by J.C. Zwaan. 
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Figure 20. A cluster of small apatite crystals lies 
near a larger brownish green apatite in this 
Sandawana emerald. Transmitted light, magni- 
fied 100x; photomicrograph by J. C. Zwaan. 


cm away from the contact with the greenschist), the 
lithium amphibole holmquistite was tentatively 
identified (from electron microprobe analysis and 
calculation of the chemical formula) but no cum- 
mingtonite or actinolite. This was confirmed by 
optical microscopy: The amphiboles analyzed 
showed straight extinction under crossed polarizing 
filters, which is characteristic for holmquistite. We 
did not encounter any of the resorbed garnet inclu- 
sions that had been previously described (Gtibelin, 
1958; Gtibelin and Koivula, 1992); similar-appearing 
inclusions (figure 23) were investigated with Raman 
spectroscopy but could not be identified as garnet 


Figure 22. Seen here at the edge of a piece of 
gem-quality rough, this orangy brown plate-like 
crystal is phlogopite, which is somewhat rare in 
Sandawana emeralds. The black inclusion at the 
lower left was tentatively identified as a meta- 
mict zircon. Transmitted light, magnified 100x; 
photomicrograph by J. C. Zwaan. 
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Figure 23. Although similar in appearance to pre- 
viously described garnet inclusions with brown- 
ish haloes, the inclusion shown here is probably 
a mixture of limonite (on the basis of visual 
appearance) and amphiboles (as identified by 
Raman spectroscopy). Garnets were not identi- 
fied in any of the Sandawana emeralds studied 
for this report. Transmitted light, magnified 
160x; photomicrograph by J. C. Zwaan. 


(which should be easily identified by that method; 
see Pinet et al., 1992). 


Fluid Inclusions. Much more difficult to investigate 
than the solid inclusions, the fluid inclusions seen 
in the samples we investigated are very different 
from the well-known brine inclusions present in, 
for example, Colombian emeralds. In our search for 
fluid inclusions, we did find partially healed frac- 
tures with minute inclusions to be quite common 
(figure 24). However, most of these inclusions were 
so small (less than 6 um in diameter) that they 
could not be analyzed by Raman spectroscopy. 
Some of the slightly larger inclusions in a partially 
healed fracture were found to be empty, and quite a 
few contained minerals that were identified as car- 
bonates (figure 2.5). 

Slightly larger isolated inclusions (approximate- 
ly 35 um long) were seen to occur as small, dark, 
comma-like features oriented parallel to the c-axis 
(figure 26). These inclusions, too, were empty and 
carbonate has been identified near them. Carbonate 
is often found near decrepitated inclusions that may 
have contained CO, (J. Touret, pers. comm., 1996). 
These isolated inclusions thus can be interpreted as 
the remnants of primary CO, inclusions. 

In addition to these partially healed fissures and 
isolated decrepitated inclusions, straight trails with 
decrepitated inclusions were also a common feature 
in the emeralds from Sandawana (figure 27). 

Tube-like two-phase, liquid and gas, inclusions 
were seen in one sample, but they were difficult to 
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Figure 24. Partially healed fractures containing 
minute inclusions were often present in the 
Sandawana emeralds examined. Darkfield illu- 
mination, magnified 60x; photomicrograph by 
J. C. Zwaan. 


identify with a standard gemological microscope 
because there were so few of them and they were 
extremely small. 


Growth Zoning. In most of the samples, the color 
was evenly distributed. Occasionally, we saw a very 
weak and broad medium to medium-dark green 
color zoning , which was straight and parallel to the 
prismatic crystal faces. Some clean idiomorphic 
crystals with an even color distribution actually 
showed complex deformation twinning when 
viewed with crossed polarizers (figure 28]. This pat- 
tern, together with anomalous birefringence, indi- 
cates considerable directional stress during crystal 
growth. 


Figure 25. A closer look at the minute inclusions 
in a partially healed fracture reveals that the 
doubly refractive minerals are carbonates. 
Transmitted light, crossed polarizers, magnified 
175x; photomicrograph by J. C. Zwaan. 
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Figure 26. These comma-like, decrepitated, iso- 
lated inclusions with whitish carbonate repre- 
sent the remnants of primary COo inclusions. 
Transmitted light, magnified 200x; photomicro- 
graph by J. C. Zwaan. 


Absorption Spectrum. A typical absorption spec- 
trum for Sandawana emeralds is shown in figure 
29A. Broad absorption bands around 430 nm and 
610 nm (for the ordinary ray), and the sharp peak at 
683 nm, are reportedly caused by Cr3+, whereas the 
broad band around 810 nm is attributed to Fe2+ 
(Wood and Nassau, 1968; Schmetzer et al., 1974). 
The spectrum is characteristic for a so-called “Cr3+- 
emerald” (Schmetzer et al., 1974), in which the 


Figure 28. Observation of this Sandawana emer- 
ald between crossed polarizers revealed complex 
zoning caused by tapered deformation twins. 
The anomalous birefringence also indicates crys- 
tal growth under considerable directional stress. 
Transmitted light, magnified 40x; photomicro- 
graph by J. C. Zwaan. 
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Figure 27. The trail with decrepitated inclusions 
on the left is a common feature in Sandawana 
emeralds; it indicates the earlier presence of flu- 
ids. Albite crystals are visible on the right. 
Transmitted light, magnified 125x; photomicro- 
graph by J. C. Zwaan. 


color is solely due to Cr°+ ions. The low absorption 
minimum in the green and the steep slopes of the 
Cr3+ absorption bands produce the vivid green color. 
Possible chromophores such as V3+ and Fe?+ are not 
present in sufficient quantities to contribute to the 
color (see Chemical Analysis, below). Although pre- 
sent, small amounts of Fe2+ do not influence the 
color, because the peak lies outside the visible-light 
region, in the near-infrared. 

The spectra of emeralds from Sandawana can be 
distinguished from the spectra of “Cr3+-emeralds” 
from Colombia by the intensity of the Fe2+ absorp- 
tion band in the former. Only the e-spectrum of 
Colombian emeralds may show a very weak, broad 
absorption band around 800 nm, but in most cases 
an iron spectrum can barely be detected (e.g., 
Bosshart, 1991; Henn and Bank, 1991). Emeralds 
from many other localities in which Fe3+ con- 
tributes to the color show an additional (often low 
intensity) peak around 370 nm (e.g., Schmetzer et 
al., 1974; Henn and Bank, 1991). Figure 29 provides 
examples of spectra caused by various chromo- 
phores. 


CHEMICAL ANALYSIS 


Table 2 gives the average quantitative results that 
we obtained with the electron microprobe. The 
Sandawana emeralds are characterized by an 
extremely high chromium content. Average con- 
centrations varied between 0.6 and 1.3 wt.%, but 
spot analyses revealed chemical zoning on a small 
scale within the samples, with concentrations vary- 
ing from 0.38 to 1.48 wt.%. In one sample from the 
Zeus mine, the range was even greater, 0.13 to 3.05 
wt.%. In those stones where weak color zoning was 
observed, the slightly darker green zones revealed 
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more chromium, but often no straightforward corre- 
lation between color intensity and chromium con- 
tent could be found. 

From these analyses, it can be seen that the 
chromium content is partly consistent with the val- 
ues given by Gtibelin (1958), Martin (1962), and 
Hanni (1982), but it can also be substantially higher. 

The Sandawana emeralds also show low Al,O3 
content but very high MgO and Na,O contents. 
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TABLE 2. Microprobe results of analyzed elements in four 
medium- to dark-green emeralds (range of average results) 
and one pale green beryl (the average for each element) 
from Sandawana.* 


Medium- to dark- 
green emeralds 
from the Zeus and 


Pale green 
beryl from the 


Oxide Orpheus mines (wt.%) Zeus mine (wt.%) 
SiO, 62.6 -63.2 62.8 
ALO, 13.0 -13.7 14.3 
Cr,0, 0.61- 1.33 0.16 
VO; 0.04- 0.07 0.04 
FeO 0.45- 0.82 0.71 
MgO 2.52- 2.75 2.38 
Na,O 2.07- 2.41 2.30 
K,O 0.03- 0.06 0.06 
Cs,O 0.06- 0.10 0.09 
Rb,O” < 0.04 bdl 
CaO” < 0.03 bdl 
TiO, < 0.05 bdl 


*? Comments: BeO, LisO, and HO cannot be analyzed with a micro- 
probe. MnO, Sc,O,, F, and Cl were below the detection limits. Total 
iron is reported as FeO. 

° Most of the analyses gave values equal to or below the detection 
limit (bdll). 


Using Schwarz’s empirical subdivision of low, 
medium, and high concentrations of elements in 
emerald (see, e.g., Schwarz, 1990), we would also 
conclude that the iron content is medium whereas 
the vanadium content is very low. Notable is the 
presence of cesium. As observed by Bakakin and 
Belov (1962), Cs is present typically in Li-rich beryl. 
Lithium cannot be analyzed by microprobe, but its 
presence is indicated by Gtibelin (1958), Martin 
(1962), and Bohmke (1982), who reported Li,O val- 
ues ranging from 0.10 to 0.15%, respectively. 

On the basis of structural refinements, 
Aurisicchio et al. (1988) proposed three types of 
beryls: “octahedral,” in which substitutions in the 
Al octahedral site by Fe2* and Mg?* plus Fe?+, Cr3*, 
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Figure 29. The absorption spectrum recorded in 
Sandawana emeralds (A) is comparable to that 
of Colombian emeralds (B), but the former has a 
strong absorption band in the near-infrared due 
to Fe2+. The spectrum of one Brazilian emerald 
(C) shows an additional peak in the violet due to 
Fe3+, The spectrum of a chrome-free emerald 
from Salininha, Brazil, which is colored by V3+, 
is shown in (D). Spectra B and C are from Henn 
and Bank (1991); spectrum D is from Wood and 
Nassau (1968). Red line = ordinary ray, blue line 
= extraordinary ray. 
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V3+, Mn?+, and Tit represent the main isomor- 
phous replacement; “tetrahedral,” in which the 
main substitution is Li in the Be tetrahedral site; 
and “normal,” in which the two substitutions occur 
together, but to a limited extent. In this model, a 
compositional gap exists between beryls with octa- 
hedral and tetrahedral substitutions. According to 
this model, the analyzed emeralds from Sandawana 
would fall in the category of “octahedral” beryls. 


DISCUSSION 


Geology and Occurrence. The magnesium and 
chromium in Sandawana emeralds come from the 
greenstones into which the small pegmatites 
intruded. This is confirmed by the analysis of the 
pale-green beryl that was found in the pegmatite 
1.25 m from the contact with the greenstones (table 
2). It contains less Mg and Cr than the emeralds, 
which were found closer to the contact. Most of the 
komatiites that comprise the greenstones are 
Archean in age, and resemble in composition the 
Archean mantle. In this respect, one could suggest 
that emeralds from Sandawana owe their magnifi- 
cent color (caused by chromium accompanied by a 
relatively low concentration of iron) to the composi- 
tion of the very old greenstones in which they crys- 
tallized. The exact conditions under which the 
emeralds formed are still under investigation. The 
fact that most of the fluid inclusions have decrepi- 
tated suggests a long crystallization history, but 
shearing does not seem to be the most important 
factor. If it were, inclusions would be transposed in 
a series of secondary healed fractures, which is not 
commonly the case. Decrepitation of single inclu- 
sions is more likely related to episodes of sudden 
regional decompression (block uplift) after initial 
formation. However, more evidence is needed 
before any definite statements can be made on this 
subject. 

Like Sandawana, many other emerald occur- 
rences are located near the margin of cratonic areas, 
close to mobile belts (a long, relatively narrow 
crustal region of tectonic activity) or suture zones. 
For example, the Afghanistan emeralds are located 
in the Panjsher suture zone, which marks the clo- 
sure of the Paleotethys Ocean; the Pakistan emer- 
alds occur in the Indus suture zone, which is the 
collision margin between the Indo-Pakistan subcon- 
tinent and Asia; and the occurrence of emeralds in 
Russia is related to the collision of the European 
and Asian plates to form the Ural Mountains 
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(Kazmi and Snee, 1989). However, the Sandawana 
emerald occurrence is much older than the Asian or 
Russian deposits. This ancient suture zone may rep- 
resent a collision between microcontinents, but the 
extent to which modern concepts of plate tectonics 
may be applied to this region is still under debate. 


Identification. The higher R.I. values of Sandawana 
emeralds make them very easy to distinguish from 
their synthetic counterparts. The latter typically 
have lower refractive indices, roughly between 1.56 
and 1.58 (see, e.g., Webster, 1983; Schrader, 1983; 
Liddicoat, 1989), although some Russian hydrother- 
mal synthetic emeralds have shown R.I.’s up to 
1.584 (see, e.g., Koivula et al., 1996). 

On the basis of refractive index, birefringence, 
and specific gravity values (see, e.g., Giibelin, 1989, 
Schwarz, 1990, 1991; Schwarz and Henn, 1992), 
emeralds from Sandawana resemble emeralds from 
the Ural Mountains of Russia, the Habachtal region 
of Austria, the Santa Terezinha de Goids deposits of 
Brazil, certain mines in Pakistan, and the 
Mananjary region in Madagascar. From table 3, it 
can be seen that emeralds from most of these other 
localities show greater variation in properties than 
the Sandawana stones. Also, most emeralds from 
the Ural Mountains and from the Mananjary region 
have lower values than those recorded for the 
Sandawana stones. 

A comparison of inclusions reveals that emer- 
alds from the Swat and Makhad mines in Pakistan 
do not contain any amphibole fibers and needles but 
frequently show black chromite and many two- 
phase (liquid-gas) and three-phase (liquid-gas-solid) 
inclusions (Gtibelin, 1989); thus, they look quite dif- 
ferent from Sandawana emeralds. Emeralds from 
the Charbagh and Khaltaro mines in Pakistan (not 
mentioned in table 3 because most of the stones 
examined came from the Swat mines [the largest 
mines] and Makhad, and can be considered most 
representative of Pakistan emeralds) may contain 
brownish green to black actinolite rods, but certain- 
ly not thin fibers of amphibole; they also show 
slightly lower specific gravities and refractive 
indices (Giibelin, 1989). 

Emeralds from the Ural Mountains may con- 
tain actinolite rods that closely resemble the long- 
prismatic actinolite and cummingtonite crystals 
observed in Sandawana emeralds. However, the 
thin and often curved fibers seen in Sandawana 
emeralds have not been reported in Uralian emer- 
alds; in the latter, phlogopite is frequently present 
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TABLE 3. Physical properties of emeralds from various localities.” 


Locality Refractive indices Birefringence Specific 
gravity 
ne No 
Sandawana, Zimbabwe 1.584-1.587 1.590-1.594 0.006-0.007 2.74-2.77 
Swat Mines, Pakistan 1.578-1.591 1.584-1.600 0.006-0.009 2.70-2.78 
Makhad, Pakistan 1.579-1.587 1.586-1.595 0.007-0.008 2.74-2.76 
Ural Mountains, Russia 1.575-1.584 1.581-1.591 0.007 2.72-2.75 
Habachtal, Austria 1.574-1.590 1.582-1.597 0.005-0.007 2.70-2.77 
Santa Terezinna de Goias, Brazil 1.584-1.598 1.592-1.600 0.006-0.010 2.75-2.77 
Mananjary Region, Madagascar 1.580-1.585 1.588-1.591 0.006-0.009 2.68-2.73 


® Pakistan data from Gubelin, 1989; Russia data from Schmeizer et al, 1991, and Mumme, 1982; Austria data from 
Gtibelin, 1958, and Schwarz, 1991; Brazil data from Schwarz, 1990, and Lind et al, 1986; Madagascar data from 


Hanni and Klein, 1982, and Schwarz and Henn, 1992. 


as rounded platelets or as large, elongated tabular 
crystals (Schmetzer et al., 1991; Giibelin and 
Koivula, 1992). Although phlogopite has been found 
in emeralds from Sandawana, it is uncommon. Like 
the Uralian emeralds, the emeralds from Habachtal 
contain actinolite rods and phlogopite platelets, but 
—like the Sandawana emeralds—-the Austrian 
stones also have apatite crystals (Gtibelin and 
Koivula, 1992). However, these emeralds normally 
show an inhomogeneous—” patchy”—color distri- 
bution (Morteani and Grundmann, 1977) that has 
not been seen in Sandawana emeralds. 

Although amphibole has been identified in 
emeralds from Santa Terezinha, Brazil, these emer- 
alds are characterized by abundant opaque inclu- 
sions such as black spinel (as small octahedra and 
larger irregular grains), hematite, rutile, and pyrite. 
They also contain various pale-brown to colorless 
carbonates, which are present as irregular grains, 
aggregates, and fillings of fractures, but also as 
rhombohedra (Schwarz, 1990). By contrast, opaque 
inclusions of distinguishable size are rare in 
Sandawana emeralds, so separation from these 
Brazilian emeralds should be relatively easy. 

Inclusions in emeralds from Madagascar may 
look very similar to those found in Sandawana emer- 
alds, because long-prismatic amphibole rods are fre- 
quently found (Schwarz and Henn, 1992; Schwarz, 
1994) as well as fibrous aggregates of talc (Schwarz, 
1994), which may resemble the amphibole fibers 
present in Sandawana emeralds. Feldspar crystals 
and carbonates have also been identified, although 
feldspar is less common in Madagascar stones 
(Schwarz, 1994). Hanni and Klein (1982) identified 
apatite, too. However, in many Mananjary emeralds, 
transparent, somewhat rounded or “pseudo-hexago- 
nal” mica (usually biotite/phlogopite) is the most 
common inclusion (Hanni and Klein, 1982; Schwarz 
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and Henn, 1992; Schwarz, 1994). Fluid inclusions 
were observed in most Mananjary emeralds, the larg- 
er inclusions are often somewhat rectangular-shaped 
negative crystals filled with gas and liquid (Hanni 
and Klein, 1982; Schwarz, 1994), but three-phase 
(solid-liquid-gas) inclusions may also occur (Schwarz 
and Henn, 1992). As mentioned above, neither mica 
nor fluid inclusions are frequently found in 
Sandawana emeralds. 

The chemistry of emeralds from the mentioned 
localities provides additional evidence (table 4). The 
chromium content is distinctly lower for emeralds 
from the Ural Mountains, Habachtal, and the 
Mananjary region. For the Uralian emeralds, this 
was confirmed by Laskovenkov and Zhernakov 
(1995), who gave typical chromium contents of 
0.15-0.25 wt.%, with the content in some stones as 
high as 0.38 wt.%. In emeralds from Santa 
Terezinha, the chromium content can be very low, 
but also very high. However, the sodium content is 
lower—and, in most cases, the iron content is high- 
er—than in emeralds from Sandawana. 

All of the Sandawana emeralds we tested 
showed high magnesium and sodium contents, 
with little variation from stone to stone as well as 
within a stone. The average compositions can thus 
be compared with compositions of emeralds from 
other localities with the help of, for instance, 
Na ,O/MgO and Na,O/Al,O3 variation diagrams 
(figure 30). In both diagrams, the representative 
points for Sandawana emeralds show distinctly high 
contents of both sodium and magnesium. Only 
some emeralds from Habachtal and the Mananjary 
region, and emeralds from the Swat and Makhad 
mines, Pakistan, show comparable contents and 
ratios. As stated above, this similarity poses no 
problem for Habachtal and Mananjary emeralds, 
because these contain less chromium. Emeralds 
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TABLE 4. Chemistry of emeralds with overlapping physical properties (wt.%).- 


Oxide | Sandawana, Swat mines, Makhad, Ural Habachtal, Santa Mananjary 
Zimbabwe Pakistan Pakistan Mountains, Austria Terezinha, Region, 
Russia Brazil Madagascar 


SiO, 62.6 -63.2 62.7 -62.8 62.2 -62.9 646 -66.9 64.6 -66.1 63.8 —-66.5 63.3 -65.0 
Al,O, 13.0 -13.7 13.1 -142 135 -142 142 -183 133 -14.5 12.2 -14.3 12.8 -14.6 
Cr,O, 0.61— 1.33 0.39- 1.17 0.23- 1.26 0.01- 0.50 0.01- 0.44 0.06- 1.54 0.08 — 0.34 


V0, 0.04-— 0.07 0.01- 0.06 0.04— 0.06 < 0.04 < 0.04 < 0.08 < 0.03 
FeO 0.45- 0.82 0.52- 0.91 0.44- 0.67 O.10- 1.16 0.61- 1.87 0.77- 1.82 0.91- 1.46 
MnO n.d. n.d. n.d. < 0.03 < 0.05 < 0.02 — 


MgO 2.52— 2.75 2.46- 2.50 2.37- 2.68 0.29- 2.23 2.33- 2.92 2.48- 3.09 1.71- 3.00 
Na,O 2.07— 2.41 2.006- 2.11 1.64- 2.05 O61- 1.72 1.54— 2.24 1.46- 1.73 1.28- 2.16 


K,O 0.03- 0.06 < 0.02 < 0.07 0.01- 0.10 < 0.03 0.05- 0.21 
Cs,O 0.06- 0.10 — = = = — = 
Rb,O < 0.04 — = = = — = 
CaO < 0.03 n.d n.d. < 0.03 0.02- 0.04 — _— 
TiO, < 0.05 n.d. 0.01- 0.02 < 0.05 < 0.03 _ n.d. 
Sc,O, n.d. — 0.17- 0.19 _— _— — _— 
Mo,O, n.d. = = = < 0.04 _ — 


2 Pakistan data from Hammarstrom, 1989; Russia data from Schwarz, 1991, and Schmetzer, 1991; Austria data from Schwarz, 1991; Brazil 
data from Schwarz, 1990; Madagascar data from Schwarz and Henn, 1992, and Hanni and Klein, 1982. 


°’ n.d. = not detected; — = no data. 
from Pakistan may be readily distinguished by their Because of the relatively constant properties of 
different inclusion scenery. Note that emeralds Sandawana emeralds, these stones can be readily 
from the Makhad mine were found to have appre- separated from emeralds from other localities on the 
ciable scandium (table 4), which was not detected in basis of a combination of physical properties, 
the Sandawana emeralds. inclusions, and chemistry. 


Figure 30. These variation diagrams of Na,O versus MgO (left) and Na,O versus Al,O, (right) in emeralds 
with comparable physical properties illustrate that the Sandawana emeralds can be distinguished by their 
high sodium content, with overlapping values for emeralds from Austria and Pakistan. Urals and 
Habachtal data from Schwarz (1991); Santa Terezinha data from Schwarz (1990); Pakistan data from 
Hammarstrom (1989); Madagascar data from Hdnni and Klein (1982) and Schwarz and Henn (1992). 
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CONCLUSION 


First discovered in 1956, Sandawana emeralds have 
become well known for their splendid vivid green 
color and the typically small size (0.05-0.25 ct) of 
the polished stones (figure 31). Since Sandawana 
Mines Pvt. (Ltd.) assumed management of the 
mines in 1993, more stones up to 1.50 ct have been 
produced. Stones above 1.50 ct are still rare. 

The emeralds probably formed during a major 
deformation event around 2.6 billion years ago, 
when small beryllium- and lithium-bearing peg- 
matites intruded into chromium- and magnesium- 
rich greenstones, which incorporated the elements 
necessary for emerald to crystallize. 

Sandawana emeralds show relatively constant 
physical properties, with high refractive indices and 
specific gravities compared to emeralds from other 
localities. Also unlike emeralds from many other 
localities, they are not characterized by fluid inclu- 
sions but rather by laths and fibers of amphibole, 
both actinolite and cummingtonite (previously 
reported to have been tremolite). Other common 
inclusions are albite and apatite. The relative 
absence of fluid inclusions is due to decrepitation of 
these inclusions during geologic history. Never- 
theless, remnants of fluid-inclusion trails are com- 
mon features. 

The chemistry is characterized by very high 
contents of chromium, sodium, and magnesium. 
Chromium contents in some samples were substan- 
tially higher than in specimens reported from other 
deposits. 

Although most emeralds from other localities 
with physical properties that overlap those for 
Sandawana emeralds also show solid inclusions, 
including actinolite rods (Russia, Brazil, Austria, 
Madagascar), it is relatively easy to distinguish 
emeralds from Sandawana by their internal charac- 
teristics. Amphibole fibers, in particular, are seldom 
seen in stones from other localities, whereas they 
are abundant in Sandawana stones. Phlogopite and 
some opaque inclusions, though identified in 
Sandawana emeralds, are much less common than 
in emeralds from the other localities. The chem- 


Figure 31. Sandawana emeralds are popular in 
rings because of their saturated color in small 
sizes. The four emeralds in this anniversary ring 
weigh a total of 0.32 ct. Courtesy of Suwa & 
Son, Tokyo, Japan. 


istry of emeralds from Pakistan is closest to that 
recorded for Sandawana stones, but emeralds from 
the two localities can easily be distinguished by 
their completely different internal characteristics. 
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MODERN DIAMOND CUTTING 
AND POLISHING 


This article examines the sophisticated 
techniques and equipment currently used 
to fashion a polished gem from a rough 
diamond. The basic manufacturing tech- 
niques—sawing, bruting, blocking, and 
polishing—are described with regard to 
the decisions that must be made to obtain 
the greatest value from a specific piece of 
rough. Over the last 25 years, the dia- 
mond-cutting industry worldwide has 
been revolutionized by sophisticated 
instruments for marking, laser sawing 
machines, laser kerfing machines, auto- 
matic bruting machines and laser bruting 
systems, automatic centering systems, 
and automatic polishing machines. 
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By Akiva Caspi 


o many, a rough diamond looks like any transpar- 

ent crystal or even a piece of broken glass. When 

cut as a faceted gemstone, however, it becomes a 
sparkling, shimmering object that is unique in appearance. 
Yet most of the people who are involved with gem dia- 
monds—jewelers, gemologists, and the jewelry-buying pub- 
lic—are unfamiliar with many of the details involved in that 
transformation (figure 1). 

The manufacturing of gem-quality diamonds has 
advanced more since 1980 than in the preceding 100 years. 
During the past two decades, a quiet revolution has taken 
place in much of the diamond-manufacturing industry. By 
adapting computer-imaging techniques, precision measure- 
ment systems, lasers, and other modern technological 
equipment, many manufacturers have improved their abili- 
ty to cut gem diamonds in ways unimaginable only a few 
short years before. A significant result of this revolution is a 
diamond industry that is now better able to operate prof- 
itably. In addition, modern manufacturers can handle rough 
diamonds that would have been difficult, if not impossible, 
to cut by traditional manufacturing techniques. 

This article has two purposes. The first is to describe 
this technological revolution by discussing the key steps in 
the manufacturing process and describing the recent techno- 
logical improvements that have been made at each step. 
Although this article is based primarily on the author's 
experience in the Israeli diamond industry over the last 10 
years, most of the advanced technology discussed can now 
be found in major manufacturing centers worldwide. The 
second purpose is to discuss the critical decisions that a 
manufacturer must make during the cutting process to 
obtain the maximum value from the finished stone. 


BACKGROUND 


The manufacture of a diamond into a faceted gemstone (fig- 
ure 2.) presents some very special challenges, including: 


1. As the hardest known substance (10 on the Mohs 
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to reduce strong surface reflections. 

Here, a colorless magnifier of the 
same power as the Colorscope proved 
almost as efficient. 

‘Tests made upon diamonds of 
Premier grade which were available 
did not reveal a characteristic pur- 
plish color. When observed under 
the instrument, diamonds coated 
lightly with indigo stain revealed 
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that particular type of “doctoring.” 
Other types of “doctored” stones have 
not yet been available to the G.I.A. 
laboratory. 

Conclusion: Eucept in sunlight thé 
color grading of diamonds proved 
less efficient with this colored hand 
magnifier, (Colorscope) than with 
good quality hand or head magnifiers 
of the same power. 


The Battershill Diamond 


A new diamond, weighing 67 
carats, is reported in The Gemmolo- 
gist for July, 1945. Picked off the 
screens of the Williamson Mines 
near Mwanza the day the new Gov- 


ernor of Tanganyika, Sir William 
Battershill, visited the mines, the 
diamond, second largest from the 
area, has ‘been named in his honor. 


Gifts to the Institute 


The family of the late Dr. Edward 
Wigglesworth, of Boston, has pre- 
sented his library of gemological 
books to international headquarters 
of the Gemological Institute of 
America at Los Angeles. 

For students of the Institute’s 
courses, and for the staff members 
at headquarters, there will be un- 
usual educational and sentimental 
value in using the books of the late 
president of the G.LA. and director 
of its eastern laboratory, who earned 
the deep respect and sincere affection 
of the students and members of the 
Institute alike. 

: * cS * 


From B. W. Anderson, director 
of the Gemmological Laboratory of 
the London Chamber of Commerce, 
the G.LA. has received for use in its 
laboratories a very much appreciated 
gift of a Beck Spectroscope. 


From Virginia V. Hinton, C.G., 
F.G.A., a copy of “The Grand Old 
Days of the Diamond Fields’, by 
George Beet, and a copy of “The 
Tears of the Heliades (Amber as a 
Gem)” by Buffum, have been re- 
ceived for the Institute’s library. 

* * * 

From Th. Badin, of Rio de Janeiro, 
has come a copy of Brasilianishcer 
Edelsteine und Ihrer Vorkommen, 
by W. Frederick von. Calmbach, 
edited by N. Medawar, Rio De Ja- 
neiro, January, 1939. 

* * * 

From Lazare Kaplan & Sons two 
rough diamonds have been received, 
one of which is most unusual in that 
it fluoresces three colors—blue, 


orangy-pink and pronounced orange 
—at once. 


Figure 1. The cutting pro- 
cess is critical to the 
transformation of a dia- 
mond from a simple crys- 
tal to a brilliant faceted 
gem in a beautiful piece 
of jewelry. The faceted 
diamonds in these con- 
temporary rings range 
from 1.04 ct for the 
smallest oval to 1.96 ct 
for the largest marquise. 
Courtesy of Hans D. 
Krieger, Idar-Oberstein, 
Germany; photo © 
Harold & Erica Van Pelt. 


2, 


scale), diamond is also one of the most diffi- 
cult gem materials to facet. 


Although diamond is optically isotropic 
(i.e., it has only one refractive index}, its 
hardness varies with crystallographic orien- 
tation, such that it can only be polished in 
certain crystallographic directions. These 
directions have traditionally been referred 
to as the “grain” (see, e.g., Vleeschdrager, 
1986, p. 37). 


The cutting process seeks to take advantage 
of the critical angle of total light reflection 
within the faceted diamond to achieve the 
maximum amount of light return through 
the crown facets. Diamond has a very high 
refractive index (2.42), and a mathematical 
basis for the shape and facet arrangement of 
the round brilliant cut was established 
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early in this century by M. Tolkowsky 
(1919). Today, many other cutting styles 
are also used, including a variety of fancy 
cuts (see G. Tolkowsky, 1991). 

The differences between the various color 
and clarity grades for faceted diamonds can 
be quite subtle, and very slight variations in 
cutting style and weight retention can 
result in significant differences in value. 


All of these challenges must be addressed 
throughout the cutting process. Today, as it has for 
decades, gem diamond manufacturing involves the 
following basic steps: 


1. 


Selecting (or sorting) the diamond rough. 
This includes examining each diamond for 
its potential color grade, clarity grade, and 
cutting style. 


2. Marking the rough for manufacturing. 
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3. Cleaving and/or sawing the rough crystal. 
4. Bruting the girdle. 
5. Polishing the facets. 


For large diamonds, some of these steps are repeated 
a number of times, for example: sawing->table 
polishing > bruting-blocking (polishing four or 
eight facets)>[repolishing the table> rebruting> 
provisional polishing (8 facets)|>final table 
polishing->final bruting— final polishing. This 
comes from a constant effort to improve the final 
appearance of the stone and the yield from the 
rough. The conventional means of manufacturing 
diamonds, and the various cutting styles used, have 
been described in several texts, including those of 
Bruton (1981), Watermeyer (1991, 1994), Ludel 
(1985), Vleeschdrager (1986), and Tillander (1995). 
The goal in cutting a rough diamond is to maxi- 
mize the market value of the faceted stone or stones 
produced from that piece of rough. This value is 
based on the well-known 4 Cs: Carat weight, Color, 
Clarity, and the less easily evaluated Cut. To illus- 
trate, figure 3 shows where diamond manufacturing 
takes place on what can be thought of as an eco- 
nomic “conveyor belt.” In this figure, the assump- 
tion is made that the final selling price of a cut dia- 
mond in a piece of jewelry is $100. Before the dia- 
mond is mined, it has no value ($0). When the origi- 
nal piece of rough is discovered in the mine, extract- 
ed from the host rock, and sorted, it has an estimat- 
ed value of $26. The cut diamond is sold to the jew- 
elry manufacturer for $30, and then to the retail 
jeweler for $50. Thus, in this example, one sees that 
the manufacturer’s component is only $2, a very 
small percentage of the total retail value (but about 
7% of the price of the loose diamond as it is sold to 
the trade). Typically, the actual profit would repre- 
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sent only about 0.5% of the value of the cut stone 
in a finished piece of jewelry—about 50 cents in this 
example. 

As a second example of this same idea, assume 
that a 0.50 ct faceted diamond will sell at retail for 
$4,500 when set in a standard ring, that the rough 
diamond was sold to the manufacturer for about 
$1,170, and that after cutting its value was $1,260. 
The $90 window for the manufacturer must be 
enough to cover the cost of production, capital 
investment, risks (some diamonds are damaged dur- 
ing cutting), and profit. To ensure profit, therefore, 
the manufacturer has to be very efficient when he 
cuts the diamond. As will be illustrated later in this 
article, minor errors in diamond manufacturing can 
cause maior losses in value. 

In the mid-1980s, the Israel Diamond Institute 
was one of a few groups in the international dia- 
mond industry that made a conscious decision to 
pursue the use of sophisticated technology in the 
local manufacturing sector. The Israeli industry at 
that time was based largely on conventional meth- 
ods. Earlier attempts to introduce automatic polish- 
ing machines had not been totally successful, 
because the manufacturers lacked not only the 
knowledge but also any understanding of the avail- 
able technology. 

Recognizing both that the Israeli diamond-man- 
ufacturing industry was very conservative and that 
the sophisticated techniques used in other indus- 
tries could not readily be applied to the problems of 
cutting diamonds, the institute’s engineer first ana- 
lyzed the processes and established which areas 
would benefit most from technological innovations. 
Gradually, new manufacturing methods were intro- 
duced, including computer-aided evaluation of the 
rough crystals, lasers for precision sawing, automat- 


Figure 2. Many decisions 
are required to turn a 
rough diamond like the 
macle on the left into a 
fine triangular brilliant- 
cut diamond like the 
stone on the far right. 
Courtesy of Kleinhaus, 
New York; photo © Harold 
@ Erica Van Pelt. 
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Mining & sorting 


$0 


$26 


Relative Value of a Diamond 
from Mine to Jewel 


$100 


Profit 


Figure 3. This economic "conveyor belt" illustrates the added value that a diamond attains as it passes 
through the manufacturing process from the mine to the retail jewelry store. Typically, within this 
conveyor belt, the diamond manufacturer’s component is only a very small portion of the ultimate 
retail value, about 2%. Within this narrow range, all manufacturing costs must be included as well as 


some profit for the manufacturer. 


ed bruting and polishing equipment, and computer 
imaging for more accurate measurement of the pol- 
ished stones. These changes have resulted in signifi- 
cant improvements in the manufacturing process, 
and have been adopted throughout the Israeli indus- 
try and in other cutting centers such as India. 

The introduction of new manufacturing tech- 
nologies is ongoing, with much effort currently 
under way to educate other diamond manufacturers 
on how to use these technologies effectively in their 
own facilities. Since these efforts are still relatively 
new, few articles describing them have appeared in 
the trade press (see, e.g., Lawrence, 1996). At pre- 
sent, the best source of information is the proceed- 
ings volume published following the October 1991 
International Technical Symposium sponsored by 
the De Beers Central Selling Organisation (CSO) in 
Tel Aviv, Israel (Cooke and Caspi, 1991). According 
to Lawrence (1991, p. 1-3) in this proceedings vol- 
ume, there are many important benefits to using 
modern technology for diamond manufacturing: 

1. Reduced manufacturing costs 

2. Improved quality of the finished diamond 

3. Increased efficiency, to compensate for the 

lower labor costs in other manufacturing 
centers 

4. Better decision making regarding the manu- 

facture of a particular piece of rough 


5. Increased profits for the manufacturer 


THE MANUFACTURING PROCESS 

Sorting the Diamonds. Rough gem-quality dia- 
monds are sorted in several ways. The main sorting 
categories are size, shape, color, and clarity. At the 
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CSO, rough diamonds are sorted by hand and by 
machine into more than 5,000 categories (Stewart, 
1991, p. 3-2). Most diamond manufacturers have far 
fewer categories, and they use one or more of a vari- 
ety of sorting techniques, depending on the quanti- 
ties they are handling and the typical sizes. 


Size. All rough diamonds are sold by weight. 
However, large parcels of small rough diamonds 
normally are sorted first by sieving techniques 
(Bruton, 1981). That is, diamonds are passed 
through a series of sieve plates, each with holes of a 
given diameter. Smaller diamonds fall through the 
holes in the plate, while the larger ones remain 
trapped in the sieve. Several layers of sieve plates 
are stacked together, with decreasing hole diame- 
ters at each level downward. This enables the sorter 
to create packages of diamonds of approximately 
the same size prior to weighing. A scale is usually 
used to weigh the rough diamonds, although the 
CSO has some very sophisticated equipment for 
this purpose. 


Shape. Rough diamond crystals occur in nature in 

different shapes. The diamond manufacturer tradi- 

tionally describes these shapes using the following 
three general terms: 

1. Sawable—rough diamonds, often octahedral or 
dodecahedral in shape, that will yield more total 
weight as polished stones if they are sawn or 
cleaved in two before being polished. 

2. Makeable—rough diamonds that are polished as 
a single cut stone without first being sawn or 
cleaved. They usually require more work than 
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sawable rough and have a lower yield. Some- 
times their grain structure cannot be determined 
easily. Both macles and “flats” would typically 
fall within this group. 

3. Cleavage—irregularly shaped rough that requires 
special attention, as was the case with the origi- 
nal Cullinan rough diamond. 

Sorting by shape enables the manufacturer to 
decide how best to cut the diamond and which 
manufacturing process to use. 


Color. Color sorting (using a standard color-grading 
system) is done in natural daylight. In many dia- 
monds, though, color is quite subtle. In addition, 
colors that result from atomic-level impurities or 
defects may be evenly or unevenly distributed with- 
in the rough crystal. Color can also result from the 
presence of a colored inclusion(s), or from staining 
(usually brown) by a foreign material within a sur- 
face-reaching fracture. Some diamond crystals have 
a surface coating or frosting that may be all or par- 
tially removed during cutting. Thus, the manufac- 
turer must evaluate all these situations when con- 
sidering how to cut a particular diamond to obtain 
the best color possible. 


Clarity. Last, rough diamonds are sorted in terms of 
their potential clarity grade (again, according to a 
standard system). As with color grades, the better 
clarity grades are only distinguished by slight differ- 


Figure 4. The most critical stage in diamond 
manufacturing, marking the diamond for sawing 
or cleaving, requires a complex decision-making 
process to optimize the value of the finished 


stones. 
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ences, such as in the number, visibility, position, 
and size of internal features (inclusions, fractures, 
etc.}, as these features would appear in the final 
faceted stone. The uneven surface of the rough dia- 
mond often makes internal features difficult to see. 
The manufacturer must envision the shape and ori- 
entation of the stone within the rough crystal, and 
judge where these internal features may be located 
and how visible they will be, or whether any or all 
can be removed by cutting. 


Marking the Rough Diamond. The decision as to 
whether or not to divide the diamond crystal is 
made by an individual called the marker. This is 
usually the most experienced person in the manu- 
facturing company (very often the owner of the 
company), a specially trained employee, or even a 
subcontractor. This step is crucial because it repre- 
sents the major decision on how to manufacture a 
given piece of diamond rough. As stated by Gro- 
chovsky (1991, p. 10-1), “the marking of a stone 
comes only after considerable evaluation, as any 
error made at this stage (of the manufacturing pro- 
cess) is irreversible.” 

To outsiders, marking appears to be a very sim- 
ple process. The marker examines the rough dia- 
mond with a loupe and, frequently, measures the 
dimensions of the diamond with a gauge. He then 
marks a black line on the diamond crystal’s surface 
(figure 4). In the next step of the manufacturing pro- 
cess, the crystal will be either sawn or cleaved along 
this line (Bruton, 1981, p. 235; Watermeyer, 1991, p. 
22). In actuality, however, marking is really the 
most complicated step in diamond cutting (see Gro- 
chovsky, 1991, pp. 10-1 to 10-5). This is because the 
marker must optimize the value of the two finished 
stones. To understand the marker’s decision in 
marking a particular crystal, we must again review 
the influence of each of the 4 Cs on the value of the 
cut diamond. 


Carat Weight. When working with sawable rough, 
the marker must maximize the weight of the two 
finished diamonds. By examining the rough crystal 
with a loupe, the marker usually sees several alter- 
natives. However, the marker must keep in mind 
the value information presented in figure 5 (although 
the individual prices are fictitious, the relative prices 
are based on pricing lists over several months in 
1996). These two graphs illustrate the relative price 
change for cut diamonds as carat weight increases 
(while the color and clarity grades are kept con- 
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Figure 5. These graphs show the relative prices per carat and per piece for cut diamonds with weights 
primarily below (top) and above (bottom) approximately 1.00 ct. Note how the price differential 
increases significantly as carat weight increases (assuming other factors are identical; for the purpose of 
this illustration, the diamonds are all round brilliants and all have the same color and clarity grades). 
At certain key points (such as near 1.00, 2.00, and 3.00 ct), price jumps sharply. In the diamond-manu- 
facturing process, the price per piece of the single stone—or total price for the two stones—cut from the 
original piece of rough is the crucial value to maximize. Even though case B will yield a 0.75 ct stone, 
case A provides the greater total value for the original piece of rough. However, the added value for the 
1.15 ct stone that case C will yield makes it the better choice than the two equal-size stones in case D. 


stant). In both graphs, one line represents the price 
per carat and the other represents the price per 
piece (found by multiplying the price per carat by 
the weight). In figure 5 (bottom), note the significant 
difference in these two prices as the carat weight 
increases. In both graphs, also note that the two 
lines are not smooth; at certain carat weights, the 
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value jumps sharply (nearly vertical line segments). 
For example, from 0.98 ct to 1.02 ct, where the 
weight change is only about 4%, the price per piece 
may change by almost 35%. The marker is mainly 
interested in maximizing the total value for the two 
pieces cut from the original piece of rough. 

To get a better idea of the alternative value 
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3D-Graphic: 
Rough Weights 
U:6.44% re 
L:86.884 Carat 


Figure 6. The marker uses the Sarin Dia-Expert 
system (here, with Dia-Mension hardware) to 
help identify the best position to mark a rough 
diamond for sawing or cleaving. The system con- 
sists of a sample stage, light source, and camera 
(inset), as well as a computer system. Within an 
image of the cross-section of the rough diamond 
that is depicted on the computer screen, the oper- 
ator may ask the computer to superimpose com- 
puter-generated outlines of possible cut stones 
that could be manufactured from this particular 
piece of rough. In the option shown here, the 
solution is unusual, since the table facets of the 
two proposed cut stones are not adjacent to the 
sawing plane, which is the most common 
arrangement. Photo by James E. Shigley. 


choices a marker has when examining a piece of 
rough, consider the case of a 2.00 ct well-formed 
octahedral crystal. Furthermore, assume an ideal- 
ized situation where the two stones fashioned from 
this crystal will end up having the same color and 
clarity grades. The marker has many options avail- 
able, but let us examine two (assuming here a 50% 
yield—that is, 50% of the original crystal is lost as 
powder or dust during the manufacturing process, 
so that the two final cut diamonds total 1.00 ct): 
Option 1: To cut the crystal into two identical 
pieces that will yield two polished dia- 
monds, each weighing 0.50 ct (case A 
in figure 5} 
Option 2: To cut the crystal in such a way that it 
yields two polished stones of very dif- 
ferent weights, 0.75 and 0.25 ct (case B 
in figure 5} 
In this situation, it appears that the two 0.50 ct 
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stones will yield the maximum total value (see 
again figure 5). 

As another example, if the rough crystal weighs 
3.00 ct, the marker again has to decide between 
similar options (assuming a 50% yield—or a total 
weight of 1.50 ct for the two cut stones): 

Option 1: Two stones weighing 1.15 ct and 0.35 

ct (case C) 

Option 2: Two identical 0.75 ct stones (case D) 
Referring again to figure 5, the first choice—that of 
manufacturing two diamonds that differ in weight 
(case C)—will yield the maximum total value. 


Of course, real situations are not this simple. 
The weight, shape, potential color and clarity 
grades, and current situation in the retail market- 
place all influence the very important decision of 
how to mark a particular rough diamond. The 
marker must take into consideration all of these 
factors. 

To estimate the polished weight, the marker 
uses a special tool known as a Moe gauge. This 
measuring device is calibrated in Moes, units of 
measurement that are unique to the instrument. 
The weight of the final cut diamond can be estimat- 
ed by cross-referencing Moes dimensions for diame- 
ter and total depth to a set of tables supplied with 
the instrument. 

A new computer-based system has recently been 
introduced to help the marker (figure 6). Known as 
Dia-Expert and manufactured by Sarin, a Ramat-Gan 
company, this equipment is used as follows: 


1. The marker sets the rough diamond on the 
system’s sample stage. 


2. He selects the faceting proportions to which 
he thinks the diamond should be cut. 

3. If he chooses, he can define the quality of 
the cut stone in terms of color and clarity. 

4. The system measures the geometric pro- 
portions of the rough crystal in a number of 
orientations, so that a detailed three-dimen- 
sional description or model of the crystal is 
then “known” to the computer. 


5. The marker may ask the computer system 
certain questions, such as what the largest 
stone and the remainder will be, or what 
two cut stones will result if the rough dia- 
mond is sawn or cleaved along a defined 
line. 

6. For each option, the system will show the 
potential shapes and sizes of the cut stones 
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TABLE 1. Sample information provided by the Sarin Dia-Expert system. 


Option Stone Weight Cut quality Price per Stone’s price Total 
carat 

A 1 1.12 Very good $ 9,300 $ 10,416 $ 20,181 

A 2 1.05 Very good 9,300 9,76: , 

B 1 1.82 Very good 10,700 19,474 

B 2 0.54 Very good 5,900 aid © 24080 

Cc 1 1.67 Very good 10,700 17,86! 

Cc 2 0.73 Very good 6,100 4,45. $ 22,922 


* For an assumed cutting style and color and clarity grades, the system has made three recommended options (labeled 
A, B, and ©) for manufacturing cut stones from the sawn pieces of this crystal. “Cut quality” is defined by the operator, 
and ‘price per carat” is taken from a table in the system. With this information, the system calculates the two weights 
for each option. Thus, the operator can see the results for each of the three marking options. 


superimposed on an image of the rough 
(again, see figure 6). It also indicates the 
resulting weight of each cut stone and the 
total value of each option. 

7. When the marker selects a particular 
option, the system in cooperation with the 
operator will physically place a black line 
on the rough crystal, along which the dia- 
mond will be sawn or cleaved. 

Table 1 presents the type of information that 
the Dia-Expert system would produce. The system 
has suggested a particular cutting style and three 
possible options (here labeled A, B, and C) to manu- 
facture two cut stones from a particular crystal. In 
each case, the “quality of cut” for the two future 
stones was selected as “very good,” and the prices 
per carat were determined from another table (not 
shown, where the marker has made assumptions 
regarding the clarity and color grades of the two cut 
diamonds; the basis for the decision as to what qual- 


ity of cut to specify is described below]. Note that 
inclusions are not taken into consideration in this 
example, and the system operator might have to 
change the anticipated clarity grade if inclusions 
would affect any of the options. The Dia-Expert sys- 
tem gives the estimated weight and orientation of 
both cut stones within an outline of the rough crys- 
tal. Again, the price per piece of each cut stone is 
derived by multiplying its price per carat by its esti- 
mated weight. In this example, the system recom- 
mends option B, which gives the maximum value 
for the original piece of rough. Although use of this 
system reduces marker uncertainty in evaluating a 
rough diamond, the Dia-Expert does not replace the 
marker. At present, the system operator must still 
consider the presence of inclusions and fractures 
within the rough crystal that the Dia-Expert equip- 
ment cannot resolve. 


Using the same relative prices as are given in 
figure 5, figure 7 demonstrates how sensitive the 


Right decision 


0.78 ct x $4,125= 
$3,217 


1.05 ct x $8,720= 
$9,156 


Total = $12,373 


0.83 ct x $4,600= 


0.98 ct x $6,100= 
$5,978 


Total = $9,796 


Figure 7. The marker must carefully 
evaluate where to place the marker 
line on the rough diamond so as to 
achieve the maximum yield from 
that piece of rough. As this illustra- 
tion shows, even a small, 0.05 mm, 
change in the placement of this line 
can result in a major difference in the 
total price of the two final cut dia- 
monds. To determine the price per 
piece, the final carat weight of each 
stone is multiplied by the price per 
carat (using the same relative prices 
as are given in figure 5). 
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Good saw plane Real 


Bad saw plane Reflected 


Figure 8. One of the greatest challenges facing 
the marker is the location of inclusions in the 
rough diamond and how to avoid or place them 
in the polished stone. This illustration shows 
the locations of a real inclusion in a diamond 
crystal and a reflection of this same inclusion 
produced by the refraction of light. The dia- 
mond could be sawn through either location, 
depending on where the marker line is placed. 
If the crystal was sawn through the imaginary 
"inclusion" (the reflection), the result would be 
a larger lower-clarity stone and a smaller high- 
er-clarity stone. If the crystal was sawn through 
the real inclusion, however, it would yield two 
stones similar in weight to those in the first 
option, but both would be of higher clarity— 
and, therefore, would have a higher total value. 


marker’s decision is. In this representative example, 
a small inaccuracy of 0.05 mm in positioning the 
marker line would cause a major loss in value. 

As noted earlier, a further challenge associated 
with marking a rough diamond is the crystal that 
has a coated or frosted surface, which may greatly 
limit the marker’s ability to see the stone’s internal 
characteristics. With such a stone, it may be neces- 
sary to polish one or more flat facets (“windows”) 
for these observations. 


Color. Estimation of the final color appearance is 
very important in the marker’s decision whether to 
polish the diamond to good proportions (high color) 
or to poorer proportions (lower color grade but high- 
er weight yield). As any of the major diamond price 
guides will show, the price of a cut diamond drops 
steadily from one color grade to the next until about 
“S.” At the higher end of the scale (“D’—”G”) espe- 
cially, a drop in color by one grade can change the 
price by as much as 20%. 
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Clarity. Clarity is the most difficult feature to 
assess. The marker must determine not only the 
existence of an inclusion (which may be very 
small), but also its exact location within the future 
cut stone, since he has to decide whether or not to 
remove it during the cutting process. There often is 
a trade-off between achieving a smaller, inclusion- 
free stone and a larger stone that contains an inclu- 
sion. If the inclusion is to be left in, every effort 
must be made to position it within the stone so as 
to minimize its visibility and optical effect. A small 
mistake in locating an inclusion or other imperfec- 
tion—and hence, in placing the marker line—can 
have disastrous consequences once the rough crys- 
tal is cleaved or sawn. 

Because of light refraction within a diamond 
crystal, it is sometimes difficult to decide which 
inclusions are real and which are reflections (there 
may be more than one). Figure 8 illustrates such a 
situation. Let’s assume that either option would 
produce two stones, one weighing 1.10 ct and the 
other, 0.90 ct. If the marker decides to saw the crys- 
tal along the “good” line (i.e., through the real 
inclusion}, he will get two inclusion-free stones. But 
if he makes the wrong decision, and saws along the 
“bad” line (i.e., through the imaginary inclusion), 
the larger, 1.10 ct, stone from the top half will con- 
tain the real inclusion; only the 0.90 ct stone from 
the bottom half will be inclusion-free. Such a mis- 
judgment could result in a significant financial loss, 
especially if the stone was of good color. Price differ- 
ences between clarity grades can be substantial, 
especially for the higher grades (as much as 18% 
between IF and VVS grades). 


Cut. Last, the marker must decide whether to fash- 
ion the rough as a round brilliant, into one of the 
well-known fancy shapes (i.e., marquise, oval, etc.), 
or into one of the newer cutting styles (see, e.g., 
Tolkowsky, 1991). The choice of shape will influence 
the overall appearance (i.e., brilliance, dispersion, 
etc.), face-up color, and visibility of inclusions (these 
features would also be influenced by the size of the 
faceted diamond). 

The same faceting shape can be manufactured 
with different proportions (which define the geo- 
metric relationships between different parts of the 
cut diamond). Achieving better proportions usually 
results in a lower yield from a given piece of rough. 
Sometimes going from one set of proportions (an 
excellent cut) to another set (a fair cut) can increase 
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the yield by as much as 15%, but the price per carat 
then decreases. 

The main problem for the marker is that the 
above 4Cs are dependent on one another. Attempts 
to maximize the value from one factor must often 
be done at the expense of one or more of the others. 
If the marker wants to increase clarity, he may have 
to remove material and thus decrease the size (carat 
weight}. Cutting for better proportions also means 
tighter tolerances, and thus less weight retention. 
Consequently, markers must stay constantly in 
touch with the current market demand for various 
sizes, shapes, proportions, and color and clarity 
grades of cut diamonds. This demand can change 
daily, seasonally, or according to the preferences of 
the different international markets. 


Cost. To these 4Cs, we must add a fifth C: the cost 
of production. This C is used only by manufactur- 
ers. For example, depending on the marking, “saw- 
able” stones can be turned into “makeable” ones 
(with no defined grain orientation), which often 
require more work to manufacture and thus are 
more expensive. Also, a fancy cut, as compared to a 
standard round brilliant, is more expensive to pro- 
duce. Most manufacturers specialize in certain 
shapes, which their machines and labor handle 
most efficiently. A marker working for such a man- 
ufacturer will prefer his specialized shape to other 
alternatives if the difference in value is not signifi- 
cant. Last, laser sawing (see following discussion) is 
more expensive than mechanical sawing. 

The main effect of this fifth C is seen in the 
geographic locations where diamonds are cut today. 
Smaller, less-expensive diamonds, where the value 
added by manufacturing is about 15%, are handled 
in the Far East—India, Thailand, China, and other 
countries (known as lower-cost centers, where the 
cost of a worker is about $30 to $200 per month). 
Larger, more expensive diamonds are cut in the 
United States, Antwerp, and Israel, where the added 
value is low (from 2.% to 5%). 


Crystal Grain. Before examining the actual manu- 
facturing of the cut diamond, we must first under- 
stand how the crystal grain affects the cutting pro- 
cess (Bruton, 1981, p. 238; Watermeyer, 1991, p. 18). 

Because of crystal grain (in this context, direc- 
tional variations in hardness relative to crystallo- 
graphic orientation), a mechanical operation (such as 
polishing) on a diamond often can take place only in 
certain directions. In some rough diamonds, these 
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grain directions can be identified by the shape of the 
crystal, by certain surface features (such as trigons}, 
or by the internal structure of the crystal. The expe- 
rienced diamond manufacturer knows the effect of 
crystal grain on the cutting process. However, prob- 
lems can arise when: (1) there are no surface or inter- 
nal features that indicate grain orientation, (2) a crys- 
tal changes its orientation (referred to as being in a 
twisted form), and (3) one crystal is embedded in the 
main crystal (known as a naat or knot). 

In each of these cases, the manufacturer may 
not be able to complete some mechanical opera- 
tions successfully. This happens, for example, in 
sawing or when a facet is being polished and there is 
a naat present. Then, the diamond has to be pol- 
ished in two different directions. A detailed descrip- 
tion of diamond crystal grain and its features is 
found in Ludel (1985, Chapter 7). 


Sawing the Rough Diamond. Mechanical Sawing. 
Diamonds are sawn today as they have been for 
many years (for further details, see Bruton, 1981; 
Ludel, 1985; Vleeschdrager, 1986; Grochovsky, 
1991; and Watermeyer, 1991). In mechanical saw- 
ing, the rough diamond, held in a dop, is slowly 
lowered onto a high-speed (~10,000 revolutions per 
minute) revolving blade (figure 9). The pressure of 


Figure 9. In this photo of a mechanical sawing oper- 
ation, two machines are shown. The sawing ma- 
chine controls the lowering of the crystal, attached 
to a dop, onto a thin copper blade that is revolving 
at a high speed. Photo by James E. Shigley. 
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Figure 10. The sawing plane used for an octahe- 
dral diamond crystal is indicated by outline B. 
Mechanical sawing commonly takes place along 
such planes (ones parallel to cubic faces). This 
plane is also known as the "four point" plane, 
because the sawn surface has four equidistant 
corners. Outline A indicates another sawing 
plane, a two-point plane; such planes are paral- 
lel to dodecahedral crystal faces. 


the diamond on the thin (about 0.06 mm) blade is 
controlled by a manually adjusted screw. The crys- 
tal is sawn along the direction indicated by the 
marker’s line. 

Sawing must be performed in certain orienta- 
tions to the grain (figure 10), often called the two- 
point plane (parallel to a dodecahedral face) and the 
four-point plane (parallel to a cubic face). Planes can 
also be labeled by the number of places along the 
girdle where naturals can occur (see, e.g., Sevder- 
mish and Mashiah, 1996, p. 718). 

Recently, mechanical sawing has also benefited 
from new technology. The mechanical screw that 
lowers the diamond onto the sawing blade has been 
replaced by a computer-controlled system, attached 
to the traditional machine, that is able to sense the 
pressure of the diamond on the blade (figure 11). 
When the pressure drops below a predetermined 
limit, the system lowers the diamond further onto 
the blade and increases pressure on the stone. This 
system also prevents the diamond from moving 
downward beyond a predetermined speed, so that 
the blade does not penetrate the stone at an unde- 
sired plane. An experienced sawer usually can han- 
dle 20 to 30 machines at the same time. 


Laser Sawing. Laser sawing, in which a laser re- 
places the metal blade to saw the diamond crystal 
(figure 12), was first introduced 20 years ago (see 
Cooper, 1991). The equipment consists of a YAG 
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(yttrium aluminum garnet) laser with a computer- 
controlled sample holder and a lens that can focus 
the laser beam up or down. As figure 13 illustrates, 
in the special holder or cassette (which may hold 
several diamonds), the diamond can be moved in a 
two-dimensional, or X-Y, plane (i.e., side to side or 
back and forth) under the fixed position of the laser 
beam. Once the laser beam strikes the diamond, it 
heats that spot to a very high temperature, “burn- 
ing” or vaporizing it. As the rough diamond moves 
beneath the laser beam, a narrow slice through the 
diamond is created. 

Laser sawing has the following important 
advantages (see also Cooper, 1991; Davis, 1991; 
Prior, 1991): 


Figure 11. Modern sawing machines, like this 
Dialit AS500, have a pressure controller. After 
setting the diamond in the machine, the opera- 
tor sets the required pressure of the diamond on 
the blade and the maximum velocity in which 
the diamond will be sawn. The control system 
continuously checks and adjusts the pressure. 
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€ 
Use of the Diamondscope 
by 
JEROME B. WISS, C.G. 
In theory the Diamondscope is a in conjunction with .7-power, 1.5- 


simple instrument composed of two 
main parts, the magnifier and the 
illuminator. Neither of these parts 
employs any heretofore unknown 
principle of optics, 
light transmission 
or reflection, but 
the manner in 
which the known 
principles have 
been employed, and 
their adaptation to 
the needs of the 
jeweler, is unique. 

Certain refine- 
ments, adjustments 
and attachments 
are found on this 
instrument, which 
when taken as a 
whole, permit the 
user to become 
proficient in gain- 
ing much valuable 
knowledge which can be turned to his 
profit. No other instrument embody- 
ing all of its features is to be found 
in the field today. Those who have 
used it properly over a period of 
time, rate it as the No. 1 instrument 
in a completely equipped gemological 
laboratory. 

The magnifier consists of a binocu- 
lar type compound microscope with 
three stages of magnification. The 
combination in the model known as 
the G.I.A. Standard Diamondscope 
is a pair of adjustable, wide-vision 
15-power eyepieces which are used 


power (or 2-power), and 4-power 
paired objectives. These latter, set 
in a revolving head (known as a 
drum nosepiece), may be thrown al- 
ternately into line 
with the eyepieces 
by the pressure of 
the thumb and in- 
dex finger. The 
magnifications thus 
obtained are 10%, 
22% and60. Theap- 
proximate diameter 
of the field of vision 
of these three 
magnifications is 
21% mm., 10.2 mm., 
and 3.81 mm. 

For the most effi- 
cient use in detec- 
tion of some syn- 
thetics, a 7.5-power 
objective affording 
a magnification of 
112%x can.be used by temporarily 
inserting it in the place of one of 
the other objectives. Indeed, the 
principal use of the 22%, 60 and 
11214 magnifications is in the exami- 
nation of colored stones and syn- 
thetics. In diamond grading the 10% 
magnification is used in determining 
the degree of perfection or imperfec- 
tion of the stone, because 10x is 
the standard magnification specified 
by the Federal Trade Commission. 
However, the detection of very 
small imperfections under 10% 
often be ac- 


magnification can 


Figure 12. In this laser-sawing operation, a YAG 
laser is being used to saw two dark yellow dia- 
mond crystals. The laser beam is oriented verti- 
cally, and it strikes the upper surface of each 
crystal as the latter is moved back and forth by 
a motorized cassette. Photo by James E. Shigley. 


1. The laser can saw a rough diamond in any 
crystallographic direction (you are not lim- 
ited to the directions of cleaving or mechan- 
ical sawing). This permits greater accuracy, 
greater yield, and greater versatility in han- 
dling complex crystals that could not be 
sawn easily by mechanical means. 


2. There is no contact of a tool (such as the 
sawing blade} with the diamond, which 
eliminates the expense of periodically 
replacing a worn-out tool. 

3. There is the possibility of both greater and 
constant speed for sawing. For example, a 
1.00 ct crystal can be laser sawn in about 20 
minutes, as compared to about 120 minutes 
for mechanical sawing, without hindrance 
from any grain obstacle (such as a naat). 

4. The weight loss is similar to that experi- 
enced with mechanical sawing. 


5. The laser equipment can be operated con- 
tinuously: As many as 30 rough diamonds 
can be lined up in a cassette and sawn one 
after another without any operator involve- 
ment after the computer has been pro- 
grammed with the special parameters of 
each diamond (i.e., its height and other 
dimensions]. This lowers labor costs. 


However, the use of lasers for sawing diamonds 
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also has several drawbacks vis a vis mechanical 
sawing. These include both (1) the greater expense 
of purchasing and maintaining laser equipment, and 
(2) the critical need for safety in operating the laser 
equipment. 

These drawbacks can be overcome by one man- 
ufacturer specializing in the use of this technology, 
and offering it to a number of other manufacturers. 
However, because of the greater capital costs, cur- 
rently this equipment is primarily used on those 
rough diamonds for which mechanical sawing is 
not possible. It is worth noting, though, that the 
author knows of one large-volume manufacturer in 
India who saws all of his diamonds by laser and cur- 
rently has approximately 30 laser-sawing machines. 


Figure 13. In laser sawing, a wide "path" (about 
0.2 mm across) is made by moving the diamond 
back and forth beneath the fixed position of the 
laser beam. Then, the focal point of the laser 
beam is lowered and a second, narrower path 
(about 0.17 mm across) is formed. This process 
is repeated several more times, with the width 
of the path decreasing gradually to yield a V- 
shaped groove by the time the laser beam reach- 
es the bottom edge of the rough diamond. 


Laser beam — fixed 


Movement 
of the Stone 
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Three-point 
(cleaving) plane 


Figure 14. A diamond is cleaved along a differ- 
ent grain orientation than it is sawn. Compare, 
for example, the cleaving plane marked on this 
octahedral diamond crystal with the sawing 
planes marked on the illustration in figure 10. 
(Note that the cleaving plane is also known as 
the "three point" plane because of the three cor- 
ners of the cleaved surface.) 


Cleaving the Rough Diamond. Cleaving is the tradi- 
tional method for dividing a rough diamond into 
two parts (see Bruton, 1981; Ludel, 1985; Vleesch- 
drager, 1986; Watermeyer, 1991). Cleaving is per- 
formed along a different grain orientation than saw- 
ing, as seen in figure 14 (compare with figure 10). 
The marker’s decision to cleave rather than saw a 
diamond depends on the shape of the rough and the 
location of inclusions. 

The cleaving process has two stages. The first is 
preparing the kerf—a small V-shaped groove carved 
into the diamond's surface along a specific direc- 
tion. The laser kerf is the best, as it is a narrow, 
straight-sided groove that is squared off at the bot- 
tom. The second stage is splitting the rough dia- 
mond with a special knife. The cleaver taps on the 
shoulder of the blunt blade with a small hammer, 
and the diamond is divided instantaneously. 


Kerfing. Traditionally, kerfing was a very fatiguing 
process that was done totally by hand. The cleaver 
first glued the diamond to a special rod and then 
used another diamond with a sharp edge to scratch 
the surface of the first diamond until a groove (the 
“Kerf”) was created. Preparing the kerf in this man- 
ner was an exacting occupation that required years 
of study. In addition, the procedure was very time- 
consuming. 
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Today, lasers have revolutionized kerfing (see 
Cukrowicz and Jacobs, 1991; Doshi, 1991). Modern 
kerfing is performed in the following steps: 

1. The rough diamond is installed in a special 

dop. 

2. The setter places 20 or more diamonds in a 
cassette so that the marker line on each is 
aligned and is at the same height (the same 
focus position for the laser beam). 

3. The cassette is loaded into the laser system. 


4. The cassette is moved along the marker’s 
lines in a special pattern so that the laser 
creates the required kerf in each. 

Once the kerf is prepared, the rough diamond is 
set in a plastic-like material. A thin metal blade is 
inserted into the kerf, and the shoulder of the blade 
is struck with a hammer. If the kerf has been posi- 
tioned correctly, the diamond will split easily. 

Laser kerfing has the following advantages over 
manual kerfing: 

1. It can follow the marker line more precisely. 


2. The kerf is narrower and shallower, which 
is all that is needed for cleaving, 

3. Because laser kerfing is much faster than 
the traditional manual method, it is less 
expensive for manufacturers who handle 
large quantities of diamonds. 

4. Productivity is high: One person using a 
laser system can kerf more rough diamonds 
than can 60 individuals using the manual 
method. 

However, there are potential problems with 
laser safety and damage to the diamond. In addition, 
the marker still must identify the best cleaving 
direction by the morphology and surface character- 
istics of the rough diamond in order to place each 
kerf correctly. 


Bruting. It is with this step that the diamond 
receives its basic shape (round, marquise, etc.; see 
Bruton, 1981; Ludel, 1985; Vleeschdrager, 1986; 
Watermeyer, 1991). Bruting is done by rotating one 
diamond against another diamond that may also be 
rotating or may be stationary in the hand of the 
bruter (figures 15 and 16). Thus, the two diamonds 
are progressively ground away by mutual abrasion. 
The bruter’s task is two-fold: first, to fix the center 
of the diamond on the dop and, subsequently, to fix 
the diameter of the cut stone. As with previous 
steps in the manufacturing process, the bruter must 
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answer one or more of the following questions to 
maximize the value of the final cut stone: (1) What 
should be the shape of the final stone? (2) What 
should be the faceting proportions? (3) What should 
be the position of the table facet within the piece of 
rough being worked? Depending on the shape and 
the proportions chosen, a wide range of price-per- 
carat values can be achieved from the same piece of 
rough. 

For round diamonds, the size of the cut stone is 
determined during this critical stage. Yield is affect- 
ed by two factors: the diameter to which the dia- 
mond is cut, and the center of symmetry around 
which the diamond is bruted. A minor mistake 
made in either of these factors because of excessive 
bruting can produce a significant loss in yield. 

Traditional bruting uses a machine with a 
small motor that rotates at about 3,000 rpm. The 


Figure 15. With a manual bruting machine, the 
diamond is glued to a dop that is set in the 
machine. In his hand, the bruter holds a stick 
with another dop to which a diamond has been 
glued. As the diamond in the machine is rotat- 
ed, the other diamond is bruting it. 


} 
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diamond to be bruted is cemented onto a dop that is 
then inserted into a spindle (which will be rotated 
at high speed). Another diamond is cemented onto a 
second dop, which in turn is attached to the end of a 
long rod; this is used as the bruting diamond. The 
bruter holds this rod by hand and presses the brut- 
ing diamond against the spinning diamond so that 
abrasion takes place (figure 15). During the process, 
the bruter stops frequently to check the results. If it 
appears that the stone is not being bruted around 
the required axis of symmetry, the bruter taps on 
the spindle to change the axis of the bruted dia- 
mond slightly and thus align it properly. 

In practice, the traditional mechanical bruting 
technique was an inexact science. It was based 
largely on trial and error: bruting, stopping, check- 
ing the position of the diamond, changing the cen- 
ter if necessary, and rebruting to achieve the desired 


Figure 16. In this photo of an automated bruting 
machine built by Milano Industries in Israel, 
two diamonds are mounted for bruting to create 
a girdle surface on each by mutual abrasion. By 
viewing the screen, the operator can correctly 
position each stone and then monitor the 
progress of the bruting process. Photo courtesy 
of Milano Industries. 
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Figure 17. A manual centering system has two 
video cameras, so that the operator can view 
the piece of rough from the side and the top. By 
rotating the image of the rough diamond, the 
operator can center it on the dop before the glue 
holding the diamond is hardened. First, an out- 
line of the future cut stone is superimposed on 
the outline of the crystal. Then, the diamond is 
centered so that the maximum diameter and 
maximum yield are achieved. The operator 
makes sure that the image of the cut stone will 
fit within the outline of the rough diamond. 
Photo by James E. Shigley. 


shape. To this end, the bruter must also look for 
signs and marks on the bruted area (such as sym- 
metrical naturals on opposite sides). 

Toward the end of the 1980s, a new, fully auto- 
mated approach to bruting was invented. A number 
of bruting machines are now in use (see Cooke, 
1991a), but they are generally based on the same 
principle. With these new machines, the two stones 
are bruted simultaneously (figure 16). Each stone 
rotates around its own axis of symmetry and, in so 
doing, each brutes the other. 

These new bruting machines operate with little 
or no supervision. The bruter need only install the 
diamonds in the machines, center the stones, and 
stop the bruting when one of the stones reaches its 
required diameter (in the newest equipment, this 
last function is performed by the machine). This 
stone is then replaced by another stone and the pro- 
cess is repeated. One person can operate up to 10 
machines simultaneously. 


Centering Systems. The introduction of automatic 
bruting machines has stimulated the use of other 
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modern systems to help the manufacturer increase 
a diamond’s yield. Before the stone is placed in a 
bruting machine, some manufacturers use a center- 
ing system to align the center of the future polished 
diamond (in the rough) with the center of the brut- 
ing machine. These centering systems were devel- 
oped in two generations: manual and automatic. 


A manual centering system has two video cam- 
eras for viewing the rough diamond from the side 
and from the top. A person referred to as the center- 
er glues the sawn or cleaved diamond onto a special 
dop. On the output screen, the centerer sees both 
the shape of the rough diamond and a superimposed 
graticule (image) of the future cut stone that can be 
adjusted to fit the size of the rough crystal (figure 
17). The operator positions the image of the cut 
stone until it reaches its maximum size, just fitting 
within the piece of rough. Then, the dop is heated 
in an oven to harden the glue. After this, the dopped 
diamond is installed in the bruting machine, for 
which the axis of rotation has previously been prop- 
erly centered. At that point, all three axes (i.e., the 
centering axes of the machine, the dop, and the 
future cut stone) are aligned. 

Use of this manual system offers several advan- 
tages over centering while bruting in the machine 
(see Caspi, 1991): 


1. The stone is centered according to the struc- 
ture of the rough diamond. 


2. The proportions of the cut stone can be 
made to match the manufacturer's require- 
ments more closely than if the stone is not 
centered before bruting. 


3. Most diamonds that have been centered can 
be bruted without requiring any adjust- 
ments to their position on the dop. 

4. Both productivity and yield are increased, as 
a skilled operator can center many more 
stones in the same amount of time, and the 
operator of the machine does not waste the 
time required to center in the machine. 


The latest development, the automatic center- 
ing system, does all the above procedures automati- 
cally (see figures 18 and 19]. The system has one or 
two video cameras and special computer software, 
which enable it to do all of the following functions 
without the involvement of the operator: 


1. Photograph the rough diamond from many 
angles and integrate this information into a 
three-dimensional image of the rough. 
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Figure 18. The Sarin automatic centering system 
(Dia-Center) consists of a sample chamber, light 
source, camera, computer, and monitor. On the 
right of the sample chamber (shown above) is 
the light source, and on the left is the camera. 
In front of the holder is the mechanical appara- 
tus that moves the holder and centers the dia- 
mond. The camera measures the dimensions of 
the rough diamond, which is glued to a special 
dop, from a number of orientations. After the 
computer decides where the optimal center of 
the future cut stone will be, it moves the upper 
part of the dop so that the center of the dia- 
mond and the center of the bruting machine are 
co-axial. Photo by James E. Shigley. 


2. Identify the largest diamond with the 
required proportions that can be cut from 
the particular piece of rough. 


3. Move the holder to which the stone is glued 
so that the center of the optimal cut stone is 
co-axial with the centers of both the dop 
and the bruting machine. This process takes 
about 30 seconds per diamond. 

The automatic system provides the best center 
position and requires no expertise on the part of the 
operator. Once the diamond is centered, the opera- 
tor simply sets the holder in the bruting machine, 
watches the diamonds in the machine, and then 
stops the bruting procedure when a diamond reach- 
es the diameter specified by the computer. 


Laser Bruting. In 1992, a new, laser method of brut- 
ing emerged. The main advantage of this method, 
which is used primarily for fancy cuts, is that the 
shape is symmetrical and exactly as planned by the 
bruter or marker. In Israel, most fancy-shaped dia- 
monds with rounded outlines—such as marquises, 
ovals, and pear shapes—are bruted by this method. 


Polishing. This is the final stage in diamond cut- 


ting. The polisher uses a special tool called a tang 
(figure 20) to hold the diamond and polish it on a 
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scaife, a special metal polishing wheel powered by 
an electric motor at speeds of up to 4000 rpm (for 
further details, see Bruton, 1981; Vleeschdrager, 
1986; Watermeyer, 1991; Curtis, 1991; Schumacher, 
1991; GIA Diamond Dictionary, 1993). 


The Polishing Process. Round brilliant-cut stones 
are typically polished in the following sequence: 
The table facet 
The eight main facets on the pavilion 
The eight main facets on the crown 
The eight star facets on the upper crown 
The 16 upper-girdle (top-half) facets on the 
crown 
6. The 16 lower-girdle (bottom-half) facets on 
the pavilion 
To achieve a good cut (which affects the final 
carat weight, as well as the color and clarity grades), 
the following features must be kept in mind (see 
Schumacher, 1991): 
1. The symmetrical arrangement of the facets, 
facet junctions, and corners (i.e., the quality 
of the corresponding parts of a stone} 


Onedes Soph: 


2. The quality of the facet surfaces, that is, 
their surface texture 

3. The overall proportions, such as table size, 
crown angle, pavilion depth percentage, etc. 

4. The girdle size 


Figure 19. The automatic centering system also 
constructs a three-dimensional image of the 
rough diamond on which it superimposes an 
image of the future cut stone that gives the best 
possible fit. Photo by James E. Shigley. 
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An important consideration when planning this 
process is the polishing direction. As with cleaving 
and sawing, polishing can only be performed in a 
certain direction for each facet. This direction is 
defined as the angle between the linear velocity 
direction of the polishing wheel and the grain (crys- 
tal) orientation of the particular facet. In most other 


Figure 20. Polishers use a 
wide variety of tangs 
(shown here in the fore- 
ground and hanging on 
the central bars), depend- 
ing on the facets being 
polished, the shape of the 
stone, and the like. 


directions, polishing will not occur (Watermeyer, 
1991). 

An experienced polisher identifies the polishing 
direction for each facet by recognizing certain fea- 
tures on the rough, such as trigons. In some dia- 
monds, however, this direction cannot be deter- 
mined from surface features, and the polisher has to 


Figure 21. The Dialit GS7000 automated polishing machine (left) can polish the crown (excluding the stars) 
and pavilion facets on a stone. The control panel is on the left. The holder is set in the machine, with a few 
additional holders in the wooden cassette. The Dialit GSB800 automated blocking machine (right) can block 
eight pets O on the crown or the pavilion. Photos courtesy of Dialit Ltd. 
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Figure 22. When polishing a 
diamond by manual meth- 
ods (left), one first polishes 
the eight main pavilion 
facets, and then proceeds to 
the 16 lower-girdle (half) 
facets on the pavilion. With 


look for the direction of the grain (for details, see 
Ludel, 1985, Chapter 7, and Watermeyer, 1991). 
This requires simple trial-and-error (first attempting 
to polish the facet and then examining the stone to 
see if polishing has occurred). 

For polishing, the diamond is held by a tang. 
Used for many years, tangs are still seen today even 
in the most advanced cutting factories. A wide vari- 
ety of tangs are used, depending on the facet(s) being 
polished, the shape of the stone, and the like (again, 
see figure 20). Modern tangs look basically like the 
older versions, except for minor changes that help 
the polisher set the angle of the facets and divide 
the diamond into exactly eight or 16 sections. 


Automatic Polishing Machines. Automatic polish- 
ing machines are essentially robots that manufac- 


automated facet polishing 
(right), the reverse sequence 
is followed: the 16 lower- 
Half | girdle (half) facets of the 
facets | pavilion are polished first, 
followed by the eight main 
pavilion facets. 


ture round cut diamonds (figure 21). These 
machines initially appeared in the early 1970s. The 
first was the Piermatic, which was designed to han- 
dle regular four-point sawn goods (Bruton, 1981; 
Vleeschdrager, 1986; Cooke, 1991b). The basic dif- 
ference between conventional hand polishing and 
automatic polishing is the order in which polishing 
takes place (figure 22). The automatic machine, by a 
single setting of a holder, can polish two different 
angles (i.e., eight main pavilion facets and 16 lower- 
girdle facets). The diamond is set in a special holder, 
which enables the system to sense when one facet 
is fully polished and then automatically change to 
the next facet. Using this equipment, a trained oper- 
ator can polish 16 diamonds simultaneously. 

The holder has two means to halt the further 
polishing of a facet (see figure 23). When either the 


Figure 23. This diagram illustrates how a diamond is set in a holder (left, full holder; right, upper part) for auto- 
matic polishing. The angle for polishing the 16 lower-girdle facets is indicated. When the ring comes into physical 
contact with the scaife, and electrical contact is made, the computer automatically halts the polishing of that par- 
ticular facet and moves on to the next. When the 16 half-facets are completed, the angle is lowered by approxi- 
mately 1° and the eight main pavilion facets are polished. For this procedure, an electrical contact is made (and 
the computer moves to the next facet) when the pot comes into contact with the scaife. 
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ring or the pot of the holder touches the scaife, an 
electrical contact is made, which tells the computer 
to halt the polishing process of a particular facet 
immediately and move on to the next facet. 

To set the polishing angle, the setter places the 
diamond in a setting system. The operator finds the 
angle that matches the required proportions of the 
finished stone, and makes sure that it is contained 
within the rough. Then the ring is adjusted axially 
to coincide with the selected angle. The holder is 
set into the machine, and the machine polishes the 
diamond. 

Two methods are used to handle the grain. In 
regular (four-point) sawn goods, the polishing direc- 
tion of the 16 lower-girdle facets repeats itself every 
group of four facets. The machine, after polishing a 
facet, changes to the next polishing angle (the 
angles between the velocity vector of the scaife and 
the grain for the 16 lower-girdle facets are 90°, 150°, 
210°, and 270°). The polishing direction of the eight 
main facets repeats itself every two facets (for these 
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Figure 24. With the new 
technology and equip- 
ment available through- 
out the diamond-cutting 
process, modern dia- 
mond manufacturers can 
produce better-quality 
stones and higher yield 
from many different 
types of rough diamonds. 
Photo © Harold & Erica 
Van Pelt. 


facets, the angles are 120° and 240°). 

For diamonds other than four-point sawn 
goods, a new grain-seeking capability has been 
introduced into the automatic polishing machines 
(Cooke, 1991b; Caspi, 1991). The diamond is low- 
ered to make gentle contact with the scaife, and 
the polishing rate is measured. A special sensor 
detects if polishing has taken place. If the facet is 
not oriented in the correct direction, the sensor 
indicates that the facet did not take the polish, at 
which point the machine will automatically 
change the facet orientation and re-measure until 
it finds the optimum polishing position. This 
grain-seeking capability enables the modern pol- 
ishing machines to polish: 


1. Makeables 

2. Naated stones 

3. Two- or three-point stones 
4 


Four-point stones that have been sawn off- 
grain 
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CONCLUSION 


The revolution in diamond cutting started less than 
two decades ago, but already it has completely 
changed the diamond industry in several major cut- 
ting centers. With such advances as the decision sup- 
port system for marking, laser kerfing, mechanical or 
laser sawing, automatic bruting machines, and auto- 
matic polishing machines, diamond manufacturers 
can obtain better-quality diamonds, with a higher 
yield per stone, in a more productive operation (figure 
24). The main disadvantage of these modern systems 
is their cost: The capital investment required to start 
up a modern factory is usually 10 times more than 
that needed to set up a traditional factory. In most 
cases, however, the cost of producing an individual 
diamond with this technology has gone down, 


because one operator can operate several machines 
simultaneously and the cost of production is amor- 
tized over several diamonds. 

Like other revolutions, this one has created 
some new jobs, but there are also situations where 
workers who could not adjust to the new technolo- 
gy have had to abandon the industry. It is interest- 
ing to note that the new cutting factories have bet- 
ter working conditions, because the machines per- 
form better when operated in a cleaner, air-condi- 
tioned environment. 


Today, diamond technology is most highly 
developed in Israel and Belgium, but there are very 
modern operations in South Africa and Russia. Such 
technology is rapidly spreading in other centers, 
such as India and China, as well. 
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GEM RHODOCHROSITE FROM THE 
SWEET HOME MINE, COLORADO 


By Kimberly Knox and Bryan K. Lees 


Massive banded rhodochrosite has 
long been used for carvings and other 
ornamental objects. Although intense 
red transparent rhodochrosite crystals 
of remarkable size have been known in 
Colorado since 1895, not until recently 
were mining techniques developed to 
recover them economically. These new 
mining techniques have combined 
state-of-the-art equipment and tech- 
nology to detect and extract large, fine- 
quality rhodochrosite specimens and 
gem rough. Although rhodochrosite is 
a soft mineral, faceted rhodochrosite 
can be set into jewelry provided it 
receives special handling and consider- 
ation with respect to wear. Faceted 
rhodochrosite can be readily separated 
from possible imitations on the basis 
of standard gemological testing. 
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nusual gemstones have increased markedly in 

popularity over the last several years. This trend 

has been stimulated not only by the availability 
of these materials, but also by new cutting techniques and 
the creative efforts of innovative jewelry designers willing to 
integrate unusual materials into their works. Critical 
acknowledgment and distinction for such materials are 
earned through such venues as the AGTA Cutting Edge and 
Spectrum Awards. Faceted rhodochrosite, which was recog- 
nized at the 1996 Cutting Edge competition, is one of the 
most exciting new gem materials to appear as cut stones 
and in jewelry, following years as one of mineral collectors’ 
most sought-after specimen materials (figure 1). 

Although rhodochrosite is softer than almost all other 
gemstones (even opal), it is harder than some, such as pearl. 
Properly set and cared for, rhodochrosite can be made into 
outstanding pins, pendants, tie omaments, and necklaces. 

Until recently, rhodochrosite was primarily available as 
a pink opaque massive material, with the irregular curved or 
concentric pattern of gray or white banding that is character- 
istic of its stalactitic or nodular formation; typically, it is 
fashioned into cabochons, beads, or ornamental carvings (fig- 
ure 2). With the recent redevelopment of the Sweet Home 
mine near Alma, Colorado, large (one over 14 cm, but averag- 
ing 2.5 cm), fine specimens of transparent-to-translucent 
rhodochrosite crystals, as well as small amounts of faceted 
rhodochrosite, have entered the gem and mineral trade. The 
faceted gems are usually deep, intense pink to red, typically 
modified by orange, and completely transparent. 

Colorado has been known as a source of fine 
rhodochrosite since the 1800s, and the Sweet Home has 
been the most significant producer since 1895 (Jones, 1986). 
According to Sinkankas (1997, p. 408), the mine is “known 
worldwide for its unmatched crystals of transparent, vivid 
red rhodochrosite. . . .” 

Although there have been and still are other sources of 
gem rhodochrosite—for example, South Africa’s Kalahari 
Desert and the Pasto Bueno and other districts in Peru— 
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eelerated by first examining the dia- 
mond under the 221%, magnification. 
The location and nature of such im- 
perfections having been noted under 
224ex, the revolving nosepiece is 
moved .to. bring the 1014x into line. 
If the imperfection cannot then be 
seen. it is safe to assume that it can- 
not be seen by any other known 
method of visual observation under 
10 magnifications or less. 

The illuminator is a round metal 
container approximately 5” in diam- 
eter, flat on the top, with a circular 
opening in the top 23%” in diameter, 
through which light is emitted. At 
the right side is a slit-like opening 
through which to insert a_back- 
ground slide, or baffle, which falls 
naturally into place just below the 
opening in the top of the illuminator 
case. One end of this slide contains 
a translucent light. blue frosted 
glass: On the other end is an opaque 
metal disk, black on one side and 
aluminum, colored on the other. A 
conical shaped, highly polished re- 
flector forms the base of the illumi- 
nator. Set in the base of the re- 
flector is a miniature 6- to 8-volt 
15-candlepower electric light bulb. 
The illuminator is covered by U. S. 
Patent No. 2157487. 

The magnifier is supported by a 
rack and pinion adjustment con- 
trolled by a pair of geared focusing 
wheels fastened on the lower por- 
tion. The right hand, or the left, or 
both at once, may be used in focus- 
ing.: 

The illuminator is hinged on a 
heavy two-legged base. The illumi- 
nator and magnifier as a unit may 
be tilted away from the vertical 
towards a seated observer as much 
as 90°. A heavy screw stud with a 
wheel on the right side allows of 


sufficient tightening to hold the en- 
tire unit at any desired angle. 

Since practically all large munici- 
palities use alternating current of 
110 or 220 volts, an auxiliary part 
known as a step-down transformer is 
an integral part of the lighting sys- 
tem. 

An ingenious and unusual type of 
stone holder, furnished with the 
Diamondscope, is so constructed that 
it allows of universal motion, and 
may be set on either the right or 
left side on top of the illuminator. 
There is just enough friction in the 
joints and sleeves to hold fixed in 
any desired position the largest and 
heaviest stone which can be held in 
the springed jaws of the pointed 
tweezer end of the stone holder. , 


Examination of Stones 


Any stone before being examined 
must be clean if accurate results are 
to be obtained. This applies more 
particularly to diamonds than to 
some colored stones. Some jewelers 
have found a piece of clean colored 
silk a useful cleansing aid. Bright- 
colored silk is preferable, so that any 
minute piece of lint left on the dia- 
mond will be noticed immediately by 
its vivid color. To thoroughly clean 
a greasy or finger-marked stone, 
immerse it in pure grain alcohol or 
carbon tetrachloride, wrap it, while 
still wet, in good quality lens paper 
of double thickness, and rub it dry. 

To place the specimen in position 
for examination, push the opaque 
end of the background slide into 
position under the opening of the 
illuminator. Remove the stone holder 
from its post, pick up the specimen 
which has been placed table down 
on a clean substance, grasping it so 
that its girdle is firmly pressed by 
the two flat points of the stone 


Figure 1. Long a favorite 
of mineral collectors 
worldwide, some 
thodochrosite is now 
being faceted and even 
set in jewelry. This 5 x 6 
cm rhodochrosite crys- 
tal on tetrahedrite and 
the 21.50 ct cushion-cut 
rhodochrosite are both 
from the Sweet Home 
mine, near Alma, 
Colorado. Courtesy of 
The Collector’s Edge, 
Golden, Colorado. 
Photo © Harold w 

Erica Van Pelt. 


their production has been irregular. The Sweet 
Home remains the single most important source of 
fine rhodochrosite specimens and faceted stones. 

This article describes the history of rhodo- 
chrosite and the geology of the Sweet Home mine. 
Also discussed and illustrated are the novel, con- 
temporary mining techniques developed by Sweet 
Home Rhodo, Inc. The results of a basic gemologi- 
cal analysis of eight Sweet Home faceted rhodo- 
chrosites are presented, along with identification 
criteria. Last, cutting and setting techniques specific 
to rhodochrosite are described in detail. 


HISTORY 


Rhodochrosite was first described in 1813 by J. F. L. 
Hausmann, using material from Kapnik, Transyl- 
vania. Dr. Franz Mansfeld is credited with introduc- 
ing North America and Europe (around 1934) to 
"Inca Rose," the massive rhodochrosite found in 
abundance in Argentina’s Catamarca Province 
(Shaub, 1972). Reportedly the mine was once 
worked by Incas for silver and copper (Webster, 
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1975). Dr. Mansfeld hoped to sell large quantities to 
institutions of applied arts as a carving material. 
Although his efforts to integrate rhodochrosite into 
the applied arts were unsuccessful, he did popular- 
ize the massive, opaque form of this stone (Shaub, 
1972). 

Massive rhodochrosite actually occurs in many 
localities in addition to Argentina. In Europe, it is 
found in Romania, Yugoslavia, and Germany; in 
Australia and its environs, it comes from New 
South Wales, Victoria, South Australia, and 
Tasmania (Clark, 1980); and in Mexico, it is known 
from the Cananea and Santa Eulalia mining dis- 
tricts (Jones, 1978). 

However, the single-crystal form of this mineral 
is relatively rare. In 1887, Dr. George F. Kunz of 
Tiffany & Company reported finding gem-quality 
rhodochrosite in Colorado, “the first locality to 
yield crystals of such magnitude and transparency.” 
A specimen of Sweet Home rhodochrosite that was 
acquired by the second author in 1987 bore a label 
from the American Museum of Natural History; 
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this specimen was traced back to a donation by 
Tiffany and Company during the 1890s. In addition 
to the Sweet Home mine, the famous American 
Tunnel gold mining project of the 1950s in 
Silverton, the Climax molybdenum and John C. 
Reed (Alicante) mines (Jones, 1993), and the Moose 
(Pleasant Valley) and Mickey Breen (Uncompahgre 
Gorge) mines (Sinkankas, 1997) have also produced 
rhodochrosite in Colorado. 

In 1974, gem-quality rhodochrosite was discov- 
ered at the N’Chwaning and Hotazel mines in 
South Africa’s Kalahari manganese fields (Wight, 
1985; figure 3). Around the same time, a few superb, 
large samples of gem-quality rhodochrosite emerged 
from the Huayllapon mine in the Pasto Bueno dis- 
trict, Pallasca Province, Peru (Clark, 1980; Crowley 
et al., 1997; figure 4). Since 1985, transparent “deep 
raspberry-pink to strawberry-red” crystals up to 2.5 


124 Sweet Home Rhodochrosite 


Figure 2. Traditionally, 
the rhodochrosite seen in 
the gem trade is the gray- 
or white-banded massive 
pink material that has 
been found in large quan- 
tities in Catamarca, 
Argentina. It is used pri- 
marily as beads and 
cabochons or for carv- 
ings. This photo shows 
some finer examples of 
this material. The two 
carvings are accompanied 
by slices of rhodochrosite 
taken from large stalac- 
tites (similar to the 
smaller stalactite section 
shown here). The faceted 
stones, (5.88 and 17.43 
ct), which are from the 
Hotazel (South Africa) 
and Sweet Home mines, 
are included to give some 
idea of the differences in 
size between the massive 
opaque and transparent 
materials. From the col- 
lection of Michael M. 
Scott; photo © Harold & 
Erica Van Pelt. 


cm have been produced from the Uchucchacua 
mine, in Peru’s Oyon Province. However, produc- 
tion from the Kalahari region has been irregular and 
the crystals are small. Pasto Bueno produced fewer 
than two dozen “outstanding” rhodochrosite speci- 
mens, and the Uchucchacua crystals, like those 
from Kalahari, are small (Crowley et al., 1997). 

An active silver mine since 1872, the Sweet 
Home (then known as the Home Sweet Home 
mine} holds one of the earliest U.S. mining patents, 
No. 106, granted under the General Mining Law of 
the same year (“Specimen mining,” 1994). The 
mine was operated intermittently almost 90 years, 
until the 1960s, and extensive tunnels were driven 
to exploit the mine’s silver reserves. During that 
period, rhodochrosite was regarded as a passing 
curiosity, and most was discarded on the dumps. 

Leonard Beach, owner of the Sweet Home mine 
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since about 1961, steadfastly maintained that many 
valuable rhodochrosite specimens were waiting to 
be retrieved. For over 25 years, through lectures and 
a circulating mining prospectus, he kept that idea 
alive. In 1966, following an unproductive silver- 
exploration effort, contractor John Soules decided to 
look for rhodochrosite crystals in one of the mine 
tunnels. A mine map from the 1920s showed a zone 
where a rich red seam of rhodochrosite had been 
uncovered but abandoned. This zone was opened 
and a superb specimen was uncovered (illustrated in 
Bancroft, 1984, pp. 60-61); it is now in the collection of 
the Houston Museum of Natural Science. 

In 1977, Beach leased the mine to Richard Kos- 
nar and John Saul, owners of the Intercontinental 
Mining Corporation (Sinkankas, 1997). They uncoy- 
ered several productive pockets. However, better 
tools and collecting techniques had to be developed 
before major pieces could be recovered undamaged. 

Most recently, in 1991, the Sweet Home Rhodo, 
Inc., mining company was founded by a group of 
investors who were intrigued by Leonard Beach’s 
concept of a stand-alone specimen-mining effort. 
They spent a quarter of a million dollars to lease and 
rehabilitate the old mine in order to put it back into 
production—this time not for silver, but for 
rhodochrosite specimens. In 1992, the Sweet Home 
produced the largest specimen known from this 
locality, the Alma King (figure 5), which contains a 
rhodochrosite crystal measuring 14.25 cm on a side 
that sits on a matrix of quartz over 65 cm (more than 
2 feet) long. The Alma King is now in the collection 
of the Denver Museum of Natural History ("Denver 
fax: Big crystal," 1994). 


LOCATION AND ACCESS 


The Sweet Home mine lies in the rugged Mosquito 
Range about 3.8 miles (6 km) northwest of Alma, 
Colorado, and 80 miles (128 km) southwest of 
Denver. The Sweet Home lies between two major 
mining districts: the silver-bearing mines flanking 
Mount Bross to the north and the gold district to 
the south (figure 6). 

The entrance to the Sweet Home is at 11,600 
feet (3,536 m) above sea level. The terrain is steep: 
Several mountain peaks as high as 14,000 feet 
(4,267 m) surround the mine. The mine is accessible 
only two to three months of the year. Mining usual- 
ly begins in late May, after ice and snow drifts up to 
6 m high have been cleared. The only truly snow- 
free period is between mid-July and mid-August. 

Although the mine can be reached by automo- 
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Figure 3. Another source of fine transparent 
thodochrosite crystals is the N’Chwaning mine in 
northern Cape Province, South Africa. This cluster 
of red scalenohedral rhodochrosite crystals from 
N’Chwaning measures 9.5 cm. However, crystals 
over 3 cm from this region are extremely rare. 
From the collection of the Houston Museum of 
Natural Science; photo © Harold & Erica Van Pelt. 


bile, the climate and the altitude are harsh. Neither 
the area nor the nature of the mine—an extensive 
underground operation with slippery, near-vertical 
tunnels—is suited for the general public. 


GEOLOGY 


As noted earlier, gem-quality rhodochrosite has 
been found in many parts of Colorado (see, e.g., fig- 
ure 6}. Of these, the Climax-Alma area has been the 
most productive, both in quality and quantity. The 
region is made up of Precambrian granite and 
granitic gneiss. About 30 million years ago, this area 
was intruded by magmas, from which significant 
amounts of minerals and ore deposits—including 
the famous Climax porphyry-molybdenum sys- 
tem—formed (Moore et al., 1997). 

The Sweet Home deposit sits atop another por- 
phyry-molybdenum system five miles (8 km) east of 
the Climax system, and the Sweet Home is slightly 
younger than Climax by one or two million years. 
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Figure 4. Recovered from Peru’s Pasto Bueno 
district, this rhodochrosite crystal measures 9 
cm high. From the Smithsonian Institution col- 
lection; photo © Harold & Erica Van Pelt. 


Figure 5. The Alma King’s largest crystal 
measures 5-5/8 inches (14.25 cm) on a side. 
It formed on a matrix of quartz sprinkled 
with purple fluorite and black sphalerite crys- 
tals. From the collection of the Denver Mu- 
seum of Natural History; photo © Jeff Scovil. 
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The veins in the Sweet Home mine follow the 
northeasterly trends that are typical throughout 
much of the Colorado mineral belt. These veins are 
polymetallic, principally containing silver, lead, 
zinc, and copper. The primary ore mineral is silver- 
bearing tetrahedrite, and rhodochrosite occurs as a 
gangue (non-ore) mineral inside the ore veins. Other 
important minerals are galena, chalcopyrite, pyrite, 
and sphalerite. The ore veins are intersected by 
north- and east-trending faults. 

Rhodochrosite (MnCOs3}) is deposited from 
hydrothermal solutions containing metal ions 
(including manganese), sulfur, carbon, oxygen, and 
fluorine. These solutions work their way upward 
from the porphyry-molybdenum system through 
vertical fissures. When the temperature, pressure, 
and other conditions are correct, the solutions 
deposit their minerals along the cavity walls. The 
sequence of crystallization depends on the relative 
solubilities of the different mineral species at specif- 
ic temperatures. For example, at the Sweet Home 
mine, quartz was the first species to crystallize, fol- 
lowed by tetrahedrite, huebnerite, topaz, and, final- 
ly, fluorite and rhodochrosite. As the system cools, 
for example, quartz will form at about 375°C, where- 
as rhodochrosite forms at about 300°C. These tem- 
peratures were determined by fluid-inclusion analy- 
sis of tiny liquid-and-gas inclusions inside crystals of 
the respective minerals (Moore et al., 1997). 


MINING 


When, in 1991, Sweet Home Rhodo launched an 
ambitious effort to uncover and extract fine 
rhodochrosite specimens, the accumulated debris of 
almost 100 years was cleaned out, the tunnel walls 
were widened to accommodate underground load- 
ers, and a new portal (figure 7) was installed togeth- 
er with a high-volume ventilation system. Mine 
safety and rescue procedures were set up and main- 
tained to code requirements (Lees, 1993, p. 30). 

The first major question that needed to be 
addressed was where to look for the rhodochrosite. 
On the basis of extensive geologic mapping and tar- 
get evaluation by Sweet Home Rhodo geologists, a 
theory was worked out that open spaces capable of 
containing rhodochrosite typically occurred where 
the main northeast-trending ore veins were inter- 
sected by the fault systems. These potential inter- 
section sites were extrapolated from the mine maps 
and designated as primary targets. All of these data 
were assembled via computer-aided drafting to 
enable two- and three-dimensional analysis (again, 
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Figure 6. The Sweet Home mine is one of several rhodochrosite-producing localities in Colorado; the cities near 
which many of these are found are marked on this map of Colorado. The Sweet Home is only a few kilometers from 
Alma, which is southwest of Denver. In the perspective view looking north-northeast, it can be seen that the mine 
lies at an altitude above 11,000 feet (3,353 m). Shown in red are the potential intersection sites of the main north- 
east-trending rhodochrosite-bearing veins and north- or east-trending fault systems, which proved to be the most 
promising locations for rhodochrosite pockets. Locality map by Jenna MacFarlane. Digitizing and processing of the 
perspective view by Eugene Kooper; graphics by Bill Tanaka. 


see figure 6). During the next few years, these sites 
turned out to be the primary sources for rhodo- 
chrosite pockets. 

In addition to geologic mapping, a series of 
other geologic tools were used to help locate 
rhodochrosite pockets (Moore et al, 1997). These 
included: 

1. Ground-penetrating radar (GPR) for void 
detection (see Cook, 1997, for additional 
information on this technique). 

2. Geochemical and microprobe analysis of 
the host rock to look for trace-element 
clues that could lead to favorable deposition 
zones for rhodochrosite. 

3. Surface electromagnetic surveys to search 
for unmapped veins (again, see Cook, 1997). 

4. Fluid-inclusion work to identify the best 
zones for fine quality rhodochrosite and to 
help build an ore-deposition model. 


5. Petrographic evaluation of the ore suite. 
After the scientific studies were completed, mining 
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began and continues to this day. At the Sweet 
Home, mining involves extensive drilling and blast- 
ing along the previously identified ore veins. When 
the miners near a vein intersection, drilling slows to 
a careful probing; when contact with a pocket is 
made, a medical endoscope is used for closer exami- 
nation. A lens attached to a fiber-optic cable trans- 
mits the image of the pocket contents to the observ- 
er. To date, a discouraging 90% of the pockets 
examined have been empty or contained crystals of 
little value. 

Since the veins are nearly vertical in orienta- 
tion, their intersections with faults are likewise ver- 
tical, which has necessitated the development of a 
series of vertical tunnels called raises. These raises 
ultimately have produced the most value, but they 
are physically the most difficult to create. The rais- 
es progress upward, one blast at a time, from hori- 
zontal tunnels excavated into the side of the moun- 
tain. After each blast, all of the equipment has to be 
hauled up ladders to the working face by hand and 
then taken down again before the next blast. This 
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ti 
Figure 7. The Sweet Home mine is cold, wet, 
dark, at an extreme altitude, and absolutely 
inaccessible for all but a few months a year. 
This new portal leads to an extensive under- 
ground mine with slippery, vertical tunnels 
extending up sometimes 200 feet (61 m) high. 
Photo © Bryan Lees. 


includes drills (approximately 125 pounds [57 kg]], 
wooden working platforms (several hundred kilo- 
grams), hoses, drill steels, and collecting equipment 
(about 50 kg). Each upward blast advances the face 
some 1.5 m. Some of the raises reach over 60 m. 

When a pocket with top-quality material is 
identified (figure 8), careful rock removal is critical, 
as the fragility of rhodochrosite makes its extraction 
extremely difficult. Two new extraction techniques 
have shown extraordinary results in specimen 
recovery. These involve a combination of cutting 
with a hydraulic diamond chainsaw and hydraulic 
rock splitting. 

First, a chainsaw cut is made along a line 
around the pocket wall (figure 9). Then, split holes 
are drilled outside the cut lines, and a hydraulic 
splitter is inserted into the holes, one at a time, 
carefully breaking and removing the rock up to the 
saw cut (figure 10). Once most of the wall rock is 
removed, the contents of the pocket are carefully 
removed with the chainsaw. Using this new extrac- 
tion technique, Sweet Home miners can recover 
specimens that otherwise would not be viable. 
Notably, breakage is minimal and few crystals 
require repair after extraction. 

The specimens recovered are indexed, wrapped, 
and boxed before they are sent to the mine’s labora- 
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tory at The Collector’s Edge, in Golden, Colorado. 
There, each specimen is carefully trimmed and 
cleaned. The silica that typically coats this material 
as it emerges from the mine (figure 11} is removed 
by a combination of acids and air abrasion that 
avoids any damage to the underlying crystals (figure 
12). Most specimens require from five to 10 hours 
for cleaning; some, like the Alma King, have taken 
as long as three months. 


PRODUCTION AND DISTRIBUTION 


Because the Sweet Home is a specimen mine, only 
broken crystals or those otherwise not suitable for 
use as mineral specimens are submitted for cutting. 
Given the current mining methods, easily 100 min- 
eral specimens are successfully recovered for each 
piece of faceting material. Approximately 100 
faceted gems greater than one-half carat have been 
produced annually since 1992. Over 75% of cut pro- 
duction is represented by stones between 1 and 3 ct. 
In an average year, fewer than 10 eye-clean stones 
over 10 ct are produced (P. Cory, pers. comm., 
1997). The largest faceted rhodochrosite from North 
America on record is a 61 ct Sweet Home mine 
stone (Sinkankas, 1997). 


Figure 8. The tiniest evidence of red at the end 
of the tunnel is the prize at the Sweet Home 
rhodochrosite mine. Bryan Lees (sitting) and 
Scott Betz discuss the strategy for extracting 
the pocket shown here. Photo © Jeff Scovil. 
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Since 1989, a register of specimens and cut 
stones from the Sweet Home mine has been main- 
tained by cutter and archivist Paul Cory as a his- 
toric record of the rhodochrosites taken from that 
location. Each crystal specimen and cut stone car- 
ries a registration number, the name of the pocket 
from which it was recovered and approximate date 
of recovery, the name of the cutter (if appropriate}, 
all pertinent physical characteristics, and, in some 
cases, specific comments. Although some of the 
crystals recorded may eventually be faceted, such a 
record is invaluable to potential collectors. 

Approximately 70% of the faceted stones are 
sold to dealers. The other 30% are sold retail to 
amateur collectors and retail jewelry buyers. About 
80% of those sold to dealers are subsequently pur- 
chased by collectors of rare stones or set into jewel- 
ry for resale (P. Cory, pers. comm., 1997). 


SWEET HOME MINE RHODOCHROSITE 


Materials and Methods. Eight faceted rhodo- 
chrosites (5.09-26.68 ct) from the Sweet Home mine 
were examined by Shane McClure of the GIA Gem 
Trade Laboratory in Carlsbad. A Duplex II refrac- 
tometer with a near-sodium equivalent light source 
was used to take the refractive index readings. 
Specific gravity was determined by the hydrostatic 
weighing method. On all stones, a desk-model spec- 
troscope was used to examine the absorption spec- 
tra. The reaction to ultraviolet radiation was viewed 
with four-watt long- and short-wave lamps. The 
internal features in each stone were examined with 
a standard binocular microscope. The results are 
given in table 1 and discussed below. 


Description of the Material. Rhodochrosite, a trigo- 
nal carbonate of manganese, derives its name from 
the Greek words rhodon (rose) and chrosis (color; 
Dana and Ford, 1932). Gem-quality rhodochrosite 
usually occurs as rhombohedral crystals and occa- 
sionally as scalenohedral crystals, with perfect 
cleavage in three directions. At the Sweet Home 
mine, the crystals only occur as rhombohedra. 
These crystals are often accompanied by quartz, flu- 
orite, tetrahedrite, and sphalerite (again, see figures 
1, 5, and 12). The translucent-to-opaque banded 
variety of rhodochrosite is an aggregate, and it is 
usually found in stalactitic or nodular masses. 
Massive material has been recovered from veins of 
the Sweet Home mine, but to date none has been 
found in any of the pockets. 
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Figure 9. At Sweet Home, a miner used a 
hydraulic diamond-impregnated chainsaw to 
make the initial cut around a pocket. This pock- 
et, recovered in 1994, was named the Corner 
Pocket, the source of many fine rhodochrosite 
specimens. Photo © Bryan Lees. 


Gemological Characteristics. The eight faceted 
stones, all of medium quality, ranged from pinkish 
orange to pink-orange (figure 13). The physical prop- 
erties of all the samples were remarkably similar: 
Refractive indices of four stones were 1.600 and 
over-the-limits of the refractometer, and the other 
four were 1.599 and over-the-limits. The specific 
gravity was 3.71 for seven stones and 3.70 for the 
eighth. Pleochroism was light yellowish orange and 
orange-pink. The spectrum seen in all eight speci- 
mens consisted of a strong narrow band centered at 
415 nm and two broader bands from approximately 
440 to 470 nm and 540 to 560 nm. There was no 
fluorescence to either long- or short-wave UV. 


Figure 10. Two miners press upward with a split- 
ter, a device similar to the “Jaws of Life,” into 
holes drilled just outside the sawcut made 
around the Corner Pocket. Photo © Bryan Lees. 
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Figure 11. When a specimen is first removed 
from the pocket, it is difficult to know what to 
expect. While it is clear that a large crystal has 
been uncovered, its muddy color and the silica 
coating say little about the gem beneath. Photo 
© Bryan Lees. 


TABLE 1. Gemological properties of transparent 
rhodochrosite from the Sweet Home (Colorado) and 
Hotazel (South Africa) mines. 


Characteristic Sweet Home® Hotazel” 
Color Pinkish orange to Pinkish to deep 
pink-orangec red, with orange, 
brown, and black 
secondary colors 
Hardness Not tested 4 
Cleavage Not tested Easy, perfect 
rhombohedral 
Specific gravity 8.70 - 3.71 3.64 
Refractive indices 1.600 - OTL4 1.597 - 1.812 
1.599 - OTL 
Pleochroism Light yellowish Red and 
orange and brownish red 
orange-pink 
UV fluorescence 
Long-wave Inert Inert — dull red 
Short-wave Inert Inert 
Absorption Strong band at Band at 
spectra 415 nm, two 535-565 nm, 
broader bands lines at 551 and 
at 440-470 and 410 nm 


540-560 nm 


’Information provided by S. F. McClure (pers. comm., 1997) on the 
basis of eight study stones. 

PAs published in “Rhodochrosite” (1987). 

“These colors are for the eight stones studied only. 

“OTL = over the limit of a standard refractometer. 
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Figure 12. Cleaned of silica and mud by a com- 
bination of acids and air abrasion, the specimen 
in figure 11 emerges as a fine, 16-cm-high, 
thodochrosite crystal on snowy white quartz 
and dark sphalerite crystals. Courtesy of the 
Collector’s Edge; photo © Jeff Scovil. 


With magnification, it was evident that all 
stones contained planes of liquid and two-phase (liq- 
uid and gas) inclusions; some of the two-phase 
inclusions were quite large (figure 14). Several 
stones contained irregular to plate-like transparent 
dark brown crystals; one had a triangular opaque 
platelet, and several had straight internal growth 
striations in two or more directions (again, see fig- 
ure 14). Note also in figure 14 (right, without a 
polarizing filter) the strong doubling caused by the 
high birefringence characteristic of rhodochrosite. 

In reviewing the literature for analytical work 
on rhodochrosite, we examined the results of an 
informative work published on Hotazel rhodo- 
chrosite (“Rhodochrosite,” 1987) and compared 
them to the results for the Sweet Home mine 
stones (table 1). While there are differences between 
the Sweet Home and Hotazel rhodochrosites, they 
are small enough only to indicate (not prove) differ- 
ences in geographic origin. Because the Catamarcan 
material is an aggregate—composed also of other 
distinctly different minerals—and not a crystal, its 
properties deviate from those of the single-crystal 
material (see, e.g., Galloni, 1950). 


Identification. The identification of single-crystal 
rhodochrosite from similar-appearing gem materials, 
such as rhodonite and some Mexican opal, is not dif- 
ficult because of rhodochrosite's distinctive gemolog- 
ical properties. These include its high birefringence, 
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Figure 13. Illustrated here 
are seven of the eight 
faceted Sweet Home mine 
rhodochrosites (5.09-26.68 
ct) that were tested for 
this study. Courtesy of the 
Collector’s Edge; photo © 
Harold & Erica Van Pelt. 


characteristic color, and low hardness (for further 
information, see the Gem Reference Guide, 1992). 


CUTTING AND SETTING 


The Cutting Process. Faceting rhodochrosite 
requires a great deal of skill and experience. Not 
only is rhodochrosite very soft, but it also has per- 
fect cleavage in three directions—planes that must 
be avoided completely during cutting. Following is 
the technique used by those who cut for the Sweet 
Home Rhodo mining group. 

The material is preformed by hand, slowly and 
with minimal force, on a 360 grit, continuously 
wetted grinding wheel. Some of the grinding is 
accomplished simply by rubbing the stone on a sta- 
tionary grinding wheel. 

The stones are then dopped. The first adhesion 
of the table to a standard dop is made with ordinary 
white glue. Once the placement is judged satisfacto- 
ry, the joint between the dop and the stone is rein- 
forced (surrounded) with a "five-minute" epoxy that 
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is allowed to cure for one to two hours. Facets are 
placed first with a 1200 grit flat lap, and then with a 
tin lap, wax lap, or “Final Lap” (from Diamond 
Pacific Co.}, as the stone requires. Occasionally, as 
difficulties are encountered, better results are 
obtained by reversing the rotation of the lap. 

Because rhodochrosite is sensitive to heat, the 
cutter unmounts the stones from the dopstick by 
immersing the dop and stone together in a bath of 
methylene chloride (a toxic and flammable sub- 
stance) at room temperature until the adhesive is 
completely dissolved and the gem may be removed 
without any force. 

The cutter redops the stone by packing a stan- 
dard dop with clay, positioning the stone, and sur- 
rounding the joined area with five-minute epoxy. 
The rest of the stone is then faceted, and it is 
removed from the dop as before (E. Gray, pers. 
comm., 1997). Occasionally cutters use a wooden 
dop to reduce the potential for vibrational damage 
associated with metal dops. 

It is critical when working with rhodochrosite 


Figure 14. Two-phase inclu- 
sions were present in all 
| the rhodochrosites exam- 
ined. Use of a polarizing 
filter (left) eliminated the 
strong doubling (right), 
which results from the high 
birefringence of the host 
material. Photomicro- 
graphs by Shane F. 
McClure; magnified 18 x. 


GEMS & GEMOLOGY Summer 1997 131 


to ensure that the work area is always clean and 
that all surfaces are soft and nonabrasive. No stone 
is placed on any surface that has a greater hardness 
than the gem, and each gem is moved from one pad 
of clean cotton or felt to another with clean, soft, 
steady hands; fingers replace metal tweezers. 


Setting Techniques. As of March 1997, we knew of 
at least 35 faceted rhodochrosites from the Sweet 
Home mine that had been prong-set successfully in 
gold mountings (P. Cory, pers. comm., 1997). 

The setting process for any rhodochrosite first 
involves a thorough initial cleaning of the entire 
work area. The stones must be placed safely on a 
soft cloth when they are not being handled, and any 
handling should be done only with fingers or soft 
beeswax. Careful attention must be paid to the 
angle cut into the prongs, the seat onto which the 
stone will rest, and to the bearing surface of the 
upper portion of the prong. Matching these bearing 
angles exactly to each stone’s profile—without any 
bulges or gaps between the metal and any of the 
surfaces of the stone—is much more important 
with rhodochrosite than with gemstones that have 
greater hardness and toughness profiles. Also 
uncharacteristic for other faceted gem materials, 
mountings destined to be set with rhodochrosite 
must be completely polished and cleaned prior to 
setting. When fitting the stone into the setting, the 
jeweler must take care to ensure that the stone 
barely touches any surface of the setting. A careless 
bump can cause damage. 

The Denver Necklace (cover and figure 15) is an 
example of the challenges faced when setting 
rhodochrosite. The necklace was designed and cre- 
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Figure 15. The Denver 
Necklace was designed 
and created to preserve a 
suite of fine gem rhodo- 
chrosites for public dis- 
play. The center stone is 
14.06 ct, with the stones 
on either side of it about 
5.5 ct each, 3 ct each, and 
1.5 ct each (moving up 
the necklace). Designed 
by Kimberly Knox; creat- 
ed by Knox and Zane A. 
Gillum of Golden Pacific 
Arts. Photo © Harold # 
Erica Van Pelt. 


ated by the first author to preserve an unusual suite 
of gem rhodochrosites for public view. It is now on 
loan to the Los Angeles County Museum of Natural 
History. The necklace contains complex and unusu- 
ally shaped stones, which range from about 1.50 to 
14.06 ct, all matched to one another in shape and 
color. The necklace was designed to mirror the 
strong shapes and emphasize the rich color of this 
rare suite of rhodochrosites. 

Construction in 20k or 22k gold would have 
made the setting process possible by more conven- 
tional methods, but because of the intricate hinging 
mechanisms and the additional complication of glass 
enamel adjacent to every setting junction, we chose 
the more durable 18k gold. The design called for dou- 
ble-bearing surfaces (i.e., two adjacent surfaces bear- 
ing on the stone} at each angle, and even the most 
painstaking setting methods proved too severe. After 
several unproductive experiments, and trying also to 
protect the gems against any possible damage from 
vibration or thermal shock (as had previously been 
experienced with specimens), we researched adhesive 
polymer compounds used by the aerospace industries 
that (1) maintained long-term elasticity, (2) were good 
adhesives, (3) had little potential to discolor, and (4) 
would create a cushion to dampen the effects of both 
vibration and the differential thermal coefficients of 
the metal and stone. A polystyrene-based adhesive 
was selected and chemically modified. Once each 
stone was fixed in its mounting, we carefully bent 
the gold over the top. 


Care of Rhodochrosite Jewelry. To clean jewelry set 
with rhodochrosite, soak it in room-temperature 
soapy water. Rinse the jewelry lightly, rubbing 
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holder. If this is not done properly 
the specimen may slip down into the 
grooves of the tweezer end of the 
stone holder and confusing reflec- 
tions of the rough edges of the 
tweezer will be thrown into the edges 
of the specimen. Return the stone 
holder to its post and adjust the 
specimen, table up, approximately 
in the center of the opening of the 
illuminator. Care should be taken to 
set the stone holder in a line parallel 
to the top of the illuminator. Any 
deviation from this parallel position 
will cause less light to be thrown 
into the back facets of the specimen, 
as the relation of the reflector to the 
baffle plate in the illuminator is such 
that a focal point of light is found 
at a point about %” above the top 
of the opening in the illuminator. 

If the Diamondscope is used on 
AC with the earlier-type variable 
transformer, turn the  rheostat 
switch as far as possible toward the 
off position so that the minimum of 
current will pass into the bulb, then 
turn on the switch. Repeated snap- 
ping-off of current with the rheostat 
in full open position causes rapid 
deterioration of the filament of the 
low voltage bulb. The resultant 
blackening of the bulb’s glass dims 
the light source. The newer-type 
transformer is fixed at the correct 
voltage and employs only the on-off 
switch. 

If the Diamondscope is operated 
on DC with a cage-type resistance 
coil, simply connect the cord plug to 
a convenient outlet. If the Ohmite 
resistance coil is employed with the 
Diamondscope, the control switch 
should first be turned to zero, then 
gradually turned to obtain the 
strength of light required. 

For the jeweler who has never 
used a Diamondscope, the next step, 
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getting the specimen into perfect 
view with both eyes, is probably the 
most difficult—a natural result of 
the long-accustomed use of a single 
eye loupe by most jewelers. Care 
should be taken that the detachable 
objectives are in line with the eye- 
pieces. With the .7-power objective 
the field is greatly reduced, there- 
fore only a slight movement of the 
objectives will in many eases pre- 
vent observation of the object, since 
it will be out of the field. 


Steps in Focusing 


Tilt the entire instrument back- 
ward so that, the binocular eyepieces 
are at the proper level for the eyes. 
Peer into the eyepieces; close one 
eye and slowly move the eyepiece 
opposite the open eye in or out, until 
the outline of the specimen is in clear 
view. Without moving the head, open 
both eyes, then close the eye through 
which -the outline of the specimen 
has just been seen. When the 
specimen is centered in the sec- 
ond eyepiece, it should be visible 
equally well through both pieces. If 
such is not the case, a repetition of 
closing first one eye and then the 
other, while making slight adjust- 
ments of both eyepieces, will eventu- 
ally give desired results. At this 
juncture the specimen will probably 
appear blurred, as no attempt at 
focusing has been made. By slowly 
moving the objective towards or 
away from the specimen by means 
of the focusing wheels a perfect focus 
on the top, or table, of the specimen 
may easily be obtained. 

Although most procedure is the 
same, whether a colored gemstone 
or a diamond is being examined, 
there are still differences. Examina- 
tion of a brilliant-cut, one-carat dia- 
mond will first be described. 


slightly with your fingers, and then dry it with a 
very soft cloth. Solvents such as methylene chloride 
or acetone may also be used. Traditional methods, 
such as the ultrasonic, steamer, buffing wheel, and 
mechanical cleaning, must never be employed. 


SUMMARY 


Although massive rhodochrosite is readily avail- 
able, transparent gem-quality crystals are relatively 
rare. Such crystals have been found in few localities: 
Peru, South Africa, and, most notably, Colorado. In 
recent years, new exploration and extraction tech- 
niques at the Sweet Home mine near Alma, 
Colorado, have greatly increased the number of fine 
crystals that are recovered each year. 

Because of their rarity and attractiveness, most 
gem-quality rhodochrosite crystals are preserved as 
specimens and not submitted to the lapidary. 
Nevertheless, approximately a hundred 0.5+ ct 
stones a year are cut from crystals that had been 
damaged or were otherwise inappropriate for speci- 
men use. Because of its cleavage and softness, faceted 
rhodochrosite is quite fragile and requires special set- 
ting techniques. However, it can be set in jewels such 
as necklaces and pins that are typically not subjected 
to direct contact with other surfaces. Extreme care 
must be taken in cleaning and otherwise handling 
rhodochrosite jewelry. Because of its distinctive 
gemological properties, rhodochrosite is readily iden- 
tified from any similar-appearing materials. 


Predicting future potential at the Sweet Home 
mine is difficult. Because gem-quality rhodochrosite 
occurs in pockets and not in veins, formulas that 
are generally used for ore mining are not appropri- 
ate. While detection methods continue to improve, 
nature’s code may never be broken: There is still a 
significant probability of discovering yet another 
unproductive pocket. Since 1992, the mine has had 
alternating years of success and disappointment; its 
continued operation is carefully evaluated annually. 
Ultimately, the future of the Sweet Home mine 
depends on advances in the methods used for geo- 
physical exploration. 
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Etched CHALCEDONY 


In early 1997, a 90.5-mm-long mot- 
tled brownish and yellowish orange 
pierced carving was submitted to the 
West Coast laboratory for identifica- 
tion. Because the surface was covered 
with an intricate pattern of swirls, we 
could not obtain an R.I. reading. Also, 
the large size precluded specific gravi- 
ty testing by the hydrostatic method. 
The carving did have an aggregate 


Figure 1. Details of the surface 
structure of a chalcedony carv- 
ing show that the material has 
been selectively etched, proba- 
bly by a hydrofluoric acid solu- 
tion. Note the agate-like bands 
crossing the etched channels in 
the carving. Magnified 10x. 
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Lab Notes 


optic character, revealed no spectrum 
when viewed with a handheld spec- 
troscope, and was inert to both long- 
and short-wave ultraviolet radiation. 
However, an X-ray powder diffraction 
pattern (produced from a minute 
amount of material taken from an 
inconspicuous spot on the carving) 
matched that of quartz. 

In addition, with magnification 
and diffused lighting conditions, we 
saw a raised agate-like banding in 
many areas of the carving. We also 
noted that areas within the carved 
channels appeared to have been dis- 
solved, with most of the ridges 
between the channels reduced to 
sharp edges (figure 1). This appearance 
indicated that the carving had been 
etched with a caustic solution, such 
as hydrofluoric acid (which is 
extremely dangerous). This would 
also explain the raised nature of the 
agate-like banding, since acid etching 
is known to bring out structural irreg- 
ularities in aggregates. On the basis of 
this structure and the diffraction pat- 
tern, we identified the material as 
chalcedony. We suspect that this 
carving was etched to give it an 
antique appearance. 


ML], SFM, Dino DeGhionno, 
and Philip Owens 


DIAMOND 


With “Additional” Color 

Occasionally we encounter diamonds 
with overall characteristic color ap- 
pearances that result from factors 
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Figure 2. A distinctive orange- 
colored area can be seen under 
the table and toward the tip of 
this 1.20 ct heart-shaped Fancy 
yellow diamond. 


other than those that color the dia- 
mond itself. For example, inclusions 
are often responsible for the apparent 
body color (see, e.g., Fall 1995 Lab 
Notes, pp. 197-198, and R. C. Kam- 
merling et al., “An Investigation of a 
Suite of Black Diamond Jewelry,” 
Winter 1990 Gems & Gemology, pp. 
282-287). In some cases, however, 
such factors do not affect the overall 
color, but they do produce an “addi- 
tional” color. This is well illustrated 
by a 1.20 ct heart shape recently sub- 
mitted to the East Coast lab. 


Editor's note: The initials at the end of each item 
identify the contributing editor(s) who provided 
that item. 
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Figure 3. Stains in fractures, 
such as this orange limonitic 
stain in the stone shown in fig- 
ure 2, can impart an additional 
aspect to the color appearance of 
a diamond. Magnified 32x. 


During color grading, we ob- 
served a distinct patch of orange that 
was separate from the yellow body 
color (figure 2). Closer examination 
revealed an orange limonitic stain 
that was confined to a fracture (figure 
3). When the stone was viewed in the 
standard face-up color-grading posi- 
tion, the orange reflections from this 
stain were seen under the table edge 
toward the tip of the heart. 


Figure 4. This 2.14 ct distorted octahedral diamond 
crystal shows strongly saturated areas of both pink 


and green. 


Lab Notes 


In situations such as this where 
the additional color component does 
not affect the color grade, a comment 
is included in the report. We graded 
this stone Fancy yellow and added the 
comment: “The orangy color appear- 
ance of this diamond is influenced by 
a stain in a fracture.” In our experi- 
ence, boiling in acid will usually 
remove such stains. John King 


Rough with 

Contrasting Colors 

In recent years, we have been encour- 
aging diamond manufacturers to 
show us diamonds with a strong 
green color component when they are 
still rough or when blocked, because 
examination of the original crystal 
surface of such diamonds can be very 
helpful in determining whether the 
green component is natural or caused 
by laboratory treatment. We docu- 
ment the diamond’s properties and 
use these observations along with 
those of the finished stone when it is 
submitted for a laboratory grading 
report. In keeping with this practice, 
one manufacturer brought us the 2.14 
ct piece of green-and-pink rough 
shown in figure 4. 


The slightly distorted octahedron 
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had the properties of a natural-color 
pink diamond, especially the pink 
graining, an absorption at 415 nm vis- 
ible with a desk-model spectroscope, 
and blue fluorescence to long-wave 
UV. The green came from strongly 
colored green radiation stains that 
lined several fractures. With magnifi- 
cation, one of these stained fractures 
showed the spotted appearance typi- 
cal of natural radiation stains (figure 
5). Because these stains were on the 
surfaces of the fractures and did not 
penetrate the body of the stone, we 
predicted that it would be difficult to 
retain any green color after cutting 
and polishing—unless one or more of 
the color-causing fractures were also 
retained. Ultimately, the rough was 
cut into a 1.07 ct heart shape that was 
color graded Fancy Intense purple- 
pink. All of the fractures were 
removed during cutting and, as we 
had predicted, there was no green 
color in the finished stone. 

We have reported radiation stains 
on colored diamonds before (e.g., in 
Lab Notes: Summer 1991, p. 110; Fall 
1991, pp. 174-175; Winter 1991, p. 
249; and Winter 1993, p. 279), but we 
had not previously seen a stone with 
such contrasting colors. This example 


Figure 5. With 30x magnification, we saw that frac- 
tures in the diamond shown in figure 4 have the 
streaked and spotted appearance typical of natural 
radiation stains. The green color is largely confined 
to fracture surfaces. 
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Figure 6. The facet junctions on 
either side of the upper girdle 
facets of this 0.59 ct treated 
green-yellow round brilliant dia- 
mond have a frosted, burned 
appearance that is indicative of 
heat treatment. Magnified 63x. 


is a reminder that any diamond— 
regardless of its color or inherent 
properties—may be exposed to natu- 
ral radiation and thus develop green 
stains. IR 


Treated-Color Yellow Diamonds 
With Green Graining 


Last fall, the East Coast laboratory 
saw a number of unusual treated- 
color diamonds. All round brilliants 
under 1 ct, they displayed highly satu- 
rated greenish yellow to yellow-green 
hues. In the past, diamonds with 
these colors have been relatively rare, 
sO we were surprised to see several at 
one time. There were two compo- 
nents to the color in these stones: a 
saturated yellow body color and a 
strong green luminescence to visible 
light. The latter is sometimes referred 
to as “green transmission.” Both the 
color and the luminescence showed 
zoned distribution, with brownish 
yellow graining visible against a per- 
vasive paler yellow body color; only 
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the graining exhibited green lumines- 
cence to a strong visible light source. 
Prior to examining these particular 
diamonds, we had believed that green 
transmission luminescence confined 
to colored graining was only associat- 
ed with diamonds of natural color 
(see, e.g., R. Crowningshield, “Devel- 
opments and Highlights at GIA’s Lab 
in New York,” Spring 1979 Gems & 
Gemology, pp. 153-154). However, 
other features of these stones proved 
that this is not always the case. 


With magnification, we observed 
several features that were similar to 
those observed in diamonds we know 
to have been burned (see, e.g., Spring 
1992, Lab Notes, p. 53). Several of the 
diamonds showed pitted, frosted sur- 
faces at facet junctions on the crown 
(figure 6). All of the stones had heavi- 
ly bearded girdles, and the short frac- 
tures in the bearding also had a frost- 
ed appearance. Larger fractures, seen 
in a few of the diamonds, had a simi- 
lar appearance along their outer edges. 
At first glance, all the girdles appeared 
to have been bruted. In reflected light, 
however, many of them showed rem- 
nants of girdle facets, indicating 
instead that they had been burned. 
These observations prompted us to 
look more closely at the other proper- 
ties relevant to determining the origin 
of color. 

The spectra observed with a 
desk-model spectroscope showed 
absorption lines at 415 and 503 nm, 
with a dark region between 465 and 
494 nm, and pairs of absorption and 
bright emission lines at 513 and 518 
nm. (A good example of such a spec- 
trum in a natural-color greenish yel- 
low diamond appears in Gems & 
Gemology, Spring 1961, p. 152.) The 
fluorescence to long-wave UV radia- 
tion was a mixture of greenish yellow 
and blue, a common response for dia- 
monds with strong green transmis- 
sion; unlike known natural-color dia- 
monds of this type that we have 
examined, though, the fluorescence of 
these stones was strongly chalky. 

The spectrophotometer showed 
us that, in addition to the lines seen 
with the spectroscope, most of these 
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diamonds also had a weak peak at 637 
nm. We did not see features that we 
would expect in treated-color yellow 
or green diamonds, such as the 595 nm 
line or the GR1 line (741 nm). (The 
H1b and Hc peaks, which, when pre- 
sent, are seen with mid-infrared FTIR 
spectroscopy, were also not seen in 
these stones.) Most significantly, all 
the diamonds had a peak at 985 nm (in 
the near-infrared, and thus not visible 
with a spectroscope}, which was weak 
in some stones and strong in others. 
This peak at 985 nm is caused by the 
H2 center (see S. C. Lawton et al., 
“The ‘H2’ Optical Transition in 
Diamond: The Effects of Uniaxial 
Stress Perturbations, Temperature, and 
Isotopic Substitution,” Journal of 
Physics: Condensed Matter, Vol. 4, 
1992, pp. 3439- 3452). It has never 
been observed in a natural-color dia- 
mond. However, the H2, peak has been 
produced by irradiation and heat treat- 
ment to extremely high temperatures 
(greater than 1400°C). Such heat treat- 
ment would account for the “burned” 
surface features we observed in these 
stones with the microscope. 

In general, it is not possible to 
heat a diamond to these high temper- 
atures for more than a few minutes 
without a stabilizing factor such as an 
inert atmosphere or high confining 
pressure. This suite of diamonds may 
indicate that a “new” diamond treat- 
ment is being used in the trade. 
Although some factors (such as evi- 
dence of burning) may suggest that 
yellow to yellow-green diamonds 
have been treated in this fashion, the 
985 nm peak is the strongest proof 
that such treatment has taken place. 


IR and TM 


EMERALD, 
An Unusual Assembled Imitation 


One of the most elaborate and natu- 
ral-appearing assembled stones to 
come to our attention was submitted 
to the East Coast lab for identification 
and determination of whether the 
“emerald” was treated. Weighing just 
under 1 ct, the stone appeared to be 
an attractive, moderately included 
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Figure 7. This 5.95 x 5.92 x 5.23 
mm assemblage imitated a fine 
emerald of 0.98 ct. 


emerald (figure 7). The refractive 
index reading on the table facet was 
1.578-1.583, the expected value for 
natural emerald. A quick microscopic 
examination through the table 
revealed the jardin typical of natural 
emerald, as well as a few orange areas 
in fractures; none of these inclusions 
extended deep into the pavilion of the 
stone. As part of the procedure to 
check for treatment, we exposed the 
stone to long-wave ultraviolet radia- 
tion in a darkened room. (Emerald 
may fluoresce red or remain inert, 
whereas some of the materials used to 
fill fractures in emerald fluoresce yel- 
low.) The fluorescence reaction was 
definitely not that of emerald, either 
filled or unfilled: The sample glowed 
a strong chalky yellow-green! With 
magnification and UV radiation, we 
could see that the fluorescence was 
confined to the pavilion surface. 
Because there were no chrome 
lines in the absorption spectrum, we 
searched for additional clues to the 
cause of the strong green color. 
Immersion of the piece in water 
revealed a most unusual combination. 
As seen in figure 8, within the origi- 
nal stone there is the ghost-like out- 
line of another faceted stone, the 
pavilion of which is considerably 
shallower than the assemblage as a 
whole. The dark green color gradually 
diminishes from the culet upward, 
ending just below the girdle. Because 
the refractive index of the pavilion 
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Figure 8. Immersed in water, 
the assembled nature of the 
stone shown in figure 7 is evi- 
dent: a faceted gem with a shal- 
low pavilion that has been over- 
laid with a green material. 


was 1.50 and the hardness was low on 
the Mohs scale (as noted with magni- 
fication when the needle probe 
indented a minute area on the sur- 
face), we concluded that this portion 
of the assemblage was a plastic. We 
were unable to determine if there was 
even a faint green color in the natural 
beryl portion of the stone. After care- 
ful observation, we determined that 
the assemblage consisted of a fully 
faceted natural beryl with a shallow 
pavilion over which a green plastic 
had been added to impart the color 
and add apparent depth. Certainly, if 
such a stone were mounted, a cursory 
examination might result in a devas- 
tating misidentification. GRC 


Star FELDSPAR 


Asteriated feldspars were once com- 
mon in the gem trade, but we had not 
seen one in the GIA Gem Trade 
Laboratory for several years. In spring 
1997, a 64.48 ct dark brown oval dou- 
ble cabochon was submitted to the 
West Coast lab for identification. It 
measured about 28.92 x 19.20 x 16.22 
mm. In addition to a four-rayed star, 
it exhibited two parallel bands of cha- 
toyancy (one of which is too faint to 
be seen in figure 9). The stone had a 
(spot) refractive index of 1.52 and a 
specific gravity (measured hydrostati- 
cally) of 2.60. It was inert to long- 
wave UV and fluoresced very weak 
red to short-wave UV. All these prop- 
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erties were consistent with a feldspar. 
An EDXRE spectrum, taken to under- 
stand the stone better, detected major 
amounts of Al, Si, and K, and lesser 
amounts of Na, Fe, Ga, Sr, Ba, Rb, and 
Pb. Thus, we determined that it was a 
potassium feldspar, but we could not 
establish which feldspar—orthoclase, 
microcline, or sanidine—without fur- 
ther testing, which was not autho- 
rized by the client. 

With magnification, we saw 
platy inclusions—possibly mica— 
throughout the stone. These appeared 
to be partially oriented along various 
planes in the cabochon, one being par- 
allel to the girdle. However, the inclu- 
sions were too large and too poorly 
oriented to account for either of the 
optical effects. We do not recall seeing 
another fashioned feldspar gemstone 
that showed asterism associated with 
chatoyancy. 


ML], SFM, Dino DeGhionno, 
and Philip Owens 


JADEITE JADE 


Beads of an Unusual Color 

An attractive necklace of predomi- 
nantly brown-and-white (with lesser 
amounts of green) variegated beads 
(figure 10), which a client purchased 
recently in Tucson, was submitted to 
the East Coast lab for identification. 
We identified the beads as jadeite on 
the basis of standard gemological test- 


Figure 9. This 64.48 ct feldspar 
cabochon shows a four-rayed 
star and two chatoyant bands, 
one of which is much fainter 
than the other. 
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Figure 10. These variegated brown, white, and light green beads (rang- 
ing from 8.00 to 10.20 mm) proved to be jadeite. 


ing. Although many jadeite boulders 
have a brown outer layer (or “skin”; 
see, e.g., figure 6 of Winter 1995 Gem 
News, p. 278], where the color is due 
to staining by an iron compound, we 
do not recall ever having seen beads 
with this agate-like appearance. 

Some years ago, we encountered 
solid-color brown jadeite cabochons 
that we believed were the result of 
such natural staining. More recently 
we have seen jade of a fairly uniform 
brown color that appeared to be the 
result of some type of dyeing process. 
However, the variegated color of 
these beads indicates natural color. 
The fact that a number of the beads in 
the necklace were banded with gray- 
ish green jadeite further supports the 
conclusion that the color was proba- 
bly natural and that the beads were 
cut from near the outside layer of a 
naturally stained jadeite boulder. 

Of the beads that we tested, all 
exhibited a 437 nm iron line and spot 
refractive index values within the 
normal published range for jadeite 
(about 1.66). For the most part, the 
beads were inert to both long- and 
short-wave ultraviolet radiation. The 
attractive brown-and-white variegated 
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color suggests that these beads had 
not been subjected to bleaching and 
impregnation, since the brown vein- 
ing would most likely be removed 
during such treatment. Infrared spec- 


Figure 11. The green spherules in 
this polymer-filled cavity in a 
jadeite bangle make the filler 
much less conspicuous. Note 
also the many gas bubbles in 
the polymer. Magnified 25x. 
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troscopy on a few of the beads con- 
firmed that they were not polymer 
impregnated. GRC 
Cavity Impregnated 

With a Colored Filler 

Late last year, the West Coast lab was 
asked to test a bangle bracelet for 
polymer impregnation. The translu- 
cent green bangle, which measured 
63.6 mm in diameter and 7.93 mm 
thick, showed properties typical of 
jadeite, with blocky grains visible 
with magnification. Infrared spectra 
taken on several regions of the bangle 
demonstrated that it was indeed 
impregnated with a polymer. 

However, bleaching and impreg- 
nation was not the only treatment 
that the bangle had received. A rela- 
tively large cavity in the bangle had 
been filled with a polymer-like sub- 
stance that fluoresced moderate white 
to long-wave UV and weak green to 
short-wave UV. With magnification, 
this substance was seen to contain 
numerous tiny green spherules as 
well as many gas bubbles (figure 11). 
We suspect that a green coloring 
agent was added so that the filling 
material more closely resembled the 
green jadeite. It certainly made the 
filled cavity less evident with a curso- 
ry examination. 

We have previously reported on a 
polymer-like substance filling the 
cavities in a bangle (Winter 1994 Lab 
Notes, pp. 266-267) and used to repair 
a jadeite carving (Spring 1996 Lab 
Notes, pp. 46-48). In addition, we 
have seen a natural stone bead that 
could have been mistaken for jade 
with a polymer-filled cavity but in 
fact was grossular garnet with a softer 
chlorite-group mineral (Spring 1996 
Lab Notes, pp. 45-47). 

ML] and SFM 


Dyed Impregnated Bangle 

without a “Dye Band” Spectrum 

As noted in previous entries, signifi- 
cant treatments used on jadeite jade 
are dyeing, and bleaching followed by 
impregnation with a polymer or wax. 
When such treatments are present, 
the Gem Trade Laboratory notes 
them explicitly on Identification 
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Figure 12. Although testing 
proved that this jadeite bangle 
had been dyed and polymer 
impregnated, examination with 
a handheld spectroscope did not 
reveal the broad absorption 
band centered at 640 nm that is 
typical for dye. 


reports. In the case of bleaching and 
impregnation, infrared spectroscopy is 
usually needed to identify the treat- 
ment conclusively. However, most 
green dye treatments can be detected 
by two features revealed during stan- 
dard gemological examination: (1) 
color concentrations seen (using mag- 
nification) along the boundaries 
between the jadeite grains, and (2) an 
absorption “dye band” visible 
between 630 and 660 nm (as seen, for 
instance, with a handheld spectro- 
scope). 

In spring 1997, a mottled green 
bangle bracelet measuring 72.6 mm 
in diameter by 8.21 mm thick (figure 
12) was sent to the West Coast labora- 
tory for identification. The bangle had 
an aggregate optic character, with a 
refractive index of 1.66. It fluoresced a 
weak greenish yellow to long-wave 
ultraviolet radiation, but was inert to 
short-wave UV. With magnification, 
the material showed an aggregate 
structure, with color concentrated 
along grain boundaries (figure 13) and 
in some patches. These gemological 
properties were consistent with 
jadeite jade that had been dyed green. 
However, no dye band was visible 
when the sample was checked with a 
handheld spectroscope! Nor did we 
see the three bands (at about 630, 660, 
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Figure 13. With 20 x magnifica- 
tion, dye concentrations between 
grains could be clearly discerned 
in the bangle shown in figure 12. 


and 690 nm) indicative of chromium 
in jadeite. Instead, we saw a line at 
437 nm (typical for jadeite), a weak 
band at 600 nm, and a cutoff edge at 
650 nm. This spectrum was very 
unusual, since in our experience 
jadeite with the depth of color of this 
bangle should have had either a 
chromium spectrum, if natural color, 
or a broad band centered at about 640 
nm, if dyed. 

We took an infrared spectrum, as 
we do for all jadeite samples, and 
found that the bangle had been poly- 
mer impregnated. However, because 
of the lack of a distinctive optical 
absorption spectrum, we also checked 
the chemistry using EDXRF spec- 
troscopy. Again, there was no evi- 
dence of chromium. We concluded 
that the bangle was dyed impregnated 
jadeite jade. 


Figure 14. The 8.64 x 6.51 mm 
doublet in this white metal ring 
consists of a synthetic spinel 
crown and a synthetic ruby 
pavilion. 


GEMS & GEMOLOGY 


This is the first instance we can 
recall where a dyed green jadeite piece 
did not show the typical dye band in 
the handheld spectroscope. In light of 
this development, we strongly advise 
gemologists to subject all green 
jadeite to careful microscopic exami- 
nation. 


ML], SFM, and Dino DeGhionno 


RUBY, 
Assembled Imitation 


Last summer, at the same time that 
the East Coast lab was testing the 
synthetic green spinel/natural ruby 
assemblage (represented as spinel) 
that was reported in the Winter 1996 
Lab Notes (p. 281), the West Coast lab 
was asked to identify the center red 
stone in the ring shown in figure 14. 
The white metal ring was stamped 
“18K,” and the center stone was sur- 
rounded by numerous near-colorless 
round brilliants. Nevertheless, the red 
oval mixed cut was easily seen to be a 
doublet consisting of a near-colorless 
crown cemented to a red pavilion. 
The gemological properties of the 
crown were: R.I.=1.728, singly refrac- 
tive, medium chalky yellow fluores- 
cence to long-wave UV and strong 
green fluorescence to short-wave UV. 
With magnification, we saw small gas 
bubbles in thread-like arrangements 
(figure 15). These properties are typi- 
cal for synthetic spinel, particularly 
the fluorescence and inclusions. The 


Figure 15. Characteristic 
thready gas bubbles in the syn- 
thetic spinel crown and curved 
striae in the synthetic ruby 
pavilion are visible in the doub- 
let shown in figure 14 at 40x 
magnification. 
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pavilion was doubly refractive, fluo- 
resced moderate red to both long- and 
short-wave UV radiation, and 
revealed both curved striae and small 
gas bubbles with magnification 
(again, see figure 15). The absorption 
spectrum, which could only be 
observed for the doublet as a whole, 
was typical for ruby. These properties 
identified the pavilion as synthetic 
ruby. 

A similar doublet was described 
in the Winter 1984 Lab Notes section 
(pp. 231-232), but that example was 
20 ct. Because of the smaller size of 
this doublet, and the nature of the 
mounting, it would more easily be 
mistaken for a natural ruby. Twelve 
years after our first encounter with 
this type of assemblage, we still don’t 
know why such an odd choice of 
materials was used. 


ML] and SFM 


SAPPHIRE, 
With Evidence of Heat Treatment 


A large proportion of the corundum 
gems, both ruby and sapphire, seen in 
the GIA Gem Trade Laboratory have 
shown evidence of heat treatment. 
The presence of diagnostic inclusions 
makes identification of this treatment 
a straightforward process in many 
cases. Recently, the East Coast labora- 
tory received a 2.14 ct blue sapphire 
for identification. The stone con- 
tained fine examples of inclusions 
typical of heat treatment (figure 16). 
For example, a discoid fracture sur- 
rounding a mineral inclusion was 
prominent under the table; and silk 
(rutile needles), visible throughout the 
stone, had been partially resorbed and 
reduced to strings of “pinpoints.” The 
presence of a small melted cavity 
with a “fire-skinned” surface, as well 
as the stone’s chalky fluorescence to 
short-wave UV, provided further evi- 
dence of heat treatment. 

In addition to these typical fea- 
tures, we saw a very unusual raised 
area at the culet (figure 17). Careful 
examination of the culet area with 
magnification (and with both long- 
and short-wave UV radiation) strongly 
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suggested that this raised area was 
part of the original heat-treated sur- 
face of the stone. Such areas are usu- 
ally removed when a stone is repol- 
ished after heat treatment, so that 
only melted surface areas recessed in 
cavities may remain. Apparently, the 
repolishing of this stone after treat- 
ment was incomplete. 

Additional damage of a quite dif- 
ferent appearance was also evident on 
the pavilion. Rounded spots that had 
been etched on several pavilion facets 
(again, see figure 17) had the same 
appearance as the type of damage 
sometimes caused by improper jewel- 
ry repair. Because corundum is solu- 
ble in the heated borax-based fluxes 
used in jewelry repair, such etched 
areas can occur on a stone that was 
not removed from the setting during a 
repair to the mounting (see, e.g., 
Summer 1982, Lab Notes, p. 106). 


Elizabeth Doyle 


SERENDIBITE, 
A Rare Gemstone 


Last autumn the East Coast laborato- 
ry received an identification challenge 
that turned out to be a truly rare gem- 
stone. The 0.35 ct dark green emerald 
cut had the following properties: 
Refractive indices were 1.697 and 
1.704. A biaxial optic figure was visi- 
ble through the pavilion, and the 
stone showed pleochroic colors of 
deep blue and pale yellowish green. 


Figure 16. A discoid fracture sur- 
rounding a mineral inclusion 
and the partially exsolved rutile 
needles prove that this 2.14 ct 
sapphire was heat treated. 
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The only features seen with magnifi- 
cation were some transparent to 
white fingerprint-like inclusions. No 
fluorescence was observed to either 
long- or short-wave UV, and a desk- 
model spectroscope revealed only a 
weak line at 470 nm. Because of the 
stone’s small size, we used a noncon- 
tact measurement device (Sarin’s Dia- 
Mension) to measure the volume of 
the stone and then computed the spe- 
cific gravity to be about 3.39. 
Although this set of properties 
ruled out most common gemstones, a 
careful search of published mineralog- 
ical data yielded four minerals that 
had gemological properties in the 
observed range: zoisite, dumortierite, 
serendibite, and sapphirine. The piece 
was unlikely to be dumortierite, 
because this material is almost never 
found in transparent pieces large 
enough to fashion a 0.35 ct stone. 
Also, the green zoisite reported to 
date has different pleochroic colors 
and absorption spectra (see, e.g., N. R. 
Barot and E. W. Boehm, “Gem-quality 
Green Zoisite,” Gems & Gemology, 
Spring 1992, pp. 4-15). We next 
turned to advanced testing techniques 
to determine whether it was sap- 
phirine, serendibite, or even a possi- 
bility that we had not yet considered. 
Although the structures of these 
two minerals differ enough that one 
could expect their infrared spectra to 


Figure 17. The melted surface at 
the culet of the stone in figure 
16 is higher than the surface of 
the facets, suggesting that the 
culet was not repolished after 
treatment. Note also the round- 
ed features that have been 
etched on some pavilion facets. 
Magnified 13x. 


Summer 1997 


be distinct, both sapphirine and 
serendibite are so rare that we did not 
have reference spectra or even refer- 
ence stones to which we could com- 
pare the spectrum we took. An 
EDXRE chemical analysis showed sil- 
icon, aluminum, magnesium, calci- 
um, iron, and minor amounts of tita- 
nium, which is consistent with the 
chemical formula for serendibite. X- 
ray diffraction analysis proved conclu- 
sively that the gem was serendibite. 

Although first described in 1902, 
serendibite is so rarely seen as a gem- 
stone that it is not found in most gem 
reference books. We could find no 
previous mention of it in Gems & 
Gemology, but some of GIA’s most 
senior gemologists recall seeing one 
specimen in the late 1960s or early 
1970s. 

The name of this mineral comes 
from Serendib, the old Arabic word 
for Sri Lanka. This same place name, 
and a fairy tale about three lucky 
princes from that island nation, led 
Horace Walpole to coin the word 
serendipity in the mid-18th century. 
It was certainly serendipitous that 
this stone came to our attention. 


IR and ML] 


ZIRCON, 
With “Play-of-Color” 


Over the years, we have examined 
and reported on zircons that displayed 
a variety of phenomena. These have 
included aventurescence, chatoyancy, 
change-of-color, and iridescence. It is 
not often that we encounter a gem 
material with a phenomenon that has 
not been previously reported. It was 
therefore with great interest that we 
examined a dark brown zircon cabo- 
chon that displayed what appeared to 
be play-of-color. The gemological 
properties of this cabochon were typi- 
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Figure 18. This 12.05 ct brown 
zircon shows a play-of-color 
similar to that seen in opal. 


cal for zircon: The R.I. was over the 
limits of the refractometer, the S.G. 
was 4.15, it was inert to long-wave 
UV but fluoresced a weak slightly 
chalky yellow to short-wave UV, and 
the absorption spectra showed several 
distinct lines dominated by a pair at 
635 nm. 

The first thing we noticed on 
visual inspection were flashes of 
green and red emanating from several 
areas of the cabochon (figure 18). We 
would normally expect such colors in 
zircon to be iridescence coming from 
fractures, or perhaps from a finely 
laminated structure (see Gems & 
Gemology, Spring 1990, p. 108). 
However, on closer inspection we 
saw no iridescence in the fractures, 
and we determined that these flashes 
of color were coming from three- 
dimensional regions within the body 
of the stone. These regions were 
sharply defined and showed no evi- 
dence of a laminated structure (figure 
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Figure 19. The play-of-color seen 
in the zircon shown in figure 18 
was confined to sharply defined 
three-dimensional zones, prov- 
ing that the phenomenon was 
not due to iridescence from frac- 
tures or diffraction from a lami- 
nated structure. Magnified 30x. 


19). The resemblance of this phe- 
nomenon to the play-of-color found 
in opal was striking and unlike any- 
thing we had seen before in zircon. 
Unfortunately, we could not deter- 
mine the cause of this phenomenon, 
because we were not able to perform 
the necessary structural analysis of 
the stone in the time that we had 
available. SFM 
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DIAMONDS 


Conference on diamond technology. More than 400 sci- 
entists—mostly from Europe, the United States, and 
Japan—attended the DIAMOND 1996 conference in 
Tours, France, September 8-13, 1996; the attendees spe- 
cialized in all fields of diamond research, but many were 
involved with synthetic diamond thin films. The confer- 
ence was a joint meeting of the 7th European Conference 
on Diamond, Diamond-Like and Related Materials and 
the 5th International Conference on the New Diamond 
Science and Technology (ICNDST-5). Contributing edi- 
tor Emmanuel Fritsch attended the conference and pro- 
vided this report. 

The conference began with talks about the commer- 
cial viability of synthetic diamond thin films. The first 
goal in achieving commercial viability was to make 
these thin films as industrial products. Although the con- 
sensus was that this goal has been reached, development 
took longer than expected, and the market for such prod- 
ucts is smaller than had been hoped. One reason for the 
limited market is that synthetic diamond thin films are 
still expensive. Also, unfamiliar technologies are needed 
to use these coatings in most customers’ applications, so 
additional education is required. Nevertheless, some 
applications of synthetic diamond (and diamond-like car- 
bon) thin film technology have already generated over a 
million dollars in revenue per application. These include 
hard optical coatings for scanner windows, sunglasses, 
prescription lenses, and magnetic media; hard coatings 
for cutting tools and parts subject to heavy industrial 
wear; laser diode heat sinks; and deposition equipment 
(reactors) to make thin films. Many other highly special- 
ized “niche” products (such as radiation detectors) have 
generated smaller, but growing, revenues. 

One major field of development for synthetic dia- 
mond thin films is electrochemistry—in particular, the 
use of electrodes coated with conductive thin films 
(heavily doped with boron). Professor John Angus of Case 
Western Reserve University, Cleveland, Ohio, described 
how such electrodes can be used to remove nitrates and 
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other pollutants from water, a process with a potentially 
enormous market. In another talk, Dr. Pravin Mistry of 
QQC Inc., Dearborn, Michigan, presented a truly new 
synthesis technique that uses the combined effects of 
four “multiplex” lasers to deposit thin films of diamond- 
like carbon; Dr. Mistry believes that diamond films 
should be obtainable by the same process. 

A number of topics were of gemological interest, if 
not always directly applicable to gemology. Synthetic 
diamond thin films now have been successfully deposit- 
ed on an ever-growing array of materials, including the 
diamond simulants silicon carbide and strontium 
titanate, as well as on glasses and various oxide materials 
usable as gems. In general, a layer with an intermediate 
composition is first deposited on the substrate material. 
This guarantees good adhesion (which was lacking in ear- 
lier experiments) even when significant shrinkage occurs 


Figure 1. The pear-shaped center stone in this ring 
is a “piggyback” assemblage. The prongs hold a 
large windowed diamond on top of a smaller pear 
shape. The assemblage was misrepresented as a 
7.78 ct diamond. Photo courtesy of James 
O’Sullivan. 
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A few small bits of dust and lint 
may still adhere to the diamond. 
These may be eliminated by gently 
brushing the top of the stone with 
a clean, fine camel’s hair artist’s 
brush. Only a few hairs of the brush 
need touch the diamond. Swabbing 
with the entire brush, as in use as a 
paint brush, may only deposit addi- 
tional dust upon the stone. 

When the top of the diamond has 
been freed of all dust particles, the 
stone should be turned over and the 
back facets brushed in like manner. 
Several brushings may be required. 

An ear syringe is also very useful 
for removing particles of dust and 
lint from the specimen. A small bulb- 
ous affair, made entirely of soft 
rubber, is recommended. By holding 
the syringe so that the narrow open 
end protrudes between the index and 
middle fingers, with the thumb on 
the top of the bulb, fairly strong 
puffs of air may be directed at the 
stone by pumping the bulb with the 
thumb. I have found that the syringe 
is not so effective as a brush while 
the stone is being examined. The air 
currents set-up by the “puffing” 
gather dust from the illuminator 
and the atmosphere, and deposit 
them upon the stone. The syringe is 
recommended for a final “blow off” 
of the stone after it has been cleansed 
and picked up by the stone holder, 
prior to putting the stone holder in 
place. 


Observations 


The observer now has before his 
eyes a perfectly clean diamond, 
“standing out” in its full three di- 
mensions with practically no surface 
glare. This is, indeed, an ideal pic- 
ture. The entire outline of the dia- 
mond is in focus and may be viewed 
at one time. 
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The first observation should be of 
the shape and make of the diamond. 
Is it perfectly round? Does it have 
any flat sides? Do all of the facets 
meet symmetrically? Are there any 
surface scratches, chips on the gir- 
dle, or polishing marks visible? All 
may be readily answered without 
having to change focus. 

By looking down through the 
table at the culet, all of the facets 
on the pavilion, or back, of the dia- 
mond may be seen if the stone is a 
properly proportioned modern cut. 
The slightest indication of the culet’s 
not being in the exact center of the 
table will reveal that certain back 
facets are wider than others, due 
to lack of symmetry in cutting. A 
lumpy stone with a small table will 
not allow a view of the back break 
facets when viewed from the top. 

Every stone should be viewed from 
the back and the same observations 
made as from the top. In observing 
the back, particular attention should 
be given the girdle and the back 
break facets. Many times extra 
facets and naturals break the sym- 
metry to such an extent that the 
diamond cannot be classified as flaw- 
less although otherwise free from 
imperfections. A slight adjustment 
of focus may be required when the 
stone is turned culet up. 


While making observations of the 
make, etc., of the diamond from 
either the top or back, the interior 
of the stone is bound to come under 
observation. The imperfections in all 
stones which are classified by the 
writer as imperfect and slightly im- 
perfect are bound to be noticed, and 
the majority of even the very slight- 
ly imperfect stones may be so classi- 
fied as well. 


(To Be Concluded) 


between the substrate and the thin film during deposi- 
tion of the film and subsequent cooling. Dr. W. Kalss 
from the University of Technology, Vienna, Austria, 
reported the growth of isolated synthetic diamond micro- 
crystals—but not thin films—on precious metals (plat- 
inum, palladium, and gold). However, several other 
teams reported the growth of synthetic diamond film on 
single-crystal platinum substrates. 

Several presentations and posters covered the cre- 
ation of large, monocrystalline “thick” (about 0.10 mm} 
films. If such films could be grown thicker, they could be 
faceted into small mélée. A method called “tiling” is 
used to obtain single-crystal films: Adjacent small sub- 
strates are crystallographically aligned, like tiles on a 
wall, and a monocrystalline film is subsequently grown 
on top of this “multisubstrate.” Progress has been made 
in devising methods for freeing such a newly grown crys- 
tal from its substrate. Polycrystalline films are, of course, 
easier to produce: Large (up to 50 mm in diameter) trans- 
parent films up to 1.5 mm thick are now commercially 
available. 

A few posters and talks dealt with high-pressure/ 
high-temperature synthetic diamond monocrystals. Dr. 
Hisao Kanda from the National Institute for Research in 
Inorganic Materials (NIRIM), Tsukuba, Japan, reported 
on some color centers in these monocrystals that were 
caused by the cobalt used as a solvent during growth. 
Most of the synthetic diamonds described were yellow to 
light yellow, types Ib to IaA. The cobalt-related centers 
did not significantly affect color, but all of Dr. Kanda’s 
samples showed a cobalt-related yellow fluorescence. 
High-pressure synthetic crystals are being grown in a 
variety of other solvents. For example, another Japanese 
team reported on the growth of synthetic diamond crys- 


Figure 2. The true nature of the “stone” shown in 
figure 1 can be seen when it is viewed from the 
side: two diamonds in close proximity. Photo 
courtesy of James O’Sullivan. 
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tals in phosphorus that are intended for electronic appli- 
cations. 


A “piggyback” diamond assemblage. Recently, gemolo- 
gist James O'Sullivan, of Jaylyn, Boca Raton, Florida, told 
us that he had seen a “piggyback” diamond: an assem- 
blage where two thin diamonds are superimposed to look 
like a larger stone (see, e.g., Gem Trade Lab Notes, Winter 
1985, p. 233.) A customer brought a ring to Mr. O’Sullivan 
for repair of a loose prong on the center stone, which was 
supposedly a 7.78 ct pear-shaped diamond of good color 
(figure 1). On closer examination, the center stone looked 
shallow and poorly proportioned. With magnification (fig- 
ure 2), Mr. O’Sullivan saw that it was, in fact, two dia- 
monds—one placed on top of the other. The upper dia- 
mond was poorly proportioned and very shallow, with a 
large window, but the bottom stone was well cut. 

Mr. O’Sullivan’s client had purchased the ring 
recently in Florida, with the central assemblage repre- 
sented as a single stone. Mr. O'Sullivan said that he dis- 
covered the misrepresentation because he routinely 
examines every piece with a microscope before working 
on it. As with the assemblage in the 1985 Lab Note, the 
two diamonds were not glued together; the prongs sim- 
ply held them in place. The platinum filigree mounting 
hid the bottom stone from view very effectively. 


Synthetic diamond thin film jewelry. Jewelry that uses 
thin films of synthetic diamond (figure 3) was commis- 
sioned by Dr. Peter Bachmann of Philips Research 
Laboratories, Aachen, Germany, a well-known figure in 
the synthetic diamond thin film research community. 
Dr. Bachmann told contributing editor Emmanuel 
Fritsch that he had the parure made for his wife on the 
occasion of their 25th wedding anniversary. The some- 
what drusy plaques in the jewelry were laser cut from a 
0.25-mm-thick synthetic diamond plate, 40 mm in diam- 
eter, that had weighed 5.5 ct. The larger squares in the 
jewelry measure 15 mm on edge and weigh 1 ct each; the 
smaller pieces weigh 0.21 ct each. They were mounted in 
white and yellow gold by Aachen jeweler Wilhelm Horn. 

The plate was grown by microwave plasma chemi- 
cal vapor deposition (CVD), from a mixture of 2.8% 
methane in hydrogen gas at about 900°C and at a gas 
pressure of about 180 mbar. The Raman spectrum of syn- 
thetic diamond thin films like those in figure 3 exhibits a 
single narrow peak at about 1333 cm:!, which indicates 
that the tiny crystals making up the films are synthetic 
diamonds of excellent crystallinity (since defects in dia- 
mond crystals make this peak wider). The thermal con- 
ductivity of the films was measured at slightly over 2200 
watts per meter per degree Kelvin, a value comparable to 
those obtained for natural type II single diamond crystals 
(see P. K. Bachmann et al., “Thermal Properties of C/H-, 
C/H/O-, C/H/N-, and C/H/X-Grown Polycrystalline 
CVD Diamond,” Diamond and Related Materials, Vol. 
4, May 1995, pp. 820-826]. Such synthetic diamond films 
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are as transparent as glass of similar thickness when pol- 
ished; the films in this jewelry appear gray because of 
light scattering from the tiny diamond crystals. 


COLORED STONES AND ORGANIC MATERIALS i 


Color-zoned amethyst from Thunder Bay, Ontario, 
Canada. We occasionally see slices of ametrine, cut per- 
pendicular to the c-axis, that show yellow and purple 


Figure 4. The triangular color zones in this 8.40 ct 
slice of natural amethyst resemble those seen in 
ametrine slices. Photo by Maha DeMaggio. 
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Figure 3. This parure, set 
by Wilhelm Horn, con- 
tains pieces of synthetic 
diamond thin film, the 
two largest of which 
weigh about 1 ct. Jewelry 
courtesy of P. Bachmann; 
photo by G. Schumacher, 
Philips Research 
Laboratories, Aachen, 
Germany. 


color zones patterned like the universal sign for radiation 
hazards (see, for example, P. M. Vasconcelos et al., “The 
Anahi Ametrine Mine, Bolivia,” Spring 1994 Gems & 
Gemology, pp. 4-23, especially figures 15 and 20). At a 
recent Tucson show, contributing editor Shane McClure 
noticed an 8.40 ct amethyst slice with similar zoning at 
the booth of Bill Heher, Rare Earth Mining Company, 
Trumbull, Connecticut. The polished slice (figure 4) still 
showed the red near-surface phantom layers that are typ- 
ical of material from Thunder Bay, Ontario, Canada. All 
of the gemological properties were consistent with natu- 
ral amethyst. With magnification and polarized light, 
Brazil Law twinning could be seen in the more intense 
purple layers. Many natural amethysts are color zoned, 
so we suspect that others could be cut in this fashion. 


Blue- and multicolor-sheen moonstone feldspar from 
India. We recently had the opportunity to examine three 
moonstone cabochons that were sent by importer Lance 
Davidson of Stockton, California. According to Mr. 
Davidson, these stones come from a site near the town of 
Patna, in Bihar State, India. Although the deposit was 
discovered about nine years ago, material has only 
entered the market in appreciable quantities over the last 
three years. Some Indian dealers have been marketing it 
as the "Rainbow" moonstone from southern India; how- 
ever, those mines no longer produce much high-quality 
rough. 

Mr. Davidson, who markets the stones as “Blue- 
Rainbow” moonstones, says that most of the material 
has a “royal” blue sheen, with about 5% having a multi- 
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Figure 5. These three plagioclase feldspar moon- 
stones are from Bihar State in India; the largest 
weighs 15.54 ct. Stones courtesy of Lance 
Davidson; photo by Maha DeMaggio. 


color sheen (see examples in figure 5). Large quantities of 
included material are available, and clean stones up to 1 
ct are fairly common. However, clean stones with good 
color of 5 ct or more are very rare. Smaller pieces and 
those that are included are faceted into calibrated goods 
or made into bead necklaces. 

We determined the gemological properties of the 
three cabochons (again, see figure 5): a 7.38 ct round, an 
8.34 ct oval (both with predominantly blue labradores- 
cence), and a 15.54 ct oval with “multicolor” labradores- 
cence. All were semitransparent, with a (spot) refractive 
index of 1.56, a specific gravity of 2.69, and a moderately 
chalky, even, moderate-blue fluorescence to long-wave 
ultraviolet radiation. Fluorescence to short-wave UV was 


Figure 6. This 32.8 ct tricolor Oregon sunstone was 
carved by Charles Kelly. Photo by Maha DeMaggio. 
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a weakly chalky, evenly distributed, weak pinkish 
orange. With magnification, all three showed polysyn- 
thetic twinning, a feature typical of plagioclase feldspars. 
Tiny colorless inclusions were visible in the smallest 
stone. In the Fall 1987 Gem News section (p. 175), Dr. 
Henry Hanni suggested that “Rainbow” moonstone from 
India was a labradorite feldspar; the gemological proper- 
ties of these moonstones are also consistent with 
labradorite or some other high-calcium plagioclase 
feldspar (e.g., bytownite). Other moonstone feldspars 
with blue sheens have been found in Sri Lanka (ortho- 
clase—see P. C. Zwaan, “Sri Lanka: The Gem Island,” 
Gems & Gemology, Summer 1982, pp. 62-71), and in 
New Mexico and other localities (the peristerite variety 
of albite—see, e.g., Fall 1988 Gem News, pp. 177-178). 


“Watermelon” sunstone feldspar carving. Sunstone from 
Oregon occurs in many hues, including colorless, green, 
and red-orange. Some stones show all three of these col- 
ors. A 32.8 ct tricolor sunstone carving (figure 6), fash- 
ioned by Charles Kelly of Tucson, Arizona, shows the 
concentric color zoning sometimes seen in this material. 
The carving also shows a playful side of the artisan, in its 
view of nature in desert regions. In addition to the hum- 
mingbird and flower motif, tiny intaglio portraits of a 
lizard (figure 7), a snake, and a tarantula adorn the carv- 
ing’s base. The piece was shown at the 1997 Tucson 
shows by the Dust Devil Mining Company, Beaver, 
Oregon. 


Musgravite: A rarity among the rare. For several years 
now, we have had one particular gem on our research 
examination “want list.” This wanted gem is the miner- 
al musgravite, a very close relative of the rare gemstone 
taaffeite. Our long search ended recently, when gemolo- 
gist C. D. (Dee) Parsons of Santa Paula, California, pro- 
vided the Gem News editors with a transparent, dark 


Figure 7. In darkfield illumination, some finer 
details of the carving become apparent, including 
this dragonfly and lizard. Fine parallel arrays of 
included copper crystals are also visible. Photo- 
micrograph by Shane F. McClure; magnified 6x. 


GEMS & GEMOLOGY Summer 1997 145 


Figure 8. Examination of this 0.60 ct faceted mus- 
gravite provided useful identification criteria for 
this rare gem species. Photo by Maha DeMaggio. 


brownish purple, rectangular cushion-shaped step-cut 
gem that he suspected to be musgravite (figure 8). This 
stone weighed 0.60 ct and measured approximately 5.53 
x 4.77 x 2.86 mm. 

The gemological properties of this stone were higher 
than would be expected for a faceted taaffeite. The refrac- 
tive indices were n, = 1.728 to n, = 1.721 (uniaxial nega- 
tive), with a birefringence of 0.007. Specific gravity, 
obtained in three separate readings by the hydrostatic 


Figure 9. The unusual optical effect in these cultured 
pearls (largest, 14.5 mm) is caused by faceting. 
Courtesy of Komatsu Diamond Industry; photo by 
Maha DeMaggio. 
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method, averaged 3.69. Only a weak absorption spectrum 
was seen with the Beck prism spectroscope, with no char- 
acteristic features that would be useful in identification. 
Not surprisingly, because iron was a major component, 
the stone was inert to UV radiation. No inclusions were 
observed in this stone with a gemological microscope. 

Mr. Parsons gave us permission to characterize this 
stone further by means of energy dispersive X-ray fluo- 
rescence (EDXRF) and X-ray powder diffraction analyses, 
so that we could positively identify the material and 
obtain much-needed data for our reference files. The 
EDXRF qualitative chemical analysis, performed by Sam 
Muhlmeister of GIA Research, showed the presence of 
aluminum and magnesium, as would be expected from 
the formula for musgravite, (Mg,Fe*2,Zn),Al,BeO,, (M. 
Fleischer and J. A. Mandarino, Glossary of Mineral 
Species 1991, Mineralogical Record Inc., Tucson). Also 
detected were iron and zinc as major elements, with 
traces of gallium and manganese. (Beryllium and oxygen 
are not detectable with our EDXRF system.) Although 
taaffeite’s ideal chemical formula (Mg3Al,BeO 6) does 
not include iron and zinc as major components, these 
elements might be present as substitutions. Nor is the 
presence of iron and zinc, as detected by EDXRF, proof 
that a taaffeite-like gem is actually musgravite. However, 
detection of these elements in significant amounts 
should suggest that additional testing is required before 
identifying a stone as taaffeite. 

X-ray diffraction analysis finally proved that this 
stone was musgravite. Contributing editor Dino 
DeGhionno obtained a minute amount of powder from 
the stone’s girdle. From that powder, he obtained an X- 
ray diffraction pattern that was indicative of mus- 
gravite—not taaffeite. 


Figure 10. Light reflecting off one facet of this 
“Komatsu Flower Pearl” shows that the facet is flat, 
not convex as it appears to the unaided eye. Photo- 
micrograph by Shane F. McClure; magnified 23x. 
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Analysis of this musgravite gave us sufficient refer- 
ence data to help separate musgravite from taaffeite in 
the future. Indications of whether a stone is musgravite 
or taaffeite can be obtained from refractive index and spe- 
cific gravity determinations, as well as through EDXRF 
analysis. However, only X-ray diffraction analysis can 
provide conclusive proof. 


Faceted cultured pearls. One of the most interesting dis- 
coveries we made at Tucson this year was, in our experi- 
ence, a unique method of fashioning cultured pearls. 
Komatsu Diamond Industry of Kofu City, Yamanashi, 
Japan, is faceting Tahitian, South Sea, freshwater, and 
mabe cultured pearls. The finished products are being 
marketed as “Komatsu Flower Pearls” (figure 9). 
According to Komatsu literature, the company is using a 
faceting technique that was developed in 1992, by Kazuo 
Komatsu, who was trained as a diamond cutter. Since it 
would be undesirable to cut through to the shell bead, 
the cultured pearls selected for this technique must have 
thick nacre layers. Each fashioned pearl has 108-172 
facets and should only require the same care as for more 
typical cultured pearls, according to Komatsu. However, 
the manufacturer cautions against polishing mounted 
“Komatsu Flower Pearls” with a buffer. 

We examined 10 of these cultured pearls. The 
faceting produces a very curious optical effect: All of the 
facets appear to be distinctly convex. However, closer 
inspection with a microscope and reflected light showed 
that the facets were indeed flat (figure 10). The curved 
effect is apparently produced by the flat facets cutting 
through the numerous individual curved layers of nacre, 
bringing deep nacre layers closer to the surface in the 
middle of the facets. In some cases, remnants of the origi- 
nal surface can be seen between facets. 


Inclusions in quartz as design elements. For some time, 
inclusions in gems have been used to characterize gem 
materials, and to determine (for instance) their natural or 
synthetic origins. Many gemologists also appreciate the 
beauty of inclusions in the microscope. Today, however, 
more gem cutters and jewelry designers are recognizing 
the aesthetic appeal of gems with large, prominent inclu- 
sions, and they are fashioning gems to display these 
inclusions to best effect. Examples that we have seen 
include: quartz with a three-dimensional jasper(?) scene 
(Lab Notes, Fall 1987, pp. 166-167) and with a magnified 
plane of three-phase inclusions (Gem News, Summer 
1993, pp. 132-133); morganite beryl with an iridescent 
fracture plane (Gem News, Summer 1996, pp. 132-133); 
and a faceted tanzanite with a “wagon-wheel” appear- 
ance caused by a centered needle inclusion (Gem News, 
Summer 1994, p. 128). 

Last year, Judith Whitehead, a colored-stone dealer 
from San Francisco, California, showed us a few samples 
of fashioned rock-crystal quartz that had bold patterns of 
included rutile and what appeared to be carbonate crys- 
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Figure 11. An aesthetically pleasing pattern of rut- 
ile and carbonate(¢) inclusions adds a special des- 
ign element to this 33.38 ct rock-crystal quartz 
cabochon. Courtesy of Judith Whitehead; photo 
by Maha DeMaggio. 


tals. One such stone, a 33.38 ct pear-shaped double cabo- 
chon, is shown in figure 11. According to Ms. Whitehead, 
this is one of several pieces from a piece of rough that 
Roger Trontz, of Jupiter, Florida, found and had cut. The 
identification of the rutile was obvious. However, the 
sparse but prominent rhombohedral crystals, with slight- 
ly curved light brown surfaces, might have been calcite, 
magnesite, dolomite, ankerite, siderite, or some other 
mineral (though probably a rhombohedral carbonate). 

Another example is a pendant that was recently sent 
to the Gem News editors for examination. Created by 
Kevin Lane Smith of Tucson, Arizona, the pendant was a 
free-form design that weighed 121.50 ct and measured 
54.58 x 40.09 x 7.80 mm (figure 12). It was fashioned 
from Brazilian rock-crystal quartz. What makes this cre- 
ation unique is that an intricate system of large fluid 
inclusions dictated the overall shape of the finished 
piece. 

With magnification, it was evident that portions of 
the overall fluid inclusion pattern had been drained of 
fluid, because they were decorated with an epigenetic 
iron-containing compound in various shades of yellow to 
brownish yellow. Other portions of the fluid inclusion 
system remained intact; some even contained minute 
mobile gas bubbles. The overall effect produced by the 
presence of the inclusions in this pendant suggests 
ancient writing in clay or stone. 


GEMS & GEMOLOGY Summer 1997 147 


Figure 12. Fluid inclusions provide the design ele- 
ment in this 121.50 ct rock-crystal quartz pendant. 
With magnification (inset), it is evident that some 
areas have been drained of fluid and stained with 
iron-colored epigenetic matter. Photo by Maha 
DeMaggio. Inset photomicrograph by John I. 
Koivula; magnified 5x. 


TREATMENTS 


A new emerald filler. Arthur Groom—Gematrat, of New 
York and other cities, has reportedly developed a new 
filling material for emeralds, which was introduced to 
the trade at the Las Vegas JC-K show in June. Before the 
show, the Gem News editors spoke with Fernando 
Garzon of Arthur Groom—Gematrat, who loaned us an 
emerald for examination both before and after treatment, 
together with some samples of this and other emerald 
filler materials. 

The 15.22, ct emerald was first cleaned by a special 
technique the company developed to remove any evi- 
dence of previous filling material (figure 13, left). Then it 
was refilled using the new, proprietary method (figure 13, 
right). According to Mr. Garzon, the filler consists of a 
resin and a catalyst (that is, a hardening agent). It can be 
removed with warm acetone and isopropyl alcohol; how- 
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ever, it is durable enough that the emerald can be recut 
with the filler in place. 

Mr. Garzon also showed us glass test tubes of the 
new filler (resin plus catalyst) and Opticon (resin plus 
catalyst), which were poured in pairs at six-month inter- 
vals, beginning about three years before our examination. 
These samples were intended to demonstrate that, in 
comparison with Opticon, the new filler is not yellow 
when first poured, nor does it turn yellow over time. We 
hope to present more information about this filler at a 
later date. Emeralds filled with this new material are 
being studied by GIA Research and the GIA GTL 
Identification Department as part of a comprehensive 
study of emerald treatments. 


SYNTHETICS AND SIMULANTS 


Update on vanadium-bearing synthetic chrysoberyl. 
Green vanadium-bearing chrysoberyl (with no change of 
color) was described in the Fall 1996 Gem News section 
(pp. 215-216]. Natural stones were stated to originate 
from one of the new deposits in southern Tanzania, and 
synthetic material of similar appearance was being 
grown in Russia. As reported in that entry, electron 
microprobe analysis and EDXREF spectroscopy of one nat- 
ural and two synthetic samples revealed differences in 
the amounts of trace elements they contained. 

Contributing editor Karl Schmetzer subsequently 
examined one 1.75 ct “rough” sample of this synthetic 
material and the two faceted samples (1.00 and 1.12 ct) 
illustrated in the Fall 1966 entry, all of which were made 
available to him by the SSEF in Basel, Switzerland. The 
gemological properties of these synthetic chrysoberyls 
were within the range of values reported for their natural 
counterparts. These include: refractive indices of n, = 
1.742-1.743, ny = 1.751-1.752; a birefringence of 0.008- 
0.009; a specific gravity of 3.76; and no reaction (inert) to 
both long- and short-wave UV radiation. With careful 
microscopic examination, all three samples revealed a 
distinct pattern of curved growth striations, which was 
clearly visible using methylene iodide as the immersion 
liquid (figures 14 and 15). In addition, the unfashioned 
sample contained small, slightly elongated bubbles in the 
outer growth zones of the crystal. 

The microscopic properties of the three samples 
indicated a growth from the melt. In general, however, 
the growth pattern of these synthetic chrysoberyls dif- 
fered from the more regular curved growth striations 
seen previously in Czochralski-pulled synthetic alexan- 
drites. The distributor had mentioned the floating-zone 
method, but the growth pattern of this material is com- 
pletely different from previously examined synthetic 
alexandrites grown by Seiko using the floating-zone tech- 
nique. However, a brief item in a Fall 1994 Gem News 
entry about new Russian production of synthetic gems 
(p. 200) did mention the synthesis of nonphenomenal 
green chrysoberyl in Novosibirsk by means of the hori- 
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Figure 13. These photos show the appearance of a 15.22 ct emerald before (left) and after (right) it was filled by a new, 


proprietary method being marketed by Arthur Groom—Gematrat. Photos by Maha DeMaggio. 


zontal-growth method. In this modified floating-zone 
technique, a flat container with nutrient is moved hori- 
zontally through a high-temperature melting zone in a 
specially designed furnace. If this technique is the growth 
method for the samples described above, then the irregu- 
lar growth pattern becomes understandable. 


“Cat’s-eye” synthetic emerald. Usually, a 6 ct rectangu- 
lar block of transparent synthetic emerald would be fash- 
ioned in a way to minimize weight loss. However, we 
obtained a block that had been sliced on five sides; one 
large side retained its rough crystal surface with an array 
of many subparallel growth steps. (The block was grown 
in Russia by the hydrothermal process.) No inclusions 
were visible through the rough faces of this highly trans- 
parent piece. 

We recently examined, photographed, and described 


Figure 14. When immersed in methylene iodide, 

this Russian synthetic nonphenomenal green 
chrysoberyI shows strong bands of curved zoning. 
Photomicrograph by Karl Schmetzer; magnified 30x. 
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some fashioned natural gem materials with decorative 
crystal faces incorporated into their design (Gem News, 
Winter 1996, p. 283). With this in mind, we tried to 
think of a way to incorporate the rough face with the 
growth steps into the finished stone, instead of grinding 
it off to produce a traditional flat facet. 

The first idea was to keep the rough surface as a 
table facet on a rectangular emerald cut. However, be- 
cause the growth steps appeared to be highly reflective, 
we decided to create an oval cabochon, with the growth 
steps remaining on the base of the finished piece, in the 
hope that some interesting reflections might be projected 
and magnified through the dome. 

The rough block was turned over for cutting to Phil 
Owens, a gemologist and lapidary in the GIA GTL Gem 
Identification Department. The result was somewhat 
surprising: The finished cabochon actually showed a 


Figure 15. At higher magnification, the ir- 
regular nature of these growth bands becomes 
evident. Photomicrograph by Karl Schmetzer; 
magnified 60x. 
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Figure 16. A weak cat’s-eye effect can be seen in this 
4.77 ct cabochon of Russian hydrothermal synthetic 
emerald, which retained on its base the original 
rough surface. Photo by Maha DeMaggio. 


weak cat’s-eye effect in reflected light (figure 16). This 
could be attributed to the fact that the growth steps on 
the base of the cabochon were subparallel and aligned 
perpendicular to the length of the finished piece (figure 
17). Light entering the cabochon is reflected by the 
growth steps and is concentrated, on its return, across 
the length of the cabochon’s dome. 


Emerald rough—buyer beware! Apparently, imitations of 
Zambian emerald crystals are as common now as they 
were back in the late 1980s and early ‘90s. 

The Spring 1989 Gem News section (pp. 50-51) con- 
tained two reports on quartz imitations of emerald crys- 
tals that had been purchased by emerald buyers in south- 
ern Africa. In these reports, the emerald “crystals” were 
actually composed of fragments of quartz crystals that 


Figure 18. This “matrix” -decorated, green- 

coated smoky quartz crystal imitation of emerald 
was obtained during a visit to Zambia. As shown 
here, it weighed 473 ct. Photo by Maha DeMaggio. 


Figure 17. The base of the synthetic emerald 
cabochon in figure 16 is decorated with an array 
of subparallel growth steps, which cause the cat’s- 
eye effect. Photo by Maha DeMaggio. 


had been glued together with a green epoxy resin. The 
evidence of assembly was hidden by a glue coating on the 
surface that was covered by small mica flakes and other 
bits of fake matrix, which also gave the specimens a 
more realistic appearance. An almost identical imitation 
was reported by another contributor in the Summer 1990 
section (pp. 167-168). In Spring 1990 (pp. 108-109), we 
reported on a five-sided (!) glass imitation of an emerald 
crystal, which had been obtained in Zambia by a group of 
Zambian emerald dealers. The rough surfaces were 
enhanced with an orangy brown clay-like “matrix” and 
flakes of mica. 

The most recent imitation brought to our attention, 
by gemologist John Fuhrbach, has some features not seen 
in previous imitations. When Mr. Fuhrbach, of Amarillo, 
Texas, visited Zambia with his wife in the summer of 


Figure 19. After removal of the “matrix” and 
coating from the imitation Zambian emerald, 

the underlying smoky quartz crystal weighed 407 ct. 
Photo by Maha DeMaggio. 
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1996, they were offered several fake emerald crystal spec- 
imens by local “gem dealers.” Some of these rough 
“emeralds” were large and gemmy looking, and a real 
bargain at only US$450 per gram. To a typical tourist 
with no knowledge of emeralds, these might prove too 
tempting to resist. However, a trained gemologist could 
easily detect these fakes, even with a simple 10x loupe. 
Mr. Fuhrbach eventually obtained one such specimen 
(figure 18) to examine gemologically, for substantially 
less than the original asking price. 

Unlike previous imitations that we have examined, 
this specimen was manufactured with a transparent, 
singly terminated quartz crystal. The crystal was not 
fractured and glued back together, as we have seen in the 
past; instead, it was coated with a transparent bluish 
green, plastic-like material. This colored coating also 
served as a glue to attach epoxy-laden “matrix” material 
to the crystal, hiding the quartz termination. With mag- 
nification, the “matrix” appeared to be composed of 
crushed rock, possibly granite, and a micaceous-looking 
substance. In the coating itself, dust and many small 
fibers were visible, another obvious piece of evidence. 
The coating was so thick that junctions between adja- 
cent crystal faces—which should have been sharp—were 
appreciably rounded. 

Mr. Fuhrbach decided to strip off the coating and 
matrix to see what the original starting material actually 
looked like. After experimenting with various organic 
solvents, he found acetone to be the most successful. 
[Note that acetone is highly flammable and can cause 
significant health problems if used improperly.] Before 
treatment, the specimen weighed 473 ct (94.6 g); after 
ultrasonic dissolution in acetone for 24 hours, the 
remaining light-brown smoky quartz crystal (figure 19) 
weighed 407 ct. 

A bonus to this story is that the smoky quartz crys- 
tal was itself host to two tourmaline crystals and a large 
mica crystal. The largest tourmaline, 12 mm long, was a 
transparent, singly terminated pink-and-green bicolor. 
The mica inclusion appeared to be colorless, and it mea- 
sured about 10 mm on its longest dimension. At least 
two, and possibly three, large faceted stones—each con- 
taining a beautiful inclusion—could be cut from this one 
quartz crystal. 


An especially misleading quench-crackled synthetic 
ruby. Contributing editor Henry Hanni encountered a 
tricky identification challenge at the SSEF. A 6.47 ct red 
octagonal step cut (figure 20) was received from a client 
who wanted the origin of this “probably Burmese ruby” 
determined. Staff members at the lab quickly noticed 
extended fractures in the sample, which showed evi- 
dence of a foreign material that contained large, flat bub- 
bles. They assumed that the filling was a glassy sub- 
stance. Two possibilities were a natural ruby that had 
been heat treated to an extreme degree, or a synthetic 
ruby that had been quench-crackled, with the glassy fill- 
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ing added to mask its synthetic nature. 

In the course of further study of the inclusions, the 
staff members found a series of narrow twin lamellae, 
meeting at an 86° angle at one corner (figure 21, left). 
These structural features were best seen when the stone 
was immersed in methylene iodide and viewed between 
crossed polarizers. Such twinning is common in natural 
rubies from various localities (see, e.g., H. A. Hanni and 
K. Schmetzer, “New Rubies from the Morogoro Area, 
Tanzania,” Fall 1991 Gems & Gemology, pp. 156-167), 
but it is also occasionally seen in synthetic corundums 
(see, e.g., Winter 1991 Lab Notes, pp. 252-253). The most 
surprising feature of this synthetic was the very fine 
Verneuil banding (figure 21, right), well hidden by the 
treatment features, which provided the conclusive iden- 
tification of this piece as a quench-crackled synthetic 
ruby. No individual or swarms of gas bubbles were seen 
in the body of this synthetic (as opposed to in the frac- 
tures), but the extensive fracture system made it hard to 
detect such small features. This identification experience 
led Dr. Hénni to wonder whether similar treated synthet- 
ics had been reported in the past; he found this to be the 
case (see, e.g., J. M. Duroc-Danner, “Radioactive Glass 
Imitation and an Unusual Verneuil Synthetic Ruby,” 
Journal of Gemmology, Vol. 23, No. 2, 1992, pp. 80-83). 


New information on flux-grown red spinel from Russia. 
Since the late 1980s, Russian-produced transparent flux- 
grown red and blue synthetic spinels have become 
increasingly available in the trade, both as crystals and as 
fashioned stones. A detailed report on this synthetic 


Figure 20. This 6.47 ct Verneuil synthetic ruby 
(12.23 x 8.28 x 5.54 mm) had been heat treated to 
induce cracks that were then filled with a glassy 
material. Photo by H. A. Haénni. 
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Figure 21. When the sample shown in figure 20 was immersed and viewed between crossed polarizers, two sets of 
thombohedral twinning lamellae became visible (seen here on the left side of the photo to the left). Further examina- 
tion revealed fine Verneuil color banding (seen here in the upper right corner of the photo to the right), which proved 


that the ruby is synthetic. Photomicrographs by H. A. Hanni. 


material (S. Muhlmeister et al., Summer 1993 Gems & 
Gemology, pp. 81-98) noted that one particular type of 
inclusion was only observed in the blue material. This 
unusual “dendritic” inclusion forms as distinctly shaped, 
extremely thin, delicate fans (figure 2.2). 

At the time of the initial report, this type of inclu- 
sion was also considered to be diagnostic and quite valu- 
able for separating these synthetic blue spinels from their 
natural counterparts, particularly from Sri Lankan blue 
spinels that derive their color from trace amounts of 
cobalt. It could not be determined why these inclusions 
were only found in the blue material, and why they were 
not also seen in the red flux-grown synthetic spinels. 

During recent examination of 16 Russian flux- 
grown synthetic red spinels at the West Coast GIA Gem 
Trade Laboratory, this inconsistency was put to rest: 
Three of the stones contained dendritic inclusions iden- 


Figure 22. Dendritic inclusions such as this 
one were first thought to be limited to Russian 
flux-grown blue synthetic spinels. Photomicro- 
graph by John I. Koivula; magnified 20x. 
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tical to those observed in the blue synthetics. These 
inclusions appear opaque in darkfield illumination. In 
transmitted light, they may show slight translucency, 
with a dark reddish brown color (figure 23), but reflected 
light reveals an obvious metallic luster. Because at this 
time destructive testing would be needed to determine 
the nature of the material in these dendritic inclusions, 
and because of the limited number of included speci- 
mens that were available, we have not yet identified 
these inclusions. 


Erratum 

The tourmaline specimen on the cover of the Spring 
1997 issue of Gems & Gemology is from the Queen 
mine in the Pala District of California. The incorrect dis- 
trict was listed in that issue. 


Figure 23. Extremely thin and translucent 

dendritic inclusions have now been observed in 
Russian flux-grown red synthetic spinels. 
Photomicrograph by John I. Koivula; magnified 20x. 
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DIAMOND GLOSSARY 


(Continued from page 262 of last issue) 


(Continued Definition of Perfect 
from Fall, 1945 Issue) 


diamond eye loupe or other mag- 
nifier of not less than ten power.” 
However, the A.G.S. had in- 1937 
recommended that “because the 
term ‘perfect’? had acquired so 
varied a usage among different 
members of the trade as to be im- 
possible to define and standardize” 
A.G.S. members should discon- 
tinue it in favor of the term flaw- 
less, and carefully defined that 
term, the use of which was per- 
manently adopted by a majority of 
A.G.S. members. The term “per- 
fect” is used occasionally to de- 
scribe ruby, emerald and all other 
so-called colored stones in which 
absence of flaws is not as im- 
portant a factor of value. Its use 
to describe any gem is challenged 
by some scientists who question 
whether any natural object is per- 
fect. See commercially perfect; 
flawless; “perfect cut”; perfection, 
degrees of; polish; proportions. 


“perfect, commercially.” See “com- 


mercially perfect.” 


“perfect cut.” (1) A term occasion- 


ally used in an exaggerated sense 
to mean a diamond or other gem- 
stone the fashioning of which more 
or less approaches perfection. 
Fashioning which is perfect in ev- 
ery detail is probably impossible. 
(2) The term is often used de- 
ceivingly in describing or adver- 
tising diamonds to imply that a 
diamond is “perfect” or flawless. 
Such usage is prohibited by the 
American Gem Society and is 
ruled an unfair trade practice by 


the Federal Trade Commission. See 
“perfect.” ; 

“perfect girdle.” A term which has 
been used in the trade to mean a 
girdle which, while retaining its 
circular outline, has been polished 
to the sharpest edge possible. 

perfection. The state, quality or con- 
dition of being perfect (Stand- 
ard). 

perfection, comparative. The com- 
parative proximity to the state of 
being perfect. See perfection, de- 
grees of comparative. 

perfection, degrees of comparative. 
Systems of nomenclature ‘that 
have been used to describe degrees 
of comparative perfection include: 
(A) 1. Perfect; 2. Piqué; 3. Sec- 
ond piqué; 4. Third piqué; 5. 
Slightly imperfect; 6. Imperfect. 
(B) 1. Perfect; 2. V.V.S.I. (very, 
very slightly imperfect) ; 3. V.S.1.; 
4, S.1.; 5. Imperfect. (C) In 1937 
the American Gem Society recom- 
mended for use by its members: 
1. Flawless; 2. V.V.S.; 3. V.S.; 
4. Imperfect. 

“perfectly cut.” Same as “perfect 
cut.” 

peridotite. A very basic igneous rock 
consisting chiefly of olivine and 
pyroxene; usually dark in color. 
Kirterlite is a peridotite. 

Peruzzi, Vincenzio (or Vincent). A 
Venetian diamond cutter who de- 
veloped the Peruzzi cut at the end 
of the 17th Century. 

Peruzzi cut. The first style of bril- 
liant to be cut with 58 facets, 32 
above, and 24 below the girdle, 
plus a table and culet. As the 
first brilliant cut to have three 
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CAMEOS IN CONTEXT 
THE BENJAMIN ZUCKER 


LECTURES, 1990 

Edited by Martin Henig and Michael 
Vickers, 102 pp., illus., publ. by The 
Ashmolean Museum, Oxford, 
England, and Derek J. Content, Inc., 
Houlton, Maine, 1993, £27.50 (about 
US$46.00). 


This slim volume comprises six lec- 
tures that inaugurated the special 
1990 exhibition at the Ashmolean 
Museum featuring the Content col- 
lection of cameos, arguably the 
largest and most important such col- 
lection in private hands. The book is 
a companion volume to the beautiful 
catalogue of this collection, The 
Content Family Collection of 
Ancient Cameos, by Martin Henig 
(Oxford and Houlton, 1990). The lec- 
tures chronicle the history of cameo 
carving from antiquity to the 19th 
century, incorporating the Content 
collection into a broader historical 
framework. Thus, the book includes 
cameos in glass and hard stone that 
represent the most significant works 
of their epochs; and, for this alone, it 
is an important reference. 

Although the book addresses the 
art historian, the lay reader should 
not be deterred. The authors, experts 
in this specialized field, present well- 
referenced, cogent, and sometimes 
colorful accounts of some of the most 
celebrated cameos ever made. They 
describe how cameos illuminate the 
historical record and the functions 
they served in different eras, from 
their political and propagandist utili- 
ty, to their ornamental value as a 
minor art and their artistic impor- 
tance as the crowning achievement of 
the luxury arts. A particularly inter- 
esting case study is the Cameo of 
Tiberius, a five-layered sardonyx that 
depicts more than 20 members of the 
Roman Imperial family from the first 
century B.C. to the first century A.D. 
Produced in the first century to 
authenticate the legitimacy of the 
royal line of succession, this is the 
largest surviving ancient cameo 
known. Later the gem was mounted 
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Reviews 


SUSAN B. JOHNSON AND 
JANA E. MIYAHIRA, EDITORS 


into a Byzantine reliquary, from 
which it subsequently was separated 
after it was stolen in 1804. In the 
interim, the gem was seen and paint- 
ed by Rubens (probably around 1626). 
The story surrounding the painting, 
for which considerable documenta- 
tion survives, fills in some of the gaps 
in the history of the cameo itself, 
while it also reflects the fascination of 
the 17th century culturati with the 
glyptic arts and antiquity. In a stroke 
of perfect synchronous timing with 
the Content exhibition, the Ashmo- 
lean acquired the painting in 1990. 
This is discussed in Christopher 
White’s lecture. 

One might like to have Henig’s 
catalogue at hand in order to refer to 
some of the citations in the text. 
Also, although the Lectures volume 
stands alone well, an acquaintance 
with the catalogue would help the 
reader form a clearer overall picture of 
this important collection. One might 
wish for more color plates to do the 
cameos justice as works of art, but 
the black-and-white photos illustrate 
the iconographic elements clearly, 
and for the serious scholar, this is 
what is most important. Among the 
many highlights found in these pages, 
in addition to the well-known 
Portland Vase and the Cameo 
Gonzaga, are Roman cameo glass ves- 
sels including the Blue Vase and the 
Morgan and Getty Cups, hard-stone 
cameos such as the Gemma Augustea 
and the Great Content Cameo, and a 
number of important Post-Antique 
portraits. Minor art, indeed. 

LISBET THORESEN 
J. Paul Getty Museum 
Malibu, California 
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GEMSTONES OF NORTH 


AMERICA, Volume III 

By John Sinkankas, 527 pp., illus., 
publ. by Geoscience Press, Tucson, 
AZ, 1997. US$65.00* 


This is the last of three volumes by 
this noted author that describe gem- 
stone occurrences on the North 
American continent. Anyone doing 
research on the history of a locality 
should note that this book is intended 
for use with the previous two vol- 
umes. The first volume, Gemstones 
of North America, covers many local- 
ities up to 1959, the year it was pub- 
lished. For some localities, such as 
the famous tourmaline deposits at 
Mt. Mica, Maine, the histories 
recounted in this volume date back to 
the 19th century. The second volume, 
published in 1976 as Gemstones of 
North America in Two Volumes, 
Volume II, updates the locality infor- 
mation in the first volume and adds 
other localities and species. These 
first two volumes were organized by a 
stone’s perceived importance; conse- 
quently, if you were looking for infor- 
mation on one of the lesser-known 
species, such as iolite, you would 
probably need to use the index rather 
than just thumb through the pages. 
Now comes the third volume, 
and, starting with the cover, you can 
see that this is a high-quality publica- 
tion. The 15 stones and benitoite 
necklace depicted (all from the 
Michael M. Scott collection) are 
exceptional pieces by any criteria. 
Inside, the reader is quickly treated to 
an additional 16 pages of spectacular 
Van Pelt photographs of significant 
North America gems. For this vol- 
ume, the species are presented in 
alphabetical order and, thus, are easier 
to locate quickly. Within each 
species, the localities are laid out in a 
general north-to-south, east-to-west 
format, by state (for the U.S. and 


“This book is available for purchase through 
the GIA Bookstore, 5345 Armada Drive, 
Carlsbad, CA 92008. Telephone: (800) 
421-7250, ext. 4200; outside the U.S. (760) 
603-4200. Fax: (760) 603-4266. 


Summer 1997 


Mexico} and province (for Canada). A 
short bibliography follows the discus- 
sion of each locality. Because this vol- 
ume is meant to be used with the pre- 
vious two, Dr. Sinkankas has many 
entries, such as beryl from Penn- 
sylvania, where he states only “No 
new developments” and gives the bib- 
liography. 

Dr. Sinkankas compiled this 
information not only from articles 
and other books, but also from per- 
sonal communications with people 
knowledgeable about the localities 
covered. Note, though, that not every 
locality is current as of 1996, or even 
1995, probably due to the comprehen- 
sive nature of the publication. For 
example, most of the Montana sap- 
phire properties mentioned were con- 
solidated under one company a few 
years ago. Such omissions are minor, 
however, given the overwhelming 
value of this reference work. 

When the second volume came 
out, Van Nostrand Reinhold reprinted 
the first volume (hence, the long, 
cumbersome title) in a matching 
binding. Since this third volume was 
issued by a different publisher, and 
the two previous editions are no 
longer available, the only practical 
way to complete the three-volume set 
is to find the first two books in a 
used-book store or through a dealer in 
out-of-print books. Even without its 
predecessors, though, this latest vol- 
ume has a wealth of information on 
current localities, as well as the 
extensive bibliography for each locali- 
ty that can be used for further 
research. The book is a necessary 
addition to any gemological library. 


MICHAEL GRAY 

Graystone Enterprises/Coast-to- 
Coast Rare Stones 

Missoula, Montana 


OTHER BOOKS RECEIVED 


Diamond Exploration Techniques 
Emphasising Indicator Mineral 
Geochemistry and Canadian Ex- 
amples, by C. E. Fipke, J. J. Gurney, 
and R. O. Moore, 86 pp., illus., Geo- 


Book Reviews 


logical Survey of Canada Bulletin 
No. 423, Ottawa, Ontario, Canada, 
1995, Can$24.85. This bulletin is 
probably the most succinct discus- 
sion available on the use of indicator 
minerals (associated resistant miner- 
als that are more abundant than dia- 
mond itself), one of the main tech- 
niques in diamond exploration. The 
three experts have superb credentials: 
The senior author is credited with 
finding the Lac de Gras (Northwest 
Territories, Canada) kimberlite field, 
and the other two authors have vast 
experience in diamond exploration in 
southern Africa and Australia. 

The main body of the text 
addresses the theory and use of indi- 
cator minerals both as pathfinders to 
kimberlite and lamproite, and as a 
means of evaluating the diamond po- 
tential of these primary sources. Pro- 
per interpretation of variations in the 
chemical contents of the indicator 
minerals is essential, and the meth- 
ods by which this is accomplished are 
explained with the aid of many dia- 
grams. The “traditional” indicator 
mineral approach for kimberlite (us- 
ing garnet, ilmenite, chromite, and 
diopside) does not appear to be as reli- 
able for lamproites, for which other 
indicator minerals (e.g., olivine, tour- 
maline, zircon) are suggested. 

This authoritative bulletin is 
essential for all those who are serious- 
ly interested in diamond exploration. 

A. A. LEVINSON 
University of Calgary 
Calgary, Alberta, Canada 


An Overview of Production of 
Specific U.S. Gemstones, by Gordon 
Austin, 41 pp., illus., Special Pub- 
lication 14-95, U.S. Department of 
the Interior, U.S. Bureau of Mines, 
1995, US$5.50. The term gem locali- 
ties usually conjures up visions of far- 
off, exotic lands. However, U.S. sites 
produced an estimated $84.4 million 
of natural gemstones in 1992. 
Statistics such as these, plus histori- 
cal information and references on sev- 
eral selected gem materials, are the 
main thrust of the booklet. 

For each of the 12, gem materials, 
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the discussion includes a brief 
description and an overview of the 
history, market, production, projec- 
tions, and deposit locations. The 
booklet is well organized and easy to 
read. It includes 12 color illustrations, 
although the quality of the color 
reproduction is not up to the stan- 
dards of many other publications. 

The strengths of this booklet are 
the production figures and some of 
the sections on individual gem mate- 
rials, especially tourmaline, pearls, 
and collector or specialty gems. Al- 
though it professes to be an 
“overview,” this booklet packs a lot 
of interesting information into 41 
pages, and it leaves the reader want- 
ing to explore the publications listed 
at the end. 


MICHAEL T. EVANS 
Gemological Institute of America 
Carlsbad, California 


Gemmologia Europa V—European 
Gemmologists on Rubies and Sap- 
phires, edited by Margherita Super- 
chi, 141 pp., illus, publ. by CISGEM, 
Milan, Italy, 1996, 35,000 Tira (about 
US$20.00). This volume is actually 
the proceedings of the fifth Gem- 
mologia Europa, a biannual event 
sponsored by the Centro Informa- 
zione e Servizi Gemmologici (CIS- 
GEM). This, the fifth such confer- 
ence, was held in Milan, Italy, in 
October 1994. 

The focus of this conference was 
rubies and sapphires, and the proceed- 
ings include transcriptions of talks 
given by E. A. Jobbins on ruby occur- 
rences, by Kenneth Scarratt on sap- 
phire occurrences, by Dr. Henri-Jean 
Schubnel on the history and legends 
of rubies and sapphires, by Michael 
O'Donoghue on treatments and syn- 
thetic and imitation rubies and sap- 
phires, and by Dr. Edward J. Gtibelin 
on inclusions in rubies and sapphires. 
All of the presentations are well illus- 
trated in color, and all contain much 
useful and interesting information on 
gem corundum. 

JOHN L KOIVULA 
GIA Gem Trade Laboratory 
Carlsbad, California 
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COLORED STONES AND 
ORGANIC MATERIALS 


Mammal bones in Dominican amber. R. D. E. MacPhee 
and D. A. Grimaldi, Nature, April 11, 1996, pp. 
489-490. 


Dominican amber rarely contains small lizards, frogs, or 
evidence of larger animals (e.g., feathers or animal hairs). 
In this letter, the authors describe spine and rib bones 
from a small insectivore—the first mammal bones found 
in amber—from the La Toca Group of amber mines in the 
La Cumbre region of northern Dominican Republic. The 
amber can be no older than late Oligocene or early 
Miocene (about 26 million years old). ML] 


Goodletite—A very rare gemstone. H. Bracewell, 
Australian Gold Gem & Treasure, Vol. 11, July 
1996, pp. 36-37. 

“Goodletite” is a rock from the South Island of New 

Zealand that contains dark red opaque-to-translucent 

rubies (grading into bluish sapphires) in a matrix of 

chrome tourmaline and green chrome mica. It is also 
known as “ruby rock.” Boulders of this material—possibly 
transported by glaciers—have been found in the gold-bear- 
ing drifts of Rimu Flat (south of Greymouth on the West 

Coast) and in the Whitcombe Pass area. This ornamental 

material was supposedly named by a Professor Black of 
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Otago University after his laboratory assistant, W. 
Goodlett, around 1890; there is reference to it in a 1906 
New Zealand Geological Survey bulletin. Because of the 
different hardnesses of the disparate materials in this rock, 
it is difficult to cut and polish. ML] 


DIAMONDS 

California diatreme. Mining Journal, London, December 
20-27, 1996, p. 496. 

Diadem Resources has found that the diamond-bearing 

breccia it was investigating at Leek Springs, California, is 

a diatreme (a breccia-filled volcanic pipe, resulting from a 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edl- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 

Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
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gaseous explosion), with a surface area greater than 316 
hectares. Drilling has found diamond-indicator minerals 
that imply that the pipe is lamproite, not kimberlite. A 
magnetic survey of the region has found three aligned cir- 
cular features and several dikes. ML] 


Chinese agreement. Mining Journal, London, January 10, 
1997, p. 20. 


Quantum Resources and Astro Mining have entered into 
an exclusive agreement with the government of the Xin 
Jiang Autonomous Region, in western China, to explore 
for diamonds at Bachu, on the edge of the Tarim Basin, 
where parts of the Siberian craton occur. At Hetian, with- 
in the area, local farmers reportedly found gem diamonds, 
up to 1.5 ct, in alluvial gravels. Microdiamonds have been 
identified in material washed from a nearby kimberlite 
pipe. The exploration program is expected to include bulk 
testing of known pipes, aeromagnetic surveys to discover 
more pipes, and sampling of drainages. This is the second 
such exclusive contract in China. In December 1996, 
Kensington Resources acquired half-interest in a 
Shandong Province diamond mine. ML] 


Extensive experience in diamond recovery. Mining 
Journal, London, November 22, 1996, p. 416. 
The Debex CDX116VE is a commercially available 
machine that separates diamonds from alluvial gravels. It 
uses X-ray luminescence to distinguish diamonds from 
other gravel materials, and “electro-mechanical ejectors” 
to separate them. Neither water nor compressed air is nec- 
essary. A computer diagnostic system enables users to 
optimize recovery for specific conditions at their sites. 
Debex is a member of the De Beers group of companies. 
ML] 


Union Pacific says diamond mine trespassing. Interna- 
tional California Mining Journal, Vol. 66, No. 7, 
March 1997, pp. 3-4. 

Union Pacific Corp. claims that the operators of the Kelsey 

Lake diamond mine, in Larimer County, Colorado, are 

trespassing on land for which Union Pacific reserved all 

mining rights when it conveyed the land to private own- 
ership in 1896. Union Pacific Land Resources filed a law- 
suit in U.S. District Court, seeking an inventory of the 
mine’s contents and compensation for the diamonds 
already sold; they claim that the 1987 mining lease 
between the land’s owners and Diamond Co. (the Colo- 
rado subsidiary of Redaurum Inc.) is invalid. Diamond Co. 
began prospecting in the area a decade ago. The largest dia- 
mond recovered to date weighed 28.3 ct. ML] 


Unsettled issues. J. W. Bristow, Diamond Supplement to 
Mining Journal, London, November 22, 1996, pp. 
1-3, 6-7, 9, 11. 

Diamond supply in the 1990s has been uncertain for many 

reasons. In 1991-1992, diamonds from Angola flooded the 

market; in 1991-1994, the Canadian diamond rush threat- 
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ened (but has not yet produced) many more stones. The 
breakdown of the agreements between the De Beers 
Central Selling Organisation (CSO) and both the Russians 
and the Argyle mine in Australia has created still more 
uncertainty. All this has both encouraged and dissuaded 
potential investors in diamond-mining stocks. In 1995, the 
prices of smaller goods and lower-quality goods decreased 
by about 14%, while the price of diamonds over 1 ct rose 
an average of 7%. 

In contrast, diamond demand has been remarkably 
stable. The CSO has imparted consistent, “considerable” 
value to diamonds by monitoring the market, controlling 
supply, and stimulating demand. Of course, this makes the 
discovery of new diamond sources an attractive prospect. 
The amount of diamond smuggling is hard to measure, but 
up to 10% of annual mined production may reach the mar- 
ket through smugglers. 

In the past 50 years, only seven major kimberlite (or 
lamproite) discoveries have produced more than 3 million 
carats (Mct) annually: Argyle in Australia, Orapa and 
Jwaneng in Botswana, Finsch and Venetia in South Africa, 
and Mir and Udachnaya in Russia. Before Canadian pro- 
duction begins, mined diamond production is projected to 
be flat, or even to decline. Argyle and Russian production 
is declining. In Russia, annual production has fallen from 
16 Mct to 10 Mct over the last five years. Lack of capital 
there makes it unlikely that this source can recover rapid- 
ly. Angola continues to suffer from political unrest and a 
poor infrastructure, but it has large resources. Argyle’s 
open pit will reach the end of its useful life shortly after 
the turn of the century. The most certain source of new 
production is Canada, where BHP/Dia Met could be pro- 
ducing over 4 Mct annually from Lac de Gras within the 
next few years, and the small pipes being explored by 
Aber/ Kennecott could also be developed. 

Annual worldwide expenditure for diamond explo- 
ration is about US$300 million; most of this has been 
spent in Canada ($130 million), Australia ($45 million), 
and South Africa ($40 million). Although diamondiferous 
kimberlites and lamproites have been found in Proterozoic 
belts, the only major diamond deposit not found on an 
Archaean craton is that at Argyle. 

This article also contains reports by region, including 
South Africa, Namibia, Botswana, Angola, Russia, 
Canada, and Australia. Other countries that now have sig- 
nificant diamond resources—or may develop them in the 
next decade—include: Sierra Leone, Liberia (both beset by 
internal conflict), Zimbabwe, the Central African Re- 
public, Tanzania, Brazil, French Guiana, India, Indonesia, 
the United States, Finland, Sweden, and Greenland. ML] 


GEM LOCALITIES 


Gem and collection-worth tourmaline from the Pamirs 
(crystallomorphology, coloring, crystallochemistry) 
[in Russian]. A. A. Zolotarev, Proceedings of the 
Russian Mineralogical Society (Zapiski Vses. Min. 
Obshch.), Vol. 125, No. 4, 1996, pp. 32-46. 
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Crystal morphology, unit-cell parameters, chemical analy- 
ses, crystallochemical formulas, and infrared spectra are 
given for 10 samples of tourmaline from the Eastern 
Pamirs and magnesian skarns of the Kukhy-lal deposit, 
Muzeinaya. Also provided are the results of an electron 
microprobe traverse for Fe and Mn across a color-zoned 
tourmaline. These tourmalines are mainly elbaite and 
dravite, with one schorl. RAH 


O’Briens Creek unmasked. P. O’Brien, Australian Gold, 
Gem & Treasure, Vol. 12, March 1997, pp. 20, 
22-24, 26-27. 


The best blue topaz in Australia is said to come from 
O’Briens Creek in North Queensland; the nearest town is 
Mt. Surprise, about 200 km west of Cairns. The topaz 
occurs in a large alluvial tin deposit (5,000 hectares), cit- 
rine, smoky quartz, and occasional aquamarine are also 
found. The stones are usually recovered by dry sieving. 
Pieces of rough topaz as large as 350 ct have been found. 
Locality names include Elizabeth Creek, Nugent’s Gully, 
and Tourmaline Gully. 

A nearby deposit, Blue Hills, is the upstream source 
of the O’Briens Creek topaz [Abstracter’s note: However, 
from the description in this paper, it may not be the pri- 
mary source of the alluvium]. Rough topaz is found as 
“sharper” (less rounded) crystals at Blue Hills. One crystal 
that the author saw, although broken into several frag- 
ments, weighed almost 1 kg. In another alluvial working, 
a lava flow covers topaz-bearing gravels. 

Many colorful tales are associated with just about any 
mining locality. O’Brien’s Creek is no exception: One 
mining lease (now also a rock shop) is called Digger’s Rest 
because its first two lease-holders are buried in the front 
garden. Note that visitors must obtain a Queensland fos- 
sicking license before collecting at O’Brien’s Creek. 

ML] 


Praise the ‘prase! P. O’Brien, Australian Gold Gem & 
Treasure, Vol. 12, January 1997, pp. 36, 37, 39-41. 
Chrysoprase mining in Marlborough, Queensland, is the 
focus of this article. Chrysoprase, the green variety of chal- 
cedony (colored by nickel), was first discovered at 
Marlborough in noncommercial quantities in the 1880s. 
However, a major deposit of “magnificent” green chryso- 
prase was found in 1963. Local miners banded together to 
exploit the deposit, forming Capricornia Mineral 
Development (CMD). At first this material was unsuc- 
cessfully promoted as “Queensland Jade,” in an attempt to 
capitalize on a supposedly high worldwide demand for 
jade. In 1964, CMD was purchased by V.A.M. Ltd., which 
in turn went into receivership in 1973. Although much of 
the deposit remained unexploited, it was buried under 
30-40 m of overburden, making mining more difficult. 
Gumigil Pty Ltd. bought the mine in the late 1970s. 
Today, all of the raw material is sent to Hong Kong, where 
Gumigil’s president operates the largest chrysoprase-cut- 
ting factory in the world. The known deposits are suffi- 
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cient to handle world demand well into the next century. 
Mining techniques are similar to those used for opal 
at Mintabie. The overburden is bulldozed away, while 
“spotters” behind the bulldozer watch for signs of color. 
Outcrops of chrysoprase are removed with a small back- 
hoe. Most nodules weigh between 3 and 5 kg, but even the 
smallest chips are recovered. The largest piece to date was 
337 kg. In addition to the commercial mine and a muse- 
um, the region has a nearby “fossicking” site, where ama- 
teurs can collect chrysoprase from old mine dumps. 
ML] 


Sapphire City. P. O’Brien, Australian Gold Gem & 

Treasure, Vol. 11, April 1996, pp. 20, 22, 24, 26, 30. 
Inverell (alias “Sapphire City”) is situated on the western 
side of the New England Ranges in northern New South 
Wales, Australia. The area produces mainly blue sapphires 
and, says O’Brien, is famous for its “cornflower variety, 
which is known far and wide as ‘Inverell Blue.’” Within a 
60 km radius of the town center (which includes a local 
mining museum) are amateur collecting sites. One can dig 
for sapphire, quartz (including smoky quartz, citrine, pet- 
rified wood, and agate), rhodonite, “tin crystals” (probably 
cassiterite}, “grass stone,” and scarcer gems such as aqua- 
marine and other beryls, topaz, spinel, and tourmaline. 
The author visited Nullamanna (an alluvial source for sap- 
phires, cassiterite, and rock crystal), Elsmore (cassiterite], 
Swanbrook Creek (sapphire), the ford at Frazer Creek (sap- 
phire), and Poolbrook sheep station (sapphire)—but with 
little success, despite seeing sapphires as large as 18 ct 
found by fellow “fossickers.” He concludes that the 
Inverell area is not “easy pickings” for an amateur with 
little time. 

Sapphires were first noticed in the Inverell region in 
1853, and recovery began (as a byproduct of tin mining) in 
1870. Sapphire mining took off in 1919, but it was badly 
hit by the Great Depression in 1929; in the years since 
mining resumed in 1940, several booms (and busts) have 
taken place. Today, individual mines, most run on a casu- 
al basis, have some success; some large operations—such 
as Dejons, on Glen Innes Road—have played a major part 
in stabilizing sapphire prices. ML] 


INSTRUMENTS AND TECHNIQUES 


Measurement of refractive index by the apparent depth 
method. D. Bennett, Australian Gemmologist, Vol. 
19, No. 7, 1996, pp. 292-294. 
The author describes experiments with two microscopes 
to determine the accuracy of the direct-measurement 
method for calculating the refractive index of faceted gem- 
stones and manufactured materials. The first microscope 
that was used to determine refractive index by the direct- 
measurement apparent-depth method was a Siewa binoc- 
ular microscope with magnifications of 20x and 40x. 
[Abstracters’ note: Figure 1, however, shows a uniocular 
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Siewa microscope.] The second microscope was a monoc- 
ular Shimadzu with fixed 50x magnification. 

Each microscope was fitted with a dial gauge that had 
a range of 10 mm. It was soon determined that the most 
accurate focus was obtained with the microscope set at 
maximum magnification and that several readings would 
be needed for each measurement, with these results aver- 
aged. 

The gemstone was mounted on a transparent glass 
graticule (reticule), table up, with its culet contacting the 
upper surface of the graticule. The center of the table and 
the surface of the glass graticule under the culet were 
marked with a small spot by a permanent marker. The 
spots were then centered on the microscope stage. When 
the microscope was focused, the table center, the culet, 
and the spot on the surface of the graticule were all in the 
same central optical axis. 

For each stone, five successive gauge readings were 
taken to measure both the position of the table and the 
apparent position of the culet. Subtraction of these values 
allowed the apparent depth of the culet to be determined 
to tenths of a millimeter. Chips on the culet made it very 
difficult to locate the absolute bottom of the stone with 
the microscope. With the direct-measurement apparent- 
depth technique for determining refractive index, it is pos- 
sible to confirm that the refractive index of a stone that 
does not register on a standard refractometer is indeed 
over-the-limits. It is very likely that the refractive index 
obtained with this method is accurate enough to identify 
a particular stone. Some disadvantages of this method are 
the cost of the microscope and the fact that it is time-con- 
suming. MD 


JEWELRY HISTORY 


The Dactyliotheca of the Pope Leo XII. G. Graziani, 
Periodico Mineralogica, Vol. 65, No. 1-2, 1996, pp. 
79-204 

A study has been made of a 388-item gem and ornamental 

stone collection that was given by His Holiness Pope Leo 

XII to the Mineralogical Laboratory of Rome University 

“La Sapienza” in 1824. From their hallmarks, the period 

and place of manufacture for a ring and two collets (collars) 

were established as 1792-1809 in Rome. Most of the spec- 
imens appear to consist of small, polished, rounded or 
octagonal plates of various varieties of silica, but the first 
section includes 32 jewels, for the most part rings, that are 
described in detail in an appendix. The gems include topaz, 
opal, aquamarine, garnet (previously cataloged as zircon or 
“ruby spinel”), yellow diamond, and yellow sapphire. 
RAH 


JEWELRY MANUFACTURING 


The song in the stone: Developing the art of telecarving a 
minimal surface. Science News, February 17, 1996, 
pp. 110-111. 


Sculptor Helamun Ferguson carves marble into forms that 
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represent mathematical equations. One series is based on 
theoretical minimal surfaces (the shapes seen when soap 
films are stretched across a bent ring), especially one 
known as the Costa surface. This shape looks vaguely like 
a top hat twisted through itself. 

Mr. Ferguson uses equipment devised by members of 
the Robot Systems Group of the National Institute of 
Standards and Technology. This equipment was designed 
to translate geometric forms drawn on the computer mon- 
itor into guidelines for how much material should be 
carved away from any point on the surface of the rough 
stone to produce the desired image. Precision to 1 mm can 
be achieved with this new technology, which combines 
human versatility with mechanical power and computa- 
tional precision to provide a method that is more efficient 
and cost effective than relying on either humans or robots 
alone. 

Mr. Ferguson also reports that marble vibrates 
(“sings”) as it is carved, if it “quits singing,” some hidden 
flaw or incipient fracture is indicated. ML] 


JEWELRY RETAILING 


Diamonds Hit the Heights. V. Becker, Retail Jeweller & 
British Jeweller, May 15, 1997, pp. 12-13. 


Yellow diamonds were the high points of both Sotheby’s 
and Christie’s April 1997 jewelry sales in New York. At 
Christie’s, the American Siba Corporation paid $728,500 
for a 10.14 ct fancy vivid yellow diamond ring. At 
Sotheby’s, a new world record was set for a yellow dia- 
mond sold at auction: A 13.83 ct stone sold for $3,302,500, 
or $239,000 per carat. It went to an international dealer, as 
did most top lots at the jewelry sales. 

A circa 1935 bracelet with diamonds and Kashmir 
sapphires brought $585,000, almost triple the high end of 
its pre-auction estimate. Invisible-set jewelry did well, par- 
ticularly two ruby flower brooches, one by Van Cleef & 
Arpels ($255,500) and one by the Aletto Brothers 
($299,500). A New York dealer paid $640,500 for a fancy 
intense blue and intense pink diamond cluster ring, while 
a private European buyer paid $332,500 for a rectangular- 
cut sapphire and diamond ring that was made by Van Cleef 
& Arpels. 

Phillips drew crowds with its April 1997 sale of 
antique and 20th century jewels in London. The prize lot 
was a Fabergé brooch, set with a central octagonal topaz 
surrounded by a rose diamond frame with ribbon bow. The 
piece, complete with original case, went to London spe- 
cialists Wartski for £26,450, well above estimate. A yellow 
sapphire and diamond ring sold unexpectedly high at 
£3,680. A pair of French Belle Epoque diamond tassel ear- 
rings doubled expectations at £2,990. Pointing to a revival 
of interest in Victorian gold jewelry, a pair of typical 1870s 
gold Victorian earrings in rich bloomed gold, with domed 
centers, sold for £1,955. A late-Victorian necklace sold for 
£9,775. Standard modern jewels were difficult to move 
throughout the sale. MD 
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PRECIOUS METALS 


Consumers Trade Up on Gold Spend. J. Boddington, Retail 
Jeweller & British Jeweller, May 15, 1997, p. 1. 


In the first three months of 1997, British consumers paid 
an average 25% more for each piece of gold jewelry pur- 
chased compared to the same period two years ago, 
according to the World Gold Council (WGC). Although 
these consumers are buying slightly fewer pieces, pieces 
tend to weigh more and, consequently, are of greater 
value. British consumers now pay an average £76.20 for 
each item. 

The reduction in sales volume was not considered 
substantial by the WGC. Even though 310,000 fewer 
pieces of gold jewelry were sold in the first three months 
of 1997 than during the same period in 1995, the United 
Kingdom is still the largest volume market fell in 
Europe. 

Self-purchased plain gold pieces in the UK fell an 
average of 15% in price, whereas gift purchases rose by 
89%, to £175.70. In contrast to the 42% average price 
increase for plain gold jewelry, gem-set pieces showed a 
12% average price decrease. MD 


Speculation Grows Over Silver Price as Worldwide 
Demand Rises Again. S. Pearson, Retail Jeweller & 
British Jeweller, May 29, 1997, p. 5. 


Worldwide silver demand exceeded supply from mine pro- 
duction and scrap for the seventh consecutive year in 
1996, prompting speculation: How long before silver 
prices rise? Almost all growth in fabrication demand came 
from the jewelry and silverware industries. Demand there 
jumped almost 17%, to 263 million ounces. Growth in 
jewelry fabrication was highest in India—up almost 50%, 
according to a Silver Institute survey. India is now the 
largest importer of silver. 

In Europe, the UK and Ireland saw some of the 
strongest growth, with jewelry and silverware rising 12%, 
to 3.34 million ounces. The past five years have seen 
demand rise 75%—a 40% increase in the number of arti- 
cles. Average weight per article climbed from 20 to 25 
grams. 

Italy continues as Europe’s largest silver jewelry and 
silverware manufacturer, using 40.5 million ounces in 
1996. Production of silverware fell 5% last year, but silver 
jewelry production compensated, rising 13%. Elsewhere, 
North American fabrication increased a record 12% to 
almost 28 million ounces, with most of the growth attrib- 
uted to Mexico. 

Despite the increasing gap between demand and 
mine supply, the survey does not predict an immediate 
price rise for silver. It does say, however, that silver bullion 
stocks are being steadily transformed into fabricated prod- 
ucts. In fact, if the existing holders of remaining bullion 
stocks chose to maintain rather than dispose of their hold- 
ings, the silver market could only be balanced through a 
significant price increase. MD 
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SYNTHETICS AND SIMULANTS 


Hydrothermal growth of diamond in metal-C-H,O sys- 
tems. X.-Z. Zhao, R. Roy, K. A. Cherian, and A. 
Badzian, Nature, February 6, 1997, pp. 513-515. 


The authors mixed 2, wt.% quarter-micron (0.25 tum) dia- 

mond powder “seeds” with 95 wt.% glassy carbon and 3 

wt.% powdered nickel into gold tubes; this material was 

processed at close to 800°C and 1.4 kbar water pressure for 

50-100 hours. The black starting mixture turned gray. 

With a scanning electron microscope, the authors 

observed larger (several micron) particles and very large 

(several tens of microns) bonded aggregates. They think 

that these particles and aggregates resulted from new 

growth of diamond on the pre-existing seeds, based on 
three clues: 

e X-ray diffraction patterns indicate a larger volume of 
diamond in reaction products than in the starting 
materials. 

e¢ The diamond Raman peak in the starting material 
shifted from 1331 cm:! to 1319 cm‘! as the laser power 
increased. However, in the reaction products, the 
Raman peak stayed at 1331 cm‘ at all laser powers. 
The authors interpreted this to mean that there is 
enough new growth or new bonding to give good ther- 
mal contact among the grains in the aggregate. 

¢ The product had a strong luminescence spectrum that 
resembled that of CVD “diamond” films (with an indi- 
cation of peaks at 2085, 3780, 4325, and 4795 cm), but 
the seeds themselves had a very weak luminescence 
spectrum. 

The authors were unsuccessful in growing 
“hydrothermal diamonds” when diamond seeds were not 
supplied; however, they have made synthetic diamond 
overgrowths on pre-existing seeds with nickel, platinum, 
and iron catalysts. They do not know the mechanism for 
the hydrothermal growth process. ML] 


The negative side of crystal growth. P. Calvert and S. 
Mann, Nature, March 13, 1997, pp. 127, 129. 
This short report discusses the growth of apatite from 
hydrous solutions on electrically charged ferroelectric 
crystals. Apatite grows on the negative pole but not on the 
positive pole of the substrate crystal. Although the prima- 
ry purpose of this article is to explain natural and synthet- 
ic bone growth, the authors also suggest that calcium car- 
bonates [Abstracter’s note: e.g., possibly pearls] may be 
successfully grown by this approach. ML] 


Derivation of gem and lapidary names. H. Bracewell, 
Australian Gold Gem & Treasure, Vol. 11, July 
1996, pp. 54-55. 

Many terms in gemology and geology have Greek and 

Latin roots. The author provides examples of various such 

terms, including a- or an-, meaning “without”; allo-, 

meaning “other,” as in “allochromatic” minerals (those 
colored by impurities rather than intrinsic causes); 
amygd-, meaning “almond” (for instance, amygdules); 
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aster-, meaning “star” (asterism); chrom-, meaning 
“color” (achromatic); crypt-, meaning “hidden” (cryp- 
tocrystalline); di-, meaning “twofold,” and tri-, meaning 
“threefold” (dichroism and trichroism, respectively); 
glypt-, meaning “carve” or “engrave” (glyptography is the 
art of engraving gems); lith-, meaning “stone” (sodalite, 
sinhalite, lithosphere, etc.); and micro-, meaning “small” 
(microscope). ML] 


Gemstones 1995. International California Mining 
Journal, Vol. 66, No. 3, November 1996, pp. 54-58. 


This report on 1995 gemstone production and consump- 
tion in the United States is a summary of the mineral 
industry survey by the U.S. Geological Survey. Domestic 
gemstone production from “indigenous sources” (that is, 
stones not imported for further processing) was at least 
$75 million. Although gemstones were produced in every 
state, six states—Tennessee, Alabama, Arkansas, Oregon, 
North Carolina, and Arizona—accounted for over 90% of 
production value. Arizona, for instance, produces more 
than 15 gem varieties, from peridot and garnet to antlerite 
and shattuckite. New mines are being developed in 
Montana (sapphires) and Colorado (diamonds), which 
could have important future production. 

At least $25 million of synthetic gems were produced 
domestically in 1995, and there was at least as much pro- 
duction of gem simulants (some estimates of combined 
production of synthetics and simulants exceed $100 mil- 
lion). Synthetic gems produced in the U.S. include: alexan- 
drite, coral [sic], diamond [Abstracter’s note: Synthetic 
diamond intended for gem use is not yet a commercial 
product, to the best of my knowledge], emerald, lapis 
lazuli [sic], quartz, ruby, sapphire, spinel, and turquoise. 
Gemstone simulants produced in the U.S. include: imita- 
tion coral, cubic zirconia, imitation lapis lazuli, imitation 
malachite, and imitation turquoise; also, synthetic sap- 
phire and synthetic spinel are used to imitate other gems 
(e.g., alexandrite). Cubic zirconia is the most significant 
simulant in terms of production value. Synthetics and 
simulants are produced in California, New York, 
Michigan, Arizona, and New Jersey. 

The U.S. imported $6.66 billion in gems, synthetics, 
and imitations in 1995, from 25 countries, and exported 
(and “re-exported” after processing) $2.53 billion in gems 
etc., to 75 countries. Most gem consumption was in the 
form of jewelry, but loose stones, mineral specimens, 
objets d’art, and certain industrial applications are also 
included; diamonds were responsible for 89% of this con- 
sumption. Of the exports, $2.01 billion was in cut dia- 
monds (87% of the total); $207 million in cut colored 
stones; $47.1 million in shells and coral (mostly shell bead 
nuclei for cultured pearl production); $42.3 million in 
rough colored stones; $14.5 million in fashioned synthet- 
ics and simulants; $14.3 million in “rough” synthetics and 
simulants; $5.33 million in cultured pearls; and $2.85 mil- 
lion in natural pearls. 

ML] 
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Mining Annual Review 1996. Published by Mining 
Journal, London, 248 pp. 

This extensive review begins with a description of 

advances in mining technology, followed by reports on 

mining progress in various countries, including diamond 
exploration in Canada’s Northwest Territories; in India, 
where RTZ-CRA is applying for ventures with Associated 

Cement; in Botswana, where BHP is involved in a venture 

in the Gope area; offshore from Namibia, where Namibia 

Minerals Company and BHP are involved in ventures; and 

in Finland, where Ashton Mining has discovered about 15 

diamond-bearing kimberlites. A combination of aeromag- 

netic, ground magnetic, gravity, drillhole, and physical 
property data have found 13 anomalies—possible kimber- 
lites—in poorly exposed Precambrian rocks in Minnesota. 

Magnetic survey data can now be resolved vertically and 

horizontally, creating three-dimensional models that 

extend to depths of 500 m. In airborne surveys for dia- 
mond sources, magnetic resonance may be more impor- 
tant than induced magnetism, and dikes can obscure the 

“bulls-eye” signatures of diamond pipes. 

Countries, and their gem mining specifics, include: 

e Angola has had its diamond mining seriously affected 
by political troubles; 90% of production from alluvial 
workings in the Lunda and Lunda Norte provinces are 
gem quality. De Beers estimated that total diamond pro- 
duction from Angola was worth US$600 million in 
1995; only 20% of this was “official” production, 
through the state diamond corporation Endiama. 

e Australia is home of the Argyle mine, which produced 
40.6 million carats of diamonds (Mct) in 1995 (down 
from 43.7 Mct in 1994). These diamonds, including 3.1 
Mct considered gem quality, were worth Aus$570 mil- 
lion. The Bow River mine (also in the Kimberley area) 
has now closed, and no new sources of diamonds have 
been found so far. Sapphires worth Aus$18 million were 
exported in 1995, as were Aus$98 million in opals. 

e Botswana is the world's top producer of diamonds by 
value, and the third largest by volume. Total production 
rose to 16,802,482 carats in 1995 (from 15,547,200 
carats in 1994). The Jwaneng mine produced 10.5 Mct 
in 1995, a 15% increase over 1994. At Orapa, 5.4 Mct 
were produced from 7.7 million tons (Mtons) of ore. At 
Letlhakane, damage to the plant from heavy rains low- 
ered production to 906,000 carats. Production of colored 
stones—mainly carnelians and agates—increased by 
72% to 67 tons in 1994, 

¢ Canada is primarily important to the gemstone market 
as a potential diamond source. Since 1988, $400 million 
has been spent on diamond exploration—about 20% of 
the total Canadian exploration budget—not only in the 
Northwest Territories, but also in Saskatchewan, 
Quebec, Alberta, Ontario, British Columbia, Manitoba, 
and Labrador. Five of the pipes at Lac de Gras are eco- 
nomic and are likely to be developed (over the next 25 
to 30 years). 

¢ The Central African Republic produces diamonds from 
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alluvial workings, 530,000 carats in 1995; over half 
were gem quality. In 1994, total production was valued 
at $76 million; however, also in 1994, the currency of 
the C.A.R. was devalued by 50%. 

Colombia, long an emerald source, produced over 6.3 
Mct in 1995, down from 7.2 Mct in 1994. Because of 
improved stone quality and greater demand, however, 
value was $450 million (up from $431 million in 1994). 
Finland is being scoured for diamonds (over 500 claims 
were awarded in 1995), but there were no new finds. 
French Guiana contains diamonds and a possible 
source—a metamorphosed rock, possibly kimberlitic— 
in the Dachine permit area. 

Ghana produced 631,337 carats of diamonds in 1995; 
293,880 carats came from the Akwatia mine, which had 
decreased production (by 40,260 carats) since 1994. De 
Beers pulled out of a joint venture to take over this mine, 
and Ghana is looking for a company interested in it. 
Guyana has diamonds being mined in the Mazarani 
area by Exall Resources, using an “environmentally 
acceptable” dredge. 

India is conducting aerial and mineral surveys, and pri- 
vate companies are interested in prospecting for dia- 
monds in Andhra Pradesh. The Raipur district in 
Madhya Pradesh, near Orissa, is a source of diamonds 
and alexandrites. 

Israel exported over US$3 billion in fashioned stones in 
1995. 

Kenya produces colored stones: 108,603 kg of green gar- 
net, 10.2. kg of rhodolite garnet, 10,010 kg of other red 
garnet, 1,200 kg of corundum (mainly ruby), and 224 kg 
of gem tourmaline. Mgama Ridge is one of the major 
gem-producing areas in the world. 

Liberia has alluvial diamonds along its border with 
Sierra Leone, in regions along the Lofa river, being 
mined illicitly. 

Mali is encouraging mineral exploration, and some evi- 
dence exists that diamonds may be found there. 
Myanmar, a major source of colored stones, instituted 
the new Myanmar Gemstone Law, covering everything 
from designation of gem mining blocks to finished jew- 
elry. Much mining here is by small groups of miners, 
who sell portions of their output to the free market; this 
makes production estimates uncertain. Gemstone pro- 
duction declined significantly (from 307,000 carats in 
1993-1994 to 55,000 in 1994-1995), although jade pro- 
duction was more stable (304 tons in 1993-1994, 261 
tons in 1994-1995). 

Namibia produced 1.382 Mct of diamonds in 1995, up 
from 1.314 Mct in 1994, although diamond exports 
were limited by agreement with the CSO. Namdeb pro- 
duced 1.34 Mct—457,500 carats from off-shore mining 
and 748,500 carats from onshore deposits. Rose quartz, 
agate, and high-quality dimension stone are also mined 
in Namibia. 

Norway had its first diamond find, in the northern 
county of Finmark, in summer 1995. 

Pakistan produced a new National Mineral Policy, 
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which creates investment boards, grants four types of 
mineral licenses, and will centralize geologic data. The 
Azad Kashmir Mineral and Industrial Development 
Corporation has found a ruby resource of nearly 125 
Mct in the Khandligali-Maidanwali area. Pakistan pro- 
duced 220,000 carats of rubies, 510,000 carats of green 
tourmalines, 6,625 carats of topaz rough, and 16,500 
carats of spessartine garnet in 1995. 

Russia began publishing production figures for many 
mineral commodities in late 1995; however, very soon 
thereafter, production figures were declared secret for 
certain commodities, apparently including diamonds. 
Ninety-eight percent of Russian diamond production 
comes from Sakha (Yakutia). 

Sierra Leone’s production has been damaged by war. 
Total production for 1995 is estimated at 60,000 
carats—down from 225,000 carats in 1994. Rampant 
smuggling may have produced far more stones, how- 
ever. 

South Africa produced 9,682,700 carats of diamonds in 
1996. Diamond production from De Beers’s South 
African mines retreated to 9 Mct from 10.2 Mct in 1994: 
4.4 Mct were recovered from the Venetia mine; 1.7 Mct 
from the Finsch mine (2.2 Mct in 1994); 593,630 ct from 
the Kimberley mines; 123,213 carats from Koffie- 
fontein; 623,985 carats from Namaqualand; and 1.6 Mct 
from the Premier mine. De Beers limited production as 
it dealt with market disruptions and the expiration of 
the trade agreement with Russia. 

Sri Lanka is an important source of colored stones, 
including sapphire, ruby, chrysoberyl, beryl, garnet, zir- 
con, moonstone, topaz, and tourmaline. In addition, all 
restrictions have been removed on the import of rough 
stones to promote the domestic jewelry industry. 
Swaziland continues to produce diamonds from the 
Dokolwayo mine, but the future of the mine looks 
bleak. 

Tanzania’s production included 16,000 carats of dia- 
monds from the Williamson mine, which resumed pro- 
duction in October after eight months of inactivity, and 
97,571 kg of colored stones—mainly tanzanite. 
Ukraine has kimberlite pipes, and diamonds have been 
found there. The most promising areas for diamond 
exploration are the Azov, Volyn-Podolya, and central 
Pobuzh areas. 

Venezuela’s large diamond deposits, located in the 
Guaniamo region, are being worked by several private 
companies. 

Zaire produced 17.3 Mct of diamonds from 16 local 
mining centers, with a value of $314 million. A large 
percentage of diamond production continues to be 
exported illegally, despite vigorous government inter- 
vention. 

Zimbabwe has one producing diamond mine, River 
Ranch, but 150 exploration prospecting orders have 
been granted for diamond mining. Total production for 
the country was 223,628 carats (up from 150,683 carats 
in 1994). ML] 
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rows of facets above the girdle it 
was therefore also known as the 
triple cut brilliant. This style pro- 
duced much more fire than the 
double cut brilliant, but its total 
depth was about equal to its girdle 
width, hence it lacked the bril- 
liancy of later brilliant styles. Ac- 
cording *to Schlossmacher its cor- 
ner facets were smaller and of 
different shape than its bezel and 
pavilion facets, necessitating two 
different sizes and shapes for the 
adjoining break facets. 

“Pesas diamond.” Quartz. 

petrography. The description and 
systematic classification of rocks 
(Webster). The branch of petrol- 
ogy which studies the structural 
(macroscopic and microscopic) 
mineralogical and chemical char- 
acter of rocks (Standard). 

petrology. The science of rocks. The 
word is often used synonymously 
with petrography and lithology. 
Some writers have made petrog- 
raphy include both petrology and 
lithology. 

phenomena (in diamonds), optical. 
A few diamonds change from col- 
orless in filtered or unfiltered day- 
light to a faint pinkish color under 
artificial light. Even more rare 
are diamonds which are less yel- 
lowish by transmitted light than 
by reflected light. The cause of 
these changes of color is not yet 
known. Fluorescence, phosphor- 
escence, and other types of 
luminescence are not gemological- 
ly,.classed as phenomena in the 
strict meaning of that term. 

Philip II Diamond. According to De- 
Boot a 47%%-carat diamond pur- 
chased by Philip II of Spain 
(1527-1598). It would have been 
an unusually large and important 
diamond at that time. 


“philosopher’s stone.” An imaginary 


stone, the use of which medieval 
alchemists believed would make 
flint into gold, or into diamonds 
or other precious stones. 


phosphor-bronze. A kind of bronze 


of great hardness, elasticity and 
toughness. Its superiority is due 
to the introduction of a small 
amount of phosphorus, usually as 
a compound of copper (phosphor- 
copper) or with tin (phosphor- 
tin) (Webster). Diamond saws are 
made of phosphor-bronze. 


phosphorescence. In gemstones: a 


variety of luminescence exhibited 
by some diamonds and other gem- 
stones, notably kunzite. It is 
caused by the emission of visible 
light rays after exposure of, an 
object to X rays, cathode rays or 
to the ultra rays (including those 
in sunlight) and differs from 
fluorescence which is an emission 
during exposure. Thus it is a con- 
tinuance of luminescence after the 
removal of the excitation of fluor- 
escence, and a phosphorescent 
stone or other object is said to 
phosphoresce or glow. Phosphor- 
escent diamonds are unusual. In 
general: the emission of light, or 
the property of emitting light, 
without sensible heat; also, the 
light so emitted (Standard). See 
luminescence; photoluminescent 
gemstones. 


phosphorescent diamond. See phos- 


phorescence. 


photoluminescent gemstones. Gem- 


stones which become luminescent 
by exposure to the action of light 
rays only; said to be fluorescent 
if luminescent during exposure to 
light, and phosphorescent, if lumi- 
nescent after exposure. See fluor- 
escence; phosphorescence; lumi- 
nescence, 
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ABOUT THE COVER: Commercial quantities of gem-quality benitoite are found at 
only one location in the world, the Benitoite Gem mine, in San Benito County, 
California. This historic locality continues to produce fine-quality gemstones and miner- 
al specimens, and an extension of the deposit was found in the spring of 1997. The fea- 
ture article in this issue looks at the history of the Benitoite Gem mine, the geology of the 
New Idria district and current mining there, and the gemological properties of this dis- 
tinctive material. The benitoite and diamond necklace illustrated here is shown with the 
largest faceted benitoite to date, a 15.42 carat stone from the Benitoite Gem mine. An 
artistic rendering, by GIA designer Lainie Mann, features this stone mounted in a pen- 
dant. Jewelry and gemstone from the collection of Michael M. Scott. 
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Meeting the Millennium 


dunce teweentees Ih June 1991, GIA celebrated its 60th Anniversary with the Second International 


Bon ian Gemological Symposium in Los Angeles, California. Many of you came to that event and 
megs have since told us that these were the most exciting and memorable four days of your career. 
Having successfully completed the building of our new world headquarters and campus in Carlsbad, 
California, we are now turning our attention to hosting the Third International Gemological Symposium, 
June 21-24, 1999, in beautiful San Diego, California. 
For GIA, this event will mark a seminal moment in the future of the gem and jewelry industry. 
Focusing on the theme Meeting the Millennium, the Third International Symposium will feature more than 
100 speakers and panelists, a “poster session” of reports on cutting-edge research, world-renowned opening 
and closing keynote speakers, and a special day designed to stimulate the members of our industry to move 
beyond traditional boundaries to meet the challenges of the new century. We anticipate more than 2,000 par- 
ticipants in this unique event—a mixture of academic enrichment, gemological insight, cultural experience, 
and networking opportunities that will be unlike any seen before in our industry. For those who have not yet 
had an opportunity to visit our new world headquarters in Carlsbad, a full day of tours and other activities is 
being planned immediately following the Symposium. 
Although the event is still many months away, I suggest that you mark your calendars now. 
Reserve your place for the experience of a lifetime. Come celebrate with us and meet the millennium at the 


Third International Gemological Symposium, June 21-24, 1999, 
: /- ‘ ; (a 4 : 
William E. Boyajian 


President, Gemological Institute of America 
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BENITOITE FROM THE NEW 
IDRIA DISTRICT, SAN BENITO 
COUNTY, CALIFORNIA 


By Brendan M. Laurs, William R. Rohtert, and Michael Gray 


Commercial quantities of gem-quality beni- 
toite are known from a single location in the 
world, the Benitoite Gem mine in the New 
Idria district of San Benito County, Californ- 
ia. A barium titanium silicate, benitoite is 
typically colorless to blue, and is noteworthy 
for its high refractive indices, moderate bire- 
fringence, and strong dispersion. Benitoite 
occurs in altered blueschist within serpenti- 
nite. The gem crystals formed within frac- 
tures as a result of the alteration of blueschist 
by hydrothermal fluids derived from the 
regional metamorphism of the serpentinite. 
An extension of the historic deposit at the 
Benitoite Gem mine was discovered in the 
spring of 1997, which should contribute to 
continued stability in price and supply. The 
gemological properties of benitoite readily 
identify it from similar-appearing gems. 


ABOUT THE AUTHORS 


Mr. Laurs is senior editor of Gems & Gemology, 
Gemological Institute of America, Carlsbad, 
California (blaurs@gia.edu). Mr. Rohtert is 
Manager of Gemstones, Kennecott Exploration 
Company, Reno, Nevada (wrohtert@sierra.net). 
Mr. Gray is owner of Graystone Enterprises, and a 
partner in Coast to Coast Rare Stones; he lives in 
Missoula, Montana (west@rarestone.com). 


Please see acknowledgments at end of article. 


Gems & Gemology, Vol. 33, No. 3, pp. 166-187 
© 1997 Gemological Institute of America 


166 Benitoite 


em-quality benitoite has been mined intermittent- 

ly from only one region in the world, the New Idria 

district of San Benito County, California. Benitoite 
was first discovered there in 1907; it was named after the 
county, as well as the San Benito River, which runs through 
the property, and the nearby San Benito Mountain 
(Louderback, 1909). Stones are strongly dichroic, typically 
violetish blue and colorless. Exceptionally rare gemstones 
are colorless and pink. A few orange benitoites have been 
produced by heat treatment of colorless material. Benitoite 
has high refractive indices, moderate birefringence, and 
strong dispersion (exceeding that of diamond in some direc- 
tions}, which render the faceted gems comparable in appear- 
ance and price to fine sapphire and tanzanite (figure 1). 
Although production has been sporadic throughout the life 
of the deposit, hundreds of carats of faceted material are cur- 
rently available, in sizes up to 2-3 ct. 

Benitoite is a barium titanium silicate (BaTiSizO9) that 
forms under unusual conditions. At the New Idria district, 
benitoite is found exclusively in bodies of blueschist within 
serpentinite. During 1995, the senior author conducted a 
detailed study of blueschist bodies throughout the New 
Idria district on behalf of the Kennecott Exploration 
Company. The main occurrence, the Benitoite Gem mine, 
was mapped in detail, and other known benitoite occur- 
rences at the Mina Numero Uno and Victor prospects were 
examined. Microscopic benitoite crystals were detected for 
the first time in a blueschist body on Santa Rita Peak. After 
nearly a decade of inactivity, a small prospect containing 
minute amounts of gem-quality benitoite was rediscovered 
along a tributary of Clear Creek; this locality is now known 
as the Junnila claim. More recently, an extension of the 
Benitoite Gem mine deposit was found in spring 1997, dur- 
ing exploration down slope of the historic pit. 

The Benitoite Gem mine was referred to as the “Dallas 
mine” until the mid-1960s, but it has been variously called 
the “Benitoite mine,” “Dallas Benitoite mine,” and “Dallas 
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Figure 1. Because of its 
beauty, rarity, and 
singularity of occurrence, 
benitoite was declared the 
official California State 
Gemstone in 1985. This 
assortment of stones from 
the Benitoite Gem mine 
(1.10-4.77 ct) shows the 
range of colors that are 
typically encountered in 
benitoite. All stones were 
faceted by Elvis (Buzz) 
and Michael Gray. From 
the collection of Michael 
M. Scott; photo © Harold 
& Erica Van Pelt. 


Gem mine” (Wise and Gill, 1977). Today the locali- 
ty is designated as the Benitoite Gem mine by the 
mine owners, after the notation on topographic 
maps of the U.S. Geological Survey which identify 
the site simply as the “Gem mine.” 


HISTORY 


Although there is general agreement in the litera- 
ture that benitoite was discovered in early 1907, 
there is considerable controversy about who actual- 
ly discovered it. Louderback (1907) originally 
attributed the discovery to L. B. Hawkins and T. E. 
Sanders. However, two years later, he identified 
J. M. Couch (figure 2), a prospector who was grub- 
staked by R. W. Dallas, as having first found a num- 
ber of mineral deposits that merited further investi- 
gation (Louderback, 1909). Dallas “induced” 
Hawkins to accompany Couch back into the moun- 
tains. According to Louderback (1909, p. 333}, 
“While out to examine some copper deposits they 
happened upon the benitoite deposit and each 
claims to be responsible for the discovery.” In 1961, 
Couch’s eldest son, Oscar, published The Benitoite 
Story, in which he outlined the reasons why his 
father should be given sole credit finding the 
deposit. Austin (1988) provides further evidence for 
Couch being the sole discoverer of what, at the 
time, he thought was a sapphire deposit. Frazier and 


Benitoite 


Frazier (1990a) reviewed the controversial history 
surrounding the discovery and development of the 
mine without making any judgment, and provided a 
comprehensive bibliography (1990b). 

The first documented piece of benitoite to be 
faceted was brought to a lapidary in the San 
Francisco Bay area by Sanders’ brother. While an 
expert from the Los Angeles area proclaimed the 
new material “volcanic glass,” this lapidary called 
the stone spinel: “It was too soft for a sapphire, so I 
decided it must be a spinel; [since] that’s the only 
other stone there is of that color” (Marcher, 1939). 
The lapidary showed some of the stones to George 
Eacret, the manager of Shreve & Co., one of the 
largest jewelry stores in San Francisco at that time. 
According to Marcher (1939), Eacret checked the 
stone with a dichroscope and found that it was dou- 
bly refractive, so he delivered a sample to Dr. 
George Louderback, a mineralogist at the 
University of California (Berkeley) who determined 
that it was a new, undescribed mineral. 

In the company of Mr. Eacret, Dr. Louderback 
made his first visit to the mine on July 19, 1907, 
and confirmed the discovery. He revisited the 
deposit on October 11 of that year to study the geol- 
ogy. When Louderback returned to the mine with 
Eacret on August 12, 1908, he took the first pho- 
tographs of benitoite for use in his 1909 full-length 
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Figure 2. Although there has 
been considerable controversy 
surrounding who actually dis- 
covered benitoite, much of the 
evidence supports the claim of 

]. M. Couch, shown here at a 

campsite near the Benitoite Gem 
mine. Photo from the Dallas 
Mining Company archives. 


article describing the mineral. Louderback’s docu- 
mentation of the ditrigonal-dipyramidal crystal 
habit finally proved the natural existence of this 
crystal form, which had been predicted mathemati- 
cally 77 years earlier (Hessel, 1830). 

Soon after the discovery, the Dallas Mining 
Company was formed to finance the development 
of the deposit, which was then called the “Dallas 
mine.” Cabins and corrals were built nearby, and 
mining equipment was hauled in by horse and 
wagon over tortuous roads from Coalinga, the near- 
est town. According to a diary of the Dallas Mining 
Company, active mining began in July 1907. An 
open cut and a series of underground workings were 
developed during the first few years of mining (fig- 
ure 3), and numerous plates of gem-bearing rock 
were recovered. 

Most of the benitoite crystals were covered 
with natrolite, which could have been dissolved in 
acid without harming the benitoite crystals. 
However, it was decided that this process was too 
time-consuming, so the “knobs” formed by beni- 
toite crystals lying underneath the natrolite were 
initially broken off the rock matrix by use of ham- 
mer and chisel or a punch press. As a result, few 
well-crystallized mineral specimens were recovered 
during the early period of mining, as the main focus 
was on the production of gem rough. The Dallas 
Mining Company diary records quantities of rough 
measured in “quart jars” and “cigar boxes” that 
were sent to Dallas’s offices in Coalinga. 

The Dallas Mining Company continued opera- 
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tions until 1912, when it ceased being economical 
(Bradley et al., 1917). In October 1913, the mining 
equipment was auctioned off and the property was 
vacated. The mine was issued mineral patent papers 
in 1917, five years after active mining ceased. The 
ownership of the mine remained in the Dallas fami- 
ly until 1987. 

Between 1920 and 1940, little activity took 
place at the locality, except for occasional unautho- 
rized mining by various parties, including enterpris- 
ing teenagers Edward Swoboda and Peter Bancroft 
(Bancroft, 1984). Miller Hotchkiss, from the nearby 
San Joaquin Valley town of Firebaugh, leased the 
mine in the 1940s. Hotchkiss was the first to take a 
bulldozer to the mine, which he used to rework the 
mine tailings. From 1952 to 1967, a lease was held 
by Clarence Cole, a mineral dealer from Oakland, 
California. Cole used a bulldozer and dynamite to 
enlarge the historic pit. In 1966, Cole granted a sub- 
lease to Gerold Bosley, of San Diego, California 
(Sinkankas, 1976). Backed by noted mineral collec- 
tor Josephine Scripps, Bosley used a bulldozer to 
expose more of the open pit near the entrance of the 
original tunnels. Bosley ultimately found very little 
gem rough, but he did recover some notable mineral 
specimens. 

Cole died in 1967, and the lease subsequently 
was transferred to William “Bill” Forrest, of Fresno, 
California, and Elvis “Buzz” Gray, currently of Mis- 
soula, Montana. They purchased the mine from the 
Dallas family in 1987, and they remain the sole 
owners today. 
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LOCATION AND ACCESS 


The Benitoite Gem mine is located 32 km (20 
miles) northwest of the town of Coalinga, 
California, at approximately 1,380 m (4,520 feet) 
above sea level. Paved county roads provide access 
to the New Idria district from the southwest via 
Coalinga, or from the northeast via Panoche Road 
along Interstate 5 in the San Joaquin Valley (figure 
4). These roads lead 63 km (39 miles) and 85 km (53 
miles}, respectively, to a network of four-wheel- 
drive trails that are infrequently maintained by the 
U.S. Bureau of Land Management. Both routes 
require an additional 30 to 40 km of travel over 
rough dirt roads to reach the mine. 

The Benitoite Gem mine is located on 16.2 
hectares (40 acres) of private patented mining prop- 
erty, which is secured by a locked gate. The site is 
patrolled regularly by law enforcement officers, and 
visitors must obtain written permission from the 
owners to enter the mine area. Four other benitoite 
prospects in the district are claimed as follows: (1) 
The Junnila claim, owned by Leza Junnila of Fresno, 
California; (2) The Mina Numero Uno claim, owned 
by Sharon and Eugene Cisneros of San Jose, 
California; (3) The Victor claim, owned by Craig 
Stolberg of San Jose, California; and (4) The Santa 
Rita Peak property, controlled by Kennecott 
Exploration Company. All of these mineral prospects 
are closed to the public. 


WORLDWIDE OCCURRENCE 
OF BENITOITE 


Benitoite has been confirmed from nine locations 
around the world, but only the historic Benitoite 
Gem mine and the Junnila claim have produced 
gem-quality material. All of the commercial gem 
production has come from the Benitoite Gem mine. 
At the three other deposits in the New Idria district, 
benitoite has been found only as small, platy (non- 
gem quality) crystals, up to a few millimeters in 
diameter (see descriptions of the Mina Numero Uno 
claim, Victor claim, and Santa Rita Peak property in 
the Geology section, below). 

Outside the New Idria district, benitoite has 
been found in situ at four areas. At Big Creek—Rush 
Creek—in the Sierra Nevada foothills of eastern 
Fresno County, California—small grains of beni- 
toite are found in gneissic metamorphic rocks near 
a type of igneous rock known as granodiorite (Alfors 
et al., 1965; Hinthorne, 1974). This occurrence is 
located nearly 160 km (100 miles) northeast of the 


Benitoite 


Figure 3. This photo, taken around 1910, shows 
benitoite miners and an adit at the Benitoite 
Gem mine. Photo from the Dallas Mining 
Company archives. 


Benitoite Gem mine, and is not geologically related 
to the New Idria district. In Japan, benitoite was 
noted from albite-amphibole rock in a serpentinite 
body, along the Kinzan-dani River, at Ohmi in the 
Niigata Prefecture (Komatsu et al., 1973; Chihara et 
al., 1974; Sakai and Akai, 1994). At Broken Hill, 
New South Wales, Australia, Dr. Ian R. Plimer 
reported benitoite as a rare mineral in high-grade 
granite gneiss (Worner and Mitchell, 1982). Most 
recently, crystals of colorless, blue, and pink beni- 
toite averaging 1-2 mm in diameter were detected 
in gas cavities in syenite at the Diamond Jo quarry 
in Hot Springs County, Arkansas (Barwood, 1995; 
H. Barwood, pers. comm., 1997). 

Detrital grains of benitoite (not in situ) were 
recovered from Pleistocene lake sediments at the 
Lazzard estate, a few kilometers west of Lost Hills, 
in the San Joaquin Valley, Kern County, California 
(Reed and Bailey, 1927). On the basis of geologic 
considerations, sediments from this location could 
not have been derived from the New Idria district or 
from the Big Creek—Rush Creek area. 

Two previously reported benitoite locations 
should be discredited. Anten (1928) probably 
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misidentified benitoite in a thin section from 
Owithe Valley, Belgium (Petrov, 1995). Lonsdale et 
al. (1931) tentatively identified benitoite in sedi- 
ments from the Eocene Cook Mountain formation 
of southwest Texas; Smith (1995) suggested that the 
locality should be discredited because the authors 
confused the spelling of bentonite (a clay mineral] 
with benitoite, but we recommend discreditation 
because the available data provided by Lonsdale et 
al. suggest that they misidentified grains that were 
actually sapphirine. Rumors of benitoite from Korea 
have not been confirmed. 


GEOLOGY 


Geologic Setting. The New Idria district is located 
in the southern Diablo Range of the California Coast 


Range geologic province. Since 1853, the district has 
been mined and prospected for numerous mineral 
resources, including mercury, chromium, gold, 
asbestos, gems, and mineral specimens. The district 
encompasses a serpentinite body that was tectoni- 
cally emplaced into surrounding sedimentary and 
metamorphic rocks. During the late Jurassic, when 
two of the earth’s plates collided (see, for example, 
Hopson et al., 1981), the relatively low-density ser- 
pentinite rose through the overlying layers of rock, 
which included the Franciscan Formation. Slices of 
the Franciscan Formation were incorporated into 
the highly sheared serpentinite body during its 
emplacement; these are called tectonic inclusions 
(see Coleman, 1957). The serpentinite breached the 
paleo-surface in the mid- to late-Miocene (Coleman, 
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San Benito County R12E 


Fresno County 


Figure 4. This simpli- 
fied geologic map of 
the New Idria dis- 
trict shows the distri- 
bution of benitoite 
deposits. Benitoite is 
found within Fran- 
ciscan blueschist 
bodies that have 
been tectonically 
incorporated into the 


serpentinite (after 
Eckel and Myers, 
1946; Coleman, 1957; 
Dibblee, 1979; and 
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Laurs, 1995). 
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1961). It is now exposed along the crest of the 
Diablo Range (figure 5) over an area 23 km by 8 km, 
elongate to the northwest. 

Tectonic inclusions of Franciscan rocks within 
the serpentinite consist dominantly of blueschist 
and graywacke, with lesser mica schist, greenstone, 
and amphibolite schist (Coleman, 1957; Laurs, 
1995). All of these rocks are derived from oceanic 
crust and overlying sediments that were accreted 
onto the continental margin during the Jurassic 
period. Two blueschist protoliths (parent rocks) 
may be differentiated on the basis of texture and 
composition: (1) metavolcanic, which are largely 
basaltic lavas and volcaniclastics; and (2) metasedi- 
mentary, which are largely marine sediments. 
Depending on the composition of the protolith, the 
blueschist contains variable amounts of very fine- 
grained albite, glaucophane-crossite, actinolite- 
tremolite, aegerine-augite, and titanite, with or 
without stilpnomelane, quartz, K-feldspar, epidote, 
and apatite. Benitoite is found in blueschist derived 
from both protoliths (Laurs, 1995). 

Prior to breaching the surface, the New Idria ser- 
pentinite was intruded by small bodies of igneous 
rocks, predominantly syenite (Coleman, 1957; again, 
see figure 4). The mid-Miocene age of the syenite 
correlates well with Neogene magmatism in the 
California Coast Range, which is associated with the 
plate tectonic reconfiguration of western California 
(Van Baalen, 1995). Metamorphism associated with 
this reconfiguration is probably responsible for form- 
ing calc-silicate vein assemblages that are scattered 
through the serpentinite, as well as benitoite-bearing 
veins in the blueschist bodies (Van Baalen, 1995). 
Tentative age data suggests that the benitoite crys- 
tallized about 12 million years ago (M. Lanphere, 
pers. comm., in Van Baalen, 1995), so it is much 
younger than the enclosing blueschist, which 
formed about 100 to 160 million years ago (see, for 
example, Lee et al., 1964). 


Benitoite Gem Mine. Previous Work. Arnold (1908) 
and Sterrett (1908, 1911) summarized the early min- 
ing activity. Coleman (1957), Van Baalen (1995), and 
Wise and Moller (1995) wrote district-wide geologi- 
cal reports, which include discussions of the 
Benitoite Gem mine. Geologic maps of the mine 
were prepared first by Coleman (1957), and later by 
Rohtert (1994) and Laurs (1995). Laird and Albee 
(1972) made physical, chemical, and crystallographic 
measurements on benitoite and associated minerals 
from the district, and Wise and Gill (1977) provided 


Benitoite 


a detailed description of the complicated mineralo- 
gy. 


Geology. The mine is situated on a low hill (figure 
6), which is underlain by Franciscan rocks emplaced 
into serpentinite (Coleman, 1957; Wise and Gill, 
1977). These rocks consist of blueschist and green- 
stone, which are locally sheared (figure 7). The 
blueschist is dark bluish gray where unaltered, and 
lighter blue-green within the mineralized zone. 
This zone is at least 60 m long, strikes N60°W, dips 
moderately northeast, and is about 3 m thick. 
Recent field observations by the authors suggest 
that the deposit is offset along two north- to north- 
west-trending faults (again, see figure 7). All of the 
historic lode production was obtained from the cen- 
tral section of the deposit. However, in the spring of 
1997 an extension of the mineralized zone was dis- 
covered in the western offset portion. The faulting 
apparently down-dropped a portion of the mineral- 
ized blueschist, which lay buried beneath up to 10 
m of unconsolidated eluvium and dump material. 


Mineralization. Benitoite mineralization is confined 
entirely to the blueschist, in a hydrothermally 


Figure 5. This low-altitude oblique aerial photo- 
graph, looking northeast, shows the Benitoite Gem 
mine workings (small brown cut). The large open 
pit on the left is an active asbestos mine being 
worked by the King City Asbestos Corp. Santa 
Rita Peak, where benitoite has also been found, is 
visible above the Benitoite Gem mine and forms 
the highest point on the skyline. Photo courtesy of 
Kennecott Exploration Company. 
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Figure 6. In this 1997 photo (by Michael Gray) of the Benitoite Gem mine, a backhoe sits in the main open cut, 
and the equipment processing colluvial material can be seen in the center, just below the single pine tree. Two 
settling ponds are visible below this equipment. Water is pumped from the San Benito River at the base of the 
workings into the ponds, from where it is recirculated through the processing equipment. The inset (after 
Louderback, 1909) shows a view of this same area in 1907, shortly after the discovery of the deposit. 


Figure 7. This simplified geologic map (top) and 
cross-section (bottom) of the Benitoite Gem mine 
show the altered blueschist where benitoite is 
found, in lenses that are tectonically incorporat- 
ed into the sheared greenstone. After Coleman 
(1957), Rohtert (1994), and Laurs (1995). 
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altered zone, which is characterized by: (1) recrystal- 
lization of fibrous amphibole and pyroxene, (2) local 
albite dissolution, and (3) veining and pervasive 
infiltration by natrolite. Benitoite formed during the 
first two stages of the alteration (inasmuch as many 
crystals contain amphibole and pyroxene inclu- 
sions), but prior to the formation of natrolite— 
which coats benitoite in the veins (figure 8). The 
natrolite veins average less than 1 cm wide, and 
contain benitoite only locally, commonly where the 
veins narrow or terminate. 

The benitoite forms as euhedral crystals (figure 9) 
up to 5.6 cm in diameter, 1-1.5 cm on average, that 
are attached to the vein walls. Other minerals on the 
blueschist vein walls include neptunite, silica pseu- 
domorphs after serandite, joaquinite group minerals, 
apatite, albite, jonesite, and the copper sulfides 
djurleite, digenite, and covellite (Wise and Gill, 1977), 
as well as traces of other minerals described by Van 
Baalen (1995) and Wise (1982). Natrolite coats all of 
the vein minerals and, in most cases, completely fills 
in and closes the veins. Natrolite also has infiltrated 
the altered blueschist adjacent to the veins, filling 
interstitial space that was previously occupied by 
albite. 

Two types of benitoite were noted by Wise and 
Gill (1977): (1) gem-quality crystals attached to the 
walls of cross-cutting veins; and (2) disseminated, 
euhedral, non-gem benitoite with abundant amphi- 
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photometer. An 


instrument for 
measuring the intensity of light 
or for comparing intensities from 
two sources. In such comparisons 
the greatest accuracy is obtain- 
able from light transmitted 
through standard thicknesses or 
from light reflected from opaque 
objects, hence the difficulty in reg- 
istering upon a. photometer the 
comparative brilliancy of two dia- 
monds. 


photomicrograph, A photograph of a 


greatly magnified image of an 
object, usually produced by the use 
of a camera and a microscope. A 
photomicrograph of the inclusions 
in a gemstone is often useful in 
identifying it, as for instance in 
case of loss. The diamondscope is 
especially useful in obtaining such 
microphotographs of diamonds. 


physical properties of diamonds. See 


properties of diamonds. 


picking table. A flat or slightly in- 


clined platform on which ore is 
distributed to remove unwanted 
minerals. Used in the South Afri- 
can diamond mines until grease 
was accidentally spilled on a table 
and grease tables were installed. 


picotite. A dark brown, translucent 


to almost opaque variety of spinel 
(Dana). A primary mineral in the 
kimberlite occurrences of South 
Africa (Wagner). Suggested as a 
possible inclusion in diamonds 
when most so-called “carbon” was 
thought to be dark colored inclu- 
sions. See carbon inclusions. 


piedra del Cabo (Span.). South Afri- 
can diamond. ‘ 


pierres de fantaisie. A term used for 


diamonds with any noticeable 
depth of hue such as rose, red 
lilac, etc. See fancies. 


Pigot Diamond. One of the world’s 


most famous diamonds, of Indian 
origin. Said by Mawe to have 
been 49 carats in weight, of the 
first water and to have ranked 
among the finest in Europe, 
although not then considered to be 
of sufficient depth. However, its 
fifty-eight facets were insufficient 
in number to produce maximum 
fire. Its name is usually misspelled 
Pigott and because of an error of 
some long-dead author, its last 
owner is stated in most books to 
have been the Pasha of Egypt. It 
was probably a gift or bribe from 
the Nabob of Arcot to George 
Pigot, governor of Madras until 
his death in 1776. In 1775, Pigot 
probably brought the stone to 
England, at which time he became 
Baron Pigot. In 1801 it was sold 
in a lottery, then resold at 


‘Christie’s for 9,500 guineas. An 


unconfirmed rumor attributed its 
possession to Madame Bonaparte, 
Napoleon’s mother, but Streeter 
states that in 1818 it was sold by 
Rundell and Bridge to Ali Pasha, 
a statement verified in news items 
of that period. From 1788 to 1822, 
Ali Pasha was Pasha of Janina, 
Albania (not the Pasha of Egypt), 
and a collector of diamonds. Nom- 
inally subservient to the Sultan 
of Turkey, he was reported to 
have resisted arrest by that ruler 
in 1822. Mortally wounded, he 
ordered the destruction of his two 
most cherished possessions, the 
Pigot, and his favorite wife, Vasi- 
likee. Another report was that he 
had been in custody and was be- 
headed. His wife survived, but if 
the diamond was not destroyed, 
its later history has remained a 
complete secret. 


(To Be Continued) 


bole and pyroxene inclusions that formed within the 
altered blueschist. Some crystals show both charac- 
teristics, since they apparently grew into both the 
vein and the adjacent host-rock substrate. Benitoite 
in the veins commonly forms simple triangular crys- 
tals with dominant a {0111} faces (Wise and Gill, 
1977; figure 10). The crystals typically show a frosty 
appearance on the a faces due to natural etching, 
whereas the uw faces are mirror smooth. Color zoning 
is common, with a milky white or colorless core 
grading outward into transparent blue corners. 
However, gem-quality blue crystals recently discov- 
ered in the western offset portion of the deposit typi- 
cally lack color zoning and show only z faces (A in 
figure 10). In general, the relatively small size of 
faceted material is due to the abundant cloudy areas 
and the flattened morphology of the crystals. 

The disseminated non-gem benitoites closely 
resemble the host rock in color, because of the abun- 
dant fibrous inclusions from the altered blueschist. 
As described by Wise and Gill (1977), such crystals 
commonly show dominant c faces, as well as vari- 
ably developed pyramid (x and p) and prism (u and 
m) faces, resulting in tabular crystals with triangular 
to hexagonal outlines (D and E in figure 10). Rarely, 
the non-gem crystals form star-shaped twins caused 
by penetration twinning due to a Dauphiné-type 
180° rotation about the c-axis (W. S. Wise, pers. 
comm., 1997; figure 11). The mine owners know of 


Figure 8. On May 1, 1997, this remarkable boulder 
of benitoite-bearing blueschist was excavated from 
the newly discovered extension of the Benitoite 
Gem mine. Knobs on the surface of the natrolite 
(which covers 40 cm x 70 cm of the boulder) indi- 
cate the presence of benitoite and neptunite crys- 
tals, which are attached to the vein wall and over- 
grown by natrolite. Several gem-quality pieces were 
removed from the outside edge of the vein. Photo 
by Michael Gray. 


Benitoite 


Figure 9. This specimen, which was mined dur- 
ing the late 1980s, shows an unusually transpar- 
ent benitoite crystal on a matrix of white natro- 
lite and light green altered blueschist. The natro- 
lite originally covered the benitoite crystals as 
well, but it was removed with dilute hydrochlo- 
tic acid. Photo © Harold & Erica Van Pelt. 


only nine twinned crystals recovered thus far (E. 
Gray, pers. comm., 1997). 


Junnila Claim. The Junnila claim is located 7 km 
northwest of the Benitoite Gem mine, on a low hill 
overlooking a tributary of Clear Creek (again, see 


Figure 10. The common crystal habits of benitoite 
are redrawn from Louderback (1909) and Wise and 
Gill (1977). The x face decreases in importance in 
the sequence from (A) to (E). The morphology of the 
gem-quality crystals generally resembles (C), except 
for crystals from the recently discovered western 
extension of the deposit, which resemble (A). Non- 
gem crystals typically resemble (D). 
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Figure 11. Twinned benitoite crystals show a 180° rotation about the c-axis. In this drawing (courtesy of 
William S. Wise), the c faces of the two crystals are merged and indistinguishable from one another, resulting 
in flat, star-shaped faces. The photo shows some of the twinned benitoite crystals (2-3 cm wide) recovered 
from the Benitoite Gem mine. Note the characteristic opaque appearance, resulting from abundant inclusions 
of fibrous amphibole and pyroxene. Photo © Harold & Erica Van Pelt. 


figure 4). The claim was worked intermittently by 
A. L. McGuinness and Charles Trantham from 
1982 to 1986. The deposit lay forgotten after the 
death of Mr. McGuinness in the late 1980s, but was 
rediscovered in 1995 by the Kennecott Exploration 
Company and almost simultaneously by L. Junnila 
of Fresno, California. At the time of rediscovery, 
thick brush covered the area and only a small beni- 
toite-containing prospect pit was found (Laurs, 
1995). In fall 1995, the property was excavated using 
a D-8 tractor (figure 12) in a cooperative effort by 
Junnila and several mineral dealers (Moller, 1996, 
Ream, 1996). Although only small amounts of beni- 
toite were found, a few crystals (figure 13), up to 2.6 
cm in diameter (Ream, 1996), reportedly contained 
material suitable for faceting; it is from this materi- 
al that the two stones (0.42 ct and 0.21 ct) shown in 
figure 14 were cut. 

As at the Benitoite Gem mine, benitoite at the 
Junilla claim is found in a body of blueschist within 
the serpentinite. The blueschist crops out over an 
area approximately 50 m by 20 m; it is brownish 
gray and weathered into platy fragments (Laurs, 
1995). Near the center of the body is a zone of 
altered blueschist that contains benitoite. This ver- 
tical zone is resistant to weathering, massive in tex- 
ture, and has a distinctive light grayish blue color; it 
strikes northeast and ranges from 1 to 2 m thick 
over a length of 6 m. Sparse amounts of benitoite 
form along vertical tension gashes (commonly less 
than 1 cm wide}, and also along foliation and cross- 
fractures. In contrast to the natrolite gangue present 
at the Benitoite Gem mine, the benitoite-bearing 
veins at the Junnila claim are filled with a calcium- 
rich mineral assemblage consisting mostly of thom- 
sonite, pectolite, calcite, and stevensite; neptunite 
and joaquinite-group minerals are present locally 
(Laurs, 1995). 
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The benitoite crystals are translucent (rarely 
transparent}, tabular (see, e.g., figure 10D), and aver- 
age 1 cm in their longest dimension. The crystals 
are intergrown with other vein minerals, and there- 
fore they rarely show more than two or three faces. 
Blue, colorless, or color-zoned crystals (typically 
with colorless cores and blue rims, as at the 
Benitoite Gem mine) have been found. 


Mina Numero Uno Claim. Located along upper 
Clear Creek, 7.8 km northwest of the Benitoite 
Gem mine, the Mina Numero Uno claim consists 
of boulders and rare outcrops of blueschist scat- 
tered through dense brush over an area approxi- 
mately 20 m by 100 m, elongate to the east-north- 
east. Benitoite mineralization was noted in boul- 
ders at opposite ends of the deposit (Laurs 1995). 
The boulders at the eastern end contain rare vugs, 
up to 6 cm long and 3 cm wide, that are elongated 
parallel to foliation. The vugs are commonly lined 
with albite and silvery gray fibrous amphibole; in 
places, they contain benitoite, neptunite, or joaqui- 
nite-group minerals (Wise, 1982; Laurs, 1995). 
Benitoite forms pale blue, platy, euhedral crystals 
that are up to 5 mm in diameter. Less common are 
tan grains, previously reported as “pink” by 
Chromy (1969). 

In the boulders at the western end, benitoite 
and neptunite form along narrow, randomly ori- 
ented fractures less than 1 mm wide (Laurs, 1995). 
These fractures typically contain no gangue min- 
erals except for minor amounts of quartz locally 
(there is no albite). Benitoite forms pale blue or 
colorless, tabular, pseudo-hexagonal plates and 
rosettes up to 10 mm in diameter, with most crys- 
tals averaging 2 mm in diameter. The crystals 
occur with neptunite and lay flat against the frac- 
ture walls. 
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Figure 12. The Junnila claim was excavated with 
heavy equipment in 1995. Benitoite was recovered 
from the narrow, vertical zone of resistant blue- 
schist that is visible here beneath the slender pine 
tree. Photo by William Larson. 


Victor Claim. The Victor claim is located along a 
tributary 1 km south of Clear Creek, and 9.2 km 
northwest of the Benitoite Gem mine. According to 
documentation at an old claim marker on the prop- 
erty, the Victor claim was first staked in 1974 as the 
Franciscan mine by Steven M. Dwyer of Palm 
Desert, California. During the early 1980s, the 
claim was owned by Ed Oyler of the San Francisco 
Bay area; in 1991, the deposit was acquired by Craig 
Stolberg of San Jose, California. Outcrops of 
blueschist up to 3 m in diameter are surrounded by 
a sheared tremolite-chlorite zone within the serpen- 
tinite (Laurs, 1995). Millage (1981) inferred that the 
blueschist body measures 150 m x 100 m. The cen- 
tral blueschist outcrops contain small (up to 5 mm 
in diameter) colorless benitoite platelets and 
rosettes, in thin veinlets along the foliation. 


Santa Rita Peak Property. This occurrence is located 


1.2. km north-northeast of the Benitoite Gem mine, 
on the southeast flank of Santa Rita Peak (elevation 


Benitoite 


Figure 13. This is one of the largest benitoite crys- 
tals (2.2 cm wide) recovered from the Junnila claim 
during the 1995 excavation. The benitoite is inter- 
grown with thomsonite and actinolite. The irregu- 
lar surface texture is due to intergrowth with cal- 
cite, which was removed from the specimen by 
acid dissolution. Specimen courtesy of William 
Larson; photo © Jeffrey Scovil. 


5,165 feet, 1,574 m). The blueschist is exposed as a 
field of boulders, at least 30 m wide, that is sur- 
rounded by a sheared tremolite-chlorite-jadeite zone 
within the serpentinite (Laurs, 1995). Some of the 
boulders are hydrothermally altered and cut by 
natrolite veins up to 2 cm thick. In places, the 
altered blueschist shows a nodular texture similar 


Figure 14. These two benitoites (0.42 and 0.21 ct) 
were reportedly faceted from material found at the 
Junnila claim. Stones courtesty of William Larson; 
photo © GIA and Tino Hammid. 
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Figure 15. With 52 faceted benitoites weighing a 
total of about 33 ct (the largest stone is 2.84 ct), this 
benitoite and diamond necklace is unique in the 
world. All of the benitoites were cut and matched 
by E. (Buzz) Gray, and the necklace was designed 
by William McDonald of McDonald’s Jewelry, 
Fresno, California. Necklace courtesy of Michael M. 
Scott; photo © Harold & Erica Van Pelt. 


to that observed at the Benitoite Gem mine; elec- 
tron microprobe analysis revealed microscopic crys- 
tals of benitoite in this altered blueschist (R. L. 
Barnett, pers. comm., in Laurs, 1995). 


ORIGIN OF BENITOITE 


Ever since benitoite’s discovery, its origin has been 
a persistent enigma. The formation of benitoite at 
the New Idria district has been generally ascribed to 
hydrothermal processes that caused the unusual 
combination of barium (Ba) and titanium (Ti). 
Coleman (1957) suggested that Ti was derived from 
fluids associated with the crystallization of small 
syenite intrusions in the district; Ba was liberated 
from the alteration of blueschist. However, Ti is rel- 
atively immobile in hydrothermal fluids (Van 
Baalen, 1993), and the closest syenite to any of the 
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benitoite deposits in the district is 1 km. Wise and 
Gill (1977) proposed that fluids derived Ti, Fe, and 
rare-earth elements from the serpentine, and Ba 
from the blueschist, to form benitoite and the asso- 
ciated vein minerals. Most recently, Van Baalen 
(1995) proposed that benitoite formed as a result of 
metamorphism localized along the contact between 
blueschist and greenstone, in the presence of sodi- 
um-rich, low-silica metamorphic fluids. He suggest- 
ed that more than enough Ba and Ti were present in 
the blueschist and greenstone to produce the 
inferred amount of benitoite and neptunite. 

We generally concur with Van Baalen’s (1995) 
model, subject to some modification. Van Baalen 
(1995) stated that benitoite formed along the con- 
tact between blueschist and greenstone at the 
Benitoite Gem mine; it is actually contained entire- 
ly within the blueschist, regardless of proximity to 
the greenstone. Greenstone is not required for beni- 
toite formation, as indicated by its absence at the 
Junnila and Mina Numero Uno claims, although it 
is possible that it contributed to Benitoite formation 
at the Benitoite Gem mine. Throughout the New 
Idria district, there is also a strong correlation 
between the amounts of blueschist alteration and 
benitoite mineralization. We suggest that benitoite 
formed at the Benitoite Gem mine when Ba and Ti 
were released by the alteration of blueschist, and 
possibly greenstone, in the presence of magnesium- 
and calcium-rich fluids generated during the region- 
al metamorphism of serpentinite (rather than in the 
presence of sodium-rich fluids, as postulated by Van 
Baalen [1995]}. This model is based on detailed geo- 
logic mapping and the collection of chemical data 
on blueschist minerals and whole-rock samples at 
all the known benitoite occurrences in the district 
(Laurs, 1995). 


MODERN MINING 


The present owners of the Benitoite Gem mine, 
Forrest and Gray, initially worked the open pit for 
mineral specimens, including neptunite and jone- 
site. One boulder produced a small quantity of pink 
benitoite, which yielded gems of one-quarter carat 
to just over one carat, but overall the amount of 
gem material recovered from the lode was not sub- 
stantial. In 1970, Forrest and Gray began washing 
the mine-dump material by pumping water uphill 
through a fire hose. Then (as now) they worked only 
during the spring months, to take advantage of the 
favorable weather as well as the water available 
from the headwaters of the San Benito River, which 
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runs through the property. After washing the dump 
materials, they picked out mineralized blueschist 
and loose pieces of benitoite by hand (Gray, 1986). 
Using this very simple method during the early 
1970s, they recovered significant quantities of 
faceting rough that produced some fine stones. 
Among these was the flawless 6.53 ct pear-shaped 
brilliant that was the center stone of the pendant to 
the famous benitoite and diamond necklace that 
was stolen in Europe in 1974. The necklace (figure 
15) was recovered in 1975, but the pendant was 
never found. 

After working through most of the mine dump, 
the two owners processed the underlying colluvium 
and eluvium using the same mining methods. The 
natrolite coating protected many of the benitoite 
and neptunite crystals during weathering and trans- 
port, so many fine mineral specimens were recov- 
ered. The gem rough recovered during this mining 
operation was generally of high quality, since the 
crystals that weathered out of the veins had typical- 
ly broken along existing fractures to isolate the 
gemmy tips and nodules. 

Since 1982, the owners have used a more sys- 
tematic and mechanized recovery method (Gray, 
1992). A front-end loader feeds dirt and rock 
through a grizzly, to separate out boulders, into a 
hopper (figure 16), where water is used to wash the 
material down a chute to a layered screening appa- 
ratus fitted with high-pressure water jets (figure 17). 
Material larger than 25 mm (1 inch) moves over the 
top screen, where it is again cleaned by water jets 
and checked for specimen potential. Material small- 
er than 25 mm falls onto a lower screen with a 3 


Figure 17. At the Benitoite 
Gem mine, material is fed first 
into a layered screening appa- 
ratus fitted with high-pressure 
water jets, and then into a 
gravitational separation jig. 
Pieces over 25 mm are separat- 
ed by the screening apparatus 
and checked for specimen 
potential, while material 
between 3 and 25 mm is 
washed into the jig where the 
heavier benitoite is trapped in 
several parallel trays. Photo by 


Brendan M. Laurs. & 
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Figure 16. The mine owners at the Benitoite Gem 
mine process colluvial and alluvial material using 
mechanized equipment. Here a loader dumps 
material through a grizzly and into a hopper. Rocks 
larger than 15 cm roll off the grizzly and are exam- 
ined individually; stones smaller than 15 cm are 
washed down a chute to the apparatus pictured in 
figure 17. Photo by Brendan M. Laurs. 


mm (1/8 inch) mesh. Pieces smaller than 3 mm are 
discharged into settling ponds, and material 
between 3 and 25 mm is washed into a gravitational 
separation jig, where the heavier benitoite is trapped 
in several parallel trays. Rough gem benitoite (figure 
18) is removed from the trays by hand at the end of 
each work day. In the late 1980s, Forrest and Gray 
recovered a piece of rough from which the 10.47 ct 
gem pictured in figure 19 was cut. The largest, 
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Figure 18. Rough benitoite gem nodules and crys- 
tal fragments, such as these, are removed from 
the gravitational separation jig by hand. The 
largest stone on the upper right is 1.0 cm wide. 
Photo by Maha DeMaggio. 


finest rough found to date was recovered in the 
early 1990s; it was cut into a 15.42. ct gem (see cover 
of this issue). 

By the end of the 1996 mining season, the collu- 
vium and eluvium were largely exhausted. Using 
larger machinery, mine owners Forrest and Gray 
found a new productive area down slope of the open 
pit during spring 1997 (figure 20). Excavation during 
the 1997 season (March through May) revealed min- 
eralized lode material that contained fine mineral 
specimens, as well as colluvium and eluvium with 
abundant gem rough. Mining of this new area will 
continue in 1998. 


PRODUCTION 


The Benitoite Gem mine is the only commercial 
source of gem-quality benitoite in the world. From 
the time of its discovery in 1907 until 1967, when 
Forrest and Gray began working the mine, it is esti- 
mated that about 2,500 carats of faceted benitoite 
were produced (E. Gray, pers. comm., 1997). Of that 
amount, nearly 1,000 carats were produced during 
the period of active mining between 1907 and 1911, 
based on the amount of rough reported in the Dallas 
Mining Company’s account books. It was during 
that time that the gem rough that produced the 7.6 
ct gem pictured in Louderback’s 1909 report was 
recovered, this was subsequently recut to the 7.53 
ct stone that is now in the Smithsonian Institution. 
Few other stones exceeded 3 ct, however, and most 
of the gems weighed less than 1 ct. 
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The balance of 1,500 carats believed to have 
been recovered between 1911 and 1967 was esti- 
mated from verbal information provided by previ- 
ous miners (E. Gray, pers. comm., 1997). Most of 
these stones were faceted by cutters in the United 
States, and weights of up to 5 ct were obtained. 
Clarence Cole retrieved most of the rough during 
the interval from 1952 to 1962. 

Since 1967, Forrest and Gray have produced 
approximately 2,000 carats of faceted benitoite. 
According to E. Gray (pers. comm., 1997), this 
inventory can be divided into six weight classes: (1) 
About 2,000 pieces were cut in commerical factor- 
ies, and generally finished to less than 0.25 ct each; 
(2) another 1,500 pieces ranged between 0.25 and 1 
ct; (3) some 500 stones weighed between 1 and 2 ct; 
(4) a total of 50 stones ranged between 2 and 3 ct; (5) 
only 25 stones weighed between 3 and 4 ct; and (6) 
the 15 largest stones exceeded 4 ct. Thus, 89% of 
the stones were under 1 ct; 9% were between | and 
2. ct; and 2% were over 2. ct. All but the commer- 
cially cut stones were faceted by the families of the 
current owners or in their own facilities. Forrest and 
Gray have not marketed cuttable rough except, in a 
few cases, as mineral specimens. 

Forrest and Gray also estimate that about 500 
carats of finished goods have entered the market 
through informal channels and other sources, such 
as the cutting of older rough and the faceting of 
mineral specimens. Thus, a total of about 5,000 
carats of faceted benitoites have been produced over 
the life of the mine. Because of this small produc- 


Figure 19. This exceptional faceted benitoite weighs 
10.47 ct. From the collection of Michael M. Scott; 
photo © Harold & Erica Van Pelt. 
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tion, benitoite is a collector’s gem, one of the rarest 
in the world. 


PHYSICAL AND CHEMICAL PROPERTIES 


Materials and Methods. We examined a total of 139 
benitoite samples, of which 83 were faceted stones 
and four were cabochons. With the exception of two 
faceted stones reportedly from the Junnila claim, all 
of the benitoites examined were from the Benitoite 
Gem mine. The rough stones (52) were all of gem 
quality, and were provided by Forrest and Gray from 
their gravity-separation apparatus. The fashioned 
samples were selected for their various internal fea- 
tures; consequently, they were not as clean as beni- 
toites typically seen in the marketplace. 

The faceted stones in our study ranged from 
0.10 to 1.46 ct (see, e.g., figure 21), and the cabo- 
chons ranged from 1.06 to 5.31 ct. All of the sam- 


Figure 20. The backhoe is excavating the newly dis- 
covered western extension of the deposit at the Be- 
nitoite Gem mine. Boulders of altered blueschist, 
some bearing benitoite, are piled near the left rim of 
the pit. The high wall of the main pit can be seen on 
the skyline. Photo by Brendan M. Lauts. 
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Figure 21. These faceted benitoites from the 
Benitoite Gem mine, which show a range of tone 
and saturation, were among the samples studied 
for this investigation. Clockwise from the top, the 
stones weigh 0.95 ct, 0.87 ct, 0.49 ct, and 0.54 ct. 
Photo by Maha DeMaggio. 


ples—both rough and fashioned—were examined 
with magnification to locate and describe inclu- 
sions and color zoning. Refractive index measure- 
ments were made on the 21 faceted stones that 
were larger than 0.20 ct. Specific gravity, fluores- 
cence, and visible absorption spectra were also 
determined for these faceted stones, as well as for 
the four cabochons. 

Refractive indices and birefringence were mea- 
sured on a GIA GEM Instruments Duplex II refrac- 
tometer, using a 1.815 contact liquid and a 
monochromatic sodium-equivalent light source. 
Because the upper R.I. of benitoite (1.804) is close to 
the upper limit of the Duplex II (1.810), we also 
measured the four benitoites pictured in figure 21 
with a specially designed refractometer fitted with a 
cubic zirconia hemicylinder. Specific gravity was 
measured by the hydrostatic method (three mea- 
surements per sample) with a Mettler CM1200 digi- 
tal balance. All of the samples were examined with 
a standard gemological microscope, a Leica 
Stereozoom with 10x to 60x magnification; the 
rough specimens were immersed in methylene 
iodide. Absorption spectra were observed with a 
Beck spectroscope on a GIA GEM Instruments base. 

Electron microprobe analyses of some of the 
mineral inclusions in benitoite were performed at 
the University of Manitoba in Winnipeg, Canada, 
on two gem-quality pieces of rough that contained 
inclusions visible with 10x magnification. 
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Figure 22. Weighing from 0.30 to 1.70 ct, these ben- 
itoites show a range in size, color, and faceting 
style that is representative of commercially avail- 
able benitoite. Courtesy of Edward Swoboda; 
photo © Harold & Erica Van Pelt. 


Visual Appearance. The samples ranged from blue 
to violetish blue in color, and from very light to 
medium dark in tone. This color range is represen- 
tative of the stones commonly marketed (figure 22). 
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Dark colors were seen in melee (less than 0.20 ct), 
as well as in larger stones. Most of the gems were 
medium to medium-dark in tone, with strong satu- 
ration, a color range sometimes referred to as “corn- 
flower” blue. A green tinge was evident in some of 
the paler cabochons due to inclusions of fibrous 
green amphibole or pyroxene (discussed below). 
Strong dichroism (figure 23), from colorless to blue 
or violetish blue, was evident when the stones were 
viewed through a dichroscope in any direction. To 
the unaided eye, pleochroism was visible as light 
and dark tones that mingled with the brilliance and 
dispersion. The dispersion is masked somewhat by 
the blue body color. Color zoning was common. 

As described previously, colorless and pink 
faceted stones are extremely rare; consequently, 
they were not included in this portion of the study. 
Heat treatment of lighter colored material may 
result in an orange hue similar to that associated 
with Imperial topaz (see, e.g., figure 24); the dichroic 
colors of this material are pink and orange. The 
orange color has not been observed in untreated 
benitoite. Heat treatment has been successful for 
only a small portion of the material treated, and 
some of the crystals have exploded in the furnace 
because of differential expansion of inclusions. The 
heat-treatment procedure is proprietary, and experi- 
ments were not performed as part of this study. 


Physical Properties. The standard gemological prop- 
erties of benitoite are shown in table 1 and dis- 
cussed below. 


Refractive Indices. Most of the stones showed n,, = 
1.757 to 1.759, and n, = 1.802 to 1.804. The accura- 


Figure 23. This benitoite cabochon (5.31 ct) displays strong dichroism and contains fibrous inclusions of 
amphibole and/or pyroxene. The dark reddish brown inclusion on the lower left is neptunite. Darkfield illu- 
mination; photomicrograph by John I. Koivula. 
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Figure 24. Shown here, clockwise 
from the top left, are some of the 
more unusual benitoites that have 
been found at the Benitoite Gem 
mine: a 0.79 ct light blue round bril- 
liant, with unusually large two- 
phase inclusions; a 1.29 ct pinkish 
blue round brilliant; a 1.07 ct nearly 
colorless lozenge-shaped mixed cut, 
with a slight blue tint; a 0.34 ct dark 
purplish pink round brilliant; a 0.53 
ct heat-treated pinkish orange oval 
mixed cut; a 0.61 ct heat-treated par- 
ticolored (pinkish orange and blue) 
rectangular modified emerald cut; 
and a 0.91 ct heat-treated particol- 
ored shield shape mixed cut. The 
particolored stones resulted from 
heat treatment of material that was 
originally colorless and blue. All 
stones were faceted by Elvis (Buzz) 
and Michael Gray. From the collec- — 
tion of Michael M. Scott; photo © 
Harold & Erica Van Pelt. 


cy of the upper measurements was compromised by 
their proximity to the upper limit of the refractome- 
ter. Nevertheless, these measurements compare 
favorably to the published values of n,, = 1.757 and 
n, = 1.804 (Webster, 1994). In addition, the four 
stones tested with the cubic zirconia refractometer 
showed n, = 1.804 to 1.805. The measured birefrin- 
gence ranged from 0.043 to 0.047, which compares 
favorably to the published value of 0.047 (Webster, 
1994). Because of the high birefringence, doubling of 
pavilion facet junctions is easily seen through the 
table with 10x magnification. 


Specific Gravity. The measured values for the 
faceted stones ranged from 3.65 to 3.80. In most of 
the stones larger than 0.40 ct, the S.G. values were 
near 3.70. This differs somewhat from the published 
measured value of 3.65, but it is close to the pub- 
lished calculated value of 3.68 (Anthony et al., 
1995). The largest scatter in measured values was 
noted for the smaller stones, which is due to mea- 
surement error. The S.G. of the cabochons ranged 
from 3.31 to 3.69; the lighter measurements were 
obtained for stones containing abundant fibrous 
inclusions (described below}. 


Ultraviolet Fluorescence. Similar to the descrip- 
tions by Wise and Gill (1977) and Mitchell (1980), 
the sample blue benitoites fluoresced strong blue to 
short-wave UV radiation, and appeared inert to 
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long-wave UV; the colorless benitoite fluoresced 
slightly stronger blue to short-wave, and showed 
dull red fluorescence to long-wave. Some light-col- 
ored samples examined in this study also fluoresced 
dull red to long-wave UV. Moderate chalkiness is 
characteristic of the fluorescence to both short- and 
long-wave UV. Because of benitoite’s conspicuous 
fluorescence, miners have recovered some crystals 
by scanning the ground surface at night with a 
portable UV lamp. 


Internal Features. Inclusions. Microcrystals, “fin- 
gerprints,” and fractures are commonly seen in ben- 
itoite. Many of the 83 faceted stones examined for 
this study contained white needles as dissemina- 
tions and intergrown clusters (figure 25). We did not 
note any preferred orientation of the needles. The 
needles are probably actinolite-tremolite, as sug- 
gested by petrography and by electron microprobe 
analyses of similar crystals in the host rock (Laurs, 
1995). Because the needles are so small (typically 
less than 0.5 mm long), they are rarely visible with 
the unaided eye unless they are abundant. With 10x 
magnification, they resemble lint particles in 
appearance and texture. Also present in heavily 
included samples were dark blue and green needles 
that formed elongate tufts on the order of several 
millimeters long (again, see figure 23). Electron 
microprobe analyses of benitoite inclusions showed 
the presence of aegerine-augite and diopside, which 
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TABLE 1. Properties of benitoite.@ 


Composition 
Color 


Pleochroism 


Clarity 
Refractive indices 


Birefringence 
Optic character 
Specific gravity 


Dispersion 
Hardness 
Polish luster 
Fracture luster 


Cleavage 
Toughness 


UV Fluorescence 
Short-wave (254 nm) 


Long-wave (365 nm) 


Cathodo- 
luminescence 


Morphology 


Inclusions 


Typical size range 


Largest cut stone 
Stabilitye 


May be 
confused with 


BaTiSizOg 

Colorless, and blue to violetish blue 
(commonly zoned); rarely pink. 

Heat treatment may (rarely) cause 
colorless — orange hue. 

Light to medium dark in tone, typically 
strong in saturation. 

Strongly dichroic; colorless (w) and 
blue to violetish blue (e) 

Translucent to transparent 

Ny = 1.757, n, = 1.804 

Ny = 1.757-1.759", n, = 1.802-1.805”* 
0.047; 0,043-0.047* 

Uniaxial positive 

3.65 (measured); 3.68 (calculated) 
3.65-3.80 (measured, this study) 

€ = 0.089, w = 0.0469 (diamond is 0.044) 
6-6.5¢ 

Vitreous to sub-adamantine® 
Vitreous on conchoidal to uneven 
surfaces® 

None 

Fair; brittle 


All stones—moderately chalky, 
strong blue 

Blue stones—inert 

Pale blue to colorless stones— 
moderately chalky, dull red 


Intense bluef 


Hexagonal system; crystals are tri- 
angular, flattened on the c-axis, and 
pyramidal or tabular 

Minerals (actinolite-tremolite, 
aegirine-augite, diopside, serandite 
pseudomorphss3, neptuniteg, 
joaquinite9, albite9, apatites, 
djurleiteg), “fingerprints,” fractures, 
two-phaseh 

Cut stones, 10 points to 1 ct; 

rough crystals, 1 cm in diameter 
15.42 ct 

Sensitive to rapid temperature changes 
and ultrasonic vibration. Insoluble in 
hydrochloric and sulfuric acids. Easily 
attacked by hydrofluoric acid. 
Sapphire, tanzanite (depending on 
orientation), blue diamond, iolite, 
blue tourmaline, blue spinel, sap- 
phirine, blue zircon 


aProperties as obtained in this study unless otherwise noted. 
‘Webster (1994). Anthony et al. (1995). ¢Payne (1939). *Gemological 
Institute of America (1993). Laird and Albee (1972). 9Wise and Gill (1977). 


hGtuibelin and Koivula (1986). 


“Values obtained in this study from measurements taken on the tables of 


faceted stones. 


are both pyroxenes (F. Hawthorne, pers. comm., 


1997]. 


Silica pseudomorphs after serandite form pris- 
matic euhedral inclusions in benitoite, but these 
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Figure 25. Lint-like needles of amphibole (probably 
actinolite-tremolite) are the most frequently 
encountered mineral inclusions in benitoite. Dark- 
field illumination, magnified 20x; photomicro- 
graph by John I. Koivula. 


are seldom seen in faceted stones (see the center 
right photomicrograph in Gtibelin and Koivula, 
1986, p. 416; these crystals were apparently mis- 
identified as neptunite). Other inclusions seen only 
rarely were anhedral to euhedral dark reddish brown 
neptunite and euhedral honey-colored joaquinite- 
group minerals (specific species not determined). 
Albite, apatite, and metallic greenish gray djurleite 
crystals have been reported as inclusions in beni- 
toite (Wise and Gill, 1977), but they were not 
observed in this study. Two-phase (liquid and gas) 
inclusions (figure 26) were noted in only two sam- 
ples, along healed fractures. The “fingerprints” are 
commonly planar, but they appeared curved in sev- 
eral stones. Unhealed fractures typically showed 
step-like conchoidal break patterns. 


Color and Growth Zoning. Color zoning was most 
apparent in emerald-cut stones, which commonly 
displayed a gradation from blue to colorless when 
viewed face-up with the unaided eye. When the 
stones were viewed from different angles at 10x 
magnification, sharp planar boundaries between the 
blue and colorless areas were eye-visible in one or 
more directions. These boundaries are situated near 
the core of the rough crystals. 

Growth zoning was seen at 10x magnification 
in some stones as multiple bands that showed vari- 
able tones and spacing (figure 27). Such growth zon- 
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Figure 26. Two-phase inclusions are not commonly 
seen in benitoite. The larger inclusions in the 
healed fracture of this 0.95 ct stone contain vapor 
bubbles of variable shape and size. Darkfield illu- 
mination, magnified 25x; photomicrograph by 
John I. Koivula. 


ing is much less regular or apparent than that typi- 
cally seen in corundum. Less commonly than pla- 
nar growth zoning, our samples showed irregular, 
patchy, diffuse areas of color. 

A distinctive characteristic of benitoite, noted 
in more than half the samples examined for this 
study, were sharp planar features that closely 
resemble the internal graining seen in some dia- 
monds. This “graining” appeared as shadow-like 
planes that, at 10x magnification, were commonly 
seen along the boundaries of color zones. It also 
truncated color zones at oblique angles (again, see 
figure 27). The graining was almost always uniform 
and straight, but in some stones it was step-like or 
jagged. No surface graining or other polishing irreg- 
ularities were noted where the internal graining 
reached the surface of the stone. 


Chemistry and Spectroscopy. A tabulation of previ- 
ous data and recently acquired compositions of ben- 
itoite is shown in table 2. No new analyses were 
obtained for this study, because routine electron 
microprobe analyses have shown a constant compo- 
sition, and the data reported by Laird and Albee 
(1972) are considered very reliable (G. Rossman, 
pers. comm., 1997). The measured amounts of Ba, 
Ti, and Si are remarkably constant, regardless of 
color or locality, and fall near the ideal values that 
are calculated from the chemical formula. The 
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Figure 27. Planar color zoning is commonly visi- 
ble at some angles within benitoite. The color 
zones appear curved in this 0.81 ct stone, because 
of refraction through adjacent facets. Shadow-like 
internal graining bounds and truncates the color 
zones, and is visible as the stone is tilted from 
side to side. Darkfield illumination, magnified 
15x; photomicrograph by John I. Koivula. 


greatest chemical variation in benitoite was report- 
ed by Gross et al. (1965) for samples from the Big 
Creek-Rush Creek area in Fresno County, 
California, which contained up to 4.1% tin oxide. A 
zirconium-bearing blue benitoite from Japan was 
found to contain 1.77 wt.% ZrO»; and up to 1.51 
wt.% ZrO, was measured in a colorless benitoite 
from Arkansas (H. Barwood, pers. comm., 1997). It 
is not surprising that Sn and Zr show the greatest 
variations, since these elements form barium sili- 
cate minerals analogous to benitoite that are called 
pabstite and bazirite, respectively (Hawthorne, 
1987). Other elements show minor variations, most 
notably Nb, Na, Ca, K, and Fe. 

Numerous investigators have attempted to link 
the chemical composition of benitoite to its col- 
oration. Louderback (1907) initially attributed the 
blue color to traces of reduced Ti, but in 1909 he 
reported that no reduced Ti could be measured. 
Coleman (1957) suggested that trace impurities of 
V, Nb, and Cu might cause the blue coloration. 
Laird and Albee (1972) noted slightly higher concen- 
trations of Fe in blue than in colorless benitoite. 
Burns et al. (1967) suggested that the coloration is 
caused by crystal defects due to an oxygen deficien- 
cy. Burns (1970) suggested that the pleochroism of 
benitoite and other minerals might be caused by 
Fe2+—>Fe+ charge transfer. Millage (1981) also pro- 
posed metal-metal charge transfer, such as 
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TABLE 2. Chemical compositions of benitoite from California, Arkansas, and Japan.@ 


Benitoite Benitoite 

Gem mine® Gem mine® —Victor° = Diamond Jo? Diamond Jo? Diamond Jo? Ohmi® Ohmi® Ohmie 

California California California Arkansas Arkansas Arkansas Japan Japan Japan 
Oxide Colorless Blue Colorless Colorless Blue Pink Colorless Blue Blue 
(wt.%) (6) (6) (1) (3) (6) (3) (1) (1) (1) 
SiO» 42.62 43.10 43.66 43.52 43.55 43.49 43.55 43.16 41.05 
TiO» 19.44 19.51 19.29 17.90 18.47 18.99 19.30 19.11 19.82 
ZrO 0.108* 0.016* nd 1.16 0.33 0.08 nd nd 1.77 
AlzOx3 0.04* 0.20* 0.30 0.29 0.22 0.21 0.18 0.10 nd 
FeO 0.01* 0.05* 0.01 0.15 0.04 0.01 0.081t 0.03838t nd 
MnO nd nd 0.03 0.03 0.04 0.03 0.05 0.11 nd 
MgO trace* trace* nd nd nd nd 012 0.14 0.16 
CaO 0.006* 0.10* 0.11 nd nd nd 0.28 0.24 0.12 
BaO 87.27 37.23 36.48 36.70 36.21 36.36 34.82 36.04 36.78 
SrO 0.003* 0.004* nd nd nd nd nd nd nd 
Na »O 0.14 0.13 0.20 0.23 0.22 0.18 0.84 0.75 0.27 
KyO nd nd nd 0.01 0.20 0.13 0.44 0.21 nd 
Nb,Os5 —-0.20* <0.10* nd bdl 0.74 0.34 nd nd nd 
Vo05 0.002* 0.003* nd nd nd nd nd nd nd 
S nd nd nd nd nd nd 0.06 0.02 — 
Cl nd nd nd nd nd nd 0.28 0.10 —_— 
Total 99.84 100.34 100.08 99.99 100.02 99.82 100.00 100.01 99.97 


aComments: Ideal formula concentrations (wt.%): SiOz 43.59, TiO. 19.32, BaO 37.09 (Laird and Albee, 1972). Values determined by electron micro- 
probe, except: *- emission spectroscopy, and t — atomic absorption. Total iron is reported as FeO. Number of samples in parentheses. 

Looked for by Laird and Albee (1972), but not detected: Ag, As, Au, B, Be, Bi, Cd, Co, Cr, Cu, Ga, La, Mo, Mn, Nd, Ni, Pb, Pt, Sb, Sc, Sn, Ta, Th, 
Tl, W, Y, Yb, and Zn. The abbreviation “nd” = not determined; “bal” = below detection limit. 


bLaird and Albee (1972). 
eSakai and Akai (1994). 


cMillage (1981). 


4H, Barwood, pers. comm. (1997). 


Fe2+—>Ti** or Fe2+—Fe3+, as a coloring agent, but 
then negated this possibility because these atoms 
are separated too far from one another in the beni- 
toite lattice. Instead, Millage attributed the blue col- 
oration to traces of Zr in the Ti site. The composi- 
tions of colorless and blue benitoite from Arkansas 
and the Benitoite Gem mine contradict this, how- 
ever, since more Zr is present in the colorless sam- 
ples than in the blue material (again, see table 2). 

In this study, no spectral characteristics could 
be resolved in any of the samples tested, regardless 
of color, with a desk-model type of spectroscope. 
Spectral data have been collected by means of a 
spectrophotometer for blue, pink, and heat-treated 
orange benitoite (Burns et al., 1967; Rossman, 1997). 
Blue benitoite shows a broad peak at about 700 nm 
(figure 28), most of which appears in the near- 
infrared region. Infrared spectra have also been col- 
lected, but the data in this region are inconsistent 
and of little use (G. Rossman, pers. comm., 1997). In 
spite of much effort to interpret the spectral data, 
the cause of color in benitoite remains elusive. 


Synthesis and Scientific Use. Synthetic benitoite 
has been successfully grown in the laboratory (Rase 
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and Roy, 1955a and b; Hinthorne, 1974; Christophe 
et al., 1980), but only in minute crystals that are 
colorless and too small to facet. Natural benitoite 
has an important industrial application in electron 


Figure 28. The absorption spectra for blue beni- 
toite from the Benitoite Gem mine, shown here in 
the range from UV to near-infrared at orienta- 
tions parallel (red line) and perpendicular (blue 
line) to the c-axis, do not provide any clues to the 
cause of color in this material. Courtesy of 
George R. Rossman. 
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Figure 29. This 1.16 ct 
modified pear shape 
benitoite mimics the 
shape of the perfect 
1-cm-wide rough crys- 
tal; both are from the 
Benitoite Gem mine. 
The specimen was 
recovered from the 
upper portion of the 
main pit by the pres- 
ent owners. It is one of 
only three found in 
which the benitoite 
apparently crystallized 
contemporaneously 
with albite crystals. 
From the collection of 
Michael M. Scott; 
photo © Harold # 
Erica Van Pelt. 


microprobes: Because it fluoresces strongly to an 
electron beam, benitoite is used to align and adjust 
the beam size. Benitoite is also employed as an ana- 
lytical standard for Ba and Ti, because of the con- 
stancy of its chemical composition. Webster (1994) 
suggested that benitoite could be used as a known 
standard for measuring dispersion in gemstones. 


Identification. Benitoite may be distinguished from 
sapphire by its greater birefringence, strong disper- 
sion, and its strong blue-and-colorless pleochroism. 
When set in a piece of jewelry, benitoite also will 
abrade more easily than sapphire. Natural and irra- 
diated blue diamonds can also give the appearance 
of the lighter shades of benitoite because of similari- 
ties in color and dispersion, but the separation is 
easily made because diamond is singly refractive 
and has a much higher R.I. Benitoite can be distin- 
guished from tanzanite on the basis of pleochroism, 
since benitoite lacks the purple trichroic compo- 
nent that is almost always apparent at some angle 
within tanzanite. In addition to the differences in 
gemological properties, sapphirine is too dark to be 
confused with benitoite, and zircon does not occur 
in the same hue. Iolite and blue tourmaline have 
much lower dispersion, refractive indices, and bire- 
fringence than benitoite. As described previously, 
benitoite also commonly has distinctive growth- 
zoning patterns and lint-like mineral inclusions. 
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CUTTING 


Benitoite is one of the easiest gemstones to facet. 
There are no directional weaknesses (e.g., cleavage). 
At 6.0-6.5 on the Mohs scale, benitoite is about as 
hard as tanzanite and peridot, harder than sunstone 
and other feldspars, and softer than quartz and tour- 
maline. Benitoite can be oriented so that color zon- 
ing is rarely evident in the face-up direction (figure 
29). Since the dichroic colors of blue benitoite are 
blue and colorless, there are no ancillary hues to 
mix through optical orientation. As a result, the 
alignment of the rough crystal for faceting requires 
only the placement of the desired color within the 
culet of the finished stone. In most cases, however, 
this is not important, since blue coloration is evi- 
dent regardless of the direction in which the stone 
is oriented. 

One of the authors (MG) has cut thousands of 
benitoites. Because of the typically small finished 
sizes, faceting can generally be accomplished using 
a single lap—in most cases, 1200 grit. Polishing is so 
rapid that the lapidary has to be careful not to 
enlarge a facet by overpolishing. The best grit is 0.04 
micron aluminum oxide, generally known as Linde 
B, which is a hundred times finer than the more 
common Linde A. It works very well on a tin or 
tin/lead polishing lap. The fineness of the powder 
helps eliminate the polishing lines that are typically 
imparted to softer gemstones. 
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The critical angle of benitoite is 34.7°. Success- 
ful makes have crown angles that range from 30° to 
40°, with optimum results obtained at 38°. The 
pavilion angle range is narrower, from 40° to 42° 
with the optimum at 41°. Benitoite is amenable to 
all styles and makes (see again, figure 22), but it 
tends to show maximum dispersion when finished 
as a round brilliant or a trilliant. 


CONCLUSION 


It is likely that future production of faceting-quality 
benitoite will come solely from the Benitoite Gem 
mine. The recent discovery of additional mineral- 
ized material down slope from the historic open pit 
is highly encouraging for the stability of price and 
future supply. Although rare, faceted stones and 
mineral specimens of benitoite are commercially 
available, and mining is ongoing. The formation of 
relatively large, locally abundant, gem-quality crys- 
tals at the Benitoite Gem mine resulted from a 
combination of unusual geologic processes. The dis- 
tinctive gemological properties of benitoite make it 
readily identifiable from other gem materials. 
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TAIRUS HYDROTHERMAL 
SYNTHETIC SAPPHIRES DOPED 
WITH NICKEL AND CHROMIUM 


By Victor G. Thomas, Rudolf I. Mashkovtsev, Sergey Z. Smirnov, and Vadim S. Maltsev 


Researchers of the Tairus joint venture have 
developed the technology for the hydrother- 
mal growth of gem-quality crystals of syn- 
thetic sapphire. They have achieved a broad 
spectrum of attractive colors by varying the 
concentrations of Ni2+, Ni3+, and Cr*. 
Comprehensive testing of 18 faceted synthet- 
ic sapphires and 10 synthetic crystals, repre- 
senting the range of colors, revealed a typical 
set of internal features that are specific to 
hydrothermally grown crystals (microscopy), 
as well as the presence of OH- and various 
carbon-oxygen groups in the sapphire struc- 
ture (infrared spectroscopy). The reactions of 
the test samples to ultraviolet radiation and 
visible light were also found to be useful in 
distinguishing the Tairus synthetic sapphires 
from their natural counterparts and other 
synthetics. 
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he history of hydrothermally grown synthetic 

corundum began nearly 40 years ago, when 

Laudise and Ballman (1958) produced the first col- 
orless synthetic sapphire. Their technique, when modified, 
also can be used to grow rubies (Kuznetsov and Shternberg, 
1967). Until recently, however, attempts to grow blue sap- 
phire by the hydrothermal method had failed. This problem 
is significant because flux-grown and flame-fusion synthetic 
sapphire crystals typically have uneven color distribution. In 
blue flame-fusion material, an intense blue hue is usually 
concentrated in thin outer zones of boules, while most of 
the bodycolor is much lighter. In blue flux-grown synthetic 
sapphires, color inhomogeneity is apparent as a sequence of 
blue and colorless angular growth zones that conform to the 
crystal shape. Such color inhomogeneity makes cutting dif- 
ficult and greatly decreases the yield of faceted material. 

To address this market gap, the authors investigated the 
use of hydrothermal growth techniques to produce blue 
crystals that would be free from the defects of synthetic sap- 
phire grown by other methods. This problem was 
approached in two ways: (1) by doping hydrothermal syn- 
thetic sapphire with iron (Fe2+) and titanium (Ti**) ions (as 
proposed by, for example, Burns, 1981); and (2) by using 
other doping impurities that could reproduce the blue color 
of sapphire. Research into the development of a commercial 
technique by the first approach is still ongoing. However, 
the second approach has led to success: The use of nickel 
(Ni2+) as a dopant has resulted in crystals of “sky” blue syn- 
thetic sapphire, from which thousands of faceted stones as 
large as 4 ct have been produced by the Tairus joint venture 
and marketed internationally since 1995. 

The next step in the development of this technique was 
to produce sapphires of different colors by varying the con- 
centrations of Ni2+, Ni3+, and chromium (Cr3+). At this 
time, the Tairus research group has created the technology 
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Figure 1. Tairus experts 
have produced hydro- 
thermal synthetic sap- 
phires in a broad range 
of colors, as illustrated 
here. These Tairus syn- 
thetic sapphires range 
from 1.00 to 4.74 ct. 
Photo © GIA and Tino 
Hammid. 


to grow commercial quantities of sapphires in blue 
and a wide range of other colors (see, e.g., figure 1). 
This article presents the results of our research into 
the growth of hydrothermal synthetic sapphires and 
their characterization, including the chemistry, 
gemological properties, and distinctive internal fea- 
tures of these new synthetics. 


GROWTH TECHNIQUES 


The autoclave arrangement used to grow Tairus 
hydrothermal synthetic sapphire is illustrated in fig- 
ure 2. The growth process is carried out in a her- 
metically sealed “floating” gold ampoule with a 
volume of almost 175 ml inside the autoclave, a 
temperature of 600°C, and a pressure of about 2000 
bar. Growth takes place when the initial synthetic 
colorless sapphire feed is transferred and crystal- 
lized onto seeds, via a vertical temperature gradient 
of 60° to 70°C, through a carbonate solution with a 
complex composition (the details of which are pro- 
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prietary). Seed plates oriented parallel to the hexago- 
nal prism {1010} are used to grow cuttable crystals. 
For research purposes, we also grew two crystals on 
a spherical seed to investigate the ideal arrangement 
of the crystal faces. All of the seeds in the samples 
used for this study were cut from Czochralski- 
grown colorless synthetic sapphire. The dopant 
(NiO and, for certain colors, Cr)Os3) is introduced 
via unsealed capsules placed at the bottom of the 
ampoule. The concentrations of Ni and Cr in the 
growing crystal are controlled by the diameter of 
the opening in these capsules. 

An oxygen-containing buffer plays a significant 
role in the sapphire growth process. It is a powdered 
reagent that is placed at the bottom of each 
ampoule. This substance governs the valence state 
of Ni in the solution, so that sapphires with differ- 
ent Ni2+:Ni3+ ratios can be grown. Various metals 
and their oxides (none of which produces any color 
in the synthetic sapphire) have been used for this 
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buffer (e.g., coupled Cu-Cu,O, Cu,O-CuO, etc. [see 
table 1]). Synthetic sapphire crystals as large as 7 x 
2.5 x 2 cm have been grown in a month, with a 
growth rate of almost 0.15 mm per day. 


MATERIALS AND METHODS 


Two crystals of each color (10 pairs total) were 
grown under uniform conditions as described above. 
One crystal in each pair was used to produce faceted 
gems (from one to five faceted stones, each weigh- 
ing approximately 1 ct). The other was cut into 
plates or used whole for crystallographic measure- 
ments. Detailed crystallographic measurements 
were also made on the two greenish blue crystals 
(each about 0.8 cm across) that were grown on 
spherical seeds. (These latter crystals were grown 
both to illustrate the ideal arrangement of crystal 
faces for corundum produced under the experimen- 
tal conditions described above, and because it was 
easier to obtain accurate goniometric measure- 
ments on them.). We selected 18 faceted samples 
(round and oval mixed cuts, weighing about 1 ct 
each) that ranged from very light pink through 
orange, yellow, and green to blue (see, e.g., figure 3) 
for gemological testing. More than 20 polished (on 
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Figure 2. Hydrothermal synthetic sapphires are 
grown by Tairus scientists in an autoclave that mea- 
sures 60 cm high and 8 cm in diameter. The compo- 
nents are as follows: (1) lid; (2) push nut; (3) auto- 
clave body; (4) seal ring; (5) gold ampoule; (6) syn- 
thetic sapphire seeds; (7) diaphragm; (8) crushed syn- 
thetic colorless corundum charge; (9) capsules with 
Ni/Cr oxides; (10) powdered oxygen-containing 
buffer. Crystal growth proceeds via dissolution of the 
corundum charge (8) in a hydrothermal solution in 
the lower (i.e., hotter) part of the autoclave, followed 
by convective transfer of the saturated solution to 
the upper (i.e., cooler) part of the autoclave, where 
the synthetic sapphire crystallizes on the seeds (6). 
The autoclave is heated from the bottom and the 
side in a special furnace. 


both sides) plates were used for spectroscopy, inclu- 
sion study, and microprobe analysis. 

Standard gemological testing was carried out at 
the Siberian Gemological Center, Novosibirsk. The 
face-up colors of the 18 faceted synthetic sapphires 
were determined with a standard daylight-equiva- 
lent light source (the fluorescent lamp of a GIA 
GEM Instruments Gemolite microscope) and an 
ordinary incandescent lamp. For each faceted sam- 
ple, the color was compared to standards from the 
GIA GemSet and described in terms of hue, tone, 
and saturation. Specific gravity was determined 
hydrostatically. Refractive indices were measured 
with a GIA GEM Duplex II refractometer and a fil- 
tered, near-monochromatic, sodium-equivalent 
light source. To examine internal features and 
polarization behavior, we used a GIA GEM 
Illuminator polariscope and gemological micro- 
scope with various types of illumination. 

Detailed observations of inclusions, color zon- 
ing, and growth sectors were made on crystal plates 
of all 10 color varieties with a Zeiss Axiolab polariz- 
ing microscope. Some samples were also immersed 
in methylene iodide for microscopic examination. 
Appearance in visible light was observed with the 
incandescent illumination provided by a GIA GEM 
Instruments spectroscope base, and UV lumines- 
cence was observed with the aid of a GIA GEM 
Instruments ultraviolet cabinet. Samples with weak 
luminescence were examined in a completely dark- 
ened room. Dichroism was determined with a cal- 
cite dichroscope and a GIA GEM Instruments 
FiberLite 150 fiber-optic illuminator. 

The arrangement of crystal faces was studied by 
means of a Zeiss ZRG-3 two-circle goniometer. The 
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TABLE 1. Colors and partial chemistry of the Tairus synthetic sapphires.@ 


Concentration (wt.%) 


Sample Color Crz03 NiOP FeO MnO TiO, 

Oxygen buffer 
1 Greenish blue bdle 0.23 tr tr tr Cu-Cu,O0 
2 Greenish blue 0.15 0.24 tr tr tr Cu-Cu,0 
3 Greenish blue 0.26 0.34 tr tr tr Cu-Cu,0 
4 ight reddish purple 0.07 0.04 tr tr tr Cu-Cu,O 
5 Pink 0.07 bd tr tr tr Cu-Cu,0 
6 Padjparadscha”’ 0.08 bd tr tr tr PbO-Pb;O, 
7 Yellow tr tr tr tr tr PbO-Pb3O, 
8 ight greenish yellowe bdl tr tr tr tr Cu-Cu,O 
9 Green bdl 0.35 tr tr tr CuzO-CuO 
10 Blue-green bdl 0.23 tr tr tr not controlled 
11 Colorless bdl bal tr tr tr not controlled 


a Analyses by electron microprobe. 

’Total NiO+NizO3. 

cbdl — below the detection limit = <0.01 wt.%. 
dtr — trace = about 0.02 wt.% for each element. 


€This sample was gamma-irradiated to produce the yellow color (details in Materials and Methods section of text). 


compositions (including major and trace elements) 
of 11 samples representative of the different colors 
were determined with a Camebax-Micro electron 
microprobe. We observed visible-range spectra of 
the 18 faceted stones using a GIA GEM Instruments 
Prism 1000 spectroscope. In addition, UV-visible 
spectra were obtained with a Zeiss Specord M40 
spectrophotometer, and infrared spectra were mea- 
sured with Zeiss Specord M80 and SF-20 spec- 
trophotometers, on 1-mm-thick plates. A processor 
built into the M40 locates the position of absorption 
band peaks. Color coordinates calculated from the 
unpolarized absorption spectra were plotted on a 
CIE chromaticity diagram, to compare color ranges 
of synthetic sapphires doped with Ni2+, Ni3+, Cr3+, 
Ni2+-Cr3+, and Ni3+-Cr3+. The accuracy of these cal- 
culations was checked by a catalogue of colored 
glass (Catalogue . . ., 1967). One hydrothermal syn- 
thetic ruby (donated by Alexander Dokukin) and 
one flame-fusion synthetic ruby were used for com- 


Figure 3. Although this photo 
shows the full color range (includ- 
ing colorless and red) of the 
hydrothermal synthetic corundum 
produced by Tairus researchers to 
date (here, 1.11-4.74 ct), the pre- 
sent study focused on those pink, 
yellow, and green-to-blue synthet- 
ic sapphires produced by doping 
with Ni2*, Ni3+, and/or Cr+. 
Photo by Evgeny Krayushin. 
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parison in the CIE diagram as examples of corun- 
dum doped with Cr+ only. 

Some of the very light greenish blue sapphires 
doped with Ni2+ were gamma irradiated (69Co 
source, dose 0.1—1 Mrad) to convert part of the Ni2*+ 
to Ni3+, which changed the color to yellow. We 
investigated the ultraviolet and visible spectra on 
these treated samples. 


RESULTS AND DISCUSSION 

Crystal Morphology. Crystals grown on flat and 
spherical seeds are shown in figure 4. These crystals 
have several sets of major flat faces (i.e., forms) con- 
sisting of the hexagonal prism a {1120}, dipyramid n 
{2243}, and rhombohedron r {1011}. These forms are 
common on natural corundum crystals (Gold- 
schmidt, 1916; Yakubova, 1965). In addition, we 
observed minor faces of the following forms: rhom- 
bohedra @ {1014} and d {1012}, as well as rough flat 
surfaces @{0.1.1.11} and c {0001} (again, see figure 4). 
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Figure 4. The photo on the left shows two large 
(5¢2 cm) crystals of greenish blue synthetic sap- 
phire that were grown on seed plates, and a small 
(about 0.8 cm) crystal grown on a spherical seed. 
(Photo by Evgeny Krayushin.) The line illustration 
on the right shows the actual crystal faces 
obtained on a crystal grown on a spherical seed. 


With the exception of c, these forms are not typical 
of natural corundum crystals. The Miller indices of 
the ¢ and @ faces were calculated from goniometric 
measurements, but we could not find a reference to 
either face in the available literature on corundum 
crystal morphology. 

The habit of the samples grown on spherical 
seeds is transitional between some natural and 
some flux-grown—e.g., Knischka (Giibelin, 
1982}—crystals. By comparison, the habit of crystals 
grown on flat seeds is similar to that seen on spheri- 
cal seeds, but the overall shape of the crystals (e.g., 
the relative sizes of the different faces) is distorted, 
because of the different crystallographic orientation 
and size of the seed plate. Crystals grown on seed 
plates showed r, n, and @ as major faces, with a 
smoother surface than their equivalents on crystals 
with a spherical seed. Minor faces include the 
hexagonal prism a and scalenohedral faces for 
which indices have not yet been determined. 


Chemistry. The electron microprobe analyses (table 
1) indicate that the chemical composition of the 
nickel- and chromium-doped hydrothermal syn- 
thetic sapphires was about 99.4-99.9 wt.% Al,O3. 
Special attention was paid to measuring the possi- 
ble chromophores Cr, Ni, Ti, manganese (Mn), and 
Fe. (Ti, Mn, and Fe are the components of autoclave 
steel, so they could have entered the growing sap- 
phire through the possible unsealing of the ampoule 
during the run.) All of the samples including the 
colorless synthetic sapphire (sample 11; table 1), 
contain traces of Ti, Mn, and Fe. Since these ele- 
ments were present in the colorless sample, they 
apparently do not affect the color at the concentra- 
tions present in the Tairus synthetic sapphires. 
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Optical Absorption Spectra and Color. Optical 
Absorption Spectra. Ni-doped sapphire crystals 
grown by the Verneuil method are known to con- 
tain trivalent nickel (Ni3+). To convert the Ni to a 
divalent state (Ni2+), synthetic sapphire has been 
annealed in a reducing (hydrogen) atmosphere 
(Muller and Gunthard, 1966). Minomura and 
Drickamer (1961) produced Ni2+- and Ni3+-doped 
sapphire by annealing pure Al,O; crystals in NiO 
powder. For the samples in our study, however, the 
Ni2+:Ni3+ ratio was set in situ during the growth 
process by controlling the oxidation-reduction 
potential (see Growth Techniques section), and it 
varied widely. 

The absorption spectrum (in unpolarized light) 
of Ni2+-doped greenish blue Tairus synthetic sap- 
phire (sample 1, table 1) includes three intense 
bands—at 377, 599, and 970 nm—and two weak 
bands, at 435 and 556 nm. In polarized light (figure 
5A), each intense band is resolved into two 
bands—that is, 370 and 385 nm, 598 and 613 nm, 
and 950 and 990 nm (The last two bands are not 
shown in figure 5A but were detected with the SF- 
20 spectrophotometer.) These results differ some- 
what from the positions reported earlier for Ni2+ 
absorption bands in synthetic sapphires grown by 
other methods (Minomura and Drickamer, 1961; 
Muller and Gunthard, 1966), which in turn differ 
noticeably from one another. In particular, lines at 
995 and 1020 nm were observed by Minomura and 
Drickamer, but not by Muller and Gunthard. These 
differences are understandable given the radically 
different methods of sapphire growth. 

Green synthetic sapphire (sample 9, table 1) 
grows under relatively high oxidizing conditions, so 
a greater ratio of Ni3+ to Ni2+ is to be expected in a 
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Gemstone Inclusions 


Photomicrographs presented as an aid to the identification of gem species 

and of the differences between genuine and synthetic sapphires, or imitations 

of topaz and tourmaline. All illustrations on these pages reproduced from 

Kodachrome transparencies by Dr. Edward Giibelin, Certified Gemologist, 
of Lucerne, Switzerland, Research Member of the G.ILA. 


With this fascinating group of 
photomicrographic illustrations of 
inclusions in gemstones we resume 
reproduction of Dr. Edward Gtibe- 
lin’s Kodachrome studies from his 
invaluable Kodachrome-and-lecture 
gift to the Institute, which we in- 
terrupted following Spring 1945 
issue to bring you one of his latest 
studies stressing inclusions typical 
of certain gemstones. 

Beginning in the Summer 1945 
issue, this latter series carried 
through Winter 1945-’46 issue. Our 
current illustrations continue, then, 


from Figure 48, page 210, of the 
Spring 1945 issue. 

Dr. Giibelin’s studies draw him 
more and more toward the conclusion 
that gemologists will sooner or later 
abandon the present-day orthodox 
method of first examining gem- 
stones for genuineness by tests for 
specific gravity, refraction and di- 
chroism in favor of an approach 
through study of their inclusions. 

The remarkable studies repro- 
duced in this issue illustrate inclu- 
sions in genuine sapphire, topaz, and 
tourmaline. 


Figure 49 
Mesh-like channels filled with differently col- 
ored liquids, in a Ceylon sapphire. 


green crystal. The absorption spectrum of this sap- 
phire (figure 5B) is similar to a Ni2+ absorption spec- 
trum, but with intense absorption between 380 and 
420 nm, rapidly increasing toward the ultraviolet. 

The spectra in figure 5C were derived by sub- 
tracting the spectra in figure 5A from those in figure 
5B: They correlate well with the reported Ni3+ ion 
absorption spectrum (Muller and Gunthard, 1966; 
Boksha et al., 1970). Thus, we believe that the green 
color of the hydrothermal synthetic sapphires is 
caused by the simultaneous absorption of Ni2+ and 
Ni3+ ions. As will be shown below, the absorption 
characterized by the spectrum in figure 5C will pro- 
duce a yellow color in sapphire. In practice, we have 
found that by increasing the oxidation potential 
from a Cu,O-CuO to a PbO-Pb30, buffer, we can 
grow yellow sapphire (sample 7, table1) with a spec- 
trum similar to those in figure 5C. 

Another way to produce yellow sapphire doped 
with Ni3+ is by gamma irradiation of Ni2+-doped 
pale greenish blue sapphire. The absorption spectra 
of one of the samples that was gamma-irradiated 
with 0.5 Mrad (sample 8 in tablel) also resemble 
those in figure 5C. Moreover, following irradiation, 
only a weak decrease in Ni2+ absorption is observed, 
whereas Ni%+ absorption increases to become com- 
parable to Ni2+ absorption. 
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Figure 6. The unpolarized absorption spectra of (A) 
Ni2+-doped and (B) Ni2+-Cr3+—doped Tairus greenish 
blue synthetic sapphires are quite different from the 
absorption spectrum of ordinary blue Verneuil- 
grown Fe?+ + Ti4+ synthetic sapphire (C). Spectrum 
C is similar to that of natural Fe2+ + Ti4* sapphires. 


The addition of small amounts of Cr (up to 0.3 
wt.% Cr,O;) to Ni-containing sapphires (NiO>0.2 
wt.%} results in a greenish blue color, and the sim- 
ple superposition of Ni and Cr spectra (figure 6). The 
spectrum of a greenish blue Ni2+-Cr3+-doped sap- 
phire is similar to that of ruby, with characteristic 
Cr lines at 469, 475 nm, and 690 nm. The band at 
510 to 620 nm is a result of the superposition of Ni 
(580-620 nm) and Cr (510-620 nm) bands. Since this 
feature is clearly seen in a gemological spectroscope, 
it can be regarded as a good identifying feature of 
Tairus greenish blue Cr-containing sapphires. 


Color Varieties. There are two ways to study and 
describe color. The first is the “comparison” 
method, whereby the color of the sample is simply 
compared to a standard with known color. This 
method is used in most gemological investigations 
and for gemological testing. The second way is to 
calculate color characteristics from the absorption 
spectra of the gemstones. This method allows us 
not only to describe the color of these synthetic sap- 


Figure 5. These optical absorption spectra are of (A) 
greenish blue (sample 1, table 1) and (B) green (sam- 
ple 9, table 1) Tairus synthetic sapphires doped with 
Ni2+ and Ni2+-Ni8+, respectively. Spectrum C was 
produced by subtracting spectrum A from spectrum 
B and represents a hypothetical yellow synthetic 
sapphire doped only with Ni3*. Blue = parallel to 
the c-axis; red = perpendicular to the c-axis. 
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phires, but also to compare them quantitatively to 
natural sapphires and other synthetics. To quantify 
the different colors of Tairus hydrothermal synthet- 
ic sapphires, we converted their absorption spectra 
to color coordinates in the CIE color system. The 
CIE system is fully described elsewhere (Wright, 
1964), but a brief explanation of the chromaticity 
diagram, which is integral to this system, will be 
made here. 

A set of coordinates was developed to express 
the relationship among all colors in the spectrum 
on the basis of a “standard observer” response (the 
average of observations by a large number of people) 
to different color stimuli. The chromatic portions of 
these measurements were plotted on an x-y coordi- 
nate graph to produce the chromaticity diagram (fig- 
ure 7). The skewed parabolic curve on this diagram 
is the location of saturated hue coordinates. The 
points representing saturated blue and violet colors 
are located in the left corner of the region, while 
points of saturated red and orange are on the right. 
The curved top corresponds to green and yellow sat- 
urated colors. The area along the straight line 
between the violet and red corners is the location of 
nonspectral purple colors. The point for white color 
is located in the approximate center of the region; 
point C marks the white daylight source. 


Figure 7. On this CIE chromaticity diagram, 
points are plotted for the Tairus synthetic sap- 
phires (diamond shapes) and for natural and 
other synthetic sapphires (circles). Points 1 
through 10 correspond to the Tairus sample 
numbers from table 1. Sample 11 is a 
hydrothermally grown ruby; sample 12 (pure 
Nis*) was calculated from the spectrum for 
hypothetical yellow sapphire in figure 5C; and 
sample 13 is a flame-fusion synthetic ruby. 
Points 14 through 18 were calculated from rep- 
resentative spectra of natural sapphires by 
Platonov et al. (1984 ): 14 is a yellow sapphire 
from the Ural Mountains, Russia; 15 is a green- 
ish blue sapphire from Australia; 16 is a pale 
greenish blue sapphire from the Ural Moun- 
tains; 17 is a deep blue sapphire that is also 
from the Urals; and 18 is a deep blue sapphire 
from Burma. Point “C” represents a standard 
daylight source. The triangular region defined 
by the dotted lines illustrates the approximate 
range of colors produced in Tairus synthetic 
sapphires by various amounts of Ni®*, Nis*, 
and Cr. Note the overlap in color between the 
Tairus synthetic sapphires and the natural and 
other synthetic samples. 
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Thus, any hue and saturation can be represent- 
ed by a set of x-y coordinates and plotted along or 
within the chromaticity curve. The points shown 
on the curve are the dominant wavelengths (in 
nanometers) of each saturated color. Along any radi- 
al line drawn between white color and a saturated 
hue lie colors with decreasing saturation as one 
approaches the white color point. 

The synthetic sapphires doped with Ni2+ (point 
1 in figure 7) have a greenish blue hue. The synthet- 
ic sapphires grown under oxidizing conditions and 
colored predominantly by Ni3* (point 7) are yellow. 
The position of this point is close to hypothetical 
Ni3+ sapphire (point 12), which is calculated from 
the spectra in figure 5C, as well as greenish yellow 
sapphire (point 8) produced by gamma irradiation. 
Variations in the ratio of Ni2+ to Ni3+ can produce 
all of the colors in the region bounded by points 1, 
8, 9, and 10. 

When significant concentrations of Ni2+ (more 
than 0.2 wt.% oxide} are present, Cr content has 
very little impact on the hue of the greenish blue 
synthetic sapphires. The saturation is slightly low- 
ered (points 2, and 3) and the tone is darkened in the 
relatively Cr rich samples. When both NiO and 
Cr,O3 are present at concentrations below 0.1 wt.% 
each, a light reddish purple (e.g., points 4 and 5) is 


0.2 0.4 0.6 0.8 
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TABLE 2. Properties of Tairus greenish blue (Ni2+ and Ni2+-CrS+) synthetic sapphires and some of their natural 
and other synthetic counterparts. 


Tairus Chatham 

Property hydrothermal Flux-grown Flame-fusion Natural, from Natural, from Natural, from Natural, from 

synthetic synthetic synthetic Vietnam Australia China Sri Lanka 

Color Moderately Blue Medium-dark — Predominantly Very slightly Dark blue “Fine” blue 
strong, violetish blue blue to greenish — greenish blue with areas 
medium to (diffusion blue to bluish © greenish blue, of blue and 
dark greenish treated) green, medium- and near-color- bluish green 
blue light to very dark less to extremely 

dark “royal” blue 

Color Even Uneven; Uneven; tiny Uneven; distinct Uneven; color | Uneven; very Uneven; very 

distribution strong color — curved color color banding banding (color- strong color strong color 

(eye-visible) zoning banding (colorless/blue) ess or pale zoning zoning 

yellow/blue) 

Pleochroism Weak (Ni2+- Strong; Strong; Distinct to strong; Not reported Strong Moderate 
Cr8+) to violetish violetish blue — blue or violetish greenish 
strong green __ blue to to grayish blue to blue-green blue to inky 
blue to blue greenish blue or yellow-green blue 
(Ni2+); in some blue 
cases (Ni@+- 

Cr8+), none 

Rl. (Ng) 1.768-1.769 1.770 1.768 1.769-1.772 1.769-1.772 1.769-1.771 1.768 

Rl. (n,) 1.759-1.761 1.762 1.759 1.760-1.764 1.761-1.763 1.761-1.762 1.760 

Birefringence 0.007-0.010 0.008 0.009 0.008-0.009 0.008-0.009 0.008-0.009 0.008 

S.G. 3.98-4.03 3.974-4.0385 Not 3.99-4.02 3.99-4.02 3.99-4.02 4.00 

determined 

Fluorescence — Typically inert, Variable, Inert Inert Inert Inert Inert 

to LWUV but in some inert to 
cases (with strong in 
high Cr) yellow to 
purplish red orange 

Fluorescence — Typically inert, Variable, Chalky light Inert Inert Inert Light blue 

to SWUV but in some inert to blue 
cases (with strong in 
high Cr) very green, yellow 
weak purplish to orange 
red colors 

Reference Present study Kane (1982) SGC Smith et al. Coldham (1985) Furui (1988) Gunawardene 

Databank@ (1995) and Rupasinghe 
(1986) 


aStones tested in the Siberian Gemological Center (SGC). 


produced. The addition of small amounts of Cr3+ to 
Ni3+-doped synthetic sapphire shifts the hue from 
yellow (such as for point 7) to the orange part of the 
spectrum, producing a “padparadscha” type pinkish 
orange color (point 6). Thus, addition of Cr to either 
Ni?+ or Ni3+ shifts the color coordinates toward pur- 
ple, near the lines connecting point 13 with points 1 
and 12. 

The combination of different amounts of Cr?+, 
Ni2+, and Ni3+ permits the production of synthetic 
sapphires in virtually any color in the vicinity of tri- 
angle 1-12-13 (shaded triangle on figure 7). The hue 
and saturation are strongly dependent on the con- 
centrations of these elements. Thus, although the 
triangle 1-12-13 does not represent absolute bound- 
aries (e.g., points 3, 9, and 10 do lie away from the 
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triangle}, it helps to illustrate the range of colors 
represented by the samples grown in our experi- 
ments and discussed in this article. In addition, fig- 
ure 7 shows that the colors of some Tairus synthet- 
ic sapphires overlap the colors of their natural coun- 
terparts, as well as the colors of synthetic sapphires 
grown by other methods. 


Gemological Characteristics. The properties for 
greenish blue, pinkish orange (padparadscha), and 
yellow Tairus hydrothermal synthetic sapphires are 
reported in tables 2, 3, and 4, respectively. Sample 
stones are illustrated in figures 8, 9, and 10, respec- 
tively. The blue and pinkish orange samples are 
compared to Chatham flux-grown synthetic sap- 
phires and flame-fusion samples from an unknown 
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TABLE 8. Properties of Tairus pinkish orange “padparadscha” (Nis+-Cr’+) synthetic sap- 
phires and some of their natural and other synthetic counterparts. 


Tairus Chatham 

Property hydrothermal Flux-grown Flame-fusion Natural, from 

synthetic synthetic synthetic Sri Lanka 

Color Medium-light Orange to Orange to yellowish Pinkish orange# 
moderate reddish orange, orange, in medium- 
pinkish orange in moderate to light to medium-dark 

vivid saturation tones, moderate 
to strong saturation 

Color Even Color zoned Even Not reported 

distribution 

(eye-visible) 

Pleochroism Weak reddish Strong pink and Weak to moderate Orange-yellow and 
orange and light orange to brown- — orangy yellow and yellowish orange 
reddish orange ish yellow yellowish-orange 

Rl. (Ng) 1.765 1.770 1.768 1.768 

Rl. (N,) 1.757 1.762 1.759 1.760 

Birefringence 0.008 0.008 0.009 0.008 

S.G. 4.00 4.00 + 0.003 3.97 4.00 

Fluorescence Moderate Strong to very Weak orange-red Strong “apricot” 

to LWUV orange strong orange- 

red to yellowish 
orange 

Fluorescence Weak orange Very weak to Inert Strong “apricot” 

to SWUV weak in same 

colors as LW 
Reference Present study Kane (1982) SGC _ Databank Gunawardene and 


aCrowningshield (1983). 
‘Type of UV radiation was not specified. 


Rupasinghe (1986) 


cStones tested in the Siberian Gemological Center (SGC). 


manufacturer; all three hue types are compared to 
natural sapphires from various sources worldwide. 
The refractive indices of the Tairus synthetic 
greenish blue samples were found to be near the 
lower limits of corundum (see, e.g., Feklichev, 1989). 
As shown in table 2, they overlap the R.I. values 
reported for Sri Lankan sapphires and flame-fusion 
synthetic sapphires, and they are slightly below the 
values reported for the flux-grown synthetic sap- 
phires and natural sapphires from the other sources. 
The values obtained for the yellow and pinkish 
orange Tairus synthetic sapphires were somewhat 
lower still. Some of the pinkish orange Tairus sam- 
ples had values below the known range for corun- 
dum (see, e.g., Feklichev, 1989). The pink (n,=1.765, 
n,=1.758) and dark green (ny=1.768, n,=1.760) sam- 
ples—not reported in the tables—showed values that 
were between those of the yellow-to-orange (includ- 
ing padparadscha) and greenish blue samples. The 
refractive indices of the pink samples were close to 
those reported for Chatham flux-grown synthetic 
pink sapphires (n,=1.768, n,=1.759; Kammerling et 
al., 1994), and they fell within the ranges reported for 
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other hydrothermal lab-grown sapphires. As indicat- 
ed in tables 2-4, the values for birefringence and spe- 
cific gravity of the Tairus hydrothermal synthetic 
sapphires overlap those for these natural and other 
synthetic sapphires. 


Dichroism. Ni2+-doped synthetic sapphires (e.g., 
sample 1 in table 1) showed a strong green-blue to 
blue dichroism. In the blue-green Ni2+-Ni3+—doped 
samples (e.g., sample 10), dichroism was strong vio- 
letish blue to blue-green; in the green (e.g., sample 9) 
Ni?+-Ni3+doped samples, the colors were somewhat 
weaker brownish green and green. Increasing Cr con- 
tent in the greenish blue Ni2+-Cr3+-doped synthetic 
sapphires weakens their dichroism. In greenish blue 
Cr-rich sapphires (e.g., sample 3), dichroism was 
clearly visible only with a bright incandescent light 
source: A light purple tint was seen in one direction. 
This purple tint is due to chromium’s characteristic 
red luminescence to incandescent light. Even with 
an ordinary incandescent lamp, purple flashes can be 
seen in faceted samples viewed face-up. These fea- 
tures of greenish blue Cr-rich Tairus synthetic sap- 
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researchers produced these green- 
ish blue hydrothermal synthetic sapphires by dop- 
ing them with Ni®+ and NiS* and, in some cases, 
Cr3+, Photo © GIA and Tino Hammid. 


phires can help to distinguish them from their natu- 
ral and other synthetic counterparts. The yellow sap- 
phires colored predominantly by Ni3+ showed no 
dichroism, whereas the addition of Cr to Ni3* result- 
ed in weak dichroism in the pinkish orange (pad- 
paradscha) sapphires. 


Reaction to Ultraviolet Radiation. Sapphire’s lumi- 
nescence to UV radiation strongly depends on Cr 
content. The greenish blue Cr-rich synthetic sap- 
phires in this study fluoresced red to both short- 
wave (SW) and long-wave (LW) ultraviolet, whereas 
the greenish blue Ni-rich samples were inert to 
both. The fluorescence of the greenish blue Cr-rich 
samples was much weaker to SWUV than to 
LWUV. Red fluorescence has not been observed in 
most natural (except some light blue Sri Lankan and 
some rare dark blue stones [Gem Reference Guide, 
1995]) or other synthetic blue sapphires, so it can be 
used as a diagnostic feature for greenish blue Cr-rich 
Tairus synthetic sapphires. 

“Padparadscha”-colored samples fluoresced 
moderate orange to LWUV and weak orange to 
SWUV—teactions different from those of the natural 
and other synthetic sapphires of similar color report- 
ed in table 3. However, the reaction of natural yel- 
low sapphires to UV radiation varies considerably, so 
this feature cannot serve to separate Tairus synthetic 
sapphires from natural stones of this color. 


Inclusions and Other Internal Features. Some of the 
samples studied were internally flawless; others 
contained various amounts of inclusions. These 
internal features consisted of fluid inclusions, crys- 
talline inclusions, and optical inhomogeneities. 
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Figure 9. The colors of these pinkish orange “pad- 
paradscha” (Ni8+-Cr3+) Tairus hydrothermal syn- 
thetic sapphires are similar to those seen in nature 
or in other synthetic sapphires. Photo © GIA and 
Tino Hammid. 


Figure 10. Yellow Tairus hydrothermal synthetic 
sapphires are colored predominantly by Ni3+. Photo 
© GIA and Tino Hammid. 
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TABLE 4. Properties of Tairus yellow (NiS+-Ni2+) syn- 
thetic sapphires and some of their natural and other 
synthetic counterparts. 


Tairus 

Property hydrothermal — Natural, from Natural, from 

synthetic Australia Sri Lanka 

Color Yellow to Light yellow to Intense "golden" 

greenish strong “golden” yellow to light 
yellow, light — yellow or pale yellow 
tones, strong 

saturation 

Color Even Occasionally Not reported 

distribution color zoned 

eye-visible) 

Pleochroism None Not reported Orangy yellow 
to grayish 
yellow 

R.I. (Ng) 1.767-1.765 1.774-1.772 1.768 

R.I. (N) 1.758  1.765-1.763 1.760 

Birefringence 0.007-0.009 0.008-0.009 0.008 

S.G. 3.98 3.97-4.01 4.02 

Fluorescence Inert or weak Inert “Apricot” red 


to LWUV orange 


Fluorescence Inert or very — Inert “Apricot” orange 


to SWUV weak orange 
Reference Present Coldham Gunawardene 
study (1985) and Rupasinghe 
(1986) 


Two- and Three-Phase (Primarily Liquid) Inclu- 
sions. These could be divided into two major types. 
In both types, the inclusions consisted of two (gas- 
liquid) or three (a liquid, a gas, and a small crystal) 
phases. Two-phase inclusions were much more 
common than three-phase ones. Crystal phases 
were uncommon, but those present were easily 
seen in polarized light. 

The first type consists of large inclusions with 
an irregular, elongate form located along planes per- 
pendicular to the seed and running along planes par- 
allel to one pair of the prismatic a faces (figure 11). 
We believe that these are primary (see, e.g., 
Roedder, 1984), formed when a small portion of 
growth solution was trapped under a crystal face 
during growth. These inclusions were apparently 
captured in flattened depressions on the surface of 
the growing crystal. Such depressions are typical of 
hydrothermal crystals grown on a seed (Smirnov, 
1997). They were observed in only two faceted 
stones and a few crystals, which were blue, yellow, 
and colorless. 

The second type are typical “fingerprints” (fig- 
ure 12), with regular to irregular patterns confined to 
healed fractures, and therefore are secondary (see, 
e.g., Roedder, 1984). They also form perpendicular to 
the seed plate and extend in both directions. “Finger- 
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prints” were found in many faceted stones and in 
most of the crystals, in samples of almost all colors. 


Crystalline Inclusions. Almost all of the green-to- 
blue samples examined contained crystalline inclu- 
sions. In some cases, these were single crystals that 
could be resolved only with high magnification and 
immersion. Other samples contained abundant 
inclusions in the form of small, flake-like aggregates 
of tiny crystals (figure 13), these inclusions could be 
clearly seen with a hand loupe. In some cases, when 
examined with bright, fiber-optic, oblique illumina- 
tion, most of these crystalline inclusions appeared 
to have a metallic luster. With high magnification, 
they appeared to be opaque isometric grains a few 
micrometers in diameter. Because the growth pro- 
cess used Cu-containing oxygen buffers, it is likely 
that this metallic phase is copper. 

Other crystals in these aggregates were transpar- 
ent, colorless or near-colorless, and isotropic with an 
octahedral shape (figure 14]. Because the individual 
crystals were so small (less than about 12 um), we 
could not determine their composition with the 
available instrumentation. However, our recent 
experiments have revealed that the addition of a 
small amount of Mg to an alumina-bearing solution 
leads to the formation of spinel (MgA1,O,) crystals. 
Trace amounts of Mg could occur as an impurity in 
the charge used for the autoclave, so we suggest that 
these octahedra are spinel crystals. 

Another type of transparent crystal was seen in 
the green synthetic sapphires. These crystals 
appeared as isolated platelets with regular hexago- 
nal outlines and no apparent color (figure 15). The 
optical properties of these crystals suggest that they 
are gibbsite. 


Optical Inhomogeneities and Color Zoning. We 
observed characteristic optical inhomogen- 
eities—swirl- and chevron-like patterns—in all the 
greenish blue and green specimens, rough as well as 
faceted (figure 16). These terms commonly refer to 
wavy or angular features inside synthetic or natural 
crystals. 

The swirl-like patterns resemble textures that 
can be seen in artificial glass. When the faceted 
samples were examined face up, these patterns 
appeared as very faint, contrasting wavy lines. 
Chevron patterns were seen in the same samples, 
but at an angle to the table plane. These swirls and 
chevrons were much more visible in the darker 
samples than in the lighter ones. They were less dis- 
tinct in the pinkish orange (padparadscha type) syn- 
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Figure 11. Irregular, elongate fluid-and-gas inclusions 
were found in some blue, yellow, and colorless Tairus 
synthetic sapphires, located along crystallographically 
oriented planes. Photomicrograph by S. Z. Smirnov; 
magnified 100x. 


thetic sapphires and were not observed at all in the 
yellow or light pink samples. 

Our studies revealed that the swirls and 
chevrons were typically seen in those samples that 
were grown on a seed plate with planar surfaces cut 
so as to be oriented at an angle to actual crystal 
faces (i.e., on a nonsingular crystal surface). They 
were found to represent boundaries between growth 
sectors of subgrains that formed on the seed plate as 
the crystal grew. Thus, the appearance of these pat- 
terns will be affected by the orientation of the table 
of a faceted stone. They are distinctly different from 
the angular growth zones found in natural and in 
flux-grown synthetic sapphires. Nor do they resem- 
ble the curved growth zoning usually seen in 
Verneuil-grown synthetic sapphires. 

In several cross-sections of greenish blue Tairus 


Figure 12. “Fingerprints” are common in the Cr- 
and Ni-doped Tairus synthetic sapphires. 
Photomicrograph by S. Z. Smirnov; magnified 100x. 
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Figure 13. Flake-like crystalline inclusions are abun- 
dant in many of the green-to-blue Tairus hydrother- 
mal synthetic sapphires. Photomicrograph taken by S. 
Z. Smirnov, with sample between crossed polarizers, 
immersed in methylene iodide, magnified 25x. 


samples, we observed color zoning parallel to the 
plane of the seed plate. The portion of the crystal 
nearest the seed plate was yellow, while the rest 
was greenish blue. This thin (about 0.5 mm) sharp 
zone is usually cut away during pre-forming, so it is 
seen only rarely in faceted stones. 


Infrared Spectroscopy. Hydrothermally grown crys- 
tals commonly contain water in different forms. 
This is also true for corundum, both natural (see 
Smith, 1995, and references therein) and hydrother- 
mal synthetic stones (Peretti and Smith, 1993). In 
rare cases, traces of water as OH- groups may be 
found in Verneuil-grown crystals (Volynets et al., 
1974; Beran, 1991). The form of water incorporation 
into sapphire and ruby has been the focus of many 
studies, because it can help clarify the genesis of the 
gem. Today it is generally accepted, on the basis of 
infrared spectroscopy, that water as OH- groups 
enters the corundum structure as a compensating 
charge due to either the doping of the corundum 
with divalent cations or the formation of Al vacan- 
cies in the structure (Muller and Gunthard, 1966, 
Volynets et al., 1974; Beran, 1991). To examine this 
issue and also further distinguish the Tairus syn- 
thetic sapphires from their natural and other syn- 
thetic counterparts, we conducted an IR-spectro- 
scopic study of the Tairus Ni- and Cr-doped 
hydrothermal synthetic sapphires. 

The IR spectra of the greenish blue and green 
synthetic sapphires (samples 1 and 9, respectively, 
in table 1) are similar in the 4000-1600 cm:! region 
(figure 17). This region is characterized by an 
intense wide band, with a maximum at 2980 cm/!; a 
narrow peak at 2750 cm-!, and five narrow peaks in 
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Figure 14. At high (500x) magnification, small 
transparent octahedral crystals (possibly spinel) 
can be seen inside some of the aggregates in green- 
ish blue sapphires shown in figure 13. Photomicro- 
graph by S. Z. Smirnov. 


the region between 2.500 and 2000 cm-1. In the spec- 
trum of the greenish blue sapphire (A), there is a 
shoulder near 3300 cm-l. In the spectrum for the 
green sample (B), two narrow peaks are superim- 
posed on the wide band at 3400 and 3310 cm"!. 

The presence of an intense wide band near 3000 
cm-! is attibuted to OH- groups contained in alu- 
minum oxides. It is observed in the IR spectra of 
diaspore (AIOOH; Ryskin, 1974) and in the spectra 
of natural corundum containing divalent cations 
(Muller and Gunthard, 1966; Eigenmann and 
Gunthard, 1971; Volynets et al., 1974). The IR spec- 
tra of the Tairus Ni-doped synthetic sapphires (see 
figure 17) are similar to those for Ni-containing 
corundum grown by the Verneuil method in a 
reducing, hydrogen atmosphere (Eigenmann and 
Gunthard, 1971). Following these authors, we 
believe that the 2980 cm-! band is the absorption 
band of OH- groups that compensate the charge for 
the Al3++02- Ni2++(OH} replacement. 

The narrow peaks observed between 3600 and 
3000 cm! are also related to the absorption of OH- 
groups which compensate for charge deficiency due 
to the formation of cation vacancies. These peaks 
have been reported both for natural (Smith, 1995, 
and references therein) and synthetic corundum 
(Belt, 1967; Eigenmann and Gunthard, 1971; Voly- 
nets, 1974; Beran, 1991; Peretti and Smith, 1993, 
1994). The peaks at 3310 and 3400 cm-!, observed in 
the infrared spectrum of our green sample (see fig- 
ure 17), were also reported earlier (Smith, 1995). 

Peaks near 2000 cm:! may be observed in the IR 
spectra of other OH- containing aluminum oxides. 
However, the peaks at 2114 and 1984 cm-! that are 
present in the spectrum of diaspore (Ryskin, 1974, 
Smith, 1995) were absent from the spectra of our 
hydrothermal synthetic sapphires. Therefore, we 
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Figure 15. In the green hydrothermal synthetic 
sapphires, the transparent crystals appeared to be 
anisotropic hexagonal platelets, which may be 
gibbsite. When viewed between crossed polariz- 
ers, they showed a bright interference color. 
Photomicrograph by S. Z. Smirnov; magnified 500x. 


believe that the bands near 2000 cm:! in our sam- 
ples are not related to diaspore inclusions, especially 
as the samples studied were free of inclusions (at 
100x magnification). The IR absorption lines for CO 
molecules may occur between 2133 and 2148 cm-! 
(Hallam, 1973). Wood and Nassau (1967) observed 
the absorption bands related to CO, molecules in 
beryl structure channels at 2354 cm-!. Because the 
Tairus crystals grew in carbonate solutions of com- 
plex composition, the incorporation of CO, CO, 
CO;2-, and other forms of carbon oxides into the 
growing crystal is very likely. Thus, we believe that 
the narrow bands at 2460, 2400, 2264, 2136, and 


Figure 16. Swirl-like and chevron patterns were 
commonly seen in the Tairus synthetic green- 
to-greenish blue sapphires. Immersed in methy- 
lene iodide, magnified 100x; photomicrograph 
by S. Z. Smirnov. 
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2016 cm-! could be related to the C—O bond in dif- 
ferent carbon oxides that were incorporated into the 
sapphire crystals. Strong pleochroism is another fea- 
ture of these bands, which suggests that these C-O 
bonds are part of the corundum structure and are 
not caused by separate carbon oxide species (e.g., 
CO or CO, in fluid inclusions). 

These bands were also reported for Tairus 
hydrothermal synthetic rubies by Peretti and Smith. 
(1993). We have not found a description of such 
bands in the literature for natural and other synthet- 
ic sapphires. Therefore, we believe that the five nar- 
row peaks between 2500 and 2000 cm-! are charac- 
teristic of Tairus synthetic sapphires. 


IDENTIFYING CHARACTERISTICS OF TAIRUS 
HYDROTHERMAL SYNTHETIC SAPPHIRES 


Previously, blue, green, and yellow sapphires were 
grown only by flux- or melt-growth techniques, but 
the synthetic sapphires studied for this article more 
closely resemble their natural counterparts because 
they have been grown from a hydrothermal solu- 
tion, as takes place frequently in nature. Never- 
theless, there are a number of features by which an 


Figure 17. The infrared absorption spectra of 
greenish blue (A) and green (B) Tairus synthetic 
sapphires are very similar (they are shown here 
offset for purposes of comparison). The curves 
have been corrected for a spurious absorption 
attributed to CO>. 
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experienced gemologist can separate these sapphires 
from their natural counterparts and other synthetic 
sapphires: 

1. The swirl-like patterns observed in Tairus 
synthetic sapphires are common to most 
synthetic crystals grown on seed plates 
under hydrothermal conditions and are rare 
for natural stones. 

2. The red reaction to UV radiation of the 
greenish blue synthetic sapphires contain- 
ing Cr is different from that of most natural 
and other synthetic sapphires. 

3. The crystalline copper inclusions and flake- 
like aggregates seen in the Tairus synthetics 
are not present in natural sapphires. 
Metallic inclusions are common in melt- 
and flux-grown synthetics, but they usually 
consist of platinum-group metals. 

4. Ni, an important chromophore in the 
Tairus synthetic sapphires, is not found in 
natural sapphires or most synthetic ones. 

5. The absorption spectra of the greenish blue 
Ni-doped Tairus synthetic sapphires differ 
from those of natural blue sapphires, which 
owe their color to Fe and Ti. The spectrum 
(in unpolarized light) of a greenish blue 
Tairus synthetic sapphire includes three 
intense bands—at 377, 599, and 970 nm— 
and two weak bands, at 435 and 556 nm. 

6. Five narrow peaks between 2500 and 2000 
cm-! in the infrared spectra of Tairus syn- 
thetic sapphires clearly separate them from 
their natural and other synthetic counter- 
parts. 


CONCLUSION 


The technology to manufacture synthetic sapphire 
in a wide variety of colors by means of hydrother- 
mal growth has been developed by researchers of 
the Tairus joint venture. This was achieved by dop- 
ing synthetic corundum with different amounts of 
Ni?+, Ni3+ and Cr3+. Specific colors are also produced 
by controlling the oxidation-reduction environ- 
ment. Although these colors overlap those of most 
natural and other synthetic sapphires, the Tairus 
synthetic sapphires can be readily identified on the 
basis of their distinctive internal features (swirl-like 
patterns and copper inclusions), visible-range and 
infrared spectra, and the presence of Ni as a trace 
element. 

To date, thousands of hydrothermal synthetic 
sapphires have been grown at the Tairus factory in 
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Novosibirsk (Russia) and cut at the Pinky Trading 
Co. facilities in Bangkok. Greenish blue, pinkish 
orange, and yellow sapphires are commercially 
available as cut stones up to 4 ct. 
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Figure 51 
Enlarged section of 
wonderful “feather” 
formation in a blue 
sapphire, first shown 
in reduced size in 
Figure 5, Summer, 
1944, issue. “Feath- 
er” consists not only 
of single drops but 
also of a large sys- 
tem of the finest 
liquid-filled channels 
connected by still 
finer capillary tubes. 


Figure 50 
Straight, rod-like 
channels filled with 
liquid, in a Ceylon 

sapphire. 


NOTES AND NEW TECHNIQUES 


MULTICOLORED BISMUTH-BEARING 
TOURMALINE FROM LUNDAZI, ZAMBIA 


By Mary L. Johnson, Cheryl Y. Wentzell, and Shane Elen 


Tourmalines from an alluvial deposit near Lundazi in Zambia consist 
of color zoned pink/colorless/yellow-green “watermelon” nodules; many 
fashioned stones contain patches and blends of all three colors. Although 
these elbaite tourmalines are unusually rich in bismuth (up to 0.49 wt.% 
Bi,O,), the presence of bismuth apparently has no effect on their gemologi- 
cal properties. Approximately 10,000 carats of fashioned stones are known 
to have been produced from October 1996 to mid-1997. 


At the 1997 Tucson show, one of the authors 
(CYW) saw some unusual tourmalines that were 
reportedly from recent workings in Zambia. Marc 
Sarosi Co., of Los Angeles, was marketing this 
material as “mixed-color” tourmaline: Colors avail- 
able include light-to-medium-toned desaturated 
pink, orange, green, and yellowish green (see, e.g., 
figure 1), as well as colorless, and individual fash- 
ioned stones frequently contain regions of two or 
more of these colors. Coincidentally, we found that 
the chemistry of these tourmalines was unusual, 
with elevated contents of bismuth (Bi). The purpose 
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of this article is to report on this new deposit and to 
document the unusual composition and other prop- 
erties of this Bi-bearing elbaite. 


LOCATION AND ACCESS 


The multicolored tourmalines described in this 
report were found in a field in the Kalungabeba area 
of the Lundazi district (figure 2), about 16 km (10 
miles) southwest of Lundazi itself, according to Mr. 
Sarosi, who visited the site in early 1997. The 
stones were originally discovered by a person who 
was digging a hole for an outhouse. 

A rough dirt road leads to this site from 
Lundazi; it is best traveled by four-wheel-drive vehi- 
cle. During the rainy season, from about late De- 
cember until March, the area is often inaccessible. 


GEOLOGY 


The geologic feature known as the Mozambique 
Belt forms a triangular area bounded by the 
Luangwa valley (eastern Zambia), the Zambezi val- 
ley (in northern Mozambique), and Lake Malawi (in 
Malawi; again, see figure 2). The main rock units in 
the belt are high-grade gneisses and granitic rocks of 
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the 2.05-2.68 billion-year-old Basement Complex, 
as well as metacarbonates, schists, metavolcanics, 
and quartzites of the 1.35—2.05 billion-year-old 
Muva Supergroup (Kamona, 1994). The gneisses and 
schists are intruded by later granitic pegmatites, 
which commonly have quartz cores and outer zones 
of microcline feldspars. Muscovite is usually con- 
centrated at the contact between these zones, and 
aquamarine may occur in either zone. The peg- 
matites may also contain gem tourmaline, as well 
as concentrations of rare elements (Nb, Ta, Li, Cs, 
Y, La, and U). The Mozambique Belt also hosts gold 
mineralization, in sheared quartz veins occurring in 
schists and metavolcanics of the Muva supergroup; 
bismuth minerals (bismuthinite, bismutite) are 
found in this gold ore. 

Tourmaline has been mined in at least three 
areas in eastern Zambia (figure 2): Lundazi, at the 
northeast end of the Belt (e.g., the Aries deposit: 
Kamona, 1994), Chipata, in the center of the belt 
(see, e.g., Schmetzer and Bank, 1984a and b); and 
Nyimba, in the south (e.g., the Hofmeyer deposit: 
Kamona, 1994). The Chipata area is known to pro- 
duce “intense” yellow tourmalines, (Schmetzer and 
Bank, 1984a and b; Koivula, 1985); red to brownish 
red tourmalines (Koivula and Fryer, 1985); and 
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Figure 1. This 9.44 ct pink 
elbaite tourmaline and its 
11.48 ct yellow-green com- 
panion are among the thou- 
sands of carats of gem 
tourmaline that have been 
fashioned from material 
recovered recently from a 
deposit near Lundazi, 
Zambia. Note the distinc- 
tive “checkerboard” cut. 
Courtesy of Marc Sarosi; 
photo © GIA and Tino 
Hamumid. 


brownish orange and brownish green stones (men- 
tioned by Koivula and Kammerling, 1991). The 
Hofmeyer pegmatite near Nyimba is the source of 
tourmaline varieties rubellite and green “emeraldo- 
lite” (Kamona, 1994). Bank (1982) described yellow- 
green, green, red, brown, and violet tourmalines 
from Zambia, but he provided no specific informa- 
tion about their source. The bicolored tourmaline 
mentioned by Thomas (1982) may have come from 
Lundazi or Nyimba. 


MINING AND PRODUCTION 


The Kalungabeba deposit is alluvial, and the tour- 
maline-bearing gravels also contain spessartine, 
aquamarine, and dispersed quartz. Both pink and 
“multicolored” tourmalines have been found, the 
former occurring in a variety of crystal shapes, but 
the latter always as nodules; all show wear from 
alluvial transport. At the time of Mr. Sarosi’s visit, 
there were no known gem-bearing outcrops in the 
immediate vicinity of this field, although Mr. Sarosi 
reports that subsequent mining has unearthed spes- 
sartine garnet—bearing pegmatites. 

Production at this locality started in October 
1996. At the time of Mr. Sarosi’s visit in early 1997, 
about 90% of the tourmaline was coming from a 
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single pit measuring about 12 m (40 feet) in diame- 
ter and 6 m (20 feet) deep. Approximately 700 unli- 
censed miners worked the deposit during the initial 
“rush”, after five died, the Ministry of Mines closed 
the area and then issued a number of licenses 
(around May 1997). At present, approximately 60 
miners are working the deposit by hand, hauling 
loads of gravel to an adjacent water-filled depres- 
sion, where wet-sieving is done to recover the gem 
rough. About 100 kg of facet-quality rough (and sev- 
eral tons of lower-quality material) had been recov- 
ered as of June 1997. By this time, Mr. Sarosi, who 
believes he purchased most of the available multi- 
colored rough, had fashioned some 10,000 carats of 
goods, ranging up to 20 ct. 


MATERIALS AND METHODS 

Nineteen faceted stones (3.04 to 11.48 ct) and 10 
nodules (10.28 ct [9 x 11 x 14 mm] to 20.61 ct [12 x 
14 x 15 mm]) were examined, these were chosen to 
represent the variety of material on hand. The 
faceted stones consisted of six pink, five yellow- 
green, and eight multicolored samples; the rough 
nodules were all multicolored green and pink. We 
looked at the rough samples with diffuse transmit- 
ted illumination to characterize the color zoning, 
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Figure 2. A new 
deposit of multicol- 
ored tourmalines has 
been found in a field 
in the Kalungabeba 
area of Zambia’s 
Lundazi district, 
about 16 km south- 
west of the city of 
Lundazi. 


but we did not test these further gemologically. 

Gemological characterization of the fashioned 
samples was performed as follows on all 19 faceted 
stones, except where noted. We observed the face- 
up colors using daylight-equivalent fluorescent light 
sources. Polarization behavior was noted using a 
GIA GEM Instruments Illuminator polariscope, and 
we determined pleochroism using a dichroscope 
and the polariscope light source. The colors seen 
with a “Chelsea” filter were noted for 13 of the 19 
faceted stones, and we measured refractive indices 
for these same 13 stones using a Duplex II refrac- 
tometer with a sodium-equivalent light source and a 
polarizing eyepiece. Specific gravities were deter- 
mined by hydrostatic weighing (13 stones). Fluores- 
cence was observed in a darkened room using a con- 
trolled viewing environment and a GIA GEM short- 
wave/long-wave ultraviolet lamp. Absorption spec- 
tra were noted with a Beck spectroscope in a desk- 
model configuration and transmitted light. 
Microscopic properties were observed with a gem- 
ological microscope (Reichert Stereo Star Zoom) 
equipped with polarizing plates. 

We investigated trace-element chemistry by 
qualitative energy-dispersive X-ray fluorescence 
(EDXRF) spectroscopy, using a Tracor Xray (now 
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Spectrace Instruments] Spectrace 5000 instrument 
with a rhodium-target X-ray tube. Complete spectra 
were acquired for six faceted stones, including a 
bicolored stone for which both pink and green 
regions were analyzed. It is unusual to see bismuth 
in tourmaline (Paraiba stones being a notable excep- 
tion; see, e.g., Fritsch et al., 1990), and we were 
quite surprised to see evident Bi peaks in the 
EDXREF spectra of the first stones we examined. 
Therefore, for eight other stones, data were collect- 
ed only in the bismuth region (8-18 keV) of the 
EDXREF spectrum. 

Electron microprobe analyses were obtained 
and processed at the University of Manitoba, 
Canada, for three samples (3 points each on a 9.44 ct 
pink cut stone and an 11.48 ct yellow-green cut 
stone, and 8 points in a traverse along a polished 
slice from a multicolored nodule). The following 
elements were quantitatively measured: Na, Mg, 
Al, Si, P, F, K, Ca, Ti, V, Cr, Mn, Fe, Zn, and Bi 
(BiySe3 was used as a Bi standard for analyses, and 
the detection limit was 0.17 wt.% BiyO3). The ana- 
lytical conditions and methods for calculating the 
tourmaline formulas are given in Burns et al. (1994). 


APPEARANCE AND 
GEMOLOGICAL PROPERTIES 


Visual Appearance. Rough Material. The nine 
rough samples (some of which are illustrated in fig- 
ure 3) seemed typical for tourmaline, showing 
three-sided symmetry in cross-section. The rounded 
top and bottom surfaces showed conchoidal frac- 
ture, creating an overall nodular shape. Some paral- 
lel striations were evident on the sides of the nod- 
ules, which is also typical for tourmaline; however, 
all samples showed worn surfaces. 

With diffuse transmitted light, we saw that the 
rough was zoned “watermelon” fashion, typically 
with pink triangular cores and green rinds that 
approached hexagons in outline. Paler (green to col- 
orless) zones were sometimes evident between the 
pink cores and green rinds (again, see figure 3). 


Cut Stones. We examined one round, one cushion, 
two rectangular, four square, and 11 oval cut stones, 
all modified brilliants (see, e.g., figure 4). All of the 
fashioned stones had been modified so that the 
crown area was covered with many facets 
(“checkerboard” cut). The colors of these samples 
are summarized in table 1. Color distribution 
ranged from even through uneven to multicolored. 
Most of the multicolored stones were fashioned to 
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Figure 3. These four tourmaline nodules from the 
new Lundazi deposit show “watermelon” color 
zoning. Total weight is 55.73 ct, with the largest 
stone measuring about 15 x 14x 12 mm. Courtesy 
of Marc Sarosi; photo by Maha DeMaggio. 


show patches of color throughout (figure 5), rather 
than the regular bars of color that are commonly 
seen in a bicolored or tricolored tourmaline. 

According to Mr. Sarosi, this “mixed-color” 
tourmaline presents some unusual challenges to the 
gem cutter. To obtain the desired multicolored 
appearance, Mr. Sarosi noted, the green rind on the 
rough must be retained in the faceted stone. In addi- 
tion, the rind also seems to impart physical stability 
to the stone; if all of it is removed, the stone often 
breaks during fashioning. Regardless, the tourma- 
line rough cracks into pieces if sawn. A larger than 
expected number of stones break during faceting, 
and a few have even broken after cutting was com- 
pleted. Because of this, the largest fashioned stones 
have only reached 20 ct in size, and the rough has a 
yield of about 20% (in comparison to an expected 
yield of 30%-33%). Mr. Sarosi finds that the 
“checkerboard” cut (again, see figure 1} works best 
to minimize breakage during cutting. 


Physical and Optical Properties. Since we might 
expect the physical and optical properties of tour- 
maline to vary with color, we arranged the data 
into three classes: pink (including red), yellow- 
green, and multicolored stones. The properties for 
each of these groups are summarized in table 1. A 
desaturated “blend” of pleochroic colors was seen 
in some of the multicolored stones. All 13 stones on 
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Figure 4. The multicol- 
ored tourmalines are 
fashioned as either a 

single color or as a 
mixture of colors in a 
single stone. These 
four elbaite tourma- 
lines, which range 
from 3.38-8.14 ct, 
were part of the study 
sample. Courtesy of 
Marc Sarosi; photo by 
Maha DeMaggio. 


which refractive index readings were taken had 
R.I.’s in the range of n, = 1.619-1.620 and n, = 
1.637-1.639, with birefringences of 0.018—0.020. 
None of the stones tested showed any reaction to 
UV radiation. These properties are not unusual for 
tourmalines of these colors. 


Spectroscopy. The samples showed typical spectra 
for tourmalines of similar colors (again, see table 1). 


Microscopy/Inclusions. The main inclusions seen 
with magnification were: “pinpoints” (very small 
minerals), growth tubes (figure 6) or needles, and 
fractures. All of these inclusions are common in 
tourmaline, regardless of its source, and there was 
no indication of possible included bismuth minerals 
(e.g., metallic bismuthinite or native bismuth, or 
high-relief near-colorless bismutite). Small opaque 
reddish orange spheres were noted in the ends of 


TABLE 1. Gemological properties for various colors of Lundazi tourmaline. 


Property Pink Yellow-green Multicolored 
Weight 3.04-9.44 ct 4.75-11.48 ct 3.38-8.14 ct 
Color Purplish pink to red-purple to Yellowish green to greenish yellow Pink and yellowish green 


Pleochroism 


Optic character 
Color-filter reaction 


Rl. (n,) 
Ril. (Ma) 
Birefringence 


Specific gravity 
Reaction to long- 


orangy red 
Purplish red to red—orangy red 
to yellow 


Uniaxial 
Gray-green 
1.619-1.620 
1.637-1.638 
0.018 
3.041-3.043 
Inert 


Yellowish green to green—yellow to 


Mixtures of the colors seen in 


green to green-brown 


Uniaxial 

Slightly grayish green to green 
1.619-1.620 

1.638-1.639 

0.018-0.020 

3.040-3.049 

Inert 


the pink and yellow-green 
stones 


Uniaxial 

Gray-green to grayish green 
1.620 

1.639 

0.019 

3.045-3.055 

Inert 


and short-wave UV 
Absorption spectrum 


Lines at 451 and 458 nm, weak One stone: lines at 460 and 500 nm, Mixture of pink and yellow- 
group of 4 or 5 lines to 500 nm; general absorption above 640 nm. 


green spectra 


535 nm line, 490-540 nm band, The rest: weak general absorption 


absorption below 415 nm 


below 500 nm, faint to weak diffuse 


500 nm line 


Inclusions “Pinpoints” of tiny colorless 
crystals, parallel growth tubes, 
one small transparent plate; 


filled growth tube 


Growth structures Minimal to angular 


Clean, or scattered “pinpoints” only; 
“pinpoints” lying in growth planes; thin “pinpoints”; growth tubes, 
growth tubes near perimeter of stone primarily in green areas; filled 


Wavy and/or angular 


Curved or planar clouds of 


growth tubes 
Straight, wavy, and/or angular 
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growth tubes in four samples. 

The prominent growth features we identified 
were growth bands—sharp boundaries between 
regions of slightly different refractive index, similar 
to the graining seen in diamonds. These bands were 
straight, angular, or wavy. Angular growth bands 
were seen in pink, yellow-green, and multicolored 
stones; wavy growth bands in combination with 
angular growth bands were seen in yellow-green 
and multicolored stones; and straight growth bands 
in combination with angular growth bands were 
seen in multicolored stones. In one pink stone, we 
saw only minimal growth banding. The growth 
bands were pronounced (eye-visible) in nearly all 
stones; however, no strain was obvious in any stone 
when viewed between crossed polarizers. 


CHEMICAL ANALYSIS 


EDXRF. We performed EDXRF analyses on six of 
the faceted tourmalines: two pink, one yellow- 
green, two multicolored (analyzed without regard to 
color orientation), and one pink-and-yellowish 
green bicolor in which both color regions could be 
separately examined. Selected-energy-region 
EDXREF analyses for bismuth were performed on 
eight additional stones—three pink, two yellow- 
green, and three multicolored. These analyses could 
be roughly quantified on the basis of the microprobe 
results (see below). We found major amounts 


Figure 5. The multicolored nature of the fashioned 
stones comes from the cutter’s incorporation of the 
different color zones in the original tourmaline 
rough. Attractively mixed in the face-up view of 
this 5.87 ct Lundazi tourmaline, the color zones are 
clearly evident in the side view of a 4.94 ct 
Lundazi stone. Photo by Maha DeMaggio. 
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Figure 6. Some of the growth tubes in the green rind 
of this 12.02 ct multicolored tourmaline nodule are 
partially filled with an orange material. Photo- 
micrograph by John I. Koivula; magnified 20x. 


(greater than 1 wt.% oxide) of Al and Si, and minor 
(greater than 0.1 wt.% oxide) Ca and Mn. The Fe 
content could be classified as major, minor, or trace 
(less than 0.1 wt.% oxide) in these stones, depend- 
ing on color: The amount of absorption due to Fe is 
appreciably greater in the spectra of yellow-green 
stones (or regions) than in those of pink stones (or 
regions). Bismuth occurred at minor to trace levels. 
Trace amounts of Cu, Zn, Ga, and Ge were found in 
all the EDXRF spectra. Ti was seen in the yellow- 
green region of one multicolored stone and in 
another multicolored stone at the trace level. Pb 
was detected in one multicolored stone. 

Each of the eight spectra taken using conditions 
to detect only Bi revealed relatively high amounts of 
that element (i.e., at the minor-element level), 
regardless of the color of the material. Raw counts 
in the EDXREF analyses suggest that more Bi is pres- 
ent in the early-forming pink zones (i.e., the cores of 
the multicolored nodules) than in the later-forming 
yellow-green rinds. 


Electron Microprobe. Three samples were examined 
in more detail using an electron microprobe (the 
two cut stones shown in figure 1 and the multicol- 
ored nodule shown in figure 7); the results are given 
in table 2. The compositions indicate that these 
tourmalines are all elbaite, the sodium-, lithium-, 
and aluminum-rich species in the tourmaline min- 
eral group. As with the EDXRF analyses, the green 
rind of the tourmaline nodule showed less bismuth 
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than the pink core. The most bismuth (0.49 wt.%) 
was found in the pink stone. 


DISCUSSION 

The gemological properties of the Zambian tourma- 
lines we studied are consistent with those of the 
tourmalines from the Lundazi area described by 
Thomas (1982). One reason for extensive past inter- 
est in Zambian tourmalines was the possibility that 
specimens from the Chipata area might have been 
the hypothetical manganese-rich species tsilaisite, 
although none proved to be so (see, e.g., Schmetzer 
and Bank, 1984a and b; Shigley et al., 1986). All the 
stones examined for the present study have low Mn 
contents. 

The unusual feature of these elbaites is their 
high Bi contents. Traces of Bi are sometimes found 
in rocks crystallized from late-stage silicic melts 
(i.e., in granitic pegmatites: see, e.g., Mintser, 1979), 
in Zambia, a possible source for this element is the 
nearby gold deposits (Kamona, 1994). However, bis- 
muth does not readily substitute for common ele- 
ments in silicates (see, e.g., Kupcik, 1972), so its 
presence in tourmaline is unexpected. 


Figure 7. Microprobe analyses across the primary 
color zones—pink and green—in this Lundazi tour- 
maline nodule showed higher Bi contents in the 
pink core. Courtesy of Marc Sarosi; photo © GIA 
and Tino Hammid. 
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TABLE 2. Electron microprobe data for three Lundazi 


tourmalines. 
Multicolored nodule 

Oxide Pink Yellow-green Green rind Pink core 
(wt.%) — (3 points) (3 points) (4 points) (4 points) 
Sid. — 38.00-38.50 + 38.00-38.90 38.00-39.10  38.60-39.10 
TiO, nda 0.03-0.05 0.05-0.34 nd-0.02 
AloO03  41.00-41.30  39.20-40.60 37.10-40.00  41.30-41.90 
Vo03 nd-0.04 nd—0.02 nd nd 
Cro03 nd-0.05 nd—-0.12 nd-0.09 nd-0.12 
Bi,0; 0.34-0.49 nd-0.13 nd-0.02 0.16-0.25 
MgO nd 0.04-0.07 0.21-0.61 nd 
CaO 0.51-0.58 0.51-1.07 0.09-0.34 0.38-0.47 
MnO 0.18-0.26 0.30-0.48 0.36-0.91 0.26-0.38 
FeO nd-0.07 0.69-0.84 1.70-4.19 0.03-0.13 
Zn0 nd-0.02 0.01-0.03 nd—0.05 nd 

a0 = 1.66-1.74 1.74-1.83 2.03-2.49 1.70-1.82 
Ko0 nd-0.04 0.01-0.02 nd—0.02 nd-0.04 
Po0s nd-0.01 nd nd-0.01 nd-0.03 
Li0P = 2.14-2.19 2.04-2.31 1.80-2.16 2.11-2.27 
F 0.01-1.12 0.88-1.00 0.95-1.12 0.85-1.07 
BoO3° = 11.03-11.13  11.03-11.09 10.87-11.19 11.18-11.25 
HO ——-3.30-3.84 3.35-3.39 3.29-3.40 3.37-3.46 
-O=F  (-0.47)-nd (-0.42)+{-0.37) — (-0.47)H{-0.40) (-0.45)-(-0.36) 


Total 99.01-99.84  99.39-100.09 100.06-101.15 100.27-101.39 


and=none detected. 

’Determined by assuming there are 3 Y cations per formula unit, among 
them Ti, Al, V, Cr, Mg, Mn, Fe, Zn, and Li (see Burns et al., 1994). 
cDetermined from tourmaline stoichiometry: 3 B per formula unit, 

4 (OH + F) per formula unit. 


Examples of Bi-bearing tourmaline are relative- 
ly uncommon. In an exhaustive literature search, 
Dietrich (1985) noted trace amounts of Bi in dravite- 
uvite and schorl tourmalines, but not in elbaites. 
Peretyazhko et al. (1991) described rubellites 
(elbaites) from miarolitic granitic pegmatites in the 
Malkhan Range in Central Transbaikalia, Russia, 
that contained both Bi (up to 0.55 wt.% Bi,O3) and 
lead. The elbaites from Sao José da Batalha, Paraiba, 
Brazil, are best known for their copper contents, but 
they also contain up to 0.83 wt.% Bi,O3 (on the 
basis of microprobe analyses by Fritsch et al., 1990, 
Henn et al., 1990; and Rossman et al., 1991). In 
addition, according to unpublished microprobe data, 
a color-change tourmaline from East Africa 
(described by Koivula and Kammerling, 1991) con- 
tained trace amounts of Bi. 

One reason for the paucity of information on 
bismuth in tourmaline is that most modern analy- 
ses are performed with the electron microprobe, 
which has a relatively high detection limit (e.g., 
0.17 wt.% BiyO3 in our analyses; however, EDXRF 
is considerably more sensitive for Bi. Further, unless 
bismuth is looked for in microprobe analyses, it will 
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not in general be found. We would not be surprised 
if tourmalines from other localities are also found to 
contain significant amounts of bismuth. 

It is not apparent what effect, if any, bismuth 
has on the gemological properties of tourmaline. 
Bismuth is not a chromophore (see, e.g., Kupcik, 
1972). As a heavy element, its presence should 
increase both specific gravity and refractive index 
(see, e.g., Bloss et al., 1983), but neither of these 
properties appears to have been affected at the con- 
centration levels noted in our samples. 


CONCLUSION 


Significant amounts of tourmaline from a new allu- 
vial deposit in the Lundazi area of Zambia are now 
available. These attractive tourmalines are notable 
for their chemical composition (Bi-bearing elbaite) 
as well as for the unusual “mixed-color” appearance 
of the faceted stones, a consequence of the durabili- 
ty problems inherent in the rough. About 10,000 ct 
of faceted stones are now available, and tons of 
lower-quality material have been mined. 

Bismuth is not usually present at detectable 
levels in gem tourmaline. In the Lundazi stones, 
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DIAMOND 


Cabochon Cut 

Black opaque materials, usually fash- 
ioned as cabochons or beads, are sub- 
mitted regularly to the Gem Trade 
Laboratory for identification; many 
require advanced testing (see, e.g., 
M. L. Johnson et al., “Some Gem- 
ological Challenges in Identifying 
Black Opaque Gem Materials,”Gems 
& Gemology, Winter 1996, pp. 252- 
261). Nevertheless, the identity of the 
two black cabochons shown in figure 1 
came as quite a surprise to us. 

The refractive index was over the 
limits of a standard refractometer, and 
the specific gravity, measured by the 
hydrostatic method, was 3.44. With 
magnification, the cabochons showed 


a poor polish and an aggregate struc- 
ture, with several transparent-to- 
translucent, near-colorless areas seen 
on the base of each piece (figure 2). The 
near-colorless areas showed weak yel- 
low fluorescence to long-wave ultravio- 
let radiation, but the rest of each cabo- 
chon was inert. These properties sug- 
gested that the material was diamond, 
so we performed a hardness test on an 
inconspicuous portion of the basal 
edge of each piece, by rubbing it 
against a faceted piece of synthetic 
corundum and observing the result at 
10ce magnification. Together, the high 
degree of friction between the two 
materials, plus the scratch produced 
on the synthetic corundum, indicated 
a hardness of 10—and confirmed the 


Figure 1. Unlike most black opaque materials, these cabochons (3.55 
and 3.56 ct, approximately 9.26 mm in diameter and 4.56 mm in 
depth) did not require advanced testing for identification because 
standard gemological tests proved them to be diamond. 
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Figure 2. Fiber-optic illumina- 
tion revealed the aggregate 
nature of the cabochons shown 
in figure 1, as seen here through 
the base of one of them. 
Magnified 15x. 


identification of these cabochons as 
diamond. 

We have reported on many un- 
usual diamond cuts in this section, but 
these are the first diamonds we have 
seen fashioned as cabochons. We noted 
that the transparent areas on the bot- 
toms of the two pieces were similar in 
size, shape, and placement. When we 
asked our client (who actually cut 
these gemstones} about this, he told us 
that the rough material had been 
shaped first into a bead, then sawed in 
half to make the two cabochons. 

IR 
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Figure 3. This 5.54 ct Fancy 
Vivid orange diamond is rare for 
its intensity of color. Diamonds 
in the orange hue range are typi- 
cally darker, less saturated, and 
often modified by brown. 


Rare Fancy Vivid Orange 


In the Fall 1996 issue (pp. 206-207), 
we reported on a diamond of rare 
color: a 3.40 ct heart shape that was 
graded Fancy Intense pinkish orange. 
At that time, we noted the unusual 
hue as well as an exceptionally strong 
saturation. A 5.54 ct cushion-shaped 
diamond (figure 3), which was recent- 
ly submitted to the East Coast lab, 
shared certain gemological properties 
with that heart shape and gave us an 
opportunity to expand our reporting 
of rare colors. 

The current stone was more sat- 
urated and more of a “pure” orange 
than the previously described heart 


shape; it received a color grade of 
Fancy Vivid orange. While we en- 
counter diamonds in the orange hue 
range from time to time, we seldom 
encounter one that we can describe 
simply as “orange,” with no modi- 
fiers. The intensity of the stone’s 
color also adds to its rarity. In the sys- 
tem used by the GIA Gem Trade 
Laboratory to describe colored dia- 
monds, the Fancy Vivid grade repre- 
sents those light- to medium-toned 
diamonds of the strongest saturation 
range (if the stone was darker in tone, 
the description would be Fancy Deep). 
The rough was reported to be of 
South African origin and to have 
appeared predominantly brown, with 
only a hint of orange. Like the Fancy 
Intense pinkish orange diamond 
described earlier, this stone also 
proved to be a type Ila diamond (as 
determined by infrared spectroscopy). 
The diamond fluoresced moderate 
yellow to long-wave UV radiation and 

moderate orange to short-wave UV. 
John King and TM 


With Surface Droplets of 

Filling Material 

The most prominent visual feature of 
most fracture-filled diamonds—the 
brightfield and darkfield flash-effect 
colors—should be familiar to GWG 
readers (see, e.g., R. C. Kammerling et 
al., “An Update on Filled Diamonds: 
Identification and Durability,” Gems 
&) Gemology, Fall 1994, pp. 142-177; 


Figure 4. The yellow darkfield (left) and purple brightfield (right) 

flash-effect colors in this fracture-filled 0.49 ct marquise brilliant 

are very subtle, as is typically seen in a filled diamond that has been 

subjected to heat. Magnified 30x. 
¥— 
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and S. F. McClure and R. C. Kammer- 
ling, “A Visual Guide to the Ident- 
ification of Filled Diamonds,” Gems 
& Gemology, Summer 1995, pp. 
114-119 plus chart). In recent months, 
however, staff members in both the 
East and West Coast laboratories have 
seen fracture-filled diamonds in 
which these flash-effect colors were 
less pronounced. Examples from the 
East Coast lab were shown in the 
Spring 1997 Lab Notes section (pp. 
56-57). More recently, the West 
Coast lab examined a fracture-filled 
near-colorless marquise brilliant (0.49 
ct) that had extremely subtle flash 
colors—and surface features that pro- 
vide a plausible explanation for this 
subdued appearance. 

With magnification, one surface- 
reaching “feather” in the stone 
showed low relief over most of its 
extent, with extremely subtle yellow 
and purple flash colors (figure 4). 
However, a portion of this fracture 
near the surface of the stone had very 
high relief, with no evidence of filling 
material. Transparent droplets were 
visible on the surface of the diamond 
near this apparently “unfilled” por- 
tion of the feather (figure 5). The use 
of energy-dispersive X-ray fluores- 
cence (EDXRF) spectroscopy con- 
firmed the presence of lead (Pb) in this 
stone, which we have found in all 
effective diamond-filling materials 
that we have tested to date. In fact, 
we would not expect EDXRF to 
detect Pb in a gem diamond of this 
appearance unless some sort of filler 
was present. 

In the Fall 1994 article by 
Kammerling et al. (cited above), we 
reported that heating a fracture-filled 
diamond could cause the flash-effect 
colors to be more subdued. The fea- 
tures we observed in this stone might 
well have been created if the diamond 
had been heated with a torch after it 
was filled. Although the filling mate- 
rial deep within the fracture probably 
was damaged by heating, the filling 
material nearer the surface of the 
stone had actually boiled out and 
then condensed as small droplets. 


ML] and SFM 
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Figure 52 
A straight double 
line of gas-filled 
negative crystals, 
with one. liquid-filled 
cavity in the center, 
shown in blue Cey- 
lon sapphire. 


Figure 58 
Octahedral crystals 
of dark red ruby 
spinels in a blue Cey- 

lon sapphire. 


( ) 


Figure 5. Small droplets on the surface of the filled diamond in figure 4 
are probably condensed filler material that boiled out of the filled frac- 
ture when the stone was heated. Magnified 40x. 


A Faceted Cat’s-Eye EMERALD 


Most chatoyant stones are fashioned 
as cabochons. In general, the cat’s-eye 
phenomenon is due to the presence of 
parallel bands of included materials 
(or hollow tubes) in a stone that has 
been shaped so that light is concen- 
trated along a line perpendicular to 
these parallel bands. In the rare cases 
where a potentially chatoyant stone 
has been fashioned as something 
other than a cabochon, or with the 
long axis of the cabochon oriented 
parallel to the inclusions, the result 
may be an overall sheen, but it is usu- 
ally not a sharp “eye.” 

In summer 1997, a 3.19 ct semi- 
transparent green stone was submit- 
ted to the West Coast lab for identifi- 
cation. Although faceted, the stone 
showed an obvious and sharp “eye” 
(figure 6). The gemological properties 
of this emerald-cut stone were consis- 
tent with emerald, including: R.I.’s of 
1.570-1.578, an S.G. of 2.68 (mea- 
sured with a DiaMension noncontact 
measurement system, manufactured 
by Sarin Technologies Ltd.), and typi- 
cal “chrome lines” seen with a desk- 
model spectroscope. It was inert to 
both long- and short-wave UV radia- 
tion. With magnification, we could 
see small, dark, opaque crystals— 
probably chromite—as well as frac- 
tures and curved bands of parallel 
white fibrous inclusions resembling 
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the “silk” commonly seen in rubies 
and sapphires. These inclusions con- 
firmed the identification of the stone 
as a natural emerald, and no evidence 
of clarity enhancement was present. 
The observations through the 
microscope also made it clear that the 
orientation of the white fibers was 
responsible for the chatoyancy. The 
curvature of the “silk” itself—not of 
the stone’s surface—and the orienta- 
tion of the curve to the table of the 
stone concentrated the light into a 
sharp “eye.” Although cat’s-eye emer- 
alds are known from both Colombia 
(see Winter 1996 Gem News, pp. 
284-285) and Brazil (see, e.g., Gem 
News: Spring 1992, p. 60; Spring 
1995, pp. 60-61; and Fall 1995, p. 


Figure 6. This 3.19 ct (11.05 x 
10.73 x 3.69 mm) faceted emer- 
ald shows a sharp “eye.” 
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206), this is the first faceted cat’s-eye 
emerald we have seen. 

ML], Dino DeGhionno, 

and Philip Owens 


JADEITE JADE 


Impregnated, with Exceptional 
Transparency 

Polymer impregnation in jadeite jade 
is an identification challenge fre- 
quently encountered at the GIA Gem 
Trade Laboratory. While we rely on 
infrared spectroscopy for conclusive 
evidence of impregnation, standard 
gemological testing can reveal fea- 
tures suggestive of this treatment. 
These features have been documented 
in the article “Identification of 
Bleached and Polymer-Impregnated 
Jadeite” (Fritsch et al., Gems & 
Gemology, Fall 1992, pp. 176-187) 
and in a number of Lab Notes (e.g., 
Spring 1995, p. 55). 

An 8.25 ct variegated green-and- 
white carving was submitted to the 
East Coast laboratory for identifica- 
tion. Standard gemological testing 
revealed properties typical of jadeite 
jade, particularly a refractive index of 
1.66 by the spot method, and the pres- 
ence of chromium lines in the spec- 
troscope (which also indicates natural 
green color). The bulk of the carving 
was inert to both long- and short- 
wave UV. 

Usually, a distinctive surface tex- 
ture is the first indication of impreg- 
nation; in this case, however, it was 
the unusual internal structure that 
initially raised our suspicions. The 
carving had near-colorless areas of 
exceptional transparency surrounding 
isolated green grains of jadeite (figure 
7). Although untreated jadeite is often 
variegated green-and-white, it is quite 
rare to see the “white” areas with this 
degree of transparency (see, however, 
Gem Trade Lab Notes, Summer 1995, 
pp. 123-124). When we examined the 
piece further, we discovered residual 
polymer, most noticeably in a drilled 
hole (figure 8), but also in depressed 
areas of the carving. These areas fluo- 
resced strong yellow to long-wave UV 
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Figure 7. The “white” areas in 
this polymer-impregnated green- 
and-white jadeite jade carving 
were extremely transparent. 
Magnified 20x. 


radiation, while the rest of the piece 
remained dark. Visible outlines of 
grain boundaries in both the white 
and green areas further supported our 
suspicion that the piece had been 
impregnated; this was subsequently 
confirmed by infrared spectroscopy. 
The infrared spectrum revealed 
yet another unusual feature in this 
thin (and apparently very heavily 
impregnated) carving: The polymer 
peaks were so strong that the typical 
jadeite spectrum was dwarfed in com- 
parison, and the absorption peaks typ- 
ical of jadeite were not recognizable 
until the spectrum was greatly magni- 
fied. Elizabeth Doyle 


Resembling Nephrite Jade 

One of the unavoidable temptations 
for any gemologist is the “Sight ID”: 
the identification of a stone without 
the use of a refractometer, a spectro- 
scope, a microscope, or any other 
instrument. In many cases, the mate- 
rials to be identified are indeed what 
we suspected them to be, which rais- 
es the risk of increasing our hubris to 
unacceptable levels; then another, 
more challenging sample arrives to 
restore necessary humility. 

In spring 1997, the West Coast 
laboratory examined a sample that 
illustrates the hazards of attempting 
instrument-free identifications. The 
pierced and carved lid (to an urn that 
was not submitted) measured 97.8 x 
97.7 0» 49 mm. The carving was 
translucent, with a glassy luster and a 
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Figure 8. Excess polymer is visi- 
ble in this hole drilled in the 
carving shown in figure 7. 
Magnified 20x. 


mottled brownish green color. 
Perhaps a better descriptive term than 
“mottled” for the distribution of color 
might be “cloudy” (nebulous), since 
the color patches appeared to have dif- 
fuse margins, and there were no 
strongly saturated areas. At this point, 
the practitioner of the “Sight ID” 
technique would have proclaimed it 
to be nephrite on the basis of its lus- 
ter, diaphaneity, and desaturated 
color. 

Gemological properties immedi- 
ately confounded this expectation: 
We obtained an R.I. of 1.66; observed 
a line at 437 mm (characteristic of 
jadeite) and chrome lines with the 


Figure 9. Jadeite “phantom” 
crystals, with translucent green 
cores and near-colorless rims, 
were seen with low magnifica- 
tion in this carved lid. The cen- 
ter crystal measures about 0.5 
mm across. 


GEMS & GEMOLOGY 


spectroscope; and resolved an aggre- 
gate optic character with the polar- 
iscope—as expected for jadeite, 
nephrite, and many other aggregates 
and rocks. The piece was inert to both 
long- and short-wave UV radiation; it 
was too large for us to obtain specific- 
gravity measurements. 

With magnification, we observed 
features expected for jadeite, not 
nephrite, as well as the reason for the 
nephrite-like appearance. Jadeite jade 
and nephrite jade, both aggregate 
materials, owe their toughness to dif- 
ferent microstructures: In jadeite, the 
material consists of intergrown 
blocky jadeite crystals with interfin- 
gering margins; whereas nephrite is a 
felted (compressed and intertwined) 
aggregate of actinolite-to-tremolite 
amphibole fibers. This lid was carved 
from material consisting of rather 
large (millimeter-size) jadeite grains 
with translucent-to-semitranslucent 
green cores and near-colorless trans- 
parent margins (figure 9); such cloudy- 
cored “phantom” jadeite crystals 
were new to our experience. The 
appearance of the overall piece was 
due in part to the green cores, as well 
as to the thin, iron-stained fractures 
throughout it. As with all jadeite 
jades, we checked this piece for poly- 
mer impregnation using Fourier 
Transform infrared spectroscopy 
(FTIR); no absorptions indicative of 
impregnation were seen. 

ML] 


Synthetic Green PERICLASE 


In the Spring 1996 Gem Trade Lab 
Notes (pp. 48-49), we reported on a 
5.49 ct colorless periclase that might 
have been confused with grossular 
garnet. At the end of that entry, we 
noted that green synthetic periclase, 
as reported in the literature, might 
cause even more concern because of 
its resemblance to green garnet. 

As fate would have it, the West 
Coast laboratory was recently asked 
to identify the 115.32 ct transparent 
yellowish green piece of rough shown 
in figure 10, which had been repre- 
sented as a natural periclase from 
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Figure 10. The shape of this 
115.32 ct piece of rough synthet- 
ic periclase was dictated by 
well-developed cubic cleavage. 


Ghana. Gemological properties were: 
R.I—1.736; $.G.—3.59; optic charac- 
ter—singly refractive with weak 
anomalous double refraction, no fluo- 
rescence (inert) to either long- or 
short-wave UV radiation; and no 
absorption features seen with the 
handheld spectroscope. When a 
strong parallel beam of light was 
directed into the piece from a fiber- 
optic light source, we saw strong red 
transmission. With magnification, we 
noted numerous blocky crystals in 
addition to well-developed cleavage 
along cube planes. This cleavage actu- 
ally dictated the shape of the rough 
(and proved that the piece could not 
be grossular garnet, since garnets do 
not show cleavage in any direction). 
Chemical analysis by EDXRF spec- 
troscopy showed a high magnesium 
content, with small amounts of 
chromium, calcium, and iron; this 
confirmed the identity of the material 
as periclase (pure periclase is magne- 
sium oxide, MgO). 

Periclase has not been reported as 
occurring in nature in anything close 
to this size as facetable single-crystal 
material. In fact, we could not find 
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any reference to a known natural 
faceted periclase of any size (we could 
not conclusively identify the emerald- 
cut stone described in the Spring 1996 
issue as natural or synthetic)—or to 
natural periclase colored green by 
chromium. However, large transpar- 
ent pieces of synthetic periclase have 
been reported as by-products of the 
manufacture of refractory magnesia 
by a company in Australia (see G. 
Browne, “Australian Synthetic 
Periclase,” Australian Gemmologist, 
November 1993, pp. 265-269). This 
process uses magnesite nodules— 
magnesium carbonate—from the 
Kunwarara deposit near Rock- 
hampton, Queensland, which are 
crushed and heated to produce cal- 
cined magnesia. This material can 
then be electrofused to form ingots of 
fused synthetic periclase. These 
ingots have a 2-m-diameter central 
core of cryptocrystalline synthetic 
periclase, which is surrounded by two 
rims of differing structure. The inner 
rim, where the gem-quality crystals 
form, is approximately 10 cm wide. 
One of the habits of these crystals, as 
described by Browne, is “pseudocubic 
masses bounded by cleavage planes,” 
which exactly describes the rough we 
examined. 

The process for producing syn- 
thetic periclase differs greatly from all 
other known growth processes for 
synthetic gems, and the internal char- 
acteristics generated by electrofusion 
are not well documented. Square, 
plate-like negative crystals were 
observed in some samples of known 
synthetic periclase seen in the Gem 
Trade Laboratory in 1969, a material 
marketed under the name Lavernite 
(“Developments and Highlights at the 
Gem Trade Lab in Los Angeles,” 
Gems & Gemology, Spring 1969, p. 
22.) However, since natural periclase 
is so rarely found in gem-quality crys- 
tals of any size, the inclusions we 
observed could not assist in identify- 
ing this piece as natural or synthetic. 
In this instance, we reasoned that 
since the size and color of this speci- 
men were so far removed from any 
periclase that has been found in 
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nature, this item must be synthetic. 
As discussed in the earlier entry, we 
have not found definitive criteria to 
establish whether a smaller faceted 
piece of such material would be natu- 
ral or synthetic. 
Maha DeMaggio 
and SFM 


Editor's note: An 18.98 ct yellowish 
green pear-shaped brilliant, examined 
in the East Coast lab at press time, 
also turned out to be synthetic peri- 
clase. It had the same RL, S.G., and 
chemical constituents described 
above; was inert to long-wave UV, but 
fluoresced an extremely weak orangy 
yellow to short-wave UV radiation; 
and showed weak red transmission to 
the fiber-optic light. With magnifica- 
tion, we saw a pinpoint cloud and a 
small round bubble. IR 


QUARTZ 


Quench-Crackled and Dyed to 
Imitate Amethyst 


Last winter, a client called the East 
Coast lab to ask us about an alleged 
new treatment that uses lasers to 
induce a purple color in rock crystal. 
The client stated that this treated 
material had been offered for a price 
even lower than that of synthetic 
amethyst. Although we were aware 
that radiation might be able to inten- 
sify the purple color in amethyst 
(G. R. Rossman, “Color in Gems: The 
New Technologies,” Gems # Gem- 
ology, Summer 1981, pp. 60-71), we 
did not know of any mechanism 
whereby a laser could induce purple 
color in near-colorless quartz. At our 
request, then, the client sent us two 
beads for examination (figure 11). 

The beads were light to medium 
purple, but even to the unaided eye 
the color looked uneven. With magni- 
fication, we observed that the materi- 
al was fractured throughout, with the 
purple color concentrated in these 
fractures (figure 12). Small flat sur- 
faces on the beads allowed us to mea- 
sure the refractive indices at 1.54 and 
1.55, indicating quartz. When the 
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Figure 11. These purple beads, each about 10 mm in diameter, were 
offered as amethyst. They are actually colorless quartz that has been 


quench-crackled and dyed purple. 


beads were exposed to both long- and 
short-wave UV radiation, the frac- 
tures fluoresced a weak to medium 
orange, whereas the solid areas of the 
material were inert. The mid-infrared 
spectrum showed several overlapping 
peaks between 3000 and 4000 cm, 
which are seen in all varieties of 
quartz, plus additional structure 
around 2900 cm:!, which is similar to 
the absorptions seen in polymer- 
impregnated materials. These proper- 
ties led us to the conclusion that the 
beads had been quench-crackled and 
dyed. The pervasive cracks effectively 


Figure 12. Magnification readily 
revealed the extensive network 
of fractures and the concentra- 
tion of purple color in the frac- 
tures of the beads shown in fig- 
ure 11. Magnified 10x. 
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hid any other internal features, so we 
could not determine whether the 
starting material was natural or syn- 
thetic quartz. 

Over the years, we have reported 
on quench-crackled quartz in both 
green and red, imitating emerald and 
ruby (see, for example, Winter 1981 
Lab Notes, pp. 229-230, and Gem 
News: Winter 1989, p. 247, and Fall 
1992, pp. 205-206). However, this is 
the first time we have seen quartz 
dyed purple to simulate amethyst. 

IR 


TOPAZ 


Fashioned to Imitate 
Diamond Rough 


In the hands of a clever lapidary, 
almost any near-colorless rough mate- 
rial can be fashioned into an object 
resembling a diamond crystal. We 
have reported on a number of cubic 
zirconia imitations of diamond rough 
(see Lab Notes, Winter 1988, pp. 
241-242, and Fall 1996, p. 205; and 
Gem News, Spring 1994, p. 47). The 
high refractive index of cubic zirconia 
results in a good-looking imitation, 
but such pieces feel suspicious in the 
hand because of their high specific 
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gravity. Recently we reported on an 
imitation made from topaz (Lab 
Notes, Spring 1997, p. 57). With a spe- 
cific-gravity range that includes the 
value for diamond, such an imitation 
has the appropriate heft, but the lower 
refractive index gives a suspect 
appearance. 

In late spring 1997, the East 
Coast lab received two specimens for 
identification, both of which appeared 
to be diamond rough in the form of 
distorted octahedra with characteris- 
tic dodecahedral grooves. The larger 
(63.65 ct) “crystal” was near-colorless, 
while the smaller (26.88 ct) stone had 
numerous dark inclusions and an 
uneven light blue color (see figure 13). 
The stones did not have an adaman- 
tine luster, but they did show a 
greasy-looking patina similar to that 
sometimes seen in waterworn dia- 
mond crystals. Although the specific 
gravities, measured hydrostatically, 
were 3.55 and 3.54, respectively, none 
of the other properties was consistent 
with those of diamond. 

In fact, the optical and physical 
properties revealed that the true iden- 
tity of these two specimens was 
topaz. Both were doubly refractive, 
and we found a biaxial optic figure in 
the larger piece. Although the rough- 
ened surfaces were not ideal for R.I. 
measurement, we obtained values of 
1.60 and 1.61 by the spot method. 
Both pieces showed weak yellow fluo- 
rescence to long-wave UV radiation 
and no reaction to short-wave UV. 
Hardness tests on discreet areas of 
each piece of rough showed them to 


Figure 13. These two “crystals,” 
fashioned to look like diamond 
rough, were identified as topaz. 
They weighed 63.65 and 28.88 ct. 
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Figure 14. The many long, narrow 
inclusions in this topaz are tour- 
maline and chlorite crystals. 
They give an overall blue color to 
the otherwise near-colorless 
topaz host. Magnified 15x. 


be between 7 and 9 on the Mohs 
scale. Neither piece showed any fea- 
tures in the hand spectroscope. 

Using magnification, we identi- 
fied the dark inclusions in the smaller 
piece by their crystal habit and blue, 
gray, and green colors as tourmaline 
and chlorite (figure 14}, which are not 


Figure 15. The shape, orienta- 
tion, and raised relief of the 
“trigons” on this fashioned 
topaz do not reproduce the 
appearance of actual trigons on 
diamond crystals. Magnified 5x. 


known to occur in diamond. When 
this same stone was examined with 
diffused light, it was apparent that 
most areas were near-colorless and 
the overall blue color was caused by 
the inclusions. The trigons on both 
pieces also showed a number of char- 
acteristics that are not seen in dia- 


mond: They were raised above the 
surface rather than depressed into it, 
were different in shape from the faces 
on which they occurred, and (as 
shown in figure 15) were not inverted 
(as described for natural diamond in 
Y. L. Orlov, The Mineralogy of the 
Diamond, John Wiley and Sons, New 
York, 1973, especially pp. 72-106). In 
reflected light, we saw weak polishing 
lines on some areas of the 26.88 ct 
piece, which proved that these sur- 
faces were not naturally occurring. 

It is evident that a great deal of 
lapidary artistry was used to manufac- 
ture these specimens. They serve to 
remind us that a gemologist must 
never be swayed by the “obvious” 
appearance of an unknown specimen 
before reaching a conclusion. 

GRC and IR 
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DIAMONDS 

Extreme wear on diamonds. A turn-of-the-century brooch 
was brought to one of the contributing editors (EF) by M. 
Bouchet—a Nantes, France, jeweler who specializes in 
estate pieces—to confirm that the gems in the piece were 
indeed diamonds. The brooch contained several near-col- 
orless round brilliants, all of which showed extreme wear 
on the facet junctions surrounding their tables. Using a 
thermal probe diamond tester, Drs. Fritsch and B. Lasnier, 
of the University of Nantes, easily proved that all the 
stones were natural diamonds. The center stone, 
unmounted, is shown in figure 1. This stone is even more 
damaged than the one mentioned in the Fall 1983 Gem 
Trade Lab Notes (p. 172). Note that the wear is much 
greater on one side, where it extends almost halfway 
down the star facet. Most remarkably, all the stones in 
the brooch showed the same pattern of abrasion, with the 
most abraded parts of each in the same orientation rela- 
tive to the brooch. Damage was also visible on the tables 
of most of the stones as scratches, nicks, and small feath- 
ers extending into the diamonds. The worn-down surfaces 
were quite smooth. 

The jeweler told Dr. Fritsch that sometime after the 
purchase the customer had returned the brooch, claiming 
that the stones were not diamonds and asking to be reim- 
bursed. The customer had shown the piece to another jew- 
eler, who stated that faceted stones with so much wear 
could not possibly be diamonds, but were most likely zir- 
con imitations. Aside from the issue of hardness, the abrad- 
ed edges along the table of the diamond in figure 1 make it 
difficult to discern the table reflections in this stone. Thus, 
the important visual "test" for diamonds—that is, that 
many diamond imitations do not "look right" because the 
reflection of the table in the pavilion facets is the wrong 
size (for stones with different refractive indices) or even 
doubled (in most orientations of birefringent materials, 
such as zircon)—would not be reliable in this instance. 

The reason for this extreme wear remains a mystery, 
as no information was available on the history of the 
brooch. 
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How many diamonds are there in Arkansas? Professor A. 
A. Levinson, of the University of Calgary, Alberta, 
Canada, has provided the following analysis of develop- 
ments at the Crater of Diamonds State Park, near 
Murfreesboro, Arkansas. 

Although diamonds were found in a pipe near 
Murfreesboro in 1906, various attempts to mine them 
from 1907 to 1932 always ended in financial loss. In 
1972, the locality became the Crater of Diamonds State 
Park, a tourist attraction where members of the public 
could keep all the diamonds they found. Over the past 20 
years, about two stones—with an average weight of 
approximately 0.2 ct—have been found daily (see, e.g., 
“Arkansas's Diamond Park: Challenge of the Hunt ver- 
sus Chance for Big Profits” by R. Shor, Jeweler's 
Circular-Keystone, November 1993, pp. 56-57). In this 
era of frantic exploration for new diamond deposits, it 
was therefore natural to reconsider the Murfreesboro 
lamproite pipe for its economic potential. However, 
there had never been a reliable estimate of the ore grade 
(carats per ton) of the pipe, nor an accurate determination 
of the value of the stones. 

In 1987, the Arkansas state legislature passed a law 
allowing commercial mining at the site. In September 
1996, after approval was received from the U.S. National 
Park Commission, and after the failure of litigation by 
various third parties seeking to halt the project, a group 
under the auspices of the State of Arkansas Department 
of Parks and Tourism began to collect an approximately 
10,000 ton bulk sample of the lamproite for evaluation of 
the ore. The final results of this evaluation were given in 
an Ashton Mining of Canada Inc. press release dated 
February 10, 1997. 

Citing information that was provided in this and 
previous press releases, Professor Levinson noted that the 
bulk sample was collected from 18 trenches in those 
parts of the pipe that were the historical sources of most 
of the recorded diamonds. From a total of 8,819 tons of 
ore, 207 diamonds were recovered (total weight 45.75 ct, 
for an average weight per stone of 0.22 ct). This calcu- 
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lates to an average diamond content of 0.005 carat per 
ton of ore. 

These results fall significantly short of the diamond 
content required to support a commercial mining opera- 
tion (e.g., typical economic kimberlite pipes average 
0.3-0.5 ct/ton). Clearly, this pipe can remain a tourist 
attraction without the complication of concurrent min- 
ing. 

Professor Levinson suggests that the tourists are 
mining more diamonds than the bulk sample indicates 
the source should provide naturally. From the informa- 
tion given, he notes, about 0.40 ct of diamonds are recov- 
ered daily by tourists. This is equivalent to the diamond 
content of 80 tons(!) of lamproite at this deposit (i.e., 0.40 
ct divided by 0.005 ct/ton), leading to an interesting ques- 
tion as to how some of these diamonds reached the site. 


COLORED STONES AND 
ORGANIC MATERIALS Ss =| 


Prospecting for beryl in Saudi Arabia. There are many 
instances in the Arabic literature of emeralds and other 
beryls being found in Saudi Arabia; these were compiled 
in a 1989 report by B. A. Al-Fotawi (“A Brief Review of 
the Mines and Mineral Occurrences in the Arabian 
Peninsula (Hamad Al-Jasear),” Saudi Arabian Ministry 
for Mineral Resources Open File Report DGMR-of-09-18, 
Kingdom of Saudi Arabia, 19 pp.). While working for the 
Ministry of Petroleum and Mineral Resources, Faisal M. 
Allam investigated some of these occurrences, and 
reported his findings to the Saudi Arabian government in 
1992 (“Gemological Investigation for Gemstone— 
Emerald/Aquamarine in the Arabian Shield,” Technical 


Figure 1. Note the extreme and uneven wear on this 
diamond (about 4.5 mm in diameter), which was the 
centerpiece of a brooch in which all the diamonds 
showed similar abrasion. Photo by Bernard Lasnier. 
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Report DGMR-TR-91-9 of the Ministry of Petroleum and 
Mineral Resources). Mr. Allam recently became a GIA 
student, and generously agreed to share the results of this 
hard-to-find report with our readers. 

Mr. Allam studied the Hadiyah area, which report- 
edly was a site of ancient emerald mining; however, the 
only green mineral he found was epidote, not emerald. 
Other varieties of beryl had been described from 12 local- 
ities (pegmatite dikes) in the Precambrian Arabian Shield 
rocks in Saudi Arabia between Riyadh and the Red Sea; 
these localities were explored in more detail. Although 
none showed potential for large-scale gem mining, some 
gem-quality aquamarine was obtained from the Karath 
Well pegmatite, and small faceted aquamarines could be 
fashioned from gemmy crystals (up to 8 cm long by 1.5 
mm wide) found at Jabal Tarban. Specimen-quality aqua- 
marine crystals may be recovered from both of these 
sites, as well as from Sarat Bishah and Jabal al Hawshah. 
Two other sites had smaller or scarcer beryl samples, 
while no beryl was found in the remaining six historic 
occurrences. Three good-quality aquamarines in the 1-2 
ct range were cut from Karath Wells material. 


Lab Alert: Radioactive cat's-eye chrysoberyls. Several 
hundred carats of radioactive cat's eye chrysoberyl are 
being offered on the Bangkok market, according to 
Kenneth Scarratt, president of the Centre for Gemstone 
Testing (the successor of the AIGS Laboratory) in that 
city. The material was discovered in late August 1997, 
when a Bangkok dealer (J. Bergman, of Gem Essence Co.}, 
requested that some brown cat's-eye chrysoberyl be test- 
ed for radioactivity. 


The Centre for Gemstone Testing examined one 3.5 
ct stone and found it to be highly radioactive, with an 
activity level of 52 nCi/g. This is significantly higher 
than the legal release levels set by the relevant authori- 
ties in the United States (1.0 nCi/g), United Kingdom (2.7 
nCi/g), and Asia (2.0 nCi/g). Using a Geiger-Mueller 
counter, Mr. Scarratt found that the stone had a contact 
radiation level of about 11 milliroentgens per hour. 
Subsequent tests showed that it had a half-life of approxi- 
mately 103 days, indicating that this particular stone 
would not reach the legal release level in Asia before 
January 1999. Until then, it must be kept in a properly 
shielded radioactive materials storage container. 

The chrysoberyl in question was described as having 
an “unusual dark brown” color (figure 2), which was 
found to be stable to a quick “fade test’”—heating in the 
well of a microscope (until too hot to hold) for a period of 
one hour. The original material reportedly came from 
Orissa, India, and Mr. Scarratt believed that it was bom- 
barded with neutrons in a nuclear reactor somewhere in 
Asia and then released illegally. According to one source 
with whom Mr. Scarratt spoke, “hundreds” of these 
stones have been available in Indonesia since April 1997, 
and by early September still more material had changed 
hands at the gemstone marketplace in Chantaburi, 
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Figure 2. Material similar to the pale green cat's-eye 
chrysoberyl on the left was irradiated to produce the 
3.5 ct radioactive dark brown cat's-eye chrysoberyl on 
the right. Photo courtesy of Kenneth Scarratt. 


Thailand. Robert E. Kane, director of the Gtbelin 
Gemmological Laboratory in Lucerne, Switzerland, 
reported seeing several examples of this material at the 
September 1997 Hong Kong Show. Mr. Scarratt advised 
that members of the gem trade immediately check all 
cat's-eye chrysoberyls of an unusual dark brown color for 
excessive radioactivity. 


Demantoid garnets from Russia . . . The greater availabil- 
ity of fine Russian demantoid was described by W. R. 
Phillips and A. S. Talantsev in the Summer 1996 Gems 
@& Gemology (“Russian Demantoid, Czar of the Garnet 
Family,” pp. 100-111). The editors saw an excellent 
demonstration of the return of this material earlier this 
year. Bear and Cara Williams of Bear Essentials, Jefferson 
City, Missouri, showed us several bright green deman- 
toids that were reportedly from the Bobravka River, near 
Nizhniy Tagil. These stones had been fashioned in the 
nearby Ekaterinburg region. We borrowed two stones, 


Figure 3. These two 
demantoid garnets, 1.18 
and 1.34 ct, were recently 
recovered from Russian 
deposits. Stones courtesy 
of Bear Essentials; photo 
by Maha DeMaggio 
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weighing 1.34 and 1.18 ct (figure 3), for gemological char- 
acterization. 

Gemological properties were as follows (largest 
stone first, where different): shape—oval brilliant, oval 
mixed cut; color—yellowish green; color distribu- 
tion—even; pleochroism—none; optic character—singly 
refractive; Chelsea color filter reaction—deep orangy red, 
weak orangy red; R.I.—greater than 1.81; S.G.—3.87, 
3.86; inert to both long- and short-wave ultraviolet radia- 
tion; no visible luminescence (“transmission lumines- 
cence”), absorption spectrum—460 nm cutoff, 620 nm 
line, 638 nm line, weak 690 nm line (difficult to see in 
the large stone}, 680 nm cutoff (large stone only); inclu- 
sions—"horsetails” (both stones), fractures (both stones), 
large cavity on girdle (large stone only). An energy-dis- 
persive X-ray fluorescence (EDXRF) spectrum taken on 
the largest stone showed major Si, Fe, and Ca, minor Cr, 
and trace V. 


.... and from Namibia. A number of people have 
brought to our attention the fact that demantoid gar- 
nets—long thought to occur almost exclusively in Russia 
(see, e.g., the Phillips and Talantsev article cited in the 
previous entry]—are now commercially available from a 
new locality in the southern African nation of Namibia. 
Contributing editor Henry Hanni first brought these 
stones to our attention. In spring 1997, he received two 
demantoid garnet crystals that were reportedly from a 
new source in Namibia; they were sent by Mr. Hilmar 
Bosch, Hilton, Natal, South Africa. The two crystals 
weighed 13.52 and 3.87 ct (Mr. Bosch reported seeing 
crystals as large as 30 ct). They had the following proper- 
ties (largest first, where different): shape—both were par- 
tial rhombic dodecahedra (figure 4); surface tex- 
ture—stepped growth in small steps, with features 
resembling slight corrosion; color—light yellowish green, 
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Figure 4. These two crystals (3.87 and 13.52 ct) are 
demantoid garnets from a new locality in Nami- 
bia. Photo courtesy of Henry Hanni. 


grayish green (both resembling peridot in color); color 
distribution—yellower at the core (in the first stone), 
even (in the second); absorption spectrum—sharp band at 
425; reaction to Chelsea filter—reddish. With magnifica- 
tion, we saw open fissures in both crystals and some tiny 
fluid inclusions in the smaller piece; however, no “horse- 
tail” inclusions were seen in either crystal. EDXRF spec- 
troscopy gave Si, Ca, and Fe—consistent with andra- 
dite—but very little chromium (the green chromophore}, 
which was estimated at 0.05 wt.% CrjO3. An article by 
Thomas Lind et al. in a recent issue of the Zeitschrift der 
Deutschen Gemmologischen Gesellschaft (“Neues 
Vorkommen von Demantoid in Namibia,” Vol. 46, No. 
3, 1997, pp. 153-160) reported between 0.02 and 0.13 
wt.% CryO3 in this material. 

Marc Sarosi, a gem dealer in Los Angeles, California, 
shared seven fashioned demantoids (0.71-3.42 ct), two 
small demantoid crystals (8.91 and 9.54 ct}, and one 1.11 
ct yellowish brown andradite from this locality with the 
Gem News editors (some of these stones are shown in 
figure 5). Gemological properties of the fashioned deman- 
toids were as follows: color—green to yellowish green; 


Figure 5. The newly dis- 
covered Namibian 
deposit reportedly pro- 
duced these rough and 
fashioned demantoids 
and yellowish brown 
andradite from the new 
find in Namibia. The 
largest crystal (right) 
measures 13.91 x 12.06 
x 7.27 mm, and the 
largest pear-shaped 
demantoid weighs 1.95 
ct. Stones courtesy of 
Marc Sarosi, Los 
Angeles, CA; photo by 
Maha DeMaggio. 
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refractive index—over the limits of our standard refrac- 
tometer (greater than 1.81); optic character—singly 
refractive with strong anomalous double refraction; inert 
to both long- and short-wave ultraviolet radiation; 
Chelsea filter reaction—orange to red; specific gravi- 
ty—3.83-3.85; absorption spectrum (using a handheld 
spectroscope]—band at 445 nm, general absorption below 
450 nm, and (one stone only) diffuse 580 and 630 bands. 
Magnification revealed strong dispersion, “fingerprints,” 
crystals (some of which could be resolved as prismatic in 
shape), a negative crystal with a two-phase inclusion, and 
needles in two samples. No sample contained “horse- 
tail” inclusions, although the 1.11 ct yellowish brown 
andradite contained yellow needles (some of which 
curved slightly), Lind et al. also found no “horsetails” in 
the Namibian demantoids they examined. The stones 
showed pronounced angular or straight transparent 
growth zoning, and, in one case, iridescence along the 
growth planes (so-called “rainbow graining”). EDXRF 
analysis of the green fashioned stones revealed major Ca, 
Fe, and Si, and minor Mn and Cr. The two rough speci- 
mens we examined showed parallel growth of smaller 
crystals, with smooth dodecahedral faces and etched 
trapezohedral faces; one piece had grown on a 5 mm 
white “scepter” quartz crystal. 

A published report in Jewellery News Asia (August 
1997, p. 36) states that the source for these demantoids 
and other andradites is the Usakos mine in Namibia, and 
that the largest stone fashioned to date weighs 9.89 ct. 
The deposits are reportedly alluvial in nature. 


A gem-quality ettringite group mineral, probably stur- 
manite. Each February, the gem and mineral shows in 
Tucson provide many interesting, sometimes important, 
gemological discoveries. Although some of these are rela- 
tively easy to analyze and describe, others are much more 
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Figure 6. This 3.82 ct yellow cabochon is a mineral 
in the ettringite group, probably sturmanite. Photo 
by Maha DeMaggio. 


challenging. Such was the case with the 3.82 ct bright yel- 
low translucent oval cabochon shown in figure 6. 

The original 10.12 ct piece of rough came from 
Kevin Lane Smith, a Tucson gem and mineral dealer. Mr. 
Smith also had a fist-size, highly translucent piece of this 
material, a large, well-polished translucent cabochon; 
and a small faceted stone. The material was reportedly 
from the Kuruman District in South Africa, and it was 
represented as ettringite, a member of the mineral group 
of the same name. Ettringite-group minerals are hydrous 
mixed sulfates/carbonates/borates/hydroxides of calcium 
and other elements (e.g., Al, Cr, Fe, Mn, and Si); identify- 
ing specific minerals in this group is difficult, so many 
specimens are simply labeled “ettringite group.” Thus, 
we thought that gemological identification of this mate- 
rial would be a good exercise in gem-testing technique. 

Gem Trade Lab staff gemologist Phil Owens fash- 
ioned the rough into a 14.00 x 10.22 x 5.12 mm oval 
cabochon (figure 6); he commented that the material was 
very soft (ettringite has a hardness of 22.5) and difficult 
to polish. In part, this latter difficulty was caused by 
numerous inclusions of tiny, transparent-to-translucent, 
near-colorless crystals, which were appreciably harder 
than the host material. As a result, the softer mineral 
undercut around the surface-reaching inclusions. 

The basic gemological properties obtained from the 
cabochon were of little help in determining whether it 
was ettringite or sturmanite. The spot R.I. reading of 1.50 
was consistent with a reading for either mineral. The 
specific gravity, determined by the hydrostatic method, 
was 1.86, slightly higher than the 1.847 value for stur- 
manite (see D. R. Peacor et al., “Sturmanite, a Ferric Iron, 
Boron Analogue of Ettringite,” Canadian Mineralogist, 
Vol. 21, 1983, pp. 705-709) and considerably higher than 
the 1.77 value for the type specimen of ettringite. The 
slightly elevated value (relative to sturmanite) could be 
caused partly by the many tiny inclusions previously 
mentioned, which contributing editor Dino De- 
Ghionno—using X-ray powder diffraction analysis—iden- 
tified as calcite. 
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EDXREF analysis, performed on the finished cabo- 
chon by former GTL Research Technician Dijon 
Douphner, showed that the yellow material contained 
Al, Ca, Fe, Mn, and S, with possible traces of As, Cu, Pb, 
K, and Sr. The iron and manganese content appeared too 
high for ettringite, which nominally does not contain 
these elements. (Note that GIA's EDXRF system does 
not detect oxygen, hydrogen, or boron.) However, the 
qualitative chemistry fit very well with the chemical for- 
mula for sturmanite. 

A small powder sample, scraped from the rough by 
Mr. DeGhionno, was used for X-ray powder diffraction 
analysis. The pattern that we obtained matched the line 
positions and relative intensities listed for sturmanite 
more closely than it matched those for the mineral 
ettringite. 

Thus, much of our data pointed to sturmanite as the 
correct identity of this bright yellow cabochon. However, 
because the ettringite group is a solid solution (as is, for 
example, garnet), the chemistry and nature of the materi- 
al can vary significantly, even within a single sample. 
Consequently, our conclusion on a GTL report would 
read: “A member of the Ettringite mineral group, proba- 
bly Sturmanite.” 


Bicolored grossular-andradite garnets from Mali. When 
“Gem-Quality Grossular-Andradite: A New Garnet from 
Mali” (M. L. Johnson et al., Fall 1995 Gems e) Gemology) 
was written, we had seen these garnets in three color 
types: orange to brown, somewhat desaturated yellow- 
green, and bright green (see the cover of the Fall 1995 
issue for examples). In 1996, Bank et al. (“Gemmologie 
Aktuell,” Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 45, No. 1, pp. 1-4) predicted that bicol- 
ored yellowish green and dark brown grossular-andradite 
garnets were also possible. Coincidental with the publi- 
cation of that article, in fact, two bicolored emerald-cut 
grossular-andradite garnets from Mali were loaned to the 
Gem News editors by David Knecht of RKG, 
Minneapolis, Minnesota. The larger, 2.57 ct, stone was a 
“classic” bicolor—brownish yellow on one side and 
greenish yellow on the other. The smaller, 1.22 ct, stone 
had a yellowish green core (figure 7) surrounded on all 
sides by green-yellow garnet; the core was especially dis- 
tinct in polarized light. The gemological properties were 
(larger stone first, where different): optic character— 
singly refractive, with medium-order (2.57 ct) or high- 
order (1.22 ct) strain; color-filter reaction—brownish red, 
none; R.I.—1.770 (2.57 ct stone, greenish yellow region), 
1.768 (2.57 ct stone, brownish yellow region), 1.761 (1.22 
ct stone); S.G.—3.66, 3.64; fluorescence—inert to both 
long- and short-wave UV; absorption spectrum—415 nm 
cutoff, 440-450 nm band, faint absorption at 500 nm 
(2.57 ct stone); faint 415 nm band, 440-450 nm band 
(1.22 ct stone). According to EDXRF results, both stones 
contained Al, Si, Ca, Fe, Ti, Cr, and Mn. Green cores 
(like the one in the 1.22 ct stone) also have been seen in 
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Figure 54 
Loosely scattered 
brown zircon erys- 
tals, with brown 
pleochroic radio- 
halos, in a yellow 
sapphire from Cey- 

lon. 


Figure 55 
An exceptionally 
well formed corun- 
dum crystal in a 
blue Ceylon sapphire. 


some near-colorless grossular garnets from Asbestos, 
Quebec (see, for instance, W. L. Roberts, G. R. Rapp Jr., 
and J. Weber, Encyclopedia of Minerals, 1st ed., Van 
Nostrand Reinhold Co., New York, 1974, plate 60). 


More on opal from Shewa, Ethiopia. Dr. Don Hoover (for- 
merly of the U.S. Geological Survey) recently shared 
with us two samples of Ethiopian opals that have some- 
what unusual properties, as compared to other opals and 
especially to those described in the Johnson et al. article 
on this locality (Gems & Gemology, Summer 1996, pp. 
112-120). As illustrated in figure 8, thin “tubes’”—such 
as the ones shown in figure 10 of the 1996 paper—per- 
vaded the approximately 2. cm chunk of rough opal. The 
tubes occupied the same volume as patches of play-of- 
color in this opal; however, the play-of-color regions did 
not appear to be bounded, warped, or disturbed in any 
way by the presence of the tubes. This relationship 
implies that the tubes were older than the final aggrega- 
tion of opal spheres into organized regions that caused 
the play-of-color diffraction effect. 

The second piece, an approximately 5 ct chunk of 
white opal that also showed play-of-color, was interesting 
because of its very low apparent density. However, the 
specific gravity could not be measured by standard hydro- 
scopic techniques, as the material rapidly took up water. 
With Dr. Hoover's permission, we attempted to slice a 
cube of the material in order to determine density by 
direct comparison of weight and volume (weight divided 
by volume equals density). Although the material crum- 
bled while being sliced, we ended up with four fairly regu- 
lar pieces of 1.90, 0.88, 0.45, and 0.41 ct. GTL weights-and- 
measures coordinator Christopher Lewis then ran each 
piece on the Sarin DiaMension, a noncontact measure- 
ment device (used for determining the proportions of 


Figure 7. This 1.22 ct garnet from Mali has an intense 
yellowish green core. Photo by Maha DeMaggio. 
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Figure 8. The tubular structures did not disturb the 
play-of-color in this rough opal from Shewa 
Province, Ethiopia. Photomicrograph by John I. 
Koivula; magnified 15x. 


faceted diamonds) that can calculate the volume of any 
appropriately sized sample having a fairly simple convex 
shape (that is, one having no holes or dimples; for instance, 
a heart-shaped brilliant is not convex). The four pieces had 
calculated densities of 0.81, 0.79, 0.68, and 0.67 grams per 
cubic centimeter. Such low densities have not been 
recorded for gem opals, but they have been seen in 
“tabasheer,” opaline siliceous material formed in the 
stems of bamboos and other grasses (see, e.g., C. Frondel, 
The System of Mineralogy of James Dwight Dana [etc.], 
7th ed., Vol. 3, 1962, pp. 287-306). The 0.45 ct piece was 
then placed in a beaker of water to see whether it sank or 
floated: It floated for about 30 seconds, then sank rapidly 
in a cloud of small bubbles. The piece became somewhat 
more translucent and grayer after half an hour in water, 
but it maintained its play-of-color and was not damaged 
by its soaking. It reverted to “normal” once it dried out. 


Gem rhodonite from Australia. Many minerals have very 
similar gemological properties, and can only be separated 
with great difficulty. Examples include: the rare mineral 
genthelvite, which requires X-ray diffraction or chemical 
analysis to distinguish it from pyrope-almandite garnet 
(Fall 1995 Gem News, pp. 206-207); members of the 
amphibole group, which often cannot be distinguished 
from one another even with X-ray diffraction and EDXRF 
analysis; and members of the tourmaline group, which 
are usually identified simply as “tourmaline” instead of 
by the species name of elbaite, dravite, liddicoatite, and 
the like, because of the difficulty of separating the vari- 
ous species. 

In August 1997, Randy Polk of Phoenix, Arizona, 
sent Gems & Gemology editor Alice Keller a parcel of 
both rough and fashioned examples of an intense pink 
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material (figure 9). This material came from the Woods 
mine in a remote area of New South Wales, Australia. 
When it was last seen on the market, about the early 
1970s, it was believed to be rhodonite. However, in the 
past 20 years, new minerals have been charac- 
terized—including marsturite, nambulite, and natronam- 
bulite—which can be separated from rhodonite only with 
difficulty. In addition, certain previously identified miner- 
als (pyroxmangite, bustamite) were commonly mistaken 
for rhodonite, or believed to be varieties of rhodonite, in 
the past. Thus, the question arose as to whether this 
material—especially the fine-grained crystalline aggregate 
(figure 10) constituting the darker pieces—was actually 
rhodonite or some other mineral nearly indistinguishable 
from it. Adding impetus to our examination was a state- 
ment from Mr. Polk that this material had been analyzed 
and tentatively identified as natronambulite. 

Staff gemologist Philip Owens determined gemologi- 
cal properties for six (3.01-7.78 ct) cabochons. All six 
stones were translucent pink; four were evenly colored, 
and two (4.69 and 7.78 ct) were mottled with paler pink 
regions. All showed an aggregate optic character, and all 
were inert to the color filter. The four evenly colored 
stones had R.I. values of 1.73 (1.728 on a flat face of a 
rose cut stone) and S.G.'s between 3.41 and 3.72. The 
two mottled stones had spot R.L's of 1.54 and S.G. values 
of 3.00 and 3.17 (such low S.G. values are typical of mas- 
sive rhodonite, which can have a significant admixture of 
quartz). The six stones were inert to both long- and short- 
wave UV, and they showed no luminescence to visible 
light (“transmission luminescence”). Five of the six 
stones showed absorption bands at 420 and 548 nm, as 
well as weaker bands at 440 and 455 nm; in the sixth, the 
455 nm band was not observed. All of these properties 
were consistent with the material being rhodonite. 

With magnification, all six stones showed a mottled 
texture, consisting of fine to medium grains. Shiny (sul- 
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Figure 9. These rough and 
fashioned pieces of rho- 
donite from the Woods 
mine in Australia illus- 
trate the range of color in 
this material. The largest 
piece measures 66.0 x 
58.0 x 19.0 mm. Photo by 
Maha DeMaggio. 


fide?) and black opaque (manganese oxide?) patches were 
observed on one sample. Brown stains between grains 
were observed in two samples. The largest and most 
transparent crystals were found in a 3.01 ct pear-shaped 
cabochon (again, see figure 9), which was chosen for fur- 
ther testing. (This sample also had the highest specific 
gravity.) EDXRF revealed major Mn, Si, and possibly Ca; 
minor Sr and Ba; and traces of Zn and possibly Ni. An X- 
ray diffraction powder pattern was an excellent match to 
our rhodonite standard pattern (a sample from Australia, 
pattern measured in 1971) and also to JCPDS pattern 
13-138, a rhodonite from Franklin, New Jersey. The lat- 
ter was important because the sample that provided our 
rhodonite standard pattern also might have come from 
the Woods mine. 


Figure 10. With magnification, it is evident that the 
dark samples in figure 9 are an aggregate of fine- 
grained deep pink crystals, showing random 
orientation. Photomicrograph by John I. Koivula; 


magnified 15x. 


A 
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Although we are confident that the sample we test- 
ed is rhodonite (based on the relative intensities in its 
diffraction pattern), there is no guarantee that all of the 
material in this deposit is rhodonite. 

Mr. Polk is the exclusive agent for this handsome 
pink material, which is being mined by John and Alex 
Taggart. Large quantities are available: About six tons of 
various qualities is expected to be on the market soon, 
and Mr. Polk tells us that at least two solid pieces weigh- 
ing 2 tons each have been found. Mr. Polk and his col- 
leagues have graded the material into several categories 
based on transparency and depth of color. “Pencil-sized” 
unterminated crystals have been found, and some of the 
material may be suitable for mineral specimens. Mr. 
Polk informs us that the Woods mine has produced sev- 
eral additional unusual minerals; the mineralogy of this 
deposit warrants further study. 


TREATMENTS (2 


“Pink geuda” sapphires from Vietnam and their treat- 
ment. Ted Themelis (Gemlab Inc., Athens, Greece) has 
provided the following information to the Gem News 
editors. During a March 1997 visit to Vietnam, he noted 
the abundance of geuda-type sapphires, locally referred to 
as “white sapphires,” that had a very pale pink overtone. 
These reportedly are found in the Hoang Lien Son area, 
Lao-Cai Province, of northwest Vietnam. Most of the 
stones were opaque and cloudy, with pronounced milki- 
ness; they ranged in size to a little over five grams. Rutile 
silk was seen in all specimens, either concentrated in 
patches or irregularly distributed throughout the stone. 
Some specimens were reminiscent of Sri Lankan geuda. 
Mr. Themelis observed that the milkier or more included 
the stone was originally, the more intense was the color 
produced by treatment. 

Mr. Themelis performed three heat-treatment experi- 
ments on rough samples of this Vietnamese “pink geuda.” 
First, he heated 118 pieces at 1650°C for five minutes in 
air, followed by rapid cooling (30°C/minute). Of these, 31 
pieces turned blue, ranging from light to very dark, 54 
developed patches or zones of blue; 21 turned pink or pur- 
ple; and 12 pieces turned very light pink. Although the 
treatment noticeably improved the diaphaneity of all of 
these samples, they were still semi-translucent to opaque, 
suitable for cutting only as cabochons. 

In a second experiment, Mr. Themelis heated 58 
pieces of Vietnamese “pink geuda” that had a more no- 
ticeable pink tinge and obvious milkiness, at 1675°C for 
10 minutes in pure oxygen, again followed by rapid cool- 
ing. Of these stones, 28 pieces turned medium-to-intense 
pink, with improved diaphaneity and luster (although 
still of cabochon quality); 13 pieces turned medium blue 
(also cabochon quality); and 17 pieces showed a shift in 
color from light purple in fluorescent light to very light 
pink under incandescent light (with improved diaphane- 
ity, but still semi-translucent to opaque). 
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Last, Mr. Themelis heated 86 pieces of the 
Vietnamese “pink geuda” at 1700°C for 10 minutes in a 
reducing atmosphere, again followed by rapid cooling. Of 
these stones, all still opaque, 51 turned very dark blue, 
almost black; 23 turned purplish blue to blue; and 12 
pieces turned mottled blue, with concentrated patches of 
blue color all over their surfaces. He believes that these 
newly discovered Vietnamese “pink geuda” sapphires 
show potential for commercial heat treatment, as a good 
percentage of the treated material is suitable for cutting 
low-quality cabochons. 


SYNTHETICS AND SIMULANTS Ss 


Change-of-color synthetic sapphires represented as yet 
another “new find.” The range of colors seen in most 
change-of-color synthetic sapphire is quite distinctive 
(described as “greenish blue in fluorescent or natural 
light and pinkish purple in incandescent light”; see, e.g., 
Gem Trade Lab Notes, Summer 1995, p. 127), and usual- 
ly the material is represented to the unwary as alexan- 
drite. However, the distinctive set of colors of these syn- 
thetic sapphires may cause suspicion in the mind of an 
experienced gemologist who sees such a stone, regardless 
of what it is stated to be. 

The three synthetic sapphires in figure 11 were part 
of a lot of six samples (weighing from 1.32 to 2.28 ct) pur- 
chased from Afghani “freedom fighters”; these supposed- 
ly were natural sapphires from a new locality in the 
region. The “native cut” faceting they had undergone 
added to their air of authenticity. Examination with a 
microscope and a diffused transmitted light source 
quickly confirmed the suspicions of contributing editor 
Shane McClure: Curved striae were present in all three 


Figure 11. These three “native cut” synthetic sapphires 
(weighing 2.03 to 2.28 ct) were represented as change-of- 
color sapphire from a new locality in or near Afghan- 
istan. Courtesy of Dr. Horst Krupp, Firegems, La Costa, 
CA; photo by Maha DeMaggio. 
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Figure 12. These five samples of gadolinium gallium 
garnet (2.41-2.75 ct) were fashioned from material 
reportedly produced in a military facility in Russia. 
Photo by Maha DeMaggio. 


stones. The source of our information, Dr. Horst Krupp, 
told us that clean pieces of rough as large as 40 grams 
were said to be available; no doubt larger pieces would 
have resembled their parent boules too closely for effec- 
tive deception. 


GGG from Russia. The Spring 1995 Gem News section 
(p. 70) contained an entry on a number of synthetic and 
imitation gem materials that were available at the 1995 
Tucson show. These included materials being offered by 
the Morion Co. of Cambridge, Massachusetts; among 
those mentioned in that entry, but not described, was 
gadolinium gallium garnet (GGG) in a range of colors. 
The material was being sold primarily as unpolished 
disks about 80 mm in diameter by 5 mm thick. When 
asked why the material had been pre-formed in this fash- 
ion, the firm's president, Dr. Leonid Pride, stated that he 
purchased them in this shape from a factory in Russia 
that originally grew the crystals for use in electronic 
memory elements for military applications. 

Since 1995, additional colors of GGG have become 
available. For instance, in September 1997 rough was 
available in: “intense pink, pink, light pink, almandine 
[red?], green-blue, aquamarine blue, sky blue, intense 
blue, raspberry, and lilac,” according to Dr. Pride. The 
Morion Co. also has had a small number of faceted sam- 
ples available at the annual Tucson shows; five of these 
(ranging in weight from 2.41 to 2.75 ct; figure 12) were 
obtained for characterization. We determined the follow- 
ing properties: color—various (see table 1); body color 
distribution—even, diaphaneity—transparent,; R.I—over 
the limits of the standard refractometer (greater than 
1.81); S.G. (four of the five samples)—7.11 to 7.14, dark 
blue stone 6.64 (see below); singly refractive; pleochro- 
ism—none; magnification—no inclusions noted. 
Luminescence to ultraviolet radiation, Chelsea filter 
reaction, and the spectrum seen with the handheld prism 
spectroscope depended on the color of the stone (again, 
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see table 1). On the basis of its appearance and these 
properties, GGG is easily separated from any natural 
gem materials. 

EDXREF analysis showed that the dark blue speci- 
men contained calcium and zirconium in addition to 
gadolinium and gallium. This detectable difference in 
chemistry most likely accounts for the significantly 
lower S.G. All of the specimens showed X-ray diffraction 
patterns consistent with GGG. 


MISCELLANEOUS © = i 


Gems & Gemology author wins European cutting com- 
petition. Arthur Lee Anderson of Speira Gems, Ashland, 
Oregon, recently won first prize in the gemstone cutting 
competition, the “28th German Award for Jewellery and 
Precious Stones Idar Oberstein 1997.” Held every three 
years, the competition draws entries from all over the 
world and is juried by members from the European gem- 
stone and jewelery industry. Mr. Anderson's winning 
entry was a 21.70 ct “Webbed Pear Cut” citrine (figure 
13), a design that he developed over the past year. To cre- 
ate this design, Anderson employed several different cut- 
ting techniques, as well as the use of optics and reflec- 
tions in the citrine. Mr. Anderson described some of his 
fashioning techniques in the article “Curves and Optics 


TABLE 1. Color-dependent properties of five samples of 
GGG produced in Russia. 


UV fluorescence 


Chelsea Absorption 
Color Long-wave — Short-wave filter spectrum (nm) 
Purple Weak Weak No Weak absorption 
orangy red orangy red reaction at 500-520 
and 530-550, 
strong bands 
at 570-580 
and 610-620, 
650 cutoff 
Purplish Weak Weak No Sharp lines at 
pink orangy red orangy red reaction 465, 485, 515, 


520, 540; weak 
550; doublets at 
580, 570, 580 
and 590 


Vague absorp- 
tion at 400-440 
and 500-600; 
690 cutoff 
Green- Inert Inert No Weak 540 band; 
blue reaction moderate bands 
at 570 and 620; 
650 cutoff 
Weak 440 and 
455 bands; 460- 
470, 590-620, 
and 640-690 
bands 


Orangy Very weak Weak red Red 


red red 


Blue Inert Inert Red 
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in Nontraditional Gemstone Cutting,” which appeared 
in the Winter 1991 issue of Gems & Gemology (pp. 
234-239). 


Standards issued for the jewelry industry in China. The 
Chinese State Bureau of Technological Supervision 
(CSBTS) issued three national standards for the jewelry 
industry on October 7, 1996; they went into effect 
throughout China on May 1, 1997. The three documents 
defining these standards (GB/T 16552-1996 Gems 
—Nomenclature, GB/T 16553-1996 Gems— Testing, and 
GB/T 16554-1996 Diamond Grading) were drafted by the 
National Gemstone Testing Center in Beijing, and are 
written in Chinese; research associate Yan Liu of GIA 
Research provided us with the following summary. 

The first, GB/T 16552-1996 Gems—Nomenclature, 
specifies the rules for naming gemstones. This standard 
is usable for identifications, as well as for descriptions 
used for imports and exports, insurance, and the trade. 
The term gems refers to both natural and manufactured 
gem materials. Natural gems include single-crystal (or 
twinned) gem materials (“natural gemstones”); natural 
aggregate and amorphous materials, including jadeite, 
nephrite, chalcedony, opal, serpentine, and natural glass 
(all of these are included in the heading “natural jades,” 
which could confuse Western purchasers); and “natural 
organic substances.” Manufactured materials—including 
single-crystal synthetics, assemblages, “reconstructed 
stones,” and imitations—are placed in the category of 
“artificial products.” Enhancement is also defined, as are 
optical phenomena. The Chinese standard was created 
with AGTA, CIBJO, and All Japan Gem Society stan- 
dards taken into consideration, and the document 
includes a table translating between English and Chinese 
gem names. 

The second document, GB/T 16553-1996 Gems— 
Testing, provides terminology and methods for gem iden- 
tification, and can be used as a gem identification manu- 
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Figure 13. This 21.70 ct 
“Webbed Pear Cut” citrine 
brought gem cutter Arthur 
Anderson top honors in the 
28th German Award for 
Jewellery and Precious 
Stones. Photo by Manfred 
Grebel. 


al. It contains identification criteria for 49 natural gem- 
stones, 31 natural aggregate or amorphous materials, 
eight natural organic substances (including petrified 
wood, but not ivory), and 17 “artificial stones.” 
Enhancements described include heating, bleaching, 
waxing, the use of colorless and colored oils, filling and 
impregnation, dyeing, irradiation, laser drilling, coating, 
and surface diffusion. 

The last standard, GB/T 16554-1996 Diamond 
Grading, is a manual for the grading of the color, clarity, 
cut, and weight of a faceted diamond. This standard is 
only suitable for grading natural colorless to light yellow 
(or light brown, or light gray) diamonds of 0.20 ct or larger. 
Twelve color grades are used (D through N, and below N), 
and master stones are used to judge color and fluorescence. 
Clarity is evaluated under a 10x loupe, using “European” 
terminology: LC (loupe clean), two grades of VVS, two 
grades of VS, two SI grades and three P (piqué) grades. 
There are three cutting grades based on diamond propor- 
tions. The standard also specifies notation for diamond 
plots and explains how to grade mounted diamonds. 

The term natural jades, used in the first two stan- 
dards to classify aggregate or amorphous materials, 
requires some additional discussion. The Chinese term 
yu, although often considered equivalent to the English 
jade, in fact might be better translated throughout 
Chinese history as “most resistant carvable stone.” 
Although many of the aggregate materials included in 
this classification might only cause puzzlement in the 
overseas gem trade if they were described as “natural 
jades” (for instance, turquoise or rhodochrosite}, the 
description as “natural jade” of some materials discussed 
in these standards (e.g., serpentine, quartzite, aventurine 
quartz) could generate considerable, and potentially 
expensive, confusion. To prevent misuse of this term, 
the Nomenclature standard puts further restrictions on 
the use of “yu” or “jade” to describe materials. No mate- 
rial—even nephrite or jadeite—can be called simply 
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“jade” or “jade rock;” thus, nephrite is “nephrite 
jade”—but serpentine is also “serpentine jade.” Materials 
cannot be described by their shapes: “round jade” is not 
an acceptable definition. Except for specific, well-defined 
materials cited in the standard, place names are not 
acceptable in jade descriptions. Hence, “Yunnan jade” is 
not a valid term. (One exception to the “no place names” 
rule is “Dushan jade,” which is the accepted name in 
these Chinese standards for a specific zoisite/plagioclase 
feldspar rock.) 


ANNOUNCEMENTS 


Dates set for February 1998 Tucson shows. The Am- 
erican Gem Trade Association (AGTA) GemFair will run 
from Wednesday, February 4, through Monday, February 
9, 1998, at the Tucson Convention Center. Following 
that show at the Convention Center will be the Tucson 
Gem and Mineral Society show from February 12 to 15. 
At the Holiday Inn City Center (Broadway), from 
February 4 to 11, will be the Gem & Lapidary Dealers 
Association (GLDA) show. The Gem and Jewelry 
Exchange (GJX) show will run from February 5 to 12, 
across Grenada Street from the Holiday Inn City Center. 
Other show venues featuring gem materials include the: 
Pueblo Inn, Rodeway Inn, Tucson Showplace, Sonoran 
Desert Marketplace, Discovery Inn, Holiday Inn Express, 
Quality Hotel and Suites, Tucson Scottish Rite Temple, 
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Howard Johnson’s, Tucson East Hilton & Towers, La 
Quinta Inn, The Windmill Inn, Southwest Center for 
Music, Holiday Inn Palo Verde/Holidome, and Days Inn. 
Times and dates of shows vary at each location. Consult 
the show guide, which will be available at the different 
Tucson venues, for further information. 


Visit Gems &) Gemology in Tucson. Gems &) Gemology 
Editor Alice Keller and Senior Editor Brendan Laurs will 
be staffing the Gems &) Gemology booth in the Galleria 
section (middle floor) at the Tucson Convention Center 
for the duration of the AGTA show, February 4-9. Stop 
by to ask questions, share information, or just say hello. 
Many back issues will be available. 


International Society of Appraisers. The 19th Annual 
International Conference of the International Society of 
Appraisers (ISA) will be held March 22-25, 1998, in San 
Diego, California. The ISA is a multidiscipline profes- 
sional association, with members in the United States, 
Canada, and other countries; it is dedicated to advancing 
the theory, principles, techniques, and ethics of apprais- 
ing personal property. Founded in 1979, it is the largest 
association of its kind. At the upcoming 19th program, 
concurrent programs will focus on gems and jewelry, 
antiques and residential contents, as well as fine art. 
Further information about this conference is available on 
the internet at http://www.isa-appraisers.org. 
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CHALLENGE WINNERS 


Proving once again that Gems & Gemology readers are dedicated 


to their education and knowledge of the field, almost 400 people particpated in the 1997 Gems & Gemology 
Challenge. Entries came from all over the world, as readers tested their knowledge on the questions from the 
Spring 1997 issue. Those who earned a score of 75% or better received a GIA Continuing Education Certificate 
recognizing their achievement. Those listed below received a perfect 100% score. Congratulations! 


USA: Alabama Guntersville: Cindy K. Fortenberry; Mobile: Lori Bryant + Alaska Craig: Deborah Anne Welker * Arizona 
Flagstaff: Robert Brent Fogelberg; Fountain Hills: Hank Wodynski; Scottsdale: Kenyon V. Painter, Norma B. Painter; 
Tucson: Dave Arens, Luella Dykhuis, Geraldine Alex Towns ¢ California Burlingame: Sandra MacKenzie-Graham, 
Carlsbad: Jan L. Amold, Marla Belbel, Lori J. Burdo, Carl Chilstrom, Diane Flora, Brian I. Genstel, Becka Johnson, Mark 
S. Johnson, Douglas Kennedy, Wendi Mayerson, Jana E. Miyahira, Kyaw Soe Moe, David Peters, Diane Saito, Jim Viall, 
Melissa Watson-Lafond, Michael Wobby, Philip G. York; Carmel: Douglas R. Mays; Chino Hills: Virgilio M. Garcia, Jr.; 
Elk Grove: Michael Pace; Los Angeles: Todd Buedingen, Grace Lee; Los Gatos: G. Donald Eberlein; Mill Valley: Susan 
Bickford; Oceanside: LaVerne M. Larson; Palo Alto: Joyce Henderson; Penn Valley: Nancy Marie Spencer; Sacramento: J. 
Marlene White; San Diego: Tracy Nuzzo; San Jose: Willard C. Brown; San Rafael: Robert A. Seltzer; Santa Clarita: 
Beverly Nardoni-Kurz; Santa Cruz: Tony Averill, Linda M. Bork; Santa Rosa: Keith M. Davie; Santa Ysabel: Glenn 
Shaffer; Tustin: Alvin Ip; Ukiah: Charles “Mike” Morgan; Walnut Creek: Michael W. Rinehart; Watsonville: Janet S. 
Mayou,; West Hills: Bradley A. Partington ¢ Colorado Colorado Springs: Molly K. Knox; Crested Butte: Nancy Y. 
Blanton; Denver: Alan J. Winterscheidt * Connecticut Essex: Nancy N. Richardson; New Haven: Matilde Paolini 
McAfee; Rockville: Barbara A. Orlowski; Simsbury: Jeffrey A. Adams; Westport: William A. Jeffery, Mary B. Moses ¢ 
Florida Cape Coral: Jeffrey R. Hicks; Deland: Sue Angevine Guess; Hollywood: Barry Belenke; Indialantic: Luis Angel 
Magana; Miami Beach: Pinchas Schechter; Naples: Michael J. McCormick; Palm Harbor: Timothy D. Schuler; 
Plantation: Garrett Walker; Satellite Beach: Consuelo Schnaderbeck; West Palm Beach: Mathew Mooney + Hawaii ¢ 
Maui, Makawao: Alison Hutchison-Fahland; ¢ Oahu, Honolulu: Brenda K. Reichel; Mililani: Abe L. Wilson ¢ Illinois 
Bloomington: Anne Blumer, Geneseo: Mark O. Arnold; Geneva: Lori M. Mesa; Normal: William A. Lyddon, Springfield: 
Pat Pikesh; Troy: Bruce Upperman *¢ Indiana Brownsburg: Charles Robert Scanlan; Indianapolis: Mark Ferreira, Mary 
Wright; Jeffersonville: Seth Christian Simpson ¢ Iowa Fairfield: Richard C. Kurka ¢ Kansas Topeka: John C. Goldsmith ¢ 
Maine Portland: Arthur E. Spellissy, Jr. * Maryland Davidsonville: Helen Serras-Herman; Temple Hills: William R. 
Mann *¢ Massachusetts Attleboro: Jeff Wong; Braintree: Alan R. Howarth; Brookline: Martin Haske; Lynnfield: John A. 
Caruso; Milton: Beth I. Fleitman; Norwood: Edward F. McDonough ¢ Michigan Bay City: Bradley J. Payne; Escanaba: 
Laurence Bell + Missouri Jefferson City: Margaret A. Gilmore; Kansas City: Greg Nedblake, J. Michael Tracy; Perry: 
Bruce L. Elmer *¢ Montana Great Falls: Amy Wolfe-VanCleave + Nevada Las Vegas: Kelley E. Thomas; Reno: Terence E. 
Terras * New Jersey Phillipsburg: Robin A. Stokes; Roselle Park: Jo Anne M. Whitteaker * New Mexico Albuquerque: 
Susan M. G. Wilson * New York Brooklyn: Istvan Rudas; Gansevoort: Clifford H. Stevens; New York: Lisa H. Thierman, 


Brandon Tso; Rye: Gregory J. Cunningham ¢ North Carolina Advance: Blair Tredwell, continued on following page 
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Manteo: Eileen Alexanian; Shelby: Sue Whitaker; Tryon: Matthew Randolph; Wilmington: Ben H. Smith, Jr. * Ohio 
Akron: Lynn L. Myers; Dayton: Stephanie M. Weber, Michael Williams; Toledo: Mary C. Jensen, Jack Schatzley ¢ 
Oregon Beaverton: Robert H. Burns; Milwaukie: Cinda V. di Raimondo; Newport: Richard Petrovic + Pennsylvania 
Jeffersonville: Aurora A. Stuski-Ryley; Womelsdorf: Lori Perchansky; Yardley: Jon Barry Dinola, Peter R. Stadelmeier ¢ 
South Carolina Sumter: James S. Markides * Tennessee Coalmont: Clayton Lee Shirlen * Texas Arlington: A. Thomas 
Light; Austin: Corey Shaughnessy; Dallas: Ray Zajicek; El Paso: Jim Ferguson; Flower Mound: Elizabeth M. Roach; 
Lamesa: Fontaine Cope; Richardson: Becky Templin Shelton ¢ Virginia Blacksbury: Scott Steward, Fredericksburg: Ted 
Kowalski; Hampton: Edward A. Goodman; Harrisonburg: Daniel M. Scanlan; Roanoke: Stephen O. Phillips; Springfield: 
Robert G. Davis * Washington Bellingham: D. Hurlbert; Lakebay: Karen Geiger * Wisconsin Beaver Dam: Thomas G. 
Wendt; East Troy: William Bailey; Mequon: Kathleen J. Molter; Racine: Kathi Vallner-Villarreal + AFRICA Zimbabwe 
Harare: Lesley Faye Marsh * AUSTRALIA ¢ New South Wales Concord West: Steve John Puz; Miranda: C. V. Russell ¢ 
Queensland Logan: Ken Hunter ¢ Western Australia Coogee: Helen Judith Haddy + BELGIUM Brussels: Jo Delcoigne, 
Léon Rubin; Diegem: Guy Lalous; Hemiksem: Daniel De Maeght; Ruiselede: Lucette Nols ¢ BRAZIL Rio de Janeiro: 
Luiz Angelo; SGo Paulo: Alejandro B. Ferreyra, Maria Amelia Franco * CANADA « Alberta Calgary: Diane Koke, Janusz 
J. Meier ¢ British Columbia Aldergrove: Ron Plessis; Chemainus: 


1 997 Mark S. Curtis; Delta: Barbara Muir, Vancouver: Michael J. P. 


Cavanagh; Victoria: Fred G. Billcock, Anthony De Goutiére ¢ 
CHALLENGE WINNERS Ontario Bobcaygeon: David R. Lindsay; Cookstown: Michael 
Hyszka,; Etobicoke: David N. Carabott; St. Catharines: Alice J. Christianson ¢ Québec Laval: Monique Savard; Montréal: 
Christiane Beauregard, Lina Massé, Yves Morrier * CHINA Fuzhou: Tang Deping * ENGLAND Kent: Linda Anne 
Bateley; London: P. D. Chib * FINLAND Kajaani: Petri Tuovinen * FRANCE Herserange: Frederic Pracucci; Paris: 
Marie-France Chateau, Stephen Perera; St. Ismier: Laurent Sikirdji * GERMANY Idar-Oberstein: Josef Bogacz, Erik 
Vadaszi * HONG KONG Kowloon: Edward Johnson * GREECE Athens: Anna-Maria Falaga; Thessaloniki: Ioannis Xylas 
¢ INDIA Bangalore: S. R. S. Murthy * INDONESIA Jakarta: Warli Latumena, Sarono; Jember: Adi Wijaya * ITALY 
Ferrara: Sonia Franzolin; Florence: Rita Parekh, Paolo Penco; Genova: Mafalda Pasqui; Lucca: Roberto Filippi; Modena: 
Apicella Tania; Pordenone: Barbara Pistuddi; Porto Azzurro: Diego Giuseppe Trainini; Roma: Andrea Damiani; Sanremo: 
Enrico Cannoletta; Valenza: Rossella Conti * NETHERLANDS Amsterdam: P. Horninge; Rotterdam: E. Van Velzen; 
Voorburg: Wilma Van der Giessen * NEW ZEALAND Lower Hutt: Dennis Blacklaws + PHILLIPINES Mandaluyong: 
Mark Alexander B. Velayo; Manila: Colleen C. Mangun ¢ POLAND Lublin: Marek Prus * PORTUGAL Algarve: 
Johanne C. Jack; Viseu: Rui P. Branco * SCOTLAND Edinburgh: James W. M. Heatlie, Margery E. Watson + SPAIN 
Agramunt: Santiago Escola Villalta; Madrid: Maria Isabel Cereijo Hierro, José Antonio Gutiérrez Martinez, Ricardo 
Garcia de Vinuesa; P. P. Farnals: Monika Bergel-Becker; Puerto de Soller-Balears: J. Maurici Revilla Bonnin; Villauiciosa 
Asturias: Claudio Argiielles Moris * SRI LANKA Kandy: Senarath B. Basnayake * SWEDEN /Jdrfalla: Thomas Larsson; 
Vasterhaninge: Peter Markstedt * SWITZERLAND Rodersdorf: Heinz Kniess; Wolfertswil: Hedley Prynn; Zollikon: 
Adrian Meister; Ztirich: Eva Mettler * TAIWAN Taichung: Ho-Chi Yang * THAILAND Bangkok: Patricia Goossens ¢ 
TURKEY Istanbul: Mehmet Celal Yahyabeyoglu * VIRGIN ISLANDS St. Thomas: Nancy L. Fernandes 


Challenge Answers (see pages 71-72 of the Spring 1997 issue for the questions): (1) a, (2) c, (3) c, (4) b, (5) b, (6) b, (7) c, (8) a, (9) b, (10) d, (11) d, (12) c, (13) b, (14) 
b, (15) a, (16) d, (17) c, (18) d, (19) c, (20) a, (21) b, (22) c, (23) a, (24) c, (25) d 
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BIRTHDAY BOOK 


OF DIAMONDS 

Photos by Harold and Erica Van Pelt, 
112 pp., illus., publ. by Harold & 
Erica Van Pelt, Los Angeles, CA, 
1997. US$19.95.* 


The crisp, perfect color photographs 
of Harold and Erica Van Pelt, no less 
than 54 in number and all full page, 
depict an astonishing variety of loose 
diamonds as well as jewels and 
watches set with diamonds and other 
gems. Some of the diamonds are very 
famous indeed, such as the Hope, the 
Eugénie Blue, the Dresden Green, and 
the Star of the East. Other spectacular 
pieces include the Cullinan blue-and- 
white diamond necklace, the dia- 
mond-studded Order of the Golden 
Fleece, and the Marie Antoinette ear- 
rings. It is amazing that these ear- 
rings, set with large and fine dia- 
monds, descended unharmed from 
the French queen’s jewel case after 
she met her death at the guillotine in 
1793 (they are now in the collection 
of the Smithsonian Institution). 

Although diamonds and dia- 
mond-set jewels dominate the illus- 
trations, a number of other gems are 
included to illustrate the gemstone 
for each month. A nice touch is also 
provided by heading each month 
with a crystal drawing of one of the 
forms diamond crystals take in 
nature. 

As mentioned in the foreword by 
Richard T. Liddicoat, Chairman of the 
Board at GIA, the Birthday Book of 
Diamonds indicates the dates for 
each month, but not the specific days 
of the week. Consequently, it is “per- 
fect for noting birthdays, anniver- 
saries, and other special occasions 
that repeat from year to year.” 
Although the pages assigned to this 
purpose are the functional aspect of 
the book, the illustrations and their 
captions (the latter by Alice Keller) 
provide valuable facts about these 
notable jewels and gems, many of 
which appear in print here for the first 
time. 

The Birthday Book is strongly 
and handsomely bound. With a little 


Book Reviews 


care in making the entries neatly, it 
will become a lasting treasury of refer- 
ences and reminiscences. 


JOHN SINKANKAS 
Peri-Lithon Books 
San Diego, California 


RUBY & SAPPHIRE 

By Richard W. Hughes, 511 pp., 

illus., publ. by RWH Publishing, 
Boulder, CO, 1997. US$98.00.* 


This is Mr. Hughes’s second book on 
ruby and sapphire. The first, titled 
Corundum, was published by Butter- 
worth-Heinemann in 1990. Ruby and 
Sapphire is self-published by the 
author, which allows him full free- 
dom in his writing. Tasteful advertise- 
ments, placed at the end of some 
chapters, helped fund the publishing 
costs. I did not find the ads disruptive 
and, in fact, believe they will be use- 
ful to some readers. 

On opening the book, I found a 
bookmark on which Mr. Hughes 
warns the reader about his parochial 
writing style. Mr. Hughes makes no 
apologies for this style; rather, he 
states his desire to create a complete, 
factual book in which he interjects his 
opinions and observations for enter- 
taining and stimulating reading. I per- 
sonally enjoyed this style very much. 
While all of the factual information 
was at my fingertips, Mr. Hughes’s 
personal interjections kept the read- 
ing lively. I think anyone involved in 
the gem trade will find these insights 
enlightening, if sometimes irreverent. 

The first chapter presents the 
history of rubies and sapphires. 
Chapters 2 through 9 cover chemistry 
and crystallography, properties, color, 
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spectra and luminescence, inclusions, 
treatments, synthetics, assembled 
stones, and fashioning. In chapter 2, 
the text and diagrams that describe 
the morphology of ruby and sapphire 
from various sources provide informa- 
tion that is often difficult for the 
gemologist to find. The following 
chapters (3-6) supply the kinds of 
details that many gemologists will 
find useful for identifying corundum 
and its treatments. Inclusions are 
explained in general in chapter 5, 
whereas inclusions specific to treat- 
ments, synthetics, and particular 
sources are found in those respective 
chapters (6, 7, and 12). I would have 
enjoyed more of the excellent pho- 
tomicrographs of inclusions catego- 
rized by source. 

Chapter 10 discusses the grading 
and valuation of ruby and sapphire, as 
well as the world market. Although 
Mr. Hughes does not give a pricing 
breakdown that uses a colored stone 
grading system, he does explain the 
fundamentals of modern colored 
stone grading, along with how to 
judge the quality of these gem vari- 
eties of corundum. Quality ranking 
by source is also discussed. A section 
of this chapter is devoted to famous 
rubies and sapphires, with a summary 
of these magnificent stones listed 
together with auction prices where 
applicable. 

Chapter 11 covers the geology of 
ruby and sapphire, and chapter 12 is 
entirely devoted to world sources. 
With in-depth information on the loca- 
tion and history of individual sources, 
as well as the characteristics of the 
corundum produced in each, chapter 
12 is also a remarkable reference. 

The book is lavishly illustrated 
with color photos, and each chapter 
ends with a detailed bibliography for 
further research. This book is the 
most in-depth publication on ruby 
and sapphire I have seen. I highly rec- 


*This book is available for purchase through 
the GIA Bookstore, 5345 Armada Drive, 
Carlsbad, CA 92008. Telephone: (800) 
421-7250, ext. 4200; outside the U.S. (760) 
603-4200. Fax: (760) 603-4266. 
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ommend it to anyone involved in the 

buying, selling, grading, identifying, 
or appraising of rubies and sapphires. 

ANDREW LUCAS 

Gemological Institute of America 

Carlsbad, California 


THE NATIONAL 


GEM COLLECTION 

By Jeffrey Post, 144 pp., illus., publ. 
by Harry N. Abrams, Inc., New York, 
1997. US$39.95. * 


The heralded redesign of the famous 
gem and mineral hall of the National 
Museum of Natural History at the 
Smithsonian Institution (Washington, 
DC) has been completed. To celebrate 
the recent opening of the new hall, Dr. 
Jeffrey Post, Curator of Gems and Min- 
erals, describes the fabulous collec- 
tion—arguably the finest on public dis- 
play in the world—in this new book. 
Dr. Post has provided an attrac- 
tively presented and entertaining 
short course on the world of gems, in 
conjunction with brief histories of 
some of the major items in the collec- 
tion. Although the Hope diamond is 
the best-known piece, the collection 
has many other unique stones and 
famous jewelry pieces that are beauti- 
fully portrayed in the book. Among 
the remarkable gems are the Rosser 
Reeves star ruby; the Hooker, 


Mackay, and Chalk emeralds; and the 
Logan sapphire. Historically signifi- 
cant jewelry—such as the Napoleon 
diamond necklace, the Marie 
Antoinette earrings, and the Spanish 
Inquisition necklace—add breadth to 
the appeal. In the nearly four decades 
since Mr. Winston donated the Hope 
diamond to the Smithsonian Institu- 
tion, many important gifts have 
helped build the collection. 

Excellent photography by Chip 
Clark and quality color printing add 
the necessary element to make Jeffrey 
Post’s effort a superb coffee table book 
on gems. 

RICHARD T. LIDDICOAT 
Gemological Institute of America 
Carlsbad, California 


CLASSICAL LOOP-IN-LOOP 
CHAINS AND THEIR 


DERIVATIVES 

By Jean Reist Stark and Josephine 
Reist Smith, 190 pp., illus., publ. by 
Chapman and Hall, New York, 1997. 
US$44.95. * 


Loop-in-loop chains are some of the 
oldest forms of jewelry known. In 
fact, they were the principal types of 
chains fabricated from the Bronze Age 
through the Middle Ages. This book 
is a comprehensive instruction manu- 
al for making these elegant chains, 


written for the person with experi- 
ence working at the jeweler’s bench. 

Developed over many years of 
practical instruction, the text is 
extraordinarily detailed, well orga- 
nized, and clear. It is the authors’ stat- 
ed intention that the book be suffi- 
cient by itself as a guide to making 
these chains, and in this they have 
succeeded. The hands-on portion of 
the book contains 34 projects. It 
begins with simpler chains (such as 
single loop-in-loop chains) and then 
moves, chapter by chapter, through 
chains of increasing complexity. It 
ends with multiple woven loop-in- 
loop chains. Each chapter is accompa- 
nied by high-quality drawings and 
photos of the finished chains, as well 
as by numerous excellent working 
drawings. There are also sections 
dealing with history, hand tools and 
equipment, metals, clasps and termi- 
nations, and much more. In addition, 
the book includes an appendix, a glos- 
sary, and an index. 

Although there are other books 
on chain-making—and numerous 
books on jewelry-making that contain 
information on fabricating chains— 
Classical Loop-in-Loop Chains is the 
definitive work on the subject. 

STEPHEN B. WORKMAN 
Gemological Institute of America 
Carlsbad, California 


CALL FOR POSTERS 


The Gemological Institute of America will host the International Gemological Symposium in San 
Diego, California on June 21-24, 1999. More than 2000 people are expected to attend this pivotal 
event. The symposium program—with the theme “Meeting the Millennium”—will feature technical 
sessions and panel discussions on a variety of topics of vital interest to all members of the gem and 
jewelry industry. In addition, there will be an open Poster Session featuring original presentations on 
such topics as new gem materials, synthetic gem materials, treatments, gem identification and grad- 
ing, instrumentation and techniques, gem localities, gem exploration, jewelry manufacturing, and 


jewelry design. 


Contributions are being solicited for this Poster Session. To be considered for this important 
event (space is limited), please submit a preliminary abstract (no more than 250 words) to one of the 
Poster Session organizers by October 1, 1998. For further information on the Poster Session, contact 
Dr. James Shigley at 760-603-4019 (Fax: 760-603-4021, or e-mail: jshigley@gia.edu) or Ms. Dona 
Dirlam at 760-603-4154 (Fax: 760-603-42.56, or e-mail: ddirlam@gia.edu). For information on the 
International Gemological Symposium, contact Carol Moffatt at 760-603-4406 (cmoffatt@gia.edu) or 
write to any of these individuals at GIA, 5345 Armada Drive, Carlsbad, CA 92008. 
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Figure 56 
Liquid inclusion in a 
Siam sapphire, show- 
ing formation of 
tiny crystals in an w 
unusual and beauti- 

ful pattern. Z 


Figure 57 
Thick plate of mus- 
covite of the hexag- 
onal outline of the 
host mineral, in light 
blue Ceylon sapphire. 
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DIAMONDS 


Argyle Diamonds’ pink diamond tenders (1985-1996). 
Australian Gemmologist, Vol. 19, No. 10, 1997, pp. 
415-418. 

Pink diamonds, and other fancy colors such as purplish 
red, have been marketed by Argyle Diamonds in a tender 
process since 1985. This article describes these stones 
year-by-year, through 1996, noting individual sizes, 
important stones, and other interesting facts. During this 
period, nearly 650 faceted stones were offered, weighing 
almost 550 carats. 

The annual offerings have ranged from 33 to 88 
stones. In general, the stone sizes (carat weight) have 
increased over the years. The first stones over 3 ct were 
offered in 1989; only eight stones over 3 ct (the largest at 
3.66 ct) have ever been tendered. 

Traditionally, the collection is viewed in Geneva, but 
in recent years Tokyo and Hong Kong have become estab- 
lished venues. The 1996 tender of 47 stones was pur- 
chased by 13 individual dealers and jewelers for a per- 
carat price of over $100,000. However, on at least three 
previous occasions (the last in 1993), the entire collection 
was sold to a single bidder, Geneva-based Robert 
Mouawad. AAL 


Ashton finds diamonds in Alberta kimberlites. Diamond 
Intelligence Briefs, June 6, 1997, p. 1523. 

Ashton Mining of Canada Inc. has found diamonds in 

kimberlites in yet another Canadian province, Alberta. 
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Kimberlite pipe K12 (also reported as K14), in the Buffalo 
Hills, has yielded 11 diamonds 0.5 mm or larger in maxi- 
mum dimension, as well as 139 smaller “micro-dia- 
monds”; two other pipes, K2 and K4, have returned “very 
low” diamond counts. Exploration continues. ML] 


Automation v cheap labour. J. Lawrence, Diamond Inter- 
national, No. 44, November-December 1996, pp. 
87-88. 

About 50% of India’s diamond-cutting workforce are con- 

tract workers who are paid $1 for each small diamond 

that they polish. This price is the “base cost” for the 

Indian cutting center and has been constant for the past 

two decades, primarily because of the gradual decline in 

the rupee’s value relative to the dollar (about 12 to the 
dollar in 1976 and about 33 to the dollar when the article 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edl- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 

Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
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was written). In the highly competitive world of diamond 
fashioning, the article asks: “Will a centre with a stable 
$1 base charge prove unassailable by new technology?” In 
other words, can new technology negate the competitive 
advantage enjoyed by India because of its low wages, and 
enable diamond-cutting centers to be established else- 
where? 

When considering automation, additional manufac- 
turing costs must be factored in, such as for capital equip- 
ment, amortization, and the salaries of people needed to 
operate small, semi-skilled production lines. To balance 
these extra costs, one needs added value in terms of bet- 
ter yields and polished make. Such advances require 
equipment that is technically feasible but not presently 
available, equipment that probably would be expensive to 
develop. 

After presenting several scenarios, the authors con- 
clude that automation would only boost yield by one or 
two percent over that achievable by India’s good artisan 
workforce. AAL 


Dia Met developments. Mining Journal, London, March 
7, 1997, p. 184. 
Between 1988 and 1995, small-scale operations recovered 
more than 250,000 carats of diamonds from a 3225 
hectare area at Salvacion in Venezuela. Dia Met Minerals 
(of Canada) signed a letter of intent with Cooperativa La 
Salvacion (CS), a Venezuelan corporation, to exploit this 
deposit. Diamonds recovered to date have come from 
alluvial workings, but these are believed to have originat- 
ed from kimberlite dikes on the property. Dia Met plans 
to explore the kimberlites while CS continues to mine 
the alluvial sources. ML] 


Diadem touts California’s first diamond pipe since 1849. 
The Diamond Registry, Vol. 29, No. 6, 1997, p. 5. 
Macro- and micro-diamonds of unspecified sizes have 
been found in 11 holes drilled in the 1120 acre Leeks 
Springs, California, property held by Diadem Resources 
Inc. The source rock is apparently olivine lamproite brec- 
cia and agglomerate. ML] 


Diamond—Birthstone for April. H. Bracewell, Australian 
Gold, Gem & Treasure, Vol. 12, No. 4, April 1997, 
p. 24. 


Hylda Bracewell’s series on birthstones concentrates on 
their lore rather than their gemological properties. We 
learn that diamond is a “help to lunaticks,” that a person 
wearing a red diamond will achieve heroic deeds, but a 
black diamond will attract misery. Diamonds with black 
spots, “bubbles,” or “lines” in them are eunuchs and 
should be avoided. Much of this lore is very old, and all of 
the above apparently came from Camillus Loenardus’s 
Speculum Lapidum Venice (1502). Another tidbit from 
that work: “the Diamond is a most precious Stone of the 
colour of polished iron. . . .” Some modern lore is includ- 
ed, such as what personality type should wear which dia- 
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mond shapes. According to Ms. Bracewell, round bril- 
liants should be worn by the home loving, pears by extro- 
verts, marquise cuts by the emotional, ovals by the enter- 
prising, emerald cuts by the logical, and heart shapes by 
the romantic. ML] 


Diamonds from the deep. M. D. Riley, American Jewelry 
Manufacturer, Vol. 41, No. 11, November 1996, pp. 
18, 20, 22, 24. 

Diamond exploration has surged worldwide, especially 

since 1990. This article reviews marine exploration, par- 

ticularly marine diamonds off the shores of Namibia. 

At the time this article was written, about 35% of 
Namibian diamond production, almost all of which is 
gem quality, was being recovered from the sea by De 
Beers Marine, operating as a contractor to Namdeb (an 
equal partnership between De Beers and the Namibian 
government). Several other companies also recover dia- 
monds from the sea, but these are smaller operations and 
closer to the shore. Onshore reserves in Namibia are near- 
ing depletion, but increased marine production is offset- 
ting that decrease. Similar marine deposits, although not 
yet as significant as those off Namibia, are successfully 
being mined off South Africa’s west coast. 

With Namibian offshore deposits as a model for the 
origin and occurrence of marine diamonds, exploration 
has been under way in recent years offshore of 
Kalimantan (Borneo), Western Australia (Bonaparte Gulf 
and Cambridge Gulf}, Canada (Coronation Gulf in the 
Beaufort Sea), northern Russia, and Sierra Leone. To date, 
none of these exploration projects has found an econom- 
ically viable diamond deposit. AAL 


India’s eximports: Gems & jewellery exports record 
downtrend in 1996-97. Diamond World, Vol. 24, 
No. 3, 1997, pp. 41-42. 
Diamonds constitute more than 90% of India’s gem and 
jewelry exports. For many years, cut and polished dia- 
monds led exports, both in value and carat weight. 
However, the financial year 1996-1997 (ending March 31, 
1997) was the first exception in the long trend of contin- 
ually increasing exports—diamonds led a decline. 
Polished diamond exports decreased by 9.16% on a value 
basis (to $4,235 million), and by 1.72% on a carat weight 
basis (to 18.88 million carats), compared to 1995-1996. 
Other export items also decreased in 1996-1997 
because of lackluster overseas markets. These included 
cut and polished colored gemstones (-5.89%)], pearls 
(-35.89%), costume jewelry (-91.96%), and synthetic 
gems (-96.06%). 
One of the few bright spots in export figures was gold 
jewelry, which increased 25.24% to $713 million. AAL 


Japan holds the key. M. Cockle, Diamond International, 
No. 45, January-February 1997, pp. 41-44. 

Since 1980, the world’s retail diamond jewelry sales have 

increased more than 2.5 times (to about $52.7 billion in 


GEMS & GEMOLOGY Fall 1997 


1995). The U.S. and Japan are the mainstays of the indus- 
try. Interestingly, De Beers has had to raise its estimate of 
annual retail sales for the U.S. by about 6% for the past 
decade. It was discovered that jewelry containing inex- 
pensive (predominantly Indian-cut) diamonds had not 
been included in previous surveys. 

The two major markets have not grown equally 
since the late 1980s. Monetary factors, primarily, have 
weakened the Japanese market. (The yen depreciated 
15% against the dollar in 1995 alone.) Because Japan 
accounts for about one-third of the world’s retail sales, 
sluggish performance in that market affects the entire 
industry. Conversely, any growth in the world market is 
dependent on Japan’s recovery. 

This article reviews the history of De Beers’s 
involvement in the Japanese diamond jewelry market 
from 1966 (when that retail market was $255 million) to 
1996 (when retail sales totaled about $17 billion—a 66- 
fold increase in 30 years). Marketing campaigns and the 
appreciation of the yen (until recent years) are the main 
factors behind the spectacular rise in popularity of dia- 
mond jewelry in Japan. In addition, recent growth of the 
Japanese market is attributed to: (1) an increase in the size 
of the average engagement-ring stone (from 20 points in 
1980 to 40 points in 1995); and (2) the development of the 
“single-woman market,” so that today over 60% of single 
Japanese women own a diamond. This latter market has 
been incredibly successful: Three out of 10 unmarried 
Japanese women buy diamond jewelry once a year. 

Clearly, such achievements cannot be repeated ad 
infinitum. In fact, there is evidence of a change in attitude 
among younger Japanese women toward jewelry con- 
sumption in general, and the diamond engagement ring 
in particular. Some young people do not want to spend 
three months’ salary on a ring. Further, there is a trend 
toward less expensive weddings, and Japanese tourists 
find that they can buy costly items, such as jewelry, more 
cheaply overseas. 

This paper contains the most up-to-date (through 
1995) statistical compilations for the retail diamond jew- 
elry business worldwide. These compilations include 
world retail diamond jewelry sales for 1980-1995, retail 
sales by country, average price paid for jewelry, and num- 
ber of pieces sold. AAL 


Kensington considers Chinese diamonds. Mining 
Magazine, Vol. 176, No. 2, February 1997, p. 119. 
Canadian diamond mining company Kensington 
Resources has optioned a 50% share in a diamond mine 
300 km south of Beijing. This [mame unspecified] mine 
currently produces 40,000-45,000 carats per year, with a 
“measured and indicated” resource believed to be 2, mil- 
lion carats (ore grade 1.17 ct/ton) to 300 m deep in the 
mine; an additional one million carats may be found at 
greater depth (to 600 m) at a lower ore grade (0.77 ct/ton). 
Kensington has also signed joint-venture agreements for 
two diamond prospects nearby. ML] 
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Lac de Gras revision. Mining Journal, London, February 
14, 1997, p. 130. 


BHP delivered the final feasibility study for the BHP/Dia 
Met Lac de Gras project in Canada’s Northwest 
Territories; the study covers 17 years’ worth of planned 
operations. The Panda, Misery, Koala, and Fox pipes will 
be developed. One change from preliminary plans is that 
the Sable pipe, with a value of US$63/ton, will be devel- 
oped during the first 17 years, and the Leslie pipe, with a 
value of $28/ton, will not. Capital cost estimates remain 
unchanged, at C$900 million to bring the mine into pro- 
duction and another C$300 million for expansion in the 
10th year of operations. Two additional pipes (plus Leslie} 
may prove economic, and another five await large-diam- 
eter drill core sampling for evaluation purposes. ML] 


Mwadui diamonds again flow from Williamson mine. [n- 
Sight—The CSO Magazine, Winter 1996-97, p. 11. 


The Mwadui mine (originally known as the Williamson 
mine) is the world’s largest economic kimberlite pipe 
(146 hectares in surface area). [Abstracter’s note: From 
1958 until 1973, it produced over 500,000 carats annual- 
ly.] After Tanzania became independent, production 
declined as the mine fell into disrepair. In 1994, produc- 
tion ceased entirely. 

Recently, De Beers and Tanzania agreed to rejuvenate 
the mine, with De Beers getting a 75% stake and 
Tanzania, 25%. [Abstracter’s note: De Beers will invest 
$16 million to refurbish the mine with new infrastruc- 
ture and equipment. Limited mining resumed in 
October 1996 (16,000 carats were produced that year).] 
Open-pit mining of the kimberlite pipe will begin in 
about two years, and is projected to last for another seven 
years. More than 3,000 tons daily (about 1 million tons a 
year} will be processed. /Abstracter’s note: Annual 
caratage would be about 200,000 if published reports are 
correct that the kimberlite yields 0.2 ct of diamonds per 
metric ton.] Clearly, the Mwadui mine is poised to regain 
much of its former glory. 

De Beers has a license to explore a large area (23,000 
km2) around the Mwadui mine. Already, some 60 previ- 
ously unreported kimberlites have been discovered. 

AAL 


New company to develop diamond pipes . 
Journal, London, July 25, 1997, p. 65. 
Russian diamond producer Almazy Rossii Sakha (ARS or 
Alrosa) has formed a joint-stock mining company to 
develop the Botuobinskaya and Nyurbinskaya kimberlite 
pipes in the Nakyn region of the Nyurba district in west- 
ern Sakha (Yakutia). The new company, Alrosa-Nyurba, 
has a charter capital of 20 billion rubles (about US$3.5 
million); development of the two pipes is expected to cost 
$350 million. The mine life for both pipes is estimated at 
25 years; they could produce about $900 million of dia- 
monds annually within five years. ML] 


. . Mining 
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New diamond targets in Mali. Mining Journal, London, 
May 16, 1997, p. 392. 


Several kimberlite “targets,” some containing diamonds, 
have been discovered at the Kenieba project in Mali. Nine 
areas have chromites with chemical compositions 
matching those found in diamondiferous kimberlites; 23 
areas show “anomalous” indicator minerals, and some 
contain macro diamonds. Thirty magnetic targets have 
been found. So far, at least two kimberlite pipes are 
known, the 19 hectare Cirque pipe and the 4 hectare 
Sekonomala pipe. A 70.62 ct diamond found in a “paleo 
placer” in late April 1997 originally may have come from 
the Cirque pipe. ML] 


New facility helps Finnish diamond search. Diamond 
News and SA Jeweller, February 1997, p. 13. 


A pilot-scale plant that uses flotation technology for con- 
centrating small diamonds has been developed at the 
Outukumpu laboratory of VTT Chemical Technology— 
Mineral Processing in eastern Finland. Plant capacity is 
about five tons of ore per hour. 

Flotation depends on the separation between water 
and hydrophobic materials (substances that repel water, 
either naturally or through chemical treatment). In this 
concentration technique, small hydrophobic particles—in 
this case, diamonds—are gathered in the froth that forms 
as air bubbles rise through a tank containing water, care- 
fully ground ore, and (sometimes) additives. Although 
flotation is a common technique for concentrating certain 
metal ores, its application to diamond recovery is unex- 
pected. ML] 


Redaurum finds diamonds in Colorado. Diamond 
Intelligence Briefs, July 30, 1997, p. 1546. 
Redaurum has found two more large diamonds—28.2. ct 
and 16.3 ct—at the Kelsey Lake mine near Fort Collins, 
Colorado. The former is the sixth largest stone found to 
date in North America. A 28.3 ct stone found last year 
sold for $90,000. ML] 


Russian diamond pipe tender. Mining Journal, London, 
May 30, 1997, pp. 425-426. 
Russia is seeking foreign participation to develop the 
Lomonosova kimberlite pipe, in the Zolotitsa kimberlite 
field on the edge of the Arctic Circle in northern Russia, 
about 90 km north of Archangelsk. Lomonosova, a large 
pipe, has an estimated grade of 0.3 ct per ton; Russian 
press reports indicate a potential output of 3-6 million 
carats (Mct}) for 30-40 years, or possibly even more than a 
total of 250 Mct. Their possible worth could be in excess 
of US$12 billion. The state enterprise Severalmaz holds 
the official license to develop the Lomonosova pipe. 
Russia’s diamond production is now dominated by 
Almazy Rossii Sakha (ARS), which operates large mines 
in Sakha (Yakutia). Annual production is currently run- 
ning about 13 Mct, with stones averaging US$90 per ct. 
Eighty-five percent of this production presently comes 
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from the Udachny open pit. Total ARS rough diamond 
production in 1996 was worth about US$1.35 billion. 
ML] 


Scandinavian progress for Cambridge. Mining Journal, 
London, November 15, 1996, pp. 393-394. 


Cambridge Resources has been looking for diamonds in 
the Alno and Kalix permit regions in Sweden; the area is 
adjacent to the Baltic-Bothnian megashear, a large tec- 
tonic feature similar to that in Canada’s Northwest 
Territories. Sixty magnetic anomalies were found in the 
1996 prospecting season, and five “areas of particular 
interest” have been defined—based on the presence of 
heavy minerals (e.g., diamond- and kimberlite-indicator 
minerals) and topographic depressions. ML] 


Statistical survey Belgian diamond sector 1996. 
Diamant, Vol. 38, No. 390, February-March 1997, 
pp. 6-8, 10, 26. 

By importing over 210 million carats (Mct) of rough dur- 

ing 1996, Antwerp further solidified its reputation as the 

world’s largest diamond supply center. Of these, 130 Mct 

(62%) were gem or near-gem and 80 Mct (38%) were 

industrial. 

The import figures are truly staggering, considering 
that only about 113 Mct of rough diamonds were mined 
worldwide in 1996. Two factors explain the discrepancy 
between the 210 and 113 Mct figures. First, there were 
significant “double counts” (e.g., sight goods were sent 
from the CSO in London for sorting in Antwerp; these 
were sent back to London, then returned later to 
Antwerp, and they were counted both times they entered 
Belgium). Second, diamonds were sent to Antwerp from 
the Russian stockpile. 

Diamonds entering Belgium from the CSO consti- 
tuted 33% of the rough, while those from the outside 
market constituted 67%. In addition to Russia, outside 
goods primarily came from Zaire and other west and cen- 
tral African countries via Liberia and Congo-Brazzaville. 
Since mid-1996, diamonds from Australia’s Argyle mine 
also have been part of the outside market. 

Most (79%, or 92.5 Mct after deduction of double- 
counts) of Belgian rough gems and near-gems exported in 
1996 went to India. This 12% increase over 1995 clearly 
points to more lower-quality goods entering the market. 
Little is cut locally in Belgium. 

Antwerp’s imports of polished diamonds are also 
impressive: They reached 6.8 Mct in 1996 (an 18% in- 
crease over 1995), with most coming from India (36%), 
Russia (10%), the U.S. (10%), and Israel (8%). The re- 
export of almost 7 Mct of polished goods primarily went 
to the U.S. (24%), Hong Kong (14%), Israel (9%), 
Switzerland (8%), and Japan (7%). Of the major markets 
for polished goods exported from Belgium, Japan suffered 
the most severe year-to-year decline (-19% in U.S. dol- 
lars), which was attributed to continued recession there. 

AAL 
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Supply set to be outstripped by demand. L. Rombouts, 
Diamond International, No. 45, January-February 
1997, pp. 57-59, 61, 62, 64. 


Diamond mining, with few exceptions, is very profitable. 

As a result, particularly since 1990, it has attracted many 

mining companies that previously showed little interest. 

Recent statistics and economic studies show a growing 

demand for diamonds and a shortfall in better-quality 

goods in a few years—because of the gradual depletion of 
reserves at existing mines. 

This article reviews worldwide diamond mining and 
exploration for 1996. New mine supply is estimated at 
111 million carats [Mct], valued at $6.44 billion. Russian 
stockpile contributions to world supplies in 1996 were 
12.3 Mct, so world rough supplies for the year totaled 
123.3 Mct (a decrease of about 6.7 Mct over 1995). 

Mine production in each major source country is 
reviewed. Key facts include: 

e By the year 2000, Botswana’s Orapa mine will be the 
world’s second largest (after Argyle), with production of 
12-13 Mct annually. 

e Eighty-five percent of Russian production comes from 
the Udachny mine, which is reaching its limit of prof- 
itability as an open-pit mine. 

e Production declined markedly in 1996 at the (now 
underground) Finsch mine in South Africa. 

e Production levels remain at about 5.5 Mct at the Mbuji- 
Mayi mine in Zaire, despite generally chaotic condi- 
tions in that country. 

¢ Offshore production in Namibia (about 550,000 carats) 
now accounts for about 45% of that country’s total. 

Worldwide, diamond exploration activity costs about 
$350 million per year. Much of it is centered in Canada, 
Russia (especially in the Arkhangelsk region), Finland, 
Australia, Angola, Botswana, Zimbabwe, and other parts 
of Africa (e.g., Sierra Leone, Tanzania). AAL 


“A testing time” in diamond jewelry production. Mazal 
U’Bracha, Vol. 13, No. 83, October 1996, pp. 73, 76, 
Th 


The largest diamond-jewelry exporters are Italy, Hong 
Kong (including mainland China}, Thailand, and India, 
according to Harry Garnett, director of the De Beers CSO 
Marketing Liaison Department. However, this has not 
always been the case. Labor costs, particularly those asso- 
ciated with setting loose stones in jewelry, are a major 
factor in jewelry manufacturing, so the relative impor- 
tance of each center has changed over time. 

Hong Kong was the main supplier of low-cost jewel- 
ry to the USS. in the 1970s. By the early 1980s, this role 
had shifted to Thailand. More recently, India became the 
main supplier. That country has an almost inexhaustible 
supply of cheap labor (average labor costs per worker are 
about $80-$180 per month). 

The 1990s have been a “testing time” for the dia- 
mond jewelry industry, with lower margins, more con- 
tract workers, tighter inventory control, and a move 
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toward last-minute buying of polished goods. This com- 
petitive market has also resulted in the use of lighter gold 
settings, lower-quality diamonds, and more colored 
stones to meet lower price points. 

The U.S. jewelry manufacturing industry has 
become more specialized and service oriented; the 
Japanese have become more insistent on higher design 
and quality standards; and the Italian industry has 
retained its position as the world’s leading manufacturing 
country in terms of size, creativity, and flexibility. The 
article’s prognosis is that changes will continue in the 
diamond jewelry manufacturing industry, with contin- 
ued pressure on profitability and efficiency. This will lead 
to amore compact pipeline, in which both polished-goods 
and jewelry wholesalers will play less important roles. 

AAL 


GEM LOCALITIES 

Returning the deposed queen conch to royal status in 
Florida. National Geographic, Vol. 192, No. 1, July 
1997, p. 145. 


Queen conchs are desirable for their shells and meat, as 
well as for conch pearls. Florida populations had fallen 
drastically, by 1985, when the state banned conch har- 
vesting. A hatchery began producing conch larvae on 
Long Key in 1990, and 5,000 young conch have been 
released offshore. They are monitored by means of a 
metal detector, which finds the aluminum tags attached 
to their shells; nearly 20% of the young have survived 
since their release at an unspecified date ML] 


Emerald mineralization and metasomatism of amphibo- 
lite, Khaltaro granitic pegmatite-hydrothermal 
vein system, Haramosh Mountains, Northern 
Pakistan. B. M. Laurs, J. H. Dilles, and L. W. Snee, 
Canadian Mineralogist, Vol. 34, Part 6, 1996, pp. 
1253-1286. 


Emerald formation usually involves two different sources 
of materials: (1) ultramafic (dark) rocks that contain 
chromium, and (2) highly evolved rocks that contain 
beryllium. Most emerald deposits are associated with 
granitic pegmatites and hydrothermal quartz veins 
intruded into Cr-bearing schist; emeralds are usually 
found in the schist adjacent to the pegmatites. The 
Khaltaro deposit is geologically significant because emer- 
alds formed within the hydrothermal veins and peg- 
matites, so Cr (generally an immobile element) must 
have migrated from the host rock during their formation. 

The Khaltaro deposit is located at an elevation of 
nearly 4200 m, in a remote area of northern Pakistan. 
Small-scale mining by the Gemstone Corporation of 
Pakistan in 1985-1990 produced about 600 carats of gem- 
quality emerald from two small prospects. However, fur- 
ther exploitation has been discouraged by the fact that 
the emeralds are pale and fractured, as well as by the inac- 
cessibility of the locale. 

Emerald at Khaltaro occurs in two types of 
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hydrothermal veins—quartz and tourmaline-albite—and, 
less commonly, in the fine-grained outer zone of the peg- 
matites. Only rarely does it form in the altered amphibo- 
lite next to the veins. Emerald crystals up to 2.5 cm long 
were reportedly found by local miners in the tourmaline- 
albite veins. Aquamarine and colorless beryl are also 
found locally. 

The emerald crystals examined were unmodified 
hexagonal prisms terminated by pinacoids, abundantly 
cracked and included. A few samples showed potential 
for chatoyancy, because of hollow tubes parallel to the c- 
axis. Microprobe analyses (some provided in the article) 
give 0.20-1.27 wt.% Cr)O3 and 0.62-0.89 wt.% Fe ,O3. 
Khaltaro emeralds can be differentiated from other 
Pakistan emeralds by their cathodoluminescence emis- 
sion spectra and chemistry (higher Si, Al, and Cs; and 
lower Mg, Na, Fe, and Sc). 

Based on studies of trace elements and oxygen iso- 
topes in whole-rock samples and individual minerals, the 
authors suggest that the Be from the pegmatite- 
hydrothermal vein system combined with Cr from the 
host rock when fluorine-rich hydrothermal fluids altered 
calcic amphibole and zoisite in the amphibolite. The 
released Cr migrated a short distance into the veins, 
where it combined with the crystallizing beryl to form 
emerald. ML] 


Characterization of alexandrite, emerald and phenakite 
from Franqueira (NW Spain). C. Marcos-Pascual 
and D. B. Moreiras, Journal of Gemmology, Vol. 25, 
No. 5, 1997, pp. 340-357. 
Described are the occurrence and characteristics of the 
beryllium minerals emerald, alexandrite, and phenakite 
from Franqueira, Spain. The geologic conditions are sim- 
ilar in many ways to those of the well-known deposits of 
Tokovaja in the Ural Mountains of Russia; that is, Be and 
Cr were brought together when pegmatites and associat- 
ed mobile elements (Be, B, P) were emplaced into Cr-bear- 
ing mafic rocks. The gem-bearing zone is only 3 m thick 
and crops out for 15 m, although it may extend further 
underground. The Franqueira minerals are similar to 
their counterparts from Tokovaja, as several comparative 
tables show. The authors present extensive chemical and 
physical data on the three minerals, along with discus- 
sion of their abundant inclusions. If the photos are repre- 
sentative, then the quality of color or clarity in these 
gems, unfortunately, is not high. CMS 


Iberian emeralds. Mining Journal, London, December 
20/27, 1996, p. 496. 
The Franqueira deposit, in the Helena permit area of 
northwestern Spain, contains gem-quality emerald, 
alexandrite, and phenakite. It was found by geologists 
from Oveido University. The exploration permit for the 
30 km2 Helena permit area has been awarded to 
Cambridge Mineral Resources and will be managed local- 
ly by Stella Exploration Services. The largest emerald to 
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date, 30 - 10 cm, reportedly had good transparency and a 
dark green color. [Abstracter’s note: Although the article 
claims that this is the first documented deposit of gem- 
quality emerald and alexandrite in Western Europe, 
both Austria and Norway have produced gem-quality 
emeralds. ] ML] 


A new colour-change effect. A. Halvorsen and B. B. 
Jensen, Journal of Gemmology, Vol. 25, No. 5, 
1997, pp. 325-330. 


Chromium-bearing tourmalines from the Usambara 
region of Tanzania exhibit color variations from green 
through orange to red when viewed in transmitted light, 
depending on the thickness of the sample. Examination 
of pleochroism and spectral features indicates that the 
apparent color depends on the distance that light travels 
within a sample (path length). Faceted green gems display 
flashes of red when internally reflected light travels far 
enough within a sample to achieve the required selective 
absorption. The perceived difference in color was attrib- 
uted to the “psycho-physical effect,” as defined in a 1964 
paper by C. P. Poole on color change in Cr compounds. 

The authors propose the term “Usambara effect” for 
this color change that is due to path length. It would be 
interesting to try the authors’ experiment (well illustrat- 
ed in figure 3) on other types of gems, such as some mala- 
ia garnets, that also exhibit red flashes. The likelihood 
that path length accounts for these flashes has long been 
the subject of speculation, but it has never before been 
illustrated so conclusively. 

Two issues of this journal later, in a letter to the edi- 
tor, Dr. Kurt Nassau pointed out that the effect is well 
known in the field of organic dyes, where it has been 
called “dichroism.” Thus, he argued, the new name pro- 
posed by Halvorsen and Jensen is misleading. Since 
dichroism is used differently in gemology, however, Dr. 
Nassau proposed the terms “concentration dichroism” 
and “thickness dichroism” as appropriate. CMS 


A note on a new occurrence of vanadian grossular garnet 
from Madagascar. A. Mercier, B. Moine, J. 
Delorme, and M. A. F. Rakotondrazafy, Journal of 
Gemmology, Vol. 25, No. 6, 1997, pp. 391-393. 

A new deposit of green grossular was discovered in late 

1991 in the Gogogogo area of southwest Madagascar. Its 

pale yellowish green to dark green color is primarily 

caused by vanadium, as is the case with tsavorite from 

East Africa. Overall chemical and physical properties (as 

represented by a single dark green specimen) resemble 

those of similar material from East Africa and Pakistan, 
including an R.I. of 1.742 and S.G. of 3.62. CMS 


Pailin’s path to prosperity. S. Kanwanich and R. Saen- 
grungruang, Bangkok Post, June 1, 1997, p. 1 (Pers- 
pective section). 

Pailin, a Cambodian border town with Thailand, has long 

been known for its gemstones. Although this natural 
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resource has always been exploited, trade—once banned 
by authorities—has recently received official recognition 
again. Most investors are Thai, and gem concessions are 
a major income source in Pailin. 

The gem trade largely supports the free health care 
and education systems. Gem shops abound, and gem con- 
cessions are sold at rapidly inflating prices. Miners use 
heavy equipment to sift for gem minerals, but this is usu- 
ally unproductive because most concessions were previ- 
ously mined. Although gems are still abundant, they are 
buried deeper, requiring more-sophisticated machinery 
and extraction techniques. 

This well-written article also looks at the history of 
the area and provides a fascinating, first-hand glimpse 
into the excitement and complex interaction of merchant 
and military in what is today a gem boomtown. 

Alison Mader 


Physicochemical structural characteristics of ambers 
from deposits in Poland. F. Czechowski, B. R. T. 
Simoneit, M. Sachanbmski, J. Chojcan, and S. 
Wolowiec, Applied Geochemistry, Vol. 11, No. 6, 
1996, pp. 811-834. 

Amber has been mined from, or known to occur at, over 

600 localities in Poland. At present, the richest occur- 

rence is being mined near Gdansk (on the Baltic Coast), 

particularly between the mouths of the Stogi and Vistula 
rivers. This paper compares physical and chemical prop- 
erties of ambers from the Gdansk region with those from 
newly discovered occurrences in central Poland near 

Belchatow (associated with brown coal) and in southwest 

Poland near Jarosz6w (associated with refractory clay). 

Very sophisticated analytical techniques (e.g., gas chro- 

matography, nuclear magnetic resonance, positron anni- 

hilation spectroscopy, and nitrogen sorption) were used to 
make comparisons. 

The results show that these ambers from distinctly 
different geological environments are similar in some 
respects, such as in their chemical character: They con- 
sist of mixtures of the same compounds, namely succi- 
nates and n-alkanes. However, relative proportions of 
these compounds differ in ambers from the three locali- 
ties and even within the amber samples themselves (exte- 
rior versus interior zones). Similar variations are reported 
for other properties, such as porosity, reflectance, and sol- 
vent-extraction yields. 

On the basis of the chemical similarities (particular- 
ly the succinates), the authors suggest that amber from all 
three areas is of similar origin and can be called “Baltic 
amber.” The authors assume that all three ambers came 
from the same hypothetical conifer of the Pinus suc- 
cinifera family. AAL 


A study of New Zealand Kauri copal. S. J. A. Currie, 
Journal of Gemmology, Vol. 25, No. 6, 1997, pp. 
408-416. 


Kauri copal, a resin produced by the long-lived Kauri pine, 
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has been “mined” for more than 150 years from New 
Zealand coal beds. Its interest to gemologists lies largely 
in its resemblance to amber, but this role pales by com- 
parison to the almost half million tons once exported for 
use in varnishes and linoleum. Some fine varnishes still 
use it today. The Otamatea Kauri Museum in northern 
New Zealand preserves the material's history. 
Twenty-five specimens of widely varying color (color- 
less to dark brown), diaphaneity (transparent to opaque), 
and age (“recent” to 40 million years) were studied by the 
author. The results are compiled in a comprehensive table 
that includes source, age, specific gravity (1.03-1.095), 
refractive index (1.540), solubility in ether and alcohol, flu- 
orescence, and smell. Tests and observations, other than 
RI. and S.G., showed a broad range of reactions, but fossil 
samples of copal could be distinguished from recent spec- 
imens in that the former are insoluble in alcohol. As such, 
the fossil samples are indistinguishable from most amber. 
Moreover, because the alcohol test is destructive, it has 
only very limited application in gemology. This article is 
a must-have reference on a poorly documented (yet abun- 
dant) gem material. CMS 


INSTRUMENTS AND TECHNIQUES 


A Raman microscope in the gemmological laboratory: 
First experiences of application. H. A. Hanni, L. 
Kiefert, and J. P. Chalain, Journal of Gemmology, 
Vol. 25, No. 6, 1997, pp. 394-406. 


The Swiss Gemmological Institute (SSEF) in Basel has 
found its recent acquisition of a Raman microscope well 
worth the investment, to judge by this excellent account 
of its initial applications at this laboratory. Much more 
accurate, easier to use, and considerably less expensive 
than its predecessors, the Renishaw Raman microscope 
at SSEF easily fits on a desktop. It has enabled SSEF staff 
members to identify CO, inclusions in sapphire that are 
diagnostic of heat treatment, detect and identify fracture 
fillings in emerald, easily identify mounted gemstones, 
and characterize specimens with irregular surfaces. It can 
also distinguish component minerals in many aggregates. 

The method is nondestructive in all but a few well- 
documented conditions and works on all types of materi- 
als, except those having simple compositions and high 
symmetry, such as metals and alloys. Raman spectroscopy 
does require that the user be aware of its limitations and 
parameters; also, the lack of a large, published database 
means that each laboratory must obtain many of its own 
reference spectra from known samples. However, Raman 
spectroscopy clearly has earned a place of respect among 
the few high-tech laboratory techniques that have proved 
indispensable to gemological testing today. CMS 


JEWELRY RETAILING 


Due to shortage, prices increase for Tahitian cultured 
black pearls. National Jeweler, July 1, 1997, p. 26. 
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Because of a pearl shortage, prices of Tahitian cultured 
black pearls jumped 7.9% during the first quarter of 1997 
over the same period the previous year. The amount of 
pearls exported during that time decreased by 109 kg, 
according to customs figures provided by the Tahitian 
government. 

The biggest export market for loose Tahitian pearls 
during the first quarter was Japan, although the volume 
(440.7 kg worth $7.8 million) was down this year from 
the first three months of 1996 (547 kg worth $9.7 mil- 
lion). The U.S. moved from fourth to second place, im- 
porting a total of 61.7 kg of Tahitian pearls, compared 
with 39.8 kg imported during the same period last year. 

MD 


Top of the heap. Retail Jeweller & British Jeweller, July 
10, 1997, pp. 10-11. 

Christie’s London jewelry sales in June 1997 brought in 
£7.03 million, a massive 61% increase over last year’s 
June sales. The sale included the Hatot collection and an 
important privately owned European collection. About 
30% of sales were to individuals from Asia and the 
Middle East. 

The highlight of the sale was a spectacular fancy-col- 
ored diamond pendant/brooch that brought the top price 
of £441,500, almost double its pre-sale estimate. This 
pendant was purchased by an American dealer. In the 
Bijoux Frangais sale, a diamond pendant by Van Cleef & 
Arpels sold above estimate for £199,500 to a member of 
the British trade, while a private Hong Kong buyer paid 
£155,500 for a 1925 ruby-and-diamond necklace by 
Mauboussin, originally estimated at £60,000-£80,000. 

At Sotheby’s June 19 sale, diamonds took all the top 
prices. An arrow and quiver brooch—set with diamonds, 
emeralds, and rubies—sold for £25,300, much higher than 
a pre-sale estimate of £4,000-£6,000. A ruby-and-diamond 
bracelet, circa 1930, sold for £40,000; while a sapphire- 
and-diamond tiara went for £26,450, double its estimate. 

At Bonham’s June 20 sale, an attractive diamond-set 
swan brooch by Van Cleef & Arpels sold for £11,000. A 
Burmese ruby-and-diamond cluster ring went for 
£22,000. 

At Sotheby’s June 11 New York sale, private Ameri- 
can buyers purchased eight of the 10 top lots. A fine cul- 
tured pearl necklace sold just below estimate at £68,680; 
the same price paid for a necklace of natural black pearls 
was substantially above estimate. 

The article also reports on other auctions, including 
further examples of pieces sold. MD 


PRECIOUS METALS 


Platinum demand rises in U.S., China. M. Kletter, 
National Jeweler, June 16, 1997, p. 3. 


According to Johnson Matthey’s Platinum 1997, demand 
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for platinum in jewelry applications rose in both China 
and the United States in 1996. Worldwide, total demand 
for jewelry reached 1.85 million ounces, up from 1.81 mil- 
lion ounces in 1995. Demand for platinum jewelry in 
North America rose around 38%, to 90,000 ounces from 
65,000 ounces in 1995. Platinum jewelry in the U.S. is still 
largely concentrated in the bridal market. China became a 
significant market for platinum jewelry in the last three 
years, according to the report, because of demands by a 
new middle class in that country. Demand was flat in 
1996 in Japan, the largest market for platinum jewelry. 
Platinum supplies fell by 90,000 ounces to 4.9 mil- 
lion ounces in 1996, largely because of declining ship- 
ments from Russia and South Africa, the largest platinum 
suppliers. MD 


SYNTHETICS AND 
SIMULANTS 


The identity of reddish-brown inclusions in a new type of 
Russian hydrothermal synthetic emerald. K. 
Schmetzer and H. J. Bernhardt, Journal of Gem- 
mology, Vol. 25, No. 6, 1997, pp. 389-390. 


Reddish brown transparent platelets in recent Russian 
hydrothermal synthetic emeralds are conclusively identi- 
fied as hematite. They differ from previously observed 
opaque hematite platelets only in that they are thin 
enough to achieve transparency. 

CMS 


TREATMENTS 


Identification of B jade by diffuse reflectance infrared 
Fourier transform (DRIFT) spectroscopy. P. L. Quek 
and T. L. Tan, Journal of Gemmology, Vol. 25, No. 
6, 1997, pp. 417-427. 


The advantages of DRIFT spectroscopy to detect wax and 
polymer impregnation of jadeite are spelled out in this 
article. DRIFT can obtain results even from thick and/or 
mounted specimens; its sensitivity exceeds that of tradi- 
tional FTIR spectroscopy. 

Three samples of “wax-buffed” (otherwise untreated) 
jadeite, three of bleached and wax-impregnated jadeite, 
and four of bleached and polymer-impregnated jadeite (all 
green) were examined. Ultraviolet (long- and short-wave} 
fluorescence could not distinguish between the first two 
sample types, and it only sometimes indicated the third. 
FTIR results proved similarly ambiguous. However, fine 
peaks in the 700-6000 cm-! region of the DRIFT spectra 
enabled the authors to conclusively separate the samples 
into their three groups. Although 10 samples represent a 
small population from which to draw sweeping conclu- 
sions, this method (and its usefulness in detecting certain 
treatments) clearly deserves serious consideration and 
further study. CMS 
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ABOUT THE COVER: The effect of blue fluorescence on the appearance of 
faceted diamonds is a controversial topic in the trade today. Yet inert and fluo- 
rescent diamonds are commonly placed next to each other in contemporary jew- 
elry. Half the necklace and one earring in this composite photo are shown under 
normal lighting conditions (left), and the other half of the necklace and the same 
earring are shown as they appear under a long-wave ultraviolet lamp (right). For 
a complete view of the necklace and earrings under both lighting environments, 
see page 258. The diamonds in the necklace weigh a total of 132 ct, and the pear- 
shaped center stone in the earring weighs 3.20 ct. Courtesy of Harry Winston, 
Inc., New York. 


Photo by Harold & Erica Van Pelt—Photographers, Los Angeles, CA. 
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Figure 58 
Disc-like inclusion, 
of concentric “year- 
rings” as seen in 
pearls and tree 
trunks, frequently 
seen in yellow and 
brownish-yellow to- 

pazes. — 


Figure 59 
Several non-miscible 
liquids, in one inclu- 
sion, in a light blue 

topaz from Brazil. 


The Impact of Fluorescence in Diamonds: 
A Different Research Perspective 


T he effect of ultraviolet fluorescence on diamond appearance has been hotly debated for 
at least the past decade. Opinions of even the most experienced tradespeople vary 
widely. With great conviction, some say that blue fluorescence of different strengths typi- 
cally enhances a diamond’s overall appearance. Others, as convincingly, say that it has a 
negative effect. To address this controversy, researchers at the GIA Gem Trade Laboratory 
conducted an experiment on the effects of long-wave ultraviolet radiation on the color 
appearance and transparency of gem diamonds. Their results are reported in this issue. 

This study challenges the perception held by many in the trade that UV fluores- 
cence generally has a negative effect on the overall appearance of a diamond. In fact, the 
results support the age-old belief that strong or even very strong blue fluorescence can 
improve appearance rather than detract from it, especially in diamonds with faint yellow 
body color. This result is consistent with the slightly higher "asking" prices reported for 
these stones. While the apparent benefits of blue fluorescence are less obvious in colorless to 
very near-colorless diamonds, they still were evident in the study. This should bring into 
question the trade's lower "bid" prices for moderate to highly fluorescent diamonds in the 
better colors. It also makes us question the source of the present controversy surrounding 
fluorescent diamonds. It may be the result of trademembers' misunderstanding of the com- 
plexity of the issue, or the extreme price sensitivity in the highest color grades (where there 
are fewer stones and distinctions are more subtle). Or it may be the fact that it is simply eas- 
ier to move goods without the encumbrance of a reported fluorescence. 

To some extent, this type of research project is unusual in gemology, in that 
human observation rather than instrumental analysis is the key tool. Yet evaluation of this 
human element is just the kind of important research that is needed to help resolve misun- 
derstandings and false perceptions among members of the trade and even the consuming 
public. Gemological research involves not only the physical, optical, and chemical nature of 
gems, but also the visual assessment of stones in buying and selling situations. GIA will 
never alter its course of promoting the scientific examination of gem materials to seek 
knowledge and understanding, but we also want to encourage more research studies that 
address important trade concerns. 

Thus, we believe that the diamond fluorescence article is as significant a contri- 
bution to gemology as the synthetic moissanite and synthetic emerald articles also featured 
in this issue. After all, the science of gemology is not just about R.I.’s and S.G.’s, or even 
sophisticated chemical and spectral analysis. It is also about dispelling (or, in some cases, 
confirming} beliefs that have been perpetuated over the years, and about separating bias and 


tradition from reality in the gem industry. 
. e ce 


William E. Boyajian 
President, Gemological Institute of America 


Editorial GEMS & GEMOLOGY Winter 1997 243 


A CONTRIBUTION TO UNDERSTANDING 
THE EFFECT OF BLUE FLUORESCENCE 
ON THE APPEARANCE OF DIAMONDS 


By Thomas M. Moses, Ilene M. Reinitz, Mary L. Johnson, John M. King, and James E. Shigley 


Some gem diamonds fluoresce, most commonly 
blue, to the concentrated long-wave ultraviolet 
radiation of a UV lamp. There is a perception in 
the trade that this fluorescence has a negative 
effect on the overall appearance of such a dia- 
mond. Visual observation experiments were con- 
ducted to study this relationship. Four sets of 
very similar round brilliant diamonds, covering 
the color range from colorless to faint yellow, 
were selected for the different commonly 
encountered strengths of blue fluorescence they 
represented. These diamonds were then observed 
by trained graders, trade professionals, and aver- 
age observers in various stone positions and 
lighting environments. For the average observer, 
meant to represent the jewelry buying public, no 
systematic effects of fluorescence were detected. 
Even the experienced observers did not consis- 
tently agree on the effects of fluorescence from 
one stone to the next. In general, the results 
revealed that strongly blue fluorescent diamonds 
were perceived to have a better color appearance 
when viewed table-up, with no discernible trend 
table-down. Most observers saw no relationship 
between fluorescence and transparency. 


ABOUT THE AUTHORS 


Mr. Moses is vice-president of identification ser- 
vices, Dr. Reinitz is manager of research and 
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development at the GIA Gem Trade Laboratory, 
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244 Blue Fluorescence in Diamond 


any factors influence the color appearance of 

colorless to faint yellow diamonds. 

Typically, such diamonds are quality graded 
for the absence of color according to the D-to-Z scale devel- 
oped by the Gemological Institute of America in the 1940s 
(Shipley and Liddicoat, 1941). By color appearance, however, 
we mean the overall look of a polished diamond’s color that 
results from a combination of factors such as bodycolor, 
shape, size, cutting proportions, and the position and light- 
ing in which it is viewed. When exposed to invisible ultravi- 
olet (UV) radiation, some diamonds emit visible light, 
which is termed fluorescence (figure 1). This UV fluores- 
cence arises from submicroscopic structures in diamonds. 
Various colors of fluorescence in diamond are known, but 
blue is by far the most common. 

The response of a diamond to the concentrated radia- 
tion of an ultraviolet lamp is mentioned as an identifying 
characteristic (rather than a grading factor) on quality-grad- 
ing reports issued by most gem-testing laboratories. Other 
light sources—such as sunlight or fluorescent tubes—also 
contain varying amounts of UV radiation. Although there 
have been instances where the color and strength of the flu- 
orescence seen in diamonds observed in these other light 
sources are also believed to influence color appearance, in 
recent years the fluorescence noted on grading reports has 
been singled out by many in the diamond trade and applied 
across the board as a marker for pricing distinctions. 
Generally, these distinctions are applied in the direction of 
lower offering prices for colorless and near-colorless dia- 
monds that exhibit fluorescence to a UV lamp (Manny 
Gordon, pers. comm., 1997). Other trade members contend 
that the overall color appearance of a diamond typically is 
not adversely affected by this property (William Goldberg, 
pers. comm., 1997); many even say that blue fluorescence 
enhances color appearance. 
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Figure 1. Blue is by far 
the most common fluo- 
rescence color encoun- 
tered in gem diamonds 
when they are exposed to 
the concentrated long- 
wave ultraviolet radia- 
tion of a UV lamp. In 
recent years, this proper- 
ty of many diamonds has 
been the subject of much 
debate with regard to its 
effect on appearance and 
value. Photo by Harold & 
Erica Van Pelt. 


To date, however, there have been no studies 
that examine the influence of blue fluorescence on 
the appearance of a diamond under normal viewing 
conditions. To this end, we identified certain funda- 
mental variables that we needed to investigate as a 
first step in understanding this complex issue. For 
example, a grading laboratory such as the GIA Gem 
Trade Laboratory (GIA GTL) assesses color under 
carefully controlled lighting and viewing conditions 
and mainly with the diamond positioned table- 
down. In a retail jewelry store, when a diamond is 
examined for its overall color appearance in mount- 
ed jewelry, viewing normally occurs with the dia- 
mond table-up in any of a variety of lighting condi- 
tions, as it does for the wearing of jewelry. Also, 
because it is within the D through J range that fluo- 
rescence has become a greater influence on pricing 
(Don Palmieri, pers. comm., 1997), we decided to 
focus our initial investigation on diamonds that rep- 
resent this end of the color scale. Thus, the purpose 
of this study was to explore the perceived influence 
of reported blue fluorescence in colorless to faint 
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yellow diamonds when viewed in different posi- 
tions and under different lighting conditions by 
observers from both within and outside the dia- 
mond industry. 


BACKGROUND 


Industry Perception of Fluorescence in Diamonds. 
Historically, the trade has given names to certain 
types of fluorescent diamonds based on the mines 
that produced significant numbers of such stones. 
The term premier, for example, has been used to 
describe light yellow diamonds with strong blue flu- 
orescence, because such diamonds were often 
recovered from South Africa’s Premier mine. The 
term jager has been used to describe colorless 
stones with strong blue fluorescence; the name orig- 
inates from the Jagersfontein mine in South Africa, 
where such diamonds were once common (Bruton, 
1978). Historically, some diamond merchants 
would seek out near-colorless to light yellow dia- 
monds with strong blue fluorescence because they 
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BOX A: FLUORESCENCE IN DIAMOND 


Fluorescence is a form of luminescence. For the purpos- 
es of this paper, Juminescence is defined as the emis- 
sion of light by a substance that has absorbed UV radia- 
tion. A substance is fluorescent if the emission of light 
stops when the energy source causing it is removed. (In 
contrast, if a substance continues to glow after the 
energy source is removed, it is phosphorescent.) 

In a luminescent substance, the absorption of UV 
radiation causes an electron to move from its stable 
low-energy position (“ground state”) into a temporary 
high-energy (“excited”) state (figure A-1). This high- 
energy state is unstable, so the electron relaxes into a 
lower-energy excited state that is slightly more stable. 
As the electron falls back to the ground state, the sub- 
stance emits light. This emitted energy is always less 
than excitation energy. Since wavelength increases as 
energy decreases, emission occurs at longer wave- 
lengths than the excitation wavelength (again, see fig- 
ure A-1). Submicroscopic structures that allow this 
movement of electrons are called Juminescence cen- 
ters. These centers arise from certain defects in the 
crystal lattice, such as electrically charged ions, or 
atomic vacancies or substitutions (see Nassau, 1983; 
Waychunas, 1988). 

Gem diamonds typically contain a variety of struc- 
tural defects, most involving impurity atoms such as 
nitrogen, hydrogen, and boron. Nitrogen-related defects 
are the most common of these, and only some of the 
resulting defects cause luminescence (Clark et al., 
1992, Collins, 1992; see also Davies et al., 1978). The 
nitrogen-related defects, and their association with flu- 
orescence, are described as follows: 

e A single nitrogen atom substituting for carbon in a 


diamond that is partly type Ib (see, e.g., Fritsch and 
Scarratt, 1992.) produces orangy yellow fluorescence. 

e A group of two nitrogen atoms, the A aggregate, tends 
to quench—that is, extinguish—fluorescence. 

e A group of three nitrogen atoms is called the N3 cen- 
ter, and produces blue fluorescence. 

e A group of four nitrogen atoms is called the B aggre- 
gate, and is not known to cause luminescence. 

e A lens-shaped cluster of nitrogen atoms is called a 
platelet, and is associated with yellow fluorescence. 

e A single nitrogen atom trapped near a carbon vacancy 
causes bright orange fluorescence. 

e A vacancy trapped near an A or B aggregate is called 
the H3 (H4) center, and generates green fluorescence. 

A single diamond may contain several different 
kinds of defects, leading to a range of complex relation- 
ships between nitrogen content, nitrogen aggregation 
state, diamond color, and fluorescence color and 
strength. A diamond may also display two different flu- 
orescence colors, either clearly zoned or closely mixed 
together. As described in the Background section of the 
text, of 5,710 colorless to near-colorless diamonds that 
fluoresced a noticeable color, 97% showed blue fluores- 
cence, which is caused by the N3 center. Of 16,835 dia- 
monds in the same study that did not fluoresce, many 
contained N38 centers, but they also contained enough 
A aggregates to prevent any visible luminescence. The 
existence of N3 centers in these diamonds is suggested 
by their yellow bodycolor (most commonly caused by 
“Cape” absorption bands, which are related to these 
centers); the existence of A aggregates (or other centers 
that quench luminescence) is evident from the fact that 
the stones do not fluoresce. These complexities con- 
found the trade notion that nonfluorescent 
diamonds are more “pure” than those that 
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believed that such fluorescence gave rise to a dia- 
mond that appeared “more colorless” (i.e., “less yel- 
low”) under lighting with a high UV content. Firms 
such as C. D. Peacock were known to actively look 
for such fluorescent diamonds (Joe Samuel Jr., pers. 
comm., 1997). Often these diamonds were market- 
ed as “blue-white,” a term that was prohibited by 
U.S. Trade Practice Rules in 1938 (U.S. Federal 
Trade Commission, 1938). Recognizing that some 
highly fluorescent diamonds might have a slightly 
different color appearance when viewed under light 
sources with differing UV content, Shipley and 
Liddicoat (1941) emphasized the importance of con- 
trolled lighting conditions for consistent color grad- 
ing of faceted diamonds. 

Tradespeople further observed that some gem 
diamonds with a hazy appearance also fluoresced 
strong blue to UV radiation. In the dynamic market 
of the late 1970s, some dealers began offering sub- 
stantially lower prices for what they called “milky 
Ds” (diamonds with a color grade of D, very strong 
blue fluorescence, and reduced transparency). Over 
the next decade, the perceived negative impact of 
fluorescence spread down the color grade scale (as 
far as F) and eventually also included stones with 
weaker fluorescence (M. Rapaport, pers. comm., 
1997). In recent years, fluorescence has had more 
impact as a value factor because of the influx of 
large quantities of high-quality diamonds from 
Russia. Many of these diamonds exhibit moderate 
to strong blue fluorescence to the UV lamp (Kevo 
Ayvazian, pers. comm., 1997). 

The concerns about fluorescence can be 
attributed to a number of factors. These include 
notions that: (1) nonfluorescent diamonds are more 
“pure” than those that fluoresce, (2) nonfluorescent 
diamonds (in the colorless range [D-F]} are rarer 
than fluorescent diamonds in the same color range, 
and (3) the hazy appearance seen in some strongly 
fluorescent diamonds must exist in more weakly 
fluorescent diamonds as well. With the airing of a 
television “exposé” in South Korea in 1993 (We 
Want to Know That), the negative image of fluores- 
cent diamonds was brought to the attention of con- 
sumers as well. 

An indication of the extent to which fluores- 
cence influences market value is found in the 
Rapaport Diamond Report weekly price guide. In 
the November 7, 1997, Report, for example, some 
higher-color (D-H) diamonds with very strong fluo- 
rescence were listed for up to 15% less than compa- 
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rable nonfluorescent stones. From the spring of 
1993 until the present time, the Report has stated 
that “the impact of blue fluorescence on price 
depends on its noticeability.” Although the fluores- 
cence description (which is based on observations 
made under a long-wave UV lamp) can be read from 
a laboratory grading report, “noticeability” refers to 
the direct observation of the diamond under the 
lighting conditions of a normal trading environ- 
ment. In that same issue of the Report, lower-color 
(I-N) diamonds with very strong fluorescence car- 
ried a premium of up to 4% over similar nonfluo- 
rescing stones. This may be due to the continuing 
perception of many in the trade that blue fluores- 
cence acts to mask or offset the faint to very light 
yellow bodycolor of some gem diamonds. 


Observation of Fluorescence. Fluorescence is the 
“emission of visible light by a material such as dia- 
mond when it is stimulated by higher-energy X- 
rays, ultraviolet radiation, or other forms of radia- 
tion. Fluorescence continues only as long as the 
material is exposed to the radiation” (Liddicoat, 
1993, p. 91). In gem testing, the ultraviolet unit that 
is commonly used provides two types of UV radia- 
tion. These two types are normally referred to by 
their most intense excitation wavelengths: 365 nm, 
or long-wave UV (also an important component of 
daylight); and 254 nm, or short-wave UV. Although 
the latter provides identification data for the labora- 
tory, it is long-wave UV fluorescence that is meant 
when fluorescence is discussed in the diamond 
trade or described on a diamond grading report. (For 
more on fluorescence in diamonds, see Box A.} 
Depending on the viewing conditions and the 
observer's visual perception, the reaction of a dia- 
mond to long-wave UV radiation may vary in both 
strength and hue. Both colorless and colored dia- 
monds can fluoresce several hues, most commonly 
blue, yellow, orange, and white. Some pink (and, on 
rare occasions, colorless and near-colorless) dia- 
monds fluoresce bright orange. Some blue dia- 
monds, such as the Hope, fluoresce (and phospho- 
resce} red to short-wave UV. These different colors 
of UV fluorescence arise either from trace impuri- 
ties (mainly nitrogen and boron, possibly hydrogen) 
or from other submicroscopic defects in the dia- 
mond crystal structure (again, see Box A). In the 
experience of GIA GTL, strength of fluorescence 
does not directly correlate to either color or clarity. 
For example, a diamond with a clarity grade of 
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internally flawless and a color grade of D can exhib- 
it the same strength of blue fluorescence as another 
diamond with a clarity of I, and a color grade of J. 

A gemological report assigns grades so that the 
quality of one diamond may be assessed relative to 
others, but it also provides information that 
describes the stone and helps separate it from other 
diamonds. At GIA GTL, the fluorescence entry on a 
diamond grading report is considered to be a 
description, not a grade. In fact, the laboratory has 
used fluorescence to help clients recover diamonds 
that were lost or stolen. 

At GIA GTL, the standard procedure for observ- 
ing UV fluorescence includes use of a long-wave UV 
lamp in a darkened viewing environment. Factors 
such as the distances and viewing angles between 
the UV lamp, the diamond, and the observer are 
specified to maintain consistency between 
observers. A set of reference diamonds is used to 
establish the intensity of the fluorescence exhibited 
by a stone within the ranges none, faint, medium, 
strong, and very strong. In a procedure similar to 
that employed for color grading with the D-to-Z 
scale, the diamond being examined is placed table- 
down and moved between the reference stones until 
the intensity of the fluorescence is stronger than the 


Figure 2. As with diamond color grading, both the 
control of observation variables (light source, envi- 
ronment, viewing geometry) and the use of known 
reference stones are required to make consistent 
fluorescence observations. At GIA GTL, the diamond 
being examined is placed table-down and moved 
between the fluorescence reference stones until the 
intensity of the fluorescence is stronger than the 
reference stone on the left, and weaker than the ref- 
erence stone on the right. Photo by Maha 
DeMaggio. 
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reference stone on the left, and weaker than the ref- 
erence stone on the right (figure 2). As with color 
grading, the trained eye adjusts for differences in 
facet arrangement, size, and shape between the dia- 
mond and the reference stones. This procedure fol- 
lows the standard methodology recommended by 
the American Society for Testing and Materials 
(ASTM, 1996) for comparing the colors of objects. 
To better understand how common UV fluores- 
cence is among colorless to faint yellow diamonds, 
we reviewed a random sample of 26,010 GIA GTL 
grading reports for diamonds in this range. The data 
revealed that approximately 65% of these diamonds 
had no reported fluorescence to long-wave UV radi- 
ation. (Note that a report description of “none” 
means that any fluorescence exhibited is weaker 
than that of the reference stone that marks the 
none/faint boundary.) Of the 35% (9,175 diamonds) 
for which fluorescence was reported, 38% (3,465) 
were described as having faint fluorescence and 
62% (5,710) had descriptions that ranged from 
medium to very strong. Of the 5,710 diamonds with 
medium to very strong fluorescence, 97% (5,533) 
fluoresced blue (in varying intensities) and only 3% 
(162 stones) fluoresced another color (yellow, white, 
or orange; no color is reported for descriptions of 
faint fluorescence.}. Therefore, only 35% of the 
26,010 diamonds fluoresced, and less than 1% fluo- 
resced a color other than blue. Of the 11,901 dia- 
monds in the D-to-F range, a similar proportion flu- 
oresced (4,250 diamonds, 36% of the total). 
Although yellow fluorescence is also a concern 
in the industry (see, e.g., the June 1997 issue of the 
Diamond Value Index}, our decision to limit the 
present study to diamonds with blue fluorescence 
was based on the preponderance of such diamonds 
and the difficulty of finding sufficient numbers of 
yellow-fluorescent stones to conduct a parallel 
study. Diamonds with extremely strong blue fluo- 
rescence and a distinctive oily or hazy appearance, 
often referred to as “overblues,” are also a concern 
to the industry. In our experience, however, they are 
even rarer than diamonds with yellow fluorescence. 


MATERIALS AND METHODS 


Diamond Samples. From an initial population of 
more than 1,000 diamonds made available for 
study, we identified approximately 300 stones with 
varying degrees of blue fluorescence. From these, 
we assembled four sets of six stones each that were 
very similar to one another in all respects except 
their fluorescence (see figure 3 and table 1). Based on 
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Figure 3. The four color sets of diamonds used for the observation experiments are seen here table-up and 
table-down under normal lighting conditions, and under the long-wave UV lamp used to make fluores- 
cence determinations in the laboratory. See table 1 for precise descriptions of these stones as they are pre- 
sented here, which is the same arrangement within each set shown to the observers. From left to right, top 
to bottom: the six stones in the E set show strong, medium, very strong, none, faint, and strong fluores- 
cence; the G set stones show faint, very strong, medium, medium, none, and strong fluorescence; the I set 
stones show medium, very strong, faint, strong, none, and strong fluorescence; and the K set stones show 
very strong, faint, strong, strong, faint, and strong fluorescence. (Because of the inherent difficulties of 
controlling color in printing, the colors in this illustration may differ from the actual colors of the stones.) 
Photos of diamonds in normal light are by Harold & Erica Van Pelt; and in UV light, by Maha DeMaggio. 
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TABLE 1. Description of the 24 faceted diamonds used in this study.@ 


E color (Set 3) Gcolor (Set 2) | color (Set 1) K color (Set 4) 
Letter Fluor.» Clarity Wt. (ct) Fluor. Clarity Wt. (ct) Fluor. Clarity Wt. (ct) Fluor. Clarity Wt. (ct) 
A Strong VS4 0.76 Faint VVS; 0.60 Medium — Sly 0.79 V. strong Slo 0.56 
B Medium VVS;, 0.68 V. strong VS» 0.62 V. strong VS» 1.15 Faint Sl; 0.56 
Cc V. strong? IF 0.70 Medium — IF 0.63 Faint VS, 1.01 Strong VS 0.47 
D None VVS;, 0.69 Medium VS, 0.50 Strong VS; 1.19 Strong Sl, 0.59 
E Faint VS4 0.65 None IF 0.72 None VS, 1.03 Faint VSp 0.48 
F Strong VVS; 0.77 Strong VS; 0.51 Strong VS» 0.80 Strong VS» 0.65 


aThe letters represent how the diamonds were referred to in answering our questionnaire and their order from left to right as they were placed in trays or ring 
mounts for viewing (i.e., the diamond labeled “A” was on the left, “B” next, etc.). The set numbers refer to the order in which each color set was given to the 
observer. For all four sets of diamonds, polish and symmetry were good, very good, or excellent. 


Fluor. = strength of fluorescence to a long-wave ultraviolet lamp. 
cV, Strong = very strong. 


our experience grading millions of diamonds, the 
selection was typical of those encountered in the 
trade. All 24 diamonds were round brilliants; most 
had clarity grades at or above the VS range, were of 
good or better symmetry and polish, had similar 
proportions, and fell within similar size ranges. 
Each set comprised a different color grade—E, G, I, 
and K—representing important commercial break- 
points. Within each of the four sets, the six dia- 
monds represented a wide range of intensity of blue 
UV fluorescence (from none to very strong). For all 
observations, the diamonds were arranged in each 
set so that there was no particular order to the 
strength of their fluorescence. As noted above, we 
did not include those diamonds with extremely 
strong blue fluorescence and a hazy appearance 
(“overblues”—see, e.g., figure 4), because we could 
not obtain sufficient numbers of such stones. 
However, the diminished transparency of these 
extreme examples prompted us to investigate trans- 
parency as well as color in this study. Although we 
would have preferred a larger sample of diamonds, 
we felt that this initial study should focus on con- 
trolling those other variables that could affect 
appearance, leaving fluorescence as the variable to 
be studied. Despite the large number of blue fluores- 
cent diamonds that were available, potentially 
influential factors such as size, proportions, polish, 
symmetry, and clarity considerably narrowed our 
final selection. 


Viewing Environments and Methodology. Because 
faceted diamonds are observed under different light- 
ing and viewing situations in different parts of the 
trade, we identified five representative viewing 
environments for this experiment (see table 2 and 
figure 5). These environments cover the range of 
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lighting and viewing situations commonly encoun- 
tered in the industry. (Although incandescent lights 
are frequently used in retail jewelry stores for dis- 
play purposes, diamond value judgments made by 
jewelers are typically made with daylight or fluores- 
cent light.) The viewing environments that we used 
fall into two general categories: “grading environ- 
ments” and “appearance environments.” 

In grading environments, an attempt is made to 
control, as much as possible, all observation vari- 
ables to achieve consistent, repeatable results dur- 
ing the evaluation of a diamond's color grade. Here, 
as in standardized GIA color grading, the faceted 
diamonds were viewed table-down through the 
pavilion facets, so that the effects of cutting, such as 
facet reflections, would be minimized. Two such 
environments were used: 


1. A GIA GEM DiamondLite viewing unit, with a 
nonfluorescent white interior and two overhead 
Verilux (daylight equivalent) fluorescent tube- 
type lamps, was placed in an otherwise dark- 
ened room. In this configuration, the six dia- 
monds in each set were positioned table-down 
on the floor of the viewing box, 5-10 cm (2-4 
inches) below the lamps, with the observer 
looking at the diamonds in profile view (again, 
see figure 5). This is the standard position and 
environment for color grading diamonds in the 
D-to-Z range at GIA GTL. 


2. An overhead, desk-mounted, Phillips F15T8/D 
15-watt (daylight equivalent) fluorescent tube- 
type lamp was placed in a standard office set- 
ting. In such an environment, there may or 
may not be ambient light sources nearby (in 
this instance, there were). The diamonds were 
positioned table-down in a grooved, white, non- 
fluorescent plastic tray and observed in profile 
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Figure 4. The 127 ct Portuguese diamond at the 
Smithsonian Institution in Washington, DC, is a classic 
example of a blue fluorescent diamond referred to as an 

“overblue.” These diamonds of extremely strong blue flu- 
orescence may exhibit a noticeable oily or hazy appear- 
ance when excited by any of a number of light sources. 
Although diamonds described on a laboratory report as 
having very strong blue fluorescence are routinely seen in 
the trade, a true “overblue” is not commonly encoun- 
tered and was not part of our study. Photo © Harold w 
Erica Van Pelt. 


view. (Although many diamond dealers regular- 
ly use a folded business card for such observa- 
tions, most white card stock itself fluoresces 
bluish white and thus adds its own emitted 
light to the diamond being observed, potential- 
ly altering the color appearance.) This is the 
standard position and environment for diamond 
color grading used in diamond bourses around 
the world and in retail jewelry stores. 


In appearance environments, there is less 
attempt (or opportunity, or perceived need) to con- 
trol the observation variables that can affect the dia- 
mond’s color appearance. Typical situations 
include: informal color grading of D-to-Z diamonds, 
observations of color appearance made at the time a 
diamond is bought or sold; and, for the jewelry-buy- 
ing public, how a diamond might appear when 
worn in jewelry. Here, the diamond is viewed table- 
up through the crown facets, where the cutting 
style has more influence on the perceived color. 
Three such environments were used in our experi- 
ment: 


3. Observations were made with an overhead, 
desk-mounted, Sylvania Cool White F15T8/CW 
15-watt (daylight equivalent) fluorescent tube- 
type lamp in a standard trading environment. 
(Recognizing that different offices have different 
overhead fluorescent lighting, we felt that the 
use of different bulbs for environments 2 and 3 
provided a broader representation of trade envi- 
ronments. Again, in such a setting, there may or 
may not be ambient light sources nearby. In this 
environment, we did not have ambient light.) 
For this experiment, the diamonds were 
observed table-up in a grooved, white, nonfluo- 


TABLE 2. The five viewing environments used in this study. 


Distances: 
Lighting Observer type Stone light-to-object / 

No. environment Light source (no.) orientation observer-to-object 

1 DiamondLite, Verilux type Laboratory grader (5) Table-down, floor 2-4 in. / 12-18 in. 
in a darkened room fluorescent tubes (2) Trade grader (2) of viewing box (5-10 cm / 30-45 cm) 

2 Overhead desk- 18” Phillips Laboratory grader (6) Table-down, 12-18 in. / 6-18 in. 
mounted light, F15T8/D 15-watt Trade observer (4) grooved tray (80-45 cm / 15-45 cm) 
in a lighted room fluorescent tube 

3 Overhead desk- 18” Sylvania Laboratory grader (8) Table-up, 12-18 in. / 6-18 in. 
mounted light, F15T8/CW 15-watt Trade grader (2) grooved tray (80-45 cm / 15-45 cm) 
in a darkened room fluorescent tube Trade observer (2) 

4 Ceiling-mounted Phillips FB40CW/6 Laboratory grader (6) Table-up in ring, Approx. 6 ft. / 6-18 in. 
room lighting 40-watt fluorescent Trade grader (1) ring tray (Approx. 2 m/ 15-45 cm) 

tubes Average observer (5) 
5 Window South daylight Laboratory grader (3) Table-up in ring, Not applicable / 6-18 in. 


(indirect sunlight) 


(1:00-4:00 pm, July, 
in New York City) 


Average observer (6) 


ring tray 


(NA / 15-45 cm) 
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rescent plastic tray. This is a standard environ- 
ment for evaluating diamonds in the trade. 


4. Observations took place in a room with Phillips 
FB40CW/6 40-watt fluorescent tube-type ceiling 
lights. Each of the diamonds was placed in a 
spring-loaded white metal display mounting, 
and each set was placed in a neutral gray ring 
tray. This also is a standard condition for buying 
and selling diamonds in the trade; in addition, it 
approximates the lighting conditions for typical 
indoor wearing of diamond jewelry. 

5. Observations were made in a room where the 
only light was external, indirect sunlight com- 
ing through a window (July afternoon daylight, 
on a sunny day, from a southerly direction in 
New York City). Each of the diamonds was 
placed in a spring-loaded white metal display 
mounting, and each set was placed in a neutral 
gray ring tray. This is a standard position and 
environment for buying and selling diamonds in 
the retail jewelry industry. Although partial fil- 
tering of UV radiation occurs through a window, 
this approximates typical outdoor wearing of 
diamond jewelry. 

Because different intensities of ultraviolet radia- 
tion in the light sources could affect the diamonds’ 
fluorescence reaction, we used a UVX digital 
radiometer manufactured by Ultraviolet Products, 
Inc., to measure the UV content in each of the light 
sources chosen. The measurements revealed no 
appreciable differences in long-wave UV content 
from one fluorescent light source to the next. They 
also revealed that these light sources emit approxi- 
mately 5% as much UV radiation as the UV lamp, 
at the light-to-object distances used in the laborato- 
ry. According to our measurements, indirect day- 
light through our windows has about as much UV 
radiation as the fluorescent light sources. 


Observers. We assembled four groups of observers, a 
total of 46 individuals, to represent both the dia- 
mond industry and the diamond-buying public, as 
follows: 


1. Laboratory Graders (25 total)—trained individu- 
als employed by GIA GTL, who routinely per- 
form diamond color grading using the D-to-Z 
scale and GIA’s standard grading procedure. 
Because of their experience in diamond grading 
and the fact that they are constantly monitored 
for consistency, we felt that the members of 
this group would best be able to make the dis- 
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tinctions we were investigating. Consequently, 
members of this group participated in every 
viewing environment. 


2. Trade Graders (5 total)—trained individuals 
employed by diamond manufacturers, who rou- 
tinely perform diamond color grading using the 
D-to-Z scale and a standard grading procedure. 


3. Trade Observers (5 total)—individuals 
employed by diamond manufacturers or dia- 
mond brokers, who have a working knowledge 
of diamond color-grading practices but either do 
not carry out color grading on a daily basis or, if 
they do color grade, they use less stringent 
guidelines than those used by the Laboratory 
and Trade Graders. 


4. Average Observers (11}—individuals who repre- 
sent the diamond-buying public. Some of these 
had limited knowledge of diamond color-grad- 
ing procedures, while others had none. In either 
case, none of these individuals had previously 
made observations of color appearance in dia- 
mond in any systematic way. 


We asked these four sets of observers to view 
the four sets of diamonds in one or more of the 
viewing environments. Because some observers 
brought their own trade practices to the experi- 
ment, and others had no prior experience with some 
of the environments, we did not ask all observers to 
make observations in each type of environment. 
Nor do we have equal numbers of observations for 
each group of observers and viewing environment. 
However, we did ask four observers (three 
Laboratory Graders and one Trade Observer) who 
had both laboratory and extensive trade experience 
to look at the diamonds in more than one viewing 
environment. All told, the final data represent a 
total of 50 observations for each of the four sets of 
diamonds (i.e., 46 observers, four of whom viewed 
the diamonds in two environments). 


Observer Questionnaires. We gave each observer a 
sheet of instructions that briefly stated that the 
research project concerned diamond fluorescence 
and then asked questions regarding his or her obser- 
vations (table 3). The observer was verbally instruct- 
ed not to alter the geometry of the environment (the 
arrangement of the light source, diamond, and eye) 
in which the observation was being made. Terms 
such as hue (color), depth (strength) of color, and 
transparency (in this instance, the presence or 
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Figure 60 
Irregular liquid in- 
clusions containing 
movable gas bubbles 
typical of the topaz 
species, shown in 
light blue topaz from 

Brazil. Q 


Figure 61 
A large liquid-filled 
cavity with a small 
round gas bubble 
floating in it, includ- 
ed in a@ green tour- 
maline, 


Figure 5. Gem diamonds are viewed in various environments and positions. These range from a 
highly controlled grading environment (DiamondLite, upper right) through more variable envi- 

ronments such as the diamond bourse (at Antwerp, above left) to the more generalized environ- 
ment of the retail jewelry store (lower right). DiamondLight photo by Maha DeMaggio, jewelry 

store photo by James Aronovsky, and bourse photo courtesy of the Diamond Bourse, Antwerp. 


absence of haziness or oiliness) were defined so that 
all observers were responding to the same character- 
istics. Our concern was to determine whether these 
observers could perceive any effect from fluores- 
cence on the appearance of the diamonds (that is, 
more or less colored or more or less transparent) 
under normal lighting conditions. 

We presented the diamonds to each observer 
one set at a time, and then asked the individual to 
answer the same group of questions for each set. 
Observers were allowed to select more than one 
stone as “most colored,” “least colored,” etc. No 
time limit was given to view the sets of diamonds. 


RESULTS 


Analysis of the Data. Questions 1, 2, and 6 were 
designed to focus the observer's attention on the 
properties we wanted to test: color and transparen- 
cy. Questions 3 and 4 provided us with quantifiable 
data on color that could be statistically analyzed. 
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The answers to question 5 were not statistically 
meaningful. Questions 7 and 8 provided quantifi- 
able data for transparency. 

We analyzed the combined results for all 
observers and all viewing environments to see 
whether there was an overall trend in (A) perceived 
strength or weakness of color in relation to fluores- 
cence; and (B) perceived transparency in relation to 
fluorescence. Next, for questions 3, 4, 7, and 8 
(again, see table 3), we tallied the number of 
observers who chose a particular diamond in 
response to each question. Since we had different 
numbers of stones in each fluorescence category 
(e.g., two diamonds with “strong fluorescence” in 
the E color set), we used a statistical normalizing 
technique to correct for the number of observations, 
so that each fluorescence category had the same 
chance of being considered as most colored, least 
colored, most transparent, or least transparent. This 
normalization was important because certain fluo- 
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rescent stones were picked more often than others 
of equal fluorescence strength in the same color set. 
We also adjusted the totals where needed to account 
for a single observer “splitting his or her ballot”— 
that is, choosing more than one stone as most col- 
ored, least colored, most transparent, or least trans- 
parent. We used this corrected data set to build dis- 
tributions of the number of observations versus flu- 
orescence strength, for each question and a variety 
of groupings (across observer types and viewing 
environments). 

With this analytical technique, key trends in 
the data can be readily discerned. These trends are 
best seen as bar graphs of the (normalized) number 
of observations for each fluorescence category. The 
answers to the two questions “most colored” and 
“least colored” (or “most transparent” and “least 
transparent”) actually constitute one set of observa- 
tions; that is, if a fluorescent effect exists, it should 
be evident in the choice of both “most color” and 


TABLE 3. The observer questionnaire. 


Name: 
Viewing Method: 
Diamond Series: 
1. Do all the diamonds in this group appear to have the same 
depth of color? (Yes No) 
If yes, please proceed to question 6. 


If not, circle the corresponding letter for the one or ones 
which appear different. 


A B C D E F 
2. Do any of the diamonds have a different hue (color)? (Yes No) 
If yes, which one or ones? 


A B C D E F 
3. | Which diamond (or diamonds) has the most color? 
A B C D E F 
4. | Which diamond (or diamonds) has the least color? 
A B C D E F 


5. Of the diamonds that remain, are any more colored than 
the rest? (Yes No) 


If yes, which one or ones? 
A B C D E F 
6. Is there a difference in the transparency of any of these 
diamonds? (Yes No) 
If yes, please answer the next two questions. 


7. Which diamond (or diamonds) appears the most transparent? 


A B C D E F 
8. | Which diamonds appear the least transparent? 
A B C D E F 
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“least color.” To see this, the data are plotted on the 
same graph, with more desirable attributes (least 
color and most transparency) plotted above the axis, 
and less desirable attributes (most color and least 
transparency) plotted below the axis (see, e.g., figure 
6). A trend is indicated when the averages for each 
category (above and below the axis) form a sloped 
line. For instance, figure 7A does not show a trend, 
whereas the trend in figure 8A is pronounced. 

We first compared the Laboratory Grader 
responses to questions 3, 4, 7, and 8 to those of each 
of the other groups (Trade Graders, Trade 
Observers, and Average Observers). We found that 
the observations by the Trade Graders and Trade 
Observers showed trends similar to the observa- 
tions by Laboratory Graders. However, observations 
by Average Observers were randomly distributed 
(that is, even in a color set and viewing environ- 
ment where trained Laboratory Graders detected a 
trend in stone color or transparency, average 
observers did not). Therefore, the results for Average 
Observers were excluded from the remainder of the 
analysis. It is apparent that the Average Observers 
were not able to consistently discriminate any fluo- 
rescence-related effects in the viewing environ- 
ments most similar to those in which jewelry is 
purchased and worn. 


Assessing the Fluorescence Effect. Questions 1 and 
6 provided a general measure of the strength of the 
effect fluorescence might have on color and trans- 
parency. Seventy-one percent of all observers 
(excluding Average Observers), across all environ- 
ments and sets, said that stones in a given set 
appeared to have different depths of color. Twenty- 
nine percent reported that all the stones in a set had 
the same color appearance. However, when the 
answers for each color set were examined separate- 
ly, it became evident that these results were related 
to color grade: 46% of the observations indicate no 
difference for the E-color diamonds, 41% for the G- 
color diamonds, 15% for the set with an I color 
grade, and 10% for K color. No difference in trans- 
parency was reported by 62% of the observers in 
response to question 6. This result also varied by 
color set, from 72% for the E set to 56% for the I set. 

The data revealed a weak “fluorescence effect” 
in color appearance over all five viewing environ- 
ments considered together (figure 6). Although 
responses to strongly fluorescent stones were 
mixed, in general, observers were more likely to 
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choose inert and faintly fluorescent stones as “most 
colored” and very strongly fluorescent stones as 
“least colored” within each color set. For trans- 
parency, the “fluorescence effect” appears even 
weaker, since most observers detected no effect at all. 

Because all the viewing environments were 
included in the above analyses, further evaluation 
was needed to determine whether any particular 
factor—viewing position, light source, and/or stone 
color—influenced the perceived effects of fluores- 
cence on color and transparency. 


Viewing Position. Observations made with similar 
lighting conditions, but with the stones observed 
table-down in environment 2 and table-up in envi- 
ronment 3, showed noticeably different results. 
Table-down yielded no trend in color with respect 
to increasing strength of blue fluorescence. How- 
ever, table-up showed a trend of better color appear- 
ance with greater strengths of fluorescence. We 
then grouped the color observations for all light 
sources for each of the two positions, with the 
results shown in figures 7a and 8a. Viewed table- 
down, neither the most colored nor the least col- 
ored choices show a trend with fluorescence. In the 
table-up position, there is a clear trend for strongly 
fluorescent diamonds to look less colored, and for 
diamonds with no to weak fluorescence to look 
more colored. 

Across both viewing positions, most observers 
saw no effect of fluorescence on transparency. Half 
the observers saw no difference in transparency in 
the table-down position; the other half observed a 
clear trend toward lower transparency with stronger 
fluorescence (figure 7b). As seen in figure 8b, 71% of 
the observers saw no difference in transparency 
table-up in similar lighting, and there was no dis- 
cernible trend in the observations of those who did 
perceive a difference. 


Light Source. We saw no difference in the relation- 
ship between apparent color and strength of fluores- 
cence in diamonds observed table-down in a 
DiamondLite unit (environment 1) as compared to 
fluorescent overhead illumination (environment 2). 
Nor did we see different relationships between color 
and fluorescence in stones viewed table-up with flu- 
orescent overhead illumination as compared to 
external window light (environments 3, 4, and 5). In 
other words, there did not appear to be any differ- 
ence among the light sources we used in their effect 
on perceived color relative to fluorescence. 
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All Environments 
No. observations = 110 


40 


30 


Least 
color 


Most 
color 


Observations 
(2 


Very 
None Faint Medium Strong — strong 


Figure 6. This bar graph illustrates the observa- 
tions of color appearance in which color differ- 
ences were noticed, for the various fluorescence 
categories across all color sets and all experienced 
observers. Strongly fluorescent diamonds are more 
likely to be considered “least colored”—that is, to 
have a better color appearance—in contrast to 
weakly fluorescent stones, which were somewhat 
likelier to be considered “most colored.” 


By contrast, the results for transparency sug- 
gested a difference between daylight (environment 
5) and artificial light (environments 1-4). Non- 
fluorescent and weakly fluorescent stones were 
reported by some observers to be more transparent 
table-down in artificial light (environments 1 and 2; 
figure 7b), but less transparent table-up in indirect 
sunlight (environment 5; figure 8c). Although we 
were not able to make any definitive conclusions 
because of the limited number of usable observers 
for the indirect sunlight environment, the prelimi- 
nary correlation of greater transparency with 
stronger fluorescence in the table-up position merits 
further investigation. 


Diamond Color. For each of the four color sets (E, 
G, I, and K) taken separately, we also saw no rela- 
tionship between strength of fluorescence and color 
appearance with the diamonds viewed table-down, 
but we again saw a trend toward better color appear- 
ance with stronger fluorescence when the diamonds 
were viewed table-up, regardless of light source. It 
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A. Perceived Color: Environments 1 and 2 


No. of observations = 68 
Very 
None Faint Medium Strong strong 


10 
5 Least 
0 color 
Most 
5+ color 
10 


Observations 


15 Any Differences? 


B. Perceived Transparency: Environments 1 and 2 
No. of observations = 68 


Very 
None Faint Medium Strong strong 


Most 
transp. 


Least 
transp. 


Observations 
(Ss) 


WO) 5) Any Differences? 


Figure 7. These graphs show the results of the observations on the diamonds positioned table-down. (A) 
Although color differences were seen in most cases (across all experienced observers and color sets), as indicated 
by the pie chart, there is no clear trend in color appearance with strength of the fluorescence. (B) In half the 
cases, no differences in transparency were seen in the diamonds positioned table-down; however, the remaining 
observations showed a clear trend for weakly fluorescent diamonds to be considered more transparent than 


strongly fluorescent stones. 


appears that fluorescence had a weaker effect on 
table-up color appearance for the diamonds in the E 
and G color sets than for those in I and K. However, 
as there were far fewer observations for a single 
color set than for all sets taken together, these 
results are less definitive. 


DISCUSSION 


For the observers in this study, the effect of blue flu- 
orescence on color appearance and transparency in 
colorless to faint yellow diamonds was subtle. In 
fact, our results indicate that Average Observers 
could not make the fine distinctions sought in this 
study. Of the experienced observers, most saw an 
effect on color appearance, but far fewer saw any 
difference in transparency. Even among the experi- 
enced observers, responses varied from stone to 
stone. Because some highly fluorescent diamonds in 
a set were singled out and others were not, it is pos- 
sible that other factors are affecting color appear- 
ance more strongly than fluorescence strength. 

The results of this study indicate that there is a 
perceptible relationship between blue fluorescence 
and color appearance, which depends on viewing 
position. On average, strongly fluorescent diamonds 
have a better color appearance table-up, and this 
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effect is most noticeable at lower color grades. Most 
observers did not detect any differences in trans- 
parency among diamonds in a given color set. Of 
those who did see a difference under fluorescent 
lighting, it was only apparent in the table-down 
position. These results challenge the notion that 
strongly fluorescent diamonds typically have a hazy 
appearance. 

Classic examples of fluorescent and nonfluores- 
cent diamonds that have similar color appearance 
and transparency can be seen in many pieces of fine 
jewelry. Figure 9 shows two complete views of the 
diamond necklace and earrings from the cover of 
this issue: one view under normal lighting condi- 
tions and the other under the long-wave UV lamp. 
Clearly, there is a range of fluorescence strengths to 
the diamonds brought together in these pieces; 
however, there is a generally uniform overall 
appearance to the diamonds under normal lighting 
conditions. 


CONCLUSION 


Documenting the effects of blue fluorescence on the 
appearance of gem diamonds is a difficult and com- 
plex process. In this study, we screened more than 
1,000 polished diamonds to find 24 that fit the cho- 
sen color grades, clarity, cutting style and quality, 
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and size range while representing the various 
strengths of fluorescence. Although yellow fluores- 
cent diamonds and “overblues” are also of concern 
in the trade, such stones are so rare that we could 
not assemble appropriate examples to perform a 
comparable study. We obtained the cooperation of 
46 observers from a wide variety of trade and non- 
trade backgrounds. One interesting aspect of this 
study was that the nontrade observers could not 
make meaningful distinctions. For this group, 
which would be considered most representative of 
the jewelry-buying public, fluorescence had no over- 
all effect on color appearance or transparency. 
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Figure 8. The results were also graphed for obser- 
vations on diamonds positioned table-up with the 
different types of fluorescent light and indirect 
sunlight. (A) Differences in color appearance were 
noted in all three environments; they showed a 
clear trend for strongly fluorescent diamonds to be 
considered less colored than weakly fluorescent 
stones. (B) In most cases, no differences in trans- 
parency were seen for diamonds positioned table- 
up in fluorescent light environments; for observa- 
tions in which differences were noted, no trend 
was seen. (C) In half the observations, no differ- 
ences in transparency were seen; for diamonds 
positioned table-up in indirect sunlight, the few 
observations in which differences were seen sug- 
gest that strongly fluorescent diamonds were like- 
lier to be considered most transparent. 


For the experienced observers, we found that, in 
general, the strength of fluorescence had no widely 
perceptible effect on the color appearance of dia- 
monds viewed table-down (as is typical in laborato- 
ry and trade grading). In the table-up position (as is 
commonly encountered in jewelry}, diamonds 
described as strongly or very strongly fluorescent 
were, on average, reported as having a better color 
appearance than less fluorescent stones. In this 
study, blue fluorescence was found to have even 
less effect on transparency. These observations con- 
firm GIA GTL’s experience grading millions of dia- 
monds over the decades. 
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Figure 9. The necklace and earrings reproduced on the cover of this issue of Gems & Gemology are 
seen here in their entirety under normal lighting conditions (left) and under the long-wave UV lamp 
(right). Quite often, diamonds in a range of fluorescent strengths and colors are placed next to inert 
diamonds, yet the piece maintains a uniform overall appearance under normal lighting conditions. 
The diamonds in the necklace weigh a total of 132 ct; the diamonds in the earrings weigh 23 ct, with 
the two large pear shapes 3.04 and 3.20 ct. Jewelry courtesy of Harry Winston, Inc.; photos by Harold 
@ Erica Van Pelt. 


Although we identified general tendencies 
across all diamonds and experienced observers, we 
also identified apparent variations in fluorescence 
effect for different color sets. For instance, the effect 
of fluorescence on color was most noticeable in the 
lower (I and K) colors, although in the marketplace 
the influence on price is greater in the higher 
(D through H]} colors. 

Unlike the notion held by many in the trade, 


fluorescent diamonds are not as prevalent as nonflu- 
orescent stones, as the GIA Gem Trade Laboratory 
sample data for more than 26,000 diamonds 
showed. The present study also challenges the trade 
perception that fluorescence usually has a negative 
effect on better-color diamonds. Our results show 
that the diamond industry would be better served 
by considering each individual diamond on its own 
visual merits. 
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SYNTHETIC MOISSANITE: 
A NEW DIAMOND SUBSTITUTE 


By Kurt Nassau, Shane F. McClure, Shane Elen, and James E. Shigley 


A new diamond imitation, synthetic 
moissanite (silicon carbide), is now being 
produced by C3 Inc. in near-colorless form 
for jewelry purposes. With refractive indices 
of 2.648 and 2.691, a dispersion of 0.104, a 
hardness of 9% on the Mohs scale, and a spe- 
cific gravity of 3.22, synthetic moissanite is 
much closer to diamond in overall appear- 
ance and heft than any previous diamond 
imitation. The thermal properties of synthet- 
ic moissanite are also so close to those of dia- 
mond that the thermal probes currently on 
the market react to synthetic moissanite as if 
it were “diamond.” This new material can be 
readily separated from diamond on the basis 
of its anisotropic optical character, which 
produces a doubling in the appearance of 
facet junctions. A new instrument manufac- 
tured by C3 Inc. solely to distinguish syn- 
thetic moissanite from diamond was also 
examined for this study. 
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260 Synthetic Moissanite 


o the long list of diamond simulants currently 

available in the jewelry market, a new one has 

been added: synthetic moissanite. As typically 
happens with the introduction of a synthetic or simulant, 
there is considerable concern in the jewelry trade about this 
diamond imitation and its identification. One particular 
problem with synthetic moissanite is that its thermal prop- 
erties are so close to those of diamond that it passes as “dia- 
mond” when tested with a thermal probe. 

This article reports on the examination of several sam- 
ples of near-colorless synthetic moissanite (figure 1}, both to 
characterize this material and to determine how it can be 
identified by standard gem-testing methods. The authors 
also evaluate a testing instrument developed by C3 Inc., 
which is intended to be used in conjunction with a thermal 
probe to distinguish this new simulant from diamond. 


BACKGROUND 


Diamond Imitations. All diamond imitations known to date 
have significant deficiencies. For example, synthetic spinel, 
colorless sapphire, and YAG (yttrium aluminum garnet} are 
much less brilliant than diamond. Synthetic rutile and 
strontium titanate are much too soft and display too much 
dispersion (“fire”). GGG (gadolinium gallium garnet) and 
CZ (cubic zirconia) have very high specific gravities, and the 
latter is somewhat brittle. Synthetic moissanite, by con- 
trast, has gemological properties that are generally closer to 
those of diamond (table 1). 


Silicon Carbide. Since it was first manufactured a century 
ago, silicon carbide (SiC) has played an important industrial 
role as an abrasive. The growth of single crystals of silicon 
carbide has been studied for many years for two possible end 
uses: as a semiconductor material, and as a diamond substi- 
tute in jewelry. In fact, the promise of synthetic moissanite 
as a diamond imitation has been described several times in 
the gemological and related literature. Some of these publi- 
cations included enthusiastic descriptions of faceted colored 
material (usually blue to green) and premature claims that 
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Figure 1. Near-colorless syn- 
thetic moissanite is being 
marketed for jewelry pur- 

poses as a diamond imita- 
tion. The faceted pieces 
shown here, weighing from 

0.09 to 0.57 ct, illustrate the 

appearance of this material. 

Because synthetic moissan- 

ite is doubly refractive, one 
can sometimes see dou- 
bling of the back facet junc- 
tions even with the unaided 
eye (particularly noticeable 
in the large round brilliant 
on the upper right). Photo © 
GIA and Tino Hammid. 


colorless material was available (see, e.g., De Ment, 
1948, 1949; Mitchell, 1962; McCawley, 1981). One of 
the authors (KN) noted the potential value of silicon 
carbide as a gem simulant 17 years ago. Referring to 
some pale tan to green to black centimeter-size 
crystals and faceted stones as large as half a carat, he 
stated that “these synthetic moissanites are quite 
attractive, and might provide a superb diamond imi- 
tation if they could only be made colorless” 
(Nassau, 1980, p. 253). At that time, however, a way 
had not been found to control either the color or the 
growth process to make synthetic crystals suitable 
for the gem industry. 

Only recently, as described below, has the con- 
trolled growth of synthetic moissanite actually been 
achieved. Material that may appear near-colorless 
face-up in jewelry is now available for gemological 
use. It is being produced by Cree Research Inc. of 


Synthetic Moissanite 


Durham, North Carolina, and distributed by C3 Inc. 
A preliminary note on the new C3 material has 
appeared in this journal (Johnson and Koivula, 1996). 

Early work on silicon carbide was summarized 
by Mellor (1929; see also Powell, 1956). Edward G. 
Acheson (1893) appears to have been the first to rec- 
ognize its hardness and potential as an abrasive. He 
made silicon carbide accidentally while trying to 
grow diamond by passing an electric arc between 
carbon electrodes through a mixture of carbon and 
molten clay (an aluminum silicate). He named the 
new substance “carborundum” (later to become a 
trade name). Subsequently, he obtained a better yield 
by using a mixture of carbon and sand. This same 
“Acheson” process is still used today in slightly 
modified form for the manufacture of silicon carbide 
for abrasive products (Divakar et al., 1993). 

Shortly thereafter, the Nobel prize-winning 
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TABLE 1. Characteristics of “colorless” diamond and “colorless” simulants. 


Material@ Mohs Pavilion 
hardness Toughness R.l. Birefringence Dispersion S.G. Optic character flash colors 
Diamond 10 Good to 2.417 None 0.044 3.52 Singly refractive Orange and blue 
excellent (moderate) (isotropic) on a few facets 
Syn. moissanite 93 Excellent 2.648, 0.043 0.104 3.22¢ Doubly refractive Orange and blue 
2.691 (moderate) (strong) (uniaxial +) 
Syn. corundum 9 Excellent 1.770, 0.008- 0.018 4.00 Doubly refractive Not diagnostic 
1.02 0.010 (weak) (uniaxial —) 
(weak) 
Cubic zirconia? 8-83 Good 2.150- None 0.058— 5.56— Singly refractive Orange over most 
2.180 0.066 6.00 isotropic) of pavilion 
(moderate) 
Yttrium aluminum 84 Good 1.833 None 0.028 4.55 Singly refractive Blue, violet, some 
garnet (YAG) (weak) isotropic) orange 
Syn. spinel 8 Good 1.728 one 0.020 3.64 Singly refractive Blue over most of 
(weak) isotropic) pavilion 
Gadolinium gallium 62 Fair to good 1.970 None 0.045 7.05 Singly refractive Blue, some 
garnet (GGG) (moderate) isotropic) orange 
Syn. rutile 6-62 Poor to fair 2.616, 0.287 0.330 4.26 Doubly refractive Various spectral 
2.903  (v. strong)® (v. strong) (uniaxial +) colors, widespread 
Strontium titanate 5-6 Fair 2.409 None 0.190 SKS Singly refractive Spectral colors, 
(v. strong) (isotropic) widespread 


References: GIA Gem Property Chart A (1992), GIA Gem Reference Guide (7988), Harris (1995), Hobbs (1981), Nassau (1980), von Muench (1982), 


and this study. 


aGlass and colorless minerals, such as zircon, topaz, and quartz, are not included in this table because they are rarely encountered today. 
PAll but one sample of synthetic moissanite were inert to short-wave UV radiation. 


chemist Henri Moissan discovered natural silicon 
carbide in the Canyon Diablo meteorite (Moissan, 
1904). Kunz (1905) applied the name moissanite to 
the natural mineral in Moissan’s honor. 

Since then, moissanite reportedly has been 
found in tiny amounts in other meteorites as well 
as in many terrestrial occurrences (e.g., Obukhov, 
1972; Vigorova et al., 1978; Hallbauer et al., 1980, 
Moore et al., 1986; Rodgers et al., 1989; Mathez et 
al., 1995). Some or all of these occurrences may 
have been spurious, with the material derived from 
the older cutting wheels used to section mineral, 
rock, and meteorite specimens (Mason, 1962; 
Milton and Vitaliano, 1984; Milton, 1986), or from 
contamination by the huge amounts of silicon car- 
bide produced industrially. (More than 36,000 tons 
were produced domestically, and 159,000 tons were 
imported into the United States, during the first 
seven months of 1997 |Balaziak, 1997].) However, 
the identification of moissanite as inclusions in dia- 
mond crystals before they were broken (Moore et 
al., 1986], and the determination of their abnormal 
isotopic composition (Mathez et al., 1995), confirm 
the occurrence of moissanite as a natural mineral. 
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The Structure of Moissanite. At first, considerable 
confusion resulted when investigators found a vari- 
ety of different crystal structures for moissanite, 
including those having cubic (C), hexagonal (H), and 
rhombohedral (R) symmetries. This complexity 
results from the existence of polytypes, which rep- 
resent different stacking sequences of hexagonal 
layers of atoms. More than 150 polytypes are 
known in the case of silicon carbide, all of which 
are properly designated as “moissanite” (Thibault, 
1944; Ramsdell, 1947; Verma and Krishna, 1966). 
At present, only the 4H and 6H polytypes of 
alpha-SiC can be grown in bulk form (i.e., as 
boules}. Both polytypes are hexagonal, and both 
yield near-colorless material. The near-colorless 
synthetic moissanite described here is the 6H form. 
The 4H polytype, which has properties very close to 
those of the 6H polytype, is currently being pro- 
duced for semiconductor uses, but not in near-color- 
less form. A key distinction from the 6H polytype is 
the much weaker absorption below 425 nm in the 
visible spectrum (Harris, 1995). Beta-SiC, which is 
the 3C polytype, is cubic and has a crystal structure 
even closer to that of diamond than the 4H or 6H 
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Distinction Between Pyrope 
Garnet and Red Spinel 


by 


B. W. ANDERSON, B.Sc., F.G.A. 


In the preceding article in this 
series I showed how pyrope garnet 
may be distinguished from red spinel 
by means of a small spectroscope. 
The matter was discussed at some 
length because distinction between 
these two isotropic red minerals is 
not always easy by orthodox means, 
and their absorption spectra may 
thus be of considerable value as an 
independent and decisive accessory 
test. 


Before proceeding to a description 
of further chromium spectra, how- 
ever, I should like to try and clear 
up some widespread misconceptions 
concerning the physical constants of 
pyrope and spinel which have blurred 
the distinction between them to an 
unnecessary extent. 


In 1915, W. E. Ford published a 
classic paper on the relation between 
the chemical composition and proper- 
ties of the various garnets, in which 
he caleulated the probable density 
and refractive index figures for 
“pure” pyrope, almandine, etc. The 
figures given were not those of any 
specimens found in nature, and those 
for pyrope (density 3.51, R.I. 1.705) 
were. particularly far removed from 
those for any actual specimen, since 
pyrope has never been found without 
a considerable admixture of the al- 
manding and other garnet molecules. 

These figures were of great in- 
terest and value for the purpose in 
hand, but they have since been wide- 


ra 


ly quoted in textbooks without ref- 
erence to their context, and with the 
implication that they represent the 
values to be expected in actual prac- 
tice. 

In the case of spinel, the trouble 
has been that mineralogists, know- 
ing that considerable variations are 
possible due to isomorphous replace- 
ment, have played safe by giving un- 
critical figures with a wide margin, 
e.g., “3.5-4.1” for the density. This 
is all very well, but hardly helpful 
when one wants reliable data for dis- 
criminative purposes. 


So far as the distinction between 
these two minerals is concerned, it 
is the lower limits for the garnet 
and the upper limits for the spinel 
which are important, and I have for 
years sought diligently for unusual- 
ly “low” pyropes and “high” spinels. 
The results for the “closest ap- 
proach” I can so far record are 
tabulated in Table 1. 


TABLE 1 
SPECIMEN SP.GR. RI. 
Pyrope, Arizona............ 8.643....1.7823 
Pyrope, Australia.......... 3.670....1.7333 
Spinel, Burma................ 3.611__..1.734 
Spinel, Burma............. 3.610....1.730 


Spinel, Burma... 8.604_...1.730 


It is important to. realize that 
these figures refer to decidedly out- 


Long-wave UV 


Read-through Relief in 3.32 


fluorescence® Absorption spectrum Polish luster effect S.G. liquid Magnification 
Inert or “Cape” lines at 415 and Adamantine None High Included crystals, feathers, graining, 
(usually) blue; 478 nm, sometimes no bearding, naturals, waxy to granular girdle 
sometimes yellow sharp lines surface, sharp facet junctions 
Inert to orange Absorption below Subadamantine None High Doubling in appearance of facet junctions, 
425 nm; no sharp whitish or reflective needles, rounded 
lines facet junctions, surface pits, polish lines 
Inert Not diagnostic Vitreous to Very strong Moderate Gas bubbles, sharp facet junctions 
subadamantine 
Greenish yellow or ot diagnostic Subadamantine Slight Moderate Gas bubbles, unmelted zirconium 
yellowish orange oxide powder, sharp facet junctions 
Orange, sometimes Not diagnostic Subadamantine Strong Low Gas bubbles, sharp facet junctions 
inert to vitreous 
Weak green or inert ot diagnostic Vitreous to Very strong Low Gas bubbles 
subadamantine 
Pinkish orange Not diagnostic Adamantine to Moderate Low Gas bubbles, metallic platelets, rounded 
or inert vitreous facet junctions, polishing marks 
Inert Absorption below Subadamantine None High Doubling in appearance of facet junctions, 
430 nm to submetallic gas bubbles, rounded facet junctions, 
polishing marks 
Inert Not diagnostic Vitreous to None High Gas bubbles, rounded facet junctions, 
subadamantine polishing marks, scratches, abrasions 


eSynthetic moissanite will float in methylene iodide (S.G. 3.32), while diamond and the other diamond imitations listed in this table will sink. 
dCubic zirconia varies in chemical composition, so the properties will vary somewhat. 


ev. strong = very strong. 


polytypes. However, it cannot be grown in bulk 
form at present and it is inherently yellow (von 
Muench, 1982). 


Single Crystal (Bulk) Growth of Synthetic Mois- 
sanite. Growth techniques for silicon carbide have 
been studied for many decades (O’Connor and 
Smiltens, 1960; Verma and Krishna, 1966; Smoak et 
al., 1978; von Muench, 1984; Wilke, 1988; Davis et 
al., 1990; Divakar et al., 1993). Of these, only a seed- 
ed sublimation process, derived from the “Lely” 
approach, has proved viable for the controlled 
growth of large single crystals of synthetic moissan- 
ite (Davis et al., 1990; Nakashima et al., 1996). 

In his original work, Lely (1955) used a cylinder, 
made of lumps of SiC, that had a cavity. This cylin- 
der was heated in a sealed graphite crucible to 
2500°C, at which point SiC crystals grew inside the 
cavity. Difficulties with controlling the chemical 
purity and the specific polytypes formed have led to 
many modifications. In particular, the use of care- 
fully controlled atmospheres and temperature gradi- 
ents, as well as the addition of a thin, porous 
graphite tube to line the cavity (which, through dif- 
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fusion, provides improved control of the sublima- 
tion) have resulted in better control of the crystals 
that grow inside the tube. Many types of heating 
systems have been used, including radio frequency 
and resistance heating. Significant advances in the 
Lely process were reported in the USSR (Tairov and 
Tsvetkov, 1981). 

The final breakthrough in the Lely process is 
revealed in a patent of Davis et al. (1990), where 
controlled growth of SiC occurs by sublimation 
from a feed powder, diffusion through graphite, and 
growth directly from the vapor phase on a seed crys- 
tal. With a sublimation process, the silicon carbide 
vaporizes and then recrystallizes without ever pass- 
ing through a liquid stage. Details of this growth 
process as used for the near-colorless synthetic 
moissanite being distributed by C3 Inc. have not 
been released. 

However, Davis et al. (1990) reported the 
growth of a 6H-polytype synthetic moissanite crys- 
tal (of gem quality, but not colorless) that was 12 
mm in diameter and 6 mm thick during a six-hour 
growth period at the time of the initial patent filing 
in 1987. One of many recent papers in Nakashima 
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et al. (1996), on various aspects of synthetic 
moissanite growth and its applications to the elec- 
tronics industry by Cree Research, mentions the 
availability of 50-mm-diameter boules of 6H 
moissanite in 1994 (Tsvetkov et al., 1996). Such a 
boule could conceivably permit the manufacture of 
a brilliant-cut synthetic moissanite 50 mm in diam- 
eter and 28 mm high that would weigh about 380 
carats! No production figures have been released on 
the amount of material that is currently available or 
could be made available for jewelry purposes. 
However, in December 1997, the senior author saw 
more than 1,000 faceted synthetic moissanites in 
the offices of C3 Inc. The company has stated that it 
plans to focus its marketing on near-colorless 
faceted material, with a release to the trade in early 
1998, in a price range of 5%-10% of the average 
retail price of comparable diamonds (J. Hunter, pers. 
comm., 1997). 

The hardness of synthetic moissanite is listed 
as 914 on the Mohs scale, which may be misleading. 
As shown in figure 2, the Mohs scale above a hard- 
ness value of 8 is disproportionately compressed 
when compared to a quantitative linear hardness 
scale such as that of Knoop (Bruton, 1978), which 
measures indentation hardness. The Knoop hard- 
ness of the 6H polytype of moissanite is reported to 
be in the range 2917-2954 kg/mm? (2.91-2.95 Gpa) 
on the c crystal face (von Muench, 1984). The differ- 
ence in Knoop hardness between corundum (Mohs 
9) and moissanite (Mohs 9") is larger than the differ- 
ence between corundum and topaz (Mohs 8). 
Because of this disparity, synthetic moissanite can- 
not be polished by conventional techniques. The 
complex cutting process requires an additional, pro- 
prietary step (J. Hunter, pers. comm., 1997). 


MATERIALS AND METHODS 

Twenty-three faceted “near-colorless” synthetic 
moissanites were made available to GIA by C3 Inc. 
for this study; we had requested a representative 
range of the colors and qualities that could be pro- 
duced. The samples weighed from 0.09 to 1.12 ct, 
and were polished in round brilliant, emerald cut, 
and square-modified-brilliant styles. In addition, C3 
Inc. supplied a 3.79 ct polished rectangular light 
green piece that had been optically oriented for 
spectroscopy. A 71.4 gram piece of boule and two 7 
mm cubes were used for a precise specific gravity 
determination and a cleavage experiment. 
(However, C3 Inc. has stated that rough material 
will not be available to the trade for the time being.) 
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Moissanite 


KNOOP HARDNESS (kg/mm*) 


Corundum 


—— 


MOHS HARDNESS 


Figure 2. This diagram compares the Mohs and 
Knoop (indentation) hardness scales. The Knoop 
scale better illustrates the relationship in hardness 
for diamond, synthetic moissanite, and corundum. 
Diagram modified after Bruton, 1978, p. 402. 


In addition to the samples studied at GIA, one 
of the authors (KN) examined approximately 1,000 
faceted synthetic moissanites and 100 preformed 
cubes at C3 Inc. The faceted samples included a 
4.92. ct round brilliant, with a diameter of 11.9 mm 
and an approximate color grade of N, and a green 
round brilliant of 17.31 ct with a diameter of 17.5 
mm. The faceted pieces studied at GIA were repre- 
sentative of this larger group of cut stones examined 
at C3 Inc. Also seen were 13 pieces of jewelry, 
which contained a total of 38 stones and included 
the ring discussed below. 

Standard gemological equipment used for all 23 
main samples included a Gemolite Mark V binocu- 
lar microscope, a polariscope, a desk-model spectro- 
scope, and a short-wave (254 nm) and long-wave 
(365 nm) ultraviolet lamp. Approximate refractive 
index values were measured for 11 of these samples 
with a Jemeter Digital 90 infrared reflectometer. For 
research purposes only (the GIA Gem Trade 
Laboratory does not grade diamond simulants), 
trained graders used standard GTL procedures to try 
to assign diamond-equivalent color grades to the 18 
samples that weighed more than 0.20 ct. Specific 
gravity measurements were obtained by the hydro- 
static method on these same 18 samples, as well as 
the large piece of rough described above. 

Because the thermal inertia ranges of diamond 
(0.55-1.7 cal/cm °C) and moissanite (1.6—4.8 cal/cm 
°C) overlap (Hoover, 1983; Harris, 1995), GIA 
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researchers performed thermal inertia testing on the 
23 core samples using a Ceres CZeckpoint, a Ceres 
Diamond Probe II, a GIA GEM DiamondMaster, 
and a GIA GEM Mini-DiamondMaster. For compar- 
ison, the following “colorless” gem materials were 
also tested using the same four instruments (with 
the number of samples in parentheses): diamond 
(types Ia [5 samples] and IIa [1]), sapphire (3), zircon 
(2), cubic zirconia (2), strontium titanate (2), syn- 
thetic spinel (2), synthetic rutile (7), yttrium alu- 
minum garnet (2), gadolinium gallium garnet (2), 
“paste” (glass—2), and quartz (1). Thirteen colorless 
to yellow diamonds, with color grades ranging from 
E to Fancy Light Yellow, were also tested with the 
GIA Gem DiamondMaster. The senior author made 
thermal inertia measurements on 10 additional syn- 
thetic moissanites with a Ceres CZeckpoint, a 
Ceres Diamond Probe, a Presidium tester, and a 
Diamond Guard. Electrical conductivity of the 23 
main synthetic moissanite samples was measured 
using a GIA GEM Instruments conductometer. 

The ultraviolet transparency of a diamond was 
compared to that of several synthetic moissanites in 
a specially designed viewing box, using a concept 
similar to that suggested by Yu and Healey (1980). 
X-ray transparency was recorded photographically 
using an HP Faxitron X-ray machine. Visual obser- 
vation of the luminescence to X-rays of both mate- 
rials (one diamond and 11 synthetic moissanites) 
was performed with a Picker portable X-ray unit 
adapted for this purpose. 

Semiquantitative chemical analysis of eight of 
the synthetic moissanites examined at GIA was 
performed with a Tracor Spectrace 5000 energy-dis- 
persive X-ray fluorescence (EDXRF] system. Several 
sets of excitation conditions were used to detect the 
widest possible range of chemical elements. 
Operating conditions yielded a lower limit of detec- 
tion for transition metals of about 0.01 wt.%. 

Absorption spectra for eight of the GIA samples 
were obtained in the ultraviolet-visible range 
(250-750 nm) at room temperature using a Hitachi 
U4001 spectrophotometer, and in the infrared range 
using a Nicolet Magna 550 spectrometer. Raman 
spectra were recorded with a Renishaw System 
2000 instrument. For details on any of these experi- 
mental procedures, please contact the GIA authors. 

A small instrument has been developed by C3 
Inc. for the specific and limited purpose of distin- 
guishing synthetic moissanite from diamond (see 
figure 3). Marketing of the Colorless Moissanite/ 
Diamond Tester Model 590 is expected to start 
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early in 1998, at approximately the same time that 
synthetic moissanite is released to the jewelry trade 
(J. Hunter, pers. comm., 1997). 

The C3 tester determines relative transparency 
in the near-ultraviolet, where diamond transmits 
and synthetic moissanite absorbs. The accompany- 
ing instructions clearly state that this new instru- 
ment is to be used only in conjunction with a stan- 
dard thermal inertia tester. Any unknown near-col- 
orless gem should first be tested with a thermal 
inertia probe. Only those samples that the thermal 
inertia tester indicates are “diamond” would need 
to be tested with the C3 instrument, which would 
then identify whether any were synthetic moissan- 
ite. With the C3 instrument, the gem sample is illu- 
minated at an angle by a small, high-intensity halo- 
gen lamp. Radiation from the lamp is transmitted 
and reflected within the sample, and the near-ultra- 
violet radiation that emerges from the table facet is 
detected by the instrument. 

Use of the instrument is fairly simple. The 
operator brings the polished facet of a diamond or 
synthetic moissanite (loose or mounted) in contact 
with a fiber-optic probe that is located on the side of 
the instrument. As soon as the sample touches the 
probe, the instrument emits a sound (and an indica- 
tor light illuminates) if any material other than 
moissanite is detected; there is no sound or 
response from the indicator light if the item is syn- 
thetic moissanite. The synthetic moissanites, dia- 


Figure 3. The Colorless Moissanite/Diamond Tester 
Model 590 was designed and built by C3 Inc. for 

the sole purpose of rapidly distinguishing synthetic 
moissanite from diamond only after a stone has been 
identified as “diamond” on a thermal probe. Photo by 
Maha DeMaggio. 
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Figure 4. This 14k gold ring contains two rows of 
faceted light-green synthetic moissanites, which 
were mounted in wax and then cast in place with 
no apparent damage to the material. All of the 
stones reacted as synthetic moissanite on the 
Model 590 tester. Ring courtesy of C3 Inc.; photo 
by Maha DeMaggio. 


monds, and other near-colorless gem materials listed 
above for the thermal probe testing were also tested 
with this instrument. In addition, the C3 instrument 
was used to test 13 pieces of jewelry containing syn- 
thetic moissanites, including the ring in figure 4. 


RESULTS 

Table 2: summarizes some of the gemological prop- 
erties—i.e. those data that were found to vary from 
one sample to the next—of the 23 synthetic 
moissanites examined in detail during this study. 


Visual Appearance. The samples examined at GIA 
(reportedly representing the range of color that can 
be produced at present) were near-colorless to light 
yellow, green, and gray. Those samples that 
appeared to be in the I-to-K range all looked color- 
less in the face-up position, but around the L-to-N 
range they started to show face-up color. The one 
U-V stone was obviously gray face-up, which made 
it appear dark. Because many of these samples had 
grayish or greenish hues, it was difficult to arrive at 
an exact color grade on the traditional D-to-Z scale, 
which is comprised of predominantly yellowish 
stones. In the color grading of diamonds, grayish or 
greenish hues such as these fall outside normal pro- 
cedures. However, when compared to diamonds 
that do fall on the D-to-Z scale, the 18 faceted syn- 
thetic moissanites above 0.20 ct ranged from the 
lower end of the “near-colorless” (G-to-J) category, 
with the best color being equivalent to I, to U-V in 
the “light” category of the scale. Synthetic moissan- 
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ites representing this approximate range of colors 
are illustrated in figure 5. 

At first overall observation with the unaided 
eye, this material looks like a believable diamond 
imitation (see again figure 1). There were no eye-vis- 
ible inclusions in any of the samples (on the dia- 
mond clarity grading scale, these synthetic 
moissanites would fall into the VVS to SI grades). 
They displayed no “read-through” effect, as can be 
seen in most other diamond imitations, which have 
lower refractive indices (see Hobbs, 1981). The sam- 
ples showed moderate to high dispersion (greater 
than that of diamond or CZ, but less than that of 
synthetic rutile). Their brilliance appeared to be 
slightly less than that of diamond. 


Gemological Properties. The refractive indices of 
synthetic moissanite are over the limit of a conven- 
tional refractometer (that is, greater than 1.81). 
Measurements with the Jemeter reflectivity meter 
revealed an RI. range of 2.59-2.64. Refractive index 
values of w=2.648 and e=2.691 (with a birefringence 
of 0.043 and dispersion of 0.104) have been mea- 
sured using precision optical techniques on synthet- 
ic moissanite (von Muench, 1982, Harris, 1995). 

When they were observed under crossed polar- 
izers in a polariscope, all of the synthetic moissan- 
ites remained dark when rotated in a face-down 
position. This singly refractive reaction is to be 
expected, since all of the samples were oriented 
with the c-axis (optic axis) perpendicular to the 
table facet. These samples had to be examined in 
several directions, most notably through the girdle, 
to obtain a doubly refractive reaction. Checking 
stones in several orientations in the polariscope is a 
wise precaution in any case, but it is particularly 
important for the separation of synthetic moissanite 
from diamond (which is singly refractive in all ori- 
entations). We did obtain a uniaxial optic interfer- 
ence figure in most of the samples (although with 
some difficulty), and we did not observe any strain 
pattern such as might be seen in diamond. 

The hydrostatic specific gravity measurements 
ranged from 3.20 to 3.24 (again, see table 2), which 
is significantly lower than the 3.52 value typical of 
diamond. A precision density performed on the 71.4 
gram piece of rough gave a value of 3.224. Because 
of the difference in specific gravity, a diamond and a 
synthetic moissanite faceted as round brilliants of 
the same diameter and the same proportions will 
have different carat weights (e.g., a 6.50-mm-diame- 
ter round brilliant diamond will weigh about 1.00 
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TABLE 2. Selected gemological properties of the synthetic moissanites examined in this 


study. 

Weight Long-wave UV Short-wave UV Luminescence Electrical 
(ct) Equivalent color grade? S.G. fluorescence _ fluorescence to X-rays conductivity 
1.12 O-P (grayish green) 3.22 Wk. orange Inert nd No 
1.05 M-N (grayish yellow) 3.23 nert Inert nd Yes 
0.74 U-V (gray) 3.22 nert Inert nd No 
0.67 ~S-T (greenish gray) 3.22 nert Inert nd No 
0.66 S-T (gray) 3.21 nert Inert nd No 
0.57 -J (yellow) 3.22 Wk. orange Inert Wk. yellow Yes 
0.57 -N (gray) 3.20 nert Inert nd No 
0.53  K-L (green yellow) 3.22 nert Inert Inert Yes 
0.53 ~L-M (brownish yellow) 3.21 nert Inert nd No 
0.44 M-N (brownish yellow) 3.22 nert Inert nd Yes 
0.43 L-M (brownish yellow) 3.24 nert Inert nd Yes 
0.35 -N (brownish yellow) 3.21 nert Inert nd Yes 
0.33 L-M (brownish yellow) 3.22 nert Inert nd Yes 
0.33 M-N (greenish 3.22 nert Inert nd Yes 

brownish yellow) 

0.27. ~—-J-K (yellow) 3.23 nert Inert Inert No 
0.22 ~L-M (green) 3.21 Mod. orange Wk. orange Mod. yellow Yes 
0.21 ~ S-T (gray) 3.24 nert Inert Iner No 
0.20  K-L (yellow) 3.24 nert Inert Inert No 
0.19 nde nd nert Inert Inert No 
0.10 nd nd nert Inert Inert Yes 
0.10 nd nd nert Inert Inert Yes 
0.09 nd nd nert Inert Iner Yes 
0.09 nd nd Wk. orange Inert Iner Yes 


aColor grades are approximate; see discussion in text. "Wk. = weak; Mod. = moderate. ¢nd = not determined. 


ct., whereas a synthetic moissanite of identical 
diameter and cut will weigh about 0.91 ct). 

When examined with a desk-model spectro- 
scope, the samples exhibited no sharp bands, but 
each displayed a cutoff below about 425 nm. This is 
in contrast to near-colorless to light yellow dia- 
monds, which usually show the “Cape” line at 415 
nm. This feature could be useful for gemologists 
with considerable spectroscopic experience, but it 
should be noted that it can be easy to confuse a 425 
nm cutoff with the general darkening in the blue 
portion of the spectrum. 


Figure 5. The synthetic moissanites 
examined at GIA ranged in color from 
approximately I to U-V on the GIA 
color-grading scale for diamonds. This 
range was most evident when the sam- 
ples were placed table-down and 
viewed side-by-side in a white plastic 
tray, as illustrated here. All of the 
stones had a somewhat gray, green, or 
yellow appearance. The two largest 
samples shown here are 1.12 and 

1.05 ct. Photo by Shane F. McClure. 
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On all of the different thermal inertia instru- 
ments used for testing, every synthetic moissanite 
in this study registered as “diamond.” Note that 13 
samples displayed some electrical conductivity 
(unlike most near-colorless diamonds, although 
some light gray or blue diamonds are electrically 
conductive). 


Microscopic Examination. When we examined the 
main sample of 23 synthetic moissanites with a 
microscope or loupe, we saw several distinctive 
characteristics. The most obvious feature seen 
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when the samples were examined through the 
crown facets was an apparent doubling of the pavil- 
ion facet junctions (conversely, when viewed 
through the pavilion, of the crown facet junctions). 
This is due to double refraction, which is readily 
apparent in synthetic moissanite in directions other 
than parallel to the optic axis (figure 6). All 23 sam- 
ples were faceted with the c-axis oriented perpen- 
dicular to the table facet; consequently, when 
viewed along this direction, they showed no dou- 
bling. When the synthetic moissanites were viewed 
at any other angle, however, doubling was clearly 
visible. Doubling could even be seen when these 
samples were viewed perpendicular to the table by 
focusing past the culet and looking for secondary 
reflections of the table and crown facets (figure 7). 
Orange or blue dispersion colors (Hobbs, 1981) were 
sometimes evident on pavilion facets, but these 
were much less distinct than similar colors seen on 
faceted CZ. 

In general, the synthetic moissanites we exam- 
ined were not as well polished as a typical diamond. 
Many had rounded facet junctions, in contrast to 
the sharp junctions seen on a diamond (figure 8). 
The girdles of most of the synthetic moissanites were 
frosted, polished, or striated (figure 9), similar to 
those of some CZ. No bearding along the girdle was 
seen. Some of the samples acquired late in the study 
showed better polish and sharper facet junctions, 
indicating improved manufacturing techniques. 


ft f, 


Figure 6. Because of its anisotropic optical character, 
synthetic moissanite exhibits double refraction de- 
pending on the orientation in which a sample is 
examined. In this view of a faceted synthetic mois- 
sanite through the crown main facets, doubling of the 
facets is readily apparent. Photomicrograph by Shane 
Elen; magnified 10x. 


One test that is commonly used to identify CZ 
can also help with synthetic moissanite. Because 
we have no polishing compounds harder than dia- 
mond, and because diamond’s hardness varies 
depending on its crystallographic orientation, the 
cutter must constantly adjust the polishing direc- 
tion during manufacturing. This is not necessary for 


Figure 7. Although synthetic moissanite is typically faceted with the table perpendicular to the c-axis to mini- 
mize the effects of double refraction, focusing past the culet will allow doubling to be seen in the reflections of 
the table and crown facets (left, at 17x magnification). This is significantly different from the singly refractive 

appearance of the facets in diamond (right, at 12x magnification). Photomicrographs by Shane F. McClure. 
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any other materials, including synthetic moissanite. 
Therefore, if the polishing lines on individual facets 
(as observed in the microscope) all run in the same 
direction, the stone cannot be a diamond (figure 10). 
This test will not establish that the stone is syn- 
thetic moissanite, but in many instances just know- 
ing it is not a diamond may be enough. 

With magnification, we observed inclusions in 
almost all of the samples, although typically the 
samples were fairly clean. The most common inclu- 
sions were white-appearing needles that were sub- 
parallel to one another (see figure 11) and parallel to 
the c-axis (i.e., perpendicular to the table facet). Less 
prevalent, and somewhat less visible, were very 
fine, subparallel reflective stringers that were also 
oriented parallel to the c-axis (figure 12). These were 
best seen using fiber-optic illumination. Some sam- 
ples contained scattered pinpoint inclusions, which 
in a few cases formed clouds. Several were large 
enough to resemble small crystals or gas bubbles 
when viewed with a loupe. We did not see fractures 
in any of the samples. On some facets, we saw cavi- 
ties and/or smaller “whitish” pits or indentations 
with surrounding white-stained areas (see figure 13). 


Figure 9. Parallel striations across the girdle of this syn- 
thetic moissanite readily separate it from diamond. 
Photomicrograph by Shane Elen; magnified 15x. 
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Figure 8. Most of the cut 
synthetic moissanites 
examined had somewhat 
rounded facet junctions 
(left), as compared to the 
sharp facet junctions of 
diamond (right). 
Photomicrographs by 
Shane F. McClure; magni- 
fied 34x. 


Quite unexpected, and apparently not previous- 
ly reported for silicon carbide, were triangular pits 
that resemble the “trigons” characteristic of dia- 
mond crystal surfaces. One of the authors (KN) 
observed these on some samples of boules that he 
examined at C3. The pits range from less than a mil- 
limeter to 6 mm (figure 14) in longest dimension. 


Fracture, Cleavage, and Twinning. Several cleavage 
directions have been reported in thin, hexagonal, 
carborundum-type plates of synthetic moissanite 
crystals (R.W. Keyes, in O’Connor and Smiltens, 
1960). The possible cleavage of synthetic moissanite 
is significant not only because of the effect its pres- 
ence would have on durability, but also because it 
would be another similarity to diamond. 

To investigate whether cleavage was present in 
synthetic moissanite, we attempted to induce the 
reported cleavages in a 7 mm cube. When these 
attempts proved unsuccessful, we placed the cube 
on a steel plate and hit it several times with a large 


Figure 10. Whereas the manufacturer must repeatedly 
adjust the polishing orientation for diamond because 
of its directional hardness, synthetic moissanite can 
be polished in a single direction. This is typically evi- 
dent in the polishing lines on adjacent facets. Photo 
by Shane F. McClure; magnified 32x. 


GEMS & GEMOLOGY Winter 1997 269 


Figure 11. All of the synthetic moissanite samples 
examined contained some inclusions; the most 
common were these white needles that are sub- 
parallel to one another. Photomicrograph by John 
Koivula; magnified 20x. 


hammer until it shattered. Careful visual examina- 
tion of the fragments revealed extensive conchoidal 
fracturing, but no cleavage. Accordingly, conchoidal 
fracturing could be expected to occur at the girdle of 
faceted synthetic moissanites if they were subjected 
to hard wear, but there do not appear to be any 
planes of weakness due to prominent cleavage. 

The plates tested by Keyes (O’Connor and 
Smiltens, 1960) frequently contain a mixture of 
polytypes, which is a type of twinning (Verma and 
Krishna, 1966). It is possible that the “cleavage” pre- 
viously reported in the carborundum-type crystal 
plates was actually parting along twinning planes 
created by undetected regions of other SiC poly- 
types. However, twinning was not observed in any 
of the synthetic moissanite studied. Information 
provided by the manufacturer indicates that the 
growth technique used avoids the occurrence of 
twinning (J. Hunter, pers. comm, 1997). 


The C3 Testing Instrument. The Colorless 
Moissanite/Diamond Tester Model 590 provided 
correct results for all synthetic moissanite samples 
ranging from less than 0.10 ct to over 17 ct. The 
testing operation was rapid (only a second or so per 
sample, similar to the time needed with a thermal 
probe). As noted earlier, the C3 instrument is 
designed to be used only on samples that test posi- 
tive for diamond with a standard thermal probe. 
This procedure is important, because most of the 
near-colorless gem materials that were examined 
with the new C3 instrument were found to respond 
as if they were “diamond” (ie., they activated the 
instrument’s light and beeper). The one exception 
was synthetic rutile: Seven samples elicited the 
same reaction on the C3 instrument as “synthetic 
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Figure 12. Also seen in some of the samples were these 
very fine, subparallel, reflective stringers. Photomicro- 
graph by Shane F. McClure; magnified 40x. 


moissanite” (i.e., the instrument’s light and beeper 
did not activate). However, synthetic rutile would 
not register as “diamond” on a thermal probe. 

Even the 13 diamonds with increasing yellow 
color elicited a “diamond” reaction with the C3 
instrument. Conversely, all 38 synthetic moissan- 
ites mounted in the ring shown in figure 4, plus the 
13 other pieces of jewelry, were detected correctly 
with the C3 tester. 

Two nonfaceted composite samples, consisting 
of 1 mm diamond macle tops cemented over cube- 
shaped pieces of synthetic moissanite, were pre- 
pared by one of the authors (KN) specifically to test 
their response with the C3 instrument. One was 
cemented with epoxy, the other with an “instant” 
cyanoacrylate. In both instances, the instrument 
gave a “moissanite” response, because the near- 
ultraviolet was absorbed by the underlying synthet- 
ic moissanite. A separate test indicated that neither 
cement absorbed in this region of the spectrum. 


Luminescence. Four of the 23 core synthetic 
moissanite samples fluoresced to long-wave UV 
radiation (one moderate orange, and three weak 
orange}, while the remainder were inert (note that 
many near-colorless diamonds fluoresce, mainly 
blue, to long-wave UV). Only one of these four sam- 
ples fluoresced (weak orange) to short-wave UV. In 
all cases, the fluorescence was evenly distributed 
across the sample, and there was no phosphores- 
cence. When exposed to a beam of X-rays, one sam- 
ple (of 11 tested) displayed moderate yellow fluores- 
cence, one was weak yellow, and the rest were inert. 


Testing with Advanced Instrumentation. The UV- 
visible absorption spectra for the eight samples test- 
ed were identical: All showed a distinct increase in 
absorption at about 425 nm (figure 15), which corre- 
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sponds to the region of absorption from 400 to 425 
nm seen with a hand spectroscope. No sharp bands 
were recorded. In contrast, the spectra of near-color- 
less type Ia diamonds typically exhibit one or more 
sharp absorption bands of the “cape” series (with the 
most intense band being at 415 nm); otherwise, they 
are increasingly transparent down to about 330 nm 
in the ultraviolet. Type Ia colorless diamonds lack 
these cape lines in their visible spectra. 

The infrared spectra of the same eight synthetic 
moissanites again revealed identical features, with 
absorption below 1800 cm-!, several strong, sharp 
peaks between 2600 and 2000 cm-!, and several 
barely perceptible peaks between 3200 and 3000 
cm:! (figure 16). In contrast, the spectra of type Ia 
and Ila diamonds exhibit distinctly different charac- 
teristic sets of absorption features. 

A Raman spectrum recorded for a polished cube 
of synthetic moissanite revealed a series of features 
that vary depending on the optical orientation of the 
sample. Nevertheless, the Raman spectra of syn- 
thetic moissanite are significantly different from 
those of diamond (figure 17). 

The EDXRF spectra of the same eight samples 
showed the presence of silicon, a major constituent 
of synthetic moissanite, and no trace elements (fig- 
ure 18). Note that carbon is not present in this spec- 
trum because EDXRF does not detect light ele- 


Figure 13. When viewed in reflected light, this 
small depression appears to be a white pit accom- 
panied by a large stain. Photomicrograph by Shane 
Elen; magnified 20x. 


ments. Untreated natural diamonds do not exhibit 
Si, although the presence of a silicon-containing 
mineral inclusion, such as garnet, could show up in 
the spectra. In the latter event, however, the in- 
clusion would have to be so large that it was eye- 
visible. 


Other Identification Tests. Because of the absorp- 
tion below 425 nm, synthetic moissanite is much 
less transparent in the ultraviolet region than near- 
colorless diamond is. For example, it is more 
opaque than diamond when exposed to long-wave 
UV radiation. In terms of transparency to X-rays 
under the exposure conditions that render diamond 
more transparent, the synthetic moissanite appears 
more opaque. Both techniques allow several sam- 
ples to be tested at the same time. 

A previous study (Nassau and Schonhorn, 1977} 
published data on a “surface tension” test using the 
measurement of the contact angle of a drop of water 
on a facet as a means of identifying high-R.I. gem 
materials, and, in particular, separating diamonds 
from many colorless imitations. As reported in that 
study, diamond and synthetic moissanite have near- 
ly the same contact angle; as a result, one cannot 
rely on either this test or use of a “diamond pen,” 
which tests for this property. 


Figure 14. This triangular pit on the surface of a 
71.4 gram synthetic moissanite boule resembles 
one of the trigons commonly seen on diamond 
crystals. The pit has 6-mm-long sides and a depth 
of less than 0.25 mm. Photo by K. Nassau. 
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Figure 15. Ilustrated here are the visible and near- 
ultraviolet absorption spectra of a near-colorless 
synthetic moissanite, a colorless cubic zirconia, 
two type Ia diamonds, and a colorless type Ila dia- 
mond. Note that the synthetic moissanite has no 
sharp bands, but does show a region of intense 
absorption beginning at about 425 nm and extend- 
ing into the ultraviolet. It is this region of absorp- 
tion, absent in the spectrum of diamond, that 
gives rise to the great difference in UV transparen- 
cy between diamond and synthetic moissanite. 


DISCUSSION 


Synthetic moissanite is a believable imitation of dia- 
mond. However, it may exhibit slightly less bril- 
liance; it has more dispersion, a lower S.G., and a 
higher R.I.; and it is less hard and nonisotropic. 
Nevertheless, diamond and synthetic moissanite have 
overlapping thermal inertia ranges, because of which 
they both react as “diamond” with a thermal probe. 
The various gemological and other physical 
characteristics of the synthetic moissanites 
described in this article do not vary significantly 
from one sample to the next because the material is 
of fixed (i.e., stoichiometric) chemical composition, 
according to C3 Inc. (J. Hunter, pers. comm., 1997). 
(For the phase diagram of silicon carbide, see R. I. 
Scace and G. A. Slack in O’Connor and Smiltens, 
1960.) Synthetic moissanite is a semiconductor 
material like diamond; the main differences in 
chemical composition in both materials involve 
only very small amounts of nitrogen and boron that 
can substitute in the crystal. This situation is quite 
different from cubic zirconia, where variable 
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amounts of stabilizers, and even different stabiliz- 
ers, lead to considerable variation in composition, 
and hence, to broad ranges in its properties. 
Synthetic moissanite is reportedly stable in air 
to 1700°C (3092°F),; in vacuum to 2000°C; and is 
inert to well over 1000°C to most chemicals, except 
fluorine, chlorine, molten alkalis, and some molten 
metals (Divakar et al., 1993). In view of this high 
stability in air, even in situ soldering of broken 
prongs, as is done with diamond jewelry, should 
present no problem when synthetic moissanite is 
used in a mounting. In fact, the small synthetic 
moissanites in the 14k gold ring shown in figure 4 
were cast in place, a practice used in manufacturing 


Figure 16. The mid-infrared spectrum of synthetic 
moissanite is very different from the spectra of 
cubic zirconia and especially diamond. 
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of-the-ordinary specimens. The gar- 
nets mentioned were a strangely un- 
representative specimen from Fort 
Defiance, Arizona, and one of a small 
parcel of Australian specimens (ex- 
act locality unknown) which were 
given to me some years ago. The 
spinels were unusually chrome-rich 
crystals from the Mogok district. 

The gap between the more normal 
pyropes and spinels is far more 
marked, as can be seen from the fol- 
lowing table: 


stones, and thus has to rely mainly 
on optical tests. When a red iso- 
tropic stone, therefore, shows a re- 
fractometer reading unusually high 
for spinel or unusually low for py- 
rope it, is wise to examine its absorp- 
tion spectrum to insure a certain 
distinction between the two possi- 
bilities, as already described. 

The nature of the inclusions as 
seen under the microscope also pro- 
vides a valuable criterion. Spinel 
commonly contains octahedral inclu- 


TABLE 2 


SPECIMEN 


Pyrope, Kimberley.. 
Pyrope, 
Pyrope, 


Arizona 
Bohemia 


Pyrope, Ceylon 


Spinel, Burma or Ceylon......... 


The Ceylon type of pyrope in- 
cluded here is not colored with 
chromie oxide as are the others, and 
clearly shows the three main bands 
of the almandine absorption spec- 
trum. To sum up: the constants of 
pyrope garnet and red spinel can ad- 
mittedly overlap in theory. In prac- 
tice only one spinel has been found 
in which the refractive index was 
higher than the lowest figures found 
for pyrope garnet. Even here, a dis- 
tinct density gan remains, and it is 
true to say that if a tube containing 
Clerici solution diluted to density 
3.625 (using synthetic spinel as in- 
dicator) were prepared, that all the 
known red spinels would float in this 
liquid and all the known pyropes 
would sink. 

The gemmologist, however, most 
frequently has to deal with mounted 


SP. GR. R.I. 


.8.68-3.85....1.738-1.751 
.8.70-8.75....1.741-1.745 
....8.68-3.71....1,.7438-1.747 
-3.78-3.83....1.748-1.753 


3.58-3.61....1.715-1.725 


sions either as fairly large isolated 
crystals or as numerous very small 
crystals arranged more or less regu- 
larly in one plane forming an exten- 
sive “feather.” The inclusions in py- 
rope vary with locality, but are 
never, in my experience, octahedral. 
Typical pyrope inclusions were ex- 
cellently described and illustrated by 
Dr. Giibelin in the Fall 1945 num- 
ber of Gems & Gemology, and the 
reader is referred to his article. 
Of the other accessory tests for 
discriminating between pyrope and 
spinel only one more need be men- 
tioned here—the fluorescence under 
ultra-violet light. Spinels of clear 
red type show a distinct red fluores- 
cence under the rays, while. garnet 
remains inert. The duller red spinels 
containing iron show little or no 
(Continued on Page 304) 


some commercial-quality jewelry, without any 
apparent damage to the samples. No durability test- 
ing was done during this study because no material 
was made available for this purpose. However, the 
manufacturer reports that no problems have arisen 
with conventional setting, repairing, and cleaning [J. 
Hunter, pers. comm., 1997). 


Identifying Single Stones. Simple tests to separate 
synthetic moissanite from diamond include exami- 
nation with a loupe or gemological microscope to 
look for double refraction (i.e., doubling of the 
facets). Distinctive subparallel needle-like inclu- 
sions and stringers oriented perpendicular to the 
table may be present, as well as rounded facet junc- 
tions, polishing lines that run in the same direction 
on adjacent facets, and an undiamond-like girdle 
appearance. Also, the synthetic moissanites in this 


Figure 17. The 1332 cm-! peak characteristic of dia- 
mond is absent in the Raman spectra of synthetic 
moissanite, regardless of orientation. 
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study did not show any of the strain, fractures, 
cleavage, or mineral inclusions that are typical of 
diamond. 

With a desk-model spectroscope, the absorption 
below about 425 nm is distinctive, since most col- 
orless to near-colorless diamonds display a sharp 
415 nm band or are transparent in this region. 
However, features at the blue end of the visible spec- 
trum may be difficult to see with this instrument. 

The electrical conductivity evident in many of 
the near-colorless synthetic moissanite samples 
examined is an indication, but not diagnostic since 
such behavior is occasionally encountered in near- 
colorless natural diamonds. Specific gravity, howev- 
er, is diagnostic. Testing with a reflectivity meter 
can also give diagnostic results, but great care must 
be taken when using this instrument. 

Although testing with a conventional thermal 
probe is by itself not sufficient to identify synthetic 
moissanite, the use of a thermal inertia probe in 
conjunction with the C3 Inc. tester will conclusive- 
ly separate synthetic moissanite from diamond 
quickly and without extensive training. 

It should be noted that no single test will con- 
clusively identify a material as synthetic moissan- 
ite. Many tests will prove that an unknown is not a 
diamond (which in many cases may be sufficient), 
but it would be necessary to consider additional fea- 
tures discussed in this article to conclude that a dia- 
mond simulant is moissanite. 


Figure 18. The EDXRF spectrum of synthetic 
moissanite shows the X-ray fluorescence peak for 
silicon, a major constituent in silicon carbide, 
which would not be found in a natural, untreated 
diamond. Note that this method does not detect 
carbon, a major constituent in both materials. 
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Figure 19. These round brilliants are the three 
largest synthetic moissanites studied at GIA. They 
ranged from 0.74 to 1.12 ct. The square modified 
brilliants represent some of the most attractive 
samples examined. Photo by Maha DeMaggio. 


Identifying Synthetic Moissanite When Mixed with 
Other Stones. It may be necessary to separate syn- 
thetic moissanite from polished diamonds in a 
mixed parcel. One quick and reliable method is to 
use specific gravity, employing an appropriate heavy 
liquid (such as methylene iodide, S.G. 3.32): The 
less-dense synthetic moissanites will float, while 
the denser diamonds will sink (as always, care must 
be taken when handling heavy liquids due to their 
toxicity). Another approach is to take advantage of 
the great difference in near-ultraviolet and ultravio- 
let transparency, which offers a means to view a 
parcel of cut stones and separate them depending on 
whether they appear more transparent (diamond) or 
less transparent (synthetic moissanite). 


CONCLUSION 


Near-colorless synthetic moissanite soon could 
become widely available as a diamond imitation. 
Although no production figures are available yet, 
C3 Inc. has stated that it will begin marketing 
faceted stones to the trade early in 1998. Most of 
the samples examined for the main study were less 
than half a carat, but the authors did test three 
round brilliants ranging from 0.74 to 1.12 ct; other 
cutting styles were also available (figure 19). 

The most readily identifiable gemological prop- 
erty of near-colorless synthetic moissanite is its 
double refraction. Care must be taken to look into 
the stone at an angle, or to focus the loupe or micro- 
scope past the culet to observe the reflections of the 
table and crown facets, since facet doubling is not 
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usually evident in a sample face-up when viewed 
perpendicular to the table facet. Specific gravity is 
also diagnostic: Synthetic moissanite floats in 3.32 
liquid, while diamond sinks. If an appropriate reflec- 
tivity meter is available, the difference in RI 
between diamond and synthetic moissanite will 
separate them as well (with proper precautions). 

Features seen with magnification may be 
indicative, but they should be considered diagnostic 
only for the most experienced gemologist. Electrical 
conductivity is also indicative, but it should never 
be considered diagnostic. 

It must be stated emphatically that the thermal 
inertia probes currently in wide use, which jewelers 
have relied on for many years to separate diamond 
from its simulants, must now be employed with 
great caution. Synthetic moissanite could be 
misidentified as diamond by a jeweler relying solely 
on these probes. Indeed, this has already been done 
experimentally, with the unfortunate results being 
televised in the United States on a news program 
that the Discovery Channel broadcast nationally on 
December 12, 1997. It is essential that the jeweler 
perform additional tests, as described in this article, 
to conclusively identify all stones that the thermal 
probe detects as diamond. 

There is a need to develop additional simple 
gem-testing instruments, or possibly improve the 
existing thermal probes (given the similarity in 
thermal inertia of diamond and synthetic moissan- 
ite], to assist jewelers in testing for synthetic 
moissanite. The combination of a thermal probe fol- 
lowed by use of the C3 Inc. Model 590 testing 
instrument provides a rapid distinction. 

As always when a new material is introduced to 
the jewelry trade, it takes a certain amount of time 
for the industry to become aware of the existence of 
the material and to learn how to identify it. This is 
the time period when jewelers and gemologists are 
the most vulnerable. Synthetic moissanite is easily 
identifiable, and mistakes should not be made if a 
few simple procedures are followed. 
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CHARACTERIZATION OF 
CHINESE HYDROTHERMAL 
SYNTHETIC EMERALD 


By Karl Schmetzer, Lore Kiefert, Heinz-Jiirgen Bernhardt, and Zhang Beili 


Synthetic emeralds grown hydrothermally in 
an alkali-free, chlorine-bearing solution have 
been manufactured in Guilin, China, since 
1987. Diagnostic microscopic features include 
growth and color zoning as well as oriented 
needle-like tubes and cone-shaped voids 
(“nailhead spicules”) that are typically asso- 
ciated with small chrysoberyI crystals. Also 
distinctive is the presence of chlorine in this 
iron- and alkali-free hydrothermal synthetic 
emerald. In addition, spectroscopic properties 
in the mid- and near-infrared are useful to 
characterize this new Chinese product; fea- 
tures in the 2500-3100 cm! range (also found 
in other chlorine-bearing synthetic emeralds) 
help distinguish it from natural emeralds. 
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uring a visit to Beijing in May 1996, one of the 

authors (KS) was shown several rough and 

faceted samples of a hydrothermal synthetic 
emerald that was manufactured in China (see, e.g., figure 1). 
This synthetic emerald has been produced since 1987 by 
Professor Zeng Jiliang at the Institute of Geology for Mineral 
Resources, CNNC, Guilin, Guangxi Province, southern 
China. It was first commercially released in 1993. At pre- 
sent, production is about 7,500 ct of rough a year, but this 
amount is expected to increase (Guo Tao, pers. comm., 
1996, 1997). Samples have been sold under different trade 
names (Fritsch, 1996; C. M. Ou-Yang, pers. comm., 1997), 
but at present only “GJL-Emerald” (Guangxi Jewellery 
Limited) is used by the manufacturers (C. M. Ou-Yang, pers. 
comm., 1997). 

Hydrothermally grown synthetic emeralds have been 
commercially available since the early 1960s. They were 
first produced in Austria (Lechleitner) and later in the 
United States (Linde, Regency), Australia (Biron), and Russia 
(Pough, 1965; Flanigen et al., 1965, 1967; Galia, 1972; 
Nassau, 1976; Brown and Snow, 1984; Kane and Liddicoat, 
1985; Bukin et al., 1986; Schmetzer, 1988, 1990; Hosaka, 
1990; Koivula et al., 1996). Hydrothermally grown synthetic 
emeralds from China were first described by Geng and Ou- 
Yang (1995). They were also briefly mentioned by Fritsch 
(1996) and Koivula et al. (1996), but to date there has been 
no comprehensive gemological description of this material. 

This article reports on our examination of several crystals 
and faceted samples of this Chinese hydrothermal synthetic 
emerald. To help establish criteria by which they can be sep- 
arated from their natural counterparts, we will describe in 
detail the mineralogical, gemological, chemical, and spectro- 
scopic characteristics of these new synthetic gems. We will 
also compare these properties to those of various synthetic 
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Figure 1. This 4.72 ct 
crystal (sample H) and 
the 0.13-0.61 ct faceted 
samples are some of the 
hydrothermal synthetic 
emeralds grown in China 
that were examined for 
this study. The wires 
used to suspend the seed 
are visible on both ends 
of the crystal. Photo © 
GIA and Tino Hammid. 


emeralds that have been hydrothermally grown by 
other commercial producers. 


BACKGROUND ON CRYSTAL GROWTH 
According to their producer, these Chinese synthet- 
ic emeralds are grown in autoclaves with gold liners 
at a temperature range of 585° 625°C and a pressure 
of 4.50 kbar (Guo Tao, pers. comm., 1996, 1997). 
This pressure is much higher than that normally 
used for the commercial growth of hydrothermal 
synthetic emeralds—that is, 0.70 to 1.53 kbar, as 
summarized by Hosaka (1990)—but in a similar 
temperature range of 500°-620°C. Therefore, the 
Chinese hydrothermal synthetic emeralds may be 
the first that are commercially produced at a pres- 
sure above 2, kbar. 


Chinese Hydrothermal Synthetic Emerald 


The high-pressure synthesis of beryl was 
described by Franz and Morteani (1981) at 2 kbar 
and a temperature of 700°C as well as at 4 kbar and 
500°C. Kodaira et al. (1982) synthesized beryl at an 
even higher pressure of 10 kbar, at 650°C to 750°C. 
They obtained prismatic crystals up to 0.3 mm in 
length. 

The Chinese material grows at about 0.5 mm a 
day in a direction perpendicular to the seed plate. 
Both natural and synthetic beryl seed plates are 
used (Fritsch, 1996; Guo Tao and C. M. Ou-Yang, 
pers. comm., 1997). The producer also stated that he 
has grown two types of hydrothermal synthetic 
emerald: one with only chromium used as a color- 
causing dopant, and the second with chromium, 
vanadium, and iron compounds in the nutrient 
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and/or in the solution (Geng and Ou-Yang, 1995). 
Only the first type is now produced commercially 
(Guo Tao, pers. comm., 1997). 


MATERIALS AND METHODS 


For this study, we examined 11 Chinese hydrother- 
mal synthetic emeralds (see table 1): a 12.12 ct crys- 
tal (sample A) that was acquired in China from the 
producer in 1994 by Prof. H. A. Hanni; a 7.40 ct 
crystal (sample B) and five faceted “stones” (0.31 to 
0.50 ct; samples C to G) that the producer made 
available for the present investigation in 1996; and a 
4.72. ct crystal (sample H) and three faceted pieces 
(0.13 to 0.61 ct; samples I to K) from the GIA 
Research collection that were obtained from the 
producer in 1995 by Prof. E. Fritsch. 

All 11 samples (most of which are shown in fig- 
ure 1} were tested by standard gemological methods 
for optical properties, fluorescence, and specific 
gravity. Morphological characteristics of the three 
crystals were determined with a standard goniome- 
ter, and the external faces of these crystals as well as 
the internal growth planes of all 11 samples were 
examined with a Schneider horizontal (immersion) 
microscope with a specially designed sample holder 
and specially designed (to measure angles) eyepieces 
(Schmetzer, 1986; Kiefert and Schmetzer, 1991). 
Solid inclusions were identified by Raman spec- 


troscopy with a Renishaw Raman microscope (see 
Hanni et al., 1996, 1997). 

For chemical characterization, we first submit- 
ted samples A to G for qualitative energy-dispersive 
X-ray fluorescence (EDXRF) analysis using a 
Spectrace 5000 Tracor X-ray fluorescence spectrom- 
eter with a Tracor Northern Spectrace TX-6100 
software system, at SSEF. Quantitative chemical 
data for Cr, V, and Fe in crystal samples A and B 
were determined with the same equipment. The 
quantitative chemical compositions of faceted sam- 
ples C to G were determined by electron micro- 
probe using a CAMECA Camebax SX 50 instru- 
ment, with traverses of 100 point analyses mea- 
sured across the table of each sample. 

For samples A to G, spectroscopic data were 
recorded with a Leitz-Unicam SP 800 spectropho- 
tometer for the visible and ultraviolet range, and with a 
Hitachi U 4001 instrument for the UV, visible, and 
near-infrared range (from 250 to 2500 nm). Infrared 
spectroscopy for the range 6000 cm:! to 1000 cm! was per- 
formed for the same seven samples on a Philips PU 
9800 Fourier-transform infrared (FTIR) spectrometer 
and a Perkin-Elmer 1760 FTIR spectrometer. 

Faceted sample F was cut in two pieces, and 
one of these pieces was powdered. We used 2 mg of 
the powder to prepare a KBr compressed disk for 
infrared spectroscopy in the 4000-2000 cm! range 


TABLE 1. Physical characteristics of Chinese hydrothermal synthetic emerald samples. 


Sample A B C D E F G H Ib J Kb 
Description Crystal Crystal Faceted Faceted Faceted Faceted Faceted Crystal Faceted Faceted Faceted 
Weight (ct) 12.12 7.40 0.50 0.39 0.43 0.41 0.31 4.72 0.13 0.22 0.61 
Seed type Natural Natural Synthetic Not Natural Synthetic — Not Synthetic Synthetic Synthetic Synthetic 
colorless colorless emerald observed colorless emerald observed emerald emerald emerald emerald 
beryl beryl beryl 
Seed 20° 33° 34° 32° bent 38° 40° Not 20° 33° 35° 36°, 44° 
inclination plane observed bent plane 
to c-axis 
Microscopic Planar Planar Planar Planar color Planar color Planar Irregular — Planar Planar color Planar color Planar color 
features2 color zoning, color zoning, color zoning, zoning, zoning, color color color zoning, Zoning, zoning, 
irreg. irreg. numerous irreg. single cones zoning, zoning, zoning, _irreg. irreg. irreg. 
subgrain subgrain cones w/ subgrain w/ beryl xls, numerous prominent irreg. subgrain subgrain subgrain 
bounds., bounds., chrysoberyl — bounds., numerous conesw/ __irreg. subgrain bounds., bounds., bounds., 
small single cones xls, needles _ needles at cones w/ chrysoberyl subgrain bounds., numerous numerous — numerous 
feathers w/ beryl at growth growth plane chrysoberyl xls, needles bounds. — large cones w/ cones w/ cones w/ xls 
xls, small plane, small xls in seed feathers xls, needles chrysobery! 
feathers feathers at growth Is, needles 
plane in seed 


oe = poder siogel ie inclusions; irreg. subgrain bounds. = irregular subgrain boundaries; xls = crystals (minerals identified by Raman spectroscopy); 
needles = needle-like tubes 
bin these two samples, the tiny crystals were optically identical to the chrysoberyl crystals identified by Raman spectroscopy in other samples. 
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using a Nicolet-Impact 400D infrared spectrometer. 
The remaining 38 mg of powder was used for the 
quantitative determination of Li,O and H,O by wet 
chemical methods. 

For comparison purposes, two of the authors 
(KS and LK) drew on infrared and EDXRF data gath- 
ered for other hydrothermal synthetic emeralds. 
The senior author (KS) has also examined the 
microscopic features of about 100 hydrothermal 
synthetic emeralds from different producers. From 
these samples, he selected 20 for Raman spec- 
troscopy of nailhead spicules (Linde and Regency, 6; 
Biron, Pool, and AGEE, 5; and Lechleitner, 9), which 
was conducted as described above for the Chinese 
samples. Note that the Lechleitner samples includ- 
ed both the synthetic emerald overgrowth over nat- 
ural beryl and fully synthetic emeralds. Unless oth- 
erwise noted, all references to Lechleitner in this 
article will refer to both products. 


RESULTS 


Visual Appearance and Crystallography. When 
examined with the unaided eye, all the samples 
appeared an intense, homogeneous green without 
any prominent color zoning (again, see figure 1). A 
colorless seed plate was easily seen in crystal sam- 
ples A and B, and the surface of each had residues of 
the metallic wire used to hold the seed. Careful 
examination of crystal sample H showed a green 
seed. On one end of this seed, residue of a metallic 
wire was overgrown by synthetic emerald. At the 
other end of the crystal, a second metallic wire tra- 
versed both the seed and the synthetic emerald 
overgrowth (see figure 1). 

All three Chinese crystals showed the basal 
pinacoid c (0001), two prism faces, m (1010) and a 
(1120), as well as the hexagonal dipyramid p (1012) 
(figure 2). In all cases, the seeds were oriented as 
drawn in figure 3, that is, with angles of 20° or 33° 
between the seed and the c-axis (optic axis). Only 
sample A showed the two large uneven faces paral- 
lel to the seed (figures 3 and 4) that are commonly 
observed in hydrothermally grown synthetic emer- 
alds (see Pough, 1965; Lebedev et al., 1986; Hosaka, 
1990; Sosso and Piacenza, 1995; Sechos, 1997). 
Because their seeds had different length-to-width 
ratios, sample H had only one small face parallel to 
the seed and sample B had none with that orienta- 
tion (figure 3). 

All three crystals were strongly distorted; that 
is, the two a (1120) prism faces in the a—c seed zone 
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Figure 2. All three crystals of Chninese of Chinese hydrother- 
mal synthetic emerald (see, e.g., 7.40 ct sample B 
in the inset photo) showed the basal pinacoid c, 
first-and second-order hexagonal prisms m and 
a, and the hexagonal dipyramid p, as illustrated 
in this schematic drawing of an undistorted crys- 
tal. Photo by H. A. Haénni 


were dominant, and the four symmetrically equiva- 
lent a prism faces were distinctly smaller or absent. 
In addition, on each side, only two of six possible p 
dipyramids were developed (see figure 3). 


Gemological Properties. The gemological properties 
of our Chinese samples (table 2) overlap those of 
natural emeralds, especially low-alkali emeralds, 
from various localities (see, e.g., Schrader, 1983). 
They are in the range commonly observed for low- 
iron or iron-free hydrothermally grown synthetic 
emeralds (see references cited above). Specifically, 
the values for R.I. and S.G. are similar to those 
observed for Lechleitner, Linde, Regency, and Biron 
synthetic emeralds, but they are distinctly lower 
than those of both types of (high-iron) Russian 
hydrothermal synthetic emeralds. The moderate 
fluorescence to UV radiation also indicates the 
absence of significant iron in the Chinese samples. 


Microscopic Characteristics. Structural Properties. 
We observed seeds in six of the eight faceted 
Chinese samples (again, see table 1). The seed in 
sample E was colorless beryl (figure 5), similar to 
crystal samples A and B; as in those crystals (figure 
6), the seed was of variable thickness. The other 
seeds were synthetic emerald, as in crystal sample 
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Sample H 
Cc Edde between Figure 3. In this illustration (drawn to 
Ke p faces scale), Chinese hydrothermal synthetic 
Sample A crystal samples A, B, and H are shown as 
they appear when viewed parallel to the 
Edge between 
& re seed. The c-axis is parallel to the prism a 
r and perpendicular to the basal pinacoid c¢; 
ice parole! a a the seeds are inclined to the c-axis at the 
to the seed angles indicated. Also shown is the edge 
| 20° at which the two p faces intersect. Two 
a large uneven faces parallel to the seed are 
developed in sample A; only one uneven 
oo — face was seen in sample H and none in 
c sample B. The morphology of the crystals 
is related to the orientations and sizes of 
the seeds, which are (length x width x 
ane Sample B thickness) 21.5 x 8.0 x 0.4 mm in sample 
c Edge between A, 13.5 x 11.0 x 0.15 mm in sample B, and 
two p faces ; 
10.6 x 13.6 x 0.5 mm in sample H. 
Uneven 
face parallel a 
to the seed a 
20° 
a 
33° 
Edge between 
two p faces 


H. In one of these faceted samples, the seed had a 
bent surface on one side (figure 7). 
In all the Chinese samples found to contain 


Figure 4. The face with this uneven, undulating 
surface was one of two oriented parallel to the 
seed in Chinese hydrothermal synthetic emerald 
sample A. Photo by H. A. Haénni; magnified 25x. 
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seeds, we observed growth zoning, usually associat- 
ed with color zoning, that was oriented parallel to 
the seed (figures 5, 6, and 8). In one sample without 
a seed, we saw bent zoning similar to that shown in 
figure 7. In some cases, the growth structures 
revealed a weak step-like microstructure (again, see 
figure 6), similar to that seen in various other 
hydrothermal synthetic emeralds (Galia, 1972; 
Lebedev and Askhabov, 1984; Schmetzer, 1988). 


TABLE 2. Properties of 11 Chinese hydrothermal 
synthetic emeralds. 


Color 
Pleochroism 


Refractive indices 


Very slightly bluish green 
@=yellowish green, e=bluish green 
No=1-576-1.578 

n, =1.570-1.572 

0.006 

Rough: = 2.70-2.71 

Faceted: 2.67-2.69 

Short-wave: moderate red 
Long-wave: moderate red 


Birefringence 
Specific gravity 


UV fluorescence 
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Some of the samples revealed irregular bound- 
aries between subindividuals (figure 9), occasionally 
in the form of an undulating, chevron-like growth 
pattern. This type of growth structure also is typical 
of other hydrothermal synthetic emeralds (Lebedev 
et al., 1986; Schmetzer, 1988; Henn et al., 1988; 
Hanni, 1993; Sechos, 1997). Note that this growth 
pattern was not seen in the two samples (E and F) in 
which the seed was inclined more than 35° to the c- 
axis, as was also the case for some Russian 
hydrothermal synthetic emeralds in which the 
seeds were at an angle of about 45° with the c-axis 
(Schmetzer, 1996). 


Inclusions Related to the Seed or to Growth Planes. 
We commonly observed three types of elongated 
inclusions in the Chinese samples. These were 
related either to the seed or to growth planes in the 
synthetic emerald overgrowth; they were oriented 
either inclined to the seed or almost perpendicular 
to the seed, as illustrated in figure 10. In general, 
these inclusions appeared as one of two types of 
cone-shaped spicules (also called nailhead spicules 
when a crystalline “head” is present) or as needle- 
like tubes. All were filled with a fluid; some also 
had a gas bubble. 

In the first type of spicule, which occurs as an 
isolated inclusion oriented parallel to the c-axis, the 


Figure 6. Some of the colorless seeds in the 
Chinese synthetic emeralds examined were of 
variable thickness, as shown here in crystal sam- 
ple B. Note also the step-like microstructures in 
the color zoning parallel to the seed, which resem- 
bles the irregular growth patterns seen in other 
hydrothermal synthetic emeralds. Immersion, 
magnified 50x. 
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Figure 5. Faceted sample E has a colorless natural 
beryl seed that almost parallels the table facet, 
with growth zoning and color zoning parallel to 
the seed. Note that the seed appears yellow 
because the stone is immersed in benzyl benzoate. 
Magnified 35x. 


widest end of the cone is in direct contact with a 
tiny crystal at the seed; the narrower tip pointed in 
the direction of growth (figures 10A and 11). This 
general orientation has been described often in the 
gemological literature (Flanigen et al., 1967; Galia, 
1972; Sunagwa, 1982; Hosaka, 1990). The tiny bire- 
fringent crystals have a refractive index close to that 
of the host emerald, so they can be difficult to 
observe without crossed polarizers. 


Figure 7. One side of the synthetic emerald seed in 
faceted sample K is bent. Numerous tiny crystals 
can be seen throughout both sides of the synthetic 
seed, as well as cone-shaped spicules oriented par- 
allel to the c-axis. Note also the distinct growth 
zoning in the seed itself. Immersion, magnified 40x. 
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Figure 8. Growth planes, with associated color Figure 9. The growth structure of this Chinese 
zoning, were seen oriented parallel to the seed in hydrothermal synthetic emerald (sample G) revealed 
all of the Chinese samples that had seeds (upper irregular boundaries between subindividuals. 

right). Note also in this sample (C) the needle-like Immersion, magnified 60x. 


tubes that are elongated almost perpendicular 

to—and end at—one of the growth planes. 

Immersion, magnified 60x. contact with the seed are numerous small crystals 
(figure 13) that are also birefringent but have a 
refractive index that is distinctly higher than that of 

The second type of spicule occurs in groups, the host beryl. 
also parallel to the c-axis, all with their widest ends The needle-like tubes are oriented almost per- 


at or very near the seed (figures 10 and 12). In direct pendicular (measured at 80° to 85°) to the seed (fig- 


Figure 10. This schematic drawing illustrates the different types of characteristic inclusions observed in the 
Chinese hydrothermal synthetic emeralds: (A) a colorless beryl seed with an isolated beryl crystal and 
numerous chrysoberyl crystals, both commonly associated with cone-shaped spicules (in all four inclusion 
types, these spicules parallel the c-axis); (B) a synthetic emerald seed with numerous chrysoberyl crystals— 
and cone-shaped spicules—on both sides; (C) a synthetic emerald seed with needle-like tubes within the 
seed (grown in the first autoclave run) and almost perpendicular to its surface, as well as with numerous 
chrysoberyl] crystals on both sides of the seed; (D) a synthetic emerald seed with numerous chrysoberyl 
crystals and the cone-shaped spicules—a growth plane away from the seed reveals needle-like tubes with 
an orientation almost perpendicular to the growth plane that end at the growth plane. 


Growth plane 
Serres 


Kd LE, —_ <ée 4 EX Or 


Natural colorless Synthetic Synthetic Synthetic 
beryl seed emerald seed emerald seed emerald seed 
A B C D 
= Beryl crystal snp acai iS with wrmrr — Needle-like tubes elongated 
, _~ liquid or two-phase fillings, almost ndicular to the 
Chrysoberyl crystals =" riented parallel to the c-axis eee Ape ates plane 
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New Fluorescence Test for 
Doublets and Triplets 


by 


RICHARD T. LIDDICOAT, C.G. 


. Director, Education and Research 
Gemological Institute of America 


The Research Staff of the G.ILA. 
has just discovered a new fluorescent 
means for the identification of 
doublets and triplets. There are 
many tests which identify these ma- 
terials, but the new method is of 
importance because of the rapidity 


Photo by G.LA. 


Figure 1 
Two triplets under ordinary light. 
2x 


with which it can be used on a large 
number of gems at one time. Con- 
siderable work has been done in the 
past on fluorescence by a number of 
investigators, but to our knowledge 
no information has been presented 
on this phase of the subject. 
Seventy-five doublets, triplets and 
glass imitations were tested under 
ultra-violet radiation of a wave 
length of approximately 2500 Ang- 
strom units. The lamp used is a hand 


flashlight type in an easily detachable 
mounting, on a 6x3” transformer. 
Its light source is 2” square. 

In every case garnet and glass 
doublets were immediately distin- 
guishable by the fact that the glass 
backs fluoresced greenish yellow, 


Photo by G.I.A. 


Figure 2 
The same gems under 2500 A. wave 
length radiation. Notice the bright 
line around the crown of the triplet 
at right. The triplet at the left shows 
a bright line of fluorescent cement 
along the girdle. 2x 


while the garnet tops failed com- 
pletely to fluoresce. The garnet tops 
stood out as a dark area above the 
strong greenish yellow color ob- 
served in the glass base, no matter 
what its color in ordinary light. 
Thus, garnet and glass false doub- 


(Continued on Page 307) 


ures 10C and D, 14} that is, inclined to the c-axis 
of the host. One end of the tube is always in direct 
contact with the seed or a growth plane parallel to 
the seed. In samples C, D, and I, there were no asso- 
ciated crystalline inclusions at the growth planes 
(again, see figure 8). In samples F and J, we observed 
these needle-like tubes within the seed, with cone- 
shaped spicules and birefringent crystals in the adjacent 
synthetic emerald overgrowth (again, see figure 14). 


Other Liquid Inclusions. With the exception of the 
above-described inclusions, the samples were rela- 
tively clean. Only small liquid feathers were 
observed occasionally. 


Figure 12. In the second type of elongated inclusion 
observed in the Chinese samples, numerous cone- 
shaped spicules with liquid or two-phase fillings, 
similar to the isolated inclusions shown in figure 11, 
also parallel the c-axis. These spicules start at the 
synthetic emerald seed or at a short distance from 
the seed; they are associated with numerous tiny 
crystals that are in contact with the surface of the 
seed. Note also the distinctive color zoning in the 
seed. Immersion, magnified 80x. 
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Figure 11. Occasionally 
seen in the Chinese 
hydrothermal synthetic 
emeralds examined were 
isolated cone-shaped 
spicules filled with a liq- 
uid or liquid and gas 
(left), and associated 
with a tiny crystal at 
their widest ends. The 
tiny crystal is in contact 
with the surface of the 
seed (right). Immersion, 
magnified 80x. 


Identification of the Crystalline Inclusions. Tiny 
crystals at the base of nailhead spicules are com- 
mon in hydrothermal synthetic emeralds (Pough, 
1965; Flanigen et al., 1967; Galia, 1972; Sunagawa, 
1982, Brown and Snow, 1984; Kane and Liddicoat, 
1985; Giibelin, 1986; Hosaka, 1990; Hanni, 1993). 
They form when crystal growth starts on a seed 
plane that is inclined to the c-axis (Flanigen et al., 
1967; Schmetzer, 1996). This type of inclusion also 
forms in flux-grown emerald (Flanigen et al., 1967), 
but it is commonly seen only in the Nacken prod- 
ucts, which were grown in the 1920s on irregularly 
shaped seeds (Nassau, 1978). 

On the basis of their R.I. (above that of beryl) 
and their crystal morphology, crystalline “nail- 
heads” in hydrothermal synthetic emeralds are gen- 
erally designated as phenakite (see references cited 
above). This identification was confirmed for Linde 
hydrothermal synthetic emerald by Raman spec- 
troscopy (Delé-Dubois et al., 1986a and b). Exam- 
ination of the inclusions in our Chinese samples, 
however, did not lead to the same results. Micro- 
Raman analysis of the birefringent crystals at the 
broad end of isolated spicules in samples B and E 
revealed only beryl. Thus, these inclusions are beryl 
crystals, but with an orientation different from that 
of the host. However, the Raman spectra of the 
numerous tiny crystallites that are also in contact 
with a seed (figure 15) did not match those of either 
beryl or phenakite; rather, they matched the spec- 
trum of chrysobery]l (figure 16). 

Examination of other hydrothermal synthetic 
emeralds (see Materials and Methods) proved the 
presence of phenakite in nailhead-type inclusions of 
several Linde and both types of Lechleitner synthet- 
ic emeralds. In the course of this study, with the 
help of Dr. Graham Brown in selecting the sample 
at the producer, “nailheads” of chrysoberyl crystals 
were identified for the first time at the seed of 
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another hydrothermal synthetic emerald, the Biron 
product. Raman spectroscopy also identified some 
of the birefringent and transparent “nailheads” in 
two Biron synthetic emeralds as beryl, but found no 
phenakite in the samples analyzed. Interestingly, 
gold was also identified in these Biron samples; it 
probably originated from the liner of the autoclave, 
as indicated by the producer (A. Birkner, pers. 
comm., 1997) and by Kane and Liddicoat (1985). 


Figure 14. The third type of elongated inclusion 
seen in the Chinese samples consists of needle-like 
tubes with an orientation almost perpendicular to 
the surface of the synthetic emerald seed (seen at 
the bottom here). On the other side of this bound- 
ary, in the synthetic emerald overgrowth, the cone- 
shaped spicules are elongated parallel to the c-axis. 
They start at the seed or at a short distance from 
the seed, and are often associated with tiny bire- 
fringent crystals that are in contact with the seed. 
(Note that the inclusion above the spicule on the 
right is not directly related to the spicule.) 
Immersion, crossed polarizers, magnified 80x. 
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Figure 13. In the Chinese 
samples, the numerous tiny 
crystals at the broad ends of 
the spicules may appear as 
masses at the surface of the 
seed (left; immersion, magni- 
fied 50x). In a view parallel 
to the c-axis (i.e., the axis of 
the spicules), only the “nail- 
heads” are visible; the cut of 
the synthetic emerald defines 
the outline of the seed (right; 
immersion, magnified 40x). 


Chemistry. The qualitative EDXRF spectra of seven 
samples indicate distinct amounts of chromium 
and chlorine as well as the expected silicon and alu- 
minum. Some minor vanadium was observed in 
one of the crystals. 

Quantitative EDXRF and electron microprobe 
data are summarized in table 3. The microprobe 
data confirm the EDXRF results. The only color- 
causing element detected was chromium, vanadi- 
um and iron were at the detection limits of the elec- 
tron microprobe. Alkalis and Mg were also at the 
detection limits, whereas significant amounts of 
chlorine and traces of fluorine were found in all 
samples. 

Microprobe traverses indicated that chromium 
was the only element that varied appreciably from 
one area of a stone to another. This was most appar- 


Figure 15. Micro-Raman analysis revealed that the 
tiny crystals at the broad ends of the numerous one- 
and two-phase cone-shaped spicules in the Chinese 
hydrothermal synthetic emeralds were chrysoberyl. 
Renishaw Raman microscope, magnified 200x. 
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Figure 16. The Raman spectrum of the tiny 
crystals (B) illustrated in figure 15 match the 
reference spectrum for chrysoberyl (C). Note that 
in spectrum B, the lines of the Raman spectrum of 
the Chinese hydrothermal synthetic emerald host 
(A) are also present. 


ent in samples C and F, where the traverses crossed 
the table facet, which included several different 
growth layers and color zones (figure 17). 

Wet chemical analyses of sample F indicated a 
distinct water content of 0.85%, as well as the 
expected beryllium, but no lithium was found. 


Spectroscopy. Because of the orientation of the sam- 
ples, polarized spectra were measured only for two 
Chinese hydrothermal synthetic emerald crystals 
and one faceted sample. Nonpolarized spectra were 
recorded for four other faceted samples. 


Ultraviolet-Visible Spectroscopy. The absorption 
spectra of all samples were consistent with the 
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known absorption spectra of chromium in emerald; 
no absorption bands related to Fe2+ or Fe3+ were 
observed (for the exact position of iron absorption 
bands, see Schmetzer, 1988). 


Infrared Spectroscopy. Infrared spectroscopy has 
been used to separate natural and synthetic emer- 
alds since the late 1960s (Flanigen et al., 1967; 
Wood and Nassau, 1967, 1968; Nikol’skaya and 
Samoilovich, 1979; Klyakhin et al., 1981; Lebedev 
et al., 1986). With modern Fourier-transform 
infrared spectrometry, it is possible to obtain trans- 
mission and/or reflection infrared spectra on faceted 
samples (Flamini et al., 1983; Leung et al., 1986, 
Stockton, 1987; Fritsch et al., 1992; Hanni and 
Kiefert, 1994; Koivula et al., 1996). 

The strongest absorption bands of at least two 
different types of water molecules located in chan- 
nel sites of the beryl structure (both natural and 
synthetic) are found in the 3500-4000 cm-! range of 
the mid-infrared. An extremely intense water 
absorption was observed in the spectra of the 


TABLE 3. Chemical properties of Chinese hydrothermal 
synthetic emeralds. 


EDXRF Electron microprobe@ 

Guide (crystals) (faceted stones) 

(wt.%) A B C D E Fb G 
Si05 64.78 65.44 64.79 65.45 64.71 
TiO, trc tr. tr. tr. tr. 
Aly03 18.37 18.66 18.25 18.46 18.39 
Cro03 0.74 0.29 0.79 0.62 0.62 0.49 0.82 
V203 n.d.4 0.03 tr. tr. tr. tr. tr. 
Fe0é n.d. n.d. tr. tr. tr. tr. tr. 
MnO tr. tr. tr. tr. tr. 
CaO tr. tt: tr. tr. tr. 
MgO tr. tr. tr. tr. tr. 
Na oO 0.04 tr. tr. tr. tr. 
Ko0 tr. tr. tr. tr. tr. 
F 0.04 0.04 0.03 0.04 0.04 
cl 0.67 O71 0.65 0.69 _0.67 
Sumf 84.69 85.47 84.34 8413 84.63 
Cr203 (range) 0.39- 0.54- 0.54- 0.27- 0.69- 


1.08 0.71 0.73 0.60 1.07 
aAverage of 100 point analyses. 

Wet chemical analysis gave 0.85 wt.% HO; Lis was not detected. 
Ctr.=trace (up to 0.02 wt.%). 

dn.d.=not detected. 

eTotal iron is reported as FeO. 

‘BeO was calculated between 13.45 and 13.95 wt.% for the 

five samples, assuming 3.0 Be atoms per formula unit. 
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Figure 17. This graph shows the variation in 
CrpO3 determined by electron microprobe analy- 
sis in a scan of 100 analytical points across the 
table facet (3 mm long) of sample C. Growth lay- 
ers represented by color zoning in this sample 
(inset, in immersion, magnified 25x) are exposed 
at the table, as is the light green seed (on the 
right). Low levels of chromium are present in the 
seed, as compared to the remaining dark green 
area. The discontinuity on the left of this scan 
was measured at the boundary of another dark 
green area, close to a growth zone containing 
numerous needle-like tubes. 


Chinese samples (figure 18). Between 5000 and 5500 
cm:! are absorption bands of other vibrations of 
water molecules. All different water absorption 
bands are strongly polarized (Wood and Nassau, 
1968; Koivula et al., 1996), as we observed in the 
spectra of the Chinese samples. 

In the 5000-5500 cm! region, it is possible to 
distinguish between the polarized spectra of alkali- 
free hydrothermal synthetic emeralds, such as our 
Chinese samples, and those of low-alkali natural 
emeralds, such as Colombian stones. The spectra 
must be recorded from oriented samples, because 
nonpolarized spectra of emeralds in the range of the 
water absorption bands are not always diagnostic 
(see Box A). 

There is, however, another diagnostic range in 
the mid-infrared, between 2500 and 3100 cm. All 
of our (chlorine-bearing) Chinese samples revealed a 
series of three sharp bands at 2746, 2815, and 2887 
cm:!, two broad absorption bands at about 2625 and 
2970 cm:!, and a smaller shoulder at 2917 cm"! (fig- 


286 Chinese Hydrothermal Synthetic Emerald 


ure 19). All five of the absorption bands are strongly 
polarization dependent: Four are polarized perpen- 
dicular to the c-axis, and the 2815 cm:! band is 
polarized parallel to the c-axis. In nonpolarized spec- 
tra (compare figures 19 and 20), the relative intensi- 
ties of these absorption bands depend on the orien- 
tations of the samples. A comparison of these spec- 
tra with those of other hydrothermal synthetic 
emeralds revealed an identical series of absorption 
bands in all the chlorine-bearing products—Linde, 
Regency, and Biron (see also figure 20 and Stockton, 
1987)—but not in the chlorine-free Russian and 
Lechleitner synthetic emeralds. 


Figure 18. The infrared spectra of faceted 
Chinese hydrothermal synthetic emerald sam- 
ple C between 2000 and 6000 cm“! are shown 
here polarized perpendicular and parallel to the 
c-axis. Note the water-related peaks in the 
3500-4000 cm-! and 5000-5500 cm-! regions, as 
well as the chlorine-related peaks in the 
2500-3100 cm! region. 
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Figure 19. Chlorine-related bands in the 2500-3100 
cm! range of the infrared spectrum, as seen polar- 
ized parallel and perpendicular to the c-axis, are 
diagnostic for the Chinese and other chlorine-bear- 
ing hydrothermal synthetic emeralds. 


This group of bands is probably related to the 
chlorine content of these samples. Observation of 
this series of absorption bands in an unknown sam- 
ple is sufficient to identify the sample as synthetic; 
no overlap with any absorption bands seen in natu- 
ral emeralds is found in the 2500-3100 cm-! range. 
In addition, polarized spectra are not needed; that is, 
a sample does not need to be oriented to obtain 
diagnostic information in this range. 


DISCUSSION 


Growth Conditions of Chinese Hydrothermal 
Synthetic Emeralds. The results of our study indi- 
cate that Chinese hydrothermal synthetic emeralds 
belong to the group of chlorine-bearing, alkali-free 
hydrothermal emeralds that includes two types of 
products: (1) Linde and Regency (predominantly Cr- 
bearing); and (2) Biron, Pool, and AGEE (predomi- 
nantly Cr- and V-bearing). The other group of 
hydrothermal synthetic emeralds—those that are 
alkali-bearing and chlorine-free—includes the 
Lechleitner products and all commercial Russian 
hydrothermal synthetic emeralds. Samples of the 
alkali-free group reveal infrared absorption bands of 
type I water molecules only, whereas samples of the 
alkali-containing group show bands related to type I 
and type II water (again, see Box A). 
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Those Chinese samples that contain a colorless 
natural seed were grown in a single production step. 
Those that consist of a green synthetic seed with an 
overgrowth of synthetic emerald represent two gen- 
erations of growth: A plate of synthetic emerald was 
cut from a previously grown crystal, and this plate 
was used as a seed to grow layers of a second genera- 
tion (as confirmed by E. Fritsch, pers. comm., 1997, 
and C. M. Ou-Yang, pers. comm., 1997). This is 
similar to the procedure used to grow the first 
hydrothermal synthetic emeralds, such as 
Lechleitner and Linde, in several subsequent auto- 
clave runs. The morphology of the crystals is domi- 
nated by the orientation and size of the seed, espe- 
cially the relationship of length to width (again, 
see figure 3). 

Samples A and H, which were obtained in 1994 
and 1995, respectively, and show irregular growth 
faces parallel to the seed, probably represent an 
older type of Chinese synthetic emerald grown with 
a seed inclined 20° to the optic axis. All other sam- 
ples were grown with seeds inclined 32° to 40° to 
the c-axis. According to the producer, he tried to cut 
the natural beryl plates used as seeds for the first 
growth step with an orientation of 30° to 35° to the 
c-axis. However, because of the properties of the 
natural beryl crystals that were available, he 
encountered problems orienting them, which 


Figure 20. For Biron and Chinese hydrothermal 
synthetic emeralds in the 2500 and 3100 cm! 
range, the relative intensities of the bands seen 
with polarized spectra (figure 19) are different 
from those seen here with nonpolarized spectra. 
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Box A: Distinction of Natural and Synthetic Emeralds by Water 
Absorption Bands in the Infrared 


All natural and hydrothermal synthetic emeralds con- 
tain water in the relatively large channels inherent to 
the structure of beryl. Wood and Nassau (1968) identi- 
fied two types of water molecules in beryl, as evi- 
denced by absorption features in their infrared spectra. 
Type I water occurs in low-alkali natural and all 
hydrothermal synthetic emeralds. Type II water occurs 
in all alkali-bearing natural emeralds and some 
hydrothermal synthetic emeralds. Because of the pres- 
ence of similar amounts of type I and type II water 
molecules, the absorption spectra of low-alkali 
hydrothermal synthetic emeralds (Russian samples 
and Lechleitner fully synthetic emeralds) overlap those 
of low-alkali natural emeralds such as from Colombia 
or Zimbabwe (Sandawana) in the 3500-4000 cm-! 
range. Consequently, only high-alkali natural emeralds 
without type I water can be easily identified by their 
infrared spectra in that range (Schmetzer, 1988, 1989, 
1990; Kiefert and Schmetzer, 1990). 

Because of the high water contents of natural and 
hydrothermal synthetic emeralds, it is somewhat prob- 
lematic to obtain the fine structure and exact positions 
of the absorption maxima of the water-related infrared 
absorption bands in the 3500-4000 cm:! region from 
relatively thick crystals or from faceted stones (see text 
figure 18). The polarized measurement of spectra can- 
not solve this problem. 

The information can be gained by obtaining a 
small amount of emerald powder (e.g., 2 mg) to prepare 
a KBr compressed disk, but this is a destructive 
method that is useful only in a research environment 
(Flanigen et al., 1967; Schmetzer, 1989; Schmetzer and 
Kiefert, 1990; Aurisicchio et al., 1994). Nevertheless, 
to fully characterize the Chinese hydrothermal syn- 


thetic emeralds, we obtained such data from sample F, 
which revealed a single sharp absorption band at 3964 
cm:!, This absorption band has been assigned to alkali- 
free (type I) water molecules in beryl (Wood and 
Nassau, 1968; Schmetzer, 1989). It is consistent with 
the chemical composition of sample F (see text table 
3), which did not contain significant alkalis. 

Even when the diagnostic absorptions in the 
3500-4000 cm:! region are too strong to be distin- 
guishable, features in the 5000-5500 cm! region can 
usually be resolved. They are, therefore, particularly 
useful in the separation of natural from hydrothermal 
synthetic emeralds. In this region, other water vibra- 
tions were noted for seven Chinese samples: three dis- 
tinct absorption maxima, at 5110, 5275, and 5450 
cm-l, All three absorption bands can also be assigned 
to alkali-free (type I) water molecules (Wood and 
Nassau, 1967, 1968, Nassau and Nassau, 1980; 
Klyakhin et al., 1981; Kodaira et al., 1982; Flamini et 
al., 1983; Lebedev et al., 1986; Koivula et al., 1996). 
This is consistent with the result obtained for sample F 
using the KBr technique. In some of the spectra 
obtained by conventional means, the 5275 cm’! absorp- 
tion band was dominant; in others, the three absorption 
bands were of similar intensity (figure A-1). The nonpo- 
larized spectra of all seven samples lie between these 
two basic types, depending on the angle of the beam to 
the c-axis. However, the polarized spectra of three 
Chinese samples (figure A-2) revealed that the absorp- 
tion bands at 5110 and 5450 cm~! are polarized perpen- 
dicular to the c-axis and the band at 5275 cm~! is polar- 
ized parallel to the c-axis. This polarization dependen- 
cy is responsible for the variation in nonpolarized spec- 
tra according to the orientation of the sample. 


resulted in a variety of angles within this range 
(Guo Tao, pers. comm., 1997). 

Seeds inclined to the c-axis more than 35° 
result in synthetic emeralds that are more-or-less 
free of irregular internal growth structures. 
Consequently, the internal growth pattern of this 
product is similar to that observed in samples of 
recent Russian production (see Koivula et al., 1996; 
Schmetzer, 1996). 

Although chrysoberyl is not known as a com- 
mon inclusion in synthetic emerald, Flanigen (1971) 
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mentioned that the formation of impurities such as 
chrysoberyl and phenakite had been observed dur- 
ing the growth of hydrothermal synthetic beryl. The 
hydrothermal synthesis of chrysoberyl is also 
described in the literature in the pressure-tempera- 
ture range claimed by the producer for these 
Chinese hydrothermal synthetic emeralds (see, e.g., 
Franz and Morteani, 1981; Barton, 1986). 

The results of our chemical analyses indicated 
two types of Chinese hydrothermal synthetic emer- 
alds in our study: Most of the samples contained 
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It is important to note that alkali-bearing natural 
emeralds exhibit a type II water absorption band at 
5275 cm: with polarization perpendicular to the c- 
axis (Wood and Nassau, 1967, 1968). Similar spectra 
have been reported for alkali-bearing hydrothermal 
synthetic emeralds from Russia and for low- to medi- 
um-alkali natural emeralds (Klyakhin et al., 1981; 
Flamini et al., 1983; Lebedev et al., 1986; Koivula et 
al., 1996). Because of the polarization differences (see 


Figure A-1. These nonpolarized infrared spectra of 
a Chinese hydrothermal synthetic emerald 
between 5000 and 5500 cm were taken in a 
direction more or less perpendicular to the c-axis 
(A) and slightly oblique to the c-axis (B). They 
illustrate how the three main bands—at 5110, 
5275, and 5450 cm-!—can vary in intensity 
depending on the orientation of the sample. 
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figure A-2), it is possible to distinguish between type I 
and type II water spectra in the 5000-5500 cm-! 
region. 

However, nonpolarized spectra of low-alkali nat- 
ural and synthetic emeralds are almost identical to 
those of alkali-free synthetic emeralds (again, see fig- 
ure A-1). Consequently, nonpolarized absorption spec- 
tra in the 5000 to 5500 cm! region are of no diagnos- 
tic value. Only moderate- to high-alkali natural emer- 
alds can be identified as natural on the basis of nonpo- 
larized near-IR spectra in which type I absorption 
bands are absent. 


Figure A-2. In these polarized infrared spectra of 
Chinese hydrothermal synthetic emeralds in 
the 5000-5500 cm! region, the band at 5275 
cm! is seen only when the beam is polarized 
parallel to the c-axis, whereas the bands at 5110 
and 5450 cm-! are seen only in spectra polarized 
perpendicular to the c-axis. 
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only chromium as the chromophore, but one speci- 
men (sample B) also had small amounts of vanadi- 
um. The vanadium-containing specimen may repre- 
sent the second type of earlier production described 
by the producer (see Background), but there was no 
iron present in the specimen we analyzed. 


DIAGNOSTIC PROPERTIES 


A new type of synthetic emerald is being produced 
in China by the hydrothermal method. Some of its 
characteristic properties, such as the use of natural 
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or synthetic seeds, the orientation of seeds and 
growth planes, as well as a diagnostic chlorine con- 
tent and the absence of alkalis, are consistent with 
those known for hydrothermal synthetic emeralds 
from other producers (e.g., Linde, Biron). Other char- 
acteristic features, such as the presence of tiny 
chrysoberyl crystals on the seeds, have only been 
identified in Biron hydrothermal synthetic emeralds 
(as described in this article). 

Most of the samples examined revealed micro- 
scopic features of diagnostic value, including natu- 
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ral or synthetic seeds and a characteristic growth 
zoning parallel to the seed. The characteristic zon- 
ing forms an angle to the c-axis of the synthetic 
emerald, which can be determined easily with a 
horizontal microscope. This particular angle is diag- 
nostic because no crystal faces of natural beryl are 
in this range—that is, between 20° and 40° to the c- 
axis. In addition, the irregular growth pattern char- 
acteristic of hydrothermal synthetic beryl was also 
found in some of the samples examined. 

Spicules oriented parallel to the c-axis, com- 
monly associated with tiny chrysoberyl or, rarely, 
beryl crystals at their widest ends are characteristic 
for Chinese hydrothermal synthetic emeralds and 
have not been reported in natural emeralds. The 
solid inclusions are related to the boundaries 
between the seed (natural colorless beryl or synthet- 
ic emerald) and the synthetic emerald. Needle-like 
tubes oriented almost perpendicular to the seed or 
to dominant growth faces are also characteristic for 
Chinese hydrothermal synthetic emeralds. 

In addition, chlorine is diagnostic of the 
Chinese product and can be detected by both 
EDXRF analysis and infrared spectroscopy. The 
series of absorption bands in the 2500-3100 cm:! 
region have never been seen in natural emeralds. 

Unlike most natural emeralds, the Chinese 
hydrothermal synthetic emeralds examined did not 
contain any iron detectable by either EDXRF analy- 
sis or absorption spectroscopy in the visible to near- 
infrared range. However, some natural emeralds are 
almost iron-free and, consequently, do not show 
any iron absorption bands. A similar overlap of 
gemological characteristics such as refractive 
indices and specific gravity exists for Chinese 
hydrothermal synthetic emeralds and low-alkali 
natural emeralds from various localities. 
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AQUAMARINE, 

Unheated Carving 

Aquamarine is usually heat treated at 
a low temperature to change its 
inherent green-to-blue color to one 
that is predominantly blue (see Lab 
Notes, Spring 1997, p. 58, and refer- 
ences therein). On rare occasions, 
however, we receive predominantly 
green aquamarine for testing. Such 
occasions always spur us to question 
whether the material is unheated, a 
substantial gemological challenge 


Editors 
Thomas Moses ¢ Ilene Reinitz 
Shane F, McClure 


GIA Gem Trade Laboratory 


Contributing Editors 
GIA Gem Trade Laboratory, East Coast 
G. Robert Crowningshield 


GIA Gem Trade Laboratory, West Coast 
Karin Hurwit # Mary L. Johnson 
Cheryl Y. Wentzell 


because there are few differences in 
the properties of natural-color and 
heat-treated aquamarine. 

The carving shown in figure 1, 
seen last fall in the East Coast Gem 
Trade Laboratory, is a gemologically 
interesting (and visually attractive, 
with its fish-and-sea motif) example 
of untreated aquamarine. Although 
the curved surface made it impossible 
to obtain a clear refractive index, we 
saw a uniaxial optic figure with the 
polariscope. The carving showed vit- 


Figure 1. The predominantly green color and diagnostic absorption 
spectrum of this aquamarine carving, which measures approximately 
16.0 x 11.0 x 9.0 cm, indicates that the material was not heat treated, 
unlike most aquamarine seen in the trade. 
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reous luster, and testing in an incon- 
spicuous spot revealed a hardness 
greater than 7 on the Mohs scale. It 
was inert to both long- and short- 
wave ultraviolet radiation. With mag- 
nification, we saw sparse crystals and 
fractures, as well as intact two-phase 
inclusions. These properties suggest- 
ed that the object was aquamarine, 
and the color and inclusions pointed 
to unheated material, but further test- 
ing was required to confirm this iden- 
tification. 

Using a desk-model spectro- 
scope, we saw an unexpected, rather 
strong, narrow absorption band at 537 
nm, in addition to the strong line at 
427 nm that is normally present in 
aquamarine and the weaker one at 
456 nm that is often visible. A check 
of the literature changed this observa- 
tion from a source of concern to one 
of confirmation. In the several edi- 
tions of Webster’s Gems (e.g., 4th ed., 
Butterworth, London, 1983, p. 119), it 
is reported that this 537 nm line is 
seen only in untreated aquamarines 
and in yellow and colorless beryls. 
Because we observed the spectrum 
through a large thickness of material, 
this usually weak absorption line 
showed up quite strongly. 

GRC and TM 
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Appointments and Additions to G.LA. 


Educational Advisory Board 


Dr. Edward H. Kraus, new presi- 
dent of the Gemological Institute of 
America, has reappointed Robert M. 
Shipley, founder and Executive Di- 
rector of the Institute, to the posi- 
tion of Chairman of the Educational 
Advisory Board. 


Two new offices, those of Vice- 
Chairman and Secretary, have been 
created for the Board. 


Professor Paul F. Kerr, Executive 
Officer of the Geology Department, 
Columbia University, and President 
of the Mineralogical Society of 
America, has been elected to the 
first-named office. 

The Board has elected as Secre- 
tary Professor Frederick K. Morris, 
Professor of Geology at Massachu- 
setts Institute of Technology, leader 
of the Boston Study Guild of the 
A.G.S. 

In addition to those just named, 
the members of the Board are: B. W. 
Anderson, B.Sc., F.G.A., Director of 
the London Gemmological Labora- 
tory; Sydney H. Ball, Ph.D., eminent 
international diamond authority; 
Thomas Clements, Ph.D., Head of 
the Department of Geology, Uni- 
versity of Southern California; 
George Engelhard, Publisher, Na- 
tional Jeweler; P. M. Fahrendorf, 


President, Jewelers’ Circular-Key- 
stone; W. F. Foshag, Ph.D., Curator 
of Minerals, Smithsonian Institu- 
tion; Samuel G. Gordon, Associate 
Curator, Academy of Natural Sci- 
ences, Philadelphia. 

R.P.D. Graham, D.Sc., Professor 
of Mineralogy, McGill University, 
Montreal; Paul Grodzinski, Techni- 
cal Advisor, The Diamond Trading 
Company, Ltd., London; John W. 
Gruner, Ph.D., Associate Professor, 
Geology and Mineralogy, University 
of Minnesota; Harry H. Hess, Ph.D., 
Asst. Professor, Geology and Min- 
eralogy, Princeton University; David 
H. Howell, C.G., Pomona College. * 

Richard T. Liddicoat, C.G., G.I.A. 
Director of Education and Research; 
G. H. Niemeyer, Chairman, Jewel- 
ers’ Vigilance Committee, New York; 
Robert M. Shipley, Jr., Major, 
A.U.S., retired; W. D. Shipton, As- 
sociate Professor, Geology, Washing- 
ton University; Chester B. Slawson, 
Ph.D., Professor of Mineralogy, Uni- 
versity of Michigan; G.F.H. Smith, 
British Museum (Natural History), 
London; L. J. Spencer, Se.D., Editor, 
Mineralogical Magazine, London; 
Frank Spies, Handy & Harman, New 
York; and Alpheus F. Williams, 
Author and Mining Engineer, Cape 
Town, South Africa. 


Distinctions, Garnet and Spinel 
(Continued from Page 302) 


fluorescence, so that a negative re- 
sult cannot be considered conclusive. 

It is hoped that the above brief 
notes may serve to show that these 
two admittedly similar minerals can 


be distinguished without recourse to 
chemical or X-ray methods. Fuller 
details will be given in a paper now 
being prepared for publication in the 
Mineralogical Magazine. 


BERYL, 
Treated Color 


Last fall, the East Coast lab was asked 
to identify the 16.40 ct violetish blue 
cushion-shaped stone shown in figure 
2, which was being sold as a tanzanite 
simulant. The stone had the color 
appearance of tanzanite, for which 
there are several simulants, but ulti- 
mately we proved it to be a new twist 
on an old treatment of a different gem 
mineral. A uniaxial optic figure was 
seen easily, with the axis making an 
angle of about 30° to a line from the 
culet through the center of the table. 
We measured refractive indices of 
1.575 and 1.580, and we obtained a 
specific gravity of 2.74 using the 
DiaMension noncontact measuring 
system. These three properties indi- 
cate the mineral beryl, which is 
known to occur in many colors. 

Most colors of beryl are referred 
to by their own gem variety name, 
such as emerald (saturated green], 
aquamarine (pale to medium dark 
bluish green to blue), and morganite 
(pink). Dark blue beryl was found in 
the Maxixe mine of Minas Gerais, 
Brazil, in 1917. However, interest in 
the material waned when it was dis- 
covered that the color faded with 
exposure to light. Decades later, in 


Figure 2. This 16.40 ct highly 
saturated treated-color violetish 
blue beryl was being sold as a 
tanzanite simulant. Unfor- 
tunately, this color in beryl is 
unstable to light and heat. 
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the late 1960s, it was found that irra- 
diation with X-rays, gamma rays, or 
neutrons could produce a strong dark 
blue color in some near-colorless or 
pale yellow, pink, or blue beryls. 
Consequently, gemological interest in 
this color of beryl was revived (see K. 
Nassau and D. L. Wood, “Exam- 
ination of Maxixe-type Blue and 
Green Beryl,” Gems & Gemology, 
Spring 1973, pp. 130-133, and refer- 
ences therein). At that time, treated- 
color dark blue beryl was offered in 
the trade as aquamarine, or more 
rarely as sapphire (Winter 1972/73 
Lab Notes, p. 111). Nassau, Prescott, 
and Wood compared some of the orig- 
inal Maxixe material (which had been 
kept in the dark over the decades) 
with some of the new, treated materi- 
al and some natural-color aquama- 
rine. They identified three properties 
unique to all dark blue beryl (“The 
Deep Blue Maxixe-Type Color Center 
in Beryl,” American Mineralogist, 
Vol. 61, 1976, pp. 100-107). 

The stone we examined at the 
East Coast lab clearly exhibited two 
of the three properties described in 
the 1976 article: (1) strong pleochro- 
ism, with blue seen along the ordi- 
nary ray (looking parallel to the optic 
axis) and light brown along the 
extraordinary ray (looking perpendicu- 
lar to the optic axis); and (2) six sharp, 
closely spaced lines in the visible 
spectrum, as viewed with a desk- 
model spectroscope, across the orange 
and red wavelengths from 575 to 690 
nm. In contrast, aquamarine shows a 
blue pleochroic color along the 
extraordinary ray, and one or more 
“iron” lines in the blue region of the 
spectrum. 

The third distinctive property of 
dark blue beryl is that stones cut from 
either the original natural material or 
treated-color dark blue beryl fade 
readily on exposure to mild heat or 
strong light. Nassau and co-authors 
found that one week of exposure to a 
100 watt light bulb at a distance of 6 
inches (15 cm) diminished the blue 
color by at least 50%, and that heat- 
ing to 235°C removed any remaining 
blue color. The color can be restored 
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by irradiation. Although we did not 
test our stone for this third property, 
we did add a comment on the report 
stating that this color in beryl is not 
stable. IR and TM 


DIAMOND 
Acting as a Heat Sink 


In addition to being an important gem 
material, diamond has many industri- 
al applications, and occasionally we 
see manifestations of diamond’s phys- 
ical properties in the Gem Trade 
Laboratory. One property that is used 
to distinguish diamond from most of 
its imitations is that of thermal con- 
ductivity: Heat is rapidly transferred 
from one side of a diamond to the 
other, and diamond is more efficient 
at transferring heat than any other 
material. Because of this property, 
blocks of either synthetic or natural 
diamond are used as “heat sinks” in 
some electronic circuit boards, trans- 
ferring heat away from components 
that generate it, thereby cooling down 
the hot component and its local area. 
Faceted diamonds also conduct heat 
rapidly; otherwise, jewelers would 
have to take far more precautions 
when working on diamond-set jewel- 
ry. In general, however, this property 
is taken for granted in the gem trade. 
A 2.40 ct round brilliant that 
came into the West Coast laboratory 
this summer served as a reminder 
that diamonds should never be taken 
for granted. The diamond was stored 
in GTL’s standard transparent plastic 
box with its pavilion sunk into dark 
gray plastic foam. When the prelimi- 
nary grader went to examine the dia- 
mond, he saw that the box had 
warped around the table of the dia- 
mond (figure 3). The box label, which 
was made from a piece of thermally 
activated paper (similar to thermal 
facsimile-printer paper), had discol- 
ored locally in the area near the stone. 
The inside surface of the lid showed a 
perfect impression of the diamond’s 
table and adjacent facets (figure 4). 
The diamond itself had typical pro- 
portions and color, and was not “hot” 
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Figure 3. This 2.40 ct round bril- 
liant diamond melted the lid of 
the plastic box in which it was 
held and discolored a piece of 
thermal paper nearby, shown 
here at the bottom. 


to the touch; nor did it demonstrate 
any radioactivity when tested with a 
handheld Geiger counter. So another 
explanation was required for the 
“meltdown.” 


Figure 4. The inside surface of 
the plastic lid shown in figure 3 
carried an impression of the 5.56 
mm table of the diamond that 
had transferred heat to it. 


We believe that the following 
scenario accounts for the deformation 
of the plastic box: Evidently, the box 
had been on top of the grader’s stack 
of work items, directly in the beam of 


a high-intensity Tensor desk lamp, at 
a close distance. The dark plastic 
foam absorbed radiation from the 
Tensor lamp and grew hot. The dia- 
mond transferred this heat to the lid 
of the box, which melted locally; 
however, the stone itself was not 
damaged by this event. ML] 


Fracture-Filled Pink Diamond 


A 1.39 ct square-emerald-cut dia- 
mond that we saw numerous times 
over the last year (both before and 
after several fracture-filling treat- 
ments) gave us a new perspective on 
the difference in color as well as clari- 
ty that such treatment can produce. 
Before filling, this emerald-cut stone 
showed a saturated pink color that 
was somewhat obscured by the abun- 
dant fractures, which created a white 
appearance across a large portion of 
the crown (figure 5, left). The pink 
graining and 415 nm line seen with a 
desk-model spectroscope unit proved 
that the color was natural, and in this 
state (before treatment) the stone 


Figure 5. The many white fractures in this 1.39 ct Fancy Intense Pink emerald-cut diamond (left) 
detract from the color. After the diamond was subjected to several episodes of fracture filling, most 
of the fractures appeared to be transparent and the stone revealed a highly saturated pink color in 
the face-up color-grading position (right). However, now that the diamond has been treated, the 
Gem Trade Laboratory can no longer issue a color grade for it. 
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received a grade of Fancy Intense 
Pink. 

Because there were many frac- 
tures of different thicknesses, some of 
which were interconnected, it took 
several treatments to produce the 
desired effect. Although the clarity of 
the diamond after treatment was not 
significantly improved, the color 
appearance was much better (figure 5, 
right). The fracture-filling procedure 
made most of the fractures appear 
transparent rather than white, allow- 
ing the inherent color to show more 
fully when the stone was viewed in 
the face-up position. (As we have stat- 
ed many times in the past, however, 
the GIA Gem Trade Laboratory does 
not offer grading services for clarity- 
enhanced diamonds, so no new color 
grade was issued.) 

The durability of diamonds that 
have undergone fracture-filling treat- 
ment is a continuing concern to 
many in the trade, and this diamond 
also provided one example in that 
regard. Like many other pink dia- 
monds, this one showed strong 
anomalous birefringence with high- 
order colors, an indication of high lev- 
els of strain within the original crys- 
tal. As mentioned previously, the 
treatment process was repeated sever- 
al times to achieve the final result. 
Although the fracture-filling process 
involves heat and some changes in 
pressure (as discussed in R. C. Kam- 
merling et al., “An Update on Filled 
Diamonds: Identification and 
Durability,” Gems # Gemology, Fall 
1994, pp. 142-177), this particular dia- 
mond survived the treatment intact. 

IR 


Mysteriously Fractured Diamonds 

Occasionally, clients ask us whether 
fractures can appear in diamonds 
spontaneously, without any apparent 
cause. Typically, they report that a 
diamond of documented clarity is 
stored under ordinary conditions in a 
safe with other diamonds, and some- 
time later it is observed to be substan- 
tially fractured. The 2.93 ct crystal 
and the 0.73 ct polished round bril- 
liant shown in figure 6 were loaned to 
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the East Coast laboratory by a client 
who made this very claim. Both dia- 
monds showed large eye-visible frac- 
tures and cleavages. The cut stone 
had no polishing drag lines emanating 
from the fractures where they reached 
the surface, which indicates that the 
fracturing occurred subsequent to the 
last polishing. Further examination 
with magnification did not reveal any 
kind of surface trauma, as often 
occurs if the diamond is subjected to 
some kind of blow. These observa- 
tions support the client’s claim that 
the fracturing was recent, but they do 
not eliminate the possibility that the 
stone was damaged from exposure to 
stress during setting or another cir- 
cumstance. 

The case of the crystal is even 
more perplexing, since it had not 
undergone any manufacturing and 
probably had never been exposed to 
any jewelry-setting procedure. On the 
basis of the available information, we 
can only surmise that both diamonds 
were highly strained and that the frac- 
turing was spontaneous. Examination 
of both stones between crossed polar- 
izing filters showed moderate strain 
but no high-order interference colors. 
It is possible that some of the strain 
was relieved when the fracturing 
occurred. Although we are not certain 
exactly what happened to these dia- 
monds, this is the first time we have 
been able to examine two stones that 
appear to have fractured spontaneous- 
ly. We have not yet been able to docu- 
ment such an occurrence firsthand, 
but we have found one reference in 
the literature supporting this possibil- 
ity (see Yu Orlov, Mineralogy of the 
Diamond, John Wiley & Sons, New 
York, 1977, p. 140). Perhaps one of 
our readers has had a similar experi- 
ence and can provide further insight 
into this conundrum. TM and GRC 


GARNET, 
A Very Dark Pyrope-Almandite 
Identified by Raman Spectroscopy 


A ring mounted with a large, very 
dark red oval cabochon was submit- 
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Figure 6. The owner of these two 
diamonds, a 2.93 ct crystal and 
a 0.73 ct round brilliant cut dia- 
monds, hoped that GTL could 
explain why the stones had 
apparently fractured sponta- 
neously during routine storage. 


ted to the West Coast lab for identifi- 
cation. We were able to determine 
some gem properties on the mounted 
stone, that is, that it was singly 
refractive, with a spot R.I. of 1.75, and 
was inert to both long- and short- 
wave UV radiation. Because this 
information was not sufficient to 
identify the piece, we advised the 
client that the stone would have to be 
unmounted. 

The loose cabochon measured 
21.12 x 16.22 x 11.33 mm and 
weighed 38.92 ct. Although quite 
dark, the material was transparent; 
nevertheless, most of the light enter- 
ing the stone was absorbed by it, and 
the absorption spectrum revealed by 
the spectroscope showed only a nar- 
row transmission region in the red. 
The specific gravity was 3.76 (mea- 
sured hydrostatically). When the 
cabochon was immersed in methy- 
lene iodide and viewed with direct 
transmitted light and magnification., 
straight parallel bands were visible 
through the side of the piece. 

At this point, we had two possi- 
ble candidates for the identity of this 
material: a very dark garnet or a high- 
refractive-index glass. Five minutes 
with GIA’s new Renishaw Raman 
spectrometer answered our identifica- 
tion question: the Raman spectrum— 
with peaks at 360, 560, and 919 cm? 
—matched that of pyrope-almandite 
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garnet (and not glass), as confirmed by 
comparison with reference samples in 
our collection as well as with two 
compendia of spectra (a library file 
that comes with the Raman spec- 
trometer, and “Utilité de la Micro- 
sonde Raman pour I’Identification 
non Destructive des Gemmes,” by M. 
Pinet et al., Revue de Gemmologie, 
June 1992, pp. 12-60). The color and 
RI. of this garnet were also consistent 
with pyrope-almandite. 

To confirm the Raman results, 
we also analyzed the cabochon using 
energy-dispersive X-ray fluorescence 
(EDXRF), which showed elements 
consistent with pyrope-almandite 
(and no heavy elements such as lead, 
bismuth, or gold which might be 
found in a glass with such a high RI). 
Nor did the infrared spectrum match 
any of the spectra of glasses that we 
had on file. We therefore concluded 
that the cabochon was pyrope-alman- 
dite garnet. 

MLJ, SEM, and JIK 


SYNTHETIC SAPPHIRE, 
Sunglasses 


The sunglasses shown in figure 7 rep- 
resent one of the more unusual uses 
for a gem material that we have ever 
seen. Created for British rock star 
Elton John, the glasses were submit- 
ted to the East Coast laboratory by 
the manufacturer of the lens material 
for a report to identify the material 
and document the item. 

The blue color and the refractive 
indices of 1.76 and 1.77 indicated sap- 
phire. Examination between crossed 
polarizing filters showed a uniaxial 
flash figure (as described in Wm. R. 
Phillips, Mineral Optics: Principles 
and Techniques, W. H. Freeman and 
Co., San Francisco, 1971), which indi- 
cates that the optic axis lies in the 
plane of the lens. Such an orientation 
allows for easy observation of dichro- 
ism—in this case, blue and blue- 
green—over polarized light (without a 
dichroscope). The lenses were inert to 
long-wave UV radiation, and fluo- 
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Figure 7. The lenses in these unusual sunglasses were fashioned from 
synthetic sapphire. They measure 32.77 mm in diameter and 3.50 and 
3.90 mm thick. 


resced a weak, chalky green to short- 
wave UV. These latter two properties 
proved that the material was synthet- 
ic sapphire. 

The client shared with us some 
details on the growth of the synthetic 
sapphire and manufacture of these 
lenses. The proprietary growth 
method is carefully controlled to min- 
imize the stress across the growing 
crystal, producing large areas of syn- 
thetic corundum that are free from 
any inclusions and show no color 
variations or growth lines (curved stri- 
ae). To choose a specific area optically 
suitable for lenses, the manufacturer 
examined a section of the rough 
material while it was immersed in oil 
to reduce light scattering at the as- 
grown surface. Next, two slabs were 
sawn from adjacent areas of the rough 
and with the same optical orienta- 
tion. They weighed a total of 194 
grams (970 ct). A core drill and car- 
borundum slurry were used to cut cir- 
cles (lens blanks) from the slabs, and 
parallel faces were ground on the 
blanks with a steel lapidary wheel 
that was charged with the slurry. 
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These parallel-sided rounds were then 
polished with diamond abrasives of 
successively finer grade (smaller parti- 
cles) over a period of about a month. 
The final polish was done at an 
aerospace company, by a specialist in 
the machining of hard materials, to 
achieve high optical quality. 

From the dimensions of 32.77 
mm in diameter and 3.50 and 3.90 
mm thickness for the two lenses, we 
estimated finished weights of 59.05 
and 65.80 ct, respectively. The hand- 
made frames are sterling silver, and 
have been engraved with the first 
name of the silversmith, Behrle 
Hubbuch II. Because of the way these 
lenses are oriented, they function well 
as polarizing sunglasses. However, 
the combined weight of the lens 
material and the frame might limit 
the length of time that they could be 
worn comfortably. IR 
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On the occasion of its 500-year anniversary as a world 
leader in the gem-cutting industry, Idar-Oberstein, 
Germany, was a fitting site for the 26th International 
Gemmological Conference. The anniversary was com- 
memorated by the German government through the 
issuance of an official postage stamp (figure 1). 

In 1497 the gemstone industry in and around the 
towns of Idar and Oberstein was mainly concerned with 
the cutting of agate and other types of chalcedony. Today 
a wide variety of gem materials are cut in the Idar- 
Oberstein region. The area further prides itself on its role 
as a center for various kinds of training and commerce 
related to all types of gemstones, including diamonds. 
The region is home to the German Gemmological 
Institute, German Gemmological Association, German 
Foundation for Gemstone Research, German Gemstone 
Museum, the Diamonds and Gemstone Bourse, the 
Intergem trade fair, and numerous internationally 
acclaimed gem cutters and goldsmiths. A detailed history 
of Idar-Oberstein as a gem center has been published by 
Dr. Hermann Bank (“500 Jahre Edelsteinregion Idar- 
Oberstein [1497-1997],” Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 43, No. 3, pp. 
129-152, 1997). 

The first International Gemmological Conference 
was organized by Professor Karl Schlossmacher and Dr. 
Edward J. Gtibelin in 1952. It has since become a biennial 
event, to which laboratory gemologists and gemological 
researchers from around the world are invited to present 
their latest discoveries. 

This, the 26th IGC, was organized by Dr. Hermann 
Bank and Gerhard Becker, with assistance from Drs. 
Ulrich Henn and Claudio Milisenda, of the German 
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Gemmological Association and German Foundation for 
Gemstone Research, and Dr. Jan Kanis of Veitsrodt, 
Germany. The conference took place from September 27 
to October 3 and was attended by 50 official delegates 
from 24 countries. A total of 44 papers were presented. 
We are pleased to present abstracts from several of these 
presentations. 

This section was prepared by Gem News editor John 
I. Koivula with the assistance of IGC participants Dr. 
Alfred A. Levinson and Michael E. Gray. Given space 
limitations, not all of the selected abstracts could be pre- 
sented in this issue; some will appear in the Spring 1998 
Gem News section. 


DIAMONDS 
Cathodoluminescence of yellow diamonds. Up to now, 
determination of “diamond type” has been based on 
spectroscopy. Junko Shida, of the Gemmological 
Association of All Japan, showed how cathodolumines- 
cence can be used to classify yellow diamonds. 

Diamonds are classified into the four main types (Ia, 
Ib, Ila, and IIb) based on their nitrogen contents; yellow 
diamonds are typically type Ia or Ib. However, mixed 
type diamonds (e.g., Ia + Ib + Ila) are well known. 
Substitution of elements other than nitrogen (e.g., hydro- 
gen) also affects the properties of diamond, but these sub- 
stitutions are not addressed in this classification system. 

Ms. Shida described how, by interpreting zonal or 
sector structures and other features discernible by 
cathodoluminescence, one can distinguish various types 
of yellow diamonds (natural or synthetic}, as follows: 

¢ Type Ia (“cape” series): Blue and yellow zoned fluo- 
rescence. 
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¢ Type Ia (hydrogen rich): Irregular patchy blue and 
slightly chalky yellow fluorescence. 

¢ Type Ib: Yellow, yellowish green, and orange-1lyel- 
low fluorescence; fine lines due to plastic deforma- 
tion in the direction of octahedral faces are also 
seen. 


e Mixed type: Irregular patchy fluorescence of various 
colors. 


e Irradiated diamonds (type not specified): Chalky 
blue and dull yellow fluorescence. 


e Synthetic (type Ib): Different colors of fluorescence 
in every crystallographically distinct sector. 


Diamond inclusions in corundum. Using laser Raman 
microspectrometry, George Bosshart of the Gtbelin 
Gemmological Laboratory in Lucerne, Switzerland, has 
identified inclusions of diamond with graphite in sap- 
phires from Ban Huai Sai, Laos. Diamonds and corun- 
dum have been found in the same secondary deposits, 
such as the sapphire-rich alluvial deposits of New South 
Wales, Australia. However, recognition of the coexis- 
tence of these two minerals as inclusions within one 
another is both relatively recent and rare. 

An inclusion of ruby in diamond was first reported 
in 1981 (sample locality unknown) by Meyer and 
Gtbelin (Gems # Gemology, Vol. 17, No. 2, pp. 
153-156), and later by Watt (Mineralogical Magazine, 
Vol. 58, 1994, pp. 490-493) from Brazil. The reverse asso- 
ciation—diamond inclusions in corundum—is a more 
recent discovery, as it was reported first by Dao et al. 
(Comptes Rendus de la Academie de Science, Paris, Vol. 
322, No. Ib, pp. 515-522) only in early 1996. In this case, 
diamond inclusions accompanied by graphite and lons- 
daleite (also a high-pressure polymorph of carbon) were 
identified in seven rubies from Vietnam. Later in 1996, 
Dr. I. Wilcock and G. Bosshart tentatively identified 
minute diamond inclusions (accompanied by graphite 
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only) in two sapphires from Laos by Raman analysis. 

The diamond inclusions in Ban Huai Sai sapphires 
are particularly important because the coexistence of dia- 
mond and corundum in the most significant primary dia- 
mond source rocks—deep-seated (peridotitic) ultramafic 
rocks—is considered unlikely, although theoretically 
possible. Diamond and corundum have been found in the 
same metamorphic (eclogitic) rocks on several conti- 
nents. Knowledge of the conditions of coexistence of 
these phases (i.e., mechanisms by which the necessary 
temperature and pressure were obtained), and thus the 
likely geologic situation that accounts for their forma- 
tion (e.g., metamorphic or igneous origin), should be 
forthcoming as newer analytical techniques become 
available. 


The diamond pipeline into the third millennium. This 
two-part paper was presented by Menahem Sevdermish 
of Israel and Dr. Alfred A. Levinson of the University of 
Calgary, Alberta, Canada. In part 1, Mr. Sevdermish 
explained that De Beers’s single-channel diamond mar- 
keting pipeline, which had been operative since the mid- 
1930s, is now obsolete. He suggested that it has been 
replaced by a pipeline that consists of three marketing 
channels: (1) the traditional channel for high-valued gem- 
quality diamonds, for which De Beers continues to main- 
tain stability; (2) a channel based on small, low-quality 
diamonds cut in India; and (3) the Russian channel, 
which began to evolve in the early 1990s, but is as yet of 
undetermined status and potential. Each of the above 
channels operates—or is capable of operating—essential- 
ly independently, and each has its own organizational 
and distribution system. Mr. Sevdermish emphasized the 
role that small, Indian-cut diamonds play in the trade 
and how these have facilitated the creation of a homoge- 
nized mass market for inexpensive diamond jewelry, par- 
ticularly in the United States. 

In part 2, Dr. Levinson expanded on the modern dia- 


Figure 1. This complete 
sheet of postage stamps 
was issued in 1997 by 
Germany to commemo- 
rate 500 years of gem 
cutting in the Idar- 
Oberstein region. Notice 
the various gemstone 
cuts depicted on the 
upper and lower mar- 
gins of the sheet. Photo 
by Maha DeMaggio. 


GEMS & GEMOLOGY Winter 1997 299 


mond-cutting industry of India and its position in the 
world diamond trade. Using statistics on the world pro- 
duction of rough, Indian import data on rough, and 
export data on polished diamonds, he traced the evolu- 
tion of the modern Indian cutting industry from its 
inception in the early 1960s to the present. In 1996, India 
accounted for about 70% of the world’s polished dia- 
monds by weight and 40% by value. Calculations show 
that Indian cutters now produce about 800 million pol- 
ished diamonds annually (about 8 out of 10 polished in 
the world), the vast majority of which are less than 0.03 
ct (3 points). These small, generally low quality stones 
have spawned a new segment of the diamond jewelry 
market, which is readily affordable and amenable to 
mass marketing. Presently, about 50% of world retail 
diamond jewelry sales by value—and perhaps 75% by 
number of pieces—are based on diamonds cut in India. 
Approximately 700,000 people cut diamonds in India, 
but only about 200,000 do so full-time. 


Mineral inclusions in large Yakutian diamond crystals. 
Representing the Institute of Mineralogy and 
Petrography in Novosibirsk, Russia, Dr. Nikolai Sobolev 
presented results of a study conducted with E. S. 
Yefimova and O. V. Sukhodolskaya on the mineral inclu- 
sions in a special collection of large (>10 ct) diamonds 
from the three major Yakutian mines: Mir, Udachnaya, 
and Aikhal. Nearly all of the 2,334 specimens studied 
were sharp-edged octahedral crystals typical of Yakutian 
diamonds. 

Sulfides, olivine, and chromite are the major mineral 
inclusions in the diamonds from these three mines; how- 
ever, the proportion of each varies from mine to mine. 
Sulfide inclusions dominate in diamonds from Mir, 
whereas olivine and chromite dominate in diamonds 
from Udachnaya and Aikhal. Peridotitic inclusions (fig- 


Figure 2. Pyrope (red) and chrome diopside (green) are 
among the peridotitic inclusions identified in Yakutian 
diamonds. Photomicrograph by John I. Koivula; magni- 
fied 15x. 
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ure 2) were found to be far more common than eclogitic 
inclusions (the latter were identified in about 3%-14% of 
the diamonds from the various mines), confirming the 
dominant influence of peridotites (particularly harzbur- 
gite) in the formation of diamonds from this locality. 


The morphology of natural gem diamond. Dr. Emmanuel 
Fritsch, of the University of Nantes, France, gave a status 
report on a study of the morphology of natural gem dia- 
monds that he conducted with M. Moore and Dr. B. 
Lasnier. Although the morphology of natural diamonds 
has been studied for centuries, new analytical techniques 
and advances in our knowledge of crystal growth justify a 
revisit of this subject. Such studies are applicable to dia- 
mond faceting, the interpretation of diamond formation, 
and the differentiation of natural from synthetic dia- 
monds. Dr. Fritsch reported that three growth morpholo- 
gies are typical for natural diamonds: octahedral, cuboid, 
and fibrous. 

Octahedral growth is common for most natural gem 
diamonds; such diamonds formed under conditions of 
low supersaturation of carbon. However, perfect octahe- 
dra are rare (most of those that are found come from the 
mines of Yakutia, Russia). Most octahedral diamonds are 
partially dissolved (etched) by kimberlite magma. 
Dissolution of the octahedral edges results in crystals 
that look like rounded rhombic dodecahedra. Cuboid 
growth does not mean growth of cube faces; rather, it 
refers to growth by undulating surfaces, each having a 
mean orientation corresponding to a cubic face. This 
type of growth is poorly understood, and only a portion 
of such a crystal is ever of gem quality. Fibrous growth 
forms opaque aggregates, and is the result of supersatura- 
tion of carbon and/or the presence of numerous inclu- 
sions that prevent the formation of octahedral faces. 
Fibrous growth never yields gem-quality material, but it 
can form overgrowths on gem diamonds (i.e., “coated 
crystals”). It is interesting that many large, valuable, 
nitrogen-free (type II) diamonds do not show any particu- 
lar shape, for reasons that are still unknown. 

All of the basic growth morphologies can be modi- 
fied by various processes including dissolution, twinning, 
cleavage, fracture, and deformation. Thus, unusual 
shapes can result, such as that shown in figure 3. Note 
that perfect cubes and dodecahedra, composed of flat 
faces, do not exist in natural gem diamonds even though 
they may be depicted in idealized drawings in some refer- 
ence books. 


COLORED STONES AND 

INORGANIC MATERIALS 

Identification of amber by laser Raman microspec- 
troscopy. Thye Sun Tay, of the Far East Gemmological 
Laboratory in Singapore, discussed the results of a study 
conducted with Z. X. Shen, S. L. Yee, L. Qin, and S. H. 
Tang on the separation of amber from its various imita- 
tions, specifically more recent natural resins such as 
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Figure 3. This 0.60 ct slightly etched natural 
cleavage of a cuboid diamond from the 
Jwaneng mine, Botswana, shows the “skele- 
tal” appearance that is sometimes formed 
during cuboid diamond growth. Courtesy of 
the Diamond Trading Company Research 
Center, Maidenhead, England; photo by 
John I. Koivula. 


copal. Tay and his colleagues used a Renishaw Micro- 
Raman spectroscopy system with a near-infrared [782 
nm] laser to help eliminate fluorescence problems 
encountered with lasers that operate in the visible-light 
region. They found the extended continuous scan feature 
of the Renishaw system useful to enhance weak Raman 
peaks, since peak strength and position are important for 
differentiating amber from amber-like substances. 


New Zealand ‘Kauri Gum.’ Following a visit to the 
Otamatea Kauri Museum, North Island, New Zealand, 
Professor Herbert S. Pienaar, of the University of 
Stellenbosch in South Africa, reexamined the natural fos- 
sil exudate from the Kauri conifer, Agathis australis, 
known as “Kauri gum.” In terms of polymerization and 
degree of solubility in methanol, this substance can be 
regarded as being either copal or amber, depending on its 
geologic age; amber is at least Middle Tertiary, while 
copal is younger. 

To botanists, a gum is a water-soluble colloidal 
polysaccharide of plant origin (such as gum arabic}, that 
becomes gelatinous when moist, but hardens on drying. 
Since “Kauri Gum” does not absorb water in this fash- 
ion, perhaps it should be referred to as “Kauri resin.” 
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Inclusion-related fluorescence zoning in amber. Gem 
News editor John Koivula showed a series of slides illus- 
trating distinctly zoned ultraviolet fluorescence patterns 
surrounding the legs of an arthropod within amber that 
appeared to be the remains of a whip scorpion (figure 4). 
This type of zoned fluorescence has been observed in sev- 
eral samples of natural amber containing fauna inclu- 
sions. It is most easily seen at and near the surface of the 
amber, immediately surrounding inclusions that have 
been cut through during lapidary treatment. The fluores- 
cence patterning is probably the result of a chemical 
reaction between the amber resin and the animal. As this 
type of fluorescence has not been observed in any amber 
substitute or imitation, the reaction probably takes place 
over an extended period of time during the fossilization 
process. As such, when it is detected, inclusion-related 
zoned fluorescence is an indicator of natural origin. 


New chrysoberyl deposits in India. Dr. Jayshree Panjikar, 
of the Gemmological Institute of India, Bombay, drew 
from research conducted with K. T. Ramchandran in her 
report on three new deposits of chrysoberyl that were dis- 
covered almost simultaneously in 1996, in the states of 
Madhya Pradesh, Orissa, and Andhra Pradesh, near the 


Figure 4. The legs of what 
appeared to be a whip scor- 
pion are exposed on the sur- 
face of this piece of amber 
(left). The ultraviolet fluo- 
rescence of the host amber 
is visibly zoned around the 
legs of the arthropod where 
they reach the surface 
(right). Photomicrographs 
by John I. Koivula; magni- 
fied 10x. 
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eastern coast of India. Geologically, this entire region 
consists mostly of Precambrian age garnet-sillimanite 
and garnet-biotite gneisses. Chrysoberyl is found within 
cross-cutting pegmatites or along their contact zones, 
and also in gravels derived from weathering of the peg- 
matites. Alexandrite, yellow chrysoberyl, and cat’s-eye 
chrysoberyl have been recovered. Alexandrite is typically 
found in the contact zones, yellow chrysoberyl occurs 
within the pegmatites, and the cat’s-eye variety occurs is 
scattered throughout the pegmatites. 

Alexandrite with a moderate to intense color change 
has been found at Deobhog in the Raipur district of 
Madhya Pradesh; yellow chrysoberyl also occurs in this 
region. In Orissa, occurrences at Jerapani, Surjapalli, and 
Dakalga produce mainly yellow chrysoberyl. Alexandrite 
with a slight to moderate color change has been found at 
Surjapalli. Large quantities of cat’s-eye chrysoberyl are 
found in the southern part of Orissa. 

The Vishakhapatnam district of Andhra Pradesh has 
produced yellow chrysoberyl, small alexandrites with a 
moderate color change, and large quantities of cat’s-eye 
chrysoberyl. Most of this material is heavily included. 

All the varieties of chrysoberyl show typical refrac- 
tive indices of 1.746 to 1.755, with a birefringence of 
0.009. The specific gravity is slightly lower than normal, 
at 3.69. In the visible-light absorption spectrum, the 
alexandrite shows weak to intense chromium lines, 
whereas the yellow chrysoberyl shows a clear absorption 
line at 444 nm. Common internal features are silliman- 
ite, rutile, biotite, apatite, and liquid-filled “feathers,” as 
well as straight and angular zoning. 

Although the three new chrysoberyl localities are 
separated from one another by hundreds of kilometers, 
they probably formed at approximately the same geologic 
time. The apparent continuation of the pegmatite series 
farther south, in the state of Kerala, suggests the possibil- 
ity of additional deposits there. 


Gem corundum from Australia and Southeast Asia. Dr. 
F. Lynn Sutherland, of the Australian Museum in Sydney 
(in collaboration with E. A. Jobbins, R. R. Coenraads, and 
G. B. Webb}, and Dr. Dietmar Schwarz, of the Gtibelin 
Gemmological Laboratory, presented two papers on simi- 
lar topics: the chemical and gemological characteristics 
of gem corundum from the basaltic fields of Barrington, 
Australia, and Pailin, Cambodia. Both fields have 
remarkably similar gem suites, in that both suites repre- 
sent two distinct geologic origins: “metamorphic” and 
“basaltic” (or magmatic). The two origins for corundum 
can be distinguished by mineral inclusions and chem- 
istry (trace and minor elements). These distinctions are 
indicative of two different underlying corundum sources 
tapped by rising basaltic magmas, which transported the 
corundum to the surface. 

“Metamorphic” corundum from both localities is 
characterized by inclusions of magnesian spinel and sap- 
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phirine (figure 5), whereas “basaltic” corundum contains 
inclusions of ferrian spinel, zircon, and Nb-Ta-U- and/or 
Th-rich oxide minerals such as pyrochlore. Chemical dif- 
ferentiation between the two types of corundum is possi- 
ble using the elemental ratios CryO3/Ga,O3 and 
Fe,O3/TiOs (figure 6). 

Dr. Schwarz extended the study to sapphires from 
Thailand and Laos and obtained similar results—a 
bimodal distribution of the sapphires on the basis of 
chemistry and mineral inclusions. Such similarities in 
the corundum suites suggest that sapphires of metamor- 
phic origin coexist with sapphires of basaltic origin at 
other localities. 


Bactrian emeralds. An ancient country in what is today 
northern Afghanistan bore the name Bactria, after its 
main city (now Balkh). In 314-305 BC, Theophrastes 
wrote in his famous handbook on mineralogy, Peri 
Lithon, that Bactria was a source for “smaragdos.” This 
word, however, was used to describe not only emerald, 
but other green stones as well. Since that time, Pliny the 
Elder and others have repeated this information in their 
writings. D. E. Eicholz, who prepared the English transla- 
tion of Pliny’s Natural History, book 37 (1962), stated 
that “the Bactrian smaragdus is . . . a fiction.” 

D. H. Piat of Paris and F. H. Forestier of Beaulieu, 
France, reviewed the reality-or-myth question of the 
existence of Bactrian emeralds in light of some relatively 
recent discoveries, especially the 1970 discovery of emer- 
ald deposits in the of Panjshir Valley, 120 km northeast 
of Kabul. The geology of those deposits, and the physical, 
chemical, and gemological properties of emeralds found 
there were compared to those of other deposits. Also con 


Figure 5. The intergrowth of sapphirine (an Mg-Al 
silicate; not to be confused with sapphire) in this 3 
mm ruby specimen indicates a metamorphic origin. 
The specimen, from Gloucester Tops, Barrington 
volcanic field, New South Wales, Australia, was 
brought to the surface by an alkali basalt. Courtesy 
of G. B. Webb. 
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Figure 6. This graph illustrates the chemical distinction 
between corundum of metamorphic and basaltic origin 
based on ratios of the abundance of chromium, gallium, 
iron, and titanium as oxides. Corundum samples of 
metamorphic origin plot in the upper part of the dia- 
gram, while those of basaltic origin plot in the lower 
part. The data are based on samples from the Barrington 
field in Australia. 


sidered were geographic factors: the presence of the 
Panjshir River drainage northeast of Kabul, the location 
of archaeological sites in the region, and the distribution 
of emeralds in the treasures of the historic kingdoms of 
the Indian peninsula. On the basis of this newly discov- 
ered evidence, the conclusion was reached that true 
emeralds could have been known in the country of 
Bactria in ancient times. 


Emerald origin. To study the origin of emeralds, Israel Z. 
Eliezri and his colleague, Y. Kolodny, both of Israel, mea- 
sured the isotopic composition of 10 emeralds from five 
major deposits. The geologic environment of emerald for- 
mation is primarily constrained by the availability of 
beryllium and chromium. Sources for these elements 
may be indicated by the oxygen isotopic composition 
(8180) of beryl. This composition is determined by the 
isotopic composition of the mineralizing fluid and by the 
temperature of formation. 

Of the samples tested, the Colombian emeralds 
were the most 8!8O enriched, at 6480 = 22%o (per mil}, 
which reflects their association with sedimentary rocks 
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and a relatively low temperature of formation. The 
Brazilian and Zambian emeralds were noticeably lower 
(8180 = 12%), which reflects their contact metamorphic 
origin at higher temperatures in association with peg- 
matites and schists. The Tanzanian emeralds, which are 
closely associated with basic volcanic rocks, had the low- 
est 5180 values (8%o); whereas the Nigerian emeralds had 
a slightly higher value of 8!80 = 9.5%o, which probably 
reflects their relationship to granitic rocks. 

The results of this study show a general correspon- 
dence between the isotopic composition of oxygen of the 
various rock types and the emeralds found in association 
with these rocks. The authors feel that isotopic analysis 
of oxygen in emeralds can serve as a means of determin- 
ing their country of origin, in particular to distinguish 
Colombian emeralds from those of other deposits. 


Origin of ancient Roman emeralds. In collaboration with 
C. Aurisicchio and L. Martarelli, Professor Giorgio 
Graziani of the University of Rome has studied the geo- 
graphic origin of emeralds that were found in funeral 
stores at a necropolis of ancient Rome. 

Nondestructive analytical techniques, such as 
infrared spectroscopy and scanning electron microscopy, 
were used to characterize these emeralds. The resulting 
characteristics were compared to those of emeralds from 
known localities that ancient Romans might have had 
access to, such as Habachtal (Austria), India, Upper 
Egypt, and the Ural Mountains in Russia. The most use- 
ful information came from two regions in the infrared: 
3,500-3,700 cm! and 400-1,100 cm-!. The spectral fea- 
tures suggested that these emeralds probably came from 


Upper Egypt. 


Blue quartz from Madagascar. Decorative quartz from 
Madagascar, showing a blue color caused by inclusions, 
was discussed by Dr. Emmanuel Fritsch, of the 
University of Nantes, France. Using a combination of 
SEM-EDXRF and Raman analysis, Dr. Fritsch and his 
colleague, Professor Bernard Lasnier, identified numerous 
inclusions in this material. Lazulite (figure 7) apparently 
causes the blue color. Other inclusions present are: 
ilmenite or titanomagnetite as rounded black grains, 
rutile as reddish brown rounded grains, apatite as color- 
less rounded grains, zircon as colorless-to-gray rounded 
grains, celestine and anhydrite as corroded colorless 
inclusions, hematite as red-brown hexagonal platelets, a 
monoclinic amphibole species as colorless elongated 
prisms, colorless mica as platelets with rounded edges, 
and svanbergite as a corona around some of the lazulite 
inclusions. 

Lazulite is not the only mineral inclusion known to 
cause blue color in quartz. Finely disseminated inclu- 
sions of ajoite, azurite, chrysocolla, dumortierite, 
papagoite, and tourmaline have also been seen to cause 
visible blue coloration in otherwise colorless quartz. 
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Improvements in Quality in 
Synthetic Emerald 


by 


GEORGE SWITZER, Ph.D. 
Asst. Director, Education and Research 
Gemological Institute of America 


Introduction: Synthetic emerald 
was first reported as having been 
successfully manufactured in France 
in 1884. The I. G. Farbenindustrie of 


Figure 1 


of Mr. George H. Marcher, C.G., of 
Los Angeles. Because of the im- 


proved quality of this synthetic emer- 
ald, it is thought desirable at this 


a 


Photo by G.I.A. 


Rough and cut Chatham Synthetic Emerald. 


Germany in 1931 succeeded in mak- 
ing synthetic emerald crystals 
(“Igmerald’’) from which gems were 
cut measuring five millimeters in 
length. A few years later synthetic 
emerald was made in the United 
States by Mr. Carroll F. Chatham 
of San Francisco, California. 


The American-made _ synthetic, 
known as Chatham Synthetic Emer- 
ald, has recently been somewhat im- 
proved in size, strength of color and 
quality and, therefore, its differen- 
tiation from genuine emerald is be- 
coming increasingly difficult. The 
laboratory of the Gemological Insti- 
tute of America has examined a 
large lot of the recently manufac- 
tured material through the courtesy 


time to summarize its properties and 
to outline the most reliable methods 
for its identification. 


Physical and Optical Properties: 
The refractive indices and birefrin- 
gence of synthetic emeralds are in 
general lower than genuine emerald. 
Gibelin and Shipley (1941) give 
values of 1.562, ¢ = 1.559 for 
both American- and European-made 
synthetic. Rogers and  Sperisen 
(1942) give the Chatham material 
® 1.5738, ¢ = 1.578, while mea- 
surements in G.I.A. Laboratory on 
the most recently manufactured 
material were essentially the same as 
those of Giibelin and Shipley (1941). 
The pleochroism is weak, wo = blue 
green, ¢ = yellow green. These val- 


Figure 7. Blue lazulite and red-brown hematite are 
among the inclusions seen in quartz from Madagascar. 
The lazulite inclusions impart an overall blue color to 
the quartz. Photomicrograph by Bernard Lasnier; magni- 
fied 60x. 


Ornamental stones and other gems from Bolivia. Dr. 
Jaroslav Hyrsl, of the Mineralogy Department of Charles 
University in Prague, Czech Republic, reported on the 
gemstones of Bolivia, which he divided into four basic 
groups: economically important gemstones, rare collec- 
tor’s stones, ornamental stones used by ancient Indians, 
and ornamental stones that are mined today. 

Although numerous economically important gem- 
stones are present in Bolivia, few of the deposits are large 
enough to mine. Bicolored amethyst-citrine (“ametrine”), 
the most important gem material of Bolivia, comes from 
the La Gaiba region. The Anahi mine is the best-known 
occurrence of ametrine; it also produces amethyst and 
natural (not heated or irradiated) citrine. Small diamond 
crystals weighing up to 1 ct occur in Permian glacial sed- 
iments in several rivers in the northern part of Bolivia. 
These alluvial deposits were prospected in the 1920s and 
considered uneconomic; several kimberlites have since 
been discovered in Ayopaya Province. A few opaque to 
translucent blue sapphires were found recently in alluvi- 
um in the Potosi Department, but they do not exceed a 
few millimeters. Very dark almandines up to ~1 ct are 
also present in alluvium in the Potosi area. Aquamarine 
is known from pegmatites in the San Ramon area, but 
the cut stones (up to 2 ct) are very pale. Crystals of 
smoky quartz (up to 50 cm long) and green tourmaline 
are also known from these pegmatites. Emerald crystals 
up to 1 cm long are known from the eastern Santa Cruz 
area, but no cuttable material was found until recently. 
The second significant modern occurrence of dark green 
chromium chalcedony (the first being the “mtorolite” 
deposit in Zimbabwe) is in eastern Bolivia’s Chiquitania 
region, where this ornamental gem occurs as veinlets in 
a silicified laterite overlying ultrabasic intrusives. 

Among the rare collector’s stones are transparent 


304 Gem News 


purple apatite crystals from a tin deposit at Llallagua; yel- 
lowish hydroxyl-apatite crystals up to about 10 cm long, 
sometimes with a transparent core, from near Potosi; and 
cassiterite from the Viloco mine near La Paz, with 
faceted stones reaching up to 25 ct. Danburite crystals 
from Alto Chapare very rarely contain parallel fibers of 
magnesio-riebeckite (an amphibole group mineral) that 
can yield a strong cat’s-eye effect. Phosphophyllite from 
Cerro Rico de Potosi can reach 75 ct. Transparent pyrar- 
gyrite crystals come from Colquechaca, southeast of 
Oruro, and several have been faceted. Large (up to 20 cm) 
siderite crystals with transparent portions recently came 
from the Colavi deposit near Potosi. 

Ornamental stones used by ancient Indians, mostly 
for beads, include chalcedony with native copper inclu- 
sions, chrysocolla, malachite, blue-green fluorite, and 
turquoise. The chalcedony, chrysocolla, and malachite 
were probably from the copper deposits of Corocoro 
and/or Turco. Turquoise probably came from northern 
Chile, with the other materials mostly from Peru. 

Recently exploited ornamental stones include 
sodalite from Cerro Sapo (figure 8) and stromatolite (a 
layered sedimentary-algal rock) from near the city of 
Potosi. 


Cultured pearls from Indonesia. In this report, prepared 
with H. C. Zwaan, Dr. Pieter C. Zwaan of the Nether- 
lands Gemmological Laboratory in Leiden noted that 
while conditions in Indonesia are generally good for the 
cultivation of saltwater pearls, actual production is 
restricted to a limited number of localities. 

Earlier operations, between 1950 and 1960, produced 
a significant quantity of large cultured pearls, up to about 
15 mm in diameter, from the Aru Islands in the Arafura 
Sea. Named after the most important trade center in that 
area, these pearls are commercially known as Dobo 
pearls. 

Examination of a collection of these pearls, ranging 
from 9.2 to 15.3 mm in diameter, gave a density between 
2.691 and 2.755. The nacre thickness varied from 1.0 to 
2.0 mm, which by European laboratory standards is con- 
sidered very good. Dobo pearls are produced by the silver- 
lipped mollusk Pinctada maxima. Recent information 
indicates that important pearl trade activities are now 
going on in that area. 

Cultivation of blister pearls on Pinctada maxima 
shells started several years ago near the coast of Lombok 
island, in particular in Street Lombok, around the very 
small island Gili Air. Three shells from this area with a 
total of nine mabe “pearls” were examined and found to 
have hemispherical bead nuclei composed of artificial 
resin instead of mother-of-pearl or soapstone. These cul- 
tured blister pearls are sold on Lombok and Bali islands 
as natural pearls. At first glance, however, they resemble 
imitation pearls, because the relatively thin, translucent 
nacreous layer causes a deceiving sheen, which is pro- 
duced by light reflection from the artificial nucleus. The 
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specific gravity of these blister pearls is also extremely 
low, ranging from 1.815 to 1.905. 


Sapphires from northern Madagascar. In the past few 
years, several new and important sapphire deposits have 
been discovered in Madagascar. Dr. Margherita Superchi, 
of CISGEM, Milan, Italy, described a new occurrence at 
Ambondromifehy, in Antsiranana Province, in the north- 
ern part of the island. The sapphires found to date were 
alluvial, having been weathered from basaltic rocks that 
were emplaced intermittently during the period from the 
Upper Oligocene to the Pleistocene. The sapphires are 
thought to be xenocryts; that is, they did not crystallize 
from the basaltic magma, but simply were transported by 
it. They are associated with zircon, spinel, pyroxene, and 
olivine. 

Dr. Superchi and her colleagues (A. Donini, D. 
Muzzioli, and E. Roman) obtained detailed gemological 
data, chemical compositions, and optical and Raman 
spectra for 74 crystals (the largest being 182.59 ct) and 13 
cut stones. Among the more interesting discoveries were 
inclusions of pyrochlore, zircon, and sodic plagioclase, 
which, with the chemical data (e.g., high gallium con- 
tents) confirm the “basaltic” association of these sap- 
phires (see the earlier abstract on gem corundum). 


Tunduru-Songea gem fields in southern Tanzania. Dr. 
Claudio Milisenda of the German Gemmological 
Association, using research done with Dr. Ulrich Henn 
and Dr. Hermann Bank, discussed the spectacular new 
gem occurrences that were discovered in late 1993 and 
early 1994 in the Tunduru-Songea area of extreme south- 
ern Tanzania. These alluvial deposits are located along 
tributaries of the Ruvuma River, which forms Tanzania's 
southern border with Mozambique. The area produces a 
large variety of gem materials, in particular blue and 
fancy-colored sapphire (including “padparadscha” and 
color-change stones), ruby, many colors of spinel, garnet 
(such as rhodolite, hessonite, and color-change}, 
chrysoberyl (including cat’s-eye, alexandrite, and cat’s- 
eye alexandrite), various quartz and beryl varieties, tour- 
maline, zircon, kyanite, scapolite, peridot, and diamond. 

The first gem rough appeared on the market in 1994, 
and included sapphire, spinel, garnet, chrysoberyl, and 
zircon, reportedly from an area east of Songea, where the 
Muhuwesi and Mtetesi rivers converge. Shortly after- 
wards, an even richer alluvial deposit was discovered 
near Tunduru, a remote area in southeast Tanzania. 
Because thousands of people were involved in mining 
and trading gemstones at the outset, it is almost impossi- 
ble now to tell if some rough gems are from the Songea 
or the Tunduru area. 

With the exception of the diamondiferous Mwadui 
pipe within the Tanzanian craton, all of Tanzania's 
known gemstone occurrences (including the Tunduru- 
Songea gem fields) are situated within the Proterozoic 
Ubendian-Usagaran System, a medium- to predominant- 


Gem News 


Figure 8. Sodalite is one of the ornamental materials 
that is currently being mined in Bolivia, from the 
ancient deposits near Potost. This cabochon weighs 5.05 
ct. Photo by Maha DeMaggio. 


ly high-grade metamorphic unit that includes gneiss, 
marble, metapelite, and quartzite, which are intruded by 
numerous pegmatites. The Ubendian-Usagaran System 
forms the Tanzanian part of the Mozambique Belt. This 
gem-bearing complex experienced its main thermo-tec- 
tonic evolution during the Pan-African orogeny (approxi- 
mately 600 million years ago), which affected the entire 
eastern part of the African continent as well as southern 
India and Sri Lanka. 

Dr. Milisenda also reported on the gemological char- 
acteristics of corundum, spinel, chrysoberyl, garnet, and 
tourmaline from the Tunduru-Songea region, which 
were based on the study of hundreds of carats of rough 
and cut stones. A visit to the localities yielded informa- 
tion on the geology and recovery techniques. Iron- and 
titanium-oxide contents of the corundum were com- 
pared with similar gem materials from Sri Lanka and 
India. With the exception of the occurrence of diamond 
and an unusual mint-green, vanadium-colored chryso- 
beryl, the gem gravels of the Tunduru-Songea region 
strongly resemble the gem concentrates of Sri Lanka, and 
the two areas may be genetically related. However, the 
large variety of gems of contrasting genetic type suggests 
that the gems themselves were derived from different 
geologic sources in both locales. 
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SYNTHETICS AND SIMULANTS 


Imitation pearls—so-called “I Pearls” from Japan. 
Professor Akira Chikayama of Tokyo, Japan, discussed 
the modern production of imitation “I Pearls” in Japan. 
Although best known for its cultured pearl industry, 
Japan is also an important manufacturer of imitation 
pearls. During the production of most imitation pearls, 
spherical beads are given their pearly-luster coating 
through the application of a fish-scale extract known as 
Essence d’Orient. More recently, a lead-carbonate-based 
pearlescent coating material has also been used. 

The least expensive manufacturing process for imi- 
tation pearls uses plastic bead centers formed by injec- 
tion molding. Because of their low cost, such imitations 
are responsible for as much as 80% of the imitation pearl 
market. Their low specific gravity, however, makes them 
less desirable than those imitations with heavier centers. 
This is particularly obvious when plastic imitations are 
used in strands, since these bead strands do not lay even- 
ly or move “naturally.” 

The most expensive imitation pearls manufactured 


Figure 9. Machine manufacturing of alabaster glass 
beads has modernized the production of glass- 
based imitation pearls in Japan. Note the acciden- 
tal “baroque” beads that occasionally form. Photo 
by Professor A. Chikayama. 
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in Japan use central beads formed from shell. They can 
be quite convincing in both appearance and heft, and 
have been variously called “shell pearls,” “imitation cul- 
tured pearls,” and “man-made pearls.” 

The third form of imitation pearl is produced from a 
bead center of white alabaster glass. In the past, these 
bead centers were hand blown. More recently, a modern 
automatic bead-forming machine was invented by Mr. 
Satake of Izumi City. Machine manufacturing of the 
alabaster glass beads (figure 9) is much more efficient 
than the previous hand-blowing methods, so these glass- 
based imitation pearls are much more economical. 

Because of the confusion created by numerous com- 
mercial names, the Japan Imitation Pearl & Glass 
Articles Association has suggested a new nomenclature 
to describe imitation pearls manufactured in Japan: the 
use of “I Pearl” together with an indication of the base 
material, such as shell, glass, or plastic. The letter I 
stands for “imitation” and also for the place of produc- 
tion, Izumi City. “I’ (Ai) also means “love” in Japanese. 


Growth-induced imperfections and inhomogeneities in 
single crystals. The science of crystal growth is impor- 
tant for distinguishing natural from synthetic single-crys- 
tal gem materials. Natural, synthetic, and treated stones 
have the same basic chemical composition and crystal 
structure, but different growth or post-growth histories. 
Dr. Ichiro Sunagawa, of the Yamanashi Institute of 
Gemmology and Jewellery Arts in Kofu, Japan, explained 
how imperfections and inhomogeneities are induced into 
a crystal during the growth process, or modified through 
post-growth treatment. Since growth conditions and 
ambient phases different from those of natural stones are 
required for the synthesis of many single crystals, the 
two materials may have different imperfections and 
inhomogeneities. 

In the synthesis of gem crystals, growth usually 
takes place at the seed crystal-nutrient phase interface. 
The external forms of a crystal (its morphology) and sur- 
face microtopography of the crystal faces represent the 
final stage of a growth process, although these features 
are usually removed during cutting. However, features 
within the crystal represent earlier growth surfaces; thus, 
they serve as a record of the events that took place at the 
interface during growth. These events include: fluctua- 
tion of growth rates, incorporation of impurities, entrap- 
ment of inclusions, generation of dislocations, and the 
like. Solid or nutrient-phase inclusions, subgrain bound- 
aries, and twin boundaries are macroscopic imperfec- 
tions. However, growth sectors, sector boundaries, 
growth banding, and associated color zoning either can 
be detected with a microscope or require special tech- 
niques to visualize, such as X-ray topography, cathodolu- 
minescence, or laser-beam tomography. Detection of dis- 
locations requires special techniques. Post-growth treat- 
ments, such as heat and irradiation, may modify the 
growth-induced imperfections and inhomogeneities. In 
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particular, the valence state of impurities may be 
detectably altered. As crystal-growth techniques become 
more sophisticated, gemologists may have to look to 
these signs more and more to make an identification. 


Surface features and growth conditions of quartz crystals. 
The surface features of experimentally grown hydrother- 
mal synthetic quartz were examined by Professor 
Takeshi Miyata, in collaboration with M. Hosaka, both 
also of the Yamanashi Institute. These researchers grew 
single crystals of synthetic quartz in sodium hydroxide 
solutions at 350°-515°C, and in sodium chloride solu- 
tions at 450°-490°C. They observed the morphology of 
the crystals and their surface microtopography using 
interference microscopy. 

So that the shape of the seed would not influence 
the morphology of the grown synthetic crystal, spherical 
seeds of synthetic quartz were used. The growth rates 
were calculated by measuring the size of the seeds before 
growth and the size of the synthetic crystal overgrowths 
that formed within a specific time period. It is well 
known that the various shapes of natural quartz crystals 
from different localities are influenced by their growth 
conditions. So, too, are their macroscopic and microscop- 
ic surface characteristics. Comparison of shapes and sur- 
face features seen on synthetic quartz crystals grown 
under known, controlled conditions, to similar shapes 
and surface features observed on natural quartz crystals, 
may provide information on the growth conditions of the 
natural crystals. 


Reversible twinning in an unusual synthetic material. 
Three pieces of an unusual synthetic material were 
loaned to Gem News editor John Koivula by Arthur T. 
Grant of Coast-to-Coast Rare Gems, Martville, New 
York. The samples constituted a well-formed 136.89 ct 
crystal, a 5.33 ct faceted sample (figure 10), and a 28.81 ct 
partially polished rectangular block. This material is 


Figure 10. Illustrated here are the largest known 
crystal (136.89 ct) and the only known cut sample 
(5.33 ct) of neodymium penta-phosphate. Photo by 
Maha DeMaggio. 


transparent and an intense, slightly purplish pink. 
Twelve crystals of this material were grown about 

10 years ago as an experimental material for the laser 

industry. The experiment was terminated when it was 


Figure 11. Only slight finger pressure was required to cause a shift in the twin pattern in this block of 
neodymium penta-phosphate. Photomicrographs by John I. Koivula; polarized light, magnified 10x. 
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discovered that the crystals were difficult to cut because 
even slight pressure would cause a reversible elastic 
lamellar twin structure, which shifted position as the 
direction of pressure was changed. Hundreds of lamellar 
twin planes can be seen to appear and then disappear in 
polarized light (figure 11) when only slight finger pres- 
sure is applied. The shift in the twin planes is often 
accompanied by an audible clicking or cracking sound. 
Mr. Grant also encountered this twinning phenomenon 
when he faceted the 5.33 ct modified marquise shown in 
figure 10. During cutting, he noticed what appeared to be 
a cleavage plane form across the table facet which would 
alternately disappear and then reappear. Because the con- 
tour of the surface also shifts slightly when this occurs, it 
was very difficult to get a flat, well-polished table facet. 
Qualitative EDXRF chemical analysis on the faceted 
sample by Sam Muhlmeister at GIA Research in 
Carlsbad, California, showed the presence of both 
neodymium and phosphorus. This analysis supported the 
stated chemistry as being neodymium penta-phosphate, 
with the formula NdP5O)4. Gemological testing gave 
refractive indices of 1.608-1.632 and a birefringence of 
0.024. The specific gravity obtained hydrostatically was 
3.36. A strong typical rare-earth spectrum was observed 
using a handheld spectroscope. The material was inert to 
UV radiation, there was no reaction to the “Chelsea” 
color filter, and the pleochroism was weak, showing a 
shift between pink and purplish pink hues. Numerous 
two-phase inclusions visible with magnification in both 
the crystal and the block suggest hydrothermal growth. 


TREATMENTS 


Heat treatment of garnets. It is generally thought that 
garnets are not affected by treatment processes such as 


Figure 12. Progressively hotter treatment of the 
untreated starting material on the left produced the 
changes in color shown in the two garnets on the 
right, at 700°C and 900°C, respectively. Photo by 
Gerhard Becker. 


308 Gem News 


heating and irradiation, and therefore are not treated. 
Going against this convention, Gerhard F. A. Becker, of 
Idar-Oberstein, reported on the results of heat-treatment 
experiments he carried out on uncut rhodolite garnets 
from Brazil. 

Mr. Becker conducted his experiments using a stan- 
dard muffle furnace with the stones in air. The garnets 
were purple (figure 12, left) prior to heat treatment, and 
had gemological properties typical for rhodolite. Heating 
was conducted in 50°C increments, with the samples 
cooled and inspected between steps. The first noticeable 
change in color was observed at 700°C (figure 12, center), 
and the color continued to change up to 900°C (figure 12 
right). Further heating resulted in the appearance of a 
metallic, hematite-like coating on the garnets (figure 13) 
that could be polished off. 

Mr. Becker’s research independently confirms earlier 
preliminary experiments done by Dr. Kurt Nassau (see 
Gemstone Enhancement, 2nd ed., 1994). Following up 
on an unpublished observation by G. V. Rogers, Dr. 
Nassau changed purplish rhodolite into a “hessonite-type 
brownish color” at a temperature of “about 600°C.” 

The metallic coating was probably the result of iron 
oxidation because the stones were heated in air. This 
coating might be similar to that reported in the Fall 1975 
issue of Gems & Gemology on an emerald-cut alman- 
dine garnet that was misrepresented as cuprite. However, 
as heat treatment of garnets is generally not suspected, 
the stone seen in 1975 was thought to have been “sput- 
ter” coated (that is, to have had some material deposited 
on it) to give it the metallic coating. 


Titanium and chromium diffusion-induced star sap- 
phires. Gao Yan, of the National Gem Testing Center in 
Beijing, China, described some diffusion-treated star sap- 
phires he and his colleagues, Z. Beili and L. Jingzhi, 


Figure 13. The metallic coating on these Brazilian 
garnets was the result of heat treatment above 
900°C. Photo by Gerhard Becker. 
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received for identification in September 1996. All of the 
samples had essentially the same visual appearance, and 
all were approximately 5 x 7 mm. In daylight, the stones 
were translucent to opaque and showed a dark blue color 
with gray tone. They exhibited distinct six-rayed stars, 
very similar to those typically seen in synthetic star sap- 
phires. 

Measurements yielded an R.I. of approximately 1.76 
and an S.G. of 3.97. All samples showed a distinct 
dichroism of blue and bluish green when viewed parallel 
to the girdle. A weak absorption line at 450 nm was visi- 
ble with a hand spectroscope. The stones were inert to 
both long- and short-wave UV radiation. With magnifica- 
tion and darkfield illumination, three characteristics 
were observed: distinct color zoning, fingerprint-type 
healing fissures with two-phase inclusions, and tiny 
white spots scattered throughout. With the polariscope, 
almost all samples showed polysynthetic twinning. 
When viewed with fiber-optic illumination and high 
magnification, the surface revealed a very thin film of 
cotton-like material with spectral colors. A group of 
intense blue lines were concentrated along surface-reach- 
ing fractures that were produced by the polysynthetic 
twinning. When the samples were immersed in methy- 
lene iodide, a red halo appeared on the polished surface 
and a high-relief red outline was concentrated around the 
girdle. 

EDXRF data from a cross-section cut across one of 
the samples showed that chromium was restricted to the 
sapphire’s rim, and the titanium content was higher in 
the rim than in the core, although the sample was dark 
blue throughout. Iron was homogeneous throughout. 
With deep polishing of the dome of this sample, the 
asterism disappeared, confirming the conclusion that the 
material was diffusion-induced star sapphire. 

Two distinctive characteristics were noted for these 
sapphires. First, instead of the colorless or pale blue treat- 
ed corundum typically used as a starting material, the 
producer used dark blue sapphire with visible color band- 
ing. Second, it appears that chromium as well as titani- 
um was part of the diffusion process, possibly to produce 
a thin red film that would deepen the blue surface color. 
On a dark blue background, the asterism becomes sharp- 
er and the color bands are less visible. Chromium may 
also enhance the asterism, although this remains to be 
verified. 

These diffusion-induced star sapphires can be easily 
identified. The natural origin of the precursor material 
can be proved by internal characteristics such as the 
color banding and absorption spectra. The titanium and 
chromium diffusion process can be readily identified by 
blue lines along twin planes on the surface, a red halo on 
the surface, and a high-relief red outline around the girdle 
when the stone is immersed in methylene iodide. 
[Editor’s note: See the Summer 1996 Gem News, pp. 
136-138, for more information on diffusion-induced star 
sapphires. | 
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ANNOUNCEMENTS 


New hall opens at the Smithsonian Institution. The 
Janet Annenberg Hooker Hall of Geology, Gems & 
Minerals opened on September 20, 1997, at the National 
Museum of Natural History (Smithsonian Institution). 
The 20,000-square-foot exhibit features the renowned 
Hope Diamond along with the museum’s superb collec- 
tion of gemstones and jewelry (figure 14), including dona- 
tions that had not previously been displayed. The hall 
features interactive computerized displays, animated 
graphics, special lighting effects, and touchable speci- 
mens. Its various galleries include the National Gem 
Collection; Minerals and Gems Gallery; Mine Gallery; 
Plate Tectonics Gallery; Moon, Meteorites and Solar 


Figure 14. The famed Mackay emerald is on display in 
the new Janet Annenberg Hooker Hall of Geology, 
Gems & Minerals at the Smithsonian Insitution. The 
emerald weighs 168 ct and is set in an Art Deco dia- 
mond and platinum necklace. Photo courtesy of the 
National Museum of Natural History (Smithsonian 
Institution). 
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Figure 15. This Victorian-era brooch, mounted with two 
cabochon garnets, 35 rose-cut diamonds, and several 
pearls and half pearls, is among the pieces that will be 
displayed in the new Gem Room at the Cleveland 
Museum of Natural History, Cleveland, Ohio. Photo 
courtesy of the Cleveland Museum of Natural History. 


System Gallery; and Rocks Gallery. For more informa- 
tion, visit their website at http:\\www.mnh.si.edu\collec- 
tions.html. The National Museum of Natural History is 
located at 10th Street & Constitution Avenue 
Northwest, Washington, DC. 


Diamonds at the American Museum of Natural History. 
The Nature of Diamonds exhibit opened on November 
1, 1997, and runs through April 26, 1998. This compre- 
hensive exhibit explores all aspects of diamond, from its 
geological origins to its place in history, art, adornment, 
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and literature, including its uses in modern technology 
and research. A specially designed walk-in diamond vault 
houses some of the most dazzling objects in the exhibi- 
tion. Other highlights include a hands-on model of the 
crystal structure of diamond, a mine tunnel leading to a 
re-created “diamond pipe,” and a large-screen computer- 
animated illustration of how diamonds are formed. For 
more information, contact Holly Evarts, Department of 
Communications, American Museum of Natural 
History, Central Park West at 79th Street, New York, 
10024-5192; or call 212-769-5099. The exhibit will be 
traveling to other museums after closing in New York. 


New exhibits at the Cleveland Museum of Natural 
History. November 1 marked the opening of the 
Reinberger Hall of Earth and Planetary Exploration. This 
multi-sensory, permanent hall integrates earth science 
and planetary geology. Some of the thematic sections 
include Ores and Mining, Geology Beneath Your Feet, 
Rocks and Minerals, and the Gem Room. The Jeptha 
Homer Wade II Gem Room will open in the spring of 
1998; this exhibit will showcase a permanent collection 
of gems, jewels (see, e.g., figure 15), and mineral speci- 
mens. The museum is at 1 Wade Oval Drive in Uni- 
versity Circle, Cleveland, Ohio, 44106-1767. For more 
details, call 216-231-4600 or visit the museum’s web site 
at http://www.cmnh.org. 


Gems &) Gemology wins ASAE award—again! For the 
second year in a row—and the fourth time in the past six 
years—Gems & Gemology won first place for peer- 
reviewed journals in the Gold Circle competition of the 
prestigious American Society of Association Executives. 
Gems & Gemology Editor Alice Keller accepted the 
award in early December on behalf of the journal. 


ERRATUM 

The authors wish to make the following corrections to 
“Benitoite from the New Idria District, San Benito 
County, California,” which appeared in the Fall 1997 
issue of Gems & Gemology: 


1. In the geologic map in figure 7, “Blueschist” should 
refer to the dark blue unit, and “Altered blueschist” 
should refer to the light blue unit. 


2. The reference suggesting that benitoite can be used as 
a standard for measuring dispersion in gemstones 
should be reported as: Hanneman W.W. (1992) 
Determination of dispersion using a refractometer. 
Journal of Gemmology, Vol. 23, No. 2, pp. 95-96. 
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Book Reviews 


SUSAN B. JOHNSON AND JANA E. MIYAHIRA, EDITORS 


CREATIVE VARIATIONS 
IN JEWELRY DESIGN 

By Maurice P. Galli, Dominique 
Riviére, and Fanfan Li, 527 pp., illus., 
publ. by Schiffer Publishing, Atglen, 
PA, 1997. US$69.95* 


Creative Variations in Jewelry Design 
is the third book by these three 
authors. In their first book, The Art 
of Jewelry Design (1994), they out- 
lined the principles of jewelry design 
and offered numerous design ideas 
for rings and earrings. In their second 
book, Designing Jewelry (1994), they 
presented hundreds of ideas for 
brooches, bracelets, necklaces, and 
accessories. 

In this book, the authors devel- 
op original themes for 21 complete 
sets of jewelry, each of which 
includes matching necklace, bracelet, 
earrings, and ring. There are five 
illustrated plates for each theme. The 
first plate shows the source of the 
theme, and the next one presents the 
most affordable variation, with silver 
as the predominant metal. The third 
plate follows with a gold version, 
while the fourth plate uses gold, dia- 
monds, and colored stones. The 
theme concludes with a presentation 
in platinum, diamonds, and high-end 
colored stones. 

For example, for Fanfan Li’s 
third design theme, she chose 
“Bianfu’”—the Chinese bat—as her 
source illustrated in the first plate. 
The second plate shows her variation 
with polished silver and polished 
gold, using the Bianfu design for the 
ring, bracelet, necklace, and earrings. 
The third plate features matte yellow 
gold and polished yellow gold wire. 
In the fourth plate, Ms. Li uses yel- 
low gold, carved emerald beads, pear- 
and round-shaped ruby cabochons, 
pavé-set diamonds, pearls, and black 
enamel. The final plate illustrates the 
use of platinum with marquise and 
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pear-shaped prong-set diamonds and 
pavé-set diamonds. Not only is each 
variation beautifully illustrated, but 
each is also clearly described. 

The quality of Creative Vari- 
ations in Jewelry Design is excellent. 
The printing, resolution of images, 
and binding are greatly improved 
over the first two books. This book is 
ideal for students of design and 
counter sketching, as well as for the 
professional. However, I recommend 
that the novice read The Art of 
Jewelry Design first, to learn render- 
ing techniques. 

Creative Variations in Jewelry 
Design accomplishes just what it sets 
out to do clearly and concisely. As 
the authors state in their foreword, 
“Our past teaching experience has 
revealed in most students a tendency 
to not fully realize the whole poten- 
tial of their ideas, neglecting to explore 
the use of a variety of metal textures 
and stones.” In this book, they help 
the student learn to design a given 
theme at different price points, a skill 
that manufacturers will expect. This 
book is a must for the library of any 
jewelry design student or professional. 


MELISSA WATSON-LAFOND 
Gemological Institute of America 
Carlsbad, California 


VISUAL OPTICS: 
DIAMOND AND GEM 
IDENTIFICATION WITH- 
OUT INSTRUMENTS—THE 
HODGKINSON METHOD 
By Alan Hodgkinson, 50 pp., illus., 
publ. by Gemworld International, 
Northbrook, IL, 1995. US$25.00* 


As stated on page one, “The target 
and attraction of Visual Optics is to 
provide gemological identification or 
information without the use of 
instruments.” In the first half of the- 
book, Mr. Hodgkinson provides pro- 
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cedures for estimating or determin- 
ing optic character, birefringence, dis- 
persion, and pleochroism using only 
a simple light source and a Polaroid 
filter. He maintains that these tests 
can be performed on faceted gem- 
stones of any size that are loose or 
open-back mounted. Using the 
instructions, reference charts, and 
photographs, I performed the tests on 
some sample gemstones. I found the 
exercises accurate and, as the author 
suggests, “exhilarating.” 

The balance of the book out- 
lines procedures for estimating or 
determining absorption spectrum 
and refractive index, with additional 
information on birefringence and dis- 
persion. The R.I. estimation requires 
making or purchasing what appear to 
be simple accessories (suppliers are 
listed in the back of the book), and 
Mr. Hodgkinson recommends some 
not-so-simple stone and graph refer- 
ences to make adjustments for varia- 
tions in stone proportion. I did not 
test these procedures. 

It is essentially left up to the 
reader to decide how to use the infor- 
mation to aid in gem identification, 
with the exception of approximately 
a dozen common gem materials for 
which specific properties and photo- 
graphs are featured. This book showed 
me numerous ways of viewing opti- 
cal characteristics that I was previ- 
ously unaware of, even with 18 years 
of gemological/appraisal experience. 


DOUGLAS KENNEDY 
Gemological Institute of America 
Carlsbad, California 


*This book is available for purchase through 
the GIA Bookstore, 5345 Armada Drive, 
Carlsbad, CA 92008. Telephone: (800) 
421-7250, ext. 4200; outside the U.S. (760) 
603-4200. Fax: (760) 603-4266. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Control of crystal phase switching and orientation by sol- 
uble mollusc-shell proteins. A. M. Belcher, X. H. 
Wu, R. J. Christensen, P. K. Hansma, G. D. Stucky, 
and D. E. Morse, Nature, Vol. 381, May 2, 1996, pp. 
56-58. 
The authors studied the growth of abalone (Haliotis 
rufescens) shell materials in vitro—that is, in laboratory 
dishes rather than within the animal (in vivo). Abalone 
shell consists of layers of calcite, aragonite (another crys- 
talline form of calcium carbonate), and proteins. 
Typically, proteins integral to the carbonate layers com- 
prise less than 2, wt.% of the shell material. There is an 
abrupt switching between calcite and aragonite deposi- 
tion, and distinct “populations” of proteins are associated 
with calcite and aragonite layers. Multiple layers of arag- 
onite form nacre. 

Calcium carbonate grows from saturated aqueous 
solutions as dense, well-organized, and well-oriented cal- 
cite layers on a sheet of nucleating proteins, but it will 
also grow (though not as well) on glass. The authors 
extracted water- and acid-soluble proteins from calcite 
and aragonite layers of natural H. rufescens shells; when 
they introduced these proteins into the carbonate growth 
environment, the proteins that were associated with the 
aragonite layer caused aragonite growth on the calcite 
layers. Aragonite formation could be switched on and off 
by adding or depleting these soluble proteins. The authors 
conclude that these proteins alone are sufficient to cause 
aragonite formation, and neither magnesium nor temper- 
ature/pressure changes are required to form the aragonite 
layers. This research is useful for understanding the 
development of nacre in shell materials. ML] 
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Effect of ligand metal charge transfer and intravalence 
charge transfer bands on the colour of grossular gar- 
net. T. Lind and H. Bank, Neues Jahrbuch fiir 
Mineralogie, Monatshefte, Vol. 17, No. 1, March 
1997, pp. 1-14. 

Garnets of the ugrandite solid-solution series generally 

include brown to yellow to green colors; previous studies 

linked these colors to different properties of ions involved 
in the chemical composition. /Editor’s note: “Ugrandite” 
is a group name for calcium garnets—uvarovite, grossu- 
lar, and andradite.] The new grossular-andradites from 

Mali, however, all have a very similar bulk chemistry but 

still show a wide range of browns, yellows, and greens. 

The authors tried to find an explanation for this phenom- 

enon by examining gem-quality grossular garnets from 

various Indian and African sources, including Mali. They 
looked at chemistry, absorption spectra, refractive 
indices, and density. On the basis of differences in absorp- 
tion spectra, they distinguished three groups of garnets: 
(1) yellow and brown; (2) green to yellowish green with- 
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out chromium and/or vanadium bands, and (3) green with 
chromium and/or vanadium bands. The main part of the 
article discusses the properties and charge-transfer behav- 
ior of the ions involved, and the resultant effect on garnet 
color. RT 


Garnet—January birthstone. H. Bracewell, Australian 
Gold Gem & Treasure, Vol. 12, No. 1, January 
1997, pp. 48-49. 
Birthstones are valued for their lore as well as their gemo- 
logical properties. January’s birthstone, garnet, is a group 
of minerals that occur in almost every color except blue. 
The name garnet probably comes from the Latin term 
grantum for the many-seeded pomegranate, whose red 
seeds resemble some garnet crystals. Garnets have been 
used in jewelry since ancient Egyptian, Greek, and 
Roman times. Some fashioned stones are hollowed out 
on the reverse side in order to make them less dark. 
Among the metaphysical properties claimed for garnets 
are guidance in the dark, and use as an antidote to snake 
bites and food poisoning; they have also been thought to 
calm anger. They are associated with constancy in the 
[Victorian?] “language of gems.” For more about garnets, 
see Ezekiel 54:12 in the Old Testament. ML] 


DIAMONDS 


Archangel confirmation. Mining Journal, London, Vol. 
328, No. 8430, May 23, 1997, p. 409. 


Archangel Diamonds is still evaluating its Pipe 441 kim- 
berlite in northern Russia. The pipe “has the potential to 
have” an aerial extent greater than 40 hectares. The esti- 
mated average grade of the crater facies is 0.37 ct/ton, and 
that of the diatreme facies is 1.38 ct/ton, to give an aver- 
age grade for the pipe of 0.71 ct/ton. ML] 


Botswana: A year of landmarks. Mining Journal, London, 
Vol. 328, No. 8427, May 2, 1997, pp. 357-359. 
Although many companies are exploring for diamonds in 
Botswana, all production there now comes from 
Debswana’s three mines: Orapa, Letlhakane, and 
Jwaneng. In 1996, these mines produced 5.64, 0.90, and 
11.17 million carats (Mct) of diamonds, respectively, with 
ore grades of 71.7, 28.9, and 140.0 carats per 100 tons of 
ore. The average diamond value was $82 per carat. Plant 

capacity limits throughput at all three mines. 

The Orapa (AK1) pipe was discovered in 1967 and 
began production in 1971. It has a surface area of 117 
hectares; after 25 years of production, reserves are still 
calculated to last another 60 years. Botswana recently 
extended Debswana’s lease to the year 2017. A second 
plant is expected to go on-line by the year 2000, adding 6 
Mct to annual production; this would decrease the work- 
ing lifetime of the open-pit mine to 32 years. However, 
the kimberlite pipe splits into two 20-hectare lobes at a 
depth of 210 m. These could be mined below 500 m by 
underground techniques, adding another 25 years to mine 
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life. The “ultimate configuration” of the Orapa pit is 
expected to be 500 m deep, 1.4 km wide, and 2.1 km long. 
The two smaller pipes at Letlhakane, DK1 and DK2, 
about 40 km southeast of Orapa, started production in 
1977. The Jwaneng kimberlite was buried under 50 m of 
Kalahari sand when it was found in 1973; sampling of ter- 
mite mounds helped in its discovery. Production began in 
1982; diamond yields increased 21% as a result of the 
“Fourth Stream” diamond recovery project, commis- 
sioned in 1995. Jwaneng is in the middle of a five-year ini- 
tiative to reduce operating costs by 10%. 
Diamondiferous kimberlites have been found at 
Martin’s Drift, near Lerala, and at Falconbridge’s Gope 25 
pipe; De Beers is evaluating both deposits. Other compa- 
nies looking for diamonds in Botswana include Auridiam, 
SouthernEra, Afriore, and Botswana Diamond Fields. 
ML] 


Brazilian lamproites. Mining Magazine, Vol. 177, No. 1, 
July 1997, p. 81. 
The Contendas structure, in the states of Minas Gerais 
and Goias, Brazil, is a large (130 hectare) crater that is a 
source of eluvial diamonds. Joint-venture partners KWG 
Resources and Spider Resources have found “numerous” 
lamproite indicator mineral grains—including pyrope 
garnet, eclogitic garnet, chrome diopside, ilmenite, and 
olivine—in lake sediments within the crater. There are 
plans to drill the crater in order to delineate the lamproite 
vents which caused it (and to determine their diamond 
contents). The partners are also working with the current 
garimpeiro operator mining the southern exposure of the 
structure, in order to evaluate the recovered eluvial dia- 
monds in a systematic manner. ML] 


Diamanten aus China [Diamonds from China]. G. Steiner 
and M. Steiner, Lapis, Vol. 22, No. 11, November 
1997, pp. 13-17, 86 [in German]. 


Diamond deposits were first found in China only a few 
decades ago, and literature on the topic is still scarce. 
This article begins with information from historic 
sources in which diamonds are mentioned, and then 
summarizes some data about diamond prospecting and 
production, drawing mainly from recent Chinese reports. 
Unfortunately, these sources, like their predecessors, 
offer relatively imprecise information. 

The discussion of the geology of the Chinese dia- 
mond occurrences features a geologic map showing 14 
deposits. All are kimberlite pipes and dikes, together with 
related secondary deposits, in the Sino-Korean, Yangtze, 
and Tarim cratons. The formation of the easternmost 
deposits of the Sino-Korean craton (Mengyin) are related 
to the Tanlu Fracture Zone, which stretches over 2,400 
km from Shandong and Liaoning south to Jiangxi. The 
balance of the article describes the Mengyin diamond 
field, the composition of its kimberlites, and diamond 
production there. Color photos show the “Mengyin No. 
1,” a 119.01 ct octahedron found in 1996, and other dia- 
monds, as well as representative countryside. The article 
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ues (and the resultant birefring- 
ence) are generally lower than the 
refractive indices for genuine emer- 
ald, although there may be some 
overlap, so that index of refraction 
is not a reliable diagnostic test. 

Specific gravity of Igmerald and 
Chatham Synthetic Emerald is re- 
ported by-~- Giibelin and Shipley 
(1941) to vary from 2.50-2.70. Rogers 
(1942) gives the value 2.667 for the 
Chatham material and Wigglesworth 
(1944) gives an average value of 
2.66 for similar material. Thus the 
specific gravity of synthetic emerald 
is slightly lower than that of genu- 
ine emerald. Here also the difference 
is too small to be a reliable test for 
identification. 

Fluorescence: Presence of fluores- 
cence in synthetic emerald (both 
European and American) and the 
lack of it in genuine emerald has 
been reported by: reports from the 
laboratory of the Gemological Insti- 
tute of America: Gems and Gem- 
ology, July-August 1935, P. 282; 
Winter 1937, P. 131; Summer 1938, 
P. 166; and by Eppler (1936), and 
Glbelin, E., and Shipley, R. M., Jr. 
(1941). 

Further work on the present ma- 
terial substantiates these previous 
findings. The material shown in the 
photograph (Figure 1) fluoresces a 
strong deep red color under ultra- 
violet light having wave lengths of 
both 3600 Angstrom units (G.I.A. 
fluorescent unit), and 2500 A. (Min- 
erolight). An additional ten samples 
of genuine emerald from various 
localities were tested for fluorescence 
with negative results. Fluorescence 
alone, therefore, appears to be a re- 
liable test for the distinction between 
synthetic and genuine emerald. 


Inclusions have been 
in synthetic emerald as 


Inclusions: 
reported 


being of three types (Giibelin. and 
Shipley, 1941): (1) Solid particles 
spread. swarm-like throughout the 
synthetic emerald. These are prob- 
ably inclusions of the green coloring 
agent (Shipley, 1942). (2) Groups 
of liquid inclusions shaped as feath- 
ers, making up wisp-like, veil-shaped 
formations in the synthetic. (3) Sys- 
tems of almost parallel rod-like in- 
clusions. 

The material recently examined 
in the G.I.A. Laboratory contains, in 
addition to the three types of in- 
clusions mentioned above, sharp, 
well-formed crystal inclusions, indi- 
cated by their low relief and hexag- 
onal outline to be beryl. These crys- 
tal inclusions are illustrated in the 
photomicrograph, Figure 2. 


Photo by G.LA. 


Figure 2 
Crystal inclusions in American-made 
synthetic emerald. 50x 


A decided improvement in the 
quality of some of the cut stones 
examined is a matter of considerable 
importance. A few of the better 
quality synthetic emeralds had very 
few inclusions of any type and were 
especially free of the wisp-like in- 
clusions that were described as being 


also includes a photo and geologic map of the open-pit 
Changma diamond mine. RT 


Diamonds are for .. . smuggling. Mining Journal, London, 
Vol. 327, No. 8384, August 2, 1996, pp. 93-95. 


Smuggling is a fact of life in the diamond industry, 
because of diamonds’ high value-to-volume ratio. 
Smuggled rough diamonds usually come from artisanal 
workings and small-scale producers in countries that may 
be unable or unwilling to control or even monitor such 
production. Areas of origin include Zaire, Angola, Sierra 
Leone, Ghana, Central African Republic, South America, 
and Namibia (in decreasing order of smuggling on a carat- 
weight basis). Artisanal diamond production is usually 
considered “outside goods’”—the approximately 20% of 
the market that is not channeled through De Beers’s 
Central Selling Organization (CSO}—although the CSO 
may purchase such stones. An estimated 9.69 million 
carats of diamonds are smuggled annually (almost half of 
the total “outside goods”). The “outside goods” market is 
typically much more volatile than the CSO, and dealers 
may buy stones at higher-than-CSO prices (in a strong 
market) or not at all (in a weak one). 

The buying-price formula for artisanal goods is cal- 
culated as the international price; minus expenses for 
buying, treating, and selling; minus taxes; and minus 
profit margins. Currency volatility and market volatility 
for the “outside goods” also play roles. If the difference 
between buying price and international price is very 
large, artisanal operators are tempted to bypass regular 
selling channels. A digger normally receives 50%—60% of 
the export value of his goods from an established field dia- 
mond broker. Traders operating on a barter basis, or those 
who undervalue the foreign currency (usually dollars) on 
which the diamonds’ worth is based, can offer more 
money to diamond miners than legitimate channels. 
(Money launderers—offering above-market prices for 
available stones—can precipitate chaos in a local dia- 
mond market.) Smuggling costs are estimated at 4%-5% 
of the value of the goods, so export duties that exceed this 
amount encourage smuggling, as do bureaucratic ineffi- 
ciency and corruption. Sometimes operators select better- 
quality goods for smuggling, and sell their lower-quality 
stones through an “official” operation. 

The article estimates that about 50% of diamonds 
(by weight) in the “outside goods” pool have been smug- 
gled. Although artisanal mining and smuggling will like- 
ly remain inseparable, artisanal mining does have its 
pluses. Diggers work small and low-grade deposits that 
would be uneconomical for most mining companies. 
Also, these operations provide income for people in rural 
regions, and—if taxed intelligently—provide foreign 
exchange and tax revenue for the producing country. 

ML] 


Diamonds from warm water. R. C. DeVries, Nature, Vol. 
385, February 6, 1997, p. 485. 


Natural diamonds are “remarkably free” of the metallic 
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inclusions so typical of synthetic diamonds, and most 
natural diamonds may have been formed by processes 
that require water (that is, hydrothermal processes). 
Silicate and sulfide mineral inclusions in natural dia- 
monds give clues about how they form; still more evi- 
dence is available from liquid inclusions, especially from 
the poor-quality fibrous surface layers on “coated dia- 
monds.” These coatings suggest the presence of liquid 
carbon-hydrogen-oxygen (C-H-O) phases during diamond 
growth. 

Additional evidence comes from chemical vapor 
deposition (CVD) of synthetic diamond coatings, where 
diamond can be deposited from C-H and C-H-O gases at 
1000°C and low-deposition pressures. Even more evi- 
dence comes from the chemistry of the graphite-water 
system (if graphite is stable coexisting with water, dia- 
mond should be, too). Very small diamonds found in 
metamorphic rocks probably grew from C-H-O liquids. 

Given all this evidence, the hydrothermal synthesis 
of diamond by Zhao et al. reported in Nature (abstracted 
in the Summer 1997 Gems & Gemology, p. 160) is plau- 
sible; however, a reliable method must be found to dis- 
tinguish diamond seed crystals from new growth before 
this type of diamond synthesis can be confirmed. Zhao et 
al. imply a very slow growth rate: The Cullinan diamond, 
for instance, would require 30 million years to grow by 
their hydrothermal technique. ML] 


Diavik mine development at $750 Million. Diamond 
Intelligence Briefs, Vol. 13, No. 247, July 30 1997, 
p. 1545. 

A valuation of 4,217 carats of diamonds from a bulk sam- 
ple at Diavik, in Canada’s Northwest Territories, yielded 
$60 per carat, with a grade of 2.8 ct/ton. Mining of the 
deposit [not to be confused with BHP-DiaMet’s mine in 
the Northwest Territories] could begin in four years, and 
is estimated to cost $600 million to $750 million to 
develop. Two mining methods are being considered: con- 
struction of a ring dike around the property (cost: 
$60-$100 million), so that water could be pumped out 
and an open-pit mine developed; and underground min- 
ing. 
The Diavik project is 60% owned by Rio Tinto, and 
Aber Resources has a 40% share. Aber has discovered 50 
kimberlite pipes in the area, 12 with diamonds. The com- 
pany is also exploring for diamonds in Greenland and at 
Victoria Island and Camsell Lake in the Northwest 
Territories. ML] 


Kelsey Lake’s place in history. D. Clifford, Mining 
Magazine, Vol. 177, October 1997, pp. MNA 23, 
MNA 25-26, MNA 28. 


The State Line kimberlite district, on the Colorado/ 
Wyoming border, has about 30 kimberlites, almost all of 
which contain diamonds. However, only two of these 
pipes (KL-1 and KL-2), comprising Redaurum’s Kelsey 
Lake deposit, are economic at present; these have already 
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gone into production. This deposit represents the first 
successful commercial kimberlite mine in the United 
States. /Editor’s note: The diamond mine at Murfrees- 
boro, Arkansas, was never economic, even though it 
operated over a period of many years in the early part of 
this century. ] 

The Kelsey Lake kimberlites were discovered in 
1986-1987 after a diamond was found in a peridotite 
xenolith (a rock carried by igneous activity from deep 
within the earth). All the pipes in the state line district 
are about 390 million years old. The aerial extent of the 
two commercial pipes is greater than 9 hectares. 

Assessing the economic potential of diamond 
deposits is expensive, and must be done early in the 
exploration cycle. At Kelsey Lake, gem-quality (rough) 
stones weighing 6.2 ct and 14.2 ct were recovered from 
the first 6,000 tons of ore processed. A resource of 16.9 
million tons of ore to 100 m has been identified, and the 
weathered kimberlite in both pipes extends to even 
greater depths. Reserves are sufficient to support a 12- 
year mining operation. 

The ore is processed simply and inexpensively in a 
plant that uses environment-friendly rotary pans for con- 
centrating heavy materials and grease tables for the final 
separation of the diamonds. In 1996, 10,000 carats were 
recovered at a cost of less than US$10/ton of ore. 
Redaurum has also secured the rights to process ore from 
the nearby Maxwell kimberlite, should it prove to be eco- 
nomic. 

Diamond marketing is relatively unattractive to 
many mining companies in terms of “adding value to the 
product,” since profit margins for finished goods are low 
and the diamond business is highly subjective. However, 
Redaurum has registered the trademarks “Kelsey Lake 
Diamonds” and “Colorado Diamonds,” in order to devel- 
op a niche market. Fashioned stones have been sold for an 
average of $173 per carat, and a 5.4 ct pear shape (illus- 
trated on p. 54 of the Spring 1997 Gem Trade Lab Notes) 
sold for more than $16,000 per carat. ML] 


Martapura diamonds. Mining Journal, London, Vol. 329, 
No. 8448, September 26, 1997, p. 252. 
One hundred and three “gem and near-gem” diamonds 
weighing up to 1.63 ct have been recovered from the 
Upper Gravel Unit of the Martapura diamond project in 
southeast Kalimantan, Indonesia, by Indomin Resources. 
The stones were mostly “white to off-white” in color; no 
bort and no diamonds below “near-gem” quality were 
recovered. The amount of gravel from which these stones 
were recovered was not provided. Indomin has identified 
8 million cubic meters of diamondiferous gravels in the 
Martapura area. ML] 


Moonstar’s marine diamonds. J. Chadwick, Mining 
Magazine, Vol. 177, July 1997, pp. 42, 45-47. 


This article describes marine diamond mining aboard the 
Moonstar, a ship owned by Benguela Concessions and 
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Moonstone Diamonds. Benguela has the rights to several 
marine mining concessions off the northwest coast of 
South Africa, where diamonds that were transported by 
rivers from their original kimberlites are found along sub- 
merged benches (former beaches]. The Moonstar will be 
used first to mine trenches in concessions off Wreck 
Point and Port Nolloth. 

The ship, built in Scotland in 1966 and formerly 
known as the Aberthaw Fisher, was refurbished and refit- 
ted as a diamond mining vessel (her tonnage is not speci- 
fied). Onboard are: 


e Two 510 mm airlift mining heads (vacuum- 
cleaner-like machines); the first removes over- 
burden, and the second pumps the slurried dia- 
mond ore up to the vessel. 


e =A series of multi-stage vibration screens (which 
separate gravel from clay, returning the latter to 
the water). 


e Surge bins (to break up large clumps of ore still 
glued together by clay). 


e =Ascrubber mill, a 50-ton-per-hour dense-media 
separation plant, and X-ray separation equip- 
ment. 

The plant design has been customized to survive the 
corrosive marine environment and to deal with seashells 
in the gravels, which interfere with recovery. The vessel 
has helicopter support and a crew of 70, including 45 
mining personnel. 

In four days of tests, 35 diamonds (totaling 18.79 ct) 
were recovered. The Moonstar is expected to recover 
about 65,000 carats of diamonds (with an average value of 
$200 per carat) annually. The stones found to date aver- 
age 0.32 ct; it is anticipated that the largest would be 
about 8 ct. ML] 


NSW diamond find. Mining Magazine, Vol. 177, No. 2, 
August 1997, pp. 144-145. 
Fifteen “gem-quality” diamonds (total weight 3 ct) have 
been found during trial mining at the Round Top 
prospect, in the Copeton Dam region of New South 
Wales, Australia. The mining company, Cluff Resources 
Pacific, also recovered 200 diamonds in May 1997 from 
the nearby Lucky Streak prospect. The Copeton—Mount 
Ross area was a major source of diamonds in the late 19th 
century, when an estimated 0.5 million carats were 
recovered. ML] 


Platinova diamond. Mining Journal, London, Vol. 329, 
No. 8441, August 8, 1997, p. 116. 
Platinova A/S has found a 1 point (0.01 ct) diamond in a 
27.6 kg sample from kimberlite boulders on the shore of 
an unspecified lake near the coast of central west 
Greenland. “Abundant” diamond indicator minerals are 
found in till samples taken in the direction of ice move- 
ment from the lake. Platinova has also found kimberlite 
boulders and dikes in the lake’s vicinity. ML] 
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Results. Mining Journal, London, Vol. 329, No. 8448, 
September 26, 1997, p. 263. 


Rex Diamond Mining recovered 8,635 carats of diamonds 
(from 41,800 tons of ore) from the Ardo and Bellsbank 
mines in South Africa during the year ending June 30, 
1997. The average value of these stones was US$2.56 per 
carat. Flooding at the mines limited production. ML] 


Russian environmental agreement. Mining Journal, 
London, Vol. 328, No. 8417, February 21, 1997, pp. 
149-150. 


The republic of Sakha (Yakutia) has signed an agreement 
with the World Wide Fund for Nature, which will allo- 
cate US$350,000 to protect Arctic lakes and forests. 
Mining for diamonds and other commodities in the past 
has caused serious leaks of toxic chemicals into the 
Vilyuo River. ML] 


Stresses generated by inhomogeneous distributions of 
inclusions in diamonds. T. R. Anthony and Y. 
Meng, Diamond and Related Materials, Vol. 6, No. 
1, January 1997, pp. 120-129. 


Inhomogeneous (nonuniform) distributions of inclusions 
in diamonds can generate long-range strains, with maxi- 
mum magnitudes approaching the crushing strength of 
the diamond. These strains can either strengthen or 
weaken the diamond. The stresses generated by inclu- 
sions are proportional to the average size of the inclusions 
and to their concentration. If the diameter of a central 
inclusion cluster is greater than 20% of the diameter of 
the diamond, the inclusion cluster may “significantly” 
weaken the diamond crystal. ML] 


Tracing diamonds looted by Nazis. C. Even-Zohar, Mazal 
U’Bracha, Vol. 13, No. 82, September 1996, pp. 21, 
29, 24. 


Documents produced by “Operation Safehaven,” a U.S. 
intelligence effort that immediately followed World War 
Il, were recently declassified by the U.S. National 
Archives. These documents show that the Nazis were 
probably extremely successful in obtaining diamonds 
(and $2.5 billion of gold, at today’s prices) from conquered 
countries. On the basis of 1940-1942 documents specific 
to Antwerp, Nazis may have looted diamonds worth mil- 
lions of dollars. Diamonds that were not needed directly 
for the war effort may have been sold through 
Switzerland and Spain. 

Rough taken from Belgium in 1940 alone exceeded 
340,000 carats, worth $10.5 million at 1940 prices. The 
combined total of stolen rough and polished goods proba- 
bly exceeded $25 million, an astonishing amount consid- 
ering that CSO sales for 1940 were £6.1 million (about 
$25 million). 

These documents—which name specific German 
officials, diamond dealers, and buyers—also indicate that 
separate bureaus were responsible for polished goods and 
rough stones. It remains to be seen if renewed efforts to 
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trace these items will succeed more than 50 years after 
their theft. AAL 


A wake-up call—diamond mining from the ocean. B. 
Dunnington, The Diamond Registry Bulletin, Vol. 
29, No. 2, February 1997, p. 5. 


Namibian Minerals Corporation, or Namco, is among the 
companies mining diamonds from beneath the waters off 
the Namibian coast. Namco has concessions from the 
Namibian government to dredge off of Luderitz Bay. (De 
Beers has the close-in concession at the mouth of the 
Orange River.) In 1996, Namco’s two mining ships recov- 
ered 456,000 carats from the seafloor. Using a special 
dredging technology, they separate diamonds from the 
alluvial host material at the seafloor, so only the dia- 
monds come to the surface; this minimizes disturbance 
to the environment. ML] 


GEM LOCALITIES 


Areas of greatest interest. Queensland Government 
Mining Journal, Vol. 97, No. 1132, March 1996, p. 
14. 


Some areas of greatest interest for field gem collectors 
(“fossickers”) in Queensland, Australia, have been listed 
as Designated Fossicking Land, Fossicking Areas, or 
General Permission areas. This article lists highlights of 
the recent laws, which govern the conduct of field collec- 
tors at these sites. Gem materials that can be “fossicked” 
include: sapphires (several areas in the Anakie region, 
especially near Rubyvale, Sapphire, and Willows 
Gemfields); boulder opal (Yowah, Cunnamulla, Duck 
Creek, Sheep Station Creek, Quilpie, Opalton, and 
Winton); aquamarine (O’Briens Creek, Mount Surprise); 
topaz (the aquamarine localities, plus Swipers Gully in 
the Passchendaele State Forest); zircon (the sapphire 
localities); peridot (Chudleigh Park); and quartz varieties 
(amethyst at Kuridala, “amethystine quartz” at Castle 
Mountain, smoky quartz at Swipers Gulch, agate at 
Agate Creek and Forsayth, and petrified wood at 
Chinchilla). ML] 


Bernstein der Lausitz [Amber from the Lausitz Region]. 
W. Sauer, Der Aufschluss, Vol. 48, No. 1, 1997, pp. 
43-51 [in German]. 

During the ice ages, glaciers spread Baltic amber across 

the north German lowlands. This amber has become a 

popular by-product of open-pit lignite mining in the 

Lausitz region of Eastern Saxony. Because it is a by-prod- 

uct, amber production increases when lignite production 

is increased. Amber mainly occurs in the Tertiary and 

Quaternary sediments adjacent to the lignite. The article 

also contains information on the history of amber pro- 

duction in this area, amber’s local use in jewelry, and the 
different types of amber (succinite and glessite) recovered. 

Color photos show several samples. RT 
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Black pearls of French Polynesia. D. Doubilet, National 
Geographic, Vol. 191, No. 6, June 1997, pp. 30-37. 


The lagoons in the Tuamoto Archipelago are famous for 
the black-lipped pearl oyster, Pinctada margaritifera, a 
source of black pearls. The author visited Robert Wan, 
whose company—Tahiti Perles—produced more than 
half of the million cultured pearls exported from French 
Polynesia in 1996. 

The pearl oysters in French Polynesia spawn natu- 
rally in these lagoons (unlike Japanese Akoya oysters, 
which are conceived by combination of sperm and egg 
cells in a hatchery). These oysters require 75°F (about 
24°C) unpolluted waters. The larvae attach themselves to 
plastic garlands, where they grow into oysters. After six 
months, they are transferred to hanging baskets. They 
remain in the lagoon for another two years, when they are 
collected for pearl culturing. A small piece of mantle tis- 
sue and a nucleus (a bead carved from an American fresh- 
water mussel) are surgically introduced into each oyster, 
and the oyster is returned to the lagoon. The mantle tis- 
sue will form a sac in which the nacre that will cover the 
shell nucleus is generated. The oysters are harvested for 
pearls three years later. 

French Polynesia had “pearl” fisheries at the turn of 
the century, but the main product was mother-of-pearl 
for inlay and buttons; pearls were very rare. In addition to 
Mr. Wan’s large operation, about 500 other pearl farms 
operate throughout Polynesia. Different localities have 
some product variation; for instance, pearls with green 
overtones are grown in the cooler waters of the Gambier 
Islands. ML] 


Boulder opal—going, going . . . Queensland Government 
Mining Journal, Vol. 97, No. 1134, May 1996, p. 16. 


The discovery of opal in Queensland, Australia, was first 
recorded in 1872, from sites at Listowel Downs, Adavale, 
and near Springsure. The Cragg mine, in the northern 
Queensland Mayneside area, was the first to be staked, in 
1888. In the 1890s, commercial production began in opal 
fields at Kynuna (or Kymuna), Opalton, Kyabra, Ah, 
Koroit (or Korbit), and Hungerford. From 1900 until 1957, 
the Hayricks Mine in Quilpie was the most important 
producer of opal in Queensland. Many mines were devel- 
oped from the 1960s to 1988, as opal increased in popu- 
larity and because of the growth of gemstone investment 
activities. 

The Queensland Boulder Opal Association was 
formed in 1992 to promote these opals, and the first inter- 
national boulder opal auction/sale was held in May 1993. 
Three such auctions were held in 1996 in Winton, 
Queensland. For the auctions, the opals are classified as 
boulder black, boulder crystal, boulder light, boulder 
matrix, and “ah nuts” (or Yowah nuts). 

The Queensland fields extend about 1,000 km north 
to south (from Kynun to the New South Wales border) 
and over 300 km west from the centers at Longreach, 
Blackall, and Charleville. Other opal fields include Toom- 
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pine, Kyabra-Eromanga, Bulgroo, Yaraka, Jundah, and 
Davenport-Palparara. ML] 


Chrysoprase from Warrawanda, Western Australia. T. 
Nagase, M. Akizuki, M. Onoda, and M. Sato, Neues 
Jahrbuch ftir Mineralogie, Monatshefte, Vol. 17, 
No. 7, July 1997, pp. 289-300. 


The authors used optical and transmission electron 
microscopy, Fourier-transform infrared spectroscopy, and 
electron microprobe analysis to determine the origin of 
color in chrysoprase from Warrawanda, about 80 km 
(50 miles) southwest of Newman, Western Australia. In- 
clusions of kerolite, a talc-like mineral with a nickel con- 
tent of about 10 wt.% NiO, were found to be the color 
source. The Ni is believed to come from the strongly 
weathered silicified serpentinite in which the chryso- 
prase veins and nodules occur. The Ni-bearing kerolite 
mainly occurs as fillings in the interstices between the 
quartz grains and as inclusions in quartz crystals. RT 


Exploration and prospecting interest on the increase in 
Wyoming. W. D. Hausel, International California 
Mining Journal, Vol. 65, No. 11, July 1996, pp. 5, 6, 8. 


Several Wyoming regions are being prospected for dia- 
monds and other gem materials. Along the northern 
flank of the Seminoe Mountains of central Wyoming, 
kimberlitic indicator minerals (pyrope garnets) have been 
found in a dry gold placer. In addition, several diamond- 
iferous kimberlites have been located in the State Line 
diamond district of southeastern Wyoming: More than 
120,000 diamonds [carat weight unspecified] have been 
produced so far, and some of the pyrope garnet and 
chrome diopside in the area also show gem potential. 
“Hundreds” of kimberlite-indicator-mineral anom- 
alies have been found in anthills, stream sediments, and 
Tertiary conglomerates in the Green River basin. 
Guardian Resources has reportedly discovered 10 kim- 
berlite breccia pipes in the area, one diamondiferous. A 
few small diamonds have been reported from a coal bed 
in the Powder River Basin in northeast Wyoming, and 
kimberlite indicator minerals were reportedly recovered 
from stream sediments in the Bighorn Mountains in the 
early 1980s. ML] 


Flammenachat aus Brasilien—Zur Entstehung unge- 
wohnlicher Chalcedon-Quarz-Geoden aus dem 
Parana-Becken, Rio Grande do Sul, Brasilien 
[Flame agate—on the formation of unusual chal- 
cedony-quartz geodes from Paranda Basin, Rio 
Grande do Sul, Brazil]. R. Rykart, Lapis, Vol. 22, 
No. 5, May 1997, pp. 27-31 [in German]. 

The author describes the appearance, mineral composi- 

tion, and formation of flame agate, snake agate, and irreg- 

ularly formed chalcedony specimens that occur in sand- 
stones of the Tupancireté formation, in Soledade, Parana 

Basin, Rio Grande do Sul, Brazil. The chalcedony geodes, 

called flame agate, measure 3-12 cm in diameter. The 
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cavities in which they occur are surrounded by charac- 
teristic bulges of colored chalcedony and typically con- 
tain small quartz crystals (rarely amethyst) and some- 
times goethite, calcite, and zeolites. The geodes originat- 
ed from “steam bubbles” that formed in layers of wet 
sandstones that were repeatedly covered by basaltic lava 
flows during the Jurassic era. Snake agate, small chal- 
cedony disks 3-5 cm in diameter, and irregularly shaped 
chalcedony formations are assumed to originate from 
gelatinous polysilicic acid that precipitated in fissures in 
the host rock. Dr. Peter R. Buerki 


Green to envy. A. Wenk, Modern Jeweler, Vol. 96, No. 10, 
October 1997, pp. 33-34, 36, 38. 


Since its discovery in the mid-19th century in Russia’s 
Ural Mountains, the demantoid variety of andradite gar- 
net has been touted by Tiffany and flaunted by Fabergé, 
its fiery green brilliance making it the best of the breed. 
Despite its beauty, however, demantoid’s rarity has been 
its most important claim to fame. Since 1915, the 
Russian deposits have produced relatively few stones 
above one carat. In addition, limited production over the 
past 80 years has caused this brilliant green garnet to be 
of more interest to collectors than to jewelers. 

A new deposit in Namibia has given hope that 
demantoid will be available in significant quantity and 
good quality for the first time, although it is doubtful that 
demantoid will ever be plentiful. The deposit is located in 
a large savanna, surrounded by mountains in the central 
area of the Precambrian Damara Orogen belt in central 
Namibia. At its best, Namibian demantoid is bright green 
and usually eye clean. Rough from the new deposit has 
thus far produced cut stones up to 9.89 ct, a size close to 
the record 10.40 ct demantoid from Russia in the 
Smithsonian Institution. The new demantoid from Nam- 
ibia does not have the “horse-tail” chrysotile inclusions 
characteristic of the Russian material. In fact, demantoid 
is one of the few gems that is made more valuable by its 
internal features, as horse-tail inclusions prove Russian 
origin. MD 


Neues Vorkommen von Demantoid in Namibia [New 
occurrence of demantoid in Namibia]. T. Lind, U. 
Henn, A. Henn, and H. Bank. Gemmologie: 
Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 46, No. 3, 1997, pp. 153-159 [in 
German]. 


This is the first detailed technical study on the potential- 
ly important new demantoid deposit in central Namibia. 
Following a historical review of demantoid and a descrip- 
tion of the geology of the Namibian deposit, the authors 
report the physical-chemical properties of the Namibian 
material. 

The Namibian demantoid has a density of 3.81-3.85 
gm/cm3. The refractive index was over the limits of the 
refractometer. Chemical analyses show a composition 
that is essentially pure andradite with very low concen- 
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trations of chromium, ranging between 0.02 and 0.13 
wt.% Cr,O3. The visible-range absorption spectra show 
bands for Fe?+ and Cr3+. Distinct growth zoning is seen 
with the microscope, as are unidentified ore-like (opaque) 
inclusions. “Horse-tail” chrysotile inclusions, so charac- 
teristic of the Russian demantoids, were not seen in the 
Namibian material. AAL 


On the topaz trail. P. O’Brien, Australian Gold Gem & 
Treasure, Vol. 12, No. 4, April 1997, pp. 26-30. 


The Innot Hot Springs topaz locality is about halfway 
between Atherton and Mt. Surprise in North Queens- 
land, Australia. The topaz comes from dumps left over 
from a rich tin deposit discovered in the late 1800s. 
Topaz, quartz, aquamarine, and sometimes sapphires 
were by-products of alluvial tin (cassiterite) workings in 
Australia; the tin miners had no interest in these gangue 
minerals and left them behind, much to the delight of 
modern-day fossickers. 

Collecting is done by of dry-sieving. The topaz is 
unmistakable: “It literally pops out of the ground, clear, 
shiny, and definite.” The author unearthed several “mar- 
ble size and bigger” topaz crystals in about four hours. 
Most of this material was clear with “perfect” crystal 
forms; blue specimens were uncommon. About 30 years 
ago an 18 kg piece of topaz was found at Innot Hot 
Springs. Permission is required to enter the topaz digging 
area. ML] 


Sapphire agreement. Mining Journal, London, Vol. 326, 
No. 8416, February 14, 1997, p. 136. 


Montana sapphire producer Gem River Corporation 
entered into an agreement with Landstrom’s Original 
Black Hills Gold Creations™, in which Landstrom will 
purchase between $1 million and $3 million in cut and 
polished sapphire over one year, beginning February 12th, 
1997. For the first six months of that period, Landstrom 
was not to sell or market any of these sapphires. The 
agreement set prices for various colors, styles, sizes, and 
quality grades of sapphires, which were to average $55 per 
carat. Most stones were projected to be under 1 ct in 
weight. The stones were to be marketed as “Gem River 
Sapphires” and “Montana Sapphires” (both terms trade- 
marked). 

Gem River has identified proven reserves of 4 mil- 
lion carats. However, the company owns freehold over 
“substantial” ground around the deposits and was confi- 
dent that adequate ore reserves could be proved to sustain 
mining. ML] 


Gem River resumption. Mining Journal, London, Vol. 
329, No. 8437, July 11, 1997, p. 27. 
Gem River Corporation has resumed mining for sap- 
phires at Lower Dry Cottonwood Creek in Montana for 
the 1997 season. Gem River produced 975,000 carats in 
1996, and 1.5 million carats are anticipated in 1997. 
ML] 
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Surface geochemical techniques in gemstone exploration 
at the Rockland Ruby mine, Mangare area, SE 
Kenya. A. G. Levitski and D. H. R. Sims, Journal of 
Geochemical Exploration, Vol. 59, No. 2, June 
1997, pp. 87-98. 


Mineral and gem deposits that are covered by soils, allu- 
vium, glacial deposits, or any other material are among 
the most difficult to discover. Geologists typically use 
indirect methods to find these buried deposits. The tech- 
niques vary, depending on the specific geologic situation 
(e.g., type of overburden or the mineral being sought). 

This article describes exploration techniques used to 
find corundum mineralization in the Mangare area of 
southeast Kenya. The Rockland (John Saul) Ruby mine 
was the specific study site. This type of corundum min- 
eralization is found in pegmatitic material adjacent to 
ultramafic bodies within gneiss. The area is covered by 
1-3 m of overburden consisting of soils, gravels, and sec- 
ondary calcareous material. 

Bulk samples of the overburden were chemically 
analyzed. Also used was a special in situ selective chem- 
ical leach called “MDI” (Method of Diffusion Extraction). 
Both methods yielded unambiguous anomalies for nick- 
el, cobalt, and chromium over the known extent of the 
ultramafic body; however, the MDI anomaly defined the 
ultramafic body more precisely. 

Because a spatial and genetic relationship exists between 
the corundum mineralization, the pegmatitic material, 
and the ultramafic body, a two-step exploration sequence 
is recommended: (1) soil sampling and analysis on a 100 
x 50m grid to delineate the ultramafic areas; followed by 
(2) MDI measurements of a finer (50 x 25 m) grid over 
the ultramafic body to, one hopes, delineate individual 
corundum-bearing pegmatites. AAL 


INSTRUMENTS AND TECHNIQUES 


Raman spectra of various types of tourmaline. B. 
Gasharova, B. Mihailova, and L. Konstantinov, 
European Journal of Mineralogy, Vol. 9, 1997, pp. 
935-940. 


The authors characterized 25 natural tourmalines of 
known origin and chemical composition by polarized 
Raman spectroscopy in the spectral range 150-1550 cm'!. 
They used a Raman microspectrometer (a Microdil-28) 
with an intensified diode-array detector in back-scatter- 
ing geometry and argon laser excitation. Raman bands of 
the buergerite-schorl series are centered at about 230 and 
670 cm}, in addition, the spectra are characterized by a 
single peak at 238 + 2 cm! and three resolved peaks at 
635 + 3, 674 + 3, and 697 + 3 cm". Elbaite tourmalines 
have a sharp peak at 224 + 2, cm:! and two well-separated 
peaks, one at 638 + 3 cm:! and the other above 707 cm~!. 
The dravite-buergerite-uvite series is characterized by 
two peaks at 215 + 3 and 237 + 3 cm!, with a smooth 
spectral band centered at about 670 cmt. 

Dr. Peter R. Buerki 


Gemological Abstracts 


JEWELRY HISTORY 


Capturing the image of antique jewelry. R. Weldon, 

Jeweler’s Circular-Keystone, Heritage section, Vol. 

168, No. 6, June 1997, pp. 210-215. 

Photographing gems and jewelry is surprisingly difficult, 
as anyone who has tried it will agree. Robert Weldon, a 
Graduate Gemologist and a writer for the jewelry trade 
press, is also an excellent gem and jewelry photographer. 
In this article, he generously shares his photographic 
knowledge, giving not only the basics but also insight 
into photographic pitfalls and tricks to avoid them. 

The article is divided into eight sections: tools for 
the job, other considerations (e.g., set-ups and f-stops], 
choosing the piece, choosing the background, lighting, 
photographing shiny metal, photographing gems, and 
documenting the piece. There is also a table, “Matching 
Film to Light,” in which specific film types are recom- 
mended and their idiosyncrasies listed. 

The article is well illustrated with the author’s pho- 
tographs. In several cases, the same piece is shown under 
different lighting conditions, or with different back- 
grounds, to demonstrate points in the text. Mr. Weldon’s 
writing style is engaging, and the article makes this 
exacting artform sound deceptively easy. EBM 


Dates to remember. C. Romero, Jeweler’s Circular- 
Keystone, Heritage section, Vol. 168, No. 2, 
February 1997, pp. 160-167. 

In the estate jewelry business, questions always arise 

when a period piece is being dated. Knowing when a spe- 

cific clasp was invented or when certain synthetic gems 
were put on the market can help pinpoint a piece’s age. 

For this article, Christie Romero has compiled important 

dates for inventions and discoveries relevant to jewelry 

history. The data come from her book, Warman’s Jewelry 

(Chilton Co., Radnor, PA, 1995), which presents the 

material chronologically. In the article, however, she 

arranges it in five categories: metals and metalworking 
techniques, inventions and patents, gemstone cutting 
and setting techniques, natural and synthetic gemstone 
discoveries, and other synthetic jewelry material. 
Caveats about what can be concluded from the informa- 
tion provided, together with a strong bibliography, frame 
the text, which is packed with useful facts. Included 
among the many items listed in the article are: patent 
dates for white gold, spherical cultured pearls, and the 
screw-backed earring, along with dates for the discovery 
of demantoid garnet, the flux-grown synthetic ruby 
process, and the development of Bakelite plastic. Ms. 

Romero has done a tremendous amount of work here, 

and she deserves the full respect and gratitude of jewelry 

dealers, researchers, and historians alike. EBM 


The jewelry of John Paul Cooper. N. N. Kuzmanovic, 
Jewelry: Journal of the American Society of Jewelry 
Historians, Vol. 1, 1996-1997, pp. 41-51. 


John Paul Cooper, a notable jeweler of England’s Arts and 


GEMS & GEMOLOGY _ Winter 1997 319 


Crafts movement, was active between the late 1890s and 
1933. Cooper began work in 1889 as an architect but 
segued into the decorative arts after encouragement from 
Henry Wilson, his boss at the firm. During the 1890s, 
Cooper made boxes and other decorative objects; his 
work with shagreen (shark skin) became a popular prod- 
uct of the firm’s studio branch. His move into metalwork 
and jewelry coincided with the opening of his own studio 
in 1897. Cooper's jewelry is typical of the Arts and Crafts 
style—hand-fabricated gold and silver set with pearls and 
cabochon-cut gemstones (predominantly amethyst, 
moonstone, chrysoprase, and aquamarine). His motifs are 
mostly stylized florals, often incorporating the mystical 
or mythological. The author categorizes Cooper’s jewelry 
into four periods with subtle stylistic differences: 

e The Birmingham period (1902-1906)—charac- 
terized by chased (a form of metalwork) figures 
and scenes with a mythological theme. 

e The Hunton period (1907-1910)—more opulent 
and colorful than the Birmingham period and 
using more gems; the metal is also more elabo- 
rately worked. 

e The first Betsom’s Hill period (1911-1919}— 
more elegant and refined. 

e The second Betsom’s Hill period (1920-1933}— 
simplified, cool, and detached. 

Using Cooper’s jewelry stockbook as a reference, the 
author chronicles his development as a jeweler and 
quotes from Cooper’s personal journal to show how his 
interest in spirituality and mysticism influenced his 
work. Although the chances of finding Cooper’s pieces on 
the open market today are slim, it is important to chron- 
icle his work. Without being too biographical, the article 
is a scholarly overview of the jewelry made by this little- 
known artist. EBM 


Margaret Craver: A foremost 20th century jeweler and 
educator. J. Falino and Y. Markowitz, Jewelry: 
Journal of the American Society of Jewelry 
Historians, Vol. 1, 1996-1997, pp. 8-23. 

For the inaugural issue of the American Society of 

Jewelry Historians’ journal in its new format, authors 

Falino and Markowitz give us a tidy introduction to the 

work of artist-jeweler Margaret Craver. Ms. Craver is a 

respected metalsmith and jeweler whose work is part of 

permanent collections at 11 major U.S. museums, includ- 
ing the Smithsonian Institution, where her tools, hall- 
marks, notes, and correspondence are now in the 

Archives of American Art. 

Ms. Craver’s jewelry style is strong and clean. She 
primarily used hand-forged silver, often incorporating 
enamel or gems that she cut herself (chiefly turquoise and 
varieties of quartz). In the 1950s, she became fascinated 
with en resille, a style of enameling used in France during 
the 16th and 17th centuries. This technique, of floating 
enameled foils in an enamel ground, had been lost, and 
Margaret Craver experimented for several years to recre- 
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ate it. Her success is evident in pieces made during the 
1960s and 1970s that were shown in major art exhibitions 
nationwide and have since become part of various muse- 
um and private collections. 

Ms. Craver also dedicated much time to teaching. As 
a volunteer at a Chicago hospital in 1944, she developed 
a rehabilitative metalsmithing program for disabled 
World War II veterans. This program brought her to the 
attention of the Worshipful Company of Goldsmiths in 
London, the Rhode Island School of Design, and the 
Rochester Institute of Technology, for whom she orga- 
nized workshops and conferences that she also partici- 
pated in. She filled the years between 1950 and her retire- 
ment in 1988 with exhibitions, lectures, and time devot- 
ed to her jewelry work. 

This well-documented article is augmented by 14 
illustrations. The authors also have thoughtfully provid- 
ed Ms. Craver’s hallmarks (one for 1934-43 and a second 
for 1944-88), a chronology of her professional life, and a 
list of museums that house her pieces. EBM 


Splendor in the glass. E. C. Fisher, Jeweler’s Circular- 
Keystone, Heritage section, Vol. 168, No. 6, June 
1997, pp. 204-208. 


The popularity of costume jewelry today has prompted a 
need for information about its historical background and 
development. This article focuses on glass made in 
Bohemia for use as gem substitutes in jewelry. 

Bohemia, in central Europe, became Czechoslovakia 
after World War I. In 1993, it split into two independent 
states, the Czech Republic and Slovakia. This region has 
long produced glass for jewelry use. Ms. Fisher neatly cap- 
sulizes four centuries of this craft—from the mid-16th 
century to the present—sketching in the highlights of its 
evolution from cottage industry to mass production and 
international renown. Included in the highlights is the 
well-known name Swarovski, as Daniel Swarovski intro- 
duced machine technology to the manufacture of rhine- 
stones in the late 1800s. Wars and economic depressions 
have increased the demand for costume jewelry. During 
the 20th century, it grew enormously in both acceptance 
and market value. 

In addition to describing the development of Czech 
glassmaking, the author also touches on jewelry design 
and manufacture in the region. Typically made in brass 
filigree, the work was originally all done by hand, but the 
cost effectiveness of machine-stamped mounts soon rev- 
olutionized the industry. Ms. Fisher’s article gives 
insight into, and instills respect for, Bohemian jewelry. 
Nine photographs handsomely illustrate the text, and a 
bibliography provides sources for more information about 
this interesting topic. EBM 


The Stuart Jewel: A new acquisition for the National 
Museums of Scotland. B. Jackson and S. 
Honeyman, Journal of Gemmology, Vol. 25, No. 6, 
April 1997, pp. 428-430. 


The National Museums of Scotland recently acquired a 
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rare example of 17th century Scottish jewelry with a 
well-documented history of ownership. The unusual 
piece is an enameled “trembler” gold hat ornament, set 
with rubies that are apparently of Burmese origin. The 
enameled flower (a Stuart rose?) attaches to its stem with 
a spring that permits the top to move; hence, the name 
“trembler.” Information about the piece’s creator is being 
sought. CMS 


JEWELRY RETAILING 


The Israeli public owns $11.7 billion of jewelry. Mazal 
U’Bracha, Vol. 13, No. 83, October 1996, pp. 78, 80, 
81, 83. 


One independent organization, Gemolab, appraises 80% 
of Israel’s jewelry. Gemolab experts estimate that Israelis 
own $11.7 billion of jewelry, or about $4,186 for every 
Israeli woman. Jewelry constitutes “10-12% of the 
belongings” of an average household, so the need for inde- 
pendent appraisers is high in Israel. Retail-store-based 
appraisers often have conflict-of-interest problems. 

The main objective of home-insurance appraisals is 
to determine fair replacement value. This is a relatively 
straightforward process for unmounted stones. Gemolab 
appraisers use prices from the Rapaport list and the Israel 
Diamond Exchange; mark-ups and VAT (Value Added 
Tax) are also added. 

Appraising set diamonds is far more complex 
because of difficulties in determining color, clarity, and 
weight; precise evaluations are usually impossible. Even 
more difficult is appraising the setting. The profit margin 
of the retail source must be factored in, as must the rep- 
utation of the designer and the store from which the jew- 
elry was purchased. Designer reputation might be con- 
sidered highly subjective, however, so Gemolab bases 
their appraisals on the local market and on local prices, 
enabling consistency and objectivity. 

The Israeli appraisal market has two unusual 
aspects. First, the term “replacement value” means being 
able to buy the same or a similar object in the “same store 
again” (which is something that insurance companies 
elsewhere in the world might not accept). Second, 
appraisal value differs from place to place in Israel (simi- 
lar to how an insurance policy costs more in a high-risk 
neighborhood). AAL 


Sri Lanka deregulates to raise exports. M. A. Prost, 
Colored Stone, Vol. 10, No. 6, November-Decem- 
ber 1997, pp. 10, 12. 


Responding to competitive market pressures, Sri Lanka 
last June lowered taxes and tariffs to help small and medi- 
um-size cutting and manufacturing companies increase 
productivity. The new policies allow manufacturers to 
import rough stones duty-free, paying only a 4.5% secu- 
rity levy that is refunded if the stones are reexported 
within six months. More important to manufacturers is 
that any company can trade gems locally and pay only 
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the security levy. The government is also offering a 100% 
tax exemption on imports of goods, such as machinery, to 
companies that export 50% of their production. To fur- 
ther assist the industry, the National Gem and Jewellery 
Authority, which regulates the jewelry industry in Sri 
Lanka, has allocated $4.2 million to develop heat-treat- 
ment facilities for milky corundum mined in Sri Lanka. 
All these measures are designed to help Sri Lankan indus- 
tries compete internationally. According to the Sri Lanka 
Gem & Jewellery Exchange, the liberalization of import 
and export regulations—which began two years ago—has 
already had a positive effect on the industry. The export 
value of cut and polished gems reportedly increased from 
$13.64 million in 1996 to $18.79 million by the end of 
July 1997. 

Although manufacturers are optimistic, they remain 
concerned about other restrictions, including the time- 
consuming paperwork in which goods are officially docu- 
mented, valued, and cleared through the Gem Authority 
in Colombo. That process normally takes two days and is 
seen as the major remaining obstacle. MD 


PRECIOUS METALS 


Metal boulders. A. Maslowski, International California 
Mining Journal, Vol. 66, No. 3, November 1996, pp. 
15-19. 


Among the metallic elements found worldwide as min- 
erals are gold, silver, platinum, copper, and iron (or iron- 
nickel alloy). The largest gold nuggets usually are too 
valuable to preserve. Many have been found in Australia: 
One that contained more than three tons of gold was 
found in New South Wales in 1872. Native silver is 
found—sometimes as veins—in underground mines, but 
it reacts with air, water, and many elements far too rapid- 
ly to form significant placer nuggets. The largest plat- 
inum nugget in the Smithsonian Institution weighs 536.7 
grams, and came from Choco, Colombia; both Russia and 
Colombia are possible sources of still larger nuggets. 
Some masses of native copper have weighed more than 
100 tons. One nickel-iron meteorite, Ahnighito, weighs 
about 31 metric tons. Found in Greenland, it now resides 
in New York’s American Museum of Natural History. 
This article mentions several other sizable nuggets, 
including a glacier-transported 104.4 gram platinum 
nugget found in 1880 in Plattsburgh, New York. ML] 


X-ray assays offer a non-destructive complement to tradi- 
tional fire assays. F. Reilley, American Jewelry 
Manufacturer, Vol. 42, No. 7, July 1997, pp. 48-50. 

A fast, accurate, and nondestructive way to determine 

metal purity is briefly described. X-ray assay will not 

replace fire assay techniques, but it complements them 
well. It could be helpful in jewelry manufacturing and in 
quality control of incoming goods, for example. In X-ray 
assay, analysis of the electromagnetic spectrum deter- 
mines the test sample’s elemental compositions by 
weight percentage. Accuracy depends on the accuracy of 
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the reference standards used, the length of time the stan- 
dard is measured, the similarity of the standard to the 
unknown sample, and the shape and size of the item 
being tested. This article is worth at least a quick read 
because it describes an assay technique that could be 
widely used in different areas of the jewelry industry. 

JM 


TREATMENTS 


How to identify fillings in emeralds using Raman spec- 
troscopy. H. A. Hanni, L. Kiefert, and J.-P. Chalain, 
Jewellery News Asia, No. 145, September 1996, pp. 
154, 156. 

Using a Renishaw Raman laser spectrometer-microscope 

system, researchers at the SSEF Swiss Gemmological 

Institute have successfully detected various organic 

materials used to fill emeralds. Such analyses are fast, 

nondestructive, and require no special sample prepara- 
tion. According to the SSEF, the important features for 
these fillers are observed in the Raman spectra between 

2800 cm and 3100 cm, with another region showing 

diagnostic peaks between 1200 cm:! and 1700 cm:!. The 

most important individual peaks in these regions, which 
are absent or extremely weak in natural resins or oils, are 
found at 3069 cm, 3008 cm:!, 1606 cm, and 1250 cm‘. 

However, the age of the organic fillers can affect Raman 

spectra. The spectra of older fillers may have an addition- 

al “hump” because of fluorescence in the region between 

2800 cm-! and 3100 cm-!. This can mask characteristic 

peaks in this region and make the identification of an 

older filling very difficult—if not impossible—using this 
region alone. Fortunately, the region between 1200 cm'! 
and 1700 cm! is not diminished by this fluorescence 
effect. John I. Koivula 


Treated jadeite doublets confuse market. Jewellery News 
Asia, No. 156, August 1997, p. 38. 
Ou-Yang Chiu Mei, of the Hong Kong Institute of 
Gemmology and President of Hong Kong Gems Lab, 
describes an assemblage (doublet) that is composed of a 
thin layer of jadeite over an epoxy resin. The material, 
sometimes called “egg crust jadeite” or “thin layer 
jadeite,” is 10% jadeite and 90% epoxy resin. Dark jadeite 
with poor translucency is usually used. When this jadeite 
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is cut into very thin layers and combined with the resin, 
material with enhanced transparency results. The 
infrared spectra of this assemblage are similar to those of 
B-jade. However, requests to call it “A-jade” or “B-jade” 
on laboratory certificates have been refused. JM 


MISCELLANEOUS 


A gem of an exhibition. M. Kernan, Smithsonian, Vol. 28, 
No. 6, September 1997, pp. 57-63. 


The Janet Annenberg Hooker Hall of Geology, Gems and 
Minerals at the Smithsonian Institution, Washington, 
DC, opened in September 1997. In addition to the famous 
Hope Diamond, the 20,000-square-foot (6,096 m2) hall 
features 40 of the best-known cut-stone creations in the 
world. Among the most ravishing is a diadem, 
Napoleon’s wedding present to Empress Marie-Louise. 
This piece, which currently contains more than a thou- 
sand diamonds and 79 turquoise cabochons, originally 
held emeralds—instead of turquoise—which were 
removed by Van Cleef & Arpels and sold in the 1950s. 
Also on display are the Napoleon diamond necklace, 
given to Empress Marie-Louise on the birth of their son; 
the Hooker Starburst diamonds and Hooker emerald; the 
Star of Asia; the Marie Antoinette diamond earrings; the 
DeYoung red-and-pink diamonds; a 23,000 ct topaz; the 
38 ct Chalk emerald; the 423 ct Logan Sapphire; and the 
127 ct Portuguese diamond. 

The Minerals and Gems Gallery has interactive dis- 
plays and videos that explain many properties of gems 
and minerals. A 1,600-square-foot (488 m2) “mine” con- 
tains zinc, copper, lead, and some gem minerals. Real ore 
veins and crystal pockets are set into rock-like walls, 
painted to resemble a working mine. The Rocks Gallery 
exhibition tells how rocks are formed and altered by 
wind, water, gravity, and powerful forces below the 
earth’s crust. Granites, basalts and limestones, glacially 
striated rocks, and large garnets are displayed. The Plate 
Tectonics Gallery features video presentations that 
demonstrate how the movement of enormous plates 
cause most of the planet’s geologic activities. A cutaway 
of an active volcano shows the mechanics of the heat 
from the earth’s interior bursting to the surface and cre- 
ating islands. The Moon, Meteorites, and Solar System 
Gallery includes a 4.5 billion-year-old meteorite. MD 
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diagnostic of synthetic emerald in 
earlier articles on this subject. 
Conclusions: The quality of syn- 
thetic emerald is being improved 
and the distinction between synthetic 
and genuine emerald on appearance 
alone is becoming increasingly diffi- 
cult. The poorer-quality material can 
still be identified by the presence of 
wisp-like inclusions but stones are 
now being produced which are al- 
most entirely free of inclusions. 


Present indications are that the 
most reliable test for differentia- 
tion between synthetic and genuine 
emerald is fluorescence. All speci- 
mens of synthetic emérald so far 
tested, of both European and Amer- 
ican manufacture, fluoresce a strong 
dark red color under. ultra-violet 
light (8600 A wave length). Numer- 
ous genuine emerald specimens from 


several different localities have been 
subjected to ultra-violet radiation 
with negative results. 

Synthetics still fail to show the 
tiny erystals within liquid inclusions 
so often shown in Colombian and 
Uralian emeralds. 
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Fluorescence Test 
(Continued from Page 303) 


lets were easily distinguished by the 
difference in appearance between the 
non-fluorescent garnet crown ‘and the 
glass base. 

It was found that in a large ma- 
jority of cases triplets will be im- 
mediately revealed by the fact that 
the colored cement layer will 
fluoresce strongly, giving a very 
light greenish yellow color that 
shows up as a bright line encircling 
the stone. The only case in which 
triplets failed to fluoresce was in the 
case of quartz-topped and quartz- 
backed triplets with a green cement 
to imitate emerald. Apparently, the 
cement in this case is of the type 
which is not excited to visible light 
emission by ultra-violet radiation. 


This material was subjected to ra- 
diation of several other wave lengths, 
under which it continued to give 
negative results. 


The speed with which this test can 
be conducted on a large number of 
gems simultaneously makes it a test 
that most Certified Gemologists will 
want to be able to conduct in their 
laboratories. 

This new means of testing doublets 
is especially helpful, not only be- 
cause. of the rapidity with which 
the gems can be tested, but because 
of the other gem-testing applications 
to which ultra-violet light of this 
frequency range can be applied. 
Further research is being conducted 
along these lines and will be re- 
ported upon its completion. 
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THE Dr. EDwarb J. GUBELIN 
Most VALUABLE ARTICLE AWARD 


or Gems & Gemology the past year can best be summed up with this one word: Diamond. Issues relat- 

ed to diamonds continue to be of great interest to our industry and the winning articles for the Dr. 
Edward J. Gtibelin Most Valuable Article Award reported on three major aspects: gemological propeties, 
grading, and simulants. First place was awarded to “Synthetic Moissanite: A New Diamond Substitute.” 
Second place went to “A Contribution to Understanding the Effect of Blue Fluorescence on the 
Appearance of Diamonds,” and third place was awarded to “Gemological Properties of Near-Colorless 
Synthetic Diamonds” The first and second place articles appeared in the Winter 1997 issue, and third place 
was published in the Spring 1997 issue. 


The authors of these three articles will share cash prizes of $1,000, $500, and $300, respectively. The 
following are photographs and brief biographies of the winning authors. 


Congratulations also to Verl McCown of Reno, Nevada, whose ballot was randomly chosen from the 


many entries to win a five-year subscription to Gems & Gemology. 


aS First Place 
Synthetic Moissanite: A New Diamond Substitute 
Kurt Nassau, Shane F. McClure, Shane Elen, James E. Shigley 


Kurt Nassau 


Shane Elen 


Kurt Nassau, retired from his position as dis- 
tinguished research scientist at AT&T Bell 
Laboratories, has written numerous books 
and articles. Today he resides in Lebanon, 
New Jersey, and serves as a consultant and 
expert witness. A native of Austria, Dr. Nassau 
earned his Ph.D. in chemistry at the 
University of Pittsburgh. Shane McClure is 
manager of identification services at the GIA 
Gem Trade Laboratory in Carlsbad. Mr. 
McClure has 19 years of experience in gemol- 
ogy and is an editor for two sections of Gems 
& Gemology. He is also an accomplished gem 
and jewelry photographer. Shane Elen is a 
research gemologist at GIA Research, 
Carlsbad. He holds an engineering degree 
from the Camborne School of Mines, 
Comwall, U.K. With 14 years’ experience in 
solid state materials analysis, he has a strong 
interest in developing new identification 
methods for gem materials. James Shigley is 
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director of GIA Research in Carlsbad. He 
received his Ph.D. in geology from Stanford 
University and has written many articles on 
natural, treated, and synthetic gems. He also 
directs research on all aspects of identifying 
and characterizing gem materials. 


Shane McClure and James Shigley 
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A Contribution to Understanding the Effect 
of Blue Fluorescence on the Appearance of Diamonds 


HSA Second place AAA 


Thomas M. Moses, Ilene M. Reinitz, Mary L. Johnson, John M. King, James E. Shigley 


Mary Johnson 


EN Third place 


Thomas Moses, with over 20 years of trade 
and laboratory experience, is vice president 
of identification services at the GIA Gem 
Trade Laboratory in New York City. He 
attended Bowling Green University, Ohio, 
and is an editor of the Gem Trade Lab 
Notes section. He specializes in pearl iden- 
tification and the properties of diamond. 
Ilene Reinitz is manager of Research and 
Development at GIA GTL New York. Dr. 
Reinitz received her Ph.D. in geochemistry 
from Yale University. She is also an editor 
of Gem Trade Lab Notes, and has co- 
authored numerous articles. Mary Johnson 
is manager of Research and Development at 
GIA GTL Carlsbad. Dr. Johnson, who has 
also authored and co-authored articles for 
G&G, is editor of the Gem News section. 
She holds a Ph.D. in mineralogy and crytal- 
lography from Harvard University. John 
King, from GIA GTL New York, is a labora- 
tory projects officer. Mr. King holds an 


M.F.A. from Hunter College, City University 
of New York. With 19 years of laboratory 
experience, he frequently lectures on colo- 
red diamonds and various aspects of labo- 
ratory grading procedures. Please see the 
first-place entry for biographical informa- 
tion on James Shigley. 


Thomas Moses, Ilene Reinitz, and John King 


Gemological Properties of Near-Colorless Synthetic Diamonds 
James E. Shigley, Thomas M. Moses, Ilene M. Reinitz, Shane Elen, Shane F. McClure, Emmanuel Fritsch 


Emmanuel Fritsch 


James Shigley, who also co-authored the 
first- and second- place articles, is profiled 
in the first-place entry. Thomas Moses and 
Ilene Reinitz were also co-authors of the 
second-place article, and Shane Elen and 
Shane McClure also co-authored the first- 
place article. Emmanuel Fritsch is a pro- 
fessor in the Continuing Education 
Department at Nantes University in France, 
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where he teaches an advanced gemology 
degree program. He holds a Ph.D. from the 
Sorbonne in Paris. His research specialties 
are advanced techniques applied to gemolo- 
gy, origin of color and luminescence, treated 
and synthetic gems, and twinned crystals. 
He has published several articles in Gems & 
Gemology over the years. 
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THE RISE TO PROMINENCE OF THE 
MODERN DIAMOND CUTTING 
INDUSTRY IN INDIA 


By Menahem Sevdermish, Alan R. Miciak, and Alfred A. Levinson 


The modern diamond cutting industry in 
Indiabegan slowly in the late 1950s but did 
not gain momentum until the mid-1960s. In 
the 30 years from 1966 to 1996, the industry 
grew at a remarkable rate: 82-fold by pol- 
ished weight and 249-fold by polished 
(wholesale) value. Today, India accounts for 
about 70% by weight and 35% by (whole- 


sale) value of the diamonds polished annual- 


ly worldwide (excluding the effects of recent 
temporary surpluses of Russian rough dia- 
monds in the market), and it has a near- 
monopoly in smaller (less than 7 pt) stones. 
Using production, sales, and other statistics, 
this article reviews the rise of the modern 
diamond cutting industry in India and its 
impact on the world diamond trade. India 
has had a profound effect on this trade 
because of the enormous quantities of small, 
low-cost diamonds manufactured there. 


ABOUT THE AUTHORS 


Mr. Sevdermish, FGA, author of The Dealer’s 

Book of Gems and Diamonds (1997), is founder 
and president of The European Gemological 

Center and College, Ramat Gan, Israel; e-mail, 
smenahem@netvision.net.il. Dr. Miciak is associate 
professor of marketing in the Faculty of Management, 
and Dr. Levinson is professor emeritus in the 
Department of Geology and’ Geophysics, University 
of Calgary, Alberta, Canada. 


Please see acknowledgments at the end of the 
article. 
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4 Diamond Cutting in India 


ndoubtedly one of the main dynamics in the 

world diamond market over the past three 
decades has been the rise of the diamond cutting industry in 
India (figure 1). Characteristically, India has focused on cut- 
ting and polishing only small (typically 7 pt and less when 
finished), low-quality “near-gems” for export to jewelry 
manufacturers around the world. 

Initially the “make” (quality of proportions and finish) 
of Indian polished diamonds was poor, but by about 1970 
the quality had improved to the point that competition from 
this source was being felt in Antwerp and Israel 
(Goldwasser, 1970). Soon thereafter, almost all the small, 
low-quality polished diamonds in the world market were 
cut in India. Attempts by other Asian countries to capture 
this market (e.g., Sri Lanka, Thailand, China; “Technical 
training,” 1994) have met with only limited success. In 
1993, for example, factories in Sri Lanka exported 700,000 
carats of small polished diamonds (“Sri Lanka keeps a 
steady pace,” 1995), but this represents only 5% of India’s 
production for that year. 

India’s importance as a diamond cutting center has not 
been well documented in the gemological literature. For 
example, the second edition of Bruton (1978, p. 200) devoted 
exactly four words to the Indian cutting industry: “India 
also cuts ‘smalls’.” Yet, in the same year that book was pub- 
lished, India exported 4.32. million carats (Mct) of polished 
diamonds, which represented 52% of the world’s polished 
supply by weight and 16% by value. 

The strengths and characteristics of cutting centers are 
important to gemologists because of their implications for 
supply of (and, ultimately, demand for) gems. Thus, the pur- 
pose of this article is to trace developments in the important 
Indian diamond manufacturing industry as they relate to the 
gemological community. One implication of these develop- 
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Figure 1. One indication 
of the growth of the 
Indian diamond cutting 
industry is the develop- 
ment of a jewelry manu- 
facturing sector. This bib- 
style necklace designed 
by Priya Sewani of India, 
sponsored by Su-Raj 
Jewellery India Ltd., was 
a winning entry in the 
1998 Diamonds 
International Awards 
Competition (one of four 
Indian pieces to be so 
honored). The piece is set 
with 1,210 diamonds 
weighing a total of 
120.283 ct. 


ments is the emergence of a whole new class of 
“cuttable” diamond, that is, “near-gems”: small, 
low-quality stones that are commercially feasible as 
gems only because of the availability of good, inex- 
pensive labor such as in India. 


BACKGROUND 

Diamonds have been mined in India since before 
the fourth century BC, although mining virtually 
ceased there about 1750, shortly after the discovery 
of major deposits in Brazil. The locally mined dia- 
monds were fashioned in India, possibly as early as 
the late 14th century (Bruton, 1978). However, the 
modern era of diamond cutting and polishing 
(henceforth, “cutting”) in India has been totally 
independent of the local mines (Sevdermish and 


Mashiah, 1996). 


Early Developments. In 1909, a fortuitous event laid 
the organizational foundation for the modern dia- 
mond cutting industry in India. In the city of 
Palanpur (Gujarat State), about 600 km (375 miles) 
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north of Bombay (figure 2), some urban mercantile 
families (now called Palanpuris) entered the trade as 
import agents for polished diamonds, largely to sup- 
ply European dealers operating in India. These indi- 
viduals were followers of the Jain religion, which 
emphasizes close family ties and cooperation, main- 
tains strict rules of business conduct, and has a high 
percentage of arranged marriages within the com- 
munity. Because of the strength of their communi- 
ty, and their business acumen, the Jains tend to 
prosper in any business into which they venture 
(Shor, 1993). By the beginning of World War II, the 
Jains, among whom Kirtilal M. Mehta, Maftalal 
Mehta, and S. G. Jhaveri are patriarchs, had estab- 
lished international contacts and buying offices in 
Antwerp and other diamond centers. 

When India became independent in 1947, 
industrial development took precedence over most 
other pursuits, so little foreign exchange was avail- 
able for the importation of polished gems. 
Therefore, as early as 1949, some Palanpuri 
entrepreneurs ventured away from strictly import- 
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Figure 2. India’s diamond sector flourishes in the 
states of Gujarat, Maharashtra, and Goa. Key 
urban areas where diamond cutting and polish- 
ing are major industries are also shown. 


ing finished goods and went into manufacturing, 
establishing a few small factories to polish dia- 
monds for the local market (Chhotalal, 1984). They 
selected the city of Surat as the initial manufactur- 
ing site because of its proximity to Bombay, an 
international trade center. With time, numerous 
other cutting centers developed, mostly in the west- 
erm part of the country and particularly in Gujarat 
(now the “diamond state” of India; figure 3). 


Industry-Government Relations. The industry 
developed very slowly through the 1950s and early 
1960s, primarily because the supply of rough was 
erratic (the result of foreign currency restrictions 
and other reasons discussed below) and, perhaps 
even more significant, because of a strained rela- 
tionship with the government (Shor, 1993). 
Notwithstanding the existence of a few small facto- 
ries, the Indian government frowned on the nascent 
diamond industry, because importing rough dia- 
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monds meant exporting foreign currency (“Small 
diamonds, big business,” 1995), further, diamonds 
were being used domestically as a hedge against 
inflation, a practice not in line with government 
objectives. To overcome this obstacle to importing 
rough, the Palanpuris devised a solution that would 
not only eliminate domestic consumption but also 
create enormous employment opportunities. 

They proposed that the diamond companies 
would import only rough diamonds and manufac- 
ture them into polished for export at a mandated 
percentage of added value. This would create jobs 
and generate foreign exchange, a dual benefit to the 
nation. The government accepted this concept (offi- 
cially known as the “Replenishment Scheme”), and 
in 1955 it granted the first formal licenses for the 
import of rough based on the level of polished dia- 
mond exports. As logical as the idea was, mistrust 
continued between the government and the dia- 
mond trade. The licensing system was cumbersome 
and difficult, government corruption was always a 
problem, and some in the industry were involved in 
smuggling and in fiscal and licensing irregularities 
(see Shor, 1993, for details). 

Over time, the relationship between the gov- 
ernment and the industry improved, as the dual 
objectives of job creation and increased foreign earn- 
ings materialized. Subsequently, the government 
helped the industry in several ways, for example: (1) 
with more flexible regulations for the importation 
of rough; (2) by relaxing foreign currency regulations 
(i.e., permitting qualified companies to have over- 
seas foreign currency accounts); (3) by eliminating 
in 1983 the prevailing 5% duty on rough imports; 
(4) by setting up the Gem & Jewellery Export 
Promotion Council (GJEPC; see below) and the 
Hindustani Diamond Company (to help small pro- 
ducers obtain rough); and (5) with tax incentives, 
particularly exempting export profits from taxation 
(Scriven, 1997). The success of job creation can be 
gauged by the fact that in the 1990s as many as 
600,000-800,000 workers were employed in dia- 
mond cutting, some part-time, both in modern fac- 
tories and in the cottage industry sector (Sharma, 
1992; Jhaveri, 1994, Pandya, 1997). 


The Search for Rough. But the Indian cutting indus- 
try faced other obstacles. In their earliest years, 
Indian cutting establishments had great difficulty 
obtaining rough. Their fortunes were helped by two 
events. 

First, two African countries—Ghana in 1962 
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and Zaire during most of the period 1973 to 1981— 
stopped selling their diamonds through the CSO 
(“Putting the Argyle story. . . ,” 1996; Sevdermish 
and Mashiah, 1996], which made it possible for 
India to obtain needed rough (albeit, sometimes 
through illicit channels) from primary sources. 
Because Ghanaian production (like that of Zaire) 
was frequently of very poor quality, some dealers 
and cutters such as Jasani (1971, p. 25), were led to 
bemoan that “the rough diamonds that are import- 
ed are mostly industrial and industrial sand. . .” and 
that “We fail to understand as to how industrial dia- 
monds could be cleared [as] gem variety [sic].” 
These industrials would, in time, gain a modicum 
of respectability as near-gems. 

Second, in 1964, the first indigenous Indian 
sightholder was appointed (“Diamond trading over 
fifty years,” 1984), which attested to recognition by 
De Beers of India’s growing diamond industry 
(although the first Indian sightholder, based in 
Antwerp, was appointed in 1959). By 1970 this 
number had risen to 12, and in recent years there 
have been about 45 indigenous Indian sightholders 
(“India expands on all fronts,” 1989; “Recovery 
waiting in the wings,” 1994) out of about 160-170 
sightholders worldwide (Miller, 1995; “Five new 
sightholders appointed,” 1997). During the period 
1965-1984, most of the low-value stones purchased 
from De Beers probably originated from De Beers 
mines in South Africa (e.g., Premier and Finsch}, 
from the Soviet Union (the vast majority of which 
were marketed through De Beers at that time}, and 
later from Botswana (Orapa, with a high proportion 
of near-gems, opened officially in 1972 with produc- 
tion of 2.5 Mct [million carats] annually; Jwaneng 
started production in 1982 with 5 Mct annually). As 
this period ended, India was receiving about 25-30 
Mct of rough annually (table 1, column 2). 

From 1973 to 1988, the amount of rough sup- 
plied directly by De Beers varied from approximate- 
ly 25% to 50% of India’s annual rough imports; 
however, De Beers typically supplied an additional 
15% to 20% indirectly through Antwerp sighthold- 
ers who received rough solely for India (Chhotalal, 
1984; “India expands on all fronts,” 1989). 

Perhaps the single greatest influence on the 
Indian cutting industry was the 1979 discovery of 
the Argyle mine in Western Australia. The mining 
of alluvials associated with this mine started in 
1983, and 6.2 Mct were recovered that year. Mining 
of the Argyle (lamproite AK1) pipe proper started in 
December 1985, and ushered in the greatest expan- 
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Figure 3. Gujarat State grew quickly into a dia- 
mond “boom town” during the 1970s and 
1980s, and informal street markets where 
traders bought and sold rough and polished dia- 
monds proliferated around the city. This market 
on Rampura Road was the city’s largest. Photo 
by Russell Shor. 


sion in the annual production of rough diamonds 
the world has ever seen. Nevertheless, the vast 
majority of the stones from Argyle are small, low- 
quality near-gems that can only be cut economical- 
ly in India (or some other low-wage country). 
Concurrently, on the demand side, there was a great 
expansion of retailing formats in mass merchandis- 
ing throughout the world, but primarily in the 
United States, that has provided a broad market 
outlet for inexpensive, mass-produced diamond jew- 
elry (Boyajian, 1988; Shor, 1993). Thus, the favor- 
able dual factors of supply and demand were instru- 
mental in stimulating the explosive growth of the 
Indian diamond cutting industry. 

From figure 4 (see also table 1, column 2), it can 
be seen that with the growth of mining at Argyle, 
the import of rough into India approximately dou- 
bled from 1984 (about 26 Mct) to 1991 (about 55 
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TABLE 1. Diamond cutting production in India from 1966 to 1996, on a weight basis. 


7 2° a 4 5° 6" 

Year Imports of rough Exports of polished Yield for Total world polished Percentage of the 

diamonds into diamonds from diamonds cut in production, or amount world’s diamonds 

India (Mct) India (Mct) India (%) sold at wholesale (Mct) polished in India 
1966 7.35 0.23 17) 3.9 6 
1967 1.70 0.29 17) 4.1 7 
1968 3.24 0.55 17) 4.2 13 
1969 2.82 0.48 17) 4.6 10 
1970 3.08 0.53 NE 2 4.8 11 
1971 3.94 0.66 16.8 4.8 14 
1972 4.36 0.80 18.3 5.1 16 
19783 5.96 1.69 28.4 6.0 28 
1974 3.71 1.07 28.8 5.5 19 
1975 5.57 1.00 18.0 Out 20 
1976 8.82 1.92 21.8 5.8 33 
1977 16.89 3.10 18.4 7.0 44 
1978 19.33 4.32 22.3 8.3 52 
1979 15.80 4.46 28.2 7.9 56 
1980, 18.71 4.15 22.2 7.5 55 
1981 26.36 4.06 15.4 7.8 52 
1982° 25.40 4.66 18.3 7.9 59 
1983, 28.38 5.65 19.9 8.5 66 
1984 26.28 OM 19.3 9.2 515) 
1985 34.64 5.41 15.6 9.9 55 
1986 39.92 7.52 18.8 11.4 66 
1987 46.52 8.49 18.3 13.2 64 
1988 54.06 11.03 20.4 14.5 76 
1989 59.70 10.11 16.9 14.7 69 
1990 87.13 8.34 22.5 14.2 59 
1991 , 54.59 8.72 16.0 13.6 64 
1992 72.29 11.08 15.3 15.0 74 
1993 , 69.61 13.99 20.1 16.6 84 
1994 69.17 15.98 23.1 18.2 88 
1995 , 89.90 19.21 21.4 19.7 98 
1996 101.28 18.88 18.6 20.5 92 


“Numbers in italics are calculated, in parentheses are 
estimated, underlined are extrapolated, and (in col- 
umn 8) in bold are actual reported values. Mct = mil- 
lions of carats. 


The Indian financial year runs from April through 
March. Hence, Indian annual diamond statistics that 
appear, for example, as 1970/71 or 1989/1990 (e.g., 
Chhotalal, 1984, table 3) are shortened here to 1970 
and 1989, respectively. However, because no other 
data for the diamond industry in the rest of the world 
are reported in this manner, the “years” in this paper 
are not exactly comparable with others worldwide. 


The period 1981-1984 was characterized by a 
decrease in De Beers’s sales, “destocking,” and an 
increase in demand for small diamonds cut in India 
(see, e.g., Boyajian, 1988). 


“The period 1992-1996 was characterized by imports of 
large amounts of Russian near-gem rough, and stockpil- 
ing of some exported but unsold polished goods. 


“Sources of information for columns 2 and 3: 

¢ 1966-1969: Column 2 is calculated (column 3 
+ column 4) x 100. 

e Column 3 is calculated from financial data 
(value of exports in rupees) in Directory of 
Exporters 1983 (1984), and based on the num- 
ber of carats (0.53 million) and their value 


exported from India in 1970 (Chhotalal, 1984). 
Allowance has been made for the rupee being 
worth 16% more in 1966 than in 1967-1970 (as 
reported in “International financial statistics,” 1988). 

* 1970-1979: Chhotalal (1984, table 1) 

e 1980-1994: “India’s rude awakening” (1996) 

e 1995-1996: “Gems & jewellery exports record- 
downtrend in 1996-97” (1997) 


‘Obtained by the formula: 

(column 3 + column 2) x 100 
The yield for 1966-1969 was estimated at 17%, com- 
parable to values obtained for 1970-71. 


"For 1966-1978, calculated values were obtained 
with the following formula: 

Total world polished production world produc- 

tion of rough [carats] x 0.25 [% gems] x 0.40 

[estimated average yield] + Indian polished 

exports. 

Annual world production of rough diamonds was 
obtained from U.S. Bureau of Mines (1966-1978). 
The formula is used only for years prior to 1979, when 
there was no “Argyle factor,” i.e., large amounts of 
near-gems and industrials, to consider. The fact that 
before 1979 about 25% of the world’s diamonds were 
gems and thus cuttable (i.e., the “0.25” factor), and 
the average yield from such rough was about 40% 
(the “0.40” factor), can be found in Levinson et al., 


(1992) and in Diamonds: A Cartel and Its Future, 
(1992), respectively. The polished production originat- 
ing from India is obtained from near-gem rough with 
low average yield (averaging 20%; see column 4) and 
is not covered in the first part of the equation. Hence, 
the amount of Indian polished (from column 8) is 
added to that obtained by calculations from the tradi- 
tional gem material to obtain the world total. 

For 1979-1996, boldface values reflect the num- 
ber of carats sold at wholesale for manufacture into 
jewelry (excluding stockpiled goods), for which there 
are data for most years since 1979. Thus, we are 
assuming that the amount of diamonds polished worid- 
wide was approximately equal to the amount sold. 
References: 

1979: Johnson et al. (1989, table 7) 

1980-1987: “Value of diamond jewelry sold...” 

(1988) 
1988-1989: “World diamond jewellery consump- 
tion” (1991, table 6) 

1991: De Beers (1992, p. 33) 

1992: Even-Zohar (1993, p. 78) 

1995: “World diamond jewelry sales” (1996) 

1996: “1996: Diamond content equals record 

1995” (1997) 


"Obtained by the formula: 
(column 3 + column 5) x 100 
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Mct). About 30 Mct of Argyle’s annual production 
of 40 Mct apparently went to India (e.g., “India’s 
rude awakening,” 1996). Through June 1996, most 
Argyle diamonds were marketed by De Beers. Now 
all of these stones are marketed independently 
through Argyle’s office in Antwerp, but most con- 
tinue to be cut in India. 


The Indian Industry. As the Indian diamond indus- 
try expanded, so did the influence of the Palanpuris. 
As the major indigenous sightholders, they supply 
most of the rough to the cutting factories, many of 
which they own. Further, they enjoy a near- 
monopoly in the international sale of polished 
stones by virtue of their control of a sprawling sales 
network for polished diamonds, which Lakhi (1997) 
estimates exceeds 1,000 offices worldwide. In recent 
years, there has been considerable vertical integra- 
tion of the diamond industry, which now includes 
jewelry manufacturing (figure 5). Most of this also is 
dominated by the Palanpuris. Since the early 1990s, 
however, a new entrepreneurial class of diaman- 
taires, who learned the diamond business mainly as 
employees of the Palanpuris, has emerged: the 
Kathiawaris. Their name is derived from Kathiawar, 
an agricultural region also in Gujarat, but they differ 
significantly from the Palanpuris with whom they 
now compete. Not only are they of rural origin and 
modest financial means, but they also are Hindus. At 
least four have become sightholders (Lakhi, 1997). 
Notwithstanding the aforesaid, it was the eco- 
nomic viability of cutting low-quality, low-yield 
rough with low-cost labor by skillful and industri- 
ous artisans that formed the basis for the modern 
diamond cutting industry in India (figure 6). Stuyck 
(1969, p. 20) described the cutting industry in the 
early days as “almost exclusively a cottage industry. 
From five to ten persons work together in their own 
cottages. They have had no formal training. They 
learn by doing.” These workers were not covered by 
general labor legislation and were paid on a piece- 
rate basis. Even recently labor costs have been 
described as “infinitesimal” (“Small diamonds, big 
business,” 1995, p. 38) or one-sixth (“Maintaining 
its global position,” 1994, p. 68) compared to those 
of the cutting centers of Belgium and Israel. 
Interestingly, the cost of polishing small stones in 
India has not changed much over the last two 
decades in terms of dollar amount, averaging about 
$1 each (Lawrence, 1996). This is largely because 
the rupee has been depreciating against the dollar at 
an annual rate of about 10%, which has been 
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Figure 4. This graph plots, in millions of carats, the 
amount of rough diamonds imported into—and 
polished diamonds exported from—India from 
1966 through 1996. It is based on data in columns 
2 and 3 of table 1. (Note: The slope of the polished 
exports curve is dependent on the cutting yield, 
which was generally 15%-23% of the weight of 
the rough; hence, although both curves in this 
figure represent increasing quantities, they are 

not parallel on an arithmetic scale.) 


enough to counterbalance the local rate of inflation. 

Over the decades, however, there has also been 
a shift toward the formal training of diamond cut- 
ters (“Technical training,” 1994) and the establish- 
ment of large, automated factories to keep pace 
with the vast amounts of rough coming into the 
country (figure 7). This has resulted in a rise in pro- 
ductivity and yield levels, as well as in improved 
“make”; automation has also had an offsetting 
effect on rising labor costs. Nevertheless, the cot- 
tage-industry sector still flourishes, as evidenced by 
the fact that there are “an estimated 30,000 small, 
medium, and large diamond cutting and polishing 
units” (“India’s rude awakening,” 1996, p. 92), but 
only about 5,500 of these are large enough to be 
called companies (Scriven, 1997). Further, about 
50% of India’s workforce is made up of “contract 
workers” (Lawrence, 1996), who generally do not 
work in modern factories. Attesting to the skill of 
the experienced Indian worker is the fact that full 
automation, relative to the good artisan workforce, 
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Figure 5. In recent years, India has developed 
a significant jewelry manufacturing industry 
for the small, inexpensive diamonds cut 
there. These typical pieces, from Simplex 
Diam Inc., were developed specifically for the 
large chains and mass merchandisers that 
have dominated the American market in the 
1980s and 1990s. Courtesy of the Indo Argyle 
Diamond Council. 


would probably boost yield only by one or two per- 
centage points (Lawrence, 1996). 

After about 1966, the Indian cutting industry 
grew rapidly but approximately in step with the rest 
of the world diamond industry, except for two peri- 
ods: 1981-1984, when it was stronger than the rest 
of the industry; and 1992-1996, when it was weaker. 


1981-1984. For the four years following the 1980 
collapse of the speculative boom in diamonds, De 
Beers’s sales averaged only about 55% of what they 
had been in 1980. Yet the total value of world retail 
diamond sales (as measured in billions of U.S. dol- 
lars) was unaffected (discussed below). This phe- 
nomenon is explained by “destocking” (i.e., retailers 
sold from stock but were not restocking to the same 
levels, so suppliers were not selling and thus were 
not buying from the major polishing centers; 
Boyajian, 1988). Although some retailers (such as 
some traditional stores) suffered losses, others 
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(specifically the discount stores and mass merchan- 
disers in the United States, whose business was pri- 
marily based on low-cost Indian-cut stones) even 
thrived. During these turbulent times, there was 
actually a dramatic increase in demand for jewelry 
containing inexpensive diamonds produced in India. 


1992-1996. Since 1992, the rough near-gem market 
has been destabilized (as have other categories of 
diamonds to a lesser extent; Pearson, 1996b) by the 
“dumping” of diamonds from Russia. Following the 
breakup of the former Soviet Union, the new nation 
of Russia needed foreign currency. One source of 
such revenue were the diamond stockpiles (rather 
than new mine production) that had been built up 
over more than three decades (“Flooding the dia- 
mond markets,” 1993; Shor, 1994). In 1992, Russia 
began to “leak” large quantities of these diamonds 
outside established channels, a practice that contin- 
ues today. The arrival (often referred to as “dump- 
ing”) of these millions of carats of Russian rough 
diamonds on the world markets outside the con- 
tractual arrangements between De Beers and Russia 
soon weakened the price of polished Indian goods. It 
also constituted a serious challenge to De Beers’s 
regulation of the rough diamond market (e.g., 
“Leakages hit CSO market share,” 1996). 

Pearson (1996b) reported that Russian stockpile 
reductions of “technical goods” (which includes 
near-gems}) increased in 1995. Estimates are that 
Russian stockpile reductions (all categories) were 
18.5 Mct and 12.3 Mct in 1995 and 1996, respective- 
ly; in both years new mine production worldwide 
was about 111 Mct (“A year of overfeed,” 1996, 
“Supply set to be outstripped . . .,” 1997). We 
believe that the vast amounts of rough diamonds 
available since 1992, have had a greater impact on 
the Indian segment of the diamond industry than 
on the rest of the gem cutting industry, although we 
do not know exactly how much of this Russian 
rough was near-gem destined for India. From the 
data in table 1 (column 2), however, it appears that 
since 1992 no more than 60 Mct (after subtracting 
Russian leakage) of rough imports annually could 
have been obtained by India through normal chan- 
nels, that is, from the CSO either directly or indi- 
rectly, or through normal “outside (non-CSO) 
sources” in Antwerp. Amounts in excess of 60 Mct 
are assumed to have come from various other out- 
side (open market) sources, but primarily from 
Russia. Today, about 30% of India’s rough is sup- 
plied directly by De Beers (to indigenous Indian 
sightholders), about 30% is from sightholders in 
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On the Great Diamond in the 
Possession of the Nizam’ 


by 


HENRY PIDDINGTON® 


At the November meeting of the Asiatic Society, Captain Fitzgerald, B.A., 
presented for the inspection of the Society a.model in lead of this remark- 
able stone, and gave a brief note of its history, which will be found in my 
report for that month. He has since favoured me with a more detailed one, 


which is as follows: 


Note by Captain Fitzgerald, Bengal Artillery, attached to the Nizam’s 
Service, on the Nizam’s. Diamond—Ist December, 1847. 


“About 12 or 14 years ago a large 
diamond was found in the Nizam’s 
country under circumstances of 
vather a curious nature, The dee 
now shown is the model of a a par 
only, a piece having been Ere 
off, which after passing through 
‘many hands, was purchased by a 
native Banker for 70,000 rupees. 

“The larger piece, as represented 
by the model, is in the possession of 
his highness the Nizam, and at the 
time of discovery was exhibited to 
many European gentlemen. 


“The manner in which this Dia- 
mond was originally found, may be 
considered interesting. It was first 
seen in the hands of a native child, 
who was playing with it, of course 
ignorant of its value. On eight annas 
being offered for what the poor 
people considered as a mere stone, 
their suspicion was excited, which 
led ultimately to the discovery of the 


1Reprinted from the February, 1848, issue 
of the Journal of the Asiatic Society, Bengal 
Branch. 


®Henry Piddington (1707-1858), meteorolo- 
gist, bred in the mercantile marine, for some 
time commanded a ship, evidently in the East 
India and China trade. Appointed Curator of 
the Museum of Economic Geology, Calcutta, 
he retired from the sea in about 1830. Several 
of his geological and mineralogical notes 
appeared in the Journal. 


bright stone being a real diamond. 

“Its form and size is shown. be- 
low. This stone, hitherto unknown, 
may now be classed among the larger 
description of Diamonds which - we 
read of, but seldom see.” 

The size of the stone exactly taken 
by. calipers, from the leaden model, 
is as follows: 

sl aero hae teen een 2.48 Inches 
Greatest breadth........ 1.35 Inches 
Average thickness......0.92 Inches 


I have had now exact models cast 
in glass from the leaden one ex- 
hibited at the meeting, and I find 
that 


a 


Grains 
Their absolute weight is___.1164.50 
Their specific gravity.......... 3.70" 


Now according to various authori- 
ties we have for the specific gravity 
of the Diamond 


JOBE Cie aapeeeen See oir Coe, eon 3.53 
Brewster, colourless.............. 3.52 
orange... 3.55 

Jameson, twelve authorities, 
NCAT, <2 Sek, Se emia et 3.52 
Mean: sn ee ees 8.52 


And hence assuming our model to 
be exact..(and it is very nearly so), 
‘we have by a simple proportion not 


Antwerp and Israel, and the remainder is obtained 
on the open market (Mehta, 1997). 


INDIAN DIAMOND CUTTING PRODUCTION 
The development of the Indian diamond cutting 
industry from 1966 through 1996 (the most recent 
year for which data are available), and the critical 
role it has played in the world diamond trade, can 
be traced by looking at the statistics for production 
by weight (table 1) and by value (table 2) during 
these three decades. These data form the basis for 
the balance of the discussion in this article. 


Sources of Data. The data for this article were taken 
from the published literature. Where data for certain 
years are not available, we resorted to estimation by 
means of extrapolation or calculation. All such 
cases are Clearly identified in the tables. 

Data found in different published sources often 
contradict one another. Moreover, occasionally it 
has been claimed that certain data, frequently from 
official sources, are in error. A case in point is the 
statement that official Indian export figures (dollar 
value} for 1988-1989 are significantly underreported 
and, as a consequence, that author has supplied the 
“real figures” (“India expands on all fronts,” 1989). 
Similar statements have been made with respect to 
the official Indian rough import and polished export 
figures for 1993 (Miller, 1995). Notwithstanding the 
good intentions of the authors of such information, 
and even the strong possibility that they are correct, 
for consistency we always use the official figures. 
Wherever possible, the data (e.g., amount of import- 
ed rough, polished production, and sales statistics) 
presented in tables 1 and 2 come from the Gem & 
Jewellery Export Promotion Council (GJEPC], a 
nonprofit, autonomous organization of diamond 
merchants established in 1966 and operated under 
the supervision of the Ministry of Commerce of 
India. These data were usually not available to us 
directly from GJEPC, but rather we obtained them 
from secondary sources, which we reference. We 
consider these data on the Indian gem industry to 
be the best available. We also consider data in cer- 
tain journals (e.g., Diamond International, Mazal 
U’Bracha) to be highly reliable and use these where 
appropriate. However, we are aware that errors of 
10%-15% are a distinct possibility for reasons that 
we discuss at various places within the text. 


Production by Weight (Table 1). Imports of Rough 
Diamonds into India. There was a dramatic 75-fold 
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Figure 6. In 1985, workers at this bruting contrac- 
tor shop in Surat still used manual equipment 
and sat on the floor. Photo by Russell Shor. 


increase (by weight) in the import of rough dia- 
monds into India from 1966 to 1996, as is evident in 
column 2, of table 1 and is shown graphically in fig- 
ure 4. (We have assumed, as have others who have 
written on this aspect of the Indian diamond indus- 
try [see, e.g., Sharma, 1991, 1992; Jhaveri, 1994, 
“India’s rude awakening,” 1996; Lakhi, 1997], that 
all the imported rough was cuttable (predominantly 
near-gems) although it is likely that the yield from 
some of this material is extremely low and that a 


Figure 7. Shrenuj Co. was one of the first compa- 
nies to develop a modern, semi-automated dia- 
mond factory in Bombay in 1988. Photo cour- 
tesy of Shrenuj Co. 
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small percentage of industrial stones is included in 
the import figures.) The increase is characterized by 
quantum jumps in imports at certain times, and 
one interval with a significant decline. 


¢ 1976-1977 (91% increase). Rough imports 
almost doubled during the speculative boom of 
1976-1979 (see Boyajian, 1988). Although this 
boom primarily involved “investment” and 
“certificate” goods because of high inflation 
worldwide, demand also increased for lower- 
priced diamonds. 

¢ 1980-1981 (41% increase). After the end of the 
speculative boom, demand for less-expensive 
diamonds increased relative to that for more 
expensive grades. 

¢ 1984-1989 (127% increase). During this period, 
the world market grew rapidly for all kinds of 
polished diamonds, including the cheaper goods 
from India (particularly because of the expand- 
ing Japanese market, caused by the strong yen; 
Boyajian, 1988). India responded by sharply 
increasing its cutting capacity, which peaked in 
1989. To feed this greater capacity, Indian man- 
ufacturers increased the amount of rough 
imported, more than doubling it between 1984 
and 1989, to about 60 Mct. 


¢ 1989-1990 (38% decrease). Starting in 1989, the 
demand for Indian polished diamonds began to 
decline, and by 1990 imports of rough fell to 
about 37 Mct, that is, to about the level of 1986. 
The main reason given for this decline was an 
economic downturn (“World market trends,” 
1991). This downturn affected the low-value 
Indian goods more than it did the better-quality 
goods, which is opposite to what had occurred 
during the downturn of 1981-1984 discussed in 
the “Background” section. World retail dia- 
mond jewelry sales, as measured in U.S. dollars, 
were stable during the period under discussion 
(see below). 


e 1991-1992 (32% increase). Notwithstanding 
the difficulties encountered by the Indian pol- 
ishing industry in 1989-1990 (plus a major 
financial and political crisis in India in 1991 
that temporarily restricted foreign exchange 
transactions, “Diamonds today. Part 2,” 1992), 
vast amounts of low-quality rough began to be 
imported from Russia. 


¢ 1994-1996 (46% increase). The dramatic in- 
crease in the import of rough can again be 
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attributed primarily to Russia’s sale of vast 
amounts from its stockpile (Pearson, 1996b). 
The magnitude of the 101 Mct of rough import- 
ed into India in 1996 is put into perspective 
when it is recognized that the world’s total pro- 
duction of newly mined diamonds for that year 
was about 111 Mct (“Supply set to be out- 
stripped .. .”, 1997). As a result of the overstock 
situation, the Indian diamond community 
debated imposing a moratorium on the import 
of rough, but none was enacted (“Indians debate 
import moratorium,” 1996). 


Exports of Polished Diamonds from India. 
Imported rough is polished and then exported to 
jewelry manufacturers as rapidly as feasible. Indian 
export normally lags behind import only for the 
time needed to cut and polish the goods (about 
three months, or an additional one to two months if 
the rough is handled by a dealer who is not a 
sightholder, rather than by a sightholder who is a 
cutter (Diamonds: A Cartel and Its Future, 1992). 
Hence, the amount of polished diamonds exported 
from India (table 1, column 3; figure 4) approximate- 
ly follows the amount of rough imported. 

The world economy, particularly as it is affect- 
ed by the U.S. and Japan, is the main determining 
factor in how rapidly newly polished diamonds are 
sold. Thus, since the economic downturn (except 
for the U.S. and a few other countries) that started 
in 1989, India generally has been cutting more dia- 
monds than could be consumed in the marketplace. 
Since 1993 especially, significant amounts of Indian 
polished diamonds have been exported and then 
stockpiled abroad at foreign sales offices or with 
affiliates and/or major dealers so that inventory 
would be closer to the eventual end user (Lakhi, 
1997). Nevertheless, from 1966 to 1996, the 82-fold 
increase in polished exports from India is qualita- 
tively consistent with the 75-fold increase in rough 
imports during the same period (table 1). 


Yield for Diamonds Cut in India. The yields 
(weight retained after cutting, expressed as a per- 
centage of the rough weight; also called retention) 
for the polished exports are presented in column 4 
of table 1 and are evident in figure 4 by the gap 
between the rough and polished quantities; again 
this assumes that all rough imported into India was 
cuttable. Yields range from 15.3% to 23.1% (aver- 
age, 18.7%). (Excluded are 1973, 1974, and 1979, for 
which the values are over 28%. These high values 
are explained by the large amounts of stones that 
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were unofficially imported from Zaire and thus 
were not recorded in import data but were reported 
in polished exports; see “Background” for further 
details.) Similar yields have been reported by others 
for near-gems; for example, Johnson et al. (1989) 
reported weight loss as ranging from 75% to 85% 
(yield 15%-25%). 


Total World Polished Production (or Amount Sold 
at Wholesale). To place the contribution of India in 
perspective with respect to polished diamond pro- 
duction worldwide, it is necessary to know the total 
amount of polished produced in the world annually. 
Unfortunately, such data are not available in the lit- 
erature, so we have estimated them using two 
methods. First, total world production of polished 
can be equated to the amount (number of carats) of 
polished diamonds sold at wholesale, for which 
there are data for most years since 1979. This is 
based on the assumption that, as a generalization, 
most diamonds are sold at wholesale in the year 
they are polished; exceptions exist for certain years 
(particularly since 1993) when there were oversup- 
plies of polished, but these will not materially affect 
our conclusions. Second, it is possible to calculate 
the approximate amount of diamonds polished in 
any year—the formula and explanation for which 
are given in the table 1 footnotes. Similar formulas 
have been used in the past (e.g., Komkommer, 
1965). We used this approach for 1966-1978. Our 
estimates are presented in column 5 of table 1. 


Percentage of the World’s Diamonds that Are 
Polished in India. The amount of diamonds pol- 
ished in India (table 1, column 6; figure 8) probably 
was only 6% of the world’s supply in 1966. In 
slightly more than a decade (by 1978), India had 
experienced a nine-fold increase, to more than 50% 
of the world’s supply (on a weight basis). This per- 
centage has continued to rise, but at a much slower 
rate. By 1989, at the peak of the period 1984-1989 
(mentioned above} during which the world diamond 
market grew rapidly, we estimate that India was 
polishing 69% of the world’s diamonds. This was 
due to strong demand and further downtrading (i.e., 
more use of less-expensive diamonds) in the U.S. 
and Japan, which made it possible for the Indian 
industry to use the lower grades and smaller sizes of 
Argyle rough that became available in this period. 
Since the late 1980s, there has been a common 
perception throughout the diamond industry that 
India has supplied about 70% of the world’s pol- 
ished diamonds by weight (e.g., Sharma, 1992; 
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Figure 8. For 20 years now, India has been responsi- 
ble for polishing more than 50% (by weight) of 

the world’s supply of polished diamonds. Although 
the calculations on which this graph is based 
suggest that this percentage might have risen to as 
high as 98% in recent years, the authors believe that 
these are aberrations and that 70% is more realistic 
overall. Data are shown in table 1, column 6. 


“India’s rude awakening,” 1996). During 1992— 
1996, our calculations suggest that India produced 
74%-98% of the world’s supply of polished dia- 
monds (table 1, column 6). We believe that the 
incremental percentages above 70% are aberrations. 
They probably result from the export and storage 
abroad of polished near-gems, comparable to 
amounts “dumped” by the Russians during this 
period, for which there was no immediate sale. 
Such large percentages will not be sustainable into 
the significant future because of the expected deple- 
tion of the Russian stockpile in a few years. 


Production by Value (Table 2). Value of World 
Polished Diamond Sales. To determine the value of 
the diamonds polished in India since 1966 in com- 
parison with the rest of the world, we first compiled 
the total annual polished wholesale value of dia- 
monds worldwide for the period 1966-1996 (table 2, 
column 2). Because published data were only avail- 
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TABLE 2. Diamond cutting production in India and global jewelry statistics from 1966-1996, on a value basis.” 


b e i. h i j 


1 2 3 4° 5 6 7 
Year Value of world Export value of India’s share Value of India’s World retail Value of 
polished polished diamonds of the world polished exports diamond diamond 
diamond sales from India polished diamonds on a per-carat jewelry sales content in world 
(wholesale, millions (wholesale, millions (wholesale, % of the basis (wholesale, (billions of jewelry (% of 
of US$) of US$) diamond market) US$ per carat) US$) retail sales) 
1966 872 17 1.9 74 na. - 
1967 859 21 2.4 72 na. - 
1968 1,048 40 3.8 73 n.a. - 
1969 1,208 34 2.8 71 na. - 
1970 926 37 4.0 70 n.a. - 
1971 1,094 50 46 76 4.5 24 
1972 1,486 78 5.2 98 5.4 28 
1973 2,314 101 4.4 60 6.9 34 
1974 2,195 106 4.8 99 t2 30 
1975 1,866 118 6.3 118 8.7 21 
1976 2,721 258 9.5 134 8.7 31 
1977 3,628 498 13.7 161 10.8 34 
1978 5,104 846 16.6 196 13.8 37 
1979 5,196 677 13.0 152 16.1 82 
1980. 5,446 703 12.9 169 20.7 26 
1981. 2,760 797 28.9 196 20.3 14 
1982. Zool 945 40.1 203 19.1 12 
1983, 2,998 1,109 37.0 196 20.8 14 
1984 3,024 1,002 33.1 198 22.3 14 
1985 3,418 1,065 31.2 197 23.6 14 
1986 4,794 1,511 31:5 201 31.1 15 
1987 5,766 1,877 32.6 221 37.7 15 
1988 7,823 2,904 37.1 263 44.0 18 
1989 7,700 2,986 38.8 295 45.7 17 
1990 7,813 2,641 33.8 317 45.4 17 
1991, 7,609 2,500 32.9 287 46.5 16 
1992 , 6,663 2,867 43.0 260 47.0 14 
1993, 8,710 3,657 42.0 261 48.3 18 
1994 10,600 4,032 38.0 2 0), 21 
1995, 10,800 4,662 43.2 243 Sey 20 
1996 11,000 4,235 38.5 224 Bil.) 21 
@ Numbers in italics are calculated: n.a. = not avail- since July, 1996, when the production from the Argyle 1996: “Gems & jewellery exports record 


mine was marketed independently of De Beers. downtrend in 1996-97” (1997) 


able; - = not calculated. 


°See footnote b in table 1. 
“See footnote c in table 1. 
“See footnote d in table 1. 


“Published data for this column are available for the 
following years: 
1989: “World market trends” (1991, p. 10) 
1991: De Beers (1992, p. 33) 
1994: “Leakages hit CSO market share” (1996, p. 

22) 
1995: Schnitzer (1996, p. 59) 
1996: Even-Zohar (1997, p. 40) 
For other years, it was necessary to calculate an 
approximate value using the formula: 

Value of world polished diamond sales = 

De Beers’s annual sales x CF1 x CF2 

The first conversion factor (CF1) normalizes the 
value of De Beers’s annual sales of rough to the value 
of all rough diamonds produced in the world. For 
1966-1991, CF1 = 1.25, based on De Beers’s tradi- 


The second conversion factor (CF2), also a mul- 
tiple of De Beers’s annual sales, takes into account: 
(a) cutting costs (generally 5% to 20% of the cost of 
rough); and (b) other costs (including profit, handling 
charges, etc.) which we estimate at about 25% of 
cost of the rough. For 1966-1986, when more 
expensive rough was cut on average, CF2 = 1.4 
(1.10 [cutting costs] x 1.25 [other costs] = 1.375). 
However, in the speculative period of 1978-1980, 
when profits (of 10-30%) were made on rough 
before it was cut, the CF2 rises to 1.6. From 1987 
onwards when the amount of near-gems cut in India 
increased greatly, CF2 is 1.5 (1.20 [cutting costs] x 
1.25 [other costs] = 1.50). The relative cost of cut- 
ting lower quality (near-gem) diamonds is more than 
it is for cutting better quality goods. 

Calculations using conversion factors similar to 
those above have been used in the past (e.g., Kom- 
kommer, 1965). Further information is available upon 
request to the authors. 


Note: For 1966-1969 and 1970-1979, conversion 
of rupees to US$ was made using conversion 
rates from “International financial statistics” (1988). 


"Obtained by the formula: 
(column 3 + column 2) x 100 


"Obtained by the formula: 
column 3 + column 3 in table 1 


‘References: 

1971-1978: Diamonds: Past, Present & 
Future (1992, p.16) 

1979: Johnson et al. (1989) 

1980-1995: “Japan holds the key” (1997, p. 42). 
Note: These data are higher than those 
reported in the past, and represent new 
revised figures, although this is not specifi- 
cally stated. “About 10-12 per cent of the 
American diamond jewellery market [in smaller 
stones] at polished wholesale value was 
not accounted for under De Beers’s tradi- 
tional research methods” (“Marketing to the 


f 
tional 80% control of the rough diamond market: 1 + References: masses,” 1996, p. 8). 
0.80 = 1.25. For 1990-1996, CFI gradually changes 1966-1969: Directory of Exporters, 1983 1996: “1996: Diamond content equals record 
from 1.30-1.50 to account for De Beers’s decreas- (1984) 1995” (1997). 


ing control of the rough diamond market, to about 
70% in mid-1996 (Pearson, 1996a) and even less 


1970-1979: Chhotalal (1984) 
1980-1995: “India’s rude awakening” (1996) 


‘Obtained by the formula: 
(column 2 + column 6) x 100 
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able for five years (1989, 1991, and 1994-1996), we 
had to calculate most of this information. Details of 
how these values were calculated are presented in 
the footnotes to table 2. 


Export Value of Polished Diamonds from India. 
The value of Indian polished production was negli- 
gible before the mid-1960s. In the 24-year period 
1966 through 1989, the value of polished exports 
rose steadily from $17 million to $2,986 million—a 
175-fold increase (table 2, column 3; figure 9). Even 
during the post-speculative-boom period of 
1981-1984, when diamond sales worldwide 
declined, there was no downturn in demand for the 
small diamonds cut in India. In fact, the export of 
polished diamonds increased from $797 million in 
1981 to $1,002 million in 1984 (table 2, column 3). 

The decline in the export of polished diamonds 
by weight during 1990-1991 from the period imme- 
diately preceding is reflected in a similar decline in 
the total value of polished exports, from $2,986 mil- 
lion in 1989 to $2,500 million in 1991 (table 2, col- 
umn 3). Following the low of 1991, however, the 
value of polished exports rose rapidly, and by 1995 
they were up 86%. Again, this is due primarily to 
the export of large amounts of polished Russian 
near-gems, some of which were not sold but were 
stored as inventory abroad. It is interesting to 
observe that between 1995 and 1996 exports 
dropped, but they dropped much more in terms of 
value (9%) than of weight (1.7%; see table 1, col- 
umn 3}, which attests to the perils of oversupply. 
Nevertheless, between 1966 and 1996, the total 
value of polished diamonds exported annually from 
India increased 249-fold overall. 


India’s Share of the World’s Polished Diamonds. 
India accounted for only 1.9% by value of the 
world’s (wholesale) polished production in 1966 
(table 2, column 4; figure 10). In general, this per- 
centage increased gradually (at an average of about 
1.5% per year) until 1989, when it reached 38.8%. 
During the speculative era of 1979-1980, the per- 
centage declined slightly, primarily because the 
price of larger, higher-quality gem diamonds had 
risen considerably (see Boyajian, 1988). The major 
jump from about 29% in 1981 to 40% in 1982 can 
be attributed to the fact that sales of more tradition- 
al gem diamonds declined significantly following 
the speculative period. 

Since the late 1980s (1988-1996), India’s contri- 
bution to the world polished diamond market by 
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Figure 9. During most of the period 1966-1996, 
the value of India’s polished exports increased 
steadily, 249-fold overall. The plot is based 

on data in table 2, column 3. 


dollar value (table 2, column 4) has averaged 38.6%. 
This is lower than some industry estimates of 
around 40% (e.g., “Technical training,” 1994) but 
higher than the most recent estimate of 30% 
(Scriven, 1997). Necessarily, this value will vary 
over time depending on the relative value of dia- 
monds cut in India as compared to those cut else- 
where, as well as on the relative amounts of each 
type sold at the wholesale level. Values above 40% 
(table 2, column 4) for the years 1992, 1993, and 
1995 (the highest being 43.2% for 1995) are 
explained by the fact that large quantities of rough 
originating in Russia were polished in India and 
exported. (As indicated earlier, not all were neces- 
sarily sold, especially since 1993, when many were 
stockpiled [inventoried] abroad.) When these excess- 
es are excluded, we suggest that India cut about 
35% of the world’s diamonds on a value basis in 
1996 (and the trend is downward). 


The Wholesale Value of India’s Polished Exports on 
a Per-Carat Basis. The annual values for India’s pol- 
ished diamond exports on a per-carat basis (column 
5 of table 2) show more scatter than do other 
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columns in this table. However, they do indicate a 

clear overall increase up to 1990 (when Indian 

exports were valued at $317 per carat). Since then, 

however, there has been a decline totaling 29%. 

This is clearly a result of the excess polished goods 

that the market cannot absorb. 

Noteworthy in these data are the following 
observations: 

e During the postspeculative era of 1981-1984, 
the per-carat value of Indian polished goods 
showed an overall increase relative to the previ- 
ous few years, whereas values of larger, higher- 
quality gem diamonds decreased (much more 
dramatic was the decrease in value of invest- 
ment-size, investment-grade diamonds; see 
Boyajian, 1988). 

e Since 1990, the per-carat value of Indian pol- 
ished exports has decreased, whereas the value 
of larger gem diamonds has increased 
(“Antwerp Diamond Index,” 1997), a reversal of 
the situation that prevailed in the period 
1981-1984. 


Figure 10. For most of the last three decades, India’s 
overall contribution to the world’s supply of polished 
diamonds has risen in terms of value. However, in 
recent years there have been erratic fluctuations; 
based on data in table 2, column 4. 
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Although both trends have some basis in world 
economics for the particular time periods, the 
decline in the per-carat value of Indian goods since 
1993 has been exacerbated by the glut of polished 
resulting from the huge amounts of rough imported 
from Russia. 


Indian Component of World Diamond Jewelry 
Sales. World Retail Diamond Jewelry Sales. World 
retail diamond jewelry sales (i.e., what the con- 
sumer paid; column 6 of table 2 and figure 11) were 
compiled primarily to enable us to illustrate the 
important effect small, low-valued diamonds pol- 
ished in India have had on the average value of the 
diamond content in world jewelry (table 2, column 
7; figure 12). However, these sales data also provide 
other useful information. 

Specifically, the retail value of world diamond 
jewelry sales has increased 11-fold since 1971. When 
the data are viewed in terms of world population, it 
can be seen that in 1971 annual diamond jewelry 
sales averaged almost $1.20 for each person on Earth; 
by 1996 this had increased to almost $9.00 per per- 
son (world populations for 1971 and 1996 estimated 
at 3.8 and 5.8 billion, respectively). Even allowing for 
inflation, this clearly demonstrates the recent 
strength of the world diamond jewelry market. 

Figure 11 shows that world retail diamond jew- 
elry sales increased by 86% between 1985 and 1988. 
This correlates with several significant events in 
the diamond industry, including a major expansion 
of the Indian cutting industry (again, see figures 4 
and 8) and the Argyle mine’s achievement of full 
production in 1986 (discussed further below). 


Diamond Content (Polished Wholesale Value) in 
World Diamond Jewelry. Diamonds typically con- 
stitute only a relatively small part of the total retail 
price of the average piece of jewelry, although high- 
er-quality goods (and solitaires) will have a higher 
diamond value as a percentage of the retail price 
than will lower-quality goods. The “diamond con- 
tent” of jewelry is expressed as polished wholesale 
value (pwv), which is the wholesale value (in US$) 
of the diamonds contained in a piece of jewelry pur- 
chased at retail (“World diamond jewellery con- 
sumption,” 1991). Diamond content can be 
expressed as a percentage of the retail value of a 
piece of jewelry. Thus, if the pwv in a piece is $23, 
and the consumer paid $100 retail for that item, 
then the pwv is 23%. For this article, world whole- 
sale polished diamond sales (column 2) are expressed 
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as a percentage of world retail diamond jewelry 
sales (column 6) to obtain the diamond content 
(pwv) of jewelry, on a worldwide basis, for each year 
(column 7). Variations in the value of the diamond 
content (pwv) are plotted in figure 12. Three major 
groupings are evident. 


e 1971-1980. During this period, the diamond 
content (pwv) of jewelry worldwide averaged 
29.7% of retail. This value, although typical in 
the past, is high by today’s standards. For most 
of this period, Indian polished goods constituted 
less than 50% of total world diamond produc- 
tion (by weight; see table 1, column 6). At this 
time, however, mass marketers of diamond jew- 
elry, whose products are characterized by low- 
value diamond contents, had not yet made a sig- 
nificant impact on the retail trade (Boyajian, 
1988}, even though a number of American retail 
chains had forged links with Indian diamond 
manufacturers as early as 1965 (Shor, 1993). 

e 1981-1984. The diamond content (pwv) aver- 
aged 13.5% of retail value during this period, 
but this low value is primarily an artifact of the 
way in which pwv is calculated. World whole- 
sale polished sales (column 2), one of the two 
components in the calculation, were abnormal- 
ly low because of “destocking” by retailers fol- 
lowing the end of the 1979-1980 “boom,” 
which resulted in values for pwv ranging from 
12% to 14% (column 7). 


e 1985-1996. During this most recent period, dia- 
mond content (pwv) averaged 17.2%. Similar 
low values (compared to those from 1971-1980} 
are reported elsewhere; for example, values of 
18% have been reported for both 1988 and 1989 
(“World diamond jewellery consumption,” 
1991). Occasionally these values were some- 
what higher: Pearson (1996a) reported 22%. 
These low values clearly reflect the changing 
character of the diamond jewelry market since 
1985, and they unquestionably illustrate the 
strong influence of low-valued Indian goods in 
the marketplace. 


DISCUSSION 


Given the data presented above, we can now shed 
more light on the nature of the Indian diamond-cut- 
ting industry. As our template for this discussion, 
we will examine the three commonly accepted 
ideas that most of the diamonds cut in India are: 
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Figure 11. From 1971 to 1996, the retail value of 
world diamond jewelry sales increased 11-fold. 
This is due in part to the availability of an 
enormous quantity of diamonds from India. 
Data are shown in table 2, column 6. 


(1) exported unset to foreign jewelry manufacturers, 
(2) small, and (3) of low quality. 


Consumption of Diamonds Polished in India. Local 
Diamond Consumption. Historically, there has 
been a tradition of diamond consumption within 
India (Shor, 1993). In modern times, this has contin- 
ued, particularly during periods of world chaos and 
stress. For example, in 1936 during the Great 
Depression, the United States and India were the 
principal buyers of polished diamonds (Ball, 1937; 
Shor, 1993). In the 1950s, diamonds were also used 
in India as a hedge against the deflating rupee 
(“Small diamonds, big business,” 1995). 

Yet there are very few published (and no offi- 
cial) data indicating that any of the diamonds pol- 
ished in India since the start of the modern dia- 
mond cutting industry there (i-e., the late 1950s) are 
retained for local use by the Indian population, in 
general, or the wealthy in particular. Officially it is 
assumed that all imported rough diamonds are pol- 
ished and then exported. 

However, statements in the literature indicate 
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Figure 12. The diamond content (polished 
wholesale value) as a percentage of world retail 
diamond jewelry sales dropped from an average 
of 29.7% in 1971-1980 to a low of 13.5% in 
1981-1984. Since then, it has averaged 

17.2%. Based on data in table 2, column 7. 


that there is a thriving local market not only for the 
local polished production but also for larger, good- 
quality stones (e.g., “The sweat behind the glitter,” 
1988) that may not have been polished locally. One 
estimate is that in the late 1980s, 10% (by weight) 
of diamonds polished in India were diverted into the 
local jewelry trade (“India expands on all fronts,” 
1989). According to our calculations from data pre- 
sented by Sharma (1991), in 1989 this figure was 
about 6% (800,000 ct out of 13 million ct), or about 
4% of the world total. 

In our discussions with Indian diamond dealers 
(who wish to remain anonymous), we get the 
impression that today a figure of 10%-15% by 
value is realistic for the amount of local diamond 
production that is diverted for domestic consump- 
tion; many of these are of good quality. Thus, we 
conclude that India presently has a vibrant domes- 
tic market for diamond jewelry. We estimate that it 
is about 10% by value of its exports, which includes 
foreign polished goods as well; by weight, it is prob- 
ably about 5%, as better qualities are sought for the 
local market. 
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It is interesting to note that even if only 5% of 
India’s population of about 900 million has suffi- 
cient wealth to purchase diamonds, an estimated 45 
million people would be potential buyers of dia- 
monds. The purchase of gold and silver jewelry for 
special occasions is a cultural tradition in India, and 
there is no doubt that diamond jewelry has great 
potential for use in this regard in the domestic 
Indian market. In fact, a recent report (“Indian fact- 
file,” 1997) indicates that India is presently the 
sixth largest diamond jewelry market in the world, 
which would be about 2%-3% of the world market, 
and comparable to the individual markets in 
Germany, Great Britain, and France. 

In light of these observations, India should have 
appeared in every compilation of worldwide dia- 
mond jewelry markets; however, this has not been 
the case. One compilation published for 1992 
(“U.S., Japan fuel diamond jewelry market,” 1994) is 
typical of those for the previous several decades: It 
lists the diamond market share for 25 countries 
worldwide, with no mention of India. In 1995, for 
the first time, India was listed in 10th position, with 
1% of the world’s retail diamond jewelry sales 
(“Japan holds the key,” 1997). Given the likelihood 
that India is indeed the sixth most important retail 
market for diamonds in the world, the question 
arises: “How could this omission have occurred?” 


The “Gray Market.” Several examples in the litera- 
ture (e.g., “India expands on all fronts,” 1989; 
Miller, 1995) indicate that import and/or export fig- 
ures may not be accurately reported. Above we gave 
evidence that there likely is a large (about 10%) 
“gray market” of diamonds manufactured in India, 
that is, a “leakage” of Indian polished diamonds to 
the local market (both retail and wholesale, proba- 
bly), although some may be exported subsequently 
through unofficial channels. However, there has 
been no import duty on rough since 1983, and there 
are no taxes on exports or on profits from export 
earnings (see Background), so relatively little is to be 
gained from unofficial exports. 

There are, however, taxes on other profits, and 
various methods are used to avoid them. Thus, 
some lapidaries may overinvoice on rough (or 
underinvoice on the cut diamonds) to offset some of 
the income on the polished goods, or they may 
report less yield than they actually get (Kaye, 1988). 
If, for example, in 1996 the polished yield from 
rough manufactured in India was actually 19.6% 
instead of the reported 18.6%, an extra 1,000,000 
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carats of polished diamonds could enter the gray 
market without appearing in official statistics. This 
would represent about 5% (by weight) of the world’s 
total polished production for that year! The stones 
that are not reported often do enter this gray mar- 
ket. As in many countries worldwide, the small size 
and high value of diamonds makes them an 
extremely portable—and easily hidden—source of 
wealth, particularly useful when investing abroad or 
trying to minimize tax liabilities. 


Diamonds Used in Manufacturing Jewelry for 
Export. Before 1989, essentially all diamonds cut in 
India (except those kept for local consumption 
and/or the gray market) were exported unset to for- 
eign jewelry manufacturers. However, this situation 
is changing, as there is now a jewelry manufactur- 
ing industry in India designed for the foreign market 
(figure 13). Much of this activity (figure 14) is locat- 
ed in the Santacruz Electronics Export Promotion 
Zone, commonly known as SEEPZ (Shor, 1994, 
“From strength to strength,” 1996). The amount of 
Indian polished consumed since 1989 by this jewel- 
ry manufacturing industry is relatively small—8% 
or less of total diamond production by weight (Shor, 
1997)—but this is likely just the beginning of a long 
growth phase that will consume increasing 
amounts of locally polished diamonds. As the jewel- 
ry manufacturing industry expands, even fewer pol- 
ished diamonds will be exported unset. 


Sizes and Number of Diamonds Polished in India. 
Contemporary India has typically manufactured 
very small polished diamonds, some even smaller 
than 400 stones per carat (spc; e.g., Gupte, 1988). 
Most of the recent reports indicate that the smallest 
stones are in the range of 200 spc (e.g., Shor, 1993), 
the cutting of which clearly requires extraordinary 
skill. In the early days (since the late 1950s) of the 
modern Indian cutting industry, 30%-35% of the 
Indian output was single cuts (Stuyck, 1969). More 
recently, however, even the smallest sizes are likely 
to be full cut (e.g., McDonald, 1993). During the 
1990s, the average size of all stones cut in India has 
been given as anywhere from 50 spc (i.e., the aver- 
age stone is 2 pt; Miller, 1995) to 38.5 spc (i.e., the 
average is 2.6 pt; calculated from Sharma, 1991, 
who stated that India produced 500 million polished 
stones totaling 13 million carats). For our general 
purposes, we assume that in the 1990s the average 
is 40 spc, that is, 2.5 pt. 

Notwithstanding these small average sizes, in 
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recent years Indian factories have been cutting 
some larger and better qualities of rough. By 1989, 
about 10% of rough imports were said to be large 
enough to be sawables (“India expands on all 
fronts,” 1989). Thus, the size of rough polished in 
India has increased over the past three decades. We 
believe that, overall, this results in larger cut sizes 
(even though we recognize that because sawables 
yield two stones per crystal, and thus have a higher 
yield, they may not produce as large a cut stone as a 
nonsawable of the same weight from which only 
one stone is obtained). Pravin Mehta, of New York’s 
Occidental Gems, estimated in 1988 that 20% of 
the diamonds (by weight) polished in India were 
over 10 pt (“The sweat behind the glitter,” 1988). 
Evidence for this can also be found in imports into 
the United States, the main buyer of polished 
(unset) diamonds from India. In the six-year period 
1978-1983 (the earliest years for which we have the 
appropriate data), a total of 114,927 carats of pol- 
ished (unset) diamonds over 0.5 ct were imported 
into the U.S. from India. During the 1991-1996 peri- 
od, that total reached 1,004,950 carats—an almost 
10-fold increase. (Numbers calculated from data in 
U.S. Bureau of Mines, 1979-1984, 1992-1994, 1995, 
U.S. Geological Survey, 1996, 1997.) 

If we accept the fact that Indian polished dia- 
monds average about 2.5 pt (40 spc), we can com- 
bine this information with the total number of 
carats that are polished each year (see table 1, col- 
umn 3} to estimate the number of diamonds pol- 
ished annually in India. Specifically, for 1996, the 
18.88 Mct of polished goods that India exported rep- 
resent about 755 million stones. 


Quality (Dollar Value) of Stones Polished in India. 
There are many statements in the literature to the 
effect that the quality, and hence value, of stones 
polished in India is low, although there are few 
quantitative data on this subject. Sharma (1991), for 
example, states that most of the Indian polished dia- 
monds have poor clarity (I grades) and color (M-N 
grades are common). The fact that India exported 
18.88 Mct in 1996 (table 1), for a total value of 
$4,235 million (table 2), indicates an average value of 
$224 per carat (table 2). For all of 1996, the “high 
cash asking” price (from the monthly Rapaport 
Diamond Report) for small stones (1-3 pt) in the 
lowest category (M-N color, I, clarity) was $170 per 
carat; this rose to $350 per carat for K-L, L,. (In recent 
months, prices for these categories have fallen dra- 
matically. In the January and February 1998 issues of 
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Figure 13. Many companies are now involved in 
India’s jewelry manufacturing industry. These 
rings were produced by, from top to bottom: 
Simplex Diam Inc., Precise Gem & Jewel Pvt. Ltd., 
Kama Jewellery (India) Ltd., Ornamentations 
(India) Pvt. Ltd., Sanghavi Diamonds Inc., C. 
Mahendra Jewels, Uni-Creation Inc., Titan 
Jewelry, Uni-Creation Inc., and Su Raj Jewelry. 
Courtesy of the Indo Argyle Diamond Council. 


the Rapaport Diamond Report, the asking prices 
were $100 and $270, respectively.} 

Allowing for the usual 25% “selling” discount 
from the above 1996 “high cash asking” prices, the 
resulting prices per carat ($127.50 and $262.50) are 
consistent with the conclusion that, by far, the 
largest portion of Indian diamonds (average of $224 
per carat in 1996) are of the lowest qualities (K-N, 
I -1,), although there is a substantial portion, per- 
haps as much as 10%, of better-quality goods. 


FUTURE SOURCES OF 

ROUGH DIAMONDS FOR THE INDIAN 
DIAMOND CUTTING INDUSTRY 

The cutting industry in India is almost entirely 
dependent on imported rough diamonds for export 
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product. By the time diamond mining started in 
Brazil in 1730, production from India had declined 
to insignificance because the mines were worked 
out. Although organized diamond mining resumed 
at India’s Panna mine in 1961, modern production 
has never exceeded 20,000 carats annually. Even if 
that entire quantity were cuttable, it would be con- 
sumed by the present cutting industry in about 1.7 
hours! (Based on the import of 101 Mct of rough in 
1996, the industry presently consumes 11,500 
ct/hour, or almost 2.00 ct/minute.} 

For India to maintain its position as the largest 
supplier of polished diamonds in the world, with a 
near-monopoly in smaller stones, a constant supply 
of appropriate rough is required. The availability of 
such supplies will depend on the discovery of new 
deposits to replace those that become exhausted. 

Several publications have predicted that the 
Russian stockpile is nearly depleted (see, e.g., 
Miller, 1995; Picton, 1997). One of these (“Russian 
diamond stockpile. . .,” 1997) states that it has not 
been replenished since 1991 and will be gone by 
mid-1998. This should reduce the current surplus of 
near-gems for the Indian cutting market. 

The Argyle mine is expected to produce about 
35 Mct of diamonds annually from 1997 (“No need 
to fear. . .,” 1996) until about 2003, but beyond that 
its future is uncertain. In 2003, the open-pit mine 
(figure 15) will have reached its economic limit, 
about 300 m below the original surface. There are 
two plausible options for mining to continue. One 
involves some type of underground mining, but the 
diamond content (grade) of the ore below 300 m is 
3.7 carats per tonne (“Ore reserves. . .,” 1996). This 
is significantly less than the grade from current pro- 
duction (about 6 ct/tonne) and portends an uneco- 
nomic mine. The second option involves extending 
the present open pit to access deeper ore (“Under- 
ground operations in doubt . . .,” 1997). In either 
event, annual production after 2003 will decline, 
perhaps to about 20 Mct annually, and will last for 
about five to 10 years depending on the mining 
method selected. It is also possible that the Argyle 
mine could close earlier should there be, for exam- 
ple, a severe erosion in the price brought by Argyle 
rough. 

At present, more than 90% of Argyle’s rough 
reportedly ends up in India, with 70% of the approx- 
imately 250,000 people in the diamond cutting 
industry in Ahmadabad alone reportedly employed 
in manufacturing Argyle diamonds (“Argyle 
Diamonds industry review 1997,” 1997). This is 


GEMS & GEMOLOGY Spring 1998 


SPRING, 


1946 809 


quite 1108 grains 20F _the actual 


This is equal to 277 coer of 
weight of the rough diamond, and as 


Diamond of 195 carats, which last 
is well known to be an Indian stone. 

We are not informed if this stone 
is considered as likely to be one of 


Base 


Side View 


Figure 1 
Sketch of leaden model of the Nizam Diamond exhibited by Captain 
Fitzgerald before the Asiatic Society, reproduced actual size of illus- 
tration in the Journal. 


the rough stones are usually taken 
to give but one-half of their weight 
when cut and polished, it would allow 
188% carats, or a weight between 
the Pitt (or Regent) diamond (136% 
carats), and that of the Grand Duke 
of Tuscany (189 carats), for it in 
its present condition; and if we take 
it that one-eighth of what it would 
be when polished was taken off with 
the splinter sold to the native, as 
related by Captain Fitzgerald, we 
shall then have 155%4 carats for the 
possible weight of it, if_it had been 
cut_and polished entire; which would 
then place it as to weight between 
the Tuscan and the great Russian 


pure water, which can only be ascer- 
tained by polishing it, though we 
know that the natives of India, and 
particularly of the Deccan, are too 
good judges of diamonds to mistake 
a topaz for one, and it is stated that 
70,000 Rs. have been paid for the 
fragment. It therefore certainly 
adds one extraordinary fact more to 
the history of this most wonderful 
of gems. 


Editorial Note 


Piddington’s estimate of the 
weight of this diamond is difficult 
to- harmonize with the glass models 
which were available for the last 
€wo decades from manufacturers of 


particularly interesting, inasmuch as in the past 
only about 40%-45% of Argyle diamonds were 
considered near-gem with 5% gem and the rest 
industrial (Boyajian, 1988). Clearly, Indian manufac- 
turers are cutting ever-lower qualities of diamonds, 
probably with lower yields, especially those origi- 
nating at Argyle that were previously classified as 
industrial. 

There is no doubt that at the present time the 
near-gem market is still burdened with a huge 
stockpile of rough (as well as polished) diamonds. 
For example, Even-Zohar (1997) estimates the 
inventory of Argyle at 80-90 Mct. Nevertheless, we 
foresee a shortage of near-gem rough for the Indian 
cutting industry, perhaps as early as 2003, when the 
Argyle mine may close. At best, it will produce at 
about half its present rate. Others (e.g., “Diamond 
demand set to outstrip supply,” 1996) predict a 
shortage of rough in general (as opposed to near- 
gems only) by the year 2000. 

There is no major new mine in an advanced 
stage of development that could produce the vol- 
ume of near-gem rough needed to replace that of the 
Argyle mine within six years. The announcement 
by De Beers that production will increase at the 
Orapa mine in Botswana (“Orapa capacity to dou- 
ble,” 1996) may mean that they, likewise, antici- 
pate a shortage of lower-quality diamonds, as the 
production at Orapa is over 92% near-gem or indus- 
trial (“Diamonds today. Part 1,” 1992). This expan- 
sion will add about 6 Mct annually to the world’s 
supply, but it will only partially replace Argyle’s 
much larger contribution. Similarly, the Diavik 
mine, likely to start operations in 2002 as Canada’s 
second diamond mine, should add about 8 Mct 
annually of quality similar to that of Orapa for 
16-22 years (“Aber spends big,” 1998). However, as 
the value of the diamonds produced at Orapa ($50 
per carat; Janse, 1996) and Diavik ($56 per carat; 
“Aber spends big,” 1998) is far greater than that of 
the Argyle diamonds ($9 per carat; Janse, 1996), a 
direct comparison cannot be made based solely on 
the volume of rough production. 

The prospect of a possible shortage of near-gem 
rough for the Indian cutting industry in the early 
part of the next century raises numerous ancillary 
concerns and implications. These include: the 
social implications of additional unemployment in 
a society that can ill afford it; the likelihood that 
there will be a negative impact on the foreign 
exchange generated by the diamond cutting indus- 
try (presently one-fifth of India’s total; Pandya, 
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Figure 14. Today, India’s leading diamond com- 
panies manufacture finished jewelry in such 
modern, well-equipped factories as this one at 
SEEPZ (Santacruz Electronics Export Promotion 
Zone). Photo by Russell Shor. 


1997). the prospect of higher prices for some Indian 
goods; the possibility that synthetic diamonds may 
be cut and sold in place of natural diamonds; and 
the possibility that India will start to cut larger, 
higher-quality rough diamonds, such as those that 
will originate from the Orapa and Diavik mines. 
However, the potential effect on the world retail 
diamond jewelry industry is of greatest concern, 
because the fastest-growing segment of the dia- 
mond jewelry market—low-priced diamond jewel- 
ry—depends on the small, inexpensive stones that 
have been the foundation of the modern diamond 
cutting industry in India. 


CONCLUSIONS 


Aside from the discovery of large diamond deposits 
in Russia, Botswana, and Australia, we believe that 
nothing has had a more fundamental impact on the 
diamond industry in the latter half of the 20th cen- 
tury than the spectacular growth of diamond cut- 
ting in India, which was essentially nonexistent 35 
years ago. Today, primarily as a result of a large sup- 
ply of low-wage, skillful workers, India is the pre- 
mier cutting center for small, low-quality dia- 
monds: It accounts for about 70% of the world’s 
polished diamonds by weight and about 35% by 
wholesale value (excluding the effects of recent sur- 
pluses of Russian rough in the market). 
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In 1996, Indian cutters produced about 750 mil- 
lion polished diamonds (about 9 out of every 10 pol- 
ished diamonds in the world), the vast majority of 
which were less than 3 pt. If the cutting industry in 
India had not developed, most diamonds now classi- 
fied as “near-gems” probably would have been used 
for industrial purposes. These small, low-quality 
polished diamonds have spawned a new segment of 
the diamond jewelry market that is characterized as 
readily affordable and amenable to mass marketing. 
The future of the Indian cutting industry (and, thus, 
of the low-priced diamond jewelry segment of the 
world diamond industry) appears to be secure at least 
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NOTES AND NEW TECHNIQUES 
SSS 


LEIGHA: THE CREATION OF A THREE- 
DIMENSIONAL INTARSIA SCULPTURE 


By Arthur Lee Anderson 


Traditional gem intarsia, essentially flat interlocking mosaic work, is gener- 
ally restricted to two-dimensional surfaces. Taking intarsia into three 
dimensions “in the round” requires the use of new techniques. This article 
illustrates the process of creating a contemporary three-dimensional intarsia 
sculpture. The skirt in Leigha was executed with over 800 separate pieces that 
averaged I to 2 mm in thickness. As the skirt is over 12 inches (30 cm) long, 
the necessary tensile strength to hold the pieces together required the use of the 
relatively new ultraviolet-curing cements, as well as structural design ele- 
ments that would not be concerns in two-dimensional work. Inspired by an 
ancient Minoan motif, this intarsia sculpture illustrates some of the expand- 
ing possibilities for gem materials in the realm of gemstone objets d'art. 


Objets d’art, the French term meaning “art 
objects,” have captured the imagination of the lap- 
idary throughout history. As the many examples in 
the tombs of ancient Egypt illustrate, such art 
objects—often inspired by religious beliefs—are 
among the oldest known uses for gem materials. 
For the gem artist, gemstone objets d’art are the 
natural marriage of the finest artistic materials and 
the vision of the artisan. 
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Traditions for the creation of objets d’art vary 
from the single artisan working in solitude to exe- 
cute a personal vision to, in the case of some ancient 
Chinese jade carvings, 50 carvers working for 10 
years on a single piece (Thomas and Lee, 1986). 
Current practices include “houses” in Germany and 
elsewhere that draw on the skills of many stone 
artists to execute various parts of a single piece. 

Whatever the approach used, the common 
link to the successful execution of all gem mate- 
rial objets d’art, in addition to artistic aesthetic, 
is engineering. With the advent of newer adhe- 
sives, broader dimensions of design and combi- 
nations of materials may be employed, resulting 
in creations that were structurally impossible in 
the past. This is particularly true of adhesives 
such as ultraviolet (UV) light-curing cements 
that have come into common usage in the lap- 
idary field only in the last decade (L. Wackler, 
pers. comm., 1998). 
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Figure 1. Leigha, a con- 
temporary intarsia sculp- 
ture, is based on an 
ancient Minoan figure 
from the island of Crete. 
It is shown here against 
a backdrop of the door- 
way to the Queen’s 
Room in the palace at 
Knossos, the center of 
the Minoan civilization. 
The statue stands 27 
inches (68 cm) tall; the 
skirt, which contains 
more than 800 pieces of 
gem materials, is a 
unique example of three- 
dimensional intarsia 
that could not have been 
constructed without con- 
temporary adhesives and 
techniques. Photo © 
Harold & Erica Van Pelt. 


This article describes the creation of a contempo- 
rary intarsia sculpture called Leigha (figure 1), 
which is based on an ancient Minoan figurine from 
the island of Crete circa 1700 BC. Although the lap- 
idary technique of intarsia has been known for 
many centuries now, this statue illustrates some of 
the effects made possible by new technologies com- 
bined with precise engineering. For example, the 
skirt contains more than 800 separate pieces of gar- 
net, smoky quartz, obsidian, black jade, and epidote, 
averaging 1 to 2 mm thick; it measures over 12 
inches (30 cm) from waist to hem. A work such as 
this could not have been considered with adhesives 


Notes and New Techniques 


from lapidary traditions of the past. The statue has a 
total finished height of 27 inches (approximately 68 
cm); it was executed by the author over a period of 
two years. The inspiration for this statue, both the 
Minoan motif and the historic technique of intarsia, 
are discussed below. This discussion is followed by 
a description of the specific materials and tech- 
niques used to produce this distinctive object. 


BACKGROUND 

The Minoan Motif. The Minoan culture flourished 
from approximately 2600 BC to about 1150 BC on 
the islands of Crete and Thera (present-day 
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Santorini), in the Aegean Sea between Greece and 
Egypt (Cotterell, 1979). It appears that this civiliza- 
tion never recovered from the devastating earth- 
quakes and tidal waves that followed the eruption 
of the volcanic island of Thera in 1400 BC (Durant, 
1939). These natural disasters destroyed the palace 
of King Minos at Knossos, remembered in mytholo- 
gy for the labyrinth thought to be hidden there and 
the minotaur, half bull-half man, who was said to 
live in the center of it. 

Much of what is known or conjectured about 
the Minoans comes from excavations that have 
revealed their art. Extensive frescoes reveal a society 
in which women were highly esteemed for, among 
other things, their physical prowess. For example, 
Minoan frescoes reveal women acrobats “bull jump- 
ing’”—a sport in which a person grabbed the horns 
of a charging bull and performed an acrobatic flip 
over the bull’s back (Cotterell, 1979; Castelden, 
1990). Women are also prominently portrayed as 
priestesses, often holding snakes in their hands, the 
snake and the bull being common totems among 
the Minoans (Cotterell, 1979). 

The colors and designs of the frescoes suggest a 
culture with a keen artistic appreciation. The dol- 
phin fresco over the entrance to the Queen’s Room 
in the palace of Knossos in Crete (illustrated here in 
the background to figure 1) is an example of this. 
Other frescoes reveal the Minoan style of dress 
(Canby and Ross, 1961): The men often wore little 
more than codpieces, whereas the women are por- 
trayed in finery, generally long pleated dresses open 
at the breasts and some of the earliest known repre- 
sentations of corsetry. Long braids adorned both 
men and women. The women wore makeup, espe- 
cially eyeliner (kohl), and apparently esteemed 
physical beauty (Cotterell, 1979). 

Much has been written about the Minoans in a 
somewhat idyllic vein—an island society, steeped 
in the arts (e.g., Durant, 1939). However, glimpses 
of another side to the idyll were revealed in excava- 
tions in the 1980s that uncovered the remains of 
two women in the act of sacrificing a young man 
when the palace roof collapsed during the earth- 
quakes (Castleden, 1990). To this day, the Minoans 
remain an enigmatic culture. 

Many statuettes with the motif of a woman 
holding two snakes have been discovered in the 
ruins of ancient Minoa, fashioned from various 
materials ranging from clay (e.g., in the Athens 
Museum; Hammond, 1988) to ivory (Boston 
Museum; Durant, 1939). This image has been 
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described as a “household deity” (Durant, 1939) and 
is commonly referred to as the Snake Goddess 
(Castleden, 1990). However, because the ancient 
Minoan language (Linear A) has never been success- 
fully translated, the significance of the figure of a 
woman, bare breasted in the Minoan fashion, hold- 
ing two snakes has never been conclusively estab- 
lished. The author’s inspiration came from a faience 
figurine of the Snake Goddess discovered in the 
ruins of Knossos (Cotterell, 1979, figure 2). He chose 
this subject both for the opportunity it presented to 
reinterpret an ancient image through contemporary 
gem work, and for its suggestion of primal strength 
in a feminine form. 


Intarsia. Derived from the Italian intarsiare (to 
inlay), which descended from the Arabic tarsi (an 
inlay, incrustation; Webster’s Encyclopedic 
Unabridged Dictionary, 1996), intarsia encompass- 
es many forms of inlay, although wooden mosaic 
work is perhaps the best known. For the most part, 
traditional gem intarsia incorporates flat surfaces, 
with the design executed in two dimensions, that 
is, as inlay of gem materials on a tabletop or on the 
top or sides of a box or pendant. Scrutiny of ancient 
pieces of gem inlay from the Cairo museum reveals 
no stone-adjacent-to-stone construct; there is 
always a border of metal, generally gold, securing 
stones in those designs. This early style of gem 
inlay mosaic work could be considered a precursor 
to modern intarsia (Saleh, 1987). The more contem- 
porary, stone-fitted-to-stone intarsia is exemplified 
by the mosaics from Florence, Italy, where masters 
of flat intarsia work have reigned since the 1700s. 
Intarsia work with gem materials flourished from 
the late 1600s to the mid-1800s in western Europe, 
commonly in snuff boxes and other decorative 
items (Elliott, 1986). 

Although gem intarsia is traditionally confined 
to two-dimensional representations, there were 
some earlier departures from these models, such as 
the peasant and other lifelike figurines executed by 
the artisans of Peter Carl Fabergé (Von Habsburg, 
1983) at the turn of the century. Although carved in 
realistic detail, these figures are relatively simple in 
engineering. Generally, they represent the marriage 
of three or four separately carved pieces of stone, not 
actually a mosaic, or intarsia style, so perhaps they 
are better described as multistone gem carvings. 

New technologies, especially the availability of 
new adhesives, have greatly expanded the creative 
and technical possibilities for current intarsia 
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artists. Today, a master such as Russian-American 
artist Nicolai Medvedev incorporates hundreds of 
individual pieces in his gem intarsia boxes; typically 
the only metal is that used for the hinge of the box 
or other mechanics. The rest is composed strictly of 
gem materials bonded to other gem materials with, 
in some cases, an ornamental wooden lining inside 
the box (Elliott, 1986). Medvedev prefers using five- 
minute-setting epoxies that the manufacturers 
claim will last up to 1,200 years. He also uses 
cyanoacrylate glues (i.e., Instant Glue or Krazy Glue 
or similar commercially available instantly bonding 
glues). Both types of adhesive create a durable bond, 
but the epoxies have a gap-filling property, whereas 
the cyanoacrylates are useful only for areas of very 
tight fit (N. Medvedev, pers. comm., 1998). Another 
innovator in gem inlay is Montreal gem cutter Yves 
St.-Pierre, who has used ultrasonic drilling tech- 
niques to literally vibrate a harder stone into a soft- 
er one, creating a flush inlay of one stone into the 
other (Y. St.-Pierre, pers. comm., 1996). 

Virtually all traditional intarsia work uses 
opaque gem materials exclusively (Sinkankas, 
1962). This is because most pieces must be backed 
with some material, which would show through if 
transparent gem pieces were used. The only way 
transparent materials could be used effectively 
would be in a panel style, similar to stained glass 
work, with no backing and suspended in three- 
dimensional space. The pieces would have to be fin- 
ished front and back, unlike traditional intarsia 
work which is only finished on the exposed side. 
Without a backing material to add stability to the 
construct, only very strong adhesives could achieve 
the necessary strength to create larger pieces; and, 
as the pieces in intarsia are cut very thin, the adjoin- 
ing edges would have to fit together perfectly in a 
pattern conducive to tensile strength. In the statue 
described in this article, Leigha, just such tech- 
niques were used to take intarsia into the round, in 
three dimensions, with transparent gem materials 
(figure 3). To the best of the author’s knowledge, 
this has not been attempted before in gem intarsia. 


MATERIALS USED 


Gem materials are the palette of the lapidary exe- 
cuting an art object. Considerations in selecting 
materials include availability in sufficient sizes and 
quantities for completion of the piece, as well as 
consistency of color tones and diaphaneities to 
meet the design criteria of the finished object. 

The author’s conceptualization of this piece 
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Figure 2. The contemporary intarsia sculpture, 
Leigha, was inspired by this faience (painted 
clay) statuette of the Minoan Snake Goddess, 
which was excavated from the palace at Knossos 
and is thought to come from the middle Minoan 
period, around 1700 BC. It is currently in the 
National Museum in Athens. Photo from 
Cotterell (1979). 


required the creation of a transparent skirt over a 
fully sculpted figure. Consequently, a material was 
needed for the body of the statue that would be 
available in sufficient size to execute the entire ini- 
tial figure. A 200 pound (91 kg) block of marble 
from the Carrara Mountains in Italy was selected as 
the starting point for the creation of the four sepa- 
rate components of the body: one section from the 
waist down, another for the torso and head, and two 
for the arms. 

Materials for the clothing were chosen for their 
“earth tones” (to suggest the ancient use of veg- 
etable dyes) and for their various diaphaneities. The 
materials for the skirt and headdress consist of 
transparent orange grossular garnet from California, 
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Figure 3. This view of the statue shows the con- 
tours in the three-dimensional intarsia work. 
Such lapidary work requires engineering beyond 
the two-dimensional considerations of flat mosa- 
ic intarsia. Photo © Harold & Erica Van Pelt. 


epidote from Pakistan, and smoky and colorless 
Brazilian quartz, as well as translucent sheen obsidi- 
an. Materials used for the bodice, girdle, hair, and 
snakes include black jade from Wyoming, sheen 
and rainbow obsidian from Mexico, Baltic amber, 
malaya and orange grossular garnet from California, 
basalt, and green jadeite from Alaska. 

Faceted gems incorporated into the figurine 
include original gemstone designs by the author: a 
14.50 ct “halo cut” citrine (figure 4), a 4.25 ct “iris 
cut” citrine (figure 5; see also Anderson, 1991) , and 
a 4.30 ct oval “blossom cut” malaya garnet (figure 
6). Obsidian, magnesite, indicolite, black agate, and 
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clear quartz were used to fashion the eyes. Ringlets 
of 14k gold adorn the braids. 

Additional considerations of hardness and 
toughness influenced the selection of some materi- 
als. For example, a material such as amber, cut into 
thin slices, is only suitable if backed by another 
material. Consequently, amber was selected for the 
bodice and the headdress, where it would be backed 
by the marble. As essentially all the pieces used in 
the clothing of the figure are thin cuts, the engineer- 
ing of the construction was more important than 
the hardness or toughness of the material used in 
most cases. In fact, the materials in the skirt are 
supported more by the way they are cross-braced 
and interlocked than by the strength of the materi- 
als themselves. However, because the girdle area 
around the hips is the contact point between the 
marble of the body and the skirt, a tougher materi- 
al—in this case, black jade—was essential. 

The base of the statue consists of a laminated 
oak bowl, black lacquered and filled with Portland 
cement, in which the marble of the main figure has 
been inserted. An ornamental covering of silica 
sand constitutes the ground on which the figure 
appears to stand. 


GENERAL CUTTING AND 
ASSEMBLY CONSIDERATIONS 


The execution of this work involved a combination 
of stone-working techniques: traditional lapidary 
techniques for the gem materials, and marble work- 
ing for the body of the statue. Nearly all types of 
lapidary methods were used: from sawing, lapping, 
and grinding, to faceting, carving, and hand polish- 
ing. As space considerations preclude discussion of 
general lapidary techniques, the reader is advised to 
consult reference books on the subject for more 
detailed information (see, e.g., Sinkankas, 1962; 
Hunt, 1996). 

The marble work required the use of power 
saws with carbide blades, handheld power grinders, 
and traditional hand chisels. Although ultimately 
all stone work is executed by the same principle of 
cutting softer materials with harder ones, the chief 
difference between lapidary work and marble 
sculpting is that, because marble is relatively soft, 
steel tools may be used, whereas gem materials usu- 
ally require diamond and silicon carbide abrasives. 
However, the marble was given a final treatment 
using diamond burrs in flex-shaft machines, which 
is more typical of lapidary carving than traditional 
marble sculpting. 
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Figure 4. The headdress includes a 14.50 ct “halo 
cut” citrine inlaid in a smoky quartz crown. 
Amber and obsidian define the brim, and the top 
of the crown is embossed with an appliqué of gar- 
net, citrine, and epidote. A close view of the face 
reveals the composite nature of each eye, includ- 
ing obsidian pupils, indicolite irises, magnesite 
whites, and black agate eyeliner. The cornea is 
clear quartz. Photo © Harold & Erica Van Pelt. 


In creating a gem work of this nature, engineer- 
ing considerations were paramount from the outset. 
Because the final object would have numerous frag- 
ile features that would make it impractical to trans- 
port safely as one piece, it had to be designed so that 
it could be disassembled. Thus, the statue had to be 
constructed in sections that could be fitted together 
by pegs. The final work is in six separate sections: 
the upper torso and head, the two arms, the legs and 
lower torso, the skirt, and the base. 

Another critical structural consideration was 
the selection of adhesives for the different areas. 
Generally speaking, 330 epoxy (which contains a 
resin and hardener) was used throughout the piece 
in areas where opaque materials were bonded to 
opaque areas; cyanoacrylate glues were used in 
areas where smaller bonds were required, such as in 
the assembly of the eyes; and an ultraviolet-curing 
cement was used wherever transparent materials 
were joined and the bond would be visible. 

Although the epoxies and cyanoacrylates both 
have the durability and strength to bond most of the 
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opaque areas, there are situations where an epoxy is 
preferable, such as when some slight movement is 
needed to position a piece, or in an area where one 
might wish to build up the surface behind the piece 
being glued, as was the case of the amber over the 
marble. As a 330 epoxy sets in about 15 minutes, 
there is plenty of time to adjust a misaligned place- 
ment; a cyanoacrylate glue, however, bonds instant- 
ly. With the UV-curing cements, the artist can 
adjust the fit until he or she is satisfied, at which 
point the cement is exposed to UV light to secure 
the bond. Throughout this piece, the individual area 
dictated the most expedient bonding method. 

The skirt of the statue, which was intended to 
be a composite of transparent materials that would 
enable the legs of the figure to show through, 
required the use of UV-curing adhesives. Not only 
were the length and thickness of the skirt impor- 
tant considerations, but also the fact that the skirt 
had to be a separate three-dimensional construct 
that could be removed from the figure for transport. 
It required a transparent glue that would bond not 
only hard and rigid, but also strong enough to hold 
the pieces together. (Epoxy, for example, would 
have been too malleable.) 

Duro Crystal Clear™ UV-curing cement was 
chosen on the recommendation of a jewelry supply 


Figure 5. Highlighting the back of the waist is 
this 4.25 ct “iris cut” citrine. By scalloping the 
embroidery motif of garnet and epidote, the over- 
all surface area connecting to the lower part of 
the skirt is increased, adding strength to the con- 
struct. Photo © Harold & Erica Van Pelt. 
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Figure 6. On the front, the belt features a 4.30 ct 
oval “blossom cut” malaya garnet. The numer- 
ous textures in the belt, bodice, and skirt help 
expand design elements in the clear quartz pan- 
els. The varying directions of the interlocking 
pieces add to the structural stability of the skirt. 
Photo © Harold & Erica Van Pelt. 


house, which had been getting good reports on it 
from other users. To test the appropriateness of this 
UV-curing cement to the structural problems posed 
by the skirt, several pieces of different gem materi- 
als (including the quartz, garnet, and epidote 
planned for use in the skirt) were cut approximately 
1-2.5 cm long and 2 mm thick. They were then 
bonded end-to-end, resulting in three sets that each 
connected different materials. Once the bond had 
set and cured for 24 hours, attempts were made to 
break the pieces along the joint with finger pressure. 
The gem plates themselves broke, but not the 
cemented joints. Then the pieces were put in a tum- 
bler with comparable-size beach rocks and tumbled 
for approximately two weeks. Two out of the three 
sample sets held along the bond. On this basis, the 
author decided that this product would provide the 
necessary tensile strength. 

Another consideration was discoloration of the 
adhesive, since a joint between transparent materi- 
als requires an invisible bond. The UV-curing 
cement selected is sold primarily for its “crystal 
clear” bond, which is recommended for use in 
repairing dishes that are washed in a dishwasher. 

The author was unable to locate scientific infor- 
mation on the long-term durability of this cement. 
The fact that UV-curing cements are used exten- 
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sively in dental work, however, led him to believe 
that its durability has been well established. 

In most instances, midday sun was used to cure 
the ultraviolet cement. Such cements will lock hard 
in seconds on exposure to strong UV light, although 
full curing takes 24 hours. Sunlight between the 
hours of 11:00 a.m. and 2:00 p.m. was found to be 
most effective in my southern Oregon locale. A 
portable UV light was also used for tabletop curing, 
although the bonding with the artificial light was 
slow: about five times the exposure time needed 
with strong daylight. Note that the exposure time 
and strength of the bond varied with the intensity of 
the UV radiation. Some bonds achieved in direct 
sunlight earlier or later in the day subsequently sep- 
arated when the pieces were worked. One New 
York colleague reported a higher failure rate for the 
same cement during his experiments using sunlight 
there (J. Hatleberg, pers. comm., 1997). Where there 
is any question about what effects smog and geo- 
graphic position might have, it is recommended 
that the UV lamp be used and/or that additional 
time be allotted for bonding and curing. 

This cement was used to bond the more than 
800 pieces that form the skirt. As figure 7 illus- 
trates, the cement does not affect the appearance of 
the skirt’s transparent materials. In fact, because 
UV cements must be exposed to UV light to cure, 
they can be used only on materials that allow UV 
rays to permeate the stone (Hunt, 1996). These 
adhesives are a relatively recent innovation for the 
lapidarist, so it can be argued that a construct such 
as this skirt would not have been possible even 20 
years ago. 

Also important to the structural integrity of the 
piece was the engineering of the freestanding com- 
ponents in the skirt so they would cross-brace 
themselves, with each piece supported by the adja- 
cent piece. To this end, the pattern was designed to 
incorporate triangulation, in which diagonals alter- 
nate with parallel edges (again, see figures 6 and 7). 
The stability and strength of triangulation was pop- 
ularized by Buckminster Fuller in his geodesic 
domes and “tensegric” tower, which are composed 
of triangular supports that achieve superb structural 
stability (Fuller and Marks, 1960); these have 
become the basis for radio and television towers, as 
well as for long-span roof designs in large buildings. 


CREATING LEIGHA 


The Body. The central concept of a freestanding fig- 
ure wearing a transparent skirt required that the 
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the models of world famous _dia- 
mon 8. A photograph of one of these 
models, the Nizam, shown in Fig. 2, 
indicates that, unlike Piddington’s 


_ Perhaps the glass model was made 
before the stone was recut and Cap- 
tain Fitzgerald’s leaden model, which 
Piddington mentions, was taken 


Figure 2 
Glass model of the Nizam Diamond 
of the type available during recent 
years. 


estimate, the stone had not been 
reduced by one-half its original 
weight. 

On the other hand, this model in- 
dicates that only a small amount of 
the original weight has been sacri- 
ficed, since the method of fashioning 
has been merely to polish the sur- 
face (except the side from which a 
part was probably cleaved). with the 
view to loss of as little weight as 
possible. Indeed, the original octa- 
hedral. _shape_ of. .the..stone_is.. still 
evident, indicating that these facets 
only removed the nyf or skin of the 
original stone. The fact that each of 
these facets is convex would also in- 
dicate that the stone might have been 
fashioned by the use of powdered 
corundum, before the use of diamond 
powder was known. Several polished 
grooves which are observable in the 
model are also of the type used by 
the earliest diamond cutters in India 
to remove unsightly flaws. 


from the stone after r . How- 
ever, such recutting seems improb- 
able since Piddington does not men- 
tion it in his rather complete des- 
cription of the stone. It seems. more 
probable that the glass model is 


fairly authentic. 


Another interesting point to be 
gained from the Piddington-Fitz- 
gerald material, published over a 
hundred years ago, is that it refutes 
King’s’ story of a “very ominous acci- 
dent” by which the Nizam was 
“broken asunder in the year of the 
Great Indian Revolt,” quoted by 
Streeter.’ 

Fitzgerald wrote in 1847, describ- 
ing the diamond as already having 
had a piece chipped off. Piddington 
published this description, together 
with his own notes, in 1848—nine 


(Continued on Page 314) 
10. W. King, “Precious Stones and Metals.” 


2B. W. Streeter, “Great Diamonds of the 
World.” 
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ntire figure of the body be carved first, and then the 
clothing fit to the figure. Initially, a clay figure was 
constructed to scale to provide the dimensions for 
the marble. As noted earlier, the marble was cut 
and carved in four sections: the lower half, from the 
waist down; the torso, from the waist up and 
including the head; and the two arms. A horizontal 
bar of marble was retained across the base as a 
cross-tie to connect the feet (figure 8). This triangu- 
lation gave strength to the ankles, which support 
the weight of the completed statue. Because the feet 
were carved slightly raised, this tie was easily hid- 
den beneath the ornamental sand, giving the 
impression of a freestanding figure. To keep the cen- 
ter of gravity perfectly vertical, the author periodi- 
cally checked the piece by balancing the base of the 
lower section on a pencil laid flat on a table. By 
repeatedly checking the balance and then carving 
and removing material as needed, the artist main- 
tained the center of gravity throughout the carving 
process. The torso and the lower half were drilled, 
and an aluminum peg was inserted to connect the 
upper and lower body. The arms were likewise 
drilled and attached to the torso via aluminum pegs. 


The Skirt. With the marble body as the form, the 
skirt was assembled from the waist down. First, a 
girdle was constructed around the waist and hips 
(again, see figures 5 and 6). Composed of several 
pieces of black jade that were carved and then epox- 
ied to one another, this scalloped girdle established 
the reference points for the later alignment of the 
skirt panels. To create the skirt, several pieces at a 
time were cut and glued, then finished completely 
front and back, before the next section was begun. 
An “embroidery” of orange grossular garnet and 
green epidote followed the scallop pattern in the 
jade. Because the garnet was transparent, UV-curing 
cement was used to attach it to the opaque girdle. 
(Only one of the two components must be transpar- 
ent for the UV light to permeate and bond the 
cement, although bonding is substantially slower 
than when both pieces are transparent.) This 
embroidery was chosen both for aesthetic consider- 
ations and to create an interlocking structural sup- 
port for the black jade of the girdle. Interlocking 
support is achieved any time there is a break from 
the symmetry of parallel joints. By joining at a 
curve or line that is diagonal to parallel joins, the 
artisan creates a triangulated support that increases 
the tensile strength of the construct. The scalloped 
curves of the embroidery motif also add strength by 


Notes and New Techniques 


increasing the surface area connecting the skirt to 
the girdle. 

Next, a panel was created that ran from waist to 
hem down the front of the skirt. Dominating the 
panel was a pattern of diamond shapes formed from 
transparent colorless quartz, smoky quartz, grossu- 
lar garnet, epidote, and obsidian. The two types of 
quartz were carved and sandblasted on the back to 
create a stippled translucency as an aesthetic coun- 
terpoint to the more transparent areas of the skirt. 
The striped effect on the colorless quartz was 
achieved by the blade of a diamond band saw, 
which left a rippled cut on the back of the stone; 
alternating ripples were then sanded and polished 
(again, see figures 6 and 7). 

As with the embroidery to the girdle, the rest of 
the skirt was designed to change the angles at 


Figure 7. The skirt is composed of garnet, obsidi- 
an, epidote, smoky quartz, clear quartz, and 
black jade. It is 12 inches (31 cm) long, and the 
individual pieces average 1-2 mm thick. A UV- 
curing cement both provided the strongest bonds 
and maintained the transparency of the gem 
materials. Photo © Harold & Erica Van Pelt. 
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which pieces adjoined, mixing diagonal and weav- 
ing patterns with straight parallel pieces, edge-glued 
to create a structural stability that would have been 
absent with purely parallel or right-angle fits (fig- 
ures 5-7). Building from the central front panel, 
additional panels were cut, sandblasted, fitted, and 
cemented. An average thickness of 1-2 mm was 
maintained for the transparent-to-translucent pieces; 
the obsidian rods used as dividing pleats were made 
slightly thicker to allow some adjustment of fits. 

The back of the skirt was completed with pan- 
els of transparent colorless quartz, accented by gar- 
net and epidote. Clear panels were chosen to allow 
light transmission when the figure was backlit, so 
the legs would be silhouetted through the skirt. 


The Belt and Bodice. Once the skirt was completed, 
the belt was assembled by veneering Baltic amber to 
the marble. The front and back were inlaid with the 
specially cut malaya garnet (front) and deep orange 
citrine (back; figures 5 and 6). All the faceted gems 
in the piece were secured by a thin layer of UV-cur- 
ing cement along the girdle of the stone, so that the 
pavilion was suspended in a cavity. Smaller cabo- 
chons of grossular garnet were added to each side as 
accents, and a line of green jade was used to sepa- 
rate the belt from the bodice. 

The bodice/corset was formed by a veneer of 
Baltic amber placed over partially incised marble. A 
border of black jade accents the upper edge. 


Figure 8. The triangulation provided by the marble 
base between the feet provided structural support to 
the finished work. Photo by the author. 
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Eyes, Hair, and Headdress. Each eye contains seven 
pieces of gem material (figure 4). Constructing out- 
ward from the obsidian pupil, the artist used indico- 
lite tourmaline for the irises, magnesite for the 
whites (each iris and “white” portion was com- 
posed of two separate halves), and black agate for 
the eyeliner. A clear quartz cap was added over each 
eye to give positive curvature to the cornea. Each 
eye was backed with white-gold leaf before it was 
inset, so that any light shone directly into the eyes 
would be slightly reflected from behind the indicol- 
ite iris, creating a subtle brightening. 

The headdress was constructed on a headband 
of obsidian and amber. The cap was cut from a piece 
of smoky quartz, and a specially cut citrine was 
inlaid in the center front as a crowning effect (figure 
4). Careful use of internal reflection in the smoky 
quartz hat created the impression of a solid headdress, 
when in fact it is transparent. The top was accented 
by a thin veneer of garnet, epidote, and citrine. 

The braids were carved from basalt and given a 
satiny finish. Each braid was attached to the head 
under the rim of the headdress with epoxy (figure 3). 
The gold rings were simply bent into place without 
soldering, to suggest the plaits that were the 
Minoan fashion. 


Armbands and Snakes. The armbands were con- 
structed from two pieces of black jade sandwiching 
a slice of amber. In addition to being decorative, the 
armbands conceal the joint where the arms slide 
into the torso. The upper and lower half of each 
snake was carved separately, and the figure’s hands 
were partially drilled to fit the snakes in place. 
Rainbow obsidian was selected for the snakes to 
suggest fluidity of movement (figure 9). 


Base. Portland cement was poured into the oak 
bowl around a mold of the bottom of the marble 
legs. After the cement had set, the mold was 
removed, leaving a space into which the marble tie 
between the feet fits snugly, so the legs can be 
removed easily. The cement (and marble tie) are 
covered with a thin layer of sand so that the feet 
appear to be standing on the sand. 


CONCLUSION 


When the medium of hard stone is married to artis- 
tic creation, engineering becomes integral to the 
design. The larger the piece and more numerous the 
components, the more involved the process 
becomes. In the design for Leigha, a central consid- 
eration was that the weight had to be evenly dis- 
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Figure 9. Rainbow obsidian from Mexico was chosen 
for the snakes, to suggest fluidity of movement. Photo 
© Harold & Erica Van Pelt. 


tributed so that the relatively thin ankles could 
safely support the entire figure. In addition, the 
three-dimensional intarsia of the skirt—which is 
composed of 800 pieces—required cross-sectional 
support, through manipulation of the design itself 
(the skirt panels, diagonals, etc.) and the use of 
ultraviolet-curing cements that would be strong and 
durable enough. By distributing the weight, manip- 
ulating gravity and balance, and identifying new 
technologies (such as UV-curing cements), the artist 
was able to create a freestanding sculpture that uses 
extensive three-dimensional intarsia, but still has 
both structural integrity and aesthetic beauty. 

In creating an objet d’art, the starting point is 
always the inspiration, what the feel of the piece is 
to be, and what it is to convey aesthetically. The 
next step is consideration of what is possible in a 
given medium, what engineering is necessary, and 
what the palette of materials is to be. To take intar- 
sia work out of its traditional two dimensions and 
into a freestanding, three-dimensional, curved sur- 
face entailed techniques the author could not find 
in books or in existing examples of objets d’art in 
museums or contemporary galleries. Consequently, 
much of the creative process involved devising new 
techniques and making them work. 
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There is an inherent excitement in recreating a 
vision from 4,000 years ago in a way that could 
never have been imagined by the original artist. 
While working on the piece, the author often 
thought of the original artist working to create his 
or her faience figure. Both of us strove to execute 
the most beautiful representation of the same 
image, but in different eras, carrying the same 
vision forward through time and space. 

The techniques devised for this statuette repre- 
sent one more step in providing a broader range of 
artistic possibilities within the lapidary field. 
Increasingly, lapidary arts and gem sculpture are 
only limited by the artist’s imagination. 
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RUSSIAN SYNTHETIC PINK QUARTZ 


By Vladimir S. Balitsky, Irina B. Makhina, Vadim I. Prygov, Anatolii A. Mar’in, Alexandr G. Emel’chenko, 
Emmanuel Fritsch, Shane F. McClure, Lu Taijing, Dino DeGhionno, John I. Koivula, and James E. Shigley 


Transparent crystals of facet-grade synthetic pink quartz, produced by 
hydrothermal growth from a fluoride solution and subsequent treatment, 
have been commercially available since 1994. The characteristic properties 
that distinguish this material from its natural counterpart are a tabular 
crystal morphology with two large, well-developed basal faces; color bands 
parallel to the basal faces and the seed plate; two-phase inclusions adjacent 
and perpendicular to the seed plate; and an intense broad band around 
3420 cm" in the infrared spectrum. Color stability and cause of color in 
synthetic pink quartz are briefly discussed. 


The past few years have witnessed the appearance 
of a variety of synthetic gem materials from Russia, 
including synthetic emerald, spinel, opal, ruby, sap- 
phire, and alexandrite. The production of transpar- 
ent synthetic pink quartz in a Russian laboratory 
was first reported in 1992 (Balitsky et al., 1992, 
1993; Makhina et al., 1992). The material has been 
commercially available since 1994, and is currently 
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produced near Moscow at the Russian Research 
Institute for Synthesis of Materials. At present, pro- 
duction is 200 kg per year, in crystals measuring up 
to 150 x 40 x 20 mm. This material (figure 1} is sold 
under the trade name “Flamingo Quartz” through 
HRI International Corp. of Midtown, New York. 
The visible spectrum of this synthetic pink 
quartz is identical to that of natural transparent 
pink quartz (Rossman, 1994), and the growth condi- 
tions and cause of color are very similar (Balitsky et 
al., 1996). Therefore, we conducted a systematic 
investigation to establish gemological means to dis- 
tinguish this new synthetic from its natural coun- 
terpart. This material and its natural equivalent will 
be referred to here as “pink quartz,” to distinguish 
them from natural and synthetic “rose quartz.” 


BACKGROUND 


Pink-colored quartz is found in nature in two forms: 
massive and crystalline. Massive “rose” quartz is 
relatively common in nature; it originates in 
granitic pegmatites together with large crystals of 
potassium feldspar, typically without other gem 
minerals (see, e.g., Frondel, 1962; Larson and 
Honert, 1977; Cassedanne and Cassedanne, 1978). 
This material inevitably appears slightly to very 
cloudy because of inclusions and its aggregate 
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Figure 1. Transparent 
synthetic pink quartz is 
now being manufactured 
commercially in Russia. 
These crystals (132.25- 
193.76 ct) and faceted 
samples (7.30-15.97 ct) of 
synthetic pink quartz are 
some of the samples used 
in this study. Photo by 
Maha DeMaggio. 


nature. Semi-transparent to translucent rose quartz 
can be polished as cabochons, some of which show 
asterism. Occasionally, rose quartz is even faceted. 

Unlike massive rose quartz, transparent single- 
crystal pink quartz is very uncommon in nature 
(see, e.g., Rossman, 1994). The crystals form in 
pockets toward the end of the granitic-pegmatite 
evolution process, often accompanied by gem tour- 
maline and phosphate minerals. Facetable material 
has been discovered in only two countries: Brazil 
(three deposits in Minas Gerais) and Madagascar 
(Maschmeyer and Lehmann, 1983; Cassedanne and 
Alves, 1990). In addition to its geologic formation, 
transparent pink quartz differs from massive rose 
quartz in terms of visible absorption spectra, stabili- 
ty to light, and origin of color (Balitsky et al., 1992, 
Rossman, 1994). 

Typically, the crystals of natural pink quartz are 
small and available in limited supply. The only nat- 
ural material encountered by GIA researchers in 
sizes large enough to yield 1+ ct faceted stones is 
from the Aracuai region of Minas Gerais (Kam- 
merling and Fritsch, 1993); the Russian researchers 
have not encountered any faceted natural pink 
quartz outside of a museum in Russia. Although 
the samples examined to date are predominantly 
colorless, they have distinct planar bands or zones 
of intense pink color that can be oriented to give 
faceted stones an overall pink coloration when 
viewed table up. 

Small (less than 3 cm), thin crystals of semi- 
transparent synthetic rose quartz have been pro- 
duced in Japan, for research purposes only, since the 
mid-1980s. According to Hosaka et al. (1986), this 
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material was grown hydrothermally from concen- 
trated titanium-bearing alkaline solutions (NaOH, 
Na,CO,, or K,CO,) in steel autoclaves at a temper- 
ature around 330°C and a pressure around 1 kbar. 
Plates of synthetic quartz cut parallel to the rhom- 
bohedral faces were used as seed crystals. The 
Japanese synthetic quartz was near-colorless in its 
as-grown state. The pink color was developed 
through subsequent heat treatment, which was car- 
ried out at 1200°C in a platinum crucible in which 
CaCO, powder containing about 0.5 wt.% iron was 
used. The pink coloration has been attributed to a 
charge-transfer mechanism involving Ti-Fe ion 
pairs: The Ti was introduced into the quartz during 
growth, and the Fe was introduced during heat 
treatment. Hosaka et al. (1986) also state that the 
growth conditions and origin of color of this syn- 
thetic rose quartz are relatively close to those of 
natural massive rose quartz. However, the Russian 
product described here is the first commercially 
available transparent synthetic pink quartz. 


GROWTH AND IRRADIATION CONDITIONS 


The Russian synthetic pink quartz crystals are 
grown in steel autoclaves by a thermal-gradient 
hydrothermal method, from a solution containing 
ammonium fluoride (NH,F) and silica (Balitsky and 
Tsinober, 1969; Balitsky et al., 1974, 1996). The 
autoclaves vary in volume from 300 to 500 ml. 
Phosphorus is added to the solutions in the form of 
either orthophosphoric acid or its salts. The growth 
temperature ranges from 220° to 350°C, and the 
pressure may attain 0.3 kbar. The interior of each 
autoclave is coated with a protective anticorrosion 
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Figure 2. Natural pink quartz is very rare. Small 
quantities have been found in the Aracuai region 
of Minas Gerais, Brazil. Note the color zoning 
evident in many of the natural stones shown 
here, which weigh from 2.27 to 7.68 ct. Photo by 
Maha DeMaggio. 


layer (Teflon™ for experimental runs conducted at 
temperatures below 300°C, and platinum for runs 
above 300°C). 

Two kinds of rectangular plates, cut parallel to 
c {0001} from synthetic colorless single-crystal 
quartz, are used as seeds. One type of plate is elon- 
gated in the hexagonal prism [1010] direction 
(known as the “YZ-cut’’), and the other is elongated 
in the trigonal prism [1120] direction (the “XZ- 
cut”). Seed plates cut in these two orientations have 
produced the best results for growing high-quality 
synthetic quartz crystals. 

The crystals used to produce synthetic pink 
quartz grow at a slower rate (only 0.1—-0.2 mm/day) 
than those for normal colorless synthetic quartz. A 
20-mm_-thick tabular crystal of the former requires 
more than two months to grow. Crystals up to 150 
x 40 x 20 mm, weighing as much as 700 ct, have 
been successfully produced by this method. About 
200 kg of such crystals are grown annually, but pro- 
duction could be increased to 500 kg per year. 

All as-grown crystals are colorless; the pink 
color is developed by subsequent irradiation and 
heating. The intensity of the color depends on both 
the concentration of phosphorus in the fluoride 
solution and the irradiation and heating conditions. 
Generally, the higher the phosphorus concentra- 
tion, the more intense the pink color. The deepest 
pink is obtained when the phosphorus concentra- 
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tion is about 9 to 13.5 grams per liter in the growth 
solution. When the phosphorus concentration 
exceeds 13.5 grams per liter, the intensity of color 
does not change. The crystals are gamma-irradiated 
at a dose of 5 x 10° rads, using the isotope cobalt-60 
as the source (Balitsky et al., 1996), other details of 
the irradiation and heating process are proprietary. 


MATERIALS AND METHODS 


More than 100 synthetic pink quartz crystals were 
examined by the Russian authors and their staff, 
and the GIA authors conducted a systematic gemo- 
logical study of four crystals, nine faceted samples, 
and four polished cubes of similar material. The 
largest crystal studied at GIA was 46.40 x 25.80 x 
14.90 mm and weighed 193.76 ct; the faceted sam- 
ples, cut in cushion and oval shapes, ranged from 
3.69 to 15.97 ct (see, e.g., figure 1). 

For comparison, three rough and six faceted 
samples of natural transparent pink quartz from 
Brazil (see, e.g., figure 2) also were investigated at 
GIA to determine their internal features, ultraviolet 
fluorescence, and absorption spectra. To explore any 
dependence of gemological properties on crystallo- 
graphic orientation, the three rough samples were 
cut and polished in different orientations. 

In Russia, the samples of synthetic pink quartz 
were examined with an MBS-9 stereomicroscope, 
and were analyzed with SPECORD M40 and 
Perkin-Elmer 983 spectrophotometers (visible and 
infrared spectra, respectively). Color stability to 
light was tested in Moscow by placing approximate- 
ly 100 crystals next to a window, where they were 
exposed to sunlight for three years. The crystals 
were periodically compared to a control sample that 
was kept in a darkened container throughout this 
period. Color stability to heat was tested on 35 sam- 
ples at various temperatures up to at least 500°C. 

Standard gem-testing equipment and methods, 
as well as several advanced techniques, were used 
to characterize all of the samples examined at GIA. 
The equipment included a Duplex II refractometer 
with a near-monochromatic, sodium-equivalent 
light source; a polariscope; a calcite dichroscope; a 
Chelsea color filter; a GLA GEM Instruments com- 
bination long-wave and short-wave ultraviolet lamp 
unit; a Beck desk-model prism spectroscope mount- 
ed on an illumination base; and a binocular gemo- 
logical microscope. Specific gravity values were 
determined by hydrostatic weighing on a Mettler 
AM100 electronic balance (three sets of readings 
were taken for each sample and then averaged). 
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The visible-range spectra of all GIA samples 
were recorded with either a Hitachi U4001 or a Pye- 
Unicam 8800 spectrophotometer. Polarized absorp- 
tion effects were also investigated using the Hitachi 
spectrophotometer with a calcite polarizer. Infrared 
spectra were recorded for all rough and fashioned 
samples examined at GIA with a Nicolet Magna- 
550 FTIR spectrometer. 

Qualitative chemistry for all the GIA samples 
was obtained by energy-dispersive X-ray fluores- 
cence (EDXRF) analysis with a Tracor Northern 
Spectrace TN 5000 system. Two sets of analytical 
conditions were used to detect as wide a range of 
trace elements as possible. Quantitative chemical 
analyses by electron microprobe were obtained on 
two of the four polished cubes of synthetic pink 
quartz; each had distinct color zoning, consisting of 
a pink layer and two colorless layers. The analyses 
were obtained using a JEOL Superprobe 733 instru- 
ment at the Division of Earth and Planetary 
Sciences, California Institute of Technology, 
Pasadena. The operating conditions were 20 kV 
voltage, 100 nA current, and a 600 second count 
time. The elements P, Al, Fe, Ti, K, Na, Si, and F 
were analyzed to investigate the chemical composi- 
tion of each layer and the cause of the pink color. 


RESULTS AND DISCUSSION 


Color and Color Distribution. The faceted synthetic 
samples ranged from light to medium-light pink 
(figure 3), while the synthetic crystals were medium 
pink (figure 4). The samples showed weak (rarely 
moderate) dichroism, in two tones of pink. 

The coloration of the faceted synthetic pink 
quartz was uneven, in that it was confined to dis- 
tinct pink bands that were visible in some samples 
without magnification. These bands were oriented 
parallel to the colorless synthetic quartz seed plate 
(figure 5). In some samples, the pink bands located 
farthest from the seed plate were darker than those 
nearer the seed plate. 

The lighter-colored faceted samples were inert 
to the Chelsea filter (i.e., they appeared the same 
color as the filter); the deeper-colored faceted sam- 
ples and the crystals showed a very weak reaction 
(i.e., they appeared slightly pink to orange-pink). 


Crystal Morphology. All the crystals examined at 
GIA were euhedral single crystals. The well-devel- 
oped basal surfaces were very rough, with abundant 
triangular growth hillocks (figure 6). The morphol- 
ogy of the synthetic pink quartz strongly depends 
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Figure 3. The faceted samples of synthetic pink 
quartz studied (here, 7.30-15.97 ct) ranged from 
light to medium-light pink. Photo by Maha 
DeMaggio. 


on the shape of the seed plate and the relative 
growth rates of the major faces (Balitsky et al., 1992, 
1993, 1996). Since rectangular seed plates elongated 
in either hexagonal (YZ-cut) or trigonal (XZ-cut) 
prism directions were used as seeds, and the growth 
rates of the major faces (except c {0001}) were very 
slow, the crystals have largely inherited the shape of 
the seed plate. Thus, all crystals were tabular. In 
addition to the well-developed basal c faces, also 
present were smaller positive rhombohedral faces r 
{1011}, negative rhombohedral faces z {0111}, hexag- 


Figure 4. These synthetic pink quartz crystals 
(70-80 mm long and 10-18 mm thick) are repre- 
sentative of the samples studied in Russia and at 
GIA. Photo by Mikhail A. Bogomolov. 
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Figure 5. Prominent light to dark pink bands are 
visible in this faceted synthetic pink quartz. The 


color banding parallels the orientation of the col- 


orless seed plate in the center. Photomicrograph 
by Shane F. McClure; immersed, diffused light, 
magnified 11x. 


Figure 6. Triangular growth hillocks are typically 
present on the basal c faces of Russian synthetic 
pink quartz crystals. Photomicrograph by Lu 
Taijing; magnified 7.5x. 
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onal prism faces m {1010}, trigonal prism faces +x 
{1120} and -x {2110}, and trigonal dipyramid faces +s 
{1121} and -s {1121}. Figure 7 illustrates the crystal 
habits and the relationships between the seed plate 
and various growth sectors in the synthetic pink 
quartz. In comparison, natural crystals more com- 
monly show a form with well-developed rhombohe- 
dral faces (Frondel, 1962). 


Gemological Properties. Table 1 summarizes the 
gemological properties of the Russian synthetic 
pink quartz, as compared to natural pink quartz. 
The R.L, birefringence, and S.G. values are identical. 
All of the synthetic samples were inert to both long- 
and short-wave UV radiation. In two of the crystals, 
however, we noted that the seed fluoresced a faint to 
weak yellow-green to both long- and short-wave UV. 


Microscopic Characteristics. Color and Growth 
Zoning. As mentioned above, some of the speci- 
mens displayed eye-visible, straight, light and dark 
pink bands when viewed parallel to the plane of the 
seed plate. With magnification, we saw these bands 
in all the synthetic pink quartz samples (again, see 
figure 5). In some samples, the bands were extreme- 
ly fine and closely spaced, whereas in others they 
were coarser and more distinct. Some additional, 
faint, parallel growth bands could be seen within 
the pink layers. The color bands, growth bands, and 
c {0001} faces are parallel to one another (and, there- 
fore, perpendicular to the optic axis). This suggests 
that the inhomogeneous color is caused by fluctua- 
tions in the growth conditions. In some specimens, 
the color bands were separated from one another by 
a plane showing a wave-like structure or appearance 
(figure 8). This feature has not been reported in the 
natural material. 

Some samples displayed a stream-like structure 
that is typical of synthetic quartz grown in a fluo- 
rine-bearing solution (e.g., synthetic amethyst 
[Balitsky and Tsinober, 1969]). The stream-like 
structure is seen as faint lines that are oriented per- 
pendicular to the color bands. 

Although natural pink quartz also may display 
color bands and faint perpendicular stream-like 
structure lines (figure 9), orientation of these fea- 
tures in the two materials is different. In the natural 
material, the color bands are parallel to the rhombo- 
hedral faces (and therefore oblique to the optic axis}, 
whereas in the synthetic material, the color bands 
are parallel to the basal faces (and therefore perpen- 
dicular to the optic axis). Also, the edges of color 
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zones in natural pink quartz have a feathery appear- 
ance when viewed perpendicular to the direction of 
the color banding (figure 10). This feature is distinc- 
tive for natural material, and was not observed in 
any of the synthetic specimens. 


Inclusions. Some of the synthetic pink quartz sam- 
ples contained minute pinpoint and/or “bread- 
crumb” inclusions (figure 11), similar to those seen 
in other hydrothermal synthetic quartz (e.g., see fig- 
ure 16 in Crowningshield et al., 1986). These inclu- 
sions were randomly distributed throughout the 
sample, or were concentrated along the contact of 
the seed crystal and the synthetic quartz over- 


TABLE 1. Properties of Russian synthetic pink quartz 


as compared to natural pink quartz. 


Property Synthetic Natural 
Color Light to medium-light Light to medium-light 
pink pink 
Pleochroism Weak (rarely moderate) Weak 
dichroism in two tones 
of pink 
R.I. (n,,) 1.540-1.541 1.540-1.541 
RI. (n,) 1.550 1.550 
Birefringence 0.009-—0.010 0.009-0.010 
S.G. 2.65 2.65 
Fluorescence Inert? to both long- Inert to both long- 


Optic character 


and short-wave UV 
Uniaxial positive 


and short-wave UV 
Uniaxial positive 


Twinning None observed Brazil-law twinning in 
all samples 
Visible Band near 520 nm Band near 520 nm 
absorption 
spectrum 
IR absorption Broad band near Sharp, intense 
spectrum 3420 cm"! band at about 3580 
cm’; broad peak 
at 3415 cm! 
Color and Color bands parallel Color bands parallel 
growth zoning _ to basal faces to rhombohedral 
(and seed plate), faces, oblique 
perpendicular to the to the optic axis; 
optic axis; wave- and feathery appearance 
stream-like structures at the edges 
Inclusions Breadcrumb inclusions; — Liquid and two-phase 


elongate two-phase 
(liquid-gas) inclusions 
confined to a colorless 
seed plate 


(liquid-gas) inclusions 
in curved planes 

that cross the color 
bands at random 
angles 


®The synthetic quartz seed plate sometimes fluoresces a faint to weak 
yellow-green to both long- and short-wave UV. 
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XZ-cut seed 
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Section 2-2' 
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Figure 7. The Russian synthetic pink quartz crys- 
tals studied revealed two variations in the tabu- 
lar crystal habit, depending on the type of seed 
plate used (YZ-cut or XZ-cut). 


Figure 8. A wave-like appearance is visible 
on the planar surface between color bands in 
this 7.30 ct faceted synthetic pink quartz. 
The blue color is due to diffraction of light 
through the stone. Photomicrograph by 
Shane F. McClure; magnified 40x. 


GEMS & GEMOLOGY 


Spring 1998 39 


i 


Figure 9. Faint stream-like structure lines are ori- 
ented perpendicular to the prominent color bands 
in this 7.63 ct faceted natural pink quartz from 
Brazil. Photomicrograph by Shane F. McClure; 
magnified 16x. 


growth. In some samples, elongate two-phase inclu- 
sions were present within the seed plate, oriented 
perpendicular to the seed and the color zoning (fig- 
ure 12). 

The natural pink quartz we examined con- 
tained only liquid and two-phase (liquid and gas) 
inclusions. The liquid inclusions were confined to 
irregular curved planes and extended in virtually 
any direction, crossing the color bands at any angle 
(figure 13). In contrast, the two-phase inclusions in 
the synthetic pink quartz were arranged in flat 


Figure 11. “Breadcrumb” inclusions, typical of syn- 
thetic quartz, were seen in some samples of synthetic 
pink quartz. Photomicrograph by Shane F. McClure; 
magnified 40x. 
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Figure 10. When viewed perpendicular to the color 
banding, the color zones in natural pink quartz com- 
monly show a feathery appearance at the edges. 
Photomicrograph by Shane F. McClure; 

magnified 10x. 


planes that never crossed the boundary of the seed 
plate (again, see figure 12). Individual two-phase 
inclusions within these flat planes were elongated 
perpendicular to the color bands. 


Other Optical Properties. As is characteristic of 
most other types of synthetic quartz, no evidence of 
twinning was seen when the synthetic pink quartz 
specimens were examined in an immersion cell 
between crossed polarizing filters. This feature is 
significant because all of the natural transparent 
pink quartz we examined had strong Brazil-law 
twinning, in much the same manner as most natural 
amethyst. 

Using the polarizing filters and a condensing 
lens, we could see a uniaxial “bull’s-eye” interfer- 
ence figure in all specimens. 


Spectroscopic Features. No absorption features were 
noted in the synthetic pink quartz with the desk- 
model spectroscope. When the samples were posi- 
tioned above the light source of the spectroscope, no 
luminescence to visible light could be seen. 

The visible absorption spectrum of the synthet- 
ic pink quartz (as measured with a spectrophotome- 
ter) exhibits a broad band centered at about 520 nm, 
as well as increasing absorption toward the ultravio- 
let (figure 14). This is identical to the visible-range 
spectrum of natural pink quartz (Rossman, 1994). 

Figure 15 compares representative infrared 
absorption spectra recorded for a synthetic pink 
quartz and natural pink quartz from Brazil. Spectral 
features below 3000 cm! are common to both spec- 
imens, but there are differences in features above 
this value. Natural pink quartz (spectrum A) dis- 
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GEMOLOGICAL DIGESTS 


Dr. Pfund’s Method of 


Gem Identification 

A new and unusual supplementary 
method of gemstone identification 
has recently been proposed by Dr. 
A. H. Pfund, of the Department of 
Physies, Johns Hopkins University. 


The results of his work were pub- 


lished in the September, 1945, issue 
of the Journal of the Optical Society 
of America. 

Dr. Pfund’s method consists of 
measuring the intensity of infrared 
reflection from the facet of a gem- 
stone. The radiation that is directed 
against the gemstone is generated 
by an alundum-covered platinum 
helix, raised to a yellow-white heat. 
The infrared radiation thus gener- 
ated varies in wave length from 
6,000 to 12,000 A. 

After refiection from a facet of 
a gemstone the infrared rays are 
passed through an infrared spec- 
trometer (having a rock salt prism) 
and the intensity of each wave length 
measured with a vacuum thermo- 
pile. The resultant data were plotted 
against wave length, and for each 
mineral tested a different curve was 
obtained. 

Curves were plotted for seven gem 
minerals, and each has a very char- 
acteristic shape, so that by having 
a set of master curves for each 
mineral, it would be possible to 
identify most gemstones by this 
method alone. In doubtful cases a 
combination of the infrared reflec- 
tion data with some other optical or 
physical property would make the 
determination certain. ; 


While this method is of consider- 
able interest it seems doubtful that 
it will ever become widely used due 
to the high cost of the equipment 
required, 

Following are digests of comments 
on Dr. Pfund’s method by Dr. Ed- 
ward Henry Kraus, President of the 
G.I.A., Professor Paul F. Kerr, 
Executive Officer, Department of 
Geology, Columbia University, and 
Samuel G. Gordon, Associate Cura- 
tor, Academy of Natural Sciences, 
Philadelphia. Their comments ap- 
peared in full in Guilds, March, 1946, 
issue. 

Digest of Dr. Kraus’ comments: 
Dr. Kraus points out that Dr. 
Pfund’s method must be restricted 
to laboratories having the required 
equipment and personnel trained in 
its use; that gemologists will not 
resort to the method until an infra- 
red spectrometer can be obtained at 
moderate cost. He believes that the 
new method will not replace the 
petrographic microscope, refractom- 
eter and dichroscope, with which 
determinations can be made more 
quickly and accurately. 


Digest of comments by Professor 
Kerr: Professor Kerr compliments 
Dr. Pfund on having done an inter- 
esting piece of scientific research 
thereby adding to our technical 
knowledge of gems. He also remarks 
that all materials Dr. Pfund men- 
tions may be identified by ordinary 
optical methods, and that the in- 
frared reflection method may never 
be of great practical importance. 

Digest of comments by Samuel G. 
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Figure 13. Curved planes of liquid and two-phase 
inclusions crossed the pink color bands at random 
angles in this natural pink quartz from Brazil. 
Photomicrograph by Shane F. McClure; 

magnified 10x. 


plays a sharp, intense peak at 3587 cm", a small 
peak at 3542 cm, and a broader peak at 3415 cm". 
In contrast, the synthetic sample exhibits a broad 
absorption feature centered at 3420 cm:!, and weak- 
er features between 3500 and 3650 cm. 

The broad band at about 3420 cm” is due to 
molecular H,O (Rossman, 1988); the tiny peaks at 
3607 cm'!, 3572 cm'!, and 3542, cm! may be related 
to structural fluorine-hydrogen complexes (Balitsky 
et al., 1974). By comparison, the intense peak at 
3587 cm'! and the broad peak at 3415 cm’! in the 
natural material are due to hydroxyl group stretch- 
ing vibrations (Katz, 1962; Rossman, 1988). These 
differences suggest that synthetic pink quartz con- 
tains relatively more molecular water than the nat- 
ural material. 


Chemical Composition. EDXRF analysis revealed 
potassium, iron, calcium, and chromium in both 
rough and fashioned samples of the synthetic pink 
quartz. Electron microprobe analysis of the two pol- 
ished cubes revealed phosphorus (P) and potassium 
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Figure 12. Elongate two-phase 
inclusions were seen in flat planes 
confined to the seed plate in some 
samples (left). These inclusions 
were always perpendicular to the 
seed plate, and commonly 
appeared spike-shaped (right). 
Photomicrographs by Shane F. 
McClure; magnified 10x (left) 
and 28x (right). 


(K) as the main trace elements. The concentrations 
of phosphorus and potassium in the dark pink band 
(P: 390 ppm [parts per million], K: 270 ppm) were 
much higher than in the light pink band (P: 140 
ppm, K: 20 ppm) of the same sample. The concen- 
tration of sodium (Na) was much lower than that of 
potassium (Na: 10 ppm, K: 270 ppm) in the dark 
pink layer. Aluminum, iron, titanium, and fluorine 
were not detected by microprobe in either sample. 


Cause of Color. The high concentrations of phos- 
phorus and potassium in the pink bands suggest 
that these elements are related to the coloration of 
synthetic pink quartz. In particular, it is believed 
that phosphorus—which is added to the growth 
solution—plays a very important role (Balitsky et 
al., 1993, 1996). This is supported by chemical data 


Figure 14. These visible absorption spectra were 
recorded using polarized light for orientations par- 
allel (\|) and perpendicular (1) to the optic axis (c- 
axis) of the synthetic pink quartz. The two spectra 
are not scaled vertically with respect to one an- 
other. The 520 nm broad band is more intense in 
the spectrum that is perpendicular to the optic 
axis. Increasing absorption below 400 nm is visi- 
ble in both spectra. 
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presented here and by electron paramagnetic reso- 
nance spectra on synthetic quartz from Russia 
(Maschmeyer and Lehmann, 1983; Rossman, 1994). 
Ionizing radiation can produce a complex color cen- 
ter from phosphorus and/or other elements present. 
This complex center is probably the origin of the 
color in the synthetic pink quartz, but its details 
and the coloration mechanism remain to be investi- 
gated. 


Color Stability. Within two weeks of gamma-ray 
irradiation, up to 15% of the pink color fades under 
normal lighting conditions (i.e., the material retains 
about 85% of its original color). After this period, 
however, the color stabilizes, as was evident by 
comparison of the samples exposed to sunlight for 
three years (see, e.g., the smaller piece in figure 16, 


Figure 15. Note the differences between these 
representative infrared absorption spectra for a 
natural pink quartz from Brazil (A) and a 
Russian synthetic pink quartz (B) above 3000 
cm!, In particular, the synthetic pink quartz 
shows an intense broad band at 3420 cm‘. 
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Figure 16. These two samples of synthetic pink 
quartz are shown here three years after they were 
irradiated, at which time they were both the same 
color. However, the crystal on the right (52 mm 
long x 10 mm thick) was kept in the dark for the 
three years, whereas the crystal segment on the 
left (23 mm long and 12 mm thick) was one of 
several that were exposed to sunlight throughout 
this period. The fact that there is very little differ- 
ence in color between the two samples indicates 
that the color appears to be stable over time. 
Photo by Mikhail A. Bogomolov. 


on the left) to the control sample kept in the dark 
for the same period (the larger crystal in figure 16). 
Color stability was maintained at temperatures 
below 180°-200°C, but above this range the color 
disappeared quickly. However, the color could be 
fully restored by irradiation if the material was not 
heated above about 350°C, and could be partially 
restored if it was not heated above 450°C; above 
500°C, the color could not be restored. 


CONCLUSION 


Although there are many similarities between natu- 
ral pink quartz and synthetic hydrothermal pink 
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quartz grown in Russia, we found sufficient differ- 
ences between the samples we examined to allow 
separation by standard gem-testing methods. 
Advanced testing techniques provide supporting 
evidence for this separation. The synthetic crystals 
display a characteristic tabular morphology with 
two large, well-developed basal faces. Color bands 
are always parallel to the basal faces (and perpendic- 
ular to the optic axis) in the synthetic pink quartz, 
whereas the color bands are always parallel to the 
rhombohedral faces (and oblique to the optic axis) in 
the natural pink quartz. The color zones in the nat- 
ural material showed feathery edges when observed 
perpendicular to the banding, which were not seen 
in the synthetics. Small, elongate two-phase inclu- 
sions are sometimes seen within and perpendicular 
to the seed. Curved planes of liquid and two-phase 
inclusions that crossed the parallel color banding 
were only seen in the natural material. Unlike most 
natural material, all of the synthetic pink quartz we 
examined lacked twinning. 

The intense broad band at about 3420 cm! in 
the infrared absorption spectrum of synthetic pink 
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Currently, about 200 kg of this material is pro- 
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Production capacity could be significantly increased 
if warranted by market demand. 
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EMERALD, 
An Interesting “Daughter” Crystal 


Emeralds from Colombia are known 
to gemologists for their three-phase 
inclusions, which typically contain a 
brine solution, a gas bubble, and a 
cube of halite (a “daughter mineral,” 
sodium chloride). For decades, these 
distinctive inclusions have served as a 
valuable means of separating such 
emeralds from their numerous syn- 
thetic counterparts, since such inclu- 
sions have never been observed in a 
laboratory-grown emerald. 

Although gemologists have 
become accustomed to the cube form 
for the daughter crystals in the three- 
phase inclusions in Colombian emer- 
alds, other isometric forms for these 
salt crystals have also been seen. For 
example, in plate 2 of his monograph 
“Composition of Fluid Inclusions” 
(U.S. Geological Survey Professional 
Paper 440-JJ, 1972), Dr. Edwin Roedder 
showed a photomicrograph depicting 
octahedral halite crystals in a three- 
phase inclusion in an emerald from 
the Muzo mine. 

Consequently, the triangular 
crystal observed in the three-phase 
inclusion shown in figure 1, in an 
emerald sent to the West Coast GIA 
Gem Trade Laboratory for identifica- 
tion, was unusual but not totally 
unexpected. At first glance, one might 
think that this crystal was from the 
trigonal crystal system. But polarized 
light did not show any evidence that 
this material was doubly refractive. It 
behaved as one would expect of an 
isometric, unstrained crystal such as 
halite. We conclude that its triangular 
form was due to space restrictions, 
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because the crystal was actually a 
highly modified octahedron showing 
growth preference to one octahedral 
face. Examining the photomicrograph 
by Roedder, one can easily see the 
source of the triangular form: A single 
octahedral face is a perfect triangle. 

The world of synthetic gem- 
stones also provides us with an exam- 
ple of such modification in the iso- 
metric system. Although the element 
platinum crystallizes in the isometric 
system, it forms distinct triangles and 
hexagons in manufactured gems such 
as synthetic rubies and synthetic 
alexandrites. This is no accident. In 
the case of a triangular platelet, the 
crucible-derived platinum has shown 
preference to one octahedral face over 
all other faces in the presence of the 
host material. In the case of a hex- 
agon, a combination of an octahedral 
face with its edges modified by cube 
faces is the dominant form. 

The cube is the most common 
isometric form shown by salt crystals 
in the fluid inclusions in Colombian 
emeralds. However, any of the other 
isometric forms cannot be discount- 
ed, and the gemologist should re- 
member that modifications of these 
forms are a distinct possibility. 

John I. Koivula 


HEMIMORPHITE, 
Rough and Fashioned 


Many of the gem materials listed on 
GIA’s “B Gem Property Chart” are 
seldom seen in either the East or 
West Coast labs. Thus, it was quite a 
coincidence last winter when a 234 ct 
piece of greenish blue fibrous rough 
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Figure 1. The 0.7-mm-long three- 
phase inclusion in the center of 
this photomicrograph of a Col- 
ombian emerald contains a tri- 
angular daughter crystal of salt. 


received for identification in the West 
Coast lab, and an 8 x 6 mm greenish 
blue cabochon sent to the East Coast 
lab a few weeks later, turned out to be 
the same “B Chart” material. 

The cabochon, which was mount- 
ed in a white metal ring (from which 
the client later removed it for ad- 
vanced testing), was translucent (figure 
2), magnification revealed a fibrous, 
banded structure. We obtained a spot 
refractive index of 1.62. The stone was 
inert to ultraviolet radiation, and 
showed no lines in the hand spectro- 
scope. In the polariscope, it gave an 
aggregate reaction. 

The piece of rough showed simi- 
lar properties, with the same fibrous, 
banded structure that was evident in 
the cabochon (figure 3). A discreet 
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hardness test revealed that the materi- 
al was rather soft, with a Mohs value 
less than 5. Although the refractive 
index, aggregate nature, and greenish 
blue color were not sufficient to iden- 
tify the cabochon, the additional prop- 
erty of hardness narrowed the choices 
down to two likely possibilities: 
smithsonite, a zinc carbonate; or 
hemimorphite, a hydrated zinc silicate. 
Chemical analysis by EDXRF 
showed the same results for both the 
rough and the cabochon: large quanti- 
ties of Si and Zn, with small amounts 
of Fe, Cu, and Pb. The presence of sili- 
con as a major element indicated that 
both samples were hemimorphite. 
The last time either lab recalls receiv- 
ing a sample of hemimorphite for 
identification was in 1971 (Winter 
1971-1972, Lab Notes, pp. 383-384), 
when the properties offered the same 
two choices and we were able to 
make the distinction on the basis of 
specific gravity. This test should still 
provide the key discrimination in 

cases where it is practical. 
IR and ML] 


JADEITE, 
With Inclusions of Zircon 


As the practice of bleaching and 
impregnating jadeite has become 
more common over the last few 
years, the amount of jadeite we test in 
the laboratory has increased signifi- 
cantly. During the microscopic exam- 
ination of one variegated green jadeite 
cabochon for possible evidence of 
treatment, we noted that the stone 
contained a number of small crystal 
inclusions, some of which reached 
the surface (figure 4). These surface- 
reaching crystals appeared to be 
somewhat harder than the surround- 
ing jadeite, and in reflected light they 
had a higher surface luster. With the 
recent acquisition of GIA’s Renishaw 
Raman Imaging Microscope System, 
we were able to examine two of these 
crystals nondestructively. 

By focusing the argon laser 
through the 50x objective of the 
Leica targeting microscope and run- 
ning several continuous scans, we 
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Figure 2. This 8 x 6 mm cabo- 
chon proved to be the rare 
gem mineral hemimorphite. 


obtained clear spectra of the two 
“inclusions.” A computer search of 
our data base revealed that these spec- 
tra matched the spectrum for zircon. 
Visible characteristics of the inclu- 
sions (e.g., crystal form, color, trans- 
parency, and relative hardness) were 
consistent with this identification. 
This is the first time that we have 
encountered zircon crystals as inclu- 
sions in jadeite. Coincidentally, about 
a month prior to our discovery, a zir- 
con inclusion in a jadeite cabochon 
was also identified by means of the 
same technique at the Center for 
Gemstone Testing in Bangkok (Ken- 
neth Scarratt, pers. comm.). 

John I. Koivula and TM 


MOTHER-OF-PEARL Doublet 


Pearl and shell are often used to make 
various assemblages, the most com- 
mon of which are mabe pearls. The 
relatively subtle differences in physi- 
cal and gemological properties 
between a pearl, mother-of-pearl, and 
the shell from pearl-forming mollusks 
can make the complete identification 
of some assemblages from these 
materials especially challenging. The 
animals that make pearls secrete cal- 
cium carbonate (as either aragonite or 
calcite) and conchiolin (a brown to 
black substance composed of various 
proteins) to create their shells. Con- 
trol over whether calcite or aragonite 
is produced has been attributed to a 
variety of factors (see, e.g., A. M. 
Belcher et al., “Control of Crystal 
Phase Switching and Orientation by 
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Figure 3. A fibrous, banded 
structure is typical of hemimor- 
phite. Magnified 30x. 


Soluble Mollusc-Shell Proteins,” 
Nature, Vol. 381, 1996, pp. 56-58). 
For the most part, the differences 
in properties between pearl, mother- 
of-pearl, and shell are caused by differ- 
ences in the arrangement of the calci- 
um carbonate and the conchiolin. 
The bulk of a shell is composed of 
columns of calcium carbonate, with 
small areas of conchiolin between 
them; mother-of-pearl is composed of 
long, thin sheets of aragonite alternat- 
ing with thin layers of conchiolin; 
and a pearl is composed of overlap- 
ping thin curved layers of aragonite 
and conchiolin (see J. Taburiaux’s 
Pearls: Their Origin, Treatment, and 
Identification, Chilton Book Co., 
Radnor PA, 1985, pp. 107-113, for 
more details and some excellent 
sketches). The thin, alternating layers 
of conchiolin and aragonite produce a 
phenomenon known as orient. The 
curved geometry of these layers caus- 
es a pearl to have orient from all 


Figure 4. Raman microanalysis 
of the two largest included crys- 
tals in this jadeite cabochon 
showed that they were zircon. 
Magnified 15x. 
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viewing angles, while the flat arrange- 
ment found in mother-of-pearl allows 
orient to be seen from only one direc- 
tion. The underlying shell does not 
show orient. 

The 0.55 ct orangy pink cabo- 
chon shown in figure 5 presented just 
such an identification challenge to 
the West Coast laboratory. The 
assembled nature of the piece was 
apparent with magnification. The top 
was transparent and primarily color- 
less, although magnification revealed 
scattered red spots; it gave a range of 
spot R.I. values, from 1.50 to 1.65. 
This material also melted readily 
when the thermal tester was applied 
to an inconspicuous spot, emitting a 
strong odor of burning plastic. 

The translucent white base of the 
assemblage showed a parallel, undu- 
lating, fibrous structure when viewed 
with magnification. It yielded a 
refractive index of 1.53 with a weak 
birefringence blink, and it effervesced 
to dilute HCI. The blink and efferves- 
cence pointed to a carbonate, and the 
refractive index indicated aragonite, 
rather than calcite. The piece showed 
an aggregate reaction between crossed 
polarizers, consistent with either 
shell or mother-of-pearl. The deter- 
mination finally rested on the appear- 
ance of the base to the naked eye: 
Orient was seen from one angle in 
this piece of mother-of-pearl. 

The position of the pink color 
just under the plastic top reminded us 
of the “treated” mabe pearls reported 


Figure 5. Magnification revealed 
that this 0.55 ct cabochon was 
assembled from a mother-of- 
pearl base and a plastic top. 


46 Lab Notes 


in the Fall 1991 Lab Notes section (p. 
177). In that case, a mother-of-pearl 
base was covered with a plastic dome 
and a highly reflective coating, then 
placed in an oyster to receive a thin 
layer of nacre. All of these compo- 
nents were visible in a sample that 
our client cut open. We were not per- 
mitted to destroy the present cabo- 
chon, so we could not determine 
exactly where and how the pink color 
had been applied. IR and ML] 


Cat’s-Eye OPAL 


In spring 1997, the West Coast lab 
received for identification the brown- 
ish yellow cat’s-eye shown in figure 6. 
The chatoyancy in this 9.00 ct oval 
double cabochon resulted from 
numerous parallel “needles”—both 
fine and coarse—which were oriented 
across the width of the stone. A spot 
RI. of 1.45 and a specific gravity of 
2.08, obtained hydrostatically, point- 
ed to opal as the bulk material, 
notwithstanding that brown is an 
unusual color for opal. Opal is singly 
refractive, but phenomenal opal often 
exhibits anomalous double refraction 
between crossed polarizers. In this 
case, observation down the length of 
the cabochon revealed an indistinct 
uniaxial optic figure. The gem also 
displayed distinct dichroism, with 
one color more yellow and the other 
more brown. The cabochon was inert 
to long-wave ultraviolet radiation and 
fluoresced weak red to short-wave 
UV. It had a slightly resinous luster. 
These properties closely match 
those of a chatoyant opal described in 
the Fall 1990 Gem News (pp. 232- 
233). In that report, the authors sug- 
gested that the opal could be a pseu- 
domorph after a fibrous iron-bearing 
mineral, and that the inclusions were 
most likely remnants of goethite. GIA 
Research analyzed the present cabo- 
chon using EDXREF and found silicon, 
iron, potassium, calcium, and zinc. 
The presence of iron supports the idea 
that the inclusions could be goethite. 
The brownish yellow color of 
this cabochon (which appears to be 
directly related to the inclusions) is 
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Figure 6. The unusual color 
and rare chatoyancy of this 
9.00 ct opal are caused by 
inclusions of fine and coarse 
“needles,” possibly goethite. 


similar to the dark brown color 
described for the treated-color cat’s- 
eye chrysoberyls that made news last 
fall because of their residual radioac- 
tivity (see, e.g., Fall 1997 Gem News, 
pp. 221-222). However, the properties 
of opal are very different from those of 
chrysoberyl. In particular, the differ- 
ences in luster (vitreous to resinous 
for opal, subadamantine to vitreous 
for chrysoberyl), refractive index (1.45 
versus 1.74), and specific gravity (2.15 
as compared to 3.73) are so large that 
the two minerals can be readily dis- 
tinguished. Cat’s-eye opal is not 
known to be irradiated, or to show 
any residual radioactivity. 

CYW and IR 


RUBY, with 
Surface Evidence of Treatment 


Rubies and sapphires often show obvi- 
ous signs of high-temperature heat 
treatment after being subjected to 
temperatures of 1500°C or more dur- 
ing the treatment process. Much of 
this evidence is internal and cannot be 
removed through normal lapidary 
techniques. In certain cases, however, 
the surface of the treated gemstone 
retains at least some of the visible 
signs of heat treatment, such as sur- 
face-sintered residue, glass fillings, 
near-surface solid and fluid inclusions 
that have ruptured through—and 
spread out onto—the surface, or par- 
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tial melting of the surface itself if the 
treatment temperature is high enough 
(this last indication, “fireskin,” is 
described on p. 140 of the Summer 
1997 Lab Notes). Although usually 
the surface features can be completely 
removed by repolishing, it is also true 
that any cavities, pits, and other 
depressions in a surface that might 
contain evidence of heat treatment 
are likely to be missed during the 
repolishing process. 

Recently, in the West Coast lab, 
we encountered two instances of 
repolishing after heat treatment that 
were unique to our experience. Both 
of the gems were mixed-cut rubies 
with brilliant-cut crowns and step-cut 
pavilions, one over 8 ct and the other 
just over 1 ct. They were sent in by 
different clients at different times. 

Not only did both of these rubies 
contain what we have come to con- 
sider obvious internal signs of heat 
treatment (such as melted and 
exploded crystals surrounded by 
glassy “fingerprint” inclusions, dis- 
coid fractures, etc.), but both also had 
surface pits (up to 2.6 mm long on the 
8 ct stone) that had been partially 
repolished (figure 7). When the stones 
were viewed with magnification in 
surface-reflected light, semi-circular 
grooves were readily apparent near 
the edges of these pits. The only way 
such marks could have been made on 
the surface of a gemstone as hard as 
ruby would have been by the use of a 
rotary tool and, probably, a diamond 
compound as the abrasive polishing 
agent. These attempts to remove the 
surface evidence of treatment in the 
tell-tale pits were not particularly 
successful, as other evidence of heat 
treatment was still visible. In addi- 
tion, the presence of the curved 
grooves provided evidence that the 
indented surfaces in the cavities had 
been polished in an attempt to con- 
ceal the treatment. It is possible that 
the repolishing was intended to 
remove the glass-like fillings deposit- 
ed in surface depressions that are 
often a by-product of the heat treat- 
ment of rubies. 


John I. Koivula 
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Figure 7. A rotary tool was used to partially repolish this 2.6-mm-long 
pit in the surface of a ruby, probably to remove evidence of heat 
treatment. Notice the curved grooves made by the tool in the faceted 
surfaces near the edge of the pit. 


SAPPHIRE, 
Internal Diffusion Revisited 


From time to time during the mid- 
1980s to early 1990s, we encountered 
transparent spherical clouds of 
intense blue color surrounding dark 
crystal inclusions in heat-treated sap- 
phires. These stones were all from 
alluvial deposits in Montana, such as 
Rock Creek and Eldorado Bar, and the 
spherical blue clouds were important 
evidence of heat treatment. (In our 
experience, sapphires from the prima- 
ry deposit at Yogo Gulch are not heat 
treated, and hence do not show such 
clouds.) For the last several years, 
however, we have not seen any sap- 
phires with these vivid blue spheres. 
We were therefore surprised to 
observe such inclusions in a round- 
brilliant-cut sapphire submitted for 
identification last fall to the East 
Coast laboratory (figure 8). 

These spherical blue clouds are 
caused by internal diffusion of color- 
causing elements from solid inclu- 
sions, which happens during heat 
treatment at temperatures that 
approach the melting point of sap- 
phire. In effect, the host corundum 
cannibalizes the inclusions for their 
chromophores, diffusing those ele- 
ments away from the inclusions, and 
creating more-or-less spherical clouds 
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of color. Internal diffusion was first 
described in a 1987 report in the 
Journal of Gemmology (J. I. Koivula, 
“Internal Diffusion,” Vol. 20, No. 7-8, 
pp. 474-477). The smaller the inclu- 
sions were, the smaller—and general- 
ly less intense—the blue spherical 
clouds appeared. This makes such 
spheres more difficult to recognize. 
An excellent example of this 
more subtle form of internal diffusion 
is found surrounding tiny, dust-like 
needles of rutile and ilmenite in heat- 
treated sapphires from many different 
localities. The clouds of color pro- 
duced in this manner consist of very 
small pale yellow or blue spots, often 


Figure 8. These blue spherical 
clouds surrounding dark crystal 
inclusions in a heat-treated sap- 
phire are caused by internal dif- 
fusion. Magnified 20x. 
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causing a subtle mottled appearance 
in the sapphire. This form of internal 
diffusion is best observed in diffused 
transmitted white light, and is a use- 
ful indication of heat treatment. 

John I. Koivula 


SCAPOLITE, Showing Asterism 


Scapolite is an unusual gem, more 
common in collections than in jewel- 
ry. Found in a variety of colors in 
Tanzania, Myanmar, Madagascar, 
Brazil, and Sri Lanka, scapolite often 
contains interesting inclusions. In 
some stones, masses of long, slender 
inclusions lead to chatoyancy or, 
more rarely, to asterism. 

Recently, a dealer shared two 
large reddish brown scapolite cabo- 
chons from Tanzania with the West 
Coast laboratory. Both were mined in 
the mid-1980s, the 30 ct cabochon 
from the Dodoma area in central 
Tanzania and the 17.04 ct cabochon 
from Umba, in northern Tanzania. 
The Dodoma scapolite showed strong 
chatoyancy, and the Umba cabochon 
(figure 9) displayed a strong chatoyant 
band that provides the central arms of 
an otherwise weak, but well-formed, 
eight-ray star. Asterism in scapolite is 
quite rare, especially in such a dis- 
tinct star with so many rays; we have 
previously reported on a weak four- 
ray star in a gray scapolite from Sri 
Lanka (Fall 1990 Gem News, p. 233) 
and a distorted, six-ray star in reddish- 
brown scapolite from Kenya (Spring 
1984 Lab Notes, pp. 49-50). 

Both cabochons showed proper- 
ties typical for scapolite: a spot refrac- 
tive index of 1.55 and a specific gravi- 
ty of 2.66, measured hydrostatically. 
They were inert to long-wave ultravi- 
olet radiation, and fluoresced weak 
red to short-wave UV. The chatoyan- 
cy in the 30 ct Dodoma scapolite was 
caused by long, thin, reddish brown 
inclusions (figure 10), similar to the 
goethite in scapolite illustrated in the 
Photoatlas of Inclusions in Gem- 
stones (E. J. Giibelin and J. I. Koivula, 
1986, ABC Edition, Zurich, p. 370). 
The inclusions in the asteriated stone 
were similar in color, but much short- 
er and more densely concentrated (fig- 
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Figure 9. Note the strong chatoy- 
ant band and six additional 
weak, but distinct, rays in this 
17.04 ct star scapolite from 
Tanzania’s Umba Valley. 


ure 11). Although scapolite is uniaxi- 
al, the inclusions in both specimens 
created a pseudobiaxial figure in the 
polariscope. These inclusions were 
also the cause of the face-up color in 
these stones. Because of the relatively 
precise parallel alignment of the 
brown needle-like inclusions in the 
larger cabochon, it was easy to see 
between them when looking at the 
piece in profile view. This allowed us 
to see the true body color of the stone, 
which was light yellow, a common 
color for scapolite. 

In the early 1980s, Graziani and 
others investigated a small number of 
specimens of reddish brown scapolite 


Figure 10. These long, slender, 
reddish brown inclusions are 
responsible for both the chatoy- 
ancy and the overall color of 
this 30 ct scapolite cabochon. 
Magnified 20x. 
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from Tanzania to determine the exact 
identity of the phenomenon-causing 
inclusions (G. Graziani and E. 
Gtbelin, “Observations on Some 
Scapolites of Central Tanzania,” 
Journal of Gemmology, 1981, Vol. 17, 
No. 6, pp. 395-405; and G. Graziani, 
E. Gibelin, and S. Lucchesi, “Observa- 
tions on Some Scapolites of Central 
Tanzania: Further Investigations,” 
Journal of Gemmology, 1983, Vol. 18, 
No. 5, pp. 379-381). They found long, 
thin growth tubes filled with both 
small scapolite crystals and crystals of 
an iron oxide or hydroxide. By brack- 
eting the temperature history of their 
samples, these authors concluded 
that—along with the small crystals of 
scapolite—lepidocrocite [y-FeO(OH)| 
had originally grown in these tubes, 
rather than goethite [a-FeO(OH]], and 
that these inclusions had dehydrated 
at modest temperatures (~350°C) to 
the magnetic mineral maghemite (y- 
FeyO3). SFM and IR 


TOPAZ, Natural-Color Green 


The unusual 2.59 ct light bluish green 
oval brilliant shown in figure 12, was 
submitted to the West Coast laborato- 


Figure 11. The reddish brown 
inclusions in the star scapolite 
shown in figure 9 are shorter 
and more densely concentrated 
than those in the 30 ct cat’s-eye 
stone, and they are oriented in 
four different directions, rather 
than just one. The more intense 
central arms result from even 
denser concentrations of the 
inclusions. Magnified 20x. 
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Figure 12. A natural-color green 
topaz, such as this oval brilliant, 
is quite rare. This color usually 
arises from irradiation treat- 
ment. 


ry for identification. The measured 
refractive indices (1.611-1.620) and 
the biaxial optic character indicated 
topaz. Specific gravity obtained by the 


hydrostatic method and with the 
DiaMension noncontact measuring 
device resulted in values of 3.55 and 
3.56, respectively. The stone fluo- 
resced green, weakly to long-wave UV 
and with medium intensity to short- 
wave UV. These properties confirmed 
the identification. Two distinctive 
features were seen with magnifica- 
tion: (1) a cluster of parallel, small, 
thread-like inclusions; and (2) straight 
and angular growth lines that delin- 
eated a zone of more saturated color 
deep in the pavilion. 

Green is an unusual color for 
topaz. Like the saturated blue colors 
most commonly seen on the market 
today, green typically results from 
irradiation in a nuclear reactor, 
although at higher temperatures than 
those that produce blue (see C. E. 
Ashbaugh III and J. E. Shigley, 
“Reactor-Irradiated Green Topaz,” 


Gems & Gemology, Summer 1993, 
pp. 116-121). Such irradiation causes 
residual radioactivity, which decays 
over time. The presence of radioactiv- 
ity is proof of treated color, but the 
absence of it is ambiguous; this gem- 
stone displayed no radioactivity above 
normal background to a handheld 
Geiger counter. However, the neu- 
trons from a reactor completely pene- 
trate a gemstone such as topaz, result- 
ing in even coloration, whereas this 
stone showed marked color zoning 
with magnification. Thus, we con- 
cluded that this stone was a rare natu- 
ral green topaz. IR and CYW 


PHOTO CREDITS 

John Koivula photographed figures 1, 4, 7, and 8 
Maha DeMaggio took photos 2, 5, 6, and 12. 
Shane F. McClure provided figures 3 and 9-17. 


CALL FOR POSTERS 


Poster Session 


Lab Notes 


he Gemological Institute of America will host the International 
Gemological Symposium in San Diego, California, from June 21 to 
24, 1999. More than 2,000 people are expected to attend this pivotal event. 

The Symposium’s dynamic program will feature technical sessions and panel 
discussions on topics of vital interest to all members of the gem and jewelry 
industry. In addition, there will be an open Poster Session featuring original 
presentations on topics such as new gem materials, synthetics, treatments, 

gem identification and grading, instrumentation and techniques, gem locali- 

ties and exploration, jewelry manufacturing, and jewelry design. 

Contributions are being solicited for this Poster Session. To be considered, 
please submit a preliminary abstract of no more than 250 words to one of the 
Poster Session organizers listed below. Space is limited, so please 
submit early. The final deadline is October 1, 1998. oth 

For more information on the Poster Session or the 
Symposium, please contact the individuals below, or write them 
at: GIA, 5345 Armada Drive, Carlsbad, CA 92008. 


James Shigley 
760.603.4019 
760.603.4021 (FAX) 
jshigley@gia.edu 


JUNE 21-24, 1999 
NTERNATIONAL 

GemovosicaL 
Symposium 


Dona Dirlam 
760.603.4154 
760.603.4256 (FAX) 
ddirlam@gia.edu 
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Symposium 


San Diego 
June 21-24, 1999 


760.603.4406 
760.603-4405 (FAX) 
igs@gia.edu 
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TUCSON ‘98 


We always hope that the Tucson shows will unfold like a 
great novel, with one resounding gemological theme 
tying together all the disparate subplots. If there was one 
great theme this year, gemstone treatment certainly 
earned that title, although it was a subject for education 
rather than resolution in Tucson. The International 
Colored Gemstone Association (ICA) and the American 
Gem Trade Association (AGTA) sponsored a pre-AGTA- 
show “summit” meeting on treatments with representa- 
tives from various gemological laboratories. AGTA also 
put together an informative display on the main show 
floor concerning some better-known treatments in emer- 
alds (clarity enhancement) and rubies (glass filling). 
Conversation throughout the shows often centered on 
the need for treatment disclosure and the efforts being 
made by AGTA, ICA, and other organizations to pro- 
mote such disclosure. 

Again, though, Tucson produced many new and/or 
different gem materials, or ways of using gem materials. 
We thank Giulia Goracci and Dr. Ilene Reinitz of the 
GIA Gem Trade Laboratory in New York, and Carlsbad 
GIA Gem Trade Laboratory regulars Maha DeMaggio, 
Cheryl Wentzell, and Philip Owens, in addition to our 
usual contributors, for their help in providing the follow- 
ing report. More information from the Tucson shows 
will be presented in upcoming Gem News sections. 


DIAMONDS 


Gem crystals from Russia and China. Because the 
Tucson shows concentrate on colored stones—or mineral 
specimens—rather than diamond as a gem material, dia- 
monds at Tucson are commonly sold as mineral speci- 
mens, that is, as loose crystals or crystals in matrix (see, 
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e.g., Spring 1996 Gem News, p. 52). Continuing this tradi- 
tion, Jack and Elaine Greenspan, of Woody Creek, 
Colorado, had crystals that displayed several different 
shapes, including cuboids, octahedra, dodecahedroids, 
and macles, that were reportedly from Russia (figure 1) 
and other sources. In addition, diamonds stated to be 
from China were also available (again, see figure 1) from 
Ande Jewelry and Mineral Co., of Tucson. 


Figure 1. Diamonds were once again available at 
Tucson as natural crystals. The 0.84 ct dodecahe- 
droid on the left is reportedly from the Mir Pipe, 
Russia; the 0.17 ct octahedron on the right is be- 
lieved to be from China. Photo by Maha DeMaggio. 
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Gordon: Mr. Gordon points out that 
Dr. Pfund is a foremost authority 
in the field of physical opties, and 
his contribution to the field of gem- 
ology is welcome. When reflectance 
curves are obtained for all of the 
gem minerals the data will be of 
still greater value. Mr. Gordon also 
points out that the method is too 
difficult and expensive to be used 
by the average jeweler. 


The Wegener Theory 
and Diamonds 

In the February and March issues 
of The Gemmologist, Mr. Paul C. 
Herz, of New York, has published an 
interesting article entitled ‘“Dia- 
mond Characteristics and the Wege- 
ner Theory.” In his article Mr. Herz 
reviews the Wegener theory, well 
known to all geologists, and dis- 
cusses the supporting evidence given 
this theory by the geographical 
occurrence of diamonds. 

In 1924, Alfred Lothar Wegener, 
a German geologist, impressed with 
the fact that the eastern outline of 
South America fitted closely the 
western outline of Africa, proposed 
his theory of Continental Drift. 


This theory supposes that prior 
to Cretaceous time North and South 
America were connected to Europe 
and Africa, and that during the 
Eocene period they started to drift 
apart, gradually assuming their 
present positions. 

Wegener’s theory is disputed by 
many bits of geologic evidence, and 
supported by others. One of the most 
interesting supporting evidences is 
the geographical distribution of dia- 
monds. Ninety-nine per cent of all 
the diamonds in the world are found 
in Venezuela, the Guianas and north- 
eastern Brazil, and along the west 
coast and across the southern tip of 


Africa. According to the Wegener 
Theory, these two areas were at 
one time connected, and this striking 
present-day geographical distribu- 
tion of diamonds is strong evidence 
in favor of the theory of Continental 
Drift. 


The Nature of the 
Polished Surface 
of a Gemstone 

In the January, 1946, issue of The 
Gemmologist, Mr. Frank B. Wade, 
of Indianapolis, Indiana, has out- 
lined his views “On the True Nature 
of the Polished Surface of a Gem- 
stone.” The evidence cited is in sup- 
port of the existence of the Beilby 
layer, the fused surface layer on the 
facets of polished gemstones, first 
postulated by Sir George Thomas 
Beilby in about 1900. 

As further evidence of the exist- 
ence of the fused surface layer, Mr. 
Wade points out: (1) Polishing is 
often done with a powder softer than 
the material being polished, but that 
all polishing agents have a very high 
melting point. (2) Before attempting 
to repolish scratched surfaces, most 
old-time lapidaries prefer to grind 
a new surface. (3) It is best to shape 
and rough-grind a stone before at- 
tempting to dye it, because polishing 
seems to develop a surface layer 
impervious to staining solutions. 

In the February, 1946, issue of 
The Gemmologist, Mr. B. W. Ander- 
son makes some interesting com- 
ments on Mr. Wade’s article. Mr. 
Anderson tells of some experiments 
performed by Professor G. I. Finch, 
who, by means of X-ray examination 
of the surface layers of polished 
gems, was able to add further sup- 
porting evidence to the existence of 
the “Beilby layer.” 


COLORED STONES AND ORGANIC MATERIALS I 


Andalusite (chiastolite) sphere. Andalusite is usually 
seen in the gem trade as green to orangy brown faceted 
stones showing strong pleochroism. However, andalusite 
is also an important rock-forming mineral, and most 
crystals in nature are opaque and included. One variety is 
named for its inclusions: Opaque carbonaceous inclu- 
sions form a cruciform pattern in the variety chiastolite, 
which is usually cut into cross-sections to display this 
pattern. Ande Jewelry and Mineral Co. was offering chi- 
astolite from China fashioned in a different way, as 
spheres. We examined one 26.33-mm-diameter sphere 
(figure 2) and found the following gem properties: 
color—mottled purplish pinkish brown bodycolor with 
black “spokes”; diaphaneity—opaque; refractive 
index—1.63 (spot reading); and specific gravity—3.13 
(measured hydrostatically). 

The four-spoked pattern is typical for this variety of 
andalusite, and it is a strong clue to the identity of the 
piece. The dark material (remnants of the host rock) in 
chiastolite is concentrated at the center of the crystal and 
along the boundaries between prism faces; the usual 
explanation for this feature is that these remnants were 
swept aside by the rapidly growing prism faces (see, e.g., 
W. A. Deer et al., Rock-Forming Minerals, Volume 1A: 
Orthosilicates, 1982, Longman Group Ltd., London, p. 
770). 


Coral with a blue sheen from Alaska. Usually when we 
think of coral, what comes to mind is the white-to-red 
material produced by colonies of tiny invertebrates 
(Corallium rubrum) in warm waters. This material is pri- 


Figure 2. This 148.50 ct (26.33 mm diameter) sphere 
has been fashioned from the chiastolite variety of 
andalusite, which is distinctive for the cross-shaped 
pattern formed by carbonaceous inclusions. Photo 
by Maha DeMaggio. 
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Figure 3. This yellowish brown coral (12.34 ct; 40.91 
X 9.90 x 5.54 mm), which has areas with blue sheen, 
is from Alaskan waters. Photo by Maha DeMaggio. 


marily made of carbonate minerals. However, there are 
also black, blue, and golden corals that are produced by 
different coral species, many of which are threatened or 
endangered; these materials are composed of conchiolin 
(a protein), and resemble horn in their gem properties. 
These latter types are also mainly found in tropical 
waters off central Africa and Hawaii, as well as Australia 
and Tasmania. (For more on corals, see R. Webster and 
P. G. Read, Gems: Their Sources, Descriptions, and 
Identification, 5th ed., 1994, Butterworth-Heinemann, 
Oxford, England, pp. 559-564.) 

Bill Gangi of Bill Gangi Multisensory Arts, Tucson, 
showed the Gem News editors another variety of coral 
that is yellowish brown and horn-like in appearance; 
many samples have areas with a pronounced blue sheen 
(figure 3). Also unlike other coral materials, it was har- 
vested from depths of 1,000 feet (more than 300 m) in the 
relatively cold waters of the Gulf of Alaska. According to 
Mr. Gangi, the source animal is the coral Primus wil- 
lemyi. He is marketing the material as “Alaska Gem 
Coral.” His stock was legally harvested by a fisherman 
who was dredging in the 1970s. Mr. Gangi acquired 
about 100 kg from the tons of material recovered. 


Bicolored corundum. Gillian Fitch Inskeep of Gilliana, 
Sonoma, California, showed the Gems &#) Gemology edi- 
tors a faceted corundum that poses an interesting 
nomenclature problem. The 2.11 ct opposed-bar cushion 
cut was red on one end and blue on the other (figure 4). 
We have seen the terms bicolored corundum (see, e.g., 
C. P. Smith et al., “Rubies and Fancy-Color Sapphires 
from Nepal,” Gems # Gemology, Spring 1997, pp. 
24-41), bicolored sapphire, and even bicolored ruby/sap- 
phire attached to similar material. Ms. Inskeep believes 
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Figure 4. One end of this 2.11 ct corundum, report- 
edly from Vietnam, is blue sapphire, and the other 
is ruby. Photo by Maha DeMaggio. 


that this particular example, which measures 9.12, x 5.26 
x 4.38 mm, came from Vietnam. 


Emerald from Tocantins, Brazil. Bear and Cara Williams 
of Bear Essentials, Jefferson City, Missouri, showed the 
editors several samples of emeralds from a new deposit 
in Tocantins State, Brazil, about 30 km from Paraiso. 
According to Mr. Williams, the deposit was found in 
mid-1996 and has been exploited intensively by 
garimpeiros (independent miners) since mid-1997. The 
emeralds occur in a schist “pipe” that is 2.5 km long, 
about 400-500 m wide, and dips downhill to the north- 
west at 24°. Although Mr. Williams did not know the 
total production from this new location, he commented 
that the deposit had been exploited only to a depth of 
about 1 m thus far. The largest faceted stones produced 
to date weigh about 5 ct. In the February 27, 1998, issue 
of Mining Journal, London |p. 165), it was stated that 
Verena Minerals of Toronto, Canada, has acquired an 
emerald claim near Paraiso for $212,000 plus royalties. 
This may be the same property, although the Mining 
Journal describes the deposit as being a “series of peg- 
matite dykes” rather than a schistose source rock. 

Mr. Williams described this material as being very 
similar in appearance to typical emeralds from Africa: 
that is, somewhat bluish and dark in color, with inclu- 
sions similar to those seen in Sandawana and Zambian 
emeralds. The stones we saw at his booth appeared 
bluish green, relatively dark (compared to Colombian 
stones), and slightly desaturated. 

We examined two emeralds from Tocantins in 
detail, a 5.00 ct oval modified brilliant and a 1.12 ct 
emerald cut (figure 5). Gemological properties of the 
stones were as follows: color—green,; diaphaneity—trans- 
parent; pleochroism—yellowish green to bluish green; 
optic character—uniaxial,; (Chelsea) color filter reac- 
tion—very weak orange; refractive indices—1.591-1.600; 
birefringence—0.009; specific gravity—2.77 (large stone}, 
2.78 (small stone); very faint yellow luminescence to 
long-wave UV radiation in feathers only (large stone), or 
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Figure 5. The 5.00 ct oval emerald is reportedly one 
of the largest stones to have come from the new 
deposit in Tocantins State, Brazil. The 1.12 ct 
emerald cut is representative of the cleaner mater- 
ial available from Tocantins State. Courtesy of 
Bear Essentials; photo by Maha DeMaggio. 


inert (small stone}; inert to short-wave UV; no visible 
luminescence; typical emerald spectrum when viewed 
with a handheld spectroscope (see, e.g., R. T. Liddicoat, 
Jr., Handbook of Gem Identification, 12th ed., 1993, 
GIA, Santa Monica, California, pp. 139-140). These prop- 
erties are similar to those that have been recorded in 
Brazilian emeralds, but somewhat higher than those 
from other similar environments (see, e.g., J. C. Zwaan et 
al., “Update on Emeralds from the Sandawana Mines, 
Zimbabwe,” Gems & Gemology, Summer 1997, table 3, 
p. 97). Both stones contained blocky two-phase (liquid 
and gas) inclusions and “fingerprints”; the smaller stone 
also contained needle-like inclusions in parallel orienta- 
tion, and the larger had iron-stained fractures. Both 
showed evidence of clarity enhancement. 


Spessartine garnet from Madagascar. Spessartine from 
Madagascar was prominent in Tucson this year. 
Yellowish to reddish orange to orangy brown garnet from 
Maevatanana in north-central Madagascar was being 
marketed by Allerton Cushman & Co., Sun Valley Idaho, 
and—as “Fireball garnet”—by Hargem Ltd., of Ramat 
Gan, Israel. According to Mr. Cushman, the garnets are 
alluvial in origin and are found as a by-product of gold 
mining in the region. Samples analyzed by Colgem Ltd., 
of Ramat Gan, Israel, have a composition of 94 mol.% 
spessartine, 4-6 mol.% almandine, and 1-2 mol.% 
grossular, with no significant pyrope component. 

One Hargem stone was particularly notable for its 
large size and workmanship. Beginning with a “win- 
dowed” block of rough weighing 98.51 ct—which had 
probably weighed over 100 ct before the window was 
cut—lapidarist Glenn Lehrer of Lehrer Designs, San 
Rafael, California, fashioned a 63.14 ct fantasy-cut stone 
(figure 6, left). This exceptional yield from the rough was 
due to at least two factors: the free-form shape, and the 
use of curved facets on the pavilion of the stone (figure 6, 
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Figure 6. Glenn Lehrer fashioned a 98.51 ct piece of spessartine garnet from Madagascar into this 63.14 
ct fantasy cut (left). The curved facets on the pavilion (right) carry the light into the stone. Courtesy 


of Hargem Ltd.; photos by Maha DeMaggio. 


right), which also brought out the color and liveliness of 
the material. This cutting style is slightly reminiscent of 
the hollow cabochons in which dark garnets traditionally 
are cut, but it shows far greater sophistication. 


Sphene from Madagascar. Large, gemmy pieces of green 
to yellowish brown sphene are being recovered from a 
new deposit in northern Madagascar. According to Tom 
Cushman, the Emily mine is at the northernmost point 
of Madagascar, in the region between Antsiranana and 
Vohemar. The sphene occurs with epidote and quartz 
crystals in Alpine-type veins cutting calc-silicate host 
rock; it must be removed using hard-rock mining tech- 
niques. A few tens of kilograms of gem material have 
been recovered since mining began about a year ago. The 
sphene is notable for its size (figure 7), the largest cut 
stone seen so far is about 29 ct. Much of the material 


Figure 7. This 21.79 ct cushion cut was fashioned by 
Buzz Gray from a sphene mined recently in northern 
Madagascar. Courtesy of Allerton Cushman & Co.; 
photo by Maha DeMaggio. 
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looks pink when viewed through a (Chelsea) color filter, 
which suggests that it contains chromium. 


Spinel from Vietnam. High-quality pink-to-red spinel 
was once again available from Luc Yen, in northern 
Vietnam (figure 8). According to Kent Pham, of 
International Marketing Consortium (IMC) in Placentia, 
California, the spinel is recovered as a by-product of ruby 
mining, so the production is unpredictable. However, 
some of the crystals are quite large. Mr. Pham displayed 
over 100 carats of fashioned spinel that were reportedly 


Figure 8. These red and pink spinels were recovered 
recently in the course of ruby mining in the Luc Yen 
region of northern Vietnam. The crystal at the top 
weighs 12.81 ct, and the faceted stones weigh 4.46 ct 
(left) and 3.58 ct (right). Courtesy of IMC; photo by 
Maha DeMaggio. 
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Figure 9. These three faceted liddicoatite tourma- 
lines have been cut to emphasize their color zoning. 
The stone farthest to the left measures 12.68 x 6.61 
X 3.71 mm and weighs 2.84 ct. Courtesy of Allerton 
Cushman & Co.; photo by Maha DeMaggio. 


cut from a single 10 kg piece of rough from this locality. 
The largest stone faceted thus far weighed 27.25 ct; how- 
ever, this rough is still being cut. Although we could not 
obtain gemological data on the stones shown in figure 8, 
spinel from this locality was described in the Fall 1993 
Gem News section (pp. 213-214). The availability of this 
“by-product” spinel is also significant in that it shows 
that mining is continuing in the Luc Yen area. 


Parti-colored faceted liddicoatite tourmaline. Liddicoatite 
from Madagascar is not new, but in general it has limited 
use as a gem material, because most crystals show pro- 
nounced color zones that would combine to “muddy” 
the color of a finished gem. (Because of this zoning, how- 
ever, slices cut perpendicular to the c-axis are often dra- 
matic, and therefore are sometimes used in jewelry.) 
Among the many gems from Madagascar that he was dis- 
playing, Tom Cushman also had liddicoatite that had 
been step-cut to emphasize the color zoning (figure 9), 
with an effect reminiscent of that seen in some fashioned 
parti-colored fluorite (see, e.g., Summer 1995 Gem News, 
p. 131). Mr. Cushman had about 50 examples of this 
material at Tucson, including several matched pairs. 


Another tourmaline source in Namibia. Marc Sarosi of 
Marc Sarosi Co., Los Angeles, had several slightly bluish 
green faceted tourmalines that reportedly came from a 
single pocket found on a farm near Windhoek, Namibia 
(see, e.g., figure 10), which he showed at the booth of 
Andrew Sarosi. The locality was supposedly discovered 
by a farmer who was burying his dead dog. These tour- 
malines were very uniform in color (as was all the rough 
Mtr. Sarosi saw) and quite transparent; the color was less 
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blue than most of the Neu Schwaben tourmaline 
described last year (Spring 1997 Gem News, pp. 66-67). 
About 3 kg of the rough material was recovered in April 
1997, of which Mr. Sarosi managed to purchase about 1 
kg; none has been discovered at this site since then. 


SYNTHETICS AND SIMULANTS EES 


Synthetic amethyst grown over round seeds. For more 
than a decade, the gem market has been inundated with 
synthetic amethyst. Again this year, a great deal of this 
material was available at the Tucson shows. Recently, 
however, we were informed of a new type of synthetic 
amethyst, seen in Beijing, China, that was grown on 
dome-shaped seed crystals. (As a consequence of this 
shape of seed crystal, the seed would not show an obvi- 
ous flat plane when the crystals were examined from the 
side.) Ms. Shen Meidong, of the National Gemstone 
Testing Center (NGTC) in Beijing, reported on the exam- 
ination of purple crystals that were recently sent to the 
Identification Department of the NGTC. All were deep 
purple and showed “natural” quartz crystal faces (figure 
11), including those in the forms r {1011}, m {1010}, and z 
{0111}. The crystals measured about 12 x 10 x 8-9 mm. 
Their gemological properties (as determined at the 
NGTC) were consistent with amethyst, both natural and 
synthetic. 

Although all four samples looked like natural 
amethyst crystals, each had a dome-shaped colorless cen- 
tral region. These central regions contained two-phase 
(liquid and gas) inclusions typical of natural quartz. 
However, the purple overgrowths contained numerous 
“nailheads”: nail-like inclusions that extended from 


Figure 10. This 30.57 ct green tourmaline is from a 
pocket found on a farm near Windhoek, Namibia. 
Courtesy of Marc Sarosi; photo by Maha DeMaggio. 
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small plates on the surfaces of the dome-shaped seeds 
(see inset figure 11); in addition, many white and brown 
“breadcrumb” inclusions were seen scattered on the sur- 
face of each dome. FTIR spectroscopy confirmed that the 
amethyst layers were synthetic (by, e.g., the presence of a 
3545 cm-! peak in the infrared spectrum; T. H. Lind and 
K. Schmetzer,“Infrarot Spektroskopie geschliffener 
Edelstein, dargestellt am Beispiel von echten und syn- 
thetischen Amethysten,” Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 31, No. 3, 1982, pp. 
143-150). Since the crystal forms looked natural, this 
material could easily confuse all but the most careful 
observers. 


“Glass stones”: Imitation agates. One serendipitous 
result of the multiplicity of shows that overlap in 
Tucson in February is the opportunity to visit with our 
colleagues of the art-glass-making community, who are 
usually found at the bead shows there. In last year’s 
Tucson report, we wrote of glass cabochons that resem- 
bled opal (see Spring 1997 Gem News, p. 69). This year, 
we saw glass cabochons that resembled agate. Marilyn 
Jobe of Ellenton, Florida, makes what she calls “glass 
stones”: glass cabochons and beads that resemble agate, 
brecciated jasper, and tortoise shell. Two examples, mea- 
suring 37.65 x 22.35 x 6.44 mm and 31.06 x 19.78 x 6.59 
mm, are shown in figure 12. Ms. Jobe made these cabo- 
chons by fusing old glass that she acquired from an estate 
sale; the multi-layered appearance makes these agate 
imitations particularly realistic. 


Synthetic moissanite from Russia. In Tucson, Ted 
Themelis of Gemlab (USA) Co., Athens, Greece, showed 
us a sample of synthetic moissanite from a source other 
than C3, Inc., the manufacturers of the material studied 
by Dr. Kurt Nassau and GIA investigators (see K. Nassau 
et al., “Synthetic Moissanite: A New Diamond 


Figure 12. These 36.95 and 48.82 ct cabochons are 
not agate, but rather are imitations made from 
fused glass. Photo by Maha DeMaggio. 
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Figure 11. The shape of this approximately 1 cm wide 
synthetic amethyst crystal, one of several examined 
recently in China, resembles that of a natural crystal. 
Because these crystals are grown on dome-shaped seeds, 
there was no obvious seed plane. Inset: These “nail- 
head” inclusions extend from the curved seed into the 
synthetic amethyst. Macro photo by Zhang Tao, NGTC; 
photomicrograph by Shen Meidong, magnified 25x. 


Substitute,” Gems & Gemology, Winter 1997, pp. 
260-275). The faceted oval (figure 13) we saw in Tucson 
appeared brown and nearly opaque; with a microscope, 
we observed a yellow body color and abundant linear 
opaque black inclusions. Like the C3 material, however, 
it was still doubly refractive. According to Mr. Themelis, 
this sample was made in Russia using a vapor deposition 
technique. Although the sample is not particularly 
attractive, it indicates that other producers are getting 
involved in the creation of synthetic moissanite. 


INSTRUMENTATION AND TECHNIQUES | 


Buff-top faceted stones cut from quartz spheres. Gem 
cutter Arthur Grant of Coast-to-Coast Rare Stones, 
Martville, New York, is best known for his ability to 
facet unusual gem materials (such as neodymium penta- 
phosphate: see, e.g., “Reversible Twinning in an Unusual 
Synthetic Material,” Winter 1997 Gem News, pp. 
307-308). However, he informed the Gem News editors 
that his favorite material to facet is quartz, and he 
showed us some unusual cuts that he had designed, start- 
ing with fashioned quartz spheres. Figure 14 shows two 
examples of these “buff-top” stones. The 4.41 ct stone on 
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Figure 13. This heavily included faceted synthetic 
moissanite (approximately 8 mm long) was 
reportedly made in Russia using a vapor deposi- 
tion process. Courtesy of Ted Themelis; photo by 
Maha DeMaggio. 


the left—called “Celestial quartz” by Mr. Grant—was 
fashioned from a sphere that had been coated with a 
dichroic optical material that transmitted red light and 
was light greenish blue in reflected light (for more on 
gems with dichroic coatings, see “’Tavalite,’ Cubic 
Zirconia Colored by an Optical Coating,” Summer 1996 
Gem News, pp. 139-140). None of the optical coating 
remained on the faceted pavilion of the sample, and Mr. 
Grant polished windows through the coating on the 
crown. The 7.89 ct piece on the right began as a conven- 


Figure 14. These buff-top fashioned stones (4.41 ct 
and 7.89 ct, respectively) were cut by Art Grant 
and his students from quartz spheres. Photo by 
Maha DeMaggio. 


tional polished sphere; to achieve the effect shown here, 
Mr. Grant “frosted” the crown surface with sandpaper 
mounted on a handheld Dremel tool before polishing the 
windows in the crown. 

Mr. Grant is using simple pieces such as these to 
teach faceting to local high school students; in fact, the 
pavilions of these pieces were fashioned by his student 
faceters. To provide the raw material for this work, he 
purchased the entire stock of dichroic-coated spheres 
(about 2,000 pieces) from Jewel Tunnel Imports of 
Baldwin Park, California. 


A PRELIMINARY REPORT FROM THE FIRST WORLD EMERALD CONGRESS 


The first World Emerald Congress was held in Bogota, 
Colombia, February 23-25, 1998, with about 750 partici- 
pants. The Congress featured over 30 invited talks from 
industry figures worldwide, as well as panel discussions, 
exhibits, an emerald auction, and a field trip to the mines 
at Muzo and Cosquez. The presentations covered every 
aspect of the emerald sector, including the geology of 
mining areas in Africa, Brazil, and Colombia, the manu- 
facture and identification of synthetic emeralds, and 
future challenges facing the emerald industry. However, 
one of the most important sessions (figure 15) concerned 
emerald treatments, especially clarity enhancements. 
The highlights of this session are given below. 

Dr. Henry Hanni of the SSEF Swiss Gemmological 
Institute was the opening speaker. He described a 90% 
success rate—using a combination of Raman and FTIR 
spectroscopic techniques—in identifying the substances 
used to fill fractures in clarity-enhanced emeralds (see, 
e.g., H. A. Hanni et al., “A Raman Microscope in the 
Gemmological Laboratory: First Experiences of 
Application,” Journal of Gemmology, Vol. 25, No. 6, 
1996, pp. 394-406). Dr. Mary Johnson of the GIA Gem 
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Trade Laboratory warned that there are at least 10,000 
substances that could be used as emerald fillers, so dis- 
criminating among them is not a simple task. She also 
provided standard definitions for many of the terms used 
in describing filling materials; “resin,” for instance, can 
be used to describe material that is natural or synthetic, 
and solid or liquid. Dr. Johnson also discussed the current 
GIA emerald treatment project, in which hundreds of 
stones—representing all major localities—will be exam- 
ined both before and after filling with a variety of sub- 
stances, with the stones then subjected to various dura- 
bility tests. (This study is scheduled to be completed and 
published within the next year.) Emerald dealer Ray 
Zajicek (Equatorian Imports, Dallas, Texas) offered an 
important viewpoint from the trade: the desire for a per- 
manent—or at least stable—treatment, which is not 
itself colored, does not completely mask existing fissures, 
and can be easily removed. A panel discussion followed, 
in which Jaime Rotlewicz (Gemtec, Bogota), Daniel 
Sauer (Amsterdam Sauer, Rio de Janeiro, Brazil), Ron 
Ringsrud (Constellation Colombian Emeralds, Bogota), 
Kenneth Scarratt (director of the new AGTA laboratory 
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in New York City), Dr. Dietmar Schwarz and Robert E. 
Kane (Giibelin Gemmological Laboratory, Lucerne, 
Switzerland), and GIA GTL manager of identification 
Shane McClure also took questions from the audience. 

The Congress participants appeared to agree on two 
major courses of action needed with regard to the clarity 
enhancement of emeralds: (1) gemological laboratories 
should provide information about the degree to which an 
emerald has been treated (e.g., slight, moderate, or major 
levels of clarity enhancement); and (2) treaters, dealers, 
and even the final consumer should be informed what 
the optimal filling material (or materials) would be. Until 
results are made available from the current GIA study on 
the durability of various emerald treatments, attending 
delegates from Colombian facilities professed their will- 
ingness to use only cedarwood oil in the clarity enhance- 
ment of emeralds, unless their customers request anoth- 
er treatment. However, Mr. Rotlewicz pointed out that 
cedarwood oil is not itself a perfect filling material; the 
viscosity of available Merck cedarwood oil changed 
about 10 years ago, which led treaters to experiment 
with “palma” (araldite resin) and other substances. 


COLORED STONES AND ORGANIC MATERIALS 


An unusual organic “gem”: Bezoar. Jean-Paul Poirot 
from Paris, France, presented photos of an amazing col- 
lection of “bezoars”—concretions, usually spherical, that 
are found chiefly in the digestive tract of grazing animals. 
Bezoars are composed of a mixture of materials, both 
inorganic (e.g., whitlockite, a calcium-iron-magnesium 
phosphate) and organic (hair). In some cultures, they 
were once believed to have magical properties. For exam- 
ple, Renaissance Europeans believed that bezoars could 
prevent arsenic poisoning. Placed in a beverage such as 
wine, the bezoar supposedly would absorb any heavy 
metal—such as arsenic—that might be present. Bezoars 
were also used as amulets and set into objects of art, 
especially during the 17th century. Today bezoars are 
rarely, if ever, found in jewelry outside of museums. 


Gem-quality transparent feldspar from North America. 
The well-known source for transparent and aventures- 
cent labradorite in Plush, Oregon, is only one of a num- 
ber of localities in North America for this gem material. 
Dr. Frederick H. Pough, a consulting mineralogist from 
Reno, Nevada, discussed several of these localities. A 
second occurrence in Oregon, near the town of Burns (the 
Ponderosa mine}, is also producing quantities of transpar- 
ent, gem-quality labradorite. Like the material from 
Plush, some of the rough gems contain small oriented 
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Figure 15. Among the speakers at the First World 
Emerald Conference were (left to right): Dr. Rodrigo 
Giraldo (moderator), Dr. Henry Hénni, Dr. Dietmar 
Schwarz, Ray Zajicek, and Jaime Rotlewicz. Dr. Mary 
Johnson is on the screen in the background. Photo by 
Charles Carmona. 


platelets of elemental copper that cause aventurescence 
when the stone is properly oriented during cutting. 
[Editor’s note: This material is commonly referred to as 
“sunstone” (see, e.g., C.L. Johnston et al., “Sunstone 
Labradorite from the Ponderosa Mine, Oregon,” Gems & 
Gemology, Winter 1991, pp. 220-233), although this 
term was originally reserved for aventurescent oligoclase 
feldspar with hematite—not copper—inclusions. | 

Near-colorless plagioclase phenocrysts occur in scat- 
tered lava flows at Sunstone Hill, in Deseret, Utah. A 
similar feldspar-bearing lava flow has also been reported 
in Milford, Utah. Northern Mexico is home to a lava 
flow with even larger gem-quality feldspar crystals, some 
more than 2.5 cm long. Moonstone-like feldspar crystal 
clusters have also been found in a lava flow in this area of 
northern Mexico, as has dark brown, sometimes asteriat- 
ed, spinel. Coincidentally, Gem News editor John 
Koivula recently identified (using Raman analysis) 
rounded blebs of black spinel as inclusions in some 
labradorite from Oregon that Dr. Pough provided. 

Although most of the feldspar from these various 
localities is colorless to pale brownish yellow, some 
intensely colored gems are also recovered. The latter 
crystals are often color zoned, with an outer layer that is 
almost colorless and a red core. Between these two zones 
a narrow green rim is sometimes present (see, e.g., 
Summer 1997 Gem News, p. 145). Green is the rarest 
color of these feldspars, followed by red. 
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Figure 16. Maw-sit-sit is rock composed of several min- 
erals, and is named for its locality of origin in northern 
Myanmar. The fashioned pieces range from 8.38 to 11.98 
ct. Stones courtesy of Allen Jenny and Pala Interna- 
tional; photo by Harold & Erica Van Pelt. 


Libyan Desert glass. Dr. John Saul, an exploration geolo- 
gist-gemologist from Paris, France, presented new infor- 
mation about “Libyan Desert glass.” This unusual, very- 
high-silica natural glass found at the Great Sand Sea in 
southwestern Egypt is sometimes faceted as a gem materi- 
al. It is composed of 98% SiO,, with minor amounts of 
iron, aluminum, and titanium oxides. Samples are trans- 
parent to translucent (milky); and near-colorless to very 
light yellow, green, or brown. The R.I. ranges from 1.464 
to 1.545, and the S.G. is 2.120-—2.215. Common internal 
characteristics are gas bubbles and distinctive dark 
streaks, as well as “pseudo-bedding” (layers that resem- 
ble bedding features). Among the mineral inclusions 
identified thus far are quartz, cristobalite, elbaite tourma- 
line, titanomagnetite, zircon, and baddeleyite. 

It is generally accepted that Libyan Desert glass 
formed 28.5 million years ago during a meteorite (or 
comet) impact into a quartz-rich formation, probably 
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loose sand. However, there is no observable crater; more- 
over, unlike impact-derived glasses (tektites) from other 
known craters, the material never exhibits aerodynamic 
shapes. As a result, alternative hypotheses have been sug- 
gested, such as formation due to hydrothermal activity or 
ancient forest fires. 

Although volatiles are nearly absent from Libyan 
Desert glass, tiny amounts of organic compounds in the 
form of fragile, crudely preserved sporomorphs or micro- 
fossils (less than 0.5 mm in size) have been tentatively 
identified. If these features are confirmed to be fossils, as 
Dr. Saul believes, any theory for the mode of formation 
of this material must accommodate both the high tem- 
perature needed to form the glass and the presence of 
fragile carbon-rich “microfossils.” Dr. Saul supports the 
hypothesis that a meteorite or comet impact heated the 
quartz-rich sand or sandstone parent rock, but he also 
suggests that this event occurred extremely rapidly and 
at a very high temperature—melting the silica and 
volatilizing other elements while driving away any gases 
present, particularly oxygen. In the absence of oxygen, 
some of the carbon-rich “microfossils” would not have 
ignited, but rather they could have been encapsulated by 
the molten silica. 


Maw-sit-sit from Myanmar. Gem News contributing edi- 
tor Dr. Henry Hanni, of the SSEF Swiss Gemmological 
Institute in Basel, presented the results of unpublished 
research on maw-sit-sit that he carried out with J. Meyer 
in 1984. With the recent reappearance of this unusual 
gem material, this information is still pertinent. Visual 
examinations of the maw-sit-sit currently being mined 
indicate little difference from that previously studied. 

Because maw-sit-sit is a rock composed of several 
different minerals that can vary greatly in their relative 
amounts, it may show considerable variation in both 
visual appearance and specific gravity. The color of maw- 
sit-sit ranges from light green to black; it can be 
monochromatic, mottled, or spotted, with black or white 
spots or veinlets (see, e.g., figure 16). 

Maw-sit-sit is named for its locality of origin in 
northern Myanmar, but it has also been referred to as 
jade-albite or chloromelanite. Jadeite and albite are two 
possible constituents of maw-sit-sit, but both are subor- 
dinate, so they should not be used to name the stone. 
Chloromelanite is an older varietal name for iron-rich 
jadeite (A. M. Clark, Hey’s Mineral Index, 1993, London, 
Chapman & Hall, p. 132), which is not found in maw-sit- 
sit, so this too is a misnomer. 

There are several main constituents of maw-sit-sit. 
Chromite occurs as small black grains with a metallic 
luster that are usually seen as cores in black kosmochlor 
aggregates. Kosmochior, long recognized only from mete- 
orites, occurs as fine felty masses, the characteristic black 
spots in some maw-sit-sit. Formerly known as ureyite, 
kosmochlor (NaCrSi,O,) is the chromium analogue of 
jadeite (NaAISi,O,). Cr-colored green jadeite is present as 
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blocky mosaics of large single crystals. (Jadeite and kos- 
mochlor form a solid-solution series through the substi- 
tution of chromium for aluminum.) The eckermannite 
and arfvedsonite species of amphibole form coarse crys- 
tals that are green or gray, depending on their Cr content. 
Symplectite, a very fine-grained mixture of minerals that 
cannot be resolved microscopically, may also be present. 
In maw-sit-sit, the symplectite is also green due to the Cr 
content of its components. 

The matrix consists of chlorite, albite, serpentine, 
and zeolites, which also fill interstitial spaces between 
the minerals named above. Fine veinlets also consist pri- 
marily of these minerals. 

The maw-sit-sit deposit is located near the classic 
jadeite location at Tawmaw. It formed along the rim of a 
large peridotite body that was altered and serpentinized. 
The deposit is apparently the result of a metasomatic reac- 
tion between albitite dikes and the adjacent serpentinite 
during high-pressure metamorphism. 

(Dr. Hanni and Mr. Meyer wish to express their 
thanks to the late Giinther Weinz of Kirschwiles, 
Germany, who supplied them with sample material in 
1982.) 


An opal nomenclature. Dr. Grahame Brown, of the 
Gemmological Association of Australia (GAA), presented 
a paper introducing a system for opal nomenclature that 
resulted from three years of discussion among representa- 
tives of GAA, the Australian Gem Industry Association, 
and the Lightning Ridge Miners Association. The infor- 
mation from these discussions was compiled by 
Anthony Smallwood, chairman of GAA’s Opal Nomen- 
clature subcommittee, and was ratified by these organi- 
zations and by the Australian Gemstone Industry 
Council and the Jewellers Association of Australia. 

Under this system, natural opal is initially classified 
into one of three groups: precious opal (that which shows 
play-of-color), common opal, and potch. The latter two 
do not show play-of-color and are separated from one 
another based on their formation and structure. Precious 
opal is further divided into three types: Solid single 
pieces of opal with substantially homogeneous chemical 
composition are classified as Type 1; Type 2 is boulder 
opal, solid opal that is naturally attached or layered with 
the rock in which it was formed, and this rock is of a dif- 
ferent chemical composition; and Type 3 is matrix opal, 
in which opal fills pores between grains in the host rock 
(e.g., opal-cemented sandstone). 

In this nomenclature system, different varieties of 
precious opal are specified on the basis of their body tone 
(relative lightness or darkness of the stone) and trans- 
parency. These varieties are designated as black, dark, or 
light, with the lightest tone being white opal; any opal 
that is transparent to semi-transparent is called crystal 
opal. 

Specific criteria for defining opal treatments, opal 
composites, synthetic opal, and imitation opals have also 


Gem News 


been established, so that reproducible classification 
reports can be prepared for any opal, regardless of its 
country of origin. (For more information on this system, 
see A. Smallwood, “A New Era for Opal Nomenclature,” 
Australian Gemmologist, Vol. 19, No. 12, 1997, pp. 
486-496.) 


Identifying natural opal in the field. The techniques of 
gem identification routinely used in well-equipped gemo- 
logical laboratories are not always practical when buying 
gems in the field or at the mine. The distinction between 
natural opal and its synthetic and imitation counterparts 
under these conditions was the subject of a paper pre- 
sented by Geoffrey Tombs of Beacon Hill, New South 
Wales, Australia. Mr. Tombs also prepared a useful chart 
for the field identification of natural opal and its imita- 
tions by means of basic gemological instruments and 
techniques. He emphasized the use of magnification and 
proper illumination to show differences in play-of-color 
patterns and internal structure. Fluorescence (and phos- 
phorescence) to both long- and short-wave UV radiation 
were also discussed as means of identification. This 
information is particularly useful to gemologists and gem 
traders when advanced instrumentation, such as infrared 
spectrophotometry, is unavailable. 


Kashmir rubies. The Kashmir region has been world 
famous for extraordinarily fine blue sapphires since they 
were first discovered there in 1881. Robert E. Kane, of the 
Gtibelin Gemmological Laboratory in Lucerne, 
Switzerland, reported on the first ruby deposit found in 
this region, almost a century later (in 1979), about 350 
km by air northwest of the historic blue sapphire 
deposits. The ruby deposit (figure 17) is located in 
extremely remote and rugged mountainous terrain on 
Nangimali Mountain, high in the Himalayas, in the 
Azad Kashmir region of Pakistan. The mine consists of 
two main workings (at 14,300 feet [4360 m] and 12,500 
feet [3810 m]) that can only be mined from May to 
October because of the severe climate. 

The ruby crystals are found in light bluish gray 
bands of pure calcite, which follow the bedding pattern 
of the marble (figure 18). The ruby-bearing bands vary in 
thickness from less than 1 cm to 30 cm, and the distance 
between the bands varies from a few centimeters to sev- 
eral meters. Closely spaced bands, with a thickness 
greater than 1 m, have been designated as ruby ore zones. 
At the Nangimali Top area, these zones range from 3 to 6 
m thick. Schists of various types flank the ruby-bearing 
marbles; garnet-bearing schists predominate. Although 
calcite predominates in the ruby-bearing marbles, 16 
additional minor minerals have been identified thus far. 

Mining started in 1990 on a limited (pilot) scale. 
During the author’s 1995 visit, mining was carried out by 
both open pit (at the upper workings) and underground 
(at the lower area) methods. As of 1995, about 250 kg of 
gem material had been produced from ore averaging 55 
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Figure 17. The lower of the two Kashmir ruby 
deposits has been developed by underground work- 
ings with conventional tunneling, using drilling 
and blasting. Photo by Robert E. Kane. 


carats per cubic meter. The gems consisted of cabochon- 
to facet-grade ruby (some comparable in quality to stones 
from Mogok) and pink sapphire. The largest facet-grade 
stone recovered weighed 85 ct. With increasing depth of 
mining, the percentage of deep red gems increased, as did 
the transparency and size of the stones. Inclusions report- 
ed to date in the gem-quality material include pyrite, cal- 
cite, rutile, chromium-bearing mica, pyrrhotite, and hematite. 

The total estimated “resources” (not to be confused 
with measured “reserves”) of ruby and pink sapphire are 
about 125 million carats. However, the remoteness and 
ruggedness of the location, as well as its short working 


Figure 18. Well-formed ruby crystals are some- 
times present in the mineralized calcite at Kash- 
mir’s ruby deposits. When such spectacular ruby 
crystals are encountered, the miners preserve 
them as mineral specimens. This sample is 
approximately 10 cm across. Photo by 

Robert E. Kane. 
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season, present major challenges for the economic devel- 
opment of these deposits. 


Gemstones of Switzerland. Although well-known for a 
variety of interesting “Alpine-type” minerals (such as 
fluorite, quartz, and epidote), Switzerland and the Swiss 
Alps are generally not known for their gem materials. It 
was therefore surprising when Dr. Edward J. Gibelin, of 
Lucerne, Switzerland, described a number of different 
gems that have been found in that country. Among the 
better-known gems described were aquamarine and 
green beryl, ruby and sapphire, moonstone, garnets 
(almandine, andradite, grossular, pyrope, and spessartine], 
amethyst, topaz, and tourmaline. The collectors’ gems he 
mentioned included anhydrite (figure 19), apatite, axi- 
nite, cordierite, diopside, dolomite, epidote, fluorite (fig- 
ure 20), idocrase, kyanite, scapolite, and sphene. 

Dr. Gtibelin had examples of each of these Swiss 
gems available for examination. Many were quite large, 
with several exceeding 5 ct. Dr. Giibelin also provided a 
short introduction to the geology of the Swiss Alps, 
which he related to the various gem deposits. 


SYNTHETICS AND SIMULANTS 


First commercial synthetic ametrine from Russia. Dr. 
Vladimir Balitsky, head of the Laboratory of Mineral 
Synthesis at the Institute of Experimental Mineralogy of 
the Russian Academy of Sciences at Chernogolovka 
(Moscow District), described the technology developed in 
Russia for growing single crystals of bicolored amethyst- 
citrine quartz, which resemble the natural gem “ametrine” 
found in Bolivia. This technology is based on the results of 
previous studies of the origin of amethyst and citrine col- 
oration, as well as on discoveries concerning the effects 
of different physical-chemical and growth factors on the 
formation, stability, and character of color distribution in 
these crystals. 

The first batch of crystals (on the order of 100 kg) 
was produced in 1994. As is the case with crystals of syn- 
thetic amethyst or citrine, ametrine is grown in auto- 
claves from strongly alkaline potassium carbonate solu- 
tions in the presence of ferric ions and an oxidizer, at 
temperatures of 350°-390°C and pressures up to 1.5 kbar. 
In one autoclave with a volume of 1,000 liters, 250-300 
kg of ametrine crystals can be grown over a period of two 
to three months. [Editor’s note: According to Dr. 
Balitsky, the crystals are near-colorless and yellow as 
grown; with subsequent irradiation and heat treatment, 
the near-colorless portion turns purple and the yellow 
portion darkens. Both colors are due to iron.] Individual 
single crystals range from several grams (the most valu- 
able faceting material) up to 1 kg. 

As is the case for natural ametrine, the synthetic 
crystals are characterized by sector zoning, which results 
from a selective distribution of amethyst and citrine col- 
oration in different growth zones (figure 21}. Crystals 
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Use of the Diamondscope 


by 


JEROME B. WISS, C.G. 
(Continued from Page 288 of tast issue) 


A separate examination should 
now be made of any imperfections 
which may have been noticed inside 
the body of the stone, in addition to 
cracks or cleavage separations. Im- 
perfections should be viewed from 
various angles from the top as well 
as from the bottom, to determine 
exact location and seriousness. An 
imperfection appearing small from 
one angle may appear much larger 
and more serious from another. 
Considerable adjustment of position 
of the stone in the holder, and of the 
focusing wheels may be necessary for 
best results. Only practice in the in- 
strument’s use can answer “How 
are the best results obtained?” 

If no interior flaws or surface 
blemishes have been discovered in 
scrutiny from both top and back, a 
minute facet-by-facet examination is 
in order. 

Starting with the diamond in the 
table-up position, an inspection 
should be made, using each of the 
32 top facets as a corridor through 
which to look towards the culet. The 
stone holder must be tilted slightly 
so that the facet being examined is 
on a plane approximately 90° to the 
objective of the microscope. Here 
again, practice brings the best re- 
sults. 

The top break facets do not lend 
themselves readily to an examination 
of this sort as the metal of the 
tweezer points interferes with a 
clear view through these facets in 
either the 12- or 9-o’clock position. 
The more experienced observer may 


substitute a pair of fine-point dia- 
mond tweezers for the stone holder. 
Each back facet is now examined 
in turn. Considerable illumination 
will be reflected into the observer’s 
eyes during examination through the 
back. A slight dimming of the light 
source may be necessary to avoid too 
bright a glare. Minute inclusions, 
“feathers,” invisible from the top 
examination are frequently discov- 
ered in the diamond during back- 
facet examination. When a minute 
flaw, either of the surface or internal 
variety, is believed to have been dis- 
covered, its actual existence must be 
proved. Particular care must be 
taken not to confuse true flaws with 
reflections of minute dust particles 
cast into the stone from other facets. 
One way of testing this is to 
thoroughly blow off the diamond with 
the ear syringe, and to re-examine 
the stone. Do not remove the diamond 
from the tweezers while this is being 
done. The exact location of the sup- 
posed flaw may be lost if the posi- 
tion of the diamond is changed. 
When an imperfection has been 
located, carefully adjust the stone 
holder so that the imperfection is in 
the approximate center of the field 
of vision (lest the imperfection fail 
to appear in the smaller field of 
vision of higher magnification), then 
change magnification to the higher 
30 power by swinging the 2x objec- 
tive in line with the eyepieces. 
The change to the higher magnifi- 
cation should afford a clearer picture 
of the imperfection, although this 


Figure 19. This faceted anhydrite is shown resting 
on a crystal of gem anhydrite from the Simplon 
Tunnel that is coated with ankerite. Swiss anhy- 
drite is notable for its light purple color, as well as 
its size (crystals up to 7 cm long). Photo courtesy of 
Dr. Edward J. Gtibelin. 


grown on seeds parallel to the pinacoid {0001} are charac- 
terized by the simplest distribution of colors. The identi- 
fication of gems cut from such crystals has previously 
been based on their characteristic internal structure and 
the distribution of color in growth sectors. However, in 
several recently produced crystals, these characteristics 
resemble natural ametrine more closely. Identification of 
synthetic ametrine requires evaluation of all distinguish- 
ing features of both synthetic amethyst and synthetic cit- 
rine, and it is not always easily accomplished. (For one 
method of distinguishing synthetic from natural 
amethyst and citrine, see T. H. Lind and K. Schmetzer, 
“Infrarot Spektroskopie geschliffener Edelstein, 
dargestellt am Beispiel von echten und synthetischen 
Amethysten,” Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 31, No. 3, 1982, pp. 143-150.) 


INSTRUMENTATION Ss 


Cathodoluminescence and photoexcitation applications 
in gemology. Continuing his research on cathodolumines- 
cence (CL), Dr. Johann Ponahlo of the Department of 
Mineralogy and Petrography at the Museum of Natural 
History in Vienna, Austria, described his latest observa- 
tions. Dr. Ponahlo emphasized that cathodolumines- 
cence is a nondestructive technique that can be useful in 
the separation of natural and synthetic gem materials. 
Many CL instruments are designed to be mounted 
on a microscope stage. In addition to the visual images 
provided by this method, information on the lumines- 
cence of gemstones can be obtained by collecting CL 
spectra in the ultraviolet, visible, and near-infrared spec- 
tral ranges (figure 22) by means of computer-assisted CL 
spectrophotometers. Such instruments require only 
about 30 seconds to complete a spectral analysis in the 
visible plus near-infrared range; this time is reduced to 
just two thousandths of a second with newly developed 
diode array spectrometers. Rough or cut stones from 2, to 
~40 mm can be accommodated in these instruments. 
Another technique currently being explored by Dr. 
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Figure 20. Switzerland is also the source of attrac- 
tive pink fluorite, as shown by these faceted stones 
(10-80 ct). Photo courtesy of Dr. Edward J. Gtibelin. 


Ponahlo is known as photoexcitation spectrometry 
(PECS). This method differs from CL analysis in that 
PECS does not use an electron beam to excite lumines- 
cence. Instead, the sample is excited by a beam of light 


Figure 21. Synthetic ametrine grown in Russia is now 
commercially available. The smaller crystal measures 
51x 21x 5 mm. Photo by Maha DeMaggio 
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(photons}, and the energy emitted at each wavelength of 
excitation is measured as the wavelength of excitation is 
scanned. A photoexcitation spectrum is potentially more 
sensitive than CL for measuring the luminescence pro- 
duced by a given activator ion. Preliminary results indi- 
cate that this photoexcitation method could be useful for 
detecting minor differences between natural gemstones 
and synthetics, as well as for determining locality of ori- 
gin in some cases. 


ANNOUNCEMENTS Es 


New geologic maps of Sri Lanka. The Geological Survey 
and Mines Bureau of Sri Lanka has published seven maps 
in a new series titled Geological Maps of Sri Lanka 
1;100,000. These detailed maps (figure 23) provide cover- 
age of the central and southern parts of the country, and 
include most of its known gem-producing areas. In adddi- 
tion to a full-color geologic map, each sheet contains a 
description of the regional geology of Sri Lanka, along 
with the geology and mineral deposits (where applicable) 
of the mapped area. The maps are a considerable resource 
for anyone wishing to undertake geologic studies or 
prospecting in this gem-rich country. They are available 
for a nominal charge from the Geological Survey and 
Mines Bureau, No. 4 Senanayake Building, Galle Road, 
Dehiwala, Sri Lanka; fax 94-1-735752. 


Nature of Diamonds exhibit extended. The American 
Museum of Natural History is extending the Nature of 
Diamonds exhibition, from the original closing date of 


SRI LANKA 1:100,000 Geology presses the tert NUWARA ELIYA - HAPUTALE 
‘ ¥ = ve a = - 
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Figure 22. CL spectrophotometry is a fast, non- 
destructive technique, which was used here to sep- 
arate beads of a similar saturated blue in a group 
of necklaces. The CL spectra showed that some of 
the necklaces contained only kyanite beads and 
some contained a mixture of kyanite and sapphire 
beads. The spectrum for benitoite is also shown for 
comparison as a gem material with a similar blue 
color. 


April 26, to August 30, 1998. For more information on 
the exhibit, contact the Museum at Central Park West at 
79th Street, New York, 10024-5192, phone 212-769-5099. 


Figure 23. This geologic map, 
one of a series recently 
issued by the Geological 
Survey and Mines Bureau of 
Sri Lanka, covers an area of 
southern Sri Lanka where 
numerous gemstones are 
mined. 
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International Mineralogical Association meeting. The 
17th General Meeting of the IMA will be held in 
Toronto, Canada, August 9-14, 1998. The meeting is 
being organized by the Mineralogical Association of 
Canada, the University of Toronto, and the Royal 
Ontario Museum. A symposium on “Gems and 
Diamonds” will be featured, in addition to the other sci- 
entific programs on mineralogy, petrology, geochemistry, 
and ore mineralogy. For more information, visit the web 
site at http://opal.geology.utoronto.ca/IMA98/second_ 
circular/Second_Circular.html, or write IMA’98, 
Department of Geology, University of Toronto, Earth 
Sciences Center, 22 Russell Street, Toronto, Ontario, 
Canada, M5S 3B1. 


IN MEMORIAM | 


Charles E. Ashbaugh III, 1944-1997. The editors were 
greatly saddened to learn that Gems & Gemology author 
Charles (“Chuck”) Ashbaugh passed away last July. A 
graduate of the University of California, Los Angeles, 
Chuck was hired by the GIA Gem Trade Laboratory in 
Santa Monica as an expert on radiation testing of gem 
materials. He set up the GTL radiation testing facility, 
which has been used to detect, characterize, and quantify 
induced radioactivity in several gem materials, most 
notably diamond and topaz. He eventually rose to the 
position of Manager of Radiation Testing at GTL, before 
moving on to become Manager of Health Physics at 
Isotope Products Laboratories in Burbank, California. 
Even after he left GIA, Chuck continued to offer advice 
on particularly challenging identification problems. He 
was a longtime member of the review board for Gems & 
Gemology’s Gemological Abstracts section and wrote 
three papers for G&G: “Gemstone Irradiation and 


Radioactivity” (Winter 1988), which won the Most 
Valuable Article Award for that year; “Gamma-Ray 
Spectroscopy to Measure Radioactivity in Gemstones” 
(Summer 1992); and, with Dr. James E. Shigley, “Reactor- 
Irradiated Green Topaz” (Summer 1993). 

Chuck is survived by his wife, Connie, and son, 
Charles E. Ashbaugh IV. 


Eugene Edward Foord, 1946-1998. Eugene (“Gene”) 
Foord passed away on January 8, 1998, after a three-year 
battle with lymphoma. Gene was a longtime supporter of 
Gems & Gemology, co-authoring two articles (“Gem- 
Quality Red Beryl from the Wah Wah Mountains, Utah” 
in Winter 1984, and “Emeralds of the Panjshir Valley, 
Afghanistan” in Spring 1991) and reviewing many other 
papers. 

Gene obtained degrees from Franklin and Marshall 
College (B.A. geology, 1968), Rensselaer Polytechnic 
Institute (M.S. geology/petrology, 1969), and Stanford 
University (Ph.D. mineralogy, 1976). Gene’s doctoral the- 
sis was a detailed study of the gem-tourmaline-bearing 
Himalaya dike system in San Diego County, California. 
Through his studies of this and other pegmatites in 
Southern California and Colorado, Gene gained recogni- 
tion as an expert on gem-bearing pegmatites. During his 
career as a geologist-mineralogist at the U.S. Geological 
Survey from 1976 until his death, Gene also made 
numerous other contributions, amounting to nearly 200 
books, papers, abstracts, and maps. Gene’s collaborations 
with mineralogists from around the world took him to 
Russia, China, and Pakistan. His studies of gem materials 
included emerald, red beryl, topaz, tourmaline, and 
turquoise. 

Gene is survived by his wife, Suzann, and their chil- 
dren, Laura and Robert. 


1997 Manuscript Reviewers 


Gems & Gemology requires that all articles go through the peer-review process, where the manuscript is 
reviewed by at least three experts in the field. This process is vital to the accuracy and readability of the 
manuscript, but it is also time-consuming for the reviewer. Because members of our Editorial Review Board 
cannot have expertise in every area, for some manuscripts we call on others in our community to share their 
intellect and expertise. In addition to the members of our Review Board, we extend a heartfelt thanks to the 
following individuals who provided us with their comments and reviews of manuscripts in 1997: 


Dr. Peter Cooke Mr. Nir Livnat Mr. Michael Steinmetz 
Dr. Eugene Foord Mr. Shane McClure Dr. Chris Welbourn 
Dr. Jeff Harris Mr. Nicolai Medvedev Mr. Richard Williams 
Mr. Hertz Hasenfeld Mr. Dilip Mehta Dr. William Wise 

Dr. Don Hoover Ms. Elise Misiorowski Mr. Lewis Wolfe 

Mr. Glen Lehrer Mr. Russell Shor 
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T° information contained in the 1997 vol- 


ume year of Gems & Gemology is as broad 


Gem ol ogy and diverse as the study of gems. Feature articles 


The following 25 questions are based on 
information from the four 1997 issues of 
Gems & Gemology. Refer to feature articles 
and “Notes and New Techniques” in these 
issues to find the single best answer for each 
question; then mark your choice on the 
response card provided in this issue (sorry, no 
photocopies or facsimiles will be accepted; 
contact the Subscriptions Department if you 
wish to purchase additional copies of the 
issue). Mail the card so that we receive it no 
later than Monday, August 17, 1998. Please 
include your name and address. All entries 
will be acknowledged with a letter and an 
answer key. 


64 Gems &) Gemology Challenge 


highlighted such topics as geophysics in gemstone 
exploration, modern diamond cutting and polish- 


ing, Sandawana emeralds, California benitoite, 


— « synthetic moissanite, and blue fluorescence in dia- 
j « mond. Each article was packed with information 
——_ that is as useful as it is interesting. To this end we 


invite you to test your understanding and knowl- 
edge of these important papers. This year marks 
the 12th annual Gems ¢ Gemohgy Challenge, and 
we want you to be a part of it! 


Score 75% or better, and you will receive a 
GIA Continuing Education Certificate. If 
you are a member of GIA Alumni and @icu 
Associates you will earn 5 Carat Points 
toward GIA’s new Alumni Circle of Cg 
Achievement. (Be sure to include your GIA pide aia 
Alumni membership number on your 1997 

: GIA Gems & GEMOLOGY 
answer card and submit your carat card for CHALLENGE 
credit.) Earn a perfect score, and your name 
will also be featured in the Fall 1998 issue of 


Gems & Gemolyg. Good luck! iia iaciaaaa a 


Note: Questions are taken from the four 
1997 issues. Choose the single best answer 
for each question. 


GEMS & GEMOLOGY Spring 1998 


. Common inclusions found in Bi-bearing 
tourmaline from Zambia are 
A. growth tubes. 
B. “breadcrumbs.” 
C. two-phase (liquid and gas). 
D. “horsetails.” 


. Ground-penetrating radar may be useful to 
locate gem-bearing pockets in pegmatites 
because it measures differences in a material’s 
A. magnetism. 

B. refractive index. 
C. electrical conductivity. 
D. specific gravity. 


. Extraction of rhodochrosite specimens at 
the Sweet Home Mine has been improved 
by the use of a hydraulic chainsaw and 
A. blasting. 

B. dental picks. 
C. diamond-impregnated drill bits. 
D. hydraulic rock splitting. 


. Synthetic moissanite could be mistaken for 
diamond on the basis of 
A. _ specific gravity. 
B. refractive index. 
C. dispersion. 
D. thermal inertia. 


. The depth of the red color in ruby 
correlates to the concentration of 
A. chromium. 

B. chromium and iron. 
C. iron. 
D. iron and titanium. 


. Until recently, diamond simulants were 
readily distinguished from diamond on the 
basis of their 
A. “Cape” lines. 

B. absorption spectra. 
C. UV luminescence. 
D. thermal conductivity. 


. Besides ground-penetrating radar, the most 
promising geophysical method for gem 
exploration (due to its resolution) is 
A. gravity surveying. 

B. _ seismic-reflection profiling. 
C. magnetism. 
D. none of the above. 


. Sandawana emeralds are most similar in 
chemistry to emeralds from 
A. Pakistan. 
B. Colombia. 
C. the Ural Mountains. 
D. Madagascar. 


. One distinctive inclusion in Nepal rubies is 
A. tremolite. 
B. apatite 
C. dolomite. 
D._uvite tourmaline. 
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10. 


i; 


12. 


13. 


14. 


15. 


16. 


ive 


In diamond manufacturing, the decision 18. The presence of bismuth in Zambian tour- 
whether or not to divide a diamond crystal maline probably is responsible for which of 
is made by the the following? 
A. marker. A. Unusual color zoning 
B. _ sorter. B. Luminescence to UV radiation 
C.  bruter. C. Presence of growth tubes 
D. cutter. D. None of the above 
When cleaning jewelry set with 19. During exposure to ultraviolet radiation, 
thodochrosite, which of these cleaning some diamonds emit visible light, which is 
methods may be used? termed 
A. Ultrasonic A. thermoluminescence. 
B. Steamer B. fluorescence. 
C. Buffing wheel C. phosphorescence. 
D. Solvents D. cathodoluminescence. 
The formation of benitoite has been 20. In standard laboratory color grading, a col- 
attributed to hydrothermal processes that orless to near-colorless diamond is viewed 
caused the unusual combination of A.  table-up through the crown facets. 
A. barium and titanium. B. _ table-up through the pavilion facets. 
B. _ silicon and titanium. C.  table-down through the crown facets. 
C. barium and silicon. D. _ table-down through the pavilion 
D. silicon and aluminum. facets. 
Which of the following is not 21. The similarity of Tairus hydrothermal syn- 
characteristic of Chinese hydrothermal thetic sapphires to natural sapphires can be 
synthetic emeralds? attributed to their 
A. Nailhead spicules A. chromophores. 
B. Chrysoberyl inclusions B. crystal structure. 
C. Platinum platelets C. chemical composition. 
D. Beryl crystals D. hydrothermal growth. 
The main disadvantage of modern 22. Near-colorless synthetic diamonds may be 
technological methods of diamond differentiated from natural diamonds by 
cutting is their 
A. the low yield. A. inclusions, when present. 
B. the high cost of equipment. B. long-wave UV fluorescence. 
C. the large number of operators C. pavilion flash colors. 
required. D. thermal conductivity. 
D. _ the length of time required to cut a 23. The most useful properties for separating 
diamond. synthetic moissanite from diamond are S.G. 
Besides the deposit in California, benitoite ane ee 
hrs Kees aan A. thermal inertia. 7 
B. _ electrical conductivity. 
A. Japan. i 
heb C. double refraction. 
CG ik D. pavilion flash. 
D. Mexico. 24. Chinese hydrothermal synthetic emeralds 
can be distinguished from natural emeralds 
The presence of Ni in Tairus hydrothermal ‘en the basistor thea 
synthetic sapphires can be detected by the &K ackofiton, 
A. characteristic color. B. UV-visible absorption spectra. 
B. optical absorption spectrum. C. infrared absorption spectra. 
C. distinctive crystalline inclusions. D: -chromiumeontent. 
D. red UV fluorescence 
25. Blue fluorescence in diamonds 
At the Sandawana mines, emeralds are A. always reduces transparency. 
recovered from B. is most noticeable in better-color 
A. _ shear zones in sedimentary rocks. stones. 
B. hydrothermal veins near faults. C. is more common than 
C. metamorphosed volcanic rock near yellow fluorescence. 
pegmatites. D. is more common than 
D. carbonate veins in black shale. lack of fluorescence. 
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Book Reviews 


SUSAN B. JOHNSON AND JANA E. MIYAHIRA, EDITORS 


CULTURED PEARLS: 
THE FIRST HUNDRED 
YEARS 


By Andy Miiller for Golay Buchel, 
142 pp., illus., publ. by The Golay 
Buchel Group, Lausanne, Swit- 
zerland, 1997. US$60.00* 


Mr. Miller states in the foreword 
that this book is targeted for a wide 
audience. His goal is to create a text 
that is readable and interesting to 
members of the gem trade, as well as 
to consumers who want to acquire 
general knowledge about cultured 
pearls. 

The book is logically presented, 
with the first chapter dedicated to 
the history of the natural pearl before 
culturing began. Folklore and ancient 
beliefs about pearl formation are dis- 
cussed, and a brief history of sources 
is also included. 

Next, Mr. Miiller describes the 
early efforts to create cultured pearls, 
beginning with the Akoya pearl in 
Japan. He then examines the effect of 
World War II on pearl production, 
focusing on how and why the cul- 
tured pearl eventually overtook the 
natural pearl in the jewelry industry. 
I found the history to be very inter- 
esting, especially the highs and lows 
of Japanese pearl culturing and the 
rise to prominence of other culturing 
locations such as Tahiti, Australia, 
the Philippines, and the Cook 
Islands. 

The third chapter discusses the 
state of pearl culturing today, with 
sections on South Seas pearls, Akoya 
pearls, freshwater cultured pearls, 
mabé pearls, and keshi pearls. For 
each type, there is a brief discussion 
of culturing and value factors, as well 
as buying recommendations for the 
consumer. 
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The book concludes with the 
future potential of the cultured pearl 
industry, which is followed by a glos- 
sary of terms specifically for cultured 
pearls. 

Individuals looking for very 
technical or scientific information on 
pearl culturing will be better served 
by other sources; in keeping with his 
goal of writing a text for the lay read- 
er, Mr. Miller has kept technical 
information to a minimum. On the 
other hand, he has avoided the trap of 
“romancing the stone” too much. 
His book is not “flowery,” but it does 
include enough legend and folklore 
to reflect his personal reverence for 
pearls. The book is lavishly illustrat- 
ed throughout, with photographs 
showing each type of pearl discussed, 
sites where pearls are cultured, and 
some truly magnificent pearl jewelry. 
Mr. Miller has succeeded in his goal 
of creating a well-balanced and infor- 
mative overview of the cultured 
pearl. 

JANA MIYAHIRA 
Gemological Institute of America 
Carlsbad, California 


DANA’S NEW 
MINERALOGY, 
8th edition 


Rewritten by Richard V. Gaines, H. 
Catherine Skinner, Eugene E. Foord, 
Brian Mason, and Abraham 
Rosenzweig, 1,874 pp., illus., publ. 
by John Wiley & Sons, New York, 
1997. US$250.00* 


Here at long last is an updated edi- 
tion of Dana’s System of Mineralogy. 
The seventh edition, published in 
two volumes in 1944 and 1951, cov- 
ered all minerals known at the time, 
with the exception of the silicates. 
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This new edition covers all minerals 
known through 1995, approximately 
3,550 species. To accomplish this in 
a single volume, the authors had to 
greatly slim down the descriptions, 
eliminate much of the crystal mor- 
phology, and list only a few refer- 
ences to original work, in a highly 
abbreviated form. Printed on a good- 
quality, thin, alkaline paper, the 
book’s 1,800 pages occupy only 2 
inches of shelf space. 

Previous editions of Dana’s 
System of Mineralogy classified min- 
erals on the basis of chemical compo- 
sition and crystallography. The major 
contribution of this volume is its 
expanded, modernized version of this 
classification system, especially for 
the silicates. Each mineral has a four- 
part classification number referring 
to class (composition group, such as 
oxides), type, and two numbers to 
indicate species. This hierarchical 
numbering system allows the inser- 
tion of new species into a list that 
emphasizes close chemical and struc- 
tural affiliations. The type classifica- 
tion of the silicates is based largely 
on crystal structure, and many draw- 
ings are provided to illustrate differ- 
ent atomic arrangements. 

Each mineral entry includes a 
classification number, chemical for- 
mula, name derivation, relationships 
with similar minerals, crystallogra- 
phy (that is, crystal system, crystal 
class, important crystal forms, space 
group symmetry, and twinning, if 
any), physical properties (color, habit, 
streak, luster, cleavage, fracture, hard- 
ness, and density), optical properties, 


*This book is available for purchase through 
the GIA Bookstore, 5345 Armada Drive, 
Carlsbad, CA 92008. Telephone: (800) 
421-7250, ext. 4200; outside the U.S. (760) 
603-4200. Fax: (760) 603-4266. 
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X-ray diffraction data, crystal struc- 
ture, and occurrences. The properties 
and occurrences of common miner- 
als, such as quartz and the feldspars, 
are discussed extensively. The rare 
minerals receive much less coverage, 
with only one or two occurrences 
mentioned. 

Besides its expanded classifica- 
tion of known minerals, the book’s 
strengths include its updated infor- 
mation on structure and X-ray 
diffraction data, and its list of impor- 
tant occurrences. There are also clear 
presentations of the interrelation- 
ships between the members of 
important groups, such as the 11 
species of the tourmaline group. 

Price will deter many from 
adding Dana’s New Mineralogy to 
their libraries, even though the buyer 
is getting a classification and descrip- 
tion of 3,550 minerals at only $0.07 
per mineral species. While the book 
is a must for mineralogists and min- 
eral collectors, I suspect that many 
Gems & Gemology readers will find 
the coverage of gem minerals insuffi- 
cient to warrant the cost. 

WILLIAM S. WISE 
University of California, 
Santa Barbara 


MINERAL COLLECTOR’S 
HANDBOOK 


By Barry Krause, 192 pp., illus., publ. 
by Sterling Publishing Company, 
New York, 1996. US$24.95* 


The emphasis of a handbook for min- 
eral collectors should be on the spe- 
cific concerns of a mineral collector, 
rather than on geology and mineral 
identification; Mineral Collector’s 
Handbook lacks this focus. These 
specific concerns are not actually 
addressed until the third chapter, 
after almost 60 pages. The chapters of 
particular interest to mineral collec- 
tors are Handling and Housing a 
Collection, Field Collecting of Rocks 
and Minerals, and Mineral Collecting 
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Specialties. Although of some impor- 
tance to the collector, other chapters 
such as Origins of Rocks and 
Minerals, Rock Classification and 
Identification, Mineral Crystallog- 
raphy, Mineral Physical Properties 
and Tests, Mineral Optical Prop- 
erties, and Mineral Classes deserve 
separate treatment, and there are sev- 
eral fine texts available. The book 
also overemphasizes gem minerals 
and jewelry at the expense of non- 
gem minerals, and non-mineral gems 
such as amber and ivory should not 
have been included at all. 

Most of the information is basic 
but sound, with the exception of a 
few gemologically incorrect state- 
ments. For example, the author states 
that emeralds fade in sunlight over 
time (actually, emerald coloration is 
not affected by sunlight), and that 
diamond has the highest refractive 
index of any singly refractive mineral 
(actually, cuprite’s is higher). 

Perhaps the ideal handbook for a 
mineral collector could be assembled 
from segments of three books by Dr. 
John Sinkankas: Mineralogy, which 
not only contains detailed identifica- 
tion information but also provides 
advice on what species and localities 
are desirable to collect and what con- 
stitutes a fine specimen; Field 
Collecting Gemstones and Minerals, 
which tells how to find and properly 
collect gems and minerals without 
damaging them; and Gemstone and 
Mineral Data Book, which provides 
valuable information on cleaning and 
preserving specimens. 

Although the focus of Mineral 
Collector’s Handbook could be 
improved, the quality of the color 
photographs (courtesy of GIA and the 
Natural History Museum of Los 
Angeles County, among others), by 
such talents as Tino Hammid and 
Robert Weldon, gives the book an 
attractive look. I would recommend 
Mineral Collector’s Handbook for 
beginners who are interested in start- 
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ing a collection of minerals and/or 
gems. 

MICHAEL T. EVANS 

Gemological Institute of America 

Carlsbad, California 


OTHER BOOKS RECEIVED 


Gemme del Vicentino (Gems of 
Vicenza), by Matteo Boscardin and 
Ottaviano Violati Tescari, 114 pp., 
illus., publ. by Zannato Civic 
Museum, Montecchio Maggiore, 
1996, US$14.00 (in Italian, with 
English summary). Although small 
in size (roughly 80 km by 50 km), the 
Vicenza region of northeastern Italy 
is of great gemological interest. The 
area is a source of beryl, corundum, 
feldspar, garnets, silica materials 
(agate, amethyst, chalcedony, and 
rose quartz), and a wide variety of 
other gem materials. Gems of Vicenza 
is intended as a popular, well-illus- 
trated text for those interested in 
exploring the gemological possibili- 
ties of this particular area. 

The authors begin with a con- 
cise introduction to the history of 
gems in Vicenza, dating back to the 
mid-18th century. The bulk of the 
text is devoted to a profile of more 
than 30 locally found gems and their 
characteristics, most accompanied by 
color photographs of specimens from 
the Zannato Municipal Museum. 
The text is clear and well written, 
and the photos are of excellent quali- 
ty; the delicate flesh-pink color of 
xonotlite, for example, is clearly visi- 
ble. Then, after a brief chapter on 
gem cutting, the book concludes 
with several detailed tables of gem 
characteristics. Gems of Vicenza suc- 
ceeds in spotlighting the gemological 
significance of this region. 

R. A. HOWIE 

Royal Holloway 
University of London, 
United Kingdom 
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COLORED STONES AND 
ORGANIC MATERIALS 


Annual pearl report. Europa Star International Jewellery, 
No. 224-225, October-November 1997, pp. 42, 44, 
46, 48, 50. 

This article reports on pearl production worldwide, 

according to geographic origin and type: 


e French Polynesia—The first half of 1997 saw a 5% 
increase in value—but a 13% decrease in volume (to 1.43 
million grams}—of exports of unmounted Tahitian black 
pearls. The average price increased 20.8%, from $20.1 per 
gram in the first half of 1996 to $24.28 in the first half of 
1997. Exports to the United States increased 73% in 
value, and to Hong Kong, 31.6%. The U.S. replaced Japan 
as the largest buyer in June 1997. 


e China—Chinese total pearl exports (worked cul- 
tured, unworked cultured, and natural) decreased 86.1% 
in value to $39.08 million, and decreased 42.1% in weight 
to 280.79 million grams in 1996, according to the Cus- 
toms General Administration in Beijing. Worked cultured 
pearls constituted the largest segment (68%) by weight of 
the pearl exports, most of which went to Hong Kong 
(about 95%); Japan and Taiwan each took about 1.5%. By 
value, Hong Kong accounted for 89%, Japan 5%, and the 
U.S. 2% of the worked cultured pearls. 


e United States—With demand and prices for abalone 
pearls rising in Asia, Europe, and the United States, the 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edl- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 
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California Fish and Game Commission is considering 
closing the state’s heavily harvested fisheries so that the 
stock may recover. As a result, prices will probably climb 
even higher as abalone becomes harder to find. 


e Chinese Akoya—Production of the larger (7-7.5 
mm) Chinese Akoya pearls increased in 1997, totaling 
5%-10% of current exports. Prices of high-quality 
Chinese Akoya pearls increased slightly in 1997. But with 
overall prices remaining stable, the market does not 
appear strong enough to warrant a price increase. 


e Japanese Akoya—Japanese Akoya pearl exports 
declined in 1997, mainly because of competition from the 
Chinese Akoya and decreased demand in Asia. The poor 
state of the market is exacerbated by a high oyster mor- 
tality; it may take up to three years for production to 
recover. 


¢ Golden South Sea Pearls—Low supplies and 
increased demand have caused prices of Indonesian gold- 
en pearls to increase by 300% in the last four years. 
According to one source, prices have increased to 
between $400 to $600 a gram for better-quality pearls. 
Production of yellow and golden pearls has recently 
decreased, because farmers have artificially bred oysters 
to get a higher production of better-selling white pearls. 
However, the growing market for South Sea pearls is 
prompting companies to invest in farms in Indonesia, the 
Philippines, Vietnam, Myanmar, and China. As a result, 

production is anticipated to increase by the year 2000. 
MD 


Les gisements d’émeraude du Brésil: Genése et typologie 
(The Brazilian emerald deposits: Formation and 
classification). G. Giuliani, A. Cheilletz, J.-L. 
Zimmermann, A. Maria Ribeiro-Althoff, C. France- 
Lanord, G. Feraud, Chronique de la Recherche 
Miniére, No. 526, 1997, pp. 17-61 [in French]. 

Comment se forment les émeraudes: Caractériser la 
géologie des gisements pour mieux distinguer les 
vraies des fausses (How emeralds develop: 
Characterizing the geology of deposits in order to 
better distinguish natural from synthetic stones). 
A. Cheilletz, G. Giuliani, La Recherche, No. 303, 
1997, pp. 48-52 [in French]. 

Both of these articles cover the formation and geologic 

evolution of emerald deposits. The first article (with an 

extended abstract in English) reviews previously pub- 
lished studies and presents a detailed scientific descrip- 
tion of the Brazilian emerald deposits, including their 
geologic history, the local tectonics, and the geochemical 
environment in which the deposits formed. A model is 
proposed that explains both the formation of emerald 
deposits and their rarity. Two general types of deposits are 
distinguished: Brazilian and Colombian. An extensive 
reference list is provided. 

The second article summarizes the contents of the 
first publication with a less technical approach. It con- 
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cludes by stressing the need for more research on the 
chemistry of emeralds. A better understanding of the con- 
ditions required for emerald formation should help in 
determining their geologic and geographic origin, as well 
as in distinguishing between natural and synthetic 
stones. PRB 


The impact origin of Libyan Desert glass. R. Rocchia, E. 
Robin, F. Frdhlich, J. Amossé, J.-A. Barrat, H. Méon, 
L. Froget, E. Diemer. In Vincenzo de Michele, Ed., 
Proceedings of Silica ‘96—Meeting on Silica Glass 
and Related Desert Events, Sahara, Special Issue, 
Vol. 10, 1997, pp. 143-149. 


Using geochemical, isotopic, and infrared spectroscopic 
data, the authors provide evidence for the impact origin 
of natural high-silica Libyan Desert glass from the west- 
ern part of the Great Sand Sea. This material is thought 
to have formed 25-30 million years ago by the impact of 
a meteorite into a silica-rich target that consisted of 
quartz mixed with small and variable amounts of clay. 
The glass fragments weigh between a few grams and sev- 
eral kilograms, cover an area (or “strewn field”) of 130 x 
50 km”, and comprise a total mass exceeding 10,000 tons. 
Local enrichment of elements such as those found in 
meteorites (i.e., Ni, Co, Fe, Cr, Ir, Ru, Rh, Pt, and Pd) is 
believed to originate from melted fragments of the bolide 
[an extraterrestrial object that explodes on hitting the 
atmosphere or earth] that were incorporated into the 
glass during the impact. The data do not provide much 
information about the composition of the target or the 
geographic location of the impact. [Editor’s note: For 
more information on Libyan Desert glass, see Gem News 
in this issue, p. 58.] PRB 


It’s got to be pearl-fect! S. Jarrell, Europa Star Inter- 
national Jewellery, No. 224-225, October— Nov- 
ember 1997, pp. 25-29. 


The author visited Northern Australia’s coast to witness 
the production of the South Sea pearls grown there, the 
world’s largest. The oyster (Pinctada maxima) takes up to 
three years to produce one South Sea pearl. Wild Pinctada 
maxima are collected and placed in warm and uncontam- 
inated waters, where they grow and develop prior to seed- 
ing. (The Australian government controls the number of 
pearl farms and the number of wild oysters that may be 
collected by divers. Hence, some farms now grow their 
own oysters for seeding.) Once seeded, the oysters are 
placed in panels that are hung under water. Every three to 
four weeks, seaweed and barnacles are scraped off the 
shells and the panels are washed. After three years, the 
pearls are removed. The oysters are checked to ensure 
that they are suitable for reseeding, and, if they are, the 
process immediately starts again. 

The pearls are graded according to their shape, size, 
and color. Graders are dressed in white to ensure that the 
color grade of the pearl is not affected by any surrounding 
color. The colors vary from a grayish blue, to white, to 


GEMS & GEMOLOGY Spring 1998 69 


gold. The South Sea pearl can only be grown in an uncon- 

taminated environment, and the companies using the 

area ensure that the water remains free from pollution. 
MD 


Mysterious pearls. J. Traub, Smithsonian, Vol. 28, No. 4, 
July 1997, pp. 70-76, 78-79, 130. 


In 1993, a Swiss gem dealer presented a collection of 23 
large, intensely colored orange “pearls” to jeweler and 
collector Ben Zucker, to solicit his help in determining 
their provenance. [Editor’s note: These are not nacreous 
pearls, but rather are more similar to “conch pearls.”] 
Zucker’s first avenue of inquiry was GIA Research, where 
he learned that these “pearls” are the product of the Melo 
melo gastropod, which lives in the waters off Southeast 
Asia. After much research and contemplation, Mr. 
Zucker concluded that they were collected during the 
18th century Le Dynasty of Vietnam, and became part of 
the Vietnamese royal treasury. To validate this theory, he 
traveled to Vietnam and contacted archeologists, cura- 
tors, fishermen, and scholars. Unfortunately, no one had 
ever seen or heard of this royal pearl collection. A spokes- 
woman for the last emperor of Vietnam, Bao Dai (now 
residing in Paris), stated, “The emperor has never heard of 
these pearls; thus, he says, they do not come from the 
royal family.” Undaunted, Zucker remains confident that 
his theory will ultimately be vindicated. SW 


A pavement of pearl. L. Addadi and S. Weiner, Nature, 
Vol. 389, October 30, 1997, pp. 912-913, 915. 
Mollusks build their shells out of calcium carbonate 
(aragonite and/or calcite) and an organic matrix. The best- 
studied shell architecture is that of nacre, the material 
that makes up pearls. The cross-sectional microstructure 
of nacre resembles a brick wall, with flat polygonal crys- 
tals of aragonite acting as bricks, mortared with organic 
material consisting of aligned protein fibers and polysac- 
charides (complex sugar molecules). Two fundamental 
questions are: (1) How does material flow from a mol- 
lusk’s layer of living cells (called the mantle) to the inter- 
ior surface of the shell to form aragonite crystals, and (2) 
how do these crystals grow in almost perfect alignment? 

T. Schaffer and colleagues have studied “flat 
pearls’”—nacreous layers deposited by abalone on pieces 
of glass cover-slip—using an atomic force microscope to 
examine materials still in their living configurations. 
Their research suggests that the nacre layers grow 
between a series of closely spaced protein-sugar layers. 
This matrix contains pores that allow the aragonite crys- 
tals to grow from one layer to the next without the need 
for separate nucleation events. Each layer contains one 
pore per every 100 square microns, with diameters 
between 5 and 50 nanometers. 

The biochemistry of the protein-sugar layers is also 
being investigated; a recent study found that one compo- 
nent is a protein similar to silk. Soluble glycoproteins 
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form another important component, and are thought to 
regulate the carbon ions required for aragonite formation; 
the amino acid complex of one such protein was se- 
quenced last year. The study of mollusk nacre is at the 
forefront of research in biomineralization, which is the 
study of the creation of hard structures by organisms. 
ML] 


A pearl primer. D. Federman, Modern Jeweler, Vol. 96, 
No. 10, October 1997, pp. 57-64. 
This excellent primer sequentially highlights specific 
attributes of Akoya, Tahitian, South Sea, golden, fresh- 
water, keshi, and mabé cultured pearls. The series of 
attractively illustrated, one-page introductory articles is 
intended to help jewelers educate their customers about 
the wide range of pearl products available today. Each pro- 
file provides information regarding unique characteris- 
tics, typical size range, color palette, and geographic ori- 
gin of the various types of pearls, and offers suggestions 


for the budget-conscious. SW 

DIAMONDS 

Aber spends big. The Financial Post (Canada), March 7-9, 
1998, pp. 1-2. 


Details have been released by Aber Resources Ltd. (40%) 
about the development of the Diavik mine with partner 
Rio Tinto PLC (60%) in the Northwest Territories. This 
will be Canada’s second diamond mine (after the Ekati 
mine), and it could start production as soon as late 2001. 
The mine will cost Can$875 million and is expected to 
yield 8 million carats per year for 16-22 years. The dia- 
monds are valued at an average of US$56 per carat. 

The mine presents complex engineering problems 
because it lies under a lake (Lac de Gras). It will require 
several kilometers of dikes to isolate the kimberlite pipes 
from the lake. An environmental assessment report and a 
feasibility study are expected to be completed this year, 
and construction is scheduled to begin in 1999 or 2000. 
The review process will benefit from the approval that 
BHP and Dia Met received for their nearby Ekati mine, 
which is scheduled to begin production by the end of 
1998. AAL 


ADC releases new Pipe 441 results. Diamond Inter- 
national, No. 49, September/October 1997, pp. 14, 
16. 
Archangel Diamond Corporation (ADC) has released pre- 
liminary results from its joint venture at the Verkhotina 
property, in the Arkhangelsk region of northwestern 
Russia. The magnetic anomaly associated with Pipe 441 
at Verkhotina is at least 40 hectares (ha) in size, and 17 ha 
of diamondiferous kimberlite have been discovered in the 
northern part of this anomaly. Provisional data from 17 
large-diameter drill holes (total weight of ore not provid- 
ed) have shown an ore grade of 1.0-1.5 carats per ton, 
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will not always follow. Cloudy tex- 
ture, and certain types of faulty 
structure, may be very difficult to 
see under 30x. A slight adjustment 
upward of the light value may also 
be necessary. 

In making examination through 
back facets, better results will be 
obtained if the diamond is viewed 
with the culet down, pointing towards 
the observer. When the stone is at 
the proper angle the under side of 
the table will be in view. By slowly 
revolving the stone holder toward 
him, the observer will have brought 
into view all of the internal mate- 
rial of the diamond from the table 
to the surface of the facet through 
which he is peering. 

In examining colored stones, par- 
ticularly very dark ones, and trans- 
lucent specimens, it is sometimes 
necessary to throw more light into 
the stone—readily accomplished by 
placing the bluish frosted glass end 
of the baffle or background slide into 
position. 

Examination of colored stones 
should follow the pattern outlined 
above for diamonds. In most genuine 
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colored. stones imperfections are 
larger and more prominent than in 
diamonds, but as a rule play a less 
important part in the valuation of a 
stone. The exception to this general 
rule is in synthetic corundum and 
spinel. In being able to detect the 
tell-tale air bubbles and sometimes 
curved striations of the synthetic, 
the reputation of the jeweler may 
well be at stake. 

Here for the first time it may be 
necessary to use higher power (60 or 
sometimes the 112%) magnification. 
Upon slightest suspicion of seeing a 
tiny internal flaw, the observer 
should center the flaw and turn to 
the 30-power magnification. If suffi- 
cient evidence of the type of flaw 
is not discovered under 30 power, the 
flaw should be very carefully cen- 
tered and the 7%2-power objective 
then thrown into line. A considerable 
darkening of the field of vision will 
oceur when this is done. Either by 
turning up the rheostat or control 
switch (if your accessories include 
these) or by changing the opaque 
end of the background plate, suffi- 
cient light will be obtained to finish 
the test. 


Nizam Diamond 


(Continued from Page 310) 


years before the Indian Mutiny, 
which broke out in 1857. 

It- seems likely that the Indian 
Mutiny and the Nizam Diamond’s 
damage became linked for either of 
these reasons: when Piddington 
wrote, times were troublous in Hy- 
derabad, and England had gone in 
to preserve order and to extend pro- 


tection to the young Nizam; in addi- 
tion, during the Mutiny, later, ex- 
tensive looting was the rule in the 
region. However, our research has 
disclosed neither any reference to 
anything of great importance being 
carried off, nor any statements which 
indicate the Nizam Diamond’s being 
involved. 


Noel 


with the largest diamond to date weighing 0.94 ct. The 
diamond crystals are mostly octahedra, and 60%-70% 
are gem quality. Two 150 ton bulk samples are still under 
evaluation. Two international firms (from South Africa 
and the U.K.) are providing on-site inspection, and they 
have verified that the diamonds came from Pipe 441 (that 
is, the ore was not “salted”). ADC has withdrawn from 
another joint venture in the Arkhangelsk region (at 
Windy Ridge) because of poor exploration results. 

ML] 


Anglo American’s cutting edge. Mining Journal, London, 
Vol. 329, No. 8437, July 11, 1997, pp. 30-31. 

This article summarizes the annual report of Anglo 

American Corporation and describes the innovative 

research and development programs carried out in their 

various company laboratories. These laboratories include: 


e the Central Technology Office in Johannesburg, 
which provides design and field services to Anglo 
American’s mining ventures 


e the Anglo American Research Laboratories, with a 
long-term (20 year) applied research focus and a staff of 
220 distributed among four laboratories (chemistry, geol- 
ogy, metallurgy, and unspecified research) 


e three De Beers research laboratories: the CSO 
Diamond Trading Division in Maidenhead, U.K., with a 
staff of 125 and a focus on gem grading, valuation, and 
diamond fingerprinting; the Industrial Diamond Div- 
ision, with labs in Ascot, U.K. (63 employees; industrial 
applications) and Johannesburg (116 employees; diamond 
synthesis); and the Mineral Processing Division in 
Johannesburg, which works with manufacturing arm 
Debex Electronics to focus on diamond control systems 
and equipment (404 employees) 


Among major recent advances in research are X-ray 
diamond sorting machines and products designed to 
increase the security of diamond mining (e.g., a fully 
automated and integrated diamond sort-house, and low- 
level-X-ray full-body scanners). ML] 


Argyle cranks up the production. Australia’s Paydirt, Vol. 
1, No. 36, February 1998, p. 11. 

Ashton Mining Ltd., which holds approximately 40% 
interest in the Argyle diamond mine, reported that total 
1997 production at the mine was 40.2 Mct and that sales 
were US$330.8 million; a record tonnage of ore was 
mined in the last quarter of the year. As the Argyle pit 
gets deeper, open-pit mining will not be feasible in a few 
years, so alternative mining methods are being considered. 

Ashton continues to develop the Merlin diamond 
project in the Northern Territory, Australia, as well as 
alluvial concessions in Angola; active exploration pro- 
jects are underway in Mauritania, Mali, Botswana, and 
Canada. AAL 
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Ashton sizes up K14 Alberta kimberlites. Northern 
Miner, Vol. 83, No. 48, January 26-February 1, 
1998, pp. 6, 11. 


A potentially important new kimberlite field in north- 
central Alberta (about 500 miles [800 km] southwest of 
the Lac de Gras kimberlite field in the Northwest 
Territories) is the object of intensive exploration activity. 
One company alone, Ashton Mining Ltd. of Canada, 
found 15 kimberlites during 1997 in the Buffalo Hills 
area. One of the most promising is the large (about 400 m 
in diameter, or 15-18 ha) K14 pipe, which has a highly 
variable diamond content. From a 48.7 ton composite 
sample, 7.79 carats of diamonds were recovered, for an 
average grade of 0.174 ct/ton. The largest stone recovered 
weighed 1.31 ct, but was not gem quality. Evaluation of 
known kimberlites, and exploration for new ones, con- 
tinues. AAL 


Diamonds: the allure remains. Mining Journal, London, 
Vol. 329, No. 8452, October 24, 1997, pp. 345-347. 


The 1997 World Diamond Conference was held on Octo- 
ber 7 and 8 in Perth, Australia. Much of the attention was 
focused on diamond exploration and mining in Australia, 
as well as on the worldwide diamond activities of 
Australian companies. 

In 1996, diamonds worth Aus$503 million were 
recovered from Australia (all from the Argyle mine), and 
$58 million was spent on exploration (compared to an 
estimated $63 million in 1997). Whereas the Argyle 
deposit is hosted by lamproite of Proterozoic age, the dia- 
mond-bearing kimberlite pipes in South Africa and 
Russia are younger (predominantly Devonian and 
Cretaceous), leading to speculation that Australia’s share 
of these younger pipes may someday be found. At least 18 
companies are currently involved in exploration. Also of 
interest is the older (Archean) Yilgarn craton, where kim- 
berlites—but so far no diamonds—have been found. 

Ashton is proceeding with development at Merlin, 
the project where the first pipe in the Northern Territory 
was discovered in 1993. A 710,000 ton/year processing 
plant will be fed by ore from nine kimberlites. The aver- 
age mine grade is estimated at 0.42 ct/ton, and the aver- 
age value at about US$75 per carat. All the pipes are 
steep-sided cylinders, and at least three are zoned, with 
ore grades significantly higher toward the boundary of the 
pipe. Project commissioning could occur in late 
December 1998, with diamond sales anticipated shortly 
thereafter. 

Australian companies are involved in numerous dia- 
mond exploration and mining projects around the world. 
For example, Moonstone Diamond Corp. and its South 
African partner Benguela Concessions are mining 
beneath the shallow waters off Namaqualand, South 
Africa. Trial mining stands at 3,500 ct/month, with pro- 
duction beginning this year at an anticipated 35,000- 
60,000 ct/year. BHP is involved in the Lac de Gras joint 
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venture with Dia Met, which is bringing Canada’s first 
diamond mine into production. Expected mine life is 
about 25 years, with a total resource of 66 Mtons of ore at 
1.09 ct/ton and an average value of US$84 per carat. 
Quantum Resources is exploring an area in Liaoning 
Province, China, that contains the Fuxian kimberlite 
province. Additional exploration by Australian compan- 
ies is proceeding in Africa, Indonesia, and Finland. 

ML] 


Genesis of presolar diamonds: Comparative high-resolution 
transmission electron microscopy study of meteor- 
itic and terrestrial nano-diamonds. T. L. Daulton, D. 
D. Eisenhour, T. J. Bernatowicz, R. S. Lewis, and P. 
R. Buseck, Geochimica et Cosmochimica Acta, 
Vol. 60, No. 23, 1996, pp. 4853-4872. 


Extremely small (on the order of a billionth of a meter) 
“nano-diamonds” were discovered in a rare class of mete- 
orites called carbonaceous chondrite about 10 years ago. 
They are believed to have formed before the solar system 
did, but the exact mechanism of their formation has not 
been resolved. Thus, high-resolution transmission elec- 
tron microscopy images of nano-diamonds isolated from 
the Allende and Murchison carbonaceous meteorites 
were obtained. The microstructures of these presolar dia- 
mond crystallites were compared to those of nano-dia- 
monds synthesized by two mechanisms—shock meta- 
morphism and chemical vapor deposition—to determine 
the most likely mechanism of formation. 

In the synthesized diamonds, microstructural fea- 
tures are described that appear unique to shock meta- 
morphism and to nucleation from the chemical vapor 
phase; the latter features occur in the presolar diamonds. 
The predominant mechanism for presolar diamond for- 
mation is, therefore, a chemical vapor deposition process, 
suggesting a circumstellar origin. The (2H) hexagonal 
polytype of diamond (lonsdaleite) from the meteoric 
residues is also described. Its crystallization history, how- 
ever, is not fully understood. AAL 


Guyane: A prime target for exploration. W. G. Prast, M. 
Forrest, M. Jones, S. Walker, and W. Dymott, Ad- 
vertising Supplement to Mining Journal, London, 
Vol. 329, No. 8448, September 26, 1997, 20 pp. 

Prospecting for diamonds in Guyane (also known as 

French Guiana) dates to the middle of the last century. 

The country is situated on the Guiana Shield, a 

Precambrian craton which corresponds in geology and 

age to the diamond-containing West Africa Shield. The 

two shields were joined at one time, before the opening of 
the Atlantic Ocean about 115 million years ago. 
Prospecting for diamonds has been taking place for 
many years, but until the past decade, the only diamonds 
discovered came from recent alluvial deposits. Since 
then, microdiamonds (<0.5 mm) and some larger stones 

(to 2.7 mm) have been found in a 5-km-long belt of talc 

schist at Dachine. However, there were not enough large 
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stones (i.e., greater than 1.25 mm in length) for this 
deposit to be considered economic in 1996, although 
exploration is continuing. An inventory of mineral 
resources in Guyane, a long-term project undertaken by 
the Bureau de Recherches Géologiques et Minieres in 
1975 to seek new deposits and promote mining invest- 
ment, is now complete. ML] 


I would like to point potential diamond hunters in the 


direction . . . E. Szynkowski, International Cali- 
fornia Mining Journal, Vol. 67, No. 4, December 
1997, p. 3. 


Several diamonds have come from Hayfork Creek and its 
tributaries in northern California. The author mentions 
“two stones over three ounces each” [!]. [Editor’s note: 
The three largest authenticated diamonds found in 
California were 32.99, 17.83, and 14.33 ct (all industrial 
grade}; see R.W. Kopf et al., “Recent Discoveries of Large 
Diamonds in Trinity County, California,” Gems & 
Gemology, Fall 1990, pp. 212-219]. 

Almost all the gold in Hayfork Creek comes from 
two “old ocean bottom” conglomerates, which were 
uplifted several million years ago. One such unit is sever- 
al kilometers long and lies on the north side of the east 
fork of Hayfork Creek, which was extensively dredged in 
the 1930s and 1940s. The other conglomerate body is 
within a triangle (about 4 km across) joining Carrier 
Gulch, Kingsbury Gulch, and Dobbins Gulch. These con- 
glomerates are believed to be the source of both the gold 
and the diamonds in the Hayfork Creek gravels. 

ML] 


Mining finance. Mining Journal, London, Vol. 329, No. 
8453, October 31, 1997, p. 374. 
DiamondWorks Ltd. recently sold (by closed tender in 
Antwerp) its first parcel of alluvial diamonds from the 
Luo mine in northeast Angola. The parcel weighed 
10,375 carats and sold for US$3.1 million; about one-third 
of the stones were larger than 1 ct, selling for an average 
of $791 per carat. Between mid-July and mid-October 
1997, about 18,000 carats have been produced at Luo. 
DiamondWorks plans to start production at another 
Angolan alluvial concession, Yetwene, in the summer of 
1998. ML] 


A new tetragonal silicate mineral occurring as inclusions 
in lower-mantle diamonds. J. Harris, M. T. 
Hutchison, M. Hursthouse, M. Light, and B. Harte, 
Nature, Vol. 387, May 29, 1997, pp. 486-488. 

An “apple-green” mineral with a tetragonal crystal struc- 

ture and chemical composition approximating that of 

almandine-pyrope garnet has been found as inclusions in 
eight diamonds from Sao Luiz, Brazil. From its structure 
and composition, it is known as TAPP (tetragonal alman- 
dine-pyrope phase). Crystals occur as distinct cubo-octa- 
hedra, sometimes flattened or elongated, ranging from 
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0.03 to 0.1 mm. In earlier publications, this phase has 
been mistakenly called garnet. 

Although TAPP’s stoichiometry, or relative propor- 
tion of atoms, is similar to that of garnet, the Mg/(Mg+Fe} 
ratio in TAPP is 0.93, higher than that of garnet found as 
inclusions in diamonds. Chromium is somewhat low (up 
to 2.8 wt.% Cr,Os), and calcium is very low. According to 
results of Méssbauer spectroscopy, more than half of the 
iron present is in the Fe** oxidation state. 

Oxide and silicate mineral inclusion assemblages in 
the diamonds suggest that they formed at depths below 
~660 km (e.g., the upper to lower mantle transition). The 
authors offer several theories as to why TAPP has not 
been seen in experiments intended to reproduce the phase 
relations of aluminum-bearing compositions at lower 
mantle pressures and temperatures. ML] 


Prospecting for diamonds in Wyoming and Colorado. W. 
D. Hausel, International California Mining Journal, 
Vol. 67. Part 1: No. 3, November 1997, pp. 55-56, 
58. Part 2: No. 4, December 1997, pp. 17-20, 60-62. 


In Part 1, the author describes diamond prospecting meth- 
ods. Part 2, identifies areas in Wyoming and adjacent 
states where diamonds have been or may be found. 

Economic diamond-bearing source rocks (kimberlite 
and lamproite) are confined to regions underlain by cra- 
tons, that is, very thick regions of ancient continental 
crust that stabilized over 1.5 billion years ago. Such a cra- 
ton underlies Wyoming and adjacent portions of 
Colorado, Utah, and Montana. 

Diamonds are associated with “indicator” minerals 
derived from kimberlite and lamproite (e.g., “G10” 
pyrope and “Group I” pyrope-almandine garnet) that con- 
tain specific chemical compositions, similar minerals 
(“G9” pyrope and “Group II” garnet) with slightly differ- 
ent compositions may indicate shallower depths where 
diamond formation should not occur. G10 and Group I 
garnets and certain other indicator minerals (e.g., chrome 
diopside, chromite, and picroilmenite) can be used to 
locate the diamond source rocks by analyzing stream sed- 
iments. However, under the conditions present in 
Wyoming, pyrope and diopside disaggregate within 3 
miles (5 km) and 0.25 miles, respectively, of their sources. 
Diamond is the best indicator for diamond deposits 
because of its durability, but small specimens can float 
away from a heavy sand concentrate unless grease is 
employed as a collection material. Kimberlites can also 
be found by geophysical methods, or by looking for circu- 
lar depressions (sometimes misidentified as impact 
craters). Much prospecting work in Wyoming has already 
been performed by the Wyoming State Geological Survey, 
and reports are available. 

Diamonds and possibly diamondiferous primary 
rocks have been found in several places in Wyoming and 
adjacent states. The State Line district on the Colorado 
border is the most important at this time, with the Kelsey 
Lake diamond pipes having produced 120,000 stones 
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(total carat weight not given) so far; the largest one is 
28.18 ct. About 40 pipes have been discovered in this 
region, but some have very low ore grades (e.g., 0.0061 
ct/ton and 0.171 ct/ton at Sloan 1 and Sloan 2, respec- 
tively). However, not all known pipes have been tested, 
and some may yet prove economic. Also, many placers in 
the region have not yet been tested for alluvial diamonds. 

Diamonds have been in found in alluvium or ancient 
sediments at: the Gros Ventre Mountains, the Medicine 
Bow Mountains, and the Wind River Mountains (all in 
Wyoming); along the Missouri River in Montana; and 
reputedly on the western border of Idaho. Kimberlites, 
lamproites, or indicator minerals (but no confirmed dia- 
monds) have been discovered at: Colorado’s Green 
Mountain pipe, and in Wyoming at the Laramie Range, 
the Seminoe Mountains, the Leucite Hills, and the 
Bighorn and Green River Basins. Lamproite and related 
rocks have been found in northern Utah. ML] 


Syngenetic inclusions in diamond from the Birim field 
(Ghana)—A deep peridotitic profile with a history 
of depletion and re-enrichment. T. Stachel and J. W. 
Harris, Contributions to Mineralogy & Petrology, 
Vol. 127, No. 4, 1997, pp. 336-352. 


This paper is the first detailed report on diamonds from 
the West African craton and their mineral inclusions. It is 
based on the study of 308 inclusion-bearing diamonds 
from the placer deposits of the Akwatia mine, southern 
Ghana, on which numerous physical and chemical prop- 
erties were determined (size, shape, color, deformation, 
inclusion assemblage, nitrogen content and aggregation 
state, and stable isotopes). Compared with 1,100 diamond 
inclusions in a worldwide database, the Akwatian inclu- 
sions have olivine with lower Mg/Fe ratios and extreme- 
ly high Ni contents. Geothermometry shows that the 
Akwatian inclusions formed at a temperature of 140°- 
190°C hotter than the peridotitic average (1050°C), and 
garnet-orthopyroxene equilibria indicate a typical shield 
geotherm (40-42. mW/m/”). These elevated temperatures 
imply an unusually deep origin for a peridotitic suite. The 
inclusions in these diamonds are believed to represent 
the most complete cross-section through peridotitic sub- 
continental upper mantle so far observed. Consequently, 
the inclusions imply that Akwatian diamonds formed at 
a greater depth (200-240 km) than most other diamonds 
[usually given as about 150 km]. RAH 


GEM LOCALITIES 


Changes in the central Queensland gemfields. G. May 
and P. May, Australian Gold Gem & Treasure, Vol. 
12, No. 12, December 1997-January 1998, pp. 
23-25. 

An awareness of tourism’s potential benefits has brought 

considerable changes to the central Queensland gemfields 

in the last decade. The effort is aimed at making the gem- 

fields more accessible to fossickers [gem and mineral col- 


GEMS & GEMOLOGY Spring 1998 73 


lectors] by providing more modern amenities while main- 
taining the frontier flavor of the area. Roads have been 
paved, new hotels built, and water supplies improved. 

In August, Gemfest 1998 will feature an exhibition 
of Australia’s finest sapphires, as well as other Australian 
and overseas gemstones. Among the many attractions 
will be sapphire-” divining” demonstrations and displays 
of mining/fossicking equipment, as well as arts and 
crafts. MD 


Gem of a holiday. I. Levingston, Australian Gold Gem & 
Treasure, Vol. 12, No. 9, September 1997, pp. 
29-31. 

The S ‘n’ S (Silk and Sapphires) mine at Rubyvale, 350 km 

west of Rockhampton in central Queensland, is reputed- 

ly the only sapphire mine in Australia operating primari- 
ly for the amateur and tourist. One can purchase and 
process a bucket of sapphire-bearing “wash” (unconsoli- 
dated material) for Aus$5, or a “skip” load, which con- 
tains approximately six buckets of wash, for $20. For real 
adventurers who want to collect their own samples 

underground, a half-day dig at a depth of 60 feet (18.3 m) 

costs $60 per person; one couple recovered 340 carats of 

sapphire in two hours by this option. Stones can be fash- 

ioned by a local cutter. MD 


Gemmological features of rubies and sapphires from the 
Barrington volcano, Eastern Australia. G. Webb, 
Australian Gemmologist, Vol. 19, No. 10, 1997, pp. 
471-475. 

Ruby is rare in Australia, but in the Barrington area of 

New South Wales, ruby and pink sapphire form up to 

50% by weight of the gem corundum concentrate. These 

stones have Cr,O; contents of 0.60—-1.42 wt.%, and FeO 

contents of 0.44-0.75 wt.%. They typically range from 2 

to 6 mm, and contain inclusions of spinel and liquid-filled 

fractures. Polysynthetic twinning is common and is often 
associated with inclusions of boehmite needles. 

On the basis of trace-element content, the 
Barrington corundum is divided into two distinct suites: 
One is related to ruby, while the other is typical of east- 
ern Australian sapphires. The ruby-containing corundum 
suite originated in a metamorphic environment, whereas 
the non-ruby suite has a magmatic origin. Both suites 
were brought to the surface by basaltic volcanism. 

RAH 


Gemstones galore. A. Taylor, Australian Gold Gem & 

Treasure, Vol. 12, No. 10, October 1997, pp. 28-31. 
Rio de Janeiro is presented as the gemstone capital of the 
world, where stones can be bought everywhere (the air- 
port, Copacabana Beach, the hotels, and even at the top of 
Sugar Loaf Mountain). Jewelry prices are related to loca- 
tion; in the beach area, for example, they are similar to 
those in Australia, with emerald-like green fluorite sell- 
ing for Aus$10 and pale emerald costing just a few dollars. 
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The world-famous, upscale jewelers Amsterdam Sauer 
and H. Stern have their headquarters, salesrooms, and 
gem museums in Ipanema, the suburb adjacent to 
Copacabana. At Stern’s, visitors may take a self-guided 
tour that explains the entire jewelry-making process, 
from mining, gem cutting, gemstone identification, and 
valuation, to silversmithing and jewelry marketing. 
Workers behind glass partitions demonstrate the sawing 
of rough gem material, followed by preforming, and 
faceting. 

The author also visited the state of Minas Gerais, one 
of the world’s largest pegmatite provinces and a source of 
tourmaline, aquamarine, emerald and other beryls, 
quartz, and topaz. He makes observations on the rela- 
tively primitive nature of several mines in the area, as 
well as on the picturesque city of Ouro Preto, home of the 
famous School of Mines and mineralogical museum. 

MD 


Gemstones in the pegmatites of the eastern Pamirs. A. M. 
Skrigitil, World of Stones, No. 11, 1996, pp. 16-19, 
21-25. 


A variety of gem materials are associated with pegmatites 
that are spatially and genetically related to the Alpine-age 
Shatput granites. The largest pegmatites occur in the 
Muzkol-Rangkul’ anticlinorium in Precambrian rocks. 
Gem-bearing pegmatites are divided into two types: 
miarolitic and granitic. Three subtypes of miarolitic peg- 
matites are characterized by their contents of lepidolite, 
beryl, and topaz. The granitic pegmatites are also divided 
into three subtypes: (1) danburite-, multicolored tourma- 
line-, and smoky quartz-bearing; (2) scapolite-bearing, and 
(3) moonstone-bearing. Detailed descriptions are given of 
the tourmaline (with chemical analyses of five color 
zones from one multicolored crystal: black, dark brown, 
yellow, green, pink), topaz, scapolite (marialite), danbur- 
ite, and aquamarine. Notes are also given on apatite, 
hambergite, and moonstone. RAH 


Namibia: Abundant exploration opportunities. W. G. Prast, 
Advertising Supplement to Mining Journal, Lon- 
don, Vol. 329, No. 8450, October 10, 1997, pp. 1-16. 
Namibia’s recent economic policies encourage explo- 
ration and new mining initiatives. The country produced 
nearly 1.5 Mct of diamonds in 1996, as well as colored 
stones and ornamental materials. Diamonds provide 
about 60% of Namibia’s exports and 15% of the country’s 
gross domestic product (GDP). Although most mining 
ventures pay an average tax of 35% of revenues, diamond 
mining is taxed at a special rate of 55%, with an addi- 
tional 10% royalty; however, new mining ventures are 
taxed at lower rates. The law has also been streamlined to 
prevent the retention of mining claims where work on 
that claim has been deemed insufficient. 
In central, southern, and northeastern Namibia, 
mid-Cretaceous kimberlites have been emplaced into rel- 
atively young (about 2 billion years old) basement rocks; 
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so far, these have been found to be either barren or sub- 
economic. However, the basement north of the Damara 
origin may be old enough (over 2.5 billion years) to have 
productive kimberlites, and the Kalahari Craton may 
extend westward into northern Namibia. So far, all the 
Namibian diamonds that have been mined economically 
are derived from alluvial material eroded from kimber- 
lites in the center of the continent. Since the diamonds 
have been transported over great distances, about 96% of 
them are of gem quality. The important diamond mining 
areas are six uplifted beaches and the offshore alluvial 
deposits between the Orange River and Ltideritz. About 
one-third of the current diamond production is mined 
from the offshore deposits, in water up to 200 m deep. 

Colored-stone-bearing pegmatites occur mainly in 
the Karibib-Walvis Bay-Omaruru area. Among the gems 
recovered are: tourmaline, beryl (aquamarine, heliodor, 
and morganite), “mandarine” (spessartine) garnet, topaz, 
rose quartz, and blue lace agate. Sodalite is recovered (as 
an ornamental stone) in the far north of the country at 
Swaartbooisdrif. 

This extensive report also describes the history and 
current methods of mining diamonds in Namibia, and it 
contains a generalized geologic map of the country. 

ML] 


New emerald deposits from southern India. J. Panjikar, K. 
T. Ramchandran, and K. Balu, Australian Gem- 
mologist, Vol. 19, No. 10, 1997, pp. 427-432. 

In 1995, emeralds were discovered on the inner walls of a 

well in the village of Sankari Taluka, in Tamil Nadu. The 

properties and characteristic inclusions of these emeralds 
are similar to those from Madagascar, suggesting their 
common origin in the super-continent of Gondwana, 
prior to the rifting of India roughly 200 million years ago. 

The Sankari emeralds occur in mica schist and show 

a pale green core surrounded by a darker green rim. The 

following properties were measured: refractive index 

g—1.582-1.585, w—1.588-1.591; birefringence—0.006; 
and specific gravity—2.70-2.73. The emeralds contain 
inclusions of mica, apatite, pyrite, quartz, feldspar, spinel, 
beryl, tourmaline, and amphibole, with abundant fluid 
inclusions and healed fractures. 

RAH 


(Ruby-sapphire)-chromian mica-tourmaline rocks from 
Westland, New Zealand. R. Grapes and K. Palmer, 
Journal of Petrology, Vol. 37, No. 2, 1996, pp. 
293-315. 

“Goodletite” is an ornamental material consisting pre- 

dominantly of corundum (ruby-sapphire), chromian mus- 

covite, margarite, and tourmaline. Boulders of this mater- 
ial are found in glacial moraine and riverbeds in north 

Westland, on the South Island of New Zealand. Although 

the boulders have not been seen in situ, their location, Cr- 

rich composition, and (rare) serpentinite rinds indicate 
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that they are derived from ultramafic rocks occurring 
within Alpine schists of the Southern Alps. 

From a gemological point of view, it is the chemical 
zoning of the corundum that is most interesting. The 
Cr,O, contents range from 0.5% to an amazing 13%, the 
red color becoming more intense with increasing Cr. In 
addition to the dominant Cr**= Al** substitution, those 
of (Fe, V)?* = Cr** and (Ti* + Fe**) 2 Cr** result in spec- 
tacular color zoning from colorless to deep ruby red- 
carmine to pale blue and dark blue-violet. The corundum 
grew by replacement of the micaceous matrix of chrom- 
ian muscovite (Cr,O; 0.10%-4.10%) and chromian mar- 
garite (Cr,O3 0.46%-1.20%). Tourmaline (dravite with 
Cr,03<3.6%) occurs as veins and larger poikilitic crystals 
that replace the microcrystalline matrix. The rocks 
formed due to metamorphism of enclaves of quartzo- 
feldspathic schist in serpentinite under “garnet-zone” 
metamorphic conditions (5-6 kbar, 450° + 20°C). 

RAH 


Smaragde aus dem Ural (Emeralds from the Ural 
Mountains). E. Strack, Der Elisabeth Strack Kurier, 
Vol. 14, No. 83, 1997, pp. 1-5 [in German]. 


This article describes the locality and history of the emer- 
ald deposits northeast of Ekaterinburg, in the Ural 
Mountains. These deposits have been known since the 
19th century; the output was commonly called 
“Tokowaja emerald” and later “Malyshevo emerald.” 
Included are anecdotes about the discoverers of the 
deposits. PRB 


Tokowaja-Malyshevo: Die Smaragdgruben des Urals (The 
Uralian emerald mines). J. V. Burlakov, J. A. Polenov, 
V. J. Gernakoy, and A. V. Samsonov, Lapis, Vol. 22, 
No. 7/8, 1997, pp. 44-55, 90 [in German]. 


Information about the location of the emerald deposits 
northeast of Ekaterinburg in the Ural Mountains of 
Russia is followed by a detailed historical outline, start- 
ing with the discovery of the emerald and alexandrite 
deposits in 1831. Production data and a short discussion 
of the scientific literature are also presented, along with 
an overview of the geologic setting and description of the 
deposits. 

Much of the article is devoted to describing the 
important minerals: mainly emerald and other beryls, 
alexandrite, and chrysoberyl; but also topaz, euclase, and 
phenakite. The wealth of information is augmented by 
supplementary details, such as a list of the minerals iden- 
tified so far (about 90 total), along with documentation of 
“giant emeralds,” crystal drawings, and a facsimile of a 
report (dated 1842) on the original emerald discovery. The 
article is lavishly illustrated with color photographs of 
the emeralds and alexandrites, along with several mines 
and the surrounding landscape. As this entire November 
issue of Lapis is devoted to deposits in the Ural 
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Mountains, the reader will find additional information 
about the other gems (e.g., demantoid), gem deposits (e.g., 
Mursinka), geology, and history of this fascinating moun- 
tain range. RT 


INSTRUMENTS AND TECHNIQUES 


Fibre torches. B. Neville, Australian Gemmologist, Vol. 
19, No. 10, 1997, pp. 413-414. 


In this article, the Gemmological Association of 
Australia Instrument Evaluation Committee evaluates 
portable illuminators produced by Linton Enterprises. 
The units are available in three sizes, and are used to 
backlight gemstones when sophisticated gemological 
testing equipment such as microscopes and other light 
sources is not available. Each illuminator consists of a 
fiber head, a focusable pocket flashlight, and a support 
base. A flexible plastic “fiber” (2-3 mm in diameter and 
80 mm long) delivers a pinpoint source of light from the 
flashlight. A metal base supports the flashlight in an 
upright position, leaving the user’s hands free to hold a 
loupe and manipulate the gemstone or tweezers. For opti- 
mum performance, the user is instructed to adjust the 
focus of the light beam to achieve maximum brightness. 

The Committee found that, in conjunction with a 
10cclens, the Linton torches effectively illuminated inter- 
nal features within test materials. The visibility of hard- 
to-see inclusions was enhanced by placing the end of the 
fiber against the stone. The fiber torch was also used 
effectively to backlight mounted gems for testing with a 
dichroscope and a handheld spectroscope. MD 


JEWELRY HISTORY 


Empires and emeralds. F. Ward, Lapidary Journal, Vol. 51, 
No. 1, April 1997, pp. 34-38, 102-103. 


This article, augmented by beautiful photographs of 
ancient to early 1900s jewelry, focuses on the geographic 
origin of emeralds in jewelry over the millennia. 
Cleopatra’s Mines in Egypt were undoubtedly the domi- 
nant source of emeralds from Greco-Roman times (at 
least 330 BC) until the introduction of Colombian emer- 
alds in the early 1500s. By today’s standards, these 
Egyptian emeralds are of low quality: heavily included, 
almost never transparent, and of poor color. In fact, most 
should be classified as “green beryl.” Although these 
mines operated for roughly 2,000 years, they never pro- 
duced large quantities of gemstones. Egyptian emeralds 
and green beryls are found in pre-Colombian jewelry as 
far away as India. (See R. H. Jennings et al., “Emeralds and 
Green Beryls of Upper Egypt,” Gems #& Gemology, 
Summer 1993, pp. 100-115, for a modern description of 
the long-abandoned Cleopatra’s Mines, and the gemolog- 
ical characteristics of these emeralds and green beryls.) 
Following the Spanish conquests in the Americas, 
high-quality Colombian emeralds were so numerous that 
Spain exported them to other parts of Europe and to India. 
The fabulous emeralds referred to as “Old Mine” emer- 
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alds in post-Columbus jewelry of India, Persia, and 
Turkey are, in fact, Colombian emeralds, many of which 
Spain shipped directly across the Pacific, through its new 
colony in the Philippines. In addition to Colombia, 
today’s major emerald-producing countries are Brazil, 
Zambia, Zimbabwe, Madagascar, Pakistan, Afghanistan, 
and Russia. MD 


Identifying period jewelry. D. Pulese-Murphy, /Q 
Magazine, Vol. 71, June/July 1997, pp. 112-114, 
116, 118, 120, 123. 
Identifying and categorizing jewelry can be challenging. 
This article gives a basic overview of what must be under- 
stood and examined to accomplish such a task. The 
author describes stylistic elements, gemstones in vogue, 
and metals most commonly seen between 1837 and 1939, 
during the Victorian, Arts & Crafts, Art Nouveau, Edward- 
ian, and Art Deco periods. The discussion is illustrated 
with photographs of characteristic pieces. Included are 
dates for each period and brief explanations about how 
the jewelry of each period originated and evolved. 
Although there is much more to learn, this article pro- 
vides an interesting introduction to these unique styles 
and trends. JM 


Whalemen’s work. C. McCarthy, Art &@ Antiques, Vol. 
20, No. 7, 1997, pp. 97-99. 

This article offers a rare glimpse into the history and evo- 
lution of scrimshaw, plus insight into how the art form is 
evaluated. Moby Dick, published in 1851, helped bring 
the craft of scrimshaw to the fore. During the presidency 
of John FE. Kennedy, demand for the art heightened when 
the president was photographed with his extensive per- 
sonal collection. Due to the passage of the Marine 
Mammal Protection Act, which ended commercial whal- 
ing in the 1970s, scrimshaw is now produced using fossil 
ivory or imitation polymers. These materials create a 
dilemma for curators and dealers, who technically con- 
sider only hand-carved whale products as true scrimshaw. 

Several artisans and collectors are profiled, and brief 
mention is made of basic testing for imitations, both nat- 
ural (e.g., old teeth recently engraved using electric tools) 
and artificial (e.g., polymer copies cast from molds of the 
originals). JEC 


JEWELRY RETAILING 


Off the grid: Selling diamonds without papers. K. 
Nestlebaum, Rapaport Diamond Report, Vol. 20, 
No. 25, July 4, 1997, pp. 15-16, 53. 
Diamond grading reports define quality, and price lists set 
value. Or so goes the industry mantra linking commodi- 
tization of diamonds to shrinking profit margins. 
However, one option for jewelers feeling the price/quali- 
ty squeeze is to sell stones that are “off the grid,” that is, 
below a certain size and/or quality necessary to be sent to 
a grading laboratory for a certificate. These are the dia- 
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monds that comprise the price-point market where spe- 
cific weight-for-price levels dominate and quality is sec- 
ondary. While dealing in this market segment can offer 
some profit maneuvering room, it is not a panacea. 
Consumers, in ever-increasing numbers, are becom- 
ing knowledgeable about diamond grades and are inquir- 
ing about specific quality factors. Therefore, whether or 
not they have laboratory reports, stones are represented 
in terms of their color and clarity. This trend leads to the 
conclusion articulated by one wholesaler that, “Once the 
grades are connected to the stone, the stone is connected 
to the price grid.” This sentiment dilutes the effective- 
ness of selling stones “off the grid.” In addition, con- 
sumers are becoming more quality-conscious and are 
more likely to demand a certificate as proof of a stone’s 
value. SW 


PRECIOUS METALS 


Precious metals in May 1997. U.S. Geological Survey, 
Mineral Industry Surveys, August 1997, 8 pp. 
Although gold demand reached its highest recorded quar- 
terly value in the first quarter of 1997, gold prices have 
been fairly low since then (e.g., below US$320 per ounce 
in July 1997). At such prices, about 25% of the world’s 
gold production is uneconomic to mine, and about half 
the world’s gold deposits are uneconomical “if benefits 
derived from hedging were excluded.” South Africa and 
Australia have the highest nationwide production costs, 
as their mines are among the oldest; newer mines gener- 

ally have lower operating costs. 

A new use has been found for silver: Automobile 
windshields coated with several layers of silver metal and 
oxides reflect 60% of the sun’s energy, pass 70% of visi- 
ble light, and also serve as AM/FM antennas. Additional 
information (e.g., import and export figures by country 
and an overview of world supplies) on gold, silver, plat- 
inum, and rhodium can be found on the U.S. Geological 
Survey’s Web site at http://minerals.er.usgs.gov/minerals. 

ML] 


TREATMENTS 


How to detect clarity enhancement in emeralds. M. 
Johnson, S. McClure, J. Koivula, and T. Moses, 
Modern Jeweler, Vol. 97, No. 1, January 1998, pp. 
58, 60, 61. 

Although the filling of fractures that reach the surface of 

emeralds has been practiced in various forms for a very 

long time, recent interest has resulted from the develop- 
ment of new filling materials, improvements in filling 
technology, and high-profile advertising. Identifying spe- 
cific fillers is time-consuming and difficult. Detecting the 
mere presence of a filler, however, is more important than 
knowing its actual composition. All emerald fillers have 

a refractive index very close to that of emerald, so frac- 

tures in treated stones become less visible as the air that 
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fills the breaks is displaced by the filling material. 
Because the filling procedures are never perfect, it is pos- 
sible to detect them with a microscope. 

First, the stone must be carefully examined for chips, 
fractures, and inclusions of any type that might cause 
problems during handling, and the surface of the stone 
must be cleaned with distilled water and/or isopropyl 
alcohol or acetone. [Editor’s note: The stone should not be 
immersed in the latter fluids because they may dissolve 
the filling material.| Next, the following steps are recom- 
mended to detect evidence of filling: (1) use reflected light 
to find any fractures that reach the surface; (2) examine 
such areas in darkfield illumination to determine the vis- 
ibility of the fractures below the surface (if a fracture 
seems to disappear below the surface, it is filled with 
something other than air); (3) look for the “flash effect”; 
and (4) in the fracture look for gas bubbles, voids, and evi- 
dence of deterioration (e.g., changes in color and trans- 
parency which occur over time with all the organic prod- 
ucts used as emerald fillers). Notwithstanding the 
sequence briefly outlined above, there is no substitute for 
education and experience in knowing what to look for and 
how to interpret what is seen. MD 


MISCELLANEOUS 


Gemstones. U.S. Geological Survey, Mineral Industry 
Surveys, Annual Review 1996, August 1997, 14 pp. 


This annual survey is a treasure trove of statistical data 
on gemstone production worldwide, with a three-page 
text introduction. The U.S. produced about $44 million 
worth of natural gem materials in 1996. (Unless other- 
wise specified, prices given are net wholesale in U.S. dol- 
lars.) This figure decreased by more than 10% from the 
previous year, mainly due to decreasing production of 
natural shell (used as nuclei for cultured pearl farming in 
Japan and elsewhere). Six states produced more than 
three-quarters of the natural gem materials: Tennessee 
(shell), Oregon, Kentucky (shell), Arkansas (shell), 
Arizona, and Alabama (shell). Diamond mining and 
exploration in the U.S. were noteworthy in 1996, with 
development continuing at the Kelsey Lake kimberlite 
in Colorado. 

The U.S. market consumed $4.3 billion in unset dia- 
monds in 1996, and over $370 million in unset colored 
stones (exclusive of pearls and coral). The most popular 
stones were diamonds (61%), emeralds (10%), sapphires 
(9%), and rubies (7%). The average price of rough dia- 
monds sold worldwide was about $70 per carat in 1996 
(ranging from $9 for Australian production to $315 for 
Namibian stones), while cut but unset stones were val- 
ued on average at $474 per carat (up from $447 in 1995). 

The U.S. imported gems from 106 countries and 
exported to 56. Rough diamond imports came from the 
UX. (e.g., CSO sights), Belgium, Ghana, Zaire, and Aus- 
tralia (among others). Small cut diamonds were imported 
from India, Israel, and Belgium; and 0.5+ ct cut diamonds 
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came from Israel, Belgium, Switzerland, and India. The U.S. 
exported diamonds to Israel, Belgium, Hong Kong, 
Switzerland, and Japan. Diamond exports fell by weight but 
rose in value to $2.23 billion (from $2.04 billion in 1995). 

Nearly 10 Mct (million carats) of fashioned emeralds 
were imported into the U.S. in 1996, worth $203 million; 
by value, the most important sources for these cut gems 
were Colombia, India, Israel, Switzerland, and Hong 
Kong. Also imported were almost 6 Mct of fashioned 
rubies (from Thailand, Switzerland, Hong Kong, India, 
etc.), and 8.5 Mct of fashioned sapphire (from Thailand, 
Sri Lanka, Switzerland, Hong Kong, etc.). The average 
price per carat of imported emeralds was $20.44 in 1996 
(down from $32.25 in 1995); rubies were valued at $14.55 
per carat (versus $20.10 the preceding year) and sapphires 
at $11.14 per carat (versus $12.38 in 1995). The main 
source of “other” (i.e., not diamond, emerald, or corun- 
dum} gemstone rough was Brazil, while “other” cut 
stones came primarily from Thailand, Hong Kong, Japan, 
India, and Germany. Excluding pearl and coral, total col- 
ored stone imports for 1996 were valued at $572 million. 
The U.S. exported $29.1 million in colored stone rough, 
and about $175 million in fashioned colored gemstones. 
The average value of imported colored stone rough exclu- 
sive of corundum and emeralds was about 12 cents per 
gram. The U.S. imported over $34.6 million in natural, 
cultured, and imitation pearls and exported $8.5 million 
in [unspecified] pearls. About $38.6 million in shells and 
coral were exported and re-exported. Annual world pro- 
duction of cut natural gemstones exclusive of diamonds 
and pearls exceeded $2 billion. 

World diamond production in 1996 reached 117 Mct, 
with an estimated value of about $7 billion. De Beers’s 
CSO sold $4.83 billion in rough diamonds, a new record, 
while retail diamond sales decreased slightly to $52 bil- 
lion, partly due to a weaker Japanese market. Argyle 
withdrew from the CSO in 1996. The first Canadian dia- 
mond mine is expected to go into production in late 1998. 

Synthetic gem production from California, New 
York, Michigan, and Arizona totaled $24 million. 
Production of gemstone simulants exceeded $100 mil- 
lion. The U.S. imported $109.2 million in synthetic and 
imitation stones (mainly from Austria and Germany), 
and exported $29.5 million (including re-exports). The 
average synthetic import was valued at 23 cents per carat. 

The article also includes tables of gemstone proper- 
ties (with many of the same errors noted in earlier 
abstracts of this annual survey), synthetic gemstone pro- 
duction methods, and representative wholesale prices for 
diamonds and fashioned colored stones. Additional infor- 
mation (e.g., production, consumption, and value) on nat- 
ural and synthetic gemstones can be found on the U.S. 
Geological Survey’s Web site at http://minerals.er.usgs. 
gov/minerals. MLJ 


An image for all reasons. D. Taranik, Mining Magazine, 
Vol. 177, No. 3, September 1997, pp. 158-160. 


The costs of using remote sensing data for mineral explo- 
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ration, and the costs of analyzing such data, are rapidly 
decreasing. Remote-sensing techniques can now be 
applied on spatial scales, from field surveys with hand- 
held multi-band detectors to airborne and satellite-based 
systems. The newest satellite systems can achieve reso- 
lutions up to 1 m. These detectors analyze reflectance in 
narrow wavelength bands in the visible and infrared, and 
they have been calibrated to distinguish among common 
alteration minerals such as alunite, kaolinite, sericite, 
illite, and “free silica” (quartz or opal); these minerals are 
often useful for indicating the presence of associated ore 
deposits. 

Another satellite remote-sensing technique, radar 
mapping, can be used to see topographic details in areas 
with dense forests or continuous cloud cover. 
Geographical Information System (GIS) technology can 
then be used to tie the various maps_ together. 
Quantitative evaluation techniques are now being 
applied to mining districts in order to produce maps of 
mineral potential. 

Although these techniques are directed toward the 
search for metal deposits, geologists have also used many 
of them for years in gem exploration—particularly in the 
search for diamonds—without publicizing the fact. 

ML] 


Resources and reserves estimation. G. Ferguson, Mining 
Magazine, Vol. 177, No. 3, September 1997, pp. 
163-164, 167-168. 


Although mining companies describe their holdings in 
terms of mineral resources [concentrations currently 
feasible to mine] and mineral reserves [identified re- 
sources that can be extracted profitably with existing 
technology], there is no universally accepted method of 
calculating either of these. This article is targeted to 
would-be investors in mining stocks, who should under- 
stand four factors before supporting a project: ownership 
and mining regulations, competence of the professionals, 
estimation of resources, and reserves engineering. 

A successful mining venture has a clear legal title to 
the property in question, in accordance with local laws. 
The resources and reserves should have been defined by a 
competent geologist who has been involved in all stages 
of delineation of the ore body. With regard to resources 
estimation [determining how much ore is present and at 
what grade], the geologic model for describing the ore 
body should be accurate and plausible, reflecting known 
geologic conditions and employing appropriate statistical 
models to interpret ore grades based on available samples. 
In calculating the reserves, only proven and probable 
reserves should be considered (not “possible” or 
“inferred” reserves, which are less certain). Due to the 
need to excavate noneconomic material for access, both 
planned and unplanned “dilution” of ore grades should be 
taken into consideration. In the final analysis, the caliber 
of the professionals of the mining company can make all 
the difference in the decision to invest in mining stocks. 

ML] 
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DIAMOND GLOSSARY 


(Continued from Page 291 of last issue) 


pink diamond. A term often used 


loosely in the trade to describe any 
diamond of pale reddish, purplish- 
red, purplish or violetish hue. Dia- 
monds of colors other than pale 
red are sometimes described as 
rose-pink, rose-colored, peach blos- 
som, heliotrope and mauve dia- 
monds, or similar terms. The 
Condé Diamond is the most fa- 
mous pink diamond. 


pipe. (1) Common name for: (a) ver- 


tical cylindrical or column-like 
masses of kimberlite believed to 
have solidified in the necks of ex- 
tinct voleanos which, when active, 
had penetrated older, usually sedi- 
mentary, rock masses; (b) similar 
rock masses occupying voleanic 
fissures. These pipes usually con- 
tain diamonds. They occur in 
South Africa, Arkansas and Ken- 
tucky, and have been reported in 
South America and Australia. 
Their diameters are from 100 feet 
to a half mile; their area from 
about one to eighty acres. (2) A 
geological term for: (a) the erup- 
tive channel opening into the 
crater of a volcano or the filling 
of such a channel (Webster); (b) 
columns of ore, hollow tube-like 
spaces in lava, caleareous rocks, 
sand, etc., and for narrow portions 
of rich ore in a lode, fossil trees 
in coal beds, etc. 

piqué. French word for pricked; 
formerly used in North America 
and still used elsewhere as a dia- 
mond-grading trade term mean- 
ing touched with tiny inclusions 
or unimportant surface blemishes 
observable only under a diamond 


loupe. First piqué meant almost 
flawless, but revealing tiny inclu- 
sions other than carbon pin points 
or unimportant surface blemishes 
when examined by an excellently 
trained eye under 10x magnifica- 
tion and scientific lighting (as in 
the Diamondscope or Gemolite), 
but unobservable with lower mbg- 
nification, such as 2x. Second 
piqué, very, very slightly imper- 
fect (V.V.S.I.), meant slightly in- 
ferior to first piqué, and often with 
carbon pin points or more notice- 
able surface blemishes or both, 
with all defects easily observable 
under 10x magnification. Third 
piqué (term rarely used except 
in U.S.A.), very slightly imperfect 
(V.S.1.), contained more promi- 
nent imperfections seen easily 
under any magnification; only a 
shade better than slightly imper- 
fect. The term piqué, or first pique, 
later was debased by many dealers 
to mean a grade inferior to 
V.V.S.1.; second piqué to mean 
V.S.I. When further debased, the 
terms were largely discontinued. 
See imperfect; perfect; slightly im- 
perfect. 


pit. A term infrequently applied to 


polished surfaces of diamonds; 
more properly applied to small 
natural fractures on polished gem 
surfaces. 


Pitt Diamond. Same as Regent Dia- 


mond. 


P.K. Abbreviation often used to mean 


pique. 


Pliny the Elder. Roman naturalist 


and one of earliest authors to 
describe the diamond (77 A.D.)... 


SUPPORT YOUR 
LOCAL RESEARCHER 


the very successful First World Emerald Congress 

in Bogota, Colombia. Of particular concern to the 
participants was the topic of emerald treatments—that 
is, the use of different fillers to improve the apparent 
clarity of the stone. All were aware of the negative pub- 
licity that emerald filling has received in recent months, 
and of the fact that some fillers are less effective or less 
durable than others. At the Congress, representatives 
from many of the major gemological 
laboratories sat together on a single 
panel to discuss this problem. A con- 
stant refrain from the audience, which 
included dealers as well as retailers, 
was: When were the GIA Gem Trade 
Laboratory, the Gtbelin Gemmological 
Laboratory, SSEF, AGTA, and even 
Gems & Gemology, among others, 
going to resolve the treatment issue? 


L ast February, many leading gemologists attended 


We, however, cannot address such 
problems without help from you in the 
trade. A meaningful gemological study—whether done in 
the U.S., Europe, Asia, or South America—often requires 
large numbers of samples, hundreds of hours of testing, 
and the participation of several experts to analyze the 
results. For example, the trace-element-chemistry project 
reported by Sam Muhlmeister and colleagues in this 
issue used 283 natural and synthetic rubies, from 14 
localities and 12 synthetics manufacturers. As Dr. Mary 
Johnson reported at the Emerald Congress, the emerald 
treatment study that GIA is currently spearheading 
required almost 300 emerald samples, all natural, from a 
number of known localities. Several fillers are being 
tested by various means to determine both their effective- 
ness and their durability under normal conditions of wear 
and care. 


Often the greatest delay in conducting such a study is in 
acquiring the samples. Unlike universities or govern- 


Editorial 


ment research institutions, the research conducted by 
most gemological laboratories is not supported by out- 
side funding. You are the experts on buying and selling 
gems, so most of you know what it costs to purchase 300 
one-half to one carat emeralds or rubies. In addition, even 
though for many projects the samples do not have to be 
large or expensive, it is critical that they be representa- 
tive of the particular locality, manufacturing process, or 
treatment under investigation—information that often 
can be provided only by members of 
the trade. As a result, researchers may 
have to work for years to obtain the 
stones for a single research project. For 
the ruby study, some samples were 
donated, many were loaned, and oth- 
ers were purchased. Our hats are off to 
all of the people who participated 
(more than 30 individuals and compa- 
nies for that study alone). Still, some 
dealers leave request letters unan- 
swered or make promises they cannot 
keep, consuming precious time. Then, 
when the pressure is on from consumers and the 
media, these same dealers want to know what’s taking 
so long. 


As the gem and jewelry industry is faced with ever-more- 
pressing issues regarding the disclosure of treatments and 
synthetics, comprehensive research will become even 
more important. Knowledge gained from the scientific 
study of gem materials and their treatments is necessary 
to maintain confidence in the industry by our colleagues 
and consumers alike. The use of broad, representative 
sets of samples, accompanied by reliable information 
about the sources (or treatments) of the stones, is critical 
to many of these research projects. 


So, please, think about it. And the next time you’re 


asked, send some stones, provide information, share your 
experience and . . . support your local researcher. 


Alice S. Keller 
EDITOR 
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SEPARATING NATURAL AND SYNTHETIC 
RUBIES ON THE BASIS OF 
TRACE-ELEMENT CHEMISTRY 


By Sam Muhlmeister, Emmanuel Fritsch, James E. Shigley, Bertrand Devouard, and Brendan M. Laurs 


Natural and synthetic gem rubies can be 
separated on the basis of their trace-element 
chemistry as determined by energy-disper- 
sive X-ray fluorescence (EDXRF) spectrome- 
try. This method is especially important for 
rubies that do not have diagnostic inclu- 
sions or growth features, since such stones 
are difficult to identify using traditional 
gem testing methods. The results of this 
study indicate that the presence of nickel, 
molybdenum, lanthanum, tungsten, plat- 
inum, lead, or bismuth proves synthetic ori- 
gin, but these elements were not detectable 
in most of the synthetic rubies tested. 
Alternatively, the concentrations of titant- 
um, vanadium, iron, and gallium—consid- 
ered together, as a trace-element “signa- 
ture” —provide a means for separating near- 
ly all synthetic from natural rubies. EDXRF 
can also help identify the geologic environ- 
ment in which a ruby formed, and thus 
imply a geographic origin. 
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orrect gem identification is crucial to the gem and 

jewelry trade. However, accurate information on a 

gem’s origin rarely accompanies a stone from the 
mine, or follows a synthetic through the trade after it leaves 
its place of manufacture. Today, natural and synthetic 
rubies from a variety of sources are seen routinely (figure 1). 
Usually, careful visual observation and measurement of 
gemological properties are sufficient to make important dis- 
tinctions (Schmetzer, 1986a; Hughes, 1997]. In some cases, 
however, traditional gemological methods are not adequate; 
this is particularly true of rubies that are free of internal 
characteristics or that contain inclusions and growth fea- 
tures that are ambiguous as to their origin (Hanni, 1993; 
Smith and Bosshart, 1993; Smith, 1996). The consequences 
of a misidentification can be in the tens of thousands, and 
even hundreds of thousands, of dollars. 

Ruby is a gem variety of corundum (AL,O,) that is col- 
ored red by trivalent chromium (Cr**). Besides Cr, most 
rubies contain other elements in trace amounts that were 
incorporated during their growth, whether in nature or in 
the laboratory. For the purpose of this article, we consider 
trace elements to be those elements other than aluminum, 
oxygen, and chromium. These trace elements (such as vana- 
dium [V] and iron [Fe]) substitute for Al** in the corundum 
crystal structure, or they may be present as various mineral 
inclusions (such as zirconium [Zr] in zircon) or as con- 
stituents in fractures. The particular assemblage of trace ele- 
ments (i.e., which ones are present and their concentrations) 
provides a distinctive chemical signature for many gem 
materials. Since the trade places little emphasis on estab- 
lishing the manufacturer of synthetic products, this article 
will focus on how trace-element chemistry, as determined 
by EDXRF, can be used for the basic identification of natural 
versus synthetic rubies. It will also explore how EDXRF can 
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Figure 1. These six natu- 
ral and synthetic rubies 
are typical of material 
that might be submitted 
to a gemological labora- 
tory for identification. 
From top to bottom and 
left to right: 1.29 ct 
Kashan flux-grown syn- 
thetic ruby, 1.10 ct natu- 
ral ruby, 0.93 ct Czoch- 
ralski-pulled synthetic 
ruby, 0.95 ct Ramaura 
synthetic ruby, 1.05 ct 
natural ruby from Tanzania, 
and 0.57 ct Swarovski 
flame-fusion synthetic 
ruby with flux-induced 
fingerprints. The 1.10 ct 
natural ruby was report- 
ed to have come from 
Mogok, but trace-element 
chemistry indicated that 
the stone was from a 
basalt-hosted deposit (such 
as Thailand); microscopy 
also indicated a basaltic 
origin. Photo © GIA and 
Tino Hammid. 


help determine the geologic origin of a natural ruby, 
which is useful for identifying the country of origin. 


BACKGROUND 


Previous research has indicated the potential of 
trace-element chemistry for separating natural from 
synthetic rubies (Hanni and Stern, 1982; Stern and 
Hanni, 1982; Kuhlmann, 1983; Schrader and Henn, 
1986; Tang et al., 1989; Muhlmeister and Devouard, 
1991; Yu and Mok, 1993; Acharya et al., 1997), and 
also for differentiating rubies from different locali- 
ties (Harder, 1969; Kuhlmann, 1983; Tang et al., 
1988, 1989; Delé-Dubois et al., 1993; Osipowicz et 
al., 1995; Sanchez et al., 1997). The two most com- 
mon analytical techniques for determining ruby 
chemistry are electron microprobe and EDXRF. 
Other methods include wavelength dispersive X-ray 
fluorescence spectrometry, neutron activation anal- 
ysis, proton-induced X-ray emission (PIXE) analysis, 
and optical emission spectroscopy. Most of these 
methods involve instrumentation that is not readily 
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available to gemological laboratories, or use tech- 
niques that may damage the sample. EDXRF, how- 
ever, is nondestructive and has become standard 
equipment in many gemological laboratories. 
Qualitative EDXRF analyses have shown that 
synthetic rubies contain relatively few trace ele- 
ments, and that the presence of molybdenum (Mo) 
indicates a flux origin; natural rubies, on the other 
hand, show a greater number of trace elements, and 
Myanmar rubies show relatively low Fe and high V 
(Muhlmeister and Devouard, 1991; Yu and Mok, 
1993). Analyses by electron microprobe (Delé- 
Dubois et al., 1993) and PIXE (Tang et al., 1988, 
1989; Sun, 1992; Osipowicz et al., 1995) have 
revealed the same trends for Myanmar rubies, and 
have indicated that Thai stones show high Fe and 
low V; these studies have also shown significant 
variations in trace elements in rubies from the same 
deposit. PIXE analyses of rubies from several 
deposits have detected numerous trace elements, 
including silicon (Si), sulfur (S), chlorine, potassium 
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Figure 2. The discovery of new gem localities 
presents constant challenges for the gemologist. 
These two rubies (2.59 ct total weight) are from 
Mong Hsu, Myanmar, which first became known 
only in the early 1990s. Photo © Tino Hammid. 


(K), calcium (Ca), titanium (Ti), V, Cr, manganese 
(Mn), Fe, and gallium (Ga); in contrast, with the 
exception of Cr, synthetic stones from Chatham, 
Inamori, and Seiko showed no significant trace ele- 
ments, Kashan synthetic rubies showed some Ti, 
and Knischka and Ramaura synthetics contained Fe 
(Tang et al., 1989). Using optical emission spec- 
troscopy, Kuhlmann (1983) reported the following 
trace elements (besides Cr) at levels >0.001 wt.% in 
these synthetics: Chatham and Verneuil—Fe, Si, 
Mo, beryllium (Be); Knischka—Fe, Si, Be, copper 
(Cu); Kashan—Si, Ti, Fe, Cu, Mn, Be. In natural 
rubies, the following (besides Cr) were detected at 
levels >0.001 wt.%: Mogok, Myanmar—vV, Fe, 
Ti, Si, tin (Sn), Mn, Be; Jegdalek, Afghanistan— 
Si, Fe, Be; Umba Valley, Tanzania—Fe, Si, Ti, Cr, 
V, Mn; Morogoro, Tanzania—Ti, Si, Cr, Fe, V; 
Tsavo Park, Kenya—Cr, Fe, Si, Ti, V; Rajasthan, 
India—Fe, Si, Ti, Sn, Cu, V, Mn, Be. 

In recent years, a number of new synthetic ruby 
products have entered the market, including those 
grown by the flux method (Smith and Bosshart, 
1993; Henn and Bank, 1993; Henn, 1994; Hanni et 
al., 1994), by the hydrothermal method (Peretti and 
Smith, 1993), and by the Czochralski technique 
with natural ruby as the feed material, marketed as 
“recrystallized” (Kammerling et al., 1995b,c; 
Nassau, 1995). Other synthetic materials that have 
caused identification problems for the contempo- 
rary gemologist include flame-fusion synthetic 
rubies with flux-induced “fingerprints” (Koivula, 
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1983; Schmetzer and Schupp, 1994; Kammerling et 
al., 1995a) and Czochralski-pulled synthetic rubies that 
are inclusion-free (Kammerling and Koivula, 1994). 

Natural rubies can also present identification 
problems. Heat treatment can significantly alter the 
appearance of the inclusions in natural ruby 
(Giibelin and Koivula, 1986; Themelis, 1992, 
Hughes, 1997). Fluid inclusions commonly rupture 
when heated, creating fractures that can be subse- 
quently filled by the fluid or partially repaired on 
cooling (Gtibelin and Koivula, 1986). These sec- 
ondary fingerprints—common in heat-treated rubies 
from Mong Hsu, Myanmar, for example—are simi- 
lar to the white, high-relief fingerprint-like inclu- 
sions commonly seen in flux synthetics (Laughter, 
1993; Smith and Surdez, 1994; Peretti et al., 1995). 

In addition, the locality of a natural ruby can 
have a significant impact on its market value (figure 
2). Although the importance of “country of origin” 
in helping establish a natural ruby’s value is a topic 
of ongoing debate (Liddicoat, 1990; Hughes, 1990a), 
it is nonetheless a significant consideration in some 
trading circles, especially for larger stones. 


GEOLOGIC ORIGINS OF 
GEM-QUALITY RUBIES 


Rubies are mined from both primary deposits (the 
host rock where the ruby formed) and secondary 
deposits (i.e., alluvial—stream transported, or elu- 
vial—weathered in place) [Simonet, 1997]. Because 
of its durability and relatively high specific gravity, 
ruby is readily concentrated into secondary 
deposits; the processes of weathering and alluvial 
transport tend to destroy all but the best material, 
so these deposits can be quite valuable. In general, 
primary deposits are economically important only if 
the ruby is concentrated in distinct mineable areas, 
such as layers within marble. 

The conditions under which ruby forms are 
important to gemologists, because the chemical 
composition, inclusions, and growth features visible 
in fashioned stones are influenced by the composi- 
tion, pressure, and temperature of the ruby-forming 
environment (see, e.g., Peretti et al., 1996). The 
trace elements in a ruby are incorporated into the 
crystal structure, or are present as mineral inclu- 
sions (table 1) or as constituents in fractures. 
Therefore, the geologic environment influences the 
assemblage of trace elements present. Corundum 
(Al,O,) crystallizes only in silica-deficient environ- 
ments because, in the presence of Si, the Al is used 
to form more common minerals such as kyanite, 
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TABLE 1. Geology and mineralogy of gem-quality ruby deposits. 


Deposit type 


Geology 


Typical associated 
minerals 


Typical mineral 
inclusions 


Localities? 


Basalt-hosted 


Marble-hosted 


Metasomatic 


Metasomatic 


Xenocrysts in 
alkali basalt (al- 
luvial and eluvial 
deposits) 


Calcite or dolo- 
mite marble, com- 
monly interlayered 
with schists and 
gneisses; may or 
may not be cut 
by granite intru- 
sions (primary 
and alluvial de- 
posits) 


Desilicated peg- 
matite cutting 
ultramafic rock 
or marble (pri- 
mary, eluvial, 
and _ alluvial de- 
posits) 


Desilicated alu- 
minous schist/ 
gneiss adjacent 
to ultramafic rock 
(primary, eluvial, 
and _ alluvial de- 
posits) 


Sapphire, clino- 
pyroxene, Zircon, 
Fe-rich spinel, gar- 
net; sometimes 
sapphirine 


Calcite, dolomite, 
spinel, pargasite, 
phlogopite, rutile, 
Cr-muscovite, 
chlorite, tremolite, 
tourmaline, apatite, 
sphene, anorthite, 
margarite, pyrrhot- 
ite, pyrite, ilmenite, 
graphite, fluorite 


Plagioclase, ver- 
miculite, phlogo- 
pite, muscovite, 

tourmaline (highly 
variable) 


Plagioclase, amphi- 
bole, epidote, tour- 
maline, micas, silli- 
manite, kyanite 
(highly variable) 


Pyrrhotite (com- 

monly altered to 
goethite), apatite; 
sometimes spinel, 
almandine garnet 


Calcite, dolomite, 
rutile, apatite, py- 
rite, phlogopite, 
boehmite; some- 
times spinel, zir- 
con, margarite, 
graphite, pyrrho- 
tite 


Rutile, boehmite; 
sometimes apatite, 
zircon, spinel, ver- 
miculite, musco- 
vite, pyrrhotite, 
graphite (highly 
variable) 


Rutile, plagioclase, 
apatite, zircon, 
graphite, sillimanite, 
amphibole, ilmen- 
ite (highly variable) 


Australia—Barrington (Sutherland, 1996a,b; Suth- 
erland and Coenraads, 1996; Webb, 1997; 
Sutherland et al., 1998) 

Cambodia—Pailin (Jobbins and Berrangé, 1981; 
Sutherland et al., 1998) 

Thailand—Chanthaburi, at Bo Rai-Bo Waen 
(Charaljavanaphet, 1951; Gubelin, 1971; Keller, 
1982; Vichit, 1987; Coenraads et al., 1995) 

Vietnam—southern, at Dak Nong (Kane et al., 1991; 

Poirot, 1997) 


Afghanistan—Jegdalek (Hughes, 1994; Bowersox 
and Chamberlin, 1995) 

China—Aliao Mountains, Yunnan Province (Keller 
and Fuquan, 1986; ICA Gembureau, 1991) 

India—southern (Viswanatha, 1982) 

Myanmar—Mogok (lyer, 1953; Keller, 1983; GuUbelin 
and Koivula, 1986; Kammerling et al., 1994) 

Myanmar—Mong Hsu (Peretti and Mouawad, 1994; 
Smith and Surdez, 1994; Peretti et al., 1995) 

Nepal—Taplejung district (Harding and Scarratt, 
1986; Smith et al., 1997) 

Pakistan—Hunza (Bank and Okrusch, 1976; Ok- 
rusch et al., 1976; GUbelin, 1982; Hunstiger, 
1990b) 

Pakistan—Kashmir (“Kashmir Yields Ruby, Tour- 
maline,” 1992; Kane, 1997) 

Russia—Ural Mountains (Kissin, 1994) 

Tanzania—Morogoro (Hanni and Schmetzer, 1991) 

Tajikistan—eastern Pamir Mtns. (Henn et al., 
1990b; Smith, 1998) 

Vietnam—northern, at Luc Yen (Henn and Bank, 
1990; Henn, 1991; Kane et al., 1991; Delé-Dubois 

et al., 1993; Poirot, 1997) 


India—southern (Viswanatha, 1982; Menon et al., 
1994) 

Kenya—Mangari (Pohl et al., 1977; Pohl and Hor- 
kel, 1980; Bridges, 1982; Hunstiger, 1990b; 
Levitski and Sims, 1997) 

Tanzania—Umba (Solesbury, 1967; Zwaan, 1974; 
Hanni, 1987) 

Vietnam—central, at Quy Chau (Kane et al., 1991; 
Poirot, 1997) 


India—southern (Viswanatha, 1982; Hunstiger, 1990a) 

Kenya—Mangari (Pohl et al., 1977; Pohl and Hor- 
kel, 1980; Hunstiger, 1990b; Key and Ochieng, 
1991; Levitski and Sims, 1997) 

Malawi—Chimwadzulu Hill (Rutland, 1969; Henn 
et al., 1990a) 

Sri Lanka—Ratnapura, Elahera (Dahanayake and 
Ranasinghe, 1981, 1985; Munasinghe and Dis- 
sanayake, 1981; Dahanayake, 1985; Rupas- 
hinge and Dissanayake, 1985; Gunawardene 
and Rupasinghe, 1986) 


@Although there are known deposit types in the countries listed, there may also be deposits (e.g., alluvial) that have not yet been 
characterized. Consequently, we do not know the specific geologic environment for all of the rubies obtained for this study. 


Fe and Ti for blue sapphire}, under the appropriate 
temperature and pressure conditions. The mecha- 
nisms by which gem corundum forms are still 
debated by geologists (see, e.g., Levinson and Cook, 


feldspars, and micas. The scarcity of gem corun- 
dum—especially ruby—results from this require- 
ment for Si-depleted conditions in the presence of 
the appropriate chromophore(s) (i.e., Cr for ruby and 
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Figure 3. This specimen (4.6 cm high) from 
Jegdalek, Afghanistan, shows a ruby embedded 
in calcite marble, along with traces of associat- 
ed minerals. Courtesy of H. Obodda; photo © 
Jeffrey Scovil. 


1994). With the exception of a few occurrences, 
gem-quality ruby has been found in three types of 
primary deposits (again, see table 1): basalt-hosted, 
marble-hosted, and metasomatic. (The latter two 
form by different metamorphic processes, as 
explained below.) 


Basalt-Hosted Deposits. Some of the world’s largest 
ruby deposits, past and present, are secondary deposits 
associated with alkali basalts (e.g., Cambodia and 
Thailand). However, the formation conditions of 
this type of corundum are the least understood. The 
occurrence of corundum in basalt is similar to that 
of diamond in kimberlite: The ruby and sapphire 
crystals (xenocrysts) are transported in molten rock 
from lower levels of the earth’s crust (or upper man- 
tle) to the surface. During transport from depths of 
15-40 km (Levinson and Cook, 1994), the corun- 
dum is partially resorbed, as shown by the rounded 
edges and surface etch patterns typically seen on 
basalt-hosted corundum (Coenraads, 1992). 


84 Separating Rubies 


From evidence revealed by trace elements, min- 
eral inclusions, fluid inclusions, and associated 
mineral assemblages observed in rare corundum- 
bearing assemblages (as xenoliths), geologists have 
suggested that both metamorphic- and igneous- 
formed rubies may be present in a given basalt-host- 
ed deposit (see, e.g., Sutherland and Coenraads, 
1996; Sutherland et al., 1998). The metamorphic 
rubies in such deposits may be derived from region- 
al metamorphism of aluminous rocks (such as 
shales, laterites, and bauxites) that were subducted 
to great depths (Levinson and Cook, 1994). Two 
models have been proposed for the igneous origin of 
gem corundum: (1) from magma mixing at mid- 
crustal levels (Guo et al., 1996a,b), or (2) from the 
pegmatite-like crystallization of silica-poor magma 
in the deep crust or upper mantle (Coenraads et al., 
1995). Regardless of the specific origin, the mineral 
inclusions and associated minerals suggest that the 
corundum formed in an environment containing Fe, 
S, and geochemically incompatible elements 
(Coenraads, 1992). This geochemical (or trace-ele- 
ment} “signature” is consistent with the relatively 
enriched Fe content that is characteristically shown 
by basalt-hosted rubies (see Results section, below). 


Marble-Hosted Deposits. Some of the world’s finest 
rubies form in marble-hosted deposits, such as 
those in Myanmar. These deposits are commonly 
thought to have formed as a result of the regional 
metamorphism of limestone by heat and pressure 
(see, e.g., Okrusch et al., 1976). At some localities, 
the close association of granitic intrusions with the 
ruby-bearing marble has led some researchers to 
consider them “metasomatic” (e.g., Mogok; Iyer, 
1953), that is, chemical interaction between the 
marble and fluids associated with the intrusions 
caused ruby mineralization. Therefore, marble-host- 
ed ruby deposits may form from regional metamor- 
phism or contact metasomatism, or from a combi- 
nation of the two (Konovalenko, 1990). 

Depending on the composition of the original 
limestone, ruby-bearing marbles may be composed 
of calcite (CaCO,) and/or dolomite [CaMg(CO,],]. 
Ruby and associated minerals, such as spinel and 
micas (again, see table 1), form in layers that are 
irregularly distributed within the marble (figure 3). 
These ruby-bearing assemblages are thought to rep- 
resent impure horizons within the original lime- 
stone, where Al-rich clays or sediments (such as 
bauxite) were deposited (see, e.g., Platen, 1988; 
Okrusch et al., 1976). The composition of the asso- 
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ciated minerals (table 1) indicates that these impure 
layers contain traces of Si, S, K, Ti, V, Cr, and, in 
general, are low in Fe. Rubies from certain marble- 
type deposits (such as Mogok) are prized for their 
“pure” red color (i.e., absence of brown modifying 
hues}, which is supposedly due to their lack of iron; 
this is consistent with the low iron content of their 
marble host rocks. 


Metasomatic Deposits. Metasomatism is a meta- 
morphic process whereby chemical components are 
exchanged in the presence of fluids. One important 
mechanism is “desilication,” in which Si is mobi- 
lized (i.e., removed from the rock), leaving Al 
behind to form corundum. Metasomatic deposits of 
gem ruby can be divided into two groups: (1) desili- 
cated pegmatites intruding silica-poor rocks such as 
serpentinite (as, e.g., at Umba, Tanzania: Solesbury, 
1967) or marble (as at Quy Chau, Vietnam; Poirot, 
1997), and (2) desilicated schists and gneisses that 
have been altered by metasomatic fluids in the pres- 
ence of ultramafic (low Si; high Mg, Fe) rock (e.g., 
Malawi: Rutland, 1969; again, see table 1). As stated 
above, the ruby deposits at Mogok may also be 
metasomatic; if so, they would constitute a third 
type of metasomatic deposit—marble that has been 
altered by pegmatite-derived fluids. 

The trace-element chemistry of rubies formed in 
metasomatic deposits is variable because of the dif- 
ferent rock types and the particular local geochemi- 
cal conditions under which these rubies formed 
(see, e.g., Kuhlmann, 1983). For example, rubies 
from different metasomatic deposits at Mangari, 
Kenya, show different characteristics: At the John 
Saul mine, “pure” red ruby coloration is common; 
at the Penny Lane deposit, the ruby is “darker” 
(Bridges, 1982; Levitski and Sims, 1997). These color 
variations most likely result from the variable com- 
position of the host rocks; that is, at John Saul, the 
host rocks contain lower concentrations of Fe than 
at Penny Lane. Other metasomatic-type ruby locali- 
ties with variable host rocks are in India (see, e.g., 
Viswanatha, 1982) and Sri Lanka (see, e.g., 
Dahanayake and Ranasinghe, 1985; Rupasinghe and 
Dissanayake, 1985). 


MANUFACTURE OF SYNTHETIC RUBY 


Synthetic rubies were introduced to the gem market 
in 1885. Originally sold as natural rubies from a fic- 
titious mine near Geneva, and hence named 
“Geneva ruby,” they were later proved to be syn- 
thetic (Nassau and Crowningshield, 1969; Nassau, 
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Figure 4. Synthetic rubies were first manufac- 
tured more than 100 years ago. Today, several 
types are available in the gem marketplace. 
Here, a Chatham flux-grown synthetic ruby is 
set in 14k gold. Ring courtesy of Chatham 
Created Gems, photo © Tino Hammid. 


1980, 1995). The producer of these early synthetic 
rubies was never disclosed. The first scientific paper 
describing ruby synthesis using the flame-fusion 
process was published by Auguste Verneuil in 1904, 
two years after his first success. The flame-fusion 
process used today to grow rubies is largely 
unchanged from the one Verneuil introduced at the 
turn of the century (Nassau and Crowningshield, 
1969; Nassau, 1980; Hughes, 1990b). Although 
flame-fusion material is still the most common syn- 
thetic corundum used in jewelry, other techniques 
are commercially available (figure 4; table 2). 

Ruby manufacturing methods can be divided 
into two general categories: melt and solution. 
Melt-grown synthetic rubies—including flame- 
fusion, Czochralski, and floating zone—are pro- 
duced by melting and crystallizing aluminum oxide 
powder to which traces of Cr and (possibly) various 
trace elements have been added. With the 
Czochralski and floating-zone methods, crystalliza- 
tion typically takes place in an iridium crucible; 
with flame-fusion, crystallization occurs on a rotat- 
ing boule, without a container. The chemistry of 
melt-grown synthetic rubies is usually relatively 
“pure”—that is, they contain detectable amounts of 
relatively few elements—in comparison to other 
synthetic rubies, because the melt generally con- 
tains few additives. 
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Solution-grown synthetic rubies are crystallized 
from a solution in which aluminum and trace ele- 
ments are dissolved. There are two types of growth 
solutions: flux and hydrothermal. A variety of 
chemical fluxes are used (again, see table 2), and the 
solutions are contained within a metal crucible, 
usually platinum. Hydrothermal synthetic rubies 
are grown from a water-rich solution enclosed in a 
pressurized autoclave. These synthetic rubies may 
contain trace elements originating from the flux or 
the hydrothermal solution, and possibly from the 
crucible or autoclave. 


MATERIALS AND METHODS 


Materials. For this study, we examined 121 natural 
and 162 synthetic rubies, most of which were 
faceted. These samples were chosen to represent the 
known commercially available sources of gem-qual- 
ity material. The stones ranged from 0.14 to 52.06 
ct, with most samples between 0.50 and 3.00 ct. 
The majority were transparent, but some were 


translucent; many had eye-visible inclusions. The 
samples were provided by individuals who had reli- 
able information on the country of origin, although 
in some cases the specific deposit was not known. 
Note that some corundums with Lechleitner syn- 
thetic ruby overgrowth were included in this study, 
although they are not true synthetic rubies 
(Schmetzer, 1986b; Schmetzer and Bank, 1987). Red 
diffusion-treated corundum and “recrystallized” 
synthetic ruby were also analyzed. 

At least seven representative samples were 
obtained for most localities and manufacturers, 
although the actual number varied from one to 31 
for each type. Due to the limited number of samples 
from some deposits or manufacturers, and the possi- 
ble future compositional variations of these rubies, 
the results of this study should only be considered 
an indication of the chemistry from these sources. 
Also, the trace-element data in this study are valid 
only for rubies, and do not necessarily apply to 
corundum of other colors (including pink). The fol- 


TABLE 2. Manufacturing methods and possible sources of trace elements in synthetic rubies. 


Manufacturing method/ Growth material References 

manufacturer@ 

Melt Feed 

Czochralski-pulled Alumina and Cr,O, Rubin and Van Uitert, 1966; Nassau, 1980 
Flame-fusion Alumina and Cr,O, Verneuil, 1904; Nassau, 1980; Yaverbaum, 1980 


Floating zone 
Induced fingerprint 


Solution—Flux 
Chatham 
Douros 

Kashan 
Knischka 


Lechleitner 


Ramaura 


Solution—Hydrothermal 


Tairus (Russia) 


Alumina and Cr,O, 

(Flame-fusion synthetic rubies with 
induced “fingerprints” by any of 
various fluxes) 

Fluxes 

Li,O-MoO,-PbF, and/or PbO 
PbF, or PbO, 

Na, AIF, 

Li,O-WO,-PbF,, PbO, 

Na,W,0,, and Ta,O, 

Flux overgrowth (using Li,O-MoO,- 
PbF, and/or PbO flux) on natural 
corundum 

Bi,O,-PbF,, also rare-earth 
dopant’ added to flux as well as 
La,O,° 

Solution 

Alumina or aluminum hydrates 
partially dissolved in an aqueous 
medium with Cr compounds such 
as Na,Cr,O, 


Nassau, 1980; Sloan and McGhie, 1988 


Koivula, 1983; Schmetzer and Schupp, 1994; Kammerling et al., 
1995a 


Schmetzer, 1986b 
Smith and Bosshart, 1993; Hanni et al., 1994 
Henn and Schrader, 1985; Schmetzer, 1986b; Weldon, 1994 


Knischka and Gubelin, 1980; Schmetzer, 1986b, 1987; Galia, 
1987; Brown and Kelly, 1989 


Schmetzer, 1986b; Schmetzer and Bank, 1987 


Kane, 1983; Schmetzer, 1986b 


Nassau, 1980; Yaverbaum, 1980; Peretti and Smith, 1993; 
Peretti et al., 1997; Qi and Lin, 1998 


@The following containers are typically used during manufacture: Melt—iridium crucible (except no container is used for flame-fusion), Flux— 
platinum crucible, Hydrothermal—metal autoclave containing Fe, Ni, and Cu, possibly lined with silver, gold, or platinum. 

’Produces a yellow fluorescence, which is usually absent in faceted material (Kane, 1983). 

©‘Promotes the growth of facetable crystals. 
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lowing were not included in the study samples: 
material from localities not known to provide crys- 
tals suitable for faceting, synthetic rubies grown for 
experimental purposes only, and phenomenal rubies 
(e.g., star rubies). Although it is possible to obtain 
analyses of larger mounted stones with EDXRF, we 
did not include mounted samples. 


Methods. We used a TN Spectrace 5000 EDXRF 
spectrometer for the chemical analyses. This instru- 
ment can detect the elements sodium (atomic num- 
ber 11) through uranium (atomic number 92), using 
an X-ray tube voltage of up to 50 kV and a current of 
0.01 mA to 0.35 mA. Two sets of analytical condi- 
tions were used to maximize sensitivity: for sodium 
(atomic number 11) through sulfur (atomic number 
16}—a voltage of 15 kV, current of 0.15 mA, no fil- 
ter, and a count time of 200 seconds; for chlorine 
(atomic number 17) through bromine (atomic num- 
ber 35)—a voltage of 25 kV, current of 0.25 mA, 
0.127 mm aluminum filter, and a count time of 200 
seconds. Each sample was run once under the two 
separate instrument conditions, in order to generate 
one analysis. 

We used the spectra derived from these proce- 
dures to obtain “semi-quantitative” data for the ele- 
ments Al, Ca, Ti, V, Cr, Mn, Fe, and Ga using the 
Fundamental Parameters (FP) method of Criss and 
Birks (1968; see also Jenkins, 1980). (Oxygen was 
assumed present in stoichiometric proportions, and 
Fe is reported as FeO [i.e., +2 oxidation state]). In 
addition, the presence of heavier elements (e.g., Zr, 
Ni, Cu, Mo, lanthanum [La], tungsten [W], and lead 
[Pb])} was noted from the spectra, but these elements 
were not analyzed quantitatively. The samples were 
analyzed for Si; however, because of peak overlap 
with Al, results for Si were unreliable and are not 
reported in this study. 

The following standards were used for calibra- 
tion and to check the instrument’s performance: 
colorless Czochralski-pulled synthetic corundum 
for Al, tsavorite garnet for Al and Ca; and alman- 
dine garnet for Al, Mn, and Fe. The compositions of 
the standards were quantitatively determined at the 
California Institute of Technology by Paul 
Carpenter using an electron microprobe. 

We used a 3 mm diameter X-ray beam collima- 
tor to limit the beam size to about 20 mm’. 
(However, the actual area analyzed varied depend- 
ing on the size of the sample; on most, it was less 
than 20 mm.) This area was analyzed to a depth of 
approximately 0.1 mm. Whenever possible, we ori- 
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ented each sample to avoid prominent color zoning 
or conspicuous mineral inclusions. We usually ana- 
lyzed the table facet; for some samples, we analyzed 
the pavilion. We did not include analyses if we sus- 
pected that the presence of diffraction peaks caused 
erroneous quantitative results. 

Both the accuracy and the sensitivity of the anal- 
yses are affected by the size of the area analyzed, 
because this determines the number of counts 
obtained for a given element. Table 3 illustrates the 
differences in detection limits for rubies of three dif- 
ferent sizes. In general, the detection limits 
decreased with increasing sample size. Above 
approximately 1 ct, there were only minor improve- 
ments in the detection limits. 

The concentrations of each element in the sam- 
ple are calculated from the counting statistics and 
the FP algorithm, and they are expressed as weight 
percent oxides. The number of counts determined 
for each element had to be normalized to 100% to 
compensate for the different sample sizes. Because 
the concentrations reported are not directly calcu- 
lated from the peak counts, our analyses are consid- 
ered semi-quantitative. For comparison purposes, 
we had five natural rubies from our study analyzed 
by Dr. W. B. Stern of the University of Basel using 
his EDXRF. Dr. Stern’s results for these samples 
were very similar to our own. Based on multiple 
analyses of three of the samples used in this study, 
we found the repeatability of the trace-element data 
to be generally within 10%-20%. 


RESULTS 


Qualitative Results. Synthetic Rubies. The follow- 
ing elements were detected in all of the synthetic 


TABLE 8. Variation in EDXRF detection limits according 
to sample size. 


Oxide 0.20 ct 0.65 ct 1.27 ct 
(wt.%) 
A\,O, 0.15 0.13 0.06 
Cr,0, 0.007 0.003 0.002 
CaO 0.044 0.013 0.017 
TiO, 0.012 0.006 0.005 
VO. 0.009 0.004 0.003 
MnO 0.011 0.005 0.003 
FeO 0.005 0.002 0.001 
Ga,O, 0.006 0.002 0.001 
@Calculated after Jenkins, 1980. 
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ruby growth types (but not all samples) we exam- 
ined: Ca, Ti, Cr, Mn, and Fe. Ga and V were also 
detected in the products of all specific manufactur- 
ers except the one Inamori sample we examined. 
The greatest variety of trace elements was detected 
in the flux-grown synthetics. In addition to the ele- 
ments noted above, the Chatham flux synthetic 
rubies had Mo (six out of 21 samples), the Douros 
contained Pb (seven out of 15), and the Knischka 
samples showed W (five out of 14). La was seen only 
in Ramaura flux-grown synthetic rubies (12 out of 
31), as previously reported by Schmetzer (1986b); Pt 
was also detected in one Ramaura synthetic ruby, 
Pb in four, and Bi (bismuth) in three. All of the 
flame-fusion synthetic rubies with flux-induced fin- 
gerprints revealed traces of Mo or Zr; otherwise, the 
melt-grown synthetics contained no trace elements 
other than those mentioned above. Traces of Ni 
were detected in 15 samples, and Cu in six samples, 
of the Tairus hydrothermal synthetic rubies (as pre- 
viously reported by Peretti and Smith, 1993; Peretti 
et al., 1997; and Qi and Lin, 1998). One Tairus sam- 
ple also contained cobalt, which we did not detect 
in any of the other synthetic or natural samples. 


Natural Rubies. Traces of Ca, Ti, V, Cr, Mn, Fe, and 
Ga were noted in rubies from all of the localities we 
analyzed. Zr was detected in seven of the eight 


rubies analyzed from India, all of which contained 
numerous zircon inclusions. Cu was detected in 
one sample from Mong Hsu, Myanmar. 


Semi-Quantitative Results. In addition to Al, the 
following elements were analyzed semi-quantita- 
tively: Ca, Ti, V, Cr, Mn, Fe, and Ga. The natural 
rubies we examined typically contained a greater 
variety and higher quantity of these elements than 
the synthetics (tables 4 and 5; figures 5-8), which is 
consistent with the results reported by Kuhlmann 
(1983) and Tang et al. (1989). 


Synthetic Rubies. Compared to many natural 
rubies, most of the synthetic samples contained lit- 
tle V and Ga (table 5; figures 5 and 6). In general, the 
melt-grown synthetic rubies contained the lowest 
concentrations of the elements listed above, espe- 
cially Fe (figure 7; see also Box A). Two of the 10 
flame-fusion samples had relatively high Ti (nearly 
0.05 wt.% TiO,; figure 8); one of these also con- 
tained relatively high V (nearly 0.02 wt.% V,O,), 
and the other contained the highest Cr level mea- 
sured on the synthetics in this study (2.41 wt.% 
Cr,O,), with the exception of the red diffusion-treat- 
ed corundum (see Box B). All the other synthetic 
rubies had Cr contents that ranged from about 0.07 
to 1.70 wt.% Cr,O,, without any discernable trends. 
The floating-zone synthetic rubies were the only 


TABLE 4. Summary of natural ruby chemistry.@ 


Basalt-hosted Marble-hosted Metasomatic 
Oxide Mogok, Mong Hsu, Southern Umba Valley, 
(wt.%) Cambodia (1)® Thailand (15) Afghanistan (15) = Myanmar (19) Myanmar (11) Nepal (3) Yunnan (2) Kenya (8) Tanzania (4) 
Al,0, 99.09 98.91-99.25 96.39-99.66 98.73-99.67 96.83-99.25 99.51-99.60 98.48-99.28 95.13-99.63  97.94-98.23 
(99.06 98.31 99.27) (98.69 99.57) 98.88) (98.22 (98.11) 
Cr,05 0.417 0.237-0.732 0.205-0.575 0.255-1.02 0.576-1.19 0.190—-0.347 0.608-1.29 0.222-1.70  0.246-0.571 
(0.419 0.350 0.562) (0.887 0.260) 0.950) (0.675 (0.372) 
CaO 0.018 bdl+0.036 bdl-3.14 bdl+0.065 bdl+0.063 bdl+0.044 0.064-0.072 0.028-0.193 — bdl-0.033 
(0.023 0.784 0.029) (0.030 0.025) 0.068) (0.068 (0.023) 
Ti0, 0.021 0.008-0.033 0.009-0.091 0.015-0.047 ~—0.019--0.207 0.059-0.096 + 0.007-0.024 0.020-0.042 — bdl-0.017 
(0.020 0.045 0.026) (0.078 0.080) 0.016) (0.033 (0.009) 
V,0, 0.004 bdl+0.007 bdl+0.016 0.028-0.171 0.024—-0.104 0.014-0.024  0.017-0.022 0.003-0.048  0.002-0.006 
(0.004 0.009 0.066) (0.048 0.017) 0.020) (0.018 (0.004) 
MnO 0.003 0.003-0.008 bdl+0.005 bdl+0.013 bdl+0.012 bdl 0.005-0.014 bdI+0.009 0.003-0.007 
(0.005 (bdl) 0.004) (0.006 0.010) (0.005 (0.006) 
FeO 0.439 0.299-0.722 0.009-0.133 0.006—0.080 bdl+0.022 0.012-0.038  0.012-0.072 0.005-0.040  1.21-1.67 
(0.468 (0.070 0.028) (0.010 (0.029) 0.042) (0.020 (1.46) 
Ga,0; 0.006 0.004—-0.009 bdl+0.011 bdl+0.026 bdl+0.014 0.009-0.025  — 0.008--0.008 0.012-0.048  0.008-0.023 
(0.005 (0.006 0.012) (0.009 (0.018) 0.008) (0.033 (0.014) 


@Values shown are normalized wt.%. Minimum and maximum values are given, along with the average (in parentheses below each range). 
bdl = below detection limits (varies according to size of sample; see table 3). 
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“a gem known only to kings”. 
He described the crystal form of 
the Indian variety as like “two 
whiptops placed base to base.” Ball 
believes that most other varieties 
mentioned by Pliny were not dia- 
monds. 


plunger. Alternate name for a jig, 


used in winning diamonds. 


plutonic. Term applied to cooled or 


crystallized igneous rocks, usually 
granite-like in texture, below the 
earth’s surface; opposed to vol- 
canic, 


Pniel. South African alluvial dia- 


mond diggings on the Vaal River, 
located between the Vaal and Or- 
ange Rivers, originally granted by 
a Koranna tribal chief to the Ber- 
lin Missionary Society. After the 
discovery of diamonds on the land 
in 1870, the Society paid monthly 
lease fees of ten shillings a claim. 
The finds were phenomenal. 
(Beet). Consecutive prospecting 
began in June, 1870. Many claims 
yielded down to bedrock, 25 feet 
below surface. (G. F. Williams). 


Pocaol (Brazilian). Pits in river beds 


in which diamond-bearing gravel 
is found (Halse). 


Pohl Diamond. A 287-carat alluvial 


diamond of fine color found by 
Johannes Jonker (who found the 
Jonker Diamond at about the same 
time and place), in January, 1934, 
in Elandsfontein diggings, 20 
miles north of Pretoria, South 
Africa. The theory that both 
stones were from the original Cul- 
linan is questionable. 

point. (1) In weighing diamonds, a 
jewelry trade term meaning. one 
hundredth part of a carat, each 
one hundredth being called a 
point; e.g., 32 hundredths (.82) of 
a carat is called 32 points, and a 
diamond weighing .32 carat is 


said to be a 32-point diamond, or 
a thirty-two pointer. (2) In. cut- 
ting diamonds, a term applied to 
the rough diamond during the 
early operations of fashioning it, 
and referring to the relation of the 
table to the possible crystal faces 
of a cube, an octahedron, or a 
dodecahedron. It is said to be four- 
point if the table is cut parallel to 
the face of the cube, e.g., across a 
corner of the octahedron so that 
the resulting section is a square; 
three-point if the table is parallel 
to an octahedral face; and two- 
point if the table is parallel to a 
face of the rhombie dodecahedron 
and therefore to an edge of the 
octahedron, while equally inclined 
to its two faces meeting in that 


_ edge. (3) Term used for a minute 


fragment of diamond, used for 
etching, carving or cutting various 
substances. 


point cut. Earliest form of fashion- 


ing diamonds, consisting simply 
of polishing the natural faces of 
an octahedron. Differed from the 
table cut or German Dickstein in 
which a table and usually a culet 
were ground upon opposite points 
of the octahedron. 


pointer. Word used in jewelry trade 


to describe weight of a stone, e.g., 
twenty pointer, meaning either a 
rough or cut stone weighing twen- 
ty points. See point. 


point naive. (French, natural point). 


Term used by Tavernier to indi- 
eate a natural diamond octahedron 
and also apparently any diamond 
having easily distinguishable crys- 
tal faces. However, the term nat- 
ural point is now used in the in- 
dustrial diamond industry to mean 
an elongated diamond crystal, 
especially with sharp points. 


(To Be Continued) 


Vanadium Content in Natural and Synthetic Rubies 
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Figure 5. Most synthetic rubies contain little vanadium compared to natural rubies. In general, rubies 
from marble-hosted deposits contained the highest V content, although those from Afghanistan 
showed atypically low V. (Note that the Czochralski samples in these graphs are all produced by 
Union Carbide, as distinct from the Inamori Czochralski-pulled sample that was also analyzed.) 


synthetic samples with a relatively high average V 
content (0.012 wt.% V,O,). 

Unknown deposit type Variable trace-element contents were measured 
in the flux-grown synthetic rubies. The Chatham 
samples contained insignificant amounts of most 


Morogoro, Tanzania, 


India(8) — Tanzania(5) — Sri Lanka (7) misc. (7) Vietnam (16) trade elements. except for0.024 we % Ga, O, iene 
98.80-99.36 98.35-98.69 97.95-99.63  98.69-99.44 97.31-99.49 sample. The Douros synthetics contained elevated 
(99.10) (98.52) erage 99.08) (98:70 Fe (0.055—0.241 wt.% FeO), and the highest concen- 
Brat oa ye t a “ae nr ‘a tration of Ga of all the natural and synthetic rubies 
bdl-0.025 0.027-0.046 + bdl-0.072 —-0.017-0.100_0.007-0.153 tested for this study (0.051-0.079 wt.% Ga,O,). The 
(bdl) 0.035) 0.024) 0.052) (0.062 Kashan synthetic rubies showed very low Fe, and 
0.013-0.024 0.023-0.038 0.017-0.170 0.021-0.046 0.011-0.268 they had the most Ti of all the synthetics analyzed 
pon 0.032) 0.083) ony ome (0.042-0.174 wt.% TiO,). One Knischka sample 
pi eT i te are ee ee mB also contained elevated Ti (0.159 wt.% TiO,), and 
bdl-0.004 © 0.007-0.014 —bdl-0.010 ~—bdI-0.009-—0.002-0.027 another showed high Ga (0.071 wt.% Ga,O,). The 
(0.002 0.010) 0.003) 0.004) (0.011 Knischka synthetic rubies contained about the 
0.184-0.947 0.043-0.137 0.032-0.494 0.003-0.175 _0.015-0.482 same amount of Fe as the Douros samples, with the 
(0.502 0.098) 0.178) piles) ue exception of one Knischka sample that contained 
ete a aries rine rane 1.15 wt.% FeO; this anomalous sample contained 


the greatest amount of Fe of all the synthetics ana- 
lyzed. Ramaura synthetic rubies typically contained 
some Ga (up to 0.017 wt.% Ga,O,) and Fe 


Separating Rubies GEMS & GEMOLOGY Summer 1998 89 


Gallium Content in Natural and Synthetic Rubies 
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Basalt Marble Metas. Unknown 


Figure 6. Gallium is another key trace element for separating natural from synthetic rubies. While 
fewer than one-seventh of the natural stones contained less than 0.005 wt.% Ga,O,, more than three- 
quarters of the synthetic samples did. However, Douros synthetic rubies (and one Knischka sample) 
were exceptions to this, with more than 0.050 wt.% Ga,O,. 


TABLE 5. Summary of synthetic ruby chemistry.2 


Melt Flux 
Induced finger- 
Oxide Czochralski: Flame- Floating Czochralski: print flame- 
(wt.%) Union Carbide (10)° fusion (10) zone (16) Inamori (1)? fusion (4) Chatham (21) Douros (15) Kashan (15) 
Al,0, 98.67-99.34 97.47-99.80 99.08-99.59 99.37 98.25-99.40 98.22-99.53 98.06-99.79 99.32-99.77 
(98.86) 99.15 (99.40 (98.84) 98.98 (99.32) (99.57 
Cr,0, 0.634-1.28 0.184-2.41 0.366—0.869 0.595 0.583-1.71 0.444-1.66 0.067-1.50 0.121—-0.506 
(1.08) 0.788 (0.521 (1.12) 0.956 (0.484) (0.291 
Ca0 bdl+0.020 bdl+0.056 bdl+0.035 0.022 bdl+0.028 bdl-0.089 bdl+0.022 bdl+0.067 
(bdl) 0.034 (0.024 (0.018) 0.040 bdl (0.023 
TiO, bdl-0.007 bdl+0.044 bdl-0.014 bdl bdl+0.017 bdl-0.027 0.005-0.034 0.042-0.174 
(0.002) 0.013 (bdl) (0.009) 0.009 (0.013) (0.096 
V,0, bdl+0.005 bdl+0.017 bdl+0.018 bdl bdl bdl+0.004 bdl bdl+0.014 
bdl 0.003 (0.012 0.001 (0.005 
MnO 0.004—0.010 bdl+0.014 bdl-0.005 0.007 0.003—-0.014 bdl-0.010 bdl+0.009 bdl+0.015 
(0.007) 0.005 (0.003 (0.007) 0.006 (0.004) (0.003 
FeO 0.001—0.005 0.002-0.019 bdl+0.038 0.005 0.002-0.008 0.004—0.018 0.055-0.241 0.001—-0.016 
(0.003) 0.007 (0.006 (0.005) 0.010 (0.085) (0.007 
Ga,0, bdl+0.002 bdl+0.004 bdl+0.001 bdl bdl-0.004 bdl+0.024 0.051—-0.079 bdl+0.002 
(0.001) 0.002 bdl bdl 0.002 (0.064) (0.001 


aValues are normalized wt.%. Minimum and maximum values are given, along with the average (in parentheses below each range). 
bal= below detection limits (varies according to size of sample; see table 3). ’Number of samples in parentheses. 
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Iron Content in Natural and Synthetic Rubies 
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Figure 7. Iron is also useful for separating natural from synthetic rubies, especially when used in conjunction 
with vanadium. Only one of the melt-grown synthetic rubies and approximately half of the flux-grown syn- 
thetic rubies displayed an FeO content greater than 0.02 wt.%, while three-quarters of the natural stones 
did. Hydrothermal synthetic rubies had the highest overall Fe contents of the synthetics we analyzed. 


(0.014—-0.192, wt.% FeO), with those Ramaura syn- 
thetic rubies marketed as “Thai tone” richer in Fe 


Flux (cont'd) Hydrothermal than those marketed as “Burma tone.” 
; ia The Tairus hydrothermal synthetic rubies con- 
Sie ae tained relatively high Fe (up to 0.584 wt.% FeO) and 
Knischka (14) Lechleitner(4) (15) (15) Tairus (21) _— traces of Ti (up to 0.034 wt.% TiO,). 

oe YG a Be oat ‘i ae Natural Rubies. In general, there was greater vari- 
0.266-1.15 0413-157 0171-145 0128-165 0.084-1.74 ~~— ability in the trace-element chemistry of the natural 
(0.690) (0.933 (0.688) (0.822) (1.12) rubies than of the synthetics, but there were also 
bdl-0.104 bdl-0.046 bdl-0.061 bdl-0.065 bdl-0.054 some distinct trends according to geologic occur- 
(0.034) (0.031 (0.033) (0.039) (0.030) rence. Basalt-hosted rubies were the most consis- 
aes yee ee pee sre tent: Samples from Thailand and Cambodia showed 
bdl—0.004 bdl bdl-0.004 bdl-0.007 bdl-0.004 relatively high Fe (0.299-0.722, wt.% FeO) and low 
bdl bdl bdl bdl V (up to 0.007 wt.% V,O,). Marble-hosted rubies 
bdl-0.013 0.003-0.015 0.002-0.014 bdl-0.011 BDL-0.015 showed the opposite trend: low Fe (up to 0.133 
(0.006) (0.008) (0.006) (0.008) (0.008) wt.% FeO) and high V (typically 0.02-0.09 wt.% 
0.012-1.15  0.004-0.008  0.014-0.065 0.079-0.192  0.006-0.584 V.O ] ait the exception of Afghan “abies. hick 

(0.159) (0.006) (0.037) (0.112) (0.302) 23), 1 
bdl-0.071 —bdl-0.001 ~—bdl-0.012 —0.002-0.017__bal-0.003 showed low V contents (less than 0.02 wt.% V,O)). 
(0.008) bdl (0.005) (0.008) (0.001) The Afghan rubies contained the highest levels of 


©Includes all “Burma tone” samples. 
4ncludes all “Thai tone” samples. 
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Ca measured in this study (up to 3.11 wt.% CaO). 
Rubies from Myanmar contained the most V mea- 
sured in this study (up to 0.171 wt.% V,O,). Some 
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BOX A: TRACE-ELEMENT CHEMISTRY OF 
“RECRYSTALLIZED” OR “RECONSTRUCTED” RUBY 


In late 1994 and early 1995, the trade was introduced 
to “recrystallized” Czochralski-pulled synthetic ruby 
by TrueGem of Las Vegas, Nevada, and Argos 
Scientific of Temecula, California (Kammerling et al., 
1995b,c). “Reconstructed” rubies of South African ori- 
gin have also been reported (Brown, 1996). TrueGem 
sells its synthetic ruby product under the trademarked 
name “TrueRuby.” In its promotional material, 
TrueGem has claimed that its process “enhances the 
clarity of ruby and sapphire to perfection, while retain- 
ing nature’s elemental formula for the finest colored 
stones ever mined.” In this process, natural ruby is 
reportedly used as feed material, rather than the alumi- 


Figure A-1. The trace-element chemistry of 
“TrueRuby” most closely resembles that of 
melt-grown synthetic ruby. These samples of 
TrueGem’s “recrystallized” (synthetic) ruby 
weigh 0.45 ct (rounds) and 0.65 ct (oval). 
Photo by Maha DeMaggio. 


Mong Hsu samples contained up to 0.207 wt.% 
TiO, (high Ti was also reported by Smith and 
Surdez [1994] and Peretti et al. [1995]). 

The rubies from metasomatic deposits showed 
wide variations in composition. Samples from 
Umba in Tanzania had the greatest Fe measured in 
this study (1.21-1.67 wt.% FeO}, combined with 
low V and Ti. Rubies from Kenya, however, showed 
low Fe and the most Ga (0.12-0.48 wt.% Ga,O,) 
measured in the natural samples. 


DISCUSSION 

Chemical Variations in Synthetic and Natural 
Rubies. Synthetic Rubies. Verneuil’s original flame- 
fusion process required that the feed powder used be 
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na used by most corundum manufacturers. The final 
step in the growth process is Czochralski pulling. 

We analyzed four TrueGem synthetic rubies (see, 
e.g., figure A-1, table A-1). These samples showed a 
composition that is different from any of the natural 
rubies we analyzed: Cr is high, and the absence of V 
combined with low Fe precludes natural origin. The 
trace-element chemistry of this material is similar to 
that of the melt-grown synthetic rubies we examined, 
except for the enriched Cr contents. This result contra- 
dicts the manufacturer's claim that this ruby product 
retains “nature’s elemental formula.” In agreement 
with the arguments of others (e.g., Nassau, 1995), the 
GIA Gem Trade Laboratory calls this material synthet- 
ic ruby on its reports (T. Moses, pers. comm., 1998). 


TABLE A-1. Trace-element chemistry of TrueGem 
“recrystallized” rubies. 


Oxide Specimen number 
(wt.%) 2852 2854 4325 4326 


Average 


Al,O, 98.21 98.60 98.26 98:22 98!32 


Cr,0, 1.69 1.32 ileal 1.714 1.61 
CaO 0.018 0.039 0.017 0.032 0.027 
TiO, bdl 0.0114 bdl 0.007 0.005 
VO, bdl bdl bdl bdl bdl 


MnO 0.010 0.016 0.005 0.004 0.009 
FeO 0.008 0.014 0.007 0.009 0.010 
Ga,O, 0.002 0.003 0.003 0.003 0.003 


free of Fe, since Fe caused the boule to turn brown 
(Verneuil, 1904; Nassau, 1980). Today’s melt-grown 
products are still essentially Fe-free, and they typi- 
cally contain none or very small amounts of other 
elements besides Cr. Flux-grown synthetic rubies 
revealed the most trace elements, which is consis- 
tent with the variety of fluxes used to manufacture 
these synthetics (again, see table 2). Li, F, Na, Al, 
Mo, Ta (tantalum), W, Pb, or Bi may be present in 
the flux in which these rubies were grown or treat- 
ed (for synthetic rubies with “induced fingerprints”) 
[Schmetzer, 1986a,b, 1987; Schmetzer and Schupp, 
1994, Kammerling et al., 1995a]. Lanthanum has 
been used experimentally to help grow crystals with 
rhombohedral rather than flat, tabular habits 
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Titanium Content in Natural and Synthetic Rubies 
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Figure 8. Natural rubies contain, on average, more titanium than synthetic rubies, but there was significant 
overlap in this study. Therefore, Ti alone is not useful for separating most natural from synthetic rubies. 
Among the synthetic rubies we analyzed, the Kashan samples had the highest Ti contents, while melt-grown 


and some flux-grown synthetics had the lowest. 


(Chase, 1966), which significantly increases cutting 
yield from the rough. Because their charges and 
atomic radii are different from Al, some of the ele- 
ments detected (e.g., Mo, La, W, Pt, Pb, and Bi} do 
not readily enter the corundum structure. It is inter- 
esting to note, therefore, that the samples in which 
these elements were detected had no flux inclusions 
visible with 63< magnification. In the Tairus 
hydrothermal samples, the Fe, Ni, and Cu that we 
detected were probably derived from the autoclave 
in which they were grown (see, e.g., Peretti and 
Smith, 1993}. 


Natural Rubies. Some of the elements detected in 
the natural rubies {i.e., Ca and Zr) do not readily 
substitute for Al?+ in the corundum crystal struc- 
ture, and were probably present in mineral inclu- 
sions. The Afghan rubies, in particular, contained 
abundant inclusions, and these samples showed ele- 
vated amounts of Ca. Zr was detected in those 
Indian samples that contained abundant zircon 
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inclusions. The other trace elements measured in 
the natural samples (Fe, V, Ti, and Ga) can substi- 
tute for Al?*, and their abundance reflects the geo- 
logic environment of formation (see below). 


Distinguishing Natural from Synthetic Ruby. 
According to this study, the presence of Mo, La, W, 
Pt, Pb or Bi proves that a ruby is synthetic. Ni and 
Cu suggest synthetic origin; however, both of these 
elements could be present in sulfide inclusions 
within natural rubies, and Cu has been detected in 
natural rubies (Kuhlmann, 1983; Osipowicz et al., 
1995; Sanchez et al., 1997). 

Although no single trace element proves natural 
origin, trace-element assemblages can provide the 
distinction for nearly all samples. Many of the syn- 
thetic rubies contained low amounts of Fe (<0.02 
wt.% FeO), whereas most of the natural stones had 
more than 0.02 wt.% FeO (again, see figure 7 and 
table 4). Tairus hydrothermal synthetic rubies con- 
tained elevated Fe, but the common presence of Ni 
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BOX B: TRACE-ELEMENT CHEMISTRY OF 
RED DIFFUSION-TREATED CORUNDUM 


In the diffusion-treatment process, faceted pale- 
colored to colorless corundum is embedded in a 
powder that consists of aluminum oxide and 
color-causing trace elements, within an alumina 
crucible. Prolonged heating of the crucible to 
high temperatures (usually 1600°-1850°C) causes 
the chemicals to diffuse into a thin outer layer of 
treated color over the entire surface of the stone. 
Blue diffusion-treated corundum first appeared in 
the late 1970s, although it did not become widely 
available until 1989 (Kane et al., 1990). Red diffu- 
sion-treated corundum was introduced in the 
early 1990s (McClure et al., 1993; figure B-1). 
Although diffusion treatment initially caused 
a great deal of concern in the jewelry trade, it is 
relatively easy to identify with standard gemolog- 
ical techniques. When observed in immersion 
with diffused transmitted light, diffusion-treated 
corundum displays uneven or patchy coloration, 
color concentration along facet junctions, and a 
high relief when compared to natural or synthetic 
stones. Other identifying features include spheri- 
cal voids in the diffusion layer, dense concentra- 
tions of very small white inclusions just under 
the surface, and anomalous refractive index read- 
ings—including different readings from different 
facets and some R.I. values over the limit of the 
refractometer (McClure et al., 1993). 


Figure B-1. EDXRF analyses of red diffusion- 
treated corundums such as this 2.55 ct stone 
showed that this material had a higher Cr 
content than any of the other samples exam- 
ined for this study. 


"X 
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In the event, however, that a deeper diffusion 
layer is achieved, perhaps making some of these 
identifying features less obvious, we decided to 
include red diffusion-treated corundum in this 
study to determine the effectiveness of EDXRF 
analysis in making this separation. Because the 
color of a diffusion-treated stone is present only 
in a thin surface layer, this layer has to be signifi- 
cantly darker than a similarly colored natural or 
synthetic ruby to achieve an equivalent depth of 
color. Thus, the layer of diffused color must have 
a high Cr concentration. To document this char- 
acteristic, we analyzed 23 samples from a num- 
ber of sources using EDXREF (table B-1). The anal- 
yses revealed high to extremely high Cr contents 
(2.72-13.16 wt.% Cr,O,). In fact, the diffusion- 
treated sample with the least amount of Cr con- 
tained even more of this element than any of the 
other samples analyzed for this study; the next- 
highest Cr content (2.41 wt.% Cr,O,) was mea- 
sured in a flame-fusion synthetic ruby. The 
enriched Cr concentrations measured in diffu- 
sion-treated corundum probably cause the 
anomalously high RI. readings that are common- 
ly measured on this material (see, e.g., McClure 
et al., 1993). 


TABLE B-1. Trace-element chemistry of red 
diffusion treated corundum. 


Oxide (wt.%) Min. Max. Average? Std. Dev.> 
Al,O, 85.85 96.92 92.30 3.06 
Cin OF ae 18.18 eal) 2.81 
CaO 0.011 0.283 0.087 0.087 
TiO, 0.004 0.478 0.215 0.149 
WO, bdl 0.010 0.002 0.003 
MnO bdl 0.035 0.006 0.011 
FeO 0.077 0.501 0.188 0.153 
Ga,O, bdl 0.023 0.011 0.005 


aAverage of 23 samples. 
By definition, about two-thirds of the analyses will fall within one stan- 
dard deviation of the average. 
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Iron vs. Vanadium Content in Natural and Synthetic Rubies 


Figure 9. This graph of 
FeO content vs. V,O, 
content illustrates the 
usefulness of these ele- 
ments in making the 
separation between 
natural and synthetic 
rubies, even though 
there is some overlap 
between these popula- 
tions. Most of the syn- 
thetic samples cluster 
near the origin of the 
diagram (due to their 
lower Fe and V con- 
tents), while the natu- 
ral samples plot further 
from the origin and 
also display greater 
variations in their con- 
tents of Fe or V. 


0.000 0.020 


and Cu, combined with a lack of V and Ga, identi- 
fies them as synthetic. 

Relatively high concentrations of V were mea- 
sured in the natural rubies. Few of the synthetic 
rubies we examined contained detectable amounts 
of V, which is consistent with the findings of 
Kuhlmann (1983) and Tang et al. (1989). However, a 
low V content is not proof of synthetic origin, since 
several of the natural rubies we analyzed contained 
relatively low V (again, see figure 5). Nevertheless, 
many synthetics, especially melt products, can be 
identified by their relative lack of both Fe and V (fig- 
ure 9). In contrast to the synthetics, natural rubies 
contained a broad range of Fe and V contents. 
Therefore, with the exception of one anomalous 
(Knischka) sample, the data for synthetics are clus- 
tered below 0.60 wt.% FeO, and 0.02 wt.% V,O,, 
toward the corner of the graph in figure 9. 

Although most synthetics contained very little 
Ga—and in many cases, none—a few samples (i.e., 
Ramaura, Knischka, and Chatham) showed Ga con- 
tents similar to those recorded in natural samples 
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v Synthetic 
x Natural 


0.040 0.060 0.080 0.100 


V,0, (wt.%) 


(again, see figure 6). Douros synthetic rubies have a 
consistently high Ga content, which is unique 
among both synthetic and natural rubies. In our 
analyses, a concentration above 0.050 wt.% Ga,O, 
with some Fe, little or no Ti, and no V strongly indi- 
cates Douros as the source. When Ga is plotted 
together with V and Fe in a triangular diagram (fig- 
ure 10), further distinctions can be made. The trian- 
gular V-Fe-Ga diagram shows a ratio of these three 
elements, rather than their actual concentrations. 
Many of the synthetics plot near the edges of the 
triangle. These samples are distributed fairly evenly 
between the V and Fe apexes (i.e., little or no Ga, 
variable Fe/V ratio), or extend halfway from Fe to 
the Ga apex (i.e., little or no V, variable Fe/Ga ratio 
with Fe>Ga). The natural samples, by contrast, are 
distributed throughout much of the triangle. Within 
the triangle, the considerable overlap in the region 
between the Fe and V apexes is due mostly to the 
Ga-enriched composition of the Douros synthetic 
rubies. 

Synthetic rubies generally contain less Ti than 
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V-Fe-Ga Diagram: Natural vs. Synthetic 


v Synthetic 
x Natural 


Ga 


Figure 10. This triangular plot shows the ratio of 
the contents of V,O.,, FeO, and Ga,O, in natural 
and synthetic rubies. Most of the synthetics plot 
near the Fe apex or along the V-Fe and Fe-Ga 
edges, reflecting the low V and Ga contents. 
Natural stones plot throughout the area of the 
triangle, which is consistent with their more 
complex trace-element chemistry. 


do natural rubies (again, see figure 8), although there 
is a large overlap between the natural stones and the 
flux and hydrothermal synthetics. Therefore, we did 
not find Ti alone useful for separating natural from 
synthetic rubies. Kashan synthetic rubies have a 
high Ti content (>0.042 wt.% TiO,; table 4), but 
low V, Fe, and Ga concentrations. This distinctive 
chemistry makes it easy to identify most Kashan 
rubies by EDXRF. 

We did not find Cr to be useful for separating 
natural from synthetic rubies. However, red diffu- 
sion-treated corundum consistently shows high to 
extremely high concentrations of Cr, which is diag- 
nostic (see Box B). 

Even if abundant chemical evidence is available, 
it is important to combine chemical data with stan- 
dard gemological observations when making a ruby 
identification. For example, one flame-fusion syn- 
thetic contained 0.017 wt.% V,O,, as well as a sig- 
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nificant amount of Ti and some Fe. Attempting to 
determine this ruby’s origin based on trace-element 
chemistry alone would lead one to erroneously con- 
clude that the sample was natural, yet curved striae 
were clearly visible with a microscope. 


Determining the Geologic Origin of a Natural 
Ruby. Using EDXRF trace-element data, we could 
often determine the type of geologic deposit in 
which a stone originated, but not its specific locali- 
ty (table 4). However, optical microscopy, growth 
structure analysis, and laser Raman microspec- 
troscopy studies have provided useful data on the 
internal features that are present in rubies from var- 
ious localities (see, e.g., Gtibelin, 1974; Gtibelin and 
Koivula, 1986; Delé-Dubois et al., 1993; Peretti et 
al., 1995; Smith, 1996). Combining EDXRF data with 
these other techniques can help establish the geo- 
graphic origin of a sample. Our purpose here is to 
demonstrate how trace-element chemistry can help 
determine the geologic environment in which a nat- 
ural ruby formed, which is one step toward identify- 
ing its geographic source (figure 11). 


Basalt-Hosted Rubies. The rubies from Thailand 
and Cambodia contained relatively high contents of 
Fe and low amounts of V. Although the formation 
conditions of basalt-hosted rubies are not well 
known, the compositions of associated minerals 
and mineral inclusions are consistent with the Fe- 
rich compositional trends measured in this study. 
In a triangular plot of V-Fe-Ga, the basalt-hosted 
rubies form a tight cluster at the Fe apex (i.e., high 
Fe, little or no Ga or V; figure 12). 


Marble-Hosted Rubies. A low Fe content character- 
ized the rubies from Afghanistan, Myanmar, Nepal, 
and China (southern Yunnan], and is consistent 
with the Fe-deficient geochemistry of the host mar- 
bles. With the exception of Afghanistan, the mar- 
ble-hosted rubies contained high amounts of V 
(table 4, figure 5). Elevated V contents are consistent 
with the fact that this element, like Cr, is concen- 
trated into clays during weathering and the forma- 
tion of residual bauxites (Wedepohl, 1978), which 
are thought to account for the aluminous layers in 
ruby-bearing marbles (see, e.g., Okrusch et al., 
1976). Most of the marble-hosted rubies plot in a 
diagnostic area within figure 12, toward the V apex 
(i.e., V>Fe and V>Ga). Afghan rubies are an excep- 
tion, however; because they contain relatively low V 
compared to Fe, some samples plot near the Fe apex. 
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Figure 11. In some gem 
markets, the geographic ori- 
gin is an important consid- 
eration toward its value. 
EDXREF analysis can help 
establish the geologic origin 
in many cases. Shown here 
(clockwise from the left) 
are: a crystal from Mogok, 
Myanmar (Hixon ruby, 
196.1 ct; specimen courtesy 
of the Los Angeles County 
Museum of Natural 
History, photo © Harold a 
& Erica Van Pelt), a 2.98 ct 
step cut from Thailand 
(photo © Tino Hammid), a 
round brilliant from 
Myanmar (stone courtesy of 
Amba Gem Corp., New 
York; photo © Tino 
Hammid), and an 8.33 ct 
oval brilliant from Sri 
Lanka (photo courtesy of 
ICA/Bart Curren). 


Metasomatic Rubies. As one would expect from the 
variable composition of their host rocks, metaso- 
matic rubies have widely varying trace-element 
chemistries. This was apparent in our samples. 
Rubies from Kenya plotted over a wide area of the 
V-Fe-Ga diagram (figure 12). Two of the analyses 
overlapped with the field of marble-hosted rubies, 
while the remainder of the samples plotted in a dis- 
tinctive area closer to the Ga apex (i.e, Ga>Fe and 
Ga>V). Because of their enriched Fe content, the 
Umba rubies plotted within the field for basalt-host- 
ed rubies. Overall, the variable composition of 
rubies from metasomatic deposits makes separation 
by trace elements alone ambiguous. However, if 
such data are combined with gemological observa- 
tions (e.g., the presence of carbonate inclusions in 
marble-hosted rubies), then a more meaningful dis- 
tinction between deposit types could be made. 


CONCLUSION 


Trace-element chemistry as provided by EDXRF 
spectrometry is effective for separating natural and 
synthetic rubies. It can also help determine the 
deposit type of a natural ruby. Because of the chem- 
istry of the laboratory growth environment, certain 
trace elements are diagnostic of a synthetic product. 
Ni, Cu, Mo, La, W, Pt, Pb, and Bi were found only 


Separating Rubies 


in synthetic rubies. When present, Mo, La, W, Pt, 
Pb, and Bi are diagnostic of flux synthetic rubies, 
and Ni and Cu are indicative of (Tairus) hydrother- 
mal synthetic rubies. In those cases where these ele- 
ments are not detected, the concentrations of Ti, V, 
Fe, and Ga provide a means for separating nearly all 
natural stones from synthetic rubies. Generally, the 
natural stones in our study contained higher concen- 
trations of these four elements than the synthetics. 
However, it is important that a sample’s entire 
trace-element signature be considered when attempt- 
ing this separation. For example, the presence of sig- 
nificant amounts of V should not be considered 
proof of natural origin, since some melt-grown syn- 
thetic rubies contained V in amounts similar to 
those typically seen in natural stones. Furthermore, 
trace-element chemistry should be used in conjunc- 
tion with traditional gemological methods, because 
a few synthetic rubies had trace-element assem- 
blages that suggested a natural origin. 
Trace-element chemistry can also help deter- 
mine the geologic origin of a sample, although for 
these distinctions, too, EDXRF should be used in 
conjunction with traditional methods such as 
microscopy. Rubies from basalt-hosted deposits typ- 
ically contained little V and moderate to high Fe. 
The opposite trends were seen in rubies from mar- 
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V-Fe-Ga Diagram: Deposit Type 


Basalt-hosted 


a Cambodia 
x Thailand 


Metasomatic Marble-hosted 


m Kenya 
x Umba, Tanzania 


Afghanistan 
Mogok 

Mong Hsu 
Nepal 

Yunnan, China 


Ga 


Figure 12. Natural rubies from different deposit 
types are plotted on this V-Fe-Ga diagram. All 
of the rubies from basalt-hosted deposits plot 
near the Fe apex, due to their high-Fe, low-V 
contents. Most of the marble-hosted rubies plot 
closer to the center of the diagram, toward the 
V apex; however, due to their low V contents, 
the marble-hosted Afghan rubies plot closer to 
the Fe apex. Metasomatic rubies are less sys- 
tematic due to their variable growth environ- 
ment: Some plotted near the Fe apex (Umba), 
whereas others showed a wide distribution 
(Kenya). 


ble-hosted deposits. Rubies from metasomatic 
deposits, however, displayed a wide variety of trace- 
element chemistries, so it may be difficult to estab- 
lish origin for some of these stones. Combining 
trace-element chemistry with traditional gemologi- 
cal methods, such as microscopy, will strengthen 
the means for determining the geographic origin of 
rubies. 

Difficulties with separating natural from syn- 
thetic rubies using traditional gemological tech- 
niques will, in all likelihood, persist in the future, as 
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producers continue to improve the quality of their 
product or possibly change the trace-element con- 
tents. As rubies from new localities, new manufac- 
turers, or new processes are introduced to the mar- 
ket, they will have to be characterized to keep this 
database current. It should be recognized that 
although trace-element chemistry can correctly sep- 
arate nearly all natural and synthetic rubies, it does 
not substitute for careful gemological measure- 
ments and observations. Rather, chemical analysis 
provides a useful supplement to standard gemologi- 
cal techniques for ruby identification. 
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NOTES AND NEW TECHNIQUES 


RAMAN INVESTIGATIONS ON TWO HISTORICAL 
OBJECTS FROM BASEL CATHEDRAL: THE 
RELIQUARY CROSS AND DOROTHY MONSTRANCE 


By Henry A. Hanni, Benno Schubiger, Lore Kiefert, and Sabine Haberli 


Two ecclesiastical objects of the late Gothic period (1350-1520) were inves- 
tigated to identify the gemstones that adorn them. Both are from the trea- 
sury of Basel Cathedral (Basler Miinster, Basel, Switzerland). To avoid 
potential damage, the identifications were conducted using only optical 
microscopy and Raman spectroscopy. Most of the mounted materials were 
found to be varieties of quartz, either as polished single pieces or as doublets 
with evidence of what may once have been dyed cement. Glass of various 
colors was also identified, as were peridot, sapphire, garnet, spinel, and 


turquoise. 


In 1996, the SSEF Swiss Gemmological Institute 
investigated the adornments on two ecclesiastical 
objects from the treasury of Basel Cathedral: the 
Reliquary cross and the Dorothy monstrance (fig- 
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ures 1 and 2). These objects have been described 
previously with regard to their historical and 
cultural importance (Burckhardt, 1933; Barth, 
1990), but not with regard to the materials them- 
selves. 

Only rarely does a gemologist get the opportuni- 
ty to examine the stones adorning historical reli- 
gious items. The investigations of Meixner (1952), 
CISGEM (1986), Késeoglu (1987), Querré et al. 
(1996), Bouquillon et al. (1995), Querré et al. (1995), 
and Scarratt (1998) are notable exceptions. The pru- 
dence and concern of museum curators is undoubt- 
edly a major reason why so many important histori- 
cal and religious pieces of jewelry and other artwork 
lack precise descriptions of their materials. Another 
explanation is that the fancy names and historical 
terminology for gemstones in old inventories are 
often simply accepted, without taking into account 
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Figure 1. The Reliquary cross from the treasury of 
Basel Cathedral, Basel, Switzerland, is believed 
to have been manufactured around 1440. 
Fashioned from silver with rock crystal quartz, it 
is adorned with a variety of “stones’—including 
glass and quartz doublets, as well as natural gem 
materials. The 37 cm high piece is currently in 
the collection of the Historical Museum of Basel. 
Photo by P. Portner, Basel. 


Figure 2. The Dorothy (also known as Offenburg, 
in honor of the donor) monstrance, another piece 
from the treasury of Basel Cathedral, is believed 
to have been manufactured around 1440 as well. 
The “stones” in this religious artifact, which is 
constructed from silver with partial gilt, also 
include glass and doublets, as well as various 
natural gem materials. It is 55 cm high and cur- 
rently resides in the Historical Museum of Basel. 
Photo by P. Portner, Basel. 


Notes and New Techniques GEMS & GEMOLOGY Summer 1998 103 


BOX A: RAMAN ANALYSIS 


Laser Raman microspectrometry has a unique 
combination of properties that make it useful in 
tackling gemological problems. These properties 
include a high spatial resolution that permits the 
study of inclusions as small as one micrometer. 
With a high-power objective and spatial light fil- 
tering, the system can be focused to a point 
inside a sample. This allows the analysis of lay- 
ered compounds or inclusions inside gemstones 
with minimal contribution from the main bulk 
species. In addition, the analysis is rapid, requires 
no sample preparation, and, most importantly, is 
(with a few known exceptions) damage-free. 

The Raman effect is a light-scattering tech- 
nique that uses a monochromatic light source 
(usually a visible laser). While most of the light 
focused on a sample is scattered and contains no 
useful information (so-called “Rayleigh,” or elas- 
tic, scattering), a small amount, typically one 
photon in 10108, is re-emitted after having lost 
some energy. This shifted, or “Stokes,” radiation 
appears as lines in a spectrum that is characteris- 
tic for the substance under study. Most materials 
that the gemologist or mineralogist will 
encounter have a distinctive Raman spectrum, 
which is dependent on the material’s crystal 
structure and atomic bonding. Even subtle 
changes within a single material, such as alter- 
ations in crystallinity and composition, often can 
be detected. However, the operator must be 
aware that Raman spectra can change depending 


contemporary nomenclature rules and the fact that 
gemstone names today agree (more or less) with 
modern mineralogical identifications. However, the 
scarcity of both analytical techniques and research 
organizations specialized in nondestructive meth- 
ods may be the primary reason for so many vague 
descriptions of the materials used in such objects. 
The Louvre Museum in Paris is one of relatively 
few repositories that have a well-equipped analyti- 
cal laboratory; at the Louvre, various microprobes 
are used to investigate a wide variety of very deli- 
cate, rare, historical objects (Querré et al., 1995). 
The present article reports on the examination of 
two historical religious objects with two nonde- 
structive means—microscopy and Raman spec- 
troscopy—available at the SSEF. Specifically, this 
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on the orientation of the sample (just as color can 
change with pleochroism). Also, inclusions with- 
in fluorescent minerals (such as ruby) must be at 
or very near the surface, because of interference 
caused by fluorescence. The only major subset of 
materials that cannot be studied are metals and 
alloys. 

Using the “extended scanning” facility, the 
operator can measure a complete spectrum from 
100 up to 9000 cm? with a resolution of 2 cm 
This allows not only Raman measurements, but 
also simultaneous Raman and luminescence 
studies, to be performed between 520 and 1000 
nm. The spectrum obtained can be identified by 
comparison with known spectra, which means 
that a large set of reference spectra is an important 
condition for the successful use of the method. 

A number of references are available for basic 
descriptions of the technique (McMillan and 
Hofmeister, 1988; McMillan, 1989) and its min- 
eralogical (Griffin, 1987; Smith, 1987; Malézieux, 
1990; Ostertag, 1996) and gemological applica- 
tions (Dhamelincourt and Schubnel, 1977; Delé- 
Dubois et al., 1980; Pinet et al., 1992; Schubnel, 
1992; Lasnier, 1995; Hanni et al., 1997). Geologic 
and gemological applications of the Raman 
method were also discussed at the Georaman 96 
Congress (as summarized by E. Fritsch in Johnson 
and Koivula, 1996) and the 2nd Australian 
Conference on Vibrational Spectroscopy (Kiefert 
et al., 1996). 


article describes the identification of cut “stones” 
used in Christian ceremonial objects of the 15th 
century, during the late Gothic period. The two reli- 
gious artifacts—a reliquary cross (i.e., one that con- 
tains some aspect, or relic, of a holy person) and a 
monstrance (a transparent vessel, surrounded by 
metalwork)—were brought to SSEF for gem identi- 
fication in 1996. Such unique objects should, of 
course, be tested only by techniques that ensure no 
risk of damage. Among the available techniques, 
visible-range spectroscopy does not provide charac- 
teristic data for many (especially colorless) materi- 
als. Fourier-transform infrared (FTIR) spectroscopy 
might be appropriate, but Raman microspectrome- 
try better accommodates large objects (figure 3) and 
provides a more rapid analysis (see Box A). We com- 
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bined Raman analysis with observation through a 
microscope to arrive at the results presented below. 
We hope that this article will give the gemologist 
dealing with antique objects information about a 
relatively new nondestructive method of identifica- 
tion. We also hope that more historians will take 
Raman spectroscopy into account when they are 
considering how to describe or catalogue pieces in 
their inventory with respect to the gem materials 
they contain. 


HISTORICAL BACKGROUND 


Places of worship in many cultures are character- 
ized by magnificent construction and rich decora- 
tion as an expression of religious devotion. Such 
sacred places frequently are reservoirs for gifts and 
votive offerings from believers, some of whom may be 
quite wealthy. Such gifts can result in the accumula- 
tion of a significant treasury of gold, silver, and gems. 

Both of the objects described here are part of the 
treasury of Basel Cathedral, in Basel, Switzerland. 
The Cathedral treasury is fascinating not only for 
the artistic quality and richness of its pieces, but 
especially for its long history (as described in 
Burckhardt, 1933; Barth, 1990). Through donations 
and, in the odd case, purchases during the 500 years 
from the early 11th century until the advent of the 
Reformation in the early 16th century, hundreds of 
examples of the handiwork of goldsmiths and other 
artisans were collected in the cathedral of the 
Bishopric of Basel. These incense bumers, chalices, 
crosses, monstrances, and various other religious 
artifacts were the centerpieces during mass or other 
church ceremonies. The key piece in this collec- 
tion, and also the oldest object (made in 1020), is the 
Golden altarpiece, which is now at the Cluny 
Museum in Paris. It previously belonged to Emperor 
Heinrich II of the Holy Roman Empire (973-1024). 

Before the Reformation, Basel Cathedral had the 
richest church treasury in the region that is today 
southern Germany and Switzerland. The treasury 
was spared destruction during the Reformation 
when the members of the cathedral chapter hid the 
items in a cupboard in the vestry of the cathedral in 
1528, right before they fled the city. The treasures 
remained hidden in the vestry, removed only occa- 
sionally for inventory, until 1827. 

Subsequent local politics in Basel, however, 
finally led to the breakup of this collection. In 1833, 
Basel Canton divided into the half cantons of Basel- 
Stadt (city) and Basel-Land, and the ancient 
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Figure 3. The Reliquary cross is shown here under 
the Raman microscope. To record the spectra of 
the different stones, the investigators had to care- 
fully adjust the rather bulky object and direct the 
laser beam to the surface of the specific stone. 


Cathedral treasury was likewise divided. The can- 
ton of Basel-Land received two-thirds of the trea- 
sury, which it sold at auction in its capital city 
Liestal in 1836. Whereas the city of Basel retained 
its share of the treasury items, the Basel-Land pieces 
were dispersed in many directions. Today, those 
pieces that have not been destroyed or lost can be 
found in museums in Berlin, Paris, London, New 
York, St. Petersburg, Vienna, and Ziirich, as well as 
in Basel in the church of St. Clara. A large number 
are now in the Historical Museum of Basel, which 
over the last hundred years has purchased approxi- 
mately two-thirds of the existing objects from the 
treasury, including the portion that remained with 
Basel-Stadt and 11 pieces that had been sold by 
Basel-Land. The Reliquary cross and the Dorothy (or 
Offenburg) monstrance (again, see figures 1 and 2), 
on which we conducted our gemological investiga- 
tions, came from this collection. The Reliquary 
cross purportedly contains relics of St. Catherine 
and St. Jacob, whereas the monstrance is believed to 
contain a relic of St. Dorothy. 

A precise dating of the two objects is not possi- 
ble, because little information is available on the 
origin or history of the pieces. The first record of 
them is in the Cathedral treasury inventory of 1477. 
However, on the basis of stylistic features and what 
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TABLE 1. 


Physical properties of the gem materials set in the Reliquary Cross. 


No. Shape/cut Color vee Internal features Identification 
mm 
A. Quatrefoil at left 
1 Octagonal, faceted Violet 95 x 84 Color zoning Amethyst 
2 Octagonal, faceted Yellow 11.8 x 9.6 Bubbles Paste/glass 
3 Rectangular, cut corners Blue 9.6 x 8.0 Bubbles Paste/glass 
4 Rectangular, cut Red 10.7 x 8.6 Tiny red particles Doublet with 
corners, domed table in cement layer quartz top 
and dyed 
red cement 
5 Octagonal, engraved Brown 18.2 x 11.8 Two-phase Smoky 
man’s head inclusions quartz 
6 Rectangular, cut corners Red 9.6 x 8.0 Tiny particles in Doublet with 
cement layer quartz top and 
dyed red cement 
7 Colorless piece, drilled, Colorless 25.5 x 22.8 Drilled, with metal Quartz 
with metal core core 
B. Quatrefoil on top 
1 Rectangular, domed table Blue 92x 7.7 Bubbles Paste/glass 
2 Octagonal, domed table Violet 96x 86 Color banding Amethyst 
3 Rectangular, domed table Blue 91x 7.7 Elongated bubbles Paste/glass 
4 Octagonal, cut corners Violet 98x 86 Two-phase inclusions Amethyst 
5 Rectangular, domed table Yellow TA & 13:9 Bubbles Doublet with glass top 
6 Octagonal, cut corners Violet 8.8 x 7.0 Two-phase inclusions Amethyst-quartz 
7 Colorless piece, drilled, Colorless 30.1 x 24.6 Drilled, with metal Quartz 
with metal core core 
C. Quatrefoil on right 
1 Rectangular, cut corners Violet Sif x 6.5 Two-phase inclusions Amethyst 
2 Rectangular Red 9.6 x 9.1 Bubbles and red Doublet with quartz top 
particles in cement layer 
3 Rectangular, domed table Blue 9.6 x 86 Bubbles Paste/glass 
4 Rectangular, cut corners Yellow 9.6 x 9.1 Bubbles Paste/glass 
5 Octagonal, cut corners, Brown 15.0 x 12.3 Two-phase inclusions Smoky quartz 
engraved woman’s head 
6 Octagonal, cut corners Violet 1072 & 7.0 Two-phase inclusions Amethyst 
7 Colorless piece, drilled, Colorless 25.4 x 23.4 Drilled with metal core Quartz 
with metal core 
D. Quatrefoil on bottom 
1 Rectangular, cut corners, Red Of ® 5 Bubbles and red Doublet with quartz top 
domed table particles in cement layer and dyed red cement 
2 Octagonal, cut corners Violet 10.7 x 88 Two-phase inclusions Amethyst 
3 Octagonal, domed table Yellow 12.8 x 10.2 Elongated bubbles Paste/glass 
4 Octagonal, cut corners Violet 11.2 8.8 Color banding; Amethyst 
inclusions 
5 Octagonal, cut corners Brownish 23.5 x 21.4 Two-phase inclusions Citrine 
yellow 
6 Oval, cabochon Light 11.8 x 7.5 Black veins Turquoise 
greenish 
blue 
7 Colorless piece, drilled, Colorless 42.9 x 24.4 Drilled, with metal core Quartz 


with metal core 


little is known of their history, both objects are 
believed to date from approximately 1440 
(Burckhardt, 1933; Barth, 1990). Specifically, the 
style of the mold-made crucifix figure and the 
engraved foliage scrolls on the back of the cross are 
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typical of this period. It is likely, too, that the donor 
of the Dorothy monstrance, Henmann Offenburg 
(1397-1459), had it made to hold a relic of Saint 
Dorothy that he brought from Rome after being 
knighted there in 1433. 
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TABLE 2. Physical properties of the gem materials set in the Dorothy monstrance. 


No. Shape/cut Color Measurements Internal features dentification 
(mm) 

1 Polished pebble “Olive” green 10.7 x 9.3 Slight turbidity Peridot 

2 Polished pebble Colorless 6.3 diameter Elongated bubbles Paste/glass 

3 Octagonal lozenge, Blue 13.2 x 10.7 Spheric bubbles Paste/glass 
sl. domed table 

4 Octagonal, slightly Colorless 11.8 «x 94 Cement layer, Doublet with 
domed table decomposed quartz top 

5 Octagonal, slightly Blue 12.3 x 9.7 Spheric bubbles Paste/glass 
domed table 

6 Round disc Orange 12.0 x 11.0 None observed Chalcedony, 
engraved goat var. carnelian 

7 Octagonal, slightly Colorless 11.0 x 86 Cement layer, Doublet with 
domed table decomposed quartz top 

8 Octagonal, slightly Blue 6.6 x 58 Elongated bubbles Paste/glass 
domed table 


9 Oval, engraved Cream and 13.6 «x 21.5 


Weak banding Agate, layered onyx 


woman’s head grey layers 
10 Round cabochon Green 6.0 x 5.5 Spherical bubbles Paste/glass 
11. Oval, unpolished Black 14.0 x 10.0 None observed Black chalcedony 
12 Oval, cabochon Light blue 95 x 83 Bubbles Paste/glass doublet 
13 Octagonal, slightly Blue 13.3 x 11.3 Bubbles Paste/glass 
domed table 
14 Octagonal, slightly Colorless 11.4 x 86 Cement layer, Doublet with quartz top 
domed table decomposed 
15 Octagonal, slightly Blue 14.2 x 114 Bubbles Paste/glass 
domed table 
16 Rectangular, blocky Violet 6.2 x 5.2 None observed Amethyst 
17. Oval, cabochon Blue 5.0 x 4.0 Turbid growth layers Sapphire 
18 Octagonal, Red 5.9 x 48 Rutile needles and Garnet 
cabochon mineral inclusions 
19 Round, Pink 4.7 diameter Mineral inclusions Spinel 
cabochon 
MATERIALS AND METHODS stones that looked like a cobalt glass. Because 


The Reliquary cross and Dorothy monstrance both 
contain a variety of stones mounted in metal set- 
tings that are attached to the pieces (tables 1 and 2). 
The two pedestal-based objects are comparatively 
large, 37 cm and 55 cm high, respectively, and diffi- 
cult to handle under a microscope. The settings of 
the stones as well as the fragility of the pieces them- 
selves inhibit the use of a refractometer. To avoid 
any damage or contamination to those parts made 
of silver, all of the investigators wore cotton gloves. 

For the microscopic examination, we used a 
Leica Stereozoom Binocular Microscope with a 
fiber-optic light source. The microscope was 
equipped with a camera enabling us to take pho- 
tomicrographs with magnifications from 10x to 
50x. 

A handheld OPL spectroscope was used in con- 
nection with a fiber-optic light to analyze the blue 
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the objects were so bulky, chemical analysis was 
not possible. 

Conclusive identifications were made by taking 
Raman spectra of each of the “stones” in both 
objects and comparing the spectra to those in our 
reference data file. The spectra were obtained using 
a Renishaw Raman System 1000 equipped with a 
Peltier-cooled CCD detector, together with a 25 
mW air-cooled argon ion laser (Spectra Physics; 514 
nm) The laser beam was focused onto the sample, 
and the scattering was collected with an Olympus 
BH series microscope equipped with 10x, 20x, and 
50x MSPlan objectives. Because most minerals have 
their characteristic Raman peaks between 100 and 
1800 cm, we measured spectra from 100 to 1900 
cm using the “extended scanning” facility (again, 
see Box A). A standard personal computer with 
GRAMS /386 software was used to collect and store 
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Figure 4. Four of the stones tested were found 
(by microscopy and Raman analysis) to be dou- 
blets with quartz tops and a layer of red 
cement. This stone, in the Reliquary cross, mea- 
sures 10.7 x 8.6 mm. 


the Raman spectra, as well as to analyze the data 
and compare the collected spectra to reference spec- 
tra stored in electronic files (Schubnel, 1992; Hanni 
et al., 1997 ). 

The metals in the two objects were not ana- 
lyzed, but the white metal is believed to be silver 
and the yellow appears to be gold-plated silver. 


RESULTS 


Description of the Objects. With few exceptions, 
the faceted “stones” in both objects are cut in sym- 


Figure 5. Red pigment is seen here mixed in the 
cement of the doublet in figure 4. Magnified 60x 
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metrical shapes (e.g., oval or octagonal). The style of 
cutting usually uses a slightly domed table and one 
step of parallel facets on the crown. In most cases, 
the cutting style could be identified only on the 
crown side; because the stones are held in closed- 
back settings, any fashioning of the pavilion gener- 
ally was not visible. In some doublets, the pavilion 
was completely invisible from above because of the 
decomposed cement layer. For the most part, those 
“stones” that were not faceted—including turquoise, 
sapphire, spinel, and garnet—were cabochons. 


The Reliquary Cross. The partially gold-plated 
Reliquary cross (again, see figure 1) is in the Gothic 
style. The design of the mold-made crucifix and the 
stamped evangelical medallions on the reverse of 
the quatrefoil (four-lobed decorative motif) that ter- 
minates each arm of the cross has many similarities 
to comparable crucifixes of the same era. However, 
the use of rock crystal in the arms of the crucifix is 
unusual, if not singular. The presence of gem mate- 
rials on the front of the cross gives the impression 
that this was a cherished object. On the back, at the 
intersection of the arms, a rock crystal capsule con- 
tains the relics of St. Catherine and St. Jacob, which 
can be seen through the transparent quartz window. 


The Dorothy Monstrance. Crockets (in Gothic 
architecture, a crocket is an ornament that resem- 
bles an outward-curving leaf) frame the almond- 
shaped vessel like tongues of flame (again, see figure 
2). The base, which consists of an eight-lobed foot, a 
smooth shaft, and a knob that resembles bundled 
rods, is more soberly treated. 

A red niello coat of arms riveted to the door of 
the rear opening suggests that the monstrance was a 
gift from master craftsman Henmann Offenburg, of 
the Saffron guild of Basel. Restrained gilding on the 
front of this slender object creates a charming effect. 
The embossed figure of St. Dorothy in lavishly 
draped garments, hand-in-hand with the naked 
Christ child, appears to float within the mandorla 
(an almond-shaped halo of light enclosing the whole 
of a sacred figure). The preciousness of the object is 
enhanced by the fashioned stones and other orna- 
mental materials set around the saint and by the 
cameo at her feet. 


Identification of the Ornamental Materials. Tables 
1 and 2 list the results of our testing on the stones 
in the Reliquary cross and Dorothy monstrance, 
respectively. 
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Gemstone Inclusions 


by 
EDWARD GUBELIN, Ph.D., C.G. 


These illustrations conclude a spe- 
cially selected series of inclusions in 
gemstones from Dr. Giibelin’s Kodo- 
chrome-and-lecture gift to the Insti- 
tute. 


Presented as an aid in identifying 
gem species, the photomicrographs in 
this issue show inclusions in em- 
erald, chrysolite, quartz, garnet and 


moldavite. 


in the 
carried 
current 
in the 


This series commenced 
Summer, 1944 issue, and 
through Spring, 1945. The 
series was begun again 
Spring, 1946 issue. 

All the studies were made by Dr. 
Gibelin of Lucerne, Switzerland, 
G.LA.’s only graduate so far to earn 
its Research Membership. A photo- 
graph of his well-equipped labora- 
tory also appears in this issue. 


Photo by Dr. Giibelin 


Figure 62 
Tablets (flake-like 
crystals) of brown 
biotite in African 

chrysolite. 


Figure 6. This piece of fashioned blue glass in 
the Reliquary cross showed the air bubbles typ- 
ical of glass. Magnified 40x. 


Optical Microscopy. We identified many doublets 
(figure 4) and glass imitations in the Reliquary cross. 
Because all the gem materials are mounted in 
closed-back settings, in most cases we could not 
identify the pavilion material of the doublets. In 
some cases, however, gas bubbles were visible with 
magnification. The red doublets were found by 
microscopy to have quartz tops, with a cement 
layer that showed a red pigment mixed into the 
adhesive (figure 5). Probably due to their age, the 
cement layers in most of the doublets appeared to 
have dried out or shrunk, where air had entered the 
joining plane. The blue glasses showed air bubbles, 
either round or elongated (figure 6), that are typical 
of glass; with the spectroscope, we observed a weak 
cobalt spectrum. 


Figure 8. Raman analysis identified this 10.7 x 9.3 
mm stone in the Dorothy monstrance as peridot. 


Notes and New Techniques 


Figure 7. This yellow stone, set in the Reliquary 
cross, contains fluid and two-phase (fluid and 
gas) inclusions that are typical of crystalline 
quartz, in this case citrine. Magnified approxi- 
mately 60x 


Among the natural stones found, amethyst, cit- 
rine, and colorless quartz contained typical fluid 
and two-phase (fluid and gas) inclusions (figure 7). 
The turquoise cabochon (subsequently identified by 
Raman analysis) has a slightly greenish color that is 
typical of many turquoises seen today. 

The Dorothy monstrance also contains a num- 
ber of glass imitations (table 2), but it has some 
interesting natural stones as well. We identified 
peridot (figure 8), blue sapphire, red garnet, pink 
spinel (figure 9), and amethyst. A carnelian finely 
engraved with a goat (figure 10) suggests an interest- 
ing link to Greek art (Gray, 1983). An agate is 
engraved with the profile of a woman’s head (figure 


Figure 9. Blue sapphire, red garnet, and pink 
spinel were identified in the Dorothy mon- 
strance. The center stone (garnet) is approxi- 
mately 6 mm in longest dimension. 
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Figure 10. This intaglio engraved with the figure of 


a goat was found to be carnelian. From the Dorothy 
monstrance, it is approximately 11 x 12 mm. 


11). Four colorless to slightly yellow quartz doublets 
with heavily decomposed cement layers are particu- 
larly interesting (figure 12). 


Raman Analysis. For the most part, the Raman 
spectra simply confirmed the microscopic observa- 
tions. Figure 13 shows typical spectra from samples 
of the quartz varieties (rock crystal, amethyst, cit- 
rine) that were present in the Reliquary cross and 
the Dorothy monstrance. These spectra do not dif- 
fer greatly from one another, but the quartz spec- 
trum itself is very distinct from other materials. 
Figure 14, in comparison, shows the Raman spec- 
trum taken at the porous surface of a black cabo- 
chon (stone no. 11 of the Dorothy monstrance). In 
addition to a small peak at 461 cm", the spectrum 
shows two broad peaks at 1355 and 1605 cm. On 
the basis of the peak at 461 cm", the stone was 
identified as chalcedony. The peak at 1605 cm" is 
seen in epoxy resins, such as those used for emerald 
treatments. To protect the pieces, a layer of varnish 
was applied to them around 1970; museum person- 
nel removed this layer with acetone prior to these 
analyses. Because of the porous nature of the chal- 
cedony, it is likely that the protective varnish was 
not completely removed by the cleaning process, 
which resulted in the peak at 1605 cm". The broad 
peak at 1355 cm” is possibly due to carbon, present 
as the coloring agent. 

Good spectra were also obtained from peridot, 
garnet (figure 15), and sapphire mounted in the 
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Figure 11. This cameo, also part of the Dorothy 
monstrance, was fashioned from agate. It is 
approximately 21.5 x 13.5 mm. 


Dorothy monstrance; whereas glass gives a relative- 
ly nonspecific spectrum, with broad bands varying 
from sample to sample. The spectrum of the spinel 
in the Dorothy monstrance (figure 16) and that of 


Figure 12. A decomposed layer of cement is evi- 
dent in this approximately 11.1 x 8.6 mm 
quartz doublet from the Dorothy monstrance. 
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the turquoise in the Reliquary cross showed high 
fluorescence and small, but characteristic, peaks. 

In the pedestal to the Dorothy monstrance, the 
ends of the bundled rods are adorned with red and 
green enamel inlay (again, see figure 2). Although 
more precise characterization of this enamel is pos- 
sible with Raman analysis, as recently demonstrat- 
ed by Menu (1996), we did not pursue this because 
we were not equipped with reference data for enam- 
el and its pigments. 


DISCUSSION 


We were surprised to find so many imitations, such 
as glass and doublets, in a historic piece of art with 
outstanding metal work. We cannot evaluate the 
significance of these imitations that today we call 
fakes. Blue (cobalt?) glass (figure 6) seems to have 
been a common substitute for sapphire. Red dou- 
blets (figure 4) might have been selected to mimic 
ruby. We believe that the near-colorless quartz and 
glass doublets once contained colored cement, but 
that the color faded over the centuries because of 
the organic dyes used at that time. Given that color- 
less glass and quartz usually exist in fairly large 
pieces, this seems to be the only explanation for 
such assemblages. In those cases where the cement 
layer still exhibited color, such as in the red stone 
A4 (figure 4) of the Reliquary cross, we recognized 
pigment powder. 

Among the natural gemstones encountered, vari- 
eties of quartz (rock crystal, amethyst, citrine, 
smoky quartz, and chalcedony) were the most com- 
mon. In central Europe, a few occurrences of such 
stones have been known for centuries. The spinel 
and sapphire, however, show inclusions and growth 
zoning that suggest a Sri Lankan origin (Hanni, 
1994), Although many occurrences of red garnets in 
Europe have been known since ancient times, there 
was only very limited use of this material. 

The turquoise and peridot probably originated 
from Near East deposits (Khorassan, Persia; and 
Zabargad, Egypt, respectively), since the pieces pre- 
date the discovery of America. Regarding the 
engraved carnelian and agate, we consider a Greek 
or Roman origin, dating from the classical age, as 
most probable, inasmuch as engraved gemstones 
from the classical Greek and Roman period were 
frequently recycled in the Gothic era. However, it is 
also possible that they were fashioned at approxi- 
mately the same time as the objects themselves, 
because there was a resurgence of interest in 
engraved gems in the 15th century (Gray, 1983). 
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Rock crystal top of a 
red quartz doublet 


200 400 600 800 1000 


RAMAN SHIFT (cm) 


Figure 13. Note the similarities in the Raman 
spectra of the rock crystal top of a red quartz 
doublet (bottom), amethyst (middle), and citrine 
(top) set in the Reliquary cross. The most distinc- 
tive peak for quartz is at 461 (£2) cm™. 
Additional characteristic peaks are at 124, 204, 
and 261 cm™. Other peaks are less distinct and 
occur in different intensities, depending on the 
crystallographic orientation of the gem. 


CONCLUSION 


Our investigations of the Reliquary cross and 
Dorothy monstrance provided a great deal of infor- 
mation both on the gem materials used in these 
two 15th century religious objects and on the viabil- 
ity of Raman analysis for the characterization of 
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Black chalcedony 


COUNTS 


200 400 600 800 1000 1200 1400 1600 1800 
RAMAN SHIFT (cm) 


Figure 14. On the basis of the 461 cm! Raman 
peak, we identified this black opaque stone in 
the Dorothy monstrance as chalcedony. The peak 
at 1605 cm" is derived from residue of the var- 
nish; whereas the broad peak at 1355 cm may 
be due to the presence of carbon, which is the 
typical coloring agent for black chalcedony. 


such unique objets d’art. Although the metalwork 
appears to be quite fine, many of the “stones” in 
both pieces are actually colorless materials with a 
pigment backing, colored glass, or quartz doublets 


Figure 16. Spinel generally shows a high Raman 
fluorescence at low wavenumbers, which is over- 
lain by its distinct peaks at 403, 308, 663, and 
765 cm". The intensity of the peaks depends on 
the color of the spinel. In this Raman spectrum of 
a pink spinel set in the Dorothy monstrance, only 
the peak at 403 cm is clearly visible. 


Garnet (almandine) 
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COUNTS 


200 400 600 800 1000 1200 1400 1600 1800 
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Figure 15. The Raman spectrum of a garnet set in 
the Dorothy monstrance shows its strongest peak 
at 913 cm", with peaks of lower intensity at 341, 
496, 862, and 1039 cm. If we compare this spec- 
trum with our reference spectra for garnet, the 
stone appears to be garnet with a high percentage 
of almandine. 


with a (presumably dyed) cement layer. Nevertheless, 
there are also some attractive natural gems, such 
as peridot, sapphire, garnet, spinel, and turquoise, as 
well as varieties of quartz. Raman analysis provided 
a manageable, relatively quick method for identify- 
ing these materials without any damage to either 
the gems themselves or the metal in which they 
were set. 
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TOPAZ, AQUAMARINE, AND 
OTHER BERYLS FROM 
KLEIN SPITZKOPPE, NAMIBIA 


By Bruce Cairncross, Ian C. Campbell, and Jan Marten Huizenga 


This article presents, for the first time, both gemological and geologic infor- 
mation on topaz, aquamarine, and other beryls from miarolitic peg- 
matites at Namibia's historic Klein Spitzkoppe mineral locality. Topaz 
from Klein Spitzkoppe was first reported more than 100 years ago, in 
1889. Many fine specimens have been collected since then, and thousands 
of carats have been faceted from colorless, transparent “silver” topaz. 
Gemological investigations of the topaz reveal refractive index values that 
are somewhat lower, and specific gravity values that are slightly higher, 
than those of topaz from similar deposits. In fact, these values are more 
appropriate to topaz from rhyolitic deposits than from pegmatites, and 
apparently correspond to a high fluorine content. The gemological proper- 


ties of the aquamarine are consistent with known parameters. 


The perfectly formed, transparent-to-translucent 
gem crystals from Klein Spitzkoppe, a granitic 
mountain in western Namibia, are in great demand 
by mineral collectors. For many years now, gems 
cut from some of these crystals—topaz, aquama- 
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rine, and other beryls—have also been entering the 
trade (figure 1). The senior author (BC) visited Klein 
Spitzkoppe in 1975 and 1988 to study the geology of 
the deposit and obtain specimens, some of which 
were photographed and used for gemological test- 
ing. This article presents the results of this investi- 
gation, along with a discussion of the history of 
these famous deposits and the geology of the region. 


LOCATION AND ACCESS 


Klein Spitzkoppe (“small pointed hill”) is located in 
southern Damaraland, northeast of the coastal har- 
bor town of Swakopmund (figure 2). This granite 
inselberg has an elevation of 1,580 m above sea 
level and forms a prominent topographic landmark 
above the Namib Desert (figure 3). Inselbergs 
(derived from the German word meaning “island 
mountain”) are common geologic features in south- 
ern African deserts; they are steep-sided, isolated 
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Figure 1. Both the 23 ct 
aquamarine and the 48 ct 
“silver” topaz were faceted 
from material found at 
Klein Spitzkoppe. Courtesy 
of Martha Rossouw; 

photo © Bruce Cairncross. 


hills or mountains—formed by erosion—that rise 
abruptly from broad, flat plains. Much of the sur- 
rounding desert surface is covered with calcrete, a 
conglomerate composed of sand and gravel that has 
been cemented and hardened by calcium carbonate. 
Approximately 12 km east-northeast of Klein 
Spitzkoppe is another granite inselberg, Gross 
Spitzkoppe, which rises 1,750 m above sea level; no 
gems have been recovered from this area. 
Spitzkoppe has been spelled several ways in the lit- 
erature, such as Spitzkopje (Heidtke and Schneider, 
1976; Leithner, 1984) and Spitzkop (Mathias, 1962). 
The spelling used here is the one used on official 
geologic maps of the region. 

Access to Klein Spitzkoppe is relatively straight- 
forward, and the deposits can be reached using a 
conventional motor vehicle. The main highway (B2) 
that connects the coastal town of Swakopmund 
with Okhandja passes south of Klein Spitzkoppe. 
About 110 km northeast of Swakopmund, a road 
leads northwest from B2. back toward the coastal 
village of Henties Bay. About 30 km from the B2 
turn-off, this road passes a few kilometers south of 
the topaz and aquamarine deposits at Klein 
Spitzkoppe, with the granite inselberg readily visi- 
ble from the road. Large portions of the diggings are 
on public land. However, entry to privately owned 
granite quarries in the area is prohibited. Collecting 
of specimens by local people is carried out year- 
round, and a visitor to the site will always be met 
by these diggers offering specimens for sale. 
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HISTORY 


The Klein Spitzkoppe deposits were first described 
in the late 19th century German literature (Hintze, 
1889). At the time, the locality was known as 
Keins-Berge, although the Dutch name, Spitskopjes, 
was already used for several steep-sided inselbergs 
and isolated mountains in the Damaraland region. 


Figure 2. Klein Spitzkoppe is located in cen- 
tral Namibia, about 200 km northwest of 
the capital city of Windhoek. 
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For the initial description of the crystal morphology 
of the topaz from this region, Hintze used crystals 
that Baron von Steinacker had originally collected 
at Klein Spitzkoppe. Hintze (1889) stated that the 
Namibian specimens were reminiscent of crystals 
from Russia, as they had a similar morphology and 
were “water clear.” 


Figure 4. A Damara woman digs for topaz in a highly 
weathered, soil-filled cavity in a gem-bearing peg- 
matite at Klein Spitzkoppe. Wind-blown sand and soil 
obscure the pegmatite. Photo by Horst Windisch. 
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Figure 3. Klein Spitzkoppe mountain is surrounded by the arid plains of the Namib Desert. Photo by Horst Windisch. 


It has been reported that 34.5 kg of facet-quality 
topaz was collected in Namibia, mostly from the 
Klein Spitzkoppe deposits, during 1930-1938 
(Schneider and Seeger, 1992). More recent produc- 
tion figures are not available. Most topaz mining is 
carried out informally by local Damara diggers (fig- 
ure 4), who usually sell their wares to tourists and 
local dealers. Aquamarine is also extracted, but it is 
less commonly encountered than topaz. Although 
no production figures are available, many hundreds 
of carats of aquamarine have been cut from material 
collected at Klein Spitzkoppe (see, e.g., figure 1). 
Yellow beryl is also infrequently recovered from the 
pegmatites, and some fine gems have been cut from 
this material as well. 

Whereas gemstone mining is small-scale and 
informal at Klein Spitzkoppe, granite is quarried on 
a large scale. African Granite Co. (Pty) Ltd extracts a 
yellow granite, known colloquially as “Tropical 
Sun,” which is exported primarily to Germany and 
Japan (ASSORE, 1996). Topaz crystals are frequently 
found during these quarrying operations and are col- 
lected by the local workers. Aquamarine is found 
less commonly in the quarries. 


REGIONAL AND LOCAL GEOLOGY 


Previous Work. The two Spitzkoppe mountains 
appear on a geologic map (scale 1:1,000,000) of cen- 
tral Namibia (then South West Africa) by Reuning 
(1923), which is one of the oldest geologic maps of 
the region. The regional geology was systematically 
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mapped during 1928, revised in 1937, and the com- 
bined results published several years later 
(Frommurze et al., 1942), accompanied by a more 
detailed geologic map (scale 1:125,000). In their 
report, Frommurze et al. briefly described the topaz 
occurrences at Klein Spitzkoppe and provided a map 
of the localities where topaz had been found. 


Geology. Gem-quality topaz and beryl are derived 
from cavities within pegmatites that intrude the 
Klein Spitzkoppe granite. This granite is one of sev- 
eral alkali granites in the area that are Late Jurassic 
to Early Cretaceous in age (approximately 135 mil- 
lion years old; Miller, 1992). Such granites comprise 
part of the late- to post-Karoo intrusives that occur 
over a wide area of Namibia (Haughton et al., 1939, 
Botha et al., 1979). Other, somewhat similar gran- 
ites in the area contain economic deposits of tin, 
rare-earth elements, tungsten, copper, fluorite, tour- 
maline, and apatite (Miller, 1992). The Klein 
Spitzkoppe granite is medium- to coarse-grained, 
light yellow to light brown, and consists predomi- 
nantly of quartz, plagioclase, and microcline, with 
accessory magnetite, hematite, and limonite. 

Menzies (1995) classified the pegmatites at Klein 
Spitzkoppe as “syngenetic,” because they lie within 
the parent granite. (Ramdohr [1940] refers to these 
pegmatites as “greisens.”) The pegmatites seldom 
exceed 1 m in width and 200 m along the strike. At 
least two occur on the eastern and southwestern 
slopes of Klein Spitzkoppe (Frommurze et al., 1942; 
Schneider and Seeger, 1992; figure 5). One of these 
pegmatites was mined via an underground shaft at 
the so-called Hassellund’s Camp (see Sinkankas, 
1981, p. 5, for a photo). The pegmatites pinch and 
swell in thickness; where there is sufficient space, 
cavities may be found that are lined with euhedral 
crystals of quartz, microcline feldspar, fluorite, and, 
locally, topaz and beryl. Some vugs contain euhe- 
dral biotite. The topaz and beryl tend to be more 
abundant when they occur with a quartz-feldspar 
assemblage, rather than with biotite. Frommurze et 
al. (1942, p. 121) also report that the beryl crystals 
are well formed and “invariably very clear and 
transparent. The colour varies from pale-green to 
dark sea-green and the bluish-green of precious 
aquamarine. Occasionally very deep-green varieties 
approaching emerald, and yellowish varieties 
known as heliodor are found.” Besides topaz and 
beryl, 24 other minerals have been identified in the 
pegmatites (table 1), of which approximately a 
dozen occur as collectable specimens. 
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ra Sand and caicrete cover 
i‘. Klein Spitzkoppe granite 


iw) Salem granite 


Barren pegmatite 
Topaz, aquamarine pegmatite 
Quariz vein 

|, Tourmaline—quartz vein 
Eluvial aquamarine and topaz 


Shaft 


Figure 5. Topaz and aquamarine are mined from 
alluvial and eluvial deposits derived from 
miarolitic pegmatites intruding the Klein Spitz- 
koppe granite. Bruslu’s, Epsen’s and Hassellhund’s 
camps are historical claims named after their 
respective discoverers. Redrawn after Frommurze 
et al. (1942). 


MODERN QUARRYING AND MINING 


Presently there is relatively little formal mining 
activity at Klein Spitzkoppe. One company is min- 
ing the granite for building stone. Most, if not all, of 
the topaz, aquamarine, and other gem or collectable 
minerals are extracted by local workers. They either 
dig randomly in the weathered granite outcrops, 
where it is relatively easy to pry crystals loose from 
their matrix, or they collect (by hand) topaz and 
beryl from the alluvium (again see figure 4). These 
alluvial crystals are usually abraded and are more 
suited for faceting than as mineral specimens. 
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Figure 6. This 3.8 cm crystal shows the remarkable 
transparency and complex habit typical of some 
topaz specimens from Klein Spitzkoppe. The crys- 
tal is attached to a feldspathic matrix. Courtesy of 
Desmond Sacco; photo © Bruce Cairncross. 


KLEIN SPITZKOPPE TOPAZ 


The worldwide occurrences of topaz were recently 
the subject of an in-depth publication (Menzies, 
1995), but the Klein Spitzkoppe locality received 
only a brief mention in this article. Very little has 
been published on the Klein Spitzkoppe deposits, 
and even less has been written on the topaz per se. 
The notable exceptions are the few articles that 
have appeared in German publications, such as 
Leithner (1984). 

Topaz has been found in several localities in 
Namibia (Schneider and Seeger, 1992), but the first 
recorded discovery of topaz there was Hintze’s 
(1889) report on Klein Spitzkoppe. Topaz is probably 
the best-known gem species from Klein Spitzkoppe. 
Crystals over 10 cm long are well known, and 
Ramdohr (1940) reported on one specimen measur- 
ing 15 x 12 x 8 cm and weighing over 2. kg. Because 
most of the topaz is found in alluvial and eluvial 
deposits, matrix specimens are rare (figure 6). Loose 
colorless crystals 1-2 cm long are abundant; in the 
past, bags full of this material were collected (Biirg, 
1942, “South-West Africa’s gem production,” 1946). 
Not all crystals are gem quality, as internal frac- 
tures, cleavages, and macroscopic inclusions are 
fairly common. However, transparent crystals have 
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been cut into fine gems (figure 7]. Typically they 
range from 0.5 to 5 ct, although stones up to 60 ct 
have been cut. 

The topaz crystals are usually colorless, referred 
to as “silver” topaz, although pale blue (figure 8) and 
pale yellow (figure 9) crystals also occur (Beyer, 
1980); brown topaz is not recorded from Klein 
Spitzkoppe. The blue and yellow colors are pro- 
duced by color centers activated by radiation, either 
natural or artificial (Hoover, 1992). Blue usually 
results from electron or neutron bombardment (D. 
Burt, pers. comm., 1997). The less valuable yellow 
or brown hues can be removed by heating. They are 
also destroyed by prolonged exposure to sunlight, 
which may explain why most of the Klein Spitz- 
koppe topaz that is collected from exposed or 
weathered surfaces is colorless. 

Several generations of topaz are found in the peg- 


TABLE 1. Minerals from Klein Spitzkoppe.® 


Mineral Composition 
Albite NaAlSi,O, 

Axinite (Ca,Mn*?,Fe*?,Mg).Al,BSi,O,,.(OH) 
Bertrandite Be,Si,07(OH), 

Beryl Be, Al,Si,0;, 

Biotite K(Mg,Fe*?),(Al, Fe*®)Si,0,,,(OH,F), 
Bixbyite (Mn*8,Fe*3),0., 

Chabazite CaAl,Si,O,. ¢ 6H,O 
Columbite (Fe*?,Mn*?)(Nb,Ta),0, 
Euclase BeAlSiO,,(OH) 

Euxenite-(Y) (Y,Ca,Ce,U, Th)(Nb,Ta, Ti) 0, 
Fluorite CaF, 

Gibbsite A\(OH)., 

Goethite o-Fe*SO(OH) 

Microcline KAISi,O, 

Molybdenite oS, 

Muscovite KAI,(Si,Al)O, (OH,F)5 
Phenakite Be,SiO, 

Pyrophyllite Al,Si,0;.(OH)> 

Quartz SiO, 

Rutile TiO, 

Scheelite CaWO, 

Schorl NaFe,**Al,(BO3)4Sig0,..(OH), 
Siderite Fe*2CO, 

Topaz A\,SiO,(F,OH), 

Wolframite (Fe*?,Mn*2)WO, 

Zircon ZrSiO, 


@After Ramdohr, 1940; Frommurze et al., 1942; and Beyer, 1980. 
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Photo by Dr. Giibelin 


Figure 64 
Smallest three-phase 
inclusions in Colum- 

bian emeralds. 


Photo by Dr. Giibelin 


Figure 68 
Long stretched 
three-phase inclu- 


, Stons as are typical 


of natural emerald. 


Figure 7. Faceted, colorless 
topaz from Klein 
Spitzkoppe is commonly 
marketed as “silver” 
topaz. The emerald-cut 
stone in the left foreground 
is 1.4 cm long, and the 
stones average about 5-6 
ct. Courtesy of Rob Smith; 
photo © Bruce Cairncross. 


matite cavities, in five commonly occurring crystal- 
lographic forms (Beyer, 1980): 


Typel: Simple forms; usually colorless (figure 10). 

Type II: Complex habits; usually colorless, (again, 
see figure 6). 

Type II: Complex prismatic, stubby crystals; yel- 
low (again, see figure 9). 

Type IV: Simple prismatic forms; yellow; associat- 
ed with unaltered microcline. 

Type V: Long, thin prismatic crystals; yellow. 


Types I and III are always transparent with high- 
ly lustrous crystal faces. These occur in vugs with 
microcline, and occasionally with black tourmaline 
(schorl). Type V is the last form to crystallize, and it 
is always associated with needle-like crystals of 
aquamarine and highly corroded microcline. Types I 
and II are associated with large quartz crystals, 
biotite, light green fluorite, tourmaline, and rutile. 

Outstanding specimens of gem-quality, euhed- 
ral topaz crystals perched on, or partially overgrown 
by, highly lustrous smoky quartz are among the 
most sought-after collector pieces. Also desirable 
are matrix specimens consisting of topaz on white 
or pale yellow feldspar (again, see figure 6). In rare 
instances, topaz and green fluorite are found togeth- 
er. The value of mineral specimens is well recog- 
nized by the local diggers, as is evident from the 
availability of some fake specimens of topaz fash- 
ioned from locally mined pale green fluorite. The 
crystallographic configuration of the topaz is easily 
recognized and very well copied by the local diggers. 
(Fake specimens of aquamarine are also known 
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from Klein Spitzkoppe—see figure 12 in Dunn et al., 
1981.) Detailed crystallographic descriptions of 
Spitzkoppe topaz are published elsewhere (Hintze, 
1889; Ramdohr, 1940; Beyer, 1980). 


KLEIN SPITZKOPPE BERYL 


Beryl (figure 11) is found in miarolitic cavities in 
pegmatites associated with microcline, smoky 
quartz, topaz, bertrandite, phenakite, and fluorite 
(De Kock, 1935; Frommurze et al., 1942; Schneider 
and Seeger, 1992). Aquamarine forms elongate 
hexagonal prisms with flat or bipyramidal termina- 
tions; the semitransparent crystals commonly 


Figure 8. This pale blue topaz, 2.8 cm long, displays 
unusual, multiple terminations. Photo © Bruce 
Cairncross. 
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Figure 9. The topaz at Klein Spitzkoppe may be 
pale yellow as well as pale blue or colorless. This 
1.4 cm high yellow topaz crystal has a complex ter- 
mination. Photo © Bruce Cairncross. 


attain sizes up to 6 cm long and 1 cm in diameter 
(Leithner, 1984). The largest documented aquama- 
rine from Klein Spitzkoppe measured 12 cm long 
and 5 cm in diameter (Ramdohr, 1940). Faceted 
aquamarine over 2.0 ct is common (again, see figure 1). 


Figure 10. Most of the topaz specimens are broken 
off their host rock, as it is extremely difficult to 
remove specimens from the vugs intact. The crystal 
on the right is 5 cm. Photo © Bruce Cairncross. 
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Other varieties of gem beryl include hexagonal, 
prism-etched, transparent-to-translucent green and 
yellow varieties up to 6 cm long (Heidtke and 
Schneider, 1976). One crystal described by Beyer 
(1980, p. 16) measured 2. cm, and was colorless with 
a “rose” pink (“rosaroten”) core! Yellow beryl 
(heliodor) is usually associated with fluorite and 
finely crystalline mica, or is intergrown with ortho- 
clase (Heidtke and Schneider, 1976; Strunz, 1980; 
Schneider and Seeger, 1992). Heliodor was originally 
described from a pegmatite situated close to 
Rossing, located about 70 km northeast of 
Swakopmund (Kaiser, 1912), and it was described 
further by Hauser and Herzfeld (1914). Klein Spitz- 
koppe heliodor ranges from deep “golden” yellow to 
light yellow to yellow-green (figures 12 and 13). 
Crystals up to 12 cm long and 5 cm in diameter, 
some of which are transparent, have been recovered. 
Some heliodor crystals display naturally etched 
crystal faces, the most common feature being hook- 
shaped patterns on the c faces (Leithner, 1984). 


MATERIALS AND METHODS 


Gemological properties were obtained on five topaz 
(figure 14) and four aquamarine (figures 11 and 15} 
crystals from Klein Spitzkoppe. All of the topaz 
crystals and two of the aquamarines were obtained 
by two of the authors (IC and BC) from reliable deal- 
ers; the other two aquamarine crystals were loaned 
by Bill Larson of Pala International, Fallbrook, 
California. Although we were able to obtain cut 
stones for photography, we were not able to keep 
them long enough to perform gemological testing. 

Refractive indices were determined using a 
Rayner Dialdex refractometer with a sodium light 
source. We obtained good readings from crystal 
faces and spot readings from cleavage surfaces on 
the crystals that did not have original crystal faces. 
One of us (IC) has performed R.I. measurements on 
gem rough for decades using this method, with reli- 
able results. Luminescence tests were done in com- 
plete darkness, using a Raytech LS-7 long- and 
short-wave UV source. We determined specific gravity 
by the hydrostatic method. Distilled water softened 
with detergent was used to reduce surface tension. 

Absorption spectra were observed with a cali- 
brated Beck desk-model type spectroscope. We used 
an SAS2000 spectrophotometer with a dual-channel 
dedicated system, PC based, with a fiber-optic cou- 
pling in the visible to near-infrared range (380-850 
nm), to obtain transmitted-light spectra. 
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Pleochroism was observed using a Rayner (cal- 
cite) dichroscope with a rotating eyepiece, in con- 
junction with fiber optics and a Mitchell stand with 
a rotating platform. Optic character was observed 
with a Rayner polariscope. The Chelsea filter reac- 
tion was determined in conjunction with a variable- 
power 150 watt fiber-optic tungsten light. All of the 
crystals were examined with a Wild Heerbrugg 
gemological binocular microscope under 10x, 24x, 
and 60 x magnification. 

The two aquamarine crystals loaned by Bill 
Larson were examined by Brendan Laurs at GIA in 
Carlsbad, California, with the following methods. 
Refractive indices were measured on a GIA Gem 
Instruments Duplex II refractometer, using a 
monochromatic sodium-equivalent light source. 
Pleochroism was observed with a calcite-type 
dichroscope. Fluorescence to short- and long-wave 
UV radiation was tested with a GIA Gem Instruments 
5 watt UV source, in conjunction with a viewing 
cabinet, in a darkened room. Internal characteristics 
were examined with a standard gemological micro- 
scope, a Leica Stereozoom with 10x-60x magnifi- 
cation. Absorption spectra were observed with a 
Beck spectroscope. 


RESULTS 


Topaz. Visual Appearance. The topaz crystals (5.2 
to 28.5 ct) were all colorless, except for one 
extremely light blue specimen. Light brown iron- 
oxide minerals (e.g., limonite) caused a brown dis- 
coloration to some of the crystal faces. All of the 
crystals were somewhat stubby, displaying short, 
prismatic forms with wedge-shaped terminations. 


Microscopic Examination. One crystal contained 
partially healed fractures, as irregular planes (“fin- 
gerprints”) of fluid and two-phase (fluid-gas) inclu- 
sions. We also observed isolated two-phase (fluid- 
gas) inclusions (figure 16). Acicular greenish blue 
crystals of tourmaline (identified optically) were 
seen slightly below the crystal faces in two of the 
specimens; some of these penetrated the surface of 
the host crystal (figure 17). 


Gemological Properties. The results of the gemolog- 
ical testing are summarized in table 2. The RI. val- 
ues of the topaz were 1.610 and 1.620, although one 
specimen had a slightly lower maximum value of 
1.616; birefringence was constant (0.010) for the 
other four samples. All the specimens appeared yel- 
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Figure 11. These aquamarine crystals, part of the test 
sample for this study, show the typical color and 
crystal form of specimens from Klein Spitzkoppe. 

The standing crystal measures 1.0 x 4.8 cm. Courtesy 
of William Larson; photo © Harold & Erica Van Pelt. 


low-green through the Chelsea filter and were also 
inert to short- and long-wave UV. The specific grav- 
ity for all samples was 3.56. No spectral characteris- 
tics could be resolved with a desk-model spectroscope. 
All samples showed similar transmittance spectra 
with the spectrophotometer (figure 18): A steady 
increase in transmittance occurs from approximate- 
ly 380 nm, at the violet end of the spectrum, to 600 
nm, with a more gradual increase from 600 to 850 
nm. There were no unusual features in the spectra 
that could be used to identify material as coming 
from this locality. 
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Figure 12. In addition to aquamarine, the deposit 
also produces fine crystals of yellow beryl, like this 
3.4 cm specimen. Johannesburg Geological Museum 
specimen no. 65/116; photo © Bruce Cairncross. 


Aquamarine. Visual Appearance. The samples stud- 
ied were light greenish blue prismatic crystals of 
faceting quality. The two crystals studied by the 
authors (figure 15) weighed 5.5 ct and 8.6 ct, with 
smooth, shiny prism faces and etched terminations. 
The crystals studied at GIA weighed 90.3 and 158.9 
ct, and were color zoned—light greenish blue with 
near-colorless terminations. Most of the prism faces 
were striated parallel to the c-axis, and the termina- 
tions were sharp and unetched. 


Figure 13. Large stones have been faceted from the 
yellow beryl. The largest, a Portuguese-cut speci- 
men at the top, weighs 42 ct. Courtesy of Desmond 
Sacco; photo © Bruce Cairncross. 
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Microscopic Examination. “Fingerprints” consist- 
ing of irregular planes of fluid and fluid-gas inclu- 
sions were the most common internal feature. 
Fractures were also common, and were iron-stained 
where they reached the surface. Hollow or fluid- 
and-gas-filled growth tubes were noted in the crys- 
tals examined at GIA; these tubes were oriented 
parallel to the c-axis. Large (up to 3 mm}, angular 
cavities were also noted in these crystals. Both the 
growth tubes and the cavities locally contained col- 
orless daughter minerals. 

One specimen examined by the authors had 
brightly reflecting pinpoint inclusions of an uniden- 
tified material; these could be fluid inclusions. At 
60<> magnification, we saw radial stress fractures 
surrounding the inclusions. We saw similar pin- 
point inclusions, but without the fractures, in 
another crystal. A feather-like, partially healed fluid 
inclusion extended from the base of this crystal to 
halfway up its length. 


Gemological Properties. The R.I. values were 
1.561-1.562 (n,) and 1.569-1.570 (n,,), and the bire- 
fringence was 0.007—0.009. Dichroism was strong, 
colorless to greenish blue. The specific gravity was 
2.68—2.69. All of the aquamarine samples appeared 
yellow-green through the Chelsea filter, and all 
were also inert to both short- and long-wave UV 
radiation. No spectral characteristics were resolved 
by the authors using the desk-model type spectro- 
scope; at GIA, a faint line was seen at 430 nm in 


Figure 14. The test sample included these five 
topaz crystals, which weigh, clockwise from top 
left: 13.7 ct, 5.2 ct, 28.5 ct, 15.4 ct, and 6.6 ct. The 
largest crystal (top right) is 21 mm along its longest 
axis. Photo © Bruce Cairncross. 
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both samples. The spectrophotometer results were 
identical for the authors’ two specimens (figure 19): 
a small minimum at 425 nm, with a transmittance 
maximum at about 500 nm, and generally decreas- 
ing transmittance at higher wavelengths. 


DISCUSSION 


Topaz. The gemological results obtained from the 
Klein Spitzkoppe topaz are interesting for several 
reasons. The RI. values (1.610 and 1.620) are rela- 
tively low compared to pegmatitic topaz from other 
localities (typically 1.614 to 1.635; Hoover, 1992). 
These R.I. values are similar to those of topaz from 
rhyolitic deposits, such as at the Thomas Range 
(Utah) and at San Luis Potosi, Mexico (Hoover, 
1992); however, no rhyolites occur at Klein 
Spitzkoppe. The R.I. values of the Klein Spitzkoppe 
topaz are significantly lower than those for topaz 
from hydrothermal deposits, such as Ouro Preto, 
Brazil (1.630-1.638; Sauer et al., 1996), and Katlang, 
Pakistan (1.629-1.643; Giibelin et al., 1986). The 
variation in R.I. is caused by substitution of the 
hydroxyl (OH) component by fluorine in the topaz 
[Al,SiO,(F,OH),] structure (Ribbe and Rosenberg, 
1971). The Klein Spitzkoppe topaz is fluorine rich 
with nearly the maximum amount possible (about 
20.3 wt.% F), similar to rhyolite-hosted topaz from 
the Thomas Range (Ribbe and Rosenberg (1971; as 
reproduced in Webster and Read, 1994). 

Hoover (1992) and Webster and Read (1994) both 
state that the birefringence for colorless (and blue} 
topaz is 0.010, which is identical to the birefrin- 
gence determined for the Klein Spitzkoppe material. 
The birefringence of hydrothermal topaz from Ouro 


Figure 16. Fluid and two-phase (fluid and gas) 
inclusions such as these were seen in a topaz from 
Klein Spitzkoppe. Photo © Bruce Cairncross; 
magnified 24 x. 


Figure 15. These two aquamarine crystals were also 
characterized for this study. The longest crystal is 
22 mm. Photo © Bruce Cairncross. 


Preto is somewhat lower, 0.008 (Keller, 1983}, 
which is in agreement with similar values quoted 
for brown and pink topaz (Hoover, 1992). It is inter- 
esting to note that the pink topaz from Pakistan 
also has a birefringence of 0.010 (Giibelin et al., 
1986). 

The 3.56 S.G. for Klein Spitzkoppe topaz is iden- 
tical to the value obtained for colorless and light 
blue topaz from localities in Russia, Germany, and 
the United States (Webster and Read, 1994). This is 
somewhat higher than the S.G. values (3.51—3.54) 
for pink and orange topaz from Pakistan (Gtibelin et 
al., 1986) and Ouro Preto (Sauer et al., 1996). Like 
R.L, the S.G. values of topaz also vary with fluorine 
content; that is, they rise with increasing fluorine 
(Ribbe and Rosenberg, 1971). This relatively high 


Figure 17. Dark greenish blue tourmaline crystals, 
up to 0.8 mm long, form conspicuous inclusions 
near the surface of a topaz crystal from Klein 
Spitzkoppe. Photo © Bruce Cairncross. 
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Figure 18. This transmittance spectrum is typical of 
the spectra recorded on the topaz specimens from 
Klein Spitzkoppe. A gradual increase in transmit- 
tance is seen over the entire range measured. 


S.G. of Klein Spitzkoppe topaz is consistent with its 
low RL values and high inferred fluorine content. 
The Klein Spitzkoppe topaz samples we exam- 
ined had few inclusions compared to topaz from 
other localities. Some exceptions are the specimen 


TABLE 2. Summary of the gemological properties of 
topaz and beryl (aquamarine) from Klein Spitzkoppe, 


Namibia. 
Property Topaz Aquamarine 
Color Colorless (“silver”) Light greenish blue 


Refractive indices 


to very light blue 


Lower Ny=1.610 
Upper ny=1 6208 
Birefringence 0.0108 
Optic character — Biaxial (+) 
Luminescence Inert 
(SW and LW UV) 
Specific gravity 3.56 
Dichroism None 
Chelsea filter Yellow-green 
Absorption No features noted 
spectrum with the spectro- 
scope; increasing 
ransmittance from 
3880-850 nm not- 
ed with the spec- 
rophotometer 
Inclusions “Fingerprints,” two- 
phase inclusions, 
ourmaline crystals 


n,=1.561-1.562 
n= 1.569-1.570 


0.007-0.009 
Uniaxial (-) 
nert 


2.68 -2.69 

Pale blue to colorless 
Yellow-green 

Faint line at 430 nm, or 
no features noted with 
the spectroscope; small 
minimum at 425 nm, 
and maximum at 

500 nm, with the 
spectrophotometer 
“Fingerprints,” fractures, 
growth tubes, two- and 
three-phase inclusions 


@For one topaz specimen, Rl. values were 


1.610 -1.616 (birefringence 


0.006), which is slightly outside the range reported here. 
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TRANSMITTANCE 


400 450 500 550 600 650 700 750 800 850 900 
WAVELENGTH (nm) 


Figure 19. This transmittance spectrum is typical of 
the aquamarines examined from Klein Spitzkoppe, 
and shows a small minimum at 425 nm, a transmit- 
tance maximum at about 500 nm, and generally 
decreasing transmittance at higher wavelengths. 


illustrated in figure 16, which contains well-devel- 
oped fluid and fluid-and-gas inclusions, and the one 
shown in figure 17, which encloses small, greenish 
blue tourmaline needles. However, there are no 
inclusions, fluid or solid, that could be used to dis- 
tinguish Klein Spitzkoppe topaz crystals from those 
of other deposits. 

We do not know of any published data on the 
effects of irradiation or heat treatment on Klein 
Spitzkoppe topaz. 


Beryl. For the most part, the results obtained from 
the aquamarines tested were typical for the species. 
The RI. values (n,=1.561-1.562, n,,=1.569-1.570) are 
low compared to typical values (n,=1.567-1.583, 
n= 1.572-1.590; Webster and Read, 1994), but low 
RI. values are characteristic of beryl that contains 
little or no alkali impurities (@erny and 
Hawthorne, 1976). The birefringence (0.007—0.009) 
is relatively high for aquamarines with low R.L. val- 
ues (typically 0.005; Webster and Read, 1994). 
However, the S.G. (2.68-2.69] is typical for aqua- 
marines with low concentrations of alkalis (Webster 
and Read, 1994). The growth tubes and fluid inclu- 
sions also are typical of beryl from other pegmatitic 
deposits (see, e.g., Lahti and Kinnunen, 1993). 

Webster and Read (1994) reported that some of 
the yellow beryls from Klein Spitzkoppe show 
radioactivity due to the presence of uranium oxide. 
To check this, we tested three crystals of yellow 
beryl using an Eberline ion chamber, but no radioac- 
tivity was detected. 
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FUTURE POTENTIAL 


Topaz and, to a lesser degree, aquamarine have been 
found at Klein Spitzkoppe for more than 100 years. 
Local diggers collect most of the gems from weath- 
ered miarolitic pegmatites and alluvium. The quar- 
rying of granite for building stone also yields some 
specimens and gems. The supply of gem-quality 
material, as well as specimen-grade crystals, will 
most likely continue for some time. 


Acknowledgments: The authors thank the 
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CALCITE, Colored by Inclusions 


A rare-mineral dealer from Colorado 
sent the 10.45 ct orange-red cabochon 
shown in figure 1 to the West Coast 
laboratory for identification last sum- 
mer. He stated that the material was 
found at the site of an old copper 
mine in his local area. The dealer 
knew that the material was a carbon- 
ate, but he was unsure whether it was 
an unusual color of rhodochrosite or 
another carbonate mineral colored by 
inclusions. 

Refractive indices of 1.49 and 
about 1.65 were obtained by the spot 
method, with a weak but clear bire- 
fringence blink. When we examined 
the cabochon with magnification, we 


Figure 1. This 10.45 ct orange- 
red calcite is colored by inclu- 
sions of chalcotrichite, a fibrous 
variety of cuprite. 
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saw strong doubling and pock marks 
on the surface, with frequent under- 
cutting, which implies a low hard- 
ness. A small drop of dilute 
hydrochloric acid caused the material 
to effervesce strongly, thus confirm- 
ing that it was a carbonate. Two 
hydrostatic determinations of the spe- 
cific gravity yielded a value of 2.73. 
Although rhodochrosite is also soft 
and effervesces to HCl, we identified 
the bulk material as calcite on the 
basis of specific gravity together with 
the refractive indices. 
Magnification also revealed 
numerous orange and red reflective 
needles, as well as clusters of trans- 
parent-to-translucent purplish red 
crystals. Using diffused light, we 
observed that the body of the cabo- 
chon was quite pale, and the overall 
color was due to these inclusions. 
The cabochon fluoresced weak red to 
long-wave UV radiation and weak, 
moderately chalky reddish orange to 
short-wave UV. Lines at 500, 590, and 
610 nm were visible in a desk-model 
spectroscope. From their habit and 
color, as well as from the reported 
provenance of the cabochon, we 
believe that the inclusions are chal- 
cotrichite, a fibrous variety of cuprite. 
The appearance of these inclu- 
sions and the overall color of the 
material reminded us of some bright 
red quartz from Zacatecas, Mexico, 
reported in the Spring 1993 Gem 
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News section (pp. 59-60). That mate- 
rial was also found in an old copper 
mine, and EDXRF of those inclusions 
showed them to be rich in copper and 
almost free of iron. The color is quite 
distinct from the more brownish red 
of the iron-rich inclusions, such as 
goethite and lepidocrocite, that are 
found in “strawberry” quartz from 
Russia (Gem News, Spring 1995, p. 
63). IR and CYW 


CORUNDUM, Diffusion Treated 


For some time now, laboratories on 
both coasts have been receiving large 
lots of rubies and sapphires for identi- 
fication, which includes a determina- 
tion of whether the stones have been 
subjected to any type of enhance- 
ment. One such parcel recently sub- 
mitted to the West Coast lab con- 
tained small, attractive red stones, 
with one oval mixed cut that stood 
out visually from the rest because it 
was much darker in tone. (A closer 
inspection also revealed that this 
stone had a poor polish, unlike the 
rest of the parcel.) The client believed 
that they were all rubies and sent 


Editor's note: The initials at the end of each item 
identify the editor(s) or contributing editor(s) who 
provided that item. 
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them to the lab out of concern about 
heat treatment. 

Ruby has a characteristic spec- 
trum—with chromium lines at about 
694 nm, 668 nm, and 659 nm, and 
another pair of lines at 476 nm and 
468 nm—that conclusively distin- 
guishes it from other red gems such 
as garnet and spinel, or from imita- 
tions such as glass. Consequently, we 
began our examination with a desk- 
model spectroscope to verify quickly 
whether all the stones in the parcel 
were ruby. We found this spectrum 
for all the stones except the darker- 
toned oval, which showed only a sin- 
gle strong absorption line in the red 
end of the visible spectrum. 

Next we turned to the refractome- 
ter, but we experienced some difficul- 
ties obtaining the R.I. for this stone. 
The table gave an indistinct reading 
over the limits of the refractometer, 
whereas one small area of the pavil- 
ion yielded a vague reading of 1.7. The 
polariscope, however, revealed that 
the stone was doubly refractive, with 
a clear uniaxial figure. The specific 
gravity was measured hydrostatically 
at 4.00. This combination of proper- 
ties proved that the stone was indeed 
corundum. 

We turned next to observation 
with the microscope, and saw clearly 
why the refractive index reading of 
this oval was difficult to obtain and 
rather vague. The stone was heavily 
scratched on all sides and showed a 
very thin, crazed surface layer similar 
in appearance to that seen in 
Lechleitner synthetic emerald over- 
growth on beryl. However, this oval 
mixed cut did not have any inclusions 
except for a tiny “fingerprint,” which 
was too small to indicate whether the 
stone was of natural or synthetic ori- 
gin. (Magnification revealed evidence 
of heat treatment in the rest of the 
stones in the parcel.) 

Examination in diffused light 
showed that the purplish red color of 
this stone was irregularly distributed 
and concentrated at the facet junc- 
tions. These features indicate diffu- 
sion treatment. When we immersed 
the stone in methylene iodide, the dif- 
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Figure 2. When immersed in 
methylene iodide and placed 
over diffused transmitted light, 
this 0.69 ct oval mixed-cut 
corundum showed both the color 
concentrations on facet junctions 
and the spots devoid of color 
that indicate that it was colored 
by diffusion treatment. 


fusion layer became quite prominent, 
as illustrated in figure 2. This figure 
also reveals some areas that did not 
have the red diffusion layer, probably 
due to recutting or polishing. On the 
basis of these results, the laboratory 
identified the stone as a diffusion- 
treated corundum and included a 
comment stating that its natural or 
synthetic origin is currently undeter- 
minable. KH 


DIAMOND 


Colored by Pink Coating 


In the second edition of his book 
Gemstone Enhancement (Butter- 
worth-Heinemann, 1994), Dr. Kurt 
Nassau references Benvenuto Cel- 
lini’s Treatise on Goldsmithing, pub- 
lished in Venice in 1568, about gem- 
stone treatment. Specifically, he 
cites Cellini’s discussion of a variety of 
coatings and elaborate backings that 
were used to enhance diamonds pri- 
marily, as it was against the law to 
coat emerald, ruby, and sapphire. Not 
only does Cellini mention the blue 
dye—indigo—that was used to coat 
yellow diamonds, but he also states 
that “smoky colors” were the most 
desirable and describes the several 
steps required to achieve them. 

Over the years, most coated dia- 
monds that we have encountered in 
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the laboratories have been light yel- 
low to near colorless, with the net 
result of the treatment being that the 
stones appear less colored, or 
“whiter.” In some instances, we have 
seen diamonds that were “painted” to 
imitate fancy colors. The most 
notable in recent memory was a 10.88 
ct light yellow emerald cut that had 
been coated pink with fingernail pol- 
ish (reported in Gem Trade Lab 
Notes, Summer 1983, pp. 112-113). 

The 5.75 ct brownish purple-pink 
marquise brilliant shown in figure 3 is 
the most recent example of a coated 
diamond that simulates a color that 
rarely occurs naturally in diamonds. 
In fact, the color reminded us of some 
of the first diamond crystals we saw 
from Russia in the early 1970s, which 
were given to one of the editors by 
Robert Webster. At the time, we were 
under the impression that this color 
would be representative of the pro- 
duction from Russia, but since then 
we have seen very few diamonds 
(from Russia or elsewhere) in this 
color range. 

The first thing we saw with mag- 
nification was that the stone did not 
have the characteristic colored glide 
planes that are usually present in dia- 
monds in this hue range. Identification 
was rather straightforward when we 
viewed the stone with a microscope 
using darkfield illumination and a 
white diffuser plate between the light 
source and the diamond: The speck- 
led surface color typical of a coating 
was readily visible (figure 4). 
Although we were unable to identify 
the exact nature of the coating sub- 


Figure 3. The brownish purple- 
pink color of this 5.75 ct mar- 
quise diamond was the result of 
a surface coating. 
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Figure 4. The spotty surface coat- 
ing on the diamond shown in fig- 
ure 3 was revealed with magnifi- 
cation (here, 63x) and a diffuse 
light source. 


stance, it appeared to have been sput- 
tered onto the entire stone and was 
most visible as small concentrated 
spots on the pavilion. 

GRC and TM 


With Different Color Appearances 
Depending on Viewing Position 

From our discussions with members 
of the diamond trade, we are aware 
that they move colored diamonds 
through a number of positions when 
assessing the color. While this can be 
helpful in making manufacturing 
decisions, it has been our experience 
that consistent, repeatable results for 
color grading are best obtained by 
limiting the color appearance vari- 
ables and, especially, controlling the 
viewing environment. With colored 
diamonds, the face-up position best 
accounts for the influence of cutting 
style on color appearance and is also 
the angle from which the diamonds 
will be viewed when worn in jewelry 
(see, e.g., King et al., Gems & 
Gemology, Winter 1994, p. 225). For 
these reasons, the laboratory color 
grades colored diamonds in the face- 
up position only. 

A 2.67 ct emerald-cut diamond 
that was recently submitted to the 
East Coast laboratory provided an 
interesting example of the potential 
confusion that can arise if the stone is 
placed in more than one position for 
grading. Following GIA GTL’s stan- 
dard color-grading methodology, the 
diamond was described as Fancy 
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Deep Brown-Yellow (figure 5). Later, 
during the diamond’s examination for 
origin determination, it was viewed 
through the pavilion and a noticeably 
different brown-orange bodycolor was 
observed (figure 6). A grader attempt- 
ing to reconcile these two appear- 
ances might reach a color description 
that was not directly observed from 
either viewing angle. Examination of 
the stone face-up, though, results in 
the most consistent description of the 
diamond's characteristic color. 

John King 


Manufactured GLASS, 
Represented as “Green Obsidian” 


It is usually a straightforward exercise 
to distinguish between glass imita- 
tions and the natural materials that 
are being imitated (see, for instance, 
“Glass Imitations of Various Gems,” 
by Nicholas DelRe, in the Summer 
1992, Lab Notes, pp. 125-126). Among 
the features that can be diagnostic for 
glass are its singly refractive optic 
character, low refractive index, and 
low specific gravity; also, swirled 
growth bands and (spherical or 
stretched) gas bubbles may be visible 
with magnification. Of course, the 
presence of any “mold marks” on the 
surface of a suspect gem or object is 
another factor that should always be 
taken into consideration. However, it 
is much more difficult to distinguish 


Figure 5. The face-up color of this 
2.67 ct emerald-cut diamond 
received a grade of Fancy Deep 
Brown- Yellow. 
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between a natural glass, such as 
obsidian or moldavite, and a manu- 
factured glass. 

The six modified triangular bril- 
liants shown in figure 7 were repre- 
sented as natural green obsidian from 
Tunduru, Tanzania. They ranged in 
size from 9.06 x 9.46 x 6.11 mm (2.05 
ct) to 12.03 x 12.21 x 8.18 mm (4.93 
ct}, and in color from yellowish green 
to green. They had the following 
gemological properties: color distribu- 
tion—even, diaphaneity—transpar- 
ent; optic character—singly refractive 
with weak anomalous double refrac- 
tion; R.I—1.518 to 1.530; $.G.—2.50 
to 2.52; inert, faint yellow, or weak- 
to-medium green to short-wave ultra- 
violet radiation, and inert to long- 
wave UV; no obvious lines in the 
spectrum seen with a handheld spec- 
troscope, but dark in the blue and in 
the red (above 650 nm) regions. This 
was enough information to confirm 
that these samples were glass, but not 
to identify whether they were of natu- 
ral or manufactured origin. 

With magnification, we saw a few 
perfectly spherical gas bubbles and 
swirl lines with weak-to-moderate 
curvature. These inclusions did not 
resemble those in natural glasses with 
which we are familiar: Obsidian, for 
example, usually contains tiny crys- 
talline inclusions, and the swirls and 
bubbles in moldavite are often quite 
contorted (see, for instance, A. de 
Goutiére, “Photogenic Inclusions in 


Figure 6. The bodycolor of the 
diamond in figure 5 appears to be 
much more orange when it is 
viewed through the pavilion. 


Summer 1998 129 


320 GEMS & GEMOLOGY 


Photo by Dr. Giibelin 


Figure 65 
A large inclusion of 
iceland spar (cal- 
cite) in a Columbian 
emerald. 


Photo by Dr. Giibelin 


Figure 66 

An unusual group 
of well-developed py- 
rite crystals in a 
Columbian emerald. 


Figure 7. These six modified triangular brilliants (2.05—4.93 ct) 
were represented as natural “green obsidian,” but they proved to 
be manufactured glass. 


Moldavite,” Journal of Gemmology, 
Vol. 24, No. 6, pp. 415-419). The 
inclusions in these six triangular bril- 
liants were strong—but not conclu- 
sive—indications that the glass was 
manufactured rather than natural. To 
be certain of the identification, we 
went to advanced testing procedures. 

Three samples—one of each 
intensity of green—were examined by 
Fourier-transform infrared (FTIR) 
spectroscopy. We have analyzed sev- 
eral natural and manufactured glasses 
over the past few years; most sam- 
ples, from both categories, are opaque 
below about 2100 cm! (this edge 
shifts depending on the nature and 
size of the sample}. Most obsidians 
show a saturated “hump” that rises 
sharply at about 3700 cm! and tails 
off to lower wavenumbers (to about 
3200 cm, but this is quite variable). 
There are sometimes two weak, broad 
features centered around 3900 and 
4500 cm! as well. Moldavite and 
Libyan Desert glass also have distinc- 
tive spectra. 

Although not all manufactured 
glasses have the same infrared spec- 
tra, many show a common pattern— 
which we have not seen in natural 
glasses—that consists of a broad 
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plateau from about 3600 cm! to the 
2100 cm! (or so) absorption edge, 
with superimposed broad peaks at 
2830 cm! and about 3520 cm!. (For 
example, brown glass beer bottles 
have this spectrum.) The three sam- 
ples we examined also had this “man- 
ufactured glass” infrared spectrum. 
EDXREF analysis on one sample found 
major Si; minor Ca, Al, and Na; and 
trace amounts of K, Ti, Cr, Fe, Cu, Pb, 
Sr, and Zr. We concluded that this 
material was manufactured glass; in 
fact, we cannot recall seeing an exam- 
ple of transparent “green obsidian” 
that has ever proved to be a natural 
glass. 

ML], IR, and Philip Owens 


PEARLS 
Cultured, with Dolomite Beads 


Although commercial pearl culturing 
is nearly a century old, from time to 
time we still see examples of innova- 
tion in this field. For example, we 
reported on pearls cultured with dyed 
green beads made from powdered oys- 
ter shell and a polymer in the Fall 
1990 Lab Notes section (pp. 222.-2.23). 
Earlier this year, the West Coast labo- 
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ratory received nine loose, undrilled 
pearls for identification, along with 
some beads used in their culturing 
that were represented to be dolomite 
(figure 8). 

The beads, about 8 mm in diame- 
ter, were white and translucent. They 
had an aggregate structure, but the 
surfaces were poorly polished and the 
refractometer showed only a birefrin- 
gence blink. They fluoresced a weak 
white to both long- and short-wave 
UV radiation, and a weak pinkish 
orange to X-rays. The specific gravity 
was measured hydrostatically at 2.84. 
These properties are consistent with 
dolomite, but without a refractive 
index reading they do not conclusive- 
ly identify the material. 

We next turned to several meth- 
ods of advanced testing to gain addi- 
tional information on the beads. 
EDXREF analysis showed the presence 
of both calcium and magnesium, 
which is also consistent with 
dolomite. The Raman spectrum 
matched our reference spectrum for 
dolomite, but the Raman spectra for 
dolomite and magnesite are very sim- 
ilar. An X-ray diffraction pattern con- 
firmed the identification as dolomite. 

The client was able to share some 
information regarding the dolomite 
beads and the pearls cultured on 
them. The beads are fashioned in 
South Korea, but our client did not 
know the source of the dolomite rock 
itself. These nine pearls were cultured 
in Japan to test whether dolomite 
works well as a bead nucleus for cul- 
tured pearls; during this test, it was 
found that the overall yield was about 
the same as for pearl culturing using 
freshwater shell beads. Dolomite is of 
interest for pearl nuclei because it is 
quite easy to obtain in sizes large 
enough to fashion beads up to 20 mm 
in diameter, whereas the traditional 
freshwater shell used for culturing 
rarely grows to such a thickness. 

The nine samples ranged in size 
from 10.75 x 10.30 mm to 7.90 x 7.35 
mm, and in color from white to gray 
to light yellow. On exposure to X- 
rays, they fluoresced a very weak 
orange; as is the case with other cul- 
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Figure 8. The pearls on the left, which range from 
10.75 x 10.30 mm to 7.90 x 7.35 mm, were cul- 
tured on white dolomite beads similar to the 


ones shown on the right. 


tured pearls, this X-ray luminescence 
comes from the bead nucleus. The X- 
radiograph showed all nine to be cul- 
tured pearls, but the nuclei in these 
pearls looked distinctly different from 
the shell beads typically used to cul- 
ture pearls, as illustrated in figure 9. 
The dolomite nuclei appeared darker 
(more transparent to the X-rays), and 
some of them had a mottled appear- 
ance. One sample showed a thick 
dark layer of conchiolin at the surface 
of the bead, which gave a silvery 
appearance to the pearl overall. 

CYW and IR 


Cultured, with Treated Black Color 
The strand of fairly large black pearls 
shown in figure 10 was brought to the 
West Coast lab for identification. The 
strand consisted of 34 “circled” drop- 
shaped and oval pearls, ranging from 
approximately 13 x 10 mm to 10 x 9 
mm, which were predominantly 
bluish black. However, some of the 
pearls also showed distinct green, and 
even violet, overtones. Because the 
pearls had the “metallic” appearance 
that is usually associated with irradi- 
ated freshwater tissue-nucleated cul- 
tured pearls (see Winter 1988 Lab 
Notes, p. 244), the client suspected 
that the color had been enhanced 
through irradiation. 

X-radiography confirmed that the 
pearls were cultured. Visual examina- 
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Figure 9. In this X-radiograph, the pearls cul- 
tured on dolomite beads have a very different 
appearance from the Tahitian black cultured 


pearl placed in the center as a reference. 


tion of the pearl surface with 20x 
binocular magnification revealed that 
the color was not uniform or evenly 
distributed, but rather it was concen- 
trated in dark reddish brown “spots” 
that gave the cultured pearls a pecu- 
liar speckled appearance (figure 11). 
This type of color distribution typical- 
ly results not from irradiation, but 
from dyeing, which is commonly 
done with a silver nitrate solution. 
EDXRE analysis of the pearls revealed 
silver, which proved that these cul- 


tured pearls owed their black color to 
dye, not radiation. KH 


QUARTZITE, 
Dyed to Imitate Sugilite 


The 1.12 ct purple cabochon shown 
in figure 12 was one of a group of five 
submitted to the West Coast lab for 
identification. The purple color was 
variegated and within the range seen 
commonly for sugilite (see J. Shigley 


Figure 10. The client suspected that this strand of black cultured 


pearls was colored by irradiation. 
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et al., “The Occurrence and 
Gemological Properties of Wessels 
Mine Sugilite,” Gems # Gemology, 
Summer 1987, pp. 78-89). However, 
this cabochon served as a reminder 
that the gemologist must examine all 
the properties and make sure they 
form a consistent picture to arrive at a 
correct result. 

The material appeared translucent 
and showed an aggregate structure. 
We obtained a spot refractive index 
reading of 1.55. While the R.I. report- 
ed for sugilite is 1.607-1.610, the 
aforementioned article and the Gem 
Reference Guide (GIA, 1990, p. 235) 
warn that because gem-quality sug- 
ilite may contain quartz impurities, 
the refractive index reading can be 
around 1.54. The desk-model spectro- 
scope showed a broad band from 540 
to 580 nm. Purple sugilite has a char- 
acteristic spectrum—with lines at 
411, 420, 437, and 445 nm, and a band 
at 550 nm—but Webster’s Gems (4th 
ed., Butterworths, 1983, p. 359) states 
that these lines in the violet end are 
difficult to see without using a very 
bright light and a blue filter. 
However, the specific gravity, mea- 
sured hydrostatically, was 2.64. This 
value is identical to that expected for 
quartz, but is quite low for sugilite, 
which is normally 2.74 even if it con- 
tains some quartz. 

The combination of refractive 
index and specific gravity indicated a 


Figure 11. Examination with 
magnification of the cultured 
pearls in figure 10 revealed the 
spotty color distribution that is 
characteristic of dyed black 
pearls. Magnified 20x. 
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Figure 12. This 1.12 ct purple 
cabochon looks very much like 
sugilite. 


quartz aggregate. Examination with 
magnification revealed that this color 
was concentrated around and between 
the grains of the aggregate, which is 
diagnostic for dyed material (figure 
13). Quartz (like sugilite) is usually 
inert to both long- and short-wave 
UV, but this cabochon fluoresced a 
weak greenish yellow, with a some- 
what stronger reaction to long-wave 
UV. This fluorescence may well have 
been due to the purple dye. 

This material looks like “purple 
onyx,” also a dyed purple quartzite, 
which we discussed in the Winter 
1990 Gem News section (p. 309). 
However, the particular shade of pur- 
ple is different (this one is more red- 
dish], as are the fluorescence and 
spectrum. Also in Gem News 
(Summer 1991, pp. 122-123}, we 
described dyed purple quartzite that 
imitated dyed lavender jadeite. 

IR and ML] 


An Unusual SAPPHIRINE 


Not long ago, a client told us about an 
8 ct “idocrase” from the new alluvial 
gem deposits in Tunduru, Tanzania. 
We could not recall seeing idocrase 
from that area, so we readily accepted 
the opportunity to examine the stone 
shown in figure 14. 

The 8.64 ct cushion mixed cut 
was a moderately dark brownish 
orangy red. Microscopic examination 
revealed several long, thin needles 
scattered throughout the stone and a 
plane of crystals at one end. We 
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Figure 13. Closer examination of 
the cabochon shown in figure 12 
revealed the characteristic 
appearance of a dyed aggregate 
material, in this case quartzite. 
Magnified 30x. 


measured refractive indices of 
1.700-1.707, giving a birefringence of 
0.007, and we saw a biaxial figure in 
the polariscope. The specific gravity 
was 3.43, measured by the hydrostatic 
method. The stone was inert to long- 
wave UV and weakly fluoresced a 
chalky green color to short-wave UV. 
The refractive index and specific grav- 
ity were consistent with idocrase, but 
idocrase is uniaxial (although rarely it 
is anomalously biaxial). 

However, the stone also dis- 
played strong trichroism: brownish 
red, light orange, and colorless. 
Idocrase usually displays only weak 
pleochroism (and only two colors 
would be expected). Examination 
with a desk-model spectroscope did 
not reveal the band at 461 nm typical 


Figure 14. This 8.64 ct brownish 
orangy red cushion mixed cut 
from Tunduru, Tanzania, turned 
out to be the largest sapphirine 
ever seen at the GIA Gem Trade 
Laboratory. 
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for idocrase (described in Webster’s 
Gems, 4th ed., Butterworths, 1983, 
pp. 329-330), but instead it showed 
sharp lines in the red portion of the 
spectrum. The spectroscope lamp also 
revealed moderate red transmission 
(red fluorescence to visible light), a 
property shown by many gems that 
are colored by chromium. 

It was apparent that further 
investigation was necessary, SO we 
turned to the Raman microspectrom- 
eter. We were quite surprised when 
the spectrum obtained perfectly 
matched our reference spectrum for 
sapphirine. We had fallen into one of 
the oldest traps in gem identification: 
We had not considered this possibility 
because the stone was almost three 


times the size of the largest faceted 
sapphirine we had ever heard of. We 
were also not aware of any chrome- 
bearing sapphirine, or one of this 
color. An X-ray diffraction analysis 
confirmed the stone’s identity. Since 
it was such an unusual stone, we also 
examined the chemistry by EDXRF. 
As expected from the formula 
[(Mg,Al),(Al,SiO).O,,] for sapphirine, 
Mg, Al, and Si were present as major 
elements; minor amounts of Cr, Ca, 
Ti, Fe, Ni, and Ga were found as well. 
Because idocrase is a calcium-magne- 
sium aluminosilicate, the EDXRF 
result alone would not have identified 
this gem. 

Thirteen years ago, we encoun- 
tered another sapphirine that was 


similar in some respects to the cur- 
rent stone (Fall 1985 Lab Notes, pp. 
176-177). That stone was described 
as purplish pink and weighed 1.54 ct. 
It had nearly identical optical proper- 
ties, which are at the low end of the 
reported ranges for this mineral. To 
the best of our knowledge, this 8.64 ct 
sapphirine is the largest sapphirine 
that has been reported to date. It is 
also the only one we know of that has 
been reported from Tunduru. SFM 
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he Gemological Institute of America will host the International 
Gemological Symposium in San Diego, California, from June 21 to 


Third 


24, 1999. More than 2,000 people are expected to attend this pivotal event. 


The Symposium’'s dynamic program will feature technical sessions and panel 
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discussions on topics of vital interest to all members of the gem and jewelry 
industry. In addition, there will be an open Poster Session featuring original 
presentations on topics such as new gem materials, synthetics, treatments, 
gem identification and grading, instrumentation and techniques, gem locali- 
ties and exploration, jewelry manufacturing, and jewelry design. 

Contributions are being solicited for this Poster Session. To be considered, 
please submit a preliminary abstract of no more than 250 words to one of the 
Poster Session organizers listed below. Space is limited, so please 
submit early. The final deadline is November 2, 1998. 

For more information on the Poster Session or the 
Symposium, please contact the individuals below, or fill out and 
return the postage paid card on the preceding page. 


San Diego 
June 21-24, 1999 


Poster Session Carol Moffatt 
760.603.4406 
760.603.4405 (FAX) 


igs@gia.edu 


Dona Dirlam 
760.603.4154 
760.603.4256 (FAX) 
ddirlam@gia.edu 


James Shigley Symposium 
760.603.4019 
760.603.4021 (FAX) 


jshigley@gia.edu 
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DIAMONDS 

Diamond exploration in Alberta, Canada . . . So far, more 
than 200 kimberlites (most of them without diamonds or 
subeconomic) have been found in Canada’s Northwest 
Territories, writes Professor A. A. Levinson of the 
University of Calgary, Alberta. Just south of the 
Northwest Territories, the province of Alberta is becom- 


Figure 1. A new kimberlite district has been iden- 
tified in the Buffalo Hills area of north-central 
Alberta, south of the future Ekati and Diavik 
mines in the Northwest Territories. Most of 
Alberta had been staked for diamond exploration 
(shaded in yellow) as of March 1998. Map modi- 
fied from “Alberta Diamond and Mineral 
Exploration Activity Map,” April 1998, by 
EnerSource, Calgary, Alberta. 
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ing a hotbed of diamond exploration (figure 1). More than 
80% of the stakable land in the Texas-size province has 
been staked for diamonds by at least 30 companies, 
including De Beers (operating as Monopros). Geologically, 
Archean-age rocks underlie much of the province, which 
is favorable for the occurrence of diamond-bearing kim- 
berlites. 

Although De Beers has been exploring in northern 
Alberta with varying degrees of intensity since the mid- 
1970s, no significant results were ever announced. Since 
1996, however, more than 20 kimberlites have been dis- 
covered, many containing diamonds. Most of these were 
found by a consortium led by Ashton Mining of Canada 
that includes the Alberta Energy Company and Pure 
Gold Minerals. Many of the kimberlites are in the 
Buffalo Hills area of north-central Alberta (figure 2), 
which is now recognized as a distinct kimberlite 
province. The largest diamond recovered thus far 
weighed 1.31 ct, which suggests that there may be an 
economic population of jewelry-size stones. 

Compared to the harsh conditions at remote sites in 
the Northwest Territories, diamond exploration in 
Alberta is both easier and more economical. Alberta has 
an excellent network of roads and many available ser- 
vices. The kimberlites are covered only by shallow till 
deposits (with some even visible as surface outcrops); 
they are not found under lakes as they frequently are in 
the Northwest Territories. Geophysical exploration has 
identified many anomalies that remain to be evaluated, 
any of which might represent a near-surface kimberlite 
pipe. Thus, there is “guarded optimism” (in Professor 
Levinson’s words) that a mineable diamond deposit will 
be found and developed in Alberta. However, it will take 
several years before the true potential of this region can 
be determined. 


. and anticipated production in the Northwest 
Territories. Professor Levinson also noted that this year 
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will “mark a milestone in the annals of the world pro- 
duction of rough diamonds,” because the Ekati mine in 
the Lac de Gras region of the Northwest Territories 
(NWT) will begin operation this fall. The estimated pro- 
duction of about 4.2 Mct (million carats) per year would 
make Canada the sixth largest diamond producer (by vol- 
ume) in the world. Another mine is at an advanced stage 
of development: At the Diavik project, about 16 miles 
(26 km) southeast of Ekati, a production of 6.5 Mct per 
year is anticipated beginning in 2002. If these production 
expectations are met, Canada will produce more dia- 
monds annually than South Africa. 

Cooperation among the mining companies, indige- 
nous peoples, and the government of NWT is essential 
for a successful mining venture. In addition to various 
environmental safeguards, the government of NWT had 
requested “value-added activities”—that is, that the 
Territories would not merely be exporting raw materials, 
but might also be involved with the later processing 
steps (such as sorting, cutting, and polishing) that add 
value to the diamonds produced. In this regard, the gov- 
ernment of NWT has come to an understanding with 
BHP Diamonds Inc. and Dia Met Minerals Ltd., the 
major-share partners in the development of the Ekati 
mine. BHP Diamonds Inc. (the operating company) will 
establish a diamond valuation facility that will be used at 
first for training, basic sorting, and government valua- 
tion; more-detailed sorting may follow as the work force 
gains more skills and expertise. BHP will also facilitate 
the sale of rough diamonds (for cutting and polishing) to 
qualified northern manufacturers at competitive prices, 
while the government will have primary responsibility 
for attracting and retaining those manufacturers. Both 
parties will work together to ensure that potential manu- 
facturers have the necessary qualifications and a valid 
business plan. 


International Rough Diamond Conference in Israel. 
Throughout 1998, Israelis are celebrating the 50th 
anniversary of the founding of the State of Israel. In 
honor of this anniversary, the diamond industry distin- 
guished itself with a fascinating conference titled “Israel’s 
Tribute to the Rough Diamond Producers —International 
Rough Diamond Conference,” held June 23-24 in Tel 
Aviv. Professor A. A. Levinson provided the following 
report from this conference. 

Israel is the world’s largest cutting center for gem- 
quality diamonds (as distinct from the near-gems cut in 
India). The purpose of this conference was to acknowl- 
edge the contributions of the world’s rough diamond pro- 
ducers to the success and prosperity of the Israeli cutting 
industry. 

Approximately 200 foreign delegates and 300 mem- 
bers of the Israeli diamond industry attended the two-day 
conference. Renowned diamond journalist Chaim Even- 
Zohar was the moderator. The list of speakers included 
executives of companies that play major roles in dia- 
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Figure 2. Diamond-bearing kimberlite was discov- 
ered in this natural clearing in the heavily wooded 
Buffalo Hills area of Alberta. Petroleum explo- 
ration geologists had been using the clearing as a 
natural helicopter landing pad for several decades 
before the outcropping was identified as kimber- 
lite. Photo courtesy of Ashton Mining of Canada. 


mond mining, exploration, manufacturing, and financ- 
ing, as well as government decision makers from several 
countries. One objective of the conference was to inaugu- 
rate the new Rough Diamond Trading Floor at the Israel 
Diamond Exchange in Ramat Gan. This was done on the 
first day by Prime Minister Benjamin Netanyahu, who 
noted that a free market for rough diamonds was being 
created, and encouraged rough suppliers to trade in Israel. 
The ceremony was followed by a forum with presenta- 
tions by two senior Israeli government officials and the 
presidents of the two Exchanges, as well as the president 
of the Israel Diamond Manufacturers Association and 
the director of the (research-oriented) Israel Diamond 
Institute. Several of these speakers noted the positive 
role the Israeli government has played by virtue of its 
policies of minimum regulation and enlightened taxation 
with respect to the diamond industry (for instance, taxes 
generally are assessed at 1% of turnover, regardless of 
profit). 

The second day of the conference featured 15 talks by 
presenters from the world diamond industry. De Beers 
was represented by three officials from the CSO (A. 
Oppenheimer, T. Capon, and S. Lussier), who covered 
topics ranging from the historic relationship between the 
CSO and Palestine (later Israel) since 1940, through pro- 
jected polished diamond consumption into the next cen- 
tury, to the controversial concept of branded “De Beers 
Diamonds,” which are currently being test marketed in 
England. High-ranking officials from the major producing 
countries of Botswana (B. Marole), Russia (S. Oulin), and 
Angola (J. D. Dias) discussed various aspects of the dia- 
mond industry as it relates to their economies, including 
the advantages of marketing some or all of their rough 
production through the CSO. Other speakers, represent- 
ing smaller producers (D. M. Hoogenhout and L. Leviev), 
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Figure 3. These two agates from Botswana, 71.62 
and 93.85 ct, show structures but not the colors 
that resemble the flames of candles. Photo by 
Maha DeMaggio. 


explained their mining operations and why they find it 
advantageous to market independently. 

New exploration ventures, particularly in Canada, 
attracted much attention. Rio Tinto (G. Sage), which 
operates the Argyle mine in Australia, is also developing 
the Diavik mine in Canada (scheduled to open in 2001); 
this will insure that Rio Tinto will be a major force in 
rough diamonds well into the future. The exploration 
activities on four continents of Ashton Mining (a minori- 
ty stakeholder in the Argyle mine) were reviewed by R. J. 
Robinson. Some of the most notable future producers 
attended not as speakers but rather as delegates to famil- 
iarize themselves with the cutting industry. These 
included BHP Diamonds President J. Bothwell, whose 
Canadian Ekati mine will start producing this October. 


Figure 4. These two “flame agates” are from Villa 
Ahumada, Mexico, the classic locality for such 
agates. The larger of the two weighs 51.95 ct. Photo 
by Maha DeMaggio. 
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Financial aspects were covered by P. K. Gross of the 
Belgian bank ABN-AMRO, a major lender to the dia- 
mond industry. Mr. Gross outlined methods of “risk 
analysis.” At present, the total bank indebtedness of the 
four main diamond-cutting centers (Antwerp, Mumbai, 
Tel Aviv, and New York) is at an almost record level of 
US$4.5 billion. Even more worrisome is the industry’s 
debt to capital ratio, now about | to 1.5. Evaluation of 
the inherent share value, and near-term potential, of pub- 
licly traded rough-diamond producers in South Africa 
and Canada was discussed by South African mining ana- 
lyst D. Kilalea, who reported that the current picture is 
not bright. 

The program was rounded out by an overview of 
world rough diamond production in relation to polished 
demand by Mr. Even-Zohar, a discussion of the coopera- 
tion between rough suppliers and their customers by Y. 
Hausman, and a colorful presentation by M. Rapaport on 
the relationship between rough and polished prices. 
Overall, the conference provided an excellent opportuni- 
ty for dialogue between the world’s rough diamond pro- 
ducers and their customers (particularly the Israeli dia- 
mond manufacturers). However, the topics covered have 
ramifications for the entire industry. In particular, there 
appeared to be a general concern that the diamond indus- 
try is currently in a less-than-satisfactory condition, 
which most speakers attributed primarily to the econom- 
ic conditions in Southeast Asia and Japan, as well as to 
the strong U.S. dollar. Without doubt, the International 
Rough Diamond Conference was a great success. 


COLORED STONES AND ORGANIC MATERIALS 


“Flame agate”: What’s in a name? Agate, like the names 
of other chalcedony varieties, is often subject to misun- 


Figure 5. It does not take much imagination to see 
why the name flame agate was applied to Mexican 
stones displaying colorful patterns, like the one 
shown here. Photomicrograph by John I. Koivula; 
magnified 5x. 
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derstanding, misuse, and/or misinterpretation. This 
results at least in part from the fact that there is no inter- 
national body that decides how a particular agate or chal- 
cedony should be named. Flame agate is a case in point. 
Should such agates be red to orange or yellowish orange, 
like the color of flames, or is any coloration, such as 
brown, acceptable? Is structural pattern a required criteri- 
on, or is it the only requirement? Dr. H. G. Macpherson, 
in the book Agates (British Museum of Natural History, 
1989), used the term flame agate to refer to agate of any 
color in which the pattern resembles a candle flame. 
Based on Macpherson’s use of the term, the two inexpen- 
sive, tumble-polished Botswana agates shown in figure 3, 
would qualify as flame agates. 

A much earlier and more specific use of the term 
flame agate can be found in the classic 1959 reference 
Gemstones of North America, by John Sinkankas. In this 
work, Sinkankas describes a very specific highly translu- 
cent, colorless agate with few typical agate bands, but 
rather containing long streaks or “flames” of a bright red 
color. This material came from Chihuahua, Mexico, 
west of Villa Ahumada, and has been well established 
among agate collectors as “flame agate.” Two excellent 
cabochons of Mexican “flame agate” are shown in figure 
4, while a magnified image of the typical flame pattern is 
shown in figure 5. Lelande Quick, in The Book of Agates 
(1963), also refers to this Mexican agate as “flame agate,” 
and agrees with the Sinkankas reference for the use of 
the term. When we compare the Mexican agates to the 
tumble-polished Botswana agates in figure 3 (or to the so- 
called flame agate image in Macpherson’s book), it is 
easy to see why the descriptive name flame agate was 
first applied to the Mexican material. It is also easy to see 
how the term has become less focused and much more 
broadly used. 

In short, no one governs the use of such descriptive 
terms in gemology. As a result, their original meaning 
may be lost through general usage. With respect to flame 
agate, it is suggested that both color and pattern are impor- 
tant, and that the name should be applied appropriately. 


Update on benitoite mining. Benitoite was the subject of 
a feature article in the Fall 1997 issue of Gems 
Gemology (B. Laurs et al., “Benitoite from the New Idria 
District, San Benito County, California,” pp. 166-187). 
Since that time, the only commercial deposit of gem ben- 
itoite, the Benitoite Gem mine, has been placed under a 
14-month option for evaluation by AZCO Mining Inc., of 
Vancouver, British Columbia, Canada. This option 
extends to February 1, 1999, at which time AZCO may 
elect to purchase the mine for $1.5 million. 

In a press release dated May 7, AZCO supplied the 
1998 production figures for the Benitoite Gem mine. In a 
mining season that ran just over one month, about 900 
tons of alluvial material were processed by the present 
owners, producing 522 grams of “gem-quality” benitoite 
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lar benitoite specimen that was recovered last year. 
The white natrolite has been partially removed to 
expose the benitoite crystals. The entire specimen 
measures about 40 x 40 cm, and also contains nep- 
tunite and joaquinite crystals (not shown here); the 
benitoite crystals range up to about 4 cm in their 
longest dimension. Courtesy of the Collector’s Edge; 
photo © Geoffrey Wheeler Photography. 


rough. AZCO is nearing the completion of its bulk sam- 
pling and drilling of the deposit, and is engaged in geolog- 
ic reconnaissance of the district. 

Earlier this year, a spectacular benitoite specimen 
was meticulously prepared and then sold to a private col- 
lector by the Collector’s Edge of Golden, Colorado. This 
specimen (figure 6) was recovered from a boulder that 
was discovered at the Benitoite Gem mine in spring 1997 
(see figure 8, p. 173, of the Laurs et al. article for a photo 
of the original boulder). 


Beryl from Madagascar: Aquamarine . . . The island 
republic of Madagascar is unusually rich in many kinds 
of gems, including sapphires, emeralds, tourmalines, and 
garnets, all of which have been profiled in the pages of 
Gems & Gemology. At the Tucson show this year, Tom 
Cushman of Allerton Cushman & Co., Sun Valley, 
Idaho, also showed the Gem News editors a large faceted 
aquamarine (figure 7) from Farafangana in southern 
Madagascar. It appears that this stone had not been heat- 
ed, as the long axis had a greenish blue pleochroic color. 
The rough was reportedly mined about two years ago. 


... and trapiche beryl. A light grayish green six-sided 
“trapiche” beryl (figure 8) was shown by Sunil Tholia, 
president of Universal Point, Forest Hills, New York, to 
GIA GTL (New York) gemologist Nick DelRe in Tucson. 
This stone was one of several Mr. Tholia had that report- 
edly came from the mining area surrounding Mananjary, 
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Figure 7. The crystal from which this 20.48 ct 
aquamarine was cut was mined in southern 
Madagascar. Stone courtesy of Allerton Cushman 
& Co.; photo by Maha DeMaggio. 


Madagascar. The specimen measured 15.15 x 14.65 x 
10.85 mm and weighed 13.74 ct. The refractive index 
(spot) was about 1.58, and the specific gravity was about 
2.64, measured by the hydrostatic method. These proper- 
ties are consistent with what we expect in such stones. 
The trapiche structure was most obvious in transmitted 
light (figure 8, right]. We detected no evidence of clarity 
enhancement in the stone. 


“Almost blue” Sri Lankan color-change garnets. In the 
Spring 1996 Gem News section (p. 53), we described a 
3.29 ct color-change garnet that had the bluest color (in 
daylight-equivalent fluorescent light) we had seen up to 
that time; this color was described as bluish green. In the 
past few months, some very dark, desaturated color- 
change garnets (made available to the Gem News editors 
in Carlsbad and to contributing editor Emmanuel Fritsch 
in Nantes, France) also appeared to be somewhat blue 
with fluorescent illumination. 
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The 0.99 ct cushion mixed cut shown in figure 9 was 
loaned to the Gem News editors by Barry Schenk of M. 
M. Schenk Jeweler, Chattanooga, Tennessee. This stone 
had been purchased in Sri Lanka in 1997. Dr. Fritsch 
examined two stones, 0.48 and 0.59 ct, loaned by John 
Bachman, a colored-stone dealer in Boulder, Colorado, 
who stated that they came from Athiliwewa, Sri Lanka 
(see the Winter 1996 Gem News, pp. 285-286, for more 
on garnets from this locality). Because the possible exis- 
tence of blue garnets continues to intrigue many gemolo- 
gists, we characterized these stones in detail. 

The gemological properties for the three stones are 
summarized in table 1. Although there is some variation 
in the specific properties, on the whole they are consis- 
tent with those for pyrope-spessartine garnets. The sam- 
ples also contained similar inclusions, although more 
information was gained from those in France, as the GIA 
in Carlsbad had not acquired its laser Raman microspec- 
trometer at the time of examination. Prominent in the 
0.99 ct stone were oriented needles (figure 10), some of 
which showed stress or partially healed fractures in 
polarized light. The two smaller stones contained similar 
needles, identified as rutile by Raman analysis (with a 
Jobin Yvon T6400 spectrometer). These two stones also 
contained large, transparent, birefringent crystals, round- 
ed or angular, that were proved by Raman analysis to be 
a carbonate, probably dolomite (figure 11); large, flat 
stacks of black hexagonal plates (probably graphite or 
hematite); and a small transparent inclusion that showed 
a Raman spectrum typical of spinel. 

Because the chemical analyses of the stones exam- 
ined in France showed no detectable chromium, Dr. 
Fritsch speculates that the combination of Mn?* and V** 
absorptions was responsible for the color change in 
stones in which Cr** was absent, and contributed to the 
color change even in stones where Cr** was present. 


Cat’s-eye opal from Tanzania. Hussain Rezayee, an inde- 
pendent gem dealer based in Los Angeles, California, 
recently brought several parcels of this material to the 


Figure 8. This 13.74 ct 
trapiche beryl crystal was 
found near Mananjary, 
Madagascar. In transmit- 
ted light (right), the spoke- 
like structure typical of 
trapiche emerald or beryl 
is evident. Courtesy of 
Universal Point, Inc.; 
photos by Nick DelRe. 
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Figure 9. This 0.99 ct 
pyrope-spessartine garnet 
from Sri Lanka changed 
color from dark grayish 
greenish blue in daylight- 
equivalent fluorescent 
light (left) to dark grayish 
violet in incandescent 
light (right). Stone cour- 
tesy of Barry Schenk; pho- 
tos by Maha DeMaggio. 


attention of the Gems & Gemology editors. The opal 
was found as nodules weathered in place in a field near 
Kasulu in Tanzania, near the border with Burundi. Mr. 
Rezayee’s associates have collected “a few tons” of the 
rough opal since late 1995, and they report that the easily 
worked surface deposits are now nearly depleted. Only 


TABLE 1. Gemological properties of three grayish 
greenish blue color-change garnets. 


Property Carlsbad sample antes samples 

Weight 0.99 ct 0.48 and 0.59 ct 

Color in daylight Dark grayish greenish Grayish greenish blue 
blue (fluorescent light) (daylight) 

Color in Dark grayish violet Purple 

incandescent light 

Optic character Singly refractive with Singly refractive with 
weak anomalous double weak anomalous double 
refraction refraction 

Color filter Orange Orange 

reactio 

Refractive index 1.760 1.77 

Specific gravity 3.88 About 3.91 

Fluorescence Inert Inert 

to LW and SWUV 

Luminescence None None 

to visible light 

Absorption 400-450 nm cutoff, weak 435 nm cutoff; 460, 480, 

spectrum absorption at 450-470 nm, 504, and 520 nm lines; 
diffuse bands at 480-490 and wide band at 573 nm 
nm, 504 and 520 nm, and 
560-580 nm 

Inclusions Oriented needles, some Rutile needles, carbonate, 
showing stress graphite(?), spinel 

Chemical analysis = EDXRF SEM-EDS (0.48 ct) 

ajor elements Mg, Al, Si, Mn Mg, Al, Si, Mn 
inor to trace Fe, Ca, V, Cr, Zn, Y, Zr Fe, Ca, V 

elements 

UV-visible Absorption minimum UV cutoff at about 430 nm; 

spectrum (transmission maximum) weak band at 483 nm; and 


at 475 nm; weak absorption —_a broad, slightly asymmet- 
peaks at 504 and 525 nm ric band with apparent 
superimposed on a strong maximum at 580 nm 
broad peak centered at 

573 nm; and a strong peak 

centered at 685 nm 
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about 1% can be fashioned into cat’s-eye stones, and to 
date, about 30,000 carats have been cut. Mr. Rezayee 
sorts the material into 18 color categories; the five oval 
cabochons in figure 12, with sizes between 10.92 x 9.63 x 
7.48 mm (4.04 ct) and 13.49 x 10.45 x 8.40 mm (6.71 ct}, 
were representative of the range of colors in the material 
we saw. All five showed sharp eyes. 

The gemological properties of these five stones were 
as follows: color—yellow, orange, brownish orange, and 
orangy brown, color distribution—even in all but the 
darkest stone, which showed brown color zones; 
diaphaneity—translucent to semi-translucent; optic char- 
acter—isotropic with anomalous double refraction; 
(Chelsea) color filter reaction—none; refractive index— 
1.44 (spot reading), specific gravity—2.03-2.11, fluores- 
cence—inert to both long- and short-wave UV radiation; 
spectroscope spectrum—none seen in the yellow and 
orangy brown stones, low-wavelength cutoff at about 
400-500 nm in the orange and brownish orange stones. 
Using a microscope, we saw: red-brown staining along 
fractures, resembling dendrites, in the yellow stone; red- 
brown needle-like inclusions and brown breadcrumb-like 
inclusions, and patchy “clouds,” sometimes elongated 
transverse to the chatoyant band. The acicular inclu- 
sions, when visible as distinct needles, were also parallel 
to the overall mass of much finer needles that caused the 
chatoyancy, but these masses of much smaller needles 


Figure 10. The 0.99 ct color-change garnet in figure 9 
contained oriented parallel arrays of needles, as are 
commonly seen in garnets. Photomicrograph by 
John I. Koivula; magnified 17x. 
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SUMMER, 1946 321 


Photo by Dr. Giibelin 


Figure 67 
Long fiber-like erys- 
tals of actinolite in 

quartz, 


Photo by Dr. Giibelin 


Figure 68 
Bucellent phantom 
containing liquid 
and a moving bub- 
ble. An inclusion in 
a light yellow citrine. 
The characteristic 
prismatic habit of 
quartz is beautifully 
reproduced in this 
negative crystal. 


Figure 11. In addition to rutile needles, this 0.59 ct 
color-change garnet contained carbonate crystals, 
probably dolomite. Photomicrograph by Emmanuel 
Fritsch; magnified 25x. 


were not obvious at 63x magnification. Some crazing 
was visible, but for the most part these curved fractures 
were iron stained, which indicates that they existed prior 
to the cutting of the stones. This suggests that the cut- 
ting did not damage the stones; that is, they were rela- 
tively stable at the time they were mined. 

Additional testing yielded the following information. 
For all five stones, FTIR spectroscopy revealed a typical 
natural opal spectrum between 1000 and 6000 cm, with 
no evidence of polymer impregnation. EDXRF analysis 
showed silicon as a major element (expected for opal), 
and minor iron and calcium. Three stones (one orange, 
two orangy brown) contained traces of zinc; the two 
orangy brown stones also contained traces of manganese. 


Figure 12. These five cat’s-eye opals (4.04-6.71 ct) 
from southern Tanzania show the range of colors 
examined by the editors. Photo by Maha 
DeMaggio. 
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Of rubies and rubles. A new find of rubies in Russia has 
quickly attracted the interest of mineral and gem collec- 
tors worldwide. The rough material is being recovered 
from the Rais mine, located in the Polar Urals in Siberia. 
Samples of these rubies, in their host matrix, were pro- 
vided for examination by the Mineral Department of The 
World of Science, Rochester, New York, through a loan 
arranged by William Pinch of Pittsford, New York. The 
crystals are dark slightly brownish red; they occur as 
well-formed hexagonal prisms with sharp interfacial 
angles. 

The ruby crystals are contained in a matrix consisting 
primarily of white feldspar and greenish brown mica, as 
identified in GIA’s Research Department by laser Raman 
microspectrometry. Some of the rubies have pinacoidal 
terminations, while others, like the one shown in figure 
13, are terminated by parting planes that result from 
excessive lamellar twinning. Detailed microscopic exam- 
ination of the matrix also revealed the presence of ruby 
microcrystals. 

The gem potential of this deposit is unknown at the 
current time. As reserves are established and mining con- 
tinues, more details will become available. Mr. Pinch 
stated that the crystals seen thus far make excellent min- 
eral specimens. Some of the material is cabochon quali- 
ty, although lamellar twinning could cause problems 
with parting during the fashioning process. 


Star sapphire from Madagascar. Star and trapiche blue 
sapphires are being recovered from a new alluvial deposit 
in northern Madagascar, according to Randy Wiese, of 
Michael Couch and Associates, Fort Wayne, Indiana. 
The stones are found in northeast Madagascar, about 120 
km south of the island’s northern tip, near the east coast. 
(The mine was recently shut down, however, after an 
endangered species was discovered living in the 
area—see, e.g., ICA Gazette, May-June 1998, pp. 6-7.) 
Blue sapphires from southern Madagascar were described 
in a comprehensive Summer 1996 article by D. Schwarz 
et al. (“Sapphires from the Andranondambo Region, 
Madagascar,” Gems & Gemology, pp. 80-99) and a Fall 
1996 Gem News update (pp. 217-218). 

We examined five representative stones, weighing 
1.37 to 6.88 ct (figure 14). All five showed good stars. 
Their gemological properties were quite uniform: color— 
dark blue; color distribution—uneven with hexagonal 
banding; diaphaneity—semi-transparent to semi-translu- 
cent; refractive indices—1.762-1.770 (spot measure- 
ments); specific gravity—4.00-4.01; fluorescence—inert 
to both long- and short-wave UV radiation. All five 
showed the same absorption spectrum through the hand- 
held spectroscope: bands at 450, 460, and 470 nm. When 
viewed through the microscope, all showed straight 
growth banding oriented in hexagonal patterns, “finger- 
print” inclusions, and clouds of “silk.” One stone 
showed iron stains, and another had a surface-breaking 
opaque reddish brown inclusion that Raman analysis 
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Figure 13. Mined in Siberia, this 20 x 14 mm ruby is 
contained in a matrix of feldspar and mica. The 
large crystal “face” is actually a parting plane that 
parallels the lamellar twinning. Photo by Maha 
DeMaggio. 


proved to be columbite. These stones could be mistaken 
for synthetic star sapphires (so-called “Linde stars”) if the 
straight growth banding was interpreted as curved band- 
ing due to the curvature of the cabochon surface. 


TREATMENTS Ss 
Jadeite boulder fakes. Although various treatments (i.e., 
dyeing and polymer impregnation) are used to improve 
the apparent color of fashioned jadeite, most buyers do 
not suspect that rough jadeite can also be altered. Larry 
Gray of the Mines Group, Boise, Idaho, submitted one 
such faked boulder to the Gem News editors for exami- 
nation. The rough boulder was apparently still covered 
with its alteration crust, or rind, with a few “windows” 
(figure 15, left) polished into it. However, when the boul- 
der was sawn, the “windows” were found to be thin 
slices of better-color green jadeite that had been placed 
under a fabricated crust (figure 15, right). 

The sawn boulder measured 96.30 x 84.60 x 34.10 
mm, with a weight of 422 grams. The core of the boulder 
was a dark mottled grayish green, with more saturated 
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Figure 14. These star sapphires, which weigh 1.37 to 
6.88 ct, are from northern Madagascar. Photo by 
Maha DeMaggio. 


7 


green “windows,” and the crust was a mottled dark 
brown. By shining a strong light through the edge of one 
“window,” we were able to observe an absorption spec- 
trum with the handheld spectroscope: This showed a 
line at 437 nm, but no detectable “chromium lines.” 
(Chromium lines would be expected in a piece of jadeite 
with as intense a green color as the windows suggested.} 
Only two features—besides the appearance where the 
boulder had been sawn—provided any suggestion that 
the quality of this piece had been falsified. First, weak 
yellow fluorescence to long-wave UV radiation was seen 
in areas of the crust surrounding the “windows” (proba- 
bly caused by the binding material). Second, the crust in 
many places—not just by the windows—treacted when it 
was approached by a hot point. This latter observation 
suggests that much of the crust, not just that covering 
the edges of the “windows,” may have been made of 
ground rock plus an organic binding material. 

A similar fake was reported on the Canadian Institute 
of Gemmology’s Web site (http://www.cigem.ca/357.html]} 
after the 1997 Tucson show. This boulder had been 


Figure 15. Left: this “win- 
dow” (about 1.5 cm Jong) in 
a jadeite boulder suggests 
that the boulder is of reason- 
ably good quality. Right: 
when the boulder was sawn, 
the owner found that the 
“windows” were thin slices 
of jadeite that had been 
placed under a fabricated 
crust. Photos by Maha 
DeMaggio. 
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Figure 16. A plasma-deposited titanium coating cre- 
ates the iridescent, high-luster surfaces in this 24- 
mm-long pendant-set cabochon and the two free- 
form cabochons. Pendant courtesy of Maxam 
Magnata; photo © GIA and Tino Hammid. 


sliced into three pieces, hollowed out, and filled with a 
“leaf-to-emerald green jelly” that enhanced the appear- 
ance of a “window” polished on the surface. Again, the 
fraud was not obvious until the boulder was sawn. 


Titanium- and gold-coated drusy materials in jewelry. 
The appearance of a material can be substantially 
changed by altering its luster as well as its color. To this 
end, very thin layers of metals and oxides are used to cre- 
ate lustrous (but still transparent) materials with unusual 
colors. Examples include blue “Aqua Aura”-coated 
quartz (Gem News, Winter 1988, p. 251; Fall 1990, pp. 
234-235) and the many colors of coated quartz that we 
reported in the Fall 1996 Gem News (pp. 220-221). As 
these layers are very thin, the coated material is general- 
ly not appropriate for many jewelry purposes. 

However, the techniques for applying these coat- 
ings—among them, plasma deposition and sputtering— 
can also be used to apply thicker metallic coatings with 
better durability. Because the metals are opaque, though, 
all but the thinnest coatings tend to be opaque as well. 
One of the more spectacular metals used for such coat- 
ings is titanium, since it reacts with oxygen or oxidizers 
to form titanium oxide layers with bright “interference” 
colors and a metallic to submetallic luster. Among the 
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colors reported by J. B. Ward (“The Colouring and 
Working of the Refractory Metals Titanium, Niobium, 
and Tantalum for Jewellery and Allied Application,” 
Worshipful Company of Goldsmiths [London] Technical 
Advisory Committee Project Report No. 34/1, 1978) are: 
“gray, pale amber, dark amber, brown, purple, maroon, 
navy blue, sky blue, rich purple, bottle green, lime green, 
peacock blue, and gray brown.” Over the past few years, 
we have seen many items—from quartz crystals to 
arrowheads—that had such coatings. Few, though, would 
be considered gem materials. 

Recently, Maxam Magnata, of Fairfield, California, 
began selling drusy gem materials with this thicker plas- 
ma-deposited coating (see, e.g., figure 16). Mr. Magnata 
and his partner, Abigail Harris, are marketing these 
materials as “Titania Gemstones.” Although they do not 
specify the type of drusy material that has been coated, a 
similar piece of unknown provenance that was examined 
in the Gem Trade Laboratory proved to be drusy quartz 
and chalcedony (resembling a section of a geode). 
Durability, although much improved, continues to be a 
concern, and Ms. Harris and Mr. Magnata caution that 
their “Titania Gemstones” should be cleaned with a soft 
toothbrush and water or mildly acid solutions (not deter- 
gent}. Such coatings should not be buffed or polished. 

This year at Tucson, Mr. Magnata also showed us 
fashioned pieces that had been coated with “hardened” 
23K gold (figure 17). He explained that these coatings are 
applied to drusy quartz using vacuum deposition (sput- 
tering); in some cases, an iridium-rich layer is added for 
hardening. For “black drusy”—on a base composed of 
quartz and manganese oxide (psilomelane)—an addition- 
al layer of transparent silica is added for protection. The 


Figure 17. From left to right, these three free-form 
cabochons are “gold drusy,” psilomelane drusy par- 
tially covered with 23K gold, and psilomelane 
drusy; the last measures 19 x 26 mm. Photo by 
Robert Weldon; courtesy of Maxam Magnata. 
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gold coatings can be applied with a mask, so only part of 
the piece is coated. The same cautions apply for this 
material as for the “Titania Gemstones,” and ultrasonic 
cleaning should not be used. 


Surface-treated topaz. Gemstone treaters are constantly 
looking for new ways to add color to otherwise colorless 
gem materials. When simple heat treatment is not suffi- 
cient, other methods (such as irradiation or chemical dif- 
fusion) are often attempted. Following the success of dif- 
fusion treatment of corundum, the process has been tried 
on many other gem materials. Some of these attempts 
have resulted in surface coatings (e.g., quartz coated with 
blue cobalt glass, Summer 1994 Gem Trade Lab Notes, 
pp. 118-119), but we are not aware of any that have pro- 
duced actual diffusion. 

Last year we were told of several new colorless topaz 
treatments which have produced pink, orange, red, and 
bluish green colors. All these treatments have been rep- 
resented as diffusion. We had the opportunity to examine 
specimens of all of these colors and determined that two 
different treatment processes are actually being used. 

The pink, orange, and red colors have been treated by 
what appears to be a sputter-coating process, which pro- 
duces a spotty surface coloration. This coating is not per- 
manent; it can be scratched off easily with a needle or 
any other sharp object (figure 18). Indeed, at the Tucson 
show this year, several large parcels of the red material 
showed obvious paper wear on the facet junctions. This 
is clearly not a surface-diffusion process. 

The bluish green material, however, is different. A 
parcel of approximately 30 stones was supplied to us for 
study by the inventor of the process, Richard Pollak of 
United Radiant Applications in Del Mar, California, and 


Figure 18. The pink surface coating on this topaz 
was easily scratched with a pin, as seen here in 
reflected light. Photomicrograph by Shane F. 
McClure; magnified 23x. 
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Figure 19. These two stones represent the range of 
color seen in the bluish green to greenish blue sur- 
face-treated topaz supplied for this study. Photo by 
Maha DeMaggio. 


the distributor, Gene Dente of Serengeti Company, San 
Diego, California. Although Mr. Pollak believes that the 
material is diffusion treated, and the treatment process is 
similar to that used for diffusion, Mr. Pollak confesses 
that he does not completely understand the exact mecha- 
nism taking place. A patent on this process is currently 
pending. 

We examined six samples from the parcel in detail. 
These samples represented the range of color present in 
that parcel (bluish green to greenish blue; figure 19) and 
weighed from 5.64 to 6.36 ct. The gemological properties 
were as follows: refractive indices—1.610-1.611 for the 
low index and 1.620 for the high; diaphaneity—transpar- 
ent; pleochroism—weak, green and bluish green; optic 
character—biaxial positive; (Chelsea) color-filter reac- 
tion—pink to red, fluorescence—inert to both long- and 
short-wave UV radiation; absorption spectrum using a 
desk-model spectroscope—three bands centered at 545, 
585, and 640 nm. 

When these samples were examined with a micro- 
scope, the bluish green color revealed a spotty appear- 
ance (figure 20), similar to that seen on the surface of the 
other colors of coated topaz described above. Many of the 
stones had chips on the keel line of the pavilion or else- 
where on the stone. All of these chips penetrated the col- 
ored layer and revealed the colorless material beneath 
(again, see figure 20). Penetration of the colored layer into 
the topaz could not be seen, even with magnification as 
high as 210x. Two of the stones showed blue concentra- 
tions at the point where some fractures reached the sur- 
face (figure 21). It first appeared that this might be similar 
to the “bleeding” we have observed in some diffusion- 
treated sapphires, but on closer inspection we could find 
no penetration of the color into the fractures themselves. 
With reflected light, we saw irregularities at these blue 
concentrations that made the surface look as if it had 
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Figure 20. Spotty surface coloration is clearly visible 
on this treated topaz. Notice also the small chips at 
the culet that break through to the colorless materi- 
al underneath. The large chip at the culet must 
have been present before the stone was treated, as it 
is covered by the treatment. Photomicrograph by 
Shane F. McClure; magnified 23x. 


been melted. Again, the blue color was confined to the 
surface, at least at the magnifications available to us. 

The chemistry of each of the six samples was deter- 
mined by EDXRF. High concentrations of cobalt were 
detected, which is consistent with the color of the mate- 
rial, its absorption spectrum, and its reaction in the 
Chelsea filter. 

We also attempted to determine the hardness of the 
bluish green/greenish blue color layer. To our surprise, 
we could not scratch it with a needle or with a Mohs 7 
hardness point. It was only when we used a Mohs 8 hard- 
ness point (i.e., topaz) that we were finally able to scratch 
the treated surface. We also put half of one stone in a 
solar simulator for 164 hours to test the stability of this 
treatment to light. No fading of the color was observed in 
comparison to the other half of the stone, which we kept 
in the stone paper as a control. 

Further investigation is necessary to understand the 
physical mechanisms taking place during this treatment 
process. Given the hardness of the color layer, it is clear 
that we are not dealing with a typical applied coating. It 
is also possible that there is some penetration of the 
color into the stone. 


INSTRUMENTATION (5) 


New faceting machine. Development engineer Nick 
Michailidis has designed a new faceting machine, which 
he recently demonstrated to GIA staff. The “Diamante” 
(figure 22) can facet both diamonds and colored stones, 
and can do so in manual and automatic modes. The cut- 
ter can perform all the operations that turn a sawed and 
bruted diamond into a fashioned gem, such as blocking, 
polishing crown and pavilion mains, brillianteering, table 
polishing, and girdle polishing. These operations can also 
be performed on colored stones. 
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Figure 21. Blue color concentrations can be seen 
around several minute fractures on the table of this 
surface-treated topaz. Photomicrograph by Shane F. 
McClure; magnified 23x. 


The major features of the “Diamante” include: a 
portable benchmount (the machine has overall dimen- 
sions of 30 x 56 x 35.5 cm high), low vibration and noise 
levels, easy conversion between diamond and colored 
stone faceting, specially formulated cast-iron laps for dia- 
mond cutting (although it uses commercial 8 inch [20 
cm] laps for colored stone polishing), a high-torque 
reversible motor with variable speed control, and a spe- 
cial fixture for re-facing cast-iron laps. The precision quill 
head enables quick inspection of the stone without los- 
ing the stone orientation, and it can position facet angles 
to 0.1°. Other diamond holders and colored stone dops 
are available. 

In addition to the spatial advantages that result from 
use of a single instrument for all steps in diamond 


Figure 22. This new faceting machine, Imperial 
Gem Instruments’ “Diamante,” can be used to 
perform all steps in faceting both diamonds and 
colored stones. Photo by Nick Michailidis. 
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faceting, Mr. Michailidis notes a personnel advantage for 
small factories, as it is easier to train employees to profi- 
ciency on one machine rather than require that they 
learn to use several machines. He is marketing this 
machine through his company, Imperial Gem 
Instruments of Santa Monica, California. 


ANNOUNCEMENTS | 


AGTA Announces Tanzanian Miners’ Relief Effort. At 
the JCK Las Vegas Show in June, the American Gem 
Trade Association (AGTA) announced its Merelani 
Miners Relief program. This fund-raising drive comes in 
response to a recent catastrophe at the tanzanite mines 
in Merelani, Tanzania. In addition to the press release 
from the AGTA, we have some information from gem 
dealer Michael Nemeth of San Diego, California, who 
visited the region soon after the disaster (and who previ- 
ously reported on conditions at Merelani in the Summer 
1996 Gem News section, pp. 135-136). 

In early April of this year (April 8, according to Mr. 
Nemeth], heavy rains led to the flash-flooding of several 
pits in Block B at Merelani, down to 1,000 feet (about 330 
m). Although the disaster occurred during a holiday, 14 
mines were being worked during the cool weather of the 
night and early morning. In addition, some workers were 
in the mines seeking shelter because of crude or nonexis- 
tent facilities on the surface. An early estimate of the 
loss of life was approximately 200 people, with 65 bodies 
recovered as of May 21, when AGTA representatives 
Philip Zahm and Jeff Schneider visited the area. 

Ironically, the disaster came just as tanzanite produc- 
tion in Block B showed signs of increasing after a year- 
long dearth of stones. Mining was halted immediately 
after the disaster but has since resumed in some areas. 
Nevertheless, the task of cleaning out the flooded cham- 
bers (figure 23) will take months. 

The tragedy has prompted the Tanzanian government 
and the mine owners to improve the primitive condi- 
tions at Merelani, where most of the mining is done by 
hand. The government has already dug a new drainage 
canal to redirect rain runoff away from the mines. 
AGTA’s goal is to raise $100,000, which will be used to 
construct a multi-purpose building on-site for the min- 
ers, as well as to train and equip a basic emergency medi- 
cal team and a basic mine-rescue team. AGTA has 
already obtained pledges from medical and rescue train- 
ers to volunteer their time and expertise. Anyone inter- 
ested in contributing to the relief program should contact 
AGTA headquarters at 181 World Trade Center, 2050 
Stemmons Freeway, Dallas, TX 75207 (Phone: toll-free in 
the U.S., 800-972-1162; outside the U.S., 214-742-4367). 


Birthstone Exhibit at the Carnegie Museum. A collection 
of birthstones will be displayed at the Carnegie Museum 
of Natural History in Pittsburgh, Pennsylvania, through 
September 6. The exhibit features 127 specimens of 
rough and cut gems and crystals based on AGTA’s offi- 
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Figure 23. These Tanzanian miners are using a rudi- 
mentary rope-and-bucket system to remove dirt 
and debris from the flooded mine shaft. Photo by 
Jeff Schneider. 


cial lexicon of birthstones, including a collection of natu- 
ral fancy-color diamonds, a 17th-century diamond and 
ruby necklace, a wide range of pearls, and a 15 ct emer- 
ald. For more information, call (412) 622-3131, or visit 
the Carnegie’s Web site at http://www.clpgh.org/cmnh. 


Ninth annual conference of the Canadian Gemmological 
Association. On October 24 and 25, 1998, the Canadian 
Gemmological Association will hold its annual confer- 
ence in Montreal, Quebec, at the Montreal Board of 
Trade, 5 Place Ville Marie. Although other subjects will 
be explored—including Canadian diamonds and Tahitian 
cultured pearls—the main topic will be emeralds, includ- 
ing production, cutting, marketing, and treatments. 
Among the guest speakers will be M. Boucher (on dia- 
monds); M. Coeroli (on pearls); J.-P. Riendeau (on light 
sources}; and K. Scarratt, A. Groom, contributing editor 
H. Hanni, and J.-C. Michelou (on emeralds). There will 
also be workshops on emerald treatments, to be held in 
both French and English. For conference reservations or 
additional information, please contact Francois Longére 
at (514) 844-3873. 
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NorthStar Gems, Corp. 

Benjamin Pecherer 

Service Merchandise 

Sherri Gourley Skuble 

T.Q. Diamonds 

Mr. & Mts. Francis T. 

Tomlinson 

United States Pearl Co., Ltd. 

August O. Weilbach 

Barbara Anne Zinker 


$500 to $999 

William E. Boyajian, G.G,, C.G. 
Michael A. Cheatham 
Columbia Gem House, Inc. 
Cooper Jewelers 

Crescent Jewelers, Inc. 
Martin B. de Silva, G.G. 

James Avery Craftsman 
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The Treasured Gifts Council, chaired by Jeanne Larson in 1997 and now chaired 
by Richard Greenwood, was established to encourage individual and corporate 


gifts-in-kind of stones, library materials, and other non-cash assets that can be 
used directly in GIA’s educational and research activities. Gifts-in-kind help GIA 
serve the gem and jewelry industry worldwide while offering donors significant phi- 
lanthropic and tax benefits. Treasured Gifts Awards are presented to those who 
have given gifts valued at $10,000 or more. We extend a sincere thank you to all 
those who contributed to the Treasured Gifts Council in 1997. 
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Christopher LaVarco 
Mayor's Jewelers 

O &D Bush Jewelers, Inc. 
Sara Gem Corp. 


Harriet S. Shane, M.F.A.,G.G. 


Norman & Noreen Shmagin 
Edward R. Swoboda 


$250 to $499 

Henry F. Baldwin 

Peter & Virginia Bancroft 

Cabnet Goldsmiths 

Margaret C. Canganelli, G.G. 

David B. Dubinsky Gemstones 

Gray & Company Fine 
Jewelers, Inc. 

Lauren Gunning Ansorge 

Kristopher R. Hernandez 

Jeffrey Kaphan 

Gail B. Levine, G.G. 

J.S. Lizzadro, Ltd. 

Joseph Mayer, G.J.G. 

McCoy Jewelers 

Michael’s Jewelry 

Penn Gem International 

Kelly J. Rapp 

Theresa M. Rezzarday 

Robert Solomon 

Star Ring, Inc. 

Thomas A. Davis Jewelers 

Tryon Mercantile, Inc. 


$100 to $249 

A.M. DePrisco Inc. 
Gary Alfieri 

Assured Loan Company 
Aucoin-Hart Jewelers 
Back Cove Resources 


Concord Manufacturing 
Company 

D &J Rare Gems Ltd. 

Guy J. De Leon 

Diamonds Plus 

Patricia A. Doolittle 

Exclusive Merchandisers, Inc. 

John E. Fitzgerald, G.G. 

Foremost Fine Jewelry Corp. 

Gordon Brothers Partners, Inc. 

Maggi R. Gunn 

Hayman Jewelers 

Deborah Hiss-Odell, G.G. 

Dale Holland 

Abdulhakim I. Hussein 

Robert E. Kane, G.G. 

Karl’s Jewelry Inc. 

H. Oliver Keerins 

L. Morgan Jewelers 

Roger G. Larson 

Diane J. Lindley 

Loren Industries, Inc. 

Thais Anne Lumpp, G.G. 

Lynn’s Jewelry 

M. R. Lava 

Merchant’s Oceanic Ent. 

Kenneth L. Moyer, Gemologist 

Moyer Jewelers, Inc. 

Nagi’s Jewelers 

Bernard H. Norris, Gemologist 

R. Goldworks Co. 

Rock Craft by Yttri 

Rottermond Custom Jewelers 

Susan Sadler 

Mark H. Smith 

Sutherlands’ 

William Crow Jewelry 

Inc. 
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Dorado Co. 

Luella W. Dykhuis, G.G. 

Edizioni Gold SRL 

Fantasy Gems 
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Gem and Mineral Exploration 
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Gemming International Co. 
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Richard M. Knox 

Merle S. Koblenz, G.G. 

Kunzelman Brothers 
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Donald B. Lee 

Donald Lie 

Arthur & Anni Lipper 

Ruth May 

Metro Gem Consultants 

The Milagro Goldworks 
Studios 
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Rodrigo Moncada 

Jim Morey 

Kathy Newcomb 

Nikolai’s 

Patricia M. Oakes 

Harold A. Oates, G.G., E.G.A. 

Charles F. Peterson, G.G. 

Phoebe’s Fine Jewelry 

Prompt Gem 

Maurice D. Quam, G.G, EGA. 

R. Hoppe Jewelers and Gifts 

Timothy A. Rector 

Richter and Phillips Co. 

Nicholas and Marsha Rochester 

Edmond Root 

Royal Gemms 

Schatzley’s Gems Unlimited, Inc. 

Scheherazade Jewelers 

Henri-Jean Schubnel 

Andy Scott 

Seagem 

Kathy B. Shipp 

Silver & Gold Shop 

Lewis & Alice Silverberg 

Skyline Diamond Setters, Inc. 

Dr. Iouliia P. Solodova 

Sonya Pearls and Corals 

Srinath Group 

Sheryl Suko, GJ.G. 

Suzanne’s Source 

Terry Tasich, G.G. 

Tiffany & Co. 

Geraldine A. Towns, G.G. 
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In its efforts to serve the gem and jewelry industry, GIA can use a wide variety of gifts. These include natural untreated, treated, and created stones, media 
resources for the Richard T. Liddicoat Library and Information Center, and equipment and instruments for ongoing research support. If YOu are interested in 


making a donation, and receiving tax deduction information, please call Associate Campaign Director Anna Lisa Johnston at (800) 421-7250, ext. 4125. From outside 
the US. call (760) 603-4125, fax her at (760) 603-4199, or e-mail ajohnsto @ gia.edu. Every effort has been made to avoid errors in this listing. If we have acciden- 
tally omitted or misprinted your name, please notify us at one of the above numbers. 
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SUSAN B. JOHNSON AND JANA E. MIYAHIRA, EDITORS 


THE PEARL BOOK: THE 
DEFINITIVE BUYING 
GUIDE—How to Select, Buy, 
Care for & Enjoy Pearls 

By Antoinette L. Matlins, 198 pp., 


illus., publ. by GemStone Press, 
Woodstock, VT, 1996. US$19.95* 


As the subtitle suggests, this book 
describes the “how-to’s” of selecting, 
buying, caring for, and enjoying pearls. 
Although targeted for the pearl con- 
sumer, the information presented is 
useful for trade professionals as well. 

The Pearl Guide opens with some 
history and lore, and then moves on to 
explain how pearls form. Because 
today’s consumer can choose from a 
variety of pearls (saltwater Japanese, 
South Sea, and Tahitian—and fresh- 
water Chinese and American—cul- 
tured pearls, among others), the 
author describes and compares the dif- 
ferent types. Next is a discussion of 
the six factors that affect the quality 
and value of pearls: (1) luster and ori- 
ent, (2) nacre thickness and quality, (3) 
color, (4) surface perfection, (5) shape, 
and (6) size. This section, which also 
offers some pricing guidelines, is per- 
haps the most useful to consumers. It 
is followed by a section that presents 
commentary from industry experts. 

Wear, care, and consumer protec- 
tion advice are included in the next 
two sections. The Pearl Guide con- 
cludes with referrals to appraisal orga- 
nizations and independent laborato- 
ries. There is a section of color photos, 
in the center of the book, that features 
some magnificent pieces of jewelry. 
Missing, however, are color photos of 
the different quality factors. 

Pearls are enjoying a surge in pop- 
ularity today, and Ms. Matlins’ book 
is an interesting buying guide. 


DIANE SAITO 
Gemological Institute of America 
Carlsbad, California 
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GEMSTONES OF BRAZIL: 
GEOLOGY AND 
OCCURRENCES 


By Patrick J. V. Delaney, 125 pp., 
illus., publ. by Revista Escola de Minas, 
Ouro Preto, Brazil, 1996. US$23.80 


In the preface to this thin volume, the 
author states his intent to pull togeth- 
er, from various sources and for the 
first time, what is known of the geol- 
ogy of Brazilian gemstone deposits. 
Dr. Delaney is well qualified, having 
spent his professional career as a geol- 
ogist in Brazil. His sources, largely 
from Brazilian literature, are well doc- 
umented and make the reference list 
valuable for gemologists interested in 
Brazil. Unfortunately, poor editing 
and proofreading detract considerably 
from the book’s overall value. 

Chapter 1 covers (in 22, pages) the 12 
principal diamond-producing districts. 
Each is discussed separately, except for 
the Pardo (Bahia) district, a brief descrip- 
tion of which is included in the section 
on the Chapada Diamantina district. 
Dr. Delaney indicates that he combined 
these two districts because the dia- 
mond-bearing formations are correla- 
tive. However, the diamond-bearing 
Tombador-Lavras Formation in the 
Chapada Diamantina area is Middle 
Proterozoic, while the Salobro Forma- 
tion at Pardo is Late Proterozoic, or 
possibly Cambrian in age. 

The descriptions of each district 
include some historical aspects and the 
geologic settings. The names of the sed- 
imentary or meta-sedimentary forma- 
tions in which the diamonds occur are 
noted, but because there is no section 
describing the general geology, this 
information is lost on readers who are 
not familiar with Brazilian stratigraphy. 
On the important Diamantina- 
Jequitinhonha district, Dr. Delaney 
writes that “Conventional wisdom 
tells us that the further downstream 
diamonds are found in the Jequitin- 
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honha River basin, the poorer [italics 
added] the quality and the smaller the 
size.” Since fluvial transport actually 
increases the general quality of dia- 
monds, this error appears to be a glar- 
ing example of the poor editing given 
this book. 

Chapter 2. covers the 12 principal 
emerald deposits in 19 pages, with the 
greatest emphasis on Carnaiba and the 
Santa Terezinha deposits. The format is 
similar to that of the diamond chapter. 
The Socot6 deposit, near Carnaiba, is 
placed incorrectly both on the map (fig- 
ure 11) and in the text; its actual loca- 
tion is about 25 km north-northeast, 
not 15 km east, of Campo Formoso. 

The remaining chapters cover 
aquamarine and other beryl, chrysoberyl, 
Imperial and other topaz, tourmaline, 
opals, quartz, and other gemstones. 
The format changes in these chapters, 
with interesting bits of information 
on history and gems from the various 
mines. Discussion of the geology of 
individual mines or districts is limit- 
ed because of their sheer number. 

Three appendices follow: a list of 
localities for gems not discussed, a 
section with suggestions for field trips 
to Brazil, and a glossary. The glossary 
gives both geologic and gemological 
terms, which suggests that the intend- 
ed audience is the lay public. 

Although this book contains much 
information of interest to gemologists, 
the author has tried to cover too much 
material in too few pages. This lack of 
depth, coupled with poor editing, lim- 
its the book’s usefulness. 


D. B. HOOVER 
Consulting Gemologist 
Springfield, Missouri 


*This book is available for purchase through 
the GIA Bookstore, 5345 Armada Drive, 
Carlsbad, CA 92008. Telephone: (800) 
421-7250, ext. 4200; outside the U.S. (760) 
603-4200. Fax: (760) 603-4266. 
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ENCYCLOPEDIA OF 
MINERAL NAMES 


By William H. Blackburn and 
William H. Dennen, illus., edited by 
Robert F. Martin, 360 pp., illus., publ. 
by the Mineralogical Association of 
Canada, Ottawa, Ontario, 1997. 
US$40.00 


With this book, the Mineralogical 
Association of Canada introduces its 
Special Publication series. In the 
words of the editor, the intent is “to 
provide reference books of broad inter- 
est to all involved in the study of min- 
erals.” This encyclopedia is indeed a 
worthy first offering. 

The authors begin with an intrigu- 
ing and illuminating introduction to 
mineral nomenclature that includes a 
discussion of the development and 
evolution of European languages. The 
core of the book is an alphabetical 
compilation of all 3,800-plus minerals 
officially accepted by the International 
Mineralogical Association (IMA) 
through the end of 1996. Also present- 
ed here are important mineral group 
and series names and a few mineral 
names in common usage that are not 
currently accepted by the IMA. Each 
entry includes the etymology of the 
name and the mineral’s chemical for- 
mula, original source (type locality), 
and crystallographic space group, plus 
relevant literature references and 
information about relationships to 
other minerals. 

One’s first reaction might be that 
at least some of the information pro- 
vided is superfluous to the specific 
subject, but the authors have actually 
planned their presentation well. The 
information they have chosen to 
include relates to the most common 
origins for mineral names: locations, 
chemical constituents, crystal sym- 
metry, relationships to other miner- 
als, and (most commonly) people. 
The careful research and editing that 
went into this work is obvious from 
the quality and accuracy of the con- 
tent and the effectiveness of the pre- 
sentation. I noted only a few minor 
typographical and informational 
errors. The 32, excellent black-and- 
white mineral drawings by Peter 
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Russell, while not a significant source 
of information, contribute polish and 
aesthetics. This is a book that I can 
recommend virtually without reserva- 
tion to anyone interested in minerals. 

Still, I must also mention a short- 
coming that will certainly affect the 
usefulness of this book for those pri- 
marily interested in gems. Most of the 
names in common usage in the gem 
world are mineral variety names and, 
as such, are not considered “official” 
names for minerals. Very few variety 
names (e.g., emerald, ruby, and sapphire) 
are included in the Encyclopedia. The 
only such names I found were adular- 
ia, agate, alexandrite, amazonite, 
amethyst, aquamarine, and jade. It 
seems odd that of the few variety 
names included, all but one (jade) 
begin with the letter A. I can only 
guess that the authors started to 
include the variety names and subse- 
quently changed their minds. The 
Encyclopedia would have been of greater 
interest to a broader audience if min- 
eral variety names had been included. 

The authors have promised annual 
updates in the Mineralogical Associ- 
ation of Canada’s scientific journal, 
the Canadian Mineralogist. I hope 
they decide to add variety names and 
to make the updates available as sepa- 
rate supplemental publications, or— 
better yet—as a second edition a few 
years down the line. 


ANTHONY R. KAMPF 
Natural History Museum 
of Los Angeles County 


PROCEEDINGS OF THE 
SIXTH INTERNATIONAL 
KIMBERLITE CONFERENCE 


Edited by N. V. Sobolev and R. H. 
Mitchell, 619 pp. in two volumes, 
illus., publ. by Allerton Press, New 
York, 1997. US$95.00 (individuals), 
US$225.00 (institutions) 


Since the First International 
Kimberlite Conference was held in 
Cape Town, South Africa, in 1973, the 
world’s leading authorities on the 
earth’s upper mantle and the forma- 
tion of natural diamonds have gath- 
ered every four or five years in various 
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parts of the world (USA, 1977; France, 
1982; Australia, 1986; Brazil, 1991) to 
present the results of their research. In 
August 1995, they met in Novosibirsk, 
Russia, for the sixth conference. This 
was a milestone not only because it 
marked the first time the conference 
had been held in Russia, but also 
because it was the first opportunity for 
many in the international scientific 
community to see various aspects of 
the Russian diamond industry, includ- 
ing mines and research centers. This 
two-volume set is an excellent English 
publication of 47 papers that are repre- 
sentative of the 268 oral and poster 
presentations at the conference. Only 
about 40% of the papers in this 
Proceedings are concerned strictly 
with Russian localities or minerals. 

Volume 1—Kimberlites, Related 
Rocks and Mantle Xenoliths—con- 
tains 24 papers describing these rocks 
in Canada, Botswana, Namibia, 
Tanzania, Australia, Vietnam, Brazil, 
the Czech Republic, and various parts 
of Russia. Volume 2—Diamonds: 
Characterization, Genesis and 
Exploration—contains 23 papers cov- 
ering a wide range of topics, such as 
inclusions in diamonds, physical and 
chemical characteristics of diamonds 
from numerous localities, characteris- 
tics of indicator minerals, and upper- 
mantle studies of kimberlite areas in 
Yakutia (Russia), Canada, and else- 
where. In general, the papers show 
that substantial progress has been 
made in the understanding of the min- 
eralogy and petrology of kimberlites 
and lamproites, and in the study of 
diamond genesis by various tech- 
niques (e.g., cathodoluminescence). 

There is plenty in these volumes to 
bewilder the average gemologist, as the 
papers are written at a very advanced 
technical level. Nevertheless, there is 
much to interest and challenge experts 
in the physical and chemical aspects of 
diamonds, kimberlites, and the upper 
mantle, as well as those individuals 
who are seriously involved in diamond 
exploration. 


A. A. LEVINSON 


University of Calgary 
Calgary, Alberta, Canada 
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© ABSTRACTS 


COLORED STONES AND 
ORGANIC MATERIALS 


The ABCs of pearl processing. D. Federman, Modern 
Jeweler, Vol. 97, No. 3, March 1998, pp. 53-57. 


With supply and demand for South Sea pearls at an all- 
time high, the South Sea Pearl Consortium is trying to 
raise awareness to the fact that some pearls are enhanced 
by any one of several methods before reaching jewelers. 
There is a spirited debate in the trade as to which 
enhancements require disclosure. 

Once out of the shell, pearls are usually cleaned by 
various chemical and buffing techniques. Whether this 
step qualifies as a treatment and merits disclosure 
remains to be decided. Pearls are also bleached (with 
hydrogen peroxide or other chemicals) for tone consisten- 
cy in pearl strands, but since bleaching is used almost 
exclusively to remove rather than add color, some argue 
that there is no need for its disclosure. Natural pinkish 
pearls are often dipped in solutions with organic pigments 
to enhance their appearance; these “pinked” pearls may 
be recognized by small deposits around the drill hole. 

Disclosure is less discretionary with Akoya gray 
pearls, because in some the color is natural, whereas in 
others it results from irradiation. Some Akoya pearls are 
dyed by immersion in silver nitrate salts to resemble 
Tahitian black pearls; disclosure of dyeing in this case is 
common practice and does not seem to hurt sales. The 
same pattern of disclosure generally is not followed with 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 


Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
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Photo by Dr. Giibelin 


Figure 69 
Bundles of long 
brown rutile needles 
(crystals) in rock 

crystal. 


Photo by Dr. Gubelin 


Figure 70 
Long prismatic crys- 
tals and irregular 
grains of hornblende 

in garnet. 


solution-treated fancy yellow and golden pearls. Because 
there is no way to detect this enhancement, dealers fear 
that producers are remaining silent about it. The GIA 
Gem Trade Laboratory is working on treatment detection 
through spectrophotometry and other advanced tech- 
niques. 

Luster is highly valued in pearls, and pearl processors 
have used a combination of techniques, such as tumbling 
and buffing, to attain the best polish. While these are per- 
fectly acceptable finishing processes, a new wave of poly- 
mer coatings is being used to give dull pearls sheen and 
luster. However, detection of such coatings is fairly easy 
for laboratories. MD 


Emerald stirs many passions. Jewellery International, 
No. 43, March/April 1998, pp. 43-46. 


Famous jewelers from Cartier to Harry Winston have 
used emeralds in their most spectacular creations. Their 
designers look to the source countries of Colombia, 
Brazil, and Zambia—or to distributors in New York, 
Paris, and Israel—in search of the perfect stone. Most 
emeralds are enhanced with treatments that vary from 
oils to resins. While some in the industry insist that 
enhancement is a routine part of the cutting and polish- 
ing of emeralds, a need for disclosure is becoming evident. 

The American Gem Trade Association has recently 
released the Consumer Guide to Emeralds, a pamphlet 
designed to educate the consumer on possible emerald 
treatments. While oiling long has been accepted by the 
trade as a means to enhance emeralds, some consider the 
use of resins to be “unnatural.” The industry must decide 
which of the multitude of treatments used worldwide 
should be deemed acceptable, and which must be dis- 
closed. MD 


La géologie des gisements de saphirs (On the geology of 
sapphire deposits). C. Simonet, Revue de Gemmolo- 
gie, No. 132, 1997, pp. 21-23. 

On the basis of a literature survey, the author has classi- 

fied corundum deposits into three types according to 

their geologic origin. 

1. Volcanic (primary) deposits. Corundum in this catego- 
ry is brought to the surface by magma from sources at 
depth. The large deposits in Australia, China, and 
Southeast Asia—as well as the deposits in Rwanda, 
northern Kenya, and Nigeria—belong to this category. 

2. Metamorphic (primary) deposits. Corundum in meta- 
morphic rocks is found in formations high in alu- 
minum and low in silicon. Two subtypes are recog- 
nized: (1) isochemical (i.e., the bulk chemical compo- 
sition of the host rock does not change during meta- 
morphism); and (2) metasomatic (i.e., during meta- 
morphism, the chemical composition of the host rock 
changes due to chemical reactions with the neighbor- 
ing rock formations or fluids). Examples of corundum 
localities of the first subtype are Sri Lanka, Russia (Ural 
Mountains}, Afghanistan, Pakistan (Kashmir ruby), and 
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Tanzania (Longido). Important examples of the second 
subtype are found in Pakistan (Kashmir sapphire), 
Madagascar, Tanzania (Umba Valley), Sri Lanka, 
Myanmar, and Kenya. 

3. Sedimentary (secondary) deposits. Most of this corun- 
dum is retrieved from alluvial and eluvial deposits; no 
further details are supplied. 

Application of this classification to exploration for 
corundum is briefly discussed. PRB 


A miscellany of organics. G. Brown, Australian Gem- 

mologist, Vol. 19, No. 12, October-December 1997, 

pp. 503-506. 
This compilation of the identifying features (most as 
viewed with a 10x hand lens), augmented by interesting 
facts, of rare and common organic gem materials is based 
on laboratory reports prepared by the author over the last 
decade. Dyed walrus ivory shows a “rice bubble” pattern. 
Hawaiian kukui nuts display either a gleaming ebony 
color or a rare mottled brown-black kalaloa hue. Ox- 
blood colored precious coral is frequently imitated by 
red-dyed, plastic-impregnated, common reef-building coral, 
which can be identified by the presence of round bubbles 
within the plastic. Apple coral, the basis of a large export 
industry for inexpensive coral jewelry centered at Zam- 
boanga, Mindanao, Philippines, is frequently encountered 
as fragments joined by a colored plastic adhesive. A “Co- 
lombian amber" specimen was found to be a copal resin; 
this material can be identified by its solubility in volatile 
organic solvents such as ether, chloroform, or alcohol. 
Black pearls purchased in the Philippines at bargain prices 
have proved to be ground and polished segments of black 
shell, such as that of the black-lipped pearl oysters, and 
are easily identified with magnification. MD 


Present situation and prospects of China freshwater pearl 
breeding. Y. Feng, China Gems, Vol. 6, No. 4, 1997, 
pp. 35-37 [in Chinese with English abstract]. 

The culturing of freshwater pearls in China began in 

1972. By the end of the 1970s, China was exporting about 

11 tons of pearls annually, which earned about US$18 

million. During the 1980s, the freshwater cultured pearl 

industry developed rapidly, and both production and 
exports multiplied. Overproduction in the 1990s has 
pushed prices down to the level of the early 1980s. Today, 
the freshwater pearl culturing industry in China faces 
serious challenges that can be overcome only by improv- 
ing the quality and size of the pearls and limiting the 
amount of production. Yan Liu 


Red beryl mine finds new investors. M. Lurie, Colored 
Stone, Vol. 10, No. 6, November/December 1997, 
pp. 26, 28. 

Gemstone Mining Inc. (GMI) has acquired a one-year 

option to study the feasibility of mining red beryl from 

the Ruby Violet mine in Beaver County, Utah. This is the 

only known occurrence of gem-quality red beryl in the 
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world, and it has been mined only on a small scale. 
Amelia Investments Ltd., the parent company of GMI, 
paid $1 million to extend an option previously held by 
Kennecott Exploration Co. Subsequently, Neary Re- 
sources Corp. of Vancouver, British Columbia, purchased 
a 60% interest in GMI for $3 million. This was expected 
to fund operating costs and completion of the feasibility 
study by year’s end. /Editor’s note: In a news release 
dated June 9, 1998, Neary announced the completion of 
the feasibility study, and that it was investigating vari- 
ous financing opportunities to fund the project.] 

The agreement includes the Cedar City (Utah) pilot 
plant, built by Kennecott to process the stones, and some 
properties adjoining the main mining claims. All cut and 
rough stones from the property, along with production 
records and marketing data, were also acquired by 
Amelia, which formed GMI to administer, evaluate, and 
operate the property. GMI hopes for an initial annual pro- 
duction of 25,000 carats of finished goods. MVI 
Marketing, of Beverly Hills, California, has been hired to 
devise a marketing campaign for the red beryl. MD 


Research on texture type of Burmese jadeite Y. Ao and R. 
Wu, China Gems, Vol. 6, No. 4, 1997, pp. 118-121 
[in Chinese, no English abstract]. 
Jadeite from Burma (Myanmar) formed in rocks that were 
subjected to regional metamorphism involving deep bur- 
ial with high pressures but with relatively low tempera- 
tures. The different jadeite textures that have been 
observed (with a polarizing microscope) can be explained 
by variations in the geologic conditions under which 
jadeites form and to which they are subsequently sub- 
jected. In this article, Burmese jadeite is classified into 
eight different “primary” or “secondary” textures. 

Four primary textures form during the crystallization 
stage of jadeite: granular, cylindrical, fibrous, and “spot- 
like.” Four secondary textures form subsequently: plasti- 
cally deformed, fractured, “solid solution,” and recrystal- 
lized. Photomicrographs featuring characteristics of the 
various textures are presented. 

Yan Liu and Taijin Lu 


DIAMONDS 


The applications and properties of MONOCRYSTAL. 
P. R. de Heus, Industrial Diamond Review, Vol. 57, 
No. 572, January 1997, pp. 15-18. 


The properties of synthetic single-crystal diamonds, 
called Monocrystal, are outlined. De Beers produces these 
synthetic diamonds for industrial uses. Compared to a 
natural diamond, which has an octahedral shape, Mono- 
crystal products are cut from cube-shaped crystals. The 
sawn plates are available with a thickness of up to 2 mm 
and a maximum edge length of 8 mm. Each face lies in 
the {100} (or 4-point) plane, so in theory each has four 
machining directions. 

Because these synthetic diamonds grow so rapidly, 
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there is very little nitrogen migration within the lattice. 
Instead, the nitrogen is randomly distributed throughout 
the lattice (type Ib diamond), giving the crystals (1) a typ- 
ically golden color and (2) exceptional thermal conduc- 
tivity. Monocrystal is, therefore, generally superior to nat- 
ural diamond (which is usually type Ia) for high-quality 
diamond tools, because the high thermal conductivity 
ensures rapid removal of heat. Practical industrial appli- 
cations are discussed. RAH 


CIS supplement. Supplement to Mining Journal, London, 
Vol. 329, No. 8455, November 14, 1997, 32 pp. 


The Commonwealth of Independent States (CIS) consists 
of the nations of the former Soviet Union, with the excep- 
tions of Estonia, Latvia, and Lithuania. In Russia, changes 
in government policies in the last few years have affected 
mineral exports. For example, in August 1996, Roskom- 
dragmet (the Russian Federation Committee for Precious 
Metals and Stones) was dissolved; this committee for- 
merly determined the conditions for exporting diamonds, 
a function that is now under the control of the Russian 
Ministry of Economics. Russia exports almost all (97%) 
of its cut diamonds. The Russian gem industry reported 
$1 billion in sales of cut and polished diamonds in 1996, 
the same as 1995. Furthermore, Russia has the capacity 
to cut $1.3 billion worth of diamonds annually. 

For a brief period in 1995, the Russian government 
permitted the publication of mining statistics, including 
production statistics on diamonds; however, in November 
1995 information on remaining diamond (and precious 
metal) reserves was reclassified as a state secret. 
Nevertheless, it is known that diamond reserves in the 
CIS grew 21% in 1996 compared to 1995. 

More than 98% of all diamonds produced in Russia 
were mined by Almazy Rosii-Sakha (Alrosa) in the 
Yakut/Sakha Republic. In 1996, the value of exported 
rough diamonds increased by 3% [to US$1.42. billion] 
over 1995 values. The new mill at Yubileinaya went into 
operation, and a new diamond pipe, Nyurbinskaya, was 
discovered. If Alrosa can get the large capital investments 
it desires, it plans to increase diamond output by 25% 
over the next three years. 

The Lomonosov diamond deposit in the Arkhangelsk 
region was discovered in 1980, with exploration continu- 
ing until 1987. Joint stock company SeverAlmaz was 
formed to exploit this deposit; however, the legal basis for 
this company is still uncertain. Another difficulty in 
attracting foreign investments is that all data on the 
Lomonosov deposit is a Russian state secret. Other min- 
ing areas to the north and east of Archangelsk also look 
promising, including Verkhotinskaya, Tovskaya, and Ust- 
Pinega. 

Additional diamond information is provided for other 
CIS nations. Diamond-bearing kimberlites have been dis- 
covered in the Ukraine, along a 250-km-long stretch of 
the coast of the Sea of Azov (in southeastern Donetsk), 
and along the Dnipro and Buh Rivers. Belarus has no nat- 
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ural diamond deposits, but has large diamond cutting and 
synthetic diamond manufacturing industries. In October 
1996, the cutting and polishing plant Kristall in Homvel 
(formerly Gomel], Belarus, was reportedly at a near stand- 
still; however, Belarus refused an offer of 150,000 carats of 
gem and 350,000 carats of industrial diamonds from 
Alrosa, as the cost was too high. ML] 


Diamond mine economics. Mining Journal, London, Vol. 
329, No. 8459, December 12, 1997, p. 483. 


An economic analysis of hard-rock diamond mining to 
determine profitability under various production and 
pricing scenarios was undertaken based on data for 38 
mines (pipes and dikes] and prospects. Operating costs per 
ton of ore (in 1996 US dollars) are: $18-$30 per ton for 
large open pits (>3 hectares [ha] and >5 million tons 
[Mton] per year milled); $25-$32 per ton for small- to 
medium-sized open pits (1-3 ha and <5 Mton/year milled); 
$17-$20 per ton for block-caving operations (3-5 
Mton/year milled); and $25-$30 per ton for stoping oper- 
ations (1 Mton/year milled). About 70% of the 38 proper- 
ties are profitable using the criterion of a rate of return 
greater than 20%; some mines are “obscenely” profitable. 
The small (<1 ha) Internationalnaya pipe in Russia, for 
example, has ore worth an estimated $400/ton. Pipes in 
expensive locations (many in Siberia, also Canada) and 
several small operations in Africa (with very low operat- 
ing costs) were not considered in this analysis. 

Four production-pricing scenarios were considered: (1) 
present production and pricing; (2) a 50% fall in rough dia- 
mond prices; (3) a 2% annual increase in demand over a 
10 year period from a 1996 (base level) 10 Mct [million 
carats] current oversupply, with five major new mines 
coming on line, and static rough prices; and (4) the third 
scenario with a 5% annual price decrease in rough. Under 
the first scenario, there are three “really great” mines: 
Jwaneng (56 ha), Udachnaya (20 ha), and Venetia (18 ha). 
If prices fall 50% (scenario 2), four of the 38 mines remain 
very profitable—the best two being Jwaneng and 
Venetia—and six others are still profitable; however, the 
major mines Orapa, Udachnaya, and Argyle are no longer 
profitable. In the third scenario, supply and demand 
remain in balance; but in the fourth scenario, significant 
shortfalls quickly develop. It is suggested that if De Beers 
were to flood the market with small and lower-quality 
stones for any significant amount of time, its competitors 
Argyle and Udachnaya would be quite resilient to falling 
prices, but some of its own mines, including Orapa, 
would have to close. The effect of new production is also 
likely to threaten the market position of small and low- 
quality diamonds. ML] 


Marine diamond mining comes of age. D. Clifford, 
Mining Magazine, Vol. 177, No. 6, December 1997, 
pp. 337, 339-340. 

Namco has a new seabed crawler—a dredge that travels 

along the ocean floor—for mining off Namibia’s coast. 
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The NamSSol is a machine 6 m high, 8 m long, and 5 m 
wide that weighs 120 tons; it cost about £6 million to 
develop. It has an articulated (i.e., jointed) suction boom, 
with a powerful dredge pump that sucks gravels off the 
seafloor, and two other pumps to locally agitate the grav- 
els for removal. The gravels are mixed into slurry (about 
18% solids; in contrast to the 3%-5% solids achieved by 
airlifts) for transportation to the mining ship. The boom 
can also rotate through 270°, so that the dredge unit does 
not need to be moved as often, and it can thump on the 
ocean floor, with a force of about 20 tons, to break up the 
sandstone crust that commonly overlies the diamond- 
bearing gravels in the area. 

The NamSSol is operated from the mining vessel MV 
Kovambo. The slurry is brought aboard the ship in 450- 
mm-diameter flexible hoses, where it is wet-screened and 
the 2-12 mm size fraction retained. The gravels are 
scrubbed in a ball mill, and then coated with ferrosilicon; 
the fractions with densities less than 3.1 g/cm? are sepa- 
rated by a cyclone and then discarded. The remainder is 
sorted first by fluorescence to X-rays and then by hand. 

The NamSSol is planned for immediate service in fea- 
tures 19 and 20 of Namco’s Koichab prospect, off Luderitz 
Bay. These features are expected to be the most produc- 
tive part of the Koichab prospect, with inferred resources 
of 626,000 and 775,000 carats, respectively (in water 
depths of 65 to 85 m,; of the 1.874 Mct inferred for 
Koichab features 11, 18, 19, and 20). Given earlier recov- 
eries, the stones should average about 0.36 ct. With 300 
days of mining per year anticipated, Namco targets an 
average recovery rate of 150,000 carats/year for this ship. 

This article also contains a short history of seafloor 
mining in Namibia. “Local legend” Sam Collins first 
dredged off the southern Namibian coast in the early 
1960s, recovering about 788,000 carats. After much 
exploration, De Beers began dredging operations in 1991. 
Offshore production (by various operators) grew from 
29,000 carats in 1990 to more than 650,000 carats in 
1996, and some insiders anticipate annual productions of 
over 2 Mct by the turn of the millennium. The diamond- 
bearing gravels extend along 1,400 km of coastline, 
including southern Namibia and northern South Africa, 
and contain an estimated 3,000 Mct of diamonds. 

ML] 


Mink’s Mali macros. Mining Journal, London, Vol. 329, 
No. 8457, November 28, 1997, p. 440. 

Five “macrodiamonds” have been found at three separate 

areas in the Kenieba prospect in Mali; the two largest 

stones, weighing 1.0 and 0.5 ct, were the first diamonds 

ever found in the Faraba district. ML] 


A new view on the mechanism of diamond polishing. 
F. M. van Bouwelen, L. M. Brown, and J. E. Field, Indus- 
trial Diamond Review, Vol. 57, No. 572, January 1997, 
pp. 21-25. 


Anew model is proposed to explain the well-known high- 
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ly anisotropic behavior of diamond during friction and 
polishing: Diamond hardness varies with crystallograph- 
ic direction, and the rate of polishing also varies with the 
direction of the polishing surface relative to the rotation 
of the scaife. For many years, a micro-cleavage theory was 
used to describe the removal of material from the surface 
during polishing, but this new model proposes instead a 
local graphitization at the diamond surface. This model 
rests on the observations that friction measurements and 
polishing produce similar wear tracks and similar debris 
[so-called “black powder”], and that the surface of a pol- 
ished diamond shows loss of crystallinity and damage to 
the upper atomic layers. RAH 


GEM LOCALITIES 


Uruguay: Untapped potential. Supplement to Mining 
Journal, London, Vol. 329, No. 8455, November 14, 
1997, 16 pp. 
Uruguay is best known to gemologists as a major source 
of amethyst and agate; however, the country appears to 
have potential for diamonds as well. The regional geolo- 
gy consists of Precambrian basement rocks covered by 
younger sediments and flood basalts. Preliminary explo- 
ration by Rea Gold and SouthernEra Resources (following 
traces of diamond indicator G9 and G10 garnets in stream- 
beds) has uncovered 11 diatremes in the Rio Arapey 
region. The two main target areas lie west and northeast 
of Tacuarembo. 

Agate and amethyst are found in geodes in Cretaceous 
lavas in the northwest of the country, near Artigas. Only 
one “phase” of lava flows is significantly mineralized, it 
is mined by both open-pit and underground operations. 
The geodes, which measure up to 2 m across, are com- 
monly found in clusters; they are removed using jack 
hammers and blasting. Ground-penetrating radar is being 
studied as a means to prospect for geodes underground. In 
1996, 70 tons of amethyst and 154 tons of agate were 
mined; however, production could easily grow with high- 
er demand. ML] 


INSTRUMENTS AND TECHNIQUES 


A combined spectroscopic method for non-destructive 
gem identification. L. I. Tretyakova, N. B. Reshet- 
nyak, and Yu. V. Tretyakova, Journal of Gem- 
mology, Vol. 25, No. 8, October 1997, pp. 532-539. 

The authors propose that no single analytical instrument 

or technique can provide conclusive, nondestructive 

identification of all gems. They point out the specific lim- 

itations of what they consider the three most viable 

methods—Raman laser spectroscopy, “mirror” infrared 
reflection spectroscopy, and UV-Vis-NIR (ultraviolet-visi- 
ble-near infrared) diffuse reflection spectroscopy—and 
show how these three are mutually complementary. By 
using one or more of these methods—as determined by 
the type of gem, its mounting, size, and the like—an 
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unknown sample can be identified unequivocally. At first 
this article may seem of use only to practitioners of 
instrumental analysis, but the warnings of the potential 
hazards and limitations of the various methods also may 
inform gemologists in search of high-tech assistance as to 
which ones to avoid. CMS 


Praktische Analytik fiir Sammler: Mineralbestimmung 
per REM und EDX-Analyse (Practical analytical 
methods for collectors: Mineral identification with 
SEM and EDX analysis). Th. Raber, Lapis, Vol. 21, 
No. 12, 1996, pp. 21-25 and 58. 


Readers of the mineralogical and gemological literature 
are familiar with such terms as SEM [scanning electron 
microscopy] and EDX [energy-dispersive X-ray] analysis, 
but many of those who have not been educated in the sci- 
ences probably do not know the theory behind these tech- 
niques and their capabilities. This article explains in sim- 
ple language: (1) the development and use of scanning 
electron microscopes, (2) how SEM pictures and EDX 
spectra are generated and the information they contain, 
(3) how samples (as small as a period) are prepared and 
handled, and (4) what types of data can and cannot be 
gathered from the samples. The article, which is written 
in German, requires only basic scientific knowledge. 

RT 


JEWELRY HISTORY 


Fool’s gold? . . . The use of marcasite and pyrite from 
ancient times. L. Bartlett, Journal of Gemmology, 
Vol. 25, No. 8, October 1997, pp. 517-531. 
The material known in the trade as “marcasite” is, in 
fact, cut and polished pyrite, the cubic form of iron disul- 
fide (FeS,). In mineralogy, the term marcasite refers to the 
orthorhombic form of FeS,. According to the author of 
this interesting and readable article, this confusing use of 
the name “has existed for hundreds of years,” with the 
terms pyrite and marcasite being used interchangeably 
until the 19th century, when the new science of crystal- 
lography established the definitions. Since at least the 
16th century, however, it was known that various forms 
and colors of FeS, existed. 

This article focuses on pyrite, beginning with a brief 
description and quickly moving on to its use throughout 
history. Because pyrite is the world’s most commonly 
occurring sulfide, it has been used since prehistoric times 
in both the Old and New Worlds. Its use with flint to start 
fire is at least 14,000 years old and led to its use in 
firearms in the 16th century. Almost as old is its use to 
create vitriol, an important black dye, from before the 
time of Christ through the Industrial Revolution. 

As an ornamental material, pyrite again dates to pre- 
historic times. In the Middle East, beads and crystals have 
been found in archeological sites and graves. The early 
cultures of Middle and South America used pyrite exten- 
sively in practical and religious objects at least as early as 
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750 AD (examples are illustrated). Cutting of marcasite to 
imitate rose-cut diamonds began in the 18th century and 
peaked in Europe during the reign of French King Louis 
XIV. The stones were set in silver, as were diamonds, but 
their affordability and availability extended their applica- 
tion to buttons and buckles as well as jewelry. The qual- 
ity of marcasite jewelry declined as demand grew in the 
19th century, and it was regarded poorly as simply a 
cheap substitute for those who could not afford dia- 
monds. A brief artistic resurgence in marcasite jewelry 
occurred in the 1920s and 1930s, notably in the Art Deco 
pieces from Germany. Today, the material is used pri- 
marily in inexpensive reproductions, although some mar- 
casite pieces have silver mountings rather than the base 
metal used after World War I. CMS 


Gems—Fact and mythology. H. Levy, Gem & Jewellery 
News, Vol. 6, No. 4, September 1997, pp. 57-59. 
Various aspects of sapphire and fancy-colored sapphire are 
discussed, including biblical references, color change, 
Roman jewelry, sources, durability, heat treatment, stars, 
and synthetics. Several pieces of interesting information 
are presented. For example, the Bible contains several ref- 
erences to sapphire in which the stone is related to wis- 
dom. Sapphire has long symbolized truth, sincerity, and 
faithfulness, which has made it an excellent choice for 
engagement rings (Prince Charles and the late Lady Diana 
Spencer contributed to the revival of this tradition). The 
Persians believed that the earth rested on a giant sapphire, 
and that the sky was pale blue in its reflection. In the 18th 
century, color-change sapphire was used to determine 
female virtue (a change of color in a color-change sapphire 
when worn by the subject indicated unfaithfulness, even 
though the subject might have been required to wear the 
sapphire both in daylight and when candles or lamps 
were lit!). MD 


PRECIOUS METALS 


Platinum blind. Cigar Aficionado, December 1997, pp. 
456-467 passim. 
This article reviews the history of the use of platinum in 
jewelry, starting with the ancient Egyptians who, about 
2,700 years ago, found a way to work naturally occurring 
gold-platinum alloys into jewelry. Because of its high 
melting point, however, platinum was not widely used 
for jewelry until modern times. For example, the Spanish 
conquistadors, when plundering for silver and gold, 
thought of platinum as an inferior silver because it would 
not melt (and so used it as gunshot instead of lead); in 
fact, the name platinum is derived from the Spanish 
platina meaning “little silver” or “lesser silver.” How- 
ever, its pure color, high strength, and inertness (includ- 
ing resistance to tarnishing) encouraged artisans of the 
early 20th century to work with this metal. They were 
aided by new, high-temperature furnace technology with 
which platinum could be melted more easily than before. 
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Jewelry design based on delicate-looking platinum 
wirework (open lacework) strong enough to support gem- 
stones began to appear in the era of King Edward VII (who 
reigned 1901-1910). This new fashion found favor with 
Louis Cartier, who used it with diamonds in particular. 
Later, the early 20th century style evolved into the beau- 
tiful platinum-based jewelry designs of the Art Deco period. 

During World War II, platinum was used only for mil- 
itary purposes, and platinum substitutes (e.g., white gold) 
were adopted for jewelry. After the war, platinum never 
regained its exalted status, although Harry Winston, like 
a few other fine jewelers, continued to design pieces with 
platinum to support the massive numbers of diamonds 
used in his jewelry. 

Today, platinum-based jewelry is enjoying a resur- 
gence in popularity, although platinum is a relatively rare 
metal. Only about 150 tons of platinum are mined annu- 
ally, compared to more than 2,000 tons of gold. About 
40% of newly mined platinum is used in jewelry (the 
remainder is used in numerous industrial applications, 
e.g., as a catalyst and in computer technology). Japan con- 
sumes 85% of the platinum used for jewelry, whereas the 
U.S. consumes only 3%. However, the U.S. is the fastest- 
growing market for platinum jewelry. MD 


SYNTHETICS AND SIMULANTS 


Inclusions in synthetic rubies and synthetic sapphires 
produced by hydrothermal methods (TAIRUS, 
Novosibirsk, Russia). A. Peretti, J. Mullis, F. 
Mouawad, and R. Guggenheim, Journal of 
Gemmology, Vol. 25, No. 8, October 1997, pp. 
540-561. 


This well-illustrated article examines (by SEM-EDX 
analysis) the inclusions in Russian hydrothermal ruby 
and sapphire manufactured by Tairus. Coatings on rough 
samples were found to be either boehmite or an unknown 
noncrystalline gel-like material. The following inclusions 
were observed in both rough and cut samples: solid inclu- 
sions of corroded copper (probably remnants of wire}, iso- 
metric crystals and hexagonal platelets of copper, clouds 
and linear series of pinpoints of whitish reflective parti- 
cles, tiny needles, and whitish particles (possibly alkali or 
calcium carbonates from the mineralizers). 

In pinkish red to red samples, the authors found fluid 
inclusion “fingerprints” or feathers, among which occur 
large three-phase (liquid-gas-mineral) inclusions associat- 
ed with large tube-like negative crystals. The daughter 
minerals in the inclusions were identified (by crossed 
polarizers and heating/freezing [H/F] experiments) as car- 
bonates. H/F experiments also revealed that the liquid 
phase is predominantly H,O. By contrast, three-phase 
inclusions in natural rubies are often CO,-rich with 
daughter minerals of diaspore, graphite, or mica. Of per- 
haps greatest interest to the practicing gemologist, the 
authors describe a simple gemological H/F test to distin- 
guish between natural and synthetic hydrothermal rubies 
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on the basis of three-phase inclusions. The copper inclu- 
sions also are indicative of synthetic origin. CMS 


Tairus hydrothermal synthetic ruby. L. Qi and S. Lin, 
China Gems, Vol. 7, No. 1, 1998, pp. 122-124 [in 
Chinese with English abstract]. 

Gemological investigations of Tairus hydrothermal syn- 

thetic ruby revealed characteristic microscopic features, 

including solid alloy inclusions consisting of mainly cop- 
per-iron alloys and wavy growth lines. Chemical analysis 
by microprobe showed that the chromium concentration 
in the area of the growth lines averaged 3.81 wt.% Cr,O,, 
as compared to 1.53 wt.% Cr,O, in the remainder of the 
stone. Characteristic infrared absorption peaks are 3308, 
3233, and 3186 cm |. Taijin Lu 


Marketing moissanite. Modern Jeweler, March 1998, Vol. 
97, No. 3, p. 14. 


C3 Inc. of Research Triangle Park in North Carolina is 
planning to market synthetic moissanite (silicon carbide) 
as a diamond simulant “later in 1998.” The prospect of 
C3’s launch of synthetic moissanite in commercial quan- 
tities has drawn the trade’s attention, mainly because 
news reports showed jewelers misidentifying synthetic 
Moissanite as diamond with a standard diamond tester 
(the thermal conductivity of synthetic moissanite is very 
similar to that of diamond). This article gives the current 
and anticipated quality characteristics and prices of syn- 
thetic moissanite. (See Gems & Gemology, Vol. 33, No. 
4, 1997, pp. 260-275, for more details of the physical and 
optical properties of this material, and methods by which 
it can be distinguished from diamond and other simu- 
lants.) 

The synthetic moissanite produced thus far is “M or 
better” on the GIA color-grading scale. An undisclosed 
quantity of cut round brilliants under 0.5 ct have been 
sold: a3 mm sample for $18 and a 5 mm sample for $80. 
Future commercial production is expected to be eye- 
clean, between I and M in color. The company says that 
per-carat prices will be about 5%-10% of those for dia- 
monds of similar quality. The company plans to target 
working women, and will offer retailers full marketing 
support. MD 


TREATMENTS 


New emerald treatment features I.D. tracer. National 
Jeweler, Vol. 42, No. 7, April 1, 1998, p. 22. 
Gematrat, a new enhancement process for emeralds, now 
features a “secret signature tracer” designed to aid in 
treatment identification. A small amount of the tracer, 
added to a colorless epoxy resin, is visible when exposed 
to ultraviolet radiation. After a thorough cleaning to 
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eliminate any previous treatments, the tracer-containing 
epoxy resin is injected into the emerald. Although the 
tracer identifies that the enhancement was performed by 
the Gematrat process, at present the fluorescence is visi- 
ble only with 120x magnification. The developer of Gematrat 
is currently working to make the tracer detectable at lower 
magnification, so that jewelers can see it with more typi- 
cal gem-testing equipment. The developer states that the 
treatment, which has a lifetime warranty, is superior to 
others on the market, because it does not change color 
with age and is able to withstand the rigors of repolishing 
and ultrasonic cleaning without leaking out or damaging 
the stone. MD 


MISCELLANEOUS 


Sri Lanka deregulates to raise exports. M. A. Prost, 
Colored Stone, Vol. 10, No. 6, November-December 
1997, pp. 10, 12. 


Responding to competitive market pressures, Sri Lanka 
lowered taxes and tariffs in June 1997 to help small and 
medium-size cutting and manufacturing companies 
increase productivity. The new policies allow manufac- 
turers to import rough stones duty-free, paying only a 
4.5% security levy that is refunded if the stones are re- 
exported within six months. More important to manu- 
facturers is that any company can trade gems locally and 
pay only the nonrefunded levy. The government is also 
offering a 100% tax exemption on imports of goods, such 
as machinery, to companies that export 50% of their pro- 
duction. In addition, the National Gem and Jewellery 
Authority, which regulates the jewelry industry in Sri 
Lanka, has allocated $4.2 million to develop heat-treat- 
ment facilities for milky “geuda” corundum mined in Sri 
Lanka. All these measures are designed to help Sri 
Lankan industries compete internationally. The export 
value of cut and polished gems reportedly increased from 
$13.64 million in 1996 to $18.79 million by July 1997. 
Although manufacturers are optimistic, they remain 
concerned about other restrictions, including time-con- 
suming paperwork required by the Gem Authority in 
Colombo. That process normally takes two days and is 
seen as the major remaining obstacle. The cutting indus- 
try has also complained about the lack of guidance for 
industry growth as well as the lack of funds, training 
skills, and marketing efforts. Because there is not enough 
raw material to sustain and develop the local lapidary sec- 
tor, the cutting industry is lobbying to mechanize the 
mining industry, which is currently described as “pick 
and shovel.” Meanwhile, the Sri Lanka Export Devel- 
opment Board is working to increase the market for Sri 
Lanka-cut gems with trade fairs and international pro- 
motional programs. MD 
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ABOUT THE COVER: Because abalone pearls are admired for their rarity, attractive col- 

99.210 ors, and striking iridescence, efforts have been made to culture them for more than a cen- 

; tury. Only recently has commercial production of cultured abalone blister pearls been 
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he proper assessment of cut in dia- 
monds has long been an elusive, but 
intriguing, goal. As the authors point 
out in the lead article, most diamond 
grading systems in use today establish 
parameters for cut grades in round bril- 
liants based on a variation of propor- 
tions devised by Marcel Tolkowsky in 
1919. For nearly 80 years now, there 
have been few, if any, rigorous attempts 


to shed more light on the subject. 


Recognizing this fact, several years ago 
the Gemological Institute of America 
made a long-term commitment to 
establish a comprehensive understand- 
ing of the effects of cut and proportions 
on diamond appearance. Our goal was, 
and is, to develop modern criteria for 
cut assessment using today’s sophisti- 
cated technology, and to integrate this 
knowledge into our diamond educa- 
tion and training courses. When the 
study has been successfully completed, 
this knowledge may even be applied to 
our laboratory reporting and instru- 


ment development. 


This much-anticipated first article on 
GIA’s three-dimensional, ray-tracing 


computer model addresses the most 


Editorial 


DEMYSTIFYING 
DIAMOND CUT 


important appearance concept, bril- 
liance, based on what the authors call 
“weighted light return.” As the authors 
state, a brilliance measurement is one of 
several important pieces of the “cut” 
puzzle; dispersion, scintillation, and 
perhaps symmetry and color, are oth- 
ers. Since a polished diamond should 
display a pleasing combination of bril- 
liance, fire, and scintillation, the elusive 
“best” overall appearance might not be 
found among just the brightest round 
brilliant cuts. Thus, we caution you to 
read this article fully and carefully, and 
to refrain from drawing unequivocal 


conclusions from this initial work. 


So what do we know at this point? 
Certainly, we know that cut is the most 
complex of the 4 C’s, even when isolat- 
ed to one cutting style: the round bril- 
liant. We know that the success of cut- 
ting for weighted light return has more 
to do with the interrelationship between 
three critical proportions—table size, 
crown angle, and pavilion angle—than 
on a selection of isolated proportion 
measurements. We know that one can- 
not, and must not, assess the cut of a 
diamond by examining any one of these 


proportion parameters alone. 


t* 


We also know that there are many 
combinations of proportions that yield 
equally attractive round-brilliant-cut dia- 
monds. In fact, we know that dia- 
monds can be cut in a fairly wide range 
of proportions to yield the same high 
light return, which can lead to better 
utilization of the rough and a better fit 
with the myriad tastes that exist in the 
global marketplace. 


Finally, we know from our extensive 
historical research on cut that there 
have been numerous claims to a sin- 
gle set of “Ideal” proportions in 
round-brilliant-cut diamonds. These 
have ranged from Wade’s American 
Ideal in 1916 (with a 45.3% table, a 
35° crown angle, and a 41° pavilion 
angle) to Watermeyer’s Modern Ideal 
in 1991 (with a 61% table, a 34° 
crown, and a 41° pavilion). The 
derivation and use of the term “Ideal” 
is thus confusing at best, somewhat 
like “blue-white” and “perfect” 
decades ago. Although it is not GIA’s 
role to discredit the concept of an 
“Tdeal” cut, on the basis of our 
research to date we cannot recom- 


mend its use in modern times. 


“pillar E. any ie 
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MODELING THE APPEARANCE OF 
THE ROUND BRILLIANT CUT 
DIAMOND: AN ANALYSIS OF BRILLIANCE 


By T. Scott Hemphill, Ilene M. Reinitz, Mary L. Johnson, and James E. Shigley 


Of the “four C’s,” cut has historically been the 
most complex to understand and assess. This 
article presents a three-dimensional mathemat- 
ical model to study the interaction of light with 
a fully faceted, colorless, symmetrical round- 
brilliant-cut diamond. With this model, one 
can analyze how various appearance factors 
(brilliance, fire, and scintillation) depend on 
proportions. The model generates images and a 
numerical measurement of the optical efficien- 
cy of the round brilliant—called weighted light 
return (WLR)—which approximates overall 
brilliance. This article examines how WLR val- 
ues change with variations in cut proportions, 
in particular crown angle, pavilion angle, and 
table size. The results of this study suggest that 
there are many combinations of proportions 
with equal or higher WLR than “Ideal” cuts. In 
addition, they do not support analyzing cut by 
examining each proportion parameter indepen- 
dently. However, because brilliance is just one 
aspect of the appearance of a faceted diamond, 
ongoing research will investigate the added 
effects of fire and scintillation. 
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he quality and value of faceted gem diamonds are 
often described in terms of the “four C’s”: carat 
weight, color, clarity, and cut. Weight is the most 
objective, because it is measured directly on a balance. 
Color and clarity are factors for which grading standards 
have been established by GIA, among others. Cut, however, 
is much less tractable. Clamor for the standardization of 
cut, and calls for a simple cut grading system, have been 
heard sporadically over the last 25 years, gaining strength 
recently (Shor, 1993, 1997; Nestlebaum, 1996, 1997). Unlike 
color and clarity, for which diamond trading, consistent 
teaching, and laboratory practice have created a general con- 
sensus, there are a number of different systems for grading 
cut in round brilliants. As discussed in greater detail later in 
this article, these systems are based on relatively simple 
assumptions about the relationship between the proportions 
and appearance of the round brilliant diamond. Inherent in 
these systems is the premise that there is one set (or a nar- 
row range) of preferred proportions for round brilliants, and 
that any deviation from this set of proportions diminishes 
the attractiveness of a diamond. In this article, we present 
and discuss our findings with regard to the rather complex 
relationship between cut proportions and brilliance. 
Diamond manufacturing has undergone considerable 
change during this century. For the most part, diamonds are 
cut within very close proportion tolerances, both to save 
weight while maximizing appearance and to account for 
local market preferences (Caspi, 1997). As shown in figure 1 
and table 1, however, differences in proportions can produce 
noticeable differences in appearance in round-brilliant-cut 
diamonds. Within this single cutting style, there is substan- 
tial debate—and some strongly held views—about which 
proportions yield the best face-up appearance (Federman, 
1997). Yet face-up appearance depends as well on many 
intrinsic physical and optical properties of diamond as a 
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SUMMER, 1946 323 


Photo by Dr. Giibelin 


Figure 71 
Minute gas bub- 
bles and character- 
istic softly furrowed 
streak in a molda- 
vite (a natural 

glass). 


Another of Dr. Wigglesworth’s Generous Services Revealed 


Dr. Charles Palache’s sincere “Me- 
morial of Dr. Wigglesworth,” in the 
March-April isue of The American 
Mineralogist, reveals that in devel- 
oping the outstanding New England 
minerals collection of the New Eng- 
land Museum of Natural History 
during his twenty-one-year-old di- 
rectorship, Edward Wigglesworth 
purchased several collections with his 
private means. 


Almost simultaneously a_ short 
note appeared in the May issue of 
The Mineralogist (Portland, Oregon) 
that after operating for eighty-three 
years, the New England Museum of 
Natural History had packed and 
stored its collections and closed its 
doors. Present outmoded property 
and housing facilities are to be sold, 
and construction on a new site is 
planned, 


Figure 1. These round-bril- 
liant-cut diamonds illus- 
trate how cut affects face- 
up appearance. Of the 
three larger stones 
(1.07-1.50 ct), the one on 
the lower right (F color) is 
obviously less bright than 
the other two (above, H 
color, and lower left, E 
color). All three 0.35-0.38 
ct diamonds in the inset 
are brighter, on average; 
but the F-color diamond 
on the lower right, which 
could be marketed as an 
“Ideal” cut, is less bright 
than the F- and G-color 
stones with larger tables 
and small crown angles. 
See table 1 for the propor- 
tions and other data on 
these diamonds. Photo © 
GIA and Tino Hammid. 


material, and on the way these properties govern 
the paths of light through the faceted gemstone. 
(Also important are properties particular to each 
stone, such as polish quality, symmetry, and the 
presence of inclusions.) 

Diamond appearance is described chiefly in 
terms of brilliance (white light returned through the 
crown), fire (the visible extent of light dispersion 
into spectral colors), and scintillation (flashes of 
light reflected from the crown). Yet each of these 
terms represents a complex appearance concept that 
has not been defined rigorously, and that cannot be 
expressed mathematically without making some 
assumptions and qualifications (see below). 

Despite the widespread perception in the trade 
that diamond appearance has been extensively 
addressed, there is limited information in the litera- 
ture, and some aspects have never been examined. 
Several analyses of the round brilliant cut have been 
published, starting with Wade (1916). Best known 
are Tolkowsky’s (1919) calculations of the propor- 
tions that he believed would optimize the appear- 
ance of the round-brilliant-cut diamond. However, 
Tolkowsky’s calculations, as well as most others 
since then, involved two-dimensional images as 
graphical and mathematical models. These were 


Modeling Brilliance 


used to solve sets of relatively simple equations that 
described what was considered to be the brilliance 
of a polished round brilliant diamond. (Tolkowsky 
did include a simple analysis of fire, but it was not 
central to his model and it will not be discussed at 
any length in this article.) For the most part, the 
existing cut grading systems are based on 
Tolkowsky’s research. 

We believe that diamond cut, as a matter of such 
importance to the trade, deserves a more thorough 
and thoughtful investigation. The issues raised can 
only be resolved by considering the complex combi- 
nation of physical factors that influence the appear- 
ance of a faceted diamond (i.e., the interaction of 
light with diamond as a material, the shape of a 
given polished diamond, the quality of its surface 
polish, the type of light source, and the illumination 
and viewing conditions), and incorporating these 
into an analysis of that appearance. 

The initial goal of this research project was to 
develop a theoretical model for the interaction of 
light with a faceted diamond that could serve as the 
basis for exploring many aspects of the effect of cut 
on appearance. Computer graphics simulation tech- 
niques were used to develop the model presented 
here, in conjunction with several years of research 
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TABLE 1. Proportions and calculated WLR values for the 
diamonds photographed in figure 1. 


Position Color Weight Table Crown Pavilion  Calcu- 


(ct) size angle angle lated 
(%) (°) (°) WLR? 
Main photo 
Top H 1.21 62 29.4 41.7 0.279 
Lower F 1.50 63 39.8 41.7 0.257 
right 


Lower E 1.07 57 34.6 40.9 0.282 
left 


Inset 

Top G 0.38 60 26.5 42.6 0.288 

Lower F 0.35 56 34.7 41.2 0.281 
right 


Lower F 0.35 59 27.0 41.4 0.290 
left 


@ WLR, our metric for overall brightness, is calculated from the given 
crown angle, pavilion angle, and table size, using our standard refer- 
ence proportions (given in table 4) for the other five parameters. 


on how to express mathematically the interaction 
of light with diamond and also the various appear- 
ance concepts (i.e., brilliance, fire, and scintillation). 
Our model serves as a general framework for exam- 
ining cut issues; it includes mathematical represen- 
tations of both the shape of a faceted diamond and 
the physical properties governing the movement of 
light within the diamond. We plan to analyze the 
appearance aspects one at a time and then, ulti- 
mately, assemble the results in order to examine 
how proportions affect the balance of brilliance, fire, 
and scintillation. 

The general mathematical model presented in 
this article uses computer graphics to examine the 
interaction of light with a standard (58 facet) round- 
brilliant-cut diamond with a fully faceted girdle. For 
any chosen set of proportions, our model can pro- 
duce images and numerical results for an appear- 
ance concept (by way of a mathematical expres- 
sion). To compare the appearance concepts of bril- 
liance, fire, and scintillation in round brilliants of 
different proportions, we need a quantity to mea- 
sure and a relative scale for each concept. A specific 
mathematical expression (with its built-in assump- 
tions and qualifications) that aids the measurement 
and comparison of a concept such as brilliance is 
known as a metric. In this study, we derived a met- 
ric for brilliance that quantifies the amount of light 
returned from a modeled diamond for averaged illu- 
mination and viewing arrangements, as described 


160 Modeling Brilliance 


below. Although other factors (e.g., bodycolor or 
inclusions) may also influence how bright a particu- 
lar round brilliant appears, light return is an essen- 
tial feature of diamond brilliance. 

In future reports on this project, we plan to 
address how fire and scintillation are affected by 
proportions. We also intend to examine how sym- 
metry, lighting conditions, and other factors affect 
all three of these appearance concepts. The overall 
goal of this research is to provide a comprehensive 
understanding of how cut affects the appearance of 
a faceted diamond. 


BACKGROUND 


Early History. Diamond faceting began in about the 
1400s and progressed in stages toward the round 
brilliant we know today (see Tillander, 1966, 1995). 
In his early mathematical model of the behavior of 
light in fashioned diamonds, Tolkowsky (1919) used 
principles from geometric optics to explore how 
light rays behave in a prism that has a high refrac- 
tive index. He then applied these results to a two- 
dimensional model of a round brilliant with a knife- 
edge girdle, using a single refractive index (that is, 
only one color of light), and plotted the paths of 
some illustrative light rays. 

Tolkowsky assumed that a light ray is either 
totally internally reflected or totally refracted out of 
the diamond, and he calculated the pavilion angle 
needed to internally reflect a ray of light entering 
the stone vertically through the table. He followed 
that ray to the other side of the pavilion and found 
that a shallower angle is needed there to achieve a 
second internal reflection. Since it is impossible to 
create substantially different angles on either side of 
the pavilion in a symmetrical round brilliant dia- 
mond, he next considered a ray that entered the 
table at a shallow angle. Ultimately, he chose a 
pavilion angle that permitted this ray to exit 
through a bezel facet at a high angle, claiming that 
such an exit direction would allow the dispersion of 
that ray to be seen clearly. Tolkowsky also used this 
limiting case of the ray that enters the table at a low 
angle and exits through the bezel to choose a table 
size that he claimed would allow the most fire. He 
concluded by proposing angles and proportions for a 
round brilliant that he believed best balanced the 
brilliance and fire of a polished diamond, and then 
he compared them to some cutting proportions that 
were typical at that time. However, since Tol- 
kowsky only considered one refractive index, he 
could not verify the extent to which any of his rays 
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would be dispersed. Nor did he calculate the light 
loss through the pavilion for rays that enter the dia- 
mond at high angles. 

Over the next 80 years, other researchers famil- 
iar with this work produced their own analyses, 
with varying results (see table 2). It is interesting 
(and somewhat surprising) to realize that despite the 
numerous possible combinations of proportions for a 
standard round brilliant, in many cases each 
researcher arrived at a single set of proportions that 
he concluded produced an appearance that was supe- 
rior to all others. Currently, many gem grading labo- 
ratories and trade organizations that issue cut grades 
use narrow ranges of proportions to classify cuts, 
including what they consider to be best (table 3). 

Several cut researchers, but not Tolkowsky, used 
“Ideal” to describe their sets of proportions, which 
vary significantly, as seen in table 2. Today, in addi- 
tion to systems that incorporate “Ideal” in their 
names, many people use this term to refer to mea- 
surements similar to Tolkowsky’s proportions, but 
with a somewhat larger table (which, at the same 
crown angle, yields a smaller crown height percent- 
age). This is what we mean when we use “Ideal” in 
this article. 


Recent Appearance Models and Measurements. We 
found thorough descriptions of three computer 
models of round brilliant diamonds in the literature. 
One model explored light return numerically 
(Tognoni, 1990); another produced a number of 
monochromatic images, each using a different 
refractive index, and some numerical output (Astric 
et al., 1992); but the third (Dodson, 1979) was simi- 
lar to our work in several ways. Using a three- 
dimensional model of a fully faceted round brilliant 
diamond, Dodson devised metrics for brilliance, 
fire, and “sparkliness” (scintillation). His mathe- 
matical model employed a full sphere of approxi- 
mately diffuse illumination centered on the dia- 
mond’s table. His results were presented as graphs 
of brilliance, fire, and sparkliness for 120 proportion 
combinations. They show the complex interdepen- 
dence of all three appearance aspects on pavilion 
angle, crown height, and table size. His model (as 
well as that of Shannon and Wilson, as best we can 
determine from the little published on it [Lawrence, 
1998; Shor, 1998]} is distinct from ours in that all 
rays emerging from the diamond were weighted 
equally. Three of Dodson’s results are given in table 2. 

There are also computer-aided-design (CAD) 
software programs for creating gemstone cuts and 
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analyzing the effect of cut on the appearance of the 
finished gemstone. (One of these, Gem-Cad, is mar- 
keted by Gemsoft Enterprises, Austin, Texas.] 

These computer programs and mathematical 
models use ray-tracing algorithms to produce visual 
images of gemstones or numerical data about their 
appearance, or both. However, each of the programs 
described above excludes one or more of the starting 
assumptions that we employ here (e.g., wavelength- 
dependent refractive index, accounting for sec- 
ondary rays, weighing observer angles; see below 
and Box A). Because of these differences, our com- 
puter graphics program is not directly comparable 
to these other programs. However, the optimal pro- 
portions predicted by those models can be assessed 
and compared using our metric for brilliance. 

Commercial services are currently available that 
claim to measure the brilliance of fashioned stones. 
The measurements of brilliance provided by 
Diamond Profile (Portland, Oregon) are based on 
digital video images through the crown of the dia- 
mond under a few controlled lighting conditions, 
which are then combined to generate graphic 
results for that particular stone (Gilbertson and 
Walters, 1997; Gilbertson, 1998). 


DESCRIPTION OF OUR MODEL 


In general, within a mathematical model, all of the 
factors we consider important to diamond appear- 
ance—the diamond itself, its proportions and facet 
arrangement, and the lighting and observation con- 
ditions—can be carefully controlled, and fixed for a 
given set of analyses. Such control is nearly impos- 
sible to achieve with actual diamonds. Furthermore, 
with this model we can examine thousands of sets 
of diamond proportions that would not be economi- 
cally feasible to create from diamond rough. Thus, 
use of a model allows us to explore how cut propor- 
tions affect diamond appearance in a more compre- 
hensive way than would be possible through obser- 
vation of actual round brilliants. However, every 
mathematical model incorporates some assump- 
tions, and these built-in conditions affect the nature 
of the results. (The modeled diamond used in 
Tolkowsky’s [1919] analysis, for example, was two- 
dimensional and had a knife-edge girdle, which lim- 
ited the number and paths of light rays he could 
consider. } 

Real diamonds will inevitably differ from the 
model conditions because of inclusions, symmetry 
deviations, and the like. Nevertheless, a theoretical 
model provides a goal to reach toward: What is the 
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best result—best brilliance, best fire, best balance 
of the two, best scintillation, best weight retention, 
best combination—that can be achieved from a par- 
ticular piece of rough? In addition, a theoretical 
understanding of the behavior of light in a faceted 
diamond could help in the design of any instru- 
ment intended to measure optical performance in 
real diamonds. 

Finally, a model of the interaction of light with a 
faceted diamond can be used to compare and con- 
trast different metrics and different lighting and 
observation conditions, as well as evaluate the 
dependence of those metrics on proportions, symme- 
try, or any other property of diamond included in the 
model. In the following sections, we present the 
assumptions and methods on which our model is 
based, and introduce our metric for brilliance. 


Assumptions and Methods. The mathematical 
model presented here creates a fresh structure for 
examining nearly all aspects of the influence that 
cut has on a diamond’s appearance. Box A provides 
the assumptions on which the model is based: a 
detailed list of the physical properties included in 
the model, a mathematical description of the pro- 
portions of the round brilliant, and a description of 
the lighting condition used in this study. The inclu- 
sion of these many physical properties distinguishes 
this model from previous work, and the details of 
the lighting conditions affect the specific numerical 
values we present here. The model traces rays from 
the modeled light source through a mathematical 
representation of a round brilliant of any chosen 
proportions (referred to hereafter as the “virtual” 
diamond) to produce two kinds of results: (1) digital 
images of the virtual diamond, and (2) a numerical 
evaluation of an appearance concept (in this case, 
brilliance). 

A digital image (see, e.g., figure 2), drawn from 
the perspective of our choice, is a two-dimensional 
array of picture elements (pixels), each of which 
comprises a small area of the virtual diamond. We 
traced up to one million rays of various colors for 
each pixel in an image, to obtain convergence of the 
color and total brightness for that small area. As the 
computer traces the first few hundred rays, random- 
ly selecting wavelengths and angles of incidence, 
the computed brightness and color for a given pixel 
change rapidly. Eventually, when enough different 
directions and wavelengths have been traced, the 
computed brightness and color settle down, or con- 
verge, to particular values, and tracing more rays 
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does not change these values. The resolution of the 
image depends on our choice of the number of pix- 
els to compute for a particular image size. For most 
of the images presented in this article, we calculat- 
ed the color and brightness of 65,536 pixels, requir- 
ing up to 65,000,000,000 traced rays. 

The computer program employed is not a com- 
mercial product, but was written specifically for 
this work by the first author. It was written in C, a 
scientific programming language. The program has 
been run on a Pentium personal computer, on two 
models of Digital Equipment Corp.’s Alpha work- 
station, and on a dual Pentium II. If the convergence 
thresholds and choice of resolution are maintained, 
the hardware used to run the program does not alter 
the results. The accuracy of the program, in general 
and on different kinds of hardware, was verified 
with a simple test problem for which we had com- 
puted a result manually. Further details of the ray 
tracing and computational methods will be given by 
Hemphill et al. (in preparation). These techniques 
extend the methods described by Foley (1996). 


Defining Metrics: Brilliance. Our aim is to use this 
model to explore how brilliance, fire, and scintilla- 
tion vary with the proportions of a round brilliant 
diamond. We begin with brilliance for several rea- 
sons. First, brilliance is the aspect of diamond 
appearance that is most immediately noticed. 
Second, it is an aspect for which the desired out- 
come is obvious: Bright is good and dark is not. 
Last, most of the previous work investigating cut 
focused on brilliance (see references in table 2), and 
it is this work that has fueled the current trade 
debate about cut. 

One advantage of using a computer model is the 
capability it gives us to examine thousands of pro- 
portion variations. To make sense of so much data, 
however, we needed to define a metric for bril- 
liance, and use it to compare the performance of the 
different proportion combinations. The GIA 
Diamond Dictionary (1993, p. 28) defines brilliance 
as the “intensity of the internal and external reflec- 
tions of white light from the crown... .” A variety 
of mathematical expressions can be created to 
describe such light return. Each expression requires 
explicit or implicit assumptions about what consti- 
tutes brilliance and about light sources, viewing 
geometry, response of the human eye, and response 
of the human brain. As an example of this last con- 
sideration, should a mathematical definition of bril- 
liance represent one viewing geometry—that is, a 
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TABLE 2. Superior proportions for a round-brillant-cut diamond, as suggested by previous investigators. 


Name Investigator Year Table Crown angle Pavilion angle Total Girdle Calculated 
size (%) (Crown height) (Pavilion height) depth (%) thickness (%) WLR# 
American Ideal Wade 1916 45.3 35° (19.2%) 41°(43.5%) 62.7 0 0.266 
(None) Tolkowsky® 1919 53 34.5° (16.2%) 40.75° (43.1%) 59.3 0 0.281 
Ideal Johnsen 1926 56.1 41.1° (19.2%) 88.7° (40% 59.2 nd° 0.252 
Ideal Résch 1926, 1927 56 41.1° (19%) 38.5° (40% 59 0 0.251 
Normal Universal Stoephasius 1931 54 38° (18%) 36.5° (87% bed 1 0.262 
(None) Stoephasius 1931 52 41° (21%) 39.4° (41% 64 2 0.248 
(None) Stoephasius 1931 50 43.8° (24% 41.4° (44% 72 4 0.216 
Total Reflection Maier 1936, 1938 nd 40.8°-41.3° 38.6° nd nd 0.237-0.2514 
Idea Bergheimer 1938 nd 41.1° 38.7° nd nd 0.238-0.2438 
Idea Eppler 1933, 1938 56 41.1° (19% 38.5° (40% 59 2 0.251 
Practical Fine Eppler 1939 56 33.2° (14.4%) 40.8° (43.2%) 57.6 nd 0.284 
Ideal Type | Eppler 1939, 1940 56.1 41.1° (19.2%) 38.7° (40% 59.2 2 0.252 
Ideal Type II Eppler® 1940 57.1 33.1° (14% 40.1° (42.1%) 57.6 1.5 0.281 
Idea Eppler and 1940 6.41 41.1° (19.2%) 38.7° (40% 59.2 nd 0.252 
KlUppelberg 
Practical Fine | Eppler and 1940 55.3 35.6° (16% 38.6° (39.9%) 55.9 2 0.274 
KlUppelberg 
Practical Fine II Eppler and 1940 Steal 83.1° (14% 40.1° (42.1%) 56.1 115) 0.281 
KlUppelberg 
Practical Fine Ill Eppler and 1940 69 82.8° (10% 41.7° (44.6%) 54.6 1 0.264 
Kljppelberg” 
(None) Parker (cited 1951 55.9 25.5° (10.5%) 40.9° (43.4%) 53.9 nd 0.297 
by Eppler, 1973) 
Practical Fine Schlossmacher 1969 56.4 CO? (IAA) 40.8° (43.2%) SVE 16) nd 0.284 
Standard Cut ScanDN® 1979 57.5 34.5° (14.6%) 40.75° (48.1%) BLT 2to3 0.282 
Brilliance Design Suzuki‘ 1970 56 41.1° (19%) 38.7° (40%) 59 nd 0.252 
Dispersion Design Suzukit 1970 58 48.6° (23%) 38.9° (40%) 634 nd 0.205 
None) Elbe 1972 nd (14.6%) 47° (53.7%) 68.3 nd ncg 
Optical Symmetrical — Eulitz 1972 56.5 33.6° (14.45%) 40.8° (43.15%) 59.1 1.5 0.283 
Brightest) Dodson>* 1979 40 26.5° (15%) 43° nd nd 0.277 
Most fire’ Dodson>* 1979 60 26.5° (10%) 43° nd nd 0.287 
Most sparkliness) Dodson 1979 50 31.0° (15%) 52° nd nd 0.247 
Australian Ideal = Connellan and 1984 56 33.75° (14.3%)  39.66° (41.45%) 55.75 nd 0.281 
Pozzibon 
odern Ideal Watermeyer 1991 61 34.0° 41.0° nd nd 0.279 
None) Shannon and 1998 61 oe (41%) nd nd 0.275 
Wilson! (Shor, 1998) 
None) Shannon and 1998 on S22 (42%) nd nd 0.281 
Wilson! (Shor, 1998) 
None) Shannon and 1998 58 Sowoe (43.1%) nd nd 0.282 
Wilson! (Shor, 1998) 
None) Shannon and 1998 50 33° (46 %) nd nd 0.279 
Wilson! (Shor, 1998) 
a WLR, our metric for overall brightness, is calculated from the given crown angle, pavilion angle, and table size, using our standard 
reference proportions (given in table 4) for the other five parameters. For Maier’s “Total Reflection” and Bergheimer’s “Ideal” cuts, 
where no table size was specified, we calculated WLR for tables ranging from 50% to 70%. 
» Used broad illumination across the entire crown rather than the vertical illumination used by others. 
° nd = not defined. 
4 The measurements given are not consistent with this depth percentage. 
® Scandinavian Diamond Nomenclature Committee. 
Used three-dimensional analysis rather than the two-dimensional analyses used by other investigators. 
3 nc = not calculated (not enough information to calculate the WLR value). 
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TABLE 3. Proportions for some of the cut grading systems for round brilliant diamonds used today.@ 


oe Category Table size (%) Crown angle (°) Pavilion angle (°) Pavilion depth (%) 
grading 
system? Min. Max. Min. Max. Min. Max. Min. Max. 
AGA 4A 53 58 34.3 34.7 40.5¢ 40.8¢ 42.8 43.2 
1B 52.0-52.9 58.1-60.0 34.01-34.2 34.81-35.0 40.36-40.5% 40.9-41.0¢ 42.5-42.7 43.3-43.5 
2A 51.5-51.9 60.1-63.0 32.1-33.9 35.1-35.8 40.03-40.03¢ 41.08-41.34 42.0-42.4 43.6-44.0 
3A 50.5-50.9 64.1-67.0 29.6-30.0 38.0-39.4 39.35-39.64 42.0-42.34 41.0-41.4 45.0-45.5 
AGJ * Excellent 53 58 33 35 40.0¢ 41.34 42 44 
Very Good 52 63 32 36 40.0¢ 42.0¢ 42 45 
Good 50 67 30 38 39.34 43.24 4 47 
AGS 0) 52.4 OLS 33.7 35.8 40.16¢ 41.24 42.2 43.8 
1 51.4-52.3 57.6-59.5 32.7-33.6 35.9-36.3 40.164 41.3-41.5° 42.2 43.9-44.3 
3 50.4-51.3 61.6-63.5 31.7-32.1 36.9-37.3 40.16¢ 41.3-41.59 42.2 43.9-44.3 
5 49.4-50.3 65.6-67.5 30.7-31.1  37.9-38.3 39.1-39.44 42.2-42.54 40.7-41.1 45.4-45.8 
AGT * Excellent 53 60 33 35 40.79 40.79 43 43 
Very Good 52 64 32 36 40.0¢ 41.3¢ 42 44 
Good 51 68 30 38 39.34 42.64 4 46 
CGL * Excellent 52 58 33 35 40.0¢ 41.3¢ 42 44 
EGL * Exceptional 54 57 34 35 40.5 41.0 42.5 43.5 
HRD *Very Good 53 66 30.7 37.7 39.6! 42.2! 41.5! 45! 
IGI * Ideal 53 60 33 36 40.0¢ 41.3¢ 42 44 
Rap * Specifi- 55 64 30 35 nd nd nd nd 
cation A 
ScanDN = _* Good 52 65 30 39 40 42 42 45 


4 Asterisk (*) indicates top grade. Generally all parameters must be in the specified ranges for the stone to receive the top grade; 
variation in any parameter reduces the grade accordingly. Abbreviations: Max.= maximum, Min.= minimum, med.= medium, 


S/.= slightly, ex.= extra, v.= very. 


> The full names and countries of the organizations are indicated below. For some organizations, only the top grade is provided. 
All of the information provided in this table was obtained from the respective organizations: 


AGA = As reported in Fine Make, Accredited Gem Appraisers, 1997, U.S. (Class 1A and 1B = “American Ideal Cut,” 
Class 2A = “International Fine Cut,” Class 3A = “U.S. Domestic Average Cut.” Values given for stones 20.5 ct) 


AGJ = Association of Gemological Laboratories, 1993, Japan 
AGS = American Gem Society, 1997, U.S. 

AGT = Association of Japan Gem Trust, 1995, Japan 

CGL = Central Gem Laboratory, 1993, Japan 


EGL = European Gemological Laboratory, U.S. (G. Sherman, pers. comm., 1997) 


HRD = Hoge Raad voor Diamant, 1993, Belgium 
IG! = International Gemological Institute, 1997, U.S. 


“snapshot”—or an average over many viewing situ- 
ations? We chose the latter approach. 


Weighted Light Return. The metric we discuss in 
this article is called weighted light return (WLR); it 
is specific to each set of modeled diamond propor- 
tions with the chosen illumination. After examin- 
ing a variety of possible metrics for brilliance, we 
developed WLR to best represent the way the expe- 
rienced viewer sees a diamond, especially one 
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mounted in jewelry, with lighting that illuminates 
the stone from all around without excessive glare or 
shadow. 

The WLR is a weighted sum of the amount of 
light returned through the crown of the virtual dia- 
mond to all positions of observation above the gir- 
dle. Rather than using the total fraction of light 
returned through the crown for a fixed arrangement 
of the light source, diamond, and viewer, we 
weighed the relative importance of returned light 
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Total depth (%) Girdle thickness (%)@ Calculated WLR° 


Min. Max. in. Max. Min. Max 
58.7 62.3 thin med. 0.281 0.283 
(1.7%) (3.0%) 
58.3-58.69 62.31-62.99 thin sl. thick 0.278 0.284 
(1.5%) (4.5%) 
57.9-58.29 63.0-63.5 thin sl. thick 0.271 0.286 
(1.0%) (4.5%) 
57.0-57.49 63.81-64.1 v. thin — v. thick 0.245 0.289 
(0.4%) (7.0%) 
59.2 62.4 thin sl. thick 0.279 0.285 
58 63.8 ex. thin — sl. thick 0.270 0.286 
56.8 65.9 ex. thin — v. thick 0.248 0.289 
nd® nd thin sl. thick 0.275 0.284 
nd nd v. thin nd 0.271 0.285 
nd nd nd thick 0.262 0.286 
nd nd nd v. thick 0.250 0.288 
59 63 thin sl. thick 0.279 0.284 
58 64 thin thick 0.269 0.286 
56 66 v. thin — v. thick 0.252 0.289 
59.2 62.4 thin sl. thick 0.278 0.285 
nd nd thin med. 0.284 0.284 
59.5 63.9 thin med. 0.262 0.288 
58.5 62.5 thin sl. thick 0.274 0.285 
57.5 62.5 v. thin thick neg nc 
nd nd v. thin — sl. thick 0.251 0.288 
Rap = Rapaport Diamond Report, ©7998, U.S. 
ScanDN — = Scandinavian Diamond Nomenclature 


Committee, 1979, Denmark 


© Minimum and maximum WLR values were calculated for 
the entire range of properties listed. See text. 


4 Converted from pavilion depth using the formula given in 
Box A. 


© nd = not defined. 


' The given pavilion angle and pavilion depth do not correlate 
exactly. 


3 nc = not calculated (not enough information to calculate the 
WLR values). 


rays based on their exit direction. An experienced 
diamond observer assesses the diamond primarily 
on the basis of its face-up appearance, but also 
“rocks” the stone both to minimize the effect of 
glare and to consider the stone from various angles, 
with the views closest to vertical (face-up) weighing 
the most in this evaluation. We wanted the metric 
we chose to behave like this assessment. Therefore, 
we wanted the contribution from rays that emerged 
straight up to be much greater than that from rays 
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that exited horizontally, with a smooth variation as 
the exit angle changed. We chose the square of the 
cosine function, applied to the exit angle measured 
from the vertical, as a weighting factor (figure 3). In 
contrast to this, both Dodson (1979) and Shannon 
and Wilson (Shor, 1998) considered all views of the 
diamond’s crown to be equally important, and so 
they weighed much larger angles from the vertical 
far more heavily than our metric does (or than expe- 
rienced observers do). 

With this weighting function, we constrained 
the scale of the numbers for our metric between val- 
ues of 0 and 1. For instance, if we could construct a 
virtual diamond in which all light that entered left 
the crown straight up, it would have a WLR equal 
to 1.000; but if all the light that entered left the 
crown at an angle of 25° to the horizontal, the WLR 
would be 0.179. If light only exited from the crown 
horizontally (or no light left through the crown), the 
WLR would be 0. Similarly, if half the light passed 
out of the crown at 45°, one fourth exited at 25°, 
and the remaining fourth was horizontal, the WLR 
would equal 0.294. This weighting function empha- 
sizes the angle at which a light ray exits the virtual 
diamond, rather than which facet the ray exits. 

Note that we excluded glare—that is, any light 
directly reflected from the top surface—from the 
WLR value (a difference from the GIA Diamond 
Dictionary definition of brilliance). We made this 
simple change in our computer program to guaran- 
tee that any trends in the WLR data were not sim- 
ply due to an increased area of the crown acting like 
a front-surface reflector. However, this is also a rea- 
sonable change to the metric, since when experi- 
enced observers “rock” a diamond, they mentally 
correct for the effects of glare. (We also checked our 
results with glare included and found that although 
the WLR values increased across the whole range of 
proportions, the relative variation was essentially 
unchanged.} 

We systematically explored the dependence of 
WLR on the eight proportion parameters that define 
the perfectly symmetrical round brilliant diamond 
(again, see Box A) by changing one or more of these 
parameters across the ranges given in table 4 and 
computing the WLR for each set of proportions. 
Although ideally we would have liked to examine 
all the interactions between WLR and the eight 
parameters, this was not practical given existing 
computer hardware. If we were interested in 
the co-variation of, say, 20 values for each of 
the eight parameters, we would require 20° = 
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BOX A: 
BASIC DESCRIPTION OF OUR MODEL 


We describe a faceted diamond as a convex polyhedron, 
a three-dimensional object with a surface that is 
bounded by flat planes and straight edges, with no 
indentations or clefts. The model requires that all sur- 
faces be faceted, including the girdle, and currently 
excludes consideration of indented naturals or cavities. 
To date, we have focused our calculations on the round 
brilliant cut because of its dominant position in the 
market, but this model can be used for nearly any fully 
faceted shape. Our modeled round brilliant has mathe- 
matically perfect symmetry; all facets are perfectly 
shaped, pointed, and aligned. Also, all facet junctions 
are modeled with the same sharpness and depth. 

Because our modeled round brilliant has perfect 
eight-fold symmetry, only eight numbers (parameters) 
are required to specify the convex polyhedron that 
describes its shape (figure A-1). (Modeling other shapes 
or including asymmetries requires additional parame- 
ters.) We defined these eight parameters as: 


Crownangle Angle (in degrees) between the bezel facets 


and the girdle plane 

Pavilion angle Angle (in degrees) between the pavilion mains 
and the girdle plane 

Table size Table width (as percent of girdle diameter) 

Culet size Culet width (as percent of girdle diameter) 

Star length The ratio of the length of the star facets to the 
distance between the table edge and girdle 
edge 

Lower-girdle The ratio of the length of the lower-girdle facets 

length to the distance between the center of the culet 
and girdle edge 

Girdle Measured between bezel and pavilion main 

thickness facets (the thick part of the girdle) and expressed 
as a percentage of girdle diameter. This differs 
from the typical use of the term girdle thick- 
ness (see, e.g., GIA Diamond Dictionary, 1993) 

Girdle facets Total number of girdle facets 


Other proportions, such as the crown height, pavilion 
depth, and total depth (expressed as percentages of the 
girdle diameter) can be directly calculated from these 
eight parameters, using these formulas: 


Crown height = 72(100 — table size) x tan(crown angle) 
Pavilion depth = ¥2(100 — culet size) x tan(pavilion angle) 
Total depth = (Crown height + pavilion depth + girdle thickness) 
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For the results in this article, the diamond simulat- 
ed in our calculations (called a “virtual” diamond) has 
no inclusions, is perfectly polished, and is completely 
colorless. It has a polished girdle, not a bruted one, so 
that the girdle facets refract light rays in the same way 
that other facets do. The virtual diamond has relative 
proportions but no absolute size—that is, no specific 
carat weight. (The principles governing the way light 
moves through a colorless diamond do not vary with size.) 

We then chose a light source to illuminate our vir- 
tual diamond. Most of our results to date, and all the 
results presented here, used a diffuse hemisphere of 
even, white light (D65 daylight illumination) shining 
on the crown. Light rays from every position on the 
hemisphere point in every direction, not just toward 
the center of the stone (as in focused light). We selected 
this illumination condition to best average over the 
many different ambient light conditions in which dia- 
monds are seen and wom, from the basic trading view 
of a diamond face-up in a tray next to large north-facing 
windows, to the common consumer experience of see- 
ing a diamond worn outdoors or in a well-lit room. 
Diffuse illumination emphasizes the return of white 
light, although it is a poor lighting condition for exam- 
ining other aspects, such as fire. This geometry also 
eliminated the need to consider the shadow that a view- 
er’s head might cast on a diamond. (In addition, 
although many mountings, such as a Tiffany setting, 
allow some light to enter the diamond’s pavilion, the 
amount of light coming from this direction has not 
been included in the model.) 

Next we examined mathematically how millions 
of rays of light from the source interact with the trans- 
parent, three-dimensional, colorless, fully faceted 
round brilliant specified by our choice of proportion 
parameters. Diamond is a dispersive material; the 
refractive index is different for different wavelengths of 
light. Since the angle of refraction depends on the 
refractive index, white light entering the virtual dia- 
mond is spread (dispersed) into rays of different colors, 
and each of these variously colored rays takes a slightly 
different path through the stone. We used Sellmeier’s 
formula (see Nassau, 1983 [p. 211]; or, for a more thor- 
ough explanation, see Papadopoulos and Anastassakis, 
1991) to incorporate this dispersion into the model. 
With this formula, we obtained the correct refractive 
index for each of the different colored rays (taken at 1 
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nm intervals from 360 to 830 nm), so that each ray 
could be traced (followed) individually as it moved 
through the stone. Some rays follow simple paths with 
only a few internal reflections, while others follow com- 
plex three-dimensional paths (figure A-2). The color dis- 
tribution of these rays was scaled to the response of the 
human eye, using “CIE X,Y,Z” color functions as part of 


the convergence criteria (Wright, 1969). 


Figure A-1. We used eight parameters—varied across 
the range given in table 4—to define our geometric 
model of the round brilliant shape. (a) All linear dis- 
tances in this profile view can be described as a per- 
centage of the girdle diameter. The enlarged view of the 
girdle is centered on the position where we measured 
the girdle thickness. (b) In this view of the table, the 
star length is shown at 50%, so that the star facets 
extend halfway from the table to the girdle (when 
viewed from straight above). (c) In this view of the 
pavilion, the lower-girdle length is shown at 75%, so 
that the lower girdle facets extend three-fourths of the 
distance from the girdle to the culet (when viewed from 
straight below). 
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Each time a ray strikes a facet, some combination 
of reflection and refraction takes place, depending on 
the angle between the ray and the facet, the refractive 
index at the wavelength of the ray, and the polarization 
state of the ray. Although the rays from our diffuse 
hemisphere light source are initially unpolarized, a 
light ray becomes polarized each time it bounces off a 
facet. The degree and direction of polarization affect 
how much of the ray is internally reflected, rather than 
refracted out the next time it intersects a facet. (For 
example, about 18% of a light ray approaching a dia- 
mond facet from the inside at an angle of 5° from the 
perpendicular is reflected, regardless of the polariza- 
tion. But at an incidence of 70°, rays with polarization 
parallel to the plane of incidence are completely lost 
from the stone, while 55% of a ray polarized perpendic- 
ular to the plane of incidence is reflected back into the 
stone.) The model traces each ray until 99.95% of its 
incident energy has exited the diamond. The end result 
of this ray tracing can be either an image of the virtual 
diamond or the value of a metric for that stone, or 


both. 


Figure A-2. Some of the light rays that pass through 
the virtual diamond follow complicated paths. Here, 
we show the track of one light ray within a round bril- 
liant diamond, as calculated by our mathematical 
model. This ray reflects in multiple directions. Not all 
light rays reflect this many times, but most take a 
three-dimensional path through the diamond. The 
chief inadequacy of a two-dimensional analysis is that 
light rays must be confined to a single plane. 
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20 x 20 x 20 x 20 x 20 x 20 x 20 x 20 = 2.5.6 billion 
computations, which was not feasible at this time. 
(Note that each of these computations would 
require tracing the previously mentioned 65 billion 
light rays.] 

Direct observation of actual diamonds indicates 
that the overall shape of the round brilliant is pri- 
marily determined by three parameters: crown 
angle, pavilion angle, and table size. (These were 
the only parameters Tolkowsky considered in his 
analysis.) Therefore, we examined in detail the 
changes in WLR as these three important parame- 
ters varied together, while holding the others con- 
stant. We used about 20 values for each parameter, 
within the ranges given in table 4. This yielded 
almost 20,000 proportion combinations, with each 
calculation requiring several minutes of computer 
time. We also analyzed the extent to which the 
other five parameters affect diamond appearance by 
varying each of them individually while holding the 
other seven parameters constant at the reference 
values (again, see table 4). 

For each chosen set of cut parameters, our com- 
puter program can calculate a single WLR value or 


an image of the virtual diamond (or both). The WLR 
values can be compared to one another for different 
sets of proportions. The bulk of this discussion will 
focus on the analysis of these WLR values for vari- 
ous ranges of parameters taken singly and in combi- 
nation. Table 4 lists these ranges for the 20,122 
combinations of cut proportions that we have 
examined for this study. In addition to the WLR val- 
ues generated for these virtual diamonds, we also 
examined proportion data obtained from 67,621 
actual diamonds measured and graded in the GIA 
Gem Trade Laboratory (GIA GTL}, and we calculat- 
ed WLR values for virtual diamonds with these 
combinations of proportions (see Box B). 

As a convenience for the readers of this article, 
for comparison purposes only, we have placed WLR 
values into five general categories: 


High (bright): WLR values above 0.285 
Moderately high: WLR values from 0.280 to 0.285 
Typical: WLR values from 0.270 to 0.280 
Moderately low: WLR values from 0.265 to 0.270 
Low (dark): WLR values below 0.265 


Figure 2. Left: This oblique profile view of a standard round brilliant—a “virtual” diamond (1024 x 1024 
pixels)—with commercially acceptable proportions was calculated with our mathematical model using a 
partial sphere of white light for illumination. This computer-generated image shows how the model cap- 
tures many of the appearance aspects of an actual diamond, such as three-dimensionality, transparency, 
facet arrangement, overall light return (brilliance), pattern of light and dark reflections, and dispersion 
(fire). Center: This digital image (512 x 512 pixels) of a standard round brilliant was calculated face-up with 
a diffuse hemisphere of white light for illumination. The proportions, used for reference throughout this 
paper, are: 34° crown angle, 40.5° pavilion angle, 56% table, 3% girdle (at the thickest places, which corre- 
sponds to a medium girdle thickness) with 64 girdle facets, 50% star length, 75% lower-girdle length, and 
0.5% (“very small”) culet. Right: An actual diamond with proportions comparable to the virtual diamond 
in the center was photographed in diffuse white light using a hemispherical reflector. This diamond has a 
34.5° crown angle, 40.9° pavilion angle, 55% table, faceted girdle of medium thickness, 38.7% star length, 
very small culet, and excellent symmetry. The lower girdle length was not measured. The diffuse illumina- 
tion reduces the overall contrast, allowing us to examine brilliance separately from the other appearance 


aspects. Photo by Vincent Cracco. 
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The Leveridge Millimeter Gauge 
And Weight Estimator 


By THERESE LEVERIDGE 
(A. D. Leveridge, New York) 


Spurred by the need for better 
and quicker means of measurement 
of the popular Baguettes, Squares 
and fancy shaped diamonds in which 
we were specializing, and inspired 
also by the movement of the Gem- 
ological Institute of America toward 
greater accuracy in the jewelry 
trade, our firm in 1926 brought out 
the first clock-dial gauge for dia- 
monds, for use by jewelers and deal- 
ers in precious stones. Various im- 
provements followed, until in 1938, 
the device which is now in demand 
the world over, known as the New 
A. D. Leveridge Millimeter Gauge 
& Weight Estimator, was manu- 
factured in Switzerland and placed 
on the market. 

Through this newer instrument 
we met the demand of diamond cus- 
tomers and the entire jewelry trade 
for better means of estimating the 
weights of mounted precious stones 
of all kinds, and at the same time 
offering an improvement on the 
method of measurement by tenths of 
millimeters. Estimates of diamonds 
were effected with ease and with 
much greater precision than was 
possible with the gauge of caliper 
type. This accuracy was due prin- 
cipally to new tables which we had 
calculated, based on our own re- 
search and aided by valuable tech- 
nical information received from Mr. 
Raymond Mehrlust and Mr. Gaston 
Marchand, as well as records of 
weights and measurements supplied 
by many prominent retail jewelers. 
The sum total of this experience 


resulted in reduction of miscalcula- 
tions by tradesmen in their weight 
estimation of mounted stones. With 
the new instrument, errors of as 
much as ten per cent are now a 
rarity even on emerald cuts. Former- 
ly errors in calculation ran as high 
as thirty per cent on fancies, and 
losses on one stone frequently meant 
a loss on the purchase and sale of 
an entire estate. 

At the outbreak of World War II, 
the stocks of the Leveridge Gauge- 
Estimator were depleted, but the de- 
mand could not be satisfied by manu- 
facturing in either America or 
Switzerland for obvious reasons. In 
the fall of 1945, when we were pre- 
paring to resume foreign manu- 
facture of the Gauge (to include 
certain improvements), Mr. Robert 
M. Shipley, Executive Director of the 
Gemological Institute of America, 
advised us that the line of instru- 
ments marketed by the Institute for 
progressive jewelers and dealers in 
precious stones, had achieved such 
popularity that it might be ex- 
panded. Since there was a steady 
demand for an estimating device, the 
Institute was interested in manu- 
facturing and marketing a Leveridge 
Gauge and Estimator in this coun- 
try, rather than develop one in- 
dependently. With the collaboration, 
therefore, of the Gemological Insti- 
tute of America and with the inclu- 
sion of certain improvements to 
those we had in mind, an American 
series was designed and is being 

(Continued on Page 328) 
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Figure 3. The weighting function used to calculate 
weighted light return (WLR)—the sum of the 
squares of the cosines of the angles (from the verti- 
cal) at which light rays emerge from the dia- 
mond—depends on the angle of the emerging ray 
to the table plane, regardless of which crown facet 
it exits. As the relative lengths of the arrows on 
this illustration indicate, light rays that emerge 
straight up (perpendicular to the table) are given 
100% weight, rays that exit at 45° to the table are 
given 50% weight, and the rays that exit at 0° (par- 
allel to the girdle plane) are given zero weight (i.e., 
they do not contribute to the total WLR). 


These groups should not be taken as WLR or 
brilliance “grades.” The authors strongly caution 
against such usage. These terms are provided as a 
convenience only, to compare the relative bright- 
ness of the virtual diamonds in the different WLR 
ranges. 

As seen in figure 1, large differences in WLR cor- 
relate to perceptible differences in the overall 
brightness of actual diamonds. Even over the 
restricted WLR range in the inset to figure 1, the 
darkest and brightest stones differ by almost 0.010; 
this difference is also easily perceived by a trained 
viewer. In our experience, WLR differences of 0.005 
are discernable among stones with the same color 
and clarity grades when examined with controlled 
observation environments and lighting conditions. 
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RESULTS 


Images and WLR. The calculations made with our 
model produced realistic digital images of virtual 
diamonds (again, see figure 2). These computer-gen- 
erated images reproduce the patterns of light and 
dark seen in actual round brilliant diamonds under 
lighting conditions similar to those used with the 
model, although the light-and-dark patterns are 
more symmetrical than those seen in most real dia- 
monds. During the course of this research, we gen- 
erated a variety of digital images, from different per- 
spectives and with different lighting conditions. 
However, the details of how brilliance changes with 
proportions can be better studied by comparing a 
metric, such as WLR values, than by visually exam- 
ining thousands of images. 


Results for Key Individual Parameters. Our investi- 
gation of the dependence of WLR on crown angle, 
pavilion angle, and table size began with an exami- 
nation of how WLR varies with each of these three 
parameters while the remaining seven parameters 
(again, see Box A) are held constant. Except where 
otherwise noted in the text, we fixed these parame- 


ters at the reference proportions that are provided in 
table 4. 


TABLE 4. The eight proportion parameters used for 
calculating the WLR values. 


Round-brilliant-cut Range Increment Reference 
parameters? proportions 
Table size° 50% - 75% 1% 56% 
Crown angle 19°-50° al 34° 
Pavilion angle® 38° — 43° 0.25° 40.5° 
Girdle facets? 16-144 16 64 
Girdle thickness¢ 1.8% - 4.0% 0.2% 3.0% 
Star length? 5% -95% 1% 50% 
Lower-girdle length? 50% -95% 5% 75% 
Culet size? 0% - 20% 0.5% 0.5% 


4 These eight parameters are defined in Box A. 

> These ranges extend beyond the widest range for diamonds nor- 
mally encountered in the trade today. 

° These three parameters were varied together while the other five 
were held at the reference proportions. A set of calculations was 
also made at the reference proportions with crown angle varying 
from 1° to 50°. 

4 These five parameters were varied individually. For each one, the 
other seven parameters were held constant at the reference pro- 
portions. 
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BOX B: COMPARISON OF MODELED RESULTS 
TO ACTUAL DIAMOND PROPORTIONS 


To get an idea of the range of WLR values for stones 
seen in the diamond trade, we collected information 
on the proportions of 67,621 round brilliants graded by 
GIA GTL. (This data set included all the D-to-Z-color 
round brilliant diamonds seen during a span of 
months.) This population of diamonds had crown 
angles ranging from 19.4° to 45.0°, pavilion angles 
from 39.9° to 43°, and table sizes from 50% to 74%. 
More than 80% of this group of diamonds fell within 
the smaller proportion range of 30°-40° crown angles, 
40.2°-42.4° pavilion angles, and table sizes from 53% 
to 70%. The WLR values calculated for all of the dia- 
monds ranged from 0.235 to 0.306, with a mean and 
standard deviation of 0.274 + 0.005. The stones with 
average proportions for this sample set (represented by 
29% of the sample) had crown angles between 31° and 
35.9°, pavilion angles between 41.0° and 42.4°, and 
table sizes of 61% 63%; the WLR values calculated for 
this relatively small range of proportions varied from 
0.269 to 0.279. 

In the entire data set, the diamonds with the high- 
est calculated WLR values had the smallest crown 
angles: only eight of the 67,621 stones had WLR values 
above 0.295 (far into the high range), and of these, the 
largest crown angle was 25.5°. However, crown angle 
alone does not determine WLR; the 61 stones with 
crown angles less than 25° had WLR values ranging 
from 0.261 to 0.306 (low to high), with an average of 
0.288 (high). Another 3,494 stones had crown angles 
between 25° and 30°, with more than half of these 
falling between 29.0° and 29.9°, and WLR values from 
0.261 to 0.296 (low to high). In contrast, round bril- 


Crown Angle. Of the three parameters, changing 
the crown angle produced the greatest variation in 
WLR. In general, WLR increases as crown angle 
decreases; but, as figure 4 shows, there are three 
local maxima in WLR across the range of angles 
(that is, WLR varies up and down with changes in 
crown angle). These results suggest that, at the ref- 
erence proportions, a diamond with a 23° crown 
angle is brighter than a stone with any other crown 
angle greater than 10°. However, other considera- 
tions may dictate that a diamond must have a 
crown angle above a certain value (such as reduced 
durability with a thin to medium girdle and a crown 
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liants with high crown angles have lower WLR values 
on average, although the brightest such stones yield 
WLR values slightly higher than the mean for the 
whole population; 7,617 diamonds had crown angles of 
36° or more, with WLR values that ranged from 0.235 
to 0.278 (low to typical). There were 275 round bril- 
liants that had crown angles of 40° or more, with WLR 
values ranging from 0.235 to 0.259 (all low); these val- 
ues indicate diamonds that are considerably darker 
than the average. 

This sample of 67,621 diamonds contained very 
few with proportions that would qualify for a top grade 
in most of the systems shown in table 3. Only 3% of 
the sample (2,051 round brilliants) had crown angles 
between 34.0° and 34.9°, pavilion angles between 40.2° 
and 41.3°, and table sizes between 53% and 57%. 

Of these 2,051 round brilliants, only 76, or less 
than 4% of this group, had tables of 53%, and nearly 
twice as many diamonds had pavilion angles of 
41°-41.3°, rather than 40.2°-40.9°. Thus, even manu- 
facturers who strive to cut “Ideal” proportions often 
choose to cut a larger table or steeper pavilion angle 
than Tolkowsky recommended, presumably for 
greater weight retention. However, there is as yet no 
clear evidence whether either of these changes signifi- 
cantly alters the balance between brilliance and fire 
that Tolkowsky proposed. As shown in table 3, the 
proportion ranges that define the top grades in existing 
systems yield WLR values of 0.275-0.285 (typical to 
moderately high); yet some proportions that receive 
lower grades in thse same systems have higher calcu- 
lated WLR values. 


flatter than, say, 25°; see, e.g., Crowningshield and 
Moses, 1997). Ironically, the highest WLR values 
are obtained for a round brilliant with no crown at 
all. It is interesting to note that the question of 
reduced durability with a shallower crown was dis- 
cussed in Gems & Gemology in 1936, although at 
that time it was the “modern” trend toward angles 
of 34.5° (from the steeper angles cut previously) that 
raised concern (Ware, 1936). 

Figure 4 also shows images of virtual diamonds 
that have crown angles of 25°, 35°, and 45°, with all 
other parameters at the reference proportions listed 
in table 4. The overall brightness clearly decreases 
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WLR = 0.299 WLR = 0.282 WLR = 0.220 


Figure 4. These digital images show how varia- 
tions in the crown angle from 25° to 45° affect 
the appearance of a standard round brilliant 
diamond. All other proportions are held con- 
stant at the “reference proportions” shown in 
table 4. These digital images confirm what the 
graph of crown angle and WLR illustrates: WLR 
is highest at very shallow crown angles. The 
graph shows local maxima at 13°, 23°, and 34°, it 
begins to drop sharply at crown angles above 38°. 
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as crown angle increases, but the pattern of light 
and dark also changes substantially. 


Pavilion Angle. This is often cited by diamond man- 
ufacturers as the parameter that matters most in 
terms of brilliance (e.g., G. Kaplan, pers. comm., 
1998). With all other parameters at the reference 
positions, we see a smooth decrease in WLR away 
from a maximum at about 40.7° (figure 5). Images of 
virtual diamonds with low, optimal, and high pavil- 
ion angles (again, see figure 5) are consistent with 
the appearances that we would expect for actual dia- 
monds with these pavilion angles (“fish-eye,” nor- 
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mal, and “nail head,” respectively; see GIA Jeweler’s 
Manual [1989]). However, note that although the 
pavilion angle is optimal at 40.7° when the other 
parameters are at the reference values, this need not 
be the case in general. For instance, we calculated 
the WLR values of a diamond with a completely flat 
crown. As the pavilion angle of this “crownless” vir- 
tual diamond increased from 38° to 43°, WLR 
increased smoothly from 0.2.70 to 0.340. 


Table Size. With other proportions held at the refer- 
ence parameters (again, see table 4), there is one 
broad maximum for WLR as a function of table size, 
as shown in figure 6. This maximum extends from 
about 53% to 59%; it is followed by a gradual 
decrease as table size increases to 70%. (A small 
shoulder is seen between 72% and 73%.) However, 
WLR as a function of table size behaves quite differ- 
ently when this parameter is varied together with 
crown angle and pavilion angle, as discussed below. 


Combined Effects. Some of the interactions 
between crown angle, pavilion angle, and table 
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40.5° 


WLR = 0.282 WLR = 0.270 


WLR = 0.272 


Figure 5. Variations in pavilion angle also affect 
the appearance of a faceted diamond. These vir- 
tual diamonds have pavilion angles of 38°, 
40.5°, and 43°; all other parameters are set to 
the reference proportions (table 4). Although 
diffuse illumination reduces the contrast in all 
three images, they do illustrate well-known 
optical effects, including the “fish-eye” that 
results from a very shallow pavilion (far left), 
and the “nail head” caused by a very deep 
pavilion (far right). The graph of WLR as a func- 
tion of pavilion angle (with all other parameters 
at reference proportions) shows a maximum at 
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size—and their joint effects on WLR values—can be 
seen when these proportion parameters are exam- 
ined two at a time. One way to visualize these 
effects is to draw them to look like a topographic 
map (which shows the differences in elevation of an 
area of land). We can draw subsets of the data as 
cross-sections (slices) through the data set with one 
parameter held constant, and the WLR values can 
then be expressed as contours. These cross-sections 
can be read in the same manner as topographic 
maps; but instead of mountains, these “peaks” 
show proportion combinations that produce the 
highest calculated WLR values for diamonds within 
a small range of proportions. 

As illustrated in figure 7, when the crown angle 
and table size are varied together, the WLR changes 
in an unexpected fashion. There are “ridges” at 
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a pavilion angle of 40.7°. 


crown angles of 23° and 34°. Along these ridges, 
round brilliants with large tables show unexpected- 
ly high WLR values: For instance, for a 40.5° pavil- 
ion angle, a virtual diamond with a 65% table and a 
23° crown angle returns more light (high WLR of 
0.288) than one with a 56% table and a 34° crown 
(moderately high WLR of 0.283; again, see figure 7). 
Although the first of these stones is not a typical 
commercial cut, crown angles this low are some- 
times seen at GIA GTL. In addition, at crown angles 
up to 37°, the table size has a significant influence 
on WLR; in general, WLR increases as table size 
decreases within this range. 

When we attempt to illustrate the effects of all 
three parameters at the same time, the limitations 
of graphing on two-dimensional paper are readily 
apparent. The projection of a “three-dimensional 
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graph” in figure 8, for example, shows contours of 
constant WLR against crown angle, pavilion angle, 
and table size. This figure shows clearly that the 
higher-value WLR surfaces have a complex depen- 
dence on the combination of these three parame- 
ters. In particular, the white contour (WLR of 
0.275-0.280) is concave as well as convex, and 
defines a broad range of proportions that have the 
same WLR values. However, only a limited region 
of the WLR surfaces can be displayed on such a 
graph. 

To better show this complexity, figures 9-11 
illustrate the results for proportion combinations 
from three perspectives: constant table size, con- 
stant pavilion angle, and constant crown angle. 
Three points representing distinct sets of propor- 
tions are plotted on these cross-sections; the point 
labeled A, for example, shows the position of a vir- 
tual diamond with the “reference proportions” 
(again, see table 4) in each of the three perspectives. 
Tolkowsky’s proportions are shown as point T. 
Point B represents another high-WLR virtual dia- 
mond with a shallower crown angle. 


Constant Table Size. Figure 9 shows the “topogra- 
phy” of the WLR values in a series of slices through 
surfaces of constant table size. It provides data for 
virtual diamonds with crown angles between 28.5° 
and 37.5°, and pavilion angles between 38° and 43°, 
at table sizes ranging from 50% to 66%. Overall, 
WLR is highest for fairly small tables (53% to 59%), 
and increases as crown angle decreases. Note the 
ridge of higher WLR that trends from the lower left 
corner of each constant-table-size slice to the center 
of the right side. This ridge becomes broader and 
shallower (smaller range of WLR values) as table 
size increases. It is evident that this complexity can- 
not be accounted for in a model of diamond propor- 
tions that treats the optimal set as the center of a 
three-dimensional “bull’s-eye” pattern, surrounded 
by concentric shells of worsening results. 


Constant Pavilion Angle. In figure 10, we show 
slices through the data at constant pavilion angle. 
The complex nature of the WLR surfaces is appar- 
ent from this view as well. The cross-section for a 
39.3° pavilion angle shows a pronounced ridge of 
higher WLR values starting in the upper left corner 
(shallow crowns and small tables), and trending 
toward higher crown angles at table sizes less than 
63%. This ridge is seen at all higher pavilion angles 
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as well; it is the same ridge seen at higher crown 
angles in figure 7, as viewed from many different 
pavilion angles. 

As the pavilion angle increases, the ridge defined 
by the WLR values seen in the orange, yellow, and 
white areas of figure 10 extends first to higher 
crown angles, and then broadens to include larger 
tables. From this perspective, it is clear that pavil- 
ion angle can interact strongly with the other two 
proportion parameters to produce similar WLR val- 
ues across broad ranges of crown angle and table 
size. 


Constant Crown Angle. From the third perspective, 
constant crown angle (figure 11), the WLR contours 
look much smoother. They form broad oval curves 
at shallow crown angles, with oval maximum 
regions at crown angles between 30.5° and 36.5°, 
surrounded by relatively smooth contours of 
decreasing WLR. 

For crown angles greater than 30°, the set of opti- 
mal parameters appears in this perspective as a 
“pull’s-eye” pattern, where a deviation in any direc- 
tion worsens the WLR. However, the pavilion and 
table slices demonstrate that—in terms of WLR— 
there are many proportion combinations that yield 
equally bright results. 


Figure 6. This graph of WLR versus table size, 
with all other proportions at the reference val- 
ues, shows a broad maximum centered at about 
56% and a gradual drop-off toward both smaller 
and larger table sizes. The wide, gently sloping 
top of this graph suggests that WLR is not 
strongly affected as table size varies between 
50% and 62%, for these properties. 
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Figure 7. This diagram shows 
the variation in WLR with 
changes in both crown angle 
and table size. The WLR val- 
ues are contoured, like a 
topographic map; each line is 
a constant WLR value. 
Regions with the highest 
WLR are shown in black, 
gray, and purple. High WLR 
values are found at crown 
angles up to 35°, beyond 
which WLR decreases rapid- 
ly. Note that the highest 
WLR values are seen at small 
table sizes. The shape of the 
0.280 WLR contour line 
reflects the variation in WLR 
due to different crown angles; 
the local maxima at 23° and 
34° in figure 4 become 
“ridges” in this figure. Note 
also the prominence of the 
“ridge” at the 23° crown 
angle; WLR remains high for 
much larger tables than at 
either larger or smaller crown 
angles. The digital images 
show how the pattern of light 
and dark can differ for pro- 
portions leading to similar 
WLR values. The virtual dia- 
mond on the left has a 23° 
crown angle and a 65% table 
(high WLR of 0.285), and the 
one on the right has a 34° 
crown angle and a 56% table 
(moderately high WLR of 
0.283); all other proportions 
for both virtual diamonds 
were held constant at the ref- 
erence proportions in table 4. 


Influence of the Other Five Parameters on WLR 
Results. We explored the contribution to WLR of 
the remaining five proportion parameters—girdle 
thickness, number of girdle facets, culet size, lower- 
girdle length, and star length—by calculating WLR 
values while varying one parameter and holding the 
other seven (including crown angle, pavilion angle, 
and table size) constant at the reference proportions 
in table 4. We found that WLR decreases slightly as 
the thickness of the faceted girdle increases, pre- 
sumably because more light is lost through a thick- 
er girdle. In addition, WLR was approximately con- 
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stant as the number of girdle facets varied from 32 
to 144. A smaller WLR value was obtained for the 
extremely low value of 16 girdle facets. 

We expected to see a steady decrease in WLR 
with culet size, similar to that seen for girdle thick- 
ness; instead, we found relatively constant values 
for culets as large as 12% (which would be 
described as very large), and then a decrease as the 
culet size increased further. Although we have not 
yet examined this result in significant detail, it 
implies that relatively few light rays escape through 
the culet. 
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The graph of WLR versus lower-girdle length 
shows a smooth curve with one maximum, similar 
to the curve seen in figure 5. With all other propor- 
tions at the reference values, we found the highest 
WLR when the lower-girdle length was 70%, rather 
than the commonly cut 75%. The total variation in 
WLR was small, and optimization of this parameter 
showed a strong dependence on star length. 

The graph of WLR versus star length shows sev- 
eral local maxima (figure 12A). The overall maxi- 
mum is found for a star length of 57%, rather than 
the 50% that is commonly cut for round brilliants. 
However, WLR varies by only 0.010—from 0.274 
(typical) to 0.284 (moderately high}—over the range 
of 25% to 95% star length. With the crown angle 
fixed at the reference value of 34°, the 57% star 
length corresponds to a star facet angle of 22.5° and 
an upper-girdle-facet angle of 41.2° (WLR of 0.284), 
while the 50% star length yields a star facet angle of 
21.5° and an upper-girdle-facet angle of 40.4° (WLR 
of 0.282; see figure 12B). This change makes a rather 
subtle difference in the profile of the diamond, pro- 
ducing a slightly steeper profile along these two 
facets without any change in crown height. 
Although WLR varies only a little, indicating little 
change in brilliance, the pattern of light and dark 
across the crown changes significantly, as shown in 
the digital images (figure 12C). 


DISCUSSION 


Verification of the Model. To verify our study, we 
need to ask whether our model adequately repro- 
duces both the visual appearance of white light 
return from actual diamonds and the effects of cut 
that are familiar from observation of actual dia- 
monds. The data indicate several similarities in 
appearance between the virtual diamonds generated 
with this model and actual stones. As we saw in fig- 
ure 5, the virtual diamond images showed charac- 
teristics of actual faceted diamonds (e.g., “fish-eye” 
and “nail head” appearances), as pavilion angle 
alone was changed. Similarly, we found a sharp 
decrease in WLR for crown angles above 38°, and 
actual stones with such steep crown angles may 
look darker (see, e.g., figure 1). 

The most meaningful test of our mathematical 
model is to compare the calculated WLR values to 
the appearance of actual diamonds with those same 
proportions. Figure 1 shows photos of actual dia- 
monds with proportions that correspond to varying 
WLR values. As table 1 indicates, the stones in fig- 
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Pariion Anges 


38° 


Figure 8. The full complexity of the WLR sur- 
faces becomes apparent when we vary all three 
parameters—crown angle, pavilion angle, and 
table size. The contours show constant values of 
WLR in increments of 0.005, from above 0.285 
for the orange area to below 0.250 for the dark 
blue area. The greatest complexity in the con- 
tours is seen at the highest WLR values. How- 
ever, since this three-dimensional projection is 
drawn from only one perspective, it cannot 
show all the variations in the WLR surfaces. 


ure 1 have proportions that would fall in four of the 
five general categories of WLR values: (1) high (cal- 
culated WLR greater than 0.285); (2) moderately 
high, which includes the proportion ranges of many 
professed “superior” cuts (from Tolkowsky, Eppler, 
and Eulitz in table 2; WLR range of 0.280-0.285); (3) 
typical (WLR range of 0.270-0.280); and (4) low 
(WLR less than 0.265). However, because WLR 
measures light return from many different perspec- 
tives, not just one, no single photograph can demon- 
strate WLR results exactly. 


Using WLR Data to Evaluate Brilliance. The WLR 
surfaces that we have calculated as a function of 
crown angle, pavilion angle, and table size are irreg- 
ular, with a number of maxima, rather than a single 
maximum. These multiple “peaks” are a principal 
result of this extensive three-dimensional analysis. 
Their existence supports a position taken by many 
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Figure 9. A series of slices through the data plotted in figure 8 makes it easier to see how WLR changes as 
these three parameters vary. Each plot shows contours of constant WLR for a given table size, as crown 
angle varies along the horizontal axis and pavilion angle varies along the vertical axis. Note that the con- 
tours define irregular surfaces. In general, the WLR values increase as table size decreases, with the highest 
values at a table size of 53% (for 30° and higher crown angles). The WLR values are also higher at interme- 
diate pavilion angles and at lower crown angles. Three points are marked on these plots: Point A denotes a 
virtual diamond with a 34.5° crown angle, a 40.7° pavilion angle, and a 56% table (our reference propor- 
tions), with a WLR value of 0.282. Point B shows the location of a virtual diamond with a 29.5° crown 
angle, a 41.7° pavilion angle, and a 59% table, with a WLR value of 0.284, and point T marks a virtual dia- 
mond with a 34.5° crown angle, a 40.7° pavilion angle, and a 53% table (Tolkowsky’s proportions), which 
yields a WLR value of 0.281. These same three points are shown in figures 10 and 11 as an orientation aid: 


Each point marks the same set of proportions. 


in the trade (see, e.g., Federman, 1997): At least in 
terms of light return, or “brilliance,” there are many 
combinations of parameters that yield equally 
“attractive” round brilliant diamonds. This interac- 
tion between the proportion parameters is not taken 
into account by existing cut-grading systems, which 
examine each parameter separately. 

It is especially important to note that some pro- 
portion combinations that yield high WLR values 
are separated from one another and not contiguous, 
as shown in the cross-sections of the WLR surfaces. 
Thus, for some given values of two proportions, 
changes in the third proportion in a single direction 
may first worsen WLR and then improve it again. 
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This variation in WLR with different proportion 
combinations makes the characterization of the 
“best” diamonds, in terms of brightness, a great 
challenge. Even for one simple shape—the round 
brilliant cut—and variation of only three proportion 
parameters, the surfaces of constant WLR are highly 
complex. 

The specific proportion combinations that pro- 
duce high WLR values have a variety of implications 
for diamond manufacturing. Because many combina- 
tions of proportions yield similarly high WLR values, 
diamonds can be cut to many choices of proportions 
with the same light return, which suggests a better 
utilization of rough (see Box C). 
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Figure 10. Each plot in this figure shows contours of constant WLR for a given pavilion angle, as crown 
angle varies along the horizontal axis and table size varies along the vertical axis. Here again, the complex 
nature of the WLR surfaces is apparent in the patterns shown in these cross-sections. The highest WLR val- 
ues are seen at higher pavilion angles, for very shallow crown angles and small tables. In general, higher 
WLR values are found for the widest range of crown angles and tables sizes as the pavilion angle tends 
toward 41°. Points A, B, and T from figure 9 are shown as orientation aids. 


Evaluation of “Superior” Proportions Suggested by 
Earlier Researchers. Because a gem diamond should 
display an optimal combination of brilliance, fire, 
and pleasing scintillation, the best overall appear- 
ance might not be found among the brightest round 
brilliant cuts. According to our WLR calculations, 
however, some of the “superior” proportions pro- 
posed by other researchers (see, e.g., table 2) do not 
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produce a reasonably bright diamond—for example, 
those from Stoephasius (1931; especially the one 
with a 43.8° crown angle, with a calculated WLR of 
0.216) and Suzuki’s Dispersion Design (1970; even 
Suzuki's Brilliance Design, with a WLR of 0.252, 
calculates as dark). Tolkowsky’s proportions yield a 
moderately high WLR of 0.281. It is interesting to 
note that only seven of the 31 sets of superior pro- 
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Figure 11. Each of the slices in this set shows contours of constant WLR for a given crown angle, as table 
size varies along the vertical axis and pavilion angle varies along the horizontal axis. WLR surfaces look 
much smoother and more concentric from this view, and generally WLR decreases as crown angle increas- 
es. Points A, B, and T from figure 9 are shown as orientation aids. 


portions proposed since Tolkowsky have better cal- 
culated WLR values (Eppler, 1939; Parker, 1951 
[cited by Eppler, 1973]; Schlossmacher, 1969; Eulitz, 
1972; Scandinavian Diamond Nomenclature 
Committee, 1979; Dodson “most fire,” 1979; and 
[one of four] Shannon and Wilson [Shor, 1998)]). 
Relative to Tolkowsky’s proportions, all of these 
have larger tables (56%-60%) and shallower crowns 
(25.5°-33.6°); all but one have comparable pavilion 
angles (40.7°-40.9°; the exception, Dodson’s “most 
fire,” has a 43° pavilion angle). The highest WLR 
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(0.297) is calculated for Parker’s (1951) cut, with a 
55.9% table, 25.5° crown angle, and 40.9° pavilion 
angle. 

Recent work by Shannon and Wilson, as 
described in the trade press (Shor, 1998), presented 
four sets of proportions that they claimed gave “out- 
standing performance” in terms of their appearance. 
Yet we calculated typical to moderately high WLR 
values for these proportions (again, see table 2). In 
comparison, Dodson’s (1979) proportions for the 
“most brilliant” diamond yield a WLR value of 
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An Analysis of Recent Hematite 
Substitutes 


KENNETH G. MAPPIN, C. G., F.G.A. 


Four different samples of mate- 
rials in current use as substitutes for 
hematite have been examined and 
analyzed chemically in an attempt 
to determine their nature. 


Sample 1 had a steel-grey color 
with a brownish tint when viewed 
from certain directions and a metal- 
lic lustre on fresh surfaces. It had 
a yellowish-brown (rather weak) 
streak and a hardness of about 5.5. 
It was brittle and infusible. Its spe- 
cific gravity was approximately 4. 

Chemical, spectroscopic and X-ray 
diffraction analyses were run on the 
sample. By qualitative analysis, 
titanium, copper, chromium and 
cobalt were found to be present. 
This was confirmed by a spectro- 
scopic analysis which indicated tita- 
nium as the principal constituent. 
The X-ray diffraction photograph 
showed that the main constituent 
was titanium dioxide in the form of 
rutile. Quantitative chemical analy- 
sis showed close to 90 per cent rutile. 
Absence of iron indicated that the 
rutile was probably synthetically 
derived. 


Samples 2 and 3 which were cut 
as intaglios were steel-grey in color 
with metallic lustre. They had a 
hardness of only about 2.5 to 8, 
a black streak, and were brittle and 
easily fusible. Their specific gravity 
was between 6.5 and 7, an average 
of about 6.85. They were. analyzed 
in the same manner as was Speci- 
men 1. 


Except for slightly more iron in 
Sample 3, the results on that sample 
were almost identical with that of 
the results from Sample 2, and 
showed that the principal constit- 
uents were lead, copper and silver 
in each case. The X-ray powder 
diffraction photograph showed that 
galena (lead sulphide) was the major 
constituent of each sample. Few 
relatively weak powder diffraction 
rings of undetermined origin ‘prob- 
ably are either due to lead sulphate 
or cuprous sulphide. Both samples 
have probably been made from 
powdered lead sulphide, because they 
show no evidence of natural galena’s 
cubie cleavage. Their easy fusibility 
suggests that they are made by mix- 
ing in the molten state and are 
poured into molds. If the powdered 
sulphide is made from natural 
galena, a small amount of silver 
may have been introduced through 
this source. 

Samples 2 and 8 are inferior to 
Sample 1 as a substitute for hema- 
tite, because of their softness and 
vulnerability to heat and acids. 

Sample 4 proved definitely superior 
to any of the other three. It was 
also an intaglio, showing the cus- 
tomary gladiator’s head. The color 
was also steel-grey, but not as dark 
as 2 and 3. It had a metallic lustre, 
a reddish-brown streak and a hard- 
ness of about 6. Specific gravity was 
4.84. Methods similar to those used 
on the other samples showed iron 

(Continued on Page 328) 
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Figure 12. (A) The graph of WLR versus star length (with all other parameters held constant at the reference 
proportions) shows many local maxima within a relatively small range of WLR. This calculated WLR 
implies that brilliance can be increased slightly if the star length is increased from the usual to 57%. (B) 
These diagrams show how longer star length results in slightly steeper angles for both the upper girdle facets 
and the star facets. The upper diagram, with a star length of 50%, corresponds to the reference proportions 
in table 4; the lower diagram shows a star length of 57%. (C) The virtual diamond images are of diamonds 
with a 50% star length (left) and a 57% star length (right). Although the image on the right is darker around 
the edge, it has a slightly higher WLR value (0.284) than the image on the left (0.282). 


0.277 (typical range) for a 40% table size (much 
smaller than any commercially cut stones), a 26.5° 
crown angle, and a 43° pavilion angle. However, 
Dodson also evaluated one metric each for fire and 
“sparkliness” for four table sizes, three crown 
heights, and 10 pavilion angles. His “most fire” pro- 
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portions gave a high WLR of 0.287, which is far 
brighter by our calculations than his “most bril- 
liant” stone. The differences between our weighting 
technique and those of Dodson and of Shannon and 
Wilson are probably responsible for these 
discrepancies. 
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Implications for Existing Cut-Grading Systems. Our 
results disagree with the concepts on which the pro- 
portion grading systems currently in use by various 
laboratories appear to be based. In particular, they 
do not support the idea that all deviations from a 
narrow range of crown angles and table sizes should 
be given a lower grade. We have calculated the 
WLR values for the proportion ranges of each grad- 
ing system in table 3. The highest grades for most of 
those systems yield WLR values from 0.275 to 
0.284 (typical to moderately high). Clearly, these are 
attractive stones. However, the maximum WLR 
achievable increases as the grade worsens in these 
systems. 

For example, diamonds with a 31° to 32° crown 
angle, a 41° to 41.4° pavilion angle, and a table size 
between 53% and 57% have WLR values of 
0.284-0.285 (moderately high). Although their WLR 
values are slightly higher than those of the top 
grades in table 3, these round brilliants would 
receive lower cut grades in most systems because of 
the lower crown angle. Similarly, diamonds with 
crown angles between 31° and 33°, pavilion angles 
of 42°, and tables between 53% and 59% yield cal- 
culated WLR values from 0.281 to 0.286 (moderate- 
ly high to high). These values may exceed those of 
diamonds that currently receive the best grades, but 
such stones earn medium to low grades from the 
existing systems because of the larger pavilion 
angle. Last, round brilliants with larger tables (61% 
to 63%) are much more common than those with 
small tables (again, see Box B). Such diamonds can 
show moderately high WLR values when combined 
with crown angles between 30° and 33°, and pavil- 
ion angles from 40° to 42°, but diamonds with large 
tables are penalized heavily in most of the existing 
cut grading systems, regardless of their brightness. 

Although arguments can be made for downgrad- 
ing diamonds with lower crown angles or larger 
tables (on the basis, for example, that they do not 
yield enough fire), there is little documented evi- 
dence at present to support—or refute—such 
claims. However, at least according to Dodson 
(1979), both fire and scintillation depend on combi- 
nations of proportions, rather than on any single 
parameter. 

Although our results for brilliance do not sup- 
port current cut grading systems, we do not expect 
them to surprise most diamond manufacturers. GIA 
GTL has seen significant numbers of diamonds that 
are cut to various proportion combinations that 
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would correspond to moderately high to high WLR 
values. The results of this study support the empiri- 
cal understanding that cutters have of the relation- 
ships between proportions and brilliance. 


FUTURE DIRECTIONS 


The model presented here can be used readily to 
explore many aspects of how diamond cut affects 
appearance. The greatest challenge in this research 
is the derivation of metrics for appearance concepts, 
including selection of the best lighting and observa- 
tion conditions for each metric. Currently, we are 
exploring metrics for fire, which has many possible 
variables, such as: the size, extent, placement, and 
exit angle of colored light rays; the distribution of 
colors observed; and how the observation and light- 
ing geometries govern the recombination of colored 
light rays into white light. We plan to devise a met- 
ric for scintillation as well, and to compare these 
results over the same proportion ranges to the met- 
rics for brilliance and fire. We also intend to explore 
other lighting conditions, as we develop metrics for 
the other appearance concepts. 

In addition, we plan to explore two important 
considerations that have been neglected thus far: 
symmetry and color. From our efforts and observa- 
tions of actual diamonds for this study, we suspect 
that symmetry deviations may produce significant 
variation in brilliance (this was also suggested by A. 
Gilbertson, pers. comm., 1998). Incorporation of 
symmetry deviations requires adding more parame- 
ters to describe the shape of the round brilliant, and 
devising a method of tracking multiple symmetry 
faults. Once this is done, the model can be used to 
calculate both images and metric values that show 
how symmetry deviations, both singly and in com- 
bination, change diamond appearance. 

Incorporating color, whether letter grades (e.g., 
from J to Z) or fancy colors, requires giving the vir- 
tual diamond a set of dimensions, applying a specif- 
ic absorption spectrum, and specifying the color dis- 
tribution (even or zoned). Then the model can keep 
track of the energy a ray loses by absorption (in 
addition to leakage) as it travels through the virtual 
diamond. Fluorescence effects can be included by 
similar techniques (applying a fluorescence spec- 
trum), and the claim that fluorescent diamonds 
look better at different proportions than those that 
are inert (G. Tolkowsky, 1996) can be directly eval- 
uated. 

This model can also be used to explore the many 
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BOX C: AN EXAMPLE ILLUSTRATING CUTTING CHOICES 


Fully symmetrical octahedral rough lends itself quite 
nicely to the higher crown and smaller table typical of 
the “Ideal” cut, as shown in figure C-1. However, sev- 
eral diamond manufacturers have estimated that only 
about one fourth of the rough they cut is fully sym- 
metrical. (A. D. Klein, pers. comm., 1998). Other rough 
shows some irregularity in shape: shorter along one 
point-to-point distance than the other two; one or 
more flattened edges with minor development of cube 
or dodecahedral faces; or some relative tilt or twist 
between the two pyramids that comprise the octahe- 
dron. These variations in the shape of the rough can be 
accommodated during cutting either by accepting a 
lower weight yield or by modifying the cutting propor- 
tions. 

If we consider a typical slightly asymmetric octa- 
hedron (see, e.g., figure C-2), one could still work 
toward an “Ideal” cut despite the limitations of the 
rough. Choosing to saw such a piece just slightly off 
center separates the top from the bottom of the octahe- 
dron, yielding two symmetrical square pyramids; for 
the purposes of this example, let us assume that the 
larger of these two pieces weighs about 1.75 ct. Aiming 
for a crown height of 16% or 17% (which allows for a 
crown angle of 34°-35°, at a range of table sizes) pushes 
the girdle down below the widest part of the rough, 
forcing a lower yield. After exploring the possibilities 
for this example with a DiaExpert system (see, e.g., 
Caspi, 1997), the best yield we found for top-graded 


Figure C-1. Starting with a rough diamond that 
is a highly symmetric octahedron, one can man- 
ufacture a stone with the high crown typical of 
the “Ideal” and obtain a good yield. 
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proportions as defined by most of the cut-grading sys- 
tems (see table 3), was 0.93 ct, with a 35.5° crown 
angle, a 40.8° pavilion angle, and a 57% table, giving a 
calculated WLR value of 0.279. 

However, the shape of this rough suggests a differ- 
ent sawing position; it promotes cutting a shallower 
crown and a larger table. From the same sawn bottom 
piece of about 1.75 ct, one could plan a round brilliant 
with a 60% table and about a 60% total depth, with a 
32.7° crown angle and a 41.5° pavilion angle, which 
would achieve a calculated WLR value of 0.279 and a 
final weight of 1.02 ct. In this example, striving for a 
high cut grade (table 3) results in a substantially lower 
weight yield while achieving the same brightness, as 
expressed by WLR. 

There is broad agreement throughout the diamond 
trade that cutting a diamond for maximum weight 
yield without consideration of the final appearance 
constitutes unacceptably poor manufacturing. 
Nevertheless, the disagreement over which propor- 
tions yield the best-looking diamonds fuels the debate 
as to how to maximize both weight yield and appear- 
ance. Although brilliance is only one aspect of overall 
diamond appearance, our results indicate that for the 
same piece of rough, it is possible to attain greater 
yield with the same WLR. 


Figure C-2. Other sets of proportions, particularly 
slightly lower crown angles, often give the best 
yield from commonly encountered asymmetric 
octahedral diamond rough, with equivalent bright- 
ness. This yield can be significantly lower when 
such rough is fashioned to “Ideal” proportions. 
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ways that faceted shape and proportions affect the 
face-up appearance of fancy-colored diamonds. In 
addition, we hope to address the effects that differ- 
ent kinds of inclusions can have on the paths of 
light rays in a diamond (e.g., reflection from the sur- 
face of a “feather,” or scattering from a cloud of pin- 
points), and the additional light loss that results 
from poor surface finish. 


CONCLUSION 


In this first report of the results of our research on 
cut proportions, we have presented a mathematical 
model of the round brilliant diamond that describes 
this shape in terms of eight proportion parameters. It 
also incorporates the physical factors that affect how 
light interacts with a faceted diamond. At present, 
the “virtual” diamonds we have examined are all 
colorless, flawless round brilliants with mathemati- 
cally perfect symmetry and polish; they vary only in 
their proportions. We created digital images of some 
of these virtual diamonds that reproduce the key 
features of actual diamonds (again, see figures 2, 4, 
5, 7, and 12). 

In this report, we have focused on brilliance, 
which was considered the main factor of diamond 
appearance in most previous analyses of the round 
brilliant diamond—from Tolkowsky in 1919 to 
Shannon and Wilson in 1998. We have quantified 
brilliance on the basis of weighted light return 
(WLR). After calculating WLR values for more than 
20,000 proportion combinations, we found that the 
relationship between brilliance and the three prima- 
ry proportion parameters (crown angle, pavilion 
angle, and table size) is complex, and that there are 
a number of proportion combinations that yield 
high WLR values. We also discovered that there are 
some commercial proportion combinations that 
produce rather low WLR values (again, see figure 1 
and Box B}. Comparisons to actual diamonds sup- 
port our premise that WLR captures the essence of 
brilliance. 

Our model differs from its predecessors in one or 
more of three ways: (1) it is three-dimensional, (2) it 
uses the most detailed existing data on the proper- 
ties of a colorless diamond, and (3) it uses an aver- 
aged observer condition that takes into account the 
likeliest ways in which a diamond dealer or con- 
sumer looks at the stone. (The last is unique to this 
model.) Nevertheless, we do not consider the WLR 
metric we have devised to be the whole story with 
regard to diamond appearance. 
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Brilliance is only one part of the puzzle; fire and 
scintillation, and probably symmetry deviations and 
color, will also have to be analyzed before the 
effects of cutting on diamond appearance can be 
fully understood. Yet, no fashioned diamond can be 
considered beautiful if it lacks brilliance. We can 
infer from the WLR data that certain combinations 
of proportions will produce low light return. This is 
important since a round brilliant that is severely 
deficient in any one appearance aspect cannot be 
considered well cut, even if it performs well for 
another aspect. For example, these WLR results 
could be used to define proportions for which a 
round brilliant diamond will appear too dark; no 
amount of fire or pleasing scintillation would bal- 
ance such darkness to produce beauty. 

Ultimately, we hope to use this model to find 
the various ranges of proportions that clearly fail to 
bring out the attractive qualities of a round brilliant 
diamond for each appearance aspect (brilliance, fire, 
and scintillation}. The proportion ranges that 
remain can be examined for balances between the 
different appearance aspects, and an intelligent, fact- 
based discussion can take place regarding which 
proportions produce diamonds of superior appear- 
ance. It is our opinion that any cut grading assess- 
ment devised in the absence of this broader picture 
is premature. 
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CULTURED ABALONE 
BLISTER PEARLS FROM 
NEW ZEALAND 


The successful culturing of abalone pearls 
has been known since French scientist 
Louis Boutan’s experimentation in the late 
1890s, but commercial production has 
been achieved only in recent decades. The 
use of New Zealand’s Haliotis iris, with its 
colorful and iridescent nacre, has had the 
strongest recent impact on this industry. 
Empress Abalone Ltd. is producing large, 
attractive cultured blister pearls in H. iris. 


The first commercial harvest in 1997 yield- 


ed approximately 6,000 jewelry-quality 
cultured blister pearls, 9-20 mm in diame- 
ter, with vibrant blue, green, purple, and 
pink hues. Examination of 22 samples of 
this material by standard gemological and 
advanced testing methods revealed that 


the presence and thicknesses of the conchi- 


olin layers had a significant impact on 
face-up appearance. Empress Abalone Ltd. 
is also experimenting with producing 
whole free-formed cultured pearls in this 
gastropod mollusk. 
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184 Cultured Abalone Pearls 


By Cheryl Y. Wentzell 


balone pearls are highly prized for their rarity, 

dynamic colors, and remarkable iridescence. 

Their unusual shapes—often conical—and 
potentially large sizes make these pearls especially well suit- 
ed for designer jewelry. The beauty of these rare pearls has 
spawned several attempts at culturing, recorded as far back 
as the late 19th century. However, these early attempts 
encountered many obstacles. Only recently have researchers 
begun to overcome the challenges and difficulties presented 
by abalone pearl culture. One company, Empress Abalone 
Ltd. of Christchurch, New Zealand, is successfully culturing 
brightly colored blister pearls within New Zealand’s 
Haliotis iris (figure 1). These assembled cultured blister 
pearls are marketed under the international trademark, 
Empress Pearl® (or Empress Abalone Pearl® in the U.S.). The 
company is also pursuing the commercial production of 
whole spherical cultured abalone pearls. 

This article will focus on the history, production, mar- 
keting, and identifying characteristics of cultured and 
assembled blister pearls produced by Empress Abalone Ltd. 
Except where referenced otherwise, information was 
obtained through personal communication with the owners, 
Liz and Michael McKenzie, from 1996 through 1998. 


HISTORY OF ABALONE PEARL CULTURE 


The successful culturing of abalone pearls has been elusive 
because of the difficulty of farming and nucleating abalone. 
The first cultured abalone blister and spherical pearls were 
experimentally produced in the late 1890s, by French scien- 
tist Louis Boutan using the European ormer abalone Haliotis 
tuberculata (Fankboner, 1991, 1995). Four decades later, La 
Place Bostwick claimed to have cultured both blister and 
whole free-formed pearls in abalone from California 
(Bostwick, 1936). Bostwick’s work was succeeded by that of 
Japanese scientist Dr. Kan Uno during the mid-1950s. Uno 
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Figure 1. Since they were 
first introduced to the 
international gem market 
in 1996, cultured abalone 
blister pearls from New 
Zealand have appeared in 
many pieces of fine jewel- 
ty. This 18K gold and pal- 
ladium pendant (actually 
a hidden clasp) is set with 
a15mm “Gem” grade 
Empress Pearl®. The 
Tahitian black pearls in 
the necklace are graduat- 
ed from 11.5 mm to 15.25 
mm. Designed and manu- 
factured by Richard 
Kimball, Denver, 
Colorado; photo © Azad. 


made some remarkable advances in culturing 
abalone pearls by drilling a hole through the shell to 
secure the nucleus (Fankboner, 1995; McKenzie, 
1996). He has since reported growing blister pearls 
up to 22 mm in diameter in Haliotis discus in 
Japan. However, his attempts at producing whole 
round pearls were not as successful (Fankboner, 
1991). Subsequently, Cho Won-Ho, president of 
Korea Abalone Pearls in South Korea, began culti- 
vating abalone pearls; in 1991, he projected the suc- 
cessful production of large whole spherical abalone 
pearls (“Bigger abalone . . .,” 1991). However, this 
pioneering effort has been halted, as the company 
has discontinued operations. 

In the mid-1980s, Dr. Peter V. Fankboner, a pro- 
fessor at Simon Fraser University in Burnaby, 
British Columbia, was the first to produce jewelry- 
quality cultured abalone blister pearls in North 
America, using the pinto abalone Haliotis 
kamtschatkana (Fankboner, 1995). Dr. Fankboner 
has since produced perhaps the world’s largest blis- 
ter pearl, which measures 27 mm (just over one 
inch) across the base (“SFU marine biologist claims 
world record... ,” 1996). He has experimented 
with producing spherical bead-nucleated pearls, 
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and claims to have cultured a few whole free- 
formed tissue-nucleated pearls as large as 8 mm (P. 
Fankboner, pers. comm., 1998). 

Dr. Fankboner also reports that, in addition to 
his own company (Pacific Pearl Culture Ltd., 
Burnaby, B.C., Canada), there are three other pro- 
ducers of cultured abalone blister pearls on the west 
coast of North America, all in California: Jack 
Joyner of California Abalone Pearls, Santa Barbara; 
Joe Cavanaugh and Art Seavey of Monterey 
Abalone Co, Monterey; and Tim Ross of North 
Coast Sea Farm, Crescent City. Dr. Fankboner and 
GIA Gem Trade Laboratory (GIA GTL) staff mem- 
bers believe that there is also a producer on the west 
coast of Baja California, in Mexico, but the name 
could not be obtained. 

Abalone pearl culture has been attempted in 
many other countries, including Australia, New 
Zealand, China, South Africa, Mexico, Chile, and 
Ireland (Fankboner, 1995). According to a 1997 arti- 
cle by Cropp, recent experiments for producing 
three-quarter blister to round pearls in Hawaii were 
encouraging. Tasmania entered the field in the early 
1990s, when Abalone Pearls Pty. Ltd. first success- 
fully produced blister pearls, and began targeting 


GEMS & GEMOLOGY Fall 1998 185 


GREAT SOUTHERN OCEAN 


Figure 2. Empress Pearls are cultured primarily on 
New Zealand’s Stewart Island, with a research facili- 
ty at Kaikoura on the main south island. The inset 
shows the Stewart Island production facility, which 
is located at Halfmoon Bay. Photo courtesy of 
Empress Abalone Ltd. 


spherical pearls, in the greenlip abalone Haliotis 
laevigata (Cropp, 1997). The latter trials, which are 
nearing completion, have confirmed the formation 
of a pearl sac, the first stage in the development of 
these cultured spherical pearls. 

Since 1995, Empress Abalone Ltd. of New 
Zealand has successfully cultured commercial 
quantities of pearls in the brightly colored H. iris, or 
paua, abalone. Their research and production activi- 
ties are described below. Another company that 
uses H. iris is Rainbow Pearls, located in New 
Plymouth, Taranaki, on the west coast of New 
Zealand’s north island. This facility, once solely a 
commercial abalone hatchery, now produces assem- 
bled cultured blister pearls. 


BACKGROUND OF THE “EMPRESS PEARL” 


Location and Access. New Zealand is a topographi- 
cally and climatically diverse country that consists 
of two main islands and several smaller ones (figure 
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2). Abalone blister pearls are cultured by Empress 
Abalone Ltd. at Halfmoon Bay on the northeast side 
of Stewart Island—a third, smaller island southern- 
most in New Zealand. This facility (figure 2, inset), 
which is open for visitors, is accessible from 
Invercargill, on the main south island, via an 
approximately one hour ferry ride or a 20 minute 
flight. Empress Abalone also has a research facility 
at Kaikoura, a small town on the northeast coast of 
the main south island, about 180 km (112 miles) 
north of Christchurch (McKenzie, 1996). 

New Zealand is surrounded by three major bod- 
ies of water: the Pacific Ocean to the north and east, 
the Tasman Sea to the west, and the Great 
Southern Ocean to the south. The subtropical and 
subantarctic currents converge at Stewart Island, 
creating an influx of nutrients and producing a rich 
and diverse marine environment. At Kaikoura, the 
continental shelf comes very close to shore, creating 
another diverse marine environment that benefits 
from the upwelling of rich nutrients. 


Company Structure and Facilities. In 1995, Liz and 
Michael McKenzie of Goldrush Gem Co., a New 
Zealand jewelry firm, teamed up with a group of 
abalone divers from Abalone Producers and Partners 
to form a new company, Abalone Partners Ltd., on 
Stewart Island’s Halfmoon Bay. This operation is 
managed by partner Ron Dennis. The McKenzie 
family also holds 55% interest in Empress Abalone 
Ltd., of Christchurch, which has sole marketing 
rights for the product. The remaining interest is 
held by 20 shareholders. Recently, Empress Abalone 
Ltd. has taken over Abalone Partners Ltd., so it is 
now responsible for both the production and mar- 
keting of the cultured blister pearls. They have con- 
tracted with Goldrush Gem Co. for all of the post- 
harvest processing. 

The abalone are housed onshore in 150 one- 
cubic-meter rubber tanks, each capable of holding 
1,000 liters of water and 70-80 abalone (figure 3). 
There are three full-time employees and up to seven 
seasonal staff members. During the next three 
years, the McKenzies plan to build a much larger 
facility, with a projected capacity of 100,000 
abalone, 16 km (10 miles) north of Kaikoura, in the 
small town of Maungamanu. 

For its research activities, Empress Abalone Ltd. 
leases space at the George Knox Research 
Laboratory at Kaikoura (owned by the University of 
Canterbury in Christchurch). Currently this facility 
has 25 tanks and two full-time researchers. With 
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the help of a government grant, research on all 
aspects of abalone and pearl cultivation is being 
conducted in conjunction with the university. This 
research includes the triggers for nacre production, 
the effects of feed changes on pearl color, and 
abalone breeding. 


ABALONE BIOLOGY 


Abalone mollusks are a primitive group of 
marine snails of the class Gastropoda, subclass 
Prosobranchia, order Archaeogastropoda, family 
Haliotidae (Howorth, 1978). The largest of all gas- 
tropods (Nieson, 1994), they are a type of limpet 
prized for their delicately flavored meat, iridescent 
mother-of-pearl, and pearls. There are about 90-100 
species worldwide (Haldane, 1992; Fankboner, 
1995), but according to Fankboner, less than two 
dozen reach a size practical for pearl culture. 

Abalone have separate sexes and breed by exter- 
nal fertilization. Millions of eggs and clouds of 
sperm are released into the water and drift about 
until they unite. Because fertilization is so random, 
a given animal may successfully breed in nature 
only once every six or seven years (Haldane, 1992). 
The fertilized eggs grow into larvae, and then into 
free-swimming veligers which settle on a hard sub- 
strate. The veligers develop into abalone, which 
grow at a rate of about 15-20 mm/year. This growth 
rate is slower than that of other mollusks used for 
pearl culture, but with farming it increases to about 
25 mm/year. An oval adult shell reaches about 
12-14 cm in length. 

Abalone live in clusters from the low tide mark 
to a depth of about 36 m (McGraw-Hill, 1987). They 
feed nocturnally, by scraping algae (i.e., coralline 
algae as juveniles, and kelp and other seaweed as 
adults) with their radula, a file-like tongue with 
rows of chitinous projections (McLean, 1969; 
Howorth, 1978). A row of open pores along one side 
of the shell is used for respiration, excretion, and 
breeding (figure 4). Although abalone are generally 
hardy, they have no mechanism to coagulate their 
blood. If an animal sustains a significant cut, it will 
probably bleed to death (Cox, 1962), or it may die 
from the lost mobility that results when it muscu- 
larly clamps the wound closed (M. McKenzie, pers. 
comm., 1998). The average life span is about 10 
years, but under ideal conditions, abalone can live 
as long as 40 to 50 years (Howorth, 1978). 

H. iris, which is found exclusively off the coast 
of New Zealand, is considered by many to boast the 
most vividly colored mother-of-pearl of all the 
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abalone species (see, e.g., figure 4). The cause of the 
rainbow-like hues is discussed by Brown (1985, 
1997). According to Liz McKenzie, colder waters, 
such as those off the south island, favor the forma- 
tion of highly iridescent and colorful pearl nacre. 


GATHERING ABALONE STOCK 


Abalone diving in New Zealand is quota-based with 
a limited entry; the total quota does not exceed 908 
tonne/year. (There are approximately 2,000 adult 
abalone, each at least 12.5 cm long, in a tonne.) 
Empress Abalone Ltd. leased 4.5 tonne in quotas 
from other divers last year; they prefer to use their 
own divers to assure care and quality. 

The abalone are collected offshore from the 
Kaikoura and Stewart Island facilities. The divers 
choose predominantly rocky locations to avoid sand 
contamination, which can cause problems during 
cultured pearl growth. Each quota season begins 
October 1 and continues all year. However, diving 
conditions are most favorable from October through 
March, after which most activity ends. Because the 
use of compressed-air diving tanks is prohibited by 
law, snorkelers collect the abalone (figure 5) from 


Figure 3. The Stewart Island facility 
has 150 rubber tanks, each contain- 
ing 70-80 nucleated abalone (inset). 
Filtered and aerated water is main- 
tained at 12~-15°C during the nacre- 
growth stage. Photos courtesy of 
Empress Abalone Ltd. 
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Figure 4. Haliotis iris, also known as paua abalone, creates what may be the most iridescent and vividly 
colored mother-of-pearl and pearl nacre of its genus. Colorful patterns are seen on the exterior of this 
shell, which has been polished and lacquered. The interior (inset, also lacquered) shows vibrant colors as 
well; the abalone uses the row of holes for respiration, excretion, and breeding. The nucleus is inserted 
into an area near the apex of the shell (on the right side of the inset photo), where it is most difficult for 
the abalone to dislodge it. The cultured and assembled abalone blister pearls in the rings and pendant 
range from 12.5 mm to 15.8 mm. The rings were designed and manufactured by Ian Henderson, 
Dunedin, New Zealand; the pendant was designed and manufactured by Goldrush Gem Co., 


Christchurch, New Zealand; photos by Maha DeMaggio. 


the low-tide mark down to about 9 m (30 feet). 
About 100-200 kg of abalone are gathered during a 
typical diving excursion (about two hours). 

Because of their “hemophiliac” nature, abalone 
must be collected with care. Traditionally, a type of 
pry bar called an abalone iron has been used; how- 
ever, Empress Abalone’s divers have found that a 
triangular masonry trowel presents less risk of 
injury to the animals. The abalone are gathered by 
inserting this tool between the animal’s muscular 
foot and the rocky substrate. The abalone collected 
are at least five years old; much older abalone, 
which have thicker shells and grow more slowly 
than the young ones, are not as desirable for cul- 
tured pearl production. The abalone are assessed by 
eye before they are removed from their environ- 
ment, and any unsuitable specimens are returned 
unharmed if possible. 

Presently, Empress Abalone is using only wild 
stock for pearl culturing, but an additional three 
tonne of abalone are being grown at the Kaikoura 
facility as the company strives to shift to cultivated 
stock by late 1999. Natural abalone stocks in New 
Zealand were once in danger of depletion, but the 
government quota system has prevented this. 
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Although the population is sustained only by natu- 
ral breeding, the New Zealand marine environment 
is free of the diseases and pests that deplete abalone 
populations in other locations. The withering-foot 
disease that infests the American abalone is absent, 
as are parasitic nematodes, polychetes, boring 
clams, snails, and sponges that are prevalent in 
other locations. There are a few predators such as 
seals, but their impact is minimal. 


CULTURING ABALONE BLISTER PEARLS 


Nuclei Implantation. Hemispherical plastic forms, 
used in the culture of traditional blister pearls 
(Ward, 1998), are also used in abalone. The 
McKenzies use economical material formed with 
casein, a by-product from a milk factory. The 
abalone are very sensitive to the shape of these 
nuclei. Because of the highly concave shape of their 
shell, they resist depositing nacre on a convex sur- 
face such as a high-domed bead. Better nacre deposi- 
tion is achieved with flatter nuclei profiles. Also, 
pointed outlines such as pear shapes and hearts are 
generally uneconomical because the points often 
pierce the flesh of the abalone and cause it to bleed 
to death. Although 8-16 mm hemispherical nuclei 


GEMS & GEMOLOGY Fall 1998 


GEMS & GEMOLOGY 


326 


‘edoosizejod pue ‘edoosoxo1Ul [woLso[oUles [eyUOZIIOY ‘edooso1o1U 
SUIZLIV[Od ‘rayewiorjoeds uolzdiosqe ‘(sseduoo Javed woiz peydepe) 
snyeredde sdueosezony javed ‘edoosojived ‘edoossopue javed ayy se 
SJUOUINAJSUL YONS OLB IYSII 0} YO] WOAT poyTuepl Aliseq “Asolowes ut 
YIOM YoLveser SuIpueys{NO SIY UO SelITed UITEqny “Iq Jey} euloY SITY 
ul ALO}eIOGE] B4e{AUIod 4ynq [[eWs 94} UI pue dO SI. 4] “puel4tezqzIMg 
‘audeon'] Ul WAY UIpPEqny “WY oy} JO 01098 oY} UIYIIM paesnoy A10}eLOQGRT 
peddinbe-[jam ‘snoloeds e Jo uonmsod 4jeyT ey} SI MoOTeq pornjorg 


are the most favorable for producing cultured blister 
pearls, oval profiles often work, and pear-shaped pro- 
files are being modified to achieve greater success. 

With their strong musculature, abalone can easi- 
ly eject any foreign body that comes between the 
mantle and the shell. To combat this, the nucleus is 
inserted (along with a piece of mantle tissue to gen- 
erate nacre deposition) into an area near the apex or 
whorl of the shell (again, see figure 4), where it is 
most difficult for the abalone to dislodge it. The 
McKenzies report that their implantation technique 
is completely different from that used by Peter 
Fankboner on the North American coast (see, ¢.g., 
Fankboner, 1994). Although the exact methods are 
proprietary, the McKenzies indicate that they use 
tools that are specially designed and manufactured 
for the purpose, and that their technique is less 
invasive than some methods used by other cultur- 
ers, as it does not involve cutting. 

Nuclei implantation, or “seeding,” takes approx- 
imately three minutes for each abalone. Although 
the nuclei can be implanted throughout the year, 
seeding is typically done from October to the begin- 
ning of December (middle to late spring in New 
Zealand), after the spawning season, when the 
gonad is smallest and access is easiest. A single 
nucleus is usually implanted into each animal. If 
two nuclei are used, the nacre commonly forms a 
bridge between them. 


Cultured Blister Pearl Growth. Although abalone 
are hardy in their environment, they do not tolerate 
chemicals and do not like to be handled. If picked 
up, they will refuse to eat or produce nacre. To get 
over the shock of nucleation, the abalone are placed 
in recovery tanks for two weeks before they are 
transferred to permanent tanks (again, see figure 3). 
They remain there undisturbed until harvest. 

Three basic complications can prevent success- 
ful cultured pearl growth: (1) the abalone dies, usu- 
ally due to bleeding; (2) the nacre is deposited 
unevenly or incompletely; and (3) the nucleus caus- 
es a cyst to form. The mortality rate from abalone 
collection and blister pearl nucleation is relatively 
low (5%), but this increases (to 30%} when “free” 
nuclei (to produce whole pearls) are implanted. If 
the abalone survives the culturing process, the blis- 
ter nucleus may be “ignored” rather than expelled, 
instead of being covered with nacre, all or part may 
be covered with conchiolin only. Sometimes during 
nucleation, sand irritation will cause the implanted 
bead to induce an infection instead of stimulating 
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Figure 5. Divers collect wild abalone from rocky 
locations at depths reaching 9 m (30 feet). During 
each approximately two-hour excursion, the 
divers typically retrieve 100-200 kg of abalone. 
Photo courtesy of Empress Abalone Ltd. 


nacre growth. The result is a festering cyst rather 
than a cultured pearl. 

H. iris need a minimum water temperature of 
12°-15°C (54°-59°F) to stimulate nacre growth. 
However, if the water becomes too warm (e.g., 
approaching 18°C or 64°F), the abalone will stop 
producing nacre and may even seek lower tempera- 
tures by crawling out of the tanks. In the wild, 
nacre is deposited rapidly in the summer and specif- 
ically to the irritant site. As the temperature drops, 
nacre deposition slows. Conchiolin is laid in the 
winter, in waters as cold as 9°C (48°F). Conchiolin 
and other organic compounds (the mixture of which 
will be referred to here as conchiolin) are important, 
as they provide the dark background against which 
the colors in the overlying nacre reflect. 

Cultured blister pearls up to 12 mm in diameter 
(starting with 10.5-11 mm nuclei) are formed in 
two seasons (18 months). Larger blister pearls, 
12-18 mm, take three seasons (approximately 24 to 
30 months) to form. 


Growth Environment. The onshore holding tanks 
contain clear natural saltwater that is continuously 
replenished by water piped in from 100 m offshore. 
The water is filtered to minimize contamination by 
sand, and is maintained at a temperature of 
12°-15°C (54°-59°F) during the nacre-growth phase. 
The water is aerated to discourage the growth of 
undesirable algae. The environment in the tanks is 
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strictly monitored to ensure the health of the 
abalone, as well as maximize the growth rate and 
nacre thickness of the cultured pearls. By maintain- 
ing specific water temperatures that are varied 
throughout the growing process, the operators can 
simulate optimal growth seasons. They also keep 
the facility in darkness, so that feeding is always 
stimulated. 


Feeding. Abalone require very little care. Once the 
environment is established and the nuclei 
implanted, they need only to be fed while the cul- 
tured blister pearls grow. No nutrients or artificial 
feeds are added to the water; the captive abalone 
feed exclusively on kelp and other algae collected 
from the Great Southern Ocean (figure 6). The 
McKenzies have discovered that the brilliant col- 
ors of the cultured pearls are somewhat dependent 
on the type of feed available to the abalone. The 
alga species Gracilaria chilensis has been linked to 
production of the most desirable purple, blue, and 
green hues. For this reason, the abalone are fed 
approximately 50% G. chilensis and a 50% combi- 
nation of three other native algae—Durvillea sp, 
Macrocystis sp, and Laminaria sp—that varies sea- 
sonally. Approximately 300 kg of algae per day are 
required for two tonne of abalone. 


HARVESTING AND PRODUCTION 


Although the cultured blister pearls were first har- 
vested twice annually, they are now harvested con- 


Figure 6. Kelp is collected from the Great Southern 
Ocean every three to four days to replenish the 
abalone diet. The H. iris eat an average of 7% of 
their body weight daily; approximately 300 kg of 
algae per day are required to feed two tonne of 
abalone. Photo courtesy of Empress Abalone Ltd. 
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tinuously from the end of July through March. The 
later harvest allows thicker nacre deposition on 
larger nuclei. Whereas some other mollusks are 
implanted three or four times, H. iris are shucked 
(the shells removed, figure 7) at the first harvest 
because the cultured blister pearls must be cut from 
the shell. Both shells and meat are important by- 
products of the pearl harvest. Most of the meat is 
exported to Hong Kong. The shell is sought in jew- 
elry and craft manufacturing for its iridescence and 
vibrant colors. 

The results of cultured pearl seeding and growth 
are unpredictable. Only 25% of the animals nucle- 
ated for the pilot harvest (in 1995) yielded mar- 
ketable cultured blister pearls. One year later, the 
success rate was up to 50% as a result of greater 
knowledge and improved techniques. Currently, 
there is an approximately 60%-70% average suc- 
cess rate for obtaining commercially marketable 
cultured blister pearls from the implanted abalone. 

In addition to research harvests, there has been 
one small pilot harvest and two larger commercial 
harvests to date. A third was under way at the time 
of this writing. The first seeding was conducted in 
the spring of 1993 by Abalone Producers and 
Partners. This led to the pilot harvest in 1995, when 
Empress Abalone Ltd. merged with the divers. That 
harvest yielded approximately 1,100 jewelry-quality 
cultured blister pearls. The first commercial harvest 
of 10,000 implanted abalone took place during 
October and November of 1997, yielding approxi- 
mately 6,000 cultured blister pearls of good to excel- 
lent quality. Another 2,000 abalone were harvested 
from March through April of 1998, yielding about 
1,800 marketable pearls; the high success of this 
harvest was attributed to the smaller sizes of the 
nuclei. The third commercial harvest produced 
2,000 marketable cultured blister pearls during 
September 1998, and another 2,000 were expected 
by mid-October. By the end of March 1999, the 
McKenzies expect to have harvested a total of 
15,000 jewelry-quality cultured blister pearls for 
this growth period. 

Rarely, either a natural pearl or a “keshi” is 
found during the harvest. Natural pearls may form 
due to suspended solids, the invasion of a flatworm, 
or other irritant that is brought in on the seaweed. 
A by-product of the culturing process, a keshi may 
form around the implanted tissue that has separated 
from the nucleus, or as a result of the introduction 
of another irritant during nucleation (Farn, 1986). 


GEMS & GEMOLOGY Fall 1998 


PROCESSING THE 
CULTURED BLISTER PEARLS 


Once the abalone are harvested, the cultured blister 
pearls are cut from the shell with a diamond saw 
(figure 8), and the rough shell is parted from the blis- 
ter with a scalpel; the nucleus is then removed, and 
the dome washed out. The McKenzies report that 
the interior surface of the dome is not worked or 
treated in any way. With the shell flange still in 
place, a blue polymer is poured into the inverted 
dome. The colored polymer camouflages any cracks 
that may form in the dome if damaged during wear, 
as well as any thin or transparent areas. A backing 
is fashioned from the mother-of-pearl of H. iris. If 
the surface of this backing is uneven, an opaque 
medium-gray polymer is applied to level it before it 
is attached to the dome. A transparent colorless 
glue is used to bind the backing to the dome. In all, 
an assembled cultured blister pearl contains a total 
of three or four layers, in addition to the nacre (fig- 
ure 9). The assembly process may be compared to 
that described by Crowningshield (1982) and 
Taburiaux (1985) for mabé pearls, where a bead 
insert is used. 

After the layers are assembled, the outline is 
rounded with a grinder. An attempt is made to bring 
the outline as close as possible to a calibrated size 
for ease of setting in jewelry. The dome is then pol- 
ished with a soft cotton buffing wheel and jeweler’s 
rouge to remove organic compounds. Polishing also 
imparts a high luster to the surface and optimizes 
the color. Once assembly and buffing are complete, 
the cultured blister pearls are cleaned for 20-30 sec- 
onds in a warm ammonia solution in an ultrasonic 
cleaner. This also reveals any cracks that formed 
during processing. Pearls with significant cracks are 
rejected. 

The McKenzies claim that no coating, wax, or 
oil is applied to the outer nacre surface, that the 
ability to achieve a high luster and the transparency 
of the surface are inherent to the nacre. 


IDENTIFYING CHARACTERISTICS 


Materials. Twenty-two cultured blister pearl sam- 
ples were obtained for examination. All of the blis- 
ters were round in outline, and four samples were 
sawn in half. Eighteen specimens ranged in size 
from 9.82-9.98 x 3.35 mm to 19.02-19.39 x 7.25 
mm. (According to the McKenzies, the cultured 
abalone blister pearls range from 9 to 20 mm in 
diameter; they average 9-13 mm.) The other four 
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Figure 7. During the harvest, the abalone meat is 
removed from the shell by hand, or “shucked.” 
This abalone contains a 14 mm cultured blister 
pearl. Courtesy of Empress Abalone Ltd. 


samples could not be similarly measured since they 
were still attached to part of the shell. 

The McKenzies provided 15 of the specimens. 
Although they stated that most of the samples had 
flaws that would preclude their use in jewelry, they 
were valuable for observing the ranges of color, lus- 
ter, surface blemishes, and nacre characteristics. 
Seven came from their first commercial harvest (fig- 
ure 10). The McKenzies advised that since these 
samples were removed approximately nine months 


Figure 8. The cultured blister pearls are 
sawn from the shell with a diamond 
blade. After trimming (inset), the blisters 
are ready to be processed. Photos cour- 
tesy of Empress Abalone Ltd. 
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Figure 9. These are two views of one half of an assembled cultured abalone blister pearl. On the left is a 
cross-section, and on the right is a close-up view along the edge. There are four layers: (A) blister pearl dome 
(nacre—0.20 mm thick at the crown and 0.10-0.15 mm thick at the base), (B) blue polymer layer, (C) color- 
less glue, and (D) shell backing. An assemblage with an exaggerated thickness of blue polymer was chosen 
for purposes of illustration; note the bubbles in the polymer and glue layers. Sample courtesy of Empress 
Abalone Ltd.; photomicrographs by Shane F. McClure, magnified 10x (left) and 20x (right). 


early, as test samples for the harvest, the nacre was 
thinner than the full-term product. They also noted 
that four of the seven would be considered rejects by 
Empress Abalone Ltd., since two had significant 
cracks and two had noticeably transparent areas. 


Figure 10. These seven study samples were from 
Empress Abalone Ltd.’s first commercial harvest. 
They ranged from 14.24-14.57 x 4.74 mm to 
19.02-19.39 x 7.25 mm. As test samples, they were 
removed about nine months before the rest of the har- 
vest, and were considered rejects (i.e., not commercial 
quality) by Empress Abalone Ltd. Conchiolin blem- 
ishes appear as dark brown or black spots, patches of 
speckles, or bands. (Note that the dark area on the 
front of each sample is a reflection of the photograph- 
ic equipment.) Several of the samples have an 
“orange-peel” effect. Photo by Maha DeMaggio. 
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In addition to these seven samples, the 
McKenzies provided two unpolished samples that 
were still attached to the shell, with the hemispher- 
ical bead nuclei intact (figure 11). They also sup- 
plied two samples that had been cut from the shell 
and partially polished, but were left open in the 
back with the shell flange still attached. They filled 
one of these, their lowest-quality product, with 
their standard blue polymer (again, see figure 11). At 
the author’s request, they filled the second blister 
with blue polymer on one side of the dome and col- 
orless polymer on the other; this sample was then 
sawn in half so effects of the polymers on the color 
of the cultured blister pearl could be compared (fig- 
ure 12). Also supplied—for cross-section observation 
and measurement of nacre thickness— were three 
half-samples that had been processed and assembled 
before they were sawn (again, see figure 9a). 

Three unmounted samples were provided by 
USS. distributor Betty Sue King of King’s Ransom, 
Sausalito California, as products representative of 
those on the market in 1998 (figure 13). Five sam- 
ples set in jewelry were also examined, four of 
which were provided by designer/jeweler Ian 
Henderson of Dunedin, New Zealand (see the photo 
on the cover of this issue) and one that was supplied 
by the McKenzies (again, see figure 4). 


Methods. The colors were observed using a Gretag 
MacBeth Judge II light box with a neutral gray back- 
ground and two 20-watt 6,500K color temperature 
bulbs that simulate average daylight. Refractive 
indices were determined on all samples by the spot 
method using a standard GIA GEM Instruments 
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gemological refractometer. No weights or densities 
were measured because of the assembled nature of 
the pieces. Ultraviolet fluorescence was observed in 
a dark room using a viewing box equipped with a 
GIA GEM Instruments long-wave (366 nm) and 
short-wave (254 nm) UV lamp. All samples were 
examined with a Gemolite Mark VII Stereo Star 
Zoom binocular microscope. A Cuda Products vari- 
able-intensity pinpoint fiber-optic light source was 
used for observations both with and without magni- 
fication. A GIA GEM Instruments table gauge was 
used to measure nacre thickness on three sawn 
samples. 

Qualitative chemical analysis of three samples 
was performed with a Tracor X-ray Spectrace 5000 
energy-dispersive X-ray fluorescence (EDXRF) spec- 
trometer. One analysis was performed on the nacre 
dome of a cultured blister pearl assemblage, one 
was performed on a piece of unprocessed abalone 
shell, and one spectrum was taken of the blue poly- 
mer filler. An X-ray powder diffraction pattern was 
obtained with a Debye-Scherrer camera mounted 
on a Siemens Kristalloflex diffractometer, to deter- 
mine the composition of a shallow surface scraping 
of the nacre on one assemblage. An Edsyn 951SX 
Loner soldering station was used at the maximum 
setting (427°C, or 800°F) as a thermal reaction tester 
for polymer coating on one lustrous sample with 
transparent nacre. Attempts to detect polymer coat- 
ings were also made using a Nicolet Magna-IR 550 
Fourier-transform infrared (FTIR) spectrometer; a 


Figure 11. The two unprocessed, unpolished sam- 
ples on the right were still in the shell with the 
hemispherical bead nuclei intact (note that the 
intensity of the colors is similar to the assembled 
product). The center sample is positioned face- 
down, to show the rough surface of the outer 
shell. The sample on the left (also face-down) had 
been separated from the outer shell, filled with 
blue polymer, and partially polished. Courtesy of 
Empress Abalone Ltd.; photo by Maha DeMaggio. 


spectrum was obtained of a pelletized shallow sur- 
face scraping from the nacre of one sample using 
the transmission mode. An FTIR attachment for 
obtaining diffuse reflectance spectra and a 
Renishaw system 2000 Raman microspectrometer 
were also used to examine the surface of one sample 
for polymer coatings. 

Some recent coatings are the result of polishing 
with compounds that leave a very thin film on the 
surface. Detection of these films, which may be 
only fractions to a few microns thick, requires 
equipment such as the scanning electron micro- 


Figure 12. One side of this cultured abalone blister pearl was filled with blue polymer, and the other side 
was filled with colorless polymer (left). The sawn surface allowed observation of two thin conchiolin layers 
beneath the nacre (which gave a brownish appearance to the colorless polymer). These layers were suffi- 
cient to minimize the effect of the blue polymer on the color of the pearl: When the two sides were viewed 
face-up (right), there was no discernible color difference between them. Sample courtesy of Empress 


Abalone Ltd.; photos by Maha DeMaggio. 
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Figure 13. These three cultured and assembled 
abalone blister pearls are representative of those 
commercially marketed in 1998. The samples mea- 
sured from 9.82-9.98 x 3.35 mm to 15.30-15.46 x 
§.33 mm. Empress Abalone Ltd. had graded them 
(from left to right) as “Gem,” “A,” and “B.” Notice 
the “orange-peel” effect on the “B” grade product. 
Samples courtesy of Betty Sue King, King’s 
Ransom; photo by Maha DeMaggio. 


scope. Seven cross-section images were taken from 
freshly broken edges of a cultured blister pearl 
assemblage using an ElectroScan Model E3 environ- 
mental scanning electron microscope (ESEM). For 
comparison, three images were taken of a fresh 
abalone shell fracture. The images ranged in magni- 
fication from approximately 600x to 6000x. 
Durability testing included the use of standard 
Moh’s hardness points to determine the resistance 
of the surface of one sample to scratching. A fade 
test was conducted with an Oriel model 81150 solar 
simulator with a 300-watt xenon light source; the 
output emission approximates the daylight spec- 
trum at approximately two times normal intensity. 
One half of a cultured blister pearl was subjected to 
4.5 hours in the simulator, while the other half was 
kept in a darkened room to be used for comparison. 


RESULTS 


Color. The McKenzies state that the main bodycol- 
ors of their samples range from green through “pea- 
cock” green-blue to deep “azure” blue, and rarely, a 
deep violetish blue. Secondary colors and overtones 
include pink, purplish pink, purple, yellow, and 
orange. They report that the colors are typically 
more intense in the smaller cultured blister pearls 
than the larger ones. The colors in the study sam- 
ples were vivid, and strong iridescence caused them 
to appear to shift or roll across the surface. The 
main bodycolors of these samples were combina- 
tions of blue, green, purple, and pink. Blue and then 
green were the most prevalent hues and dominated 
the coloration of most samples. Two samples were 
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predominantly deep “azure” blue; one sample was 
dominated by purple. Others showed purple or pur- 
plish pink to pink areas. Two samples were a com- 
bination of blue and gray. Purple, pink, yellow, blue, 
and green overtones were observed. Although some 
of the smaller samples were more blue and some 
larger samples contained more green, no relation- 
ship could be drawn between color and size. All 
samples appeared equal in intensity. 


Luster. The McKenzies report that the luster of 
their product ranges from satiny to vitreous; the 
reflections appear diffuse to almost mirror-like. The 
lusters of the polished study samples ranged from 
high to extremely high, as compared to other kinds 
of pearls, and the luster and reflection descriptions 
concurred with those of the McKenzies. The light 
reflecting off the conchiolin layers imparted an 
almost metallic apppearance to the pieces. The sur- 
faces of the unpolished samples had very thin layers 
of organic material and whitish deposits that dulled 
the luster; these are removed during polishing. 


Surface Characteristics. Examination of the sur- 
faces with 10x magnification revealed several fea- 
tures. One sample had a large dark brown spot of 
conchiolin but otherwise was smooth and highly 
lustrous. Six other samples had smaller isolated 
conchiolin spots or several dark speckles; another 
three each had a dark brown to black band of con- 
chiolin (figure 10). 

Observation with 10x magnification also 
revealed cracks in nine samples. These were usually 
quite thin and not apparent with the unaided eye: 
One cultured blister pearl had a small patch of craz- 
ing near the edge of the base, one had a network of 
cracks in an isolated patch, and six had single hair- 
line fractures. Two of the thin cracks in the lower- 
quality materials had microscopic evidence of poly- 
mer, which typically seeps through pre-existing 
cracks and exposes them during processing, a bene- 
fit for quality control. One sample, a reject from the 
early harvest, had a large crack across the crown and 
a large gap at the edge of the base. 

Features with the appearance of small bumps 
and welts gave several samples an “orange-peel” 
effect (figures 10, 13, and 14). These characteristics 
were most often seen under the surface of the nacre 
at the interface with the conchiolin layer, and are 
typical of abalone pearls. Also seen with magnifica- 
tion (and typical of abalone pearls) was the cellular 
structure of the nacre (see photo in Kammerling and 
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Fryer, 1994) and nacre structures that appeared 
somewhat botryoidal. On four samples, the nacre 
displayed a milky haziness, and two partially pol- 
ished samples had polishing marks; both of these 
characteristics were only visible with 10x magnifi- 
cation. The surfaces of two unpolished domes that 
were still attached to the shell had thin layers of 
organic material. 


Refractive Indices. Observation of refractive indices 
revealed a birefringence blink on all samples, and 
indistinct to fair spot readings. Alpha varied from 
1.50 to 1.52 for the 22, samples; this was close to the 
value for aragonite, 1.530. Gamma was more diffi- 
cult to see, and only two samples, which had high 
polish, gave clear readings of 1.68—close to the cor- 
responding aragonite value of 1.685. The other sam- 
ples gave indistinct gamma readings that were not 
reliable. 


UV Fluorescence. When exposed to long-wave UV 
radiation, 13 samples showed a mottled and chalky 
medium greenish yellow fluorescence, eight sam- 
ples had weak fluorescence, and one had very weak 
fluorescence. The same, although weaker, reaction 
was seen with short-wave UV. These characteristics 
are consistent with those reported for abalone pearls 
by Brown (1985). 


Assemblage Characteristics. The individual layers 
of each assemblage could be discerned with magni- 
fication (again, see figure 9). The layers observed 
were consistent with those described in the process- 
ing section. Only two of the samples examined by 
the author had the extra layer of gray polymer that 
was used to level the surface of the backing before it 
was applied. 


Nacre and Conchiolin. The McKenzies report that 
the nacre thickness of Empress Pearls typically 
ranges from 0.15 to 0.25 mm on the crown of a blis- 
ter dome, and up to 2 mm around the base where it 
attaches to the shell. The nacre thicknesses of the 
three sawn assemblages ranged from 0.13 mm to 
0.40 mm at the apex of the crowns. The dome bases 
were measured on each side of the sawn face and 
ranged from 0.10—0.15 mm (again, see figure 9) to 
0.30-0.50 mm. The thickest nacre at the point of 
attachment to the shells had been ground away dur- 
ing fashioning. The blister that had one half of the 
dome filled with blue polymer and the other half 
filled with colorless polymer still had the shell 
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flange; the nacre measured 0.20-0.25 mm at the 
apex of the crown and 0.80-0.90 mm at the point of 
attachment to the shell. 

When the nacre was examined with an intense 
fiber-optic light, and without magnification, five of 
the 22 samples showed noticeably thin or translu- 
cent areas that easily transmitted light. Two of 
these five were early-harvest test samples (both 
rejects); one, also a reject, had been sawn in half, 
and two were jewelry-quality samples. One of these 
latter samples had a transparent patch near the gir- 
dle through which the dark polymer could be seen 
with transmitted and reflected light (figure 14), 
although it would probably not detract from the 
face-up appearance if bezel-set in a mounting. 

Seven additional samples showed translucent 
areas of varying size and intensity. Also with the 
fiber-optic light, numerous gas bubbles in the poly- 
mer were eye-visible through the nacre of five sam- 
ples (figure 15). Except for the one jewelry-quality 
pearl mentioned above, none of the marketable 
samples had nacre deficiencies that could be dis- 
cerned with the unaided eye in reflected light (the 
normal situation in which pearls are viewed). 

The three samples that had been sawn in half 
were examined without magnification and with an 
intense fiber-optic light directed at the domes. The 
visibility through the nacre of both the colored 
polymer and the associated gas bubbles was depen- 
dent on the presence and thickness of conchiolin 
layer(s) rather than on the thickness of the nacre. A 


Figure 14. This assembled cultured abalone blis- 
ter pearl has a transparent patch of nacre near the 
edge of the base, through which the dark polymer 
can be seen. Notice, too, the “orange-peel” effect 
visible with magnification. Sample courtesy of 
Betty Sue King, King’s Ransom; photomicrograph 
by Shane F. McClure, magnified 12x. 


GEMS & GEMOLOGY Fall 1998 195 


single thick conchiolin layer or two thinner conchi- 
olin layers effectively blocked the passage of light 
from the nacre into the polymer. The dark tone of 
the polymer also helped block the transmission of 
light. This was evident in the cultured blister pearl 
that had been half-filled with blue polymer and half- 
filled with colorless polymer. This sample con- 
tained two thin layers of conchiolin, and strong 
fiber-optic light did not pass through the half with 
the blue polymer, but it internally illuminated the 
half with the colorless polymer. Samples that had 
no conchiolin layer, or only a single thin conchiolin 
layer, allowed the transmission of light into the col- 
ored polymer, which then glowed through the 
nacre. This illuminated polymer was visible only 
with intense fiber-optic light. Although bright over- 
head lighting caused subtle illumination of the col- 
ored polymer in samples with very thin or no con- 
chiolin, moderate overhead lighting did not cause 
such reactions. The gas bubbles were not visible 
under normal viewing conditions. It is interesting to 
note that the polymer appeared green when viewed 
through the nacre of some assemblages, even though 
the same type of blue polymer appeared to have been 
used for all the samples (again, see figure 15). 


Testing for Coatings and Dyes. The surfaces of all 
the domes were examined with magnification for 
evidence of coatings and dyes, and four were sub- 
jected to different advanced testing methods. No 
coatings or dyes were detected, although some 
extremely thin polymer films (a few microns or 
less) and organic dyes cannot be detected by these 
techniques. The physical properties inherent to 
abalone nacre, combined with the high luster from 
polishing, gave a transparent appearance to the sur- 
faces of these samples that mimicked a colorless 
coating. With 10x magnification, the structure of 
the nacre was consistent with that of natural 
abalone pearls seen in GIA GTL, and there was no 
evidence of dye concentrations. 

Heating with a thermal reaction tester did not 
produce any odors or melting characteristic of poly- 
mer coatings. In fact, when heated to the point of 
burning, the surface sloughed off in platy flakes, a 
reaction that, in the experience of staff members at 
GIA GTL, is typical of nacre. When a drop of 37% 
HCI solution was placed on the surface of a nacre 
dome and studied with magnification, it was 
observed to effervesce strongly and immediately. A 
noticeably thick polymer coating would be expected 
to block this immediate reaction. 
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Figure 15. When the nacre was examined with an 
intense fiber-optic light transmitted through the 
crown, numerous gas bubbles in the polymer 
were visible through the nacre of five samples. 
Note that the blue polymer, illuminated through 
the nacre, appeared green in some. Sample cour- 
tesy of Empress Abalone Ltd.; photomicrograph 
by John I. Koivula, magnified 40x. 


An X-ray powder diffraction pattern of a shallow 
surface scraping disclosed aragonite. An FTIR spec- 
trum of a pelletized sample of a shallow surface 
scraping did not reveal any polymers (again, 
extremely thin microfilms cannot be detected by 
this method). IR diffuse reflectance was of limited 
value for detecting polymers, since the laboratory 
has yet to establish a significant database for pearls; 
however, there were no perceptible differences in 
the spectra for a fashioned abalone blister assem- 
blage and an unprocessed piece of abalone shell; no 
polymers were indicated. The Raman spectra and 
ESEM images also did not reveal the presence of any 
recognized polymers, and the ESEM images of nacre 
cross-sections did not show any discernible differ- 
ences in the surface structures of the blister assem- 
blage and the unprocessed abalone shell. 

EDXREF analysis revealed, in addition to the cal- 
cium (Ca) and strontium (Sr) expected for pearls, 
bromine (Br), iodine (I), copper (Cu), zinc (Zn), iron 
(Fe), and sulfur (S). Given that the nacre on this 
sample was relatively thin, the composition of the 
underlying polymer and its pigments apparently 
contributed to the results. To confirm this, a piece 
of unprocessed H. iris abalone shell and some blue 
polymer exposed on one of the samples were tested 
separately. Ca, Sr, Br, and I were present in the 
shell. Cu and Zn were confined to the polymer. 
Small amounts of Fe were present in both the poly- 
mer and the shell. (Analyses for S were not conduct- 
ed in these latter samples.) The EDXRF spectrum of 
a cultured blister pearl did not reveal any of the 
heavy elements (e.g., silver or tellurium) that indi- 
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cate color treatments in some pearls; organic dyes 
cannot be detected by this method. 


Durability. The McKenzies claim that the tough- 
ness and durability of their product are very good, 
although, as with any cultured pearl, care should be 
exercised in cleaning and handling. They caution 
against immersing the cultured blister pearl assem- 
blages in hot water, because this may cause crack- 
ing and separation of the assembled layers. Eye-visi- 
ble cracks, transparent areas revealing the colored 
polymer, and areas of very thin nacre affect not only 
the appearance, but also the durability, of the 
assembled cultured blister pearl. Attempts to 
scratch the dome surface of one sample showed it to 
be moderately resistant, but it yielded to a Mohs 
value 4 hardness point. Although some types of 
shell products may fade in sunlight, the McKenzies 
have not observed any color fading of their product. 
No short-term fading was observed in the half of an 
assembled cultured blister pearl that was left in the 
solar simulator for 4.5 hours (approximating nine 
hours of direct sunlight). 


MARKETING AND DISTRIBUTION 


The McKenzies debuted the Empress Pearl at the 
Tucson gem shows in February 1996 (figure 16]. At 
the wholesale level, Empress Pearls are sold as 
“mabés,” “hemispherical pearls,” or “half-pearls.” 
They are priced according to their size and their 
color, luster, and surface characteristics. These 
three attributes are the basis for the Empress Pearl 
“point matrix” grading system, a 100-point system 
that was developed in 1995 by the McKenzies 
specifically for their product. Points are assigned to 
each attribute according to its rarity and desirabili- 
ty. Color value is based solely on rarity. 

The quality grades presently used by the compa- 
ny are “Gem,” “A,” “B,” and “C.” The McKenzies 
report that only the highest grades—’Gem,” “A,” 
and upper “B”—are sold as Empress Pearls. 
Approximately 4% of the material marketable 
under the Empress name is considered “Gem” 
grade, 40% is “A” grade, and 56% is “B” grade. 
Cultured blister pearls with lower “B” grades and 
those that fall below the “B” classification, termed 
“semi-perfect,” are sold in sterling silver jewelry 
under the name Ocean Rainbow®, a product of 
Ocean Rainbow Ltd., Christchurch. 

Empress Pearls are distributed directly to whole- 
salers in New Zealand, Australia, the U.S., Taiwan, 
England, Italy, and the Middle East. The largest 
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Figure 16. Empress Pearls® were debuted at the 
1996 Tucson Gem and Mineral Show. The 18K 
gold rings, each of which contains a “Gem”- 
grade abalone “mabé” (the largest of which is 
about 13.5 mm in diameter) were designed and 
manufactured by A #& S Wholesale Jewelers, 
Union City, New York. Samples courtesy of 
Empress Abalone Ltd.; photo by Robert Weldon. 


market is currently the U.S., followed by New 
Zealand. High-quality Empress Pearls have been set 
in fine jewelry that incorporates high-karat gold or 
platinum, diamonds, and colored gems (see, e.g., 
cover photo, figure 1, and figure 17). 


WHOLE FREE-FORMED CULTURED PEARLS 


An exciting aspect of current research involves the 
cultivation of whole free-formed, especially spheri- 
cal, cultured pearls within the body of the abalone. 
Over the past three and a half years, Empress 
Abalone Ltd. has spent approximately US$350,000 
on this research, and 2,000 abalone have been 
implanted with “free” spherical bead nuclei, in an 
attempt to produce these elusive cultured pearls. 
The McKenzies have been experimenting with 
spherical nuclei fashioned from the shell of a 
species of Mississippi mussel and Pinctada 
maxima, the large golden-lipped oyster used to pro- 
duce South Sea cultured pearls, with similar results. 
The optimum nucleus is 6 mm, which is projected 
to yield an 8 mm cultured pearl. The nuclei are cur- 
rently being fashioned from P. maxima. The 
McKenzies predict that 6-8 mm nuclei will eventu- 


GEMS & GEMOLOGY Fall 1998 197 


Figure 17. This 18K yellow and white gold neck- 
lace contains five “A”-grade round (15-18 mm) 
Empress Pearls and one 22 x 15 mm pear shape. 
The necklace is accented by diamonds, rubies, 
and sapphires. It was designed and manufac- 
tured by Hugh Power Designs, Anchorage, 
Alaska. Photo © TKO studio, New York; cour- 
tesy of Empress Abalone Ltd. 


ally be used to obtain 8-10 mm whole spherical cul- 
tured pearls. Larger nuclei result in a high rejection 
rate. One nucleus per abalone is inserted in a pro- 
cess that takes four to five minutes. The tools, tech- 
nique, and exact location within the animal are pro- 
prietary and were developed through original 
research. 

If an abalone’s strong muscular force does not 
expel the loose bead nucleus, the exertion on the 
bead is usually enough to hinder satisfactory nacre 
coverage, quality, and shape. The whole free-formed 
cultured pearls produced to date have nacreous 
areas up to 2-3 mm thick. This nacre is thicker 
than that of the cultured blister pearls because the 
bead nucleus is a greater irritant. 

According to the McKenzies, the whole free- 
formed cultured pearls have evolved from completely 
baroque shapes, most with a somewhat conical out- 
line, to products that are more spherical. Although 
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results are preliminary, there have been promising 
indications of success; the author had the opportu- 
nity to see seven of the whole free-formed bead- 
nucleated cultured pearls at the February 1998 
Tucson gem shows (figure 18). 

Empress Abalone Ltd. has also been experiment- 
ing with whole free-formed tissue-nucleated cul- 
tured pearls. The tissue is implanted into the same 
visceral region where the free-formed bead-nucleat- 
ed pearls are grown. The McKenzies describe the 
resulting cultured pearls as thin and curved, some- 
what like a fingernail, and partially hollow; they 
cannot be distinguished from a natural abalone 
pearl on the basis of their outside appearance. To 
date, there is no commercial production. 


DISCUSSION 


Mabés. Blister pearls were the first type of cultured 
pearls; as early as the 13th century, various types of 
nuclei were implanted in oysters to be covered with 
mother-of-pearl, including small lead or tin forms 
resembling religious idols (Kammerling et al., 1990, 
Fankboner, 1991; Webster, 1994). More recently, 
hemispherical shell beads were implanted into the 
large Pteria penguin (Japan) and Pinctada maxima 
(Australia) to produce sizable blister pearls that 
could be assembled for use in jewelry 
(Crowningshield, 1982; Taburiaux, 1985; Farn, 
1986). These were called mabé pearls. Typically, the 
blister dome would be coated from the inside with a 
translucent material, and a mother-of-pearl bead 
inserted; then any remaining voids would be filled 
with a colorless glue and a mother-of-pearl backing 
would be applied (see, e.g., Crowningshield, 1982, 
Taburiaux, 1985). 

Today, an assembled cultured blister pearl from 
any type of nacreous mollusk is often referred to as 
a mabé, and usually only epoxy or another polymer 
fills the dome. Empress Pearls resemble these con- 
temporary mabés in their assembled nature, and 
Empress Abalone Ltd. often refers to their products 
as “mabés.” Although the Empress process uses a 
colored polymer to fill the dome, the inside surface 
of the nacre is not coated, as is typical of traditional 
mabés. In general, assembled cultured abalone blis- 
ter pearls may be separated from other types by 
their intense coloration, high iridescence, and 
greenish yellow ultraviolet luminescence; the trans- 
parent nacre has unique botryoidal features and a 
cellular structure (visible at high magnification). 

Cultured blister pearls are being or have been 
produced in other species of abalone, including H. 
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On the right side of this Giibelin laboratory, instruments are ar- 
ranged as follows, viewed from left to right: a small gemoscope, 
ultra-violet lamp, gemmolux, Zeiss refractometer with sodium dis- 
charge lamp, Rayner refractometer, streak plate, hardness plates, 
detectoscope, dichroscope, hydrostatic balance, density liquid outfit, 
testing liquids for surface tests, and Newton scales. Note gem tables 
on wall at the extreme left. 


rufescens, H. fulgens, H. kamtschatkana, H. discus, 
H. gigantea, and H. seiboldii. These, too, have been 
fashioned into “mabés.” The author had the oppor- 
tunity to examine a “mabé” from H. rufescens (red 
abalone from the west coast of North America) that 
was donated to GIA by Dr. Peter Fankboner. In this 
sample, the nacre dome was attached directly to the 
mother-of-pearl and shell base with a very thin layer 
of transparent glue. No other layers or the dome 
filler were visible. The colors were pleasing, with 
more silver and pink hues (again, see photos in 
Kammerling and Fryer, 1994) compared to the more 
prevalent blue hue of the blisters from H. iris. The lus- 
ter was high, with a slight satin quality. 


Effects of Conchiolin on Appearance. The presence 
and thickness of the underlying conchiolin layer(s) 
determine the quality of light and color reflected 
back to the observer. The blue polymer did not 
affect the face-up appearance of those assemblages 
that have conchiolin layers sufficiently thick to 
block the passage of light. The conchiolin acted as a 
mirror, reflecting normal overhead light back 
through the nacre toward the observer for maxi- 
mum light return, color, and iridescence. The face- 
up color of samples that contained thinner conchi- 
olin layers could possibly be slightly affected by the 
blue polymer; however, even moderately thin layers 
of conchiolin acted as a mirror, and the colored 
polymer in these pearls could only be discerned 
with intense light. Examination of the sawn blister 
dome that was half-filled with blue polymer and 
half-filled with colorless polymer confirmed this 
conclusion. Face-up examination of both halves 
revealed no discernible color difference (figure 12). 

Conversely, absence of this conchiolin layer 
diminishes the potentially strong and appealing 
visual effects; assemblages without a conchiolin 
layer, or with a very thin conchiolin layer, allowed 
light to enter the polymer filling. These pearls not 
only showed less intense color and brilliance, but 
the light passing into the colored polymer affected 
the face-up color of the pearl. On careful examina- 
tion in reflected light and with the unaided eye, this 
was evident on a sawn reject sample and on the 
lowest-quality commercial product; they both 
showed a bluish background color that was at least 
partially due to the polymer, but the extent of 
impact could not be determined. 


Examination for Surface Treatments. The high lus- 
ter combined with the transparent nacre have led 


Cultured Abalone Pearls 


Figure 18. The first attempts at culturing whole 
free-formed bead-nucleated abalone pearls pro- 
duced these irregular shapes in February 1998. 
Pressure exerted by the abalone on the bead 
commonly prevents the nacre from covering the 
entire nucleus. Samples courtesy of Empress 
Abalone Ltd.; photo by Maha DeMaggio. 


some people to suspect a polymer coating on these 
“mabés.” Also, the vivid colors can mislead one to 
believe they are dyed (and some dyed traditional 
mabés resemble this abalone product [R. Kane, pers. 
comm., 1998]). No coatings or dyes were detected in 
the course of this study. Not all samples were tested 
by advanced techniques, and the possibility exists 
that an extremely thin polymer microfilm or an 
organic dye could defy detection by all the testing 
techniques available to the author; however, the 
vibrant colors, transparency, and ability to achieve a 
high luster are properties that are inherent to 
abalone nacre. 


Durability. Although comprehensive durability 
testing was not performed on the Empress product, 
mabés in general are relatively soft (hardness 3.5-4), 
and their domes have moderately thin nacre. Care 
must be taken during wear, as a sharp blow could 
crack them. It is the author’s opinion that the prod- 
uct lends itself best for use in pendants, enhancers, 
necklace clasps, brooches, and earrings, where the 
threat of damage is reduced. Rings are only recom- 
mended for occasional wear. 


CONCLUSION 


Empress Abalone Ltd. is commercially producing 
cultured blister pearls with vibrant colors and a 
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rainbow-like iridescence that are unique to New 
Zealand’s H. iris abalone. In 1997, 6,000 commer- 
cial-quality cultured blister pearls were harvested, 
in sizes up to 12 mm in diameter, and a similar 
quantity is expected for 1998. In an assemblage pro- 
cess similar to that used for mabés from traditional 
pearl oysters, the cultured blister pearls are cut from 
the shell, filled with a blue polymer, backed with 
mother-of-pearl, and buffed to a high luster. 
Examination of 22 of these “mabés” revealed the 
various components that are used to assemble the 
product, as well as the character of the nacre. 
Conchiolin plays an important role in the face-up 
appearance of the “mabés.” Where the conchiolin 
layer is very thin or absent, the blue polymer used 
to fill the dome can affect the color appearance of 
the nacre; whereas the presence of thicker layers of 
conchiolin optimizes the naturally vivid colors and 
iridescence. Examination with magnification of all 
samples, and advanced testing of some, revealed no 
evidence of any surface treatment. 

These abalone “mabés” are priced according to 
their size, color, luster, and surface blemishes. 
Empress Abalone Ltd. markets the finer quality 
material as Empress Pearls worldwide (Empress 
Abalone Pearls in the U.S.). The lower quality mate- 
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rial is marketed under the name Ocean Rainbow. 
The abalone product, like other mabés, should be 
worn and treated with care. 

Research is ongoing, and the prospects for 
decreased mortality rates, increased production 
yields, and greater control over nacre deposition 
appear good. Methods for the commercial produc- 
tion of whole free-formed bead- and tissue-nucleat- 
ed cultured abalone pearls are being explored. 
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NOTES AND NEW TECHNIQUES 
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ESTIMATING WEIGHTS OF MOUNTED 
COLORED GEMSTONES 


By Charles I. Carmona 


Updated formulas are presented for estimating the weights of mounted col- 
ored gemstones. These formulas are derived from measurements and 
weights of thousands of German-cut calibrated amethysts and citrines, rep- 
resenting most commercially available shapes and sizes. As with the formu- 
las taught by GIA, the dimensions of a stone are multiplied by tts spectfic 
Gravity and by a “shape factor” that is determined by the stone’s face-up 
outline. This article also illustrates how the shape factor changes over a con- 
tinuum of common face-up outlines. As in previous formulas, a separate 
weight correction factor is applied to stones that show proportion variations 


in profile view. 


Estimating weights of mounted gemstones has 
become a common routine for many of today’s jew- 
elry tradespeople. Weight estimation is necessary 
when the stone cannot be removed from its mount- 
ing, either because the client will not allow it or 
because the piece might be damaged. This is typi- 
cally the case with estate jewelry (i.e., jewelry that 
has been previously owned). Estimating weight 
might be done when performing an appraisal, calcu- 
lating an offer to purchase jewelry with unknown 
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gemstone weights, or negotiating the sale or pawn 
of jewelry. 

Over the past two decades, estate jewelry has 
become increasingly important in the market (fig- 
ure 1). No longer is all second-hand jewelry simply 
melted down and the stones recut for remounting. 
In fact, more jewelers are entering this market, at 
both wholesale and retail levels, as witnessed by 
regular estate jewelry sections in the trade press 
(see, e.g, Jewelers’ Circular-Keystone and Professional 
Jeweler), the growth of estate jewelry sections at 
trade shows (such as the Las Vegas JCK Show}, 
and the prevalence of this jewelry in on-line bul- 
letin boards (e.g., http://www.diamonds.net, 
http://www.polygon.net) and Web sites (e.g., 
http://www.antique-estate-jewelry.com, 
http://www.estatejeweler.com). For appraisers, 
estate jewelry dealers, and pawnbrokers in particu- 
lar, the ability to accurately estimate the weight of 
mounted gemstones is critical to the success of 
their operations. 

Tables of diamond weights according to mil- 
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Figure 1. Estate jewelry is 
gaining in popularity with 
today’s customers. 
However, the valuation of 
such jewelry is not 
straightforward, as the 
gems cannot be removed 
from their mountings for 
weighing. As a result, 
weight estimation is very 
important for colored 
stones as well as dia- 
monds. This suite of 
amethyst jewelry was cre- 
ated in France around 
1824. The 65 amethysts 
are cut in oval, pear, and 
round shapes and set in 
two-color gold. The largest 
amethyst (set in the chok- 
er brooch) is estimated to 
weigh about 92 ct. 
Courtesy of David 
Humphrey; photo © 
Harold & Erica Van Pelt. 


limeter measurements first appeared in the gemo- 
logical literature in the mid-18th century (Jeffries, 
1750). However, it was not until the mid-20th cen- 
tury that the first formulas for the estimation of dia- 
mond weights appeared (Leveridge, 1937), in a book- 
let that accompanied the Leveridge® gauge, a spring- 
return measuring device that was introduced that 
year. Also included in this booklet were the first 
specific gravity correction factors to convert dia- 
mond formulas for use in estimating the weights of 
colored stones. 

The first weight estimation formula specifically 
for colored stones was developed for cabochons 
(Small, 1952), it was followed by formulas for com- 
mon faceted stone shapes (i.e., round, oval, rectan- 
gle, square, emerald cut, cushion, marquise, and 
pear; Ellison, 1957). Also from the late 1950s to 
early 1960s, formulas developed by GIA were pub- 
lished as supplements to coursework (R. T. Liddicoat, 
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pers. comm., 1998). Currently, the earliest version 
extant at GIA of these colored stone formulas is a 
notebook on the appraisal of jewelry (Gemological 
Institute of America, circa 1977). These formulas 
are the same as those listed in other references that 
have appeared since then, both published (Altobelli, 
1986; Miller, 1988; Drucker, 1997) and on-line 
(http://www.geogem.com/weightestimate.html, 
http://www.teleport.com/~raylc/gems/estimate.html). 

The formulas developed by GIA for colored 
stones have served the industry well since their 
introduction. Over time, however, there has been 
no published attempt to corroborate these formulas 
or adjust them to the modern cutting styles that 
have evolved with new cutting technologies, 
increased understanding of optics, and continued 
artistic expression in the lapidary arts. The present 
author developed his formulas by measuring and 
weighing thousands of calibrated citrines and 
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Figure 2. Reproduced here are 
two representative pages from 
The Complete Handbook for 
Gemstone Weight Estimation 
(Carmona, 1998). The upper 
left side alphabetically lists 
commonly encountered gem- 
stone varieties or species and 
their specific gravities and S.G. 
groups. Profiles of stones with 
various depths and bulge pat- 
terns are illustrated below to 
aid in estimating weight cor- 
rection factors. The right side 
has tables with eight columns 
of weight ranges by millimeter 
sizes, into which most colored 
stones can be grouped by their 
similar specific gravities. 
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amethysts, as well as dozens of synthetic sapphires, 
in a broad variety of shapes and sizes. He then 
checked and confirmed the formulas on noncali- 
brated loose stones over the course of several years, 
through his work as a gemologist and appraiser. He 
has also developed formulas for a greater number of 
shapes than are currently covered in GIA’s Colored 
Stone Grading course. In addition, he has explored 
in depth the process of using both “shape factors” 
and “weight correction factors” (WCFs) to estimate 
the weights of mounted colored gemstones. 

The full results of the author’s work in this area 
are being published in The Complete Handbook for 
Gemstone Weight Estimation (Carmona, 1998). 
This book contains formulas for estimating the 
weights of 24 common shapes of colored gem- 
stones, and tables to look up weights already calcu- 
lated for average well-cut stones (see, e.g., figure 2). 
It also contains another 48 formulas for stones with 
unusual shapes. The weight estimation tables cover 
all colored gemstones by grouping them into eight 
categories according to their similar specific gravi- 
ties (again, see figure 2). 

The Complete Handbook also contains separate 
sections with formulas and weight charts pertaining 
to diamonds and pearls. Since diamonds generally 
are cut differently from other gemstones, they have 
a separate set of weight estimation formulas. It is 
unusual for colored stones to be cut with the exact 
facet arrangements and angles as diamonds (so- 
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called “diamond cut”); such stones are typically 
small (calibrated up to 3 mm round). Because of 
their different critical angles, colored stones are usu- 
ally cut with steeper crowns, as well as with greater 
pavilion bulges and thicker girdles, adding weight. 
Formulas for diamond weight estimation are not 
addressed in this article, and the use of colored 
stone formulas to estimate diamond weights may 
lead to inaccurate results. 

The present article reviews both the key consid- 
erations for weight estimation and the procedure 
used by the author to provide more accurate esti- 
mates for the weights of colored gemstones. Several 
examples of shape factors and WCFs from The 
Complete Handbook are provided. These factors 
are used to compensate for variations from basic 
shapes that are commonly seen in the present jew- 
elry market. 


KEY CONSIDERATIONS FOR GEMSTONE 
WEIGHT ESTIMATION 


A gemstone is a three-dimensional object with a 
specific volume that can be calculated by measuring 
its length, width, and depth (figure 3). (Height sub- 
stitutes for length or width for some shapes.) The 
weight estimation process involves measuring the 
maximum values for these three dimensions, which 
are incorporated into the appropriate volumetric 
formula. (Volumetric refers to the capacity, size, or 
extent of a three-dimensional object or region of space.) 
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Besides the Leveridge gauge, various other 
devices are used to measure gemstones, including 
screw micrometers and calipers. All measure in 
millimeter units, since the metric system is stan- 
dard in the international gemstone business. 
Generally, micrometers are the most accurate, but 
they are not as versatile as the Leveridge gauge 
(which can also estimate to hundredths of a mil- 
limeter) for gemstones that are partially enclosed by 
mountings. The disadvantage of calipers is that they 
are accurate only to tenths of a millimeter, which 
will reduce the accuracy of the results obtained 
from the formulas. 

Careful measurements are necessary to obtain 
accurate weight estimations. Each dimension 
should be measured several times to find the maxi- 
mum value. A table gauge can be helpful for deter- 
mining face-up measurements of smaller stones. 
When a bezel setting or prong hides the edge of a 
stone, examination with a loupe or microscope can 
help determine the extent to which the stone con- 
tinues into the mounting. When gallery work 
obscures direct measurement of the depth, an offset 
measurement is necessary: Hold the measuring 
instrument to the side of the stone and line up the 
measuring device by eye with the top and bottom 
points of measurement. 

There are many possible sources of error in the 
weight estimation process. Besides measurement 
and mathematical errors, specific gravity variations 
can affect the estimated weight. For example, air 
pockets trapped within a heavily included stone 
will lower its $.G. Conversely, inclusions with a 
higher S.G. than the host gem (such as rutile nee- 


dles in quartz and tourmaline) will raise the S.G. 
Since samples of flawless quartz were used as the 
standard for the formulas and tables presented here, 
included stones may require slight corrections. 
Potential margins of error also increase proportion- 
ate to the size and S.G. of a stone: The larger and 
heavier the stone, the greater the care needed to 
estimate its weight accurately. 

However, the greatest challenge in estimating 
weights of mounted gemstones is correcting for pro- 
portion variations. This requires judgment and 
experience. By thinking of gemstone outlines as a 
continuum of traditional shapes from one to the 
next, it is easier to correct for such variations. 
Examples of such continuums are: round to square, 
round to oval to cushion to rectangle, and pear to 
heart. The following discussion first explains the 
development of the new formulas, and then illus- 
trates these shape sequences and provides the corre- 
sponding shape factors. Next, it examines profile 
variations (e.g., pavilion bulge], and how weight cor- 
rection factors are applied to stones with nonstan- 
dard profiles. 


DEVELOPING THE FORMULAS 


The proposed formulas are based on numerous 
weights and measurements of actual stones, not on 
mathematical constructs or computer models. To 
develop accurate formulas, the author weighed and 
measured several dozen parcels—totaling over 5,000 
stones—of calibrated German-cut amethyst and cit- 
rine in common shapes and sizes. The availability 
of such a large number of precision-cut stones, 
along with the fact that amethyst and citrine are 


Figure 3. Weight estimation 
requires that the following 
dimensions be measured: 
length (L), width (W) [or 
height (H) for stones with 
nonparallel sides], and 
depth (Dp). Round shapes 
are defined by their diame- 
ter (Di) and depth. 


l=Dp >}. ok We 
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Figure 4. Cabochons are featured by many contem- 
porary jewelry designers. This Bulgari parure con- 
sists of a necklace, bracelet, and earrings set with 
oval sapphire and round ruby cabochons, and 
accented with diamonds. The sapphire cabochons 
in the necklace range from 11 x 90 mm to 17 x 24 
mm. Jewelry courtesy of Suzanne Tennenbaum. 
Photo © GIA and Tino Hammid. 


two of the most common gem varieties on the mar- 
ket, made them logical standards for this purpose. 
Since these formulas were first developed in the 
mid-1990s, hundreds of additional varieties and 
shapes of colored stones have been checked against 
them to verify their universality. The formulas 
proved to be accurate for all the colored stones 
examined. 

Lots of 10 to 50 stones in standard calibrated 
sizes (e.g.,5 x 3mm, 6x4 mm, 7x5 mm, 8 x6 mm) 
of each shape were used. Each parcel was weighed 
to the hundredth of a carat (0.01 ct) using a Scien- 
tech SE300 electronic balance. Then, specific mea- 
surements of the largest, smallest, and several inter- 
mediate stones in each parcel were recorded to the 
hundredth of a millimeter using a Leveridge gauge. 
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The average weight of a stone in each parcel was 
calculated by dividing the total weight of the parcel 
by the number of stones it contained. The actual 
weights of the stones in each lot showed minor 
variations from the average weight, due to slight 
cutting variations. The average weight, size mea- 
surements, and S.G. were used to calculate a shape 
factor for each calibrated size and shape, as follows: 


Weight 
Length x Width x Depth x S.G. 


Shape Factor = 


All of the shape factors (calculated for each size 
within a given shape) were then averaged to arrive 
at a single factor for that shape. This process was 
repeated for each shape, for both faceted stones and 
cabochon cuts. The shape factor is a critical part of 
the weight estimation formulas, because it compen- 
sates for the fact that length x width x depth is the 
volume of a rectangular solid, rather than the shape 
of a faceted gemstone. 

Once the shape factor was established, the for- 
mula was inverted to solve for weight (and a weight 
correction added where appropriate], as follows: 


Weight = Length x Width x Depth xS.G. x 
Shape Factor (x WCF) 


Tables in the Complete Handbook present 
ranges of gemstone weights for many shapes and 
sizes (up to 20 mm, in half-millimeter increments), 
in a common range of depths. Weights for interme- 
diate sizes that are not normally calibrated were 
interpolated by formula. The weights are grouped 
into eight narrow S.G. ranges (again, see figure 2). 
The first column, calculated using quartz, also 
includes other stones with S.G.’s in the 2.55 to 2.75 
range (e.g., beryl, chalcedony, and feldspar). A 
spreadsheet analysis was used to calculate the 
weights given in the other columns. Formulas for 
48 uncommon shapes are also presented, calculated 
from fewer samples (3-12 for each shape). In addi- 
tion to quartz, flawless synthetic corundum was 
used to calculate formulas for uncommon shapes, 
because this was the only material found in which 
these shapes occurred. 


APPLYING THE FORMULAS 

Face-Up Examination. The face-up outline (or 
“shape”) of the gemstone determines which shape 
factor is used in the weight estimation formula. 
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Round Square cushion Round Square cushion 
brilliant brilliant cabochon cabochon 
0.00200 0.00235 0.00270 0.00300 


Figure 5. The shape factors (the numbers in boldface 
type) increase from round to square cushion cuts, for 
both faceted stones and cabochons. 


Many colored stones have mixed cutting styles on 
the crown and pavilion, but these shape factors can 
still be applied regardless of minor differences in 
facet arrangements within similar shapes. These 
shapes are described by commonly used names, sev- 
eral of which are registered trademarks. (A glossary 
of names for over 200 gemstone shapes is included 
in The Complete Handbook.) 

Following are examples of how the shape factors 
change according to face-up variations between 
common shapes. Remember: It will take some prac- 
tice to learn how to interpolate the shape factors for 
actual gemstones. In any case, the calculated weight 
should always be stated as an estimate. Because 
cabochon cuts (see, e.g., figure 4) are rounded ver- 
sions of faceted stones, their volumes are greater 
and their shape factors are always higher than those 
for the corresponding faceted shapes. 


Round to Square. For both faceted and cabochon- 
cut stones, there is a continuum in the face-up out- 
line from round to square cushion shapes (figure 5). 
The shape factors for faceted stones increase 17 !/2% 
from the round shape (0.00200) to the average 
square cushion shape (0.00235). For cabochon cuts, 
the increase is 11% (from 0.00270 to 0.00300). 
Shape factors must be interpolated for stones that 
are intermediate between these two shapes. 

In a related continuum, the faceted square cush- 
ion shape may show variations toward the cut-cor- 
ner square (emerald or Radiant*) cut or toward the 
square step cut or square Princess cut (figure 6). The 
shape factors for the average square cushion cut and 
the average square emerald or square Radiant cut 
show a decrease of only 2% (from 0.00235 to 
0.00230, a difference of approximately 0.10 ct for 
every 5.00 ct). Therefore, the formulas here and the 
tables and formulas in the Handbook can be used 
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cushion step 
0.00235 


Figure 6. The difference in shape factor between 
a square cushion and a square emerald (or 
Radiant) cut is not significant, except in the 
weight estimation of larger stones. The change 
in shape factor is more significant (61/?%) 
between square cushion and square step cut or 
square Princess cut stones 


interchangeably for both of these shapes, at least for 
smaller stones. For larger stones (over 3 ct), the dif- 
ference between these shapes could become signifi- 
cant, so the shape factor should be adjusted appro- 
priately. 

The shape factors increase 6!/2% (0.00235 to 
0.00250) from the average square cushion cut to the 
average faceted square step cut or square Princess 
cut (again, see figure 6). Because this difference is 
significant, it will be necessary to interpolate the 
shape factor for all stones that are transitional 
between these cuts. 


Round to Oval to Rectangular Cushion. Another 
continuum for both faceted and cabochon-cut 
stones is from round to oval, and also from oval to 
rectangular cushion shapes. The factors for faceted 
stones increase 5% from the round shape (0.00200) 
to the average oval shape (0.00210), as illustrated in 
figure 7. For cabochon-cut stones, measuring and 
averaging of hundreds of cabochons revealed that 


*Radiant Cut Diamond is a registered trademark of the 
Radiant Cut Diamond Corp. and is commonly used to describe 
similarly cut colored stones. 
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Round Oval Round Oval 
brilliant brilliant cabochon cabochon 
0.00200 0.00210 0.00270 0.00270 


Figure 7. Although the shape factor increases 
from round to oval shapes in faceted stones, 
there is no increase for cabochons. 


there is no significant difference between rounds 
and ovals, and the same shape factor (0.00270) can 
be used for both. This is probably due to the taper- 
ing down of the dome along both axes of symmetry 
as it changes to an oval shape. 

As the shoulders of an oval shape bulge, there is 
a transition toward a rectangular cushion cut (figure 
8). The shape factors increase 12% from the average 
oval cut (0.00210) to the average rectangular cush- 
ion cut (0.00235). The increase for cabochons is 
7'%42% (from 0.00270 to 0.00290). Again, use shape 
factors somewhere between these numbers for tran- 
sitional shapes. 


Rectangular Cushion to Rectangular Step Cut. 
Another continuum exists for faceted rectangular 
gemstone shapes. These range from a rectangular 
cushion to a rectangular Radiant, through an emer- 
ald cut, to a Princess cut (with culet) or a rectangu- 
lar step cut (with keel; figure 9). Both of these latter 
cuts have pointed corners. The shape factor increas- 
es about 10% from the average rectangular cushion 
cut (0.00235) to the average rectangular Radiant cut 
(0.00260). In the shape sequence from the Radiant 
cut to the emerald, Princess, and step cuts, the 


Figure 8. With its bulging shoulders, the rectan- 
gular cushion has a larger shape factor than an 
oval cut, for both faceted stones and cabochons. 


Oval Rectangular Oval Rectangular 
brilliant cushion brilliant cabochon cushion cabochon 
0.00210 0.00235 0.00270 0.00290 
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shape factor increases another 15% (from 0.00260 to 
0.00300). 


Pear to Heart. A pear shape transitions to a heart 
shape—with its broader shoulders, flatter head, and 
cleft—in both faceted and cabochon-cut stones (fig- 
ure 10). Compared to the pear, the shape factors for 
hearts increase for broader shoulders, or decrease as 
the cleft deepens. 


Profile Examination. Proportion variations seen in 
the profile view of a gemstone are accommodated 
by applying a weight correction factor (WCF) to the 
weight estimation formula. This factor must be 
selected with utmost care, because profile varia- 
tions may have a large impact on a stone’s weight. 
Stones that are equidimensional face-up, such as 
rounds to squares and triangle shapes, will generally 
show consistent proportion variations in profile, 
regardless of the viewing direction. Therefore, it is 
easier to estimate a WCF for these cuts. However, 
the proportion variations may be greater for oval to 
rectangular stones, or for pear and marquise shapes. 
For example, the crown heights and pavilion bulges 
seen from end views may be different when exam- 
ined from the side. Also, tables and/or culets in 
such shapes are commonly off-center, which com- 
plicates the weight estimation process. Whereas 
face-up proportion variations are readily visible 
from one direction, the profile examination requires 
a complete rotation of the stone. Therefore, more 
skill is needed to apply an appropriate WCF to cuts 
that are not equidimensional face-up. 


Brilliant-Cut Stones. The pavilion facets of bril- 
liant-cut stones converge to a point (or culet). Since 
the weight estimation formulas for brilliant-cut 
stones were derived from the average weights of 


Figure 9. Among rectangular stones, there is a con- 
tinuous increase in shape factor from a cushion to 
a rectangular Radiant cut, an emerald cut, a 
Princess cut, and, ultimately, a step cut. 


Emerald 
cushion cut cut 


Rectangular Radiant 


0.00235 0.00260 0.00270 
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well-proportioned samples, we use a representative 
profile of the proportions of an average-cut stone, 
such as that shown at the far left in figure 11. This 
profile (viewed from the end) represents a stone 
with a 30% crown/70% pavilion ratio, a thin to 
medium girdle, and no culet. 

The profiles of the brilliant-cut stones in figure 
11 are representative of the profiles for round, 
square, oval, cushion, pear, marquise, heart, 
Radiant, and Princess cut stones. Stones with iden- 
tical length, width, and depth measurements within 
a given cut style may have significantly different 
weights, due to variations in girdle thickness, crown 
height, and pavilion depth, as well as bulges. Using 
the stone profile at the far left in figure 11 as an 
example of an average well-cut stone, and assigning 
it a weight of 1.00 ct, we can see how weights are 
affected by variations in profile. The other stone 
profiles in figure 11 represent what a stone with 
that profile might weigh relative to the profile of the 
1.00 ct round brilliant cut. Although the basic mea- 
surements are the same, the first of the comparison 
profiles—with very shallow crown angles—might 
require a 10% deduction as a WCF. The next pro- 
file, with a very steep crown, might require a 10% 
premium as a WCF, a heavy pavilion could have a 
30% WCF, the combination of steep crown angles 
with a heavy pavilion could have a 40% WCF; a 
very thick girdle might have a 10% WCF. When a 
weight correction factor is required, the percentage 
deduction or premium is then subtracted from or 
added to the formula at the end of the calculation. 


Step-Cut Stones. The pavilion facets of step-cut 
stones converge to a keel (i.e., an elongated culet). 
The length of the keel averages about one third the 
overall length of the stone. Stones with shorter 
keels will weigh less, and those with longer keels 
will weigh more (figure 12). Stones that vary in keel 
length from this average may require a WCF of up 
to 10%. 


Cabochons. The weight of a cabochon is greatly 
affected by the curvature of its dome. A highly 
peaked dome with relatively flat sides may require 
a WCF deduction of as much as 25%, while a dome 
with a nearly flat top and full shoulders might require 
a WCE premium of as much as 35% (figure 13). 


Examples. For a better understanding of this weight 


estimation process, the reader is referred to the exer- 
cises in Box A. 
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Pear Pear with Heart with Heart with Heart with 
0.00200 wideshoulders small cleft medium cleft deep cleft 
0.00210 0.00200 0.00195 0.00190 


9909 


Pear Heart cab with Heart cab with Heart cab with 
cabochon wide shoulders small cleft medium cleft 
0.00245 0.00260 0.00250 0.00240 


Figure 10. In this sequence of pear- to heart-shaped 
outlines for faceted stones (top), the shape factors 
decrease as the clefts become deeper. The same trend 
is seen in cabochons (bottom). 


SUMMARY AND CONCLUSIONS 


As the face-up outlines of faceted stones vary from 
one classic shape to another, the shape factors in 
their weight-estimation formulas change according- 
ly. Both precise face-up measurements and profile 
observations are critical to the accurate estimation 
of the weight of a mounted colored gemstone. 

This task also requires a combination of good 
references and precise judgments. The formulas and 
tables developed for this purpose are the basic refer- 


Figure 11. Seen in profile view, proportion varia- 
tions can have a significant impact on a stone’s 
weight, and must be considered carefully in the 
estimation process. These drawings show how the 
crown and pavilion proportions, as well as the gir- 
dle thickness, can affect the weight correction fac- 
tors (given as percentages). 


1.00 ct 0.90 ct 1.10 ct 
Average Shallow crown _— Steep crown 
proportions -10% +10% 
1.30 ct 1.40 ct 1.10 ct 
Heavy pavilion Steep crown Thick girdle 
+30% & heavy pavilion +10% 
+40% 
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Leveridge Gauge & Weight Estimator 
(Continued from Page 324) 


produced for the Gemological Insti- 
tute of America in one of the leading 
American precision instrument lab- 
oratories. 

The American series will also in- 
clude the original World Copyrighted 
books of estimating tables, produced 
as formerly, on burnished celluloid 
in an attractive newly designed, 
genuine leather case. The pear! esti- 
mating tables, the rights to which 
had been originally licensed to A. D. 
Leveridge by Osterwald & Co., 608 
5th Avenue, New York City, for use 
with this device, have been corrected 


for even closer precision than in the 
earlier book. Again, Osterwald & 
Company have given their consent to 
the use of these tables with the 
Leveridge Gauge & Weight Esti- 
mator by the Gemological Institute 
of America. 


The thirty-four page booklet of 
tables fits into the same vest pocket, 
zippered, leather case as the instru- 
ment. The booklet gives full direc- 
tions for the use of the outfit and 
provides illustrations for this pur- 
pose, as well as pages of information 
to jewelers on melees, small fancies, 
and other useful data. 


Hematite Substitutes 
(Continued from Page 325) 


and copper as the main metal con- 
stituents with titanium in appreci- 
able quantities. 

The X-ray diffraction analysis 
showed hematite as the principal 
substance present, but the quantita- 
tive analysis gave about 81.4 per 
cent ferric oxide and about 10 per 
cent titanium oxide. 

On the basis of these two tests, 
Sample 4 consists of about 81 per 
cent hematite. It is, therefore, dif- 
ferent and better than Samples 1, 
2 and 3. It appears to be a synthetic 
product, either a solidified melt from 


mixed oxides, or more probably, 


sintered. 


A small reddish-brown spot on 
the back of the sample had the ap- 
pearance of an occlusion in a solidi- 
fied melt. 


All four synthetic substitutes for 
hematite were apparently manufac- 
tured from powder and in no case 
had been completely made from 
powdered hematite. It would appear 
from this that the names by which 
all seek to imply that the materials 
are of a hematite nature are incor- 
rect and falsify the true nature of 
the substitutes. ' 


BOX A: 
EXERCISES IN WEIGHT ESTIMATION 


The following examples illustrate the weight estima- 
tion process for three actual gemstones (figure A-1). 


Example 1. This emerald-cut emerald has a slightly 
asymmetrical face-up outline and a deep pavilion, with 
an extra bulge on one side. It measures 10.25 x 8.85 x 
6.88 mm. 


FORMULA FOR EMERALD CUTS: 
LxWxDpxS.G. x 0.00270 = est. wt. x WCF = final estimate 


(10.25) x (8.85) x (6.88) x (2.72) x 0.00270 = 4.58 ct (+10%) = 5.04 ct 


Deeper stones tend to have more of a bulge, and this 
emerald cut is no exception. A WCF of +10% might be 
appropriate for this stone. Incorporating this factor into 
the formula results in an estimated weight of 5.04 ct. 
Although this varies from the actual weight of 4.97 ct 
by only 1.4%, it is critical to value, as the difference 
pushes the weight estimate to over 5.00 ct. After more 
experience, the estimator would apply a WCF between 
+5% and +10%. 

Here is a case where the difference of a percentage 
point or two in the weight of a gemstone could make a 
significant difference in its value. It is important at 
this point to reassess whether the stone can or should 
be removed from its mounting for actual weighing. 


Example 2. This pear-shaped faceted sapphire has a 
symmetrical face-up outline, a very shallow depth, and 
a culet closer to the tip (the erratic culet has not creat- 
ed an inordinate bulge in this stone, but such a bulge is 


often seen and should be considered, if appropriate). It 
measures 10.63 x 8.22, x 4.30 mm. 


FORMULA FOR PEAR SHAPES: 
LxWxDpxS.G. x0.00200 = est. wt. x WCF = final estimate 
10.63 x 8.22, x 4.30 x 4.00 x 0.00200 = 3.00 ct (-10%) = 2.70 ct 


Because the stone is so shallow, there is not enough 
pavilion to create a normal bulge. A weight correction 
factor (WCF) of -10% might be appropriate for this 
stone. Incorporating this factor into the formula results 
in an estimated weight of 2.70 ct. This varies from the 
stone’s actual weight of 2.63 ct by 2.7%. After more 
experience, the estimator would apply a WCF between 
-10% and -15% to obtain a more accurate weight esti- 
mate. 


Example 3. This oval cabochon ruby has a symmetri- 
cal face-up outline, a medium-height dome, and slight- 
ly flattened sides. It measures 10.02 x 7.59 x 5.65 mm. 


FORMULA FOR OVAL CABOCHONS: 
Lx Wx DpxS.G. x 0.00270 = est. wt. x WCF = final estimate 
(10.02}x(7.59}x(5.65}x(4.00} «0.00270 = 4.64 ct (-10%) =4.18 ct 


Because the sides are a little flat, a WCF of -10% 
might be appropriate for this stone. Incorporating this 
factor into the formula results in an estimated weight 
of 4.18 ct, which is 1.9% lower than the stone’s actual 
weight of 4.26 ct. After more experience, the estimator 
would apply a WCF between -5% and -10%. 


Figure A-1. These stones are typical of those that a tradesperson might encounter in jewelry. 
Left = table up; right = profile view. The weight estimation exercises in this box were devel- 
oped using these samples. Stones courtesy of Pravin Davé, Los Angeles, (ruby and sapphire) 
and Ivan Rozo, Los Angeles, (emerald). Photos by Maha DeMaggio. 
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Average keel Long keel Short keel 
+5% to +10% -5% to -10% 


Figure 12. The stone on the left shows an aver- 
age keel line length. The WCF values vary con- 
siderably for short or long keels. 


ence tools needed. The formulas described in this 
article were derived primarily from the average 
weights of parcels of well-proportioned German-cut 
calibrated amethysts and citrines. The person 
responsible for weight estimations must then learn 
to make the necessary adjustments to the standard 
formulas. This process requires extensive experi- 
ence and practice. In fact, the tables and formulas 
developed by the author were adjusted and refined 
on the basis of several years of experience with 
actual colored stones examined in the course of 
his business. 

Most tradespeople who have been estimating 
weights of colored stones for any length of time are 
probably using 40-year-old formulas and techniques 
that carry the disclaimer that “Even for the experi- 
enced grader, they are accurate only to within 10 to 
15%” (Gemological Institute of America, 1994). 
With the formulas and estimation procedures devel- 
oped by the present author, not only is it easier to 
address contemporary cutting styles, but it is also 
possible to reduce that potential margin of error to 
5% or less. 

At all times, however, the person who is using 
these (or any other) formulas and techniques must 


REFERENCES 


Altobelli C. (1986) Handbook of Jewelry and Gemstone 
Appraising, American Gem Society, Los Angeles, CA, pp. 45-46. 

Carmona C. (1998 [projected publication date]) The Complete 
Handbook for Gemstone Weight Estimation, Gemania, Los 
Angeles, CA. 

Drucker R. (1997) The GUIDE Reference Manual—Reference 
Data, Gemworld International, Chicago, pp. 16-18. 

Ellison J. (1957) Formulas for the weight estimation of colored 
faceted stones. Gems &) Gemology, Vol. 9, No. 2, pp. 43-45. 

Gemological Institute of America (circa 1977) Resident 


Notes and New Techniques 


a a & 


Average Peaked dome Full shoulders 
curvature down to -25% up to +35% 


Figure 13. The curvature of a cabochon, as seen 
in profile, profoundly affects the weight of the 
stone. As a result, the weight correction formu- 
las may require WCF values that vary from 
-25% to +35%. 


always use qualifying terms such as approximately, 
estimated, or about in conjunction with the weight 
estimate. Such disclosure is important, since the 
value of a piece of jewelry is often greatly affected 
by the weights of the gemstones it contains. 

The updated formulas presented here are meant 
to set a new standard for weight estimation and to 
give a fresh look at this important task for many 
who make their living in the jewelry trade. The 
weight estimation process may also provide an 
opportunity for jewelers to improve the accuracy of 
their gemological skills, while enhancing the prof- 
itability of their businesses. 
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BERYL, Plastic-Coated Assemblage 
Imitating Trapiche Emerald 


We regularly see various assemblages 
that imitate emerald (e.g., Winter 
1986 Lab Notes, pp. 236-238, and 
Spring 1990 Gem News, p. 100), and 
occasionally we see beryl coated with 
plastic to produce an emerald imita- 
tion (see Fall 1995 Lab Notes, p. 199). 
However, the item shown in figure 1, 
submitted to the West Coast laborato- 
ry for identification, is the first we 
have examined where both of these 
methods were used together to imi- 
tate a trapiche emerald. The green- 
and-black oval cabochon measured 
approximately 14 x 12 x 7 mm and 
weighed 7.99 ct. When viewed face- 
up, the item was very believable; but 
on the back, the sections were mis- 
aligned, which proves it is an assem- 
blage (figure 2). 

Magnification revealed a green 
plastic coating over six sections of 


Figure 1. This 7.99 ct cabochon 
looks like a trapiche emerald, 
but it is actually a plastic-coat- 
ed assemblage. 
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near-colorless material and a hexago- 
nal center plug. The various pieces 
were attached with black glue in some 
places and colorless glue in others. 
The shape and curvature of the pieces 
suggested that an oval cabochon had 
been drilled through its apex, and then 
sawn in six sections to form the basis 
for this assemblage. Gas bubbles were 
visible in the center of the stone 
(under the plug) and in the glue 
planes. We obtained a uniaxial figure 
from most of the near-colorless sec- 
tions, but the coating prevented us 
from getting an accurate refractive 
index. The piece weakly fluoresced 
greenish yellow to long-wave ultravi- 
olet radiation and orangy yellow to 
short-wave UV. Using a desk- model 
spectroscope, we saw two lines in the 
red portion of the spectrum, at about 
630 and 680 nm, which are not appre- 
ciably different from the chromium 


Figure 2. On the back of the 
cabochon shown in figure 1, the 
sections were distinctly mis- 
aligned, which would not occur 
in a natural trapiche emerald. 
Magnified 12x. 
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lines seen in emerald. The specific 
gravity was measured by the hydro- 
static method at 2.62. This value is 
somewhat lower than the S.G. of 
emerald or beryl (usually around 
2.72), but it is clearly influenced by 
the glue that is holding the piece 
together. 

Because we could not get an RI. 
and the S.G. was unreliable, we 
turned to the laser Raman microspec- 
trometer for conclusive identification 
of the near-colorless sections beneath 
the coating. The Raman spectra 
showed these sections to be beryl. 

SFM 


CHRYSOBERYL, Dark Green 


The Tunduru region of Tanzania con- 
tinues to produce numerous gem 
minerals in unusual and highly 
attractive colors (see, e.g., Gem News, 
Winter 1997, p. 305, and Spring 1997, 
p. 66). Figure 3 shows yet another 
example, a 3.65 ct dark green heart- 
shaped mixed cut, reported to be from 
Tunduru, that was submitted for iden- 
tification to the West Coast laboratory. 

The refractive indices of 1.741- 
1.749 and biaxial character indicated 
chrysoberyl. No inclusions were 
observed with magnification, but the 
gemstone did show straight growth 
bands, which proved that it was natu- 
ral. With a desk-model spectroscope, 


Editor's note: The initials at the end of each item 
identify the editor(s) or contributing editor(s) who 
provided that item. 
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Figure 3. This 3.65 ct dark green 
chrysobery] is colored by vana- 
dium. It reportedly came from 
Tunduru, Tanzania. 


we saw a band at 600 nm, which is 
consistent with the spectrum of light 
green “mint” chrysoberyl, as reported 
in the Fall 1996 Gem News section 
(pp. 215-216). The piece showed no 
reaction to either long- or short-wave 
UV radiation. 

The 1996 report described both 
light green and dark green material 
that was colored by vanadium rather 
than chromium. Those samples also 
contained small quantities of Cr, as 
well as iron, gallium, and tin. We sub- 
mitted this heart-shaped mixed cut to 
energy-dispersive X-ray fluorescence 
(EDXRF) analysis, and found only a 
few differences in chemistry from the 
material seen earlier: Traces of V, Fe, 
and Ga were present, but there was 
no tin nor any evidence of Cr. 

We have seen rare examples of 
such a saturated green color in vana- 
dium chrysoberyl before, including 
some material reported to be from 
Myanmar. This color is also in the 
same range as synthetic vanadium 
chrysoberyl grown by the floating- 
zone method in Russia. Although the 
natural and synthetic material can 
show similar fluorescence reactions 
and spectra, the synthetic chrysoberyl 
invariably has distinctive inclusions, 
such as gas bubbles and curved striae. 

SFM 


DIAMOND 


Color Treated from Orangy 
Yellow to Reddish Purple 


Although the East Coast lab receives 


Lab Notes 


many treated-color diamonds for 
identification, we rarely have the 
opportunity to examine a diamond 
and document its properties both 
before and after treatment. About a 
year ago, a friend of the laboratory 
submitted a group of small diamonds 
for our examination prior to irradia- 
tion and heat treatment. We singled 
out a 0.09 ct orangy yellow round 
brilliant for thorough documentation. 
Viewed over diffused light (or 
immersed in methylene iodide) this 
diamond showed uneven coloration, 
with a yellow bodycolor and sparse 
pale brown graining. 

This diamond showed no reaction 
to long-wave ultraviolet radiation, but 
it fluoresced greenish yellow with 
moderate intensity to short-wave UV. 
With the desk-model spectroscope, 
we saw increasing absorption from 
about 500 nm toward the blue. These 
properties suggested some type Ib 
component, which infrared spec- 
troscopy confirmed, showing a com- 
bination of type Ib and IaA absorption 
peaks (for an explanation of diamond 
types, see E. Fritsch and K. Scarratt, 
“Natural-Color Non-conductive Gray- 
to-Blue Diamonds,” Gems e&) Gemology, 
Spring 1992, pp. 35-42). Only a dia- 
mond that contains some type Ib 
component can be treated to produce 
pink, red, or purple; irradiation and 
heat treatment of type Ia diamonds 
produces orange, brown, yellow, or 


Figure 4. The strong reddish pur- 
ple color in this 0.09 ct diamond 
resulted from irradiation and 
heat treatment of an orangy yel- 
low diamond known to have 
some type Ib component. 
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greenish yellow (see A. Collins et al., 
“Absorption and Luminescence 
Spectroscopy,” in J. E. Field, Ed., 
Properties of Natural and Synthetic 
Diamond, Academic Press, London, 
1992, pp. 35-80). 

The key to the development of 
pink to purple colors with treatment 
is the single substitutional nitrogen 
that defines type Ib diamond. 
Vacancies created during irradiation 
(that is, the holes left in the structure 
when ionizing radiation displaces a 
carbon atom) migrate through the dia- 
mond during heat treatment and join 
with the single substitutional nitro- 
gen to create the NV center. The 
absorptions related to this center—at 
637 and 575 nm—combine with the 
rising absorption in the blue to yield 
pink, red, and/or purple (K. Scarratt, 
“Notes from the Laboratory,” Journal 
of Gemmology, Vol. 20, No. 6, 1987, 
pp. 358-361). 

After irradiation with low-energy 
electrons and subsequent heat treat- 
ment, the color of this 0.09 ct orangy 
yellow diamond changed to a reddish 
purple (figure 4). It fluoresced a strong 
bright orange to both long- and short- 
wave UV radiation (somewhat 
stronger to short-wave UV), and the 
hand spectroscope showed strong 
lines at 637 and 575 nm, with a com- 
panion line at 595 nm and both yel- 


Figure 5. Irradiation with an 
electron beam created the con- 
centrated purple zone seen at 
the culet. The combination of 
this purple zone and the light 
yellow bodycolor gives rise to 
the overall “peach” color seen 
here. Magnified 25x. 
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low and orange emission lines at 596 
and 638 nm, respectively. The brown 
graining seen before treatment reflect- 
ed the treated purple color of the 
culet, and a quick examination might 
confuse this reflection with the pink 
to purple graining seen in naturally 
colored diamonds in this hue range. 
However, as shown in figure 5, the 
culet showed a strong concentration 
of purple, a feature diagnostic of treat- 
ment (see, e.g., E. Fritsch and J. Shigley, 
“Contribution to the Identification of 
Treated Color Diamonds: Diamonds 
with Peculiar Color-Zoned Pavilions,” 
Gems & Gemology, Summer 1989, 
pp. 95-101). IR and TM 


Raman Analysis of Inclusions 

Two diamonds recently submitted to 
the West Coast laboratory for quality 
analysis contained colorful mineral 
inclusions, which are relatively 
unusual in gem-quality diamonds. 
These gems presented an excellent 
opportunity to investigate how well 
such inclusions can be identified by 
the nondestructive analysis possible 
with our laser Raman microspec- 
trometer. Although sample prepara- 
tion is not really necessary for Raman 
analysis, when examining inclusions 


Figure 6. Although this cluster 
of green crystals was too deep 
inside the diamond host to be 
identified by Raman analysis, 
we believe that the crystals are 
probably diopside. The smaller 
elongate crystal to the upper 
right of the cluster was closer 
to the surface, and proved to 
be olivine. Magnified 10 x. 
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we have found that the flatter and 
better polished the surface of the host 
is, the less “noisy” the resulting spec- 
trum will be. In addition, the best- 
quality spectrum is obtained when 
the surface of the polished diamond is 
well cleaned of grease and other 
debris prior to analysis. A plastic film 
container partially filled with 
methanol works very well as a means 
of degreasing a gem for this purpose; 
it can be agitated in the canister and 
then air dried. 

After cleaning, the next step is to 
determine the best direction to 
approach the inclusion from the 
host’s surface. The best results are 
obtained with an approach perpendic- 
ular to the surface and the inclusion 
less than 1 mm beneath it. Such a 
geometry, however, is rarely encoun- 
tered. One must find some compro- 
mise between the angle the laser 
beam makes with the faceted surface 
and the depth to the inclusion, keep- 
ing in mind that the system has 
decreasing ability to focus on an 
inclusion with increasing depth in the 
host crystal. The depth of focus 
depends on many variables, including 
the mineral species of both the host 
and the inclusion. 

The first of the two diamonds that 
we examined using our Raman sys- 
tem was a 2.56 ct oval brilliant cut 
that contained a cluster of sharp- 
edged, translucent, dull green crystals 


Figure 7. Raman analysis showed 
that this purplish red crystal in 
diamond is pyrope, but the red- 
brown crystal included in the 
pyrope was too elusive to be ana- 
lyzed. Magnified 30x. 
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(see figure 6); because of their color, 
we speculated that they were diop- 
side. Regardless of the angle of 
approach, however, we could not 
reach any of these larger inclusions 
with the Raman system. A much 
smaller crystal inclusion, which 
appeared to be very light green 
(almost colorless), was visible above 
the main cluster of green crystals and 
just below the surface of the table 
(again, see figure 6). When we ana- 
lyzed this inclusion, we found it to be 
olivine. While larger inclusions of 
olivine in diamond may appear pale 
green, more often they are essentially 
colorless. Given its small size and 
proximity to the larger green crystals, 
we speculate that this smaller crystal 
might be getting its tinge of green by 
reflection from the larger crystals, 
which in all probability are diopside. 

The second diamond subjected to 
Raman analysis was a 1.48 ct round 
brilliant cut. It contained a purplish 
red tabular crystal with rounded edges 
(figure 7) that was visible through 
both the pavilion and the crown. 
After we cleaned the stone and select- 
ed a direction of approach on the 
pavilion side, this crystal inclusion 
proved to be relatively easy to analyze 
using the Raman system. As expected 
from its color and habit (considering 
that it is included in diamond], the 
result was a match for pyrope garnet. 

Close examination of this pyrope 
inclusion showed that it, too, con- 
tained an inclusion. This additional 
inclusion was a tiny, dark, red-brown 
transparent crystal (again, see figure 7} 
that, because of its color, we suspect- 
ed to be either chromite or rutile. An 
examination with polarized light 
microscopy did not show any sign of 
optical activity (i-e., there was no dou- 
bly refractive reaction), so chromite 
became the prime suspect. 

The extremely small size of this 
“chromite” presented an additional 
challenge for Raman analysis. 
Although we could bring it into focus 
in the targeting microscope, we could 
not hold the inclusion in the 
crosshairs long enough to complete 
the analysis. We currently use a 
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putty-like substance to hold and posi- 
tion samples for analysis, and this 
material softens and distorts in shape, 
causing the sample to move notice- 
ably at high magnifications (e.g., at 
500x). The result is what we now call 
“target drift,” as the analyst can actu- 
ally watch the subject move away 
from the crosshairs and out of focus, 
beginning as soon as the sample is 
mounted in the microscope and last- 
ing for as long as we have had 
patience to watch it (about five min- 
utes}. Some type of a rigid sample 
holder, such as a customized stone- 
holder, will have to be devised and 
adapted to fit on the moving stage of 
the targeting microscope in order to 
handle the smallest samples. 

John I. Koivula 


Bicolored GLASS 


Glass has a long, rich history in jewel- 
ry that dates from ancient times. 
While most glass “gems” that we 
encounter in the laboratory are not 
worth mentioning in this section, 
occasionally we see some that are 
quite unusual. Such was the case 
with the 4.28 ct, bicolored (blue and 
colorless), rectangular scissors cut 
shown in figure 8. 

While glass composed of two or 
more colors mixed together is rela- 
tively common in decorative objects, 
this particular piece was designed so 
that the crown portion was colorless 
and the pavilion was dark blue. This 
arrangement produced a “stone” that 
appeared to be a uniform blue when 
viewed table-up. The crown and 
pavilion also had radically different 
refractive indices—1.535 and 1.642, 
respectively. The specific gravity, 
determined hydrostatically, was 2.93. 
Since there are no singly refractive 
gemstones at either of these refractive 
indices, and the specific gravity is too 
high for plastic, glass is the only pos- 
sible identification. The sample 
revealed no visible-light absorption 
spectrum when viewed through a 
Beck prism spectroscope. There was 
no reaction to long-wave UV radia- 
tion, but the short-wave lamp pro- 
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Figure 8. Blue and colorless lay- 
ers are readily apparent in this 
4.28 ct faceted piece of manufac- 
tured glass when it is viewed 
along the girdle plane. In this 
view, the blue color in the pavil- 
ion is reflected into a large por- 
tion of the crown. 


duced a very weak chalky yellow 
reaction over the entire surface. 

The most interesting features of 
this faceted glass were two partially 
healed fractures—resembling “finger- 
print” inclusions—visible in two 
areas that were spread out along the 
contact plane between the colorless 
and blue layers. These “fingerprints” 
were actually composed of a plane of 
microscopic gas bubbles arranged in 
semi-parallel rows; in each case, the 
whole “fingerprint” was encapsulated 
in a single glass droplet (figure 9) that 
had been spattered onto the surface of 
one of the glass layers prior to its con- 
tact with the second layer. We do not 
know whether these “fingerprints” 
were intentionally or accidentally 
formed along the interface between 
the colored layers in this piece of 
glass. John I. Koivula 


SYNTHETIC MOISSANITE, 
Submitted for Diamond Grading 


When a practicing gemologist learns 
about a new synthetic or treatment— 
through the gemological literature, 
seminars, or the trade press—this 
knowledge typically heightens the 
gemologist’s awareness to the appear- 
ance of such a material in his or her 
daily work. With all of the publicity 
about synthetic moissanite over the 
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Figure 9. A small droplet of glass 
encapsulates a fingerprint-like 
formation of gas bubbles that is 
sandwiched between the blue 
and colorless layers in the piece 
of faceted glass shown in figure 
8. Magnified 15x. 


last 18 months, we were surprised 
that it took until the summer of this 
year for the first sample to be submit- 
ted to either laboratory. 

A client sent several gems to the 
East Coast laboratory for diamond 
grading services, but one of them 
turned out to be something other 
than diamond. The bodycolor of the 
0.90 ct round brilliant was pale gray- 
green, and there were relatively few 
inclusions, primarily several long, 
fine needles. When the round brilliant 
was tilted and viewed perpendicular 
to the bezel facets, strong doubling 
was visible (with the two images of 
each rear facet junction appearing 
about twice as far apart as they would 
in a colorless zircon), which proves a 
doubly refractive material. However, 
we could not see doubling of the 
pavilion facet junctions through the 
table, which suggests that the round 
brilliant was oriented with the optic 
axis perpendicular to the table. 
Generally, the finish was good and did 
not show any noticeably rounded 
facet junctions, but the polish lines 
smoothly crossed facet junctions 
without changing direction, which 
is not possible in diamond. Further- 
more, the striated finish of the girdle 
(figure 10) is unlike anything seen in 
diamond. 

The specific gravity, measured 
both hydrostatically and with the 
DiaMension noncontact measuring 
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system, was 3.22. In combination 
with the doubling, inclusions, and 
color, this identified the material as 
synthetic moissanite. The sample flu- 
oresced a very weak orange to long- 
wave UV radiation and was inert to 
short-wave UV. The strong dispersion 
was also observed as orange and blue 
flashes that were visible with the 
microscope when the synthetic 
moissanite was viewed culet up. A 
cutoff at 420 nm was seen with a 
desk-model spectroscope. As expected 
for synthetic moissanite, the sample 
showed a high level of thermal con- 
ductivity, yielding a reading of “dia- 
mond” on the thermal probe. All 
these properties are consistent with 
the samples described by K. Nassau 
et al. in “Synthetic Moissanite: A 
New Diamond Substitute” (Gems & 
Gemology, Winter 1997, pp. 260-275). 
Coincidentally, as we were prepar- 
ing this note, another round brilliant 
(1.31 ct) was submitted to the East 
Coast lab for diamond grading, the 
properties of this “stone” were very 
similar to those of the first example. 
The West Coast lab reported seeing a 
third synthetic moissanite round bril- 
liant, of 1.25 ct, within a few days of 
the other two. Note that all three 
samples were somewhat larger than 
the synthetic moissanites examined 

for the Gems & Gemology article. 
GRC and TM 


Figure 10. The subtle striations 
on the girdle of this 0.90 ct 
round brilliant are typical of 
faceted synthetic moissanite, 
but this texture is unlike the 
faceted, polished, or bruted fin- 
ish found on the girdle of a dia- 
mond. Magnified 50x. 
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PEARLS, Freshwater Cultured 


In the late 1950s, our laboratories 
began to encounter the first freshwa- 
ter tissue-nucleated cultured pearls. 
One of the editors recalls that these 
early white and pastel-colored cul- 
tured pearls, then exclusively from 
Lake Biwa in Japan, were sometimes 
referred to in the trade as natural 
pearls. The FTC guidelines at that 
time defined a cultured pearl as “the 
composite product created when a 
nucleus (usually a sphere of calcare- 
ous mollusk shell) planted by man 
inside the shell or in the mantle of a 
mollusk is coated with nacre by the 
mollusk.” This led to some confusion 
as to how these tissue-nucleated 
pearls should be described. (Lack of 
the word cultured on export papers 
for those pearls added to the confu- 
sion.) Through the 1960s, the trade 
and the testing laboratories recog- 
nized this product as resulting from 
the combined efforts of human and 
mollusk, and for the most part they 
were represented properly as cultured 
pearls. 

The early production attained a 
maximum length of about 7.5 mm for 
the ovals, and diameters of about 6 mm 
for the rounds (G. R. Crowningshield, 
“Fresh-Water Cultured Pearls,” Gems 
& Gemology, Vol. 10, No. 9, 1962, pp. 
259-274). The size range of these cul- 
tured pearls varied little for three 
decades. During the last five years, 
however, we have reported on some- 
what larger sizes and shapes that are 
rounder (Summer 1994 Lab Notes, p. 
118). China now dominates the pro- 
duction of these tissue-nucleated cul- 
tured pearls, especially in the larger 
sizes. G. Bosshart and others have 
described freshwater pearl culturing 
in Vietnam (“Freshwater Pearl 
Cultivation in Vietnam,” Journal of 
Gemmology, Vol. 23, No. 6, 1993, pp. 
326-332), where the sizes remain 
smaller. 

The necklaces shown in figure 11 
were examined recently in the East 
Coast lab; they represent a dramatic 
increase in the size of Chinese fresh- 
water tissue-nucleated cultured pearls 
(D. Federman, Gem Profile, Modern 
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Jeweler, June 1998, pp. 59-60). The 
lengths of these primarily oval cul- 
tured pearls reach up to 15 mm, and 
their widths reach up to 13 mm. The 
colors include both white and pastel 
shades, similar to those we first 
encountered in the 1950s. In these 
sizes, this product now provides an 
interesting and attractive alternative 
to South Seas cultured pearls. 

GRC and TM 


QUARTZ: A Large “Crystal Ball” 


Rock crystal quartz should be an easy 
material to separate from other gems; 
however, synthetic quartz looks very 
much like the natural material. 
Recently, the West Coast laboratory 
received a large sphere, 9.6 cm in 
diameter (about 3 3/4 inches], for iden- 
tification. That it was quartz was evi- 
dent: The sphere had a (spot) refrac- 
tive index of 1.54 and a very good 
“bull’s-eye” optic figure. In addition, 
printing viewed through the sphere 
appeared doubled. It was inert to both 
long- and short-wave UV radiation. 
Because synthetic quartz is manufac- 
tured hydrothermally, we suspected 
that it was not available in the size 
that would have been needed to cut 
this very clean sphere (without a seed 
plate being present), but we could not 
call the piece natural without more 
conclusive evidence. As is so often 
the case in such situations, we had to 
rely on distinctive inclusions. 
However, even finding inclusions 
was a significant challenge in such a 
large object with a curved surface. 
The sphere was eye-clean and too 
large to focus through with the micro- 
scope. We tried using diffuse illumi- 
nation to locate any dark or opaque 
inclusions, and we used red-filtered 
fiber-optic illumination in the hope 
that any inclusions would appear as 
red sparkles within the stone. The 
technique that finally prevailed was 
to set the sphere against the well of 
the microscope’s darkfield illumina- 
tor, and then to look from the side for 
any sign of light bouncing off any fea- 
tures within the sphere. (The round 
opening of the darkfield illuminator 
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served as an ideal base for the sphere, 
making it convenient to rotate the 
quartz ball to any desired position.) 
Using this method in conjunction 
with a 10x loupe, we spotted some 
very tiny features. By disengaging the 
rack and pinion on the microscope 
and elevating the pod by hand, we 
were able to resolve these tiny fea- 
tures at 63x into several small needles 
(some showing curvature) and some 
small dark crystal rods with modified 
triangular cross-sections (possibly 
tourmaline], deep within the stone. 
Since inclusions of these morpholo- 
gies have only been encountered in 
natural quartz, this gave us the proof 
we needed to identify the sphere as 
natural rock crystal quartz. 
ML], SFM, Dino DeGhionno, 
John I. Koivula, and Philip Owens 


RUBY, With a True Double Star 


Tom Schneider, a colored-stone dealer 
in San Diego, California, recently 
shared the unusual phenomenal gem 
shown in figure 12 with the West 
Coast lab. The 8.19 ct red cabochon 
showed a true double star: two six- 
rayed stars slightly offset from each 
other (rather than a 12-rayed star). 


Figure 12. The true double star 
in this 8.19 ct ruby is caused by 
differences in the orientation of 
rutile “silk” across pervasive 
twin planes. 
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Figure 11. These lustrous white and fancy-color freshwater tis- 
sue-nucleated cultured pearls range up to 15 mm long. Thus, 
they provide an alternative to some South Seas cultured pearls. 


The refractive index of 1.76 and 
the characteristic absorption spec- 
trum proved that the gem was ruby. 
The pervasive inclusions of rutile nee- 
dles (typically referred to as “silk’’) 
indicated a natural stone. However, 
the double star seemed illogical: The 


Figure 13. The closely spaced 
twin planes throughout the ruby 
in figure 12 produced two sets of 
slightly offset silk-like rutile 
inclusions, aligned in every 
other plane. Magnified 34x. 
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normal configuration of silk in a ruby 
should produce a single star from one 
viewing direction with one light 
source. 

Further observation with magnifi- 
cation revealed the cause of the dou- 
ble star. The ruby was twinned 
throughout, with closely spaced 
lamellar twinning planes. The silk 
was slightly offset across each of 
these planes, as shown in figure 13, 
because of the difference in the orien- 
tation of the twins; thus, the twin- 
ning produced silk that was aligned in 
every other plane. This offset led to 
the appearance of two stars slightly 
separated from each other. In addi- 
tion, when the rays were viewed with 
magnification, they had small gaps 
(like a dotted line); they looked con- 
tinuous to the naked eye because the 
spacing between these many twin 
sets of planes was so small. SFM 


PHOTO CREDITS 
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Shane McClure provided figures 2, 3, 12, and 13. 
John Koivula photographed figures 6-9. Nicholas 
DelRe was the photographer for figure 10. 
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DIAMONDS Ss 


Diamonds at the International Mineralogical Association 
meeting. Every four years, the IMA brings together scien- 
tists from around the world to present new data in min- 
eralogy, petrology, and geochemistry. About 700 scien- 
tists attended the 17th General Meeting, which was held 
in Toronto, Ontario, Canada, August 9-14, 1998. The 
meeting featured several presentations on diamonds, 
most of which were conducted at a symposium on gems 
and diamonds in honor of the late Dr. Henry Meyer. 
Techniques for identifying and characterizing gem 
diamonds were reviewed by E. Fritsch (University of 
Nantes, France) and J. Shigley (GIA Research). Dr. Fritsch 


Figure 1. This 8.2 ct diamond, from the Eldorado 
Lead, Beechworth district, Victoria, Australia, may 
have been formed by subduction. The 12 mm stone 
was found in 1977. Photo by Francesco Coffa; cour- 
tesy of W. D. Birch, Museum of Victoria. 
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showed how advances in UV-visible-infrared spec- 
troscopy have helped characterize absorptions related to 
color centers, which can be used to separate synthetic 
and treated-colored diamonds from natural, untreated 
diamonds. Cathodoluminescence (CL) patterns and CL 
emission spectra can also be used to identify natural ver- 
sus synthetic diamonds. Dr. Shigley reviewed the chal- 
lenges of identifying diamond treatments and simu- 
lants—including synthetic moissanite—as well as syn- 
thetic diamonds, but he stressed that both of these syn- 
thetics are currently rare in the gem marketplace. 

Another technique for characterizing gem diamonds 
is X-ray topography. I. Sunagawa (Yamanashi Institute of 
Gemmology and Jewellery Arts, Japan) used this tech- 
nique to reveal the growth history of diamond crystals by 
imaging their structural inhomogeneities and textures. 
X-ray topography is particularly effective for distinguish- 
ing single crystals from polycrystalline morphologies. Dr. 
Fritsch (in another presentation) reviewed diamond mor- 
phology in great detail (see Winter 1997 Gem News, pp. 
300-301, for a description of this work), and further 
noted that synthetic diamond crystals have distinct mor- 
phologies that show cube faces. 

Several scientists gave presentations on the genesis of 
diamond. S. E. Haggerty (University of Massachusetts) 
provided an update on the use of carbon isotopes to study 
the formation of diamond in diverse environments: 
microdiamonds in meteorites (presolar and impact ori- 
gins) and deep crustal rocks (continental collision zones), 
and macrodiamonds in the Earth’s mantle (the only 
source of gem diamonds]. P. J. Wyllie (California Institute 
of Technology) indicated that the composition of fluid 
inclusions in diamonds from Botswana is consistent 
with their formation in upper-mantle peridotite. J. W. 
Harris (University of Glasgow) and colleagues studied 
inclusions within alluvial diamonds from Sao Luiz, Mato 
Grasso, Brazil, and concluded that these diamonds may 
have formed at depths exceeding 450 km. This depth 
corresponds to the transition zone between the upper 
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and lower mantle, and is almost three times deeper 
than areas where most gem-quality diamonds are 
thought to form. 

In studies of gem diamonds from Australia, W. D. 
Birch (Museum of Victoria, Australia) pointed out that 
the sporadic association of gem-quality diamonds (figure 
1) with gem corundum and zircon in Victoria is consis- 
tent with a subduction model that has been proposed for 
the origin of these diamonds. F. L. Sutherland (Australian 
Museum, Sydney) and colleagues indicated that the 
source of Copeton diamonds in New South Wales is still 
an enigma; these diamonds contain such unusual inclu- 
sions as coesite and scapolite. 

There were many presentations on gem diamonds 
from Russia. T. V. Possoukhova (Moscow State 
University) and colleagues examined diamonds from sev- 
eral deposits in the Arkhangelsk region. Morphologic and 
spectroscopic studies have shown that diamonds from 
kimberlites in the northern east-European and Siberian 
platforms are typically rounded rhombododecahedra that 
are type Ia. The morphology of these diamonds was 
attributed to resorption during the transportation of dia- 
monds in kimberlite magma. At the Pionerskaya pipe in 
Yakutia, macrodiamonds from the upper horizons show 
morphologies that are typical of kimberlitic diamonds, 
whereas at depth microdiamonds with an unusual skele- 
tal morphology were recovered, resembling diamonds 
found in metamorphic rocks. At the M. V. Lomonosova 
deposit, diamonds apparently formed in several stages 
under oxidizing conditions, as indicated by their mor- 
phology, nitrogen aggregation state, isotopic composi- 
tion, and fluid inclusions. A. B. Makeyev and colleagues 
(Russian Academy of Sciences, Ukhta) reported that dia- 
monds are found with placer gold at the Ichetju alluvial 
deposit (Middle Timan platform); a high proportion of 
the diamonds are gem quality, and many colors have 
been found (e.g., yellow, green, and brown). A. A. 
Rogozhin and colleagues (VIMS, Moscow) described the 
concentration of fluorescent minerals (calcite, apatite, 
and zircon) around the kimberlite pipes in the 
Arkhangelsk region, and proposed that such haloes 
might be useful in prospecting for kimberlite pipes. 

In other presentations, J. E. Butler (Naval Research 
Laboratory, Washington, D.C.) noted that drusy plates of 
synthetic diamonds grown by chemical vapor deposition 
(CVD) may reach 300 mm in diameter and 1 mm thick; 
he showed some interesting jewelry that incorporated 
CVD druses. Finally, G. Harlow (American Museum of 
Natural History, New York) pointed out that diamonds 
are quite seductive learning aids: Visitors stayed at “The 
Nature of Diamonds” exhibit three times longer (i.e., one 
hour) than is typical for the museum’s other exhibits. 


Update on the Ekati project, Northwest Territories, 
Canada. According to BHP Ltd. press releases, diamonds 
have been found in two additional small pipes in the 
Ekati project area at Lac de Gras. The 0.6 hectare Koala 
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Figure 2. The historic Four Peaks mine in Arizona 
is again producing amethyst. These brilliant cuts, 
shown next to a rough crystal, weigh approximate- 
ly 6 and 4 ct. Photo © Jeff Scovil; courtesy of 
Commercial Mineral Co. 


North pipe (which is under the same lake as the already- 
studied Koala pipe) yielded 126.5 carats from 201.7 tons 
of ore, for a grade of 0.63 ct/ton,; the 1 hectare Beartooth 
pipe, 900 m north of the Panda pipe (the first pipe to be 
mined—others include Misery, Koala, Fox, and Sable), 
yielded 22.7 carats from 189.3 tons of ore (grade of 1.20 
ct/ton). The stones were evaluated in Antwerp in May; 
the Beartooth sample was valued conservatively at 
US$79/ct, and the Koala North sample was valued at 
$200/ct. Much of the value of the Koala North sample 
came from three gem-quality stones, which weighed 3.26 
to 5.41 ct. 

Construction at the Ekati diamond mine is nearly 
complete, and the first production is expected in October 
1998 from the Panda open pit. Evaluation of other pipes 
in the area is proceeding. In late May, the joint-venture 
partners (BHP Diamonds Inc., Dia Met Minerals Ltd., 
and individuals Charles E. Fipke and Stewart Blusson) 
agreed that BHP Diamonds Inc. would be the sales repre- 
sentative for the Ekati venture. 


COLORED STONES 5 | 


Amethyst from Arizona. Faceted amethyst is again being 
produced at the historic Four Peaks mine in Maricopa 
County, near Phoenix. The deposit was originally discov- 
ered at the turn of the century, and is located in the 
rugged Mazatzal Mountain Range at an altitude of 2,200 
m (7,200 feet]. After more than 20 years of inactivity, the 
mine has been purchased and reopened by a joint venture 
between Commercial Mineral Co. (the sole distributor of 
the material) and Four Peaks Mining Co. (mining opera- 
tions management). According to Mike Romanella of 
Commercial Mineral Co., Scottsdale, Arizona, about 
2,000 carats of calibrated goods in many shapes are avail- 
able in sizes from 0.5 to 2 ct; very limited quantities of 
2-6 ct stones are also being sold (figure 2). The small size 
of faceted stones is due to the nature of the rough, which 
is color zoned and included. Because the partners are cut- 
ting only “high-quality” stones, the yield of faceted 
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GEMOLOGICAL DIGESTS 


Gemstones in 1945 


(Condensation of Article 
by Sidney H. Ball, Ph.D.) 


Nineteen forty-five saw domestic 
production of gemstones at its lowest 
ebb in years, total output being 
about $40,000. Various causes con- 
tributed to that situation: wartime 
restriction of labor, mining supplies, 
tires and gasoline. Near the end of 
the war, moreover, adequacy of 
strategic minerals reduced the 
necessity of mining pegmatite dikes 
from which gemstones were a by- 
product. 

With the present availability of 
gas and other supplies, however, 
lapidaries are becoming more active, 
the West Coast now operating at 
least 50 shops, with the number in- 
creasing rapidly. 

As a result of the low production 
of gem minerals, the value of jade 
for the first time exceeded that of 
sapphire and turquoise as the most 
important gem material produced 
in the U.S.A. Wyoming in 1945 pro- 
duced a number of tons of light 
green nephrite, chiefly from the 
Lander region. Alaska jade ap- 
peared on the market from mines 
on the north side of the Kobuk 
River where there are _ several 
claims. Turquoise mining was car- 
ried on in Nevada, Colorado and 
Texas but not in New Mexico. 

Diamond Imports for the Year 

The total value of gemstone im- 
ports for consumption in the U.S.A. 
in 1945 totalled $114,435,231. Of that 
amount, diamonds totalled $43,000,- 
000 for uncut, and $64,000,000 cut 


but unset; other genuine gems, ap- 
proximately $5,000,000. 

Rough stones sales by the Dia- 
mond Trading Company reached an 
all-time peak of £24,500,000. With 
consumption exceeding production, 
the drain on stocks was so heavy 
that many grades of rough and cut 
gems were depleted and in no grade 
are they large. Consequently, both 
gem and industrial diamond trades 
must look more and more to current 
production for diamonds. Although 
additional mines are being equipped, 
ho great increase in production can 
be expected for three or four years. 
Uncut gem diamonds are now quoted 
at more than twice prewar prices, 
although there has been no advance 
in wholesale prices of industrials in 
seven or eight years. In fact, indus- 
trials, once a drug on the market, 
now represent about 20% in dollar 
value, of the world’s rough sales. 

Imports of gem diamonds into the 
U.S.A. have increased from $26,186,- 
948 in 1942 to $107,309,028 in 1945, 
a gain of almost 310 per cent. Bel- 
gian Congo was the leading producer 
by weight (73.2%), although it rep- 
resented but 13 per cent of the value. 
On the other hand, the British Em- 
pire, while accounting for only 19.2 
per cent of the weight, represented 
71 per cent of the value. 


A new gemstone of considerable 
beauty, brazilianite, was discovered 
during the year. Zincite (from 
Franklin Furnace, N.J.) of an at- 
tractive deep red color has recently 
been cut into gems. The. aquamarine 
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Figure 3. These four fashioned andradite garnets 
(0.27-2.36 ct) come from northwestern Yemen. 
Photo by Maha DeMaggio. 


goods from cobbed material is about 1%. Mr. Romanella 
expects that larger sizes will be cut from the latest 1,000- 
pound (455 kg) shipment of rough. There are plans to 
increase production through more mechanized mining, 
and a line of custom jewelry is currently being designed 
for marketing by Commercial Mineral Co. 


Andradite garnet from Yemen. Until recently, agate was 
the only well-known gem material to come from the 
small republic of Yemen, on the southwest Arabian sub- 
continent. However, Ali Jabr Alawi, of Yemen Genius in 
Brooklyn, New York, recently showed GIA Gem Trade 
Laboratory vice president Tom Moses four yellowish 
green to brown faceted stones (figure 3) from the north- 
western part of Yemen. 

Gemological properties on the four stones were as 
follows: color—greenish yellow-brown, yellowish green, 
yellow-green, and greenish yellow; refractive index— 
greater than 1.81 (the limit of our standard refractome- 
ter); optic character—singly refractive, but strained, fluo- 
rescence—inert to both long- and short-wave ultraviolet 
radiation; spectroscope spectrum—strong absorption 
band between 437 and 448 nm (viewed with a handheld 
spectroscope). With magnification, all four stones exhib- 
ited high dispersion, growth zoning, partially healed frac- 
tures (“fingerprints”), and fluid inclusions. One stone 
contained tiny needle-like inclusions, and another 
revealed small clusters of transparent crystals. These 
properties are those expected for andradite garnet, and 
the Raman spectra of all four stones also matched that of 
andradite. Two partial chemical analyses, provided by 
Mr. Alawi, were also consistent with andradite garnet. 


Danburite from San Diego County, California: A poten- 
tial gem mineral. Dr. John Sinkankas, of San Diego, 
California, writes that danburite is one of the more 
recent discoveries at the Little Three mine area near 
Ramona, California. This mine is famous for its fine gem 
spessartine garnet; topaz, tourmaline, beryl, and the rare 
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gem hambergite are also found there. The mineralized 
area at the Little Three deposit consists of a swarm of 
dike-like pegmatite-aplite bodies; some are located on 
private property, and others are covered by mining 
claims. The danburite was recovered from small pockets 
in an eastern extension of the main Little Three dike, 
along with schorl tourmaline, smoky quartz, almandine- 
spessartine garnet, and potassium feldspar crystals. The 
largest danburite crystal, “pale straw yellow” in color 
and measuring 4.1 x 3.7 x 3 cm (figure 4), is now in the 
collection of the Los Angeles County Museum of 
Natural History. The crystal is striated parallel to the c- 
axis and shows small pyramidal faces as well. Although 
this crystal contains numerous internal fractures, and 
shows only very small clear areas from which faceted 
gems of much less than a carat could be cut, some small- 
er crystals (up to 5 mm long) are entirely transparent. 


Application of large-scale mining techniques to 
Colombian emeralds. During the first World Emerald 
Congress held last February in Bogota, Colombia, a ses- 
sion on the geology and mining of emeralds was held 
concurrently with the session on emerald treatments 
described in the Spring 1998 Gem News section (pp. 
56-57). William Rohtert, manager of gemstones for 
AZCO Mining Inc., Vancouver, British Columbia, spoke 
on the application of exploration and production tech- 
nologies that are now routine in the diamond industry to 
the mining of other gem minerals. He was kind enough 
to provide a copy of his notes to the Gem News editors. 


Figure 4. Danburite has been recovered for the first 
time in San Diego County, California, in an exten- 
sion of the Little Three mine dike. This crystal 
measures 4.1 x 3.7 x 3 cm. Photo by Anthony R. 
Kampf; courtesy of the Los Angeles County 
Museum of Natural History (catalog no. 44050). 
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In the future, Colombian emerald deposits could be 
exploited systematically using an integrated approach 
that combines: (1) remote sensing to locate mineral dis- 
tricts; (2) detailed investigations of the geology, geochem- 
istry, and geophysics of the mine sites; (3) measurement 
of mineable reserves, with data derived from core 
drilling; (4) mechanized mining; and (5) automated 
extraction of the emeralds from their host rocks. This 
approach, unfortunately, can be expensive: A “pioneer” 
evaluation of the red beryl deposit in the United States 
cost Kennecott Exploration Company about $20 million, 
or $4.00 per (polished) carat of the proven reserves. (Mr. 
Rohtert notes, however, that about half these costs were 
related to research, administration, and marketing.) 

Although satellite-based remote sensing works best 
in arid terrains, a promising technique for mapping 
emerald districts in vegetation-rich Colombia is side- 
scan radar. In addition, the broad haloes of pyrite that 
surround cenicero (the ash-colored altered black shale in 
Colombian emerald deposits) might be detected using 
airborne electromagnetic surveys. 

Delineation of an emerald deposit on the ground still 
relies on field geology to map structural and stratigraphic 
controls on the mineralization. Also, soils overlying pro- 
ductive veins show elevated ratios of sodium relative to 
potassium, dispersion haloes containing parisite, apatite, 
and fluorite with elevated contents of rare-earth ele- 
ments are known to be indicative of mineralization. A 
type of surface geophysical technique (controlled source 
audio-frequency magneto-tellurics, or CSAMT) would 
probably detect the carbonaceous alteration haloes sur- 
rounding emerald veins to depths of 610 m (2,000 feet), 
as well as the diffuse pyrite concentrations that typically 
surround the ore. 

Even the tiniest emeralds recovered from drill cores 
and bulk samples may be used to determine statistically 
the likelihood of finding large gems in the deposit. 
Caustic fusion in high-temperature lye dissolves the host 
rock and releases the beryl; pulsed-power disaggregation 
can serve the same purpose. The microcrystals and 
macrocrystals are collected and measured, and a log-nor- 
mal plot of stone frequency versus size enables predic- 
tion of the grade and extrapolation of the relative abun- 
dance of any gem mineral by weight. 

Extraction techniques should be appropriate to the 
material being mined. Large volumes of low-quality 
material should be mined rapidly using bulk techniques, 
including mechanized mining, but zones with high-qual- 
ity material should be mined slowly and carefully. Tools 
for the select removal of large, high-value gemstones 
include hydraulic wedges, expansion polymers, abrasion 
guns, and portable diamond saws. Mechanized mining 
“robots” could mine rock faces continuously (with no 
risk of loss by theft). 

The large volumes of bulk-mined ore could be pro- 
cessed using a variety of modern techniques. For exam- 
ple, biochemical leaching uses bacteria to break down 
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Figure 5. This 6.37 ct pear-shaped garnet, reported- 
ly from Mali, was identified as grossular and not 
grossular-andradite, on the basis of its refractive 
index. Courtesy of Kaufman Enterprises; photo by 
Maha DeMaggio. 


iron, sulfur, and organic material in the ore, and liberate 
the emeralds into a concentrate for collection. 
Automated techniques to remove emeralds from the 
concentrate could include optic sorters or berylometers 
(which induce and detect short-lived radioactivity in 
beryllium minerals). 

Most of these exploration and production techniques 
are expensive: Geophysical surveys can cost up to 
$50,000 per district, and berylometers cost about 
$250,000 each. One major concern is that modern min- 
ing and extraction techniques greatly reduce the need for 
low-skilled labor—that is, the garimpeiros who currently 
form the backbone of the Colombian emerald mining 
industry. If the modernized emerald mine cannot support 
the surrounding towns in the district, the social costs 
must also be considered. 


Gem-quality grossular garnet from Mali. When “Gem- 
Quality Grossular-Andradite: A New Garnet from Mali” 
(M. L. Johnson et al., Gems &# Gemology, Fall 1995, pp. 
152-166) was written, we had seen garnets from this 
region in three color types: orange to brown, somewhat 
desaturated yellow-green, and bright green. All were 
found to be grossular-andradite. Subsequently, however, 
Mark Kaufman of Kaufman Enterprises, San Diego, 
California, loaned one of the editors three pale, slightly 
yellowish green garnets, also reportedly from Mali (west- 
ern Africa), that proved to be otherwise. All three 
stones—one 6.37 ct pear (figure 5) and two oval (4.18 ct 
and 5.32 ct) modified brilliants—were much paler in tone 
than the grossular-andradites we had previously exam- 
ined and, therefore, looked more like greenish yellow 
grossular garnet from other localities (such as East 
Africa). Also, all three had refractive indices between 
1.739 and 1.750, again in the “typical” grossular range, 
and outside the range we use as a criterion for grossular- 
andradite (1.752 and over, but not greater than 1.81). 
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Figure 6. This 1.60 ct brownish pinkish orange 
pyrope-spessartine garnet from Madagascar is 
being marketed as “Imperial malaia” garnet. 
Photo by Maha DeMaggio. 


Specific gravity, measured hydrostatically, ranged from 
3.61 to 3.63 (versus 3.63-3.70 for grossular-andradite). 

However, like grossular-andradite, the stones all 
showed an absorption band at 435-445 nm when viewed 
with a desk-model spectroscope; this band was strongest 
in the stone with the highest refractive index. Also, all 
three showed strong growth zoning when viewed with 
magnification between crossed polarizers (also character- 
istic of grossular-andradite). Energy-dispersive X-ray fluo- 
rescence (EDXREF) spectra revealed chemical composi- 
tions similar to that of grossular-andradite, that is: major 
Ca, Al, Si, and Fe; minor Ti; and traces of Cr, Mn, and V. 
Two of the stones fluoresced faint orange to long-wave 
UV radiation (the third was inert), and all three were 
inert to short-wave UV. 

Since no other significant amounts of garnet compo- 
nents were present—that is, the garnets consist almost 
entirely of grossular and andradite components—then 
the composition of these garnets can be estimated from 
their refractive indices, as described by Johnson et al. 
This method gives compositions between Gr,,And,, and 
Gr,,And,, for the three stones. (In comparison, the yel- 
low-green garnets described by Johnson et al. had compo- 
sitions between Gr,,And,, and Gr,,And,,; the green gar- 
nets were between Gr,,And,, and Gr,,And,,; and the 
orange-to-brown garnets were between Gr,,And,, and 
Gr,,And,,). Therefore, on the basis of their refractive 
indices, we would simply call these stones grossular— 
despite their absorption spectrum, growth structure, and 
reported source. In 1996, Bank et al. (“Gemmologie 
Aktuell,” Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 45, No. 1, pp. 1-4) also reported on 
“almost colorless” grossular garnets from Mali, with low 
andradite contents and refractive indices between 1.742 
and 1.751. 

These stones illustrate that not all garnets reportedly 
from Mali are grossular-andradite. Perhaps more impor- 
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tant, they again illustrate that garnets are a complex clas- 
sification problem, since their chemical composition is a 
continuous admixture of “end-member” components, 
with few (if any) natural breaks that can be used to dis- 
tinguish among gemologically significant varieties. 


Pyrope-spessartine garnet from Madagascar. Several vari- 
eties and colors of garnet from Madagascar were 
described in the Spring 1994 Gem News column (pp. 
50-51), including: orange to brownish orange spessartine, 
medium-dark brownish orange hessonite, red garnets 
from Maralambo, medium purple-pink and dark red-pur- 
ple rhodolite, and dark orangy red pyrope-almandine. In 
March of this year, gemologist L. Allen Brown of All 
That Glitters, Methuen, Massachusetts, loaned another 
Madagascar garnet (figure 6), a 1.60 ct pyrope-spessartine 
of an unusual brownish pinkish orange, to contributing 
editor Shane McClure. The material came to Mr. 
Brown’s attention in late 1996; he was told only that it 
comes from the center of the country. The garnet crys- 
tals are about the size of a “fist” or “softball,” but 
because of fractures and inclusions, eye-clean faceted 
stones are typically smaller than 1 ct. Larger fashioned 
stones are relatively uncommon. Mr. Brown knew of five 
stones over 3 ct, but none larger than 4 ct. The material 
is being marketed as “Imperial malaia garnet.” 

Sometime later, in July of this year, Margit Thorndal 
of Madagascar Imports, Laurel, Montana, showed us nine 
of these garnets, with a total weight of 3.65 ct; we exam- 
ined a 0.95 ct oval in detail. Ms. Thorndal had about 250 
carats of finished goods available, mainly in sizes less 
then 1 ct; she reported that this material is also being 
marketed as “champagne garnet.” 

The two stones we studied had the following proper- 
ties: color—brownish pinkish orange; diaphaneity— 
transparent; optic character—isotropic, with strong 
anomalous double refraction; refractive index—1.760; 
specific gravity (measured hydrostatically)—3.89-3.90, 
fluorescence—inert to both long- and short-wave ultravi- 
olet radiation; spectroscope spectrum—typical pyrope- 
spessartine absorption spectrum (as seen through a hand- 
held spectroscope), with strong 430 and weak 500 nm 
bands. With magnification, black disks or platelets were 
visible in the 1.60 ct stone, as is typical for pyrope-spes- 
sartine garnet; the 0.95 ct stone contained needles and 
dark crystals. 


Color-change pyrope-spessartine garnet, also from 
Madagascar. Contributing editor Karl Schmetzer provid- 
ed the following information about a new source for 
color-change garnet. Garnets that show a distinct alexan- 
drite-like color change between daylight and incandes- 
cent light can be divided into two different groups 
according to their chemical composition. The less com- 
mon group consists of Cr-rich pyrope, with greater than 3 
wt.% Cr,O,. The more common group is formed by 
members of the solid-solution series pyrope-spessartine, 
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which contain traces of chromium and/or vanadium 
(below 1 wt.% Cr,O, and/or V,O,). Color-change pyrope- 
spessartine with a relatively low iron content appears 
greenish gray or greenish yellow in daylight, and pink or 
red in incandescent light; with higher amounts of iron, 
the colors are greenish blue to almost violet in daylight, 
and reddish violet in incandescent light. Faceted color- 
change pyrope-spessartine from Sri Lanka and from 
Umba, Tanzania, has been seen in the trade since the 
late 1970s. Recently, samples were also reported from 
the new Tunduru-Songea mining area in southern 
Tanzania (see, e.g., Spring 1996 Gem News, pp. 58-59). 

Three faceted color-change pyrope-spessartine gar- 
nets (2.52, 3.25, and 5.23 ct—two of which are shown in 
figure 7) were submitted by a dealer to Dr. Schmetzer for 
examination. The samples were purchased several 
months ago at a gem market in Madagascar, but no exact 
locality within Madagascar was provided. Their refrac- 
tive indices (1.765-1.766) and specific gravities were typi- 
cal for intermediate members of the pyrope-spessartine 
series. 

The color of all three stones can be described as light 
greenish yellow in daylight (figure 7, left) and intense 
pink to red in incandescent light (figure 7, right). The 
UV-visible absorption spectra of all three samples were 
almost identical and consisted of a group of four strong 
Mn” absorption bands at 207, 237, 242, and 245 nm, and 
two relatively weak Fe** absorption bands at 199 and 218 
nm. This spectrum is superimposed on a dominant, 
broad V*+/Cr*+ absorption with a maximum at 571 nm, 
which is responsible for the two absorption minima in 
the red and the green regions. This two-minima absorp- 
tion spectrum is frequently observed in color-change gem 
materials. 

All three garnets revealed a distinct three-dimension- 
al network of fine rutile needles and small mineral inclu- 
sions—probably tiny zircon crystals—with associated 
tension cracks. Some additional small, birefringent min- 
eral inclusions have not yet been identified. 


Hackmanite from Myanmar. Hackmanite is the UV-sen- 
sitive, luminescent, color-change variety of the sulfur- 
rich mineral sodalite. Until recently, transparent gem- 


Figure 7. These 2.52 and 
3.25 ct color-change 
pyrope-spessartine garnets 
are reportedly from 
Madagascar. Left, daylight- 
equivalent fluorescent 
light; right, incandescent 
light. Photos © GIA and 
Tino Hammid. 
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quality hackmanite was known only from Mont Saint- 
Hilaire, Quebec, Canada, in very limited quantity (see, 
e.g., Summer and Winter 1989 Gem News, pp. 112 and 
245-246, respectively). Nearly unknown to jewelers, 
hackmanite has unusual and distinctive optical charac- 
teristics that make it a very desirable collectors’ stone: 
Exposure to long-wave UV radiation produces a strong, 
bright orange fluorescence and causes a dramatic (if 
unstable) color change from white to purple. Recently, 
translucent-to-opaque cabochon-quality hackmanite was 
found in the course of ruby mining at the Dattawa mine 
in Mogok, Myanmar. This discovery was reported to the 
Gem News editors by Mark H. Smith, a gemologist and 
gem dealer living in Bangkok. At the Tucson gem shows 
in February of this year, Mr. Smith displayed a few hun- 
dred carats of Myanmar hackmanite cabochons, as well 
as some cutting-quality rough (figure 8, left), at his booth. 

As obtained from samples donated to GIA, the gemo- 
logical properties of this material were similar to those 
for sodalite (R.I. about 1.48, S.G. about 2.22.3). Exposure 
to long-wave UV radiation produced a strong, bright 
orange fluorescence and, after a few minutes, resulted in 
a dramatic color change from grayish white or white to 
intense, dark purple (figure 8, right). As has been our 
experience in the past, it was difficult to photograph the 
full color change because the purple quickly faded back 
to “normal” under the intense illumination of the flood 
lamps used in photography. 


“Striped” labradorite feldspar. In addition to labradores- 
cence, labradorite can show some other interesting char- 
acteristics. One example was the “bicolored” labradorite 
from Ylamaa, Finland, reported in the Spring 1997 Gem 
News (pp. 62-63). At the Costa Mesa (California) gem 
and mineral show this past May, Joseph Lieberz of Jewel 
Tunnel Imports, Baldwin Park, California, showed us 
another interesting labradorite, this one striped (figure 9). 
As the stone is tilted, different bands show the 
labradorescence, which is due to exsolution of feldspar 
with two slightly different compositions (see, e.g., J. V. 
Smith, “Phase Equilibria of Plagioclase,” and P. H. Ribbe, 
“Exsolution Textures in Ternary and Plagioclase 
Feldspars; Interference Colors,” in Reviews in Mineralogy, 
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Figure 8. Before exposure to long-wave UV radiation, these hackmanites (rough, 46 mm; largest cabo- 
chon, 1.92 ct) from Myanmar were white to light gray (left). After one minute of exposure to a long- 
wave UV lamp, the hackmanites turned purple to pink (right). The color change, however, is unstable 


if the stones are exposed to light. Photos by Maha DeMaggio. 


2nd ed., Vol. 2, Feldspar Mineralogy, Mineralogical 
Society of America, Washington, DC, 1983, pp. 223-239 
and 241-270, respectively). However, this particular sam- 
ple demonstrates at least two events: the twinning that 
caused the labradorescent bands to change orientation 
relative to one another, and the exsolution that caused 
the labradorescence itself. 

The 126.71 ct octagonal cabochon came from the 
extensive deposits in Madagascar, near the village of 


Figure 9. The labradorescence in this 40.70 x 38.05 
x 8.12 mm (126.71 ct) labradorite cabochon occurs 
in two sets of stripes with different orientations. 
Photo by Maha DeMaggio. 


224 Gem News 


Bekily in Tulear Province. This is one of the most prolif- 
ic sources in the world for small pieces of labradorite, 
and tons of material are mined every year. (Jewel Tunnel 
alone imports about 2 tons of labradorite each year.) The 
largest pieces are fashioned into gem spheres. 


Colorado lapis lazuli. Geologist Gary Christopher of The 
Prospector’s Cache, Gunnison, Colorado, is marketing 
lapis lazuli from the Blue Wrinkle mine (figure 10), in the 
north Italian Mountain area about 170 km southwest of 
Denver. The deposit, known since 1939, was featured in 
Gems & Gemology shortly after its discovery (H. I. 
Rosencrans, “Colorado Lapis Lazuli,” Vol. 3, 1941, pp. 
154-156). At the Tucson gem shows last February, Mr. 
Christopher reported that 2-3 tons of the material 
(mined over the period 1959 to the present) were avail- 
able. Of this, an estimated 5% was lapidary quality, with 
the best material occurring as veinlets within the host 
rock (figure 11). The deposit has produced some large 
pieces of good-quality material; Mr. Christopher indicat- 
ed that a boulder weighing about 18 kg (40 lbs.) is in the 
collection of the Denver Museum of Natural History. 


Pearls highlighted at the 2nd International Jewellery 
Show in Kobe, Japan. GIA Gem Trade Laboratory vice- 
president Thomas Moses sent in the following report 
from this show, which was held at the Kobe Convention 
Center on June 11-13, 1998. Most of the major Japanese 
suppliers of cultured pearls were present, with large 
stocks of all types. The importance of South Seas and 
Tahitian products continues to grow: These cultured 
pearls were offered in a large range of sizes, with a partic- 
ularly good supply of commercial-quality, as well as 
some high-quality, goods. Mr. Moses also saw a large 
selection of treated-color Akoya and freshwater cultured 
pearls that were mainly blue to gray, imitating the colors 
of the popular Tahitian products. Chinese freshwater cul- 
tured pearls were available in a wide range of sizes and 
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Figure 10. Lapis lazuli is once again being com- 
mercially mined from the Italian Mountain area 
of western Colorado. Photo courtesy of Gary 
Christopher. 


colors, including pink, orange, and purple. There was 
also a good selection of conch pearls. 

In an invited lecture, Andy Miller of Golay Buchel, 
Japan, presented cultured pearl production statistics (in 
USS. dollars); these demonstrated the growing importance 
of South Seas and Tahitian cultured pearls. The estimat- 
ed production value for these two sources (combined) is 
about $350 million annually, versus approximately $200 
million for Japanese Akoya cultured pearls. 


Vietnamese “trapiche” rubies. In the Winter 1996 issue 
of Gems & Gemology (pp. 242-250), Dr. Karl Schmetzer 
and colleagues described trapiche rubies that were 
obtained in Thailand. These stones were reportedly from 
Mong Hsu, Myanmar, although the authors also noted 
that such rubies had been stated to come from Vietnam. 
One of the authors of that article, contributing editor Dr. 
Henry Hanni, and his SSEF colleague Dr. Lore Kiefert, 
have provided additional information about trapiche 
rubies from Vietnam. 

In spring 1997, Drs. Hanni and Kiefert received 29 
rough rubies from Carlo Mora of Italy. The stones (2-25 
ct) reportedly came from secondary deposits, some elu- 
vial, from Yen Bai Province in Vietnam. The crystals 
were tabular or barrel-shaped, and some had pyramidal 
faces. They also showed various degrees of abrasion. The 
rough pyramidal faces exhibited striations perpendicular 
to the c-axis, and were commonly partially covered with 
mica. Figure 12, shows seven ruby crystals that are typical 
of this occurrence, some with a polished cross-section. 

The specific gravities of these stones ranged between 
3.92 and 3.97, which is slightly lower than the literature 
value for ruby; this is probably due to the presence of 
micas and secondary minerals in the stones and as sur- 
face coatings. Refractive indices were n, = 1.760 and n,, = 
1.769, giving a birefringence of 0.009. Microscopic exam- 
ination showed hexagonal growth patterns with short 
rutile needles in three directions parallel to the prism 
faces. The mica inclusions occur in stringers and patches 
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Figure 11. At Colorado’s Blue Wrinkle mine, the 
lapidary-quality lapis lazuli forms veinlets within 
the host rock. The slab on the left is 4.6 cm wide. 
Photo by Maha DeMaggio. 


and also form the fixed “stars” in these stones. 
Perpendicular to the prism faces, and parallel to the 
hexagonal crystal axes a,, a,, and a,, were accumulations 
of rutile in radiating bands. In addition, fluid inclusions 
and healing feathers were elongated in these directions, 
similar to the glide planes in star sapphires. 

Mineral inclusions (identified by Raman and SEM) 
were: rutile (black); apatite, alkali feldspar, zircon, dias- 
pore (all colorless); biotite mica (brown); monazite (yel- 
low); and graphite (black), mainly within three-phase 
inclusions. Frequently, the mica inclusions were concen- 
trated along the c-axis in the center of the stone, and on 
planes centered between the hexagonal a-axes, forming a 
fixed “star.” This pattern resembles the sector growth 
structures found in trapiche emeralds from Colombia 
and “trapiche” rubies from Myanmar. (Note that the 
inclusions in the Mong Hsu rubies were primarily car- 
bonate, rather than micas.) 


“Sliders”: Rutile inclusions in quartz. For this gemologist 
(JIK), one of the most unusual internal features ever seen 


Figure 12. These “trapiche” rubies from Vietnam 
show tabular and barrel-shaped habits. The fixed 
“star” is formed by mica inclusions. Photo by 

H. A. Hanni. 
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Figure 13. These two polished quartz specimens 
(64.47 and 12.83 ct) both contain rutile “sliders.” 
Photo by Maha DeMaggio. 


in a gem material is the presence of “sliders”—elongated 
rod- or needle-shaped inclusions of rutile crystals with 
high length-to-width ratios that, even at the microscopic 
level, fit precisely in their quartz hosts. Yet these inclu- 
sions are also free to slide back and forth along rail- or 
track-like grooves in the quartz that precisely parallel the 
growth striations seen on their surfaces. Sliders would 
appear to be rare, given the fact that even the slightest 
growth hillock or similar irregular feature on the surface 
of any one of these crystals would cause that crystal to 
bind up, locking it in place in the quartz. 

Sliders were first brought to our attention as a result 
of the rough grinding of a large transparent partial crystal 
of Brazilian rutilated smoky quartz from Teofilo Otoni. 
From the pressure exerted during the grinding process, 
inclusions of rutile needles were pushed out of their host 
channels and forced into the lapidary’s hand, breaking off 
like splinters. 


Figure 14. This 0.5 mm wide red-brown rutile crystal 
slides freely within its polished smoky quartz host. It is 
seen here protruding about 1 mm from the surface of the 
quartz. Photomicrograph by John I. Koivula. 
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The quartz containing these “sliders” was subse- 
quently worked by gemologist-lapidary Leon Agee of 
Liberty Lake, Washington. The intention was to create a 
demonstration specimen that could display the moving 
rutile needles. During final grinding and polishing, Mr. 
Agee intentionally pushed the rutile needles through the 
surface so they would end up longer than their polished 
smoky quartz host. The final product of this exercise is a 
free-form, partially polished crystal section that weighs 
64.47 ct and measures 4.0 cm long (figure 13). The 
longest moving rutile needle in this smoky quartz has a 
46:1 length-to-width ratio. Its protrusion from the pol- 
ished surface is shown in figure 14. 

At approximately the same time, gemologist-lapidary 
Michael Gray of Missoula, Montana, discovered another 
“slider” while faceting a piece of rutilated rock crystal 
quartz from Madagascar. When finished, this free-form 
faceted stone weighed 12.83 ct and measured 17.37 x 
16.71 x 10.39 mm (again, see figure 13). During cutting, 
Mr. Gray observed that two of the longest rutile needles, 
measuring up to 12.5 mm long and just 0.4 mm wide, 
were pushed out the back of the stone. As shown in fig- 
ure 15, bright red rutile crystals protrude from channels 
in some of the polished facets of this interesting gem. 


Sapphire from the Ural Mountains, Russia. According to 
Nicolai Kuznetsov, of Stone Flower Co. in Moscow, a 
new deposit of blue sapphires is being mined in the 
Chelyabinsk region of the Urals, about 3 km from the 
town of Mias. Although the deposit has been known for 
two to three years, organized mining did not occur until 
August 1998, during which time several kilograms of well- 
formed crystals (see, e.g., figure 16) were recovered. The 
crystals are embedded in a tough metamorphic matrix that 
is removed by means of acid dissolution. One stone has 
been cut so far, a 0.27 ct round brilliant (inset, figure 16). 
Mr. Kuznetsov believes that the locality has strong poten- 
tial for producing significant gem-quality material. 


Sapphirine: Gems &) Gemology reader to the rescue. The 
GwG editors offer a big thank you to Murray Burford, of 
Victoria, British Columbia, who generously donated four 
samples of sapphirine to GIA after reading (in a Summer 
1997 Lab Note about serendibite, pp. 140-141) that the 
GIA Gem Trade Laboratory reference collection con- 
tained no samples of this gem material. According to Mr. 
Burford, the four stones come from the Kolonne area of 
Sri Lanka, where such samples have been sporadically 
(and illegally) mined since 1985. Most of the stones there 
are fractured, in part because of the harsh manner in 
which the crystals are removed from the host rock, with 
explosives as well as hammers and chisels. Most of the 
sapphirine from Kolonne is a desaturated blue, but some 
is pinkish brown. The gemological properties of these 
stones matched the known properties for sapphirine (see, 
e.g., J. E. Arem, Color Encyclopedia of Gemstones, 2nd 
ed., Van Nostrand Reinhold, New York). 
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Figure 15. In the view on the left, light reflected from the surface of this faceted quartz shows how perfectly 
the 0.4 mm wide rutile inclusion fits in its host channel. The bright reflection on the rutile is the ground-off 
portion of the crystal. In a side view (right), the same inclusion can be seen to protrude from the surface of 
the faceted stone. If desired, it could be pushed completely through its quartz host in either direction. 


Photomicrographs by John I. Koivula. 


TREATMENTS © | 


Radioactive rubies. Recently, Ken Scarratt of the AGTA 
lab in New York City received two radioactive rubies for 
examination. These were provided by Gary Roskin of 
JCK, who received them from a contact in Indonesia 
as two examples of the radioactive rubies that have cre- 
ated such alarm in the Asian trade press (e.g., “Irradiated 
ruby reported in Jakarta,” Asia Precious, July/August 
1998, p. 8). 

The two brownish red ovals weighed 2.27 and 2.74 
ct, and had the visual appearance of rubies from East 
Africa (figure 17). They had the following gemological 
properties (smaller stone first, where different): optic 
character—uniaxial, refractive indices—1.764—-1.775 and 
1.763-1.771; specific gravities—4.00 and 4.01; absorption 
spectrum—typical bands for chromium and iron; fluores- 
cence—inert to both long- and short-wave ultraviolet 
radiation. With magnification, the 2.27 ct stone was seen 
to contain two small, somewhat rounded and melted- 
looking inclusions, each with numerous bubbles (figure 
18). The presence of bubble-filled inclusions in corun- 
dum has to date been associated with heat treatment. 
Their presence in one of these stones might indicate that 
an attempt was made to heat treat the stone first, or that 
the heat produced during the irradiation process was suf- 
ficient to cause the same result. Partially healed “finger- 
print” fractures were associated with these inclusions. 
The smaller stone also contained a large, mirror-like frac- 
ture in the pavilion, extending toward the inclusions. 
The larger stone contained a small nest of “white” nee- 
dles and particles under the table. Both stones were par- 
tially coated with a black crust (figure 19) that looked 
dark brown along thin edges. 

The AGTA lab examined the rubies for any residual 
radioactivity using a new instrument that was designed 
by Owen Bordelon of New Orleans specifically for the 
detection and measurement of radioactivity in gem- 
stones—the AGTA Gemalert. At the time of writing, 
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Figure 16. Well-formed crystals of blue sap- 
phire were recently found at a new deposit in 
the Ural Mountains. This crystal measures 
about 5 cm in diameter; it has been partially 
removed from the matrix by acid dissolution. 
The 0.27 ct faceted stone (inset) was cut from a 
piece of rough that was removed from the back 
of this specimen. Photos by Maha DeMaggio. 
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Figure 17. These two rubies (2.27 and 2.74 ct) look 
like typical East African stones, but they proved to 
be radioactive. Photo by Maha DeMaggio. 


measurements had been recorded for these stones with 
this instrument at irregular intervals over a period of 
only one month. Nevertheless, it provided useful indica- 
tions of the level of radioactivity. The first measurement 
of the 2.74 ct stone revealed an activity level of 81 micro- 
Roentgen per hour per carat; for the 2.27 ct stone, the 
level was 95 micro-Roentgen per hour per carat. (Legal 
limits for the release of irradiated gemstones depend on 
the particular isotopes responsible for the radioactivity 
and their concentrations. This information has not yet 
been established for these stones.) It is interesting to note 
that measurements taken on two natural, untreated 
green zircons during the same period resulted in similar 
readings; however, the Nuclear Regulatory Commission 
does not regulate naturally radioactive gems. Further 
measurements were taken about 10 days and one month 
later; following calculation, they produced an approxi- 
mate half-life for each of the two rubies of 300 days, 
assuming the radioactivity came from only one isotope. 
Unless future calculations indicate that more than one 
significant radioisotope is present, this would mean that 
the radioactivity level for each stone would be reduced to 
background levels within two years. Thus far, no infor- 
mation is available as to the precise source of these 
rubies and their original color. Investigations are ongoing 
into how the material can be identified by standard 
gemological methods. 


228 Gem News 


Figure 18. The smaller of the two rubies in figure 
17 contained two melted-looking inclusions with 
numerous bubbles. Photomicrograph by John I. 
Koivula; magnified 20x. 


SYNTHETICS AND SIMULANTS 


Gallium phosphide, resembling fancy dark orange dia- 
mond. This unusual material was called to our attention 
by graduate gemologist Robert E. La Prad, an appraiser in 
Santa Barbara, California. A local high-tech company, 
Digital Instruments, uses the manufactured product gal- 
lium phosphide, and an engineer brought a piece to Mr. 
La Prad for faceting. He noted that during faceting the 
sample gave off a very pungent (phosphorus) odor. 

The 4.11 ct faceted sample (figure 20) had the follow- 
ing properties: diaphaneity—transparent, color—very 
dark brownish reddish orange; color distribution—even,; 
optic character—singly refractive; refractive index—over 
the limits of the standard refractometer (greater than 
1.81); specific gravity (measured hydrostatically}—4.15; 
fluorescence—inert to both long- and short-wave UV 
radiation; spectroscope spectrum—560 nm cutoff. No 
inclusions were noted when the sample was viewed 
through a microscope; however, microscopic examina- 
tion was difficult because of the somewhat hazy appear- 
ance of the facets. According to Mr. La Prad, the Mohs 
hardness (checked with hardness points) is 5-6. 

As this was a new material for us, we ran some addi- 
tional tests. With energy-dispersive X-ray fluorescence 
(EDXRF) analysis, Sam Muhlmeister of GIA Research 
found major gallium and phosphorus. Shane Elen of GIA 


Figure 19. Both rubies were 
partially coated with a 
black material (left, 2.74 ct 
stone in reflected light) 
that looked brown along 
thin edges (right, in trans- 
mitted light). Photomicro- 
graphs by John I. Koivula; 
magnified 15x. 
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Research ran laser Raman microspectrometry, which 
showed a strong peak at 363 cm! and smaller peaks at 
404, 719, and 782 cm’; and infrared spectroscopy, which 
showed weak absorption peaks at 1080 and 1105 cm!, 
stronger peaks at 785, 745, and 700 cm'!, and an absorp- 
tion minimum at 650 cm?. An X-ray powder diffraction 
pattern confirmed that the material was crystalline; it 
resembled the pattern for sphalerite, but with slightly 
different lattice spacings. 

Gallium phosphide could be mistaken for a fancy- 
colored diamond. However, the specific gravity and hard- 
ness will separate it from diamond. It could also be mis- 
taken for various soft natural stones (e.g., cuprite and 
proustite; however, these are red, not brown or orange). It 
would most likely be confused with sphalerite, although 
orange sphalerite is usually color zoned, and gallium 
phosphide has a higher luster and is slightly denser. 


Unusual jade look-alike. While in Myanmar in 1995, Dr. 
John Saul, best known to gemologists for the Kenyan 
ruby mine named after him, purchased an intriguing 
worn green pebble from a jade dealer and carver (figure 
21). The piece measured approximately 8 x 5 x 5 cm, and 
reportedly came from the Hpa Kan area in Myanmar. 
The bright green color was not exactly that of jade, and 
Dr. Saul asked gemologists at the University of Nantes 
to identify this stone. Because of the pebble’s irregular 
surface, Dr. Fritsch and colleagues could not measure the 
refractive index. On close examination, it became clear 
that the piece was a rock, that is, a mixture of minerals. 
By removing a small portion of the pebble, they were 
able to perform X-ray diffraction analysis (KRD) of the 
bulk material, and prepare a thin section to investigate 
the nature of the constituents. 

The results of XRD revealed that two sodic amphi- 
boles, magnesioarfvedsonite and glaucophane, are the 
major constituents. Minor quantities of chamosite (a 
chlorite) and jadeite were also detected. Examination of 
the thin section confirmed this identification. According 
to Dr. Fritsch, the bright green coloration of the rock is 
caused by the magnesioarfvedsonite, and the chamosite 
is a darker, less-saturated green; the blue glaucophane 
and the near-colorless jadeite did not affect the rock’s 
color. EDXRF analyses performed on an Oxford ED 2000 
spectrometer proved that chromium was the primary 
chromophore, and examination of the thin section sug- 
gested that the Cr was restricted to the magnesioarfved- 
sonite. This unusual rock is probably the result of high 
pressure-low temperature metamorphism (to blueschist 
grade) of a basic rock, such as a gabbro or a basalt. 


“Wild Life” assembled gemstone cabochons. Hans 
Ulrich Pauly, of Idar-Oberstein, introduced the new 
“Wild Life” line of assembled gemstones at the April 
1998 Basel show. These gems display striking designs of 
wildlife pelts or shells: zebra, giraffe, tiger, leopard, jaguar 
(figure 22), ocelot, cheetah, and even tortoise shell. Mr. 
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Figure 20. This 4.11 ct round brilliant was cut 
from a piece of gallium phosphide by Robert E. La 
Prad, of Santa Barbara, California, who donated it 
to GIA. Photo by Maha DeMaggio. 


Pauly is marketing the “Wild Life” series as a way to pro- 
mote endangered species (without further endangering 
them). The response to this product in Basel was very 
good, and Mr. Pauly is planning to add more patterns, 
such as snake and clouded leopard. 

These assemblages are constructed from a flat, 1 mm 
thick mother-of-pearl base and a quartz cabochon top. 
Depending on the desired bodycolor of the pattern (e.g., 
white for zebra, yellow for tiger) either rock crystal or cit- 
rine (which is sometimes color zoned) is used for the top. 


Figure 21. This bright green pebble, which was rep- 
resented in Myanmar as jade, consists mostly of a 
mixture of amphiboles with very minor jadeite. 
Photo by Alain Cossard. 
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(Continued from Page 329) 
has become so popular a gemstone 
that blue topaz (a superior stone if 
fine in quality) is appearing on the 
market as a substitute. Price has 
moved up markedly, apparently to 
an unwarranted extent. Exports in 
aquamarine to the U.S.A. have in- 
creased considerably: in 1943, 158,- 
695 carats valued at about $232,000 
($1.46 per carat), and in 1944, 364,- 
285 carats valued at $578,506 ($1.58 
per carat) were imported from 
Brazil. _ 
Richard T. Liddicoat, C.G. 


Reconstituted Turquoise 
Recently an  oval-cabochon-cut, 
turquoise-like material was sub- 
mitted to the G.I.A. laboratory for 
identification, with the word that 
it was being sold in Southwest 
U.S.A. as “Reconstituted Tur- 
quoise.’ The material has a color 
similar to that of better quality 


Photo by G.I.A. 


turquoise, with spider-web-like net- 
work of dark brown matrix mate- 
rial evenly scattered throughout the 
surface. The distribution of the ma- 
trix may be seen in the accompany- 
ing photograph. 
Qualitative 


chemical analysis 


showed the presence of copper, alu- 
minum and phosphate (the im- 
portant constituents of turquoise), 
as well as a small amount of silica, 
also common in turquoise. An x-ray 
powder photograph, however, re- 
vealed conclusively that the mate- 
rial was not turquoise and was prob- 
ably produced from the raw chemi- 
cals and bonded in either plastic or 
porcelain, in the size cabochon in 
which it appears. Microscopic ex- 
amination disclosed tiny bright blue 
spots, like larger-than-average 
grains. Such blue spots are not 
found in genuine turquoise. Striking 
two of the cabochons together gives 
a sound characteristic of porcelain 
material. The hardness of the mate- 
rial is about 4, compared to tur- 
quoise hardness of 5 to 6. 

The fact that the material is 
definitely not made from turquoise 
makes the name “Reconstituted 
Turquoise” a misnomer and thus 
should be avoided by the ethical 
jeweler. 


Richard T. Liddicoat, C.G. 


Ownership of the 
Sancy Verified 

Shortly after Lady Astor’s arrival 
for her recent visit in this country 
the N. W. Ayer Company inquired 
of her whether the report that she 
owns the Sancy diamond were true. 
Her reply was that her husband, Vis- 
count Astor, owns the gem and that 
“it’s large and very ugly.” 

Verification of ownership of the 
Sancy will be incorporated in the 
story of this unusual gem which ap- 
pears in Shipley’s Famous Diamonds 
of the World. 


Figure 22. These “Wild Life” assembled cabochons 
are constructed from an etched and painted quartz 
top, backed by a thin slice of mother-of-pearl. The 
zebra cabochon is 16 mm in diameter. Courtesy of 
Hans Ulrich Pauly; photo by Maha DeMaggio. 


Mr. Pauly uses a high cabochon dome to “give more life” 
to the designs. The flat side of the quartz cabochon is 
worked with a technique derived from traditional 
English crystal paintings: The stone is first engraved to 
make a deep intaglio, then the carved areas are filled 
with oil-based paint. The base is attached to the cabo- 
chon with a glue that contains a special preservative to 
prevent reaction between the adhesive and the paint over 
time. The cabochons range from 8 to 50 mm in maxi- 
mum dimension. A German patent covers the technique 
and five patterns. 


Figure 23. Dr. George R. Rossman (left) joins 
Richard T. Liddicoat in the distinction of having a 
variety of tourmaline named after him. Photo by 
Peggy Wallace. 
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ANNOUNCEMENTS Ss 


Rossmanite, a new variety of tourmaline. Dr. George R. 
Rossman, Professor of Mineralogy at the California 
Institute of Technology and a longtime member of the 
Gems & Gemology editorial review board, has had a new 
variety of tourmaline named in his honor. Rossmanite 
was recently described by Selway et al. (“Rossmanite, 
(LiAL JAL,(Si,O,.(BO,),(OH),, a New Alkali-Deficient 
Tourmaline: Description and Crystal Structure,” 
American Mineralogist, Vol. 83, 1998, pp. 896-900) as 
well-formed pale pink crystals from a granitic pegmatite 
near Rozna in the Czech Republic. The mineral is char- 
acterized by an elemental vacancy in the X site (repre- 
sented as “L)” in the chemical formula); it forms a third 
member in a family of lithium-aluminum tourmalines 
that includes elbaite (Na in the X site) and liddicoatite 
(Ca in the X site, named after Gems &) Gemology editor- 
in-chief Richard T. Liddicoat,; figure 23). 

In addition to the type locality, rossmanite has been 
found at other pegmatites in the Czech Republic and at 
Red Cross Lake in northeastern Manitoba, Canada 
(Selway et al., “Tourmaline from Lepidolite-Subtype 
Pegmatites,” Abstracts, Tourmaline 1997—International 
Symposium on Tourmaline, Czech Republic, 1997, pp. 
91-92). Rossmanite has also been found as colorless 
zones near the terminations of gem-quality multicolored 
elbaite crystals from pegmatites on the island of Elba, 
Italy (Pezzotta et al., “La Rossmanite di Rozna e 
dell’Elba,” Revista Mineralogica Italiana, Vol. 22, No. 1, 
1998, pp. 46-50). Pink rossmanite has been documented 
from the Uti pegmatite in Sweden and the Tanco peg- 
matite in southeastern Manitoba, in a further study by 
Selway et al. (“Compositional Evolution of Tourmaline 
in Petalite-Subtype Pegmatites,” Abstracts @ 
Programme, 17th General Meeting of the International 
Mineralogical Association, Toronto, Canada, August 
9-14, 1998, p. A148]. Rossmanite is visually indistin- 
guishable from elbaite; it can be identified only by quan- 
titative chemical analysis. 


ERRATA: In the article “Benitoite from the New Idria 
District, San Benito County, California,” (B. Laurs et 
al., Gems #& Gemology, Fall 1997, pp. 166-187), 
Edward Swoboda and Peter Bancroft were described as 
unauthorized miners. It has come to our attention that 
Swoboda and Bancroft did indeed have permission to 
visit the mine, and did so several times in the late 1930s. 
The authors apologize for this misrepresentation. 

The Summer 1998 Gem News item “Of rubies and 
rubles” (pp. 141-142) reported the location of a new ruby 
deposit as the Polar Urals of Siberia. Although the ruby 
deposit was correctly identified as the Rais mine in the 
Polar Urals, this area is actually west of Siberia. 
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Once Again 


over 300 Gems & Gemology readets, dedicated to their 


education and knowledge of the field, participated in the 1998 
Gems & Gemology Challenge. Entries arrived from all corners of the world, 
as readers tested their knowledge on the questions in the Spring 1998 
issue. Those who earned a score of 75% or better received a GIA 
Continuing Education Certificate recognizing their achievement. 
The participants who scored a perfect 100% 
are listed below. 


USA ¢ Arizona Oro Valley: Geraldine Alex Towns. Tucson: Luella Dykhuis, Robert Stewart ¢ California Alamo: Sam Johnston. 
Burlingame: Sandra MacKenzie-Graham. Carlsbad: Marla Belbel, Lori Burdo, Michael T. Evans, Brian Genstel, William Herberts, 
Jan Luree Lombardi, Roxana Lucas, Wendi Mayerson, Catherine McIntyre, Jana Miyahira, Lynn L. Myers, Shannon O'Rourke, 
Laura Small, Abba Steinfeld, Paula Straub, Ric Taylor, Melissa Watson-Lafond, Mike Wobby, Phil York. Chino Hills: 

Virgilio M. Garcia, Jr. Elk Grove: Michael Pace. Huntington Beach: Lyndeth Esgar. Joshua Tree: Rebecca Ann Bell. Los Angeles: 
Veronica Clark-Hudson, David Peters. Redwood City: Starla Turner. San Diego: Tracy Nuzzo. Ukiah: Charles “Mike” Morgan 
¢ Colorado Colorado Springs: Molly K. Knox. Denver: Alan J. Winterscheidt ¢ Connecticut New Haven: Matilde Paolini McAfee. 
Simsbury: Jeffrey A. Adams. Westport: William A. Jeffery ¢ Florida DeLand: Sue Angevine Guess. North Miami Beach: Fabio S. Pinto. 
Palm Harbor: Tim Schuler. Plantation: Garrett Walker. Surfside: Pinchas Schechter ¢ Georgia Brunswick: Thomas R. Hill ¢ Hawaii 
Mililani: Abe L. Wilson ¢ Illinois Bloomington: Anne Blumer. St. Charles: Lori M. Mesa ¢ Iowa West Des Moines: Franklin Herman 
¢ Kansas Kingman: La Shawn Bauer. Louisburg: Kathylee Cook ¢ Maine Portland: Arthur E. Spellissy, Jr. ¢ Maryland Annapolis: 
James V. Jolliff ¢ Massachusetts Braintree: Alan Howarth. Brookline: Martin Haske. Uxbridge: Bernard M. Stachura ¢ Nebraska 
Omaha: Ann Coderko u Nevada Reno: Terence E.Terras ¢ New Hampshire Merrimack: Kenneth M. Gatto ¢ New Jersey Carteret: 
Bela Dvorcsak. Fort Lee: Julia V. Tretyakova. Union: Thais Anne Lumpp ¢ New Mexico Albuquerque: Dr. Susan Gaspar Wilson 
¢ North Carolina Manteo: Eileen Alexanian. Tryon: Matthew Randolph. Winston-Salem: S. Lee Hall ¢ Ohio Cincinnati: Jeffrey L. 
Basse. North Royalton: Christine M. Blankenship ¢ Pennsylvania Womelsdorf: Lori Perchansky. Yardley: Peter R. Stadelmeier ¢ 
South Carolina Sumter: James S. Markides ¢ Texas Austin: Corey Shaughnessy. Corpus Christi: Warren A. Rees, Jr. Houston: Karen L. 
Jensen. San Antonio: Chris Winbery. Tomball: Carroll J. Kiefer ¢ Virginia Hampton: Edward A. Goodman, Tony Goodman. Sterling: 
Donna B. Rios ¢ Washington Lakebay: Karen Geiger. Seattle: Thomas Estervog ¢ Wisconsin East Troy: William Bailey 
¢ AUSTRALIA Avalon Beach, N.S.W.: Carol E. Wood. Coogee, Western Australia: Helen Judith Haddy. Melbourne: Katherine Kovacs. 
Slacks Creek, Queensland: Ken Hunter. Sydney: Barbara Wodecki ¢ BELGIUM Diegem: Guy Lalous. Diksmuide: H. Loeters, Leo 
Loeters. Hemiksem: De Maeght Daniél. Ruiselede: Lucette Nols ¢ BRAZIL Sao Paulo: Alejandro Benjamin Ferreyra, Maria Amelia 
Franco ¢ CANADA Bobcaygeon, Ontario: David R. Lindsay. Calgary, Alberta: Diane Koke. Coquitlam, B.C.: Dominc K.U. Tang. 
Cowansville, Québec: Alain Deschamps. North Vancouver, B.C.: Eva B. Nilsson. St.-Lambert, Québec: Carmen Rivet. St.-Hubert, 
Québec: Sylvie Careau ¢ FINLAND Kajaani: Petri Tuovinen ¢ FRANCE Paris: Marie-France Chateau ¢ ITALY Caltanissetta, Sicily: 
Francesco Natale. Ferrara: Sonia Franzolin. Genoa: Mafalda Pasqui. Lucca: Roberto Filippi. Malnate: Gabriele Tralli. Porto Azzurro, 
Elba: Diego Giuseppe Trainini. Rome: Mauro Papais. San Remo: Enrico Cannoletta. Vicenza: Francesca Zen ¢ THE NETHERLANDS 
Rotterdam: E. van Velzen. Wassenaar: Jane Orsak ¢ NEW ZEALAND Lower Hutt: Dennis Blacklaws. Wanganui: Richard Sheppard 
¢ PORTUGAL Vila do Bispo: Johanne C. Jack ¢ SCOTLAND Edinburgh: James W.M. Heatlie ¢ SPAIN Madrid: Maria Isabel Cereijo 
Hierro, José Antonio Gutiérrez Martinez, Shahrazad Krewi De Urquijo ¢ SWEDEN /arfalla: Thomas Larsson ¢ SWITZERLAND 
Geneva: J.M. Duroc-Danner. Zollikon: Adrian Meister. Ztirich: Eva Mettler ¢ TURKEY Istanbul: F. Oya Borahan 
¢ UNITED KINGDOM London: Jeremy L. Harding 


Answers (See page 65 of the Spring 1998 issue for the questions): 


(1) a, (2) c, (3) d, (4) d, (5) a, (6) d, (7) b, (8) a, (9) d, (10) a, (11) d, (12) a, (13) c, (14) b, (15) a, (16) b, (17) c, (18) d, (19) b, (20) d, (21) d, 
(22 an QSicniDAlics (2 5itc 
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Book Reviews 


GIA GEM IDENTIFICATION 
LABORATORY MANUAL 


188 pp., illus. plus 2 charts, publ. by 
GIA, Carlsbad, CA, 1998. US$59.95* 


Earlier editions of this manual were 
designed to assist students in the 
GIA Gem Identification course and 
were structured to be used with the 
Gem Reference Guide, the Colored 
Stone and Gem Identification course 
materials, and R. T. Liddicoat’s 
Handbook of Gem Identification 
(12th ed., 1993). The manual is now 
addressed to “gemologists” as well as 
gemology students and, for the first 
time, is available for purchase sepa- 
rate from the course. 

First impressions are very good. 
The substantial cover is attractive, 
and a quick flick through the spiral- 
bound pages shows easily readable 
and well-laid-out text with clear 
black-and-white diagrams. An initial 
list of the abbreviations used is 
important but, at four pages of text, is 
unnecessarily long; some short words 
might be better spelled out. 

The 40-page section on the use of 
instruments generally follows a logi- 
cal order, but it is odd that the para- 
graphs on the use of the 10x lens 
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appear in the middle of the Microscope 
section and not at the beginning of the 
Magnification section. In the same 
vein, why is the simple hand spectro- 
scope described after (and not before) 
the expensive wavelength model? In 
the section on immersion tech- 
niques, the dangers of putting assem- 
bled stones into liquids (other than 
water) are not mentioned, although 
they may be in the other recom- 
mended references. The gem identifi- 
cation worksheets (one is shown) are 
clearly described, and their use as 
flow charts is agreeably apparent. 

The major part of the manual 
(114 pages) is devoted to Gem Sep- 
arations, and is apparently designed 
to be used with Liddicoat’s Hand- 
book of Gem Identification. The 
Separations are divided into seven 
sections, arranged according to the 
refractive indices of the species 
described: (1) Gemstones with R.I.’s 
over the limits of the refractometer, 
(2) R.L’s from 1.70 to 1.80, (3) R.L’s 
from 1.60 to 1.70, (4) R.I.’s from 1.50 
to 1.60, (5) R.L’s of 1.50 and below, (6) 
Glass and Plastics, and (7) Assembled 
Stones. In each section, an initial 
page lists the gem materials described 
along with the species, as appropriate, 
with which they are commonly con- 
fused. As an example, diamond (in 
section 1) is compared to doubly 
refracting zircon and synthetic rutile, 
and to singly refracting strontium 
titanate, CZ, GGG, and YAG; com- 
parative properties are presented in 
tabular form. Key separation tests are 
summarized in a “box” at the foot of 
each page, with the distinguishing 
properties of fracture-filled diamonds 
and assembled diamond simulants 
shown on following pages. 

In citing diamonds as an example, 
a serious omission becomes appar- 
ent—synthetic moissanite is not 
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mentioned. This is understandable, 
since this manual would presumably 
have been prepared and sent for print- 
ing during 1997 or even earlier, when 
synthetic moissanite had not been 
released. However, the omission 
ought to be addressed—possibly by 
the issue of a supplementary sheet 
for insertion in the manual. The 
omission of colorless enstatite is less 
serious. 

The accompanying Gem Property 
Charts A and B for common and less 
common gem materials, respectively, 
are very clear and provide a concise 
summary of the properties and tests 
for the individual gem materials. 

This well-produced manual is 
admirable for teaching gem identifi- 
cation methods, but a standard gem 
identification textbook such as Liddi- 
coat (1993) is a desirable adjunct. 


ALAN JOBBINS 
Caterham, United Kingdom 


CAMEOs: 

CLASSICAL TO COSTUME 

By Monica Lynn Clements and 
Patricia Rosser Clements, 223 pp., 
illus., publ. by Schiffer Publishing, 
Atglen, PA, 1998. US$59.95* 


This is a lovely, glossy, picture book 
with over 1,400 photographs of 19th 
and 20th century commercial and 
costume jewelry cameos, carved by 
hand and machine from stone, shell, 
glass, plastic, and lava. The book’s 
high production quality is apparent 
not only in the use of coated paper, 
but also in the outstanding color pho- 
tographs. Most of the photos, howev- 


*This book is available for purchase through 
the GIA Bookstore, 5345 Armada Drive, 
Carlsbad, CA 92008. Telephone: (800) 
421-7250, ext. 4200; outside the U.S. (760) 
603-4200. Fax: (760) 603-4266. 
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er, present virtually the same carved 
subject matter—the anonymous 
female figure—which can become a 
bit tedious. 

Approximate dates and prices are 
given for all of the cameos pictured. 
However, the prices appear to be arbi- 
trary and should have been footnoted 
with the following caveat: “Cameo 
prices vary widely from one region of 
the United States to another, as well 
as globally between countries.” It also 
would have been fitting to point out 
that price variances reflect supply and 
demand and also the personal cameo 
savvy of the collector/jeweler/dealer. 
With cameos, estimated value is not 
only subjective, it is also dependent 
on the scholarship of the viewer. 

Although the book contains little 
text, chapter 1 presents some histori- 
cal information on cameos. Most of 
this information is useful, if not new, 
but there is an error in the following 
statement on page 7: “The cameo 
had no apparent purpose other than 
as an ornament.” In fact, ancient 
cameos—including Greek and Ro- 
man pieces from the days of the earli- 
est Caesars—were more than simple 
ornaments. These items of miniatur- 
ized art were used as magic talismans, 
religious badges, and, ultimately, as 
items of political propaganda. It was 
not until the 19th century that 
cameos were regarded as pure orna- 
ment, with the anonymous female 
figure as the primary subject. The 
other six chapters offer a pictorial 
flood of cameos of various sizes and 
materials, with the majority set in 
brooches. 

I liked the ambitious format of 
the book, the quality of the illustra- 
tions, and especially the section 
titled “Plaster Casts of Carved and 
Engraved Gems.” In the 18th and 
19th centuries, plaster casts were 
used as teaching aids, and they can be 
a fascinating topic of study them- 
selves. Although plaster casts have 
been written about and photographed 
in other books on cameos, this book 
contains many pages of casts, remi- 
niscent of antiquarian books on 
cameos. The section on “Lava” 
cameos is also particularly interest- 
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ing, with some excellent examples 
shown. 

It is left to the reader to decide 
how to use the dating and pricing 
information to aid in subject identifi- 
cation, buying, and selling. Some 
subjects are mislabeled. For instance, 
several anonymous female figures 
from the late 1800s are identified as 
either the mythological goddess (of 
agriculture) Demeter or the moon 
goddess Artemis (a crescent moon in 
the hair does not always mean the 
figure is Artemis); the goddess Roma 
is mislabeled as the goddess Minerva; 
and a couple of figures labeled as 
“classical” are mythological gods. 

Collecting cameos is an area in 
which study of mythology, astrology, 
and art history can be helpful. 
Cameos: Classical to Costume may 
be useful to collectors who wish to 
increase their basic knowledge about 
new (from 1900 forward) cameos. In 
addition, to the authors’ credit, they 
have included a useful glossary, bibli- 
ography, and index. Unfortunately, 
there is no historical data or new 
technical information about cameos 
in this book, and glyptic art scholars 
seeking arcane information about the 
subject will have to look elsewhere. 


ANNA M. MILLER, G.G. 
International Director, 
Master Valuer Program 


WARMAN’S JEWELRY, 2ND ED. 


By Christie Romero, 2983 pp., illus., 
published by Krause Publications, 
Iola, WI, 1998, US$18.95* 


This is one of the few times when 
bigger does mean better! This second 
edition is billed as “enlarged to 
include more listings and photos,” 
and it is absolutely true. There are 
600 crisp black-and-white photos and 
32 realistic color photos that illus- 
trate the divisions and subdivisions 
of jewelry eras, from late Georgian 
(mid-18th century) to the mid-1970s. 
Each photo has a complete descrip- 
tion, “circa” dating, dimensions, and 
a buyer’s guide price (i.e., those prices 
a buyer should expect to pay for a 
piece in excellent to very good condi- 
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tion). All of the photos are new; none 
is from the first edition. 

Each era has a well-researched 
Introduction, plus sections on 
History, References (for further inde- 
pendent study), Reproduction Alert, 
Museums, and the advisors who 
assisted Ms. Romero. There are also 
additional jewelry makers in each 
era; in particular, the Studio Artists 
section lists many of the lesser- 
known artists of the 1950s. The con- 
centration is not just on gemstone 
and precious-metal jewelry. There 
are generous sections on Costume 
Jewelry (circa 1935-1975], Plastic and 
Other Novelty Jewelry (circa 
1920-1970), and Special Collectible 
Jewelry (Native American, Mexican, 
Scandinavian silver jewelry). 

The most valuable section of all 
is “Timeline,” where Ms. Romero 
proves her worth as a jewelry histori- 
an. “General History, Discoveries 
and Inventions” is presented side by 
side with “Jewelry and Gemstone 
History, Discoveries and 
Inventions.” From 1760 to 1974, his- 
torical milestones (e.g., the Prussian 
War of Liberation against Napoleon) 
are juxtaposed with jewelry history 
events (e.g., Berlin iron jewelry made 
in Germany as a patriotic gesture 
during the War of Liberation: “gold 
gab isch fur eisen” [“I gave gold for 
iron”]). This places jewelry move- 
ments in the context of real-life 
occurrences, thereby eliminating the 
isolation of so many historical treat- 
ments. 

Unfortunately, the publishers 
were not attentive in their final 
review. The Index for Part III 
(Twentieth Century Jewelry) is not 
correct; the reader can locate items by 
subtracting the number 16 from the 
listed page number, or by contacting 
the author for an errata sheet. In spite 
of these inconveniences, the antique 
jewelry veteran and novice alike will 
value the enormity of this project, 
which traces over 200 years of jewelry 
history. 


GAIL BRETT LEVINE, G.G. 
Auction Market Resource 
Rego Park, New York 


Fall 1998 233 


234 


Gemological 


ABSTRACTS 


EDITOR 


A. A. Levinson 
University of Calgary, 
Alberta, Canada 


REVIEW BOARD 


Peter R. Buerki 
GIA, Carlsbad 


J 0 Ellen Cole 
GIA, Carlsbad 


Maha DeMaggio 
GIA Gem Trade Laboratory, 
Carlsbad 


Professor R. A. Howie 
Royal Holloway, University of 
London 


Mary L. J ohnson 
GIA Gem Trade Laboratory, 
Carlsbad 


Margot McLaren 
GIA, Carlsbad 


Elise B. Misiorowski 
Los Angeles, California 


Jana E. Miyahira 
GIA, Carlsbad 


Carol M. Stockton 
Alexandria, Virginia 


Rolf Tatje 
Duisburg University, 
Duisburg, Germany 


Sharon Wakefield 
Northwest Gem Lab 
Boise, Idaho 


Gemological Abstracts 


COLORED STONES AND 
ORGANIC MATERIALS 


Fluid composition, 5D of channel H,O, and 5'*0 of lattice 
oxygen in beryls: Genetic implications for Brazilian, 
Colombian, and Afghanistani emerald deposits. G. 
Giuliani, C. France-Lanord, J. L. Zimmermann, A. 
Cheilletz, C. Arboleda, B. Charoy, P. Coget, F 
Fontan, and D. Giard, International Geology 
Review, Vol. 39, 1997, pp. 400-424. 


The authors examined the genetic implications of the 
composition of fluids, 5D of channel H,O, and &'8O of 
structural oxygen in beryl from granitic pegmatites and 
greisens, and in emeralds from Brazil, Colombia, and 
Afghanistan. [Editor’s note: 8D and 8'8O refer to the iso- 
topic compositions of hydrogen (deuterium) and oxygen, 
respectively, and are expressed as per mil (6) differences 
relative to the isotopic standard SMOW (standard mean 
ocean water).]| Their study led to the following conclu- 
sions. First, fluids in the channels of both beryl and emer- 
ald are mainly water and CO,, and are independent of the 
age and tectonic setting of emerald deposits; the 
Colombian emeralds have the lowest contents of channel 
H,O (1.30-1.96 wt.%). Second, the emeralds from all 
three localities have contrasting and restricted ranges of 
5180 values, which suggests that these values were affect- 
ed by the local host rock. Relative to emeralds from 
Brazil, those from Afghanistan and Colombia are strongly 
enriched in 6!8O, indicating extensive isotopic exchange 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 

Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
© 1998 Gemological Institute of America 
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between the emerald-forming fluid and '8O-enriched sed- 
imentary or metamorphic host rocks. Third, in Brazil and 
Afghanistan the 5D compositions of channel H,O in 
emerald are compatible with either a magmatic or a 
metamorphic origin; however, a magmatic origin is 
demonstrated for Brazil’s Carnaiba and Socot6 deposits, 
whereas a metamorphic origin is preferred for those of 
Santa Terezinha (also Brazil). The authors propose a meta- 
morphic origin for Colombian emeralds. RAH 


Imperial topaz. R. B. Drucker, Jewelers’ Circular- 
Keystone, Vol. 169, No. 3, March 1998, pp. 
112-115. 


Many gems are intentionally mislabeled in the hope of 
capitalizing on a more appealing name or origin to 
increase their value; “Imperial” topaz is one such exam- 
ple. The term Imperial typically refers to topaz that is 
yellow, yellowish orange, or orangy yellow with over- 
tones of red, orange, or pink. However, because no single 
group or organization governs the use of gem names, 
many dealers use Imperial for nearly any topaz that falls 
into a broad range of colors, including brown. Others use 
terms such as precious, sherry, and hyacinth. “The term 
imperial . . . is nondescript,” said Shane McClure of the 
GIA Gem Trade Laboratory. “If you ask ten different peo- 
ple what imperial means, you will get ten different 
answers.” As a result, some dealers prefer dropping all 
descriptive terms for topaz and referring to it by color 
alone. 

The best Imperial topaz, and the world’s largest sup- 
ply, is found in the Ouro Preto area of Minas Gerais, 
Brazil [see Gems #& Gemology, Winter 1996, pp. 
232-241]. Imperial topaz with red overtones commands 
the highest prices, with pink topaz priced slightly less; 
true red or purplish red topaz is extremely rare and expen- 
sive. Barry Yampol, owner of a major Imperial topaz mine 
in the Ouro Preto area, is stockpiling his high-quality 
material until the year 2000, when he expects it to com- 
mand considerably higher prices because of pent-up 
demand. MD 


Mineralogical significance of fluids in channels of 
Colombian emeralds: A mass-spectrometric study. 
J. L. Zimmermann, G. Giuliani, A. Cheilletz, and 
C. Arboleda, International Geology Review, Vol. 

39, 1997, pp. 425-437. 
The authors used mass spectrometry to study fluids in 
emeralds from 10 Colombian deposits. These fluids were 
trapped in fluid inclusions and in channels within the 
crystal lattice. The fluids in these two environments have 
the same qualitative composition, but the fluid inclu- 
sions account for only 1%-7% of the total concentration 
of fluids in any of these emeralds. The bulk composition 
of the fluids is 80-92 mol% H,O, 3-10% N,, 2.5-5% 
CO,, 1-5% H,, 0.1-1.5% CO, <0.5% CH,, <0.05% organ- 
ic compounds, and an unspecified amount of inert gases. 
The total amount of fluid in the channels is higher 
(~20%) in emeralds from the western emerald zone than 
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in stones from the eastern zone. In addition, the H,O con- 
tent of channel fluids is higher in emeralds from the west- 
ern zone (1.63-2.19 wt.%} than in those from the eastern 
zone (1.35-1.45 wt.%), the latter being the lowest range 
of H,O values worldwide for emeralds. The western zone 
emeralds are also richer in Na,O than those from the 
eastern zone, and a good correlation is found between 
channel H,O and Na,O content. This correlation is taken 
as evidence for the introduction of channel H,O in a type 
II orientation (i.e., associated with alkalis in the channels) 


in Colombian emeralds. RAH 


A new era for opal nomenclature. A. Smallwood, 
Australian Gemmologist, Vol. 19, No. 12, 1997, pp. 
486-496. 


The play-of-color typical of precious opal is difficult to 
describe, as it ranges over every color in the rainbow, in 
every tone from light to dark, and in every degree of trans- 
parency. Opal also displays mineralogical differences that 
reflect the varying geologic environments of its forma- 
tion. A scheme of opal nomenclature is outlined, based 
first on whether a specimen is “precious” opal (has play- 
of-color) or common opal and potch (neither of which 
exhibits play-of-color). The classification of natural opal 
takes into account the type of opal (e.g., precious, potch, 
or common opal), variety (e.g., black, dark, or light), and 
transparency. Separate criteria are listed for treated opal, 
composite gemstones (expressed as doublet opal or triplet 
opal), and synthetic and imitation opal. 

The Australian Gemstone Industry Council has 
accepted this classification, as has the Gemmological 
Association of Australia, both of which encourage its use. 
This classification does not establish any method of val- 
uation. RAH 


The pearl world’s new order. D. Federman, Modern 
Jeweler, Vol. 96, No. 10, October 1997, pp. 46-56 
passim. 

The production and export of Tahitian cultured black 

pearls have increased dramatically since 1996, a rise that 

seems to have corresponded to the launching of Elizabeth 

Taylor’s Black Pearls perfume in March of that year. 

Most of these pearls are sold in the United States. At the 

same time, exports of white and pink Akoya pearls from 

Japan have been decreasing. Rather than low demand, 

this decline may have been caused by decreased produc- 

tion, since about 50% of Japan’s nucleated oyster crop 
was killed off recently by an unknown disease. Japanese 
dealers reportedly are buying Tahitian pearls and re- 
exporting them to the U.S., while several individual 

Tahitian dealers are exporting their material directly to 

the U.S. West Coast. 

The availability and affordability of black pearls 
(which now cost 25% to 40% less than they did three 
years ago) has enticed wholesalers into the market, and 
some are beginning to specialize in specific colors of 
South Sea pearls. The pearl industry is vibrant, and in 
1997 two of Japan’s largest pearl companies joined U.S. 
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companies to gain access to all aspects of American retail- 
ing, from large chains and high-volume retailers to small, 
independent businesses. MD 


Rare-earth-element-activated cathodoluminescence in apa- 
tite. R. H. Mitchell, J. Xiong, A. N. Mariano, and M. 
E. Fleet, Canadian Mineralogist, Vol. 35, August 
1997, pp. 979-998. 


Cathodoluminescence (CL), like UV-visible absorption 
spectroscopy, can help identify the trace elements present 
in crystals; such a determination can then provide clues 
to the geologic environment in which a particular crystal 
grew. For example, apatite from a granite typically dis- 
plays a yellow CL, whereas that from a carbonatite shows 
a blue CL because of the different concentrations and pro- 
portions of the rare-earth elements in apatite from these 
different environments. Here, the authors determine the 
CL spectra for various rare-earth elements—cerium, 
praseodymium, samarium, europium, dysprosium, and 
erbium—in synthetic apatite crystals. These CL spectra 
also resemble the spectra of the same elements in other 
materials. The authors caution that not all “lumines- 
cent” rare-earth elements can be detected in natural 
materials, since the presence of other elements (i.e., other 
rare earths, iron, or manganese) can enhance, suppress, or 
overwhelm an element's characteristic CL spectrum. In 
addition, structural defects not related to known lumi- 
nescent elements may lead to cathodoluminescence. 
ML] 


Texture and structure of opal-CT and opal-C in volcanic 
rocks. T. Nagase and M. Akizuki, Canadian 
Mineralogist, Vol. 35, August 1997, pp. 947-958. 

Mineralogists differentiate among several varieties of 

opal on the basis of their X-ray diffraction patterns. These 

patterns are influenced by the presence of cristobalite and 
tridymite regions within individual crystals, the size of 
these regions, and the degree to which these regions are 
ordered. Cristobalite and tridymite are both polymorphs 
of SiO, (as is quartz) that form at high temperatures and 
low pressures; their structures are the same except for dif- 
ferent stacking sequences of layers of atoms. Opal that is 
amorphous is called “opal-A.” “Opal-C” has some dif- 
fraction spacings that match those of cristobalite, and 

“opal-CT” has diffraction spacings consistent with both 

cristobalite and tridymite. 

Using high-resolution transmission electron micros- 
copy, the authors investigated the microstructures of 
opal-CT and opal-C from volcanic rocks in two opal 
mines in Japan. They found that both materials contained 
tiny bladed cristobalite crystals; the difference between 
the opal-CT and the opal-C is the relative amount of dis- 
ordered and ordered cristobalite. Although some of the 
cristobalite in the opal-CT showed considerable stacking 
disorder, there was no evidence of tridymite being pres- 
ent. However, the disordered stacking in the cristobalite 
probably resulted in the tridymite-like diffraction-line 
spacing. 
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These volcanic opal samples probably formed by pre- 
cipitation from a silica-saturated solution. The opal-CT 
from volcanic rocks probably formed at higher tempera- 
tures than did opal-CT from sedimentary rocks. The 
studied samples were not gem quality; however, gem 
opals are found in volcanic environments, as well as in 
sedimentary environments. [Abstracter’s note: Compare 
opals from Querétaro, Mexico (high-temperature vol- 
canic), for example, with the Australian opal fields (low- 
temperature groundwater, similar to a sedimentary envi- 
ronment).| ML] 


Topas. extraLapis, No. 13, 1997, 96 pp. [in German] 


The German magazine Lapis publishes two special issues 
a year (called “extraLapis”) to highlight various minerals 
or regions. This issue is devoted to topaz, and it is the 
third recent monograph on this mineral (following D. B. 
Hoover’s Topaz, Butterworth-Heinemann Gem Books, 
1992; and a special issue of the Mineralogical Record [Vol. 
26, No. 1, 1995]). 

The first full-length article is a German translation 
(by Maximilian Glas) of part of the “Historical 
Perspectives” chapter in Hoover’s book. This chapter 
explains the etymology of the name topaz, and lists other 
gemstones that have been called topaz, as well as other 
names that have been used for this mineral. There is also 
a list of trade names that should no longer be used, such 
as “Oriental topaz” and “Madeira topaz.” The first sec- 
tion culminates with a paper by Dietmar Schwarz that 
gives a synopsis of the gemological properties of topaz 
(together with its simulants) and a summary of its min- 
eralogical properties and crystal structure. Also provided 
are the geological characteristics of topaz formation and 
descriptions of selected deposits (Sanarka [Russial, 
Katlang [Pakistan], and Ouro Preto [Brazil]), and a list of 
exceptionally large cut topaz gemstones (1,463-36,853 ct; 
examples taken from Hoover, 1992). This article also pro- 
vides a valuable discussion of the causes of color in topaz, 
color treatment by irradiation and heating, and methods 
of treatment detection. Finally, Dr. Schwarz gives a brief 
account of inclusions in topaz, illustrated with photomi- 
crographs by Edward Gitbelin. 

The second part focuses on important topaz mining 
districts. Heiner Vollstadt and Bernd Lahl describe the 
history of the Schneckenstein deposit in Saxony, 
Germany. This was the only major topaz producer in 
Central Europe and the first deposit to be exploited com- 
mercially. Today, however, it is a nature preserve. Next is 
a reprint of part of the classic paper by Nikolai Ivanovich 
Koksharov “Uber die russischen Topase,” which original- 
ly appeared in German in 1855 and described the famous 
Russian topaz deposits in the Ural mountains and in 
Transbaikalia. A second article by Dietmar Schwarz on 
Brazilian topaz focuses mainly on Ouro Preto and the 
occurrences in eastern Brazil, but it also briefly describes 
the deposits in Rondonia (western Brazil), where crystals 
of light blue and colorless topaz are by-products of tin 
mining. Today, Rondonia is the main source of the topaz 
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used for color treatment. Andreas Weerth gives a colorful 
description of traveling and trading in Pakistan (Katlang 
and the deposits of the Karakorum-Himalaya: Shengus, 
Dusso, Stak Nala, Niyit-Bruk, Gone) and Afghanistan 
(Laghman). This account is followed by the German 
translation (by Christa Behmenburg) of a slightly short- 
ened and updated version of an article by Lanny R. Ream 
on topaz from the Thomas Range and the Wah Wah 
Mountains in Utah (Mineralogical Record, Vol. 10, No. 5, 
1979). Finally, Jan Kanis describes Zimbabwe’s St. Anne’s 
mine, which was a major producer of natural blue topaz 
but is now closed. 

The final part of the issue showcases color photo- 
graphs (most of them previously published) of 14 exquis- 
ite topaz specimens, a comprehensive list of the most 
important and/or interesting topaz sources worldwide, 
and a short reference list. 

[Abstracter’s note: Back issues of extraLapis are avail- 
able from Christian Weise-Verlag, Orleansstr. 69, D- 
81667 Munich; phone 89-480-29-33; fax 89-688-61-60; 
e-mail Lapis.Mineralienmagazin@T-Online.de. Past issues 
have reported on emerald, gold, rock crystal, fluorite, 
alpine crystals, tourmaline, petrified wood, native silver, 
garnet, opal, pyrite and marcasite, and the Ziller Valley in 
Tyrol, Austria. The most recent issue (No. 14, 1998) 
focused on calcite.] RT 


Tsavorite garnet, king of African gems. R. W. Wise, Asia 

Precious, Vol. 6, No. 3, March 1998, pp. 26-28. 
Tsavorite (green grossular garnet) from East Africa is 
mined in an area northwest of Mombasa, Kenya, within 
40 km (25 miles) of the Kenya-Tanzania border. This arti- 
cle primarily discusses the color, clarity, and size consid- 
erations that determine the value of this stone. 

The finest hues of tsavorite are described as “forest 
green” and “grass green.” As with emeralds, yellow is the 
bane of tsavorite, and its obvious presence means the gem 
will not be considered top color. Saturation of color is 
rarely a factor in evaluating tsavorite. 

Tsavorite prices are affected most by the size and loca- 
tion of eye-visible inclusions. Included stones are often cut 
into cabochons, which typically sell for a quarter of the 
value of faceted stones of comparable size. Tsavorite is rare 
in sizes above 3 ct. Approximately 85% of the material 
mined yields polished stones under 1 ct. Stones over 10 ct 
make up about 0.1% of total production. MD 
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Angolan progress . . . kimberlites the ultimate goal. 
Mining Journal, London, Vol. 330, No. 8467, 
February 13, 1998, pp. 121-122. 

DiamondWorks is a part owner and the mine operator of 

two alluvial deposits in Angola—Luo and Yetwene—in 

the vicinity of Lucapa in Lunda Norte Province. Luo was 

put into production in July 1997 and yields 6,000 

ct/month, valued at US$238/ct. Yetwene is expected to 

yield 8,000-9,000 ct/month, valued at $283/ct. 
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However, alluvial reserves at Luo are sufficient for 
only about 18 more months of production (reserves at 
Yetwene are estimated to last 12 years). Consequently, 
DiamondWorks is also examining the five known kim- 
berlites on the Luo concession. Two look promising: 
Camagico and Camatchia. The latter is being explored by 
a 22-hole vertical drilling program; the deepest hole, at 
120 m, was still in kimberlite. “Pre-feasibility” studies 
have suggested that an open-pit mine is possible, poten- 
tially yielding 25,000—40,000 ct/month for 10 years, with 
an expected value of $100-$150/ct, from an ore grading 
0.2 ct/ton. This venture would require a serious commit- 
ment of capital, however. ML] 


Colorado diamonds: Too little of a good thing. R. Shor, 
Jewelers’ Circular-Keystone, Vol. 169, No. 7, July 
1998, pp. 100-101. 


Redaurum Ltd., majority owner of the Kelsey Lake dia- 
mond mine in northern Colorado, closed the mine in 
September 1997, citing the high cost of additional mining 
equipment needed to make the mine economic. The 
mine operated for one year at about half capacity, pro- 
ducing approximately 12,000 carats of rough; stones were 
sold only in polished form, at six stores in Colorado. 
[Editor’s note: For previous entries on this mine, which 
represented the first attempt to mine diamonds commer- 
cially in the U.S. since the mine near Murfreesboro, 
Arkansas, ceased operations in the early part of this cen- 
tury, see: Winter 1996 Gem News, pp. 282-283, and 
Spring 1997 Lab Notes, pp. 54—55.] AAL 


De Beers faces up to tough times. Mining Journal, 
London, Vol. 330, No. 8470, March 6, 1998, pp. 
195, 197. 


In March 1998, De Beers Consolidated Mines of South 
Africa and De Beers Centenary AG of Switzerland 
reported 1997 aggregate earnings (before investments) of 
US$1.04 billion, a 1% increase over 1996. After invest- 
ments are considered, De Beers earned $1.23 billion; 
this was 9% less than its 1996 earnings, and was due pri- 
marily to the selling of shares in other mining stocks 
(JCI and Lonrho) by Anglo American Corp., of which De 
Beers currently owns 38.5%. Earnings from the “dia- 
mond account” rose 6% (to $849 million), despite poor 
market conditions toward the end of the year. The Central 
Selling Organisation is still taking less than 100% of the 
possible production from member mines. At the end of 
1997, De Beers’s diamond stockpile was down 6%, to 
$4.44 billion. 

Diamond sales are vulnerable to overall economic 
conditions. The worldwide diamond market in 1997, as 
measured by the wholesale value of polished stones, pri- 
marily consisted of the United States (38%), Japan (20%), 
Asia-Pacific (mainly China and Taiwan, 15%), and Europe 
(12%). Sales rose 9% in the United States and 1% in 
Europe, but fell 19% in Japan and 18% in Asia-Pacific, for 
an overall drop of 4%. 

Diamond supplies at the cutting centers were worth 
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$5 billion at the start of 1998, and banks were becoming 
“more wary” of funding continued diamond purchases. 
There are also signs of polished stones being recycled to 
cutting centers. ML] 


Diadem outlines diamond targets. Mining Journal, 
London, Vol. 330, No. 8470, March 6, 1998, p. 184. 


Diadem Resources Ltd. has found three large (up to 20 
hectares, or 50 acres) magnetic anomalies at its Leek 
Springs, California, diamond project. The company inter- 
prets these anomalies as diatremes, in part because they 
occur at the intersections of major structural lineaments. 
The diatremes are believed to be the main conduits for 
diamond- and indicator-mineral-bearing volcanic rocks, 
which outcrop over a widespread area. Exploration will 
continue in 1998, to identify drilling targets. ML] 


Diamond prospecting in the Falklands. Mazal U’Bracha, 
Vol. 15, No. 100, March 1998, p. 63. 


British-based Cambridge Mineral Resources has been 
granted a six-year license to prospect for diamonds in the 
Falkland Islands. As the Falklands (and South America) 
were adjacent to Africa in the geologic past, it is hoped 
that southern African diamonds were deposited on these 
islands (or their contiguous continental shelf ) before the 
continents drifted apart. The company is encouraged by 
the reported occurrence of diamond indicator minerals in 
rivers on one of the islands. AAL 


A global perspective. C. Pearson, Mining Journal, 
London, Diamond Supplement, Vol. 329, No. 8452, 
October 27, 1997, pp. 11, 13. 


Perception is an important factor in the diamond indus- 
try. In recent years, there have been great shifts in the rel- 
ative power of retail buyers and the merchants who sell 
to them. Middlemen are increasingly being squeezed out. 
Also, the price of smaller, cheaper diamonds has dropped 
precipitously compared to the price of larger or finer 
stones; this may reflect the growing polarization of 
incomes in the major economies (the rich get richer, the 
middle classes look for bargains). 

On the supply side, De Beers continues to be the 
major player. The Russian (Gokhran) stockpile has been 
steadily depleted over the last five years, especially in 
larger, higher-quality rough. The value of Angola’s pro- 
duction is nearly that of Russia’s, but political instability 
makes it hard to predict future supplies. With the promis- 
ing outlook for Canadian and Russian deposits, the sup- 
ply of diamonds could grow by 3% per year—if demand 
grows also. If it does not grow, then De Beers’s reorienta- 
tion of its marketing activities toward “branded” dia- 
monds could cause minor producers still more anguish. 
The author suggests that diamond miners should consid- 
er working together on the issues of supply and demand, 
competing goods (synthetics, simulants, and treated 
stones), and marketing. ML] 
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Growing interest. L. Rombouts, Mining Journal, London, 
Diamond Supplement, Vol. 329, No. 8452, October 
27, 1997, pp. 1-3. 


Diamond exploration continued unabated at the end of 
1997, with most activity concentrated on finding prima- 
ry source rocks, especially in cratons over 2.5 billion 
years old. Canada has been an attractive target since the 
Point Lake discoveries (now the Ekati mine) in the 
Northwest Territories were first announced in 1991. The 
first pipe at Ekati, called the Panda pipe, is scheduled to 
produce 3.5 Mct/year, worth about US$130/ct, by the end 
of 1998. The nearby Diavik joint venture has also found 
rich pipes, and production is anticipated to start in 2002. 
There are newly found kimberlites elsewhere in the 
Northwest Territories, and at Buffalo Hills in northern 
Alberta. 

In Russia, most of the exploration is centered around 
the Sakha Republic, where buried kimberlite pipes have 
been found in the Nyurba district (most notably 
Botuobinskaya and Nyurbinskaya). In addition, eventual 
production is expected from diamond pipes in the 
Lomonosova and Verkhotina project areas, northeast of 
Arkhangelsk. The nearby Tovskaya and Ust-Pinega 
regions also are being explored for diamonds, as are 
Karelia and neighboring Finland. 

In Africa, kimberlites are being evaluated in South 
Africa (for example, the Klipspringer dikes), Zimbabwe, 
Lesotho (e.g., Liquobong), Botswana (Gope and Martins 
Drift), and especially Angola. Although political unrest in 
diamond-rich Angola makes exploitation uncertain, min- 
ing companies are showing interest in both kimberlite 
pipes (e.g., Catoca, Camafuca-Camazambo, and the Alto 
Kwanza region) and alluvial sources (along the Luo, 
Chicapa, and Luachimo rivers). Alluvial diamonds are 
also being sought in Western Kasai and the Kisangani 
region of the Democratic Republic of the Congo (former- 
ly Zaire). Several groups are pursuing offshore marine 
alluvial diamonds along the Namibian coast. Exploration 
is proceeding in several West African countries (Sierra 
Leone, Guinea, Mali, and Mauritania), but is less 
advanced. 

In Australia, results from further exploration in the 
Kimberley region (in the general vicinity of the Argyle 
mine) remain disappointing. Small, potentially economic 
kimberlites have been found at Merlin, in the Northern 
Territory, and the exploration focus has now mainly shift- 
ed to the Yilgarn craton in southwest Australia. 

In China, foreign parties have been invited to im- 
prove productivity at the existing diamond mines at 
Wafangdian (Liaoning Province) and Changma (Shandong 
Province}, and exploration is proceeding in Hebei and 
Sichuan Provinces. Elsewhere in Asia, alluvial diamonds 
are being explored both on land (Cempaka) and offshore 
(the Sunda Shelf) in Kalimantan, Indonesia; and negotia- 
tions are underway in India’s Madhya Pradesh State for 
joint ventures to explore and develop known kimberlites 
in the Raipur district. 
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Kimberlite pipes have been found in Brazil (near Juina 
in Mato Grosso State) and Venezuela (Guanamo, west of 
the alluvial diamond fields). Exploration for alluvial dia- 
monds is proceeding in the Sono and Vermeiho valleys in 
Brazil’s Tocantins State. ML] 


Messina’s Lesotho diamonds positive. Mining Journal, 
London, Vol. 330, No. 8466, February 6, 1998, p. 
105. 


Bulk sampling of two kimberlite pipes at Messina 
Diamond Corporation’s Liqghobong project in Lesotho has 
yielded grades of 16.2 carats per 100 tons of ore for the 
Main Pipe (with average value US$63.93/ct) and 68.7 
ct/100 tons for the Satellite Pipe (with average value 
$38.50/ct). Messina is considering an open-pit mine with 
a projected production of 700,000 ct/year from 2.6 
Mton/year of ore for about 11.5 years. ML] 


Namibia opens its door to us. G. Charodeyev, Current 
Digest of the Post-Soviet Press, Vol. 50, No. 13, 
April 29, 1998, p. 23. 
Namibian President Sam Nujoma has visited Russia and 
signed an agreement for a cooperative program to devel- 
op his country’s diamond industry. Russian companies 
will carry out geologic exploration and eventually move 
into mining. The Russians will also help Namibia set up 
its own polishing industry and will train Namibian cut- 
ters. This the first time that Russia has obtained direct 
access to potential mines in Namibia, and it could use this 
agreement in forthcoming negotiations with De Beers. 
AAL 


River Ranch operations suspended. Diamond Intelligence 
Briefs, Vol. 14, No. 260, March 6, 1998, p. 1628. 
Redaurum Ltd. is trying to sell the River Ranch diamond 
mine in Zimbabwe. Operations have been suspended at 
the mine, where the January 1998 production of 39,000 
carats sold for an average price of US$15.80/ct. [Editor’s 
note: This was the only diamond mine in Zimbabwe; in 
1997, it produced about 500,000 carats.| ML] 


Russian scene. J. Hill, Mining Journal, London, Diamond 
Supplement, Vol. 329, No. 8452, October 24, 1997, 
pp. 14-15. 
Diamond deposits were discovered in Russia in the 
1950s. Of the 800-plus kimberlites found since then, 
about 150 contained diamonds, but only 13 have pro- 
duced stones in economic grades. In recent years, Russia 
has produced about 26% (by value) of the world’s rough 
diamond supply. Of the nine major operations since 1959, 
five are still in production: Mir, Udachnaya, Aykhal, 
Sytytanskaya, and XXIII Communist Party Congress 
(CPC). Development is underway at Yubileinaya (Jubilee); 
and exploration is proceeding at Botuobinskaya, 
Nyurbinskaya, Festivalnaya, and the Anabar Basin (all 
these locations are in Sakha). There are plans to increase 
diamond output by 25% over the next few years if capital 
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is available. 

In the Mirny area, the Mir open pit is depleted at 
workable levels, but could be deepened if technical prob- 
lems are overcome. Sputnik is worked out, and CPC is 
nearly depleted. Internationalnaya could go underground, 
but it also has major technical difficulties (however, 
early grades were an amazing 11 ct/ton). In the Udachny 
area, 480 km north of Mirny, the Udachnaya open pit is 
nearly depleted, but the mine could go underground; 
Zarnitza has not been developed due to low diamond 
grades. In the Aykhal area, 400 km north of Mirny, 
Aykhal produces 0.5 million carats (Mct) per year, but 
the stones are of “mediocre” quality. Sytytanskaya pro- 
duces 0.5 Mct/year, with a “significant percentage” of 
very large stones; low-grade Komsomolskaya may be 
mined in the future. Krasnupresnenskaya has not been 
developed due to geologic problems, while Yubileinaya 
may replace Udachnaya as Russia’s largest diamond 
mine. The 56 hectare Yubileinaya kimberlite produced 
0.5 Mct in 1995, but is not yet in full production; howev- 
er, buyers report that the stones are not of good quality. 

Diamonds have also been found in exploitable prima- 
ry deposits on the “Winter Coast,” 130 km northeast of 
Arkhangelsk. The main fields are Zolotitsa (where the 
Lomonosova pipe could produce 3-6 Mct of high-quality 
diamonds for 30 years or more) and Verkhotina. ML] 


Trivalence starts commercial production at Aredor. 
Mining Journal, London, Vol. 330, No. 8475, April 
10, 1998, p. 286. 
Trivalence Mining Corp. (Canada) has begun commercial 
operations at its 85%-owned Aredor alluvial diamond 
mine in Guinea, having upgraded the plant’s ore-process- 
ing capability to 100 tons/hour. The mining operation 
produced 16,907 carats of rough diamonds between July 
1996 and August 1997. Diamonds sold to date by 
Trivalence have achieved an average price of US$624/ct. 
The largest gem-quality stone, weighing 70.1 ct and recov- 
ered from the tailings of a previous processing plant (!), 
sold for $2.7 million (over $38,500/ct). ML] 


GEM LOCALITIES 


Caratterizzazione mineralogica e gemmologica dei filoni 
rodingitici di vesuvianite nell’area di Bellecombe 
(Aosta). [Mineralogical and gemological character- 
istics of the vesuvianite veins in the Bellcombe 
area (Aosta Province)]. M. Novaga, Revista 
Mineralogica Italiana, Vol. 21, No. 4, 1997, pp. 
360-366. {in Italian with an English abstract] 

This article characterizes the vesuvianite found in veins 

of rodingite within Italy’s Bellecombe region. Vesuvianite 

from Mt. Ros is brown or reddish brown (attributable to 
its relatively high Ti content), with refractive indices of 
1.720-1.730 and a specific gravity of 3.412-3.415. 

Vesuvianite from the neighboring locality of Banchettes 

is green or greenish brown, with ¢ = 1.717-1.719 and = 
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Gemstones in 
San Diego County 


The accompanying map, showing 
gemstone deposits in San Diego 
County, appeared in the April, 1946, 
issue of the Second Annual Report 
of the Division of Natural Resources 
of the San Diego County Depart- 
ment of Agriculture. The symbol 
“Ge” indicates location of mines. 


and beryl were also produced near 
Ramona, and kunzite in the Pala 
region, in considerable quantities. 
For several years, commercial pro- 
duction has been at a standstill and 
the areas are frequented by pros- 
pectors and amateur mineral collec- 
tors. While most of the easily ac- 
cessible surface deposits of any size 
have been worked .out, the Division 
of Natural Resources of the San 
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About the turn of the century, the 
volume of ‘production and quality of 
San Diego County gemstones was 
known all over the world, tourmaline 
being particularly popular in China 
as a sacred stone. At that time topaz 
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Diego County Department of Agri- 
culture intimated that through fur- 
ther exploration and working of 
these old mines and. adjacent areas, 
a reasonable production might again 
be realized. 


1.719-1.720 (for a birefringence of 0.002), and a specific 
gravity of 3.398-3.415. Gemstones of 1-3 ct have been 
cut. Chemical analyses are given for vesuvianite from 
both localities. RAH 


Mining and the law: Petrified wood. C. Weller, Inter- 
national California Mining Journal, Vol. 67, No. 2, 
October 1997, pp. 19-20. 


In Nevada, collecting of petrified wood from public lands 
is regulated by both the federal and state governments. 
Individuals may collect without charge up to “25 pounds 
[11.3 kg] in weight plus one piece” per day (totaling up to 
250 pounds [113 kg] per year) from public lands adminis- 
tered by the U.S. Bureau of Land Management or Bureau 
of Reclamation, “limited quantities” may be taken from 
Forest Service lands with the appropriate local permit. 
Explosives and heavy equipment may not be used, and 
the material acquired cannot be bartered or sold. 
Museums, cities, and federal and state agencies may col- 
lect pieces weighing more than 250 pounds, provided 
these samples are publicly displayed. 

Petrified wood may be obtained for commercial pur- 
poses under federal sales regulations cited in this article. 
No petrified wood can be taken by anyone, for any pur- 
pose, from Petrified Forest National Park in Arizona, or 
from any land within the jurisdiction of the Nevada 
Division of State Parks. Nevada’s Board of Museums and 
History may designate additional protected sites. 

Most petrified wood has been silicified—replaced by 
quartz or chalcedony varieties, or by opal—and most is 
225-140 million years old. One species, Araucarioxylon 
arizonicum, is the state fossil of Arizona. ML] 


Opal mining company has “flying start.” Queensland 
Government Mining Journal, Vol. 98, No. 1150, 
September 1997, p. 49. 


An opal mining company could revolutionize “what has 
traditionally been a cottage industry.” Queensland Opals 
raised Aus$2.55 million through the Australian Stock 
Exchange [becoming the first opal mining company ever 
listed on the ASX], and used this funding to open Lucky’s 
mine, at the Kyabra Eromanga site near Quilpie in south- 
west Queensland. The opal is recovered by systematic 
strip mining of channel-fill sandstone, which contains 
boulders. About 10% of the boulders contain gem opal. 
A geologic model developed for the mine site per- 
formed “exceptionally well.” Advanced exploration tech- 
niques (such as satellite imaging) and field work are being 
used to find additional properties for open-cut mining. 
Mines are relatively short-lived, but the company hopes 
to be operating five open-cut mines simultaneously with- 
in the next five years. Queensland Opals built a cutting 
and polishing center in Charleville, and is wholesaling 
stones (that were purchased from other mines}, as well as 
coordinating marketing endeavors. The ironstone opal 
matrix is also being marketed. The company will coordi- 
nate their efforts to coincide with the year 2000 Olympic 
Games in Sydney. ML] 
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Prospector cuts a colourful figure. T. Winter, Australia’s 
Paydirt, Vol. 1, No. 37, March 1998, p. 64. 


Prospector George Swanson owns the only known 
deposit of blue lace agate, which is located in the district 
of Karasburg, southern Namibia. This pale blue stone is 
found in seams about 70 m wide, from which consistent 
qualities and quantities can be mined. When polished 
into a sphere, this material resembles the earth as seen 
from space, which has resulted in its adoption as a sym- 
bol of world ecology. Swanson sells rough material for 
about $3 per kg. MD 


Tanzania consolidating mining. Advertising Supplement 
to Mining Journal, London, Vol. 329, No. 8452, 
October 24, 1997, 16 pp. 


This 16-page supplement begins with an overview of the 
geography and geology of Tanzania, which has been an 
important source of diamonds (from the Williamson, or 
Mwadui, kimberlite) and continues to be a significant 
source of other gem minerals. In 1996, Tanzania produced 
126,670 carats of diamonds, as well as 142,160 kg of other 
“precious and semiprecious” gems. 

Diamondiferous kimberlites are found in the 
Nyanzian terrain of the Tanzanian craton, in the north- 
central part of the country. Some of the kimberlites are 
relatively young, and are thought to have formed less 
than 50 million years ago. So far, more than 300 kimber- 
lites have been identified, and about 20% of these contain 
diamonds. (In addition, magnetic surveys have found 
about 600 potential kimberlite targets.) About half of 
these occur in clusters in the region between Mwanza 
and Shinyanga (about 250 km apart), and another cluster 
is found about 100 km to the south, around Singida. A 
group of kimberlites east of Lake Nyanza has been barren 
so far, but alluvial diamonds are found in that area. 

The Williamson diamond mine, which was discov- 
ered in 1940, reached peak production in the 1960s, with 
925,000 carats from 3.5 million tons of ore. By the 1970s, 
the ore grades had dropped from 25 carats per 100 tons to 
8-10 carats per 100 tons, and the processing mill had 
large power requirements. Recent refurbishment of the 
mill and changes in mine configuration by 75% owner 
De Beers resulted in 1996 production of 117,000 carats 
from 1.1 million tons of ore (with a grade of 10.6 carats 
per 100 tons), but this is still significantly lower than in 
the past. 

Colored stones are found in a variety of geologic envi- 
ronments in Tanzania. The Proterozoic Usagaran system, 
part of the Tanzanian craton, hosts high-grade metamor- 
phic gneisses in the Arusha region, including the graphite 
deposit at Merelani, where tanzanite is found. This mine 
has an expected life of 40 years at current production 
rates. Rubies, sapphires, and emeralds are found in high- 
grade granulite gneisses in the Proterozoic Ubendian and 
Usagaran systems. Mesozoic and Cenozoic carbonates 
(such as at Morogoro) locally host ruby and ornamental 
marble deposits. 

The article closes with a discussion of the mining and 
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investment codes. The Tanzanian government revised 
its mining laws to encourage investments in 1990, and 
is working to further encourage foreign investments. 
Royalties are currently set at 5% for diamonds and 3% 
for rough colored gems. To encourage the local cutting 
industry, no royalties are paid on gems that have been 
cut and polished. ML] 


Team finds tourmaline. Canadian Jeweller, Vol. 119, No. 
3, June-July 1998, p. 6. 

Geologists from the University of British Columbia and 
the Canadian Museum of Nature (CMN) in Ottawa have 
recently discovered gem-quality tourmaline in the 
Canadian Rockies near the Yukon/Northwest Territories 
border. The colors range from emerald green to red to 
indigo blue. Colored tourmaline was first found in this 
area in 1994. Brad Wilson, gem cutter and owner of 
Alpine Gems in Kingston, Ontario, owns the mineral 
rights to the site. However, there are no immediate plans 
to mine the deposit due to the site’s remoteness. 

MM 


INSTRUMENTS AND TECHNIQUES 


Meiji Technico model GF-252 refractometer-polariscope. 
T. Linton, S. Sultman, and G. Peters, Australian 
Gemmologist, Vol. 19, No. 12, 1997, pp. 513-515. 

A refractometer and a polariscope are built into this one 

instrument, which costs substantially less than the two 

instruments purchased separately. The polariscope is rated 
as mechanically excellent, as is the quality of its images. 

The performance of the refractometer is also very good. 

Only a few limitations of the instrument are mentioned. 

RAH 


A rockhound’s guide to UV equipment. Rock & Gem, 
March 1998, Vol. 28, No. 3, pp. 29-32, 34. 

Ultraviolet (UV) light assemblies are often used by gem 
collectors to reveal the hidden fluorescent beauty of their 
mineral specimens. These lights are now available in a 
wide range of wavelengths and with more powerful 
lamps. They come in several models or styles—from 
large, expensive display lights for museum cases, to 
handheld, battery-powered models. Short-wave UV lights 
are most commonly used by collectors, since the majori- 
ty (80%-90%) of fluorescent minerals will fluoresce 
brighter to short-wave than to long-wave radiation. 

A UV light assembly must have a filter between the 
bulb and the fluorescent mineral. There are no perfect fil- 
ters; all will absorb some of the UV they are designed to 
transmit and, conversely, will transmit some of the visi- 
ble light that they are designed to absorb. Almost any 
material that transmits short-wave UV will deteriorate 
over time when exposed to short-wave UV radiation. 
This deterioration, called solarization, reduces the 
amount of short-wave UV transmitted, resulting in weak- 
er fluorescence. High humidity also affects the transmis- 
sion of short-wave filters, because moisture forms a white 
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film on them. Even if this coating is removed, it is likely 
that the glass underlying the filter has been damaged. 
Thus, short-wave filters should be replaced periodically. 
Long-wave filters will not solarize and need not be 
replaced. 

Safety is an important factor when using short-wave 
UV, as even brief exposure can be detrimental to the eyes 
and skin. Specially designed UV goggles with side protec- 
tion are recommended. MD 


JEWELRY HISTORY 


Contributo alla conoscenza dell’amazzonite: Studio min- 
eralogico-petrografico e geochimica di elementi di 
monili neolitici e di esemplari naturali. S. Balzi, S. 
Vannucci, O. Vaselli, and M. Sozzi, Mineralogica et 
Petrographica Acta (Bologna), Vol. 40, 1997, pp. 
357-371. [in Italian] 

A petrographical, mineralogical, and geochemical investi- 

gation was carried out on amazonite beads used as jewel- 

ry from Neolithic villages in what is now southern 

Jordan, to determine their geologic provenance. These 

samples have a uniform mineralogy and chemistry. The 

study was widened to include various amazonite-bearing 
deposits (e.g., Colorado, Brazil, Madagascar, Egypt, and 

Saudi Arabia). Rb, Pb, FeO, and Na,O data from bulk sam- 

ples, and Pb isotope ratios of selected amazonite grains, 

suggest that these Neolithic samples were derived from 
granite-related pegmatitic bodies found in the Tabuik 
area of Saudi Arabia. RAH 


JEWELRY MANUFACTURING 


Angling for pearls. R. Weldon, Professional Jeweler, Vol. 
1, No. 4, May 1998, p. 70. 
Faceting has become a new word in the pearl lexicon. A 
family in Kofu, Japan, has developed a proprietary tech- 
nique for faceting pearls that has taken almost a decade to 
perfect. Pearl’s softness (2.5-4 on the Mohs scale) and the 
propensity of the nacre to flake, present problems for the 
faceter. Proper faceting requires that the pearls be per- 
fectly spherical and have a thick coat of nacre (with at 
least two years of growth). Chinese freshwater and 
Tahitian cultured pearls are considered ideal for faceting 
because they fulfill these requirements. MM 


The renaissance in cabochons. G. L. Wykoff, Rock & 
Gem, Vol. 28, No. 1, January 1998, pp. 64-69. 
Cabochon cutting was once assigned “blue-collar status” 
among lapidaries, but new techniques are reviving inter- 
est and respect for this art. Master cabber Bernd 
Munsteiner and his followers in Germany have delighted 
the gem world with fabulous geometric gem designs, 
most of which employ cabochon techniques. This new 
art of cabochon cutting features dramatic changes in 
handling gemstones and fashioning both transparent and 
opaque gem materials. Today’s cutters are more creative 
and must master techniques such as channeling, plateau- 
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ing, and “running the wheel.” 

The single wheel is no longer the only device in the 
innovative cabber’s inventory. Many of the modern 
effects are accomplished with special wheels and cus- 
tomized arbors. Experienced cabbers, for example, have 
customized their silicon carbide wheels with diamond 
dressing tools to create dramatic designs. These new con- 
cepts merit experimentation since they may offer a whole 
new approach in design and enhanced optical perfor- 
mance from poorly or deeply colored gems. MD 


JEWELRY RETAILING 


Beyond the big three: A colorful leap of faith. R. Weldon. 
Jewelers’ Circular-Keystone, Vol. 168, No. 5, May 
1997, p. 98-102. 
Today’s consumers are asking for unusual colored 
stones—even one-of-a-kind gemstones—rather than the 
traditional rubies, sapphires, and emeralds (the “Big 
Three”) that, in addition to diamonds, are staples in a jew- 
eler’s stock. Many of these less traditional stones have 
been popularized by the television shopping networks. 
This article suggests the following alternatives to the Big 
Three: For ruby, there is red spinel, red garnet, rubellite 
tourmaline, and red beryl; for blue sapphire, there is indi- 
colite tourmaline, blue spinel, blue zircon, and tanzanite; 
and for emerald, there is peridot, green tourmaline, tsa- 
vorite, and green zircon. 

Designers have recognized the trend toward other col- 
ored stones and are producing exquisite jewelry that both 
excites and inspires consumers, from stones with unusu- 
al inclusions, colors, or patterns. These gem materials, 
fashioned in repeatable shapes and sizes that are suitable 
for mass production, are also attracting much attention. 
Jewelers who offer these alternatives to discriminating 
clients are learning that there is a better profit margin, 
since per-carat prices are generally lower than they are for 
the Big Three. Mai Williams 


Diamonds for label junkies. Mining Journal, London, Vol. 
330, No. 8470, March 6, 1998, pp. 192-193. 
De Beers has announced a test-marketing plan for dia- 
monds inscribed with the De Beers brand name and sold 
through the Central Selling Organisation (CSO). The first 
market will be in Manchester, United Kingdom. The 
objective will be to see if consumers will pay a premium 
for the “extra confidence” inspired by the De Beers name. 
The De Beers name was chosen because, unlike the CSO, 
it is already widely recognized by the general diamond- 
buying public. The marking on the diamond is only visi- 
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ble with magnification and, according to various grading 
“agencies,” does not affect the grading of the stone. De 
Beers currently spends $200 million annually on adver- 
tising diamonds, and it hopes to spend its advertising dol- 
lars in a way that does not also benefit sellers of diamonds 
through outside channels. ML] 


SYNTHETICS AND SIMULANTS 


Fluid inclusions in synthetic diamond crystals. A. A. 
Tomilenko, A. I. Chepurov, A. I Turkin, A. P. 
Shebanin, and N. V. Sobolev, Transactions of the 
Russian Academy of Sciences/Earth Science 
Sections, Vol. 353, No. 2, 1997, pp. 247-250. 


In the ongoing investigations of the geologic environ- 
ments in which diamonds form, the authors studied fluid 
inclusions in synthetic diamonds. Microscopic examina- 
tion and Raman microspectrometry were performed on 
diamonds from five different synthetic growth experi- 
ments, one of which had a shorter growth time at slightly 
lower temperature and pressure than the other four. The 
Raman spectra from the fluid inclusions were inconclu- 
sive for indicating the presence of water and carbon diox- 
ide; nitrogen, hydrogen and carbon were not found. 
Evidence for methane was found in fluid inclusions from 
all samples, and a graphite film was present in the inclu- 
sions within synthetic diamonds that formed over longer 
growth times. The authors consider this work the first 
good evidence that hydrocarbons such as methane are 
important in diamond crystallization. Whether or not hydro- 
carbons play a similar role in natural diamond crystal- 
lization processes needs to by examined in future studies. 

Jeff Lewis 


MISCELLANEOUS 


Ground zero. R. Weldon, Professional Jeweler, Vol. 1, No. 
8, September 1998, pp. 30-31. 


Using the “American Ideal Cut” as its base, the Amer- 
ican Gem Society (AGS) evaluates seven factors that 
define a good cut; five of the factors deal with proportions, 
and the other two quality factors are polish and symme- 
try. Diamond cut grades range from “0” to “10,” with “0” 
being the highest. Diamonds must exhibit excellent pol- 
ish and symmetry to merit a high grade. In the last year, 
there has been a 200% increase in the number of stones 
submitted to the AGS laboratory for cut grading, due to a 
growing interest in cut as a diamond quality factor. 
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GIA “Cut” Report Flawed? 


The long-awaited GIA report on the ray-tracing analysis 
of round brilliant diamonds appeared in the Fall 1998 
Gems # Gemology (“Modeling the Appearance of the 
Round Brilliant Cut Diamond: An Analysis of Brilliance,” 
by T. S. Hemphill et al., pp. 158-183). The writer initially 
saw this article as an opportunity to qualitatively validate 
his own SAS2000 two-dimensional ray-tracing facility, 
but soon realized that this report on the brilliance aspect 
of cut grade analysis, based on GIA’s weighted light 
return (WLR) metric, contains what appears to be an 
unintentional fatal flaw in its design: The hemispherical 
lighting model chosen by GIA for this study is not an 
unbiased benign source, and as a result it probably invali- 
dates any conclusions presented in the article. The use of 
any comparisons in the GWG article should be strictly 
avoided, as the illumination model chosen apparently 
(based on limited SAS2000 two-dimensional analyses) 
weighs the results toward favoring shallower crown 
angles and possibly larger tables. 

A scientific perturbation analysis such as that 
attempted in GIA’s report is intended to show the effect 
on some output parameter (such as GIA’s defined WLR} 
as a function of a change in a given parameter or combi- 
nation of parameters. The model chosen by GIA was 
apparently intended to present a uniformly (diffuse) dis- 
tributed set of input ray incident angles to the modeled 
diamond, each emanating from the hemisphere’s internal 
surface. The amount of light entering the diamond (that 
which can potentially contribute to WLR) is dependent 
on the angle of incidence, and the researchers sought a 
uniform distribution of this angle of incidence. 

Figure 1A shows a ray incident on the table (RO), orig- 
inating from the hemisphere, with angle of incidence i 
defined by ROP. For the table, any ray such as ROP can have 
an angle of incidence bounded by the 90° angles defined by 
POA and POB, where PO is a normal to the table. 

For any other crown facet, such as the crown main 
shown in figure 1B, rays originating from the hemisphere, 
such as R’O’ (defined by the angle R’O’P’), are limited as 
to angle of incidence i’, by the angles defined by P’O’A’ 
and P’O’B’, where P’O’A’ is less than the 90° angle 
defined by P’O’B’. P’O’ is a normal to the crown main 
shown. With this model, the allowed angular inputs for 
any facet below the table change as the facet angle 
changes—hardly the uniform, unchanging, angular distri- 
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Figure 1. GIA’s hemispherical input model. 


bution applied to the table facet. Theoretically at least, 
the allowed angular range within a given point in a partic- 
ular crown facet also changes, the magnitude of the 
change dependent on the radius chosen for the illuminat- 
ing hemisphere. The angle defined by P’O’A’ is, in the 
limit defined by an infinite hemispherical radius, equal to 
90° minus the crown angle. Likewise, in GIA’s three- 
dimensional model, the star and break facets will each 
have similarly defined angular ranges, with an individual 
angular cutoff on one side of the range. 

What does all this mean? To this writer, it mandates 
an immediate retraction of the GWG article by GIA and a 
republication of results with a corrected model. 

GIA should also, to eliminate what is a perceived bias 
in their report, include in an amended table 3 comparison 
of GIA’s “Make Grade” system, which is taught in their 
own educational courses, regardless of the results shown: 
good, bad, or indifferent. 

Martin Haske 
Adamas Gemological Laboratory 
Boston, Massachusetts 


Authors’ Reply 


We thank Mr. Haske for drawing attention to these 
issues. We believe that many of his concerns stem from 
the difference between two-dimensional and three-dimen- 
sional analysis of the appearance of a diamond. 

Mtr. Haske states that he examined our results for the 
purpose of comparison with his own two-dimensional 
(SAS2000) analytical system. He evidently suspects that 
our diffuse hemispherical illumination condition is the 
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likely cause of the apparent disagreement between his 
analyses and our results, rather than the difference in the 
number of dimensions used in the two approaches. We 
chose this lighting condition because we believe that it 
represents the best average of the many ambient light 
conditions in which diamonds are viewed. A diffuse 
hemisphere of light at infinite distance is exactly that: 
Light rays of all angles emanate from all points on the 
inside of this hemisphere. We sought a uniform distribu- 
tion of light with regard to the diamond as a whole, not 
over each facet independent of the other facets. 

The “apparent flaw” Mr. Haske shows in his diagram 
is in fact the expected result of illuminating the diamond 
from above the girdle with a hemispherical source. Like 
all three-dimensional objects, a round brilliant diamond 
throws some small shadow on itself, and our model cap- 
tures this aspect of real diamonds. All of the crown facets, 
including the table, are partly in the shadow of other 
facets (e.g., for rays originating between points B’ and X in 
his figure 1B, the far bezel is in the “shadow” of the table 
and near bezel facet). One of the differences between a 2D 
model and a 3D model is the extent of this shadowing. In 
three dimensions, light rays coming from in front and 
behind impinge the particular “crown main” (bezel) facet 
at many of the angles that appear blocked in a two-dimen- 
sional view, for which the light source is an arc rather 
than a hemisphere. We know of no publication in the sci- 
entific literature on SAS2000 analyses of diamond cut 
appearance, and so do not know what other differences 
there might be between the two approaches, or whether 
such differences would be relevant. 

Note also that the paths of some rays through the dia- 
mond cannot be represented in two dimensions, as was 


shown in figure A-2 of the original paper (p. 167). Given 
the different effects from two-dimensional and three- 
dimensional models, we do not believe Mr. Haske’s geo- 
metrical argument applies to (three-dimensional) round, 
brilliant-cut diamonds. 

Mtr. Haske also writes that we attempted a “perturba- 
tion analysis.” In fact, we did no such thing. Perturbation 
analysis is used to evaluate a mathematical function, to 
find out whether any particular point (in however many 
parameter dimensions) is a local maximum (a bump), a 
local minimum (a divot), or something else (such as a sad- 
dle point, which is a peak in one direction but a valley in 
another). It works by evaluating that function at that 
point, and then examining how the value changes as you 
move slightly away from that point. Although this tech- 
nique could be used to find the exact location of the vari- 
ous local maxima in the WLR surfaces, we did not think 
this was necessary at this time. 

Finally, Mr. Haske refers to a “Make Grade” system 
taught in the GIA courses. The GIA Diamond Grading 
Course (see, e.g., Assignment 9, 1994, pp. 15-17, 20-21) 
describes four general classes of cut as a teaching tool, but 
never proposes that they be used as a grading system. 
Thus, it was not appropriate to include them in table 3. 
The approximate values of WLR across the range of pro- 
portions described by these classes can be readily seen 
from the data given in the article. 

In conclusion, we stand behind our study as published 
in Gems & Gemology, and do not feel that any correction 
is necessary. 

T. Scott Hemphill, Ilene M. Reinitz, 
Mary L. Johnson, and James E. Shigley 
Gemological Institute of America 
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CHARACTERIZING NATURAL-COLOR 
TYPE IIB BLUE DIAMONDS 


By John M. King, Thomas M. Moses, James E. Shigley, Christopher M. Welbourn, 
Simon C. Lawson, and Martin Cooper 


Although rarely encountered, blue dia- 
monds are among the most famous, and 
most distinctive, of fine gemstones. To bet- 
ter understand these unique gems, more 
than 400 were studied at the GIA Gem 
Trade Laboratory over several years to 
reveal additional information about the 
relationships between their color, clarity, 
and other gemological properties. The over- 
whelming majority of natural-color blue 
diamonds are type IIb. The color appear- 
ance varies widely from light to dark, but 
there is a limited range of color saturation. 
As a result, color appearance between 
neighboring GIA GTL color grades can be 
subtle. Of the blue diamonds examined at 
GIA GTL, few had any solid inclusions. 
Nevertheless, internal features such as 
graining and color zoning can make the 
processing of these diamonds a challenge. 


ABOUT THE AUTHORS 
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ecause of their great beauty and rarity, blue dia- 

monds are both intriguing and highly valued (fig- 

ure 1). Such important historic diamonds as the 
Hope, the Blue Heart (also called the Unzue or Eugénie Blue}, 
and the Idol’s Eye have greatly added to the fascination and 
mystery surrounding blue diamonds throughout history. 

In recent years, auction sales have also placed blue dia- 
monds in the forefront of industry interest. The current 
record per-carat price paid for a blue diamond at auction, 
$569,000, was set in November 1995, for a 4.37 ct Fancy Deep 
blue oval shape which sold at Christie’s Geneva. Only three 
diamonds have sold at auction for higher per-carat prices; 
indeed, of the 10 highest per-carat prices paid for colored dia- 
monds at auction, six have been for blue diamonds (World 
Diamond Industry Directory # Yearbook, 1997/98, p. 56). 

Even with their high profile, blue diamonds have long 
been considered among the rarest of gems (Federman, 1989, 
1998). The De Beers Polished Division, in their published 
compilation Important Diamond Auction Results 1997, 
noted only 18 blue diamonds offered for sale that year at the 
auction houses of Christie’s, Sotheby’s, and Phillips (in con- 
trast to 143 predominantly yellow diamonds noted for the 
same period). Of the numerous colored diamonds submitted 
for grading reports to the GIA Gem Trade Laboratory (GIA 
GTL) during the first half of 1998, only 0.3% were described 
as predominantly blue. Although such diamonds are much 
sought after, dealers indicate that only a couple of new blue 
diamonds come to their attention during the course of a 
year (K. Ayvazian and I. Gol, pers. comm., 1998). This obser- 
vation is consistent with the current mining recovery rate. 
Of all the De Beers South African rough production, there is 
on average “only one significant blue” mined per year. 
When they occur, such finds are said “to cause excitement 
along the chain from the discovery at the mine to the sort- 
ing” (M. Semple, pers. comm., 1998). 

In GIA GTL’s color grading of colored diamonds, there 
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Figure 1. Blue diamonds are 
among the most highly 
prized objects in contempo- 
rary society. The connoisseur 
of such stones appreciates the 
subtle differences and 
nuances of color. Shown here 
are a range of appearances 
from the strongly colored 
heart shape in the ring to the 
gray-blue marquise shape at 
the upper left. The diamonds 
range from 0.48 ct to 2.01 ct; 
the 1.04 ct blue diamond in 
the ring is surrounded by 
approximately 2 carats of 
near-colorless diamonds. 
Loose stones courtesy of 
Rima Investors Corp.; the 
ring is courtesy of Martin 
Kirschenbaum Trading, Inc. 
Composite photo © Harold w 
Erica Van Pelt. 


are other natural colors that are more rarely encoun- 
tered than blue (such as purple or red). However, it 
is the combination of relative rarity (although the 
numbers are small, they are sufficient to enable a 
recognized market to be established), high value, 
and trade enthusiasm that makes it critical to 
expand our knowledge of blue diamonds. In particu- 
lar, precisely because blue diamonds are so rare, few 
dealers understand their full range of color appear- 
ances. This is important to accurately assess the 
relationship of one blue diamond to another. As is 
the case with other aspects of diamond valuation, 
subtle differences in color appearance (reflected in 
differences in grading terminology)* can result in 
large differences in value. Therefore, understanding 
and consistently describing color in blue diamonds 
is critical. 

To this end, GIA GTL and GIA Research have 
been compiling for several years (as well as drawing 
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on the Laboratory’s more than 40 years of reporting 
on these stones) information based on a significant 
quantity of blue diamonds they have graded and/or 
otherwise documented. This study represents the 
largest number of blue gem diamonds ever exam- 
ined by a single organization, including some of the 
most famous diamonds known. 

Following a discussion of the history of blue dia- 
monds and a mention of some of the main localities 
where they are found, the present article reports on 
the relationship of the various color appearances of 
blue diamonds, as reflected in their GIA GTL color 
grades, to their other gemological properties. 


*Note that this article contains a number of photos illustrat- 
ing subtle distinctions in color. Because of the inherent diffi- 
culties of controlling color in printing (as well as the insta- 
bility of inks over time), the color in an illustration may dif- 
fer from the actual color of the diamond. 
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Figure 2. The excitement generated by the his- 
toric 45.52 ct Hope diamond, now on display 
at the Smithsonian Institution, is due as 
much to its Fancy Deep color as to the dra- 
matic events associated with its various own- 
ers. Photo © Harold & Erica Van Pelt. 


BACKGROUND 


History and Geographic Origin. Historically, blue 
diamonds have been recovered from several locali- 
ties. Early accounts cite the Kollur mine (and possi- 
bly other mines) along the Krishna River valley near 
Golconda, in the Indian state of Hyderabad (now 
called Andhra Pradesh; Scalisi and Cook, 1983). 
This region was described by noted French traveler 
and gem dealer Jean-Baptiste Tavernier (1676). Over 
the course of almost 40 years (1631-1668), 
Tavernier made six journeys from Europe to India. 
At that time, India was the source of almost all gem 
diamonds. During these visits, Tavernier saw many 
spectacular rough diamonds, a number of which he 
purchased and brought back to Europe. 

Tavernier is widely believed to have acquired 
one of the world’s most famous diamond crystals, 
the 112.5 ct stone that became known as the 
Tavernier Blue, in India in 1642 (Tillander, 1975). 
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He sold this rough diamond to Louis XIV of France 
in 1669, who had the diamond cut into a triangular 
shape of 67.12 ct (possibly with additional smaller 
cut stones). In 1792, during the French Revolution, 
this and other diamonds were stolen from the col- 
lection of the French Crown Jewels housed in the 
Garde Meuble palace. It is believed that, to avoid 
detection, subsequent owners had the Tavernier 
Blue recut twice, ultimately to a weight of 45.52 ct, 
before Henry Philip Hope purchased it in 1830 (fig- 
ure 2). Currently on exhibit in the Harry Winston 
gallery at the Smithsonian Institution in 
Washington, DC, the Hope diamond is seen by 
more than four million museum visitors each year 
(J. E. Post, pers. comm., 1998). 

The 70.21 ct Idol’s Eye is also reported to have 
been found in the Golconda district in the early 
17th century. Like the Hope, it is a classic example 
of a diamond with a history surrounded by myths 
and legends (Krashes, 1993). It was claimed to have 
been set in the eye of an idol in the Temple of 
Benghazi, rumored to have been seized from its 
original owner for payment of debts, and disap- 
peared for 300 years before resurfacing. This light 
blue diamond was rediscovered in the possession of 
Abdul Hamid II (1842-1918) in 1906, who became 
the 34th Ottoman Sultan. 

A number of other important blue diamonds 
have published histories (see, for example, Balfour, 
1997) and specific names that have lasted for many 
years. Table 1 presents a list of some of these 
notable blue diamonds, with their weights, color 
descriptions, cut shapes, and the most recent year 
that individual stones were examined by GIA staff 
members. 

Today, there is little production at the Indian 
mines. The Premier mine in South Africa is now 
considered the most significant source of the blue 
diamonds entering the market (Federman, 1989, G. 
Penny, pers. comm., 1998). 


The Premier Mine. Discovered in 1903, the Premier 
mine was initially worked by open-pit methods (fig- 
ure 3); in 1905, it yielded the largest rough diamond 
ever found, the 3,106 ct Cullinan. In celebration of 
the gift of this diamond to King Edward VII of 
England, Thomas Cullinan, then chairman of the 
Premier mine, presented his wife with a necklace 
that contained several blue diamonds, including a 
2.60 ct center stone (illustrated in Janse, 1995, p. 240). 

The open-pit operations were closed in 1932, but 
De Beers reopened the Premier in 1946 as an under- 
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Alexander Evgenievich Fersman 


Much has been written in recog- 
nition of the extensive activities of 
the distinguished Russian mineralo- 
gist and geochemist, Alexander 
Evgenievich Fersman, who died in 
the spring of 1945. 

A specialist for twenty-five years 
in geochemistry of the U.S.S.R. and 
Central Asia, he received many 
honors in his own country and 
England. His outstanding scientific 
services in the field of mineralogy 
extended from exploration and re- 
search through education and pro- 
lific writing. In fact, in 1940 the 


U.S.S.R. Academy of Sciences pub- 
lished a bibliography showing 679 
entries of his writings in the period 
from 1904 to 1940. 

During Fersman’s authoritative 
work on pegmatites, he was led into 
studies of gemstones. As a result of 
his investigations in this field, he 
wrote several books, among which 
are four volumes which he edited 
jointly on the Romanoff crown 
jewels, and an elaborate work which 
he co-authored on the crystal mor- 
phology of the diamond. 


GIFTS TO THE INSTITUTE 


From George Marcher, C.G., of 
Los Angeles, one of the first students 
of gemology and one of the most 
active, the Institute has received a 
large collection of rough minerals 


Two rough and four cut Montana 
sapphires, all excellent specimens, 
were recently presented to the Insti- 


and gemstones. These unusual speci- 
mens will be invaluable in class and 
laboratory work in many ways, such 
as demonstrating properties of gems 
and little known’ gem species. 


tute as a gift from John M. Fried- 
lander, Registered Jeweler of 
Seattle, Washington. 


y 


ground mine, with full production attained in 1949. 
Underground operations continue to the present 
time (figure 4). 

Since mining began at the Premier in 1903, 278 
million tons of ore have been processed and 90.5 
million carats of gem and industrial diamonds 
recovered. Current production is approximately 1.6 
million carats per year. The yield is 50 carats per 
100 tons of ore, or approximately 0.50 ct per ton. Of 
this production, diamonds with any evidence of 
blue color (but that would not necessarily color 
grade as blue once cut and polished) represent less 
than 0.1% (H. Gastrow, pers. comm., 1998). The 
Premier mine is well known as a source not only of 
blue diamonds, but also of large, colorless diamond 
crystals. Indeed, it is the three or four blue and/or 
colorless “specials” recovered each year that make 
the Premier mine a viable operation (G. Penny, pers. 
comm., 1998). To date, there is no known correla- 


tion between the geologic conditions of the host 
rock and the type or color of diamond recovered 
from the Premier mine or elsewhere; the recovery of 
blue diamonds is random and very sporadic (D. E. 
Bush, pers. comm., 1998). 

Other South African mines that have produced 
blue diamonds include the Jagersfontein and 
Koffiefontein (both near Kimberley), the Bellsbank 
mine near Barkly West; and the Helem mine at 
Swartsruggens. Very rarely, blue diamonds have 
been found in alluvial deposits at Lichtenburg in the 
Western Transvaal. Guinea, in western Africa, is 
also known to have produced blue diamonds 
(Webster, 1994). Historically, central Africa has 
been rumored to be a source of blue diamonds, espe- 
cially Sierra Leone for lighter blues (A. Arslanian, 
pers. comm., 1997). Outside of Africa, blue dia- 
monds have been reported from Kalimantan on the 
island of Borneo in Indonesia (Spencer et al., 1988), 


TABLE 1. Notable blue diamonds.® 


Date of the most recent 


Name Weight Color description? Shape GIA Gem Trade Laboratory 
(carats) report/examination 

Brazilia 176.2 “light blue” Rough ne® 
Idol’s Eye 70.21 Light blue Modified triangle 1995 
Mouawad Blue 49.92 Fancy Dark blue Pear 1984 
Copenhagen Blue 45.85 “blue” Emerald ne 
Hope’ 45.52 Fancy Deep grayish blue Cushion 1996 
Tereschenko 42.92 ue” Pear ne 
Graff Imperial Blue 39.31 Fancy Light blue Pear 1984 
Wittlesbach 35.50 “blue” Oval ne 
Sultan of Morocco 35.27 “bluish gray” Cushion ne 
North Star 32.41 “blue” Pear ne 
Blue Heart (Unzue Blue)*° 30.62 Fancy Deep blue Heart 1997 
Blue Lili 30.06 Fancy blue Cushion 1980 
Transvaal Blue 25.00 “blue” Pear ne 
Howeson 24 “blue” nr? ne 
Begum Blue® 13.78 Fancy Deep blue Heart 1995 
Brunswick Blue 13.75 “blue” Pear ne 
Graff Blue 6.19 Fancy Dark blue Round 1990 
Marie Antoinette Blue 5.46 “blue” Heart ne 
Cullinan Blue necklace (center stone) 2.60 “blue” Cushion 1993 


2 Information obtained from GIA GTL reports or examination of individual diamonds (as indicated by a date given in the last 
column), as well as from the GIA Diamond Dictionary (1993), Christie’s Jewellery Review 1995 (7996), and Balfour (1997). 
©Color descriptions for diamonds graded by GIA GTL (i.e., those that are not set off by quotation marks) represent the color 

grading terminology that prevailed at that time. Modifications to the GIA GTL colored diamond color grading system 
and its nomenclature were introduced in 1995. 
© Diamonds that were examined as part of this study. 


Anr = not recorded. 


&ne = not examined. 
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Figure 3. Opened in 1903, the Premier mine in 
South Africa is considered the principal producer of 
blue diamonds today. Note the original open-pit 
mine in the background and the modern processing 
plant in the foreground. Photo courtesy of De Beers. 


from several regions in Brazil (Cassedanne, 1989), 
and from areas of Guyana and Venezuela (Webster, 
1994; also see Bruton, 1978). 


Past Studies of Blue Diamonds. Although blue dia- 
monds have been known for centuries, only rela- 
tively recently have they become the subject of sci- 
entific study (see Box A). One of the results of such 
study was the identification of most blue diamonds 
as type IIb. Historically, the classification of dia- 
mond into two types has been determined by the 
differences in the diamond's transparency to ultravi- 
olet (UV) radiation and in its infrared spectra 
(Robertson et al., 1934). In a type I diamond, UV 
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radiation is not transmitted substantially below 
about 300 nm, whereas type II diamonds transmit 
UV down to 230 nm. Because only simple equip- 
ment is needed, UV transparency is commonly used 
by gemologists to separate diamonds into these two 
basic categories. 

The region of the infrared spectrum that is used 
to determine type (1000-1400 cm") is referred to as 
the “nitrogen” region. Type I diamonds (which 
comprise most gem-quality stones) contain signifi- 
cant amounts of nitrogen, whereas type II diamonds 
do not. (For a discussion of diamond types, see 
Fritsch and Scarratt, 1992.) A further distinction 
within the type II classification was made in 1952 
(see Box A). In the 1950s, irradiation and annealing 
of “off-color” diamonds began to be used commer- 
cially for the color treatment of gem diamonds, 
some of which turned blue (see, e.g., Schulke, 1962). 
As a result, concerns quickly arose in the trade 
about how a treated-color blue diamond could be 
identified by jewelers. During this period, J. F. H. 
Custers reported that natural-color blue diamonds 
display electrical conductivity with an efficiency 
capacity somewhere between that of a conductor 
(such as copper) and a nonconductor (such as glass 
or typical near-colorless diamonds); this capacity is 
referred to as semi-conductivity (Custers, 1954, 
1955). Because of their electrical conductivity and 
their lack of substantial nitrogen, and because they 
exhibit a mid-infrared spectrum that is quite differ- 
ent from the spectra of other diamonds, these semi- 
conducting blue diamonds were designated as type 
IIb (again, see Box A). 

On the basis of this electrical conductivity, early 
cooperation between GIA and De Beers resulted in the 
development of a simple conductometer in 1959 
(Crowningshield, 1959; Benson, 1959). This proved very 
effective in distinguishing natural-color type Ib blue 
diamonds from treated-color blues of other diamond 
types (Custers and Dyer, 1954; Custers et al., 1960). 

Recently, gemological researchers have recog- 
nized the existence of two other categories of natu- 
ral-color blue diamonds (figure 5): (1) blue to green- 
blue type Ia or Ila diamonds that owe their color to 
natural radiation exposure (Fritsch and Shigley, 
1991); and (2) gray-blue to gray-violet type Ia dia- 
monds, in which the color is associated with the 
presence of hydrogen (Fritsch and Scarratt, 1992). 
These other two groups of natural-color blue dia- 
monds are not electrically conductive, and their 
gemological properties differ from those of type IIb 
diamonds. In our experience, these two categories of 
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diamonds are rarely described as simply “blue” 
(without a modifier) in the GIA GTL grading sys- 
tem. Those non-IIb diamonds that are described as 
“blue” represent a miniscule number of the blue 
diamonds examined in GIA GTL. For these reasons, 
they are not part of this study. In addition, because 
the overwhelming majority of diamonds described 
as blue by GIA GTL are natural-color type Ib, this 
article deals only briefly with their separation from 
treated-color diamonds. (The latter are typically 
green-blue, not blue, and are never electrically con- 
ductive). Likewise, although gem-quality synthetic 
type IIb blue diamonds have been produced experi- 
mentally (Crowningshield, 1971), they are not com- 
mercially available. Therefore, they are not a signifi- 
cant part of this study either. 

Some information on blue diamonds is present- 
ed in books by, for example, Liddicoat (1987, p. 230), 
Webster (1994), and Hofer (1998). A brief summary 
of the gemological properties of natural-color type 
IIb blue diamonds was presented as part of a natu- 
ral/synthetic diamond identification chart by 
Shigley et al. (1995). To date, however, we know of 
no previous systematic study in which the gemo- 
logical characteristics of a large number of blue dia- 
monds have been documented. 


MATERIALS AND METHODS 


Samples. Over the course of the past 40 years, and 
in particular during the 1990s, staff members at the 
GIA Gem Trade Laboratory and GIA Research have 
examined hundreds of natural-color type IIb blue 
diamonds. For the present study, we gathered data 
from a representative sample of more than 400 of 
these diamonds, each of which was described as pre- 
dominantly blue [i.e., blue, grayish blue, and gray- 
blue}, to explore their color relationships with each 
other and with their gemological properties. The 
polished diamonds ranged from 0.07 to 45.52. ct (65 
weighed more than 5 ct}. Based on their infrared 
spectra and/or electrical conductivity, the diamonds 
in this study were all type Ib. Because of time con- 
straints or other restrictions, it was not possible to 
gather all data on all of the blue diamonds included 
in this study. Some data (such as duration of phos- 
phorescence)} are not typically recorded in the 
course of routine gemological testing, as it is the 
absence or presence of the phenomenon that is 
most relevant. In specific cases, some tests could 
not be performed due to the conditions under which 
we were required to grade. For example, we typical- 
ly cannot perform comprehensive testing (e.g., for 
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the Hope diamond) when the grading must be done 
off the GIA GTL premises. Also, because GIA GTL 
offers different reporting services for colored dia- 
monds, different data are captured for different 
stones. For example, laboratory clients do not 
request a clarity grading on all colored diamonds. 
Consequently, we collected data on random subsets 
of blue diamonds for some properties (e.g., duration 
of phosphorescence). The number of stones exam- 
ined for some key characteristics are listed in table 
2; other sample numbers are given in the Results 
section. 


Grading and Testing Methods. We used standard 
GIA GTL colored diamond color-grading methodol- 
ogy to determine the color descriptions and rela- 


Figure 4. Since 1946, the Premier mine has been 
operated underground. The occasional recovery of 
blue diamonds helps make the expensive under- 
ground mining viable. Photo courtesy of De Beers. 
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The classification “type IIb” was suggested by Custers 
(1952) for type Il diamonds that displayed phosphores- 
cence after excitation with short-wave UV radiation. 
He noted that these diamonds also showed higher elec- 
trical conductivity than usual. The diamonds studied 
in this initial work were described as “water white” or 
light brown. However, in a note, Custers mentioned 
that similar characteristics had been seen in a diamond 
that was “a diluted bluish color.” Further work by 
Custers (1954) showed that blue diamonds did indeed 
consistently exhibit high electrical conductivity and 
phosphorescence. 

It was initially believed that the impurity responsi- 
ble for the characteristic features of type IIb diamonds 
was aluminum (Austin and Wolfe, 1956; Dean et al., 
1965; Lightowlers and Collins, 1966). However, when 
Wentorf and Bovenkerk (1962) produced synthetic dia- 
monds doped with boron, they found that depth of 
blue color increased with boron content. They pro- 
posed that boron was responsible for the characteristic 
features of type IIb diamonds. Subsequently, Collins 
and Williams (1971) and Chrenko (1973) found that 
aluminum concentrations could not account for type 
Ilb characteristics in diamonds, whereas Chrenko 
(1973) and Lightowlers and Collins (1976) showed that 
there was a good correlation between boron concentra- 


Box A: THE PHYSICS OF BLUE TYPE IIB SEMICONDUCTING DIAMONDS 


tion and electrical conductivity in diamonds. 

Electrical measurements (Leivo and Smoluchowski, 
1955; Custers, 1955; Brophy, 1955; Austin and Wolfe, 
1956; Dyer and Wedepohl, 1956; Wedepohl, 1956; 
Collins and Williams, 1971) showed that type IIb dia- 
monds behave as semiconductors: The electrical conduc- 
tivity increases with increasing temperature. These mea- 
surements also revealed that the conductivity is p-type. 
In p-type semiconductors, electrical current is carried by 
positively charged “holes,” whereas in n-type semicon- 
ductors it is carried by negatively charged electrons. 

A “hole” is what is left behind when an electron is 
missing from the normal bonding structure of a semi- 
conductor. If an electron moves in to fill the hole, then 
another hole is left at that electron’s original position. 
Although it is actually the negatively charged electron 
that has moved, the effect is the same as if a positively 
charged hole had moved in the opposite direction. 
Holes result when impurities known as acceptors are 
present. An acceptor can “accept” an electron from the 
bonding structure of the semiconductor, leaving a hole 
behind. In diamonds, boron acts as an acceptor; a 
boron atom contributes only three electrons to the 
bonding structure of the diamond crystal, whereas a 
carbon atom contributes four electrons (thus there is a 
deficiency of one electron per boron atom). 


Figure A-1. The UV-Vis-IR spectrum of a natural type IIb diamond is shown in blue and, for comparison, that 
of a natural type Ila diamond is in red. The IR absorption of the type IIb below 1332 cm“ results from lattice 
vibrations induced by boron impurities. The bands at 2455, 2802, and 2928 cm! are due to transitions of holes 
from the ground state to excited states of the boron acceptors. The absorption starting at 2985 cm“ and contin- 
uing with decreasing intensity into the visible range corresponds to electrons being excited from the valence 
band to neutral acceptors. The fact that this absorption extends into the visible part of the spectrum, and 
decreases in intensity from the red end toward the blue end, gives rise to the blue color in type IIb diamonds. 
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Analysis of the electrical measurements cited 
above implied that not all of the boron acceptors pre- 
sent in diamonds contribute to the semiconducting 
behavior. Even in type II diamonds, there are sufficient 
concentrations of nitrogen (although typically less than 
0.1 ppm) to influence the electrical behavior. Nitrogen, 
which contributes five electrons to the bonding struc- 
ture of a diamond crystal, acts as an electron donor. 
They donate electrons to boron acceptors, which 
become permanently ionized. These acceptors are said 
to be “compensated” by an electron from the nitrogen. 
Only the uncompensated acceptors contribute to semi- 
conductivity, so the strength of this behavior depends 
on the difference between the boron and nitrogen con- 
centrations, not on boron concentration alone. 

The blue color of type Ib diamonds results from 
the decreasing edge of a region of absorption that is 
centered in the infrared and extends into the visible 
region of the spectrum. In addition to the intrinsic 
absorption exhibited by all diamonds, the infrared 
spectrum of type IIb diamonds, when measured at 
room temperature, has a series of bands located at 
2455, 2802, and 2928 cm”! (figure A-1). These bands 
were first observed by Blackwell and Sutherland 
(1949). Austin and Wolfe (1956) and Wedepohl (1957) 
found that their intensity is related to the concentra- 
tion of neutral (i.e., uncompensated) boron acceptors. 
Smith and Taylor (1962) found that when the infrared 
spectrum was recorded at low temperature (—188°C), 
it was evident that these bands were composed of 
numerous sharp lines, the details of which are still not 
completely understood. 

The basic shape of this spectrum can be explained 
in terms of the energy-level diagram shown in figure A- 
2. The energy level of the boron acceptor is located 0.37 
electron volts (eV) above the valence band. The contin- 
uum absorption above 2985 cm! results from the cap- 
ture of electrons by boron acceptors at various depths 
in the valence band; this leaves holes in the valence 
band that can take part in electrical conduction, a pro- 
cess called photoconduction. Thermal stimulation of 
electrons from the valence band onto the acceptors also 
results in holes in the valence band being available for 
electrical conduction. The higher the temperature, the 
greater the number of acceptors that are ionized, the 
greater the number of holes in the valence band, and so 
the higher the electrical conductivity will be. 

Phosphorescence in boron-doped synthetic dia- 
mond has recently been studied in some detail. 
Whereas natural type Ib diamonds are known to 
exhibit both red and blue phosphorescence, synthetic 
type I[b diamonds always exhibit blue phosphores- 
cence, occasionally accompanied by orange. Both may 
exhibit a greenish blue fluorescence when excited by 
electrons (cathodoluminescence) or short-wave UV 
radiation. This luminescence has been attributed to 


transitions between a donor and the boron acceptor, 
where the donor is believed to be nitrogen related (see 
Klein et al., 1995). It has been observed that whereas 
the fluorescence is also a characteristic of diamonds 
that have been so heavily boron doped as to be very 
dark blue or black, the phosphorescence is only domi- 
nant and long lived in lightly boron-doped diamonds 
(containing less than about 10 ppm of uncompensated 
boron and appearing pale blue to dark blue). 

Watanabe et al. (1997) have proposed a model to 
explain this phosphorescence behavior. Essentially, 
their recombination model shows that following short- 
wave UV excitation and the rapid fluorescence decay, 
the rate of electron transition from the donor to the 
boron acceptor is limited by the availability of holes in 
the valence band. At room temperature, only about 
0.2% of the boron acceptors are ionized, the lower the 
concentration of these acceptors is, the lower is the 
probability that the donor-to-acceptor transition can 
occur. Such low-probability transitions are character- 
ized by long decay times, so strong, long-lived phos- 
phorescence is a characteristic only of lightly boron- 
doped material. Boron concentrations in natural type 
Ib diamonds are usually a few ppm at most, and often 
considerably less than this, so their phosphorescence 
behavior is similar to that of the lightly boron-doped 
synthetic diamonds. 


Figure A-2. In this schematic energy-level diagram for 
the boron acceptor in diamond, the acceptor ground 
state is located 0.37 eV above the top of the valence 
band. The excited-state energy levels are shown in 
simplified form for clarity. In fact, they are split into a 
number of sublevels. Bound-hole transitions from the 
ground state to these excited states give rise to the 
bands in the infrared spectrum at 2455, 2802, and 
2928 cm". If a hole is excited from the acceptor 
ground state into the valence band, either thermally 
or by photons of energy greater than 0.37 eV, it 
becomes available for electrical conduction. 
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TABLE 2. Clarity, phosphorescence, and electrical conductivity of blue diamonds as they relate to GIA Gem Trade 


Laboratory color grades.? 


GIA GTL SW UV phosphorescence SW UV phosphorescence duration 
color grade Clarity intensity (seconds) 
Grade No. FL/IF VVS VS SIA No. None Wk Med St VSt_ No. <5 6-15 16-25 26-35 36-45 45+ Avg No. 
Faint 9 2 3 6) 4 9 ¢) 1 1 0 60 2 0 
Very Light 10 2 2 2 3 9 ) 2 1 Ov A 4 0 
Light 27 5 3 6 3 17 1 7 4 0 0 12 2. “0 0) 1 0 O 12 3 
Fancy Light 44 3 6 7 5 21 2 16 0 oO O 18 4 2 1 6) 0 ) 6 7 
Fancy 226 85 28 55 18 136 5 70 16 2 1 94 9 6 2 6) 0 0 8 17 
Fancy Intense 84 29 12 14 9 64 1 14 3 0 O 18 8 1 ¢) 1 0 ) 7 10 
Fancy Dark 10 1 2 0 ) 3 1 3 1 0 O 5 1 2 ¢) 6) ) ) 6 3 
Fancy Deep 46 6 f° AW2 5 30 4 12 4 1 O 21 1 3 ¢) 1 1 O 18 6 
Fancy Vivid 6 3 ) 2 0 5 0 5 1 0 60 6 2 4 ¢) 0 ¢) 0 8 6 
Totals 462 86 63 98 47 294 14 130 31 3 2 180 27 18 3 3 1 Oo — 52 


4 Abbreviations: No. = number of samples tested in each subcategory, Wk = weak, Med = medium, St = strong, VSt = very 
strong, Avg = average. The clarity grade ranges follow the standard GIA GTL system for clarity grading of diamonds. 


tionships of the study diamonds (see King et al., 
1994). We have continued to look into instrumental 
measurement to assist in color determinations. To 
date, however, we have not identified instrumenta- 
tion that can adequately describe the complex face- 
up color appearance of a colored diamond with the 
perspective that an experienced observer can pro- 


Figure 5. Three categories of diamonds have been 
associated with a natural blue color: (1) type Ib, 
which are colored by boron impurities; (2) those type 
Ta or Ila that owe their color to radiation exposure; 
and (3) those type Ia in which the color is associated 
with hydrogen. Of these, only type IIb diamonds (like 
that in the center) are typically described as blue 
(without a hue modifier) in the GIA GTL colored dia- 
mond color-grading system. Those naturally colored 
by exposure to radiation are usually described as 
green-blue (left), whereas those colored by color cen- 
ters associated with hydrogen are described as gray- 
violet to gray-blue (right). The photo of the 1.01 ct 
blue marquise is by Shane F. McClure; those of the 
0.28 ct gray-violet heart shape and the 0.15 ct green- 
blue round brilliant are by Robert Weldon. 
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vide in a controlled grading environment such as 
that used in our laboratory. 

Standard equipment was used for gemological 
documentation, including a Gemolite Mark VII 
binocular gemological microscope, a GIA GEM 
Instruments ultraviolet unit with long-wave (365 
nm) and short-wave (254 nm) lamps, a desk-model 
spectroscope, and a GIA GEM Instruments conduc- 
tometer. Electrical conductivity measurements 
were made by placing the diamond on a metal base 
plate and touching a probe carrying an electric cur- 
rent to various surfaces of the polished diamond. 
Because we found that in some diamonds the mea- 
sured conductivity values varied from one location 
to the next, we made several measurements on each 
stone and recorded the highest conductivity reading 
in our database. When documenting conductivity 
and reporting the results here, we used a numerical 
value that expresses the electrical current that 
passed through the diamond relative to the current 
measured when the probe was touched to the metal 
base plate (which, in this study, was always 135). 
This was also done to compensate for minor varia- 
tions in line current. Because of the difficulty of 
making good, consistent contact between the 
instrument and the diamond, these values do not 
represent a precise measurement of the electrical 
conductivity. At best, they provide a relative indica- 
tion of differences in conductivity among the blue 
diamonds tested. 

A Hitachi U-4001 spectrophotometer was used 
to collect visible absorption spectra, from 400 nm to 
800 nm, at low (liquid nitrogen) temperatures. To 
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Electrical conductivity GIA GTL 

values color grade 
10-30 31-50 51-70 71-90 90+ Avg No. Grade 

0 Faint 
0 Very Light 
3 4 2 6) ) 41 9 Light 
4 7 11 3 1 56 26 Fancy Light 
12 31 35 17 8 60 103 Fancy 
3 7 vA 8 3 64 28 Fancy Intense 
0) ¢) 5 2 1 76 8 Fancy Dark 
1 3 6 6 6 77 22 Fancy Deep 
2 1 1 if 1 62 6 Fancy Vivid 
25 53 67 37-20 — 202 Totals 


» All 462 samples were electrically conductive. 


investigate the relationship between the depth of 
color and the visible absorption spectra, we selected 
four diamonds of similar size and shape but differ- 
ent depths of blue color (GIA GTL grades Very 
Light, Fancy Light, Fancy, and Fancy Intense). We 
also tested a Fancy Light gray diamond for compari- 
son. We recorded the spectrum of each diamond 
with the light directed into a bezel facet and emerg- 
ing from the pavilion facet on the opposite side. We 
then corrected the measured absorbance values for 
the approximate size of the diamond. Light passing 
through a diamond does not follow a straight path 
without any internal reflections, and a large portion 
of the diamond is illuminated in the instrument. 
Therefore, to simulate the direction and length of 
the light path through the diamond, we calculated 
an approximate sample thickness as the average of 
the girdle width and the table-to-culet thickness. 

For the purposes of this study, infrared absorp- 
tion spectra were recorded with a Nicolet Model 
510 FTIR spectrometer over a range of 6000 to 400 
wavenumbers (cm") on the same five diamonds for 
which visible spectra were recorded. Laser Raman 
microspectrometry and energy-dispersive X-ray flu- 
orescence (EDXRF) analysis were attempted to iden- 
tify the inclusions in two other blue diamonds. 


RESULTS 

Color Appearance. One of the most important parts 
of this study was the unique opportunity to docu- 
ment the range of color appearances of blue dia- 
monds. The study samples covered the entire range 
of GIA GTL fancy grades, as shown in figure 6. 
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Details of the hue (such as blue in this case}, tone 
(the lightness or darkness of a color}, and saturation 
(the strength of a color) of the diamonds—that is, 
their location in color space—are described below 
(again, for details on this color-grading system, see 
King et al., 1994). 


Hue. The diamonds in this study typically occur in 
a restricted region of the hue circle (figure 7). This 
supports our past observations that the hue of type 
IIb blue diamonds does not transition smoothly 
into the neighboring color hues (i.e., their hue does 
not extend into violetish blue in one direction 
around the hue circle, or into greenish blue in the 
other direction). Within this region of the hue circle, 
there are two narrow populations. The fact that 
type IIb blue diamonds occur within such narrow 
ranges is very different from the situation with yel- 
low diamonds, in which subtle hue shifts are seen 
throughout its hue range. 


Tone and Saturation. Figure 8 shows the general 
location of the blue diamonds in our study on a 
tone and saturation grid. Of the three color 
attributes, blue diamonds showed the greatest varia- 
tion in tone: The samples covered a broad light-to- 
dark range. 

Compared to other colors in diamond, however, 
a relatively narrow range of appearance distinctions 
was seen for the saturation of blue diamonds. For 
example, at its widest region—i.e., corresponding to 
such GIA GTL fancy grades as Fancy, Fancy Intense 


Figure 6. This pie chart illustrates the percentages 
of the 462 blue diamonds studied that appeared 
in each GIA GTL fancy grade category. 
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Figure 7. The blue dia- 
monds studied appear to 
group into two narrow, 
restricted populations 
(indicated by the arrows) 
within the range of color 
GIA GTL associates with 
the term blue. This is 
unlike the broader occur- 
rence within the hue 
ranges of other colored 
diamonds, such as yel- 
low, that we have 
encountered. 


or Fancy Deep, and Fancy Vivid—the saturation 
range for blue diamonds is less than one third that 
in which yellow diamonds occur. This compressed 
saturation range means that the degree of differ- 
ence in color appearance within each GIA GTL 
fancy grade is much narrower for blue diamonds 
than for yellow diamonds. For example, the range 
of appearances between Fancy Deep yellow and 
Fancy Vivid yellow is broader than the range 
between Fancy Deep blue and Fancy Vivid blue. 

For the diamonds in our study, and in our gener- 
al experience, we found that there are four smaller 
clusters in color space where blue diamonds most 
commonly occur. These are indicated on the grid in 
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Figure 8. The beige area on this grid illustrates the 
tone and saturation range observed for the blue dia- 
monds in this study. Note that the tone values occur 
over a broader range than the saturation values. 
Within this area are four smaller clusters (here, shown 
as circles) in which the colors of blue diamonds are 
typically observed. 
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figure 8 by the circles. 

GIA GTL fancy grades represent a combined 
effect of tone and saturation (King et al., 1994). 
Figure 9 shows the general relationship of the 
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Figure 9. The images of blue 
diamonds superimposed on 
this chart of GIA GTL fancy 
grades illustrate the range of 
colors seen to date in blue 
diamonds. Note that the 
fancy-grade terms have a 
general relationship to the 
tone/saturation grid shown 
in figure 8. For example, the 
lighter, least saturated blue 
diamonds are in the upper 
left (Faint or Very Light), 
whereas the darker, most 
saturated blue diamonds 
fall toward the lower right 
(Fancy Deep to Fancy 
Vivid). For the purposes of 
this illustration, the sizes of 
some of the diamonds were 
altered relative to one 
another. It also should be 
noted that these images 
were compiled over several 
months. It may not be pos- 
sible to find such a com- 
plete range of fancy grades 
in the market at a given 
time. Photos by Harold #& 
Erica Van Pelt, Robert 
Weldon, Shane F. McClure, 
and Maha DeMaggio. 


FANCY VIVID 


images of several blue diamonds superimposed on a 
chart of the GIA GTL fancy-grade categories. Such a 
chart illustrates the subtle distinctions in color 
appearance between the various “fancy” terms. 


Microscopic Examination. Clarity. As shown in fig- 
ure 10, 29% of the 294 diamonds analyzed for clari- 
ty were Flawless or Internally Flawless; 84% were 
VS or higher (these data include diamonds in which 
clarity could potentially be improved even further 
by the removal of shallow imperfections). These 
percentages are much higher than we have observed 
in other diamonds. The high clarity grades of these 
polished blue diamonds are consistent with the 
high “purity” (i.e., clarity) of the rough as compared 
to most other diamonds (D. E. Bush, pers. comm., 
1998). 


Inclusions. In the subset of 62 diamonds that we 
examined specifically for inclusions, we found that 
approximately 35% (22) had no inclusions. Of the 
remaining stones, 78% had fractures or cleavages 
and only 25% had solid inclusions (and, in some 
cases, fractures or cleavages as well]. In the small 
percentage of blue diamonds that contained solid 
inclusions, the tendency was for the inclusions to 
have a consistent shape and appearance. The inclu- 
sions in figure 11 are typical of those observed. 


Figure 10. This pie chart illustrates how the 294 blue 
diamonds in this study that were clarity graded fit 
into the various GIA GTL clarity grade ranges. 
Although marketing factors may influence these 
results, the most surprising feature of this diagram is 
the very high percentage of diamonds in the 
Flawless/Internally Flawless category (much greater 
than for other diamonds). 
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They tend to be opaque, dark, platy in habit, and 
would best be described as “flakes” with a slightly 
rough surface. They have an almost hexagonal, 
somewhat geometric outline. At magnification 
higher than 10x, the outlines are jagged and appear 
to be composed of interconnected and overlapping 
plates. When examined with reflected fiber-optic 
illumination, the inclusions appear gray and the 
roughness of the surface becomes most apparent. 

With magnification and polarized light, the 
opaque inclusions are surrounded by visible strain 
halos composed of low-order interference colors. 
The inclusions do not align with any linear strain 
pattern of the host diamond. Instead, they seem to 
interfere with the otherwise orderly arrangement of 
the crystal structure, causing additional strain to 
the host crystal. 

Since GIA acquired its Raman spectroscopy sys- 
tem in the fall of 1997, there has been limited 
opportunity to analyze the solid inclusions in blue 
diamonds. Raman analysis of solid inclusions in 
two diamonds proved inconclusive because of the 
small size of the inclusions and the fact that their 
rough surfaces caused the laser beam to scatter 
rather than return to the detector. The resulting 
Raman spectra were of poor quality and such weak 
intensity that they could not be matched with the 
spectral features of likely inclusion materials (such 
as graphite or a sulfide mineral inclusion; see fol- 
lowing paragraph). EDXRF chemical analysis of the 
inclusions also was not diagnostic. For both tech- 
niques, the composition and size of the inclusion, 
its depth below the surface of the diamond, and its 
location within the diamond were all factors that 
prevented successful analysis. 

From our visual observations of these inclusions 
with respect to their luster, dark color, morphology, 
and lack of transparency, we believe that the inclu- 
sions are either a sulfide or graphite (see, e.g., Harris, 
1972; Meyer and Tsai, 1976). The fact that the 
inclusions are positioned in seemingly random 
directions, and they cut across distinct linear strain 
planes in the diamond, suggests that they are sul- 
fides, because graphite forms most commonly along 
cleavage planes as a result of diamond alteration 
(see Harris, 1972; Harris and Vance, 1972; and 
Meyer and Tsai, 1976). Graphite inclusions would 
be expected to follow the planar structures in a dia- 
mond, rather than cutting across those layers. The 
excessive strain surrounding each of these inclu- 
sions also supports their identification as sulfides. 
Graphite forming as an alteration product along 
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BOOK REVIEW 


Revised Lapidary Handbook, by J. Harry Howard, 
Greenville, S.C., 1946, $3.00 


(May Be Obtained from G.I.A. Book Dept.) 


While the 1936 edition of the 
Lapidary Handbook met a real need, 
being one of the first in the field, the 
new book is more far-reaching. It 
aims “to provide practical instruction 
in all kinds of gem cutting for the 
beginner and the advanced ama- 
teur” and does not place much em- 
phasis therefore on speed or mass 
production. 


Numerous illustrations amplify 
the comprehensive detail with which 
various processes are handled by 
the author. Occasionally as he out- 
lines methods step by step, he states 
the purpose of each operation and 
eautions against - pitfalls. Under 
“Seratches or Grain Marks” in the 
chapter on “Cutting Faceted Gems,” 
he has made an outstanding attempt 
to master a problem that has tor- 
mented both commercial and amateur 
lapidists. For one who wishes to 
trace light through some of the gem- 
stones, the chart on page 147 will 
save much figuring, but a line for 
diamonds would have been an in- 
teresting addition. In the chapter 
by C. G. Waite, the large variety 
of suggested facet arrangements 
provides an incentive to the ama- 
teur. While some of the designs 
might be rated by a commercial in- 
dustry as “stunt cutting,” they are 
part of the amateur’s fun, and 
styles might be developed by ama- 
teurs that would prove worth while 
commercially. 


A few more points of criticism: 
(1) Concerning the use of a culet 
(page 92), the reviewer believes that 
a culet is usually omitted from the 
diamond as unnecessary and some- 
what distracting to the brilliancy, 
but other stones, more susceptible to 
injury in this vital spot, should have 
a culet; (2) while the highly di- 
ehroic tourmalines (dark green and 
brown) should be oriented with the 
table parallel to the crystal axis, 
the pink and other less dichroic 
members of the group need not be 
so oriented; (3) the reviewer’s ob- 
servation regarding amethyst crys- 
tals (or “points’”) is that they tend 
to have both the clearest part as 
well as the most colorful near the 
termination; (4) in using a dia- 
mond-pointed drill, the reviewer be- 
lieves it to be highly important to 
provide means of gently rocking the 
stone while it is being drilled, in 
order to continually break down the 
“dead center” material; (5) on page 
150, the first sentence should state: 
“Tf a ray of light traveling in air 
strikes a gem at any angle it will 
enter the gem,” instead of the im- 
plication that the ray in the air 
must be less than the critical angle 
to enter. y 

For both amateur and commercial 
lapidist, the book will prove valuable. 

George H. Marcher, C.G. 


Figure 11. In 10 of the blue diamonds examined for inclusions in this study, we observed dark solid inclu- 
sions. On the left are several such inclusions in a 1.22 ct Fancy blue diamond. On the right is an isolated 
example of a flattened inclusion in a 4.57 ct Fancy Intense blue emerald cut. Visual examination suggests 
that these are probably sulfide mineral inclusions. Photomicrograph on the left is by Nick DelRe, magni- 
fied 30x; right, by Vincent Cracco, magnified 68 x. 


planes in the diamond would not be expected to 
produce detectable strain in the host, whereas visi- 
ble strain halos around sulfide inclusions are typical 
(J. I. Koivula, pers. comm., 1998). 


Graining. Internal graining is more common in blue 
diamonds than in near-colorless type Ia diamonds. 
Readily noticeable graining—which would carry a 
comment of “internal graining is present” on the 
report—was seen in approximately one-fourth of 
the 40 sample diamonds that had internal features. 
Graining is commonly believed to result from irreg- 


Figure 12. This Fancy Deep blue diamond, which 
weighs more than 10 ct, exhibits parallel bands 
near the culet. Such graining is not uncommon in 
blue diamonds. When graining is this extensive, it 
affects the clarity grade. Photo by Vincent Cracco; 
magnified 10x. 
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ularities in the crystal structure that form during or 
after crystallization. In our samples, the graining 
most often appeared as whitish bands (figure 12) or 
reflective internal planes. 


Color Zoning. We saw color zoning, often very sub- 
tle, in more than 30 of the 62 diamonds in the 
inclusion subset. This zoning was most easily seen 
with diffused lighting and darkfield illumination. It 
typically appeared as discrete blue and colorless 
areas or parallel bands (figure 13). When cutting 
such a diamond, manufacturers try to locate the 


Figure 13. Color zoning is often observed in blue dia- 
monds. This photograph, taken at 10x magnification, 
shows parallel banding of colorless and blue areas. 
The position of the zones can have a significant 
impact on the face-up color (but typically not the clar- 
ity) of the diamond. Photo by Stephen Hofer, © GIA. 
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Box B: MANUFACTURING BLUE DIAMONDS 


Like many other aspects of blue diamonds, the manu- 
facturing processes (planning, cutting, and polishing) 
often follow a path different from those used for near- 
colorless diamonds and even other fancy colors. Several 
factors must be considered. First, the rough usually 
lacks a symmetrical form (figure B-1), unlike type Ia dia- 
monds which often occur in common habits such as 
octahedra or dodecahedra. Thus, it may be more diffi- 
cult than normal to determine appropriate cleaving and 
polishing directions. Second, the blue color may be 
unevenly distributed: Color zoning frequently occurs 
along growth directions or in isolated regions, often as 
alternating blue and near-colorless bands. Orienting 
these color zones to obtain the best face-up color appear- 
ance is a challenge similar to the cutting and polishing 
of blue sapphire, but the much higher value of blue dia- 
monds (in which every point removed could mean a 
loss of thousands of dollars) means that the conse- 
quences are far more serious. Third, the surfaces of 
strongly asymmetric diamonds are commonly sculpted 
and translucent (Orlov, 1977). Thus, the cutter must 
polish several “windows” on the crystal to see any color 
zoning and inclusions before planning the cut. 

These manufacturing challenges make modern 
computer-assisted cutting programs such as the Sarin 
Dia-Expert (Caspi, 1997) less useful in planning cuts for 
blue rough. Larger blue rough sometimes is shaped first 
in a rudimentary manner, maintaining flexibility regard- 
ing the final shape until the cutter can see the internal 
features more clearly. One may start out with plans for 
an oval or perhaps a pear shape, but make the final deci- 
sion late in the faceting process. Weight recovery is 
often less than that typically obtained with colorless to 
near-colorless octahedral diamond rough. 

The final face-up color of a blue diamond is much 


Figure B-1. These rough blue diamonds (approxi- 
mately 0.75 to 2.00 ct) are typical of the irregular 
shapes, color zoning, and sculpted, translucent sur- 
faces associated with this material. 


less predictable than most diamonds in the D-to-Z 
range or even than other fancy colors because of such 
features as color zoning. However, modern cutting and 
polishing techniques used to retain, improve, and spread 
color in all fancy-color diamonds also apply to blue dia- 
monds. These techniques include the adaptation of 
“half-moon” facets and French culets to nearly all 
known brilliant-cut designs and shapes (figure B-2). Half- 
moon-shaped facets are cut along the girdle on the pavil- 
ion (on straight or curved sides}, usually at high angles 
relative to the girdle plane. These half-moon facets cre- 
ate more internal reflection, which produces a more 
intense face-up color appearance. A French culet dis- 
tributes the color more evenly throughout. 
Conventional pavilion faceting typically concentrates 
the color in the points, corners, or heads of longer 
shapes such as ovals and pears. The color in the center 
(under the table) is weaker, creating an uneven two-tone 
effect. The French culet reduces this collection of color 
at the point and, with the half-moon facets, can prevent 
loss of color in the center of the faceted diamond. 

Because of the irregular shape of the rough, the pol- 
ishing directions are often difficult to orient. A cutter 
must be conscious of heat build-up and surface burning 
from misorientation on the polishing wheel, especially 
when working on large facets such as the table. 

The fact that blue diamonds occupy a small region 
of color space means that subtle changes in appearance 
can influence the color description or grade. After decid- 
ing on a final shape, the cutter methodically adjusts the 
pavilion and crown angles, factoring in any previous 
experience with those angles in similarly colored rough. 
Often each side is cut to different angles, and the result- 
ing effects on color appearance are compared. In fact, in 
some cases this asymmetrical faceting is left on the fin- 
ished stone. Manufacturing blue diamonds is often a 
slow, arduous process that requires careful inspection of 
the face-up color appearance at each stage. 
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Figure B-2. The 
use of a French 
culet (A) and 
half-moon 
facets (B) on 
the pavilion 
often creates a 
blue diamond 
with a stronger, 
more evenly 
colored face-up 
appearance. 
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Figure 14. Type Ib blue 
diamonds are electrically 


conductive. In some cases ee) 
different locations on the Eerouiel J 
surface of the diamond 40:135 


differ in conductivity. 
Shown here are the results 
of conductivity measure- 
ments recorded for vari- 
ous locations on the 
famous Hope diamond. 
On the basis of our con- 
vention to record the high- 
est number obtained 
through repeated mea- 
surements, the number 
recorded for the Hope was 
70:135. 


DIAMOND 
POSITION 2 


45:135 


30:135 \ 


65:135 
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color zoning strategically to give the stone a uni- 
form, more saturated blue appearance when it is 
viewed face-up (see Box B). 


Fluorescence/Phosphorescence. Ninety-eight per- 
cent of the diamonds in this study showed no 
observable fluorescence to long-wave UV, and 91% 
showed no observable fluorescence to short-wave 
UV. However, subtle fluorescence was difficult to 
observe because of the blue bodycolor combined 
with the purple surface reflections from the UV 
lamps. Of the small number of diamonds that did 
show a readily observable fluorescence to long- or 
short-wave UV radiation, the reaction was chalky 
blue to green or, rarely, red; the intensity was weak. 
It should be mentioned that extremely weak fluo- 
rescence in a diamond could be recorded as “none” 
on a GIA GTL report. Thus, the actual percentages 
of diamonds that fluoresce is likely to be higher 
than the values given above. 

As is typical of type Ib blue diamonds, there was 
almost never a phosphorescence to long-wave UV, 
but a reaction to short-wave UV was common 
(again, see table 2). In fact, it was usually much easi- 
er to see phosphorescence from our samples than to 
see fluorescence. Of the blue diamonds that phos- 
phoresced (92.%}, the reaction varied from very 
weak to very strong, with almost three-quarters 
showing a very weak or weak reaction. The most 
common color was the same as the fluorescence 
color, chalky blue to green; rarely, it was red or 
orangy red. Because the important criterion in our 
typical gemological examinations of blue diamonds 
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is whether or not a phosphorescent reaction is 
noted, for this study we recorded the duration of the 
phosphorescence in a random subset of 52 blue 
diamonds. The duration varied from a few seconds to 
as long as 45 seconds. Within the subset, we also 
noted that the Fancy Deep diamonds had the most 
persistent phosphorescence, at an average of 18 sec- 
onds. During our most recent examination of the 
(Fancy Deep) Hope diamond, we checked this feature 
closely and noted that the total phosphorescence, 
which was red, actually lasted almost 45 seconds. 


Electrical Conductivity. All the diamonds in our 
study were electrically conductive. The samples 
showed a wide range of measured values, both in 
general and within each fancy-grade category (see 
table 2). The lowest value measured among our 
samples was 10:135, and the highest was 120:135 
(again, reading on the diamond and reading on the 
metal plate). 

As mentioned above, we sometimes noted a 
variation in conductivity within individual stones 
by touching the probe to different areas. A good 
example is the data we recorded for the Hope dia- 
mond in 1996, as shown in figure 14. 


Visible Absorption Spectrum. Type IIb blue dia- 
monds lack sharp absorption bands in their visible 
spectra. Rather, they exhibit a gradually increas- 
ing absorption toward the red end of the spec- 
trum. Figure 15 shows the absorption spectra of 
four blue diamonds of differing intensities and a 
gray diamond. 
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Infrared Absorption Spectrum. Figure 16 shows 
the mid-infrared spectra of the same five diamonds 
for which the visible spectra were illustrated in fig- 
ure 15. The features that are characteristic of a 
type IIb diamond were more intense in the two 
diamonds with a stronger blue color relative to the 
other diamonds. 


DISCUSSION 


Type IIb blue diamonds are unique in a number of 
their gemological properties, such as their electrical 
conductivity together with their phosphorescence 
to short-wave UV. This allows for their separation 
from other materials more readily than is the case 
for many gems. In addition, diamonds of other types 
that are described as blue typically are not of the 
same hue, nor do they have similar reactions to 
other gemological tests. Therefore, this study 
focused less on the identification of natural from 
treated or synthetic blue diamonds and more on 
understanding their distinctive color appearance. 
Because of the critical role that color plays in the 
evaluation of type IIb blue diamonds, the following 
discussion will examine the relationship of the vari- 
ous color appearances to the characteristics docu- 
mented in natural type IIb blue diamonds. 


Color Relationships Among Blue Diamonds. An 
important goal of this study was to better under- 
stand how blue diamonds relate to one another in 


color space—that is, hue, tone, and saturation— 
especially as these relationships are articulated in 
the GIA GTL color grading system for colored dia- 
monds. 


Hue. From the tight hue clustering found in the type 
Ib blue diamonds studied, it appears that boron, the 
element that causes the color (again, see Box A), cre- 
ates a very limited range of color appearance. 


Tone and Saturation. For many people, tone and 
saturation are the most difficult aspects to discrimi- 
nate in the face-up color appearance of a faceted 
gemstone. Because the hue range is limited, the 
variation in color appearance among blue diamonds 
is mainly determined by the tone and saturation of 
their colors. In the GIA GTL grading system, a vari- 
ety of color appearances can be included within the 
same fancy grade. The system uses the same set of 
fancy grades for describing all colored diamonds, but 
for blue diamonds, these grades are compressed into 
a smaller region of color space. 

As the results of this study indicate, the colors of 
type IIb blue diamonds occur in a relatively wide 
tone range (i.e., light to dark) but a narrower satura- 
tion range (i.e., weak to strong intensity) in color 
space (see again figure 8). Because of this distribu- 
tion, the color appearances that one usually sees in 
blue diamonds are more likely to result from differ- 
ences in tone (see figure 17). For an unfamiliar 


Figure 15. The visible spectra of blue diamonds lack sharp absorption bands; rather, they have gradually 
increasing absorption toward the red end of the spectrum. Spectra A to D are for blue diamonds of differing 
color intensity (A=Fancy Intense, B=Fancy, C =Fancy Light, and D =Very Light); spectrum E is for a Fancy 
Light gray diamond. These spectra were recorded at low (liquid nitrogen) temperature. The diamonds, all oval 
or marquise shapes of similar weights and proportions, were positioned so that light entered a bezel facet and 
exited an opposite pavilion facet. Each of these spectra was normalized to the approximate sample path 
length, so the spectra could be compared. Because of the similarity of the spectra from one sample to the next, 
we could not correlate them with the depth of color in the five diamonds. However, this similarity in spectra 
is consistent with the narrow range of color appearances in which blue diamonds occur. 
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observer of blue diamonds, differences in tone can 
be misinterpreted as saturation differences. 

As mentioned earlier, the colors of most blue 
diamonds tend to be concentrated around four clus- 
ters on the tone/saturation grid (see again figure 8). 
This clustering can cause misconceptions about the 
color grades of blue diamonds. For example: 


1. Some of these clusters fall across grade bound- 
aries. In this situation, subtle differences in color 
appearance between two blue diamonds can 
result in their being described with different 
fancy grades (figure 18]. Judging from the more 
common situation involving yellow diamonds, 
some people may expect the differences in color 
appearance for some blue diamonds with differ- 
ent grades to be more pronounced than is actual- 
ly the case. 


2. When one looks at two blue diamonds that fall 
within the same cluster on the tone/saturation 
grid, at first these two colors may look sufficient- 
ly different that the observer feels that two 
grades are warranted. However, when the colors 
of these two blue diamonds are compared to that 
of a third diamond that is noticeably different in 
appearance, the close correspondence in color of 
the first two becomes apparent (figure 19). In this 
situation, use of two grades to describe the colors 
of blue diamonds that occur within the same 
cluster is not warranted. 


3. In contrast to the colors of blue diamonds that 
fall within a cluster, a situation can occur where 
the color of a less-commonly seen blue diamond 
falls outside one of the four clusters. Despite the 
differences in appearance, these blue diamonds 
could still be assigned the same grade. 


It is also important to recognize that the narrow 
saturation range in which blue diamonds occur is 
relatively close to the neutral gray region of color 
space. In general, the eye can discern fewer color 
distinctions in this region. Again, though, the trade 
expects—and an orderly description system 
implies—an equal number of grades for blue dia- 
monds as for other colors despite the inequality 
between respective areas of color space. For a blue 
diamond and a yellow diamond in the same grade, 
the color of the yellow diamond is relatively 
stronger so the color differences between grades are 
more readily perceived. 

Consequently, our experience with blue dia- 
monds suggests the following: 
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Figure 16. The mid-infrared spectra of the five dia- 
monds for which visible spectra are presented in fig- 
ure 15 reveal the pattern of absorption features that is 
characteristic of type IIb diamonds. These features 
are most intense for the two stronger-blue diamonds 
(spectra A and B). 
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1. Color grading of blue diamonds requires use of a 
controlled methodology and grading environ- 
ment to ensure the maximum consistency and 
repeatability. 

2. To evaluate the significance of a difference 
between two colors, it is important to have refer- 
ences of known color location in color space for 
bracketing (see figure 20). 


Clarity. The fact that blue diamonds are generally 
of high clarity is related to their type, not their 
color. Other type II diamonds, such as colorless type 
Ila diamonds, as well as some pink diamonds from 
India (Scarratt, 1987), show the same high clarity. 


Figure 19. Because of the clustering in tone and satu- 
ration encountered with blue diamonds, those in sim- 
ilar clusters (such as the two diamonds on the left, 
1.19 and 2.03 ct) may initially appear to differ in 
depth of color more than they actually do, since the 
observer has a natural tendency to make distinctions. 
When a diamond of different tone and saturation (far 
right, 1.82 ct) is placed next to them, the similarities 
between the first two become clearer. Unlike the situ- 
ation in figure 18, these first two diamonds were not 
near a grade boundary, so both were graded Fancy 
blue. Photo © Harold & Erica Van Pelt. 
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Figure 17. These four 
Fancy blue diamonds 
(from left to right, 2.03, 
0.48, 2.01, and 1.15 ct) 
are similar in saturation, 
but they differ in tone; 
that is, they become pro- 
gressively darker from 
left to right. These differ- 
ences might be misinter- 
preted as increasing satu- 
ration by an inexperi- 
enced observer. Photo © 
Harold & Erica Van Pelt. 


Figure 18. Colored diamonds located near fancy- 
grade terminology boundaries may appear similar 
yet still be described differently in the GIA GTL 
grading system. Because of the narrow saturation 
range in which blue diamonds occur, this effect is 
heightened, as the fancy-grade saturation bound- 
aries are closer together than for other colored dia- 
monds. The two diamonds shown here are of simi- 
lar tone and differ slightly in saturation. Because 
they are near a fancy-grade boundary, the 1 ct 
marquise shape diamond on the left is described 
as Fancy blue and the (more saturated) 0.78 ct 
pear shape on the right is Fancy Intense blue. 
Photo © Harold & Erica Van Pelt. 


Marketing decisions made by the manufacturer also 
probably influence this high clarity. That is, in 
some sizes, it may be that some markets prefer blue 
diamonds that are smaller but flawless to those that 
are larger and of lower (SI and below) clarity (M. 
Kirschenbaum, pers. comm., 1998). Ultimately, as 
with other colored diamonds, color is by far the 
most important factor. 


Correlations of Depth of Blue Color and Other 
Gemological Properties. With the large number of 
blue diamonds available for study, we were able to 
establish some general correlations between depth 
of color and other properties (again, see table 2). 
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Figure 20. For centuries, 
people have devised ways 
to understand color 
appearance relationships 
through various order 
systems such as those 
shown in the background 
of this photograph. 
Understanding the color 
ordering of gems is partic- 
ularly important for grad- 
ing blue diamonds. The 
bracelet contains a 3.56 ct 
Fancy Dark gray-blue oval 
brilliant with 30.87 carats 
of D-color, internally flaw- 
less pear brilliants. In the 
three rings are a 2.87 ct 
Fancy Deep blue emerald 
cut, a 1.64 ct Fancy gray- 
blue marquise, and a 
12.38 ct Fancy blue rect- 
angular modified brilliant. 
The three unmounted pear 
brilliants are a 1.02 ct 
Fancy blue, a 4.02 ct 
Fancy Intense blue, and a 
15.29 ct Fancy blue. 
Courtesy American Siba 
Corp. and Rima Investors — 
Corp. Photo by 
Robert Weldon. 


Phosphorescence. In general, the Fancy Deep blue 
diamonds had the longest lasting phosphorescence. 
There was no clear correlation between intensity of 
phosphorescence and strength of color (more than 
50% across all grades showed weak phosphores- 
cence). 


Electrical Conductivity. While it is difficult to 
establish a direct relationship (partly due to the 
problems encountered in obtaining consistent mea- 
surements, as mentioned above}, the general trend 
among our samples was for the blue color to be 
darker and/or stronger as the electrical conductivity 
increased. There are exceptions to this behavior, as 
can be seen by the measurements recorded for indi- 
vidual diamonds within a grade range (see table 2). 
Also, we have noted several highly conductive dark 
gray (i.e., unsaturated) diamonds, and we recently 
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encountered a Fancy Light blue diamond with a 
conductivity value that was similar to those of 
many of the blue diamonds graded as Fancy Deep or 
Fancy Dark. 

Although electrical conductivity is not a com- 
pletely accurate indicator, diamond manufacturers 
occasionally use strength of conductivity to identify 
potentially stronger and weaker areas of color in the 
rough diamond (K. Ayvazian, pers. comm., 1998). 
They believe that in combination with visual obser- 
vations of color zoning, this can be helpful in pro- 
ducing the most saturated face-up color appearance 
possible in the finished diamond (again, see Box B). 


Visible and Infrared Spectra. Comparison of the 
five spectra in figure 15 shows very little difference 
in absorption. We could not completely correlate 
the intensity of the face-up color of these five dia- 
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TABLE 3. Blue diamond identification. 


Property Natural diamond? Natural diamond? Treated diamond> Synthetic diamond* 

Type Illb lla or la lla or la Illb 

Color Pale to deeply Pale to deeply colored Pale to deeply colored Pale to deeply 
colored blue green-blue and, rarely, green-blue and, rarely, colored blue 


Cause of color 
Size of cut stones 


Features seen 
with magnification 


Color 
distribution 


Graining 


Inclusions 


Other internal 
features 


Strain 


Visible 
absorption 
spectra 


Ultraviolet 
luminescence 


Phosphor- 
escence 


Cathodo- 
luminescence 


Other features 


Trace amounts of boron 
To more than 50 ct 


Often even, sometimes 
uneven with blue/ 
colorless zoning 


Sometimes whitish 
reflective or transparent 
graining 


Usually free of mineral 
inclusions; sometimes 
opaque black 
inclusions 


Occasional fractures 
or cleavages 


Weak to strong 
anomalous double 
refraction, sometimes 
in parallel or cross- 
hatched patterns 

No sharp bands, 
increasing absorption 
toward the red end 

of the spectrum 
Usually none, rarely 
weak red to orange-red, 
occasionally blue to 
greenish blue to SWUV 
Blue to green, rarely 
red to orangy red 


Usually greenish blue, 
sometimes shows 
cross-hatched pattern 


Electrically conductive 


blue to violet 
Radiation exposure 
Up to 20 ct 


Even, sometimes uneven 
with blue and near- 
colorless zones; color 
zoning may be located 
near surface radiation 
stains 

Occasional planar 
graining, sometimes 
colored or, rarely, 
whitish 

Sometimes mineral 
inclusions 


Occasional fractures, 
cleavages, pinpoints, 
clouds 

Weak to strong 
anomalous double 
refraction, sometimes 
in parallel or cross- 
hatched patterns 
Sometimes weak to 
strong bands (415, 
478, 496, 504, 

595 nm) 
Sometimes weak to 
strong blue, greenish 
blue, green, yellow, 
or orange 


None 


Not examined 


Green or brown radiation 
stains on surface or 
along open fractures 


blue 
Radiation exposure 


Depends on sample 
selected for treatment 


Even, sometimes uneven 
with blue and near-color- 
less zones; color zoning may 
follow faceted shape— 
often concentrated at 

the culet 


Not diagnostic 


Sometimes mineral 
inclusions 


Occasional fractures, 
cleavages, pinpoints, 
clouds 

Weak to strong 
anomalous double 
refraction, sometimes 
in parallel or cross- 
hatched patterns 
Sometimes weak to 
strong bands (415, 
478, 496, 504, 

595 nm) 
Sometimes weak to 
strong blue, greenish 
blue, or green 


None 


Not examined 


May exhibit residual 
radioactivity 


Trace amounts of boron 
Less than 1 ct 


Usually uneven, with 

blue and near-colorless 
zones related to internal 
growth sectors; may form 
cross-shaped pattern 


Planar graining marking 
boundaries of color zoning, 


may form cross- or hourglass- 


shaped patterns 


Elongated or rounded 
opaque metal inclusions, 
isolated or in small 
groups; occasional 
pinpoints 

Generally free of fractures 
and cleavages 


Weak anomalous 
double refraction, 
sometimes in a cross 
pattern 


No sharp bands, 
increasing absorption 
toward the red end of 

the spectrum 

Weak to moderate blue to 
greenish blue to SWUV; 
uneven distribution related 
to internal growth sectors 
Moderate to strong blue, 
sometimes with orange; 
persistent duration 

Weak to strong greenish 
blue; sometimes with un- 
even distribution related to 


internal growth sectors; some 


sectors show no reaction 
Electrically conductive, 
may be attracted by a 
strong magnet 


@ Adapted from Shigley et al. (1995) and (for natural type IIb blue diamonds) based on data gathered for this study. 
» Based on data accumulated at the GIA Gem Trade Laboratory and GIA Research. 
° Based on observations by GIA Research and the DTC Research Centre. 


monds (as expressed by the fancy grade description) 
and their spectra. This lack of correlation can be 
attributed to several factors. First, these spectra 
were recorded for a light path through the bezel and 
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pavilion facets of the stone in an attempt to mea- 
sure the bodycolor. The color grade, however, was 
established by visual observation of the face-up 
color. Second, the face-up color appearance of a col- 
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ored diamond is determined not just by the bodycol- 
or but also by effects of the faceting style and the 
lighting and observation conditions. Nonetheless, 
the overall similarity of these five spectra lends sup- 
port to the results of the visual observation portion 
of this study, that the range of color appearances 
from gray to gray-blue to blue is limited. 

Although the infrared spectra of all 5 stones 
were similar, we did note that the type Ib features 
were most prominent in the two diamonds with the 
strongest blue color. 


Identification and Separation. The properties and 
appearance of type IIb blue diamonds do not typical- 
ly overlap with those of treated blues, and synthetic 
type Ib blue diamonds are not available on the com- 
mercial market. Still, it is valuable to understand the 
separation of these diamonds. Table 3 presents a 
brief comparison of the gemological properties of 
natural, treated, and synthetic blue diamonds. 


SUMMARY AND CONCLUSION 


The special qualities of blue diamonds, and the rich 
history associated with many of them, has made 
such diamonds highly valued and desirable in the 
gem and jewelry industry today. The earliest refer- 
ences to blue diamonds came centuries ago, when 
the Tavernier Blue was brought from India. 
Although blue diamonds have occasionally been 
reported from sources other than the Premier mine 
in South Africa, this historic mine has produced 
most of the blue diamonds seen in the marketplace. 
Currently an underground operation, the Premier 
mine is viable primarily because of the handful of 
blue or large colorless “specials” that are recovered 
each year. 

Because virtually all the diamonds described as 
blue by the GIA Gem Trade Laboratory are type IIb, 
we chose to focus on this type for our study. In addi- 
tion to their unique color attributes, type IIb dia- 
monds have distinctive traits such as electrical con- 
ductivity, boron as the coloring agent, and a charac- 
teristic phosphorescent reaction to short-wave UV. 
Fancy Deep blue diamonds had the longest phos- 
phorescence, but there was no correlation to inten- 
sity of the phosphorescence. Also, there was a trend 
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DIAMOND GLOSSARY 


(Continued from Page 316 last issue) 


polariscope. An instrument consist- 


ing essentially of two polarizers 
and a means of rotating an object 
between them. Used to determine 
whether a gemstone is singly or 
doubly refractive, and to a lesser 
extent to detect anomalous double 
refraction in a stone, which in a 
singly refractive stone like the 
diamond, indicates strain. If a 
hand instrument, designed espe- 
cially for gem testing, such as the 
Shipley polariscope, it is known 
as a gemological polariscope. When 
incorporated in a microscope, the 
complete instrument is known as 
a polarizing microscope. 


polarized light. Term loosely used to 


mean plane polarized light; light 
which has passed through polaroid 
or other polarizing medium caus- 
ing it to vibrate in a single direc- 
tion. See polariscope. 


Polar Star Diamond. A famous bril- 


liant-cut Indian diamond of 40 
carats (about 41 m.c.), said by 
Streeter to have been purchased 
in England for the Russian Im- 
perial regalia, and to have once 
belonged to Joseph Bonaparte, who 
paid 52,500 francs for it. More 
authoritative writers report that 
it belonged to Princess Yusupov 
(Yussupoff) or to Lussutow. It 
was not inventoried by Fersman 
as among the Russian crown 
jewels, and its present where- 
abouts is unknown. 


Pole Mine. A diamond mine once 


listed among those in the Kimber- 
ley area, north of the city of that 
name. 


polished girdle. A girdle which has 


been polished. In brilliant-cut dia- 
monds girdles are fashioned with 
either uniformly smooth and cir- 
cular surfaces, or more often with 
a series of more or less flat pol- 
ished surfaces of irregular shape, 
which are not too accurately 
termed girdle facets. Circular pol- 
ished girdles were once patented 
(in 1906 by Schenck) but upon the 
less perfect of these, flat polished 
surfaces or facets were left. In 
1944 a patent was obtained (by 
Goldstein) upon a polished girdle 
with a definite number (40) of flat 
polishingss, or facets, and later oth- 
er firms revived the circularly pol- 
ished girdle under various trade- 
marked names, such as Cirele of 
Light, Brilliant Circle, Halo Cut, 
etc. Polished girdles are usually 
thicker than are the usual rough 
girdles of well made brilliants. The 
girdles of emerald-cut diamonds 
are always polished, as are those 
of marquise and other fancy-cut 
diamonds. 


polisher. (In the diamond industry.) 


A term used to describe any work- 
man who places any of the facets 
on a brilliant cut diamond, be he 
the lapper who places the table, 
culet and main facets, or the bril- 
lianteerer who places the remain- 
ing facets on the stone. See pol- 
ishing. 


polishing. (In the diamond industry.) 


The term uséd to include both lap- 
ping or blocking, and brillianteer- 
ing, as well as the production of 
any facet or other smooth, highly 
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FINGERPRINTING 
OF Two DIAMONDS 
CUT FROM THE SAME ROUGH 


By Ichiro Sunagawa, Toshikazu Yasuda, and Hideaki Fukushima 


If it can be determined that two faceted dia- 
monds came from the same piece of rough, 
romantic value is added to the stones. X-ray 
topography and cathodoluminescence (CL) 
tomography were used to prove that a round 
brilliant and a pear-shaped brilliant were cut 
from the same piece of rough. With these tech- 
niques, the internal imperfections and inho- 
mogeneities that reflect the distinctive growth 
history of the original diamond crystal can be 
seen. X-ray topography is a powerful tool for 
imaging the distribution of lattice defects; CL 
tomography is more sensitive for detecting 
faint chemical inhomogeneities. By combin- 
ing the two methods, the sophisticated gemol- 
ogist can view both physical and chemical 
characteristics of a crystal, and thus its growth 
history, and use this information to fingerprint 
da given stone. 
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ypically, two faceted stones are cut from one well- 
formed diamond crystal. Yet each takes a different 
route in the market, with little chance of both dia- 
monds being set together in a single piece or related pieces of 
jewelry. However, if two such diamonds were set in two 
pieces of jewelry worn, for example, by a mother and a 
daughter, this might provide additional sentimental value to 
the stones. Keeping two such diamonds together is possible 
only when the piece of rough is cut under the dealer’s con- 
trol. Even so, scientific documentation is necessary to prove 
this shared origin. Plotting a diamond's internal features (as 
in a diamond grading report) may help identify a single stone, 
but it cannot prove that two diamonds came from the same 
rough. More advanced techniques are needed for this task. 
Natural crystals do not grow at a constant rate or under 
constant conditions. Rather, crystals may experience 
growth-rate fluctuations, gentle or abrupt changes in growth 
parameters, or partial dissolution and regrowth during their 
formation. As a result, physical imperfections and chemical 
inhomogeneities—such as inclusions, lattice defects (point 
defects, dislocations, and planar defects), and chemical 
impurities—are induced in crystals during their growth and 
postgrowth histories. These characteristics are uniquely dis- 
tributed within each crystal as growth sectors (zonal struc- 
tures}, intrasectorial zoning, growth banding, and nonuni- 
form distributions of elements, color, or luminescence; 
these features are not modified during later cutting and pol- 
ishing processes (Sunagawa, 1984a, 1988; Scandale, 1996; 
and the references therein). Consequently, they are the most 
reliable diagnostic features for fingerprinting stones (and for 
distinguishing natural from synthetic gem minerals; see, 
e.g., Sunagawa, 1995), provided they can be determined non- 
destructively. 
We report in this article how we verified that two dia- 
monds—a round brilliant and a pear-shaped brilliant—came 
from the same piece of rough, by revealing the spatial distri- 
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Figure 1. These three dia- 
monds, all from the same 
manufacturer, were studied 
to determine which two, if 
any, were cut from the same 
piece of rough. All of the 
diamonds were graded as E 
color and VS, clarity. 
Sample A (left) weighs 1.08 
ct, sample B (center) is 0.81 
ct, and sample C (right) 
weighs 1.05 ct. Samples B 
and C were proved to origi- 
nate from the same rough 
diamond. 


bution of lattice defects (using X-ray topography) 
and those of cathodoluminescence-emitting centers 
(using CL tomography). Both methods were applied 
without any damage to the stones. 

The study was initiated when a dealer claimed 
that two brilliant-cut diamonds he was offering 
were from the same rough. After X-ray topography 
proved otherwise, the dealer traced the route the 
two stones had taken from the cutter, and eventual- 
ly he found another brilliant that produced an X-ray 
topograph that matched one of the previous bril- 
liants. After establishing the characteristics of these 
three diamonds by X-ray topography, the authors 
applied CL tomography to provide supporting evi- 
dence for the initial conclusions. The characteris- 
tics observed with these two techniques vividly 
demonstrate the different growth histories of differ- 
ent diamond crystals. This example also demon- 
strates the usefulness and applicability of X-ray 
topography and CL tomography in gemology. 


MATERIALS AND METHODS 


Samples. The first pair of diamonds offered by the 
dealer, samples A and B, had the following charac- 
teristics recorded on their GIA Gem Trade 
Laboratory (GIA GTL) grading reports: 


Sample A: Round brilliant; 1.08 ct; 6.59-6.62, x 
4.10 mm; E color; VS, clarity; 62.1% depth, 56% 
table, thin-to-medium faceted girdle, no culet; 
excellent polish; very good symmetry; no fluo- 
rescence (report dated February 9, 1993). 


Sample B: Pear-shaped brilliant; 0.81 ct; 8.03 x 
5.54 x 2.93 mm; E color; VS, clarity; 52.9% 
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depth, 55% table, thin-to-thick faceted girdle, 
very small culet; good polish; good symmetry; 
no fluorescence (report dated January 4, 1993). 


As described below, it was proved that these two 
diamonds were not cut from the same piece of 
rough. Subsequently, the dealer traced the stones 
back to the manufacturer and submitted the follow- 
ing diamond, sample C: 


Sample C: Round brilliant; 1.05 ct; 6.43-6.67 x 
4.01 mm; E color; VS, clarity; 60.3% depth, 59% 
table, very thin-to-thin faceted girdle, small 
culet; excellent polish; very good symmetry; no 
fluorescence (report dated January 25, 1993). 


Samples A, B, and C are shown in figure 1. They are 
very clean to the naked eye and, as evident from the 
GIA GTL grading reports, no internal flaws are dis- 
cernible with the microscope, other than pinpoint 
inclusions. Nevertheless, X-ray topography and CL 
tomography (as described below) revealed distinc- 
tive internal heterogeneities and imperfections. 


Experimental Procedures. X-Ray Topography. By 
identifying contrasts in X-ray reflection, X-ray 
topography can detect and record the spatial distri- 
bution of strain fields associated with various linear 
defects (e.g., dislocations) and planar defects (e.g., 
stacking faults and twin planes) in single crystals. In 
other words, X-ray topography reveals the distribu- 
tion of deviations from the ideal lattice plane. The 
term topography is used to describe the three- 
dimensional nature of these data. 

Since X-ray topography is a well-established 
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Figure 2. This schematic diagram illus- 
trates the geometry generally adopted 
to obtain X-ray topographs (after Lang, 
1978). In the present study, a faceted 
diamond was used in place of the crys- 
tal plate, with the table facet parallel 
or perpendicular to the plate (see figure 
3). X-rays are passed through a narrow 
slit and reflected through the sample, 
off one selected lattice reflection 
plane, to produce a three-dimensional 
image of the crystallographic imperfec- 
tions and inhomogeneities on the X- 
ray film. The three-dimensional image 
is obtained by scanning the entire 
sample, through synchronous move- 
ment of both sample and film. 


method, this article will not give a detailed descrip- 
tion of its principles and methods. Interested readers 
may refer to review papers by Frank and Lang (1965) 
or Lang (1978, 1979). 

In the present study, the Lang method (1978) 
was used to record the X-ray topographs (see figure 
2). The sample is typically cut into a plate for analy- 
sis, but complete crystals or faceted stones can be 
used if the sample is small; good topographs can be 
obtained for diamonds up to about 2 ct. A narrow, 
ribbon-like beam of X-rays with a fixed wavelength 


is passed through a narrow slit and scanned over the 
sample at a fixed incident angle (i-e., in a reflection 
orientation). Only those X-ray beams that match 
the ideal reflection of the lattice plane are reflected 
off this plane and recorded on the X-ray film. 
Distorted lattice portions (i.e., those that deviate 
from the ideal reflection plane) appear as contrast- 
ing images on the film (white on the negative, or 
black on the print), thus revealing the spatial distri- 
bution of lattice defects in the sample. The X-rays 
used in this study were produced with an accelerat- 


Figure 3. For this study, {110} and 
{111} crystallographic planes 
(dashed lines) were selected as the 
lattice reflection planes (left). The 
orientation of two of the a-axes 
are shown. Two directions of the 
incident X-ray beams were used in 
this study—parallel and perpen- 
dicular to the table facet (horizon- 


tal and vertical, respectively). The a" S Ai 
schematic diagram on the right a 
ean X-ray beam 
shows the viewing geometry for | 
the samples. The round brilliant {111} m 


indicates the positions of samples 
A and C, and the pear-shaped bril- 
liant indicates sample B. The two 
directions of view in the corre- 
sponding X-ray topographs are 
indicated by the eyes. Note that 
the reflection plane {220} is 
expressed as {110} for simplicity in 
this article; {110} does not reflect 
X-ray beams, but {220} does. 


xr 


{111}, 
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ing voltage of 50 kV and a current of 1 mA. 

For X-ray topography, the system operator must 
select appropriate lattice reflection planes, taking 
into consideration the angles and intensities of 
reflecting beams and the distortion of images 
caused by the oblique scanning angle. Assuming 
that the table facet in each stone was approximately 
parallel to a (100) plane, we selected {110} and {111} 
directions as reflection planes. (Note that the reflec- 
tion plane {220} is expressed as {110} for simplicity 
in this article; according to the extinction rule, {110} 
does not reflect X-ray beams, but {220} does.) This is 
shown schematically in figure 3. As figure 4 illus- 
trates, the images are distorted depending on the 
direction of the reflection. This distortion must be 
taken into consideration when the X-ray topographs 
for two different stones are compared. To obtain 
images with good contrast, the researcher usually 
prepares a plate from the sample that is of appropri- 
ate thickness (depending on the material, e.g., 1 mm 
for quartz). This, of course, is not possible with pol- 
ished gemstones. However, because good 
topographs can be achieved with relatively thick 
samples of diamond, we were able to obtain useful 
images from the faceted stones examined for this 
study. 


Cathodoluminescence Tomography. After we had 
analyzed all three samples by X-ray topography, we 
used CL tomography as a supporting method. With 
this technique, one can see the heterogeneous dis- 
tribution of CL-emitting centers in a solid material, 
up to a few micrometers below the surface. Because 
of the limited depth of penetration, this technique 
is referred to as tomography, since it reveals only 
the two-dimensional distribution of the CL-emit- 
ting centers in a plane near the surface. CL tomogra- 
phy has been used widely in solid-state physics and 
the earth sciences (see, e.g., Davies, 1979; Lang, 
1979], and Ponahlo (1992) has also applied it to 
gemology. 

A scanning electron microscope (SEM) or optical 
microscope is used to observe the images generated 
by CL tomography. The present study used the lat- 
ter, a Premier American Technologies Co. 
Luminoscope. Because of its lower vacuum, the 
Luminoscope is not as sensitive as an SEM system, 
but it is adequate for this type of problem. Also, the 
samples do not need to be carbon-coated (as they 
would for SEM analysis). CL tomography does not 
automatically identify the elements responsible for 
the CL emission; nor does it give quantitative data 


Fingerprinting of Two Diamonds 


Figure 4. X-ray topographic images are distorted 
because of the oblique reflection of the vertical X- 
ray beam. Here, three schematic diagrams—each 
labeled with the corresponding reflection plane— 
{110} or {111}—illustrate the positions of the table 
facet (small circles) and the girdle outline; the pro- 
file of each stone is also shown. All three images 
are produced using the same (vertical) incident X- 
ray direction; the particular image obtained 
depends on the reflection plane selected. Note that 
the image in 2 is inverted relative to 1. Actual X- 
ray topographs corresponding to these three 
images are shown in figure 5. 


for their concentrations. The CL intensities may cor- 
respond semi-quantitatively to the concentrations of 
the CL-emitting centers, but other methods, such as 
spectroscopy, are required to identify the chemical 
elements or obtain quantitative data. However, for 
the purpose of this study—that is, visualizing the 
distribution of CL-emitting centers in different dia- 
monds—quantitative analyses were not needed. 


RESULTS 
X-Ray Topography. Samples A and B. X-ray 
topographs of sample A, taken with {110} and {111} 
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1 2 


Figure 5. These three X-ray topographs of sample A were taken with different reflection planes, as shown in fig- 
ure 4 (images 1, 2, and 3). The green arrows indicate dislocations, and the white arrows indicate growth banding. 
An idealized illustration of the dislocations is shown for topograph 3, in plan view and in profile. The two dislo- 
cation bundles are inferred to meet at a position slightly above the table facet. 


lattice reflections, show a few dislocations that are 
nearly parallel to {110}, and straight growth bands 
parallel to {111}, planes (figure 5). The dislocations 
radiate from a point slightly above the table facet; 
this point marks the center of an octahedral crystal, 
from which the dislocations progressed nearly per- 
pendicular to the growing octahedral {111} faces. 
X-ray topographs of sample B (figure 6) are 
markedly different from those of sample A. The 


Figure 6. These two X-ray topographs of sample B 
were taken with two (110) reflection planes. A 
large number of dislocations (dark heavy lines) 
originate from the boundaries of a square-shaped 
core, and form bundles nearly parallel to the a- 
axes. Faint zigzag patterns are also visible between 
the dislocations. Note the marked difference of 
these topographs from those of sample A shown in 
figure 5, with respect to the presence of a core por- 
tion, the number and orientation of dislocations, 
and the modes of growth banding. 
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sample B topographs reveal dislocation bundles that 
are much greater in number and density than those 
in sample A. Moreover, the dislocations in sample B 
are parallel to <100>, not to {110} as in sample A. 
The dislocation bundles originate not from a point 
center, but from the boundary of a square-shaped 
core. Faint growth banding is discernible in areas 
between the dislocation bundles, but these are more 
evident on CL tomographs (see below). The growth 


Figure 7. These X-ray topographs of sample C cor- 
respond to the same orientation and reflection 
planes as those shown in figure 6 for sample B. 
Note the close similarity to sample B in the pres- 
ence of a square-shaped core portion, the density 
and orientation of dislocation bundles, and the 
faint zigzag patterns between the dislocations. The 
close resemblance shown by these topographs 
(considering that both diamonds had some materi- 
al polished away) indicates that samples B and C 
came from the same rough. 
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banding is not straight, but rather shows a zigzag 
pattern. The differences in the X-ray topographs of 
samples A and B suggest that they could not have 
originated from the same piece of rough. 


Sample C. X-ray topographs of sample C (figure 7) 
show dislocation bundles originating from the 
boundary of a square-shaped core and running paral- 
lel to <100>, as well as faint zigzag patterns in the 
areas between the dislocation bundles. By compar- 
ing the topographs of samples B and C, one can see 
that the presence of the square-shaped core, the ori- 
entation and spatial distribution of the dislocations, 
and the faint zigzag growth banding seen in these 
diamonds, are essentially the same. This implies 
that these two diamonds were cut from the same 
piece of rough. 

Closer observation of the core portions of sam- 
ples B and C confirms their similarity (figure 8). In 
both samples, the dislocation densities are much 
higher in the surrounding portion than in the core. 
Although most of the dislocations in the core con- 
tinue into the surrounding portion of the diamond, 
it is clear that most of the dislocations outside the 
core are generated along the boundary between the 
core and the surrounding diamond. It is also evident 
that the core portion was bounded by somewhat 
rugged cuboid faces. The characteristics and sizes of 
the core portions of samples B and C match perfect- 
ly, if the volume of the portion that was polished 
away from both samples is taken into consideration. 

In profile view, X-ray topographs of samples B 
and C at the same orientation also show good corre- 
lation in the morphology and position of the core 
and the spatial distribution of dislocation bundles 
(figure 9). In addition, one notices that the table 
facets of the two stones are inclined slightly (about 
6°-7°) from the (100) face. This inclination may be 
due to the cutter’s desire to avoid inclusions that 
were originally present in the rough, or simply to 
obtain a higher yield from odd-shaped rough. 

The results of our X-ray topographic investiga- 
tions are summarized in figure 10. The images con- 
clusively indicate that samples B and C came from 
the same diamond rough, whereas sample A came 
from a different piece of rough. 


CL Tomographs. By comparing CL tomographs of 

samples A, B, and C (figure 11) with their X-ray 

topographs, one immediately notices the following: 

1. Only blue cathodoluminescence of varying inten- 
sities was observed; no yellow, green, or red. 
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Figure 8. These X-ray topographs have been 
enlarged to show the core portions of samples B 
and C. Sample B is shown in plan view (X-ray 
beam perpendicular to the table facet), and sam- 
ple C is shown in profile view (X-ray beam parallel 
to the table facet), as in figure 9. The truncation of 
sample C near the top of the topograph corre- 
sponds to the surface of the table facet, which 
shows a slight inclination relative to the (100) 
face. The white lines indicate the corners of the 
boundary of the square-shaped core, and the white 
arrows indicate dislocations that begin in the core 
and continue into the surrounding diamond. 
Enlarged approximately 30x. 


2. Straight (sample A) or zigzag (samples B and C) 
growth banding, which was faintly visible on 
the X-ray topographs, was more readily seen on 
the CL tomographs (as alternating bright and 
dark bands). 


3. The square-shaped core present on the CL 
tomographs of samples B (at the center of the 
table facet) and C (at the upper left of the table 
facet) is not visible in sample A, on either the X- 
ray topographs or the CL tomographs. 


4. Although growth banding typically is easier to 
see on CL tomographs than on X-ray topographs, 
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Figure 9. These X-ray topographs show two 
profile views of sample B (top) and sample 
C (bottom). The topographs are oriented to 
show the faceted diamonds as they were 
positioned in the original crystal, with the 
a3 axis indicated by the arrow in the cen- 
ter. The topographs on the right show the 
samples rotated 90° from those on the left; 
the crystallographic orientation between 
the upper and lower views is identical. 
There is a high degree of correlation 
between the two diamonds in the charac- 
ter and orientation of the dislocations. The 
core portion is difficult to see in sample B, 
because most of it has been polished 
away. Note also that the table facet is 
inclined about 6°-7° from the crystallo- 
graphic (100) plane. 


the radiating dislocations that are clearly visible 
on the X-ray topographs of samples A, B, and C 
could not be resolved on their CL tomographs. 


In sample A, alternating bright and dark CL 
zones are straight and parallel to {111}. In both 
samples B and C, two different types of growth 
zoning can be distinguished on the CL tomo- 
graphs. One type is visible between neighboring 
areas of the second set as short, fairly straight, 


bright and dark CL zones parallel to <110>. In 
the second set, bright and dark zones with a 


zigzag pattern are present within the <100> 
zones, which correspond to the location of dislo- 
cation bundles seen on the X-ray topographs. 
(Note: Since {100} faces are never present as 
smooth, flat faces on natural diamond crystals 
[Sunagawa, 1984b], they are customarily called 
“cuboid” faces. For simplicity, we refer to them 
here as <100> zones instead.) 


At higher magnification, CL images of the core 


portions of samples B and C revealed these addition- 
al features (figure 12): 


Figure 10. These diagrams 
schematically illustrate 
the three-dimensional 
nature of the dislocations 
revealed by X-ray topogra- 
phy in the three samples. 
On the left, the appear- 
ance and orientation of 
the dislocations in sample 
A (bottom) are much dif- 
ferent from those in sam- 
ple B (top). On the right, a 
perfect match is evident 
for samples B and C in the 
presence of a cuboid- 
shaped core and the anal- 
ogous dislocation bundles. 
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Figure 11. The distribu- 
tion of CL-emitting cen- 
ters is visible on these CL 
tomographs. Note the 
marked difference 
between sample A (e.g., 
straight growth zones, 
absence of a square- 
shaped core) and samples 
B and C (e.g., zigzag 
growth zones and the 
presence of a square- 
shaped core—in the cen- 
ter of the table of sample 
B and in the upper left of 
the table in sample C). 


6. The distribution of bright and dark areas is less 9. In the <110> growth sectors (i.e., in the areas 


heterogeneous in the core portion than in the 
surrounding areas. 


Around the perimeter of the core is a bright 
cathodoluminescence zone, which indicates a 
high concentration of CL-emitting centers at 
this boundary. 


In the <100> growth sectors, where bundles of 
dislocations are visible on the X-ray topograph, 
bright and dark zones in the shape of a zigzag— 
or short right angles—appear alternately or 
intermittently. The segments are parallel to 
<110> (i.e., they consist of segmental {111} 
planes). 


10. 


between the neighboring <100> growth sectors}, 
short or long bright CL bands appear parallel to 
<110>. These bands do not show a zigzag pat- 
tern, but rather they have a tabular form. These 
features correlate to a high concentration of CL- 
emitting species. The intervening dark bands 
correlate to zones that lack CL-emitting centers. 


Both the straight bands and the zigzag segments 
are parallel to <110> (ie., to {111} planes). Each 
straight band or segment corresponds to a small 
internal {111} face. Since they appear as bright 
CL bands, the {111} faces are apparently associ- 
ated with incorporation of CL-emitting species. 


Figure 12. At greater magnification (approximately 25x), the CL tomographs of samples B and C show the 
dark, roughly square-shaped core and surrounding brighter CL-emitting areas. Crystallographic directions 
<100> and <110> are indicated. Note the bright and dark zigzag patterns in the <100> sectors and the tabular 
patterns in the <110> sectors. 
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DISCUSSION 


Fingerprinting Faceted Diamonds. Several features 
observed with X-ray topography and CL tomogra- 
phy prove that samples B and C were cut from the 
same piece of diamond rough, whereas sample A 
came from a different crystal. In general, the spatial 
distribution and orientation of dislocations, the 
presence or absence of a square-shaped core, and the 
characteristics of growth banding were distinctive 
for these samples. 

Although the present case is unambiguous, it 
might be asked whether such fingerprinting is uni- 
versally applicable. The answer is “yes,” since each 
natural single crystal experienced its own unique 
growth or post-growth history, which is recorded in 
its internal imperfections and inhomogeneities. 
With careful investigation, one can conclusively fin- 
gerprint a stone or a set of stones, even if two stones 
show quite similar internal features. 


Applying X-Ray Topography and CL Tomography 
in Gemology. Crystallographic imperfections and 
inhomogeneities are distinctive features that can be 
visualized using instruments available in many 
standard gemological laboratories (such as the hori- 
zontal microscope with immersion; see, e.g., 
Schmetzer 1996; Smith, 1996). However, X-ray 
topography allows the visualization of three-dimen- 
sional lattice imperfections—such as dislocations— 
that are not easy to visualize by other methods. CL 
tomography shows near-surface chemical inhomo- 
geneities two-dimensionally. Both methods can be 
used to distinguish natural from synthetic dia- 
monds (as well as any other gemstone}, since in 
each case the crystals grow from different media 
and under different conditions (Lang et al., 1992, 
Sunagawa, 1995, 1998). 

In general, X-ray topography is more informative 
than CL tomography. Although most major gemo- 
logical laboratories have the capitalization to install 
a Lang configuration for X-ray topography (which 
can cost from $50,000 to about $100,000), the tech- 
nique requires a thorough knowledge of crystallog- 
raphy and diffraction, and it is somewhat time con- 
suming to adjust the crystallographic orientation of 
a sample to obtain good topographs. 

CL tomography, in combination with optical 
microscopy, is also affordable (about $25,000) for 
most major gemological laboratories, and it does 
not require much background knowledge. 
Although it cannot reveal the spatial distribution of 
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dislocations as effectively as X-ray topography, it is 
useful in fingerprinting a stone or a set of stones. 
Furthermore, CL data can, independent of X-ray 
topography, conclusively separate natural from 
synthetic diamonds (Ponahlo, 1992; Sunagawa, 
1995). 


Growth History. These techniques also provide use- 
ful information about the formation of natural dia- 
mond crystals. Arguments over the origin of natural 
diamonds began long ago (e.g., Fersman and 
Goldschmidt, 1911], and still continue (Frank and 
Lang, 1965; Lang, 1978, 1979; Lang et al., 1992, 
Sunagawa, 1984b, 1988, 1995; Sunagawa et al., 1984). 

Although we did not identify the CL-emitting 
species in this study, or determine their concentra- 
tions, it is commonly known that blue cathodolu- 
minescence is principally due to nitrogen (probably 
a combination of band-A and N3 centers) and that 
CL intensities correspond semi-quantitatively to 
nitrogen contents (Clark et al., 1992). Higher con- 
centrations of nitrogen are assumed for the zones 
showing brighter CL images than for the darker 
zones. The CL observations in the present study 
indicate that nitrogen incorporation into the grow- 
ing diamond crystal fluctuated intermittently, with 
the boundaries between the CL zones representing 
the positions of growing surfaces at various stages. 
Such fluctuations are universally observed in natu- 
ral crystals. 

Two distinctly different growth histories were 
identified for the diamonds in the present study (fig- 
ure 13). In sample A, alternating bright and dark CL 
zones form a straight pattern parallel to {111} 
throughout the stone, which indicates that a sim- 
ple, unmodified octahedral crystal habit was main- 
tained throughout its entire growth history. 
Dislocations originate from a central point and are 
oriented perpendicular to {111}. These indicate that 
the crystal did not experience an abrupt change in 
growth parameters to modify the habit. Such a situ- 
ation corresponds to the growth of crystals under a 
near-equilibrium condition at a small driving force 
(low supersaturation or low degrees of supercool- 
ing). Dislocation patterns of this type are commonly 
encountered in octahedral crystals of natural dia- 
mond (see, e.g., Frank and Lang, 1965; Lang, 1978). 
They have been identified as screw-type disloca- 
tions in single-crystal octahedral diamonds from 
Siberia (Sunagawa et al., 1984), which proves that 
the natural diamond crystals investigated grew by 
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Figure 13. Samples B and C were cut from a crystal with a different morphology—and a more complicated 
growth history—than sample A. As shown on the left, sample A had a simple octahedral habit, bounded by 
{111} faces that grew by the spiral growth mechanism from the outcrop of dislocations. Several outcropping 
dislocations (the straight lines with triangular terminations) are shown, along with only one triangular 
growth spiral; each dislocation would be expected to produce a similar growth spiral during crystal growth. 
Samples B and C are assumed to have been cut from a dodecahedroid crystal with a rounded morphology 
that was due to post-growth dissolution of a crystal that originally consisted of stepped octahedral faces 
(equivalent to {110} faces) that were truncated by rough cuboid faces (right). The cuboid-shaped core acted as 
a seed for further growth of the surrounding portion. The straight lines that extend from the core to the cuboid 
face are dislocation bundles. Only part of the complicated growth history for this crystal is shown. 


the spiral growth mechanism. The straight growth 
bands parallel to {111} are commonly encountered 
in single-crystal natural diamond, and they indicate 
a layer-by-layer (including spiral) growth mecha- 
nism on {111}, such that the octahedral habit was 
not modified throughout the growth history 
(Sunagawa, 1984b). It should be noted that even 
under such a steady growth condition, the nitrogen 
partitioning fluctuated, as shown by the alternating 
bright and dark CL zones. Such a zonation is 
attributed to local fluctuations in the growth rate. 
Samples B and C showed a square-shaped core 
portion and much denser dislocation bundles in the 
<100> directions. Since most dislocations originate 
at the core boundary, there must have been an 
interruption of growth between the core and the 
surrounding material. A possible explanation is that 
the core formed under one set of growth conditions, 
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and then was transported to a new growth environ- 
ment where it acted as a seed for further diamond 
growth. This is the first observation of the presence 
of a seed crystal in natural diamond crystal growth. 
The core took a cuboid form, bounded by rough 
cuboid surfaces (Sunagawa, 1984a), rather than an 
octahedral form. Further diamond growth on this 
seed transformed the morphology from cuboid to 
octahedral, or dodecahedral truncated by cuboid 
faces (i.e., that of a mixed habit). At the onset of 
growth over the cuboid seed, nitrogen was incorpo- 
rated isotropically (i.e., equally over the seed surface, 
independent of crystallographic direction) into the 
crystal, giving rise to a bright CL band surrounding 
the seed surface. This also implies an abrupt change 
of growth parameters, which was followed by the 
appearance and development of {111} faces. In <110> 
growth sectors, {111} faces are flat; whereas in <100> 
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SUMMER, 1946 335 


reflective surface on a diamond; 
the final operation in fashioning a 
diamond, usually done with dia- 
mond powder on a horizontal disc 
or lap, against which the diamond 
is held in a dop. Diamond polish- 


ing was probably first practised in. 


India and subsequently introduced 
into Europe (S. H. Ball), diamond 
polishers being reported in Niirn- 
berg in 1373 (Bauer). Although L. 
de Berquem has been credited with 
the discovery of diamond polish- 
ing (Smith) about 1476, Berquem 
more likely introduced symmetri- 
cal faceting (Schlossmacher.) 


polishing directions. (In the diamond 


industry.) The directions in which 
the diamond polishes most easily. 
In practice, this direction is gen- 
erally found by trial and error, 
although it is always away from 
an octahedron face and toward a 
possible rhombic dodecahedron 
face (Kraus). These directions, in 
which the rate of polishing may 
be most rapid, are in what may be 
called polishing planes. 


polishing grains. (In the diamond in- 


dustry.) A term sometimes used 
for grains of powdered diamond 
employed in grinding or polishing 
diamonds and other substances. 
The size of such grains has an 
effect on the abrasive action and 
therefore on the so-called “hard- 
ness” of the diamond being fash- 
ioned (Grodzinski). 


polishing marks. Undesirable marks 


left by the polishing skeif or wheel 
on a facet of a diamond or other 
gemstones. 


polishing planes. The series of planes 
in diamond along which it can be 
most easily polished. Such series 
of planes lie parallel to a crystal- 


lographic axis. Facets parallel to 
two axes of a cube octahedron or 
dodecahedron, and hence parallel 
to the face of a possible cube, are 
the easiest to polish; those parallel 
to the face of an octahedron, the 
most difficult. The ease and rapidi- 
ty of polishing also varies in dif- 
ferent directions, i.e., from right 
to left the rate may be more rapid 
than from left to right (Kraus). 
See polishing directions. 


polysynthetic twinning. A system of 


thin laminae each composed of 
many very small contact twins. In 
diamonds some writers suggest it 
to be the cause of laminae which 
occasionally occur on the face of 
some diamonds, but both Sutton 
and A. F. Williams believe such 
laminae to be glide planes. 


Pontianak. A city in Dutch Borneo 


near which was located that 
island’s most important diamond 
field. 


pork-nocker. Local name for a native 


gold or diamond digger in British 
Guiana who holds a mining license 
which, however, allows him to 
work only on other persons’ claims. 
Also spelled “pork-knocker”’ and 
“porkknocker.” See also chebet. 


Porter-Rhodes Diamond. A diamond 


of fine color, found in the claim of 
Mr. Porter-Rhodes in the Kimber- 
ley Mine on Feb. 12, 1880. It was 
considered the finest African dia- 
mond yet discovered and was 
valued at 200,000 pounds; later at 
$60,000. Smith states it was sold 
in 1937 to an East Indian. A. F. 
Williams stated its weight as 149% 
carats (old). Unverified report, 
now recut as 56.60 me emerald cut. 


(To Be Continued) 


growth sectors, {111} faces are segmental. Also in the 
<100> growth sectors, the cuboid surface transformed 
into segmental {111} subfaces, while maintaining the 
general cuboid surface. It is likely that the growth of 
{100} cuboid sectors was not governed by the spiral 
growth mechanism. Although a large number of dis- 
locations outcropped on the growing surface, they did 
not act as sources of spiral growth steps. The differ- 
ence observed in interface roughness and growth pro- 
cess between {111} and {100} in sample A and sam- 
ples B and C is in agreement with results reported 
previously by Sunagawa (1984b, 1995). 


CONCLUSIONS 


The spatial distribution of dislocations and the het- 
erogeneous distribution of CL-emitting centers 
were determined for three diamonds by means of X- 
ray topography and CL tomography. On the basis of 
these results, and information given by the dealer, 
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NOTES AND NEW TECHNIQUES 
———EeEeE————————— 


BARITE INCLUSIONS IN FLUORITE 


By John I. Koivula and Shane Elen 


Hemispherical aggregates of the mineral barite were identified as inclu- 
sions in fluorite from Illinois. One of these inclusions showed a dramatic 
pseudo-color change because of its position in the host. The identification 
of these inclusions was made nondestructively using laser Raman 


microspectrometry. 


During the 1984 Tucson Gem and Mineral Show, 
one of the authors (JIK) discovered an interesting 
specimen while examining a large selection of 
Illinois fluorites for mineral and fluid inclusions. 
This 247.02 ct partial crystal, which measured 36 
mm on its largest dimension, was transparent and 
had a rich, slightly brownish yellow color. What 
made it interesting, however, was the presence 
under a cube face of two prominent white, hemi- 
spherical aggregates of an unknown mineral (figure 
1). Because no similar inclusions were seen in any 
of the other fluorite crystals, the unusual specimen 
was acquired for further investigation. 

These inclusions resembled the fibrous white 
barite aggregates that had been previously observed 
on fluorite specimens from Illinois (Goldstein, 1997; 
Ross Lillie, pers. comm., 1998). Because neither 
inclusion reached the surface of the fluorite, howev- 
er, conclusive identification at that time would 
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Notes and New Techniques 


Figure 1. Two large inclusions, which Raman 
analysis proved to be barite, are easily seen in this 
247.02 ct specimen of Illinois fluorite. Photo by 
Maha DeMaggio. 


have required that the host be damaged by cleaving 
or grinding to expose the inclusions for X-ray pow- 
der diffraction and/or chemical analysis. Given the 
apparent rarity of the specimen, we decided to keep 
the sample intact until a nondestructive means of 
analysis became available at GIA. 
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Figure 2. This 99.49 ct fluorite contains a white 
7.5 mm inclusion, also identified as barite, that 
reflects the color of the surrounding fluorite. 
Photo by Maha DeMaggio. 


More than a decade later, in 1995, gem cutter 
Michael Gray showed one of the authors (JIK) an 
unusual 99.49 ct faceted fluorite from Illinois (figure 
2) with a white 7.5 mm inclusion that was visually 
identical to the two inclusions described above. 
This sample was even more unusual, however, 
because the inclusion appeared to show a color 
change from purple in incandescent light to blue in 
fluorescent illumination (figure 3). 

In April of 1996, R. C. Feather described some 
voids in fluorite from Illinois that had the same 
shape as the mineral inclusions described here. In 


that article (p. 12), Mr. Feather speculated that the 
voids might once have been occupied by the miner- 
al barite because of “the form and the fact that 
barite is known to occur in the area.” 


MATERIALS AND METHODS 

The large “white” inclusions in both the original 
247.02 ct partial crystal and the 99.49 ct faceted flu- 
orite were examined with a standard gemological 
microscope and analyzed by laser Raman micro- 
spectrometry. In preparation for Raman analysis, 
both samples were first cleaned in acetone and then 
carefully examined with magnification to position 
the inclusions as close to the surface as possible and 
to determine the best angle from which to analyze 
them. This is necessary to minimize matrix effects 
from the fluorite host. We used a mounting clay to 
place the fluorite samples on glass microscope 
slides during analysis. Because the inclusions were 
so large, we were able to study them using the 20x 
objective lens of the Leica targeting microscope, 
which allowed a greater depth of focus and laser 
penetration into the fluorite host than the 50x lens 
we typically use. Further details on the Raman 
technique as applied to gemology can be found in 
Schubnel et al. (1992) and Hanni et al. (1997). 

Using the continuous scan feature and the 514 
nm argon laser of the Renishaw Raman system, we 
performed 10 complete scans of the inclusions in 
each of the two samples. The peak-search program 
employed used the Raman system’s software in 
conjunction with the Renishaw digital spectral 
library. As a control, we also analyzed a crystal of 
barite from Colorado under the same conditions. 


Figure 3. The 7.5-mm-long barite inclusion shown in figure 2 appears purple in incandescent light (left) and 
blue in fluorescent light (right). This pseudo-color change is imparted to the white inclusion by reflection 
from the fluorite host, which shows the actual color change. Photomicrographs by John I. Koivula. 
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RESULTS AND DISCUSSION 


Standard examination with magnification revealed 
that the color change in the inclusion in the faceted 
fluorite was not a phenomenon of the inclusion 
itself; rather, it was caused by the position of the 
inclusion with respect to the color zoning of the flu- 
orite host. The base of the inclusion rested in a zone 
of brownish yellow fluorite that comprised the 
entire pavilion of the stone, giving the fluorite a 
brownish yellow color face up (again, see figure 2). 
The upper portion of the inclusion was enclosed in 
a fluorite color layer that showed a strong purple-to- 
blue color change. The white inclusion served as an 
excellent background on which to display this dra- 
matic change of color. 

The Raman analysis revealed a spectral match 
for barite in each of the three inclusions (figure 4). 
All of the major peaks for barite were present in all 
of the analyses. Slight differences were noted 
between the spectra obtained for the barite inclu- 
sions and the barite control sample, but these are 
due to the fluorite matrix and to differences in opti- 
cal and crystallographic orientation (i.e., anisotropy 
of Raman spectra). 

As noted earlier, voids shaped like barite aggre- 
gates have been described and illustrated in fluorite 
(Feather, 1996). A search of the literature, however, 
failed to turn up any photographic documentation 
of actual barite inclusions in fluorite, although 
Goldstein (1997) briefly mentions them. No descrip- 
tion of any association between change-of-color flu- 
orite (Gtibelin and Schmetzer, 1982) and barite as an 
inclusion was found. Therefore, the 99.49 ct faceted 
gem, which dramatically displays its color change 
by reflection from a white barite inclusion, may be 
unique. 


Acknowledgments: The authors thank Michael Gray 
of Graystone Enterprises, Missoula, Montana, for 
calling attention to the unusual faceted fluorite. 
Russell Feather, gemologist at the Smithsonian 
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Figure 4. This representative Raman spectrum 
of the white inclusions in the two fluorite sam- 
ples (top) is nearly identical to the spectrum for 
barite that was used as a reference sample (bot- 
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and 947 cm") in the Raman spectrum of the 
barite inclusions are due to anisotropy of 
Raman spectra and matrix effects from the sur- 
rounding fluorite. 
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Maxixe BERYL, Faded and Fading 


Recently, the West Coast laboratory 
was asked to identify the 8.10 ct light 
greenish blue gemstone shown in 
figure 1. The refractive indices of 
1.580-1.590 and uniaxial optic char- 
acter suggested beryl, an identifica- 
tion confirmed by a specific gravity 
value (measured hydrostatically) of 
2.80. Magnification revealed needles, 
growth tubes, angular growth planes, 
and pinpoints, thus proving that this 
was a natural gemstone. The color fell 
in the typical range for aquamarine, 
although the refractive indices, bire- 
fringence, and specific gravity were 
slightly higher than expected for that 
variety of beryl. 

The spectrum visible through a 
desk-model spectroscope did not 
show the line at 427 nm, which is 


Figure 1. This 8.10 ct light green- 
ish blue free-form mixed-cut 
beryl was of the Maxixe-type, 
rather than an aquamarine. This 
color probably represents the 
result of fading. 
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related to the iron that causes blue in 
aquamarine. Instead, we saw four 
distinct bands between 550 and 700 
nm that are characteristic of both 
natural-color dark blue beryl from the 
Maxixe mine in Brazil and beryl treat- 
ed to this color (see K. Nassau et al., 
“Deep-blue Maxixe-type color center 
in beryl,” American Mineralogist, 
Vol. 61, 1976, pp. 100-107). A visible 
spectrum obtained with a Hitachi U- 
4001 spectrophotometer showed 
bands at 581, 617, 655, and 696 nm, 
with additional (weaker) peaks at 
553, 592.5, 605, and 630 nm. This 
type of beryl typically shows 
pleochroism with a stronger color 
seen along the optic axis direction 
(the opposite of aquamarine, in 
which the stronger pleochroic color 
is seen looking perpendicular to the 
optic axis). However, the color of this 
stone was so pale that no pleochroism 
was observed. 

Except in rare cases, dark blue is 
an unstable color in beryl, it fades in 
bright light or on exposure to heat, 
whether it is produced by treatment 
or by natural irradiation (K. Nassau, 
“On the identification and fade test- 
ing of Maxixe beryl, golden beryl and 
green aquamarine,” Journal of 
Gemmology, 1996, Vol. 25, No. 2, pp. 
108-115). It is likely that the light 
greenish blue color of this 8.10 ct 
beryl is what remained after such fad- 
ing. The greenish component in par- 
ticular can arise when previously irra- 
diated beryl is heated to temperatures 
under 300°C (G. Mathew et al., 
“Maxixe-type colour centre in natural 
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colourless beryl from Orissa, India: 
An ESR and OA investigation,” 
Journal of Gemmology, Vol. 26, No. 
4, 1998, pp. 238-251). However, we 
could not prove this nor ascertain 
whether any additional fading might 
occur, so we included a comment on 
the report about possible color insta- 
bility. 

Shortly thereafter, a client submit- 
ted three blue beryls, reportedly from 
Brazil, to the West Coast lab for 
examination, with permission to 
carry out fade testing on one of them, 
a 3.34 ct oval. The gemological prop- 
erties were within the usual range for 
beryl, and the spectra were similar to 
that described above. We compared the 
samples to Munsell color chips and 
recorded their hue, tone, and satura- 
tion; then we photographed them. The 
initial appearance of the 3.34 ct oval is 
shown in figure 2 (left). We placed it in 
a solar simulator, exposing it to bright 
light (approximately D65, i.e., day- 
light-equivalent). After four hours, the 
color was substantially less saturated 
and lighter in tone, so the gem 
appeared paler and grayer. An addi- 
tional four hours of exposure caused 
further fading (figure 2, right). 

CYW and IR 
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Figure 2. Before exposure to light, this 3.34 ct oval Maxixe-type beryl 
was dark blue (left). Eight hours of exposure in a solar simulator caused 
this stone to fade considerably (right). The faded color is both less satu- 
rated and lighter in tone than the original, resulting in an appearance 


that is both paler and grayer. 


DIAMOND 


Brown with Green-to-Blue 
Color Zones 
From time to time, both laboratories 
examine diamonds with a concentra- 
tion of green to blue at the culet or 
along the keel that suggests laborato- 
ry irradiation (see, e.g., E. Fritsch and 
J. E. Shigley, “Contribution to the 
identification of treated colored dia- 
monds: Diamonds with peculiar 
color-zoned pavilions,” Gems &@ 
Gemology, Vol. 25, No. 2, 1989, pp. 
95-101). The East Coast laboratory 
recently received two diamonds from 
the same client for colored diamond 
identification and origin. Each 
showed an overall brown bodycolor, 
with concentrated color zones of 
green or blue. In one diamond, a 1.80 
ct round brilliant, the concentration 
of blue color was extremely notice- 
able in the face-up position. In the 
other stone, a 2.00 ct emerald cut, the 
blue-green zone was smaller and less 
apparent in the face-up position. 
When the emerald cut was exam- 
ined with magnification in diffused 
light, the blue-green color concentra- 
tion along the keel showed no sharp 
edges (as would be expected from 
cyclotron irradiation), but there were 
also no natural radiation stains any- 
where on the stone. While it is possi- 
ble to remove a radiation stain and 
not the color beneath, a naturally 
occurring green-to-blue color is usual- 
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ly too shallow for the polisher to 
accomplish this. Although the pres- 
ence of a GRI center in the UV-visi- 
ble spectrum proved that the dia- 
mond had been exposed to ionizing 
radiation, it was difficult to see 
whether the color zone followed the 
facets, which would prove treatment 
(see Summer 1991 Gem Trade Lab 
Notes, pp. 108-109). Consequently, 
we concluded that the origin of color 
for this diamond is currently undeter- 
minable. 

In contrast, when we examined 
the 1.80 ct round brilliant in diffused 
light, it was obvious that the blue 
color zone at the culet followed the 
faceted shape, a feature that can only 
result from laboratory treatment. 
When we looked downward through 
the upper girdle facets (figure 3), the 
blue color was clearly visible and sep- 
arate from the brown color seen 
throughout the body of the diamond. 
While it is not uncommon for brown 
diamonds to be irradiated (usually by 
an electron beam) to produce a strong 
blue-to-green color in the face-up 
position, it appears that the original 
brown color of this stone was too 
strong to be entirely masked. 

TM and Thomas Gelb 


Raman Analysis of Inclusions 

During a routine quality analysis, a 
diamond grader brought to our atten- 
tion an unusual inclusion in a 0.83 ct 


GEMS & GEMOLOGY 


marquise-cut diamond. The edge of 
the otherwise opaque, black-appear- 
ing, angular crystal inclusion appeared 
to have a brown “stain.” The grader 
thought the inclusion could be a dia- 
mond crystal with radiation burns on 
its surface; such stains would make it 
easy to see, as diamond-in-diamond 
inclusions are generally invisible 
because both have the same optical 
properties. 

When the inclusion was examined 
with polarized light, its morphology 
and apparent isotropic behavior on 
thin edges supported this preliminary 
hypothesis. Because mineral inclu- 
sions in diamond often assume the 
isometric habit of the diamond host, 
however, the isometric appearance of 
this or any inclusion in a diamond 
can be misleading. Furthermore, it is 
unlikely that an “included diamond” 
could show radiation stains on its sur- 
face, since the natural irradiation of 
diamond that forms such a “coating” 
is believed to be a post-growth phe- 
nomenon that occurs near the earth’s 
surface. 

A detailed microscopic examina- 
tion of this inclusion—with intense 
pinpoint fiber-optic illumination— 
revealed that the crystal actually had 
a dark red-brown color, which was 


Figure 3. The concentration of 
blue at the culet contrasts strong- 
ly with the brown bodycolor in 
this 1.80 ct round brilliant dia- 
mond. Seen here through the 
crown facets, color zoning that 
clearly follows the faceted shape 
of a diamond indicates a treated 
color. Magnified 22x. 
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Figure 4. This inclusion in dia- 
mond was identified by Raman 
analysis as chromite that is coated 
with graphite. Magnified 63x. 


clearly visible on thin edges. The 
majority of the inclusion appeared to 
be covered with an opaque black 
material that had a submetallic luster 
and was bluish gray in reflected light 
(figure 4). 

Because this inclusion was rela- 
tively close to the surface of the dia- 
mond, and the overlying facets were 
well polished, we analyzed it by laser 
Raman microspectrometry. We 
detected weak signals for two differ- 
ent mineral components. To resolve 
the inclusion data, the signal from the 
host diamond had to be subtracted, 
which was done by setting the scan 
parameters to reduce sampling of the 
large diamond peak at 1334 cm". 

Using this method, we identified 
the opaque black material as graphite 
and the dark red-brown areas as 
chromite. This suggests that the 
main mass of this inclusion is 
chromite, which was coated with 
graphite. The conversion of diamond 
to graphite at the interface between a 
mineral inclusion and its diamond 
host is relatively well understood, 
and has even been reproduced in the 
laboratory (see J. W. Harris and E. R. 
Vance, “Induced graphitisation 
around crystalline inclusions in dia- 
mond,” Contributions to Mineralogy 
and Petrology, Vol. 35, 1972, pp. 
227-234). Graphitization is most like- 
ly responsible for most of the so- 
called “carbon spots” observed in 
gem-quality diamonds. 

John I. Koivula 
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With Triangular “Void” Inclusions 


Last fall, a former staff member shared 
a 2.03 ct near-colorless oval-brilliant- 
cut diamond with staff members in 
the East Coast lab because of its 
unusual inclusion pattern (figure 5): a 
group of “internal trigons” that were 
all oriented in the same direction and 
apparently aligned along an octahedral 
plane. This inclusion scene was rem- 
iniscent of a triangular arrangement 
of numerous triangular voids seen in 
a 1.74 ct marquise cut diamond that 
was reported in the Spring 1995 Gem 
Trade Lab Notes (p. 53). 

Careful examination of this inclu- 
sion formation indicates that, just 
like the inclusion pattern previously 
reported, it represents a phantom 
octahedral crystal face that is invisi- 
ble except where decorated by the 
numerous tiny, flat triangular voids 
that formed along a growth interface. 

Even though these individual tri- 
angles are transparent, their high 
relief and almost silvery metallic lus- 
ter suggest that they are “voids.” 
Since no cleavage planes or fractures 
link them to the surface of the host 
diamond, it is probable that they con- 
tain a gas or fluid that was trapped 
and sealed off during growth. Tiny 
cleavage “halos” were seen at the 
edges of some of the triangles. These 
minute cracks might have resulted 
from a large difference in pressure 
between the conditions present when 
the inclusions formed, and those 
when the diamond was emplaced in 


Figure 5. Numerous triangular 
voids decorate a phantom octa- 
hedral face in this 2.03 ct dia- 
mond. Magnified 63x. 
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the transporting magma; stress 

induced during mining and faceting 

might also have caused the cracks. 
John I. Koivula 


SYNTHETIC DIAMOND, 
Showing Change of Color 


This past fall, a client showed a most 
interesting synthetic diamond to the 
laboratories on both coasts. Although 
the 0.51 ct round brilliant appeared 
mostly brown (due to both a dark 
tone and low saturation), it exhibited 
a color change from a greenish yellow 
hue in day (or fluorescent) light to an 
orange hue in incandescent light, as 
shown in figure 6. This first stone was 
produced by accident, but the manu- 
facturer has since reproduced the phe- 
nomenon in several more synthetic 
diamonds. 

The round brilliant was readily 
identified as synthetic diamond by 
standard gemological testing. 
Magnification showed a cloud of pin- 
points in the form of a square under 
the table, as well as several tiny gray 
inclusions. Brown graining along 
cubic directions formed a long, slim 
hourglass shape in profile view, and 
some of this graining luminesced 
green to strong visible light. When 
viewed with the long-wave UV lamp, 
this same brown graining fluoresced 
yellowish green, which was visible 
through the table as a cross pattern. 
When exposed to short-wave UV, the 
body of the stone fluoresced a weak 
orange, and the green cross persisted. 
Unlike the colored synthetic dia- 
monds we reported on previously, 
this one showed a strain pattern 
(anomalous birefringence) that fol- 
lowed the cubic graining. 

Several spectral features indicated 
that this synthetic diamond had been 
treated after growth. The infrared 
spectrum revealed a type IaA dia- 
mond, rather than the type Ib that 
most yellow synthetic diamonds are. 
Also present were clear, moderate- 
sized Hla and H1b bands (at 1450 and 
4935 cm", respectively), which are 
known to develop following irradia- 
tion and heating (A.T. Collins et al., 
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Figure 6. Beneath the overall brown color, this 0.51 ct synthetic dia- 
mond shows a color change from a greenish yellow hue in daylight (left) 
to an orange hue in incandescent light (right). 


“Spectroscopic studies of the H1b and 
H1c absorption lines in irradiated, 
annealed type Ia diamonds,” Journal 
of Physics C: Solid State Physics, Vol. 
19, 1986, pp. 3933-3944). The infrared 
spectrum also showed weak absorp- 
tions due to hydrogen, an impurity 
previously unreported in synthetic 
diamond. 

The visible spectrum showed a 
well-developed N-V center, with a 
primary peak at 637 nm and related 
absorptions at 503, 575, and 594 nm. 
While this center occurs rarely in 
natural-color diamonds, it is com- 
monly found in those that have been 
irradiated and heated, most notably 
treated-color pink to purple dia- 
monds. Although there are some 
other peaks in the spectrum, this 
broad feature between about 550 and 
637 nm, along with the transmission 
regions on either side, causes the 
color-change behavior. (For an expla- 
nation of the color-change phe- 
nomenon, see Y. Liu et al., “The 
‘alexandrite effect’ in gemstones,” 
Color Research and Applications, 
Vol. 19, No. 3, 1994, pp. 186-191.) 

IR 


PEARLS 


Cultured, with a Faceted Surface 


Another interesting item that the 
East Coast laboratory received for 
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identification was a strand of 10-13 
mm light gray cultured pearls that 
had been fashioned in a most unusual 
way: All were completely covered by 
rhombic facets, which gave them a 
distinct “polished” appearance (figure 
7). We had seen similar cultured 
pearls at the 1997 Tucson gem and 
mineral shows, as reported in the 
Summer 1997 Gem News (pp. 
146-147). 


The X-radiograph substantiated 
that these were cultured pearls. When 
we examined them with long-wave 
ultraviolet radiation, however, we 
noticed an uneven greenish yellow 
fluorescence, which was more intense 
along the facet edges. With magnifica- 
tion, it became evident that all facets 
were indeed flat and showed very 
sharp edges. They were completely 
smooth and had a mirror-like appear- 
ance in reflected light; we saw no 
polishing lines. The characteristic 
growth or suture lines in the nacre, 
formed by the edges of the overlap- 
ping aragonite platelets, were barely 
visible: They appeared as very faint 
lines rather than as narrow grooves. 
This overall flatness of the surface 
greatly increased the observed luster. 

We also noted that carefully 
applied pressure from the tip of a nee- 
dle probe left smooth indentations on 
the surface of the cultured pearl, simi- 
lar in appearance to those depressions 
left on a coated surface. This response 
may be a result of the extreme 
smoothness of the polished face, 
residue left on the surface from pol- 
ishing, or a superficial coating applied 
after polishing. KH 


Figure 7. The faceted surfaces of these 33 cultured pearls (10-13 mm in 
diameter) were extremely flat and showed very high luster. 
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Non-Nacreous “Pearls” 


By coincidence, last summer our labo- 
ratories on both coasts received two 
groups of symmetrical, oval- to drop- 
shaped, light pink concretions for 
examination. Some specimens were 
evenly colored, but others showed 
slight color variations (mainly darker 
bands of color encircling them). The 
most prominent feature was a “mosa- 
ic” pattern that covered the entire 
surface and gave rise to a sheen-like 
effect in reflected light (figure 8). 

This appearance reminded us of 
the flame-like pattern seen in some 
conch “pearls.” The sample in figure 
8 is particularly attractive, an oval 
shape that measured approximately 
14 x 12 mm in diameter. With 10x 
magnification, the surface looked fair- 
ly smooth. There were no signs of any 
polishing lines that might indicate 
that the specimen had been cut and 
polished to produce its shape. 
Standard testing verified that the 
specimen was a carbonate. 

An X-radiograph revealed a homo- 
geneous structure, which proved that 
the specimen was indeed a natural 
concretion. The surface of the pearl 
(figure 9) showed a pattern of densely 
packed polygons, which indicate a 
radiating prismatic structure; the 
polygons are cross-sections of the car- 
bonate prisms. According to consult- 


Figure 8. Note the color bands 
encircling one end of this 14 x 
12 mm calcareous concretion, 
which was produced by an 
oyster from the Pacific Coast 
of North America. 
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ing biologist Dr. C. Hedegaard, this 
geometry contrasts with the stacked 
shingles of nacre tablets found in 
common pearls, as well as with the 
flame-like pattern in pearl formations 
with crossed lamellar structure (e.g., 
Melo melo and Strombus gigas [conch 
“pearls’’]). To our knowledge, various 
thorny oysters can produce concre- 
tions (see Winter 1987 Gem Trade 
Lab Notes, p. 235). Our client 
informed us that this unusual concre- 
tion came from an oyster found along 
the Pacific Coast of North America. 
KH 


SPINEL, with a Darker Core 


When you mention high-quality natu- 
ral red spinel to anyone in the gem or 
jewelry trade, they usually think of 
Burma (now Myanmar) as a locality 
and often, more specifically, of the 
Mogok region. This is because nature 
has seen fit to have its finest red 
spinels “walk hand-in-hand” with its 
finest rubies in this locality. 

In fact, spinel is commonly associ- 
ated with ruby in many gem deposits 
worldwide. These two gems are close 
chemical cousins with a similar para- 
genesis, and in both cases the red 
color is caused by chromium. 
However, whereas ruby from Mogok 
is known for its distinctive roiled or 


Figure 9. A closer look at the 
uneven coloration of the “pearl” 
in figure 8 shows the radiating 
prismatic structure of the car- 
bonate grains of which it is com- 
posed. Magnified 12x. 
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Figure 10. This 1.11 ct spinel 
from Myanmar appears evenly 
colored face up, but it is actual- 
ly strongly color zoned and 
shows two different refractive 
index readings. 


heat-wave-like color zoning, the red 
spinels from this area (and spinels in 
general) do not commonly exhibit 
color zoning. 

It was, therefore, with great inter- 
est that we saw distinct color zoning 
in a 1.11 ct oval mixed-cut red spinel 
from Mogok (figure 10). The color 
zoning was not apparent when this 
gem was examined without magnifi- 
cation; rather it appeared to have a 
uniform color, as would be expected 
in a fine spinel. With magnification 
and standard, darkfield illumination, 
the color also appeared even. The nat- 
ural origin of this stone was immedi- 
ately discernible by the presence of 
numerous small negative crystals and 
birefringent mineral inclusions. 
These crystals appeared to outline 
one half of an octahedral “phantom” 
or core which was also delineated by 
edges that were somewhat rounded or 
melted looking. 

Another interesting feature of this 
stone was its refractive index. When 
testing spinel, one generally expects 
to get a single consistent reading. 
With this gem, however, the R.I. 
obtained from the table was 1.732, 
while testing anywhere else on the 
crown or pavilion gave a reading of 
1.718. Such a variation could easily 
lead to the erroneous conclusion that 
the stone was assembled. Since most 
flame-fusion synthetic spinel is 
known to have an RI. of about 1.73, 
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and since most natural spinel gives a 
single refractive index reading of 
about 1.71 to 1.72, the double reading 
on this stone could lead one to 
assume that the table area was com- 
posed of synthetic spinel, while the 
pavilion area was natural. 

Given the unusual results 
obtained with both magnification and 
the refractometer, we decided to 
examine the stone further using 
immersion in methylene iodide and 
diffused transmitted light. The color 
zoning became obvious (figure 11), in 
the form of a deep red, diamond- 
shaped core that was surrounded by 
much lighter pink spinel. The stone 
was then rotated for a profile view of 
the centralized color zone (again, see 
figure 11), which was revealed to be a 
half-octahedron with a large portion 
exposed on the surface of the table 
facet. It was now clear that the red 
core had the higher refractive index of 
1.732, while the pink areas had the 
slightly lower index expected for nat- 
ural spinel. 

Since the properties of this spinel 
were so unusual, we explored the 
chemical composition of the sample 
with energy-dispersive X-ray fluores- 
cence (EDXRF) analysis. Although 
our instrumentation is not calibrated 
to give quantitative results for spinel, 
this method can show if there is more 
of a particular element(s) on one sur- 
face of a faceted stone or crystal than 
on another. Mike Moon of GIA 
Research measured significantly more 


chromium and vanadium on the table 
facet, where the red octahedral phan- 
tom core was exposed to the surface, 
than on the pavilion. 

As a last test, we performed laser 
Raman microspectrometry on both 
the table and pavilion surfaces. While 
the instrument identified both test 
areas as spinel, the peaks obtained 
from the darker red table were 50% 
higher (i.e., more intense) than those 
generated from the pavilion. Like the 
obvious differences in refractive index 
recorded for this stone, this is appar- 
ently the result of the greater 
amounts of chromium and vanadium 
in the darker red core exposed on the 
table surface. 

This is not where the story ends. 
Last September, Mike and Pat Gray of 
Graystone Enterprises in Missoula, 
Montana, showed this writer a parcel 
of small, transparent, bright red “cut- 
ting rough” spinel octahedra from 
Myanmar. Microscopic examination 
of two of these crystals (0.19 and 0.20 
ct) revealed distinct, rounded cores of 
a deeper red color. The low relief of 
these cores showed that they were 
very close in refractive index to the 
surrounding spinel. It was only the 
strong difference in color that made 
them readily visible. Another 0.20 ct 
spinel crystal from this group showed 
what appeared to be an oblong core 
surrounded by layers of roiled growth 
zoning (figure 12), which is more rem- 
iniscent of what we expect to see in 
Mogok rubies. 


Figure 11. Immersion in methylene iodide revealed strong color zon- 
ing (left) in this 1.11 ct natural spinel. The profile view (right) shows 
that the dark red zone (6.82 mm long) is exposed on the surface of 


the table facet. 
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Figure 12. The strong roiled 
growth zoning around the 
oblong core in this 0.20 ct red 
spinel is unusual in spinel, but 
similar to that seen in Mogok 
rubies. Magnified 25x. 


Since the darker red cores of the 
two samples seemed to blend into the 
surrounding crystals with no sign of 
an interfacial separation—and, unlike 
the first spinel described above, the 
cores were not exposed on the surface 
of either crystal—we used a Becke 
line method (see. e.g., W.D. Nesse, 
Introduction to Optical Mineralogy, 
Oxford University Press, New York, 
1991, pp. 26-30) to determine that 
the cores had a higher refractive index 
than their host. 

It is not known how unusual such 
color-zoned red spinels are. In the par- 
cel of 48 small octahedra, just two 
with darker red cores were found with 
magnification alone. Since immersion 
is not generally used as a testing pro- 
cedure in the identification of spinel, 
the color zoning in such stones could 
easily be overlooked by a less-experi- 
enced gemologist. Yet knowledge of 
such a core could help the cutter pro- 
duce a darker red stone. 

John I. Koivula 
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DIAMONDS 


Diamond production starts at Canada’s Ekati mine. 
October 14, 1998, marked the opening of the Ekati dia- 
mond mine in Canada’s Northwest Territories (NWT). 
About 125 guests attended the event, including ministers 
from both the federal and territorial governments, offi- 
cials of indigenous peoples’ groups and municipal gov- 
ernments, executives of several mining companies, and 
media representatives. Prof. A. A. Levinson (University 
of Calgary, Alberta) attended on behalf of Gems @ 
Gemology and provided the following report. 

Several large mining companies began exploring for 
diamonds in the NWT in the early 1980s, but by 1985 
most had withdrawn from the area. However, the inde- 
fatigable Charles E. Fipke, who in 1983 incorporated Dia 
Met Minerals Ltd., continued the arduous and expensive 
exploration along with his partner, Stewart L. Blusson. In 
1985, Fipke found the first diamond indicator minerals 
(most importantly, “G10” pyrope garnets) in glacial 
deposits in the vicinity of Lac de Gras (figure 1). He 
staked the first claims for diamonds in the NWT in 1989. 
In September 1990, Dia Met and BHP Minerals (a sub- 
sidiary of Australia-based Broken Hill Proprietary Ltd.) 
signed a joint-venture agreement for the NWT Diamonds 
Project; BHP became operator of the project. 

Within a few months, the joint venture had located a 
likely source of the diamond indicator minerals (which 
now included chrome diopside) under what was subse- 
quently named Point Lake. Following geophysical sur- 


Figure 1. Five kimberlite pipes make up the Ekati dia- 
mond mine, which is located about 300 km northeast 
of Yellowknife in the Northwest Territories. Artwork 
modified from original provided by Outcrop; courtesy 
of BHP Diamonds Inc. 
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veys, in spring 1991 a core hole was drilled under Point 
Lake and the first diamond-bearing kimberlite pipe was 
confirmed (it is presently noneconomic, at a grade of 0.6 
ct/tonne with diamonds valued at less than US$40/ct). 
To date, the joint venture has discovered more than 100 
kimberlite pipes, many of which contain diamonds, 
within its 1,820 km? stake on the north side of Lac de 
Gras. The economic potential of some of the pipes has 
yet to be determined. The five kimberlite pipes that now 
comprise the Ekati diamond mine, in order of their dis- 
covery between 1992, and 1995, are Fox, Koala, Misery, 
Panda, and Sable (again, see figure 1). 

Most of the pipes are located under lakes that formed 
because the kimberlite was eroded more easily than the 
surrounding granite by advancing glaciers during the last 
Ice Age. By world standards, these kimberlite pipes are 
small (e.g., Panda is about 3 ha [hectares], or 7.4 acres), 
but they can have extremely high grades and/or high val- 
ues (table 1 and figure 2). (Most kimberlite mines operat- 
ing today are larger than 6 ha. For example, Mir is 6.9 ha, 
Venetia is 12.7 ha, and Premier is 32.2 ha.) 

By late 1993, it was clear to the joint venture that a 
viable diamond mine could be developed in the Lac de 
Gras region. In 1994, BHP Minerals transferred its inter- 
est to BHP Diamonds Inc., a newly formed Canadian cor- 
poration. In December of that year, BHP Diamonds Inc. 
notified the Canadian government of its intent to mine 
the deposit. However, the mine is located in an area of 
continuous permafrost, with a fragile ecosystem. In July 


TABLE 1. Ore reserves and the timetable (anticipated 
production dates) for mining diamonds at the five pipes 
comprising the Ekati diamond mine.@ 


Panda Misery Koala Sable Fox 


1998- 1999- 2002- 2007- 2008- Total (T) 


Production 2009 2013 2013 2013 2015 Avg. (A) 


Mining reserves 13.4 55 174 12.9 16.7 66.0 (T) 
(millions of tonnes)® 

Grade of kimberlite 1.09° 4.26 0.769 0.93 0.40 1.09 (A) 
(ct/tonne) 

Average value of 130 8926 122 ~=64 125 
diamonds (US$/ct) 


84 (A) 


@ Production schedules are subject to change. All pipes will be 
mined initially by open-pit methods. Underground mining will occur 
later at the Panda and Koala pipes. Modified from Dia Met Minerals 
Ltd. Annual Report 1997-1998. A particular year (e.g., 1999) refers 
to the fiscal year, which starts in June (e.g., June 1999-May 2000). 

bIncludes both proven reserves (43.5 million tonnes total) and probable 
reserves (22.4 million tonnes total); 1 tonne = 1,000 kg = 2,204.6 
pounds (avadp). 

° Grade includes the 0.97 ct/tonne material in the underground 
mining portion of 2.8 million tonnes. 

Grade includes the 1.63 ct/tonne material in the underground 
mining portion of 0.8 million tonnes. 
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Figure 2. All of these diamonds were recovered from 
the Ekati mine. (The largest rough diamond reported 
thus far weighed 47 ct, but we do not know if it was 
gem quality.) Photo courtesy of BHP Diamonds Inc. 


1995, an extensive environmental impact study was sub- 
mitted for government review. Following a careful evalu- 
ation, the successful conclusion of negotiations with four 
indigenous peoples’ groups, and approval by the Federal 
Cabinet, all necessary licenses and permits were 
obtained by January 1997, allowing construction to 
begin. Close attention was paid to integrating the project 
with the local communities and the economy of the 
NWT (for example, about 550 permanent jobs have been 
created, 30% of which are held by indigenous people.) 
The project was named Ekati in 1997, with the own- 
ership distributed as follows: BHP Diamonds Inc. (51%), 
Dia Met Minerals Ltd. (29%), Charles E. Fipke (10%), and 
Stewart L. Blusson (10%). Ekati means “fat lake” and is 
the name traditionally used by indigenous people for Lac 
de Gras. It refers to the white quartz rock found in abun- 
dance around the lake, which resembles caribou fat. 
Construction of the mine presented numerous chal- 
lenges because of the remoteness of the area, the lack of 
permanent roads (a 475 km ice road is available from 
Yellowknife, the territorial capital, for only 8-10 weeks 
from mid-January to mid-April), the lack of other types of 
infrastructure (e.g., electricity), and the harsh climate 
(temperatures can drop to —50°C in the winter months). 
Yet construction of a processing plant and supporting 
facilities, as well as preparation of the first kimberlite for 
mining (Panda; see figure 3), were completed on schedule 
in 21 months. This is an amazing engineering and logisti- 
cal feat, considering the difficulties mentioned above. So 
far the investment in Ekati totals about US$700 million. 
The five kimberlites at Ekati will be mined in a 
sequence determined by the size and location of each 
pipe, as well as by the projected value of (and market 
demand for) the diamonds they contain. This plan is 
designed to provide a consistent production, both by 
quality and value of the diamonds. Some ore will be 
stockpiled in case mining is interrupted by equipment 


GEMS & GEMOLOGY Winter 1998 291 


Figure 3. This aerial photograph of the Ekati diamond 
mine, looking south (with the camp and processing 
facilities in the distance), was taken in August 1998. 
The Panda pit (foreground) measures about 900 m in 
diameter; the kimberlite is the much smaller dark 
region in the center and lower right of the pit floor. (The 
area of the pit is larger than the pipe because of the 
requirements of open-pit mining.) Eventually, the bot- 
tom of the pit will be about 100 m wide and 300 m 
below the present surface, at which time underground 
mining will commence. Just beyond the Panda pit is 
Koala Lake, which marks the location of another kim- 
berlite that is scheduled to begin mining in 2002. Photo © 
Jiri Hermann/BHP Diamonds Inc. 


breakdown or extreme weather. Production from Ekati, 
initially only from the Panda pipe, is scheduled at 9,000 
tonnes of kimberlite per day, yielding approximately 
10,000 carats of diamonds daily (about enough to fill a 
large coffee can). Annually this is equivalent to 3.5—-4.5 
Mct (million carats) of rough gem and industrial dia- 
monds, worth about US$500 million. On the basis of 
current world production (115 Mct), this will constitute 
about 4% of the total annual supply by weight and 6% 
by value. It is planned that, after 10 years, production 
will be increased to 18,000 tonnes of kimberlite per day, 
requiring an additional investment of US$80 million. 
Over the initial 17 year life of the Ekati mine, about 66 
million tonnes of ore will be processed from the five 
kimberlite pipes (again, see table 1), yielding about 72 
Mct of diamonds (based on an overall grade of 1.09 
ct/tonne). In view of the numerous other kimberlites in 
the area, some of which almost certainly will be mined 
in the future, mining in this region is expected to last for 
at least 25 years. 

The rough diamonds will be sorted and evaluated at a 
specially designed facility near the Yellowknife airport, 
beginning in early 1999. Initially, all of the rough dia- 
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monds will be exported to Belgium, to be marketed 
through BHP Diamonds’ sales office in Antwerp, with 
the assistance of I.D.H. Diamonds NV. It is anticipated 
that a limited number of cutting facilities eventually will 
be established in various parts of Canada. 

Ekati is the first of what are likely to be several new 
diamond mines in Canada. The Diavik project, which 
borders Ekati on the south, is being developed by Rio 
Tinto PLC and Aber Resources; it is expected to begin 
production in 2002 with about 6 Mct annually. When the 
Diavik production is combined with that of Ekati, about 
10% of the world’s diamonds (by both weight and value) 
could come from Canada; this is comparable to current 
production from South Africa. 


Financial Times Diamond Conference. Gems & 
Gemology editor Alice Keller attended this one-day con- 
ference, which was held in Antwerp, Belgium, on 
October 28. Three main areas of the diamond business 
were addressed: supply, manufacture, and demand. 

De Beers has a major stockpile of diamonds (which 
they valued at about $4.6 billion as of June 1998) and can 
adjust supplies to assure stability for rough diamond 
prices. Given concerns about diamond demand (see 
below}, the Central Selling Organisation (CSO) will con- 
tinue to restrict sights, and not all sightholders will 
receive diamonds at each one. The main sources for 
stones outside CSO marketing channels have been 
Russia, Angola, and Australia; Canada is now poised as a 
fourth source. Despite its own economic crisis, Russia is 
in a good position to continue diamond mining; however, 
production is not likely to increase in the near future, 
and current production is completely absorbed by the 
CSO and the Russian cutting industry. Mining in Angola 
is uncertain (and expensive) because of the civil war rag- 
ing there, which shows no sign of abating. However, 
Angola has produced several million carats of alluvial 
stones in recent years, and the first kimberlite pipe to be 
mined there, Catoca, recovered more than 122,000 carats 
in one month in 1998. Although Canada’s Ekati mine 
will produce about 3.5-4.5 Mct annually, with no plans 
by BHP to stockpile goods, De Beers’s representatives do 
not believe that Canadian production will have a signifi- 
cant impact on supply. 

Two related economic problems bedevil manufactur- 
ers: overcapacity and financial liquidity. Today, the dia- 
mond industry is in transition from being supply driven 
to being demand/marketing driven. India is now the 
world’s leading diamond manufacturer, producing 9 of 
every 10 fashioned diamonds, with costs as low as $0.75 
to cut a small sawn stone. The huge manufacturing 
capacity there has led to excess inventory. Israel is suffer- 
ing because so much of their business fed demand in 
Asia. Rough imports to New York decreased 23% for 
1997 compared to 1994, yet diamond jewelry sales in the 
U.S. continue to rise. However, this increased demand is 
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primarily for less-expensive goods, rather than for the 
more important stones cut in New York. Like Israel and 
New York, the Belgian diamond industry must contend 
with high wages relative to India. Recent allegations that 
drug dealers are laundering money through the Antwerp 
diamond trade may lead to further scrutiny on the part of 
government authorities. 

Diamonds have been adversely affected on the 
demand side, not only because of the Asian financial cri- 
sis, but also because consumers in Japan appear to be 
putting disposable income into goods other than dia- 
monds. (In Japan, diamonds—especially solitaire rings 
with certificates—are perceived to be the least profitable 
part of a jeweler’s inventory.) More and more diamond 
manufacturers look to U.S. consumers to compensate for 
lost Asian sales. The auction market saw a recent drop in 
demand: Christie’s sold only 50% of the lots offered at its 
October 1998 sale in New York, and the company 
responded immediately with a reduced, more selective, 
December auction. One key to building demand is adver- 
tising; in addition to its own branding initiative (still 
being “test-marketed”), De Beers continues to invest 
$200 million per annum in “generic” diamond advertis- 
ing worldwide. Overall, technology is altering the “dia- 
mond landscape”: improved communications (e.g., the 
Internet), new instruments, and ongoing research are 
changing the way diamonds are found, fashioned, and 
regarded. 


COLORED STONES 


Colored stone presentations at the International 
Mineralogical Association meeting. The Fall 1998 Gem 
News section reported the results of several diamond 
investigations described at the 17th IMA meeting in 
Toronto, Ontario, last August. There were also numer- 
ous presentations on colored stones, several of which are 
summarized below. 

George Rossman (California Institute of Technology, 


Pasadena) delivered a plenary lecture on the origin of 
color in minerals. The coloration of tourmaline, garnet, 
and the colored varieties of quartz are due to transition 
metal ions (often interacting to produce different colors) 
and microscopic inclusions. Color also can be induced 
when natural background radiation changes the oxida- 
tion state of ionic impurities. D. C. Grenadine (Slippery 
Rock University, Pennsylvania) attributed the formation 
of the color centers that produce yellow to brown in sili- 
cate minerals such as quartz, topaz, and beryl, to ionic 
impurities in the presence of aluminum that has substi- 
tuted for silicon in tetrahedral sites. In two presentations, 
John Emmett and Troy Douthit (Crystal Chemistry, 
Brush Prairie, Washington) described the techniques used 
to treat some gemstones (especially sapphire), which may 
result in a substantial improvement in color and/or clari- 
ty (see, e.g., figure 4) and therefore value. 

There were numerous presentations on gem corun- 
dum. F. L. Sutherland (Australian Museum, Sydney) pre- 
sented a model for the origin of two geochemically dis- 
tinct suites of corundum from alkali basalts, whereby 
partial melting of the lithosphere over a rising plume of 
the earth’s mantle can lead to repeated eruptions of 
potentially gem-bearing lava. M. I. Garland and col- 
leagues (University of Toronto} inferred that the alluvial 
sapphires from southwest Montana came from a crustal 
metamorphic source, on the basis of their relatively low 
(40-60 ppm) gallium contents. T. Hager (University of 
Mainz, Germany) and colleagues studied the trace-ele- 
ment chemistry and inclusions in rubies from two min- 
ing areas in Vietnam—Luc Yen (where the rubies are pro- 
duced by metasomatic processes in marble) and Quy 
Chau (where pegmatites introduced into sillimanite- 
bearing schists are responsible for ruby formation). T. 
Hager also studied the cause of color in sapphire, and 
noted that magnesium seemed to be required (as well as 
Fe and Ti) to explain the coloration of heat-treated yel- 
low sapphire. D. Tang (University of Fuzhou, Fujian, 
China) attributed the blue color of sapphires from Mingxi 


Figure 4. Some near-colorless geuda sapphires from Sri Lanka (left) become commercially important 
after heat treatment improves their color (right). The stones range from 1 to 4 ct. Photos courtesy of 


John Emmett, Brush Prairie, Washington. 
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Figure 5. Granitic pegmatites in Afghanistan are 
renowned for producing large quantities of gem-qual- 
ity spodumene in a variety of colors. This kunzite 
crystal is 11.8 cm long. Courtesy of Bill Larson, 
Fallbrook, California; photo © Jeff Scovil. 


(Fujian Province) to a defect cluster containing hydrogen 
as well as iron and titanium. A. V. Lyutin (Moscow State 
University, Russia) and colleagues grew flux synthetic 
rubies with up to 6.38 wt.% Cr,O, from PbO-V,O0;-WO, 
flux. They found that samples grown in this flux, and in 
Li,O-WO, flux, at 1100°-1250°C, had rather equidimen- 
sional shapes. 

I. I. Moroz (Hebrew University of Jerusalem, Israel) 
and G. Panczer (University Claude Bernard, Lyon, 
France) examined the Raman spectra of emeralds from 
several deposits, and suggested that this technique might 
someday be useful to differentiate emerald localities. I. Z. 
Eliezri (Colgem Ltd., Ramat Gan, Israel) and I. I. Moroz 
examined the compositions of mica and talc inclusions 
in emeralds from different sources, and likewise suggest- 
ed that these compositions might be useful to identify 
emerald sources. G. Graziani (University of Rome “La 
Sapienza,” Italy) used infrared spectroscopy to investigate 
several possible sources for ancient Roman emeralds. 

A. M. R. Neiva (University of Coimbra, Portugal) and 
co-workers described the trace-element chemistry of 
blue, green, pink, and white beryl from Namivo, Alto 
Ligonha, Mozambique. Z. L. Li and colleagues (Zhong- 
shan University and Nanjing University, China) charac- 
terized zinc spinel and other daughter crystals found in 
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melt inclusions in pegmatite beryl from Xinjiang, 
Hunan, and Yunnan Provinces, China. J. M. Evenson 
(University of Oklahoma, Norman) and colleagues 
looked at the equilibrium among beryl, aluminosilicates, 
chrysoberyl, and quartz in an aluminum-rich granitic 
melt; they found that beryl could crystallize at very low 
beryllium concentrations in low-temperature-solidifying 
melts. 

T. Lu (GIA Research, Carlsbad) and colleagues 
described differences between natural and synthetic 
amethyst, citrine, and ametrine. Some synthetic 
amethyst can be identified by the orientation of color 
zones and growth bands, pleochroism, and a characteris- 
tic IR absorption peak at 3540 cm". I. K. Bonev 
(Bulgarian Academy of Science, Sofia) suggested that thin 
microscopic calcite plates acted as seeds for well-formed 
crystals of “fadenquartz” (quartz crystals containing 
opaque white strips that might be mistaken for the seed 
plates in synthetic quartz), which form in Alpine-cleft- 
type deposits in Switzerland and elsewhere. 

Advanced analytical techniques were described in 
many presentations. M. Gaft (Open University of Israel, 
Tel Aviv) and G. Panczer illustrated the use of laser- 
induced time-resolved luminescence spectroscopy to dif- 
ferentiate among luminescence centers with similar 
emission spectra but different decay times; previously 
unknown causes of luminescence (mostly involving rare- 
earth elements) were documented. M. Superchi and E. 
Gambini (CISGEM, Milan Chamber of Commerce, Italy) 
discussed the use of infrared spectrophotometry, energy- 
dispersive spectrometry, and Raman microspectrometry 
to identify treatments and differentiate between varieties 
of organic and amorphous gem materials. A. Banerjee 
(University of Mainz, Germany) and D. Habermann 
(Bochum University, Germany) used hot-cathode 
cathodoluminescence to differentiate between natural 
and cultured freshwater pearls from North America and 
China, respectively. P. Zecchini (University of Franche- 
Comté, Besancon, France) and colleagues used 
reflectance IR spectroscopy, electron microprobe analy- 
sis, and X-ray diffraction to determine nondestructively 
the species, composition, and lattice parameters of gem 
garnets. 

Gem-bearing pegmatites were highlighted by several 
researchers. K. L. Webber and colleagues (University of 
New Orleans, Louisiana) calculated the crystallization 
times of some gem-bearing pegmatites in San Diego 
County, California; for the famous Himalaya dike at 
Mesa Grande, they estimated that the pegmatite cooled 
to 400°C in only five to 14 days. P. Keller (University of 
Stuttgart, Germany) defined several belts of rare-element 
pegmatites in Namibia’s Central Damara Province; gem 
tourmaline has been found in some of these pegmatites. 
B. M. Laurs (GIA Gems & Gemology) surveyed the gem- 
stone resources and the geologic setting of kunzite- 
elbaite-beryl pegmatites in Afghanistan (see, e.g., figure 
5), and suggested possibilities for further exploration. A. 


GEMS & GEMOLOGY Winter 1998 


B. Rao and M. S. Adusumilli (University of Brasilia, 
Brazil) gave exploration guidelines for aquamarine- and 
elbaite-bearing pegmatites in Borborema Province, Rio 
Grande do Norte, Brazil. C. Kasipathi (Andhra 
University, India) and A. B. Rao described the source 
rocks (mostly pegmatites) for many gems (e.g., ruby, 
alexandrite, tourmaline, topaz, and garnet) in the 
Khammam, East Godavari, and Visakhapatnam districts 
of Andhra Pradesh State, India. 


Chalcedony with goethite inclusions from Madagascar. 
On a recent trip to Madagascar, Michel Bricaud of La 
Rose du Désert, Bagneux, France, acquired a large 
quantity of an unusual variety of chalcedony (figure 6), 
some of which was examined by Gem News contribut- 
ing editor Emmanuel Fritsch at the University of Nantes, 
France. The material is currently being fashioned into 
cabochons. 

The chalcedony contains abundant tiny, dark spheri- 
cal aggregates, typically 0.1-0.2 mm in diameter. Their 
dark brown color contrasts sharply with the white or 
beige of the matrix, and their small size creates very fine 
detail in the inclusion patterns. With magnification, 
these spherules show yellow-brown internal reflections, 
which suggests that they are goethite. 

Chemical analyses of the spherules were performed 
with a JEOL 5800 LV scanning electron microscope, 
equipped with an energy-dispersive detector that can 
detect most light elements, including oxygen (but not, 
e.g., hydrogen). The only elements detected by SEM-EDX 
were iron and oxygen, as well as small amounts of sili- 
con from the chalcedony matrix. This chemistry is typi- 
cal of iron oxides and hydroxides. X-ray diffraction analy- 
sis of a fragment of chalcedony particularly rich in the 
inclusions showed peaks corresponding to goethite, in 
addition to the quartz peaks. Dr. Fritsch therefore identi- 


Figure 6. The tiny black inclusions forming fine 
patterns in these chalcedony samples from 
Madagascar (each about 4 cm across) were iden- 
tified as goethite. Photo by A. Cossard. 
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Figure 7. At first, this 1.48 ct colorless iolite was 
thought to be feldspar. The 18.49 ct iolite block 
shown on the left was used as a reference standard 
for Raman analysis. Photo by Maha DeMaggio. 


fied the small brown spherules as goethite [a-FeO(OH)] 
inclusions in chalcedony. 


Iolite gemologically indistinguishable from feldspar. The 
vast majority of gem identifications today—well over 
90%—can still be made with the standard methods avail- 
able to most gemologists and jewelers. However, occa- 
sionally we receive gem materials that present especially 
subtle challenges. The actual identities of these materials 
often are not even suspected unless so-called advanced 
testing techniques are used. One example was the 
faceted genthelvite described in the Fall 1995 Gem News 
(pp. 206-207), which could not be distinguished from 
(much more common) pyrope-almandine garnet using 
standard gem-testing methods. 

Recently, we were asked to look at a colorless, trans- 
parent oval mixed cut (figure 7), which weighed 1.48 ct 
and measured 9.31 x 7.09 x 4.05 mm. The stone was ini- 
tially represented to K & K International of Falls Church, 
Virginia, as oligoclase feldspar from Sri Lanka. The 
gemological properties of this stone were typical for pla- 
gioclase feldspar in the albite-oligoclase compositional 
range. Its three refractive indices were o =1.531, B = 
1.534, and y = 1.541, yielding a birefringence of 0.010. 
The optic character and sign were biaxial positive. The 
specific gravity, as determined hydrostatically, was 2.62 
(average of three measurements). The stone was inert to 
both long- and short-wave UV radiation. When it was 
viewed with a microscope in polarized light, lamellar 
twinning was obvious (figure 8), this feature was similar 
to that commonly seen in plagioclase. 

To confirm the stone’s identity, we analyzed it with 
the laser Raman microspectrometer. We were surprised 
when the Raman spectrum indicated that this colorless 
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Figure 9. Areas of polysynthetic twinning were also 
observed in the iolite block shown in figure 7. 
Photomicrograph by John I. Koivula; polarized light, 
magnified 20x. 


gem was cordierite (iolite). Three different areas of the 
stone were tested, all with the same result. To corrobo- 
rate this identification, we performed Raman analysis on 
an 18.49 ct rectangular block of blue iolite (also shown in 
figure 7). On the basis of the results obtained, there is no 
question that the colorless stone is cordierite and not a 
feldspar, even though the gemological properties of this 
stone would be consistent with either gem material. 


Figure 10. Rounded, metallic grains of pyrrhotite are 
surrounded by decrepitation halos in this sapphire 
from Dry Cottonwood Creek, Montana. 
Photomicrograph by John I. Koivula; magnified 25x. 
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Figure 8. In polarized 
light, the colorless 
iolite showed obvious 
polysynthetic twin- 
ning. These two views 
illustrate the sample 
at slightly different 
orientations. 
Photomicrographs by 
John I. Koivula. 


Although lamellar or polysynthetic twinning of 
cordierite is not mentioned in gemological texts, miner- 
alogy texts do list this structural property as a common 
feature. For example: “Cordierite may show polysynthet- 
ic twinning and birefringence resembling that of plagio- 
clase” (W. R. Phillips and D. T. Griffen, Optical 
Mineralogy, the Nonopaque Minerals, 1981, W. H. 
Freeman and Co., San Francisco, p. 168). In fact, the blue 
iolite sample that we used as a Raman standard also 
showed excellent twinning in polarized light (figure 9). 

Because plagioclase and cordierite have similar gemo- 
logical properties, it is quite possible that these gems 
could be misidentified, especially samples from a locality 
that hosts both gem minerals (e.g., Sri Lanka, India, and 
Madagascar). 


New features of Montana sapphires: Gold is where you 
find it. Since 1992, Marc Bielenberg of Hamilton, 
Montana, has been involved in an extensive sapphire 
sampling project on the main drainage and both forks of 
Montana’s Dry Cottonwood Gulch. Those gem-quality, 
water-worn crystals that were deemed suitable for heat 
treatment were visually separated from the “rejects,” 


Figure 11. This crystal of clinozoisite in sapphire 
from Dry Cottonwood Creek displays perfect cleav- 
age; it also hosts a smaller unidentified rod-shaped 
inclusion. Photomicrograph by John I. Koivula; 
magnified 35x. 
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which were mostly smaller stones of apparent lower 
quality. These reject stones were stored for several years 
without any further examination. 

During the 1997-1998 winter season, when mining 
activity had ceased, Mr. Bielenberg decided to examine 
the reject sapphires more closely. While searching for 
interesting or unusual inclusions, he discovered what 
later were proved to be (by Raman analysis and X-ray 
powder diffraction) mineral inclusions of pyrrhotite (fig- 
ure 10) and clinozoisite (figure 11), which were not previ- 
ously known as inclusions in Montana sapphires. 

A real surprise, however, was the discovery of micro- 
scopic grains of gold in the crevices, pits, and cracks of 
some of these sapphires. The gold had the form of tiny 
water-worn nuggets (figure 12) rather than flakes. In no 
instance was gold observed as an actual inclusion in any 
of these sapphires. Mr. Bielenberg observed gold on the 
surfaces of 135 of the 600-700 stones he examined. Most 
of these stones had only one microscopic nugget; the 
most gold particles found on any one stone was four. 
Higher magnification shows that, at least in some 
instances, the gold appears to have been smeared by fric- 
tion across the surface and into cracks and crevices 
(inset, figure 12). To confirm the identification, energy- 
dispersive X-ray fluorescence analysis by Sam 
Muhlmeister of GIA Research resolved a gold peak from 
each of two different sapphires. 

Because the gold can be removed from the surface of 
the sapphires with a small probe, it is evident that the 
grains are not strongly bonded to the sapphires. 
Apparently, the gold was naturally wedged in place as 
the stone was moving through its alluvial environment. 
This discovery suggests that the Dry Cottonwood Creek 
area might also have potential for gold recovery. 


Highly translucent green serpentine from Afghanistan. 
Franck Notari of GemTechLab in Geneva, Switzerland, 
provided contributing editor Emmanuel Fritsch and the 
gemology laboratory at the University of Nantes with 
several highly translucent yellowish green beads (figure 
13). These poorly polished beads came from necklaces 
that were reportedly purchased in Afghanistan. One bead 
was sawn in two and polished for gemological testing. 
Refractive index measurements varied between 1.563 
and 1.567, and the specific gravity (determined hydrostat- 
ically) was 2.55 + 0.05. These data are typical for serpen- 
tine. Further testing was required to identify the particu- 
lar species in the serpentine “subgroup” of the kaolinite- 
serpentine mineral group. Energy-dispersive spec- 
troscopy, with the University of Nantes SEM-EDX sys- 
tem, showed the presence of oxygen, magnesium, and 
silicon, with lesser amounts of aluminum and iron. 
(Although oxygen can be detected with this system, 
hydrogen cannot.) The X-ray diffraction pattern was an 
excellent match for a monoclinic polytype of antigorite, 
antigorite-6M, which is a serpentine mineral. The 
chemical formula usually quoted for antigorite is 
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Figure 12. A cluster of gold micronuggets is visible in 
a surface depression on this sapphire from Dry 
Cottonwood Creek. Photomicrograph by John I. 
Koivula; magnified 15x. The inset shows a small par- 
ticle of gold that appears to have been smeared into 
the surface of the sapphire. Photomicrograph by John 
I. Koivula; magnified 40x. 


(Mg,Fe2+),Si,0.(OH),; the yellowish green color is 
probably caused by the iron present. 


Etch-decorated topaz. Two interesting samples of color- 
less topaz were recently sent to the Gem News editors 
for photodocumentation and gemological investigation 
of their inclusions (figure 14). Bill Larson, of Pala 
International, Fallbrook, California, reported that both 
samples were from the Mogok region of Myanmar. 

The cabochon was thought to contain inclusions of 
the mineral goethite (an iron oxyhydroxide}, as suggested 
by the brown color and acicular habit. When these inclu- 
sions were viewed with magnification, however, their 


Figure 13. These unusually translucent yellowish 
green beads, reportedly from Afghanistan, are antig- 
orite, a serpentine mineral. Photo by A. Cossard. 
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appearance was identical to the so-called “rutilated” 
topaz that was described and documented in the 
Summer 1987 issue of Gems &) Gemology (J. Koivula, 
“The rutilated topaz misnomer,” pp. 100-103). Although 
the inclusions in the topaz crystal were identical in 
shape to those in the cabochon, they were colorless. All 
the inclusions in both samples appeared to reach the sur- 
face of their host topaz. 

In the earlier Gems #& Gemology article, Brazilian 
“rutilated topaz” was actually shown to contain ribbon- 
shaped (to somewhat more prismatic) etch channels that 
were stained by limonite. The channels probably formed 
as surface-reaching fissures during growth of the topaz 
and were significantly enlarged through later etching by 
corrosive hydrothermal fluids. The “earthy” yellowish 
brown limonite was later deposited in the channels by 
iron-rich groundwaters. Therefore, although the inclu- 
sion channels co-existed with the growth of the topaz, 
the filled inclusions developed after the crystal had 
formed; these were not solid mineral inclusions that 
grew at the same time as the topaz. (The channels would 
be colorless if they were not stained or filled with epige- 
netic material.) The colorless channels present near the 
termination of the topaz crystal in figure 14 indicate that 
this particular crystal may not have been exposed to the 
same epigenetic solutions that entered the stone from 
which the cabochon was cut; or perhaps the iron-rich 
stains were removed during cleaning of the specimen. 


Figure 14. The 26.31 x 20.08 x 13.24 mm (62.68 ct) 


cabochon of colorless topaz contains etch channels Red, pink, and bicolored tourmaline from Nigeria. 
filled with yellowish brown limonite. The crystal (73 Tourmaline from Nigeria has been known in the gem 
mu long) also contains numerous etch channels, but trade since at least the middle 1980s (see, e.g., Gem 
these do not show any evidence of staining. Courtesy News: Spring 1988, p. 59; Spring 1989, p. 47; Spring 1992, 
of Bill Larson; photo by Maha DeMaggio. p. 62). These stones originated from tin-bearing peg- 


matites in Kaduna State, as well as from a pegmatite belt 
southeast of Kaffi in central Nigeria (J. Kanis and R. R. 
Harding, “Gemstone prospects in central Nigeria,” 

= Journal of Gemmology, Vol. 22, No. 4, 1990, pp. 
195-202). Gem-quality green, red, pink, and bicolored 
tourmalines have been recovered. Recently, contributing 
editor Karl Schmetzer provided information on a new 
tourmaline find in Nigeria. 

In summer 1998, Nigerian traders at Idar-Oberstein 
offered large parcels of gem tourmaline from a locality 
west of the town of Ogbomosho, near the border with 
the country of Benin. More than 100 rough crystals and 
10 faceted stones were loaned to Dr. Schmetzer by Karl 


Figure 15. These tourmaline crystals come from a 
new find in Nigeria. Red, pink, colorless, and green 
zones are typical, but grayish blue zones were also 
seen. The largest crystal, on the left, measures 49 mm 
long and 13.5 mm across. Courtesy of Karl Egon Wild 
Co.; photo by M. Glas. 
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Egon Wild Co. (Kirschweiler) and Julius Petsch Jr. Co. 
(Idar-Oberstein). Dr. Schmetzer described the crystals as 
prismatic in habit (figure 15), with trigonal prism faces m 
{0110} and hexagonal prism faces a {1120}; the dominant 
trigonal pyramid faces were o {0221}, sometimes in com- 
bination with ditrigonal pyramid x {1232} faces. The rela- 
tive size of the terminal face, or pedion, c (0001) varied 
from small to large (figure 16). 

Most of the crystals were color zoned purplish red to 
pink to nearly colorless. In some samples, the growth 
zones adjacent to the pedion (parallel to the pyramid 
faces) were medium to intense yellowish green or green; 
rarely, this end of a crystal was bluish gray (again, see fig- 
ure 15). The pleochroism for the red and pink zones was 
colorless to medium pink parallel to the c-axis, and 
intense pink to red perpendicular to the c-axis. For green 
zones, it was light yellowish green parallel to the c-axis, 
and intense yellowish green or green perpendicular to 
this axis. For the bluish gray zones, pleochroism was 
light grayish blue parallel to the c-axis, and intense gray- 
ish blue perpendicular to this axis. 

The faceted stones were evenly colored red or pink 
(figure 17), bicolored green and pink (and, rarely, blue and 
pink), or color zoned in various shades of red and pink. 
The refractive indices and specific gravities varied within 
relatively small ranges: n,, = 1.640 and n, = 1.620 (both + 
0.002); specific gravity = 3.05 + 0.02. On the basis of visi- 
ble absorption spectroscopy, Dr. Schmetzer determined 
that Mn** was the dominant chromophore in the red and 
pink samples. 


TREATMENTS CO 


On the burning of polymer-impregnated synthetic and 
natural opals. In polymer-impregnated gem materials 
(e.g., opal, turquoise, and jade}, the question sometimes 
arises as to how much polymer is present. This is espe- 
cially a cause for concern with opal, since the refractive 
index and specific gravity values of the polymer com- 
pound(s) commonly used are so similar to those of the 
opal itself. Furthermore, the two materials are not easily 
distinguished by visual examination, even with the 
microscope. Consequently, the amount of polymer pre- 
sent is generally unknown, and might constitute a signif- 
icant portion of the weight of a sample. 

In addition, the Materials Safety Data Sheets provided 
with polymers state that many are flammable. To study 
this possible durability concern, as well as to investigate 
the amount of polymer present in some natural and syn- 
thetic opals, Gem News editor Mary Johnson and GIA 
Gem Trade Laboratory staff gemologist Maha DeMaggio 
destructively tested seven samples by burning them. 
Since heat drives off both water and volatile organic 
materials (such as some of the breakdown products of 
heated polymers), the approximate amount of these sub- 
stances present can be measured by weighing the sample 
before and after heating. Although this test would not be 
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Figure 16. These schematic drawings illustrate the 
crystal faces seen on the tourmaline crystals recently 
found in Nigeria. Variations in the size of the pedion 
c (0001) face primarily account for the differences in 
morphology between the two crystals. After drawings 
by Karl Schmetzer. 


applied in the course of routine gem testing, it does pro- 
vide some idea of the potential weight component of the 
polymer in such treated synthetic opal (which, based on 
earlier research, appears to be largely anhydrous). 

The samples used were: one (untreated) “white” 
Gilson synthetic opal (2.43 ct), one (untreated) “black 
crystal” Gilson synthetic opal (1.13 ct) [Gilson synthetic 
opals are not polymer-treated, in our experience], four 
polymer-impregnated synthetic opals (0.21, 0.65, 1.39, 
and 8.14 ct), and one polymer-impregnated natural opal 


Figure 17. Attractive faceted stones are being cut 
from the new find of Nigerian tourmaline, such as 
this 21.10 ct rectangular cushion. Courtesy of Bill 
Larson; photo by Maha DeMaggio. 
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John Wesley Ware 


In the recent death of Mr. J. W. 
Ware, the gemological profession is 
deprived of an ally, the imprint of 
whose thought and accomplishment 
is indelible. 

Mr. Ware was among the small 
band of California jewelers who 
early in 1931 assisted Robert M. 
Shipley in’ found- 
ing the Gemolog- 
ical Institute of 
America by becom- 
ing its first Sus- 
taining Member. 
He served four 
terms as Governor 
of the Gemological 
Institute. From the 
founding of the 
American Gem So- 
ciety in 1934, he 
was a Charter 
Member, and was 
one of five directors 
from its incorpora- 
tion in 1938 until 
his death. Elected 
President of the 
Board in 1948, he 
served efficiently until his resigna- 
tion in February 1944 because of 
illness. 

Mr. Ware became one of Amer- 
ica’s first Certified Gemologists (No. 
42). He was one of five students in 
the first advanced laboratory courses 


of the Gemological Institute. Like 
many other American jewelers, he 
participated in the activities of the 
gemological profession with religious 
fervor, his interest mounting stead- 
ily during the fifteen years since the 
founding of the Institute. He was 
directly responsible for scores of 
new students of 
gemology. 

A Wisconsin 
jeweler, he came to 
San Diego, over 
forty years ago and, 
established the suc- 
cessful retail busi- 
ness that bears his 
name. His only 
near relatives, his 
wife and a daugh- 
ter by a previous 
marriage, continue 
this business in 
which Mrs. Ware 
became his partner 
several years ago. 

Also owned and 
operated by Mr. 
Ware were two of 
the few profitable Southern Califor- 
nia gem mines, the product of which 
he lapidated and made into jewelry 
in his own shops. From these mines 
he had given to the Gemological 
Institute the most valuable group 
of gemstones in its collection. 


Figure 18. This 8.14 ct polymer-impregnated synthet- 
ic opal burned readily in the flame of an alcohol 
burner. Photo by Maha DeMaggio. 


from Brazil (1.14 ct). We attempted to ignite each sample 
using a match or an alcohol burner; this was done in a 
fume hood, to avoid exposure to (possibly toxic) combus- 
tion gases. 

All the polymer-impregnated samples caught fire 
readily (figure 18), and they continued to burn when 
removed from the flame. The four polymer-impregnated 
synthetic opals lost 16%-27% of their weight by burn- 
ing, with an average weight loss of 21%. Because the 
resulting residue broke apart easily, we did not attempt 


Figure 19. After burning, droplets of charred polymer 
residue can be seen on the surface of this impregnat- 
ed synthetic opal; a network of cracks is also visible. 
Photomicrograph by John I. Koivula; magnified 20x. 


ia Oo 3 we 


300 Gem News 


to burn the samples all the way through, so these values 
represent the minimum weight of the polymer in these 
samples. Subsequent microscopic examination showed 
deep cracks throughout, as well as charred droplets of 
exsolved polymer (figure 19). The impregnated natural 
opal also burned, although somewhat less readily. 
Because this stone broke apart during examination, 
weight loss from the burning alone could not be deter- 
mined. The two Gilson synthetic opals (which had not 
been polymer-impregnated) reacted the least: The “black 
crystal” synthetic opal appeared unchanged, while the 
“white” opal became more transparent. Neither lost 
weight or caught fire. 

In a previous examination of polymer-impregnated 
synthetic opals (“Kyocera plastic-impregnated synthetic 
opals,” Summer 1995 Gem News, pp. 137-139}, we 
reported the results of heating experiments performed by 
Jeffery Bergman in Bangkok, who found weight losses of 
about 20% at 600°C. The results of the simple pyrolysis 
test reported here are consistent with this finding. 

In the 1995 study, scanning electron microscopy 
revealed that Kyocera polymer-impregnated synthetic 
opal contains organized aggregates of small silica spheres, 
as does natural opal. The polymer may stabilize the silica 
lattice and improve both the durability (under normal 
wear conditions) and clarity of the synthetic opal. 
However, the flammability hazard that is now intro- 
duced may be a consideration for the wearer of such a 
piece, as well as for the jeweler (although we would not 
expect a jeweler to use direct flame in the vicinity of an 
opal). 


Irradiated inclusions in topaz. At the 17th IMA meeting 
in Toronto, Ontario (reported above}, I. L. Komov (State 
Science Centre of Environmental Radiogeochemistry, 
Kiev, Ukraine) reported that colorless halite (NaCl), 
sylvite (KCl), and villiaumite (NaF) crystals in fluid 
inclusions became yellow, “lilac-colored,” and brown, 
respectively, when exposed to gamma radiation (the host 
mineral was not specified). Over a decade ago, in 1987, 
the late Charles Ashbaugh, then at UCLA and collabo- 
rating with GIA in Santa Monica, examined one such 
example. The core of a colorless sylvite in a fluid inclu- 
sion in a Nigerian topaz became purple after exposure to 
ionizing radiation from a linear accelerator (“linac” treat- 
ment; figure 20). (The sylvite identification was con- 
firmed by Chuck Fryer of GIA GTL, using X-ray powder 
diffraction analysis.) The topaz itself turned blue. At the 
time, Mr. Ashbaugh and John Koivula speculated that 
the presence of such purple crystal inclusions might 
prove that a topaz had been irradiated, as sylvite crystals 
in natural-color near-colorless and brown topaz are near- 
colorless. Unfortunately, this project was never pursued. 
However, Dr. Komov’s IMA presentation supports these 
earlier findings. For more on irradiated gems, see C. E. 
Ashbaugh II, “Gemstone irradiation and radioactivity,” 
Gems & Gemology, Winter 1988, pp. 196-213. 
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Figure 20. In this linear-accelerator-treated piece of 
blue topaz, a fluid inclusion contains several phases. 
The core of the colorless sylvite crystal turned pur- 
ple from the irradiation. Photomicrograph by J. I. 


Koivula; magnified 80x. 


SYNTHETICS AND SIMULANTS [I ] 


Obsidian imitation. On a visit to Idar-Oberstein, 
Germany, one of the editors (JIK) found an attractive 
glass sphere in one of the many gem and jewelry shops 
that make this area famous. Represented as “obsidian 
from Russia,” this well-polished sphere was relatively 
large (approximately 9 cm in diameter) and opaque. The 
sphere was predominantly a mottled brownish green, 
with a diffused stripe of lighter green to grayish green 
through the center. Perhaps the most distinctive feature, 
however, was the presence of numerous spherical inclu- 
sions with a silvery metallic luster that appeared as cir- 
cles scattered over the entire surface. These inclusions 
ranged from well under a millimeter to just over 3 mm in 
diameter. If in fact this object was a natural glass, then it 
was certainly unusual. The sphere’s cost however, made 
its acquisition for scientific examination impractical. 

This “problem” was solved shortly thereafter with 
the discovery by this editor of a partially polished piece 
of the distinctive glass in a box of cutting scraps and crys- 
tal fragments at the shop. This piece weighed about 213 
grams and measured 8.3 cm on its largest dimension (fig- 
ure 21). It had one large, flat, polished surface, while the 
opposite side was “rough.” The botryoidal appearance, 
flow structure, and bubble pits on the unpolished sur- 
faces made it obvious that this was not obsidian or any 
other form of natural glass. It was apparent that this large 
mass, and the sphere that had been fashioned from the 
same material, were a form of slag (manufactured) glass. 

The refractive index of this glass was 1.606. It showed 
no fluorescence to UV radiation. No absorption spectrum 
was visible with incident illumination. The specific grav- 
ity was determined hydrostatically to be 2.99, although it 
was undoubtedly influenced by the numerous metallic- 
appearing inclusions present. 

Chemical analysis showed that this glass contained 
several elements in addition to the expected silicon. 
EDXREF chemical analysis (by Sam Muhlmeister of GIA 
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Research) showed the presence of barium, calcium, cop- 
per, iron, manganese, potassium, rubidium, strontium, 
and titanium. A few small fragments were broken off the 
sample so that the spherical metallic inclusions could be 
extracted, cleaned, and analyzed separately by EDXRF. 
These proved to contain primarily manganese, possibly 
as an oxide. 


Diffusion-treated synthetic sapphire. Contributing editor 
Karl Schmetzer has sent word that greater quantities of 
diffusion-treated synthetic sapphires are showing up on 
the market in Bangkok, Thailand. Diffusion-treated nat- 
ural sapphires have been known in the trade since the 
late 1970s (see, e.g., R. E. Kane et al., “The identification 
of blue diffusion-treated sapphires,” Gems &) Gemology, 
Summer 1990, pp. 115-133), but large quantities again 
became available in recent months. One diffusion-treat- 
ed synthetic blue sapphire was mentioned as early as 
1982 (Summer 1982 “Lab Notes,” p. 107), but the treater 
of that sample might not have known that it was syn- 
thetic. The first notice that larger parcels of synthetic 
sapphires were being treated in this fashion was issued in 
1992 (R. C. Kammerling et al., ICA Laboratory Alert No. 
55, June 2, 1992). Recently, similar large parcels were 
offered in the Bangkok market, and the appearance of 
this material at other trading sites is only a matter of 
time. 

Five faceted samples, submitted by gem dealer M. 
Steinbach, were made available to Dr. Schmetzer for 
examination. They were comparable in color to good- 
quality natural sapphire of Sri Lankan origin. Absorption 
spectroscopy showed that the color of the samples was 
due to Fe+/Ti* charge transfer, which is also common 
for natural blue sapphire. 

No inclusions or growth patterns that are typical of 
natural stones were observed in any of these samples 


Figure 21. Represented as obsidian from Russia, this 
decorative glass proved to be manufactured. Photo by 
Maha DeMaggio. 
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Figure 22. The uneven color distribution between 
facets and the color concentrations along facet junc- 
tions—both typical of diffusion-treated sapphire— 
are best seen with the samples immersed in methy- 
lene iodide. The dark spots on four of the samples 
are cavities that were found to be filled with syn- 
thetic sapphire. Photo by M. Glas. 


when viewed with the microscope. Two of the samples 
revealed a number of tiny gas bubbles, indicating that they 
were Verneuil-grown synthetic sapphires. However, Dr. 
Schmetzer did not observe any of the curved color banding 
that is also typical of Verneuil-grown synthetics, and 
would have been expected if the color were inherent in the 
material (instead of being due to diffusion treatment). 

As described in the references cited above, the diffu- 
sion treatment of either natural or synthetic sapphires 
can be identified (often macroscopically) when the sam- 
ple is immersed in methylene iodide (or observed using 
diffuse transmitted white light). This was the case for the 
present samples, all of which showed an uneven col- 
oration from one facet to the next (figure 22). This pat- 
tern is caused by variation in the thickness of the diffu- 
sion layer on different facets that results from the repol- 
ishing that is always necessary after diffusion treatment. 
In most of the samples, a greater color concentration was 
also observed along facet junctions (also visible in figure 
22). Four of the samples had cavities on the surface that 
were filled with a dark-blue-appearing solid material (fig- 
ures 22, and 23). In two of these samples, some of the cav- 
ities were only partially filled. With SEM-EDX analysis, 
Dr. Schmetzer found that the material in each cavity was 
actually a tiny synthetic sapphire crystal. 


ANNOUNCEMENTS 


Indonesian South Sea Pearl auction. Philmore USA and 
PT Philmoremas have organized a group of Indonesian 
South Seas pearl producers, whose harvests will be sold 
at ISSPA 1999. This is the first such auction to be held, 
and will occur on February 8-9, 1999, at the Hong Kong 
Convention and Exhibition Centre. For further informa- 
tion, contact Philmore USA representative Stephen 
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Figure 23. A dark-blue-appearing synthetic sapphire 
crystal is seen within a cavity on the surface of this 
diffusion-treated synthetic sapphire. Photomicrograph 
by Karl Schmetzer; magnified 50x. 


Church at 836 Woodshire Lane K-6, Naples, Florida 
34105; phone 941-263-9371; FAX 941-263-9371; e-mail 
schurch241@aol.com. 


Congratulations to Gems & Gemology authors Kurt 
Nassau, James E. Shigley, and Shane McClure. Their 
Winter 1997 article “Synthetic moissanite: A new dia- 
mond substitute” won a Certificate of Achievement 
from the American Society of Association Executives 
1998 Gold Circle competition. This is the 10th award 
that Gems & Gemology has won in this competition 
since 1992. 


Note. The entry “‘Wild Life’ assembled natural gemstone 
cabochons” in the Fall 1998 Gem News section was con- 
tributed by Emmanuel Fritsch. 


ERRATA: 

1. The photograph of Dr. George Rossman and Richard 
T. Liddicoat in the Fall 1998 Gem News (p. 230, fig- 
ure 23) was taken by Judy Colbert. 


2. In the Fall 1998 Gem News entry “Color-change 
pyrope-spessartine garnet, also from Madagascar” 
(pp. 222-223), the positions of the UV-visible absorp- 
tion bands were listed incorrectly. The correct wave- 
lengths for the Mn bands are 408, 413, 422, and 483 
nm, and the Fe** bands are at 459 and 503 nm. 


3. On p. 164 of the Hemphill et al. article “Modeling the 
Appearance of the Round Brilliant Cut Diamond: An 
Analysis of Brilliance” (Fall 1998), the source for the 
information given in table 3 on the European 
Gemological Laboratory (EGL) should have been listed 
as Federman, 1997. 
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Book Reviews 


Susan B. Johnson & Jana E. Miyahira, Editors 


BULGARI 


By Daniela Mascetti and Amanda 
Triossi, 225 pp., illus., publ. by 
Abbeville Press, New York, NY, 
1996. US$75.00* 


Bulgari is a welcome addition to the 
growing body of jewelry history liter- 
ature. Not only are the luscious pho- 
tos of sumptuous jewels a feast for 
the eyes, but the book is also a lucid 
and thorough portrayal of this promi- 
nent jewelry company. 

Each of the 12 chapters focuses 
on a specific aspect in the develop- 
ment of Bulgari’s distinctive style. 
Chapter one traces the history of the 
Bulgari firm from its modest begin- 
nings in a small Greek village near 
the Albanian border to international 
success by following the life of 
Sotirios Bulgari, the founder of the 
firm. Sotirios, the only surviving 
child of a Greek silversmith, was 
born in 1857. His steady progress 
from silversmith to fine jeweler was 
the base on which the Bulgari firm 
was built. This chapter also shows 
how each successive generation con- 
tributed to the growth of Bulgari and 
describes some of their important 
clients and significant jewelry sales. 

The next chapter, The Evolution 
of the Bulgari Style, demonstrates 
Bulgari’s transition from following 
jewelry fashion (between 1920 and 
1950) to leading it (from the 1960s to 
the present). We are shown how 
Bulgari designers introduced smooth, 
rounded elements that gave a sense 
of volume to their jewelry and incor- 
porated colored gemstones for chro- 
matic effect. Bulgari also chose to use 
more yellow gold for important 
pieces, in response to their cus- 
tomers’ desire for jewelry that could 
be worn at any time of day and for 
any occasion. 

The authors go on to address 
three important design innovations 
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introduced by Bulgari that are now 
part of their signature style: the inte- 
gration of ancient coins in jewelry, 
the use of modules, and the use of a 
flexible band called a tubogas. 
During the 1960s, Bulgari revived the 
style of setting ancient coins in jew- 
elry, which had been out of fashion 
since the end of the 19th century. 
The company also introduced the 
concept of using modules—simple, 
interlocking elements made of pre- 
cious metals and/or carved gems 
assembled in different combinations 
to make necklaces, earrings, brace- 
lets, and rings. The tubogas, named 
for its resemblance to a gas-pipe, is a 
flexible band of interlocking thin 
strips made without solder, used by 
Bulgari for collar necklaces, bracelets, 
watch bands, and rings. 
Manufacturing aspects include 
discussion of the sense of volume that 
is built into each piece with metal- 
work and gems, the selection and cut 
of gemstones used by Bulgari, and the 
production of their jewelry, from 
design concept to finished product. 
These chapters are particularly inter- 
esting for the jeweler/gemologist. 
Each of Bulgari’s line of luxury items 
has its own chapter: Silver and 
Precious Objects, Watches, and 
Perfumes. The book closes with a 
chapter titled the Bulgari Image, 
which is an enlightening examination 
of how Bulgari has carefully crafted 
the image they present to the public 
through advertising and store design. 
The authors and the art director 
deserve special merit for the visual 
impact of this book. The jewelry is 
laid out and photographed so the 
reader can truly appreciate its mag- 
nificence, and many important jew- 
els are shown from front and back to 
illustrate the beautiful gallery work 
and clasps. Also, close-up details pro- 
vide an immediate understanding of 
Bulgari’s manufacturing excellence. 
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The exceptional illustrations and the 
in-depth text make this book a use- 
ful reference for jewelry historians, 
collectors, and appraisers. Yet it is 
also an enjoyable read for anyone 
interested in a taste of luxury. 


ELISE B. MISIOROWSKI 
Jewelry Historian 
Los Angeles, California 


COLLECTING AND 
CLASSIFYING COLORED 
DIAMONDS: An Illustrated 
Study of the Aurora Collection 
By Stephen C. Hofer, 742 pp., illus., 
publ. by Ashland Press, New York, 
NY, 1998. US$300.00* 


This heavy, lavishly illustrated book 
delivers more than 700 pages on the 
various aspects of colored diamond 
collecting, with an emphasis on the 
observation, determination, and clas- 
sification of a stone’s color. The book 
is based on the 260 stones of the 
Aurora collection, which has been 
displayed at the American Museum 
of Natural History in New York. 

A brief introduction precedes a 
catalog of the entire Aurora collec- 
tion. Each gem is illustrated, and its 
weight, dimensions, shape, cutting 
style, and color description indicated. 
Following the catalog is a concise dis- 
cussion of important considerations 
in colored diamond collecting. Rarity 
is addressed at some length, as it is 
pivotal to the estimation of value. 
This naturally leads to a discussion of 
value, which is illustrated by a table 
of auction prices according to dia- 
mond color. Then the major section 
devoted to color begins, with com- 
ments first on color observation and 


*This book is available for purchase through 
the GIA Bookstore, 5345 Armada Drive, 
Carlsbad, CA 92008. Telephone: (800) 421- 
7250, ext. 4200; outside the U.S. (760) 
603-4200. Fax: (760) 603-4266. 
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grading, then on how to determine 
face-up color (see below). The longest 
of the 12 chapters (at nearly 200 
pages, a book in itself) is devoted to 
color classification. It is organized by 
color (white, gray, black, purple, pink, 
red, orange, brown, yellow, “olive,” 
green, blue, and colorless) and empha- 
sizes the various nuances. Three 
appendices complete the book: (1) 
cut and color determination graphs; 
(2) a glossary and an extensive bibli- 
ography; and (3) a list of diamonds 
sold at auction, classified by color. 

This is clearly not a book on col- 
ored diamonds in general, as it is 
strongly biased toward collecting and 
classifying. One feels that the book 
was written for the pleasure of shar- 
ing knowledge, rather than as a 
scholastic or scientific treatise. As 
such, it fulfills its purpose remark- 
ably well. The collector will find all 
sorts of interesting information, as 
well as attractive color photographs 
that can also be used for reference. 

The book’s size (approximately 32 
x 24 x 6 cm, or 12” x 9” x 2. inches) 
and cost may be intimidating to 
some, but the overall quality of the 
production is excellent. The 700-plus 
color photos, a number of them by 
world-renowned photographer Tino 
Hammid, are of high quality, as are 
the numerous line drawings and 
color sketches. One of the great mer- 
its of this book is that the photos of 
groups of colored diamonds include a 
colorless diamond for visual refer- 
ence. One wishes this could have 
been done for the catalog section; 
although pictures of colorless dia- 
monds are available for comparison, 
these photos were not necessarily 
taken under the same conditions as 
those of the colored diamonds. 

The text is easy to read, even 
when it comes to the more delicate 
aspects of color science (such materi- 
al was enhanced by contributions 
from Nick Hale, a professional color 
scientist). Mr. Hofer should be com- 
mended for his remarkable bibliogra- 
phy, which provides an excellent 
base for further research. References 
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to other authors are numerous and 
offer a welcome support to the text. 

The value of the text is limited, 
however, by the fact that Mr. Hofer 
makes no particular effort to com- 
pare his views with those of major 
players in the field. For example, the 
use of the catalog as a reference for 
collectors is significantly limited by 
the fact that it does not provide GIA 
color grades (although, as most auc- 
tion houses and colored diamond 
dealers agree, this is the most widely 
accepted color grading system in the 
industry today). The author offers his 
own system to estimate color, with 
new concepts such as the CAMP 
(“colour-area micro pattern”) and the 
weighted average face-up color, but 
the relationship between these 
parameters and the color terms used 
to describe the diamonds is not clear. 
Mt. Hofer also insists on giving each 
of the Aurora collection stones a 
common name, but such qualifiers 
as jade, heliotrope, “manilla,” and 
lead are uncommon for colored dia- 
monds, to say the least. 

This beautiful, well-documented 
book is certainly a must-have for gem 
book and colored diamond collectors. 
Its superb documentation base will 
be an asset for scholars as well. 
However, in addition to the idiosyn- 
cracies in the discussion of color, the 
fact that there is little on practical 
concerns such as the separation of 
natural from treated or synthetic col- 
ored diamonds in this work makes it 
less useful for the gemologist outside 
the collector community. 


EMMANUEL FRITSCH 
Institut des Matériaux de Nantes 
Nantes, France 


THE NATURE 

OF DIAMONDS 

Edited by George E. Harlow, 278 
pp., illus., publ. by Cambridge 
University Press, New York, NY, 
1998. US$29.95* (softbound) 


The Nature of Diamonds is the com- 
panion text for a special American 
Museum of Natural History exhibi- 
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tion of the same name. Its stated 
focus is to provide a well-illustrated 
overview of the diverse topics related 
to diamond. It is successful in this 
endeavor—both in content and in 
illustration. 

In The Nature of Diamonds, lead- 
ing scientists, gemologists, and cul- 
tural observers cover virtually every 
aspect of this cherished gem. The 
reader experiences a panoramic view, 
ranging from how diamonds form to 
their economic, social, and techno- 
logical incarnations. Whether your 
interest in diamonds leans toward 
the romantic, the symbolic, or the 
scientific, you will enjoy the diversi- 
ty of subject matter and the expanse 
of photos and illustrations. 

Individual essays address three 
broad categories: science, history, and 
utility. Beginning with the science of 
diamonds, chapters examine dia- 
mond’s unique mineralogy, the caus- 
es of color (both natural and artifi- 
cial), the extreme environments 
required for formation, and a global 
timeline of sources and production. 
Subsequent chapters explore the role 
of diamonds throughout history, 
their diverse mythology and literary 
presence, and their evolving cultural 
status. Remaining chapters highlight 
diamond mining and processing, pro- 
vide a brief excursion into the gemol- 
ogist’s world of identifying and grad- 
ing gem diamonds, and give insights 
into the role of diamonds in modern 
technology. 

Additional sections encompass a 
pictorial guide to the world’s greatest 
diamonds and the diamond treasures 
of Russia. Two monographs cover the 
history of diamond cuts and the fasci- 
nating story behind the evolution of 
today’s symbol of love and marriage, 
the diamond ring. Each chapter 
includes an ample bibliography. 

The book’s editor (and one of the 
subject specialists) characterizes The 
Nature of Diamonds as an overview 
of the expansive world of diamonds. 
However, it accomplishes far more 
than his modest statement might 
convey. This compendium of essays 
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penned by renowned experts, punctu- 
ated with numerous illustrations and 
photographs, and packaged with 
valuable bibliographical references, is 
an important resource for any library. 

Whether you cherish diamonds 
for their status, their economic and 
social legacy, or their unique scientif- 
ic applications, you will be enter- 
tained and enriched by The Nature of 
Diamonds. 


SHARON WAKEFIELD 
Northwest Gem Lab 
Boise, Idaho 


GLOSSARY OF GEOLOGY, 
4th Edition 

Edited by Julia A. Jackson, 769 pp., 
publ. by the American Geological 
Institute, Alexandria, VA, 1997. 
US$110.00 


Over the past few decades, the scope 
of gemology has expanded consider- 
ably, particularly in the areas of geol- 
ogy and analytical techniques. As a 
result, today’s gemologist needs a 
more solid technical vocabulary than 
ever before. For geology and related 
fields (e.g., geophysics), the Glossary 
of Geology has been the best avail- 
able dictionary of specialized terms 
in English since its first edition was 
published in 1957. The fourth edition 
continues this tradition of excellence. 
The Glossary now contains about 
37,000 entries, of which 3,400 are new 
and 9,000 have been updated, expand- 
ed, or revised since the publication of 
the third edition only 10 years ago. 
The 4,000-plus mineral names 
constitute the largest single group of 
entries in the Glossary. Therefore, it 
is not surprising to find such terms as 
benitoite, californite, chrysoprase, 
demantoid, rhodolite, and tanzanite, 
although some gem variety names 
such as tsavorite are not included. 
Among the more traditional gemo- 
logical terms, diaphaneity, enhance- 
ment, melee, and Tolkowsky theoret- 
ical brilliant cut do appear, but man- 
ufactured materials such as cubic zir- 
conia, GGG, and YAG are grouped 
together under diamond simulant. 
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There are also entries for most of the 
analytical techniques likely to be 
encountered by gemologists, such as 
infrared absorption spectroscopy, 
Raman spectrometry, and X-ray fluo- 
rescence (XRF) spectroscopy; only 
ED[energy dispersive|XRF was not 
present from among my arbitrary 
selection of terms. 

Without hesitation, I recommend 
this Glossary to all gemologists as 
the most authoritative work of its 
type in English. Given the history of 
the Glossary and the size of this 
fourth edition, it is not likely that 
another edition will appear for at 
least a decade, which makes this vol- 
ume a good long-term investment. 

A. A. LEVINSON 
University of Calgary 
Calgary, Alberta, Canada 


GEM AND JEWELLERY 
YEAR BOOK 1997-98 


Edited by V. V. Kala and A. Kala, 
697 pp., illus., publ. by International 
Journal House, Jaipur, India 
[diaworld@pl.vsnl.net.in], 1998. 
US$35.00 (surface), US$50.00 (air) 


Thirty-five years ago, India was an 
insignificant player in the diamond 
world, constituting less than 5% of 
any aspect of the industry. Today, it 
dominates in the manufacturing sec- 
tor by virtue of its production of 
about 40% by value and 70% by 
weight of the world’s polished dia- 
monds, and by being home to at least 
90% of the world’s diamond cutters 
and 20% of De Beers’s sightholders. 
Further, India-based companies are 
garnering strength in downstream 
jewelry manufacturing and retailing. 
The gem and jewelry industry is now 
a vital component of the national 
economy, having become India’s 
second-largest source of foreign 
exchange—at 18%, surpassed only by 
textiles. How did this all occur? How 
do Indian diamantaires view the 
industry? And, what is the prognosis 
for India’s influence on the diamond 
industry in the next millennium? 
These are not easy questions to 
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answer, but some indications can be 
gleaned by perusing Gem and 
Jewellery Year Book 1997-98. Now 
in its 19th year of continuous publi- 
cation—primarily for the gem and 
jewelry industry in India—this 
sourcebook is little known else- 
where. It is primarily concerned with 
the diamond industry, a reflection of 
the fact that polished diamonds 
account for the bulk (93%) of India’s 
gem and jewelry exports. 

The book is divided into three 
parts. Part I (358 pp.) covers a vast 
amount of material from the mining 
to retailing of diamonds. Topics 
include: a review of recent highlights 
in the Indian diamond industry; 
industry statistics that are difficult to 
obtain elsewhere; descriptions, with 
photographs, of new Indian-made 
manufacturing tools and technology; 
a “Who’s Who,” with brief profiles 
and photographs, of 171 Indian gem 
and jewelry luminaries worldwide; 
and glimpses of 38 world diamond 
mining and consuming countries 
from an Indian perspective. Part II 
(132 pp.) consists of nine appendices, 
ranging from a list of worldwide 
gem and jewelry organizations to a 
listing of India’s diplomatic and 
trade representatives abroad. Part III 
(198 pp.) contains lists (with address- 
es and specialties) of over 3,500 
selected international exporters and 
importers—from 55 countries—for 
gemstones, jewelry, pearls, and syn- 
thetic stones. 

This volume clearly indicates 
that India has built up a formidable 
gem and jewelry infrastructure, par- 
ticularly with respect to diamonds. It 
is also clear that the Indian diaman- 
taires have the knowledge, finances, 
and ability to expand their influence. 
Those in the international gem 
industry who choose to ignore this 
unique and valuable handbook, with 
its wealth of information and sub- 
liminal implications, do so at their 
own risk. 


A. A. LEVINSON 
University of Calgary 
Calgary, Alberta, Canada 
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COLORED STONES 
AND ORGANIC MATERIALS 


The color of money. M. Lurie, Colored Stone, Vol. 11, No. 

3, 1998, pp. 42-44, 46, 48, 50. 
Besides being a source of national pride and Colombia’s 
fifth-largest export commodity, emerald represents a 
livelihood for an estimated 300,000 people in Colombia. 
With the pending creation of an emerald bourse, the gov- 
ernment is hoping that increased demand (which has 
been down in recent years) will push Colombian emerald 
exports into the same class as the country’s coffee and oil 
exports. 

In light of these high expectations, the article discuss- 
es the production capabilities of Colombia’s top three 
emerald mines: Muzo, Cosquez, and Chivor. Muzo and 
Cosquez have historically been the richest mines, with 
Cosquez producing more than Muzo in recent years. 
Chivor’s potential, though, is still largely untapped, and it 
has turned out some exceptionally high-quality material. 
Chivor specifically has benefited from modernized meth- 
ods and foreign investment. Stuart Overlin 


Opals: Gems of lore and luster. G. Butler, Rock & Gem, 
Vol. 27, No. 10, October 1997, pp. 16-18. 

Intrigue has surrounded opal since ancient times. It was 

once thought to possess great medicinal value, particu- 

larly for the glands. It was also considered the bearer of 

certain magical qualities—ensuring fidelity, enhancing 

memory, making the wearer invisible, and serving as an 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 

Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way refiect the position of Gems & Gemology or GIA. 
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aid to psychic visions and out-of-body consciousness, to 
name a few. 

Included in this article is a description of opal by 
Roman scholar Pliny the Elder, who ranked it second in 
value to emerald. The article shifts to the modern age 
with a discussion of opal’s occurrences and gemological 
properties, and in closing it illustrates the ongoing, still 
mystical appeal of opal’s “fire.” Stuart Overlin 


Oxygen isotope systematics of emerald: Relevance for its 
origin and geological significance. G. Giuliani, C. 
France-Lanord, P. Coget, D. Schwarz, A. Cheilletz, Y. 
Branquet, D. Giard, A. Martin-Izard, P. Alexandrov, 
and D. H. Piat, Mineralium Deposita, Vol. 33, 
1998, pp. 513-519. 

There are ambiguities in identifying the geologic and geo- 

graphic origins of cut emeralds by conventional gemolog- 

ical means such as color, transparency, or inclusions. This 
problem led the authors to investigate the usefulness of 
oxygen isotope (8'°O) data from emeralds. Samples (no 
specific number given) from 62 locations in 19 countries 
were studied. This is a destructive technique, for which 

5-10 mg of sample is needed for the isotope analysis. 

Three groups of oxygen isotope data are delineated, 
each of which generally corresponds to specific geologic 
environments and, in some cases, to specific countries, 
districts, or even deposits. The first two groups have rel- 
atively low oxygen isotope values (8'°O = +6.2 to +7.9%o, 
and 8'8O = +8.0 to +12.0%o), and the majority of these 
deposits formed in association with granitic pegmatites. 

Most of the isotope values in these two categories over- 

lap and cannot be used alone to identify unambiguously 

either individual deposits or country of origin. However, 

a few individual deposits can be identified by using solid 

and fluid inclusion information in conjunction with the 

isotope data. The third group, with higher oxygen isotope 
values (5'°O > +12.0%o), consists of emeralds associated 
with faults and shear zones (e.g., from Colombia and 

Afghanistan). The oxygen isotope values in this group can 

be differentiated from one another, allowing identifica- 

tion of the specific geographic source (country, district, or 
mine) for such emeralds. Because geographic origin may 
influence the value of some gem-quality emeralds, the 
oxygen isotope method merits further research as a pos- 
sible tool in identifying country of origin. JL 


A reexamination of the turquoise group: the mineral [sic] 
aheylite, planerite (redefined), turquoise and 
coeruleolactite. E. E. Foord and J. E. Taggart Jr., 
Mineralogical Magazine, Vol. 62, No. 1, 1998, pp. 
93-111. 

The term turquoise applies not only to a mineral species 

but also to a group of minerals with similar chemistry 

and structure, of which turquoise is the best known. The 
group includes six (mostly rare) species (planerite, 
turquoise, faustite, aheylite, chalcosiderite, and an 
unnamed Fe”*-Fe** analogue) that have the general for- 
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mula A, ,B,(PO,),_.(PO,OH),(OH), ¢ 4H,O, where x = 0-2. 
This paper summarizes the elemental site occupancies of 
the six species, and gives crystallographic (e.g., unit cell) 
data for all members of the group and X-ray diffraction 
data for some (planerite, turquoise, and aheylite). 

The established species, many of which may be blue 
or green, are indicated in the following table: 
B-site cations 


Mineral name A-site cations 


Planerite vacant Al 
Turquoise Cu Al 
Faustite Zn Al 
Aheylite Fe** Al 
Chalcosiderite Cu Fe** 
Unnamed Fe?* Fe** 


A complete solid solution exists between planerite and 
turquoise, and solid solutions exist to varying degrees 
between chalcosiderite and turquoise, and between 
faustite and turquoise; these substitutions affect the 
color. 

Study of the turquoise group is hindered by the lack of 
pure material and the extremely small crystal size, which 
account for the difficulty in obtaining accurate optical 
and other physical data. Nevertheless, data are given for 
planerite (density of 2.68 g/cm’, hardness of 5 on the 
Mohs scale, mean R.I. ~ 1.60) and aheylite (density of 2.84 
g/cm’, biaxial (+), mean R.I. ~ 1.63). 

The samples studied by these authors are from 
Bolivia, Russia, and the U.S. (Pennsylvania, Virginia, and 
Arkansas). The authors suggest that, mineralogically, 
light blue or blue-green “turquoise” from many world- 
wide localities may be planerite rather than the species 
turquoise. [Editor’s note: The authors did not study mate- 
rial from the classic Persian locality for which the species 
is named, nor from other gemologically important locali- 
ties in Arizona and New Mexico. To the best of our 
knowledge, the International Mineralogical Association 
has not yet made any rulings on the basis of this study.] 

RAH 


Tanzanite takes off. R. B. Drucker, Jewelers’ Circular- 

Keystone, Vol. 169, No. 4, April 1998, pp. 76-80. 
Since its discovery in 1969, tanzanite has risen in popu- 
larity to the point that some believe it is the fourth most 
important colored gemstone after emerald, ruby, and sap- 
phire. In only 30 years, tanzanite has gone from being a 
collector’s specimen to a successfully marketed retail 
gemstone. It has overcome the stigma of being “too soft,” 
in part because the industry has learned how to set and 
care for the material properly. 

The price of tanzanite has fluctuated widely since its 
discovery. Prices reached their peak in 1984, at $750 per 
carat (wholesale) for extra-fine goods. Then, supply over- 
took demand and prices declined, reaching a low in 1993 
of $200 per carat for the same quality of goods. Ironically, 
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this great price decrease became the main contributor to 
tanzanite’s current popularity and a 50% price rise in the 
past five years. The lower cost attracted the attention of 
both mass marketers (e.g., TV retailers) and traditional 
jewelers and, consequently, consumers. 

At present there is no synthetic tanzanite on the mar- 
ket, and the various simulants available can be detected 
with routine gemological tools (such as a refractometer), 
visual detection alone is difficult and not recommended. 
Buying tips are briefly discussed, with saturation being 
the key to fine color. IY 


Time travelers. R. Weldon, Professional Jeweler, Vol. 1, 
No. 6, July 1998, p. 50. 


Amber [defined as tree resin that is both fossilized and 
over one million years old—otherwise it is copal] with 
prehistoric insects and other organic inclusions offers a 
beautiful window into the past, and it may provide clues 
to our own civilization. The best-known sources are in 
the Baltic region (including Russia) and the Dominican 
Republic. The price of amber takes into consideration 
several factors: the rarity of the trapped organic matter 
(shown is a prized specimen that contains a scorpion); the 
visibility, size, and location of the inclusions; the condi- 
tion of the amber (including the amount of crazing); the 
geographic origin; and the color (deeper colors, such as 
red, are most desirable). MM 


DIAMONDS 


Chameleon diamonds. M. Van Bockstael, Antwerp 
Facets, December 1997, pp. 46-47. 


A new awareness of chameleon-type diamonds followed 
the sale at auction of an important 22 ct stone in 1996. 
Chameleon diamonds are characterized by a repeatable 
color change and strong phosphorescence. Unlike the color 
change in alexandrite, which is seen when the stone is 
viewed with different light sources (day [fluorescent] or 
incandescent light), the color change in chameleon dia- 
monds may be observed only when the stone: (1) is heated; 
(2) is exposed to light after an extended period of time (days 
or weeks) in the dark (e.g., a safe}; or (3) is exposed to strong 
ultraviolet (UV) illumination (in this case, gentle heating 
may be required to return the diamond to its original color). 

There are at least three different types of chameleon 
diamond. The first changes from greenish yellow “olive” 
to bright yellow. The second is seen in some Argyle pink 
diamonds that change briefly to brownish pink with 
strong UV illumination. The third (observed in only one 
diamond) involves a change from faint pink to colorless 
after exposure to UV radiation. 

While the color changes are rapid and/or brief, the typ- 
ical greenish yellow phosphorescence of chameleon dia- 
monds is relatively long, lasting up to several minutes. The 
phosphorescent behavior, “chameleonism,” and the occur- 
rence of H3 color centers in these diamonds may all be 
related. For the purposes of grading chameleon diamonds, 
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the reported color is the one that is most stable, that is, the 
color of the stone after it has had ample time to equili- 
brate to normal lighting (and temperature) conditions. 

Kim Thorup 


De Beers beats BHP to Russian diamonds. J. Helmer, 
Business Review Weekly, Vol. 20, No. 10, March 
29, 1998, p. 30. 
De Beers has obtained the right to develop the Lomonosov 
diamond field, one of the world’s richest undeveloped dia- 
mond deposits [consisting of five diamond-bearing kim- 
berlite pipes]. It is located near Arkhangelsk in northern 
Russia. Soglasiye De Beers Mining Investments, a joint- 
venture company, has acquired at least 40%—more than 
23 million shares—of Severalmaz, the Russian company 
that holds the license to develop the field. The Australian 
company BHP apparently was the only other serious for- 
eign contender. 

With an initial outlay of less than $8 million, De 
Beers now has firm control over foreign investment in 
the Russian Arkhangelsk diamond fields, and is planning 
to spend an additional $50 million on feasibility studies 
and mine development. De Beers has overcome the polit- 
ical and bureaucratic obstacles, and is confident about 
solving the technical problems of mining the marshy ter- 
rain that is close to ecologically sensitive fish-breeding 
grounds. Lori Ames 


Diamonds in California. E. B. Heylmun, International 
California Mining Journal, Vol. 66, No. 11, July 
1997, pp. 18-20. 


“A few hundred” diamonds have been officially recorded 
as found in California, and possibly thousands have been 
discarded in the course of alluvial gold mining. Most of 
the recorded diamonds are yellow, chipped, and flawed; 
about 20% have been gem quality. Rarely, they are 
brown, green, blue, or “red.” It is easy to overlook dia- 
monds while panning for gold, and the ones that have 
been found owe their discovery primarily to fortuitous 
flashes of light. Many California alluvial diamonds are 
coated with a paint-like substance that obscures their 
identity; however, they may retain the octahedral mor- 
phology characteristic of diamond. 

Although no kimberlite has been identified in 
California, ultramafic rocks such as peridotite, eclogite, 
and serpentinite are present in the Klamath, Coast Range, 
and Sierra Nevada Mountains. These rocks may be the 
diamond hosts. Most of the diamonds have been found in 
placers in the Mother Lode region of the Sierras, but this 
recovery may reflect the relative rates of prospecting in 
source areas. Within the Mother Lode, diamonds have 
been found at Cherokee Flat (more than 400 diamonds, to 
6 ct), Thompsons Flat, French Corral (where the largest 
stone, weighing 7.25 ct, was found), Foresthill, Smiths 
Flat, Fiddletown, and Volcano. Several small diamonds 
have been found associated with platinum in the 
Klamath Mountains, especially near the junction of the 
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Trinity and Klamath Rivers, in Tertiary channel deposits 
and weathering surfaces. Small-to-microscopic diamonds 
have been found in beach sands from the Oregon border 
down to Monterey. ML] 


Emplacement and reworking of Cretaceous, diamond- 
bearing, crater facies kimberlite of central Sas- 
katchewan, Canada. D. A. Leckie, B. A. Kjarsgaard, 
J. Block, D. McIntyre, D. McNeil, L. Stasiuk, and L. 
Heaman, Geological Society of America Bulletin, 
Vol. 109, No. 8, 1997, pp. 1000-1020. 


Over 70 kimberlites have been identified in the very large 
(30 x 45 km) Fort 4 la Corne kimberlite field in Central 
Saskatchewan, interspersed with sedimentary rocks. 
Although the kimberlite phases contain diamonds (0-23 
ct/100 tonnes), no economic deposit has yet been identi- 
fied. These kimberlites are unusual because they do not 
have the cone shape characteristic of kimberlites from 
South Africa and most other localities; rather, they are 
shaped like sheets or saucers and lack diatreme or root 
zones. Therefore, only crater facies kimberlites are pre- 
sent, with large diameters and shallow depths. The 
absence of competent barrier rocks (e.g., basalts) in the 
sedimentary layers near the surface enabled the kimber- 
lite magma to erupt easily without forming the typical 
cone shape. 

Drill cores were obtained from one of the kimberlites, 
the Smeaton (950 m in diameter; 130 m at its thickest 
area, tapering to only 20 m at its edges), by the Geological 
Survey of Canada for research purposes. The Survey’s 
studies show that about 101 million years ago the kim- 
berlites exploded onto the Earth’s surface in at least two 
periods of volcanism. The rock materials erupted into the 
atmosphere and eventually formed air-fall deposits of 
various types. These were subsequently intermixed with 
both marine and terrestrial sediments during such 
processes as erosion and shoreline changes. Micro- 
diamonds are found in some of the air-fall deposits, 
which can only be interpreted to mean that diamonds 
were literally “falling from the sky”! AAL 


It’s a rough world. K. Nestlebaum, Rapaport Diamond 
Report, Vol. 21, No. 1, January 9, 1998, pp. 59, 61, 
65. 
The success of a rough diamond buyer depends on the 
buyer’s ability to recognize and sort different types of 
rough, and to determine their value. This must be done 
quickly, using only a few pocket instruments or simple 
tools. This article describes the various factors a buyer 
must consider in evaluating rough diamonds, using the 
major categories of form, shape, and color. 

Twelve different forms are described (e.g., closed 
stones, near-gems, macles, cleavables). On the basis of 
shape, goods are categorized as sawable, nonsawable, and 
fancies. Sawables, of which well-formed octahedra and 
dodecahedra that finish into rounds are the best exam- 
ples, are more valuable than nonsawables because of their 
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greater finished weight retention. Elongated or distorted 
crystals will finish into fancies (e.g., emerald cuts) that 
are generally less expensive than rounds. Three categories 
of color are recognized. “Colorless,” the top category, is 
equivalent to the gemological color grades D to F; “tinted” 
refers to the color grades G to J; and “colored” includes the 
more saturated yellows, browns, and other fancy-color 
stones. 

Another factor in determining the value of rough dia- 
monds is size. Specially designed sieves are used to sepa- 
rate the various sizes. Sieve sizes begin at about 50 stones 
per carat and increase up to about three stones per carat. 

Most of the rough offered for sale is presorted and 
packaged as a Central Selling Organisation “sight.” 
During a sight offering, the rough buyers (sightholders) 
can examine goods under the best conditions. Another 
outlet is the Antwerp rough market, a 60-year-old bourse 
where diamonds from mines outside of De Beers’s control 
are traded; it is open to all buyers. Rough buyers can also 
purchase goods in certain source countries, where they 
commonly must make important decisions under less- 
than-ideal lighting conditions. No matter where rough is 
purchased, its ultimate value cannot be determined until 
it has been cut and polished. IY 


Making the cut: The journey from rough to polished. K. 
Nestlebaum, Rapaport Diamond Report, Vol. 21, 
No. 5, February 6, 1998, pp. 51, 65. 


This article follows rough diamonds to their polished 
state through the following stages: cleaving, sawing, brut- 
ing, cross-cutting (creating four facets above and four 
facets below the girdle), and, finally, brillianteering (plac- 
ing the remaining facets). The importance and value of 
the skilled diamond cutter is emphasized. It concludes 
that even though automation has been in existence and 
improving for certain aspects of the cutting process (e.g., 
laser sawing) for the past three decades, finer stones con- 
tinue to be cut by traditional methods. Modern machin- 
ery cannot make the decisions and judgments necessary 
for each individual stone, especially the more valuable 


ones. IY 


Trans Hex—The miner to marketer. C. Gordon, 
Diamond International, No. 52, 1998, pp. 57, 58, 
61, 62. 
Trans Hex currently produces about 200,000 carats of 
diamonds annually in South Africa, primarily from sever- 
al alluvial deposits along the Orange River and in 
Namaqualand. This represents 2% of South African dia- 
mond production. Much of Trans Hex’s production is of 
very high quality: Orange River goods can be worth $600 
per carat. Because the established deposits are rapidly 
becoming depleted, Trans Hex is developing new alluvial 
deposits, the most promising of which are marine con- 
cessions in the Atlantic Ocean. Through Canadian-reg- 
istered Trans Hex International, exploration for new 
diamond deposits is under way in Brazil, Indonesia, 
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Introduction to X-ray Methods 
of Gem Identification 


by 


GEORGE SWITZER, Ph.D. 
Director of Research 
Gemological Institute of America 


On November 8, 1895, Wilhelm 
Konrad Roentgen, professor of phys- 
ics at the University of Wturzburg, 
Germany, connected the terminals of 
a high-voltage generator with elec- 
trodes in an. evacuated glass bulb. 
While performing various experi- 
ments he noticed that although the 
glass bulb was covered with black 
paper, it caused a nearby fluorescent 
screen to glow. Thus he discovered 
an invisible radiation capable of 
passing through black paper or any 
other solid object. These new rays 
he called w-rays, because of their 
unknown nature. Today, even though 
their nature is better understood, 
they are still called either x-rays, 
or Roentgen rays in honor of their 
discoverer. 

The value of this momentous dis- 
covery by Roentgen cannot even now 
be estimated. It opened up new 
fields of research in physics, chem- 
istry, mineralogy, and medicine, and 
has come to be of tremendous prac- 
tical importance in medicine and 
industry. 


Nature of X-rays 


It is now known that x-rays are 
identical in nature with visible light, 
differing only in wave length. Gam- 
ma rays (emitted by radium), 
x-rays, ultra-violet, visible and 
infra-red rays, and radio waves, all 
belong to the electromagnetic spec- 
trum, and differ only in wave length. 
In terms of Angstrom units, which 


is the unit of length commonly used 
to measure such quantities (one 
Angstrom unit equals one ten- 
millionth of a millimeter), the wave 
length of the better known members 
of the electromagnetic spectrum are 
as follows: 


Wave Length in 


Radiation Angstrom Units 
Gamma rays 0.01-1.4 
X-rays (com- 
monly used) 0.06-6.0 
Ultra-violet 
rays 136-3,900 
Visible rays 3,900-7,700 


Infra-red rays 

Radio waves 
(broadcast 
band) 


7,700-4,000,000 


2,000,000,000,000 to 
5,500,000,000,000 
(200-550 meters) 


A study of the comparative wave 
lengths of x-rays and visible light: 
immediately suggests the practical 
uses that may be made of x-rays. 
Since x-rays of the commonly used 
wave lengths are approximately 
1/7000th as long as visible light, 
X-rays may be expected to pene- 
trate materials that are opaque to 
light. X-rays are able to far surpass 
the finest microscope and take the 
investigator down to the very atoms 
making up solid matter, because the 
spacing between atoms is of the same 
order of magnitude as the wave 
length of the x-rays. 


Namibia, Angola, and several West African countries. 
Trans Hex markets its own diamonds using a unique, 
and very successful, sealed-tender system. It holds 
“sights” in which potential buyers can view parcels. Top 
buyers are attracted because they can submit bids for the 
particular types of rough diamonds that suit their needs. 
This is distinctly different from the CSO “box system,” 
in which sightholders have limited options in their selec- 
tion of rough diamonds. AAL 


Unusual diamonds and unique inclusions from New 
South Wales, Australia. H. O. A. Meyer, H. J. 
Milledge, F. L. Sutherland, and P. Kennewell. 
Russian Geology and Geophysics [Proceedings of 
the Sixth International Kimberlite Conference], 
Vol. 38, No. 2, 1997, pp. 305-331. 

Alluvial diamonds in eastern Australia were mined 

intermittently from 1852 to 1922, primarily in the 

Copeton/Bingara area of New South Wales (400 km north 

of Sydney). These diamonds are enigmatic because they 

cannot be related to any conventional primary source, 
such as a kimberlite or lamproite. Although the many 
sophisticated studies (e.g., carbon and nitrogen isotopes) 
that have been made uncovered some unique characteris- 
tics of these diamonds, none succeeded in determining 
their provenance. After reviewing pertinent data, this 

paper continues the search by examining a selection of 65 

documented diamonds collected between 1989 and 1992. 

The studies include: mineral inclusions, carbon and 

nitrogen isotope data, external features, cathodolumines- 

cence (CL) characteristics, and estimation of nitrogen 
content and aggregation by infrared spectroscopy. 
Important results are: (1) There are two major popula- 
tions of New South Wales diamonds, one white (low 
nitrogen, complex CL zoning) and one yellow (high nitro- 
gen, no CL zoning); (2) morphologically, there are almost 
no octahedra, which suggests substantial resorption 
and/or transportation over long distances; (3) previous 
conclusions with respect to the unusual isotopic charac- 
teristics and mineral inclusions of these diamonds are 
confirmed, and an augite inclusion—characteristic of an 
eclogitic origin—was identified; and (4) the diamonds 
formed in the temperature range of 1,180°-1,240°C. 

Notwithstanding these comprehensive data, no new 

hypothesis for the origin of the eastern Australia dia- 

monds is presented. AAL 


GEM LOCALITIES 


Chrome diopside & chrome enstatite: Rare gemstones. 
W. D. Hausel, International California Mining 
Journal, Vol. 67, No. 7, March 1998, pp. 23-24. 

The bright green chromium-rich varieties of diopside and 

enstatite are rare gem materials that can be found in 

Wyoming and nearby states, in association with kimber- 

lite indicator minerals (e.g., pyrope) as well as diamonds. 

Gem-quality chromian diopside up to 5 cm (2 in.) long 
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has been found in the State Line district (along the 
Colorado-Wyoming border) and in the Green River Basin 
in southwestern Wyoming. Today the latter is a better 
place to find both chromian diopside and chromian ensta- 
tite because of easier access. These materials can be 
recovered from stream sediments with careful use of a 
gold pan. The sizes and quality of individual faceted (or 
facet-grade} pieces are not mentioned in this article. 

MLJ 


Micro-PIXE analysis of trace element concentrations of 
natural rubies from different locations in 
Myanmar. J. L. Sanchez, T. Osipowicz, S. M. Tang, 
T. S. Tay, and T. T. Win. Nuclear Instruments and 
Methods in Physics Research B, Vol. 130, 1997, pp. 
682-686. 


The authors analyzed 130 untreated rough rubies from 
nine metamorphic localities in Myanmar, including 
Mogok and Mong Hsu, using micro proton-induced X-ray 
emission (PIXE). The concentrations of chromium, tita- 
nium, vanadium, iron, copper, and gallium—the most 
abundant trace elements—were determined for a 200 x 
200 um area on each stone. In a unique approach, the 
authors used the trace-element mapping capability of the 
instrument to eliminate inhomogeneities, such as inclu- 
sions, from the analyses for the areas examined. 

The measurements revealed that, with the exception 
of gallium, there were large variations in the trace-ele- 
ment chemistry of rubies from the different localities, as 
well as for rubies from the same locality. Nevertheless, 
some consistent differences were also found. Using sta- 
tistical analysis, including tree clustering and factor 
analysis, the authors determined that the origin of rubies 
from six of the nine localities could, indeed, be deter- 
mined using this technique. Sam Muhlmeister 


Neue Edelsteinvorkommen (New gem deposits). U. Henn 
and C. Milisenda, Uhren Juwelen Schmuck, 
January 1998, pp. 51-53 [in German]. 


Tanzania emerged as a great producer of colored gem- 
stones in the second half of this century. Most of the 
important localities (e.g., Longido, Lake Manyara, 
Merelani, and Umba) are in the northern part of the coun- 
try; they produce a great variety of gems, the most impor- 
tant being tanzanite, corundum (ruby and fancy-color 
sapphires), garnet (particularly rhodolite and tsavorite], 
tourmaline, emerald, alexandrite, spinel, and quartz. 
Diamonds are mined from the Mwadui kimberlite pipe, 
also in the north. Historically, gemstone occurrences in 
the south have been rare. 

In 1994, however, large and rich gem deposits were 
found in southern Tanzania in the vicinity of Tunduru, 
about 80 km north of the border with Mozambique. An 
estimated 80,000 “illegals” have been working the allu- 
vial deposits in the vicinity of the Muhuwesi and Mtetesi 
Rivers, mostly by primitive methods. Although the pri- 
mary sources of the gem minerals have not been found, 
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the fact that some crystals are only slightly rounded indi- 
cates short transport distances. This article discusses the 
history of the discovery and the development of gem- 
stone trade in this area, the geologic setting of the 
deposits (in the Proterozoic Ubendian-Usagaran System 
of metamorphic rocks], and the most important gem 
materials found to date. These include blue and fancy- 
color sapphires, ruby, many colors of spinel, garnet 
(rhodolite, hessonite, and color-change), and chrysoberyl 
(cat’s-eye and alexandrite). PB 


New gemstone occurrences discovered in Wyoming. 
International California Mining Journal, Vol. 67, 
No. 6, February 1998, pp. 7-8. 
“Gem-quality” cordierite [iolite] and peridot have been 
discovered in Wyoming by the state Geological Survey. 
The cordierite is transparent and violet-blue; it is found as 
mineral grains up to 5 cm (2 in.) long in rock in the cen- 
tral Laramie Mountains, near Wheatland. The peridot 
occurs in rock (to 2.5 cm across) or as smaller loose 
pieces; it is transparent and “olive-green.” The Survey 
recovered about 13,000 carats of peridot from alluvial 
sources in the Leucite Hills, near Rock Springs. Also, two 
additional kimberlite pipes have been located in the 
Green River Basin, but no diamonds have yet been found 
in either. ML] 


Pearls and pearl oysters in the Gulf of California, Mexico. 
D. McLaurin, E. Arizmendi, S. Farell, and M. Nava, 
Australian Gemmologist, Vol. 19, No. 12, 1997, pp. 
497-501. 


For more than four centuries, Mexico’s Gulf of California 
was a major source of colored pearls, but overfishing and 
pollution have greatly reduced production since the latter 
part of the 1800s. This situation is now being reversed 
with research into pearl culturing and the establishment 
of pearl farms. This article describes the cultivation pro- 
cedures of the I.T.E.S.M. Perlas de Guaymas pearl farm in 
Bacochibampo Bay, near Guaymas, which started opera- 
tions in 1996. The farm uses a suspended culture system 
and new, Mexican-developed grafting technology. In 
1997, the farm produced 30,000 mabé pearls, and projec- 
tions for 1998 were to double this quantity. [Editor’s note: 
For further information on Baja California pearls, see M. 
Carino and M. Monteforte, “History of pearling in La Paz 
Bay, South Baja California,” Gems e& Gemology, Summer 
1995, pp. 88-105.] Scott Rebhun 


A study of Korean precious serpentine. W.-S. Kim and S.- 
H. Cho, Journal of Gemmology, Vol. 26, No. 3, 
1998, pp. 156-164. 
A new deposit of gem-quality serpentine was discovered 
in 1995 in Booyo County, South Korea. The deposit forms 
along both contacts of a garnet vein that cross-cuts a body 
of serpentinite (a rock consisting almost entirely of ser- 
pentine-group minerals). The gem-quality serpentine is 
semi-translucent, with a uniform deep green color; it has 


Gemological Abstracts 


a hardness of about 5, a resinous and waxy luster, a spe- 
cific gravity of 2.57—-2.58, and a refractive index of about 
1.56. The color changes from deep green to orange-pink 
when the material is heated at 850°C. 

X-ray powder diffraction analysis identified the gem 
serpentine as antigorite (a mineral in the serpentine 
group). Eye-visible black inclusions (magnetite) are dis- 
persed throughout the material. Important trace elements 
include chromium, nickel, and cobalt. The serpentine, 
marketed domestically as “Booyo Precious Serpentine,” 
is fashioned into cabochons, pendants, buttons, beads, 
and rings. MM 


JEWELRY HISTORY 


Electron microprobe analysis and X-ray diffraction meth- 
ods in archaeometry: Investigations on ancient 
beads from the Sultanate of Oman and from Sri 
Lanka. C. Rosch, R. Hock, U. Schitissler, P. Yule, 
and A. Hannibal, European Journal of Mineralogy, 
Vol. 9, 1997, pp. 763-783. 

Beads from graves of the Samad Culture (300 BC to 900 

AD), excavated in Oman, are made of: natural minerals 

and rocks (serpentine, talc, and chlorite-containing rocks 

of local origin, which are soft and can be carved, and 
almandine-pyrope garnets believed to be imported from 

Sri Lanka or India); metal (pure silver and gold, or these 

elements alloyed with copper); glass (reddish brown, sodi- 

um-rich, colored by copper dissolved in the glass matrix), 

“Egyptian Blue” (a synthetic material produced in Egypt 

since the third millennium BC); and synthetic enstatite 

(formed by heating carved Mg-silicates, such as talc, to 

1,000°C with a resultant increase in hardness and dura- 

bility). 

Beads from an ancient craftsmen quarter of the old 
kingdom of Ruhuna (third to fifth centuries AD), from 
recent excavations in Tissamaharama, Sri Lanka, have a 
few similarities to those from Oman, particularly with 
respect to the garnets, which suggests that there was 
commerce between these civilizations in ancient times. 
However, the potassium-rich reddish brown glass beads 
from Sri Lanka are distinctive, because they are colored 
by tiny droplets of cuprite (Cu,O) and completely lack 
PbO. This is the first study of its type on beads from 
ancient Oman and Sri Lanka. AAL 


Mineralogy of the Louvres Merovingian garnet cloisonné 
jewelry: Origins of the gems of the first kings of 
France. F. Farges, American Mineralogist, Vol. 83, 
1998, pp. 323-330. 

The garnets in cloisonné jewelry from a burial site in 

Louvres (North Paris), France, dated to around the fifth or 

sixth century AD, were examined using the proton-parti- 

cle induced X-ray emission (p-PIXE) method. This tech- 
nique allows archeologists, art historians, and others to 
measure the chemistry of such irreplaceable artifacts 
nondestructively. The 118 cloisonné items examined 
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were from the tombs of Frankish aristocrats, four female 
and one male; the pieces included brooches, bracelets, 
and pendants of gold and/or silver construction. 

Three types of garnets were identified in the jewelry. 
Type I, found in the majority of the cloisonnés, is rhodo- 
lite, with a chemical composition between almandine 
(iron) and pyrope (magnesium); the source might have 
been South India-Sri Lanka. Type II garnet is pyrope, pos- 
sibly from Scandinavia, central Europe, or South India-Sri 
Lanka. Type III garnet is chromium-rich pyrope, and the 
most likely source for this rare mineral is Bohemia. Sri 
Lanka, then known as Ceylon, was a major source of gar- 
nets in the early Middle Ages, and these cloisonnés testi- 
fy to the extent of Ceylonese trade with Europe at the 
time. The author proposes that the use of pyrope and 
rhodolite, rather than the geologically more common 
almandine garnet, in the Louvres cloisonnés may mean 
that the Franks had gemological knowledge far more 
advanced than current historical scholarship suggests. 

IL 


JEWELRY RETAILING 


Consumers discover the other ‘C.’ R. Bates and R. Shor, 
Jewelers’ Circular-Keystone, Vol. 169, No. 9, 
September 1998, pp. 144-145. 


“Ideal Cut” diamonds are becoming more popular, par- 
ticularly among the affluent and college-educated, 
because of increased advertising and publicity. Today 
they account for 5%-7% of diamond sales, up from 
1%-2% a decade ago. However, there is concern that dia- 
mond cut is becoming commoditized, thus increasing the 
risk for deception. Those who overgrade color and clarity 
are also likely to misrepresent cut. Terms such as “near- 
Ideal,” “superior” cut, and “fine” cut are confusing to the 
consumer, but nonetheless are common in the trade. It 
has also been reported that certain grading laboratories 
are labeling stones as “Ideal” even when they fall outside 
commonly accepted proportions. Such practices may ren- 
der the term “Ideal” meaningless in the future. MM 


Gifts Incorporated. J. D. Malcolmson, JQ Magazine, Vol. 

77, 1998, pp. 25-34 passim. 
Today’s jewelers work in a very competitive market. Not 
only must they compete with “traditional” retailers, but 
they also must deal with giant mass marketers. One area 
of retailing that is not yet saturated is corporate sales. Not 
long ago, such an area might not have been very lucrative, 
but conditions have changed. The austerity that followed 
the consumerism of the 1980s has given way to a more 
carefree attitude toward corporate gifts of jewelry, either 
as rewards to valued employees or as incentives to cus- 
tomers. 

To succeed in corporate sales, a jeweler must have an 
organization that can deliver the product on time and to 
the customer’s specifications. Otherwise a special occa- 
sion could be missed, causing the jeweler to lose a repeat 
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customer. It is also important to offer products with 
name value. A Rolex-brand watch, for instance, commu- 
nicates an extra sense of appreciation to the recipient of a 
corporate gift. Jewelers who already have a good under- 
standing of the gift-giving market and products in gener- 
al will benefit most quickly from such sales. Developing 
such a corporate clientele may be difficult, but the 
rewards—repeat customers of high-end merchandise— 
can be quite gratifying. JEM-S 


It’s a Guy Thing. A. Cardella, American Jewelry 
Manufacturer, Vol. 43, No. 8, August 1998, pp. 
50-54. 


Men’s jewelry has historically been one of the most elu- 
sive markets to tap, but industry forecasters, designers, 
manufacturers, and retailers agree that the market is 
enjoying a gradual resurgence. Some of the factors con- 
tributing to this resurgence are a strong economy that has 
sparked luxury spending, a more image-conscious man, 
and a changing economic dynamic in which wives tend 
to be financially independent, leaving husbands with 
more money to spend on themselves. 

The key to predicting what men will buy is under- 
standing why they buy jewelry in the first place. Men 
shop differently from women: They usually do not buy a 
piece of jewelry simply because they like it. Salespeople 
should stress the practical function of the piece, not just 
its appearance. Men are also symbol oriented—often 
more so than women, notes one forecaster—and will pur- 
chase jewelry that reflects personal interests such as golf, 
sailing, or their alma mater. Today’s symbolism also 
extends to spiritual, religious, Gothic, and astrological 
symbols in men’s jewelry. 

The wrist and hand are the focal points of the men’s 
market, and bracelets and rings remain the strongest-sell- 
ing items. Less-traditional items such as earrings are still 
largely unproven, while forecasters predict that necklaces 
will surge in the coming seasons. Sales of platinum jew- 
elry for men are up, with rings and bracelets leading the 
way. Stuart Overlin 


Selling the diamond dream. Diamond International, No. 
51, 1998, pp. 57, 58, 61, 62. 
Adapted from a talk presented by De Beers’s Consumer 
Marketing Division director Stephen Lussier, this article 
discusses the company’s approach to consumer market- 
ing and evaluates both current and future prospects. 
Central to the De Beers approach is the “diamond 
dream”: the unique, emotional power of diamond as a 
cultural symbol of prestige, elegance, and love. Because 
the value of diamond jewelry is largely symbolic rather 
than practical (i.e., you don’t need it for transportation or 
nourishment), the company’s Marketing Division spends 
$200 million a year maintaining and building the dia- 
mond dream. These promotions have successfully 
expanded the consumer base for diamonds by developing 
new occasions (the diamond anniversary band), attracting 
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new consumers (young, single Japanese women in the 
early 1980s), repositioning products (the evolution of the 
“Riviera” bracelet into the more casual “tennis” 
bracelet), and establishing new markets (the emergence of 
the diamond wedding ring in Far East societies). 

Three factors make the current environment a chal- 
lenging one for diamond sales: the decline in the Japanese 
market, the economic crisis in the East Asian markets, 
and the strength of the dollar. Yet there is optimism, 
based on: the stability of the Western markets (particu- 
larly the American market}, growth in a region De Beers 
calls “Asia Arabia,” promising results thus far in the 
Indian and Chinese markets, and the enduring desire for 
diamonds. It is this “addictive” allure of diamonds that 
the company can always rely on, even when the markets 
are having difficulties. Stuart Overlin 


Turmoil hits jewellery. Mining Journal, London, Vol. 
331, No. 8497, September 11, 1998, p. 204. 
The economic crisis in Asia has had a major effect on 
demand for gemstones and precious metals. In Japan, jew- 
elry sales for the first six months of 1998 were down 16% 
from the same period the previous year. Gold jewelry 
sales were down 18%, and platinum jewelry was down 
15%. Sri Lanka has also been hard hit as a producer of col- 
ored stones: Gem exports fell 73% (from 992.6 to 266.3 
Sri Lankan rupees) in the first five months of 1998 rela- 
tive to the same period the year before. Seventy percent 
of Sri Lanka’s gem exports go to Asia. However, the 
American market remains strong, and exports to the 
United States rose 31.6% in January through May 1998 
compared to the same period a year earlier. ML] 


PRECIOUS METALS 


Jewellery is now the largest application of platinum. 
South African Mining, Gold, and Base Minerals, 
May 1, 1998, p. 43. 
The demand for platinum jewelry is strong and going up. 
In 1997, more than 2 million ounces of platinum were 
used in jewelry. During that same year, consumption 
“doubled in China and rose 55% in the U.S.” This has 
taken pressure off the industry to rely on Japan as the 
main sales market. An important reason for the success 
of platinum has been an aggressive marketing campaign 
by the Platinum Guild International that is based on 
quality and value rather then price. Scott Rebhun 


SYNTHETICS AND SIMULANTS 


The death of Kashan. R. Weldon, Professional Jeweler, 
Vol. 1, No. 6, July 1998, p. 46. 

Kashan flux-grown synthetic rubies first appeared about 

30 years ago and were highly regarded for their fine qual- 

ity. Nevertheless, the Dallas-based company went out of 

business in the mid-1980s. Three years ago, Kashan 

Created Ruby was revived, but once again it has ceased 
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production because of competition from now-abundant 
(especially in smaller sizes) natural rubies from Mong 
Hsu (Myanmar), as well as the preference among manu- 
facturers for the less-expensive flame-fusion synthetics. 
Over its 30-year history, Kashan produced 44,528 carats 
of cut rubies; Mong Hsu churns out 45,000 carats of 
rough rubies daily. In addition, there are more than 40 
other active ruby mines worldwide. AAL 


Growing carats. R. Weldon, Professional Jeweler, Vol. 1, 
No. 1, February 1998, pp. 47-48. 


Small amounts of gem-quality synthetic diamonds, most 
of which are yellow and in small sizes, are presently 
known to the trade, but futurists believe that they will 
become more abundant, larger in size, and relatively inex- 
pensive. 

This short article, packed with pertinent information 
about synthetic diamonds, contains predictions primarily 
from Tom Chatham (Chatham Created Gems), who is 
gearing up to manufacture gem-quality synthetic dia- 
monds in the U.S. using Russian expertise. He is striving 
for eventual production from his facilities of 10,000 carats 
a month (of J color and SI clarity), and expects that goods 
in the 1 ct range will sell for about $500 per carat. Alex 
Grizenko (Russian Colored Stone Co.), another proponent 
of synthetic gem diamonds, predicts that commercial 
goods will reach 6 ct. At present, his Russian suppliers 
produce yellow and “tangerine” synthetic diamonds, and 
some green material. Anne M. Blumer 


High-pressure synthesis of high-quality diamond single 
crystals. Yu. N. Pal’yanov, Yu. M. Borzdov, A. G. 
Sokol, A. F. Khokhriakov, V. A. Gusev, G. M. Rylov, 
and N. V. Sobolev, Diamond and Related 
Materials, Vol. 7, 1998, pp. 916-918. 

Recent techniques in the growth of synthetic diamonds 

and assessments of crystal defects are summarized. The 

synthetic diamond crystals were grown using the tem- 
perature gradient method, and X-ray topography was used 
to reveal crystal lattice dislocations. The dislocations are 
similar to those found in natural diamonds, and the 
authors claim that the dislocations in their synthetic dia- 
monds take up a smaller volume of the crystal 
(10%-35%) than defects in natural diamonds. Ultraviolet 
transparency in the UV spectral regions reached 400 nm, 
and the synthetic crystals studied had weak absorption 
characteristics throughout the visible spectrum that are 
similar to those in previously studied annealed synthet- 
ics. The authors state that synthetic diamonds are 
increasing in “quality and purity” as work continues; 
their size was not reported. JL 


TREATMENTS 


Concern about treatments rises. B. Sheung, Jewellery 
News Asia, No. 163, March 1998, pp. 49-52. 


Treatment of South Seas and Tahitian pearls to improve 
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their appearance has increased, and industry leaders are 
concerned that this may affect consumer confidence. 
Treatments recognized on the market today include 
bleaching, polymer coating, dyeing, and irradiation. The 
percentage of pearls being treated is not known; however, 
it is estimated that as much as 30% of white South Seas 
pearls are bleached, and up to 80% of golden South Seas 
pearls are color enhanced. Some in the pearl trade feel 
that treated South Seas pearls have a place in the market 
because the greater availability makes them more acces- 
sible to more consumers. Others respond that treatment 
will erode consumer confidence and the prestigious 
image associated with South Seas pearls. However, most 
agree that disclosure of treatment is vital. The article 
mentions some techniques for recognizing the various 
treatments. JEM-S 


Filled diamond tested by Raman spectroscopic system. 
C.C. Yuan, China Gems, Vol. 7, No. 2, 1998, pp. 
53-54 [in Chinese]. 

Fracture-filled diamonds were studied by Raman spec- 

troscopy. An argon ion laser beam (0.005 mm in diame- 

ter) focused on filled fractures revealed two types of fill- 
ing material. One, lead glass, shows a broad Raman peak 
in the range of 830-930 cm-!. The other, believed to be 
resin, gives a series of peaks in the 1100-3000 cm:! range. 

This article illustrates that Raman spectroscopy is a pow- 

erful technique for identifying materials used to fill dia- 

monds and other gemstones. Taijin Lu 


MISCELLANEOUS 


Green mining. S. Frazier and A. Frazier, Lapidary Journal, 
Vol. 51, No. 9, December 1997, pp. 45-48, 50, 64. 


In the past, mining technology was concerned solely with 
retrieving minerals from the ground at a profit, without 
much regard for environmental matters. Gold mining, for 
example, once polluted the environment of the western 
United States with mercury, which was used to recover 
the gold from the ore. In addition, the hydraulic methods 
used for gold mining destroyed California hillsides. 
Copper mining at Butte, Montana, has dispersed danger- 
ous heavy metals into the atmosphere, soils, surface 
water, and groundwater. Such practices are no longer tol- 
erated in many countries, and all future mining must be 
environmentally friendly, even though this process may 
be expensive, time consuming, and difficult to engineer. 
These problems are now easier to solve, however, because 
of new mining technology and a better understanding of 
mineral deposits. 
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“Green mining” (i.e., environmentally responsible 
mining) is currently being practiced at many locations in 
North America. The article cites as examples a gold and 
myrickite (a red cinnabar—-opal—chalcedony mixture) mine 
in northern California, and the Sweet Home rhodo- 
chrosite mine in Colorado. The mining of gems, crystals, 
and fossils—like that for metals and all other earth 
resources—is now commonly accompanied by a demand 
for environmental protection. MD 


Shipping safely. C. Marandola, American Jewelry 
Manufacturer, Vol. 43, No. 8, August 1998, pp. 56, 
58-61. 


Jewelry is intrinsically vulnerable to loss during shipping, 
but precautions taken before a package is sent can control 
losses and keep insurance rates down. This article details 
four specific steps, gleaned from industry experts: 

(1) Establish internal procedures. A chain of custody, 
with as many people involved as possible, simplifies pin- 
pointing where the loss occurred. The following should 
be documented: description of the items, value, destina- 
tion, type of packaging, and carrier. Instruct employees 
not to share even casual information with pick-up dri- 
vers. 

(2) Package to minimize theft. Use ordinary-looking 
but sturdy brown or white cardboard boxes, no smaller 
than an adult shoebox, securely sealed with gummed 
reinforced paper mailing tape, pressure-sensitive tape, or 
tamper-evident tape. The box should be new; used ones 
are easier to tamper with. Placing a smaller box within a 
larger box reduces loss from slit packages. Include an 
itemized packing slip inside the box and send a copy sep- 
arately. The labeling on the package should not denote 
jewelry or precious metals (use initials rather than com- 
pany names). Adding weight to the box diverts suspicion 
of light and valuable contents. Use labels that cannot be 
easily replicated and affix them well. 

(3) Follow consistent shipping guidelines. Research 
the shipping company’s reliability and hiring practices. 
Avoid shipping to known jewelry zip codes (47th Street in 
New York and Hill Street in Los Angeles). Armored truck 
and first-class registered mail are safest. Services such as 
UPS, FedEx, and Express Mail are riskier because they can 
be targeted by thieves at a central point. Also, shipping 
early in the week means packages will not have to sit in 
a warehouse until Monday morning. 

(4) Prepare for loss. This section addresses insurance 
limitations and extent of coverage through shippers and 
insurance agents. As a general rule, insurance should 
cover 110% of the item’s value, plus freight and inciden- 
tals. Carole Johnson 
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Symposium ‘99 
You Can’t Afford to Miss It! 


or months now, GIA has been talking about 

the Third International Gemological 

Symposium. You've received a brochure. 

You've seen ads in this and other publications. 

You've read the articles and heard about it from your 

friends. San Diego, June 21-24, 1999, ‘Meeting the 

Millennium.’ What is it really, and why am J, as editor of 
Gems © Gemology, urging you to go? 


To answer the latter question first: for your own good. 
GIA has held only two other international symposia in 
the last 17 years. Each brought together the most impor- 
tant people in the intemmational gem and jewelry commu- 
nity both as participants and attendees. Many 

of the topics introduced at the 1991 
Symposium set the stage for tackling the 
gemological challenges of the 1990s, 
such as fracture-filled and synthetic 
diamonds, jade identification, pearl 
research, and emerald treatments. 
The technological advances of the 
past decade have been mind 
boggling —and, as a jeweler or gemol- 
ogist, you are accountable to your cus- 
tomers to know how to address new syn- 
thetics, treatments, and deceptive practices as 
soon as they appear in the market. You also need to 

know the new marketing practices that work in the U.S. 
and worldwide, must be able to anticipate periods of eco- 
nomic instability in the diamond and colored stone mar- 
kets, and must be aware of new and declining localities 
for gem materials. The 1999 Symposium will give you 
more of the tools you must have to operate successfully in 
our industry. 


So, exactly what is Symposium? The core of the program 
is a series of concurrent speaker and panelist sessions that 
will address such topics as sources, production, and eco- 
nomics and manufacturing for both diamonds and col- 
ored stones. Also included are sessions on pearls, jewelry 
design, and estate jewelry, as well as—of course—the 


Editorial 


identification of new treatments, synthetics, and simu- 
lants. Entering the 21st century, suppliers and retailers 
alike are looking for new marketing opportunities, both 
via conventional retail channels and through such elec- 
tronic media as television and the Internet; all of these 
will be addressed. New to Symposium this year are the 
four War Rooms—on appraisals, disclosure, branding, 
and diamond cut—where attendees and panelists will 
interact to find solutions to such pressing issues as cut 
grading and the new L.K1-GE. ‘processed’ diamonds. 


But Symposium offers even mote. It offers 70-plus poster 
sessions with in-depth introductions to specific new tech- 
niques, instruments, localities, and the like. 
It offers the insight of four prominent nonin- 
dustry experts in the areas of marketing, 
technology, the economy, and ethics for 
the new millennium. It offers powerful 
advice from world business leaders such 
as Peter Ueberroth and the senior states- 
man of the diamond industry, Maurice 
Tempelsman. 


And Symposium is not just about leaming. 
Symposium is also about meeting old friends 
and making new ones, while enjoying superb food 

and entertainment in one of the world’s most beautiful 
settings: the Hyatt Regency, on San Diego Bay. The 
opening reception is at Embarcadero park, right on the 
water; Tuesday follows with a visit to the ‘Nature of 
Diamonds’ exhibit at the San Diego Natural History 
Museum, and a buffet under the stars. On Wednesday, 
there will be a pearl reception and fashion show. 
Symposium closes with Italian cuisine and a unique 
salute to the history of the Italian jewelry industry, ‘Arte 


in Oro.’ 


Please, take my word for it. There is nothing like it. And 
there will be nothing like it for many years to come. The 
June 1999 Intemational Gemological Symposium is one 
event you truly can’t afford to miss. 


Aber 
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The Dr. Edward J. Gubelin 
Most Valuable Article Award 


he readers of Gems &Gemology have voted, and your choices for the Dr. Edward J. Gtibelin Most Valuable 

Article Award for best article published in 1998 reflect the increasing importance of advanced research in the 

practice of gemology. Receiving first place is “Modeling the Appearance of the Round Brilliant Cut Diamond: 
An Analysis of Brilliance” (Fall 1998), in which the authors used computer modeling to tackle one of the most com- 
plex and controversial issues in the trade, the evaluation of diamond cut. Second place goes to “Characterizing Natural- 
Color Type Ib Blue Diamonds” (Winter 1998}, a comprehensive study of blue diamonds and their color classification. 
The third-place winner, “Separating Natural and Synthetic Rubies on the Basis of Trace-Element Chemistry” 
(Summer 1998), used semi-quantitative chemical analysis to address a critical gem identification problem. 


The authors of these three articles will share cash prizes of $1,000, $500, and $300, respectively. Following are pho- 
tographs and brief biographies of the winning authors. 


Congratulations also to Ron Lotan of Ramat Gan, Israel, whose ballot was randomly chosen from the many entries 
to win a five-year subscription to Gems& Gemology. 


First Place 

Modeling the Appearance of the Round Brilliant 

Cut Diamond: An Analysis of Brilliance 

T. Scott Hemphill, Ilene M. Reinitz, Mary L. Johnson, and 
James E. Shigley 


Y 4 we Scott Hemphill, a GIA research associate, has been programming com- 
: BS giv puters for the past 30 years. Mr. Hemphill received a B.Sc. in engineer- 
Scott Hemphill llene M. Reinitz ing and an M.Sc. in computer science from the California Institute of 
— Technology. Tene Reinitz is manager of Research and Develop-ment at 
the GIA Gem Trade Laboratory (GIA GTL}, New York, and an editor 
of Gem Trade Lab Notes. Dr. Reinitz, who has co-authored many arti- 
cles for G&G and other publications, received her Ph.D. in geochemistry 
from Yale University. Mary Johnson is manager of Research and 
Development at GIA GTL, Carlsbad, and editor of the Gem News sec- 
tion. A frequent contributor to G&G, she received her Ph.D. in mineral- 
ogy and crystallography from Harvard University. James Shigley is direc- 
tor of GIA Research in Carlsbad. Dr. Shigley, who has been with GIA 
since 1982, received his Ph.D. in geology from Stanford University. He 
has written numerous articles on natural, treated, and synthetic gems. 


Mary L. Johnson James E. Shigley 
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Second Place 

Characterizing Natural-Color Type Ilb Blue Diamonds 

John M. King, Thomas M. Moses, James E. Shigley, Christopher M. 
Welbourn, Simon C. Lawson, and Martin Cooper 


John King is laboratory projects officer at GIA GTL, New York. Mr. King 
received his M.F.A. from Hunter College, City University of New York. 
With 20 years of laboratory experience, he frequently lectures on colored 
diamonds and laboratory grading procedures. Thomas Moses, vice presi- 
dent of Identification Services at GIA GTL, New York, attended Bowling 
Green University in Ohio before he entered the jewelry trade more than 20 
years ago. He is a prolific author and an editor of the Gem Trade Lab 
Notes section. Please see the first-place entry for biographical information 
on James Shigley. Christopher Welbourn is head of the Physics and 
Patents Departments at De Beers DTC Research Centre in Maidenhead, 
United Kingdom. Dr. Welbourn, who joined the De Beers Research 
Centre in 1978, holds a Ph.D. in solid state physics from the University of 
Reading. Simon Lawson is a research scientist in the Physics Department 
of the De Beers DTC Research Centre. He obtained his Ph.D. in optical 
spectroscopy of diamond at King’s College London and has published 
numerous papers on this topic. Martin Cooper, who also joined De Beers 
more than 20 years ago, is research director at the De Beers DTC Research 
Centre. Mr. Cooper received his B.Sc. in physics from the University of 
London and his M.Sc. in materials science from Bristol University. 


Third Place 

Separating Natural and Synthetic Rubies on the Basis of 
Trace-Element Chemistry 

Sam MuhlImeister, Emmanuel Fritsch, James E. Shigley, 
Bertrand Devouard, and Brendan M. Laurs. 


Sam Muhlmeister is a research associate with GIA GTL, Carlsbad. 
Born in Germany, Mr. Muhlmeister received bachelor’s degrees in 
physics and mathematics from the University of California at Berkeley. 
Emmanuel Fritsch is professor of physics at Nantes University, France. 
Dr. Fritsch, who received his Ph.D. from the Sorbonne in Paris, has 
published numerous articles in G&G. James Shigley is profiled in the 
first-place entry. Bertrand Devouard is assistant professor of mineralogy 
at Blaise Pascal University in Clermont-Ferrand, France. Dr. Devouard 
has a Ph.D. in mineralogy and crystallography from Aix-Marseille 
University. His research specialties are microstructures and high spatial- 
resolution analytical techniques in minerals. Brendan Laurs, senior editor 
of Gems & Gemology, holds a B.Sc. in geology from the University of 
California at Santa Barbara and an M.Sc. in geology from Oregon State 
University. Prior to joining GIA, Mr. Laurs was an exploration geologist 
specializing in colored gems. 
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Production of X-rays 


When a high-velocity stream of 
electrons strikes a target of suitable 
material, x-rays are produced. The 
electrons are brought to a sudden 
stop upon striking the target, and 
their energy is transformed partial- 
ly into heat and partially into x- 
radiation moving out from the 
target. 

The type of x-ray tube now in 
general use employs a heated fila- 
ment to generate the electrons, which 
move through an evacuated glass 
bulb to strike a metal target. The 
X-rays generated are radiated out 
from the target and pass through 
the glass of the tube into the sur- 
rounding air. 

The filament is analogous to an 
electric light bulb in that it con- 
sists of a coil of tungsten wire 
heated to a white heat by an electric 
current flowing through it. Since 
the electrons emitted by the filament 
are negatively charged, they may be 
made to move with high velocity 
toward the target by applying a 
very high voltage across the filament 
and target. Voltages commonly used 
for this purpose will range from 
50,000 volts in small laboratory units 
to several million volts in huge hos- 
pital installations. The glass bulb 
must be highly evacuated in order 
that the motion of the electrons will 
not be hindered by the atoms of air 
that would normally fill the tube. 
The heat generated by impact of 
electrons on the target is commonly 


conducted away by a water cooling 
system. 


A schematic diagram of an x-ray 
tube is shown in Figure 1. 


GEMS & GEMOLOGY 


FILAMENT 
TRANSFORMER 


VZAZA 
ZAZA 


GLASS 
INSULATOR 


- FILAMENT 


| Hom VOL. TAGE 
| ERAEONNER 


Figure 1 


Schematic Diagram of X-ray Tube 


The wave length of x-rays is 
dependent on the target material, 
the common targets being iron, cop- 
per; molybdenum, and tungsten. The 
choice of target depends on the type 
of work for which the x-rays are 
to be used. For industrial and 
medical radiography the target is 
usually tungsten, while for studies 
of atomic structure of crystalline 
solids (including minerals) a copper 
target gives best results. 

The wave lengths of x-rays gen- 
erated by causing high-velocity elec- 
trons to strike various targets are 
given below: 


Wave Length 


Target (Ka Doublet) 
Angstrom Units 
Iron 1.935 
Copper 1.539 
Molybdenum 0.710 
Tungsten 0.200 


THE IDENTIFICATION OF 
Z.ACHERY-TREATED TURQUOISE 


By Emmanuel Fritsch, Shane F. McClure, Mikhail Ostrooumov, Yves Andres, Thomas Moses, 
John I. Koivula, and Robert C. Kammerling 


Over the last 10 years, millions of carats of 
turquoise have been enhanced by a propri- 
etary process called the Zachery treatment. 
Tests show that this process effectively 
improves a stone’s ability to take a good pol- 
ish and may or may not improve a stone’s 
color. It also decreases the material’s porosity, 
limiting its tendency to absorb discoloring 
agents such as skin oils. Examination of 
numerous samples known to be treated by 
this process revealed that Zachery-treated 
turquoise has gemological properties that are 
similar to those of untreated natural 
turquoise, and that the treatment does not 
involve impregnation with a polymer. Most 
Zachery-treated turquoise can be identified 
only through chemical analysis—most effi- 
ciently, by EDXRF spectroscopy—as it con- 
tains significantly more potassium than its 
untreated counterpart. 


4 Zachery-Treated Turquoise 


' urquoise is one of the oldest gem materials known. 
| Its use in jewelry and for personal adornment can be 

/_ traced back 70 centuries, to ancient Egypt (Branson, 
1975). Today it is popular in fine jewelry worldwide (see 
cover and figure 1) as well as in various cultures, most 
notably among Native American groups of the southwest- 
ern United States (figure 2). However, because the supply of 
high-quality turquoise is limited, and because this material 
readily accepts many treatments, most turquoise is adulter- 
ated (Liddicoat, 1987). Cervelle (1985) even states that 
turquoise must be treated, to avoid the change in color 
caused by absorption of substances such as cosmetics, 
sweat, or grease into this typically porous material. The 
most common type of turquoise treatment is impregnation 
with an organic material. Such treatment can be readily 
detected by observation with a microscope, use of a hot 
point (Liddicoat, 1987), or infrared spectroscopy 
(Dontenville et al., 1986). However, there is a relatively new, 
proprietary turquoise treatment, commonly known in the 
trade as “enhanced turquoise” (again, see figures 1 and 2), 
which cannot be detected by any of these classical methods. 
The purpose of this article is to describe the properties of 
this treated turquoise, with the specific intent of offering a 
method for its identification. 


BACKGROUND 

At the 1988 Tucson show, one of the authors (RCK) was 
told that a new type of treated turquoise had been marketed 
for at least six months under the name “Zacharia-treated 
turquoise.” This enhancement was reportedly done with 
chemicals such as copper sulfate (letter from Pat Troutman 
to RCK, February 24, 1988). Some of the material was being 
sold through R. H. & Co. Inc. in Glendale, California. 
Inquiries to R. H. & Co. were answered by Roben Hagobian. 
He stated that US$1.5 million had been spent on developing 
this process, and that the treatment could not be detected. 
He also specified that it was not called “Zacharia treat- 
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Figure 1. These pieces illus- 
trate some of the fine 
turquoise jewelry and fash- 
ioned goods that are cur- 
rently in the marketplace. 
All of these pieces have 
been fashioned from 
Zachery-treated turquoise 
from the Sleeping Beauty 
mine. The beads in the top 
necklace are 13 mm in 
diameter; the heart-shaped 
pendant is 35 mm wide; the 
cabochons in the earrings 
each measure 15 x 20 mm; 
and the larger stones in the 
rings are about 12 mm in 
largest dimension. Courtesy 
of Roben Hagobian; photo © 
Harold & Erica Van Pelt. 


ment,” rather, that name probably referred to a sci- 
entist named Zachery who actually developed the 
procedure. Mr. Hagobian could not provide any 
details on the method himself, as he only provided 
the stones to be treated and got them back 
enhanced. At that time, we were also informed 
(through a letter dated June 23, 1989, from Pat 
Troutman to Loretta Bauchiero of GIA) that 
turquoise that was color-enhanced by this treat- 
ment might fade over time. No other information 
was made available to us, however, and our efforts 
to obtain additional samples and data were unsuc- 
cessful until recently. 

At the end of 1996, we inadvertently encoun- 
tered new information about the treatment in the 
course of another investigation. While researching 
polymer-impregnated turquoise, we were told of a 
company that was treating turquoise by a method 
that could not be detected. We subsequently learned 
that the material was being treated and marketed by 
Sterling Foutz of Sterling Products, Phoenix, 
Arizona. At the 1997 Tucson show, two of the 
authors (SFM and EF) met with Mr. Foutz, who 
agreed to supply a large number of treated samples 
from known turquoise mines around the world, as 
well as some untreated natural material from a 
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number of these localities. Mr. Foutz told us that 
the process was invented by James E. Zachery, an 
entrepreneurial electrical engineer who “grew up” 
in the turquoise trade. It stemmed from a desire to 
improve the properties of turquoise without using 
artificial additives such as plastic. The key advan- 
tages of this treatment, according to Mr. Foutz, are 
that the treated stones take a better polish and are 
more resistant to “oxidation” or discoloration over 
time, apparently due to a significant decrease in the 
porosity of the turquoise. They can also apply the 
same process to produce a greater depth of color in 
the turquoise. More than 10 million carats of 
turquoise have been treated by this process since it 
was first invented in the late 1980s; Roben 
Hagobian (pers. comm., 1999) noted that in 1998 
alone he had 1.2 million carats of turquoise 
enhanced by the Zachery process. 

Mr. Foutz reported that the treatment process 
takes approximately three to six weeks, and that no 
organic or inorganic colorants or organic impregna- 
tions are used. Because the process is proprietary, 
Mr. Foutz did not provide specifics of the actual 
technique and asked us not to use the samples he 
supplied to research the precise technique. He did 
add, though, that the process only works on medi- 
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TABLE 1. Turquoise samples studied by gemological testing and EDXRF analysis.* 


Description No. of | Sample Year Color Zachery FTIR Size Comments 
samples no. acquired treated? data? (weight or 
max. dim.) 
Sample Sets 
“Emerald Valley"® 2 220a-b 1998 Whitish No-1 No 21mm Rough, sawn in half; 
green; Yes —1 30 mm cabochons also made 
green 
2 221a-b 1998 Green No-1 No 34mm Rough, sawn in half; 
Yes -1 20mm cabochons also made 
2 222a-b 1998 Green No-1 No 40 mm Rough, sawn in half; 
Yes —1 34mm cabochons also made 
Sleeping Beauty, AZ° 4 225a-d 1998 Blue Yes — 4 No 11.22-18.28 ct Cabochons, sawn in half: 
surface treated only (a), 


throughout (b,c), 


throughout 
+ Surface (d) 
Sleeping Beauty, AZ¢ 4 231a-d 1998 Blue No-1 No 18-34 mm Rough, polished slabs: 
Yes - 3 untreated (a); treated 
throughout (b), surface 
treated (c), throughout 
and surface (d 
Other Samples 
"Blue Bird"® 3 64-166 997 Med. blue All samples A 18-24 mm Rough w/ matrix, polished; 
samples 166 had a partial blue rim 
China 4 362 GIA Blue No-1 No-1 13 mm Rough, sawn and polished 
55-157 997 Yes —3 Yes —3 21-23 mm Rough w/ matrix, polished 
“Emerald Valley" 4 58-160 997 Green All samples; All samples 23-36 mm Rough w/ matrix, polished; 
70 2 wit rough, sawn and polished 
no evidence? 
Mexico 3 52-154 997 Blue, All samples All samples 16-22 mm Flat fragment w/ matrix, 
sl. gr. blue polished; rough, polished 
Nevada (unspecified) 1 TQE4B CRG Greenish blue No Yes 11mm Rough, polished 
Nevada Fox, NV 3 61-163 997 Green-blue All samples All samples 17-21 mm Rough w/ matrix, polished; 
ough, polished 
Nevada Smith, NV 3 49-151 997 Blue All samples All samples 22-24 mm Rough w/ matrix, polished; 
ough, polished 
Persia 1 3925 GIA Blue No No 28.78 ct Oval cabochon 
Sleeping Beauty, AZ 5 41-145 997 Blue No-2 All samples 15-21 mm Rough, sawn and polished— 
Yes —3 All samples all with blue rim, less 
pronounced on untreated 
Sleeping Beauty, AZ 2 229-230 998 Blue No No 5.67, 5.86 ct Beads 
"Thunder Blue"! (China) 3 67-169 997 Blue All samples All samples 22-23 mm Rough w/ matrix, polished 
Turquoise Min., AZ 3 46-148 997 Sl. gr. All samples All samples 21-27 mm Rough + matrix, broken; 
blue 1 polished, 2 unpolished 
U.S. (unspecified) 1 72 EF Blue No Yes 19mm Rough, sawn and polished 
Utah (unspecified) 1 71 EF Blue No Yes 22mm Rough w/ matrix, polished 
Uzbekistan 1 OST1 EF Blue No Yes 20 mm Flat slab w/ matrix, polished 
Unspecified locality 6 2111-6 1988-89 Blue All samples; Yes — 4 0.49-4.39 ct Cabochons — 5 (1 w/ matrix); 
1 showed No-2 bead — 1 
no evidence 


@ All samples were tested for refractive index (by the spot method), specific gravity (except Uzbekistan sample OST7, 
which had too much matrix), long- and short-wave UV radiation, visible spectrum (as seen with a hand-held spectroscope), 
and response to a thermal reaction tester. EDXRF chemical analysis also was performed on all samples. Abbreviations: 
max. dim. = maximum dimension, CRG = Centre de Recherches Gemmologiques Jean-Pierre Chenet (University of Nantes) 
collection, GIA = GIA collection, EF = Emmanuel Fritsch collection, gr. = greenish, sl. = slightly, med. = medium, w/ = with. 

© Refers to distinctly green turquoise from China, Mexico (Baja California), or the U.S. (New Mexico or Crescent 
Valley, Nevada). 

© One surface-treated cabochon was analyzed by electron microprobe, before and after exposure to oxalic acid solution. 

7 All four slabs were analyzed by electron microprobe. 

® Refers to medium blue turquoise from Mexico or the U.S. (Nevada or Arizona—Sleeping Beauty mine). 

‘ The name given to turquoise from China by a particular supplier. 

9 These samples were represented as treated, but they showed no K peak with EDXRF. 
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um- to high-grade material; low-quality, chalky 
turquoise will not enhance successfully. Also, sev- 
eral different results are possible with the same 
basic treatment process, with some adjustments for 
material from different mines. One is the treatment 
of the stone throughout without affecting the color 
of the original material. This approach is usually 
used on rough, and it is done to decrease the porosi- 
ty of the turquoise and improve its ability to take a 
good polish. After a stone has been cut from such 
rough, it can be treated again to improve its color. 
This second treatment, which has a relatively shal- 
low penetration, produces a darker, more saturated 
hue. A third scenario is to treat a previously 
untreated cut turquoise with the near-surface pro- 
cess both to improve its color and decrease its 
porosity. 

In 1998, we received a letter from Mr. Zachery, 
who provided additional information regarding the 
nature of the treatment. According to his letter, 
“the enhancement process evolved from serious sci- 
entific attempts to duplicate the environment that 
allowed the famous Kingman high-grade turquoise 
to be deposited amid large potassium feldspar 
beds. . . . Although wholesale deposition of magnifi- 
cent specimens did not occur, the microcrystalline 
structure of almost any specimen could be perfect- 
ed... .” He wrote that “no dyes of any kind, either 
organic or inorganic, have been used; . . . the normal 
color producing metallic ions found in natural 
turquoise, such as copper or iron, have not been 
added. ...” and that “any environments wet or dry 
that may have facilitated the enhancement proce- 
dure have not contained any of the aforementioned 
coloring ions, nor have any electrodes which con- 
tain these elements been employed.” Moreover, he 
wrote that this material “has not been impregnated 
with plastic” or “with any wax, oil or lacquer 
whether natural or synthetic.” He added his belief 
that “the principles involved in the Zachery process 
are widely applicable to other porous or penetrable 
gems such as beryls and opals.” 

Mr. Zachery recommended the phrase “micro- 
crystalline structurally enhanced by the Zachery 
process” to describe material treated in this fashion. 
For the sake of simplicity, we will refer to this prod- 
uct as “Zachery-treated turquoise.” For the remain- 
der of this article, this term and the term treated 
turquoise will be used interchangeably to refer to 
this process. 


Zachery-Treated Turquoise 


Figure 2. Turquoise jewelry has long been popular 
with Native Americans from the Southwestern 
states. Today, much of this turquoise is also treat- 
ed by the proprietary Zachery process. Courtesy of 
Sterling Foutz; photo by Maha DeMaggio. 


MATERIALS AND METHODS 


We performed comprehensive testing on a total of 
58 samples (see table 1): 16 cabochons (four untreat- 
ed, 12 treated), three beads (two untreated, one 
treated), two unpolished pieces of rough (both treat- 
ed}, and 37 slabs or polished pieces of rough (eight 
untreated, 29 treated). The fashioned samples 
ranged from 0.49 ct to 28.78 ct, and the rough sam- 
ples ranged up to 4 cm in maximum dimension. 
The polished surface on the rough samples was flat 
or slightly rounded. 

The samples in table 1 are designated by their 
geographic origin or color variety (as represented by 
Mr. Foutz]. Untreated samples were from China, 
Persia, Uzbekistan, and the U.S. (Arizona—Sleeping 
Beauty mine, Nevada, Utah, and an unspecified 
locality). Treated samples were from China (includ- 
ing material represented as “Thunder Blue”), 
Mexico, and the U.S. (Arizona—Sleeping Beauty 
mine and the Turquoise Mountain mine near 
Kingman; Nevada—Nevada Fox and Nevada Smith 
veins at the Fox mine in Crescent Valley). Six treat- 
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ed samples were from unspecified localities. The 
color varieties were designated as “Blue Bird” (three 
treated samples) and “Emerald Valley” (three 
untreated and seven treated samples). “Blue Bird” 
refers to medium blue turquoise; these samples 
could be from Mexico or the U.S. (Nevada or 
Arizona—Sleeping Beauty mine). “Emerald Valley” 
refers to turquoise with a distinctly green color; 
these samples could originate from China, Mexico 
(Baja California), or the U.S. (New Mexico or 
Crescent Valley, Nevada). 

To test the durability and cutting performance of 
the treated material, we obtained from Mr. Foutz 
three rough samples that represented different qual- 
ities of “Emerald Valley” turquoise. Each sample 
was cut in half; one half was treated by the Zachery 
process (the precise treatment was not specified, but 
the same type was used on all), and the other was 
left untreated (figure 3). Subsequently, we had a 
cabochon fashioned from each half to compare both 
how well the treated and untreated materials 
responded to the cutting wheel and the relative 
quality of their polish. To test the effectiveness of 
the treatment in decreasing the porosity of the 
material, we cut fragments of the treated and 
untreated samples in half, and immersed one half of 
each in Johnson’s® baby oil for a total of six days. 
The samples were removed from the oil and exam- 
ined regularly during this period. 

To characterize turquoise with different treat- 
ment types, we asked Mr. Foutz to treat a series of 
slabs from the same piece of rough. A nodule from 
the Sleeping Beauty mine was cut into four slabs 
(figure 4), and the following samples were prepared: 
(1) untreated, (2) surface treated only with the color 


enhanced,(3) treated throughout and left natural 
color, and (4) treated throughout and then surface 
treated to improve the color. This sample suite 
allowed us to make direct comparisons between the 
samples—before and after treatment, and between 
the different treatments—on a single piece of rough. 

Also at our request, Mr. Foutz supplied four 
cabochons of treated Sleeping Beauty turquoise that 
we cut in half to observe changes in coloration. 
Two of these cabochons were treated throughout, 
one was surface treated only (with the color 
enhanced), and one was treated throughout and 
then surface treated to improve the color. 

To investigate the color stability of the treated 
material, we took the three cabochons we had cut 
from the treated halves of the Emerald Valley treat- 
ed-and-untreated specimens described above and 
sawed them in half. We placed one half of each sam- 
ple in an Oriel 81150 solar simulator with a 300- 
watt xenon light source. This instrument creates an 
output emission that approximates the daylight 
spectrum at two times its normal intensity. We left 
the cabochons in the solar simulator for 164 hours, 
checking them at approximately 24 hour intervals. 
This is equivalent to approximately 328 hours of 
noon sunlight exposure. The second half of each 
cabochon was kept in the dark as a control. 

All of the samples were tested by the following 
methods, with the exception of the one untreated 
turquoise from Uzbekistan, for which specific-gravi- 
ty testing would have been meaningless because it 
contained so much matrix material. Indices of 
refraction were measured by the spot method with 
a GIA Gem Instruments Duplex II refractometer. 
Specific gravity was determined by the hydrostatic 


Figure 3. These samples (nos. 220-222a,b; 20-40 mm long) of rough “Emerald Valley” turquoise illus- 
trate the results of treatment on different qualities of material. Half of each sample was treated by the 
Zachery process, and the other half was left untreated for comparison. Little change is visible in the 
treated half (top) of the high-quality (low-porosity) material in A. The medium-quality turquoise in B 
shows distinctly higher color saturation in the treated half (right sample), as does the low-quality 
material in C (also right). Photos by Maha DeMaggio. 
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Figure 4. These four slabs 
(nos. 231a—d; 18-34 mm 
wide) were cut from the 

same piece of Sleeping 

Beauty mine rough. Three 
of the slabs were treated 

by the Zachery process to 

obtain different results. 
From left to right: (1) 
untreated, (2) surface 
treated only to enhance 
color, (3) treated through- 
out and left natural color, 
and (4) treated through- 
out and then surface 
treated to improve the 
color. Photo by Maha 
DeMaggio 


method. We also observed the samples with a Beck 
prism spectroscope, and a long-wave (366 nm) and 
short-wave (254 nm) ultraviolet lamp unit (in a 
darkened room). We applied a standard thermal 
reaction tester (TRT) to check for the presence of a 
polymer. 

We performed Fourier-transform infrared spec- 
troscopy (FTIR) on most of the samples (see table 1) 
using a Nicolet 20 SXC instrument in the specular 
reflectance mode, at a resolution of 4 cm”, in the 
mid-infrared range 4000-400 cm~!. Semi-quantita- 
tive chemical analyses by energy-dispersive X-ray 
fluorescence (EDXRF) were obtained on all the 
study samples on either of two instruments: a 
Tracor Spectrace 5000 at GIA or an Oxford 
Instruments ED2.000 at Nantes. The Spectrace 5000 
had a rhodium anticathode, whereas the ED2000 
had a silver anticathode. Instrumental artifacts 
caused by the machines, in particular the silver 
anticathode, were visible in the spectra collected; 
these could conceal the presence of small amounts 
of silicon or chlorine. The conditions were chosen 
to be appropriate for the simultaneous measure- 
ment of peaks for light elements (such as alu- 
minum) through the end of the first series of transi- 
tion elements (copper and zinc). For the Spectrace 
5000, the analyses were performed in a vacuum, 
with no filter, and with a tube voltage of 15 kV and 
a livetime of 100 seconds. The same conditions 
were used for the ED2000, except for a tube voltage 
of 10 kV and a livetime of 120 seconds. 

Dr. F. C. Hawthorne at the University of 
Manitoba, Canada, performed electron microprobe 
analyses on (1) all four slabs from the Sleeping 
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Beauty mine and (2) one of the color-treated 
Sleeping Beauty cabochons that had been cut in half 
and one half immersed in oxalic acid. Cross-sec- 
tions of the slabs were analyzed to provide quantita- 
tive chemical data near the surface and within the 
core of each sample. The analyses were performed 
using a Cameca SX-50 microprobe with an acceler- 
ating voltage of 15 kV, sample current of 20 nA, and 
a beam spot size of 20 microns. Dr. Hawthorne also 
performed X-ray diffraction analysis, using trans- 
mission geometry, on one untreated and two of the 
treated slabs. 


RESULTS 


Effectiveness of the Treatment. The three green 
“Emerald Valley” samples for which one half was 
treated and the other half was left in its original 
state illustrate the potential influence of the process 
on various aspects of appearance, cuttability, and 
durability. Two of the treated halves were much 
more saturated than their untreated counterparts, 
and some areas of matrix were a darker brown. The 
somewhat chalky appearance of these pieces before 
treatment disappeared after treatment. The color of 
the third sample was unaffected by treatment. 

As noted above, one of the advantages claimed 
for Zachery-treated turquoise is that it is easier to 
cut and takes a better polish. According to the cut- 
ter of the six cabochons fashioned from these treat- 
ed and untreated halves of “Emerald Valley” rough, 
all of the treated material was easier to work in that 
it gave a cleaner cut that did not crumble or splinter 
along the sawn edge. Indeed, the cutter had difficul- 
ty keeping the lowest-quality untreated material 
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Figure 5. Cabochons were fashioned from the treated and untreated rough photographed in figure 3 so that we 
could compare the cuttability of the material. In each photo, the half fashioned from the treated piece of rough 
is shown on the right. Note especially the distinct improvement in luster in the treated stones, with the most 
pronounced difference seen in the lower-quality material (B and C). Photos by Maha DeMaggio. 


from breaking up during sawing. The three Zachery- 
treated turquoise cabochons also took a better pol- 
ish than the untreated material, with the lowest- 
quality turquoise showing the most pronounced dif- 
ference (figure 5). In fact, the unusually high luster 
was somewhat superior to what one would normal- 
ly expect from high-quality untreated turquoise. 

Another advantage claimed for Zachery treat- 
ment is that it reduces the tendency of turquoise to 
absorb oil and/or grease (by decreasing the porosity). 
We tested this claim by immersing fragments of 
these same samples in baby oil (while retaining por- 
tions of these fragments as controls). Within a few 
minutes, we observed that more air bubbles were 
escaping from the untreated fragments, which indi- 
cates that they were more porous than their treated 
counterparts. After six days of immersion, the three 
treated fragments did not show any change in 
appearance, but their untreated counterparts 
became noticeably to dramatically darker than the 
control samples. This illustrates that the treated 
turquoise has little or no tendency to absorb oil and 
grease, which would cause it to discolor over time, 
as does natural turquoise (Bariand and Poirot, 1985). 

As noted earlier, some concern was expressed in 
the trade that Zachery-treated turquoise might fade 
over time. After exposure for 164 hours in a solar 
simulator, however, the three treated “Emerald 
Valley” cabochon halves did not show any fading or 
other change of appearance when compared to the 
control samples. 


Gemological Properties. The samples ranged from 
blue through greenish blue to green (again, see table 
1). The vast majority were the typical greenish blue 
color associated with turquoise. However, all of the 
samples labeled “Emerald Valley” were whitish 
green to green, as were two samples from Nevada 
Fox. Most of the rough samples showed various 
amounts of matrix admixture. On their natural, 
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unpolished surfaces, the rough samples also 
revealed the botryoidal morphology typical of 
turquoise. 

In general, the treated samples had darker, more 
saturated colors than their untreated counterparts. 
These colors are slightly unnatural in appearance and 
can be used as an indication of treatment, even 
though the difference is subtle and would require 
some experience to discern. Of the four Sleeping 
Beauty slabs cut from the same piece of rough, the 
one that was not color treated remained the same 
color as the untreated slab, whereas the surfaces of 
the two color-treated samples were darker and slight- 
ly more saturated than the underlying material. 

To determine if there was a visible penetration 
of color in the treated material, we sawed in half 
(and polished the sawn edges) of the four Sleeping 
Beauty cabochons of known treatment type. The 
color-treated cabochons showed a layer of darker 
color that was subtle but clearly visible (figure 6). 
The penetration depth ranged from approximately 
0.2 to 0.5 mm in these specimens. 

For all samples—both untreated and treated— 
the refractive index ranged from 1.60 to 1.62 (spot 
method). The specific gravity ranged from 2.61 to 
2.74. These values are well within those reported 
for natural, untreated turquoise. 

When examined with the hand spectroscope, all 
samples—again, both treated and untreated— 
showed the band at about 430 nm that is character- 
istic of turquoise. In addition, all samples lumi- 
nesced a weak to moderate whitish blue to long- 
wave UV radiation and were inert to short-wave 
UV. None of the samples, whether natural or 
Zachery treated, showed any response to the ther- 
mal reaction tester. 

When viewed with the gemological microscope, 
all samples revealed a typical turquoise structure 
with minor cavities and occasional pyrite and cal- 
cite inclusions. The treated samples did not reveal 
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any of the characteristics that are common to 
turquoise treated by more traditional methods (such 
as evidence of filler materials in surface-reaching 
fractures and cavities). We did not observe fillers in 
any of the Zachery-treated samples we examined. 

In fact, there was only one distinctive difference 
visible in any of the treated samples—concentra- 
tions of color along fractures—and it was only visi- 
ble in some of them. This was best illustrated in the 
treated slabs from Sleeping Beauty that were cut 
from the same piece of rough and then processed 
differently. We did not see any color concentrations 
along fractures in the untreated slab or two of the 
treated slabs. However, the slab that was first treat- 
ed all the way through and then surface treated to 
improve its color showed distinct concentrations of 
dark blue along fractures (figure 7). The color con- 
centrations were not confined to the fracture itself, 
but rather they also penetrated the turquoise on 
either side of the break. This is an important obser- 
vation, since low-quality turquoise that is impreg- 
nated and dyed will often show concentrations of 
color along fractures, but those concentrations con- 
sist of a colored filler material and are confined to 
the fracture itself (figure 8). Either type of color con- 
centration is unnatural and, in our experience, does 
not occur in untreated turquoise. 


Infrared Spectroscopy. Reflectance infrared spec- 
troscopy of natural and treated samples in the mid- 
infrared range produced similar spectra for both 
groups. Both showed major peaks at approximately 
1125, 1050, and 1000 cm, which represent vibra- 
tions of the PO, units; they did not show the peaks 
expected for polymer impregnation or organic com- 
pounds (for details, see Dontenville et al., 1986). 
These spectra also confirm that the samples tested 
were indeed natural, and not synthetic turquoise. 
The width of the peak, which was similar for both 
the untreated and Zachery-treated turquoise, 
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Figure 6. This cross section of a cabochon that was 
surface treated to improve color shows a narrow 
rim of more saturated color. The depth of this rim 
ranged from 0.2 to 0.5 mm in the samples we 
examined. Photomicrograph by Shane F. McClure; 
magnified 14x. 


demonstrates that the crystallite size is within the 
same range for both products (see Fritsch and 
Stockton, 1987). 


Energy-Dispersive X-ray Fluorescence Spectrometry. 
EDXREF analyses of all the untreated and treated 
samples demonstrated, as expected, the presence of 
all the major constituents of turquoise 
[CuAl1,(PO,),(OH).*5H,O] that could be detected 
with our instruments (figure 9): aluminum (Al), 
phosphorus (P), and copper (Cu). Iron (Fe), a com- 
mon impurity in turquoise, was also detected in all 
samples. The height of the Fe peak correlated to the 
green component of the color (in pyrite- and iron- 
oxide-free samples); that is, the green samples 
showed the most intense Fe peaks. This is consis- 
tent with the report by Cervelle et al. (1985) that 
Fe** produces the yellow component of green 
turquoise. Sulfur (S) was occasionally detected; its 
signal was stronger in pieces with pyrite (FeS) inclu- 
sions. Traces of the common transition elements 
titanium, chromium, and vanadium were also pre- 


Figure 7. Blue color concentrations along 
fractures were seen in some of the color- 
treated samples. In these two slabs 
shown in figure 4, the sample that was 
treated but not color enhanced (left) 
shows no change in coloration along the 
fracture. However, the same fracture in 
the adjacent slab, which was color 
enhanced, shows an obvious color con- 
centration (right). Photomicrographs by 
Shane F. McClure; magnified 10x. 
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sent in some samples (both natural and treated). A 
small calcium (Ca) signal was present in all the nat- 
ural, untreated samples; this Ca peak was some- 
times accompanied by a separate potassium (K) 
peak, which was always smaller. 

In general, the EDXRF spectra of the treated and 
untreated samples were similar, with one important 
exception: The potassium peak was much stronger 
in most of the treated samples than in the untreated 
ones, when this peak was compared to that of an 
element that is intrinsic to turquoise (such as phos- 
phorus; figure 10). Although the height of the potas- 
sium peak varied from one treated piece to the next, 
in the vast majority of instances the amount of 
potassium in the treated turquoise was significantly 
greater than that recorded in the untreated samples. 

EDXRE analyses of the four slabs cut from the 
same piece of Sleeping Beauty rough gave particu- 
larly interesting results in this regard. As originally 
recorded, the potassium contents of the untreated 
sample as well as the two samples that had been 
color treated were strong when compared to the 
phosphorus peak. Yet the slab that had been treated 
without changing its color did not show elevated 
potassium. Closer inspection of the untreated sam- 
ple revealed a cavity in the center of the slab, which 
must have contained some potassium-bearing com- 
pound. When the untreated sample was analyzed in 
an area away from the cavity, the potassium con- 
tent was much smaller. Electron microprobe analy- 
ses of these four slabs were consistent with the later 
EDXRF results. In addition, systematic variations in 
the total wt.% oxides measured by microprobe 
analysis in these four slabs indicated a decrease in 
porosity with increasing intensity of treatment. 

EDXRE analyses were also performed on the four 
Sleeping Beauty cabochons that were cut in half, 
with one half treated for a specific result and the 
other half left untreated. As was the case with the 
slabs, the two stones that were color treated showed 
elevated potassium, and the two cabochons that 
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Figure 8. Color concentrations in 
Zachery-treated material look very 
different from those seen in turquoise 
impregnated with colored polymers. 
The color concentrations in the blue- 
polymer-filled stone (left) are restrict- 
ed to the fractures. In the Zachery- 
treated stone (right) the color concen- 
trations appear to diffuse into the 
stone adjacent to the fractures. 
Photomicrographs by Shane F. 
McClure; magnified 35x. 


were treated without producing any effect on their 
color did not. 

Because the three non-color-treated samples 
described above (the slab and the two cabochons) 
lacked elevated potassium contents, we decided to 
test some additional samples that we knew were 
similarly treated (i.e., for durability only, not for 
color) to determine if the increase in potassium 
occurred only in color-treated stones. Mr. Foutz 
loaned us 13 samples of irregular slabs from China, 
Mexico, and Arizona that he had treated specifically 
for durability/porosity but not for color. These irreg- 
ular slabs ranged from green to blue to very light 
blue (a color the turquoise trade sometimes calls 
“white” turquoise) and had various amounts of 
matrix present. We specifically requested specimens 
of varying qualities and localities different from 
those of the three stones described earlier, which 
were all high-quality material from the Sleeping 
Beauty mine. Of these 13 treated samples, 10 
showed significantly elevated potassium levels. The 
other three showed much smaller K peaks, but 
these peaks were still slightly stronger than those in 
the untreated turquoise we have tested. These 
results suggest that the porosity of the starting 
material helps determine whether or not a piece of 
treated turquoise will show elevated potassium 
with EDXREF. It was primarily the high-quality 
treated material that lacked elevated potassium lev- 
els, possibly because such material is less porous. 

Three of the treated samples in table 1 (one high 
quality, and the other two medium quality) also 
lacked the K peak in their EDXRF spectra. 


X-Ray Diffraction. Analyses of the one untreated 
and two of the treated Sleeping Beauty slabs 
revealed no significant differences among the three 
samples. This proves that no new minerals (other 
than, possibly, turquoise) were precipitated in the 
treated turquoise, and the cell dimensions remained 
unchanged. 
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Figure 9. The EDXREF spectra for untreated 
turquoise from various deposits were very similar; 
those shown here (left) are from the Nevada Smith 
mine (top) and the Sleeping Beauty mine (bottom). 
A small potassium peak is sometimes present in 
the untreated material, but it is always smaller 
than the calcium (Ca) peak. In contrast, the 
Zachery-treated turquoise (right) usually shows 
potassium peaks, which are much higher than in 
the untreated turquoise. The highest and lowest 
potassium peaks that we detected in the treated 
material are shown at the top and bottom, respec- 
tively. Note: The shaded peaks are artifacts of the 
instrumentation, and should be ignored. 


Oxalic Acid. Mr. Foutz (pers. comm., 1998) told us 
about a simple—but destructive—test that may dis- 
tinguish untreated from Zachery-treated turquoise. 
A small amount of oxalic acid solution is applied to 
the sample; if the material has been Zachery treat- 
ed, a white skin usually will form on the surface. 
Mr. Foutz noted that this test works best on stones 
that have received color treatment and may not 
show on stones that have been treated for durabili- 
ty/porosity only. 


Zachery-Treated Turquoise 


To investigate this, we prepared a 20% solution 
of oxalic acid, into which we immersed one half of 
each of the three Sleeping Beauty cabochons treated 
by the different methods. We also tested an untreat- 


Figure 10. 


These EDXREF spectra of the “Emerald 


Valley” samples shown in figure 3 demonstrate the 
potassium enrichment in the treated halves (red 
line) compared to their untreated counterparts 
(black line). To facilitate comparison, the spectra 
have been normalized according to the height of 
their phosphorus (P) peaks. For the treated sam- 
ples, the potassium (K) peak is small in the high- 
quality sample (A), and becomes progressively 
larger in the medium- (B) and low-quality (C) sam- 
ples. Note: The shaded peaks are artifacts of the 
instrumentation, and should be ignored. 
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Diffraction of X-rays by a Crystal 

In 1912, Laue, a physicist at the 
University of Munich, conceived the 
idea that a crystal, consisting of 
an orderly arrangement of atoms, 
might act as a three-dimensional 
diffraction grating for x-rays. His 
idea was carried out by Friedrich 
and Knipping with complete success, 
and the way was thus paved for im- 
portant research in the atomic 
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Further measurements of the dis- 
tance of the secondary spots from 
the center yield information re- 
garding the spacing between planes 
of atoms. Photographs obtained by 
this method are called Laue photo- 
graphs, in honor of that physicist. 
In Figure 2, the appearance of a 
typical Laue photograph is shown 
schematically on the far right. 

In any x-ray photograph such as 


LAUE PATTERN 


Figure 2 
Schematic Diagram of a Laue Camera and typical Laue photograph 


structure of solids, and for the de- 
velopment of the methods of identi- 
fication by x-rays to be outlined in 
the following paragraphs. 

The Laue method of obtaining an 
x-ray photograph of a crystal is 
shown schematically in Figure 2. 
The resultant photograph consists of 
a large central spot produced by the 
direct x-ray beam, surrounded by 
smaller spots due .to secondary 
beams which are produced by re- 
flections from internal planes of 
atoms. The manner in which the 
secondary spots are arranged around 
the center indicates the crystal sys- 
tem to which the crystal belongs. 


the Laue type, the spots surrounding 
the center of the film are the result 
of secondary beams of x-rays having 
blackened the film. The secondary 
beams are originated by diffraction. 
This diffraction is caused by the 
precise, orderly arrangement in 
space of the atoms making up the 
solid. For simplicity, the secondary 
x-ray beams can be thought of as 
being the result of reflection from 
planes of atoms within the crystal. 
It is evident from this that only 
crystalline materials will give x-ray 
diffraction patterns. Amorphous sub- 
stances such as opal and amber, 
because their atoms are disordered 


ed turquoise bead. For comparison purposes, we 
retained the other half of each cabochon and set 
aside another untreated bead of like color. After the 
stones had been in the solution for four hours, we 
rinsed them off and allowed them to dry. The 
untreated bead showed no apparent change, and the 
stone that was treated throughout but not color 
treated showed only a very slight whitishness. 
However, the stone that was treated throughout 
and then color treated showed a definite lightening 
of the blue color, and the stone that was only color 
treated showed a dramatic change to pale blue (fig- 
ure 11). The porosity of all of the treated stones was 
also increased, proportional to the amount of visible 
reaction to the acid. This was evidenced by the fact 
that the stones were now sticky to the touch. These 
results are consistent with the information we 
received from Mr. Foutz. Microprobe analyses per- 
formed on one of the color-treated Sleeping Beauty 
cabochons revealed that the enriched potassium at 
the surface of the treated control half was absent 
from the half that was immersed in oxalic acid. 
They also confirmed that the immersed half 
showed an increase in porosity. 

We performed another variation of this test by 
placing a small drop of solution on several polished 
slabs of treated turquoise. Minutes to hours were 
required for a reaction, and the acid left a mark that 
was considerably larger than the original spot of 
acid applied because the liquid spread on the surface 
of the sample. Note that it is very difficult to per- 
form this test on curved surfaces, since the acid 
runs off before it has time to react with the 
turquoise. The white film that forms as a result of 
this procedure does not wipe off, and repolishing is 
required to return the stone to its original condition. 
Therefore, this test is destructive and should be 
used only with that limitation in mind. 


DISCUSSION 


Identification by Gemological Tests. Zachery-treat- 
ed turquoise cannot be identified using classical 
gemological methods. Its gemological properties 
completely overlap those of natural turquoise. 

The only gemological clues to the presence of 
this treatment are visual in nature and quite subtle. 
These include a slightly unnatural color (in those 
stones that have been color treated) and a very high- 
quality polish. These clues are not proof of treat- 
ment, but they are indications that the average 
gemologist might see in the course of a visual exam- 
ination. The presence of blue color concentrations 
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along fractures and into the adjacent turquoise is 
another indication of Zachery treatment. 


Identification by Advanced Testing. The mid- 
infrared spectra of untreated and Zachery-treated 
turquoise showed no significant differences. The 
most effective method of identifying Zachery-treat- 
ed turquoise is chemical analysis. Specifically, 
EDXRF revealed that the vast majority of the 
Zachery-treated samples in this study contained sig- 
nificantly more potassium than natural, untreated 
turquoise (again, see figure 10). These results con- 
firm observations made by the senior author (EF) 
after examining the original samples in 1990. Only 
six of the 55 Zachery-treated stones tested by 
EDXRE (including the 13 samples not shown in 
table 1 because they were not fully characterized) 
did not show a higher potassium content than that 
seen in the untreated turquoise. We know from Mr. 
Foutz that three of these exceptions were treated 
without improving their color. We do not know the 
intended effect of the treatment on the other three 
samples. What is most important is that all the 
stones that revealed a high potassium content were 
indeed Zachery treated. 


Porosity and the Treatment Process. In his 1998 let- 
ter to the authors, Mr. Zachery stated that the treat- 
ed material “has not been impregnated with any 
wax, oil or lacquer.” Our studies support this state- 
ment. However, this does not exclude the possibili- 
ty that the treatment might be adding other compo- 
nents, which affect the porosity of the turquoise. 

To understand how the filling of pores in a min- 
eral can affect its appearance, it is necessary to 
understand how light reflects off materials of differ- 
ing porosities. The visual appearance of porosity in 
materials such as turquoise is equivalent to that of a 
material containing small bubbles of air (of much 
lower R.I.) scattering light. If the voids are larger 
than the wavelength of visible light (i.e., a micron or 
more on average}, then the white light that is scat- 
tered will recombine, giving a white, cloudy, or 
milky cast to the stone (Fritsch and Rossman, 
1988). This is indeed what we observe in all natural, 
untreated turquoise. The same phenomenon gives 
rise to the white color in milky quartz (scattering by 
microscopic fluid inclusions). Even if the material is 
strongly colored, scattering will produce a lighter 
color. Hence, a dark brown beer has a very light-col- 
ored foam, because the myriad microscopic air bub- 
bles scatter light efficiently, and the walls of the 
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bubbles are very thin. Conversely, if the voids are 
filled, a significantly darker and more saturated 
color will be observed. A similar phenomenon is 
seen when a piece of colored fabric is partially 
immersed in water: The wet area becomes much 
darker and more saturated than the dry area, 
because the voids in the weave (its “porosity”) are 
filled with water, thus considerably reducing the 
light scattering. This is what we believe we are see- 
ing in Zachery-treated turquoise, and what is 
known to happen in polymer-impregnated 
turquoise. 

One scenario that would be consistent with our 
observations is that turquoise is being grown in situ 
within the porous areas during treatment, with 
potassium being an aid to or by-product of the pro- 
cess. Alternately, the treatment may use the natural 
porosity of untreated turquoise to introduce a sub- 
stance that helps make the material more cohesive. 
These scenarios would reduce the porosity of the 
turquoise and thus might improve the color in 
some specimens, much in the same way that the 
filling of porous chalky turquoise with polymers 
improves its color. These theories are best support- 
ed by the fact that the treated turquoise no longer 
accepts contaminants such as oils, and that the 
quality of the polish is improved. 

The lack of potassium in some treated samples 
may be due to the low porosity of the starting mate- 
rial. If the turquoise has little or no porosity before 
treatment, then it will be more difficult to intro- 
duce a foreign substance. Hence, even if such a 
piece has undergone the full treatment process, it 
may not show the presence of potassium. 

Another explanation is that turquoise that is 
nonporous or only slightly porous will not allow the 
potassium to penetrate until the treatment is con- 
centrated enough to improve the stone’s color. This 
would be consistent with the fact that three of the 
stones that did not show an increased potassium 
content were known to have been treated without 
improving their color. These stones were all high- 
quality material and demonstrated the reduced 
porosity characteristic of this treatment. 


Gemological Nomenclature. This type of treatment 
presents some nomenclature problems for gemolo- 
gists. In the colored stone trade, treatments that 
affect color are often perceived more negatively 
than those that affect clarity or other characteris- 
tics. The problem with material treated by the 
Zachery process is that, while in the vast majority 
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Figure 11. An oxalic acid solution can be used to 
detect some of the Zachery-treated turquoise. For 
each pair, the sample on the right was immersed 
in oxalic acid for four hours. Shown clockwise 
from the lower left, the samples are: untreated 
(beads); treated throughout and left natural color; 
treated throughout and then color treated; and 
color treated only. Photo by Maha DeMaggio. 


of cases we can tell by chemical analysis that a 
stone has been treated, at this time there is no 
definitive way to determine whether its color has 
been affected. One can usually assume that stones 
that show blue concentrations in and near fractures 
have been color treated, but not all of the turquoise 
that has been color treated by the Zachery process 
shows these concentrations. 

Mr. Foutz sells his material as “enhanced” 
turquoise, to differentiate it from treated material 
that is referred to as “stabilized.” Unfortunately, as 
discussed above, we do not know exactly what is 
happening to the turquoise when it is treated by 
this process. In fact, Mr. Foutz admits that he and 
Mr. Zachery do not know the exact mechanism 
that is taking place. This creates a nomenclature 
problem for gemological laboratories, where concise 
descriptions of treatments are essential. Until more 
is known about the process involved, the GIA Gem 
Trade Laboratory will continue to call this material 
“Treated Natural Turquoise.” 


CONCLUSION 


Zachery-treated turquoise cannot be detected by 
standard gemological techniques, although a slight- 
ly unnatural color and blue color concentrations in 
and around fractures are indications. Bleaching after 
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exposure to oxalic acid may also indicate treatment, 
but this is a destructive test. On the basis of the 
large number of samples we tested from various 
localities, we have demonstrated that the vast 
majority of Zachery-treated turquoise can be identi- 
fied by relatively high potassium levels. However, 
chemical analysis requires access to advanced tech- 
nology such as EDXRF spectrometry or microprobe 
analysis; such instrumentation is available in only 
the most sophisticated gemological laboratories. 
The presence of potassium as the only detectable 
additive is unique among gem treatments. 
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SOME DIAGNOSTIC FEATURES OF 
RUSSIAN HYDROTHERMAL SYNTHETIC 
RUBIES AND SAPPHIRES 


By Karl Schmetzer and Adolf Peretti 


Most Russian hydrothermal synthetic rubies 
and pink, orange, green, blue, and violet sap- 
phires—colored by chromium and/or nickel— 
reveal diagnostic zigzag or mosaic-like growth 
structures associated with color zoning. When 
the samples are properly oriented, these internal 
patterns are easily recognized using a standard 
gemological microscope in conjunction with 
immersion or fiber-optic illumination. 
Pleochroism is also useful to separate chromi- 
um-free blue-to-green synthetic sapphires from 
their natural counterparts. Samples colored by a 
combination of chromium, nickel, and iron are 
also described. 


ABOUT THE AUTHORS 


Dr. Schmeizer is a research scientist residing in 
Petershausen, near Munich, Germany. Dr. 
Peretti (aperetti@gemresearch.ch) is director of 
GRS Gemresearch Swisslab AG, Lucerne, 
Switzerland. 


Acknowledgments: The authors are grateful to 
the following people for supplying some of the 
samples used in this study: Fred Mouawad, 
Bangkok, Thailand; Christopher P. Smith and 
Dr. Dietmar Schwarz, both of the GUbelin 
Gemmological Laboratory, Lucerne, 
Switzerland; Dr. James E. Shigley, GIA 
Research, Carlsbad, California; and the Siberian 
Gemological Center, the United Institute of 
Geology, Geophysics and Mineralogy, and the 
joint venture Tairus, all of Novosibirsk, Russia. 


Gems & Gemology, Vol. 35, No. 1, pp. 17-28 
© 1999 Gemological Institute of America 


Russian Synthetic Rubies and Sapphires 


ydrothermal synthetic ruby of Russian produc- 

tion first appeared on the international market 

in 1993 (Peretti and Smith, 1993, 1994). 
Subsequently, in 1995, yellow, orange, blue-green, and blue 
synthetic sapphires from Novosibirsk became available (fig- 
ure 1). Recently, these sapphires were described in detail 
(Peretti et al., 1997; Thomas et al., 1997). As those authors 
reported, infrared and visible-range spectroscopy, as well as 
trace-element chemistry, are useful to separate these syn- 
thetic sapphires from their natural counterparts. 
Microscopic examination has also revealed features of diag- 
nostic value, such as copper-bearing particles and flake-like 
aggregates, as well as various types of fluid and multi-phase 
inclusions. However, the gemologist does not always have 
access to sophisticated analytical equipment, and character- 
istic inclusions are not always present. Therefore the 
authors decided to investigate the internal growth patterns 
of this material in an effort to identify distinctive character- 
istics that might be readily seen in most samples. 

Growth patterns in hydrothermal synthetic emeralds, 
such as those of Russian production, generally are known to 
gemologists (see Schmetzer, 1988), and irregular growth fea- 
tures in Russian hydrothermal synthetic rubies and sap- 
phires also have been mentioned briefly (Sechos, 1997; 
Thomas et al., 1997). However, these publications described 
no specific orientation of the synthetic rubies and sapphires 
during examination for these features. In the experience of 
the present authors, the observation of growth features in 
unoriented samples is sufficient to identify only some 
hydrothermally grown samples; that is, only heavily dis- 
turbed, strongly roiled growth patterns can be observed 
without a specific orientation (figure 2; see also figure 16 in 
Thomas et al., 1997, p. 200). These patterns can also be mis- 
taken for growth features seen in natural rubies and sap- 
phires. For oriented samples, however, a diagnostic growth 
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Figure 1. Russian crystal-growth laboratories are 
now producing hydrothermal synthetic ruby as 
well as sapphires in a range of colors. The blue- 
green sapphire in the center (9.2 x 7.0 mm) weighs 
2.65 ct. Photo by Maha DeMaggio. 


pattern can be seen in most of the synthetic rubies, 
as well as in a major portion of the synthetic sap- 
phires. Yet few of these growth patterns have been 
illustrated to date. The present study gives a 
detailed description of the diagnostic growth fea- 
tures, and describes a method to position a sample 
so that these features can be readily seen in com- 
mercially available Russian hydrothermal synthetic 
rubies and sapphires (i.e., those colored by chromi- 
um and/or nickel). 

Differences in pleochroism have been men- 
tioned as being useful to separate some Tairus 
greenish blue synthetic sapphires from their natural 
counterparts (Thomas et al., 1997). A pleochroism 
of weak to strong green-blue to blue was indicated 
for some of the Tairus samples; however, this is also 
found in basaltic-type bluish green to blue natural 
sapphire (see, e.g., Schmetzer and Bank, 1980, 1981). 
Consequently, we also re-evaluated the applicabili- 
ty of pleochroism to the identification of synthetic 
Russian hydrothermal rubies and sapphires. 


MATERIALS AND METHODS 


The 83 samples studied were reportedly produced 
either at the United Institute of Geology, 
Geophysics and Mineralogy, Novosibirsk, Russia, 
or at the hydrothermal growth facilities of Tairus 
Co., also in Novosibirsk. Forty-two samples were 
acquired between 1993 and 1996 by one of the 
authors (AP) during various stays in Bangkok and 
Novosibirsk (see Peretti et al., 1997). Two addition- 
al synthetic rubies were purchased in 1998 at Tairus 
Co., Bangkok, Thailand; and a collection of 17 sam- 
ples, loaned by C. P. Smith, contained hydrothermal 
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synthetic rubies and sapphires obtained from 1993 
to 1998 in Novosibirsk and Bangkok. A set of 22 
faceted samples from the GIA research collection 
originated directly from Tairus Co., Novosibirsk; 18 
of these were used in the report by Thomas et al. 
(1997). 

The samples included six complete synthetic 
ruby (2) and synthetic sapphire (4) crystals grown on 
tabular seeds (see, e.g., figure 3), as well as two crys- 
tals that were grown on spherical (Verneuil) seeds 
specifically for the study of crystal growth. The 
eight crystals ranged from about 6 to 59 ct. Twenty- 
two of the samples were irregular pieces that had 
been sawn from larger crystals, and 12 samples were 
plates that had been polished on both sides. Most of 
these 34 irregular pieces and plates contained a por- 
tion of a colorless tabular seed. A polished window 
was prepared on about 15 of the crystal fragments 
(the largest of which was 41 ct) for microscopic 
examination. The remaining 41 synthetic rubies 
and sapphires of various colors were faceted and 
ranged from 0.22, to 4.72 ct (see, e.g., figure 1). 

To characterize the samples according to their 
cause of color and trace-element contents, we 
obtained ultraviolet-visible (UV-Vis) spectra for 
about half the 41 synthetic rubies and pink sap- 
phires, and all the 42 synthetic sapphires, by means 
of a Leitz-Unicam SP 800 UV-Vis spectrophotome- 
ter. We performed trace-element analysis by energy- 
dispersive X-ray fluorescence (EDXRF), using a 
Tracor Northern TN 5000 system, for 32 samples 
that included each color variety and/or each type of 
absorption spectrum. 


Figure 2. If a hydrothermal synthetic sapphire or 
ruby is not oriented in a specific direction when it 
is examined with magnification and fiber-optic 
illumination, as seen in this Russian synthetic sap- 
phire, the growth patterns are difficult to resolve 
and may mimic those seen occasionally in natural 
corundum. Magnified 40x. 
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To document a possible color change by gamma- 
irradiation, we exposed one intense blue-green syn- 
thetic sapphire to Co in a commercial irradiation 
facility. 

Morphological characteristics of the complete 
crystals were measured with a goniometer. The 
external faces of the smaller sawn pieces, the pol- 
ished plates, and the internal growth patterns of all 
83 samples were examined with a Schneider hori- 
zontal (immersion) microscope with a specially 
designed sample holder and specially designed eye- 
pieces (to measure angles: Schmetzer, 1986, and 
Kiefert and Schmetzer, 1991; see also Smith, 1996). 
We also examined many of the samples with an 
Eickhorst gemological microscope (without immer- 
sion) using fiber-optic illumination. 

Most of the faceted samples were cut with their 
table facets at various oblique angles to the c-axis of 
the original crystal. Consequently, we determined 
the pleochroism of all the faceted samples in immer- 
sion with the following three-step procedure: (1) 
using crossed polarizers, we oriented the c-axis paral- 
lel to the direction of view by observation of the vari- 
ation in interference rings as the sample was rotated 
(see Kiefert and Schmetzer, 1991); (2) we rotated the 
sample through 90° about the vertical axis of the 
sample holder to orient the c-axis in the east-west 
direction of the microscope, and then removed one 
polarizer; and (3) we determined both pleochroic col- 
ors by rotating the remaining polarizer. 


Figure 3. These three samples are representative of 
the Russian hydrothermal synthetic ruby and sap- 
phire crystals grown on tabular seeds. Two stan- 
dard seed orientations are used: The 31x 13 mm 
synthetic ruby on the bottom was grown with a 
seed parallel to a prism b {1010}, whereas the 
orange synthetic sapphire (40 x 18 mm) and the 
synthetic ruby in the inset (35 x 18 mm) were 
grown with seeds parallel to a negative rhombohe- 
dron -r {0111}. The rough, uneven faces of two of 
the crystals are oriented parallel to the seed; by 
contrast, the crystal in the inset reveals alternating 
hexagonal dipyramids n {2243}. Photo © GIA and 
Tino Hammid; inset by M. Glas. 


RESULTS AND 

DISCUSSION 

Characterization of Samples According to Color and 
Cause of Color. On the basis of color, absorption 


TABLE 1. Properties of Russian hydrothermal synthetic ruby and sapphire samples colored by chromium and/or nickel. 


Color Cause of color Pleochroism || c-axis Pleochroism L c-axis Samples# 
Ruby and pink sapphire Ge Yellowish red to orange Red to purplish red 15 pieces, 14 faceted, 
8 plates, 2 crystals, 
2 crystals with spherical 
seeds 
Reddish orange to Cro, NiS* Light reddish yellow Intense reddish orange 5 faceted 
orange-pink sapphire 
Orange sapphire Cr3, NiS* Light yellowish orange Intense orange 2 crystals, 1 faceted 
Yellow sapphire NiS+ Yellow Yellow 4 faceted 
Green sapphire Ni2*, Nis* Yellowish orange Yellowish green 1 piece, 1 faceted 
Bluish green sapphire Ni2*, Nis* Orange Green 2 faceted 
Blue-green sapphire Ni2*, Nis* Reddish orange Bluish green 1 piece, 2 faceted 
Blue sapphire Ni2+ Reddish violet Blue-green 1 plate, 3 faceted 
Blue-violet sapphire Ni2*, Cr+ Reddish violet Blue 1 piece, 2 faceted 
Bluish violet sapphire Ni2*+, Cr+ Violetish red Bluish violet 3 faceted 
Violet sapphire Ni2*, Cr+ Violetish red Violet 1 faceted 


4 “Crystals” were complete, and grown on tabular seeds; rough “pieces” were sawn from crystals grown on tabular seeds; and thin “plates” were polished on 


both sides. 
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Box A: CHARACTERIZATION OF RUSSIAN HYDROTHERMAL 
SYNTHETIC SAPPHIRES COLORED BY CHROMIUM, NICKEL, AND IRON 


The three synthetic corundum samples that were 
found to contain a combination of chromium, nick- 
el, and iron consisted of two color-change synthetic 
sapphires (one rough and one faceted) and one 
bluish violet synthetic sapphire crystal. 


Color-Change Samples. The seed in this crystal 
was oriented differently from those in the crystals 
from the main sample. This crystal showed an 
uneven face that was oriented perpendicular to a 
large r face; consequently, the seed must have been 
cut perpendicular to r. The internal growth patterns 
of the faceted color-change sample indicate the 
same seed orientation. Such a seed orientation has 
not been observed in other chromium- and/or nick- 
el-bearing Russian synthetic rubies or sapphires. 
The color-change synthetic sapphires (figure A- 
1) were bluish green in day (or fluorescent) light and 
reddish violet in incandescent light. There was only 
a weak change in these colors when the samples 


change synthetic sap- 
phires are colored by 
iron, chromium, and 
nickel. The faceted 
sample weighs 2.89 ct. 
Incandescent light; 
photo by M. Glas. 


spectroscopy, and trace-element analysis, we found 
that 71 of the 83 samples were colored predomi- 
nantly by chromium and/or nickel (table 1). 
Synthetic ruby and sapphires containing these ele- 
ments are now commercially produced by Tairus 
Co. at Novosibirsk. Three of the remaining 12 sam- 
ples are described in Box A; these samples are col- 
ored by chromium, nickel, and iron. The remaining 
nine synthetic sapphires did not contain chromium 
and/or nickel as color-causing trace elements. 
Therefore, these samples are not described here. 

On the basis of their color, absorption spectra, 
and trace-element contents, we separated the 71 
commercially available samples into six color “vari- 
eties:” ruby-pink sapphire and reddish orange to 
orange, yellow, green to blue-green, blue, and blue- 
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Figure A-1. These color- 
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Figure A-2. The absorption spectrum of this 
color-change hydrothermal synthetic sapphire 
(A) is very similar to the spectra (B and C) of 
natural color-change sapphires (in this case, 
from Mercaderes, Colombia). The synthetic 
sapphire reveals absorption bands of Fe**, 
Cr*, and Ni**, whereas the natural samples 
are colored by Fe**, Cr**, and Fe?*/Ti* pairs. 
The maximum caused by Cr** and Ni** (A) is 
slightly shifted to higher wavelengths com- 
pared to the peak caused by Cr** and Fe*/Ti** 
(B and C). 


violet to violet sapphire (again, see table 1). 
Although traces of iron were detected by EDXRF in 
these samples, no Fe** absorption bands were 
observed. Consequently, the influence of iron on 
their color is negligible. EDXRF analyses revealed 
various amounts of chromium—but no nickel—in 
the synthetic rubies and pink sapphires. In the yel- 
low, green, blue-green, and blue samples, traces of 
nickel only were present as color-causing elements, 
whereas the blue-violet to violet and the orange to 
reddish orange synthetic sapphires contained traces 
of both chromium and nickel. These chemical prop- 
erties are comparable to analytical data published 
by Thomas et al. (1997). 

The absorption spectra were consistent with our 
chemical data as well as with the interpretation of 
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were viewed parallel and perpendicular to the c- 
axis; that is, the colors were more intense parallel 
to c. These samples were found to be heavily iron- 
doped members of the chromium-nickel series. 
Their absorption spectra showed the dominant Ni** 
absorption band of blue synthetic sapphire superim- 
posed on minor Cr** and Fe** absorption bands (fig- 
ure A-2). With an absorption maximum in the yel- 
low and minima in the red and blue-green areas of 
the visible region, this spectrum reveals all the fea- 
tures associated with color change in a mineral (see, 
e.g., Schmetzer et al., 1980; Hanni, 1983). In natural 
color-change sapphire (e.g., from Mercaderes, 
Colombia), this particular spectrum is caused by 
Fe?*/Ti** absorption bands of blue sapphire super- 
imposed on Cr** and Fe** absorption bands (figure 
A-2; Schmetzer et al., 1980; see also Keller et al., 
1985). In the authors’ experience, natural color- 
change samples from Sri Lanka and Tanzania 
(Umba and Tunduru-Songea areas) have almost 
identical spectra. 

The growth patterns of both samples (figure A- 
3) were comparable to the patterns seen in samples 


color causes by Thomas et al. (1997).* Our samples 
are represented in a triangular diagram (figure 4), 
with basic colors caused predominantly by Cr*+ 
(rubies and pink sapphires), Ni** (yellow sapphires), 
and Ni** (blue sapphires). Intermediate synthetic 
sapphires colored by a combination of Cr+ and Ni** 
(reddish orange to orange), Ni** and Ni** (green to 
blue-green), and Ni2* and Cr** (blue-violet to violet) 
are arranged along the edges of the triangle. Thomas 
et al. (1997) described all samples of the Ni?*-Cr?* 
series as greenish blue. However, we feel that sam- 
ples of this series are better described as blue, blue- 
violet, bluish violet, and violet (see figure 4 and 
table 1). Intermediate samples with high chromium 
and small Ni** contents, as well as samples with 
high amounts of Ni** and smaller Ni?* contents, 
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of the chromium-nickel series (see, e.g., figures 13 
and 15), with subparallel striations and subgrain 
boundaries between microcrystals observed in both. 
However, unlike the color zoning seen in samples 
grown with one of the two standard seed orienta- 
tions (see, e.g., figure 8), these two samples revealed 
color zoning at an inclination to the dominant sub- 
grain boundaries. 


Bluish Violet Sample. This crystal consists of a thin 
overgrowth of synthetic corundum over a tabular 
seed with an orientation parallel to —r. Typical irreg- 
ular surface features representing subindividuals 
were seen on both -r faces parallel to the seed plate. 
The pleochroic colors were violet perpendicular to 
the c-axis, and yellow parallel to the c-axis. The 
color of the crystal is a complex function of super- 
imposed Cr**, Ni2*, and Fe** absorption bands, the 
absorption spectrum is comparable to that of bluish 
violet sapphires of the chromium-nickel series, with 
additional subordinate Fe** absorption bands. This 
sample was higher in chromium than the two color- 
change synthetic sapphires. 


Figure A-3. The growth patterns in the color- 
change synthetic sapphires were similar to 
those seen in the synthetic samples of the 
series. Subparallel striations (left) were 
observed in the faceted sample at 70x magni- 
fication. A zigzag pattern (right) was visible in 
the crystal in a view parallel to the striations 
at 50x magnification (both with immersion). 


were not observed in this study. An intense blue- 
green sample, however, turned intense yellowish 
green on y-irradiation, which can be explained by 
conversion of part of the Ni?* to Ni** (see Thomas et 
al., 1997). 

For comparison, the natural counterparts of 
these synthetic rubies and sapphires are represented 
in another triangular diagram, with red to pink, yel- 
low, and blue to blue-violet in the three corners (fig- 
ure 5). This diagram is based on several thousand 
absorption spectra recorded over a 25 year period by 
one of the authors (KS; mostly unpublished), from 


*The polarization of the spectrum of a greenish blue synthetic 
sapphire is erroneously reversed in figure 5A in the Thomas et 
al. (1997) article. 
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Coloration of Hydrothermal Synthetic Corundum 
Figure 4. This triangular dia- 
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by the authors, and broken 
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not available for this investi- 
gation. Samples containing 
Nit+and Ni** are green to 
blue-green; Cr** with Ni* 
produces reddish orange to 
orange; and Ni** with Cr** 
causes blue-violet to violet. 
The yellow sample (1.09 ct) 
measures 7.1 x 5.2 mm, and 
the blue sample (2.70 ct) 
measures 9.5 x 6.8 mm. 
Photos by M. Glas. 
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all major commercial sources of natural ruby and 
sapphire. There are two basic types of natural yel- 
low sapphire, which are caused predominantly by 


Pleochroism. The pleochroism of both natural and 
synthetic corundum is identical for samples in the 
yellow-orange-red color range, including “padparad- 


color centers or by Fe**. Intermediate between red 
and yellow are chromium-bearing “padparadscha’” 
sapphires. Blue to blue-violet natural sapphires are 
colored predominantly by Fe**/Ti** ion pairs (meta- 
morphic type) or by Fe**/Ti** and Fe?*/Fe** ion pairs 
(basaltic type). Sapphires with intermediate colors 
exist in the blue-to-yellow (Fe**) and blue-to-red 
(Cr+) series (again, see figure 5). 


Coloration of Natural Gem Corundum 


Red and pink 
Cr3* Cr3* 


Figure 5. This triangular diagram 
shows the colors of natural ruby and 
sapphires that are equivalent to the 
synthetic samples illustrated in figure 
4, The three principal causes of color in 
natural corundum are Cr** (red to 
pink), color centers or Fe** (yellow), 
and Fe**/Ti* ion pairs with or without 
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additional Fe?*/Fe** pairs (blue to blue- Color Fe3+ Fe2*/Ti#* 
violet). All intermediate colors are centers +Fe2*/Fest 
seen in natural corundum. Adapted Spee yace ba vot) all 
from Schmetzer and Bank (1981). | | 


22 Russian Synthetic Rubies and Sapphires GEMS & GEMOLOGY Spring 1999 


Figure 6. The blue synthetic sap- 
phires showed diagnostic pleochro- 
ism that is the opposite of that seen 

in natural blue sapphire. In the 
Russian hydrothermal synthetics, 
we saw reddish violet parallel to the 
c-axis and blue-green perpendicular 
to it. Immersion, polarized light, 
magnified 40x. 


scha.” Likewise, natural and synthetic reddish vio- 
let to bluish violet sapphires cannot be separated 
routinely by their pleochroism. However, pleochro- 
ism is a diagnostic feature of blue-to-green natural 
and synthetic sapphires. 

Natural blue sapphire is predominantly colored 
by ion pairs of Fe** and Ti**, with additional influ- 
ence from Fe** or Fe**/Fe** (or both) absorptions. All 
natural blue to blue-violet sapphires colored by the 
Fe**/Ti** ion pair reveal distinct pleochroism: light 
blue or greenish blue, green, and yellowish green 
parallel to the c-axis, and intense blue, bluish violet, 
or violet perpendicular to the c-axis (Schmetzer and 
Bank, 1980, 1981; Schmetzer, 1987; Kiefert and 
Schmetzer, 1987). 

The blue hydrothermal synthetic sapphires in 
the chromium-nickel series are colored predomi- 
nantly by Ni**. These sapphires revealed a distinct 
pleochroism of reddish violet parallel to the c-axis 
and blue-green perpendicular to the c-axis (figure 
6}the opposite of that seen in natural blue sap- 
phire. Consequently, this difference in pleochro- 
ism is useful to separate natural and synthetic blue 
sapphire. 

The pleochroism of the Ni**- and Ni**-bearing 
blue-green to green synthetic sapphires (table 1) 
also differs from that of natural blue-green, bluish 
green, or green sapphires. Natural samples of this 
series contain relatively high amounts of Fe** 
(again, see figure 5); their pleochroism is yellowish 
green, green, or bluish green parallel to the c-axis 
and bluish green to blue perpendicular to the c-axis 
(Schmetzer and Bank, 1980, 1981; Schmetzer, 1987; 
Kiefert and Schmetzer, 1987). Using the techniques 
described above, we observed in their hydrothermal 
synthetic counterparts reddish orange to yellowish 
orange parallel to the c-axis and bluish green to yel- 
lowish green perpendicular to the c-axis (figure 
7).** Consequently, pleochroism is also useful to 
distinguish hydrothermal synthetic sapphires in 
the blue-green to green series from their natural 
counterparts. 
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Orientation of Seeds and Morphology of the Rough. 
The morphology of the two rubies that were grown 
on spherical seeds is consistent with the description 
in Thomas et al. (1997). 

As reported by Thomas et al. (1997) for the Tairus 
hydrothermal synthetic sapphires, the seed plates in 
the samples we examined were cut from 
Czochralski-grown colorless synthetic sapphire. In 
the complete crystals, the seed plates measured 
30-40 mm in their longest dimension. Examination 
of these complete crystals, as well as of the sawn 
pieces, polished plates, and faceted stones that con- 
tained residual parts of the seed, revealed that the 
seed plates were cut in two different standard orien- 
tations: (1) parallel to the c-axis, that is, parallel to a 
first-order hexagonal prism b {1010} (figure 8); and (2) 
at an inclination of about 32° to the c-axis, that is, 
parallel to a negative rhombohedron —r {0111} (figure 
9). Seed plates cut in the latter orientation were not 
mentioned by Thomas et al. (1997), but they were 
seen in about half the samples we examined. 

The crystals grown with seeds cut parallel to the 
prism b revealed two large rough, uneven faces (see, 
e.g., figure 10) parallel to the seed, and two elongat- 
ed faces each of the following forms: basal pinacoid 
c {0001}, positive rhombohedron r {1011}, and posi- 
tive rhombohedron @ {1014} (figure 11A). In addi- 
tion, these samples showed six smaller second-order 
hexagonal prism faces a {1120}. Occasionally, small- 
er r faces and hexagonal dipyramids n {2243} were 
also observed (figure 11B). 


**Note that Thomas et al. (1997, p. 196) reported a strong vio- 
letish blue to blue-green pleochroism in the Ni?*/Ni**-doped 
samples that they describe as blue-green. According to S. Z. 
Smirnov (pers. comm., 1999), the dichroism given in the 
Thomas et al. (1997) article represents colors seen in daylight in 
samples that were not crystallographically oriented. These col- 
ors are not identical to those determined parallel and perpen- 
dicular to the c-axis for oriented samples (see also table 1 of the 
present article). Note also that a small color shift is always 
observed between daylight and incandescent light with the 
immersion microscope (see the Materials and Methods section). 
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and do not lie in definite planes, 
cannot produce an x-ray pattern. 
By measuring the angle through 
which the secondary x-ray beam 
has been diffracted, and knowing the 
wave length of the x-rays being 
used, it is possible to calculate the 
spacing between the family of atomic 
planes responsible for each spot on 
the photograph. The formula used 
for this calculation, known as Bragg 
Equation (after Sir William C. 
Bragg, English physicist) is: 


ni = 2d sin 9 


n = number of the atom- 
ic plane from which 
reflection takes 


where 


place. 

A} = wave length of the 
x-rays 

d = spacing between 


atomic planes 


:@ = angle through which 
x-rays are diffracted 


Methods Used 


The numerous methods which have 
been devised for the study of solids 
by x-rays may be roughly grouped 
into two categories, as follows: 

I. X-ray diffraction methods 

A. Purpose to determine man- 
ner in which atoms of a 
solid body are arranged in 
space. 

1. Laue method. 
2. Rotating crystal method. 

_B. Purpose to identify an un- 
known substance. 

1. Powder method. 


Il. Radiography 


There is some overlap between A 
and B in the above classification 
because the Laue method is some- 
times used for identification, and the 
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powder method is sometimes used to 
study the atomic arrangement of 
solids. They are most often used, 
however, for the purposes outlined 
above. 


The technique of radiography dif- 
fers fundamentally from the other 
methods, as will be explained later. 


Laue Method: The Laue method 
has already been explained in some 
detail and the equipment used for 
the production of Laue patterns is 
shown schematically in Figure 2. 
This was the first method used to 
study the arrangement of atoms 
within a crystal, but is limited in 
its usefulness for several reasons. 
To obtain a good Laue photograph 
it is necessary to have an oriented, 
single crystal, or crystalline aggre- 
gate made up of parallel or nearly 
parallel crystals. Given a single 
erystal of known orientation, it is 
possible to obtain a Laue pattern 
which will indicate the crystal sys- 
tem to which a substance belongs. 
It is difficult, however, to make cal- 
culations regarding the atomic spac- 
ings from a Laue pattern because 
x-rays of many wave lengths must 
be used to produce a good pattern, 
and the quantity in the Bragg equa- 
tion is therefore unknown. 

Laue patterns are of greatest 
interest to a gemologist because of 
their use in pearl identification. It 
is possible by means of Laue photo- 
graphs to distinguish between gen- 
uine and cultured pearls. 

Rotating Crystal Method: This 
method, and its many variations, 
such as certain moving film methods, 
are powerful tools in the hands of 
the scientist for the determination 
of the actual arrangement of atoms 
in space. Experimental techniques 
and the methods of interpretation 


Most of the crystals grown with 30-40 mm 
seeds cut parallel to the negative rhombohedron -r 
{0111} showed two large uneven faces parallel to —, 
two relatively large, elongated faces parallel to a 
positive rhombohedron r, and striated, somewhat 
curved faces parallel to the basal pinacoid c (figure 
11C). In some samples, another elongated positive 
rhombohedron @ was also present (figures 11C and 
D). Adjacent to the uneven -r faces were two large 
hexagonal dipyramids n; two smaller n faces were 
developed adjacent to the positive rhombohedron r. 
In most cases, two smaller faces of the prism a were 
observed perpendicular to the seed plane (figure 
11D). Occasionally, smaller r, ¢, and n faces also 
were present (figure 11C). 

We do not know of any natural ruby or sapphire 
crystals with this morphology, especially with dom- 
inant b or -r faces. Consequently, crystals with this 


Figure 8. This thin plate (approximately 1.2 mm 
thick) of a hydrothermal synthetic ruby crystal 
has been cut perpendicular to the colorless seed 
(visible at the bottom of the photo) to show char- 
acteristic growth zoning. The seed is oriented par- 
allel to the c-axis. Three generations of synthetic 
ruby are revealed by the irregular boundaries that 
parallel the surface of the seed, which is oriented 
parallel to a hexagonal prism b {1010}. Numerous 
subindividuals—Iong, thin microcrystals—are 
also visible; color zoning is seen between different 
growth sectors of adjacent subindividuals. 
Immersion, magnified 30x. 
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Figure 7. The pleochroism 
observed in the Ni**- and Ni**- 
bearing blue-green to green syn- 
thetic sapphires also appears to be 
distinctive: reddish orange parallel 
to the c-axis, and yellowish green 
perpendicular to it. Immersion, 
polarized light, magnified 50x. 


morphology can be easily recognized as synthetic. 
In those samples grown with seed plates 30-40 
mm long, the two large uneven faces parallel to the 
seed dominated the morphology of the crystals (see, 
e.g., figures 3 and 11). In one relatively thick crystal, 
instead of an uneven face parallel to -r, alternating 
n faces were seen (see figure 3, inset). Where smaller 
seeds (i.e., 10-15 mm long) were used for the crystal 
growth, no external faces parallel to the seed were 
observed (figure 9). Therefore, crystals grown on 
smaller seed plates may not have either b or -r 
faces; synthetic crystals with such a morphology 
could be confused with natural ruby or sapphire. 


Internal Growth Structures. Color Zoning. A differ- 
ence in color from one growth sector to another, or 
in subsequent growth regions, was observed in 
some of the polished plates (see, e.g., figure 9). A 


Figure 9. This 11.5 x 6.5 mm plate (0.8 mm thick) 
of a hydrothermal synthetic ruby, cut at an incli- 
nation of 30° to the optic axis, shows the relation- 
ship of the crystal faces to the seed. The colorless 
seed is oriented parallel to a negative rhombohe- 
dron -r {0111}. The synthetic ruby shows three 
hexagonal dipyramids n {2243} and one face of the 
positive rhombohedron r {1011}. A color zoning is 
also seen between subsequent growth regions. 
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similar color distribution is frequently seen on a 
macroscopic scale in natural as well as flux-grown 
synthetic ruby and sapphire crystals. In the rough 
and faceted Russian hydrothermal synthetic rubies 
and sapphires, we did not observe any macroscopic 
color distribution in different growth sectors or 
regions that could be useful to distinguish these 
samples. 


Growth Boundaries. Tairus hydrothermal synthetic 
corundum is routinely grown in a single autoclave 
run, rather than in several successive runs (S. Z. 
Smimov, pers. comm., 1998). However, some of our 
samples revealed one or more distinct growth 
planes parallel to the seed (again, see figure 8). These 
planes represent boundaries between layers of syn- 
thetic corundum and indicate that these specimens 
grew in several intervals. They suggest that there 
were “interruptions” during the formation of these 
particular crystals, probably due to unintentional 
brief fluctuations in the power supply of the growth 
facility. 


Figure 10. The rough surface texture of this orange 
hydrothermal synthetic sapphire crystal is formed by 
a distinct microstructure consisting of numerous 
long, thin microcrystals, as illustrated in figure 8. 
Magnified 20x. 


Specific boundaries were also noted in all eight 
faceted samples (two synthetic rubies and six vari- 
ously colored synthetic sapphires) that contained 
parts of the seed (see, e.g., figure 12). In general, 
these boundaries were associated with tiny copper- 
bearing particles, as previously described by Peretti 
and Smith (1993) and Peretti et al. (1997). The cop- 


Figure 11. The morphology of the synthetic ruby and sapphire crystals is controlled by the orientation of 
their seed plates. Crystals A and B were grown with tabular seeds cut parallel to a prism b {1010}. On 
these crystals, uneven faces are developed parallel to b; also present are the basal pinacoid c {0001}, the 
prism a {1120}, positive rhombohedra x {1011} and @ {1014}, and (in some cases) the hexagonal dipyramid 
n {2243}. Crystals C and D were grown with tabular seeds cut parallel to a negative rhombohedron —r 
{0111}. Uneven faces are developed parallel to -1; also shown are the basal pinacoid c {0001}, the prism a 
{1120} (in D), positive rhombohedra r {1011} and © {1014}, and the hexagonal dipyramid n {2243}. 
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Figure 12. A portion of the seed is present along the 
table facet (flat lower surface) of this yellow 
hydrothermal synthetic sapphire. Adjacent to the 
seed are tiny copper-bearing particles. The faint 
striations oriented nearly perpendicular to the seed 
represent subgrain boundaries between long, thin 
microcrystals within the larger crystal. (The area 
around the table facet appears green because of 
dispersion.) Immersion, magnified 50x. 


per in these inclusions originates from the wires 
used to mount the seed plates, from the seals of the 
autoclave, and/or from the buffers used during crys- 
tal growth (see also Thomas et al., 1997). In some of 
these faceted samples, the boundaries between seed 
and overgrowth were oriented parallel to a prism 
face; in the others, they were parallel to a rhombo- 
hedral face. Consequently, the two types of seed ori- 
entation in these faceted samples were consistent 
with those found in the rough samples. 


Subgrain Boundaries and Color Zoning. The 
Russian hydrothermal synthetic corundum crystals 
consist of numerous long, thin microcrystals that 
are observed at a specific inclination to the seed 
plate, depending on its orientation. The termina- 
tions of these microcrystals form the rough, uneven 
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surfaces that are parallel to the seed plate on the 
crystals (again, see figures 8 and 10). This growth 
pattern has been described by Voitsekhovskii et al. 
(1970) for hydrothermally grown synthetic corun- 
dum as a “microblock” structure that consists of an 
assemblage of fine (0.05 to 0.5 mm in diameter) 
elongated crystals that are disoriented relative to 
one another by not more than 1—3 minutes of arc. 

These long, thin microcrystals form a diagnostic 
growth pattern that is associated with a distinct 
type of fine-scale color zoning observable in immer- 
sion. In thin (1-2 mm) plates cut perpendicular to 
the seed, the variable intensity in color between 
growth sectors of adjacent subindividuals is clearly 
visible (figure 8). In thicker plates, or in faceted sam- 
ples, in the same orientation, only the boundaries 
between the differently colored growth sectors can 
be seen, in the form of subparallel (i.e., not perfectly 
parallel) striations (figure 13). The use of crossed 
polarizers often can enhance the contrast between 
growth sectors (figures 13 and 14). 

An even more characteristic internal growth pat- 
tern is seen in a view parallel to these striations. To 
find the best—that is, most diagnostic—direction of 
view in faceted samples, search first for the presence 
of the subparallel striations, then turn the faceted 
stone to a direction in which the striations are paral- 
lel to the direction of view. Only in this orientation 
is it possible to see the zigzag or mosaic-like growth 
pattern that is most distinctive of this material (fig- 
ure 15). Although this growth pattern sometimes 
may be seen without immersion (see Sechos, 1997), 
the use of an immersion liquid or at least the use of 
plane polarized light in combination with fiber- 
optic illumination (if an immersion microscope is 
not available) is strongly recommended. 

When properly oriented, almost all of the 
intensely colored samples of the chromium-nickel 
series revealed this zigzag or mosaic-like growth 
pattern. Depending on the diameter of the subindi- 


Figure 13. The subparallel stri- 
ations within this faceted 
hydrothermal synthetic ruby 
(left) are enhanced by the use 
of crossed polarizers (right). 
Immersion; magnified 40x 


(left) and 35x (right). 
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viduals that form the synthetic corundum crystal, 
the color zoning may vary from fine to coarse in 
texture. With training, however, the gemologist can 
recognize the striations and zigzag or mosaic-like 
patterns in synthetic rubies and sapphires that have 
sufficient color saturation, with the exception of 
yellow synthetic sapphires colored by Ni** alone. In 
only one of the four yellow samples with no evi- 
dence of Cr** in the absorption spectrum did we 
observe extremely weak striations (figure 12). In 
addition, no diagnostic growth pattern was found in 
two light blue, almost colorless, samples in which 
Ni* was the predominant cause of color as proved 
by absorption spectroscopy and EDXRF analysis. 

Although growth patterns associated with color 
zoning are also observed frequently in natural rubies 
and sapphires (figure 16), these patterns are very dif- 
ferent from those seen in the synthetic samples. In 
general, natural rubies and sapphires are not com- 
posed of numerous long, thin microcrystals with 
slightly different orientations. Thus, growth pat- 
terns in natural samples are mainly caused by color 
zoning due to growth fluctuations within a single 
crystal. The mosaic-like pattern in hydrothermal 
synthetic rubies and sapphires is strongly diagnos- 
tic, and no chemical or spectroscopic examination 
is necessary when it is present. However, UV-Vis or 
infrared spectroscopy in combination with trace-ele- 
ment analysis may be necessary to identify the yel- 
low synthetic sapphires, as well as extremely pale 
samples of other hues. 


Figure 15. When the faceted 
hydrothermal synthetic ruby and 
sapphire samples are oriented so 
that the subparallel striations are 
parallel to the direction of view, 
distinctive zigzag (A and B) and 
mosaic-like (C and D) growth pat- 
terns can be seen. All of these pho- 
tomicrographs were taken with 
immersion and polarized light. A 
and B = synthetic ruby, magnified 
50x and 60x, respectively; C = pink 
synthetic sapphire, magnified 40x; 
D = blue-green synthetic sapphire, 
magnified 45x. 
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Figure 14. In this faceted blue-green synthetic sap- 
phire, as in the synthetic ruby in figure 13, one can 
see striations representing oriented subgrain 
boundaries between the long, thin microcrystals. 
Immersion, crossed polarizers, magnified 70x. 


CONCLUSION 


The hydrothermally grown nickel- and/or chromi- 
um-doped Russian synthetic rubies and sapphires 
examined revealed an external morphology and 
internal growth features that reflect their formation 
conditions. The identification of characteristic 
growth patterns is a relatively straightforward 
method to distinguish most of these synthetics 
from their natural counterparts. A horizontal micro- 
scope with immersion or a standard gemological 
microscope with fiber-optic illumination in combi- 
nation with polarizing filters is all that is needed to 
carry out this investigation. 
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Figure 16. Growth patterns are frequently seen in 
natural rubies and sapphires, as in this blue sap- 
phire from Andranondambo, Madagascar. This 
pattern is not related to microstructures consist- 
ing of subindividuals that reveal color zoning 
between various growth sectors. In this case, the 
pattern consists of growth planes parallel to one r 
and two n faces. Adjacent growth sectors show 
changes in size and color intensity. Immersion, 
magnified 50x. 
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THE SEPARATION OF 
NATURAL FROM SYNTHETIC 
COLORLESS SAPPHIRE 


By Shane Elen and Emmanuel Fritsch 


Greater amounts of colorless sapphire—promot- 
ed primarily as diamond substitutes, but also as 
natural gemstones—have been seen in the gem 
market during the past decade. In the absence of 
inclusions or readily identifiable growth struc- 
tures, natural colorless sapphires can be separat- 
ed from their synthetic counterparts by their 
trace-element composition and short-wave 
ultraviolet (SWUV) transparency. Energy-disper- 
sive X-ray fluorescence (EDXREF) analysis shows 
higher concentrations of trace elements (i.e., Fe, 
Ti, Ca, and Ga) in natural sapphires. These 
impurities cause a reduction in SWUV trans- 
parency that can be detected by UV-visible spec- 
trophotometry (i.e., a total absorption in the UV 
region below 280-300 nm, which is not seen in 
their synthetic counterparts). This article 
describes a SWUV transparency tester that can 
rapidly identify parcels of colorless sapphires. 
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undreds of millions of carats of colorless syn- 

thetic sapphire are manufactured annually (all 

growth techniques combined), according to B. 
Mudry of Djevahirdjian in Monthey, Switzerland, a leading 
producer of Verneuil synthetics (pers. comm., 1997). He esti- 
mates that about 5%-10% of this production (50-100 mil- 
lion carats) is used by the jewelry industry. Distinguishing 
natural from synthetic colorless sapphire can often, but not 
always, be accomplished by standard gemological testing 
(see below). However, this distinction is time consuming for 
large parcels, and it is difficult to impossible for melee-size 
stones. 

As first described more than 50 years ago (Wild and 
Biegel, 1947), natural colorless corundum can be separated 
from flame-fusion synthetic colorless corundum (only 
Verneuil material was being produced at that time) by a dif- 
ference in transparency to short-wave ultraviolet (SWUV) 
radiation. The present study shows that the difference in 
SWUV transparency is a result of the difference in trace-ele- 
ment chemistry between natural and synthetic colorless 
sapphire. We also demonstrate that SWUV transparency 
testing is valid for Czochralski-grown synthetic colorless 
sapphire, too. Therefore, this technique can help meet the 
need for a simple, cost-effective method to mass screen this 
relatively inexpensive gem material. 


BACKGROUND 


Natural Colorless Sapphire. Colorless sapphire is a relatively 
pure form of aluminum oxide (A1,O,); it is often inaccurate- 
ly called “white sapphire.” Truly colorless sapphire is quite 
uncommon, and most “colorless” sapphire is actually near- 
colorless, with traces of gray, yellow, brown, or blue. For the 
purposes of this article, both colorless and near-colorless 
sapphires will be referred to as “colorless.” The primary 
source for this material has been, and remains, Sri Lanka. 
Colorless sapphire was a common diamond simulant in 


GEMS & GEMOLOGY Spring 1999 


Figure 1. Colorless sapphire con- 
tinues to be popular in jewelry, 
especially for items such as tennis 
bracelets, but also as single 
stones. The larger loose sapphire 
is 4.44 ct; the tennis bracelet con- 
tains a total weight of 4.33 ct; the 
stone in the pendant is 8.56 ct 
and the sapphire in the ring is 
5.17 ct. Courtesy of Sapphire 
Gallery, Philipsburg, Montana; 
photo © Harold & Erica Van Pelt. 


the late 19th and early 20th centuries. In the early 
1970s, it first began to be used as an inexpensive 
starting material for blue diffusion-treated sapphires 
(Kane et al., 1990). At around the same time, large 
quantities of colorless sapphire were heat treated to 
produce yellow sapphire (Keller, 1982). The demand 
for colorless sapphire increased significantly in the 
late 1980s to early 1990s. This was a result of the 
greater interest in blue diffusion-treated sapphires 
(Koivula et al., 1992), and colorless sapphire’s 
increasing popularity in jewelry as an affordable 
alternative to diamond that could be used as melee, 
for tennis bracelets, or attractively set as a center 
stone (Federman, 1994). 

From 1993 through the first half of 1994, a 
steady demand for faceted colorless sapphire caused 
the per-carat price to almost double, to US$70 per 
carat retail (“White sapphire sales up 172%,” 1994). 
Colorless sapphire jewelry (figure 1) has remained 


Colorless Sapphire 


popular (“Demand strong for white sapphires,” 
1996; M. Schramm, pers. comm., 1999), and has 
fueled a market for synthetic colorless sapphire. 


Synthetic Colorless Sapphire. Synthetic sapphire 
has been produced by several growth techniques— 
in particular, flux, hydrothermal, flame-fusion, and 
Czochralski. However, because of manufacturing 
costs, only two types of synthetic colorless sapphire 
are typically used as gems: flame-fusion (Verneuil, 
1904) and Czochralski “pulled” (Rubin and Van 
Uitert, 1966). Early in the 20th century, flame- 
fusion synthetic colorless sapphire was the first syn- 
thetic gem material to be used as a diamond simu- 
lant (Nassau, 1980, p. 210). However, other synthet- 
ic gem materials have since surpassed colorless syn- 
thetic sapphire for this purpose because of the sig- 
nificantly lower refractive index and dispersion of 
corundum as compared to diamond. 
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Figure 2. These stones (0.32 ct to 3.08 ct) formed 
part of the sample set used in this study. The col- 
orless sapphires on the left are synthetic, and 
those on the right are natural. Photo © Tino 
Hammid and GIA. 


Early synthetic sapphire produced by the 
Verneuil method often contained characteristic 
growth defects, such as striations and inclusions. 
These defects were unacceptable to the industrial 
market, which required extremely high (“optical”) 
quality synthetic sapphire. This led to the develop- 
ment of several new growth techniques, including 
the Czochralski method, which provides the high- 
est-quality single crystals for application in high- 
performance optics, sapphire semiconductor sub- 
strates, watches, and bearings (Nassau, 1980, p. 84). 
With these refinements, the characteristics that 
were previously used to separate natural from syn- 
thetic colorless sapphire became less obvious or 
were eliminated, and the separation became consid- 
erably more difficult. 


Review of Identification Techniques. In many 
instances, larger natural and synthetic colorless sap- 
phires (see, e.g., figure 2) can be separated by stan- 
dard gemological methods, such as microscopy (for 
the identification of inclusions and the study of 
growth structures visible with immersion) or UV- 
induced fluorescence (see below). However, smaller, 
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melee-size sapphires may not exhibit any character- 
istic inclusions or growth structures. R.I. and S.G. 
values are of no help, as they are identical for syn- 
thetic and natural stones (Liddicoat, 1987, p. 338). 


Inclusions. Natural colorless sapphire contains the 
same distinctive inclusions encountered in other 
color varieties of corundum: silk (fine, needle-like 
rutile or boehmite crystals), groups of rutile needles 
intersecting in three directions at 60° to one anoth- 
er, Zircon crystals surrounded by stress fractures, 
and well-defined “fingerprint” inclusions (figure 3) 
that consist of large networks of irregular fluid-filled 
cavities (Giibelin, 1942a and b, 1943; Kane, 1990). 
Two- and three-phase inclusions may be encoun- 
tered, as well as small crystals of spinel, uraninite, 
mica, pyrite, apatite, plagioclase, albite, and 
dolomite (Gtibelin and Koivula, 1992; Schmetzer 
and Medenbach, 1988). 

Colorless synthetic sapphire may exhibit 
growth-induced inclusions, typically small gas bub- 
bles (figure 4) or unmelted aluminum oxide parti- 
cles that occur individually, in strings, or in 
“clouds.” Gas bubbles may appear round or elongat- 
ed in a flask or tadpole shape (figure 5). The gas bub- 
bles may follow curved trajectories, allowing indi- 
rect observation of the curved striae that are other- 
wise invisible in colorless synthetic sapphire 
(Webster, 1994). 

The irregularly shaped gas bubbles in synthetic 
corundum could be mistaken for natural crystal 
inclusions with partially dissolved crystal faces. 
Occasionally, undissolved alumina may take on the 
appearance of a natural inclusion (Webster, 1994). 
As noted above, however, recent production tech- 


Figure 3. This “fingerprint” is actually a partially 
healed fracture that exhibits a network of fluid 
inclusions; it is typical of natural colorless sapphire. 
Photomicrograph by Shane Elen; magnified 20x. 
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Figure 4. This group of gas bubbles is typical of 
Verneuil synthetic sapphire. Photomicrograph by 
Shane Elen; magnified 20x. 


niques have almost entirely eliminated any charac- 
teristic inclusions, especially in the case of 
Czochralski-grown synthetic corundum, which has 
a strictly controlled growth environment. 


Growth Structures. Immersion microscopy often 
can reveal internal growth features such as twin- 
ning or growth planes in corundum (Smith, 1996). 
The detection of Plato lines (Plato, 1952; figure 6) 
may identify Verneuil synthetic sapphire, which 
does not always exhibit visible growth features. 
However, heat treatment of colorless flame-fusion 
synthetic sapphire can make growth structures 
even less apparent (Kammerling and Koivula, 1995), 
and we have never observed Plato lines in colorless 
synthetic sapphire grown by the Czochralski 
method. Furthermore, observation of growth struc- 
tures by immersion microscopy is not easy, and 
requires some practice and understanding of crystal- 


lography. 


Other Techniques. Energy-dispersive X-ray fluores- 
cence (EDXRF) spectrometry has been used for the 
chemical analysis of many different gemstones 
(Stern and Hanni, 1982), most recently for the sepa- 
ration of natural from synthetic ruby (Muhlmeister 
et al., 1998). This semi-quantitative method used to 
identify trace elements is particularly suited for 
gemstones such as colorless sapphire that may not 
exhibit inclusions or growth features. However, the 
technique requires expensive equipment and a 
trained operator, and it can test only one stone at a 
time. 

In addition, natural and synthetic colorless sap- 
phires may exhibit different luminescence reactions 
to UV radiation, cathode rays (electron beam), and 
X-rays (Anderson, 1990; Webster, 1994). Some 
gemologists have used UV luminescence (figure 7) 
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Figure 5. Although bubbles are uncommon in 
Czochralski-grown synthetic sapphires, this flask- 
shaped bubble was noted in one of the samples. 
Photomicrograph by Shane Elen; magnified 20x. 


as a first step in separating batches of natural and 
synthetic colorless sapphire: Stones that show 
chalky blue fluorescence to SWUV radiation are 
considered synthetic, but those that are inert could 
be either natural or synthetic, so they must be indi- 
vidually evaluated for other distinguishing charac- 
teristics (C. Carmona, pers. comm., 1999). However, 
because the intensity and color of the luminescence 
is not consistent within each group (i.e., natural or 
synthetic}, luminescence is not a conclusive test. 
UV fluorescence or cathodoluminescence can be 
used for positive identification of colorless sapphire 
only when characteristic growth features—such as 
the angular growth zoning typical of natural stones 


Figure 6. Plato lines may be observed in some 
Verneuil synthetic sapphire by viewing the sample 
(while it is immersed in methylene iodide) down the 
optic axis with cross-polarized light. Photomicrograph 
by Shane Elen; magnified 3x. 
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(figure 8) and the curved striae seen in synthetic sap- 
phires (figure 9}—are observed in the luminescence 
patterns (Ponahlo, 1995; Kammerling et al., 1994). 
However, these features may be difficult to resolve, 
and magnification is frequently required. 

More than 50 years ago, Wild and Biegel (1947) 
noted that natural and synthetic (Verneuil) colorless 
sapphires differed in their transparency to short- 
wave UV radiation (again, see figure 7). Colorless 
synthetic corundum subsequently was found to 
exhibit transparency down to 224 nm, whereas col- 
orless natural corundum did not transmit below 
288 nm (Anderson and Payne, 1948). Theoretically, 
pure corundum is extremely transparent to short- 
wave UV because of its lack of impurities, and 
should exhibit transparency down to 141 nm 
(French, 1990). As the level of impurities increases, 
the transparency to SWUV decreases. Although 
transparency to SWUV may be decreased in stones 
that are heavily flawed, the colorless sapphire in the 
jewelry market is typically “eye clean.” 

Yu and Healey (1980) applied these SWUV trans- 
parency differences to the separation of natural from 
synthetic colored corundum by means of an instru- 
ment called a phosphoroscope (Yu and Healey, 
1980). Its use for this purpose was limited, though, 
because colored synthetic corundum grown by the 
hydrothermal and flux methods often exhibited 
SWUV absorption similar to that of natural corun- 
dum of comparable color. However, hydrothermal 
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Figure 7. These six samples of natural 
(two on the far right) and synthetic (the 
Czochralski, the two in the middle; 
Verneuil, the two on the far left) sap- 
phires range from 0.78 to 2.75 ct. They 
were photographed with: (A) natural 
light, (B) long-wave (LW) UV, (C) SWUV, 
and (D) in the SWUV transparency tester. 
Here, the synthetic samples are inert to 
LWUV, while the natural stones fluo- 
resce strongly yellow and orange; all the 
synthetics fluoresce chalky blue to 
SWUV, but the natural stones are inert 
(the slight blue is due to reflection from 
the synthetics). Although these fluores- 
cence colors are typical, they are not con- 
sistent. The natural sapphires appear 
dark in the SWUV transparency tester 
because they absorb SWUV; the synthet- 
ic sapphires appear transparent. Photo A 
by Maha DeMaggio; B-D by Shane Elen. 


and flux synthetic sapphires are not commercially 
available in colorless form, so we felt this technique 
could be useful for this separation. 


MATERIALS AND METHODS 


A total of 112 colorless natural and synthetic sap- 
phires were characterized for this study. The 72 nat- 
ural samples were all faceted stones. They ranged 


Figure 8. Although cathodoluminescence has 
been used to reveal the characteristic straight 
growth bands in this natural colorless sapphire, 
these bands often can be observed with long- 
wave UV radiation or immersion microscopy. 
Photomicrograph by Shane Elen; magnified 3.5x. 
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are too advanced to be considered 
here. In brief, the method consists 
of rotating a small single crystal in 
front of an x-ray beam and re- 
cording the position of the diffracted 
x-ray beams on stationary or mov- 
ing films. 

Powder Method: One of the most 
useful techniques in x-ray diffrac- 
tion work is the powder method, 
discovered independently by Debye 


center of the camera and rotated by 
means of a small clock motor. The 
film upon which the positions of 
the diffracted x-ray beams are re- 
corded is a strip approximately one 
by eight inches and is forced against 
the inside wall of the camera. The 
rod is rotated to insure random 
orientation of the thousands of tiny 
particles of which it is composed. 
The direct, undiffracted x-ray beam 


Figure 3 


Powder x-ray diffraction photographs taken in the laboratory of the 
Gemological Institute of America. 


Top: Corundum (ruby) 
Center: Quartz 
Lower: Beryl (aquamarine) 


and Scherrer in 1916 and by Hull in 
1917. In the powder method single 
crystals are not required. If a nar- 
row beam of x-rays is directed at 
a finely powdered crystalline sub- 
stance, photographs such as those 
shown in Figure 3 are obtained. 
The type of equipment needed to 
produce a powder pattern is shown 
in Figure 4. The material to be 
examined is reduced to a very fine 
powder and bonded together with 
collodion into the form of a rod 
approximately one millimeter. in di- 
ameter and one to two centimeters 
long. The rod is then placed in the 


is passed through a central hole in 
the film. The resultant patterns re- 
semble those shown in Figure 3 
when the film is laid out flat. 

The advantages of the powder 
method over other methods are sev- 
eral. Since a single crystal is not 
required, powder patterns may be 
made of any crystalline substance. 
A very small amount of material is 
required, much less than that needed 
for a chemical analysis. 

Notice that in Figure 3, the pat- 
terns of ruby, quartz and emerald 
are entirely different. This difference 
is true for all crystalline materials. 


from 0.05 to 3.08 ct (2.0-8.4 mm) and originated 
from Sri Lanka (66), Montana (1), Myanmar (1), 
Umba (1), and unknown sources (3). The synthetic 
sapphires consisted of 39 faceted samples (0.05-3.82 
ct, 2.0-9.5 mm) and one Verneuil-grown half boule 
(18.3 ct). The faceted synthetic sapphires included 
five flame-fusion and four Czochralski-grown sam- 
ples of known growth method. The 30 remaining 
faceted synthetic samples were of unknown growth 
method. In addition, a single 8 mm round brilliant 
hydrothermal colorless sapphire, which had been 
grown for experimental purposes (Walter Barshai, 
pers. comm., 1997), was obtained from Tairus. 

Of the 112 samples, the origin of 43 natural and 
22. synthetic faceted sapphires was confirmed by the 
presence of characteristic inclusions or growth 
structures observed using immersion microscopy or 
luminescence patterns. The remainder, generally 
the smaller samples, exhibited no readily identifi- 
able features, so we accepted their origins as repre- 
sented by the reliable sources who supplied them. 

We performed EDXREF analysis on 26 natural and 
19 synthetic samples of known origin with a Tracor 
Spectrace 5000 X-ray system, using conditions 
established for ruby analysis (see Muhlmeister et al., 
1998). The purpose was twofold: to determine the 
usefulness of this technique to separate natural 
from synthetic colorless sapphires, and to provide 
more information about how trace-element content 
affects the SWUV transparency. EDXRF analysis 
was restricted to samples greater than 4 mm in 
diameter (approximately 0.3 ct) because of limita- 
tions imposed by the X-ray spot size of this equip- 
ment. Absorption spectra were obtained on all 112 
samples at room temperature with a Hitachi U4001 
spectrophotometer. Spectra for a few of the samples 
were collected from 250 nm to 750 nm; however, 
since data above 350 nm were not important for 
this study, the remaining analyses were collected in 
the UV range from 250 nm to 350 nm. 

At the request of GIA, John Schnurer of Physics 
Engineering (Yellow Springs, Ohio) constructed a 
SWUV transparency instrument for the separation 
of natural from synthetic colorless sapphire (see Box 
A). This instrument was based on the phosphoro- 
scope originally proposed by Yu and Healey (1980), 
and was constructed to provide a relatively simple, 
rapid, and cost-effective means of separation. 


RESULTS 


Chemical Composition. The natural sapphire sam- 
ples typically contained three or more trace ele- 
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Figure 9. Curved striae cannot be detected in colorless 
synthetic sapphires with standard visible lighting. 
However, some flame-fusion synthetic sapphires may 
reveal this feature when exposed to SWUV radiation. 
Photomicrograph by Shane Elen; magnified 6x. 


ments (table 1; figure 10). The most significant was 
iron (Fe); other elements recorded include titanium 
(Ti), calcium (Ca), and gallium (Ga). Vanadium (V) 
and chromium (Cr) were only detected at concen- 
trations just exceeding the detection limit of the 
instrument. In general, no trace elements were 
detected in the flame-fusion and Czochralski-grown 
synthetic sapphires, although some samples 
showed very small amounts of Ca, Ti, and Fe— 
again, just exceeding the detection limit. The iron 
content was much greater in the natural sapphires 
(0.021-0.748 wt.% FeO) than in the synthetic sap- 
phires (up to 0.007 wt.% FeO; table 1). Qualitative 
analyses of the hydrothermal synthetic sapphire 
showed significant amounts of Fe, Ga, cobalt (Co), 
and copper (Cu). 


UV-Visible Spectrophotometry. Table 1 lists the 
wavelengths for the absorption cutoff of all the sam- 
ples analyzed by EDXRF. The natural colorless sap- 
phires typically showed a sharp absorption cutoff 
(i.e, complete absorption) below 280-300 nm, 
whereas the synthetic sapphires showed at most 
only a slight increase in absorption at around 250 
nm (see, e.g., figure 11). Note that three of the small 
(about 2 mm) colorless natural sapphires exhibited a 
gentle increase in absorption, only slightly greater 
than that of the synthetic samples. The hydrother- 
mal synthetic sapphire exhibited a sharp absorption 
cutoff at 280 nm, similar to natural sapphire. 


SWUV Transparency. All 72 natural colorless sap- 
phires tested with the modified phosphoroscope 
were opaque to SWUV, and all 40 flame-fusion and 
Czochralski-grown synthetics were transparent to 
SWUV. The single hydrothermal synthetic sapphire 
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Box A: THE MODIFIED PHOSPHOROSCOPE 
To TEST SHORT-WAVE UV TRANSPARENCY 


The modified phosphoroscope (after Yu and Healey, 
1980; figures A-1 and A-2) we constructed for this 
study consists of a glass plate that has been coated 
with a specially selected (proprietary) nontoxic 
phosphor, an overhead short-wave ultraviolet 
(SWUV) lamp, and a mirror positioned at a 45° 
angle below the glass plate. To reduce glare, the 
glass plate and mirror were placed inside a box, 
with the UV lamp mounted externally. The phos- 
phor-coated glass plate fluoresces when exposed to 
SWUV radiation (254 nm wavelength), creating a 
brightfield background. 

For testing, we placed the samples table-down 
on the glass plate, one or more at a time, and 
observed their transparency to SWUV in the mirror 
(figure A-3). Samples that are opaque to SWUV (i.e., 
natural colorless sapphires) do not allow the radia- 
tion to pass through the stone to the phosphor-coat- 
ed plate, so there is no fluorescence where the stone 
contacts the plate. Consequently, natural colorless 


Figure A-1. The SWUV transparency tester was 
constructed with simple materials: wood, a mit- 
ror, a glass plate, and drafting vellum. A Gem 
Instruments long-wave/short-wave UV lamp is 
positioned over an opening at the top of the box. 
The samples are loaded into the upper part of 
the unit through a door on the back. The num- 
ber of stones that can be tested depends on the 
size of the fluorescent plate, which in turn is 
governed by the size and intensity of the SWUV 
source; 100 melee-size stones can easily be 
accommodated in this particular unit. Photo by 
Maha DeMaggio. 


appeared opaque to SWUV. Some of the natural and 
synthetic colorless sapphires acquired a slight 
brown bodycolor as a result of their exposure to 
SWUV radiation. However, they returned to their 
original color after gentle heating under the bulb of 
an incandescent desk lamp (Kammerling and 
McClure, 1995). 
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sapphires appear in the mirror as dark spots on a 
brightfield background. Conversely, samples that 
are transparent to SWUV (such as melt-grown 
synthetic colorless sapphires) allow UV radiation 
to pass through the stone to the phosphor-coated 
plate. So the Verneuil- and Czochralski-grown syn- 
thetic colorless sapphires typically appear in the 


DISCUSSION 


The higher concentrations of Fe, Ti, and Ga aid in 
distinguishing natural colorless sapphire from the 
synthetic material. However, Fe is the dominant 
impurity in natural colorless sapphire, where it is 
present in quantities typically 10 to 100 times 
greater than in its synthetic counterpart. The 


GEMS & GEMOLOGY Spring 1999 


mirror as light spots, each of which is surrounded 
by a dark perimeter, imposed on the brightfield 
background. The dark perimeter results from total 
internal reflection of the incident radiation as it 
passes through the pavilion and strikes the bezel 
facets. Therefore, it is important when testing the 
transparency to observe only the response in the 
central part of the gem (Yu and Healey, 1980). 
Following the lead provided by Yu and Healey 
(1980), one of the authors (SE) subsequently modi- 
fied this unit by replacing the proprietary phosphor 
with a readily available translucent paper product 
(drafting vellum) that has all the necessary fluores- 
cence characteristics described above. This product 


Figure A-2. This schematic diagram of the 
SWUYV transparency unit shows how the 
image of the samples that have been illumi- 
nated by the UV lamp is reflected toward 
the viewer. This also illustrates the appear- 
ance, observed in the mirror, of a natural 
sapphire (right) as compared to its synthetic 
counterpart (left). 
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hydrothermal synthetic sapphire also contained Fe 
and Ga, but it showed distinctive Co and Cu, too— 
neither of which was detected in any of the other 
samples. The impurities detected in natural sap- 
phires (i.e., Fe, Ti, Ca, and Ga) are present essential- 
ly as transition metal ions, so their absorptions 
affect the ultraviolet transparency of the colorless 
sapphires as measured by UV-visible spectropho- 
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is more uniform than the proprietary phosphor, and 
it has brighter fluorescence characteristics; it is also 
inexpensive, clean, and nontoxic. 

The modified phosphoroscope is simple to con- 
struct from inexpensive materials (about $30 
excluding the UV source). Those interested in con- 
structing a SWUV transparency tester should 
review the limitations listed in the Discussion and 
note the following recommendations: 


1. Wear UV-protective glasses, and take precautions 
not to expose unprotected skin to the SWUV 
radiation when the gems are sorted by hand. 

2. Use known samples of natural and synthetic col- 
orless sapphires as standards for evaluating the 
reactions of the unknown stones. These “con- 
trol” samples should be 3 to 4 mm in diameter 
and free from abundant eye-visible inclusions. 
These may also be useful in selecting the appro- 
priate paper product for the luminescent screen 
when constructing a phosphoroscope. 


Figure A-3. When viewed with the SWUV 
transparency tester, the natural colorless sap- 
phires appear opaque, while the synthetic sam- 
ples are transparent, resulting in a bright spot 
in their central regions. These samples range 
from 0.20 to 2.12 ct. Photo by Shane Elen. 


tometry. The absorption is due to charge-transfer 
processes, as well as to electronic transitions of iso- 
lated metal ions (McClure, 1962). Although all the 
transition impurities induce absorption in the UV, 
iron is the primary cause because its absorption 
is situated closer to the visible range and it is the 
dominant impurity in the natural material. 
Consequently, we plotted the relationship between 
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TABLE 1. Semi-quantitative EDXRF data and UV absorption maxima for natural and synthetic colorless sapphires. 


Oxide (wt.%) 

Sample Weight UV abs.? 
no. (ct) CaO TiO, V>O0z Cr,0z FeO Ga,Oz (nm) 
Natural 
1433 3.08 bdl> 0.006 bd bdl 0.066 0.033 292 
1447¢ 2.10 0.061 0.030 bd bdl 0.090 0.055 300 
2190 0.78 0.047 0.036 0.003 bdl 0.116 0.012 292 
2191 1.10 bdl 0.032 0.004 0.002 0.246 0.019 298 
2336 1.84 bdl 0.018 bd bdl 0.117 0.003 293 
2348° 0.33 0.045 0.048 0.004 bdl 0.099 0.005 293 
2349° 0.19 0.069 0.049 bd bdl 0.091 0.008 290 
2885 0.84 0.021 0.016 0.005 0.015 0.748 bdl 310 
2886 2.75 bdl 0.018 0.002 bdl 0.058 0.013 290 
4009 0.98 0.011 0.033 0.005 0.002 0.046 0.018 290 
4010 0.94 bdl 0.018 bd bdl 0.079 0.005 292 
4011 0.59 0.029 0.031 bd bdl 0.097 0.014 290 
4012 0.64 0.039 0.026 bd bdl 0.122 0.011 292 
4013 0.76 0.016 0.022 0.003 0.006 0.096 0.014 288 
4014 0.75 bdl 0.013 bd bdl 0.042 0.005 284 
4015 0.49 0.039 0.065 bd bdl 0.048 0.016 282 
4016 0.42 0.041 0.028 bd bdl 0.134 0.015 291 
4017 0.60 0.039 0.024 bd bdl 0.021 0.014 280 
4018 0.33 0.048 0.043 0.004 bdl 0.091 0.014 290 
4019 0.33 0.029 0.028 bd bdl 0.148 0.013 292 
4020 0.47 0.037 0.011 bd bdl 0.179 0.013 291 
4021 0.42 0.060 0.010 bd 0.003 0.108 0.012 292 
4022 0.32 0.066 0.017 bd bdl 0.276 bdl 296 
4023 0.61 0.029 0.028 0.005 bdl 0.055 0.023 288 
4024 0.74 0.017 0.036 0.006 bdl 0.059 0.020 291 
4025 0.57 0.017 0.024 0.004 bdl 0.070 0.017 292 
Synthetic - Czochralski 
1635 0.89 0.022 bdl bd bdl bdl bdl <250 
2334 0.91 0.017 bdl bd bdl 0.003 bdl <250 
2352 0.98 0.027 0.009 bd 0.003 0.004 bdl <250 
2353 1.01 0.024 bdl bd 0.004 0.002 bdl <250 
Synthetic - Flame Fusion 
2335 2.81 bdl 0.005 bd bdl bdl bdl <250 
2509 18.30 bdl bdl bd bdl bdl bdl <250 
2887 2.44 0.016 0.009 bd bdl 0.002 bdl <250 
2888 2.12 bdl 0.005 bd bdl 0.002 bdl <250 
2889 2.49 bdl bdl bd bdl bdl bdl <250 
2890 1.45 bdl bdl bd 0.003 0.002 bdl <250 
Synthetic - Unspecified Method of Synthesis 
3931a 1.12 0.019 0.009 bd bdl 0.003 bdl <250 
3931b 1.06 0.028 bdl bd bdl 0.005 bdl <250 
8931¢ 0.99 0.015 bdl bd bdl 0.002 bdl <250 
3931d 1.06 0.018 0.006 0.003 bdl 0.004 bdl <250 
3932a 0.66 bdl 0.006 bd bdl 0.003 bdl <250 
3932b 0.64 0.024 bdl bd bdl bdl bdl <250 
3932 ¢ 0.61 0.038 bdl bd bdl 0.007 bdl <250 
3933 3.82 bdl bdl bd bdl bdl bdl <250 
3934 1.10 0.014 bdl bd bdl 0.003 bdl <250 
Detection Limits® 

0.3 0.019 0.009 0.004 0.004 0.004 0.005 

0.6 0.013 0.005 0.003 0.003 0.003 0.003 

1.0 0.009 0.005 0.003 0.002 0.002 0.002 


aFor the synthetic samples, the absorption cutoff did not occur in the measured region above 250 nm, so we infer <250 nm. 
’bal = below detection limit. MnO was looked for, but not detected in any of the samples. 

°Three samples also contained traces of Si, probably due to the presence of silicate inclusions: 1447 = 0.251 wt.% SiQ,, 
2348 = 0.396 wt.% SiOz, and 2349 = 0.428 wt.% SiOb. 

2Detection limits vary according to the weight of the sample. Calculated after Jenkins (1980). 
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Figure 10. The EDXRF spectra typical of natural 
(A) and synthetic (B) colorless sapphires are dis- 
tinct. The natural sapphires exhibit more trace-ele- 
ment peaks (e.g., Fe, Ti, and Ga) than the synthetic 
sapphires. 


the Fe content and the UV absorption cutoff for nat- 
ural, flame-fusion, and Czochralski-grown synthetic 
colorless sapphires (figure 12). The UV cutoff for all 
the synthetic colorless sapphire samples can be seen 
at the intersection of the two axes, in the bottom 
left corner of the plot (at 250 nm). In reality, this 
point only represents a slight increase in absorption, 
and the true cutoff occurs below 250 nm (i.e., below 
the wavelength range of the UV-Vis spectropho- 
tometer used for this study). Together, the EDXRF 
and the UV-Vis data illustrate the effect of trace- 
metal impurity concentrations on SWUV trans- 
parency; in particular, they show how the increase 
in iron content results in a decrease in SWUV trans- 
parency. 

For the natural colorless sapphires, the sharp 
increase (or cutoff) in SWUV absorption below 
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280-300 nm indicates complete absorption, and 
therefore the point at which they become opaque to 
SWUV radiation. With the exception of the 
hydrothermal sample—which showed an absorp- 
tion cutoff at 280 nm, and therefore could not be 
separated from natural sapphire using UV-Vis spec- 
trophotometry—the synthetic colorless sapphires 
exhibited only a slight increase in SWUV absorption 
around 250 nm, which indicates that they are rela- 
tively transparent to SWUV. Although most of the 
small (2 mm) natural sapphires exhibited a sharp 
absorption edge, a few did not. Certainly, some nat- 
ural colorless sapphires with low impurity concen- 
trations may be thin enough to allow some trans- 
mission of SWUV. In our sample, this appeared to 
be the case particularly for the few melee stones 


Figure 11. These UV-Vis spectra are representative 
of natural (A) and synthetic (B) colorless sap- 
phires. The natural samples show a sharp absorp- 
tion cutoff below 280-300 nm, whereas no cutoff 
is evident in this region for the synthetic sap- 
phires. Therefore, the natural sapphires were 
opaque to SWUV radiation (at 254 nm), but the 
synthetic samples were transparent. 
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Figure 12. Iron is the primary cause of absorption 
in colorless sapphire. In general, the natural sap- 
phires analyzed in this study showed higher UV 
absorption values with increasing iron content. 
The synthetic sapphires (19 represented here) all 
showed very low iron contents (<0.007 wt.% FeO), 
and had UV cutoffs below the wavelength for 
SWUYV radiation (~250 nm). 


that were cut with shallow pavilions. Nevertheless, 

these samples appeared opaque in the SWUV trans- 

parency tester, perhaps because of the lower “reso- 
lution” as compared to UV-Vis spectrophotometry. 

The hydrothermal colorless sapphire, however, 

exhibited the same opaque reaction to SWUV as the 

natural samples, so it could not be effectively 
screened out using the transparency tester. 

On the basis of this study, it appears that the 
SWUV transparency tester is useful for separating 
most synthetic colorless sapphires currently on the 
market (i.e., flame-fusion and Czochralski grown) 
from their natural counterparts. However, the fol- 
lowing limitations should be considered with regard 
to the SWUV transparency tester: 

1. It can be used only for unmounted gems, which 
must be placed table down on the fluorescent 
screen. Most mountings would screen the stone 
from the SWUV radiation, so the test results 
would not be meaningful. 

2. Samples must be colorless (or near-colorless) and 
should be at least 2 mm in diameter (based on 
UV-Vis spectrophotometry observations). 

3. Hydrothermal synthetic sapphires cannot be sep- 
arated from natural sapphires by their SWUV 
transparency. We do not know the reaction of 
flux-grown synthetic colorless sapphire, because 
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this has not been reported in the literature and 
we were not able to obtain samples for this 
study. However, because of the relatively high 
cost of manufacturing colorless synthetic sap- 
phire by either of these methods, it is unlikely 
that this material will be encountered in the 
marketplace. 

4. Some colorless sapphires, both natural and syn- 
thetic, may turn light brown after only brief expo- 
sure to SWUV radiation. This can be removed by 
gentle heating, such as with the bulb of an incan- 
descent desk lamp. 


5. Heavily included or fractured material should 
not be tested by this technique, as the inclusions 
and/or fractures might affect the transparency of 
the material. Thus, a synthetic sapphire might be 
misidentified as natural. The natural or synthetic 
origin of heavily included material can be identi- 
fied by microscopy. This is generally not a prob- 
lem in today’s marketplace, as most of the syn- 
thetic colorless sapphire typically has very few 
inclusions or visible fractures. 

6. Although no such samples were encountered 
during this study, it is recommended that sam- 
ples with extremely strong fluorescence to 
SWUV not be tested by this method, as the 
brightness of the fluorescence may influence the 
“apparent” opacity of the sample and result in an 
incorrect identification. 


CONCLUSION 


With standard gemological techniques, only one 
colorless sapphire at a time can be investigated. In 
addition, it is usually more difficult to identify 
smaller stones, because they commonly do not 
show any diagnostic features. The advanced tech- 
niques of EDXRF analysis and UV-Vis spectropho- 
tometry are also useful to separate most natural and 
synthetic colorless sapphires. Our trace-element 
data illustrate that, in general, natural colorless sap- 
phires contain greater amounts of Fe, Ti, Ca, and Ga 
than do their synthetic counterparts. UV-Vis data fur- 
ther confirm that synthetic colorless sapphires are 
more transparent to SWUV, because they exhibit 
only a small increase in absorption at approximately 
250 nm. By comparison, natural colorless sapphires 
typically exhibit total absorption below 280-300 nm. 

However, EDXRF and UV-Vis spectrophotome- 
try are not readily available to most gemologists; 
nor are they economical for testing large quantities 
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of stones. Our modified phosphoroscope proved 
most effective for rapidly separating unmounted 
samples of natural colorless sapphires (which are 
opaque to SWUV) from flame-fusion and 
Czochralski-grown synthetic colorless sapphires 
(which are transparent to SWUV), in sizes 2 mm or 
larger. This simple gemological instrument can be 
inexpensively manufactured by the gemologist 
(again, see box A). 
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ALEXANDRITE, 
With a Fish-Eye Effect 


The West Coast Gem Trade Laboratory 
recently examined an oval mixed cut 
that proved to be somewhat unusual. 
We identified the 2.93 ct stone as a 
natural alexandrite chrysoberyl, it 
appeared red-brown in incandescent 
light, with a slight change of color 
toward green in fluorescent light. 

The identification as chrysoberyl 
was a relatively routine gemological 
matter. However, while looking for a 
biaxial interference figure using a 
small glass ball as a condensing lens 
and cross-polarized light, we noted a 
fish-eye type of optical effect (figure 
1). Further examination of the stone 
at different levels of magnification 
revealed a slightly milky cloud that 
appeared to be composed of extremely 
fine, submicroscopic particles. 

The “fish-eye” could only be 
resolved in one particular direction 


Figure 1. This unusual fish-eye 
effect was noted in a 2.93 ct 
alexandrite when it was 
observed in one particular direc- 
tion through a condensing lens 
with cross-polarized light. 
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through the stone. Since this did not 
coincide with an optic axis in the 
chrysoberyl, we did not suspect that it 
was an odd interference phenomenon. 
A similar optical effect—although 
not as well defined—can be seen 
when cat’s-eye imitations made from 
fiber-optic glass are examined with a 
condensing lens down the length of 
their fibers. If the submicroscopic 
inclusions in the natural chrysoberyl 
are aligned in the same manner as the 
glass fibers in the imitation cat’s-eyes, 
the effect shown might be due to a 
tunneling of light through the lens. If 
this is indeed the cause of the optical 
effect shown in figure 1, then an 
important question remains unan- 
swered: Why is cross-polarized light 
necessary to resolve the “fish-eye”’? 
This is the first time that we have 
seen such an optical effect in any nat- 
ural gemstone, and we have many 
questions. More detailed optical 
examination, probably including the 
study of a thin section under high 
magnification, would be required to 

find a more complete answer. 
John I. Koivula 


DIAMOND, with a Stellate Cloud 


During the course of diamond quality 
grading, graders occasionally encounter 
unusual internal features. Even 
though such features can reduce the 
overall clarity of their host, and con- 
sequently the assigned clarity grade, 
they can be interesting from a scien- 
tific standpoint. Such was the case 
with the stellate “cloud” in a near- 
colorless round-brilliant-cut dia- 
mond shown in figure 2. 
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Because of the extent and translu- 
cency of this cloud, together with its 
prominent position centered under 
the table facet, the assigned clarity 
grade was understandably low. 
Nevertheless, the exotic hexagonal, 
star-like appearance of this cloud gave 
the interior of the diamond an attrac- 
tive geometric character. While geo- 
metric clouds are occasionally seen in 
diamonds, most of these are cubic or 
octahedral in shape; a hexagonal form 
is considerably rarer. 

The cloud shown here appears to 
be a phantom of either a hextetrahe- 
dron or hexoctahedron diamond crys- 
tal. In these two crystal forms, the tri- 
angular faces are divided into six sec- 
tions each. As shown in figure 3, this 
division changes a four-sided tetrahe- 
dron to a 24-sided hextetrahedron, or 
an eight-sided octahedron to a 48- 
sided hexoctahedron. 

When one looks perpendicular to 
a hextetrahedral or hexoctahedral 
crystal face, one sees a form com- 
posed of six pie-shaped faces divided 
by six interfacial ridges. This gives the 
appearance of a six-rayed star. A phan- 
tom formed in a diamond crystal with 
this habit might show a stellate cloud 
in a cut stone. If the cutter oriented 
the rough so that a hextetrahedral or 
hexoctahedral face was nearly parallel 
to the plane of the table facet, then 
the star-shaped cloud would be readi- 
ly visible through the table facet. 
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Figure 2. The hexagonal star- 
shaped cloud in this diamond 
appears to represent a phantom 
with a rare crystal form. The 
riblike extensions possibly fol- 
low previous growth steps. 
Magnified 10x. 


The view of this cloud was dis- 
torted by reflection and refraction 
from the facets, so no firm conclusion 
could be drawn as to which crystal 
form it represented. Suffice it to say 
that this is a most unusual inclusion 
in a diamond, and in this writer’s 
opinion it is also quite beautiful. 

John I. Koivula 


EMERALD, The Case of the 
Invisible Filler 


The use of organic compounds to fill 
surface-reaching fractures and fracture 
systems in emeralds has been a stan- 
dard practice for many years. It is 
often said that virtually all emeralds 
today are “oiled,” and this generaliza- 
tion has been borne out by our experi- 
ence in the laboratory. The visibility 
of surface-reaching fractures is 
reduced by replacing the air that nor- 
mally fills those openings with an 
organic compound that has a refrac- 
tive index similar to that of the host 
emerald. The treatment effectively 
reduces the mirror-like reflective 
quality of any cracks and, in the pro- 
cess, improves the apparent color 
intensity of the emerald. This method 
of emerald enhancement was thor- 
oughly addressed by R. Ringsrud in 
the Fall 1983 issue of Gems & 
Gemology (“The oil treatment of 
emeralds in Bogota, Colombia,” pp. 
149-156), and by R. Kammerling et al. 
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Figure 3. These line drawings 
illustrate two rare forms found 
among isometric crystals such 
as diamond. The hextetrahedron 
at left has 24 faces, formed by 
dividing each of the four trian- 
gular faces of a tetrahedron into 
six parts. The hexoctahedron at 
right exhibits 48 faces. 


in the Summer 1991 issue (“Fracture 
filling of emeralds: Opticon and tradi- 
tional ‘oils,’” pp. 70-85). 
Occasionally, a surface-reaching 
fracture will intersect an included 
crystal or a larger primary fluid-inclu- 
sion chamber (a negative crystal), 
thereby exposing the inclusion to the 
surface. Some of these mineral inclu- 
sions are very vulnerable to attack by 
acidic solutions. Most notable are car- 
bonates, such as calcite and dolomite. 
If exposed to the surface, these inclu- 
sions are often dissolved away, some- 
times during the cleaning processes 
used on rough crystals to remove iron 
oxide and hydroxide stains and other 
undesirable debris. This leaves a com- 
paratively large void, with the shape 
of the original mineral inclusion, in 
the emerald. Fluid inclusions simply 
drain out once they have been inter- 
sected by a fracture, also leaving a void. 
When such voids are filled with 
an organic compound, the result is 
never perfect. The refractive indices 
of the fillers we have encountered to 
date do not exactly match that of the 
surrounding emerald. (In particular, 
they cannot match both refractive 
indices of an emerald.) The relief 
caused by this difference in refractive 
indices makes the filled voids visible. 
Gas bubbles trapped in the filler with- 
in these relatively large voids often 
make the treatment even more obvi- 
ous (see, e.g., figure 4). As a result, 
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such voids often provide the first indi- 
cations of treatment when the emer- 
ald is examined with magnification. 

Therefore, staff members in the 
West Coast lab were somewhat sur- 
prised to encounter a treated natural 
emerald with a filled void that was 
essentially invisible. This lack of 
relief indicated that the R.I. of the 
filling agent was nearly identical to 
those of the emerald—more so than 
any other filler we had previously 
examined. The only reason this void 
was recognized at all was because it 
contained three gas bubbles. As can 
be seen in figure 5, the bubbles 
appear to be enclosed within the 
emerald itself; the chamber surround- 
ing them is virtually invisible. No 
form of microscopic manipulation or 
creative illumination, including an 
attempt at the Becke line test, ade- 
quately resolved the complete out- 
line of the void. Nor did we see any 
flash-effect colors in the “invisible” 
fractures that must have been inter- 
secting it. The refractive index of the 
emerald was 1.576-1.581, so the filler 
must have had an R.I. between those 
two readings. 

Although there is no doubt that a 
filler was present, the combined limi- 
tations of nondestructive testing and 
the short time available for examina- 
tion prevented us from determining 


Figure 4. Note the prominent gas 
bubble and yellowish liquid fill- 
ing in this rhombohedral void. As 
is typical of most large voids in 
such treated emeralds, the cham- 
ber is readily visible because the 
refractive index of the filler is 
sufficiently different from one or 
both of those of the surrounding 
emerald. Magnified 15x. 


Spring 1999 43 


Figure 5. These three trapped gas 
bubbles provide the only evi- 
dence of a filled void in this 
emerald; the filler itself is virtu- 
ally invisible, probably because 
its refractive index is very close 
to both those of the host emer- 
ald. Magnified 30x. 


its precise nature. We did observe that 
the filling material was either solid or 
highly viscous. It is possible that a 
mixture of substances yielded the 
very close match in optical properties 
that made this filling invisible. 
However, because natural emeralds 
exhibit a range of refractive indices, 
we think it unlikely that such “invisi- 
ble” treatment will become the norm. 

John I. Koivula 


GLASS Imitation of Peridot 


Two green oval faceted gems were 
recently sent to the West Coast labo- 
ratory (figure 6). An identification was 
requested for the larger of the two 
(26.28 ct). When they were examined 
face up, both looked very much like 
the peridot that has been coming out 
of Pakistan for the last several years. 


Figure 6. These green ovals look 
like peridot, but they were iden- 
tified as glass. The sample on 
the right weighs 26.82 ct. 


Once we started testing, however, it 
immediately became apparent that 
they were not peridot at all. 

The RL. of the larger “stone” was 
over the limits of the refractometer. 
The polariscope showed that it was 
singly refractive, and we measured its 
S.G. at 4.43 using the hydrostatic 
method. These properties indicate a 
high-property glass. Microscopic 
examination revealed parallel flow 
lines, confirming this conclusion. 

We subsequently learned that these 
two samples had been purchased at 
the 1998 Tucson gem show as Chinese 
peridot by renowned American gem 
cutter Arthur Anderson. He acquired a 
few of these pieces in their faceted 
shape, intending to recut them into 
some of his own designs. As he start- 
ed to cut the first one (figure 7), he 
noticed that the material did not react 
to the cutting wheel like peridot, at 
which point he sent the two pieces to 
the GIA Gem Trade Laboratory for 
identification. 

Glass has been used to imitate a 
multitude of gemstones for centuries. 
In recent years, it has been found in 
salted parcels of amethyst, aquama- 
rine, and Mexican fire opal, to name 
just a few examples. Careful manipu- 
lation of the color makes it impossi- 
ble to distinguish these glasses from 
the stones they imitate by visual 
appearance alone. Of course, any 
number of gemological tests (e.g., 
optic character) can separate these 


Figure 7. The behavior during 
carving of a third sample, simi- 
lar to those shown in figure 6, 
made the cutter suspicious that 
the material was not peridot. 
This glass imitation weighs 
18.81 ct. 
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imitations quickly in most instances, 
but it is easy to forget that any stone 
could potentially be glass. 

This is the first instance we have 
encountered of material sold as 
Chinese peridot turning out to be 
glass. This should, however, serve as 
a warning for anyone in the market 
for such peridot to be wary of this 
imitation. SFM and IR 


JADEITE with Unusual 
Evidence of Enhancement 


The identification of treated jadeite 
has been a persistent problem for 
gemologists and jewelers for many 
years. The methods of treatment 
most commonly used historically, 
such as dyeing and waxing, are 
intended to enhance the outward 
appearance of lower-quality, or poorly 
polished, material. More recently, 
there has been a proliferation of 
jadeite objects treated throughout by a 
multi-step process that involves heat- 
ing, acid “bleaching,” and impregna- 
tion with an organic polymer (see, e.g., 
E. Fritsch et al., “Identification of 
bleached and polymer-impregnated 
jadeite,” Gems #& Gemology, Fall 
1992, pp. 176-187). The jadeite gems, 
jewelry, and carvings enhanced by 
this process are widely known as 
“bleached jade” or “B-jade.” 

Because the vast majority of the 
surface-reaching fissures filled by this 
process are extremely fine, there is 
usually no visible evidence of treat- 
ment even with a microscope. Today, 
most laboratory gemologists rely pri- 
marily on Fourier-transform infrared 
spectrometry (FTIR) to detect B-jade. 
So, while it is relatively easy for a 
gemologist to identify a material as 
jadeite, detection of bleaching and 
impregnation almost always requires 
advanced testing with FTIR. 

On rare occasions, however, a 
large surface pit or wider fissure will 
contain visual evidence of this treat- 
ment in the form of polymer residue 
and/or trapped gas bubbles. Such was 
the case for a mottled bright green- 
and-white jadeite bangle that was 
recently submitted to the West 
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Hence, a powder pattern is in effect 
a fingerprint, each material giving 
its own characteristic pattern. The 
powder method is, therefore, an ex- 
tremely powerful identification tool, 
and it is for this purpose that it is 
most commonly used. Naturally, 
since a powdered sample is required, 
the powder method is not satis- 
factory for identification of fash- 
ioned gems, but is extremely useful 
for rough gem material. 


PIN-HOLE 
SYSTEM 


SOURCE 


GEMS & GEMOLOGY 


radiograph is a result of selective 
absorption. Those portions of the 
object which absorb x-rays strongly, 
appear light on the film, while por- 
tions transparent to x-rays register 
black on the film. The detail is reg- 
istered by other parts of the object 
which absorb x-rays to varying 
degrees.. Thus a radiograph is a 
shadow, and is not the result of 
diffraction of the x-ray beam by 
atomic planes. 


FILM 


SPECIMEN 


Figure 4 
Diagram of camera used for taking powder photographs 


Radiography: The technique used 
in medicine for obtaining the famil- 
jar x-ray photographs of broken 
bones, and in industry for detecting, 
for example, flaws in castings, is en- 
tirely different from those previously 
described. In radiography the object 
is placed very near, or in contact 
with, a piece of film as large as the 
object. The whole object is then 
bathed by a broad x-ray beam. The 
resultant photograph is actually a 
shadow cast by the object upon the 
film. The detail exhibited in such a 


Radiography is a technique of im- 
portance to the gemologist in that 
it is used to examine pearls to de- 
termine whether they are genuine or 
cultured. The difference in. absorp- 
tive power of the mother-of-pearl 
nucleus and the outer nacreous lay- 
ers. is sufficient to register on the 
film. Hence, in general, a radiograph 
of a cultured pearl will show the 
outline of the mother-of-pearl nu- 
cleus, while no such nucleus will be 
visible in genuine pearls. This meth- 
od, however, has shortcomings which 


Figure 8. Subsurface bubbles 
provide evidence of enhance- 
ment in a bangle bracelet of “B- 
jade.” Some of the bubbles are 
badly distorted, while others 
are nearly spherical. Their 
reduced visibility is caused by 
the translucency of the overly- 
ing jadeite. Magnified 40x. 


Coast laboratory for identification 
and testing for possible enhance- 
ment. Without magnification, this 
bracelet looked like many other 
jadeite objects we receive in the labo- 
ratory. When we examined it with a 
microscope at even 10x magnifica- 
tion, however, numerous small gas 
bubbles (figure 8) were easily seen. 
Some of the bubbles were almost per- 


Figure 9. The suture lines in this 
natural-color black cultured 
pearl are readily visible with 
magnification and reflected 
light. Magnified 30x. 
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fectly spherical, while others were 
quite distorted. They were individual- 
ly contained in small voids in the 
jadeite that we speculated must have 
been formed during the acid bleaching. 
It is possible that acid-dissolvable 
inclusions of some mineral, such as a 
carbonate, may have been removed 
from the jadeite by the acid treat- 
ment. The resulting voids were then 
only partially filled with the polymer 
during the impregnation step, leaving 
a gas bubble as proof of enhancement. 
John I. Koivula 


CULTURED PEARLS 


Black, Surface Enhanced 


Suspecting that a strand of 11 mm 
black circled pearls had been treated 
to enhance their appearance, a client 
submitted them to our West Coast 
lab for identification. All the pearls 
had an extremely high luster and 
showed pronounced purplish pink 
and green overtones. While handling 
them, the client had noticed a pecu- 
liar smoothness on the pearls’ surface 
and that they were somewhat sticky 
to the touch. 

Gemological tests verified that 
they were indeed cultured pearls of 
natural color, and microscopic exami- 
nation with reflected overhead illumi- 
nation showed a highly reflective sur- 
face, with a top nacre layer that was 
very transparent. Pearls (both natural 
and cultured) normally show a pat- 
tern of fine lines (figure 9), called 
suture lines, that are a characteristic 
growth feature in the nacre. However, 


Figure 10. Suture lines are much 
more difficult to resolve in this 
coated black cultured pearl. 
Magnified 30x. 
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the suture lines in these black cul- 
tured pearls were barely visible (figure 
10). We did see some fine polishing 
lines, but they appeared to be located 
slightly underneath the surface rather 
than on it. The needle probe left a 
smooth indentation, similar to that 
left on plastic-coated materials, which 
raised more doubts regarding the sur- 
face condition. Without using destruc- 
tive testing methods, though, we 
could not verify the type of treatment. 
Therefore, we obtained the client’s 
permission to remove one cultured 
pearl (figure 11) for further testing. 

We checked this sample with a 
thermal reaction tester. The hot nee- 
dle initially left only a chalked 
groove, as would be expected for a 
soft carbonate. However, with contin- 
ued application of heat, the chalked 
material began to coagulate. This 
change proved that some foreign 
material was present on the surface. 
We sent the cultured pearl to a labora- 
tory that specializes in polymer analy- 
sis to identify the surface material. 
The laboratory reported that this for- 
eign material was a poly-dimethyl 
siloxane, a form of silicone that is 
occasionally applied to pearls to 
enhance their appearance. KH 


Imitation Tahitian Pearls 

The occurrence of gray-to-black natu- 
ral pearls is rare (see, e.g., M. Goebel 
and D. M. Dirlam, “Polynesian black 
pearls,” Gems #& Gemology, Fall 
1989, pp. 130-148). Throughout the 
trade, dark-colored pearls are pre- 
sumed to be cultured, but a laboratory 


Figure 11. The coating on this 
black cultured pearl greatly 
enhances all aspects of its 


appearance. 
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Figure 12. The grayish green 
spheres (10.15-10.25 mm in 
diameter) in these ear studs 
make convincing imitations of 
Tahitian black pearls. 


report is often desired to determine 
whether the color is natural or the 
result of treatment. Less frequent is 
the need to determine whether the 
material itself is genuine (that is, nat- 
ural/cultured or imitation). A recent 
example of such a submission, exam- 
ined in the West Coast lab, are the ear 
studs shown in figure 12. 

To the unaided eye, these grayish 
green spheres (which measured 
10.15-10.25 mm in diameter) have 
the appearance of “pistachio” colored 
Tahitian cultured pearls. However, 
magnification revealed several sub- 
surface features that were typical for 
glass or plastic, but unlike any we 
have ever seen in a pearl: swirl marks, 
flow lines, and gas bubbles beneath a 
smooth, transparent coating (figure 
13). We obtained a refractive index of 


Figure 14. This 1.44 ct chatoyant 
purplish brown cabochon was 
identified as the rare mineral 
taaffeite. 


46 Lab Notes 


Figure 13. With 10x magnifica- 
tion, the imitation pearls shown 
in figure 12 exhibit gas bubbles 
and swirl marks below a smooth 
coating. 


1.50 by the spot method, and deter- 
mined that the optic character was 
isotropic. We saw no lines with a 
desk-model spectroscope, and we 
observed weak, chalky green fluores- 
cence to both long- and short-wave 
UV radiation. These properties proved 
these items to be imitation pearls. 

A strand of silvery gray to black 
imitation pearls was seen in the West 
Coast lab a few years ago (Fall 1995 
Gem Trade Lab Notes, pp. 202-203). 
Those beads had an odd, rubbery sur- 
face texture, and a layered construc- 
tion was visible at the drill holes. We 
determined that one of the layers was 
bismoclite (a bismuth oxide chloride 
used as a coating material), which 
gave those imitation pearls their color. 
Unfortunately, the mounting of each 
of the recently examined ear studs 


Figure 15. A group of parallel 
reflective planar inclusions with 
striations was responsible for 
the cat’s-eye effect in this taaf- 
feite. Magnified 30x. 
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prevented observation of a drill hole or 
determination of their composition. 
CYW and IR 


Cat’s-Eye TAAFFEITE 


Some gems commonly exhibit phenom- 
ena, such as change of color (alexan- 
drite), chatoyancy (chrysoberyl), and 
asterism (sapphire). Occasionally we 
are reminded that any gem material 
potentially can show a phenomenon, 
even if such a phenomenon was not 
seen in that material before. 

Such was the case with a 1.44 ct 
chatoyant cabochon recently submit- 
ted to the West Coast lab for identifi- 
cation. The purplish brown stone had 
a fairly well developed “eye” (figure 
14). We determined an RI. of 1.72 by 
the spot method, and an S.G. of 3.68 
by the hydrostatic method. The stone 
showed a uniaxial optic figure, weak 
pleochroism, and was inert to both 
long- and short-wave ultraviolet radia- 
tion. These properties all pointed to 
the rare gem mineral taaffeite as the 
identity of the cabochon. However, 
we had never seen a cat’s-eye taaffeite 
before. Since we could only get a spot 
RL, and thus no estimate of the bire- 
fringence, we decided to analyze the 
stone on the Raman spectrometer. 
The Raman spectrum confirmed that 
the stone was indeed taaffeite. 

Microscopic examination did not 
reveal the parallel needles or growth 
tubes normally found in a chatoyant 
stone. Instead, there were parallel 
reflective planar inclusions with stria- 
tions (figure 15). These striations, 
along with the reflectivity of the inclu- 
sions, caused the chatoyancy. We have 
seen similar reflective inclusions as a 
cause of chatoyancy on at least one 
other occasion (see “Cat’s-eye sap- 
phire,” Summer 1995 Gem Trade Lab 
Notes, pp. 126-127). SFM 
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The 1990s ended with a quietly productive season at the 
various Tucson gem and mineral shows, where many 
new items were brought to our attention. The editorial 
team spent two weeks visiting almost all of the 27 
shows. Information was also gathered by GIA Gem 
Trade Laboratory staff members Philip Owens, Cheryl 
Wentzell, Dr. Ilene Reinitz, Karin Hurwit, Maha 
DeMaggio, and contributing editors Dino DeGhionno 
and Shane McClure, as well as by Phil York and Wendi 
Mayerson of GIA Education, collection curator Jo Ellen 
Cole, and GwG senior editor Brendan Laurs. Highlights 
of the information we gathered, and some of the many 
items seen, are presented here. Additional reports from 
Tucson ‘99 will appear in future Gem News sections. 


DIAMONDS 

Fashioned diamonds from the Ekati mine, Northwest 
Territories, Canada. Faceted diamonds from Canada’s 
first diamond mine, Ekati (see, e.g., Winter 1998 Gem 
News, pp. 290-292), were available in the United States 
for the first time, at the AGTA show. Craig de Gruchy of 
Sirius Diamonds (at the booth of Barker & Co., 
Scottsdale, Arizona) showed Dr. Ilene Reinitz several 
round brilliants. Six of the diamonds, which weighed 
from 0.75 to 1.01 ct, had been graded by the GIA Gem 
Trade Laboratory; they ranged in color from E to J, and in 
clarity from VVS, to VS, (figure 1). All had been cut by 
Sirius Diamonds, Vancouver, British Columbia, which is 
one of the first companies to manufacture Canadian dia- 
monds in that country. According to Mr. de Gruchy, 
each Ekati diamond faceted by Sirius is laser inscribed 
with a polar bear logo (figure 2). 


Synthetic diamonds widely available. Alex Grizenko of 
the Russian Colored Stone Co. (RCS), Golden, Colorado, 
reported that scientists working for RCS have improved 
their growth processes and quality control over the last 
year. They can now grow synthetic diamonds with few 
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inclusions in relatively large sizes—up to 5.5 ct rough. A 
variety of colors are being produced: yellow, blue, and 
treated pink, red, orange, and color-change (figure 3), as 
well as near-colorless material. Yields for fancy shapes, 
especially rectangles, can be quite high, resulting in fash- 
ioned synthetic diamonds up to about 4.5 ct. Faceted 
goods are sold under the trademark “Ultimate Created 
Diamonds.” The company currently produces 300-400 
carats of crystals per month. However, they are poised to 
increase production at least 10-fold, in about equal 
amounts of near-colorless and saturated colors. 
According to Mr. Grizenko, these synthetic diamonds 
have the same properties as those GIA has examined in 
the past (see, e.g., J. E. Shigley et al., “A chart for the sep- 


Figure 1. These six diamonds (0.75-1.01 ct) represent 
some of the early production from the newly opened 
Ekati mine, Northwest Territories, Canada. They 
were fashioned in Canada as well. Courtesy of Sirius 
Diamonds; photo by Maha DeMaggio. 
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Figure 2. Sirius Diamonds laser inscribes a styl- 
izedpolar bear on the girdle of each Ekati diamond 
they facet. This stone weighs about 1 ct; photo © 
Anthony de Goutiére. 


aration of natural and synthetic diamonds,” Winter 1995 
Gems & Gemology, pp. 256-264; Spring 1995 Gem 
Trade Lab Notes, pp. 53-54; and Winter 1998 Gem Trade 
Lab Notes, pp. 286-287). Dr. Ilene Reinitz, who spoke 
with Mr. Grizenko at Tucson, confirmed the reported 
properties. In particular, all of the RCS near-colorless 
synthetic crystals show phosphorescence after exposure 
to SWUV, although the strength of the reaction varies 
greatly from one sample to another. 

Dr. Reinitz also spoke to another purveyor of synthet- 
ic diamonds, Dr. Leonid Pride of the Morion Co., 
Brighton, Massachusetts. This company works with 
crystal growers in the eastern Ukraine. Dr. Pride showed 
her (predominantly rough) yellow, blue, treated red, and 
heavily included near-colorless synthetic diamonds, 
ranging from 0.18 to 1.24 ct. 

In addition, Gem News editor John I. Koivula saw a 
yellow synthetic diamond crystal at the GJX show that 
had triangular growth hillocks (resembling etched 
trigons, but raised above the surface of the crystal) on the 
octahedral faces. These hillocks showed a positive orien- 
tation to the host face—that is, the triangles were paral- 
lel to the triangular sides of the octahedral crystal face— 
instead of the negative orientation seen for the etched 


Figure 3. These 0.04-1.07 ct round brilliant synthetic 
diamonds illustrate some of the as-grown and treated 
colors available this year. Courtesy of Alex Grizenko; 
photo by Maha DeMaggio. 
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trigons on natural diamond crystals (a photograph of sim- 
ilar triangular growth hillocks on a synthetic diamond is 
shown as figure 5 on p. 48 of the Spring 1997 issue of 
Gems & Gemology). In conversations with dealers offer- 
ing both materials at the show, Mr. Koivula was amused 
to note that synthetic moissanite was more expensive 
than synthetic diamond. 


COLORED STONES AND ORGANIC MATERIALS 
Cat’s-eye andradite from San Benito County, California. 
Although this material is not new (see T. Payne, “The 
andradites of San Benito County, California,” Fall 1981 
Gems & Gemology, pp. 157-160), recently a lease was 
activated in the area by Steve Perry Minerals, Davis, 
California. Mr. Perry was marketing rough and cut mate- 
rial that had been mined at the Yellow Cat claim since 
November 1998 (figure 4). The deposit is located about 
12 km northwest of the Benitoite Gem mine, within the 
same serpentinite body. The andradite occurs in fractures 
cutting the serpentinite, together with dark green chlo- 
rite (ripidolite) and traces of black perovskite and white 
apatite. 

The deposit produces mineral specimens and limited 
amounts of cutting rough of the yellow-green to brown- 
ish orange variety of andradite. So far, about 300 grams of 
cat’s-eye rough have been extracted, with cutting yields 
of about 10%-15%. Smaller quantities of facet-grade 
rough are recovered: Mr. Perry estimates that the year’s 
production will yield about 50 carats of faceted material 
(see, e.g., figure 5). Of this, about 75% is “honey col- 
ored,” 10% is orange, and 10% is yellow (all of these 
hues are sometimes called “topazolite” in the trade); 


Figure 4. Small amounts of cat’s-eye andradite 
(shown here, 0.65 and 6.09 ct) are being mined again 
in San Benito County, California. Courtesy of Steve 
Perry; photo by Maha DeMaggio. 
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Figure 5. These faceted andradites (0.07-1.10 ct) illus- 
trate the range of color in which the San Benito 
County material occurs. The greenish yellow stones 
are typically smaller than those with warmer yellow 
to-orange hues. Courtesy of Steve Perry and Len 
Pisciotta; photo by Maha DeMaggio. 


another 5% is greenish yellow. Eye-clean finished stones 
are usually smaller than 0.5 ct, and faceted andradite 
larger than 1 ct from San Benito County is rare. Mr. Perry 
projects that small amounts of material will continue to 
be produced. 


An “enhydro” emerald from Colombia. Although quartz 
crystals and agates are the usual hosts for large fluid 
inclusions with movable gas bubbles—” enhydros”—this 
rare feature can occur in other materials as well. For 
instance, enhydro gypsum crystals were seen at Tucson 
this year, and we reported previously on an enhydro tan- 
zanite crystal (Spring 1997 Gem News, p. 66). At the 
1999 AGTA show, Ray Zajicek of Equatorian Imports, 
Dallas, Texas, loaned us for examination a 20.95 ct dou- 
bly terminated emerald crystal (figure 6) he had acquired 
in Colombia that contained a large fluid inclusion with a 
movable gas bubble (figure 7). The fluid-and-gas-filled 
inclusion in the emerald was so large that the specific 
gravity of the stone was only 2.62 (rather than a more 
typical 2.72). Additional properties were: refractive 
indices—1.573-1.580; “Chelsea” color filter reaction— 
red; and inert to both long- and short-wave UV radiation. 
The inclusion appeared natural, and we saw no evidence 
of clarity enhancement in this emerald crystal. 


Abundant eudialyte. Eudialyte is an uncommon mineral 
found in alkali- and zirconium-rich intrusive rocks, such 
as in Canada, Greenland, and the Kola Peninsula of 
Russia; it is rarely seen in gem quality. (The gemological 
properties of a faceted 0.36 ct eudialyte from southwest- 
ern Quebec, Canada, were reported in the Winter 1993 
Gem News, pp. 287-288.) This year, Bill Gangi of Bill 
Gangi Multisensory Arts, Tucson, had unusually large 
quantities of fashioned eudialyte, which he showed con- 
tributing editor Shane McClure. Mr. Gangi has pur- 
chased the entire mine run of more than 45 kg of brightly 
colored eudialyte-rich rock from a mine in eastern 
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Canada. The eudialyte was fashioned into free-form 
cabochons that incorporated portions of the matrix (fig- 
ure 8). Other minerals present in this material were 
feldspar, tourmaline, fluorite, and galena. 


New cuts for Oregon sunstone. Although not a new 
material, Oregon sunstone continues to intrigue cutters 
and carvers (see, for example, the “watermelon” sun- 
stone carving in Summer 1997 Gem News, p. 145). Klaus 
Schafer of Idar-Oberstein, Germany (who was in Tucson 
at the booth of Bernhard Edelsteinschleiferei, Idar- 
Oberstein), has faceted this material in a manner that 
highlights the copper inclusions (figure 9). Schafer 
includes matte-finished facets in his fashioned sunstones 
to direct light through the stone so that some inclusion 
layers are prominent and others recede. To produce the 
matte facets, he uses silicon carbide applied with a brush 
to an iron lap wheel. 


Near-colorless forsterite. K. K. Malhotra of KQAK 
International, Falls Church, Virginia, loaned contributing 
editor Shane McClure a near-colorless 6.20 ct cushion- 
cut stone (figure 10) from Sri Lanka. The stone appeared 


Figure 6. This Colombian emerald crystal (20.39 x 
11.62 x 8.76 mm) contains a large fluid inclusion with 
a movable gas bubble. Specimen courtesy of Ray 
Zajicek; photo by Maha DeMaggio. 
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pale green when viewed table-down, but it was essential- 
ly colorless when viewed table-up. It had R.I. values of 
1.639-1.670 and an S.G. of 3.25. Its absorption spectrum 
showed only a weak, sharp peak at 495 nm. The stone 
was inert to both long- and short-wave UV radiation. 
Microscopic examination revealed numerous parallel 
strings of whitish clouds. A Raman spectrum had major 
peaks at 857 and 825 cm ', and smaller peaks at 968, 919, 
608, 434, and 306 cm. All of these properties were con- 
sistent with olivine that contains little or no iron (i.e., 
end-member forsterite). EDXRF analysis of the forsterite 
by GIA Gem Trade Laboratory research associate Sam 
Muhlmeister revealed major amounts of magnesium and 
silicon, some iron, minor manganese, and traces of zinc 
and calcium. The trace elements suggested a natural ori- 
gin for the stone (see, e.g., K. Nassau, “Synthetic 
forsterite and synthetic peridot,” Summer 1994 Gems & 
Gemology, pp. 102-108). 

The most common series in the olivine mineral 
group is that between forsterite (Mg,SiO,) and fayalite 
(Fe,SiO,). The common gem variety of olivine, peridot, is 
forsterite with about 12 atom percent iron substituting 
for magnesium (see, e.g., W. A. Deer et al., 1974, An 
Introduction to the Rock-Forming Minerals, Longman 
Group Ltd., London, pp. 1-7) and R.I. values of 
1.654-1.690. This sample of colorless gem-quality 
forsterite contained only about one-third as much iron as 
typical peridot (as estimated from the EDXRF data), 
which would account for its colorless appearance. It was 


Figure 8. These five cabochons of eudialyte-rich rock 
measure about 2-8 cm each. Courtesy of Bill Gangi; 
photo by Maha DeMaggio. 


Figure 7. As the emerald is 
tilted (left, right), the gas 
bubble moves in the 2.4- 
mm_-long fluid-filled cavi- 
ty. Photomicrographs by 
John I. Koivula. 


surprising to see a natural gem forsterite—not a peridot— 
of this large size. 


“Watermelon Garnet.” The variety of elbaite tourmaline 
that has a pink center and green rind is familiar to most 
people in the gem trade as “watermelon” tourmaline. 
This form of tourmaline is routinely cut perpendicular to 
the length of the crystal and sold as polished slices for 
jewelry applications. Recently, Bill Heher of Rare Earth 
Mining Co., Trumbull, Connecticut, sent one of the 
Gem News editors (MLJ) a polished slab and a polished, 
tapered cabochon that were reminiscent of watermelon 
tourmaline in color but not pattern (figure 11). According 
to Mr. Heher, the material was mined in the 1940s in 
South Africa, and was represented to him as 
“hydrogrossular garnet” (commonly referred to as 
“Transvaal Jade”). He was also told that the material had 
“high concentrations of chromium and manganese.” 

Refractive index (spot) values of 1.712 were obtained 
for both the green and pink areas of the cabochon. We did 
not determine specific gravity because the samples con- 
tained a significant amount of matrix. Both the pink and 
green portions were inert to long- and short-wave UV 
radiation, but some areas of the matrix showed white 
fluorescence to long-wave UV. 

The absorption spectrum (as seen with a handheld 
spectroscope} was interesting in that the green end of the 
cabochon showed a strong single line at 466 nm; howev- 


Figure 9. This Oregon sunstone (about 2 cm across) 
has been fashioned with some matte-finished facets 
to bring out the appearance of the copper inclusions. 
Courtesy of Klaus Schafer; photo by Maha DeMaggio. 
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er, as the stone was moved from the green to pink por- 
tion across the spectroscope, this absorption line gradual- 
ly became fainter. It completely disappeared in the pink 
area that was farthest from the green end. 

Another interesting characteristic was noted when 
the cabochon was analyzed along its length with a laser 
Raman microspectrometer. By comparison with refer- 
ence spectra, we identified the green end as vesuvianite 
and the pink end as hydrogrossular, which was consis- 
tent with the gemological properties. Raman spectra 
obtained at spots intermediate between the two ends 
indicated a mixture of these phases. This gradation in the 
Raman spectra down the length of the stone supports the 
observations of the visible-light absorption spectra, since 
a line at about 466 nm is characteristic of vesuvianite. As 
the hydrogrossular became the major phase in the mix- 
ture, toward the pink end of the cabochon, the 466 nm 
line faded out. 

Because Mr. Heher had been told that the material 
contained high concentrations of chromium and man- 
ganese, we asked Sam Muhlmeister to measure the 
chemistry using EDXRF spectrometry. An analysis 
across the entire sample revealed no evidence of Cr. The 
chemical elements detected were aluminum, calcium, 
iron, manganese, silicon, strontium, and titanium. 

This material presents an interesting nomenclature 
dilemma. The primary mineral in the green area, vesu- 
vianite, is more familiar to gemologists as idocrase. The 
pink material is hydroxyl-rich garnet—hibschite, katoite, 
or hydrous grossular—and usually simply referred to as 
hydrogrossular. In the samples we saw, there appeared to 
be a dominance of hydrogrossular (pink) over idocrase 
(green), so that “hydrogrossular-idocrase” would be an 
appropriate name to apply to these bicolored, mixed-min- 
eral gemstones. Mr. Heher had several hundred stones in 


Figure 10. This 6.20 ct cushion-cut near-colorless 
stone, reportedly from Sri Lanka, is natural forsterite. 
Courtesy of K. K. Malhotra; photo by Maha DeMaggio. 
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Figure 11. This 8.5 cm polished slab and 25.52 ct 
cabochon were both cut from hydrogrossular-idocrase 
rock that was mined in South Africa in the 1940s. 
Courtesy of Bill Heher; photo by Maha DeMaggio. 


Tucson. Because brightly colored bicolored gems are 
always popular, a consistent supply of good-quality mate- 
rial would create its own market in the areas of designer 
jewelry and small carvings. 


New deposits in India and Nepal. Anil Dohlakia of Anil 
Dohlakia, Inc., Franklin, North Carolina, had several 
interesting gems that were recently mined from new 
deposits in Asia. These included kyanite from Nepal, 
apatite from Rajasthan, India; and chrysoberyl from 
Andhra Pradesh, India. 

The kyanite (figure 12) was found shortly before the 
Tucson show. Approximately 500 carats have been 
faceted from the 5% of the rough that was gem quality. 
The resulting fashioned stones are somewhat large (to 
more than 10 ct) and range from medium to dark in tone. 

The apatite is also notable for the large pieces recov- 
ered; the largest fashioned stone Mr. Dohlakia had 
(which weighed more than 50 ct) is shown in figure 13. 
He reported that about 200 kg of apatite were available. 

About 500 carats of fashioned cat’s-eye chrysoberyl 


Figure 12. These kyanite ovals from Nepal weigh 6.07, 
7.74, and 10.12 ct. Courtesy of Anil Dohlakia; photo 
by Maha DeMaggio. 
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Figure 13. Rajasthan, India, is the source of this 
faceted apatite, which weighs more than 50 ct and 
measures 29 x 24 mm. Courtesy of Anil Dohlakia; 
photo by Maha DeMaggio. 


were available from the new find near Vishakhapatnam, 
Andhra Pradesh State. The cabochons ranged up to 20 ct. 


Iolite and other gems from Canada. Canadian mining 
company Anglo Swiss Resources (Vancouver, British 


Figure 14. The Slocan Valley in British Columbia is 
being explored and mined for several gem minerals by 
Anglo Swiss Resources. Bulk sampling at the Blu 
Moon claim is shown here; the Blu Starr claims are 
visible on the hillside in the background. Photo cour- 
tesy of Anglo Swiss Resources. 
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Columbia) is developing deposits of several colored gem 
minerals in the Slocan Valley of southeastern British 
Columbia. The company’s claims cover an area of meta- 
morphic host rock that measures 13,000 acres (about 45 
km’). The following information is based on discussions 
with Anglo Swiss president Len Danard—who was show- 
ing rough and cut material in Tucson—and information 
provided by geologist James Laird. 

The company began by examining their sapphire 
prospects, particularly at the Blu Moon and Blu Starr 
groups of claims (figure 14). Gray-to-black sapphires with 
good asterism (figure 15) were found in the host rock; Mr. 
Danard estimates grades of 30 carats of finished cabo- 
chons per ton of rock. Heat-treatment experiments pro- 
duced some improvement in the color, but at the 
expense of the asterism. Mr. Danard hopes to recover 
more-profitable goods when they start mining their 1,853 
acres of newly permitted placer deposits in the Slocan 
and Little Slocan Rivers this spring. Bright pinkish red 
pyrope-almandine garnets (again, see figure 15) were also 
found in the host rock at the Blu Starr claim. The garnet 
crystals can exceed 10 cm in diameter, but because they 
are often highly fractured, the largest stone fashioned to 
date weighs 3 ct. About 250,000 carats of rough garnet 
were collected during the 1998 mining season, and yields 
of 46% were realized from pre-trimmed ore. 

In November 1998, iolite (again, see figure 15) was 
found in the host rock at two separate workings, then 
known as the Rainbow North and Rainbow South zones. 
These are believed to be part of one continuous rock unit 
that extends for more than 2 km along the surface. The 
largest crystal recovered weighed more than 1,500 ct. 
However, much of this material is also heavily fractured, 
so the largest iolite faceted thus far weighs only 0.64 ct. 
Nevertheless, the material shown to one of the Gem 
News editors (MLJ) was an attractive deep bluish violet, 
even in small sizes. The company estimates that about 
one billion carats can be recovered from the surface lay- 
ers of the deposit. 

Amethyst, light blue beryl, moonstone, titanite, and 
zircon have also been recovered by Anglo Swiss from the 
Slocan Valley; as of February 1999, all but the zircon had 
been faceted. Several varieties of quartz (e.g., smoky, star, 
rock crystal, and rose) have been recovered, as have 
Japan-law-twinned quartz crystals for use as mineral 
specimens. Clearly, this area has the potential to produce 
a large variety of gem materials. 


Jasper “planets.” One of the pleasures of the Tucson 
experience is finding materials that are reminiscent of 
other materials. Many of the resulting Gem News 
entries are cautionary tales, of the “Don’t be fooled by 
this!” variety. Here is a case where the resemblance is 
unlikely to cause confusion, however. Two spheres of 
Mexican jasper (figure 16) were shown to one of the Gem 
News editors (ML]) by Jorge A. Vizcarra of OK. Rock’s & 
Minerals Whole, El Paso, Texas. The spheres are unlikely 
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to be confused with giant planets in the outer solar sys- 
tem, but their colors and markings greatly resemble 
those of Jupiter and Saturn. 


Opal in matrix from Brazil. Carlos Vasconcelos of 
Vasconcelos Brasil, Governador Valadares, had a few 
samples of opal with good play-of-color (figure 17) from a 
new deposit near Tranqueira in Piaui State, northern 
Brazil. The area lies about 200 km south of previously 
known opal deposits in Piaui, and was discovered about 5 
km southwest of another locality that is being mined for 


Figure 16. These are not planets visible in the clear 
skies of Tucson, but jasper spheres (62.8 and 75.3 mm 
in diameter) from Mexico. Photo by Maha DeMaggio. 
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Figure 15. Among the gems recovered from the Slocan 
Valley are star sapphires (upper left; largest stone 18 x 
12 mm), pyrope-almandine garnets (upper right; 
rough 9 mm in diameter), and iolite (left; rough 17 
mm long). Courtesy of Len Danard; photos by Jeff 
Scovil, © Anglo Swiss Resources, Inc. 


orange opal. The deposit was first found about three 
years ago, but organized mining is just beginning. About 
200 carats of rough have been produced thus far. 


White and pastel Chinese freshwater cultured pearls. At 
the AGTA show, Hussain Rezayee of Freiburg, Germany, 
and Tetsu Maruyama of C. Link International, Tokyo, 
showed the GwG editors several strands and loose sam- 
ples of freshwater cultured pearls (figure 18) grown on 
farms in China. This material has been available in abun- 
dance lately, in much larger sizes and far better quality 
than the “rice pearls” of several years ago. The colors 
include orange, “lavender,” pink, and white. 

According to a company brochure supplied by Mr. 
Maruyama, the C. Link farms in China have nearly 
500,000 pearl oysters each, and the pearls are tissue 


Figure 17. This 6 x 5.5 x 2 cm piece of opal in matrix 
comes from a new deposit in Brazil. Photo courtesy of 
Carlos Vasconcelos. 
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Figure 18. These tissue-nucleated freshwater cultured 
pearls are typical of the better-quality material recently 
produced in China. The white circled pearls are 11 mm 
(and larger) in diameter, and the cultured pearls in the 
other strands range from 9.5 to 11 mm. Courtesy of 
Hussain Rezayee; photo by Maha DeMaggio. 


nucleated rather than bead nucleated. A 9 mm round cul- 
tured pearl takes about four years to grow, and those larg- 
er than 10 mm require five to seven years. However, 600 
tons of 8 mm cultured pearls have been produced (from 
an unspecified number of farms and an unknown time 
period). Round tissue-nucleated cultured pearls are rela- 
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tively rare: Only 3% of the production of 8 mm pearls are 
considered round by C. Link, and only 5% of this small 
group are considered top quality. 

The largest cultured pearls in this sample measured 
12.5 mm in diameter (for rounds) and slightly larger than 
15 mm (for button shapes). 


Drusy quartz “leaves.” At the booth of Rare Earth 
Mining Co., Trumbull, Connecticut, Dr. Ilene Reinitz 
saw many colors of drusy agate that had been carved into 
leaf shapes by Greg Genovese of Cape May, New Jersey 
(figure 19). We found these shapes to be an interesting 
and attractive use of geode material—which was, in this 
case, reportedly from Rio Grande do Sul, Brazil. The 
leaves ranged from about 10 x 16 mm to over 7 cm long; 
Mr. Genovese carved 1,000 such pieces during the five 
months preceding the show. Colors in the rough were 
chosen for their resemblance to natural leaves, although 
some material was dyed blue or black. 


Twelve-rayed star quartz from Sri Lanka. Star quartz was 
reported in Gems #& Gemology several times in the 
1980s. These entries included white and brown stones 
with six-rayed stars, a blue-gray stone with a 12-rayed 
star, quartz with one strong band (a cat’s-eye) as well as 
less prominent rays, and Sri Lankan samples with multi- 
ple centers of asterism (see, e.g., Gem Trade Lab Notes: 
Winter 1982, p. 231; Summer 1984, pp. 110-111; Spring 
1985, pp. 45-46; and Spring 1987, pp. 47-48). This year 
in Tucson, Michael Schramm of Michael Schramm 
Imports, Boulder, Colorado, showed Dr. Ilene Reinitz a 
31.37 ct star quartz from Sri Lanka (figure 20) that had 


Figure 19. These five leaf 
shapes were carved from 
drusy quartz by Greg 
Genovese; the large “oak 
leaf” on the lower right 
measures 7.2 x 2.8 cm. 
Courtesy of Rare Earth 
Mining Co.; photo by 
Maha DeMaggio. 
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make it not always positive, and in 
such doubtful cases Laue-type dif- 
fraction patterns must be taken. 

Fluoroscopy is a type of radiog- 
raphy in which the shadow cast by 
the object being examined is viewed 
directly on a fluorescent sereen in- 
stead of being recorded tS ee 
ically. 

Conclusion 


The foregoing material has been 
presented in order to acquaint the 
gemologist with the fundamentals of 


the production, properties and uses 
of x-rays. X-rays have been used 
for a number of years in the identi- 
fication of pearls, and it is possible 
that new methods for the identifica- 
tion of other gems by the use of 
x-rays will be developed in the 
future. 

The use of x-rays in pearl identi- 
fication will be covered in detail in 
a forthcoming issue of GEMS & 
GEMOLOGY. 


GIFTS TO THE INSTITUTE 


From Mr. Lawrence Rosenkrantz, 
Lawrence Gem & Jewelry Co., North 
Hollywood, the Gemological Institute 
has received its largest group of 
genuine stones for use in the in- 
struction of gem identification. The 
stones, 204 in number, include zir- 
con, sapphire, garnet, quartz and 
spinel, many with inclusions which 
are excellent for the teaching of 
identification by characteristic in- 
clusions. 


Dr. Edward Giibelin, C.G., of Lu- 
cerne, Switzerland (Sustaining and 


Endowment Member and postgradu- 
ate student of G.I.A.) recently sent 
the Institute a group of over 200 
excellent colored photomicrographic 
slides of gemstone inclusions. His 
first collection of 129 photomicro- 
graphic kodachrome slides of inclu- 
sions in both genuine and synthetic 
stones was received in 1943. Dr. 
Giibelin’s success with photomicro- 
graphy of gems is unparalleled. 
These slides have proved invaluable 
to the Institute, and are an outstand- 
ing contribution to world gemology. 


Figure 20. This 31.37 ct star quartz from Sri Lanka 
shows many optical effects, including a 12-rayed star, 
multiple centers of asterism, and one bright band that 
looked like a cat’s eye when the stone was viewed 
with low-intensity illumination. Courtesy of Michael 
Schramm; photo by Maha DeMaggio. 


many of these optical effects. This stone contained a 12- 
rayed star, additional off-axis stars, and a bright central 
band that had the appearance of a cat’s-eye when viewed 
with low-intensity illumination. As mentioned in the 
Summer 1984 Lab Note, Dr. Edward Giibelin had con- 
cluded that sillimanite was responsible for the asterism 
in Sri Lankan star quartz. 


New finds of spessartine in Brazil. At least three dealers 
had Brazilian spessartines that were reportedly from new 
sources. James Dzurus of Franklin, North Carolina, had 
some spectacular orange spessartines from a deposit in 
Minas Gerais. He showed contributing editor Shane 
McClure and editor MLJ a 29 gram piece of rough (with 
dodecahedral and trapezohedral crystal faces), as well as 
fashioned stones ranging from 9 to 38.58 ct. The rough 
was mined during the last two years at an unspecified 
new pegmatite deposit. We hope to have more informa- 
tion about spessartine from this source in a future Gem 
News item. 

Carlos Vasconcelos had mineral specimens of gem- 
quality spessartine from a new find at Barra de Cuieté, 
Minas Gerais. Mining of the pegmatite began about two 
years ago, initially for ceramic-grade feldspar and gem 
tourmaline. Since October 1998, about 50 kg of spessartine 
have been recovered, with 2,000 carats fashioned so far. 
The largest cut stones reportedly weigh more than 20 ct. 

Brian Cook (Nature’s Geometry, Graton, California) 
had samples and photos of a new spessartine find in 
northeastern Brazil that he is mining with partner Dean 
Webb (Pan-Geo Minerals, Sebastopol, California). The 
material was recovered from a granitic pegmatite at the 
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Figure 21. A number of new localities in Brazil have 
produced fine-quality gem spessartine. These samples, 
from northeastern Brazil, weigh 70.90 and 5.45 ct 
(rough) and 2.66 ct (faceted). Courtesy of Brian Cook; 
photo by Maha DeMaggio. 


Mirador mine in Rio Grande do Norte State. About 5 kg 
of gem rough have been recovered from this pegmatite 
since January 1999 (figure 21). The find was so recent that 
only rough was available; however, a 2.66 ct stone was 
faceted by gem cutter Jacques Vireo (Precision Cutters of 
Los Angeles, California) while at the Tucson show. 
Limited amounts of gem-quality gahnite showing a light 
green color were also recovered with the spessartine. 


TREATMENTS 


“Blatant” dyed pearls. With the increasing availability of 
large freshwater cultured pearls, we saw large quantities 
of inexpensive cultured pearls that were obviously dyed. 
The strand in figure 22, acquired in Tucson by contribut- 
ing editor Dino DeGhionno, consists of 71 drilled cul- 
tured pearls with a bright, light green color that is only 
vaguely similar to a color seen in untreated cultured 
pearls. Dye concentrations were readily apparent with a 


Figure 22. Large quantities of dyed freshwater cul- 
tured pearls were seen in Tucson this year. The cul- 
tured pearls in this strand range from 7 x 5.5 mm to 8 
x 6 mm in diameter. Photo by Maha DeMaggio. 
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Figure 23. This 99.90 ct free-form promoted as “cul- 
tured snow quartz” is actually fused silica glass with 
a high density of gas bubbles. It makes a convincing 
imitation of quartzite. Photo by Maha DeMaggio. 


microscope. According to David Federman, in the March 
1999 issue of Modern Jeweler (“Triple Crown,” p. 38), 
Chinese freshwater cultured pearls are commonly 
bleached during processing. The “rejects” from the 
bleaching process are dyed “silver” or “pistachio.” 


SYNTHETICS AND SIMULANTS 00) 


Fused silica glass, sold as “cultured snow quartz.” Fine- 
grained quartzite is sometimes tumbled or even fash- 
ioned into cabochons, but it is not a gem material that 
we would expect to see imitated. Nevertheless, Gems 
Galore of Mountain View, California, was marketing 
matte-finished tumbled pieces of so-called “snow 
quartz” (figure 23). According to their literature, the 
material was produced by “fusing quartz” and then rapid- 
ly cooling it to a “quasi-amorphous state.” The sample 
we acquired was composed of two eye-visible layers. 
Magnification revealed that both layers contained dense 


Figure 24. This 338.6 ct piece of rough and 8.92 ct 
cabochon are manufactured slag glass from central 
Sweden. Photo by Maha DeMaggio. 
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concentrations of round bubbles of various sizes, and the 
boundary between the layers was simply a demarcation 
between different densities of bubbles. The sample had 
an R.I. of 1.46, and EDXRF analysis revealed only silicon. 
Although we could not discern any individual grains, the 
sample gave an aggregate reaction in the polariscope, 
probably because of scattering of light by the gas bubbles. 
On the basis of these properties, especially the low R.I. 
value and characteristic inclusions, we concluded that 
this material was silica glass. 


Blue slag glass from Sweden, resembling opal. Slag glass 
is a material that seems to be particularly confusing to 
the amateur field collector. Over the past five years, we 
have seen several misidentifications of slag as mete- 
orites, emeralds, and obsidian (see, e.g., “Obsidian imita- 
tion,” Winter 1998 Gem News, p. 301). Still another con- 
troversial identity was claimed for a probable slag (manu- 
factured) glass available at Tucson this year: CSD, or 
“Crash Site Debris,” which supposedly had come from 
the site of a UFO impact at St. Joseph, Missouri, in 1947 
(“UFO tale is rocky but rare: ‘Alien’ debris is just slag, 
skeptic says,” Arizona Daily Star, February 5, 1999, pp. 
1A, 6A). 

It was, therefore, a pleasure to observe a dealer repre- 
senting slag glass for what it actually is. We acquired a 
17.48 x 13.46x 4.75 mm (8.92 ct) cabochon and a 338.6 
ct chunk of rough (figure 24) from Gun Kemperyd Olson 
of Ingeborgs Stenar AB, Stockholm, Sweden. According 
to Ms. Olson, this manufactured glass came from the 
Bergslogen region in central Sweden, where iron has been 
mined and processed since the 1600s. The cabochon was 
transparent yellowish green in transmitted light, but 
appeared milky blue in reflected light. With the micro- 
scope, we saw round gas bubbles, linear flow banding, 
and fluffy-looking aggregates of opaque particles with a 
metallic luster. The chunk of rough was opaque light 
blue and showed conchoidal fracture; the fractured sur- 
face cut through some of the gas bubbles. Although at 
first glance this material resembles blue opal (such as that 
mined in Peru), its microscopic features are distinctive. 

The Materials Handbook (G.S. Brady and H.R. 
Clauser, McGraw-Hill, New York, 1986) defines slag as 
“molten material that is drawn from the surface of iron 
in the blast furnace. Slag is formed from the earthy mate- 
rials in the ore and from the flux. Slags are produced from 
the melting of other metals, but iron blast-furnace slag is 
usually meant by the term.” The Handbook gives a com- 
position of 32[wt.]% SiO,, 14% Al,O,, 47% CaO, 2% 
MgO, and small amounts of other elements, although 
there is considerable variation depending on the ore. 


Imitation “Chinese freshwater” cultured pearls. Jack 
Lynch of Sea Hunt Pearls, San Francisco, California, 
loaned us four samples (figure 25) that had been repre- 
sented to him as Chinese freshwater cultured pearls. The 
beads were purchased at a pearl farm about six hours’ 
drive from Shanghai, China; they were supposedly natu- 


GEMS & GEMOLOGY Spring 1999 


Figure 25. This grayish purple bead (12.5 mm in diam- 
eter) resembles certain Chinese freshwater cultured 
pearls currently in the marketplace, but it proved to 
be an imitation consisting of a coated round bead. 
Photo by Maha DeMaggio. 


ral-color freshwater cultured pearls that had been pro- 
cessed to make them round after extraction, and all in 
the parcel shown to Mr. Lynch were the same color. 

The greater availability and wide range of colors of 
freshwater cultured pearls from China were described in 
Ge#G in Fall 1998, in both the Gem Trade Lab Notes (pp. 
216-217) and Gem News (pp. 224-225) sections. The for- 
mer entry noted sizes up to 13 x 15 mm for oval cultured 
freshwater pearls; the latter mentioned treated-color 
blue-to-gray Chinese freshwater cultured pearls (similar 
to Tahitian products), as well as “pink, orange, and pur- 
ple” color varieties. So on that basis, these 12.5-mm- 
diameter grayish purple round beads were somewhat 
plausible. 

However, microscopic examination revealed a surface 
texture of many small, flattened bubbles on a uniform 
background (figure 26), resembling the effects of aerosol 
painting on a smooth surface, and very unlike the appear- 
ance of actual cultured pearls. The perfectly round shape 
of these undrilled samples was also suspicious. Mr. 
Lynch kindly gave us permission to slice one open. This 
revealed a painted shell over a featureless white bead. 


Synthetic zincite possibly represented as sphalerite. 
Although we cannot confirm or refute every rumor that 
we hear in Tucson, one that came to us from two sources 
seems worth a comment. At Tucson this year, David and 
Maria Atkinson of Terra in Sedona, Arizona, mentioned 
a bright orange material that was being represented as 
sphalerite from northern Pakistan. They suspected that 
this material was Polish synthetic zincite, which is being 
distributed through Russia. Another dealer showed us a 
faceted oval of synthetic zincite, which was from a parcel 
of “collector” gems acquired in Sri Lanka. 

Synthetic zincite was abundant at Tucson this year, as 
it has been in recent years, so there is quite a lot of mate- 
rial available for deceptive purposes. To prevent possible 
misidentifications in the trade, we felt it worthwhile to 
mention the properties that distinguish orange synthetic 
zincite from natural sphalerite. The simplest distinctions 
are: the singly refractive (sphalerite) versus doubly refrac- 
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Figure 26. The surface texture of the imitation pearls 
shown in figure 25 did not resemble that of either nat- 
ural or cultured pearls. Photomicrograph by John I. 
Koivula; magnified 15x. 


tive (zincite) optic character; inclusions (fluid inclusions 
and sulfide crystals in sphalerite; dislocations, clouds of 
small particles, and small acicular crystals in synthetic 
zincite), and S.G. (4.09 for sphalerite, 5.70 + 0.02 for syn- 
thetic zincite, although both are heavier than typical 
heavy liquids). For more on synthetic zincite, see the 
Spring 1995 Gem News, pp. 70-71, and R. C. Kammerling 
and M. L. Johnson, “An examination of ‘serendipitous’ 
synthetic zincite,” Journal of Gemmology, Vol. 24, No. 8, 
1995, pp. 563-568. 


MISCELLANEOUS 


Drill holes as design elements: Michael M. Dyber and 
“Luminaires.” American gem carver Michael M. Dyber 


Figure 27. This 22.20 ct bicolored African tourma- 
line was carved by Michael M. Dyber. The carved 
light tubes, or “Iuminaires,” reflect the stone’s 
color in interesting ways. Photo by Robert Weldon, 
© Michael M. Dyber. 
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of Rumney, New Hampshire, has been winning awards 
for his innovative designs for more than a decade. In the 
past, he has developed carved gems with “optic dish- 
es’—concave polished curved facets—that reflect and 
refract light into interesting patterns. This year at 
Tucson, he introduced gems fashioned with polished 
cylindrical channels, for which he has trademarked the 
name “Luminaire.” These particular manufactured 
“inclusions” (figure 27) might be mistaken at first glance 
for natural etch tubes, or even prismatic mineral inclu- 
sions; however, their polished cylindrical shape demon- 
strates their manufactured nature. 


Using mineralogical techniques to solve gemological 
problems, part 1: Internal “Becke lines” in spinel. In the 
Winter 1998 Gem Trade Lab Notes section (pp. 
288-289), Gem News editor John Koivula reported on a 
parcel of spinels from Myanmar that contained cores 
with higher refractive indices than the surrounding crys- 
tal. The relative R.I. values were observed using the 
Becke line method. The Becke line is a narrow band or 


Figure 29. This 60.49 ct block of pink flame-fusion 
synthetic sapphire was cut to emphasize dichroism. 
Photo by Maha DeMaggio. 
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Figure 28. In shadowed transmitted 
light, a bright Becke line appeared like 
a halo surrounding the darker red 0.3 
mm core (left) in this 0.19 ct spinel 
octahedron from Myanmar. As the 
objective was raised (right), the Becke 
line moved into the core, proving that 
it has a higher R.I. than the surround- 
ing crystal. Photomicrographs by 

John I. Koivula. 


rim of light that is visible along the boundary between 
materials with different refractive indices when they are 
examined with intermediate to high magnification (typi- 
cally, at least 40x). As the distance between the sample 
and the objective lens of the microscope is increased (i.e., 
by raising the microscope objective), the Becke line 
moves into the region with the higher R.I. The Becke 
line can sometimes be enhanced by shadowing or other 
techniques (see, e.g., J. I. Koivula, “Shadowing: A new 
method of image enhancement for gemological 
microscopy,” Fall 1982 Gems & Gemology, pp. 
160-164). 

The relative R.I. values in the zoned spinel crystals 
were determined by first focusing sharply on the darker 
core portion (figure 28, left), and then raising the micro- 
scope objective while watching the movement of the 
Becke line. In both of the samples examined, the Becke 
line moved into the darker red core (figure 28, right), thus 
proving that the core had a higher RI. than the surround- 
ing crystal. 


Using mineralogical techniques to solve gemological 
problems, part 2: “Plato lines” and growth structures in 
synthetic corundum. During the recent examination of a 
rectangular block of flame-fusion pink synthetic sapphire 
belonging to contributing editor Dino DeGhionno, we 
observed a most unusual anomaly in polarized light. The 
60.49 ct block (15.83 x 14.90 x 13.60 mm), which he had 


Figure 30. Colorful “Plato lines” are observed in the 
synthetic sapphire block when it is viewed down the 
optic-axis direction in cross-polarized light. 
Photomicrograph by John I. Koivula; magnified 10x . 
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purchased for classroom demonstrations, was oriented to 
display dichroism dramatically (figure 29). However, it 
also shows the colorful, strain-related “Plato lines” 
(Sandmeier-Plato striations; figure 30) that are often 
observed in flame-fusion synthetic corundum when it is 
viewed nearly parallel to the optic axis in cross-polarized 
light (see, e.g., W. F. Eppler, “Polysynthetic twinning in 
synthetic corundum” Summer 1964 Gems & Gemology, 
pp. 169-174, 191]. 

What was curious about this piece, however, is that 
in addition to the characteristic Plato lines, it shows a 
very distinctive, yet subtle, form of structurally induced 
optical activity. In polarized light, this activity appears as 
relatively thick, interconnected blocks with rectangular 
edges that, in some areas, give the appearance of a jigsaw 
puzzle (figure 31, left). When the analyzer of the micro- 
scope is rotated, some of the structural blocks in this pat- 
tern visibly darken, while others get lighter (figure 31, 
right). This puzzle-like pattern is crystallographically ori- 
ented at about 90° to the optic-axis direction and the 
Plato lines. Because the pattern is in direct rotational 
alignment with the long direction of the much more visi- 
ble Plato lines, when the Plato lines are located—and the 
block is turned in the direction that they “point’””—the 
next polished face that comes into view is the face that 
displays the more subtle puzzle-like pattern (figure 32). 

This puzzle-like pattern is probably a form of what is 
known in X-ray crystallography as a mosaic structure; 
crystals containing such individual “pieces” are referred 
to as mosaic crystals. As explained by A. Taylor in X-Ray 
Metallography (John Wiley & Sons, New York, 1961, p. 
233), mosaic crystals develop when “the lattice takes on 
the character of a mosaic, in which, without destroying 
the essential continuity, the mosaic blocks are tilted a 
few seconds or minutes of arc with respect to each 
other.” This structural misalignment produces strain in 
the host crystal. In the case of the synthetic corundum, 
this strain is easily visible with cross-polarized light as 
the bright interference colors seen in the optic-axis direc- 
tion, that is, the Plato lines. It therefore appears that the 
mosaic structure is the actual cause of Plato lines in 
flame-fusion synthetic corundum. This relationship was 
overlooked in the past because the visual effect is quite 
subtle, and gemologists do not usually work with orient- 
ed, polished blocks. 
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Figure 31. The subtle mosaic structure 
becomes visible when the synthetic 
sapphire block is rotated 90° from the 
optic-axis direction (left). As the 
microscope’s analyzer is rotated, some 
of the blocks in the mosaic pattern 
become dark, while others appear 
lighter (right). Photomicrographs by 
John I. Koivula; magnified 10x. 


ANNOUNCEMENTS (I! 


Nature of Diamonds at the San Diego Natural History 
Museum. The Nature of Diamonds exhibit, which 
debuted in New York at the American Museum of 
Natural History in 1997, is now in San Diego, California, 
through September 7, 1999. The comprehensive exhibit 
demonstrates many aspects of diamond, from its geologic 
origins to its place in history, art, and adornment, and its 
various uses in modern technology. Visitors will find a 
variety of displays ranging from world-famous gems and 
jewelry to unusual specimens and diamonds in their 
natural state. A walk-through mine tunnel, a dramatic 
walk-in vault, and computer animation enhance 
the interactive experience. Attendees of GIA’s 3rd 
International Gemological Symposium will enjoy a spe- 
cial gala evening viewing at the museum Tuesday, 
June 22. Contact the San Diego Natural History 
Museum at 619-232-3821, or visit their Web site at 
http://www.sdnhm.org, for more information. 


Figure 32. This drawing shows the orientation between 
the mosaic structure in the synthetic sapphire block 
and the strain-related Plato lines. The optic axis is per- 
pendicular to the top of the cube. 
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New exhibit at the Royal Ontario Museum. The Inco 
Gallery of Earth Sciences, an interactive exhibit that 
explores the Earth’s evolution and processes, is sched- 
uled to open May 30, 1999, at the Royal Ontario 
Museum in Toronto, Canada. One of the exhibit’s four 
main sections is Treasures of the Earth, which explains 
the formation and characteristics of minerals. This sec- 
tion will include the S. R. Perren Gem and Gold Room, 
which originally opened in 1993 and contains over 1,000 
gems. For more details, contact Nikki Mitchell at 416- 
586-5565, or e-mail nikkim@rom.on.ca. 


International Colored Gemstone Association Congress. 
ICA will hold its next Congress on May 16-19, 1999, in 
Abano Therme, Italy. Presentations, panels, and work- 
shops will be complemented by a variety of social events. 
Contact the ICA office in New York at 212-688-8452 for 
more details. 


International Gemological Symposium. The 3rd 
International Gemological Symposium (hosted by GIA) 
will take place June 21-24, 1999, at the Hyatt Regency 
Hotel in San Diego, California. The event, which is held 
only once every 8-10 years, is known as the “world sum- 
mit” for the gem and jewelry industry. A distinguished 
lineup of trade and scientific leaders will speak on the 
major issues in the industry. Panel discussions, all-new 
“War Room” sessions, and dozens of poster presenta- 
tions round out the academic portion of Symposium. To 
register, contact GIA’s Symposium Office at 760-603- 
4406 (toll-free in the U.S. and Canada, call 800-421-7250, 
ext. 4406), or register online at http://www.gia.edu. 


International Society of Appraisers conference. ISA will 
hold its 20th annual International Conference on 
Personal Property Appraising on May 2-5, 1999, in Troy, 
Michigan. There will be a wide array of lectures, semi- 
nars (including “Gemstone Enhancement: Effects on 
Pricing”), panel discussions, and social activities. For 
additional information, contact the ISA headquarters at 
their Web site at http://www.isa-appraisers.org, or call 
them at 888-472-4732. 


Gemstones in upcoming scientific meetings. Special sec- 
tions on diamonds and/or colored stones will be incorpo- 
rated into several upcoming meetings on geology, miner- 
al exploration, and advanced analytical techniques: 


e The theme of the 4th Annual Penn State Mineral 
Symposium (May 21-23, 1999) will be The Mineralogy of 
Gems and Precious Metals. For more information, call 
Andrew Sicree at 814-865-6427, or write Penn State 
Mineral Museum, 122 Steidle Building, University Park, 
PA 16802. 


e The Joint Annual Meeting of the Geological Associ- 
ation of Canada and the Mineralogical Association of 
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Canada (GAC-MAC) will occur May 26-28, 1999, in 
Sudbury, Ontario, Canada. Special sessions will focus 
on the genesis of gemstone deposits and diamond 
exploration using kimberlite indicator minerals. A one- 
day short course for nonspecialists will review geo- 
physical exploration techniques for several resources, 
including gold and diamonds. A separate field trip to 
the Wawa area in Ontario will focus on exploring for 
rare-element pegmatites and kimberlites using glacial 
till and modern alluvium. For more information, con- 
tact Laurentian University at 705-673-6572 (phone), 
705-673-6508 (fax), or you can visit their Web site at 
http://www.laurentian.ca/www/geology/1STCIRC.htm. 


e GEORAMAN’99: The 4th International Conference on 
Raman Spectroscopy Applied to the Earth Sciences will be 
held June 9-11, 1999, in Valladolid, Spain. Applications of 
Raman spectroscopy to gemology (and other disciplines) 
will be discussed. Further information can be accessed at 
http://www.iq.cie.uva.es/~javier/georaman/geoeng.html. 


ERRATA: 


1. In the Fall 1998 Gem News item “Rossmanite, a new 
variety of tourmaline” (p. 230), rossmanite should have 
been described as a new species of the tourmaline group. 


2. On page 274 of the Sunagawa et al. article 
“Fingerprinting of Two Diamonds Cut from the Same 
Rough” (Winter 1998), figures 6 and 7 are mislabeled. 
The labels for the a, and a, directions in the right- 
hand photo of each figure should be reversed. 


3. On pages 264-265 of the Nassau et al. article 
“Synthetic moissanite: A new diamond substitute” 
(Winter 1997), the thermal inertia data were printed 
incorrectly. The sentence at the bottom of page 264 
should read: “Because the thermal conductivity ranges 
of diamond (1.6-4.8 cal/cm °C sec) and moissanite 
(0.55-1.17 cal/cm °C sec) nearly overlap... .” The table 
below presents the correct data for both thermal conduc- 
tivity and thermal inertia of diamond and moissanite. 


Thermal inertia 
(cal/cm? °C sec!/?) 


Thermal conductivity 
(cal/em °C sec) (W/cm K) 


Diamond 


1 20.0 0.82 — 1.42 
Moissanite-6H 0. 9 


0.30 — 0.63 


4, The announcement on page 302 of the Winter 1998 
Gem News that the synthetic moissanite article had 
received an ASAE award should have mentioned Shane 
Elen as one of the authors. 
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Gems 
” Gemology 


The following 25 questions are based on information 
from the four 1998 issues of Gems ¢ Gemology. Refer to 
the feature articles and “Notes and New Techniques” in 
those issues to find the single best answer for each ques- 
tion; then mark your choice on the response card provid- 
ed between pages 46 and 47 of this issue (sorry, no pho- 
tocopies or facsimiles will be accepted; contact the 
Subscriptions Department if you wish to purchase addi- 
tional copies of the issue). Mail the card so that we receive 
it no later than Monday, July 12, 1999. Please include 
your name and address. All entries will be acknowledged 
after that date with a letter and an answer key. 


e 


. When using laser Raman microspec- 


3. In GIA’s diamond cut model, weighted 
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SST RAEN! 


Score 75% or better, and you will receive a GIA 
Continuing Education Certificate. If you are a member 
of GIA Alumni and Associates, you will eam 5 Carat 
Points toward GIA’s new Alumni Circle of Achievement. 
(Be sure to include your GIA Alumni membership num- 
ber on your answer card and submit your Carat card for 
credit.) Eam a perfect score, and your name will also be 
featured in the Fall 1999 issue of Gems é& Gemology. 
Good luck! 


Note: Questions are taken from the four 1998 issues. 
Choose the single best answer for each question. 


A. a French culet. 


trometry to identify gem materials, the light return (WLR) B. no culet. 
operator must be aware that the spec- A. is calculated using the two-dimen- C. 24 pavilion facets. 
trum can vary according to sional path of light rays. D. a thick girdle. 
A. the size of the sample. B. excludes the dispersion of light ee ; ; 
B. the orientation of the sample. raysas they move through the vir. 5. The Raman identification of inclusions 
C. the fragility of the sample. tual diamond. in fluorite as barite was further support- 
D. the metal in which the sample is C. places equal emphasis on all light ed by the 
set. returned from the diamond's A. blocky form of the barite. 
; — crown. B. color change of the barite. 
2. Russian synthetic pink quartz can D. places the greatest emphasis on C. presence of barite in the Illinois 
sometimes be distinguished from natu- light rays that emerge straight up fluorite deposits. 
ral pink quartz on the basis of its from the crown. D. decrepitation halos in the fluorite 
A. microscopic features. hack 
B. UV-visible absorption spectrum. 4. To manufacture a blue diamond with a 
C. refractive index. stronger, more evenly colored face-up 6. The model developed for GIA’s dia- 
D. birefringence. appearance, a cutter could use mond brilliance study 
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A. can only be used to evaluate dia- 
monds weighing more than 1 ct. 

B. assumed that the diamond is 
perfectly symmetrical and per- 
fectly polished. 

C. useda focused light source that 
originated above the diamond. 

D. took into account minor inclu- 
sions and cavities. 


7. The following bonding agent was used 
by the creator of “Leigha”’ because of 
its strength and transparency: 

A. cyanoacrylate adhesive. 
B. epoxy. 

C. UV-curing cement. 

D. natural resin. 


8. EDXRF can be used most reliably to 

A. determine the manufacturer of a 
synthetic ruby. 

B. determine the locality of a ruby. 

C. separate natural from synthetic 
rubies. 

D. measure the RI. of faceted 
rubies. 


9. In estimating the weights of mounted 
colored gemstones, the greatest chal- 
lenge lies in correcting for 

A. specific gravity. 

B. measurement precision. 
C. rounding errors. 

D. proportion variations. 


10. The yield (percentage of original 
weight retained after cutting} for dia- 
monds cut in India 

A. is about 45%, the same as for 
well-formed diamonds cut else- 
where. 

B. has been approximately 
15%-23% since 1980. 

C. averages only about 4%. 

D. cannot be estimated because of 
the absence of official statistics. 


11. The identification of two diamonds as 
coming from the same rough is based 
on their 

A. mineral inclusions. 

B. color and clarity grades. 

C. growth histories. 

D. infrared absorption spectra. 


12. Some of the world’s largest ruby 
deposits, such as those found in 


Cambodia and Thailand, are 
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A. metasomatic. 
B. marble-hosted. 
C. metamorphic. 
D. basalt-hosted. 


13. The topaz recovered from Klein 
Spitzkoppe, Namibia, is usually 
A. colorless. 
B. brown. 
C. pale blue. 
D. pale yellow. 


14. The preferred nucleus for the culture 
of abalone blister pearls is in the form 
ofa 

A. sphere. 

B. marquise shape. 

C. flattened hemisphere. 

D. high-domed hemisphere. 


15. Images obtained by X-ray topography 
are distorted according to the 
A. size of the sample. 
B. density of the sample. 
C. intensity of the X-ray beam. 
D. direction of reflection of the X- 
ray beam. 


16. Most diamonds cut in India are 

A. smaller than 7 pts and of low 
quality. 

B. between 2 and 7 pts and of SI, 
or better clarity. 7 

C. comparable in size and quality to 
those cut in Antwerp and Israel. 

D. variable in size but always of 


good clarity (SL, or better). 


17. Rubies formed in marble generally 
contain relatively 
A. low amounts of vanadium. 
B. low amounts of iron. 
C. high amounts of iron. 
D. high amounts of manganese. 


18. Which one of the following materials 
was not identified in the two historical 
objects from the Basel Cathedral? 

A. Doublets 
B. Rubies 
C. Glass 

D. Quartz 


19. The vivid color and iridescence of the 
nacre of abalone “mabés” from New 
Zealand is enhanced by 

A. the orientation of microscopic 
aragonite crystals. 

B. a thick conchiolin layer under- 
neath the nacre. 
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C. the presence of a blue polymer 
coating. 
D. organic dyes. 
20. The fact that blue diamonds generally 
have high clarity is related to their 
A. diamond type. 
B. color. 
C. size. 
D. facet style. 


21. Today the percentage of the world’s 
diamonds that are cut in India is 
about 

A. 70% by weight/70% by whole- 
sale value. 

B. 70% by weight/35% by whole- 
sale value. 

C.50% by weight/35% by retail 
value. 

D.50% by weight/20% by retail 
value. 


22. The coloration of synthetic pink 
quartz is probably related to the pres- 
ence of 

A. aluminum. 
B. iron. 

C. phosphorus. 
D. manganese. 


23. Which of the following materials can- 
not be studied by Raman analysis? 
A. Synthetic gem materials 
B. Fluorescent minerals 
C. Metals and alloys 
D. Crystalline inclusions in gems 


24. In the GIA analysis of brilliance for 
round brilliant diamonds, moderately 
high to high WLR values were calculat- 
ed 


A. for only one particular pavilion 
angle. 
B. formany combinations of crown 


angle, pavilion angle, and table 


size. 

C. only for table sizes up to 58%. 

D. only for star facets longer than 
50%. 


25. With respect to the color appearance of 
type Ilb blue diamonds, 

A. each hue transitions smoothly into 
theneighboring color hues. 

B. the saturation range is compressed 
compared to yellow diamonds. 

C. subtle hue shifts are seen through- 
out their color range. 

D. there is little variation in tone. 
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Book 


Susan B. Johnson & Jana E. Miyahira, Editors 


ARAB ROOTS OF 
GEMOLOGY—Ahmad ibn 
Yusuf al Tifaschi’s Best 
Thoughts on the Best of Stones 


Translated with comments by 
Samar Najm Abul Huda, 271 pp., 
illus., publ. by Scarecrow Press, 
Lanham, MD, 1998. US$45.00. 


One important aspect of gemology is 
the history of gemstones. Unfor- 
tunately, a wealth of early works 
have been lost to modern gemolo- 
gists, as evidenced by the number of 
gem references cited in Pliny’s first- 
century encyclopedia that have disap- 
peared without a trace. Although 
much of the knowledge possessed by 
ancient Greece and Rome was pre- 
served by Arabic writers, for the most 
part such works have remained inac- 
cessible to all but the very few west- 
ern scholars who have learned 
Arabic. 

This compilation offers a fascinat- 
ing glimpse at ancient gemology, 
according to the book Best Thoughts 
on the Best of Stones, by Ahmad ibn 
Yusuf al Tifaschi (1184-1254). Its 
translation marks the first time that 
early Arab gemological literature has 
been studied by a modern Arab 
gemologist. Mrs. Huda is a compe- 
tent translator who has endeavored 
to make the contents of this pioneer- 
ing work easily accessible to English- 
speaking readers. She aimed the book 
at “all readers interested in geology, 
gemology, mineralogy, jewelry, histo- 
ry, Arab heritage, Islamic art, and the 
history of science.” In the reviewers’ 
opinion, she has accomplished her 
goals with great success. The book is 
clearly written in a straightforward 
manner that is easily understood, 
even by those readers for whom 
English is a second language. 


Book Reviews 


After an introduction by Dr. John 
Sinkankas and a foreword by Eric 
Bruton, the book opens with a gener- 
al introductory chapter that briefly 
discusses early Arabic works on gem- 
stones. This part includes a glossary 
of gem names in English with their 
ancient and modern Arabic names 
and phonetic (English) equivalents. 
Mrs. Huda places al Tifaschi’s work 
in context by describing the era in 
which he wrote and the nature of the 
Arabic literature on gems from the 
eighth to the 13th centuries. She pro- 
vides a two-page table of the gemo- 
logical terms used in the 13th centu- 
ry and explains the monetary terms, 
weights, and measures employed at 
that time. 

Next, a photocopy of the manu- 
script in Arabic is provided, followed 
by Mrs. Huda’s English translation of 
al Tifaschi’s survey of 25 gemstones. 
The organization is very consistent 
throughout. For each gemstone, al 
Tifaschi briefly describes how the 
gem is formed; its localities, quali- 
ties, characteristics, benefits (mostly 
medicinal and talismanic), and 
prices; and, in some cases, its lap- 
idary treatment. Each section closes 
with a discussion by Mrs. Huda, 
which makes al Tifaschi’s text under- 
standable for the nongemologist and 
provides rich grazing for the serious 
gemologist. 

The book is sturdy, measures 14 x 
22, cm (5!/2 x 8'/2 inches), and is clearly 
printed on good-quality paper. There 
are only two illustrations: black-and- 
white photos of a turquoise Mamluk 
ring and an almandine garnet mount- 
ed in gold. Neither is vital to the use- 
fulness of the book. 

The book is remarkably free of 
typos or errors. After diligent search, 
we found only one specific error, 
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probably a typo. On page 229, azur- 
malachite is defined by Mrs. Huda as 
“malachite intergrown with lazu- 
rite.” The term azurmalachite was 
coined by George F. Kunz in 1907 for 
a banded mixture of azurite and 
malachite. 

The reviewers consider this an 
important and unique addition to the 
gemological literature that deserves a 
place on the shelf of every serious 
gemologist. 


SI and ANN FRAZIER 
Lapidary Journal Correspondents 
El Cerrito, California 


L'EMERAUDE: CONNAIS- 
SANCES ACTUELLES ET 
PROSPECTIVES 

[The Emerald: Current and 
Prospective Knowledge] 
Edited by Didier Giard, 235 pp., 
illus., publ. by Association 
Francaise de Gemmologie 
[gemmes@animasoft.fr], Paris, 1998 
(softbound; in French, with partial 
English translations). 350.00 FF 
(about US$57.00). 


This attractive, lavishly illustrated 
volume is a collection of 35 articles 
and essays from 52, authors world- 
wide. Emphasized are developments 
in the study of emerald in the closing 
years of the millennium. The book’s 
editor has collected articles on histo- 
ry/culture (8), geochemistry (1), inclu- 
sions (2), enhancement (3), synthesis 
(2), geology/mineralogy (3), specific 
deposits (10—including Afghanistan, 
Australia, Brazil, Colombia, India, 


*This book is available for purchase through 
the GIA Bookstore, 5345 Armada Drive, 
Carlsbad, CA 92008. Telephone: (800) 
421-7250, ext. 4200; outside the U.S. (760) 
603-4200. Fax: (760) 603-4266. 
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Madagascar, Pakistan, Zambia, and 
Zimbabwe), optics (1), and lapidary/ 
jewelry (2), along with a bibliography 
of 1990s works and abstracts of recent 
contributions. An extensive table giv- 
ing the gemological properties of 
emeralds from various deposits and 
the principal types of synthetic emer- 
ald completes the text. There is no 
overall index. 

Of particular value are articles on 
the use of infrared spectroscopy and 
laser Raman microspectrometry, and 
the use of oxygen isotopes for charac- 
terizing emeralds from specific 
sources. Also useful are articles on 
the common practice of “oiling” or 
otherwise filling fractures with liq- 
uids or polymers. Other valuable arti- 
cles provide updated information on 
the geology and origin, and mining, 
of the world’s major deposits. Many 
other articles make for highly inter- 
esting and informative reading. 
Unfortunately, those on cutting 
emeralds and setting them into jew- 
elry offer little of value, having been 
covered already in far more thorough 
publications. 

A “retrospective bibliography” 
for the years 1990-1997 appears near 
the end of the book but erroneously 
lists the GIA Bookstore as the pub- 
lisher for several books (see, for 
example, the listing for Bowersox and 
Chamberlin, 1995). The bibliography 
is apparently intended to provide an 
update on recent works. However, 
this reviewer would have liked to see 
such valuable sources of information 
on the emerald and its literature as R. 
A. Dominguez’s Historia de las 
Esmeraldas de Colombia (1965), 1. A. 
Mumme’s The Emerald (1982), G. O. 
Munoz and A. M. Barriga Villalba’s 
Esmeralda de Colombia (1948), A. 
Santos Munsuri’s La Esmeralda, Las 
Gemas, y Otras Materias Preciosas 
(1868), and J. Sinkankas’s Emerald 
and Other Beryls (1981) mentioned 
in some sort of preliminary bibliogra- 
phy. 

As is often the case with books 
assembled from articles by a number 
of contributors, there is some 
unevenness in presentation. Also, 
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several articles on geochemistry, 
advanced identification techniques, 
and geology are beyond the compre- 
hension of readers not formally edu- 
cated in those sciences. Nevertheless, 
the whole hangs together very well, 
and provides a wealth of up-to-date 
information that is not readily avail- 
able in any other single current publi- 
cation. 

As a final note concerning this 
important and valuable compilation, 
the addition of English summaries 
and translations of most of the arti- 
cles is a welcome feature, but a final 
inspection by an English-language 
editor could have prevented certain 
awkward phrasings and spellings. 

L’Emeraude is made from high- 
quality materials. Although a hard- 
cover version is not available, the 
book is encased in a stiff paper 
cover, with a matching black dust 
jacket. 

JOHN SINKANKAS 
Peri Lithon Books 
San Diego, California 


OTHER BOOKS RECEIVED 


The Great Encyclopedia of Precious 
and Decorative Stones, by Nikodem 
Sobczak and Tomasz Sobczak, 422 
pp., illus., publ. by National Science 
Publishers, Warsaw, 1998 (in 
Polish), US$20. This reference text 
describes “precious” and decorative 
stones, their imitations and synthet- 
ic counterparts, as well as artificial 
products that are used in decorative 
arts and jewelry. The opening sec- 
tion provides a 56-page background 
on crystallography and the gemologi- 
cal and physical properties of gem 
materials. Next, nearly 350 pages 
cover specific gems and decorative 
materials in alphabetical order. 
Complete listings of characteristics 
are provided for the most important 
stones, along with localities of ori- 
gin. The authors used academic theses 
and periodicals published through 
the end of 1996 to write this ency- 
clopedia, which contains 264 color 
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photographs. They plan to publish an 
English edition. 


STUART D. OVERLIN 
Gemological Institute of America 
Carlsbad, California 


Larousse des Pierres Précieuses, by 
Pierre Bariand and Jean-Paul Poirot, 
287 pp., illus., publ. by Larousse- 
Bordas, Paris, 1998 (in French), 250.00 
FF (about US$42.00).* Updated and 
expanded (see the Spring 1986 Gems 
#) Gemology, pp. 65-66, for a review 
of the first edition), this Larousse is 
intended for a general audience. Its 
opening section, History and Qualities 
of Gems, is a 60-page overview of gem 
history, symbolism, origins, sources, 
properties, imitations and synthetics, 
identification techniques, and classifi- 
cation. At the heart of this Larousse is 
its Dictionary section, where the read- 
er will find more than 200 entries on 
gemstones and other gem materials, 
in different levels of detail, accompa- 
nied by dozens of excellent color pho- 
tographs by Nelly Bariand. The 
remaining portion is an Appendix that 
contains a glossary, a comprehensive 
bibliography, a listing of museums 
with major gem collections, and a 
table of gem characteristics. SDO 


Standards & Applications for Diamond 
Report/Gemstone Report/Test Report, 
by SSEF Swiss Gemmological Insti- 
tute, 118 pp., illus., publ. by SSEF, 
Basel, Switzerland, 1998, US$65.00. 
This monograph was written to clari- 
fy the SSEF Swiss Gemmological 
Institute’s full gem treatment disclo- 
sure policy. It provides several exam- 
ples of the Institute’s various test 
reports and describes how different 
gem treatments are evaluated. The 
first section, an overall statement of 
the laboratory’s policy and standards, 
is followed by two chapters devoted 
to colorless and colored diamonds, 
respectively. Subsequent chapters 
summarize ruby, sapphire, and emer- 
ald individually, while chapter 8 dis- 
cusses other gemstones. The manual 
closes with a chapter on pearls and 
cultured pearls. SDO 
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The Diamond Industry in 1945 
(Condensation of Article by Sidney H. Ball, Ph.D.) 


In its 2500 or more years of exist- 
ence, the diamond industry has never 
had such a prosperous year as 1945. 
Production reached an all-time peak, 
some 14,250,000 carats, the decided 
increase over recent years being due 
to .marked upturns in output of 
crushing bort in the Belgian Congo 
and of gem stones in the Union of 
South Africa. Notwithstanding this, 
stocks were further depleted by the 
fact that the Diamond Trading Com- 
pany’s sales of rough were £24,500,- 
000, a figure never before attained. 
Demand, for the fourth successive 
year, greatly exceeded production, 
and hereafter diamond cutters and 
users of industrial diamonds must 
look largely to current production 
for their raw product, and wholly 


so far as some sub-types of it are 
concerned. 

Sales of cut diamonds, in the 
United States at least, also were 
of record proportions, due to high 
wages during the war and to ac- 
cumulated wartime savings and, 
during the past four years, to the 
American stock market boom. 

The diamond cutting industry con- 
tinued its growth, largely through 
the remarkably rapid revival of the 
Belgian industry. There are now 
over 26,000 cutters widely scattered 
over the world. The industry is 
geared too high for the amount of 
gem rough which presumably will 
be available, and much unemploy- 
ment is likely to result. 

Now that the war is over, the 


World Production of Diamonds 


Production, 1942-5, by Countries, in Metric Carats 
(Including Industrial Diamonds) 


Africa: 1942 
Angola.._............ 791,850 
Belgian Congo.. 6,018,236 
French Equ. Afr........ *20,000 
French W. Africa.... 1,500 
Gold Coast......... *1,000,000 
Sierra Leone *850,000 
South-West Afr. 56,420 
Tanganyika.. 41,000 
Union of S. 

Alluvial 118,821 
Total 118,821 

Brazil........... *300,000 

British Guiana... 22,208 

Other Countries* 40,836 
Grand Total 9,260,871 


*Hstimated. 


1948 1944 19465 
794,980 800,000 786,000 
4,881,000 7,540,000 10,386,000 * * * 
*20,000 *5,000 *5,000 
35,000 *60,000 *60,000 
*1,000,000 *1,000,000 *509,000 
*850,000 *700,000 *800,000 
*88,000 154,000 156,000 
52,998 90,667 115,666 
175,885 639,000 878,713 
126,444 270,000 262,527 
302,329 909,000 1,141,240 
*275,000 *370,000 *275,000 
18,272 13,911 17,251 
29,650 34,000 15,000 
8,347,239 11,676,578 14,257,157 


**Inecludes Venezuela (12,769 carats) ; Borneo, India, New South Wales, U.S.S.R. 


***960, industrial stones. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Black is beautiful. A. Lohr, Hawaii Business, Vol. 43, No. 
9, March 1998, pp. 68-69. 


Several Hawaiian jewelry companies are reaping the ben- 
efits of the current upswing in U.S. consumer demand for 
Tahitian black pearl jewelry. According to many in the 
trade, this demand is fueled by the successful advertising 
campaign for Elizabeth Taylor’s “Black Pearls” perfume. 

One company, Steven Lee Designs, struggled to 
increase market share until the company’s namesake 
began incorporating black pearls into his jewelry designs. 
The first year after this change, the company’s sales more 
than doubled. Now, Lee says, about 80% of his company’s 
business is black pearl jewelry. 

Another company that has experienced a dramatic 
sales increase is Tahitian Midnight Pearls. Although this 
wholesale pearl supply company is based in Tahiti, its 
sales office is located in Hawaii. The president of the U.S. 
division states that his company experienced a 13-fold 
increase in pearl sales between 1995 and 1997. The com- 
pany currently sells about 70% of its pearl inventory to 
the U.S. market. 

This same story is repeated for many successful 
Hawaiian jewelry companies that have turned to black 
pearls to expand their market and attract new customers. 

SW 
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Emerald chemistry from different deposits: An electron 
microprobe study. I. I. Moroz and I. Z. Eliezri, 
Australian Gemmologist, Vol. 20, No. 2, 1998, pp. 
64-69. 

Twenty-six natural emeralds—from 11 mining districts 

in nine countries—and three hydrothermally grown syn- 

thetic emeralds were analyzed nondestructively with an 
electron microprobe. Multiple analyses were obtained, 
particularly for color-zoned crystals, resulting in a total of 

219 analyses for 16 elements. 

The emeralds from “schist-type” occurrences in 
Australia, Brazil, Mozambique, Russia, Tanzania, and 
Zambia showed relatively high concentrations of magne- 
sium (0.7-3.1 wt.% MgO), iron (0.3-1.8 wt.% FeO), and 
sodium (0.2—2.8 wt.% Na,O). In contrast, Colombian and 
Nigerian emeralds showed low contents of magnesium 
(<0.76 wt.% MgO) and sodium (<0.67 wt.% Na,O). The 
synthetic emeralds had chemical characteristics similar 
to those of natural stones from Colombia and Nigeria. 

Kyaw Soe Moe 


Indonesian Pearl Report. Jewellery News Asia, No. 171, 
November 1998, pp. 50-68 passim. 
This compilation of seven short articles concerns the 
state of pearl production in Indonesia. It provides insight 
into the country that may challenge Australia’s position 
in the global South Seas pearl market in the new millen- 
nium. Indonesia produced about 200-220 kan—equal to 
approximately 30% of the world’s white South Sea 
pearls—in 1998 [1 momme = 3.75 g; 1000 momme = 1 
kan]. The expected annual growth is about 15%. 
Currently, the Indonesian pearl industry is profiting 
from low labor costs for unskilled workers, which are 
about one-tenth of those in Australia (skilled employees 
are paid salaries comparable to those in other countries). 
Also aiding the Indonesian expansion is the fact that 
there are few restrictions on investing in the pearl indus- 
try. This has encouraged pearl companies from other 
countries to invest, and set up farms, in Indonesia. With 
such rapid growth, the Indonesian Pearl Culture 
Association has suggested a system to regulate new 
pearling licenses to prevent overcrowding and pollution. 
The report includes overviews on several companies that 
are currently culturing pearls in Indonesia. JEM-S 


Opal report. C. Dang, Jewellery News Asia, No. 171, 
November 1998, pp. 74, 76-77, 80, 82-86. 

The three articles in this report are based on interviews 

with several opal manufacturers and suppliers, and pre- 

sent a picture of the global market for loose opals and opal 

jewelry; information on manufacturing of Peruvian opal 

is also supplied. 

According to opal suppliers, sales of calibrated opal 
under $300 have increased in the U.S., where demand is 
high for black opal and boulder opal with blue and green 
play-of-color. This type of opal sells best in the 3-10 ct 
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category, for stones under $100 each. Also popular is fire 
opal, which wholesales for $10 to $20 per carat, and cali- 
brated white opal, which wholesales for under $300 per 
carat. Demand in Europe is mostly for black and boulder 
opal in ovals and freeforms from 1 to 5 ct, priced between 
$100 and $300 each. In Asia, demand is mainly from 
Japan, Taiwan, and Singapore for calibrated stones priced 
between $2 and $5 per carat; there is also some demand, 
mainly in Japan, for top-quality stones up to $90,000 
each. The Olympic Games scheduled for 2000 in Sydney, 
Australia, are expected to increase sales of opal in that 
country, because the Australian government is promot- 
ing opal as the national gemstone. 

Opal jewelry suppliers report that sales of opal jewel- 
ry are growing in the U.S., Europe, and Asia. In the U.S., 
demand is strong for 9-18K gold earrings, rings, bracelets, 
and pendants that are set with black opal or boulder opal, 
wholesale prices for these items range from $200 to 
$2,000. In Europe, most popular are black opal and boul- 
der opal (in oval and freeform shapes), set in yellow and 
white gold and platinum; prices range from $200 to 
$10,000 depending on size and quality. The largest mar- 
ket for opal jewelry in Asia remains Japan, even after an 
approximately 40% drop in sales in 1998 compared with 
1997. Leading the demand are pieces with black, boulder, 
white, or fire opal in prices under $500, as well as much 
more expensive pieces from $50,000 to $60,000. Some 
manufacturers report increased sales of opal doublets and 
triplets. For example, demand is high in the U.S. for pen- 
dants, earrings, rings, and bracelets in 14K gold with 1-4 
ct doublets, particularly with a green play of color, at 
prices below $100. 

Peruvian opal has recently been introduced by Gallant 
Gems, Hong Kong, and is being marketed in the USS., 
Germany, Switzerland, and Japan. Polished stones in 
freeform shapes, cabochons, and beads of various sizes 
wholesale from $0.50 to $3,000 per carat depending on 
quality. Gallant, which supplies Peruvian opal in pink, 
green, or blue, has developed a special cutting technique 
for the material, which has a different hardness from opal 
mined elsewhere. MD 


Pearl identification. S. J. Kennedy, Australian Gemmologist, 
Vol. 20, No. 1, 1998, pp. 2-19. 
Pearl identification and testing is a specialized discipline 
that requires sophisticated instrumentation and consid- 
erable experience. This well-illustrated article describes 
the equipment and procedures used at the Gem Testing 
Laboratory of Great Britain in London. After providing 
definitions of many pearl terms (e.g., natural pearls, 
nacre, conchiolin, orient, nucleated cultured pearls, non- 
nucleated cultured pearls), the author describes the labo- 
ratory’s pearl-testing procedures. Visual examination is 
used to determine external features (e.g., color, luster, 
shape, and surface characteristics), as well as internal fea- 
tures seen within drill holes. When examined with 10x 
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magnification, imitations are easily detected by their 
grainy surface texture. All pearls (including necklaces) 
submitted to the laboratory are also checked with X-radi- 
ography for details of their internal structure (e.g., the 
presence or absence of a bead nucleus) that, when com- 
bined with visual observations, are necessary for deter- 
mining whether a pearl is natural or cultured. X-ray lumi- 
nescence and X-ray diffraction techniques are employed 
for special situations. 

The article contains much useful information. For 
example, natural pearl necklaces are almost always grad- 
uated; if a cultured pearl necklace is graduated, the color 
match between pearls is usually much better than in a 
natural pearl necklace. The greatest challenge in pearl 
testing is differentiating natural pearls from tissue-nucle- 
ated cultured pearls. When this situation arises, two X- 
radiographs are taken in mutually perpendicular direc- 
tions. If growth lines are present within the gray area in 
the center of the sample, the pearl is probably natural. An 
even, or somewhat patchy, center that is a slightly darker 
gray indicates the presence of a cavity. If that cavity is 
irregular in shape and relatively small, then the sample is 
a tissue-nucleated cultured pearl; however, if the outline 
of the cavity roughly follows the contours of the external 
shape of the sample, it is probably a natural pearl. 

MD 


Pearls in the making. A. Mercier and J.-F. Hamel, Islands 
Business, Vol. 24, No. 4, April 1998, pp. 16-17. 

A pearl project was recently established in the Solomon 
Islands (South Pacific Ocean], to (1) assess the potential 
for pearl culturing in this venue and (2) study the biolo- 
gy of the blacklip pearl oyster (Pinctada margaritifera) in 
order to protect the remaining natural stocks. The pro- 
ject is a collaborative venture between the International 
Centre for Living Aquatic Resources Management 
(ICLARM) and the Solomon Islands Fisheries Division. 

The center of this intensive study was the seeding of 
nearly 2,000 blacklip oysters in September 1997 at a 
research facility located on the small island of Nusa Tupe. 
Harvesting of this first batch of cultured pearls was sched- 
uled for March 1999. 

Researchers indicate that prospects for establishing a 
profitable pearl-culturing industry in the Western 
Province of the Solomon Islands are promising. SW 


Rossmanite, ()(LiAl,)A1,(Si,O,.)(BO,),(OH),, a new alkali- 
deficient tourmaline: Description and crystal struc- 
ture. J. B. Selway, M. Novak, F. C. Hawthorne, P. 
Cerny, L. Ottolini, and T. K. Kyser, American 
Mineralogist, Vol. 83, No. 7-8, 1998, pp. 896-900. 
Rossmanite is a new tourmaline species, the type locali- 
ty being the Hradisko quarry of the Rozné pegmatite, 
western Moravia, Czech Republic. This is also the type 
locality for lepidolite, which was first discovered over 200 
years ago, in 1792. Chemically, rossmanite is classified as 
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a lithium-aluminum tourmaline, along with elbaite and 
liddicoatite. The distinction between the three species is 
based on the element occupancy in the ““X” site: sodium 
for elbaite, calcium for liddicoatite, and predominantly 
vacant (i.e., alkali-deficient, represented by “O” in the 
chemical formula) for rossmanite. It occurs as pink 
columnar crystals with striations on the prism faces par- 
allel to the c-axis. Indices of refraction are m = 1.645 and 
€ = 1.624, and the specific gravity is 3.06. 

Rossmanite is indistinguishable from elbaite, the 
most important gem tourmaline species, by standard 
gemological techniques; it can be identified only by 
chemical analysis. The species is named after Professor 
George R. Rossman of the California Institute of 
Technology, Pasadena, in recognition of his wide-ranging 
contributions to mineralogy in general, and to the tour- 
maline group of minerals in particular. [Abstracter’s note: 
Rossmanite is now known from other pegmatites in the 
Czech Republic, Canada, Italy, and Sweden; see Gem 
News, Fall 1998 Gems # Gemology, p. 230.] AAL 


Special emerald report. W. Lau, Jewellery News Asia, No. 
167, July 1998, pp. 43-52 passim; No. 168, August 
1998, pp. 56-70 passim; No. 169, September 1998, 
pp. 157-168 passim. 
The worldwide emerald industry is suffering primarily for 
two reasons: a slowdown in the Asian economy and con- 
fusion over emerald treatments. About 60%-65% of the 
world’s emerald rough comes from Colombia. In June 
1998, a new organization, PSICEJ (Promotional Society 
for the International Center for Emeralds and Jewelry) 
was established by the Colombian government and trade 
groups to revitalize exports and improve the image of 
emeralds to the trade. The description of this organiza- 
tion, its objectives, and its support for a proposed “emer- 
ald center” in Bogota (which would include a bourse, a 
gemological laboratory, lapidaries, and educational and 
conference facilities) sets the stage for this three-part col- 
lection of articles covering the entire industry from min- 
ing to retailing. Most of the emphasis is on the industry 
as seen from the Colombian perspective, but some atten- 
tion is also paid to new deposits in Brazil and to the pos- 
itive implications of Zambia’s recent liberalization of 
mining regulations. 

The various articles contain a wealth of information 
(but with some inconsistencies from one entry to the 
next) about the Colombian industry. For example, an 
estimated 500,000 workers are employed in all aspects of 
the industry; the finest gem material comes from Muzo 
and Chivor, but Cosquez presently has the greatest (77% 
by weight) production; and of the total 1997 exports, 
rough emeralds accounted for 85% by weight but only 
1.7% by value, whereas polished emeralds accounted for 
15% by weight and 98.3% by value. 

Emerald wholesalers from several countries give 
insight into their businesses, including the qualities and 
sizes in which they specialize, the efforts they use to 
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restore consumer confidence, and the latest market 
trends for the countries in which they deal. Another high- 
light is the nature of emerald fillings (e.g., resins, Opticon, 
and cedarwood oil), and the advanced analytical methods 
by which these fillings are identified by the SSEF Swiss 
Gemmological Institute in Basel. Overall, these articles 
are realistic with respect to the present state of the 
world’s emerald trade and decidedly positive about the 
future. MM 


Sweet Home rhodochrosite—What makes it so cherry 
ted? K. J. Wenrich, Mineralogical Record, Vol. 29, 
No. 4, 1998, pp. 123-127. 


Rhodochrosite (MnCO,} crystals from the Sweet Home 
mine, Colorado, were analyzed to ascertain the differ- 
ences between the pink rims and the “gemmy” red cores. 
Microscopic observation revealed that the red cores are 
transparent, while the pink rims contain numerous solid 
and fluid inclusions. Crystal and inclusion relationships 
suggest that the transparent red core formed first, at a 
higher temperature than the pink rim that subsequently 
overgrew it. 

Electron microprobe analyses were conducted on 127 
specimens to measure 28 chemical elements. The results 
for Fe+Mg+Ca, which can substitute for Mn in the crystal 
structure of rhodochrosite, are most important. Fe+Mg+Ca 
make up <1 atomic percent in the red (transparent) 
thodochrosite, compared to 2-7 atomic percent in the pink 
rims. Relatively high Fe contents are responsible for the 
coloration of lower-quality pink rhodochrosite. Gem-qual- 
ity red rhodochrosite from the Sweet Home mine is chem- 
ically the “purest” on record. These results will help nar- 
row the search for gem quality crystals to those areas in the 
mine with low Fe+Mg+Ca geochemical signatures. 
[Editor’s note: For more information on rhodochrosite from 
this locality, see K. Knox and B. K. Lees, “Gem 
thodochrosite from the Sweet Home mine, Colorado,” 
Summer 1997 Gems & Gemology, pp. 122-133.| JL 


Troubled waters. D. Ladra, Colored Stone, Vol. 11, No. 4, 
July-August 1998, pp. 14-19. 
Analysis of trade figures for the period 1992-1996 indi- 
cates that there is a healthy consumer demand for pearls, 
as the value of world consumption was US$3.7 billion 
over this five-year period. However, world production 
during this time amounted to US$2.5 billion, so supply is 
not keeping up with demand. This is due to the dwin- 
dling supply of natural pearls, as well as to the decline in 
cultured pearl production in Japan (where widespread 
oyster deaths are being attributed to a parasitic infection 
or virus). Although there are pearl fisheries throughout 
the world, Asian countries supplied 96.1% of the 
unworked cultured pearls, 78.6% of the worked cultured 
pearls, and 53.7% of the natural pearls that entered the 
world markets in the 1992-1996 period; cultured pearls 
accounted for at least 90% of the total production. Of the 
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Asian producers, Japan, Australia, China, and Indonesia 
were the biggest suppliers of cultured pearls, while India 
provided 15% of the world’s natural pearls. Interesting 
details, including statistics, are given for the industries in 
Japan, China, and the South Seas (mainly Australia and 
the Philippines). 

Projections to the year 2001 indicate dramatic increas- 
es (on the order of 150% in US$ terms) in the worldwide 
production of cultured pearls over 1997, but a decline of 
40% for natural pearls. Nevertheless, the imbalance 
between supply and demand is expected to grow, creating 
ample opportunity for investment in pearl culture. AMB 


Turquoise: Blue sky . . . Blue stone. B. Jones, Rock & 
Gem, Vol. 28, No. 6, June 1998, pp. 13-15. 


This article is concerned primarily with turquoise from 
the Southwestern United States, where it has been 
revered since ancient times by Native Americans, as evi- 
denced by the large amounts found at diggings at Chaco 
Canyon (New Mexico) and elsewhere. It is found in 
gravesites and is known to have been traded with coastal 
tribes. Today, it has worldwide appeal. 

Geologically, turquoise is a secondary mineral that 
forms in a weathering environment; its occurrence is due 
to the availability of essential aluminum (from feldspars) 
and phosphorus (from apatite), and it is commonly asso- 
ciated with weathered copper deposits. The beautiful sky- 
blue color is modified toward a less desirable green color 
with the incorporation of iron into the crystal structure. 
However, when iron occurs as black-to-red infillings of 
iron oxide, the popular “spiderweb” pattern results. 

As gem-grade turquoise supplies have dwindled, the 
price for the finest material has sharply increased. Also, 
lower-quality material has been routinely treated to 
enhance its durability and/or color. One stabilization 
process, developed by Colbaugh Processing Co. in the 
1950s, brings out the natural color of lower-grade 
turquoise while giving it sufficient hardness and strength 
to survive lapidary treatment. The turquoise is dried by 
intense and prolonged heating, infused under pressure 
with epoxy, sealed in small metal containers, and cooled 
very slowly; the entire process takes months. 

Turquoise was once easily obtained from copper 
deposits by amateurs, since it had no ore value. Today, 
however, most turquoise mined in the U.S. is obtained by 
contractors who have arrangements with the large copper 
companies operating open pit mines in Arizona. Rarely 
can an individual collect good rough on his or her own. 

MD 


DIAMONDS 


Argyle’s tale: The making of a mine. M. Hart, Rapaport 
Diamond Report, Vol. 21, No. 30, August 7, 1998, 
pp. 30, 32. 


Although a few alluvial diamonds were found in the 
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Pilbara district of Western Australia in the 1890s, it was 
not until October 2, 1979, that the huge AK1 pipe, which 
would become the Argyle mine, was discovered in the far 
north region of Western Australia. The AK1 pipe mea- 
sures 2 km long, ranges from 150 to 500 m in width, and 
covers 45 hectares (about 111 acres). The mine is owned 
and operated by Argyle Diamond Mines Pty. Ltd. (owned 
57% by Rio Tinto ple of London, 38% by Ashton Mining 
Ltd., and 5% by WA Diamond Trust}. Although the 
deposit is massive, its diamonds are generally small and 
of low value (average about $7 per carat), but these factors 
are offset by its high grade (6 carats/ton of ore when pro- 
duction started in 1986); it currently produces about 40 
million carats annually. Future production will depend 
on the grade of the ore and the mine’s ability to maintain 
efficient production. Argyle operates an in-house dia- 
mond-sorting facility, and nonunion work is farmed out 
to subcontractors, thus avoiding the characteristic labor 
pitfalls of many mines. MM 


Argyle extends open pit. Diamond International, No. 54, 
July-August 1998, pp. 15-16. 


Rio Tinto and Ashton Mining, the owners (together with 
the Australian government) of the Argyle diamond mine 
in Western Australia, have approved the expansion of the 
AK1 open pit mine, and the work has already begun. To 
access an additional 17.6 million tonnes of open-pit ore at 
an average grade of 2.58 carats per tonne, pre-stripping of 
around 100 million tonnes of waste is required. The min- 
ing reserve at AK1 is estimated at 64 million tonnes. 
Underground development of the mine still remains a 
possibility at a later date. MM 


Argyle succeeds selling full annual production: No inven- 
tory growth. Mazal U’Bracha, Vol. 15, No. 197, 
November-December 1998, pp. 48-49. 


Whereas the world market for more-expensive diamond 
jewelry has been hampered by the present state of the 
Asian economies, the demand for cheaper polished goods 
cut in India has remained steady. Australia’s Argyle mine, 
a major supplier of rough to the Indian cutting centers, 
sees a continuing trend to “trade down” as consumers 
search for value. With the greater demand for jewelry 
with diamonds of lower quality, the Argyle product con- 
stitutes a growing market niche. For the first half of 1998, 
Argyle saw stronger prices and record sales for its rough; 
there was no growth in inventory. The alliance between 
Argyle and the Indian diamond industry is pivotal to 
Argyle’s success. Argyle supports all efforts, including 
signed agreements with its Indian customers, to prevent 
the use of child labor in diamond manufacturing. 

The United States and Japan are the major consumer 
markets for Argyle-type (i.e., low-quality “Indian goods”) 
diamonds. On a weight basis, such diamonds account for 
62% and 68%, respectively, of these countries’ sales of 
stones smaller than 0.17 ct. AAL 
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The diamond pipeline into the third millennium: A 
multi-channel system from the mine to the con- 
sumer. M. Sevdermish, A. R. Miciak, and A. A. 
Levinson, Geoscience Canada, Vol. 25, No. 2, 
1998, pp. 71-84. 


Canada is poised to become one of the world’s significant 
producers of gem-quality diamonds. It is anticipated that, 
by 2002, Canada will produce about 10% (by weight) of 
the world’s rough diamonds. This new resource requires 
that Canada develop expertise in various economic 
aspects of the diamond industry, particularly in market- 
ing the rough. This article explores the dynamics of the 
“diamond pipeline” for distributing and marketing dia- 
monds in the late 1990s. 

Historically, the majority of diamond rough proceeded 
from mine to consumer via a single-channel pipeline con- 
trolled by the Central Selling Organisation (CSO), a whol- 
ly owned company of De Beers Consolidated Mines, Ltd. 
The CSO’s mission is to maintain equilibrium between 
supply and demand, which then translates to price stabil- 
ity. Two recent events significantly affected this balance. 
After the dissolution of the Soviet Union in the early 
1990s, the Russians began selling significant quantities of 
their diamond rough outside the CSO pipeline. Then, in 
1996, the Argyle mine in Australia did not renew its con- 
tract with De Beers and began marketing all of its pro- 
duction independently. 

These departures from the traditional distribution and 
marketing strategy have led to the current multi-channel 
diamond pipeline, which consists of three parallel chan- 
nels for distribution and marketing: the Traditional Gem 
Channel, the Indian Channel, and the emerging Russian 
Channel. The Traditional Gem Channel consists of the 
generally higher-value production that remains in the for- 
mer single-channel system. The authors estimate that 
about 50% of the world’s retail diamond jewelry sales 
result from this channel. The Indian Channel is the con- 
duit for small and low-quality diamonds. Production that 
enters this channel originates both with the CSO and from 
the open market, including Argyle and Russian stones. 
About 50% of the diamond jewelry sold at retail world- 
wide contains stones that have traversed this channel. 

The authors also postulate the existence of a dis- 
cernible Russian Channel. This channel, though, is still 
evolving through conflicting economic and _ political 
interests. Approximately 25% of the world’s diamonds 
are mined in Russia, but at present only a small portion 
of these stones are routed through the Russian Channel. 
The impact of these changes on the traditional marketing 
of rough diamonds provides additional options for 
Canada’s emerging diamond industry. SW 


A gem of a mine. South African Mining, Coal, Gold & 
Base Minerals, May 1, 1998, pp. 10, 15, 17. 

This relatively short article gives a good general overview 

of the De Beers Finsch diamond mine in the northern part 
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of Cape Province, South Africa, from the original prospec- 
tors looking for asbestos in 1957 through plans for block 
caving in 2003. 

Finsch Diamonds was established in 1961, and mining 
began soon after. In 1978, after bench mining in the open 
pit to a depth of 423 m, underground mining commenced. 
By 1990, work in the open pit had stopped completely. To 
date, the plant has treated more than 95 million tons of 
ore, yielding about 78 million carats of diamonds. The 
mine had a recovered grade of 58 carats per hundred tons 
in 1997. Among South African diamond mines, the 
Finsch pipe—at about 500 m in diameter and 18 hectares 
(44 acres) in surface area—is second in size only to the 
Premier pipe. 

The kimberlite is mined using a modified blast hole, 
open stoping method. At the treatment plant, the ore gets 
scrubbed, crushed, washed, and screened to size the mate- 
rial. A dense media separation is followed by X-ray sepa- 
ration of the diamonds, which are then sent to a sorting 
facility. The article is illustrated with an informative flow 
chart of the treatment plant and a graphic model that 
explains block caving. Thomas Gelb 


India bounces back. Diamond International, No. 55, 
September-November 1998, pp. 57-60, 62. 


After two years of decline, Indian exports of cut and pol- 
ished diamonds for 1997-98 (financial year ending March 
31) jumped 6% over the previous year in terms of both 
value (to $4.493 billion) and weight (to 20.6 million 
carats). Thus, India’s share of the global trade in polished 
diamonds is 40% in terms of value and 80% in terms of 
weight, the highest ever. Much of this is a reflection of 
reduced sales of better-quality rough by De Beers and thus 
a decline in more-expensive diamonds on the world mar- 
ket. Import of diamond rough amounted to a staggering 
115 million carats—about equal to the total current 
world rough production. The euphoria is not without its 
pressures, however. For example, the average price real- 
ized for Indian-cut diamonds (i.e., predominantly near- 
gems) has declined 31% from its 1990-91 peak (the aver- 
age was $218 per carat in 1997-98). There is also concern 
about a steady supply for rough diamonds in the current 
multi-channel pipeline. Extended credit demands (up to 
150-160 days) by overseas buyers, meanwhile, have had 
detrimental effects on cash flow. 

Nevertheless, the Indian diamond industry is opti- 
mistic. It feels that new technology, continued govern- 
ment cooperation (e.g., simplified customs and banking 
procedures}, and increased exports of diamond-set jewel- 
ry (which already accounts for 15% of the country’s gem 
and jewelry exports) will enable the industry to continue 
its expansion. Government estimates show a 12% 
increase in exports per annum through 2002. This is con- 
sistent with the prediction by one diamantaire that with- 
in 10 years India—in addition to its monopoly in near- 
gem stones—will process 50%-75% of the goods in the 
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“medium” range and 10%-20% of gem-quality dia- 
monds. At this level, India would command 60% (by 
value) of the global trade in polished diamonds. 

AAL 


India’s GJEPC claims negligible level of child labor in 
Indian diamond industry. Mazal U’Bracha, Vol. 15, 
No. 106, October-November 1998, pp. 67-70. 


The illegal use of child labor in underdeveloped countries 
is a highly sensitive and significant issue; in the past, 
some components of India’s diamond industry have been 
implicated in this tragedy. India’s Gem and Jewellery 
Export Promotion Council (GJEPC) is concerned about 
this matter, not only from a humanitarian perspective, 
but also because of the negative effects of what it consid- 
ers adverse and exaggerated press reports. Since 1995, 
GJEPC has been intensifying its anti-child-labor cam- 
paign with success. 

An independent survey conducted in June 1998 
showed that the incidence of child labor [i.e., workers 
younger than 14 years old) in the Indian diamond indus- 
try has declined significantly from 1994-95, when the 
last survey was conducted. Presently, child labor repre- 
sents 0.16% of the work force in the “organized sector’ 
(ie., larger, better-equipped factories, and generally good 
working conditions), and 1.47% in the “semi-organized 
sector” (i.e., medium to low technology, and satisfactory 
to poor working conditions). The wages for these cate- 
gories are US$59-$95 per month and $35-$71 per month, 
respectively. On the basis of statistics from 659,550 work- 
ers, the child labor rate for the entire diamond industry in 
India is 0.89% (compared to 3.18% during 1994-95). 
GJEPC’s goal is to bring this down to zero. AAL 


Nucleation environment of diamonds from Yakutian 
kimberlites. G. P. Bulanova, W. L. Griffin, and C. G. 
Ryan, Mineralogical Magazine, Vol. 62, No. 3, 
1998, pp. 409-419. 


A detailed study of mineral inclusions in the genetic cen- 
ter [nucleation point] of single crystals of Yakutian dia- 
monds, which was undertaken to gain insight into the 
growth environment of diamond crystals, shows that 
most of the diamonds nucleated on mineral “seeds.” In 
peridotitic diamonds, the most common central inclu- 
sion is Mg-rich olivine; in eclogitic diamonds, pyrrhotite 
and omphacite (a clinopyroxene) are most abundant. The 
minerals identified as the central inclusions of Yakutian 
diamonds indicate that the diamonds grew in a reduced 
environment, with fO, [oxygen fugacity] controlled by 
the iron-wtistite equilibrium. The data imply that dia- 
mond nucleation took place in the presence of a fluid, 
possibly a volatile-rich silicate melt, that was highly 
enriched in large-ion lithophile elements (e.g., K, Ba, Rb, 
and Sr) and high field-strength elements (e.g., Nb, Ti, and 
Zr). This fluid also carried immiscible Fe-Ni-sulfide 
melts, and possibly a carbonatitic component. RAH 
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An oscillating visible light optical center in some natural 
green to yellow diamonds. I. M. Reinitz, E. Fritsch, 
and J. E. Shigley, Diamonds and Related Materials, 
Vol. 7, 1998, pp. 313-316. 


Most natural- and treated-color green diamonds are col- 
ored by exposure to ionizing radiation, which manifests 
itself as an absorption peak at 741 nm (associated with 
the GR1 center). Of the [approximately 3,000] colored dia- 
monds seen by GIA researchers in the last decade, 10 
green-to-yellow stones—which would be expected to 
produce a GRl-related absorption spectrum—instead 
showed many peaks in their UV-visible absorption spec- 
trum when chilled to liquid nitrogen temperatures. The 
authors list 38 peaks between 543 and 761 nm, which can 
be divided into two series: one centered around 620 nm 
with 202 cm“! spacing between the peaks, and the other 
centered around 700 nm with 169 cm! spacing. 

All 10 stones showed weak nitrogen-related features 
in the mid-infrared, including those related to single sub- 
stitutional nitrogen, as well as features related to hydro- 
gen impurities in the diamonds. The authors believe that 
the unique structure of the UV-visible absorption pattern 
is related to a molecule or molecular ion impurity, with 
more than one energetically accessible state at liquid 
nitrogen temperature. However, the absorption peaks do 
not match those for any known simple molecule (or ion) 
containing carbon, nitrogen, and/or hydrogen. This low- 
temperature absorption spectrum has only been seen in 
natural-color diamonds. ML] 


Trace element composition and cathodoluminescence 
properties of southern African kimberlitic zircons. 
E. A. Belousova, W. L. Griffin, and N. J. Pearson, 
Mineralogical Magazine, Vol. 62, No. 3, 1998, pp. 
355-366. 
Zircon (ZrSiO,) commonly occurs in felsic granitoid 
crustal rocks, and more rarely in mafic rocks such as kim- 
berlite pipes (which are of mantle origin). Individual zir- 
con crystals are geologically long-lived in alluvial envi- 
ronments. This study assesses whether or not kimberlitic 
zircons exhibit unique characteristics that can aid 
prospectors in the search for diamondiferous pipes. Fifty- 
one zircons (0.5-6 mm) were taken from 12 southern 
African pipes. The authors used cathodoluminescence 
(CL) to observe the crystal structure and laser ablation 
inductively coupled plasma-source mass spectrometry 
(ICPMS) to examine the chemistry of the zircons. With 
CL, the kimberlitic zircons appeared dominantly blue, in 
contrast to crustal zircons, which (in the authors’ experi- 
ence) are yellow. The authors suggest that higher concen- 
trations of trace elements in crustal zircons lead to more 
crystal lattice defects, which cause the dominance of yel- 
low CL hues. This hypothesis is supported by the ICPMS 
data, which showed a concentration difference between 
yellow and blue CL zircons of up to two or three orders of 
magnitude for some trace elements. When the zircons are 
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plotted on trace-element discrimination diagrams, the 
kimberlite and crustal zircons each plot in their own dis- 
tinct groups. The authors conclude that the distinctive 
CL and geochemical characteristics of the kimberlite zir- 
cons allow their use as prospecting tools. JL 


GEM LOCALITIES 


Application of graphite as a geothermometer in 
hydrothermally altered metamorphic rocks of the 
Merelani-Lelatema area, Mozambique Belt, north- 
eastern Tanzania. E. P. Malisa, Journal of African 
Earth Sciences, Vol. 26, No. 2, 1998, pp. 313-316. 


In the Merelani-Lelatema tanzanite and green garnet 
mining area in Tanzania, the graphite-bearing host rocks 
underwent regional high-temperature metamorphism, 
followed by hydrothermal alteration. Since the formation 
of graphite in metamorphic rocks is mainly a function of 
temperature, this study sought to use graphite to deter- 
mine the highest temperatures reached during the region- 
al metamorphic event. 

X-ray diffraction analyses of the graphite were 
applied to a preexisting temperature calibration curve. 
Regionally, the metamorphic temperatures for the 
graphite ranged from 523°C to 880°C. Graphite samples 
specifically from tanzanite-bearing hydrothermal deposits 
yielded a temperature range of 690°C-715°C. This range 
is higher than that estimated from fluid inclusions in the 
tanzanite (390°C-—444°C), and supports previous observa- 
tions that the tanzanite did not coexist with the graphite 
during the high-temperature regional metamorphism. 
Rather, the tanzanite was introduced later by hydrother- 
mal solutions through fault zones. JL 


Gemstone bonanza at Yogo Gulch. S. Voynick, Wild 
West, Vol. 11, No. 1, June 1998, pp. 36-41, 81. 


This article describes the historical events and fascinat- 
ing people involved in sapphire mining at Yogo Gulch, 
Montana. It travels in time from Jake Hoover’s discovery 
of the translucent blue stones at Yogo Creek in 1895, 
through the mine’s numerous British and American own- 
ers, to the current owner, Roncor Inc. Dr. George F. Kunz, 
of Tiffany & Co., originally confirmed the identity of the 
blue pebbles from Jake Hoover’s sluice box as “sapphires 
of unusual quality.” Jake Hoover stayed involved, even- 
tually taking on partners, until 1897, when he sold his 
quarter share to his partners for $5,000 so he could join 
the Alaskan gold rush. Two months later, British inter- 
ests purchased his share for $100,000. 

Production at Yogo started in 1896 and continued 
almost without interruption until July 1923, when a flash 
flood destroyed the mine infrastructure. From 1898 
through 1923, the Yogo dike yielded 16 million carats of 
rough sapphire, resulting in 675,000 carats of fine blue cut 
sapphire worth $25 million. Charles T. Gadsden, appoint- 
ed mine supervisor in 1902, resided at Yogo from 1903 
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until his death in 1954, even though the mine (locally 
known as the English mine) had been inactive for more 
than 30 years. 

In 1956, Yogo returned to American ownership. Since 
then there has been only minor, intermittent production, 
by a variety of American owners and lessees, none of 
which has had significant success. While mining has 
never progressed deeper than 250 feet (about 77 m), it is 
believed that the dike exceeds a mile (1.6 km) in depth 
and contains reserves estimated at 40 million carats of 
gem-quality rough sapphire. [Editor’s note: For further 
details, see K. A. Mychaluk, “The Yogo sapphire deposit,” 
Spring 1995 Gems & Gemology, pp. 28-41.] 

Kim Thorup 


Geological evolution of selected granitic pegmatites in 
Myanmar (Burma): Constraints from regional set- 
ting, lithology, and fluid-inclusion studies. K. Zaw, 
International Geology Review, Vol. 40, No. 7, 
1998, pp. 647-662. 


Pegmatite veins and dikes 2-5 m wide and 30-150 m long 
commonly occur along a 1,500-km-long, north-to-south 
trending belt of tungsten- and tin-bearing granitoids in 
Myanmar (Burma). Five pegmatites (Sakangyi, Gu Taung, 
Payangazu, Taunggwa, and Sinmakhwa) are described in 
detail. Gem minerals found in these pegmatites include 
tourmaline, beryl (aquamarine), and topaz. The peg- 
matites show distinct internal mineralogic zoning, with 
felsic minerals (e.g., feldspar and muscovite) more abun- 
dant in the core, and quartz and schorl tourmaline more 
abundant in the outer zones. As determined by fluid- 
inclusion microthermometry, the pegmatites formed at 
230°C-410°C. The Na/K ratio of fluid inclusions indi- 
cates the presence of substantial potassium in the peg- 
matite-forming fluids; no evidence was observed for 
phase separation of these fluids. Troy Blodgett 


Geological setting and petrogenesis of symmetrically 
zoned, miarolitic granitic pegmatites at Stak Nala, 
Nanga Parbat-Haramosh Massif, Northern 
Pakistan. B. M. Laurs, J. D. Dilles, Y. Wairrach, A. 
B. Kausar, and L. W. Snee. Canadian Mineralogist, 
Vol. 36, Part 1, 1998, pp. 1-47. 

In the early 1980s, bi- and tri-colored tourmalines up to 

10 cm in length were discovered in “pockets” (miarolitic 

cavities) in granitic pegmatites in the Stak Valley of 

northern Pakistan. Of the nine pegmatites in this area, 
only one has been mined economically, from which tens 
of thousands of crystals have been recovered, at present, 
production has dwindled. Because the well-crystallized 
tourmalines have cracks and inclusions, they have 
greater value as specimens than as cut gemstones. The 
schorl-elbaite crystals are typically color zoned, from 
black at the base to green, locally pink, and colorless or 

(rarely) pale blue at the termination. 

The pegmatites are flat lying, 1-3 m thick, and 30-120 

m long; they are zoned both texturally and chemically. 
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The crystallization sequence produced a narrow outer 
zone, followed by a coarser wall zone, and finally a coarse 
core zone characterized by an enrichment in minerals 
containing H,O, F B, and Li (e.g., tourmaline, lepidolite, 
and topaz), along with a decrease in other elements such 
as Fe. The valuable tourmaline occurs in the miarolitic 
cavities with albite, quartz, K-feldspar, muscovite/lepido- 
lite, topaz, and other minerals. The origin of the cavities, 
which are concentrated along the crest of a broad 
antiform in the pegmatites, is explained by an increase in 
vapor pressure during the final stages of magma crystal- 
lization. Late rupturing of the cavities permitted the 
removal of residual fluids that otherwise would have 
caused etching or alteration of the pocket minerals. The 
pegmatites are believed to have formed about 5 million 
years ago, on the basis of age dating (*°Ar/*?Ar geo- 
chronology) of the lepidolite. These are among the 
youngest gem-bearing pegmatites in the world; they were 
exposed by rapid uplift due to the collision of the Indian 
and Asian plates. AAL 


The geology, mineralogy, and history of the Himalaya 
mine, Mesa Grande, San Diego County, California. 
J. Fisher, E. E. Foord, and G. A. Bricker, Rocks # 
Minerals, Vol. 73, No. 3, May-June 1998, pp. 
156-180. 


The Himalaya mine, located on Gem Hill in the Mesa 
Grande pegmatite district of Southern California, has 
been North America’s largest producer of gem and spec- 
imen-grade tourmaline since its discovery 100 years ago. 
During the first period of mining, pink and red tourma- 
line was very popular with the Dowager Empress of 
Imperial China, and large amounts of tourmaline were 
shipped to China for carving. The boom ended in 1911, 
when the Chinese aristocracy was overthrown during 
the Boxer Rebellion. Production of tourmaline from the 
mine is estimated at over 100 tons, which is remarkable 
since the dike averages less than one meter thick! In 
addition to tourmaline, the mine has produced many 
fine crystals of other pegmatite minerals and gemstones, 
including morganite and goshenite beryl, apatite, quartz, 
and microcline; numerous specimens are found in muse- 
ums and private collections. Mining has been sporadic, 
driven by the price of tourmaline. The periods of greatest 
activity have been 1898-1912, 1952-1963, and 1977 to 
the present. 

There have been more than 20 mineralogical and geo- 
logical studies of the Himalaya dike system. There are 
two main dikes in the mine, referred to as the upper and 
lower dikes. Both contain gem-bearing pockets, but most 
of the work has been done on the upper dike because it 
produces the valuable pink tourmaline, while the lower 
dike produces green tourmaline. Recent work has pro- 
duced an extensive honeycomb of tunnels inside Gem 
Hill, and it remains to be seen if the mine will continue 
to produce in the years to come. Jim Means 
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Madagascar rubies debut. G. Roskin, Jewelers’ Circular- 

Keystone, Vol. 169, No. 8, August 1998, pp. 40, 42. 
Strongly saturated, slightly purplish red rubies that have 
yielded cut stones up to 3 ct have been found recently in 
Madagascar. Characteristic inclusions are rounded trans- 
parent crystals, “treacle” type graining, and nests of 
short, flat, acicular 60° needles. The rubies contain 
uneven, strong, parallel growth lines and fingerprint-like 
veils, similar to those seen in both Burmese and Thai 
material. The color is somewhat dark in tone, and the 
ruby fluoresces moderate red to long-wave UV radiation. 
A dealer in Pittsburgh, Pennsylvania, is distributing the 
faceted material in the U.S. MM 


A recent find of kunzite at the historic Katerina mine, 
Pala District, San Diego County, California. J. 
Fisher, Mineral News, Vol. 15, No. 1, January 1999, 
pp. 1, 6-7. 

This article reports on the reopening of the Katerina mine 

in Southern California, historically one of the larger pro- 

ducers of kunzite in the region. Lilac-colored material 
from this mine was first identified as spodumene by 

George F. Kunz early in the 20th century; subsequently, 

this gem material was named kunzite in his honor. 

Following a short history of the mine, details are given on 

the development work being done by the current owners, 

O. Komarek and B. Weege. A condensed geological 

overview is also presented. Although the specimens 

found in late 1998 are of modest quality, the mine has 
produced significant amounts of attractive gem material 
in the past. MG 


Update on ruby output in Kenya. Jewellery News Asia, 
No. 170, October 1998, p. 63. 
About 50%-—60% of the rough ruby produced at the mine 
near Kasigau in southern Kenya is of marketable quality. 
The mine, which has been producing commercially since 
1995, is located in Tsavo National Park, 500 km from 
Nairobi, Kenya. The top two grades of ruby rough 
account for 4%-5% of the overall output. Ruby reserves 
are expected to last 20 years. The rough material, which 
must be heat treated to improve clarity and color, is sold 
through auctions and then fashioned into beads, cabo- 
chons, and faceted stones. Prices of polished stones range 
from $15/ct for low-quality to $5,000/ct for top-quality 
material. Other colored gems found in the area include 
kornerupine, red spinel, rhodolite and tsavorite garnet, 
sapphire, tanzanite, and tourmaline. MM 


INSTRUMENTS AND TECHNIQUES 


The application of ground-penetrating radar to mineral 
specimen mining. B. K. Lees, Mineralogical Record, 
Vol. 29, No. 4, 1998, pp. 145-153. 
Ground-penetrating radar (GPR) is a shallow-depth geo- 
physical exploration method based on detecting the elec- 
trical properties of rocks as they are produced by radar 
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waves. Through interpretation of the GPR data, struc- 
tures in the rock are inferred. This method is commonly 
applied to environmental waste and archaeological prob- 
lems. After explaining the technique, Mr. Lees describes 
his use of GPR to locate rhodochrosite-bearing cavities at 
the Sweet Home mine in Colorado. 

Both the depth of penetration of radar waves into the 
rock and the resolution of the resulting data are a func- 
tion of the wave frequency. A 100 MHz antenna, with a 
signal that penetrated about 25 feet (7-8 m) into the 
rock, yielded a reliable resolution down to about 1 to 2 
feet. The technique allowed the miners to visualize 
structural characteristics that influence the location of 
cavities, as well as the cavities themselves, but the data 
could not be used to tell if the cavities actually contained 
thodochrosite crystals. Twelve cavities were discovered, 
one of with a signal that produced $40,000 worth of 
specimen and gem material. The total cost of the GPR 
survey was $13,000. The author suggests that GPR will 
become more viable in the future for near-surface miner- 
al specimen exploration as better software is developed 
and the cost of the system decreases. JL 


JEWELRY MANUFACTURING 
AND GEM CUTTING 


Automatic bruting. J. Lawrence, Diamond International, 
No. 52, March-April 1998, pp. 67-69. 
Semi-automatic bruting is a technical and economic suc- 
cess in the diamond industry. It is superior to traditional 
hand bruting for several reasons: (1) yield is typically 3% 
greater, resulting in 5% added value; (2) there are essen- 
tially no broken stones, whereas 1%-2% broken stones is 
considered normal for traditional methods, and (3) it pro- 
duces better roundness and proportions. In addition, 
salaries are lower with semi-automatic bruting, because 
the operators are typically younger and less experienced. 
(This is offset, though, by the fact that experienced 
bruters are more productive on a volume basis.) The lim- 
itations of automated bruting are two-fold: (1) cements 
used to bond the stone to the stone holder have limited 
strength; and (2) perfect roundness cannot be achieved, as 
the software programs currently available do not center 
the stone perfectly in the machines. Nevertheless, the 
author implies that within a decade economic considera- 
tions will justify the expense of developing a fully auto- 
mated bruting machine. AAL 


The case for CAD/CAM. J. Thornton, American Jewelry 
Manufacturer, Vol. 43, No. 1, January 1998, pp. 
62-65. 

Computer-aided design (CAD) and computer-aided manu- 

facturing (CAM) have evolved from engineering applica- 

tions to the creation of elegant jewelry designs, sculptured 
forms, and engravings. Cameos, medallions, rings, ear- 
rings, and pendants are being created by scanning, digitiz- 
ing, and adding colors and relief. The computer programs 
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enable manufacturers to merge images quickly to create 
jewelry to customers’ precise specifications. Pendants are 
copied in minutes, and the copy can be reduced and mir- 
rored to make matching earrings. From creation to com- 
pletion, manufacturers maintain control over their prod- 
ucts, since outside engravers are no longer needed. 

The positive experiences of two manufacturing jewel- 
ry companies using CAD/CAM are described, and exam- 
ples of some unexpected benefits of the new methods are 
given. For example, gold and silver are used in smaller 
quantities, because thinner pieces with flatter relief can 
be produced. The engraving software has also greatly 
reduced the risk of the die cracking, and individual pieces 
can be produced with one press stroke instead of several. 
According to die maker Jed Fournier of Bliss Tooling, 
Rhode Island, “this may only save us 15 to 30 seconds on 
each piece but, on a thousand pieces, it adds up.” 

MD 


Cutters on quartz. S. E. Thompson, Lapidary Journal, 
Vol. 52, No. 4, July 1998, pp. 21-27. 
Quartz is one of the most common minerals in the world, 
and it is also the gem material that is most available to 
lapidaries. The author interviewed five lapidaries, who 
share the intricacies of cutting crystalline and cryp- 
tocrystalline quartz, the tools they use, and the dangers 
(to the stone) that can be experienced during cutting and 
polishing. One of the lapidaries is photographer Harold 
Van Pelt, who provided photographs of his many splendid 
objets d’art and of some of the tools and machinery he 
used to create them. MG 


Electroformed objects for jewelry: Secondary ion mass 
spectrometry characterization of Au films from 
CN-free electrolytes. M. Fabrizio, C. Piccirillo, and 
S. Daolio, Rapid Communication in Mass 
Spectrometry, Vol. 12, No. 13, 1998, pp. 857-863. 

Electroforming of gold jewelry yields pieces that have a 

high volume/weight ratio, and can attain fine detailing 

equal to the more commonly used method of investment 
casting. However, electroforming is more expensive 
because of equipment costs and expenses associated with 
handling the chemical solutions involved in the process. 
In this study, relatively inexpensive cyanide-free chemi- 
cal baths normally used in the electronics industry were 
tested for jewelry use. Different cathodes—on which the 
gold film is deposited—were also tested. The researchers 
examined the gold films using secondary ion mass spec- 
trometry (SIMS) in order to identify the different chemi- 
cal species and complexes involved with electrodeposi- 
tion in each chemical bath. Hardening agents such as 
nanoscopic diamond and rutile were detected, as was the 
brightening agent arsenic oxide. Of the chemical solu- 
tions tested, the ethylenediamine tetra acetic acid 

(EDTA) bath proved the best for jewelry forming because 

of the rate of gold deposition, the concentration range, 

and the service life of the solution. JL 
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Faceting angles. G. L. Wykoff, Rock # Gem, Vol. 28, No. 
3, March 1998, pp. 52-56, 58. 
The most important thing to know when faceting a gem- 
stone is not necessarily how to grind and polish, but 
which angles produce the brightest, most brilliant gem. 
The author explains some of the recent developments in 
factoring these angles and the unique cutting styles that 
have resulted. The most pertinent point is that angles are 
but a guide to making a brilliant stone and faceters should 
experiment on their own; such experiments have result- 
ed in very innovative, and now even somewhat main- 
stream, styles. Although this article is a little technical in 
places, for the most part it is highly enjoyable and 
thought provoking. MG 


JEWELRY RETAILING 


How to sell to today’s bride and groom. D. O’ Donoghue, 
National Jeweler, Vol. 42, No. 13, July 1, 1998, pp. 
34, 38. 
Approximately 2.4 million couples marry each year in 
the U.S., and these couples spend nearly $3.3 billion on 
jewelry. Today’s couples are older and more sophisticated, 
and they are willing to pay more to get exactly what they 
want in engagement and wedding rings. Statistics show 
that nine out of 10 brides wear earrings on their wedding 
day, 65% give jewelry as thank-you gifts to members of 
the wedding party, and 44% of brides and grooms choose 
jewelry as a wedding present to each other. The author, 
who is beauty director of Bride’s magazine, lists tips on 
selling engagement rings and wedding-related jewelry 
gifts. 

Some of the new trends dictated by this generation of 
buyers include a rising demand for platinum in wedding 
and engagement rings, the growing popularity of fresh- 
water and South Sea pearls, and a resurgence of antique- 
inspired filigree rings. Diamonds remain the most desir- 
able gems for wedding rings. Retailers are encouraged to 
build a lasting relationship with their bridal customers, 
from determining the best purchase within their budget 
to rendering services after the purchase is made. 
Retailers should also keep apprised of the latest trends in 
the marketplace, and offer flexible payments and uncon- 
ditional guarantees to make the buying process less 
intimidating MD 


Selling treated gemstones. R. Weldon, Professional 
Jeweler, Vol. 1, No. 5, June 1998 et seq. 
This ongoing series of informative articles helps retail 
jewelers and their sales associates explain gemstone treat- 
ments or enhancements to customers “in an honest and 
positive manner.” The first article, “Emerald Education,” 
appeared in the June 1998 issue (pp. 171-172). Other 
treated gem materials discussed to date include: heated 
ruby (July 1998, pp. 123-124), heated sapphire (August 
1998, pp. 133-134), dyed or irradiated cultured pearls 
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industry may be congratulated on 
the fact that at no time during the 
war were the United Nations short 
of one of the most important of 
strategic minerals, the industrial 
diamond, without the use of which 
no important munition of war was 
made; nor was the industry sub- 
sidized, nor did it sell its product 
under a premium price plan. Fur- 
ther, all industrials were sold 
throughout the war at prewar prices. 
Rough Market 

The Diamond Corporation pur- 
chases in normal times 95% of the 
world’s production in dollar value, 
indeed all production except part 
of that of Brazil, British Guiana, 
Venezuela and of some of the South 
African alluvial diggers. These 
stones its subsidiary, the Diamond 
Trading Company, sells to brokers 
and cutters. The Diamond Corpora- 
tion has £5,000,000 in ordinary 
shares, 80%, it is understood, being 
owned by De Beers and 20% by Con- 
solidated Diamond Mine of South- 
West Africa. The Diamond Trading 
Company’s capital (£38,000,000) is 
wholly invested in rough diamonds 
and as sales are made the proceeds 
are re-invested in rough. The Dia- 
mond Corporation’s report is avail- 
able only to its stockholders but the 
firm pays in good years, it is under- 
stood, handsome dividends. (1944 
Diamond Corp., 10%, and Diamond 
Trading Co., 1242%.) 

As late as 1934 total sales of the 
Diamond Trading Company were 
only £3,719,242, a year of depression 


Total Sales in Recent Years 


in the industry and one in which 
few industrial diamonds were sold. 

The value of cut stones per earat 
increases with the size of the stone. 
In first qualities the increase is of 
the following order, the per-carat 
price of a one-carat stone being 
taken as 100%: 


2 carats 145% 
4 carats.............. : ....---265 % 
(G8 Cae iS ee ....3380 % 
8. earats.. ....880 % 
12 carats......................:.450% 


United States Imports 


The total gem diamond imports, 
in dollar value, for the years 1941 
to 1945 follow: 


1941. $28,647,786 
1942. 26,186,948 
1943 68,127,004 
UVC UR tee Pe set 72,670,146 
othe 2 dm ooh 107,308,028 


These import figures suggest how 
prosperous the diamond industry 
has been in the past three years. 

In 1945 the production from the 
Union of South Africa was about 
as follows: 


Carats Ave. Price Value 
Pipe mines........ 878,713 88s. 4d. £3,881,482 
Old alluvial 
diggings ........ 56,3879 142s. 7d. 401,873 
Namaqualand 
taste, 206,150 129s. 1,330,000 
1,141,242 98s.4d. 5,613,355 


The two operating De Beers pipe 
mines, Bulfontein and Dutoitspan, 
furnished practically all of the mine 
production, although nine _ other 
pipes were responsible for a few 
carats. Alluvial production was also 
distinetly greater than in 1944, 


of Diamond Trading Company 


Total Gem Yo of Indus- % of 
Year Sales Stones Total trials Total 
1939. £ 5,865,000 ate sa #3 
1940. 6,144,314 = ae 
1941. 7,414,420 £ 5,500,000 7A £2,000,000 26 
1942. 10,694,671 6,250,000 59 4,240,000 Al 
19438. 20,400,634 14,973,000 73 5,428,000 27 
1944 (Hst.)_. 17,000,000 13,000,000 76 4,000,000 24 
1945 (About). 24,500,000 19,600,000 80 4,900,000 20 


(September 1998, pp. 125-126), heated aquamarine 
(October 1998, pp. 145-146], heated amethyst and citrine 
(November 1998, pp. 101-102), laser-drilled diamonds 
(January 1999, pp. 107-108), and fissure-filled rubies 
(February 1999, pp. 161-162). These articles not only pro- 
vide valuable information on the various types of treat- 
ments used to enhance a gem’s appearance, but they also 
give methods for detecting such treatments. In addition, 
Mr. Weldon includes tips on caring for treated or en- 
hanced gems and legal considerations. MM 


When a cert can hurt. G. Roskin, Jewelers’ Circular- 
Keystone, Vol. 169, No. 10, October 1998, pp. 
98-101. 

“Comments” on a diamond grading report, which are 

often innocuous, may sound ominous to a customer if 

they are not properly communicated, which could lead to 
the loss of a sale. Examples are given of comments found 
on a GIA certificate that may be perceived to have nega- 
tive connotations but are actually of minor significance 
(e.g., “crown angles greater than 35°” and “surface grain- 
ing not shown”). Comments that are cited as being most 
damaging to a diamond sale include references to propor- 
tion details and minor blemishes. The problem is com- 
pounded when several comments are listed on the same 
report. The comments on proportion details can some- 
times be eliminated if the diamond is recut. However, this 
is time consuming and expensive, and it involves ele- 
ments of risk such as excessive weight loss and chipping. 

Fluorescence reported as moderate or strong also can hurt 

a sale. 

The article advises jewelers to communicate their 
knowledge of the report process to their clients, so that 
they clearly understand the reason for the comments. It is 
particularly important to explain whether the particular 
characteristic mentioned in the report affects the dia- 
mond’s beauty or durability. JEC 


PRECIOUS METALS 


Consumption of silver in 1997 exceeds supply. Jewellery 
News Asia, No. 168, August 1998, p. 36. 
The Silver Institute’s World Silver Survey 1998 reported 
that demand for silver exceeded supply (from mine pro- 
duction and the recycling of scrap) by 198 million ounces 
in 1997. Consumption reached a record total of 863.4 mil- 
lion ounces, a growth of 6.1% over 1996. The demand for 
silver in jewelry and silverware fabrication rose 5.3% to 
280.2 million ounces, following a growth of 15.6% in 
1996. Italy’s silver consumption rose 10.5% to 44.8 mil- 
lion ounces, and India’s rose 3.2% to 95.2 million ounces 
(with 66.6% of the total Indian demand used in jewelry, 
silverware, and gift items). There was also surging indus- 
trial demand for silver in the United States. This is the 
ninth consecutive year in which conventional supply 
failed to keep up with silver demand. MM 
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A slippery standard for gold prices. K. Clark, U.S. News & 
World Report, Vol. 125, No. 19, November 16, 
1998, pp. 84-85. 


Gold prices are down 25% from 1996, to about the level 
of 1979. However, this decrease is not generally reflected 
in the retail prices of finished jewelry—at least not in the 
United States, where, for example, raw gold constitutes 
about 25% of the price of a typical store-bought necklace. 
This article suggests three ways of obtaining the most 
value when purchasing gold jewelry at retail: (1) Buy plain 
classic pieces of jewelry, where price comparisons can be 
made; (2) comparison shop the malls (negotiate prices), 
wholesale clubs, on-line sites, and television shopping 
shows; and (3) buy used pieces. Rather than being pur- 
chased as an investment, gold jewelry should be bought 
to be worn and enjoyed. AMB 


SYNTHETICS AND SIMULANTS 


Laboratory-created gems grow acceptance at retail. C. 
Fenelle, National Jeweler, Vol. 42, No. 14, July 16, 
1998, pp. 74, 76, 78, 80, 82. 


Laboratory-created (also called synthetic, man-made, cre- 
ated, or laboratory-grown) gemstones have gradually and 
steadily gained acceptance in the trade. The most popular 
created stones, according to some jewelers, are synthetic 
alexandrite, emerald, and ruby, which can be sold for a 
fraction of the cost of natural stones. The market has seen 
an increase in the number of synthetic stone suppliers, of 
manufacturers designing jewelry with synthetic gems, 
and of synthetic gems being displayed in retailers’ “fine 
jewelry” cases. Consumers are showing an increased 
awareness and acceptance of synthetic gems, since these 
materials allow greater accessibility to normally extrava- 
gant jewelry items. 

While the created-gemstone industry has experienced 
stable pricing in the last couple of years, there is concern 
about the increasing number of gem growers and the vari- 
able quality of synthetic gems being released on the mar- 
ket. Another concern among retail jewelers is that syn- 
thetic gemstones are becoming exceedingly difficult to 
distinguish from their natural counterparts. Because syn- 
thetics have been fraudulently sold as natural stones, 
retailers are exercising caution when choosing their sup- 
pliers. Retailers and suppliers alike are confident that lab- 
oratory-created stones will continue to rise in popularity 
with growing consumer acceptance. MD 


TREATMENTS 


Discrimination of a treated jadeite (class B)—judged from 
the colloidal fillings. W. Su, F. Lu, X. Gu, Y. Wu, J. 
Zhang, J. Cai, and P. Zhuang, Journal of Chengdu 
University of Technology, Vol. 25, No. 2, 1998, pp. 
349-353 [in Chinese with English abstract]. 

The identification of “B jade” (i.e., jade that has been 

bleached and then polymer impregnated) is an important 
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matter in the jade trade, and this article describes efforts 
to do this with microscopic observation. The first step is 
to identify which, if any, of three types of materials are 
filling the interstitial areas in the jadeite: (1) natural min- 
erals formed by geologic processes during or after the for- 
mation of the jadeite, (2) very fine grit and/or wax 
emplaced during the cutting and waxing processes, and 
(3) colloidal (polymer) filling materials that are introduced 
during the “B jade” treatment process. Once such mate- 
rials have been located in the sample, their hardness is 
determined with a needle probe under magnification. If it 
is suspected that the filling material is a polymer, this can 
be confirmed by infrared spectroscopy. Taijin Lu 


Fracture healing/filling of Méng Hsu ruby. R. W. Hughes 
and O. Galibert, Australian Gemmologist, Vol. 20, 
No. 2, 1998, pp. 70-74. 


Rubies from the Mong Hsu deposit in Shan State, north- 
east of Taunggyi, Myanmar, present two problems as gem 
materials. The first is their dense “silk” clouds and the 
strong purplish color caused by their unusual blue cores. 
Ordinary heat treatment can be used to eliminate both 
phenomena; the market generally accepts such heat- 
treated stones. The second problem lies in the fact that 
Mong Hsu rubies are typically heavily fractured. These 
fractures are commonly “healed” by heat treatment of 
the stones with borax and other chemicals, which causes 
the surface of the stone to melt and to be redeposited in 
the fractures; undigested material cools as pockets of a 
flux glass. This treatment, which is permanent and irre- 
versible, improves a stone’s durability. In the past, such 
fracture healing/filling was neither reported nor detected. 
Now that it is a known practice, however, the trade must 
decide how to deal with it [see, e.g. the following 
abstract], especially because many dealers (particularly 


those in the Japanese market) reject such filled goods. 
Without such treatment, many of the Mong Hsu rubies 
would have little gem value. RAH 


Thais launch ruby disclosure system. M. Elmore, Colored 
Stone, Vol. 11, No. 6, November-December 1998, 
pp. 1, 30-33. 
After four years of discussions between the Thai Gem 
and Jewelry Traders Association (TGJTA) and the Japan 
Jewellery Association over the glass filling of rubies, a 
new classification (for stones >1 ct) has been adopted to 
give Thai dealers a common language for disclosing ruby 
treatments. The TGJTA’s classification has three cate- 
gories for treated stones: 


A. Natural Ruby: The ruby has been enhanced by heat, 
but at 10x magnification no residue from the heating 
process is visible on or within the stone. 

B. Heat Enhanced Natural Ruby: The ruby has been 
enhanced by heat, and at 10x magnification some 
residue from the heating process is visible within the 
stone. 

C. Heat Treated Natural Ruby with Foreign Substances 
Present: The ruby has been enhanced by heat, and at 
10x magnification some residue from the heating 
process is visible on the surface of the stone and with- 
in the stone. 


Unheated Natural Ruby is a classification used for 
rubies that have not been enhanced in any way. 

While Thai dealers consider the classification system 
adequate, some are skeptical that the disclosure program 
will be successful, as it is voluntary. The TGJTA has no 
enforcement mechanism, and some think a change in 
industry practice will come only when consumers begin 
to require disclosure. MD 


1998 Manuscript Reviewers 


Gems & Gemology requires that all articles undergo the peer-review process, in which each manuscript is 
reviewed by at least three experts in the field. This process is vital to the accuracy and readability of the pub- 
lished article, but it is also time-consuming for the reviewer. Because members of our Editorial Review 
Board cannot have expertise in every area, we sometimes call on others in our community to share their 
intellect and insight. In addition to the members of our Review Board, we extend a heartfelt thanks to the 
following individuals who reviewed manuscripts for GwG in 1998: 


Mr. David Atlas 

Dr. Grahame Brown 
Mr. Derek Cropp 

Mr. Israel Eliezri 

Mr. Al Gilbertson 
Mr. Mike Gray 

Dr. Edward J. Gtibelin 
Mr. Hertz Hasenfeld 
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Dr. Donald B. Hoover 
Mr. Mark Johnson 
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Mr. Glen Nord 


Mr. Dale Perelman 
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NOTHING IS AS 
SIUM UPI Je ens UIE Sle laus: 


omeone asked me recently if gemologists really used 

the infrared, EDXRF, and Raman spectra that we now 

publish in most Gems & Gemology articles. Twenty 
years ago, a good gemologist could identify almost any gem 
material, and most enhancement processes, with straightfor- 
ward gemological testing— refractive index, specific gravity, 
optic character, and the like. Twenty years ago, we did quite 
well (some tell me) without all of this advanced instrumenta- 
tion. A new material like cubic zirconia could be addressed 
quickly and efficiently. The major issues were gem localities, 
cause of color, and interesting new inclusions. Twenty years 
ago, we did not have commercial quantities of flux and 
hydrothermal synthetic sap- 
phires, gem-quality synthetic dia- 
monds, or bleached and impreg- 
nated ‘B’ jade, and few questions 
were asked about the filler used 
in ‘oiled’ emeralds. 

Think about it. Ask yourself 
how many gem materials pre- 
sented to you in a simple white 
parcel paper you could identify 
conclusively —the material, 
whether natural or synthetic, the 
presence and nature of any treat- 
ment—with the same basic equipment gemologists used 
almost exclusively twenty years ago. The stone is green. The 
question no longer is ‘simply’ whether it is emerald, peridot, 
tourmaline, or the like. But rather, once you know it’s emer- 
ald, is it a natural stone or a flux or hydrothermal synthetic? 
Could there be an overgrowth? Is it filled? How extensively? 
With what? Twenty years ago, the grading of near-colorless 
diamonds required primarily determination of color, clarity, 
and finish along with the plotting of inclusions. Now, it 
must first be determined whether it is diamond or a convinc- 
ing imitation, and—if diamond—whether it is natural or 
synthetic. Then, is it fracture-filled? And eventually, perhaps, 
does it show evidence of ‘lightening’ by the GE process? 

Carefully executed standard gemological practices can still 
provide identification for many stones and essential informa- 


Editorial 


“Impressive. What does it do?” 


tion for most others. Once the determination of, for exam- 
ple, RL and S.G. has narrowed the field, microscopic fea- 
tures often will reveal strong indications of natural or syn- 
thetic origin, or whether the stone has been treated. Yet even 
the field of microscopy has changed. In many cases where 
standard inclusions or color zoning cannot conclusively iden- 
tify ‘flawless’ synthetic rubies and sapphires, growth structure 
analysis can make the distinction, but this requires a new 
level of technical knowledge and skill with a microscope. 

The article on the identification of emerald fillers in this 
issue is a good case in point. As the authors note, there are tens 
of thousands of potential emerald fillers. They studied 39 
known and possible filler sub- 
stances—and found that to make 
even basic distinctions between ‘pre- 
sumed natural’ oils and artificial 
resins required a combination of 
techniques, such as microscopy and 
infrared or Raman spectroscopy. 
Even the advanced techniques cannot 
always resolve the challenges posed by 
emeralds that have undergone more 
than one generation of treatment (a 
common practice) or have been filled 
with mixtures of substances. 

Yes, the articles have become more technical and some- 
times can be daunting. And, no, the 21st century gemologist 
does not have to be a spectroscopist, chemist, or physicist. 
However, he or she should develop some understanding of 
how sophisticated techniques in spectroscopy, chemistry, and 
physics can contribute to the gem identification process. As 
new materials and treatments have become more advanced 
and difficult to detect, the means of identification have 
become more complicated as well. Like all good profession- 
als, gemologists must know the limitations of their knowl- 
edge and the outside resources that are available when they 
reach these limitations. An awareness of the capabilities of 
advanced testing methods available in modern gem testing 
laboratories is a must. Because, indeed, nothing is as simple 


Barn 


Alice S. Keller 
EpiTor, Akeller@gia.edu 


as it seems. 
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Heat Exposure May Affect Reflectance 
Testing of Synthetic Moissanite 


In the Winter 1997 Gems & Gemology article by K. 
Nassau et al., “Synthetic Moissanite: A New Diamond 
Substitute,” it was noted that testing with a reflectivity 
meter “can also give diagnostic results” for identifying 
this material, provided great care is taken with the instru- 
ment (see p. 273). Recently, however, scientists at C3 Inc., 
the company that manufactures and distributes synthetic 
Moissanite to the gem trade, discovered that exposure of 
gem-quality synthetic moissanite to high temperatures 
for extended periods of time can result in thin oxide films 
on the surface that may cause a shift in the measured sur- 
face reflectance. While such coatings are beneficial to 
electronics applications of silicon carbide, they can create 
substantial errors when the material is tested on gem- 
stone reflectance meters, potentially causing synthetic 
moissanite to be mistaken for diamond. 

Most commercial reflectance testers bounce an 
infrared beam off the surface to be tested and onto a 
detector that records the intensity of the reflected beam. If 
the surface is composed of a single (homogeneous) well- 
polished material, then the light reflected can be related 
to the refractive index of that material. If, however, a thin 
film of another material coats the surface of the gem- 
stone, the reflectance signal will no longer be related in a 
simple way to the refractive index of the underlying bulk 
material (see, e.g., E. Hecht and A. Zajac, Optics, Addison 
Wesley Publishing Co., Reading, MA, 1979, p. 311). 

In the case of synthetic moissanite (silicon carbide, or 
SiC), a stable, uniform, thin surface film of silicon dioxide 
(SiO,) is produced when the gem material is heated suffi- 
ciently in an oxygen-containing atmosphere. The result- 
ing change in surface reflectance strongly depends on the 
thickness and composition of the oxide film (figure 1). As 
the thickness of the film increases, the measured surface 
reflectance drops through the arbitrarily chosen 
reflectance values for moissanite, diamond, cubic zirco- 
nia, and yttrium aluminum garnet (YAG). In fact, when 
the oxide film reaches a certain thickness, the surface will 
become antireflective and will register as zero on a 
reflectance meter. The exact thickness of the oxide film 
that produces the erroneous diamond reflectance mea- 
surement will vary according to the precise wavelength of 
the infrared beam and the incidence angle used by the 
reflectance tester. 

We performed some simple experiments to confirm 
the predicted reflectance behavior. We tested about 30 


80 Letters 


faceted synthetic moissanites on three standard 
reflectance testers (Presidium, DiamondEye, and Jemeter 
Digital 90) and with the C3 Tester Model 590, and veri- 
fied that they measured as moissanite. (With a thermal 
conductivity probe, the same samples registered as “dia- 
mond.”) The stones were then heated in air for varying 
times using a furnace. Although the times and tempera- 
tures used were more extreme than those encountered in 
typical jewelry fabrication, they were still well below 
those required to cause damage (e.g., surface pitting visi- 
ble at 50x-100x magnification) to the stones. The stones 
were re-measured on the reflectance testers. Depending 
on the time and temperature of heating, the treated sam- 
ples of synthetic moissanite measured incorrectly as dia- 
mond, cubic zirconia, or YAG; longer exposure to the 
heat treatment produced lower values of surface 
reflectance as the oxide film grew thicker. The results 
given by the different reflectance meters were in general 
agreement. A surface reflectance measurement equivalent 
to that of diamond was produced by a 40- to 60-nm-thick 
film of oxide, which is very difficult to detect using com- 
monly available means; no visible changes in the appear- 
ance of the heated stones could be seen. Note that, after 
treatment, all of the faceted synthetic moissanites still 


Figure 1. The surface reflectance of synthetic 
moissanite is reduced by the thermal growth of an 
oxide film. The measured reflectance value may 
equal that of diamond or any lower-R.I. gem materi- 
al, depending on the thickness of the oxide coating 
(as shown here for a 45° incident beam angle). 


% REFLECTANCE ————>- 


0 50 100 150 200 
OXIDE THICKNESS (nm) 


GEMS & GEMOLOGY Summer 1999 


tested as “diamond” with a thermal conductivity probe, 
but they were correctly identified by the C3 Tester Model 
590 as synthetic moissanite. Other distinguishing gemo- 
logical features (e.g., doubling of the back facets) also 
remained the same. 

The oxide film produced by the high-temperature 
treatment was extremely robust and could not be 
removed by solvents, ultrasonic cleaning, or by most 
acids. However, use of standard hydrofluoric-acid-based 
glass etchants for silicon dioxide did restore the surface 
reflectance readings to their initial values. 

Testing of faceted synthetic moissanites (about 20 
samples) that had been subjected to normal jewelry opera- 
tions, such as the re-tipping of prongs on a ring, did not 
produce any modifications to the surface reflectance 
unless the samples were heated excessively. Given the 
very slight amount of oxidation required to produce a sub- 
stantial measurement error, it is conceivable that such a 
film might be grown inadvertently during jewelry manu- 
facturing or repair. C3 has no plans to manufacture or sell 
faceted synthetic moissanite that has a modified surface 
reflectance. Nevertheless, because the possibility exists 
that intentional or unintentional surface reflectance 
modifications may occur, C3 does not recommend 
the use of reflectance testing as an independent 
means for distinguishing synthetic moissanite gem- 
stones from diamond. 


Mark Kellam, Ph.D. 
Director of Technology, C3 Inc. 
Morrisville, North Carolina 


Comments on the Sources 
of Blue Diamonds 


I read with great interest the article “Characterizing 
Natural-Color Type IIb Blue Diamonds,” by J. M. King et 
al., which appeared in your Winter 1998 issue. The intri- 
cate scientific information on a difficult subject such as 
color and electron resonance is well presented and 
explained; however, some inaccuracies have crept into 
the section on history and geographic origin. 

Although it is customary to speak of “Golconda dia- 
monds,” in actuality there are no observed mines or dia- 
mond occurrences at or near the city of Golconda. The 
famous Indian diamonds, including the Koh-i-Nur, were 
found in the peripheral areas of the ancient Golconda 
Kingdom, in the valley of the lower course of the Krishna 
River. This is a distance of 120 miles (193 km) from 
Golconda. This city was the capital of the ancient king- 
dom, where all diamonds found in the surrounding region 
were traded. The old fortress of Golconda still exists, and 
is located 10 miles west of Hyderabad. 

Note also, in the last paragraph on page 249, that it 
should be the Helam mine near Swartsruggens, and Sierra 
Leone is better described as being in West Africa. 

Nonetheless, I think that this is a very authorita- 
tive paper, and it gets my vote for most valuable arti- 
cle of the year. 


Dr. A. J. A. (Bram) Janse 
Diamond Exploration Consultant 
Perth, Western Australia 


IN MEMORIAM 
D. VINCENT MANSON (1936-1999) 


Gems &) Gemology mourns the loss of Vince Manson, 
who passed away on July 3 following a year-long battle 
with cancer. At the time of his death, at age 63, Dr. 
Manson was an associate editor of Gems &) Gemology (a 
position he had held for 19 years) as well as 
GIA’s director of strategic planning. Most 
recently, he was chairperson of the Third 
International Gemological Symposium, 
which was held in San Diego on June 21-24. 
Although Dr. Manson was not able to attend 
the 1999 Symposium because of his illness, 
he learned from his many visitors of the 
overwhelming success of the event he had 
spent three years planning. He originally 
established the concept of the International 
Gemological Symposium, and also chaired 
the first and second Symposia in 1982 and 
1991. 

Vince Manson received his Bachelor of Science and 
Master’s degrees in geology from the University of 
Witwatersrand in South Africa. He subsequently spent 
two years at the De Beers Diamond Research Laboratory 
in South Africa and six months doing geochemical 
prospecting in Nova Scotia. In 1964, he earned his Ph.D. 
in geology from Columbia University. For the next 12 


Letters 


years, Dr. Manson was curator of gems and minerals at 
the American Museum of Natural History in New York. 
He joined GIA in 1976 and was responsible for establish- 
ing the Research Department. Among his many other 
technical accomplishments, he served as a 
consultant for the widely acclaimed docu- 
mentary “The Time of Man,” and was co- 
producer for both the Time-Life film “Our 
Dynamic Earth” and the award-winning 
“Gems of the Americas.” 

In addition to his role as associate editor 
of Gems # Gemology, Dr. Manson is 
remembered for his comprehensive articles 
on garnet classification, which he co- 
authored with GwG technical editor Carol 
Stockton. The final article in this series, “A 
Proposed New Classification of Gem-Quality 
Garnets,” won the journal’s most valuable 
article award for 1985. 

Vince Manson is survived by his wife Averil, sons 
Dirk and Scott, and four grandchildren. At the family’s 
request, GIA has established the D. Vincent Manson 
Fund for Gemological Research in his honor. Admired for 
his vision and intellect, treasured for his wit and warm- 
hearted laughter, he will be profoundly missed. 
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ON THE IDENTIFICATION 
OF VARIOUS EMERALD 
FILLING SUBSTANCES 


By Mary L. Johnson, Shane Elen, and Sam Muhlmeister 


Criteria for distinguishing emerald filling sub- 
stances were investigated. Thirty-nine fillers 
were divided into six substance categories— 
three “presumed natural” (essential oils 
[including cedarwood oil], other oils, waxes) 
and three “artificial resin” (epoxy prepoly- 
mers, other prepolymers [including UV-setting 
adhesives], polymers). Regardless of their 
composition, fillers with R.I.’s of 1.54 or above 
show flash effects in emeralds. On the basis of 
Raman and infrared spectroscopy, the fillers 
could be separated into five spectral groups, A 
through E. Most, but not all, commonly used 
artificial resins have spectra distinct from that 
of cedarwood oil. However, the detection of 
one substance in a fissure does not imply that 
all others are absent. 
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he vast majority of emeralds on the market today 

have undergone clarity enhancement; identification 

laboratories estimate that about 90% of the emeralds 
they see (most of which are high quality) have been clarity 
enhanced in some fashion (Genis, 1997; Hanni et al., 1997). 
In recent years, however, there has developed a growing 
need to reach a consensus on acceptable trade practice 
regarding such clarity enhancements, and to find appropri- 
ate ways to disclose this information in the marketplace. 

If clarity enhancement is a cause for concern, why is it 
done? For one thing, as they are recovered, most emeralds 
have many fissures (see, e.g., Sinkankas, 1981; Ottaway et 
al., 1994). In addition, there are many more potential emer- 
ald buyers with high expectations of color and clarity (see, 
e.g., figure 1} than there are untreated gems to satisfy this 
demand. Filling substances that almost match the refractive 
indices of the host emerald make the fissures less notice- 
able, especially to the unaided eye (figure 2). Even colorless 
fillers improve the color appearance: The light that would 
scatter from an unfilled fissure (and thus lighten the appar- 
ent color) is no longer visible (Ringsrud, 1983). 

Major colored stone trade organizations—such as the 
International Colored Gemstone Association (ICA) and the 
American Gem Trade Association (AGTA]—as well as the 
international jewelry organization CIBJO, recommend that 
gemstone treatments be disclosed at every stage of the dis- 
tribution process. However, the trade continues to debate 
exactly what should be disclosed and how it should be dis- 
closed. In particular, emeralds are less salable in some mar- 
kets if they are perceived to contain some filler substances 
such as “Opticon” (an epoxy resin) rather than others such 
as cedarwood oil. However, one proposal to distinguish “oil- 
ing” from enhancement with epoxy resins was voted down 
by ICA members as unworkable (“Congress votes. . . ,” 
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Figure 1. The desire for 
beautiful emeralds has 
fueled the practice of fill- 
ing surface-reaching fis- 
sures with oils or resins. 
This jewelry demonstrates 
the irreplaceable beauty 
that emeralds provide. 
The 5.79 ct oval-cut emer- 
ald on the left is surround- 
ed by 2.84 ct of diamonds, 
while the 5.40 ct emerald 
on the right is surrounded 
by 2.59 ct of diamonds. 
Rings courtesy of Henry 
Dunay; photo © Harold & 
Erica Van Pelt. 


1995). In 1997, ICA decided to delay an emerald 
promotion due to lack of a consensus on the enhance- 
ment issue (“Review on ruby promotion,” 1997). 

A number of reasons have been given for the 
need to determine the nature of a particular filling 
material. First, there is the growing body of anecdo- 
tal evidence that various fillers “age” differently, 
thus changing the appearance of the enhanced 
emerald over time. For instance, Ringsrud (1998) 
reported that the artificial resin “palm oil” (also 
called “palma”) turns white within a few months in 
about 20% of the emeralds filled with this sub- 
stance. Federman (1998a) noted that “traditional” 
natural oils and resins (such as cedarwood oil and 
Canada balsam) could dehydrate or leak out. 
Kammerling et al. (1991) experimentally deter- 
mined that Opticon treatment was somewhat more 
durable than cedarwood oil and Canada balsam, but 
that all three treatments were affected by routine 
cleaning and jewelry-manufacturing processes. In 
addition, due to the variety of growth conditions, 
emeralds from different localities may not respond 
similarly to the same filler. Last, different cultures 
may find some fillers more acceptable than others. 

The purpose of this article is to critically evalu- 
ate the effectiveness of various methods for distin- 
guishing among clarity-enhancement substances. 
The main methods currently in use are the “flash 
effect” (usually seen with magnification), Raman 
microspectrometry, and infrared spectroscopy. This 
investigation is part of an ongoing study of emerald 
fillers; other aspects of emerald enhancement will 
be addressed in future articles. 


Emerald Filling Substances 


HISTORICAL BACKGROUND 


Clarity Enhancement in Emeralds. Emeralds from 
all sources generally contain fissures, and emerald 
processing (e.g., mining, fashioning, and jewelry 
manufacturing) can add fractures as well. The filling 
of such surface-reaching features (hereafter called 
fissures) to make them less visible has been prac- 
ticed for centuries. The first description of “oiling” 
of green gems (probably turquoise, but possibly 
emeralds) was made by Pliny the Younger in about 
55 AD. At least by the 14th century, reference was 
being made to the oiling of emeralds in particular 
(Nassau, 1994). 

The first references to emerald treatments and 
their detection in the gemological literature are 
much more recent. Nassau (1994) cites the sixth edi- 
tion of Liddicoat’s Handbook of Gem Identification 
(1962) as the first gemology book to mention oiling, 
although it was occasionally mentioned earlier in 
Gems #& Gemology (Crowningshield, 1958, 
1960-1961; Benson, 1960). Subsequently, Gems & 
Gemology published two comprehensive articles 
describing some of the techniques and substances 
used to “clarity enhance” emeralds (Ringsrud, 1983; 
Kammerling et al., 1991). Hanni (1988) described 
the detection of filled fissures. 


Disclosure. We examined records from two major 
auction houses, Christie’s and Sotheby’s, and found 
that disclaimers regarding filling substances in 
emeralds were first published in November 1992, 
(Sotheby’s, 1992a, 1992b) and November 1993 
(Christie’s, 1993). The clarity enhancement of a par- 
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ticular emerald was first noted in October 1993 
(Sotheby’s, 1993). Although various classes of possi- 
ble filling materials—oil, natural resin, and artificial 
(or synthetic) resin—were noted in these early dis- 
claimers, the specific substance categories were not 
disclosed for individual emeralds (see Box A for a 
discussion of filler substance classification). The dis- 
closure statements were made more explicit in 
early 1997 (Federman, 1997). However, specific 
“types” of enhancements (e.g., “oil type”) were first 
noted in October 1997 (Christie’s, 1997a). 


Clarity Enhancement Substances. Although there is 
almost universal agreement that most emeralds 
need some treatment to be salable, there is still lit- 
tle agreement as to which filling substances are 
acceptable and why one substance is preferable to 
another. A good filling substance should have cer- 
tain properties: It should hide fissures, it should 
flow into the fractures (i.e., be liquid, at least initial- 
ly), it should hold up over time or else be easy to 
restore, and it should be removable or not have any 
physical properties that might later harm the stone 
(e.g., during jewelry repair or repolishing). It should also 
have an RI. similar to that of the stone being treated. 
Several substances have been used by the trade 
to fill fissures in emeralds. M. Kostetski (pers. 
comm., 1999) used linseed oil as an emerald filler in 
the 1930s through 1960s, and C. Altobelli (pers. 
comm., 1999) used rapeseed oil (now usually called 
canola oil) from the late 1940s onwards. 
Crowningshield (1958) mentioned “3-in-1 penetrat- 
ing” oil, whale oil, and mineral oil. Ringsrud (1983) 
noted clove oil in addition to Merck cedarwood oil 
and Merck Canada balsam. Hanni (1988) mentioned 
also sperm whale oil, paraffin, and an unspecified 
artificial resin. Kammerling et al. (1991) noted that 
cedarwood oil and Canada balsam were considered 
“traditional” filling materials, with Opticon 224 
resin (generally only surface hardened) as a newer 
substitute. Kennedy (1998) described clarity 
enhancement of emeralds in Brazil: Although baby 
oil and cedarwood oil (“cedro”) were mentioned, 
Brazilian goods were usually treated with 
“Opticon.” (It is important to remember that, as 
Federman [1998b] cautioned, not all epoxy resins are 
Opticon, which is a specific substance with a regis- 
tered trade name; nevertheless, “Opticon” is often 
misused as a generic term in the trade.) Ringsrud 
(1998) wrote that a “synthetic resin” known as 
“palm oil” was used heavily in Colombia from 1990 
to 1996. Three widely discussed enhancement sub- 


84 Emerald Filling Substances 


stances at the present time are cedarwood oil, 
Opticon resin, and “palm oil” (Box B). 

In fall 1997, we asked 33 emerald dealers world- 
wide to tell us which emerald treatments they 
were aware of. We received 12 responses (one each 
from Israel, Italy, and Switzerland, and the rest 
from the U.S.). Each of the following substances 
was mentioned by at least one dealer: “natural and 
synthetic oils and resins,” Opticon 224 resin (with 
or without hardener), green-colored oil, wax, 
paraffin, “cedarwood oil with hardener,” “WD 
40,” Joban oil, “Yehuda treatment,” Arthur 
Groom-—Gematrat treatment, linseed oil, epoxy 
fillers, and plastic sealers. 

To many, the most important distinction is that 
between oils and artificial resins. As summarized by 
Chalain et al. (1998): “the use of artificial resins to 
fill emeralds has only been significant in the last fif- 
teen years... . Unlike oils, artificial resins act to 
‘consolidate’ emeralds. . . . It is easy to replace oil 
that oozes out, but hard to get rid of altered resins.” 
The Guide reported that 64% of the dealers surveyed 
at Tucson in February 1997 thought that the clarity 
enhancement of emeralds with colorless oil was 
acceptable, while fewer than 48% found “Opticon” 
treatment acceptable (“Survey: Emerald treat- 
ments,” 1997). However, no “natural” filler current- 
ly in use is found within emeralds in nature; all are 
added during clarity enhancement (Genis, 1997). 

From our discussions with members of the trade, 
we also know that certain fillers are used not only 
individually, but in mixtures as well. For example, 
treaters have experimented with mixtures of 
Canada balsam and cedarwood oil (Ringsrud 1998) 
to see if an “all-natural” material can replace cedar- 
wood oil as an emerald filler. Such experiments 
were prompted by reports of a change in the viscosi- 
ty of Merck cedarwood oil, which had been evident 
since the late 1980s (as reported by Johnson and 
Koivula, 1998b). It is also possible that mixtures of 
oils and artificial resins have been used. 

In addition, many stones have undergone several 
generations of enhancement (i.e., treatment, clean- 
ing, and re-treatment—sometimes with a new sub- 
stance). Residues of earlier treatments may be left 
deep within an emerald. This further complicates 
the identification process (H. Hanni, pers. comm., 
1998; C. Smith, pers. comm., 1999). 


Previous Work on Characterizing Fillers. 
Gemological determination of clarity enhancement 
in emeralds has been described by GIA researchers 
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Tanganyika Territory 

The most interesting development 
in diamond production is the sudden 
prominence of Tanganyika as a 
source. Recent press reports indicate 
the discovery of a tremendous 
“pipe” in the territory. 

Tanganyika Territory found its 
first diamond in 1910 or thereabouts 
and, while a few stones were re- 
covered from 1921 to 1925, the first 
real production began in 1926 
(6,695% carats) and by 1928 had 
reached 24,680% carats. Production 
then slumped and in 1932 it was but 
1,387 carats. In the late thirties 
production slightly increased and in 
1941 it jumped to 29,046 carats and 
in 1948 to 52,998 carats, due to new 
discoveries in the Shinyanga dis- 
trict. Since then exports (to all in- 
tents and purposes, production) 
have inereased as the following 
figures show: 

Ist % of 1944..... 42,000 carats 


2nd % of 1944 48,067 carats 
Average price per carat 65s. 9.25d. 

Ist. % of 1945 61,818 carats 

2nd % of 1946.... 53,848 carats 
Average price per carat 125s. 6.13d. 


The 1945 exports (and produc- 
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tion) totalled 115,666 carats, worth 
£725,759. 

Some of the stones are large; for 
example, in 1944 a 67 and a 120- 
carat gemstone were found, and the 
average size is almost 1 carat. Good 
gemstones are produced, also excel- 
lent industrials. The gravels are 
associated with kimberlite pipes, but 
not necessarily with the pipe in 
which the gravel occurs, the control 
apparently being that the readily 
eroded pipe forms a depression, en- 
trapping the gravel. While some of 
the pipes contain diamonds none 
carry a commercial content. (Writ- 
ten before recent press releases.) 

The diamonds come largely from 
two localities, Mabuki and Kisumbi 
(near Shinyanga); of lesser im- 
portance are Usongo and the Lake 
Prospect. 

The new Tanganyika development 
and the reopening of the Premier 
and other “pipe” mines scheduled 
for 1947 alters the gem production 
outlook considerably. By 1948 or 
1949, the gem diamond situation 
should be measurably improved. 


Richard T. Liddicoat, C.G. 


Wyoming “Jade” 


To check the authenticity of a 
recent newspaper report of a new 
“Jade” deposit at Kemmerer, Wy- 
oming, the Gemological Institute of 
America wrote to the Geological 
Survey of Wyoming. Mr. Horace D. 
Thomas, Wyoming State Geologist, 
replied that specimens of the Kem- 


merer material had been examined 
and were determined to be chert 
(quartz). 

Specimens of what had been re- 
ported to be jade from Wyoming 
were recently examined in the lab- 
oratory of the Gemological Institute 
and proved to be fine green quartzite. 


Kammerling et al. (1991) and Johnson et al. (1998a}, 
as well as in several Gems & Gemology Gem Trade 
Lab Notes (see, e.g., Fryer et al., 1984; Hurwit, 1989, 
Kane, 1990; Kammerling, 1993; and Kammerling et 
al., 1995). One distinguishing feature is the “flash 
effect” seen with magnification in some filled emer- 
alds, which is similar to that seen in fracture-filled 
diamonds (Kammerling et al., 1994). 

Two relatively recent technological advances 
have made possible the characterization of specific 
filling materials within gemstones. The first was 
the development of a Raman spectrometer designed 
for gemological use (the Renishaw laser Raman 
microspectrometer; see, e.g., Hanni et al., 1996a). 
The second was the adaptation of Fourier-transform 
infrared (FTIR) reflectance spectroscopy to probe 
within an emerald (see, e.g., Zecchini and Mait- 
rallet, 1998). 

In 1994, the Asian Institute of Gemmological 
Sciences (AIGS; Bangkok, Thailand) was among the 
first gemological laboratories to use a Raman 
microspectrometer for gemological characteriza- 
tions. The Raman spectra of Opticon 224 prepoly- 
mer and polymer, and several other fillers, were pre- 
sented at an ICA-organized meeting in Bangkok in 
1994 (K. Scarratt, pers. comm., 1999). Mr. Scarratt 
currently offers filler identification services at the 
AGTA Gemological Testing Center, in New York 
City. 

The SSEF Swiss Gemmological Institute has 
been particularly open in sharing the criteria that 
they use for filler identification (see, e.g., Hanni et 
al., 1997; Hanni, 1998; SSEF Swiss Gemmological 
Institute, 1998; Weldon, 1998b). The techniques 
employed by SSEF include microscopy, observa- 
tions of fluorescence, reflectance infrared spectrom- 
etry, and (since 1995) Raman microspectrometry. 
Hanni et al. (1996a) described four substances that 
are used to fill emeralds: cedarwood oil, an artificial 
resin, “universal oil,” and a wax. Since 1988, SSEF 
has examined at least 13 different artificial resins 
(seven epoxy and other hardening resins, and six 
UV-setting resins; Chalain et al., 1998). 

Zecchini and Maitrallet (1998) have used 
reflectance infrared spectroscopy to characterize 
eight potential emerald-filling materials and two 
related substances, both as loose materials and as 
fillers in emeralds. This research team represents a 
collaboration between the Université de Franche- 
Comté and the Service du Contrél des Diamants, 
Pierres et Perles of the Paris Chamber of 
Commerce. 
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BEFORE AFTER 


R.I. = 1.531 


R.I. = 1.550 


R.I. = 1.570 


Figure 2. These before-and-after photographs illus- 
trate that the fissures in emeralds become less vis- 
ible as the R.1. of the filling material increases. 
Shown are fillers with R.I.’s of 1.500, 1.517, 1.531, 
1.550, and 1.570. The refractive indices of the five 
emeralds ranged from 1.569 to 1.580. Photos by 
Maha DeMaggio. 


GEMS & GEMOLOGY Summer 1999 85 


Box A: CLASSIFICATION OF FILLING SUBSTANCES: 
OILS, ESSENTIAL OILS, RESINS, PREPOLYMERS, AND POLYMERS 


Several substances have been used in the clarity 
enhancement of emeralds. Some are called “oils” 
(e.g., Cedarwood, paraffin, whale, 3-in-1, “palma”), 
and some “resins” (e.g., Canada balsam, unhard- 
ened Opticon 224). Since the substances used to fill 
emeralds originally come from various branches of 
chemistry (from perfumes to polymers), with some- 
what different definitions for each field, it is impor- 
tant to create a consistent terminology for use by 
gemologists. 

The following definitions are taken from techni- 
cal and popular dictionaries, including Webster’s 
Ninth New Collegiate Dictionary (Webster’s, 1987) 
for “everyday” English; Stecher et al. (The Merck 
Index, 1968), Alger (1989), and Brady and Clauser 
(1986) as general chemical and technical dictionar- 
ies; Sivry (1985) for European usage; Elias (1993) and 
Lee and Neville (1967) for plastics; Herout (1982) for 
perfumes; and Mutton (1982) for the wood products 
industry. Information on the trees from which certain 
filling materials are derived is from Lincoln (1986). 


OIL 

Oil originally meant olive oil, which is not general- 
ly used in emeralds today. Its common meaning is 
one of “numerous unctuous combustible sub- 
stances that are liquid or at least easily liquefiable 
on warming, are soluble in ether but not in water, 
and leave a greasy stain on paper or cloth” 
(Webster’s, 1987). However, oil means one thing to 
petroleum chemists, who use it to refer to long- 
chain hydrocarbons of a certain weight (e.g., paraf- 
fin oil); something else to cooks and nutritionists, 
who use it to refer to triglycerides (e.g., olive oil, 
sesame oil); and something else again to perfume 
chemists, who use it to refer to essential oils (e.g., 
cedarwood oil, clove oil; see below). 


Essential Oils. Some compounds—such as cedar- 
wood oil—are “essential oils.” These compounds 


are extracted from their host plants using solvents. 
According to the Polymer Science Dictionary 
(Alger, 1989), “an essential oil is the predominantly 
volatile material isolated by some physical process 
from an odorous single-species botanical. Over 
3000 oils have been identified. . . . Essential oils are 
generally liquid at room temperature; however, 
some are semisolid and several are solid. ... 
Essential oils are made up of carbon, hydrogen, and 
oxygen, and occasionally nitrogen and sulfur. . . . It 
is not uncommon for an essential oil to contain 
over two hundred components.” 

The main components of many essential oils 
have been synthesized (again, including cedarwood 
oil—see, e.g., Stecher et al., 1968), and commercial 
essential oils may be partially or wholly synthetic. 
Because of their volatility, open containers (such as 
an emerald) of essential oils cannot be stable over 
time, since the fragrant components are continu- 
ously lost to the atmosphere (or they would not 
reach our noses, to be smelled). 


Other Oils. Because “essential oils” differ from 
“other oils” (such as mineral and vegetable oils) in 
many respects (volatility, viscosity, chemistry, and 
infrared and Raman spectra), we have treated these 
as separate categories when reporting the results of 
our research. 


RESIN 


Resin originally meant pine sap. Today, resin can 
mean (at least) three different things: natural plant 
exudates (i.e., saps), either hardened or unhardened; 
hardened manufactured polymers; or the unhard- 
ened prepolymer “building blocks” that can be 
used to make manufactured polymers (Webster’s, 
1987; Stecher et al., 1968; Alger, 1989). Natural 
resins can harden (polymerize) over time (e.g., 
amber, copal). The emerald filler Canada balsam is 
generally considered a natural resin, and the essen- 


MATERIALS AND METHODS 

Almost every chemical product (including natural 
compounds and extracts} available in the U.S. has a 
Chemical Abstracts Service (CAS) registry number, 
and—if there is any possibility of a hazard associat- 
ed with the material—a Material Safety Data Sheet 
(MSDS). Details about a chemical compound can be 
found in many databases if the CAS registry num- 
ber is known; this is accessible on the World Wide 
Web at www.cas.org. (Another useful database, 
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ChemFinder, is available at www.chemfinder.com.) 
The MSDS sometimes contains information on the 
color, odor, specific gravity, and other properties of 
the material. 

Safety is an issue when working with any 
chemical substance: The MSDS discloses haz- 
ardous constituents and their associated risks. Many 
of the substances in this article pose slight-to-high 
acute (short-term) health risks. For the most part, 
they can affect skin, eyes, mucous membranes, 
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tial oil cedarwood oil is considered a resin by the 
wood pulp industry (Mutton, 1982). 


Polymers and Prepolymers. A polymer is a large 
molecule made up of repeating units of smaller 
molecules. The smallest such unit is a monomer 
(figure A-1). We prefer to use the term prepolymers 
for the small units that are assembled into poly- 
mers, since they could be either monomers or a few 
monomers attached together. They polymerize—or 
harden—with the use of a chemical catalyst, illu- 
mination, heat, or time. 

Specific polymers and prepolymers are named 
after the parts of their chemical structures that 
attach these units together. Epoxy resins have two 
carbons bonded to each other and to the same oxy- 
gen; bonds in this epoxide group break in order for 
the prepolymers to be linked. Most artificial resins 
used to fill emeralds (e.g., Opticon 224, Epon 828, 
Araldite 6010) are based on one type of epoxy 
molecule, diglycidyl ether of bisphenol A (DGEBA). 
They are introduced into the emeralds as prepoly- 
mers, and then may be polymerized later. However, 
UV-setting adhesives, which are also used to fill 
gems, are based on different chemical compounds, 
usually methacrylates. These also polymerize, but 
their infrared and Raman spectra are different from 
those of the epoxies. 


“Synthetic” versus “Artificial” Resin. Chemists 
use the term synthetic differently from gemolo- 
gists: For a chemist, a synthetic chemical is one 


that was made from other chemicals, regardless of 
whether or not it has a natural analog; in gemology, 
only a material with a natural analog can be called 
a “synthetic.” Some of the “natural” filler materi- 
als we examined contained synthetic ingredients 
(e.g., one of the cedarwood oils; see Box B}, or were 
stated to be completely synthetic (Sigma cinnamon 
oil). We know of no nondestructive technique to 
determine whether a filler with a “natural” compo- 
sition within an emerald is “completely” natural. 
As a consequence, we refer to the possibly natural 
materials in this article as “presumed natural,” 
since there is no way to independently guarantee 
that they are completely natural. 

The emerald trade frequently uses the terms 
resin or synthetic resin to refer to epoxy prepoly- 
mers and polymers such as Opticon 224, Epon 828, 
and Araldite 6010. As we have seen, both resin and 
synthetic are ambiguous. However, artificial resin 
is an unambiguous term that can be used for both 
liquid prepolymers and solid polymers. 


WAX 


Another material sometimes encountered as a filler 
(or luster enhancer) in gems is wax. This term origi- 
nally meant “beeswax,” but it now also includes 
various similar substances (Webster's, 1987) with 
higher molecular weights, on average, than oils. 
Common waxes include: beeswax, spermaceti 
(from the sperm whale), vegetable waxes, and min- 
eral waxes (including paraffin wax; Brady and 
Clauser, 1986). 


a 


7 


Figure A-1. Snap-Lock™ beads illustrate the 
concept of polymerization. Polymers are 
large molecules (right) made from smaller 
identical pieces—monomers (here, one 
bead) or other prepolymers (a few linked 
monomers; here on the left, two beads). 
Usually, prepolymers are liquid and poly- 
mers are solid. Photos by Maha DeMaggio. 


and lungs; some can cause mutations in dividing 
cells; and most are flammable. Persons wishing to 
experiment with any of these substances should 
consult the relevant MSDS and follow recom- 
mended procedures scrupulously. Although most 
emerald filling substances present some health 
hazard to the experimenter, they are probably not 
dangerous to the ultimate consumer. (However, 
some people are allergic to cedarwood oil; Bleu- 
mink et al., 1973.) 
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Filling Substances. For this study, we chose fillers 
that we knew were commonly used in the trade 
(e.g., Baker and Merck cedarwood oils, Opticon 224 
resin}, some that have been used previously (e.g., 
clove oil; Ringsrud, 1983), some that were stated to 
be in use now (e.g., UV-setting adhesives; C. Osorio, 
pers. comm., 1998; D. Allen, pers. comm., 1998), 
and some that were easily available but not known 
to be in use (e.g., sesame oil, Epo Tek prepolymers). 
We selected the fillers in this last set because they 
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Three of the most-discussed enhancement sub- 
stances at this time are cedarwood oil, Opticon 224, 
and “palma.” Cedarwood oil from one source 
(Merck) and Opticon 224 were profiled by 
Kammerling et al. (1991). 


WHAT IS CEDARWOOD OIL? 


Cedarwood oil is one of the most widely accepted 
filling substances today, both because it is per- 
ceived as a natural oil, and because it has a higher 
R.I. and viscosity than other traditional oils (e.g., 
linseed, rapeseed oil). Detailed information about 
this essential oil comes from the perfume industry 
(see, e.g., Herout, 1982), where it is used in the pro- 
duction of perfumes and soaps; it is also used in 
medicine and microscopy, and as an insecticide 
(Stecher et al., 1968). 


Natural sources. Cedarwood oil is extracted from 
several coniferous trees, especially the junipers 
Juniperus virginiana (Virginia cedarwood oil), J. pro- 
cera (Kenya cedarwood oil), and J. mexicana (Texas 
cedarwood oil), among others; however, some 
cedarwood oil is still produced from the true cedar 
Cedrus atlantica (Atlas cedarwood oil; Herout, 
1982). Both Texas and Atlas cedarwood oils have 
the same CAS registry number, 68990-83-0, while 
most other cedarwood oils have the CAS registry 
number 8000-27-9. 


Composition. Cedarwood oil is primarily composed 
of tricyclic compounds (molecules with three car- 
bon rings), including cedrol, cedrene, and cedrenol. 
All these chemicals are synthesized, and commer- 
cial cedarwood oils may contain either the synthet- 
ic or natural compounds (or both) plus other (syn- 
thetic and/or natural) ingredients (Stecher et al., 
1968; Herout, 1982). 

We looked at five commercially available cedar- 
wood oils from four different sources, all of which 
were suggested to us by individuals in the emerald 
trade. These were: Baker cedarwood oil for immer- 
sion, EM (Merck) cedarwood oils for immersion and 
for clearing, Shemen Tov (Texas) cedarwood oil, and 
“aceite de cedro” from Antonio Negueruela S.A. 


Box B: CEDARWOOD OIL, 
OPTICON, AND “PALM OIL” (“PALMA”) 


We inquired about the composition of each 
cedarwood oil from its distributor, and received 
replies from Russell Lance at Mallinckrodt Baker 
Inc., Rande Klein at EM Science (Merck), Lee Saal 
at Shemen Tov, and Antonio Negueruela at 
Antonio Negueruela S.A. Because some of the 
information we received was proprietary, we will 
not describe their responses in detail. None of the 
distributors manufactured the cedarwood oil them- 
selves, and all regarded their sources as proprietary. 
Three distributors stated that the material was all 
natural, but the fourth acknowledged a consider- 
able amount (but less than 50%) of synthetic ingre- 
dients. Another distributor mentioned that their 
cedarwood oil also contained rosin (tree sap from 
which the turpentine has been distilled, according 
to Brady and Clauser, 1986) and a castor oil solubi- 
lizer. None contained Canada balsam. No distribu- 
tor specified which species of tree the cedarwood 
oil came from, or the extraction technique used. 
Despite the differences in composition, four of the 
cedarwood oils had the same CAS registry number, 
8000-2.7-9; the Shemen Tov (Texas) cedarwood oil 
had CAS registry number 68990-83-0. 

We also asked the distributors to explain the dif- 
ference between cedarwood oil for clearing and that 
for immersion. They replied that these have slight- 
ly different formulations because they have differ- 
ent uses in biological microscopy. Cedarwood oil 
for immersion has a higher refractive index (see 
table 1 in text), and is the substance typically used 
to fill emeralds. 


Physical and Optical Properties. These are given in 
table 1 in the text; all were somewhat variable. 
Infrared spectra (figure B-1) were similar for all but 
the Merck cedarwood oil for clearing, which had a 
spectrum closely resembling the spectra of Norland 
Optical Adhesives 63 and 65. Raman spectra (also 
in figure B-1) showed small variations in detail, 
with the Baker cedarwood oil the most distinctive. 
In short, there are many slight differences 
among cedarwood oils, as this substance is not a 
single chemical compound and it can come from 
several sources. Although some of these differences 


fit into substance categories commonly used as 
emerald fillers and they have R.I.’s close to those of 
emerald. 

Rather than refer to each substance individually, 
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we sought to establish categories of related materi- 
als (e.g., oil, resin). However, when we looked into 
the definitions of these categories, we found ambi- 
guity, both in the meanings attributed to specific 
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are detectable within emeralds, we do not yet know 
if any are significant. 


WHAT IS OPTICON? 

The term Opticon should properly refer only to the 
epoxy resin Opticon 224, manufactured by Hughes 
Associates, Victoria, Minnesota. This artificial 
resin may be used in emeralds as a liquid prepoly- 
mer or a hardened polymer. The most common 
procedure (Kammerling et al., 1991) is to fill emer- 
alds with liquid Opticon and brush the catalyst on 
the surface to provide a hardened surface layer. 
Because Opticon 22.4 is a DGEBA (see Box A) epoxy 
resin, it cannot be separated easily from other 
DGEBA resins by spectroscopic means, especially 
when it is within an emerald. 


WHAT IS “PALM OIL” OR “PALMA”? 

According to anecdotal evidence (J. Rotlewicz and 
R. Giraldo, pers. comm., 1998), when the viscosity 
of Merck cedarwood oil changed in the 1980s, 


Figure B-1. The five cedarwood oils we examined had slightly different infrared and Raman spectra. 
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Colombian emerald laboratories began using 
“palma” or “palm oil” instead. This substance 
more closely matched the R.I.’s of emerald than 
cedarwood oil did—disguising the fissures well— 
but it was distinguished from cedarwood oil by its 
“flash effect” (Ringsrud 1998). 

At first, dealers believed from the name that 
this was another natural oil. “Palm oil” is “aceite” 
(or “azeite”) “de dende” in Spanish, but castor bean 
oil has been translated as “aceite de palma.” 
However, both of these substances have relatively 
low refractive indices (about 1.475), so they would 
not show a “flash effect.” 

The material represented as “palma” is probably 
an unhardened epoxy prepolymer resin. Both Araldite 
6010 and Epon 828 have been proposed as the identi- 
ty of “palma” (the former by A. Groom, pers. comm., 
1997, and by C. Osorio, J. Rotlewicz, and R. Giraldo, 
pers. comms., 1998; the latter by C. Beesley, pers. 
comm., 1998). The R.I.’s and infrared and Raman 
spectra of these substances are nearly identical. 
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terms and in the ways these terms are applied by 
different branches of chemistry (again, see Box A). 
Nevertheless, on the basis of the MSDS informa- 
tion, we classified the fillers we studied into the fol- 
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lowing six substance categories: essential oils 
(including natural resins), other oils, waxes, epoxy 
prepolymers, other prepolymers (i.e., which have 
different chemistries, including UV-setting adhe- 
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sives), and (hardened) polymer resins. The first three 
categories contain both natural and manufactured 
substances; the last three contain only manufac- 
tured substances. The two hard polymers Super 
Tres and Permasafe are similar in their properties 
and spectra to hardened Opticon 224 (see below}, so 
we suspect these are epoxy (DGEBA) polymers, at 
least in part. 

The 39 materials studied are listed according to 
these substance categories in table 1. We examined 
the liquid filling substances both as droplets and as 
samples mounted between two glass microscope 
slides (Corning pre-cleaned micro slides, #2927). 
The solid substances were examined both as pol- 
ished blocks and as KBr pellets for infrared spec- 
troscopy. Our investigation of isolated fillers is con- 
sistent with the recommendation by Zecchini and 
Maitrallet (1998) that the spectra of the substances 
alone should be examined before the fillers are 
investigated within emeralds. To answer key ques- 
tions about filler mixtures, however, we did study 
some materials within emeralds. 

We observed the color of each filling substance 
on a white background, using daylight-equivalent 
fluorescent light. We determined the refractive 
index of each liquid by placing a drop on the hemi- 
cylinder of a Duplex II refractometer equipped with 
a sodium-equivalent light source; we polished small 
flats on blocks of the solid materials to get their R.I. 
values. We observed fluorescence in a darkened 
room using a GIA GEM short-wave/long-wave 
ultraviolet lamp. 

We assessed the approximate specific gravity of 
each filler (relative to de-ionized water at 2.1.5°C) by 
inserting a few drops (or, if solid, a small fragment) 
of the substance below the meniscus of a small vial 
of water, and observing whether the material sank 
or floated to the surface. (Although this test is not 
useful to identify fillers in emeralds, many dealers 
do have access to the material that is being used to 
fill their stones, and this test may help confirm the 
identity of that filler.) All observations of viscosity 
were made at room temperature; the flow character- 
istics were observed by tilting a transparent con- 
tainer of the material and observing whether the 
surface shifted back to level on a short (like water) 
or a long (like honey) time scale. 


Experiments with Mixtures. For two specific experi- 
ments, we investigated some properties of three 
groups of our own filler mixtures, both as isolated 
substances and within emeralds. These experiments 
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were designed to answer two questions: (1) Does a 
flash effect imply an artificial resin? And (2) how 
well can “adulterated” cedarwood oil be detected 
with spectroscopic techniques? 

We addressed the first question with the follow- 
ing substances, chosen (or mixed) for their refractive 
indices (table 2): the epoxy prepolymer Epo Tek 314 
(R.I. = 1.500); Baker cedarwood oil (R.I. = 1.517); 
Sigma clove oil (RI. = 1.531); mixtures of Epo Tek 
314 and Epo Tek 302-3M (R.I.’s = 1.517, 1.531, 
1.550, 1.570); and mixtures of Sigma clove oil and 
Sigma cinnamon oil (R.I.’s = 1.550, 1.570). We also 
examined the stones filled with these substances to 
determine the effect of filler R.I. on apparent clarity 
and to observe the appearance of the fillers within 
fissures. We addressed the second question using 
mixtures of two components with very different 
spectral characteristics: Baker cedarwood oil and 
Araldite 6010 (table 3). 

We made 50 ml batches of each filler mixture. 
The proper volume of each component was deter- 
mined by assuming a linear relationship between 
volume and refractive index. The substances were 
mixed shortly prior to filling the stones, and the RI. 
of each mixture was measured. 

From a batch of about 250 natural emeralds 
approximately 0.5 ct and larger, which we had 
selected for durability testing, we chose 18 to be 
cleaned, photographed, and filled. Each was first 
“emptied” by Arthur Groom—Gematrat in New 
York, using a proprietary process, and then exam- 
ined with a Reichert Stereo Star Zoom microscope 
to check that the previous filler material had been 
removed. Both macro- and micro-photography were 
performed before and after filling on the nine stones 
for the first experiment; only macro-photography 
was done on the other nine. Refractive indices were 
measured and fluorescence was observed with the 
above-listed equipment. Care was taken with the 
R.I. determinations, to ensure that the R.I. liquid 
was not drawn (or “wicked”) into the fissure. We 
determined the weight of each stone before and 
after filling (in carats, to five decimal places) using a 
Mettler MT5 balance. 

For the first experiment (table 2), we filled one 
each of nine emeralds using a “Mini Oiler” (Zamrot 
Ashalim Engineering Ltd., Ramat Gan, Israel) for 
the essential-oil mixtures and a “Color Stone Oiling 
Unit” (Jairo Vaca Camacho, Bogota) for the artifi- 
cial-resin mixtures. In the Mini Oiler, samples were 
held in an evacuated container (i.e., one from which 
the air had been pumped out) and suspended in a 
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porous basket over the oil, which was heated to 
about 50°-60°C. The stones were then plunged into 
the filler, and 700 mbar overpressure (1.7 bars total 
pressure) was applied overnight. In the Color Stone 
Oiling Unit, the emeralds were placed in the bot- 
tom of the container and resin was poured over 
them; the chamber was heated to 50°-60°C and 
then pressurized to 4000 psi (about 275 bars total 
pressure) overnight. After the stones were cooled to 
room temperature, each device was brought to 
atmospheric pressure and the stones were removed, 
cleaned with alcohol, and then weighed and repho- 
tographed. 

For the second experiment, we examined the 
mixtures of Baker cedarwood oil and Araldite 6010 
both as loose substances and as fillers within emer- 
alds. The measured liquids were poured into brown 
glass bottles and stirred thoroughly. The three mix- 
tures richest in cedarwood oil and the two richest in 
Araldite 6010 combined smoothly, but the four 
mixtures with 30 to 60 volume percent cedarwood 
oil “unmixed” overnight at room temperature (fig- 
ure 3). The unmixed fillers were stirred again imme- 
diately prior to filling the stones. We filled nine 
emeralds with these mixtures, using the Zamrot 
Mini Oiler and the same conditions as above. 


Infrared Spectroscopy and Raman Micro- 
spectrometry. We analyzed the nine emeralds 
filled with mixtures in table 3 with a Nicolet 
Magna 550 Fourier-transform (FTIR) spectrome- 
ter, using reflectance infrared spectrometry as 
described by Zecchini and Maitrallet (1998). For 
this techique, we adjusted the beam to focus 
within the emerald, rather than at its surface, to 
generate a transmission spectrum. We used a 
known “clean” emerald standard for comparison: 
a 5.01 ct crystal collected in situ from the wall of 
a mine at Muzo, Colombia, by GIA’s Bill 
Boyajian. We also compared the results for the 
emeralds filled with these mixtures with those 
for emeralds we had filled with 100% Baker 
cedarwood oil or 100% Araldite 6010 as part of 
the durability study. 

Infrared spectra of the loose fillers in tables 1 and 
3 were also produced with the Nicolet Magna 550 
spectrometer. Spectra were taken of thin films of 
the liquid fillers made by compressing a drop of the 
filler between two glass microscope slides, each 
about 1 mm thick. This collection geometry was 
chosen so that the strongest infrared-active absorp- 
tions would not be too intense to show any fea- 
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tures. The IR spectra of solid fillers were obtained 
using the KBr pressed-powder technique. 

Spectra were collected over the range 6000-400 
cm-!. We chose a spectral resolution of about 4 cm-1, 
in general, absorption peaks in polymers are wider 
than this (5 to 30 cm~!), so peaks can be reported to 
the nearest cm-! without loss of accuracy (Bower 
and Maddams, 1989, p. 18). We also examined differ- 
ent resolutions for FTIR spectra of some representa- 
tive fillers and found no differences in peak position 
and width for 4 cm-! as compared to 1 cm~! resolu- 
tion. Because the glass slides had only broad, low 
background absorption in the region of interest 
(3200-2400 cm-!)—that is, the region in which 
emeralds are transparent—infrared absorption relat- 
ed to the glass itself did not interfere with the col- 
lection of important data, and we observed that the 
spectra of the loose fillers were practically identical 
to those taken of the same fillers in emeralds as 
reported in table 3. 

Raman spectra were produced of all the “loose” 
fillers (both isolated and as mixtures) and of fillers in 
selected fissures of the filled emeralds in tables 2 and 
3. We used a Renishaw 2000 Ramascope laser 
Raman microspectrometer, with a 514.5 nm argon 
laser source and five summed 10-second scans on 
each point. We placed a drop of each liquid filler on 
a clean piece of aluminum foil, and then analyzed it 
in the spectral range 100-3500 cm-!. For the loose 
fillers, we used low (20x) magnification to prevent 
selective volatilization of the filler substances. In 
the filled emeralds (tables 2 and 3), we recorded the 
spectra of fillers in selected fissures at 50x magnifi- 
cation, in the same spectral range. Our Raman spec- 
tra had a resolution of about 1 cml. 


RESULTS 


Physical and Optical Characteristics of Loose Filling 
Materials. All of the substances tested were found 
to have many properties in common. In some cases, 
we saw slight differences that might be useful to 
help determine the substance category or specific 
filler used in a particular emerald. Properties are 
listed for the fillers, grouped by substance category, 
in table 1, significant differences are discussed 
below. 


Color. The Joban oil and green Opticon 224 resin 
were moderate green, and the Negueruela cedar- 
wood oil was very light green. The rest were color- 
less or very light, light, or moderate yellow. 
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TABLE 1. Description and gemological properties of the emerald-filling materials examined for this study. 


Substance Filler@ Source? Usedin Color R12 Long-wave UV Short-wave UV Relative $.G!— IRgroup, Raman group, 
category the trade?° fluorescence fluorescence viscosity ® spectrum? — spectrum’ 
“PRESUMED NATURAL” SUBSTANCES 
EssentiaL Cedarwood oil erck N.R. Light 1.509 Inert Inert Flows Floats ~—-C, 111 C, 12I 
OILs oR for clearing yellow sluggishly 
NATURAL — Cedarwood oil ~— Baker Yes Yellow 1.517 — Strong Weak yellowish — Flows Floats C, 11n C, 12n 
RESINS for immersion yellowish white green sluggishly 
Cedarwood oil egueruela Yes Very light 1.518 oderate white Inert Semi-solid Floats C, in C, 120 
green 
Cedarwood oil erck Yes Very light 1.520 Weak yellowish Inert Flows Floats C, 11n C, 120 
for immersion yellow green sluggishly 
(Texas) cedar-  Shemen Yes Light 1.520 Inert Inert Flows Floats C, 1in C, 120 
wood oil Tov yellow sluggishly 
Canada balsam Sigma Yes Yellow 1.521 Strong yellow- Very weak Flows Floats C, lin C, 12n 
(natural resin) ish white yellowish green —— sluggishly 
Clove bud oil = Spectrum NR. Very light 1.531 Very weak Weak yellowish — Flows Sinks D, 11p D, 12q 
yellow yellowish green green easily 
Clove oil Sigma Rarely Light 1.531 Very weak Weak yellowish Flows Sinks D, 11p D, 12q 
yellow greenish yellow green easily 
Clove stem Spectrum NR. Yellow 1.537 Very weak Weak yellowish Flows Sinks D, 11p D, 12q 
oil yellowish green green easily 
Cinnamon oil Sigma NR. Yellow 1.589 Inert nert Flows Sinks D, 11q E, 12r 
(synthetic) easily 
Cinnamon oil Spectrum = NR. Yellow 1.589 Very weak nert Flows Sinks D, 11p one 
(cassia) green easily 
OTHER OILS 
Mineral oil Mineral oi! — Spectrum ‘Yes Colorless 1.478 nert nert Flows Floats B, 11f B, 12f 
easily 
Paraffin oil Schroeder Yes Colorless 1.478 nert nert Flows Floats B, 11f B, 12f 
easily 
Mineral(?) oil “Isocut” fluid Buehler NR. Colorless 1.449 ert nert Flows Floats B, 11g one 
easily 
Vegetable oil Sesame oi! — Health No Light 1.474 ert nert Flows Floats B, 11g B, 12g 
Valley yellow easily 
Azeite de Mavalério = No Yellow 1.473 oderate Very weak Flows Floats B, 11g B, 12g 
Dende (palm greenish yellow greenish yellow __ easily 
[tree] oil) 
Castor oil Spectrum = NR. Colorless 1.479 oderate Very weak Flows Floats B, 11g B, 12g 
yellowish green yellowish green _ easily 
Mineral(?) | Joban oil RealGems Yes Green 1.478 oderate Weak yellowish Flows Floats B, 11g B, 12g 
oil plus vege- yellowish green green easily 
table(?) dye 
WAX Paraffin wax Spectrum Yes Colorless About — Inert Inert Solid Floats B, 11h B, 12h 
1.52 


Fillers in boldface type have F.l.’s greater than 1.54 and should show a flash effect; fillers in italics have R.l.’s less than 
1.500 and should not enhance clarity as effectively as others in the table. 

’ Sources: Baker (Mallinckrodt Baker Inc., Philliosburg, NJ); Buehler (Buehler Ltd., Lake Bluff, IL); Centro Gemolégico (Centro 
Gemoldgico para la Investigacion de la Esmeralda, Bogota, Colombia); CIBA-GEIGY Corp., Hawthorn, NY; Conservator’s 
Emporium, Reno, NV; Epo Tek (Epoxy Technology, Billerica, MA); Health Valley Co., New York City; Hughes 
(Hughes Associates, Victoria, MN); Liquid Resins (Liquid Resins International Ltd., Olney, IL); Malavério (Industria de Productos 
Alimenticios Malavério Ltda., Proporinha, Brazil); Merck (EM Science, Gibbstown, NJ); Negueruela (Antonio Negueruela S.A., 
Madrid, Spain); Norland (Norland Products Inc., New Brunswick, NJ); Real Gems (Real Gems Inc., New York City); Schroeder 
J. Schroeder Pharm., Geneva, Switzerland); Shell (Shell Oil Co., Houston, TX); Shemen Tov (Shemen Tov Corp., 

West Orange, NJ); Sigma (Sigma Chemical Corp., St. Louis, MO); Spectrum Chemical Manufacturing Corp., Gardena, CA; 
Treatment World (Treatment World Emerald Gemoldgico Universal, Bogota, Colombia). 

°N.R. = not reported. 

‘The Ril. of the filler increased (by about 0.03) on curing for the three cases we examined (Opticon 224, Epo Tek UVO114, 
Norland type 665). 

° Flows easily = flows like water; flows sluggishly = flows like honey. These were evaluated at room temperature (21.5PC). 
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TABLE 1 (cont’d). Description and gemological properties of the emerald-filing materials examined for this study. 


Substance Filler@ Source? Used in Color R14 Long-wave UV Short-wave UV Relative S.G.' IR group, Raman group, 
category the trade?° fluorescence fluorescence viscosity ® spectrum? spectrum? 
ARTIFICIAL RESINS 
Epoxy PREPOLYMERS 
Epo Tek 314 Epo Tek N.R Colorless 1.500 Weak yellowish Very weak Flows Sinks C,1im = -C, 12m 
green yellowish green sluggishly 
HXTAL Conservators N.R. Colorless 1.501 Inert Inert Flows Sinks B, Ili B/C, 12i 
Emporium sluggishly 
Epo Tek 301 Epo Tek N.R. Colorless 1.538 Weak to moder- Very weak Flows Sinks A, 11¢ A, 12a 
ate greenish white yellowish green sluggishly 
Opticon Hughes Yes Colorless 1.550 Inert Inert Flows Sinks A, 11¢ A, 12c¢ 
Resin 224 sluggishly 
Opticon Resin Hughes N.R. Green 1.550 Weak greenish Inert Flows Sinks A, 11¢ A, 12c 
(green) yellow easily 
Araldite 506 Sigma N.R. Colorless 1.551 ~~ Weak yellowish Very weak Flows Sinks A, 11¢ A, 12c 
green yellowish green — sluggishly 
Araldite 502 Sigma NR. Very light 1.559 Weak yellowish Strong yellow Flows Sinks A, 11¢ A, 12c" 
yellow green sluggishly 
Araldite 6005 = Sigma N.R. Colorless 1.570 — Weak yellowish Inert Flows Sinks A, 11¢ A, 12c¢ 
green sluggishly 
Araldite 6010 CIBA-GEIGY Yes  Verylight 1.572 Weak yellowish Inert Flows Sinks A, 11¢ A, 12c 
yellow green sluggishly 
Epon 828 Shell Yes Light 1.575 Weak yellowish Weak greenish = Flows Sinks A, 11¢ A, 12¢ 
yellow green yellow sluggishly 
Epo Tek 302- Epo Tek N.R. Colorless 1.577 Very weak Inert Flows Sinks A, 11b A, 12b 
3M yellowish gree! sluggishly 
OTHER PREPOLYMERS 
Liquid Resin — Liquid N.R. Colorless 1.481 Inert Inert Flows Sinks C, 110 C, 12p 
(green cap Resins easily 
formula) 
UV-setting Epo Tek Epo Tek N.R. Colorless 1.527. ~~ Moderate Green Flows Sinks A, 11¢ A, 12a 
UV0114 green sluggishly 
Norland orland Yes Colorless 1.501 Weak greenish Inert Flows Sinks C, 11] C, 12) 
Optica yellow easily 
Adhesive 
type 65 
Norland Norland N.R. Colorless 1.519 — Strong blue Inert Flows Sinks C, 11} C, 12} 
Optical easily 
Adhesive 
type 63 
POLYMERS 
Permasafe Centro Yes Verylight 1.565 — Strong blue- Weak blue Solid 1.11 A, 11e A, 12e 
Gemolégico yellow white 
Super Tres Treatment Yes Light 1.570 — Strong bluish Moderate Solid 1.11 A, 11e A, 12e 
World yellow white grayish blue 
Opticon Hughes Yes  Verylight 1.580 — Strong light Moderate Solid Sinks A, 11d A, 12d 
Resin 224 yellow blue light blue 
(cured) 
UV-setting Norland Optical — Norland Yes Colorless 1.529 oderate blue Weak green Solid Sinks C,11k = -C, 12k 
Adhesive type 
65 (cured) 
Epo Tek Epo Tek N.R. Light 1.553 Strong blue Moderate blue — Solid Sinks A, 11a A, 12d 
UVO114 yellow 
(cured) 


SG. is reported relative to water: floats—S.G. less than 1.0; sinks—S.G. greater than 1.0. Both Permasafe and Super Tres had hydrostatically measured S.G.’s of 1.11. 


9Spectral groups as discussed in text; individual spectra shown in figures 11 and 12. “None” means that the sample was too 


fluorescent to get a Raman spectrum with the 514.5 nm argon laser source. 
"Plus two additional Raman peaks. 
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TABLE 2. Emeralds clarity enhanced for R.I. tests of “presumed natural” and artificial fillers. 


Filler R.l. Microscopic features of Fluorescence to longwave Raman spectrum of 
of filler@ illed fissures in emerald UV in emerald filler in emerald 
Epo Tek 314 (artificial resin) 1.500 ot notable Not seen Weak aliphatic feature, possibly group C 
Baker cedarwood oil 1.517 ot notable Very weak yellow- Positive match to Canada balsam or Baker 
“natural” oil) green in fissures cedarwood oil; group C 
ixture of Epo Tek 314 and 1.517 ot notable Very weak yellow- Group C 
Epo Tek 302-3 green in fissures 
artificial resins) 
Sigma clove oil (“natural” oil) 1.531 ncomplete filling; white residue Not seen Not identifiable as to group 
ixture of Epo Tek 314 and 1.531 ncomplete filling; flow structure Very weak yellow- Good match to spectra for both components 
Epo Tek 302-3 green in fissures groups A and C 
artificial resins) 
ixture of Epo Tek 314 and 1.550 Orange and blue flash effects; incomplete Very weak yellow- Shows features of both groups A and C, 
Epo Tek 302-3 filling; iridescence in fissure; light green in fissures less distinct overall 
artificial resins) brownish yellow substance in fissure 
ixture of Sigma clove oil 1.550 Yellow-orange and blue flash effects Very weak yellow- Weak unidentifiable spectrum 
and Sigma cinnamon oil (evaporating rapidly); incomplete filling; green in fissures 
“natural” oils) iridescence in fissure 
ixture of Epo Tek 314 1.570 Yellow-orange and blue flash effects; Very weak yellow- Good match to group A reference spectrum 
and Epo Tek 302-3M incomplete filling; iridescence in fissure; green in fissures 
artificial resins) white residue 
ixture of Sigma clove oil 1.570 Flash effects (disappearing rapidly as Not seen Not identifiable as to group 
and Sigma cinnamon oil filler evaporates); incomplete filling; 
“natural” oils) iridescence in fissure; brownish 
substance in fissure; white residue 


aAll the emeralds for this experiment had R.l. values of 1.577 (+0.002) to 1.577 (+0.003). 


Refractive Index. The fillers had R.I.’s of 1.449 to 
1.589; by comparison, the R.I. values of emerald 
range from 1.564 to 1.593 (extraordinary ray), and 
1.570 to 1.602 (ordinary ray), depending on their 
source (Webster and Read, 1994). The UV-setting 
adhesives we studied had low RI. values relative to 
emerald, 1.501-1.527; however, the R.I. values 
increased to 1.529-1.553 as they cured. The R.I. 
value of Opticon 224 also increased with curing. 

For the mixtures of essential oils and those of 
artificial resins, the R.I. of the mixture could be pre- 
dicted from the measured volumes and R.L’s of its 
components. However, the mixtures of Baker cedar- 
wood oil with Araldite 6010 behaved nonlinearly, 
so the R.L.’s did not agree with their predicted val- 
ues (see table 3). 


Fluorescence. As indicated in table 1, not all cedar- 
wood oils fluoresce and those that do fluoresce do 
not all fluoresce alike. Similarly, although most 
epoxy prepolymers fluoresced very weak yellowish 
green to short-wave UV, or were inert, Araldite 502 
fluoresced strong yellow and Epon 828 fluoresced 
weak greenish yellow. 


All but one of the polymers displayed strong bluish 
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white to blue fluorescence to long-wave UV, and 
the same fillers fluoresced weak to moderate blue to 
short-wave UV. The exception, Norland Optical 
Adhesive type 65, fluoresced moderate blue to long- 
wave UV and weak green to short-wave UV. 


Viscosity. Some essential oils flowed readily (like 
water}; however, the cedarwood oils and Canada 
balsam were sluggish (like honey). The cedarwood 
oil from Antonio Negueruela was nearly solid at 
room temperature (similar to “petroleum jelly”). 
The “other oils” all flowed easily. The paraffin wax 
was a soft solid. The epoxy prepolymers flowed 
sluggishly, and the UV-setting adhesives flowed eas- 
ily (Norland Optical Adhesives) or sluggishly. All of 
the hardened polymers were solids. 


Specific Gravity. Some essential oils floated in 
water (cedarwood oils, Canada balsam), whereas 
others sank (clove oils, cinnamon oils). The other 
oils we studied floated, as did paraffin wax. All of 
the epoxy prepolymers and other prepolymers sank, 
and all of the hardened resins we studied also sank. 


Gemological Characterization of Filling Materials 
in Emeralds. Effect of Refractive Index on Apparent 
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Identification of Synthetic Gems 
Part I—The Detection of Synthetic Corundum 


RICHARD T. LIDDICOAT, C.G. 
Director of Education, Gemological Institute of. America 


Several articles on synthetic gems 
have appeared in this publication in 
the past few years. This paper is 
intended as a summary of the meth- 
ods used to detect ‘present day syn- 
thetic gems. 

Although only three gem species 
have been synthesized, many others 
are still incorrectly sold as synthetic 
counterparts of gems. To be classi- 
fied as a synthetic, a gem must have 
the same chemical constituents and 
the same atomic structure as the 


Photo by Dr. Giibelin 


Figure 1 
“Fingerprint” inclu- 
sion in natural sap- 
phire. Straight zon- 
ing structure and 
black fractures ex- 
tending from zircon 
inclusions are also 

prominent. 


gem it represents. The only true 
synthetic gems are synthetic corun- 
dum (ruby and sapphire), spinel, 
and beryl (emerald only). The syn- 
thetic alexandrite, zircon, garnet and 
aquamarine sold in the trade are 
not what the name implies, but syn- 
thetic corundum or spinel, incor- 
rectly named. As such, they are 
easily identified by the difference 
in their properties from those of 
the natural alexandrite, zircon, gar- 
net and aquamarine. 


Clarity. Examination of the emeralds filled with the 
nine substances in table 2 revealed that as the RI. of 
the filling material increases toward the R.I.’s of 
emerald, the fissures become less prominent (see, 
e.g., figure 2). 


Internal Appearance and Flash Effect. Although 
most of the substances we used for these R.I. tests 
are not common filling materials, we were able to 
reproduce features seen in filled emeralds, including 
brownish yellow filled voids (figure 4), flow struc- 
ture (figure 5), incomplete filling (figure 6), and natu- 
ral iridescence in fractures as well as white residues 
(figure 7). The white residues were seen in three of 
the stones (one filled with pure clove oil, one with 
an Epo Tek mixture, and one with a clove oil-cin- 
namon oil mixture), deep within the fissures at the 
time of first examination. 

None of the five stones filled with a substance 
that had an R.I. of 1.53 or lower showed a flash 
effect, whereas all four stones filled with substances 
that had R.I.’s of 1.55 or higher did show a flash 


Figure 3. These four bottles of Baker cedarwood oil- 
Araldite 6010 mixtures show the unmixing of inter- 
mediate mixtures with 40% to 70% Araldite (left to 
right). Photo by Maha DeMaggio. 


effect (table 2 and figure 8). However, the “natural” 
fillers were quite volatile, so often this effect was 
gone within hours. We refilled one emerald with 
the 1.550 R.L natural oil mixture, and photographed 
it within minutes of completing the filling process. 


TABLE 3. Properties of emeralds filled with cedarwood oil-Araldite 6010 mixtures for spectroscopy. 


Composition of the filler Properties 
Baker cedarwood Araldite Color ofthe Rl. ofthe Predicted R.!. Flash effect in Unmixing of IR result Raman result 
oil (%) (%) loose filler filler of the filler stone?> fillers in bottle? (in emerald) (in emerald) 
100 0 Yellow 1.517 _ 0 0 Cedarwood oi Cedarwood oi 
(reference spectrum) — (reference spectrum) 
90 10 Yellow 1.522 1.522 Weak blue 0 Cedarwood oi Cedarwood oi 
brightfield 
80 20 Yellow 1.528 1.528 ) 0) Cedarwood oi Features of both 
70 30 Yellow 1.533 1.534 ) ) Cedarwood oi Features of both 
60 40 Yellow 1.539 1.539 Weak blue Yes Cedarwood oi Features of both 
brightfield 
50 50 Yellow 1.544 1.544 Very weak Yes Features of both Features of both 
orangy brown 
darkfield 
40 60 Light yellow 1.545 1.550 Weak brown Yes Features of both Features of both 
darkfield 
30 70 Light yellow 1.547 1.556 te Yes Features of both Features of both 
arkfie 
20 80 Very light 1.559 1.561 Yellow-orange No Features of both Features of both 
yellow darkfield, blue 
brightfield 
10 90 Very light 1.564 1.566 Yellow-orange No Araldite 6010 Araldite 6010 
yellow darkfield 
0 100 Near-colorless 1.572 — Yes No Araldite 6010 Araldite 6010 


(reference spectrum) 


(reference spectrum) 


&R./. predicted by: R.l. = [(% cedarwood oil) x 1.517 + (% Araldite) x 1.572] / 100. Where the measured F./. and predicted R.l. 
differ by more than 0.002, this indicates that the two components are not mixing ideally. 


’ The emeralds in this test had the same refractive indices, 1.571-1.578. 
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Figure 4. The filler (mixture of Epo Tek resins, R.I. 
= 1.550) in this 0.70 ct emerald appears brownish 
yellow. Photomicrograph by John I. Koivula; mag- 
nified 25x. 


The flash effects disappeared while we watched as 
the stone was being photographed (figure 9). 


Fluorescence of Filled Fissures. If enough of a fluo- 
rescent filling material is present, the fluorescence 
may be visible within the stone (for example, in six 
of the nine stones in table 2, we saw very weak yel- 
low-green fluorescence to long-wave UV in the fis- 
sures; strictly speaking, we might have expected to 
see this in all nine stones). In those cases where flu- 
orescence can be observed, this property can be 
especially useful to target specific fissures for 
Raman analysis (see Chalain et al., 1998). 


Figure 5. Flow structure is evident in the filling 
material (mixture of Epo Tek resins, R.I. = 1.531) in 
this 0.82 ct emerald. Photomicrograph by John I. 
Koivula; magnified 20x. 
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Weight Added. The Epo Tek mixtures added about 
0.03%-0.10% to the weight of the stones (i.e., 
0.0002-—0.0008 ct for a 0.5—1 ct stone). The cinna- 
mon oil mixtures were so volatile that they evapo- 
rated before the stones could be reweighed. 


FTIR and Raman Spectra. In the infrared region, 
emerald has a transmission window between about 
3200 and 2400 cm-!, therefore, this is the region 
that we studied for the loose filling substances. The 
absorption spectra of the glass slides that we used, 
and of a never-filled Colombian emerald crystal, are 
shown in figure 10. 

The infrared and Raman spectra enabled us to 
place the loose filler materials into five spectral 
groups—designated here A, B, C, D, and E—with 17 
infrared (figure 11) and 18 Raman (figure 12) sub- 
groups (i.e., each spectrum may represent more than 
one filler). The five spectral groups are based on 
assignments of peaks to functional groups (see 
“Discussion,” below), but they can be summarized 
in terms of the appearance of certain key peaks: 
® Group A spectra have many peaks, especially at 

about 2926, 3006 (stronger in the Raman spec- 
trum, and weak in some examples), 3058 (IR) or 
3068 (Raman), and—only seen with Raman in 
emeralds—1609 cm-!. (Recall that peak assign- 
ments can vary + 4 cm-!.) The 2962, cm-! peak is 
usually, but not always, present. Typical group A 
IR spectra (see, e.g., figure 11c) show a pattern of 
three strong peaks decreasing in height from 2962 
to 2926 to 2872 cm-l. Typical group A Raman 
spectra (figure 12c) have a distinctive pattern of 
five strong peaks in the region between 2870 and 
3070 cm-l, 
© Group B spectra also have many peaks, including 
those at 2853 (2848 cm! for paraffin wax), 2882 
(Raman only), 2926 (+5), and 2954 cm! (IR only); 
there may be Raman peaks at 3010 and 1655 cm-!. 
The IR spectra of the liquids show a pattern of 
two peaks, each with shoulders at a higher 
wavenumber (figures 11f, g); and the Raman spec- 
tra show plateaus centered at about 2890 cm-! 
(figures 12f, g). In contrast, the IR spectrum of the 
paraffin wax has a broad central feature (figure 
11h), while the Raman spectrum is sharp (figure 
12h). 
Group C spectra exhibit peaks at 2870 (+5), 2929 
(ranging to 2942, cm-! in figure 12i), usually 2958, 
and 1442 (Raman only) cm-!. Sometimes Raman 
peaks are seen at 1725 (figures 12j, m, and p) or 
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1643 cm-! (figures 12j, n, and p). Typical IR (figure 
11n) and Raman (figure 121) spectra have an over- 
all “triangular” appearance in the 2800-3050 cm-l! 
region. 


© Group D spectra exhibit features resembling those 
of group A and group B or C, with six or more 
peaks in the 2800-3100 cm-! region (see, e.g., fig- 
ures 11p and 12q). 


® The Group E Raman spectrum is notable for the 
low intensity of the 2800-3100 cm-! region (only 
one peak at 3064 cm~!: figure 12r), compared to 
three strong peaks at 1598, 1626, and 1674 cm~!. 


Additional details were used to place these spec- 
tra into subgroups. Although many of these details 
are unlikely to be discernible in a filled emerald, 
they may be important in some cases. For example, 
Raman microspectrometry can distinguish Baker 
cedarwood oil and Canada balsam from other cedar- 
wood oils, but not from each other (compare figures 
12n and o); these IR spectra are identical (figure 
1ln). In addition, the IR and Raman spectra of 
“Permasafe” and “Super Tres” (figures 1le and 12e} 
are slightly different from those of cured Opticon 
(figures 11d and 12d), although these distinctions 
(e.g., a peak at 1000 cm~! in the Raman spectrum) 
might not be obvious in a filled emerald. Last, the 
Norland Optical Adhesives show a distinctive 
Raman peak at 2575 cm-! (figure 12j); this peak 
diminishes significantly on curing (figure 12k). 

The IR and Raman spectra of the cedarwood 
oil-Araldite 6010 mixtures as loose fillers are 
shown in figure 13. These spectra contain no new 
features; detection limits based on these results are 
discussed below. 

As noted earlier, the spectra of the fillers in 
emeralds taken with reflectance IR spectroscopy 
were almost identical to the IR spectra of the corre- 
sponding loose fillers (compare, e.g., figure 10 inset 
with figure 11n). Consequently, we will refer to the 
IR spectra of the loose fillers and mixtures through- 
out the discussion. 


DISCUSSION 

Separating Filler Materials on the Basis of Their 
Optical and Physical Characteristics. The following 
optical and physical characteristics of loose filler 
materials may be useful in distinguishing among 
filling substances within emeralds: color, refractive 
index (and flash effect), fluorescence, viscosity, and 
distinctive microscopic features. 
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Figure 6. Note the incomplete filling by clove 
oil (R.I. = 1.531) in the fissures of this 0.94 ct 
emerald. Photomicrograph by John I. Koivula; 
magnified 15x. 


Color. Dyed filler materials are distinctly colored 
(e.g., green Opticon and Joban oil; see table 1). 
However, other features can be mistaken for dye, 
including the green polishing compound chromic 
oxide (Ringsrud, 1983; Hanni, 1988) and green inter- 
nal reflections. If dye is suspected, the observer 
should examine the distribution of color within the 
stone using diffuse transmitted light; another tech- 
nique is to check whether the fissures are green 
from all angles and to look for color concentrations 
along fractures. The yellow color of other materials 
listed in table 1 is unlikely to be seen in an emerald 
unless the filler is present in broad fissures or cavi- 
ties (Koivula, 1999). 


Refractive Index (and Flash Effect). As the refrac- 
tive index of the filling material increases toward 
the R.1.’s of emerald, the filled fissures become less 
prominent (again, see figure 2). For the emeralds we 
studied, which had R.I. values between 1.569 and 
1.580, we saw flash effects for all fillers with R.I. 
values of 1.54 or above. Of the fillers in this study, 
only those in spectral groups A, D, and E (epoxy pre- 
polymers and polymers, and some essential oils) 
have R.I’s above 1.54. Only fillers in spectral group 
B (other oils) and C (the prepolymer Liquid Resin) 
have R.I.’s below 1.50, and these are much less 
effective at disguising fissures in emerald. Mixtures 
gave intermediate R.L’s. 

An indication of a filler’s R.I. value can be pro- 
vided by the prominence of the filled fissures and 
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Figure 7. A white residue was seen deep within a 
fissure in this 0.47 ct emerald, which had been 
filled with a mixture of clove and cinnamon oils 
(R.L.= 1.570). Natural iridescence is also visible in 
this fissure (top of the image). Photomicrograph by 
John I. Koivula; magnified 20x. 


the presence of a flash effect. Because most materi- 
als that show flash effects in emeralds are artificial 
resins, and the high-refractive-index essential oils 
we examined are extremely volatile, it is likely that 
an emerald showing this effect contains an artificial 
resin. However, there are many artificial resins with 
lower R.I. values, so the absence of a flash effect 
does not mean that the substance should be consid- 
ered natural. For instance, the early formulation of 
Arthur Groom-—Gematrat had a lower R.I. value 
than other commonly used artificial resins, as evi- 
denced by the greater prominence of the filled fis- 
sures and the lack of a flash effect (see, e.g., Johnson 
et al., 1997). 


Fluorescence. Most of the fillers we studied were 
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inert, or fluoresced very weak or weak yellow-to- 
green to long-wave UV. However, two of the five 
cedarwood oils fluoresced moderate white or strong 
yellowish white, and most of the cured (hardened) 
polymers fluoresced strong white to blue, so strong 
fluorescence in fissures may be useful for distin- 
guishing cured and surface-hardened fillers from 
liquid fillers. (Of course, one risks hardening the 
UV-setting adhesives by exposing them to UV 
radiation.) Recent formulations of Arthur 
Groom—Gematrat are said to contain a fluorescent 
tracer (Weldon, 1998a). We were not able to study 
the Arthur Groom—Gematrat filler as an isolated 
material; however, all five polymer samples we 
examined fluoresced blue to bluish white to long- 
wave UV, and all but the cured Norland Optical 
Adhesive 65 fluoresced blue to short-wave UV 
(again, see table 1). 


Viscosity. All filling materials are liquid when they 
are emplaced in emeralds, but some are hardened 
once in the fissures (e.g., UV-setting adhesives}, oth- 
ers are frequently surface hardened (Opticon: 
Kammerling et al., 1991), and others slowly solidify 
over time (e.g., Canada balsam: Kammerling et al., 
1991). It is also possible that certain internal charac- 
teristics—such as gas bubbles, flow structures, and 
incomplete filling of fractures—are related to the 
viscosity of a filling material, but we have not test- 
ed this hypothesis. 

Before the viscosity of a filler in an emerald can 
be inferred, its presence must be established. 
Johnson et al. (1998a), among others, have described 
procedures for finding evidence of clarity enhance- 
ment in emeralds. Using a microscope at low mag- 
nification with reflected light will reveal the trace of 
the fissure on the surface; switching to darkfield 
illumination will show the extent of the fissure 
inside the stone. Higher magnification is then used 


Figure 8. This 0.59 ct emer- 
ald filled with a mixture of 
epoxies (R.I. = 1.570) shows 
orangy yellow (darkfield, 
left) and blue (brightfield, 
right) flash effects. 
Photomicrographs by John I. 
Koivula; magnified 15x. 
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Figure 9. This emerald, filled 
with a mixture of the natural 
essential oils clove oil and 
cinnamon oil (R.I. =1.550), 
also shows yellow-orange 
(darkfield) and blue (bright- 
field) flash effects. Photo- 
micrographs by John I. 
Koivula; magnified 15x. 


to reveal features indicative of a filled fissure: flow 
structure, gas bubbles (which may be flattened or 
round), incomplete filling, or yellowish voids (some- 
times shaped like crystal inclusions). 

Once the presence of a filler has been estab- 
lished, there are at least two ways to see whether 
the filler is fluid: (1) Watch the emerald as it warms 
with exposure to the microscope lamp, and see if 
there is any movement of the filler within the 
stone; and (2) while observing carefully with the 
microscope, bring a heated sharp point near—but 
not touching—the surface of the emerald, and 
watch for movement of the filler (it may even form 
droplets on the surface of the stone). In either case, 
use extreme care to avoid damaging the emerald by 
extending fissures. A liquid filler may show motion 
with these techniques, but the absence of a reaction 
does not guarantee that the filler is solid, because 
surface-hardened fillers might act the same (Johnson 
et al., 1998a). 


Distinctive White Cloudy Inclusions. Although this 
internal feature is commonly attributed to “palma” 
(see, e.g., Ringsrud, 1998), we did see such inclu- 
sions in emeralds filled with “natural” essential oils 
(clove and cinnamon), and with a mixture of epoxy 
prepolymers (Epo Tek 314 and Epo Tek 302-3M). 
We suspect that they result from some sort of emul- 
sification, which can be demonstrated—but not 
proved—by the following test: Place nearly equal 
amounts of filling material (here, Araldite 6010) and 
water in a bottle, then close and shake the bottle 
(figure 14). The white cloudy mixture that forms is 
an emulsion of small droplets of one substance in 
the other substance; the droplets are prevented from 
coalescing by the coating of the other substance. 
Perhaps in the case of our experimentally filled 
emeralds, this emulsion formed deep within the 
filled fissures, where not all the water had been 
removed from the emeralds before filling. (This 
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could also happen with other substances.} 

Another possible source of fine, white surface 
contamination seen in the trade is quartz dust, 
which contaminates some polishing compounds 
used in Bogota (R. Giraldo, pers. comm., 1999). As 
volatile filling material evaporates from the surface 
of an emerald, the 1.54-R.I. quartz dust left behind 
would gradually become visible. 


Figure 10. For reference purposes, we recorded 
the FTIR spectra of (a) the glass slides we used 
as “windows” for obtaining the spectra of filling 
materials, and (b) a 5.01 ct natural (unfilled) 
emerald crystal. The inset shows a detail of the 
emerald spectrum in the region where filler 
peaks are seen, together with the spectrum of an 
emerald that had been filled with Baker cedar- 
wood oil (in red); note that 
this area of the spectrum also 
contains small emerald features.. 
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Figure 11. On the basis of their spectra, the filling 
substances examined were placed in four infrared 
groups (A—D) and 17 subgroups (a—q). Represen- 
tative spectra for each subgroup are illustrated 
here. The appropriate group and spectrum for each 
of the fillers studied are listed in table 1. NOA = 
Norland Optical Adhesive. 


FTIR and Raman Spectrometry: Complementary 
Techniques, Similar Information. Peaks in infrared 
and Raman spectra have the same cause: The radia- 
tion excites vibrations between atoms. In crys- 
talline substances, IR and Raman spectra of the 
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same material may look quite different, because 
the two techniques often excite different vibra- 
tions, depending on the symmetry of the material 
and on quantum mechanical “selection rules” 
(Harris and Bertolucci, 1978). However, liquids and 
polymers are less “ordered” than crystalline solids 
(i.e., they have less overall structural order and 
greater variability in bond lengths and angles, etc.), 
so the IR and Raman spectra of a particular liquid 
or polymer look quite similar in general, with a few 
differences in peak position and (especially) in rela- 
tive intensity. 

When it comes to examining spectral informa- 
tion of fillers within emeralds, FTIR and Raman 
often provide similar information from distinct 
regions within the emerald. With the reflected- 
beam geometry, FTIR spectroscopy gathers spec- 
tral information from much of the interior of the 
emerald, and it is not necessary to find the filled 
fissures prior to analysis. In contrast, the Renishaw 
Raman microspectrometer must be focused at or 
near the surface of the stone, and the fissures to be 
examined must first be located with the micro- 
scope. Because the spectral information only 
comes from the near-surface area, other filler sub- 
stances deeper in the stone would not be detected. 

In addition, the emerald host has a different 
effect on the results obtained with each technique. 
With FTIR, only the limited spectral region 
between 3200 and 2400 cm-! is visible in the emer- 
ald (again, see figure 10). Fortunately, this region 
includes one of the two diagnostic spectral regions 
for polymers. With Raman, the emerald (and some 
fillers) may luminesce to the 514 nm laser beam 
that induces the Raman effect; this luminescence 
causes a large interfering background signal in the 
spectrum that generally begins at wavenumbers 
above 3000 cm-! or so (but can be a problem in 
some emeralds even at 2000 cm-!). With both tech- 
niques, the distinctive filler peaks are very small 
compared to the features of the emerald host. 

Reference infrared spectra for many of the materi- 
als we tested are available in atlases such as Pouchert 
(1985) and Julian et al. (1991), software such as the 
Omnic Interpretation Guide (Nicolet, 1992), and ref- 
erences such as those cited by the ChemFinder Web 
site. The Raman peaks (especially for liquids) can be 
interpreted as if they were infrared peaks. However, 
the interpretation of both types of spectra requires 
the terminology of organic chemistry. Functional 
groups are the pieces of a molecule’s structure that 
produce distinctive spectral features. Certain peak 
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Figure 12. On the basis of their spectra, the filling 
substances were placed in five Raman groups (A-E) 
and 18 subgroups (a-r), which largely correspond to 

those for the IR spectra. Representative spectra for 
each subgroup are illustrated here. The appropriate 

group and spectrum for each of the fillers studied are 
listed in table 1. NOA = Norland Optical Adhesive. 


assignments are characteristic of different functional 
groups and bonding environments. The following 
terms (and some associated spectral positions) are rel- 
evant to the fillers we examined: 

Aliphatic hydrocarbons consist of chains of car- 
bon atoms. Pine et al. (1980, p. 28) restrict the term 
to molecules that do not contain cyclic structures. 
These are often referred to as open-chain or acyclic 
hydrocarbons. In contrast, alicyclic, or cyclic, 
hydrocarbons are composed of carbon atoms 
arranged in a ring or rings. Paraffin oil is mostly 
composed of straight-chain aliphatic hydrocarbons, 
and cedarwood oil contains cyclic hydrocarbons. 
Both types of hydrocarbons are called alkanes. 

Aromatic hydrocarbons are special groups of 
cyclic compounds that usually have six-member 
rings that may be visualized as having alternate 
single and double bonds (i.e., benzene rings). 
Cinnamon oil contains benzene rings. When an 
OH (hydroxyl) group is connected to a carbon atom 
of a benzene ring, the compound is known as a phe- 
nol (Pine at al., 1980, pp. 28, 47). DGEBA resins (see 
Box A) contain phenol groups that are connected 
together in pairs (bisphenol groups). These artificial 
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resins are rich in aromatic bonds (e.g., a large peak 
at 3066 cm~! is seen in the Raman spectrum of 
Opticon 224). 

Hydrocarbons that have one or more carbon-car- 
bon double bonds are called alkenes or olefins (Pine 
at al., 1980, p. 37). For instance, a peak in the 
3000-3020 cm~! region is associated with a hydro- 
gen atom attached to one of the carbons in a carbon- 
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Figure 13. The infrared and Raman spectra of mixtures of (Baker) cedarwood oil and Araldite 6010 
show features characteristic of both; mixtures with much more of one filler than the other are hard 


to distinguish from the pure compounds. 


carbon double bond; this is seen in vegetable oils 
and Joban oil. 


Separating “Presumed Natural” Substances (Essen- 
tial Oils/Resins, Other Oils, Waxes) from Artificial 
Resins by FTIR and Raman. Peak assignments and 
Interpretation. The five spectral groups (A through 
E; again, see figures 11 and 12) are based on assign- 
ments of peaks to functional groups as follows: 


® Group A spectra exhibit strong aromatic, aliphat- 
ic, and bisphenol epoxy peaks. It is very difficult 
to distinguish among these DGEBA epoxy resins 
spectroscopically. However, these compounds can 
vary in refractive index, viscosity, fluorescence, 
and degree of polymerization (again, see table 1). 

© Group B spectra exhibit multiple strong aliphatic 
peaks, generally producing several distinct peaks 
in the 2925-2850 cm-! region of the IR spectrum 
(or a broad overall peak in the Raman spectrum); 
some spectra also exhibit traces of alkene (olefin). 
The artificial resin HXTAL has a group B infrared 
spectrum (figure 111), and affinities to both groups 
B and C in its Raman spectrum (figure 12i). 

® Group C spectra exhibit less-distinct multiple IR 
peaks, but a single dominant aliphatic Raman 
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peak, with small aromatic features seen in some 
compounds. 


® Group D spectra exhibit both aromatic and 
aliphatic features. 


© The Group E spectrum is a Raman spectrum only. 
The substance (cinnamon oil) that has this spec- 
trum is unusual in that it exhibits both aliphatic 
and aromatic IR features (so its IR spectrum is in 
group D), but mostly aromatic Raman features. 
We observed no Raman spectrum for the other 
(cassia) cinnamon oil due to its strong fluores- 
cence. 


Spectra versus “Flash Effect” as a Detection 
Technique for Mixtures. Looking again at our exper- 
imental mixtures of Baker cedarwood oil and 
Araldite 6010, we found that mixtures with up to 
20% Araldite (for Raman) or 40% Araldite (for IR) 
could not be distinguished from pure cedarwood oil 
on the basis of their spectra. Similarly, the spectra of 
the mixture with 90% Araldite-10% cedarwood oil 
could not be distinguished from those of pure 
Araldite 6010 with either technique (again, see fig- 
ure 13 and table 3). 

The fractures in stones filled with these mix- 
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tures became less apparent as the filler increased in 
refractive index. Although a weak flash was noted 
in the stone filled with the 1.522 R.I. mixture (90% 
cedarwood oil-10% Araldite), in general the flash 
effect became noticeable (as a weak blue flash) in 
the 1.539 R.I. mixture (60% cedarwood-40% 
Araldite), growing stronger as the R.L increased. We 
concluded that, in this case, the variation in relative 
peak heights in the IR and Raman spectra was about 
as sensitive as flash effect for determining the pres- 
ence of the high-R.I. artificial resin in the cedar- 
wood oil mixtures. 


Comparison with Previous Published Work. In gen- 
eral, there is good agreement between the Raman 
spectra published by Hanni et al. (1996a) and this 
study. Our results are similar to Hanni’s for 
Permasafe (“New type of epoxy resin,” 1998), but 
we saw an additional peak at 2928 cm-!. According 
to Hanni et al. (1996b), artificial resins can be distin- 
guished from “presumed natural” substances by the 
1250, 1606, 3008, and 3069 cm-! peaks in the 
Raman spectra of the former. In our filling sub- 
stances, however, we could see (generally small) 
examples of each of these peaks in the spectra of 
certain cedarwood oils, other essential oils, or other 
vegetable oils. Hanni et al. (1996b) also saw features 
for cedarwood oil at 1440-1457 cm-!, which we 
observed in some prepolymers as well. 

Chalain et al. (1998) examined several UV-set- 
ting materials with lower R.I. values than the ones 
we studied; they also mentioned natural hydrocar- 
bons in emerald, which we have not seen. They did 
not report the spectra for any of these, however. 

Zecchini and Maitrallet (1998) looked at the IR 
spectra of several emerald fillers and related sub- 
stances, including cedarwood oil, methyl methacry- 


Figure 14. When water- 
insoluble filling substances 
(here, Araldite 6010) are 
mixed with water, they 
form a white cloudy emul- 
sion. Left: Araldite 6010 
and water before mixing; 
right: the substances shak- 
en together. Photos by 
Maha DeMaggio. 
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late polymer, olive oil, “Israeli” (paraffin?) oil, 
Opticon 224, “palm oil,” Indian Joban oil, red-col- 
ored Indian oil, and the Arthur Groom—Gematrat 
treatment, as well as the oil from human finger- 
prints. Our results agree with most, but not all, of 
theirs, in the cases where we studied the same 
materials. However, they interpreted the 3009 cm-! 
peak in Joban and red oil as a dye band, whereas we 
saw this olefin band in all the vegetable oils we 
examined. 

Sometimes, complete characterization cannot be 
done using FTIR or Raman, and only the type of 
chemical class can be identified (Julian et al., 1991). 
This is especially true for DGEBA epoxies, and nei- 
ther FTIR nor Raman is likely to be useful in distin- 
guishing prepolymers from hardened polymers in 
emeralds (but see the discussion of fluorescence, 
above, for another test). 


Comparison with Substance Categories. Unfor- 
tunately, our spectral groups do not correspond pre- 
cisely to the six substance categories indicated in 
table 1. Essential oils are found in IR and Raman 
spectral groups C, D, and E (group C also contains 
artificial resins). Other oils are in IR and Raman 
spectral group B; so is paraffin wax. Most epoxy pre- 
polymers and polymers are in IR and Raman spec- 
tral group A. The other prepolymers (e.g., UV-set- 
ting adhesives] can be in group A (Epo Tek 
UVO114) or group C (in general), and HXTAL has 
characteristics of groups B and C. 

Consequently, distinctions between artificial 
and “presumed natural” substances can most easily 
be made spectroscopically if the substance found is 
in group A (artificial resins only) or group D or E 
(essential oils only; but even in these cases, mix- 
tures and multiple compounds must also be consid- 
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ered). Distinctions between artificial and “presumed 
natural” substances are more problematic if the 
substance shows a group B or C spectrum. The dis- 
tinctions within a spectral group may not be evi- 
dent in filled emeralds, although this remains to be 
tested. The distinctions among groups C, D, and E 
can also be difficult to discern in a filled stone. 

As another complication, the presence of spec- 
tral features indicating one particular compound 
does not preclude the existence of some other sub- 
stance. As mentioned above, there can be almost 
40% Araldite 6010 (“palma”) in cedarwood oil—and 
the IR spectrum will still look like cedarwood oil, 
and not a mixture (although the Raman spectrum of 
the 20% Araldite mixture shows a DGEBA peak at 
3068 cm-!}. Similarly, there can be about 10% 
cedarwood oil in Araldite before its presence is 
detected. 


Combining the Approaches. That different gemo- 
logical laboratories already determine the nature of 
filling materials is evident from auction records and 
other publications. Auction records (cited below] 
indicate that the identification of clarity enhance- 
ment substances by category or type has been per- 
formed by at least two laboratories: the SSEF in 
Basel, Switzerland, and the American Gemological 
Laboratory (AGL) in New York City. 

SSEF provides identification reports, or “treat- 
ment slips,” which state the category of filling 
material present (or the categories of fillers that are 
not present). This information is based on gemologi- 
cal examination as well as on Raman microspec- 
trometry and FTIR spectroscopy (see, e.g., SSEF 
Swiss Gemmological Institute, 1998). The cate- 
gories of fillers mentioned in SSEF treatment slips, 
as quoted in auction catalogs, include: oil, “natural 
oil,” “natural resin,” “artificial resin,” and wax 
(Christie’s, 1997b, 1997c, 1998a). According to Dr. 
Hanni (pers. comm., 1999), the categories currently in 
use are “oil,” “Canada balsam,” and “artificial resin.” 

As reported in auction catalogs, the AGL cate- 
gories for “types” of filling materials include: “oil 
type,” “Opticon/oil type,” and “unidentified type” 
(Sotheby’s 1997; Christie’s 1998b). As of July 1997, 
AGL did not have Raman microspectrometry, and 
relied on the “flash effect” to identify the “vast 
majority” of fillers in emeralds examined there 
(Edry, 1997). 

Our research has shown that the best results 
come from a combination of all the testing methods 
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we have described. For instance, the conclusion that 
a material showing a flash effect is probably an arti- 
ficial resin (DGEBA-based epoxy) is reasonable but 
not perfect; and the Raman and IR spectra of the 
common epoxy fillers are easily distinguished from 
those of available cedarwood oils. Raman and IR are 
more effective than gemological observation for dis- 
tinguishing low-RI. artificial resins from commonly 
used essential oils (all of which have no flash effect], 
and high-R_I. essential oils from DGEBA epoxies (all 
of which show a flash effect). However, the artificial 
resins in spectral group C all have low R.L.’s (and no 
flash effect) and may not be distinguishable from 
cedarwood oils. 


CONCLUSIONS 


Filler Terminology. On the basis of the findings pre- 
sented here, and the discussion in Box A, we recom- 
mend the following terminology: 


® The term natural should be avoided in discus- 
sions of emerald fillers, as “natural” substances 
are not currently distinguishable from their chem- 
ical equivalents synthesized in the laboratory 
(with the nondestructive tests we have available). 
Instead, substances such as essential oils, other 
oils, natural resins, and waxes should be referred 
to as “presumed natural.” 


A distinction should be made between essential 
oils and other oils, as essential oils have different 
properties (e.g., they must be volatile) and a 
broader range of chemical structures (e.g., they 
can contain aromatic compounds). This differ- 
ence may also be relevant to durability concerns. 


The term synthetic should be avoided, as it does 
not have the same meaning in chemistry that it 
has in gemology. Instead, manufactured prepoly- 
mers and polymers should be referred to as “artifi- 
cial resins,” as they have no natural equivalent. 


Prepolymers and polymers should be distin- 
guished wherever possible, as their different 
mechanical properties are probably significant 
(e.g., liquid versus solid states), and may affect 
their durability in an emerald. 


Artificial resins should not be called “epoxies” 
unless they contain epoxide groups—if still liq- 
uid—or were joined into polymers with these 
groups (if solid; again, see Box A). 

® Artificial resins should not be called “Opticon” or 
“Opticon type” unless they are known to be the 
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Since a stone to be correctly called 
synthetic must have the same optical 
and other physical properties as the 
natural gem it represents, the ordi- 
nary tests used to distinguish be- 
tween gem species are useless. We 
ean no longer depend upon such 
standby methods as the determina- 
tion of refractive index and specific 
gravity since synthetic and natural 
corundum have the same refraction 
and density. How, then, is the posi- 
tive identification accomplished? 

The foolproof method of distin- 
guishing between genuine and syn- 
thetic corundum depends upon care- 
ful examination of the inclusions 
found within the gem. Since com- 
pletely flawless corundum, whether 
of natural or man-made origin, is 
almost unknown, detection by means 
of inclusions is the sure method 
available to the gem tester. Spherical 
bubbles prove synthetic origin, while 
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angular liquid or crystal inclusions 
are proof of genuine origin. 

The angular imperfections of co- 
rundum of natural origin take sev- 
eral forms. Liquid inclusions in 
planes in rubies and sapphires often 
have an arrangement that gives 
them the appearance of a fingerprint 
(See Figure 1). “Fingerprints” are 
characteristic of natural ruby and 
sapphire. Small grains of zircon in- 
cluded within corundum have frac- 
tures extending from them that re- 
semble black halos. In the center of 
the black area, a bright point of 
light can usually be seen in the zir- 
con (See Figure 2). So-called “silk” 
is another distinctive feature of nat- 
ural corundum, “Silk” is probably 
made up of long slender needle-like 
crystals ‘of the mineral rutile. The 
needles form three parallel groups 
which intersect at angles of 60 de- 
grees (Figures 3 and 4). Growth 


Photo by Dr, Gibelin 


Figure 2 
Bright spot of light 
coming through zir- 
con surrounded by 
black halo. “Finger- 
print” inclusion im 
the background of a 
natural Ceylon sap- 

phire. 


a 


specific resin Opticon 224 (manufactured by 
Hughes Associates). 

© Because a large quantity of one filler may make 
small amounts of another undetectable, we rec- 
ommend restricting comments to the filler identi- 
fied, and making no assurances that any others are 
absent. 


Separating Fillers by Categories: Possible? Of the 
thousands of possible filling materials—about 3,500 
essential oils and natural resins, many other oils, 
and several thousand commercially available poly- 
mers and prepolymers—we studied fewer than 40. 
None of the microscopic features (e.g., flash effect, 
fluorescence of the filled fractures) fully differenti- 
ates between the various categories of substances 
(again, see table 1), although such features may pro- 
vide important clues. 

Using Raman and FTIR spectroscopy, we found 
that the 39 isolated materials could be categorized 
into five spectral groups. The two groups that con- 
tain the most important “natural” fillers—cedar- 
wood oil, Canada balsam, and vegetable oils—also 
contain materials that are not natural (Epo Tek 314 
resin, UV-setting adhesives, Isocut fluid). Hence, 
identification of the spectral group alone is not suffi- 
cient to prove that a filling material is “natural.” 
(However, the most commonly used artificial resins— 
Opticon 224, Araldite 6010, Epon 828—do occur in a 
spectral group that is easily distinguished from those 
in which the “presumed natural” fillers occur.) 

Most of the isolated fillers we tested were 
“loose,” that is, not in an emerald. A number of 
factors may limit the effectiveness of spectroscopic 
testing of substances after their emplacement in an 
emerald. In particular, transmission IR techniques 
are complicated by the fact that emerald is opaque 
in one diagnostic region (below 2000 cm-!), Raman 
microspectrometry only samples near-surface areas 
of fissures, and fluorescence in the 3000 cm-! 
region may interfere with the strongest Raman 
peaks. For both techniques, the filler peaks are gen- 
erally much less prominent than the emerald spec- 
tral features. 

On the basis of our results, we believe that the 
artificial resins most commonly used as emerald 
fillers can, as pure substances, be distinguished 
from cedarwood oils by a combination of gemologi- 
cal and spectroscopic properties, but other artificial 
resins also used in the trade cannot be so separated. 
The UV-setting adhesives are particularly problem- 
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atic. At this time, we recommend the following pro- 
cedure to identify individual fillers (or at least a sub- 
stance category or spectral group): first, estimate the 
filler’s refractive index (based on the presence or 
absence of a “flash effect”), and then obtain IR 
and/or Raman data. Other properties, such as fluo- 
rescence, also may be useful. 

New filling materials and mixtures will contin- 
ue to be discovered or adapted from other branches 
of science and technology. Competing factors make 
it unlikely that one best filler exists, and filler devel- 
opment continues. Kammerling et al. concluded 
their 1991 article with the comment: “It would, 
therefore, seem both inappropriate and misleading, 
in describing a filled fracture, to use wording that 
implies that the filling substance has been conclu- 
sively identified if in fact it has not.” We must keep 
these uncertainties in mind as we try to identify 
specific substances. 

However, the issue of filler identification is not 
the only one that must be addressed to understand 
fully the use of fillers in general, or of a specific filler 
in a particular emerald. Key questions remain: What 
is the effect of the degree of enhancement on an 
emerald’s appearance? How does the enhancement 
change with time, normal wear, and other typical 
events in the life of a piece of jewelry? Given these 
questions, we are focusing on two main topics as 
we continue our research: (1) determination of the 
extent to which any particular emerald has been 
clarity enhanced; and (2) durability testing of several 
common emerald treatments. 
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SAPPHIRE AND GARNET 
FROM KALALANI, 
TANGA PROVINCE, TANZANIA 


By Antonin V. Seifert and Jaroslav Hyrsl 


Located just 3 km south of the famous Umba 
locality, the geologically similar Kalalani area 
hosts deposits of gem-quality sapphire (red- 
dish orange, yellow-brown, and other colors), 
pyrope-almandine, and tsavorite. The gems 
are mined principally from primary and elu- 
vial sources associated with a serpentinite 
body and surrounding metacalcareous rocks. 
The gemological properties of sapphires from 
Kalalani are very similar or identical to those 
from Umba. The garnets, however, are differ- 
ent: Tsavorite is not known from the Umba 


area, and the dark red to brownish red pyrope- 


almandine from Kalalani is distinct from the 
pink-purple rhodolite more commonly found 
at Umba. 
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he Kalalani area in northeastern Tanzania hosts sev- 
eral primary deposits of sapphire and the largest pri- 
mary deposit of pyrope-almandine in that country. In 
1989-1990, two significant discoveries of reddish orange 
(“Umba padparadscha”; see figure 1) and yellow-brown sap- 
phires were made in desilicated pegmatites that cross-cut a 
small serpentinite massif. In 1994, a primary deposit of tsa- 
vorite was discovered in the surrounding graphitic gneisses, 
and two pieces of gem-quality tanzanite were found in allu- 
vial sediments adjacent to the Kalalani serpentinite massif. 
This article is based on field research by the senior 
author, who acted as a consultant in the exploration and 
mining of the sapphire deposits in 1989-1990, and also 
mined the large pyrope-almandine deposit in 1994. The sec- 
ond author visited the Kalalani area in 1993, and provided 
the laboratory data on the samples. 


LOCATION AND ACCESS 


The Kalalani gem deposits are located approximately 100 
km northwest of the town of Tanga, and 6 km (or 14 km by 
dirt road) south of the Umba camp, at coordinates 4° 34’ S, 
38° 44’ E (figure 2). This flat terrain is characterized by red- 
brown lateritic soil that is covered by thick bush vegetation 
and grasslands. The mining area, called “Vipigoni” by locals, 
lies about 5 km northwest of Kalalani village, from where it 
can be accessed by a rough dirt road. During the rainy sea- 
son (December—March), access to the area may be difficult. 


GEOLOGY 


Regional Geology. The gem-bearing districts of both the 
Umba River and Kalalani areas are hosted by rocks of the 
Usagaran System, a part of the Mozambique Belt. These 
rocks underwent several episodes of metamorphism, pluton- 
ism, thrusting, and folding during the Late Proterozoic to 
Early Paleozoic Pan-African orogenic event (Malisa and 
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Muhongo, 1990). The area was geologically surveyed 
by Hartley and Moore (1965) as part of the Quarter 
Degree Sheet 91 and 110, Daluni (scale 1:125,000). 
The rocks consist of high-grade banded gneisses of 
the granulite facies, gneisses of the amphibolite 
facies, graphitic gneisses, metacalcareous rocks, 
quartzites, crystalline limestones, and meta-amphi- 
bolites. These rocks surround two isolated bodies of 
serpentinite (i.e., the Umba and Kalalani serpentinite 
massifs; see figures 2. and 3). The geologic setting, 
mineral assemblages, and presence of gem-corun- 
dum-bearing pegmatites at both localities suggest 
that these massifs have a similar geologic history. 


Local Geology. Corundum Deposits. Gem-quality 
sapphire and ruby are confined to desilicated peg- 
matites that cross-cut the serpentinite (figure 3). 
They generally form lenticular (lens-like) bodies 
that are oriented vertically, and measure about 5-10 
m long and up to 2-3 m wide. The dimensions are 
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Figure 1. Most of the sapphires 
from the Kalalani area, which 
are typically fancy colors, have 
been mined from primary 
deposits. These reddish orange 
sapphires are from the Cham- 
Shama claim. The faceted 
stones range from 0.22 to 0.91 
ct. Courtesy of Varujan 
Arslanyan, Arslan Jewelers, 
New York; photo © GIA and 
Tino Hammid. 


quite variable, since the pegmatites commonly 
pinch and swell (see, e.g., figure 4). Like those at 
Umba (see Solesbury, 1967), the Kalalani pegmatites 
are generally coarse grained (up to 5 cm), and con- 
tain calcic plagioclase (andesine-labradorite) but no 
quartz. Other major constituents include amphi- 
bole, vermiculite, chlorite, biotite, spinel, corun- 
dum, and kyanite (see, e.g., figure 5). 

The mineralized zones of the two pegmatites 
that yielded reddish orange and yellow-brown sap- 
phires measured approximately 6 m long and 2 m 
wide. Although these pegmatites were only about 
50 m apart, they showed distinct differences. The 
reddish orange sapphire was mostly concentrated in 
patches of clay minerals within “golden” yellow 
vermiculite and was accompanied by pink spinel (of 
low cabochon quality) as an important indicator. 
However, the yellow-brown sapphire was found 
within bluish green vermiculite, in the absence of 
clay, and the tracer mineral was spinel-pleonaste. 
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Ruby has been found at only two locations in 
Kalalani. At one of these, the senior author noted 
that tabular ruby was randomly distributed within 
biotite in a desilicated pegmatite, and was accompa- 
nied by crystals of color-change sapphire. 


yy 
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Pyrope-Almandine Deposits. Along the eastern 
periphery of the Kalalani serpentinite are two areas 


Kalalani I UMBA | 
TANZANIA '2°% \\ SERPENTINITE 


MASSIF | | 


iat 


Dar-es-Salaam 


\ MOZAMBIQUE N 


|S 


KALALANI 
SERPENTINITE 


N MASSIF NX 4385's 


KALALANI 


Joe wwe 


Figure 2. The Kalalani gem deposits are associated 
with the Kalalani serpentinite massif in northeast- 
ern Tanzania (inset), a few kilometers south of the 
Umba area. Dirt tracks (shown here in brown) tra- 
verse both sides of the two serpentinite massifs 
between the villages of Umba and Kalalani. 


Figure 3. The Kalalani serpentinite is cross-cut by 
desilicated pegmatites that locally contain gem 
corundum. Pyrope-almandine is mined from meta- 
amphibolites near the boundary of the serpentinite, 
and tsavorite deposits are hosted by graphitic gneisses 
southwest of the serpentinite. The deposits are desig- 
nated here according to the name of their claim 
block: 1 = original “Papas” pit, reopened by Ruvu 
Gem Ltd. (color-change sapphire, ruby); 2 = Cham- 
Shama (reddish orange sapphire); 3 = Cham-Shama 
(yellow-brown sapphire); 4 = Peter A. (an old “Papas” 
pit; light blue and pink sapphires, ruby); 5 = Sumai 
(yellow-brown sapphire); 6 = old “Papas” pit, reopened Lateritic soil cover Graphitic gneisses 
by Africa-Asia Precious Stones and Mining Co. (light 


blue and yellow sapphires); 7 = Peter A. (pink sap- eae aa 
phire); 8 = Cham-Shama (pink sapphire); 9 = Peter A. CN Ee tare Fault 
(pyrope-almandine/rhodolite); 10 = Salehe J. (pyrope- Desilicated pegmatites 
almandine) 11 = Abdalah (tsavorite, main pit); 12 = eet Bias 
Ruvu Gem Ltd. (tsavorite); 13 = Maluki C. (tsavorite); Crystalline dolomitic limestone Jest Rests 
and 14 = Kwendo N. (alluvial garnet, sapphire, and Strike and dip of foliation 


Quartz-feldspar gneiss 


rare tanzanite). Mapped by A.V. Seifert, 1994. 
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that contain meta-amphibolites (see figure 3). The 
southern amphibolite body hosted an economic 
deposit of pyrope-almandine (Peter A. claim), along 
the faulted and sheared contact with serpentinite 
(figure 6). The mineralized zone measures 100 m 
long, varies from 6 to 12 m wide, and dips 45° 
northwest. The pyrope-almandine occurred in nod- 
ules averaging 10 cm in diameter. The nodules 
were typically fractured masses that contained flat- 
tened pieces of pyrope-almandine embedded in a 
fine-grained yellowish dolomite (figure 7). The best- 
quality stones were recovered from the northeast- 
ern part of the deposit; the material from the south- 
western part was more fractured and was heavily 
included. 


Tsavorite Deposits. Graphitic gneisses near the 
southwestern part of the serpentinite body are 
interbedded with quartz lenses that are accompa- 
nied by accumulations of pure graphite, where tsa- 
vorite has formed locally. These lenses crop out 


Figure 4. This geologic map (top) and cross-section 
(bottom) of the Cham-Shama reddish orange sap- 
phire deposit show the sapphire-bearing desilicat- 
ed pegmatite and associated veins. Abbreviations: 
a = desilicated pegmatite containing patches of 
clay minerals (white) with sapphire; b = blue- 
green vermiculite vein; c = golden yellow vermi- 
culite vein; d = pyroxenite vein. Mapped by A.V. 
Seifert, 1990. 
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Figure 5. At the Cham-Shama claim, reddish 
orange sapphire crystals were recovered from desil- 
icated pegmatites composed mainly of vermiculite 
(brown flakes), calcic plagioclase (white), and 
amphibole and chlorite (dark green). The prismatic 
sapphire crystal in the center of the photo is about 
4 cm long. Photo by Varujan Arslanyan. 


locally over a distance of about 1.7 km, and each is 
elongated up to 25 m in a southeasterly direction; 
they vary in width from a few centimeters up to 2 
m. At least four parallel zones showing surface 
signs of tsavorite mineralization were traced in this 
area. 


Figure 6. This geologic cross-section shows the 
northeastern part of the Peter A. pyrope-alman- 
dine deposit. The garnet is found as fractured 
nodules within altered lenses of meta-amphibo- 
lite. The mineralized meta-amphibolites have 
been faulted and sheared within the serpentinite. 
Mapped by A.V. Seifert, 1994. 


Meta-amphibolite 
lenses 
MINERALIZED ZONE 
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Figure 7. This nodule of pyrope-almandine (4 cm 
across) from the Peter A. deposit contains gem- 
quality fragments that are embedded in fine- 
grained dolomite. The rhodolite nodule is attached 
to its meta-amphibolite matrix. Photo by J. Hyrsl. 


Alluvial Deposits. About 1 km south of the 
Kalalani serpentinite, gem-bearing alluvial sedi- 
ments have been deposited among outcrops of the 
crystalline dolomitic limestones. Irregularities on 
the surface of the limestones have trapped the gems 
at about 2-5 m below the surface. These stones 
(sapphire, garnet, and—very rarely—tanzanite) have 
been derived from the Kalalani serpentinite and its 
surroundings. The gems generally show a slightly 
worn surface, which is consistent with what we 
believe to be a relatively short transport distance. 


HISTORY, MINING, AND PRODUCTION 


The history of the Kalalani area is closely associated 
with the nearby Umba River area, which has been 
described by Solesbury (1967), Dirlam et al. (1992), 
and Keller (1992). Although there are no official data 
on gem production from the Kalalani area, the 
senior author estimates that to date, the total pro- 
duction of fancy-color sapphire from the area is 
about 400 kg. Thus far, less than 1% of this produc- 
tion has been facet grade. 


Sapphire and Ruby. The first organized mining of 


sapphire in the Kalalani area was by Umba Ventures 
Ltd., owned by George “Papas” Papaeliopoulos, 


112 Kalalani Sapphire and Garnet 


who developed three shallow open pits to explore 
the pegmatites in the 1960s. Since then, the 
Kalalani area has been worked continuously by 
local miners who hand sieve the eluvial soil cover 
in search of fancy-color sapphires and ruby. 
Organized mining of primary deposits virtually 
ceased from the 1970s into the early 1980s, when 
the original “Papas” pit, situated on the eastern bor- 
der of the serpentinite (figure 3, location 1), was 
reopened by Ruvu Gem Ltd. At 40 m, this is now 
the deepest mine in the Kalalani area. The serpenti- 
nite rock is very soft, and mining was carried out 
only by pick and shovel. A modified block mining 
method was used in the open pit; that is, individual 
blocks measuring about 5 m were excavated along 
the pegmatite dike, leaving vertical walls in the sur- 
rounding serpentinite (figure 8). When the dike 
pinched off, the miners dug a haulage level at 
another 5 m depth, and the process was repeated. The 


Figure 8. The deepest pit in the Kalalani area (40 
m) was excavated for sapphire and ruby by Ruvu 
Gem Ltd., using a modified block mining method. 
Mining ceased here in 1994. Photo by A. V. Seifert. 
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material from the pit was shoveled or winched to the 
surface, where it was sieved and examined by hand. 

During the time of greatest activity, in the mid- 
1980s, about 30 people were involved in mining. 
Some cabochon-grade color-change sapphire was 
recovered, but transparent material was rare and the 
faceted stones seldom exceeded 1 ct. Cabochon- 
grade ruby (typically up to only 0.5 ct) accompanied 
the sapphire in places. Although Ruvu Gem ceased 
mining there in 1994, collector-quality sapphire 
crystals can still be found in the mine dump. 

In August 1989, an important discovery of red- 
dish orange sapphire was found in a pegmatite dike 
at the Cham-Shama claim (figure 3, location 2; see 
also figure 4). The rights to develop this locality, as 
well as to explore the remaining part of the claim, 
were secured by V. Arslanyan of New York and H. 
D. Patel of Dar es Salaam. Systematic trenching of 
this claim led to the discovery of yellow-brown sap- 
phire in another pegmatite dike (figure 3, location 3) 
in March 1990. 

Prior to mining the pegmatites, the overlying 
eluvium was removed by a backhoe and sieved for 
loose sapphire crystals. The exposed pegmatites 
were then worked by pick and shovel (figure 9), or 
with a backhoe after drilling and blasting. The sap- 
phires were removed from the soft vermiculite by 
hand. The mining of both deposits ceased at about 
5-7 m depth in July 1990, and there has been no fur- 
ther organized activity since then. 

The transparent pieces of reddish orange sap- 
phire seldom exceeded 3-5 ct, although some cabo- 
chon-grade rough reached over 100 grams. Of the 
approximately 80 kg of reddish orange sapphire pro- 
duced, about 1.5% was of excellent gem quality. A 
few of the stones were red enough to be considered 
ruby (figure 10). The yellow-brown sapphire rough 
ranged up to 4-6 ct, but clean, transparent rough 
reached only 2 ct. About 100 kg of yellow-brown 
sapphire were recovered, with less than 1% of gem 
quality. These were the only commercially signifi- 
cant sapphire finds in Kalalani over the past 30 
years. 

In December 1989, the team briefly concentrated 
on developing an old “Papas” pegmatite dike for 
ruby and sapphire at the Peter A. claim (figure 3, 
location 4). Gemmy tabular crystals of ruby up to 1 
ct reportedly were found there in the early 1980s 
(Peter Alfred, pers. comm., 1989). However, the 
1989 effort saw no production and the locality was 
abandoned. Nevertheless, small-scale mining by 
primitive methods continues, to a present depth of 


Kalalani Sapphire and Garnet 


Figure 9. Miners work the desilicated pegmatite at 
the Cham-Shama claim from which reddish orange 
sapphire was recovered. The pegmatite is visible 
here as patches of white and greenish blue beneath 
the horizon of red lateritic soil. The hose to the left 
carried compressed air for removing the excavated 
material and cleaning the bottom of the pit. Photo 
by A. V. Seifert. 


about 30 m, and light blue and pink sapphires are 
occasionally recovered in sizes ranging up to 1 ct. 
During 1991-1994, the Sumai claims (figure 3, 
location 5) were worked by the American venture 
Down to Earth Co. More than 10 pegmatites were 
mined to an average depth of 5 m, but none proved 
economic. About 20 people were involved in the 
drilling, blasting, and excavating. The pegmatitic 
material was processed in a nearby crushing and 


Figure 10. In addition to reddish orange sapphire 
(upper left, 5.07 ct), the Cham-Shama claim has 
produced a few rubies (here, 0.61-1.31 ct). Courtesy 
of Varujan Arslanyan; photo by Maha DeMaggio. 
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sieving apparatus (figure 11). Tens of kilograms of 
yellow-brown sapphire were recovered from the 
main pit. However, only a small percentage of this 
was cabochon grade, and rare small (<1 ct rough) 
pieces were facetable. 

In 1994, an old “Papas” pit near the western 
boundary of the serpentinite (figure 3, location 6) 
was reopened briefly and mined to a depth of 25 m. 
About 10 people were involved in the mining, 
including Africa-Asia Precious Stones and Mining 
Co. of Bangkok. Light blue and yellow sapphires 
were recovered, but the facet-grade rough rarely 
exceeded | ct. 

Sapphires have also been found by locals at 
many other localities in the Kalalani serpentinite 
massif. Open pits for pink sapphire at the Peter A. 
claim (figure 3, location 7) and at the Cham-Shama 
claim (figure 3, location 8) were worked to a depth 
of approximately 5 m before being abandoned. 
About six claims are presently being worked in the 
Kalalani area by small groups of up to about five 
local miners, with a foreman appointed by the 
claim owners. Currently there is little gem produc- 
tion from the area. 


Pyrope-Almandine. The Peter A. “rhodolite” claim 
(figure 3, location 9) has been mined since the early 
1980s, and until 1989 it produced stones mostly 
from the topsoil. The senior author’s team began 
mining the primary deposit in late 1989, using a 


Figure 11. Simple crushing and sieving equipment 
was used to recover sapphires at the Sumai claims 
by Down to Earth Co. Photo by A. V. Seifert. 
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backhoe to strip the overburden. In 1990 about 40 
workers selectively mined the mineralized zone 
with drilling and blasting. The upper part of the 
mineralized zone, to 6 m depth, was extremely 
rich, and approximately 30 kg of garnet were recoy- 
ered per day. 

From 1991 to 1994, the deposit was worked by 
local miners using only hammers and chisels. The 
mineralized zone (approximately 9 m wide) was fol- 
lowed to 10 m depth. The best rough—some weigh- 
ing over 10 grams—was found in a tunnel that fol- 
lowed the productive zone to a depth of 20 m. 

In 1994-1995, the local venture Skyline 
Enterprises Ltd. worked the deposit. They removed 
the dangerous hanging wall, and built an access 
road to the bottom of the pit. The waste rock was 
removed from the open pit with the help of a back- 
hoe, two trucks, and a bulldozer. The gem-bearing 
ore was crushed and sieved at a nearby treatment 
plant. The treatment plant, which had a daily 
capacity of about 25 tons, yielded about 50 kg of 
garnet per day. Since many larger stones were 
cracked or broken during the crushing procedure, 
nodules that would yield the largest, best-quality 
stones were recovered directly after blasting and 
carefully hand cobbed. The best stones were sold in 
Idar-Oberstein, Germany, with the remainder sold 
in Dar es Salaam or Bangkok. 

The mine was worked to a depth of 12 m; for six 
months, it produced approximately one ton of 
pyrope-almandine per month. About 5% of this was 
eye-clean, and 1% was microscopically clean. The 
color was typically dark red to brownish red, 
although some purplish red rhodolite (figure 12) was 
recovered from the northeastern part of the deposit. 
Gem-quality fragments averaging 1-2 grams were 
common, with some gem pieces exceeding 10 
grams. Generally, the faceted stones ranged from 2 
to 10 ct, with some over 20 ct. Mechanized mining 
ceased in mid-1995, and the mine recently closed 
completely. 

Another pyrope-almandine deposit associated 
with meta-amphibolites was briefly mined on the 
northeastern margin of the Kalalani serpentinite in 
1991 (figure 3, location 10). The garnet was dark 
red-brown and mostly translucent, but it contained 
abundant black inclusions, so the pit was closed at 
a depth of only 3 m. 


Tsavorite. In 1994, tsavorite was discovered at the 
Abdalah claim, about 200 m southwest of the 
Kalalani serpentinite. About 60 people were 
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Photo by Dr. Giibelin 


Figure 3 


“Silk,” in the usual 
pattern of. parallel 
groups intersecting 
two other parallel 
sets at 60° angles in 
a Ceylon ruby. 


Photo by Dr. Giibelin 


Figure 4 
“Sik” as seen by 
dark-field illumin- 
ation in a GLIA. 
DIAMONDSCOPE. 


Figure 12. Pyrope-alman- 
dine from the Peter A. 
deposit is typically dark 
red to brownish red (here, 
2.22-7.05 ct). Some, 
however, was the pur- 
plish red variety, rhodo- 
lite (inset, 3.17-11.85 ct). 
Courtesy of Varujan 
Arslanyan; photo © GIA 
and Tino Hammid. 


involved in drilling, blasting, and operating a back- 
hoe. The main pit (figure 3, location 11) measured 
100 m x 50 m x 20 m, and followed a mineralized 
zone that was concordant with the graphitic gneiss- 
es. A single lens found at 15 m depth produced 
about 6 kg of predominantly light green tsavorite. 
About 1% was gem quality (see, e.g., figure 13), the 
remainder showed abundant white oval inclusions 
and dark impurities. The faceted stones rarely 
exceeded 2 ct. Official production figures are confi- 
dential, but local miners indicated that a total of 
about 20 kg of tsavorite were recovered from the 
Abdalah claim in 1994. The mine closed in 1995, 
and we know of no further mining activity. 

Following the discovery of tsavorite at Abdalah, 
exploration was launched at the adjacent Ruvu 
Gem and Maluki C. claims (figure 3, locations 12 
and 13, respectively) with the help of a bulldozer 
and backhoe. Many signs of primary tsavorite min- 
eralization were detected, but none of these was of 
economic interest. 


Tanzanite. Miners recovered two pieces of gem- 


quality tanzanite in 1994, while searching for garnet 
and sapphire in the alluvium at the Kwendo N. 
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claims, about 1 km south of the Kalalani serpenti- 
nite (figure 3, location 14). The larger tanzanite was 
deep blue as found, and weighed over 10 ct; it was 
cut into two pieces and sold in Dar es Salaam. 
News of the discovery brought hundreds of local 
villagers into the area. The soil covering the natural- 
ly pitted bedrock was loosened by picks, commonly 
to depths of 2-5 m, and shoveled into sieve boxes at 
the surface. Limited mining of the alluvial deposits 
has continued, but no more tanzanite has been 
recorded. 


MATERIALS AND METHODS 


The gem material studied was collected by the 
authors at the mines, and consisted of rough, pol- 
ished rough, cabochons, and faceted samples of sap- 
phire and garnet. The sapphires studied were: three 
polished flattened crystals of reddish orange sap- 
phire (0.46, 0.91, and 1.16 ct) from the Cham-Shama 
claim; 10 cabochons (up to 10 ct each) and about 
800 grams of rough yellow-brown sapphire from the 
main pit of the Sumai claim; and four color-change 
sapphire crystals (up to 5 cm long) in matrix from 
the Ruvu Gem claim. About 1 kg of rough pyrope- 
almandine and 12 faceted stones (up to 5 ct) from 
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Figure 13. Tsavorite from the Kalalani area is typi- 
cally light green, although material showing a range 
of tone and saturation has been produced (shown 
here, 1.19-3.94 ct). The tsavorite in the platinum 
and diamond ring weighs 3.44 ct. Courtesy of 
Varujan Arslanyan; photo © GIA and Tino Hammid. 


the Peter A. claim were available for the investiga- 
tion. A parcel of rough containing seven polished 
pieces of tsavorite (up to 1 gram each) from the 
Abdalah claim was obtained later from P. 
Pongtrakul of Dar es Salaam for examination. 

Gemological testing was performed on all pol- 
ished samples, except for five cabochons of yellow- 
brown sapphire which were not tested for R.I. and 
S.G. Refractive indices were measured with a 
German “Schneider” refractometer with a near- 
monochromatic light source. Specific gravity was 
determined hydrostatically (an average of three sets 
of measurements). Fluorescence to ultraviolet radia- 
tion was observed in a darkened room using a short- 
and long-wave UV lamp. A polariscope was used to 
observe the polarization behavior. Internal features 
were examined using an immersion microscope and 
a standard gemological microscope in conjunction 
with brightfield, darkfield, and oblique fiber-optic 
illumination, as well as polarizing filters. 

The visible spectra of one reddish orange sap- 
phire, one yellow-brown sapphire, and two pyrope- 
almandine garnets were recorded using a Perkin- 
Elmer “Lambda 9” spectrophotometer, in a range 
from 350 nm to 800 nm. The chemical composition 
of two polished reddish orange sapphires and three 
faceted pyrope-almandines (five measurements each) 
was determined quantitatively using a CAMEBAX 
electron microprobe at Charles University of Prague. 


TABLE 1. Properties of sapphire and garnet from Kalalani. 


Sapphire Garnet 

Property rigeen Yellow-brown Brownish red Green 
orange (pyrope-almandine) (tsavorite) 
Refractive index 1.768-1.777 1.76-1.77 (spot) 1.763-1.770 1.737-1.740 
Birefringence 0.009 Not determined None None 
Specific gravity 3.98 4.00-4.05 3.86-3.90 3.63-3.65 
Pleochroism Distinct reddish Weak yellow-brown None None 
orange to yellow to yellow 

UV luminescence None None None None 


Absorption 
spectrum 


Inclusions 


Lines at 700, 693, 
557, and 490 nm; 
bands at 450, 388, 
and 376 nm 


Isotropic irregular 
plates oriented 
parallel to the 
basal plane 


Lines at 550, 453, and 


421 nm 


Fractures, red-brown and 
yellow-brown flakes, rutile 
needles, zircon crystals, 
rare two-phase “fingerprints” 


Bands at 571, 523, Not determined 
508, 460, 425, and 


366 nm 


Apatite, rutile, 
“fingerprints” 


Anisotropic white particles 
and negative crystallites in 
rows, two- and multi-phase 
inclusions, black plates, 
rounded colorless crystals 


“Electron microprobe analyses of two samples showed 0.9 wt.% Fe,O, and 0.15 wt.% Cr,O,; other trace elements were below the detection limit. 
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The mineralogical identification of some surface- 
reaching inclusions was made using an X-ray 
diffractometer (DRON II) at Charles University. 


RESULTS 


The properties of the sapphires and garnets are 
reported in table 1. None of the sapphires showed 
evidence of heat treatment. 


Corundum. The reddish orange Cham-Shama sap- 
phire that we studied formed tabular crystals with 
no pyramidal faces; only prism and basal pinacoid 
faces were present. The dichroism was reddish 
orange (parallel to the c-axis) and bright yellow. The 
greatest range in the R.I. values was 1.768 and 
1.777, yielding a birefringence of 0.009. The average 
S.G. of the three samples was 3.98. Electron micro- 
probe analyses showed the presence of 0.9 wt.% 
Fe,O, and 0.15 wt.% Cr,O,; other trace elements 
were below the detection limit. The absorption 
spectrum showed lines at 700, 693, and 557 nm; 
bands at 450, 388, and 376 nm, and a fine line at 490 
nm. The samples did not exhibit any fluorescence. 
Microscopic observation revealed inclusions of very 
small (up to 0.05 mm], pale, isotropic irregular plates, 
oriented parallel to the basal plane {0001}. Their R.I. 
was higher than that of corundum, as verified by the 
Becke line. Some of these plates had an incomplete 
hexagonal outline, and some had twin lines. 

The yellow-brown sapphire crystals were opaque 
to translucent, and tabular to rhombohedral. They 
showed weak pleochroism, with a notable orange 
tint seen parallel to the c-axis and yellow perpendic- 
ular to the c-axis. The R.I. values were 1.76-1.77 
(spot method}, and the S.G. varied from 4.00 to 4.05. 
No fluorescence to UV radiation was observed. The 
absorption spectrum showed two major lines at 550 
and 453 nm, and a minor line at 421 nm. The sam- 
ples contained many cracks and dark inclusions. 
The most common inclusions were very thin red- 
brown and yellow-brown flakes (figure 14) oriented 
parallel to the basal plane, which produced a schiller 
effect in the samples. These flakes are probably 
hematite, as seen by Hanni (1987) in Umba sap- 
phire. Similar-appearing inclusions in some samples 
were identified as vermiculite by X-ray diffraction 
analysis. Some stones showed a network of rutile 
needles oriented at 120° to one another. Also noted 
were tiny zircon crystals and very rare “fingerprints” 
consisting of two-phase inclusions (liquid and gas). 

The samples of color-change sapphire were only 
slightly translucent. They consisted of a hexagonal 
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Figure 14. The thin flakes in this yellow-brown 
sapphire cabochon are probably hematite; vermi- 
culite might also be present. Photomicrograph by 
]. Hyrsl; oblique illumination, magnified 6x. 


prism {1120} that was terminated by a basal plane 
{0001} or rhombohedron {1011}. The samples 
showed a distinct change of color from blue or gray- 
ish blue in daylight to purple in incandescent light. 
The sapphire fluoresced weak red to long-wave UV 
and was inert to short-wave UV. 


Pyrope-Almandine. The pyrope-almandine samples 
were brownish red. R.I. ranged from 1.763 to 1.770, 
and S.G. from 3.86 to 3.90. They showed moderate 
anomalous double refraction in the polariscope. The 
absorption spectra had three characteristic bands 
centered at 571, 523, and 508 nm, and other bands 
at 460, 425, and 366 nm. The most common inclu- 
sions were anisotropic rounded crystals of apatite 
and needle-like rutile (figure 15). Also prominent 
were partially healed fractures (figure 16) that 
appeared similar to the “fingerprints” commonly 


Figure 15. Rounded apatite crystals and needle-like 
rutile crystals were commonly seen in pyrope- 
almandine from the Peter A. claim. Photomicro- 
graph by J. Hyrsl; brightfield illumination, 
magnified 15x. 
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Figure 16. Some of the pyrope-almandine samples 
had “fingerprints” —actually, partially healed frac- 
tures—that formed attractive patterns. Photo- 
micrograph by J. Hyrsl; brightfield illumination, 
magnified 15x. 


seen in sapphire or spessartine, as illustrated by 
Gtibelin and Koivula (1986, p. 293). The substance 
(gas or liquid) within the fingerprints is mostly 
isotropic, but some portions are anisotropic, with an 
RI. lower than that of the host garnet (as seen with 
the Becke line}. The electron microprobe data 
showed that each sample was chemically homoge- 
neous (see standard deviations in table 2). As 
expected, those samples with greater iron content 
had higher R.I. and S.G. values (table 2). 
Mineralogically, the garnet is referred to as an iron- 
rich pyrope; gemologically, it is pyrope-almandine 
or, if there is a purple component, rhodolite 
(Stockton and Manson, 1985). 


TABLE 2. Physical and chemical properties of pyrope- 
almandine from the Peter A. claim. 


Sample 
Property 1.64 ct 1.28 ct 0.76 ct 
Refractive index 1.763 1.767 1.770 
Specific gravity 3.86 3.87 3.90 
Oxides (wt.%)@ 
SiO, 39.68 + 0.72 39.23 + 0.99 38.12 + 1.36 
TiO, na? 0.06 + 0.01 na 
AIO; 23.538 + 0.27 22.20 + 0.55 22.73 + 0.40 
FeO 19.05 + 0.24 21.66 +037 23.90 + 0.18 
MnO 0.81 + 0.08 0.80 + 0.02 0.64 + 0.05 
Total 101.08 100.12 99.74 


@For each sample, the average of five analyses (by electron micro- 
probe) is provided together with the standard deviation. 


’na = not analyzed. 
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Figure 17. The central elongate inclusion (0.35 mm 
long) in this tsavorite is partially filled with a 
fluid that contains a single bubble and three 
isotropic daughter minerals. Such multiphase 
inclusions are rare in tsavorite. Photomicrograph 
by J. Hyrsl; brightfield illumination. 


Tsavorite. The tsavorite samples revealed R.I. val- 
ues of 1.737-1.740, and S.G.’s of 3.63-3.65. 
Moderate anomalous double refraction was seen 
with the polariscope. The samples were inert to UV 
radiation and appeared pink with the Chelsea filter. 
Microscopic observation revealed planes of irregular 
anisotropic white inclusions and negative crystal- 
lites, often in parallel rows. Several inclusions con- 
sisted of a flaky anisotropic substance together with 
a small bubble. One sample contained an unusual 
multiphase inclusion that was mostly filled by a 
fluid in which floated a small bubble and three 
isotropic crystals (cubes?); all of these were attached 


Figure 18. Rarely, opaque black plates were 
observed as inclusions in the Kalalani tsavorite; 
they were probably graphite. This crystal mea- 
sures 0.5 mm in diameter, and appears light col- 
ored due to reflections off its shiny surface. 
Photomicrograph by J. Hyrsl; oblique brightfield 
illumination. 
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to an anisotropic material (figure 17). Rare, opaque 
black plates were probably graphite (figure 18). 
Small rounded colorless crystals with a high relief 
(probably apatite) were common in some samples. 
All of the anisotropic inclusions described above 
have a lower RI. than tsavorite, as determined by 
Becke line observations. 

Four multiphase inclusions in tsavorite from 
Kalalani were studied by Petra Neumanova of 
Charles University at Prague. They were interpreted 
as primary fluid inclusions because of their large 
size, relative isolation, and similar phase composi- 
tion and phase ratios. The mineral phase within the 
fluid inclusions was anisotropic, and these crystals 
apparently were daughter minerals. 


DISCUSSION 


Gemstones from Kalalani are similar to those from 
Umba, which is well known for the production of 
sapphires in an unusually broad range of fancy col- 
ors—particularly the color-change and “Umba pad- 
paradscha” sapphires—as well as for light blue sap- 
phire and ruby. The garnet group at Umba is repre- 
sented by pink-purple rhodolite, “malaia” garnet 
(called also “Umbalite”}, color-change garnet, and 
pale pink grossular. Cr-tourmaline, spinel, scapolite, 
apatite, zircon, Cr-diopside, kyanite, and turquoise 
have also been reported from the Umba area 
(Dirlam et al., 1992). The second author recently 
identified a mineral new to Umba, gemmy brown 
enstatite. While most Umba gems have been recov- 
ered from alluvium, gems at Kalalani are mined 
almost entirely from primary deposits. 

The color range and characteristic inclusions of 
reddish orange sapphires from Kalalani (figure 19) 
are very similar to those from Umba, as well as to 
orange sapphires from the Tunduru region in south- 
ern Tanzania (Henn and Milisenda, 1997) and to 
orange sapphires from Malawi (Henn et al., 1990). 
Although the traditional padparadscha sapphire 
from Sri Lanka shows more pink and less orange, 
some reddish orange sapphires from Kalalani have a 
prominent pinkish tint. The visible absorption spec- 
trum of the reddish orange sapphire from Kalalani is 
identical that of similar material from Umba (as 
recorded by Hanni, 1987), and confirms the pres- 
ence of Fe** and Cr** as the main coloring agents. 
On the basis of the studies of similar sapphires from 
Umba (e.g., Schmetzer et al., 1982), the reddish 
orange sapphires from Kalalani probably do not 
respond favorably to heat treatment, because color 
centers apparently are not present. 
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Figure 19. The Kalalani area has yielded sapphires 
in colors similar to those seen in sapphires from 
Umba and Tunduru. These yellow to reddish 
orange sapphires from the Cham-Shama claim 
range from 1.53 to 2.29 ct. Courtesy of Varujan 
Arslanyan; photo © GIA and Tino Hammid. 


The Kalalani garnets differ from their Umba 
counterparts. “Malaia” garnet, color-change garnet, 
and pale pink grossular are not known from 
Kalalani, and tsavorite has not been found at Umba. 
The Kalalani pyrope-almandine is typically dark red 
to brownish red, whereas that from Umba is pink- 
purple (i.e., rhodolite). Tsavorite from Kalalani has 
the same RI. and S.G. as most tsavorite from Kenya 
or Tanzania (see, e.g., Keller, 1992). Tsavorite from 
the Merelani Hills in Tanzania (see Kane et al., 
1990) can be distinguished easily from Kalalani tsa- 
vorite due to its negative reaction to the Chelsea fil- 
ter. Green grossular from Mali, which has a similar 
pink to red response to the Chelsea filter, shows a 
higher R.I. than Kalalani tsavorite. 
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Curiously, the parcel of rough tsavorite from 
Kalalani that we obtained for study was also found 
to contain minor amounts of green to dark green 
Cr-tourmaline and light green kornerupine, as con- 
firmed by X-ray diffraction analyses. These gem 
minerals can be easily distinguished from tsavorite 
by their anisotropy, pleochroism, and particularly 
their fluorescence to UV radiation. Chrome tourma- 
line fluoresces light yellow to short-wave, and is 
inert to long-wave, UV radiation; whereas kor- 
nerupine shows strong yellow fluorescence to both 
short- and long-wave UV. When viewed with a 
Chelsea filter, Cr-tourmaline appears pink to red 
and kornerupine remains green. 


FUTURE POTENTIAL 


The Kalalani area has never been systematically 
prospected, but there is some evidence that addi- 
tional sapphire-rich pegmatites exist. Except for the 
old “Papas” pits, mining generally has extended to 
an average depth of only 5-7 m. Below this depth, 
there is a high potential for the discovery of addi- 
tional sapphires, and efforts should be made to 
reach the deeper zones of abandoned deposits that 
were formerly productive. 

The remaining reserves of pyrope-almandine ore 
at the Peter A. deposit may be roughly estimated at 
up to 100 tons, to a depth of 25 m. Also, the abun- 
dant surface signs of primary tsavorite mineraliza- 
tion southwest of the Kalalani serpentinite should 
be explored more thoroughly. In both cases, a large 
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initial investment in prospecting and mining would 
be necessary. Although a source of tanzanite has 
not been found in the Kalalani area, favorable geo- 
logic potential is indicated by the presence of crys- 
talline dolomitic limestones and graphitic gneisses 
with quartz veins and pure graphite, together with 
widespread hydrothermal alteration. 

The Kalalani area also has potential for other 
gem materials. The senior author has found green 
tourmaline in small pegmatite lenses hosted by 
quartz-feldspar gneisses southwest of the Kalalani 
massif. Also, small crystals of transparent green 
diopside have been recovered from fissures inside 
the Kalalani massif. 
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RUSSIAN 
SYNTHETIC AMETRINE 


By Vladimir S. Balitsky, Taijin Lu, George R. Rossman, Irina B. Makhina, 
Anatolii A. Mar’in, James E. Shigley, Shane Elen, and Boris A. Dorogovin 


Gem-quality synthetic ametrine has been pro- methyst is one of the most popular colored gem- 
duced commercially in Russia since 1994, by stones because of its color, availability, and 
hydrothermal growth from alkaline solutions. affordability. Citrine is less often encountered in 
Faceted synthetic ametrine has many similari- nature, although large quantities are produced by the heat 


ties to its natural counterpart from Bolivia. For 
the most part, however, the synthetic ametrine 
obtained for this study could be identified by a 
combination of characteristics, including 
growth features such as twinning and color 


treatment of amethyst. In the 1970s a spectacular combina- 
tion of amethyst and citrine, commonly referred to as 
ametrine, became available (Hehar, 1980; Koivula, 1980, 
Vargas and Vargas, 1980). Although there was early specula- 


zoning. EDXRF chemical analyses revealed tion (stimulated in part by observations of Nassau, 1981) 
higher concentrations of K, Mn, Fe, and Zn that such ametrine was synthetic or the effect was produced 
than in natural ametrine. IR spectra of the syn- by treatment, the source of natural, untreated ametrine was 
thetic citrine portions showed more intense eventually revealed to be the Anahi mine in Bolivia (Jones, 
absorption in the 3700-2500 cm! range com- 1993; Vasconcelos et al., 1994). In fact, efforts were under- 
pared to natural ametrine; the synthetic way in Russia in 1977 to understand the fundamental mech- 
amethyst zones showed a weak diagnostic anisms of synthesizing ametrine (Balitsky and Balitskaya, 


peak at 3543 cm-!, 


1986). By 1994, the growth technology was successfully 
established, and the first commercial batch (on the order of 
100 kg) of synthetic ametrine crystals was produced. 

Currently, a few kilograms per month of synthetic 
ametrine crystals and polished slabs are being sold. Faceted 
synthetic ametrine is also available (see, e.g., figure 1). Batch 
capacity has now grown to more than 300 kg. If necessary to 
meet demand, several tons of synthetic ametrine a year 
could be produced by a single laboratory (the Russian 
Research Institute for Material Synthesis [VNIISIMS] of the 
Ministry of Geology of the Russian Federation, in 
Alexandrov, Vladimir District). Most of the synthetic 
ametrine is sold in Russia. Recently, however, synthetic 
ametrine (of unknown origin) has appeared in the Bolivian 
market (Rivero, 1999). 

Although at least three morphological types of synthetic 
ametrine crystals can be grown, this article reports on the 
most abundant commercial type. The cause of color, growth 
conditions, crystal morphology, gemological properties, 
internal features, spectra, and chemical composition are 
described, and key tests to separate this synthetic ametrine 
from its natural counterpart are summarized. 
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Figure 1. Synthetic ametrine 
hydrothermally grown in Russia 
became commercially available 

in the mid-1990s. Here, faceted 
synthetic ametrine (the three 
samples on the left, 11.30-13.38 
ct) is shown together with natu- 
ral ametrine from the Anahi 
mine in Bolivia. The carving of 
natural ametrine in the center 
weighs 35.15 ct and was execut- 
ed by Michael Dyber; the 
faceted stones on the right 
weigh 4.71-22.31 ct. Photo © 
Harold & Erica Van Pelt. 


HISTORICAL BACKGROUND 


Synthetic quartz with the distinctive amethyst-cit- 
rine bi-coloration was first mentioned in the 
Russian scientific literature in the late 1950s and 
early 1960s. In particular, Tsinober and Chentsova 
(1959) reported that, after X-ray irradiation, certain 
crystals of brown synthetic quartz developed purple 
(amethyst) coloring in the rhombohedral growth 
sectors. This treatment phenomenon was revisited 
in the course of research into synthetic brown 
quartz and synthetic amethyst (e.g., Balakirev et al., 
1979; Balitsky, 1980; Balitsky and Lisitsina, 1981, 
Nassau, 1981). 

The first investigations aimed at producing syn- 
thetic ametrine on a commercial scale began in 
1982 at the Institute of Experimental Mineralogy of 
the Russian Academy of Science (IEM RAS) in 
Chernogolovka, Moscow District. These experi- 
ments investigated how physical, chemical, and 
growth factors affected the capture and distribution 
of color-causing iron impurities during the growth 
of synthetic ametrine (as well as other iron-bearing 
varieties of quartz; see Balitsky and Balitskaya, 
1986). In 1993-1994, the research was transferred to 
VNIISIMS, also near Moscow, although colleagues 
at both institutions continued to collaborate. Later, 
VNIISIMS organized a special company named 
“AmetTpun” (Ametrine) to market synthetic amet- 
rine. Today, almost all synthetic ametrine is pro- 
duced at VNIISIMS. 


SCIENTIFIC FOUNDATIONS FOR THE 
GROWTH OF SYNTHETIC AMETRINE 


Iron Impurities in Colored Quartz. As previously 
established by several researchers (e.g., Hutton, 
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1964; Zaitov et al., 1974; Lehmann, 1975; Balakirev 
et al., 1979; Balitsky, 1980; and Rossman, 1994), the 
various colors of iron-bearing quartz (e.g., amethyst, 
citrine, green, and brown quartz} are related to dif- 
ferent forms of iron (Fe) in the crystal structure. 
Only a small quantity of iron (e.g., about 0.01-0.05 
wt.% Fe for amethyst) is needed to produce col- 
oration in quartz. Even though the element iron and 
the mineral quartz are both common in nature, the 
occurrence of ametrine is quite rare. This is due to 
the specific physical, chemical, and geological con- 
ditions necessary for ametrine formation (Balitsky 
and Balitskaya, 1986; Vasconcelos et al., 1994). 

The basic unit of the quartz structure is a tetra- 
hedron consisting of a silicon (Si) atom and four 
oxygen (O) atoms. Trivalent iron (Fe**) can substi- 
tute for Si** in a tetrahedral site, or it can fill inter- 
stitial sites (as extra atoms in voids) between neigh- 
boring tetrahedra. At least two different interstitial 
positions exist in the quartz structure (Rossman, 
1994, p. 434). 

The amethyst coloration develops in a two-step 
process. First, the substitution of Si* by Fe** during 
growth produces a precursor center (Fe** substitu- 
tional center, [FeO,]-). The resulting deficiency of 
positive charge is compensated by the introduction 
of alkali metal ions (such as Li* or Na‘) or protons 
(H*) into the quartz. This precursor center absorbs 
so little light that the material is almost colorless. 
The purple color develops only when the precursor 
center is converted to the amethyst color center 
([FeO,]°) by exposure to ionizing radiation. For syn- 
thetic amethyst, a dose of 5-6 Mrads of cobalt-60 
gamma-ray radiation is commonly used, although 
electron irradiation is employed occasionally. 
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Figure 2. This diagram relates the Eh (oxidation 
potential) and pH (acidity) of iron (Fe)-containing 
aqueous solutions to the chemical form in which 
the iron exists in the solution. The regions corre- 
sponding to the various color varieties of iron-con- 
taining quartz are indicated by purple (amethyst), 
yellow (citrine), brown (brown quartz), and green 
(green quartz). 1 = region of amethyst, citrine, and 
ametrine (purple-and-yellow striped) formation; 

2= narrow region of brown quartz formation (along 
line), with adjacent green-and-brown quartz and 
amethyst-and-brown quartz regions; and 3 = region 
of green quartz formation. After Melnik et al. (1974). 


Citrine coloration in synthetic quartz is also 
related to Fe**. However, in contrast to the color 
mechanism for amethyst, the iron does not enter 
the crystal structure. Rather, it is captured on 
growth faces of the quartz crystal—possibly as a 
small aggregate of a hydrated iron hydroxide—in the 
form of a so-called “nonstructural” impurity. 
Various colors can result, depending on the oxida- 
tion state (valence) of the nonstructural iron: Green 
coloration is caused by the presence of Fe?* impuri- 
ties, and the simultaneous capture of both Fe** and 
Fe** gives rise to brown quartz. 

Because the color of iron-bearing quartz depends 
on the valence state of the iron, the Russian 
researchers first had to determine the conditions 
under which the desired form of iron ions would 
exist in the quartz-forming hydrothermal solutions. 
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They did this with the help of a calculated diagram 
(known as an Eh-pH diagram—see e.g., Garrels and 
Christ, 1965; figure 2), which shows the stability of 
ionic and molecular forms of iron in aqueous solu- 
tion as a function of the oxidation potential (Eh) and 
the acidity (pH). From this diagram, it can be seen 
that there is a limited regime under which all the 
iron will be in the trivalent state (i.e., region 1 in fig- 
ure 2). This observation was fundamental to the 
development of technologies for growing both syn- 
thetic amethyst and ametrine (Balitsky et al., 1970, 
Balitsky, 1980). The diagram further shows that 
there are conditions under which synthetic 
amethyst, citrine, or ametrine—as well as bi-colored 
amethyst-brown quartz and amethyst-green 
quartz—can be grown in acidic, neutral, or alkaline 
solutions. 


Growth Rate and Coloration. The incorporation of 
iron impurities—and thus the development of the 
specific ametrine coloration—is dependent on the 
growth rate and surface structure of the different 
growth sectors (as explained by Balitsky and 
Balitskaya, 1986; see figure 3). The growth condi- 
tions must be closely regulated so that the 
amethyst- and citrine-forming iron impurities are 
captured simultaneously by different growth sectors 
ina crystal. 


Commercial Growth and Irradiation Processes. The 
technology for synthesizing ametrine is similar to 
that for synthetic amethyst and synthetic citrine. 
The crystals are grown hydrothermally in concen- 
trated alkaline (K,CO,) solutions at temperatures of 
330°—370°C and pressures in the range of 1,200 to 
1,500 atmospheres, in autoclaves ranging from 
1,000 to 1,500 liters in volume (for photos of the fac- 
tory, visit the Web site http://minerals.gps.caltech. 
edu/ametrine). The crushed silica used to grow the 
synthetic quartz is derived from natural or synthetic 
quartz with a very low aluminum content (10-100 
ppm). To facilitate the incorporation of Fe** into the 
growing crystal structure, manganese nitrate, 
Mn(NO,),, is used as an oxidizer. 

The synthetic ametrine crystals are grown on 
seeds, prepared from colorless synthetic quartz crys- 
tals, that have a specified crystallographic orienta- 
tion, shape, and size. Two types of seeds are used to 
produce the tabular synthetic ametrine crystals: (1) 
seeds cut parallel to the positive and negative rhom- 
bohedra; and, more commonly, (2) seeds cut parallel 
to the basal pinacoid. In both cases, the crystals are 
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grown at rates slightly below the critical rates (see 
figure 3) to produce the optimum distribution and 
intensity of color. The basal surfaces of crystals 
grown on seeds cut parallel to the basal pinacoid 
grow at about 0.8-1.0 mm/day. Rhombohedral 
faces, however, grow much slower (0.3-0.4 mm/day 
for the negative rhombohedral face, and 0.08-0.1 
mm/day for the positive rhombohedral face). The 
rhombohedral r and z sectors are colorless or pale 
yellow as grown; subsequent gamma-ray irradiation, 
as described below, produces the purple color in 
these sectors (figure 4). The pinacoidal c sectors are 
yellow to orange as grown. Their primary citrine 
color is unaffected by the irradiation, although in a 


Figure 3. The growth rate of synthetic ametrine 
strongly influences the coloration of the r and z 
sectors (see figure 4 for an example of the col- 
oration of the r, z, and c growth sectors). This 
schematic diagram shows the effect of growth rate 
on the capture and distribution of amethyst- and 
citrine-forming impurities in these two sectors. 
The color intensity is directly related to the quan- 
tity of captured iron impurities. V", and V2, are the 
critical growth rates for the r and z faces, respec- 
tively (i.e., the growth rate at which the maximum 
color intensity will be produced). Above these crit- 
ical values, the color intensity decreases, and the r 
and z sectors begin to capture citrine-forming 
impurities. In the diagram, the color of each line 
indicates the particular color-forming impurities 
that are incorporated into the r and z sectors at 
various growth rates. At higher growth rates, the r 
and z faces incorporate only citrine-forming impu- 
rities (1.e., in regions III, IV, and V for r and region 
V for z). To grow synthetic ametrine crystals with 
r and z sectors that will show an intense purple 
with irradiation, the growth is carefully main- 
tained at just below the critical rate. The c faces 
capture only the citrine-forming impurities, 
regardless of the growth rate. 


D 
z 
rr 
Ke 
z 
a 
° 
al 
° 
re) 


==" a =* | 
r z 
GROWTH RATE Ver 


Russian Synthetic Ametrine 


Figure 4. Commercially important synthetic 
ametrine is produced using rectangular seeds cut 
parallel to the basal pinacoid. The crystal on the 
upper left is shown before—and the crystal on the 
bottom (1.1 kg) after—gamma-ray irradiation. The 
slice on the upper right is a cross-section of an irra- 
diated crystal; about 20 such slabs can be cut from 
a typical crystal. Within the slice, the colorless 
band is the seed plate, the yellow regions on either 
side of the seed are the c sectors, and the dark pur- 
ple zones are the r and z sectors (the r sectors are 
darker purple). Photo by Maha DeMaggio. 


small proportion of crystals these sectors turn 
brownish orange due to the presence of a minor 
amethyst component. 

By changing the shape, size, and orientation of 
the seed, and using other proprietary techniques, it 
is possible to grow synthetic ametrine crystals 
showing various habits, from tabular to prismatic 
(both symmetric and asymmetric], with a complex 
distribution of amethyst- and citrine-colored inter- 
nal growth sectors. Most commercial production 
employs rectangular seed plates that are cut parallel 
to the basal pinacoid and elongated in the trigonal 
prism x [1120] direction (known as the ZX-cut). All 
of the synthetic ametrine samples examined for this 
study were grown using these seeds, which are typi- 
cally 200-300 mm long, 20-50 mm wide, and 
1.5-2.0 mm thick. Their use results in tabular crys- 
tals with the best color contrast between the differ- 
ent growth sectors. Very small quantities of crystals 
have been grown with the rectangular basal pina- 
coid seeds elongated in the hexagonal prism m 
[1010] direction (the ZY-cut), to get a more varied 
distribution of color. 

To study the influence of seed orientation on the 
development of the synthetic amethyst and citrine 
portions, the Russian researchers are growing some 
crystals on seeds oriented at 15°-30° to the basal 
pinacoid face. Synthetic ametrine crystals with a 
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Figure 5. Each slab of synthetic ametrine typically 
yields 8-10 faceted samples. The largest faceted 
synthetic ametrine shown here weighs 20 ct. Photo 
by Maha DeMaggio. 


prismatic morphology are also grown; they require 
special seeds and a proprietary morphology-control- 
ling technique. Currently, these crystals are being 
produced for commercial use at a rate of only 2-3 
kg per month. A detailed gemological study of this 
material is underway by the current authors. 

The largest synthetic ametrine crystal grown 
thus far by the Russian authors weighed 4.5 kg. 
Crystals typically range from 0.45 to 1.2 kg, and 
measure 20 x 6 x 2 cm to 21 x 8 x 4.cm. For maxi- 
mum amethyst color saturation, the crystals are 
irradiated with a cobalt-60 gamma-ray source for 


Figure 6. These faceted synthetic ametrines 
(7.53-46.44 ct) represent some of the samples 
examined for this study. Photo by Maha DeMaggio. 
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about three hours, resulting in a dose of about 5 
Mrads. To fulfill customer requests, occasionally 
the crystals are heat treated (at 330°-350°C for one 
hour) to reduce the color intensity of the synthetic 
citrine portions. 


CUTTING 


The elongate, tabular crystals of synthetic ametrine 
are first cut perpendicular to their length into sever- 
al slabs (see, e.g., figures 4 and 5). A 200-mm-long 
tabular crystal typically yields 20 slabs. The slabs 
contain both amethyst- and citrine-colored por- 
tions, except for those cut from near the ends of the 
crystals. Each slab yields about 8-10 faceted gems 
with an average weight of 10-15 ct (see, e.g., figure 
5), although gems exceeding 50 ct can be cut. Some 
of the faceted gems will be almost entirely purple or 
yellow, depending on the portion of the slab from 
which they were cut. Rectangular, cushion, and 
oval shapes are most common. 

Approximately 180 faceted stones are obtained 
from a typical rough crystal, for an overall yield of 
about 50%. No noticeable differences in physical 
properties, such as brittleness and hardness, have 
been reported for synthetic and natural ametrine 
during cutting and polishing. 


MATERIALS AND METHODS 


All of the synthetic ametrine samples included in 
this study were grown on tabular ZX-cut seeds. 
About 300 synthetic ametrine crystals (80 x 20 x 
10 mm to 250 x 80 x 50 mm) and 150 faceted gems 
(1-40 ct) were examined by the Russian authors and 
their staff. The GIA and Caltech authors studied 
seven crystals, six polished crystal fragments, and 
10 faceted samples of synthetic ametrine. The 
largest crystal studied at GIA measured 207.1 x 
64.5 x 30.2 mm and weighed 1.1 kg. The faceted 
samples examined at GIA were cut in oval and vari- 
ous fancy shapes, and ranged from 7.53 ct to 46.44 
ct (figure 6). To explore the dependence of physical 
and gemological properties on crystallographic ori- 
entation, we had 12 rough samples cut and polished 
in specific orientations (e.g., parallel and perpendic- 
ular to the optic axis). The resulting slabs weighed 
10.30—65.80 ct and were studied by authors from all 
three institutions. 

In addition, the GIA and Caltech researchers 
documented the gemological properties of the fol- 
lowing samples of natural ametrine from the Anahi 
mine: seven crystals (50-56 grams}, three slabs cut 
parallel to the optic axis (25.88—48.55 ct}, three slabs 
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cut perpendicular to the optic axis (26.00-168.90 ct), 
and 30 faceted samples (3.90 ct-140.39 ct; see, e.g., 
figure 7) in various shapes. 

Standard gem-testing equipment and methods 
were used to characterize all 40 of the faceted sam- 
ples examined at GIA. The equipment included: a 
GIA GEM Duplex II refractometer with a near- 
monochromatic, sodium-equivalent light source; a 
polariscope, a calcite dichroscope, a Chelsea color 
filter, a GIA GEM combination long- and short- 
wave ultraviolet lamp unit (4 watts), a Beck desk- 
model prism spectroscope mounted on an illumi- 
nation base, and a binocular gemological micro- 
scope. Twinning was observed with an immersion 
cell and cross-polarized light, at 7x-45x magnifi- 
cation. Specific gravity values were hydrostatically 
determined for three synthetic and five natural 
samples using a Mettler AM100 electronic balance. 

Absorption spectra in the ultraviolet-visible-near 
infrared (UV-Vis-NIR)} were obtained at GIA with 
two instruments (a Hitachi U-4001 and a Pye- 
Unicam 8800) for some of the natural ametrine (two 
crystals, three slabs, and 15 faceted stones) and syn- 
thetic ametrine (five crystals, three slabs, and 10 
faceted samples). UV-Vis-NIR absorption spectra 
were also collected at Caltech, with a diode array 
microspectrometer. Four slabs and one cube of nat- 
ural ametrine, and four slabs of synthetic ametrine, 
were chosen for detailed study on this system. 
Infrared spectra were recorded at GIA (on the same 
samples as for UV-Vis-NIR spectroscopy) with a 
Nicolet Magna-550 spectrophotometer, and at 
Caltech (four slabs each of natural and synthetic 
ametrine} with a Nicolet 860 instrument. 
Additional data for 20 crystals, 30 slabs, and 20 
faceted synthetic ametrine samples were collected 
by the Russian authors using a SPECORD M40 spec- 
trometer (visible range) and a Perkin-Elmer 983 spec- 
trophotometer (infrared range). Equivalent instru- 
ments at the three locations gave comparable results. 

Qualitative chemical analyses of 15 natural and 
15 synthetic ametrine samples were obtained at 
GIA by energy-dispersive X-ray fluorescence 
(EDXRF] spectrometry, using a Tracor-Northern 
Spectrace TN 5000 instrument. Semi-quantitative 
chemical analyses of five natural (two slabs, three 
faceted) and four synthetic (two slabs, two faceted) 
ametrine samples were also performed at Caltech, 
using a Kevex-IXRF 7000 system in conjunction 
with the Fundamental Parameters program (sup- 
plied with the instrument’s software) and silica- 
metal oxide mixtures as confirmatory standards. 
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Figure 7. Natural ametrine was obtained for com- 
parison with the synthetic material. The largest 
faceted ametrine shown here weighs 21.98 ct. 
Photo by Maha DeMaggio. 


Raman spectra were collected using a Renishaw 
2000 laser Raman microspectrometer at GIA on 10 
natural and 10 synthetic faceted samples. Each was 
analyzed in both the citrine and amethyst regions 
without any change in the orientation of the sam- 
ple. In addition, Raman spectra of doubly polished 
slabs of both natural and synthetic ametrine were 
obtained at Caltech using a Kaiser Optics 
Holoprobe instrument with an EIC probe head. 
Because the initial results obtained by both instru- 
ments suggested that Raman spectra were not par- 
ticularly useful for identification purposes, a com- 
prehensive Raman study was not undertaken. 

To evaluate the color stability of the synthetic 
ametrine, the Russian authors heated 30 rough crys- 
tals, 20 slabs, and 50 crystal fragments in air, at 
temperatures up to 700°C. After the amethyst color 
faded in a particular temperature range, the faded 
samples were re-irradiated with gamma rays to 
investigate color restoration. 


RESULTS AND DISCUSSION 


Morphology of Natural and Synthetic Ametrine. As 
seen in most natural amethyst, natural ametrine 
crystals typically have a prismatic habit, elongated 
parallel to the optic axis (c-axis), and are terminated 
by the rhombohedral faces r {1011} and z {0111} (fig- 
ure 8). In some crystals, both of these rhombohedra 
are equally developed, so that the terminations 
resemble hexagonal pyramids; a small, rough c 
(0001) face is occasionally present (Vasconcelos et 
al., 1994). Prism faces m {1010} are commonly 
developed, and are striated at right angles to the c- 
axis. Rarely, other faces are developed, such as the 
trigonal prism x {1120} and trigonal dipyramid s 
{1121}; if present, they are very small. 
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Figure 8. Natural quartz crystals commonly show a 
simple arrangement of prism (m) and rhombohe- 
dral (r and z) faces. Ametrine crystals are typically 
prismatic, and are terminated by r and z faces of 
variable size. In natural ametrine crystal A, the 
rhombohedral faces are equally developed, so that 
the terminations resemble hexagonal pyramids. In 
most ametrine crystals, however, the terminations 
resemble those shown by B and C. 


Unlike natural ametrine, synthetic ametrine 
crystals are usually tabular, because a seed plate is 
used to start the growth. As noted earlier, the crys- 
tal morphology varies depending on the characteris- 
tics of the seed plate and the growth conditions. 
The crystals we examined for this study, all grown 
on ZX-cut seeds, were bounded mainly by m and r 
faces (figure 9), z faces were smaller, and the +x and 
—x faces were seldom present. A short steel wire— 
used to suspend the seed plate in the autoclave— 
was usually present at one end of the crystals. 


Color and Color Distribution. The color distribu- 
tion and internal features of the synthetic ametrine 
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Figure 9. This schematic diagram illustrates a syn- 
thetic ametrine crystal that has been grown on a 
ZX-cut seed. The crystal is elongated along the 
seed (indicated here by dashed lines), and is 
bounded by r, z, m, and +x faces. The +x faces are 
not visible in this diagram, because they are locat- 
ed on the back of the crystal, behind the m faces. 


crystals are best seen when the they are sliced paral- 
lel to the x and m faces (figure 10). As noted earlier, 
the c sectors are synthetic citrine (orangy yellow to 
moderate orange), and the r and z sectors are syn- 
thetic amethyst (moderate to strong purple). The 
purple coloration is somewhat more intense in the r 
sectors than the z sectors. The samples exhibited 
moderate dichroism (violet purple to violet) in the 
amethyst-colored portion, and very weak to weak 
dichroism (orangy yellow to orange) in the citrine- 
colored portion. 

In the synthetic ametrine samples we examined, 
the synthetic citrine portions were often more 
intensely colored than those in natural ametrine of 
similar thickness (see, e.g., figure 1). In general, we 
observed that the synthetic amethyst portions in 


Figure 10. Several internal features in synthetic 
ametrine grown on tabular ZX-cut seeds are visi- 
ble in this slab (6.0 cm long) and the correspond- 
ing schematic diagram. The slab was sliced paral- 
lel to the x faces; it shows amethyst coloration in 
the r and z sectors, and citrine coloration in the c 
sectors. Color zoning is present in both the syn- 
thetic citrine and amethyst regions, and faint 
streaks consisting of liquid-gas inclusions are 
elongated parallel to the optic axis in the citrine 
region. The citrine color zoning is oriented paral- 
lel to the colorless seed (and perpendicular to the 
optic axis), and the amethyst color zoning is ori- 
ented parallel to the rhombohedral crystal faces. 
Photo by Maha DeMaggio. 
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our samples were also more intensely colored than 
their natural amethyst counterparts. 

The amethyst-citrine color boundary in synthet- 
ic ametrine [i.e., the boundary between the c sectors 
and the adjacent r and/or z sectors) is oriented 
roughly parallel to the rhombohedral faces, or at 
about 51° to the optic axis for r sector amethyst and 
23° to the optic axis for z sector amethyst. In con- 
trast, the color boundary in natural ametrine (i.e., 
the boundary between the amethyst r sectors and 
the citrine z sectors) is oriented roughly parallel to 
the optic axis. 

In addition, to obtain maximum cutting yield 
from the slabs, some synthetic stones may show a 
sharp bend or angle in the amethyst-citrine color 
boundary (see, e.g., figure 5). This angle varied from 
22°—48° in the synthetic slabs and faceted samples 
examined at GIA. When natural ametrine is faceted 
to show the maximum color contrast between 
amethyst and citrine, the color boundary is usually 
straight (see, e.g., figure 7). 


Color Stability. The citrine color in the synthetic 
ametrine remained stable during heating (at temper- 
atures up to 700°C). The amethyst color was stable 
below 400°C. In the temperature range of 
400°-450°C, the purple faded completely within 
two hours of exposure, but it was fully restored by 
subsequent gamma-ray irradiation. However, when 
the synthetic ametrine samples were heated to 
higher temperatures, especially above the a8 phase 
transformation of quartz at 573°C, the amethyst 
color centers in nearly all samples were destroyed 
irreversibly (i.e., the purple could not be restored 
with gamma-ray irradiation), and a milky turbidity 
obscured the color and transparency of both the 
amethyst and citrine zones. As the temperature was 
increased from 550° to 700°C, in particular, the 
intensity of milkiness increased, cracks appeared, 
and the orange component of the citrine color 
decreased. 


Microscopic Characteristics. Amethyst and citrine 
color zoning, stream-like structures, polysynthetic 
Brazil-law twinning, and two-phase (liquid-gas] 
inclusions were the principal microscopic features 
seen in the synthetic ametrine. The slab in figure 10 
shows most of these features, and the corresponding 
schematic diagram illustrates their interrelation- 
ships and their orientation relative to the optic axis. 

The citrine portions (c sectors) of the faceted 
synthetic ametrine commonly showed color zon- 
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Figure 11. Stream-like structures are visible in the 
citrine portion of this 4.25 ct faceted synthetic 
ametrine. Photo by Taijin Lu. 


ing, oriented perpendicular to the optic axis. In the 
amethyst portion (r and z sectors), color zoning was 
generally observed, and was always oriented parallel 
to either the r or the z crystal faces, or at about 50° 
to the optic axis. Rarely, stream-like structures were 
observed in the synthetic citrine portions. With 
oblique lighting, these appeared as wavy stripes of 
color (figure 11) that were subparallel to the optic 
axis. They result from surface irregularities caused 
by growth hillocks on the basal pinacoid as the crys- 
tal grew. 

No twinning was observed in the citrine portion 
of the faceted synthetic ametrine. Brazil twins (see, 
e.g., figure 12, left) were observed by the Russian 
authors in the synthetic amethyst r sectors of only a 
few of the 150 faceted samples. As observed with 
crossed polarizers, Brazil twins in the synthetic 
amethyst portions formed a distinctive polysynthet- 
ic twinning pattern: a group of straight, thin, paral- 
lel lamellae showing various interference colors. In 
contrast, the amethyst sectors in all of the natural 
ametrine studied showed Brazil twinning. Brazil 
twin boundaries in natural amethyst show distinc- 
tive curved or mottled patterns that are sometimes 
accompanied by linear areas of extinction called 
Brewster fringes (Brewster, 1823; Crowningshield et 
al., 1986; Lu and Sunagawa, 1990; Vasconcelos et 
al., 1994; see figure 12, center and right). Brewster 
fringes were not observed in the synthetic ametrine. 

Two-phase (liquid-gas) inclusions were observed 
only rarely in the synthetic citrine portions (figure 
13), and very rarely in the synthetic amethyst por- 
tions. These inclusions were oval or needle shaped, 
and were elongated parallel to the optic axis and the 
stream-like structures; in a few instances, they 
were visible to the unaided eye with strong light. 
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Figure 12. Brazil twins were observed only rarely in the amethyst portion of the faceted synthetic ametrines. 
They were composed of polysynthetic twin lamellae (thin, straight parallel lamellae showing various interfer- 
ence colors), as shown in the 12.42 ct faceted synthetic amethyst on the left (photomicrograph by John I. 
Koivula, magnified 15x). In contrast, the Brazil twins in the amethyst portion of the 11.47 ct natural ametrine 
in the center (photomicrograph by Taijin Lu) form complex curved patterns; the citrine portion is demarcated 
by the untwinned area on the far left side of the stone. Although the twinning in these two examples appears 
somewhat similar, the striated appearance of the twinning in the synthetic sample is diagnostic. Some natural 
samples show distinctive curved “classic” Brazil twins that may be accompanied by the darker Brewster 
fringes, as shown by the amethyst on the far right (photomicrograph by Shane McClure). 


Occasionally, small dark brown-to-black particles 
were seen, sometimes with a needle-like morpholo- 
gy, along the interface between the seed plate and 
the citrine portions of the synthetic ametrine. 
Although they were not identified, the growth con- 
ditions suggest that they could be hydrous Fe-oxides 
or Mn-oxides. 

According to J. Koivula (pers. comm., 1999), 
other primary fluid inclusions showing a flattened 
morphology are occasionally observed along the 
synthetic amethyst-citrine color boundaries. Such 
inclusions have also been noted along the length of 
the seed plate interface, and near the location of the 


Figure 13. Needle-like two phase (liquid-gas) inclu- 
sions were seen only rarely in the citrine portion of 
the synthetic ametrines. The inclusions are elon- 
gated parallel to the optic axis. Photo by Taijin Lu; 
magnified 10x. 
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wire used to suspend the crystals during growth. 
Both the synthetic amethyst and citrine portions 
also may have partially healed fractures composed 
of numerous tiny voids containing both liquid and 
gas phases. Unlike some of the primary fluid inclu- 
sions described above, these secondary fingerprint- 
like fluid inclusions are not oriented in any specific 
direction. 


Spectroscopic Features. The absorption spectra in 
the UV-Vis-NIR regions were identical for natural 
and synthetic ametrine. In the amethyst portions of 
both types of ametrine, we saw characteristic 
absorption bands at 2.70, 350, 540, and 930 nm. In 
the citrine portions, an absorption edge rose abrupt- 
ly in the 400-500 nm range, and showed weak 
bands superimposed at 540 and 930 nm. 

Although the infrared spectra of the natural and 
synthetic ametrines were similar, we noted some 
distinctive differences. The synthetic citrine por- 
tions showed a broad, strong region of absorption 
from about 3700 to 2500 cm-! (figure 14A), which is 
due to water. A similar broad band occurs in the cit- 
rine portion of natural ametrine (Vasconcelos et al., 
1994), but it is much weaker. Weak OH~ peaks are 
superimposed on the broad band in the 3700-3500 
cm-! region of both materials, but the natural cit- 
rine has a weak peak at 3595 cm-!, which is not seen 
in the synthetic material (figure 14B). In addition, 
one dark sample of synthetic ametrine showed weak 
peaks at 3555 and 3528 cm! in the citrine portion. 

The infrared spectra of the amethyst zones in 
both the synthetic and natural ametrine show more 
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intense OH~ peaks, superimposed on a broad 
absorption band at 3435 cm! (figure 14C). The 
main distinction between the synthetic and natural 
amethyst portions is a weak band in most of the 
synthetic amethyst at 3543 cm-! (figure 14D). Other 
differences, such as a weak band at 3595 cm-! in the 
natural material, are probably too subtle to use for 
identification purposes. 

The Raman spectra of synthetic ametrine are typ- 
ical for quartz. When a comparison of the spectra of 
oriented samples was made for the different color 
zones in natural and synthetic ametrine, there was 
only a very slight difference: A weak 1046 cm-! peak 
observed in both natural and synthetic ametrine was 
somewhat weaker in the natural ametrine. 


Chemical Analyses. Qualitative EDXRF spectra of 
the synthetic ametrine showed the presence of iron 
(Fe, all 15 samples) potassium (K, 12 samples), man- 
ganese (Mn, 12 samples}, and zinc (Zn, 11 samples) 
as trace elements. In general, higher concentrations 
of these elements were present in the citrine zones 
than in the amethyst zones. Traces of nickel (Ni) 
and chromium (Cr) were also observed in the citrine 
and amethyst portions, respectively, of single syn- 
thetic samples. We were not surprised to find these 
elements, since Fe is the chromophore, K and Mn 
are used in the growth process, and Ni, Cr, and Zn 
are components of the steel used in the autoclaves. 
Semi-quantitative EDXRF analyses of two slabs 
of synthetic ametrine revealed large variations in 


Figure 14. Some differences were noted in the mid-infrared spectra of the natural and synthetic ametrine. 
Compared to natural material, the synthetic citrine zones exhibit a more intense, broad absorption band in the 
3700-2500 cm-! region (A); weak peaks at 3555 and 3528 cm-! were diagnostic features in one darker synthetic 
citrine section (B). The spectra of the amethyst zones in both synthetic and natural ametrine are similar (C), 
but a weak 3543 cm~! peak is usually seen in the synthetic material (D). The spectra are presented normalized 


to 1.0 mm thickness. 
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the concentrations of the above-mentioned trace 
elements which could be correlated to the amount 
of inclusions present. The two faceted samples ana- 
lyzed, which were eye-clean, had lower impurity 
contents and showed less-pronounced chemical 
variations. 

The quantitative (electron microprobe) analyses 
of natural ametrine reported by Vasconcelos et al. 
(1994) showed higher concentrations of iron (68-125 
ppm) in the citrine zones than in the amethyst 
zones (19-40 ppm); data for other trace elements 
were not reported. In our samples of natural 
ametrine, we detected traces of Fe, Zn, K, Mn, and 
Al. The semi-quantitative data we obtained provid- 
ed only relative amounts of the elements detected, 
so we compared the concentrations of K, Mn, Fe, 
and Zn in both natural and synthetic ametrine by 
normalizing the raw data to 1000 silicon counts per 
second. We found that the synthetic ametrine had 
higher contents of Zn (x2), Fe (x2 to x3), Mn (x4 
to x6), and K (x4) than the natural ametrine; alu- 
minum was present at similar (low) levels in both 
materials. It appears that a combination of higher K, 
Mn, Fe, and Zn is a distinctive feature of synthetic 
ametrine. 


SEPARATING NATURAL FROM 
SYNTHETIC AMETRINE 


Table 1 compares some distinguishing properties of 
natural ametrine and the Russian synthetic 
ametrine grown on tabular ZX-cut seeds. Note that 
R.L, birefringence, S.G., UV fluorescence, and UV- 
Vis-NIR absorption spectra were identical in the 
natural and synthetic samples. 

Separating the crystals is straightforward, since 
their morphology is distinctive. Natural ametrine 
usually forms as prismatic crystals with well-devel- 
oped rhombohedral faces, whereas the commercial- 
ly important synthetic ametrine crystals display a 
tabular habit bounded mainly by m and r faces. The 
synthetic crystals also commonly contain a short 
steel wire at one of the end. 

Faceted stones are more difficult to distinguish, 
but a number of properties provide indications: 


1. The citrine color in synthetic ametrine may span 
a wide range, from pale yellow to moderate 
orange. In the synthetic samples we studied, the 
citrine portions were often more intensely col- 
ored than those in natural ametrine of similar 
thickness (again, see figure 1]. The amethyst por- 
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tions of our samples were also more intensely 
colored than those in natural ametrine of similar 
thickness. 

2. Faceted natural ametrine commonly displays a 
sharp, straight boundary between the citrine and 
amethyst portions. Synthetic ametrine, especial- 
ly when cut in fancy shapes, sometimes displays 
a sharp bend in the color boundary (angles of 
2.2°-48° were measured in the GIA samples). 
While the amethyst-citrine color boundary in the 
synthetic ametrine examined for this study is 
oriented roughly parallel to the rhombohedral 
faces (or at about 51° to the optic axis for r sector 
amethyst and 23° to the optic axis for z sector 
amethyst), in natural ametrine it is oriented 
roughly parallel to the optic axis. 

3. The crystallographic orientations of the color 
zones and the rare stream-like structures in the 
synthetic citrine portions are distinctive. The 
color zones are oriented perpendicular to the 
optic axis, and the stream-like structures are ori- 
ented parallel to the optic axis. We recommend 
using cross-polarized light to locate the optic 
axis in faceted samples, in order to provide a ref- 
erence for checking the orientation of color 
zones and stream-like structures. In natural 
ametrine, the color zoning in both the amethyst 
and citrine portions is oriented parallel to the 
rhombohedral faces, and the bands usually are 
spaced irregularly. 

4. In the amethyst portions of natural ametrine, 
Brazil-law twinning is almost always present, 
and Brewster fringes are often observed. 
However, Brazil twinning was seen only rarely in 
the amethyst portions of synthetic ametrine, in 
the form of subtle parallel twin lamellae. Due to 
the variety in forms and patterns displayed by 
Brazil twinning in both natural and synthetic 
amethyst (see, e.g., Koivula and Fritsch, 1989), 
this feature should not be used alone to identify a 
stone as synthetic. However, if a sample does 
show the “ideal” curved Brazil twins with 
Brewster fringes (again, see figure 12, right}, it can 
be identified as natural. 

5. Irregular planes of two-phase (liquid-gas) inclu- 
sions are commonly observed in both color por- 
tions of natural ametrine (Vasconcelos et al., 
1994). In synthetic ametrine, elongate two-phase 
(liquid-gas) inclusions were seen only rarely. 
However, these inclusions would be diagnostic 


GEMS & GEMOLOGY Summer 1999 


only for those who are very experienced with 
quartz inclusions. 


6. Natural and synthetic ametrine can usually be 
separated by their infrared spectra. The synthetic 
citrine portion has more intense absorption in 
the 3700-2500 cm~! range of the infrared spec- 
trum, and weak peaks at 3555 and 3528 cm-! in 
dark material may be diagnostic. The synthetic 
amethyst showed a weak band at 3543 cm-! that 
has not been observed in the natural amethyst 
portions. 


7. As determined by EDXRF chemical analysis, syn- 
thetic ametrine will typically show higher con- 
tents of K, Mn, Fe, and Zn than occur in natural 
ametrine. 


Even with advanced testing, the identification of 
natural and synthetic ametrine should rely on mul- 


tiple criteria, since some of the distinguishing char- 
acteristics may be absent, and some features over- 
lap. Positive identification may not be possible in 
all cases. 


CONCLUSIONS 


By 1994, the technology was available to produce 
synthetic ametrine commercially. To date, several 
hundred kilograms of this material have been grown 
and are being distributed in the jewelry market- 
place. 

Although there are many similarities between 
natural ametrine and the hydrothermal synthetic 
ametrine grown in Russia that was examined for 
this study, most faceted samples can be separated 
by a combination of standard gemological methods, 
especially by observation of internal features such 
as color zoning and twinning. Advanced techniques 


TABLE 1. Distinguishing properties of natural ametrine and the Russian synthetic ametrine obtained for this study.@ 


Property Synthetic 


Natural 


Crystal morphology 


Tabular habit, normally elongated in the trigonal 
prism x direction. Prism m and rhombohedral r 


Prismatic habit consisting of rhombohedral faces r 
and z, and prism faces m. 


faces are the best developed. Seed plate is oriented 


perpendicular to the c-axis. 


Color Amethyst portion: moderate to strong purple in the r 
and z sectors. Citrine portion: orangy yellow to 
orange in the c sectors. Typically more intensely 
colored than natural ametrine in both portions. 


Usually a sharp straight boundary, oriented at 51° or 
23° to the optic axis for the r and z sectors, respec- 


Color boundary 


tively; may show a sharp bend. 


Growth and 
color zoning 


Amethyst portion: color zoning oriented parallel to 
the r or z crystal faces, or at about 50° to the optic 


Amethyst portion: pale purple to intense violet-purple 
in r sectors. Citrine portion: light yellow to orange- 
yellow in z sectors. 


Usually a sharp straight boundary, oriented parallel 
to the optic axis. 


Color zoning in both the amethyst and citrine portions 
oriented parallel to the rhombohedral faces. 


axis. Citrine portion: color zoning oriented parallel 
parallel to the seed plate, or perpendicular to the op- 
tic axis; rarely, stream-like structures observed sub- 


parallel to the optic axis. 
Twinning 
Inclusions 


IR absorption 
spectrum 


Polysynthetic Brazil twins are observed very rarely in 
the amethyst portion. No twins in the citrine portion. 


Rare two-phase (liquid-gas) inclusions in the citrine 
portion, elongated parallel to the optic axis. 


Amethyst portion: usually a weak peak at 3543 cm. 


Citrine portion: a more intense, broad absorption in 
the 3700-2500 cm-1 region; weak peaks at 3555 


Brazil twins (sometimes with Brewster fringes) in the 
amethyst portion, typically with distinctive curved or 
mottled patterns. No twins in the citrine portion. 
Irregular planes of two-phase inclusions often ob- 
served along cracks in both portions. 

Amethyst portion: no peak at 3543 cm. 


Citrine portion: weaker broad absorption in the 
3700-2500 cm-1 region; no 3528 crv peak. 


and 3528 cm! present in one darker sample. 


Trace elements 


detected by EDXRF samples; also traces of Al detected. 


K, Mn, Fe, and Zn significantly higher than in natural 


Fe and Zn; K, Mn, and Al detected in some samples 
at low concentrations. 


aBoth materials share the following properties: R.l—nw=1.540-1.541, ne=1.550; birefringence—O.009-0.010; S.G.—2.65; UV fiuorescence—inert to 
both short- and long-wave UV; UV-Vis-NIR absorption spectrum—amethyst portion: bands at 270, 350, 540,and 930 nm; citrine portion: very strong 


absorption at 400-500 nm and weak lines at 540 and 930 nm. 
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(infrared spectroscopy and EDXRE analysis) can pro- 
vide further useful data for the separation of these 
two materials. Note, however, that the diagnostic 
features presented here are specific to ametrine and 
are not necessarily applicable to either amethyst or 
citrine in general. 

It must also be noted that the technology of syn- 
thetic crystal growth is constantly evolving. 
Prismatic synthetic ametrine crystals are now being 
commercially produced, and these are very similar 
in crystal morphology and color distribution to nat- 
ural ametrine. It is, therefore, especially important 
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Answers (See page 61 of the Spring 1999 issue for the questions): 


(1) b, (2) a, (3) d, (4) a, (5) c, (6) b, (7) ¢, (8) ¢, (9) d, (10) b, (11) c, (12) d, (13) a, 
(14) c, (15) d, (16) a, (17) d, (18) b, (19) b, (20) a, (21) b, (22) c, (23) c, (24) b, (25) b 
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Figure 7 
Spherical bubbles 
and curved striae in 

a@ synthetic ruby. 


bands are often in evidence as color 
bands arranged in the hexagonal 
pattern of corundum (Figure 5). 
The presence of any or all of these 
characteristic natural ruby or sap- 
phire inclusions or other angular 
inclusions constitutes proof of nat- 
ural origin. 

Synthetic ruby and sapphire are 
characterized by spherical gas bub- 
bles, and, less often, by curved 
growth lines. The presence of either 
spherical bubbles or curved stria is 
proof of synthetic origin (Figures 
6, 7 and 8). Gas bubbles are fre- 
quently elongated, having moved ap- 
parently just before the molten mate- 
rial solidified. However, they retain 
a round cross-section. 

When inclusions are large and 
easily seen, there is no difficulty in 
determining the origin of the gem- 
stone. Gems that approach flawless- 
ness, however, present problems that 


are less simply overcome. Many syn- 
thetics cannot be positively identified 
by the use of a loupe. Higher magni- 
fication and more efficient lighting 
of the gem is necessary to resolve 
adequately the inclusions that will 


testify to its origin. In extreme 
cases, where no imperfections be- 
come visible to the gem tester, it 
becomes necessary to immerse the 
gem in liquid to reduce surface re- 
flection from the facets. ‘ 
The detection of curved striae in 
synthetic corundum very often re- 
quires immersion as well as careful 
light control. Curved striae. are 
formed as the synthetic ruby or 
sapphire boule grows by the addi- 
tion of molten material at the top 
of the boule. Since the large ma- 
jority of synthetic stones are orient- 
ed with the table parallel to the long 
axis of the boule, curved striae are 
commonly visible through the table. 


BASTNASITE, 
A Rare Faceted Example 


We seldom see rare-earth carbonates 
fashioned as gems, for several reasons: 
These minerals typically do not 
occur in large transparent crystals, 
they are usually brown, and they have 
low hardness. Recently, staff mem- 
bers in the West Coast laboratory 
examined an unusual 19.64 ct orangy 
brown oval modified brilliant (figure 
1), which the client represented as the 
rare-earth carbonate bastnasite. The 
following gemological properties were 
determined by senior staff gemologist 
Dino DeGhionno and staff gemologist 
Phil Owens: diaphaneity—transpar- 
ent; refractive indices—1.722 and 
greater than 1.81 (over the limits of 
our standard refractometer), pleochro- 
ism—light and dark orangy brown; 
optic character—uniaxial positive; 
specific gravity (measured hydrostati- 
cally)—5.16; inert to both long- and 
short-wave UV radiation. These prop- 
erties were consistent with those 


Figure 2. A large negative crystal 
was present in the bastndsite 
shown in figure 1. Magnified 15x. 


Figure 1. This 19.64 ct bastndsite 
(15.79 x 11.38 x 10.66 mm) is 
the first faceted example of this 
mineral that has been seen in 
the Gem Trade Laboratory. 


reported for bastnasite by W. L. 
Roberts et al. (Encyclopedia of 
Minerals, 2nd ed., Van Nostrand 
Reinhold, New York, 1990, pp. 73-74). 

The handheld spectroscope 
revealed a “rare earth” spectrum: gen- 
eral absorption below 490 nm, and 


Figure 3. The bastndsite also 
contained numerous needle-like 
inclusions. Note the optical dou- 
bling of most of the inclusions. 
Magnified 40x. 
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bands at 500-525, 530, 560-585, 610, 
660, and 690 nm. With magnification, 
we could see negative crystals (e.g., 
figure 2), “needles” (figure 3), and a 
partially healed fracture containing 
fluid inclusions (figure 4). As bast- 
nasite is quite soft (Roberts et al. list a 
hardness of 4 to 4'/:], we would not 
expect it to be in common use as a 
gem material. 

According to Roberts et al., the for- 
mula for bastnasite is (Ce,La)(CO,)F; 
energy-dispersive X-ray fluorescence 
(EDXRF) analysis revealed rare-earth 
elements (lanthanum, cerium, and 
neodymium) and yttrium, but we 
were not able to measure these quan- 
titatively with our system. Raman 
spectroscopy revealed peaks at 164, 
258, 304, 351, 394, 733, 1095 (strong), 
1437, and 1738 cm-!, with a good 
match to the bastndsite spectrum in 
our reference library. An X-ray pow- 
der diffraction pattern matched the 
spectrum in the International Centre 


Figure 4. This partially healed 
fracture, or “feather,” in the bast- 
ndsite showed interesting geo- 
metric patterns. Magnified 25x. 
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Figure 5. This dense tangle of natural 
etch channels was typical of the 
numerous etch features observed in a 
25.02 ct brownish yellow round bril- 
liant diamond. Magnified 17x. 


for Diffraction Data (formerly JCPDS) 
reference library. The infrared spec- 
trum included an absorption edge at 
about 3000 cm-! and peaks at 5828, 
5070, 4660, 4464, 4292, about 4000 
(strong), 3758, 3590, 3421, 3229, 3179, 
and 3154 cm-l. 

As bastndsite is an uncommon 
gem material, it is difficult to say 
whether it might have been identified 
without the advanced testing meth- 
ods. In this case, as all the evidence 
pointed to bastndsite for this stone, 
we were ultimately confident of the 
identification . 

When it was time to write up the 
conclusion, we had some slight prob- 
lems concerning what to put on the 
report. In Fleischer’s Glossary of 
Mineral Species 1999 (J. A. Man- 
darino, Mineralogical Record Inc., 
Tucson, AZ), this material is identi- 
fied as “bastnasite-(Ce).” (There are 
also lanthanum and yttrium end 
members.) However, because we were 
not able to obtain a quantitative 
chemical analysis, we could not con- 
firm that a predominance of the rare- 
earth sites were occupied by cerium 
(as the -Ce notation implies), so we 
left off this suffix. Also, because our 
report printing process does not 
accommodate umlauts, we substitut- 


Editor's note: The initials at the end! of each iten 


identily the eaitors) or contributing editors) who 
Gems & Gemdaogy, Val 36 No. 2 a 136-141 
©1999 Gemological Institute of America 


Lab Notes 


Figure 6. In this view of the 
25.02 ct diamond, several etch 
channels have converged to 
form a rough-surfaced, undulat- 
ing “cavern.” Magnified 20x. 


ed the archaic “ae” for “4.” Therefore, 
our report describes this unusual gem 
as “bastnaesite.” ML] 


DIAMOND, with Abundant 
Etch Channels 


This past spring, staff members at the 
East Coast laboratory had the oppor- 
tunity to examine a 25.02 ct brown- 
ish yellow round brilliant diamond 
with a multitude of etch tubes. 
Figure 5 shows an example of these 
densely intertwined channels in one 
area of the girdle. We have previously 
reported on etch tubes and channels 
(see, e.g., Gem Trade Lab Notes, Fall 
1992, pp. 193-194; Winter 1992, pp. 
262-263; Summer 1994, p. 115), but 
this stone showed much more inter- 
nal etching than any of us had ever 
seen in a gem diamond. 
Etching—whether it forms tubes, 
channels, grooves, pits, or other struc- 
tures—occurs along crystal defects in 
the diamond (Yu. L. Orlov, The Miner- 
alogy of the Diamond, John Wiley & 
Sons, 1973, pp. 82, 98-99). Like other 
naturally colored diamonds of similar 
hue, this round brilliant owes its 
color—and its distinctive gemological 
properties—to a variety of crystal 
defects. We saw medium-to-strong 
lines in the desk-model spectroscope 
at 415 nm, 494 nm, and 503 nm. The 
diamond fluoresced with medium 
strength in a mixture of blue and yel- 
low colors to both long- and short- 
wave UV radiation, and it showed a 
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Figure 7. Note the width varia- 
tions within this single etch chan- 
nel, which abruptly narrows and 
turns back on itself, looping in 
tight curves. Magnified 33x. 


mixture of blue and green fluores- 
cence to strong visible light (“trans- 
mission” luminescence). These prop- 
erties indicate two optical centers in 
this diamond—the N3 and H3— 
which are composed of three nitrogen 
atoms, and two nitrogen atoms with a 
neutral vacancy, respectively (A. T. 
Collins, “Colour centres in diamond,” 
Journal of Gemmology, Vol. 18, No. 1, 
1982, pp. 37-75). 

The diamond also showed medi- 
um-to-strong phantom graining, with 
pale brown color along two sets of 
graining planes; such colored graining 
is believed to form from dislocations 
between octahedral planes in the dia- 
mond (again, see the A. T. Collins ref- 
erence given above}. However, all col- 
ored diamonds contain some crystal 
defects, and many show defect combi- 
nations similar to those observed in 
this diamond, but relatively few show 
any etch tubes. The presence of such 
extensive etching suggests that the 
original crystal (1) was full of disloca- 
tions and other weaknesses, and (2) 
had an unusually prolonged exposure 
to the caustic geologic fluids that can 
chemically oxidize diamond. 

The etch features in this diamond 
formed in a number of interesting 
shapes (see, e.g., figures 5 and 6}, as 
well as in a range of sizes (see, e.g., fig- 
ure 7). They serve as a reminder of the 
many differences between laser drill 
holes and natural etch tubes or chan- 
nels (see, e.g., M. L. Johnson et al., 
“When a drill hole isn’t,” Rapaport 
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Figure 8. When this 0.29 ct black 
round brilliant was submitted 
for identification of its color ori- 
gin, It was found to be a syn- 
thetic diamond. 


Diamond Report, Vol. 21, No. 45, 
December 1998, p. 1). Although the 
individual tubes in this diamond were 
rather small in diameter, they showed 
angular outlines, rather than the 
round or oval outlines formed by laser 
drilling. Drill holes are usually 
straight, but etch tubes rarely are. 
Most tellingly, drill holes tend to lead 
to some inclusion, such as a void from 
which a dark crystal was removed, or 
a feather, which may be fracture filled. 
In contrast, etch tubes follow atom- 
size crystal defects, and thus appear to 
meander randomly through the dia- 
mond. IR 


Figure 9. Magnification and fiber- 
optic lighting revealed both a 
dark blue color and a rod-shaped 
inclusion (typical of a metallic 
flux) in the synthetic diamond. 
Magnified 40x. 


SYNTHETIC DIAMOND 


Black 


As the use of black diamonds in jewel- 
ry has increased, we have seen more of 
them at both laboratories for color-ori- 
gin determination. In most black dia- 
monds, the overall color appearance 
is caused by a large number of dark 
inclusions. We routinely examine 
black diamonds near the girdle with 
pinpoint fiber-optic illumination to 
look for areas of partial transparency 
(which are typical of natural color) or 
for a dark green color (which is an indi- 
cator of treatment). Such “greenish” 


Figure 10. These two synthetic diamonds (0.59 and 0.68 ct) illus- 
trate the range of color, from orangy yellow to greenish yellow, that 
was displayed by a group of 18 synthetic diamonds submitted to 
the laboratory at one time. 
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black color results from a high dose of 
radiation, usually in a nuclear reactor, 
and diamonds treated by this method 
may be radioactive (see, e.g., Summer 
1992, Lab Notes, pp. 124-125). 

We were, therefore, somewhat 
surprised when the strong light 
revealed a blue color in a 0.29 ct 
“black” round brilliant (figure 8) that 
was examined last winter in the East 
Coast lab. The strong electrical con- 
ductivity of the sample (100:135 to 
120:135) indicated that the blue color 
was caused by boron impurities (see J. 
M. King et al., “Characterizing natu- 
ral-color type IIb blue diamonds,” 
Gems & Gemology, Vol. 34, No. 4, 
1998, pp. 246-268). The piece was 
inert to both long- and short-wave UV 
radiation. It also was heavily includ- 
ed, with only a few relatively trans- 
parent areas. One of those areas con- 
tained a dark, rod-shaped inclusion 
(figure 9), which is a common mot- 
phology for flux inclusions in syn- 
thetic diamond. This prompted us to 
test the sample for magnetic attrac- 
tion by suspending it from a thread 
and bringing a powerful magnet near 
it. The sample’s strong attraction to 
the magnet provided another indica- 
tion that it was synthetic. 

To confirm this identification and 
further characterize this unusual 
specimen, we examined the sample 
with a De Beers DiamondView™ (see, 
e.g., C. M. Welbourn et al., “De Beers 
natural versus synthetic diamond ver- 
ification instruments,” Gems & 
Gemology, Vol. 32, No. 3, 1996, pp. 
156-169). We hoped that the greater 
intensity of this source would stimu- 
late visible fluorescence. Although 
the reaction was weak and severely 
interrupted by the many inclusions 
(which did not fluoresce), we observed 
a fluorescence pattern that was hexag- 
onal (i.e., reflecting the faces of an 
octahedron modified by a cube; cubic 
growth is characteristic of synthetic 
diamonds), rather than the concentric 
rectangular pattern typical of natural 
diamonds. The sample luminesced 
more strongly to X-rays, revealing a 
blue, angular pattern typical of syn- 
thetic growth. IR 
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Group of 18 Synthetic Diamonds 
Submitted at One Time 

A regular client submitted a group of 
18 round-brilliant and square-modi- 
fied-brilliant “diamonds” to the East 
Coast lab for identification and color- 
origin determination. They ranged 
from 0.10 to 0.71 ct and exhibited sat- 
urated colors that varied from orangy 
yellow to greenish yellow, as repre- 
sented by the two samples in figure 
10. Standard gemological testing 
quickly revealed, however, that all 18 
samples were synthetic diamonds. All 
were purchased in Russia, where they 
were represented as natural, so the 
client was surprised to hear the 
results. 

Six of the samples contained inclu- 
sions that were larger than pinpoints, 
in the rod- and droplet-shaped mor- 
phologies that are typically seen in 
synthetic diamond. These six also 
showed obvious attraction to a strong 
magnet, while the other samples had a 
very weak or no attraction. We per- 
formed EDXRF analyses on two sam- 
ples, one with large inclusions and 
one without; both revealed Fe and Ni, 
the principal elements in the flux that 
is used to facilitate synthetic diamond 
growth. All 18 samples exhibited 
some unevenness of body color, but 
many showed weak color zoning in 
which the pattern was difficult to dis- 
cern. However, their reaction to UV 
radiation was vividly diagnostic: All 
showed a yellowish green cross pat- 
tern. This pattern was most clearly 
seen through the crown, but it was 
strong enough in some samples to be 
evident through the pavilion as well. 
Although some natural-color and 
especially treated-color diamonds flu- 
oresce yellowish green, the cross pat- 
tern is diagnostic of synthetic origin 
(see, e.g., J. E. Shigley et al., “A chart 
for the separation of natural and syn- 
thetic diamonds,” Gems e&) Gemology, 
Vol. 31, No. 4, 1995, pp. 256-264). 

The fluorescence ranged from 
moderate to strong for long-wave UV 
radiation and from weak to strong for 
short-wave UV. This general trend of 
a stronger reaction to long-wave than 
short-wave UV is unlike that seen in 
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Figure 11. The strong pleochroism of this cobalt-doped synthetic 
forsterite makes it a convincing tanzanite imitation. The largest cush- 
ion mixed cut weighs 6.15 ct and measures 12.29 x 9.85x7.06 mm. 


Courtesy of Tom Chatham. 


most of the earlier yellow synthetics 
GIA described (J. E. Shigley et al., 
“The gemological properties of 
Russian gem-quality synthetic yellow 
diamonds,” Gems &) Gemology, Vol. 
24, No. 4, 1993, pp. 228-248). It sug- 
gests that some of the nitrogen impu- 
rities were aggregated at high temper- 
ature after growth, forming a type Ia 
component (A. T. Collins and M. 
Stanley, “Absorption and lumines- 
cence studies of synthetic diamond in 
which the nitrogen has been aggregat- 
ed,” Journal of Physics D: Applied 
Physics, Vol. 18, 1985, pp. 2537-2545). 
Unfortunately, these synthetic dia- 
monds were not available long 
enough for us to perform the infrared 
spectroscopy necessary to confirm the 
diamond type. IR 


SYNTHETIC FORSTERITE, 
A New Tanzanite Imitation 


At the April American Gem Society 
Conclave in New Orleans, Tom 
Chatham of Chatham Created 
Gemstones, San Francisco, Califor- 
nia, showed contributing editor ML] 
four fashioned samples and two rough 
pieces (figure 11) of a material grown 
in Russia that had been represented to 
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him as synthetic tanzanite. As this 
was clearly a “pulled” product, and 
tanzanite is a variety of the hydrous 
mineral zoisite, we were skeptical of 
this claim and agreed to study the 
material further. 

The four fashioned samples 
included a 6.15 ct cushion mixed cut, 
a 3.27 ct oval modified brilliant, and 
two (2.81 and 2.10 ct) modified trian- 
gular mixed cuts. The two pieces of 
rough weighed 5.75 ct and 3.50 ct; 
portions of these samples showed a 
smooth curved surface, resembling 
part of a boule. The fashioned sam- 
ples had the following properties: 
color—violet; optic character—biaxial 
positive; pleochroism—strong, in blue 
and purplish pink (figure 12); 
(Chelsea) color-filter reaction—none; 
refractive indices—1.635 to 1.637, 
1.650 (beta), and 1.670 to 1.671, bire- 
fringence—0.034 to 0.035; specific 
gravity (measured hydrostatically)— 
3.23 to 3.24. The samples fluoresced a 
moderately chalky, but very weak, 
orangy yellow to long-wave UV radia- 
tion, and a weak greenish yellow to 
short-wave UV; at both wavelengths, 
the color was evenly distributed. 
When viewed with a handheld spec- 
troscope, they showed a 460-470 nm 
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Figure 12. The two pleochroic colors displayed by the synthetic 


forsterite, as seen here with polarized light, were blue and purplish 


pink. Magnified 10x. 


band, a 490 nm band, diffuse lines at 
510 and 520 nm, and a 570-580 nm 
band. With magnification, we saw 
indistinct white inclusions, pinpoint 
inclusions (possibly gas bubbles), tiny 
“needles,” and stringers (figure 13). 
On the basis of the refractive 
indices and strong pleochroism, in 
particular, we suspected that the 
material was synthetic forsterite, 
Mg,SiO,. An EDXRF analysis per- 
formed by GTL research associate 
Sam Muhlmeister on the 6.15 ct 
cushion mixed cut confirmed this 
identification. EDXRF revealed major 
amounts of magnesium and silicon, 
and traces of cobalt, vanadium, and 
iron, with the cobalt much more 
prominent than the other trace ele- 
ments. A Raman spectrum showed 
strong orientation effects (i.e., spectra 


Figure 13. The 6.15 ct synthetic 
forsterite contained indistinct 
white inclusions that resemble 
dust particles, as well as pin- 
points, tiny needles, and 
stringers. Magnified 11x. 
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taken from different angular positions 
had large variations in peak height), 
with the strongest peaks at 857 and 
825 cm! and others at 965, 919, 607, 
591, 547, 435, 307, and 227 (+2) cm-l, 
An infrared spectrum showed a cutoff 
at 2000 cm~!, and small peaks at 
2497, 2623, and 2985 cm7!, there was 
no evidence of any significant water 
present in the sample. 

Synthetic forsterite has been 
described before (see, e.g., K. Nassau, 
“Synthetic forsterite and synthetic 
peridot,” Gems & Gemology, Vol. 30, 
No. 2, 1994, pp. 102-108); and in an 
October 1996 personal communica- 
tion, Dr. Henry Hanni of the SSEF 
Swiss Gemmological Institute called 
our attention to Czochralski-pulled 
synthetic forsterite that had been 
grown by Solix in Minsk, Russia. In 
both of these instances, chromium 
was the only dopant. Dr. Hanni men- 
tioned colorless, blue-green, and 
“olive green” samples, and Dr. 
Nassau reported that there was also 
pink and purple material, in which 
the chromium could be in various 
oxidation states. The material we 
examined, however, contained no 
chromium, but rather was colored by 
cobalt (with a possible contribution 
from vanadium). 

A comprehensive article by L. 
Kiefert and S. Schmidt (“Some 
tanzanite imitations,” Gems & 
Gemology, Vol. 32, No. 4, 1996, pp. 
270-276) listed manufactured glass, 
YAG, and synthetic corundum as tan- 
zanite simulants. Since then, we have 
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also seen treated-color blue beryl rep- 
resented as tanzanite (Winter 1997 
Lab Notes, p. 293). The pronounced 
pleochroism of synthetic forsterite 
makes it visually far more convincing 
as a tanzanite simulant than any we 
have seen before, although it can be 
easily distinguished from tanzanite by 
its refractive indices (1.635-1.670 ver- 
sus 1.69-1.70 for tanzanite). 

ML] and SFM 


PEARL, 


Update on Non-nacreous Pearls 

In the Winter 1998 Lab Notes section 
(p. 288), we reported on several band- 
ed, light pink and white, non-nacre- 
ous “pearls” with a sheen effect. 
Subsequently, the West Coast lab 
received samples of the shells (figure 
14) that had hosted some of these 
concretions. Although it was previ- 
ously thought that the host might be 
an oyster, we could readily see that 
the appearance was more like a scal- 
lop, of the type commonly known in 
some areas of the North American 
Pacific Coast as “lion’s paw shells.” 
The characteristic physiognomy, with 
seven coarsely nodular ribs and two 
uneven “ears,” allowed us to identify 
the genus as Chlamys nodosus. KH 


Figure 14. These shells, mea- 
suring 6 cm across, are from 
Chlamys nodosus, a scallop 
that has produced non- 
nacreous “pearls” with color 
banding and a sheen effect 
(see inset, 14 x 12 mm). 
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SYNTHETIC SAPPHIRE 


Orangy Pink “Padparadscha” 


A narrow range of pinkish orange to 
orangy pink sapphires are commonly 
referred to by the trade term pad- 
paradscha. Although such sapphires 
have long been highly prized by col- 
lectors, the GIA Gem Trade Labor- 
atory does not issue a report using 
this trade description because of the 
subjectivity of the term (see R. 
Crowningshield, “Padparadscha: 
What’s in a name?” Gems & 
Gemology, Vol. 19, No. 1, 1983, pp. 
30-36). 

A client recently submitted the 
approximately 9 ct slightly orangy 
pink cushion mixed cut shown in fig- 
ure 15 for identification and color 
description. The client was disap- 
pointed that we could not verify if the 
stone qualified for the term padparad- 
scha, but agreed to an identification 
report that would give an appropriate 
color description. 

The R.L’s of 1.76-1.77, uniaxial 
optic character, and absorption spec- 
trum (three lines in the red due to Cr, 
and a doublet at 460-470 nm) verified 
that the stone was indeed corundum. 
In most cases, we can easily deter- 
mine whether a fancy-colored sap- 
phire is natural or synthetic by the 
internal features (e.g., the presence of 
straight or curved color banding). 
However, this attractive stone was 


Figure 15. This approximately 9 
ct orangy pink cushion mixed 
cut, which might be called “pad- 
paradscha” by the trade, was 
identified as a synthetic sapphire. 
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virtually flawless except for a tiny 
feather near the girdle. Immersion in 
methylene iodide did not reveal any 
other internal features; specifically, 
we could not resolve any color zon- 
ing, either straight or curved. The 
sample fluoresced an equally strong 
red to both long- and short-wave UV 
radiation, which also provided no 
indication as to its origin. 

However, EDXRF chemical analy- 
sis of the stone showed a significant 
amount of Ni, in addition to Fe and 
Cr. Nickel is not found in natural sap- 
phire, but it has been reported in 
some hydrothermally grown synthet- 
ic corundum from Russia (see, e.g., V. 
Thomas et al., “Tairus hydrothermal 
synthetic sapphires doped with nickel 
and chromium,” Gems & Gemology, 
Vol. 33, No. 3, 1997, pp. 188-202). 
Therefore, we concluded that this 
sample was a synthetic sapphire, 
although whether it represents 
Russian hydrothermal growth re- 
mains uncertain. KH 


Early Blue Synthetic Sapphire? 


The white metal ring shown in figure 
16 is characteristic of jewelry made in 
the early 1900s. As we have men- 
tioned previously in this section, 
although it is possible to replicate vir- 
tually any style of jewelry, there are 
often certain features that suggest 
that a piece is indeed an “original” 
and was made at the time the style 
and design indicate. The ring shown 
here was one such example: Its over- 
all style and the wear, specifically the 
“purnishing” of the metal around the 
stones, suggest that the stones had 
been set in the ring for some time. (A 
“burnish” implies that the metal has 
been rubbed over time; that is, it has a 
polished glossiness that is also some- 
what dark from the incorporation of 
foreign substances. The effect, like 
that of seasoning a cast-iron skillet, 
cannot readily be imitated.) Even the 
synthetic sapphire in the center is 
consistent with material available in 
the early part of this century. 
Synthetic blue sapphire was first 
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Figure 16. This ring appears to 
have been manufactured in the 
early part of this century. The 
Verneuil synthetic sapphire in 
the center shows eye-visible con- 
centric circles of color banding. 


produced by Verneuil in about 1910 
(see, e.g., K. Nassau, Gems Made by 
Man, Chilton Book Co., Radnor, PA, 
1980). Consequently, the large cabo- 
chon in this ring may well date from 
that time, as its gemological proper- 
ties were typical for a Verneuil syn- 
thetic. 

The noteworthy feature of this 
cabochon was the eye-visible curved 
growth banding that was present as 
concentric circles. Normally, synthet- 
ic corundum boules grown by the 
flame-fusion method are split length- 
wise in preparation for fashioning. 
Once the boule is split, the curved 
growth bands—or striae—are visible 
only as a group of nested curves, and 
not as full circles. One possible expla- 
nation for the circular growth banding 
in this cabochon is that it was cut 
from a small “button” boule that was 
not split after growth (see, e.g., D. 
Elwell, Man-Made Gemstones, John 
Wiley & Sons, New York, 1979). 
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New editorial policy for Gem News. Individual bylines 
will be published for specific entries prepared primarily 
by specific contributing editors or other individuals.* 
Contributing editors will be identified by their initials; 
all others will be identified by their full names and affili- 
ations. When referencing such entries, please cite them 
by the name of the person(s) listed in the byline, for 
example: “Schmetzer K. (1999) Gem news: Twelve-rayed 
star sapphire from Madagascar. Gems &) Gemology, Vol. 
35, No. 2, pp. 146-147.” All entries without bylines are 
provided by the section editors, and should be cited as 
being written by Johnson, Koivula, McClure, and De- 
Ghionno. 


DIAMONDS 


Diamond presentations at the PDAC conference. Since 
1992, new developments in diamond exploration have 
been presented at the annual conferences of the 
Prospectors and Developers Association of Canada. 
Consulting geologist A. J. A. (Bram) Janse, of Perth, 
Australia, attended the 1999 meeting and sent in the fol- 
lowing report. This year the meeting was held in 
Toronto, on March 14-17. Attendance was high (6,200), 
despite two bad years for the metals and mining industry 
as a whole. The mood was cautiously optimistic, and dia- 
monds were one of the most popular subjects. The first 
diamond mine in Canada, Ekati, began operations in 
October 1998 (see Winter 1998 Gem News, pp. 290-292); 
and mining at a second deposit, Diavik, is expected to 
start in 2002. 

This year’s conference included one technical session 
on diamonds, and informal diamond talks in the 
Investors Exchange forum and an “open forum.” Mike 
Jones of Aber Resources, Toronto, presented a design for 


*Anyone interested in contributing a Gem News entry should 
follow the procedures listed in the “Guidelines for Authors,” 
published on pp. 77-78 of the Spring 1999 issue of Gems & 
Gemology. A copy can also be obtained by contacting Gems & 
Gemology senior editor Brendan Laurs at blaurs@gia.edu 
(e-mail), 760-603-4508 (phone), or 760-603-4595 (fax). 
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barrier dams for the Diavik project at Lac de Gras. Roy 
Spencer, vice president of Denver-based Archangel 
Diamond Corporation (ADC), outlined the difficulties of 
operating in Russia, drawing from ADC’s experiences 
with the Grib kimberlite pipe, discovered in February 
1996, where development is now at a standstill. John 
Auston, president of Vancouver-based Ashton Mining of 
Canada, gave an update on their recent investigations in 
the Buffalo Hills kimberlite field in Alberta, Canada (see 
Summer 1998 Gem News, pp. 134-135), where explo- 
ration continues although a commercial diamond deposit 
has not yet been proved. 

Ian McGeorge, of MPH Consulting in Toronto, pre- 
sented a summary of activities in Botswana: Debswana is 
developing the Martins Drift kimberlite dike prospect, 
on the border with South Africa’s Northern Province (for- 
merly Transvaal), and has applied for a mining license 
over the Gope 25 prospect in central Botswana. 
According to Mr. McGeorge, recent research has indicat- 
ed that the Orapa kimberlite pipe is not located on the 
Archean basement of the Kalahari Craton, but actually 
occurs within the surrounding mobile belt of paleo- 
Proterozoic age. If substantiated, this would upset previ- 
ously held concepts on the distribution patterns of eco- 
nomic kimberlites (see, e.g., M. B. Kirkley et al., Gems & 
Gemology, Spring 1991, pp. 2-25; and A. J. A. Janse, 
Gems # Gemology, Winter 1995, pp. 228-255, and 
Spring 1996, pp. 2-30). 

Chris Jennings, president of SouthernEra, Toronto, 
gave one of the most popular presentations, an update on 
activities at the Klipspringer project (figure 1), which is 
located near Potgietersrus in South Africa’s Northern 
Province. SouthernEra has discovered a 20 mile (about 33 
km) long dike swarm that contains several near-parallel 
dikes (colloquially called “fissures”),; the main ones are 
the Leopard and Sugarbird fissures, each of which con- 
tains one or more “blows” (small pipes). The company 
experienced a setback in April 1998, when the heirs to 
the Marsfontein farm, which is centrally located in the 
dike swarm and contains the M-1 pipe, sold their titles to 
De Beers. This dispute has now been resolved (see 
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“Happy families,” Mining Journal, London, June 19, 
1998, pp. 469-470); SouthernEra retained 40% of 
Marsfontein, while it continues to hold 100% of all other 
relevant farms. Jennings described the recent develop- 
ment of the Sugarbird blow, for which the payback peri- 
od for capital expenditure was not the two years usually 
considered adequate, but only one week. 

In the Investors Exchange forum, John Kaiser of the 
Kaiser Bottom-Fishing Report, spoke on “understanding 
the diamond exploration cycle.” He explained the lesser 
significance of microdiamonds recovered from small 
mineral grain-size fractions, as compared to macrodia- 
monds from bulk and mini-bulk samples, and the need 
to restrain enthusiasm until results of all samples are 
released. Ongoing activities worldwide were highlighted 
in short talks and displays about diamond exploration 


Figure 1. This aerial view (looking east) of part of the 
Klipsinger project shows the Leopard “fissure.” The 
dike is about 1 m wide, and is visible over a dis- 
tance of approximately 1 km in this photo; drilling 
has shown it to be 3 km long. The first underground 
adit at this fissure is visible in the foreground. Photo 
courtesy of SouthernEra. 
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Figure 2. Octahedral diamond crystals are featured in 
this jewelry, which was designed by Andrew Jordan 
and manufactured by Steve Fong (both of Vancouver, 
British Columbia, Canada). The 18k gold ring con- 
tains a 2.36 ct diamond crystal and two 0.06 ct 
faceted yellow diamonds. Each diamond crystal in 
the earrings weighs about 1.25 ct. Courtesy of Betty 
Sue King; photo by Maha DeMaggio. 


and mining in Botswana, Brazil, Canada, Finland, 
Guinea, Lesotho, Namibia (offshore), and South Africa. 

A. J. A. (Bram) Janse 

Archon Exploration 

Carine, Western Australia 


Diamond octahedra in jewelry. In their earliest uses in 
jewelry, diamonds were left in their distinctive natural 
shapes, such as octahedra. At the Tucson show this year, 
Betty Sue King of King’s Ransom, Sausalito, California, 
exhibited contemporary jewelry featuring octahedral dia- 
mond crystals from Africa (figure 2). These designs illus- 
trated an interesting use of diamonds that are already 
attractive as natural crystals. Ms. King later reported that 
she is expanding this line of jewelry to include pieces fea- 
turing flat triangular twinned diamond crystals (macles). 


Jo Ellen Cole, GIA 


First diamonds from the Merlin project, Australia. 
Ashton Mining has generated several press releases (see, 
e.g., those dated October 30 and December 17, 1998, and 
February 18, 1999) concerning its wholly owned Merlin 
project in the Northern Territory. Merlin yielded the first 
production of diamonds in mid-February 1999, including 
more than 720 carats from one day’s production at its 
Excaliber and Sacramore pipes. This sample, which was 
taken from low-grade ore at the surface of the two pipes, 
contained “a large selection” of diamonds 1 ct and larger. 
A second shipment of Sacramore concentrate yielded a 
14.76 ct “white” octahedron (figure 3). Although ore 
grades have not been specified, Ashton forecasts produc- 
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tion of 200,000 carats from 500,000 tonnes of ore in the 
first year (grade 0.4 ct/ton). A commercial-scale trial min- 
ing and processing operation is now underway, and will 
involve taking ore from nine of the 12 pipes on the 
Merlin property. (For information on the geology of this 
deposit, see D. C. Lee et al., “The Merlin kimberlites, 
Northern Territory, Australia,” Proceedings of the Sixth 
International Kimberlite Conference, Russian Geology 
and Geophysics, Vol. 38, No. 1, 1997, pp. 82-96.) 

The Merlin diamonds will be sold through Argyle’s 
European sales office in Antwerp, as the production is 
similar to high-end Argyle material and is “anticipated to 
appeal to Argyle’s established range of customers.” 
Ashton is also mining diamonds at Cuango, in northeast- 
ern Angola; more than 61,000 carats from the first three 
months’ production were sold in December to the De 
Beers Central Selling Organisation (CSO) in Luanda. By 
agreement, all of the Cuango production will be sold 


through the CSO. 


A review of “GE-processed” diamonds. On March 1, 
1999, Lazare Kaplan International Inc. (LKI) sent a press 
release to the financial press, stating that its new sub- 
sidiary, Pegasus Overseas Limited (POL), would be the 
exclusive agent for selling natural diamonds that had 
undergone a new process developed by General Electric 
(GE). According to LKI, the process was permanent and 
irreversible, and was designed to improve the color, bril- 
liance, and brightness of qualifying diamonds, which 
they said were a “small fraction of the overall diamond 
market.” Both round and fancy-shaped “processed” dia- 
monds were to be marketed, each with an accompanying 
grading report from a major laboratory. The release 
stressed the “all-natural content” of the processed dia- 
monds, and stated that the process did not involve irradi- 
ation, laser drilling, surface coating, or fracture filling. 

In a March 19 press release, GIA’s president Bill 
Boyajian called for information from the parties involved 


Figure 3. This 14.76 ct diamond octahedron was 
recovered recently from the Sacramore pipe at the 
Merlin project in Northern Territory, Australia. 
Photo courtesy of Ashton Mining. 
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in the process. The release further noted that GIA 
researchers had investigated a small sample of diamonds 
they believed had undergone the GE process, and that 
they had noted unusual gemological features in some of 
the diamonds. No specific information as to the nature of 
these features was provided, and GIA has yet to release 
any conclusive evidence that will identify that a dia- 
mond has undergone the GE process. 

After extensive discussions with GE and LKI, GIA 
announced the following in a press release dated April 
28: LKI will laser-inscribe all GE-processed diamonds on 
the girdle with the inscription “GE POL” (figure 4). GIA 
will make the following comment on grading reports for 
all GE-processed diamonds sent to GIA from POL: “ ‘GE 
POL’ is present on the girdle. Pegasus Overseas Limited 
(POL) states that this diamond has been processed to 
improve its appearance by General Electric (GE).” GIA 
will move forward with a research project to understand 
the nature of the process and explore any identifying 
characteristics of these processed diamonds. It will use 
its HORIZON laboratory operations and information 
management system to track and build data on every 
GE-processed diamond submitted to GIA for grading. 
Ultimately, GIA intends to publish its findings in Gems 
#) Gemology. LKI began selling the GE-processed dia- 
monds—all with “GE POL” inscribed on the girdle— 
through POL in Antwerp in late May. 

During a special June 23 session at the International 
Gemological Symposium in San Diego, California, Bill 
Boyajian, GIA Gem Trade Laboratory chief executive 
officer Tom Yonelunas, GIA Gem Trade Laboratory vice 
president of identification services Tom Moses, and GIA 
director of research Jim Shigley provided a “Trade 
Update” on the GE-processed “Pegasus” diamonds. 
Although they began by explaining that there was still 
no “black box” that could identify these diamonds, they 
did reveal some information based on study of “several 
hundred” such diamonds that POL had submitted to the 
laboratory for grading reports. A summary of their find- 
ings includes: weight—0.30 to 7 ct, with most in the 1-3 
ct range); shapes—most cut in fancy shapes, but some 
rounds; clarity—IF to I,, with most IF to SI,; color—D to 
light yellow, with most D to H (the majority of all colors 
are brownish or grayish). The “overwhelming majority” 
of diamonds were type II’s, but some type I’s were seen. 
Mr. Yonelunas, who presented these data, cautioned that 
the lab had yet to see the “full range” of goods. The best 
hope to understand this process requires examination of 
diamonds before and after processing, but these have not 
yet been available for study. 

Dr. Shigley reported that GIA has been conducting its 
own experiments on treating diamonds using high pres- 
sure and high temperature (HPHT]) to help develop iden- 
tification criteria. He noted that one could add or sub- 
tract color to diamonds with this technique. Mr. Moses 
pointed out that HPHT treatment of diamonds has been 
known in the scientific community since the early 
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1970s. Although GE has not provided details of the pro- 

cess being used, many people have expressed their opin- 

ion that HPHT is involved (see, e.g., K. Schmetzer, 

“Behandlung nattirlicher Diamanten zur Reduzierung 

der Gelb- oder Braunsattigung” (Treatment of natural 

diamonds in order to reduce the yellow or brown color), 

Goldschmiede Zeitung, Vol. 97, No. 5, May 1999, pp. 

47-48 [in German]]}, so it is clearly important to know 

what the starting features of such treated diamonds are. 

Mr. Yonelunas stated the belief that at least a portion 
of the GE-processed diamonds will be recognizable 
gemologically. In fact, a parcel of GE-processed diamonds 
from which the inscriptions had been either partially or 
completely removed had already been resubmitted to the 
Gem Trade Laboratory, and the diamonds had been 
noticed using archived data from the laboratory’s HORI- 
ZON system. A GIA press release dated July 6 indicated 
how such diamonds would be handled: The company 
submitting the diamond will be asked to immediately 
authorize re-inscription of that diamond. Should the 
company choose otherwise, GIA would be “obligated to 
report this to the appropriate authorities, including the 
Jewelers Vigilance Committee (JVC).” 

At the World Federation of Diamond Bourses meet- 
ing in Moscow in early July, a resolution was proposed 
regarding the GE-processed diamonds. As quoted on the 
Internet in Rapaport News (and, at our press time, sched- 
uled to appear in the July 30 issue of the Rapaport 
Diamond Report), the resolution states the following: 

1. If a diamond has been treated or processed in order to 
alter or enhance its color, other than by generally 
accepted procedures of cutting and polishing, this fact 
must be disclosed in writing when such a diamond is 
offered for sale or submitted for certification. 

2. The removal of a lasered inscription which identifies 
a diamond as having been treated or processed as 
above, shall be considered a deceptive process. 

3. Any violation of Articles 1 or 2 above shall be regard- 
ed as fraudulent and shall be referred to the applicable 
Bourse for disciplinary action as the Bourse sees fit. 

4. If such a treated or processed diamond is sold without 
disclosure in breach of the above rule, even in good 
faith, the buyer shall be entitled to cancel the sale, 
return the diamond and obtain a refund of the pur- 
chase price. 


COLORED STONES AND ORGANIC MATERIALS 
International Colored Gemstone Association Congress. 
More than 20 countries were represented by 173 partici- 
pants at ICA’s eighth biennial Congress, which was held 
in Abano Terme, Italy, May 16-19. Dona Dirlam, 
Director of GIA’s Library and Information Center, pro- 
vided the following report. 

The keynote speaker was Rashmikant Durlabhji of 
India, a founding organizer of ICA, who spoke on the role 
of colored gemstones in the 21st century. He reminded 
the audience that ICA is the only organization devoted to 
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Figure 4. “GE POL” has been inscribed on the girdle 
of this diamond, which Pegasus Overseas Ltd. stated 
had been processed by GE. Photomicrograph by 
Shane McClure; magnified 40x. 


colored stones on an international basis, and he pointed 
out the need to continue to bridge the gaps from miners 
to cutters to wholesale dealers. He suggested several 
ideas for promoting jewelry, including the development 
of a line of jewels for people who wear uniforms. He also 
encouraged ICA members to be ready to embrace the 
new paradigm in trading, the Internet. 

Professor Jurgen Kleiber-Wurm of the University of 
Innsbruck, Austria, spoke on the global marketing of col- 
ored stones. What is fundamentally new is the speed at 
which information travels. Also, new markets will be 
found by focusing on the concept of selling “desire.” 

An update on the history, mining techniques, and 
future prospects of the Paraiba tourmaline mines in 
Brazil was provided by Marcelo Bernardes. He noted that 
currently there are three groups working the area, but 
there has been no recent production. Mr. Bernardes esti- 
mated that only 7.65 kg of gem-quality Paraiba tourma- 
line has reached the trade in 17 years of production, mak- 
ing it one of the rarest of the commercial gemstones. 

Mehul Durlabhji, the ICA ambassador to India, gave 
an update on the commercial ruby localities in India’s 
Orissa and Madhya Pradesh states, on rhodolite garnet 
mining in Orissa, and on tanzanite mining in Tanzania. 
In particular, he noted that decreased production com- 
bined with steady demand have resulted in sharp price 
increases for tanzanite. He concluded by suggesting that 
future mining for colored stones will require more 
sophisticated techniques and equipment. 

Particularly memorable this year was the unveiling of 
a silver, gold, and platinum sculpture by Ninni Verga 
called “The Gate of the 2000 Gems” (figure 5). Decorated 
with 2,000 diamonds and colored gems, the sculpture 
was presented to the Israeli Ambassador to Italy, Yehuda 
Millo, by outgoing ICA president Paolo Valentini, as a 
symbol of peace and hope for the next millennium. After 
touring countries throughout the world to promote ICA, 
colored gemstones, and peace, it will be presented to the 
City of Jerusalem. 

A proposal has been submitted to hold the next ICA 
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Because growth lines in genuine 
corundum are oriented parallel to 
the faces of the hexagonal prism and 
the tables are usually .across the 
length of the rough crystal, growth 
lines in natural ruby and sapphire 
are commonly visible through the 
table. 

If, upon the initial examination of 
the gem under magnification no 
striae are noted, the tester should 
change the source of light by first 
stopping it down to as narrow a 
beam as possible. If this fails to 
resolve striae, further steps are 


Photo by Dr. Gibelin 


Figure 8 
Curved growth 
striations with 
spherical and elon- 
gated bubbles in syn- 

thetic ruby. 


necessary. The direction from which 
the light enters the stone must be 
varied, as well as the direction in 
which the gem is examined. Immer- 
sion of the gem will assist material- 
ly in the resolution of striae or 
growth lines. 

With practice, the gem tester will 
find that almost all synthetic ruby 
and sapphire will display striae and 
thereby classify their origin beyond 
question, but the classification of 
the gem’s inclusions is the quick 
and exact method upon which most 
gem testers rely. 


(Part II will appear in neat issue.) 


Figure 5. The “Gate of the 2000 Gems,” an artistic repli- 
ca of the Lion’s Gate of the old city of Jerusalem, sym- 
bolizes the crossing from the second to the third millen- 
nium. Designed by Ninni Verga, it is made of gold, sil- 
ver, and platinum and set with 2,000 colored gems 
weighing 253.13 ct. The sculpture, which stands 36 cm 
tall, has a 49 x 37 cm base. Photo courtesy of ICA. 


Congress in 2001 in Sydney, Australia. The final location 
will be decided later this year. 
Dona Mary Dirlam, GIA 


Andradite (including demantoid) from Canada. At the 
1999 Tucson show, Brad Wilson, of the Kingston, 
Ontario, office of Coast-to-Coast Rare Stones, showed 
GwG senior editor Brendan Laurs a 5.8-mm-diameter 
(0.78 ct) round brilliant andradite garnet that was report- 
edly from Black Lake, Quebec. Because the color was in 
the yellow-to-green range, and possibly achieved the 
green hue necessary to be called demantoid, Mr. Laurs 
requested the loan of two additional pieces so that their 
colors could be observed under more controlled condi- 
tions. These samples (figure 6) were examined with day- 
light-equivalent fluorescent lighting in a MacBeth “Judge 
Il” viewing environment. Using Munsell color chips as 
comparators (see, e.g., J. M. King et al., “Color grading of 
colored diamonds in the GIA Gem Trade Laboratory,” 
Gems & Gemology, Vol. 30, No. 4, 1994, pp. 220-242), 
we found that one was yellowish green (green enough to 
be demantoid), but the other was greenish yellow and so 
not demantoid. 

Limited quantities of this andradite were found in 
1995 and April 1998 in an asbestos mine at Black Lake, 
Quebec; this locality was described in the 1940s (J. D. H. 
Donnay and C. Faessler, “Trisoctahedral garnet from the 
Black Lake region, Quebec,” University of Toronto 
Studies, Geological Series, No. 46, 1941, pp. 19-24). 
Although most of the stones cut thus far are smaller than 
0.5 ct, larger ones have been faceted (e.g., 1.08, 1.38, and 
2.74 ct). The properties of this material were reported in 
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a recent article (B. S. Wilson and W. Wight, “Gem andra- 
dite garnet from Black Lake, Quebec,” Canadian 
Gemmologist, March 1999, pp. 18-19) and include: RI. 
of 1.880; S.G. of 3.83-3.94; no “horsetail” inclusions; and 
low chromium content (less than 0.01 wt.% Cr,Os), 
based on microprobe analysis of a sample for which the 
color was not specified. 


Trapiche cat’s-eye emeralds. Most gemologists and jewel- 
ers are familiar with trapiche emeralds and their six- 
spoke, wagon-wheel appearance. What is less well 
known, however, is that the pie-shaped sections in some 
of these emeralds may lend themselves to the fashioning 
of chatoyant gems. 

Chatoyancy in emeralds is typically the result of light 
reflection from fine parallel growth tubes elongated in 
the c-axis direction. Less commonly, the chatoyancy 
results from the accidental parallel to subparallel bunch- 
ing of fibrous mineral inclusions such as amphiboles. 
Instead of being aligned parallel to the c-axis, as are 
growth tubes, the fine “bunching” structure that pro- 
duces chatoyancy in trapiche emeralds is oriented at 90° 
to the c-axis. This results in cat’s-eye cabochons with the 
optic axis direction oriented through the dome (i.e., per- 
pendicular to the girdle), rather than through the long 
side, as would be the case in a cat’s-eye created by reflec- 
tion from growth tubes. 

Although fine-scale structure has been recognized as 
a characteristic of trapiche emeralds for many years (see, 
e.g., K. Nassau and K. A. Jackson, “Trapiche emeralds 
from Chivor and Muzo, Colombia,” American 
Mineralogist, Vol. 55, 1970, pp. 416-427; Spring 1981 
Gem Trade Lab Notes, pp. 43-44), the Gem News edi- 
tors could find no mention of chatoyancy in such gems. 
At the 1999 Tucson show, however, Michael Gray of 
Coast-to-Coast Rare Stones, Missoula, Montana, showed 


Figure 6. The 0.39 ct pear shaped andradite garnet 
from Black Lake, Quebec, Canada, is yellowish 
green, and therefore the variety demantoid; the 0.34 
ct oval from the same locality is greenish yellow, 
and should be referred to simply as andradite. 
Courtesy of Brad Wilson; photo by Maha DeMaggio. 
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Figure 7. Bright, chatoyant bands are visible near 
the apexes of several wedge-shaped sections of this 
18.37 ct (16.28-15.88 x 9.82 mm) trapiche emerald 
cabochon. Courtesy of Coast-to-Coast Rare Stones; 
photo by Maha DeMaggio. 


us an 18.37 ct trapiche emerald cabochon (figure 7) that 
had a chatoyant band in each of the six wedge-shaped 
sections, near the apex of the cabochon, when viewed 
with a penlight. Magnification revealed a fibrous-looking 
structure that was oriented perpendicular to the c-axis. 
From this observation, it seemed logical that individual 
emerald cat’s-eyes could be cut from the trapiche crystal 
if the fibrous structure was fine enough, and if the rough 
was properly oriented during cutting. 

As a coincidence to this earlier observation, Roxanne 
Kremer of Collectors in Rosemead, California, subse- 
quently loaned GIA two cat’s-eye emerald cabochons 
(2.05 and 2.15 ct) that reportedly had been cut from 
trapiche rough from the Muzo mine (figure 8). 
Examination with magnification showed that the struc- 
ture of these two cabochons was identical to that of the 
much larger, complete trapiche emerald cabochon we 
had examined previously. The internal structure became 
even more apparent when the cabochons were examined 
with polarized light (figure 9). It was also apparent that 
the fibers did not extend radially from the core (i-e., like 
the spokes on a bicycle wheel); instead, they maintained 
a parallel orientation within each trapiche section. 
Opaque black fringe-like extensions protruding from the 
spokes also pointed in the same direction as the fibrous 
structure in the emerald sections. 


Natural pearls from the northern Cook Islands. In 
October 1998, GIA Extension Education manager Eddie 
Buscher visited the Cook Islands and met with Ben 
Bergman of Bergman & Sons (on Rarotonga, the capital 
island), who provided the following information about 
natural pearls from Penrhyn Island, in the northern Cook 
Islands. 

According to Mr. Bergman, commercial farming of 
South Sea black (cultured) pearls was established in the 
Cook Islands 27 years ago. Before then, the enormous 
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Figure 8. Both of these free-form double cabochons, 
which were cut from a single trapiche emerald crys- 
tal, show chatoyancy. These 2.05 and 2.15 ct sam- 
ples measure 10.79 x 7.78 x 3.32 and 10.98 x 8.01 

x 3.33 mm, respectively. Courtesy of Collectors; 
photo by Maha DeMaggio. 


lagoon at Penrhyn was noted for the small natural pearls 
found there, which continue to be harvested today. 
Penrhyn is located 650 miles (about 1,045 km) north of 
Rarotonga; its lagoon, which is about 50 miles (80 km) in 
circumference, is the home of the species Pinctada mac- 
ulata, also known as the “Polynesian Pipi Shell.” This 
mollusk, which averages 4 cm in diameter, occasionally 
produces natural pearls (figure 10). P. maculata mollusks 
cluster underwater, from near the surface to about 2 m 
deep, on massive coral heads that occur randomly 
throughout the lagoon. The natural pearls are harvested 
year-round, mostly by local women who use small out- 
board-powered boats to reach the pearl beds. Some divers 
employ a unique technique to determine selection of the 
shell: They actually look into the naturally gaping shells 
to see if there is a pearl inside. This approach requires 
considerable finesse, as the mollusk will close if it 


Figure 9. When the two cabochons in figure 8 were 
viewed in the optic axis direction with cross-polar- 
ized light, the parallel fibrous structure that causes 
the chatoyancy was readily apparent. Notice how the 
fringed edges of the black spokes taper in the same 
direction as the fibrous structure. Photomicrograph 
by John I. Koivula. 
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Figure 10. These natural pearls (4.5—5.0 mm) and pol- 
ished shells (2.5—3.8 cm) are typical of Pinctada macu- 
lata, a small mollusk native to Penrhyn Lagoon in the 
Cook Islands. Pearls courtesy of Bergman & Sons, 
and shells courtesy of the Beachcomber, Rarotonga; 
photo by Maha DeMaggio. 


detects the presence of the diver. In the last decade, 
Penrhyn has been affected by some unusually low tides 
(attributed to El Nifio), which have left portions of the pearl 
beds exposed on the surface. The resulting mortality of the 
mollusks has restricted the availability of these pearls. 

According to Mr. Bergman, the pearls produced by P. 
maculata average 4-5 mm in diameter. Although the 
color can vary considerably, the pearls are predominantly 
a “soft golden hue.” Rarely, pearls are found that could 
be considered “deep gold,” green, “copper,” black, gray, 
pink to orange, or white. Common shapes include 
baroque, semi-baroque, button, and occasionally round. 
Blister pearls are referred to locally as “puku.” The popu- 
lation of P. maculata is insufficient to justify commer- 
cial exploitation, and local law forbids foreigners from 
harvesting them. As a consequence, no official produc- 
tion statistics have been kept. These natural pearls are 
usually sold to local buyers for use in jewelry manufac- 
turing. 

Mr. Bergman noted that Penrhyn and the neighboring 
island Manihiki also have a large population of “wild” P. 
margaritifera mollusks (about 5 million currently), 
which have been harvested for the last 100 years. Local 
legend alludes to fabulous collections of natural pearls 
from the P. margaritifera. Although Mr. Bergman was 
not able to confirm this, he has seen some notable natu- 
ral pearls from this mollusk, including a pair of “silver 
white” egg-shaped pearls about 10 mm in diameter (both 
said to have come from the same shell) and a single drop- 
shaped “silver white” pearl that measured 10.2 mm. 

Eddie Buscher, GIA 


Twelve-rayed star sapphire from Madagascar. Star sap- 


phires from northern Madagascar are frequently fash- 
ioned from crystals with colorless transparent cores that 
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are surrounded by milky white to intense blue growth 
sectors, as described by D. Schwarz and J. Kanis 
(“Madagaskar: Korund aus Nord und Siid,” extraLapis, 
No. 15, 1998, pp. 60-63). In general, the six-rayed star 
sapphires are cut to remove this colorless core, or to place 
it at the rim of the cabochon. The latter was the case for a 
71.18 ct 12-rayed star sapphire (figure 11) that was recent- 
ly examined by contributing editor Karl Schmetzer. The 
stone was reportedly recovered from Antsirahana 
Province in northern Madagascar, a large region from 
which blue and yellow sapphires—including six-rayed 
star sapphires—have been recovered since about 1997 
(see, e.g., Summer 1998 Gem News, pp. 140-141). 

The flat back of this cabochon revealed that the origi- 
nal crystal had indeed grown around a colorless transpar- 
ent core (some of which remained on one edge of the 
cabochon). This core was surrounded by three milky 
white growth sectors, which were found to be hexagonal 
dipyramids—probably {14 14 28 3}. Between two of 
these milky white growth sectors were narrower, trans- 
parent, intense blue rhombohedral r {1011} growth zones. 
These forms are consistent with those of sapphire seen 
from northern Madagascar in recent years; as such, they 
provided additional evidence that the stone was natural. 

The 12-rayed star actually consisted of two six-rayed 
stars with the same axis on which the rays were offset at 


Figure 11. This 12-rayed star sapphire is from 
Antsiranana Province, in northern Madagascar; 
the 71.18 ct cabochon measures 26.2 x18.9 mm. 
Photo by Maha DeMaggio. 
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30°. The arms of the most prominent star were oriented 
perpendicular to the hexagonal dipyramids. (This is the 
usual orientation of six-rayed star cabochons from north- 
ern Madagascar.) The rays of the other star were oriented 
parallel to the hexagonal dipyramids, between the arms 
of the first star. The cause of the double star—that is, the 
identity of the elongated mineral inclusions in two orien- 
tations within this stone—has not yet been determined. 


KS 


Blue, pink, and purple sapphires from Ilakaka, 
Madagascar. . . . Tom Cushman of Allerton Cushman 
and Co., Sun Valley, Idaho, recently showed us several 
sapphires from new production at Ilakaka, in southern 
Madagascar. According to Mr. Cushman, 30 kg of gem 
rough were legally exported in November-December 
1998; however, the miners probably recovered a great deal 
more than that, and the rate of production is increasing. 
He considers several kilograms per week a reasonable esti- 
mate, with the majority of the sapphires in pink-to-purple 
colors. The stones (all alluvial) are being mined principally 
in two areas (one near the town of Ilakaka) that are about 
100 km apart; recently, however, stones also have been 
recovered from the region between these two areas. Pieces 
as large as several grams have been found. 

The sapphires generally are heat treated after export, 
and untreated fashioned stones are comparatively rare. Mr. 


Figure 12. These sapphires came from Iakaka in 
southern Madagascar. The long blue oval (bottom 
right) showed evidence of heat treatment. Courtesy of 
Tom Cushman; photo by Maha DeMaggio. 


Cushman reports that more than 90% of the Madagascar 
sapphires he is marketing have been heat treated. 

We examined five faceted stones (figure 12), ranging 
from blue to purple to pink. All but the 1.54 ct stone, a 
modified octagonal brilliant, were oval mixed cuts. The 
gemological properties are given in table 1. Four of the 
stones contained tiny birefringent transparent crystals, 


TABLE 1. Properties of five sapphires from llakaka, Madagascar. 


Properties Orangy pink Purplish pink Pinkish purple Blue Blue* 
Weight (ct) 1.99 1.54 2.12 1.72 2.03 
Pleochroism Purple pink Purplish pink Purple Violet-blue Violetish blue 
Orange pink Orangy pink Orange Blue Greenish blue 
Color filter Reddish orange Reddish orange Red Weak pink None 
reaction 
Specific gravity 4.00 3.99 4.00 3.99 3.98 
Refractive indices 1.760-1.768 1.760-1.768 1.761-1.769 1.760-1.768 1.761-1.769 
UV fluorescence 
Long-wave Moderate to strong Moderate red-orange Moderate red-orange Very weak red Inert 
orange 
Short-wave Very weak orange Very weak orange Very weak orange Inert Chalky, uneven, 
mod. yellowish green 
Visible None None None Weak red None 
luminescence 
Absorption Chromium lines (ruby Weak ruby spectrum Ruby spectrum + Very weak ruby Weak 450 Fe band 
spectrum spectrum) 450 Fe line spectrum + 450 
Fe band 
Inclusions Stringers and clusters Tiny individual trans- Tiny transparent Tiny transparent Melted crystals, 


discoid fractures, 
cloud, “fingerprints” 


near-colorless_bi- 
refringent crystals, 
irregular silk, lamel- 
lar twinning, “finger- 
prints” 


near-colorless bi- 
refringent crystals, 
stress haloes, lamellar 
twinning, residues 
in surface cavities 


of tiny transparent 
near-colorless. birefin- 
gent crystals, tension 
cracks around crystals 


parent near-colorless 
birefringent crystals, 

tension cracks, par- 
tially healed fractures 


4 Internal features showed evidence of heat treatment. 
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Figure 13. This lot of mixed gem rough was recovered 
from alluvial deposits in the Ilakaka region of 
Madagascar. The largest pieces measure about 1 cm. 
Photo courtesy of Henry Hanni. 


possibly zircon. Although we were told that two of these 
samples had been heat treated, only the 2.03 ct blue oval 
mixed cut showed evidence of this, in the form of melted 
crystals surrounded by discoid fractures. 


... and other gems from near Ilakaka. Blue, pink, and 
purple sapphires are not the only gem materials being 
found in the Ilakaka area. Contributing editor Henry 
Hanni examined a 1 kg parcel of gem rough obtained by 
Werner Spaltenstein of Chanthaburi, Thailand, from the 
Takaka district. The 150-km-long alluvial deposit begins 
about 50 km beyond the city of Tulear (Toliara) on the 
southwest coast of Madagascar, along the road to 
Antananarivo; the village of Ilakaka is currently at the 
center of the excavations. 

The colorful mix of slightly to distinctly rounded 
pebbles (figure 13) was analyzed with Raman spec- 
troscopy at the SSEF Swiss Gemmological Institute in 
January 1999. The following gem minerals were identi- 
fied: blue, pink-to-purple, and brown sapphire; blue, vio- 
let, and purple spinel; yellow-to-brown grossular garnets, 
including orange hessonite; pyralspite garnets, including 
almandine, rhodolite, violet-blue and “malaia”-type gar- 
nets; colorless-to-yellow, greenish yellow, or brownish 
yellow chrysoberyl, with some cat’s-eye material and 
some alexandrite; colorless, light yellow, and light blue 
topaz; brown and red tourmaline; andalusite; yellow, 
brown, and green zircon; grayish blue platy kyanite; and 
citrine and amethyst, as well as colorless quartz. The par- 
cel was also found to contain one light green pebble of 
manufactured glass. 

It is interesting to note that these gem pebbles were 
very similar in species and shape to the rough in the par- 
cel from Puchapucha, in the Tunduru area of southern 
Tanzania, that Dr. Hanni described in the Summer 1995 
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Gem News section (pp. 133-134). These similarities sug- 
gest that the gems may have been derived from a geologi- 
cally similar source that existed while Madagascar was 
still attached to the African continent (see, e.g., C. B. 
Dissanayake and R. Chandrajith, “Sri Lanka—Madagascar 
Gondwana linkage: Evidence for a Pan-African mineral 
belt,” Journal of Geology, Vol. 107, 1999, pp. 223-235, 
which includes a map showing a possible reconstruction 
of East Africa, Madagascar, and Sri Lanka). HAH 


Tanzanite fluorescence: a seldom-noted property. Bill 
Vance, a Graduate Gemologist and gem dealer from 
Waldport, Oregon, recently showed the Gem News edi- 
tors a transparent, 3.46 ct pear-shaped mixed-cut tanzan- 
ite that fluoresced to long-wave UV radiation. Since UV 
fluorescence has not been reported previously for tanzan- 
ite (see, e.g., pp. 387-388 of R. Webster’s Gems, 5th ed., 
Butterworth-Heinemann, 1994: “There is no noticeable 
luminescence under ultra-violet light”), we examined the 
stone in more detail. 

The tanzanite was slightly purplish blue face-up, and 


Figure 14. Miners emerge from a tunnel at the 
Merelani mining area in northeast Tanzania. Photo 
by Angelique Crown. 
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showed rather typical pleochroism in shades of reddish 
purple, brownish yellow, and grayish to greenish blue. 
The refractive indices were 1.691, 1.693, and 1.701, with 
a birefringence of 0.010 and a biaxial positive optic char- 
acter; a partial interference figure could also be resolved 
through the pavilion of the stone. The specific gravity, 
determined hydrostatically, averaged 3.36 over three 
measurements. No absorption spectrum was seen 
through either a diffraction-grating or a prism spectro- 
scope. With magnification, we saw several small scratch- 
es and surface abrasions, and a single small, iridescent 
cleavage extending from the girdle. 

The stone showed no reaction to short-wave UV radi- 
ation, but it did fluoresce a weak yet definite slightly 
chalky bluish green to long-wave UV. Three other 
faceted tanzanites—ranging in tone from very light to 
very dark purplish blue—were used as comparison 
stones; all three were inert, and their presence in the 
ultraviolet testing box made the reaction of the 3.46 ct 
stone all the more obvious. Since UV fluorescence has 
apparently not been recognized in tanzanite until now, 
we do not know if this particular stone represents an 
anomaly or, because the reaction is weak, if similar fluo- 
rescence may have been overlooked in the past. 
Regardless, this example shows the importance of using 
“darkroom” conditions when testing gems for their 
potential reaction to UV radiation. 


Tanzanite mining update. GIA instructor Angelique 
Crown visited the Merelani mining area in northeast 
Tanzania in late April 1999 (figure 14) and provided the 
following update. Blocks A, B, and D were being actively 
mined. Although no activity was noted at Block C (the 
largest mining area), this Block was acquired in February 
1999 by a Tanzanian/South African joint venture from 
Graphtan International, which had been mining graphite 
there. African Gem Mining Resources (AFGEM) pur- 
chased the Block through its subsidiary, Mererani 
Mining Ltd. According to Michael Nunn, chief executive 
officer of AFGEM, 5% of the equity of the mining com- 
pany will be placed into the Merelani Development 
Trust, which will be operated for the benefit of the com- 
munity of Merelani. This company, which is investing 
$10 million in the project in the short term, is now con- 
ducting a comprehensive feasibility study and plans to 
begin production by the second quarter of 2000. 
Meanwhile, the American Gem Trade Association 
(AGTA) relief program has raised approximately $35,000 
to help the tanzanite miners recover from the April 1998 
mine disaster (see Summer 1998 Gem News, p. 145), and 
a shelter for the miners is being built. During the 
author's visit, Philip Zahm, chairman of the AGTA pro- 
ject, was at the mining site with three professional 
paramedic and rescue training experts (Jeff Schneider, 
Larry Bingham, and Rod Shimamoto) from the former 
Samaritan Training Center based in Vacaville, California. 
At least 15 miners completed three days of emergency 
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Figure 15. These stones (approximately 0.50—2.52 ct) 
are representative of the color range we observed in 
faceted tsavorites from the new deposit in southern 
Tanzania. Photo by Maha DeMaggio. 


medical and rescue training. Assistance has also been 
provided to the Arusha Fire Brigade, the emergency 
responder. Angelique Crown, GIA 


A new source for tsavorite. Dr. Horst Krupp, technical 
director of Wahuwa Mining Ltd. of Tanzania, recently 
informed us of a major new primary deposit for tsavorite 
garnet in southern Tanzania that may radically change 
the availability of fine-color material. The new locality 
is about 15 km from the town of Ruangwa in Lindi 
Province. Word of this new discovery has spread quickly, 
and miners are flocking to the area. According to Dr. 
Krupp, mining at Tunduru, about 150 km west of this 
new deposit, has virtually ceased as a result. 

Dr. Krupp told us that the tsavorite is found as 
cracked masses in pods that may reach as large as 8 kg. 
The masses yield approximately 10%-15% gem-quality 
rough, most of which will cut small stones. Dr. Krupp 
showed us approximately one kilo of gem tsavorite rough 
and about 40 faceted stones (some of which are shown in 
figure 15), which were among the largest tsavorites cut to 
date (most larger than 1 ct, the largest being 3.65 ct). All 
were a medium dark green with very little or no yellow 
component, and many were equal in quality to the finest 
material on the market. According to Dr. Krupp, the new 
locality is producing this quality of tsavorite by the kilo, 
with the overall color of the rough being very consistent. 

The gemological characteristics of these stones are 
virtually identical to those of material from other locali- 
ties in Tanzania. The R.I. is very consistent at 1.74, there 
were no distinct lines in the spectroscope, and none of 
the samples fluoresced to UV radiation. Even the inclu- 
sions were the same as those in tsavorites from the older 
deposits, consisting of “sugary”-appearing fingerprints, 
curved or angled needles or growth tubes, and—identified 
on the basis of morphology—platy crystals of opaque 
black graphite and transparent dark brown mica, proba- 
bly biotite. We also noted some unusual graining in one 
of the stones. This consisted of fine parallel curved lines 
that veered off in several directions (figure 16) and was 
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Figure 16. This unusual curved parallel graining, which 
was observed in one of the faceted tsavorites from the 
new Tanzanian deposit, is reminiscent of flow lines 
seen in some types of glass. Photomicrograph by Shane 
F. McClure; magnified 20x. 


reminiscent of the swirled striae that are seen in glass. 
Indeed, if the stone had not had natural inclusions we 
would have been suspicious of its origin. 

We obtained qualitative chemical analyses of three of 
the tsavorites using EDXRF spectrometry. The chemistry 
of these samples was consistent with tsavorite from 
other localities, with the main chromophore being vana- 
dium. Traces of chromium may have been present, but 
those peaks would be concealed by overlap with the 
vanadium spectral peaks. 

This deposit appears to be located within the same 
geologic belt (the Mozambique belt) as the well-known 
tsavorite mines at Komolo, Tanzania. However, it is 
almost 800 km to the south, and much of the region 
between has yet to be thoroughly explored. SFM 


SYNTHETICS AND SIMULANTS 


Synthetic beryl showing zoned pleochroism. Russian lab- 
oratories have been growing hydrothermal synthetic 
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beryl in a variety of colors for more than a decade (see, 
e.g., Winter 1988 Gem News, pp. 252-253; and articles 
by J. I. Koivula et al. [pp. 32-39] and K. Schmetzer [pp. 
40-43] in the Spring 1996 Gems &) Gemology). Although 
most of the Russian hydrothermal synthetic beryl is 
green (i.e., synthetic emerald), colored by chromium, 
more “exotic” colors also are produced. These include: 
rich “turquoise” blue, colored by copper; intense pink, 
colored by manganese; orangy red, resulting from a trace 
of cobalt; and purple, colored by traces of chromium and 
manganese in combination. Recently, the Gem News 
editors received for examination an interesting hydro- 
thermal synthetic beryl crystal with a coloration not pre- 
viously encountered. 

The crystal, grown on a colorless seed plate as is typi- 
cal for such material, measured 45.7 x 10.5 x 9.3 mm 
and weighed 42.50 ct. Thomas Hunn of Thomas Hunn 
Co. in Grand Junction, Colorado, purchased it from the 
Fersman Mineralogical Museum (Moscow) as a “purple 
hydrothermal (synthetic) beryl.” The crystal was obvi- 
ously bi-colored when examined through the side in a 
direction parallel to the plane of the seed plate: The outer 
rim was dark purplish blue, and the center sections next 
to the seed plate were intense purplish pink (figure 17, 
left). When the crystal was examined in a direction per- 
pendicular to the seed plate, or in the optic-axis direc- 
tion, the mixture of these two hues resulted in an overall 
purplish color. 

When viewed with the spectroscope, the crystal 
showed a sharp line at 678 nm, weaker lines at 648 and 
630 nm, general absorption in the yellow-green to orange 
region from approximately 540 to 580 nm, and a band in 
the blue region between 433 and 434 nm. The spectrum 
did not change as the orientation of the specimen was 
changed, provided the beam did not pass through the 
seed plate. The R.I. values obtained on a relatively flat 
and smooth crystal face were 1.576-1.582 (typical for 
beryl), yielding a birefringence of 0.006. The crystal was 
inert to both long- and short-wave UV radiation. Since 


Figure 17. This 9.3-mm-wide crystal 
of hydrothermal synthetic beryl 
shows distinct color zoning, with a 
dark purplish blue rim and a purplish 
pink central area (left); these are the 
colors normally seen when observing 
the crystal. The colorless layer in the 
middle is the seed plate; the dark hor- 
izontal cracks are due to strain. A 90° 
rotation of the analyzer (right) pro- 
duces a dramatic shift in the 
pleochroic colors, resulting in a red- 
dish orange rim and an orangy red 
center. Photomicrographs by 

John I. Koivula. 
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the crystal had metal wires embedded at both ends, no 
attempt was made to obtain the specific gravity. 

When we viewed the sample with a microscope, we 
saw numerous two-phase fluid inclusions. Most of these 
were conical- to needle-shaped growth tubes that extend 
in the c-axis direction. There were a few partially healed 
fingerprint-type fluid inclusions, particularly around the 
suspension wires at either end of the crystal. The 
pleochroism related to the color zones—perhaps the 
most striking aspect of this crystal—was also most evi- 
dent with magnification. We observed the sample 
through the microscope using only the analyzing plate 
(that is, not the polarizer as well). The colors in each 
zone shifted dramatically as the plate was rotated 
through 90°: from dark purplish blue to reddish orange in 
the rim, and from purplish pink to orangy red in the cen- 
ter section (figure 17). 

GIA Gem Trade Laboratory research associate Sam 
Muhlmeister obtained qualitative chemistry on the crys- 
tal using a Tracor Spectrace 5000 EDXRF system. He 
analyzed two separate surfaces, one parallel and the other 
perpendicular to the seed plate (i.e., in directions that 
maximized information from the bulk and the rim of the 
sample). The major elements detected were aluminum 
and silicon (light elements such as beryllium cannot be 
detected using this instrumentation). Phosphorus 
appeared to be present in minor amounts, and traces of 
calcium, chromium, copper, gallium, iron, manganese, 
nickel, sulfur, and zinc were also noted. The dark pur- 
plish blue rim contained more chromium and copper 
than the purplish pink central area. The exact cause of 
color in the crystal was not determined, but it is logical 
to speculate that the purplish pink central zone is col- 
ored primarily by manganese, as are natural morganite 
and red beryl, and additional chromium and copper are 
responsible for the coloration in the rim. 


Polymer-impregnated synthetic fire opal from Kyocera. 
At the 1998 Basel Fair, the Kyocera Corp. of Kyoto, 
Japan, was offering a new product: “synthetic fire opal.” 
Kyocera had already test marketed several colors of poly- 
mer-impregnated synthetic opal (see, e.g., Summer 1995 
Gem News, pp. 137-139), including orangy pink, reddish 
orange, and orangy yellow. However, the product pre- 
sented in Basel looked somewhat different from these in 
that it showed green and orange play-of-color against a 
bright orange bodycolor, similar in appearance to some 
Mexican fire opal. 

A 24.55 ct block of this bright orange synthetic opal 
(figure 18) was recently studied by contributing editor 
Emmanuel Fritsch. The columnar structure typical of 
synthetic opal was clearly visible, with the cells elongat- 
ed perpendicular to the top and bottom surfaces of the 
sample. The overall appearance was reminiscent of the 
atypical Gilson synthetic opal described in the Summer 
1985 Gem Trade Lab Notes (pp. 110-111). The RI. of the 
block was about 1.46; the S.G. (estimated by volumetric 
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Figure 18. This 24.55 ct block of Kyocera polymer- 
impregnated synthetic fire opal, introduced at the 
April 1998 Basel Fair, has properties that are signifi- 
cantly different from those of natural fire opal. The 
block measures about 16.5 mm in maximum dimen- 
sion. Photo by A. Cossard. 


means) was about 1.8, which is low for natural gem-qual- 
ity opal. The sample fluoresced strong yellow-orange to 
long-wave UV radiation and very strong orangy yellow to 
short-wave UV; the orange appearance of this lumines- 
cence might be influenced by the sample’s bodycolor. 
The luminescence was evenly distributed (whereas some 
natural opals have uneven luminescence) and was not 
followed by phosphorescence (many natural and some 
synthetic opals, including fire opals, do phosphoresce). 
With magnification, many small fractures perpendic- 
ular to the top and bottom surfaces were visible; these 
extended about 1 mm into the block. The resulting small 
brownish patches (figure 19) on the top and bottom sur- 


Figure 19. A typical “chicken wire” structure was 
seen within some brown patches on the surface of 
the synthetic opal shown in figure 18. 
Photomicrograph by E. Fritsch; magnified 60x. 
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Figure 20. These citrine, tourmaline, and amethyst 
gemstones (39.46 ct, 6.46 ct, and 4.24 ct, respectively) 
were fashioned by Guy Couture as Butterfly cuts. 
Courtesy of Yves Morrier; photo by Maha DeMaggio. 


faces showed the “chicken wire” structure that is typical 
for synthetic opal. 

Mid-infrared absorption spectroscopy revealed 
absorption maxima at about 5950, 5875, 5815, 5800, 
5625 (with a shoulder at 5125), 4371, and 4675 cm-!. The 
sample was opaque at lower wavenumbers due to bulk 
absorption. These features are reminiscent of those seen 
in Kyocera’s previous generation of colored impregnated 
synthetic opals—indicating the presence of polymers— 
but the differences in band positions suggest that a differ- 
ent polymer is being used for this material. A significant 
concentration of low-S.G. organic materials could 
account for the low specific gravity value. 

Although this synthetic opal appears to be somewhat 
different from Kyocera’s previous material, it still can be 
readily identified by standard gemological properties (i.e., 
columnar texture, “chicken wire” pattern, UV lumines- 
cence, and low S.G.). EF 


MISCELLANEOUS is 


A new cut for colored stones. Gemologist Yves Morrier 
of Les Gemmologistes Associés OCYM Inc., Montreal, 
Quebec, Canada has provided the following information 
about a new cut for colored stones. The “Butterfly” cut 
features 43 facets (figure 20). Gems fashioned so far with 
this cut have ranged from 0.27 to 44 ct (with some cali- 
brated goods) and include the quartz varieties amethyst 
and citrine, tanzanite, rhodolite and almandine garnets, 
fire opal, topaz, tourmaline, scapolite, and cubic zirconia. 
Mr. Morrier examined more than one hundred samples 
that revealed fairly consistent proportions, including an 
average length-to-width ratio of 1.38:1; an average total 
depth of 62.%; an average crown height-to-pavilion depth 
ratio of 1:3; and “excellent balance” for all profile views. 

The Butterfly cut was created by jewelry designer 
Guy Couture of Beauport, Quebec, Canada, after two 
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years of experimentation, it debuted in August last year 

at Expo Prestige 98 (the annual jewelry show of the 

Quebec Jewellers Corp.). Mr. Couture holds U.S. and 

Canadian patents on this cut, and a French patent is 

pending. He plans to produce “butterflies” from ruby, 

sapphire, and emerald in 1999, and from diamond for the 
new millennium. 

Yves Morrier 

Les Gemmologistes Associés OCYM 

Montreal, Quebec, Canada 


Pearl Branding: “Utopia” cultured pearls. One of the lat- 
est entries in the branding of gem materials is the 
“Utopia pearl.” According to Claudio Pagani, interna- 
tional promotion manager for the South Sea Pearl 
Consortium, each cultured pearl that is branded and mar- 
keted as a “Utopia pearl” has not been either treated or 
polished, and is considered the finest-quality white 
South Sea cultured pearl. In the patented system, a 
minute (1 mm x 1 mm) alphanumeric code (figure 21) is 
placed on each pearl by a gold vaporization method. 
Although a special sealant is laid over the code for pro- 
tection, the customer can still remove the code without 
damaging the nacre. All “Utopia pearls” are accompa- 
nied by a certificate that includes a digital photo as well 
as the dimensions, weight, and form. To date, Mr. Pagani 
reports, approximately 10,000 cultured pearls in virtually 
all sizes have been branded “Utopia pearls.” 

Noted U.S. designer Henry Dunay of New York is 
creating a special jewelry collection of rings, pendants, 
earrings, and bracelets fashioned from “Utopia pearls.” 
This collection will be introduced nationwide at the 
Neiman Marcus department stores this fall. 


ANNOUNCEMENTS (2 
Hong Kong Jewellery & Watch Fair ‘99. This show will 
be held from September 23 to 27 at the Hong Kong 
Convention and Exhibition Centre (HKCEC). Specialized 


Figure 21. Magnification reveals the alphanumeric 
code that has been placed on this “Utopia pearl” by a 
gold vaporization method. Courtesy of Henry Dunay. 
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pavilions highlighting new jewelry designs, fine designs, 
antique and estate jewelry, equipment and packaging 
products, and design competitions will be featured. Two 
major pearl auctions, by Paspaley and Robert Wan, will 
also be held at the HKCEC just before the fair. There will 
also be professional seminars and workshops. For details, 
contact Miller Freeman Asia Ltd. at 852-2827-6211 
(phone) or 852-2564-5496 (fax), or visit http://www.jew- 
ellery-net-asia.com/fair9jw.htm. 


Cartier at the Field Museum. The exhibition Cartier: 
1900-1939 will be held at the Field Museum in Chicago 
from October 2, 1999 to January 16, 2000. Over 200 
works will be displayed, including jewelry, clocks, 
watches, and ornamental accessories. Client order books, 
idea sketches, and original plaster casts of jewels will 
provide a behind-the-scenes look into Cartier’s creative 
process during this innovative period. For more informa- 
tion, call the Field Museum at 312-922-9410, or visit the 
Web site http://www.fmnh.org/exhibits/spec_exhibits.htm. 


Gem Conference 99. The 10th annual Canadian 
Gemmological Association conference will take place 
October 23-24 at the University of Toronto. Lectures 
and workshops will cover inclusions, synthetic moissan- 
ite, jewelry design and manufacturing, and appraisals. For 
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Jewellery Arabia 99. The 8th Jewellery Arabia exhibition 
will take place November 9-13, 1999 at the Bahrain 
International Exhibition Centre. The event is intended to 
serve jewelry manufacturers, importers, wholesalers, and 
retailers throughout the Middle East. Visitors will be 
admitted on the basis of a business card or invitation. For 
further information, contact the event organizers (based 
in London) at 44 171-862-2041 (phone}, 44 171-862-2049 
(fax), or via e-mail at jewellery@montnet.com. 


CORRECTIONS: 


1. On page 19 of the Schmetzer and Peretti article 
“Some Diagnostic Features of Russian Hydrothermal 
Synthetic Rubies and Sapphires,” published in the 
Spring 1999 issue, the photographer of the main 
photo in figure 3 was Maha DeMaggio. 


2. In the Spring 1999 Gem News entry “Cat’s-eye 
andradite from San Benito County, California,” the 
large cat’s-eye andradite in figure 4 (p. 48) and the 
two orangy andradites in figure 5 (p. 49) were cour- 
tesy of Rick Kennedy. 
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DIAMOND GLOSSARY 


(Continued from Page 335 of last issue) 


portrait ‘stone. A thin plate of dia- 
mond, shaped and polished for use 
in covering miniatures or other 
small portraits in rings, brooches, 
etc. Sometimes faceted. See Table 
Diamond. 

Portugal diamond. A “round bril- 
liant” mentioned by Murray in 
1839. 

Portugal, Regent. See Regent of Por- 
tugal Diamond. 

Portuguese, West Africa. A name 
sometimes used for Angola, a dia- 
mond-producing country. 

Portuguese cut. An obsolete style of 
brilliant cut which had three rows 
of triangular facets and two rows 
of rhomboidal facets on both erown 
and base. 

pothole. A circular hole worn into 
solid rock by waterfalls or whirl- 
pools by the churning action of 
water on loose stones and sand. 
Usually greater in depth than in 
width. Heavy minerals, like dia- 
mond, tend to remain as concen- 
trates and after the stream bed 
is covered with dirt the pothole 
in an area of diamond-bearing 
gravels contains exceptionally 
valuable deposits. See kettle hole, 
swallow hole, sink. 

powder. A term sometimes used as 
an abbreviation of diamond pow- 
-der or dust. 

premier. A trade term for a color 
grade of diamonds which have an 
oily or greasy body appearance 
and appear bluish in sunlight and 
yellowish in ordinary artificial 
light. Because of trade prejudice 
often valued less than the latter 


color. So named because the Pre- 
mier Mine was the principal 
source. Once frequently encoun- 
tered, the premier had by 1941 
become a rarity. Gemologically it 
is the most spectacular variety of 
fluorescent diamond, the change 
of color being due to fluorescence. 
Like all such diamonds, its fluores- 
cence is immediately revealed by 
the standard type of Diamolite. 
See Premier Mine. 


Premier Diamond. A name some- 


times used for the Cullinan Dia- 
mond for a short time after its 
discovery. 


Premier (Transvaal) Diamond Min- 


ing Company, Ltd. Registered with 
government Dec. 1, 1902. Appar- 
ently announced discovery of Pre- 
mier Mine in 1908. After a mar- 
keting agreement with De Beers 
(1907-08) output of mine was sold 
through a single organization. 
From 1916 the Diamond Syndicate 
controlled the output and in 1922 
control of the company was ac- 
quired by De Beers Consolidated 
Mines, Inc. 


Premier Mine. (1) The name orig- 


inally given to the Wesselton 
Mine. References previous to 
1903 are to this mine. (2) After 
1903 the term referred to the mine 
28 miles northeast of Pretoria 
owned by the Premier (Transvaal) 


’ Diamond Mining Co., Ltd., of which 


Thomas Cullinan, the discoverer of 
the mine, was Chairman of the 
Board. Discovered Nov. 1902 on 
the farm Elandsfontein, it cost 
£52,000. In 1905 its production 
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Ms. Audrey Afholter 
American Gem Trade Association 
Mr. German Ayubi 

AZCO Mining, Inc. 

Dr. Vladimir S. Balitsky 

Ben Bridge Jewelers 

C3 Inc. 


Chatham Created Gems 

Colgem EL 97, Ltd. 

Color Masters Gem Corporation 

George C. Houston, Inc. 

House of Onyx 

Jostens 

K R Gems & Diamonds 
International 

Ms. Betsy Ross Marcinkus 

Marcus Jewelers & Gemologists 

Mr. Nick Michailidies 

Stone Flower Co. 


$500 to $999 
All That Glitters 
Ashland Press, Inc. 
William E. Boyajian, G.G., C.G. 
Carlsbad City Library 
Constellation Colombian 
Emerald Co. 
Eddie Buscher, G.G. 
Frances & Roger Drezek 
The Golden Cache 
Archie Henderson, G.G. 
Henderson Jewelry 
Institute of Experimental 
Mineralogy 
Mr. Robert E. LaPrad 
Mr. William F. Larson 
William Lerner, III, G.G. 
Pala International, Inc. 
D. Poynter & Co., Inc. 
Provockative Gems, Inc. 
Mr. William C. Reiman 
Ronald H. Ringsrud, G.G. 
Mtr. Till Schoeffel 
Ms. Cri Cri Solak-Eastin 
Thomas Hunn Co. 


$100 to $499 

Christopher Amo, G.G., EG.A. 

Antique Gas & Steam Engine 
Museum 

Mtr. K. C. Bell 


Mr. Charles L. Bennett 
Bergman and Sons 

C.P. S. Gems 

Donald Clary, Gemologist 
Colorado Gem & Mineral Co. 
Mr. Ralph T. Davenport 
Martin B. de Silva, G.G. 
Michael T. Evans, G.G. 
Fortunoff Fine Jewelry 
Mtr. David Frizell 

Ms. Carole Johnson 

K & K International 
Bernard H. Kaplan, G.G. 
Mr. George R. Kaplan 
Mr. John S. Kerr 

John Koivula, G.G., EG.A. 
Gail Brett Levine, G.G. 
Mason-Kay, Inc. 

Joseph Mayer, G.J.G. 
Yianni B. Melas, G.G. 
Professor Milan Novak 
Mr. Carlos D. Parsons 
Mr. Jeffrey E. Patterson 
Mr. Gary H. Peterson 
Phoenix Gems 

Prime Art Jewelry 

Tish & Wes Rankin 

Ms. Joan Rolls-Gragg 
Mr. Henry Shawah 
Lewis & Alice Silverberg 
John Sinkankas, G.G. 
Dr. Iouliia P. Solodova 
Ms. Helen L. Stanley 

H. Stern Jewellers, Inc. 
Richard E. Taylor, G.G. 
The World of Science 


USAA Alliance Services Co. 


Valalan's Jewelers 

Mr. Patrick M. Weglarz 
E. John Wells, IV 

World Wide Golf 

Mr. Louis Zara 

Ms. Barbara Anne Zinke 


Under $100 

Ms. Jo Anna Agle 

Allerton Cushman & Co. 

Boxlee - Applachian Gems & 
Minerals 

Brundage Jewelers 

Capalion Enterprises 

The Charles Cecil Collection 

Jo Ellen Cole, G.G., E.G.A. 

Companhia Real De Metals 

Mr. Vincent Dahlgren 

Ms. Jan David 

Del Time 

Nun Durucu, G.G. 

Exclusive Merchandisers, Inc. 

Fine Jewelry, LLC 

Gemming International Co. 

Houston Imperial Crystals 

Mr. Richard M. Knox 

Mr. Nickolai B. Kuznetsov 

Mr. Richard J. LaForge 

Brendan Laurs, G.G. 

Lawrence Welk Country Club 

Mr. Donald B. Lee 

Glen Lehrer, G.G. 

MB Enterprises 

Nebula Stone 

Ms. Renée Newman 

Ms. Susanne S. Patch 

Pearl Museum 

Mr. David L. Peterson 

Mr. Bill Pinch 

Charles R. Richmond Fine Gems 

Howard Rubin, G.G. 

Ms. Elizabeth Scherer 

Jim Shigley, Ph.D. 

Mr. Neil A. Sims 

Dr. David R. Soller 

Elisabeth Strack, G.G., EG.A. 

Tahiti Perles 

Thai Lanka Trading Ltd. 

Mr. Randy Thill 

Daniel E. Weddle, G.G. 


In its efforts to serve the gem and jewelry industry, GIA can use a wide variety of gifts. These include natural untreated and treated 


stones, as well as synthetics and simulants, media resources for the Richard T. Liddicoat Library, and equipment and instruments for 


ongoing research support. If you are interested in making a donation, and receiving tax deduction information, please call 
(800) 421-7250, ext. 4155. From outside the U.S. call (760) 603-4155, fax (760) 603-4199. Every effort has been made to avoid 
errors in this listing. If we have accidentally omitted or misprinted your name, please notify us at one of the above numbers. 
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Book 


Susan B. Johnson & Jana E. Miyahira-Smith, Editors _ 


THE COMPLETE 
HANDBOOK FOR 
GEMSTONE WEIGHT 
ESTIMATION 

By Charles I. Carmona, 427 pp., 
illus., publ. by Gemania Pub- 
lishing, Los Angeles, CA, 1998. 
US$59.95* (softbound) 


The Complete Handbook for Gem- 
stone Weight Estimation is a com- 
pendium of formulas, tables, and 
other pertinent data for estimating 
the weight of mounted gemstones of 
all sizes, shapes, and types—from the 
mundane to the arcane. 

The author has devised a clever 
methodology for organizing and pre- 
senting his approach to weight esti- 
mation. He first assigned gemstones 
into eight categories based on specif- 
ic gravity. This premise allowed for 
the presentation of voluminous 
information in a relatively compact 
set of tables that are conveniently 
indexed by the 24 most common 
shapes encountered in the trade 
today. Weight calculation formulas 
for an additional 48 less-common 
shapes are also provided. These for- 
mulas, combined with the author’s 
explanation of applicable correction 
factors, allow the reader to estimate 
weights for even the most esoteric 
gemstone shapes. Because diamond 
cutting criteria and pearl shapes are 
unique among gem materials, sepa- 
rate sections detail weight estima- 
tion information for diamonds and 
pearls. 

The value of this handbook, how- 
ever, extends far beyond a rote sys- 
tem of tables, charts, and formulas, as 
the author provides special insight 
into the effect of gemstone shape on 
weight variations. His premise is that 
gemstone shape is not limited to a 
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simple finite set of profiles; rather, it 
is a continuum, which he illustrates 
by showing how weight correction 
factors vary as a gem’s shape transi- 
tions from round to oval to square 
and so on. 

Whether you appraise, buy, or sell 
mounted gems, this handbook is a 
valuable resource. Tabular data are 
presented in a concise and easy-to- 
access format. Ancillary discussions 
are straightforward and well illus- 
trated. An expansive list of formulas 
and an extensive glossary of gem- 
stone cuts (which includes more 
than 200 trade and proprietary 
names) complete this repository of 
weight estimation information. In 
short, the Complete Handbook for 
Gemstone Weight Estimation deliv- 
ers on the author’s stated promise 
“to guide both novice and profes- 
sional in estimating the weight of 
mounted gemstones with a high 
degree of accuracy.” 


SHARON WAKEFIELD 
Northwest Gem Lab 
Boise, Idaho 


GEMMOLOGISTS’ 
COMPENDIUM, 

7th Edition 

By Robert Webster, revised by 
E. Alan Jobbins, 240 pp., illus., 
publ. by N.A.G. Press, London, 
US$35.00* 


The seventh edition of the Gem- 
mologists’ Compendium continues 
the excellent tradition of earlier edi- 
tions by enabling quick and easy 
access to a vast amount of valuable 
gemstone data and information that 
even the most experienced gemolo- 
gist will appreciate. 

The first part of the Compendium 
is an extensive alphabetical glossary 
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of names and terms that covers sever- 
al subject areas rarely offered in other 
compilations, such as testing liquids 
and plastic gem simulants. Minor 
problems include the fact that some 
minor, past, or non-gem localities are 
listed, while other very important 
current localities (e.g., Afghanistan 
for spodumene and tourmaline) are 
conspicuously absent. Also, the book 
describes tourmaline species accord- 
ing to their color: Brown tourmaline 
must be dravite, and green, blue, yel- 
low-green, “honey” yellow, or pale- 
colored tourmaline must be elbaite. 
What about liddicoatite with its 
palette of colors, or uvite in red and 
green? 

In addition to standard tables such 
as refractive index and specific 
gravity, the second part of the 
Compendium contains information 
on such subjects as transparency of 
gemstones to X-rays, liquids for 
refractive index determination, and 
the important current topics of gem- 
stone treatment and disclosure. One 
page covers country name changes. 
The 32 color plates show microscop- 
ic features of various gems, as well as 
timely illustrations of Russian 
hydrothermal synthetic emerald, 
heat-treated Mong Hsu ruby, diffu- 
sion-treated sapphire, heat-treated 
Thai ruby, and fracture-filled dia- 
monds. These are complimented by 
old favorites such as “byssolite” in 
demantoid and “lily-pad” inclusions 
in peridot. Mr. Jobbins took many of 
these excellent photos specifically for 
this edition. 


*This book is available for purchase through 
the GIA Bookstore, 5345 Armada Drive, 
Carlsbad, CA 92008. Telephone: (800) 
421-7250, ext. 4200; outside the U.S. (760) 
603-4200. Fax: (760) 608-4266. 
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Despite some discrepancies and 
omissions, the Gemmologists’ Com- 
pendium is highly useful for gemolo- 
gists, bench jewelers, and lapidaries. 
For gemologists trained in North 
America, it provides valuable expo- 
sure to British gemology at a reason- 
able price. 

MICHAEL T. EVANS 

Gemological Institute of America 

Carlsbad, California 


CHRISTMAS JEWELRY 


By Mary Morrison, 158 pp., illus., 
publ. by Schiffer Books for 
Collectors, Atglen, PA, 1998. 
US$18.95. 


Ms. Morrison provides an intimate 
journey into the pleasure of small 
details that only a dedicated collector 
of Christmas jewelry would notice. 
Page after page of crisp photos cover 
an unbelievable array of holiday 
themes. On the surface it looks like 
jumbled kitsch, but nine orderly chap- 
ters soon dispel that apprehension. 

A chronicle of costume jewelry’s 
little-known history, which started 
in the 1940s, provides unexpected 
depth. The chapter on signed Christ- 
mas tree jewelry is particularly help- 
ful, as it places these pieces in the 
context of the early years, when cos- 
tume jewelry was in its heyday. The 
thumbnail biographical sketches of 
major and minor manufacturers, 
however, leave you wanting more. 

The conversational tone, personal 
notations, and observations within 
the body of the explanatory para- 
graphs introduce the reader to charac- 
teristics that make these pieces col- 
lectible. Small details are given to 
help differentiate a piece’s time peri- 
od and manufacturer. Unfortunately, 
jewelry items in the photos are not 
numbered to coordinate with the 
text, which created minor frustra- 
tion. A glossary of costume jewelry 
terminology would be immensely 
helpful—t still don’t know what 
‘Japanned” means. 

The prices cited are, in the words 
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of the author, “a reflection of real 
prices paid for these pieces in the 
mid-1990s in the United States.” As 
a gemologist I was aghast, but inde- 
pendent research and interviews 
revealed that even though we are 
talking about rhinestones and non- 
precious metals, Christmas jewelry is 
highly sought after: It is a viable mar- 
ket that fully supports the prices and 
ranges given. 


GAIL BRETT LEVINE, G.G. 
Auction Market Resource 
Rego Park, New York 


GLOSSARY OF MINERAL 
SYNONYMS 


By Jeffrey de Fourestier, 442 pp., 
illus., Special Publication 2 of The 
Canadian Mineralogist, publ. by the 
Mineralogical Association of 
Canada, Ottawa, Canada, 1999. 
US$50.00 


With this book, the author has suc- 
ceeded in compiling a glossary of 
undeniable utility for his intended 
audience of “private collectors, muse- 
um curators, researchers, and those in 
the gem trade.” The more than 
35,000 entries include an eclectic mix 
of synonyms, variety names, names 
of discredited minerals, names for 
synthetics, trade names, and more—a 
much-appreciated resource for those 
of us who have had to deal with cryp- 
tic mineral or gem names that eluded 
all of our deciphering efforts. 

Entries are organized in alphabeti- 
cal order. In most cases, the synonym 
is linked to the currently accepted 
mineral species name, occasionally 
with brief modifying or explanatory 
information. The author has made a 
conscientious effort to follow the 
nomenclature guidelines of the 
Commission on New Minerals and 
Mineral Names (CNMMN) of the 
International Mineralogical Associ- 
ation (IMA). The book is well printed 
and bound, and nicely (though spar- 
ingly) decorated with attractive 
black-and-white drawings of miner- 
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als. It is evident that the text has 
been carefully screened for typo- 
graphical errors. 

The compilation is surprisingly 
inclusive. The bibliography lists 
many of the publications that the 
author scoured for names, which date 
from 1260 to 1998 AD; besides 
English, it also include texts in 
German, French, Spanish, and Latin, 
among other languages. When a 
name has been applied to several dif- 
ferent materials, all are listed, and 
virtually every variation in spelling of 
a name is provided. 

Overall, this book is a marvelous 
resource, but it does have a few short- 
comings. The conciseness of each 
entry makes it an excellent quick ref- 
erence, but it often leaves the reader 
in want of more information. In par- 
ticular, the significance and full 
meaning of some terms is not provid- 
ed. Amethyst, for example, is equated 
with quartz, but with no mention of 
color. Amethyst is also noted as 
being a synonym for corundum and 
beryl, but there is no mention of the 
fact that this usage is old and obso- 
lete. Although I wanted to learn more 
about this, unfortunately no biblio- 
graphic references are provided for 
specific entries. It would also have 
been useful to include all accepted 
mineral species names as separate 
entries, regardless of whether they 
have synonyms. Thus, there is no 
entry for “painite,”” an accepted name 
for a mineral species (and rare gem 
material) without a synonym. 

In reviewing this book, I was 
reminded of a joke I heard many 
years ago. A young man, asked about 
the last book he read, responds, 
“There wasn’t much plot, but the 
cast of characters was tremendous.” 
Although he was actually talking 
about a telephone directory, he might 
just as well have been referring to the 
Glossary of Mineral Synonyms. 
However, you can probably get by 
without a telephone directory—there 
is always directory assistance—but 
anyone interested in gems and min- 
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erals will quickly come to rely on 
this book as an essential reference. 


ANTHONY R. KAMPF 

Los Angeles County Museum of 
Natural History 

Los Angeles, California 


THE PHOTO-ATLAS OF 


MINERALS [CD-ROM] 
Developed by Anthony R. Kampf 
and George Gerhold, produced by 
The Gem & Mineral Council, Los 
Angeles County Museum of Natural 
History, Los Angeles, 1998. 
US$49.95. * 


The Photo-Atlas of Minerals is a 
thoughtful, sophisticated product, in 
CD-ROM format, that uses the capa- 
bilities of computer technology to 
provide exciting features. To put the 
Photo-Atlas in perspective, I spent 
$40 on the Encyclopedia of Minerals 
by W. L. Roberts, G. R. Rapp, Jr., and 
J. Weber (Van Nostrand Reinhold, 
New York) when it was first pub- 
lished in 1974. It was an extrava- 
gance for a struggling graduate stu- 
dent, but I bought it for two reasons: 
First, it had entries for 2,200 mineral 
species, the most comprehensive ref- 
erence then available. More impor- 
tantly, the Encyclopedia was the first 
standard reference in mineralogy to 
be extensively illustrated in color, 
with almost 1,000 color photographs 
of an unusually wide variety of 
species. Now, a generation later, The 
Photo-Atlas of Minerals serves the 
same purpose even better, and at a 
much cheaper price. 

The Photo-Atlas is easy and fun 
to use. Clear instructions are provid- 
ed, but they really are not needed. 
The core of the product is 6,500 color 
images of more than 800 mineral 
species. Most of these are the work of 
Wendell E. Wilson and Louis Perloff, 
two of the very best mineral photog- 
raphers. Some species, especially the 
gem minerals, are represented by 
dozens of illustrations. There are 
occasional images of gemstones, as 
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well as inclusions. These are all 
linked to a database of mineral prop- 
erties that covers 3,600 species and 
an extensive glossary. The user can 
search and view minerals by name, 
chemistry, locality, crystal class, or 
physical properties. For users who are 
wired for sound, click on the name of 
a mineral and it is pronounced! The 
CD also can be used to play an iden- 
tification game or create a slide show. 
The Photo-Atlas of Minerals pro- 
vides an unparalleled collection of 
excellent mineral images with sup- 
porting text, and a search capability 
that can be used and enjoyed by a 
wide audience. 
CARL FRANCIS 
Harvard Mineralogical Museum 
Cambridge, Massachusetts 


OTHER BOOKS 
RECEIVED 


Mani-Mala, or A Treatise on Gems, 
by Sourindro Mohun Tagore, reprint- 
ed by Nandishkor R. Barot, 1,046 
pp., illus., publ. by Mehul Barot, 
Philadelphia, PA, 1996, US$200. It is 
always a cause for celebration when- 
ever a much-esteemed historical 
gemological book, hitherto inaccessi- 
ble to most persons because of rarity, 
is reprinted. The basic worth of 
Tagore’s treatise, first published in 
1879, remains unchanged from my 
evaluation in Gemology: An Anno- 
tated Bibliography (Scarecrow Press, 
Metuchen, New Jersey, 1993), entry 
no. 6475: “On all counts one of the 
most remarkable and important 
works on gems ever published, partic- 
ularly so because its Indian author 
stresses the knowledge of gems and 
their cultural significance in the 
Indian lands. For information on 
Indian gems, one must ultimately 
seek out and consult this splendid 
work. It is the product of many years 
research in locating and extracting the 
ancient literature of India. . . [Readers 
are given] the opportunity to com- 
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pare directly this translation to the 
originals in native languages which 
are conveniently placed in parallel 
[Bengali, Hindi, and Sanskrit].” 

In this reprint, a number of origi- 
nal lithographic illustrations are 
poorly reproduced, but the text is 
sharp and easily legible. Although the 
binding leaves much to be desired, 
nevertheless the volumes should 
hold together and wear well. It is 
interesting to note the meteoric rise 
in price of an original Mani-Mala, 
beginning with an auction sale at $85 
in 1971, to $4,000 at Christie’s in 
1987, and an astonishing $8,625 paid 
in the Swann auction of 1994. Given 
those astronomical sums, perhaps 
$200 isn’t too much after all. 


JOHN SINKANKAS 
Peri-Lithon 
San Diego, California 


Edelsteine: Symbole der Schénheit 
und der Macht (Gemstones: Symbols 
of Beauty and Power), by Edward J. 
Gtibelin and Franz-Xaver Erni, 240 
pp., illus., publ. by Verlag Hans 
Schéner GmbH, Kénigsbach-Stein, 
1999 [in German], US$43.00. For- 
ming the core of this large (30.5 x 
24.5 cm), richly illustrated volume 
are more than 110 pages devoted to 
26 different gemstones. Discussions 
of each gemstone are accompanied by 
the photographs of Harold and Erica 
Van Pelt, among others. Remaining 
chapters contain general overviews of 
origins and characteristics, symbol- 
ism, production, processing, inclu- 
sions, and synthesis of gemstones. 
Tables, charts, and other graphics 
supplement the text throughout. 
Edelsteine closes with a glossary and 
a bibliography. An English version is 
forthcoming. 
STUART D. OVERLIN 
Gemological Institute of America 
Carlsbad, California 
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~” ABSTRACTS 


COLORED STONES AND 
ORGANIC MATERIALS 


Amber specimen yields another link to the past. C. 
Fenelle, National Jeweler, Vol. 42, No. 20, October 
16, 1998, p. 20. 


A new species of mayfly estimated to be more than 25 
million years old was found in a piece of Mexican amber 
recently unveiled at Britain’s Natural History Museum. 
Mayflies are rarely found in amber, because the insects 
only live above water for a few hours and die shortly after 
mating. Other insect and plant remains contained in 
amber are spiders, ants, gnats, flies, wasps, bees, flowers, 
mushroom caps, seeds, leaves, and stems. The most com- 
mon plant remains found in amber are pine needles and 
pine cones. MM 


Crystal, quartz, or what? S. Frazier and A. Frazier, 
Lapidary Journal, Vol. 52, No. 6, September 1998, 
pp. 26-31, 62. 
Fourteen different meanings of the word crystal are pre- 
sented in this article. More common uses of the term 
include any mineral with natural faces, transparent 
quartz, clear cut glass of superior quality, the colorless 
cover of a watch face, or any material with an orderly 
internal arrangement of atoms. Crystal may also refer to 
an early diamond grading term corresponding to GIA 
color grade J, a clarity grade for opal, or any material that 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edl- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 

Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the orginal material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
© 1999 Gemological Institute of America 


GEMS & GEMOLOGY Summer 1999 


has particular transparency or purity. However it is used, 
the word crystal stems from the Greek krystallos, or 
“clear ice.” For 2,000 years, the main source for quartz 
crystals was cavities in rocks in the higher elevations of 
the Alps. The cavities also contained clear ice crystals 
during the cold months, so that, at times, quartz crystals 
would appear to be growing out of the ice. Quartz was 
considered permanently frozen ice; thus, krystallos also 
became synonymous with clear quartz. The various 
other meanings of the word crystal evolved over time as 
a result of such factors as the apparent similarity of 
quartz to glass and other minerals, and the adaptation of 
the word through the Latin, French, and Middle English 
languages. MD 


Demantoid garnet enjoys market transformation. ICA 
Gazette, November-December 1998, pp. 1, 7. 


Demantoid (andradite) garnet was first discovered in 1854 
in Russia’s Central Ural Mountains, where it is still being 
mined. The rarest of all gem garnet varieties, it was found 
as a by-product of platinum mining in the Bobrovka 
River. Demantoid was originally thought to be peridot, 
based on its color resemblance. In 1878, the stone was 
identified as a garnet and named demantoid (from the 
Dutch demant, meaning “diamond”) because of its 
extremely high dispersion. A second deposit of vivid 
green demantoid garnet was discovered at the Chusovaya 
River near Ekaterinburg in 1879. Demantoid was popular 
in the early part of the 20th century, particularly among 
royalty, and was frequently used in Peter Carl Fabergé’s 
intricately crafted objects. 

More recently, demantoid has enjoyed limited popu- 
larity because of the relatively small quantities and 
faceted sizes available. In 1997, a new deposit of deman- 
toid was discovered at Usakos in central Namibia. The 
Namibian material shows a beautiful brilliance, and 
occurs in larger sizes, but it does not contain the charac- 
teristic “horse-tail” inclusions found in the Russian 
material. Production is expected to increase in both 
Russia and Namibia, perhaps enabling demantoid to 
regain its popularity with jewelers, designers, and gem 


collectors. MM 


The gemological identification of emeralds and blue sap- 
phires. J. E. Shigley, CIM [Canadian Institute of 
Mining and Metallurgy] Bulletin, Vol. 91, No. 1025, 
Nov. 1, 1998, pp. 91-96. 

The gemological properties of natural emeralds and sap- 

phires, and ways of differentiating them from other gem- 

stones and from their synthetic counterparts, are 
reviewed for a geologic audience. In addition to tables of 
gemological properties and distinctive features observed 
with a gemological microscope, the following topics are 
discussed for both emeralds and sapphires: types of geo- 
logic occurrence, methods of synthesis, treatments, and 
means of identifying synthetic and treated stones using 
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both standard (e.g., microscopic) and advanced (e.g., 
infrared and Raman spectroscopic) techniques. 

An underlying theme of the article is that ethical busi- 
ness practices on the part of the entire jewelry industry 
are essential to maintain consumer confidence. Thus, 
synthetic stones must be identified and treatments dis- 
closed. Ethical failures at the jewelry counter, for exam- 
ple, eventually will have negative consequences through- 
out the industry. One possible result could be reduced 
exploration and mining of natural stones. MD 


Investigation of the intracrystalline Cr** distribution in 
natural and synthetic alexandrites. H. Rager, A. 
Bakhshandeh-Khiri, and K. Schmetzer, Neues 
Jahrbuch fiir Mineralogie Monatshefte, Vol. 12, 
December 1998, pp. 545-557. 


The substitution of Cr for Al in chrysoberyl (ideally 
BeAl,O,) produces the phenomenal gem, alexandrite. 
The intensity of the color-change effect in alexandrite 
is directly proportional to Cr content. Electron Para- 
magnetic Resonance (EPR) was used on eight samples 
(five natural and three synthetic) to establish which of 
two different Al crystallographic lattice sites (designated 
Al, and Al,,) controls Cr distribution in alexandrite. 

The data suggest that Cr is mostly concentrated in the 
larger of the two Al sites (Al,), contrary to the conclu- 
sions of several previous studies. The influence of Fe on 
the Cr distribution was minimal. The amount of Cr in 
the larger sites increases with overall Cr content, but the 
Cr fraction in the smaller sites either remains constant or 
increases minutely. Therefore, it was concluded that the 
larger Al site is host to the Cr that causes the color 
change in alexandrite. JL 


Investigation of the stability conditions and structural- 
chemical transformations of Baikal lazurite. V. L. 
Tauson, V. V. Akimov, A. N. Sapozhnikov, and K. E. 
Kuznetsov, Geochemistry International, Vol. 36, 
No. 8, 1998, pp. 717-733. 


Lazurite, the main constituent of lapis lazuli, is part of 
the sodalite mineral group (along with sodalite, nosean, 
and hatiyne). This in-depth geochemical study of lazurite 
from the Baikal region of Siberia was undertaken to 
establish the causes of structural modulations at the 
crystal lattice-atomic level. Samples were annealed ac- 
cording to three different experimental methods. The 
first two were “dry” runs that used gold or quartz am- 
poules to hold ~50 mg of lazurite powder and chemical 
reaction indicators. The third group of experiments was 
designed to mimic hydrothermal conditions, using aque- 
ous solutions at higher pressures. On the basis of the 
results, the authors constructed a crystallization phase 
diagram. 

Since the Baikal lazurite is inferred to have formed 
over the narrow temperature range of about 500°-600°C, 
the experimental data suggest that the microstructural 
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modulations depend more on the partial pressure (fugaci- 
ty) of the sulfur dioxide (i-e., fSO,) gas phase than on the 
temperature at the time of crystallization. In the experi- 
ments, the lazurite was transformed into complex sulfate 
and oxide phases at high fSO,. At low fSO,, sodalite was 
formed. The lazurite that formed at moderately high 
fSO, showed a modulated structure. The blue lazurite 
color is attributed to the fugacities of sulfur and hydrogen 
gas phases during formation, as well as to the size of the 
crystals. JL 


Is opal... ? S. Frazier and A. Frazier, Lapidary Journal, 
Vol. 52, No. 5, August 1998, pp. 16-25. 


This article, which answers 12 commonly asked ques- 
tions about opal, establishes the distinction between the 
different types, including precious (has play-of-color), 
common (lacks play-of-color), boulder (cut with matrix as 
part of the gem), and fire (has a “fiery” body color). The 
distinction between play-of-color (a flash of different col- 
ors) and opalescence (a milky body color) is explained. 
The formation of fire opal requires an unusual combina- 
tion of geologic conditions, hence the rarity of fine speci- 
mens, with the most valuable coming from Querétaro, 
Mexico. Although Australia is the best-known source of 
precious opal, gem-quality material is also found in 
Brazil, Honduras, Mexico, the U.S. (Nevada, Idaho, and 
Oregon), Canada (British Columbia), and Slovakia. 
Particular attention is paid to Brazil as a source: Six types 
of opal (precious, green, black, hyalite, greenish yellow 
cat’s-eye, and fire) are mined there, though none in large 
quantities. Historical aspects of opal, such as its appeal to 
the Aztecs and Mayans, and practical aspects, such as 
crazing of opal from some localities, also are noted. 

Like other gemstones, opal has simulants (e.g., plas- 
tics introduced in the 1970s, which are easily detected). In 
1964, John Slocum produced what is known as “Slocum 
Stone,” a glass showing apparent play-of-color that imi- 
tates precious opal. It is harder, tougher, and much more 
stable than natural opal. Pierre Gilson of France perfected 
the manufacture of material marketed as (Gilson) syn- 
thetic opal. Today, synthetic opals are produced in Japan 
and Russia. MD 


Marketing high quality Chinese freshwater pearls. B. 
Sheung, Jewellery News Asia, No. 169, September 
1998, pp. 124, 126. 
Of the companies that supply Chinese freshwater cul- 
tured pearls, a few now seek to upgrade the product’s 
image by focusing on quality rather than quantity. By 
concentrating on pearls that have been cultivated over a 
longer time period and selecting only the largest, highest 
quality specimens, these dealers are able to sell loose 
pearls and strands at prices closer to those usually seen 
for Akoya and South Sea cultured pearls. 
Chinese freshwater cultured pearls can be as large as 
15 mm, but the ones sold by high-end dealers typically 
range from 9 to 11 mm. Among these are treated black 
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freshwater cultured pearls that offer an affordable alter- 
native to natural-color Tahitian cultured pearls. Natural 
colors in Chinese freshwater cultured pearls include 
white, “champagne,” orange, and purple. The article 
includes several company profiles; some Chinese fresh- 
water cultured pearl processors in Hong Kong and Japan 
focus on the favored pinkish tint rather than a bleached 
yellowish white. Doug Fiske 


Mined in America: Five stones to watch (Part Two). D. 
Yonick, American Jewelry Manufacturer, Vol. 43, 
No. 12, December 1998, pp. 18-19, 21. 


Part two of this series focuses on Arizona “Anthill’” gar- 
net and Montana sapphire. (Part one, published in Octo- 
ber 1998, featured Oregon sunstone, California benitoite, 
and Utah red beryl.) Red pyrope garnet is mined from an 
alluvial deposit on Navajo land in northeast Arizona, 
with 90% of the material marketed by Tucker Gems of 
Homedale, Idaho. The mine could produce about 1 mil- 
lion carats of rough a year. However, there is a limited 
supply of cut material over 1 ct. Meanwhile, American 
Gem Corp. (AGC) of Helena, Montana is expected to 
achieve full-scale production of Montana blue and fancy- 
colored sapphires from its alluvial deposits in southwest- 
ern Montana in 1999. Once plagued by financial difficul- 
ties, environmental liabilities, and internal problems, the 
company restructured in 1997. By the end of 1998, AGC 
had processed about 2, million carats of rough, which is 
expected to yield approximately 200,000 carats of cut 
stones. MM 


Models of corundum origin from alkali basaltic terrains: 
A reappraisal. F. L. Sutherland, P. W. O. Hoskin, 
C. M. Fanning, and R. R. Coenraads, Contributions 
to Mineralogy and Petrology, Vol. 133, 1998, pp. 
356-372. 


Corundum from basalt fields, particularly in Australia 
and Southeast Asia, has been the subject of numerous 
geologic studies. Two types, “magmatic” and “metamor- 
phic,” are recognized based on their trace-element char- 
acteristics, mineral inclusions, and likely geologic origin 
within the earth’s crust and mantle. This paper is con- 
cerned only with magmatic corundum, designated as 
“BGY” for the dominant blue, green, and yellow colors. 
BGY corundum shows distinctive trace-element contents 
(up to 0.04 wt.% Ga,O, and low Cr/Ga and Ti/Ga ratios); 
20 different primary mineral inclusions, including sever- 
al reported here for the first time, have been identified 
within them. 

Detailed examination was made of the crystallization 
characteristics (e.g., temperature of formation and inter- 
growth relationships) of several primary inclusions, par- 
ticularly zircon, columbite, and feldspar. The authors 
evaluated these data in light of the tectonic setting of the 
deposits, and performed thermodynamic modeling of the 
crystallization of igneous melts of various compositions, 
to reach the following conclusion: The BGY corundum 
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crystallized from a low-volume silicate melt derived from 
amphibole-bearing mantle assemblages at temperatures 
of 720°-880°C and pressures of 0.7-1.1 GPa (about 25-40 
km depths). The corundum was subsequently brought to 
the surface as xenocrysts in alkali basalts. The seven pre- 
viously published origins that have been suggested for 
magmatic corundum from alkali basalts are reviewed in 
light of the conclusions reached in this paper. AAL 


Prevalence and origin of birefringence in 48 garnets from 
the pyrope-almandine-grossularite-spessartine qua- 
ternary. A. M. Hofmeister, R. B. Schaal, K. R. 
Campbell, S. L. Berry, and T. J. Fagan. American 
Mineralogist, Vol. 83, No. 11-12, Part 1, Novem- 
ber—-December 1998, pp. 1293-1301. 


Of 48 samples of garnet with pyrope-almandine-grossu- 
lar-spessartine chemical compositions, 40 were aniso- 
tropic and the other eight samples were too thin to deter- 
mine anisotropy. The birefringence (8) of the garnets 
ranged from 0.0001 to 0.0006 (26 were only marginally 
birefringent, with 5 < 0.0002), and was generally undula- 
tory in appearance. Hence, weak and undulatory birefrin- 
gence is apparently widespread in garnets. A relationship 
between birefringence and geologic setting was recog- 
nized. Specifically, there is an inverse relationship be- 
tween the degree of birefringence and the stress encoun- 
tered during a garnet’s geologic history. Thus, the greatest 
birefringence occurs in garnets from xenocrysts of mantle 
origin and in garnets from eclogite xenoliths in kimber- 
lite pipes, as these are farthest from their conditions of 
formation. 

It is suggested that most of the optical anomalies (i.e., 
birefringence and undulatory extinction) result from 
internal strain within the garnets, although other possi- 
ble origins are acknowledged for a few specimens, such as 
those with sector twinning. Retention of internal strain is 
compounded by a mismatch in size between Ca”* and 
Mg** within the crystal structure. Four previous models 
that explain the origin of birefringence are reviewed. 

Kyaw Soe Moe 


World jade resources. F. Ward, Arts of Asia, Vol. 29, No. 
1, 1999, pp. 68-71. 
There is more “jade” available today than at any other 
time in history. This is due primarily to three newly dis- 
covered deposits in the Western Hemisphere: two are 
nephrite (in Canada and the U.S.}, and one is jadeite (in 
Guatemala). The Polar mine in northern British 
Columbia, Canada, produces an attractive translucent, 
bright, intense green nephrite that is reportedly harder 
than any other nephrite. It has found a market of its own 
because of its distinctive characteristics and beauty. The 
Blue Moon mine in California produces two beautiful 
varieties of botryoidal nephrite (“Mint in Snow” and 
“Blossom Jade”) that are highly sought by collectors and 
jewelry manufacturers. “Galactic Gold” is the name 
given to anewly discovered black jadeite from Guatemala 
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that has bright metallic inclusions of undetermined min- 
eralogy (they may be pyrite). Worldwide, nephrite is 
much more abundant than jadeite. 

The history and uses of jade, and the differences 
between nephrite and jadeite, are reviewed. Value factors 
for the different colors and physical properties (e.g., abili- 
ty to take a good polish) of both types of jade are noted, 
along with the high esteem in which jade is held in Asia. 
A brief market overview is presented for all major 
nephrite and jadeite producing countries (China, Russia, 
Canada, U.S., Australia, New Zealand, Guatemala, and 
Myanmar). 

It is encouraging that in this age of ever-diminishing 
deposits and reserves, a gem of such historical impor- 
tance and renown continues to be discovered in exciting 
new forms. JEC 


DIAMONDS 


Of diamonds, dinosaurs and diastrophism: 150 million 
years of landscape evolution in southern Africa. 
T. C. Partridge, South African Journal of Geology, 
Vol. 101, No. 3, September 1998, pp. 167-184. 


This article chronicles and interrelates the geomorpho- 
logic and geologic history of southern Africa starting with 
the breakup of Gondwanaland 150 million years ago, 
which led to the separation of Africa, South America, 
Antarctica, Australia, and India. At that time, southern 
Africa had a high elevation, but 1-3 km of the surface was 
subsequently eroded. Also, from 150 million years ago to 
the present, southern Africa has experienced extreme 
and/or rapid climatic changes (ranging from desert to 
tropical rainforest to grassland), fluctuations in sea level, 
volcanism (including two episodes of diamondiferous 
kimberlite emplacement at approximately 120 and 90-60 
million years ago), and the enormous meteorite impact at 
the Cretaceous—Tertiary boundary that caused major 
extinctions of plant and animal life (most prominently 
the dinosaurs). During this time, the major rivers in 
southern Africa (Orange and Vaal) carried gem diamonds 
from their kimberlite hosts in the central part of South 
Africa to the sea. 

Using details from all these geomorphic, geologic, cli- 
matic, and biological events, the continually changing 
landscape of southern Africa is reconstructed. One aim of 
this review is to explain and predict the locations of the 
important secondary (alluvial, beach, marine) diamond 
deposits of South Africa and Namibia. AAL 


Diamonds from kimberlite diatreme 50, Liaoning 
Province, China: Microtextural, mineralogical, geo- 
chemical, and genetic characteristics. S. F. Vino- 
kurov, A. I. Gorshkov, Y. N. Bao, I. D. Ryabchikov, 
L. V. Bershov, and M. I. Lapina, Geochemistry 
International, Vol. 36, No. 8, 1998, pp. 676-683. 

Diamonds from pipe 50 in Liaoning Province show sev- 

eral textural, mineralogical, and geochemical features 
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related to their primary crystallization conditions and 
later explosive events that occurred in the lower part of 
the kimberlite diatreme. Of special interest are unique 
“inverse coated” diamonds, which have a transparent 
outer zone and a black inclusion-rich inner zone; nor- 
mally, coated diamonds have the black inclusion zone on 
the outside. The black inclusion-rich zone contains a 
diverse population of submicron-size inclusions, includ- 
ing native metals, alloys, sulfides, oxides, chlorides, and 
the like. On the basis of the texture, composition, and 
inclusion distribution within the zones of an “inverse 
coated” diamond, the authors suggest that these dia- 
monds most likely crystallized via “secretion” (i.e., from 
the outside inward). TB 


Eclogitic diamond formation at Jwaneng: No room for a 
recycled component. P. Cartigny, J. W. Harris, and 
M. Javoy, Science, Vol. 280, No. 5368, May 29, 
1998, pp. 1421-1424. 


Geologists recognize two major groups of diamonds based 
on their distinctive mineral inclusions: peridotitic (P- 
type) and eclogitic (E-type). Diamonds of both types are 
generally believed to form in the earth’s mantle, the P- 
type from mantle materials and the E-type as a conse- 
quence of the transformation of subducted biospheric 
carbon (i.e., a recycled organic component from the 
earth’s surface). Support for the different origins is found 
in the carbon isotopic compositions (5!°C) of diamonds. 
P-type diamonds have a narrow “mantle range,” (6!°C = 
about —5%o}, whereas E-type diamonds have a broad range 
(SC = -34.5 to +2.7%o) that is characteristic of carbon 
compounds in the earth’s near-surface environment. 

Diamonds from Jwaneng, Botswana, contain small 
amounts of nitrogen (average 380 ppm) as is characteris- 
tic of E-type diamonds; based on a study of their nitrogen 
isotopic compositions (5'°N), the authors question the 
theory outlined above, at least for E-type diamonds from 
this particular locality. Specifically, the mean 6'°N value 
(-5.5%o) for Jwaneng E-type diamonds is essentially iden- 
tical to that of P-type diamonds worldwide, but the 
authors believe that this value should be more positive if 
these diamonds crystallized from recycled carbon that 
originated from organic matter (which has a small nitro- 
gen component). 

The authors suggest that the carbon in E-type dia- 
monds, like that in P-type diamonds, also comes from the 
mantle (and not from a recycled surface component). 
They believe that the broad range of 5!°C values in E-type 
diamonds is the result of a fractionation process of car- 
bonatitic melts (involving such processes as the escape of 
CO,), which undergo different evolutions before diamond 
precipitation when percolating through a peridotite or 
eclogite in the mantle. These different evolutions depend 
mainly on the presence or absence of olivine (in peridotite 
and eclogite, respectively), and can account for the respec- 
tive 8'SC distributions. AAL 
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The Merlin kimberlites, Northern Territory, Australia. 
D. C. Lee, H. J. Milledge, T. H. Reddicliffe, B. H. 
S. Smith, W. R. Taylor, and L. M. Ward. In Pro- 
ceedings of the Sixth International Kimberlite 
Conference, Russian Geology and Geophysics, 
Vol. 38, No. 1, 1997, pp. 82-96. 


The Merlin field (10 x 5 km) consists of 11 diamondifer- 
ous kimberlites, which are located in four clusters in the 
Batten region of Australia’s Northern Territory (about 
800 km southeast of Darwin). The kimberlites were 
emplaced about 367 million years ago. They are all small 
(the largest is only 125 m in diameter), and all have a 
constant diameter to a depth exceeding 100 m. None of 
the kimberlites was exposed at the surface at the time of 
discovery. 

The extensively altered kimberlite rocks are mainly 
diatreme-facies (that part of the pipe filled with angular 
broken fragments resulting from gaseous explosions), 
with some hypabyssal rocks (nonbroken kimberlite 
characteristic of the root zone]. The trace-element 
chemistry resembles micaceous kimberlites and also 
some phlogopite lamprophyres (dark-colored, mafic 
intrusive igneous rocks) from the Kimberley region of 
Western Australia; their trace-element patterns are dif- 
ferent from those of South African kimberlites or of the 
Argyle lamproite. 

Chrome spinel, pyrope, chrome clinopyroxene (diop- 
side), apatite, and sulfides were identified in heavy min- 
eral concentrates of the kimberlites. Only limited infor- 
mation was available on the macrodiamonds, which 
occur in dodecahedral and resorbed shapes in about equal 
proportions. Most showed no visible evidence of plastic 
deformation. Microdiamonds (0.1-0.8 mm) were abun- 
dant; from a study of 40 samples, at least three different 
populations were defined based on nitrogen content and 
aggregation state: (1) predominantly type IaA and type 
IaAB, (2) type Ila (two microdiamonds}, and (3) partially 
type Ib (one microdiamond). Three nitrogen-rich (>1,500 
ppm N) microdiamonds had “exceptionally high” hydro- 
gen contents (actual H content not stated), while the rest 
had no hydrogen. Carbon and nitrogen isotopes indicate 
that the microdiamonds originated by mixing between a 
mantle source of these elements and either a SiC-derived 
or a recycled crustal source. The abundance of twins and 
aggregates in the microdiamonds indicate that there was 
a plentiful supply of carbon in the source region. The dia- 
monds were interpreted to have crystallized 1.65 billion 
years ago. 

[Editor’s note: The 1998 Annual Report of Ashton 
Mining Ltd. (p. 10) states that mining operations at the 
Merlin Diamond Project commenced in November 1998, 
at the southern cluster of four kimberlites with an 
inferred resource base of 0.4 ct/tonne. The diamonds have 
a weighted average value of approximately US$75 per 
carat.] ML] 
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The problem of the diamond potential of the northwest- 
ern Russian Plate. A. A. Konstantinovskii and T. E. 
Shcherbakova, Lithology and Mineral Resources, 
Vol. 33, No. 3, 1998, pp. 226-234. 


A potential new diamond-producing region has been 
recognized in Russia. Located in the “Latvian Saddle,” 
on the northwestern part of the Russian Plate, it is cen- 
tered in the vicinity of Borovichi (about halfway 
between St. Petersburg and Moscow). Although kimber- 
lite pipes have not been located, a few octahedral dia- 
monds and numerous kimberlite indicator minerals— 
mainly pyrope garnet, but also chrome spinel and 
picroilmenite—have been found in alluvium and stream 
sediments in the region. 

The diamond indicator minerals have been traced to 
two specific Devonian and Lower Cretaceous sedimen- 
tary formations (secondary sources), in which they 
occur as accessory heavy minerals. These heavy miner- 
als arrived at their present sites as a result of the weath- 
ering of a primary (presumably kimberlite) source that 
has yet to be found. By plotting the distribution of the 
indicator minerals in alluvium and in stream sediments 
eroded from the sedimentary formations, and determin- 
ing that these minerals did not travel far from either 
their primary or secondary sources, geologists have 
identified a relatively small potential kimberlite area 
(the Borovichi Uplift). The favorable potential of this 
area is confirmed by geophysical data (e.g., the earth’s 
crust is thick in this area, and basement faulting is pre- 
sent) and geologic features (e.g., an Archean-age base- 
ment, regional folding, and local dome-shaped uplift). 

AAL 


Rare and unusual mineral inclusions in diamonds from 
Mwadui, Tanzania. T. Stachel, J. W. Harris, and 
G. P. Brey, Contributions to Mineralogy and Petrol- 
ogy, Vol. 132, No. 1, 1998, pp. 34-47. 


Diamonds form in the earth’s mantle and have a complex 
history of crystallization. Mineral inclusions in diamonds 
can give insight into the conditions under which the dia- 
monds formed. One hundred diamonds from the Mwadui 
mine in Tanzania were crushed, and 91 of these yielded 
inclusions that were analyzed for geochemical data. Most 
of the inclusions were minerals common in the upper 
mantle, such as olivine, garnet, and pyroxenes. However, 
rare mineral inclusions also were found, such as ilmenite 
with an unusual chromium content, magnetite with a sil- 
icate exsolution phase, native iron, and dolomite. 

The associations of minerals that formed under differ- 
ent conditions in the same diamond suggest to the 
authors that strong and variable geochemical composi- 
tional gradients were present during diamond formation 
at Mwadui. Different oxidation states of coexisting iron 
minerals (magnetite, wtistite, and native iron) imply that 
the diamonds grew along oxidation boundaries. On the 
basis of these data, the authors conclude that the Mwadui 
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diamonds formed from carbon that was released from 
methane-rich gas phases during mantle recrystallization 
and mineralogic changes. JL 


A rift model for the sedimentary diamond deposits of 
Brazil. R. Fleischer, Mineralium Deposita, Vol. 33, 
1998, pp. 238-254. 


Essentially all the diamonds found in Brazil are secondary 
in origin, obtained from either diamond-bearing con- 
glomerates or recent alluvials derived from them, their 
primary sources have never been found. Although sever- 
al hundred kimberlites have been discovered within the 
Brazilian diamond districts in recent years, almost all are 
barren and thus cannot be the primary diamond source. 
In this article, anew “rift model” proposes where the dia- 
mond-bearing rocks (presumably kimberlites) may have 
been emplaced and why they have not been found. 

The model is based on the observation that although 
the diamond-bearing conglomerates are of four vastly dif- 
ferent ages (Proterozoic, Devonian, Carboniferous, and 
Cretaceous), they all have geologic features in common 
that have recurred through time. First, the diamond-bear- 
ing conglomerates are always found in small graben-like 
troughs (basins) formed during successive rifting events. 
Second, a short transport distance is inferred for the con- 
glomerates, and the diamonds occur above the basal 
member of each sequence (i.e., diamond deposition took 
place after each basin formed). Therefore, the volcanic 
events are adjacent to the faults that form the basins. 
Third, volcanic debris in the sedimentary sequences indi- 
cates that, for the most part, volcanic events (including 
possible emplacement of kimberlites or lamproites) oc- 
curred after the rifting. 

These general observations link diamond-bearing vol- 
canic sources to rift basins. The diamond-bearing kim- 
berlites proximal to the basins supplied diamonds to the 
conglomerates within the basins and, in the process, have 
been eroded or buried by post-rift material. Those 
noneconomic kimberlites that have been found are far- 
ther from the basins and probably represent different vol- 
canic events. AAL 


Unusual upper mantle beneath Guaniamo, Guyana 
shield, Venezuela: Evidence from diamond inclu- 
sions. N. V. Sobolev, E. S. Yefimova, D. M. DeR. 
Channer, P. EF N. Anderson, and K. M. Barron, 
Geology, Vol. 26, No. 11, 1998, pp. 971-974. 

The mineral inclusions in industrial-quality diamonds 

from alluvial and primary deposits of the Guaniamo 

region of Venezuela were examined to study the envi- 
ronments of diamond genesis. Diamonds form deep 
beneath the continental lithosphere in the mantle, 
which has different zones with distinct mineralogies. 

Populations of diamonds mined from any one region will 

have a dominant proportion of crystals from one mantle 

source over another. Most of the diamond occurrences in 
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356 


reached 24,000 loads per day, 
and although diamonds of in- 
ferior color, this large output 
reduced the world price of dia- 
monds and resulted in a price 
agreement with the Diamond Syn- 
dicate. Operations were halted in 
1930 and the mine temporarily 
closed in 1932 having produced 
£32,000,000 of diamonds. The only 
important diamond mine in the 
Transvaal, it seems to consist of 
overlapping diamond pipes or 
craters covering a surface area 
2900 feet long and 1400 feet wide. 
When over 600 feet in depth, had 
shown no contraction in the walls 
of the pipe (A. F. Williams). 
Alone of the big South African 
diamond pipes it was an open- 
worked mine, and unless the new 
Tanganyika mine proves greater, 
is still the largest. diamond mine 
ever known. In 1945 the reopening 
of the mine was authorized and 
the removal. of water begun with 
expectation that mining operations 
could begin in 1947. Its yield of 
gem diamonds ran to light brown 
to white stones and industrial 
diamonds. It produced the great 
Cullinan Diamond. See also Pre- 
mier (Transvaal) Diamond Mining 
Co., Ltd. 


premier ollie. Same as premier. 
Presidente Vargas Diamond. Same as 


Vargas Diamond. 


primary mineral. A mineral that re- 


tains its original form and com- 
position, as opposed to a secondary 
mineral. In Kimberlite A. F. Wil- 
liams differentiates between the 
‘ primary minerals which are oliv- 
ine, phlogopite, ilmenite, perof- 
skite, magnetite, apatite and nickel 
and “transported minerals of pri- 
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mary origin,” which include gar- 


net, zircon, spinel, enstatite, rutile, 
ete. 


Prince Edward of York Diamond. A 


fine, white, pear-shaped, 60% 
carat African stone imported into 
U.S.A. in 1901 by Alfred H. Smith 
and Co., and sold to a New York 
banker. (Cattelle.) 


Princess Mathilde Diamond. A dia- 


mond said to have once belonged 
to Abdul Hamid II, Sultan of 
Turkey and sold in 1933 by the 
Mont de Pieté of Paris. 


proper proportions (of fashioned dia- 


monds)./n general,the proper pro- 
portions for maximum brilliancy 
depend upon (1) the relative pro- 
portion of the mass above and be- 
low the girdle and (2) the angles 
of the pavilion facets in relation 
to the plane of the girdle and (3) 
to a lesser extent, the angle of 
the crown facets to that plane. 
Proper proportions for maximum 
“fire” depend upon the same fac- 
tors but especially upon the angle 
of the crown facets and the width 
of the table. Large tables reduce 
total fire. In emerald cut diamonds 
maximum fire is of less importance 
than in brilliant cut. The theoreti- 
eally ideal proportions for bril- 
liant cut diamonds established by 
Tolkowsky are generally accepted 
and are: 


Diameter of girdle 
Diameter of table. 

Total thickness of stone.. 
Thickness of crown 
Thickness of pavilion... 
Angle of bezel facets... 
Angle of pavilion facets...... 
Angle of upper breek facets ..... 
Angle of lower break facets......... 
Angle of star facets..........00200.-.- 15° 


(To Be Continued) 


the world are associated with a peridotite mineralogy, 
which includes such minerals as olivine and pyroxenes. 
In some locales, mineral inclusions and source rock 
characteristics suggest an eclogite source, with a miner- 
alogy that includes omphacite (a clinopyroxene) and 
pyrope garnet. 

During this study, the existence of transparent garnet 
and clinopyroxene inclusions, as well as opaque sulfides 
and other minerals, was microscopically established in 
329 alluvial and 53 kimberlite diamonds. The chemistry 
of inclusions extracted from 124 alluvial and 53 kimber- 
lite diamonds was measured by electron microprobe 
analysis. The authors determined that 99% of the dia- 
monds were eclogitic. The coexistence of coesite (a high- 
pressure quartz polymorph) and corundum, combined 
with the variability of the garnet and clinopyroxene 
compositions, suggests a highly variable source compo- 
sition. The unique characteristics of the Guaniamo dia- 
monds and associated rocks imply that the mantle 
source under the Guyana shield in Venezuela has an 
unusual composition. JL 


Why pink diamonds are special. R. Weldon, Professional 
Jeweler, Vol. 1, No. 11, December 1998, p. 22. 
Although Australia’s Argyle mine is the most consistent 
producer of pink and red diamonds, these gems are by no 
means plentiful. Only some 700 carats (rough) out of the 
millions of carats mined each year from Argyle qualify as 
“pinks” or “reds.” Fancy pink diamonds were once 
reserved for royalty, but now anyone who can afford the 
price—some polished stones sell for hundreds of thou- 
sands of dollars per carat—has the opportunity to acquire 
one. The origin of the pink and red colors is a mystery, 
although in the book The Nature of Diamonds, Dt. 
Emmanuel Fritsch suggests that “the color is due totally 
or in part to a color center resulting from deformation.” 
The supply of pink diamonds is decreasing, in spite of the 
recent decision to continue mining at Argyle. MM 


GEM LOCALITIES 


Arizona andradite debuts. Jewelers’ Circular Keystone, 
Vol. 169, No. 12, December 1998, p. 28. 


Fine-quality andradite garnet, including a limited amount 
of demantoid, is being mined near San Carlos, Arizona. 
The recently discovered deposits are located near the 
well-known peridot mines; they are mined by hand, as 
the gems are found near the surface. The andradite ranges 
from golden yellow to greenish yellow to reddish brown. 
Compared to the highly regarded Russian demantoid, the 
Arizona material has lower saturation, attributed to its 
lower chromium content, but also higher dispersion. 
Similarly, the other colors of andradite from this locality 
are not overly saturated and also are highly dispersive. 
Thus far, the San Carlos production has yielded only 
small faceted gems that have been used as side stones to 
accent larger gems. MM 
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City of pearls. L. Werner, Aramco World, Vol. 49, No. 5, 
September/October 1998, pp. 10-19. 


Founded in 1591, Hyderabad has been India’s pearl-trad- 
ing capital for more than 400 years. The city developed 
and sustained a robust jewelry industry to support the for- 
midable demands of the wealthy dynastic rulers. From 
the early 18th century until 1948, when the last ruler was 
forcibly removed from power by the Indian army, untold 
quantities of gems and pearls passed through Hyderabad’s 
jewel shops on Patthargatti Road. Although the formerly 
important diamond trading center at Golconda is only 12 
miles (20 km) away, pearls have left the boldest mark on 
Hyderabadi culture and trade over the years. Today it is 
the city’s pearl merchants who occupy premier positions 
in the jewelry industry. 

Hyderabad is an unlikely candidate to be at the center 
of the pearl trade. The ocean is 200 miles distant and, 
commercially speaking, the city is less advanced than, 
say, Bombay or Bangalore. One local jeweler attributes 
Hyderabad’s position to “the high quality and low cost of 
labor.” Indeed, behind almost every door on Patthargatti 
Road there are pearl sorters, drillers, and stringers, each 
with hundreds of years of family experience. This cumu- 
lative experience in the pearl trade has firmly established 
Hyderabad as India’s city of pearls. SW 


Contribuigéo ao estudo mineralégico dos cristais de 
esmeralda do distrito mineiro de Campos Verdes, 
Estado de Goias [Contribution to the mineralogical 
study of emerald crystals from the Campos Verdes 
mining district, Goids State]. G. M. Pulz, T. M. M. 
Brum, P. L. Juchem, L. J. H. DeR. Silva, L. B. Neto, 
and P. Barreto, Pesquisas, Vol. 25, No. 2, 1998, pp. 
11-19 [in Portuguese with English abstract]. 

Five emerald crystals from the Campos Verdes mining 

district in Brazil were analyzed by inductively coupled 

plasma mass spectrometry (ICP-MS) and Fourier-trans- 
form infrared (FTIR) spectroscopy. The samples con- 

tained relatively high Fe (e.g., 1.77 wt.% Fe,O, and 0.25 

wt.% FeO) and high weight loss on ignition (2.92-4.62 

wt.%), and low alkali contents (with Na>>Cs>Li). The 

FTIR spectra indicate type-II H,O vibrations. By combin- 

ing the chemical data with optical and physical proper- 

ties, and comparing these to published literature, the 
authors were able to distinguish these Campos Verdes 
emeralds from those of the Swat district (Pakistan), 

Franqueira (Spain), Itabira (Brazil), and Colombia, as well 

as from synthetic emeralds. RAH 


Compositional variation of tourmaline in the granitic peg- 
matite dykes of the Cruzeiro mine, Minas Gerais, 
Brazil. M. Federico, G. B. Andreozzi, S. Lucchesi, 
G. Graziani and J. César-Mendes, Canadian Miner- 
alogist, Vol. 36, Part 2, 1998, pp. 415-431. 

The complex granitic pegmatite dikes of the Cruzeiro 

mine contain several species of tourmaline (schorl, 

dravite, and elbaite) in well-defined zones. Because of its 
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sensitivity to the concentrations of Fe, Mg, Al, and Mn in 
the melt, tourmaline can be used as a recorder of the inter- 
nal evolution of granitic pegmatites. Thus, differences in 
the chemical compositions of the tourmalines found at 
Cruzeiro enabled the authors to reconstruct the various 
stages in the crystallization of the pegmatite dikes. 

The evolutionary features shown by the compositions 
of these tourmalines suggest the following: (1) Al was 
abundant in the melt; (2) Mg, Fe, Zn, Mn, and Li each 
reached their maximum concentrations at different 
stages of pegmatite evolution; and (3) there was a limited 
amount of F in the volatile phase and in the melt. The 
removal of large amounts of boron from the melt is 
responsible for the formation of tourmaline-rich pockets 
and the late crystallization of OH-rich tourmaline. 

TB 


Gem corundums and zircons from the Primorye placers. 
S. A. Ananyev, T. A. Ananyeva, V. K. Garanin, and 
G. P. Kudryavtseva, Proceedings of the Russian 
Mineralogical Society, Vol. 127, No. 4, 1998, pp. 
120-124 [in Russian with English abstract]. 
Descriptions are given of gem-quality sapphire and 
“hyacinth” zircon—and the associated chrome spinel, 
magnetite, and enstatite—found at Primorye in heavy- 
mineral concentrates that were ultimately derived from 
alkali basalts. Transparent blue, blue-green, green, and 
occasional multicolored sapphires are found as rounded 
pebbles (2 to 30 mm in size); some star sapphires are 
recovered. Chemical analyses and visible absorption 
spectra show that the sapphire coloration is related to the 
presence of Fe (0.72-1.75 wt.% FeO) and Ti (0.02—0.20 
wt.% TiO,). Inclusions of hercynite and ferrocolumbite 
were identified in some of these corundums. 

The zircon also is found as rounded pebbles (1 to 25 
mm in size). They are transparent orange, orange-yellow, 
or brown-red, and become colorless on heating. Their 
chemical compositions correspond to those of the rare 
zircon variety naegite, with 4.59-6.14 wt.% Ta,O,, 
3.22-3.59 wt.% Nb,O,, and 3.98-4.09 wt.% ThoO,. 
[Editor’s note: The terms hyacinth and naegite are not 
used in most modern gemology and mineralogy refer- 
ences in English.] RAH 


Gemstones of New England. G. B. Webb and EF. L. 
Sutherland, Australian Journal of Mineralogy, Vol. 
4, No. 2, December 1998, pp. 115-121. 
Brief details are given of the occurrence of diamond, sap- 
phire, beryl, topaz, quartz, garnet, zircon, feldspar, 
rhodonite, nephrite, peridot, and fluorite from this area of 
northeastern New South Wales. More than 500,000 
carats of diamonds have been produced, and two distinct 
categories are recognized: (1) yellow, rounded crystals 
with a high, uniform nitrogen content; and (2) white, 
internally complex crystals with low, variable nitrogen 
content. Most of the diamonds have been substantially 
resorbed; with cathodoluminescence, one showed octa- 
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hedral growth zones on a resorbed surface. Fine blue sap- 
phires are produced with a medium to dark hue, but 
greenish blue, yellow, and green varieties also are found, 
color zoning down the c-axis is a prominent feature. Beryl 
with emerald “stripes” perpendicular to the c-axis is 
illustrated. Colorless (rarely blue) topaz occurs in alluvi- 
um derived from the granitic rocks of the area. Zircon— 
in yellow, brown, and pink—is derived from basalts and 
often is encountered in the sapphire workings. RAH 


A note on Buttala and Okkampitiya gem fields in Sri 
Lanka. R. Chandrajith, C. B. Dissanayake, and H. J. 
Tobschall, Zeitschrift der Deutschen Gemmol- 
ogischen Gesellschaft, Vol. 47, No. 2, June 1998, 
pp. 69-76 (in English with German abstract). 


The adjacent Buttala and Okkampitiya gem-producing 
areas in southeastern Sri Lanka are relatively small and 
have received little geologic or mineralogic attention. 
Geologically, they are located near the boundary 
between two metamorphic terrains, the Highland- 
Southwest Complex (which contains most of the gem 
deposits in Sri Lanka) and the Vijayan Complex. This 
preliminary report indicates their present gem produc- 
tion and future potential. 

Both areas produce a wide variety of fine-quality gems, 
including blue, yellow, and pink sapphires, as well as 
spinel, hessonite and other garnets, and tourmaline. 
There is also some geuda (heat-treatable) sapphire. The 
gems are mined from “residual” deposits that are charac- 
terized by layers of alternating sands, clays, and laterites 
containing large boulders of marble. The authors note 
that expansion of mining activities for such residual 
deposits has increased the damage to forest reserves on 
the island. MM 


Philippine pearl report: The Philippines gathers strength 
for 21st century. B. Sheung, Jewellery News Asia, 
No. 169, September 1998, pp. 112-122 passim. 


Mastery of oyster hatchery techniques should allow 
Philippine cultured pearl producers to increase their 
annual volume from the present estimate of 100-150 kan 
to more than 200 kan by the year 2000 [1 kan = 1,000 
momme; 1 momme = 3.75 grams]. Of the 23 pearl farms 
in the Philippines, most of which are in Palawan 
Province, 15 are of commercial scale. Neither the number 
of farms nor the number of pearls cultivated is restricted 
by the government. 

The cultivation period for Philippine South Sea pearls 
ranges from 18 to 24 months. Sizes range from 9 to 16 
mm, with most falling between 10 and 12 mm. Colors 
“vary from silver, white, cream, champagne to golden” 
for pearls from white-lipped oysters, and “blue to black” 
for pearls from black-lipped oysters. 

A prominent pearl industry figure predicts that South 
Sea cultured pearls, including those produced in the 
Philippines, will play a major role in the jewelry scene in 
the 21st century. Doug Fiske 
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Polar jade. F. Ward, Lapidary Journal, Vol. 52, No. 8, 
November 1998, pp. 22-26. 

The Canadian province of British Columbia is the world’s 
largest supplier of nephrite, and it has huge reserves. 
Geologically, British Columbia’s nephrite is found in 
association with serpentinite. At present, the two major 
producing mines are Kutcho and Polar, located about 25 
miles (40 km) apart east of Dease Lake in the northern 
part of the province. Current annual production from 
each mine is about 80 tons. Nephrite from each mine is 
characteristic, with that from the Polar mine being par- 
ticularly desirable because it is brighter green (highly sat- 
urated) in color, more translucent, and somewhat “hard- 
er” than Kutcho nephrite. Boulders as large as 20 tons 
have been found recently at the Polar mine. 

Both mines are owned by Kirk Makepeace, who cur- 
rently produces about 85% of the world’s gem-quality 
nephrite. Since entering the business in about 1980, he 
has sold approximately 2,400 tons of material. During the 
last decade, the main market for nephrite has shifted 
from Taiwan to China, where it is used for souvenir carv- 
ings and inexpensive jewelry. Rough nephrite currently 
sells for a few dollars a pound. MM 


Ruby-bearing mineralization in Sljudjansky complex of 
the south-western Baikal region. V. I. Levitsky and 
L. A. Pavlova, Proceedings of the Russian 
Mineralogical Society, Vol. 127, No. 6, 1998, pp. 
84—88 [in Russian with English abstract]. 


Ruby-bearing rocks are hosted by dolomite marbles in 
two separate areas of the Sljudjansky complex in Siberia. 
Near the town of Sljudjanka, corundum has been found 
locally within zoned magnesian skarns, where it is asso- 
ciated with forsterite, spinel, phlogopite, amphibole, and 
calcite. Two varieties of corundum are recognized: (1) 
translucent pink and grayish pink, and (2) “water-clear” 
pink and ruby-red. In the Tunkinsky district (Buryat 
Republic), corundum-bearing rocks occur as vein-like and 
pocket-like bodies with rare disseminated forsterite, red 
and pink spinel, and “water-clear” pink and red corun- 
dum. At both localities, the spinel is characterized by 
low amounts of iron and appreciable Cr,O, and V,O, 
contents. Electron microprobe analyses are reported 
for 10 spinels, five rubies (Cr,O, 0.01-0.22 wt.%, TiO, 
0.01-0.08 wt.%, V,O, 0.01-0.15 wt.%], and a single phl- 
ogopite sample. In general, the ruby mineralization is 
related to postmetamorphic alteration of the precursor 
skarns and calc-silicate rocks by deep (mantle) fluids. 
RAH 


INSTRUMENTS AND TECHNIQUES 

Fourier transform-Raman spectroscopy of ivory: A non- 
destructive diagnostic technique. H. G. M. Edwards, 
D. W. Farwell, J. M. Holder, and E. E. Lawson, Studies 
in Conservation, Vol. 43, No. 1, 1998, pp. 9-16. 

Because of the declining elephant population and the 

resultant worldwide ban on trade in elephant ivory, it is 
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essential to distinguish nondestructively between true 
elephant ivory and non-elephant ivory. Fourier transform- 
Raman (FT-R) spectra obtained from seven African ele- 
phant tusks seized by British Customs in London were 
identical, regardless of the color of the ivory or the age of 
the elephant from which the tusks were obtained (i.e., the 
spectra are not subject to intra- or inter-tusk variations). 
Spectra were also obtained for ivory from an Asian ele- 
phant and from the extinct woolly mammoth, as well as 
for non-ivory samples of human and animal origin (includ- 
ing an adult incisor tooth and an animal bone). 
Characteristic vibrational features were found that 
enabled each ivory and non-ivory sample to be identified 
by its FT-R spectrum. Thus, FT-R spectroscopy is a viable 
and nondestructive technique for distinguishing genuine 
elephant ivory from specific regions (Africa and Asia) from 
other types of ivory (woolly mammoth) and from imita- 
tions. At present, this type of identification is not achiev- 
able by any other method. For large samples that cannot 
be accommodated in the FT-R instrument, a remote sens- 
ing probe (1 m long) was adapted successfully. MM 


JEWELRY HISTORY 


Fabulous fakes. L. Grant, Antiques & Collecting, Vol. 
103, No. 12, February 1999, pp. 38-43. 


The use of fakes or costume jewelry as inexpensive alter- 
natives to fine jewelry dates back to the ancient 
Egyptians, who first coated glass beads to make them 
resemble precious stones. Subsequent milestones include 
the production of glass beads in Czechoslovakia in the 
14th century and the advent of a clear glass known as 
“cristallo” (crystal) in the 15th century, at a locality near 
Venice. In 18th century France, George Stras developed a 
high-quality lead glass known as “paste” or “rhine- 
stones,” which he cut and set into spectacular jewelry 
creations. Late in the 19th century, Swarovski produced 
small “brilliant-cut” crystal “stones” of exceptional qual- 
ity; the company remains the premier manufacturer of 
crystal used by costume jewelers today. During the same 
era, René Lalique created imaginative pieces using col- 
ored stones and a variety of unusual materials, including 
plastic. 

The golden era of costume jewelry was between 1930 
and 1970, with fashion designers such as Schiaparelli and 
Coco Chanel developing their own styles. Whereas 
Schiaparelli captured the market with unexpected and 
humorous pieces (including earrings shaped like tele- 
phones and bracelets made with porcelain vegetables), 
Chanel’s fashions reflected timelessness and elegance. 
She broke all conventions by mixing real gem materials 
with fake ones and made it acceptable to wear jewelry on 
informal occasions. Today, Coco Chanel’s stylish designs 
continue to look contemporary, and they are widely 
sought by collectors. Other designers who have embraced 
costume jewelry include Miriam Haskell, Cartier, Trifari, 
Christian Dior, Yves Saint Laurent, and Donna Karan. 
While costume jewelry was first accepted in Europe, it 
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became a thriving industry in the U.S., where it was sold 
at boutiques and department stores. Vintage costume 
jewelry pieces produced during the 20th century are now 
collectibles, although early examples of Schiaparelli, 
Chanel, and Haskell are difficult to find. MD 


René Lalique, Art Nouveau genius. C. L. E. Benesh, 
Ornament, Vol. 22, No. 2, Winter 1998, pp. 71-74. 


René Lalique (1860-1945) was one of the world’s greatest 
Art Nouveau jewelry designers. This article chronicles 
the development of Lalique’s career, as well as the Art 
Nouveau artistic movement. This design style of the late 
19th century was characterized especially by winding 
lines and foliate forms. 

After an apprenticeship to a Paris goldsmith at the age 
of 16 and additional studies in London, Lalique returned 
to Paris as a designer and freelance illustrator. His cre- 
ativity exploded in 1885, when he purchased his own stu- 
dio and progressed from design to jewelry making. Within 
a few years, his creations—which emphasized nature and 
femininity— were being avidly collected by wealthy aris- 
tocrats and celebrities. Lalique’s stature as a great artist 
was sealed after an astonishing display at the Universal 
Exhibition in Paris in 1900. Because his pieces empha- 
sized the beauty of the design over the intrinsic value of 
the materials in which the design was executed, he cham- 
pioned the use of inexpensive gem materials such as 
amber, ivory, horn, opal, and carnelian. He also made 
exquisite use of glass and enamel. Art Nouveau achieved 
prominence in the 15-year period from 1895 to 1910. In 
1912, Lalique abandoned jewelry altogether and devoted 
himself entirely to glass. MM 


JEWELRY MANUFACTURING 


Thermal and microchemical characterisations of CaSO,- 
SiO, investment materials for casting jewellery al- 
loys. G. M. Ingo, G. Chiozzini, V. Faccenda, 
E. Bemporad, and C. Riccucci, Thermochimica 
Acta, Vol. 321, No. 1/2, 1998, pp. 175-183. 

The decomposition of calcium sulfate in the commonly 
used calcium sulfate-silica (CaSO,-SiO,) investment (an 
“investment” is a material, such as plaster of paris, that 
is used in casting gold-based alloys in jewelry) method 
can cause what is known as the gas porosity defect. This 
defect, seen in gold alloy jewelry as tiny surface pores, can 
reduce the value of the piece. The authors simulated 
numerous temperature and atmosphere (e.g., air, argon) 
casting conditions to assess the potential for CaSO, 
decomposition. 

The decomposition temperature of pure anhydrous 
CaSO, determined in this study ranged from 1240° to 
1450°C. In conjunction with silica, the decomposition 
temperature was lowered to a range of 990° to 1260°C. 
The decomposition temperature is lowered further in 
reducing or inert atmospheres, or with oxides of other 
alloy metals, especially Cu,O and ZnO. Since the melting 
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temperature of commercial gold alloys ranges from 960° 
to 1200°C, the authors suggest that decomposition of 
CaSO, in the CaSO,-SiO, investment method is a valid 
concern. JL 


JEWELRY RETAILING 


Consumers seek gems that change colors. C. Fenelle, 
National Jeweler, Vol. 42, No. 22, November 16, 
1998, pp. 16, 18. 


Color-change gemstones are experiencing an increase in 
popularity, especially as color-change synthetics become 
more available. The most popular are alexandrite, sap- 
phire, and garnet. The most valuable color-change stones 
are those in which the change is to a completely unre- 
lated color, such as from red to blue or green, when 
viewed with fluorescent (sun) versus incandescent light. 
The attractiveness and saturation of each color are also 
factors that should be considered. Many gemstones com- 
monly show a slight difference in color when examined 
under different lighting conditions, an effect known as 
metamerism. Such stones have been labeled as “color- 
shift,” but they do not justify a premium over their reg- 
ular gem counterparts. MD 


Designing a successful business. M. Z. Epstein, American 
Jewelry Manufacturer, Vol. 43, No. 6, June 1998, 
pp. 40-43, 45-48. 

Jewelry designers may get noticed for their artistic talent, 

but their companies grow only when they combine artis- 

tic skills with financial planning and acumen. This arti- 

cle presents seven ways to turn a design shop into a suc- 

cessful business: 

1. Be nice to people. The importance of interactions 
with manufacturers, other designers, and retailers is often 
underestimated. As much as their jewelry, it is the artists 
themselves who are on display anywhere they meet other 
professionals or the public. 

2. Do your market research. Knowing what customers 
want is critical. A large component of market research is 
determining customer demographics. Such information 
can help you choose the materials for designs, and possi- 
bly the way you design. 

3. Pinpoint profitable price points. Jewelry has to be 
sold at a profit, which means that the pricing must be cor- 
rect. This requires accurate knowledge of material, man- 
ufacturing, and overhead costs. The suggested retail sell- 
ing price of custom jewelry is 1.5-2.5 times total costs; 
for designer jewelry, the factor is 2.2—3.0. 

4. Give your jewelry “wow” power. Educating retailers 
to be enthusiastic about your jewelry is necessary to 
increase sales. This is accomplished in several ways, such 
as using a combination of rare stones in designs, or creat- 
ing pieces with cultural significance. 

5. Build a cohesive image. Name recognition is crucial 
for developing a cohesive image. Press releases are a good 
first step. Establishing a working relationship with edi- 
tors of trade and consumer publications, attending trade 
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shows, and using direct mail for niche markets are three 
more ways to build an image. 

6. Hire and keep good employees. Hiring the best peo- 
ple, treating them well, and giving them the skills they 
need (whether it be order filling or selling) will be prof- 
itable in the long term. 

7. Develop a business plan. Financial consultants can be 
of great value in assisting with a business plan. There is 
no substitute for professional advice from someone expe- 
rienced in business, especially “your” business. 

Lorrie Ames 


Fixed flaws. D. A. Yonick, American Jewelry Manufac- 
turer, Vol. 43, No. 9, September 1998, pp. 62-69, 
71, 73. 


Today’s gemstone treatments enhance clarity, increase 
durability, reduce porosity, improve and stabilize color, 
and produce colors not found in nature. There is nothing 
wrong with using treatments to improve on or fix what 
nature has produced, provided consumers are advised of 
the enhancements and their stability/durability charac- 
teristics. This article admonishes jewelry manufacturers 
to require full disclosure of treatments from their suppli- 
ers and to pass this information along to retailers, who 
ultimately inform the consumers. 

To help the manufacturer understand the most com- 
mon treatments being used today, this article explains 
the following terms: heat treatment, irradiation, diffusion 
treatment, fracture filling, infilling, stabilization, oiling, 
impregnation, infusion, lasering, bleaching, dyeing, and 
coating. Examples of each process are given, along with 
the gemstones that are likely to be enhanced by that 
process, the improvement that usually results, and the 
stability or durability of each enhancement. MD 


Technology and the retail jeweller. J. Lawrence, Diamond 
International, No. 55, September/October 1998, 
pp. 67-68. 
Many consumers are confused by the subtle differences in 
the “4Cs” that affect the price of diamonds. To explain 
these differences and instill confidence in the jeweler’s 
explanations, affordable instrumentation is readily avail- 
able to jewelers. In the hands of trained staff, these instru- 
ments are very effective. 

The microscope is the essential instrument, and 
recently it has become especially important for reading 
laser-inscribed certificate numbers. A TV camera attach- 
ment enables the retailer to explain clarity, at least in 
qualitative terms. Effective for unmounted stones are TV 
image processing systems, such as the “Brilliant-Eye” 
produced by Sarin, which measure the proportions of a 
polished stone and compute its weight to within 0.01 ct 
(1 pt). Some of them also have the ability to print a cus- 
tomized certificate with a proposed cut grade. Color also 
can be graded by attaching a colorimeter to a port on some 
proportion machines. It is reported that such systems are 
selling at a rate of more than one a day in the U.S. 
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These instruments appear to have great appeal to the 
public because “seeing is believing.” From the jeweler’s 
perspective, they can support or verify a certificate at the 
retail counter. AAL 


12 hot tips: The inside scoop on what consumers want to 
see. R. Weldon, Professional Jeweler, Vol. 1, No. 11, 
December 1998, p. 87. 

A prominent New York jeweler predicts increased 

demand for: (1) yellow gold jewelry; (2) unusual colored 

stones (e.g., fire opals and brown- or gray-colored gems to 
harmonize with clothing fashions), (3) fancy colored dia- 
monds—especially pinks and yellows; (4) bold and geo- 
metric shapes—particularly chunky pieces in yellow 
gold, (5) fancy cut diamonds (e.g., oval, emerald, princess, 
star); (6) solitaire diamond jewelry; (7) pearls—especially 

cultured Tahitian black pearls and pearl solitaires, (8) 

antique appearance in jewelry—specifically, delicate and 

feminine pieces in platinum and white gold set with dia- 
monds and colored gems; (9) romantic and colorful 
nature-inspired pieces (e.g., dragonflies and butterflies), 

(10) well-made charms accented with diamonds; (11) dia- 

monds, pearls and other gems set in white or yellow gold, 

and suspended from clear “invisible” filaments; and (12) 

wrap necklaces with exotic colored gems (e.g., apatite and 

tanzanite). MM 


PRECIOUS METALS 


A sterling moment for silver. C. Soucy, National Jeweler, 
Vol. 42, No. 13, July 1, 1998, pp. 28, 30, 32-33. 
The growing popularity of white metals has stimulated 
the sales of platinum, white gold, and sterling silver. Sixty 
million pieces of silver jewelry were sold in 1997. A long- 
time favorite in boutiques and fashion-oriented retail 
stores, sterling silver jewelry now appears alongside plat- 
inum and gold jewelry at the high-end jewelry stores. 
Lower-priced pieces targeted to the teen market are also 
selling well. The hottest item in white metals is neck- 
wear—especially chokers—followed by earrings, rings, 
and bracelets. Silver is easily worked into intricate filigree 
and cut-out designs, and it offers the option of using its 
oxidation characteristics in the creation of designs. 
Because it is lighter than platinum or gold, larger pieces 
can be designed (especially earrings), without the added 
weight. MD 


SYNTHETICS AND SIMULANTS 


China company produces hydrothermal rubies. Jewellery 
News Asia, No. 169, September 1998, p. 50. 
Hydrothermal synthetic rubies marketed under the name 
“JL synthetic rubies” are available from Guangxi Jewelry 
Co. Ltd. in Guilin, China (Guangxi Province). The mate- 
rial ranges from red to orange-red in color, with some dis- 
playing purple hues. The synthetic rubies fluoresce 
strong red to long-wave ultraviolet radiation; the fluores- 
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cence is less intense to short-wave UV. Colorless “net- 
like” inclusions are reported. The synthetic rubies have 
RI. values of 1.759-1.769, and an S.G. of 4.01. They are 
incorporated into gold rings, pendants, earrings, and 
bracelets. MM 


Growth conditions and real structure of synthetic dia- 
mond crystals. Y. N. Pal’yanov, A. F. Khokhryakoy, 
Y. M. Borzdov, A. G. Sokol, V. A. Gusev, G. M. 
Rylov, and N. V. Sobolev, Russian Geology and 
Geophysics, Vol. 38, No. 5, 1997, pp. 920-945. 
This comprehensive article describes the growth of syn- 
thetic diamond crystals at the Institute of Mineralogy and 
Petrography in Novosibirsk, Russia. The authors are lead- 
ing researchers in the area of diamond synthesis at high 
temperatures and pressures using the multianvil appara- 
tus (also known as the “split sphere” or “BARS” appara- 
tus). Synthetic diamond crystals have been produced at 
this institute since the early 1990s. 

The article begins with a review of the ways to grow 
single-crystal synthetic diamonds, and explains details of 
the growth of crystals from a molten metal alloy flux by 
the temperature-gradient method. The types of inclu- 
sions and other kinds of growth defects, as well as the 
crystal shapes and surface features of these synthetic dia- 
monds, are described and photographically documented. 
Last, the article reviews the physical conditions under 
which the various diamond types (e.g., type Ib, type Ila, 
etc.) are produced. An extensive reference list is provided. 

James E. Shigley 


TREATMENTS 


Behandlung natiirlicher Diamanten zur Reduzierung der 
Gelb- oder Braunsattigung (Treatment of natural 
diamonds in order to reduce the yellow or brown 
color saturation). K. Schmetzer, Goldschmiede 
Zeitung, Vol. 97, No. 5, May 1999, pp. 47-48 [in 
German]. 

This brief article, written for a German trade journal, 

identifies nine patents that involve changing the color of 

diamond. These U.S. patents (4,124,690; 4,174,380; 

4,399,364, 5,523,071), as well as German (2 732 793), 

European (0 014 528; 0 638 670; 0 668 377), and Japanese 

(63-291895) published patent applications, all available 

publicly, are from the period 1978-1996, and involve 

research work on both natural and synthetic diamonds. 

They were filed by General Electric Company, De Beers 

Industrial Diamond Division (Pty.) Ltd., and Sumitomo 

Electric Industries Ltd. The General Electric patents 

describe treatments at high pressure and high tempera- 

ture, whereas the De Beers and the Sumitomo patents 
describe two-step treatment processes: (1) irradiation and 

(2) high-pressure and high-temperature annealing. The 

experimental conditions outlined in these documents 

show that atomically dispersed nitrogen atoms (i.e., type 

Ib) are forced to migrate and form clusters or aggregates 
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(i.e., type Ia), thereby reducing the influence of the color- 
causing (yellow or brownish yellow) type Ib nitrogen 
atoms. Although other decoloration mechanisms (e.g., for 
brown diamonds) are imaginable, they are not discussed 
in these patent documents. 

This article is a response to the recent announcement 
by Lazare Kaplan International Inc. of a new General 
Electric “process” that improves the appearance of cer- 
tain (presumably brown) natural diamonds. This 
announcement, along with uncertainties regarding the 
identification and disclosure of GE-processed diamonds, 
have produced great concerns in the jewelry trade. While 
GE has not revealed the details of their process, the 
patents cited here suggest that various kinds of color 
change can be produced by treating natural diamonds at 
high temperatures and pressures. James E. Shigley 


Belgium diamond report: Enhancing low quality coloured 
diamonds. Jewellery News Asia, No. 169, Septem- 
ber 1998, pp. 320, 322. 


Russian scientists are using BARS-autoclave technology 
to enhance the color of low-quality, fancy-color dia- 
monds. The treatment involves hyperbaric heating (i.e., 
at pressures high enough to prevent conversion from dia- 
mond to graphite). The effect of the heating on color 
depends on two factors: the original color of the diamond 
and the duration of treatment, which determines the 
number of former color centers that are destroyed and 
replaced by new ones. 

Characteristics of these treated fancy-colored dia- 
monds include: a greenish overcast effect visible in day- 
light; a strong green fluorescence related to growth lines; 
color zoning; greenish, yellowish, or brownish body color; 
prominent graining; cracks and cleavages at the rim of the 
table and around the girdle; and corrosion marks, partic- 
ularly around the girdle. Photos of treated diamonds 
showing many of these characteristics are provided. 

MM 


Ein neuer Typ farbbehandelter Diamanten (A new type of 
colour-treated diamonds). U. Henn and C. C. Mili- 
senda, Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 48, No. 1, 1999, pp. 43-45 [in 
German with English abstract]. 

A new type of color-treated greenish yellow to brownish 

yellow fancy-color diamond, with a saturated yellow 

body color and a strong green fluorescence partly related 
to growth lines, is described. Other identifying features 
seen under magnification include strong graining, fine 
cracks and cleavages under the table and at the girdle, as 
well as burn marks. The absorption spectrum shows lines 
at 415, 495, 503, and 985 nm, and a broad band between 

450 and 500 nm; this spectrum is distinctly different 

from natural colored or irradiated diamonds of these col- 

ors. An important feature of these heat-treated diamonds 
is their fluorescence to long-wave ultraviolet radiation. 

Natural-color greenish yellow diamonds have a chalky 
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fluorescence, whereas these diamonds show a mixture of 
greenish yellow and blue fluorescence, with distinct 
green fluorescing zones following growth lines. 

These diamonds were initially offered as Russian treat- 
ed synthetic diamonds, but a closer investigation revealed 
that they are natural diamonds that obtained their 
enhanced color through a special heat treatment process 
at high temperature and pressure that uses the Russian 
BARS system (a belt-type apparatus normally used in the 
production of synthetic diamond). The raw material con- 
sists mainly of low-quality diamonds from the Argyle 
mine (Australia), but diamonds from Russian and Central 
African sources are used as well. [Editor’s note: Similar 
color-treated yellow diamonds were described in the 
Summer 1997 Gem Trade Lab Notes, p. 136.] PRB 


Observation of the H2 defect in gem-quality type Ia dia- 
mond. P. R. Buerki, I. M. Reinitz, S. Muhlmeister, 
and S. Elen, Diamond and Related Materials, Vol. 
8, No. 6, 1999, pp. 1061-1066. 

The authors define “H2 diamonds” as diamonds with a 

986 nm absorption band. They typically have a greenish 

yellow, yellow, or brownish orangy yellow color and 

show strong green luminescence to visible light, associat- 
ed with brownish yellow graining, and “burns” on the 
surface and in fractures. Other absorption bands include 

H3 (503 nm) and H4 (496 nm). The vast majority of H2 

diamonds are treated, having been produced from natural 

type Ia diamonds (probably brownish hues) by a new 
process that most likely consists of irradiation with 
high-energy electrons, followed by high-temperature 

(about 1,400°C) heating in air, possibly at a stabilizing 

pressure of about 5 GPa. About 50 such diamonds were 

received at the GIA Gem Trade Laboratory (GTL) in a 

one-month period in 1996, and since then another 100 

have been seen and characterized at GTL. Natural type Ia 

diamonds with the same or similar colors and lumines- 
cence and a 986 nm (H2) band are suspected to be very 
rare (only 11 had been identified by GTL in the previous 

12 years) and are possibly formed when type Ia diamonds 

are subjected to natural radiation and temperatures 

above 1,000°C. The distinction between diamond with 
natural H2 characteristics from those described herein is 
extremely difficult, and is dependent on such features as 

a very low intensity 986 nm band, or evidence of labora- 

tory treatment (e.g., burn marks, certain IR absorption 

bands). 

Out of a total of 510 greenish yellow diamonds with 
green luminescence examined at GTL in the last 12 years, 
90 showed all the typical characteristics of H2 diamonds 
except the H2, band. This raises the question: Does a 
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method exist to destroy the H2 center after its formation? 
If possible, such a method would have major implications 
for determining whether any specific diamond owes its 
color to natural or artificial processes. [Editor’s note: 
Many questions about color-treated greenish yellow dia- 
monds remain unanswered. The previous two abstracts 
report on similar (probably identical) material and illus- 
trate the importance of this topic.] AAL 


MISCELLANEOUS 


Reach for the sky. M. Z. Epstein, American Jewelry 
Manufacturer, Vol. 43, No. 10, October 1998, pp. 
57-65. 


Jewelry manufacturers, like other workers subject to 
repetitive stress injuries, are aggressively taking steps to 
apply the science of ergonomics (the study of human abil- 
ities and characteristics) to eliminate workplace injuries. 
This article describes nine steps to improve the ergonom- 
ic efficiency of the jewelry manufacturing environment, 
where there is high risk for repetitive stress injuries: 
acknowledge the problem(s), evaluate work positions, 
analyze tool design, improve workspace layout, check 
environmental conditions, develop ergonomic solutions, 
train workers in safety, perform ergonomic checkups and, 
if necessary, seek out ergonomics experts. Companies 
that have taken proactive measures have benefited from 
fewer injuries and illnesses. For instance, one company 
found that simply providing employees with $5 wrist 
supports reduced the incidence of carpal tunnel syn- 
drome. A list of body parts and the repetitive motions 
that can injure them is included. JEM-S 


The right image. G. Dawson, American Jewelry 
Manufacturer, Vol. 43, No. 5, May 1998, pp. 92-96. 


Photographing jewelry and gemstones is especially diffi- 
cult because of their highly reflective surfaces and the 
problems associated with capturing subtle colors. To over- 
come these challenges, the author (a goldsmith-photogra- 
pher) has developed several photographic techniques. He 
recommends using interchangeable lenses and a camera 
body that allows complete manual operation. A long 
macro lens permits a greater working distance, which is 
useful in avoiding reflections from metals or gemstones. A 
diffusion tent can also be helpful in this regard. Another 
suggestion is to use an off-camera flash with a warming 
filter to bring out the richness of gold. A light meter is 
essential, and several exposures bracketing the meter read- 
ing in half-stop increments should be taken. A multitude 
of shots of the same object, with subtle variations in light- 
ing or angle, is recommended for important pieces. MD 
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The 1999 


INTERNATIONAL 
GEMOLOGICAL a 
SYMPOSIUM Ride! 


or four days in June, from the 21st to the 24th, 

we enjoyed one of the most exhilarating experi- 

ences in the history of our industry. More than 1,400 
people from 49 countries came together at the Third 
International Gemological Symposium to learn, to listen, to 
work, and to play. Representatives from major diamond 
mining companies met the manufacturers who cut dia- 
monds, the dealers who sell them, the designers who set 
them, and the retailers—from online shopping networks to 
large chains to single-store operations—who deliver them- 
to the consumer. The sharing of information outside the 
presentation rooms was almost as powerful as the knowl- 
edge that was imparted by the more than 200 speakers, pan- 
elists, War Room participants, and poster session presenters. 


And lest we lose sight of our roots, who will ever forget 
the words and wit of Richard Liddicoat, Bob Crowning- 
shield, Bert Krashes, and Glenn Nord at the special 
“Gemology Greats” session? Over the course of the last 60 
years, these four men have transported gemology from a 
trade to a profession, from a skill to a science. 


The gemological information was framed by some powerful 
business speakers. Former Olympics chairman Peter 
Ueberroth opened Symposium by emphasizing the impor- 
tance of “two at the top’— if we are to get ahead, we must 
share our leadership. On the final day, marketing expert Al 
Rues declared the brand—not the salesperson—as king in 
today’s battle for consumer dollars. “It’s the brand itself that 
provides credibility,’ Rues said. Cyber-guru Don Tapscott, 
reminded us that “we are seeing the first generation to grow 
up digital— the first generation to be bathed in bits . . . there 
are 80 million members of this generation in the United 
States and they are all going to wear jewelry.” Distinguished 
economist Arthur Laffer asked rhetorically whether we 
thought (Federal Reserve Board Chairman) Alan Greenspan 
was going to “lose his nerve and . . . ruin the last 20 years of 
financial credibility?” Said Laffer: “No, of course not. . . the 
best is yet to come.” And noted ethicist Rushworth Kidder 
told jewelers at Symposium that information cannot hide 
forever. It always comes out. Kidder’s message was resound- 
ing: “Disclose or be disclosed.” 


What 


Rounding out Symposium were wonder- 
ful social events that encouraged networking and cama- 
raderie. Highlights included the fabulous international food 
at the opening reception, the Canadian wines that flowed at 
the San Diego Natural History Museum diamond gala, the 
spectacular jewelry at the platinum breakfast and the pearl 
reception, and a melange of fine Italian jewels and opera in 
“Arte in Oro.” Our heartfelt thanks to the many sponsors 
who made these and other special aspects of Symposium 
possible. 


We have put together this Proceedings volume to share 
some of the vast information that was provided during 
these four days in June. In the longest issue of Gems & 
Gemology ever published, we are pleased to provide the 
closing speeches of Maurice Tempelsman and Bill 
Boyajian, a special update on GE-processed diamonds, 
extended abstracts of 45 feature presentations, and sum- 
maries of the eight panels. Also included is a photomontage 
of the people and events that gave life to Symposium. 
Rounding off the formal program are summaries and dia- 
logue from each War Room, a unique open forum at 
which hundreds of attendees argued and advocated in 
search of solutions to some of the industry’s most pressing 
concerns—branding, appraisals, diamond cut, and disclo- 
sure. The volume concludes with more than 70 abstracts 
from the poster sessions, which proved to be a true 
“Marketplace of New Ideas.” 


WE DEDICATE this special Proceedings issue to Dr. Vince 
Manson, whose heart and considerable intellect made the 
1999 Symposium a reality. Vince mobilized an entire army 
of speakers, panelists, presenters, and volunteers. And he 
did so while waging a private and most courageous battle 
for his own life. We rallied at Symposium, inspired by his 
vision and bolstered by his enthusiasm. Vince passed away 
on July 3rd, leaving us with one of the most memorable 
experiences of our lives. Vince, a toast to you.... 


Alice Keller & Kathryn Kimmel 


Co-Chairs, Third International Gemological Symposium 
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Globalization 


and 


Technology: 


Dynamic Forces for the 21st Century 


By Maurice Tempelsman 
Chairman, Lazare Kaplan International 


New York 


URS IS A DYNAMIC INDUSTRY— driven by 
the creative energy of the men and women 
who combine the skills necessary to run a suc- 
cessful business with the sense of joy, aesthetics, and 
beauty that add an extra dimension to the great 
human adventure. We help our customers celebrate 
the memorable moments in their lives: engagements, 
wedding anniversaries, births, or that wonderful 
moment when a gift of beauty and distinction is the 
tangible expression of love, gratitude, or recognition. 
And because of this, ours is also an industry of service, 
for in some small way we participate in the spirit of 
each occasion we help to celebrate. 

I congratulate the organizers and planners of this 
symposium for their selection of experts and speakers. 
You chose well and carefully. In the last few days, we 
have heard presentations on specific technical and 
trade issues as well as on broader themes that set a 
context. This is as it should be, for our industry is 
very much part of the broader economy, and is affect-ed 
by the dramatic political and economic forces that affect 
all other industries. 

When I stood before you in 1991 at the Second 
International Gemological Symposium, in celebration 
of GIA’s 60th anniversary, I could not help but reflect 
on the wisdom and foresight of GIA’s founder, 
Robert Shipley, who also founded the American 
Gem Society. I paid tribute to his vision to foresee 
that an increasingly knowledgeable consumer 
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required a more knowledgeable approach, and to his 
tenacity in establishing what has become the most 
recognized and respected research and educational 
center for this industry. This was true in 1991, and it 
is even more so in 1999. The GIA provides technical 
education to more than 15,000 students in residence, 
distance education, and extension courses. Today 
there are more than 250,000 GIA graduates. The 
numbers are impressive. But even more impressive is 
the fact that this represents a storehouse of gemologi- 
cal expertise, knowledge, and ethical values on which 
the industry can draw. GIA focuses on attracting 
young people to this industry. Since 1991, GIA’s 
“Career Fair” program has helped place thousands of 
qualified graduates. There is no greater satisfaction 
than starting a young person on a successful career 
path. By doing so you energize the industry and bring 
it new ideas and fresh viewpoints to meet the future 
challenges. 


Looking Back, Gazing Forward 

As we bring to a close this tumultuous century and 
look to the new millennium, a few thoughts come to 
mind. “It was the best of times, it was the worst of 
times.” How night Charles Dickens was. 

It was a century that saw some of the most mon- 
strous deeds that humans can inflict on one another. 
It was also a century that witnessed marvelous break- 
throughs and accomplishments in science and discov- 


Jewelry captures the spir- 
it of a special occasion, 
as with these diamond 

anniversary and engage- 
ment rings, set in gold 
and platinum. Courtesy 
of Lazare Kaplan 
International. 


ery. With these developments came the reevaluation 
of what is right and what is wrong, and what we must 
do to make this a better place for ourselves and for 
our children. 

As we approach the new century—let me add, 
with anticipation and a measure of optimism—it is 
useful to look at the one that is just about to end. I 
suggest we do so through the vision of Thomas 
Jefferson, who said “I like the dreams of the future 
better than the history of the past.” Although I am 
more comfortable with that than with Shakespeare’s 
“What’s past is prologue,” today more than ever 
humanity can shape its destiny for good or evil. The 
tools exist. The challenge is to muster the will, make 
the choices, and deploy the organizational skills to use 
these tools effectively and creatively. 

This century was harsh on ideologies (commu- 
nism, fascism, and other “isms”). Who would have 
thought that communism—as an idea, a form of 
governance, an economic system, an empire — would 
implode, not by conquest or war, but through its 
inability to come to grips with the objective realities 
of our age. A broader worldview and scientific 
advances are defining and redefining daily the sub- 
stance of power and wealth. This is true for nations 
large and small, and for companies large and small. 

This century was harsh on experts. Which political 
analyst or economic pundit had the foresight or 
temerity to predict the developments that, with 
20/20 hindsight, we now accept as having been obvi- 
ous and inevitable? At GIA’s 60th anniversary, the 
U.S. economy was in recession and our diamond and 
jewelry industry was stagnant. We believed that eco- 


nomic growth would come from other parts of the 
globe —Japan, the Pacific Rim, emerging markets. 
The U.S. market was labeled mature, tired; a new tri- 
umphalism that proclaimed economic miracles in 
other parts of the world prompted us to look else- 
where for growth and innovation. Nor was it only 
our industry that turned to other regions for its 
future. Political leaders also lamented or bragged 
(depending on which side of the miracle they found 
themselves), wise economists forecast, and shrewd 
investors committed substantial capital to these expec- 
tations. However, all did not quite work out as pro- 
claimed—a useful reminder of our fallibility and, let 
me add, our courage in the face of what is inevitably 
an uncertain future. 

This century was generous— particularly in its clos- 
ing years—to systems of governance that struck a bal- 
ance between the freedom needed to nurture individu- 
al initiative and enterprise, and the accountability and 
transparency— openness—essential to government by 
consent and the successful workings of a free economy. 

Now that the post-Cold War euphoria is over, in 
politics as well as economics, a new sense of reality 
has set in. The end of communism in Russia did not 
produce the automatic flourishing of democracy and 
free-trade economies all over the globe. Nor did the 
“economic miracles” and newly emerging markets 
avoid the pitfalls and disciplines of the marketplace. 
Nations, like individuals and companies, can only 
learn from past mistakes. It takes time to establish a 
new mindset, a new infrastructure—all the things that 
are necessary for a functioning society to survive, 
adapt, and flourish in this rapidly changing world. 
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The economic and cultural systems that have evolved in 
the U.S. give the individual freedom to create. This 
“Web of Life” platinum bib-style necklace is set with 
diamonds on one side and pearls on the reverse. 
Designed by Robert Lee Morris, it was awarded the 
Grand Prize at the 1998 “Platinum Passion” design 
competition hosted by Platinum Guild International, 
and was on display in the 1999 Nature of Diamonds 
exhibit at the San Diego Museum of Natural History. 
Photo © GIA, by Harold & Erica Van Pelt. 


The corrective measures cannot be imposed from 
outside; they must come from within and must reflect 
the history, culture, and values of each society. We 
cannot, nor should we attempt to, export in a pack- 
age what has worked so well in the U.S. in recent 
years. Nor does our apparent success justify our own 
form of triumphalism. But with caution, and a mea- 
sure of modesty, it may be useful to examine why the 
US. economy has responded so well to the dramatic, 
often wrenching, changes brought about by the 
greater impact of global developments and rapid tech- 
nological change. We possess no magic formula, nor 
are we guided by a manifest destiny. Nevertheless, 
through a combination of energy, luck, wisdom, and 
historical legacy, our system has become structured so 
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that the individual is free to create, grow, and benefit, 
while at the same time is held accountable to the 
needs and laws of society and to the transparency 
required in a modern functioning economy. This, 
and the capacity to self-correct, are the essence of the 
resilience that has enabled the U.S. economy to 
absorb, not without pain and dislocation, but with 
more stability than other economies, the unexpected 
and unforeseen changes we have had to confront and 
accept. And what is true for this economy in general 
is equally true for our industry. 


Trends for the Future 

Now, if you will permit me, I'll share my thoughts 
on two trends that will have an ongoing impact on 
the diamond and jewelry industry in the years to 
come. They are obvious, and they are not exclusive, 
as there are many other trends and forces we cannot 
yet see. But these two are important and timely: glob- 
alization and technology. 


Globalization. Much has been written and said about 
globalization. Although a lot of this is esoteric and 
even incomprehensible, deep down one feels that 
globalization is real. Those of us who go to sea for 
our pleasure or adventure know that it is a tide of 
epic dimensions and force. We aren’t quite sure 
where it will lead, but we do know or feel that, if we 
want to reach our destination, we had better take it 
into account as we navigate and set course. 

No one has written more cogently and compre- 
hensively on this subject than Thomas L. Friedman, 
the erudite columnist of the New York Times. He uses 
the forces of globalization as a lens through which to 
examine daily events in politics and economics. In his 
recent book, The Lexus and the Olive Tree (Farrar 
Straus & Giroux, 1999), he argues that globalization is 
not just a phenomenon or a passing trend. It inte- 
grates capital, technology, and information across 
national borders in a way that creates a single global 
market and, to some degree, a global village. He then 
suggests that you cannot understand the morning 
news, know where to invest your money, or think 
about where the world is going—or where your busi- 
ness is going—unless you understand how this new 
system influences the domestic policies and interna- 
tional relations of virtually every country. 

Globalization I took place between the mid-1800s 
and the late 1920s. If one compares the volume of 
trade and capital that flows across borders relative to 


gross national products, and the flow of labor across 
borders relative to populations, the period of global- 
ization preceding World War I was similar to the one 
we are living through today. This first era of global- 
ization was broken apart by the successive blows of 
World War I, the Russian Revolution, and the Great 
Depression, which combined to fracture the world 
both physically and ideologically. The divided globe 
that emerged after World War II was then frozen in 
place by the Cold War, which lasted roughly from 
1945 to 1989, ending with the fall of the Berlin Wall. 
Friedman maintains that what we are now living 
through is really Globalization Il. However, today’s 
era of globalization not only differs in degree, but in 
important ways it also differs in kind. The previous 
era of globalization was built around falling trans- 
portation costs; today’s era of globalization is built 
around falling telecommunications costs. He goes on 
to say, “If the first era of globalization shrank the 
world from a size ‘large’ to a size ‘medium’ this era of 
globalization is shrinking the world from a size ‘medi- 
uny to a size ‘small’.” 

I take comfort in that historical perspective: first, 
because we have been here before; and, second, because 
it disposes of the proposition that history is dead and 
that world economics are now driven by a “new 
paradigm.” History has not been suspended—we shall 
have plenty of opportunities to make new mistakes— 
nor have the inexorable economic laws that govern 
the marketplace and business cycle disappeared. Rusk 
and reward will remain the benchmarks for those of 
us who have chosen business as a profession. But as 
we look at risks and rewards in the ordinary course, 
we must also look at them through the lens of global- 
ization and its impact. 

This leads me to the diamond industry. We have 
all seen and felt the impact of rapid globalization on 
our business. When I addressed you in 1991, growth 
and future expansion were perceived to lie outside 
the U.S. And indeed that is what happened. Diamond 
production expanded, investments were made, mar- 
keting and advertising were refocused, and a lot of us 
thought that a new era of growing demand in differ- 
ent parts of the world would sustain an uninterrupted 
expansion. That boom quickly reversed itself with 
catastrophic impact on many countries and markets, 
as demand suddenly declined. As the situation slowly 
stabilizes, the lessons learned are that, yes, we do live 
in a global village—and, no, we cannot isolate our- 


selves across political borders. Nor does globalization 
lend itself easily to supervision and control. 


Technology. From the outer limits of our universe, to 
the deepest recesses of our oceans— from the micro- 
scopic world of the atom on which the physical 
world is built, to the double helix of the DNA chain 
that is the basis of life itself—human knowledge has 
advanced with great, bold steps. There are no limits 
to our curiosity and our vision. Progress and the 
change it brings cannot be stopped; nor should it be 
lamented. Technology, in the final analysis, is not an 
end; rather, it is a means—a tool. How we use it—for 
good or for evil, to build or to destroy—is a human 
decision. Technology will challenge our wisdom, our 
priorities, our ethics, and even our humanity. I am con- 
fident that we shall rise to the occasion, because the ben- 


The impact of globalization in the early 20th century 
is evident in these onyx and jade jabot brooches and 
carved jade brooch, which derive their inspiration from 
Asian decorative arts. Dating from around 1925, the 
jewelry is courtesy of Neil Lane Jewelry, Beverly Hills, 
California. Photo © GIA and Tino Hammid. 
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efits for all of us far exceed the cost—the temporary dis- 
comfort that comes with the need to adjust to change. 

The gem and jewelry industry is part of all this, as 
it should be, although to a certain extent the rapid 
march of technology has had a lesser impact on our 
industry than on others. Many industries have had 
more dramatic exposure to technological develop- 
ments in very short time spans and have had to learn 
to adjust quickly. However, we have had the luxury 
of adjusting gradually—and thus the opportunity to 
think and correct when unavoidable and irreversible 
changes challenged our industry as well. Tradition is 
always comforting, particularly in a business where the 
eternal—art and beauty—intersects with the ephemer- 
al—commerce and change. This industry is fortunate 
to have so many people who understand the impor- 
tance of tradition, but who also can accept change and 
turn it into opportunity. As I said in my opening 
remarks, ours is a joyful business—and we should do 
all we can to keep it so—but it is not immune to all 
the technological change taking place around us and 
the resulting discomfort. Change is inevitable, and it is 
up to us to make change our friend. 

Let me briefly touch on three areas of the dia- 
mond business where new and accelerating techno- 
logical development will bring change that will affect 
all of us, as well as those who purchase our products: 
(1) diamond mining, (2) diamond polishing, and (3) 
diamond marketing. 


New technology has made it possible to recover 
diamonds from the Ekati mine, in the bitter cold 
of Canada’s Northwest Territories. Photo © Jiri 
Hermann; courtesy of BHP Diamonds Inc. 
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Diamond Mining. Satellite imaging, new break- 
throughs in geochemical and geophysical methodolo- 
gy, enhanced recovery methods such as X-ray tech- 
niques, underwater mining in deeper and deeper 
waters, and incremental improvements in standard 
mining procedures—have all substantially increased 
diamond production, diamond reserves, and future 
potential. The new Ekati mine in Canada’s frigid 
Northwest Territories, Namdeb’s production offshore 
of Namibia, the mines in Botswana’s harsh desert, and 
Russia’s Alrosa mines close to the North Pole are all 
tributes to the ingenuity and capacity of the mining 
companies to develop and economically mine 
increasingly hard-to-access diamonds. Technology has 
made that possible. It is irreversible. 


Diamond Polishing. Laser sawing, automated cutting 
machines, computerized planning, measuring and 
polishing machines, deep pressure boiling, and now 
the newly announced General Electric process to 
improve the color of a small portion of diamonds 
suitable to this application, have changed the capacity 
and economics of transforming rough stones to pol- 
ished diamonds. Technology has made that possible— 
and here, too, it is irreversible. 


Diamond Marketing. About a year and a half ago, 
John Chambers, the President of Cisco Systems—the 
company that makes the black boxes that connect the 
Internet—declared that, although most people did not 
grasp it yet, the Internet was about to change “every- 
thing” about how people work, invest, learn, shop, 
and communicate (T. L. Friedman, “Foreign Affairs: 
Are You Ready?” New York Times, June 1, 1999). In 
the future, 1999 will be remembered as the year that 
the Internet really began to penetrate the conscious- 
ness of America. The way people buy everything 
from cars to airline tickets and, yes, diamonds and 
jewelry—as well as the way they communicate, 
invest, work, and learn—is being fundamentally trans- 
formed. Technology has made that possible. Again, it 
is irreversible, and it is just the beginning. 

USS. Federal Reserve Chairman Alan Greenspan, 
testifying before the Joint Economic Committee, 
recently said, “Forecasting [the impact of] technology 
has been a daunting task.” I will not run where angels 
fear to tread, but let me suggest that the consequence 
of the technological breakthroughs in diamond min- 
ing is the availability of more rough diamonds in a 
greater variety of shapes, sizes, and qualities. The con- 


sequences of technological changes in diamond pol- 
ishing are a broader and more diverse supply to the 
consumer and some adjustments in the relationships 
among certain diamond grades. The consequences of 
the Internet are a new way of marketing and, for the 
consumer, a new way of purchasing diamonds. 

Given the conclusion that globalization and tech- 
nology will increasingly be part of our lives, that these 
trends are irreversible and will gather greater momen- 
tum in the years ahead, and that our industry, like all 
other industries, will be challenged and surprised 
again and again, two questions come to mind. 

The first is: How should we as an industry feel about 
globalization and technology? The answer to that simple 
question is crucial: It will determine how we come to 
grips with the changes that have already occurred, and 
with others that have yet to come. We can curse or 
condemn the new and try to roll it back. We can pre- 
tend it isn’t here or that it will go away if we ignore 
it. Or we can, with hope and some trepidation, 
accept it as the unavoidable highlight of the age we 
live in, and turn it to our benefit and the benefit of 
our customers. This requires candor, realism, opti- 
mism, and adaptability. I have no doubt that our 
industry has the talent, entrepreneurship, resilience, 
and integrity to come to grips with this reality and the 
opportunity it presents. 

The second question is: How should we as an 
industry deal with the impact of globalization and new 
technologies? 

We field that question every day. The answer is 
obvious: adapt and prosper, resist and perish. Maybe 
the question should be restated: How should we as an 
industry deal with these issues in relation to the consumer? 
For in the final analysis it is our customers who deter- 
mine whether we succeed or fail and whether this 
industry grows and prospers, or declines. The way we 
position our products and ourselves has an important 
bearing on the outcome. I have no easy or simple 
answer, but let me set forth some basic principles for a 
confident and optimistic outlook: 


First: Our job is to present the facts. The modern 
consumer is better informed, better educated, has 
more access to information, and is better able and 
more willing to make up his or her own mind when 
the facts are presented. 


Second: Our job is to trust their judgment. Our 
customers are part of the changing world; they are not 


With laser cutting, diamond manufacturers can 


create shapes that would have been impossible 
with traditional methods. Both this 12 mm long 
x 2 mm thick sailboat and the accompanying ten- 
nis racket were produced by this new technology. 
Photo © GIA and Tino Hammid. 


immune to it, and they know how to deal with inno- 
vation and change. They deal with that every day. 


Third: With empowerment comes greater respon- 
sibility. What parent or grandparent has not watched 
with awe and admiration as a young child masters the 
Internet and is “on line” for his social life, his infor- 
mation, his learning? What parent or grandparent has 
not realized with trepidation that the Internet is dif- 
ferent from radio, television, and newspapers in that it 
is totally open, interactive technology—without edi- 
tors, censors, or filters. As you get connected, you 
have to understand that this is an empowering medi- 
um. It gives you millions of new choices, but many of 
these will not be appropriate. 


This industry is fortunate to have institutions like 
the GIA and the AGS, the brainchildren of Robert 
Shipley. Their job is to inform and educate in a world 
that is constantly changing and where new technolo- 
gy affects all sectors of the industry: mining, polishing, 
and marketing. We who care for, and benefit from, 
this industry must also face up to the unavoidable 
changes that globalization and technology bring. 
Adjustment to some changes may be painful in the 
short run, but I submit to you, with confidence, that 
globalization and technology will open new and 
challenging opportunities for those with the vision to 
see them and the courage and optimism to grasp 
them. This industry is too robust and too vibrant to 
do otherwise. 
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Gem & Jewelry Trade 


HROUGHOUT HISTORY, humankind has 

worked with stone and metal to weave the 

“fabric of passion” referred to in Vince 

Manson’s opening comments into items of 
adornment. Just as great designers and craftspeople fash- 
ion these items into beautiful jewels, so have these jew- 
els themselves helped fashion humankind. 

Once again, we have seen how gems and jewelry 
bridge the arenas of life itself. They embody beauty. 
They engender love. They captivate the heart. Gems, 
like people, have personality. They smile at us. They 
speak to us. And we watch, and listen. 

Over these past several days, we have looked at 
sources, production, distribution, and identification. 
We've listened to gemologists, designers, manufactur- 
ers, and marketers. We’ve addressed challenging 
issues. We’ve introduced new concepts. We’ve 
enlightened one another. Indeed, we have all been 
moved by the role that gems play— in science, in 
business, in art, and in tradition. 

But within this rich history lies an uneasiness 
about the future of the gem and jewelry industry. 
This has been a century of revolutionary change: 
world wars, economic depressions, the advent of 
computer technology, a man on the moon, and a 
mission to Mars. It has also been one of radical 
change in the gem and jewelry industry: shifts in sup- 
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By William E. Boyajian 
President, Gemological Institute of America 
Carlsbad, California 


ply and demand, new retail formats, and sophisticated 
technological challenges. 

The decade of the 1990s has been especially chal- 
lenging for our industry. The over-retailed ‘80s 
became the efficiency-minded ‘90s. Mergers, acquisi- 
tions, and even bankruptcies dominated the scene. As 
a result, the number of storefronts has been greatly 
reduced, and those that survived often lack the 
trained personnel that are the hallmark of the profes- 
sional jeweler. 

At the wholesale level, we have seen how markets 
can be shattered by the unknowing—or unthink- 
ing—actions of only a few. The emerald industry is a 
case in point, where the use of unstable fillers without 
suitable disclosure in the search for short-term profits 
has devastated demand and left dealers struggling. 

But something else changed: New realities set in, 
and these new realities require new rules. 

The thesis I propose as we close this 1999 
Symposium is simply this: 


We are an industry in transition, 
and we must adopt new rules to guide us. 


According to Massachusetts Institute of Tech- 
nology (MIT) economist Lester Thurow (1999, p. 
57), “the old foundations of success are gone.” For all 


Gems & Gemology 


GEMS & GEMOLOGY is the quarterly official organ of the Gemological Institute of America. 
In harmony with its position of maintaining an unbiased and uninfluenced position in the 
jewelry trade, no advertising is accepted. Any opinions expressed in signed articles are under- 
stood to be the views of the author and not of the publishers. Subscription price: $3.50 a year. 


Robert M. Shipley, Editor 


VOLUME V WINTER, 1946 NUMBER 8 
ss SS Ee ———EE ee 
: @ 
In This Issue: Page 
Color Plate I. Opals from Australia.......... Opposite 364 
Radiographic Examination of Pearl, 
Wiliam H. Barnes, Ph.D............00000...---------- < .... 859 
Jewels of the Russian Diamond Fund, 
Alexander E. Fersman....... fae es, Be Sees ee 363 
New Australian Opal Fields... 0202... 864 + 
Contributors in This Issue....-_... PRE ao REIN SO --.--- 366 
Apparatus for the Identification of Gems by X-rays, 
George Switzer, Ph.D. and Ralph J. Holmes, Ph.D......... 367 
Gemological Digests 377 
Diamond Glossary : .. 879 


Identification of Synthetic Gems, Part II, by Edward 
Giibelin, Ph.D., C.G., will appear in the Spring 
issue of Gems & Gemology. 


Cover: Figure 5 in “Jewels of the Russian Diamond 
Fund”; flowers of diamonds with emeralded 
leaves, Middle XVIII century (full size). Re- 
produced from “Russia’s Treasure of Diamonds 
and Precious Stones.” 


Copyright, 1947, by 


THE GEMOLOGICAL INSTITUTE OF AMERICA 
(UNITED STATES AND CANADA) 


Established 1931 


B41 South Alexandria Ave. Los Angeles 5, California 


For thousands of years, gems have 
been fashioned into items of 
adornment. This magnificent dia- 
mond and platinum bracelet is set 
with the important 69.68 ct 
Excelsior diamond, the largest of 
11 stones cut_from the largest dia- 
mond (995.20 cts) ever found at 
the Jagersfontein mine. The 
bracelet was on view in the Nature 
of Diamonds exhibit at the San 
Diego Natural History Museum, 
March through September 1999. 
Courtesy of Mouawad Jewelers, 
New York. Photo © GIA, by 
Harold & Erica Van Pelt. 


of human history, he says, the source of success has 
been the control of natural resources. Land and oil are 
good examples. In our industry, the resources are dia- 
monds, precious metals, colored stones, and pearls. 
Thurow maintains that the source of success today is 
knowledge. Knowledge has become the true 
resource. 

This leads us to Rule #1 for an industry in transition: 


Whoever owns the gold 
does not always rule. 


Technology—knowledge, really—has had a pro- 
found impact on the “natural” resources of the gem 
and jewelry industry. It was knowledge that allowed 
Mikimoto to develop cultured pearls at the turn of 
this century. It was knowledge that helped Verneuil 
create synthetic corundum around the same time. It 
was knowledge that allowed General Electric to pro- 
duce synthetic diamond in the 1950s. It was knowl- 
edge that helped Thai gem traders convert milky 
white Sri Lankan sapphire to beautiful blue material 
in the 1970s. And it is knowledge that allows GE to 
alter the color of certain natural diamonds today. 

According to Lester Thurow, the types of changes 
we are seeing in the world today were last observed a 
century ago, during the industrial revolution. At that 
time, birth was given to the corporate research labo- 
ratory, as well as to the concept of systematic industrial 


research and development. Technological advances 
did not just happen randomly; they could be system- 
atically managed. Technological advances also led to 
economic and cultural change. Consider electricity: It 
spawned a whole new set of industries and radically 
altered the production processes of every existing 
manufacturer. With the electric light bulb, night 
became day. Performance and efficiency increased. 
People’s habits changed. As a result, societies, even 
entire cultures, were transformed. And technology — 
again, knowledge — threatens to have a greater global 
impact in the coming millennium. Here is what a 
senior executive at GE told me the other day: GE has 
enormous scientific, technological, and engineering 
capabilities. General Electric wants its name associated 
with natural diamonds, not synthetic diamonds. GE 
wants to make an impact — even help revolutionize — 
the diamond industry, in ways never before imagined. 
And GE will introduce a steady stream of new tech- 
nology into the diamond business over the coming 
decade. This is only part of the new realities of which 
I speak. 

Such change both intrigues and intimidates. 
Change brings progress, but it also brings increased 
competition. I’m reminded of a recent advertisement 
in which the headline read: “Competition is a lot like 
cod liver oil. First it makes you sick. Then it makes 
you better.” Change puts pressure on the status quo. 
It also thins margins for some, and fattens them for 
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With knowledge, Japanese entrepreneur Kokichi 
Mikimoto developed the Akoya cultured pearl into a 
major industry. Cultured pearl necklace and earrings 
set with diamonds and blue sapphires are courtesy of 
Mikimoto Co. 


others. It has a way of bringing out the best, and 
worst, in people. Principles become bent, skewed in 
many directions. And the jewelry industry is not 
immune to change and its many consequences. 

How does Thurow’s theory of natural resources fit 
with our industry and Rule #1? Let’s relate it to De 
Beers’s natural resources and their current research on 
branding. Could it be that De Beers’s control of the 
supply of diamonds is not as important today as their 
name or image? Could it be that De Beers will shift 
more of its energies from controlling supply to con- 
trolling the consumer’s mind? For we are in an age, as 
Al Ries said earlier, when marketing in the new mil- 
lennium is branding, and winning position in the 
mind of the consumer is vital (Ries, 1999). As savvy 
as De Beers is, it probably will try to control both 
supply and the mind. 

Could it be, then, that the next natural resource of 
our industry—control of knowledge—looks less natu- 
ral and more resourceful? For what are natural 
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resources but products inherent to earth that we 
exploit for economic gain? Indeed, one of the biggest 
problems facing leaders in the new millennium will 
be how to develop our companies, organizations, and 
associations to maximize intellectual resources—to 
generate new ideas, new processes, new products, and 
new services. Knowledge is much more than data. It 
is a composite of experience and learning, and it con- 
stitutes the primary building block for any business 
entity. Strategic and focused, it is the key that enables 
one firm to do something significantly better than 
others. Thus, real knowledge creates real value, for 
stakeholders and consumers alike. 

Today, we must learn how to do business and 
make money in whole new ways, because simply 
owning the product is not enough. Using informa- 
tion to create knowledge is the byword of success for 
the new century. 

Rule #2, then, for an industry in transition, is this: 


Whoever controls knowledge rules. 


The 19th century marketplace was dramatically 
and forever changed by the industrial revolution. 
Companies that hesitated to embrace mass production 
failed or were diminished. The 20th century has been 
changed by the information revolution, and compa- 
nies that refuse to embrace the technology of today 
will go the way of their 19th century counterparts. 

It is axiomatic that those who fail to remember the 
past are doomed to repeat it. This must serve as a 
warning to each of us: Change and adapt, or suffer 
the consequences . . . as Peter Ueberroth advised in 
his June 21 opening address. 

Unfortunately, the corporate junkyard in our 
industry is littered with the wreckage of dealers, man- 
ufacturers, and retailers who didn’t see it coming, 
proceeded too slowly or too cautiously, or decided to 
look the other way. 

The future has become clearer since our last 
Symposium in 1991, not just because we are eight 
years more advanced, but also because the elements of 
an information society are better developed and 
understood. Eight years ago we acknowledged the 
personal computer as a revolutionary product, not 
unlike the television was 40 years before. But we 
could hardly have imagined the emergence of the 
Internet as it exists today, let alone the convergence 
of these new communication technologies into what 


Education and knowledge provide the 
foundation and underpinning that 
allow an individual or a business to 
create new products and services with 
intrinsic as well as market value. 
Illustration by Peter Johnston. 


can be nothing less than revolutionary in the future. 

We have learned that electronic commerce is both 
a challenge and an opportunity. It is a way for nimble 
businesses of all types to increase their effectiveness, 
reach untapped markets, develop new products and 
services, and boost profits. As Don Tapscott (1999) 
told us: “More direct selling via the Internet is a cer- 
tainty.” Specialists will do better because they won’t 
try to be all things to all people. They'll do their thing 
better, and they'll reach more people in search of 
unusual products and services. They'll also fill niches 
that consumers demand, now and in the future. 

In case you’re not convinced about Rules 1 and 2, 
let me give you a few more industry examples that 
I’m sure will hit home. How is it that information on 
a piece of paper—a grading report—can appear to 
be more important than the gemstone itself? How is it 
that a man who owns no diamonds, like Martin 
Rapaport, can govern the price of them? How is it 
that owning proprietary technology can control the 
outlook of those who own the product it alters? That 
is, how can a firm like General Electric — through its 
new color altering process—have such a profound 
impact on the future livelihood of every dealer in the 
diamond pipeline? 

Moreover, how is it that a 10-year-old electronic 
network may do more diamond business than a 100- 
year-old diamond bourse? How is it that the group 
owning most of the mines in Colombia cannot control 
the price of emeralds? How is it that laser inscription can 
be an impediment in the 1980s and a security measure in 
the 1990s? How is it that the analysis of cut can lie dor- 
mant for decades and regain life in only a few years? 

Technology not only changes the way we do 
business, but it also changes the way we think. 
Technology adds new dimensions to reality and takes 
some away. One person’s revelation becomes another 


person’s terror. One person’s truth becomes another 
person’s lie. Finding agreement is difficult, but not 
impossible. When reasonable people speak openly and 
honestly, rational compromise often prevails. This is a 
noble goal as we look to the new millennium: that 
fair-minded people, no matter what the stakes, can 
work together for the good of all. 
Rule #3 for an industry in transition: 


Continue to live by the Golden Rule: 
“Do unto others, as you would 
have others do unto you.” 


The headline of Time magazine read: “What ever 
happened to ethics?” It is no coincidence that we 
asked a leading ethicist, Rushworth Kidder (1999) , to 
speak at this event. What we tried to do at 
Symposium is share principles that can help lead and 
guide our trade as we work and learn together in the 
new millennium. 

At GIA, our priorities remain the same: 
Education, Research, and the Gem Trade Laboratory. 
To be effective, education for professional develop- 
ment has to be grounded in reality. If learning is to be 
both retained and useful, it must be applied immedi- 
ately and repeatedly. Our charter is to provide that 
education efficiently, affordably, and accurately. 
There is probably no better goal to help us live by the 
Golden Rule than to be a well-educated, well-trained 
industry. After all, consumers want to buy from 
knowledgeable jewelers whom they know and trust, 
just as jewelers rely on the knowledge and integrity of 
their suppliers. 

At the 1991 Symposium, we revealed that the 
decade of the ‘90s would alter our thoughts about 
research in the future: Post-Cold War military tech- 
nology would be converted to commercial enterprise, 
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Once considered an impediment to sales, laser inscrip- 
tion of a laboratory report number or other information 
on the girdle of a diamond is now a respected security 

measure. Photo © GIA. 


and this new technology would begin to take its toll 
on the trade. Quoting from my 1991 speech, “... the 
money allocated to research on identification methods 
in the gem and jewelry community is miniscule com- 
pared to that allotted to developing synthetics and 
treatments. The jewelry industry is not prepared for 
the potential impact of such technology. For the good 
of the industry, the technology of gemstone identifi- 
cation must keep pace with the technology of gem 
synthesis and treatments.” (Boyajian, 1992, p. 30) 

In the 1990s, we tackled some of the challenges 
brought on by this new technology: fracture-filled 
diamonds, synthetic moissanite, new synthetic sap- 
phires and rubies, even synthetic diamonds. In the 


Education is a major priority at GLA. Here we see a 
jewelry manufacturing student master the skills of a 
bench jeweler. Photo © GIA. 
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21st century, however, we will see the full effects of 
commercial exploitation of these technologies. What 
we are seeing with the new GE process, for example, 
is just the tip of the iceberg. 

Gemological laboratories, therefore, are challenged 
as never before. And if they are challenged, imagine 
the dilemma for dealers, manufacturers, and retailers. 
No wonder more people are protecting themselves 
with third-party documentation. No wonder they’re 
searching for additional measures of security. No 
wonder they question the future. 

There are common pitfalls in every industry and in 
every firm. The strong desire for self-preservation is 
often coupled with an unwillingness to change and a 
resistance to fresh ideas. This fosters short-term think- 
ing and, in some people, an overriding obsession with 
making money that leads them to hoard information 
and fail to disclose. 

Yet mission must be more important than money, 
and doing what is right must be more important than 
determining who is right. Although I am not so naive 
as to believe that noble motives are everyone’s goal, I 
do know that no one of us is as smart as all of us. Only 
by working as a community will we prevail. 

We are here at Symposium as people who care. 
We are leaders who can make a difference in this 
industry. While some things must change, others 
must not. We must remain true to the basic tenets of 
our industry, our core values of knowledge, integrity, 
standards, and quality. Yet these virtues cannot be 
produced on demand. At some point, we must be 
able to define what it means to act properly and 
responsibly. And we must always remember to live by 
the Golden Rule. 

To summarize, then, our industry is in transition. 
We observe rapid change all around us, and we seek 
to make sense out of what, at times, appears to be 
chaos. I shared three Rules that I believe are axioms 
of the coming millennium. They are: 


1. Whoever owns the gold 

does not always rule. 
2. Whoever controls knowledge rules. 
3. Live by the Golden Rule. 


I have used real-life examples from our industry to 
make these points. In particular, the models of success 
in the future are not necessarily those of the past. 


Owning the gold, diamonds, colored stones, and 
pearls is not enough in an information society. 
Owning value-added skills of support, service, tech- 
nology and trading are at least as important. Owning 
a name, a brand, an image, or a reputation may be of 
even greater value. 

Some people in our industry own a segment of it 
through sheer knowledge and intelligence. Those 
people who trade off of their strategic and intellectual 
capacities often hold an edge over others who are 
working with an older model. Older models may still 
apply, but if your profit margin, growth, or market 
share is declining, consider the benefits of change. 

Finally, no matter what your belief system, basic 
values must prevail. At the end of the day, virtue wins 
out over greed, and operating by the Golden Rule 
will be more satisfying and, ultimately, will make you 
more successful. 

So what did we learn at this Symposium? 

¢ That gem and jewelry businesses 
must embrace change to survive 

¢ That new treatments challenge 
gemology just as new viruses challenge 
medicine 

¢ That change itself means progress, 
not demise 

¢ That new technologies will only increase in 
the years ahead 

¢ And that ethics and integrity 
really do matter 

In conclusion, this industry’s real challenge is to 
secure the hearts and minds of today’s astute con- 
sumer. We live in the greatest consumer age in the 
history of humankind. While this is a great time, it is 
also a great test for our industry. At GIA, we have 
attempted to do our part over the years to help secure 
the future of the industry and to help ensure the pub- 


One of the most important technological challenges of 
the 1990s is synthetic moissanite, a diamond simulant 
that reads as diamond on a standard thermal probe. 
This synthetic moissanite is courtesy of Charles & 
Colvard (formerly C3, Inc.) 


lic trust in gems and jewelry. I can only hope that this 
Symposium has made even a small contribution to 
that effort. But it mustn’t stop here. This is not a cli- 
max, but a beginning. Not a landing, but a launch. 

The key to success in the year 2000 and beyond 
will be the ability of each of us to anticipate and pre- 
pare for the future. We have weathered the chal- 
lenges of the past quite well, and every indication is 
that we can adapt and navigate through the rough 
waters ahead. This is an extremely resourceful and 
resilient industry, with remarkably agile people. 

As we face the coming millennium, let’s remem- 
ber our experience of the Symposium. We saw the 
future here and—while challenging—that future is 
bright. Let’s work together to make our dreams a 
vision, and our vision a reality, now and in the years 
to come. 
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Special Session 


Observations on 
GE-Processed Diamonds: 
A Photographic Record 


By Thomas M. Moses, James E. Shigley, 
Shane F. McClure, John I. Koivula, and Mark Van Daele 
GIA Gem Trade Laboratory and GIA Research, New York and Carlsbad 


Observations made at GIA on 
858 GE-processed diamonds 
revealed several interesting features 
that may be diagnostic of this 
kind of diamond. Specifically, a 
significant percentage exhibited a 
slightly hazy appearance, notice- 
able internal graining, and other 
unusual internal features. 


Editor’s Note 


On June 23, at the Third International 
Gemological Symposium, representa- 
tives of GIA and the GIA Gem Trade 
Laboratory held a special session to 
provide an update on the situation 
regarding the diamonds processed by 
General Electric to improve their color 
(i.e., closer to colorless). This article 
follows up on that special session with 
the statistical results and a photo- 
graphic record of GIA’s examination 
of a large number of such diamonds. 
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s oF AucusTtT 1999, GIA sTAFF MEMBERS had 

A examined 960 natural diamonds that had undergone a 
new process, developed by the General Electric 

Company (GE), that removes some or all of the color of a diamond. 
Distributed exclusively by Pegasus Overseas Limited (POL), an 
Antwerp-based subsidiary of Lazare Kaplan International (LKI), the 
diamonds are referred to as GE POL or Pegasus diamonds in the 
trade. These GE-processed diamonds look like untreated diamonds; 
however, careful examination has revealed that some of them exhib- 
it subtle features that usually are not present in natural-color dia- 
monds. This article presents demographic information on 858 (of the 
960) GE-processed diamonds that had been incorporated into the 
GIA Gem Trade Laboratory database as of July 15, 1999, and 
describes some of the unusual internal features that were seen. As 
recently stated by GE, the procedure used involves high pressure and 
high temperature and, to date, is effective only on certain high-puri- 
ty and high-clarity diamonds (J. Casey, pers. comm., 1999; see Box). 


BACKGROUND 


Earlier this year, Pegasus Overseas Limited announced to the jewelry 
industry that GE scientists had developed a new process to improve 
the color and other characteristics of a select group of natural dia- 
monds. According to these announcements, the diamonds would be 
sold only through POL, and every direct purchaser would be 
informed in writing by POL that they were purchasing a GE-pro- 
cessed diamond. Such sales began in June 1999. 

In press releases (e.g., March 1, 1999) and other public state- 
ments, POL representatives claimed that this process was designed to 
improve “the color, brilliance, and brightness” of qualifying dia- 
monds, and that the results were “permanent and irreversible.” They 
stated that it did not involve any conventional diamond treatment 


methods (such as irradiation, laser drilling, surface 
coating, or fracture filling), but rather it was merely 
an extension of the manufacturing of rough into pol- 
ished diamonds. Nor did the processed diamonds 
require any “special care and handling.” Last, they 
also reported that these GE POL diamonds would 
“be indistinguishable” from natural-color diamonds 
by jewelers and gemologists using standard gem-test- 
ing equipment and techniques. 

Since the initial announcement, representatives of 
GE, POL, and GIA have held a series of useful and 
ongoing discussions to address the concerns of the 
jewelry trade, and ultimately the consuming public, 
about this new GE process. These discussions result- 
ed in specific steps taken by GE to laser inscribe the 
girdle surface of all of their processed diamonds with 


Figure 1. The laser-inscribed “GE POL” is readily 
visible on the girdle surface of this 1.25 ct marquise- 
shaped diamond. Photomicrograph by John I. Koivula; 
magnified 40x. 


the letters “GE POL” (figure 1), and by POL to then 
submit these diamonds to the GIA Gem Trade 


RESEARCH ON DIAMONDS 
AT THE GENERAL ELECTRIC COMPANY 


esearch at the General Electric Company 
R on the properties of diamond as an indus- 
trial material extends back more than 50 years. 
One result of this ongoing research program 
was the discovery of a new process that 
improves the color of a select group of rare nat- 
ural diamonds. Specifically, exposure of certain 
high-purity diamonds to high temperature and 
high pressure removes their extrinsic color cen- 
ters (i.e., those caused by the external forces that 
affected the diamonds after they formed in the 
earth’s mantle), so they display their optimum 
intrinsic color (i.e., as they originally grew). (For 
more information on the cause of color in dia- 
monds, see Field [1979] and Fritsch [1998].) 
The new process simulates the high pressures 


and temperatures to which natural diamonds 
were subjected while they were deep in the 
earth’s mantle (see, e.g., Kirkley et al., 1991). 
The diamonds that respond to this method rep- 
resent in volume significantly less than 1% of 
“run of mine” diamonds. After processing, most 
of the diamonds are in the D through G color 
range, and most require repolishing. 

This discovery evolved through years of sci- 
entific and technical work. The General Electric 
Company is currently working with the jewelry 
industry to develop practical means of identifi- 
cation and to educate the industry’s members 
about these processed diamonds. 


Dr. T. Anthony and Dr. J. Casey 
The General Electric Company 
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Figure 2. In several instances, GE-processed diamonds have been resubmitted to the GIA Gem Trade Laboratory, 
by individuals other than Pegasus representatives, with the “GE POL” inscription partially or completely removed. 
The database of information on the GE-processed diamonds we examined helped us detect these stones. In the photo 
on the left, the black appearance of the inscription has been removed, so that the “GE POL” is less visible. In the 
photo on the right, only small portions of the original inscription are still visible. Photomicrographs by Shane F. 


McClure; magnified 40x. 


Laboratory for reports that would identify that these 
stones had undergone the GE process. This inscrip- 
tion provides an immediate, practical means of recog- 
nition throughout the trade. In addition, GIA makes 
the folowing comment on grading reports for all 
such diamonds sent to the GIA Gem Trade 
Laboratory by POL: “‘GE POL’ is present on the gir- 
dle. Pegasus Overseas Limited (POL) states that this 
diamond has been processed to improve its appear- 
ance by General Electric Company (GE).” GE and 


Figure 3. As illustrated here, most of the 858 GE 
POL diamonds examined by the GIA Gem Trade 
Laboratory weighed less than 2.00 ct. 


Weight Distribution 
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POL officials also have expressed support for GIA’s 
efforts to develop additional means of identifying 
these diamonds. 

During the three-month period from early May 
through July 1999, POL submitted 960 laser- 
inscribed diamonds to the GIA Gem Trade Lab- 
oratory for reports. They were examined by experi- 
enced diamond grading, identification, and research 
staff at GIA’s offices in New York and Carlsbad. This 


Figure 4. The majority of these diamonds were _fash- 
ioned in one of several fancy shapes (most frequently 
marquise or pear shapes). (RB = round brilliant; 
MQ = marquise; OV = oval; PR = pear shape; 
EM = emerald) 


Shape Distribution 
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examination of a large group of known GE-processed 
diamonds—using both standard identification and 
grading techniques and, for some of the samples, 
advanced spectroscopic methods—gave us the unique 
opportunity to collect data on each diamond. This 
database has already proved of value by allowing us to 
recognize several of these diamonds that were subse- 
quently resubmitted to GIA but with the “GE POL” 
inscription partially or completely removed (figure 2). 

We have compiled certain demographic data on this 
group of GE POL diamonds. These are presented 
below, together with a description— and illustra- 
tions— of the various unusual internal features we 
observed. 


DEMOGRAPHIC DATA 


Diamond Type. Diamonds are classified into four 
major categories—referred to as types Ia, Ib, Ha, and 
IIb—according to the presence or absence of the 
trace elements nitrogen or boron in their crystal 
structure. These four categories of diamonds can be 
distinguished on the basis of ultraviolet transparency 
and visible and infrared absorption spectra, among 
other characteristics. 

Whereas most near-colorless diamonds seen in the 
GIA Gem Trade Laboratory are type Ia, the vast 
majority (99%) of the 858 GE POL diamonds were 
type Ila. This was determined by their transparency to 
short-wave ultraviolet radiation and internal features, 
such as crosshatched (“tatami1’) strain patterns. 


Size. The 858 diamonds in our sample ranged from 
0.18 to 6.66 ct, with an average weight of 1.69 ct. 
The majority weighed less than 2.00 ct (figure 3). 
Note, however, that more than two-thirds (577) 
were 1.00 ct or more. 


Shape. As illustrated in figure 4, 86% of these dia- 
monds were cut in one of several “fancy” shapes— 
mainly oval, marquise, and pear; most of the remain- 
der were round brilliants. This is consistent with the 
recent POL statement that they choose fancy shapes 
to obtain maximum value from the original rough 
(“GE/LKI support disclosure . . . ,” 1999). 


Color. A high proportion (80%) of the GE-processed 
diamonds were described as “colorless” or “near-col- 
orless” (from grades D through G; see figure 5). In 


Color Grade Distribution 
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Figure 5, Although the entire range of color grades 
(from D through Z) were represented by the 858 GE- 
processed diamonds, most of these diamonds were in 
the colorless to near-colorless range (D through G). A 
few were distinctly yellow, and fell in the color grades 
between O and Z. 


28% of the samples, however, members of our grad- 
ing staff commented that the diamonds had a slightly 
brownish or grayish color appearance when examined 
with the GEM Diamondlite™ or a gemological 
microscope. LKI president Leon Tempelsman recent- 
ly commented that most of the diamonds are “top 
brown” before the process is applied, “with others 
generally within the brown family” (Donahue, 1999). 

Of the 20% that fell below “near-colorless” on the 
color-grading scale, the largest portion (16% of the 
total group) were in the H—-K range and 3% of the 
total group were in the L—N range. The remainder 
were highly colored: Several were distinctly yellow, 
two fell in the O-P range, two in the S—T range, two 
in the U—V range, and one in the Y—Z range. 


Clarity. Consistent with the recent GE statement 
that only high-clarity diamonds are chosen for pro- 
cessing, the majority of the GE POL diamonds (61%) 
were graded as being IF or VVS,. Most of the 
remaining diamonds were distributed over VVS,, 
VS,, and VS,, with very few in the SI or I categories 
(see figure 6). GE has confirmed that they select 
high-quality stones for economic reasons (J. Casey, 
pers. comm., 1999). 


Ultraviolet Fluorescence. We found that 79% of 
the sample diamonds did not fluoresce to either long- 
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Clarity Grade Distribution 


Figure 6. In general, the clarity of the sample diamonds 
was higher than normally would be expected in a general 
population of untreated colorless to near-colorless dia- 
monds, with 61% clarity graded as IF or VVS,. 


or short-wave ultraviolet radiation (figure 7 presents 
the results for long-wave UV). All of the remaining 
21% fluoresced blue, most with an intensity of very 
faint to faint. This fluorescence reaction corresponds 
to that of natural-color type Ila diamonds. 


Figure 8. Graining was seen in a large number of GE- 
processed diamonds, and was one of the most prominent 
internal features of these stones. In some cases, the 
graining appeared whitish. In those diamonds where the 
graining was most intense, it seems to have contributed 
a slightly hazy appearance to the overall stone. 
Photomicrograph by John I. Koivula; magnified 35x. 
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Long-Wave UV Fluorescence 


1.89% 


5.10% 


@ inert 
@ Very faint 
@ Faint 
® Moderate 


Figure 7. The vast majority of the GE POL dia- 
monds were either inert, or displayed very faint fluores- 
cence, when exposed to long-wave ultraviolet radiation. 


INTERNAL FEATURES 

GIA’s examination of this large number of GE POL 
diamonds, in some cases at high (up to 200x) magni- 
fication, revealed a variety of unusual internal features, 
such as graining (figures 8 and 9) and inclusions (fig- 
ures 10-16). This section expands the photographic 
record of the visual features we observed in the GE- 
processed diamonds (see, e.g., Shigley et al., 1999, for 
an earlier report), to help members of the industry 
better distinguish such diamonds. Further work is in 


Figure 9, Also observed was brown graining, often 
in a parallel banded pattern. Photomicrograph by 
Shane F. McClure; magnified 40x. 
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Radiographic Examination 
| of Pearl 


Mappin's Gemmological Laboratories, Montreal 


WILLIAM H. 


ABSTRACT 


The great advantage of the radiographic 
examination of pearls by X-rays lies in the 
large number of pearls that can be photo- 
graphed at one time. Attention is drawn, 
however, to the fact that some pearls give 
ambiguous radiographs. In such cases, X-ray 
diffraction photographs of the individual 
pearls should be obtained. 


During the X-ray radiographic ex- 
amination of several pearl necklaces 
and loose pearls, using Alexander’s 
technique* of partially immersing 
the pearls in carbon tetrachloride in 
a plastic dish during the exposure, a 
number of individual pearls in 


| strings of natural ones showed more 


by 


BARNES, Ph.D.+ 
Associate Professor of Chemistry, McGill University 


tion depends on the appearance of a 
dark line corresponding to the out- 
line of the mother-of-pearl core. As 
a test, therefore, of the natural ori- 
gin of the four pearls shown in Fig- 
ure 1, X-ray diffraction photographs 
of each were taken. The results are 
presented in Figures 2, 8, 4 and 5. 
No “ray catcher’ was employed to 
absorb the undiffracted beam so that 
there is appreciable fogging of _ the 
centres of the X-ray photographs 
from this cause but even so the pat- 
terns (except for P-66-1 and P-66-2) 


Figure 1 
X-ray Radiographs of Natural Pearls 


X-ray beam along drill holes. 


X-ray beam normal to drill holes. 


Left to right: P-66, P-67, P-68, P-69. 


or less continuous dark lines inside 
the outer edge. Examples are repro- 
duced in Figure 1 in which two sets 
of radiographs of the same four 
pearls, with the X-rays parallel and 


; perpendicular, respectively, to the 
' drill holes, are shown. Now the diag- 


nosis of a pearl as cultured by the 
method of X-radiographic examina- 


};Editor’s note: For biographical sketch of Dr. 
*Deseribed in Gems & Gemology, Winter, 1941, Vol. III, No. 12, p. 184, et seq. 


show an abnormal amount of small 
angle scattering. No trace of a “cul- 
tured” pattern appears in any of the 
negatives so that these pearls would 
be identified unequivocally as “nat- 
ural” on the basis of their X-ray dif- 
fraction effects. The following notes 
summarize the data on Figures 1 
to 5, inclusive. 


Barnes, see Page 372. 


progress to see if any—or a combination—of these 
visual features will provide conclusive evidence that a 
diamond has been exposed to GE’s or a similar high 
pressure/high temperature procedure. 


Graining. Internal graining was seen in more than 
75% of the GE POL diamonds. Our graders described 
the graining as very subtle to obvious, sometimes with 


Figure 11. These cleavages appear gran- 
ular and reflective (i.e., more opaque) 
where they intersect the surface of the dia- 
mond, and are glassier and more translu- 
cent deeper within the separation. Top 
left—photomicrograph by John I. 
Koivula, magnified 40x; top right and 
bottom—photomicrographs by Shane F. 
McClure, magnified 40x (top right and 
bottom left) and 33x (bottom right). 


Figure 10. “Partially healed” cleavages 
were seen in a number of the GE POL 
samples. Some, as on the top left and 
right (magnified 13x and 18x, respec- 
tively), were similar in appearance to the 
“fingerprint” inclusions seen in some col- 
ored stones. Others had an unusual net- 
work-like appearance (bottom left, 18x), 
and one showed a partially healed cleav- 
| age next to a granular/glassy cleavage 
similar to those described in figure 11 
(bottom right, 32x). The first three pho- 
tomicrographs are by Shane Elen; the 
last is by Shane F. McClure. 


a “whitish” appearance (figure 8), but occasionally 
brown (figure 9). Graining also occurs in natural-color 
type Ila diamonds, though less frequently. 

The GIA grading staff noticed that 45% of the dia- 
monds displayed a slightly hazy appearance, especially 
when viewed with the microscope at 10X magnifica- 
tion. This may be due to graining or to some other 
light-scattering effect. Some of the diamonds did not 
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Figure 12. Each of these two partially healed cleav- 
ages has a black area similar to one identified as 
graphite in another sample by Raman analysis. 
Photomicrograph by Shane Elen; magnified 18x. 


exhibit the “crisp,” transparent appearance typical of 
natural untreated diamonds of similar color, clarity, 


and type. 


Other Features Seen with Magnification. One or 
more of the following internal features were observed 
in more than 30% of the samples: (1) surface-reaching 
cleavages or feathers; and (2) included crystals, typical- 
ly with strain cracks or halos. 

Many of the surface-reaching cleavages appeared 
to be “partially healed”; that is, they resembled the 
“fingerprint” inclusions that are seen in sapphire and 
ruby (figure 10). In other cleavages, we noticed that 
close to the surface of the diamond they had a frosted 
or granular appearance; but deeper within the stone, 
they became glassier (figure 11). A black area was seen 
in some of the cleavages (figure 12); laser Raman 
microspectrometry identified the material in one 


Figure 14. In most of the 103 samples 
that had solid inclusions surrounded by 
a stress crack, a black inner area 
(graphite) was surrounded by a brighter 
halo of outward radiating cracks (left; 
also evident here is the banded internal 
graining seen in a number of the GE 
POL diamonds). In some instances, 
there were several areas of graphite 
(right). Photomicrographs by John I. 
Koivula; magnified 40x. 
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Figure 13. This small solid inclusion surrounded by 
a stress crack is an example of a feature seen in 103 
of the GE POL diamonds. Photomicrograph by 
Vincent Cracco; magnified 63x. 


feather as graphite. Although cleavages are seen in 
some natural-color diamonds, we have not observed 
this distinctive combination of features in surface- 
reaching cleavages or feathers in untreated near-color- 
less diamonds. 

We noted included crystals that were surrounded 
by stress cracks (figure 13) in 103 samples. In a num- 
ber of instances, we observed black patches of what 
also appeared to be graphite that were surrounded by 
a translucent halo of tiny cracks radiating outward 
(figure 14). As is the case with colored gems such as 
ruby and sapphire, this radial cracking may be due to 
the differences in thermal expansion of the inclusion 
and the host diamond during heating to high temper- 
ature. A circular cleavage forms around the inclusion 
along the octahedral plane to relieve the resulting 
stress within the diamond. 

Other inclusions consisted of one or more areas of 


Figure 15. This inclusion contains several areas of 
what appear to be graphite, which are surrounded by 
mesh-like zones of tiny cracks. Photomicrograph by 
John I. Koivula; magnified 40x. 


what appeared to be graphite, surrounded by a mesh- 
like region of small cracks (figure 15). Again, these 
inclusions are unlike the included crystals or cracks 
that are typically seen in untreated near-colorless dia- 
monds. 

Some solid opaque inclusions did not exhibit these 
radial cracks, but instead showed a melted or flow 
structure. These may have been sulfide inclusions, 
which are seen in some natural diamonds. 

Unusual localized clouds or cloud-like formations 
(which resembled the stringers sometimes seen in 
ruby) were present in approximately 2% of these dia- 
monds (figure 16). 


Figure 16. Approximately 2% of the GE POL dia- 
monds exhibited unusual localized clouds and stringer- 
like clouds. Photomicrograph by Shane F. McClure, 
magnified 40x. 


Strain. Most of the GE POL diamonds exhibited 
moderate-to-strong strain patterns (with crosshatched 
[“tatami”], banded, and/or mottled arrangements; see 
figure 17) when examined between crossed polarizing 
filters with a polariscope or gemological microscope. 
In the majority of these samples, the strain colors were 
first- and second-order gray, blue, or orange. In com- 
parison, natural-color type Ila diamonds (which can 
show similar strain patterns) usually exhibit less-intense 
gray and brown interference colors (Lang, 1967). 


Discussion. Although the internal features noted here 
were usually subtle in appearance, the fact that they 


Figure 17. When viewed with cross-polarized light, most of the GE POL diamonds exhibited banded (left) or 
crosshatched (center and right) strain patterns. Although some stones did reveal low-intensity interference colors 
(right), for the most part these diamonds showed moderate- to high-intensity interference colors (center and left), 
notably stronger than what is normally seen in untreated diamonds of similar color. Left and center photomicro- 
graphs by Shane F. McClure, magnified 20; right photomicrograph by John I. Koivula; magnified 20x. 
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were observed in many of the 858 diamonds rein- 
forced our belief that these features were (1) produced 
in the diamonds as a result of this process, or (2) pre- 
existed in the kind of diamond selected for processing. 
In either case, we have rarely encountered the precise 
features described here in the colorless to near-color- 
less type Ha natural-color diamonds submitted over 
the years to our laboratory for grading reports. 

To date, we have not established any definitive 
identification features in GE POL diamonds that can 
be detected by instrumental measurement (e.g., an 
absorption band produced in type Ha diamonds by 
the GE process, which could be recorded by a spec- 
trophotometer). Thus, visual features (especially the 
use of a laser inscription on the girdle, as mentioned 
above) may offer the jeweler or gemologist the best 
way at this time to recognize a GE POL diamond. 


CONCLUSIONS 


For the most part, the 858 GE-processed diamonds 
that formed the database reported here: (1) were type 
Ila diamonds, (2) weighed an average of 1.69 ct, (3) 
were fashioned in fancy shapes, (4) fell in the D-to-G 
range of color grades, (5) had high clarity grades, and 
(6) did not fluoresce to UV radiation. In addition, 
many of these diamonds showed a slightly hazy 
appearance, often with noticeable internal graining— 
characteristics that were far more common in this 
group of diamonds than in a similar population of 
natural-color diamonds. Other internal features 
(cleavages, feathers, and solid inclusions) were also 
somewhat different in appearance from what we have 
previously observed in untreated near-colorless dia- 
monds. None of the GE-processed diamonds exhibit- 
ed any evidence of “traditional” diamond treatments 
(such as irradiation, fracture filling, surface coating, or 
laser drilling). On the basis of the diamonds we have 
examined to date, we believe that it is possible to 
detect at least a portion of these GE POL diamonds 
using standard gemological observation techniques 
and equipment. 
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GIA has undertaken a research program to better 
understand the techniques used to improve diamond 
color and also to learn what color changes can be 
produced and how extensive these modifications may 
be. Results of these experiments will be published as 
they become available. If we can reproduce some of 
the same apparently characteristic features seen in the 
GE-processed diamonds examined to date, then such 
features may provide a way to identify that the color 
of a diamond has been altered by this method. 

However, it is also possible that further develop- 
ment work could minimize or eliminate some of the 
unusual internal features we have noted in these dia- 
monds. It is likely that various organizations will con- 
tinue to experiment with this type of treatment, and 
that greater numbers of such diamonds will find their 
way into the jewelry trade. Although every effort is 
being made to keep up with these new technologies, 
we cannot guarantee that practical means will be 
found to recognize all of these diamonds. 


Acknowledgments: The authors thank Dr. Thomas 
Anthony and Dr. John Casey of GE Corporate Research 
& Development, Schenectady, New York, for their assis- 
tance. Grading of the GE-processed diamonds was super- 
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Above: (Standing) Ezriel Rapaport, Martin 
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Right: Branding War Room moderator 
Whitney Sielaff and panelists Al Molina, 
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P-66 (See Figures 1 and 2): The 
radiographs show an irregular im- 
perfectly centred line around the 
centre. X-ray diffraction photographs 
(P-66-1, P-66-2) taken with the 


perimposed on a broad halo. The 
specimen-to-film distance was about 
3 ems. Unfiltered tungsten radiation 
was used. 

P-68 (See Figures 1 and 4): The 


P-66-1 
Figure 2 


P-66-2 


X-ray beam in each of two directions 
at 90° through the pearl are of the 
hexagonal “spoke” or “ray” type. 
Unfiltered tungsten radiation and a 
specimen-to-film distance of about 
8 cms. were employed. 

P-67 (See Figures 1 and 3): The 
radiographs show a very distinct 
line almost perfectly circular with 
the beam along the drill hole but 


P-67-1 P-67-2 
Figure 3 


radiographs show a clear-cut, almost 
perfectly circular line with the X-ray 
beam either parallel or perpendicu- 
lar to the drill hole. This indicates 
an almost perfectly spherical dis- 
continuity between the core and the 
outer layers of the pearl. In the 
absence of much experience with 
radiographs of natural and cultured 
pearls, such a picture gives rise to 


P-68-1 P-68-2 


P-68-3 


P-68-5 


Figure 4 


somewhat irregular with the beam 
perpendicular to the drill hole. The 
diffraction photographs (P-67-1, 
P-67-2) with the X-ray beam pass- 
ing through the pearl along each of 
two directions at 90° show faintly 
the hexagonal “spoke” pattern su- 


doubts as to whether the pearl is 
natural or cultured. 

The diffraction photographs (P-68- 
1, P-68-2, P-68-3, P-68-5), however, 
definitely indicate that the pearl is a 
natural one. The first three were 
obtained with a specimen-to-film dis- 
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“Arte in Oro,” Symposium’s final social event, showcased jewelry by Italy’s leading designers. 
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classics of tomorrow. 
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presents his economic forecast for 
the new century. 
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Top left: Bill 
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Clockwise from middle left: Gemology greats Richard 
T. Liddicoat and Robert Crowningshield; Donald 
Tapscott describes how the Internet will change the 
way the jewelry industry does business; according to 
marketing expert Al Ries, “If you want to build a 
powerful brand in the mind of consumers, you need 
to contract your brand, not expand it.” Center: 
Maurice Tempelsman delivers the valedictory 


presentation. 
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DIAMOND SOURCES 
Moderator: John I. Koivula 
Coordinators: Thomas Gelb and Maha DeMaggio 


DIAMOND MANUFACTURING AND DISTRIBUTION 
Moderator: Thomas C. Yonelunas 
Coordinators: Kelly Shanley and Mark Van Daele 


DIAMOND ECONOMICS 
Moderator: John M. King 
Coordinators: Scott Guhin and Jonathan Cohen 


PERSPECTIVES ON THE DIAMOND MARKET 
Moderator: Alice S. Keller 
Coordinators: Marla Belbel and Daniel Gillen 


COLORED STONE SOURCES 
Moderator: Brendan M. Laurs 
Coordinator: Jana Miyahira-Smith and Michael Wobby 


COLORED STONE DISTRIBUTION AND MARKETING 
Moderator: Wendi M. Mayerson 
Coordinators: Philip York and Duncan Pay 


PEARLS—THE SOURCES 
Moderator: Wendy F. Graham 
Coordinators: Karin Hurwit and Clara Zink 


GEM IDENTIFICATION 
Moderator: Thomas M. Moses 
Coordinators: Dino DeGhionno and Troy Blodgett 


TREATMENTS 
Moderator: Mary L. Johnson 
Coordinators: Ronnie Geurts and Stuart Overlin 


TIMELESSNESS OF ANTIQUE AND ESTATE JEWELRY 
Moderator: Veronica Clark-Hudson 
Coordinators: Rebekah Nichols and Laura Small 


ORIGINAL AND TREND-SETTING JEWELRY DESIGN 
Moderator: Susan B. Johnson 
Coordinators: Steve Workman and Corrine Perez-Garcia 


RETAILING IN THE NEW MILLENNIUM 
Moderator: Harry W. Stubbert 
Coordinators: William Herberts and Roxana Lucas 


Diamond Sources 


Changes and New Developments in Africa 


John J. Gurney 
University of Cape Town 
Rondebosch, South Africa 


NALYSIS OF HISTORICAL RECORDS (e.g., 
Levinson et al., 1992) reveals that Africa 
has been the source of about 70% by 


weight of the global total of about 3.5 billion carats 
(700 metric tons) of diamonds produced since antiq- 
uity, chiefly from primary kimberlite deposits but also 
with substantial high-value contributions from sec- 
ondary sources, mainly alluvials. All the significant 
kimberlite mines have been found within the stable 
Archean (>2.5 By [billion years]) cratonic nuclei of 
the continent (Janse, 1996). The major alluvial fields 
are on, or adjacent to, these geologic structures; are 
derived from them by secondary surficial processes; 
and have been a declining influence in recent times. 
Moving away into peripheral Early Proterozoic rocks 
(between 1.6 and 2.5 By), there is much less chance 
of finding an economic primary diamond source. 
Current knowledge of diamond formation processes 
in the earth’s mantle predicts that the likelihood of 
finding economic kimberlite pipes off cratons is 
extremely low. This rules out large areas of the 
African continent from hosting an as-yet-undiscov- 
ered primary diamond source, as can be seen from the 
figure shown here (reprinted from Janse, 1996). 

Some geologically favorable terrain for primary 
diamond sources occurs within countries that are, to 
varying degrees, unsafe places to operate and particu- 
larly unsafe to explore. Two of these, Angola and 
Zaire, are currently producing diamonds under con- 
ditions of civil war. Nevertheless, they have been 
important diamond producers from secondary 
deposits for many decades, and they have high poten- 
tial for further discoveries of new primary deposits. 
Indeed, De Beers announced four new discoveries in 
Lunda Norte Province, Angola, during 1998. 
Extensive exploration in certain other cratonic 
sources, such as North Lesotho, indicates that the dis- 
covery of a major kimberlite pipe is unlikely. 
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Current Production 


Africa currently produces 51.8 Mct (million carats) of 
rough diamonds annually, or 46% of the world total 
by weight, which rises to at least 72% by value. The 
jewel in the crown is Jwaneng (in Botswana), the 
most profitable mine in the world; Jwaneng’s 1997 
production of 12.7 Mct represented 21% of world 
diamond production by value (Picton and Newton, 
1998). 

All the major De Beers mines, which produced 
31.3 Mct in 1998, have projected lives of more than 
10 years, and the most important of these —Jwaneng, 
Orapa, Venetia, Premier, and Finsch—are expected 
to produce for more than 20 years. Orapa is sched- 
uled to double production by year 2000 to about 12.5 
Mct, and improved mining and recovery operations 
are being implemented at Jwaneng, Venetia, Finsch, 
and in the Kimberley mines, as well as on the west 
coast of southern Africa. 

In the South Atlantic Ocean, De Beers Marine 
and Namdeb have a well-established, profitable min- 
ing operation that produces more than 500,000 high- 
value carats per year at present. Continuing explo- 
ration, coupled with high-technology improvements 
to their mining operations, suggests increasing pro- 
duction and a long life for this operation. Spectacular 
recent successes for the NamSSol underwater crawler 
of Namco in Namibia, and the prospecting results of 
Diamond Fields International, further expand the evi- 
dence for the existence of a major resource of gem 
diamonds in the sea off western southern Africa, par- 
ticularly Namibia. This will more than offset the 
depletion of high-level beach deposits and river allu- 
vials on land. 


E-mail address: John.Gurney@minserv.co.za 
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To date, economic kimberlites have been found only on those parts of cratons known as archons. This map of Africa shows 
the distribution of cratons (outlined in green) and archons (outlined in red). Solid red dots and red letters are pipes and dikes, 
green striped areas and green letters are alluvial deposits (note that some areas contain both green stripes and red dots), and 
the red-striped area marks the beach and off-shore deposits in Namibia and Namaqualand. Key to large, open 

red letters: B—Bangweulo archon; CA—Central African craton; G—Gabon archon; KA—Kalahari archon; LK—Lunda- 
Kasai archon; M—Man archon; R—Reguibat archon; SA—South African craton; T—Tanzania archon; WA—West African 
craton. Key to solid red and green letters: A—Akwatia/Birim alluvials; B-Banankoro alluvials and pipes; Bf-Buffels 
River alluvials; Cb—Carnot/Berbérati alluvials; Cu—Cuango alluvials and pipes; Do—Dokolwayo pipe; F—Finsch pipe; 
G—Gope pipe; J—Jwaneng pipe; Ja—Jagersfontein pipe; K—Koidu pipes and dikes; Kb—Kimberley pipes (5); 
Ko-Koffiefontein pipe; L—Letlhakane pipe; Le—Letseng pipe; Li-Lichtenburg alluvials; Lo—Lower Orange River alluvials; 
Lu—Lunda pipes and alluvials; M—Mitzic kimberlites; Mb—Mbuji-Mayi pipes, eluvials and alluvials; Mo—Mouka 
Ouadda alluvials; Mw—Mwadui pipe; O—Orapa pipe; P—Premier pipe; R—River Ranch pipe; Rg—Reggane alluvials; 
S—Séguéla alluvials and dikes; St—star fissure; T—Tortiya alluvials; Ts—Tshikapa alluvials; V—Venetia pipe; 
Vo—Vaal/Orange Rivers alluvials; Ye-Yengema alluvials. (Reprinted with permission from Janse, 1996.) 


Future Production 

Reviewing this situation, it appears that African dia- 
mond production will increase to more than 60 Mct 
per year in the foreseeable future. 

In the medium term (5-12 years), additional pro- 
duction may come from the development of mining 
operations on some of the many known kimberlites 
in Angola, following the model of Catoca (66 ha, 
with 1.17 ct/tonne; Gordon, 1997). Camafuca- 
Camazambo (160 ha) and Camatue (12 ha) are two 
good examples among many. Gope 25 in Botswana 
may be developed by De Beers/Falconbridge. A 
number of small potential mines are in the feasibili- 
ty stage at present (e.g., Klipspringer, The Oaks, 
Palmietgat, Crown mine, and Voorspoed in South 
Africa; and Tshwapong in Botswana). These reflect 
a growing interest in the mining of smaller 
deposits, especially where—as with Marsfontein 
(SouthernEra/De Beers)—they have high ore grades. 
Marsfontein (0.4 ha) produced 1 Mct in its first year 
of operation. 

The Kalahari craton (again, see figure) is an excel- 
lent example of a comprehensively explored craton 
where significant discoveries (Finsch, Orapa, 
Jwaneng, Venetia, Klipspringer, Marsfontein) have 
been made in each of the last four decades. It is rea- 
sonable to expect further discoveries, especially in 
areas with extensive recent geologic cover where hid- 
den ore bodies have proved elusive in the past. These 
will be accomplished by creative use of modern 
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prospecting methods applied by the growing body of 
technologically astute exploration companies. 

In this context, the early-stage grass roots prospect- 
ing activities of Rex Diamonds and Ashton/Diamet in 
Mauritania are examples of the sort of exploration 
programs that could contribute to keeping Africa at 
the forefront of diamond production in the longer 
term. 

In any event, Africa’s premier position is assured 
well into the next millennium. It has been indepen- 
dently estimated that by 2005 African production will 
be 63 Mct out of a world total of 119 million carats, 
representing 66% of world value at an average price 
of US$97/ct and a total value of $6.1 billion (Picton 
and Newton, 1998). African production by country 
in 2005 is estimated to be: Botswana 26 Mct, South 
Africa 14 Mct, DR Congo 14 Mct, Angola 5 Mct, 
Namibia 2 Mct, rest of Africa 2 Mct. 
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Diamonds from Australia 


A. J. A. (Bram) Janse 
Consultant Geologist 
Perth, Australia 


HE DISCOVERY of the Argyle diamond 
deposit in 1979, and its exploitation since 
1986, brought extensive changes to the dia- 


mond industry from four key perspectives: geological, 
mineralogical, gemological, and commercial. In 1980, 
for the first time in the known history of diamond 
mining, economic quantities of diamonds were found 
in an Early Proterozoic mobile belt instead of, as for 
all previous discoveries, the Archean core of a craton. 
Until 1980, it was thought that diamondiferous kim- 
berlites (and, by inference, any other primary host 
rock for diamonds) occurred only in the interior of 
old cratons—that is, parts of the earth’s crust older 
than 1,600 million years (My) that are stable, rigid, 
and have not been deformed (known as Clifford’s 
Rule; Clifford, 1966). Janse (1994) elaborated on 
Clifford’s Rule by stating that economic kimberlites 
occurred only on an Archon—that part of a craton 
that is underlain by basement rock of Archean age, 
older than 2,500 My. In the Kimberley region of 
Western Australia (see figure), the economic Argyle 
lamproite and the near-economic lamproites at 
Ellendale occur not in a stable Archean block, but 
rather in the Early Proterozoic Halls Creek and King 
Leopold mobile belts, which are older than 1,800 
My, and surround the stable Archean Kimberley 
Plateau block. 

For more than 100 years, up until 1980, it was 
thought that the only primary host rock for diamonds 
was kimberlite (excluding a few diamonds of meteorit- 
ic origin and their problematic occurrence in some 
rocks of dubious origin). However, the diamonds at 
Argyle occur in lamproite, a rare rock that had been 
known as an academic curiosity since it was named by 
Swiss Professor Paul Niggli in 1923. Like kimberlite, 
lamproite forms breccias that range from bluish green 
to pale yellow. These breccias are also ultrabasic-to- 
basic rocks (i.e., poor in silica and thus containing 


much olivine); as is the case with kimberlite, they also 
contain alkalis, mainly potassium and sodium, in 
amounts much higher than in other ultrabasic-to-basic 
rocks. In most alkaline rocks, sodium is predominant 
over potassium, but the reverse is true for kimberlite 
and lamproite. In 1980, however, no one had expected 
to find economic quantities of diamonds in a nonkim- 
berlitic rock, so at first exploration geologists referred 
to the Argyle diamond host rock as “kimberlitic.” 


The Argyle Deposit 


The 50 ha (124 acres) Argyle pipe produces mainly 
small (average size 12 points), predominantly brown 
diamonds of irregular shape; only 5% are true gem 
quality. Mining began in 1985, with almost 30 Mct 
(million carats) produced the following year (see 
table). The great commercial problem of how to 
absorb this large volume of diamonds into the world 
markets was the reason the majority owners of the 
Argyle Diamond Mines Joint Venture (CRA [now 
Rio Tinto] about 57% and Ashton Mining 38%) 
negotiated two five-year sales contracts with the De 
Beers CSO that covered mid-1986 to mid-1996. 
From the beginning of production, the 5% minority 
owner, Northern Mining (later the Western Australian 
Diamond Trust, which was absorbed into Argyle 
Diamond Mines in early 1989) sold its share directly to 
the market. Since mid-1996, all Argyle diamonds have 
been sold to the market outside of the CSO. 

Eventually it was discovered that about 40% of the 
95% non-gem diamonds at Argyle could be cut eco- 
nomically in India into inexpensive, low-quality 
stones. Thus, the production from the Argyle mine 
became 5% gem, 40% near-gem, and 55% industrial 
grade. Approximately 700,000 people, about 25% of 
whom work full time, are currently involved in the 
Indian cutting industry and cut most of the Argyle 
mine production (Sevdermish et al., 1998). 
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Diamond Localities 


1. Argyle Lamproite 

2. Bow River Alluvials 
3. Striker Kimberlites 
4. Aries Kimberlite 

5. Ellendale Lamproites 
6. Merlin Kimberlites 

7. Copeton Alluvials 


Argyle, with its associated alluvials, is the only 
major Australian diamond producer. For eight years, 
from 1988 to 1995, Bow River Diamond Mines 
(owned by Normany-Poseidon) mined a small alluvial 
deposit in Lower Limestone Creek, 20 km down- 
stream from the Argyle pipe, and produced roughly 7 
Mct (again, see table) of a quality three times higher 
than that of the Argyle diamonds: $25 per carat com- 
pared to $8 per carat. Thus, the great majority of 
Australian diamonds are produced by Argyle. Present 
ore reserves will last until the end of 2003. Deepening 
of the open pit now in progress has assured that the 
mine will remain active until the end of 2005, while a 
planned additional underground operation may 
extend life until 2009. 


Other Deposits in Western Australia 


Diamonds have been found in stream sediments of the 
Ord River as far as Kununurra, up to 150 km down- 
stream from Argyle, and some have reached the sea. 
However, it is not clear where the paleo-Ord River 
that would have drained the Argyle pipe during the 
Tertiary period had its outlet. Compared to the 
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Diamonds have been discov- 
ered in several areas of 
Australia— in lamproites, 
kimberlites, and alluvial 
deposits. Most of the 
deposits, including the high- 
ly productive Argyle mine, 
are located in Western 
Australia, in what is known 
as the Kimberley region. 


straight and periodically stable coast of South Africa 
and Namibia, the coast of the Kimberley region and 
adjoining Northern Territory is flat and indented from 
ever-changing river courses. Consequently, it is 
unlikely that large concentrations of diamonds exist 
offshore along Australia’s northwest coast. 

In contrast to the large Argyle lamproite, which is 
located in the Early Proterozoic Halls Creek mobile 
belt, small kimberlite dikes and pipes have been found 
in the northern part of the Archean Kimberley 
Plateau. Striker Resources is presently evaluating the 
4-km-long Bulgurri kimberlite dike system and the 
four small Ashmore pipes. Both of these properties 
contain sharp-edged, flat-faced, colorless, inclusion-free 
octahedra and have promising economic potential. 

The 20 ha (49 acres) Aries kimberlite pipe, the 
largest kimberlite pipe discovered in Australia so far, 
was found in the more interior part of the Kimberley 
Plateau. (Although the pipe is large and the diamonds 
found to date have been good quality—mainly color- 
less dodecahedra, reportedly valued at $150 per 
carat—the ore grade is too low to make it an eco- 
nomic deposit.) 


WINTER, 


1946 361 


tance of about 3 cms. while for the 
fourth (P-68-5) a distance of about 
6 ems. was used. All were taken with 
unfiltered radiation from a tungsten 
target. The photographs are char- 
acterized by excessive fogging near 
the centre due to small angle scat- 


X-ray beam at about 45° to those 
in which P-69-1 and P-69-2 were 
obtained and .a erystal-to-film dis- 
tance of only 3 cms. was used. The 
pattern is of the hexagonal “spoke” 
type superimposed on an 
broad halo, 


intense 


P-69-1 


P-69-2 


P-69-3 


Figure 5 


tering. P-68-2 was obtained with the 
pearl at 90° to the position it occu- 
pied relative to the X-ray beam for 
P-68-1; for P-68-3 the pearl was ro- 
tated about 45° from its positions for 
P-68-1 and P-68-2, respectively. 
P-68-5 is a repetition of P-68-2 but 
with about double the specimen-to- 
film distance and a very long expo- 
sure time. All photographs show a 
broad diffuse halo with a more or 
less distinct hexagonal pattern 
(somewhat distorted in P-68-1) su- 
perimposed. : 

P-69 (See Figures 1 and 5): The 
radiographs show a line of discon- 
tinuity similar to that in P-67 but 
apparently not spherically complete 
in the pearl. The diffraction photo- 
graphs P-69-1 and P-69-2 were taken 
with tungsten radiation, a specimen- 
to-film distance of about 6 ems. and 
with the pearl orientated in each of 
two directions at right angles. 
Faint haloes at a radius of about 
8mm. with indications of hexagonal 
“spokes” are present in the photo- 
graphs. For P-69-3 the pearl oc- 
cupied a position relative to the 


Radiographs of three other pearls 
(P-70, P-71, P-72) are shown in Fig- 
ure 6. The centre one (P-71) was 
believed to be cultured; the other 
two, natural. 

Pearl P-70 had been broken and 
the centre was exposed; no mother- 
of-pearl bead was present. Examined 


Left to right: P-70, P-71, P-72 
Figure 6 


under a pocket (12 x) magnifier, the 
exposed cross-section of P-70 had an 
ivory white outer layer merging into 
lemon yellow towards the centre. 
This white to yellow region was 
translucent and horny in appear- 
ance. It was separated from the cen- 
tre by several chalky white rings. 
The centre was purplish grey with 
a distinct grey ring about one-third 
of the distance from the white rings 


Annual diamond production of Australia, 1983-1998. 


Australia, aS a % 


Argyle? Bow River Total of world production 
Year Alluvial Alluvial Pipe Pipe Total Alluvial Alluvial Australian By weight —_By value 
production grade production grade production production grade production 
(Mct)® ——_(ct/tonne) (Mct)  (ct/tonne) — (Mct) (Mct) (ct/tonne) (Mct) 
1983 6.2 5.8 NPS NP 6.2 NP NP 6.2 11 2 
1984 5.7 3.9 NP NP 5.7 NP NP 5.7 9 2 
1985 5.4 47 1.74 5.0 71 NP NP 71 11 2 
1986 NP NP 29.2 9.1 29.2 NP NP 29.2 32 6 
1987 NP NP 30.3 8.7 30.3 NP NP 30.3 33 6 
1988 NP NP 34.6 7.3 34.6 0.5 0.3 35.1 35 7 
1989 1.6 14 32.8 6.7 34.4 0.7 0.3 35.1 33 6 
1990 2.1 11 31.7 6.1 33.8 0.9 0.3 34.7 32 6 
1991 1.6 12 33.4 5.6 35.0 1.0 0.3 36.0 35 7 
1992 2.4 0.7 36.6 5.4 39.0 il 2 0.3 40.2 40 6 
1993 2.5 0.7 38.4 5.8 40.9 1.0 0.3 41.9 4 6 
1994 3.1 0.7 39.7 5.0 42.8 1.0 0.2 43.8 4 6 
1995 2.4 0.5 37.5 4.2 39.9 0.5 0.2 40.4 37 5 
1996 2.6 0.4 39.4 3.9 42.0 NP NP 42.0 35 5 
1997 1.6 0.3 38.6 3.7 40.2 NP NP 40.2 35 4 
1998 1.9 0.3 40.0 3.5 40.9 NP NP 40.9 35 4 


@Data from annual reports of Ashton Mining Ltd. and from Bow River Mines management. 


®’Mct = Millions of carats. 
°NP = No production reported for the year from this source. 


9Production at the Argyle pipe began in December 1985; 1.7 Mct was one month’s production. 


Other Diamond Producing Areas of Australia 


Alluvial diamonds were found as early as 1851 in 
southeastern Australia in a region that is far outside 
any cratonic parts of the crust. In fact, it is in a 
Paleozoic orogenic belt. The origin of these diamonds 
is still an enigma. The largest concentration of dia- 
monds was found near Copeton in New South 
Wales. Attempts to establish an economic production 
from this and other smaller deposits in the region 
were made in the last century, and again in the 1990s, 
but without commercial success. The Copeton dia- 
mond crystals are often complexly twinned; the 
resulting “naats” (seams) are often difficult to see and 
cause problems in cutting. Consequently, the term 
cannifare (“cannot make”) is often applied to the 
Copeton stones. Total alluvial production from the 
1860s to the 1920s amounted to about 300,000 carats. 
Small deposits of alluvial diamonds, and kimberlites 
with a trace of diamonds, have been found in many 
other places throughout Australia, but none has 
proved economically significant. 

At present, the only producing diamond mine 
other than Argyle is Merlin, located in the Northern 
Territory. It was discovered by Ashton Mining in 


1994, and brought into production in February 1999, 
As is the case with the Ekati mine in Canada’s 
Northwest Territories, Merlin draws ore from four to 
seven small kimberlite pipes and produces diamonds 
of very good quality, reportedly $130 per carat. In the 
first batch produced, a good-quality diamond of 
14.76 ct was recovered, and several stones of this size 
and quality have been found since. 
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Canadian Diamond Production: 
A Government Perspective 


Douglas Paget 
Canada Department of Indian Affairs and Northern Development 
Hull, Quebec, Canada 


HE ANNOUNCEMENT earlier this decade 
that diamonds had been found in the 
Northwest Territories presented a whole new 


challenge to the Canadian government. For the most 
part, provincial governments have jurisdiction over nat- 
ural resources in Canada. However, the three northern 
territorial governments — the Yukon, the Northwest 
Territories, and the new territory of Nunavut —do not. 
Consequently, the government of Canada has been 
deeply immersed in the development of this country’s 
first diamond mine and its new diamond industry. Early 
research revealed important issues—such as the need 
for environmental reviews, the political climate in the 
north, and the structure of the northern mining 
industry — that were different from those in other dia- 
mond-producing countries. Therefore, the government 
had few precedents to follow in its mandate to ensure 
the smooth development of this complex industry. 

Since fall 1998, however, the first Canadian dia- 
mond mine — the Ekati mine — has been in produc- 
tion, and it is likely that additional mines will be devel- 
oped. As a result, Canada could soon be producing 
more than 10% of the world’s diamonds by value. This 
review looks at the Canadian government’s response to 
this new industry, including government attempts to 
attract value-added operations to the Northwest 
Territories. 


Canada’s North and Its Diamond Mines 
Canada’s Arctic region is an enigma to most peo- 
ple —including the majority of Canadians. It makes 
up one-third of the country’s landmass, but it has 
only a tiny fraction (<100,000 people, or 0.003%) of 
its population. Only 800 km south of the North Pole 
at its northernmost point, it stretches across three 
time zones and touches two oceans (see map). Con- 
sequently, it is a difficult and expensive area both to 
reach and to work. 
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Few took Canadian geologist Charles Fipke very 
seriously in the early 1980s, when he first started 
prospecting for diamonds in this cold, barren region. 
But like the adventurers who opened up the 
Klondike a century before and became millionaires, 
Fipke eventually became very very wealthy following 
his 1991 discovery of a number of kimberlite pipes in 
the area near Lac de Gras. 

It is not the purpose of this presentation to dwell 
on the history of the discovery of diamond deposits in 
Canada, as this topic has been discussed in great detail 
elsewhere. Suffice it to say that during the period 
1991-1998, more than 250 kimberlite occurrences 
were discovered in the Slave Geological Province in 
the Northwest Territories, and exploration for addi- 
tional diamond deposits continues unabated. 
Although diamond-bearing kimberlite pipes have 
been found in several other provinces and territories 
(i.e., Quebec, Ontario, Saskatchewan, Alberta, British 
Columbia, and Nunavut), the principal cluster of eco- 
nomically viable pipes found to date occurs in the Lac 
de Gras area, the site of the Ekati diamond mine, 
which is owned by BHP Diamonds Inc. (51%), Dia 
Met Minerals Ltd. (29%), Charles E. Fipke (10%), and 
Stewart L. Blusson (10%). 

The Ekati mine alone has a resource of 66 million 
tonnes at 1.07 ct/t, with an average value of US$100 
per carat (see “Diamond production starts at Canada’s 
Ekati mine,” Gem News, Winter 1998 Gems & 
Gemology, pp. 290-292, for further details). From 
October 1998 to June 1999, the mine produced in 
excess of 1 Mct (million carats). It is expected to pro- 
duce about 3 to 4 Mct a year for at least 17 years. 
And, as they say in the Arctic, that’s only the tip of 
the iceberg. Other diamond projects in the evaluation 
or development stage include Diavik, Snap Lake, and 
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This map shows the 
provinces and territories 
(Yukon, Northwest 
Territories, and Nunavut) 
of Canada. The Ekati dia- 
mond mine, as well as most 
of the potentially economic 
kimberlites found to this 
point, are in the Slave 
Geological Province. 


YUKON 
TERRITORY 


Kennady Lake in the Northwest Territories, and 
Jericho in Nunavut. At least six different companies 
are involved. 


Exploration and Mining Differences 

Diamond exploration and mining in Canada are very 
different from most other countries. Not only is the 
climate harsh (winter temperatures of —40°C are 
common), but there is also very little infrastructure, so 
all materials are moved to the projects via winter ice 
roads. In addition, glaciers have resulted in diamond 
indicator minerals being dispersed for great distances, 
the kimberlites being covered with glacial deposits 
(e.g., till) in some places, and in most cases the occur- 
rence of kimberlites under lakes (because the glaciers 
preferentially eroded the kimberlite pipes, resulting in 
depressions that are now filled with water). Last, most 
of the pipes found to date in the Northwest 
Territories have a small surface expression—typically 
less than 2 ha (~5 acres)—which makes them more 
difficult to locate (thus requiring modern geophysical 
exploration methods). By comparison, for example, 
the Orapa mine in Botswana extends over 100 ha. If 
Canadian diamonds are more difficult to reach, they 
are definitely worth the effort because of their high 
quality, with up to 30% gems in the pipes slated for 
production thus far. 


Business Climate 

Doing business in Canada’s North is also different 
from anywhere else in the country, and perhaps the 
world. A large proportion of the population in the 


Arctic region is aboriginal. Many of the First Nations 
located in the Northwest Territories are actively 
involved in land claim settlements and self-govern- 
ment agreements, which give them decision-making 
powers over land use and resource development. 

The three northern territories enjoy a special rela- 
tionship with the government of Canada, a relation- 
ship managed by the Department of Indian Affairs 
and Northern Development (DIAND). DIAND is a 
key player in the North. Three of its key objectives 
are to: 


¢ Foster the political development of 
the North 


¢ Promote sustainable development 


* Strengthen Canada’s international presence 
among circumpolar nations 


Although these complex issues will not be dis- 
cussed here, one recent event—the establishment of 
the territory of Nunavut—deserves mention. It 
demonstrates the approach Canada is taking with 
respect to the political and economic development of 
the North. 


Nunavut 

On April 1, 1999, the map of Canada was redrawn 
with the creation of Nunavut—a vast new territory in 
the Eastern Arctic (again, see figure), which is populat- 
ed by about 25,000 people of whom 85% are Inuit. In 
partnership with their non-aboriginal neighbors, they 
will run a public government for all of the Nunavut 
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residents, one that will clearly reflect the cultural 
makeup of the territory. Inuktitut, the aboriginal lan- 
guage, will be the working language of the govern- 
ment, and many of its programs and policies will 
reflect their traditional knowledge and customs. 

Like all Canadians, Northerners want and need 
jobs and business opportunities. They want and need 
an economy that will support them and their chil- 
dren. They want and need sustainable development 
that addresses both the economic and cultural health 
of aboriginal communities, where the population 
growth is double the Canadian average. However, 
they are not prepared to risk the health of the envi- 
ronment, their own physical health, or their cen- 
turies-old traditions for the sake of a mine that may 
not last longer than 20 years. This notion of sustain- 
able, responsible development is more and more 
shaping the government’s view of mineral develop- 
ment in the North. 


Environmental Assessment and the 
Engagement of First Nations 

The proposal to develop the Ekati diamond mine trig- 
gered the most rigorous environmental assessment of a 
mining project ever in Canada. Working together as 
partners, the governments, mining industry, aboriginal 
communities, and public built on the findings of a 
public panel to negotiate a mine-specific regulatory 
regime and benefits package that meets the needs of 
Northerners in general, and aboriginal people in par- 
ticular. The final arrangement included: 


¢ An environmental agreement between 
BHP Diamonds Inc. and both the federal 
and territorial governments 


¢ Impact and benefit agreements that commit 
BHP Diamonds Inc. to provide jobs, busi- 
ness Opportunities, training, and annual 
cash payments to the communities over the 
life of the mine 


¢ A socioeconomic agreement, to ensure that 
the benefits of diamond development 
extend to all residents of Canada’s North 

¢ A water license, an action that is common 
to every mine 
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* Six land leases that provide an enforcement 
mechanism for certain obligations in the 
agreement 


Another innovative aspect of this agreement was 
the creation of an independent monitoring agency to 
ensure compliance by Ekatt Diamond Mines and the 
governments in meeting their obligations related to 
environmental management and reporting activities. 
Aboriginal people play a key role in the agency, and 
appointed four of the seven members. 

Today, the Ekati mine is up and running. About 
700 people are employed, and a stream of social ben- 
efits is flowing into the North at an increasing pace. 


Diamond Manufacturing 


Through an agreement between Ekati Diamond 
Mines and the government of the Northwest 
Territories, roughly 3% by weight, but 10% by value, 
of rough diamonds from the Ekati mine are available 
for local manufacturing in the North. The territorial 
government, backed by the federal government, is 
finding ways to establish local cutting and polishing 
operations. For example, the government of the 
Northwest Territories has attracted Sirius Diamonds 
Ltd. of Victoria, British Columbia, by providing 
testing equipment and other assistance. Other manu- 
facturers are expected to follow. Jewelry making is 
the next logical step in the development of value- 
added diamond industries in Canada’s North, and 
ways to create other such opportunities are being 
examined. 


Conclusion 

This snapshot of Canada’s diamond industry is, admit- 
tedly, intended to stimulate interest in mining oppor- 
tunities in Canada. When you consider the North’s 
immense diamond potential, Canada’s mineral rights 
disposition and tenure system (which promotes 
exploration and mineral development), a reasonable 
tax regime, as well as the technical expertise available, 
you cannot help but conclude that Canada’s North is 
a good place to do business. With this excellent 
exploration and mining environment, it is inevitable 
that Canada will play a major role in the diamond 
industry in the next millennium. 


Russian Diamond Sources 


N.V. Sobolev 
Institute of Mineralogy and Petrography 
Russian Academy of Sciences, Siberian Branch, Novosibirsk, Russia 


HE HISTORY OF DIAMOND production 
in Russia began in 1829 with the discovery 
of alluvial diamond deposits in the northern 


Ural Mountains (see location “U” on the inset map). 
However, it was not until 1954 that the first kimber- 
lites were discovered, in the Siberian craton of the 
Republic of Sakha (formerly Yakutia), as predicted by 
Professor Vladimir S. Sobolev in the late 1930s. 
Professor Sobolev’s prediction was based on the many 
geologic similarities between the South African and the 
Siberian cratons, including past magmatic activities. 
The vast Siberian craton, in which more than 800 
kimberlite bodies have been identified to date, covers 
more than 2,000,000 km?. The boundaries of the 
Siberian craton are shown on the main map, as are 
major kimberlite fields 1, 2, and 3, in which at least 10 
high-grade kimberlite pipes are currently being mined. 
Also indicated on the map (as no. 4) is the new Nakyn 
kimberlite field, which contains the recently discov- 
ered (in 1994) Botuobinskaya kimberlite. 
Approximately 98% of all diamonds mined in 
Russia come from Sakha, with the remaining 2% 
recovered from placers in the Ural Mountains. 
Within Sakha, 90% of the diamonds are mined from 
several Devonian age (345-362 My) kimberlite pipes. 
The main ones are Mir, Internationalaya, Aikhal, 
Sytykanskaya, Udachnaya, Jubileynaya, and Botuo- 
binskaya. Ten percent of the production is from the 
Anabar placers at the Ebelyakh River. Several pipes in 
the Muna field (no. 5 in the figure) are being prepared 
for mining early in the next millennium. Whereas 
open-pit mining has been the mainstay of the Russian 
diamond industry since its inception, plans are being 
made for the first underground mine, at the 
Internationalaya pipe, and another later at the Mir 
pipe; both are in the Malaya Botuobiya craton (see 


map). 


E-mail address: sobolev@uiggm.nsc.ru 


In the northern part of European Russia, the 
Arkhangelsk diamondiferous province on the East 
European (Russian) craton is being evaluated for its 
economic potential (see location “A” on the inset 
map). Since this province was discovered in the late 
1970s, several high-grade kimberlite pipes have been 
identified. It is likely that the Lomonossov kimberlite 
pipe will be the first to be developed, with production 
planned to begin early in the next century. 


On the inset map of Russia, the "U" represents the 
location of the first discovery of alluvial diamonds in the 
Ural Mountains and “A” represents the Arkhangelsk 
kimberlite field, which was first discovered in the 1970s 
and is expected to begin production early in the next 
century. The most important diamond-producing areas 
in the Sakha region of Siberia are shown on the larger 
map. In Sakha, the Siberian craton hosts the following 
diamondiferous kimberlite fields: (1) Malaya 
Botuobiya, (2) Alakit, (3) Daldyn, (4) Nakyn, and 
(5) Muna. The location of the Anabar placers of the 
Ebelyakh River is also shown (6). 
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Manufacturing 


The New York Diamond Market 


Hertz Hasenfeld 
Hasenfeld-Stein 
New York 


ew York’s Position in the 
Current World Diamond Market 
From its beginnings in the late 1800s, New 


York’s diamond industry has continued to grow and 
prosper as one of the most important of the world’s 
cutting centers. Supported by skilled craftsmen trained 
in Europe, augmented by a well-apprenticed labor 
force, compelled by high wage and labor standards in 
the New World, and fueled by aggressive product 
marketing, New York gained its foothold by supply- 
ing larger, well-made diamonds to the growing 
American—and international—consumer market. 
Today, with some 400 skilled cutters and approxi- 
mately 2,000 diamond merchants—concentrated in a 
single square mile in midtown Manhattan— New 
York continues in a dominant international role. Yet 
it faces critical decisions as to how it will maintain 
that role in the future. 

New York shares the title of “World Cutting 
Center” with Belgium, Israel, Asia (including the 
emerging China), and, of course, India. When these 
five centers are measured in terms of number of cut- 
ters, New York is by far the smallest. New York’s 
position, however, is maintained by the types of 
goods it cuts, the quality of the cutting, and the sig- 
nificance of the primary market it serves—the U.S. 
retail jewelry industry. 

From the onset, New York has had higher labor 
costs than other cutting centers (with the possible 
exception of Belgium), so its production had to be in 
goods appropriate to this situation. New York gained 
its reputation by cutting medium-to-larger goods with 
fine make, and such goods remain its strength today— 
well-cut rounds and fancies, usually 0.50 ct and above. 

New York is also an important trading center. In 
1998, over 97% of American diamond imports came 
through New York. The more than $6 billion in 
annual imports are distributed to other cutters, to 
wholesalers who are not sightholders, and to the 
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largest concentration of retail jewelers in the world— 
numbering some 40,000—from major chain stores to 
high-end specialty retailers. New York also distributes 
to wholesalers and retailers worldwide. 

Having reached more than $22 billion in retail 
jewelry sales in 1998, the U.S. jewelry market 
anchors New York as a significant player. With over 
60% of the typical retailer’s annual sales being in dia- 
monds or diamond jewelry, the U.S. retail market 
represented 36% of world diamond sales by value (see 
figure) and at least half of the world’s total diamond 
consumption by weight. The types of diamond goods 
produced in New York accounted for over half of 
USS. total consumption by weight. 

Because of the significance of the U.S. retail mar- 
ket, the U.S. consumer drives diamond production 
trends. Today’s consumer seeks higher-quality center 
stones, and there is an increasing awareness and 
demand for “Ideal” and premium-cut diamonds. The 
use of laboratory certificates in retail selling is increas- 
ing, with more emphasis being placed on cut quality. 


Challenges Facing the 

New York Diamond Market 

To maintain its current status in the world diamond 
market, New York must address the following chal- 
lenges: 


1. Spot shortages 

2. Labor costs 

3. Globalization 

4. Competition for high-end cutting 


Spot Shortages. The polished diamond market of 1999 
has proved to be an interesting conundrum. 
Weakness in demand for small sizes (i.e., up to 1 ct) is 
counterbalanced by extreme shortages in the 1.25+ ct 


E-mail address: office@hasenfeld-stein.com 


categories. Certain sizes, such as 1.70s and 2.50s, have 
virtually vanished. 

The underlying reason for this situation is that the 
supply line for much of the “outside” rough in recent 
years, which originated in Russia and Angola, has vir- 
tually disappeared. Most of the rough in today’s mar- 
ket comes from traditional (and legal) channels. De 
Beers has regained firm control of the rough markets, 
especially in the larger sizes. In fact, at the most recent 
sights, premiums on boxes of larger-size rough were 
8%—15, numbers that were unheard of in recent 
years. New York, as the first line of defense for the 
retail jeweler, must continue to procure the difficult 
sizes. Otherwise, jewelers will turn to Antwerp and 
Israel in hopes of finding such goods. 


Labor Costs. Over the past three decades, Israel and 
India have emerged as important cutting centers. At 
the same time, we have seen centers such as Hong 
Kong and Thailand fade almost as quickly as they 
emerged. While the cheapest goods will continue to 
be cut in various developing nations around the globe, 
New York must focus its industry on cutting goods 
worthy of the talent and expertise of its labor force. 

New York is also augmenting human labor with 
automation. Automatic diamond cutting has evolved 
dramatically since the first machines were used in Israel 
in the 1970s. Today, a machine is capable of cutting a 
diamond—with the exception of the star facets —with 
perfect polish and symmetry and with no additional 
weight loss, compared to human labor. Automation 
ensures better consistency, an attribute demanded in 
branded diamonds. It also helps address some of the 
consumer issues regarding diamond cut, the last quality 
factor to become quantifiable. 


Globalization. With today’s telecommunications, 
overnight deliveries, and international travel facilities, 
New York is no longer insulated by the Atlantic. Not 
only are diamonds supplied to the American market 
by other cutting centers, but New York also services 
other international markets. New York has estab- 
lished strategic international links for the American 
retailer through brokers and partnerships in overseas 
centers. Diamond trading in the U.S. now requires 
memo service and next-day delivery. To overcome 
time zones, progressive retailers look for electronic 
access to existing inventories, including on-line pric- 


cance of U.S. Retail 


The U.S. dominates world diamond sales. For 1998, 
it represented 36% by value. 


ing and ordering. U.S. retailers also require credit. 
Fortunately, the New York Diamond Market is in a 
strong financial position. 


Competition for High-End Cutting. The diamond 
manufacturing technology available to New York is 
also available to the rest of the world. As skill and 
experience increase in other cutting centers, New 
York has seen increasing competition from those cen- 
ters for the larger, better rough. In response, New 
York must conscientiously protect its role in fine 
make by providing more premium-cut goods for the 
American market, along with the diamond-grading 
reports that authenticate their cutting quality. 


Concluding Remarks 


As a relatively small and tight center, New York 
maintains the ability to adjust to consumer trends and 
service special requests. Because of their depth of skill 
and experience, New York cutters can shift produc- 
tion to different shapes, sizes, and features as the mar- 
ket demands. In addition, New York can respond to 
custom orders and recutting requests. Although it is 
impossible to curtail the developing skills and 
resources of other centers, a keen awareness and sen- 
sitivity to the needs of the American retailer will help 
protect New York’s position as the diamond supplier 
to this important constituency. New York is indeed 
poised for the new millennium. 
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The Antwerp Diamond Sector 


Marcel Pruwer 
International Economic Strategy Consulting 
Antwerp, Belgium 


ith a yearly turnover of around $20 billion, 
Antwerp handles more than 80% of the world’s 
rough diamonds, and half of its polished dia- 
monds. It is the undeniable capital of the world’s dia- 
mond trade, continuing a tradition of cutting, trading, 
and financing that started in Bruges over 500 years 
ago. Antwerp’s diamond volume is a reflection of its 
key role in the diamond pipeline. There are well over 
1,000 active diamond manufacturing and trading 
companies in Antwerp, some of which are the largest 
in the world. The Antwerp sector accommodates a 
global business comprising 70 million pieces of dia- 
mond jewelry at an average of $750 per piece. This 
amounts to a total retail value of $50 billion and a 
wholesale polished diamond value of $12 billion. 

For centuries, diamonds and the diamond indus- 
try were clouded in mystery, myth, and the magic 
released by artisan gem cutters. Today, the diamond 
trade is driven by computers, lasers, leading-edge sci- 
ence and technology, and the Internet. While 
Antwerp’s cutting tradition has felt the impact of 
competition from low-cost cutting centers, such 
competition has raised the local standards of skills and 
technology with tremendous increases in the efficien- 
cy of all operations. 

For years, the international diamond trade operat- 
ed in an environment largely protected by De Beers. 
Recent experience and De Beers’s new commercial 
stance reveal the weakness of a production-based, 
rather than market-driven, strategy. The vicious 
impact of the “reverse ripple effect” (i.e., downstream 
market conditions—whether good or bad—are 
inevitably exaggerated in the cutting centers) can be 
devastating. More positively, contending with critical 
change and challenge is illuminating. A self-examina- 
tion analysis (SWOT—Strengths, Weaknesses, 
Opportunities, and Threats) defines several issues that 
merit attention, including commoditization, erosion 
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of profit margins, treatment and disclosure, branding, 
unprofessional conduct and ethical standards, corpo- 
rate transparency, the discount syndrome, credit and 
memo excesses, and far too little creativity in style, 
design, and merchandising. Antwerp is very aware of 
current threats to the global diamond industry. 
Accordingly, Antwerp is now re-inventing itself with 
vitality, gaining new insight, vision, and clients, and 
developing new business strategies. 

Today, Antwerp is positioned perfectly to be the 
partner of choice for diamond dealers, distributors, 
manufacturing jewelers, retailers, other cutting cen- 
ters, and downstream stakeholders around the world. 
The city benefits from the presence of the financial 
pillars of the diamond industry, Antwerp Diamond 
Bank and ABN-AMRO. Indicative of Antwerp’s 
strength and position, as well as the quality of its 
infrastructure, is the fact that it is headquarters to the 
World Federation of Diamond Bourses and the 
International Diamond Manufacturers Association. 
The HRD (Diamond High Council) is being 
revamped through a process of modernization under 
its new director-general, Peter Meeus. Antwerp’s four 
diamond bourses, the oldest in the world, lead the 
global industry in developing dispute resolution and 
arbitration procedures. 

In July 2000, the city will host the Antwerp 
World Diamond Congress, a major platform for 
addressing the challenges that face the global diamond 
industry. With the implementation of forward-think- 
ing and constructive development strategies, Antwerp 
diamantaires believe there is no reason why diamond 
jewelry could not be a $100-$150 billion world mar- 
ket given the right design, merchandising, and pro- 
motional approach. Antwerp is picking up the pace. 
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The Indian Perspective: 
Challenges and New Developments 


M. A. Mitchell 
Argyle Diamonds 
Perth, Australia 


ARLIER THIS YEAR, ARGYLE DIAMONDS 
PA celebrated its 10th year of operating in India. I 
have, in fact, been going to India for the last 20 
years, visiting factories, meeting with diamond indus- 
try representatives and, of course, selling diamonds. 
The last 20 years have been a period of great chal- 
lenge, opportunity, and growth in the Indian dia- 
mond industry, a period during which Indian manu- 
facturers reached a position of dominance. Let me 
remind you of how far the Indian diamond and jew- 
elry manufacturing industry has come and what has 
been accomplished. 


* Today, more than 100 Mct (million carats) per 
annum of rough diamonds are processed in 
India. 


Approximately one million people are directly 
employed in the Indian diamond industry, and 
many more support their activities. 


The first laser machines were introduced into 
India in the late 1980s. Today, there are more 
than 400 lasers in operation. 


19 out of 20 diamond polishers in the world 
reside in India. 


* Indian polished exports have more than doubled 
in the last five years, to over US$5 billion. 


* India is now the leading exporter of polished dia- 
monds in terms of both value and volume. 


Today, exports of diamond jewelry from India 
are approaching $1 billion, up from $155 million 
in 1990. 


Whichever way you look at it, the growth in the 
Indian diamond and jewelry manufacturing industry 
has been one of modern India’s great success stories. 


Elements of India’s Success 


Let us now look at the elements of this success and 
what they might mean for the new millennium. 


Purchasing and Financial Strength. Security of supply 
has always been critical in the diamond industry. The 
Indian manufacturing industry has excelled by estab- 
lishing an efficient infrastructure to ensure a stable and 
growing supply of rough diamonds, accompanied by 
the financial capacity to fund these purchases. 

Today, Indian diamond manufacturers have pur- 
chasing offices in the world’s major trading centers— 
Tel Aviv, Mumbai (Bombay), and Antwerp. The 
Indians also regularly visit Russia and Africa to secure 
supplies. Whether they are buying through CSO 
sights (and there are 40 Indian sightholders) or on the 
open market, the Indians are well organized and have 
the business acumen to ensure continuity of supply 
under any scenario. 


Ability to Process a Wide Range of Product. The Indian 
manufacturing industry has the skills and capability to 
process any type of rough diamond. For a long time, 
India manufactured rough rejections that were both 
labor-intensive and extremely difficult to process. 
Cutting and polishing these “rejections” provided a 
sound basis for learning how to get the most out of a 
rough diamond. It also positioned the Indian dia- 
mond industry for manufacturing the difficult large- 
scale Argyle production that commenced in the early 
1980s. Cutting and polishing the Argyle product pro- 
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vided further skills development and product under- 
standing. 


In the early days when I visited Indian factories, 
they were essentially part of a cottage industry. In a 
relatively short time, traditional Indian diamond-cut- 
ting skills have been enhanced enormously by the 
rapid adoption of technology such as diamond- 
impregnated cutting wheels and automated polishing, 
in addition to laser sawing. As a result, the Indian 
manufacturing industry is now in a position where it 
can process the full range of rough, from very small, 
low-quality stones to the more expensive and larger 
products. In fact, many diamantaires in other cutting 
centers are increasingly subcontracting their cutting 
and polishing activities to the Indian industry. I antic- 
ipate that we will see the Indian industry increasingly 
dominate manufacturing across the full range of dia- 
monds and diamond jewelry. 


Global Marketing and Distribution Systems. The Indian 
diamond industry has excelled in the worldwide mar- 
keting and distribution of both loose polished stones 
and, more recently, diamond jewelry. Now, not only 
can they effectively acquire a wide range of rough and 
manufacture it competitively, but they also can sell it 
successfully on a global scale. Family members in 
Indian companies are mobilized to provide an 
unprecedented level of vertical integration and super- 
efficient communications. To give you an example, 
one of our key customers buys Australian rough from 
our Antwerp office, cuts and polishes it in Mumbai, 
has a jewelry factory in Surat, and distributes both loose 
polished stones and diamond jewelry in New York. 


These three success factors combine to produce a 
typical Indian product that represents high quality and 
low cost. For retailers, this translates into better mar- 
gins. For the end consumer, it means more value for 
the money. This is the only formula for success in an 
increasingly competitive environment. 
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The Millennium Challenge 


The strong growth over the past 25 years has secured 
a great future for the Indian diamond industry. India 
is likely to see an even larger market share, as it con- 
tinues to dominate diamonds and diamond jewelry. 
The global environment in which the Indian dia- 
mond manufacturing and jewelry industries now 
operate is unlikely to change in the foreseeable future. 
That is: 

¢ Low inflation 

° Increasing competition 

¢ Shrinking margins 

* A shortened distribution chain 

There is no room in the chain unless you can add 
value. The search for improved value and profitability 
is relentless. 

In this environment, I see the challenges as two- 
fold: (1) the possibility of new players entering the 
retail market, and (2) the possibility that large-scale 
manufacturers of diamonds and diamond jewelry will 
distribute directly to consumers through the Internet. 

As the Indian powerhouse searches for further 
growth opportunities, we may see a greater number of 
Indian companies in the retail business; after all, they 
are already financing a large part of the stock in the 
retail and jewelry manufacturing pipeline. 
Alternatively, the move to Internet marketing is a logi- 
cal next step to complete integration. If retailers are to 
meet the challenge of this sort of competition, then 
they need to look at new ways in which they can dif- 
ferentiate themselves and add value for their customers. 

These are exciting times. Argyle Diamonds (the 
world’s largest diamond mine), India (the world’s 
largest diamond manufacturing industry), and the 
United States (the world’s largest consumer market 
for diamond jewelry) have come a long way together. 
The journey is not yet complete, and we look for- 
ward to working together to meet the challenges of 
the new millennium. 
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to the centre of the pearl. The struc- 
ture of the outer layers appeared to 
be cireular while that of the core 
showed both circular and radial 
markings. It is hoped that this pearl 
will be examined microscopically in 
thin section. Through the courtesy of 
a friend, an X-ray powder photo- 
graph of scrapings from P-70 (large- 
ly from the centre) was obtained. 
It is of interest to note that this 
photograph showed the presence of 
both calcite and aragonite. 


The line of separation between the 
mother-of-pearl core and the outer 
nacre in the radiograph of the cul- 
tured pearl (P-71) is not as distinct 
as one would wish, although it is 
more definitely outlined in the origi- 
nal negative than in Figure 6. There 
was little doubt from the original 
radiograph that the pearl was cul- 
tured. 


P-70-1 
Figure 7 


The radiograph of the small pearl 
(P-72) shows not only a distinct line 
of separation between the outer lay- 
ers and the core but a rather less 
dense centre than usual. 

Diffraction photographs of the 
three pearls are reproduced in Fig- 
ures 7, 8, 9. Unfiltered tungsten 
radiation and a specimen-to-film dis- 
tance of about 3 ems. were used in 
each case. 

Only one orientation of the bro- 
ken pearl relative to the X-ray beam 
was possible, but the two photo- 


graphs of P-71 and of P-72 represent 
in each ease two mutually perpendi- 
cular positions of the pearl relative 


P-71-1 P-71-2 
Figure 8 


to the X-ray beam. Diffraction photo- 
graph P-70-1 shows broad hexagonal 
“spokes” on a diffuse background. In 
the original negative traces of what 
appear to be powder rings (possibly 
due to the calcite present) are visible 
towards the outer edge of the dif- 
fuse centre; two are discernible on 
the left of the centre in Figure 7. 


P-72-1 P-72-2 
Figure 9 


The diffraction photographs (P- 
71-1; P-71-2) of pearl P-71 indicate 
clearly that the specimen is cul- 
tured. A typical rectangular (fibre) 
diagram appears in P-71-1; a broad 
halo with faint hexagonal ‘“‘spokes” 
superimposed in P-71-2. The pearl 
was mounted, therefore, by chance 
with the X-ray beam approximately 
normal to the direction of the pseudo- 
hexagonal axes of the mother-of- 
pearl core for P-71-1 and approxi- 
mately parallel to these axes for 
P-71-2. 

(Continued on Page 876) 
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Diamond Manufacturing and Distribution: 
The Israeli Perspective 


Shmuel Schnitzer 
Israel Diamond Exchange and M. Schnitzer & Co. Diamonds 
Ramat-Gan, Israel 


T PRESENT, THE ISRAELI DIAMOND industry 
is enjoying an upswing period, and I have 
good reason to believe that this momentum 


will continue well into the year 2000. 

Last year (1998), De Beers reduced its worldwide 
rough supplies by 28%. As Israel’s annual consump- 
tion of rough diamonds is equivalent to more than 
70% of the CSO’s annual sales, it is clear that CSO 
policies affect the Israeli industry each and every day. 
However, in 1998, Israel’s exports of polished dia- 
monds declined by only 11.5%, to $3.65 billion. 
Actually, we have no complaints about the reduction 
in volume of rough because, as partners to our rough 
suppliers, we realize that we also had to make a con- 
tribution to the welfare of the entire industry. 

This year, we believe that polished exports will 
approach $4 billion. The success of De Beers’s policies 
should cause prices of polished diamonds to firm, espe- 
cially in the latter part of the year. Today, 62.8% of all 
our direct polished exports are destined for the United 
States. We estimate that an additional 15% of our 
exports to other countries eventually end up in the 
US. In the first half of 1999, we saw our exports to 
Hong Kong, which is a virtual barometer, increase by 
11%. We also see encouraging buying activity from 
Japan. Fueled by a stronger yen, Japan’s polished 
imports rose by 21% in the first quarter of this year. 
This suggests that the Japanese market remains very 
important, and the purchase of diamond jewelry 
remains an integral part of that country’s consumer 
behavior. 

As a result of this improved situation, 25 new dia- 
mond factories have opened in Israel over the past 
few months. That is the other part of the so-called 
ripple effect: When the pendulum swings back— and 
we have already felt the effect of a shortage of 


goods — the improvement is fast and decisive. 

We have every reason to believe that we should 
be truly optimistic about the future. Even with new 
sources in Canada, and with the expansion of production 
in Botswana, it is clear that demand for quality diamonds 
will greatly surpass the growth in new rough supply. 
New markets will fuel the expansion of the diamond 
business. The greatest hope lies, I believe, in the Chi- 
nese market, which is likely to be the world’s most 
attractive market at the onset of the new millennium. 
We also anticipate other promising new markets, such 
as Eastern Europe, India, and South America. 


The Israel Diamond Exchange, in Ramat-Gan, is an 
important hub for the Israeli diamond market. It is 
estimated that polished exports from Israel could reach 
almost $4 billion in 1999. 
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The Effect of International Economic 
Developments on the Diamond Market 


Carl Pearson 
Econunit 
London 


HE DIAMOND MARKET, like many other 
markets, is confronted with a rapidly chang- 
ing competitive landscape (see figure). 


Profound shifts in the international business environ- 
ment during the 1990s have had (and no doubt will 
continue to have) far-reaching effects on the diamond 
industry. In particular, globalization and rapid techno- 
logical change are transforming the world economy. 
The old models of doing business are having to adjust 
to new realities. In the new economy, there are no 
friends or enemies, just competitors. 

In the 1980s, companies began to apply principles 
of sustainable competitive cost advantage on a global 
scale. In diamonds and jewelry, firms moved to set up 
and utilize manufacturing capacity in Asia and, to a 
lesser extent, Latin America. In the 1990s, global 


Powerful and diverse forces will mold the 
diamond market of the future. 


Global Forces: The Diamond Market 


Market Growth & Volatility 
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competition in the diamond business has intensified, 
exacerbated by overcapacity and a slowdown in retail 
demand worldwide. Focused marketing and access to 
diverse and competitive supply sources have become 
the main considerations in maintaining profit margins. 

Also, the market dynamic has shifted from Asia to 
America. The dependence of the diamond industry 
on the US. is striking. The U.S. has not had such a 
big share of the world retail market for 30 years or 
more. Whereas America suffered from the strong yen 
in the 1980s, the Japanese and Asian markets have 
suffered from the strong dollar in the 1990s. 

After the ups and downs of the past few years, sup- 
ply and demand are in better balance and there is 
undoubtedly room for growth in the world diamond 
market, with considerable untapped potential. 
Margin pressures will no doubt remain, but globaliza- 
tion and new technologies will bring opportunities, as 
well as challenges, for both small and large firms. 

In a changing world, the diamond business is for- 
tunate to have strong and vigilant global institutions, 
such as GIA. New technologies and new treatments 
bring new threats to the market. Anything that 
harms the integrity of the industry has to be resisted. 
Supporting GIA, therefore, has to remain a priority 
for everyone. 

Finally, spare a thought for De Beers. They, too, 
are having to come to terms with globalization, com- 
petition, and the changing supply-demand balance. 
At the 1991 Symposium in Los Angeles, I noted that 
the diamond business depends on confidence—confi- 
dence in the product and confidence in the system of 
marketing. Despite all the changes in the world since 
then, I have no reason to alter my opinion. 


E-mail address: carl@econunit.com 


Diamond Economics: A Dynamic Analysis 


Martin Rapaport 
Rapaport Diamond Report 
New York 


HE DIAMOND INDUSTRY is undergoing 
unprecedented change and development. 
New information technologies will revolution- 


ize the distribution system and play havoc with tradi- 
tional profit margins and marketing strategies. The 
rough- diamond markets and De Beers Central Selling 
Organisation (CSO) will be forced to reinvent them- 
selves, as global economic forces play a greater role in 
dictating polished diamond prices. The fundamental 
economics of the diamond industry will change, as firms 
look for new ways to generate profits in an increasingly 
complex global marketplace. Firms will have to adopt 
new strategies and new ways of doing business if they 
are to succeed in the diamond markets of the future. 

Some people still complain that certificates and 
price lists have destroyed profit margins in the dia- 
mond industry. Pray tell, how will these same firms 
adapt to the information revolution now taking place 
on the Internet? The availability of specific pricing 
and inventory information to consumers is growing 
exponentially. The old days when you could make 
money because consumers did not know diamond 
prices or quality are over, kaput, gone. 


The Importance of Adding Value. The only way 
a firm can make money in the diamond business is by 
adding value to the diamond product. Jewelers who 
think they can make “traditional margins” by simply 
placing a diamond into a four-prong setting are 
dreaming of the past instead of planning for the 
future. Firms can and must add value to the diamonds 
they sell—through better design, customer support, 
education, branding, and hundreds of other ways. We 
must recognize that the cost of selling and shipping 
diamonds to consumers via the Internet is significantly 
below the cost of traditional retailing, so Internet sellers 
can move diamonds at margins well below those that 
any in-store retailer can afford. While jewelers can 
compete on the Internet, they cannot compete with 
the Internet. Traditional jewelers must define exactly 
how they are adding value to the diamonds they sell. 


Diamond Pricing Will Change. The diamond 
industry is unique. Rough diamond prices are now 
controlled by the De Beers CSO, while polished dia- 
mond prices are established in a free market. The dia- 
mond trade often finds itself in an untenable position 
because rough prices are not adjusted downward 
when polished demand declines. Consequently, 
rough prices are sometimes higher than polished 
prices. In this scenario, diamond manufacturing is 
unprofitable and cutters put tremendous pressure on 
retailers for higher prices, even though there is insufh- 
cient demand to justify them. 

The imbalance between rough and polished prices 
and the resultant lack of profitability for diamond cut- 
ters is a primary CSO problem: When cutters do not 
make money, they cannot buy rough and the CSO 
stockpile increases. The CSO is currently undergoing 
a strategic review that will undoubtedly conclude that 
they should maintain a profitable relationship be- 
tween rough and polished prices. If they follow this 
course, polished prices will drive rough prices, and 
diamond pricing will be beyond their control. 

It is reasonable to expect that the CSO will modi- 
fy their powerful role in diamond pricing over the 
next few years. They will give higher priority to lim- 
iting the size of their stockpile than to controlling 
prices. More than ever before, the industry will have 
to self-regulate prices and deal directly with problems 
that result from increased diamond price volatility. 

In conclusion, the diamond trade is entering a 
period of great transition. We should expect signifi- 
cant change in all sectors—from the mining and 
wholesale distribution of rough to the retail distribu- 
tion of polished. Our challenge is to confront these 
changes head-on. To turn adversity into opportunity. 
To find new ways to participate in the exciting mar- 
kets of the future. 


E-mail address: rap@diamonds.net 
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The Diamond Distribution System 


Eli Haas 
Diamond Dealers Club 
New York 


HE DIAMOND INDUSTRY has undergone 
wrenching changes in the past decade— 
from the way rough diamonds are mined and 


marketed, to the way they are polished and eventually 
sold to consumers by retailers. The only thing we can 
predict with any certainty is that changes will contin- 
ue to occur, but they will arrive much more rapidly 
and they will require enormous adaptability at every 
level of the industry. 

Currently, the diamond industry is shaped like a 
funnel. Diamond production comes from all over the 
world, then funnels down into the narrow distribu- 
tion channels of rough diamonds that eventually reach 
the cutting centers. Today, something close to 70%— 
and probably nobody outside of the Central Selling 
Organisation knows the exact figure—of the world’s 
rough diamonds are distributed through De Beers. 
Most recently, we saw Russia sign an agreement with 
De Beers. Only a few months ago, De Beers also 
signed an agreement to sell 35% of the production of 
Canada’s Ekati mine. As much as we would like to 
avoid a well-worn subject, De Beers is still the funnel 
through which diamonds reach the rest of the indus- 
try, and it would be foolhardy to ignore that fact. De 
Beers influences everything that happens in the dia- 
mond industry, all the way down to the retail level. 

Although the current arrangement is monopolis- 
tic, it does provide stability. First, our industry bene- 
fits from the well-funded De Beers marketing cam- 
paign. Then consider the steadying influence of the 
single-channel marketing system for rough diamonds, 
as we saw after the Asian economy collapsed in 
October 1997. In a normal competitive environment, 
diamond prices (both rough and retail) would have 
fallen 30%—40%. Korea was hit especially hard, yet 
Korean consumers were still able to convert their dia- 
mond jewelry into money at a reasonable approxima- 
tion of what they paid for it. Other valuable com- 
modities—real estate, cars, furs, artwork—fell to 
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one-half, one-third, and sometimes one-fifth of their 
original value. Over and over, those consumers said 
that the first thing they’d replace when the economy 
turned around would be their diamonds. We can take 
some comfort from that. 

It sounds like a rosy picture, but will it actually 
remain this way? Can we count on the status quo to 
continue? De Beers is undergoing a massive manage- 
ment review of its entire structure, and its leaders are 
considering the fundamental question of whether 
they want to, or even have the ability to, continue 
the single-channel marketing system into the 21st 
century. The answer to that question will determine 
how most of us in the industry will fare in the future. 

It has been said that “Change is the great equaliz- 
er,” but I have to disagree in this case. If De Beers 
decides to give up the single-channel distribution sys- 
tem, this change will not equalize the playing 
ground—it will rewrite the rules of the game. Some 
people will benefit from it, but others undoubtedly 
will lose. De Beers, no longer a monopoly but a 
competitor, would be a dominant competitor, with 
extensive resources and an enormous advertising bud- 
get. De Beers would have the ability to integrate ver- 
tically into every retail niche that’s been carved. 
Supply channels for polished diamonds would narrow 
dramatically. Polished diamond distribution would 
become every bit as controlled as today’s rough dia- 
mond distribution is. If such a scenario unfolds, many 
retailers will be left out of the picture altogether. 

Nevertheless, the general outlook in the USS. is 
very positive. As long as the economy remains strong, 
we can expect vigorous and healthy diamond and 
jewelry sales. 
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Retail Markets and the Growing 
Global Significance of Branding 


Russell Shor 
GemKey USA 
New York 


rom the 4 Cs to Commoditization 
S, For centuries, buyers and owners of diamonds 
valued them strictly for their beauty as measured 


by the 4Cs, the pleasure they brought the wearer, and 
the awe and envy they inspired from those around the 
wearer. That situation reached its peak about 20 years 
ago, until the great commodity boom of 1980, when 
newspapers were full of talk about $800 gold and “dia- 
mond investments”: A one carat D-flawless sold for 
$62,000, and pundits said it was cheap at twice the 
price. The investment boom didn’t last very long, but 
its legacy—in the form of an increasing dependence 
on laboratory grading reports and price lists—changed 
the diamond market forever. Publisher Martin 
Rapaport got his start in 1978, when prices were rising 
faster than he could put them into print. On the sup- 
ply side, diamond production more than doubled in 
the 1980s; at the same time, worldwide demand 
tripled, thanks to the economic boom in Japan and, 
eventually, throughout the rest of Asia. 

But what should have been a diamond manufac- 
turers’ paradise was tempered by cutthroat price com- 
petition, discounting, and that dreaded word—com- 
moditization—that is, the selling of diamonds by certifi- 
cate and price list at much lower margins, as little as 
20% in some cases. Retailers played one supplier off 
against another, with the result that margins and cash 
flow fell into a downward spiral that only recently 
appears to be bottoming out. 

Now the Internet can complete the process by 
making the purchase of diamonds almost automatic. 
A recent check of the eBay on-line auction compa- 
ny, for example, listed 1,432 diamond items, ranging 
from $19.95 to $7,000. GemKey lists more than 
$150 million worth of diamonds and gemstones each 
day on its trading network. And that’s just to the 
trade. 


And Quality Cuts 


Quality retailers and their key diamond suppliers, 
being resourceful businesspeople, evolved a strategy to 
fight back: They offered quality cuts such as “ultra- 
Ideals,” which weren’t governed by certificates. 
Cutters created new and proprietary cuts such as the 
Gabrielle, the Radiant, and many others that could 
not be checked easily against a lab report or in the 
Rapaport Report. Their aim, besides raising profit mar- 
gins and reintroducing “distinctiveness,” was to 
reestablish the diamond as a symbol of romance and 
prestige in an age where Wal-Mart sells them along- 
side garden hoses and plastic dishware. 


And Now: Branding 


The industry is just entering the next phase— 
branding—which is becoming a lot more controversial 
than the new cuts. It’s controversial because of the De 
Beers initiative (the “Millennium Diamond”), which 
many people in both retail and wholesale believe is an 
attempt by the “diamond giant” to seize control over 
the so-called downstream diamond market. 

De Beers claims that their research and that of oth- 
ers clearly demonstrates that consumers want branded 
diamonds and branded jewelry—whether it is by De 
Beers or another reputable company. And most will 
pay more to get a brand that means prestige and instills 
confidence that the buyer made the right decision. 

About four or five years ago, De Beers conducted 
an extensive consumer study about synthetic dia- 
monds. After the interviewer had explained what syn- 
thetic diamonds were—that is, actual diamonds made 
by man, as opposed to simulants such as CZ—most of 
the survey participants felt that a reputable jeweler 
could spot synthetic diamonds and would not pass 


E-mail address: russellshor@gemkey.com 


GEMS & GEMOLOGY Fatt 1999 53 


them off as natural stones. But that was most of the 
consumers surveyed—not all of them. A minority did 
not have such confidence, and they said they felt like 
“red meat” to a jeweler who possessed all of the 
knowledge. Also, De Beers found that many con- 
sumers would pass over diamonds for something else if 
they felt a jeweler could not spot the differences 
between synthetic and natural stones. It was this study 
that launched the initiative to develop synthetic dia- 
mond detectors and the branding program. 

Further, De Beers surveys found that consumer 
feelings about the “inviolability” of diamonds actually 
worked against branding at first. While jewelry buyers 
readily accept cultured pearls that have been tumbled 
and bleached and colored gems that have been heat- 
treated or irradiated, diamonds have to be pure and 
untouched. Consumers were worried that the mark 
would compromise the diamond’s quality. 

Since no company had undertaken such consumer 
research about diamonds before, almost all of this pro- 
ject was a trip into the unknown. Focus groups and 
questionnaires gave De Beers some clues, but by last 
year it was clear that most of these concepts had to be 
proved in the marketplace before further decisions 
could be made. This is what led De Beers to launch 
the trial marketing program of its branded diamonds at 
Boodle & Dunthorne, a British retail chain. 

The key questions were: (1) Will consumers accept 
a “marked” diamond, and (2) How much more are 
they willing to pay for one? Other questions addressed 
whether or not consumers wanted the “extra” reassur- 
ance of a serial number on their diamond and a De 
Beers in-house certificate that said the diamond was 
natural and untreated. 

The next step was to develop a sales training pro- 
gram for the Boodle & Dunthorne staff so they could 
properly explain what the brand meant and that the 
marking on the diamond was meant to enhance value, 
not compromise it. De Beers and Boodle & Dun- 
thorne began the program in July 1998 with a 10% 
premium over comparable unmarked diamonds. Since 
then, they have been steadily pushing that premium 
past 15%. According to De Beers, not one consumer 
has refused to buy a branded diamond because it costs 
more. In fact, Boodle & Dunthorne have decided to 
convert their entire inventory of diamonds over 30 
points to De Beers-branded goods—even complicated 
pieces such as multi-stone rings. 

Ultimately, De Beers hopes branding will increase 
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As part of De Beers’s marketing for the new millen- 
nium, the Mikimoto diamond feather brooch (with 
an 11.10 ct diamond as the centerpiece) was part of 
a collection featured at the “Diamonds Are Forever: 
The Millennium Celebration” gala event held in 
London June 9, 1999. Photo by Albert Watson. 


the size of the diamond market, not carve a bigger 
slice for retailers and sightholders selling its own 
branded diamonds. De Beers already sees this happen- 
ing in other luxury markets. For example, many con- 
sumers will pay $5,000 for a new Louis Vuitton flight 
bag even if they already have a flight bag, because it’s 
something new and exciting. In short, the brand drives 
the demand for the product as much as it does for the 
brand itself, according to De Beers. 

Last, some retailers, such as Cartier, have successful- 
ly built a store brand of their own. However, “third 
party brands” such as that offered by De Beers, other 
diamond houses, or respected industry groups (e.g., the 
American Gem Society or World Federation of 
Diamond Bourses) can be the global equalizer—ensur- 
ing quality standards and helping retailers who do not 
have great resources compete in the “branded” world. 


Diamone Markat 


A Manufacturer's Perspective 


Sean Cohen 
Rand Diamond Cutting Works (Pty) Ltd. 
Johannesburg, South Africa 


HE ENTIRE DIAMOND INDUSTRY is 
changing, and the rate of change is increasing. 
Notable within this changing industry is the evolv- 


ing role of the diamond manufacturer. Whereas in the 
past the manufacturer’s role was clearly defined as one of 
polishing diamonds and selling them at wholesale, now 
the manufacturer is entering an era of vertical integration. 
This involves purchasing the rough diamonds as close to 
the source as possible and then selling the polished stones 
as close to the ultimate consumer as possible. The era of 
vertical integration for diamond manufacturing will 
change the “mix” of manufacturers involved in the busi- 
ness and, concomitantly, it will have a large impact on the 
role of dealers and possibly retailers. 

The role of diamond manufacturers started to change 
back in the late 1970s, as the GIA Gem Trade 
Laboratory grading reports and Rapaport price lists grad- 
ually became accepted worldwide. Standardized grading 
and pricing allowed rough to be priced more tightly in 
relation to polished. At that time, many in the industry 
did not understand the effect that these reports and lists 
would have during an era of seemingly endless price 
increases for polished goods. However, with rough 
being priced ever closer to realizable polished value, 
manufacturers were forced to increase their yields to 
combat low margins. 

By necessity, this environment created significantly 
greater manufacturing efficiency. Yet, the cost savings 
generated were constantly being eroded by the ever- 
increasing prices for rough. To further combat the lack of 
profitability, manufacturers sought to increase turnover 
while maintaining their overhead. Increased turnover led 
to a glut of polished diamonds, as the greater capacity that 
had been achieved drove their demand for rough. This 
glut led to competition for sales, which resulted in the 
need for ever-longer credit terms and greater bank financ- 
ing. This situation has eroded many of the gains made by 
increased turnover and led to moribund prices for pol- 
ished diamonds. In addition, it has resulted in diamond 


manufacturers’ funding other sectors of the industry, in 
particular, the retail jewelry business. 

The economic crisis in Asia actually saved the dia- 
mond industry by injecting it with a strong dose of reality. 
As a result of the Asian crisis, companies and institutions 
related to the industry realized that the system by which 
the industry operated was unstable and unsustainable. 

As we look to the future, we see that the information 
age, which dominates commerce today, will bring many 
positive benefits. Not only has it already moved diamond 
manufacturers in the direction of vertical integration, but 
it also has produced a number of broad trends that will 
usher in a new era of profitability. 

First, enhancing efficiency by outsourcing services can 
create highly dynamic small firms. Like fish in the ocean, 
small firms need to react quickly if they are to survive. 
With the manufacturing efficiencies inherent in outsourc- 
ing and the nimbleness of small firms, we may see a signif- 
icant change in the dynamics of all manufacturing firms. 

Second, branding is here to stay. In the future, due to 
public demand and the widespread availability of dia- 
monds on the Internet, there will be a plethora of brands. 
As a result, there will be at least 20 different versions of a 
“G-VS,”, each with its own price point. The prices for 
polished goods will not be nearly as definable as they are 
now. If polished prices are variable, then the price gap 
between polished and rough will be greater, and there will 
be more opportunity for better profitability. The informa- 
tion age will, with the correct usage, bring profitability 
back to the industry. 

Last, diamonds have intrinsic value. Humans have 
been captivated by them for thousands of years. As long as 
there are human beings and luxury products, diamonds 
will be bought and there will be diamond manufacturers. 
With new marketing methods, diamond manufacturers 
will absorb an ever-increasing and profitable role within 
the diamond industry as a whole. 
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The U.S. Diamond Industry 


Benjamin Janowski 
Janos Consultants 
New York 


HE U.S. DIAMOND INDUSTRY enters the 
21st century with several history-making 
trends in full force. Most importantly, the U.S. 
has evolved from a manufacturing society to a ser- 
vice-based society, and now we are emerging as a 
communication- and information-based society. 
Soon, the consumer will have the ability to be fully 
informed on any subject, to reach multiple global 
sources with a speed and ease that will fundamentally 
alter any conceptions we now have about the way the 
world works. There will be no future for companies 
with business models and profits that rely on geo- 
graphic isolation, limited communication, or the 
ignorance or laziness of the consumer. 

The industry’s evolution has accelerated to a point 
where entire segments are at risk. Catalog showrooms 
have essentially disappeared, as have jewelry distribu- 
tors. The number of diamond importers and dealers 
has declined rapidly, while jewelry imports have 
grown just as fast. Suppliers of loose diamonds feel 
compelled to be in jewelry manufacturing, and they 
are finding the transition daunting because of the vast 
differences between the two businesses. At the same 
time, television shopping networks and wholesale 
clubs, once disparaged, are now sizable businesses. 
The Internet is causing distress mostly because it is an 
“invisible” opponent—there is no real estate to 
inspect. And this one has the power to dwarf any- 
thing we have seen. 

The supply side remains fragmented and faces dif- 
ficult times in a market that will value marketing and 
distributing power far more than purely manufactur- 
ing skills. Heavy competition, informed consumers, 
and excess capacity at all levels of the industry have 
caused shrinking margins for some years, and it is 
finally sinking in that margins are not going to 
improve within the present structure of the trade. 

To address the many new challenges facing the 
U.S. diamond industry, companies are pursuing any 
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device that raises visibility— especially consolidation, 
branding, and technology, but particularly the Internet. 
The aim is to dominate their market segment, and to 
increase productivity to the point where turnover— 
the sale of larger volumes—overcomes the lack of 
gross margin. 


Consolidation 


Consolidation, especially at retail, has reached a final 
stage. Television, like the wholesale clubs, has only 
four meaningful companies in jewelry. The mall jew- 
elry sector has seen some 40 operations disappear in 
the last seven to eight years. Only 10 or so chains will 
exist in the mall jewelry sector by 2005. Only suppli- 
ers with significant capacity in production, systems, 
and support will be able to service this sector. 

The days when any credit-worthy diamond com- 
pany could buy goods from prime sources appear to 
be ending. Prime goods are going to be channeled 
through a preferred value chain of distributors, manu- 
facturers, and retailers, and there will be a distinct 
effort to cut off competition. Nevertheless, small, 
innovative companies, who sense the public’s needs 
and who respond accordingly, will outperform large 
rivals, and may even undo them. 


Branding 


The fundamental nature of diamonds makes true 
branding particularly difficult, since a brand name can- 
not be ostentatious or visible on the principal prod- 
uct. Nevertheless, branding is going to have central 
importance for Internet sales, and that guarantees that 
considerable effort will be exerted to create successful 
brands. 

The De Beers brand has great potential, but we 
can be certain that many others will make efforts in 
this area. Although there will be few successful bran- 
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ders, we can expect a great deal of jockeying for posi- 
tion around those who do succeed. Cutters, jewelry 
manufacturers, importers, wholesalers, and retailers all 
will want strong alliances with the brander. Branding 
stands out as a singularly powerful tool for attaining 
size and profits, and it will be futile to fight the trend. 


Technology: The Internet 


The enormous capacity of the Internet will provide a 
quantum leap in the ability to communicate and to 
project image and personality. It is a mistake to imagine 
the Internet of the future as a faster, upgraded version 
of what we have now. We will have the “experience” 
of buying jewelry delivered to us in a manner that sur- 
passes almost any in-store experience we know. 

By 2005, 10%-—15% of the country’s jewelry busi- 
ness, or about US$6 billion, may be generated by the 
Internet, directly or indirectly. A new retail format that 
captures 15% of the business while still in its infancy 
will have an enormous impact on the status quo. Some 
are already saying that the diamond business as we 
know it is finished. Indeed, it is likely that, with regard 
to pricing, the Internet will produce the equivalent of a 
public bourse. Even the Rapaport list could fade out, as 
the Internet becomes the great equalizer. 

This new dynamic will require a new set of mar- 
keting skills, most critical of which will be producing 
sales velocity. Small family businesses, which histori- 
cally nurture their stocks and rely on relationships, 
may no longer be viable. Even now, with diamond 
lists available to retailers on Web sites, dealers have 
found that there is little loyalty, only a search for value. 

Jewelers need to view such an environment as an 
opportunity. If they succeed, we will see a revitalized and 
energized independent sector. 


What Are the Possible Scenarios We Face? 


Scenario 1. Supply Domination. The hope is that De 
Beers will be able to continue single-channel mar- 
keting, and rebuild a situation in which inventories 
make money by sitting on the shelf. De Beers will 
not relent in its pursuit of control, at least in better 
and larger goods, and it will seek success by funnel- 
ing stocks through a limited number of favored 
sightholders. 

However, this will be a multi-polar world, and 
unless there is a remarkable turnaround in producer 
sentiment, De Beers control of a high percentage of 


world diamond production is unlikely. 

Other major producers will build comparable net- 
works of large customers. In this scenario, a compa- 
ny’s position in the value chain will mean a great deal. 
All others will have inordinate difficulty finding the 
goods they need at a price that is affordable. 


Scenario 2. Retail Domination. The continuance of 
the present situation, in which retailers foster competi- 
tion among suppliers in order to extract the lowest 
possible price, could continue for years. Major retailers 
will connect directly with major sightholders (both 
within De Beers’s domain and outside it), and large- 
scale disintermediation will result as consolidation 
intensifies. Independent retailers will join the fray, 
with many of the stronger operations establishing simi- 
lar associations with the dominant suppliers. There 
would still be room here for relationships between 
retailers and mid-sized, established diamond compa- 
nies. However, the Internet could radically change the 
balance of retail power. 


Scenario 3. Distributive Domination. A number of 
wholesale suppliers establish powerful brands and find 
both manufacturers and retailers at their door. The 
Internet takes another piece, flattening the hierarchy 
and making distribution the most important and valu- 
able asset. In this scenario, verticalization and alliances 
attain any number of variations, and the distinctions 
between suppliers and retailers really blur. 


Scenario 4. No Domination. Everything happens, and 
doesn’t happen. There are enough sources of polished 
goods to satisfy any diligent buyer. Major chains con- 
tinue to consolidate, absorb weaker ones. Inde-pen- 
dents maintain the high ground in the guild business. 
Branding brings credibility and stability to the trade, 
and the threats of synthetics and treatments are dis- 
armed. The Internet grabs a large slice of business, but 
in its democratization it generates as much new busi- 
ness as it takes away. 


Watchwords 
The watchwords for the future will be efficiency, speed, 
innovation, and anticipation; not necessarily size, longevi- 
ty or deep inventories. Product will count less than mar- 
keting, and inventory might well be treated like a hot 
potato. 

Which scenario is the likely one? Take your pick! 
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Today and Tomorrow in the 
Japanese Jewelry Market 


Hidetaka Kato 
Kashikey Co., Ltd. 
Tokyo 


HE JAPANESE JEWELRY MARKET has 
experienced great changes in the past decade, 
including the shift from a seller’s to a buyer’s 


market. As a result, we need more skills to market our 
products. The present situation is a consequence of the 
economic slowdown that started in 1991 and has 
grown progressively worse. 

After extremely rapid growth in the 1980s, the 
Japanese retail jewelry market reached record sales of 
¥3.015 billion (US$22.8 billion at the average 
exchange rate for that year) in 1991, but by 1998 it 
had declined by almost half, to ¥1.595 billion 
(US$13.3 billion at the average exchange rate). This 
slowdown is also reflected in changes in Japan’s pro- 
portion of world diamond sales. Whereas in 1991 
Japan accounted for about 30% of the world’s dia- 
mond sales by value, this had fallen to 25% in 1997 
and probably reached its low point in 1998, at a mere 
18%; by comparison, the United States accounted for 
upwards of 40% of the world’s diamond sales last year. 
This decline was reflected in all sectors of the Japanese 
market. Furthermore, partly because of the increasing 
popularity of a new concept, the “simple wedding,” 
the acquisition rate for diamond engagement rings 
shrank from 76% in 1994 to 68% in 1998 for first 
marriages. 

However, improvement is on the horizon. During 
the first quarter of this year (1999), diamond imports 
increased by 20% compared to the same period in 
1998. This bodes well for continued recovery for the 
remainder of the year. 

During this long recession in Japan, companies have 
tried to find ways to survive. Some have taken extreme 
measures, such as restructuring, reducing costs, closing 
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under-performing retail outlets or excess facilities, and 
withdrawing from non-core or unprofitable segments 
of the jewelry business. Notwithstanding these efforts, 
some companies were forced to declare bankruptcy, 
including a few so-called top-ranked companies. 

In due course, the jewelry market in Japan will 
recover and thrive. However, I feel that it will never 
expand as rapidly as it did in the past, and that the 
retail jewelry market will become far more competi- 
tive. For all practical purposes, the Japanese jewelry 
market is mature and soon will be saturated. To be 
successful in such a market, major improvements will 
be required in retailing, merchandising, and presenta- 
tion skills, in addition to developing beautiful jewelry. 

Although most of these aspects of the retail jewelry 
industry can be evaluated quantitatively, the issue of 
emotion” is particularly important in Japan. We are 
seeing a trend in purchases away from those items that 
people buy for their usefulness and can replace easily, 
to those that they buy for some important reason and 
which have no substitute. It may represent a valuable 
memory, or it may be a symbol of some emotion. 
One such emotion is affection, which immediately 
conjures up the image of a diamond. Although this 
concept is well established in our market, its impor- 
tance will continue to grow. We know that we are 
selling not only a diamond, or a piece of jewelry—but 
also a dream. 

Nevertheless, we in Japan are always alert to, and 
prepared to respond to, changes in consumer tastes, 
trends, and customs in our society, as well as changes 
to business practices and the distribution system. Such 
changes are inevitable, and they are transforming the 
Japanese jewelry industry. 
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Jewels of the Russian 
Diamond Fund! 


by 


ALEXANDER E. FERSMAN 


(Translated by Marie Pavlovna Warner) 


«“,.. 1 gave many years to the sci- 
entific investigations of the diamond 
crystals. ... My friend and com- 
rade at the Heidelberg University, 
famous South African scientist 
Percy Wagner, just started his clas- 
sical investigations of nature and 
diamonds of Kimberley. 


ttt 


. . Studying the least details 
in the structure of hundreds and 
thousands of crystals, myself, and 
Prof. V. Goldschmidt, my teacher, 
soon noticed that the cuts of dia- 
monds are of unusual structure, and 
instead of straight geometrical lines, 
here we met rounded surfaces .. .” 


“T started to love precious, stones 
more than 30 years ago, when fate 
brought me to the far-off island 
Elba. Then for many years my mind 
was occupied by diamonds. Thou- 


+Editor’s Note: In 1925 the People’s Com- 
missariat of Finances in Moscow published 
“Russia’s Treasure of Diamonds and Pre- 
cious Stones,” one of the authors of which 
was the late Alexander E. Fersman, re- 
nowned Russian academician. Much of that 
material. has already been incorporated in 
the G.LA. gemological courses, and_ Fers~- 
man’s opinions concerning the “Orloff,” 
the “Shah,” and the “Mogul’’ diamonds 
appeared in the first edition of Shipley’s 
“Famous Diamonds of the World.” The 
above previously unpublished chapters from 
“The History of Stone in the History of 
Culture’? and other popular scientific works 
by Fersman have been translated for the 
Gemological Institute of America, from the 
Russian magazine, Nevyi mir (No. 3, 1946, 
Moscow, U.S.S.R.). The numerals in_ the 
text refer to the accompanying illustrations 
made from plates reproduced in the above- 
mentioned ‘“‘Russia’s Treasure of Diamonds 
and Precious Stones.” Figure 5 on cover. 

Brief biographical sketch of Prof. Fersman 
in Gems & Gemology, Summer 1946, Vol. V, 
No. 6. 


sands, tens of thousands of crystals 
passed through my hands. While 
looking for noted diamonds I visited 
all the largest commercial firms of 
the world, and on the large tables, 
tightly covered by cloth, there were 
in front of me heaps of crystals 
from Southern Africa and from the 
Eastern shores of the Atlantic. The 
problems of crystallography brought 
me to the study of other. precious 
stones—colored stones of Uruguay 
and Brazil, stones of India and Indo- 
China. I studied thousands of kilos 
of the most precious stones in the 
small town of Idar, in the ware- 
houses and cutting rooms of hun- 
dreds of stone manufacturing places 
in Central France in Rouaille. Then 
for almost 20 years I studied the 
riches of Altai, Trans-Baikal and 
Urals. Since 1919 I divided my time 
between Petergof (Peterhoff) and 
old Ekaterinburg. .. For three 
years I studied the stones which 
comprise the Diamond Fund of the 
U.S.S.R.* 

«, , All known birthplaces of dia- 
monds are represented in the Rus- 
sian Diamond Fund. There are stones 
of Brazil found in the middle of 
XVIIIth century; products of South 
Africa of XIXth century. There are 
also Russian stones found in 1838 
on the river Kushaika on the Urals. 

“T am not going to speak of all 
the riches of the Diamond Fund, 
which comprises _25,000_ carats in 


eet cacietS 


(Continued on Page 372) 


The Developing Market in China 


Gerald L. S. Rothschild 
R-W (Diamond Brokers) Ltd. 
London 


HE DIAMOND SCENE in the People’s 

Republic of China has altered considerably 

in the course of the last 20 years. Following 

the liberalization policies adopted by Deng Xiao Ping, 
there have been fundamental changes—mostly in the 
main commercial centers, coastal areas, and border 
provinces adjoining Hong Kong and Macao—which 
have affected every sphere of life. Today, numerous 
centrally and locally funded infrastructure projects are 
taking place. Much overseas investment by ethnic 
Chinese individuals and companies, and by govern- 
ments and foreign organizations, has flowed into the 
country. A consumer society has started to develop 
that includes Western-style shops, some of interna- 
tional standing. Advertising on television, in maga- 
zines, and in newspapers— both locally and national- 
ly—has played a role in creating consumer interest 
and awareness. There is disposable income in the 
hands of more people, with a growing middle class 
that is backing its preferences with purchasing power. 

Social changes are also in process. Some of the tra- 
ditions that governed life for generations are being 
forced to adapt to new ways of thinking and action. 
There is a sense of relief that the drab uniformity of 
Mao days has changed in favor of a more interesting, 
exciting, and colorful way of life—affecting especially 
those members of the younger generation who live in 
big cities and who have access, through language 
awareness, to outside influences. 

These changes have substantially influenced dia- 
mond developments in China. Prior to the 1990s, 
there was a distinct lack of a diamond culture com- 
pared to the high acquisition rates among expatriate 
Chinese in neighboring countries and throughout the 
world. During the present decade, many diamond 
factories were opened with government (central and 


provincial) assistance. The Chinese authorities in 
Beijing and Shanghai are working on measures to 
encourage diamond and jewelry manufacturing in 
China— including reorganizing the tax system to 
allow local industries to compete with imports, offi- 
cial and unofficial, from overseas. At the same time, 
overseas diamond companies have invested in manu- 
facturing opportunities in China, both to take advan- 
tage of the lower production costs and to establish a 
base for the market possibilities that are anticipated to 
develop in the years ahead. 

In recent years, De Beers has undertaken educa- 
tional programs to increase and improve consumer 
awareness. Encouraging results have been achieved— 
supported by estimates of growth in total sales, and of 
the rise in the average price of jewelry items sold. By 
way of example, the Chinese market for diamond 
jewelry grew during the 1990s from insignificant to 
$500 million in 1998. Current De Beers marketing 
programs are attempting to introduce the concept of 
the diamond wedding ring and to promote diamond 
acquisition among men. 

Much work remains to be done, and care has to 
be exercised, to find the right partner with whom to 
work in China. However, there are opportunities for 
growth and development in which both local compa- 
nies and foreign enterprises can take part. The size of 
China’s population, the increase in wealth and 
income, and the growing awareness of Western styles 
and fashions—including jewelry—promise a bright 
future for the diamond market in this rapidly devel- 
oping nation. 
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Ruby and Sapphire Occurrences Around the World 


Robert E. Kane 
San Diego, California 


FTER DIAMOND AND EMERALD, sap- 
phires and rubies are the most sought-after 
of fine gemstones. Widespread use and 


acceptance of heat treatment in the 1980s, and signifi- 
cant discoveries such as the vast ruby reserves in the 
Mong Hsu region of Myanmar in the early 1990s, 
have made rubies much more available and affordable 
than ever before. With the exception of Antarctica, 
gem-quality ruby and sapphire are mined on every 
continent. This abstract reviews the status of the 
active deposits on each continent, and concludes by 
addressing the question: Will supplies be able to meet 
market demand in the next millennium? 

Although still debated by geologists, with few 
exceptions rubies and sapphires can generally be clas- 
sified as coming from: (1) alkali basalts; (2) marble- 
type deposits; or (3) metasomatic deposits and ultraba- 
sic bodies, such as those associated with pegmatites, 
schists, gneisses, skarns, and amphibolites (see, e.g., 
Levinson and Cook, 1994; Muhlmeister et al., 1998; 
Schwarz, 1998). This distinction has significant com- 
mercial importance because rubies and sapphires 
recovered from alkali basalt deposits often are less 
pure in hue, and typically are much darker in tone 
and saturation (and thus frequently command substan- 
tially lower prices) than their counterparts from other 
geologic origins. 


Asia. Historically, Asia has been the predominant 
source of ruby and sapphire, and significant quantities 
continue to come from Myanmar and Sri Lanka. By 
the early 1990s, many of Thailand's important basalt- 
type deposits of ruby and sapphire were nearly 
exhausted, and today mining activity is greatly 
decreased. India continues to supply major quantities 
of low-priced ruby beads, cabochons, and star rubies. 
Several locations in Orissa State in eastern India cur- 
rently yield fine-quality facet-grade ruby. 


60 SYMPOSIUM PROCEEDINGS ISSUE 


Sapphire mining at the historic Kashmir deposit is 
currently limited to sporadic alluvial workings along 
the hill slides and old mine tailings. Limited geologic 
studies indicate that further deposits of sapphire may 
await discovery in Kashmir. In 1979, a major deposit 
of fine-quality ruby was discovered in Azad Kashmir, 
about 350 km from the blue sapphire area 

The last decade has seen the discovery of, or 
increased mining activity at, deposits in Vietnam, 
Laos, and Cambodia. Ruby continues to be recov- 
ered from deposits in Nepal, Tajikistan, Afghanistan, 
and Pakistan. In addition to economic considerations, 
the viability of mining some of these regions is influ- 
enced by difficult terrain, as well as by political con- 
siderations. Important alkali basalt sapphire deposits 
are mined in at least three different areas of China. 
Ruby is also known from several different regions 
there; the Yunnan and Guangxi provinces—which 
border Myanmar, Laos, and Vietnam—are promis- 
ing. Asia will continue to be a major supplier of ruby 
and sapphire during the 21st century. 


Europe. There are several countries in Europe 
where gem-quality corundum is known to occur; 
however, most are not producing commercially at 
present. Russia has the greatest potential in Europe 
for economic ruby and sapphire deposits, but current- 
ly there is only minor production. Gem corundum 
has been discovered at numerous places in the Ural 
Mountains. Given the right conditions and incentives, 
this region could become a significant producer of 
gem-quality ruby and sapphire. 


North America. Montana remains North America's 
most significant source of gem corundum. Huge sap- 
phire reserves are known to exist within four major 
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areas of Montana. Although limited production con- 
tinues today from several different areas, the success or 
failure of these or future mining ventures depends on 
the ability to mine, heat treat, and cut the stones at a 
cost that will enable the unusual colors and generally 
small sizes to be sold at competitive prices on the 
world market. 


South America. Opaque and low-quality sapphire 
and ruby have been known in Brazil for many years. 
In the 1990s, however, a potentially economic 
deposit of facet-grade sapphire was systematically 
explored in the Indaia Creek region of Minas Gerais. 
This deposit has yet to be mined commercially. 
Sapphires have been known in the Mercaderes-Rio 
Mayo area of Colombia since 1907. Small-scale min- 
ing continues to produce various colors, including 
light to medium blue, and an unusually high percent- 
age of color-change sapphires. Rubies also have been 
reported. The future of these deposits will depend 
largely on economic and political factors. 


Australia. Australia remains a major player in the 
international sapphire market. Gem sapphire occurs in 
association with alkali basalt at numerous localities in 
eastern Australia. Large-scale commercial mining has 
been successful only at the Anakie and New England 
fields. Geologic surveys indicate that Australia is very 
likely to remain a major supplier of commercial sap- 
phire well into the next century. 


Africa. Africa undoubtedly will be the source of 
many exciting future discoveries of ruby and sapphire. 
Gem corundum continues to be commercially 
exploited (to varying degrees) in Burundi, Kenya, 
Malawi, Mozambique, Namibia, Nigeria, Rwanda, 
Sierra Leone, South Africa, Tanzania, Uganda, the 
Democratic Republic of the Congo (formerly Zaire), 
and Zimbabwe, as well as in the nearby island nation 
of Madagascar. As the latter half of this century has 
already witnessed, East Africa has extraordinary gem 
potential. This is particularly true throughout the 
Mozambique Orogenic Belt, the 200—300-km-wide 
geologic feature that runs from Mozambique in the 
south, through Tanzania, Kenya, and Ethiopia, to the 
Sudan in the north; it is one of the richest gem-bear- 
ing regions in the world. In Tanzania alone, more 
than 200 different occurrences of various gem miner- 
als have been identified (Dirlam et al., 1992), most of 


which are in the Mozambique Belt. The Tunduru 
region of southern Tanzania is so rich in gems, includ- 
ing sapphire and ruby, that it has been described as the 
“new Sri Lanka.” Future discoveries of gem-quality 
ruby and sapphire are likely all along this belt. 

Many other countries in Africa will continue to 
provide exciting deposits of ruby and sapphire. For 
example, Uganda recently produced some unusually 
large ruby crystals. Last, Madagascar, which has many 
geologic similarities to East Africa, continues to reveal 
its extraordinary sapphire wealth. Most recently, the 
alluvial deposits in the Ilakaka region of southern 
Madagascar have yielded impressive quantities of 
attractive pink sapphire, as well as important quanti- 
ties of blue sapphire. 


Ruby and Sapphire in the New Millennium. As 
exploration techniques move beyond the simple 
washing of gravels and placing of explosives toward 
the use of sophisticated geophysical technology (such 
as seismic reflection and radar imaging for high-reso- 
lution mapping of near-surface deposits; see, e.g., 
Cook, 1997), even more gem corundum deposits will 
be discovered. When these advanced technologies are 
combined with favorable political and economic con- 
ditions in less-developed countries, where mining 
costs are relativity low, we will see the greatest results. 

Current information indicates that not only will 
market demand for ruby and sapphire be met in the 
21st century, but a full range of qualities and price- 
points will also be available. 
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Emeralds—Recent Developments and 
Projected Changes in Supply 
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N GENERAL, the most important factors 
affecting gem production are: (1) socio- 
political, (2) logistical, (3) technical, (4) finan- 


cial-commercial, and (5) geological-mineralogical. 
The importance of each of these factors on produc- 
tion varies in each mining area. In some emerald-pro- 
ducing countries (e.g., Zambia and Brazil), the domi- 
nant factors controlling the gem output are geologi- 
cal-mineralogical and technical (e.g., the lack of 
modern mining technology). In other countries, 
emerald production is controlled primarily by current 
socio-political factors (e.g., Russia and Pakistan), and 
even by recurrent military operations (e.g., 
Afghanistan). The status of current emerald produc- 
tion and the future potential of the major producing 
countries are reviewed. 


Colombia 

Colombia, the world’s most important emerald-pro- 
ducing country, is reorganizing its emerald industry, 
including the mining sector. Foreign companies have 
been invited to participate in joint-venture mining 
projects (e.g., Canadian companies at Chivor). 
Currently, there is only minor production at Chivor 
and Muzo. Coscuez is the most important mining 
area at present; it produces about three-quarters of 
Colombia’s emeralds (see figure). In the past few 
years, underground mining has begun to replace the 
historic open-cast mining operations. 


Brazil 

The major problem facing most Brazilian emerald 
deposits is the complex geological conditions (e.g., 
extensive faulting, dislocations, or disrupted layers) in 
the mining areas, which requires the use of capital- 
intensive mining methods to follow the emerald min- 
eralization (Lau, 1998). The potential reserves of most 
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Brazilian emerald deposits are impressive. However, 
the high production costs result in inflated prices for 
the emeralds (Roditi and Cassedanne, 1998). Future 
prospects depend primarily on whether the mines can 
get sufficient capital to develop modern underground 
operations. 


This fine emerald crystal from Coscuez in Colom- 
bia measures 1.3 cm high. Courtesy of Mel 
Gortatowski; photo © Jeff Scovil. 


Zambia 

For the past few decades, the Zambian government 
has attempted to control practically all aspects of the 
emerald industry. This has made it impossible to 
exploit the enormous potential of the emerald fields 
in the Ndola Rural District (see, e.g., Milisenda et al., 
1999). Optimistic predictions, which project annual 
production of about US$100 million (a value previ- 
ously attained in the 1980s), have been voiced by 
some individuals with intimate knowledge of the 
Zambian emerald industry. If such goals are to be 
realized, efficient underground mining operations 
must be introduced. This will require government 
support and guarantees, before private mining compa- 
nies will make the substantial investments necessary to 
modernize emerald exploration and mining, as well as 
other phases (e.g., marketing) of the emerald industry. 
The geological-mineralogical and economic potential 
of the Zambian emerald fields is sufficient to justify 
such a commitment. 


Zimbabwe 

Steady production of at least 60 kg of mixed-grade 
rough emeralds per month has been achieved since 
the mid-1990s (Zwaan and Kanis, 1997). Although it 
is difficult to give a precise estimate of reserves, ongo- 
ing exploration in the Sandawana area indicates that 
current production can be maintained for many years. 


Madagascar 

In general, emerald mining in the Mananjary region is 
very costly, due to the lack of a stable infrastructure, 
poor telecommunications, and expensive technical 
maintenance. Systematic mining is also impeded by 
the lack of capital and technical expertise. 
Nevertheless, the emerald potential of this region is 
enormous (Petsch and Kanis, 1998). 


Pakistan 


The Pakistani government, which has controlled the 
emerald industry for decades, has prevented the 
development of modern and effective mines and mar- 
keting strategies. Increased production can only be 
achieved when the following are achieved: reduction 
of government interference, large investments of capi- 
tal, and acquisition of sufficient technical expertise for 
the operation of modern large-scale mines. 


Afghanistan 


Mining activity in Afghanistan, including emerald 


production, has always been more dependent on 
political-military conditions than on mineralogical- 
geological factors. Currently, emeralds are being 
mined in the Panjshir Valley, although there is no 
steady production, at least “officially” (Giard, 1998). 
Comprehensive studies by Russian geologists indicate 
that the region has significant gemological potential, 
but precise data on the emerald reserves are lacking. 


Russia (Ural Mountains) 


Although no new emerald deposits have been discov- 
ered in the Urals since 1945 (Laskovenkov and Zher- 
nakov, 1995), geological studies suggest that only 
about 30%-35% of the known reserves have been 
worked to date. Future prospects depend mainly on 
the implementation of cost-effective mining opera- 
tions along with a realistic marketing concept for the 
production. 
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Review of Gem Localities in 
North America, Russia, and Southeast Asia 


William Larson 
Pala International 
Fallbrook, California 


ORTH AMERICA. Gem mining in North 
America has never been extensive, and typi- 
cally has accounted for less than 1% of the 


global gem production. Nevertheless, over the years 
the US. has produced more than 60 different colored 
gemstones, mostly from relatively small, short-lived 
deposits. Some U.S. colored gem areas and deposits 
have been known for more than a century. Mining at 
these deposits generally has been intermittent, howev- 
er, as new economic zones are found or older zones 
are reworked. For example, the pegmatite district in 
San Diego County, California, has been famous for its 
tourmalines since the 1890s (figure 1). Mines such as 
the Himalaya, Stewart, and Tourmaline Queen have 
enjoyed revitalization and supplied fine gem material 
over the past three decades. Since 1976 at the 
Himalaya mine alone, 10,000 feet (3,075 m) of 
underground tunnels have been driven, with about 2 
tons of tourmaline recovered to date. The Little Three 
pegmatites, also in San Diego County, have produced 
spectacular spessartine and blue topaz. The historic 
pegmatites in Maine (e.g., at Plumbago and Mt. Mica) 
have been mined sporadically in the same time frame 
and also have produced some fine tourmaline. 

Arizona produces several important gem minerals. 
Significant deposits of peridot are located on the San 
Carlos Indian Reservation, where magnificent gem 
rough up to 40 ct have been recovered, although 
most of the pieces are small. Nearby, fine andradite 
and “ruby”-colored chrome pyrope garnets occur. 
The Four Peaks deposit, located in the rugged 
Mazatzal Mountains near Phoenix, has recently been 
reopened and is producing high-quality amethyst. 
Although the faceted stones are typically small, the 
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amethyst is known for its extraordinary “red flash” 
effect to strong light. 

The southwestern U.S. is one of the world’s largest 
sources of turquoise. Numerous deposits in Arizona, 
Nevada, and New Mexico produce turquoise, some 


Figure 1, Fine-quality tourmaline is still produced 
occasionally from pegmatites in Southern California. 
These pink, bicolored, and green stones from the 
Himalaya mine weigh 5.15 ct, 5.83 ct, and 3.77 
ct, respectively. Photo © Tino Hammid. 


Figure 2. Primitive mining 
techniques are still employed at 
the world-famous ruby mines 
of Mogok, Myanmar. Photo 
by William Larson. 


of it magnificent but most of it of lower quality 
(porous, chalky but amenable to enhancement). Some 
of the copper mines (e.g., at Morenci) still produce 
malachite and azurite. Chrysocolla is obtained from 
the Globe-Miami district. These copper minerals are 
continually being exposed during mining operations. 
Other important gems presently being mined in the 
USS. include sunstone (feldspar) from Oregon; sap- 
phire from two areas in Montana (the in situ Yogo 
Gulch deposit and several alluvial sources in the west- 
ern part of the state); and emerald from Hiddenite, 
North Carolina. Although recent emerald finds at 
Hiddenite have been encouraging, it remains to be 
seen whether this deposit can be mined economically. 

Much scientific and media attention has been 
given to two rare gem materials that are unique to the 
United States: red beryl from Utah and benitoite 
from California. Extensive (and expensive) develop- 
ment work by organized mining companies is cur- 
rently in progress at both of these deposits. 

Elsewhere in North America, Mexico has been 
the source of fine amethyst and iridescent andradite, 
but it is probably best known for beautiful opal from 
Querétaro. In the last few years, some extremely fine 
opal has been produced, but in small quantities. 
Although only a limited number of colored gems 
have been mined in Canada, British Columbia has 
been the world’s principal supplier of nephrite for 
several decades. Alberta is the world’s only source of 
“ammolite,” the nacreous outer shell layer of fossil 
ammonites that can exhibit remarkable iridescence. 


Russia. Since the dissolution of the Soviet Union in 
1991, exploration for, and mining of, colored gems in 
Russia has undergone tremendous changes. Most of 
the major activity has been in the Ural Mountains 
where the mining of emerald and alexandrite (from 
mine dumps at Malysheva and Takovaya), as well as 
demantoid (at Karkodino mine) has resumed, in most 
cases with mixed results. Jadeite has been found at 
three locations: the Polar Urals, Kazakhstan, and 
Siberia. In the Lake Baikal area, pegmatites locally 
contain abundant tourmaline. Only time will tell if 
these various deposits can be mined economically and 
whether their production will be significant to the 
gem trade. 


Southeast Asia. The production of ruby, sapphire, 
spinel, and jadeite from historic areas in Myanmar— 
especially Mogok (figure 2)—is legendary. However, 
the new production of rubies from Mong Hsu, in 
northeastern Myanmar, is likely the major gemologi- 
cal event of the decade in Southeast Asia, as it has 
greatly increased the availability of rubies on the 
world market. Concomitantly, there has been a sig- 
nificant decrease in the production of sapphire from 
the Kanchanaburi district in Thailand, and production 
from Laos and Cambodia is still affected by political 
turmoil. Vietnam has exciting potential. Its rubies are 
fabulous. The full significance of Vietnam’s spinel, 
aquamarine, topaz, and other gems has yet to be 
determined. 
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Colored Stone Sources in Africa and Madagascar 


Abe K. Suleman 
Tuckman Mines and Minerals Ltd. 
Arusha, Tanzania 


RGUABLY, THE GREATEST SOURCE of 
excitement in the world of colored gem- 
stones for the past half-century has been 


Africa. This continent consists of 50 nations; 20 of 
these, as well as the nearby island nation of 
Madagascar, produce gemstones. Much of Africa’s 
land mass is composed of Precambrian rocks, the most 


Figure 1. Tanzanite is one of the most important 
gem materials discovered in the 20th century. This 
crystal measures 4.4 cm high, and the oval brilliant 
weighs 10.08 ct. Courtesy of Barker & Co.; photo 
© Jeff Scovil. 
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geologically significant of which, from the viewpoint 
of colored gemstones, are found in the Mozambique 
Orogenic Belt. This belt extends almost the entire 
length of the eastern part of Africa, from Madagascar 
and Mozambique in the south to Ethiopia and Sudan 
in the north. Most of the colored gemstone deposits 
are related to the Pan-African orogeny (i.e., a series of 
metamorphic events and associated mineralizations 
that occurred between 800 and 450 million years ago, 
which were superimposed on the Mozambique Belt). 

As diverse and vast as the continent is, so too is 
the colored gem potential. In order to predict this 
potential, as judged by the number of new gemstone 
discoveries, it is worthwhile to examine Africa’s 
recent gemological past. This continent, with all its 
inherent difficulties, has yielded amazing finds of: 
tanzanite in Tanzania (figure 1); tourmaline from 
Mozambique and Namibia; very fine aquamarine 
from Mozambique; and tsavorite from Kenya, 
Tanzania, and Mali. Further, the Southeast Asian 
dominance in ruby and sapphire is being challenged 
by Tanzania, Kenya, and Malawi. Alexandrite, cat’s- 
eye chrysoberyl, and sapphire—in qualities that rival 
those from Sri Lanka—were recently discovered in 
the Tunduru area of southern Tanzania (figures 2 and 
3). Mozambique has yielded spessartine garnet that is 
comparable to the “Mandarin” garnet from Namibia. 
Nigeria also has produced fine spessartine, as well as 
large amounts of pink, red, and bicolored tourma- 
line. Zambia and Zimbabwe are regarded as very 
important sources of fine emerald. 

More than ever, Madagascar demands close scruti- 
ny due to the sheer frequency with which new 
deposits are being discovered and the quality of the 
gems found. Sapphire in colors comparable to those 
from Kashmir are now mined near Ilakaka, in south- 
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erm Madagascar. Madagascar is also the source of tour- 
maline, sphene, apatite, and various garnets. Emerald 
deposits have been found near Mananjary, and exten- 
sive deposits of dark blue sapphire have been mined 
near Diego Suarez. In the next decade, Madagascar 
will likely emerge as one of the most important col- 
ored gemstone sources in the world. 

However, Africa’s streets (or mountains) are not 
lined with gemstones. Africa is an example of extremes. 
The inherent difficulties, in most of the mining areas, 
defy the imagination. These include anarchy, inade- 
quate communications, difficult climatic conditions, 
poor infrastructure, insufficient finances, government 
red tape and arbitrary judgments, lack of technology 
and appropriate machinery, prevalence of malaria and 
other diseases, and in some areas warfare. As a result, 
the foreign investments that are sorely needed 
throughout Africa are difficult to obtain for colored 
gemstone mining. After discovery has been made, the 
systematic extraction of the gems presents another set 
of problems. Once the easily accessible surface areas 
have been worked, hand mining becomes difficult, 
tenuous, and eventually uneconomical, at which time 
the area is abandoned. Restarting mining in a locality 
that has been desecrated by small-scale miners, even if 
modern machinery and mining methods are used, is 
usually economically unattractive. 

Africa will almost certainly yield more compelling 
treasures in the new millennium, but the extent of its 


Figure 2. This miner is digging for gem-bearing gravels at 
Libafu in the Tunduru region of southern Tanzania. 
Photo by Horst Krupp. 


future gemstone wealth will depend on improve- 
ments in exploration and mining. And, although 
Africa is rich in colored gems, it is not likely that 
there will be an oversupply for extended periods of 
time. New discoveries that yield superb stones are 
generally worked feverishly for a relatively short peri- 
od of time and soon are exhausted. Thus, Africa will 
be a reliable source of significant quantities of colored 
gemstones, but the supply will be erratic. 


Figure 3. A stunning 
variety of gems have 
been recovered from the 
vast alluvial deposits in 
the Tunduru region of 
southern Tanzania. 
The gemstones shown 
here consist of sapphires, 
spinel, chrysoberyl, and 
garnet (approximately 
0.5—2 ct). Courtesy of 
Horst Krupp; photo by 
Shane F. McClure. 
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Will There Be Another Chance 
For Business in the Asian 
Colored Stone Jewelry Market? 


Yasukazu Suwa 
Suwa & Son, Inc. 
Tokyo 


INCE THE ASIAN COLORED STONE markets 

fi rstei in 1990, poor economic conditions 
have caused them to stagnate. In particular, the 
currency crisis that originated in Thailand in 1997 has 
severely damaged the economies of the area. This 
abstract will investigate past and present market con- 


ditions, particularly in Japan, and present ideas for 
reviving the market from a global viewpoint. 


Recent History: 

Gradual Growth, Drastic Decline 

Figure 1 shows Japan’s gem and jewelry imports 
between 1965 and 1998. Total imports of US$35 
million in 1965 increased by over 100 times to just 
under $4 billion by 1990. It is noteworthy that the 
Japanese market, which 30 years earlier had account- 
ed for just a few percentage points of world jewelry 


Figure 1. The Japanese jewelry industry experienced extraordinary growth from 1985 to 
1990. Since 1995, however, the economic crisis in Japan has resulted in drastic declines in 
imports of jewelry and especially loose diamonds and colored stones. 


(Exchange rate: ¥/US$) 
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New Australian Opal Fields 


Further discoveries of~ opal in 
Australia have recently been. an- 
nounced: an additional site in the 
Coober Pedy district, and an entirely 
new field, Amberooka, 300 miles 
north of Coober Pedy. 

The Amberooka locality is of es- 
pecial interest because opal from 
that area is very different. in ap- 
pearance from most of the Austra- 
lian opal. Amberooka opal is semi- 
transparent with a blue body color 
and strong play of color in green. 
Typical Amberooka opal is shown 
in the accompanying color plate. 

The new opal field at Amberooka 
was made known to the Gemological 
Institute of America by Mr. Athol 
L. Spring of Sydney, Australia. 
During his visit in Los Angeles, Mr. 
Spring exhibited.a fine collection of 
over 7,000 carats of Australian opal 
from all of the well-known localities, 
including many beautiful specimens 
from Amberooka, Coober Pedy, 
White Cliffs and Lightning Ridge. 

Regarding present conditions in 
the Australian opal fields, Mr. 
Spring stated that there are now 
about 150 active miners and that 
buyers (including. many Americans) 
now outnumber the miners. He fur- 
ther reported that good rough opal 
is becoming increasingly scarce. 

The specimens illustrated in the 
accompanying color plate were made 
available to the Gemological Insti- 
tute through the courtesy of Mr. 
Spring. In choosing opals for the 
photograph, Mr. Spring selected 
stones typical in appearance of the 
four principal localities: Lightning 
Ridge, White Cliffs, Coober Pedy 
and Amberooka. The approximate 
location of each of the fields is shown 
on the map. 


& 


The other new opal site in the 
Coober Pedy district has been de- 
scribed recently in a report re- 
ceived from the Australian Consu- 
late General at San Francisco. 


AUSTRALIA 


Outline map of Australia, show- 
ing approximate locations of main 
opal fields.. 


(Courtesy. of Australian News & Informa- 
tion Bureau, San Francisco.) 


The new find was made in Feb- 
ruary, 1945, at a point about nine 
miles northwest of Coober Pedy. 
First news of the locality was 
brought back by Oswald Grayson, 
a young Melbourne tailor, who had 
undertaken a desert mapping tour 
as.a vacation. ; 


The discovery is attributed to an 
aboriginal cattle hand named Mom- 
pey, who with his friends have 
shared in the wealth along with 
the white diggers who rushed 
to the new field. Opals from the 
new site are said to be of rare size 
and beauty—one shown to Mr. 
Grayson was six inches long and 
four inches wide, and as much as 
£1000 has been paid for a single 
stone, 


consumption, surpassed one-third of the world total 
by the early 1990s. During this same 25-year period, 
the exchange rate went from 360 to 144 yen per dol- 
lar, and per-capita gross domestic product increased 
from $993 to $24,164. These statistics illustrate how 
jewelry purchases rise as a society becomes more 
affluent. 

The increase in gem and jewelry imports between 
1985 and 1990 shows the effect of the expansion of 
the Japanese market during the “bubble” economy—a 
period of low capital costs and an extraordinary appre- 
ciation of asset prices that lasted from 1986 to 1991. 
The exchange rate dropped from 144 yen per dollar 
in 1990 to 94 yen per dollar in 1995. Although 
Japan’s economy had already collapsed by 1995, over- 
all imports did not decrease up to that year because of 
this stronger yen. Between 1990 and 1998, imports of 
ruby, sapphire, and emerald had decreased drastically, 
by 80%. Jewelry imports dropped only 27% between 
1995 and 1998, compared to decreases of over 60% 
for diamonds and 70% for colored stones (other than 
ruby, sapphire, and emerald) during that period. This 
was a result of sustained sales of branded jewelry by 
companies such as Cartier, Tiffany and Co., and 
Bulgari. 


Future Prospects 

The future of the Asian market for gems and jewelry 
depends on the success with which these countries 
change to a global-minded social structure. We need 
to keep abreast of changes in the politics, economies, 
and societies of Japan, China, and other Asian coun- 
tries. Since jewelry is a long-term, big-ticket pur- 
chase, consumer confidence is especially important 
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Keys to Reviving the Asian Colored Stone Market 


Increased 
Product 
Confidence 


Global-Minded | Spread of 
Social Structure Internet 
Business 


Figure 2. A three-fold solution could help revive the 
demand for colored stone jewelry in Asia and worldwide. 


for reviving the market, not only in Asia but also on 
a global scale. Thus, treated gemstones must be clear- 
ly disclosed as such when they are sold. It is of 
paramount importance that we as an industry work 
to increase confidence in our products. The Internet 
will undoubtedly be a major force in the transforma- 
tion of the colored stone jewelry market. The 
Internet will facilitate the immediate, efficient, and 
accurate transfer of information. As a result, the value 
of jewelry as an asset will become even clearer, 
which will greatly enhance the appeal of these prod- 
ucts. Since Internet business is not conducted face- 
to-face, product confidence is especially important 
on-line. Increased product reliability will allow for 
smoother Internet transactions. 

In summary, a global-minded social structure, 
greater consumer confidence in gems, and the spread 
of Internet business are key to the revival of the col- 
ored stone jewelry market worldwide (figure 2). 
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Snake Oil or Cedar Oil: Have Your Colored Stones 
Been Enhanced, and Are You Telling the Tale? 


Gerald Manning 
Manning International 
New York 


ARKETING COLORED GEMSTONES in 
the United States requires a proper under- 
standing of the impact of consumer confi- 

dence and trust in our products. The two key ques- 
tions we must ask are: How do we foster and main- 
tain that trust? How do we promote a positive image 
to the consumer? Efforts made to answer these ques- 
tions will yield a positive response from the con- 
sumer. Action in the following areas can go a long 
way toward addressing these concerns. 


First: Participate in consumer education. 
Responsible use of terminology regarding product 
content and its effect on pricing is essential. Use 
“friendly” language (see, e.g., AGTA’s [1999] 
brochure “Gemstone Enhancements: What You 
Should Know’’). 


Second: Don’t underestimate the power of 
negative press. The Diane Sawyer exposé “All that 
Glitters” in her Prime Time Live segment (February 
1998) highlighted fraud in the jewelry industry: 
“Buyer beware!” This negative press caused serious 
ripples in consumer confidence, resulting in a 
fall-off in sales of emeralds, Native American jewelry, 
and other colored stones (both natural and synthetic). 


Third: Use the trade associations. 

¢ American Gem Trade Association: Fosters respon- 
sible promotion of colored gemstones, and provides 
information for the retailer to share with the con- 
sumer. Also maintains a code of ethics, with manda- 
tory member compliance. 

¢ American Gem Society: Provides marketing sup- 
port for the retailer and information for the con- 
sumer; maintains high membership/vendor standards. 

° Jewelers of America: Provides extensive market 
cooperation with other trade groups; furnishes mar- 
keting support for retailers and consumer education, 
with an emphasis on retail jeweler issues. 
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° Jewelers Vigilance Committee: Fosters ethics and 
integrity in the jewelry industry. The JVC is the jew- 
elry industry watchdog. Violation of FTC guidelines 
for consumer protection is a key concern for JVC. 


Fourth: Use gemological laboratories. Value 
cannot exist without trust. The laboratory commit- 
ment to accuracy is, in many cases, the basis of trust— 
and, therefore, a building block of “value.” 


Fifth: Avoid risky marketing strategies. Mass 
marketers and other large (and small) retailers often 
ignore nature’s limited ability to produce gem materi- 
als in the quality/clarity/color and quantity they seek. 
Mass marketing requires product uniformity—often 
in defiance of nature’s production limits. Some prod- 
ucts sold by mass marketers—on television and other 
media—are susceptible to fraudulent substitution of 
synthetics or imitations for natural stones. 


Sixth: Follow the FTC Guidelines. These are avail- 
able through the trade organizations or can be down- 
loaded directly from the Internet (www.ftc.gov). The 
Guidelines specify the important differences between 
natural, synthetic, and imitation. Know the accepted 
alternative language for these and other terms, as per- 
mitted by the FTC. For example, use pearl alone only 
if it’s a natural pearl. If it’s not natural, it’s a cultured 
pearl, a simulated pearl, or an imitation pearl (again, see 
the Guidelines). Be aware of these potential abuses and 
be prepared to act when you see likely violations. 
Report them to the JVC. 

Consumers thrive on well-presented information 
about colored stones and their enhancements. If you 
market colored stones in the United States, learn the 
disclosure requirements and make them your own. 
There is no avoiding responsibility if you fail to “dis- 
close.” There is significant liability for failure to do so, 
and it can be very costly. 
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South America: The Birth of a 
New Jewelry-Consuming Market 


Daniel André Sauer 
Amsterdam Sauer 
Rio de Janeiro, Brazil 


ITHIN SOUTH AMERICA, the major sup- 
pliers of gems are Brazil and Colombia, 
whereas the largest jewelry manufacturing and 


consuming markets are Brazil and Argentina, fol- 
lowed by Venezuela, Chile, Colombia, Peru, and 
Bolivia. 


Mining, Marketing, and 

Manufacturing in Brazil 

For years, Brazil has stood as the world’s major pro- 
ducer of colored gems (in terms of gem varieties), 
leading the production of Imperial topaz (figure 1), 
aquamarine (figure 2), tourmaline, amethyst, and 
chalcedony, among others. However, a combination 
of factors has drastically reduced the country’s gem- 
mining activity in the last five years. The traditional 
garimpeiro (i.e., the folkloric independent miner, who 
is driven by dreams of hitting the jackpot) has guaran- 
teed the supply of most of Brazil’s gems for the last six 
decades. The Brazilian government has introduced 
new regulations for the working conditions of the 
garimpeiros, and the new constitution requires that the 
independent miners form cooperatives with strict 
environmental controls—and, thus, additional invest- 
ments for infrastructure. 

Today, most of the mining properties are con- 
trolled by mining companies or individual landown- 
ers. At this time, the landowners are giving priority to 
agricultural and cattle breeding activities over gem 
mining. Perhaps most importantly, gem prices have 
not kept pace with the rapidly increasing mining 
costs, so many mines have been forced to shut down. 


E-mail address: amsauer@ibm.net 


And because of the high investment risk involved in 
gem mining, especially for colored gemstones, few 
private domestic or foreign companies are now get- 
ting involved in such ventures. With the exception of 
diamond, emerald, alexandrite, and Imperial topaz, 
which hold a higher intrinsic value, there are current- 


Figure 1. Imperial topaz has been mined in Ouro 
Preto, Brazil, for more than 200 years. The pink 
topaz in the top ring weighs 5.35 ct, and the deep 
“salmon” -colored topaz in the bottom ring is 7.08 ct; 
both are set with diamonds in 18K gold. Courtesy of 
Amsterdam Sauer Jewelers — Brazil. 
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Figure 2. Brazil is noted for the fine aquamarine pro- 
duced there. These “rough” aquamarine beads 
(approximately 15 mm in diameter) provide a novel 
compliment to the baroque pearls and the 19.5 ct 
Nigerian tourmaline enhancer. Courtesy of Susan 
Sadler Fine Jewelry Design. 


ly no organized gem-mining operations in Brazil. The 
reduction in Brazil’s gem output is expected to last 
indefinitely, unless new incentives are created or new 
important discoveries are made—usually by accident, 
as has historically been the case for most Brazilian 
gems. 

On the brighter side, the Brazilian jewelry indus- 
try has been experiencing tremendous growth since 
July 1994, when a new economic stabilization plan 
began. The drastic reduction of inflation was reflected 
immediately in the greater buying power of the pop- 
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ulation. Brazilian consumers have been buying 
durable goods as never before. The result was a 
growth in jewelry consumption of no less than 100%, 
in a four-year period, with Brazil’s jewelry market 
worth an estimated US$1 billion (including informal 
activities) in 1998. At the same time, modernization, 
increased productivity, quality-control programs and, 
most importantly, creativity, have transformed Brazil’s 
jewelry-manufacturing industry in less than five years. 
By 1998, the jewelry industry employed about one 
million people and consumed around 40 tons of gold. 
Most of the jewelry was manufactured by the 1,200 
small and middle-size local domestic industries, but 
imported jewelry, mainly from Italy and Asia, also 
supplied the market. 

According to the World Gold Council, Brazil 
ranks as the world’s 12th-largest gold consuming 
country. Provided Brazil sustains its economic 
strength, the jewelry market will certainly continue to 
grow there and in South America as a whole. 


Colombia 

Colombia stands out as the world’s major producer of 
emeralds, with an estimated market value of $500 
million per year. Although the country lives in a con- 
stant struggle to overcome its internal problems, the 
emerald market has been an important economic and 
social activity for centuries. The historic mine at 
Muzo is still the most important one for the quality of 
emeralds produced, but Coscuez is the most produc- 
tive one. New investments have been directed toward 
the Chivor mining complex. During the World 
Emerald Congress in Bogota in 1998, important issues 
such as methods of clarity enhancement, grading stan- 
dards, and certification were discussed, but these have 
yet to be resolved. The industry urgently awaits the 
establishment of new universally accepted procedures 
to address these issues. It is the obligation of our trade 
to restore credibility to this important gemstone. 


Pearl Sources 


The Present and Future of Akoya Cultured Pearls 


Shigeru Akamatsu 
K. Mikimoto & Co. Ltd. 
Tokyo, Japan 


OR MOST OF THE 20TH CENTURY, 
Japanese Akoya cultured pearls dominated 
the pearl market. For decades, a strand of 


Akoya cultured pearls (figure 1) has been a staple of 
the jewelry wardrobe. 


The Present 
Pearl production in Japan has been declining since 
1992, because Akoya oysters have been dying in great 
numbers. In 1997, massive Akoya oyster deaths esca- 
lated to become a nationwide problem, as the pro- 
duction of cultured pearls dropped to less than one- 
third the usual 70 ton harvest. This has been com- 
pounded by a reduction in the quality of these pearls. 
There appear to be three main causes for the 
Akoya oyster mortality: red tide, formalin, and disease. 


Red Tide. In 1992, a unique “red tide”—a sudden 
color change of the seawater, usually to red—killed 
many Akoya oysters in Ago Bay. Subsequent research 
brought the following facts to light: 


¢ The red tide was caused by a new phyto- 
plankton called Heterocapsa circulariscarma. 


In several minutes, the plankton kills 
bivalves, such as Akoya oysters. 


Agitating mud on the sea floor, where red 
tide plankton reside, can carry the plankton 
toward the ocean’s surface where they may 
multiply and cause the red tide. 


At present we cannot prevent red tides, but 
we can predict them at least a week in 
advance and evacuate the oysters to safer 
areas. 


Formalin. Formalin is a formaldehyde solution. This 


toxic substance is widely used to cure disease at blow- 
fish culturing farms, which are located within about 
300 m of the Akoya farms. Although it is difficult to 
prove a link between formalin and the Akoya oyster 


Figure 1. Japanese Akoya cultured pearls are 
renowned for their attractive appearance and high 
luster. Photo courtesy of Mikimoto. 
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deaths, pearl farmers strongly oppose the use of forma- 
lin from an environmental and food-safety standpoint, 
as well as for its possible effects on oysters. As a reme- 
dy, Japan’s Fishery Agency has recommended the use 
of a formalin substitute at the fish farms. The fish 
farmers have complied, and the situation is improving. 


Disease. Research eventually showed that a virus was 
a contributing factor in the Akoya oyster deaths. To 
counteract the virus, we are now taking the follow- 
ing measures: 


* Only healthy oysters are being bred. 


* Healthy oysters are kept in virus-free cul- 
turing tanks, and/or their sperm is pre- 
served in liquid nitrogen. 


¢ Infected oysters are eliminated whenever 
and wherever they are found. 


¢ Every effort is made to avoid excessive 
stress to the oysters. 


Chinese Akoya Pearl Cultivation 

Full-scale production of Akoya cultured pearls started 
in China around 1983. Now, Chinese Akoya cul- 
tured pearls hold a solid position in the world pearl 
market. At about 25 tons per year, China’s volume 
today is about the same as Japan’s. Although Chinese 
Akoya cultured pearls do not fully match the quality 
of their Japanese counterparts, they are widely export- 
ed as commercial merchandise. If Japan does not 
make the utmost effort to produce good-quality 
Akoya pearls, Chinese Akoyas will probably drive 
Japanese Akoyas out of the world market. 
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Figure 2. Japanese Akoya pearl farms such as this are 
struggling to maintain production despite widespread 
oyster mortality. Photo courtesy of Mikimoto. 


The Future 

Above all, Japan urgently needs to revive Akoya cul- 
tured pearl production (figure 2). New ideas and 
techniques must be implemented. If farmers continue 
to use the same techniques as they have in the past, 
they cannot expect improvement. 

In addition, to maintain the pearl industry’s pros- 
perity, we have to educate consumers so they can 
make intelligent choices. Globalization of the pearl 
industry is imminent. Therefore, establishing a uni- 
versal standard for cultured pearls is critical. The time 
is right for the pearl industry to come together to dis- 
cuss pearl nomenclature, manufacturing, and quality. 
As president of the CIBJO (International Jewellery 
Confederation) Pearl Commission, I propose to hold 
such a conference next year in Kobe during the 
CIBJO congress. 


Freshwater Pearls: 
New Millennium — New Pearl Order 


James L. Peach Sr. 
American Shell Company and U.S. Pearl Company 
Camden, Tennessee 


S WE APPROACH the new millennium, we 
es find the world of pearls even more exciting 
than at the turn of the 20th century, when 
Kokichi Mikimoto of Japan started culturing saltwa- 
ter shell-section Akoya pearls. During the 20th cen- 
tury, we have seen the development of South Sea 
white and “gold” saltwater shell-section cultured 
pearls, the advent and demise of Japanese freshwater 
mantle-section cultured pearls, and the rise of both 
Polynesian saltwater shell-sectioned cultured pearls 
and, most recently, Chinese mantle-section freshwa- 
ter cultured pearls. (The term mantle section refers to 
the mantle tissue used for pearl nucleation; such cul- 
tured pearls are commonly referred to as “tissue 
nucleated.” The term shell section refers to the shell 
bead that is commonly used to nucleate cultured 
pearls, commonly referred to as “bead nucleated.”) 
Freshwater cultured pearls, grown by both shell- 
section and mantle-section techniques, are currently 
very important in world markets and are expected to 
play an even greater role in the new millennium. 
Today, freshwater shell-section pearl culturing 1s 
occurring in China, Japan, and the U.S., although 
only the Chinese product is significant in the world 
market. Commercially available shapes are primarily 
coin, rectangular, and square, but there is expecta- 
tion of considerable production of round shell-sec- 
tion pearls from China during the next 18 to 24 
months. 
Freshwater mantle-section cultured pearls now 
hold the largest share in the world pearl market, 
with the advent of high-grade mantle-section 
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Chinese freshwater pearls causing a lot of excite- 
ment. These cultured pearls are often called “pure 
pearls,” because typically there is no detectable 
nucleus, and concentric layers are evident through- 
out the pearl (see figure). 

As we prepare to enter the 21st century, the 
Chinese pearl farmers are dominating the world 
pearl market. Production of both mantle-section and 
shell-section cultured pearls in 1999 is expected to 
be between 800 and 900 metric tons, in sizes from 1 
to 15 mm, with a wide variety of shapes and a broad 
range of colors; this output is expected to increase to 
1,500 metric tons by 2005. Saltwater pearl farmers 
are being challenged by the lower production costs 
and enormous production capacity accomplished by 
the Chinese pearl farmers. 

The new millennium will hold fantastic opportu- 
nities for the consumer, as a larger variety of high- 
quality freshwater cultured pearls become available 
at competitive prices. 


This mantle-section Chinese_freshwater cultured pearl 
(12 mm in diameter) has been sawn in half to reveal 
multiple concentric layers and no evidence of a nucleus. 
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The Tahitian Cultured Pearl: Past, Present, and Future 


Robert Wan 
Tahiti Perles 
Tahiti, French Polynesia 


ROUND THE TIME that Westerners dis- 
A covered Tahiti in 1767, the black pearl had 
already earned a reputation in Europe and 
elsewhere as the “pearl of queens” and the “queen of 
pearls.” It took some 120 years before the talents of 
people were combined with those of nature to pro- 
duce what today is known as the Tahitian cultured 
pearl (see figure). However, the first successes did not 
occur regularly until the late 1960s to early 1970s. 
Fortunately for Tahiti and the nearly 400 pearl farms 
that operate there today, cultivation, harvesting, selec- 
tion, and promotion efforts have improved over the 
past 26 years. That is why exports of Tahitian cul- 
tured pearls reached a record of more than 6 tons in 
1998, with a collective value of $134.5 million. 

My personal opinion is that, ultimately, Tahitian 
cultured pearl production should be limited to a max- 
imum of 8 tons yearly. It will probably reach that 
level in another four to five years. When it does, Tahiti’s 


New government regulations ensure that only high- 
quality Tahitian cultured pearls, such as those shown 
here, enter the world pearl market. Courtesy of GIE 
Perles de Tahiti; photo by M. Roudnitska. 
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government has targeted a value of some $300 million 
for those 8 tons of cultured pearls. Why such a big 
change in price per ton? Simply because a new and 
increasingly concerted effort is being made by the 
government and the pearl-producing industry to cul- 
tivate and export only the finest-quality Tahitian cul- 
tured pearls. On January 1, 1999, the government 
imposed new export classifications and regulations 
aimed at ensuring that only a high-quality product 
enters the world pearl market. They effectively ban 
the export of rejects and non-nacreous “pearls,” such 
as calcite “pearls” and organic “pearls.” According to 
the government’s official definition, the Tahitian cul- 
tured pearl is one produced only from the black-lipped 
oyster Pinctada margaritifera, variety cumingi, which is 
the official oyster used on pearl farms in French 
Polynesia. The new export regulations stipulate that 
there are only four products of Tahiti’s official pearl 
oyster that qualify for the label “Made in Tahiti.” 
They are the Tahitian cultured pearl, the Tahitian 
mabé, the Tahitian keshi and the Tahitian mother-of- 
pearl. Note that the new regulations have not 
changed the export tax on loose Tahitian cultured 
pearls. Half of that tax still goes to the government, 
and the other half goes to Perles de Tahiti, a nonprof- 
it economic interest group that has done much to 
popularize the Tahitian cultured pearl in the gem, 
jewelry, fashion, media, and entertainment industries. 

Japan is our number one export market, followed 
by the U.S. and Hong Kong. However, the promo- 
tional efforts by Perles de Tahiti have opened new 
markets for Tahitianan pearl exports, such as Latin 
America, Spain, England, Austria, Germany, 
Belgium, Eastern European countries, and even 
Russia. The trade association also has increased activi- 
ty in existing markets, such as France, Italy, 
Switzerland, Canada, and the U.S. The producers and 
government alike are optimistic that demand will 
continue to grow for the fine-quality cultured pearl 
exported from Tahiti. 


Cultured South Sea Pearls 


Andy Muller 
Golay Buchel 
Kobe, Japan 


rief Historical Background 
Of In 1928, a team of Japanese, led by Dr. 
Sukeo Fujita, harvested the first cultured 
South Sea pearls at Buton, Celebes (now called 
Sulawesi), in Indonesia. The team was financed by 
Baron Iwasaki of Mitsubishi Goshi-Gaisha of Tokyo 
(better known today as Mitsubishi Corp.). 

From 1928 until the outbreak of World War II in 
1941, the project produced, on average, 8,000 to 
10,000 cultured pearls per year. The majority of the 
pearls cultivated at Buton were 8-10 mm in diameter, 
with 12 mm being the rare exception. If we recall 
that during the same period Akoya pearls cultivated in 
Japan had an average diameter of 3-4 mm, there is 
little wonder that these first South Sea pearls created 
quite a sensation. 


Figure 1. South Sea pearls from Australia, Indonesia, 
and the Philippines represent almost half of the world 
saltwater cultured pearl production estimated for 1999. 
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For the period during Wold War II and immedi- 
ately after, from 1941 to 1956, we found no recorded 
production of any significance. In 1954, however, 
Kichiro Takashima established a South Sea pearl cul- 
ture project in Burma (now Myanmar), and the first 
regular harvests started in 1957. In 1956, another 
Japanese pearling pioneer, Tokuichi Kuribayashi, 
started farming in Australia and harvested his first crop 
in 1958. During the 1960s and 1970s, various farms 
opened in Australia, Indonesia, the Philippines, 
Malaysia, and Thailand. Nevertheless, we estimate 
that in the early 1980s, the total marketable part of 
these productions was around 95 kan, or a maximum 
of 100 kan (1 kan=3.75 kg). Since then, however, 
development has been truly phenomenal. 


Current Production Estimates 

How large is our industry today? We estimate that in 
1999, the entire saltwater cultured pearl industry (.e., 
organized pearl farms) will produce pearls worth 
approximately US$490 million (figure 1). White 
South Sea cultured pearls are estimated to represent 
$217 million of this value, which translates into a 
market share of 44.4%; the major producers are 
Australia, Indonesia, and the Philippines (see table). 


Main Characteristics by Country 
Australia 
¢ Australia produces almost half of the world’s 
white South Sea cultured pearls by weight, and 
almost two-thirds by value ($136 million). 


Leading producers of cultured South Sea pearls 
(1999 estimates). 


Country By weight (kan) By value (US$) 
Australia 47.2% (450) 62.9% ($136.5 million) 
Indonesia 39.8% (380) 28.7% ($62.3 million) 
Philippines 10.9% (104) 7% ($15.3 million) 
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¢ Approximately 90% are cultivated along the 
northern coastal areas of Western Australia. 


The Western Australian Pearling industry is well 
organized and efficient. Sixteen license holders 
share a total annual oyster quota of 572,000 
(Pinctada maxima) shells fished from the wild, plus 
350,000 propagated in hatcheries. 


So far, these “hatchery options” have not been 
fully utilized. The first pearls cultivated from 
hatchery shells in Australia were harvested in 
1998, but they represented less than 3% of the 
total. However, farmers have now begun to use 
these hatchery options, so they should start to 
have an impact in the market after the year 
2000. 


The official policy in Australia of limiting output 
by quota control, to keep the supply of cultured 
South Sea pearls from exceeding demand, is now 
under review and may change in the not-too- 
distant future. 


South Sea pearls cultured in Australia are, on 
average (at about 13 mm), the largest in the 
world. Their colors are more “silver,” white, and 
blue when compared to their counterparts from 
Indonesia and the Philippines. 


Pearl growth usually takes 24 months, with ini- 
tial seeding operations and harvests taking place 
during the cooler months of June, July, and 
August. 


Indonesia 


¢ Unlike Australia, where production is concen- 
trated in one particular coastal area, the farms in 
Indonesia are spread over the entire archipelago, 
with the main concentration in the islands east of 
Bali to Irian Jaya. 


The entire South Sea pearling industry relies 
entirely on Pinctada maxima oysters propagated in 
hatcheries. The fishing of wild pearl oysters ceased 
prior to the mid-1990s. 


Indonesia’s industry is not strictly regulated, and 
no quotas exist regarding the number of oysters 
that farmers can seed and breed. Also, the gov- 
ernment has not set any limit on the number of 
licenses it issues. 
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Figure 2. Note the warm “golden” color of these 
South Sea cultured pearls. Photo © GIA and 
Tino Hammid. 


* Indonesian seawater temperatures are relatively 
stable (26°—30°C, versus 18°-31°C in Australia), 
which promotes regular, even growth, without 
Australia’s seasonal limitations. Because the oys- 
ters (and the pearls inside) usually grow faster, 
pearl growth periods can be shorter, between 
18 and 24 months, depending on location and 
conditions. 


The pearls cultivated in Indonesia are smaller 
(approximately 10.5—11 mm on average) than 
those from Australia. They tend to have a 
warmer color (see, e.g., figure 2), often with tints 
of “champagne,” “cream,” yellow, “gold,” and 
pink. The nacre is usually thick, and the pearls 
have a high luster. 


There are more than 50 farm sites in Indonesia, 
and it is estimated that more than 2 million oys- 
ters will be seeded this year. 


Indonesia has good future potential. Although 
the production is still smaller than Australia in 
terms of total value and weight, it has already 
surpassed Australia in terms of the number of 
pearls it cultivates. 
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Opals from Australia 


Lightning Ridge Coober Pedy Coober Pedy 
Lightning Ridge White Cliffs White Cliffs 
Lightning Ridge Amberooka Amberooka 


PLATE J 


The Philippines 


Similar to Indonesia, the government sets no 
limit on the number of licenses it issues, or on the 
number of oysters to be seeded. 


A major breakthrough with hatchery technology 
took place over the past three years, and the 
industry is developing fast nowadays, mainly 
using propagated Pinctada maxima oysters. 


In the past, most farms were spread throughout 
a wide area, mainly in the south. Today, how- 
ever, the largest farms are located on the south- 
western island of Palawan, which has become 
the largest pearl-producing area in the 
Philippines. 


The pearls cultivated in the Philippines resemble 
their counterparts from Indonesia. They are rela- 
tively small, have a thick nacre, and usually show 
a good luster and a warm color. 


The largest farm reportedly seeded over 200,000 
oysters this year. Smaller farms are seeding 
between 20,000 and 50,000 oysters. The total 
number of oysters seeded is most likely in excess 
of 500,000. 


Others 


White South Sea pearls also are cultivated in coun- 
tries such as Malaysia, Vietnam, Myanmar, and 
Thailand. Myanmar and Thailand are progressing 
steadily, and it is possible that their annual produc- 
tion will reach between 30 and 70 kan each within 
five years. 


Some Thoughts for Today... 
And for Tomorrow 


The global breakthrough in hatchery technology for 
farming the white-lip pearl oysters (Pinctada maxima) 
gave the biggest boost yet to this industry. Just 15 
years ago, the entire industry relied on oysters fished 
in the wild. This year, more than 80% of the world’s 
white-lipped South Sea oysters seeded for pearls were 
propagated in hatcheries. 

At this writing, the Australian cultured pearl 
industry is being reviewed, especially in light of a 
“competition policy.” The issues are extremely com- 
plex, and it will probably take a few years for deci- 
sions to be made and potential new laws to be imple- 
mented. Regardless of the outcome, Australian pro- 
duction will continue to increase, especially after the 
year 2000, when the pearls cultivated in propagated 
oysters will reach world markets. 

Indonesia has great potential, but production is 
more difficult to forecast. One of the many reasons is 
that its harvests are susceptible to ocean conditions 
such as “El Nino” or “La Nina,” and they may be 
disrupted by earthquakes and tidal waves. The indus- 
try suffered heavy setbacks in the 1980s and 1990s. 
Some of the largest producers of the past are practical- 
ly out of business today. Meanwhile, others have 
emerged and the industry is again prospering. The 
Philippines, Myanmar, and Thailand are also on an 
expansion course. 

While the past century belonged to the Akoya 
cultured pearl, there is little doubt that pearls cultivat- 
ed in the South Seas will dominate saltwater pearl 
production in the new century. 
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Gem 


Identification 


The Ongoing Challenge of Diamond Identification 


James E. Shigley 
GIA Research 
Carlsbad, California 


EWELERS FACE LEGAL AND ETHICAL 

requirements to disclose information on the 

identity of the gem materials that they sell 

their customers. These requirements presuppose 

that the gems can be identified, either by the jewelers 

themselves or by laboratories that support the jewelry 
trade by issuing gem identification reports. 

The past decade has witnessed the continued 
introduction of diamond treatments, synthetic dia- 
monds, and even a significant new diamond simu- 
lant—synthetic moissanite—into the jewelry trade. 
Jewelers must become aware of the existence of these 
new treatments and materials. They also must learn 
which standard gemological testing instruments and 
techniques are most helpful in their identification, and 
at what point they should turn to a gemological labo- 
ratory for assistance. 


Diamond Treatments 


The diamond treatments most commonly encountered 
include methods to improve apparent clarity, such as 
cleavage- or fracture-filling (widespread occurrence) or 
coating (rarely seen), and to enhance color using expo- 
sure to radiation and/or heat (seen among some col- 


ored diamonds). Diamonds with cleavages that have 
been filled with a glass-like material can be recognized 
by the distinctive interference (“flash”) colors displayed 
by the filled areas, which can be observed with magni- 
fication (see, e.g., McClure and Kammerling, 1995). 
Diamonds with a surface coating often exhibit an 
unusual color or appearance, one that is not consistent 
with their other gemological properties. Colored dia- 
monds that have been treated by exposure to radiation 
and/or heat usually require examination with advanced 
analytical equipment to detect evidence of treatment. 
Since exposure of a diamond to radiation and/or heat 
can take place in the earth, it is not always possible to 
distinguish if a particular diamond has been treated. 


Synthetic Diamonds 

Synthetic diamonds, usually in small sizes and typical- 
ly brownish yellow (but sometimes blue, red, and— 
rarely—near-colorless), occasionally are encountered 
in the jewelry trade. For the most part, the synthetic 
diamonds that we have seen in the trade have been 
produced in Russia or the Ukraine. Cuboctahedral 
crystals up to a few carats (although usually less than 2 
ct) can be grown from a molten metal alloy at high 


Figure 1. Among the distinctive characteristics of colored synthetic diamonds are unusual color zoning (left 
and center) and a cross-shaped fluorescence pattern (right). Photomicrographs (left to right) by Shane Elen 
(magnified 20X), John I. Koivula (25x), and Taijin Lu (2.5x). 
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temperatures and pressures. These growth conditions 
give rise to the distinctive gemological properties of 
synthetic diamonds (figure 1). Faceting of these crys- 
tals yields polished synthetic diamonds that typically 
weigh less than 0.50 ct, and often have a modified 
square shape to retain weight (or are fashioned as 
even smaller round brilliants). For polished synthetic 
diamonds, the distinctive properties include uneven 
color zoning, intersecting graining, metallic inclusions 
(resulting sometimes in attraction of the synthetic 
diamond to a magnet), uneven ultraviolet fluores- 
cence (often stronger to short-wave in comparison to 
long-wave UV), and—for near-colorless material— 
prolonged phosphorescence. The identification of 
synthetic diamonds can be confirmed by advanced 
spectroscopic and chemical analysis methods. (For 
further information on the identification of synthetic 
diamonds, see Shigley et al., 1995, and the articles 
cited therein.) 


Diamond Simulants 

Near-colorless synthetic moissanite currently presents 
an identification problem because standard thermal 
probes (used to distinguish diamond and imitation 
materials such as cubic zirconia [CZ]) will often mis- 
takenly identify synthetic moissanite as “diamond.” 
However, synthetic moissanite can be separated by its 
non-isotropic optic character (when examined with 
magnification looking through the sample, facet junc- 
tions will appear “doubled”; see figure 2, left), strong 
absorption of light at the blue end of the visible spec- 
trum, lower specific gravity, unusual needle- or plate- 
like inclusions (figure 2, right), lack of ultraviolet flu- 


E-mail address: jshigley@gia.edu 


Figure 2. Synthetic moissanite can be 
readily separated from diamond by its 
doubly refractive optic character, as 
revealed by the doubling of the facet 
junctions as you look through the stone 
(left). Synthetic moissanite also may 
contain distinctive tube-like or flat, 
reflective plate-like inclusions (right). 
Photomicrographs by Shane Elen, mag- 
nified 15x. 


orescence, and—often—electrical conductivity (see, 
e.g., Nassau et al., 1997). The fact that synthetic 
moissanite is now available in greater quantities and is 
being distributed worldwide means that jewelers 
could encounter it more frequently in the market- 
place. Therefore, knowledge of these identifying fea- 
tures is critical. 


What the Future Holds 


In the future, it is likely that new methods for treating 
diamonds will be developed or become more promi- 
nent, such as the new high pressure/high temperature 
treatment that reportedly removes or alters color. 
[Editor’s note: see the article in this issue on GE-pro- 
cessed diamonds for further information.] Synthetic 
diamonds will continue to be produced, but high 
costs and the restricted availability of synthesis equip- 
ment are likely to limit the number, sizes, and quality 
of synthetic diamonds and keep prices high. Jewelers 
will need to stay informed about technological devel- 
opments in diamond treatment and synthesis, as well 
as current gem-testing methods, to fulfill their respon- 
sibilities to their customers. 
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The Identification of Ruby and Sapphire 


Kenneth Scarratt 
AGTA Gemological Testing Center 
New York 


HETHER A RUBY OR SAPPHIRE is being 
bought, sold, or appraised, the fact that it 
has or has not been enhanced by heat may 
make anything from a minor to a major difference in 
its value. Hence, today one of the key trade concerns 
upon reading a laboratory report is whether a deter- 
mination has been made of the heated or unheated 
nature of a ruby or sapphire. In all treatments, the 
gem world is also moving closer to fully implement- 
ing a “Total Disclosure” policy, and so beyond the 
pricing factor may soon lie a very strong moral, if not 
legal, reason for requiring such a determination. 
Several factors are of critical concern in the identi- 
fication of ruby and sapphire, including: how to 
determine enhancement by heat, residues from the 
heating process, glass and other fillings, color and 
asterism surface diffusion, and synthetic rubies and 
sapphires. Given that today all major gemological 
testing laboratories enlist advanced technology for 
identification procedures, it is also important to 
understand the information provided by ultraviolet- 
visible and infrared spectrometers, energy-dispersive 
X-ray fluorescence (EDXRF) chemical analysis, and 
laser Raman microspectrometry. 


Enhancement by Heat 
The appearance of silk may help in the determination 
process; that is, the presence of unaltered silk will 
indicate that the stone has not been heated. In blue 
sapphire, internal diffusion of blue color in areas that 
were once occupied by individual rutile needles indi- 
cates that the stone has been heated. “Silk” formations 
composed of oriented fine “dust-like” inclusions also 
may indicate heat treatment for stones from certain 
localities, such as Sri Lanka. 

The appearance of included crystals and feathers 
also may help. Feathers that are composed of “bubble- 
like” formations, or have an overall “glassy” appear- 
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ance, and crystals with a melted or “snowball” 
appearance (figure 1) are good indicators of heat 
enhancement. However, perfectly formed feathers 
and crystals point toward an unenhanced stone. 

Some absorbance observations also may assist in 
determining enhancement by heat (see, e.g., Schwarz 
et al., 1996). Similarly, some heat-treated stones have 
distinctive fluorescence reactions, such as the chalky 
appearance of some heat-treated blue sapphires when 
exposed to short-wave ultraviolet radiation. 


Diffusion of Surface Color and Asterism 


The most common color produced in “surface-color 
diffused corundum”’ is blue, but other colors, such as 
orange and red, also may be seen. The simplest iden- 
tification technique is to examine a suspect stone over 
a white diffuser plate, so that color concentrations will 
be observed at facet junctions if the stone is surface- 
color diffusion treated. More definition is gained if 
the stone is immersed in methylene iodide. 

Using standard gemological microscopic tech- 
niques, but particularly with overhead reflected light, 
the phenomena that cause surface-diffused asterism 
will be observed only in a layer near the surface of the 
stone, not throughout the stone as would be the case 
for a natural star sapphire or ruby. 


Glass in Cavities and Open Fractures, and 
Residues within Essentially Closed Fissures 


Either by design or by accident, glass may be deposit- 
ed in open fractures and/or surface cavities during the 
heat treatment of rubies (and sometimes sapphires). It 
is important to disclose the presence of such glass on 
laboratory reports and to any potential purchaser of a 
stone. For the most part, the presence of glass is 
revealed by its surface luster (figure 2), which is differ- 
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ent from that of the ruby host. When making such 
observations, however, one should be aware of other 
possible causes for such differences in surface luster, 
for example, where natural unaltered or even altered 
inclusions have been exposed at the surface during the 
polishing process. 

Following heating, various residues may be dis- 
covered within fissures; in these cases, no differences 
will be seen in surface luster, and their presence is 
revealed only by internal inspection. Most major lab- 
oratories will reveal the presence of such residues, and 
some quantify the amount using such terms as minor, 
moderate, and significant. 


Separation of Natural from Synthetic Gems 
Twenty years ago, the separation of natural ruby and 
sapphire from their synthetic counterparts was not 
complicated by such practices as heat enhancement, 
which can significantly alter the appearance of natural 
inclusions. There also were fewer processes used to 
manufacture synthetic rubies and sapphires. 
Nevertheless, certain identification principles still 
apply; for example, the presence of curved growth 
lines in ruby or curved color banding in sapphire is a 
sure indicator that the stone is of synthetic origin. 
However, experience in viewing all the different 
kinds of inclusions likely to be present in natural and 
synthetic rubies and sapphires is essential if the gemol- 
ogist is to avoid errors such as mistaking the “melted” 
inclusions in a heat-treated Mong Hsu ruby for the 
flux inclusions of a synthetic. It can be equally as cost- 
ly to mistake the dark or blue zones sometimes pre- 
sent in a synthetic ruby manufactured by Chatham for 


Figure 1. Snowball-like inclusions, here surrounded by 
a stress fracture, are commonly seen in heat-treated sap- 
phires. Photomicrograph by Kenneth Scarratt. 


Figure 2. Note the difference in luster between the 
glass-filled fracture and the host ruby. Photomicrograph 
by Kenneth Scarratt. 


the dark or blue zones expected in unheated rough 
material from Mong Hsu. The chance of error 
increases when the synthetic has been “manufac- 
tured” to resemble the external appearance of the 
Mong Hsu material. 

Certain inclusions within a synthetic ruby or sap- 
phire can be very helpful in the identification process, 
such as platinum platelets and bright orange flux. 
Growth phenomena such as the undulating structures 
seen in hydrothermally grown synthetic rubies and 
sapphires also are very distinctive, as is the presence of 
a partial seed plate. 

Identification becomes increasingly difficult when 
there are no inclusions or those present have an 
unusual appearance. Raman analysis of inclusions may 
positively identify the material and, on the basis of 
that information, allow identification of the host. 
When there are no inclusions, or Raman does not 
produce the needed information, then chemical anal- 
ysis by EDXRF may reveal the presence of trace ele- 
ments that are indicative of one of the synthetics or a 
natural source. 

UV-visible spectroscopy also may be useful in the 
identification of sapphire, especially the geologic ori- 
gin of a natural stone. When this information is com- 
bined with trace-element data and a detailed knowl- 
edge of inclusion scenes from different localities, it 
may not only identify the natural or synthetic nature 
of the stone, but it may also provide information on 
the geographic locality of the natural material or the 
manufacturer of the synthetic. 
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Distinguishing Natural from Synthetic Emeralds 


Karl Schmetzer 
Research Scientist 
Petershausen, Germany 


ARIOUS NONDESTRUCTIVE METHODS are 

applied to distinguish natural from hydrother- 

mally or flux-grown synthetic emeralds. 
Microscopic examination is used to determine the 
presence or absence of solid, fluid, and/or multiphase 
inclusions, as well as for the determination of diagnos- 
tic growth patterns and color zoning. Inclusions can 
be characterized further by laser Raman microspec- 
trometry or by electron microprobe analysis. 
Chemical properties of the host material (and some- 
times inclusions) can be determined by X-ray fluores- 


cence or electron microprobe analysis. Absorption 
spectroscopy in the visible and ultraviolet ranges can 
detect the presence or absence of color-causing transi- 
tion metals such as chromium, vanadium, iron, nick- 
el, and copper. Infrared spectroscopy can reveal the 
presence or absence of different types of water 
molecules and/or chlorine. 

For most of these techniques, diagnostic properties 
exist that are useful to separate natural from synthetic 
emeralds, but there are also areas of overlap. 
Specifically, certain characteristic features are typical 


Figure 1. These spectra were recorded by means of the energy-dispersive X-ray analysis system of an electron 
microprobe, for natural emeralds from Swat, Pakistan; Miku, Zambia; and Muzo, Colombia—as well as 
for the following synthetic emeralds: Russian flux-grown synthetic and Biron hydrothermal synthetic. 
Characteristic sodium and magnesium peaks were observed for the natural samples from Pakistan and 
Zambia; distinct amounts of chlorine are diagnostic for Biron synthetic emeralds. The peak positions (in keV) 


are Na-1.0, Mg-1.3, Al-1.5, Si-1.7, and Cl-2.6. 


COUNTS: —————> 
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for either natural or synthetic emeralds if present, but 
their absence is of no unequivocal diagnostic value. 
The presence of distinct amounts of sodium and 
magnesium, for example, is useful to characterize 
natural emeralds from numerous sources (figure 1). 
The presence of these elements can be determined by 
wavelength- or energy-dispersive X-ray fluorescence 
analysis or electron microprobe analysis, but natural 
emeralds from some sources—such as some 
Colombian or Nigerian stones—contain only very 
low amounts of sodium and magnesium. Thus, the 
sodium and magnesium values of these natural emer- 
alds overlap those of their flux-grown and hydrother- 
mal synthetic counterparts (again, see figure 1). 

The presence of distinct amounts of chlorine —as 
determined by X-ray fluorescence, electron micro- 
probe analysis (figure 2), or infrared spectroscopy—is 
used to characterize hydrothermal synthetic emeralds 
produced in China or Australia (Biron). An absence 
of chlorine, however, is known not only for natural 
emeralds from various sources, but also for flux- 
grown synthetic emeralds and for some other 
hydrothermal synthetic emeralds (e.g., produced in 
Russia or in Austria [Lechleitner]). 

The presence of certain trace elements, such as 
molybdenum, is useful to characterize some flux- 
grown synthetic emeralds (e.g., Chatham, Gilson, and 
Zerfass). However, no residual molybdenum com- 
pounds are found in natural emeralds, in hydrother- 
mal synthetic emeralds, or in flux-grown synthetic 
emeralds that are produced in molybdenum-free flux 
compositions, as is the case for samples grown in 
Russia from lead vanadate solvents. 

An even more complex pattern of overlap is 
observed for other features, such as water-related 
infrared absorption bands. No water is present in flux- 
grown synthetic emeralds. Absorption bands of water 
molecules that are not related to alkali ions (such as 
lithium and sodium) are observed for some 
hydrothermally grown synthetic emeralds, such as 
Linde and Biron. However, some natural and 
some synthetic samples contain comparable amounts 
of water molecules not related to alkalis, as well as 


Al Si 


Biron hydrothermal 
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Figure 2. This energy-dispersive X-ray spectrum 
of a Biron hydrothermal synthetic emerald was 
recorded by means of an electron microprobe; the 
sample reveals a characteristic chlorine content as 
well as almost identical amounts of vanadium 
and chromium. The presence of both color-causing 
trace elements, vanadium and chromium (here, at 
5.0 and 5.4 keV, respectively), is typical for this 
synthetic emerald grown in Australia, although 
vanadium and chromium may also be seen in 
Colombian emeralds. 


some alkali-related water. For this group, which con- 
sists of Russian and Lechleitner hydrothermal syn- 
thetic emeralds as well as low-alkali-bearing natural 
emeralds—such as those from Colombia or 
Nigeria—identical water absorption bands may be 
measured in the infrared. For natural emeralds with 
higher amounts of alkali-related water molecules, 
the infrared spectra again are diagnostic for natural 
emeralds. 

Consequently, a combination of techniques is 
sometimes necessary to determine unequivocally 
whether an emerald is natural or synthetic. In general, 
gemologists in the major laboratories must decide, 
after microscopic examination and standard gemolog- 
ical testing, which additional techniques must be per- 
formed to determine the origin of a sample. 
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Identification Challenges 
of the New Millennium 


Shane F. McClure 
GIA Gem Trade Laboratory 
Carlsbad, California 


NE OF THE MOST INTERESTING things about 
(VY. working in a gemological laboratory is the 

opportunity to see the most challenging new 
developments in gemology—often before they are 
seen by almost anyone else in the field. This discus- 
sion presents a few of the more interesting or signifi- 
cant items that have recently come through the GIA 
Gem Trade Laboratory. 


Jadeite Jade 


Because of the demand for fine-quality jadeite and its 
rarity, jadeite is treated in many different ways to 
make the most of what little material is available. 
Small carvings of dark green, nearly opaque jadeite 
are hollowed out from the back so that they appear to 
be a pleasing (and more salable) lighter green. Because 
the walls of these carvings may be less than one mil- 


Figure 1. Quartzite can be dyed to imitate_fine 
jadeite, as illustrated by these & mm beads. Photo 
by Maha DeMaggio. 
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limeter thick, the back is usually filled with plastic to 
keep the jadeite from breaking. We also have seen 
large cavities in bangle bracelets that have been filled 
with a plastic mixed with a speckled green material— 
so the filler blends in with the rest of the bracelet. 
Several pieces of dyed green jadeite submitted to the 
laboratory did not show the characteristic absorption 
spectrum used to detect the dye. In addition, we have 
seen very believable imitations of fine jadeite, such as 
dyed quartzite (figure 1). 


Imitation Tanzanite 

We recently examined an excellent new tanzanite 
imitation. The material is synthetic forsterite, a miner- 
al in the olivine group, which has been doped with 
cobalt. Its appearance is very similar to tanzanite, 
including the strong pleochroism characteristic of that 
material. However, synthetic forsterite is easy to sepa- 
rate from tanzanite based on its gemological proper- 
ties (especially the refractive indices, 1.635—1.670 for 
forsterite as compared to 1.69—1.70 for tanzanite). 


Zachery-Treated Turquoise 


This proprietary turquoise treatment reduces the natu- 
ral porosity of turquoise, so that the treated material 
will take a better polish than untreated material and 
will not discolor by absorbing foreign materials such as 
oils. It also can darken the color of the material. 
Extensive testing has not detected the presence of any 
polymers or other foreign materials within the 
turquoise after treatment. One indication of treatment 
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seen in some of the stones that had improved color 
was blue concentrations along fractures. However, a 
higher-than-normal potassium content is the only way 
at this time to identify the treatment conclusively. 


Diffusion[?]-Treated Topaz 


Blue-to-green topaz that reportedly derives its color 
from diffusion treatment has been available for several 
years now. Whether or not this treatment is actually a 
diffusion process has not yet been proved, but it is 
significant to note that this material is substantially dif- 
ferent from the pink-, red-, and orange-coated topaz 
that has been on the market. The coatings that produce 
these other colors are temporary and will easily scratch 
off. The color layer of the “diffused” material has the 
same hardness as topaz and has been shown to be very 
durable. The color is produced by cobalt, and the 
stones often show an elevated R.I. (sometimes over the 
limits of the refractometer). This treatment creates an 
extremely thin color layer that can be detected easily 
by its spotty appearance in the microscope. 


Synthetic Aquamarine 


Hydrothermally grown synthetic aquamarine has 
become commercially available during the last year, 
and has been sold in Brazil as small calibre-cut goods 
(figure 2). It appears that the quantities available are 
small and the stones are easy to identify, as they have 
the characteristic chevron-like graining seen in many 
hydrothermal products (figure 3). 


Tsavorite 

A very significant new deposit of fine-quality tsavorite 
has recently been found in southern Tanzania. Many 
kilos of the material have been recovered, with the 
best of the stones being of the finest quality when fin- 
ished. We discovered some very interesting graining 
patterns in one of the stones we examined. This 
graining consisted of parallel striations that were 
curved in such a way as to remind us of the swirl stri- 
ae often seen in glass. Fortunately, the stone had 
many other inclusions that proved its natural origin. 


Glass Imitations 

We continue to see high-property glass represented as 
natural stones. The most recent incident was a green 
glass that was being sold as Chinese peridot. This glass 
had a very high refractive index (over the limits of the 


Figure 2. One of the newest synthetics on the mar- 
ket is hydrothermally grown synthetic aquamarine. 
The cut samples average approximately 1 ct. Photo 
by Maha DeMaggio. 


refractometer), was very clean, and was visually iden- 
tical to peridot. Gemologically, this material is easy to 
distinguish from peridot because none of their prop- 
erties overlap. The greatest danger in this type of imi- 
tation is when it is sold in the rough or mixed in with 
parcels of natural stones. 


Figure 3. The presence of chevron-like graining 
proves that the host stone is a hydrothermal synthet- 
ic, in this case synthetic aquamarine. Photo- 

micrograph by Shane F. McClure; magnified 25x. 
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Treatments 


Identifying Diamond Treatments 


Ilene M. Reinitz 
GIA Gem Trade Laboratory 
New York 


IAMONDS CAN BE TREATED to alter their 
(f/) clarity or their color. Although modern tech- 
nology has increased the number of treatments 

to which diamonds may be subjected, most diamond 


treatments still can be detected through careful gemo- 
logical observation and testing. 


Clarity Enhancement 

A common treatment used in the trade to improve 
clarity is laser drilling. This technique creates access to 
a subsurface inclusion which, if it has not been vapor- 
ized by the laser beam, can then be dissolved by acid. 
Drill holes can be differentiated from natural etch 
channels by their appearance (Johnson et al., 1998). 
Specifically, drill holes are round in cross-section, 
whereas etch channels in diamond are square, triangu- 


lar, or hexagonal. 
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Clarity also can be altered by introducing a high- 
refractive index glass into surface-reaching fractures 
(fracture filling), which greatly reduces their visibility. 
However, since the glass does not match the refrac- 
tive index of diamond at all wavelengths, a “flash 
effect” is seen when observing the diamond parallel to 
the plane of the fracture (McClure and Kammerling, 
1995). Non-surface-reaching fractures may be filled 
through a drill hole, but the hole itself is usually too 
wide to be concealed by this treatment. An unfilled 
drill hole disperses light around its edges, and may dis- 
play a subtle partial ranmbow when observed perpen- 
dicular to its length, whereas a filled drill hole may 
exhibit pinpoints of light showing various colors (fig- 
ure 1). Knowledgeable observation with good light- 
ing and magnification of at least 10X is the key to 
identifying clarity treatments. 


Figure 1. The laser drill hole 
and fracture in this 2.51 ct 
diamond have been filled 
with a high-refractive index 
glass. Note the various-col- 
ored pinpoints of light along 
the drill hole, and the pink- 
to-purple flash colors along 
the fracture. Photomicrograph 
by Vincent Cracco; magnified 
63x. 


WINTER, 


1946 565 


Composition and Genesis of 
Opal 

The composition of opal is SiO,+ 
nH,O, that is, hydrated silica. The 
content of water varies from 1 to 21 
per cent, but in precious opal is 
generally 6 to 10 per cent. Impurities 
such as compounds of calcium, iron, 
magnesium, sodium and aluminum 
are frequently present. 

Opal is formed from gelatinous 
silica, deposited in cracks and fis- 
sures in various types of rocks by 
water solutions. In hardening, the 
silica gel loses some of its water, 
thus forming opal. During this proc- 
ess of dehydration and hardening, 
cracks often form. These cracks are 
sometimes later filled with addition- 
al thin films of opal, having a dif- 
ferent refractive index from the 
main ground mass. Interference of 
light waves in passing through these 
thin films of opal results in the 
familiar play of color, or “fire,” 
which makes opal a valuable gem. 

Opal is a very common mineral, 
found in almost innumerable local- 
ities all over the world. Only rarely, 
however, has Nature filled the 
eracks formed during the dehydra- 
tion with that thin opal film neces- 
sary for sufficient beauty to be 
classed as a gem. In its common 
varieties opal may be colorless, 
white, gray, brown and _ various 
other tints. 


Varieties of Opal 
Opal is commonly elassified as 
either precious opal or common opal. 
The following are the important 
varieties of precious opal: 
White Opals are those having 
a light or white body color with 
fine play of color. 
Black Opals have a black, dark 
blue, dark green, or dark gray 
body color with fine play of color. 


Harlequin Opals are those 
which show play of color in reg- 
ular, close-set angular patches. 
Harlequin opals having very small 
patches of color are known as 
pin fire opals. 

Flash Fire Opals are those dis- 
playing play of color in more or 
less irregular streaks. According 
to Schlossmacher, a flame opal is 
a variety of flash fire opal in 
which red is the predominant 
color. 

Girasol Opals show no play of 
color but instead have a moving 
billowy blue light. 

Fire Opals are those which are 
transparent to translucent with 
an orange red to red body color. 
They may or may not show a play 
of color. Cherry Opal is a name 
given to the cherry-colored va- 
riety. 

Gold Opal is a variety which ex- 
hibits an over-all color of golden 
yellow. 

Onyx Opal is defined by most 
authorities to be opal made up 
of alternate layers of precious 
and common opal, or of alternate 
layers of opal and chalcedony. 


Occurrence of Opal 
By far the greatest proportion of 
precious opal is found in Australia. 
Australian opal is classified as fol- 
lows, according to the type of matrix 
in which it is found: 

Boulder Opal is an oceurrence 
of Australian opal in which the 
opal is found as thin veins in 
brown iron-stone boulders of con- 
cretionary origin. 

Sandstone Opal is a type of oc- 
currence where the opal. is found 
in pipe-like masses up to one inch 
or more in diameter running 
through sandstone. 

(Continued on Page 378) 


Figure 2. A sputtered-metal coating—visible here in 
diffused transmitted light as indistinct dark spots—has 
been applied to the pavilion of this 2.02 ct diamond. 
Photomicrograph by Nick DelRe; magnified 63x. 


Color Enhancement 

Off-color diamonds are commonly treated to create a 
more attractive, saturated color. The most important 
development in this area over the last decade is that 
there is now substantial overlap in the color appear- 
ance of natural and treated diamonds, especially for 
yellow, greenish yellow, and pink hues. Most color 
treatments involve irradiating and/or heating the dia- 
mond to create various color centers (Collins, 1982). 
Some of these treatments produce a diagnostic distri- 
bution of the color (e.g., concentration at the culet), 
while detecting others requires careful analysis of a 
UV-visible-near infrared spectrum taken at low tem- 
perature; luminescence reactions may also be diagnos- 
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tic (Reinitz and Moses, 1997, 1998). The origin of 
color in some green diamonds—and, on rare occa- 
sions, some diamonds of other hues—cannot be 
determined as being either natural or treated. 

In rare instances, diamonds are coated to produce 
a fancy color; more frequently, they are coated to 
make a pale yellow or brown diamond look more 
colorless. Coating techniques vary from the common- 
place (such as fingernail polish) to the highly sophisti- 
cated (such as sputtered metals; see figure 2). To date, 
all coatings can be identified by careful observation 
with 10x or higher magnification, using a variety of 
lighting conditions, especially diffused transmitted 
light and reflected light. 

The release of GE-processed diamonds onto the 
market has provided the most recent—and perhaps 
most significant—identification challenge for gemol- 
ogists (see report in this issue of Gems & Gemology, 
pp. 14-22). 
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Fluxes and the Heat Treatment of 
Ruby and Sapphire 


John L. Emmett 
JLE Associates and Crystal Chemistry 
Brush Prairie, Washington 


HE DISCOVERY OF EXTENSIVE RUBY 

o, deposits in the Mong Hsu area of Myanmar 
(Burma) has provided the marketplace with a 
much-needed source of fine ruby in smaller sizes 
(see, e.g., Hlaing, 1991; Henn and Bank, 1993; 
Kammerling et al., 1994). Much of the ruby from this 
location is characterized by blue or blue-black cores 
which generally are removed by heat treatment 
(Peretti et al., 1995). The heat treatment is straight- 
forward: Temperatures of 900°C or above in an air 
atmosphere are usually sufficient to accomplish the 
desired change in color. When substantial quantities 
of Mong Hsu ruby began arriving at gemological lab- 
oratories worldwide, new features were recognized 


that were soon identified as residual flux inclusions 
(Peretti, 1993; Milisenda and Henn, 1994). These 


Figure 1. This 28 ct ruby from the John Saul mine 
in Kenya shows two glassy blebs that resulted from 

heat treatment without flux. They probably repre- 
sent the melting of micaceous inclusions, and could 

easily be mistaken for residual flux. 


90 SYMPOSIUM PROCEEDINGS ISSUE 


observations were mentioned in grading reports 
(Hanni et al., 1998), and have initiated a serious 
debate on the use of flux in heat treatment and, in 
particular, what the presence of large amounts of flux 
means in terms of the quality and durability of the 
original ruby. 

What is a flux? A flux is simply a material that is 
usually a solid at room temperature, but at high tem- 
peratures it becomes molten and is a solvent for min- 
erals and other inorganic materials. There are many 
types of fluxes in use, such as oxides, borates, silicates, 
molybdates, and fluorides, as well as various combina- 
tions of these materials. For example, fluorides are 
often used to reduce the viscosity of other fluxes. 
Fluxes based on borax (sodium tetraborate decahy- 
drate) are widely used in Thailand for the heat treat- 
ment of ruby and sapphire (Abraham, 1982; Peretti et 
al., 1995). 

It has been stated that a flux is necessary to prevent 
thermal-shock fracture of ruby and sapphire during 
heat treatment (Robinson, 1995). Nothing could be 
further from the truth. Natural ruby and sapphire are 
highly resistant to thermal shock fracture; much more 
so, in fact, than the ceramic crucibles in which the 
stones are placed, or the refractory materials of the 
furnace. Fluxes are used solely to enhance the appear- 
ance of lesser-quality material. 

In principle, a flux can have many functions. It 
can slightly dissolve the surface of ruby or sapphire, 
giving it a somewhat polished appearance. It can fill 
fractures that are open to the surface. It can match the 
average index of refraction of corundum, thus mask- 
ing fractures and other cavities. It can dissolve inclu- 
sions or staining in fractures that reach the surface. It 
can dissolve the amorphous layers that result from 
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aluminum hydroxide decomposition along parting 
planes. Finally, a flux can combine chemically with 
inclusions that melt out of a ruby or sapphire. 

Upon cooling, a flux can redeposit dissolved 
corundum (Hanni, 1997-1998; Hughes and Galibert, 
1998), resulting in very limited re-growth, or it can 
simply solidify as a corundum-containing material. It 
cannot, however, completely re-grow corundum in a 
fissure, because the flux usually contains less than 20% 
dissolved corundum (Nelson and Remeika, 1964; 
Linares, 1965). The solidified flux can be a glass, a 
polycrystal, a single crystal, or all of these phases, 
depending on the final composition, viscosity, cooling 
rate, volume, and substrate. In addition, each of these 
phases can have a different chemical composition. 

Although today fluxes are used routinely to heat 
treat nearly all types of ruby and sapphire, determin- 
ing that a flux has been used is not straightforward. 
First, many fluxes are based on borates, and boron is 
not detected by the X-ray fluorescence (XRF) spec- 
trometers routinely used in gemological laboratories. 
Second, mineral inclusions may melt out of the 
corundum during heat treatment, and these melt 
droplets may appear very similar to flux deposits. The 
two glassy blebs on the surface of the ruby in figure 1 
could easily be misidentified as flux. These glassy 
materials are composed of the oxides of silicon, alu- 
minum, and magnesium, sometimes with calcium, 


Figure 2. Color concentrations along facet junctions 
are clearly visible in this deep-diffused sapphire that 
has been immersed in methylene iodide. This 
uneven coloration—which is considered characteristic 
of diffusion treatment—tesults primarily from the 
recutting and repolishing of the stone, not the diffu- 
sion treatment. 


Figure 3. This slice of a faceted, deep-diffused sap- 
phire shows the diffusion profile extending out from a 
“fingerprint”’-like inclusion (bottom left) that reaches 
the stone’s surface. The deep diffusion of this sample 
was performed by heating in a Ti-containing powder, 
which is the usual practice. However, a Ti-containing 
flux theoretically could produce the same result with- 
out the surface damage caused by powder sintering. 


potassium, or sodium. They apparently result from 
the melting of various micaceous mineral inclusions. 
Given the wide compositional range of fluxes, the 
variety of inclusions that can melt and/or dissolve in a 
flux, and the variety of morphologies that result from 
the cooling of flux materials, the identification of a 
flux as a filling in fractures or cavities can be very 
challenging. 

In what may be yet another application of molten 
fluxes, we recently examined five fine sapphires of 3- 
5 ct each that we believed to have been deep diffused; 
yet they did not exhibit the color concentrations at 
the facet junctions that are typical of this treatment 
(Kane et al., 1990; see, e.g., figure 2). Note that this 
facet outlining is an artifact of recutting and repolish- 
ing the sapphire, which was necessitated by the pit- 
ting of the surface that was caused by powder sinter- 
ing (Carr and Nisevich, 1975) during deep diffusion, 
and not the deep diffusion process itself. Prior to 
recutting and repolishing, the outlining of the facet 
junctions in deep-diffused gemstones generally is not 
visible even with immersion. We identified three of 
these stones as being deep diffused on the basis of the 
diffusion profiles seen on surface-reaching “finger- 
print” inclusions when they were viewed edge-on. 
Because titanium dioxide—the material typically used 
for diffusion treatment—has a very high surface-diffu- 
sion rate on sapphire, it will propagate into any open 
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fissures and start diffusing into the bulk of the stone. 

Figure 3 shows a cross-section slice of a deep-dif- 
fused sapphire with a fingerprint inclusion that 
exhibits the diffusion profile. This stone was deep dif- 
fused in the usual manner from a powder. In princi- 
ple, however, titanium could be diffused into sapphire 
from a molten flux. This would avoid the surface pit- 
ting and thus eliminate the need for recutting as well 
as the facet outlining. This is what we believe was 
done to at least three of the five stones that we stud- 
ied. These observations suggest that careful examina- 
tion of fine sapphires is most prudent, even when 
there is no evidence of color concentrations at the 
facet junctions. 
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Fissure-Filled Emeralds and Their Detection 


Henry A. Hanni 
SSEF Swiss Gemmological Institute 
Basel, Switzerland 


ISSURES AND FRACTURES IN GEMSTONES are 
commonly filled with various materials such 
as glass, wax, oil, or artificial resins to improve 


their clarity. In the case of emeralds, fissure filling 
traditionally has been performed with organic mate- 
rials. These fillings usually are visible with micro- 
scopic inspection, or with UV radiation due to their 
fluorescence. However, such observations need con- 
firmation by other methods. Identification of such 
fillings is usually possible with infrared spectroscopy 
or laser Raman microspectrometry. 

At the SSEF Swiss Gemmological Institute, the 
analysis of fissure fillings is now routine. 
Identification of the filling is performed in three 
steps: (1) optical (microscopic) examination, (2) 
FTIR analysis, and (3) Raman microspectrometry. 
For both the infrared and Raman techniques, the 
spectra obtained are compared to those of known 
(reference) materials. 


Microscopic Examination 

A detailed study with the microscope generally allows 
detection of the presence of a filler substance in the 
emerald and the extent of treatment. It also provides 
indications of the identity of a possible filler substance. 
Trapped air bubbles and dendritic patterns are a reli- 
able indicator of the presence of a filler. Another indi- 
cation is provided by “flash effects” along the fissure 
planes. While oil may create an orangy flash effect, 
flashes that show a change of color when the stone is 
viewed at different angles to the light source are typi- 
cally due to artificial resins (figure 1). 


FTIR Spectroscopy 
Fourier-Transform Infrared spectroscopy (FTIR) is 
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more versatile than conventional infrared spec- 
troscopy for studying the molecular structure of 
organic compounds. However, a problem arises 
when fillers are analyzed within an emerald: Most of 
their characteristic features — at around 1600 cm-!— 
cannot be detected because of the absorption inter- 
ference from the host emerald. Fortunately, emeralds 
are transparent to infrared radiation in a second 
spectral area, between 2800 and 3200 cm-!, from 
which characteristic features of organic substances 
can be obtained. The FTIR technique can be 
applied in two modes (i.e., transmittance or diffuse 
reflectance), depending on such considerations as the 
size of a stone and whether it is set in jewelry. 
Whichever FTIR technique is used, however, the 
analyzed volume of the sample is usually large 
enough to cover several fissures. Therefore, this 


Figure 1. Multicolored flashes in emerald fissures often 
indicate clarity enhancement by an artificial resin. Photo 
©SSEF Swiss Gemmological Institute. 
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“macro method” may enable the identification of 
multiple fillers when the emerald has been succes- 
sively filled with different substances. 


Raman Analysis 


With Raman microspectrometry, the identification 
of organic fillers in emeralds is also feasible. Waxes, 
oils, and natural and artificial resins show distinct 
Raman spectra. The characteristic peak areas are 
between 1300 and 1700 cm! and from 2800 to 
3200 cm7!. To obtain an analysis, the laser is focused 
into a narrow beam that is directed at a specific frac- 
ture (i.e., it is a “micro-analysis”). Complications 
may arise with this technique if a stone contains sev- 
eral substances, or mixtures of pure organic fillers, in 
a single fracture filling. In such cases, it is necessary 
to compare not only peak positions, but also peak 
intensity ratios. This enables the detection of admix- 
tures and, frequently, residual fillers from earlier 
treatments. However, it may not be possible to 
identify decomposed filler materials (e.g., figure 2) 
with Raman analysis. 

Because the successful identification of an organic 
filler using either FTIR or Raman microspectrometry 
depends on comparison to reference data, a compre- 
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Figure 2, The chemical properties of a filling sub- 
stance that has dried, as shown here, may be different 
from those of the original substance. Photo OSSEF 
Swiss Gemmological Institute. 


hensive collection of reference spectra for known 
materials is a necessity. Our laboratory maintains such 
a library and it is constantly being enlarged. In addi- 
tion, several Raman users, as well as equipment man- 
ufacturers, are presently compiling databases of 
Raman spectra that will be of particular value to the 
gemological community. 


An Overview of Gemstone Treatments 


Kurt Nassau 
Nassau Consultants 
Lebanon, New Jersey 


EMSTONES THAT ARE DEFICIENT in either 

color or clarity can be enhanced by a wide 

variety of treatments (Nassau, 1994). An esti- 

mated two-thirds of all colored gemstones used in 

jewelry today are enhanced, and the use of enhance- 
ments on diamonds continues to grow. 

Important factors to be considered in gemstone 
enhancement are: (1) the permanence of the treat- 
ment, that is, whether it is stable under normal condi- 
tions of wear and display (i.e., exposure to light—in 
the absence of excessive heat—and repolishing); (2) 
whether the presence of the treatment can be identi- 
fied by standard gemological methods; and (3) 
whether the treatment can be reversed, should one 
wish to do so. 

The effect of the simple heat treatment of various 
gem materials is summarized in table 1 (top). All of the 
heat-treated materials in table 1 are stable, and most of 
the treatments can be reversed. The effect of radiation 
treatments is similarly summarized in table 1 (bottom). 
Most of the irradiated materials are stable, and the 
treatment can be reversed in most cases. 

Table 2 summarizes other types of gemstone treat- 
ments under two categories: (1) bleaching, dyeing, and 
filling techniques (top); and (2) other processes (bot- 
tom). Treatments in the first category generally are not 
stable (or their long-term stability is uncertain), and 
none can be fully reversed except in unusual circum- 
stances. Among the other treatments, the recently 
announced GE POL process (see, e.g., Bates, 1999) 
undoubtedly uses high temperature at high pressure to 
lighten the color of certain diamonds (see, e.g., 
Nassau, 1994). 

Many of the treatments in tables 1 and 2 can be 
identified by standard gemological examination, but 
many others cannot. Irradiated gem materials often 
pose the greatest challenge, because the exposure to 


radiation may occur naturally or in the laboratory, 
with varying degrees of permanence. For example, 
yellow and “‘padparadscha” sapphire, as well as yellow 
to brown (“Imperial’’) topaz, occur in both stable and 
fading forms (sometimes even together in the same 
sample), in both artificially irradiated and naturally 
occurring material. 

Using equipment described by Nassau (1996a), a 
simple test can be performed to identify rapidly fading 
materials (e.g., irradiated spodumene, grossular, and 
green topaz, and some natural or irradiated yellow-to- 
brown topaz and padparadscha sapphire). Care must 
be taken to keep the temperature below 50°C to 
avoid heat destruction of color, a precaution that has 
been missing from some studies (Brown, 1993; 
Nassau, 1996b). Fading of both natural and enhanced 
gemstones is also a problem for curators of gem and 
mineral collections (Nassau, 1992). 
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TABLE 1. Simple heat and irradiation treatments. 


TABLE 2. Other treatments. 


Gem material Change Result Stable?? Reversible? Process Gem material Stable?@ Reversible? 
SIMPLE HEATING BLEACHING, DYEING, FILLING 
Near-total to widespread use Near-total to widespread use 
Amethyst To yellow Citrine Yes Yes Bleach Chalcedony, coral, ivory, % 0) 
Beryl Green to blue Aquamarine Yes Yes ie die tiger's 
Chalcedony Yellow to brown Carnelian, agate, Yes No i ‘ 
to red tiger's eye, etc. Dye Agate, chalcedony, marble, 2 0) 
: : onyx, pearl, and others 
Corundum Develop, lighten, or + Sapphire Yes Yes ; 
: , Crack fill: colorless Emerald ? 0) 
intensify blue aivoaWaet 
Topaz To pink Pink topaz Yes Yes pa ; : 
. 7 . Impregnate: colorless Agate, chalcedony, lapis lazuli, No 0) 
Zircon oO colorless or blue Zircon Yes Yes oil/polymer/wax turquoise, and others 
Zoisite To purple-blue Tanzanite Yes Yes 2 
Frequent to occasional use 
Frequent to occasional use Crack fill: colorless Diamond, ruby, sapphire 2 0 
Amber Clarified, sun- Amber Yes No glass 
spangled Dye Amber, coral, ivory, jade, No 0) 
Corundum Develop or inten- Yellow sapphire, Yes No turquoise, and others 
sify yellow pachavansen Impregnate: colored Agate, chalcedony, jade, No 0 
Corundum Develop asterism Ruby, sapphire Yes Yes oil/polymer/wax lapis lazuli, turquoise, and 
or remove silk others 
Ruby Remove “off” Ruby Yes Yes Rarely used 
shades : : 
Crack fill: colorless Ruby, sapphire, and others ? No 
Rarely used oil/glass/polymer 
Organics Age (darken) Amber, ivory Yes No Crack fill: colored Beryl, diamond, emerald, No No 
Quartz Remove “smoky” Greenish yellow Yes Yes oil/glass/polymer ruby, quartz, and others 
IRRADIATION OTHER PROCESSES 
Near-total to widespread use Frequent to occasional use 
Quartz To smoky, black Smoky quartz Yes Yes Doublets, triplets Opal Yes 0 
Topaz To blue Blue topaz Yes Yes Laser drilling of Diamond Yes 0 
: inclusions 
Frequent to occasional use Surface-diftused pub hi N 
‘ r urface-diffuse y, sapphire 0 0 
Corundum Develop yellow Yellow sapphire, ? Yes asterism and/or color 
padparadscha 
Diamond To blue, green, Colored diamond Yes Yes Rarely used 
yellow, or red Crackling Ruby, sapphire Yes 0 
Pear! Darken Black pear! Yes No Crackle and dye Quartz No 0 
Tourmaline Develop red Red, purple, and Yes Yes Doublets, triplets Any gemstone ? 0) 
multi-color Foil, mirror, and Any gemstone 2 Yes 
Rarely used star backs 
Amethyst Partial change Amethyst-citrine Yes Yes High pressure/ Diamond 2 2 
Beryl Develop blue Blue (or green) No Yes high temperature 
axixe(-type) Reconstruction Amber Yes No 
Spodumene Develop green Green spodumene No Yes Surface color coating Amber, carnelian, diamond, No Yes 
Topaz Develop yellow Imperial topaz % Yes turquoise, and others 
to brown Synthetic overgrowth Emerald on beryl No No 


@Stable for normal wear and display, and to repolishing. 


‘Stable and unstable colors can both occur, even in the same sample. 
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@Stable for normal wear and display, and to repolishing. 


Stability not known. 
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Jewelry 


Chaumet —A Very Parisian Jeweler 


Diana Scarisbrick 
Author and Jewelry Historian 
London 


HE 19TH CENTURY was a golden age for jewelers 
everywhere, but particularly for those in Paris, 
who showed an extraordinary ability to create a suc- 
cession of new styles and techniques for the rest of the 
world to copy. We are fortunate that the records of 
Chaumet—at 12, Place VendOme—have survived 
intact. They provide a guide to this most creative 
period of jewelry history—the changing pattern of 
designs, the emergence of new clients—and offer an 
explanation for Parisian preeminence. 

Chaumet’s story begins with a father-and-son 
partnership, M. E. and F. R. Nitot. Appointed court 
jewelers to Napoleon Bonaparte before his corona- 
tion as Emperor in 1804, they were given the task of 
creating jewelry that would express his absolute 
authority. To this end, they supplied the magnificent 
tiaras, earrings, necklaces, brooches, and bracelets—set 
with diamonds, pearls, and fine colored stones—that 
transformed the ladies of the Bonaparte family into 
royalty. The Nitots’ mastery of the grand manner has 
never been surpassed, and it set the pattern for the rest 
of the century, when emblems of rank such as the 
tiara were a Chaumet specialty. 

In the next phase of French history, from the fall of 
Napoleon in 1815 to the declaration of his nephew as 
Napoleon III in 1852, the Nitots’ successors showed a 
similar genius for translating a new mood into jewelry. 
They turned their back on the imposing classical styles 
of the Empire and introduced diamond jewelry 
inspired by nature—garlands of wild roses, jasmine, 
hawthorn, and bulrushes— mounted on trembler 
springs for extra realism. At the same time, a passion 
for history led to “Gothic” and “Renaissance” types of 
gold and enameled jewelry which could be worn with 
daytime dress. Other jewels reflected religious faith, 
political involvement, sporting interests, and sentiment 
for family, friends, and lovers. The most important 
French customers were the women of the great bank- 


ing families of Rothschild and Fould, but even they 
were eclipsed by the scale of purchases from the 
Russians, English, and Spanish, either as visitors or res- 
idents in the city. According to the Chaumet ledgers, 
wealthy Americans—Colonel Thorn with six daugh- 
ters to marry, Mrs. Bingham from Philadelphia, and 
Mrs. Henry Livingston II from “old New York” 

were now acquiring important collections of jewelry. 


Figure 1. This circa 1910 Chaumet design for an 
important diamond, pearl, and emerald corsage orna- 


ment hanging from shoulder straps anticipated the 
fashions of the 1920s. 


Fatt 1999 97 


GEMS & GEMOLOGY 


Figure 2. John Rubel made 
this Art Deco-era Egyptian 
Revival brooch for Chaumet 
in 1924, The hunters, fash- 
ioned from ruby and emer- 
ald, stand on a paveéed dia- 
mond background; the onyx 
sides are gripped by lotus 
motifs. Courtesy of A. C. 
Cooper Ltd., London. 


The patronage of Napoleon III and his wife, 
Empress Eugénie, raised the jewelry trade to new 
heights. The Emperor encouraged the leading masters 
to participate in the International Exhibitions that 
were held at regular intervals from 1851, and their 
stands always drew huge crowds. So firmly 
entrenched was Parisian supremacy that little changed 
after the exile of Napoleon HI and the establishment 
of the Third Republic in 1872. Thanks to improve- 
ments in rail and steamship travel, more and more 
visitors were drawn to Paris not only from other parts 
of Europe, but also from North and South America. 

The Chaumet design albums record these purchas- 
es, which show a strong preference for 18th century 
themes — flowers, leaves, ribbons, bowknots, and tas- 
sels — executed in diamonds and precious stones. The 
quality was superb, each drawing a work of art in 
itself, and those pieces that have survived exhibit 
exemplary craftsmanship (see, e.g., figure 1). What 
kept standards so high? Clues are provided by the 
daybooks, which give every detail of client visits to 
the shop and their correspondence. Each jewel was 
the result of a dialogue between the customer and the 
firm, and the customer required “something not yet 
known” that was compatible with the very latest cou- 
ture fashion. From the grandest tiara to the most 
modest brooch, everything had to have the stamp of 
Parisian chic, and it might be returned as “old-fash- 
ioned, clumsy, too dear” if it failed to please. Such 
criticism provided the spur for the constant renewal 


98 SYMPOSIUM PROCEEDINGS ISSUE 


of ideas and techniques that gave the business its vital- 
ity. So, too, did the competition from other great 
houses such as Bapst, Boucheron, and Mellerio, 
which made Paris a buyer’s paradise—though Mrs. 
Michael Herbert complained after visiting them all 
that trying to choose a necklace for her sister Grace 
Vanderbilt from such a wonderful array “was despair- 
ing work.” 

By this time Joseph Chaumet, who joined the 
firm in 1875 and gave his name to it, was in charge. 
Not only did he guide Chaumet through the glories 
of the Belle Epoque, but he adapted to the challenge 
of Art Deco (figure 2). After his death in 1928, his 
son Marcel weathered the difficult years of economic 
depression and World War II. Marcel, in turn, was 
succeeded by his two sons, who directed Chaumet 
through the golden years that followed the peace of 
1945. Chaumet International, now owned by an 
international company, is managed by Pierre Haquet. 


FURTHER READING 


Scarisbrick D. (1995) Chaumet: Master Jewellers Since 1780. 
Alain de Gourcuff, Editeur, Paris, and Chaumet 
International. 

Scarisbrick D., Hurel R. (1998) Chaumet: Two Centuries of 
Fine Jewellery. Catalog of an exhibition at the Musée 
Carnavalet, March —June 1998, Paris. 

Vever H. (1908) Histoire de la Bijouterie Francaise au 19i¢me 
Siecle. H. Floury, Paris. 
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Dr. William H. Barnes, whose ar- 
ticle, “Radiographic Examination of 
Pearl,” we are pleased to present in 
this issue, is Associate Professor of 
Chemistry at McGill University, 
Montreal, and is associated with 
Mappin’s, Ltd., Montreal, in a con- 
sultative capacity. He received his 
Ph.D. at McGill; studied at the 
Royal Institute, London, England, as 
a Ramsay Memorial fellow; is a fel- 
low of the Royal Society of Canada; 
has done research work in adiabatic 
calorimetry and x-ray crystallog- 
raphy. 

Dr. Barnes is at present at Mas- 
sachusetts Institute of Technology, 
working with Dr. M. J. Buerger, 
under a Guggenheim fellowship. 


Dr. Ralph J. 
Holmes (co-au- 
thor of “Appara- 
tus for the Iden- 
tification of Gems 
by X-rays”) ma- 
jored in geology 
at Columbia Uni- 
versity where he 
received his B.S. 


and Ph.D. de-. 

grees. He was ‘ 
awarded the Uni- ores: 
versity’s Research fellowship in 


Geology in 1935, and since 1936 has 
been a staff member of the Colum- 
bia Department of Geology, first as 
lecturer and then as instructor in 
mineralogy and crystallography. Dr. 
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Holmes conducts the mineralogy 
course at Columbia as well as min- 
eralogy and geology courses in the 
University’s. School of Engineering. 
He is also instructor in the Univer- 
sity’s extension classes on Gems and 
Precious Stones. In 1946, Dr. Holmes 
was one of the instructors in the 
Institute’s summer classes. 


Dr. George 
Switzer joined 
the staff of the 
Institute some 
months ago and 
as Director of Re- 
search is conduct- 
ing some valuable 
experiments, re- 
sults of which 
will appear in 
Gems & Gemol- 
ogy from time to 
time. He is co-author of “Apparatus 
for the Identification of Gems by 
X-rays” in this issue. 

Receiving his A.B. degree at the 
University of California and his 
Ph.D. at. Harvard, he was at first 
student instructor at Stanford; then 
instructor of mineralogy at Yale 
for four years. Prior to joining the 
staff of the Gemological Institute, 
he was electronies engineer for the 
Majestic Radio and Television Corp., 
of Chicago. Dr. Switzer is a fellow 
of the Mineralogical Society of 
America and § member of the Stan- 
ford Chapter, Sigma Xi, honorary 
scientific fraternity. 


Dr. Switzer 


Early 20th Century Jewelry 


Elise B. Misiorowski 
Jewelry Historian 
Los Angeles, California 


ADICAL CHANGES IN WESTERN SOCIETY 
Gy during the early decades of the 20th centu- 

ry are clearly reflected in the jewelry design 
of the period. This evolution is evident in the specific 
types of jewelry that were popular, how they were 
worn, the motifs used, and the gems incorporated. 

At the turn of the century, Western society 
regarded jewelry as an outward expression of wealth, 
and women of the upper classes wore an impressive 
amount, particularly on formal occasions. Evening 
jewelry often included a tiara, several necklaces, long 
strands of pearls, brooches, corsage ornaments, 
bracelets, and rings. The garland style, using lacy, del- 
icate motifs drawn from the decorative arts of the 
18th century French court, was favored for jewelry 
design by the wealthy women of the Edwardian era 


(figure 1). Diamonds and natural pearls were the pre- 
ferred gems, set predominantly in platinum, a new 
metal for jewelry. This monochromatic look perfectly 
complemented the pastel colors that dominated cloth- 
ing fashion. Diamonds from the recently discovered 
South African deposits were plentiful, as were pearls 
from the Persian Gulf and Ceylon (now Sri Lanka). 
When colored gems were incorporated, they were 
always the finest and were set off by diamonds and/or 
pearls. Favored colored gems included amethyst, peri- 
dot, opal, turquoise, demantoid garnet, emerald, ruby, 
and sapphire. 

The 1910 Paris production of Scheherezade by 
Ballets Russes had a profound impact on Western 
society. Clothing design was immediately affected, as 
less-confining “harem dresses” in gauzy fabrics came 


Figure 1. This lacy bow cor- 
sage ornament, which consists 
of diamonds set in platinum 
backed with gold, is typical of 
the garland style that was 
popular with the upper classes 
during the Edwardian era. It 
was made by Tiffany & Co. 
around 1900. Courtesy of the 
Neil Lane Collection, Beverly 
Hills, California. Photo © 
GIA and Tino Hammid. 
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Figure 2. The Art Deco period is well represented 
by this flexible strap bracelet, with a repeating 
Egyptian sphinx and pyramid motif, fashioned from 
diamonds, rubies, emeralds, sapphires, and black 
onyx set in platinum. It was made by Janesich, circa 
1925. Photo © GIA and Tino Hammid. 


into style, supplanting the long dresses over tight 
corsets that had been the fashion. This softer, looser 
clothing couldn’t support the heavy bodice jewels 
that were previously fashionable, so they quickly 
went out of style. Jewelry became more compact, and 
fewer pieces were worn at any given occasion. 
Platinum workmanship came into its own during this 
period. Every surface of the finely fabricated platinum 
mountings was polished, embellished with exquisite 
hand engraving or beaded with millgrain to add extra 
shimmer. Delicately sawpierced platinum plaques 
studded with gems were popular as pendants or 
brooches. Motifs for jewelry became more symmetri- 
cal and geometric, and natural subjects became sleeker 
and more stylized. 

Jewelry design was forgotten with the onset of 
World War I and the Russian Revolution. The enor- 
mous casualties of men between 1914 and 1918 drew 
women into the workforce. As women accepted 
these new responsibilities, their attitudes, dress, and 
jewelry also evolved. Postwar women were more 
pragmatic and independent, and their look was slim 
and boyish, with cropped hair and shorter skirts. 

Designers revived the trend toward geometric pat- 
terns in jewelry that began before the war, and also 
drew motifs from the Middle East and Asia. In this, 
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and in the use of a strong primary color palette, we 
see the influence of the Ballets Russes resurfacing. 
Diamonds and platinum again were fashionable, now 
set to contrast with bold combinations of ruby, emer- 
ald, sapphire, black onyx, rock crystal quartz, jade, 
lapis lazuli, coral, amber, turquoise, or mother-of- 
pearl. Step-cut diamonds (introduced in 1915) ideally 
suited the geometric style of the jewelry, and colored 
gemstones carved in geometric shapes, as beads, or as 
stylized leaves and flowers were very popular. 
Cultured pearls, newly introduced, were more afford- 
able than natural pearls, thus causing a shift in market 
value for all pearls. 

Jewelry, like clothing, was designed to emphasize 
the vertical line. Evening dresses were sleeveless and 
cut low in front and back. Long strands of pearls or 
beads, often terminating in pendants or tassels, were 
echoed by long, dangling earrings and long lapel 
brooches. Narrow, flat, strap bracelets in continuous 
geometric motifs outlined in calibrated colored gem- 
stones (figure 2) were worn in multiples on bare arms. 
Jeweled cigarette cases and vanity cases came into 
being, as women began to smoke and wear make-up 
in public, and wristwatches were introduced as the 
modern way to tell time. 

Looking back, it is fascinating to see how eco- 
nomic fluctuations and developments in art, science, 
and technology all have had a direct impact on how 
jewelry is worn at any given time in history, as well 
as on what gems and materials are used. Knowing 
this gives us a definite perspective on current jewelry 
designs and allows us to speculate on future changes 
that will certainly manifest themselves in the new 
millennium. 
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The Marketing of Period Jewelry During the 20th 
Century and into the Next Millennium 


Joseph H. Samuel Jr. 
J.&S. S. DeYoung Inc. 
Boston, Massachusetts 


E MUST FIRST REMEMBER that period jewel- 
ry was contemporary jewelry when it was 
sold initially. It can only be described as “‘peri- 


od” when it moves into secondary markets as the result 
of subsequent ownership, or with the passage of time. 


New Marketing Opportunities 

The important periods before 1950 are well known, 
in particular Victorian, Edwardian (figure 1), Art Nou- 
veau, Art Deco (figure 2), and Retro. Unfortunately, 
jewelry designed after 1950 has not been named by 
jewelry historians; I call it “previously owned jewelry” 
when it moves into secondary markets. 

The marketing of quality period jewelry depends 
on recognizing two characteristics that are inherent to 
the human psyche. One is the universal desire to col- 
lect. This appears at an early age and lasts a lifetime. 
The other is connoisseurship, which is a subjective 
judgment that derives from one’s ego. 

What better product exists to satisfy these human 
needs than fine artistic collectible jewelry? We have a 
unique product, the result of the unusual partnership 
of Mother Nature’s wondrous creative force in pro- 
ducing from the depths of the earth beautiful, rare 
gem materials with the creative genius of fine crafts- 
men. Few other collectibles can make this statement. 

The important auction houses have seized this 
opportunity to do business in the marketing of “artis- 
tic collectible” jewels. Today, they report sales in this 
field of several hundred million dollars. This business 
has such great promise that the auction houses have 
shifted their emphasis from marketing to the jewelry 
trade to marketing directly to private individuals. 


E-mail address: adeyoung@msn.com 


The profit centers of independent jewelers are 
being threatened by the commoditization of dia- 
monds, the expanded marketing of “branded” design- 
er jewels, and of course the new marketplace of the 
Internet. In fact, major auction houses such as 
Sotheby’s have recently made partnerships with 
important players in this field of e-commerce—in this 
case Amazon.com. 

Is there an opportunity for the independent jewel- 
er to establish a profit center in this area of artistic col- 
lectibles? I believe there is, but it first requires the 
acquisition of an inventory of quality period jewelry 
to establish credibility, and then demands a commit- 
ment to the training and education of at least one 
salesperson in the organization to become an expert 
in this field. The appearance of learned and articulate 
jewelry historians over the last 25 years has produced 
many books and articles useful in this process. Finally, 
he or she should ally with at least one recognized 


Figure 1. Edwardian jewelry, like this circa 1900 
platinum brooch set with pearls and diamonds, is pop- 
ular with collectors. Courtesy of J.&S.S. DeYoung. 
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dealer in period jewelry for help in establishing 
authenticity and direction. 


The Importance of Provenance 


Period jewels with the provenance of important jew- 
elry houses of the past command a substantial 
premium— a premium that appears to be increasing 
yearly. Some of the key names that appear on jewelry 
sold in America in the first half of this century are 
Tiffany, with its high-quality gemstone jewelry as well 
as its Art Nouveau collectibles; T. B. Starr, of Marcus 
& Co. (who branched out from Tiffany); Dreicer & 
Co.; Black Star and Frost; and Raymond Yard, who 
came from Marcus & Co. Cartier (figure 3), which 
did not become established in America until the early 
1920s, could be considered the artistic leader of this 
era because of the firm’s European influence. 

Period jewelry was also produced by several man- 
ufacturing firms in the first half of this century, and 
was sold by fine jewelry stores in major and secondary 
cities. Except for the manufacturer Oscar Heyman, 
however, these firms have disappeared from the 
scene, battered by the effects of the Great Depression 
and World War I. Most of this jewelry, though 
highly desirable, does not carry a name. 

The 12 years that began with the Depression and 
ended with World War II were a bleak period for the 


Figure 2. It is important that sales staff understand 
the distinctiveness of period pieces, such as these Art 
Deco (circa 1930) clip brooches, fashioned from 
rubies and diamonds set in platinum. The clips can 
be worn separately or as a single brooch. Courtesy of 
J.&S.S. DeYoung. 
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Figure 3. This diamond necklace has a known 
provenance—“Cartier, London”—which greatly 
enhances its value. Courtesy of J.&S.S. DeYoung. 


jewelry industry. After the war, Van Cleef & Arpels 
probably was the artistic design leader for 40 years. 
Harry Winston, with his emphasis on the juxtaposi- 
tion of large stones to create a “free-form” effect, 
introduced a new look in the 1950s and ‘60s that 
was extensively imitated. Other niche players with 
their own look were David Webb, Schlumberger at 
Tiffany, and Verdura. 


Conclusion 


Great jewels, whether new or previously owned, flow 
to the markets where new wealth is being generated 
and where there are wealthy patrons who encourage 
artistic innovation. As we approach the new millenni- 
um, the technological revolution is already creating— 
and will continue to create—great wealth in the 
United States. The opportunity is there for the enter- 
prising jeweler. 


Jawaley Dasteyin 


Adapting Classic Designs to Modern Markets 


Robert Lee Morris 
Robert Lee Morris Design Studio 
New York 


HE MODERN MARKETS TODAY demand 
constant change and innovation. Fashion and 
advertising have trained us to have a throwaway 
mentality, ready to leap from one trend to the next, 
guiltlessly abandoning any brand loyalty. It is my con- 
tention that for one to remain sane in this culture of 
the microchip and its blinding speed, people need a 
lifeline to ground themselves. This could be found in 
classic design language, a thread that winds its way 
throughout consciousness in all cultures. It is from 
classic, primordial forms that artists in visual media 
can breathe vitality into our modern products. 

As designers are challenged to create more ultra- 
modern, high-tech concepts—whether in clothing, 
jewelry, architecture, or Web site pages—it is their 
responsibility to constantly adapt classic designs into 
their work, for designers are the ones who manipu- 
late our sense of well-being in the most subliminal 
manner. 

The artist is the liaison, the shaman between the 
worlds of ordinary reality and the dream state and 
spirit dimension. Artists are the magical beings in our 
society who can translate for the rest of us the ineffa- 
ble experience of the mysterious universe. To be 
effective, therefore, the language of the artist must be 
one we all can understand, one that is composed of 
certain essential elements that I choose to call “classic 
components.” Carl Jung would call them “symbols of 
the Collective Unconscious.” 

Some examples of these elements of design are 
spirals (as in hurricanes, whirlpools, and seashell pat- 
terns), whiplash and serpentine curves (as in river 
bends, snakes, and fabric folds), fractals (random pat- 
terns of chaos, as in piles of leaves in the forest, or 
the shapes of sand dunes or of pebbles washed up on 
the beach), and natural architectural forms (such as 
spider webs, ant and termite mounds, bee hives, or a 
bird’s nest). 


What makes one artist more popular and successful 
than another artist is often the unique and harmo- 
nious blend of both classic design language and the 
personal signature style of the artist. When the latter 
comes deeply from the heart and reflects the true soul 
of the maker, then the use of the symbols of common 
human consciousness become that much more emo- 
tionally moving. People in today’s urban society crave 
images that connect us to our natural environment, 
for it is not only grounding, but soothing to our 
industrialized and anxious souls. 


The uneven spirals of a hurricane 
provided the classic design element 
for this contemporary gold and dia- 
mond necklace and bracelet. Photos 
courtesy of Robert Lee Morris 
Design Studio. 
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Creating a Luxury Brand 


David Yurman 
Yurman Design 
New York 


HE EVOLUTION of Yurman into a 
designer luxury brand has taken 25 years, 
with a transformation from artist to designer to 


designer name brand to designer luxury brand. My 
wife Sybil and I were originally artists—she was a 
painter, I was a sculptor—and together as partners we 
decided to bring our art forms to the world of jewel- 
ry. Unfamiliar with jewelry manufacturing, we 
applied unconventional techniques and often wound 
up using materials that nobody else wanted. Before 
long, we began using cables in our pieces, and of 
course the cable product eventually became our sym- 
bol. Although some were quick to label Yurman as 
“the cable company” or a “one-trick pony,” our 
cable product was more a matter of consistency in 
communicating our message. 


The cable bracelet is recognized 
worldwide as the Yurman 
Design signature piece. 
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Brands (luxury brands in particular) are in fact 
built on continuity and consistency of message, so 
becoming a brand was our next evolutionary step. 
Grudgingly—I was reluctant to emphasize my name 
above the beauty of the product—we developed the 
DY logo collection. We took our thinking “outside 
of the box” once again simply by putting diamonds 
in silver (the “Silver Ice” collection). We chose our 
retailers carefully and developed an authorized retail 
network. We trademarked and copyrighted our prod- 
ucts in order to control the image and protect the 
brand. Protecting the brand is essential not only for 
our company, but also for the retail customer who 
seeks a sense of quality and authenticity. Brands col- 
laborate and create alliances in this way: Customers 
want to join up, they want to belong. 

In recent years, we have focused on establishing 
Yurman as a luxury brand that carries the same classic 
style and classic shapes. Today we are experiencing a 
luxury revolution, one that began when companies 
like Gucci and Armani started to globalize luxury. 
Technology— which enables us to understand the 
demographics of our customers through database 
marketing— and an era of unprecedented wealth 
have combined to transform the concept of luxury. 
Whereas in the past luxury was exclusionary and 
extremely expensive, today’s luxury is accessible and 
broad-based. It involves joining, rather than standing 
apart. The accessibility of luxury should not be dis- 
missed as designer-brand pollution, because the quali- 
ty of today’s luxury signatures is very real. 


The American Designer Jewelry Movement: 
Where It Came from and Where It’s Going 


Cindy Edelstein 
Jeweler’s Resource Bureau 
Pelham Manor, New York 


E HAVE ALL BECOME ACCUSTOMED to the 
use of designer “names” in our business. 
They represent the sizzle in our industry, so 


much so that many manufacturers now add a person’s 
name to their company logo whether or not that per- 
son actually designs jewelry or, in some cases, even 
exists at all. That trend will only continue to grow in 
the coming years (see, e.g., figure 1). 

But designer jewelry as a business category is still 
relatively new. Up until the mid-1970s, the only 
designer names that consumers could relate to were 
those of the big retail design houses such as Cartier 
and Tiffany. Little was available to the middle class 
beyond princess rings, bangle bracelets, and love 


Figure 1. This collection of Lisa Jenks jewels show- 
cases her signature “modern primitive” motifs. 


beads until 1969, the year of the first Bennington 
(Vermont) Craft Fair. Many historians use that event 
to mark the birth of the contemporary designer 
movement. Several designers whose names we all 
know well, such as David Yurman and Michael 
Good, got their start there. 

At about the same time, a wave of metal artists were 
graduating from a diverse range of universities and art 
schools. Thanks in part to the efforts of Mort Abelson 
and the Jewelers of America trade shows, by the late 
1970s these artisans slowly became businesspeople. 
Trade shows have since played an enormous role in the 
designer jewelry marketplace, and they will continue to 
be vital to the success of most designer businesses. 

Still other influences contributed to the growing 
power of designers. Arts and crafts galleries began 
showcasing handmade jewelry; as the galleries flour- 
ished, jewelry became accepted as a contemporary art 
form. The fashion world played its part as well, with 
the work of designers such as Robert Lee Morris (fig- 
ure 2) gracing the covers of Vogue, Mademoiselle, and 
other fashion magazines. Designer organizations such 
as the American Jewelry Design Council, the 
Contemporary Design Group, and more recently the 
International Jewelry Design Guild also have had a 
positive impact. Trade magazines had always written 
about designers, but JQ magazine was the first to claim 
the movement as its own. Lustre magazine, launched 
two years ago, added the term better brands to our 
vocabulary. JCK entered the fray with a mini-maga- 
zine called Luxury, which speaks to the high end of 
the market. Design competitions were also a major 
part of the designers’ success story. Commodity pro- 
moters such as the World Gold Council and Platinum 
Guild International became major sponsors, and they 
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Figure 2. This dramatic sterling silver bracelet by 
designer Robert Lee Morris illustrates Morris’s use of 
positive and negative space and his ability to make 
metal look fluid and soft. Photo by AB Studio, 
courtesy of Robert Lee Morris. 


benefited from the buzz generated by the unique, 
exciting pieces that designers created for these compe- 
titions. 

Even the economy was a factor. As it recovered 
from the ‘80s slump, those manufacturers still left 
standing saw that designers had done well in difficult 
times, so they adopted that approach as their own. A 
new trend emerged: The mass-market manufacturer 
began taking on a designer look, sometimes line for 
line. Most designers are incensed by this trend, but for 
the manufacturers it is a good marketing concept that 
has already been tested. Today, this is a growing prac- 
tice, one that blurs the lines both between designer 
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and manufacturer and between true artistic talent and 
clever inspiration. We will see more of it in the years 
ahead. Also ahead are the following trends: 

In marketing, designers are reaching out directly 
to the consumer through the retailer. First, designers 
created their own brochures and handouts, then their 
own packaging, logo plaques, and even display units. 
Designers are not likely to relinquish this control. In 
the last five years, designers have made consumer 
magazine advertising a priority. 

More recently, designers have embraced the 
Internet. They have put up Web sites as an extension 
of their printed advertising materials, to control and 
promote the image they want the consumer to have. 
The next logical step is e-commerce, and with it 
comes the critical question: Will designers start to sell 
directly to the consumer, and leave the retailer out of 
the chain? Only time will tell. 

E-design is another digital influence to consider. 
Virtual-design technology that lets retailers work with 
their customers to create a custom design almost 
instantaneously is already here. De Beers has just added 
a program to its Web site with which consumers can 
design their own engagement rings. This points to the 
observation that if everyone can do it, then it is no 
longer unique; since the lure of the unique is eternal, 
the challenge for true designers is to figure out how to 
differentiate themselves and their work from the pack. 

Another trend we see is a growing chasm between 
the big guys and the not-so-big guys, as investors and 
large companies jump in either to back or swallow up 
designer-owned businesses. For the really successful 
manufacturers out there, it might be easier to buy 
some designer talent than find it on their own. 

More designers are opening their own stores, 
which helps strengthen the designers’ position in the 
marketplace for themselves and their retailers. But to 
become really big, designers will diversify into fashion 
accessories, home accessories, and similar products as 
part of a category called “lifestyle fulfillment.” 

Will these trends bring about the demise of real 
jewelry designers, or will they stimulate greater inter- 
est in the designer jewelry movement as a whole? 
We'll have to wait and see. 


Retailing 


Perspective of a High-End Jeweler 


Stephen Magner 
Neiman Marcus 
Dallas, Texas 


HAT DOES IT MEAN to be a high-end 
jeweler? Do you simply sell more expen- 
sive items than your industry cohorts? Do 


you have fancier real estate? Do you have bigger 
markups? Or do you act differently? 

I suppose that being high-end means that your aver- 
age transaction is significantly higher than the norm and 
that you primarily deal with the top 10% of the mon- 
eyed population, those who can afford to pay for your 
merchandise immediately or certainly within a year. 

Note, though, that less than 1% of the U.S. popu- 
lation currently has a household income over 
$150,000 (approximately 2.2 million people). And 
households with an income over $500,000 number a 
mere 420,000. By the time these households pay their 
taxes and bills, how much is left? And how many 
even like or believe in owning jewelry? In essence, 
the top of the pyramid is very small. So if you’re 
going to get into the chase in the new millennium, 
you'd better be prepared. Your competition will be 
tough and coming from all directions. The Web- 
savvy customers in the new millennium will be much 
more informed than ever before. They will be able to 
learn about products, grading criteria, manufacturers, 
designers, prices, and your competitors. They will 
know the important questions to ask, and they will 
expect you to be able to defend your claims. 

Having said that, where does the high-end jeweler 
go from here —to this mind-boggling new millenni- 
um full of smart people? 

When I visit our Neiman Marcus salons, I try to 
make observations in the following four categories, 
which I believe will be the ingredients for success as a 
high-end jeweler: Facility, Support, Merchandise, and 
People. People are, by far, the most important. 
Merchandise is second. 


Facility 
You have to have an arena in which to perform. 
Regardless of your salon’s size or style, it should be 


inviting, relaxing, and well-lit. The environment 
should be as invisibly secure as possible. This new 
millennium will bring much better security devices, 
detectors, showcase development, and light venues to 
allow us to make even better and more “‘user-friend- 
ly” presentations. After all, we are in one of the few 
truly romantic businesses. How romantic is it to be 
buzzed in past the rent-a-guard, seated under the 
surveillance camera with the sales associate fumbling 
through six keys to show you two items at a time, 
wiping your fingerprints off as they retest the first 
item they showed you with a diamond detector? 

Your facility must make it easy for customers. 
They have limited patience, and their time is very 
valuable. A comfortable, well-appointed viewing 
room is highly recommended. 


Support 
Support areas include loss prevention, human 
resources, advertising, marketing, public relations, 
credit services, information services, and inventory 
control. Whether you have a staff for these areas or 
have to wear all of these hats yourself, things are 
going to change. Again, technology is going to enable 
us to network more and save time so that we can 
focus on our most important function: Selling jewels! 
If you don’t have a bar code system, get one. If 
you don’t surf the Net, start. It is a sea of information. 
There is software available to aid in almost all support 
areas. Public relations, marketing, and advertising will 
all be especially important in either putting yourself 
on the map or keeping yourself off it. 


Merchandise 

I think there are two great sins that get jewelers in 
trouble: (1) Owning too much inventory, and (2) not 
knowing the real value of the merchandise. We are in 
a slow-turning, expensive-inventory business. Turn is 
the biggest focus one should have. I think borrowing 
inventory is a great idea, if you can acquire it at the 
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The merchandise carried 
by a high-end jeweler 
should have a special look, 
a distinctive quality. Such 
quality is illustrated by 
these pieces of high-end 
platinum jewelry, from 
Neiman Marcus’s Estate 
collection, which are set 
with diamonds and sap- 
phires. Courtesy of 
Neiman Marcus. 


right price. In addition, a high-end jeweler’s mer- 
chandise should have a look, a distinction. It is diffi- 
cult to make a statement if you try to be all things to 
all people. 

Merchandise to me falls in one of five categories: 
designer, estate, traditional, and “precious” jewelry— 
and watches. All of these categories have a bright 
future for various reasons. I expect the new millenni- 
um to bring some wonderful new and innovative 
designers and watchmakers. 


People 


This is the most important entity there is in this indus- 
try. The skills needed to be a successful high-end jew- 
eler are quite varied. They have not changed dramati- 
cally over the centuries: They have only intensified. 

First—then, now, and always—you must be a sell- 
ing-minded communicator. You must be able to 
articulate complex information to your clients, your 
staff members, your bankers, and your vendors. 

You have to be aware of fashion, of business 
trends, of current events. You have to share some 
commonality with your clients. Is the chairman of 
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your city’s largest company going to feel comfortable 
taking your advice or that of a staff member? The 
high-end jeweler in the new millennium will need to 
be a socialite, a detective, an accountant, a gemolo- 
gist, a teacher, a marketing expert, and, of course, a 
great salesperson. People buy jewels from the people 
they like and trust. If all things are equal, you must 
give the customer a reason to shop with you. 

The high-end retailer is also responsible for a stag- 
gering amount of product knowledge. You have to 
know diamonds, colored stones, gold, platinum, 
treatments, trade-in values, watch making, setting, 
repairs, disclaimers, anti-trust laws, and so on. There 
are a lot of pitfalls, and because you are dealing with 
successful, moneyed, demanding people, you really 
need to know—or have access to knowledge on— 
everything related to the jewelry you sell. 

The great reward is that you become the place 
where desires are fulfilled—the finder, the seller of rar- 
ities, the dealer of the precious commodity. The next 
millennium will actually be a lot of fun for those in the 
jewelry industry with enough dedication and patience. 
It is a lifelong journey, and a worthwhile one. 


WINTER, 
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Apparatus for the Identification 
of Gems by X-Rays 


by 


GEORGE SWITZER, Ph.D. 
Director of Research, Gemological Institute of America 


and 
RALPH J. HOLMES, Ph.D. 
Instructor in Mineralogy, Columbia University, New York City 


Abstract 


A new type x-ray diffraction camera has 
been developed in the laboratories of the 
Gemological Institute of America. By means 
of the new instrument it is possible to obtain 
a powder-type diffraction pattern without 
damaging the specimen in any way, whereas 
previously it was necessary to remove a por- 
tion of the specimen and powder it. These 
diffraction patterns, which are the most use- 
ful type for purposes of identification, are 
obtained by imparting to the specimen a 
combination rotatory and oscillatory motion. 
The-new instrument will be used for espe- 
cially difficult or disputed identifications, 


: since with it a positive determination may 


' be made of a gem of any size whether trans- 


— 


parent or opaque, with plane or curved sur- 
faces, mounted or unmounted. 


Introduction 


The present known methods of 
gem testing in certain unusual 
cases make it impossible for one to 
positively identify an unknown 
stone without powdering a portion 
of it for chemical or x-ray analysis. 
This is especially true of opaque 
substances, where the only property 
that can be determined without the 
possibility of damaging the gem is 
that of specific gravity, and if the 
gem is mounted, even this test can- 
not be made without first removing 
it from the setting. 

To a lesser extent non-opaque ma- 
terials can prove to be very trouble- 
some, especially if they are cut with 
all curved surfaces, so that their 
index of refraction cannot be deter- 
mined with accuracy. With curved 
surface gems, even the property of 


single or double refraction cannot 
be determined by either the polari- 
scope or the polarizing microscope 
if the gem is in a _ solid-backed 
mounting, or if it is semi-translu- 
cent. 

There has been a definite need, 
therefore, for a method of gem iden- 
tification which will yield positive 
results on all gems, and especially 
on opaque or semi-translucent mate- 
rials, mounted or unmounted. Hence 
at the suggestion of Robert M. 
Shipley, such a method of gem 
identification by means of x-rays 
has been developed in the laboratory 
of the Gemological Institute of 
America which fulfills this need. 

The design of the instrument to 
be described in the following pages 
is based upon a suggestion made 
by Dr. Samuel G. Gordon, Asso- 
elate Curator, Academy of Natural 
Sciences of Philadelphia, at the 
January 1946 meeting of the Edu- 
cational Advisory Board of the 
Gemological Institute. Acting upon 
Dr. Gordon’s suggestion, work was 
begun in the Los Angeles laboratory 
in April 1946 to develop and con- 
struct an x-ray camera of a special 
type that would make it possible 
to identify gemstones by a method 
of x-ray diffraction. After prelim- 
inary work by Switzer the problem 
became the joint effort of Switzer 


Perspective of an Electronic Retailer 


John Calnon 
QVC 
West Chester, Pennsylvania 


S RECENTLY AS THE MID-1980s, the 
idea of shopping from home meant flip- 
ping through catalogs and other printed 


media. And while some catalogs came to represent 
sizeable sales volumes, these were typically limited to 
certain niches such as apparel and hobbies. They 
never developed into a major factor in the jewelry 
business. 

Today, electronic media are fundamentally chang- 
ing how people shop. With the growing appeal of tele- 
vision- and personal computer—based retail channels, 
the very definition of shopping is evolving. In the U.S. 
alone, three-quarters of all adults made purchases from 
the comfort of their homes in the past year. In cate- 
gories such as books and music, online retailers like 
Amazon.com are stealing huge chunks of market share 
away from traditional bookstores and music retailers. 

What does all this convergent e-commerce mean 
for the jewelry industry: Does it mark the end of the 
traditional jewelry retailer? Will everyone soon be 
buying their jewelry from their couches? Or will the 
jewelry industry somehow remain uniquely immune 
to all these tectonic shifts in retailing? The answer is 
“no” on all counts. 

QVC has a unique perspective on electronic 
retailing. With 1998 net sales of $2.4 billion, QVC is 
now larger than many well-established traditional 
retailers such as Bloomingdale’s and catalog mer- 
chants such as L.L. Bean, and it is more than twice 
the size of either The Home Shopping Network or 
Amazon.com. QVC’s TV- and PC-based retailing 
services reach more than 70 million U.S. homes 24 
hours a day, and they will generate over 600 million 
page views, 100 million phone calls, and 60 million 
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package shipments in 1999. Within the jewelry cate- 
gory, QVC’s credentials are even more noteworthy: 
With annual U.S. shipped sales of over $1 billion in 
jewelry alone, QVC is among the largest-volume 
jewelry retailers in the world’s largest consumer mar- 
ket. At its current growth rate, QVC will surpass $1.5 
billion in jewelry sales by 2002 (see figure 1). 

QVC’s growth remains largely misunderstood by 
industry observers, many of whom mistakenly 
attribute QVC’s success to its technology and infra- 
structure. Yet, when the Harvard Business School did 


Figure 1. QVC projects jewelry sales of more than 
$1.5 billion in 2002, almost double the amount of 
10 years earlier. 
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Figure 2. Two factors in 
QVC’s success as an electronic 
retailer are its relaxed on-air 
presentations and its efficiency 
in handling customer orders. 


a case study on QVC, they found that QVC is less a 
story about technology, and more about a culture that 
is obsessed with pleasing the customer. In their words 
(Rayport and Louie, 1997), QVC represents “a 
breakthrough service business.” 

In fact, QVC represents that rarest of retail envi- 
ronments: one that is both consumer-friendly and 
brand-friendly (figure 2). QVC provides an honest, 
relaxed, information-rich presentation of features and 
benefits—without hype, paid audiences, or artificial 
stimulants. And its quality-assurance standards, 
money-back guarantee, and confidentiality policies 
are built to ensure world-class customer satisfaction 
levels. This in turn attracts an upscale, discerning, and 
very loyal customer base. 

Perhaps more importantly for the jewelry busi- 
ness, QVC is proving every day what most market- 
ing theorists can only talk about—that the power of 
synergy is very real. QVC’s televised shopping busi- 
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ness excels at creating demand that spills over to tra- 
ditional retail. Viewership data confirm that for every 
order QVC takes, the network reaches thousands of 
viewers who ultimately choose to shop at traditional 
retail. In many ways, QVC represents a true hybrid 
of marketing and distribution, creating more overall 
demand for a wide variety of categories, most 
notably jewelry. In direct contrast to the old-school 
retailing obsession with market share, retailing in the 
new millennium will call for a new understanding of 
how channels of trade can actually complement one 
another. In the end analysis, a bracelet sold on QVC 
means many more sold at the jewelry counter. 


REFERENCE 


Rayport J.F., Louie D.L. (1997) QVC, Inc. Harvard 
Business School Publishing, Boston, MA, 32 pp. 


Meeting Customer Needs 


Matthew Stuller 
Stuller Settings Inc. 
Lafayette, Louisiana 


HERE ARE MANY WAYS for the jewelry ¢ Be the retailer’s partner. Help the retailer cre- 

manufacturer to help the retailer be prof- ate marketing campaigns and advertising pro- 

itable. Each is ultimately some form of cus- grams. Stores can’t carry everything on their 

tomer service, a concept that extends far beyond just counters, so supply catalogs, CD-ROMs, and 

being courteous. literature that are retail-sensitive and priced cor- 

¢ Document. Be exacting, be precise with facts and ee sper iGtaee ee ppe ean hy see 
figures. Any time you can’t provide something for cia 

the retailer, your sales representatives should be ° Be flexible. It may seem difficult, but today’s 

documenting it and finding out why not. manufacturer cannot set a minimum order. 


Every sale is crucially important to the retailer, 
whether it’s a $40,000 diamond or a 40-cent 
foil-backed stone. Even if it isn’t profitable, 
stock the product that the retailer needs to take 


care of his or her customers. Similarly, be able 
* Listen to the jewelers, and know exactly to customize and handle special orders. 


what their needs are. What are their specific 
problems, what can they sell, what can’t they 
sell, what are the issues they must deal with on a 
daily basis? The manufacturer should set up 
focus groups of customers throughout the coun- 
try to identify strengths and weaknesses. 


¢ Deliver on or before your promised dates. 
Add a little extra cushion to your estimated 
date, which will allow for any unexpected prob- 
lems in the manufacturing process. 


¢ Provide “just-in-time” inventory. The 
retailer should be able to rely on the manufac- 
turer to deliver rush orders directly to the con- 
sumer on time, every time. As more retailers are 
becoming involved in commerce over the 
Internet, “just-in-time” inventory will become 


¢ Help finance the retailer. Today’s manufac- even more important. 


turer often must serve as a bank for the retailer. 
Offer special terms for buying seasons, and offer 
special conditions for products they are unable 
to sell. Having your customer stuck with prod- 
uct is bad for everyone. 


¢ Give your customer a little something 
extra, something more than what is expected. 
In Louisiana, we call this lagniappe. Whether it’s 
candies or a little bonus check, lagniappe can 


. . make a surprising difference. 
¢ Make it easy and pleasurable to do busi- 


ness with your company. Think about it: Once you've taken care of your customers and 
We spend half of our waking lives in business. If finally made a little profit, the manufacturer’s next 
it’s painful to do business with you, a retailer responsibility is to give something back to the indus- 


can always switch to one of your many com- __ try. Support organizations, programs, and educational 
petitors, so you should make things fun, humor- —_—_ Seminars. Invest in our industry’s future to ensure that 
ous, and personal. it stays strong and bright. 
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Can a Family Business Compete 
in the 21st Century Jewelry Market? 


Thomas Tivol 
Tivol Jewels 
Kansas City, Missouri 


S WE COMPLETE THE CENTURY, many fami- 
ly jewelry stores will have mastered the 
basic merchandising, marketing, pricing, 


display, lighting, legal, and accounting functions that 
enable them to compete successfully in the current 
retail climate. As the millennium closes, however, the 
family jewelry store faces an uncertain future. 
Competitors will have access to the same techniques, 
technologies, and even creative energies. Continuing 
commoditization and the public's demand for a bargain 
(or the illusion of a bargain) will put a strain on the 
small retailer, and ultimately the exhaustion of running 
the business and the squeeze on profits may force many 
families to seek a living elsewhere. How can the family 
business hope to survive in the 21st century? 


Importance of a Teaching Relationship 

Historically, much of the internal and external power 
of a family business derives from the parent-child rela- 
tionship. Children require a caregiver in order to sur- 
vive. From the first month, the child forms emotional 
attachments to the parent, and these are expanded in 
myriad ways in a family business. Similar in kind, 
although different in structure, are the concepts of 
apprenticeship and mentoring. All of these involve a 
teaching relationship—sometimes between old and 
young—with duty and respect as its core, and a life- 
long passion for work as its function. The author 
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believes that these types of relationships, when suc- 
cessful, have an integrity that propels those involved 
to become the best they can be. At the same time, 
this philosophy represents a key business strategy: 
placing primary emphasis on staff development to 
compete and win against large concentrations of jew- 
elry wealth in other merchandising formats. 


The Complete Retailer 

Smaller retailers can take what is appropriate from 
the parent-child model, apprenticeship, and mentor- 
ing to develop their staff members into consummate 
professionals. That is, the employee is taught to 
“live” the entire retail jewelry experience, rather 
than merely being trained in certain aspects of prod- 
uct knowledge and salesmanship. Retailers, even 
those with established in-house training programs, 
generally expect too little from their staff members, 
and thus these employees learn only the minimum 
required. The complete retailer demands much 
more: detailed study of the history of our art, gemol- 
ogy, design, engineering (watch and shop technolo- 
gies), ethics, and law. A store that is always represent- 
ed by a well-trained, professional sales staff can more 
than offset the apparent wizardry of technology and 
the profit pinch of commoditization. Such training is 
an important key to longevity for the independent 
retail jewelry merchant. 
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Diamond Production in the 21st Century 


PANELISTS 


James Picton 


Petra Diamonds, Lanseria, South Africa 


A. J. A. “Bram” Janse Archon Exploration, Perth, Australia 


Uri Okoemov Alrosa, Moscow 


James R. Rothwell 
Alfred A. Levinson 


LOBAL DIAMOND PRODUCTION Statistics 

and projections for future sources and supply 

were the focus of this panel. Individual experts 

discussed production and exploration in the world’s 

most important mining regions: Africa, Australia, 

Russia, and Canada. Minor producing areas—pri- 

marily in South America, India, Indonesia, and 
China— also were discussed. 


Africa 
James Picton reported that, in 1998, Africa account- 
ed for 68.8 Mct— (60% by weight and 74% by value) 
of the approximately 114 Mct of rough diamonds 
mined worldwide. Botswana alone accounted for 
17% by weight, and 29% by value of the total. 
Jwaneng and Orapa should produce for another 45 
and 63 years, respectively, so Botswana will continue 
to be a major producer well into the 21st century. 
South Africa, with its six major producing mines, 
presently contributes 9% by weight, and 17% by 
value, to world diamond production. The major pipe 
mines—Venetia, Finsch, and Premier—will produce 
for at least 30 more years. South African beach and 
marine producers Alexkor and Trans Hex account for 
only 0.3% of current world production by weight, 
but the value is exceptionally high (US$275/ct and 
$379/ct, respectively). Angola and Namibia account 
for 11% and 6%, respectively, of world production by 
value (but only 3% and 1%, respectively, by weight). 
The (Democratic Republic of) Congo (formerly 
Zaire) accounts for about 27% of the world’s dia- 
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BHP Diamonds, Vancouver, Canada 
University of Calgary, Canada 


monds by weight, but only 6% by value (average 
$14/ct). Minor production also comes from Tanzania 
and certain West African countries, mainly Guinea, 
Ghana, and Sierra Leone. 

Mr. Picton expects Africa to become even more 
important in the next few years. For 2005, he fore- 
casts world rough diamond production at 122 Mct, 
with Africa accounting for 75% of this total both by 
weight (91.9 Mct) and value (average $81/ct). The 
increase of 23.1 Mct (above the 68.8 Mct in 1998), 
will come mainly from Angola, Botswana, and South 
Africa. At present, De Beers’s (including Centenary) 
African production accounts for 28% of the world 
total by weight and 50% by value; in 2005, these val- 
ues are projected to be 50% and 45%, respectively. 


Australia 

Dr. Bram Janse concentrated on the Argyle mine 
and its huge production during the last 15 years: over 
500 Mct from the pipe, and 40 Mct from nearby allu- 
vial sources. For each of the last seven years, Argyle 
has produced an average of about 40 Mct, equivalent 
to 35% of the world’s annual production by weight. 
On the basis of present ore reserves and the planned 
expansion of the pit, production is anticipated to con- 
tinue through 2005. Future underground exploration 
could enable Argyle to stay active until 2009. 

After years of exploration, Ashton Mining discov- 
ered the diamond-bearing Merlin kimberlite field, 
consisting of 12 small pipes, in the Northern Territory 
about 600 miles (960 km) east of Argyle. Now active, 


the mine is expected to produce for about five years. 
Production will be small (150,000-—300,000 ct/yr), but 
the diamonds are of good quality. Merlin’s mostly col- 
orless, well-crystallized diamonds are worth about 
US$150/ct, whereas Argyle’s brownish and poorly 
shaped stones are worth about $8/ct on average. 
Exploration is continuing in various parts of Australia. 


Russia 

Uri Okoemov presented a detailed account of the 
diamond industry in Russia, starting with the estab- 
lishment of the mines and polishing factories in the 
1960s. Russia currently accounts for more than 20% 
of world diamond production by weight and is sec- 
ond only to Botswana in total value of rough. 
Russia’s polished production in 1997 exceeded 
US$700 million, so that it is now the world’s fifth 
largest diamond manufacturing country. 

Almost all (98%) of Russia’s rough diamond pro- 
duction comes from the Republic of Sakha (Yakutia) 
and is controlled by Alrosa. This government agency 
sells the rough diamonds on the world market and also 
distributes them to designated Russian cutting factories. 
About 97% of the polished production is exported. 

It is estimated that Russia will eventually produce 
2.5 times more rough than at present, with Yakutia 
accounting for more than 40% of this amount. The 
remaining 60% will come primarily from Northern 
European Russia (e.g., the Arkhangelsk region) and 
southern Siberia. New sources include: the Yubi- 
leynaya (Jubilee) pipe, opened in 1996; the Inter- 
nationalaya pipe, the first underground diamond mine 
in Russia, scheduled to start production in 1999; and 
Botuobinskaya and Nyurbinskaya, two major pipes in 
Yakutia that are scheduled to begin operations in 
2000 and 2002, respectively. 


Canada 


James Rothwell discussed the world’s newest dia- 
mond-producing country. Particular emphasis was on 
the Ekati mine in the Northwest Territories (NWT), 
which officially started production in October 1998. It 
has the potential to supply 4% of the world’s diamonds 
by weight (up to 4.5 Mct annually) and 6% by value; 
reserves are sufficient for at least 25 years. 

The Panda pit is the first of five kimberlite pipes 
that eventually will be mined at Ekati. It cost about 
US$700 million to bring the Ekati mine to produc- 


tion, including exploration. The mine is a joint ven- 
ture between BHP Diamonds Inc. (51%), Dia Met 
Minerals Ltd. (29%), C. E. Fipke (10%), and S. L. 
Blusson (10%). BHP Diamonds will distribute 35% of 
its production through De Beers and 65% through 
BHP’s own offices in Antwerp. 

The outlook for additional diamond mines in 
Canada is promising. More than 300 kimberlites have 
been identified in the NWT alone. Diamond explo- 
ration activity is under way in the NWT by other 
companies at several promising kimberites, notably 
Diavik, Jericho, Snap Lake, and Kennady Lake. 
Kimberlites have also been found in other parts of 
Canada. It is estimated that Canada will supply about 
10% of the world’s rough diamonds by early in the 
21st century. 


Other Sources 


Dr. Alfred Levinson discussed those diamond-pro- 
ducing countries not covered by the other panelists— 
each of which contributes < 2% of current world pro- 
duction. The six countries in this category are Brazil, 
Venezuela, Guyana, India, Indonesia, and China. 

In the South American countries, mining is con- 
fined to alluvial deposits on the major rivers, for 
which the primary sources are largely unknown. 
Brazil is the most important of these, with up to 2 
Mct mined annually in recent years, mostly from the 
states of Roraima (in the north) and Mato Grosso (in 
the southwest). Brazil has at least 600 known kimber- 
lite and lamproite pipes. Although many are diamond 
bearing, none is economic at present. Considerable 
exploration activity is in progress. 

Closely associated with the Brazilian alluvial dia- 
mond production in Roraima are deposits, also allu- 
vial and of unknown primary source, in adjacent parts 
of eastern Venezuela and Guyana. Alluvial diamonds 
are also mined in the Guaniamo district of western 
Venezuela. The source of these diamonds has been 
traced to uneconomic Precambrian kimberlites. In 
recent years, Venezuela and Guyana have produced 
annually up to 500,000 ct and 50,000 ct, respectively. 

The remaining countries have only limited pro- 
duction at present: India (~25,000 ct/yr), Indonesia 
(~10,000 ct/yr), and China (~50,000—180,000 ct/yr). 
Exploration for diamonds in each of these countries is 
either planned (India) or of minor significance 
(Indonesia, China) compared to that in other localities. 
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Manufacturing and Marketing Diamond 
Jewelry in the 21st Century 


PANELISTS 
Anna Martin ABN AMRO Bank, New York 
Edward Bridge Ben Bridge Jewelers, Seattle, Washington 


Sheldon Kwiat Kwiat, Roisen and Ferman, New York 


Eve Goldberg 


William Goldberg Diamond Corp., New York 


Martin Gruber Nova Stylings, Van Nuys, California 


HE 21sT CENTURY will mark a revolu- 
tion in the way diamond jewelry is manu- 
factured and marketed. Banking practices, dis- 
tribution channels, diamond reports, niche marketing, 
and evolving marketing opportunities will create a 
diversity of challenges and opportunities for the dia- 
mond jewelry industry. This panel of innovative busi- 
nesspeople shared their views on these various aspects 
of the diamond jewelry industry, with one resounding 
conclusion: If the challenges presented are met with a 
balance of education, creativity, and business acumen, 
then more opportunities will be available than have 
been seen by any previous generation. 


Financial Perspective 


Anna Martin described two key financial challenges 
facing the diamond jewelry industry in the new centu- 
ry. The first challenge is the shift of inventory respon- 
sibility from retailer to manufacturer. In the past, 
retailers paid cash for inventory in a relatively short 
time. Now these same retailers are demanding that 
manufacturers provide memo, bin stocking, returns, 
and marketing support—without an increase in manu- 
facturers’ margins. Second, the industry needs to rein- 
vent itself: Vertical integration, with suppliers owning 
retail outlets and retailers owning manufacturing facili- 
ties, will become necessary. Retailers, faced with 
knowledgeable and cost-conscious consumers who 
have alternate sources for their jewelry needs, often 
must stretch credit terms to attract these consumers. 
Mergers, acquisitions, and strategic alliances will 
strengthen the industry so it can meet these challenges. 
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The financial centers are very optimistic about the 
future of the industry, according to Ms. Martin, and 
they are proactively adapting their financing practices 
to meet its needs. 


Retailer’s Perspective 

Edward Bridge discussed the retailer’s perspective on 
the five trends that will affect the gem and jewelry 
industry in the next century. First is the overall econo- 
my. Since 1992, a great economic boom has seen dia- 
mond sales flourish in the U.S.; however, business 
operates in cycles, and there is no way to know when 
the current situation will change. Second, there will 
be more competition and more distribution channels. 
Although only a small percentage of retail jewelers 
currently use the Internet, it represents a major shift in 
the way diamond jewelry is bought and sold. In addi- 
tion, the Internet threatens to turn diamonds into a 
commodity. Approximately 80% of Web purchases 
provide “no smell, no feel” during the sales transac- 
tion. However, Mr. Bridge believes that, because of 
the nature of the product, people still will want to go 
to stores where they can touch, feel, and compare dia- 
monds. 

The third trend is the application of new technolo- 
gy to diamonds. Color and clarity enhancements will 
continue to affect the way diamonds are sold. 
Branding and designers are the fourth trend. Although 
brands cost more, this trend will differentiate dia- 
monds and protect their integrity. The fifth and final 
trend is demographic change. Aging baby-boomers 
and the transfer of wealth to new generations are cre- 


ating increased opportunities for selling diamond jew- 
elry. Retailers who recognize and address these trends 
will realize success in the new century. 


Role of Diamond Reports 


Sheldon Kwiat provided a history of the diamond 
grading report and the opportunities that these reports 
present for future diamond sales. First introduced in 
1955, diamond reports have become a staple in the 
‘00s. The diamond report has changed the nature of 
the relationship between buyers and suppliers. At the 
same time, consumer awareness of reports poses chal- 
lenges and offers opportunities. Sales associates must be 
educated and trained to recognize the strengths and 
weaknesses of a diamond report, and they must con- 
vey this information to the consumer. Mr. Kwiat 
noted that some retailers use reports to protect them- 
selves from overzealous sales associates. Although 
reports differ from one laboratory to the next, with 
different grades, standardization is not practical or 
desirable due to the demands of local markets. 

Mr. Kwiat predicted that reports will have an even 
greater impact in the future. In particular, there will be 
more emphasis on cut. Demand by consumers and 
insurers alike will increase, as will demand for addi- 
tional services such as laser inscription with report 
numbers and brand names. With the threats posed by 
diamond substitutes, synthetics, treatments, and 
Internet fraud, there is a pressing need for trade associ- 
ations to meet on the future of diamond reports in 
order to protect the consumer and the industry itself. 


Marketing Fine Diamonds 

Eve Goldberg noted that greater consumer wealth 
provides opportunities to market high-quality dia- 
monds and designs. While acknowledging the increas- 
ing importance of reports and lists, she emphasized 
that marketing in the 21st century need not be limited 
to these instruments. People are proud to sell a superi- 
or product, and they recognize that top cuts are creat- 
ed at a higher cost due to lower yields. The basic 
foundation of diamond jewelry sales is a well-made 
round-brilliant-cut diamond accentuated with a quali- 
ty setting; it takes more creativity to sell fancy cuts. 
The Internet provides a sales forum for lower-quality 
diamonds. However, those who want high-quality 
diamond jewelry with top cuts will use the Internet 
for information only; then they will seek retailers in 
order to see, feel, and admire the diamonds. These 


Brand-name diamond jewelry, such as this Kwiat 
Couture by Robin Garin, will become more prominent 
in the 21st century. Jewelry courtesy of Kwiat, Inc. ; 
photo courtesy of Platinum Guild International USA. 


consumers want to buy the best. Ms. Goldberg also 
predicted that there will be a return to romance in the 
future, which will provide new opportunities for man- 
ufacturers, suppliers, and retailers of diamond jewelry. 


New Marketing Opportunities 

Martin Gruber questioned whether there is too much 
marketing opportunity. The Internet and advertising 
in all media create a great amount of stimuli. 
However, with more opportunities now than ever 
before, it could become difficult to recognize the ones 
that will work. Mr. Gruber also noted that the devel- 
opment of designer brand names, a crossover from the 
fashion industry, is only going to increase until design- 
er brands become the norm. Baby-boomers with 
greater discretionary funds are seeking something dif- 
ferent and unique. These consumers are now begin- 
ning to turn to artists for a less-commercialized, more- 
personalized new look. The limited distribution of 
these artisanal works provides the “uniqueness” sought 
by this consuming group. Manufacturers are being 
challenged to develop new setting styles, using a larger 
range of metals. Mr. Gruber called for balance 
between retailers, who have the ability to support lim- 
ited product lines, and designers, who can deliver 
these products to the market. 
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The Role of Laboratory-Grown Materials 
In the 21st Century 


PANELISTS 
Thomas Chatham Chatham Created Gems, San Francisco, California 


Hisashi Machida Kyocera Corp., Tokyo 


Emmanuel Fritsch University of Nantes, France 


Kurt Nassau Nassau Consultants, Lebanon, New Jersey 


ABORATORY-GROWN MATERIALS have cer- 
tainly contributed to the constantly evolving 
nature of the gem and jewelry industry. New 
materials, and new processes by which lab-created gems 
are made, present jewelers and gemologists with an 
ever-growing number of opportunities and challenges. 
The panelists shared their unique perspectives on this 
important topic by addressing the production and distri- 
bution of lab-created gems, their identification, oppor- 
tunities that these gem materials represent, and some 
specific gems that may be created in the future. 


Opportunities with Luxury Synthetics 

Tom Chatham was quick to point out that “change is 
happening all around us,” and that we should be alert 
to the benefits change can bring. As examples, Mr. 
Chatham mentioned inventions such as the light bulb 
and the telephone, which were not universally recog- 
nized as significant when they were first made public. 
Similarly, gems made in the laboratory have not 
always been appreciated. The opportunities for such 
materials, however, are growing tremendously. Lab- 
created gems provide a beautiful product with an 
attractive price tag. Mr. Chatham pointed out that the 
supply of some natural gemstones is simply not keep- 
ing up with demand. In addition, natural gems are 
subject to extensive manipulation, given the various 
treatments that exist today. Laboratory-grown materi- 
als have withstood the test of time, responded well to 
competition, and overcome the problems stemming 
from a lack of understanding of the material. 
Customers who are properly educated are choosing 
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lab-created gems. As technology continues to advance, 
the options available to consumers will increase, pro- 
viding a wider variety of attractive alternatives to natu- 
ral gemstones. 


Production and Distribution 

Dr. Hisashi Machida addressed the topic of produc- 
tion and distribution from the perspective of Kyocera 
Corp., which first marketed Inamori-created emerald 
in 1975. Inamori now produces 12 varieties of created 
gem material: synthetic emerald, alexandrite, cat’s-eye 
alexandrite, blue sapphire, ruby, star ruby, pink sap- 
phire, yellow sapphire, “padparadscha”’ sapphire, green 
chrysoberyl, white opal, and black opal. The synthetic 
emerald is produced using a flux method, the synthetic 
chrysoberyls and corundums by a combination of a flux 
process and pulling, and the synthetic opal by precipi- 
tating tiny silica particles in water. According to Dr. 
Machida, all of these materials are easy to identify with 
a microscope. They all have characteristic internal fea- 
tures, such as the veil-like inclusions and phenakite 
needles found in the lab-created emeralds. Dr. Machida 
called attention to the fact that Inamori synthetic stones 
are used in the creations of numerous jewelry design- 
ers. This jewelry is sold in traditional jewelry stores, 
department stores, catalogues, door-to-door, at exhibi- 
tion fairs, and in 20 Kyocera retail stores. Loose 
Inamori synthetic stones are sold only by authorized 
dealers who are skilled in explaining the factors that set 
these gems apart from others. Various qualities are 
available, and they are graded using a system adapted 
from the GIA colored stone grading system. 
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and Holmes in the summer of 1946 
during Holmes’ tenure as instructor 
in the Gemological Institute summer 
classes in Los Angeles. The camera 
has gradually evolved to its present 
form after nearly eight months of 
modification and testing. 


Requirements to Be Met 


Before describing the actual 
camera design it will be advanta- 
geous to review briefly the require- 
ments that must be met by an in- 
strument which will make it possible 
to identify an unknown gem by 
means of x-rays. It will be well at 
this time to re-read the article on 
“Introduction to X-ray Method of 
Gem Identification’ in Gems & 
Gemology, Vol. 5, No. 7, Fall, 1946, 
since this article was written ex- 
pressly to provide background mate- 
rial to aid in the better understand- 
ing of the present article. The 
article on pearls elsewhere in this 
issue of Gems & Gemology, and 
others to follow will aid in under- 
standing of the application of x-ray 
methods to gem identification. 

Crystalline substances, and all 
gem materials except opal, jet, 
amber, obsidian, moldavite, glass 
and some plastics, are made up of 
atoms having an orderly arrange- 
ment. This orderly atomic arrange- 
ment causes a crystalline substance 
to act as a three dimensional dif- 


fraction grating, with the result 
that when an x-ray beam strikes it, 


secondary beams of x-rays are gen- 
erated. This diffraction effect, for 
simplicity, may be thought of as 
reflection of the x-ray beam by 
planes of atoms within the erystal. 

Any crystalline substance will 
produce a diffraction pattern if 
placed before a narrow x-ray beam 
and a sheet of film is put in proper 
position to record the secondary 
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x-ray beams generated by the order- 
ly atomic arrangement of the speci- 
men. In the general case, when the 
specimen is stationary and having a 
random orientation, a pattern is ob- 
tained consisting of an unsymmetri- 
cal network of spots. A pattern of 
this type is known as a Laue pat- 
tern. 

In general a Laue pattern is taken 
of a single crystal. A single crystal 
is a homogeneous crystalline body 
and may be one having natural 
crystal faces, or a cut gem where 
the natural crystal faces have been 
removed by the lapidary. In any case, 
to be most useful a Laue pattern 
must be taken with the x-ray beam 
parallel to an axis of the crystal. 
Then a symmetrical pattern is ob- 
tained which indicates the crystal 
system to which the material be- 
longs. In other words, to obtain a 
usable diffraction pattern from a 
stationary cut gem (single crystal) 
such as corundum, topaz, or beryl, 
it must be set before the x-ray beam 
with one of its crystal axes parallel 
to the x-ray beam. Since in cut gems 
the naturally occurring crystal faces 
(which lie parallel to the crystal 
axes) have been removed, to locate 
the direction of a crystal axis is 
extremely difficult or in some cases 
impossible, and therefore imprac- 
tical. 

A more useful type of diffraction 
pattern is obtained if the specimen 
ig rotated or oscillated about an 
axis of the crystal. Here again, 
however, unless the position of a 
erystal axis is known, and the 
erystal carefully placed before the 
x-ray beam in a particular position, 
the resultant pattern is useless for 
purposes of identification. 

The most useful type of x-ray dif- 
fraction pattern for the identifica- 


Identification Challenges 

Dr. Emmanuel Fritsch cautioned that, in the last 
decade, more attention has been paid to the detection 
of treatments than to the identification of laboratory- 
grown materials. Dr. Fritsch stated that “the best basis 
for the identification of synthetics is a keen sense of 
observation.” In those situations where observation and 
classical gemology are not sufficient, however, advanced 
instrumentation becomes essential. There are a number 
of such sophisticated tools and practices. UV-visible- 
near infrared absorption spectroscopy, for example, can 
be useful in detecting most synthetics, because they usu- 
ally are more transparent to ultraviolet radiation than are 
natural gems. Other techniques that Dr. Fritsch men- 
tioned are infrared absorption spectroscopy, X-ray fluo- 
rescence, and laser Raman microspectrometry. There 
also are instruments that are gem specific, such as the 
DiamondSure and DiamondView (developed by De 
Beers), which are used only to separate natural from 
synthetic diamonds. In the future, instruments will 
need to be developed or adapted to look at details that 
we cannot study at present. One such tool would be 
the ion probe, which detects impurities one or two 
orders of magnitude smaller than is possible with instru- 
ments commonly in use today. 


Future Synthetic Gemstones 

In making his predictions for new synthetic gemstones 
of the 21st century, Dr. Kurt Nassau referred to actual 
developments that had come about since he had origi- 
nally predicted them in his book Gems Made by Man 
(1980). One material that he predicted 20 years ago 
was gem-quality synthetic moissanite. This has become 
an important diamond simulant, with 14,000 carats 
shipped by the manufacturer in the first three months 
of 1999 alone. Dr. Nassau pointed out that there have 
been one or two significant new laboratory-grown 
gem materials every decade for the past 20 or 30 years. 
Laboratory-grown gem materials that have become 
more important in the past two decades include syn- 
thetic ametrine, synthetic red beryl, flux-grown syn- 
thetic red spinel, and synthetic diamond. 

Dr. Nassau believes that we will continue to see the 
introduction of new synthetic gems, despite the fact 
that the “easy” synthetics already have been grown. 
Although in years past, certain individuals and compa- 
nies set out to create gem materials for the jewelry 
industry, recent synthetics are “spin-offs” of technology 
focused on other industries, and this trend is likely to 


Synthetic moissanite (here, approximately 0.4—0.7 
ct each) is one of the newest laboratory-grown materi- 
als to enter the gem and jewelry trade. Photo cour- 
tesy of Charles & Colvard. 


continue. Hydrothermal synthetic tourmaline and 
topaz may become available, but they probably will not 
be economically viable in the near future. Gems that 
are more likely to be synthesized commercially, 
according to Dr. Nassau, are malachite, jadeite, and 
nephrite. It is even possible that a truly synthetic pearl 
will be developed. 


From the Audience 


During the question-and-answer session, it became 
apparent that there is real concern among jewelers and 
gemologists regarding the accurate and consistent iden- 
tification of laboratory-grown gems. Dr. Nassau was 
asked if he thought synthetic tanzanite would ever 
become available commercially. He replied that it was 
unlikely, although Mr. Chatham said that his company 
has been considering the possibility. Another attendee 
wanted to know how large a synthetic emerald could 
be grown, presumably so that she could make certain 
assumptions about the identity of large emeralds that 
she might encounter. Mr. Chatham did not put her 
mind at ease when he responded that there is a 
Chatham-created emerald in the Smithsonian that 
weighs 14,000 ct. A rumor that synthetic moissanite 
could be treated in such a way as to make it isotropic 
was also questioned. The concerned party was assured 
that such a result is impossible. 
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The Leadership Role of 
Fine Jewelry in the 21st Century 


PANELISTS 


Thomas Giibelin 


The Gubelin Group, Lucerne, Switzerland 


Ralph Destino Cartier Inc., New York 


Helene Fortunoff Fortunoff, Uniondale, New York 


Henri Barguirdjian 


Van Cleef & Arpels, New York 


Terry Davidson Asprey & Garrard, London 


RADITIONALLY, THE WORLD’S finest jewelry 
houses have set the standards by which lux- 
ury goods are sold. They have defined mer- 
chandising trends, marketing and branding strategies, 
and customer service standards that the rest of the 
retail jewelry industry emulates. It is no wonder that 
the industry now looks to these houses for guidance 
regarding the future. Members of this panel addressed 
a number of key issues that affect the way businesses 
will be run in the 21st century. Among them are mass 
retailing, e-commerce, emerging technologies, and 
changing global markets. 


The Gibelin Group 

Thomas Giibelin provided an optimistic analysis of 
the European luxury goods market. The current mar- 
ket is prospering as a result of the fall of the Iron 
Curtain and the consolidation of national economies. 
Today, 60% of the wealth is concentrated in the 
hands of consumers who are 50+ years old. About 
70% of European households own jewelry, and the 
market has yet to approach saturation. There is a 
strong trend in women making purchases for them- 
selves. Tastes tend toward the traditional and under- 
stated, with preferences for white metals, including 
stainless steel for watches. Diamond is the most popu- 
lar gemstone, with aquamarine and tanzanite as popu- 
lar colored stones. Mr. Giibelin has observed a change 
in the attitude of the European consumer, who now 
feels less obligated to hold on to inherited jewelry and 
is more apt to update or sell it. Competition is brisk, 
and low-end European retailers are now using dis- 
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counting as a means of differentiating themselves. Mr. 
Giibelin’s advice to retailers is to use custom designs, 
quality guarantees, and customer service as the means 
to gain a competitive edge. 


Cartier 

Despite somber predictions pointing to the Internet, 
catalog marketers, and mass merchandising as accom- 
plices in the demise of the traditional retailing envi- 
ronment, Ralph Destino remains positive about the 
future. A high-end jewelry or specialty store can offer 
shoppers a pleasurable experience that is not duplicat- 
ed by any other format—an inviting setting, a unique 
product, social interaction, and a sense of community. 
Mr. Destino also discounted the discounters, citing 
studies by both the Roper Group and the 
Mendelsohn Organization that show that the young 
American consumer is informed, responsive to prod- 
ucts embodying craftsmanship and design integrity, 
and willing to pay a premium for top-quality, lasting 
merchandise. Regarding the Internet, Mr. Destino 
conceded that most luxury brands see it more as a 
threat than an opportunity. With the Internet comes 
the possibility of a gray market of goods offered at 
steep discounts, eroded brand images and prestige, 
ruptured distribution networks, and threats to estab- 
lished pricing structures. 


Fortunoff 

Helene Fortunoff argued that rather than fine jewel- 
ry houses influencing the industry at large, business- 
at-large is now the “pied piper.“ She cited the roles 


that auction houses and e-commerce are playing in 
shaping the industry. The elaborate and expensive 
marketing techniques employed by auction houses 
have resulted in $2 billion in turnover, with approxi- 
mately $700 million in fine-jewelry sales. Auction 
houses have successfully extended their market share 
into niches once solely occupied by retailers; and with 
the acquisition of Butterfield & Butterfield by eBay, 
auction houses are now extending their territory into 
cyberspace. 

Another force to be reckoned with is electronic 
home shopping, which currently accounts for 12% of 
industry sales. With more than one-third of its pro- 
gramming devoted to 14K jewelry, the home shop- 
ping network QVC averages 270,000 customers per 
day. Unlike Mr. Destino, Ms. Fortunoff is a propo- 
nent of the powers of cyberspace to sell product and 
promote brand identity and message. Her company is 
currently rebuilding its Web site to include an online 
bridal registry, complete with catalog and online 
ordering capabilities. Plans for Fortunoff include 
“embracing new retail modalities to expand nationally 
without real estate” and courting “the new consumer 
. .. to overcome the competition’s simplistic depen- 
dence on price alone by extending the ‘Trust 
Fortunoftf” franchise.” 


Van Cleef & Arpels 

Henri Barguirdjian recalled that the luxury goods 
market once catered only to the super-rich, but today 
this market does more business than ever before by 
appealing to a broader base. That is because jewelry 
continues to function as a universal symbol of love, 
and this will not change in the next millennium. The 
independent jeweler will continue to be the key con- 
tact in the transaction, providing the customer with a 
level of intimacy that is not found in other selling 
environments. Mr. Barguirdjian offered two key 
ingredients for business growth: integrity and creativi- 
ty. Clients today are more informed about their pur- 
chases, but they are also more confused by the vast 
array of information available regarding products, 
treatments, and brands. Absolute disclosure about the 
product is essential, as is impeccable customer service. 
With shrinking margins in loose stones, the second 
ingredient for business growth becomes the creativity 
and originality of designs. The new breed of client is 
younger, and price is not an issue. These clients look 
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A common 
theme of this 
panel was the 
importance of design in 
maintaining a competitive posi- 
tion. This diamond and sapphire 
panther is representative of the distinc- 
tive designs that are the hallmark of 
Cartier Inc. 


to jewelry as a status symbol, but it also must be fash- 
ionable, enjoyable, and adaptable to their lifestyles. 


Asprey & Garrard 


Terry Davidson admitted that while Asprey & 
Garrard may have little name recognition in the U.S., 
his company represents the recent merger of two of 
the oldest purveyors of luxury products in the United 
Kingdom. With the two houses combined, Asprey & 
Garrard represents more than 400 years of custom 
work in leather, objets d’art, silver, and jewelry. Their 
in-house designers and workshops allow the firm to 
continue the production of one-of-a-kind goods. 
Today’s customers are even more discerning than 
their predecessors were. Well-traveled and inspired by 
the different cultures they encounter, they bring their 
informed tastes to bear when selecting jewelry and 
other luxury goods. In a video clip, Mr. Davidson 
demonstrated Asprey & Garrard’s recently launched 
branded diamond, the Eternal Cut, which is being 
offered in a range of jewelry styles. As world 
economies gain strength, the future for fine jewelry is 
promising. But to stay competitive, Mr. Davidson 
warmed, “We must supply innovative product that is 
manufactured, merchandised, and marketed to the 
highest standard, and offer our clients a service that is 
next to none.” 
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Marketing Pearl Jewelry 
In the Next Millennium 


PANELISTS 


Koichi Takahashi 


Mikimoto, New York 


Frank Mastoloni Frank Mastoloni & Sons, New York 
Eve Alfillé Eve J. Alfillé Ltd., Evanston, Illinois 


Gina Latendresse American Pearl Company, Nashville, Tennessee 


Ralph Rossini 


HE PRESENTATIONS BY THESE PANELISTS 

seemed to have one theme in common: The 

pearl market is thriving. With the many varieties 

and price points of pearls today, there is something for 
all segments of the market in the next millennium. 


Strategy for the 21st Century 


Koichi Takahashi began his presentation with a 
look back at the beginnings of the cultured pearl 


A wide variety of cultured pearls will provide exciting 
opportunities for consumers in the 21st century. These 
strands show some of the colors available for South Sea 
cultured pearls. Photo courtesy of Mikimoto. 


° 
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Honora Ltd., New York 


market. He retraced some of Kokichi Mikimoto’s 
footsteps, from the first cultured pearl recovered by 
Mikimoto's wife Ume in 1893, to the pearls he gave 
to celebrities such as Marilyn Monroe. Mr. 
Takahashi explained how Mikimoto’s promotions 
still incorporate these celebrities and reported that 
the company’s plans for the future include also sell- 
ing gift items such as pens, scarves, vases, and watch- 
es. Quality, craftsmanship, design, and artistry are all 
important in the promotion of pearls today and will 
be important in the future. 


The Benefits of Quality 


Among the first to market cultured pearls in the 
United States was Frank Mastoloni. In the 1950s, 
natural pearls were hard to come by, so he decided 
to enter the cultured pearl market. It was a great 
alternative to imitation pearls, as the cultured pearls 
were actually grown in the sea. Mr. Mastoloni 
described the many products available today, includ- 
ing Chinese freshwater, South Sea, and Tahitian cul- 
tured pearls—and how these products can be pro- 
moted to all market segments. There are fine-quality 
pearls in all varieties. He emphasized the importance 
of product knowledge, noting that if different quali- 
ties are explained to customers, they will choose the 
better-quality goods. In closing, Mr. Mastoloni 
offered the maxim “Quality is long remembered 
after price is forgotten.” 


Importance of Design 


Eve Alfillé predicted that designer pieces will play 
an important role in preventing cultured pearls from 


“Specialty” pearls add a distinctive look to creative 
Jewelry designs. This brooch, “Earth’s Twilight” by 
Nina Ward, features an American cultured Domé 
pearl with emerald-cut tourmalines (0.25—1.88 ct) 
from Brazil, 3 mm Maine tourmalines, and diamonds. 
Photo courtesy of American Pearl Co. 


becoming a commodity in the next millennium. 
Before the new varieties of cultured pearls became 
more readily available, Akoya cultured pearls domi- 
nated the market. Designs were very basic: round 
pearls made into strands and stud earrings. According 
to Ms. Alfillé, the retailer should entice the customer 
into purchasing all of the different types of cultured 
pearls now available. Tying in pearl designs with 
clothing fashions will help increase sales. Designer 
showpieces enhance the prestige of cultured pearls 
and attract the upscale customer. 


Specialty Products 


There is great versatility in cultured pearls today 
because of the many varieties of mollusks in which 
they are cultivated. But in her presentation, Gina 
Latendresse went beyond the Akoya, Chinese fresh- 
water, South Sea, and Tahitian varieties. Other addi- 
tions to the mix include natural abalone pearls, 


conch "pearls," melo melo "pearls," American natu- 
ral and cultured pearls, Domé pearls and, cultured 
mabé pearls from French Polynesia, Mexico, and 
New Zealand. Ms. Latendresse emphasized that 
offering this expanded palette of pearl colors and 
shapes will keep the retailer’s business fresh. 


The Chinese Products 


“The pearls of the future”: new shapes, new colors, 
and—best of all—affordable. If you were to ask 
Ralph Rossini what that statement describes, he 
would not hesitate to answer, “Chinese freshwater 
cultured pearls.” Today, a larger audience can own 
thick-nacred, good-luster pearls at a lower price 
point. These products come in a wide variety of col- 
ors, shapes, and sizes, thus allowing for new, fash- 
ionable creations. During his presentation of a recent 
trip to the pearl farms in China, Mr. Rossini showed 
one mollusk that was being implanted with enough 
pieces of mantle tissue to yield about 40 cultured 
pearls. China's production for the present year is 
projected to be approximately 1,500 tons. If the 
Chinese pearl farms continue to produce at this rate, 
there certainly will be sufficient supply as we move 
into the new century. 


Sales of fine-quality pearl jewelry, such as this 
parure featuring white South Sea cultured pearls, are 
enhanced through product knowledge. The cultured 
pearls in the earring and the ring are approximately 
13 mm in diameter; photo courtesy of Mikimoto. 
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Critical Issues in the 21st Century 


PANELISTS 
Matthew Runci Jewelers of America, New York 


James Marquart Manufacturing Jewelers and Suppliers of America, 
Providence, Rhode Island 


Douglas Hucker American Gem Trade Association, Dallas, Texas 


Robert Bridel American Gem Society, Las Vegas, Nevada 
Eli Izhakoff J. Izhakoff & Sons, New York 


HIS PANEL OF LEADERS from key seg- 
ments of the industry examined various 
critical issues that face the retail and guild 
jeweler, jewelry manufacturer, and diamond or col- 
ored stone dealer. Although the specific challenges 
presented by each panelist differed, they seemed to 
share a number of common themes, especially the 
need to build and maintain the industry’s image, to 
improve staff and customer education, and to 
embrace or prepare for the inevitable change that the 
21st century will bring. 


Retail Jewelers 


The retail jeweler, standing directly on the front line, 
must demonstrate professional core elements to suc- 
ceed in the new century. Matthew Runci cautioned 
that the ability to gather unlimited information from 
the Internet without an informed perspective, com- 
bined with the possibility of diluted branding, could 
ultimately confuse the consumer. Mr. Runci went on 
to outline a three-tiered “Millennial Strategy” for the 
retail jeweler. 


1. Integrity: The retail jeweler must behave ethically 
and follow rules of professional conduct. Jewelers 
must make sound judgments and ethical deci- 
sions when confronted with business dilemmas. 


2. Knowledge: Jewelers must make a lifelong com- 
mitment to career development with continuing 
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education not only for themselves, but also for 
their staff members and their customers. 


3. Skills: A jeweler’s skills are his or her livelihood, 
and each jeweler must enhance those skills and 
develop a qualified staff, through testing and cer- 
tification. 


Manufacturing Jewelers 

In the United States, manufacturing jewelers today 
face some of their most difficult times ever. James 
Marquart reported that many US. firms have lost 
nearly one-third of their workforce, which has result- 
ed in a reduction in domestic and global market share 
for these organizations. The key to the success and 
regrowth of this segment in the coming millennium 
lies in several critical areas. One focus must be on 
helping the industry sell its products, which in part is 
being addressed through consumer advertising cam- 
paigns that include consumer magazines, billboards, 
and co-op pieces with clothing manufacturers and 
retailers. Another key is to overcome United States 
trade policies that have hindered the ability of manu- 
facturing jewelers to distribute their products to the 
world market. Mr. Marquart reported that MJSA is 
working with the U.S. government to draft a new 
international trade policy that will reduce or eliminate 
many current tariff-based trade barriers and level the 
playing field for the U.S. manufacturing jeweler. 


Colored Stone Dealers 


The technological and ethical challenges facing the col- 
ored stone market are certainly not news, but advances 
in treatments and synthetics continue to emerge at a 
record pace. Douglas Hucker stressed that ethics 
regarding disclosure, and education to stay on top of 
technology, will guarantee the success of colored stone 
dealers and retailers in the future. Mr. Hucker also 
added that today’s consumer, being more informed 
about colored stones, is looking to make a more serious 
colored stone jewelry purchase. It is still up to the col- 
ored stone retailer, however, to fill in the information 
gaps, and to promptly answer the variety of questions 
that consumers are sure to ask. Every salesperson must 
have the education to answer technical questions, but it 
is equally important to promote and maintain the 
beauty and romance of colored stones, which are what 
attract the customer in the first place. 


Guild Retailers 


Robert Bridel provided valuable insight into how 
guild retailers can elevate their businesses through 
innovative marketing, the use of available technology, 
and customer service. Some of the marketing strate- 
gies Mr. Bridel proposed include one-on-one mar- 
keting to individuals, the implementation of nonjew- 
elry events—such as concerts or book readings—to 
bring potential new customers into a store, and 
adherence to strict standards for advertising and pric- 
ing. The use of new technology could promote and 
support a business. For example, a Web site can show 
product samples or even sell products, profile cus- 
tomers on-line, or strengthen operations and manage- 
ment internally. Mr. Bridel suggested that the jeweler 
“make a friend of every potential customer,” then 
pamper those customers with personalized service and 
clear, reasonable selling practices. 


Diamond Dealers 


A positive light was shed on the state of the diamond 
industry by Eli Izhakoff, former head of the World 
Federation of Diamond Bourses. Mr. Izhakoff report- 
ed that supply and demand for diamonds seems to be 
running hand-in-hand, with Far East markets experi- 
encing a resurgence. He cautioned, however, that the 
large diamond companies will become even larger in 


Trade organizations not only foster business integri- 
ty, but they are also a source of knowledge for staff 
members and their customers alike. 


the new millennium, and that small and medium-size 
businesses will need to face the likelihood of shrinking 
distribution channels, or ultimately they will risk elim- 
ination. He further stated that although there are new 
critical issues facing diamond dealers, this resilient 
industry has regularly thrived in the face of seemingly 
insurmountable challenges. Laboratory grading reports 
and price sheets, which were rejected in the 1970s and 
“80s, have now become almost indispensable tools. 
The new challenges seem to be treatments and pro- 
cesses, as well as the trend toward diamond branding. 
Mr. Izhakoff believes that the industry will respond 
accordingly and learn to accept—and even embrace— 
the changes on the horizon. 
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Marketing Opportunities in the 21st Century 


PANELISTS 


Susan Jacques 
Leopoldo Poli 
Andrew Johnson 


Borsheim’s, Omaha, Nebraska 
La Nouvelle Bague, Florence, Italy 
The Johnson Family’s Diamond Cellar, Dublin, Ohio 


Scott Kay Scott Kay, Inc., Hackensack, New Jersey 


Laurence Grunstein 


S WE MOVE INTO THE NEW millennium, 
jewelers want to know where the best 
prospects will be found for new products, 

greater market share, and—of course—increased sales. 
This spirited panel looked at maximizing opportuni- 
ties in five key categories: colored stones, gold jewel- 
ry, diamonds, platinum, and watches. 


Colored Stones 


What tools are available to make customers more 
aware of, and comfortable with, colored stones? 
According to Susan Jacques, a well-trained sales staff 
and the use of the Internet can both inform and sell. 
Today, attractive catalogs can serve many purposes: 
in-store use, direct mail, and even an electronic ver- 
sion on your company’s Web site. Her experience has 
shown that: (1) educated customers are far more likely 
to make a purchase, (2) customers will sometimes 
become fascinated about treatment processes rather 
than consider them a negative, and (3) beauty is often 
more important than whether the gemstone being 
offered is one of the “big three” (ruby, sapphire, or 
emerald). Because of the greater interest in, and avail- 
ability of, many colored gems, they will continue to 
be important in the future. 


Gold 


Referring to an item of jewelry as a contemporary 
design simply because it is manufactured in the pre- 
sent is both unfortunate and inappropriate, according 
to Leopoldo Poli. He prefers to assimilate the most 


126 


SYMPOSIUM PROCEEDINGS ISSUE 


Citizen Watch Company, Lyndhurst, New Jersey 


profound and significant events, emotions, behavior, 
music, and the words of the time in which we live— 
and then recreate them in a stylized figure. Thus, the 
jewel truly reflects the period in which it was created. 
This is accomplished by innovation, which he 
describes as ably interpreting and expressing the high 


Attractive promotional materials make useful 
marketing tools. At Borsheim’s, the jewelry 
catalog is available for in-store use, as well as 
through direct mail and on the Internet. Photo 
courtesy of Borsheim’s. 


BORSHEIMS 


Consumer preference for beauty is contributing to the popularity of colored gemstones other than ruby, sapphire, 
and emerald. The 18K white and yellow gold rings shown here were designed by Jean-Francois Albert, and 
feature aquamarine, yellow beryl, tanzanite, pink and green tourmaline, and amethyst—some of which are 
accented with diamonds. Innovative designs, such as the “SignatureFit” self-sizing mechanism in these rings, 
enhance customer satisfaction. Photo courtesy of Jean-Francois Albert. 


est values of out time, not by repeating stylistic codes. 
Ultimately, the designer needs to be the creator of 
customer satisfaction. 


Diamonds 


A common theme found in Andrew Johnson’s pre- 
sentation was the importance of modern technology 
in the future of marketing diamonds. Expanding mar- 
kets in Asia, India, South America, and Eastern 
Europe can be reached by means of the Internet, 
telecommunications, and overnight shipping. By using 
various combinations of traditional and modern mar- 
keting techniques, the retailer can reach all generations 
of consumers. In addition, use of demographics makes 
it easier to track customer lifestyles and life events for 
which diamonds can be packaged. As diamonds 
become more of a commodity and profit margins con- 
tinue to shrink, massive amounts of information will 
be needed to remain competitive in the future. 


Platinum 

From a fad to a trend: Scott Kay traced the recent 
popularity of platinum jewelry from the 1980s, when 
jewelry was primarily all yellow; to two-tone jewelry 


(50/50); to white metal with little yellow accents; to 
the all-white platinum jewelry that we’re seeing 
today. “Platinum is to metal what diamonds are to 
gemstones” was repeated throughout his presentation. 
He credited the bridal market with “driving the fash- 
ion end of our business.” In Mr. Kay’s opinion, white 
metal will overtake yellow as the color of choice in 
the 21st century. 


Watches 


According to statistics offered by Laurence 
Grunstein, last year approximately one in four 
Americans bought a wristwatch. Narrowing the dis- 
cussion to watches over $50, he reported that 17.6 
million such watches were sold in the U.S. in 1998, 
with jewelry stores responsible for approximately 40% 
of these sales. These numbers are expected to increase 
as jewelers take advantage of brand recognition, prod- 
uct training, customer support, point-of-sale materi- 
als, customizable displays, advertising, and co-op 
advertising. For most jewelry stores, Mr. Grunstein 
recommended that they carry five or six watch brands 
that do not overlap one another and that best fit the 
customer profile of their store. 
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The Importance of Electronic 
Networking in the 21st Century 


PANELISTS 


Jacques Voorhees Polygon Network, Dillon, Colorado 


Martin Rapaport Rapaport Diamond Report, New York 


Fred Mouawad Precious Link, Bangkok 


Dona Dirlam Gemological Institute of America, Carlsbad, California 


Richard Drucker Gemworld International Inc., Northbrook, Illinois 


he Internet, a New Distribution Channel 
Citing recent research conducted by the 
Gannett Group of newspapers, Jacques Voorhees 
noted that 83% of U.S. consumers plan to buy some- 
thing online in the next 12 months. He added that 
electronic commerce revenue could swell to as much 
as $3.2 trillion in 2002. Against this statistical backdrop 
of extraordinary growth, Mr. Voorhees described the 
three basic types of jewelry Web sites now online: 


* Information-only Web sites, where no actual 
commerce is conducted. 


* Commerce sites directed to the consumer, with 
searchable databases that list certificate specifica- 
tions and pricing information. 


* Commerce sites restricted to the trade only. 
Trade passwords are required to access these sites, 
a measure designed to protect the retailer. 


Traditionally, products were warehoused and sold 
locally at the point of sale. This arrangement accom- 
modated the immediate transfer of money and mer- 
chandise, as well as any first-hand product knowledge 
that was needed. Along with the advent of overnight 
delivery service and payment by credit card, the 
Internet has transformed the traditional distribution 
system in all industries by making the ordering, pay- 
ment, and delivery processes almost instantaneous. 

Mr. Voorhees emphasized that the physical store 
will never disappear altogether. Some consumers will 
continue to shop in the traditional store as long as 
concerns exist over credit card security and the relia- 
bility of online product information. The retailer 
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must keep these shoppers coming to his or her store, 
all the while taking steps to evolve in an Internet 
environment. Retailers, too, can use the Internet for 
sourcing, which will lower their own cost of goods. 


The Power of a Virtual Marketplace 

Despite the unprecedented growth of the digital 
economy, Martin Rapaport believes that we have 
only witnessed the beginning of an Information 
Technology Revolution. This revolution promises to 
bring about a historic shift in society, economics, and 
virtually every aspect of our lives. In fact, what we are 
seeing now is so powerful that none of us fully real- 
izes how big it is. The spectacular growth of high- 
tech stocks is only the first indication of a massive 
economic shift in the balance of power. 

According to Mr. Rapaport, having your compa- 
ny’s products or product information available on the 
Web is no longer optional. Denying your company 
an online presence, he warned, is comparable to tak- 
ing down your sign from a storefront, or removing 
your company’s listing from the phone book. He 
advised being careful with how the information is 
used—think about it strategically, and incorporate it 
into every aspect of your business. While information 
is power, he explained, well-managed information is 
even more power, and information that is used to 
reach out and market is awesome power. 

In closing, Mr. Rapaport predicted that the 
Internet’s single most profound impact will be to 
reduce the cost of retailing. He urged the audience to 
take advantage of “the greatest opportunity that has 
ever come to the diamond industry.” 
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tion of minerals is the so-called 
powder pattern, first developed by 
Debye and Sherrer in 1916. A pat- 
tern of this type is ordinarily obtain- 
ed by finely powdering the material 
under investigation and cementing 
the powder into a small rod-shaped 
specimen. The sample thus prepared 
is made up of a large number of 
randomly oriented crystals, so that 
the position of the sample in the 
x-ray camera is now of no conse- 
quence. Powder patterns consist of 
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a powder-type diffraction pattern 
may be obtained from a cut gem, 
whether it be cut from a single 
crystal, or from an aggregate of 
many crystals. 

As stated above, a large number 
of randomly oriented grains are re- 
quired in order to obtain a powder- 
type pattern. In the new instrument 
an analogous condition is obtained 
without powdering the sample by 
giving to the specimen a combina- 
tion rotatory and oscillatory mo- 
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Figure 1 
Schematic diagram of apparatus for identification of gems by x-rays. 


a group of concentric circles re- 
corded. on the film, and are in a sense 
a “fingerprint” since every crystal- 
line material gives its own char- 
acteristic grouping of circles or 
lines. 

It is evident from the foregoing 
discussion, that the ideal condition 
for identification work is to have 
available a powdered sample. How- 
ever, this cannot be done without 
damaging the specimen, and cannot 
be considered as a practicable meth- 
od of identification of a cut and 
polished gem. The new x-ray camera 
was therefore developed at the Gemo- 
logical Institute of America, so that 


tion. The manner in which this is 
accomplished is described below. 


The Instrument 


The new instrument, or x-ray 
diffraction camera, is shown sche- 
matically in Figure 1. On the ex- 
treme right is indicated the x-ray 
tube, which in actual practice in the 
G.LA. laboratory is a North Ameri- 
can Philips Diffraction Unit having 
a copper target tube. The x-ray 
beam passes through a  pin-hole 
system which serves to confine it 
to a narrow pencil of essentially 
parallel x-rays. The x-ray beam 
then passes through a hole in the 


The Benefits of Network Interaction 


Fred Mouawad encouraged traditional retailers to use 
online networks to compete with the new breed of vir- 
tual retailer, the “giants.com” who are eroding retail 
margins by buying directly from manufacturers and 
selling directly to consumers. Mr. Mouawad defined a 
network as an information service that is accessible 
through connected computers and provides a medium 
for trading and information exchange. By using the 
resources of an online network, retailers can centralize 
their entire stock and offer it to a worldwide audience 
“Sust in time.” The resources of a network include: 


* Community—Members are encouraged to share 
information. Forums are available for voicing 
opinions, asking questions, and making contacts. 


* Trading—Inventory is readily available and can 
be uploaded immediately. 


¢ Directory—Members are able to find people, 
searching by product category, region, or com- 
pany name. The directory allows the retail store 
to broaden both its customer base and its supplier 
base. 


¢ Services—Members are offered a news center 
that keeps them informed about the industry, as 
well as advertising services. 


Mr. Mouawad recommended that retailers check 
with their various trade associations to see how they 
are participating online. 


Evaluating the Message and the Messenger 


A more democratic flow of information exists today 
than ever before. While this is undoubtedly a positive 
aspect of the Internet, Dona Dirlam cautioned that 
we face the increasing difficulty of assessing these 
countless layers of information. Accordingly, Ms. 
Dirlam presented the following strategy for information 
evaluation: 


¢ What is the purpose of the information that is 
provided on a particular Web site? Is it intended 
to inform or to sell? 


¢ How up-to-date is it? Timeliness can be critical. 
Check the date of the site, and the dates on the 
information given. 


* Is the Web site more useful and efficient than 
other resources (e.g., a reference librarian)? 


Ms. Dirlam also offered some perspective for infor- 
mation providers: 


* Keep in mind your audience, and the purpose of 
your Web page. Remember to check grammar 
and spelling. 

* Copyrights: In the Information Age, how do you 
maintain rights to information? Copyright laws 
have been strictly enforced in the past, but will 
that hold true in the 21st century? 


¢ The conservation and archiving of information 
will take on an even more important role. 
Where will all of this information be 50 years 
from now? 


Integrating Traditional Media and Networks 


The ability to provide more information to customers 
is the best use of the Internet, according to Richard 
Drucker. Pure information is usually the first reason a 
person goes to the Internet; purchasing is secondary. 
Although Web sites are capable of providing much 
more information than single-page magazine ads, for 
instance, Mr. Drucker recommended using traditional 
media to get people to your site. Magazine ads should 
always list the Web site. Banner advertisements and 
links from other Web sites are effective ways of draw- 
ing people to your own. Likewise, selling advertising 
space on your own site is a good source of revenue. 

Mr. Drucker pointed out that developing a cor- 
porate Web site can be relatively easy and inexpen- 
sive. A company can develop a Web site on its own, 
or else it should set aside some money from its bud- 
get. In his opinion, money spent on the Internet is 
the most cost-effective investment a business can 
make. The site itself does not have to be sophisticat- 
ed—but it does need to be up-to-date, so that visitors 
will have a reason to return. 

Once people reach your Web site, it is important to 
keep them there. To do this, Mr. Drucker recom- 
mended that companies use a clear and simple screen 
design. Keep in mind the 60-second rule: You only have 
one minute at the most to keep people interested. 

Acknowledging the widespread flow of misinfor- 
mation via the Internet, Mr. Drucker recommended 
using this problem to your advantage by openly 
addressing it for your customers. Doing so gives you 
an excellent opportunity to educate them and earn 
their trust. 
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War Rooms 


Branding War Room 


PANEL 


Elizabeth Chatelain MVI Marketing Ltd., Los Angeles 
Sheldon David W.B. David & Co., New York 
Esther Fortunoff Fortunoff, Uniondale, New York 
Eli Haas Diamond Dealers Club, New York 


Scott Kay Scott Kay, Inc., Hackensack, New Jersey 


Steven Lagos Lagos Inc., Philadelphia, Pennsylvania 


Al Molina Molina Fine Jewelers, Phoenix, Arizona 


Glenn Rothman Hearts on Fire, Boston, Massachusetts 


MODERATOR 
Whitney Sielaff Publisher, National Jeweler 


ith few exceptions, the use of product 
\ X branding as a key marketing tool has been 
a relative latecomer to the fine jewelry 


industry. Unlike luxury watches, for example, which 
appeal to consumers largely by manufacturer name, 
gems and precious metals have traditionally engen- 
dered desire through their own inherent qualities. 

Product branding in fine jewelry has developed 
with the emergence of "designer" jewelry. The 
heightened consumer recognition of designer brands, 
such as those of New York's David Yurman or ses- 
sion panelists Stephen Lagos and Scott Kay, has 
spawned a new wave of companies seeking to echo 
their success. 

At the heart of the issue in the jewelry industry is 
what appears to be a conflict between branded prod- 
uct and efforts by individual retail jewelers to establish 
themselves--their own store names—as the principal 
brand. This sets the stage for potential confusion 
within the minds of consumers in instances such as 
print or televised advertisements. A retailer may be 
faced with weighing the relative importance of its 
own name vis-a-vis a name product when determin- 
ing which angle to emphasize. 

The principal bone of contention in jewelry 
branding arose when Scott Kay intimated that per- 
ceived image, perhaps to the elimination of all other 
factors, is of utmost importance. Other panelists 
quickly rallied to the concept of product quality as 
being necessary for establishing and maintaining a 
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name brand. Essentially, they argued, a product must 
distinguish itself from others in intrinsic value before 
consumers will buy into it. Cartier's Ralph Destino 
described a brand as a company's signature pledge of 
quality—a solemn, mutually understood contract 
between buyer and seller. 

However, finished jewelry was not the main area 
of interest among the audience. Over the past two 
years, there has been virulent debate concerning 
efforts by De Beers to brand loose polished diamonds. 
Moderator Whitney Sielaff briefly outlined the histo- 
ry of these efforts. London-based De Beers has been 
providing and promoting “De Beers” diamonds at a 
several-unit retail chain in England under a pilot pro- 
gram that was announced in January 1999. The dis- 
tinction of these branded diamonds lies in advertising 
and a microscopic inscription on their tables that can 
be read only with high magnification. 

Recently, De Beers launched a global initiative 
involving similarly “branded” stones that are sold as a 
“limited Millennium edition.” A dozen or so careful- 
ly selected De Beers customers have received the 
privilege of selling these stones, which appear to be 
fetching a generous premium. Diamond dealers such 
as panelist Sheldon David have reported sell-through 
of their entire inventories, even before they have 
received the goods. 

Many in the diamond community see the 
Millennium diamonds as a test of the salability of the 
De Beers name in America, the world's largest con- 


suming market for gem diamonds. Panelist Eli Haas 
argued that such efforts by De Beers could eventually 
divide the trade into “haves” and “have-nots.” 
Essentially, a small group of selected De Beers cus- 
tomers could control the De Beers diamond franchise, 
while all other dealers wallow in a second-tier market 
of nonbranded product. 


The two-hour session fell far short of exhausting 
the topic of branding. In the end, however, it 
appeared that the gem and jewelry industry is stoical- 
ly embracing the belief that change of this nature is 
imminent. Suppliers and retailers alike will find 
themselves in a position where survival demands 
evolution. 


“Tn the end, it all comes 
down to the customer: What the cus- 
tomer wants, what the customer is 
demanding. And the customer is asking 
for brands—brands to give them 
confidence, brands to give 


I think that branding is them consistency.” 


an excellent idea—for De Beers. 
For the rest of us in the industry. . 
.. think it spells a tremendous 
disaster.” 


—Glenn Rothman 


“T certainly think that while 
De Beers has a brand name that is 
about mining, or diamonds, or love, 
I’m not sure that they have a brand 
of diamond that anyone associates 
with the product.” 


—BEli Haas 


Most of you think you 
have a brand, and the reality is you don’t. 
A brand is the instant ability to identify with and 


— Esther Fortunoff 


“Everybody’s obsessing about 

De Beers, but the last I heard this is 

America, and it’s the land of competi- 
tion. What’s to stop all of us from 
making one brand and another brand, 
and 20 or 30 brands. It doesn’t have to 
be a De Beers brand. Why are we so 
afraid of De Beers?” 


—Sean Cohen, 
Rand Diamond Cutting Works 


about a name. For example, if I said, ‘Coca-Cola, 
almost everybody in this room could either taste 
it, smell it, visualize the can it comes in, 
visualize the last time they 
bought it. iad 


—Elizabeth Chatelain 


“De Beers is not saying that they’re 
going to brand every diamond. They are 
lending their name, their integrity, to a dia- 
mond of a special quality and a special color, 
which they feel will . . . bring a value added 
to their product that [retailers] will be 
able to sell in their stores.” 


“T challenge anybody in this 
room to tell me that they don’t make 
money on David Yurman. The prod- 

uct sells, it turns out the store.” 


— Scott Kay 
— Sheldon David 
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Appraisals War Room 


PANEL 
Cos Altobelli A/tobelli Jewelers, Hollywood, California 


Anne Blumer State Farm Insurance Company, Bloomington, Illinois 


Al Gilbertson 
Ralph Joseph 


Gem Profiles, Albany, Oregon 


The Jewelry Judge of Princeton, Princeton, New Jersey 


Anna Miller Master Valuer Program, Pearland, Texas 


Don Palmieri 


Gemological Appraisal Association, Pittsburgh, Pennsylvania 


Kirk Root Kirk Root Designs, Austin, Texas 


Joseph Tenhagen Joseph Tenhagen Gemstones, Miami, Florida 


MODERATOR 


David Federman 


oderator David Federman kicked off the 

War Room by asking the panel to name 

the biggest problem (from a consumer 
perspective) in appraisals today. The overwhelming 
consensus was that using overvalued appraisals—par- 
ticularly overstating color and clarity—as a sales tool is 
the most significant problem. Al Gilbertson and Cos 
Altobelli, however, cited a lack of formal education 
on the part of some appraisers. Ralph Joseph coun- 
tered, “Ignorance can be cured much more easily 
than chicanery. What offends me and what I think is 
disgraceful in this industry is when the appraiser 


Ronald Harder outlines Jewelers Mutual Insurance 
Company’s policy on accepting appraisals. 
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Executive Editor, Modern Jeweler 


knows better and puts together an organized decep- 
tion against the public.” 

After Anna Miller, Joseph Tenhagen, Anne 
Blumer, and Kirk Root related “horror stories” of 
grossly inflated appraisals, the role of insurance com- 
panies emerged as a topic of debate. From the audi- 
ence, Gary Wright contended that jewelry stores, 
appraisers, labs, and insurance companies are “co- 
conspirators” in the inflated appraisal. Ms. Blumer 
denied the accusation, stating that agents, underwrit- 
ers, and claims representatives are not gemologists— 
rather, they must rely on jewelers and appraisers for 
accurate information. Ms. Blumer mentioned an in- 
house training program currently in development at 
State Farm Insurance that would establish appraisal 
and appraiser criteria for company employees. 

A turning point came when Cecilia Gardner of 
the Jewelers Vigilance Committee rose from the 
audience to speak on the enforcement of ethical stan- 
dards for appraisers. Describing the disciplinary code 
she is subject to as an attorney and a member of the 
bar, she endorsed the establishment of a bar-like gov- 
erning board through which the appraisal industry 
would police itself. The plan received widespread 
support from War Room participants and audience 
members, and the closing discussion turned to the 
topic of the educational standards that should be set 
by such a governing body. Most agreed that the stan- 
dards already exist, but the more difficult matter is 
enforcing them throughout the appraisal industry. 


“Every small Israeli jeweler 
knows that Princess cut will be bought 
probably 40% less than the list, and then— 
very naively—three times this value will be 
put on top to try and sell it. In my opinion, 
that is not fraud. . . . If you don’t give 
guidelines to the industry, you will 
never solve the problem.” 


“The courts are friendly to 
consumers, and if they knew 
what was going on in our indus- 
try they would not be very 
friendly to us at all.” 


—Don Palmieri 


“The final proof 
comes when you have a claim. 

In our case, what we do is replace it 
with the jeweler who sold it, and that 
helps create this bond between the cus- 
tomer and the jeweler. We really don’t 
have that many problems with the 
appraisals that we receive, but we 
do question quite a few.” 


—Ronald Harder, 
Jewelers Mutual Insurance Company 


“I’m not in the insurance 
business, but insurance is a business. 
They don’t want to reject a lot of appraisals. 
In many cases, the value is what they use to 
assign premiums. So they’re normally 
not too concerned unless it looks 
outrageous. It’s a business.” 


— Joseph Tenhagen 


— Menahem Sevdermish, 
Menavi International, Ltd. 


“We have inflated credentials. 

We have inflated grades, and we have 
inflated appraisals. How much fraud do 
we want to perpetrate on the consumer 
before we lose all of their confidence? 

These exposés could run 
: 99 
every night. 


—Don Palmieri 


“The minimum is appraisal 


theory and practical knowledge in our 
field. There’s no question that there are 
people appraising today who don’t have a 


Cecilia Gardner: “Is it ever ethical for a 
jeweler who sells a jewelry item to also provide 
to that consumer a document called 
an appraisal?” 


Kirk Root: “I’m a manufacturer, and 
I have copyrighted items. Nobody is more quali- 
fied than I am to appraise that piece, because I sell 
it every day for a certain price. That piece is 
appraised for exactly what it’s sold for 
at the retail price.” 


clue about gemology.” 


—AI Gilbertson 


“The only time we’re 
going to clean up the situation 
is if you can’t practice apprais- 
ing unless you’re empowered 
to do so by a bar society. The 
word ‘appraisal’ should belong 
to the profession, and not to 

the practitioners.” 


—David Federman 
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Diamond Cut War Room 


PANEL 


Eric Austein 
Al Gilbertson 
William Goldberg 


Leo Schachter Diamonds, New York 
Gem Profiles, Albany, Oregon 
William Goldberg Diamond Corp., New York 


Niels Ruddy Hansen Niels Ruddy Hansen Aps, Brondby, Denmark 


Ilene Reinitz 
Robert Speisman 


Richard von Sternberg 


GIA Gem Trade Laboratory, New York 
Lazare Kaplan International, New York 


Eight Star Diamond Co., Santa Rosa, California 


MODERATOR 
Chaim Even-Zohar Publisher, Mazal U'Bracha 


oderator Chaim Even-Zohar opened the 
M War Room with a brief background dis- 

cussion of Marcel Tolkowsky’s calculations 
of “ideal” proportions, and the implications of GIA’s 
1998 diamond cut study (Gems & Gemology, Vol. 34, 
No. 3, pp. 158-183). His first question was for Dr. 
Reinitz: “Apparently GIA has reversed itself [on 
Tolkowsky] .... Why did GIA change its mind on 
the Ideal Cut?” 


Retail jeweler Gary Wright of Phoenix, 
Arizona, argues that a cut grade should be 
available on diamond certificates. 
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Dr. Reinitz replied, “It’s not fair to say that we 
changed our minds.” She went on to explain that 
with the evolution of computer technology, it was 
time to reevaluate the complexities of cut and appear- 
ance with tools that Tolkowsky did not have access to 
80 years ago. 

Following a brief skirmish over the use of the term 
Ideal and whether such a cut actually exists, two 
opposing sides quickly emerged—what could be 
termed “Idealists vs. Realists.” The Idealists, led by 
Mr. Goldberg and Mr. Speisman (and supported by 
several retailers from the audience), denounced the 
cut quality of many diamonds on the market today. 
Insisting that diamonds should be cut for maximum 
beauty above all other considerations, they called on 
cutters to elevate their standards. Behind Mr. Austein, 
the Realists contended that it is economically unreal- 
istic to do so. Consumer tastes and spending resources 
vary—some prefer quality, some prefer value—and 
it is the industry’s responsibility to meet, rather than 
dictate, the demands of the market. 

Next, Mr. Even-Zohar guided the War Room 
into a discussion on cut grading. While not everyone 
on the panel or in the audience supported the idea of 
including a cut grade on diamond certificates, those 
who did generally agreed that such information 
would have to be conveyed to the public in a way 
that could easily be understood. 


“Td like to change the name 
of this room from War Room to Love Room, 
because I think it’s important . . . that we 
love what we’re selling.” 


“We can’t tell yet whether there’s 
any one set of proportions that are radically, 
obviously better at making a pretty, shiny, bright 
dispersive diamond than other proportions. 
This problem is not yet solved . .. . It’s 
still an open question.” 


— William Goldberg 
“We're in an 
information-overload 
society. We're into paper. 

We're into numbers, we’re into 
definitive pockets . . . People are 

asking for information, 

let them decide.” 


—TIlene Reinitz, 
ON GIA’s DIAMOND CUT STUDY 


—Gary Wright, 
Gary W. Wright Co. 


PROPOSING THAT A CUT GRADE 
BE INCLUDED ON CERTIFICATES 


*¢Tt’s rather astonishing on 
the eve of the 2nd millennium that 
we're basing some of the most important deci- 
sions in our industry on . . . a master’s thesis 


written in 1919. If you’re going to set a 


“This has all stepped up 
in direct proportion to the 
popularity of Ideal cut, as if 
there’s a group there that says, 
“This is getting too big.” When 
it was less than one percent 
and it was Lazare Kaplan, 
it was okay.” 


—Robert Speisman 


“One of the concerns that 
I have is that a lot of the stones that 
are on the market at the moment aren’t 
Ideal cut. Not only are they not Ideal cut, 
they’re really Lousy cut. I suggest to you all 
that if we all improve the make of diamonds 
above a certain line, above a certain 
point, then we can actually in- 
crease the market size for all 
diamond jewelry.” 


— Garry Holloway, 
Precious Metals 


standard, do it right.”” 


“The world has 
different tastes, 
and [the Ideal cut] may 
very much be an 
American thing.” 


—Eli Haas, 


ON THE INFLUENCE OF TOLKOWSKY 


—Chaim Even-Zohar 


“The difference is that the 
salesperson in the shop has changed. . .. Now we 
have an industry where the sales force moves around. And 
you have a sales force that has no knowledge. So therefore 
the only way they can sell is to have numbers. What we 
really ought to do is get the sales force back to 
loving what they sell.” 


— Doug Garrod 
Gemmological Association and Gem Testing 
Laboratory of Great Britain 
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Disclosure War Room 


PANEL 
Jeffrey Fischer Fischer Diamonds, New York 


Nanette Forester American Lapidary Artists, Los Angeles 
Esther Fortunoff Fortunoff, Uniondale, New York 
Cecilia Gardner Jewelers Vigilance Committee (JVC), New York 


Mary Johnson G/A Gem Trade Laboratory, Carlsbad, California 


Roland Naftule Nafco Gems, Scottsdale, Arizona 


Francesco Roberto Capellaro & Co. S.P.A., Milan, Italy 


George Rossman California Institute of Technology, Pasadena, California 


MODERATOR 
Cheryl Kremkow Editor, Modern Jeweler 


oderator Cheryl Kremkow launched the 
M session with a round-table discussion on 

the U.S. Federal Trade Commission 
(FTC) rules on disclosure of gemstone treatments and 
enhancements. In the FTC’s original (pre-1996) 
Guides for the Jewelry Industry, all information about 
color alteration of diamonds and colored stones had 
to be passed on to the consumer. In 1996, the Guides 
were revised to state that if the alteration is perma- 
nent, disclosure was not necessary. However, the JVC 
recently initiated a petition to change the FTC’s 
Guides to reflect the industry’s consensus on laser 


Cheryl Kremkow and the panel listen as Tom 
Chatham offers his opinion on the topic of disclosure. 
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drilling, which although permanent and not requiring 
special care, the industry felt needed to be disclosed. 
The FTC has accepted the petition, and has proposed 
altering the Guides to require disclosure of treatments 
in diamonds as well as colored stones even if they are 
permanent, require no special care, and are unde- 
tectable—as long as they have a significant effect on 
the value of the gemstone. 

The War Room panel agreed that the retail jewel- 
er is responsible for providing treatment information 
to consumers, but also admitted that full disclosure is 
not yet a reality throughout the trade. Questions were 
then directed to those in the industry who deal with 
laboratory grading reports and appraisals: How are 
they going to address the disclosure and valuation of 
treated gemstones, especially diamonds? While the 
colored stone industry has been dealing with disclo- 
sure for years, only recently has the issue come to the 
forefront in the diamond industry. Fueling the discus- 
sion was the controversy over Lazare Kaplan Inter- 
national’s marketing (through its Antwerp-based sub- 
sidiary Pegasus Overseas Ltd.—POL) of diamonds 
treated by an “undetectable” process. Although all 
seemed to agree that disclosure was essential, there 
was disagreement on the approach that should be 
taken. As the audience became embroiled in the 
issues, two general positions emerged: (1) those who 
felt it important to state upfront that there is a treat- 
ment, and (2) those who preferred to disclose on a 
more cautious, need-to-know basis. 


“The important issue here is to 


provide the information to the consumer at the 
point of sale. . . . One thing that retailer jewelers 


must do is train their sales associates.” 


“T need to know and I think 
every consumer needs to know what’s 
been done to their stone. . . . It’s really okay to 
tell somebody [that] a year or two years from now 
your stone will need to be retreated, re-enhanced. 
Bring it back and we'll take care of it for you... . 
It’s the responsibility of a retail 
jeweler to do that.” 


—wNanette Forester 


—Cecilia Gardner 


“For the longest time it was 
very difficult to take the ‘sin’ out 
of synthetics. . . 

are looking to have much 
more integrity.” 


. now synthetics 


—Gerald Manning, 
Manning International 


“Tt just seems a little bit 


** Reality check. There’s going to be 
an article in the New York Times that says ‘Diamonds 
are treated’... And if you're not going to disclose now, 
when are you going to disclose? When they put your 
picture in the New York Times and say 
‘Look at these guys’? 


—Martin Rapaport, 
Rapaport Diamond Report 


premature to start telling every 
single consumer that every single diamond 
might have been treated for color. I believe 
in disclosure, but it seems like it 


doesn’t totally make sense.” 


—Esther Fortunoff 


“This treatment is here, 
Lazare Kaplan is not going to 
wait and GE is not going to wait for any- 
body. .. . The only thing you can really 
do is support the hell out of 
GIA’s basic research.” 


—NMartin Rapaport 


“T take the attitude that if you are 


“T think that everything 
should be disclosed. And if you don’t 
know that it is treated or enhanced, 
then you have to assume that it 1s.” 


—Roland Naftule 


“Tt was not as if Lazare Kaplan 
tried to sneak something and got away 
with it. We put a moratorium on the 
goods at our expense in order to do the 
right thing— to have a dialogue with the 
industry. .. . Had we wanted to sneak 
one by, we easily could have.” 


—Robert Speisman 


withholding something—that is, if you are 
not disclosing it—then perhaps you are 


trying to deceive me. 


OS 


—George Rossman 
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Copper Tourmaline from Paraiba, 
Brazil: Reopening of the Mine, 
Regional Exploration 


Heitor D. Barbosa, Heitorita Tourmalina da Paraiba 
Mineracao, Paraiba, Brazil; and Brian C. Cook 
(brian@naturesgeometry.com), Nature’s Geometry, 
Graton, California 


Since its arrival on the market in 1989, the vivid and 
uniquely colored tourmaline from Paraiba has become 
legendary. The coloration is produced by traces of 
copper (Cu?*), which was previously not known to be 
a coloring agent in tourmaline (Fritsch et al., 1990). As 
of this writing, only one location has produced excep- 
tional gem material: a single small hill, the backdrop 
for the village of Sao José da Batalha in Brazil’s rugged 
northeast state, Paraiba. Subsequent to this first discov- 
ery, other pegmatites in the region have been found to 
contain tourmaline that is colored by copper, although 
not of equal gem quality. When these occurrences 
were plotted on a geologic map, they were found to 
align in a narrow band with a N—NE regional trend 
extending some 90 km. Metallic elements found in the 
pegmatite minerals of the region—U, W, Ta, Sn, Nb, 
Mn, Be, and Li—formed zoned assemblages along this 
trend. In a simplified view, this zonation forms con- 
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STONES 


centric bands radiating outward from the center of the 
pegmatite field (Roy et al., 1964). Superimposing the 
plot of Cu-bearing tourmaline occurrences on the map 
creates a narrow band within this concentric zoning 
pattern. This distinctive imprint of the metals in the 
earth’s crust was apparently generated from the radiant 
heat of the mobile plutonic emplacement some 520- 
plus million years ago. 

For eight years, from 1990 on, general strife con- 
sumed the mine; the haphazard and reckless excava- 
tions done without control of the original founder, 
Heitor Barbosa, proved both costly and futile. In 1998, 
however, the legal controversy was resolved and 
Heitor Barbosa reactivated the mine with Sergio 
Barbosa. The land adjacent to the mine was also 
opened up for exploration at this time, and a more sys- 
tematic program of exploration and mining is now 
under way. 
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film holder and film and strikes the 
specimen. Secondary x-ray beams 
are generated by reflection of the 
primary beam from planes of atoms 
within the specimen and are reflected 
back to the film to produce an x-ray 
diffraction pattern. The primary 
x-ray beam in Figure 1 is shown 
as a dotted line passing through the 
pin-hole system, through the center 
of the film, and striking the speci- 
men. The secondary x-rays gener- 
ated by the orderly atomic structure 
of the specimen are shown as dotted 
lines leading back to the film. The 
dotted circle on the film indicates 
the manner in which the concentric 


Corundum 


X-ray diffraction patterns taken 


less, or if it is given a simple rota- 
tory or oscillatory motion. However, 
powder-type patterns are. obtained 
when the specimen is simultaneously 
rotated about one axis and oscillated 
about another axis at 90 degrees 
to the first. Referring to Figure 1, 
the specimen is rotated continuously 
about the horizontal axis of rota- 
tion. At the same time it is oscillated 
to and fro through a 90-degree are 
about a vertical axis, the axis. of 
oscillation. 

The motive power is supplied by 
clock motors, the horizontal rotation 
taking place at the rate of one 
revolution per minute, and the ver- 


Spinel 


Figure 2 
with new x-ray camera. Filtered copper 


u-radiation, exposure time 6 hours. Film to specimen distance, 4 em. 


circles (see Figure 2) are recorded 
on the film. A pattern obtained in 
this way is referred to as a back- 
reflection diffraction pattern, since 
the, secondary x-rays are reflected 
from the specimen back to the film. 

The motion imparted to the speci- 
men is of particular importance. As 
has already been pointed out, dif- 
fraction patterns usable for iden- 
tification work cannot in general be 
obtained if the specimen is motion- 


tical oscillation at one degree per 
minute. As a result of this “oscillat- 
ing fan” type of motion given to the 
specimen, a large number of atomic 
planes are brought into reflecting 
position, with diffraction patterns 
such as those shown in Figure 2 
being the result. 

A third motion may be introduced, 
this being a rotation of the film 
about the x-ray beam as an axis. 


Gem Vesuvianite and Grossular 
from the Vata Area, Apuseni 
Mountains, Romania 


Corina lonescu (corinai@bioge.ubbcluj.ro), 
Lucretia Ghergari, and Antonela Vadan, 
Babes-Bolyai University, Cluj-Napoca, Romania 


In the southern part of the Apuseni Mountains, along 
the upper course of the Cerboaia Valley, there are sev- 
eral occurrences of vesuvianite, grossular, wollastonite, 
gehlenite, and Ti-andradite (melanite). These minerals 
formed within Ca-skarns, through high-temperature 
contact-metasomatic processes between Upper Jurassic 
limestones and Lower Cretaceous quartz—monzodiorit- 
ic intrusives (see figure). 

Vesuvianite forms transparent, “olive” green, short- 
prismatic crystals that show a vitreous luster and range 
up to 5 X 2 cm. Despite its attractive color and high 
luster, the vesuvianite is not suitable for faceting large 
stones, because of the presence of tiny inclusions of 
garnet and wollastonite. The physico-chemical features 
of the vesuvianite were investigated by crystallographic 
studies, microprobe analysis, infrared spectroscopy, and 
X-ray powder diffraction analysis. 

Electron microprobe analyses of a cross-section 
from each of four vesuvianite crystals were performed 
by Dr. Sidsel Grundvig at the Geologisk Institut of 
Aarhus Universitet, Denmark. The chemical composi- 
tion varied within narrow limits, but did show subtle 
chemical zoning. The cell parameters of the vesuvian- 
ite, obtained by X-ray powder diffraction analysis, are: 
a=15.42(1) A and c=11.70(2) A. 

Grossular forms translucent, “olive” green, dodeca- 
hedral crystals with a vitreous luster. The calculated 
cell parameter is a=11.82(5) A. The grossular crystals 
are quite large (up to 1.5—2.0 cm), translucent, and 
have a fine color. 


REFERENCE 
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Jasper Occurrences in the Brad Area, 
Apuseni Mountains (Romania) 

Lucretia Ghergari (ghergari@bioge.ubbcluj.ro), Corina 
lonescu, and Zsolt Piispoki, Babes-Bolyai University, 
Cluj-Napoca, Romania 

In the Apuseni Mountains of western Romania, poly- 


colored jasper is hosted by andesitic volcanic deposits 
associated with a Neogene stratovolcano (see figure). 


(1 | 2) (3 MM se 


This geologic map of the Vata area (after Cioflica, 1960) 
shows the occurrence of the gem-quality vesuvianite and 
grossular. Key: 1 —Upper Jurassic limestones; 2—Lower 
Cretaceous clays and sandstones; 3—Mesozoic ophiolites; 
4—Upper Cretaceous intrusives; 5—Vesuvianite + grossular 
+ wollastonite + gehlenite + Ti-andradite (melanite) occur- 
rences. 


The jasper is genetically related to geyser activity, and 
forms lenses that measure 10-30 m thick and range up 
to 0.01 km? in surface area. 

The genesis of the jasper deposits (i.e., geyserites) 
began with the accumulation of various detrital frag- 
ments (composed of limestone, andesite, and andesitic 
and rhyolitic tuff) in small lakes formed near the vol- 
cano. Post-volcanic, subaquatic hot springs deposited 


This geologic sketch map of the Brad area, Romania, 
shows (1) the Quaternary deposits, (2) the Neogene 
andesitic volcanic deposits, and (3) the jasper occurrences. 
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silica gels between the fragments, and these gels precip- 
itated as cristobalite/tridymite. Later, microcrystalline 
quartz (chalcedony) partially replaced the cristobalite. 
The various colors of the jasper are caused by traces of 
Fe,O, and MnO,,. Mineralogically, the varieties cristo- 
balite/tridymite, quartz-cristobalite/tridymite, and 
quartzitic geyserite were recognized. Several color 
varieties of the geyserite were also defined: black, 
brown, red and reddish brown, orange, yellow and 
yellowish white, gray, “ochre,” off-white, and white. 
These varieties showed systematic differences in their 
mineralogy and, in some cases, texture. 


Central Asia: A Prime Source of 
Gemstones for the 21st Century 


Gary W. Bowersox (MrGary77@aol.com), Geo 
Vision, Inc., Honolulu, Hawaii 


Central Asia is poised to become a major source of 
gems and minerals in the 21st century. At present, 
Afghanistan, Kazakhstan, Kyrgyzstan, Pakistan, and 
Tajikistan are supplying the world markets with com- 
mercial quantities of gem-quality emerald, spinel, ruby, 
sapphire, aquamarine, tourmaline, and lapis lazuli. 
Other gems being mined on a smaller scale are topaz, 
morganite, garnet, and quartz (amethyst, rock crystal, 
and smoky varieties). 

At the 7th Symposium on the Gems and Minerals 
of Afghanistan, held in Tucson, Arizona in February 
1998, plans were developed to expand geological and 
gemological studies in Central Asia. Symposium atten- 
dees included tribal leaders and miners, as well as rep- 
resentatives from GeoVision Inc., ERDAS Inc., GIA, 
and the U.S. Geological Survey. Detailed mapping 
began in Afghanistan during the summer of 1998 using 
GPS (Ground Positioning System) in conjunction with 
satellite and radar data that incorporated the latest geo- 
physical technology and computer imaging models. 
During the summer of 1999, another field excursion 
using satellite and GPS systems surveyed the emerald 
mines at Panjshir, Afghanistan. A ruby-bearing area in 
Tajikistan was also visited, which recently yielded a 
facet-quality ruby weighing 50.08 ct. A Central Asian 
Gem and Mineral Symposium is being planned for 
August 2000 in Pakistan. 


Red Beryl 


Clint Christenson and Gordon Austin (goryll|@juno.com), 
Gemstone Mining Inc., Cedar City, Utah 


The Ruby Violet red beryl deposit was discovered and 
staked by Lamar Hodges in 1958, while prospecting for 
uranium. Located in the Wah Wah Mountains of 
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Beaver County, Utah, the deposit is accessible by dirt 
roads from the towns of Milford, Minersville, and 
Cedar City. Elevations vary from 6,700 to 7,100 feet 
(2,042 to 2,165 m) above sea level. Average tempera- 
tures range from 100°F (38°C) in the summer to 10°F 
(-12°C) in the winter. The ore processing plant is 
located about 25 miles (40 km) east of the mine on the 
flats west of the Mineral Mountains. 

The Hodges family worked the deposit as a hobby 
mine for 18 years, until 1976, when Mr. Hodges sold 
the mining rights of the Ruby Violet property to the 
Harris family of Delta, Utah. During the next 20 years, 
the Harris family performed small-scale mechanized 
and hand mining from the surface. 

In 1994, Kennecott Exploration Corp. entered into 
an “Option to Purchase with Exploration Rights” with 
the claim owners. Gemstone Mining Inc. assumed the 
agreement in March 1997. Under this agreement, 
Gemstone Mining has carried out an extensive pro- 
gram to sample the red beryl deposit, to assay the sam- 
ple by traditional gemstone techniques of cutting and 
sorting, and to estimate the wholesale prices of the 
gems. The distribution of values within the deposit is, 
as yet, only partly understood. The decision to under- 
take larger-scale mining will depend on the ability to 
distinguish ore-grade material from waste. It is believed 
that the large-scale mechanized mining and crystal 
recovery (of up to 2,000 kg per year) planned by 
Gemstone Mining Inc. will be successful. 


Gemstones and Global Tectonics 


Frederick A. Cook (cook@geo.ucalgary.ca), 
Jeffrey E. Patterson, and Robert M. Scarborough, 
University of Calgary, Alberta, Canada 


As world shortages of gem materials become increasing- 
ly acute in the future, new deposits may be found with 
techniques that incorporate modern concepts of global 
tectonics. The earth’s outer 100-km-thick outer “shell” 
is broken into plates that shift, separate, and collide with 
one another. Continents, on which nearly all gems are 
found, are products of these plate tectonic processes, 
which have been active over more than 3.5 billion 
years. The main plate tectonic features or processes 
applicable to gemstone exploration are the following: 


1. Diamonds form beneath ancient cratons (i.e., 
ancient, thick, stable regions of the earth’s 
crust). The source of the carbon was either the 
deep earth interior or terrestrial material that 
subducted when one plate was overridden by 
another. 


2. Rifts where two plates separate provide heat for 


tectonic uplift, volcanism, and the formation of 
tectonic uplift, volcanism, and the formation of 
magma chambers (i.e., plutons). Peridot from 
the mantle is associated with basaltic volcanics in 
rift zones, and granitic pegmatites in continental 
rifts are the source of beryl and topaz. 
Hydrothermal alteration associated with rifting 
produces red beryl, topaz, and opal in volcanic 
rocks, and turquoise and opal in sedimentary 
rocks. 

3. As plates separate, ocean basins open until one 
plate sinks into the mantle at a subduction 
zone. Near a depth of 100 km, melting pro- 
duces subduction magmatism that causes volcan- 
ism and plutonism. Some sapphires and rubies 
are carried to the surface in the associated alkali 
basalts. Subduction-related granitic pegmatites 
are sources of tourmaline, beryl, and topaz, and 
near-surface granite plutons provide beryllium 
for emerald formation. 

4. Subduction culminates when terranes are sutured 
along collision zones. Metamorphism of oceanic 
sediments and basalts produces jadeite and 
nephrite, respectively, and these may be uplifted 
near suture zones. Granitic pegmatites may 
incorporate chromium from suture-zone ocean- 
ic rocks to form emeralds, and the metamor- 
phism of continental sediments can form lapis 
lazuli. 


Using global tectonic concepts, we have proposed 
that gem pegmatites often occur where a continent is 
partly subducted, and that geophysical tools can delin- 
eate such regions. This multi-faceted approach led to 
discovery of a previously unknown topaz pegmatite in 
the Yukon Territory, Canada, in 1998. 


Tanzanite Mining Update—A Follow-Up 
to the Mine Disaster of April 9, 1998 at 
Merelani, Tanzania 


Angelique Crown (acrown1@compuserve.com), 
GIA, Carlsbad, California 


How did the catastrophic floods that swept the 
Merelani mining area of Tanzania affect the miners, 
and what is being done to help prevent another such 
disaster in the future? This update on the mining con- 
ditions and other recent developments is a result of my 
visit to the Merelani mining area in late April 1999. 
Nestled between the mountains of Meru and 
Kilimanjaro in northeast Tanzania, Merelani (also 
called Mererani or Mirarani) is the only commercial 
source of tanzanite in the world. The Merelani mining 


area is divided into four government-controlled 
regions (Blocks A, B, C, and D). Block B was affected 
most by the flooding last year. Prior to the flooding, as 
many as 50 “pits” had been allocated at Block B 
through mining contracts to individual licensed com- 
panies. When the El Nino rains fell, a surge of water 
and mud flooded the pits and invaded the intricate 
maze of tunnels. The primitive mining conditions and 
tools hindered rescue of the trapped miners. Although 
the exact number who died may never be known, the 
Tanzanian government has confirmed 77 deaths and 
some reports indicate that up to 200 miners may have 
perished in the flooding. 

The government of Tanzania responded to this dis- 
aster by mandating the construction of “collars” made 
of wood or other durable materials at each pit opening. 
Many of the pits that I observed did, in fact, have rein- 
forcements. Also, wooden ladders were installed by 
individual mine operators to provide safer access to 
some of the shafts, replacing the single ropes that were 
formerly used as the sole means of entry and exit. 

In response to this tragedy, the American Gem 
Trade Association (AGTA) organized the Tanzanite 
Miners Relief Fund and appointed Philip Zahm chair- 
man. Approximately $35,000 has been raised so far, 
which is designated for use to provide medical/rescue 
training and adequate shelter for the miners. In April 
1999, three emergency medical technician/paramedic 
personnel accompanied Mr. Zahm to Merelani to con- 
duct a three-day training session for 15 miners invited 
by TAMIDA (Tanzanite Mineral Dealers Association). 
At the conclusion of the session, the miners successfully 
bandaged, stabilized, and properly lifted a “victim” 
from the depths of a 300-m-deep pit. 

I observed the training activity and had an opportu- 
nity to speak (through a translator) with several of the 
miners; many commented that the training would 
tremendously improve the response to any future disas- 
ters. In the past, the rescuers used a large sack with 
holes cut for the legs to hoist injured miners to the sur- 
face. The training taught the rescuers how to stabilize 
and move such victims to minimize the potential for 
neck or spine injury. 

The Tanzanite Miners Relief Fund has also 
financed the construction of a shelter (140 m?) near the 
training site on Block D, which now provides a proper 
resting area for the miners and will serve as a refuge 
during storms. 

During my visit to Blocks B, C, and D, I observed 
limited mining only at Blocks B and D. The relative 
quiescence of the mines may have been due to a local 
holiday. However, Block C was officially closed, 
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because the license and mining contract had recently 
been sold to a joint venture consisting of African Gem 
Mining Resources (AFGEM) and Tanzanian nationals 
by Graphtan Mining, a subsidiary of SAMAX Ltd. (a 
gold exploration company). Although graphite has 
been the main material mined there, commercial pro- 
duction of tanzanite from the area is anticipated by the 
end of 2000. 


The Short Life and Death 
of a Sapphire Boomtown 


Thomas A. Cushman (tcush@micron.net), Allerton 
Cushman & Co., Sun Valley, Idaho 


Ambondromifehy, Madagascar, was originally hailed as 
one of the most interesting and richest new sapphire 
deposits to be found in the last 20 years. Interesting it 
was. Rich, too—but not for long. It now seems that 
Ambondromifehy is the latest in a long line of busted 
boomtowns. 

Discovered in 1996, in the Antsiranana Province of 
northern Madagascar, the Ambondromifehy sapphires 
were found in alluvial deposits of an ancient riverbed. 
Early prospecting by local miners brought to light easi- 
ly recovered (1.e., in gravels only 1—2 m below the sur- 
face) blue to blue-green sapphires that resembled the 
material from northern Australia. This initial recovery 
of sapphires and subsequent mechanized mining by 
various commercial groups led to a massive influx of 
local artisanal miners. The existing village of 120 
inhabitants soon boasted a population of 7,000, which 
soared to 14,000 by early 1998. 

Civic planning and infrastructure never had a 
chance to develop in the wild rush of the miners to put 
up some sort of shelter and join the diggings, which 
had spread throughout the region along the ancient 
river. The village expanded along both sides of the 
national highway; makeshift buildings were construct- 
ed of locally available materials, mostly palm leaves 
woven to make walls and thatch for roofs. Water and 
sewage disposal were supplied by a small local river, 
resulting in a health crisis. The new city soon acquired 
a variety of social facilities, such as bars, bordellos, 
video parlors, and casinos. Stores, restaurants, and basic 
hotels arose. A thriving marketplace for sapphire devel- 
oped up and down the main street of this new city, 
with dozens of small buying booths manned by 
Malagasy, Asian, and African buyers. These buyers 
purchased rough from the artisanal miners who dug 
illegally on claimed, unclaimed, and protected lands 
along and adjacent to the prehistoric riverbed. Crime 
was initially dealt with in a vigilante fashion, but a per- 
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manent police presence was quickly established. Fire 
protection services never did develop, leading to sever- 
al multiple-dwelling conflagrations. 

All of this development came to an abrupt halt in 
April 1998, when the government of Madagascar 
banned the export of sapphires from this locality. The 
ban resulted from pressure by the World Wildlife Fund 
and other international organizations that strongly 
objected to the encroachment of illegal miners onto 
the Ankarana Forest Reserve, a national park that was 
intended to serve as an example of international coop- 
eration in Eco-tourism and local development. 

Concomitant with the closure of legal gem exports 
came the resounding commercial rejection of 
Ambondromifehy sapphire. Only a very small percent- 
age of the natural material was transparent and an 
attractive blue. The overwhelming majority of the 
rough was opaque, and most of the transparent material 
was either too dark or greenish blue. After more than a 
year of experimentation, no treatment had been found 
by which the stones could be lightened or the green 
driven off. As a result, the key markets (notably 
Thailand and New York) would no longer accept 
these very plentiful goods. This situation led to an 
immediate decline in both the price of the sapphires 
and the number of buyers on site. As a result, neither 
of the two international mining groups are still mining 
in the area; at least one of these went bankrupt. Most 
of the independent miners soon left the dying village 
to search for opportunity in other regions and with 
other gem minerals. 

The September 1998 revocation of the export ban 
gave a very small boost to the fortunes of Ambon- 
dromifehy, but the death knell was sounded when a 
new source of alluvial sapphire of much higher quality 
(and, therefore, value) was found in the southern region 
of the island. Miners immediately began a pilgrimage to 
this new source. By May 1999, the population of 
Ambondromifehy was less than 2,000, and the once- 
prosperous village had begun to resemble a ghost town. 


Mining and Heat Treatment of “Geuda” 
Sapphire at Ratnapura, Sri Lanka 


Branko Deljanin (brankony@aol.com), European 
Gemological Laboratory, New York 


In the early 1970s, Thai gem dealers began heat treat- 
ing low-quality “geuda” sapphire from Sri Lanka, 
thereby supplying large quantities of attractive sap- 
phire to the trade. The most important deposits of 
geuda corundum, all of which are alluvial, are found 
in the Ratnapura district. Gem-bearing gravel, locally 


referred to as illam, is formed by the erosion of corun- 
dum-bearing rocks, specifically, Precambrian char- 
nockite gneisses and associated pegmatites. At the 
Marapana mine, the mining process involves excava- 
tion of square shafts down to illam layers that lie about 
15 m below the surface. Typically approximately 40% 
of the recovered corundum is heat-treatable geuda 
sapphire. 

Prior to heat treatment, the geuda is sorted into sev- 
eral categories and subcategories, because not all geuda 
responds similarly to treatment. The classification takes 
into account visual appearance, transparency, intensity 
of color, and color distribution. As described by 
Rupasinghe et al. (1993), the two major divisions are: 

Group 1—Described as silky, milky, diesel, dhun, and 
ottu. Geuda in this category requires heat treatment in a 
reducing environment to develop a blue color, which 
is attributed to Fe-Ti charge transfer. 

Group 2—Described as bluish red, red, and 
kowangy pushparaga. Geuda in this category requires 
heat treatment in an oxidizing environment to intensi- 
fy the red and yellow hues. 

The most widely used heat-treatment furnace in Sri 
Lanka, the Lakmini, was developed locally. Success 
with this furnace is variable. More modern equipment 
and technical knowledge are needed if the Sri Lankan 
geuda heat-treatment industry is to remain competitive 
with that in Thailand. 
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An Examination of the State 
of the Gem Trade in Sri Lanka 


Aly Farook and Thahir Farook, Sapphire Gem Co., 
Beverly Hills, California; Dean Stevens and 
Andrew Lucas, G/A, Carlsbad, California 


Sri Lanka (formerly known as Ceylon) is one of the 
oldest and most important colored stone producers in 
the world. The Mahavamsa (Sinhalese chronicles from 
the fifth century AD) mentions—among other refer- 
ences to the island’s gems— a king’s throne encrusted 
with gems. That reference dates the throne to 543 BC. 

It is believed that Sri Lanka was the original source 
of the sapphires and rubies used in jewelry by the 
Etruscans and by early Greeks and Romans. The 
Roman naturalist Pliny (23-79 AD) referred to the 
gem wealth of Sri Lanka, which had been described by 
Sri Lankan envoys who visited Rome in 45 AD. The 
island’s gem wealth became more legendary with refer- 


ences such as those of Sinbad the Sailor’s adventures in 
Tales of Arabian Nights, and Marco Polo’s accounts of 
his 13th century travels. The fame of Ceylon’s gems 
continued to grow during the time of colonization by 
the Portuguese, the Dutch, and finally the English. 

Today Sri Lanka produces more than 40 varieties of 
gems, with blue sapphire the most important economical- 
ly. The major gem-producing areas are found in the 
southern part of the island. They extend north to Elahera, 
in the central part of the country. Some of the most 
famous deposits are found near the city of Ratnapura, 
which means “city of gems.” Virtually all of the gem 
material comes from alluvial gravels. Often a wide variety 
of gems are recovered from a particular location. For 
example, the deposits around Ratnapura produce 
amethyst, apatite, beryl, chrysoberyl, citrine, corundum, 
garnet, iolite, kornerupine, scapolite, sillimanite, sinhalite, 
spinel, taaffeite, topaz, tourmaline, and zircon. 

Mining in Sri Lanka is typically primitive. In fact, it 
has remained much the same for centuries. Pit mining is 
common, whereby the gem-bearing gravels (called 
illam) are reached by holes dug 3 to 15 m deep 
(although depths of 40 m have been reported). The 
illam is washed, and the clean gravel (called dullam) is 
examined for gem material. Gems are also recovered 
from rivers by scuba divers, who vacuum the gem-bear- 
ing gravel into a floating sluice. Modern, mechanized 
mining has met with resistance, particularly from tradi- 
tional miners. Currently, such mining is only allowed in 
locations that will be flooded by the creation of a new 
dam, when the gravels must be mined quickly before 
they are submerged. 

Much of the exploration for new deposits is done by 
independent miners using rudimentary methods, and 
they tend to concentrate on known gem-producing 
areas. More scientific and methodical prospecting would 
likely improve production in established mining regions, 
and might also uncover new deposits elsewhere. 

Master cutters and pre-formers in Sri Lanka handle 
expensive rough and are proficient at orienting a 
stone so that it shows the finest color face-up. 
However, Sri Lankan cutters have been criticized for 
the overall quality of their cutting. Traditionally, Sri 
Lankan cutters emphasized weight retention at the 
expense of appearance, which resulted in asymmetri- 
cal, unattractive “native” cuts. Now, some Sri Lankan 
cutters are adopting modern techniques and interna- 
tional cutting standards, as well as cutting calibrated 
sizes. Although their cutting quality meets the 
demands of the international gem trade, they face 
fierce competition from other countries with inex- 
pensive labor, such as China. 
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Over the last three decades, other areas of the trade 
have grown more competitive as well. For example, in 
the 1970s dealers in Thailand began heat treating 
translucent, milky white geuda sapphire from Sri Lanka 
to yield transparent, fine-color blue gems. To supply 
material for this new treatment, Thai buyers began 
purchasing large amounts of geuda sapphire in Sri 
Lanka. Although the miners profited, the Sri Lankan 
dealers suffered in the face of this new competition 
from Thailand. 

The State Gem Corporation of Sri Lanka was 
founded in 1971 to regulate, develop, and promote the 
country’s gem industry. It handles a wide range of 
responsibilities, from licensing miners to determining 
the value of gem exports. Among its various regula- 
tions is a controversial ban on the exportation of 
rough. Also, all gem exports must be cleared through 
this agency. However, gem export figures have 
become more reliable since the inception of the State 
Gem Corporation, and the agency is taking measures 
to help modernize the cutting industry and improve 
education in areas such as gemology. The agency also 
has relaxed some regulations, notably import duties on 
rough gems, which has benefited local cutting indus- 
tries and dealers. For example, as the production of 
fine-quality Sri Lankan sapphire dropped, the relaxed 
import duties encouraged Sri Lankan dealers to buy 
this material abroad, especially in Madagascar. 

With the introduction of more-advanced treatments 
and synthetics, and with the increase in imports from 
other locations, the need for trained gemologists has 
grown dramatically. Their services have been requested 
at every level of transaction, from the mine to the deal- 
er’s office. Qualified gemologists and well-equipped 
laboratories with sophisticated testing equipment are 
crucial to the success of the Sri Lankan gem industry. 

With modernized cutting, increased education, 
improved gemological services, and policies that attract 
foreign buyers, the gem trade of Sri Lanka can contin- 
ue to be a major international force while retaining the 
cultural aspects, traditions, and generations of knowl- 
edge held by those in the gem business. 


The Smithsonian Institution's 
Corundum Conundrums 


Russell C. Feather Il (feather.russell@nmnh.si.edu), 
Smithsonian Institution, National Museum of 
Natural History, Washington, DC 


There are six named corundums among the more than 
10,000 gems in The National Gem Collection at the 
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Smithsonian Institution's National Museum of Natural 
History. Even though they are world renowned, little 
has been recorded about their history. 

The Rosser Reeves ruby is a light red oval star stone 
from Sri Lanka that weighs 138.7 ct. The ruby was 
donated to the Smithsonian Institution by Mr. Reeves 
in 1965. The jewelry firm of Robert C. Nelson, Jr. 
sold the stone to Mr. Reeves on behalf of Paul Fisher, 
whose father had purchased the 140-ct ruby at an auc- 
tion in England. The stone was recut slightly to 
remove deep scratches. 

The 329.7 ct Star of Asia is a deep blue round star 
sapphire from Myanmar. The stone was acquired from 
Martin L. Ehrmann Co. in 1961, which acted on 
behalf of Jack Masson of Los Angeles and Geneva, 
Switzerland. The stone reportedly once belonged to 
the Maharajah of Jodhpur, India. 

The Star of Bombay is a 182 ct oval star sapphire 
from Sri Lanka. It was a bequest from movie star Mary 
Pickford in 1981. An article in the October 15, 1938 
issue of Vogue magazine mentioned Ms. Pickford as the 
owner of a brooch containing a 200 ct star sapphire, 
which we believe to have been this stone. 

The Star of Artaban is a 287.32 ct light blue oval star 
sapphire of unknown geographic origin. It was donat- 
ed to the Smithsonian in 1943 by W. Frank Ingram of 
Atlanta, Georgia, who purchased the stone from 
William V. Schmidt Co. of New York. In 1935, Nish 
Vartanian of New York bought the stone in Bombay 
from a Mr. Mendelsohn. An article in the August 1937 
issue of The Mineralogist mentioned that this sapphire 
was the centerpiece of a traveling exhibit of star rubies 
and sapphires that was organized by W. V. Schmidt 
Co. 

The Logan sapphire is a 423 ct blue sapphire from Sri 
Lanka. This cushion-cut stone is surrounded by 20 
round diamonds in an antique silver-and-gold brooch. It 
was donated in 1960 by Rebecca Pollard Guggenheim, 
but it stayed in her possession until she, as Mrs. John 
Logan, formally presented it to the museum in 1971. 
An article in the July 1958 issue of Ladies Home Journal 
mentioned that the sapphire was a gift from her hus- 
band, circa 1952. 

The Bismarck sapphire is a 98.6 ct deep blue cush- 
ion-cut stone from Myanmar that is set as the pendant 
to a striking necklace by Cartier. It was donated in 
1967 by Countess Mona von Bismarck, who had 
acquired it some years earlier in India. 

If you have further information on any of these 
stones, please contact the Smithsonian at the above e- 
mail address. 


Classification of Gem Opals Using 
Raman Spectroscopy 


Emmanuel Fritsch (fritsch@cnrs-imn.fr) and 
Jany Wery, Institut des Matériaux Jean Rouxel, 
Nantes, France; and Mikhail Ostrooumov, 
University of Michoacan, Mexico 


The classification and nomenclature of opals has always 
been a complex issue. Recently, a classification based 
on visual appearance was proposed for appraisal pur- 
poses (Smallwood, 1997). However, the mineralogical 
classification of opals is based on X-ray diffraction anal- 
ysis—a destructive technique that is of no practical use 
for gem opals. We propose a new approach to the geo- 
logic classification (and, when possible, geographic 
classification) of opal based on Raman scattering, 
which provides a different kind of structural informa- 
tion than X-ray diffraction. It has the advantage of 
being nondestructive, and it is fairly quick compared to 
X-ray diffraction. Also, spectra can be obtained easily, 
even from mounted gems. 

We studied over 70 opals from Mexico, Australia, 
Brazil, and Honduras using both X-ray diffraction 
analysis and Fourier-transform Raman spectroscopy. 
The samples included play-of-color as well as common 
opal, in several different varieties (white, black, boul- 
der, fire, and crystal opal). The position and intensity 
of Raman scattering bands vary within a limited range 
for each locality. Preliminary results have demonstrated 
that this approach can do the following: 


1. Distinguish between opals of sedimentary ori- 
gin (Australia, Brazil) and volcanic origin 
(Mexico, Honduras). Opals from siliceous sedi- 
mentary rocks are generally more poorly crys- 
tallized (broader bands, different peak positions) 
and more hydrated than those from volcanic 
environments. 


2. In a small number of cases, provide geographic 
origin information. Unlike X-ray diffraction 
patterns, the Raman spectra of various opals 
from a given locality are fairly similar. Although 
the spectra seem to correlate best with geologic 
origin, some samples, especially some Australian 
opals, show distinctive Raman spectra. 


‘ 


3. Provide information about the “water” content 
(molecular water or hydroxyl groups) in opal. 
Water is an important intrinsic component of 
opal. Its concentration and mode of incorpora- 
tion can vary widely from one deposit (and 
sometimes from one sample) to the next. 
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Understanding Emerald Enhancements 


Charles Garzon, Fernando Garzon, and Arthur Groom, 
Gematrat, New York 


With its luscious green coloring, emerald has captivat- 
ed and mystified people throughout the centuries. To 
some, emerald has even taken on more mystical 
attributes, symbolizing rebirth and fertility. 

For all its mysticism, emerald has a less than glam- 
orous beginning. The geologic processes by which it 
forms are brutally wrenching, often as wounding as 
they are wondrous. Hence, almost all emeralds have 
fissures that may mar the clarity appearance of the fash- 
ioned stone. 

The process of “enhancing” emeralds to reduce the 
visibility of these fissures has been done for centuries. 
Although the filler materials and equipment have 
changed throughout the years, the premise under 
which an emerald is “enhanced” has not: Today, like 
centuries before, an emerald is “enhanced” to diminish 
the scars of its creation and bring forth its full natural 
beauty. 

Given that clarity enhancement is often the final 
step in preparing an emerald for market, it is important 
to understand the process used, and especially the 
attributes and limitations of the filling material to be 
employed. Since the value of an emerald is determined 
largely by its overall appearance, it behooves us to select 
and apply the most stable filling material available. In 
today’s market, a variety of resins are available that 
approximate the R.I.’s of emerald, while offering excel- 
lent stability. Tradition, beauty, and technology have 
converged in the practice of emerald enhancement. 


Characterization of Inclusion 
Suites in Sapphire Using 
Raman Spectroscopy 


Mary I. Garland (garland@afm1.geology.utoronto.ca), 
G. S. Henderson, and T. L. Haslett, University of 
Toronto, Ontario, Canada; and F. J. Wicks, Royal 
Ontario Museum, Toronto, Ontario, Canada 


Establishing the original source of gem corundum from 
some alluvial deposits is difficult, and for many 
deposits, this must be done by inference. In the case of 
the Montana alluvial sapphires, no source rock has 
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been located yet, despite over 100 years of mining and 
prospecting in the region. 

Gem corundum forms via metamorphic reactions 
in crustal rocks, or as magmatic or metamorphic reac- 
tions in the earth’s mantle. Identification of inclusion 
suites within placer minerals such as corundum estab- 
lishes a mineral assemblage that not only echoes the 
host rock mineralogy, but can also establish limits on 
the pressure and temperature of the gem’s formation. 
Energy-dispersive methods of identification (electron 
and proton microprobe) require exposing the inclu- 
sion at a polished surface, a time-consuming and 
destructive procedure. Micro-Raman spectroscopy is a 
fast, nondestructive technique that can identify miner- 
al inclusions within the host crystal. This technique was 
used to characterize the inclusions in unheated and 
heat-treated sapphires from the Rock Creek area (50 
samples), Dry Cottonwood Creek (13 samples), and 
Eldorado Bar (4 samples) in southwestern Montana. 
The investigation also included unheated sapphires of 
known geologic origin from the following deposits 
(number of samples in brackets): (A) Those of mag- 
matic affiliation (e.g., alkali basalt)—Australia [28]; 
Yogo, Montana [8]; Cambodia [4]; Shandong, China 
[3]; Thailand [3]; Mull, Scotland [1]; eclogitic corun- 
dum from South Africa [2]; and (B) those of meta- 
morphic affiliation—Kashmir [1]; Myanmar [2]; 
Tanzania [2]; Sri Lanka [3]; Madagascar [2]; Brazil [1]; 
and West Pailin, Cambodia [4]. 

Rutile was ubiquitous in corundum from all the 
deposits studied, and was the most prolific mineral 
inclusion. In the magmatic sapphires, rutile occurred as 
tiny grains forming dense clouds, as blocky crystals that 
contained zones of ilmenite, and as needles. Needle- 
and rod-shaped crystals were the preferred habits for 
rutile inclusions in sapphires of metamorphic origin. 
Rutile in the Montana alluvial sapphires occurred as 
dense clouds and zones of tiny grains, in crystals zoned 
with ilmenite, and as grains associated with unidenti- 
fied oval features (described below). 

Magmatic sapphires were characterized by needle- 
shaped inclusions of rutile, ilmenite, goethite, and 
hematite, and by the presence of hercynite as the dom- 
inant spinel phase. Ilmenite was less common in the 
metamorphic sapphires; it formed zoned crystals with 
rutile, or micron-sized grains. Goethite and hematite 
formed only secondary inclusions in the metamorphic 
sapphires, as part of the iron-stained material in frac- 
tures. Hercynite was rare in the metamorphic sap- 
phires; where present, the crystals formed irregular 
plates associated with magnetite. In contrast, hercynite 
in the magmatic sapphires formed rounded plates and 
displayed no association with magnetite. 
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Apart from rutile, the most common inclusion in 
the Montana alluvial sapphires was labradorite feldspar, 
which was usually found associated with muscovite. 
This particular inclusion combination is distinctive for 
sapphires from both the Rock Creek and Dry 
Cottonwood Creek deposits. Zoisite, epidote, rhodolite 
garnet, analcime, anhydrite, and apatite were also noted 
as inclusions in the Dry Cottonwood sapphires. 
Chinozoisite, diaspore, zoisite, and sapphirine were 
characteristic of the non-heat-treated Rock Creek sap- 
phires. An unusual oval feature, with a distinctive but 
yet-unidentified spectrum, was noted in several heat- 
treated sapphires from the Rock Creek deposit. These 
features averaged 10 X 15 microns in size, and locally 
appear to have recrystallized into rutile. They are 
thought to be an unstable TiO, polymorph that formed 
during the heating process. 

Zones of micron-sized rutile and rutile-ilmenite 
grains, and the presence of labradorite, muscovite, 
zoisite, and sapphirine (Rock Creek) were distinctive 
and characteristic for the Montana alluvial sapphires. 
This latter inclusion suite has more affinity with meta- 
morphic than magmatic rocks. Coupled with the dis- 
tinct lack of any alkali basaltic material in either the 
deposit gravels or surrounding rocks leads to the con- 
clusion that the Montana alluvial sapphires have a 
metamorphic origin. The difference in inclusion suites 
in the Rock Creek and Dry Cottonwood sapphires is 
probably due to local differences in the metamorphic 
environment. 


Fissure Fillings in Emeralds: 
A Comparison of Different 
Identification Methods 


Henry A. Hanni (gemlab@ssef.ch), Lore Kiefert, 
and Jean-Pierre Chalain, SSEF Swiss Gemmological 
Institute, Basel, Switzerland 


For many centuries, fissures in emeralds have been 
filled with oils and other natural substances to enhance 
the clarity of the gem. Over the past 15 years or so, 
various artificial resins (mainly epoxy resins) have also 
been used as filling substances. The different substances 
vary in stability and thus degree of permanence. Oils 
are the most volatile of the fillers used, but they can be 
removed easily from the stone and replaced. Artificial 
resins are much more durable than oils, but they 
decompose over time and are difficult to remove. 
Because of these differences, the trade often requests an 
identification of the substance used, which must be 
done nondestructively. 

The first step in filler identification is visual obser- 
vation with the microscope and with long-wave UV 


radiation, to estimate the presence or absence of a 
filler, as well as the location of the filled fissures in the 
stone. These observations also provide an indication of 
the quantity and extent of the filler. Next, the sub- 
stance is analyzed by infrared and/or Raman spec- 
troscopy. At SSEF, these two complementary tech- 
niques are used together, with infrared spectroscopy as 
a macro method and Raman spectroscopy as a micro 
method. Once a spectrum is obtained with either 
instrument, it is compared to an extensive databank of 
reference spectra for the pure filler substances. 

Accumulations of more than one filling substance 
are common in emeralds, as a result of multiple treat- 
ments. For example, a stone may be filled both in its 
rough state and again after it has been cut, and some 
emeralds are re-treated one or more times either to 
replace a filler that has been inadvertently removed or 
damaged, or to try a different filler that may better 
improve the appearance of the stone. The characteristic 
peak positions of these substances will appear as a com- 
bined spectrum, but the different components are usu- 
ally identifiable. In more than 80% of the stones sub- 
mitted to SSEF, the substance category (e.g., oil or 
artificial resin) can be identified when infrared and 
Raman spectroscopy are combined. 


Pyrope-Almandine Garnets from 
Various Mining Areas in Orissa, India 


Manuj Goyal (manuj@pobox.com), Pink City Gems, 
Jaipur, India; and Michael Schlamadinger, 
D. Swarovski & Co., Wattens, Austria 


The state of Orissa, in eastern India, produces a variety 
of gems, including garnets. Mining for pyrope-alman- 
dine garnet occurs within about 250 km of Kata 
Banghi, in all directions; this town is also the center for 
the sorting and sale of the garnets. The 12 mining areas 
are: (1) Nakta Munda, (2) Lora Munda, (3) Khairpada, 
(4) Malkhangiri, (5) Lounghi, (6) Matri Dari, (7) 
Chalna, (8) Maurya, (9) Mangher, (10) Budapada, (11) 
Ghantiguda, and (12) Dumer Guda. For this study, we 
analyzed garnets from localities 1, 4, 5, 6, 7, 8, and 12. 


Properties of pyrope-almandine garnets from Orissa. 


Locality S.G. Rl. L* a* b* 


Lounghi 3.82 1.758 43.2 40.3 £8 
Dumer Guda 3.84 1.759 52.4 35.5 3.0 
Nakta Munda 3.84 1.760 67.1 18.4 -4.6 
Chalna 3.83 1.761 40.2 33.5 6.2 
Maurya 3.87 1.763 50.9 41.1 9.8 
Matri: Dari 3.88 1.765 60.5 31.0 -3.6 
Malkhangiri 3.94 1.780 24.0 40.2 1144 


The garnet deposits are hosted by strongly meta- 
morphosed Precambrian rocks of the Eastern Ghats 
Belt. Mining began in 1975, and is generally done by 
hand tools. The deepest mines are not more than about 
30 feet (9 m). The mineralized zones typically dip 60° 
east or north. 

All of the garnets analyzed belong to the pyrope- 
almandine series. The garnets vary in composition, 
depending on their locality. Garnets from Nakta 
Munda showed the desired purplish hue, which makes 
this the best-known locality for rhodolite in Orissa. 
These garnets revealed a lower iron content (they were 
more than 80 mol.% pyrope) than the other localities, 
and this could be seen in their visible absorption spec- 
tra. All other samples had pyrope contents of 56-65 
mol.%. Some garnets from Matri Dari and Dumer 
Guda also showed a purplish hue, but these were less 
purple than in the Nakta Munda material. All the other 
samples appeared more orangy red. 

The observed colors corresponded very well to the 
L*a*b* (L* = “darkness”; a* = red-green axis [a posi- 
tive value is toward red]; b* = yellow-blue axis [a pos- 
itive value is toward yellow]; see, e.g., Billmeyer and 
Saltzman, 1981) values calculated from the absorption 
spectra (see table). The data in the table also show a 
positive correlation between specific gravity and refrac- 
tive index, as previously demonstrated for rhodolite by 
Lind et al. (1998). According to the classification of 
Lind et al. (1998), the samples from Nakta Munda, 
Matri Dari, and Dumer Guda were “Type 1,” and 
samples from the other localities were “Type 2.” 

All of the samples contained the rutile and apatite 
inclusions that are typical of pyrope-almandine, and 
zircon was identified in some. 


REFERENCES 
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Lind T., Henn U., Milisenda C.C. (1998) Vergleichende 
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Kanchanaburi Sapphires and Their 
Reaction to Heat Treatment 


Rak Hansawek (Rak@dmr.go.th), The Gem and 
Jewelry Institute of Thailand, Department of 
Mineral Resources, Bangkok 


Kanchanaburi sapphires are found in secondary depos- 
its derived from the weathering of alkali basalt. On the 
basis of a geomorphologic study of the area, the sap- 
phire deposits can be classified into three types: residual 
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basaltic soil, colluvium and talus, and placer. The plac- 
ers form about 95% of the deposits. The sapphire-bear- 
ing secondary deposits can be traced from Ban Chong 
Dan in the north to Khao Chon Kai in the south, cov- 
ering an area of about 110 km?. 

Placer mining at Bo Phloi is generally confined to 
the approximately 3-m-thick sapphire-bearing horizon, 
which is located 13-15 m below the surface. The 
rough sapphires generally range from 0.5 to 4 ct, 
although a few exceptionally large stones, up to 400- 
700 ct, have been found. The principal gem-mining 
activities are concentrated in two areas: Ban Chong 
Dan and Ban Bung Hua Waen. Most of the larger sap- 
phires are recovered from Ban Chong Dan, while the 
smaller sizes—frequently showing a finer blue color— 
are typically found at Ban Bung Hua Waen. Among 


Concentration (in wt.% ) of some trace elements in 
sapphires from the Bo Phloi area, Kanchanaburi. 


Locality and color Fe Ti Cr Vv 


Ban Bung Hua Waen? 


Blue series 
Dark blue 0.397 0.021 <0.001 <0.001 
Blue 0.334 0.011 NA® <0.001 
Light blue 0.283 0.008 <0.001 <0.001 
Very light gray-blue 0.278 0.008 NA <0.001 
Very light blue-white 0.285 0.004 <0.001 <0.001 
Gray-brown series 
Dark gray-brown 0.322 0.012 <0.001 <0.001 
Gray-brown 0.315 0.007 <0.001 <0.001 
Light gray-brown 0.289 0.006 <0.001 <0.001 
Violet series 
Light gray-violet 0.229 0.006 0.024 0.003 
Ban Chong Dan 
Blue series 
Dark blue 0.441 0.017 A <0.001 
Blue 0.357 0.010 A <0.001 
Light blue 0.333 0.009 A 0.001 
Very light gray-blue 0.286 0.011 A <0.001 
Extremely light gray-blue 0.307 0.013 A <0.001 
Gray-brown series 
Dark gray-brown 0.349 0.014 A <0.001 
Gray-brown 0.312 0.031 A 0.001 
Yellow series 
Extremely light yellow 0.301 0.010 <0.001 <0.001 
Violet series 
Light violet 0.277 0.038 NA 0.003 


@Also contains a yellow series (various shades of yellow, mostly light 
in color) that was not analyzed. 


®NA=not analyzed. 
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the other minerals found with the sapphire in varying 
proportions are black spinel, black pyroxene, zircon, 
magnetite, and sanidine. 

The few kilograms of Kanchanaburi sapphire 
obtained for this study were separated into four groups 
according to their natural range of colors: blue, gray- 
brown, yellow, and violet. Trace-element data (see 
table) show that the coloration is related to Fe, Ti, Cr, 
and V, which are present in varying amounts. The 
presence of Fe is significant, because not only is it 
responsible for the blue, gray-brown, and yellow col- 
ors, but it also influences tone: The stones become 
darker with increasing Fe content. Heat treatment of 
gray-brown sapphires, and of sapphires that contain 
silky inclusions and milky white or brown color zon- 
ing, produces a blue color. The absorption spectra of 
the heat-treated blue sapphires indicate that their color 
is caused by Fe?*—Ti** intervalence charge transfer. 
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Identifying Sources of Burmese Rubies 


Han Htun, Myanma Gems Laboratory, Yangon, 
Myanmar; and George E. Harlow (gharlow@amnh.org), 
American Museum of Natural History, New York 


There are two major sources of rubies in Myanmar 
(formerly Burma)—Mogok (Mandalay Division) and 
Mongshu (southern Shan State, also spelled Mong 
Hsu)—and several minor sources: Nawarat/Pyinlon 
(near Namkhan, Shan State); Nanyaseik and Tanai 
(Kachin State); Katpara (Kachin State); and the Sagyin 
and Yatkanzin stone tracts (Madaya township) near 
Mandalay. At Mogok and the smaller deposits, the 
rubies are hosted in white marble. The rubies within 
each tract reveal considerable diversity, but there are 
also strong similarities from one of these marble-host- 
ed tracts to the next. Mongshu, where the rubies are 
associated with metasediments as well as marbles, 
yields stones that are distinctly different from those 
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Results and Uses 

Typical results obtained with the 
new x-ray diffraction camera are 
shown in Figure 2. These are pow- 
der-type diffraction patterns but 
were obtained from single cut gems. 
Note that they each consist of a 
family of concentric circles, but that 
the spacings and intensities of the 
circles in the two patterns are very 
different, as is to be expected since 
one pattern was obtained from a 
brilliant-cut ruby, and the other 
from a brilliant-cut spinel. Just as 
these two patterns differ, so will all 
patterns obtained from different 
gem materials. 

The x-ray method of gem iden- 
tification described in the foregoing 
pages is intended for use primarily 
in especially difficult cases, or in 
eases where identification by all 
other means has led to dispute as 
to the gem’s true identity. Its ad- 
vantages are as follows: (1) It can 
be used on all specimens regardless 
of size, depending on camera design. 
The present model can accommo- 
date specimens up to 10 centimeters 
in diameter. (2) It can be used on 
any specimen, regardless of shape 
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or contour of surface. (38) It can 
be used on mounted or unmounted 
gems. (4) It will give a positive 
identification of opaque as well as 
non-opaque material. (5) It will 
work equally well on a single crystal 
such as ruby, emerald, or marcasite, 
or upon fine grained crystalline ag- 
gregates such as onyx, lapis, hema- 
tite, jadeite or nephrite. 


Conclusion 


The results described herein are 
the first obtained with the new x-ray 
camera. Eventually a catalog of 
standard patterns will be made, one 
for each gem mineral species, and 
routine identifications will be made 
by direct comparison of the standard 
film with those obtained from un- 
known specimens. Since this is a 
back-reflection camera, it is not 
possible to make a direct comparison 
of these patterns with those ob- 
tained in an ordinary type powder 
camera, 

Construction of another x-ray 
camera is being planned for installa- 
tion in the New York laboratory of 
the Gemological Institute at the 
time of its opening. 


Color Reproductions of Gems 


It is the purpose of the Editors 
to accompany future issues of Gems 
& Gemology with color reproduc- 
tions of gemstones, the one included 


in this issue being a result of early 
experiments and very inferior to 
those which will appear later. 


Characteristics of rubies from five localities in Myanmar. 


Variable Mogok Nawarat (Pyinlon) Nanyaseik (Kachin) Sagyin Mongshu (heat-treated) 
No. gems Several hundred >60 ~30 >100 Several hundred 
observed 
Color Pinkish to intense Medium red with Pinkish, rarely in- Pinkish to medium Medium to intense 
deep red purplish overtone tense red, all with red deep red (blue may re- 
purplish overtone main if heat treatment 
is inadequate) 
Fluorescence Strong to very strong Strong Moderate to inert Strong Inert 
to long-wave UV 
Zoning Bands and swirls Swirls Angular growth Present Pronounced bands 
zones; switls 
Inclusions 
Calcite Common, with twin- Subhedral to Subhedral to Subhedral to Subhedral to rounded, 
ning or cleavage rounded rounded rounded but heat destroys them 
Dolomite Often yellow Present Present Present nr 
Apatite Prismatic Present Present nr. nr. 
Titanite Present ne. nr. nr nr 
Spinel Present Probably® nr. nr. nr. 
Rutile crystals Well-formed Present Very small nr nr 
Rutile silk Characteristic; Thin, patchy, and Thin and patchy Rare fine particles, Comet-like wisps, fine 
patchy to uniform in bands clouds dust-like particles and 
stringers 
Mica Muscovite, biotite Biotite Present Present nr. 
Feldspar Present Present nr. nr. nr. 
Pyrite/pyrrhotite Present Probably® nr. nr. Present 
Others Many nr. nr. nr. White “snowflakes” 
and comet-like string- 
ers—unknown minerals 
Healed fractures = Occasional “finger- nit Present nr. “Fingerprints” are 
prints” characteristic 


4n.r.—not reported. 


5*Probably” is stated because the inclusion was identified by its appearance only. 


found elsewhere in Myanmar (in both their natural 
and heat-treated states). Thus, rubies from Mongshu 
are easily separated from those found at Mogok and 
the smaller deposits. These differences can be dis- 
cerned using an optical microscope. 

Rubies from Mogok are generally distinguished by 
their intense saturated pink-to-red color, noticeable 
daylight fluorescence, and light to moderate silk. 
Fundamentally, treated Mongshu rubies are identifiable 
by their “fingerprint” inclusions and the whitish spots 
and wisps produced by heat treatment to remove the 
blue coloring in the core, which otherwise readily dis- 
tinguishes unheated Mongshu crystals. The table lists 
characteristics for rubies from five Myanmar localities. 
Mostly subtle differences exist among the other sources, 
although color, color saturation, and the presence or 
absence of silk appear to provide the best optical indica- 
tors of origin. Further research is required to assess cri- 


teria for distinguishing among these sources and 
Mogok. 

For more on these rubies, visit the Web site http:// 
research.amnh.org/earthplan/research/geh_rubies. html. 


Characterization of Some 
Emerald Filling Substances 


Mary L. Johnson and Sam Muhlmeister, GIA Gem 


Trade Laboratory, Carlsbad, California; and Shane Elen, 
GIA Research, Carlsbad, California 


A wide variety of substances are used to fill the fissures 
in emeralds and thus enhance their appearance. 
Although some filling substances have been used for 
several decades, today a variety of modern chemical 
products are also employed. Given this variety, the 
goals of this study were: (1) to characterize some of the 
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properties of these substances, and (2) to determine to 
what extent the identity of the particular filling sub- 
stance could be established. 


Materials and Methods. We examined 39 filling 
substances that were known or rumored to be used in 
the trade, or were easily available for this purpose (see 
table). We grouped these filling substances into several 
substance categories: oils (greasy liquids, such as rapeseed 
oil); essential oils (liquids or solids extracted from 
plants, such as cedarwood oil) and resins (liquids or 
solids exuded from plants, e.g., saps such as Canada 
balsam; as cedarwood oil may also be considered a 
resin, the essential oil and ‘natural’ resin categories are 
sometimes combined); waxes (greasy solids, such as 


paraffin wax); epoxy prepolymers and polymers (liquids 
or plastic solids with a specific chemistry); and other 
prepolymers and polymers (liquids or plastic solids with 
other chemistries). Substances in the first four cate- 
gories may be natural or synthetic; those in the last two 
are always synthetic, and can be designated artificial 
resins. 


We observed the color and refractive index of each 
liquid filling substance (in its loose form, not as a filling 
in an emerald) using standard gemological techniques. 
Specific gravity was compared to that of water 
(sink/float test), and viscosity was assessed visually. For 
infrared analysis, we examined the liquid filling sub- 
stances as droplets mounted between two glass micro- 
scope slides (to simulate the liquid within a fissure). For 


Properties of substances used to fill fissures in emeralds. 


Properties Oils Essential oils Resins@ Waxes Epoxy prepolymers Other prepolymers 
and polymers and polymers 
Simple Greasy liquids Liquids or solids Liquids or solids Greasy Liquids or plastic solids Liquids or plastic solids with 
definition extracted from exuded from solids with a specific chemistry other chemistries, especially 
plants plants; saps UV-setting adhesives 
Examples Mineral oil, paraffin Cedarwood oils, Canada balsam Paraffin Araldite 502, 506, 6005, and 6010; "Liquid Resin," Epo-Tek 
oil, Isocut fluid, Clove oils, wax Epon 828; Epo-Tek 301, 302-3M, UVO 114 (uncured and 
sesame oil, azefe cinnamon oil, and 314; HXTAL resin; cured and cured), Norland Optical 
de dende (palm cassia oil uncured Opticon 224; uncured green — Adhesives types 63 (uncured) 
oil), castor oil, Opticon 224; Permasafe; Super Tres — and 65 (uncured and cured) 
green Joban oil 
Used in Used historically Popular now Used historically Used Popular now Becoming popular 
the trade? historically 
Color Colorless, light Very light yellow Yellow White Colorless, very light yellow to light Colorless or light yellow 
yellow, yellow, or to yellow, very yellow, green 
green ight green 
Refractive 1.449-1.479 1.509-1.589 1.521 About 1.52 1.500-1.577 1.481-1.553 
index 
Fluorescence Inert, moderate nert, very weak Strong yellowish Inert Inert, weak to moderate greenish Inert, weak greenish yellow, 
to long-wave greenish yellow, green to very weak — white white, weak greenish yellow to moderate green or blue, 
UV moderate yellowish — or weak yellowish yellowish green, strong bluish white — strong blue 
green green, moderate to light blue 
white, strong 
yellowish white 
Fluorescence Inert, very weak Inert to weak Very weak Inert nert, very weak yellowish green, Inert, weak green, moderate 
to short- greenish yellow, yellowish green yellowish green weak greenish yellow, strong green or blue 
wave UV very weak to weak yellow; weak blue to moderate 
yellowish green ight or grayish blue 
Relative Floats in water Some sink and Floats in water Floats in Sinks in water; two solid samples Sinks in water 
specific some float in water have S.G.'s of 1.11 
gravity water 
Viscosity Liquid; flows easily Liquids flow easily — Liquid, flows Solid Liquids flow easily or sluggishly; Liquids flow easily or 
or sluggishly; sluggishly solids sluggishly; solids 
semi-solids 
Raman B C,D,E C B A,B, C A,C 
spectral group 
Infrared B C,D C B A,B, C A,C 


spectral group 


"Other than cedarwocd oils. 
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laser Raman microspectrometry, we analyzed the sam- 
ples as drops on a clean piece of aluminum foil. 


Results. Visual and gemological features were not sufii- 
cient by themselves to distinguish the filling substances 
we examined, although some substance categories 
revealed distinctive properties (e.g., low refractive indices 
for oils). On the basis of their infrared and Raman spec- 
tra, we classified the substances into five spectral groups (A, 
B, C, D, and E). These are different from the substance 
categories defined above, Within each group, it is diffi- 
cult to distinguish specific fillers, and some groups con- 
tain both natural substances and artificial resins. For 
example, spectral Group C, which contains cedarwood 
oil, also includes some epoxies and other artificial resins. 
When we analyzed some mixtures of filling substances, 
we could not always detect the presence of the minor 
component by spectroscopic means. 

For more on this subject, the reader may wish to 
consult “On the identification of various emerald fill- 
ing substances,” by M. L. Johnson et al., Summer 1999 
Gems & Gemology, pp. 82—107. 


Red Taaffeite 


Lore Kiefert (gemlab@ssef.ch), SSEF Swiss 
Gemmological Institute, Basel, Switzerland; 
Karl Schmetzer, Petershausen, Germany; 
and H.-J. Bernhardt, Ruhr University, 
Bochum, Germany 


Taafteite is an extremely rare gemstone, with the for- 
mula BeMg,Al,O,,. A mineral with this ideal compo- 
sition would be expected to be colorless. Gemological, 
chemical, and spectroscopic properties of eight 
chromium- and iron-bearing taaffeites (purple to pur- 
plish red) and two iron-bearing, chromium-free taaf- 
feites (grayish violet) from Sri Lanka and Myanmar 
were determined. 

Chemical and spectroscopic data reveal a correla- 
tion between color and trace-element contents. As 
determined by electron microprobe analyses, the taaf- 
feites contain up to 0.33 wt.% Cr,O,, up to 2.59 wt.% 
FeO, and up to 2.24 wt.% ZnO. The purple to pur- 
plish red color is a complex function of the relative 
amounts of iron and chromium present. Optical prop- 
erties and specific gravities of the 10 taaffeite samples 
also correlate well with their zinc, iron, and chromium 
contents. 

We compared the spectroscopic properties of these 
taaffeite samples to those of chromium - and/or iron- 
bearing spinels; it is evident that the UV-Vis spectra of 
the two gem minerals are closely related. In taaffeite, 
however, we observed some additional absorption 


bands (e.g., in the blue-to-violet range). 

Analysis of the inclusions by Raman microspec- 
trometry revealed a common assemblage of solid and 
multiphase inclusions, which indicates that these 
extremely rare red gemstones share a similar host rock. 
Apatite and zircon were frequently observed as solid 
inclusions, whereas healed fractures consisted of nega- 
tive crystals that contained magnesite crystals as a solid 
component in addition to a fluid (liquid and/or 
gaseous) phase. 

Methods for the distinction of taaffeite and mus- 
gravite (BeMg,A,,.O,5) were briefly discussed by Kie- 
fert and Schmetzer (1998). 
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The Techereu Gemological Field 


loan Marza (imarza@bioge.ubbcluj.ro), Babes-Bolyai 
University, Cluj-Napoca, Romania 


The Techereu gemstone area, in the Apuseni Moun- 
tains, Romania, is famous for its deposits of chal- 
cedony, multicolored jasper, and especially agate. 
These gem minerals formed in a variety of geologic 
environments. Genetically and spatially associated with 
Early Tertiary (Paleogene) rhyolites are veins of chal- 
cedony, as well as epithermal agates. Chalcedony, but 
only rarely agate, is associated with Mesozoic ophiolitic 
complexes. Within Cretaceous conglomerates, jaspers 
(yellowish, reddish, and multicolored) and agate con- 
cretions can be found in the Almasu Mare cobbles, 
particularly in those areas that have layers of volcanic 
cinders. Secondary deposits of Quaternary age contain 
chalcedony and agate that were derived from weather- 
ing and erosion of the primary gemstone occurrences. 


Demantoid Garnet from the Ural 
Mountains, Russia 


Gabrel Mattice (gmattice@tfb.com), Nicolai Kuznetsov, 
and Edward Boehm, Pala International, Fallbrook, 
California 


Discovered in the mid- to late-1800s, during the reign 
of Alexander II, demantoid (meaning diamond-like) is 
derived from the Dutch word demant, meaning dia- 
mond. It is mined in the Central Ural Mountains of 
Russia, where it is found alluvially in gold washings of 
the Sissersk District, Nizhni-Tagil; and from the 
Bobrovka River (in early times, it was called Bobrovka 
garnet as well). 

Demantoid (Ca,Fe,[SiO,],) is a variety of andradite 
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that is colored green by chromium. The stones range 
from pale green to yellowish green (due to trace amounts 
of iron) to a fine “emerald” green. Its refractive index 
(1.89) and dispersion (0.057) are both the highest of all 
natural garnets. In spot illumination, a faceted stone will 
typically show a fine play of prismatic colors. When pre- 
sent, “horsetail” inclusions are usually preserved during 
cutting; their presence adds value to the stone. 

Currently, most of the Russian demantoid comes 
from the Karkodino mine, about 20 km from the still- 
active Bobrovka area. Due to increased mining costs, 
fewer miners are working the deposits and production 
has decreased. Melee-sized material is still readily avail- 
able, but larger sizes are uncommon; this year only 
four stones were recovered that cut gems weighing 
more than 4 ct (W. Larson, pers. comm., 1999). 


Infrared Spectroscopy as a 
Discriminant between Natural 
and Manufactured Glasses 


Philip A. Owens (powens@giagtl.org), GIA Gem Trade 
Laboratory, Carlsbad, California 


Glass, the great gem imitator, is still popular in today’s 
fashion-conscious world. Natural glasses include 
obsidians, impactites (e.g., tektite/moldavite, Libyan 
Desert glass), and other naturally fused silica glass (e.g., 
fulgurite). Manufactured glasses include a wide range 
of materials with various colors, textures, and compo- 
sitions. As a result, the gemological properties of man- 
ufactured glass may overlap those of natural glass. 
Some glasses are of dubious origin, such as “Mount St. 
Helens glass” and various transparent blue or green 
“obsidians.” Standard gemological testing is usually 
sufficient to separate most natural from manufactured 
glasses, but occasionally, advanced techniques (e.g., 
Fourier-transform infrared [FTIR] spectroscopy) are 
necessary for identification. 

Eighty-five samples of both types of glasses, which 
had been identified and characterized by standard 
gemological methods, were also studied by FTIR 
spectroscopy. Natural glasses suitable for use as gem- 
stones are high in silica and relatively low in alkalis. 
Spectra obtained from the mid-infrared range (2000 to 
6000 cm7!) showed that major differences in the 
chemistry of natural and manufactured glasses are 
reflected in the infrared spectra. The absorption spec- 
tra of most obsidians show a saturated “hump” that 
rises sharply at about 3700 cm~! and tails off to lower 
wave numbers (about 3000 cm~!, but this is quite 
variable). Moldavite and Libyan Desert glass show an 
asymmetrical absorption peak at 3700 cm7!. 

Manufactured glasses show a wide variation in 
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chemical composition, which is reflected in a much 
greater variation in their infrared spectra, as compared 
to those of natural glasses. They commonly show a 
broad plateau from about 3600 cm~! to the absorption 
edge at approximately 2100 cm-!, with superimposed 
broad peaks at 2830 cm7! and about 3520 cm7!. The 
intensity of the superimposed peaks is variable. A num- 
ber of specialty glasses show unusual complex spectra 
that are indicative of their manufactured origin. All of 
the brightly colored “‘obsidians” in this study showed 
spectra that were consistent with manufactured glass. 
There are, however, some slag glasses and fused silica 
glasses that have spectra that are too similar to those of 
natural glass for a conclusive identification with FTIR 
spectroscopy alone. 


Rudraksha—A Spiritual Organic Gem 


Jayshree Panjikar (pankast@bom4.vsnl.net.in) and K. T. 
Ramchandran, Gemmological Institute of India, Mumbai 


In India, the rudraksha (ruda = Lord Shiva, aksha = eye) 
has been used as a spiritual ornamental material from 
time immemorial. Rudraksha, the seedpods of 
Elaeocarpus ganitrus, are covered with protrusions and 
grooves, by which they are classified into 14 different 
types or Mookhis (i.e., mono-grooved to 14-grooved 
varieties). Various other types—such as twins, triplets, 
and those that occur in a comma shape—also exist, as 
well as different simulants and imitations. This study 
represents the first time the gemological properties and 
biological effects of this organic gem material have 
been investigated. 

Most rudraksha show R.I.=1.52, S.G.=1.05-1.6, 
and a hardness of approximately 3.5. Chemical analyses 
show 49.89 wt.% carbon, 1.04 wt.% nitrogen, 16.85 
wt.% hydrogen, 31.27 wt.% oxygen, and 0.58 wt.% 
trace elements (total = 99.63). 

The biological effects of rudraksha as individual 
beads as well as in a rosary are being studied. Prelim- 
inary investigations indicate that rudraksha has an influ- 
ence on the autonomic nervous system involving the 
sympathetic and parasympathetic nerves. 


California Benitoite: A Proven Mineable 
Reserve and New Gemological Data 


James E. Shigley (jshigley@gia.edu), G/A, Carlsbad, 
California; William R. Rohtert, AZCO Mining Inc., 
Vancouver, Canada; and Brendan M. Laurs, G/A, 
Carlsbad 


Commercial quantities of gem-quality benitoite are 
known from a single location in the world, the 
Benitoite Gem mine in San Benito County, California. 
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The color space outlined on this hue-saturation diagram repre- 
sents color observations of 123 faceted benitoites, as judged 
with standardized lighting and viewing conditions. “Page” 
refers to the “purple-blue” (PB) page number in the Munsell 
Book of Color. 


Benitoite, a barium-titanium silicate (BaTiSi,O4), was 
discovered there in 1907, and was named the 
California state gemstone in 1985. It is typically color- 
less to blue, and is noteworthy for its high refractive 
indices, high birefringence, and strong dispersion. A 
total of about 5,000 carats of faceted benitoite have 
been produced sporadically over the life of the deposit. 
This very limited production has historically relegated 
benitoite to a collector’s gem, one of the rarest in the 
world. (See Laurs et al., 1997, for details on the discov- 
ery and gemology of benitoite, and the history of the 
Benitoite Gem mine.) 

The Benitoite Gem mine is currently under option 
to AZCO Mining Inc., which has spent nearly US$1 
million over the past two years exploring the mineral 
deposit and defining a mineable reserve. This was done 
by means of an extensive bulk sampling and core 
drilling program. The proven and probable reserve 
from the alluvial and colluvial sources is estimated at 
>25,000 carats of polished goods (mostly melee-sized 
material). This is sufficient for commercial production, 
and for maintaining stability of price and supply for 
many years to come. 

Benitoite is the subject of a collaborative characteri- 
zation study between AZCO and GIA. This study is 
investigating the cause of color (which is still 
unknown), and will address the gemstone’s durability 
in the manufacturing environment. Standardized color 


observations of 123 faceted benitoites were made at the 
GIA Gem Trade Laboratory in New York. The hue 
spans a narrow range in Munsell color space, from 5.0 
PB (purple-blue) to 8.0 PB (see figure). About 75% of 
the population occupies half of this domain, in the 
region from 5.0 to 6.5 PB. The more violetish stones 
tend to be deeper in tone, and are less common than 
the more bluish stones. 
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The First California 
Gem Tourmaline Locality 


Matthew C. Taylor, VM. C. Taylor Analytical Services, 
Vista, California 


The first gem tourmaline recorded in California was 
reportedly encountered as loose crystals on the south- 
eastern part of Thomas Mountain, Riverside County, 
in June 1872 (Kunz, 1905). Two decades later, claims 
were staked at the granitic pegmatite source of these 
crystals—under the names California Gem mine and 
San Jacinto Gem mine in December 1892, and the 
Colombian Gem Mine in July 1893. The deposit sub- 
sequently became known as the Columbia [sic] Gem 
mine, and in 1957 was renamed the Belo Horizonte 
No. 1 mine. According to Hamilton (1919), more than 
a “bushel” (>35 liters) of red and green tourmaline 
crystals were mined during the first season’s operation. 
Many exquisite tourmaline specimens were produced 
during the first years of operation, the larger crystals 
nearly always showing “watermelon” coloration, with 
red interiors and green rims. Hamilton (1919) reported 
that $10,000 worth of gem tourmaline was produced 
from the California Gem mine in 1894, from shallow 
trenches cut into the steeply dipping host pegmatite. 
Gem- and specimen-grade elbaite occurs in clay- 
filled cavities (“pockets”) within the host pegmatite. 
This tourmaline forms euhedral, multicolored (rarely 
colorless) crystals up to 10 cm in diameter and 20 cm 
long. Color zoning when viewed parallel to the c-axis 
characteristically shows a concentric pattern composed 
of a large core that is orange, red and/or violet, a very 
thin white to colorless intermediate zone, and a narrow 
green rim. Sector zoning is commonly observed, 
exhibited as red “Mercedes” triangles similar to liddi- 
coatite from Madagascar. Color zoning when viewed 
perpendicular to the c-axis generally progresses from 
black at the base, through violet, red, and/or orange, 
with or without green and/or blue terminations. The 
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crystals contain planes of multiphase (solid + liquid + 
vapor) inclusions that are often truncated at various 
stages by continued growth. These inclusions signify 
violent pocket-rupturing events during and after tour- 
maline crystallization. Primary multiphase inclusions 
are commonly found within the green rims as narrow 
tubes oriented parallel to the c-axis. Rare inclusions of 
microlite were also identified, by electron microprobe. 

Chemical trends measured by numerous electron 
microprobe analyses of the pocket tourmaline are cor- 
relative with the color zonation, and range from initial 
precipitation of iron-rich compositions (blue-to-violet 
schorl and foitite), to iron depletion with manganese 
enrichment (pink and red-to-orange elbaite), followed 
by slight enrichment of iron and calcium with man- 
ganese depletion (green-to-blue elbaite). The man- 
ganese content reaches a maximum of 8.45 wt.% MnO 
in the red zones. One pocket produced small colorless 
crystals of highly aluminous tourmaline that span the 
compositional boundary between two extremely rare 
tourmaline species, olenite and rossmanite. 

A recently discovered productive area within an 
adjacent pegmatite from an adjoining claim exhibits a 
remarkable similarity to the original pegmatite. 
Moreover, a survey using ground penetrating radar 
(GPR) confirmed that both producing pegmatites con- 
tinue for tens of meters along strike. Past production 
from the very limited exploitation of the pegmatites 
suggests that significant quantities of gem tourmaline 
could be produced from this locality in the future. 
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Sapphires from Shandong, China 


Liangguang Tian (Zhubzh@keylab.net), Wenghui 
Huang, Youfa Cheng, Huafeng Liu, Shuxiang Chen, 
and Haibin Liu, Gemstones Supervision and Test 
Station of Shandong Province, Shandong, China 


Gem-quality sapphires were discovered in secondary 
deposits in Shandong Province in 1986 and, subsequent- 
ly, in 1988 as primary deposits in nearby basalts. The 
secondary deposits, situated in the vicinity of Wutu, 
Qiaoguan, and Cuijia, are of two types: eluvial (includ- 
ing concentrations in talus) and alluvial. The in situ 
deposits are mainly located in the vicinity of Fangshan. 
Total reserves are estimated at 100 million carats. 

The Shandong sapphires are typically found as 
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large, dark blue, well-formed crystals that contain few 
inclusions. The largest corundum crystal discovered so 
far weighed 2,500 grams. For commercial purposes, 
the sapphires are divided into five groups. Four of the 
groups are based on color: blue, yellow, green, and 
brownish red and pink. The fifth group is composed of 
specimen-grade material. 

Because the color of most Shandong sapphires is dark 
blue, heat treatment is commonly performed to improve 
the color. When heated to about 1,900°C in an oxidiz- 
ing atmosphere, a more desirable blue color is obtained. 
Further details on the history of sapphire exploration in 
this area, the geology the deposits, and the chemistry of 
the sapphires can be found in Guo et al. (1992). 
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Surface-Enhanced Topaz 


Thom Underwood (thomu@home.com), Accredited 
Gemologists Association, San Diego, California, and 
Richard W. Hughes (rubydick@ibm.net), Pala 
International, Fallbrook, California 


At the 1998 Tucson Gem Fair, a new type of en- 
hanced topaz made its appearance (Johnson and 
Koivula, 1998; Hodgkinson, 1998). This treatment has 
been described by one producer of blue-to-greenish 
blue treated topaz—Richard Pollak of United Radiant 
Applications in Del Mar, California—as a surface-dif- 
fusion process that produces a thin layer of color at and 
just below the surface of an otherwise colorless topaz. 
Charles Lawrence of CL Laboratories in Encinitas, 
California, is using a similar process to produce a wider 
range of colors, including an “emerald” green. 
According to both manufacturers, the color layer 
results from heating topaz in a cobalt-rich powder. 
Our microscopic examination of several samples 
confirmed that the color of this material is confined to 
a layer at and just beneath the surface. This layer is so 
thin that the question has arisen as to whether it repre- 
sents a surface coating or a surface-diffusion process. 
However, according to Trogler (1998), the surface 
composition (as determined by energy dispersive analy- 
sis) shows a high concentration of cobalt, which sug- 
gests a heavily doped surface layer. Trogler (1998) fur- 
ther states: “The ratios of the wt.% values of the 
nonoxygen element is [sic] probably most meaningful. 
Pure topaz has an Al:Si ratio of 1.92, whereas the 
green stones (treated topaz) have a ratio of 1.41. This 
suggests extensive substitution of Al by cobalt in the 
surface layer. The weight percentage of the silicon sug- 


gests it is perturbed the least, and so the ratios relative 
to silicon are most useful.” 

The properties of the 14 samples of blue-to-green 
surface-treated topaz that we examined are summarized 
in the table. The most important identifying feature is 
a spotty surface coloration that was best observed by 
placing a translucent white glass or plastic diffusion fil- 
ter over the light well of the microscope. A lack of 
color at the facet junctions was also noted in many of 
the samples. In addition, on several stones the surface 
was chipped, thus revealing the colorless topaz beneath 
the colored layer. 

Perhaps the most unusual gemological characteristic 
of these surface-enhanced topazes were the anomalous 
R.I. values. When tested on a standard gemological 
refractometer, the table facet displayed “normal” R.I.’s 
(i.e., a distinct shadow edge at 1.608—1.620), whereas 
the pavilion facets showed a broad, diffuse band, or 
measured above the 1.81 limit of the refractometer. 
Thus, it appears that portions of the topaz surface might 
be transformed into mullite, glass, or other substances 
(Day et al., 1995). According to Phillips and Griffen 
(1981), mullite has a refractive index in the range of 
1.634-1.690, while glass can be higher or lower. 
However, the transformation of the surface layer into 
either mullite or glass would not explain the wide range 
of R.I. readings. It is more likely that the high concen- 
tration of cobalt near the surface is responsible for the 
high R.I. readings, whereas variations in the depth of 
post-enhancement polishing could account for the 


Properties of blue to green surface-treated topaz. 


Color Blue to greenish blue to green 
Color distribution Even to the naked eye, patchy surface coloration seen 
with magnification, often with green spots; white facet 
junctions/chips visible against a white diffusion filter 
Luster Resinous subadamantine luster on polished surfaces 
Pleochroism one to faint; possibly two different shades of blue 
Optic character Doubly refractive; biaxial, positive to undeterminable 
Refractive index 
Table facet o.= 1-608-1.610; Ng=1.610-1.614; n, = 1.618-1.620 
birefringence = 0.009—0.010) 
Pavilion facets Anomalous or diffuse readings; often above 1.81 
Specific gravity 3.50-3.63 
UV fluorescence 
Long-wave Inert to very faint red 
Short-wave Inert to faint yellowish green or very faint red 
Visible spectrum Cobalt spectrum: bands at approximately 560, 590, and 
640 nm; strongest in blue stones, weaker in green 
stones 
Magnification Strings of parallel particles; crystals or negative crystals 


with tension fractures 

Chelsea filter 
Green stones Pinkish purple 
Blue stones Red 


other anomalous R.I. readings. Indeed, our testing 
showed that a single stone can produce a variety of R.I. 
readings, depending on which facet is tested. 

With gemstone enhancements so common in 
today’s colored stone market, we can expect to see 
more such novel treatments in the future. Fortunately, 
in the case of this cobalt-diffused topaz, the identifica- 
tion is rather simple. 
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DIANMIONDS 


Diamond Deposits of Angola 


Luis Chambel (diamante@ip.pt), Technical University 
of Lisbon, Lisbon, Portugal 


Angola has been an important and consistent source of 
rough diamonds, a high proportion of which are good- 
quality gems, for much of this century (see figure). 
Since independence from Portugal in 1975, Angola’s 
diamond production has been erratic. The diamond 
mining industry is currently recovering from the coun- 
try’s internal political turmoil, and should enhance its 
relative position in the world’s rough diamond trade 
with even greater production in the next decade. 

The main diamond-producing region is located in 
the Lunda Norte area (northeast Angola), with most of 
the production coming from alluvial deposits in the 
Cuango River valley. Activity by unlicensed miners 
has grown dramatically in recent years, in tandem with 
civil strife; however, the importance of this component 
of Angolan diamond production appears to have 
reached its peak and is expected to decline with the 
arrival of political stability. 

There are at least 700 known kimberlite pipes in 
Angola, and the potential for the discovery of addition- 
al pipes is high. Only a few of these have been thor- 
oughly evaluated and, at present, production from these 
primary sources is minor compared to that from the 
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Angolan Diamond Mining 


alluvial deposits. Mining started on the first kimberlite, 
Catoca, in 1997, and others presently being evaluated 
include Camafuca-Camazamba, Camatchia, and 
Camagico. Nevertheless, for the near future, the main 
diamond production, and especially value, will still 
come from the alluvial deposits in the Lunda region. 

At present, diamonds are the second most impor- 
tant mineral resource in Angola (after oil). Every effort, 
including favorably revised mining laws, is being made 
to encourage foreign investment in this sector. This 
endeavor has been successful, as numerous foreign 
companies (from, e.g., South Africa, Russia, Brazil, 
Canada, and Portugal [SPE, through a 49% interest in 
SML—Sociedade Mineira do Lucapa]) are now 
exploring for, and developing, diamond mines. To- 
ward this end, fundamental geologic and other scientif- 
ic knowledge of Angolan diamonds and their deposits 
(e.g., determining the most effective exploration meth- 
ods, cataloguing all the deposits, and determining the 
grade and quality of stones in various deposits and dis- 
tricts) is being assembled. 


Studies of the Pink and Blue 
Coloration in Argyle Diamonds 


J. G. Chapman (chapmanj@iinet.net.au), North Perth, 
Australia; and C. J. Noble, University of Queensland, 
Australia 


A suite of 13 pink and three blue diamonds from the 
Argyle deposit were examined using electron spin res- 
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onance (ESR), Fourier-transform infrared spectroscopy 
(FTIR), luminescence, and other techniques in an 
attempt to identify the color centers responsible for 
their coloration. Seven of the pink samples had satura- 
tions ranging from low to high, whereas the other six 
pink diamonds showed similar moderate saturation. 
The blue samples showed high saturation. 

No new or unique ESR centers were observed in 
the pink samples, indicating that the color center 
responsible for their pink color was not ESR active. 
Some correlation was apparent between the ESR P1 
center (single uncharged nitrogen) and the saturation 
level of the pink diamonds: The intensity of the P1 
center increased with the strength of the pink color. 
This correlation is obviously not direct, however, as 
the P1 center is also present in non-pink diamonds. 

A striking relationship was observed during photo- 
and thermo-chromic experiments, in which the color 
saturation of the pink diamonds was altered with UV 
radiation or heat treatment. These color changes were 
reflected by modifications to the concentrations of P1 
and other nitrogen centers in the specimens. The dark- 
er heat-induced colors were accompanied by a substan- 
tial reduction in the P1 levels. 

A possible explanation for these observations is that 
the pink color center exists in more than one charge 
state, only one of which gives rise to the pink color. 
The P1 center is a strong donor (of electrons) and will 
affect the Fermi level in a diamond. This level will, in 
turn, determine the population of the charge state of 


the center that causes the pink coloration. UV radia- 
tion or heat treatments may thus induce charge trans- 
fers between pink color centers and nitrogen defects. 

Photo-luminescence (PL) spectra of pink diamonds 
using 633 nm excitation revealed several sharp lines. 
One set, comprising lines at 1.871, 1.817, and 1.693 
eV, showed a strong correlation to the depth of pink 
coloration. Specimens that did not conform to this 
correlation exhibited atypical IR spectra for Argyle 
pink diamonds, which mostly have low levels of nitro- 
gen. Some of the PL peaks were at energies very simi- 
lar to those that have been reported (Sittas et al., 1996) 
for Ni-Si catalyzed synthetic diamonds. 

Electron paramagnetic resonance (EPR) and elec- 
tron nuclear double resonance (ENDOR) analysis of 
the blue diamonds showed the NE2 center, which has 
been observed in synthetic diamonds for which the 
center has been proposed to be an Ni* ion with three 
neighboring nitrogen atoms (Nadolinny and 
Yelisseyev, 1994). A previously unreported EPR cen- 
ter was observed, which is consistent with an Niv ion 
in a substitutional site with a N* ion on a fourth near- 
est neighbor site. This defect is found exclusively in 
Argyle blue diamonds. The presence of high concen- 
trations of nitrogen and hydrogen has also been report- 
ed in Argyle blue diamonds (Fritsch and Scarratt, 
1992), but it is not clear how they are related to the 
nickel centers observed or to the color. 

The presence of nickel in Argyle blue diamonds 
and the PL observations for the pink diamonds suggest 
that nickel may be involved in the pink coloration. 
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The Revolution in Cut Grading 


Al Gilbertson (al.gilbertson@cmug.com), Gem Profiles, 
Albany, Oregon 


In the 19th century and earlier, diamonds were cut in a 
variety of ways, with no generally accepted standards of 
comparison. In the 20th century, many cutters adopted 
the “ideal” proportions predicted by a mathematical 
model for a round brilliant diamond. The attractiveness 
of this model was that it provided a set of proportions 


that, if carefully executed, seemed to consistently yield 
the most pleasing final beauty—or at least so it was 
assumed, because there was no way of measuring the 
results. 

It is probable that if cutters of the past had at their 
disposal means of measuring the beauty that results 
from cutting, they would not have cut diamonds to 
match a model based on external proportions. Results 
of cutting can be better comprehended with a simple 
understanding of diamond’s most attractive feature— 
the reflection of light. All the bright light we see in a 
polished diamond originates from above the girdle and 
is reflected back to the viewer overhead. Advances in 
computer-aided light analysis reveal the behavior of 
light in a diamond in ways previously only suspected. 
If a diamond is to be an efficient reflector of light, the 
cut must minimize light leakage through the pavilion. 
Computer-aided mapping helps the cutter understand 
how to use a combination of angles to minimize light 
leakage. Although only the first step in analysis of cut, 
measurement of light leakage is fundamental to under- 
standing light return. 

The efficiency with which a diamond returns light 
back to the viewer is also a measure of the precision of 
its cutting. Since the viewer blocks some incoming 
light, a diamond’s facets must work as a team to return 
light that is coming from around the viewer back to 
the viewer. Reflective symmetry that is chaotic is 
much less efficient in light return to the viewer. High 
cut symmetry, at traditional “ideal” or near-“ideal” 
angles, provides some of the best return of light as 
measured using computer-aided light analysis. Such 
analysis enables a new understanding of diamond 
cut—by letting light speak for itself. 


Detection of Irradiated Diamonds 


Martin Haske (adamas@gis.net), Adamas Gemological 
Laboratory, Brookline, Massachusetts 


The recent availability of low-cost spectrophotometers 
with high optical resolution has led to the development 
of personal computer—based spectrophotometer sys- 
tems (i.e., SAS2000; see http://www.SAS2000.com). 
When optimal Kalman filter data-processing tech- 
niques are used with such systems, it is possible to 
automatically check transmittance or absorbance data 
for the existence of radiation damage. It has been 
shown repeatedly that visible absorption spectra taken 
at room temperature are sufficiently accurate to enable 
the detection of the radiation damage that is character- 
istic of irradiated diamonds, even in cases where that 
damage is not readily apparent with standard spec- 
trophotometric techniques. 
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With these new systems, the entire analysis can be 
accomplished in about one minute, in contrast to the 
lengthy examination procedures sometimes required 
by current gemological techniques. In addition, these 
new systems may have eliminated the need for cryo- 
genic freezing of the samples in the vast majority of 
cases. For example, the transmission spectra (collected 
at room temperature) of treated yellow diamonds 
reveal spectral features indicative of radiation damage 
when the data are processed using a Kalman filter—a 
doublet at 741-744 nm, which is not visible using 
conventional spectroscopy, and peaks at 478, 497, 
503, and 595 nm. When standard spectrophotometric 
techniques are used at room temperature, the visibility 
of these latter peaks, as with the 741 nm peak, 
depends on the extent of annealing after irradiation. 
The SAS2000 system was also used to detect—for the 
first time—a diagnostic absorption band at 701 nm in 
red type Ib color-treated Russian synthetic diamonds 
(see Weldon, 1999). This optical center was probably 
missed by other spectroscopists because of the com- 
mon use of absorbance mode displays, rather than the 
primary SAS2000 transmittance mode of analysis. A 
peak at 638 nm is also characteristic of these treated 
synthetic diamonds. 
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Exploring Cut and Diamond 
Appearance with the Virtual Diamond 


T. Scott Hemphill, lene M. Reinitz (ireinitz@giagtl.org), 
Mary L. Johnson, and James E. Shigley, GIA and GIA 
Gem Trade Laboratory, Carlsbad and New York 


We have combined modern computer graphics tech- 
niques, a mathematical description of the exact shape 
of a round brilliant, and equations for the properties 
that govern how light travels through diamond to pro- 
duce a “virtual” diamond—a computerized tool for 
detailed and thorough exploration of how cut affects 
diamond appearance. Tracing light through a virtual 
diamond of any chosen proportions yields either an 
image of that diamond (see figure), or a numerical 
result related to its appearance, such as brilliance, fire, 
or scintillation. Modeling diamond appearance with a 
computer allows us to control, and separately vary, 
each of the many proportion, lighting, and observation 
variables. 

The virtual diamond is three-dimensional, faceted 
all over (including the girdle), and (at present) color- 
less, flawless, and with perfect symmetry and polish. 
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Dispersion of light is incorporated with a wavelength- 
dependent refractive index. We account for partial 
reflection and refraction by calculating the polarization 
state of each ray as it moves through the virtual dia- 
mond. Millions of rays of different colors are traced 
between the modeled light source, the virtual diamond, 
and the modeled observer, and each ray is followed 
until 99.99% of its energy has exited. Most rays follow a 
complex three-dimensional path, with more than three 
reflections; and rays of different colors entering the 
same spot at the same angle generally disperse, exiting 
the virtual diamond along entirely different paths. 

We have developed a numerical measure for bril- 
liance called weighted light return (WLR), which uses a 
diffuse hemisphere of white light and a weighted-aver- 
age observer (Hemphill et al., 1998). This lighting con- 
dition emphasizes brilliance over the other appearance 
aspects, and the observing condition captures the light 
returned to a predominantly, but not strictly, face-up 
position. WLR was calculated for over 20,000 propor- 
tion combinations, to explore primarily variations in 
crown angle, pavilion angle, and table size. Variation of 
one parameter alone yields results in general agreement 
with previous work on this question, such as that of 
Marcel Tolkowsky (1919). However, variation of two 
or three proportions together shows that WLR depends 
more strongly on the combination of proportions than 
on the exact value of any one of them. 


Various appearance aspects of the virtual diamond can be 
emphasized by modeling different kinds of lighting. This com- 
puter-generated image shows how diffuse lighting emphasizes 


brilliance, while minimizing contrast, extinction, and fire. 
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Jewels of the Russian Diamond Fund 
(Continued from Page 363) 


diamonds. I am going to note the 


most famous diamonds: ‘Orlov’ 
weighing 194.75 carats; ‘Shakh’ 
(Shah)—88.70 carats, the stone 


being of Indian ancestry; the octag- 
onal diamond of Katherine the 
Great—about 57 carats; a diamond 
solitaire weighing about 55 carats; a 
high rose-diamond of Indian cut 
with a bluish tinge, 47 carats; a 
large bracelet of Indian cut weighing 
40 carats, etc. Over 70 diamonds, 
exceptional in their size and weight, 
should be included in this group. 


“Here also are colored diamonds, 
which are especially valued in world 
collections. Such are pink diamonds 
of deep and brilliant tinge weighing 
3546 carats; delicately violet diamond 
weighing approximately 10 carats; 
large self-colored [samotzviet**] 
with pinkish tinge, weighing 401%. 
carats, and finally a large pink dia- 
mond in a brooch weighing more 
than 17 carats. It is interesting to 
note that in literature often is men- 
tioned a pink diamond‘, ruby-col- 
ored, weighing 10 carats, which was 
bought by Paul TI for 100,000 rubles. 
It is a rather fiat diamond, mounted 
in a diamond diadem. It is very 
clear, of delicately pinkish water, 
but it has its ruby color only due to 
underlying foil and to coloring of 
the stone on the reverse side. 


“Much more precious are blue 
diamonds: a deep blue one in a pin; 
the white one with blue overcoloring 
in a large riviere; and a beautiful, 
delicately violet, the equal to which 
we do not know in any collection. 
Such are the main diamonds in the 
Diamond’ Fund. It is almost impos- 
sible to describe them by words. 

“After the diamonds, emeralds 


take next place in the Diamond 
Fund. Here are two stones weighing 
174 carats; large dark green cabo- 
chons, 153 carats each; a beautiful 
flat stone of the clearest water with 
a Persian inscription?; and _ blue- 
green stones of Colombia; several 
Russian stones from the emerald 
mines of the Urals, including a large 
stone of irregular form, wrongly 
faceted, weighing 250 carats. But 
the best stone in this collection and 
at the same time a first class his- 
torical examplar—a colossal square 
tablet!, edged by exquisite leaves 
which are studded with diamonds, 
and weighing 136 carats; the dia- 
monds are of the clearest, deep, 
beautiful water; only in one corner 
of this tablet are noticed very tiny 
eracks, the results of some careless 
stroke. Who owned this stone and 
what is its history? The answer is lost 
in the fog of the past; yet there is 
no doubt but that it is one of the 
stones which in XVIth century were 
stolen from the idol temples of South 
America, and under the false name 
of Indian stones and with Indian 
cutting, for several centuries were 
the pride of the palaces of the Mo- 
guls and rajas. There is no collec- 
tion in the world which can com- 
pare with the emeralds of the Dia- 
mond Fund. 


“The third place in our sea of fire 
and light [Russian Diamond Fund] 
is occupied by a sapphire, dark blue 
stone from Himalayas and Kashmir. 
There are also cornflower blue 
stones* from the island of Ceylon. 
The large sapphires alone constitute 
about 1700 carats. The most signifi- 
cant of them all is a deep cabochon, 
covered with tiny hexagonal facets, 


WLR values do not form a “bull’s-eye” around 
some set of best proportions. Instead, rather wide 
ranges of proportions, in the right combinations, pro- 
duce very similar WLR and a similarly bright appear- 
ance to the eye. For example, with a pavilion angle 
fixed at 40.5°, combinations as different as a 23° crown 
angle with a 65% table, and a 35° crown angle with a 
53% table, yield different image patterns but similarly 
high WLR values. WLR also shows a complex depen- 
dence on some of the other proportions, particularly 
the length of the star facets. 

The development of a numerical expression for fire 
is the next step in this research. Despite the way that 
diffuse light reduces fire, images made with that light- 
ing show some dispersed light. These results suggest 
that the amount of this fire, as well as its position and 
nature, vary with proportions in a complex way. 
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Describing Diamond Colors 
with Common Names 


Stephen Hofer (stephenhofer@netscape.net), Fancy 
Color Consultants, Stockbridge, Massachusetts 


Common names such as canary, lilac, champagne, and 
cognac have been used for more than two centuries in 
the diamond industry as a simple and effective method 
for communicating colors (Hofer, 1998). These basic 
color terms are essentially part of the vocabulary of 
everyday life, and over the years they have gradually 
established themselves as part of the color nomencla- 
ture spoken by diamond professionals. 

In the modern diamond trade, the utility and sim- 
plicity of common names is slowly being pushed aside 
in favor of color-measuring instruments and numerical 
color-grading systems that aspire to describe diamond 
colors with greater accuracy and precision. However, 
when used correctly, common color names offer the 
retail jeweler a subtly sophisticated method for describ- 
ing diamond colors that incorporates the three elements 
that all colors possess—hue, lightness or darkness (also 
known as tone), and saturation—into a single word. 

The purpose of a common color name is to com- 
municate the appearance of a given color, or to enable 
someone to “think in color.” Therefore, the common 
name chosen must be so characteristic of the color’s 


appearance that it is readily understood by others. 
Since our environment is the source of many colors, it 
is here that we must look for objects of typical colors, 
objects for which we already have names and which 
can be used to describe a specific diamond color. 

The essence of effective color communication is 
simplicity: the simpler the color-naming system, the 
easier it is for someone to comprehend the message. 
With colored diamonds, the naming of colors begins 
with color by analogy. Lilac, for example, is derived 
from the analogous color of the flowers of the hearty 
shrub (Syringa vulgaris), denoting a purple hue, with 
light to dark tone and moderate saturation. 
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Is Ideal Really Ideal? 
How the Cut Affects the 
Beauty of Diamonds 


Kurt P. Schoeckert and Randall M. Wagner, GemEx 
Systems Inc. (gemex@gemex.com), Mequon, Wisconsin 


For many years, diamond cutters have been debating and 
investigating the requirements necessary to create the 
most attractive diamond. Various instruments have been 
developed to assess diamond appearance. Probably the 
most significant tool is an instrument (Sarin BrilliantEye) 
that measures the facet angles on the finished diamond. 
This allows cutters to refine their faceting and improve 
the repeatability and quality of their cuts. 

Various studies have focused on defining the 
“Ideal” cut that will best maximize the qualities of the 
diamond. These projects have resulted in much of the 
industry assigning a particular arrangement of facets as 
being most desirable, although many others disagree 
with this “assignment.” 

An alternative approach is to actually measure a 
stone and quantify its light performance. How well 
does the stone disperse white light into its color com- 
ponents? How well does it return light from within the 
crown? How bright does the stone appear? Using new 
technology (BrillianceScope Analyzer by GemEx 
Systems Inc.), all of these characteristics can now be 
quantified. Certain facet arrangements result in greater 
dispersion, others result in brighter stones, and still oth- 
ers result in more scintillation. 

This evaluation method can be applied to all dia- 
mond shapes, not just round brilliants. The results are 
more easily understood than through comparison to a 
particular geometric arrangement. By providing multi- 
ple illumination conditions and angles in the measure- 
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ment process, the instrument does not unfairly reward 
a single facet arrangement, and overall appearance 
quality can be assessed. Using this measurement tech- 
nique, lapidaries are able to refine their cuts for any 
particular characteristic desired: brilliance, brightness, 
dispersion, or scintillation. 


GENERAL GEMOLOGY 


Visions of Gems: 
The Photodocumentation 
of Gemological Subjects 


Maha DeMaggio (mdemaggio@giagtl.org) and 
John Koivula, G/A, Carlsbad, California 


In the field of gemology, it would be very difficult for 
lecturers and teachers to present information without 
the aid of photography. So too, in the publication of 
gemological information, does the visual presentation of 
appropriate photo-images add greatly to any article or 
book. This is because color and form are intrinsic to 
gemstones and gemology, and they are not easily 
described with words alone. For cases where color is not 
critical, black-and-white reproductions are inexpensive 
to publish and can be very informative (see figure). 

Just imagine how “dry” a gemological speech would 
probably be, or how lifeless an article would appear, 
without photographs. Photo-images break the monot- 
ony of a “talking heads” presentation, or page-after-page 
of text. Good-quality photographs draw people into a 
speech, book, or article, and help to maintain their 
interest. In gemology, a picture truly is worth a thou- 
sand words . . . and quite often much more. 

Gemological photography involves both art and sci- 
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ence. The photographer must have scientific knowledge 
of a subject in order to bring out significant details, but 
he or she also must be able to present those details artis- 
tically, in a pleasing photograph. Gemological pho- 
tographs can be divided into two distinct categories: 
macrophotography and photomicrography (again, see 
figure). Macrophotography deals in the “macro 
world.” In this arena, the gem photographer prepares 
images of objects such as jewelry pieces, suites of gem- 
stones, or gem rough. This is in essence a presentation 
of what the human eye would see without the aid of 
instrumentation. Photomicrography, on the other 
hand, is concerned with the “micro world.” The pho- 
tomicrographer explores the surfaces and interiors of 
gemstones with a gemological microscope, and pre- 
pares photomicrographs as illustrations useful for con- 
veying gemological information that is normally hid- 
den from view. Although these two disciplines have 
their differences in the areas of subject preparation, film 
types, lighting, and photographic equipment, they 
often work hand-in-hand to complete a gemological 
picture of a particular subject. 


Laser Ablation-Inductively Coupled 
Plasma—Mass Spectrometry: A New 
Way of Analyzing Gemstones 


Detlef Giinther (guenther@inorg.chem.ethz.ch), 
Laboratory of Inorganic Chemistry, Zurich, Switzerland; 
and Robert E. Kane, San Diego, California 


Energy-dispersive X-ray fluorescence (EDXRF) spec- 
trometry has been used for years by some gemological 
laboratories to determine nondestructively the trace- 
element composition of faceted rubies and sapphires. 
However, because of the limited sensitivity for many 


The macrophotograph on the left dra- 
matically illustrates the partial oxida- 
tion of a discoid pyrite inclusion within 
a polished sample of Brazilian quartz 
(43.54 X29.07 X 17.54 mm); photo 
by Maha DeMaggio. On the right, a 
close-up of the pyrite inclusions reveals 
the angular edging and structure of the 
pyrite inclusions; the square outline of 
the smaller satellite crystal exemplifies 
its isometric nature. Photomicrograph 
by John I. Koivula; magnified 40x. 


elements, the EDXRF technique is capable of measur- 
ing only a few trace elements that are useful for geo- 
graphic origin determination—especially for blue sap- 
phires, for which very few diagnostic elements are 
detectable by EDXRF. Laser ablation—inductively cou- 
pled plasma—mass spectrometry (LA-ICP-—MS) is a 
powerful analytical technique for chemically analyzing a 
wide variety of solid materials. It has been used for 
many years at laboratories around the world, in fields 
other than gemology. However, largely because of 
improvements in equipment design, LA-ICP—MS now 
has significant potential application to gemological 
materials. It could provide accurate chemical data for 
determining (1) natural versus synthetic origin, (2) ori- 
gin of color, and (3) country-of-origin determination 
for several gemstones, including ruby, sapphire, emer- 
ald, alexandrite, and perhaps even diamond. 
LA-ICP-MS has several advantages over EDXRF, 
such as improved detection limits and comparatively 
few spectral and nonspectral interferences. Therefore, 
all of the trace elements of interest in gem materials 
including light elements—not only are detectable, but 
also are measurable to parts per million or even parts 
per billion, by LA-ICP—MS. New generations of ICP 
mass spectrometers make it possible to analyze major, 
minor, and trace elements within a single analysis. 
Although LA-ICP-MS is locally destructive, the 
extent of damage can be kept to a minimum (1.e., a few 
nanometers of sample per laser pulse). A preliminary 
study using blue sapphire samples revealed that the very 
minor damage is difficult or sometimes impossible to 
see with 10X magnification. The data from this study 
indicated that it should be possible to distinguish sap- 
phires from different geographic locations using 
LA-ICP-MS. However, for this technique to be useful 
in gemology, several challenges must be overcome. An 
extensive database of LA-ICP—MS analyses must be 
obtained from a sufficiently large and credible collection 
of gemstones of known geographic origin or, as appro- 
priate, synthesis. Gemological application will also 
require specialized computer programs for multivariate 
analysis to recognize meaningful correlations among the 
large quantities of data that this technique generates. 


The Gem & Mineral Council 


Danusia Niklewicz, Former President—Gem & Mineral 
Council, Los Angeles County Museum of Natural 
History, California 


The Gem & Mineral Council of the Natural History 
Museum of Los Angeles County, founded in 1985, is 
the world’s foremost gem and mineral museum support 
and public programming organization. Members have 


many opportunities to advance their knowledge and 
enjoyment of gems and minerals through a variety of 
programs, including exciting field trips, educational 
lectures, and exclusive social events. Examples of some 
organized trips that the Council has sponsored include 
(1) a trip to Russia that revolved around the theme of 
Russia’s gem heritage, (2) several trips to Brazil that 
included opportunities to visit mines and meet dealers 
in pursuit of gems and minerals, and (3) field trips to 
several important mineral localities in the U.S. Pro- 
ceeds from annual dues, field trips, and fund-raising 
activities support the museum’s Mineral Science 
Section, allowing it to maintain and expand its world- 
class gem and mineral collection and gallery, organize 
special exhibits, undertake mineralogical and gemolog- 
ical research, and generally benefit the gem and miner- 
al community and the public at large. 

The Gem & Mineral Council and the Mineral 
Sciences Section recently initiated an intriguing fund- 
raising effort entitled “Adopt-a-Mineral.” This pro- 
gram gives members of the public a way to have a 
direct impact on the growth of the Museum’s gem and 
mineral collection, and at the same time to offer a 
means of dedicating a specimen to the person of their 
choice. To further its educational outreach, the 
Council recently produced the highly useful Photo- 
Atlas of Minerals CD-ROM. The Council encourages 
other museums and groups to emulate its methods of 
promoting education about gemstones and supporting 
related projects. 


Shedding a New Light on 
Medieval Darkness 


Sabine Haberli (sabine.haeberli@bs.ch), Historisches 
Museum Basel, Switzerland; Henry A. Hanni and 
Lore Kiefert, SSEF Swiss Gemmological Institute, 
Basel, Switzerland 


The treasury of Basel Cathedral in Basel, Switzerland, 
is fascinating not only for the artistic quality and rich- 
ness of its pieces, but also for its long history. Through 
donations and occasional purchases during the 500 
years from the early 11th century until the advent of 
the Reformation in the early 16th century, several 
hundred goldworks were collected in the cathedral of 
the Bishopric of Basel. These crosses, monstrances, and 
various other religious artifacts were used during Mass. 
Before the Reformation, Basel Cathedral had the rich- 
est church treasury in the region that is today southern 
Germany and Switzerland. 

The treasury had, until 1996, only been described 
in terms of its historical, cultural, and artistic impor- 
tance. Since 1996, the SSEF Swiss Gemmological 
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Institute, in collaboration with the Historisches 
Museum Basel, has examined the gem materials in 14 
selected items using the nondestructive techniques of 
optical microscopy and laser Raman microspectrome- 
try (see, e.g., Hanni et al., 1998). We were surprised to 
find so many gemstone imitations, such as glass and 
doublets with colored layers, in historic pieces of art 
with outstanding metal work. Among the natural gem- 
stones we encountered were several varieties of quartz 
(rock crystal, amethyst, citrine, carnelian, agate, and 
chrysoprase), dark blue and light blue sapphires, ruby, 
red almandine garnet, diamond, and turquoise. In two 
important objects we identified gemstones that were 
presumably unusual for that period, such as peridot, 
spinel, fluorite, aquamarine, and emerald. 

The study demonstrated that Raman microspec- 
trometry is a reliable method for nondestructively 
identifying gem materials in historical objects. We 
hope that art historians will consider employing this 
useful analytical technique in the future. 
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Dynamic Earth: Inco Ltd. Gallery 
of Earth Sciences 


Terri Ottaway (terrio@rom.on.ca) and Fred Wicks, 
Royal Ontario Museum, Toronto, Ontario, Canada 


Planet Earth as a System of Systems is the theme of the 
new 14,000 square foot Gallery of Earth Sciences at the 
Royal Ontario Museum. The main system is plate tec- 
tonics, which provides a sumple but powerful story line 
that links geologic processes across and within the globe, 
and blends them into a unified version of the earth. 
With the emphasis on process, rather than on sim- 
ple observation and classification, rocks and minerals 
are displayed according to their geologic environments 
in four large cases that dominate the mineral hall. 
Spectacular gem crystals and materials are particularly 
powerful tools for highlighting stories of mineral for- 
mation. Large crystals of aquamarine, topaz, and tour- 
maline illustrate the pegmatite environment, associated 
with minerals derived from molten rock in a case 
called “Chilling Out.” Agates and amethyst, in a case 
called “In and Out of Hot Water,” are some of the 
more familiar minerals precipitated from aqueous solu- 
tions. Garnets, jade, and sapphires are among the beau- 
tiful products of metamorphism found in the “Under 
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Stress” case, and colorful minerals such as malachite 
and azurite delve into the mysterious world of sec- 
ondary minerals and chemical alteration in the 
“Changing Identity” case. 

The Gallery also takes a fascinating look at the role 
that life, especially microbial life, has played in trans- 
forming Earth into a blue planet—in contrast to its 
lifeless cousins Venus and Mars. Increasingly, life is 
being recognized as a geologic force, not only creating 
and sustaining our atmosphere and oceans, but also 
creating rock formations (i.e., limestones) and partici- 
pating in the genesis of many important mineral 
deposits. Among these are the diamonds found in 
eclogites from Russia and emeralds from the black 
shales of Colombia. 

It is hoped that the Gallery of Earth Sciences will 
inspire all visitors with the wonders of our planet, and 
provide a better understanding of what transpires be- 
neath our feet. 


A Color Communication System 
for Gemstones 


Sakda Siripant (sakda@git.or.th), The Gem and 
Jewelry Institute of Thailand, Bangkok 


A method that quantifies the color of a gemstone and 
is accepted by the gem trade has long been an elusive 
goal. There are obvious advantages to such a color 
communication system in the commercial side of 
gemology. For example, any parameters obtained by 
the system could be included on colored gem certifi- 
cates in much the same manner as color grade is 
included on diamond certificates. In addition, the 
numerical color data could be used in inventory con- 
trol, buying and selling, repairs, appraisals, and for 
communication through the Internet, which has 
become an important medium for the global gem 
trade. Moreover, researchers of color treatment could 
use such a system for the description of gems before 
and after treatment. 

The color communication system suggested here is 
based on L*a*b* color space (see, e.g., Billmeyer and 
Saltzman, 1981), and the determination of several 
parameters that are derived from spectrophotometric 
measurements of a gemstone. The parameters used, 
and their definitions, are: 


L*—Metric lightness function 

a*—Colorimetric values on the red-green axis of 
L*a*b* color space 

b*—Colorimetric values on the yellow-blue axis of 


L*a*b* color space 

U’—Metric chromaticity coordinates of CIE 1976 
(CIE L*U*V*) 

V’—Metric chromaticity coordinates of CIE 1976 
(CIE L*U*V*) 

x,y—Chromaticity coordinates of CIE 1936, where x 
= X/(X+Y+Z) and y = Y/(X+Y+Z); X,Y,Z = 
tristimulus values 


The objective of this research project was to construct 
a color communication system for gems that describes 
color characteristics in the form of numbers for the values 
a*b*, as derived from spectrophotometric measurements 
obtained with an Image Spec spectrophotometer. The 
parameters U’ and V’ are calculated from a*b*, which 
may be correlated to established color systems such as the 
Munsell system. By means of computer programming 
developed by EMPA, St. Gallen, Switzerland, 56 pages of 
tables have been produced for converting the x,y chro- 
maticity coordinates of CIE 1936 into a*b* and U’V’ val- 
ues for each color chip in the Munsell system. Munsell 
color chips of the same value were systematically located 
in the U’V’ diagram and L*a*b* color space according to 
their color coordinates. The conversion tables, the adapt- 
ed U’V’ diagrams, and the a*b* color chart serve as the 
communication tools by which a gem’s color characteris- 
tics are correlated to established color systems in order to 
provide a visual representation. 
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Reflection and Scattering Spectroscopy 
for Nondestructive Gem Identification 


L. I. Tretyakova, Russian Mineralogical Society, 

St. Petersburg, Russia; N. B. Reshetnyak, A//-Russian 
Geological Institute, St. Petersburg; and Y. V. 
Tretyakova, Russian Ocean Geology Research Institute, 
St. Petersburg 


Three spectroscopic methods can be used to analyze 
nondestructively the vibrational and electronic spectral 
properties of gem materials. Reflectance infrared spec- 
troscopy and laser Raman microspectrometry are rela- 
tively simple methods for obtaining vibrational spec- 
tra, which can be used to identify the gem or mineral 
species. Electronic spectra are obtained by diffuse 
reflectance spectroscopy in the ultraviolet/visible/ 
near-infrared (UV/Vis/NIR) range, 200-2500 nm; 
the absorption lines are related to impurity or defect- 
impurity color centers. The spectra obtained by all 


three techniques can be measured from any surface 
that is 0.01-1 mm?. The authors have established a 
database of reflectance infrared and Raman spectra for 
250 natural and synthetic materials; this database is 
supplemented by diffuse reflectance spectra in the 
UV/Vis/NIR range for several color varieties of these 
minerals. 

These methods may be used either singly or in 
combination to identify gem materials, differentiate 
natural gems from their synthetic counterparts, and 
detect gemstone treatments. For example, the tech- 
niques can provide a clear distinction between natural 
and synthetic diamonds, and can also identify filled dia- 
monds. The samples do not require special preparation, 
or removal from jewelry or (if rough) from their 
matrix. Accordingly, these methods are particularly 
useful for the investigation of archeological specimens, 
antiques, historical and religious objects, museum spec- 
imens, and mounted jewelry where destructive tech- 
niques or the unmounting of the stone from its setting 
are unacceptable. 


Gem Quality Index (GQI) 


T. E. Tashey Jr. (tt@gqi.com), Gem Quality Institute, 
Chicago, Illinois 


Evaluating a gemstone by using the 4Cs of color, clari- 
ty, cut, and carat weight can be carried one step further 
by considering a fifth important attribute—rarity. There 
is a complex interrelationship between the 4Cs and 
rarity. The Gem Quality Index (GQJ) is a proposed 
system that rates the relative importance of color, clari- 
ty, cut, and carat weight, with respect to the rarity fac- 
tor, to produce a single, overall quality rating for any 
particular gemstone. Essentially it assigns different per- 
centages to the different attributes, by rating their rela- 
tive importance. Different varieties of the same gem- 
stone will obviously receive a different mix of percent- 
ages for their attributes. 

Examples are illustrated in the accompanying fig- 
ure. Part A shows how the rarity factor is determined 
for white and off-white diamonds, in terms of weight- 
ed percentages for carat weight, color, clarity, and cut. 
Such diamonds weighing 0.01-1.19 ct (part B) are 
weighted at 25% for color and 15% for rarity. In con- 
trast, fancy-colored yellow diamonds of the same size 
range (part C) have increased factors for color (45%) 
and rarity (25%). Further, as the size of a gemstone 
increases, the rarity factor also increases (e.g., to 30% 
for white and off-white diamonds weighing 3.00—3.99 
ct; part D). Accordingly, the rarity component based 


Fatt 1999 163 


GEMS & GEMOLOGY 


Gem Quality Index (Sample Tables) 


A Rarity factor (white and off-white diarnonds) 
= ~ - ———— 1 
Size (carat weight) | Color Clarity | Cut 
iu oP | | 
} 65% 10% 15% 10% 
B White and off-white diamonds (0.0)1-1.19 ct) 
Golor grade & appearance Clarity grade & appearance | Cut grade & appearance | Rarity factor 
| 
25% 35% 25% 15% 
ee 
Cc Fancy-color yellow diamonds, (0.01-1.19 ct) 
Color appearance Clarity grade & Cut grade & Rarity factor 
___ ee —_ _ appearance appearance | i 
45% 15% 15% 25% 
D White and off-white dieumonds (3.00—3.99 ct) 
T 
Color grade & appearance Clarity grade & appearance Cut grade & appearance Rarity factor 
=a . = 7 = 
25% 25% 20% 30% | 
| 
E Colored gemstones (rub'y, emerald, alexandrite; 0.01—1.49 ct) 
Clarity grade Cut grade ; 
| Color appearance | & appearance & appearance Rarity factor 
| 45% | 15% 15% 25% 


These charts show how the various attributes (i.e., color, clarity, cut, and carat weight) of a gem can be rated with respect to rarity 


using the Gem Quality Index. 


on size increases to a maximum of 65% when a white 
to off-white diamond weighs over 100 ct. The GQI 
system can also be applied to colored stones, as illus- 
trated in part E. 

The intent of the Gem Quality Index is to create a 
meaningful scale from 0 to 10, with 10 being the 
top quality and designated as Exceptional. Sub- 
sequent grades will be designated as Top Gem, and 
Top Gem,; Gem,, Gem,, and Gem; Commercial, and 
Commercial; and finally, Promotional, and Promo- 
tional.,. 
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GENISTONE MARKETI 
Achievements from Patents, Designs, 
and Trademarks Relating to 
the Gem Trade 
Nicholas Delre, GIA Gem Trade Laboratory, New York 


Intellectual property, a concept that began about four 
centuries ago, consists in part of industrial properties 
(e.g., utility patents, design patents, and trademarks). 


NHEPUBLIQUE FRANGAISE, 


OFFICE NATIONAL DE LA PROPMIETE INDUSTRIELLE. 


——+44+ 


XVIL. — Arts industriels. 
5, — Buverasne, souncesie cr onrtvarare. 


W° 324,092 


Brevet de quinze aus demande le 28 welt 190% par M. ASSCHER (Joseph), pow 
nouceau mode de taille de diamante, (Dilivré le 2 décembre igo; publi le 23 mars 


1903.) 
N° 324.092 M. Asscher PL uitique 
c 
z 


Diamond faceting styles have been patented for decades. This 
partial example of a patented diamond cut by M. Asscher 
(Joseph) was issued in 1902 and made public in 1903. 


These safeguards offer certain rights and protection that 
allow the inventor to exclude others from making, 
using, or selling the same invention, usually for a limit- 
ed period of time. 


Main classifications of jewelry items within patents 
and trademarks. 


U.S. system International system 
Utility patents Class 63 Class A44 
Design patents Class D11 Class 114 
Trademarks Class 14 Class 14 


Source: Patents Assist CD ROM (U.S. Department of Commerce, Patent 
and Trademark Office, Washington, DC, March 1999). 


Generally speaking: (1) a utility patent protects the 
way an article is used and how it works; (2) a design 
patent protects the way an article looks; and (3) a trade- 
mark is an identifying word, phrase, symbol, or design 
that distinguishes the goods or services of one party 
from those of others. As more countries have become 
involved in developing and producing industrial prop- 
erties, particularly in the latter half of this century, there 
has been an explosion in the number of these proper- 
ties. The accumulated patent literature offers an exten- 
sive reservoir of probably the most up-to-date source of 
information on technological progress for new products 
and processes in every technology. In addition, indus- 
trial properties have become sources for new innova- 
tions and improvements on old concepts. 

Industrial properties are primarily grouped under 
classes and subclasses found within major classification 
systems (i.e., the U.S. and international patent classifi- 
cation systems; see table). 

Persons wishing to view the classification system in 
depth and obtain patents or trademarks, should contact 
the U.S. Patent and Trademark Office, General 
Information Services, at 800-786-9199 or visit their 
Web site at http://www.uspto.gov. 


Gem Enhancements and 
Their Effect on Pricing 


Richard Drucker (rdrucker@ix.netcom.com), 
Gemworld International, Inc., Northbrook, Illinois 


The latter part of the 1990s was a critical time for the 
gem industry, due to controversies over gemstone 
enhancements and disclosure. Because of consumer 
uncertainty over disclosure, the industry saw many set- 
backs in gemstone pricing. 

Emeralds were hardest hit by the enhancement 
issues. Consumer awareness of emerald enhancements 
(such as Opticon) reduced confidence levels and 
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brought dramatic price decreases. On average, the 
price of extra-fine-quality one-carat emeralds dropped 
by 23% from their high in 1995, and good- to fine- 
quality emeralds declined by about 50%. The abun- 
dance of commercial-quality, heavily treated emeralds 
resulted in a price decrease of about 65% for this mate- 
rial during this four-year period. 

Partly as a result of enhancement issues, ruby prices 
declined over the past eight years. The initial drop in 
price resulted from an abundance of supply, as new 
material from Mong Hsu (Myanmar) flooded the mar- 
ket. The attractive appearance, low price, and large 
supply of the (commonly heat treated) material con- 
tributed to an overall reduction in ruby prices. 
Questions regarding the acceptability of the glass filling 
present in some of the heat-treated rubies caused prices 
to drop further over the past two years. Overall, the 
price of extra-fine-quality rubies has fallen approxi- 
mately 36% since 1991; fine quality is down about 
45%, good quality is down 51%, and commercial qual- 
ity dropped 54%. As in the case for emeralds, the lower 
quality grades suffered a greater price decrease. 

If the industry is to survive the aggressive techno- 
logical advances of gemstone enhancement, we must 
push for greater education and full disclosure. Through 
these means, confidence can be restored and profitabil- 
ity will return. 


Better Understanding of Gems and 
Daylight for Enhanced Work and 
Business Success 


Manfred Eickhorst (info@eickhorst.com), System 
Eickhorst, Hamburg, Germany 


In the wholesale gem business, buying and selling cus- 
tomarily take place under conditions of natural day- 
light, at north-facing windows. Alternatively, fluores- 
cent lighting is used, with the color of the light as simi- 
lar to natural daylight as possible. For both near-color- 
less and colored diamonds, bulbs with a color tempera- 
ture of approximately 6,500 kelvin (K) traditionally are 
used, whereas for colored stones, 5,500 K bulbs are 
preferred. The wholesale gem business, therefore, 
employs different kinds of artificial light depending on 
the gemstones involved. 

Jewelers, however, typically sell all of their gems 
using one kind of light, a halogen lamp with a color 
temperature of approximately 3,000 K. This light is 
appreciably more yellow than natural daylight and, 
accordingly, “falsifies” the color of gemstones. 
Although halogen light may enhance the color of 
rubies, it is detrimental to the color of sapphires, emer- 
alds, and near-colorless diamonds. As a rule, the jewel- 
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er feels it is more important to promote optical effects 
such as brilliance, dispersion, and dichroism, which are 
enhanced by halogen lighting. Consequently, jewelers 
rarely use daylight-equivalent illumination to display 
the “true” color of gems. 

The use of daylight-equivalent lighting is encour- 
aged to bring out the best color appearance of gem- 
stones in the retail environment. The following light- 
ing factors should be taken into consideration when 
designing the most effective lighting system. 


¢ The amount of incident luminous intensity is 
referred to as illuminance (measured in lux or foot- 
candles). 


The daylight-equivalent color of the light, oriented 
to international standards, is D 55 and D 65 (ie., 
5,500 K and 6,500 K, respectively). 

Color rendering in comparison to natural daylight is 
designated by the Color Rendering Index (C.R.I.). 
Accent lighting and single-point lighting may be 
used to enhance the appearance of light reflected 
by gemstones. 


Daylight-equivalent supplementary lighting may be 
used in combination with halogen lamps. 


For optimal eye comfort, flicker can be eliminated 
from fluorescent lamps with electronic ballast 
devices. 

Jewelers should have the ability to dim the bright- 
ness of fluorescent lamps to meet requirements for 
effective presentation. 


A better understanding of the versatility of modern 
fluorescent lamps and other light sources will enable 
sellers to demonstrate the unique color beauty of gem- 
stones, and thus decisively contribute to the success of 
their business. 


Software Management Systems 
for Jewelers 


Don Greig (profit@armsusa.com), ARMS USA, 
Henderson, Nevada 


The biggest problem facing retailers is poor liquidity, 
caused by a lack of management ability, lack of profit, 
excessive investment in stock, and a majority of stock 
that just doesn’t sell. In other words, “No retailer ever 
had problems with stock that sells with the right profit 
margins and the right quantities!” 

If retailers are to control their business, rather than 
be controlled by their business, four critical areas need 
attention: stock, suppliers, staff (sales), and self (man- 
agement decisions). To be successful, jewelers need to: 


1. Recognize and manage fast- and slow- 
selling inventory. 


2. Understand the factors that affect profit, 
and learn how to implement profit- 
enhancing techniques into the business. 


3. Initiate a refined reordering system that 
ensures that the best-selling merchandise 
is always in stock. 


4. Create usable management plans that 
work. 


5. Implement training and plans to enhance 
the staff's cohesiveness as a team. 


6. Learn how to effectively manage suppli- 
ers and create stronger working relation- 
ships, and learn to develop the store in 
the areas that are not performing to 
defined expectations. 


7. Control debt. 


A good software management system will help 
manage a retailer’s physical stock efficiently. It will 
allow access to information and reports that identify 
strengths and weaknesses, and it should become the 
retailer’s tool for producing more profit by buying 
right and marking up correctly. 


Publicity and Profits vs. 
Advertisements and Expenses 


Henry F. Kennedy (phone/fax 732-462-6043), H. F. 
Kennedy: The Museum Exhibit, Freehold, New Jersey 


How can retail jewelers achieve bigger and faster sales 
while conserving advertising expenses? How can they 
stand out from the competition and find greater name 
recognition, both in the jewelry industry and in the 
community? By developing communication skills with 
the media, retailers can increase their exposure without 
financial expenditure. 

Many second- and third-generation jewelers can 
trace their retail roots to a relative who was in the 
watch repair business. As the economy boomed after 
World War II, watch repairers gradually found them- 
selves selling more diverse jewelry products. Because 
business was steady, and most of the advertising was by 
word of mouth, they never really had to concern 
themselves with paid advertising or publicity. They 
had little time or need to develop communication skills 
with the media. 


The times are changing . . . and quickly! Today’s 


retail jeweler has never faced more diverse, intense 
competition from so many new sources. At the same 
time, advertising costs have skyrocketed and the num- 
ber of media outlets has multiplied, further diluting the 
power of advertising dollars. 

Communication—as distinct from advertising— 
means getting free coverage by the media: TV, radio, 
and print. You don’t need money, power, or a particu- 
lar position to take advantage of media marketing. 
Media coverage is media marketing—simply receiving 
media coverage creates importance. Rather than spend- 
ing big money to create elaborate brochures, jewelers 
and manufacturers should take advantage of media 
marketing. Strategies should be designed to enhance 
the image of products, persons, and events. By main- 
taining a local focus, a company can create synergy 
among the media. 

Media-savvy promotions are entertaining and excit- 
ing. The hardest part is “hooking” or catching the 
media’s attention—you can do this with creativity. 

A lack of understanding of how the news media 
operates explains why so many promotions fail. The 
media strives for more distinction, greater circulation, 
and higher ratings. In the jewelry trade, products and 
services can be marketed with the same goals in mind. 

For example, Swiss jeweler Bucherer generated 
some of its best colored gemstone sales on minimal 
advertising in 1988. The results were achieved through 
media interest in an 18.50 ct cat’s-eye alexandrite that 
was toured through a half dozen of Bucherer’s stores 
and promoted as the rarest, most spectacular jewel in 
the world. The company’s size and money were 
important, but not as important as their creativity and 
packaging. 

Advertising and editorial coverage involve different 
values. Indeed, advertising often incites the adversary 
mode in each of us. However, carefully placed media 
marketing creates and packages ideas that will be inter- 
esting to reporters and exciting to the audience, and 
that will produce measurable results. 


Building a Profitable Appraisal Business 


Steven Knight (sknight@jewelryjudge.net), 

The Jewelry Judge, Hamilton, Ontario, Canada; 
Ralph S. Joseph, The Jewelry Judge, Princeton, 
New Jersey; and Barry Block, The Jewelry Judge, 
Garden City, New York 


Appraising has developed into an important profession 
within the jewelry industry. Today qualified individu- 
als are finding more career opportunities in apprais- 
ing—either independently or through retail jewelry 
establishments or franchise opportunities—provided 
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they take the necessary steps to build their credentials 
and develop effective marketing strategies. 

Consumers are becoming more aware of profes- 
sional credentials, and will seek out appraisers who 
have them. Building credentials can increase consumer 
confidence, while adding to an appraiser’s knowledge 
base. After completion of gemological coursework, an 
appraiser’s training should be continued in any of a 
number of specialty appraisal courses available, specifi- 
cally in valuation science. 

In order to generate business, effective marketing 
strategies include print, electronic, and other media 
advertising. Counter displays that detail your services 
can be distributed and displayed at jewelry stores that 
benefit from your association with them. Sales person- 
nel at these stores will gladly recommend your profes- 
sional services as a qualified appraiser. 

A new frontier in the appraisal profession is the 
concept of franchising. The advantages of franchising 
include proven marketing strategies, financial and busi- 
ness planning and support, protected territories, name 
recognition, and group benefits to independent busi- 
ness owners. The “while you watch” philosophy of the 
appraisal franchise appeals to a growing number of 
clients who are uncomfortable leaving jewelry in the 
possession of jewelers or appraisers whom they do not 
know. The Jewelry Judge Appraisal Centers are currently 
the only such franchised offering. Centers are now 
operating, and are expanding into all major markets in 


the U.S. and Canada. 


Jewelry Appraising: Professionalism 
in the New Millennium 


Anna M. Miller (4013@polygon.net), Master Valuer 
International, Pearland, Texas 


Education in valuation science is the foundation of pro- 
fessional jewelry appraising, and the number one ele- 
ment in an appraiser’s long-term success. Completion 
of a program of structured, academic valuation study is 
the most important of the many qualifications necessary 
to becoming a professional jewelry appraiser. The call 
for full professional appraiser status comes from an 
international demand for intelligent and ethical valua- 
tions, logical data analysis, and skilled use of current val- 
uation procedures. To answer this need, comprehensive 
diploma courses in gem and jewelry appraising have 
been developed and are now being given worldwide in 
workshops, college residence classes, and by correspon- 
dence. These advanced jewelry appraising courses have 
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introduced new systems, procedures, and ways of com- 
municating in valuation science. 

Rapid global change requires appraisers to under- 
stand markets outside of their own, while thinking 
beyond the boundaries of current resources. Since 
change brings opportunity for growth, the professional 
anticipates and adapts to change. A competitive edge is 
acquired by the appraiser who has expertise in value 
methodologies, an understanding of current appraisal 
standards, and the willingness to investigate a novel 
approach to establishing value in specialty markets 
(e.g., jadeite, antique and estate jewelry). Also, a pro- 
fessional appraiser must be comfortable working in 
international markets and have a sound understanding 
of how global economics impact valuations. Although 
some appraisers turn to prepared price lists to estimate 
values, this approach will be inadequate in the future. 
Precise pricing and value justification will be best con- 
ducted with the aid of global networking between 
educated professionals sharing the same goals, stan- 
dards, and exacting market research. 


What Does That Emerald Look Like? 
How to Communicate Color and 
Appearance across Continents 


Randall M. Wagner (gerandyw@gemex.com), 
GemEx Systems Inc., Mequon, Wisconsin 


Communicating the color and appearance of gem- 
stones across distances is a complicated problem. 
Although various color communication systems have 
been developed, using color samples—such as those in 
the GIA GemSet, GemDialog, or World of Color 
packages—to describe a gemstone’s color neglects 
many of the aspects that are integral to the stone’s 
appearance (i.e., color uniformity, windowing, extinc- 
tion, brilliance, and scintillation). Photography can 
provide useful images of gemstones, but the color ren- 
dered in a photo is complicated by several factors dur- 
ing the exposure and development process. Although 
electronic cameras can significantly reduce the effort 
involved in capturing and transmitting images, they 
face the same problems as conventional cameras. Just as 
each film type records color differently, each camera 
records its own “version” of color; just as the develop- 
ment process affects the stone’s color, each computer 
monitor displays color differently. Although the cam- 
era and monitor can both be calibrated for acceptable 
color representation, this adjustment is lost on another 
user’s system. 


WINTER, 1946 878 


Figure 1 


Large square emer- 
ald mounted as a 
brooch, 126.25 m.c. 
(full size). 


Figure 2 


Brooch decorated 
with large emerald, 
covered with an 
Arabian inscription, 
40. mc. (full size). 


Figure 3 


Brooch-coulant with 
large emeralds; rec- 
tangular, 6 m.c¢.; 
pendant, 110 mc. 
(full size). Not men- 
tioned in text. 


Reproduced from 
“Russia’s Treasure of Diamonds and Precious Stones.” 


However, if an imaging spectrophotometer is used 
to measure the complete spectral response of a gem- 
stone, the corresponding image can be consistently dis- 
played on any monitor in the world, provided the 
chromaticity coordinates for that monitor are known. 
The spectrophotometer measurement is used to adjust 
the color of the image on the computer screen. As a 
result, the Internet can now be used to communicate 
both the color and appearance of a gemstone across 
continents in minutes. 


JEWELRY 


Engraved Gems: 6000 BC- 2000 AD 
Ute Klein Bernhardt, Wausau, Wisconsin 


The art of gem carving, which is as old as civilization, 
had a humble, utilitarian beginning 8,000 years ago 
with the carving of clay stamp seals. During this time, 
known as the Protoliterate Period, there was no writ- 
ten language and the carved seals functioned as signa- 
tures for contractual purposes and for identifying per- 
sonal property. As religion evolved, the carved seals 
took the form of decorative and functional amulets. 
Although the amulets continued to serve as readily 
available signatures, they also were used as protection 
against malaise. 

Five thousand years ago, a major change occurred 
when carvers began to create cylindrical seals using 
very soft gems instead of clay. Later, as written lan- 
guage came into being, carvers began using harder, 
more precious gems for their seals. Gem materials 
carved into a multitude of different designs (e.g., 
stamps, amulets, or cylinder seals) have been coveted 
by the elite through the centuries. 

Historically, gem carving has been a cyclical art. 
With each reemergence the art reached a higher level, 
attaining perfection (even by current standards) during 
the Greek, Etruscan, and Roman periods. After the 
Roman period, very little gem carving was done until 
the early Renaissance, when the art was rediscovered 
and enjoyed great popularity for the next 200-300 
years. During this time, members of the nobility (such 
as Italy’s Medici family) owned studios and were the 
employers and patrons of the artisans. Very fine work 
was produced by a number of masters. These royal 
gem collections were housed in “Treasure Rooms,” 
which became the forerunners of today’s museums. 

At the onset of the 18th century, Russia had two 


active carving centers. However, interest and apprecia- 
tion of carved gems soon waned, and the output 
reduced to a trickle, notwithstanding contributions 
from the Fabergé House in the late 19th and early 20th 
centuries. During the 1700s and 1800s, gem carvers 
were scarce in most major European cities. 

After the Franco-Prussian War ended in 1871, gem 
carving took hold in the region of Idar-Oberstein, 
Germany. For the remainder of the 19th century until 
the present time, gem carving has been an important 
part of the jewelry industry in Germany, as carvers 
took full advantage of the Industrial Revolution. 

Octavio Negri, an Italian-American trained in 
Rome, was influential in New York during the early 
part of the 20th century. Beth Benton Sutherland 
apprenticed with him from 1921 to 1926, becoming a 
very accomplished carver over the next 30 years; her 
favorite medium was moonstone. 

In Europe after World War I, August Rudolf Wild 
of Idar-Oberstein was considered the best carver in the 
world; he received a Gold Medal in the category of 
Fine Art at the 1937 World’s Fair in Paris. During the 
1950s, Richard Hahn’s Idar-Oberstein studio began 
reproducing great Greek and Roman cameos in the 
Renaissance style. His work was purchased primarily 
by American collectors, who created a revival of 
carved gems in the U.S. This in turn brought about 
the evolution of self-taught gem carvers in America. 

Today, Bernd Munsteiner of Stipshausen, Germany, 
carves gems into abstract and revolutionary designs. He 
is a major influence on the many young carvers who 
will lead gem carving into the next millennium. 


Products of Endangered and 
Threatened Species Used in Jewelry 


Charles I. Carmona (cicarmona@aol.com), Guild 
Laboratories, Inc., Los Angeles, California; and 
Jo Ellen Cole, GIA, Carlsbad, California 


The use of animal products in jewelry and decorative 
arts has brought about steep declines in the populations 
of many species, the greatest of which occurred in the 
1970s and 1980s. In response to this ecological calami- 
ty, the United Nations drafted the Convention on 
International Trade and Endangered Species (CITES). 
Cross-border trade in endangered species—those 
presently in danger of extinction—was banned by 123 
signatory nations under the terms of CITES in 1989. 
By most measures, the CITES ban has been a success, 
as populations of some endangered species are recover- 
ing to the point that affected countries are calling for a 
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controlled loosening of the ban and a resumption of 
trade in the related animal products. 

Among the numerous endangered or threatened 
species are many whose products are encountered in 
jewelry, including ivory producers (elephant, walrus, 
hippopotamus, and whale), corals, and turtles. Some 
threatened species—those that will become endangered at 
current rates of exploitation—are part of the pearl indus- 
try (e.g., specific species of oyster, abalone, and conch). 

In the environmentally aware 1990s, fashion has 
also had an effect, as demand has diminished in some 
cultures for those products associated with the indis- 
criminate and unsustainable hunting or harvesting of 
animal species. At the same time, the market is adapt- 
ing by finding alternatives such as vegetable ivories 
(tagua/corozo and doum nuts), plastics, and other 
manufactured materials. 

Most governments recognize the importance of 
rebuilding and maintaining the natural resources and 
the bio-diversity of their region. Eco-tourism, a grow- 
ing industry in many developing nations, has encour- 
aged this philosophy. Balancing the survival of the 
various species with centuries-old traditions of trade in 
their products is the challenge that we face at the 
beginning of the new millennium. 


Jewelry with a Purpose 


Susan Eisen (lifetag@worldnet.att.net), Susan Eisen Inc., 
El Paso, Texas 


Jewelry is treasured as a symbol of love and emotion, 
and serves as an adornment or fashion item to convey 
beauty, pride, or celebration. At the same time, jewelry 
may serve a functional purpose. Besides the most com- 
mon example of time keeping (i.e., wristwatch or 
pocket watch), jewelry has been used for the following 
purposes: 


¢ Identification of medical conditions 

¢ Passing down heirlooms in families (royal or 

otherwise) 

¢ Secretly communicating love and admiration 

* Commemorating important sporting events 

¢ Exalting the crowning of a king 

* Commemorating a trade treaty agreement 

¢ Providing an extravagant representation of a 

country (e.g., royal regalia) 

Over the centuries, many such items have held 
symbolic or historical significance, and are therefore 
preserved in museums worldwide. Such pieces are held 
in high esteem not only because of their beauty and 
craftsmanship, but also for the important place they 
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hold in the history of a country or a family. Even 
today, items such as portrait jewelry (as in cameos), 
“mother’s rings” (with the birthstones of the children), 
class rings, and sports championship rings continue the 
tradition of jewelry with a purpose. 


Platinum—tThe Metal of the Millennium 


Jiirgen J. Maerz (jurgen@pgiusa.com), Platinum Guild 
International USA, Newport Beach, California 


Worldwide demand for platinum jewelry has increased 
tremendously over the last five years. In 1998, the jew- 
elry industry accounted for 2.4 million ounces (or 
40%) of the platinum consumed worldwide—up from 
1.6 million ounces in 1993. In the U.S., domestic net 
platinum jewelry usage has soared from 20,000 ounces 
in 1991 to 220,000 ounces in 1998. China is the 
world’s fastest growing platinum jewelry market, with 
620,000 ounces consumed in 1998—representing a 
70% increase over 1997. 

The bridal market continues to drive international 
demand for this rare and precious metal. In Japan, plat- 
inum accounts for 95% of the engagement ring catego- 
ry and 80% of the wedding band category. In the U.S., 
platinum is now a key element of the bridal market, 
accounting for a 25% market share. 

In its purest form, platinum is soft, so it needs to be 
alloyed for jewelry purposes. Platinum/cobalt is a fine 
casting alloy. Platinum/iridium is a versatile alloy that 
is suitable for fabricating, as well as casting. 
Platinum/ruthenium is used when machining proper- 
ties are desired. Many other specialty alloys, such as 
heat-treatable alloys, are being developed. 

New technology is improving the workability of 
platinum. The laser welder has become the preferred 
tool for performing the most intricate welding without 
damage to surrounding diamonds or colored stones. 

Because of its natural white color, durability, and 
flexibility, platinum lends itself to a multitude of 
designs, and can be used to enhance the beauty of 
gemstones—especially diamonds. As a result, it has 
become increasingly popular among the world’s top 
jewelry designers. The tremendous growth in the pop- 
ularity of platinum over the last few years has truly 
made it the metal of the millennium. 


Designing Colored Diamond Jewelry 


Etienne Perret (etienne@etienneperret.com), Etienne 
Perret & Co., Camden, Maine 


Natural fancy-color diamonds are the celebrities of the 
diamond world. Almost everyone knows of the blue 
Hope diamond and the “canary” yellow Tiffany dia- 


mond. Only the elite of the diamond jewelry designers 
have had the good fortune to design jewelry set with 
these exceedingly rare gems. Most often these colored 
diamonds were set in museum-like pedestal settings. 

For the designer wishing to incorporate colored dia- 
monds into jewelry, color-treated diamonds offer a solu- 
tion to the rarity and expense of natural-color diamonds. 

Past Color Treatment of Diamonds. Diamonds have 
been color treated for almost 100 years. The first dia- 
monds were color treated by Sir William Crookes in 
1905 by exposure to radium salts, which caused them 
to turn dark green. However, the diamonds were high- 
ly radioactive and took many years to “cool down” 
enough for jewelry use. 

Today’s Diamond Color Treatments. Nowadays 
most diamonds are color treated in an electron accelera- 
tor, where exposure to a beam of electrons causes them 
to turn a greenish hue. Then, through annealing, the 
diamonds are colored yellow, orange, or brown. The 
diamonds do not become radioactive and therefore can 
be used in jewelry immediately after treatment. In addi- 
tion to green, yellow, orange, and brown, color-treated 
diamonds are currently available in red, purple, blue, 
and black colors. 

Painting with Color. Color-treated diamonds offer 
the designer the versatility of color combined with the 
brilliance, durability, and caché of diamonds. Designers 
can now use colored diamonds in the same way that 
painters use paint on a canvas. If they want to cover an 
area with blue, then blue diamonds can be pavé set or 
invisibly set in whatever shape is desired. If they are 
looking for a stripe of purple, then a row of channel-set 
purple diamonds are in order. 

Today’s Designers. A handful of innovative German 
designers used color-treated diamonds in the early ‘90s. 
More recently, however, I have found only a few 
designers who use color-treated diamonds as a major 
design element in their jewelry, despite searching the 
large tradeshows in Basel, New York, Tokyo, and Las 
Vegas. In the new millennium, perhaps more designers 
will enjoy the increased opportunities—and sales— 
afforded by color-treated diamonds. 


Gem Artists of North America: 

The Renaissance of Modern 
Lapidary Art 

Sherris Cottier Shank (gemscapes@aol.com), 
Gemscapes, Southfield, Michigan; Glenn Lehrer, 


Lehrer Design, San Rafael, California; and 
John N. Hatleberg, Big Gems, New York 


Gem Artists of North America (GANA) was formed in 


1996 to increase awareness and appreciation of gem art 
through education, promotion, and marketing, and to 
support the needs of gem artists and related profession- 
als. The specific objectives of GANA are: 


¢ To facilitate a closer communication between all 
segments of the gem art, colored stone, and jew- 
elry industries 


* To educate members by sharing information 
* To educate the public about gem art 


¢ To establish, promote, and maintain the highest 
ethical standards among its members and 
throughout the gem art industry 


¢« To protect the gem art industry and ultimate 
consumer from fraud, abuse, misrepresentation, 
and deceptive advertising 


Artist members must demonstrate substantial com- 
mitment to the medium of “hard gemstone” (1.e., 5 or 
above on the Mohs scale), and must have demonstrated 
the development and execution of unique and original 
concepts, including but not limited to facet, sculptural, 
and carving designs. They also must have demonstrated 
originality of artistic form and excellence of technique 
in the execution of the designs. 

The 25 current artist members of GANA work in a 
wide variety of styles encompassing multiple disciplines, 
both singly and in combination, including sculpture, 
carving, faceting, and intarsia. Their extraordinary cre- 
ations are the culmination of each artist’s working for 
years in relative isolation, coupled with the recent unifi- 
cation of their talents through GANA. The formation 
of GANA signals the birth of a modern renaissance in 
lapidary art. In the next millennium, both those who 
produce and those who appreciate gem art will grow 
dramatically in numbers. GANA will be at the forefront 
of this growth. For more information, visit the Web 
site http://www.gemartists.org. 


Natural Abalone Pearls: 
Rare Organic Gems 
Sarabeth Koethe, Gem Sciences International, Inc., 


Deer Park, California; and K.C. Bell, San Francisco, 
California 


Dr. T. Nishikawa noted that pearls were used in Japan 
for ornamental purposes more than a thousand years 
ago (Kunz and Stevenson, 1908). There is evidence 
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that at least some of these pearls were abalone pearls: 
Large abalone pearls, for example, are found in images 
of Buddha made in 300 A.D. 

The Haliotis abalone pearl has a long and turbulent 
history. These abalones are distributed along areas of 
the Pacific Coast from Alaska to Mexico. There are 
actually eight pertinent species: Haliotis fulgens, Haliotis 
rufescens, Haliotis cracherodii, Haliotis discus, Haliotis 
kamtschatkana, Haliotis corrugata, Haliotis sorenseni, and 
Haliotis walallensis. Gem-quality abalone pearls are quite 
rare, with estimations of one gem pearl per approxi- 
mately 500,000 commercially gathered animals. 

Unlike the direct relationship between mollusk 
color and resulting pearl color of both the Pinctada radi- 
ta and Pinctada martensii, the various species of abalone 
can yield pearls of multiple distinct colors within the 
same univalve mollusk. Theories relate this phe- 
nomenon to diet and water temperature. 


REFERENCE 


Kunz G.F., Stevenson C.H. (1908) The Book of the Pearl. Dover 
Publications, Mineola, New York. 


“A Pearl Circus”: Origin, Variety, 
and Enhancement of Pearls 


Gina Latendresse (fancipear|@aol.com), American 
Pearl Co., Nashville, Tennessee 


Pearls have been known for centuries as the “Queen of 
Gems.” To understand this majestic yet gentle gem, one 
must know her origin, her many varieties, and her 
enhancements. Nineteen species of fresh- and saltwater 
mollusks were presented in the “Pearl Circus,” including 
corresponding natural and cultured pearls from some of 
these species. Special “guest stars” included a 2 pound 
(about 1 kg) mollusk that was approximately 70 years old; 
a 21.7 mm round shell bead nucleus for pearl culture; 
imitation “conch pearls,” with the same chemical proper- 
ties as their natural counterparts; an 18.35 mm roundish 
natural abalone pearl; and a 185.5 ct natural “Melo Pearl.” 

Pearl dissection is one way to examine the thickness 
of the nacre in bead-nucleated cultured pearls, and the 
distinctive growth structure of tissue-nucleated cul- 
tured pearls. Some enhancements, such as dye and irra- 
diation, are also readily apparent with pearl dissection. 
Considerable advances have been made in irradiation 
from 1981 to the present. 

Natural pearls form when an irritant (a shell-like or 
organic protein substance) is introduced by chance into 
the soft tissue of a mollusk. It is a myth that a grain of 
sand (an inorganic substance) begins a pearl. Cultured 
pearls form when an irritant (a shell-like or organic pro- 
tein substance) is introduced by human intervention. 
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According to the U.S. Federal Trade Commission 
(FTC), it is deceptive to use the unqualified word pearl to 
identify any type of cultured pearl. Ninety-five percent 
of “pearls” sold today are cultured, yet most of the lan- 
guage in the pearl and jewelry industries does not include 
the word cultured when referring to cultured pearls. 


Cultured Abalone Mabé Pearls 
from New Zealand 


Liz McKenzie (pearls@empress.co.nz), Empress Abalone 
Ltd., Christchurch, New Zealand 


While abalone produce pearls naturally, these are very 
rare, exceedingly costly, and irregular in shape, color 
distribution, and surface. New Zealand’s indigenous 
abalone, Haliotis iris, produces beautiful multi-hued 
cultured abalone mabé pearls. These cultured blister 
pearls feature symmetrical shapes, spectacular luster, 
saturated color, and improved surfaces. 

At Empress Abalone Ltd., abalone mabé pearls are 
grown at an on-shore aquaculture facility located on 
Stewart Island, across the Fouveaux Strait from the 
South Island of New Zealand. Abalone stock for 
implantation is obtained annually from three sources: 
the company’s natural fishing quota, other companies’ 
annual quotas, and spat culture. 

Abalones are hemophiliacs—they have no clotting 
mechanism in their blood. However, they do have 
extremely strong muscular viscera, and are very mobile 
even when confined. Thus, it was very difficult to per- 
fect the technical procedure of implanting these uni- 
valve gastropods with hemispherical beads. 

After the nuclei have been implanted, the abalone 
are placed in grow-out tanks of clean, circulating sea- 
water, where they are monitored. Once every three 
days, the abalone are fed a fresh mix of seaweed, gath- 
ered from the Great Southern Ocean. 

Two years after implantation, a mabé of 0.3—0.6 
mm thickness forms on the inner surface of the 
abalone’s shell. The abalone is harvested, and the blister 
is cut from the shell with a special surgical instrument. 
Following removal of the nucleus, the blister is filled 
with polymer and fitted with a back of polished 
abalone (paua) shell. The finished cultured abalone 
mabés, which range from 9 to 20 mm in diameter, are 
next ready for grading and marketing. 

The abalone mabés are marketed in “Gem,” “A,” 
and “B” grades. Colors range from a most-valued 
“azure” through blue, green, purple, lavender, magen- 
ta, pink, orange, and “silver.” The luster of the multi- 
hued nacre ranges from a mirror-like surface to a dull 
sheen. Surface smoothness also varies. 


SYNTHETICS AND SIMULANTS 


Synthesis and Enhancement of Gems in 
Russia in the Second Half of the 1990s 


Vladimir S. Balitsky (balviad@iem.ac.ru), Institute 
of Experimental Mineralogy, 142432 Chernogolovka, 
Moscow District, Russia 


In the second half of the 1990s, Russian laboratories 
produced both traditional and new synthetic gems and 
simulants, and Russian manufacturers also performed 
many gemstone enhancements. In particular, Russian 
producers grew commercial quantities of synthetic 
tuby, sapphire, emerald, alexandrite, spinel, malachite, 
opal, and turquoise; as well as synthetic amethyst, cit- 
rine, and brown, blue, green, and pink quartz. They 
also produced large amounts of the simulants yttrium 
aluminum garnet (YAG), gadolinium gallium garnet 
(GGG), cubic zirconia (CZ), and yttrium aluminum 
oxide. Russian scientists used treatment methods to 
change the color of topaz (from colorless and brown to 
blue), beryl (from yellow-green heliodor to blue aqua- 
marine), agate (from gray and white to red, yellow, 
green, blue, and black), chalk-like turquoise (from 
white to “sky” blue), lazurite (from green to dark 
blue), nephrite (from brownish to pale green, green, 
and white), and quartz (from colorless to “smoky” and 
greenish yellow). 

New developments in Russia during the second 
half of the 1990s include the production of yellow (up 
to 4 ct) and colorless (up to 1 ct) synthetic diamonds; 
blue and red synthetic beryl; colorless and colored syn- 
thetic moissanite; pink synthetic quartz, synthetic 
amethyst-citrine (ametrine), synthetic amethyst—-green 
quartz, and polychrome synthetic quartz; as well as 
synthetic aventurine and bright yellow-orange synthet- 
ic “langaisite” (lanthanum gallium silicate). Virtually on 
hiatus since the 1960s, Russia is again seeing the com- 
mercial production of flux and hydrothermal synthetic 
ruby and sapphire. Russian scientists also have devel- 
oped new technologies for the surface-coloring of both 
colorless and pale-colored sapphires to appear blue, of 
topaz to appear blue and bright green, of quartz to 
appear blue and pink, and of CZ to appear black and 
opaque white. Of particular interest today is the devel- 
opment of technology to lighten the color of yellow- 
to-brown natural diamonds. 

At the same time, there has been considerable 
change in the structure and volume of production of 
synthetic and enhanced gems within the last five years. 
Although the largest enterprises for producing crystals 
for technical applications (synthetic colorless quartz, 


ruby, sapphire, alexandrite, and garnets, among others) 
continue to be run by the government, practically all 
other kinds of synthetic and enhanced gems were pro- 
duced by private companies, including some supported 
by a combination of domestic and foreign capital. In 
the second half of the 1990s, several dozen such joint 
ventures were created. The competition between them 
led to overproduction and, ultimately, an abrupt drop 
in prices, so that many of these companies were forced 
to go out of business. This was particularly the case 
with synthetic amethyst, opal, emerald, and alexandrite, 
as well as with enhanced topaz. The next decade should 
witness the production of larger synthetic diamonds 
(both colored and colorless), as well as hydrothermal 
synthetic ruby, sapphire, and alexandrite. New methods 
of gem enhancement will also be developed. 


An Imitation of Black Diamond: 
Artificial Black Cubic Zirconium Oxide 


Jean-Pierre A. Chalain (gemlab@ssef.ch), SSEF Swiss 
Gemmological Institute, Basel, Switzerland 


Black as a color has been in vogue for the past several 
years. This trend has reached the jewelry trade and, as a 
result, large quantities of black diamonds have been set 
in various types of jewelry. In 1998, SSEF checked 
more than 3,000 carats of purported black diamonds 
for color authenticity. During these examinations, sev- 
eral pieces of artificial black zirconium oxide (cubic 
zirconia—CZ) were identified. 

Black diamond usually occurs as single crystals with 
numerous black graphite inclusions (see, e.g., Kam- 
merling et al., 1990). Carbonado is a natural sintered 
polycrystalline aggregate of minute diamond crystals 
with a granular-to-compact structure. It is always 
opaque and may be black, brown, or dark gray; less 
commonly, it is “brick” red to pale purple and light 
green. Bort is a black polycrystalline form of diamond 
(Haggerty, 1998). Carbonado and bort are sometimes 
called “black diamond” by the trade. 

Faceted black CZ can be easily separated from 
black diamond by its rounded facet junctions, absence 
of inclusions, dark brown appearance when viewed 
with a powerful fiber-optic light, and specific gravity 
(Kammerling et al., 1991). For round-brilliant-cut 
samples, a comparison of the diameter to the weight is 
sufficient to distinguish black CZ from black diamond. 

X-ray fluorescence (EDXRF) analyses were per- 
formed on several of the suspect black specimens. The 
analyses revealed a predominance of zirconium, with 
lesser amounts of yttrium and hafnium, which con- 
firmed that these samples were CZ. 
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Educating the Jewelry Industry 
about Lab-Created Moissanite 


Jeff Hunter (sales@moissanite.com), Charles & Colvard 
(formerly C3 Inc.), Morrisville, North Carolina 


C3 Inc. began worldwide distribution of laboratory- 
created moissanite gemstones (henceforth all references 
to moissanite or Moissanite gemstones are to laborato- 
ry-created materials) in mid-1998. Because some of the 
physical and optical properties of diamond and 
moissanite are similar, especially those that are com- 
monly used for identification purposes in gemology 
(e.g., refractive index), the possibility of misidentifica- 
tion exists. 

Charles & Colvard is positioning moissanite as a 
unique synthetic gemstone, with high brilliance, fire, 
and luster, that is very durable and exclusive through 
its limited availability. Most importantly, though, the 
company expects full disclosure, so that moissanite is 
sold and purchased as moissanite. As the volume of 
moissanite in the marketplace grows, accurate identifi- 
cation throughout all channels of the jewelry industry 
will become even more important. Charles & Colvard 
is expanding its extensive education program for the 
jewelry trade through new initiatives by both interna- 
tional distributors and selected U.S. retailers. 

To better understand the awareness level of 
moissanite in the jewelry industry, in May 1999 mem- 
bers of the C3 sales team surveyed 19 retail jewelry 
stores in North Carolina: 10 department stores, three 
franchised jewelry chains, and six independent jewelry 
stores. Representatives of only eight stores were able to 
reach a conclusion on the identity of a near-colorless 
round brilliant set in jewelry, and five of them mistak- 
enly identified the moissanite as diamond. Eleven 
stores had no testing instrumentation (including ther- 
mal probes) available. In addition, less than 5% of the 
200+ total participants at three of C3’s moissanite edu- 
cational seminars this spring had ever seen moissanite 
gems. 

These observations, while a concern, are not 
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unusual. At the 1999 JCK Orlando Show and the AGS 
Conclave in New Orleans, C3 personnel demonstrated 
the doubly refractive nature of moissanite, one of the 
most fundamental and easiest means of identification. It 
was impressed upon the participants that care must be 
taken to ensure that the inside of the stone is viewed 
from several directions so that the one singly refractive 
direction in the stone is avoided. Other identifying fea- 
tures demonstrated include the high dispersion, specific 
gravity (3.20—3.24), polished girdles, and needle-like 
inclusions (see, e.g., Nassau et al., 1997; Nassau, 1999). 
The vast majority of participants observed moissanite 
for the first time and left with greater confidence in 
their ability to identify it with a loupe. 
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Colors of High-Pressure 
Synthetic Diamonds 


Hisao Kanda (kanda@nirim.go.jp), National Institute 

for Research in Inorganic Materials (NIRIM), Tsukuba, 
Ibaraki, Japan 

It is well known that yellow and blue synthetic dia- 
monds are synthesized in the presence of nitrogen and 
boron, respectively, by conventional high-pressure 
techniques. Other colored synthetic diamonds also can 
be produced by the introduction of certain elements, 
such as nickel and cobalt, into the diamond lattice. 

When nickel and cobalt impurities are incorporated 
into the diamond lattice during growth, they can 
become optically active centers, giving rise to a variety 
of absorption and luminescence bands. These bands are 
related to the concentrations and structure of nitrogen 
present in the synthetic diamonds. The nitrogen impu- 
rities are incorporated in a single substitutional form, 
but they are aggregated with heat treatment. The 
nitrogen concentrations can be controlled by the com- 
position of the metal alloy in which the diamonds 
grow. 

A nickel impurity produces a brownish yellow 
color when high concentrations of nitrogen are present 
in the crystal. With decreasing concentrations of nitro- 
gen, the color changes to green and then to brown. 
When the nitrogen-containing crystals are heated at 
temperatures above 1500°C under high-pressure con- 
ditions, both the brownish yellow and the green colors 
also become brown. The heat-treated diamonds lumi- 
nesce intense green to UV radiation. 


A cobalt impurity does not have a strong absorption 
band, so no characteristic color results from the incor- 
poration of this element into the diamond structure, 
although luminescence is produced. Diamonds that 
have high concentrations of nitrogen and contain 
cobalt are yellow due to the nitrogen impurity. When 
such diamonds are heated, the color will fade, but 
strong yellow luminescence will be observed with UV 
radiation. Selected references on these topics are pre- 
sented below. 
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Bluish Green, Light Green, and Pink 
Synthetic Chrysoberyl 


Michael S. Krzemnicki (gemlab@ssef.ch) and 
Lore Kiefert, SSEF Swiss Gemmological Institute, 
Basel, Switzerland 


Gem-quality yellow, colorless, and color-change syn- 
thetic chrysoberyl (synthetic alexandrite) have been 
available for some time in the gem trade. Here we pre- 
sent the first gemological data on bluish green (one 
sample), light green (three samples) and pink (three 
samples) synthetic chrysoberyl. The light green and the 
pink samples were donated to SSEF by Kyocera Corp., 
Japan. 

Microscopic investigations revealed that the bluish 
green and light green synthetic chrysoberyls were prac- 
tically inclusion-free. Minute bubbles or particles were 
found only in the pink samples. Growth structures 
were not observed. With long-wave UV, the bluish 
green and light green samples showed a weak red fluo- 
rescence, whereas their natural counterparts may show 
a strong red glow due to traces of chromium; the pink 
samples did not fluoresce. 

The bluish green and light green synthetic chryso- 
beryls closely resembled the natural chrysoberyl that 


has reportedly been found near Tunduru, Tanzania; 
their color was attributed to traces of vanadium 
(johnson and Koivula, 1996). Chemical analyses 
(EDXRF) revealed approximately 0.18 wt.% V,O, in 
the light green synthetic stones, which is similar to that 
found in the natural light green chrysoberyl. However, 
only the natural stones contain additional trace ele- 
ments (such as Fe, Ga, and Sn) in detectable quantities. 
The iron content (0.2—0.3 wt.% Fe,O,) seems to influ- 
ence the depth of color in the natural light green 
chrysoberyl. The bluish green synthetic sample con- 
tained much more vanadium than its natural equivalent 
(approximately 1.5 wt.% VO, versus 0.3 wt.% V,O,). 
A pink color in chrysoberyl is attributed to the 
incorporation of titanium (approximately 0.2 wt.% 
TiO,), probably into the aluminum lattice sites. As is 
the case for synthetic pink sapphire (e.g., “Ti-sap- 
phire”; Johnson et al., 1995), we suggest that the pink 
color of synthetic chrysoberyl is caused by trivalent 
titanium (Ti?*). Since trivalent titanium is rarely found 
in natural terrestrial environments, this might explain 
why natural pink chrysoberyl has not yet been found. 
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New Hydrothermal Synthetic Gemstones 
from Tairus, Novosibirsk, Russia 


Sergey Smirnov (ssmr@uiggm.nsc.ru) and 

Rudolf Mashkovtsev, United Institute of Geology, 
Geophysics and Mineralogy SB RAS, Novosibirsk, 
Russia; Victor Thomas, Vadim Maltsev, Iline Alexey, 
and Sergey Demin, Tairus, Novosibirsk, Russia; and 
Blinova Anastasiya, Novosibirsk State University 


Hydrothermal synthesis resembles the process of natu- 
ral gemstone formation more closely than any other 
synthesis technique (e.g., flame-fusion, Czochralski, 
flux). Yet, until the early 1990s, synthetic emerald and 
different colors of synthetic quartz were the only 
hydrothermally grown gem materials that were commer- 
cially available on the world market. Since 1990, how- 
ever, Tairus has been developing hydrothermal meth- 
ods of commercially producing several varieties of 
corundum and beryl (other than emerald). 

Sapphires doped with Cr and Ni were the first 
hydrothermal synthetic gemstones to be commercially 
produced by Tairus. The addition of varying amounts 
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Gemological properties of Tairus hydrothermal synthetic sapphires and aquamarine. 


Cr-Ni hydrothermal synthetic sapphire 


Fe-Ti hydrothermal synthetic sapphire 


Hydrothermal synthetic aquamarine 


Color Almost any color 


Coloring agent Ni@+, NiS*+, and CrS* in 


Very dark violetish blue 


Fe**-Ti** charge transfer, 


Light to dark greenish blue 


Fe?* and Fe*+—Fe* charge 


different combinations possibly TiS+ transfer 
Pleochroism Weak to strong; in some Strong Weak to strong 
cases, none 
R.l. (No) 1.765-1.769 1.767-1.768 1.578 -1.580 
R.l. (Nz) 1.757-1.761 1.759-1.760 1.571-1.577 
Birefringence 0.007-0.010 0.008 0.004—0.008 
S.G. 3.98-4.03 4.00 2.65-2.70 
Luminescence to UV Inert to moderate Very weak to short-wave UV; Inert 
radiation (depending on color) inert long-wave UV 
nclusions and optical Clean, or abundant dark flake-like Gaseous inclusions surrounded Cellular or linear graining; flake- 
inhomogeneities crystalline inclusions; “fingerprints” by fissures; patchy color like aggregates of pyrrhotite or 


and swirl-like graining 


377, 556, and 599 nm bands 
due to Ni2* and NiS+; 469, 475, 
and 690 nm lines due to Cr+ 


Visible spectra 


of Cr>*, Ni2*, and Ni** to the corundum crystal struc- 
ture results in a broad spectrum of attractive colors (see 
Thomas et al., 1997, for details). The most important 
diagnostic features of Cr-Ni hydrothermal synthetic 
sapphires, as well their gemological properties, are 
shown in the table. 

The first dark blue and violetish blue hydrothermal 
synthetic sapphires with a coloration caused by Fe-Ti 
impurities (the elements that cause the blue color in 
natural sapphires) were produced in mid-1998. These 
synthetic sapphires (again, see table) can be readily dis- 
tinguished from natural sapphires through microscopic 
observation of their patchy color distribution and their 
distinctive gaseous inclusions. 

Synthetic hydrothermal aquamarine was also first 
grown by Tairus in the mid-1990s. Like its natural 
counterpart, synthetic aquamarine owes its light green- 
ish blue color to the presence of small amounts of Fe** 
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distribution 


886 and 589 nm bands due to 
FeS+ absorption and Fe?+-Ti4+ 
charge transfer 


pyrite and topaz; “fingerprints” 


800 and 375 nm bands due to 
to Fe@+ and FeS+: shoulder at 
650 nm due to Fe?*—FeS* 
charge transfer; line near 

400 nm due to NiS* 


and to Fe**—Fe** charge transfer. Synthetic aquama- 
rine (again, see table) can be distinguished from its nat- 
ural counterpart by its characteristic growth patterns 
and, sometimes, by the presence of flake-like aggre- 
gates of Ni-pyrrhotite and Ni-pyrite. Traces of Ni>* 
are consistently present in the synthetic aquamarine, 
from contamination by the growth environment. The 
Ni?* does not affect the color significantly, but it can 
be detected by a low-intensity absorption peak near 
400 nm. 

The synthetic gemstones recently produced by 
Tairus are significant to the trade, and foreshadow the 
importance of hydrothermal synthesis in the future. 
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resembling a honeycomb. If we will 
compare these stones with other 
known sapphires, we will see that 
they occupy the first place in world 
collections. It must be said, however, 
that we do not know anything about 
the beautiful Kashmir stones of the 
English crown, nor do we know how 
truthful are the stories of the colos- 
sal sapphires of Indian rajas, but 
what we do know cannot be compared 
in beauty and size of stones with the 
sapphires of the Diamond Fund. 
“Now let us speak about the red 
stones. It. is significant that the red 
stones, so greatly favored in the 
East, and especially India, were 
never liked by the Russian tzars. 
However, there are several unique 
stones in this collection. Here is a 
violet-red ruby weighing 18 carats; 
then the largest stone from far-off 
Burma, almost 40 carats. Such ru- 
bies are very rare, and it is easy 
to name them; ruby of the Persian 
shah, 175 carats; the stone of the 
great Mogul Jahangir, 430 carats; 
ruby described by Boetz de Boot in 
the beginning of the XVIIIth cen- 
tury was said to be the size of an 
egg. There is also a known minera- 
logical find of large, cracked and 
foggy rubies weighing as much as 
2000 carats. But we do not know 
what were the qualities of these 
stones, and it is difficult to believe 
the fairy tales of the East. Most 
probably these stones are only called 
rubies, but in reality are beautiful 
spinels or- pink tourmalines from 
Tai. However, in the Diamond 
Fund these spinels have a significant 
place. One of such stones, weighing 
100 carats, speaks to us of the sands 
of Ceylon, but the majority of them 
come from Afghanistan, from the 
mountains of the province of Ba- 
dakhshan. In old Russian manu- 


scripts it was called “lal Badakh- 
shan.” Let us note that among the 
pink tourmalines the best known is 
the famous stone which usually in 
literature is called a ruby, and 
which was: presented to Katherine 
the Great by Swedish King Gustav 
in 1777. j 

“Of special value in the Diamond 
Fund are pieces of jewelry. ... It is 
especially interesting to note that 
the magnificent pieces of Jewelry of 
the middle of XVIIIth century were 
not always made from the best of 
stones. On the contrary, many of 
the most significant pieces of that 
epoch were made of stones of little 
value, but the artist knew how to 
place the stones, how to combine 
them in an-artistic design, so that 
the faults of the stone became: its 
best points ... Here is the descrip- 
tion of several artistic pieces from 
the great number which are in the 
Diamond Fund. ... Here is the fa- 
mous large bouquet® with emerald 
leaves and diamond fiowers. It 
was made by a French jeweler 
of Duval’s school, probably not 
later. than 1760. This bouquet 
consists of small emeralds from Co- 
lombia, cut roughly and irregularly, 
and of not expensive Brazilian (but 
not Indian) diamonds. This bouquet 
is one of the world’s most remark- 
able pieces of jewelry of the X VIIIth 
century. Not only among Russian 
pieces of jewelry, but in the whole 
world, it occupies the first place as 
to the combination of colors, lignt- 
ness and at the same time definite- 
ness of design, nobility of workman- 
ship and richness of the shades of 
the stones. Thin golden leaves and 
stems. are covered by tablets of 
emeralds forming continuous green 
threads. Flowers are made of dia- 
monds, mounted on foil and pure 
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Gems & Gemology Yprype, One 


// was in 1934 that Robert M. Shipley, founder of both GIA and the American Gem Society, pub- 
lished the first issue of Gems &) Gemology. The journal began as a bi-monthly, pamphlet-sized 
publication with three holes punched for convenient storage in a loose-leaf binder. I wish Robert 
Shipley could be with us now to see the full-color, 180 page, Fall 1999 Symposium Proceedings 
issue 65 years after his brainchild first appeared. 

I believe (and our authors tell me) that GG is the most rigorously peer-reviewed publication in 
gemology and allied sciences alike. We felt that such a review process was critical if gemology was 
to achieve the status as a science that gems and jewelry had achieved as an industry. We also rec- 
ognize that, unlike the situation with most scientific journals, our readers encompass a broad 
range of education and experience. Through careful editing, we work to make every item as useful 
to the advanced researcher as it is to the new G.G. or the gemologist with 20 years of experience. 
Over time, some articles have been portentous, others pretentious. I recall, for instance, a piece 
that Shipley and I wrote in 1941, which we titled “A Solution to Diamond Color Grading 
Problems.” Obviously, diamond color grading problems remain to this day. Nevertheless, each 
article has contributed something to the body of knowledge in gemology. 

Looking back, it’s been an exciting, exhilarating journey. I am proud to have been part of such a 
dynamic evolution, and I look to the future of gemology, and Gems e&) Gemology, with anticipa- 
tion and great expectations. 


Richard T. Liddicoat 
Looking Back... Editor-in-Chief 


where will the next 65 years take us? What once seemed fantastic—a computer that fits in the 
palm of your hand—now seems ordinary. What once seemed impossible—the nondestructive 
identification of non-surface-reaching inclusions—is becoming routine. What will change in 
gemology over the next several decades? Let us look to the current issue for some clues. 

The lead article, on emerald clarity-enhancement classification, is in response to concerns regarding 
the many new fillers being used to enhance emeralds. The future will see more fillers and even 
more-sophisticated treatments in other gem materials. The methods developed by General Electric 
to treat diamonds—as discusssed in Karl Schmetzer’s article on possible GE POL-related patents, 
and updated in the Lab Notes item on the new GE-processed yellow-green diamonds—are just two 
examples of the resources now being devoted to enhancement and synthesis. 


At the same time, gemology is becoming increasingly sensitive to world affairs. The lead Gem 
News entry and a special section of Gemological Abstracts address the challenges of making a 
country-of-origin determination for Angolan diamonds. This is in response to demands by U.S. 
politicians that diamonds be “identified” in an attempt to bar from the market stones that are 
being sold to support the atrocities committed by Angolan rebels. 

We at Gems &) Gemology will continue to work with researchers worldwide to address critical 
issues. Although good research takes time, we will make every effort to disseminate reliable infor- 
mation as quickly as possible. We plan to use our Web site (www.giaonline.gia.edu) to give regular 
updates on developments in gemological research, and eventually to provide real-time reports 
from new and important gem localities. As computing and publishing technologies coalesce to 
provide consistent color reproduction on screen, our vision of the future shows a fully digitized 
version of the journal itself. 

We have a great foundation, provided by giants such as Robert M. Shipley and Richard T. 
Liddicoat. With our current combination of dedicated researchers and expert reviewers, we have a 
future as exciting and exhilarating as the past that propels us forward. 


Alice S. Keller 
... and Moving Forward Editor 
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Comments on “Identification of 
Emerald Filling Substances” 


First, let me congratulate the authors of the 
[Summer 1999] Gems e&) Gemology article on emer- 
ald filling substances. Second, I would like to raise 
the following points: 


1. The language in Box B on page 88 is potentially 
confusing. Antonio Negueruela is mentioned 
fourth on the list of cedarwood oil distributors 
who replied to the authors’ inquiries, and some 
sentences later it is reported that “Three distrib- 
utors stated that the material was all natural, 
but the fourth acknowledged a considerable 
amount ... of synthetic ingredients.” Several 
people who have read the article believe that we 
are the ones using these ingredients. 


2. Our answer to the authors’ inquiry on January 25, 
1999, was that our oil was 100% natural. In sub- 
sequent correspondence, we included a detailed 
list of the all-natural ingredients in our cedar- 
wood oil. 

3. In none of our laboratory’s tests did we detect any 
greenish coloring to our cedarwood oil. (It is a 
colorless to pale yellow viscous liquid just after it 
has been purified.) 


In no case is our oil “presumed natural oil,” but 
rather it is “genuine natural oil.” 


Antonio Negueruela 
Antonio Negueruela S.A. 
Madrid, Spain 


In Reply 


We did not mean to imply that Mr. Negueruela’s 
company uses synthetic ingredients; only that one 
of the four companies that responded had indicated 
that such ingredients were incorporated into its 
product. We regret the resulting confusion, as Mr. 
Negueruela had indeed told us that his company’s 
cedarwood oil was all-natural. 

On the matter of coloring, both samples we 
received were translucent and semi-solid when we 
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first examined them in Carlsbad. Perhaps this mate- 
rial, in its pure state, was sensitive to the tempera- 
ture and pressure changes involved in shipping to 
the United States. As a result of this letter, I asked 
an experienced color grader to re-examine the sam- 
ples, and he thought the color should be described 
as a “desaturated, very light yellow-green.” There is 
so little color in the material that I would not 
expect it to affect the color of an emerald. 

Although we accept the statement that Mr. 
Negueruela’s cedarwood oil is 100% natural, our 
point was that spectroscopic techniques cannot dis- 
tinguish an all-natural cedarwood oil from one that 
contains synthetic ingredients. For this reason, we 
advise against assuming that any emerald clarity- 
enhanced with cedarwood oil has been treated only 
with natural materials. The “presumed natural” 
filler categories were intended both as a contrast to 
“artificial resins” (which cannot be natural) and as a 
reminder that GIA has no technique that proves 
that a filling substance is natural. 


Mary Johnson, Ph.D. 
GIA Gem Trade Laboratory 
Carlsbad, California 


Lab Notes to the Rescue 


Once again, Gems & Gemology has come to the 
rescue. While reading through the Lab Notes sec- 
tion of the Spring 1999 issue, I noted the reference 
to “Imitation Tahitian Pearls.” 

At the time, I was taking a brief break from an 
appraisal I was doing on items seized by Canada 
Customs. One of the items I had just opened was an 
envelope containing a pair of black “pearl” earstuds. 
Imagine my surprise to find that these two 12 mm 
beads were identical in all respects to those you had 
described in the Lab Note! 

By the way, the origin of the seizure was New 
York, but that does not pin down where these items 
are being manufactured. 

Thanks for the guidance. 

Anne Neumann 
Harold Weinstein Gemmological Laboratory 
Toronto, Ontario, Canada 
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Reflectivity Reading of 
Synthetic Moissanite 


In the Letters section of the Summer 1999 issue (pp. 
80-81), Dr. Mark Kellam of C3 described how the 
reflectivity reading of synthetic moissanite can be 
lowered by converting the outermost layers of SiC 
to SiO,. 

Since etching with hydrofluoric acid was the 
only suggested method for dealing with such a 
“treated” surface, it appears that this practice could 
have devastating consequences for those who use 
reflectivity meters as tools of determinative gemol- 
ogy. And they might well deserve their fates. 

Reflectivity meters are neither refractometers 
nor infallible “black boxes.” They are simply tools 
of confirmative gemology; that is, they are intended 
to help a knowledgeable gemologist confirm the 
identity of a gemstone (Hanneman, 1978a)}. The 
obvious higher dispersion, the typical blocky 
Hodgkinson Method secondary images, and/or the 
observation of doubled facet junctions of synthetic 
moissanite all “scream” that the stone is not a dia- 
mond. Therefore, the user will be seeking a confir- 
mation for synthetic moissanite—which surface- 
treated stones won't be able to produce. 

Before synthetic moissanite entered the market- 
place, all plausible diamond simulants showed less 
reflectivity than diamond, and many reflectivity- 
meter users became complacent. Synthetic 
moissanite, which has a greater intrinsic reflectivity 
than diamond, changed that. Moreover, we now 
know that one can reduce the reflectivity value of 
synthetic moissanite to match that of diamond by 
oxidation or other methods. 

When using a reflectivity meter to examine dia- 
mond simulants, the gemologist must make certain 
that the surface being examined is “clean” and well 
polished. Today, this entails a bit more than a wipe 
with a handkerchief and a glance at a light source 
reflected from the surface, but—contrary to Dr. 
Kellam’s report—hydrofluoric acid is not required. 
One can simply obtain a sheet of 0.3 micron Al,O, 
polishing paper from a faceter’s supply house and 
use it to “clean” the stone before testing. The use of 
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aluminum oxide has been recommended by Dr. K. 
Nassau and H. Schonhorn (1977-1978). It certainly 
is adequate for removing about 50 atomic layers of 
SiO, from synthetic moissanite, which has a hard- 
ness of 9.5. 

Another approach is to use the water drop test 
(Hanneman, 1978b). Wipe the stone with a clean 
cloth and place a small drop of water on the table. If 
the water spreads (low contact angle of less than 
25°), then the stone’s surface probably has been 
altered, and its reflectivity reading could be lower 
than expected. If the drop “stands up” (contact 
angle greater than 45°), then the stone should give 
adequate readings. 

On the other hand, if you first “clean” your sam- 
ples with aluminum oxide, you will never know if 
the stone was altered or not, nor will you have to 
care. 


W. Wm. Hanneman, Ph.D. 
Hanneman Gemological Instruments 
Poulsbo, Washington 
Hanneman W. (1978a) The role of reflectivity in gemmology. 
Journal of Gemmology, Vol. 16, No. 2, pp. 109-121. 
Hanneman W. (1978b) Water as a gemological tool. Lapidary 
Journal, Vol. 31, No. 12, p. 2576. 


Nassau K., Schonhorn H. (1977-1978) The contact angle of water 
on gems. Gems e&) Gemology, Vol. 15, No. 12, pp. 354-360. 


Stack Attack 


Recently I had the pleasure of receiving a shipment 
of Gems & Gemology back issues. I got straight 
into them and found lots of things about emer- 
alds—especially great photos of inclusions—all in 
time to include in the body of research I was doing 
on beryl varieties. Thank you. 

Every quarter, when my Gems & Gemology 
turns up, I covet it all the way home from the post 
office and won’t allow myself to open it until a big 
pot of tea is made—then the contents frenzy 
begins. Well, the real point is, what a buzz to 
receive a whole stack of them—I had the heart rate 
of a hummingbird! 


Nancy Fraser-Lau 
Bundall, Queensland, Australia 
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CLASSIFYING EMERALD 
CLARITY ENHANCEMENT AT THE 
GIA GEM TRADE LABORATORY 


By Shane F. McClure, Thomas M. Moses, Maha Tannous, and John I. Koivula 


One of the greatest concerns with emerald 
filling is the degree of clarity enhancement 
such treatment represents. Stones that appear 
to have excellent clarity with the unaided eye 
are often revealed to have an extensive net- 
work of filled fissures, or some in areas that 
could be easily damaged. Using the GIA dia- 
mond clarity grading system as a framework, 
the GIA Gem Trade Laboratory has devised a 
methodology to establish the size, number, 
and position of filled fissures in an emerald 
and on this basis to classify the apparent 
degree of clarity enhancement achieved. 
Each of more than 500 filled emeralds were 
classified by experienced gemologists to 
determine the usefulness and reproducibility 
of the methodology. Backed by this research, 
GIA will be offering a new emerald report 

on which the degree of clarity enhancement 
detected will be indicated as “minor,” 
“moderate,” or “significant.” 
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n response to concerns expressed by members of the 

gem and jewelry industry regarding the use of organic 

fillers to enhance emeralds, GIA and the GIA Gem 
Trade Laboratory have been conducting an extensive study 
of fillers in emeralds. This research focuses on three major 
areas: (1) identification of the specific filler used in an emer- 
ald, (2) determination of the extent to which an emerald has 
been filled; and (3) examination of the response of different 
fillers over time and to normal conditions of wear, care, and 
manufacturing. The first area was addressed in the Summer 
issue of Gems & Gemology by Johnson et al. (1999), they 
concluded that distinctions can be made in some cases for 
“pure” fillers, but that the detection of one substance in a 
fissure does not prove that all others are absent. While 
research on the third item is still in progress, the present 
article reports the development of a method to determine 
the extent to which a particular emerald has been filled as 
an indication of the degree of clarity enhancement. 

Based on the results of this research, in early 2000 the 
GIA Gem Trade Laboratory will be offering a new emerald 
report that will describe the level of clarity enhancement in 
natural emeralds. We hope that this type of report will help 
dealer and retailer alike reestablish consumer confidence in 
emeralds (figure 1) by providing information needed to make 
an educated purchase decision. Although the GIA Gem Trade 
Laboratory is not the first gemological lab to offer such a 
report, we believe that this is the first article to reveal the 
materials, methodology, and results of the study on which a 
system for classifying the degree of enhancement in an emer- 
ald is based, as well as the general criteria used. 


BACKGROUND 


The vast majority of natural emeralds, regardless of their 
locality of origin, contain fissures that may affect the 
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appearance of the cut stone. Over the last few years, 
clarity enhancement in emerald (to reduce the visi- 
bility of these fissures) has caused a great deal of 
consternation in the jewelry industry. This was the 
primary focus of the International Emerald Forum 
(November 1996) and the First World Emerald 
Congress (February 1998), both held in Bogota, 
Colombia. Much has been written about enhance- 
ment substances and the methods used to identify 
the filling materials (e.g., Hanni et al., 1996; Johnson 
et al., 1999; Kiefert et al., 1999). However, many 
emerald dealers and laboratories have also focused 
their attention on the amount of filler in a given 
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Figure 1. Emeralds have 
traditionally been among 
the most coveted of colored 
stones, even though most 
are “filled” in some fashion 
with a material that 
reduces the visibility of 
surface-reaching fissures 
and improves their appar- 
ent Clarity. In recent years, 
however, concerns about 
the nature, stability, and 
extent of different fillers 
have disrupted the emerald 
market. Classifying the 
degree of emerald enhance- 
ment should help restore 
the confidence of con- 
sumers and retailers alike 
in this important gem 
material. This suite con- 
tains a total of 94.02 ct of 
Colombian emeralds, the 
largest of which is approxi- 
mately 20 ct. Courtesy of 
Ronald Ringsrud and 
Ronald Leon; photo © 
Harold & Erica Van Pelt. 


emerald (i.e., whether the stone is lightly or heavily 
treated), as an important indication of quality (SSEF 
Swiss Gemmological Institute, 1998). In fact, at the 
First World Emerald Congress, which two of the 
authors (SFM and TMM) attended, the consensus 
among dealers and producers from around the world 
was that determining the relative amount of filler in 
an enhanced emerald was a more important issue 
than identifying the filler itself (Johnson and 
Koivula, 1998). 

A few laboratories already offer such a service 
(see, e.g., SSEF Swiss Gemmological Institute, 1998, 
pp. 74-86; and reports by the AGTA Gemological 
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Testing Center and Giibelin Gem Lab). To our 
knowledge, though, the criteria used for the differ- 
ent categories have not been published, although we 
have been told that AGTA uses a weighted numeri- 
cal system to arrive at their clarity-enhancement 
categories (K. Scarratt, pers. comm., 1999). We 
began to investigate how we might define these cri- 
teria in a repeatable and teachable way shortly after 
the February 1998 Congress. The following study 
was conducted to establish a systematic method of 
measuring the amount of filler in surface-reaching 
fractures in emeralds, with the goal of providing a 
consistent approach to determining the extent of 
clarity enhancement, with reproducible results. 


MATERIALS AND METHODS 


Study Samples. To address the issue thoroughly, 
we included in our research project all qualities of 
emeralds (from heavily included, inexpensive 
goods to relatively clean, high-quality material) 
from a variety of geographic sources. We borrowed 
approximately 150 filled emeralds from several 
dealers, and combined these with about 100 emer- 
alds submitted to the Gem Trade Laboratory for 
reports and about 250 emeralds acquired for the 
emerald study. We believe that the approximately 
500 fashioned samples studied are representative 
of the full range of emerald qualities offered in the 
gem and jewelry market. These samples weighed 
from less than one carat to over 20 ct. They were 
examined over the period March 1998 through 
October 1999. 

The approximately 250 emerald-study samples 
were incorporated into the formal testing program 
only in their filled state. However, the authors exam- 
ined them both before and after filling with various 
substances, to gain a better understanding of just how 
much the treatment was affecting the appearance of 
these stones. Throughout the study, we also used 
photographs of the stones in their unfilled state as a 
reference to see how much the appearance was 
enhanced in a particular emerald and confirm that 
the clarity classification it was given accurately 
reflected the relative degree of enhancement. 

From our examination of this large group of 
filled emeralds, we recognized that in some cases 
the filler provided little if any improvement in 
apparent clarity—usually because of an inferior 
cleaning and filling process, or deterioration over 
time. These stones, however, were a small minority 
of the samples examined. In general, our observa- 
tions of the emeralds that we examined both before 
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and after the filling process confirmed that the posi- 
tion and size of filled fractures present in a stone 
correlated well with the degree of enhancement in 
apparent clarity. 


Methodology. Test Participants. For this study, we 
used the most experienced gemologists from our 
laboratories in New York and Carlsbad. Each of the 
approximately 150 borrowed emeralds and most of 
the 250 study stones were examined by a minimum 
of five people. Because client stones are in the labo- 
ratory for such a short time, in some cases only two 
gemologists looked at each emerald (although three 
were used if there was a discrepancy in the classifi- 
cation given). 


Locating and Measuring the Filled Fissures. First, 
the participants used a gemological microscope (at 
magnifications ranging from 10c° to 25c0) and dark- 
field illumination to determine the size, extent, and 
location of the fissures. The procedure used requires 
that the gemologist first examine the stone face up 
(through the table facet, tweezers holding the stone 
girdle-to-girdle), then through the sides and ends 
(tweezers holding the stone table to culet). The 
gemologist carefully views the stone from all direc- 
tions to assess the depth of the fissures and the 
amount of filler present. Fiber-optic lighting may be 
useful to establish the overall extent of fissures, 
which may not have been apparent with darkfield 
illumination. An overhead light source for examin- 
ing facets in reflected light will help in determining 
both whether fissures reach the surface and the 
length of those fissures (figure 2), which may be dif- 
ficult to see in a well-filled stone. (For more infor- 
mation on locating filled fissures in emeralds, see 
Kammerling et al., 1991; Johnson et al., 1998; 
Kiefert et al., 1999.) 

Once the gemologists located the surface-reaching 
fissures and determined that they had been filled or 
partially filled, they were asked to classify the 
degree of apparent enhancement according to a 
combination of the size (length), extent (depth), 
number, and location of fissures, and the amount of 
filler present in them. The amount of filler present 
in the fissures was established microscopically with 
supplemental fiber-optic illumination (see, e.g., 
Koivula, 1982). For some emeralds, a distinctive 
ultraviolet fluorescence (which is a standard test in 
emerald identification) may also reveal the location, 
size, and extent of filled fractures (see, e.g., Johnson 
et al., 1999; Kiefert et al., 1999). 
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Figure 4 


Diamond Diadem 
probably containing 
Famous Paull 
“Red” Diamond. 
(Reduced half) 


Old literature listed the Paul I 
diamond as a “fiat blood-red bril- 
liant of 10 carats’; probably an 
erroneous description of the flat dia- 
mond in this diadem, which the 
author states here appears red only 
because it is backed with red foil. 


Reproduced from 
“Russia's Treasure of Diamonds and Precious Stones.” 


Figure 2. The use of reflected light (especially fiber- 
optic illumination) can help determine the length of 
a surface-reaching fissure that may be difficult to see 
because of the clarity enhancement. Photomicrograph 
by John I. Koivula; magnified 20x. 


Establishment of Clarity-Enhancement Criteria. To 
establish the general criteria for the emerald clarity- 
enhancement classification system, we turned to 
the well-respected GIA system for clarity grading 
diamonds (for a description of this system, please 
see the GIA Jeweler’s Manual, 1989). Although we 
knew from our experience with emeralds that the 
specific criteria would have to be very different, this 
system provided a good starting point for establishing 
general parameters. As an added benefit, we found 
that using the diamond grading system as a frame of 
reference made it easier to train our gemologists and 
communicate some of the key concepts. For exam- 
ple, we determined that the classification criteria of 
size, nature, and position of the filled fractures 
could be used in the assessment of emerald clarity 
enhancement in the same way that the size, nature, 
and position of inclusions are used in diamond clari- 
ty grading. In addition, we established the classifica- 
tion categories for emeralds so that they followed a 
flow similar to that of the graduated clarity grade 
ranges of diamonds. 

From the beginning, however, it was made clear 
that the emerald clarity-enhancement classification 
system is distinctive. Specifically, whereas diamond 
clarity grading incorporates all inclusions, the emer- 
ald system is concerned only with filled surface- 
reaching features. That is, the categories in the 
emerald system represent a visual assessment of the 
size, extent, number, and location of surface-reaching 
features (and the amount of filling they contain) rela- 
tive to: (1) the size of the emerald, and (2) the approx- 
imate appearance of the emerald in the face-up posi- 
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tion if it were in an unfilled condition. Although 
number is relevant in evaluating the degree of emer- 
ald enhancement, number and color do not play the 
same role as they do in diamond clarity grading. 
Also, we could not use apparent visibility as a crite- 
rion for evaluating emerald clarity enhancement, 
since the goal of this treatment is to make the fis- 
sures less visible. Indeed, some fillers are so success- 
ful that the fissures can be very difficult to locate 
(again, see figure 2). For this reason, the gemologist 
needs to use a range of magnifications to determine 
the emerald clarity-enhancement classification, not 
strictly 10° as is the standard with diamond clarity 
grading. In some stones, too, visibility varies from 
fracture to fracture, and some fillers change their 
appearance over time. 

We started with general guidelines and then had 
(in most cases) five or more of the most experienced 
gemologists from our New York and Carlsbad labo- 
ratories make independent observations. As the 
study progressed, we expanded the group of gemolo- 
gists involved. We asked the participants to place 
each clarity-enhanced emerald into one of three cat- 
egories. When studying our samples, we found that 
distinguishing among more than three categories for 
degree of enhancement was impractical because one 
could not consistently assess the effect that fine dif- 
ferences in amount of filler had on the visual appear- 
ance of the emerald. In addition, throughout the 
emerald trade, three to four categories have been 
suggested and applied by other organizations (see, 
e.g., reports issued by the SSEF Swiss Gemmological 
Institute, the AGTA Gemological Testing Center, 
and the Giibelin Gem Lab). 

In general, for the purposes of this study, the 
presence of filled fissures that would fit into the 
VVS, through VS, range in the diamond clarity 
grading system (i.e., with regard to the size and 
extent of the filled fissures relative to the size of 
the stone and their position in it) was considered 
minor enhancement (figure 3); emeralds with filled 
fissures corresponding to the SI,-SI, range were 
moderately enhanced (figure 4); and those that 
would fall in I, and below were significantly 
enhanced (figure 5). 

We reviewed the results for the different gemol- 
ogists on each stone to (1) determine the degree of 
consistency in the individual classifications, and (2) 
ensure that the “boundaries” that marked a move 
from one category to the next were adequately 
defined. Minor adjustments were made in the course 
of the study to resolve boundary discrepancies. 
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Figure 3. These images represent two examples of emeralds that would be placed in the “minor” category of 
the clarity-enhancement classification system. The “minor” category reflects the fact that the clarity enhance- 
ment has had only a slight effect on their face-up appearance. The images on the left show the emeralds before 
they were filled, and the images in the center show them after filling. The diagrams on the far right are plots of 
the fissures in these two emeralds as they reach the crown and pavilion surfaces. Note, however, that the 
depth of a fissure is not indicated on any of the plots shown in this article (which are for information purposes 
only here, and will not be included in the redesigned emerald report). Photos by Maha Tannous. 


RESULTS AND DISCUSSION 

Given our gemologists’ knowledge of the clarity 
grading system for diamonds, and their experience 
with emeralds, we found this system to be easily 
teachable to them. Although, as noted above, some 
fine tuning of the three categories was done 
throughout the study to make sure the boundaries 
were adequately demarcated, for the most part the 
original categories established worked well: From 
the beginning of the research project, for the vast 
majority of stones, most of the gemologists were 
consistent in their clarity-enhancement classifica- 
tion calls on the same stones. 

It cannot be stressed enough, however, that 
whereas diamond clarity grading incorporates all 
internal features, the categories in the emerald clari- 
ty-enhancement classification system address only 
the filled fissures and other surface-reaching fea- 
tures in a stone—their number, size, and extent rel- 
ative to the size of the stone, and where they are 
located. Consequently, this classification system is 
used solely to evaluate the degree of apparent 
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enhancement that these filled features represent; 
the system does not constitute an overall “clarity 
grade” of the emerald. Nor does it take into account 
inherent inclusions, such as mineral crystals, or pri- 
mary and secondary fluid inclusions. Likewise, 
inclusions that do not reach the surface of the emer- 
ald cannot be filled and therefore are not properly 
considered in a system that only evaluates the filled 
fissures in a stone. 

Since, in our view, the presence of filled fissures 
of VVS, size (that is, extremely small relative to the 
size of the stone) would not noticeably affect the 
appearance of an emerald, we include such stones 
under the category of “No evidence of clarity 
enhancement was detected.” We based this on the 
premise that if the appearance of an emerald is not 
affected, then the presence of a minuscule amount 
of filler does not constitute an enhancement. 

It is important to remember that with this clari- 
ty-enhancement classification system, as with the 
system for clarity grading diamonds, all of the rele- 
vant factors must be taken into consideration to 
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Figure 4. These two emeralds would be classified as “moderate” in the clarity-enhancement classification sys- 
tem. This category indicates that the fissures present have a noticeable, but not extreme, effect on the face-up 
appearance of the emeralds. The images on the left show the stones before they were filled, and the images 
in the center show them after filling. The diagrams on the far right are plots of the fissures in these two emer- 
alds as they reach the crown and pavilion surfaces. Photos by Maha Tannous. 


Figure 5. A clarity-enhancement classification of “significant” would be given to each of these two emeralds. 
This category indicates that the clarity enhancement has had an obvious effect on the face-up appearance of 
the emeralds. The images on the left show the stones before they were filled, and the images in the center show 
them after filling. The diagrams on the far right are plots of the fissures in these two emeralds as they reach the 
crown and pavilion surfaces. Photos by Maha Tannous. 
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Conclusion 


Comments: 


Due to their growth conditions in nature and recovery methods , most 
emeralds contain surface reaching features. For this reason, clarity 
enhancement is a common trade practice. 


place the emerald in a specific category. For exam- 
ple, a small filled fissure directly beneath the table 
of an emerald would have a greater impact on the 
appearance of the stone than a larger filled fissure 
along the girdle, and thus the smaller fissure could 
result in the stone receiving a more severe enhance- 
ment classification. Also, a stone may have fewer 
filled fractures, but if they are in an area where risk 
of damage is high, the emerald will be placed in a 
lower clarity-enhancement category. 

The quality of the filler is not a primary consider- 
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Hew York Figure 6. This is a prototype 

rapes Pamtg of the new, redesigned GIA 
Gem Trade Laboratory 
Emerald Report. It will 
incorporate a tabular for- 
mat, a digitally produced 
color image, a removable 
tab that can be placed in a 
parcel paper, and state-of- 
the-art document security 
features. 
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ation when classifying the degree of enhancement of 
emeralds. Typically, a whitish or deteriorated filler is 
not interpreted any differently from a uniformly 
transparent filler. The guiding premise in classifying 
the degree of clarity enhancement is the presumed 
appearance of the emerald before it was filled. 

It is also important to point out that the emerald 
clarity-enhancement classification system, just as 
with the diamond grading system, is subjective by 
nature and can only be learned with practice and 
experience. One cannot expect to be proficient at 
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such a system by simply reading about it or taking 
a class. From our experience with the laboratory 
gemologists who participated in this study, howey- 
er, we believe that the tens of thousands of gradu- 
ates trained in the GIA diamond grading system 
will readily understand the basic criteria used. 


THE NEW GIA GEM TRADE 

LABORATORY EMERALD REPORT 

On the basis of these results, in early 2000 GIA will 
be offering a new emerald clarity-enhancement clas- 
sification service that will coincide with a complete 
redesign of the GIA Gem Trade Laboratory identifi- 
cation report. The report information for single 
unmounted stones will now be presented in a tabu- 
lar format on a document that incorporates many 
document security features and a detachable refer- 
ence tab small enough to fit inside a parcel paper. 
The Emerald Report (figure 6) will also include a digi- 
tally generated color image, to illustrate the appear- 
ance of the stone at the time it was examined in 
the laboratory. We believe that this will help pro- 
tect the user of the report in those situations where 
the emerald is enhanced or the filler deteriorates 
after the report has been issued. 

We chose the terms minor, moderate, and sig- 
nificant to describe the level of clarity enhance- 
ment because they are already in use by several 
other laboratories and, as was discussed at an inter- 
national meeting of laboratories held in Bern, 
Switzerland, on May 7, 1999, the harmonization of 
word terms between laboratories should help alle- 
viate confusion both in the trade and with con- 
sumers (Wade, 1999). Again, this classification sys- 
tem is used solely to evaluate the level of enhance- 
ment that filled surface-reaching features represent 
in an emerald, and not to offer an overall “clarity 
grade” for the emerald. 

Emerald clarity-enhancement classification 
reports will be issued for loose natural emeralds 
only. Therefore, it will be necessary to identify the 
gemstone before providing a report. This identifica- 
tion will be included as part of the new report. If a 
stone turns out to be anything other than a natural 
emerald, if an emerald is mounted, and for clients 
who want an identification only, a standard gemo- 
logical identification report will be provided along 
with a statement as to whether any enhancement 
was present. If filled fissures are observed, the iden- 
tification report will include the statement that 
“Evidence of clarity enhancement was detected,” 
but no quantification will be given. 
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DEGREE OF ENHANCEMENT 

VERSUS VALUE 

Although it is tempting to correlate the degree to 
which an emerald has been clarity enhanced to the 
value of that stone, the extent of filler present is only 
one part of the value equation, which also includes 
color and weight (Drucker, 1999). “Significant 
enhancement” does not necessarily mean low value, 
just as “minor enhancement” or “no evidence of 
enhancement” does not necessarily mean high value 
(figure 7). 

Clearly, the amount of internal non-surface- 
reaching inclusions present in a given emerald will 
have a major effect on the value of that stone. The 
value of a low-quality emerald that is heavily 
included will not be improved at all by a report that 
says it has only minor enhancement. Conversely, 
an “eye-clean” emerald that gets a report stating 
that it is significantly enhanced will probably see a 
negative impact on its value when compared to an 
eye-clean stone with less enhancement. 

Most consumers and dealers alike would proba- 
bly agree that color is the single most important fac- 
tor in determining the value of a colored stone. 
Clarity enhancement cannot change the inherent 
color of a stone. A poorly colored emerald will always 
be poorly colored unless artificial coloring agents 
such as dyes are added. However, clarity enhance- 
ment can change the appearance of a stone’s color. 
By changing the visibility of fissures in a stone, clari- 
ty enhancement reduces the amount of light scat- 
tered or reflected by those fissures, so the color of the 
stone may appear better than it was before. 

That is what gem treatment is all about: chang- 
ing the appearance of a stone so it looks better than 
it did before it was treated. Consequently, if we 
have two emeralds where all other factors are equal 
(e.g., internal inclusions and color), the stone that 
shows only minor enhancement will be more desir- 
able than the one that is significantly enhanced. 

This correlation between treatment and value is 
true for many types of stones and treatments. A 
good example would be the effect of heat treatment 
on corundum. A non-heat-treated sapphire will still 
not be valuable if, for instance, it is too pale or too 
dark. However, a heat-treated sapphire with good 
color and clarity will not have the same value as a 
similar-quality untreated sapphire. 

Of course, there are several critical differences 
between the treatments in emerald and sapphire. 
With heat treatment of sapphires, the stone itself is 
being changed and the change is permanent, whereas 
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with the filling of emeralds it is only an apparent 
change and the change is not permanent. The clarity 
enhancement of emeralds also masks the presence of 
fissures that may affect the durability of the stone, 
particularly if the fractures are large and are located 
where risk of damage is high, such as in a corner of 
an emerald-cut stone. 


CONCLUSION 


We have devised a system for classifying the degree 
of apparent clarity enhancement in a particular 
emerald as minor, moderate, and significant. The 
extent of enhancement is based primarily on a visual 
assessment of the total amount of filling in surface- 
reaching fractures as determined with microscopic 
examination. A combination of factors such as the 
size of the filled features, where they occur within 
the emerald, and their quantity relative to the size of 
the stone also affect the final classification. To con- 
firm the consistency of this classification system 
and refine the boundaries between categories, we 
conducted a study whereby approximately 500 
emeralds were examined (and placed in one of the 
three categories) by several experienced gemologists. 
This clarity-enhancement classification system is 
planned for introduction into the new GIA Gem 
Trade Laboratory Emerald Report in early 2000. 
Although the degree of clarity enhancement 
may be an important consideration for evaluating 
natural emeralds, it should not be used alone to 
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Figure 7. Degree of 
enhancement is only one 
factor that may affect a 
stone’s value. The emerald 
on the left has many inclu- 
sions that are highly visi- 
ble, yet it merits only a 
“minor” enhancement call 
because it has relatively 
few filled surface-reaching 
fissures. The eye-clean 
stone on the right appears 
to be of very high quality. 
However, the clarity 
enhancement is masking 
several large fractures. The 
emerald would look much 
worse if it were not filled, 
so it deserves a “signifi- 
cant” classification. Photo 
by Maha Tannous. 


judge the quality or value of an emerald. However, 
when two stones that are otherwise similar in all 
aspects are compared, the emerald with less clarity 
enhancement may require less care and be less sus- 
ceptible to damage. The presence of surface-reach- 
ing fissures does not necessarily mean that an emer- 
ald has been enhanced. In situations where large fis- 
sures or fractures are present in the stone and there 
is only a small amount of foreign substance present, 
the enhancement will be classified as “minor.” 
Likewise, a minute amount of foreign substance 
may be detected, but if it is determined that it does 
not significantly affect the appearance of the stone, 
the report might read “No evidence of clarity 
enhancement was detected.” 

If one were to take a heavily fractured emerald 
that has not been filled and obtain a report with the 
“no evidence” conclusion, and then subsequently 
treat the stone, the image on the report should 
show that the appearance of the stone has been 
altered. Note, however, that such changes may not 
be apparent for emeralds in which the enhancement 
is only visible with a microscope. 

We believe that additional information such as 
this, which will ultimately go to the final con- 
sumer, will help educate the buying public and 
make them feel more comfortable when purchasing 
emeralds and other colored stones, thus restoring 
the consumer confidence that has wavered over the 
last few years. 
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NOTES AND NEW TECHNIQUES 
eee 


CLUES TO THE PROCESS USED 
BY GENERAL ELECTRIC TO ENHANCE 
THE GE POL DIAMONDS 


By Karl Schmetzer 


The specific detarls of the process used to enhance color and clarity in GE 
POL diamonds have not been disclosed. However, a survey of U.S. 
patents and European patent applications reveals that General Electric 
has developed a variety of high-temperature annealing techniques at 
different pressures for enhancing the optical properties of polycrystalline 
synthetic diamond films and single-crystal synthetic diamond. These 
methods may provide important clues to the process being used to decol- 
orize natural type IIa (GE POL) diamonds, that 1s, by reducing the 


structural defects associated with their brown coloration. 


In March 1999, a new type of enhanced diamond 
was announced by Pegasus Overseas Limited (POL) 
of Antwerp, Belgium, a subsidiary of Lazare Kaplan 
International (LKI) Inc. (Rapaport NewsFlash, March 
19, 1999; see figure 1). This new method, which was 
developed by the General Electric Company (GE}, 
reportedly changes both the color and clarity appear- 
ance of certain diamonds (see Tempelsman, 1999). 
The faceted diamonds are referred to as GE POL, 
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Pegasus, and most recently at retail, Monarch™ dia- 
monds (Heeger, 1999). Almost immediately after the 
GE process was announced, numerous questions 
were raised about the identification of these 
enhanced natural diamonds (see, e.g., Rapaport 
NewsFlash, 1999; Even-Zohar, 1999). 

Although GE has confirmed that it is using a 
high-pressure, high-temperature (HPHT) process, 
details of the treatment conditions so far have not 
been disclosed (see, e.g., Johnson et al., 1999; Moses 
et al., 1999; Shigley et al., 1999). Consequently, the 
exact enhancement mechanism still is unknown. 
However, a statement made by Bill Woodburn, 
General Electric’s vice president of Superabrasives, 
provides some insight into GE’s approach 
(Woodburn, 1999): “In nature the diamond’s color is 
disturbed by normal geological factors such as 
changes in heat and pressure or contamination that 
disturbs the conditions that allow the stones to 
reach their colorless potential. The GE process, 
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through high temperature and pressure, attempts to 
recreate the earth’s geological process and allows 
the diamond to reach its optimal colorless poten- 
tial.” That is, GE proposes that its process simu- 
lates the conditions of heat and pressure to which 
the diamond might have been exposed naturally in 
the earth’s mantle. 

Given this situation, the present author con- 
ducted a search of diamond treatment patents to 
find any reference to a process that might provide 
better understanding of the method applied. It is 
hoped that better knowledge of the enhancement 
mechanism will help in the development of identi- 
fication criteria. 


BACKGROUND 

Primarily on the basis of their nitrogen or boron 
contents, diamonds are classified as types I (a and b) 
and II (a and b). The vast majority of natural dia- 
monds are type I, which contain different forms of 
nitrogen. Type Ila diamonds lack nitrogen and 
boron (as detectable by standard infrared spec- 
troscopy], whereas type IIb diamonds typically con- 
tain boron (for more on diamond types, see Fritsch 
and Scarratt, 1992, Weldon, 1999). In a sample of 
more than 800 GE POL diamonds examined by the 
GIA Gem Trade Laboratory, 99% of the stones were 
determined to be type Ila (i.e., low-nitrogen) natural 
diamonds (Moses et al., 1999). Because type Ila 
diamonds do not absorb visible light unless they 
contain structural defects, they are usually color- 
less; if such defects are present, however, type Ila 
diamonds may be gray, brown, or even pink 
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Figure 1. These three 

GE POL diamonds 
(4.11-5.34 ct) were all 
decolorized by a high- 
pressure, high-temperature 
process developed by 
General Electric. Photo by 
Elizabeth Schrader. 


(Fritsch, 1998; Lu et al., 1998). LKI president Leon 
Tempelsman has stated that the starting material 
for the GE process consists primarily of “top 
brown” to brown diamonds (see Donahue, 1999; 
compare Even-Zohar, 1999; Levy, 1999). Thus, the 
color alteration in natural brown type Ila diamonds 
could be caused by healing the structural defects 
within the diamond by means of plastic flow (also 
called plastic deformation). 

Color improvement by high-pressure, high-tem- 
perature annealing processes was independently 
developed and patented in the late 1970s by GE 
(Strong et al., 1978, 1979) and the De Beers 
Industrial Diamond Division (Evans and Allen, 
1983). Both procedures were based on the transfor- 
mation of type Ib nitrogen to type Ia nitrogen, there- 
by reducing the saturation of a yellow or brownish 
yellow color in diamonds (Schmetzer, 1999). 
Although this mechanism may be involved in a few 
of the Pegasus diamonds examined so far, it cannot 
be the main mechanism for color and clarity 
improvement of these type Ila diamonds because 
they lack significant amounts of nitrogen. 

GE has announced that it has not patented the 
process to “whiten” the diamonds sold by POL 
(Barnard, 1999; Donahue, 1999; Weldon, 1999). The 
reasons for this may be that: (1) GE wishes to keep 
details of the process proprietary, (2) the process is 
already patented, or (3) the process is already consid- 
ered public domain and thus can no longer be 
patented. The following review of related patents 
suggests that all of these reasons may apply to some 
extent. 
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RELATED PATENTS 

The synthetic diamond treatments described in a 
series of patent applications filed originally in 1994 
by General Electric may help shed some light on 
the present treatment process of Pegasus diamonds. 
All involved enhancing the “toughness” of, and 
“reducing crystalline defects” in, chemical vapor 
deposited (CVD) synthetic diamond. (In the follow- 
ing, the terminology used in these patent docu- 
ments has been adopted as closely as possible, so 
some of the wording may seem a little awkward.) 
The original patent application was filed March 11, 
1994, in the U.S., but was later abandoned and so 
never resulted in a U.S. patent. This same applica- 
tion was refused by the European Patent Office in 
1998 in the course of the European examination 
process, but by 1995 it had already entered the pub- 
lic domain (Anthony et al., 1995a). 

Subsequent to the March 1994 application, four 
related patent applications were filed by GE in May 
and June of 1994. Three of these received U.S. 
patents (No. 5,672,395; No. 5,451,430; and No. 
5,468,934). The methods described in these patents 
reveal improvements that bring us even closer to 
understanding the high-pressure, high-temperature 
technique being used to enhance color and clarity in 
the Pegasus diamonds. 


The Original March 1994 Patent Application. As 
described in the European application that was sub- 
sequently abandoned (Anthony et al., 1995a), this 
HPHT treatment of CVD synthetic diamond can be 
applied to single crystals or polycrystalline diamond 
material up to 10 mm thick that contains grain 
boundaries, growth defects, dislocations, plastic 
strain, or other sources of density fluctuation (con- 
centrations of inhomogeneities or voids) that reduce 
the quality of the optical properties. 

In the process described, the synthetic CVD dia- 
mond is brought into the high-pressure, high-tem- 
perature conditions under which diamond is the 
thermodynamically stable phase of carbon for a pre- 
scribed period of time. The starting material is 
placed in inert pressure-transmitting fluids or solids, 
including salts (e.g., sodium chloride or potassium 
chloride), oxides, or graphite, and subjected to 
(preferably) pressures of 50-70 kilobars and temper- 
atures of 1400°C-1700°C. In this region of the dia- 
mond stability field (see figure 2), both plastic flow 
(deformation) and atomic diffusion of carbon occur. 
The synthetic diamond may be held under these 
conditions for a period that ranges from minutes to 
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several days, but typically is from 1 to 24 hours. 
Subsequent to cooling and release of pressure, the 
result is a diamond with fewer defects, reduced den- 
sity gradients, and lower stress—that is, with 
improved optical properties. If color centers related 
to defects are responsible for a brown coloration, 
and such defects are present, one can also assume 
that the removal of such defects will “remove” or 
lighten the original color. 

This HPHT method appears to use pressures and 
temperatures that are similar to those used in the 
earlier technique developed and patented by GE at 
the end of the 1970s for transformation of type Ib to 
type Ia nitrogen in natural and synthetic diamonds 
(again, see Strong et al., 1978, 1979). The new GE 
POL method, however, must use a completely dif- 
ferent mechanism for color and clarity enhance- 
ment, because of the absence of nitrogen in the type 
Ila diamonds treated. 


The Subsequent GE Patents. Whereas the procedure 
described in the 1994 patent application involved 
treatment in the diamond stability field (very high 
pressure], the later GE patents describe diamond 
treatments under conditions within the graphite sta- 
bility field (lower pressure), but with almost identi- 
cal results. 

In U.S. patent 5,672,395, Anthony et al. (1997) 
describe an HPHT treatment (again, with specific 
reference to CVD synthetic diamond) that uses plas- 
tic deformation to improve diamond properties by 
reducing strain and decreasing the size of voids. 
Typical pressures of 5 kilobars were applied at tem- 
peratures between 1600°C and 1900°C. These con- 
ditions are above the plastic yield limit line but 
below the diamond-graphite boundary; that is, they 
are within the graphite stability field (again, see fig- 
ure 2). To prevent graphitization of diamond while 
plastic flow is occurring during the high-tempera- 
ture annealing, hydrogen gas or a mixture of hydro- 
gen and methane plus other nonoxidizing media 
can be used as graphitization suppressors. Also to 
prevent graphitization, the annealing time at 
1800°C is kept below 60 minutes, and at 1900°C it 
is below 15 minutes. This method is less expensive 
than that mentioned above simply because a lower- 
pressure apparatus can be used. 

In USS. patent 5,451,430, Anthony et al. (1995b) 
used temperatures between 1600°C and 1900°C, but 
at even lower pressures, to improve the toughness 
of CVD synthetic diamond. Graphitization suppres- 
sors again were used (e.g., hydrogen gas or a mixture 
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silver. All parts of the bouquet are 
movable; they tremble and play with 
the least. motion, displaying colors 
of magnificent shades. 

“Old Indian stones of rare beauty 
are remarkable for their excep- 
tional variety. Here are incompa- 
rable solitaires of bluish and even 
delicately pink water; there are sev- 
eral defective stones with black dots; 
but all these stones with their 
shades, combination, and beauty of 
cut, make one brilliant scale and 
are of the greatest artistic value.” 


(To Be Continued) 
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*Diamond Fund of U.S.S.R. “In April, 1922, 
a committee composed of professors and ex- 
perts was appointed and on its first meeting 
emphasized the necessity of preserving ‘as 
national property never to be sold or done 
away with’ the regalia and the Romanov jew- 
els. This proposition met with full approval 
from the members of the government and 
then, once again, the strong boxes were trans- 
ferred to the ‘National Department of State 
Valuables’ (now the National Fund of Metals 
and Precious Stones) where, to the present 
day, they are safely kept.’’ Russia’s Treas- 
ure of Diamonds and Precious Stones’; pub- 
lished by People’s Commissariat of Finances, 
Moscow, 1925; Part I, p. 12.: 


**Mr. Fersman calls many stones ‘“‘samotz- 
viet.” literal translation of which is self-col- 
ored stone. All dictionaries give as transla- 
tion “precious stone.’ It is logical. to sup- 
pose that this word means such self-colored 
stones .as rubies, etc., but. occasionally he 
also applies it to diamonds. (Translator’s 
note.) 


Radiographic Examination of Pearl 
(Continued from Page 362) 


The natural origin of P-72 is 
shown by the diffraction photo- 
graphs P-72-1 and P-72-2 in each of 
which the hexagonal “spoke” pat- 
tern appears more or less faintly on 
a diffuse background. 

The present study, while limited 
and somewhat superficial, indicates 
the importance of supplementing 
radiographic examination of pearls 
with the X-ray diffraction method. 
Radiography has the distinct advan- 
tage of permitting examination of 
a large number of pearls in a rela- 
tively short time. Doubtful cases of 
individual pearls arise, however, in 
the case of cultured pearls through 
an indistinct line of demarcation be- 
tween core and nacre and in the case 
of natural pearls through internal 
flaws that appear in the radiograph 
as circular discontinuities between 


the centre and the outer layers. Such 
doubtful pearls may be recognized 
in a group by direct comparison be- 
tween the original group of pearls 
and the radiograph. They . should 
then be removed and photographed 
individually by the X-ray diffraction 
method in order to identify them 
with greater certainty. The present 
photographs also suggest that the 
broad diffuse diffraction haloes with 
or without traces of hexagonal 
“spokes” or “rays”. so commonly en- 
countered with natural pearls are 
associated, as one might expect, with 
irregularity of the internal structure 
of the pearl. It is hoped eventually 
to correlate perfection and imper- 
fection of X-ray diffraction photo- 
graphs of natural pearls with micro- 
scopic examination of ‘thin sections 
of the same specimens. 


Editor’s Note: The work described in the foregoing article was carried out in the summer 
of 1946 for Mr. K. G. Mappin, F.G.A., C.G., Director of the Gemmological Laboratory, 
Mappin’s Limited, at the suggestion of Mr. H. R. Cox, F.G.A. The x-ray diffraction photo- 
graphs were taken in the laboratory of the Department of Chemistry, McGill University, 


Montreal. 


Another article will appear in the next issue of Gems & Gemology. 
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Figure 2. This pressure-temperature diagram 
illustrates the diamond-graphite stability field 
(defined by the dashed equilibrium line) and the 
plastic yield limit of diamond (solid line). 
Diamond is the stable form of carbon above the 
diamond-graphite equilibrium line, whereas 
graphite is stable below this line. Diamond is 
rigid to the left of the yield-strength line, whereas 
it can plastically deform under conditions corre- 
sponding to those to the right of this line. 
Modified from DeVries (1975); see also Anthony 
et al. (1995a and b, 1997). 


of hydrogen and methane—or, alternatively, inert 
atmospheres such as argon, helium, or neon), and 
pressures could vary between 1 torr and 5 atmo- 
spheres (i.e., significantly less than one kilobar). 
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Under these conditions, the annealing time is fur- 
ther reduced, to prevent graphitization, to less than 
6 minutes at 1800°C and less than 15 seconds at 
1900°C. Again, plastic deformation that occurs at 
high temperatures eliminates stress in the synthetic 
diamond (single crystals or polycrystalline material] 
and improves the optical properties. In U.S. patent 
5,468,934, Anthony and Fleischer (1995) describe an 
apparatus designed to perform the technique dis- 
cussed in this paragraph. 


CONCLUSION 


Information as to the exact pressures, temperatures, 
and annealing times applied by General Electric to 
produce the Pegasus diamonds, as well as which 
pressure-transmitting media and/or graphitization 
suppressors actually are used, is still proprietary. 
However, at least part of the mechanism of color 
(and clarity) enhancement may be better understood 
by the information cited in the GE patent applica- 
tions and patents discussed above, which are proba- 
bly precursors of the current GE POL process. 

The different high-temperature annealing tech- 
niques at variable pressures described in these docu- 
ments for polycrystalline synthetic diamond films 
and single-crystal synthetic diamond also can be 
applied to natural diamonds. It also should be possi- 
ble to reduce the structural defects associated with 
the brown coloration of some natural diamonds 
(again, see Fritsch, 1998; Lu et al., 1998) by carefully 
controlled plastic deformation at temperatures 
above 1600°C. The observation of strain patterns 
and of graphite in cleavages in Pegasus diamonds 
(Shigley et al., 1999; Moses et al., 1999) also may be 
explained by plastic deformation during treatment 
and by graphitization along cleavages. However, it 
must be kept in mind that new methods and new 
discoveries are always possible, and GE still has not 
revealed the details of the actual conditions being 
used for its Pegasus diamonds. 
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DIOPSIDE NEEDLES AS INCLUSIONS IN 
DEMANTOID GARNET FROM RUSSIA: 
A RAMAN MICROSPECTROMETRIC STUDY 


By Michael S. Krzemnicki 


Straight, acicular, colorless solid inclusions in demantoid garnet from 
the Ural Mountains of Russia were investigated by laser Raman micro- 
spectrometry. These “needles,” which occur in association with “horsetail” 
inclusions (curved, fibrous chrysotile), were identified as diopside. This 
study also demonstrated that Raman analysis is a Inghly sensitive method 
for distinguishing even between isomorphous mineral inclusions in gems, 
that 1s, minerals with similar crystal structures but different chemical 


compositions. 


Studies of the inclusions in demantoid garnet from 
Russia’s Ural Mountains have focused mainly on 
the “horsetail” fibers that historically were referred 
to as byssolite—an obsolete name for fibrous 
amphibole—in the literature (see, e.g., Giibelin and 
Koivula, 1986; Webster, 1994). Recent investiga- 
tions by A. Peretti, however, identified these fibers 
as chrysotile, a serpentine mineral (Phillips and 
Talantsev, 1996). Similar horsetail inclusions have 
been seen in demantoid garnets from Val Malenco, 
Italy. However, only very few stones from this 
locality have been cut and have appeared in the 
gem trade. 
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In recent years, the historic demantoid deposits 
have been reworked and new deposits have been 
uncovered in the Urals. Demantoid garnets recently 
mined from these Russian deposits have been 
observed to contain distinctive acicular inclusions 
(see, e.g., figure 15 of Phillips and Talantsev, 1996), 
sometimes accompanied by horsetails. The goal of 
the present study was to identify these acicular inclu- 
sions by means of laser Raman microspectrometry. 

Although Raman analysis has been used in min- 
eralogical research for many years (see, e.g., Moore 
et al., 1971; Griffith, 1987), it is a relatively new 
technique in most gemological laboratories. 
Nevertheless, several authors have described gemo- 
logical applications of Raman microspectrometry, 
which is an excellent tool for the nondestructive 
analysis of inclusions in gemstones (see, e.g., Delé- 
Dubois et al., 1980; Hanni et al., 1998; Koivula and 
Elen, 1998). 

The Raman-shift effect measured by the instru- 
ment is due to the molecular vibrations within a sub- 
stance during its exposure to an intense monochro- 
matic light source, usually a visible laser (Long, 1977; 
McMillan and Hofmeister, 1988). Minerals that have 
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different crystal structures can be distinguished by 
different peak positions in their respective Raman 
spectra (Maestrati, 1989). However, even isomor- 
phous minerals (i.e., those that have similar crystal 
structures but different chemical compositions) may 
be distinguished from one another by Raman analy- 
sis (see, e.g., Pinet and Smith, 1993, 1994; Mernagh 
and Hoatson, 1996). 


MATERIALS AND METHODS 


Recently, the author had the opportunity to investi- 
gate the inclusions in 11 demantoid garnets from 
Russia’s Ural Mountains, which were sent to the 
SSEF Swiss Gemmological Institute for certification. 
The origin of the samples was determined by SSEF 
on the basis of their inclusions and chemical compo- 
sitions. All of the samples were faceted, most as 
round brilliants. They ranged from 0.55 to 3.06 ct, 
and from yellowish green to intense green (figure 1). 
Similar demantoid garnets from Russia have been 
reported on the market since the mid-1990s (Phillips 
and Talantsev, 1996; ICA Gazette, 1998). 

Each stone was examined with a gemological 
microscope and darkfield illumination at 10x—50x 
magnification. The inclusions were analyzed with a 
Renishaw Raman system, using a 514 nm argon laser 
and an Olympus gemological microscope at 20x 
magnification to focus the laser on the inclusion. For 
each analysis, 20 scans (5 seconds/scan) were accu- 
mulated. On the basis of a preliminary computerized 


Figure 2. When observed with magnification, 
the straight, colorless diopside needles appeared 
very different from the curved chrysotile fibers 
(“horsetails”) typically seen in Russian deman- 
toid garnet. Photomicrograph by Henry A. 
Hdnni; magnified 30x. 


Figure 1. These demantoid garnets (0.55 to 3.06 
ct) from the Ural Mountains of Russia were 
among those studied for this article. Photo by 
Henry A. Hanni. 


identification, the spectra were compared to refer- 
ence samples to make a positive identification. 


RESULTS 


Microscopic Investigations. In all 11 samples, the 
long, thin, curved chrysotile fibers (horsetails) char- 
acteristic of Russian demantoid were present. Three 
samples also contained colorless acicular inclusions 
that were accompanied by horsetail inclusions (fig- 
ure 2). The acicular inclusions showed no specific 
orientation relative to the garnet structure or to the 
horsetails. They were characterized by a rhombic 
cross-section and distinct striations parallel to the 
long axis (figure 3). In two of the three demantoid 


Figure 3. The acicular inclusions, which appeared 
rhombic in cross-section, revealed striations par- 
allel to the long axis. Photomicrograph by Henry 
A. Hanni; magnified 50x. 
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samples, the acicular inclusions were accompanied 
by hollow tubes that appeared to have the same 
shape. Where they reached the surface, these tubes 
were partly filled with residues of the polishing com- 
pound. 


Identification of Inclusions by Raman Analysis. 
The Raman spectra of the acicular inclusions ana- 
lyzed in the three samples showed only slight dif- 
ferences in peak intensity, due to the anisotropy of 
the crystal structure (Ostertag, 1996). They were 
always superimposed over the peaks of the host 
demantoid (figure 4). A careful subtraction of the 
spectra (Ostertag, 1996; Hanni et al., 1997) was 
required to avoid any misinterpretation. When the 
Raman spectra of the acicular inclusions were com- 


pared with the spectra in the digital SSEF Raman 
library (Hanni et al., 1997), they were identified as 
diopside (again, see figure 4). 

Diopside, a Ca-Mg pyroxene, forms an isomor- 
phous series with hedenbergite (a Ca-Fe pyroxene; 
Deer et al., 1992). The general patterns of the peak 
positions in the Raman spectra of diopside and 
hedenbergite are similar. This is not surprising, as 
both have the same crystal structure (monoclinic 
C2/c) and thus have similar vibrational spectra in 
Raman microspectrometry. However, the two simi- 
lar structures contain slightly different molecules, 
which results in slightly higher wavenumbers for 
diopside than for hedenbergite. Thus, Raman analy- 
sis can distinguish between members of an isomor- 
phous series, even if the size of the ions involved in 


Figure 4. When a representative Raman spectrum of the acicular inclusions was compared to reference 
spectra for diopside, hedenbergite, and demantoid garnet, it was evident that the study sample correlated 
well with diopside (Ca-Mg pyroxene). The peaks that are not labeled correspond to demantoid. 
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the exchange mechanism (0.72 A for Mg?* in diop- 
side versus 0.78 A for Fe2* in hedenbergite) is not 
significantly different. The literature reveals similar 
results, for example, for clino- and orthopyroxenes 
(Mernagh and Hoatson, 1996) and for garnets (see, 
e.g., for andradite-uvarovite-grossular: Pinet and 
Smith, 1993; for spessartine-almandine-pyrope: 
Pinet and Smith, 1994). 

In the mineralogical literature, Deer et al. (1982) 
mention the presence of relics of an unspecified 
pyroxene in demantoid garnet from the western 
Carpathian Mountains of central Europe. With the 
current study, however, diopside is identified for the 
first time as an inclusion in gem-quality demantoid 
garnet. 


CONCLUSIONS 


Colorless acicular inclusions of diopside were identified 
in demantoid garnet from Russia’s Ural Mountains. 
In the samples examined, these colorless acicular 
inclusions occurred together with classic horsetail 
inclusions. Consequently, they may provide further 
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microscopic evidence for the Russian origin of a 
demantoid garnet. 

This study also represents the successful use of 
Laser Raman microspectrometry in gemology to dif- 
ferentiate between isomorphous minerals of the 
pyroxene group (diopside and hedenbergite), by 
revealing slight general shifts in the peaks of their 
respective Raman spectra. 
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GARNETS FROM MADAGASCAR 
WITH A COLOR CHANGE OF 
BLUE-GREEN TO PURPLE 


By Karl Schmetzer and Heinz-Jiirgen Bernhardt 


Gemological, chemical, spectroscopic, and microscopic properties of blue- 
green color-change garnets from a new deposit near Bekily, Madagascar, 
ave given. The samples are members of the pyrope-spessartine solid-solution 
series, with smaller constituents of almandine and grossular. The alexan- 
drite-like color change from blue-green in daylight to purple in incandes- 
cent light 1s mainly caused by relatively high amounts of vanadium (about 
1 wt.% V,O;). These garnets are particularly noteworthy because they rep- 
resent the first commercially available “blue” garnets. 


Although gem-quality color-change garnets have 
been known from Sri Lanka and Tanzania, interest 
in this phenomenal material has grown rapidly with 
the discovery of new deposits near Tunduru 
(Tanzania) and especially Madagascar. In particular, 
the discovery in Madagascar of commercial quanti- 
ties of color-change garnets that are greenish blue to 
blue-green in daylight represents the first “blue” gar- 
nets to enter the gem market (figure 1). Although cut 
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stones are usually small (0.1-0.8 ct), many stones 
over 1 ct have been reported. The largest faceted top- 
quality blue-green color-change garnet seen to date is 
9.5 ct (T. Hainschwang, pers. comm., 1999). 

In general, garnets that show a distinct color 
change from green to bluish green in day (or fluores- 
cent) light and red to reddish purple in incandescent 
light are subdivided into two groups according to 
their chemical composition. The first group consists 
of chromium-rich pyropes with chromium contents 
above 3 wt.% Cr,O,. Chemical properties of sam- 
ples from this first group have been reviewed by 
Schmetzer et al. (1980), but faceted gem material 
has been seen only rarely in the trade. Occasionally, 
garnet inclusions in diamond (see Fryer, 1982) 
reveal this chemical composition. 

The second group of color-change garnets is more 
commonly seen as faceted gem material. This group 
is formed by members of the pyrope-spessartine 
solid-solution series that also contain minor molecu- 
lar percentages of almandine and grossular. The color 
change in these garnets always is associated with 
small amounts of V,O, and/or Cr,O, (Schmetzer and 
Ottemann, 1979; Schmetzer et al., 1980; Stockton, 
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Figure 1. This 1.00 ct color-change garnet is from a new source near Bekily, Madagascar. The vanadi- 
um-rich pyrope-spessartine garnet is blue-green in day or fluorescent light (left) and purple in incan- 


descent light (right). Photo by Maha Tannous. 


1982; Giibelin and Schmetzer, 1982; Manson and 
Stockton, 1984; and Stockton and Manson, 1985; for 
a recent colorimetric study of various color-change 
gem materials, see Liu et al., 1999). Historically, most 
samples of this second type of color-change garnet 
have originated from different localities in only two 
countries: Embilipitiya and Athiliwewa, in Sri Lanka; 
or Umba and Tunduru, in Tanzania (see references 
given above as well as Koivula and Kammerling, 
1988; Johnson and Koivula, 1996a and b, 1998a). 

In 1998, the first color-change pyrope-spessar- 
tine garnets from Madagascar were mentioned 
(Johnson and Koivula, 1998b). These samples were 
greenish yellow in daylight and intense pink to red 
in incandescent light. Recently, a second variety of 
color-change pyrope-spessartine from Madagascar 
was made available to one of the authors (KS). The 
color of this material varies from bluish green to 
greenish blue (almost pure blue) in daylight, with a 
distinct color change to intense purple in incandes- 
cent light (figure 1). The present study was under- 
taken to characterize this new material, the day- 
light color of which is very unusual compared to 
that of other garnets, both single color and color 
change, that have entered the marketplace thus far 
(see again Johnson and Koivula, 1996a and b). For 
convenience, the color-change garnets discussed in 
this article will be referred to hereafter as “blue- 
green,” their predominant daylight color. 


Notes and New Techniques 


MATERIALS AND METHODS 

For the present study, about 60 faceted blue-green 
garnets ranging from 0.1 to 2 ct were available. We 
also examined more than 100 rough samples up to 5 
ct. All samples were said to originate from a recently 
discovered mine near the town of Bekily in southern 
Madagascar (T. Cushman, J. Henn, H. Hogemann, E. 
Petsch, and M. Sevdermish, all pers. comm., 1999). 

For comparison, we also studied two greenish 
yellow/pink color-change garnets (1.95 and 0.44 ct) 
that had recently come from Madagascar. As was 
the case for the three garnets of similar color change 
described in Johnson and Koivula (1998b), these two 
new samples were purchased at a local gem market 
in Madagascar, so the exact locality for this material 
is still unknown. However, these samples probably 
also originate from the Bekily area (T. Hainschwang 
and M. Sevdermish, pers. comm., 1999). 

We tested more than 20 of the larger faceted 
blue-green samples and the two greenish yellow 
ones by standard gemological methods for refractive 
index, fluorescence to long- and short-wave ultravi- 
olet radiation, and density. We examined all of the 
available samples (both rough and cut) for inclu- 
sions and internal structure by standard microscop- 
ic techniques using different microscopes and light- 
ing conditions both with and without immersion in 
methylene iodide. 

Chemical properties were determined for eight 
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blue-green samples (designated A to H) that repre- 
sented the full range of refractive indices and densi- 
ties measured. In addition, we also analyzed the 
smaller (0.44 ct) greenish yellow sample (designated 
X). For quantitative chemical analyses of all nine 
faceted samples, a Cameca Camebax SX 50 electron 
microprobe was used, with traverses of 15 point 
analyses across the table of each sample. 

For 30 rough and faceted (approximately half 
each) blue-green garnets and for the two greenish 
yellow stones, we recorded spectroscopic data with 


a Leitz-Unicam SP 800 spectrophotometer for the 
visible-to-UV range. 

To identify the needle-like inclusions observed 
in the blue-green garnets, we used the electron 
microprobe described above. For this examination, 
we analyzed several faceted stones in which the 
needles reached the surface, as well as a few sam- 
ples of rough material on which we had faces spe- 
cially polished. Inclusions in three of these rough 
samples were also analyzed by laser Raman 
microspectrometry using the Renishaw system. 


TABLE 1. Physical and chemical properties of color-change garnets from Madagascar. 


Greenish 
Physical and chemical Blue-green (daylight) /purple (incandescent light) yellow/pink 
properties samples sample 
A B Cc D E F G H Xx 
Refractive index 1.759 1.760 1.760 1.761 1.763 1.765 1.766 1.767 1.764 
Density (g/cm) 3.87 3.87 3.88 3.89 3.90 3.92 3.92 3.93 3.91 
Microprobe analyses (wt.%)@ 
MgO 14.02 13.23 13.03 12.91 11.58 11.66 11.42 VSS 10.02 
CaO 2.09 2.46 2.27 2.28 2.13 2.39 2.71 2.21 4.21 
MnO 17.22 18.02 18.02 18.33 20.17 20.09 20.58 20.61 22.07 
FeO> 3.44 2.55 3.14 3.44 3.19 3.10 2.86 3.14 1.80 
VO, 0.95 0.98 1.25 1.22 0.89 1.21 1.16 1.22 0.21 
Cr,0, 0.15 0.23 0.25 0.24 0.14 0.24 0.36 0.20 0.18 
A\,O, 22.88 21.96 21.81 22.28 21.95 21.78 21.87 22.00 22.27 
SiO, 40.64 39.24 39.34 40.05 38.96 39.12 39.61 39.38 39.43 
TiO, 0.06 0.06 0.06 0.06 0.05 0.07 0.05 0.07 0.09 
Total 101.45 98.74 99.19 100.81 99.08 99.64 100.63 100.36 100.27 
Cations® 
Mg 1.582 1.492 1.468 1.431 1.317 1.319 1.281 1.296 1.131 
Ca 0.165 0.200 0.184 0.181 0.174 0.194 0.218 0.179 0.342 
Mn 1.069 1.155 1.153 1.155 1.303 1.291 1.312 1.317 1.416 
Fe 0.211 0.161 0.198 0.214 0.204 0.197 0.180 0.198 0.114 
Vv 0.056 0.060 0.076 0.073 0.054 0.074 0.070 0.074 0.013 
Cr 0.009 0.014 0.015 0.014 0.009 0.014 0.021 0.012 0.011 
Al 1.977 1.958 1.942 1.953 1.974 1.949 1.939 1.956 1.988 
Si 2.979 2.970 2.972 2.978 2.972 2.970 2.980 2.971 2.986 
it 0.003 0.004 0.003 0.003 0.003 0.004 0.003 0.004 0.005 
Mol.% end-members? 
Pyrope (Mg,Al,Si,O,.) 51.46 49.61 48.88 47.99 43.93 43.95 42.83 43.34 37.67 
Grossular (Ca,Al,Si,O,.) 2.37 3.06 1.64 1.84 2.72 2.16 2.80 177 10.21 
Spessartine (Mn,Al,Si,O,,) 35.93 38.40 38.40 38.74 43.47 43.03 43.85 44.05 47.16 
Almandine (Fe3*Al,Si,O,,) 7.08 5.36 6.60 7.18 6.79 6.55 6.02 6.64 3.79 
Goldmanite (Ca,V3*Si,O,,) 2.72 2.93 3.73 3.56 2.67 3.61 3.46 3.62 0.64 
Uvarovite (Ca,Cr,Si,O,.) 0.44 0.64 0.75 0.69 0.42 0.70 1.04 0.58 0.53 


aAverage composition of 15 analyses each. 

’Total iron as FeO. 

°Calculated on the basis of 12 oxygens. 

9Pure end-member formulas are from Deer et al. (1992) 
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RESULTS FOR THE BLUE-GREEN 
COLOR-CHANGE GARNETS 

Visual Appearance and Gemological Properties. 
All the rough samples were irregular fragments of 
originally larger crystals. No external crystal faces 
were observed. 

All samples, faceted and rough, revealed a 
homogenous bluish green, blue-green, or greenish 
blue color in daylight, with a distinct change to pur- 
ple in incandescent light (again, see figure 1). The 
color of this new material under both lighting con- 
ditions is close to that seen in the natural alexan- 
drite from Russia’s Ural Mountains that is currently 
available in the trade. The variation in color from 
one sample to another was small. Refractive indices 
were found to vary within a small range, from 1.759 
to 1.767. The densities ranged from 3.87 to 3.93 
g/cm? (table 1). All the blue-green garnets were inert 
to both long- and short-wave UV radiation. 


Chemical Properties. All eight blue-green garnets 
analyzed were relatively homogeneous in composi- 
tion, without any distinct chemical zoning. All were 
members of the pyrope-spessartine solid-solution 
series, with pyrope contents from 43 to 51 mol.% 
and spessartine contents from 36 to 44 mol.% (table 
1). All also contained minor percentages of alman- 
dine and grossular. In addition, these blue-green 
color-change samples revealed unusually high 
amounts of vanadium (0.89-1.25 wt.% V,O,) and dis- 
tinctly smaller percentages of Cr,O, (0.14-0.36 wt.%; 
see table 1). 


Spectroscopic Properties. The absorption spectrum 
of the blue-green samples consists of one strong, 
broad absorption band with a maximum at 571 nm, 
and a second strong band in the blue-to-violet range 
with three distinct maxima at 408, 422, and 429 nm 
(figure 2). Between these two major absorption 
bands, we always observed four somewhat weaker 
maxima at 459, 483, 503, and 518 nm. 

This type of spectrum is consistent with the 
data reported in the literature for vanadium-bearing 
pyrope-spessartines (see, e.g., Schmetzer and 
Ottemann, 1979; Schmetzer et al., 1980); the 
absorption bands were assigned to V** (571 nm), 
Mn”* (408, 422, and 483 nm), Fe** (429 nm], and Fe?* 
(459, 503, and 518 nm). The absorption bands of 
Cr** in garnets occur at positions (about 570 nm) 
almost identical to those of vanadium and, thus, the 
two superimposed absorptions cannot be separated. 
Because of the high intensity of the V** (plus Cr**) 
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Figure 2. These visible-range absorption spectra 
are representative of two types of vanadium-rich 
and chromium-bearing color-change garnets 
from Madagascar: (A) blue-green and (B) green- 
ish yellow. Absorption maxima were assigned 
to V* (plus Cr**), Mn**, Fe*+, and Fe?*; absorp- 
tion minima (which are responsible for the dif- 
ferent colors in day and incandescent light) are 
found in the blue-green (around 476 nm) and 
green (around 505 nm) areas of the visible 
range, respectively. 


absorption band in the yellow region, an absorption 
minimum always is found in the blue-green range, 
at about 474 to 476 nm. 


Properties Observed with the Microscope. When 
examined with crossed polarizers, all samples 
revealed strong anomalous double refraction (figure 
3); growth patterns were rare. In most of the blue- 
green garnets, needle-like inclusions were present in 
four orientations (again, see figure 3). The angle 
between any two sets of these inclusions always 
measured 70°. With one set parallel to the direction 
of view in the microscope, we always saw a network 
of the three remaining sets of needles (figure 4}, but 
the axes of these other needles were never oriented 
perpendicular to the plane of view. From these 
observations, it is evident that the needles were ori- 
ented parallel to the four [111] axes of the garnet. 
Electron microprobe analysis of the needle- 
like inclusions in some of the blue-green garnets 
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GEMOLOGICAL DIGESTS 


Reopening of Premier and 
Jagersfontein Diamond 
Mines 


The Premier mine, the only dia- 
mond pipe in Transvaal, South 
Africa, has come back into the 
news because of the fact that it is 
soon to be reopened, after being 
shut down since March 1932. 


The Premier diamond pipe is the 
largest, known, although the recently 
discovered Williamson mine in Tan- 
ganyika is reputed to be larger. The 
Premier mine is unusual in that it 
was worked as an open pit to the 
depth of 600 feet. 


The work of reopening the Pre- 
mier mine was begun in 1944, when 
the enormous task was undertaken 
of pumping out 740,000,000 gallons 
of accumulated water. Installation 
of new pumping machinery per- 
mitted the de-watering to be done in 
about twelve months’ time. In the 
future, the Premier mine will be 
operated through underground work- 
ings rather than ag an open pit. 
For this purpose a five-compartment 
shaft is being sunk to a depth of 
1200 feet in the country rock along- 
side the open pit. A new processing 
plant is being installed, capable of 
handling 8000 loads of ore per 
shift. It is expected that actual 
production of diamond will be re- 
sumed sometime in 1948. (The Dia- 
mond News, Sept. 1946, Vol. 9, No. 
12.) 

It was decided early in 1946 to 
reopen the Jagersfontein mine, in 


Orange Free State, as soon as pos- 
sible. Much of the original equip- 
ment is still available and inspection 
and overhaul work has begun. The 
previous washing plant had been 
dismantled during the war years 
and a new plant is being designed 
and will be constructed as soon as 
materials are available. Work has 
begun on reconditioning the under- 
ground workings, and the main 
shaft will be sunk an additional 600 
feet. The diamonds produced from 
the Jagersfontein mine are noted 
for their exceptional quality. (The 
Diamond News, July 1946, Vol. 9, 
No. 10.) 
G.S. 


New Pearl Essence 
Factories | 


News of the establishment of a 
new pearl essence factory in Lubec, 
Maine, has been announced in the 
October issue of Trader and Cana- 
dian Jeweller. There are now four 
pearl essence factories in Maine, 
just south of the New Brunswick 
border. Two more new plants are 
soon to be opened on the Canadian 
side. The essence is made from the 
iridescence on fish scales, and after 
this extraction is made, the scales 
are worthless and must be discarded. 
The pearl essence manufacturers are 
searching for further channels for 
their product, now used chiefly in 
the manufacture of imitation pearls. 


G.S. 


Figure 3. Anomalous double refraction is evi- 
dent in this blue-green color-change garnet from 
Bekily, Madagascar. Four orientations of rutile 
needles are also present. Immersion, crossed 
polarizers, magnified 30x. 


revealed that they were rutile, which was con- 
firmed by Raman analysis. The diameter of these 
rutile needles was in the range of 3 um. 

In a few samples, we also saw small, rounded 
mineral inclusions. However, these have not yet 
been identified. 


DISCUSSION 

Comparison with the Greenish Yellow Color- 
Change Garnets. As also is evident in table 1, the 
densities and refractive indices of the two greenish 
yellow samples from Madagascar were within the 
ranges of density and R.I. for the blue-green samples. 
Chemical analysis, however, revealed that the green- 
ish yellow sample contained somewhat less pyrope 
and almandine, and more spessartine, with distinctly 
more grossular. The microprobe analyses also 
revealed a chromium content in the same range as 
for the blue-green material, but there was distinctly 
less vanadium in the greenish yellow sample. The 
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most prominent internal features were dense groups 
of small, thin “needles” in different orientations. 

The lower percentages of V,O, and FeO in the 
greenish yellow garnet result in the day- and incan- 
descent-light colors that differ from those of the 
blue-green material (figure 5). Although absorption 
bands of V**, Cr+, Mn?*, Fe**, and Fe** in the spec- 
trum (again, see figure 2) of the greenish yellow gar- 
net resemble those of the blue-green garnets, the 
former has an absorption minimum in the green 
range near 505 nm. Also contributing to the differ- 
ent colors of the greenish yellow material are the 
lower intensity of the vanadium-chromium band in 
the yellow range and of the iron bands in the green 
region. 


Comparison with Other Vanadium-Bearing Gamets. 
Subsequent to the description of a vanadium-bearing 
green gem grossular from southern Madagascar 
(Mercier et al., 1997), we now have examined two 
types of vanadium-bearing garnets from this island 
nation, in this case color-change members of the 
pyrope-spessartine solid-solution series. The chemi- 
cal properties and colors of the greenish yellow sam- 
ple were similar to color-change garnets from Sri 
Lanka and Tanzania that have been known for about 
20 years (Schmetzer and Ottemann, 1979; 
Schmetzer et al., 1980; Stockton, 1982; Gibelin and 
Schmetzer, 1982; Manson and Stockton, 1984, 
Stockton and Manson, 1985). 

The unusual blue-green color of the new color- 
change garnets from Bekily is due mainly to an 
extremely high vanadium content. A similar high 
amount of V,O, for pyrope-spessartine garnet has 
been mentioned previously only once, for material 
from East Africa (Koivula and Kammerling, 1988). 
Recently described samples from Sri Lanka (Johnson 
and Koivula, 1996a and b, 1998a) are even closer in 
color to the new blue-green material from 
Madagascar, but chemical analyses for these garnets 
have not been published. 


Figure 4. As seen with immersion 
at different magnifications in the 
same stone (30x, left; 50x, right), 
three sets of oriented rutile nee- 
dles are visible in this blue-green 
color-change garnet from Bekily, 
in a view parallel to one of the 
[111] directions of the garnet. 
Each set is oriented at 70° to an 
adjacent set. 
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Figure 5. The two types of color-change garnets from Madagascar are shown here as they appear in day 
or fluorescent light (left) and incandescent light (right). The 0.35 ct blue-green sample is rich in vana- 
dium, with some chromium. The 0.44 ct greenish yellow sample has less vanadium and comparable 
amounts of chromium. Photo by Maha Tannous. 


An unusual pyrope-spessartine with even higher 
contents of vanadium and chromium (2.08 wt.% 
V,O0,, 1.05 wt.% Cr,O,), which came from Sri 
Lanka, was bluish green in daylight but did not show 
much of a color change (Schmetzer and Ottemann, 
1979). The absorption maximum of its V** (plus Cr°*} 
absorption band occurred in the yellowish orange 
region at 588 nm. This value is below the small 
range (562-578 nm) within which an alexandrite- 
like color change can be seen in gem materials. 


CONCLUSION 


Commercial quantities of a pyrope-spessartine gar- 
net that is bluish green to greenish blue in daylight 
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BERYL with Unusual Eye 


The West Coast lab recently exam- 
ined what at first appeared to be a 
brown chatoyant cabochon. The 
refractive indices of 1.577-1.583, uni- 
axial negative optic character, and 
specific gravity of 2.72 (measured 
hydrostatically) identified the materi- 
al as beryl. In transmitted light, the 
overall brown color of the 8.80 ct 
cabochon was clearly banded with 
thin brown layers oriented parallel to 
the length of the cabochon (figure 1). 
The stone showed no spectrum (when 
viewed with a desk-model spectro- 
scope) or fluorescence; its pleochroic 
colors were brown and black. 
Observation with magnification 
revealed finely laminated twinning 
planes throughout the stone (figure 2). 


Figure 1. This 8.80 ct brown 
cabochon is natural beryl. 
Vertically oriented, densely 
included twinning planes with 
colorless zones in between form 
the apparent “eye.” Transmitted 
light, magnified 10x. 
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Because of dense layers of brown 
inclusions along these planes, they 
appeared dark and translucent; howev- 
er, the areas between the planes were 
colorless and transparent. These 
growth structures and inclusions not 
only proved that the beryl cabochon 
was natural, but they also were 
responsible for its unusual appearance. 

When viewed through the flat back 
of the cabochon, the stone looked 
almost completely colorless; the 
refraction caused by the curved surface 
of the cabochon created the brown 
face-up appearance. The only area 
where the colorless layers could be 
seen through the top was at the apex of 
the cabochon. At this point, the verti- 
cal orientation of the twinning planes 
created a transmission “window” that 
allowed the viewer to see through the 
stone (again see figure 1). The colorless 
band along the top of the brown stone 


Figure 2. Dense layers of brown 
inclusions along lamellar twin- 
ning planes give this beryl its 
brown color. Magnified 15x. 
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gave the appearance of an eye. 
However, this “eye” moved across the 
cabochon only to a limited degree as 
the stone was rocked. This phe- 
nomenon would have to be referred to 
as a “pseudo-eye,” since chatoyancy is 
defined as a product of reflection from 
oriented inclusions (see the GIA 
Jeweler’s Manual, 3rd ed., 1989). 
Because the “eye” was actually a 
zone where one could see through the 
stone, it assumed the color of the 
background over which it was placed. 
When the cabochon was viewed from 
the side, perpendicular to the twin 
planes, it showed a very weak dif- 
fused star. SFM 


DIAMOND 

Exhibiting Much Fire 

A friend of the East Coast lab recently 
showed us a 2.31 ct round brilliant (fig- 
ure 3), which this diamantaire 
described as a “fireball,” for possible 
use in our ongoing research into how 
cutting proportions affect the face-up 
appearance of a round brilliant cut dia- 
mond. The diamond exhibited a great 
deal of fire (the face-up expression of 
how a diamond disperses white light 
into its component colors) and showed 
strong contrasts of bright and dark 
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Figure 3. This 2.31 ct round bril- 
liant diamond appeared very 
fiery when rocked in ordinary 
room light, or, as here, when 
illuminated with a narrow 
incandescent light source. 


areas, especially when it was rocked 
from side to side. We recorded the fol- 
lowing proportions: 34.1° crown angle, 
42.4° pavilion angle (45.6% pavilion 
depth), 55% table size, 59.7% star- 
facet length, 85.3% lower-girdle-facet 
length, a fully faceted girdle varying 
from medium to slightly thick, and a 
small culet. The symmetry was very 
good, the primary faults were two flat 
spots in an otherwise round outline, 
and a slightly uneven crown height 
(i.e., the table was not parallel to the 
girdle). These proportions would 
receive a cut grade of 5 from AGS, 
midway between their best grade of 0 
and their worst one of 10, and this 
combination produces a “typical” 
WLR value of 0.277. (For an explana- 
tion of WLR, see T. S. Hemphill et al., 
“Modeling the appearance of the round 
brilliant cut diamond: An analysis of 
brilliance,” Gems & Gemology, Fall 
1998, pp. 158-183.) IR 


Identifying Treated-Color 

Rough with the Spectroscope 

The GIA Gem Trade Laboratory has 
issued reports distinguishing between 
natural-color and treated-color yellow 
diamonds since the 1950s. The spec- 
troscope is a necessary tool for this 
identification, as discussed in two 
landmark 1957 Gems & Gemology 
articles by G. R. Crowningshield (“An 
introduction to spectroscopy in gem 
testing,” Summer 1957, pp. 46-55; 
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and “Spectroscopic recognition of yel- 
low bombarded diamonds and bibliog- 
raphy of diamond treatment,” Winter 
1957, pp. 99-104). Despite technologi- 
cal advances in treatment methods, 
and the common use of spectropho- 
tometers in today’s gem testing labs, 
the spectroscope remains invaluable. 
This was clearly demonstrated by the 
case of the yellow octahedron shown 
in figure 4, which was submitted to 
the East Coast lab for color-origin 
determination. 

The 13.12 ct crystal showed a 
variety of etched features, striations, 
trigons, channels, and cavities (see 
Yu. L. Orlov, The Mineralogy of the 
Diamond, John Wiley & Sons, New 
York, 1973, for illustrations), which 
were shiny and transparent, indicat- 
ing that this was a natural diamond 
crystal. When the crystal was exam- 
ined over diffused light, the bodycolor 
looked quite pale, and careful compar- 
ison of the appearance viewed from 
all sides showed one face to be some- 
what more yellow than the other 
seven. A desk-model spectroscope 
showed a strong line at 415 nm, but 
no band at 478 nm, the latter is the 
most easily observed part of the 
“Cape” series spectrum that produces 
yellow in strongly colored yellow dia- 
monds. Instead, there were strong 
lines at 496 and 503 nm, and a weak 
line at 595 nm. The diamond fluo- 
resced a moderate chalky green-yel- 
low to long-wave UV radiation; this 
was localized at the face that appeared 
darker in color. Weak orange fluores- 
cence was observed with short-wave 
UV. This diamond crystal did not 
show any green luminescence to 
strong transmitted visible light. 

A pair of lines in the hand spectro- 
scope at 495 and 503 in a yellow dia- 
mond can indicate natural color, 
when the pair is associated with green 
“transmission” luminescence, but in 
the absence of this property they sug- 
gest laboratory treatment. Such treat- 
ed-color diamonds usually also show 
a line at 595 nm and/or a pair of lines 
in the near-infrared region (A. T. 
Collins et al., “Spectroscopic studies 
of the H1b and Hlc absorption lines 
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Figure 4. Examination with a 
desk-model spectroscope proved 
that this 13.12 ct diamond crys- 
tal was treated to enhance its 
yellow color. 


in irradiated, annealed type-la dia- 
monds,” Journal of Physics C: Solid 
State Physics, Vol. 19, 1986, pp. 
3933-3944). We checked the visible- 
range spectrum with a Hitachi U- 
4001 UV-visible spectrophotometer, 
and verified that the pair of lines seen 
in the hand spectroscope correspond- 
ed to the well-known bands associat- 
ed with the H3 (503 nm) and H4 (496 
nm) color centers. We also obtained 
both mid- and near-infrared spectra, 
which revealed a weak H1b line (4935 
cm!) and a very weak H1c line (5164 
cm-!), and confirmed what the desk- 
model spectroscope had indicated 
(and the color and fluorescence zon- 
ing had suggested): The yellow color 
of this diamond crystal was due to 
laboratory irradiation and annealing. 
IR 


Yellow to Yellow-Green Diamonds 
Treated by HPHT, from GE and Others 
Researchers from the Superabrasives 
division of General Electric Company 
(GE) recently announced a new prod- 
uct they have developed: strongly 
luminescent greenish yellow to yel- 
low-green diamonds, or saturated yel- 
low diamonds, that have been trans- 
formed from natural type I brown dia- 
monds (J. Casey, pers. comm., 1999). 
GE has indicated that, unlike most 
earlier treated-color diamonds in this 
hue range, the stones are not exposed 
to laboratory radiation, rather, GE uses 
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Figure 5. These representative 
greenish yellow to yellow-green 
diamonds, each approximately half 
a carat, were treated by a high- 
temperature, high-pressure process 
at GE Superabrasives. 


high-pressure, high-temperature 
(HPHT) treatment. These are the same 
general conditions that GE researchers 
described in the Fall 1999 issue of 
Gems & Gemology (see the box titled 
“Research on diamonds at the General 
Electric Company,” by T. Anthony 
and J. Casey, on page 15 of the article 
“Observations on GE-Processed dia- 
monds: A photographic record,” by T. 
M. Moses et al.). Although the exact 
conditions to which these colored dia- 
monds are exposed have not been 
divulged, we believe that they are 
roughly similar to those used to 
remove color from type Ila diamonds. 
Figure 5 shows the color range of 
this new product. These diamonds are 
quite similar in appearance and gemo- 
logical properties to the luminescent 
“green transmitters” that we observed 
in the fall of 1996 and reported in the 
Summer 1997 Lab Notes section (p. 
136). We thought at that time that the 
treatment was probably being done in 
Russia with the presses that are used 


to grow synthetic diamonds, a suspi- 
cion that was later confirmed through 
conversations with a client. 

Over the last several months, GIA 
researchers have also examined simi- 
lar colored diamonds, also with strong 
green luminescence, that were loaned 
to us by Novatek Company (Provo, 
Utah). Novatek has recently begun to 
market this product under the name 
Novadiamond and plans a formal 
announcement to the trade at the 
February Tucson show. Novatek rep- 
resentatives have told us that these 
diamonds, too, are subjected to an 
HPHT process, for which a patent is 
pending. More recently, a New York 
client brought us yet another selec- 
tion of similar treated-color diamonds 
from the Far East, reportedly treated 
in China (figure 6). 

We have had the opportunity to 
test samples from each group— 
General Electric, Novatek, and report- 
ed Chinese—and our preliminary 
results for 47 of these diamonds show 
that their properties are similar to 
those described in the 1997 Lab Note 
mentioned above. The treated dia- 
monds fluoresce a strong greenish yel- 
low to long-wave UV, and generally a 
weaker greenish yellow to short-wave 
UV, with some localized chalkiness 
to both. For all three groups, the mid- 
infrared spectra showed that these 
were type I diamonds, with moderate 
to high amounts of nitrogen, and typi- 
cally with more B aggregates than A 
aggregates (see, e.g., E. Fritsch and K. 
Scarratt, “Natural-color nonconduc- 
tive gray-to-blue diamonds,” Gems & 
Gemology, Spring 1992, especially pp. 


38-39). Many of these diamonds 
showed well-defined color zoning, 
with brown to yellow octahedral 
graining observed when examined 
with diffused light. Excitation with a 
strong light source such as a fiber- 
optic illuminator causes these colored 
graining planes to luminesce bright 
green; this luminescence strongly 
contributes to their characteristic 
overall face-up greenish color. 

Typical features observed with a 
handheld spectroscope in these HPHT 
treated-color diamonds are a weak 
absorption line at 415 nm, a pair of 
lines at 495 nm and 503 nm (which 
vary in strength from stone to stone), 
and emission lines at about 513 and 
518 nm. This spectrum is not indica- 
tive of treatment for this color range, 
but it implies that the diamond 
requires further inspection. UV-Vis- 
NIR spectroscopy corroborated these 
absorption features, and showed the 
H2 peak (at 985 nm) in all of the sam- 
ples that had a green component to 
the color. Magnification revealed that, 
like the treated-color diamonds 
described in 1997, a number of the 
samples from each source showed evi- 
dence of high-temperature exposure, 
such as frosted naturals, frosted feath- 
ers, or faceted girdles with bearding. 

TM and IR 


PEARLS 

Freshwater Natural 

The West Coast lab received two 
pearls, each approximately 13 mm in 
diameter, that a client had purchased 
some time ago in Hawaii. The client 


Figure 6. This group of brownish yellow to greenish yellow diamonds, ranging from 0.22 to 0.39 ct, 
were reportedly treated by an HPHT process in China. 
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Figure 7. These brownish pink 
baroque pearls, each approxi- 
mately 13 mm, proved to be of 
freshwater origin. 


had been told that the pearls originat- 
ed from the South Seas. A preliminary 
examination showed an appearance 
unlike the lustrous pearls that are 
commonly found in South Sea waters, 
but rather like that of calcareous con- 
cretions, or nonnacreous pearls. As 
can be seen in figure 7, they were 
uneven brownish pink in color and 
slightly baroque in shape. 

It also was obvious to the unaided 
eye that each showed quite a range of 
luster: One side had a fairly high lus- 
ter, and the opposite side was rather 
dull. Examination with magnification 
in reflected light revealed the fine 
suture lines (mottled surface texture) 
that are indicative of pearl formation 
(figure 8), whereas the duller area had 
the honeycomb structure usually 
seen in the prismatic calcite layer of 
shells (figure 9). The X-radiograph 
also showed structural features that 
indicate natural pearl formation. 
Much to our surprise, the pearls 
luminesced a weak yellowish white 
to X-rays. This confirmed that these 
natural pearls were of freshwater 
rather than saltwater origin. Even 
though we cannot prove their prove- 
nance, it is interesting to note that 
contributing editor G. Robert Crown- 
ingshield recalled having examined 
similar brownish pink natural pearls 
that had been brought from Pakistan 
for the New York World’s Fair in 1964 
(B. Anton, “Pink pearls of Pakistan,” 
Gems & Gemology, Vol. 11, No. 6, 
1964, pp. 175-179, 191). KH 
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Figure 8. The fine suture lines 
on the side with high luster of 
each of the pearls in figure 7 
indicated natural pearl forma- 
tion. Magnified 20x. 


Notable Strand of Large 

Black Cultured Pearls 

The East Coast lab recently received a 
strand of 23 round cultured pearls 
that graduated in size from 19.18 mm 
to 15.68 mm (figure 10). While we 
have tested larger individual black 
cultured pearls (Gem Trade Lab 
Notes, Winter 1987, pp. 234-235), 
these cultured pearls are notable for 
their consistently large size through- 
out the strand. The X-radiograph 
showed that they were bead nucleat- 
ed, with nacre of varying thickness. 
Examination with long-wave UV radi- 


Figure 9. The honeycomb struc- 
ture of the dull side on each of 
the pearls in figure 7 is typical of 
the prismatic calcite layer seen 
in shells. Magnified 30x. 


ation revealed a weak reddish brown 
fluorescence in all of the cultured 
pearls, which proved that they were 
of natural color. 

When we observed the strand in 
standardized lighting and viewing 
conditions, we described all of the 
cultured pearls as black using the 
Pearl Description System in GIA’s 
1999 Pearls course. Note that the GIA 
color description system represents a 
range of color sensations. Therefore, 
even though some of the cultured 
pearls in the strand displayed a subtle 
increase in saturation from neutral 


Figure 10. Pictured next to a strand of typical-size 6.5—7.0 mm pearls, 
this strand of black cultured pearls, which graduate from 19.18 to 15.68 
mm, is one of the largest we have encountered. 
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black toward greenish black, all of 
them still corresponded to the range 
described as black. The most notice- 
able variation in appearance within 
the strand was due to the presence of 
a pink overtone on some of the cul- 
tured pearls. Akira Hyatt 


SAPPHIRE 


With a Valuable Inclusion 


Many jewelers and gem dealers still 
tend to regard inclusions as mistakes 
of nature that diminish the quality of 
what otherwise might be a perfect 
gem. Now that the vast majority of 
rubies and sapphires are heat treated, a 
little inclusion can go a long way 
toward insuring that a fine gemstone 
is of natural color. Such was the case 
with a transparent 3.02 ct oval mixed- 
cut blue sapphire that was submitted 
to the East Coast lab for identification. 

With near-monochromatic sodi- 
um-equivalent light, the stone 
showed refractive indices of 
1.761-1.769. No fluoresence reaction 
was observed to either long- or short- 
wave UV radiation. A typical iron 
absorption spectrum was noted 
through a desk-model spectroscope. 
The presence of angular growth and 
color zoning, seen with a microscope, 
made it easy to determine that this 
sapphire was natural. The more diffi- 
cult part of the identification was 
establishing whether the blue color 


Figure 11. Measuring only 0.09 
mum in largest dimension, this 
tiny carbonate inclusion proved 
that the host, a natural sapphire, 
had not been heat treated. 
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was of natural origin or the result of 
heat treatment. There was no evi- 
dence of heat treatment present, but 
the color zoning alone was not 
enough to prove natural color either. 

A careful facet-by-facet search 
finally resulted in the discovery of a 
tiny (only 0.09 mm) transparent crys- 
tal. It was situated near the girdle edge 
on the pavilion side. When examined 
with polarized light, the inclusion 
exhibited birefringence (figure 11). 
There were no signs of any heat dam- 
age associated with this inclusion. It 
was so small, however, that its reac- 
tion to polarized light might have been 
anomalous. Only by identifying this 
inclusion could we determine conclu- 
sively if the host sapphire had been 
heat treated (from the expected reac- 
tion of the mineral to heat treatment). 

Because the crystal was very close 
to the surface, we used laser Raman 
microspectrometry. We were able to 
obtain a clear Raman spectrum, 
which most closely matched the pat- 
tern shown by the mineral calcite, 
although other carbonates such as 
dolomite could not be ruled out. The 
identification of this transparent min- 
eral inclusion as a carbonate proved 
that the host sapphire had not been 
heat treated to improve its color, 
because a carbonate such as calcite or 
dolomite would not have survived the 
high temperatures ([}1500°C) com- 
monly used to effect a color change in 
corundum. 

In the case of this sapphire, an 
inclusion was an extremely valuable 
asset, because it enabled us to state 
on the report that the stone was of 
natural color. John I. Koivula 


With High Refractive Indices 

A semi-transparent, brownish 
orange, rectangular cushion-shaped 
mixed-cut stone set in a yellow 
metal ring was recently submitted 
to the East Coast lab for identifica- 
tion (figure 12). The stone measured 
approximately 8x12 mm. With the 
microscope, we observed abundant 
“rust” red to dark brown and black 
tiny, skeletal crystal inclusions. 
These inclusions (figure 13) con- 
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Figure 12. This 8x12 mm 
brownish orange stone proved to 
be a natural sapphire, but with 
unusually high refractive 
indices. 


tributed to the bodycolor of their 
host as well as to its slight turbidi- 
ty; they looked very much like the 
exsolution crystals of ilmenite and 
hematite often seen in similarly 
colored sapphires from the Umba 
River region in Tanzania. The 
simultaneous reflectance and iri- 
descence of the inclusions showed 
that they were oriented in distinct 


Figure 13. The numerous skele- 
tal inclusions in this sapphire 
appeared to be responsible for at 
least part of the bodycolor of 
their host. Magnified 40x. 
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planes, which supported the possi- 
bility that these inclusions had 
exsolved from their host. After this 
initial phase of the examination, it 
seemed that the identification 
would be relatively straightforward, 
and we moved on to the next step, 
obtaining a refractive index reading. 

The table facet was well polished, 
and raised above the mounting, so we 
anticipated no difficulty in measuring 
the R.I.’s accurately. Using a near- 
monochromatic sodium-equivalent 
light source, we obtained a reading of 
1.770-1.779—a complete surprise. 
This is higher than any reading previ- 
ously obtained in the Gem Trade 
Laboratory from any faceted sapphire 
of any color, with the exception of the 
diffusion-treated red corundum report- 
ed by S. McClure et al. (“Update on 
diffusion-treated corundum: Red and 
other colors,” Gems #& Gemology, 
Spring 1993, pp. 16-28). First we 
checked the refractometer carefully for 
damage to the hemicylinder contact 
surface, and then we inspected the 
table of the sapphire for cleanliness. 
Nevertheless, even with fresh R.I. con- 
tact liquid, the reading was the same. 


We next tested two faceted flame- 
fusion synthetic sapphires from our 
reference collection, one blue and one 
orange, on the same instrument as 
controls. These samples showed refrac- 
tive indices in the expected range of 
1.762-1.770, confirming that the 
refractometer readings were accurate. 

The mounted sapphire was inert 
to both long- and short-wave UV radi- 
ation. Using a Beck desk-top prism 
spectroscope, we saw an absorption 
band between 520 and 580 nm, a cut- 
off in the blue from 490 nm down, 
and another cutoff in the red from 660 
nm up. While this spectrum is consis- 
tent with the brownish red color of 
the gemstone, it is not diagnostic. 
Laser Raman microspectrometry con- 
firmed the identification of this stone 
as sapphire; no unusual features were 
noted in the Raman spectrum. 

We next turned to energy-disper- 
sive X-ray fluorescence (EDXRF) anal- 
ysis to see if the chemistry offered any 
clues as to why the RIL. readings were 
unusually high. We analyzed the sap- 
phire for both major and trace ele- 
ments using an EDXRF Spectrace 
5000 instrument. In addition to the 


expected aluminum, the analysis 
showed iron, chromium, titanium, gal- 
lium, and vanadium. The strength of 
the iron peak as compared to the oth- 
ers suggested as much as 2, wt.% FeO. 
This amount of iron could account for 
the lack of fluorescence even with the 
presence of chromium and vanadium, 
as iron tends to quench fluorescence. 
The iron might also be responsible for 
the elevated R.I.’s. In Gems (4th ed., 
Butterworths, London, 1983, especially 
p. 91), Webster reports that some iron- 
rich green sapphires show elevated 
refractive indices of 1.77 and 1.78. 
While we have seen similar-appearing 
sapphires in the past with slightly ele- 
vated refractive indices, this is the first 
one we have encountered with this 
extreme reading. 

John I. Koivula and Shane Elen 
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DIAMONDS 


Can Angolan diamonds be identified by country of origin? 
There have been a number of reports recently on the sale 
of diamonds to fund long-running civil wars in Africa, 
particularly in Angola and Sierra Leone (see, e.g., P. 
Hawthorne, “Diamonds in the rough,” Time, December 
6, 1999, pp. 64-65). After visiting these troubled areas in 
December, two U.S. Congressmen, Tony Hall (D-Ohio) 
and Frank Wolf (R-Virginia], have sponsored legislation 
(H.R. 3188) requiring disclosure of where diamonds are 
mined, so that a ban on diamond trade with the rebels in 
these areas can be enforced. Considering the geology of 
the Angolan diamond deposits, and of diamond deposits 
in general, how accurate could such an origin determina- 
tion be? What scientific tests might be used to establish 
where a diamond is mined? How practical would it be to 
attempt such an identification? 

Some indications can be gathered from the world of 
colored stones, where country-of-origin determination has 
become a popular laboratory service for important rubies 
and sapphires. In a recent lecture, Ken Scarratt of the 
AGTA Gemological Testing Center described the many 
kinds of data his lab needs to determine conclusively the 
origin for, at most, 90% of the gemstones they are asked 
to test (T. Novellino, “AGTA lab explains gem origin 
determinations,” National Jeweler, December 1, 1999, p. 
22). He went on to explain that the gathered data must 
then be compared to a large database made from observa- 
tions of rubies or sapphires known by other means to be 
from a specific location in order to reach a conclusion. 
Such testing can take hours to days per stone. 

A large database of diamond properties applicable to 
geographic origin determination does not exist. However, 
on a statistical basis, diamonds from certain countries 
and specific mines do have distinctive features. For 
example, cubic diamonds are common from the 
Democratic Republic of Congo (formerly Zaire) but rela- 
tively rare elsewhere; a high proportion of the world’s 
rare type Ila diamonds come from South Africa (the 
Premier mine); diamonds with a green skin are abundant 
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in Botswana (the Jwaneng mine); Australia’s Argyle mine 
yields diamonds with highly saturated pink and dark 
brown colors; and gem diamonds from Russia are com- 
monly flat-faced octahedra with sharp edges. However, 
many of these characteristics are not applicable to 
faceted diamonds, and none of these features is exclusive 
to a specific locality when the stones are considered on 
an individual basis. Tests such as analysis of the inclu- 
sions or physical properties of the diamond (e.g., with 
cathodoluminescence or infrared spectroscopy) also fail 
to yield results that are specific, conclusive, or unequivo- 
cal with regard to origin determination. 

Some reasons for the lack of diagnostic inclusions or 
physical properties are found in the geologic origin of dia- 
monds. Because diamonds form deep in the earth’s mantle 
(at about 125-150 km) and are transported to the surface 
by volcanic processes (kimberlite or lamproite magmas), 
stones that crystallized in the same area of the mantle 
conceivably can be found in diverse geographic localities. 
Such diamonds could contain similar inclusions and other 
characteristics, regardless of where they were ultimately 
emplaced at the earth’s surface. Further, the diamond- 
bearing magmas might have sampled more than one 
mantle source area during their rise toward the earth’s 
surface, so a single source area can contain diamonds with 
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different formation characteristics. The situation is further 
complicated in Angola by the fact that most of the dia- 
monds are being mined from alluvial deposits; that is, they 
were transported from kimberlite pipes elsewhere in 
Angola or nearby countries in Africa. 

Because mineral inclusions in diamonds tend to fall 
into one of two broad groups (eclogitic and peridotitic}, 
reflecting their mantle source region, it is not likely that 
such inclusions would be diagnostic regarding the coun- 
try of origin, even with a study of their trace elements, 
isotopic signatures, or other characteristics. With current 
technology, such studies require direct access to the 
inclusion within the diamond, which is inevitably 
destructive for stones with non-surface-reaching inclu- 
sions. Furthermore, many gem diamonds do not contain 
mineral inclusions at all. Trace elements in diamond 
itself have been studied by neutron activation, but this 
method produces some residual radioactivity in the dia- 
mond so that, after measurement, it must be held at a 
licensed facility before it “cools” enough to be released 
for sale. Other potentially relevant geochemical methods 
are also problematic. For example, measuring carbon or 
nitrogen isotopes to indicate a geographic source has not 
been shown to yield definitive answers. 

Assuming that a database of characteristics for dia- 
monds from different deposits was created, and that 
some diagnostic properties were identified for the 
deposits of interest, testing diamonds quickly enough 
would still be a Sisyphean task. Approximately 10 mil- 
lion diamonds of 0.50 ct or more, of all qualities, are cut 
annually worldwide. Even with multiple graders in mul- 
tiple venues, a massive and expensive effort would be 
required. Given these constraints, it is unlikely that ana- 
lytical testing of diamonds to determine their place of 
origin can be made practical—either immediately, as 
Congressmen Hall and Wolf are proposing, or in the 
foreseeable future. 

Dr. A. A. Levinson 

University of Calgary, Calgary, Alberta, Canada 
Dr. ene Reinitz 

GIA Gem Trade Laboratory, New York 


A visit to Venezuelan diamond mines. While traveling in 
Venezuela in late 1998, GIA Distance Education instruc- 
tor Ric Taylor had an opportunity to visit the alluvial 
diamond mining region of Guaniamo, in the state of 
Bolivar in central Venezuela. The following report is 
based on this visit. 

Miners in Guaniamo use water cannons to wash the 
soil from the hillsides into pits (figure 1), from which it 
is pumped into rocker boxes or sieves. After washing, 
the gravel remaining in the bottom of each box is hand- 
sifted to recover the diamonds. The rough diamonds 
typically weigh 0.20-0.70 ct; they range from near col- 
orless to intense yellow, with some brown and reddish 
brown (figure 2). About 20% of the diamonds are suit- 
able for faceting. 
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Figure 1. Water cannons are used to mine dia- 
monds near the Quebrada River in the Guaniamo 
region of Venezuela. Photo by Ric Taylor. 


According to Venezuelan government records, in 
1980 the Guaniamo area produced more than 75% of 
the country’s rough diamonds. The neighboring towns 
of La Salvacion and Milagro are in the center of the dia- 
mond-mining area. The towns lie along the Quebrada 
River, the alluvial distribution system in Guaniamo. In 
La Salvacion, the miners have washed away the ground 
right up to the edges of buildings; in a few areas, build- 
ings have been undermined and are falling into the artifi- 
cial lakes created by the diamond-mining operation. 

Diamond production appears to have decreased signifi- 
cantly in recent years. For example, according to engineer 


Figure 2. These well-formed diamond crystals 
from Venezuela weigh 0.07-1.03 ct. Courtesy of 
Ric Taylor; photo by Maha Tannous. 
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New Australian Opal Fields 


(Continued from Page 365) 


Seam Opal is a term describing 
opal which is found in thin, flat 
eakes or seams in sandstone. 
These seams. may vary in thick- 
ness up to one inch or more and 
are without adhering matrix. 
The main opal fields in Australia, 

aside from the new ones mentioned 
in the earlier part of this article, are 
described below and indicated on the 
accompanying map. 

New South Wales. There are 
three general localities in New 
South Wales where opal has been 
mined extensively. These are 
Lightning Ridge, the Tintenbar 
district, and White Cliffs dis- 
trict. 

South Australia. 


The Coober 


Government Control in 


Colombia 


The Republic of Colombia, the 
world’s largest producer of emerald, 
is placing the mining and export of 
all its precious stones under control 
of the national bank. (Jewelry, 
11-18-46.) 


Pedy field, about 70 miles west 
of Anna Creek Station, is the most 
important producer in this region. 
The new field of Amberooka, ap- 
proximately 300 miles north of 
Coober Pedy, is also in South 
Australia. 

Queensland. Production from 
this district is far less than in 
New South Wales and South Aus- 
tralia. A large district in Western 
Queensland is known to contain 
opal, but the working has been 
restricted to a few localities. 
Precious opal is found in lesser 

quantity in numerous places besides 
Australia, other localities of note 
being Czechoslovakia, Mexico, Unit- 
ed States and Honduras. 


Brazilian Amethyst 


“A new discovery of amethyst at 
Campo Formosa in the State of Baia, 
north of Brejinho, the former chief 
amethyst-producing center, has de- 
pressed the price [of that gem- 
stone].” (From Report of Bureau of 
Mines, U. S. Dept. Interior, Nov. 
20, 1946.) 


Gubelin Article Held Over 


Owing to lack of space in this issue, “Identification of Synthetic Gems,” 
Part II, by Edward Giibelin, C.G., will appear in the Spring Number of 


Gems & Gemology. 


The article, “The Diamond Industry in 1945,” by Sidney H. Ball, Ph.D. 
(condensed in the Fall, 1946 issue of Gems & Gemology), appeared through 
the courtesy of Jewelers’ Circular-Keystone. 


Figure 3. These “Aggos”—thin slices of matte-fin- 
ished Montana agates—were fashioned to bring 
out their colors and patterns. The shield shapes 
measure 24 x 22 x 0.8 mm. Courtesy of LS 


Enterprises/Montag Mfg.; photo by Maha Tannous. 


Figure 4. These two slices of Montana agate (27 x 
13 x 0.9 mm) have been set with similarly colored 
Montana sapphires. Courtesy of LS Enterprises/ 
Montag Mfg.; photo by Maha Tannous. 
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Tiso Campo of the Associaci6n Cooperativa Mixta La 
Salvacion (which manages the mining area of La Salvaci6n), 
the cooperative produced 9,930 carats in 1997, down from 
32,393 carats in 1994. After watching several miners walk 
away from the cooperative’s official buyer, unhappy with 
the prices they were offered, one might suspect that the 
diamonds are being sold through other, more profitable 
channels; this would account for the decrease in official 
production figures. During my visit to La Salvacion and 
Milagro, however, I saw evidence that the population of the 
two towns had dwindled. Some stores had closed and oth- 
ers, although still open with sparsely stacked shelves, were 
for sale. This observation was reinforced when I talked to 
long-time residents of the two towns. Apparently, there 
was wealth at one time, but now everything seems to be a 
struggle. Nevertheless, new miners move into the area reg- 
ularly, with the ever-present dream of waking up poor and 
going to bed rich. 

An international mining concern, Cantreras el 
Toco, has been surveying and exploring in La Salvacion 
for more than 10 years. More information on diamond 
mining in Venezuela can be found on the Web site 
http://ganoksin.com/orchid/archive/9711/msg00333.htm. 

Ric Taylor, GIA Education 


COLORED STONES AND ORGANIC MATERIALS ii 
Matte-finished Montana agates. Nature is an artist, as 
beautifully evidenced by the patterns and colors of many 
agates. To showcase Nature’s talent, Montana photogra- 
pher John Schlosser has fashioned agates from the 
Yellowstone River in eastern Montana into thin slices 
called “Aggos” that are cut to maximize the artistry of 
the patterns (figure 3). The slices are polished to a satin 
(low-luster matte) finish to bring out the color and pat- 
terns; they are fashioned with a “radiused” edge (a semi- 
circular cross-section) for better edge-strength than a 
conventional cabochon would achieve. The agates are 
cut in thin slices so the patterns are sharper, and so 
pieces can be matched for use in suites of jewelry. 
Montana sapphires are set into some “Aggos” as accent 
stones (figure 4). 

“Aggos” are marketed by LS Enterprises/Montag 
Manufacturing of Billings, Montana. We have seen them 
in the trade since the 1997 Tucson show, when Gems & 
Gemology technical editor Carol M. Stockton first called 
them to our attention. 


Dickite: Consider the odds. There are currently more 
than 3,500 known minerals, and the list continues to 
grow. Although some minerals occur as isolated single 
crystals (as is the case with most gem rough), the majori- 
ty occur only as components of rocks. When rocks are 
used as ornamental materials, they generally are carved 
or fashioned into beads. 

As a gift, GIA graduate Kelly Huang, an octogenarian 
gem carver and jewelry designer in Malaysia, sent GIA 
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chairman Richard T. Liddicoat a printing block carved 
with Mr. Liddicoat’s likeness (figure 5). The approxi- 
mately 61 x 41 x 11 mm block was composed of a semi- 
translucent white to very light brown aggregate material. 
The contours of the carving were highlighted with black 
dye or ink. There were also red ink stains on the surface, 
which were the result of previous inking of the block 
before it was sent to GIA. When Mr. Liddicoat trans- 
ferred the piece to GIA’s gem collection, curator Jo Ellen 
Cole asked the Gem Trade Laboratory to identify the 
material for archival purposes. 

The surface was too rough to obtain a refractive 
index. Since the block did not appear to be porous, a spe- 
cific gravity of 2.61 was determined hydrostatically. No 
other gemological properties useful for identification 
could be obtained. Now that GIA has ready access to 
laser Raman microspectrometry, we turned to that tech- 
nique for a possible identification. In preparation for anal- 
ysis, the surface of the block was cleaned with alcohol to 
remove any grease. Using the 514 nm argon ion laser, we 
obtained spectra from three spots on the front and three 
on the back. All matched that of the mineral dickite in 
the Renishaw digital spectral library. 

Named for British mineralogist A. B. Dick in 1930, 
dickite is a monoclinic mineral in the kaolinite-serpentine 
group. It has the chemical formula Al,Si,O,(OH),, and is 
polymorphous with three other minerals (halloysite, kaoli- 
nite, and nacrite). For this reason, and because the Raman 
library does not contain spectra for all of the members of 
this large group, we have only tentatively identified this 
printing block as a rock composed of massive member(s) 
of the kaolinite-serpentine group, which has the Raman 
spectrum of the end-member mineral dickite. 

Note, however, that this is not the first time that we 
have encountered dickite in a gemological sample. It was 
previously identified as a component of the Chinese 
carving material known as “chicken-blood stone” (see 
Wang Fuquan and Guo Jingfeng, “Chicken-blood stone 
from China,” Gems #& Gemology, Fall 1989, pp. 
168-170). 

To many of his friends, Richard Liddicoat goes by the 
nickname “Dick.” What are the odds that, out of all of 
the possible known minerals and rocks, a printing block 
carved in his likeness would turn out to give us a Raman 
spectrum for dickite? 


Star ekanite. Recently, a 161 ct cabochon of dark green 
ekanite from Sri Lanka was loaned to this editor (KS) for 
examination. This unusual cabochon displayed an eight- 
rayed star that consisted of two four-rayed stars, one of 
which was more intense than the other (figure 6). (For a 
similar case of a double-rayed star, see the Summer 1999 
Gem News item “Twelve-rayed star sapphire from 
Madagascar,” p. 148.) 

A rare mineral, ekanite is one of the few species that 
was first described as a gemstone (taaffeite is another). It 
was discovered in 1953 and described as a new mineral 
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Figure 5. Raman spectra taken on this printing 
block “stone” carving of GIA Chairman Richard 
T. (Dick) Liddicoat, Jr. matched that of the miner- 
al dickite. Photo by Maha Tannous. 


Figure 6. This 161 ct (33 x 25 x 20 mm) oval cabo- 
chon is an eight-rayed star ekanite from Sri 
Lanka. Photo by M. Glas. 
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Figure 7. These five yellow and orangy yellow 
opals are from Nevada. The cabochons weigh 1.36 
ct (yellow) and 1.73 ct (orangy yellow). The largest 
piece of rough weighs 4.57 ct. Courtesy of Richard 
Shull; photo by Maha Tannous. 


in 1961 (B. W. Anderson et al., “Ekanite, a new metamict 
mineral from Ceylon,” Nature, Vol. 190, No. 4780, p. 
997). Today, gem-quality ekanite occasionally is found at 
Eheliyagoda, Sri Lanka. It still is considered quite rare, 
and four-rayed star ekanite is among the rarest of gem- 
stones (see, e.g., J. E. Arem, Color Encyclopedia of 
Gemstones, 2nd ed., Van Nostrand Reinhold, New York, 
1987, p. 86; M. Sevdermish and A. Mashia, The Dealer’s 
Book of Gems and Diamonds, Kal Printing House, Israel, 
1996, p. 284). 

Chemically, ekanite is a thorium-bearing silicate that 
also may contain significant amounts of uranium; the 
original analysis by Anderson et al. revealed 2.1 wt.% 
UO,. Ekanite from Sri Lanka is commonly metamict due 
to lattice damage by natural radioactivity. (A metamict 
mineral is one that has become virtually amorphous due 
to the breakdown of the original crystal structure by 
internal bombardment with alpha particles emitted by 
radioactive atoms within the mineral.) Asteriated ekan- 
ite from Sri Lanka typically reveals a weak four-rayed 
star, which echoes the tetragonal symmetry of the min- 
eral prior to metamictization. The inclusions in asteriat- 
ed ekanite were described by E. Gtibelin (“Ekanite, 
another new metamict gem from Ceylon,” Gems & 
Gemology, Vol. 10, No. 6, 1961, pp. 163-179, 191, and 
Gemmologist, Vol. 31, No. 373, 1962, pp. 142-157, and 
No. 374, 1962, pp. 165-169). 

Microscopic examination of the eight-rayed star 
ekanite revealed a network of tiny elongated particles. At 
present, the nature of these inclusions, which are 
undoubtedly responsible for the unusual star pattern, is 
unknown. The only other reference to eight-rayed star 
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Figure 8. The iron-stained spherical inclusions in 
this 1.73 ct opal cabochon resemble fish eggs. Photo- 
micrograph by John I. Koivula; magnified 20x. 


ekanite is a recent review by W. L. D. R. A. Kumaratilake 
(“Gems of Sri Lanka: A list of cat’s-eyes and stars,” 
Journal of Gemmology, Vol. 25, No. 7, 1997, pp. 
474-482), in which it was noted that the eight-rayed 
stars were associated with four sets of oriented inclu- 
sions intersecting at 45° to one other. KS 


“American Golden opal” from Nevada. Richard Shull of 
Out of Our Mines, Arcata, California, provided the Gem 
News editors with several samples of rough and cabo- 
chon opal (figure 7) from a deposit in Nevada. The mate- 
rial is yellow in bodycolor and transparent to translucent. 
When we examined the more transparent material with 
a microscope, we saw round inclusions, some of which 
were iron stained (figure 8). In a number of samples, the 
iron-stained inclusions were so prevalent that the overall 
appearance was reminiscent of amber rather than opal 
(again, see figure 7). The two cabochons (1.36 and 1.73 ct} 
had refractive indices of 1.475 and 1.465, respectively; 
the five samples (rough and cut) had specific gravity val- 
ues (measured hydrostatically) between 2.11 and 2.17. 
All were inert to both short- and long-wave UV radiation. 
None of the opals showed any play-of-color. 


The formation of white zones in Mexican opals during 
fashioning. Natural opal can be frustrating for both the 
lapidary and the jeweler, as some opal is not stable dur- 
ing fashioning and normal conditions of wear and care. 
Often the surface develops fine cracks, a condition 
known as “crazing.” In the case of some Mexican fire 
opals recently seen by this editor (EF), a different type of 
degeneration occurred. 

The five opals examined ranged from 2.00 to 6.58 ct. 
Two independent cutters—Alexandre Wolkonsky of 
Paris and Denis Gravier of Le Minéral Brut, St. Jean le 
Vieux, France—mentioned that during or immediately 
following cutting (within one day), these opals developed 
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somewhat spherical, opaque whitish internal zones that 
rendered the material inappropriate for gem use (figure 9). 
Thus, the alteration in these fire opals was quite fast and 
dramatic in contrast to crazing, which typically develops 
over months (sometimes years] in some opals (G. Tombs 
and M. Duncan, “Australian opal—stable or unstable,” 
Transactions of the 26th International Gemological 
Congress, Paris, France, 1993, pp. 257-259). 

The shape of the white zones roughly followed the 
shape of the fashioned pieces—that is, the zone looked 
elongated in the pear shape, round in the round stone, 
and triangular in the triangular piece. This suggests that 
the mechanical strain introduced by cobbing, preforming, 
or faceting is a major factor in the development of this 
type of alteration. 

Both cutters pointed out that, with careful examina- 
tion of the rough using intense fiber-optic illumination, 
they could identify pieces that might alter in this way by 
the presence of a roughly egg-shaped, slightly white area 
approximately in the center of the piece (figure 10). It 
was not visible with typical transmitted ambient light- 
ing. According to Gem News editor John Koivula, opals 
with such zones also are found in situ in the mines, the 
zones occur in all degrees of transparency, from barely 
discernible with transmitted sunlight to opaque. The 
opals in which these zones are obvious probably are 
rejected at the source. 

Mr. Wolkonsky told us that, in his experience, a 
small percentage of the fire opal rough delivered to him 
in the last 20 years has changed with time or fashioning. 
In addition to the white zones described above, he has 
also seen the development of a spherical fracture, or of a 
white outer area surrounding a transparent gem nodule 
in the center. In at least one case, he observed the devel- 
opment of a white zone in a piece of Mexican opal that 
showed play-of-color. EF 


An update on the John Saul ruby mine. Dr. John Emmett 
provided the following update on mining and production 
at the famous John Saul ruby mine in Kenya, which was 
reopened by Rockland Kenya Ltd. in August 1995. The 
mine is located in the Tsavo West National Park in 
southern Kenya, on a flat, semi-arid plain. The history of 
this mine is perhaps as colorful as the gems it produces. 
Discovered in 1973 by two geologists, John Saul and Tim 
Miller, it rapidly became coveted by the family and 
friends of Jomo Kenyatta, then president of Kenya. The 
predictable result was that the two geologists lost control 
of the mine. For the next 20 years, mining was sporadic 
at best. In 1989, mining operations in the national parks 
were terminated by Richard Leakey, Kenya’s director of 
Wildlife Conservation at that time. It seems that poach- 
ers of elephant and rhinoceros in the game parks were 
posing as miners to avoid discovery. By 1991, ownership, 
mining rights, and permits had finally been secured by 
Rockland Kenya Ltd., led by Johnson Muthama. Mining 
at the site resumed in 1995. 
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Figure 9. In these five Mexican opals (preformed or 
fashioned; 2.00-6.58 ct), white zones formed after 
fashioning had begun. Photo by Alain Cossard. 


According to Cedric Simonet, chief geologist for 
Rockland Kenya, the ruby deposits at the John Saul mine 
are associated with the contact zone of a rounded ultra- 
basic body within the Kurase Group of country rock. In 
this locality, the Kurase Group consists primarily of 
metasediments such as marbles, graphite gneisses, and 
quartzites. The ultrabasic body appears almost white in 
color and is composed of magnesium-pyroxenes, magne- 
sium-amphiboles, carbonates, and talc. Although several 
types of ruby mineralization are exhibited in different 


Figure 10. A roughly egg-shaped white area, visible 
only with intense fiber-optic lighting, may be seen 
in the center of some Mexican opals that will later 
develop opaque white zones. This example weighs 
2.09 g; photo by Alain Cossard. 
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Figure 11. Note the high concentration of ruby in 


this 45 cm (18 inch) long portion of the ruby-bear- 
ing vein in the Kimbo pit. Photo © John L. Emmett. 


portions of the John Saul mine, only two are responsible 
for significant ruby production. In the “Main pit,” which 
was the first portion mined in the 1970s and 1980s, ruby 
was recovered from pegmatite-like veins inside the ultra- 
basic body. These veins are comprised of mica, tourma- 
line, and ruby. In the “Kimbo pit,” ruby occurs at the 
interface of the ultrabasic body with the country rock. 
This interface is comprised of plagioclase, magnesian 
muscovite, green tourmaline, ruby, and minor amounts 
of graphite and monazite. The vein averages 1.2 m thick, 
although in some areas it reaches 2.5 m thick. A portion 
of that vein is shown in figure 11. 

Today, Rockland Kenya is exploiting the Kimbo pit 
as their primary ruby production source. The broad ruby- 
bearing zone is mined by open-cast methods, as mineral- 
ization is present close to the surface. The removal of the 
barren host rock is a highly mechanized operation. 
Security at the mine is extremely tight and very profes- 
sionally managed. At present, the pit is approximately 30 
m deep. The mineralized zone, which was exposed to 
about 60 m from the surface, has widened to about 90 m 
at depth, extending southward. With increasing depth, 
both the color and clarity of the ruby improves, along 
with some changes in the mineralogical characteristics 
of the vein. 

Much of the facet-quality ruby is recovered from elu- 
vial gravels on the surface. The gravels are passed 
through a trommel to remove the fine-grained material 
and then are processed with a heavy-media concentrator. 
The specific gravity cut is made at about 2.9 so that 
chrome tourmaline—which is also present in the grav- 
els—can be recovered as well. 

Since the opening of the Kimbo pit in 1995, produc- 
tion at the John Saul mine has averaged well in excess of 
100 kg of ruby per month. Of this, about 60% is cuttable, 
with 5%-10% representing top-quality material. The 
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Figure 12. These cabochons (8.67-17.85 ct) were 
fashioned from ruby that was recovered from the 
Kimbo pit. Photo by Maha Tannous. 


great majority of the ruby produced is of cabochon quali- 
ty (figure 12); only rarely is facetable rough recovered. 
Some crystals are quite uniform in color, while others 
exhibit strong color zoning (see figure 13). The lack of 
transparency is due primarily to the large number of “fin- 
gerprint” inclusions and feathers. Polysynthetic twin- 
ning also is very common. Fine rutile needles, presum- 
ably exsolved during cooling, are typical and of sufficient 
density in some pieces to produce good stars. Among the 
other inclusions are large rutile grains and various micas 
including fuchsite (chromium-rich muscovite), although 
a definitive inclusion study remains to be done. 

The iron content of the John Saul rubies is very low, 
typically 0.01% as Fe,O;. As a result, they fluoresce a 
very strong red, much like the famous rubies from the 
Mogok district of Myanmar. While the color of much of 
the material is also reminiscent of Mogok rubies, heat 
treatment is often used to improve it further by reducing 
or eliminating a slight blue hue to produce a purer red. 


Figure 13. Strong color zoning is common in the 
rubies from the John Saul mine, as this basal sec- 
tion of a stone from the Kimbo pit illustrates. 
Photo © John L. Emmett. 
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Heat treatment of John Saul ruby also melts any mica- 
ceous inclusions, which sometimes flow to the surface 
of a stone. The glassy melt droplets that result may be 
easily confused with the residual flux inclusions typical- 
ly observed in heat-treated Mong Hsu rubies (see, e.g., 
figure 1 on p. 90 of the Fall 1999 issue of Gems & 
Gemology). 

While the John Saul ruby mine is already the stuff of 
legends, it would appear that it is only beginning its pro- 
ductive life. 

Dr. John L. Emmett, JLE Associates 
Brush Prairie, Washington 


Ruby from Songea, Tanzania. In mid-1998, Randy Wiese 
of Michael Couch and Associates, Fort Wayne, Indiana, 
sent us a parcel of seven faceted rubies and three ruby 
slabs (figure 14), which are representative of material 
recently mined near Songea, Tanzania. He reported that 
most of the ruby rough from that area would cut half- 
carat stones, but some pieces were as large as 4—5 ct. The 
stones were recovered from an alluvial deposit about 30 
km south of the city of Songea, along the Ruvuma River. 

The seven faceted stones were transparent and some- 
what brownish red to purplish red. They ranged from 
0.37 to 1.17 ct, with the largest measuring 6.47 x 5.96 x 
3.68 mm. The stones were pleochroic in yellow-brown 
and brownish red. Refractive index values ranged from 
1.763 to 1.772, and specific gravity (measured hydrostati- 
cally) ranged from 4.00 to 4.01. A handheld spectroscope 
revealed features representative of both chromium and 
iron in corundum. The seven stones were inert or fluo- 
resced very faint red to long-wave UV radiation, and were 
inert to short-wave UV. With magnification, we observed 
the following inclusions in the faceted stones: transpar- 
ent dark brownish red rounded crystals, probably rutile; 
one metallic crystal with a large metallic halo, probably 
pyrite; and some black rounded and melted-appearing 
inclusions. Some of the inclusions had associated partial- 
ly healed fractures (fingerprints). 

The three flat, semi-translucent slabs weighed 5.73, 
6.80, and 8.11 ct, with the longest 17.13 mm in maxi- 
mum dimension. The gemological properties, where 
measurable, were comparable to those of the transparent 
stones, with a slightly lower R.I. (1.762-1.770) and broad- 
er S.G. range (3.99-4.01). With magnification, we again 
saw pyrite and rutile crystals; in addition, we could see 
distinct, eye-visible, hexagonal zoning. 

Because we had not yet documented rubies from this 
locality, we asked GIA Gem Trade Laboratory research 
associate Sam Muhlmeister to measure the chemical 
compositions of three of the faceted samples (0.65, 0.70, 
and 1.04 ct) using energy-dispersive x-ray fluorescence 
(EDXRF). The three rubies contained 0.24-0.42 wt.% 
Cr,O,, 0.99-1.23 wt.% FeO, and up to 0.94 wt.% CaO 
(possibly due to apatite inclusions, since phosphorus also 
was detected in each sample and EDXRF is a bulk 
method of analysis). Small amounts of titanium 
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Figure 14. These 10 ruby samples came from the 
Songea area in Tanzania. The slabs weigh 5.73- 
8.11 ct; the faceted stones are 0.37-1.17 ct. Courtesy 
of Randy Wiese; photo by Maha Tannous. 


(0.01-0.05 wt.% TiO,) also were detected and may have 
been due to rutile inclusions. 

Because of recent trade concerns about radioactivity 
(see, e.g., “Radioactive rubies,” Fall 1998 Gem News, pp. 
227-228), we checked all 10 stones with a handheld 
Geiger-Muller counter. None showed any evidence of 
radioactivity. 


Another source for bicolored sapphire: Tunduru, 
Tanzania. Bicolored corundum (pink sapphire or ruby on 
one side, blue sapphire on the other) has been reported in 
Gems & Gemology from two sources: Nepal (C. P. 
Smith et al., “Rubies and fancy-color sapphires from 
Nepal,” Spring 1997, pp. 24-41) and Vietnam (Spring 
1998 Gem News, pp. 51-52). Last year, Stephen Avery, a 
gem dealer in Lakewood, Colorado, showed us six bicol- 
ored sapphires obtained in 1995 that reportedly came 
from Tanzania’s Tunduru region: two fashioned gems 
(0.64 and 1.97 ct; figure 15); three preforms weighing 
0.73, 1.41, and 2.07 ct; and a 4.16 ct crystal. The crystal 
and the 1.41 ct preform showed potential for cutting 
bicolored corundums with blue sapphire as well as ruby 
zones, but the other samples were pink-to-purple in their 
reddest areas. Along with these sapphires was a 4.01 ct 
pale purplish pink spinel crystal with a dark blue rim 
that also could be fashioned into a bicolored gem. 
Gemological properties of the two fashioned gems were 
measured by staff gemologist Maha Tannous and Gem 
News editors John Koivula and Dino DeGhionno. These 
were as follows (for the smaller stone first, where different): 
color—roughly half purplish pink (purple-pink) and half 
dark violetish blue; optic character—uniaxial; Chelsea 
color filter reaction—orangy red in the pink areas, inert in 
the blue areas; R.L—1.760-1.769 and 1.760-1.768; S.G. 
(measured hydrostatically)—4.05 and 4.02; typical ruby 
absorption spectrum seen with a handheld spectroscope. 
The two stones fluoresced moderate-to-strong orange, with 
uneven distribution and medium chalkiness, to long-wave 
UV radiation, they were inert to short-wave UV. The 0.64 
ct stone contained small transparent birefringent crystals 
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Figure 15. These two fashioned bicolored purplish 
pink to purple-pink and blue sapphires are report- 
edly from Tunduru, Tanzania; they weigh 1.97 
and 0.64 ct. Courtesy of Stephen M. Avery; photo 
by Maha Tannous. 


(possibly zircon); the 1.97 ct stone contained exsolved rutile 
and (probably) ilmenite “silk” in distinct zones. Both 
showed color zoning with sharp-edged regions; there was 
no sign of diffusion of color. The fact that the crystals and 
silk were intact, together with the sharp-edged color zon- 
ing, provided evidence that these sapphires had not been 
subjected to heat treatment. 

Although mining at Tunduru has diminished greatly 
this year (as workers moved to the new tsavorite work- 
ings in Tanzania; see, e.g., Summer 1999 Gem News, pp. 
151-152), in the past its gem gravels have produced a 
broad range of exciting material (see, e.g., the Gem News 


Figure 16. These spessartine garnets are from a 
new deposit in Nigeria, near the village of Iseyin. 
The spessartine rough sometimes occurs as well- 
formed crystals up to 2 cm in diameter, as shown 
here. Photo by Joachim Zang. 
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items in Summer 1995, pp. 133-134, and Spring 1996, 
pp. 58-59). The gem potential of this region is probably 
far from being exhausted. 


Spessartine from Nigeria. In April 1999, some highly satu- 
rated orange-yellow spessartine garnets appeared on the 
market in Idar-Oberstein, Germany, reports Dr. Joachim 
Zang and colleagues. By mid-summer, several dozen kilo- 
grams of rough spessartine from this source, mostly of 
lower quality, had arrived in Idar-Oberstein. African deal- 
ers reported the source as a mining area near the village of 
Iseyin, a three-hour drive northwest of Ibadan, Nigeria. 
From a study of both crystals and fashioned stones (see, 
e.g., figures 16 and 17), we determined refractive index 
(measured with a Topcon refractometer) values of greater 
than 1.790 and specific gravity (measured hydrostatically) 
values ranging from 4.19 to 4.23. These measurements are 
consistent with near-end-member spessartine, which has 
an R.I. of 1.800 and an S.G. of 4.19. Absorption spectra 
exhibited typical spessartine features, plus local maxima 
at 469 nm and 527 nm (due to Fe**) and at 482 nm (due to 
Mn7?*). Most of the rough occurs in rounded shapes, 
although we saw a few crystals up to 2 cm in diameter 
(again, see figure 16). The largest clean faceted stone exam- 
ined weighed more than 23 ct (again, see figure 17). 
Semi-quantitative chemical analysis with a scanning 
electron microscope (EDAX system) gave the following 
composition (weight percent, normalized to 100%, all Fe 
reported as Fe”*; values for pure spessartine are given in 
brackets for comparison): SiO, = 36.1 [36.41], Al,O,=21.4 
[20.60], FeO = 0.64 [0.00], MnO = 40.6 [42.99], MgO = 
0.94 [0.00], CaO = 0.27 [0.00]. With a combination of 
physical and chemical techniques, the samples were 
determined to be nearly pure spessartine (up to 94 
mol.%), with lower contents of almandine (from 1.5 to 
11 mol.%) and pyrope (around 3.5 mol.%). 
Dr. Joachim Zang, Klaus Schoder, 
and Dr. Michael Luhn 
Idar-Oberstein, Germany 


Figure 17. These faceted spessartines are also from 
the new Nigerian deposit. The spessartine on the left 
weighs more than 28 ct. Photo by Joachim Zang. 
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Spessartine from Zambia. At the 1999 Tucson shows, we 
saw orange spessartine from many sources, including 
several localities in Brazil (see, e.g., Spring 1999 Gem 
News, p. 55) and some sources in Africa. Marc Sarosi of 
the Marc Sarosi Company, Mill Valley, California, kindly 
loaned us five fashioned spessartines from the Lundazi 
region in Zambia (figure 18). According to Mr. Sarosi, a 
fair amount of orange garnet has been found in the coun- 
try rock (decomposed granite) in the area, but very little 
of it is clean (less than 1 kg so far). The largest fashioned 
garnets weigh over 10 ct. 

All five stones (2.09-11.03 ct) we examined were 
orange with even color. None showed any reaction to a 
Chelsea color filter. Refractive indices were in the nar- 
row range of 1.799 to 1.800, but specific gravity values 
(measured hydrostatically) extended from 4.20 to 4.25, an 
unusually high value. All five were inert to both long- 
and short-wave UV radiation. They had a typical spessar- 
tine absorption spectrum when viewed with a handheld 
spectroscope, with a lower wavelength cutoff at 435 nm; 
bands at 460, 480, and 530 nm; and a weak 504 nm line. 
When viewed with a microscope, they showed typical 
garnet growth bands and fluid-filled “fingerprint” inclu- 
sions (figure 19). Based on these gemological properties, 
this is also nearly pure end-member spessartine. 

Because some of the samples had high S.G. values, 
we analyzed two of them using EDXRF spectroscopy. 
Although these two samples had different S.G.’s (4.20 for 
the 11.03 ct stone and 4.23 for the 2.15 ct stone), research 
associate Sam Muhlmeister found similar chemical com- 
positions for both samples, with major amounts of alu- 
minum, silicon, and manganese, and trace quantities of 
iron, zinc, calcium, and gallium. 

The Lundazi area also produces tourmaline (see, e.g., 
“Multicolored bismuth-bearing tourmaline from 
Lundazi, Zambia,” by M. L. Johnson et al., Gems & 
Gemology, Fall 1997, pp. 204-211) and aquamarine. Mr. 
Sarosi believes that this area shows considerable promise 
as a source for gems. 
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Figure 18. These five 
spessartine garnets 
(2.15-11.03 ct) come 
from the Lundazi 
area of Zambia. 
Courtesy of Marc 
Sarosi; photo by 
Maha Tannous. 


a, cE. - : ee Pad 6 = 
Figure 19. The Zambian spessartines typically had 
fluid-filled “fingerprint” inclusions, as seen here in 
the 11.03 ct modified triangular brilliant. Photo- 
micrograph by John I. Koivula; magnified 30x. 
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Tremolite rock from China, represented as “Longxi 
Jade.” Professor Zhang Ru bo of the Department of 
Geological Science, Chengdu Institute of Technology in 
Chengdu, Sichuan Province, China, sent the following 
information to Dr. James E. Shigley of GIA Research. 
Professor Zhang and colleagues Zhang Yu Yu and Yang 
Da Xiong had examined a deposit of tremolite rock near 
Longxi Village, Wenchuan, in Sichuan Province, about 
230 km north of Chengdu. The material was first discov- 
ered by villagers in the 1940s; based on its presence, the 
Guanxi Jade Carving Factory was founded, and the 
tremolite was marketed as “Guanxi Jade.” This source of 
carving material was no longer economic by the early 
1980s, so the factory carved other materials (i.e., 
“Nanyang Jade” and “Xu Jade”). (The reader is reminded 
that jade is an inexact translation of the Chinese term 
yu, which refers to any hard stone that can be carved. In 
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Figure 20. A semi-transparent tremolite rock forms 
stratified layers in the metamorphosed limestone 
at Longxi. Photo courtesy of Zhang Ru bo. 


contrast, Western usage restricts the term jade to jadeite 
and nephrite. For more on this, see “Standards issued for 
the jewelry industry in China,” Fall 1997 Gem News, pp. 
229-230.) 

The Chinese team visited the locality in summer 
1997, and determined that the source was not yet deplet- 
ed. The mine is actually located several kilometers from 
Longxi, near the hamlet of Majia, at an altitude of 2,500 
feet (760 m). At the time of their visit, there was a hori- 
zontal adit about 9 m deep and a 15-m-square open area 
for stacking the ore blocks. 

The massive tremolite formed as layers up to 2 m 
thick (although typically 10 to 50 cm; figure 20), within 


Figure 21. These nine tsavorite garnets (0.15—0.67 
ct) are reportedly from a new deposit in south- 
western Madagascar. Courtesy of Allerton 
Cushman & Co.; photo by Maha Tannous. 
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an anticline. The material in the mine pit was yellow, 
“golden” yellow, green, and yellow-green. The tremolite 
apparently formed by metamorphism of dolomitic lime- 
stones, with no evidence of metasomatic fluids; the 
tremolite only occurred in specific layers in the meta- 
morphosed rock. Consequently, the authors predicted 
that large reserves of “Longxi Jade” will not be found at 
this deposit. 

Professor Zhang and his colleagues determined the 
following gemological properties on representative sam- 
ples of “Longxi Jade”: color—gray-white, light yellow, 
and yellow-green; diaphaneity—semi-transparent to 
opaque; hardness—5.5 to 6 on the Mohs scale; specific 
gravity—2.95 to 3.01. In thin section, the rock appeared 
to be composed of fibrous tremolite with small amounts 
of talc and carbonates. R.I. values of 1.595 and 1.625 were 
determined on the tremolite in the thin section. 
Chemical analysis revealed a composition that is quite 
close to end-member tremolite. 

The finest-quality tremolite rock from the deposit 
is suitable for fashioning into cabochons. Some cabo- 
chons show a cat’s-eye effect and resemble cat’s-eye 
chrysoberyl. 


Tsavorite from Madagascar. Tsavorite garnet from 
Madagascar was first called to our attention by Samir- 
Pierre Kanaan of Paris in mid-1997. In March 1999, Tom 
Cushman of Allerton Cushman & Co., Sun Valley, 
Idaho, showed us a suite of nine green garnets (0.15 to 
0.67 ct) from southwestern Madagascar (figure 21), which 
also proved to be tsavorite; to the best of our knowledge, 
this is the first location outside of Kenya or Tanzania to 
produce commercial quantities of tsavorite. The parcel 
also included six chrome tourmalines that had been rep- 
resented as tsavorite, and Mr. Cushman reported that 
green diopside also is recovered from the same area. The 
tsavorite is mined from a primary deposit; “intermittent 
production” typically yields faceted stones that do not 
exceed | ct. 

Gemological properties of the garnets were as fol- 
lows: color—green; optic character—singly refractive 
with weak anomalous double refraction; Chelsea color 
filter reaction—weak orange; refractive index—1.740 to 
1.742, birefringence—none; specific gravity (measured 
hydrostatically)—3.63 to 3.66. The stones were inert to 
both long- and short-wave UV radiation. When viewed 
through a handheld spectroscope, they showed a typical 
tsavorite spectrum: 470 nm cutoff, absorption band 
between 580 and 620 nm, and vague absorption between 
620 and 700 nm. With magnification, needles, small 
crystal inclusions, and “fingerprints” were seen. EDXRF 
analysis of two stones by research associate Sam 
Muhlmeister revealed major aluminum, calcium, and 
silicon, with traces of titanium, vanadium, chromium, 
manganese, iron, yttrium, and zirconium. All these 
properties are consistent with the tsavorite variety of 
grossular garnet. 
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TREATMENTS 

The chemistry of emerald fillers. In the course of GIA’s 
ongoing study of emerald treatments (see M. L. 
Johnson et al., “On the identification of various emer- 
ald filling substances,” Summer 1999 Gems w 
Gemology, pp. 82-107), we investigated the possibility 
of using trace elements to identify fillers by means of 
energy-dispersive X-ray fluorescence (EDXRF) spec- 
troscopy, using a Tracor Northern Spectrace 5000 
instrument. A limitation of this system is that ele- 
ments lighter than sodium cannot be detected; this 
includes the main constituents of the organic fillers 
(ie., carbon, hydrogen, and oxygen). However, many of 
the 26 fillers we studied with this technique did con- 
tain heavier elements. 

We examined fillers in the following substance cate- 
gories: eight essential oils/natural resins, four other oils, 
seven epoxy prepolymers, two UV-setting prepolymers, 
and five solid polymers. The liquids were poured into the 
EDXRF sample holders for analysis, and the solid fillers 
were examined as blocks. Each sample was run at 15 and 
20 kV (at 0.35 mA) in a vacuum, and at 30 kV (at 0.35 mA) 
in air. 

Results are presented in the table. Only one essen- 
tial oil (synthetic cinnamon oil) showed a distinct 
“heavy” element peak (zinc [Zn]). Of the other oils, 
Joban oil contained iron (Fe), copper (Cu), and calcium 
(Ca); azeite de dende (palm tree oil) contained chlo- 
rine. Six out of seven epoxy prepolymers (all except 
Epo Tek 314) contained chlorine (Cl), and all the solid 
polymers contained Cl. The two UV-setting artificial 
resins, in both liquid and solid form, contained many 
discernible elements: Epo Tek UVO114 contained sili- 
con (Si), phosphorus (P), sulfur (S), Cl, and antimony 
(Sb); and the Norland Optical adhesive contained S 
and tin (Sn). 

The next question was: How useful is this informa- 
tion for the identification of substances within emer- 
alds? Most of the elements we identified also could be 
found naturally within an emerald, given the gem’s 
common inclusion of brines (Cl and perhaps P) and sul- 
fides (Fe, S, and perhaps Cu and Zn); so the best “test 
cases” to see if fillers produced elemental signatures 
were Sb or Sn. We therefore compared the EDXRF spec- 
trum of a known natural emerald from Muzo, 
Colombia, with that of a 1.12 ct emerald that—after 
cleaning—we had filled with a significant amount of 
Norland Optical Adhesive type 65. The 5.01 ct unfilled 
emerald revealed major amounts of Si and aluminum, as 
well as trace amounts of S, Cl, K, Ca, titanium, vanadi- 
um, chromium, Fe, and gallium. The 1.12 ct emerald 
filled with Norland 65 contained the same elements 
(except gallium), and did not reveal detectable amounts 
of Sn. As other experiments described in the above-men- 
tioned Gems & Gemology article found that less than 
0.001 ct of filler is needed in an emerald of this size, the 
inability to detect the tin was not surprising. This 
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EDXRPF results for 26 possible emerald fillers. 


Substance category Filler@ Eemeni a onic 


with EDXRF? 
“PRESUMED NATURAL” SUBSTANCES 
Essential oils 
Essential oils or natural resins Cedarwood oil for None 
clearing (Merck) 
Cedarwood oil for Ca (?), Fe (?) 
immersion (Baker) 
Cedarwood oil for W (?) 
immersion (Merck) 
Canada balsam (natural resin) Zn (?) 
Clove bud oi one 
Clove oil one 
Cinnamon oil (synthetic) Zn, Fe (?) 
Cinnamon oil (cassia) one 
Other oils 
Mineral oils ineral oil one 
Paraffin oil one 
Vegetable oil Azeite de Dende Cl, K (2), Ca (?) 
Mineral (?) oil plus Joban oil Ca, Fe, Cu, 
vegetable (?) dye Cl (?),K (?) 
ARTIFICIAL RESINS 
Epoxy prepolymers Araldite 506 C 
Araldite 502 C 
Araldite 6005 C 
Araldite 6010 Cl, K (2) 
Epo Tek 301 C 
Epo Tek 302-3M C 
Epo Tek 314 None 
Other prepolymers 
UV-setting Epo Tek UVO114 Si, P, S, Cl, Sb 
orland Optical Adhesive S, Sn 
type 65 
Polymers Opticon Resin 224 (cured) Cl, Fe (?) 
Permasafe Cl, Ca (?) 
Super Tres Cl, Ca (?) 
UV-setting Epo Tek UVO114 (cured) Si, P, S, Cl, Sb 
orland Optical Adhesive S, Sn 


type 65 (cured) 


4For sources, see M. L. Johnson et al., “On the identification of 
various emerald filling substances,” Gems & Gemology, Vol. 35, 

No. 2, pp. 82-107. 

» All EDXRF analyses were performed on the loose fillers (i.e., as “pure” 
substances, not in an emerald). “None” means that no element 
heavier than neon was detected. Peaks definitely identified (trace 
level) are given as, for example, “Fe”; those that were tentatively 
identified (i.e., a small peak was seen, but its signal was not signifi- 
cantly above the background level) are given as, for example, “Fe (?).” 


research shows that it is not feasible at this time to 
identify the filler in an emerald with EDXRF. 
ML] and Sam Muhlmeister, 
GIA Gem Trade Laboratory 
Shane Elen, GIA Research 
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properties. The following are the 
important physical, optical, and 
chemical properties of diamond. 
Abbreviations used: A.U., Ang- 
strom Units; C., Centigrade; F., 
Fahrenheit. 


atomic 3.5669+0.0002 
A.U. 

breaking load. 25 kilograms for 
0.18 mm. point radius. 

breaking strength. 790,000 (corun- 
dum on same scale has breaking 
strength=—130,000). 

bulk modulus. 10'* dynes per 
square centimeter. 

chemical composition. C (pure car- 
bon) for gem varieties. Some 
bort yields up to 20% ash con- 
sisting principally of oxides of 
silicon, iron, magnesium, alu- 
minum, calcium and titanium. 

chemical properties. Burns in oxy- 
gen between 700 and 900 de- 
grees C. (1500 to 1650 degrees 
F.) In powder form can be 
burned by a bunsen burner. Not 
attacked by any known acids or 
alkalies, with the exception of 
very strong alkalies in powder 
form. 


spacing. 


crystal class. Hextetrahedral 43m, 
perhaps hexoctahedral 4/m 
B2/m. 

crystal system. Isometric. ; 

dielectric constant. 5.5 (air—1). 

‘dispersion. Value equals difference 
between indices of refraction 
for red and blue light. Exact 
value depends upon wave 
lengths used: H-B=0.058, G-B 
=0.044, F-C=0.025. (See refrac- 
tive index.) 


DIAMOND GLOSSARY 


(Continued from Page 356 of last issue) 


electrical conductivity. 0.211 x 104 
to 0.80910!" ohm centimeters 
at 15°C. 

hardness, indentation (Knoop). 
6000-6300 (corundum on Knoop 
scale has value of 1600-2000). 

hardness, scratch (Mohs). 10. 

melting point. 3700°+100°C. 
(6698°F.) 

refractive index. 

2.465 (violet H=3968 A.U.) 
2.4513 (violet G=4308 A.U.) 
2.4354 (blue F=4861 A.U.) 
2.4175 (yellow D=5893 A.U.) 
2.4103 (red C=6563 A.U.)Y 
2.4076 (red B=6876 A.U.) 
Average value for white light 
2.417. 

space group. Fd3m. 

specific gravity (density). Purest 
white 3.511, ranges from 3.4- 
3.52. Calculated from x-ray 
measurements 3.511. 


thermal conductivity. 0.35 gram 
calories per centimeter per sec- 
ond per degree Centigrade. 

thermal expansion (linear). 0.6 to 
1.18 x 10-° per degree Centi- 
grade. 

wear resistance (Rosiwal). 90,000. 
(Corundum on same scale has 
wear resistance=1000.) 

Young’s Modulus. 10'? dynes per 
square centimeter. 


“Punch” Jones Diamond. Largest 


alluvial diamond found in U.S.A. 
on Rich Creek, Peterstown, W. 
Va., by Grover and Wm. P. 
(“Punch”) Jones. A transparent 
hexoctahedron of 34.46 metric 
carats. It is of a grayish green 


Figure 22. The heat-treated portion of this 5.60 ct 
almandine-spessartine garnet (left) developed a 
dark gray metallic coating that was identified as 
hematite. Photo by Maha Tannous. 


Hematite coating on heat-treated garnet. After publish- 
ing the Winter 1997 Gem News item “Heat treatment of 
garnets” (p. 308), the Gem News editors carried out an 
experiment to determine the nature of the metallic coat- 
ing that develops on certain garnets with heating. Such a 
coating has been noted when iron-bearing garnets (such 
as almandine) are heated in air to temperatures above 
900°C, as previously determined by Gerhard Becker of 
Idar-Oberstein, Germany. 

For our experiment, we chose a 5.60 ct transparent, 
dark orange-brown, oval modified brilliant cut. It was 
reportedly from Orissa, India, and contained only mini- 
mal inclusions (so few that they were unlikely to cause 


Figure 23. The semi-transparency and mottled, 
uneven appearance of the hematite coating on the 
heat-treated garnet is visible in strong transmitted 
light. Photomicrograph by John I. Koivula; magni- 
fied 40x. 
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damage during heating). The garnet had an R.I. of 1.756, 
an S.G. of 3.91, and a mixed almandine-spessartine 
absorption spectrum. EDXRF analysis of the stone prior 
to heating showed the presence of aluminum, calcium, 
iron, magnesium, manganese, and silicon, with iron 
appearing to be slightly more abundant than magnesium, 
manganese, or calcium. The stone’s bodycolor, relative 
elemental peak heights, and the strength of the alman- 
dine visible-light absorption spectrum, suggested that 
there was more almandine component than spessartine. 

For the experiment, the garnet was cut into two 
pieces, so that half the stone could be retained as an 
untreated (control) sample. The other half was placed in 
a muffle furnace, heated in air to 920°C, and then 
allowed to cool slowly. As expected for this iron-bearing 
garnet, the heat treatment produced an obvious dark gray 
metallic coating on the surface (figure 22). 

We then retested the gemological properties on the 
heated half. Because of the metallic coating, we could 
not obtain an R.I. value. The 3.93 S.G. was slightly high- 
er than that obtained before heating. Once again, the 
absorption spectrum was mixed almandine-spessartine, 
although it was much darker because the metallic coat- 
ing interfered with the stone’s transparency. When exam- 
ined with magnification in strong transmitted light, the 
coating was semi-transparent and had a mottled, uneven 
appearance (figure 23). 

Using Raman analysis on the treated half, we identi- 
fied the coating as hematite. This was not surprising, 
considering the high iron content of the garnet. We 
believe that iron at the surface of the garnet oxidized to 
form hematite (Fe,O,). 


Factors in the heat treatment of corundum. At the 25th 
International Gemmological Congress (October 1995) in 
Rayong, Thailand, Dr. Varunee Thiramongkol of the 
Department of Science Service, Bangkok, gave a presenta- 
tion on corundum heat treatment. She kindly provided the 
Gem News editors with the following update on her 
research in this area at the Third International Gemological 
Symposium last June. 

Dr. Thiramongkol discussed oxidation conditions as 
an important factor in the heat treatment of corundum 
varieties. Corundum is oxidized in oxygen-rich environ- 
ments, and reduced in hydrogen-rich, organic-rich, or 
inert environments. Oxidizing conditions cause rubies 
from Mong Hsu, Trat (Thailand), and Africa to become 
“purer” red; greenish blue sapphires to turn green; and 
dark blue-to-black sapphires to lighten. Reducing condi- 
tions make rubies from Mong Hsu, Trat, and Africa 
become more purple; and cause silky, milky, or yellow- 
ish blue sapphires to become blue. Pale yellow sap- 
phires from Sri Lanka and Kanchanaburi turn intense 
yellow when heated in oxidizing conditions, but they 
become light blue when heated in nitrogen gas; the 
same stone can have its color “reversed” several times 
by changing the atmosphere in which it is heated. 
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Another factor that is sometimes important in heat 
treatment is the local “micro-environment” during 
heating: Light-colored stones may be stained blue in 
patches by proximity to dark blue or black sapphires, or 
they may be stained pink to brownish red if they are 
heated with rubies. 


SYNTHETICS AND SIMULANTS [2 
Manufactured products imitating charoite. One would 
not consider charoite a likely candidate for imitation, 
although a possible charoite (or sugilite) simulant (a dyed 
rock consisting of massive beryl and quartz) was 
described in the Summer 1992, Gem News section (p. 
135). In the past three years, however, we have come 
across two manufactured products intended to simulate 
charoite. The first, marketed in 1996 as “Royal 
Russianite” by Marchant Enterprises of Anchorage, 
Alaska, was obtained as a bracelet of 20 round beads 
averaging 8.1 mm in diameter (figure 24). The second 
imitation, obtained in Tucson in 1999 by GIA Education 
product manager Philip York, consisted of a 2.90 ct rect- 
angular bead. 

Both samples were purple, opaque, and unevenly col- 
ored; both had a (spot) refractive index value of 1.55; and 
both burned, giving off an acrid odor, when exposed to a 
thermal reaction tester (hot point). (These properties were 
sufficient to identify these beads as manufactured prod- 
ucts, probably comprised of or containing a significant 
amount of plastic.) It was not possible to measure the spe- 
cific gravity of the round beads without dismantling the 
bracelet; however, the rectangular sample revealed an 
S.G., measured hydrostatically, of 2.67. The round beads 
were inert to long- and short-wave UV radiation, but the 
rectangular bead fluoresced uneven faint blue to long-wave 
UV radiation and uneven faint yellow to short-wave UV. 


Figure 25. The “Royal Russianite” imitation 
charoite was mottled in light and dark tones of 
purple when viewed with magnification. Photo- 
micrograph by John I. Koivula; magnified 15x. 
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Figure 24. This bracelet of 8 mm imitation 
charoite beads was purchased in Alaska. Photo by 
Maha Tannous. 


When examined with magnification, the two imita- 
tions looked quite different. The surface of each round 
bead showed a swirled mass of opaque purple layers in 
light and dark tones (figure 25), with no white or color- 
less areas. In contrast, the rectangular bead consisted of 
many translucent to opaque white blobs held together by 
purple, black, or even blue dye/bonding agents (figure 26). 
Through the microscope, the second was therefore the 
more convincing imitation of a charoite-bearing rock, 
but the first was more convincing to the naked eye. 

In the course of editor MLJ’s trip to Alaska, she saw 
other interesting imitations, including “Arctic Opal” (not 
an opal, but malachite/azurite or an imitation of it), 
“Glacier Pearle” (abalone shell, not pearl), and the familiar 


Figure 26. The rectangular bead imitation of 
charoite was composed of white blocks and swirls 
of varying concentrations of purple (or blue, or 
black) colored matter. Photomicrograph by John I. 
Koivula; magnified 10x. 
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Figure 27. The words in this 42-mm-long synthetic 
quartz crystal were inscribed completely internal- 
ly by a laser technique. Photo by Maha Tannous. 


“Alaska Black Diamond” (hematite or a hematite imita- 
tion, but not diamond). Tourist beware! 


MISCELLANEOUS (2 
More on “internal” carving: Now done to synthetic and 
natural quartz. We first reported on the use of lasers to 
produce three-dimensional images inside of glass in the 
Winter 1996 Gem News section (“Completely internal 
‘carving’ of glass,” p. 292). In that entry, we mentioned 
that we saw no impediment to applying this technology 
to isotropic gem materials (such as CZ or diamond). This 
year, we discovered that this technology has gone beyond 
our predictions, as the uniaxial mineral quartz also is 
being internally inscribed in this fashion. 

Utah Mineral and Fossil, of Bountiful, Utah, markets 
hydrothermal synthetic quartz crystals that have been 
laser inscribed near the surface (figure 27). We looked 
through the microscope at a sample inscribed beneath 
one prism face and observed sharp parallel fractures, such 
as those seen in the glass sample we observed in the 
Winter 1996 Gem News entry. We looked for evidence of 
dispersion of the laser beam, such as a broadening of the 
fissures in the deepest part of the inscription that might 
have been due to splitting of the beam by quartz’s two 
refractive indices; however, we saw no such evidence. 

Another firm has taken quartz carving a step further. 
At Tucson in 1999, Tom Harrelson of The Gemologist, 
Bellevue, Washington, showed Gems & Gemology senior 
editor Brendan Laurs a partially polished piece of natural 
quartz in which a stag had been internally engraved using 
a laser technique (figure 28). By March 1999, his firm had 
experimented with 17 quartz samples, including the vari- 
eties rock crystal, ametrine, rose quartz, and amethyst. 
Six of these samples sustained moderate to heavy damage 
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from stress cracking by the laser process, but designs were 
successfully produced in the other 11 with, reportedly, 
“good to excellent” image resolution. The laser inscrip- 
tions were produced in the U.S. using a proprietary com- 
puter software program that reduces the internal stress on 
the gem material caused by the laser. Mr. Harrelson also 
noted that any stress cracking in the gem material is pro- 
duced at the time of inscription; no cracking has been 
observed to form later. 

Several firms in Russia currently produce internal laser 
inscriptions, mainly in glass but also (reportedly) in cubic 
zirconia. The engravings are made with computer-con- 
trolled lasers and CAD-CAM programs; the images still 
consist of series of dots inscribed at specified positions in 
three dimensions. As the resolution gets finer (i.e., the 
number of “pixels” increases), the image quality improves. 


ANNOUNCEMENTS Ss 


Basel 2000. The World Watch, Clock and Jewellery Show 
will be held March 23-30 in Basel, Switzerland. In con- 
junction with Basel 2000, on March 25 GIA will host 
Gem Fest Basel 2000 and the GIA Reception and Alumni 
Reunion, both sponsored by Messe Basel. GemFest, 
which is open to the public, will highlight critical issues 
in the gem and jewelry trade and host an open forum sim- 
ilar to the popular “War Rooms” at the 3rd International 
Gemological Symposium last June. For more information 
on Basel 2000, call 41-61-686-2020 or visit the Web site 
www.messebasel.ch. For details on GemFest, e-mail 
Cindy Campman at ccampman@gia.edu or call 760-603- 
4150. Gems & Gemology representatives will be avail- 
able at the GIA booth in Hall 201, Stand 311. 


International Rough Diamond Conference. The Israeli 
diamond industry and government will co-host the 2nd 
International Rough Diamond Conference March 21-23, 
2000, at the Hilton Hotel in Tel Aviv. The conference 
will serve as a strategic forum between corporations 
involved in diamond mining, exploration, manufactur- 
ing, and financing, as well as government delegates from 
producing countries. Attendance will be free of charge to 
qualified members of the international rough diamond 
community, but space is limited. For details, contact the 
conference secretariat at 972-3-5410004 (phone), 972-3- 
5140044 (fax), or visit the Web site www.diamonds.org.il. 


ISA personal property appraisal courses. The International 
Society of Appraisers (ISA) will offer its Core Course in 
Appraisal Studies February 26 through March 5, 2000, in 
Los Angeles, California. The course will focus on the 
broad issues of appraisal principles, including valuation 
theory, market research and analysis, identification and 
authentication, ethical standards, tax regulations, report 
writing, legal issues, basic appraisal techniques, and the 
Uniform Standards of Professional Appraisal Practice 
(USPAP). For more information, contact ISA at 888-472- 
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4732, e-mail ISAHQ@isa-appraisers.org, or visit the Web 
site www.isa-appraisers.org. 


Kremlin Gold at the Houston Museum of Natural 
Science. Presenting more than 140 gold relics, jeweled 
masterpieces, and precious art objects, Kremlin Gold: 
1000 Years of Russian Gems and Jewels will be featured 
at the Houston (Texas) Museum of Natural Science from 
April 15 to September 4, 2000. On display will be works 
by Russian master goldsmiths dating back to the 4th cen- 
tury, a select number of Fabergé Imperial Easter Eggs 
crafted at the turn of the century, and award-winning 
contemporary works from the last half of the 20th centu- 
ry. For more information, call 713-639-4629 or visit the 
Web site www.hmns.org/hmns/kremlin. 


Treasures from Topkapi Palace. Istanbul’s Topkapi Palace 
has for centuries housed imperial jewels and other trea- 
sures from the Ottoman Empire. More than 200 objects 
from this palace will be on display in a new exhibition, 
Palace of Gold & Light: Treasures from the Topkapi, 
Istanbul. The exhibition will debut at the Corcoran 
Gallery of Art in Washington, DC, March 1-June 15, 
2000, and will later appear at the San Diego Museum of 
Art July 14-September 24, 2000, before completing its 
tour at the Museum of Art in Fort Lauderdale, Florida, 
October 15, 2000-January 14, 2001. To contact the 
Corcoran Gallery, call 202-639-1700; for the San Diego 
Museum of Art, call Mindy Riesenberg at 619-696-1946. 


West Coast Antique & Period Jewelry Seminar 2000. 
This second annual seminar will be presented by the 
Center for Jewelry Studies on April 14-16 at the Sheraton 
Suites Fairplex in Pomona, California. Elise Misiorowski, 
Ginger Moro, Peter Shemonsky, Janet Zapata, and 
Christie Romero will lecture on topics ranging from 
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Figure 28. The stag was engraved 
completely within this natural 
quartz sample using laser tech- 
nology. Courtesy of Tom 
Harrelson; photo by Maha 
Tannous. 


turn-of-the-century and later jewelry styles, American 
jewelers, diamonds and colored gemstones, the American 
crafts movement, and costume jewelry. To request a 
brochure, or for further information, call 714-778-1828 or 
e-mail CR4jewelry@aol.com. 


Gemstones at upcoming scientific meetings. Special sec- 
tions applying to gemstones will be offered at these 
upcoming meetings: 


e A session on Gemstones of the Pacific Rim will take 
place at the Geological Society of America 96th Annual 
Meeting, Cordilleran Section, in Vancouver, British 
Columbia, Canada, April 27-29, 2000. For more informa- 
tion, visit the Web site www.eos.ubc.ca/cordgsa2000. 


e A thematic session on Diamond-Host Rocks: New 
Exploration Targets and Scientific Insights and a one-day 
short course on Kimberlites and Their Indicator Minerals 
will be held at the joint meeting of the Canadian 
Geophysical Union and GeoCanada 2.000 in Banff, 
Alberta, Canada, May 23-27, 2000. For details, visit the 
Web site www.acs.ucalgary.ca/~cguconf/main.html. 


e Symposia on the Geology of Gemstone Deposits, 
Applied Mineralogy: Ceramics and Gem Materials, 
Synthetic and Treated Gem Materials, and 
Petrogenesis of Carbonatite, Kimberlites, Lamproites 
and Related Rocks will be included in the 3lst 
International Geological Congress on August 6-17, 
2000, at the Riocentro Convention Center in Rio de 
Janeiro, Brazil. Field trips to colored gemstone deposits 
of Minas Gerais and to diamond placers in the southern 
Espinhago Mountain Range are also planned. For more 
information, contact FAGGA Eventos (phone 552.1-537- 
4338, fax 5521-537-7991, e-mail geoexpo@fagga.com.br}, 
or visit the Web site www.3 ligc.org. 
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Book Reviews 


Susan B. Johnson & Jana E. Miyahira-Smith, Editors 


ROCK CRYSTAL TREASURES 
FROM ANTIQUITY TO 
TODAY 

By Sylvie Raulet, 240 pp., illus., publ. 
by Vendome Press, New York, 1999. 
US$75.00 


Journalist and historian Sylvie Raulet 
has graced our jewelry literature with 
several fine works, among them her 
sumptuous Art Deco Jewelry (1990). 
Here is another splendid book from 
her pen, this time a unique study of 
ornamental applications of rock crystal 
quartz. From this material, artisans 
have fashioned an array of beautiful 
objects ranging from small gems to 
impressively large vessels and figure 
carvings. Only a brief scan of this 
book is needed to convince one that it 
is of permanent reference value. In 
scope it covers objects produced in 
the Mediterranean countries and 
Europe from Roman times up to the 
present (the considerable production 
of similar objects in India and China 
is not considered). 

Ms. Raulet provides an introducto- 
ry chapter on the scientific and tech- 
nological aspects of rock crystal, and 
another on the symbolic and medicinal 
lore. These are followed by chapters 
that describe many types of objects, 
with meticulous histories furnished 
for the major examples as preserved 
in museum and private collections. 
They cover the period from ancient 
Roman times to Fatimid Egypt 
(roughly 100 BC to 1170 AD); then, in 
the Western world, from Merovingian 
times to the Renaissance (about 1400 
to 1600 AD); and, last, the 19th and 
20th centuries. One of the most 
intriguing chapters is devoted to the 
formation of “curiosity cabinets” in 
the courts of Europe from about 1400 
to 1600 AD, which notes especially 
that of Rudolph II in Prague. 
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Rudolph’s curator of gems and royal 
physician was Boetius De Boodt, the 
author of one of the greatest gemolog- 
ical books, the Gemmarum et 
Lapidum Historia (1609). This chapter 
is especially rich in sharp color pho- 
tographs of rock crystal vases, most of 
which are embellished with precious- 
metal fittings studded with gems. 

In contrast to earlier forms of 
ornament that used rock crystal, 
modern applications seem extremely 
simple and dependent more on form 
than on detail to fulfill the artist’s 
conception. Ms. Raulet describes 
numerous objects here: a great chan- 
delier with rock crystal “lights,” vari- 
ous boxes and other containers; 
cigarette cases; abstract sculptures; 
jewelry; and small figurines, some of 
exquisite beauty that are marvels of 
the lapidary/jeweler’s arts. 

On the negative side, it is evident 
from the errors in the chapter dealing 
with the technical aspects of quartz 
that it could have used a careful read- 
ing by a qualified mineralogist. A 
grievous error appears in the caption 
to the quartz crystal drawings on 
page 13, which are claimed to be 
“diagrams showing techniques for 
cutting rock crystal.” In fact, these 
are crystal drawings apparently 
copied from those on pages 54-55 of 
C. Frondel’s Silica Minerals, volume 
3 of Dana’s Seventh System of 
Mineralogy (1962). Other errors 
include the claim that rock crystal 
quartz shows “distinct dichroism,” is 
“extremely resistant to oxidation,” 
and contains inclusions of “titani- 
um” (presumably meaning rutile). A 
particularly annoying lapse is the fail- 
ure to give dimensions or magnifica- 
tion factors for most of the objects. 
While the bibliography is helpful, it 
could have been enhanced by incor- 
porating the many works mentioned 
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in the text but absent from either 
footnote or bibliography. 

Nevertheless, the book is a satisfy- 
ing intellectual as well as visual treat. 
It is strongly recommended reading. 


JOHN SINKANKAS 
Peri Lithon Books 
San Diego, California 


BEYOND PRICE— PEARLS 
AND PEARL -FISHING: 
ORIGINS TO THE AGE OF 
DISCOVERIES 


By R.A. Donkin, 448 pp., illus., publ. by 
the American Philosophical Society, 
Philadelphia, PA, 1998. US$45.00 


One cannot help but admire the 
expertise and dedication that R. A. 
Donkin, Fellow of Jesus College, 
Cambridge University, demonstrates 
in this treatise, which was published 
as part of the Memoirs series of the 
American Philosophical Society. The 
book was widely acclaimed as an out- 
standing scholarly achievement, one 
that will remain the standard for the 
future. Regrettably, this review can 
give only a brief summary of the vast 
amount of information contained in 
Beyond Price. 

Over the course of the book’s 10 
chapters, the author documents the 
origins and historical geography of 
pearls up to the Age of Discoveries 
(18th century], chronologically and by 
region, with extensive archaeological 
and philological perspectives. Notes 
and references supplement each 
chapter. 

Starting with folklore and leading 
to the advent of scientific inquiry, the 
first chapter chronicles the vast litera- 
ture on the origins of pearls. It includes 
indigenous writings and historical 
atlases, which have been translated by 
various linguists worldwide. 
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The next chapter deals with the 
biology, distribution, and ecology of 
freshwater and marine [saltwater] 
pearls. Mr. Donkin also elaborates on 
existing nomenclature and taxonomy 
problems of the marine pearl-bearing 
mollusks. Nine maps show the world 
distribution of the principal sources of 
freshwater and marine pearls, follow- 
ing G. Ranson’s widely accepted 
nomenclature and classification sys- 
tem of Pinctada species. 

Mr. Donkin, a Reader (ret.) in 
Historical Geography, uses the major- 
ity of the book to recount the history 
of pearl fishing in different geographic 
regions, beginning with the “Ancient 
East” (Egypt, Mesopotamia, eastern 
Arabia, present-day Iran, the Medi- 
terranean, India, and China). The 
chapter “Classical World: Greeks and 
Romans and Their Eastern Neigh- 
bors” follows. Next we learn about 
the “Arabo-Persian World” (7th-15th 
centuries), India, and China. The 
“Medieval World” is discussed sepa- 
rately. The final chapters deal with 
the Age of Discoveries in both the 
New World (the Americas) and the 
Old World (all other areas). 

The book is further enhanced by 
over 100 black-and-white illustrations 
and maps. The bibliography encom- 
passes 59 pages, arguably the most 
extensive compilation of publications 
on the subject. Anyone interested in 
pearls will find this book not only 
compelling to read, but also essential 
as an encyclopedic reference. 

Historically, pearls have been 
regarded as a good omen, as symbols 
of wisdom, truth, and beauty. With 
Beyond Price, distinguished scholar 
R. A. Donkin offers one of the great- 
est tributes to this truly unique gem. 


KARIN N. HURWIT 
GIA Gem Trade Laboratory 
Carlsbad, Californi 

AMBER 


By Andrew Ross, 73 pp., illus., publ. 
by the Harvard University Press, 
Cambridge, MA, 1998. US$12.95 


Amber is the only gem material that 
traditionally has been appreciated and 
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valued for its inclusions. This fascina- 
tion has resulted in a number of inter- 
esting and well-written books on the 
subject. Until I received a copy of 
Amber, my favorite small introducto- 
ry book on the subject was the 
German Bernstein-Raritdten, by 
Dieter Schlee (Staatlichen Museum 
ftir Naturkunde, Stuttgart, 1980). 
Although Schlee’s beautifully illus- 
trated book is still a personal favorite, 
it is hard to imagine how so much 
useful information could be contained 
in one small volume, as Andrew Ross 
has done with this new book. 

The photomicrographs on the cov- 
ers, which depict winged insects in 
amber, are interesting enough to 
tempt even a casual observer to open 
this book. Once inside, it becomes 
immediately apparent that virtually 
every page is wonderfully illustrated 
with photomicrographs, macropho- 
tographs, or highly educational line 
drawings. The text is easy to read and 
understand, flowing in a logical fash- 
ion from one topic to the next. 

After a few introductory pages on 
the nature of amber, its properties, 
substitutes, uses, and localities, the 
book focuses on descriptions and 
interpretations of various inclusions. 
Although excellent, the photographic 
images alone do not make this book 
so useful to jewelers and gemologists 
who need to examine amber from 
time to time. Rather, it is the detailed 
series of easy-to-follow line drawings, 
referred to as “Keys to Identification,” 
that make this book special. For 
example, if one sees an arthropod as 
an inclusion, he or she can simply fol- 
low the numbered diagrams in 
sequence to learn, in most instances, 
a more precise identification beyond 
the initial phylum Arthropoda. 

For anyone who has ever looked at 
an inclusion in amber and wondered 
what it was, this book will be very 
helpful. It may not make an entomol- 
ogist out of a gemologist, but it serves 
as a major step in the right direction. 


JOHN I. KOIVULA 
GIA Gem Trade Laboratory 
Carlsbad, California 
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GEM MINERALS 
OF VICTORIA 


By William D. Birch and Dermot A. 
Henry, 120 pp., illus., Special 
Publication No. 4 of the 
Mineralogical Society of Victoria, 
Melbourne, 1997. Aus$34.95 


Although overshadowed by the dia- 
monds of Western Australia (Argyle), 
the opals of Queensland, and the sap- 
phires of Queensland and New South 
Wales, the gem deposits of the 
Australian territory of Victoria cover 
a wide range, from diamonds to orna- 
mental rocks. The first chapter of this 
profusely illustrated book describes 
early gem discoveries and the historical 
figures who pioneered gem collecting 
in Victoria. The next describes 
Victoria’s diamonds, which were 
found mainly in alluvial deposits 
connected with gold mining. These 
are thought to be related to diamonds 
found in the Copeton (New South 
Wales) region; the largest of the 30 or 
so rough diamonds still extant weighs 
8.2. ct. 

Seven other chapters describe ruby 
and sapphire, zircon, olivine, 
anorthoclase, topaz, tourmaline, beryl, 
garnets, crystalline quartz varieties, 
cryptocrystalline quartz varieties, and 
opal. The last chapter describes other 
gems and ornamental rocks: calcite- 
ankerite concretions that resemble 
warm-toned agates; facetable cassi- 
terite; massive purple corundum 
(“barklyite”), massive dumortierite; 
turquoise; and a chromian diaspore- 
muscovite rock called “selwynite.” 
Chrysoberyl and moonstone have 
also been reported from Victoria, 
although no verified specimens are 
known. 

This book appears to be intended 
mainly for Australian gem collectors, 
and it contains several geologic maps, 
recent photographs of gem deposits, 
and a table of gem properties to aid 
the fossicker. However, it deserves 
the notice of a much broader audience. 


MARY L. JOHNSON 
GIA Gem Trade Laboratory 
Carlsbad, California 
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ANGOLAN DIAMONDS 


Blood money. M. Rapaport, Rapaport Diamond Report, 
Vol. 22, No. 42, November 5, 1999, pp. 1, 12, 13, 56. 


Nowhere on Earth today is “blood money’”—money 
obtained at the cost of another’s life—more evident than in 
Angola, where the sale of diamonds by the Angolan rebel 
group UNITA (National Union for the Total Independence 
of Angola) is accused of fueling a vicious civil war. This 
article analyzes many aspects of this controversial topic 
with both compassion and reality. 

Some observations by the author include: United 
Nations sanctions on Angola thus far have been unsuc- 
cessful in halting the trade in UNITA diamonds, and it is 
unlikely that this approach will work any better in the 
future; Global Witness, a nongovernment organization 
that has publicized the atrocities in Angola, has a rather 
simplistic approach of “no diamond sales, no money for 
guns, no war”; and, rather than trying to control the 
exportation of diamonds, which are small and easily 
transportable, politicians should advocate controlling the 
influx of arms. 

Mr. Rapaport maintains that, from a humanitarian 
and moral perspective, the diamond industry must do 
whatever it can to ensure that diamond money is not used 
to fuel the conflict. The diamond industry cannot flour- 
ish, and may even be harmed, if it is tarnished by the asso- 
ciation of “diamonds-and-war,” which is the antithesis of 
“diamonds-and-love.” AAL 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
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U.S. Congress: Draft legislation calls for comprehensive 
diamond certification. C. Even-Zohar and L. 
Schwartz, Mazal U’Bracha, Vol. 15, No. 116, 
December 1999, pp. 35-45 passim. 


This article reprints Congressman Tony Hall’s Novem- 
ber 1, 1999, speech to the U.S. House of Representatives, 
as well as the full text of his proposed legislation (H.R. 
3188), which would require that every diamond sold at 
retail in the U.S. for over $100 carry a certificate of coun- 
try of origin. In response to this legislation, the authors 
have published their “Open Letter to U.S. Congressman 
Tony P. Hall.” While it recognizes and applauds 
Congressman Hall’s noble objectives, this missive clear- 
ly explains some likely effects that implementation of 
this bill would have. Among the important points are: 


1. Less than 8% of the world’s diamonds originate in war 
areas beyond the control of legitimate governments 
(ie., in Angola, Sierra Leone, and Congo). 

2. Each year, 860 million diamonds are polished in some 
30 countries by perhaps one million people. Many of 
these diamonds are small (0.02 ct and less) and cheap; 
the volume is immense. 

3. It would be necessary to establish an entire “certifica- 
tion industry” in all the diamond cutting and trading 
centers. The cost of certification would, in many cases, 
exceed the value of the diamonds themselves. For 
example, a tennis bracelet might require 30 different 
certificates of origin. 

4. Certification would undoubtedly increase (perhaps 
double or triple) the price of some categories of pol- 
ished diamonds in the U.S. 

5. It is almost inconceivable that small manufacturers 
worldwide (e.g., Thailand, Sri Lanka, and China) could 
verify the source of their diamonds, which may have 
been bought third- or fourth-hand. 

6. There is no way that country of origin can be verified 
for polished diamonds. 

7. There are currently about $15 billion in polished dia- 
monds in the U.S. pipeline without certificates of ori- 
gin. Would a grace period be given to clear them? 

8. The livelihoods of thousands of smaller- and medium- 
sized jewelers, diamond dealers, and even retailers in 
the U.S. would be affected. Unable to cope with the 
effects of the proposed regulations, they would become 
unintended victims. AAL 


Damage to the international diamond market will not 
break the link between “the guns and the gold.” N. 
Oppenheimer, Mazal U’Bracha, Vol. 15, No. 116, 
December 1999, pp. 24, 25, 27-29. 


With the Angolan situation as a backdrop, De Beers’s 
chairman reviews the relationship between natural 
resources and development in African countries by ana- 
lyzing two opposite and contradictory beliefs. The first 
states that a country’s wealth, and by inference the qual- 
ity of life for its citizens, is determined by its mineral 
resources (e.g., oil, diamonds, and gold). The second pro- 
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poses that an abundance of natural resources does not 
cause wealth but rather conflict and deprivation. Mr. 
Oppenheimer concludes that both beliefs are incorrect, 
because natural resources are “morally neutral.” The 
key element is not the resource, but how it is exploit- 
ed. For example, Botswana, with its orderly mining 
regime and predictable legislative and fiscal framework, 
has generated prosperity. Angola represents the other 
extreme. 

It is in De Beers’s best interest to break the link 
between mineral resources and the funding of wars for 
both humanitarian and business reasons. Toward this 
end, De Beers has supported all U.N. efforts with regard 
to Angola (e.g., by supplying expert advice to U.N. com- 
mittees, and by strictly adhering to the diamond sanc- 
tions). In fact, De Beers has gone even further by 
announcing a worldwide embargo on the purchase of all 
diamonds from Angola. 

Mr. Oppenheimer expressed grave concern over the 
possible consequences of a consumer boycott of dia- 
monds, should an impasse develop between those seek- 
ing certification of diamond origin and those who believe 
it is unrealistic to maintain a failsafe marking system of 
diamonds through the pipeline. Not only would such a 
boycott jeopardize the employment of diamond miners in 
other African countries (such as Namibia, South Africa, 
and Botswana), but it would also disrupt the livelihoods 
of a large number of people in the cutting centers—par- 
ticularly India. AAL 


COLORED STONES 
AND ORGANIC MATERIALS 


Chinese freshwater begins new era. B. Sheung, Jewellery 

New Asia, No. 177, May 1999, pp. 92, 94, 96, 99. 
Three distinct phases in the history of the Chinese fresh- 
water cultured pearl industry are defined. The first phase, 
leading up to 1985, was characterized by the production 
of small (4-5 mm) tissue-nucleated cultured pearls with a 
wrinkled surface, called “rice” or “rice crispy” pearls by 
the trade. The second phase, 1985-1997, was character- 
ized by the use of the mollusk species Hyriopsis schlegeli. 
With the techniques prevalent at the time, smooth-sur- 
face tissue-nucleated cultured pearls up to 7 mm were 
produced. The third (present) phase of freshwater pearl 
culturing began in 1996, it is marked by larger (up to 
10-12 mm), higher-quality cultured pearls as a result of 
new cultivation practices using Hyriopsis schlegeli. 

The new culturing techniques, which have revolu- 
tionized the industry in China, involve using somewhat 
older, larger oysters and implanting fewer but larger man- 
tle-tissue nuclei. It takes two years to grow a 6 mm pearl, 
and six years to grow one 10-12, mm. Future prospects are 
bright for these higher-quality freshwater cultured pearls, 
as they provide an affordable alternative to the Akoya 
product. 

Several graphs illustrate price variations since 1985 for 
Chinese freshwater cultured pearls of various shapes. 
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After remaining relatively stable at about US$700/kg 
from 1985 to 1994, the prices of good-quality “rice” and 
“button” shapes have declined to about $200/kg since 
1995. The prices of good-quality rounds and near-rounds, 
on the other hand, have increased dramatically: After 
remaining essentially stable at about $700/kg from 1985 
to 1993, they rose to almost $3,000/kg in 1998. 

JEM-S 


Japanese Akoya report. B. Sheung, Jewellery New Asia, 

No. 181, September 1999, pp. 178-204 passim. 
The pearl industry in Japan has suffered great losses since 
1996 due to high mortality of the Pinctada fucata oysters. 
In 1996, Japan produced 16,500 kan [1 kan = 3.75 kg], 
whereas present annual production is about 7,000 kan. 
Although the specific cause of the high oyster mortality 
has yet to be determined, some possibilities include pol- 
lution, elevated water temperature and salinity, geneti- 
cally weakened oysters, and viruses. 

The underlying theme of this report, which consists of 
several short articles, is that the Japanese Akoya pearl 
industry is working hard to overcome its problems. As 
industry scientists search for causes of the high oyster 
mortality rate, farmers are looking for viable alternatives. 
These include the use of hybrid oysters and hatchery oys- 
ters. Once secretive about their cultivation techniques, 
Akoya farmers are now sharing ideas to ensure that the 
industry not only survives, but also flourishes once again. 

JEM-S 


Raman spectra of silicate garnets. B. A. Kolesov and C. A. 

Geiger, Physics and Chemistry of Minerals, Vol. 

25, 1998, pp. 142-151. 
Garnets are compositionally diverse and structurally 
complex, but their crystallographic symmetry produces 
relatively simple Raman spectra. This study establishes 
Raman vibrational frequency patterns for the most com- 
mon garnet solution series. Polarized Raman spectra 
were obtained from four natural garnets of near end- 
member composition (almandine, grossular, andradite, 
and uvarovite), as well as synthetic spessartine and 
pyrope. The frequency modes established by the garnet 
data are the result of three types of vibrational and com- 
positional sources. In order, these are: rotational from sil- 
ica tetrahedra, translational from metal cations, and 
translational from silica tetrahedra. The authors suggest 
that this order should be the same in other orthosilicate 
minerals. The Raman spectra of garnets that form solu- 
tion series reiterate the fact that the frequencies are a 
function of composition. JL 


Rubin, Saphir, Korund [Ruby, sapphire, corundum]. 
extraLapis, No. 15, 1998, 96 pp. [in German] 

The efforts of 16 contributors were harnessed to produce 

this issue of extraLapis. The volume begins with a two- 

page synopsis of the physical properties, origins of color, 
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problem of nomenclature for the different color varieties, 
and review of color treatments for corundum. Then 
Dietmar Schwarz summarizes the geologic conditions 
under which corundum forms, and the different types of 
rocks in which primary deposits occur (e.g., alkali basalt, 
marble, skarn, pegmatite, amphibolite, and gneiss), tak- 
ing into account several competing theories. 

Next, Susanne Greiff presents historical anecdotes 
from classical Hindu literature drawn from the Indian 
book Mani Mala, by Sourindro Mohun Tagore (1879). 
From this work, we learn that ruby and sapphire were 
known in India to be the same mineral long before this 
fact was rediscovered in Europe around 1800. Further, 
corundum varieties were divided into different castes, 
similar to Indian society. 

Roland Schussel tells the story of “The Mogok Sun,” a 
1,734 ct ruby crystal from the Dat Taw mine at Mogok, 
Myanmar. Karl Schmetzer and Heinz-Jiirgen Bernhardt 
provide a summary of research on trapiche ruby. Henry A. 
Hanni and Karl Schmetzer describe Douros flux-grown 
synthetic ruby, and Dr. Schmetzer outlines the properties 
of hydrothermal synthetic ruby and sapphire from Russia. 

The bulk of this lavishly illustrated volume consists 
of comprehensive descriptions (two to four pages each) by 
several authors of almost every important corundum 
deposit in the world, including the ruby deposits of Mong 
Hsu, recent discoveries such as those in Madagascar, the 
sapphire deposits in Montana, and the promising (but 
remote) new ruby deposit near Nangimali, Kashmir. Each 
locality summary discusses the history, mining condi- 
tions, and characteristics of the material produced, with 
photographs of the mines and typical stones. As is fre- 
quently the case, collectors are likely to be more inter- 
ested in the compilation of smaller corundum deposits 
noted for their fine specimens. RT 


Vergleichende Untersuchungen an Rhodolithen ver- 
schiedener Provenienz [Comparative studies of 
rhodolite garnets of different origin]. Th. Lind., U. 
Henn, and C. C. Milisenda, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 47, 
No. 1, 1998, pp. 53-59. 


Chemically and mineralogically, rhodolite is a solid solu- 
tion between pyrope and almandine, in addition to gener- 
ally minor amounts of other garnet species (mainly 
grossular and spessartine]. The authors distinguish three 
types of rhodolite on the basis of their visible absorption 
spectra. All three—designated Types 1, 2, and 3—have 
three absorption bands (called L,, L,, and L,,) in the yel- 
low-green spectral range. Together, these bands create a 
local absorption maximum that dominates the visible 
spectral region between 500 and 600 nm. 

The difference between rhodolite Types 1 and 2, can be 
found in their spectral transmission, particularly in the 
blue-violet portions of the visible spectrum. In Type 2, 
absorption in the blue-violet region is much stronger than 
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in Type 1 because of a much stronger LMCT (ligand- 
metal-charge transfer). Type 3 rhodolite is characterized 
by relatively high Mn contents (~5-10 wt.% MnO, or 
~10-20 mol.% spessartine in the samples analyzed). The 
Type 3 rhodolite samples also contained 0.1-0.2 wt.% of 
both V,O, and Cr,O,, which is up to twice the values for 
these components measured in the Type 1 and Type 2 
samples; these trace elements cause the much greater 
absorption seen in the L,, L,, and L,, bands in Type 3 
rhodolite. 

The authors provide the following gemological char- 
acteristics for the three rhodolite types: 


Property Type 1 Type 2 Type 3 
Color Bright blue-purple Reddish pink Red to orange 
with no brownor tored-orange “tint”? 
orange “tint” 
R.l. 1.743-1.766 1.752-1.783 1.743-1.763 
S.G. 3.76-3.88 3.84-4.04 3.75-3.88 


@Type 3 stones may display a color change to greenish blue in daylight. 


Although there is a direct relationship between R.I. 
and S.G. (i.e., as the S.G. increases so does the R.L.), there 
is significant overlap among these properties for the three 
types. Karin Schmocker 


DIAMONDS 


Ashton up but outlook mixed. Mining Journal, London, 
Vol. 332, No. 8523, March 19, 1999, p. 202. 


Ashton Mining Ltd. of Australia has four principal dia- 
mond operations: the Argyle mine in Western Australia 
(38.2% ownership), Cuango in Angola (33.3% owned), 
Merlin in Australia’s Northern Territory, and Cempaka 
in Indonesia. All are pipe mines except for Cempaka, 
which is alluvial. In fiscal 1998, Argyle’s recorded sales 
rose 20% over 1997 levels, to US$398 million, roughly 
one-tenth the size (in value) of De Beers’s sales. These 
higher sales were achieved during a year in which retail 
diamond consumption fell by 3%, possibly because the 
Argyle mine produces mostly inexpensive goods. The 
planned mine life was reduced to 2003 in 1997; a more 
recent expansion of the open pit extends this life to at 
least 2005. As a consequence of the pit expansion, high- 
er-grade ore zones were temporarily less available, and 
production was expected to fall from 40.9 million carats 
(Mct) in 1998 to 33 Mct in 1999. Underground mining at 
Argyle remains a future possibility. 

Cuango also yielded higher sales in 1998: Aus$216.6 
million [about US$142 million], up 23% from 1997. 
However, the resumption of civil war in Angola has made 
prospects at Cuango uncertain, and four people at the pro- 
ject were killed in an ambush in late 1998. 

Both the Merlin and the Cempaka operations are cur- 
rently small. Production from Merlin is expected to reach 
200,000 carats in 1999. ML] 
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Hope springs eternal. A. Butler and R. Nicholson, Chem- 
istry in Britain, Vol. 34, No. 12, December 1998, pp. 
34-36. 


The dramatic blue color of the Hope diamond is more 
easily explained than the mystery surrounding its reputa- 
tion as a harbinger of misfortune. 

Pure diamond is called a wide band gap semiconduc- 
tor: The bonding orbitals (valence band) are full, while the 
anti-bonding orbitals (conduction band) are much higher 
in energy. This energy gap is too great for the absorption 
of visible light, so pure diamond is colorless. However, 
virtually all naturally occurring diamonds contain some 
impurities or crystal defects that alter their light absorp- 
tion characteristics. 

Most diamonds contain varying concentrations and 
groupings of nitrogen impurities—these are classified as 
Type I. Type Ia diamonds contain from 10 to 3,000 ppm 
nitrogen distributed throughout the crystal as small 
aggregates. Type Ib diamonds contain 25-50 ppm nitro- 
gen, and are characterized by single nitrogen atoms sub- 
stituting for carbon in the crystal lattice. 

Nitrogen has one more electron than carbon. Extra 
electrons from these nitrogen atoms are forced into a sep- 
arate energy level—the nitrogen donor band—between 
the valence and conduction bands. Visible light in the 
higher-energy blue and violet range is absorbed by elec- 
trons in this donor band, so the diamond appears yellow. 
The intensity of coloration depends on the concentration 
and distribution of nitrogen atoms. 

Diamonds that contain less than 10 ppm of nitrogen 
are designated Type II. Type II diamonds that contain 
boron impurities—classified as Type IIb—are blue in 
color (like the Hope diamond). The more boron atoms 
present in the crystal, the deeper the blue. 

Boron has one less electron than carbon. This dispari- 
ty leads to a hole in the electronic structure when boron 
substitutes for carbon in the diamond. This hole occupies 
an energy level just above the valence band. Therefore, 
valence-band electrons can be excited into this acceptor 
level by absorbing light in the lower-energy wavelengths 
of the visible spectrum: Mostly red light is absorbed, but 
also some orange, yellow, and green. Blue light is not 
absorbed, so Type Ib diamonds appear blue. SW 


Just your type. R. Weldon, Professional Jeweler, Vol. 2, 
No. 8, August 1999, pp. 30, 32. 

A closer look at the classification of diamonds by type 
may provide insight into which stones are the best candi- 
dates for new enhancements such as the process used for 
GE POL diamonds. 

Diamonds are divided into two major categories: Type 
I and Type Il. Approximately 99% of all diamonds are 
Type I; they contain an abundance of nitrogen atoms and 
are electrical nonconductors. How this nitrogen is dis- 
tributed in the crystal structure provides further discrim- 
ination of Type I diamonds. 
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tint and is one of a number of 
isolated diamonds found in the 
Appalachian Mts. At present on 
display in National Museum, 
Washington, D.C. 


pure. In diamond grading. Term 
rarely used to indicate compara- 
tive perfection; more or less 
synonymous with clean. See clean. 


purest water. A term used in de- 
seribing the quality of a diamond. 
See water. 


quartz-diamond intergrowth. An in- 
tergrowth of quartz and diamond. 
A rare occurrence reported from 
Diamantina, Brazil. It suggests 
the presence of a lower tempera- 
ture during the formation of dia- 
mond than has been generally 
assumed. 


quoin facet. Term used in England 
and elsewhere for top corner facet. 


radium treated diamonds. See treated 
diamonds. 


radioactivity (in diamonds). See 


treated diamonds. 


Rajah of Mattan Diamend. Same as 
Mattan Diamond. 


Raman, Sir (Chandrasekhara) Ven- 
kata. Kt. cr. 1929; F.R.S.; M.A.; 
Hon. D. Se.; Hon. Ph.D.; Hon. 
LL.D.; Nobel Laureate in Physics; 
Director, Indian Institute of 
Science, Bangalore. 


recovery plant. Plant in which the 
blue ground from a mine is treat- 
ed in order to recover the dia- 
monds. 


Red Cross Diamond. A large, canary- 
yellow, square-shaped South Afri- 
ean diamond given by the Dia- 
mond Syndicate in 1918 to assist 
the British Red Cross Society. It 
weighed 370 to 380 m.c. and con- 
tained a series of black inclusions 


in the form of a maltese cross, 
which was to be seen through the 
table of the 205 m.c. brilliant into 
which the rough stone was cut. 
(G. F. H. Smith.) 


red diamonds. Rarest of all fancy 
colored diamonds. However, the 
term is often used to mean red- 
brown or rose-colored diamonds. 
Diamonds of the full red color of 
ruby or garnet are perhaps un- 
known. The often mentioned Ruby 
Red Diamond of Paul I has re- 
cently been revealed as being a 
rose-colored diamond backed with 
red foil. See Paul I Diamond. 


reef. A term used in South Africa to 
mean the original country rock 
through which the diamond-bear- 
ing volcanic pipes penetrated. 
Thus when kimberlite has been 
removed, the remaining rock wails 
are called reef walls; and any 
mass of the original country roek 
which was enveloped by the out- 
pouring lava and then solidified 
in the kimberlite is known as 
floating reef. 


Regent Diamond (formerly called 
the Pitt Diamond). One of the 
last large diamonds to be found 
in India, said to have come from 
the Partial mines on the Kistna 
River about the year 1701. Weight 
in the rough, 410 carats. Sold to 
Governor Thomas Pitt for ap- 
proximately $100,000, who had it 
cut into a cushion-shaped brilliant 
1%, inches long, 1 inch wide, and 
*%4 of an inch deep and weighing 
143.2 me. The cut stone has only 
one very small imperfection and 
remains to this day one of the 
finest and most brilliant of the 
known large diamonds. 


(To Be Continued) 


If the nitrogen atoms are present as clusters, the dia- 
mond is classified as Type Ia—the most common variety. 
This category comprises colorless and some yellowish 
diamonds. Type Ib diamonds contain single nitrogen 
atoms that are dispersed throughout the crystal lattice, 
and are far rarer than Type Ia stones. Type Ib diamonds are 
typically yellowish to fancy yellow. Type Ib and mixtures 
of Type Ia/Ib may lose some of their color when subject- 
ed to a high pressure/high temperature environment. 

Type II diamonds are rare; they contain no nitrogen (or 
only extremely small amounts). Type Ia diamonds are 
exceptionally pure. They are often very large and usually 
colorless, although Type IIa diamonds also may be pink, 
brown, or blue-green. These diamonds are inert to short- 
wave UV radiation. They do not conduct electricity, and 
they are efficient heat conductors. Type IIb diamonds are 
characterized by boron impurities. They do conduct elec- 
tricity and are extremely sensitive to temperature 
changes. Most blue diamonds are Type IIb. SW 


Multiplying mines. L. Rombouts, Basel Magazine, No. 5, 
August 1999, pp. 37-39. 


Worldwide rough diamond production in 1998 totaled 120 
million carats, worth US$6.7 billion. Major producers [in 
order of decreasing value] were Botswana, Russia, South 
Africa, Angola, the Democratic Republic of Congo [for- 
merly Zaire], Namibia, Australia, and Canada. Botswana 
alone produced 20 million carats worth $1.6 billion. 
[Editor’s Note: This represents approximately 17% by 
weight and 24% by value of total world production.] 

Expansion of existing mines and new mine develop- 
ment will ensure adequate diamond production well into 
the next century. Geologic exploration in Africa has been 
concentrated in the southern and western parts of the 
continent, but Angola and the Democratic Republic of 
Congo presently are excluded due to internal turmoil. 
Exploration of Namibia’s rich offshore deposits contin- 
ues, while in Botswana and South Africa the emphasis is 
on exploration for kimberlite pipes. In Canada’s 
Northwest Territories, more than 200 kimberlites have 
been found to date. Several of these appear to have very 
good ore grades and diamonds of excellent quality. 

New diamond deposits are presently being developed, 
or are awaiting development, in Australia, Indonesia, 
Canada, and Russia (mainly the Sakha Republic, but also 
in the Arkhangelsk region). Several new mines are expect- 
ed to be in production in these countries within the next 
five years. Exploration activity is ongoing in Brazil and 
Mauritania, as well as in several other countries. 

Kenneth A. Patterson 


Polished consumers are trading down. M. Mitchell, 
Mazal U’Bracha, Vol. 15, No. 110, April 1999, pp. 
30-32. 

Data from all major diamond-consuming countries indi- 

cate that the average price of polished imports has fallen, 

sometimes dramatically, in the 1990s. In 1990, polished 
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imports into Japan averaged almost US$800/ct, but this 
declined to about $400/ct in 1998. Comparable figures for 
Hong Kong are $650/ct and $300/ct, respectively. Clearly, 
Asian consumers are buying diamonds worth only half as 
much as they were worth at the beginning of the decade; 
they are “trading down.” For the U.S. there is a compara- 
ble but less-pronounced trend, yielding figures of $550/ct 
and $450/ct, respectively. Confirmation of this trend is 
seen in the carat (weight) consumption in the Japanese 
and U.S. markets. In Japan, 68% of all diamonds sold are 
less than 0.17 ct. In the U.S., these small diamonds rep- 
resent 62% of the market in carat terms. 

These data are used by the author, who is the market- 
ing director of the Argyle mine, to confirm the strong cur- 
rent demand for low-quality Argyle diamonds in world 
markets. He predicts that this demand will continue. 
Further, it explains the surprisingly strong financial 
results for the Argyle mine since it began marketing its 
diamonds independently of De Beers in mid-1996. At pre- 
sent, Argyle produces about 40 million carats (Mct) of 
rough diamonds annually. The projected annual produc- 
tion at Argyle will hover around 25-30 Mct for the first 
five or six years of the new millennium; beyond that, the 
mining situation is not clear. AAL 


Twinning in natural diamond. I. Contact twins. A. Yacoot, 
M. Moore, and W. G. Machado, Journal of Applied 
Crystallography, Vol. 31, 1998, pp. 767-776. 

Growth histories of natural diamond contact twins have 

been elucidated by nondestructive techniques of X-ray 

topography, using both conventional and synchrotron 
sources. The common “triangular” contact twin (macle} 
results from {111} stepped-growth from a central nucle- 
ation site, sometimes marked by an inclusion. If this peri- 
od of growth is followed by dissolution, then a twinned 
rhombic dodecahedron may result. A peritropic “twin” 

(having the appearance of the Star of David) consists of 

two macles fortuitously joined on their common {111} 

faces in only approximate twin orientation. In all these 

variations, the composition “plane” may be far from pla- 
nar, because of the intergrowth of one twin component 
into the other. RAH 


Twinning in natural diamond. II. Interpenetrant cubes. 
A. Yacoot, M. Moore, and W. G. Machado, Journal 
of Applied Crystallography, Vol. 31, 1998, pp. 
777-782. 

Single crystals of natural diamond that exhibit an approx- 

imately cubic morphology are known to have grown by 

either (a) nonstepped cuboid growth or (b) fibrous growth 

branching in a multiplicity of (111) columns, to give a 

mean surface orientation of {100}. Interpenetrant twins of 

diamond are uncommon; when they occur they are usu- 
ally colored. They appear (with X-ray topography) to have 
been formed by fibrous growth on a twin origin, with the 

14 growth sectors adequately filled by fibers, without the 

necessity of branching. RAH 
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Smaragde, das “Griine Feuer” aus Kolumbien [Emeralds, 
the “green fire” from Colombia]. F. Schindler, Lapis, 
Vol. 23, No. 10, 1998, pp. 13-18 [in German]. 
This article gives insight into the situation at the Muzo 
and Coscuez mines, as well as the Bogota emerald mar- 
ket, all of which the author visited in 1997. Access to the 
mines was difficult. Mining at Muzo seemed to be under 
control, whereas Coscuez still resembled the Wild West. 
Buying emeralds—even in Bogota—was risky because of 
terrorist activities, robbery, and fraud. The main attrac- 
tion of this article is the many excellent photographs of 
the mining operations and of the exceptional emerald 
crystals and specimens. RT 


Ruby and variously coloured sapphires from Iakaka, Mad- 
agascar. K. Schmetzer, Australian Gemmologist, Vol. 
20, No. 7, 1999, pp. 282-284. 


Selected gemological properties of ruby and non-heat- 
treated sapphires (mostly pink and blue-violet to purple) 
from the recently discovered [in 1998] deposits at Ilakaka, 
Madagascar, are presented. Sapphires that were violet in 
daylight showed a change-of-color to purple in incandes- 
cent light, while those that were purple in daylight 
changed to reddish purple, purplish pink, or purplish red 
in incandescent light. The samples revealed normal 
absorption spectra. No evidence of growth structures or 
rutile silk was seen during microscopic examination, but 
several sets of oriented twin lamellae were observed. Dr. 
Schmetzer reports that the large quantities of Ilakaka pink 
sapphires seen in the world market are, for the most part, 
violet to purple sapphires that have been heat treated. 

The properties (e.g., color and absorption spectra) of 
these samples were similar to those of sapphire and ruby 
from Umba, northern Tanzania, which have been known 
for more than 30 years, and from the Tunduru and Songea 
regions of southern Tanzania, which have been mined 
since the mid-1990s. MT 


Sapphire find in Madagascar sparks gem rush, softens 
prices. J. Henricus, Jewellery News Asia, No. 179, 
July 1999, pp. 44-46, 48, 49. 


The large quantities of blue and pink sapphire produced 
from alluvial deposits in the Ilakaka-Sakaraha area of 
southwestern Madagascar have instigated a gem rush 
unprecedented in this island country. Colors range from 
light to intense pink and some brownish tones, to all 
shades of blue, violet, purple, and color-change sapphires. 
Several new finds have coincided with the increase in 
mining activity. Most recently (in May 1999), a deposit 
located north of the existing mining areas and close to the 
town of Murarano has produced fine alexandrite in addi- 
tion to sapphires. 

According to wholesalers, some of the sapphires 
from Madagascar are comparable in quality to those 
from Sri Lanka and Kashmir. Blue sapphire rough report- 
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edly ranges up to 30 ct, while pink sapphire rough 
ranges up to 15 ct. As a result of the new finds, the price 
of heated [blue] sapphires dropped about 20% between 
April and June 1999, while pink sapphire prices declined 
20%-30%. Instances have been reported of unscrupulous 
dealers heating rough milky corundum and mixing it 
with parcels of unheated rough at the mine. This practice 
has caused serious problems for dealers, who believed 
that they were purchasing natural, unheated material. 
MT 


Sapphires from Madagascar revives [sic] Sri Lankan gem 
industry. J. Henricus, Jewellery News Asia, No. 
182, October 1999, pp. 54-56, 58. 
For the past five years, as local sources were depleted, the 
gemstone industry of Sri Lanka has suffered from the lack 
of rough. The recent finds of large gem deposits in the 
Tlakaka-Sakaraha region of southwestern Madagascar 
have alleviated this problem. Rough with an estimated 
wholesale polished value of US$1 million is being 
imported from Madagascar every month. Most of the 
rough is blue or pink sapphire, although significant quan- 
tities of alexandrite and cat’s eye chrysoberyl are also 
being imported. Sri Lankan dealers usually travel to 
Madagascar in groups of three to five: at least one dealer, 
a cutter, and an expert in selecting rough. The Sri Lankan 
groups are meeting stiff competition from Thai buyers. 

Notwithstanding the positive aspects of a revived Sri 
Lankan cutting and trading industry, several concerns 
have surfaced. First, oversupply, particularly of heated 
blue and pink corundum, is having a detrimental effect 
on the prices of the polished goods, which have fallen 
20%-40% and 50%, respectively, for heated blue and 
pink sapphires since early 1999 [as of the time this article 
was written]. Second, incidents of harassment and extor- 
tion of buyers in Madagascar’s mining areas are rising. 

In view of the surging interest in Madagascar gems, 
and the likelihood that this trend will continue, the gov- 
ernment of Madagascar has again revised rules for trading 
and mining gems. Highlights include: 


1. To buy rough gems (at least in the Ilakaka-Sakaraha 
region), dealers must form a company with a local 
business partner and have it registered at the 
Department of Mines in the capital city of Antana- 
narivo. “Authorization documents” are then issued 
(cost: about US$950). 

2. These documents are presented to the Gem Mining 
Association in Ilakaka or Sakaraha, which issues a 
license for the company to buy rough (cost: $35). 

3. The company rents a booth in the trading area to buy 
from local dealers (cost: a nonrefundable deposit of $500 
to the Association, and a monthly rental fee of $40). 


This system is designed to prevent local miners from 
selling directly to overseas dealers. Local miners can 
legally sell only to local dealers, who in turn sell to for- 
eign dealers. AAL 
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Why gemstones from Madagascar differ to [sic] those 
from Sri Lanka. J. Henricus, Jewellery News Asia, 
No. 182, October 1999, p. 59. 


Large quantities of rough (particularly corundum) from 
the Ilakaka-Sakaraha area of Madagascar are being im- 
ported into Sri Lanka for heat treatment and cutting. 
Whereas original indications were that the corundum 
from the two countries was essentially identical, distinct 
differences in the reaction to heat treatment and cutting 
are now recognized. For example, dark corundum from 
Sri Lanka becomes lighter with heat treatment, whereas 
the reverse occurs with dark corundum from Madagascar. 
[Editor’s note: Although not specified by the author, the 
reader can assume that all references to Madagascar in this 
article are to material from southwestern Madagascar 
(e.g., the Iakaka-Sakaraha region).] On the other hand, 
better results are obtained from light-colored Madagascar 
corundum, which can improve dramatically with heat- 
ing. Further, Madagascar corundum requires greater care 
in orientation when cutting, since even slight errors can 
result in a loss of color or a greenish appearance. 

Over 50% of the rough blue sapphire produced in 
Madagascar is a smoky variety called the Sri Lankan 
name “dhun,” which reacts best to heat treatment. Good 
results can be obtained with this variety at relatively 
lower temperatures and shorter heating times. Most heat- 
able material from Sri Lanka is called “geuda,” which 
shows the “diesel effect” (i.e., a pale brown tinge when 
viewed with transmitted light). Dhun, however, lacks the 
diesel effect. 

There are three categories of geuda (in decreasing order 
of value): fine diesel, silky, and “ottu” (transparent and 
colorless with a patch of blue). Less than 10% of the 
corundum from Madagascar is classified as fine diesel, 
and about 30% is the silky or ottu type. Of the total out- 
put of Madagascar sapphire, less than 10% does not 
require heat treatment. MT 


INSTRUMENTS AND TECHNIQUES 


Gemological applications of X-ray diffraction topogra- 
phy techniques. T. Liangguang, H. Wenhui, C. 
Youfa, L. Huafeng, and T. Xin, Journal of Gems & 
Gemmology, Vol. 1, No. 2, 1999, pp. 41-44 [in 
Chinese with English abstract]. 

A brief review is given of X-ray diffraction topography, a 

powerful tool for imaging the distribution of lattice 

defects, which is a well-established nondestructive char- 
acterization technique used in physics and materials sci- 
ence. The authors apply the technique to detecting epi- 
taxial layers grown on a gadolinium gallium garnet. The 
epitaxial layers have a brown-red color, are 1-3 microns 
in thickness, and have a chemical composition of 

Be,Fe,O,,. The layers are difficult to distinguish by 

microscopy, but with X-ray diffraction topography using 

the double crystal rocking curve method (see below}, a 

clear difference between the substrate and the epitaxial 
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layers was seen. Therefore, the ability of this method to 
detect coating layers on gem materials is confirmed. 
[Abstracter’s note: Several X-ray diffraction techniques 
have been developed to characterize the crystallinity and 
imperfections of a material. Depending on the detector and 
which parameter is selected from the diffracted X-ray beam, 
these techniques are mainly classified into two groups: 
imaging and intensity counting. An X-ray double crystal 
rocking curve is obtained by measuring an X-ray diffrac- 
tion intensity curve by the double crystal method. The 
first crystal is used to obtain a diffracted X-ray beam that 
is passed through the second crystal, which is the sample 
being analyzed.] Taijin Lu 


Tester model 590 for colourless moissanite/diamond: An 
instrument evaluation. V. M. F Hammer and J. 
Stefan, Australian Gemmologist, Vol. 20, No. 7, 
1999, pp. 298-302. 

The C3 Inc. Tester Model 590, while somewhat effective, 
has not met the industry’s needs, based on the authors’ 
criteria. The instrument detects the contrasting absorp- 
tion in the blue region of the visible and near-visible UV 
spectra of diamond and synthetic moissanite. During 
testing, a green light will illuminate and a buzzer will 
sound when the recorded wavelengths match those of 
diamond. 

The instrument correctly identified round-brilliant- 
cut diamonds in the color range of D-M (on the GIA D-Z 
color grading scale) that weighed over 0.04 ct (4 points). 
Fancy-shaped diamonds, diamonds under 0.04 ct, and dia- 
monds with colors lower than M often gave inconsistent 
or negative results, indicating synthetic moissanite. It is 
noteworthy that the standard color range of currently 
available synthetic moissanite lies in J-N, which makes 
the tester ineffective on low-end colors. The article con- 
cludes that the best way to distinguish diamond from 
synthetic moissanite is by using routine gemological 
identification techniques. Rob Spencer 


JEWELRY HISTORY 


Emerald man. S. Whittington, J. Vose, and C. Hess, 

Archaeology, Vol. 51, No. 4, 1998, p. 26. 
The authors report on a 118.5 ct emerald figurine that 
they believe to be the oldest known emerald from Meso- 
america. The 2.2 inch (5.6 cm) figurine, given to the 
University of Maine’s Hudson Museum in 1982, is carved 
in the shape of a man standing with arms folded over his 
midsection. It is not known where the emerald figurine 
was excavated. 

Nondestructive testing proved the stone to be natural 
emerald. The authors indicate that the emerald contained 
more trace elements in common with emeralds from 
Muzo, Colombia (e.g., Cu, Ba, Zn, Rb, and Ti) than any 
other source. On the basis of similarities to small stone 
figures made by the Olmec (a Mesoamerican civilization 
that lived along the southern coast of the Gulf of Mexico), 
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they suggest that this figurine was carved between 900 
and 600 B.C. Colombian sources are known to have been 
mined for emeralds by 1000 A.D., so this would mean 
that the Muzo source was known nearly two millennia 
earlier. Kenneth A. Patterson 


Hildegard von Bingen De Lapidibus—Welche Steine 
beschrieb Hildegard tatsichlich? [Which stones did 
Hildegard really describe?] M. Glas, Lapis, Vol. 23, 
No. 6, 1998, pp. 46-52 [in German]. 


Hildegard von Bingen (1098-1179) was famous in her 
time—and is still well-known today—for her descriptions 
of natural objects, particularly the “recipes” and uses of 
several thousand plants, animals, and minerals. Of gemo- 
logical interest is her book De Lapidibus [About Stones], 
which contains information about 26 stones, almost all of 
them gems. An explanation for the identification of each 
stone is provided, using current terminology. 

Although most of the stone names are familiar, 
almost all of them have undergone dramatic semantic 
changes, and we can only guess the modern-day equiva- 
lents of some. In this article one gets a brief overview of 
medieval mineralogy and attitudes toward gems, as well 
as the problems of converting medieval to contemporary 
nomenclature. RT 


JEWELRY RETAILING 


Diamond jewelry consumers in the United States: Who 
buys what, for how much, how often and why. R. 
Lennox, Mazal U’Bracha, Vol. 15, No. 115, Novem- 
ber 1999, pp. 47-51. 


The number of U.S. millionaires is increasing at roughly 
20 times the rate that the country’s population as a whole 
is growing. Twenty-one percent of U.S. households have 
an annual income of over $75,000. These are some of the 
many statistics that chronicle wealth in the U.S., the dri- 
ving force behind the world diamond industry today. 

Statistics for 1998, the most recent year for which 
complete data are available, show that in the U.S., 33 mil- 
lion pieces of diamond jewelry were purchased [equiva- 
lent to one per second for the entire year] at an average 
price of just over $655. The total—$22 billion—repre- 
sents almost 50% of the world’s diamond jewelry by 
value. Who are the individuals who purchase these dia- 
monds? Why, and how often, do they make these pur- 
chases? Some of the answers to these questions lie in 
“two premises” established by J. Walter Thompson, the 
USS. advertising agency for De Beers, after studying the 
buying habits of the American diamond consumer. 

First premise: All diamonds are essentially given for 
the same reasons. Research has repeatedly shown that 
consumers in the U.S. regard a diamond as the ultimate 
form of love. It has no peer. 

Second premise: There is no such thing as the typical 
diamond purchaser or receiver. The appeal of diamonds 
encompasses a wide range of demographic subgroups, 


Gemological Abstracts 


consumer life stages, and “psychographic” profiles. If 
there is such a thing as an “average” diamond jewelry 
purchaser (excluding the engagement ring purchase), that 
person would be between 35 and 54 years of age, likely 
would have been married between five and 15 years, and 
already would have accumulated five or more diamond 
pieces. The average length of time between diamond pur- 
chases would be 2.8 years. In 1998, these “diamond 
addicts” purchased 59% of the market value of diamond 
jewelry, but they constituted only 21% of the population; 
clearly they are characterized by wealth. 

The average consumer of the early 21st century will 
be different. The population is aging, and those over 65 
will have much greater spending power. The most signif- 
icant change probably will be related to the increasing 
number of financially independent women. AAL 


SYNTHETICS AND SIMULANTS 


Effects of the phosphorous-ion additive on the crystal 
habit of the emerald crystals grown from the V,O,-— 
Li,O-P,O, fluxes. M. Kayama and J. Kuwano, 
Journal of Crystal Growth, Vol. 193, No. 4, 1998, 
pp. 648-655. 

Because of interest in the mineralogical, gemological, and 

industrial applications of synthetic emerald, this study 

assessed the effects of phosphorous (P) concentration on 
the crystal growth of synthetic emeralds. Stoichiometric 
amounts (i.e., exact proportions) of beryl raw materials and 

a chromium (Cr) dopant served as the solute. A 

V,0,-Li,O-P,O, flux (with V/Li molar ratio of 1.7) was 

used because it yields good-quality hexagonal crystals. The 

crystals studied ranged from 0.95 mm to 2.31 mm long. 
Crystal length increased with phosphorous addition. 

Crystal volume reached maximum proportions (three 

times that of the phosphorous-free flux crystals) at a 

molar ratio [P/(V+Li)] of 6.9 x 10-3; at ratios greater than 

that, crystal width progressively decreased. At a molar 
ratio an order of magnitude higher, crystal quality began 
to suffer. Crystals grown from the 6.9 x 10-3 flux were cut 
parallel to the c-axis for electron microprobe analysis, to 
determine the crystallographic sites that preferentially 
incorporate P and Cr. The authors suggest that phospho- 

rous ions suppressed the growth rate in the m{1010} 

plane, which provides the appearance that c{0001} plane 

growth is favored. In addition, an increased P incorpora- 
tion results in a decreased Li incorporation into synthet- 
ic emerald. JL 


EPR of new nickel-nitrogen center in annealed synthetic 
diamond. R. I. Mashkovtsev, Yu. N. Pal’yanov, Solid 
State Communications, Vol. 111, No. 7, 1999, pp. 
397-402. 

A synthetic diamond was grown from a Ni solvent and 

heated to 2300 K. During the annealing process, the deep 

yellow color of the diamond diminished to become slight- 

ly yellow or greenish yellow. On the basis of the EPR 
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spectra, the authors determined that light-absorbing de- 
fects in the annealed diamond were being caused mainly 
by nickel-nitrogen aggregates. The main nickel-related 
centers are the NE] and NE2. In addition to a secondary 
center known as the NES, the researchers discovered 
another absorption center that had a concentration one 
tenth that of the NE1. This new center has been named 
the RM1. On the basis of observations of hyperfine inter- 
actions between nitrogen nuclei, the authors conclude 
that the RMI center consists of high levels of nitrogen 
aggregation, with four nitrogen atoms closely surround- 
ing a Ni* ion. During exposure to UV radiation, the NE5 
absorption center increased about three-fold, but the 
intensity of the RM1 center remained unchanged. TB 


FTIR features of Guilin hydrothermally-grown synthetic 
emerald and its /sic] significance. G. Shi, Journal of 
Gems & Gemmology, Vol. 1, No. 1, 1999, pp. 
40-44 [in Chinese with English abstract]. 

The nature of the color and the form of the water mole- 

cules in synthetic emerald from Guilin (China) were 

investigated by electron microprobe analysis and FTIR 
spectroscopy. The results show that the synthetic emer- 
ald is characterized by low contents of alkalis (0.00-2.67 
wt.% Na,O and 0.000.028 wt.% K,O) and Fe. Both type 

I and type II water molecules are present. Nail-like inclu- 

sions are typical. RAH 


Examining flame fusion synthetic ruby with fingerprint 
inclusions. T. T. Sun and Z. C. Guang, Jewellery 
News Asia, No. 181, September 1999, pp. 104, 106. 


The authors determined the optical and physical proper- 
ties of eight flame-fusion synthetic corundums that con- 
tained flux-induced fingerprint inclusions. All had been 
submitted to the Far East Gemological Laboratory in 
Singapore since 1998. The R.I.’s, birefringence, S.G., and 
fluorescence matched those of natural ruby and sapphire. 
The samples contained inclusions typical of material pro- 
duced by the flame-fusion process (gas bubbles and 
curved growth bands}, along with flux-induced “finger- 
prints.” These partially healed fractures—visible with a 
standard gemological microscope and darkfield illumina- 
tion—extended from the surface of the sample inward. 
They had the criss-cross pattern common to “wispy 
veils” seen in flux-grown stones. 

Although the exact method by which the fingerprints 
are produced is not known, the authors suggest the fol- 
lowing two-stage process: (1) the crystals are quench- 
cracked to produce fractures and fissures, and then (2) 
they are immersed in a molten flux that results in the fill- 
ing and partial healing of these fractures and fissures. The 
dealers who submitted these fingerprint-induced synthet- 
ic rubies claimed that they came from Bangkok and 
Chanthaburi, Thailand. The senior author found such 
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stones mixed in a parcel of natural Mong Hsu rubies dur- 
ing a visit to Myanmar in March 1999. 

Fingerprints are induced in synthetic rubies (and other 
corundum varieties) to imitate the partially healed frac- 
tures seen in natural specimens and to mask the curved 
growth striations usually seen in flame-fusion rubies. 

Wendi M. Mayerson 


MISCELLANEOUS 


Emerging markets: The divide widens. Supplement to 
Mining Journal, London, Vol. 333, No. 8554, Octo- 
ber 22, 1999, 22, pp. 


In this survey, countries are ranked as prospects for min- 
ing investment, so both political and economic factors 
are considered. Three of the top 10 emerging markets 
were major gem-producing countries: South Africa at no. 
5, Tanzania at no. 8, and Namibia at no. 10. 

The investment climate in South Africa has improved 
with the 1998 publication of a “white paper” that 
includes provisions to persuade mining companies to 
release mineral rights that would not be exploited other- 
wise. As a result, a number of “black empowerment” 
plans have been put into action; in diamonds, De Beers 
sold a portion of its Marsfontein diamond project, and 
management of the state-owned Alexcor diamond mine 
was turned over to a consortium of mainly black busi- 
nessmen. South African mines produced US$900 million 
worth of diamonds in 1998. De Beers also announced a 
$250 million project to extend the life of the Premier 
mine; if this materializes, it would increase production 
from the Premier to 3 million carats per year, which is 
about a third of De Beers’s current production from South 
African mines. 

Tanzania’s parliament passed a new Mining Act in 
1998, replacing the “socialist-inspired” 1979 Mining Act. 
The El Nino rains of 1997 severely affected not only 
Tanzania’s infrastructure but also specific mines: For 
instance, the Williamson diamond mine were flooded, as 
were the tanzanite mines at Merelani. Nevertheless, 
gemstone exports increased from $7.97 million in 1997 to 
$13 million in 1998. 

Diamond exports from Namibia were $552 million in 
1997, an estimated $560 million in 1998, and are expect- 
ed to rise to $630 million in 2000. Onshore recovery by 
Namdeb Diamond Corp. is shrinking, but offshore min- 
ing continues to increase, with an estimated resource of 
1.5 billion carats. Reportedly, 734,000 carats were recov- 
ered from offshore deposits in 1998 (51% of Namibia’s 
total diamond output of 1.44 million carats), and this is 
expected to grow to one million carats by 2001. 
Companies engaged in offshore mining in Namibia 
include De Beers Marine, Ocean Diamond Mining, and 
Namibian Minerals Corp. ML] 
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Breakthrough Technolo 


(GE) and Lazare Kaplan International (LKI) 

rocked the jewelry industry when the newly 
formed LKI subsidiary Pegasus Overseas Limited 
(POL) announced that it would market diamonds 
processed by GE to improve their color, brilliance, 
and brightness. The impact of such a claim was par- 
ticularly disturbing to firms holding millions of dol- 
lars of diamond inventory. Even more troubling was 
the assertion that GE’s process was permanent, irre- 
versible, and unidentifiable. For years we at GIA had 
heard rumors of such a “whitening” process—and 
had even investigated such claims. But we had not 
yet seen definitive proof of such a treatment. 


O n March 1, 1999, General Electric Company 


Soon after the POL announcement, GIA began a 
series of meetings and discussions with GE and LKI 
officials, which yielded a temporary, but somewhat 
settling result: LKI would inscribe all such diamonds 
with “GE POL” on their girdles and submit them to 
GIA for Diamond Grading Reports. The Comments 
section of each report would include the following: 
‘’GE POL’ is present on the girdle. Pegasus Overseas 
Limited (POL) states that this diamond has been pro- 
cessed to improve its appearance by General Electric 
Company (GE).” When removal of the inscriptions 
on some stones was detected last summer, GE and 
LKI sought a safer, more disclosure-friendly way to 
bring their diamonds to market, later determining to 
sell the goods directly to select retailers, rather than 
on the open market in Antwerp. 


But why am I rehashing something that our astute 
Gems & Gemology readers already know? This 
issue contains a rather technical article on dia- 
mond spectroscopy that may, at first glance, go 
unnoticed. Yet it is of the highest importance: De 
Beers researchers have identified a combination of 
spectral features that is rarely seen in untreated 
type Ila diamonds—and that may prove character- 
istic of HPHT-treated type IIa’s. 


De Beers’s breakthrough, part of their massive Gem 
Defensive Program, appears at this early stage to be 
pivotal. Last year, many people were in a state of 
panic over the possibility that the new GE process 
could not be detected. Truth be told, we at GIA had 
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many sleepless nights, too. But we publicly stated 
then—as we have always believed—that the level of 
technology used to create new synthetics and treat- 
ments would eventually also yield evidence for 
their identification. De Beers has produced quantifi- 
able results that, only one year after the introduc- 
tion of GE POL diamonds, represent an important 
step toward establishing detection criteria. 


This is not, however, the end of the story. It is a 
solid beginning to a global effort to solve a poten- 
tially devastating problem. GIA has had close coop- 
eration with De Beers on this issue for many 
months, looking at both gemological and spectral 
features. De Beers is also working with other 
research laboratories in a collaborative effort to 
develop the instrumentation needed to produce 
these high-sensitivity spectra for routine use in dia- 
mond identification and grading. They are testing 
more stones, both HPHT-treated and natural color, 
to determine if the criteria will hold for all type Ia 
diamonds processed in this fashion. 


This is also the beginning of a new paradigm in 
gemology. Of course, there will continue to be 
more and “better” synthetics and treatments. But 
we are confident that, with the right resources, 
detection methodology will keep pace with these 
sophisticated materials and processes. 


We applaud De Beers for their achievement and, 
especially, for their support of all research labora- 
tories and of the diamond and jewelry trade at 
large. As research continues and further break- 
throughs are made in refining identification crite- 
ria and developing instrumentation, these efforts 
will undoubtedly play an important role in ensur- 
ing the integrity of the diamond industry to both 
the trade and the consuming public. 


Te RBS SSeSSS SSSR REE 


. e ca 
William E. Boyajian, President 
Gemological Institute of America 
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BURMESE JADE: 
THE INSCRUTABLE GEM 


By Richard W. Hughes, Olivier Galibert, George Bosshart, 
Fred Ward, Thet Oo, Mark Smith, Tay Thye Sun, and George E. Harlow 


The jadeite mines of Upper Burma (now 
Myanmar) occupy a privileged place in the 
world of gems, as they are the principal source 
of top-grade material. This article, by the first 
foreign gemologists allowed into these impor- 
tant mines in over 30 years, discusses the his- 
tory, location, and geology of the Myanmar 
jadeite deposits, and especially current mining 
activities in the Hpakan region. Also detailed 
are the cutting, grading, and trading of 
jadeite—in both Myanmar and China—as 
well as treatments. The intent is to remove 
some of the mystery surrounding the Orient’s 
most valued gem. 
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2 Burmese Jade 


Tf jade is discarded and pearls destroyed, petty thieves 


will disappear, there being no valuables left to steal. 


— From a dictionary published during the reign of 
Emperor K’ang Hsi (1662-1722 AD), as quoted by Gump, 1962 


erhaps no other gemstone has the same aura of mys- 

tery as Burmese jadeite. The mines’ remote jungle 

location, which has been off-limits to foreigners for 
decades, is certainly a factor. Because of the monsoon rains, 
this area is essentially cut off from the rest of the world for 
several months of the year, and guerrilla activities have 
plagued the region since 1949 (Lintner, 1994). 

But of equal importance is that jade connoisseurship is 
almost strictly a Chinese phenomenon. People of the Orient 
have developed jade appreciation to a degree found nowhere 
else in the world, but this knowledge is largely locked away 
in non-Roman-alphabet texts that are inaccessible to most 
Westerners, adding further to jadeite’s inscrutable reputa- 
tion. The mines of Burma (now Myanmar") are the primary 
working deposits for the most prized gem in the Far East 
(figure 1), a stone exceeded in price only by diamond. 

This article will draw back the curtain on this enigmatic 
gem, revealing the manner in which Burmese jadeite is 
mined, traded, graded, cut, treated, and faked. Since the 
major gemological features of jade have already been exten- 
sively covered in the literature (Hobbs, 1982; Fritsch et al., 
1992; Wang, 1994), emphasis here will be on these lesser- 
known aspects. An understanding of jadeite is not limited to 
the technical or exacting, but it also requires a feeling for the 
cultural, textural, and ephemeral qualities that make the 
study of jade unlike any other in the world of gemstones. 

Jade has a rich history in the Orient, especially China 
(Box A). Historically, the term jade was applied to any of a 
number of ornamental materials that could be carved, but 
most importantly amphibole jade, or nephrite. The rich 
green material subsequently found in Myanmar proved to be 
composed primarily of a different mineral (a pyroxene) and 
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was named jadeite (see Box B). In this article, jade 
encompasses both jadeite and nephrite in those 
instances where the general carving material is 
being referenced, but jadeite or jadeite jade will be 
used to refer to the rock that is predominantly 
jadeite, where appropriate. 

Although jadeite deposits are found throughout 
the world (Guatemala, Japan, Russia, and California), 
Myanmar remains the primary source of top-grade 
material. The Hpakan jadeite region (figure 2) is one 
of the wildest, least-developed areas of the country. 
Until the authors’ first trip, in 1996, no foreign 
gemologists had visited the mines since Edward 
Gibelin in 1963 (Gibelin, 1964-65, 1965a and b). 


*In the local vernacular, the country has always been called 
Myanmar. The English name was officially changed to 
Myanmar in 1988. Although many people continue to refer to it 
as Burma, in this article, the country will be referred to by its 
official name Myanmar. 


Burmese Jade 


Figure 1. “Windows” cut 
into this otherwise undis- 
tinguished boulder from 
the Myanmar Jade Tract 
reveal the presence of a 
rich green in the jadeite 
beneath the skin. Boulders 
such as this are the source 
of the fine green, orange- 
red, and lavender cabo- 
chons that are much 
sought-after in China and 
elsewhere. The bowl is 
approximately 6 cm wide 
x § cm high. The cabo- 
chons measure approxi- 
mately 15 x 19 mm 
(green), 13 x 18 mm 
(orange-red), and 10 x 14 
mm (lavender). Courtesy 
of Bill Larson and Pala 
International; photo © 
Harold & Erica Van Pelt. 


One European known to have traveled in the general 
area was Swedish journalist Bertil Lintner, who in 
1985-86 made an epic journey through rebel-held 
areas of northern Myanmar, including the region 
surrounding Hpakan (see, e.g., Lintner, 1996). But he 
was unable to visit the mines themselves. 

On February 24, 1994, a formal cease-fire was 
signed between the Myanmar government and the 
main rebel group, the Kachin Independence Army 
(Lintner, 1996). In June 1996, RWH, OG, MS, and 
TO made a brief trip to Hpakan. To give some idea 
of the sensitivity of this area, months were needed 
to obtain permission, with final approval coming 
from the second-highest-ranking general in the rul- 
ing SLORC (State Law and Order Restoration 
Committee) military junta. RWH again visited the 
mines in March 1997, this time accompanied by 
FW and a German film crew led by Bangkok-based 
journalist Georg Muller. This trip included a visit to 
Tawmaw. In November 1997, GB and TO paid a 
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C~ '“- Hidden beauty of a SPRING 
Siam Sapphire revealed 1-9 Bo7* 
through a microscope. 


Box A: JADE— HEAVEN’S STONE 


More than 2,500 years ago, Gautama Buddha recog- 
nized that much of life involves pain and suffering. 
Consequently, few of us here on Earth have been 
provided with a glimpse of heaven. Instead, we 
mostly dwell in hell. But for the Chinese, there is a 
terrestrial bridge between heaven and hell—jade. 
While gems such as diamond entered Chinese 
culture relatively recently, the history of jade (at the 
time, nephrite or another translucent material used 
for carving) stretches back thousands of years. In 
ancient China, nephrite jade was used for tools, 


weapons, and ornaments (Hansford, 1950). Jade’s 
antiquity contributes an aura of eternity to this gem. 
Confucius praised jade as a symbol of righteousness 
and knowledge. 

Yu (4), the Chinese word for jade, is one of the 
oldest in the Chinese language; its pictograph is said 
to have originated in 2950 BC, when the transition 
from knotted cords to written signs supposedly 
occurred. The pictograph represents three pieces of 
jade (=), pierced and threaded with a string (|); the 
dot was added to distinguish it from the pictograph 
for “ruler” (Goette, n.d.). 

To the Chinese, jade was traditionally defined by 
its “virtues,” namely a compact, fine texture, tremen- 
dous toughness and high hardness, smooth and glossy 
luster, along with high translucency and the ability to 
take a high polish (Wang, 1994). But they also ascribe 
mystical powers to the stone. Particularly popular is 
the belief that jade can predict the stages of one’s life: 
If a jade ornament appears more brilliant and trans- 
parent, it suggests that there is good fortune ahead; if 
it becomes dull, bad luck is inevitable. 

Jadeite (figure A-1) is a relatively recent entry to 
the jade family. While some traditionalists feel that 
it lacks the rich history of nephrite, nevertheless the 
“emerald” green color of Imperial jadeite is the stan- 
dard by which all jades—including nephrite—are 
judged by most Chinese enthusiasts today. 


Figure A-1. Although nephrite jade is China’s 
original “Stone of Heaven,” fine jadeite, as in 
this matched pair of semi-transparent bangles 
(53.4 mm in interior diameter, 9.8 mm thick), is 
the most sought-after of jades in the Chinese 
community today. Photo courtesy of and © 
Christie’s Hong Kong and Tino Hammid. 


further visit to the Hpakan area, including a trip to 
Kansi and Maw Sit. Most recently, in January and 
February 2000, GEH visited the Nansibon jadeite 
deposits in the historic Hkamti area, which are 
located approximately 60 km northwest of Hpakan. 


HISTORY 


The entire pre-1950s occidental history of 
Myanmatr’s jade mines is covered in Hughes (1999). 
With the exception of a brief mention in Griffith 
(1847), virtually the only account in English of the 
early history of jadeite in then-Burma is that of a 
Mr. Warry of the Chinese Consular Service. Hertz’s 
Burma Gazetteer: Myitkyina District (1912) quotes 
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at length from his 1888 report, and the historical 
sections of virtually all other accounts (see, e.g., 
Chhibber, 1934b; Keller, 1990) are based on Warry. 
The following also is based on Warry’s report, as 
quoted by Hertz (1912). 

Until at least the 13th century, “jade” in China 
was generally nephrite, a tough, white-to-green 
amphibole rock that was a favorite of stone carvers. 
The most important source was south of Hotan 
(Khotan) in the Kunlun mountains of western 
China; here, nephrite was recovered from both the 
White Jade and Black Jade rivers (Gump, 1962). 
Sometime in the 13th century, according to local 
lore as reported by Warry (Hertz, 1912), a Yunnan 
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Figure 2. Hpakan is the center of the jadeite mining district (or central Jade Tract) in north-central 
Myanmar. There are two main routes into the Hpakan region, one from Mogaung and the other from Hopin. 
Adapted by R.W. Hughes and G. Bosshart from Hind Co. Map (1945). 


trader traveling through what is now northern 
Myanmar picked up a boulder to balance the load 
on his mule. When it was broken open, the brown- 
skinned rock revealed a vivid, “emerald” green 
material with the toughness of nephrite. The 
Chinese were captivated by this stone. 

Also according to Warry, the Yunnan govern- 
ment sent expeditions to find the source of this 
unusual material in the 13th and 14th centuries, 
but they were unsuccessful. Although occasional 
small pieces of green jadeite would appear in China 
over the next 500 years, their origin remained a 
mystery until the late 18th century. 


Enter the Dragon. In 1784, Emperor Qianlong (who 
reigned from 1736 to 1796) extended China’s juris- 
diction into northern Myanmar, where Chinese 
adventurers soon discovered the source of the green 
stone. From the late 18th century on, considerable 
amounts of jadeite were transported to Beijing and 
the workshops of China’s foremost jade carvers. 


Burmese Jade 


Emperor Qianlong preferred the rich hues of this 
“new” jade (jadeite}, and soon the finest semi-trans- 
parent rich green fei-ts’ui (“kingfisher”) material 
came to be known as “Imperial jade” (Hertz, 1912). 
A well-established route for jadeite from 
Myanmar to China existed by 1798. Although polit- 
ical and other circumstances forced several alter- 
ations in the original route, the “jade road”—from 
Hpakan through Baoshan and Kunming in 
Yunnan—operated until World War IL. 


The Rise of Hong Kong as a Trading Center. With 
the arrival of a communist regime in China follow- 
ing the Second World War, materialistic symbols 
such as jade fell out of favor. For the most part, the 
jadeite trade moved to Hong Kong, where carvers 
emigrated from Beijing and Shanghai. 

In the 1950s, jadeite dealers went directly to Hong 
Kong, or had their stones relayed for sale there via 
Yunnanese and Cantonese colleagues. Jadeite auc- 
tions were organized in hotels such as the four-story 
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Box B: 
PIECING TOGETHER THE NOMENCLATURE PUZZLE: 
WHAT Is JADEITE JADE? 


In 1863, French mineralogist Alexis Damour analyzed 
bright green jades from then-Burma. When he found 
these samples to be different from what was called 
Chinese jade (usually amphibole jade, or nephrite), he 
named the mineral jadeite (Damour, 1863). Although, 
as noted in the text, Chinese enthusiasts use jade for 
many ornamental materials that are suitable for carv- 
ing, gemologists typically apply the term jade to either 
nephrite (an amphibole rock) or jadeite (a pyroxene 
rock). In the following discussion, we also distinguish 
jadeite jade (the rock) from jadeite (the mineral with 
nominal formula NaA1Si,O,). 

Nephrite jade (figure B-1) is an aggregate of micron- 
wide amphibole fibers that are densely packed in a felt- 


Figure B-1. Nephrite jade, which lies in the 
actinolite-tremolite series, is an aggregate of 
densely packed amphibole fibers. It usually 
has a distinctive greasy surface luster, as 
shown by these Chinese nephrite carvings. The 
larger carving measures 5.7 cm in diameter; 
photo by Maha Tannous. 
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like texture. The composition lies within the actino- 
lite-tremolite series [Ca,(Mg,Fe**),Si,O,,(OH),]. 
Nephrite is supremely tough among all rocks, suitable 
for carving into intricate shapes while retaining its 
integrity. 

Jadeite jade (figure B-2) is a compact rock that gen- 
erally has a more granular texture than nephrite. It 
consists of interlocking prismatic to “feathery” pyrox- 
ene crystals that can range in length from about 10 
microns to over a centimeter, with a grain size that 
may vary greatly within a small area. Rarely, jadeite 
jade has a fibrous texture, but such jadeite will still be 
coarser than nephrite. 

Jadeitic pyroxene in jade typically is not pure: It 
contains varying percentages of the pyroxenes diopside 
(CaMgSi,O,) and/or kosmochlor (NaCrSi,O,}—as well 
as the iron-rich pyroxenes hedenbergite (CaFe”'Si,O,) 
and aegirine (NaFe**Si,O,}—in solid-solution mixtures 
with jadeite. Nearly pure kosmochlor (formerly called 
ureyite; first detected in meteorites) also may be pre- 
sent in some dark green jades. To qualify as jadeite jade 
petrologically, jadeitic pyroxene should constitute over 
90%-95% of the rock; otherwise, it is just a jadeite- 
rich rock and will probably not have the toughness of 
jade. The other minerals in jadeite jade from Myanmar 
are sodic amphibole (compositions vary between eck- 
ermannite, glaucophane, richterite, and edenite), 
albite, analcime, tremolite, (ilmeno-) rutile, clino- 
chlore, banalsite, and chromite (see, e.g., Harlow and 
Olds, 1987; Htein and Naing, 1994 and 1995). 

Jadeite (the mineral) is allochromatic; that is, it is 
transparent and colorless when pure. But as jade, it 
generally appears white due to light scattering from 
fractures, openings on grain boundaries, and tiny aque- 
ous fluid inclusions. However, even white jadeite jade 
is commonly polymineralic, in that it is intergrown 
with minor albite and analcime, which introduce addi- 
tional internal light scattering from the changes in 
refractive index across grain boundaries. A few jadeite 
jade colors are caused by mineral staining on grain 
boundaries—{1) hydrous iron oxides for red- to orange- 
brown, (2) an iron compound (iron-rich clay?) for some 
dark green streaks, and (3) graphite for some gray-to- 
black jadeite jades. 

However, most colors of jadeite are due to substitu- 
tions of transition metal ions for the fundamental Al** 
and minor Mg?”* (from diopside content) in jadeitic 
pyroxene. “Imperial” green, the most highly valued 
jade color (which is not duplicated in nephrite), is pro- 
duced by Cr**; only a very small percentage of this 
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minor element is required to induce the vivid color. 
“Grassy” greens are the result of either Fe’* or Fe** as 
the essential chromophore, although mixed Fe”* and 
Fe** produces blue-green, bluish black, and blue-black 
jadeite; the darkest colors form in “jadeites” that have a 
few weight percent total iron oxide and are closer to 
half-jadeite/half-augite or the pyroxene called 
omphacite (Harlow and Sorensen, in press). Lavender 
jadeite is attributed to Fe’*-O-Fe* intervalence charge 
transfer in nearly pure jadeite (Rossman, 1974; Ponahlo, 
1999). The color of aggregates of jadeite and sodic 
amphiboles has been termed “leek” green (in contrast 
to the “spinach” green of nephrite). 

It is not uncommon for some jadeite to be partly 
replaced by fibrous tremolite or actinolite (Tréger, 
1967; Ou Yang, 1993) in the course of late-stage meta- 
somatism. These polymineralic jades are polychromat- 
ic, usually white with gray-green to blackish green 
specks or streaks. Rarely, they appear green with fairly 
even color distribution. The designation of mixtures of 
jadeite and amphibole as “szechenyite” has been dis- 
credited (Deer et al., 1963). 

Maw-sit-sit, mentioned as hmaw sit sit by 
Chhibber (1934b) and first described by Giibelin 
(1965a-—c), is an ornamental rock that is a mottled, 
highly variegated intergrowth of white albite, yellow- 
ish white Mg-chlorite (clinochlore), green-black kos- 
mochlor, chromian jadeite, and green eckermannitic 
amphibole (figure B-3). The latter three minerals are 
commonly associated with corroded black chromite 
[(Fe,Mg)Cr,O,] crystals, from which the chromophoric 
Cr** ion is derived (Harlow, unpublished data; Hanni 
and Meyer, 1997; Harlow and Olds, 1987; Mével and 
Kiénast, 1986). The interstitial material (colorless, yel- 
low, or white) within the remaining tiny crevices and 
cavities consists of serpentine or zeolite (thomsonite?). 
Maw-sit-sit is a “cousin” of jade, but because some 
samples contain compact centimeter-sized regions of 
chromian jadeite, a clear distinction from jadeite jade 
can be difficult. 

Chloromelanite has been used to describe a dark 
green to black variety of jadeite (Tréger, 1967; Hobbs, 
1982). mineralogically, it is a solid solution of roughly 
equal amounts of jadeite, diopside, and aegirine 
(Jackson, 1997). The term is used rather loosely by 
traders, who typically apply it to any dark green to 
black jade-like material. We discourage use of the 
term chloromelanite because the traditional trade 
usage conflicts with modern knowledge of its compo- 
sition. Indeed, the name has already been discredited 
mineralogically, in favor of referring to the particular 
pyroxenes present (omphacite or aegirine-augite,; 
Morimoto et al., 1988). 

From a gemological standpoint, what does all this 
mean? Jadeite jade is essentially a rock with a variable 
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Figure B-2. 
“True” jadeite 
jade contains at 
least 90% jadeitic 
pyroxene in a rock 
that is typically more 
granular than nephrite. 
Note the vitreous surface 
luster of these translucent 
jadeite beads, which range 
from 9 to 10.5 mm in diameter. 
Photo courtesy of and © Christie’s 
Hong Kong and Tino Hammid. 


composition. Although some have suggested a 
classification scheme for jadeite based on variations in 
composition or structure (Ou Yang, 1993; Wang, 1994), 
this is impractical for gemology because of the sophis- 
ticated equipment that would be needed to distinguish 
the various categories. 


Figure B-3. A “cousin” to jade, maw-sit-sit is 
an attractive ornamental stone that is an inter- 
growth mainly of albite, clinochlore, kosmo- 
chlor, chromian jadeite, and eckermannitic 
amphibole. These two maw-sit-sit cabochons 
weigh 9.87 ct (oval) and 8.48 ct. Courtesy of Pala 
International; photo © Harold & Erica Van Pelt. 
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Tai Tung Hotel (Benjamin S. Y. So, pers. comm., 
1997). Starting in 1967, auctions were organized by 
the Hong Kong Jewellery and Jade Manufacturers 
Association (formerly Hong Kong Jade and Stone 
Manufacturers Association). 

With the introduction of free-market reforms in 
China in the early 1980s, the markets and work- 
shops of China again sought fine jade. Once more, 
the famous jade road was opened. 


Developments in Myanmar. Like China, 
Myanmar also was torn by political turmoil fol- 
lowing World War II. In 1962, the Ne Win-led 
military junta seized power, plunging the country 
into isolation. The period 1963-64 saw the jadeite 
mines (along with most other mines, including 
those of the Mogok Stone Tract) placed off-limits 
to foreigners. By 1969, when the government 
banned private exploration and mining of gems, 
the isolation was complete (Mining Journal 
Annual Review, 1970). 

After 1962, the only official sales of jadeite in 
then-Burma were at the annual gem emporiums 
held in the capital city of Rangoon (now Yangon). 
But most production reached the outside world via 
the black market. Lower grades tended to move 
directly into Yunnan, while top material was 
brought overland to the northern Thai town of 
Chiang Mai, where Hong Kong buyers assembled 
(Benjamin S. Y. So, pers. comm., 1997). 


LOCATION AND ACCESS 


Kyaukseinmyo (literally “Jade Land”) is located in 
north-central Myanmar (again, see figure 2). The 
major jadeite mines are roughly enclosed east and 
west by the Uru (Uyu) and Chindwin rivers, 
between the 25th and 26th parallels of latitude, 
within Kachin State. (Because Myanmar names are 
often transliterated into the Roman alphabet in dif- 
ferent ways, the authors have included common 
alternative spellings in parentheses. The first 
spellings given throughout the text are generally 
those of Chhibber, 1934b.) According to current 
information, the northernmost mines are near 
Kansi (Gin Si), while the southernmost are near 
Haungpa (Haung Par). The westernmost mine near 
Lai Sai (west of Tawmaw) is situated outside the 
central Jade Tract. 

While Mogaung was formerly an important 
jadeite trading center, this is no longer the case. The 
present center of the mining district is Hpakan 
(Hpakant, Phakan, Phakant), a small town about 
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16 km by road southeast of Tawmaw that lies along 
the Uru River. Tawmaw, the village adjacent to the 
most famous primary jadeite outcrop, lies some 
120 km (75 miles) northwest of Mogaung. Other 
important towns in the area, also along the Uru 
River, include Lonkin (Lon Hkin) and Sate Mu 
(Seikmo, Sine Naung). The important mining town 
of Hwehka (Hweka) is located some 20 km due 
south of Hpakan, along the Hwe River (hka means 
river). Jadeite is also mined at Makapin (Makabin), 
just east of Hwehka. With the exception of Hwehka 
and Makapin, no jadeite mining takes place east of 
the Uru River. 

Two major dirt roads lead into the mining district, 
one from Mogaung and the other (the more moun- 
tainous route) from Hopin (again, see figure 2). The 
authors traveled both routes—via modified trucks, 
cars, motorbikes, ponies, elephants, and on foot. 

The area is a highly dissected upland, consisting 
of ranges of hills that form the Chindwin-Irrawaddy 
watershed (Chhibber, 1934b). Loimye Bum, an 
extinct volcano north of Kansi and the highest peak 
in the area, is 1,562. m above sea level. Tawmaw is 
840 m, and Hpakan is 350 m, above sea level. The 
hills are covered with dense jungle. This is the area 
through which the Stillwell (Ledo) Road (Eldridge, 
1946) was built, which was the scene of fierce fight- 
ing during World War II. 

So brutal is the climate and so poor are the roads 
that travel is extremely difficult during the May- 
October monsoon season. Indeed, the Novem- 
ber—April dry season is the only time one can be 
sure of reaching the mines. The authors’ first trip, in 
early June 1996, took three days of struggling 
through mud to travel the approximately 56 km 
from Hopin to Hpakan, with a mere 8 km traveled 
on the second day. The return trip on the “good” 
road to Mogaung took more than 15 hours. At times 
during the rainy season, some areas are accessible 
only by foot, donkey, or elephant (figure 3). But the 
dry season has its challenges, too. Whereas by 
November the roads again become accessible by 
motor vehicle (eight hours for the Mogaung-Hpakan 
trip), the brown mud is transformed into dust 
clouds that cloak entire valleys. 


Population. The population of Myanmar’s Kachin 
State consists mainly of Shan, who dominate the 
major towns and valleys, and Kachin, who tradition- 
ally inhabit the hills (Hertz, 1912). The jade mines 
themselves feature a mixture of different peoples 
from around the country, lured by the promise of 
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riches. During our visits to the mines, we met 
Kachin, Shan, Chinese, Chin, Wa, Rakhine, 
Nepalese, and Panthay. Today, however, immigrants 
from China increasingly dominate the towns and 
trade of northern Myanmar. 


Hpakan today—“Little Hong Kong.” Over the past 
few years, the Myanmar government has liberalized 
regulations concerning the gemstone sector, includ- 
ing the jade trade. For the first time in several 
decades, Myanmar citizens are allowed to trade in 
gems, and even to sell to foreigners (“Myanmar 
Gemstone Law,” September 29, 1995). Never- 
theless, conducting business in Myanmar continues 
to be difficult, especially for noncitizens. 

Since the 1994 peace agreement between the 
Kachin rebel groups and the government, thousands 
of people from across Myanmar have flocked to the 
Hpakan area to look for jade. Like the gold rush 
towns of America’s Old West, Hpakan and neigh- 
boring Sate Mu (Sine Naung) have a transient air. 
None of the many people we met had been at the 
mines for more than a decade, and most had been 
there less than a year. Likewise, none of the govern- 
ment or military officials encountered in 1996 was 
there nine months later. 

Still, wealth lurks just below the surface, with 
satellite dishes sitting atop tin-roofed huts. Indeed, 
the locals refer to Hpakan as “little Hong Kong,” 
because it is said that one can get anything there, 
including fine cognac, expensive watches, dancing 
girls, and heroin. It should be noted, too, that the 
area has a very high incidence of AIDS. 
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Figure 3. Both routes into 
Hpakan are virtually 
impassable during the 
rainy season. They require 
travel through dense jun- 
gle, in dirt that rapidly 
turns to mud. On this June 
1996 trip, even the power 
of two elephants could not 
free this vehicle. Photo © 
Richard W. Hughes. 


GEOLOGY OF THE HPAKAN/TAWMAW AREA 


The first Western geologist to visit the mines was 
Fritz Noetling, who published his report in 1893. 
A.W.G. Bleeck followed with reports in 1907 and 
1908. However, the most detailed account of the 
geology of the jadeite deposits is that of Harbans Lal 
Chhibber (1934a and b], who spent two years doing 
field work in the area, commencing in 1928. While 
substantial work has since been done by Myanmar 
geologists, little of this is available to Western sci- 
entists. Thus, Chhibber’s reports remain the classic 
references on the subject. All those who have come 
after him, including Soe Win (1968), based their 
descriptions on Chhibber’s publications. 

The jadeite region, or Jade Tract, is situated in 
the low-altitude plateau—also referred to as the 
“J6°N (latitude) high” (Bender, 1983)—formed by 
the Uru anticline (east of the Hkamti syncline), 
where basement rocks are exposed through the sedi- 
ments of the Chindwin and Irrawaddy basins. The 
Jade Tract is characterized by bodies of serpen- 
tinized peridotite (between Late Cretaceous and 
Eocene age) in a broken outcropping from northern- 
most Maw Sit, through the Tawmaw area, to 
Makapin, Mohnyin (80 km south of Makapin), and 
Mawlu (35 km farther south). The serpentinites are 
surrounded by crystalline schists and plutonic rocks 
such as granites and monzonites (Bender, 1983), 
which were generated by subduction of the Indian 
plate under the Asian continent. In contrast, the 
peridotite was derived from either the base of the 
subducted oceanic plate or the mantle underlying 
the Asian plate, and emplaced by thrust faulting 
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Figure 4. At the Ka Htan West mine, located between 
Lonkin and Tawmaw, large peridotite boulders can 
be seen at the base of this 15-m-high wall of Uru 
Boulder Conglomerate. Photo by George Bosshart. 


(precursor of the Sagaing Fault) and uplift during the 
collision of the Indian subcontinent with Asia. 
Jadeite formed independently of the intrusives 
by crystallization from hydrous fluids (derived by 
dewatering of the subducted Indian plate) that rose 
along fractures in the serpentinized peridotite at 
relatively high-pressure/low-temperature condi- 
tions during the Tertiary formation of the 
Himalayas (Bender, 1983). Fluids that form in these 
special conditions are saturated with respect to 
sodium aluminosilicates—jadeite at higher pres- 
sure, albite at lower pressure—so the passage of 
these fluids through serpentinites generated 
swarms of jadeitite, albite-nepheline, and albitite 
dikes. All of these dikes generally have central 
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jadeite zones and external chlorite and amphibolite 
reaction rims at the contact with the serpentinites 
(Thin, 1985; Harlow and Olds, 1987; Sorensen and 
Harlow, 1998 and 1999). Chromite in the serpenti- 
nite locally reacted with the fluid to produce bright 
green (i.e., “Imperial”) jadeite, usually only in late- 
stage veins and as clots of green in white- to laven- 
der-white jadeite. A shift from vertical thrusting to 
lateral faulting on the Sagaing Fault appears to have 
played an important role in the uplift and exposure 
of jadeite-bearing serpentinite in Myanmar; similar 
tectonics occurred in Guatemala, Japan, and 
Kazakhstan (Harlow and Sorensen, in press). 


Primary Deposits. The classic primary occurrence of 
jadeite is on the plateau at Tawmaw. This area has 
been worked for over a hundred years and is said by 
miners to have produced all color varieties of jadeite. 
Other primary outcrops are found in the west, north- 
west, and northeast portions of the Jade Tract. 

In each of the primary deposits, jadeitite dikes 
cross-cut the serpentinized peridotite parallel to 
shear zones following northeasterly strikes and dips 
from 18° to 90°SE. Dike thicknesses are poorly 
reported, probably because of weathering and the 
irregular swelling, pinching, and faulting-off of the 
dikes; however Soe Win (1968) does give a width of 
5-8 feet (1.5-2.5 m) for the Khaisumaw dike at 
Tawmaw. Some dikes contain only jadeite and 
albite, while others have a boundary (on one or both 
sides) of amphibolite-eckermannite-glaucophane 
(dark gray to blue-black) or actinolite (dark green). 
The boundary with serpentinite is marked by a soft, 
green border zone that consists of a mixture of the 
adjacent vein minerals and chlorite, with or without 
calcite, actinolite, talc, and cherty masses (Chhibber, 
1934b; Soe Win, 1968). 

A Tawmaw mine director told GB and TO that 
the main dike was traceable north-northwest to 
Hkamti and Chindwin and even to India, surfacing 
and diving “like a serpent,” with another branch 
running north to Putao. However, the recent visit to 
Hkamti (see pp. 14-15) and geologic constraints 
argue against this interpretation. Rather, the Jade 
Tract and Hkamti jadeite deposits appear to origi- 
nate from separate, deep-seated serpentinite bodies 
that perhaps were derived from the same collisional 
process, and Putao appears to produce a different 
jade-like material, obviously with a different origin. 


Secondary Deposits. Most jadeite is recovered from 
secondary deposits in the Uru Boulder Conglomerate 
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(figure 4), southeast of the Tawmaw-hosting serpenti- 
nite body. The conglomerate is exposed over an area 
3-6.5 km in width, which is widest at Mamon. It 
ranges up to 300 m thick and is probably Pleistocene 
to sub-Recent (Chhibber, 1934b). South of Hwehka, 
however, jadeite boulders are found in conglomerate 
interlayered with blue-gray sands and coal seams that 
are believed to be derived from a Tertiary (Miocene?) 
species of tree (Bleeck, 1908; Chhibber, 1934a). 
Typical secondary deposits are located mostly west 
of the Uru River, including Sate Mu, Hpakangyi 
(adjacent to Hpakan), and Maw-sisa. 


MINING TECHNIQUES 


Dike Mining. Unlike secondary deposits, where the 
miner has to determine which of the myriad boul- 
ders is jadeite, the dikes contain readily recogniz- 
able material. Historically, miners started a fire near 
the dike and then threw water on the rock to crack 
it. Today, at Tawmaw, often miners first must use 
backhoes, scrapers, and other earth-moving equip- 
ment to expose the jadeite dikes, or rudimentary 
digging to create shafts to reach them. Shafts 
observed at the time of RWH and FW’s 1997 visit 
reached depths of approximately 10-20 m (figure 5). 
Once a dike is exposed, miners use dynamite and 
jackhammers to break the jadeite apart and away 
from the country rock (figure 6). 


Boulder and Gravel Mining. The workings at Sate 
Mu and Maw-sisa are, in many respects, typical of 
secondary jadeite mines. The Uru Boulder 
Conglomerate is as much as 300 m deep in places, 
and alluvial mining has barely scratched the surface. 
It appeared from the open cuts that there is a huge 
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Figure 5. In some areas at Tawmaw, miners must dig 
deep shafts through the overburden to reach the jadeite 
dikes. Dirt and gravel are removed by a rudimentary 
winch-and-bucket system. Photo © 2000 Fred Ward. 


Figure 6. Once a dike is 
exposed at Tawmaw, jack- 
hammers are needed to 
break the jadeite apart. 
Photo © Richard W. 
Hughes. 
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Figure 7. Mining of the Uru conglomerate is 
done in step-like claims approximately 5 m wide 
that were originally separated by thin “walls.” 
Photo by Olivier Galibert. 


quantity of material remaining to be extracted. We 
saw people working about 18 m down into the con- 
glomerate, stripping it away with primitive tools. 

The first step in mining the conglomerate is 
removal of the overburden, taung moo kyen (literal- 
ly, “head cap removal”). Since the “overburden” (per 
Chhibber, 1934b, a layer of alluvium of variable 
thickness followed by a pebble-gravel layer over the 
Uru Conglomerate) also may contain jadeite, work- 
ers must search this material, too. Each claim is only 
about 5 m wide; to keep from encroaching onto the 
neighbor’s area, miners leave a thin wall of conglom- 
erate as a partition. Eventually the walls themselves 
weather away; nevertheless, when seen from above, 
the result is spectacular—several square kilometers 
of step-like benches, as if an ancient city were being 
excavated (figure 7). At Maw-sisa, diggers concen- 
trated on mining a black conglomerate layer called 
ah may jaw, where jadeite is said to be richest. 


Figure 8. Thousands of 
workers remove the dirt and 
gravel at Hpakangyi to 
reach the Uru conglomerate 
and its promise of fine 
jadeite. Using the most 
rudimentary of carrying 
devices—two crudely fash- 
ioned bamboo buckets— 
this young miner leads a 
trail of laborers up the steep 
path from the bottom of the 
pit to a truck that will carry 
the waste to the river. Photo 
© Richard W. Hughes. 


At Hpakangyi, more than 10,000 workers exca- 
vated an area that had reached hundreds of meters 
deep (figure 8). Waste was piled into a waiting truck, 
and then emptied directly into the river that bisects 
Hpakan. At the dump, jade pickers scrambled over 
the riverbank to search for jade overlooked at the 
source. Along the banks of the Uru River, large 
mounds of boulders attest to two centuries of min- 
ing. When the water level is high, the river is worked 
by divers breathing via crude air pumps (figure 9). 

Miners admitted that production was erratic at 
best. While occasionally they would find 20-30 
pieces in a single day, often they would not recover 
any jadeite boulders for days. Most of these boulders 
weigh less than 1 kg, although some reach 300 kg. 
Only a tiny fraction of the jadeite boulders recov- 
ered contain jewelry-quality material. 


Identifying Jadeite Boulders. After viewing the 
methods by which jade is mined, the first question 
any observer asks is: How do miners separate the 
occasional jadeite boulder from the thousands of 
other boulders that look so similar? Repeated ques- 
tioning of various jade traders, cutters, and miners 
yielded the following clues. 

The most important member of the mining 
team is the one who operates the jackhammer or 
hoe, for he will spot most of the jadeite boulders. 
When struck with a metal tool, a jadeite boulder 
produces a different sound (rings more) than other 
rocks. Such blows also may expose the “show 
points” (pyat kyet in Burmese and “pine flowers” to 
the Chinese; Gump, 1962)—the color of the 
jadeite—beneath the skin (figure 10). 

Miners also look for a characteristic fibrous tex- 
ture (yumm) in some jadeite boulders. Although 
jadeite jade is not normally thought of as having 
fibrous texture, it sometimes is found in jade that is 
100% jadeitic pyroxene and in other cases may be 
related to partial replacement by—or admixture 
with—an amphibole (Htein and Naing, 1994, 1995). 
Also, jadeite is typically smoother than most other 
boulders and will not show the crystalline reflections 
(possibly from mica or quartz) often seen in the oth- 
ers. Another indicator of jadeite is a type of sheen, 
called shin. Black shin is said to “infect” or “dam- 
age” the stone; the miners consider it a harbinger of 
bad luck. According to Chhibber (1934b), shin is 
amphibolite or amphibole schist. Such an impurity 
would account for the lower quality of this jadeite. 

Jadeite jade also has a greater “heft” (specific 
gravity of about 3.34) than other types of rocks in 
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Figure 9. At Mamon and Maw-sisa in particu- 
lar, miners take advantage of the seasons when 
the river is high to dive for jade. While a man 
on land or a raft works the crude air pump 
(which resembles four bicycle pumps strapped 
together), this diver at Maw-sisa searches the 
river bottom for jade with the hose between his 
teeth (inset). Photos © Richard W. Hughes. 


Figure 10. Water readily reveals the “show 
points” of bright green jadeite on this boulder. 
Photo © Richard W. Hughes. 
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Figure 11. At Nansibon, backhoes are used to 
work the serpentinite boulder conglomerate in 
which jadeite boulders occur in narrow horizontal 
concentrations. Photo by George E. Harlow. 


the conglomerate. In addition, divers feel that it 
sticks slightly to their hands or feet under water, a 
property that has been used historically by the 
Chinese to separate both jadeite and nephrite from 
substitutes (“The art of feeling jade,” 1962). 


Maw-Sit-Sit. The Maw Sit vein, which produces 
maws-sit-sit, lies about 2 km from Kansi at the 
northeastern end of the Jade Tract (again, see figure 
2). The maw-sit-sit mine consists of a narrow, verti- 
cal trench cut that is some 9 m deep. The total 
length of the active mining area in November 1997 
was approximately 200 m. 
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OTHER JADEITE LOCALITIES IN MYANMAR 


According to Chhibber (1934b], other occurrences 
of jadeite in present-day Myanmar include 
Mawhun, 20 km southwest of Mohnyin, and a site 
on the bank of the Chindwin River, in the Hkamti 
area. It is possible that the latter reference is actual- 
ly to the Nansibon mining region, described below, 
which was recently visited by one of the authors 
(GEH)]. The United Nations (1979) reported the 
extraction of low-quality jade from steeply dipping 
late-Tertiary boulder conglomerates in the Indaw- 
Tigyang area, which extends another 50 km south 
of Mawhun. Similar conglomerates were observed 
at Nansibon (again, see below). 


Hkamti Area: Nansibon and Natmaw. On an expe- 
dition to the jade mines by a group traveling under 
the auspices of the American Museum of Natural 
History in January and February 2000, four geolo- 
gists and two gemologists visited the mining area 
called Nansibon (Namsibum, Manhsibon). It was 
the first recorded visit by Western gemologists to 
this area. Located in the Sagaing Division, about 35 
km (22 miles) southeast of the Chindwin River 
town of Hkamti, Nansibon is a group of joint-ven- 
ture tracts that extend about 2 km along a north- 
south trending ridge in the middle of dense jungle 
(central location at N25°51'24", E95°51'30" deter- 
mined by GPS measurements). The deposit is a 
steeply inclined (60°-90°E) serpentinite boulder con- 
glomerate in which jadeite cobbles from a few cen- 
timeters to perhaps one meter in diameter are “con- 
centrated” in a few narrow horizons. Mining is 
restricted to mechanized excavation of surface 
exposures of the conglomerate (figure 11), which 
disappears both north and south under Tertiary 
river sands and lake sediments of the Chindwin 
basin. Now largely unworked, Natmaw (Nawmaw, 
Nathmaw) is a smaller area roughly 30 km south of 
Nansibon, where miners have explored jadeite dikes 
in serpentinite. As the road there was impassable 
and time was constrained, the group could not visit 
these latter mines. 

According to current and retired officials from 
the Myanma Gems Enterprise (MGE)}, relative to 
the Jade Tract, Nansibon presently produces a large 
portion of the gem-quality Imperial jadeite mined in 
Myanmar, lesser amounts of other colors and “com- 
mercial” jadeite (used for carvings and bangles), and 
small amounts of “utility” jade (used for tiles, build- 
ing veneers, and very large carvings; “Myanma 
jade,” 1991). During the recent visit, GEH and gem- 
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ologist Robert Kane acquired a comprehensive suite 
of jadeite from Nansibon in colors including black 
and many shades of green, lavender, blue-green, 
“nearly blue,” and “carnelian orange”; these varied 
from translucent to semi-translucent. They saw 
numerous small (2-5 mm diameter) cabochons of 
translucent Imperial green jadeite from Natmaw. 


Putao. Jadeite is also found some 320 km 
(200 miles) north of Myitkyina, near Putao, but the 
deposit was reported by Chhibber to be inaccessible 
and the quality of the jadeite poor. Harlow and Kane 
were told by U Shwe Maik, former director of jade 
acquisition for MGE, that the alleged jade from 
Putao is actually green massive hydrogrossular (now 
hibschite). They obtained a sample for study. 


JADEITE TRADING IN MYANMAR 


Contributing to the aura of mystery that surrounds 
jadeite is the distinctive system of jadeite commerce 
in Myanmar. This includes the markets for rough 
jadeite, the boulder “taxes,” and evaluation of the 
rough. The Chinese, who dominate the market for 
fine jadeite both within and outside of Myanmar, 
play an important role in this system. 


Figure 12. Vendors work the morning jadeite 
market in Mandalay. Photo © 2000 Fred Ward. 
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Figure 13. In Mandalay, cutters still use a board 
coated with a mixture of carborundum (of vari- 
ous grits) and hard wax to shape cabochons 
(photo by Mark Smith). They then polish jadeite 
on bamboo lathes, often without any abrasive 
(inset photo © 2000 Fred Ward). 


Rough Jade Markets. Most of Myanmar’s open 
jadeite markets are small, perhaps because the idea 
of free trade is still somewhat new. Nevertheless, 
there are markets in Hpakan, Lonkin, and Mogaung. 

Myanmar’s largest jade market is in south 
Mandalay (figure 12), a city that is said to operate on 
the three “lines’”—white (heroin), red (ruby), and 
green (jade; Cummings and Wheeler, 1996). Trading 
is conducted in several places along 86th Street 
(Kammerling et al., 1995). Here, every morning, 
hundreds of people can be observed haggling over 
jadeite. Just south of the markets, cutting work- 
shops are also found. Despite the toughness of 
jadeite, many cutters in Mandalay still shape cabo- 
chons on boards that have been coated with car- 
borundum and hard wax, and then polish the jadeite 
on bamboo lathes (figure 13). 


Taxes. Written on each jadeite boulder we saw in the 
markets was a registration number and the weight of 
the boulder; this signified that tax had been paid on 
the piece. A government-appointed committee evalu- 
ates the boulders in Hpakan and then levies a tax of 
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10% of the appraised value. Even though a boulder 
has been officially appraised, its purchase is 
inevitably a gamble for the trader. 


Types of Jadeite Rough. Traders classify jadeite 
rough first according to where it was mined. River 
jade, the jadeite recovered from alluvial deposits in 
and along the Uru River, occurs as rounded boulders 
with a thin skin (figure 14, top left). In contrast, 
mountain jade (found away from the river) appears 
as rounded boulders with thick skins (figure 14, bot- 
tom left). The irregular chunks of jadeite quarried 
directly from in situ deposits, such as those at 
Tawmaw, represent a third type (figure 14, right). 
According to Chhibber (1934b), “it is locally 
believed that jadeite mined from the rivers and con- 
glomerate is more ‘mature’ than that of Tawmaw.” 


Because weathering usually removes damaged 
or altered areas, the best qualities are usually asso- 
ciated with river jade. In addition, the thin skin— 
and, therefore, greater likelihood of “show 
points”—in river jade allows a more accurate esti- 
mate of the quality and color within (figure 10). 
Mountain jade boulders tend to be clouded by a 
thick layer (termed “mist” by Chinese traders) 
between the skin and the inner portion of the boul- 
der (Ho, 1996; figure 14). 

The occurrence of green and lavender jadeite is 
independent of the deposit type, but reddish orange 
to brown jadeite is found only in those boulders that 
are recovered from an iron-rich soil. The reddish 
orange results from a natural iron-oxide staining of 
the skin of the porous jadeite, and is sometimes 
intensified with heat (Chhibber, 1934b). 


Figure 14. Top left: This jadeite boulder shows the relatively thin skin and potentially good color that is usually 
associated with “river jade.” Although from the outside this appears to be a normal jadeite boulder, oxidants 
that entered through cracks on the surface have produced a large area of discoloration. Bottom left: Note the 
thick yellow “mist” around the jadeite in this boulder of “mountain jade.” Right: A key advantage to jadeite 
taken from in situ deposits is that the quality of the material is readily apparent. Photos © Richard W. Hughes. 
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EVALUATING ROUGH 

One of the greatest challenges in the jadeite trade is 
the evaluation of a material that is covered by a 
skin that typically hides all traces of the color and 
clarity/diaphaneity that lies within. This skin can 
be white, yellow, light to dark brown, or black. 

According to traders and miners with whom we 
spoke, they look first for any color spots or show 
points in those areas where the skin is thin enough 
to see through. Evidence of surface cracks is also 
important, as fractures often extend into the boulder 
and open a path for oxidants to discolor the interior 
(see figure 14, top left). Such fractures can have a 
strong negative impact on the value of the material. 

If a show point is not available or is inadequate, 
the owner will sometimes polish an “eye” or maw 
(“cut” or “window”) through the skin (see figure 1). 
First, though, the owner will carefully examine the 
piece to determine the best location because, if good 
color shows through the window, the boulder’s 
value rises tremendously. Conversely, if poor color 
is revealed, the value drops. Such windows should 
be checked for artificial coatings or other tampering, 
which may give a false impression of the material 
within (see, e.g., Johnson and Koivula, 1998). 

If there are no show points or windows, a com- 
mon technique is to wet the surface of the boulder 
in the hope that the underlying color will come 
through (again, see figure 10). Where even a little 
color is suggested, traders also use small metal 
plates in conjunction with a penlight. They place 
the edge of the plate on what appears to be a 
promising area and then shine the penlight from 
the side farthest from the eye (figure 15). The plate 
removes the glare from the light, so any color can 
show through. If light penetrates the underlying 
jadeite, this is an indication of good transparency. 
But, due to jadeite’s aggregate structure, the color 
will have been diffused from throughout the boul- 
der by the scattering of light. Thus, even a small 
area of rich color can make a piece appear attractive 
through the window. To see an example of this, 
take a jadeite cabochon that is white, but has a 
small green vein or spot. Shine a penlight or fiber- 
optic light through the cab from behind. Voila, the 
entire cabochon appears green. 

To reduce the risk of such a speculative busi- 
ness, much jadeite rough is simply sawn in half, 
this is the approach used at the government-spon- 
sored auctions in Yangon. However, parting a boul- 
der down the middle has the danger of cutting right 
through the center of a good area. A more careful 
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Figure 15. To get a better idea of the quality of 
color in this boulder, the dealer places a metal 
plate at the far side of a small area with poten- 
tial and then uses a penlight to illuminate it. 
Photo © Richard W. Hughes. 


method of evaluating jadeite boulders involves 
grinding away the skin (Lee, 1956). Alternatively, 
some owners gradually slice the boulder from one 
end (perhaps the thickness of a bangle, so that each 
slice can be used for bangles or cabochons) until 
they hit good color. They then repeat the process 
from the opposite end, the top, and the bottom, 
until the area of best color is isolated (figure 16). 

Certain experienced jade traders are said to 
have a “golden hand” when it comes to judging 
jade boulders; that is, they are able to predict, by 
studying the outside of the boulder, what the inner 
color will be. Nevertheless, the jade trade seems to 
be a competition between sellers, who want to 
show the best spot of color and not disclose the 
remaining bad points, and buyers, who want to 
imagine a fine interior in a stone that shows poor- 
ly in the few maws. 


EVALUATION OF FINISHED JADEITE 

The evaluation of finished jadeite has been dis- 
cussed by Healy and Yu (1983), Ng and Root (1984), 
and, most recently, by Christie’s (1995b), Ho (1996), 
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Saw Cut 


Bangle/cab-thickness saw cuti 


Fd 


Show point Crack with oxidation staining 


Figure 16. In sawing jadeite boulders, center saw cuts (left) run the risk of cutting through a valuable area. 
A better method (right) involves making shallow saw cuts from one end (perhaps the thickness of a bangle, 
so that each slice can be used for bangles/cabs) until one hits good color. Then the process is repeated from 
the opposite end, again until good color is encountered. This defines the region of top-grade material. The 
process is repeated until the area of best color is isolated. These cross-sections also illustrate a show point 


and an oxidation stain penetrating the jadeite through a crack. 


and Ou Yang (1995, 1999). The basic system is sum- 
marized below in a somewhat simplified fashion. 
Although we use the concepts discussed in the 
above publications, as much as possible we have 
chosen language that is comparable to that used for 
other colored stones. 

While a number of fanciful terms have been used 
to describe jadeite, its evaluation is similar to that of 
other gemstones in that it is based primarily on the 
“Three Cs”—color, clarity, and cut (fashioning). 
Unlike most colored stones, the fourth “C”—carat 
weight—is less important than the dimensions of the 
fashioned piece. However, two additional factors are 
also considered—the “Two Ts”—translucency 
(diaphaneity) and texture. In the following discussion, 
Chinese terms for some of the key factors are given 
in parentheses, with a complete list of Chinese terms 
for various aspects of jade given in table 1. 


Color (se). This is the most important factor in the 
quality of fashioned jadeite. As per standard color 
nomenclature, jadeite’s colors are best described 
by breaking them down into the three color com- 
ponents: hue (position on the color wheel), satura- 
tion (intensity), and tone (lightness or darkness). 
Color distribution must also be taken into 
account. The necklace in figure 17 is an excellent 
example of top-quality hue, saturation, tone, and 
color distribution. 

e Hue (zheng): Top-quality jadeite is pure green. 
While its hue position is usually slightly more yel- 
low than that of fine emerald and it never quite 
reaches the same intensity of color, the ideal for 
jadeite is a fine “emerald” green. No brown or gray 
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TABLE 1. Chinese jade nomenclature®. 


Chinese 

name Meaning 

Yu Chinese word for jade 

Ruan yu Nephrite 

Ying yu "Hard jade" or jadeite 

Fei-ts'ui "Kingfisher" jadeite 

(feicui) 

Lao keng "Old mine" jadeite—fine texture 

Jiu keng "Relatively old mine" jadeite—medium texture 

Xin keng "New mine" jadeite—coarse texture 

Ying Jadeite type with the highest luster and 
transparency 

Guan yin Semi-translucent, even, pale green jadeite 

zhong 

Hong wu Lesser quality than guan yin zhong, with a pale red 


dong mixed with the green 

Jin si zhong “Golden thread" jadeite: A vivid green color is 

spread evenly throughout the stone. This type is 

quite valuable. 

High-grade jadeite mined from rivers. Because of 

its high translucency, it is also Known as bing 

zhong (“ice”). 

Lao keng bo Old-mine "glassy" (finer texture, more translucent) 

li zhong jadeite (See figure 18). In Imperial green, this type is 
the most valuable jadeite. 

Fei yu Red jadeite, named after a red-feathered bird 


Zi er cul 


Hong pi "Red skin" jadeite, cut from the red skin of a 
boulder (see figure 1) 

Jin fei cui Golden or yellow jadeite 

Shuangxi Jadeite with both red and green 

Fu lu shou — Jadeite with red, green, and lavender 

Da si xi Highly translucent jadeite with red, green, lavender, 


and yellow 


Wufu linmen  Jadeite with red, green, lavender, and yellow, as 
well as white as the bottom layer 


@Based on Ho (1996). 
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modifiers should be present in the finished piece. 


e Saturation (nong): This is by far the most impor- 
tant element of green and lavender jadeite color. 
The finest colors appear intense from a distance 
(sometimes described as “penetrating”). Side-by- 
side comparisons are essential to judge saturation 
accurately. Generally, the more saturated the hue 
is, the more valuable the stone will be. A related 
factor is referred to as cui by the Chinese. Colors 
with fine cui are variously described as brilliant, 
sharp, bright, or hot. This is the quality that 
makes “shocking” pink shocking and “electric” 
blue electric. 


¢ Tone (xian): The ideal tone is medium—not too 
light or too dark. 


e Distribution (jun): Ideally, color should be com- 
pletely even to the unaided eye, without spotting 
or veins. In lower qualities, fine root- or vein-like 
structures that contrast with the bodycolor of the 
stone may be considered attractive. However, 
dull veins or roots are less desirable. Any form of 
mottling, dark irregular specks, or blotches that 
detract from the overall appearance of the stone 
will reduce the value. 


Clarity. This refers to imperfections that impair the 
passage of light. The finest jadeite has no inclu- 
sions or other clarity defects that are visible to the 
naked eye. 

Typical imperfections are mineral inclusions, 
which usually are black, dark green, or brown, but 
may be other colors. White spots also are common, 
as are other intergrown minerals. The most severe 
clarity defects in jadeite are fractures (healed or 
unhealed), which can have an enormous impact on 
value because jadeite symbolizes durability and per- 
fection (Ou Yang, 1999). 


Translucency (Diaphaneity). This is another impor- 
tant factor in evaluating quality. The best jadeite is 
semi-transparent; opaque jadeite or material with 
cloudy patches typically has the least value. 

It is interesting to note that even if the overall 
color is uneven or low in saturation, jadeite can still 
be quite valuable if it has good transparency. The 
“glass” jade bangles in figure 18 sold for U.S. 
$116,000 at the November 1999 Christie’s Hong 
Kong auction. 


Texture (zhong). In jadeite, texture is intimately 


related to transparency. In the authors’ experience, 
typically the finer the texture is, the higher the 
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Figure 17. This necklace, which contains a total 
of 65 beads (7.8-9.8 mm in diameter) and two 
matching hoops, illustrates the optimum “vivid 
emerald green” color in fine jadeite. Note also 
the very fine “old mine” texture and translucen- 
cy. Photo courtesy of and © Christie’s Hong Kong 
and Tino Hammid. 


transparency will be. Further, the evenness of the 
transparency depends on the consistency of the 
grain size. Our observations also suggest that 
coarse-grained jadeite tends to have more irregulari- 
ties, blotches, or discolorations. 

Texture is key to the classification of fashioned 
jadeite into three categories: fine (Jao keng, or “old 
mine”), medium (jiu keng, or “relatively old mine”), 
and coarse (xin keng, or “new mine”), as described 
by Ho (1996). “Old mine” is considered the best, 
with the finest texture, translucency, and luster 
(again, see figures 17 and 18). Note that Chinese 
jadeite dealers also use the terms “old mine” (keng 
zhong) and “new mine” (xin shan zi) to describe 
rough. This is not really an expression of the age or 
location where the jadeite is mined, but more an 
indication of texture and translucency, with old- 
mine jadeite having a higher quality, being of finer 
grain size, and having greater luster and translucen- 
cy (Ho, 1996). It probably derives from the belief 
that jade that is more compact and of finer texture 
is of greater age. 
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Figure 18. Referred to as “glass” jadeite, this rare 
pair of bangles (both 53.4 mm in interior diame- 
ter, with thicknesses of 9.6 and 9.7 mm) shows 
extraordinary translucency. Photo courtesy of 
and © Christie’s Hong Kong and Tino Hammid. 


Fashioning. More so than for most gem materials, 
fashioning plays a critical role in jadeite beauty and 
value. Typically, the finest qualities are cut for use 
in jewelry—as cabochons, bracelets, or beads. 
Cutters often specialize: one may do rings, another 
carvings, and so on. 

Polish is particularly important with jadeite. 
Fine polish results in fine luster, so that light can 
pass cleanly in and out of a translucent or semi- 
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transparent piece. One method of judging the quality 
of polish is to examine the reflection of a beam of 
light on the surface of a piece of jadeite. A stone with 
fine polish will produce a sharp, undistorted reflec- 
tion, with no “orange-peel” or dimpling visible. 

Following are a few of the more popular cutting 
styles of jadeite. 


Cabochons. The finer qualities are usually cut as 
cabochons (see figure 1). One of the premium 
sizes—the standard used by many dealers’ price 
guides—is 14 x 10 mm (Samuel Kung, pers. comm., 
1997). Material used for cabochons is generally of 
higher quality than that used for carvings (Ou Yang, 
1999), although there are exceptions. 

With cabochons, the key factors in evaluating 
cut are the contour of the dome, the symmetry and 
proportions of the cabochon, and its thickness. 
Cabochon domes should be smoothly curved, not 
too high or too flat, and should have no irregular flat 
spots. Proportions should be well balanced, not too 
narrow or wide, with a pleasing length-to-width 
ratio (Ng and Root, 1984). The best-cut cabochons 
have no flaws or unevenness of color that is visible 
to the unaided eye. 

Since the 1930s, double cabochons, shaped like 
the Chinese ginko nut, have been considered the 
ideal for top-grade jadeite, since the convex bottom 
is said to increase light return to the eye, thus inten- 
sifying color (Christie’s, 1996). Stones with poor 
transparency, however, are best cut with flat bases, 
since any material below the girdle just adds to the 
bulk without increasing beauty. Hollow cabochons 
are considered least valuable (Ou Yang, 1999). 


Figure 19. Uniformity of a fine “emerald” 
green color, superb translucency, size, and 
symmetry all come together to produce the 
necklace known as the Doubly Fortunate. 
The 27 beads, which range from 
15.09-15.84 mm, were all cut from the 
same piece of rough, a 1 kg portion of a 
much larger boulder. The name derived 
from the fact that the necklace’s owners 
“doubled their fortunes” every time the 
boulder was cut (Christie’s, 1997, p. 70). 
The necklace sold in 1997 for approximate- 
ly US$9.3 million. Photo courtesy of and © 
Christie’s Hong Kong and Tino Hammid. 
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Traditionally, when fine jadeite cabochons are 
mounted in jewelry, they are backed by metal with a 
small hole in the center. The metal acts as a foilback 
of sorts, increasing light return from the stone. Also, 
with the hole one can shine a penlight through the 
stone to examine the interior, or probe the back with 
a toothpick to determine the contours of the cabo- 
chon base (Ng and Root, 1984). When this hole is not 
present, one needs to take extra care, as the metal 
may be hiding some defect or deception. 


Beads. Strands of uniform jadeite beads are in 
greater demand than those with graduated beads. 
The precision with which the beads are matched for 
color and texture is particularly important, with 
greater uniformity resulting in greater value (figure 
19). Other factors include the roundness of the 
beads and the symmetry of the drill holes. Because 
of the difficulties involved in matching color, longer 
strands and larger beads will carry significantly 
higher values. Beads should be closely examined for 
cracks. Those cracked beads of 15 mm diameter or 
greater may be recut into cabochons, which usually 
carry a higher value than a flawed bead (Ng and 
Root, 1984). 


Bangle Bracelets. Bangles are one of the most popu- 
lar forms of jadeite jewelry, symbolizing unity and 
eternity. Even today, it is widely believed in the 
Orient that a bangle will protect its wearer from dis- 
aster by absorbing negative influences. For example, 
if the wearer is caught in an accident, the bangle 
will break so that its owner will remain unharmed. 
Another common belief is that a spot of fine color 
in a bangle may spread across the entire stone, 
depending on the fugi—good fortune—of the owner 
(Christie’s, 1995a). In the past, bangles (and rings) 
were often made in pairs, in the belief that good 
things always come in twos (Christie’s, 1997). 

Because a single-piece bangle requires a large 
quantity of jadeite relative to its yield, prices can be 
quite high, particularly for fine-quality material. 
The bangle in figure 20 sold for US$2,576,600 at the 
Christie’s Hong Kong November 1999 auction. 
Multi-piece bangles are worth less than those fash- 
ioned from a single piece, because the former often 
represent a method of recovering parts of a broken 
bangle. Mottled material is generally used for carved 
bangles, as the carving will hide or disguise the 
imperfections. When a piece is carved from high- 
quality material, however, it can be a true collec- 
tor’s item (Ng and Root, 1984). 
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Figure 20. Believed to date back at least four mil- 
lenia in China, the jade bangle is both one of the 
oldest and one of the most important pieces of 
jewelry in the Chinese culture. This superb 
jadeite bangle sold for US$2,576,600 at the 
Christie’s Hong Kong November 1999 auction. 
The interior diameter is 49.50 mm; the jadeite is 
8.36 mm thick. Photo courtesy of and © 
Christie’s Hong Kong and Tino Hammid. 


Huaigu (pi). The Chinese symbol of eternity, this is 
a flat disk with a hole in its center, usually mounted 
as a pendant or brooch. Ideally, the hole should be 
one-fifth the diameter of the entire disk and exactly 
centered. Small pairs are often used in earrings or 
cufflinks (figure 2.1). 


Saddle Rings (su an). Carved from a single piece of 
jadeite, these look like a simple jadeite band onto 
which a cabochon has been directly cut (figure 22). 
Saddle rings allow the most beautiful area to be 
positioned on top of the ring, while the lower part is 
relatively hidden, whereas a standard jadeite band 
should have uniform color all around. Saddle tops 
are the top piece of a saddle ring, without the band 
portion (again, see figure 21). 


Double Hoop Earrings (lian huan). These require a 
large amount of rough relative to their yield, since 
they are cut from two pieces of the same quality, each 
of which must produce two hoops. A pair of these ear- 
rings (figure 23) sold for US$1.55 million at Christie’s 
April 29, 1997, Hong Kong sale (Christie’s, 1997). 
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Figure 21. These fine matched huaigu (each 
approximately 19 x 4.5 mm) have been set as 
cufflinks, with diamonds inserted into their cen- 
ter holes. Each is linked to a saddle top of com- 
parable material. Photo courtesy of and © 
Christie’s Hong Kong and Tino Hammid. 


Carvings. For the most part, the jadeite used in 
carvings is of lower quality than that used for other 
cutting styles, but nevertheless there are some 
spectacular carved jadeite pendants and objets 
d’art. The intricacy of the design and the skill with 
which it is executed are significant factors in deter- 
mining the value of the piece. Carving is certainly 
one area where the whole equals more than the 
sum of the parts. 


Recut Recovery Potential. As with many other 
types of gems, the value of poorly cut or damaged 
pieces is generally based on their recut potential. 
For example, it might be possible to cut a broken 
bangle into several cabochons. Thus, the value of 
the broken bangle would be the value of the cabo- 
chons into which it was recut (Ng and Root, 1984). 
If three cabochons worth $500 each could be cut 
from the bangle, its value would be about $1,500. 


Enhancements and Imitations. Enhancements. 
Jadeite historically has been subjected to various 
enhancements to “finish” it, “clean” surface and 
interior stains, and even dye it to change the color 
altogether. In recent years, a three-part—A through 
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C—classification system has been used in Hong 
Kong and elsewhere to designate the treatment to 
which an item has been subjected (Fritsch et al., 
1992). 

A-Jade is jadeite that has not been treated in any 
way other than cutting and polishing. Surface wax- 
ing is generally considered part of the “traditional” 
finishing process. Used to improve luster and fill 
surface fractures and pits, wax dipping is the final 
step in finishing virtually all cut jadeite (figure 2.4). 

As noted above, much jadeite is discolored by 
rust-like oxidation stains. B-Jade is jadeite that has 
been soaked in chemical bleaches and/or acids for 
an extended period to remove brown or yellow 
impurities from between grain boundaries and 
cracks. Because this treatment process leaves voids 
in the jadeite, the bleached jadeite is subsequently 
impregnated with paraffin wax or, most commonly, 
a clear polymer resin. The result is usually a signifi- 
cant improvement in both transparency and color. 
However, detection of this enhancement requires 
infrared spectroscopy, a sophisticated technique 
that usually must be performed in a gemological 
laboratory. (See Fritsch et al., 1992, for a full descrip- 
tion of both the treatment and its identification.) 


Figure 22. Note the small patches of a slightly 
paler color on the shank of one of these “emerald” 
green saddle rings (21.27 and 21.65 mm, respec- 
tively, in longest dimension). Photo courtesy of 
and © Christie’s Hong Kong and Tino Hammid. 
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C-Jade, jadeite that has been artificially stained 
or dyed, also has a long history. Green, lavender, 
and even orange-brown (Wu, 1997) colors are pro- 
duced by staining suitable pale-colored material 
with vegetable or other organic dyes, a process that 
has been performed on jadeite since at least the 
1950s. The methods used in Hong Kong have been 
described by Ehrmann (1958), Ng and Root (1984), 
and Ho (1996). 

The authors have seen fading in both dyed green 
and dyed lavender jades, but the green dyes tend to 
fade more readily. Generally, dyeing is identified 
with a microscope and a spectroscope: The color 
tends to concentrate in veins throughout the stone, 
in surface cracks, and along grain boundaries; also, a 
broad band from about 630 to 670 nm in the red 
region of the visible spectrum is considered proof of 
dye in green jadeite (see, e.g., Hobbs, 1982). Some of 
the newer dyes may also show a weaker band at 600 
nm. Because some stones are only partially dyed, 
the entire piece must be checked. 


Assembled Stones and Other Imitations. There are 
many assembled stones that resemble jadeite. These 
include triplets made by taking a highly translucent 
piece of pale-colored jadeite and cutting it as a thin, 
hollow cabochon. A second cabochon is cut to fit 
snugly into the first, with a green cement or jelly- 
like substance placed between the two. A third, flat 
piece of jadeite of lower transparency is then 
cemented onto the base. Another type of assembled 
stone is that made with a piece of extremely dark 
green jadeite hollowed out to eggshell thickness. 
This allows light to pass through, creating the 
appearance of fine Imperial jade. To strengthen the 
piece, the hollow back is filled with an epoxy-like 
substance; and to hide the deception, the piece is 
then mounted in jewelry with the back hidden 
(Kammerling and McClure, 1995; Hughes and 
Slavens, 1999). 

At Mandalay’s jadeite market, two of the 
authors (RWH and FW) noticed many pale jadeite 
cabochons that had been coated on their upper sur- 
face with green plastic (Hughes, 1987). Another con- 
vincing imitation is produced by first placing a dye 
layer on the piece and then overlaying it with var- 
nish (Koivula et al., 1994). 


Repairs. Bangles in particular that have been broken 
during wear are sometimes cleverly reassembled 
with glue. UV fluorescence is a good method of 
detecting such fraud, since the glues often fluoresce 
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Figure 23. The well-matched hoops and cabo- 
chons in these double hoop earrings set with 
rose-cut diamonds have been dated to the Qing 
dynasty (1644-1912). They sold for US$1.55 
million in 1997. Courtesy of Christie’s Hong 
Kong; photo by Tino Hammid. 


(commonly blue; DelRe, 1992). Gas bubbles also 
may be seen in the cement portions (Hughes and 
Slavens, 1999). 


Assembled Rough. The authors have observed sev- 
eral types of assembled rough. One type involves 
grinding away the skin of a jade boulder, painting 
or staining the surface green, and then “growing” a 
new skin via immersion in chemicals, which 
deposit a new oxidation layer on the outside. Un- 
like the skin on genuine jadeite boulders, which is 
extremely tough and can be removed only by 
grinding, the fake skins are soft and easily taken 
off. Another type involves sawing or drilling a core 
out of a jade boulder, inserting a green filling and a 
reflector, and then covering the hole with a combi- 
nation of epoxy and grindings from the surface of 
jade boulders. 

In certain cases, even the cut windows of jadeite 
boulders may be faked. One method involves simply 
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The people of the United States 
and of the world are today more 
mineral and gem conscious than ever 
before. In large measure, this is due 
to the enormous advances made in 
science and technology during the 
last half-century. The additions to 
our knowledge during the last fifty 
years are as great, yes, perhaps 
greater, than in all previous history. 
The production of minerals since 
1900 exceeds that of all previous 
time. At present, minerals and gems 
loom large in national and interna- 
tional affairs. 

In the textbooks on physics of the 
early nineties, one cannot find any 
reference to x-rays, radium, or ra- 
dio., At that time, the term electron 
was associated with amber, because 
of its property of frictional elec- 
tricity. In the dictionaries of that 
period, electron was also considered 
as being the same as electrum, an 
alloy of gold and silver. It was in 
1897 that the electron, as we under- 
stand it today, was demonstrated by 
the English physicist, J. J. Thom- 
son. Two years earlier, in 1895, 
Roentgen discovered x-rays at 
Wurzburg, Germany, where he was 
professor of physics. However, the 
real nature of x-rays was not well 
understood until seventeen years 
later, when, in 1912, Laue, Fried- 
rick, and Knipping, at the Univer- 
sity of Munich, passed x-rays 


*Address given. at the twelfth Conclave of 
the American Gem Society (United States 
and Canada) at Chicago on March -30, 1947. 


through oriented crystal plates. The 
results of this epoch-making experi- 
ment confirmed the theory of the 
lattice structure of crystals, which 
had been previously postulated on 
purely _ theoretical considerations. 
The Laue experiment led to many 
significant advances in physics, and 
subsequently to the development of 
modern x-ray analysis of crystal 
structure. 


Radium, which was recovered 
from the mineral commonly known 
as pitchblende, was not discovered 
until 1898 by the Curies and Bel- 
mont. As early as 1887, the German 
physicist, Hertz, sent a feeble mes- 
sage without wires across a room. 
Ten years later, in 1897, Marconi 
sent a wireless message fifteen 
miles, and four years later, in 1901, 
he succeeded in transmitting one 
across the Atlantic Ocean. 


New Uses Found for Minerals 


These epoch-making discoveries 
and the large number of others 
which followed in due course opened 
many new fields of research, and 
have exerted a profound influence 
upon our civilization and way of 
life. They have caused minerals to 
be used in greatly increased quanti- 
ties. Many new uses of minerals, 
long known to the mineralogist, 
were developed. Some of these min- 
erals have varieties that are im- 
portant as gems; for example, the 
diamond, now used in very large 
quantities for industrial purposes, 


applying a superficial stain to the window area. 
Another is to break off a chip, stain it green and glue 
it back onto the boulder. When a window is then cut 
on the boulder, it “reveals” a fine green color. 


JADEITE AUCTIONS 


At many of the early auctions, buyers would exam- 
ine the jade and make offers to the seller using hand 
signals under a handkerchief (see, e.g., Ng and Root, 
1984, for an illustration of these “finger signs”). 
This system, which has been used historically at 
the mines as well as in China, allows the seller to 
realize the highest price for each lot without letting 
others know the actual amount paid. Thus, the 
buyer can resell the material at whatever price the 
market will bear (Allan K. C. Lam, pers. comm., 
1997). This technique can still be seen every morn- 
ing in Hong Kong’s Canton Road jade market. 
However, it is no longer used at the jadeite mines. 

Recognizing the importance of the market for 
jadeite jewelry, Sotheby’s Hong Kong initiated spe- 
cialized jadeite jewelry auctions in November 1985 
with just 25 pieces. Christie’s Hong Kong followed 
suit in 1994 with a sale of 100 pieces. Since then, 
thousands of pieces have been auctioned off by 
Christie’s Hong Kong in what are now biannual 
auctions of magnificent jadeite jewelry. 

To give some idea of the importance of this 
market, the Mdivani necklace (Lot 898), which 
contains 27 beads (15.4 to 19.2 mm in diameter], 
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Figure 24. A process commonly used 
to enhance polished jadeite, waxing 
(or “wax dipping”) is actually a sim- 
ple procedure. First (top left), the ban- 
gles are soaked in a warm alkaline 
solution about 5-10 minutes to clean 
the residue left behind during polish- 
ing. Next they are rinsed, dried, and 
then soaked in an acidic “plum 
sauce” to remove any residue from 
the alkaline solution. Then, they are 

_. rinsed, dried, and placed in boiling 

_ water for several minutes (top right) 
to open the “pores” in the jadeite and 
bring it to the right temperature (to 
avoid cracking) before it is placed in a 
pre-melted wax solution for several 
minutes to several hours (bottom 
left). After waxing, the items are pol- 
ished with a clean cloth to reveal 
their best luster (bottom right). Photos 
and description by Benjamin So. 


sold for US$3.88 million at the October 1994, 
Christie’s Hong Kong sale. The record price for a 
single piece of jadeite jewelry was set at the 
November 1997 Christie’s Hong Kong sale: Lot 
1843, the “Doubly Fortunate” necklace of 27 
approximately 15 mm jadeite beads, sold for US$9.3 
million (again, see figure 19). These auctions clear- 
ly show that jadeite is among the most valuable of 
all gemstones. 


SUMMARY AND CONCLUSION 


Jade (primarily nephrite) has been prized in China 
for thousands of years. Yet the finest jade— 
jadeite—has been a part of the Chinese culture only 
since the late 18th century, when the mines in 
what is today north-central Myanmar were opened. 
As the first Western gemologists to enter the 
remote jadeite mining area in more than three 
decades, the authors witnessed tens of thousands of 
miners working the rivers, Uru conglomerate, and 
in-situ deposits in search of jadeite. Backhoes, 
trucks, pneumatic drills, and rudimentary tools are 
all enlisted in the different mining operations. 
Identification of jadeite in a boulder requires 
both luck and skill (and the presence of windows 
or “eyes”, although many dealers simply grind off 
the skin of the boulder or cut it in half. Once the 
taxes are paid (and the boulders marked according- 
ly), the rough jadeite is sold primarily to Chinese 
buyers who carry it to Hong Kong and elsewhere 
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in China for resale and fashioning. Color, clarity, 
transparency, and texture are the key considera- 
tions in evaluating fine jadeite, which is cut into 
many different forms—such as cabochons, bangles, 
saddle rings, disks, and double hoop earrings, as 
well as carved for use as pendants or objets d'art. 

The finest Imperial jadeite is a rich “emerald” 
green color that is highly translucent to semi-trans- 
parent, with a good luster. With both rough and 
fashioned jadeite, purchasers must be cautious 
about manufactured samples or enhancements. 
Although “waxing” of jadeite has been an accepted 
practice for many years, the more recent “B” jade— 
by which the stone is cleaned with acid and then 
impregnated with a paraffin wax or polymer—will 
affect the value of the piece. Jadeite is often dyed, 
and plastic-coated cabochons were seen even in the 
Myanmar markets. Also of concern, because of 
durability, are those jadeite pieces that have been 
cut very thin and then “backed” or filled with an 
epoxy-like substance. 

The prices received at the Hong Kong auctions 
held specifically for jade indicate that for many peo- 
ple, especially in the Orient, jadeite holds a higher 
value than almost any other gem material. From 
humble beginnings as an encrusted boulder to its 
exquisite emergence as a fashioned piece, jadeite 
truly is an inscrutable gem. 
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LAPIS LAZULI FROM THE 
COQUIMBO REGION, CHILE 


By Robert R. Coenraads and Claudio Canut de Bon 


Lapis lazuli has been mined from the 
Coquimbo Region of Chile since 1905. Some 
of this material approaches the quality of fine 
lapis lazuli from Afghanistan. The Chilean 
material is composed of blue lazurite, together 
with wollastonite, calcite, hatiyne, diopside, 
pyrite, and minor quantities of other minerals. 
The deposit is located in the Andes Mountains 
at an elevation of 3,500 m; it is hosted by a 
contact-metamorphosed limestone that was 
later metasomatized to introduce sulfur, a 
necessary component for the formation of 
lazurite. Two companies are currently mining 
the deposit, Las Flores de Los Andes S.A. and 
Compania Minera LapisChile S.A., and today 
they produce about 150 tonnes of material 
annually. Much of the lapis lazuli is processed 
locally, for use in fine jewelry, ornamental 
objects, and building materials such as table- 
tops or tiles. 
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apis lazuli is a rock composed of lazurite—the 

source of the blue color—with variable amounts 

of other minerals depending on its origin and, typ- 
ically, small particles of pyrite. Prized for its attractive blue 
color, lapis lazuli was used in jewelry by some of the world’s 
most ancient civilizations. The stone is mined at relatively 
few locations, some of which have been worked since the 
fifth millennium BC (von Rosen, 1990). 

Considering the extensive history and romance attached 
to this ornamental gem material, the Chilean deposit is a 
relative newcomer. The first reference to Chilean lapis 
lazuli dates back to the 19th century (Field, 1850a and b). 
Another early mention was made by Ignacio Domeyko 
(1860), a Polish immigrant and mining engineer who 
became the first director of the School of Mines at La 
Serena (about 140 km from the workings). The first detailed 
geologic studies of the deposit and mine workings were car- 
ried out by German geologist J. Bruggen (1921, 1926), who 
identified the host rock as contact-metamorphosed lime- 
stone. Lapis lazuli was officially recognized as the national 
gemstone of Chile in 1984. 

The Coquimbo Region is the only known source of lapis 
lazuli in Chile. Although reference is sometimes made to 
another Chilean deposit at Vicuha Mackenna Mountain 
near Antofagasta (Webster, 1994; Sofianides and Harlow, 
1990), this material has been identified as dumortierite by 
Canut de Bon (1991). Once considered a minor or unimpor- 
tant locality, with the lapis lazuli described as “at best 
mediocre” (Wyart et al., 1981), the Chilean deposit has pro- 
duced significant quantities of attractive material in recent 
years. Today, Chilean lapis lazuli is exported in the rough, 
or incorporated into jewelry (see, e.g., figure 1), carvings, and 
decorative building materials by local artisans. This article 
will review the historical significance of lapis lazuli, and 
examine the geologic setting and gemological characteristics 
of material from Chile. 
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Figure 1. Chilean lapis lazuli is cur- 
rently used in a variety of ways, but 
the finer-quality material is incorpo- 

rated into jewelry. This sterling silver 
brooch (3.8 x 2.5 cm) was manufac- 
tured by Chilean artisans. Photo by 
Maha Tannous. 


HISTORICAL BACKGROUND 


Lapis lazuli was one of the first gem materials 
used for adornment and as an ornamental stone in 
the Middle East, Asia, and Europe. Most of the 
material used by these ancient civilizations is 
believed to have originated from the Sar-e-Sang 
deposit in present-day Badakhshan, Afghanistan 
(Wyart et al., 1981). 


Mesopotamia. The earliest archeological evidence 
for lapis lazuli’s use was traced back to the 5th mil- 
lennium BC by von Rosen (1990), who recorded the 
discovery of beads at a cemetery outside the temple 
walls of Eridu (Sumer) in southern Babylonia (later 
known as Mesopotamia; now Iraq). 

The earliest known written reference to lapis 
lazuli is found in the Sumerian Poem of Gilgamesh, 
which was recovered on 12 engraved clay tablets 
from the ruins of the palace library of the Assyrian 
King Ashurbanipal in Nineveh (near present-day Al 
Mawsil in northern Iraq; Heidel, 1946). The hero, 
Gilgamesh, was a king in southern Mesopotamia 
who actually lived sometime between 2700 and 
2500 BC (Tiglay, 1982). In the epic, the goddess of 
love offers to be the wife of Gilgamesh, and promis- 
es “a chariot of lapis lazuli and gold.” Artistic works 
containing lapis lazuli from this period were recov- 
ered in the 1920s, during excavations of the ancient 
Chaldean city of Ur (near present-day An Nasiriyah 
in southern Iraq). The most famous of these were 
recovered from the royal tomb of Queen Pu-abi 
(2500 BC), including three gold headdresses and two 
bead necklaces (Sofianides and Harlow, 1990; 
Sutherland, 1991), as well as two statues of male 
goats with fleece, shoulders, eyes, and horns of lapis 
lazuli (see, e.g., figure 2). 
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Egypt. Lapis lazuli was used for scarabs, pen- 
dants, beads, and inlaid jewelry in Egypt prior to 
3100 BC (Sofianides and Harlow, 1990). The 
tombs of Ramses II (circa 1279 BC) and Tutan- 
khamun (1361-1352 BC) revealed rings and other 
jewelry made of lapis lazuli. In fact, the golden 
mask over the head and shoulders of Tutan- 
khamun’s mummy has eyebrows and areas around 
the eyes that are inlaid with lapis lazuli (Silver- 
man, 1978). 


China. The use of lapis lazuli was mentioned in 
Chinese annals of the sixth and eighth centuries 
BC, as the stone was a favorite with Chinese 
carvers (Bowersox and Chamberlin, 1995). Some 
Chinese hair and belt ornaments carved from lapis 
lazuli have been dated to 551-479 BC (Sofianides 
and Harlow, 1990). 


Europe. Curiously, most modern Bibles use the 
term sapphire to denote lapis lazuli (Douglas, 
1980). This is because sappir and sappheiras were 
used in the early Old Testament Massoretic and 
Septuagint texts, respectively (Douglas, 1980). It is 
generally recognized that true sapphire was 
scarcely known to the ancients, and that the “sap- 
phire” of antiquity was in fact lapis lazuli that 
contained golden specks of pyrite (Burnham, 
1886). The term lapis lazuli came into use in the 
Middle Ages and derives from the ancient Persian 
lazhuward (blue) and Arabic lazaward (heaven, 
sky, or blue; Sofianides and Harlow, 1990). 
Historically, lapis lazuli was crushed for use as a 
blue pigment, “ultramarine,” until 1826 when an 
inexpensive substitute was developed by J. B. Gui- 
met (Wyart et al., 1981). 
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Figure 2. Several artistic works were recovered 
in the 1920s during excavations of the Chaldean 
city of Ur (in southern Iraq). This statue of a 
goat (42.6 cm tall), called “Ram Caught in a 
Thicket,” dates back to the mid-3rd millennium 
BC and is made of gold, silver, ornamental 
stone, and lapis lazuli and shell that are set in 
bitumen. Photo courtesy of the University of 
Pennsylvania Museum (#T4-1000). 


During the Renaissance, lapis lazuli was used for 
cups, bowls, and urns, and was inlaid into clock faces 
and tables. The popular flower, bird, and butterfly 
mosaics of Florence used lapis lazuli, along with car- 
nelian, malachite, and agate, skillfully set into a 
background of black Belgian marble (Hinks, 1975). In 
Renaissance Russia, lapis lazuli was used as a decora- 
tive stone, as at the Winter Palace in St. Petersburg 
and the Palace of Catherine the Great in Tsarskoe- 
Selo (now the city of Pushkin; Bauer, 1904). 

More recently, at the turn of the 20th century, 
French jeweler and artist Peter Carl Fabergé 
(1846-1920) used lapis lazuli in many of his major 
works. Among these was one of his 58 Imperial 
Easter Eggs—a gift from Czar Nicholas II of Russia 
to Czarina Alexandra in 1912 (figure 3). 
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LAPIS LAZULI IN THE AMERICAS 


Three lapis lazuli deposits are known in North 
America (Sinkankas, 1997): Italian Mountain in 
Colorado (Christopher, 1977; Hogarth and Griffin 
1980; Schultz, 1981), the San Gabriel Mountains in 
California (Rogers, 1938), and Baffin Island in 
Canada (Hogarth and Griffin, 1978). These have 
been mined sporadically during this century, pri- 
marily for local ornamental use, although some 
blocks of “azure-blue material” from Italian 
Mountain have been sent to Idar-Oberstein, 
Germany, for carving (Sinkankas, 1997). 

In South America, there have been several recent 
references to the use of lapis lazuli by the Moche 
(800-100 BC) and Inca (1100-1537 AD) cultures, 
which occupied present-day Peru, Ecuador, Bolivia, 
northern Chile, and northwestern Argentina (e.g., 
Sofianides and Harlow, 1990). However, the accura- 
cy of these identifications has been questioned by 
one of the authors (Canut de Bon, 1991), who has 
not confirmed any archeological evidence of the 


Figure 3. Intricate gold work is combined with 
lapis lazuli in this “Imperial Czarevitch Easter 
Egg” (12.5 x 8.9 cm), made in 1912 by Peter Carl 
Fabergé. Courtesy of the Virginia Museum of 
Fine Arts, Richmond. Bequest of Lillian Thomas 
Pratt. Photo: Katherine Wetzel. © Virginia 
Museum of Fine Arts. 
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early use of lapis lazuli from Chile. In fact, pre- 
Columbian artifacts from both national and foreign 
museums that were studied at the University of La 
Serena have been found to contain sodalite or other 
blue minerals, but not lapis lazuli (Canut de Bon, 
1991). The Moche use of sodalite is consistent with 
the observation that the peoples of the Bolivian and 
Peruvian altiplano commonly used this mineral for 
beads and carvings (Brendler, 1934). However, evi- 
dence of human activity near the lapis lazuli mining 
area—including flint arrowheads in an old campsite 
just 300 m from the mine, and pre-Columbian 
ceramic fragments near Punta Negra, about 5 km 
away—does suggest that the deposit could have 
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Figure 4. The lapis 
lazuli mining area 
is located at the 
headwaters of the 
Tascadero River, 
near the border 
between Chile and 
Argentina, in the 
Coquimbo Region 
of Chile. Modified 
after Cuitifio (1986). 


Lapis lazuli 
deposits 


been known to early inhabitants of the region (S. 
Rivano, pers. comm., 2000; see also Rivano, 1975a 
and b; Rivano and Septilveda, 1991). Further research 
is needed to determine conclusively if the 
Coquimbo lapis lazuli deposit was indeed worked by 
ancient cultures before its modern discovery in the 
mid-19th century. 


THE CHILEAN DEPOSIT 


Location and Access. The mining area lies in the 
Andes Mountains at an altitude of 3,500 m (11,480 
feet). Geographically, it is located southeast of 
Montepatria, in Chile’s Coquimbo Region (figure 4), 
at the headwaters of Lapislazuli Creek, a tributary 
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of the Tascadero River. The deposit is situated on 
the steep slopes of an east-facing glacial cirque (fig- 
ure 5), approximately 500 m from the Andean 
watershed that defines the international border 
between Chile and Argentina. 

Access to the mining area from the regional cen- 
ter of La Serena is via paved road to Ovalle, and 
then by dirt road through Montepatria, Carén, 
Tulahuén, Las Ramadas, and El Polvo (again, see fig- 
ure 4). A four-wheel-drive dirt track from Monte- 
patria follows Tascadero River and Lapislazuli 
Creek to the mining area. The deposit is accessible 
only during the Chilean summer, from January to 
April. From May to September, the roads and work- 
ings are covered with up to 4 m (13 feet) of snow; 
and from October to December, the road is flooded 
by melt water. Typically much of January is spent 
repairing the road and removing ice from the min- 
ing pits (R. Vega E., pers. comm., 1993). 

The deposit is mined in a linear array of small 
pits over a distance of about 600 m (2,000 feet). 
These pits are covered by three mining conces- 
sions—Flor de Los Andes, San Marcelo, and 
Seguridad. Flor de Los Andes is the oldest conces- 
sion, established in 1952, and is controlled by the 
company Las Flores de Los Andes S.A.; this conces- 
sion was visited by the senior author in 1993. In 
1995, a group of Chilean companies consolidated to 
form Compania Minera LapisChile S.A., which now 
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controls the San Marcelo and Seguridad concessions 
(J. Muxi, pers. comm., 1999). The formation of 
LapisChile S.A. and its entry into the marketplace 
was chronicled by Ward (1996). 


Geology and Occurrence. Chilean lapis lazuli 
formed through the metasomatic introduction of 
sulfur into impure limestone that was previously 
metamorphosed by granitic intrusives (Rivano, 
1975a and b; Cuitifo, 1986). Its origin is probably 
similar to that of Italian Mountain, Colorado 
(Hogarth and Griffin, 1980). In contrast, the lapis 
lazuli deposits at Sar-e-Sang, Baffin Island, and Lake 
Baikal (Russia) probably formed during regional 
metamorphism of shale and dolomitic evaporite 
deposits (Hogarth and Griffin, 1978; see also Ivanov, 
1976; Kulke, 1976). 

The Chilean lapis lazuli is hosted by the outer- 
most of three contact-metamorphic zones associat- 
ed with the intrusion of the Rio Las Cuevas granite 
into Mesozoic limestones of the Rio Tascadero for- 
mation, 24 million years ago (Rivano, 1975a and b; 
Cuitifio, 1986]. These metamorphic zones are visi- 
ble in the steep slopes of the glacial cirque (again, 
see figure 5). The innermost zone adjacent to the 
granite intrusion, about 40-50 m wide, is a hornfels 
(a fine-grained metamorphic rock) that contains 
clinopyroxene, plagioclase, quartz, and magnetite. 
The second zone, a skarn about 80-100 m wide, is 


Figure 5. The geology is well 
exposed in the steep north and east 
faces of the glacial cirque that hosts 
the lapis lazuli deposits. Two of the 
three contact-metamorphic zones 
adjacent to the granite are distin- 
guishable. The innermost hornfels 
zone and the second skarn zone form 
a dark band, with an irregular con- 
tact against the gray-colored granite. 
The outer zone is a “cream”-colored 
wollastonite marble displaying a 
sharp, straight contact with the sec- 
ond zone. The marble hosts local 
lenses of lapis lazuli exposed by a 
linear array of mining cuts with 
blue-tinged dumps (arrows), barely 
visible near the top of the scree 
slopes. The contact between the 
outermost marble zone and the 
limestone is obscured by scree. 
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Box A: MINERALOGY OF 
LAPIS LAZULI 


Lazurite is a member of the sodalite group, which has 
the general formula: Na,({Na,Ca],(Al,Si-O,,)X,_, nH,O, 
where X = Cl, OH, SO,, and/or S, and n = 0 or 1 
(Gaines et al., 1997). Lazurite is anhydrous and con- 
tains both Na and Ca, with S and SO, occurring in 
the X site. The other members of the sodalite group 
are sodalite, nosean, and hatiyne. All of these miner- 
als crystallize in the cubic system, and can show 
blue color; lazurite has commonly been confused 
with sodalite (see, e.g., table A-1). However, the 
“bright azure” or “ultramarine blue” of fine lazurite 
is somewhat distinctive, and is the most highly 
prized color attained by minerals of the sodalite 
group. 

Using microscopic observation of thin sections, 
as well as X-ray diffraction and microprobe analy- 
ses, Cuitino (1986) identified the following con- 
stituents in Chilean lapis lazuli: lazurite 
(39%-66%), wollastonite (20%-43%), calcite 
(1%-21%), hatiyne (2%-6%), diopside (2%—-5%), 
pyrite (1%-4%), and scapolite (0.3%-4%), with 
traces (<1%) of siderite, epidote, plagioclase, tremo- 
lite, sodalite, afghanite, allanite, arsenopyrite, 
pyrrhotite, and chalcopyrite. It is interesting to 
compare these with the list of minerals identified 
in lapis lazuli from Afghanistan by Wyart et al. 
(1981): lazurite, calcite, and dolomite, associated 
with forsterite, plagioclase, diopside, scapolite, 
phlogopite, and pyrite. Electron microprobe analy- 
ses of the lazurite in Chilean lapis lazuli revealed 
that the greater the sulfur content was, the darker 
the blue color appeared; chlorine was noted in the 
greenish blue varieties (Cuitifio, 1986). 


TABLE A-1. Properties of lazurite and sodalite?. 


Property Lazurite Sodalite 
Crystal system Cubic Cubic 
Formula Na,Ca,(Al,Si,0,,)S, Na, (Al,Si,0.,) C1, 


Habit Dodecahedra or cubo- 
octahedra up to 5 cm; 

more commonly com- 

pact, massive; often 


Dodecahedra, cubo- 
dodecahedra, octahedra; 
usually massive 


with pyrite and calcite 
Twinning Common on {1114}, but = Common on {111}, forming 
generally not apparent + pseudo-hexagonal prisms 
Color Blue, white, gray, Colorless, gray, white, 
yellow, greenish greenish or yellowish 
blue, colorless white, light to medium 
blue, violet blue, pink 
Luster Dull to vitreous Vitreous to greasy 
Streak Bright blue White or very pale blue 
Diaphaneity Translucent to opaque ‘Transparent to translucent 
Cleavage {110} distinc {110} poor to distinct 
Fracture Uneven, brittle Uneven to conchoidal, 
brittle 
Hardness 5-5.5 5.5-6 
Specific gravity 2.38-2.45 2.14- 2.30 
Refractive index 1.500- 1.522 1.483 - 1.487 
Fluorescence 
Short-wave UV one Intense orange to 
orange-red 
Long-wave UV one Intense orange to 
orange-red 
Phosphorescence one Often short-lived 
yellowish white 
Distinguishing Bright blue streak; HS Absence of pyrite (except 
features rotten egg smell rare cases), almost white 
iberated upon applica- streak 
ion of HCl) 


aReferences: Deer et al., 1963; Schumann, 1997; 
Anthony et al., 1995; Webster, 1994; Gaines et al., 1997. 


characterized by the presence of andradite-grossular 
garnet. In the outermost zone, about 300 m wide, 
the limestone has been altered to wollastonite mar- 
ble. Small, irregular lenses of lapis lazuli occur 
locally in the wollastonite marble, in a chemical 
environment undersaturated in silica. These lenses 
range up to 2. m (6.5 feet) long and 10 cm (4 inches} 
wide, with local concentrations up to 40 cm in 
diameter. 

Both Rivano (1975a and b) and Cuitifio (1986) 
believe that the Rio Las Cuevas granitic intrusion 
by itself was not sufficient to form the lapis lazuli, 
but that a vital second stage was required. The for- 
mation of lazurite, rather than another member of 
the sodalite group (see Box A), required the intro- 
duction of sulfur. This probably occurred as a result 
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of hydrothermal alteration associated with the 
Portezuelo del Azufre intrusion, which is exposed 3 
km south of the lapis lazuli workings, and was 
emplaced about 10-11 million years ago (Rivano 
and Septlveda, 1991). This superposition of two 
unrelated geologic events explains the uniqueness 
of this lapis lazuli deposit in the Andean Cordillera 
of South America. 


Mining. The irregular lenses of lapis lazuli are mined 
in small cuts or quarries (see, e.g., figure 6). Prior to 
1996, explosives were used at all three concessions; 
however, the artisans reported that the lapis lazuli 
tended to fail along fractures and blamed the use of 
explosives in the extraction process (W. Vega A., 
pers. comm., 1993). Las Flores de Los Andes now 
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uses only a limited amount of explosives to break 
away large blocks of lapis lazuli along lines of closely 
spaced drill holes (J. Correa, pers. comm., 2.000). 
Some of the blocks recovered are more than 2 m 
across. In 1996, granite, marble, and jade quarrying 
techniques were introduced by LapisChile using 
expertise from the Canadian nephrite mines (Ward, 
1996). LapisChile does not use explosives, but rather 
diamond-impregnated cable saws in conjunction 
with drill holes and wedges (J. Muxi, pers. comm., 
1999). Las Flores de Los Andes currently employs 20 
workers, and LapisChile about 10 workers, in the 
mining and processing of the material (J. Correa, pers. 
comm., 2000; B. Lepe, pers. comm., 1999). The ore is 
hand sorted on site before being transported by truck 
to Santiago, where it undergoes further processing 


(figure 7). 


Production. Between 1905 and 1910, about 10 
tonnes of lapis lazuli from the Coquimbo Region 
were sent to Germany (Canut de Bon, 1991). Later, 
small, hand-selected pieces of high-quality lapis 
lazuli were mined (Zeballos, 1973), and used to sup- 
ply the local market. Transport at that time was 
only possible by mule; the journey from the mine to 
La Serena took two days, and each mule carried 100 
kg. Until 1989, when the company constructed an 
access road navigable by truck, only about 20-30 
tonnes of lapis lazuli were being removed annually 
from Flor de Los Andes (S. Rivano, pers. comm., 
2000). Current production is about 150 tonnes a 
year of mixed-grade material. Of this amount, Las 
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Figure 6. This view 
of the Flor de los 
Andes concession 
shows a series of 
small cuts that have 
been explored and 
mined for lapis 
lazuli. Photo © 2000 
Fred Ward. 


Flores de Los Andes currently mines about 100 
tonnes (J. Correa, pers. comm., 2000), and Lapis- 
Chile produces about 50 tonnes. 

Because the full extent at depth of the lapis 
lazuli lenses has not been determined—and about 
50% of the surface of the ore zone is covered by 
scree (landslide debris|—it is difficult to determine 
how much remains. Canut de Bon (1991) discovered 
traces of lapis lazuli 5.5 km north of the present 
workings and 2 km to the south in the same geolog- 
ic formation. Drilling in 1993 at the Flor de Los 
Andes concession outlined more than 10,000 
tonnes of proven reserves and 60,000 tonnes of 
probable reserves; more recent work indicates even 
greater reserves at the LapisChile concessions (S. 
Rivano, pers. comm., 2000). 


PROCESSING AND EVALUATION 


Quality Considerations. The term Japis lazuli has 
been applied to a broad range of material, from pure 
lazurite to pieces of gray marble that contain less 
than 30% lazurite. For the purpose of comparing 
parameters in a simple grading system, we define 
lapis lazuli as an ornamental stone that contains 
varying quantities of lazurite (blue), wollastonite 
(white), calcite (white to gray), specks of pyrite 
(“golden” yellow], and minor quantities of other 
minerals. The key factors in evaluating the quality 
of lapis lazuli are the percentage and color of the 
lazurite, as well as the combination and distribution 
of the colors of the associated minerals. 

Since the blue color of lapis lazuli is due to 
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and the rock crystal variety of 
quartz, which in the form of thin 
piezo-electric oscillating plates has 
become essential in radio communi- 
cation and in the more precise tim- 
ing of the clocks in some of the 
world’s important observatories. 
Many other illustrations might be 
given of new uses of old minerals 
in our modern times. 
Synthetic Materials Produced 


During the last fifty years, many 
important developments have been 
made in crystal optics. The simple 
method for the determination of 
indices of refraction of crystals and 
minerals under the microscope was 
discovered by Becke in 1893. Since 
then, the method has been greatly 
refined and is now used extensively. 
The improvements which have been 
made on the polarizing or petro- 
graphic microscope during this pe- 
riod have been many, so that today 
the instrument is one of great pre- 
cision and usefulness. Simple direct- 
reading refractometers, which are 
very helpful to the gemologist, have 
been developed, such as the Smith, 
Tully, Rayner, and the Erb and 
Gray. These and many other in- 
struments, which include, for exam- 
ple, the diamondscope, polariscope, 
diamond colorimeter, diamolite, and 
many others developed at the Gemo- 
logical Institute of America, are of 
vital importance in the study of 
gems.and gem materials. The appli- 
cation of x-ray technique to gems 
is also a very important contribu- 
tion of the Institute. 

During the last fifty years, much 
progress has also been made in the 
production of synthetic gem mate- 
rials.. Thus, the Verneuil process, 
now used for the manufacture of 
synthetic rubies, sapphires, and 
spinels, was developed in France 
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about 1902. In 1908, Baekeland an- 
nounced the production in this eoun- 
try of the phenol-formaldehyde resin 
known as bakelite. Today, there are 
many plastics on the market, some 
of which are used for personal 
adornment. Moreover, as the result 
of many experiments made during 
this period of fifty years, it has 
been repeatedly shown that no in- 
controvertible proof has been given 
that the diamond has ever been pro- 
duced in the laboratory, as had been 
claimed by the French chemist, 
Moissan, in 1893, and by others 
since then. 


Gemology Books Published 


From the earliest times, man has 
always been interested in personal 
adornment: For this purpose, va- 
rious minerals, for example, the 
diamond, ruby, and sapphire, rock 
crystal, and many others, found 
early use. However, early students 
of mineralogy did not usually stress 
the minerals that served as gems. 
It was during the latter part of the 
nineteenth century that professional 
mineralogists began to take greater 
interest in this phase of their sub- 
ject, when several noted European 
authorities published texts on gem 
minerals. In 1883, Groth, professor 
of mineralogy at the University of 
Munich, and in 1898, Doelter, at the 
University of Vienna, published ele- 
mentary texts. In 1896, Max Bauer, 
of the University of Marburg, is- 
sued his Edelsteinkunde, which was 
a monumental contribution and 
served as a most valuable reference 
work. After Bauer’s death, the book 
was. revised by Professor Schloss- 
macher, of the University of Kénigs- 
berg, and issued in two volumes 
during the years 1928 to 1932. 

In this country, G. F. Kunz pub- 
lished Gems and Precious Stones of 


lazurite, the maximum amount of this mineral is 
desirable. In the rare case that a specimen is com- 
posed of an aggregate of pure lazurite, it is still 
called lapis lazuli (rather than lazurite), in the same 
way that a metamorphic rock consisting of an 
aggregate of pure calcite is still termed a marble. 

The most desirable color of lazurite is a bright, 
saturated blue “of extraordinary depth and intensity” 
(Webster, 1994, p. 263), to which the terms ultrama- 
rine blue and azure blue have been applied (Arem, 
1987; Anthony et al., 1995). The lighter blues, dull 
dark blues, and green-blues are less desirable. 

The mixtures of colors from the main minerals 
present also influence the quality of lapis lazuli. 
White and dark blue make a pleasing combination, 
as does the presence of tiny specks of golden pyrite, 
whereas a gray and blue combination is far less 
desirable. The colors should be distributed evenly, 
and large areas of color other than blue are not desir- 
able. Patchy color variation, veining, and mineral 
aggregations may be used to good effect by skilled 
artisans, although such material is generally consid- 
ered difficult to work. Evenly distributed, fine- 
grained pyrite is desirable, whereas sizable aggre- 
gates of pyrite devalue the material. 


Grading. Using the factors described above, one of 
the authors developed a four-category scheme for 
quality grading Chilean lapis lazuli (Canut de Bon, 
1991) that is currently used by Las Flores de Los 
Andes. First-quality material (figure 8) consists pre- 
dominantly of dark blue to “ultramarine” blue lazu- 
rite, with no gray calcite; small white spots and 
finely dispersed pyrite may be present. Second-qual- 
ity lapis lazuli (figure 9, left) is composed predomi- 
nantly of dark blue to medium blue lazurite, along 
with significant amounts of white spots and fine 
specks of pyrite, and minor gray calcite. Third-qual- 
ity material (figure 9, center) is composed of deep 
blue to pale blue lazurite, together with appreciable 
amounts of gray and white minerals and local aggre- 
gates of pyrite (or other trace minerals). Fourth- 
quality lapis lazuli (figure 9, right) contains subordi- 
nate amounts of lazurite in various tones of blue, 
with most of the remainder being gray calcite. 
LapisChile uses different categories for their 
products; these categories are based predominant- 
ly on the percentage of lazurite present in the 
piece. They have found that most carvers and jew- 
elry manufacturers will not use pieces of lapis 
layuli with less than 70% lazurite, although 
50%-70% lazurite is acceptable for carving in 
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Figure 7. Workers at the LapisChile factory in 
Santiago break apart blocks containing lapis 
lazuli to extract the higher-quality material. The 
pieces are dipped in water to help reveal their 
colors and textures. Photo © 2000 Fred Ward. 


Figure 8. Portions of these brightly colored pieces of 
lapis lazuli from the San Marcelo claim would be 
considered “first-quality” according to the grading 
system used by Las Flores de Los Andes. Note the 
intense blue color and general lack of impurities in 
these areas. Photo © 2000 Fred Ward. 
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Figure 9. These slabs constitute some of the samples obtained for this study, and illustrate three of the qual- 


ity grades of lapis lazuli used by Las Flores de Los Andes (see text for discussion); left—second quality (19 x 
11 cm), center—third quality (18 x 9 cm), and right—fourth quality (21 x 13 cm). 


some markets. Material with less than 50% lazu- 
rite is used only for construction materials, such 
as slabs, countertops, or tiles (J. Muxi, pers. 
comm., 1999). 


Figure 10. This Chilean artisan is forming a sphere 

of lapis lazuli at his home in La Serena. The sphere- 
making machinery uses an old diamond-coring bit 

(inset); the sphere weighs 1.5 kg. 
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MARKETING AND DISTRIBUTION 


Both LapisChile and Las Flores de Los Andes supply 
lapis lazuli to the wholesale and retail markets, and 
also sell processed products—including jewelry, 
doorknobs, pens, glasses, clocks, spheres, carvings, 
tabletops, and tiles (see, e.g., LapisChile’s Web site, 
www.cepri.cl/lapislaz/company.html). Most of the 
lapis lazuli mined by Las Flores de Los Andes is sold 
as rough material, by the kilogram, in a range of 
sizes. The majority is processed domestically, with 
the remainder going primarily to Germany, Italy, 
and the U.S. 

A thriving industry of local Chilean artisans 
work individually, or in small family groups, to 
manufacture jewelry and other ornamental ob- 
jects (figure 10). During a 1993 visit to Chile by 
the senior author, “Keop’s” in Ovalle was one of 
the largest local buyers; they purchased several 
thousand kilograms of material annually from Las 
Flores de Los Andes. The principal artisan, 
Wellington Vega A., created carvings using fine 
electric saws and drills, while his employees used 
the off-cuts to produce cabochons and tumbled 
pieces. The carvings frequently show interesting 
patterns created by the spots and veins of associat- 
ed minerals (figure 11). 

Before trucks could access the mining area start- 
ing in 1989, lower-quality lapis lazuli was rarely 
mined. Now that the material can be extracted in 
larger blocks, today it is being exploited profitably 
by both LapisChile and Las Flores de Los Andes. 
Much of this is cut into slabs for use as building 
products (J. Muxi, pers. comm., 1999). In 1998, 
Lapis Pigment S.A., a subsidiary of Las Flores de 
Los Andes, began producing the natural blue pig- 
ment “ultramarine” using Chilean lapis lazuli (J. 
Correa, pers. comm., 2.000). 
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GEMOLOGICAL TESTING 


Materials and Methods. Lapis lazuli samples repre- 
senting all four qualities (and rejects) were obtained 
from the Las Flores de Los Andes processing ware- 
house in La Serena, and examined at the Australian 
Museum and Gemmological Association of Aus- 
tralia laboratories in Sydney. The samples consisted 


Figure 11. This 17-cm-high figurine of a man smok- 
ing a pipe is fashioned from third-quality lapis 
lazuli. Note how the light-colored areas of the rock 
are effectively used to highlight portions of the 
man’s clothing and the bowl] of his pipe. Oriental 
themes in carved Chilean lapis lazuli are popular, 
with finished works being sent to Japan, as well as 
Italy, France, and Germany. 
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Figure 12. These samples represent the graded 
material studied by the authors. From left to 
right: first-quality (150 g), second-quality (100 g), 
third-quality (100 g), fourth-quality (170 g), and 
reject material (180 g). 


of 700 g of graded rough (figure 12), five polished 
slabs totaling 1.8 kg (see, e.g., figure 9), four free-form 
cabochons, and a 1.5 kg sphere (figure 10). The 
Chilean material was compared with four samples 
of Afghan lapis lazuli from the Australian Museum’s 
collection: a 150 g piece of rough and a 14.38 ct cabo- 
chon (both “first-quality”}, and two specimens with 
dodecahedral lazurite crystals in a matrix of white 
calcite and pyrite. Cabochons fashioned from 
sodalite (17.14 ct) and the following lapis lazuli imi- 
tations (loaned from the GIA collection) were also 
studied: barium sulfate (4.18 ct), Gilson-created (2.63 
ct}, and plastic (1.82 and 5.09 ct). 

All samples were examined with a 45x binocular 
microscope, and viewed in a darkened room with a 
Raytech short- and long-wave ultraviolet lamp. The 
colors of the different samples were referenced to a 
Munsell Color Chart and described using the three 
independent parameters: hue, tone (cf., lightness or 
darkness value), and saturation (cf., chroma). We 
used a Topcon refractometer to obtain spot refrac- 
tive index readings on the Chilean cabochons, and 
an Oertling R42 hydrostatic balance to determine 
the specific gravity of most of the samples. Small 
pieces of first-quality lapis lazuli from Chile and 
Afghanistan were crushed for powder X-ray diffrac- 
tion (XRD) analysis at the Australian Museum, and 
the results were compared to reference diffraction 
patterns by Diffraction Technology, Australia. 


Characteristics of Chilean Lapis Lazuli. Overall, the 
Chilean lapis lazuli samples varied from light blue 
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Figure 13. The overall darkness or lightness of blue depends on the number of lazurite grains per given area 
of the white wollastonite matrix, as shown in this sample (left, 4 x 5 cm; photo by Maha Tannous). The less 
lazurite there is, the lighter the overall appearance of the lapis lazuli will be (right; photomicrograph by John 


I. Koivula, magnified 20x). 


to dark blue (Munsell tone =2 to 6), typically within 
a narrow hue range of violetish blue (Munsell 
hue = 5PB to GPB); some also showed greenish blue. 
The Afghan samples, as well as the lapis imitations 
and the sodalite, were visibly more violet in hue 
(7.5PB to 8.5PB}. 

Even small samples of Chilean lapis lazuli 
showed slightly different tones of blue within a 
single piece (see, e.g., figure 13 left]. When these 
pieces were examined with magnification (figure 
13 right), it was evident that the apparent darkness 
or lightness of blue depended on the amount of 
white or colorless minerals (particularly wollas- 
tonite) mixed with the lazurite, rather than on the 
hue of the lazurite itself. Those areas that contained 
fewer grains of light-colored minerals appeared a 
darker blue. 

Pyrite inclusions in the Chilean material 
occurred in many different sizes, shapes, and forms. 
Most commonly, the grains were rounded or dis- 
played highly irregular or “stretched” shapes (figure 
14). In the lower-grade polished slabs, the pyrite 
showed a patchy distribution, often forming irregu- 
lar bands and aggregates. 

Exposure of the Chilean samples to UV radiation 
confirmed their heterogeneous nature. The lazurite 
was inert to UV, while the accompanying fluores- 
cent minerals stood out as spots, patches, and veins 
that fluoresced strong blue-white to short-wave UV, 
with different areas or veins showing strong orange- 
yellow to long-wave UV. On the basis of Cuitifio 
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(1986) and our observations with magnification, 
these fluorescent minerals are most likely wollas- 
tonite, calcite, and haiiyne. 

S.G. and RI. are not always useful for identifying 
lapis lazuli, since it is an aggregate of different min- 
erals. Measurements of 46 Chilean samples (4 to 22 
g) of varying quality yielded a mean S.G. value of 
2.77, with a standard deviation of +0.06. This is 
greater than the reported value for lazurite 
(2.38—2.45), but it falls within the range reported for 
commercial grades of lapis lazuli (2.7-2.9; Arem, 
1977; Webster, 1994). A spot R.I. of about 1.50 was 
obtained from the cabochons. This is consistent 
with the reported R.I. values for lazurite 
(1.500-1.522), and it is identical to the R.I. for lapis 
lazuli reported by Webster (1994). 

X-ray diffraction analysis identified lazurite and 
wollastonite as the principal minerals in samples of 
first-grade lapis lazuli from both Chile and 
Afghanistan. Additional peaks for plagioclase and 
calcite were observed in the scans of the Afghan 
material. These mineral assemblages are consistent 
with previous investigations, except that wollas- 
tonite was not documented in Afghan lapis lazuli 
by Wyart et al. (1981). 


SEPARATION FROM SODALITE, LAPIS 
SIMULANTS, AND AFGHAN LAPIS LAZULI 
Lazurite vs. Sodalite. Lazurite is easy to distinguish 


from sodalite (see Box A) by its higher refractive 
index (1.500-1.522, compared to 1.483-1.487) and 
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its higher specific gravity (2.38-2.45, compared to 
2.142.30). Most massive lazurite contains at least 
traces of pyrite, which further increases its apparent 
specific gravity relative to sodalite. The presence of 
brassy specks of pyrite, however, is not diagnostic, 
as pyrite has also been reported in sodalite (Webster, 
1994). Lazurite is inert to UV radiation, whereas 
sodalite may show an intense orange to orange-red 
fluorescence to both short- and long-wave UV. 
Lazurite is also distinguishable by its bright blue 
streak (compared to the white or pale blue streak of 
sodalite), and the liberation of hydrogen sulfide gas 
(with its distinctive rotten egg odor) when hydro- 
chloric acid is applied, or when it is worked on 
grinding and polishing laps. 


Chilean Lapis Lazuli vs. Simulants. Magnification is 
the most useful tool for this separation. At 10x—45x 
magnification, the blue color of the natural material 
was nonhomogeneous, whereas the simulants stud- 
ied all showed a homogeneous bright, saturated blue 
coloration that was more purple than the Chilean 
material. The different minerals in Chilean lapis 
lazuli were clearly visible as intricate spots, patches, 
and veinlets, both in daylight and with UV radiation. 
In particular, the rounded or highly irregular forms 
displayed by the pyrite inclusions in Chilean lapis 
lazuli were usually distinct from the equant, 
straight-edged brassy inclusions commonly seen in 
the lapis lazuli imitations. 

A number of materials have been used as lapis 
lazuli simulants. As described in Webster (1994) and 
supplemented by our tests on three samples, these 
may be distinguished from natural lapis lazuli— 
regardless of the locality of origin—as follows: 

1. Gilson-created lapis shows a stronger reaction to 
hydrochloric acid (HCl) and is more porous (and 
thus shows a marked increase in weight after 
immersion in water). Crushed pyrite grains, if 
added, are very regular in shape and size, and 
tend to pluck out during polishing. This simu- 
lant is considerably lower in hardness (about 3 on 
the Mohs scale, compared to 5.5 for lapis lazuli) 
and S.G. (average 2.35). 

2.. “Swiss/German lapis” (i.e., dyed jasper) appears 
red with the Chelsea filter (as compared to no 
reaction for the natural samples), has a higher R.L. 
(1.54), displays an inferior blue color, does not 
contain pyrite or react with HCl, and will stain a 
swab moistened with acetone (as will dyed natu- 
ral lapis lazuli). 
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Figure 14. Pyrite exhibits many forms in 
Chilean lapis lazuli. In addition to the dissemi- 
nated, fine-grained pyrite with rounded edges, 
this sample shows pyrite with highly irregular 
“stretched” shapes. Photomicrograph by John I. 
Koivula; magnified 40c. 


3. Sintered cobalt-colored blue synthetic spinel has 
significantly higher values for S.G. (3.52) and R.L 
(1.725), appears red with the Chelsea filter, dis- 
plays cobalt lines in its absorption spectrum, and 
does not react to HCl. Specks of gold are often 
added to simulate pyrite. 

4. Barium sulfate imitation lapis has a lower S.G. 
(2.33 measured on the sample we tested), is semi- 
translucent to strong light, and is indented by the 
thermal reaction tester, producing a whitish dis- 
coloration and a weak acrid odor (see also 
Koivula and Kammerling, 1991). Although it typ- 
ically contains crushed pyrite in realistic-looking 
“veins,” the grains are usually very regular in 
shape and size. 

5. Plastic is very soft (a Mohs hardness of 1.5—3), 
has a lower S.G. (2.47 measured on the sample 
we tested, which contained pyrite), may be more 
porous, and indents when tested with the ther- 
mal reaction tester (emitting an acrid odor). 


Chilean vs. Afghan Lapis Lazuli. None of the 
Chilean samples studied had the prized “azure” or 
“altramarine” hue of the high-quality Afghan mate- 
rial we examined. Our findings are consistent with 
earlier observations that Chilean lapis lazuli is more 
spotted (Schumann, 1997) or less pure (Webster, 
1994) than Afghan material. Webster (1994) reported 
that Chilean lapis lazuli, when viewed with UV 
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Figure 15. Attractive jewelry is manu- 
factured in Chile using higher-quality 
lapis lazuli. The bracelet and earrings 
shown here feature Chilean lapis 
lazuli and Chilean malachite. Photo 
by Robert Weldon. 


radiation, shows more pronounced spots and 
streaks of orange or “copper’-colored fluorescence 
than the Afghan material. Our observations indicate 
that these fluorescent patches are nearly ubiquitous 
in Chilean lapis lazuli, and correspond to areas of 
wollastonite, calcite, and hatiyne. 


SUMMARY AND CONCLUSION 


Since the deposits were first discovered in the mid- 
19th century, hundreds of tonnes of lapis lazuli 
have been mined from the Coquimbo Region in the 
Chilean Cordillera. Field mapping and drilling pro- 
jects indicate that substantial reserves of lapis 
lazuli are still present in the traditional mining 
area. Two companies—Las Flores de Los Andes 
S.A. and Compania Minera LapisChile S.A.—are 
currently mining the lapis lazuli and supplying raw 
and finished material to local and international 
markets. Higher-quality lapis lazuli is used for jew- 
elry (figure 15) or for carvings; lower-quality materi- 
al is carved or used in various ornamental building 
materials. 

Chilean lapis lazuli consists mainly of lazu- 
rite, wollastonite, and calcite. It can be readily 
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distinguished from similar-appearing rocks and 
manufactured imitations by standard gemological 
techniques. 
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NOTES AND NEW TECHNIQUES 


SPECTROSCOPIC EVIDENCE OF GE POL 
HPHT-TREATED NATURAL TYPE ITA DIAMONDS 


By David Fisher and Raymond A. Spits 


Results from spectroscopic analyses of GE POL high-pressure ligh-temperature 
(HPHT) annealed nominally type Ia diamonds are presented, and these spec- 
tral characteristics are compared with those of untreated diamonds of similar 
appearance and type. Absorption spectroscopy reveals that any yellow coloration in 
such HPHT-treated diamonds is due to low concentrations of single nitrogen, 
which have not been observed in untreated type IIa diamonds. Laser-excited pho- 
toluminescence spectroscopy reveals the presence of nitrogen-vacancy centers in 
most, but not all, HPHT-treated stones. When these centers are present, the ratio 
of the 575:637 nm luminescence intensities offers a potential means of separating 
HAPHT-treated from untreated type IIa diamonds. The total absence of lumines- 
cence may be another important indicator of HPHT treatment. 


The announcement in March 1999 that Lazare 
Kaplan International (LKI) subsidiary Pegasus 
Overseas Limited (POL) planned to market dia- 
monds that had undergone a new “process” devel- 
oped by General Electric (GE) led to widespread 
unease throughout the diamond industry. Of partic- 
ular concern were the statements made then and 
subsequently that the process—to improve color 
and brilliance—was irreversible and undetectable. 
Since this announcement, a number of articles have 
shown the potential for detection of such material, 
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on the basis of both gemological and spectroscopic 
features (Shigley et al., 1999; Moses et al., 1999, 
Chalain et al., 1999 and 2000). GE has confirmed 
that the process involves high-temperature anneal- 
ing at high pressure (HPHT), and LKI has said that 
brown diamonds are used as the starting material 
(Moses et al., 1999; figure 1 inset). 

De Beers’s own extensive research program, 
including studies begun in the 1980s, has enabled 
us to compare spectroscopic observations made on 
several GE POL-treated samples with data 
obtained on experimental samples that had been 
HPHT-treated at the De Beers Diamond Research 
Laboratory (DRL) in Johannesburg. These DRL 
samples were treated purely for research and only 
to help establish identification techniques. This 
article will highlight spectral features that we 
believe are potentially indicative of such HPHT- 
treated diamonds. Comparison with similar natural 
untreated samples is very important in this respect, 
and this has formed a significant part of our contin- 
uing research. 
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Figure 1. High-pressure, high-tempera- 
ture treatment—such as that used by 
General Electric in their GE POL dia- 
monds—can effectively reduce the 
coloration of some type Ila brown 
diamonds to colorless. In this 
UV/Vis/NIR absorption spectrum, 
note the increasing absorption at 
lower wavelengths of an untreated 
type Ila brown diamond. After HPHT 
treatment at the De Beers Diamond 
Research Laboratory, the same sam- 
ple (now colorless) showed a signifi- 
cant reduction in that absorption. 
The inset shows three GE POL dia- 
monds in a range of color grades: Top 
left = I color, 0.50 ct; top right = E 
color, 0.45 ct; bottom = J color, 0.77 
ct. Photo by Elizabeth Schrader. 


MATERIALS AND METHODS 


Samples Examined. The Gemological Institute of 
America (GIA) has published demographic informa- 
tion on 858 GE POL diamonds (Moses et al., 1999). 
Almost all of these samples were nominally type Ila 
diamonds. While GIA records infrared (IR) spectra 
on some of the diamonds submitted to the Gem 
Trade Laboratory, the laboratory uses transparency 
to short-wave ultraviolet radiation, and the presence 
of a cross-hatched (“tatami”) strain pattern seen 
with crossed polarizers, as a practical means of dis- 
tinguishing type Ila diamonds during its normal dia- 
mond grading procedure (J. Shigley, pers. comm., 
2000). Technically, type Ila diamonds are defined as 
those that have no detectable nitrogen in that part 
of the IR absorption spectrum between 1332 and 
400 cm~!, the so-called single-phonon region, where 
absorption due to vibration of impurity atoms is 
present. (A phonon is a quantum of lattice vibration 
within a crystal; see, e.g., Collins, 1982. For more on 
diamond types, see, e.g., Fritsch and Scarratt, 1992.) 
Most of the 858 samples were colorless or near-col- 
orless, although some had a distinct yellow hue. 

For the present study, we examined 16 commer- 
cially purchased GE POL diamonds ranging in color 
from D to U/V and in weight from 0.36 to 4.09 ct. 
All were laser-inscribed “GE POL” and accompanied 
by GIA Gem Trade Laboratory grading reports. Some 
showed distinctive internal features such as discoid 
fractures around solid inclusions and partial graphiti- 
zation of pre-existing fractures; all showed banded or 
cross-hatched strain patterns when viewed between 
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crossed polarizers with a microscope, as described by 
Moses et al. (1999). All these samples were nominal- 
ly type Ila. By “nominally” we mean that there was 
no easily detectable nitrogen-related absorption 
between 1332 and 400 cm-!. However, as is 
described below, careful high-resolution IR measure- 
ments did, in some cases, detect features due to sin- 
gle substitutional nitrogen atoms (i.e., where a nitro- 
gen atom substitutes for a carbon atom, hereafter 
referred to as “single nitrogen”), which typically are 
not seen in untreated type Ia diamonds. 

We also analyzed samples that had been subjected 
to what we believe are similar HPHT conditions 
using technology developed at the DRL. Seventeen 
originally brown, type Ila rough diamonds were treat- 
ed. In some cases, multiple samples were cut from 
the same piece of rough before treatment, so that the 
total number of DRL-treated pieces studied was 23 
(visually estimated to be 18 colorless, 5 near-color- 
less). Parallel windows were polished on opposite 
sides of each sample to permit accurate absorption 
spectroscopy measurements. Nine of these samples 
were fully characterized before HPHT treatment, 
and all were fully characterized after treatment. 

Five additional brown (14 total) and 16 colorless 
type Ila rough diamonds were examined fully for 
comparison with the HPHT-treated samples. These 
samples were also windowed to permit accurate 
absorption measurements. One advantage of using 
rough diamonds taken directly from De Beers mines 
is that we can guarantee absolutely that our com- 
parison samples were untreated. 
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Figure 2. These IR absorption spectra were taken in the 
single-phonon region on four GE POL diamonds. Three (I, 
K, and N colored samples) show features due to the pres- 
ence of single nitrogen (i.e., the peak at 1344 cm-! and 
broad band at 1130 cm-!), and weak absorption at about 
1180 cnr! due to low concentrations of B-centers. The 
sharp peak at 1332 cm~! is observed in most diamonds. 


Absorption Spectroscopy. Room-temperature 
infrared spectra were recorded on all samples with a 
Nicolet Magna-IR 750 Fourier-transform IR spec- 
trometer. We used a Perkin-Elmer Lambda 19 spec- 
trophotometer for ultraviolet/visible/near-infrared 
(UV/Vis/NIR) absorption measurements on all sam- 
ples. Faceted samples were mounted in such a way 
as to allow the beam to pass through the sample, 
usually through opposite pavilion facets. IR spectra 
were acquired at a resolution of 0.5 cm-! to allow 
increased sensitivity to very low concentrations of 
lattice defects. Quantitative information from the IR 
spectra was obtained by normalizing the spectra to 
the intrinsic diamond absorption between 2664 and 
1500 cm~!, the so-called two-phonon absorption. In 
this region, the IR spectrum, expressed as absorption 
coefficient, is the same for all diamonds. For spectra 
in the UV/Vis/NIR range, a semi-quantitative 
approach was adopted, whereby the sample was 
mounted in the same configuration as in the IR spec- 
trometer and the same factor as determined from the 
intrinsic IR absorption was assumed for conversion 
to absorption coefficient. 


Photoluminescence. The photoluminescence (PL) 
technique measures the intensity of light emitted 
from a sample, as a function of wavelength, in 
response to excitation by UV radiation or visible 
light. In general, different wavelengths of excitation 
will produce different PL spectra. Laser Raman 
microspectrometry, a standard analytical technique 
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in many gemological laboratories, is a special case 
of PL spectroscopy where the emitted light of inter- 
est is produced by characteristic vibrations of 
molecules and crystals. In this study, however, fluo- 
rescence was the emitted light of interest. 

For this study, we tested all of the samples listed 
above with custom-built PL equipment based on a 
Spex 1404 double-grating spectrometer fitted with a 
thermoelectrically cooled Hamamatsu R928 photo- 
multiplier detector. A Spectra-Physics 300 mW 
multi-line argon ion laser was used to produce exci- 
tation at 488 and 514.5 nm (hereafter referred to as 
“514 nm”). To achieve the high sensitivity and high 
resolution necessary to reveal luminescence from 
very low concentrations of defects, we cooled the 
samples to liquid-nitrogen temperature (-196°C) 
using an Oxford Instruments DN1704 cryostat. All 
the PL spectra were normalized to the intensity of 
the first-order Raman peak. 


RESULTS 


Absorption Spectroscopy. UV/Vis/NIR spectra 
recorded on an initially brown diamond before and 
after treatment at the DRL are shown in figure 1. The 
absorption, which steadily rises with decreasing 
wavelength, is responsible for the initial brown color. 
This absorption decreased substantially following 


TABLE 1. Single substitutional nitrogen concentrations 
calculated for the 16 GE POL diamonds, by color grade. 


Single nitrogen concentration (ppm) 


Color grade Infrared @ Ultraviolet/visible> 
D _ <0.01 
E — <0.02 
E — 0.04 
E _ <0.01 
F — 0.03 
F —_— <0.01 
F —_ <0.02 
| 0.21 0.20 
J 0.11 0.06 
K 0.17 0.26 
K 0.35 0.32 
L 0.28 0.31 
LL. 0.45 0:52 
M 0.21 0.23 
N 0.42 0.48 

UNV 0.35 0.48 


@ Calculated after Kiflawi et al. (1994) from the 1344 cm-' peak. 
> Calculated after Chrenko et al. (1971) from the 270 nm peak. 
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North America in 1890. Kunz fol- 
lowed, in 1908, with his The Book 
of the Pearl, in 1913 with the one on 
The Curious Lore of Precious Stones, 
in 1915 with The Magic of Jewels 
and Charms, and in 1916 with Shake- 
speare and Precious Stones. Although 
Kunz could not be ranked with 
Groth, Doelter, and Bauer, who were 
highly trained, scientific mineral- 
ogists, his influence in the field of 
gemology in the United States was 
very great. In 1903, O. C. Farring- 
ton, of the Field-Columbian Museum 
in Chicago, published Gems and 
Gem Minerals. In 1912, in England, 
the first edition of G. F. H. Smith’s 
Gem Stones and Their Characters 
was issued. This book subsequently 
appeared in many editions, and in 
1940 was revised and greatly en- 
larged. During the last thirty years, 
there has been a great increase in 
the number of books which are very 
useful in the field of gemology. 


First Course on Gems 
Shortly after the turn of the cen- 


tury, Dr. Alfred J. Moses, professor 


of mineralogy at Columbia Univer- 
sity, introduced a short course on 
gems designed primarily for deal- 
ers. This course, which has been 
modified from time to time, has been 
eontinued. Also early in the century, 
Professor G. M. Butler gave, for a 
period, a somewhat similar course at 
the School of Mines at Golden, Colo- 
rado. 

In the spring of 1916, I intro- 
duced: at the University of Michi- 
gan a general cultural lecture course 


,-dealing with gems. The course was 


very well attended, and I continued 
to give it until 1933, when I was 
appointed Dean of the College of 
Literature, Science and the Arts, 
and devoted my entire time to ad- 
ministrative duties. Since 1934, the 


course. has been conducted by my 
very able colleague, Professor 
Chester B. Slawson. During the last 
two decades, similar credit courses 
have been organized at a number of 
colleges and universities in this 
country. . ; 

In 1916, the task of assembling 
material for a course on gems was 
not easy. The fundamentals of crys- 
tallography and mineralogy, as well 
as the description of gem minerals, 
offered no difficulty. But it was a 
real problem at that time to secure 
authoritative information concern- 
ing gem cutting, especially of the 
diamond, for very few mineralogists 
in this country or abroad had en- 
deavored to make personal contacts 
with diamond cutters. Accordingly, 
such contacts were made, and ,very 
material assistance was early ob- 
tained from Milton Kadison, of New 
York and Henri Polak, president of 
the International Diamond Cutters’ 
Union of Amsterdam; and later 
from S. H. Ball, Lazare Kaplan and 
his sons, Leo and George, of New 
York; Jack Levy, of Detroit; and 
Sal Asscher, of Amsterdam, and 
many others. Then, too, there was 
very little detailed information 
available concerning the prepara- 
tion of synthetic rubies and sap- 
phires, which were then becoming 
important. Moreover, when blue zir- 
cons began to appear on the market 
in large quantities, doubt was raised 
in my mind whether the color was 
actually natural. 

With the assistance of my asso- 
ciate, the late Dr. Edward F. Hol- 
den, the lecture material appeared 
in 1925 in. book form under the title, 


Gems and. Gem Materials. During 


the last two decades, the book has 
been well received in this country 
and abroad. Since 1939, when the 
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Figure 3. The broad peak at 270 nm in the UV/Vis 
absorption spectra of these four GE POL diamonds 
(same samples as in figure 2) is due to single sub- 
stitutional nitrogen. Note that the strength of this 
peak increases as the color increases. 


HPHT treatment, resulting in a colorless diamond. 

IR absorption spectra from four GE POL stones 
(color graded E, I, K, and N) are shown in figure 2. All 
four spectra show a sharp line at 1332. cm-!, which is 
often observed at very low intensity in untreated 
type Ila diamonds. The spectra of the I, K, and N 
color samples also show, albeit very weakly, a broad 
absorption feature peaking at 1130 cm-! and a sharp 
line at 1344 cm-l. This line would not have been 
detectable in all cases at a resolution lower than 0.5 
cm-!. The shape of the 1344 and 1130 cm-! absorp- 
tion is consistent with that due to single nitrogen. 
Kiflawi et al. (1994) determined conversion factors to 
relate the strength of the 1130 cm! absorption to 
the concentration of nitrogen, and we used these 
conversions to calculate the concentration figures 
presented in table 1. From the infrared spectra, we 
determined single-nitrogen concentrations ranging 
from about 0.5 atomic parts per million (ppm) down 
to about 0.1 ppm in the near-colorless GE POL sam- 
ples. We also detected an additional weak, broad 
peak at 1180 cm-! in some samples that was due to 
the presence of low concentrations of B-centers 
(aggregates of nitrogen consisting of four nitrogen 
atoms and a vacancy). 

Single nitrogen gives a characteristic broad 
absorption peak at 270 nm in the UV region (Dyer 
et al., 1965). UV/Vis spectra for the same E, I, K, and 
N color samples are given in figure 3. Although 
spectra often are distorted due to reflections within 
the sample, the single nitrogen signature can be 
clearly detected for the I, K, and N color samples. 
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Figure 4. This bar chart illustrates the variation in 
single-nitrogen concentration with intensity of color 
(indicated here by color grade) for the GE POL dia- 
monds tested. The nitrogen values were calculated 
using IR and UV/Vis absorption features (see table 1). 
No samples with G and H color were examined; no 
single nitrogen was detected in the one D color sam- 
ple. Average values are shown for the E (n = 3), F (n= 
3), K (n = 2), and L (n= 2) colored samples. 


Only a hint of the 270 nm peak was detected in the 
E color diamond, for which the nitrogen concentra- 
tion was estimated to be no more than 0.02, ppm. 

For comparison with the IR values, we deter- 
mined nitrogen concentrations from this absorption 
using the formula published by Chrenko et al. 
(1971), with modifications to allow for any addition- 
al absorption in the UV region that our own experi- 
mental work had shown to be necessary. 

These values show reasonable agreement with 
those obtained from IR absorption (again, see table 
1). As a general trend, single-nitrogen concentration 
increases as color becomes more evident (figure 4). 


Photoluminescence. 488 nm Ar Ion Laser Excita- 
tion. Figure 5 presents spectra acquired from the four 
GE POL samples (E, I, K, and N color) cited above, in 
this case using 488 nm excitation from the argon ion 
laser. The dominant feature in most cases was the 
H3 luminescence. This can be distinguished from 
other centers that give sharp-line luminescence at 
503 nm by the structure of the associated vibronic 
band (Collins, 1982). Our annealing experiments on 
initially brown samples showed that there is a 
decrease in the H3 luminescence on HPHT anneal- 
ing. In some, but not all, cases, additional features 
were observed. The lines at 575 and 637 nm are due 
to emission from the nitrogen-vacancy center in its 
neutral, (N-V)®, and negative, (N-V)-, charge state, 
respectively (Mita, 1996). 


GEMS & GEMOLOGY Spring 2000 45 


488 NM PHOTOLUMINESCENCE 
os 


color 


‘eee 


N 
500 550 600 650 700 
WAVELENGTH (nm) 


S| 


PL INTENSITY —~ 


Figure 5. These photoluminescence emission spec- 
tra of four GE POL diamonds (same as in figure 2) 
were obtained at liquid-nitrogen temperature using 
488 nm Ar ion laser excitation. The dominant fea- 
tures are luminescence from the H3 center (503 nm) 
and from the nitrogen-vacancy center in its neutral 
(575 nm) and negative (637 nm) charge states. The 
line at 521.8 is the first-order Raman peak. 


514 nm Ar Ion Laser Excitation. The first room-tem- 
perature PL spectra of GE POL diamonds under 514 
nm excitation using a Raman spectrometer were 
published by Chalain et al. (1999 and 2000). Liquid- 
nitrogen temperature PL spectra from the E, I, K, and 
N color GE POL samples are shown in figure 6, and 
table 2 presents a summary of the main features 
observed in the range of samples studied under these 
conditions. All the spectra we obtained showed the 
first-order Raman line at 552.4 nm and the second- 
order Raman spectrum between 578 and 597 nm. In 
some cases, a line was observed at 535.8 nm. The 
defect responsible for this luminescence has not been 
identified, but emission at this wavelength has been 
observed in untreated type Ia brown diamonds and in 
type Ia diamonds that have been irradiated and 
annealed (see, e.g., Anderson, 1963; Collins, 1982). 

The key GE POL features are lines at 575 and 
637 nm related to the N-V center. Chalain et al. 
(2000) noted an increase in intensity of the 637 nm 
luminescence with more strongly colored samples. 
Although there was such a trend in most of the GE 
POL diamonds we examined, we did not observe a 
strict correlation of 637 nm emission with either 
color grade or single-nitrogen content. 

However, we did observe that the ratio of the 
575:637 nm emission intensities in HPHT-treated 
diamonds was, in general, lower than that typically 
found in untreated colorless type Ia diamonds. Of 
the 14 GE POL diamonds examined with detectable 
575 and 637 nm luminescence, 12 had a 575:637 nm 
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ratio of less than one (i.e., 637>575) and only two 
showed a ratio greater than one (i.e., 575>637). 

The luminescence at around 575 nm in fact con- 
sisted of two lines, at 574.8 and 575.8 nm, in eight of 
the 16 GE POL samples examined. In the remaining 
eight samples, the 575.8 nm luminescence was gen- 
erally absent in samples where the 574.8 nm lumi- 
nescence was weak or also absent. A luminescence 
line at 575 nm has been observed in type Ia brown 
diamonds that show yellow luminescence to 365 
nm excitation (Jorge et al., 1983); it is possible that 
this is the luminescence we have detected at 575.8 
nm. Untreated colorless samples usually exhibit 
only the 574.8 nm emission (of the 16 samples 
examined, 14 showed detectable 574.8 nm lumines- 
cence and none showed the 575.8 nm line). In con- 
trast, most untreated type Ila brown diamonds 
exhibit either (1) both 574.8 and 575.8 nm lumines- 
cence, or (2) in more strongly colored samples, nei- 
ther of these lines but instead a line at 578.8 nm. 
Strongly colored brown samples often reveal a line at 
559.0 nm as well (see figure 7). Just two of our 14 
type Ila brown samples showed only 574.8 nm lumi- 
nescence. We are continuing to investigate whether 
this also might be a useful diagnostic characteristic. 

The colorless HPHT-treated samples generally 
showed weaker luminescence than the near-color- 
less to yellow stones. For two of the seven GE POL 
diamonds of D to F color, and for 15 of the 18 DRL- 
treated samples of similar treated color, no signifi- 
cant luminescence was generated under these exci- 
tation and detection conditions. Conversely, none 
of our 16 colorless untreated type Ila diamonds or 
14 type Ila brown diamonds showed the complete 
absence of luminescence features under such 
conditions. Therefore, the presence or absence of 
luminescence, in itself, is a useful diagnostic char- 
acteristic for a diamond that has been confirmed to 
be type IIa by IR spectroscopy. 


DISCUSSION 


Single Nitrogen. In the vast majority of natural dia- 
monds, any hint of yellow color is due to the pres- 
ence of N3 centers, and stones with strong N3 
absorption are usually referred to as Cape diamonds 
(Collins, 1982). The N3 center consists of three 
nitrogen atoms surrounding a common vacancy 
(van Wyk, 1982). In contrast, our spectroscopic 
results show that those GE POL samples that 
appear pale yellow do so because of the presence of 
low concentrations of single nitrogen. Although sin- 
gle nitrogen has been found in natural diamond—in 
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so-called Canary yellows—it usually is present in 
samples that also contain significant concentrations 
of aggregated nitrogen; that is, the diamonds are of 
mixed type Ia/Ib. In the course of many years of 
research, we have never encountered a natural dia- 
mond that is nominally type Ila, but that contains 
sufficient single nitrogen to produce an observable 
yellow color. This includes not only the samples 
used in this research but also a suite of 50 type II or 
very weakly type Ia diamonds studied previously 
(the only non-type Ia diamonds found among 6,000 
D to R color polished stones examined). As dis- 
cussed below, the presence of single nitrogen in GE 
POL diamonds is important in the interpretation of 
other spectroscopic observations. 

The single nitrogen in GE POL diamonds is 
probably the product of dissociation of aggregates of 
nitrogen that were initially present in small concen- 
trations in the untreated sample. Brozel et al. (1978) 
have shown that it is possible to dissociate A-cen- 
ters at temperatures over 1960°C and B-centers at 
temperatures above 2240°C. We believe that these 
temperatures are consistent with those used in the 


TABLE 2. Summary of 575/637 nm luminescence 
in untreated and HPHT-treated type lla samples.@ 


Total Only Only Both Neither 
Category no. 575nm 637nm 575/637 575/637 575<637 


GE POL 16 0 0 14 2 12 
DRL-treated 23 0 3 0 20 3 
Colorless 16 7 0 7 2 1 

Brown 14 2 4 4 4 4 


aluminescence features generated by 514 nm Ar ion laser excitation. 
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Figure 6. Photoluminescence emission 
spectra of the same four GE POL dia- 
monds as in figure 5 were obtained at 
liquid-nitrogen temperature using 514 
nm argon ion laser excitation. The 
574.8 and 575.8 nm lines are clearly 
visible in the spectra of the I and K 
colored samples, and the stronger 637 
nm—trelative to the 575 nm—emis- 
sion is evident. Also observable is a 
line at 535.8 nm. 


GE POL treatment. (Over geological time, single 
nitrogen atoms in natural diamonds aggregate to 
form more complex defects. A-centers are pairs of 
nitrogen atoms; B-centers are formed of four nitro- 
gen atoms surrounding a vacancy; see, e.g., Evans, 
1991; Fritsch and Scarratt, 1992.) The presence of 
single nitrogen in nominally type Ila diamond pro- 
vides an indication of HPHT treatment. 


Nitrogen-Vacancy Centers. With 514 nm Ar ion 
laser excitation, most of the GE POL samples tested 
showed luminescence at 575 and 637 nm due to the 
neutral and negative charge states of the nitrogen- 
vacancy center. N-V centers will be produced by the 
combination of a proportion of single nitrogen with 
vacancies. The most probable source of these vacan- 
cies is dislocations. The starting specimens for the 
GE POL process, brown type Ila diamonds, have 
undergone plastic deformation as part of their geo- 
logical history. The brown coloration is thought to 
be associated with the dislocations produced by the 
deformation (e.g., Wilks and Wilks, 1991). The 
reduction in color on annealing is presumably due 
to a modification of the structure of the defect that 
is responsible for the absorption states. It has been 
observed that GE POL diamonds exhibit a high 
degree of strain and that the pattern of strain bire- 
fringence is similar to that seen in brown type Ila 
diamonds (Moses et al., 1999). 

Recently there have been reports of HPHT color 
alteration of type Ia brown diamonds (Moses and 
Reinitz, 1999, Collins et al., 2000). Here the color 
change is to yellowish green due to the production 
of H3 absorption and fluorescence. It is thought that 
during HPHT annealing, vacancies are generated at 
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Figure 7. Shown here for comparison are 
photoluminescence emission spectra (at 
514 nm excitation) for a range of type Ia 
diamonds. The E-color GE POL sample (A) 
shows no sharp luminescence lines, only 
Raman features. Spectra B and E are from 
two untreated type Ia colorless diamonds: 
B shows only the 574.8 nm line, whereas E 
shows strong emission at 574.8 and 637.0 
nm from the neutral and negative nitro- 
gen-vacancy center, respectively. Spectra C 
and D are from a pale brown and a darker 
brown type Ila sample, respectively. The 


Colorless 


pale sample shows stronger 574.8, 575.8, 
and 637.0 nm emission; the darker sample 


Colorless 


>wod oOo 
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shows stronger 559.0 and 578.8 nm emis- 
700 sion and no Line at 637 nm; 535.8 nm 
emission is seen in both. 


the dislocations, and these vacancies combine with 
pre-existing A-centers in the vicinity of the disloca- 
tions to produce the N-V-N centers. This is evi- 
denced by the distribution of the resulting H3 lumi- 
nescence in banded or cross-hatched patterns. We 
believe that a similar process has taken place in 
these type Ila diamonds to produce the observed N- 
V centers. In addition, both the 575 and 637 nm 
luminescence peaks, seen in some type Ila brown 
diamonds, may be preserved during annealing. 

The ratio of the 575:637 nm emission intensities 
in GE POL diamonds varies considerably, but in 
most of the samples we tested the ratio was less 
than one (i.e., 637>575). This indicates that a signifi- 
cant proportion of the N-V centers are in their nega- 
tive charge state. Because substitutional nitrogen in 
the diamond lattice acts as a deep donor, and a large 
proportion of these GE POL diamonds show 
detectable quantities of single nitrogen, one would 
expect negatively charged N-V centers to be present 
in them. However, we did not find a strict correla- 
tion between color grade (or single nitrogen concen- 
tration) and the 575:637 nm emission ratio; this 
may be due to the presence of other donor and/or 
acceptor centers that will affect the relative num- 
bers of N-V centers in respective charge states. 

Chalain et al. (2000) found that 637 nm photolu- 
minescence was present in all five GE POL, and in 
three untreated brown type Ila, diamonds studied, but 
not in the seven D-color untreated type Ia diamonds 
that they tested. They therefore tentatively suggested 
that the presence of 637 nm PL in non-brown type Ila 
diamonds might be diagnostic of HPHT treatment. 
However, they make the point that this is a prelimi- 
nary result based on the small number of samples, 
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and that further investigation is needed. They have 
now examined 14 GE POL samples in the D to L 
color range, all of which showed 637 nm lumines- 
cence (J.-P. Chalain, pers. comm., 2000). 

In this work, we found two GE POL diamonds 
(D and F color) that did not show 637 nm PL. An 
analysis of GE POL diamonds that fall exclusively in 
this color range would probably yield a significant 
number of such samples, although detection of 637 
nm PL will undoubtedly depend on the sensitivity of 
the instrument being used. The diamonds HPHT- 
treated at the DRL were carefully selected initially 
to ensure very low nitrogen content, and a high pro- 
portion of the resulting samples (20 out of 23) exhib- 
ited no 637 nm luminescence. We also found seven 
untreated colorless type Ila diamonds that did show 
637 nm PL (see, e.g., figure 7E). So, although the 
presence of 637 nm PL may be used as an indication 
that further investigation is warranted, it cannot be 
regarded as a diagnostic characteristic on its own. 

However, the ratio of the 575 to 637 nm lumi- 
nescence, where present, might provide a more 
secure means of discriminating between untreated 
and treated samples. Note that the ratio we have 
reported here is that generated with 514 nm Ar ion 
laser excitation; a different ratio would be obtained 
under different excitation conditions. The detec- 
tion response of the system will also influence the 
measured ratio, but a system giving a reasonably 
linear response over the short wavelength range 
between 575 and 637 nm should produce consis- 
tent results. Care must be taken to ensure that this 
was the case if the technique were to be transferred 
between laboratories. 

Although there is certainly some overlap 
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between treated and untreated type Ila diamonds in 
the 575:637 nm luminescence ratio observed, in 
general the lower the 575:637 nm ratio the more 
likely it is that a particular diamond has been 
HPHT-annealed. This gives a more secure identifi- 
cation than observation of 637 nm luminescence 
alone. In the rare cases of untreated colorless dia- 
monds that exhibit relatively strong 637 nm lumi- 
nescence, additional spectral features should pro- 
vide evidence that the diamond has not been treat- 
ed. Investigation into the usefulness of such features 
forms a significant part of our continuing research 
in this area. In general, those HPHT-treated dia- 
monds that do not show 575 and 637 nm PL reveal 
no other sharp luminescence features. This in itself 
is an important indication that a type Ila diamond 
might be HPHT-treated. 


CONCLUSIONS 


The spectroscopic data presented highlight some 
of the differences we have observed between natu- 
ral type Ila diamonds and GE POL-treated dia- 
monds. In particular, the presence of detectable 
quantities of single nitrogen and the relatively 
high levels of 637 nm luminescence relative to 
575 nm luminescence, as observed with 514 nm 
Ar ion laser excitation, appear to be characteristic 
of some heat-treated samples. The total absence of 
luminescence with strong 514 nm excitation may 
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be another important indicator that a near-color- 
less type Ila diamond has been HPHT-treated. 

At the time of the early POL announcements in 
spring 1999, it was thought in the trade that this 
HPHT treatment was undetectable. We believe that 
by using a combination of absorption features and 
the low-temperature, high-resolution PL results pre- 
sented here, in conjunction with the gemological 
data presented by Moses et al. (1999), the vast 
majority of HPHT-treated diamonds can now be 
detected. De Beers is in close contact with the lead- 
ing gemological laboratories. We hope that, through 
this collaboration, a practical application for these 
results will be devised shortly. This should be possi- 
ble by adapting laser Raman microspectrometers, 
now available in many gemological laboratories, for 
use at low temperature and with appropriate lasers. 
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PURPLE TO PURPLISH RED 
CHROMIUM-BEARING TAAFFEITES 


By Karl Schmetzer, Lore Kiefert, and Heinz-Jiirgen Bernhardt 


Gemological, microscopic, chemical, and spectroscopic properties are given 
for eight purple to purplish red chromium (Cr)- and iron (Fe)-bearing 
taaffeites and, for comparison, two grayish violet Fe-bearing but Cr-free 
samples. The eight purple to purplish red stones represent the largest sam- 
ple of this extremely rare (i.e.. Cr-bearing) variety of taaffeite that has 
been included in a single study; these taaffeites contain up to 0.33 wt.% 
Cr,O, 2.59 wt.% FeO, and 2.24 wt.% ZnO. The purple to purplish red 
color is a function of the relative amounts of Fe and Cr present. Apatite 
and zircon crystals are common inclusions in taaffeite. Also present were 
healed fractures that consisted of negative crystals with multiphase fillings 


that contain magnesite. 


In October 1945, Count Edward Charles Richard 
Taaffe of Dublin, Ireland, was examining a parcel of 
faceted gems when he noted an unusual birefringent 
stone with a spinel-like bluish violet color. 
Extensive mineralogical characterization of the 
sample eventually led to the description of a new 
mineral species, which was named taaffeite (pro- 
nounced “tar-fite”) in honor of its discoverer 
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(Anderson et al., 1951). This was the first time that 
a new mineral species was discovered in its faceted 
form. The first description of a red, Cr-bearing taaf- 
feite was published 30 years later (Moor et al., 1981, 
sample F of this study). Until 1981, taaffeite was 
one of the rarest gem materials, with only about 20 
faceted samples known, all of which were believed 
to originate from Sri Lanka. The greater awareness 
of taaffeite by miners and gem dealers that followed 
publication of the article by Moor et al. (1981), and 
subsequent research by one of the present authors 
(Schmetzer, 1983a and b}, led to the identification of 
hundreds of faceted taaffeites from Sri Lanka. 
Because of an error in the chemical formula pub- 
lished in the original description by Anderson et al. 
(1951) as BeMgA1,O, (or Be,Mg,Al,O,,), the Cr-bear- 
ing taaffeite described by Moor et al. (1981)—with 
the correct formula of BeMg,Al,O,.—was initially 
thought to be a new mineral species. The name 
taprobanite was approved by the International 
Mineralogical Association (IMA) Commission on 
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New Minerals and Mineral Names. Later, when it 
was established that—ignoring trace-element con- 
tents—the chemical composition of this sample was 
identical to that of the first taaffeite (discovered by 
Count Taaffe), the IMA Commission decided that 
only the name taaffeite should be used in the future 
(Schmetzer, 1983a and b). 

Over the past 20 years, faceted taaffeites have 
continued to appear in parcels of cut stones from Sri 
Lanka, and even some crystals have been discovered 
(Saul and Poirot, 1984; Kampf, 1991). Additionally, a 
gem-quality taaffeite from Myanmar has been men- 
tioned (Spengler, 1983); and, recently, several sam- 
ples from the Tunduru area of Tanzania were 
described (“Taaffeite found in Tunduru,” 1996; 
Burford, 1998). Nevertheless, red, pink, and purple 
(i.e., Cr-bearing) taaffeites are still extraordinarily 
rare, with only a few stones described in the litera- 
ture since Moor et al. (1981). All of these have been 
reported from Sri Lanka: 1.25 ct (Schmetzer and 
Bank, 1985), 0.58 ct (Koivula and Kammerling, 
1990, 1991), 0.78 and 2.59 ct (Ponahlo, 1993), and 
1.07 ct (Burford, 1997). 

Taaffeite is known to crystallize in metasoma- 
tized limestones or in high-grade amphibolite- or 
granulite-facies rocks (Kampf, 1991; Chadwick et 
al., 1993). The stones recovered thus far from Sri 
Lanka, especially the Cr-bearing samples, originate 
from secondary deposits, so the exact host rocks are 
still unknown. 

Synthetic taaffeite has been grown experimen- 
tally by the floating-zone technique (Kawakami, 
1983; Teraishi, 1984a), by the flux method (Teraishi, 
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Figure 1. Purple to purplish 
red, Cr-bearing taaffeite is 
da very rare gem. Six of the 
study samples shown here 
fall into this color range. 
The two largest show the 
grayish violet color that is 
more commonly seen in 
gem taaffeite; they were 
included in the study as 
comparison stones. From 
left to right, the samples 
are: G (1.28 ct), F (0.33 ct), 
I (1.78 ct), C (2.26 ct), A 
(grayish violet, 4.02 ct), H 
(1.04 ct), B (grayish violet, 
3.17 ct), and J (0.89 ct). 
Photo by John Parrish. 


1984b), and by flux pulling (Miyasaka, 1987). To the 
best of our knowledge, however, no synthetic gem 
material has been marketed thus far. 

The present study provides a detailed description 
of Cr-bearing taaffeite, in response to problems asso- 
ciated with: (1) the distinction of faceted taaffeite 
from musgravite, a closely related mineral with a 
formula of BeMg,Al,O,, that is even more rare 
(Demartin et al., 1993; Johnson and Koivula, 1997; 
Kiefert and Schmetzer, 1998), and (2) the properties 
of a heat-treated sample of the taaffeite-musgravite 
group that was found to consist of intergrown lamel- 
lar taaffeite and spinel (Schmetzer et al., 1999). 
Occasionally, purple to purplish red taaffeite is sub- 
mitted for testing as “musgravite,” because only a 
few gemological descriptions of taaffeites in this 
color range exist. The present article attempts to fill 
this gap in the gemological literature. 


MATERIALS AND METHODS 


To determine the gemological, physical, and chemi- 
cal properties of the color range known at present 
for Cr-bearing taaffeite, we borrowed eight rough 
and faceted specimens of purple-to-red taaffeite (see, 
e.g., figure 1). Given the rarity of this material, we 
believe that this is the largest group of Cr-bearing 
taaffeites ever made available at a single time for 
detailed study and comparison. 

Dr. E. Gtibelin generously loaned us six faceted 
purple-to-red taaffeites from his collection. J. 
Ponahlo provided a faceted reddish purple taaffeite, 
and P. Entremont loaned us a fragment of a purple 
taaffeite crystal. For comparison, we also examined 
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Table 1. Physical and chemical properties of the 10 sample taaffeites.2 


Property A B Cc D E F G H J 
Color 
Daylight  Grayish Grayish Purple Purple Reddish Red- Reddish Purple- Purple- Purplish 
violet violet purple purple purple red red red 
ncandes- Violet Violet Reddish Reddish Red- Purple- Red- Purplish Purplish Red 
cent light purple purple purple red purple red red 
Weight/ 4.02 ct 3.17 ct 2.26 ct 10.40 ct 2.59 ct 0.33 ct 1.23 ct 1.04¢ 1.78 ct 0.89 ct 
shape oval ova pear rough modified round oval oval oval oval 
pear 
Size(mm) 11.3x7.4 98x73 9.2x7.7 Lene 8.5 82x64 40 8.1x5.8 5.8 x 4.1 8.6 x 6.7 6.4x6.1 
x8. 
Micro- None Healed Healed Growth planes Irregular None Healed Zircon Zircon Zircon 
scopic noted fractures with fractures with —_‘|| to {1123} growth noted fractures crystals® crystals® crystals 
features two-phase two-phase and {1123} boundary®; with with tension —_with tension with tension 
(fluid/ (fluid/ twin(?) plane growth two-phase cracks; cracks; cracks; 
magnesite) magnesite) || to (0001); planes (fluid/ apatite apatite healed 
inclusions*¢ —_inclusions*.¢ —_—healed frac- || to (0001); magnesite) — crystals® crystals® fractures 
corroded tures with zircon crystals® inclusions® with two- 
magnesite two-phase with tension phase 
crystal° inclusions; cracks; (fluid/ 
zircon crystals® apatite magnesite) 
with tension crystals® inclusions 
cracks 
Density (g/cm?) 3.61 3.62 3.63 3.63 3.66 3.61 3.63 3.63 3.65 3.67 
Refractive indices 
Ney 1.720 1.722 1.722 1.724 1.728 1.722 1.722 1.723 1.725 1.728 
n, 1.716 1.718 1.718 1.720 1.722 1.718 1.718 1.719 1.720 1.722 
Birefringence 0.004 0.004 0.004 0.004 0.006 0.004 0.004 0.004 0.005 0.006 
Microprobe analyses (wt.%) 
Al,0, 72.14 72.12 72.17 72.62 71.412 72.90 72.62 72.13 71.88 71.31 
Ga,0, 0.05 0.04 0.04 0.03 0.04 0.03 0.02 0.05 0.04 0.02 
V0. 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.04 
Cr,0, 0.01 0.01 0.10 0.11 0.14° 0.13 0.13 0.21 0.18 0.33 
TiO, 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.02 
MgO 21.58 20.92 20.98 19.40 19.71 20.52 20.73 20.15 19.71 18.85 
FeQ® 0.80 2.10 1.89 2.21 2.05 1.37 1.54 1.52 2.59 2.09 
Zn0 0.09 0.11 0.05 0.59 2.11 0.09 0.55 1.18 0.38 2.24 
MnO 0.02 0.02 0.03 0.04 0.03 0.04 0.02 0.03 0.03 0.06 
BeO! 4.45 4.46 4.49 4.43 4.40 4.46 4.47 4.44 4.42 4.39 
Total 99.15 99.80 100.37 99.45 99.64 99.56 100.10 99.74 99.26 99.35 
Sums 0.99 2.30 2.13 3.00 4.41 1.68 2.28 3.02 3.25 4.80 
Cations’ 
Al 7.946 7.940 7.955 8.035 7.926 8.010 7.966 7.969 7.983 7.975 
Ga 0.003 0.002 0.002 0.002 0.002 0.002 0.001 0.003 0.002 0.001 
V 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.002 0.001 0.003 
Cr 0.001 0.001 0.007 0.008 0.014 0.010 0.010 0.016 0.013 0.025 
Ti 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
Mg 3.006 2.913 2.901 2.715 2.778 2.852 2.876 2.815 2.768 2.666 
Fe 0.063 0.164 0.147 0.174 0.162 0.107 0.120 0.119 0.204 0.166 
Zn 0.006 0.008 0.003 0.041 0.147 0.006 0.038 0.082 0.026 0.157 
Mn 0.002 0.002 0.002 0.003 0.002 0.003 0.002 0.002 0.002 0.005 


aAll samples are reportedly from Sri Lanka except for sample A, which is reportedly from Myanmar. 

® This color-zoned sample contained a smaller, more intense reddish purple area with 0.26 wt.% Cr,O,; the larger, lighter area contained 0.14 wt% Cr,Q, The 
Cr content of this sample given in the onginal article by Ponahlo (1993) was found to be erroneous; a later analysis by X-ray fluorescence gave an average 
composition of 0.19 wt.% Cr,0, U. Ponahio, pers. comm., 1999), which is consistent with our analyses of this zoned! samp. 

© Identified by Raman analysis. 

‘identified by electron microprobe analysis. 

® Total iron as FeO. 

' Calculated for 1 BeO per formula unit; for the theoretical composition of taaffeite (Be Mg,Al,O,_) an amount of 4.52 wt.% BeO is required (beryllium is not 
detectable by microprobe analysis). 

8Sum = sum of minor and trace elements (wt.%) calculated as (Ga,0,+V,0,+Cr,0,+TIO,+FeO +ZnO +MnQ). 

"Calculated on the basis of 16 oxygens assuming Be = 1.000. 
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Twin plane (?) 


Figure 2. Growth structure analysis was used to 
extrapolate the crystal morphology of the water- 
worn purple taaffeite crystal fragment (sample D). 
The original crystal had basal {0001} and pyrami- 
dal {1123} faces; the sample is probably twinned 
on (0001), along an equatorial twin plane. 


two grayish violet faceted taaffeites, one of which 
was very light colored (again, see figure 1). These 
two samples represent the color typically seen in 
taaffeite. A complete description of these 10 stones 
is provided in table 1. 

Nine of the 10 samples reportedly originated 
from Sri Lanka (taaffeites B to J), with one from 
Myanmar (sample A). All were tested by standard 
gemological methods for optical properties, fluores- 
cence, and density. We examined the inclusions 
and internal growth patterns by standard micro- 
scopic techniques using different gemological 
microscopes and lighting conditions. Solid inclu- 
sions were identified with a Renishaw laser Raman 
microspectrometer and, for two faceted samples 
with inclusions exposed on the surface, by electron 
microprobe (see below). For those few inclusions 
that yielded no useful Raman spectra, identifica- 
tion was accomplished by direct comparison with 
known inclusions of similar appearance that were 
determined by analytical means in other taaffeites 
of our study. 

For all samples, UV-visible spectra were recorded 
with a Leitz-Unicam SP 800 spectrophotometer. To 
determine quantitative chemical composition, we 
used a Cameca Camebax SX 50 electron micro- 
probe, with one or two traverses of 50 point analyses 
each, measured across the tables of the nine faceted 
stones and across a polished window almost parallel 
to the basal plane of the rough taaffeite sample. 
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RESULTS 

Visual Appearance and Gemological Properties. The 
rough taaffeite was a water-worn fragment of a crys- 
tal that was originally much larger. The sample had 
one basal termination, which revealed an irregularly 
stepped surface structure similar to that described 
by Kampf (1991) for taaffeite crystals from Sri 
Lanka. On the opposite side, parallel to the basal 
plane (0001), a flat face had been polished in Sri 
Lanka for the measurement of refractive indices. 
Only one positive and one negative hexagonal pyra- 
midal face were present. Because of the water-worn 
nature of the sample, it was impossible to deter- 
mine the hexagonal pyramids directly by goniomet- 
ric measurements. 

However, when this sample was immersed in 
methylene iodide and examined in one particular 
orientation, growth planes parallel to one positive 
and one negative hexagonal dipyramid were visible. 
The angle between these two faces was measured at 
50°, with an accuracy of +2°. From this, we deter- 
mined that the hexagonal pyramids were (1123) and 
(1123), respectively, which requires an angle of 
51.34°, and we could extrapolate that the original 
crystal appeared as pictured in figure 2. This mor- 
phology is different from that of other water-worn 
taaffeite samples from Sri Lanka, for which the 
main hexagonal pyramids were determined by 
Kampf (1991) as {112.4} and {1122} (based on theoret- 
ical angles of 65.30° and 35.52°, respectively). 

At the intersection of the (1123) and (1123) faces 
of our rough sample was a small groove, which cor- 
responded to an internal (0001) plane within the 
complete crystal. This plane appeared slightly 
reflective in the microscope and is probably a twin 
plane, with the crystal twinned by reflection on a 
basal (0001) plane. 

All samples revealed a small shift of color 
between day (or fluorescent) light and incandescent 
light (table 1). The seven Cr-bearing samples (C to 
J) ranged from purple to purplish red in daylight and 
from reddish purple to red in incandescent light 
(again, see figure 1). The two nearly Cr-free samples 
(A and B) were grayish violet to violet; taaffeite A 
was light colored. (Note that in this article, the day- 
light color is used when describing the samples.) 
Pleochroism in Cr-free samples was absent (taaf- 
feite A) or extremely weak (taaffeite B); in all Cr- 
bearing samples, pleochroism was weak to moder- 
ate with a light pink to pinkish red seen parallel to 
the c-axis and a more intense purple, reddish pur- 
ple, or purplish red visible perpendicular to c. All 
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Figure 3. An irregular growth boundary in this red- 
dish purple taaffeite (sample E) separates a lighter 
from a more intensely colored area of the stone. 
Immersion, magnified 60x. 


the taaffeites were inert to long- and short-wave 
ultraviolet radiation. 

The refractive indices varied from 1.716-1.720 
and 1.722-1.728, with a birefringence between 
0.004 and 0.006; the light-colored nearly Cr-free 
sample had the lowest R.I. values. The density val- 
ues ranged from 3.61 to 3.67 g/cm® (table 1). The 
correlation of the chemical composition with refrac- 
tive index and density will be described below. 


Features Seen with the Microscope. Microscopic 
properties of the 10 taaffeites examined in this study 
are described below and summarized in table 1. 


Structural Features. Only two samples revealed 
growth patterns. The rough sample (D) was 
described above. In sample E we saw a series of 
growth planes parallel to the basal plane {0001}, as 
well as an irregular growth boundary separating a 
lighter from a more intensely colored area of the 
stone (figure 3; see also table 1 for chemical zoning). 


Figure 5. Rounded, transparent apatite crystals 
were noted in three of the taaffeite samples. 
Sample H; magnified 50x. 
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Figure 4. Zircon crystals with tension cracks (here, 
in sample I) were common in the taaffeite samples. 
Immersion, magnified 100x. 


Inclusions. Five samples contained numerous zir- 
con inclusions surrounded by tension cracks (see, 
e.g., figure 4). In addition, many small, somewhat 
rounded apatite crystals were found in three stones 
(see, e.g., figure 5). 

The most characteristic inclusions—present in 
five of the 10 taaffeite samples—were healed frac- 
tures that usually consisted of numerous elongated 
negative crystals with multiphase fillings (figure 
6). Examination with crossed polarizers revealed a 
solid birefringent mineral in each cavity (figure 7). 
Microprobe analysis of some of these tiny crystals 
revealed only the presence of magnesium. Raman 
analysis proved that these inclusions are magne- 
site (MgCO,) crystals. Analyses of numerous 
inclusions in three samples consistently identified 
only magnesite. Consequently, we do not believe 
that other carbonates, such as dolomite or calcite, 
are present. (For the distinction of different carbon- 
ates by Raman analysis, see Herman et al., 1985, 
1987; Gillet et al., 1993.) 


Figure 6. Healed fractures in the taaffeite samples 
typically appeared as groups of negative crystals 
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third edition appeared, Professor 


Slawson has-been the junior author. 


European Centers Visited 


In 1926 and 1986, trips were made 
to Europe in order to secure first- 
hand authoritative information on 
the various phases of gem cutting, 
synthetics, blue zircons, and = so 
forth. In 1926, I was particularly 
anxious to visit plants making syn- 
thetic rubies and sapphires. Promi- 
nent mineralogists in Germany up- 
on whom I called could offer very 
little assistance. They knew there 
was a plant at Bitterfeld and that 
permission to visit it could not be 
obtained. The German mineralogists 
were, however, certain that synthet- 
ics were also produced in Switzer- 
land, but they did not know where. 
Even. the Swiss professor of min- 
eralogy at the University of Berne 
did not know the location of the 
plants in his own country. But it 
was suggested by him that there 
probably was one at Biel. I went 
to Biel, and after much inquiring, 
ferreted out the location of the Jew- 
el Works Company. As I approached 
the entrance of the plant, an up- 
standing man was leaving the of- 
fice. He proved to be Mr. J. Telecki, 
the superintendent. Upon inquiry 
whether synthetic gems were manu- 
factured there, I received an af- 
firmative reply. I told him I was 
professor of mineralogy at the Uni- 
versity of Michigan, and that I -had 
lectured on synthetic rubies and sap- 
phires and had published a book on 
gems, but that I had never seen syn- 
thetic rubies and sapphires made. 
When I asked whether I might see 
his plant and observe the process, 
he immediately replied, “Certainly— 
that’s the way university professors 
usually do. They first lecture and 


write about a subject and then 
afterwards try to obtain first-hand 
information. In fact, a noted Euro- 
pean has just published a large book 
on synthetic gems, but he, likewise, 
has never seen them made. Sir, come 
right in.” . 

Although it was then after work- 
ing hours, a furnace was started up 
and the operation demonstrated. 
Telecki generously answered all the 
questions I asked. In fact, he sub- 
sequently sent me a long report giv- 
ing detailed information about the 
various aspects of the process. This 
report has served as the basis of 
the description of the Verneuil 
process for the production of these 
synthetics in subsequent editions of 
Gems and Gem Materials. Ten years 
later, visits were made to the plant 
of the Swiss Jewel Company, at 
Locarno, Switzerland, and to the one 
at Bitterfeld, Germany. Mr. E. G. 
Sandmeier, manager of the Locarno 
plant, has for many years furnished 
much valuable information. 

On both trips to Europe, visits 
were made to the old and very im- 
portant gem-cutting center at Idar- 
Oberstein, Germany, where the in- 
dustry has flourished since the latter 
part of the fifteenth century. Visits 
were ‘also made to the plant ot 
Asscher and Company in Amster- 
dam, where the famous Cullinan 
diamond was cut. The itineraries 
also included a trip to the so-called 
“amber coast” at Palmnicken on the 
Baltic Sea, and to Kénigsberg in 
Hast Prussia, where much amber is 
prepared for the market. Many uni= 
versities, and mineralogical and gem 
collections were also. visited in 
Germany, Austria, Czechoslovakia, 
Switzerland, Holland, France, and 
England. 


(Continued on Page 402) 
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In sample B, a comparatively large inclusion of 
corroded magnesite (figure 8) also was identified by 
Raman analysis. We were not able to identify 
some small black particles included in a few of the 
taaffeites. 


Chemical Properties. As reported in table 1, the 
microprobe analyses proved that nine samples were 
more or less homogeneous in composition. Only 
sample E revealed a chemical zoning of its Cr con- 
tents, which is consistent with its color zoning 
(again, see figure 3). 

All of the samples contained iron (0.80-2.59 
wt.% FeO) and widely varying concentrations of 
zinc (0.05-2.24 wt.% ZnO). Samples A and B were 
essentially Cr-free, and the remaining eight taaf- 
feites revealed 0.10—0.33 wt.% Cr,O,. Only trace 
amounts of gallium, titanium, vanadium, and man- 
ganese were detected. 

The cation proportions of (Mg+Fe+Zn+Mn] : 
(Al+Ga+V+Cr+Ti) were always close to the theoreti- 
cal ratio of 3:8 (see table 1). These results clearly 
indicate that all samples were taaffeite, rather than 
musgravite (which has a corresponding theoretical 
ratio of 2:6). 

A plot of the minor- and trace-element concentra- 
tions (calculated as the sum of Ga,O,, V,O;, Cr,O,, 
TiO,, FeO, ZnO, and MnO) versus refractive index 
and density is shown in figure 9. Both of these prop- 
erties rise as the trace-element contents increase. 
The RII. and S.G. values were mainly influenced by 
Fe and Zn, which were the predominant elements 
that are not present in the pure mineral. 


Spectroscopic Properties. The absorption spectra of 
all the Fe- and Cr-bearing taaffeites (samples C to J) 
consisted of the basic iron absorption spectrum of 
Cr-free taaffeite (e.g., samples A and B), over which 
were superimposed the absorption bands of Cr** (fig- 
ure 10; for the assignment of absorption bands, see 
table 2). The absorption spectra of Fe-bearing taaf- 
feite samples A and B are consistent with those 
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Figure 7. Healed fractures in taaffeite 
have been noted in the literature, but 
without identifying the the solid 
phase in the negative crystals as mag- 
nesite. Left: the healed fractures with 
standard illumination. Right: tiny 
birefringent crystals are visible in the 
negative crystals with crossed-polar- 
ized light. Immersion, magnified 80x. 


described by Schmetzer (1983a) and Bank and Henn 
(1989), as well as with the spectra of about 20 gray- 
ish violet to violet taaffeites from Sri Lanka mea- 
sured over time by one of the authors (KS, unpub- 
lished data). In Cr-bearing taaffeites, the spectral fea- 
tures appear to be related to the Fe:Cr ratio of the 
sample. In those samples with high Fe and low Cr 
(C, D, and E), the iron spectrum was dominant. In 
samples with distinctly lower Fe contents (F and G) 
and/or with higher Cr concentrations (H, I, and J), 
the chromium-related absorption bands were 
stronger, or dominant throughout the entire absorp- 
tion spectrum. 

Unfortunately, we could not obtain any Cr- 
bearing taaffeites that were completely Fe-free, so 
a pure spectrum of chromium in taaffeite was not 
observed. Taaffeite spectra, however, are similar to 
the absorption spectra of Fe- and/or Cr-bearing 
spinels (Schmetzer, 1983a). Consequently, the 
characteristics of spinel absorption spectra can be 
helpful for interpreting the absorption features of 


Figure 8. This corroded magnesite crystal was 

observed in sample B. The rhombohedral habit of 
the crystal is clearly visible. Photomicrograph by 
H. A. Haénni; magnified 100x. 
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Figure 9. Refractive index (A) and density (B) val- 
ues are plotted against the sum of the minor- and 
trace-element contents for all 10 taaffeite samples 
studied (see table 1). With significant increases in 
the sums of these elements, we recorded higher R.I. 
(A =n,,, @=n,) and density values. 


taaffeite (see table 2; Schmetzer et al., 1989). 
Specifically, the strong absorption band in the 545 
nm range is assigned to Cr°*, and a second strong 
chromium absorption band should be present in 
the 400 nm range. In Cr-bearing taaffeite, however, 
this band is evidently superimposed by iron-relat- 
ed absorption maxima (figure 10). All other absorp- 
tion bands in the taaffeite spectra are assigned to 
iron. A more detailed assignment of the taaffeite 
absorption features is impossible without further 
study (e.g., Mdssbauer spectroscopy). 

The variability in the taaffeite spectra can be 
attributed to the contents of Fe and Cr in the indi- 
vidual samples (table 1). For samples C, D, and E— 
which have relatively low Cr contents and high Fe 
contents (table 1}the iron spectrum is dominant. 
For samples F and G—with Cr contents in the same 
range, but distinctly lower Fe concentrations—the 
chromium bands are stronger. For samples H and 
J—which have higher amounts of Cr, and moderate 
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Fe contents—the chromium bands are dominant. 
The spectrum of sample I is intermediate between 
the last two types of spectra mentioned. 

The pleochroism in the eight Cr-bearing sam- 
ples (C to J) correlates with the absorption at slight- 
ly different peak positions at orientations parallel 
and perpendicular to the c-axis. It is also related to 
the variable intensity of the chromium absorption 
band in the yellow to green spectral range (i.e., 
500-600 nm; again, see figure 10). 


DISCUSSION 


The most characteristic internal feature of the nine 
taaffeites from Sri Lanka were healed fractures con- 
sisting of negative crystals, with magnesite as a solid 
component of the multiphase fillings. Healed frac- 
tures with the same visual characteristics frequently 
have been reported in taaffeite from Sri Lanka 
(Liddicoat, 1967; Fryer, 1982; Gunawardene, 1984a 
and b; McDowell, 1984; Bank and Henn, 1989; 
Kampf, 1991). However, in our samples we did not 
identify spinel in any of the multiphase inclusions, 
as was described by Gunawardene (1984a and b). 

Apatite and zircon crystals were common. 
Apatite inclusions in taaffeite have been mentioned 
by various authors (Koivula, 1980, 1981; Guna- 
wardene, 1984a and b; Gtibelin and Koivula, 1986, 
Kampf, 1991; Burford, 1997). Zircon was observed 
by Kampf (1991) and Burford (1997). Another miner- 
al, surrounded by tension cracks, was described by 
Gtbelin and Koivula (1986). Although this inclusion 
was identified as monazite by analytical means (E. 
Gtibelin, pers. comm., 1998), Raman analysis did not 
reveal monazite in any of the 10 samples we studied. 
Black inclusions also have been mentioned by vari- 
ous authors, and described as uraninite or graphite 
(Bank and Henn, 1989; Koivula and Kammerling, 
1990, 1991; Kampf, 1991). However, we could not 
identify the small black inclusions seen in some of 
our samples. Although phlogopite inclusions have 
been described by various authors (Gunawardene, 
1984a and b; Giibelin and Koivula, 1986; Bank and 
Henn, 1989), we did not observe this mineral in any 
of the sample taaffeites. 

Our chemical analyses of the eight purple to pur- 
plish red taaffeites expand the compositional range 
that was previously reported for taaffeites from Sri 
Lanka (Schmetzer, 1983a and b; Schmetzer and 
Bank, 1985; Bank and Henn, 1989; Ponahlo, 1993). 
The highest Fe content measured to date for Sri 
Lankan taaffeite was in sample I of this study (2.59 
wt.% FeO). The highest Zn content reported thus far 
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Figure 10. These absorption spectra of Fe- and Cr- 
bearing taaffeites from Sri Lanka (samples E, C, G, 
I, and J) show distinct features when compared 
with Cr-free taaffeite (sample B). All spectra are 
unpolarized except for samples B and E (green line 
= perpendicular to the c-axis, blue line = parallel to 
the c-axis). Two absorption spectra for spinel are 
shown for comparison: (top) a Cr-bearing, Fe-free 
red spinel from Mogok, Myanmar; (bottom) an Fe- 
bearing, Cr-free bluish violet spinel from Sri Lanka. 


(4.66 wt.% ZnO) was in a sample with refractive 
indices of 1.726-1.730 (Schmetzer and Bank, 1985). 
It is probable that the taaffeite described by Burford 
(1997), with refractive indices of 1.725-1.730, is also 
a high Fe- and/or Zn-bearing sample. The highest Cr 
content reported so far was in the purplish red taaf- 
feite in this study (sample J, with 0.33 wt.% Cr,O,). 
Unfortunately, no chemical or spectroscopic data are 
available for the deep red taaffeite described by 
Koivula and Kammerling (1990, 1991). 
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The color of Cr-bearing taaffeite is a function of 
the Cr and Fe contents (figure 11). Samples C, D, and 
E—which have relatively high Fe and low Cr con- 
centrations—are purple or reddish purple in daylight. 
Taaffeites F and G, which contain similar amounts 
of Cr, but lower levels of Fe, are reddish purple or 
red-purple. Samples H, I, and J—which have higher 
Cr contents and various amounts of Fe—are purple- 
red to purplish red (for the designation of colors, see 
the hue circle on p. 256 of the Winter 1998 issue of 
Gems e&) Gemology). 

All the Cr-bearing samples revealed a strong 
chromium-iron absorption band, with a maximum 
in the greenish yellow region around 545 nm (figure 
10) and two minima in the red and blue regions (see 
also Bank and Henn, 1989). These spectral features 
are similar to those of minerals that reveal a distinct 
color-change between daylight and incandescent 
light (Schmetzer et al., 1980). However, the absorp- 
tion maximum at about 545 nm in taaffeite is found 
at a somewhat lower wavelength than the absorp- 
tion maximum ([i.e., between 562 and 578 nm) in 
minerals that show an alexandrite-like color 
change, such as chrysoberyl, garnet, sapphire, 
spinel, kyanite, and diaspore. Thus, only a slight 
change of color between daylight and incandescent 
light is observed in taaffeite (see table 1). 


TABLE 2. Spectroscopic properties of iron- and 
chromium-bearing taaffeite and spinel. 


Taaffeite absorption maxima (nm) Spinel Assignment 
absorption 
IIc te maxima (nm)? 
541 552 543 Chromium® 
Superimposed by Superimposed by 413 
iron absorption bands _ iron absorption bands 388 
629 629 645 Iron 
581 581 588 
575 
552 559 556 
508 509 
476 472 476 
452 462 456 
415 415 
402 
385 385 384 
372 372 370 


’From Schmetzer et al. (1989). 

°A sharp chromium line was observed in taaffeite sample J at 687 
nm, which is identical with the R emission line of Cr°+ measured by 
Ponahlo (1993) in the cathodoluminescence spectrum of Cr-bear- 
ing taaffeite; the R line is observed in the absorption spectrum of 
spinel at 683 nm (Sviridov et al., 1973). 
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Figure 11. Color in Fe- and 
Cr-bearing taaffeites is 
related to their chemical 
composition. With increas- 0.30 | 
ing Cr and decreasing Fe, 
the red color component of 0.25 
the purple to purplish red | & | 
stones is intensified. Note: | = 0,20- 
size of samples not to scale. | g 
O 0.15 
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CONCLUSIONS 


Although this study of nine taaffeites from Sri 
Lanka and one from Myanmar did not reveal any 
inclusion that was specific to Cr-bearing samples 
as compared to grayish violet or violet Cr-free taaf- 
feites, it did confirm the presence of internal fea- 
tures such as zircon, apatite, and healed fractures 
with tiny magnesite crystals (as solid components 
of multiphase inclusions), which are common for 
samples from Sri Lanka. The absorption spectra of 
Cr- and Fe-bearing samples are similar to those of 
Cr- and Fe-containing spinels. The color of the 
purple to purplish red samples is a function of the 


REFERENCES 


Anderson B.W., Payne C_J., Claringbull G.F., Hey M.H. (1951) 
Taaffeite, a new beryllium mineral, found as a cut gem-stone. 
Mineralogical Magazine, Vol. 29, pp. 765-772. 

Bank H., Henn U. (1989) Changierender Taaffeit aus Sri Lanka. 
Zeitschrift der Deutschen Gemmologischen Gesellschaft, 
Vol. 38, No. 2/3, pp. 89-94. 

Burford M. (1997) Two zincian rarities. Canadian Gemmologist, 
Vol. 18, No. 4, pp. 105-110. 

Burford M. (1998) Gemstones from Tunduru, Tanzania. 
Canadian Gemmologist, Vol. 19, No. 4, pp. 108-110. 

Chadwick B., Friend C.R.L., George M.C., Perkins W.T. (1993) A 
new occurrence of musgravite, a rare beryllium oxide, in the 
Caledonides of north-east Greenland. Mineralogical 
Magazine, Vol. 57, pp. 121-129. 

Demartin F., Pilati T., Gramaccioli C.M., de Michele V. (1993) 
The first occurrence of musgravite as a faceted gemstone. 
Journal of Gemmology, Vol. 23, No. 8, pp. 482-485. 

Fryer C., Ed. (1982) Gem Trade Lab notes: World’s largest taaf- 
feite? Gems & Gemology, Vol. 18, No. 1, p. 49. 

Gillet P., Biellmann C., Reynard B., McMillan P. (1993) Raman 


58 


Notes and New Techniques 


relative amounts of the two color-causing trace 
elements, Cr and Fe. 

With the exception of the small amounts of Cr 
that add a red color component to the taaffeites, 
there does not appear to be any other significant dif- 
ference from the more common grayish violet to 
violet samples examined to date. 
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DIAMONDS 

Chameleon, with Blue-to-Violet 
“Transmission” Luminescence 
Chameleon diamonds are popular 
with colored-diamond collectors pri- 
marily for two reasons. First, these 
diamonds, which range from greenish 
gray or brownish greenish yellow to 
yellowish green, with medium-to- 
dark tones and moderate to high 
saturation (figure 1), are among that 
fraction of colored diamonds for 
which the green component can be 
determined to be of natural origin. 
Second, chameleon diamonds show 
photochromic and thermochromic 
behavior; that is, they change to a yel- 
low to orangy yellow color when held 
in darkness for a few days or gently 
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heated. The original greenish color 
returns after less than one minute of 
exposure to light or on cooling to 
room temperature. 

Both labs regularly see chameleon 
diamonds, and we described a particu- 
larly large one, a 22.28 ct heart bril- 
liant, in this section in 1992 (Gem 
Trade Lab Notes, Summer 1992, p. 
124). This past winter the East Coast 
lab examined several examples with 
strong blue-to-violet luminescence to 
visible light (violet “transmission”’), a 
gemological property that is uncom- 
mon in such diamonds. Chameleon 
diamonds typically show a number of 
diagnostic properties: a moderate to 
strong absorption line at 415 nm, and 
a weak one at 425 nm, in a desk- 


| Figure 1. These two diamonds, 
0.74 (top) and 31.10 ct, are typical 
of the yellowish green to greenish 
yellow colors seen in chameleon 
diamonds. 
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model spectroscope; and moderate to 
very strong yellow fluorescence— 
with strong, persistent yellow phos- 
phorescence, often lasting more than 
60 seconds—to both long- and short- 
wave UV. There is usually no observ- 
able luminescence to strong visible 
light. When a diamond in the color 
range described above shows these 
properties, it is safe to test it for ther- 
mochromic behavior to complete the 
identification. (Diamonds of greenish 
color that do not show a line at 425 
nm and strong, persistent phosphores- 
cence may have their color perma- 
nently altered by heating.) 

A 0.74 ct Fancy Dark gray—yellow- 
ish green marquise (figure 1, top) first 
focused our attention on this unusual 
property. While examining its reac- 
tion to long-wave UV, we observed 
clouds of blue fluorescence mixed 
with the typical yellow, as well as 
strong, long-lasting yellow phospho- 
resence; it exhibited a yellow fluores- 
cence and phosphorescence to short- 
wave UV, which is typical for 
chameleon diamonds. The violet 
transmission luminescence that 
appeared when the stone was placed 
on the base of our desk-model spec- 
troscope was quite striking. It was 
unevenly distributed, forming a 
wedge on one side and a stripe on the 
other. Although this property was 
atypical, the others, including a 425 
nm line seen with the desk-model 
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spectroscope, indicated a chameleon 
diamond, and we observed a good 
color change to orangy yellow on gen- 
tle heating with an alcohol lamp. 

We saw a more striking example a 
few weeks later, a 31.10 ct Fancy 
Dark gray—greenish yellow oval modi- 
fied brilliant (figure 1, bottom). This 
stone also fluoresced yellow with 
blue clouds to long-wave UV, with 
the typical phosphoresence and reac- 
tion to short-wave UV. Over the base 
of the desk-model spectroscope, it dis- 
played strong blue-to-violet transmis- 
sion with weak orange areas (figure 2). 
This chameleon diamond showed a 
strong color change to orangy yellow; 
it took several minutes to heat up and 
cool down because of its large size. 

Valerie Chabert and IR 


With Evidence of Another New 
Diamond Treatment 


At the recent Tucson shows, John 
Haynes of InColor Diamonds, a long- 
time acquaintance of the GIA Gem 
Trade Laboratory, loaned us nine 
samples that showed evidence of yet 
another new diamond treatment. The 
treated polished diamonds include 
both black and green colors and 
ranged from 0.05 to 1.38 ct (see, e.g., 
figure 3). 

The “black” diamonds appeared 
opaque black when examined over 
diffused light, but were actually very 
dark brown and semi-transparent to 
transparent when viewed with a fiber- 
optic illuminator. In reflected light, 
the faceted surfaces showed high lus- 
ter, which appeared metallic and yel- 
lowish brown on the table facet. 
Although the abundant inclusions of 
natural-color black diamonds typical- 
ly lead to poor polish, these samples 
revealed an uneven surface texture, 
even between fractures. When we 
looked through the pavilion at the 
table of the most transparent stone, 
we observed many fine dark brown 
spots surrounded by lighter brown 
areas. However, when we viewed it 
with Nomarski differential interfer- 
ence contrast microscopy (described 
by J. H. Richardson on pp. 243-256 of 
Handbook for the Light Microscope, 
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Noyes Publications, Park Ridge, New 
Jersey, 1991; see also figures 6-8, pp. 
194-195 of the Winter 1987 Gems & 
Gemology), we noted deep polishing 
lines and subtle traces of a very thin 
material at the surface. There was no 
reaction to either long- or short-wave 
UV, and a synthetic sapphire point 
(hardness 9) did not scratch the sur- 
faces of the stones. We recorded mod- 
erate to strong electrical conductivity. 

The green samples showed a very 
slight unevenness of color. When the 
stones were observed over diffuse 
transmitted light, immersed in 
methylene iodide, the color appeared 
strongest around the girdle and 
along the pavilion facets. These 
diamonds, too, showed a metallic lus- 
ter in reflected light (on all facets). 
With darkfield illumination, they 
revealed a highly distinctive feature: a 
display of iridescent colors along the 
facets of the pavilion that were seen 
easily near the culet (figure 4). While 
such iridescence also suggests a sur- 
face coating, Nomarski microscopy 
showed only polishing lines on these 
diamonds; again, the 9 hardness point 
did not scratch them. The reactions of 
the different diamonds to ultraviolet 
radiation ranged from inert to moderate 
blue to long-wave UV, and from inert 
to weak yellow or blue to short-wave 
UV. All the green samples showed a 
415 nm line in the handheld spectro- 
scope, which confirmed that they were 
natural diamond. 

Infrared spectroscopy showed that 
all the samples, green and black, 


Figure 2. The 31.10 ct 
chameleon diamond showed 
strong blue-to-violet and weak 
orange transmission Iumines- 
cence to the strong visible light 
of a desk-model spectroscope. 


were type Ia diamond with varying 
amounts of nitrogen at various aggre- 
gation states. Visible spectra of the 
green samples showed the Cape lines 
typical of natural yellow diamonds, 
with a peak at 741 nm that indicated 
that they had been exposed to ioniz- 
ing radiation. None of the samples 
showed any residual radioactivity. 

To continue the characterization, 
we turned next to energy-dispersive 
X-ray fluorescence (EDXRF) analysis, 
as well as to laser Raman microspec- 
trometry of the surface of the dia- 
monds. No elements were detected 
with EDXRF, but the Raman spectra 
gave some interesting results. The 
spectra of the green samples showed a 
sharp peak at 1330 cm~!, and features 
at 2459 cm! and 2666 cm, charac- 
teristic of diamond itself; a peak at 
773 cm! was observed in one sample, 


Figure 3. New diamond treatments produced the black and green 
colors of these round brilliants, which range from 0.08 to 0.28 ct. 
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Figure 4. Bright iridescence, seen 
here with darkfield illumination 
reflected in the culet of a 0.18 ct 
round brilliant, is a characteristic 
property of the treated-color green 
diamonds shown in figure 3. 
Magnified 20x. 


suggesting a possible carbide com- 
pound. The black diamonds showed a 
similar sharp peak at 1330 cm‘, but 
also a broad peak centered at 1500 
cm:!, which indicates the presence of 
diamond-like carbon (DLC). The 
experimental use of DLC to coat gem- 
stones other than diamond was 
reported in the Fall 1991 Gem News 
section (p. 186). 

Examination of more samples, fur- 
ther testing, and discussion with the 
developer of the treatment will be 


needed before we fully understand 

how these diamonds have been treat- 

ed. However, the unusual aspects of 

their appearance make them straight- 
forward to identify as treated. 

IR, John I. Koivula, 

Shane Elen, Peter Buerki, 

and Sam Muhlmeister 


Light Blue Synthetic 


Early this year, three pale blue round 
brilliants, which weighed 0.10, 0.14, 
and 0.21 ct (figure 5), were submitted 
to the East Coast lab for colored dia- 
mond identification and origin-of- 
color reports. In this case, the identifi- 
cation portion of this service proved 
to be more essential than finding the 
cause of (or grading] the blue color. 
When examined with magnifica- 
tion, two of the three stones displayed 
large metallic inclusions (figure 6} 
that appeared similar to the flux 
inclusions seen in the earliest blue 
synthetic diamonds from the General 
Electric Company (see G. R. Crown- 
ingshield, “General Electric’s cuttable 
synthetic diamonds,” Gems & Gem- 
ology, Summer 1971, pp. 302-314). 
The third diamond showed an unusu- 
al opaque cloud (figure 7), along with 
pinpoint-like inclusions arranged 
somewhat randomly throughout the 


Figure 5. As seen both face-up and through the pavilion, the three syn- 
thetic blue diamonds on the left (0.10, 0.14, and 0.21 ct) are consider- 
ably paler than most of the synthetic blue diamonds seen in the labora- 
tory to date. Nevertheless, their blue color is clearly evident when com- 
pared to the near-colorless diamond on the far right. 
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stone. Such pinpoints have been 
observed in yellow synthetic dia- 
monds (J. E. Shigley et al., “The gemo- 
logical properties of the De Beers gem- 
quality synthetic diamonds,” Gems & 
Gemology, Winter 1987, pp. 187-206). 

All three diamonds showed a very 
weak reaction to long- and short-wave 
UV radiation, but all did phospho- 
resce a moderate to strong yellow for 
longer than two minutes to both 
wavelengths. They also showed 
orangy yellow phosphorescence after 
exposure to strong visible light, such 
as that used in a desk-model spectro- 
scope. Although persistent phospho- 
rescence to short-wave UV radiation 
has been seen in natural IIb dia- 
monds, the fact that we observed per- 
sistent phosphorescence to both 
wavelengths is another important 
indication (i.e., in addition to the 
metallic flux inclusions) that the 
material is synthetic diamond. In 
addition, these diamonds were drawn 
readily to a strong magnet. All three 
samples were identified as synthetic 
diamond on the basis of this combina- 
tion of properties. 

Most synthetic blue diamonds we 
have seen are a moderately saturated 
color with medium to dark tone. 
These synthetics were considerably 
paler and less saturated than the 
equivalent of a “Fancy” grade. Both 
the depth of the blue color and the 
degree of semi-conductivity are relat- 
ed to the boron content of the dia- 
mond, whether natural or synthetic. 
We measured moderate electrical 
conductivity in these three round bril- 
liants, within the normal range for 
natural blue diamonds and unlike the 
high conductivity recorded for most 
of the synthetic blue diamonds we 
have examined previously. 

Thomas Gelb 


DUMORTIERITE 


As the “Island of Gems,” Sri Lanka is 
the source of many rare and unusual 
stones. Recently, Dunil Palitha 
Gunasekera, a gemologist in Rat- 
napura, Sri Lanka, called our atten- 
tion to a 0.79 ct dark blue emerald cut 
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Figure 6. This inclusion in a 0.10 
ct synthetic blue diamond has a 
shape that is both rod-like and 
globular, and displays the 
metallic luster that is typical of 
flux inclusions in synthetic dia- 
monds. Magnified 63x. 


stone (figure 8) that came from recent- 
ly discovered material. This turned 
out to be an unusually large example 
of the rare gem dumortierite, so we 
took the opportunity to examine it in 
detail. 

The transparent stone measured 
5.67 x 5.26 x 3.52, mm. It was evenly 
colored dark blue and pleochroic in 
very dark blue and very light blue 
(reminiscent of the dichroism in beni- 
toite). It was also biaxial negative, 
with refractive indices from 1.672 to 
1.690. The specific gravity (measured 
hydrostatically) was 3.42. The gem 
was inert to long-wave UV and lumi- 
nesced very weak (but chalky) green 
to short-wave UV. With magnifica- 
tion, we saw one “fingerprint” inclu- 
sion. No spectrum was evident with a 
handheld spectroscope. 

We performed several advanced 
tests on this sample, including ener- 
gy-dispersive X-ray fluorescence 
(EDXRF) spectroscopy, X-ray powder 
diffraction analysis, laser Raman 
microspectrometry, and UV-visible 
and FTIR spectroscopy. Qualitative 
EDXRF spectroscopy revealed major 
aluminum and silicon and minor-to- 
trace amounts of calcium, titanium, 
iron, arsenic, zirconium, niobium, 
and antimony. The best match to our 
powder diffraction pattern was 
JCPDS pattern 12-0270, a dark red- 
brown dumortierite from Sri Lanka. 
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Although no features were seen with 
the spectroscope, UV-visible spec- 
troscopy revealed broad peaks cen- 
tered at about 400 and 600 nm. The 
infrared spectrum was relatively fea- 
tureless, but the Raman spectra 
showed strong peaks at 211, 290, 401 
(with a shoulder at 374), 506, 568, 
643, 812, 850, 950, and 1075 cm". 
Peaks also were seen at 456 and 1005 
cm! in some orientations; the 1075 
cm! peak was not seen in these 
directions. 

For comparison, we performed 
EDXRE and Raman analyses on a 0.23 
ct light blue dumortierite from an 
unknown geographic source. The 
Raman spectrum was similar, but the 
EDXRF results lacked arsenic and 
antimony. 

Dumortierite is an unusual rock- 
forming mineral that is rarely usable 
as a gem, as it generally occurs as 
fibrous masses; it is a (sometimes 
hydrous) aluminum borosilicate that 
can have considerable variation in its 
chemical composition and hence its 
physical properties. Most dumor- 
tierite seen in the gem trade occurs as 
massive blue or pink material, or as 
inclusions in quartz. Some faceted 
examples are known, however. In his 
Color Encyclopedia of Gemstones 
(2nd ed., Van Nostrand Reinhold Co., 
New York, 1987), Joel Arem notes 
that facetable bluish green dumor- 


Figure 7. The opaque dendritic 
cloud seen in this 0.21 ct syn- 
thetic blue diamond is reflected 
in the facets around the lower 
pavilion. Magnified 63x. 
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the source of this rare faceted 
0.79 ct dumortierite. Stone 
courtesy of Dunil Palitha 
Gunasekera. 


tierite occurs in Minas Gerais, Brazil, 
and that Sri Lanka provides transpar- 
ent reddish brown material. However, 
in Dana’s New System of Mineralogy 
(by R. V. Gaines et al., John Wiley & 
Sons, New York, 1997), dumortierite 
from Sri Lanka is stated to have up to 
1.67 wt.% arsenic as As,O,. Thus, the 
arsenic content, as well as the infor- 
mation that accompanied the stone, 
points to Sri Lanka as the source of 
this faceted blue dumortierite. 
ML], John I. Koivula, 
SFM, Sam Muhlmeister, 
and Dino DeGhionno 


Massive Pink 
HYDROGROSSULAR Carving 


The challenges involved in identifying 
carved objets d’art are different from 
those encountered with a faceted gem- 
stone. In particular, depending on the 
shape and artistry of the carving, deli- 
cate handling and special dexterity are 
required to perform standard gemo- 
logical tests. This was certainly the 
case as the West Coast lab examined 
an intricately carved statue of an 
Asian woman (figure 9) that was sub- 
mitted this winter for identification. 
We were quite intrigued by the 
carving, which had been labeled as 
“rare jade.” The figure itself measured 
approximately 12 x 5 x 2.cm, and was 
carved out of a single massive piece of 
translucent to semi-translucent pur- 
plish pink material with some areas 
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Figure 9. This carved statue, approximately 12 x 5 x 2. cm, was 
identified as massive pink hydrogrossular. 


of green coloration. The carving was 
beautifully finished with a very high 
polish. As is customary with such 
carvings, however, the flat base, 
designed to rest on a tightly fitting 
carved wooden stand, was left unpol- 
ished. Consequently, we could obtain 
a refractive index reading only by 
using the spot method on a carved 
part of the figure; a small area on the 
back of the statue yielded a reading of 
1.71. This value is too high for either 
nephrite or jadeite jade. 

Other standard gemological tests 
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did not provide any diagnostic infor- 
mation. There was no fluorescence to 
either long- or short-wave UV radia- 
tion, and the absorption spectrum did 
not show any characteristic features. 
Because of the size and delicacy of 
this statue, we could not obtain an 
accurate specific gravity determina- 
tion. Instead we turned to laser 
Raman microspectrometry, which 
gave a spectrum that matched the ref- 
erence we had for grossular garnet. 
Because this translucent material 
showed a low refractive index, below 


GEMS & GEMOLOGY 


the lower end (1.73) of the normal 
range for grossular, we identified it as 
hydrogrossular garnet. As the name 
implies, hydrogrossular is the water- 
bearing member of the garnet group, 
typically occurring in the massive 
form (R. Webster, Gems, 5th ed., 
1994, Butterworth-Heinemann Ltd., 
Oxford, pp. 202-203). 

Hydrogrossular is used only rarely 
as a carving material, and it occurs in 
pink hues even more rarely. However, 
this contributing editor recalled two 
similar items previously reported in 
the Lab Notes section: a carving of 
massive green grossular (Spring 1985, 
p. 44), and a strand of pink and green 
grossular beads that were also pre- 
sented to that client as “rare jade” 
(Summer 1982, p. 103). KH 


PEARLS 


Black Cultured, from Baja 

California, Mexico 

At this year’s Tucson shows, we saw 
attractive black cultured pearls that 
were harvested from Baja California 
in 1999. According to ITESM (the 
Monterrey Institute of Technology 
and Higher Education, in Mexico} 
these represent an unprecedented suc- 
cess in culturing pearls in the rain- 
bow-lipped pearl oyster, Pteria sterna, 
which is native to the Gulf of Cali- 
fornia. We subsequently had the 
opportunity to examine a few smaller 
pearls in our laboratory. 

The off-round pearls ranged from 
approximately 7 mm to 9 mm in 
diameter (figure 10). Their bodycolor 
mimicked the characteristic colors of 
the host oyster, primarily light and 
dark grays and browns, as well as 
black. In addition, some of the sam- 
ples displayed strong purplish pink 
overtones, with green in some areas. 
The fine suture lines in the nacre, 
which cause the optical effects such 
as orient and overtone in pearls, were 
tightly spaced and very prominent in 
texture. All the cultured pearls 
showed a metallic luster. 

X-radiography revealed the round 
bead nuclei used in the culturing 
process. The samples fluoresced a 
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Pearl Identification 
By X-ray Diffraction 


Mappin’s Gemmological Laboratories, Montreal 


by 


WILLIAM H. BARNES, M.Sc., Ph.D. 
Associate Professor of Chemistry, McGill University 


PART I+ 
Theory of X-ray Diffraction by Pearl 


ABSTRACT 


An experimental study of the application 
of X-ray diffraction methods to the identi- 
fication of natural (oriental) and cultured 
pearls is described. A technique for the ex- 
amination of pearls when the X-ray beam 
cannot be directed through the centre of the 
specimen. is discussed. A few X-ray diffrac- 
tion patterns obtained from cozch ard fresh- 
water pearls are included. 


Introduction 


The diffraction of X-rays by 
pearls when the X-ray beam passes 
through the geometric centre of the 
specimen has been the subject of a 
number of investigations (1).* In 
some pieces of jewellery, however, 
pearls are keyed on their mounts 
so that it is inadvisable to attempt 
their removal. In such cases, al- 
though the size of the pearl and the 
type of setting may permit examina- 
tion by X-ray diffraction methods, 
it is usually impossible to direct the 
X-ray beam through the centre of 
the pearl. The results of a detailed 
study of the X-ray diffraction ef- 
fects from natural and cultured 
pearls under such asymmetric con- 
ditions are discussed in the present 
paper. In addition, an extensive ex- 
amination of the X-ray diffraction 
patterns obtained from a cultured 
pearl under controlled variations of 


+Editor’s Note: The work described in the 
following pages was carried out for, and 
constitutes a contribution from, the Gem- 
mological Laboratory of Mappin’s Limited, 
Montreal. It was undertaken at. the sugges- 
tion of Mr. H.R. Cox, F.G.A., and with 
the cooperation of Mr. K. G. Mappin, F.G.A., 
C.G., Director of the Laboratory. 
*Numerals refer to references at end of 
installment. 


orientation relative to an X-ray 
beam passing through its centre 
are described. A few X-ray diffrac- 
tion patterns given by conch’ and 
fresh-water pearls also are included. 


Apparatus 

A Hilger all-steel gas-type X-ray 
tube (2) with tungsten target was 
employed throughout this investiga- 
tion. The radiation was not filtered. 
Due to the relatively large absorp- 
tion of radiation by the thickness 
of the specimens through which the 
X-ray beam must pass in the case 
of pearls of moderate size, the great- 
er penetrating power (shorter wave- 
length) of tungsten radiation makes 
such a target preferable to one of 
molybdenum or copper for this 
work. 

In most cases the pearl under ex- 
amination was mounted on the goni- 
ometric arcs of a Cambridge Uni- 
versal X-ray Photogoniometer (3). 

The horizontal X-ray beam was 
defined by a pin-hole system of 0.5 
mm. diameter and the diffraction 
pattern was recorded on flat film 
normal to the X-ray beam and about 
4 em. from the centre of the pearl. 
This instrument permits predeter- 
mined angular settings of the speci- 
men over a range of 360° about a 
vertical axis,-a limited range of 
angular positions on the arcs about 
two horizontal directions at right 
angles, a small range of vertical 
adjustments, and a small range of 


distinctive red to long-wave UV, 
with some variation in intensity. 
This fluorescence serves as an identi- 
fying characteristic of pearls from 
Baja California. (See Gem Trade Lab 
Notes in Spring 1991, p. 42, and 
Summer 1992, p. 126, for more back- 
ground information). KH 


Natural, with Coating 

There has been much speculation over 
the last few years about the preva- 
lence of artificial coatings applied to 
cultured pearls to enhance their luster. 
We have seen few examples of pearl 
coatings among items submitted to 
our laboratories. After extensive 
searching in the marketplace for about 
two years, we purchased a few neck- 
laces of poor-quality cultured pearls 
that turned out to be coated, and we 
identified at least one of the coating 
substances as a silicone polymer. 

The triple-strand natural pearl 
necklace shown in figure 11 provided 
a curious example for the East Coast 
lab. Wear on the pearls, which ranged 
from 4.30 x 4.90 mm to 10.89 x 13.70 
mm, indicated that this was an older 
necklace, so we were rather surprised 
when magnification revealed some 


Figure 10. These approximately 7-9 mm black pearls were cultured in 


Baja California, in the oyster Pteria sterna. 


evidence of a thin, transparent, near- 
colorless coating on most of the 
pearls. The coating was worn off on 
the outside center of the pearls and 
was most evident near the drill holes, 
where less wear occurs. We infer 
from the overall condition of the 
necklace and the slight discoloration 
of the remaining coating that the 
coating had been on the pearls for 
some time. 

Most plastics and polymers can 
be identified by infrared spectroscopy 
if an adequate spectrum of the mate- 
rial can be obtained. With the client’s 


Figure 11. Most of the natural baroque pearls (4.30 x 4.90 mm to 
10.89 x 13.70 mm) in this triple strand show a worn, uneven, 


near-colorless coating. 


Lab Notes 
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permission, we sampled the coating 
with a piece of “Scotch” brand tape: 
We attached the tape to a pearl near 
the drill hole and rapidly pulled it off 
to take away small pieces of the coat- 
ing. Using a Nicolet 550 FTIR spec- 
trophotometer, we collected spectra 
of the tape alone and the tape plus 
coating material, and subtracted the 
spectrum of the former. However, the 
weak signal from the thin pieces of 
coating was not clearly visible above 
the noise left after the subtraction. 
Consequently, we plucked a few bits 
of coating material from the tape 
under magnification, and pulverized 
it with potassium bromide (KBr) to 
make a pellet. This technique gave a 
usable spectrum that best matched 
the Hummel Polymer Library’s refer- 
ence for cellophane. In contrast, 
although Scotch tape is often referred 
to as “cellophane” tape, the modern 
material had a spectrum that 
matched polypropylene. 

It is highly unusual to encounter a 
strand of coated natural pearls. We 
can only speculate that the coating 
may have been applied to protect the 
pearls from some undesirable condi- 
tion, such as highly acidic skin. 

TM and IR 
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The kaleidoscope of gems that is Tucson showed many 
more colors this year than we have seen for some time, 
and most of the shows were far more successful than in 
previous years. Although it is impossible to report the 
full range of items seen by the Gem News editors and 
their colleagues, following are some of the new, different, 
and more plentiful gem materials they encountered. 


COLORED STONES AND ORGANIC MATERIALS 


Amphiboles are not necessarily jade. Jonathan and Meagan 
Passel of Natural Selection, Austin, Texas, showed GIA 
Gem Trade Laboratory Senior staff gemologist Cheryl 


Figure 1. These two cabochons illustrate the 
range of color of the amphibole rock marketed as 
“Siberian blue nephrite.” The 27.73 ct oval cabo- 
chon on the left measures 30.3 x 16.3 x 6.5 mm; 
the 20.12 ct shield on the right measures 30.5 x 
17.5 x 5.2 mm. Courtesy of Natural Selection; 
photo by Maha Tannous. 
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Editors e Mary L. Johnson, John |. Koivula, 
Shane F. McClure, and Dino DeGhionno 
GIA Gem Trade Laboratory, Carlsbad, California 


Contributing Editors 

Emmanuel Fritsch, IMN, University of Nantes, France 
Henry A. Hanni, SSEF, Basel, Switzerland 

Karl Schmetzer, Petershausen, Germany 


Wentzell and Gem News editor MLJ an amphibole rock 
marketed as “Siberian blue nephrite” (also called 
“Dianite” in Russia). The material ranges from mottled 
saturated “royal” or “lapis” blue to a mottled desaturat- 
ed grayish blue (figure 1) similar to “denim” lapis (see, 
e.g., Fall 1993 Gem News, p. 210). First discovered 
around 1994, this material has been recovered since 
1997 as a byproduct of nephrite jade mining in Sakha 
(formerly Yakutia), central Siberia. Rough is sold as 
blocks up to 20 cm across; cabochons typically weigh 15 
to 50 ct. About 200-300 kg per year of “gem-quality” 
material is produced. 

An electron microprobe analysis of this material, per- 
formed at the University of Texas at Austin and summa- 
rized in literature provided by the Passels, stated that the 
rock is composed of a submicroscopic mixture of quartz, 


Figure 2. This 59.72 ct tumbled freeform cabo- 
chon (31.8 x 18.4 x 12.5 mm) from Nevada is 
reportedly composed of tremolite/actinolite. 
Although marketed as “Ghost jade,” it lacks the 
fine-grained, felted structure required to be con- 
sidered nephrite; hence, it is not a true jade. Photo 
by Maha Tannous. 
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Figure 3. This 36.4 x 20.8 x 14.3 mm blue-gray 
bead consists of the shells from two chitons that 
have been polished and attached together. Photo 
by Maha Tannous. 


tremolite, and another (blue) amphibole, potassian mag- 
nesio-arfvedsonite. The analysis suggests that nearly all 
the iron is in the ferric state (Fe**), which is consistent 
with the fact that the blue color in amphiboles is typical- 
ly related to Fe?*—-Fe** charge transfer (see, e.g., R. G. 
Burns, 1993, Mineralogical Applications of Crystal Field 
Theory, 2nd ed., Cambridge University Press, pp. 
124-125, 197). Because the blue rock consists mostly of 
an amphibole that is distinct from tremolite or actino- 
lite, the GIA Gem Trade Laboratory would not consider 
it nephrite jade. 

A dark green amphibole rock was being marketed as 
“Ghost jade” by a company of the same name in 
Yerington, Nevada. This product was introduced in 
September 1999 at the Denver, Colorado, mineral show. 
Product literature stated that the material was composed 
of fibrous tremolite/actinolite grains, has a hardness that 
can vary from 5 to 7, and has a density of about 3. The 
transparency of individual fibrous amphibole grains (fig- 
ure 2.) caused many of the samples to exhibit sheen and, 
in some cases, what appeared to be a broad “eye.” 
Company representative Wayne Holland stated that the 
locality consisted of about seven outcrops in western 
Nevada, within a 100 mile (about 160 km) radius of 
Yerington. Again, the GIA Gem Trade Laboratory would 
not call this material nephrite or jade because, although it 
reportedly has the appropriate mineral composition, the 
grains do not form a fine-grained, felted aggregate. 


Chitons in jewelry. We have seen many creative uses of 
animal products in jewelry in past years; this year, at the 
booth of Blue Caribe Gems, Slidell, Louisiana, we saw 
“beads” made from the polished shells of chitons (figure 
3). These marine mollusks have a series of dorsal plates 
that articulate like the shell of an armadillo. The shells 
of two chitons from the Caribbean were polished and 
glued together, then wrapped with a yellow metal wire to 
form the approximately 3-cm-long beads. The delicate 
blue-gray color of the polished chiton shells was reminis- 
cent of pumpellyite at first glance. 


Gem News 


Unusual copal. Many gemologists are fascinated with 
inclusions in gems. Because of their excellent preservative 
nature and degree of transparency, amber and other natu- 
rally occurring fossil resins can give scientists a clear and 
intriguing look at past ecosystems in a microcosm. For 
decades, this editor (JIK) has closely examined both rough 
and fashioned samples of fossil resin for interesting and 
unusual inclusions. At Tucson this year, John Medici of 
Ostrander, Ohio, had a small collection of polished copal 
resin specimens from Madagascar. While most of the 
samples appeared to have rather typical inclusions, such 
as termites, flies, and ants, one piece immediately stood 
out because it appeared to contain drops of brownish red 
liquid that were easily visible without magnification (fig- 
ure 4). Closer examination of this sample with a 10x 
loupe revealed that these drops were indeed a somewhat 
watery liquid of low viscosity, as shown by the presence 
of free-floating gas bubbles inside some of the largest 
drops. Since this was the first time such inclusions had 
been encountered by this editor in a natural resin, the 
sample was obtained for closer examination. 

Several interesting details were revealed with a gemo- 
logical microscope. As can be seen in figure 5, the appear- 
ance of the liquid drops is somewhat reminiscent of 
blood. It is also interesting to note that the absorption 
spectrum of the drops as seen through the ocular tube of a 
gemological microscope (with a small diffraction grating 
spectroscope used in place of the eyepiece) was similar to 
that obtained from a human finger when it is illuminated 
by a strong fiber-optic light source. This spectrum sug- 
gests the presence of iron in the copal fluid inclusions, as 
does the brownish red color of the liquid itself. Also pre- 
sent with the fluid inclusions were two small flies, which 
appeared to be a type of midge. A relatively large volume 
of the reddish liquid was observed in the bodies of these 
insects (see, e.g., figure 6). Because of the relatively fragile 
nature of copal, as well as the unusual nature of these 


Figure 4. This 35.4-mm_-long polished rod-shaped 
piece of copal resin from Madagascar contains 
eye-visible droplets of a most unusual brownish 
red liquid. Photo by Maha Tannous. 
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Figure 5. The brownish red fluid droplets trapped 
in this piece of copal contain mobile gas bub- 
bles. Photomicrograph by John I. Koivula; mag- 
nified 10x. 


Figure 7. Fine emeralds have been mined recently 
from the La Pita deposit in Maripi County, 
Colombia. The emerald crystal occurs with cal- 
cite in this 2.5 cm specimen. Courtesy of 
Graeber/Himes/Jara; photo by Jeff Scovil. 


68 Gem News 


Figure 6. This is one of two small midges that were 
present as inclusions with the red fluid drops in the 
copal. Notice the small droplets and areas of red 
liquid trapped within the body of the midge. Photo- 
micrograph by John I. Koivula; magnified 10x. 


inclusions and their rarity, we performed no other form of 
testing to identify this liquid. If another sample is located 
with similar inclusions, then perhaps a more complete 
analysis can be performed by opening some of the voids to 
obtain liquid test samples. 


Newly commercial emerald deposits in Colombia (La Pita 
and Polveros). According to long-time emerald dealer 
Gonzalo Jara of Bogota, Colombia, significant amounts of 
emeralds are being produced at two deposits in the vicini- 
ty of Muzo and Coscuez in the department of Boyaca. The 
La Pita deposit is in the county of Maripi, near the 
Coscuez and Pefas Blancas mines. The Polveros deposit 
is near the town of Muzo, in the county of Muzo (note 
that the Muzo mine is actually across the county line, in 
Quipama County). 

The La Pita deposit, which first had significant pro- 
duction in 1998-1999 (after four years of management 
under exploration and exploitation leases), is being 
mined by the company Prominas both as an open pit and 
a single tunnel. Mr. Jara described the emeralds from one 
pocket at La Pita as being very similar to the Pefas 
Blancas material—‘not as yellow as Coscuez, not as blue 
as Chivor.” Finished stones range to more than 40 ct. In 
addition to attractive mineral specimens (figure 7) and 
facet-quality crystals up to 61 ct, some cat’s-eye emerald 
has been found at La Pita. 

The Polveros deposit has been known for about 10 
years, but it only recently began producing commercial 
quantities (although the production is less than at La 
Pita). The mine is an open pit. Many of the emerald crys- 
tals there are long and thin (prismatic), like pencils. 

There also is new production of emeralds from Alto 
de la Chula, Chivor, which frequently contain quartz 
inclusions. “Good” and “fine” material has been recov- 
ered since August 1999. 


Some new examples of drusy hematite. Drusy gem mate- 
rials have been popular for some years (see, e.g., Summer 
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Figure 8. Tablets of specular hematite (left) and 
drusy hematite (right) from Arizona were among 
the unusual gem materials seen at Tucson this 
year. The large piece measures 53.4 x 28.0 x 4.3 
mm and weighs 60.26 ct; the smaller sample mea- 
sures 17.1 x 14.1 x 3.3 mm and weighs 10.77 ct. 
Photo by Maha Tannous. 


rials have been popular for some years (see, e.g., Summer 
1998 Gem News, pp. 142-143; Spring 1999 Gem News, 
p. 54). This year at Tucson, we saw hematite cut as drusy 
in some different ways. Robert Poley of Sweetwater, 
Prescott, Arizona, sold tablets of specular hematite from 
the Bradshaw Mountains in Arizona. Most had a velvety 
surface—similar to “rainbow hematite” without the play 
of color—but some had larger crystal faces on the surface 
(both types are shown in figure 8). Bill Heher of Rare 
Earth Mining Co., Trumbull, Connecticut, had hematite 
in a different form—”kidney ore,” fashioned as clouds 
(figure 9). 


Orbicular jasper from Madagascar. Orbicular jasper from 
this island nation was showcased as a new gem material 
at Tucson this year. GIA Gem Trade Laboratory staff 
members Matt Hall and Dr. Troy Blodgett encountered 
this material at the booth of Paul Obenich, Madagascar 
Minerals (madminer@dts.mg). The colors and textures of 
this jasper are quite diverse: Each of the hundreds of pol- 
ished samples that were observed showed a multitude of 
colors (including green, blue, pink, and red; see, e.g., fig- 
ure 10). However, the abundance of spherical nodules 
(ranging from approximately 1 mm to 1 cm) is the most 
prominent feature of the jasper; these spheres also 
occurred in a variety of colors. Jasper is an opaque, cryp- 
tocrystalline quartz; however some of these samples, 
including the one pictured, contained fine-grained 
quartz crystals in the interstices between the jasper 
orbicules. The example illustrated resembles thom- 
sonite from Minnesota in color and shape. 

According to literature provided by Mr. Obenich, a 
mineral prospector sold a few samples of orbicular jasper 
almost 50 years ago; however, the prospector could not 
recall the location of the outcrop. Only after methodical 
searching during two expeditions was the jasper found a 
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Figure 9. The natural surface of this 43.43 ct piece 
of “kidney ore” hematite makes an effective repre- 
sentation of a billowing cloud. Courtesy of Rare 
Earth Mining Co.; photo by Maha Tannous. 


few years ago in an approximately 50 x 30 m (170 x 100 
foot) area on the northwest coast of Madagascar. The 
locality reportedly is under water most of the time, so 
mining can occur only at low tide. About 20 tons of the 
material has been mined so far; it was available at 
Tucson as polished slabs, tumbled nodules, eggs, and 
spheres. 


Colorful nephrite. Although many vendors at the Tucson 
shows had nephrite jade of various qualities, we encoun- 
tered only one dealer, Go Jolly of Myrtle Creek, Oregon, 
who had nephrite of the type shown in figure 11. The 
material, which was reportedly from the Fraser River val- 
ley in British Columbia, was eye-catching because of the 
overall quality of the nephrite itself and the bright green 
inclusions it contained. With magnification, the nephrite 
appeared to be free of cracks, which indicates that the 
inclusions had not unduly strained their host. (In general, 


Figure 10. Note the pink spheres in this 4.6 x 3.65 
x 2.25 cm sample of orbicular jasper from 
Madagascar. Photo by Maha Tannous. 
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Figure 11. The light green areas in this 9.24 ct 
cabochon of British Columbia nephrite (23.04 x 
11.71 x 3.08 mm) proved to be a combination of 
nephrite and grossular garnet. Photo by Maha 
Tannous. The dark green color of the grossular 
cores in these inclusions in nephrite (inset) results 
from the presence of chromium. Photomicrograph 
by John I. Koivula; magnified 15x. 


to almost white granular masses. When cut and exposed 
on the surface during lapidary preparation, some of the 
inclusions revealed intensely colored, transparent green 
cores (figure 11, inset). Raman analysis of the inclusions 
showed that the light green granular areas were com- 
posed of a mixture of nephrite and grossular garnet, and 
the intense green cores were grossular. EDXRF analysis 
done by GIA research associate Sam Muhlmeister 
revealed the presence of chromium in the sample, which 
is apparently the chromophore responsible for the green 
color in the grossular cores. 

This is the first time that we have encountered 
nephrite with these colorful garnet inclusions. There 
were about a dozen of these tongue-shaped cabochons on 
display in the supplier’s booth, but we do not know the 
overall availability of this attractive nephrite. 


Tahitian and Australian “keshi” pearls. Byproducts of 
the pearl culturing process, “keshi” are formed from irri- 
tation produced during nucleation of cultured pearls. A 
Japanese term that refers to a minute particle, keshi is 
also used loosely by the trade to include all sizes of salt- 
water pearls that have formed around implanted mantle 
tissue that became separated from the nucleating bead 
(see A. E. Farn, Pearls: Natural, Cultured and Imitation, 
Butterworth-Heinemann Ltd., Oxford, England, 1986). 
Typically, the Gem Trade Laboratory would refer to 
these mantle-tissue-nucleated saltwater pearls as “cul- 
tured” (see, e.g., Fall 1991 Gem Trade Lab Notes, p. 175). 
This year at Tucson we saw several examples of interest- 
ing keshi from South Pacific waters. 

Maria Matula of Bochert, Sydney, Australia, showed 
Cheryl Wentzell a significant inventory of keshi, including 
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two unusually large examples: a 35 x 32 mm “silvery 
gray” (figure 12) and a 33 x 31 mm “silver-blue.” They 
were recovered in January 2000 from Pinctada maxima 
oysters farmed off the western coast of Australia. These 

specimens weighed 22.7 and 13.5 grams, respectively. 
Gemologist Mona Lee Nesseth of Laurenti and 
Nesseth, Custom & Estate Jewels in southern California, 
showed us three strands of baroque Tahitian keshi—two 
black (figure 13) and one slightly grayish white (figure 
14)—that all came from Pinctada margaritifera oysters. 
The keshi in the two black strands, which ranged from 
16.4 x 13.5 x 8.8 mm to 8.2 x 7.1 x 5.5 mm, were harvest- 
ed in the 1999 season. The grayish white keshi, which 
measured 18.2, x 17.2 x 15.3 mm to 10.4 x 11.1 x 8.1mm, 
came from the 1996 harvest. According to Ms. Nesseth, 
keshi from the second (and later) harvests of the same 
oysters show more intense colors and have a more metal- 
lic luster than those from the first harvest. Ms. Nesseth 
also showed us a white baroque keshi from Australia, 

with strong orient reminiscent of a freshwater pearl. 
Cheryl Wentzell, Maha Tannous, and ML] 


Pyritized ammonite from Russia, sliced in a new way. 
For the past few years, we have seen pyritized Russian 
ammonites that were sliced longitudinally through the 
shell, forming a spiral structure. This year, a few 
Tucson dealers had ammonites that had been sliced 
another way, cutting through the layers to form a 


Figure 12. This large keshi pearl (35 x 32 mm) 
came from a Pinctada maxima harvested off the 
western coast of Australia. Courtesy of Bochert; 
photo by Maha Tannous. 
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Figure 13. These two necklaces of black Tahitian 
keshi pearls were created by Michelle Laurenti; the 
largest keshi is 16.4 mm in longest dimension. 
Courtesy of Laurenti and Nesseth, Custom & 
Estate Jewels; photo by Maha Tannous. 


pyrite “cartouche.” The large sample in figure 15 came 
from Demine Vladislav, Moscow, Russia; the 
ammonite is from the Ryazan area, near Moscow. The 
outside of this shell also showed some remnants of iri- 
descent carbonate. 


An update on ruby and sapphire from Chimwadzulu 
Hill, Malawi. The existence of gem-quality corundum on 
Chimwadzulu Hill in southern Malawi was first reported 
in 1958 (K. Bloomfield, “The Chimwadzulu Hill ultraba- 
sic body,” Transactions of the Geological Society of 
South Africa, Vol. 61). Chimwadzulu Hill is west-north- 
west of Ntcheu, approximately 5 km from the border 
with Mozambique. The area mined is on the summit of 
the hill, at an altitude of about 1,525 m. The eluvial 
deposits have been worked sporadically since the early 
1960s. Early mining efforts recovered mainly sapphire, 
which was predominantly in blue, green, and yellow 
hues. Most of the sapphires were not highly saturated, 
and therefore required heat treatment. 

In the 1980s, mining was conducted—with German 
technical assistance—by a quasi-government organiza- 
tion known as the Malawi Development Corp. Workings 
were concentrated on the crown of the hill, with some 
good-quality ruby recovered from one area, but with no 
discernible continuity or trend in the mineralization. 
The large quantities of sapphire that entered the market 
from other locations throughout the world eventually 
rendered this operation uneconomic, and mining was ter- 
minated in 1986. Heavy industry was largely discouraged 
during the Presidency of Hastings Banda (1964-1994), 
and no further attempts at organized mining were made 
in the eight years following mine closure. 

In September 1994, Mineral Exploration Pvt. Ltd. 
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Figure 14. The grayish white keshi pearls in this 
necklace (largest, 18.2 mm) by Michelle Laurenti 
formed in Tahitian Pinctada margaritifera oysters, 
which usually produce black cultured pearls. 
Courtesy of Laurenti and Nesseth, Custom & 
Estate Jewels; photo by Maha Tannous. 


Figure 15. This large (59.1 x 27.8 x 16.7 mm) “car- 
touche” shape is a Russian pyritized ammonite 
sliced across the shell. Photo by Maha Tannous. 


GEMS & GEMOLOGY 


Spring 2000 71 


(Minex) was granted a license to mine on Chimwadzulu 
Hill and to explore contiguous areas. Willard Inter- 
national, a Panamanian company with head offices in 
London, is the mine operator and 85% owner of Minex. 
Geologic exploration and limited mining efforts initiated 
late in 1995 resulted in the recovery of an estimated 100+ 
kg of sapphire similar to that described above; rubies 
were found occasionally, but there was still no identifi- 


Figure 17. This 2.27 ct ruby was faceted from 
Chimwadzulu Hill material. Photo © GIA and 
Tino Hammid. 


72 Gem News 


Figure 16. This is a typ- 
ical ruby production 
pit on Chimwadzulu 
Hill in southern 
Malawi. The view 
looks north to Donza 
Mountain. Photo © 
David Hargreaves. 


able trend to their recovery. However, the subsequent 
digging of test pits led to the discovery of a significant 
ruby trend in mid-1997. 

Chimwadzulu Hill is composed of an ultramafic 
body that is hosted by metasedimentary rocks (i.e., 
gneisses and schists; see the Bloomfield reference cited 
above, and K. Bloomfield and M. S. Garson, 1965, The 
Geology of the Kirk Range—Lisungwe Valley Area, pub- 
lished by The Government Printer, Zomba, Malawi). 
The intrusive was subsequently metamorphosed, result- 
ing in the formation of serpentinized peridotite and 
amphibolite. It dips northeast, and has a surface expo- 
sure of about 1 km in diameter. Over much of 
Chimwadzulu Hill, the bedrock has been deeply weath- 
ered and altered to an aggregate of deep red, friable, iron- 
rich, porous clay. In various places, the weathered 
bedrock is overlain by this residual soil. Corundum is 
recovered from these soils—particularly where this gem 
mineral is abundant in the underlying bedrock—and 
from the weathered bedrock itself. 

The systematic test pits revealed that the majority of 
the chromium-bearing corundum (ruby or orange, pink, 
or purple sapphire) is localized within areas of weathered 
bedrock that are usually 20 m or less in lateral extent 
(figure 16). Approximately 100 of these potential mining 
targets have been tentatively identified. In limited por- 
tions of these “hot spots,” concentrations of chromium- 
bearing corundum can be very high; one pit 2 x 2 x 2m 
yielded 7.6 kg of corundum. Mining of the present site on 
Chimwadzulu Hill is continuing, as is exploration of 
other corundum occurrences to the north. 

The chromium-bearing corundum forms short colum- 
nar to tabular hexagonal crystals or crystal fragments. The 
basal pinacoids (0001) are very well developed, as are the 
prism faces (1120). On some of the more tabular crystals, 
the rhombohedral face (1011) is prominent. Typical 
dimensions of complete crystals are 1-3 cm across the 
basal pinacoid and 0.5-2.0 cm along the c-axis. Although 
the crystals generally are significantly fractured, the mate- 
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Figure 18. Here, faceted Malawi rubies ranging 
from 1.4 to 2.1 have been set in fine jewelry. Photo 
courtesy of The Silurian Co. 


rial between fractures is usually of very high clarity. The 
color of the chromium-bearing corundum ranges from 
orange through red, to purplish red, almost reminiscent of 
rhodolite garnet. In terms of tone, recovered material 
ranges from pale pink through a very deep red. A few crys- 
tals exhibit orange and red banding, or orange and pur- 
plish red banding, parallel to the basal pinacoid. 
According to David Hargreaves of Willard Inter- 
national, approximately 80 kg of chromium-bearing 
corundum have been recovered since September 1997. 
Cutting and marketing of the polished stones is arranged 
by The Silurian Co. of London. Faceted stones of less than 
1 ct are plentiful, and stones of 1-5 ct are not uncommon 
(figures 17 and 18). A number of very fine gemstones have 
been cut, the largest of which weighs 16 ct. The clarity of 
these stones renders heat treatment unnecessary. 
John L. Emmett 
Crystal Chemistry 
Brush Prairie, Washington 


Another locality in Paraiba for cuprian elbaite. Every year 
at the Tucson Gem and Mineral Show, the Friends of 
Mineralogy hold a symposium. This year, the sympo- 
sium theme was Brazilian pegmatites. Editor MLJ attend- 
ed a talk on “Cuprian elbaite from the Bocheiron Zinho 
Pegmatite, Paraiba, Brazil,” by A. U. Falster, W. B. 
Simmons, J. W. Nizamoff, and K. L. Webber; Jim 
Nizamoff presented this talk. 

Several pegmatites in Paraiba produce cuprian elbaite 
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(see, e.g., J. Karfunkel and R. R. Wegner, “Paraiba tour- 
malines: Distribution, mode of occurrence and geologic 
environment,” Canadian Gemmologist, Vol. 17, No. 4, 
1996, pp. 99-106). Sao José da Batalha is the best known, 
and the only one to date to produce gem-quality materi- 
al. The latest entry is Bocheiron Zinho No. 2, which is 
being mined as an open cut, and is a spodumene/lepido- 
lite/elbaite pegmatite; there is a copper/bismuth-sulfide- 
rich layer at the footwall. 

Most of the elbaite from Bocheiron Zinho shows a 
blue radial layer between a pink-to-purplish pink core 
and a thin green rim; sometimes there is a blue core 
within the pink core. Quantitative chemical analysis 
revealed copper evenly distributed throughout the tour- 
maline—in pink and green as well as blue layers—up to 
1.5 wt.% Cu,O (0.25 atoms copper per formula unit). 
The green layers contain iron, and the pink layers con- 
tain manganese. There is up to 25% vacancy in the X site 
(the sodium site) of this tourmaline, but mineralogically 
it is still elbaite. 

Among the inclusions in these tourmalines are: veins 
of lepidolite replacing tourmaline, copper metal or cop- 
per sulfides (as seen in material from Sao José da Batalha), 
and bismuth sulfide. The tourmaline itself does not con- 
tain a detectable amount of bismuth. So far, the material 
at Bocheiron Zinho is not gemmy, but gem-quality crys- 
tals may someday be found there. 


Tugtupite and other gem materials from Greenland. 
Several GIA staff members talked to Helge Jessen and 
Jennifer Patterson of Greenland Resources A/S, 
Copenhagen, Denmark, who were showing many unusu- 
al gem materials from Greenland at the GJX show. 
Tugtupite (figure 19) was described by A. Jensen and 
O. V. Petersen in the Summer 1982 Gems & Gemology 


Figure 19. The cabochon (about 2.5 cm long) in 
this pendant is cut from the rare gem mineral tug- 
tupite. Courtesy of Greenland Resources A/S; 
photo by Maha Tannous. 
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Figure 20. This pendant (about 2 cm in diameter) 
contains two half-disks of iridescent orthoamphi- 
bole (“Nuummite”). Courtesy of Greenland 
Resources A/S; photo by Maha Tannous. 


(“Tugtupite: A gemstone from Greenland,” pp. 90-94). 
Formerly sought only by collectors of rare minerals, this 
unusual gem is now available commercially as cabo- 
chons, occasional faceted stones, and gem rough. Pink to 
red in color, tugtupite is a silicate of sodium, aluminum, 
beryllium, and chlorine. It fluoresces orange-to-red to 
long- and short-wave UV radiation. The mineral is found 
in hydrothermal veins associated with the Proterozoic 
(late Precambrian) Ilimaussaq alkaline intrusion, near 
Narsaq in southern Greenland. According to the 


Figure 21. This 441.48 ct zircon was faceted from 
material recently found in the Ilakaka area of 
Madagascar. Courtesy of Cynthia Renee Co.; 
photo by Maha Tannous. 
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Greenland Resources representatives, the vein that pro- 
duced the present supply is now exhausted, so the avail- 
ability of tugtupite is limited until more veins are dis- 
covered. 

The iridescent orthoamphibole sold under the trade 
name Nuummite (figure 20), another unusual collectors’ 
stone, was also available—as gem rough, as cabochons, 
and in jewelry. (For a detailed description of this stone, 
see P. W. U. Appel and A. Jensen, “A new gem material 
from Greenland: Iridescent orthoamphibole,” Spring 
1987 Gems & Gemology, pp. 36-42.) Sometimes called 
“the opal of Greenland,” this amphibole is intermediate 
between anthophyllite and gedrite, and comes from 
Archean rocks in the Nuuk area of western Greenland. 
Typical samples were dark green, with iridescent crystal 
planes. 

A third material, sold as “gronlandite,” was reported 
to be compact aventurine quartz from the 3.8 billion- 
year-old Isua supercrustal rocks in the Nuuk area. It was 
marketed as the world’s oldest gem material. The green 
color reportedly is caused by inclusions of the chromian 
mica variety fuchsite. Examples we saw resembled 
nephrite jade in color, with visual homogeneity. In addi- 
tion to these materials, we saw ruby in matrix, 
labradorite, sodalite, pyralspite garnets, and massive yel- 
low prehnite that could easily be mistaken for amber at 
first glance; all of these were mined in Greenland. 


Large faceted zircon. One of the joys of the Tucson 
shows is seeing gems in unusually large sizes. Staff 
gemologist Valerie Chabert, from our New York labora- 
tory, noticed a 441.48 ct brown zircon (figure 21) at the 
booth of Cynthia Renee Co., Fallbrook, California. 
According to Cynthia Marcusson, the original rough was 
found in June or July of 1999 at Ilakaka, Madagascar, and 
weighed about 250 grams. It was subsequently fashioned 
in Sri Lanka. 


Also seen at Tucson. ... Many of the gem materials her- 
alded as new at Tucson this year have been reported in 
previous issues of Gems & Gemology. For the reader’s 
convenience, following are some of these “new” materi- 
als seen at Tucson, with previous Gems & Gemology 
references: 


e Pink and blue Madagascar sapphires (Summer 1999 
Gem News, pp. 149-150) 

e Nigerian pink tourmaline and rubellite (Winter 1998 
Gem News, pp. 298-299) 

e Spessartine, from Brazil, Nigeria, and Zambia in partic- 
ular (most recently in Spring and Winter 1999 Gem 
News, pp. 55, 216, and 217, respectively) 

e Abundant multicolored sunstone from Oregon 
(Summer 1997 Gem News, p. 145) 

e Widely available Russian demantoid garnets, many 
showing classic horsetail inclusions (see, e.g., Mattice 
et al., Fall 1999 Gems &) Gemology, pp. 151-152) 
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horizontal adjustments in two direc- 
tions at right angles. By means of 
suitable vertical and horizontal 
movements of the film holder be- 
tween exposures and by the use of 
appropriately cut masks of lead foil 
to protect the area of film outside 
each diffraction pattern during ex- 
posure, it was possible to obtain six 
photographs on a single film. Dur- 
ing each exposure the undiffracted 
portion of the X-ray beam was ab- 
sorbed in a lead button which was 
removed for a few seconds to permit 
registration of the main beam on 
the film without excessive fogging at 
the centre of the diffraction pattern. 
The shadow of this lead button ap- 
pears as a clear dise enclosing the 
spot due to the undiffracted beam in 
each of the photographs. 

For part of the work a less elab- 
orate apparatus (4) was employed 
which permitted a vertical beam of 
X-radiation, defined by pin-holes, to 
pass through the centre of a pearl 
placed in a small hole in a metal 
disc. The flat film holder was normal 
to the X-ray beam and about 3.5 cm. 
from the centre of the specimen but 
no lead button was used to absorb 
the energy of the undiffracted beam 
during exposure. No adjustment of 
this film holder was possible but two 
patterns could be recorded on each 
film by placing the film in a light- 
tight envelope smaller than the film 
holder, opening the top of the latter 
between exposures and moving the 
film to another position in the 
holder. 

During the course of the present 
investigation it was found that with 
tungsten radiation and Agfa Non- 
Screen X-ray film, at least three 
films can be placed one behind the 
other in the film holder and the 
diminution in the intensity of the 
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X-ray diffraction patterns on the 
second and third films is of no prac- 
tical importance for pattern identi- 
fication purposes. Such a procedure 
thus gives two or three original 
negatives, one or two of which may 
be filed in the X-ray laboratory 
while one may be attached to the 
report on the pearl under examina- 
tion. 


General Theory 


It has already been established 
(1, b, d, e, f) that the X-ray diffrac- 
tion patterns obtained from pearls 
are due to the presence of aragonite 
crystals. In the natural pearl, as 
well as in conch and in most fresh- 
water specimens, these crystals are 
arranged radially with their pseudo- 
hexagonal axes’ perpendicular (nor- 
mal) to the spherical surface of 
the pearl. In mother-of-pearl, how- 
ever, they occur in layers with 
their pseudo-hexagonal axes normal 
to the more or less plane parallel 
surfaces of the laminae. In the cul- 
tured pearl, the outer layer of nacre 
is so thin compared with the radius 
of the mother-of-pearl core that the 
observed diffraction effects are es- 
sentially those of mother-of-pearl. 
It is possible, of course, that a cul- 
tured pearl might contain a mother- 
of-pearl bead so small compared 
with the thickness of the outer cov- 
ering of nacre that the latter would 
determine the type of diffraction 
pattern obtained. The probability of 
such specimens being in circulation, 
however, is not very great because 
of the prolonged ‘time that would 
be required for their cultivation in 
the pearl farm. This conjecture re- 
ceives support from the fact that a 
cultured pearl alleged to have been 
tAlthough aragonite is orthorhombic, its 


structure is such that the principal axis is 
one of almost hexagonal symmetry. 


e Blue opal from Peru and cat’s-eye opal (Gem News: 
Summer 1991, pp. 120-121; Summer 1998, pp. 
138-140) 


Gaspeite from Australia was widespread and referred to 
as such; this was a departure from when we first saw this 
nickel carbonate reported as “Allura” (Summer 1994 
Gem News, p. 125-126). Another unusual rare gem 
material that was far more common this year than previ- 
ously was deep red eudialyte from Canada (Spring 1999 
Gem News, pp. 49-50} and Russia. 


TREATMENTS 


Moonstone with dichroic backing. GIA Education prod- 
uct manager Wendi Mayerson saw some interesting 
stones at the booth of Gem Crafters, New York City. 
These moonstone (orthoclase feldspar) cabochons, sold as 
“Celestial moonstone,” were backed with a very thin 
coating of a dichroic material. The coating produced 
moderate color in the stone, as well as a colored chatoy- 
ant band or cat’s-eye. The five cabochons in figure 22 
demonstrate the range of colors that were available; note 
that the gray cabochon somewhat resembles cat’s-eye sil- 
limanite. Natural cat’s-eye moonstone of this quality, 
regardless of its bodycolor, exhibits a chatoyant band that 
is white. The different colors of the band in each of these 
stones provide an eye-visible indication of treatment or 
assembly, which could be easily confirmed by examining 
the underside of the stone. 

According to information provided by the manufac- 
turer, the backings on these samples are rather delicate, 
and should not be buffed, polished, exposed to abrasive 
jewelry cleaner, or cleaned using ultrasonic devices. 


Figure 22. These five cabochons demonstrate the 
range of colors available in “Celestial moon- 
stone,” that is, moonstone backed with a 
dichroic film. They range from 5.90-6.10 x 3.85 
mm to 7.90-8.00 x 4.05 mm; their total weight is 
5.91 ct. Photo by Maha Tannous. 
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Figure 23. These strands illustrate some of the new 
colors of dyed freshwater cultured pearls that were 
seen in Tucson this year. The violetish blue sam- 
ples are about 4’/2-5 mm in diameter. Courtesy of 
Betty Sue King, King’s Ransom, Sausalito, 
California; photo by Maha Tannous. 


Instead, special care should be taken to clean the metal 
before mounting these items, and the stones should be 
cleaned with water and blotted dry. Hundreds of these 
cabochons were available at Tucson, in calibrated sizes. 
Wendi Mayerson and ML] 


New hues of dyed freshwater cultured pearls. Enormous 
quantities of freshwater cultured pearls flooded Tucson 
again this year, and a variety of treated colors were avail- 
able. New colors included bright yellowish green, “gold- 
en” green, and various shades of blue—from light vio- 
letish blue (figure 23) through intense “royal” blue. This 
year, many dealers were calling their strands “heated,” 
although most strands displayed colors that obviously 
were irradiated or dyed (including pink, green, and blue). 
As certain dyes may require heat to be activated or set, 
the term may refer to a heated dye bath; more informa- 
tion is needed about the “heating” process. 

Cheryl Wentzell 


Heat-treated rubies: Glass or not glass? One of the impor- 
tant issues at Tucson this year was that of the nature of 
the “fillings” in heat-treated rubies. A major concern was 
the potential for misidentification of a natural surface- 
reaching inclusion as foreign material (see, e.g., J. L. 
Emmett, “Fluxes and the heat treatment of ruby and sap- 
phire,” Fall 1999 Gems & Gemology, pp. 90-92). 
Kenneth Scarratt provided the following information. 
Since 1984, laboratories and gemologists have been 
identifying the substances in cavities within ruby and 
sapphire as “glass” based on visual appearance (surface 
luster, bubbles, evidence of devitrification, etc.; see, e.g., 
R. R. Harding and K. Scarratt, “Glass infilling of cavities 
in natural ruby,” October 1984 Journal of Gemmology, 
pp. 293-297; R. E. Kane, “Natural rubies with glass filled 
cavities,” Winter 1984 Gems & Gemology, pp. 187-199). 


GEMS & GEMOLOGY Spring 2000 75 


Figure 24. This 86.21 ct white quartz geode (left) 
from Rio Grande do Sul, Brazil, owes its pearl- 
escent surface and iridescence to a sputtered coat 
of silicon. The same coating on white drusy calcite 
specimens, such as the 18.38 ct piece from 
Romania on the right, created a sparkling off-white 
pearlescent effect. Courtesy of Rare Earth Mining 
Co.; photo by Maha Tannous. 


Sophisticated techniques have not been used routinely, 
because of the high cost of advanced testing and the fact 
that (until relatively recently) the quantity of rubies with 
glass-filled cavities has not been large. 

It has become normal practice in Bangkok to use 
hydrofluoric acid (a strong acid that dissolves silicates 


Figure 25. This 43.24 ct hydrothermal synthetic 
morganite beryl was grown on a seed plate of syn- 
thetic emerald; the resulting color combination 
resembled bicolored tourmaline. Courtesy of Tom 
Chatham, Chatham Created Gems; photo by 
Maha Tannous. 
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easily and which must be handled with great care) to 
“clean” rubies of any glass remaining on the surface fol- 
lowing heat treatment. This is done either by the compa- 
ny that has treated the rubies or later by gem laboratories 
as an additional service to clients. (The normal technique 
for the removal of glass in cavities requires that the ruby 
be immersed in hydrofluoric acid for just a few seconds 
or minutes.) Within the last few years, this author has 
experienced several situations where what appeared to be 
glass within a cavity in ruby could not be removed with 
hydrofluoric acid. Although these materials had all the 
visual characteristics of glass fillings, the fact that they 
could not be removed in the normal manner left their 
identity open to question. 

As a result, over the past several months the AGTA 
Gemological Testing Center in New York has intro- 
duced a policy of recording the Raman spectra of all 
“glass appearing” substances within cavities in rubies 
that are submitted for examination. This has been made 
possible only because of the greatly simplified operation 
of the latest models of laser Raman microspectrometers 
compared with earlier versions. In the course of imple- 
menting this policy, staff members at the Gemological 
Testing Center have discovered several fillings that 
appeared to be glass when examined with magnification 
but actually were not silicate glass. In one instance, a 
cavity had a level plateau of a transparent substance 
(slightly undulating and of melted, glass-like appearance) 
just below the surface of the stone. Raman analysis 
proved that this substance was in fact corundum with a 
small area of anatase (a titanium oxide mineral). Both 
corundum and anatase have sharp peaks at characteris- 
tic wavenumbers in their Raman spectra, whereas the 
glass typically encountered in ruby cavities does not. 
This example illustrates that care should be taken in 
identifying what appear to be foreign substances within 
cavities in ruby. 

Kenneth Scarratt 
AGTA Gemological Testing Center 
New York, NY 


Silicon coating of drusy materials. There was a continued 
abundance of fashioned drusy material at Tucson. In 
addition to titanium-coated drusy cabochons (see, e.g., 
Summer 1998 Gem News, pp. 142-143), we saw silicon- 
coated samples at the booth of Bill Heher, Rare Earth 
Mining Co. By means of vapor deposition (cathode sput- 
tering), silicon was used to coat white drusy Brazilian 
agate, which was then repolished. The resulting pearles- 
cent white specimens displayed strong iridescence (figure 
24). Silicon also was used to coat white drusy calcite 
from Romania, with smaller crystals than the quartz 
mentioned above, creating sparkling off-white pearles- 
cent specimens. According to Mr. Heher, only a “pure” 
white host material produced usable specimens. 

Cheryl Wentzell and Sam MuhImeister 
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SYNTHETICS AND SIMULANTS Es 


Bicolored synthetic beryl, resembling tourmaline. Tom 
Chatham of Chatham Created Gems, San Francisco, 
California, showed us about half a dozen samples of 
hydrothermal synthetic beryl (see, e.g., figure 25), which 
his company and Biron of Australia had grown on an 
experimental basis. For this experiment, they grew syn- 
thetic morganite on seed plates of synthetic emerald. 
When viewed along the seed plate, the color zones 
formed by the green seed plate and the pink overgrowth 
were sharp and distinct. Although this material was not 
a commercial product, it was notable for its interesting 
appearance, which caused several experienced gemolo- 
gists to guess at first glance that it was pink-and-green 
bicolored tourmaline. Of course, no gem-quality synthet- 
ic tourmaline has appeared as yet on the market. 


MISCELLANEOUS 
“Floating diamonds” in jewelry. Graduate Gemologist and 
jewelry designer Georges Mouzannar, of Joaillerie Georges 
J. Mouzannar in Kaslik, Lebanon, showed senior staff 
gemologist Maha Tannous the “floating diamond” line, a 
collection of 18K white gold jewelry (rings, earrings, and 
pendants) that features diamonds set in a colorless resin. 
At first glance, even to an experienced jeweler/gemologist, 
the diamonds appear to be suspended in mid-air. 

The soft resin is cast and hardened by slow, controlled 
heating in a vacuum to avoid the formation of bubbles. 
Once hardened, the resin is filed and polished to a high 
luster. The setting area is etched into the hard resin, 
and the diamonds are then carefully inserted, with the 
assistance of a microscope, individually or in arranged 


Figure 26. Seven 0.02 ct diamonds have been geo- 
metrically set in resin in this 18K white gold ring. 
Photo by Maha Tannous. 
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Figure 27. The resin evident in figure 26 is trans- 
parent against the skin, which causes the dia- 
monds to appear as if they are floating in air. Photo 
by Maha Tannous. 


geometric groupings (figure 26). The table facet of each 
diamond is leveled precisely with the surface of the resin 
so that all of the stones are in the same plane as that sur- 
face. The resulting setting is transparent when worn 
against the skin (figure 27), so the resin-set diamonds 
appear to be free-floating. Although we know of no sys- 
tematic durability tests that have been conducted, the 
line appears to have withstood the hardships of daily 
wear, including exposure to sunlight and saltwater, since 
it was introduced in Lebanon well over a year ago. 

Maha Tannous 


Bismuth egg. Among the most fabulous objets d’art are 
the Easter eggs created at the turn of the last century for 
the Romanoff court by Peter Carl Fabergé and his atelier. 
Since then, gem-set eggs or those carved from ornamen- 
tal materials continue to be popular. We saw a unique 
variation on these objects in the room of Gunnar Farber, 
Swamswegen, Germany, at the Executive Inn in Tucson 
this year. Crystal grower Udo J. A. Behner of Wadern, 
Germany, crystallizes bismuth in chicken eggshells (fig- 
ure 28); the resulting eggs contain miniature scenes of iri- 
descent tarnished skeletal bismuth crystals. 


ANNOUNCEMENTS (2 


GIA on the Internet. Gems &) Gemology is pleased to 
announce the new design and format of the GIA Web 
site, www.gia.edu. In addition to its new look and easier 
navigation, the site features expanded content, including 
news and events under “Today at GIA.” During your 
visit to the GIA site, be sure to click on Gems & 
Gemology. Our online version now contains a weekly 
news update, with more features and links on the way. 


Faceters’ Symposium 2000. Presented by the Faceters’ 
Guild of Southern California, this year’s Faceters’ 
Symposium will take place August 4-6 at the Riverside 
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Figure 28. This 43.0 x 37.4 x 37.0 mm hollow bis- 
muth egg contains a crystalline scene inside. Photo 
by Maha Tannous. 


Convention Center. The Symposium, which is being held 
in conjunction with the California Federation of 
Mineralogical Societies Gold & Gem Show, will feature 
speaker presentations on a number of topics that pertain to 
faceting. Cutting demonstrations, displays of faceted gem- 
stones as well as faceting equipment, and faceting competi- 
tions (Novice through Masters) also will be offered. For 
more information or to register, contact Glenn Klein at 


949-458-5803 (phone}, or glennklein@yahoo.com (e-mail). 


GANA exhibit in Los Angeles. An exhibition of selected 
gemstone artworks by members of Gem Artists of North 
America (GANA) will be on display at the Los Angeles 
County Museum of Natural History’s Hall of Gems and 
Minerals from May 4-July 30, 2000. Among the works 
that will be on display is “Bahia,” a rutilated quartz crys- 
tal from Bahia, Brazil, carved by Glenn Lehrer and 
Lawrence Stoller. At a height of 1.52, m (5 ft) and a total 
weight of 273.3 kg (602 lbs), it is the world’s largest trans- 
parent gem carving. For information on the exhibit, con- 
tact the museum at 213-763-3466 (phone), or visit the 
Web site www.nhm.org/minsci. 


Jewelry 2000. The 21st annual Antique & Period Jewelry 
and Gemstone Conference will take place July 29—August 
2 at Bryant College in Smithfield, Rhode Island. Formerly 
held at the University of Maine at Orono, this conference 
offers a curriculum of lectures and hands-on seminars 
conducted by leading gem experts, curators, auction rep- 
resentatives, dealers, appraisers, and designers. “Jump 
Start,” a pre-conference program designed to reinforce 
basic jewelry skills and concepts, will be held July 27-29. 
For more details, contact the conference at 212-535-2479 


78 Gem News 


(phone), 212-988-0721 (fax], or visit the Web site 
www.jonas4jewelry.com. 


Tourmaline 2000. This exhibition is ongoing at the 
German Gemstone Museum in Idar-Oberstein, until 
August 27, 2000. The exhibit features more than 500 
pieces (mostly from private collections in Idar- 
Oberstein), including crystals, carvings, cabochons, 
faceted stones, and slabs. Contact Dr. Joachim Zang at 
49-6781-33210 (phone), 49-6781-35958 (fax), or 
Joachim.Zang@T-Online.de (e-mail). 


Gemstones at upcoming scientific meetings. These 
upcoming meetings will feature sections on gemstones: 

e Lectures on the geology and mineralogy of the Argyle 
diamond mine and Australia’s opal fields will occur at 
the Australia’s Greatest Mineral Deposits conference 
on June 10-12, 2000, in Broken Hill, New South 
Wales. The meeting is presented by the Mineralogical 
Society of New South Wales, 02-9685-9977 (phone), 02- 
9685-9915 (fax), or p.williams@uws.edu.au (e-mail). 
Gemological collections in museums and problems of 
gemology are among the topics that will be covered at 
the Mineralogical Museums in the 21st Century meet- 
ing in St. Petersburg, Russia, June 26-30, 2000. For 
more information, call 7-812-328-9481 or e-mail 
dept@mineral.geol.pu.ru. 


Australian Gemstones will be one of the topics at the 
15th Australian Geological Convention in Sydney, July 
3-7, 2000. A pre-meeting field trip (June 27—-July 1) will 
include a visit to volcanic-associated sapphire deposits. 
For details, contact the Convention Secretariat at 61-2- 
9411-4666 (phone) or 61-2-9411-4243 (fax), or visit the 
web site www.science.uts.edu.au/agc/agchome.html. 

e A special session on gems will take place at the 6th 
International Congress on Applied Mineralogy (ICAM 
2000) in Gottingen, Germany, July 13-21, 2000. To learn 
more, call 49-511-643-2298, fax 49-511-643-3685, e-mail 
icam2000@bgr.de, or log on to www.ber.de/icam2000. 


ERRATA 

1. Mary Shore of Denver, Colorado, was omitted from the 
1999 Challenge Winners (Summer 1999, p. 135) despite 
scoring a perfect 100% on the 1999 Gems & Gemology 
Challenge. Congratulations to Ms. Shore. 


2. In a recent letter regarding the Seifert and Hyrs] article 
“Sapphire and Garnet from Kalalani, Tanga Province, 
Tanzania” (Summer 1999 issue of Gems & Gemology, 
pp. 108-120), Cedric Simonet and Silvant Okundi of 
Rockland Kenya Ltd. pointed out that the correct 
spelling of the word malaia is malaya. They indicated 
that in Swahili, the word malaya means “prostitute”; it 
was applied to this gem variety of garnet because it was 
formerly mistaken for sapphire. 
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The Dr. Edward J. Giibelin 
Most Valuable Article Award 


Gtbelin Most Valuable Article Award for Gems & Gemology 

in 1999 shared a common theme: Treatments. From General 
Electric’s new process for removing color from type Ia diamonds to 
the ongoing concern about the clarity enhancement of emeralds and 
the fillers used, treatments remained one of the industry’s most criti- 
cal issues in 1999. 


T he readers have spoken, and your votes for the Dr. Edward J. 


First place was awarded to “Observations on GE-Processed Diamonds: 
A Photographic Record” (Fall 1999), which revealed several interesting 
features that may be diagnostic of these diamonds. Receiving second 
place was “On the Identification of Various Emerald Filling Substances” 
(Summer 1999), an article that evaluated the methods used to distin- 
guish among the many different clarity-enhancement substances. The 
third-place winner, “Classifying Emerald Clarity Enhancement at the 
GIA Gem Trade Laboratory” (Winter 1999}, presented GIA’s new sys- 
tem for classifying the degree of clarity enhancement in a particular 
emerald. 


The authors of these three articles will share cash prizes of $1,000, 
$500, and $300, respectively. Following are photographs and brief 
biographies of the winning authors. 


Congratulations also to Ellen Fillingham of Mendon, Michigan, 
whose ballot was randomly chosen from the many entries to win a 
leather portfolio and a five-year subscription to Gems & Gemology. 


First Place 
Observations on GE-Processed Diamonds: A Photographic Record 


Thomas M. Moses, James E. Shigley, Shane F. McClure, 
John |. Koivula, and Mark Van Daele 


Thomas Moses is vice president of Identification Services, GIA Gem 
Trade Laboratory in New York. One of the word’s foremost gemologists, 
Mr. Moses is a prolific author and an editor of the Gem Trade Lab Notes 
section. He attended Bowling Green University in Ohio before entering 
the jewelry trade more than 20 years ago. James Shigley is director of GIA 
Research in Carlsbad. Dr. Shigley, who received his Ph.D. in geology from 
Stanford University, has been with GIA since 1982. He has written 
numerous articles on natural, treated, and synthetic gems. Shane McClure 
is director of West Coast identification services at the GIA Gem Trade 
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Mark Van Daele 
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Shane Elen and Mary L. Johnson 


Sam Muhlmeister 
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Maha Tannous 


Most Valuable Article Award 


Laboratory in Carlsbad. Mr. McClure has over 20 years of experience in 
gem identification, has written numerous articles, and is an editor of the 
Gem Trade Lab Notes and Gem News sections of Gems & Gemology. John 
Koivula is chief research gemologist at the GIA Gem Trade Laboratory in 
Carlsbad, and an editor of the Gem News section. The coauthor (with Dr. 
Gtbelin) of the classic Photoatlas of Inclusions in Gemstones, Mr. Koivula 
holds bachelor’s degrees in chemistry and mineralogy from Eastern 
Washington State University. Mark Van Daele, formerly the supervisor of 
system quality management at the GIA Gem Trade Laboratory in 
Carlsbad, holds a degree in electromechanical engineering from the 
Antwerp University of Industrial Engineering. Mr. Van Daele now resides 
in the United Kingdom, where he is an applications consultant for an inter- 
national software company. 


Second Place 
On the Identification of Various Emerald Filling Substances 
Mary L. Johnson, Shane Elen, and Sam Muhlmeister 


Mary Johnson is manager of Research and Development at the GIA Gem 
Trade Laboratory in Carlsbad, and an editor of the Gem News section. A 
frequent contributor to Gems & Gemology, she received her Ph.D. in miner- 
alogy and crystallography from Harvard University. Shane Elen is analyti- 
cal equipment supervisor at GIA Research in Carlsbad. He holds an engi- 
neering degree from the Camborne School of Mines in Cormwall, UK. 
With 16 years of experience in the analysis of solid-state materials, he has a 
strong interest in developing new identification methods for gem materials. 
Sam Muhlmeister is a research associate with the GIA Gem Trade 
Laboratory in Carlsbad. Born in Germany, he received bachelor’s degrees 
in physics and mathematics from the University of California at Berkeley. 


Third Place 


Classifying Emerald Clarity Enhancement at the 

GIA Gem Trade Laboratory 

Shane F. McClure, Thomas M. Moses, Maha Tannous, and 
John I. Koivula 


Please see the first-place entry for biographical information on Shane 
McClure, Thomas Moses, and John Koivula. 


Maha Tannous, a senior staff gemologist at the GIA Gem Trade 
Laboratory in Carlsbad, is an accomplished gem photographer and a fre- 
quent contributor to the Gemological Abstracts section. A native of 
Lebanon, she holds bachelor’s degrees in computer science from the 
University of Texas, Arlington, and in communications/journalism from 
Southwest Texas State University. 


Photos by Joseph Duffy. 
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Challenge 


The following 25 questions are based on information 
from the four 1999 issues of Gems e) Gernology. Refer 
to the feature articles and “Notes and New Tech- 
niques” in those issues (for the special Fall “Sympo- 
sium Proceedings” issue, only the Moses et al. GE 
POL article is included) to find the single best 
answer for each question; then mark your choice on 
the response card provided between pages 78 and 79 
of this issue. (Sorry, no photocopies or facsimiles will 
be accepted; contact the Subscriptions Department if 
you wish to purchase additional copies of this issue.) 
Mail the card so that we receive it no later than Mon- 


GIA 


<Robert “T- Jew eler 


1999 
1A GEMS & Gt MOLOGY 

c yur 
© CH 


ALLENGE 


day, July 10, 2000. Please include your name and 
address. All entries will be acknowledged after that 
date with a letter and an answer key. 


Score 75% or better, and you will receive a GIA 
Continuing Education Certificate. If you are a mem- 
ber of GIA Alumni and Associates, you will earn 5 
Carat Points toward GIA’s new Alumni Circle of 
Achievement. (Be sure to include your GIA Alumni 
membership number on your answer card and submit 
your Carat card for credit.) Earn a perfect score, and 
your name will also be featured in the Fall 2000 issue 
of Gems e) Geology. Good luck! 


. Since the Zachery treatment was 
developed in the late 1980s, how 
much turquoise has been enhanced 
by this process? 

A. Less than one million carats 

B. About one million carats 

C. Between one and ten million 

carats 
D. More than 10 million carats 


. The most diagnostic internal fea- 
tures of Russian hydrothermal syn- 
thetic rubies and sapphires are 
A. zigzag or mosaic-like growth 
structures. 
B. one- and two-phase spicules. 
C. triangular growth hillocks. 
D. very fine, short rutile needles. 


. The presence of a flash effect in a 
filled emerald is related to 
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A. the Cr content of the host 
emerald. 

B. theRI value of the filler. 

C. the filler’s fluorescence to long- 

wave UV. 

D. the viscosity of the filler. 


4. The amethyst coloration in synthet- 


icametrine developsasa result of 
A. the presence of manganese. 
B. dumortierite inclusions. 
C. exposure to gamma-ray radiation. 
D. heating to 350°C after growth. 


5. The degree of clarity enhancement 


in an emerald does not correlate 
directly with value because 
A. “eye-clean’” stones are always 
significantly enhanced. 
B. “eye-clean” stones are never 
significantly enhanced. 
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C. it doesnot take into account 

non-surface-reaching inclusions. 
D. the appearance of the enhance- 
ment changes with the viewing 
angle. 


6. The process developed by General 


Electric toimprove the color of GE 
POL diamonds involves 
A. irradiation. 
B. irradiation and annealing. 
C. bleaching in caustic solutions. 
D. high temperature and high 
pressure. 


7. Diopside inclusions in Russian 


demantoid gamet occuras 
A. curved fibers. 
B. straight, colorless needles. 
C. hollow tubes. 
D. prisms surrounding chromite. 
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8. Asurvey of USS. patents and 


14. The nature of an emerald filling 
European patent applications sug- 


20. The GE patents to improve the 
substance is best determined by 


optical properties of synthetic 
gests that the process used to A. the flash effect. diamond that followed the initial 
decolorize GE POL diamonds B. infrared spectroscopy. 1994 European patent applica- 
involves healing structural defects C. Raman microspectrometry. tion have involved treatment 
by means of 


A. graphitization. 

B. plastic deformation. 
C. nitrogen substitution. 
D. vacancy migration. 


9. A color change from blue-green in 


daylight to purple in incandescent 
light is shown by pyrope-spessar- 
tine garnets from Bekily, Mada- 
gascar, that contain relatively high 
amounts of 

A. vanadium. 

B. cobalt. 

C. iron. 


D. manganese. 


10. Which of the following distinctive 


inclusions were reported in some 
of the GE POL diamonds studied 
at the GIA Gem Trade 
Laboratory? 
A. Graphite 
B. Curved fibers 
C. Etch channels 
D. Hollow hexagonal columns 


D. a combination of these 
approaches. 


15. Most of the GE POL diamonds 
examined at GIA were cut in 
which shape? 

A. Pear 

B. Round brilliant 
C. Marquise 

D. Oval 


16. An emerald classified as ““moder- 


ate” in GIA’s clarity-enhancement 
classification system has experi 
enceda___ improvement in 
face-up appearance due to filling. 

A. slight 

B. limited 

C. noticeable 

D. obvious 


17. In analyzing gemstone inclusions, 


laser Raman microspectrometry 
can be used to differentiate 
between 


A. at lower temperatures. 

B. in the diamond stability field. 
C. in the graphite stability field. 
D. at diamond-graphite equilib- 


num. 


21. “Palma” is an emerald filler that is 


most accurately defined as 

A. a liquid wax. 

B. an epoxy prepolymer. 

C. palm oil. 

D. palm oil plus vegetable dye. 


92. At the GIA Gem Trade Labora- 


tory, filled fissures in emeralds are 

located by 

A. examination with a micro 
scope using 10x to 25x mag- 
nification. 

B. using darkfield illumination 
supplemented by fiber-optic 

C. careful observation of the 


stone from all directions. 
D. all of the above. 


A. minerals with the same crystal 
11. Most Zachery-treated turquoise structure and chemical com- 23. The primary source for colorless 

can be detected by its higher position, = sapphire is 

A. tehactive index. B. minerals with similar crystal A. Madagascar. 

B. phosphorus content. structures but different chem- B. Thailand. 

C. potassium content. ical compositions. C. Tanzania. 

D. thermal conductivity. oF aa inclusions D. Sri Lanka. 

only. 


12. The presence of significant levels 
of which trace element indicate 
the natural origin of a colorless 


D. subsurface inclusions only. 2A. Careful observation of Zachery- 


treated turquoise may reveal 
18. All of the following corundum 


Or A. evidence of filling materials. 
sapphire? varieties have been produced from B. a weak response to a thermal 
A. Calcium the Kalalani area in Tanzania reaction tester. 
B. Iron except for C. aslight fluorescence to short- 
C. Vanadium A. ruby. wave UV radiation. 
D. Chromium B. yellow-brown sapphire. D. blue color concentrations 

C. reddish orange sapphire. adjacent to fractures. 
13. Which of the following character- 


D. dark blue-green sapphire. 
istics is not useful in separating 


25. The percentage of the 858 GE 
natural from Russian synthetic 19. At the Kalalani area in northeast- POL diamonds studied by GIA 
ametrine? em Tanzania, gem-quality ruby that were classified as type Ila 
A. Infrared spectrum and sapphire form in was 
B. UV-Vis-NIR spectrum A. a granitic gneiss. A. 10%. 

C. Brazil-law twinning in the B. pegmatites. B. 50%. 
amethyst portion C. marble-hosted deposits. C. 79%. 
D. Color zoning D. basalt-hosted deposits. D.99%. 
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Book 


Susan B. Johnson & Jana E. Miyahira-Smith, Editors 


ROMANCE OF THE 
GOLCONDA DIAMONDS 


By Omar Khalidi, 127 pp., illus., 
publ. by Grantha Corp., Middleton, 
NJ, 1999. $39.95* 


This book provides an historical 
description of the legendary Gol- 
conda diamonds, as well as narrative 
sketches of 22 large (ranging from 9 
to 280 ct) diamonds from these 
deposits. The author, a historian 
from Hyderabad who has studied 
early Persian manuscripts related to 
Golconda, offers a detailed history, 
along with a number of full-color 
illustrations taken from these early 
manuscripts. Contrary to popular 
belief, the source of these diamonds 
was not Golconda—the 13th-century 
fortress located on the outskirts of 
present-day Hyderabad. Rather it was 
the gravel deposits near Kurnool (60 
miles [96 km] south of Golconda) and 
in the lower course of the Krishna 
River (100 miles [160 km] southeast 
of Golconda). Regrettably, no maps 
are provided in the book to help the 
reader visualize the locations of the 
deposits or the boundaries of the 
ancient states being discussed. Also, 
information on the geology of the 
deposits and the gemology of the dia- 
monds is quite sparse. 

Most of the 22 diamonds featured 
already have been chronicled in Ian 
Balfour’s Famous Diamonds (London: 
Christie, Manson, and Woods, 1997). 
However, the final chapters in Mr. 
Khalidi’s book present an interesting 
account of the Nizams of Hyderabad, 
the last ruling dynasty in that state 
before it was absorbed into the federal 
republic of India in 1950. The heirs of 
the last Nizam ruler, Osman Ali 
Khan, underwent a lengthy struggle 
to sell the jewelry of the so-called 
“richest man on earth” after his death 
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in 1967. Finally, in 1995, the Indian 
government purchased the collection, 
but it still has not been given a promi- 
nent showcase. 

In summary, Romance of the 
Golconda Diamonds is short on 
gemology and geography, but sound 
on history and illustrations. The 
wide breadth of information on 
Golconda diamonds in one compre- 
hensive volume is most welcome. 

A.J. A. (BRAM) JANSE 
Archon Exploration Pty. Ltd. 
Carine, Western Australia 


RUBY, SAPPHIRE AND 
EMERALD BUYING GUIDE 


By Renee Newman, 164 pp., illus., 
publ. by International Jewelry 
Publications, Los Angeles, CA, 
2000. US$19.95* 


Can a book capture the romance and 
beauty of gemstones while offering 
practical information on how to 
make the right buying decision? If 
the gemstones we're referring to are 
rubies, sapphires, or emeralds, then 
this book does a terrific job of achiev- 
ing both. 

This buying guide discusses sever- 
al value factors, with separate chap- 
ters on color (i.e., for ruby, sapphire 
[including fancy-color sapphires], and 
emerald [including other beryls]), plus 
combined chapters on shape/cut, 
carat weight, and clarity/transparen- 
cy. Each factor is explained using 
numerous photographs (175 color, 21 
black-and-white), charts, and line- 
drawing illustrations. Also covered in 
these chapters are grading systems, 
characteristics of stones by origin, and 
a discussion of how different kinds of 
lighting can affect ruby color. The dis- 
tinctions between ruby and pink sap- 
phire, as well as emerald and green 
beryl, are mentioned, but unfortu- 
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nately only two photographs are pro- 
vided for ruby/pink sapphire and none 
for emerald/green beryl. Additional 
chapters cover simulants, synthetics, 
treatments, care, and cleaning, as well 
as star ruby and sapphire. 

The Buying Guide does an excel- 
lent job of showing consumers how 
different grading factors affect beauty 
and value, but it is unlikely that the 
average customer could rely solely on 
this book to detect treatments, simu- 
lants, or synthetics. Recognizing this, 
the author offers tips for choosing a 
competent appraiser and asking the 
right questions of the seller. As she 
did with her previous books (Dia- 
mond Ring Buying Guide, Gold 
Jewelry Buying Guide, Gemstone 
Buying Guide, and Pearl Buying 
Guide), Ms. Newman has created an 
extremely helpful reference guide and 
product knowledge manual. It should 
be on the shelf of every jeweler whose 
customers want to know more— 
often much more—than “How much 
does it cost?” 


DOUGLAS KENNEDY 
Gemological Institute of America 
Carlsbad, California 


ROUGH DIAMONDS: A 
PRACTICAL GUIDE 


By Nizam Peters, 172 pp., illus., 
publ. by the American Institute of 
Diamond Cutting, Deerfield Beach, 
FL, 1997. US$89.00* 


This book appears to be a companion 
text to the American Institute of 
Diamond Cutting’s course work. It is 
organized very much like a textbook, 


“This book is available for purchase through 
the GIA Bookstore, 5345 Armada Drive, 
Carlsbad, CA 92008. Telephone: (800) 
421-7250, ext. 4200; outside the U.S. (760) 
603-4200, Fax: (760) 603-4266. 
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and in fact resembles one except for 
the oversize format. The material is 
well organized and very methodical. 
The text and illustrations are suffi- 
ciently clear to educate a novice, at 
least in the terminology and basic 
concepts. 

The book begins with the very 
basic shapes commonly found in 
rough diamonds, and continues with 
discussions on color, clarity, marking 
the rough, cutting, and polishing. It 
covers considerable ground and 
touches on most of the concepts that 
rough dealers and manufacturers deal 
with every day. One drawback is the 
placement of the pictures. Although 
the illustrations are excellent, each 
picture seems to be placed one para- 
graph out of order, and one must con- 
tinually turn the page to see the pic- 
tures to which the text refers. In addi- 
tion, although the subject coverage is 
quite extensive, two areas deserve 
more attention: finding the grain and 
determining the probable country of 
origin of the rough diamonds. The 
latter information—which frequently 
can be gleaned from many telltale 
signs—is often critical to rough deal- 
ers and manufacturers. It affects the 
final value of the finished stone. 
Generally, rough from Russia and 
Canada will improve in color when 
polished, while rough from Sierra 
Leone, parts of the Ivory Coast, and 
especially Angola will worsen in 
color. Country of origin will also 
affect yields and clarities. Canadian 
rough, for example, has many small 
crevices that go deep below the sur- 
face. The yield is therefore lower, 
because the cutter must remove 
these “gletzes.” 

As an instructional accompany- 
ing text, Rough Diamonds does an 
excellent job. As a stand-alone refer- 
ence, it is pretty good, and rather 
complete. Any gemologist would do 
well to read this if he or she does not 
have firsthand contact with the 
rough diamond trade. 

HERTZ HASENFELD 
Hasenfeld-Stein, Inc. 
New York City 
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CRYSTAL ENCHANTMENTS: 
A COMPLETE GUIDE TO 
STONES AND THEIR 
MAGICAL PROPERTIES 


By D. J. Conway, 348 pp., publ. by 
the Crossing Press, Freedom, CA, 
1999. US$18.95 


For years, modern society has turned 
to gems and minerals for the powers 
of healing, protection, and good for- 
tune they are believed to bring. The 
recent popularity of “power beads” 
attests to this cultural phenomenon. 
In Crystal Enchantments, Ms. 
Conway provides an unusually com- 
plete guide to crystals and their 
“magical uses.” Even if you do not 
believe in the spiritual principles 
detailed in this text, there is some- 
thing for everyone in this book. 

The book is divided into three 
parts. Part I, “The Magical Allure of 
Stones,” provides an interesting his- 
torical view of the use of stones and 
mineral crystals in jewelry and as tal- 
ismans. The use and trade of various 
stones and metals by ancient civiliza- 
tions (including the Phoenicians, 
Egyptians, and Greeks) are briefly dis- 
cussed. The book’s main focus comes 
in Part II, “Stones and their Powers.” 
In the second section, approximately 
100 materials are listed alphabetical- 
ly, mainly by species, though several 
varieties are listed separately (e.g., 
emerald). Some of the stones are not 
typical gem materials (e.g., lode- 
stone). Included for each material are 
the hardness, color(s), sources, facts, 
history and folklore, and the healing 
and magical powers that are attribut- 
ed to it. Part I of the book looks at 
“Other Uses for Stone Magic.” 

Occasionally there are some 
gemological inaccuracies. For exam- 
ple, fire agate is also referred to as 
“iris agate” in the text. Generally, 
though, Ms. Conway does a com- 
mendable job of providing accurate 
mineralogical properties, in conjunc- 
tion with the extensive spiritual 
information. Thus, the book is useful 
for general descriptions and gem 
information. Although illustrations 
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of the stones would have been fitting, 
the book does not suffer for lack of 
them. 

As one who does not use stones 
and crystals for their magical or spiri- 
tual properties, this reviewer still 
found the text entertaining and infor- 
mative. A quote from the book 
comes to mind: “A day when some- 
thing new is learned is a day not 
wasted. Even if you should never 
attempt the magical procedures, you 
can gain from just learning about and 
handling stones.” It is an idea that 
cannot be disputed, and Crystal 
Enchantments is worth a read if only 
for that very reason. 

JANA E. MIYAHIRA-SMITH 

Gemological Institute of America 

Carlsbad, California 


OTHER BOOKS RECEIVED 


Diamonds and Precious Stones, by 
Patrick Voillot, 127 pp., illus., publ. 
by Harry N. Abrams, New York, 
1998, US$12.95* Intended more for 
the general enthusiast than the seri- 
ous gemologist, Diamonds and 
Precious Stones is nonetheless an 
entertaining read. The beginning of 
this compact digest is steeped in gem 
legend and lore, before giving way to a 
more formal historical treatment of 
diamond, emerald, ruby, and sap- 
phire. Here Mr. Voillot guides a swift 
(if at times cursory) tour through the 
development of gem faceting, the 
emergence of Antwerp as a cutting 
center, the discovery of diamonds in 
South Africa, and the subsequent rise 
of De Beers. Accounts of famous jew- 
els and profiles of major gem locali- 
ties are provided. The Documents 
section at the close of the book is 
highlighted by excerpts from the 
chronicles of Marco Polo and Jean- 
Baptiste Tavernier. Diamonds and 
Precious Stones is richly illustrated 
throughout, with more than 150 pho- 
tos, paintings, and illuminated 
manuscripts. 


STUART D. OVERLIN 
Gemological Institute of America 
Carlsbad, California 
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sixteen years under cultivation gave 
typical mother-of-pearl patterns. 
The diffraction effects characteristic 
of a natural pearl also would be 
expected from a cultured pearl hav- 
ing a seed-pearl as nucleus. Such 
pearls probably could be identified 
by radiographic methods of X-ray 


Figure 1 


examination (i.e., X-ray “shadow” 
pictures such as those employed in 
medical and surgical diagnosis and 
industrially for the location of 
physical defects in structural ma- 
terials, etc.) because of the relative- 
ly low density of the conchiolin lay- 
er that separates the outer nacre 
from the core. The present investi- 
gation, however, is concerned with 
the usual type of cultured pearl con- 
taining a mother-of-pearl core of 
sufficient size to determine the na- 
ture of the X-ray diffraction effects 
observed. 


The manner in which the arago- 
nite crystals are arranged in gen- 
uine and cultured pearls is shown 
schematically in Figure 1. Figure l-a 
shows a genuine pearl to be com- 
posed of concentric layers of needle- 
like aragonite crystals from the 
centre of the pearl outward. Every 
crystal is oriented with its long, or 
pseudo-hexagonal axis perpendicu- 
lar to the surface of the pearl, or 
in other words, along a radius of 
the pearl. In contrast to this, in 
Figure 1-b the aragonite crystals 
are seen to have an entirely differ- 
ent orientation in cultured pearl. 
Here, the axes of the crystals mak- 
ing up the mother-of-pearl core are 
essentially parallel, and perpendicu- 
lar to the layered structure of the 
mother-of-pearl. . The mother-of- 
pearl bead is surrounded by a thin 
layer of genuine pearl, but since 
most of its bulk is mother-of-pearl, 
a cultured pearl reacts to X-rays as 
though it were composed entirely of 
mother-of-pearl. 


It is of particular importance 
now to consider the types of. X-ray 
diffraction patterns which may be 
obtained as the X-ray beam is di- 
rected in various directions through 
a fibrous aggregate of aragonite 
crystals such as make up pearl. Pat- 
terns of two types may be obtained: 

A. The X-ray beam is parallel to 
the long, or pseudo-hexagonal axes 
of the crystals of aragonite. The re- 
sultant pattern is of the hexagonal 
spot, spoke, or halo type, such as pic- 
tured in Fig. 2, P-5-8, P-5-4, P-46-2, 
P-46-3, P-46-4. Patterns of this type 
are obtained when X-rays pass 
through the centre of a genuine 
pearl in any direction. Similar pat- 
terns are obtained from a cultured 
pearl only if the X-ray beam is 
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Amber: Art or artifact, one of the world’s most precious 
discoveries. A. Wilkie, Elle Décor, Vol. 10, No. 4, 
June 1999, pp. 100-102. 


Amber is a fossilized tree resin composed of 80% carbon, 
along with hydrogen, oxygen, and traces of sulfur. Natural 
colors range from pale yellow to reddish brown. Although 
amber is found in Asia and the Americas, Europe contains 
the vast majority of the world’s economic deposits, 90% 

of which occur on the eastern shore of the Baltic Sea. 
Amber is one of the earliest materials to be used dec- 
oratively. The oldest known European amber artifacts 
(beads discovered on the British shore of the North Sea) 
date from 11,000 to 9,000 BC. Archeologists believe that 
the beads were carried there from the Baltic area by ocean- 
ic currents. Amber has also intrigued the art and science 
communities. Artisans have used amber extensively, 
ranging from jewelry to the lavishly decorated Amber 
Room in St. Petersburg (dismantled by the Germans dur- 
ing World War II). Scientists value amber for its ancient 
organic inclusions: Insects preserved in Lebanese amber 
provide a window to the past as far back as 125 million 

years, and Baltic amber is about 40 million years old. 
Besides providing a wealth of historical information, 
this article contains lists of major amber dealers and of 
museums that have major collections of European amber. 
Kenneth A. Patterson 


This section is designed to provide as complete a record’ as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 

Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
© 2000 Gemological Institute of America 


GEMS & GEMOLOGY Spring 2000 85 


Fluid inclusions in emeralds from schist-type deposits. I. 
Moroz and Y. Vapnik, Canadian Gemmologist, 
Vol. 20, No. 1, 1999, pp. 8-14. 

Fluid inclusions in emeralds from seven schist-type 
deposits in five countries (Australia, Brazil, Tanzania, 
Zambia, and Russia) were studied by microthermometry 
(i.e., using a specially designed heating-freezing stage of a 
microscope to determine the phases present at various 
temperatures]. Three types of fluid inclusions were found: 
brine, CO,, and H,O-CO,. Carbonate crystals were com- 
mon solid phases in these inclusions. The brine-type fluid 
inclusions are characterized by a low chloride content 
(ie., generally <10 wt.% NaCl equivalent). Low-chloride 
brine inclusions in schist-type emeralds also have been 
reported from deposits in Austria, South Africa, and 
Pakistan. Thus, the authors conclude that emeralds con- 
taining fluid inclusions consisting of brines with low 
chloride contents are characteristic of schist-type 
deposits; this distinguishes them from emeralds formed 
in other types of deposits, such as those from Colombia 
and Nigeria, which are oversaturated with NaCl and typ- 

ically contain halite daughter crystals. 
AAL 


Mechanism for kosmochlor symplectite and composi- 
tional variation zoning in jadeite jade. L. Qi, S. 
Zheng, and J. Pei, Journal of Gems # Gemmology, 
Vol. 1, No. 1, 1999, pp. 13-17 [in Chinese with 
English abstract]. 

The petrography and geochemistry of kosmochlor 

(NaCrSi,O,, a green pyroxene previously known as ure- 

yite) in jadeite from the Tawmaw area of northern 

Myanmar is reported. The kosmochlor mainly occurs as 

a symplectite (a “wormy” or irregular intergrowth of dif- 

ferent minerals) that replaces or surrounds grains of 

chromite. Portions of the kosmochlor were metasoma- 

tized in a complex multistage process, resulting in a 

three-component symplectitic zoning of kosmochlor + 

calcic kosmochlor + uvarovite. RAH 


Market overview of saltwater and freshwater cultured 
pearls in China. C. M. Ou-Yang, Journal of the 
Gemmological Association of Hong Kong, Vol. 20, 
1997-1998, pp. 8-13. 

Although pearl cultivation in China dates back more 

than 4,000 years, it was not until 1958—when the first 

experimental pearl farm was built at Hepu (in Guangxi 

Province]—that serious consideration was given to devel- 

oping a major national pearl industry. Commercial culti- 

vation began in 1963, from the 1980s onward, both fresh- 
water and saltwater pearl cultivation grew rapidly. 

Most saltwater pearl farms are located in the south- 
ern provinces of Guangdong, Guangxi, and Hainan. A 
pearl institute at Zhanjiang (Guangdong) provides pro- 
fessional training for pearl culturing. At Hepu and Beihai 
(Guangxi, where most of the saltwater pearl cultivation 
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takes place), approximately 6,000 family-owned farms 
produce the largest and highest-quality cultured pearls. 
White cultured pearls are produced at Sanya, in Hainan 
Province. 

Freshwater pearl farms are also located mainly in 
southern China. The farms—which cultivate both nucle- 
ated and non-nucleated cultured pearls—are distributed 
among ponds, pools, reservoirs, cisterns, and lakes. 

Most pearls produced in China are sent to Hong Kong 
for processing and then distributed internationally. About 
90% undergo some or all of the following processes: 
drilling, bleaching, whitening, and polishing. Readers 
will also find interesting information about pearl culti- 
vation practices, production, and value factors. 

Paige Tullos 


Oxygen isotopes and emerald trade routes since antiquity. 
G. Giuliani, M. Chaussidon, H. J. Schubnel, D. H. 
Piat, C. Rollion-Bard, C. France-Lanord, D. Giard, 
D. de Narvaez, and B. Rondeau, Science, Vol. 287, 
No. 5453, January 28, 2000, pp. 631-633. 


The oxygen-isotopic composition of emerald is influ- 
enced by the nature of the hydrothermal fluids from 
which it crystallizes, the composition and intensity of 
interaction with the surrounding host rock, and the tem- 
perature of its crystallization. Due to locality-specific dif- 
ferences in these factors, precise measurements of oxygen 
isotopes can be used to indicate emerald provenance. 
Using an ion microprobe, the authors analyzed nine his- 
toric emeralds—ranging from the Gallo-Roman epoch 
[although not delineated in the article, we believe this 
period dates from approximately 100 to 500 AD—Ed.] to 
the 18th century—to (1) determine their provenance, and 
(2) examine accepted theories about ancient gemstone 
trading routes. 

The data obtained from a Gallo-Roman period ear- 
ring from Ain, France, suggest a Pakistani provenance 
(Swat Valley), contrary to the previously accepted 
Roman sources in Austria and Egypt. A 51.5 ct emerald 
in the Holy Crown of France (13th century], does have 
an Austrian provenance. Two emeralds that were origi- 
nally described by Abbé Hauy (the founder of mineral- 
ogy) in 1806 were also analyzed: one is from Austria 
(the Habachtal mines), while the other is Egyptian. 
Four emeralds from the treasury of the Nizam of 
Hyderabad in India were cut in the 18th century AD; 
these are historically called “old mine” emeralds. One 
probably came from Afghanistan, but three others 
apparently came from Colombia: The Pefia Blanca [also 
referred to as Pefias Blancas (“white rocks”), Coscuez, 
and Tequendama mines are cited as their exact sources. 
Such findings refute the belief that these particular 
stones were from ancient forgotten mines in southeast 
Asia, and suggest that Spanish trade of South American 
emeralds in the 16th and 17th centuries was worldwide 
in scope. A 1.51 ct rough emerald from the 1622 AD 
shipwreck of the Spanish galleon Nuestra Senora de 
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Atocha off the coast of Florida is from Colombia, 
specifically, the Tequendama mine in the Muzo dis- 
trict. [Abstracter’s note: The conclusions reached in 
this study are based on the assumption that isotopic 
values found in emeralds from a given locality are 
restricted to narrow ranges, which apparently do not 
overlap between the localities considered important by 
the authors. According to earlier research cited in this 
article, most of the specific mines were represented by 
only 2-3 samples.] JL 


Study on clinopyroxene minerals of jadeite jade. T. Zou, 
X. Yu, FE. Xia, and W. Chen, Journal of Gems & 
Gemmology, Vol. 1, No. 1, 1999, pp. 27-32 [in 
Chinese with English abstract]. 


In addition to the mineral jadeite (NaAISi,O,), other py- 
roxenes that may occur in jadeite jade include chromian 
jadeite, diopsidic jadeite, kosmochloric jadeite, omphacite, 
kosmochloric omphacite, diopsidic kosmochlor, jadeitic 
kosmochlor, diopside, clinoenstatite, diopsidic clino- 
enstatite, aegirine-augite, and aegirine. Chemical analyses 
on samples collected in Myanmar, as well as selected 
analyses from the literature, are tabulated and classified. 
The authors stipulate that only jade with >50 mol.% of 
the jadeite component should be called jadeite jade; the 
other types of clinopyroxene-bearing jade should be 
termed aegirine jade, omphacite jade, etc. RAH 


Myanmar steps up production. P. Sutton, Jewellery New 
Asia, No. 176, April 1999, pp. 76-78, 80-81, 83. 


The government of Myanmar has issued licenses permit- 
ting five companies—some with ties to experienced 
Japanese, Australian, and Thai interests—to establish 
new pearl farms. These facilities, with the assistance of 
the state-owned Myanma Pearl Enterprise, should 
increase both the quantity and quality of pearls from 
Myanmar in the coming years. The farming region is 
located in the Mergui Archipelago in the Andaman Sea 
(extreme southern Myanmar), which has a historic repu- 
tation for yielding superb South Sea pearls. The region is 
a “security area”: There is no tourism or logging, and 
access is limited. While the pearl farms will suffer from 
muddy water during the monsoon season, as well as from 
a limited infrastructure, the area also has the advantage of 
pollution-free waters. 

Current pearl cultivation in the area is from Pinctada 
maxima mollusks. Although today most of the mollusks 
are gathered from the wild, some of the companies are 
committed to establishing hatcheries to ensure a regular 
and abundant supply. Major operations are expected to be 
developed by Japanese-owned Tasaki and Australian- 
owned Myanmar Atlantic. Tasaki has a license to farm up 
to 200,000 mollusks annually. The company is investing 
heavily in infrastructure, including water and power 
plants, shell cleaning and inspection facilities, and a 
hatchery. Myanmar Atlantic has a license to farm 50,000 
mollusks a year and is applying to raise this to 300,000. 
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With the new equipment, technology, and experience 
being incorporated into the various operations, signifi- 
cant increases in cultured pearl production could come as 
early as 2002. JEM-S 


Tiirkis [Turquoise]. extraLapis, No. 16, 1999, 96 pp. [in 
German] 

This issue, like its predecessors in the extraLapis series, is 
devoted to a specific mineral or region—in this case, 
turquoise. It contains several maps and sketches and, as 
usual, is lavishly illustrated. The 11 chapters have been 
prepared by six contributors (W. Lieber, G. Liu, E. Giibelin, 
C. Meister, A. Ahmed, and S. Weiss), as well as the edito- 
rial staff of Lapis. 

The first three chapters present a comprehensive 
description of the mineralogical characteristics of tur- 
quoise, including its position in the turquoise group 
(which also includes planerite, aheylite, faustite, and 
chalcosiderite}, historic data, and color. The text points 
out that “green turquoise” is likely to be planerite (a com- 
plete solid solution exists between turquoise and planer- 
ite), but its traditional and well-understood designation as 
“turquoise” should not be altered. Next follows a geolog- 
ic description of turquoise formation, which requires alu- 
minum, copper, and phosphate. In most cases, turquoise 
deposits are associated with porphyry copper ores in arid 
regions. This section of the issue concludes with an 
extensive listing of significant turquoise deposits world- 
wide. In addition to the commercially important gem tur- 
quoise deposits, the list also includes many lesser known 
localities, which are of special interest for mineral collec- 
tors because they typically yield crystalline material. 

The main part of the issue (comprising seven chap- 
ters) is dedicated to descriptions of the world’s most 
important turquoise deposits, both past and present. 
These are the deposits of the American Southwest, China 
and Tibet, Iran, and Egypt (Sinai). The discussion of the 
American deposits is supplemented by photographs 
showing different styles of Indian turquoise jewelry 
(Pueblo, Navajo, Hopi, and Zuni). There are two parts to 
the section on Iranian turquoise. The first was written by 
E. Giibelin before the Islamic Revolution 20 years ago, 
and describes the ancient deposits and the mines that 
were producing up to that time. The second is an update 
from 1998 (by C. Meister) that reflects the present situa- 
tion. He reports that, with the arrival of the mullahs, 
turquoise production dropped considerably but never 
ceased entirely. Most of the gems produced recently, how- 
ever, are being sold within Iran or to Islamic countries, 
and the finest qualities now fetch about US$125 per gram 
in Mashad. The section concludes with a description of 
the deposits in Cornwall, England. Here, turquoise and 
other minerals of the turquoise group are a byproduct of 
tin and tungsten mining; they occur as crystallized 
crusts, forming beautiful collector specimens. Veins with 
massive, cuttable turquoise occasionally have been 
found, but never in commercial quantities. 
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The last chapter provides a short but comprehensive 
review of turquoise colors, treatments, imitations and 
simulants, CIBJO regulations, quality considerations, and 
values. RT 


DIAMONDS 


‘Aquarium’ set to revolutionise diamond security. Mining 
Journal, London, Vol. 332, No. 8522, March 12, 
1999, p. 176. 


De Beers has developed a “fully-automated diamond 
recovery plant and sorthouse complex” for installation at 
the Jwaneng mine in Botswana. The system eliminates 
the final hand-sorting of rough diamonds, which will 
greatly reduce theft. It is expected to come online in June 
2000 at an estimated cost of US$77 million. The name 
Aquarium comes from the acronyms of its two compo- 
nents: CARP (completely automated recovery plant) and 
FISH (fully integrated sorting house). CARP is equipped 
with magnetic rollers, concentrators, and an improved X- 
ray sorting machine. FISH consists of several automated 
processes that clean, sort, size, weigh, and package the 
diamonds. Detailed information such as sizes and 
amounts recovered will be available within 24 hours of 
processing at the Aquarium complex. Using this system, 
De Beers plans to process the old recovery dumps. 

ML] 


Characterization of a notable historic gem diamond show- 
ing the alexandrite effect. T. Lu, Y. Liu, J. Shigley, T. 
Moses, and I. M. Reinitz, Journal of Crystal Growth, 
Vol. 193, 1998, pp. 577-584. 


The French merchant Jean-Baptiste Tavernier brought 
back many notable diamonds from his travels to India in 
the 16th century, some of which he described as having a 
greasy appearance in daylight. One of these is the 
Tavernier diamond, a 56.07 ct old-style pear-shaped bril- 
liant. It exhibits the alexandrite effect: a color change 
from light brown in incandescent light to light pink in 
daylight. This study examined the optical and spectro- 
scopic features of this diamond to provide a better under- 
standing of this phenomenon. 

Examination with magnification and crossed polariz- 
ers revealed anomalous birefringence (strain) patterns and 
high-order interference colors. Both features are common 
and diagnostic in natural diamonds. Higher magnifica- 
tion revealed brown graining, a result of slip on crystallo- 
graphic planes. UV fluorescence imaging showed an irreg- 
ular distribution of intensity, with nitrogen-bearing lat- 
tice defects cited as the cause of fluorescence. Spectral 
transmission tests showed a peak at 420 nm with day- 
light-equivalent illumination, a feature that was not seen 
with incandescent light. The authors conclude that slip 
planes contribute to the brown color in incandescent 
light, while the nitrogen-bearing defects (and resulting 
intense blue fluorescence) cause the pink color seen in 


daylight. JL 
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The effect of structure development in electron-irradiat- 
ed type Ia diamond. T. D. Ositinskaya and V. N. 
Tkach, Journal of Materials Science, Vol. 34, No. 
12, 1999, pp. 2891-2897. 


For this study of the development of structural defects in 
diamonds, a type Ia natural diamond crystal was irradiat- 
ed in a linear accelerator with 3.5 MeV electrons. Prior to 
irradiation, electron paramagnetic resonance (EPR), posi- 
tron annihilation (ACAR), infrared, and visible spectra 
were recorded. Then the crystal was exposed to increas- 
ing doses of radiation: 5 x 10!°, 2 x 10!’”, 4 x 10!’, and 2. x 
1018 e/cm?. For the final dose, the crystal was cooled with 
liquid nitrogen (80-90 K). After each exposure, the authors 
investigated the crystal structure using several methods, 
including EPR, ACAR, and visible spectroscopy. 

Initially, the crystal was “colorless” and transparent. 
The crystal remained transparent through the first three 
doses, while the color changed from “sky” blue to blue- 
green. After the final exposure (at low temperature), the 
specimen became opaque and a structural change devel- 
oped that was visible to the unaided eye. 

Cathodoluminescence (CL) imaging of zones with a 
visibly defective structure revealed a series of overlap- 
ping, hexagonal planes. CL spectra of these zones sug- 
gested that the major building material for the growth of 
these planar defects is most likely mobile interstitial car- 
bon that binds with nitrogen. However, additional inves- 
tigations are required to provide a comprehensive expla- 
nation for the origin and growth of the planar defects in 
this specimen. SW 


How to steal a diamond. M. Hart, Atlantic Monthly, Vol. 
283, No. 3, March 1999, pp. 28, 30, 32, 34. 


Regardless of the precautions taken, theft from diamond 
mines (euphemistically called “leakage”) is relentless and 
perhaps inevitable. Diamond theft is particularly preva- 
lent in those parts of Africa where diamonds occur as sec- 
ondary deposits—on the beaches of South Africa and 
Namibia, or in the alluvial deposits of Angola and Zaire. 
In such situations, diamonds are spread over a large sur- 
face area, and mining methods require considerable 
human contact with the stones. The result is a relatively 
high degree of theft compared to the mining of kimberlite 
pipes (primary deposits), where the area of kimberlite 
exposure on the surface is limited and most of the min- 
ing process is mechanized. Ingenious methods of theft at 
the South African and Namibian beach areas have been 
recorded, such as attaching diamonds to homing pigeons, 
and using crossbows to shoot hollow arrows filled with 
diamonds over perimeter fences. Criminal syndicates 
appear to be involved in at least some of these thefts. 
The extent of diamond leakage varies from mine to 
mine and can only be estimated. Alexor, the South Afri- 
can state-owned mine on the Atlantic Ocean south of the 
Orange River, estimates that as much as 30% of its pro- 
duction is stolen (about US$15 million worth annually). 
Namdeb, the beach and offshore joint venture of the 
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Namibian government and De Beers, also loses as much 
as 30% of its production to theft, which amounts to 
about $160 million annually. In recent years, De Beers 
spent an estimated $15 million per week ($780 million on 
an annualized basis) “mopping up” illegal diamond pro- 
duction in Angola to maintain stability in the market. 
With total world production of rough diamonds valued at 
about $7 billion, it is evident that the theft of rough dia- 
monds from producing mines (and illegal mining) is very 
significant in terms of both value and caratage. AAL 


A simple model to describe the anisotropy of diamond 
polishing. F M. van Bouwelen and W. J. P. van 
Enckevort, Diamond and Related Materials, Vol. 
8, March 1999, pp. 840-844. 


Diamond polishers know that diamond acts softer (that 
is, material is removed more rapidly) in some directions 
than others. Until recently, this anisotropy of polishing 
hardness was believed to be related to the differences of 
indentation hardness along the different directions. The 
proposed mechanism was that polishing caused micro- 
cleavages along the {111} planes, but close examination of 
polished diamond surfaces with a scanning electron 
microscope shows smoothness of these surfaces down to 
a few nanometers in depth. Microcleavages were found 
only when attempts were made to polish along a (111) 
plane directly. Furthermore, the material removed during 
polishing was analyzed and found to be amorphous, 
mostly sp’-bonded carbon (graphite type) rather than 
microscopic chips of diamond. 

Polishing applies force to the surface of a diamond, 
and this force deforms the sp* bonds between the carbon 
atoms on the surface. Calculations of this deformation 
show that along the soft polishing directions, the bond 
deformation is highly localized, causing the carbon-car- 
bon bonds to transform to the weaker sp? type. This 
allows the carbon atoms to be scraped off the surface 
more easily. Along the hard directions, however, the 
deformation is spread out and the bonds do not weaken. 

The directional dependence of this weakening, and 
the resulting ease of polishing, are described in terms of 
periodic bond chain (PBC) vectors. A PBC-related model 
is used to explain why it is easier to polish an oblique 
plane away from the principal planes than toward them. 

Ilene Reinitz 


GEM LOCALITIES 


Guatemala jadeitites and albitites were formed by deu- 
terium-rich serpentinizing fluids deep within a sub- 
duction zone. C. A. Johnson and G. E. Harlow, 
Geology, Vol. 27, No. 7, July 1999, pp. 629-632. 

The oxygen and hydrogen isotope geochemistry of 

jadeitite and associated albitite rocks from the Motagua 

Valley in Guatemala were studied to elucidate the role of 

metasomatic fluids in their formation. Albitite consists 

almost exclusively of the plagioclase mineral albite. 
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Jadeitite is made up predominantly of jadeite pyroxene; 
minor amounts of albite, white mica, and some other 
minerals also may be present. These types of rocks com- 
monly form deep in the earth at subduction zones, where 
metamorphic reactions occur under high pressures. 

Data from Guatemalan jadeite suggest that the H,O- 
rich fluids that facilitated the metamorphism contained 1 
to 8 wt.% NaCl, and had high hydrogen isotope ratios 
similar to those of seawater. Fluid inclusion and isotopic 
similarities between the Motagua Valley rocks and a type 
of calcium-rich metasomatic rock called rodingite sug- 
gest that the fluids present in both cases were nearly iden- 
tical. Since rodingites can form in low-pressure environ- 
ments (i.e., in subduction settings or near mid-oceanic 
spreading ridges), the surmised source of the metasomat- 
ic fluids in the jadeitites and albitites is seawater. The 
seawater was included with the rocks as they were sub- 
ducted from the ocean floor to the depths (29 + 11 km) at 
which metamorphism took place. JL 


Le jade-jadeite du Guatemala—Archeologie d’une rede- 
couverte [Jadeite jade: Archaeology of a rediscov- 
ery]. F Gendron, Revue de Gemmologie, No. 136, 
February 1999, pp. 36-43 [in French]. 


Jadeite jade was revered by Aztec (Mexico) and numerous 
Central American civilizations. However, until relatively 
recently, the origin of that jadeite remained a mystery. At 
one time it was believed that the material originated in 
China, but the major mineralogical differences between 
jadeite and nephrite (the only jade that is native to China) 
made that theory untenable. Although a number of arti- 
cles between 1910 and 1946 mentioned “jade” discover- 
ies in several Mexican locales, that “jade” has since been 
identified as nephrite and “smaragdite” (a green actinolite 
pseudomorph after pyroxene). 

In 1954, Dr. William Foshag, an American geologist, 
published a compilation of Central American regions with 
metamorphic environments favorable for the occurrence 
of jadeite. Included in this list was the Motagua River val- 
ley in southeastern Guatemala. Foshag concluded that 
this area was the source of some, and possibly all, of the 
Central American jadeite. He studied archeological sam- 
ples of Central American jadeite and classified them into 
seven types, based on their gemological properties. 

Several expeditions were formed to explore the 
Motagua River valley before the location was rediscov- 
ered in 1973. The presence of the deposit contributed to 
the development of lapidary arts in the town of Antigua, 
where jadeite jewelry with a European flair, as well as 
reproductions of archeological pieces, are fabricated by 
local lapidaries. MT 


Mong Hsu ruby revisited—Some further data. U. T. Hlaing, 
Australian Gemmologist, Vol. 20, No. 7, 1999, pp. 
289-292. 

New data are presented in the form of a geologic cross 

section at Loi Hsawnshtoa, a dominant peak in the Mong 
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Hsu area and one of the primary (in situ) sources of ruby. 
The mineralization is hosted by a specific dolomitic mar- 
ble horizon rich in Mg, Fe, and Al, with associated min- 
erals that include tourmaline, pyrite, quartz, tremolite, 
andalusite, pargasite, and micas. Studies of the primary 
mineral assemblages indicate that the rubies formed un- 
der medium-grade metamorphic conditions (i.e., amphi- 
bolite facies) at temperatures of 450°-600°C and pres- 
sures of 2-6 kbar. Small pegmatites were emplaced with- 
in the ruby-bearing formation, and larger igneous bod- 
ies—possibly related to the formation of ruby—exist at 
depth. 

Chemical analyses with a proton microprobe of 23 
ruby samples (7 faceted and 16 rough stones) from at least 
four different locations within the Méng Hsu mining area 
yield the following mean values (in ppm, with range in 
parentheses): Ti = 730 (61-2,097); V = 211 (30-657); Cr = 
5,932 (120—20,596], Fe = 33 (0-163), Ga = 66 (24-114), and 
K = 19 (0-70). The Cr and Ti values of M6ng Hsu rubies 
are higher than those of Mogok rubies; Ga concentrations 
are comparable. 

This article also reports the first two crystals of sap- 
phire, as distinguished from the blue (sapphire) cores of 
rubies, from Méng Hsu (precise locality unknown). 

KSM 


Sapphire fever. Life, March 2000, pp. 28-30, 33. 


In this pictorial, photographer Louise Gubb captures the 
drama of the sapphire boom that has drawn an estimated 
100,000 prospectors to Ilakaka, Madagascar. The miners 
dig by hand, under difficult and dangerous conditions, 
and sell the sapphires to middlemen (some of them heav- 
ily armed), who in turn sell the gems to foreign buyers. 
According to American buyer Tom Cushman, “There are 
robberies and shootings just about every night.” The sap- 
phire market, meanwhile, continues to thrive. 

Stuart D. Overlin 


INSTRUMENTS AND TECHNIQUES 


Light years ahead. D. A. Yonick, Basel Magazine, No. 7, 
October 1999, pp. 47-48, 50-51. 
Color is an important factor in determining the value of 
a gemstone—even subtle differences can make a major 
difference in the stone’s appearance. Because lighting can 
significantly affect gemstone color, many in the gem 
industry want to set international lighting standards for 
colored stones that are similar to those used in many 
other industries (e.g., paint, textile, plastic, ink, and 
paper). North daylight is the acknowledged standard for 
the gem trade, but this is impractical to use because its 
quality differs with geographic location and time of day. 
As the day progresses, for example, the color composition 
of daylight moves from the yellow into the blue range. 
Clearly, daylight simulation with an internationally 
accepted lamp is needed. Lamp manufacturers and the CIE 
(International Commission on Illumination) use two para- 
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meters, color temperature and color rendering, to compare 
the quality of artificial light from a lamp with that of nat- 
ural daylight. 

Color appearance varies with the operating tempera- 
ture of the lamp, hence, “color temperature.” Increasing 
temperature reduces yellow and enhances blue. The CIE 
uses certain standards for color temperature, which are 
measured in Kelvin (K): 5500K (“D55”) and 6500K 
(“D65”}. The best color temperature for diamond is D65 
(the “blue-white” range), whereas D55 is best for colored 
stones (the “neutral white” range). Color rendering com- 
pares the light source to be evaluated against an arbitrary 
reference of 16 primary and supplementary colors, yield- 
ing a “color rendering index” (CRI); the maximum CRI 
that a light source can receive is 100. 

Although most gem experts agree that color tempera- 
ture and CRI should be the basis for an international light 
source, they cannot agree on the relative importance of 
each parameter. This issue is complicated by the impact 
of different viewing environments (e.g., for grading or dis- 
play). Two light sources of the same color temperature 
could have high but not identical CRI ratings, yet drasti- 
cally different daylight simulation quality. 

Currently the industry uses a wide array of light 
sources to buy and sell gems, including daylight fluores- 
cent simulators, warm incandescent spotlights, and fil- 
tered tungsten halogen sources. The CIE, in its Assess- 
ment of Daylight Simulators: Publication 51, indicates 
that the best technology for simulating daylight uses fil- 
tered tungsten halogen lamps. Given the many indepen- 
dently minded individuals in the gem trade, consensus is 
“light years” away. KSM 


Modern mineral identification techniques: Part I-WDS 
and EDS. T. Nikischer, Mineralogical Record, Vol. 
30, No. 4, 1999, pp. 297-300. 


Once fairly reliable, classical indicators such as physical 
and optical properties are often insufficient today to 
determine a specimen’s identity. This is due, in part, to 
the ever-decreasing size of specimens that need to be 
identified. As a result, advanced testing is becoming more 
common for mineral identification. 

Although both structure and chemistry can be studied 
with X-rays, this article focuses on how X-ray micro- 
analysis methods can be used to determine the qualita- 
tive or quantitative chemical composition of a specimen. 
Two such methods, energy-dispersive spectroscopy (EDS) 
and wavelength-dispersive spectroscopy (WDS), are 
becoming quite popular, since they are both nondestruc- 
tive and can analyze a small area of a specimen with a 
focused electron beam. The article describes the many 
specimen/beam interactions that provide the basis for 
this type of microanalysis. It compares and contrasts EDS 
and WDS, explaining their strengths and weaknesses, and 
concludes that they compliment one another. Instru- 
ments are available that have both capabilities—a desir- 
able feature, since it is becoming increasingly common to 
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use two or more confirming techniques to determine a 
specimen’s identity with certainty. WMM 


JEWELRY RETAILING 


Going global. M. Z. Epstein, American Jewelry Manu- 
facturer, Vol. 44, No. 3, March 1999, pp. 74-79. 


All successful strategies for doing business overseas incor- 
porate three key elements: research, partnerships, and 
patience. This article expands on these three fundamen- 
tals, and offers 10 specific recommendations: (1) under- 
stand the market, (2) open distribution channels, (3) estab- 
lish a long-term strategy, (4) use a skilled translator, (5) 
develop an Internet presence, (6) identify key vendors, (7) 
price competitively, (8) carve a niche and defend it, (9) 
seek legal advice when necessary, and (10) tap into export 
assistance programs. 

Many successful U.S. firms are quoted in the article, 
presenting both helpful suggestions and pitfalls to avoid. 
Names, telephone numbers, Web sites, and e-mail ad- 
dresses are given for many companies and government 
agencies that can help a company market its product over- 
seas. AMB 


How I lost that sale. W. G. Shuster, Jewelers Circular 
Keystone, Vol. 170, No. 10, October 1999, pp. 
114-116. 

According to a recent /CK poll, speaking before thinking 

has caused more than half of U.S. jewelers to lose sales at 

one time or another. These costly blunders fall mainly 
into three general categories: tasteless jokes, thoughtless 
remarks, and telling a customer what he or she needs. 

Examples of inappropriate remarks that have caused 

retailers to lose sales include: 


e Assuming that jewelry is being purchased for a spouse 

¢ Mistaking girlfriends for mothers 

e Focusing on the wrong individual when a couple comes 
in to shop 

e¢ Assuming that a customer is pregnant 

¢ Telling a customer that the piece of jewelry is not 
worth repairing when, in fact, the piece has high emo- 
tional value to the customer 

e Advising a customer what he/she can afford 

¢ Making derogatory remarks about competitors 

¢ Forcing a decision before the customer is ready 


A little tact, thoughtfulness, and common sense can go a 
long way in avoiding such blunders. MT 


Quality: Biggest influence in consumer’s choice. Jewellery 

News Asia, No. 180, August 1999, p. 45. 
According to three surveys conducted by USA Today in 
the first half of 1999, quality is the most important con- 
sideration for consumers when purchasing jewelry and 
watches. Value and price are close behind. The least 
important factors are the store name and location, which 
is interesting in view of today’s emphasis on jewelry store 
name branding. 
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The survey also determined where consumers are 
most likely to purchase their jewelry. The jewelry store 
ranked first, with almost 70% of the respondents select- 
ing this option. Department stores and discount (or out- 
let) stores ranked second and third, respectively. 
Although 43.3% of those surveyed believe that shopping 
on-line is a great idea, only 10% selected this as their pri- 
mary shopping venue. AMB 


Won't you e-my valentine? J. B. Weinbach, Wall Street 

Journal, January 21, 2000, p. W6. 
Valentine’s Day is one of the truly romantic jewelry-giv- 
ing opportunities of the year. This article featured an 
exercise in a rather untraditional method of shopping for 
the gift—on the Internet. Online purchases were selected 
from six electronic retailers: Ashford, Adornis, Mondera, 
Bestselections, Jewelry, and Luxuryfinder (all “.com’s”). 
Side-by-side comparisons analyzed the service, quality, 
and packaging, as well as on-line gift-giving advice and 
pricing (in this case, for earrings ranging from $500 to 
$1,000). Perhaps the most interesting test was the assess- 
ment of these earrings by a panel of discriminating pro- 
fessional women. 

Overall, Ashford.com was recommended for superb 
gift-giving advice, as well as for packaging, return policy, 
and service. Luxuryfinder was a disappointment, as it had 
few earrings (other than costume jewelry) priced under 
$1,000. According to Luxuryfinder’s president, the com- 
pany’s inventory was being replenished after the Christ- 
mas Holiday. Adornis ranked high for its overnight ser- 
vice, customer-friendly return policy, gift-giving sugges- 
tions, and packaging. 

For gentlemen in search of “Tiffany-quality service 
and merchandise without Tiffany-size crowds,” electron- 
ic retailers may seem the perfect answer. However, as one 
panelist warned, “It’s a turnoff. I’d rather know that 
someone went to the store.” Perhaps romance is still 
alive in the electronic age, after all. 

Angelique Crown 


MISCELLANEOUS 


Gem futures: Trends in colored stones, diamonds, and 
pearls. D. A. Yonick, American Jewelry Manufac- 
turer, Vol. 44, No. 6, June 1999, pp. 44-49. 

The new millennium will bring exciting changes in the 

gem and jewelry industry. To explore developing trends, 

Ms. Yonick solicited the opinions of several experts from 

diverse segments of the industry. 


¢ Gordon Austin (mining specialist): The colored stone 
industry faces the challenge of decreasing availability of 
high-quality gemstones. Easily accessible surface 
deposits are approaching depletion. Increasingly, future 
production will come from underground mining that 
will require major investments in technology, includ- 
ing sophisticated mining equipment and processing 
plants. Such investments will involve consortiums of 
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investors as well as small companies; some large mar- 
keters, manufacturers, and cutters may invest in min- 
ing projects to procure the needed raw materials. 

e Steve Avery (gem cutter): Manufacturers and designers 
will distinguish themselves from the competition with 
innovative cuts, as well as with a higher quality of cut- 
ting. The copying of creative designs by mass producers 
is problematic. 

e James Peach (president, U.S. Pearl Co.): The impor- 
tance of Chinese and South Seas pearl producers is 
increasing at the expense of the Japanese, who have lost 
their century-long virtual monopoly on cultured pearls. 
Nevertheless, even if the Japanese Akoya pearl indus- 
try does not revive, Japan will likely remain an impor- 
tant distributor and investor in pearl production world- 
wide, including in the South Seas countries with 
whom it is presently competing. 

e Antoinette Matlins (author): There will be increased 
demand for colored stones—particularly sapphire, ruby, 
and emerald—that are accompanied by laboratory 
reports stating that the stones are natural and untreat- 
ed. Awareness of the distinction between enhanced and 
unenhanced gems by the gem-buying public will 
increase. Those stones that are not typically treated 
(e.g., tsavorite, and red and pink spinel) will be in high 
demand. 

e Martin Rapaport (diamond publisher, wholesaler, and 
economist): The diamond market will evolve into a 
“low end” and a “high end,” with little in between. 
China and India will become major consumers of low- 
end diamonds over the next five-to-eight years. Mass 
marketers in the U.S. and elsewhere (including the 
Internet) will also contribute significantly to a phe- 
nomenal growth in inexpensive diamond jewelry. At 
the other extreme, high-end diamond jewelry will be in 
great demand by Baby Boomers interested in quality 
and value as they reach their peak spending years. 
Certification will become increasingly important, as 
enhancements (e.g., GE POL) will be a major concern. 

Lila Taylor 


Refocusing De Beers. C. Gordon, Basel Magazine, No. 1, 
April 1999, pp. 53-54, 56. 
The recent corporate separation of De Beers from Anglo 
American allows the former to focus on its primary con- 
cern—the diamond industry. De Beers is becoming a more 
streamlined organization. Although some entities within 
De Beers are being dissolved, the CSO will remain the 
dominant unit, as well as the conduit for a high percent- 
age of the world’s diamonds. It is hoped that this repack- 
aging will give the company a more “coherent visual iden- 
tity,” and better unite production and marketing. 
External forces may have helped trigger these internal 
changes. In South Africa, unexplored mineral rights may 
become nationalized, and an anti-monopoly law is under 
consideration. Increased competition from other produc- 
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ers is another outside stimulus. As a result, De Beers is 
trying to become the “joint venture partner of choice” by 
offering its expertise and proprietary technology in min- 
ing development as an incentive to potential partners. 
Specific responses to the external stimuli include the 
activities of DebTech, the research and development arm 
of De Beers, which has engineered such innovative pro- 
jects as CARP (Completely Automated Recovery Plant) 
and FISH (Fully Integrated Sort House). Such automation 
in mining and processing helps solve the dual problems of 
security and labor shortages. New technology that 
involves the recrushing of small ore materials (<25 mm) 
will improve diamond recovery at several De Beers 
mines. Details are given regarding the implementation of 
these new technologies and the mines in which they will 
be used. Examples are also cited where De Beers is 
upgrading its mines by introducing International Stan- 
dards (ISO) in areas such as environmental management, 
quality management, and health and safety. Throughout 
all of the changes, one thing remains the same: De Beers’s 
determination to retain control over prices, production, 
and the market. WMM 


Training to win. M. Z. Epstein, American Jewelry Manu- 

facturer, Vol. 44, No. 7, July 1999, pp. 51-59. 
U.S. jewelry companies need to stay competitive with 
overseas firms by reducing employee turnover and mak- 
ing their workforces more productive. Giving employees 
the skills they need to leave is often the best way to keep 
them. This article suggests seven ways to tackle turnover 
and increase productivity with training. 


1. Establish an internal training program using human 
resources, videos, or partnerships with colleges. 

2. Seek government-sponsored programs. Manufacturers’ 
Partnership is a network of 70 nonprofit centers 
charged with helping U.S. manufacturers compete. 
Several state Departments of Labor also offer programs. 

3. Use the Internet/Intranet to offer training. One source 
is the Computer Consultants Association, which can 
be reached at 800-774-4222. 

4. Embrace technology. Keep employees apprised of the 
latest manufacturing technology using symposiums 
and training programs at trade shows. Training and 
modern equipment go hand in hand. 

5. Add to existing skills. Many schools offer short pro- 
grams that can help workers hone their skills. 

6. Offer tuition reimbursement. This helps keep the good 
employees, and it also improves their skill levels. This 
may be tax deductible for the company. 

7.Encourage employee communication by having em- 
ployees offer helpful criticism to one other, and alter- 
nating who gives advice. 


Overall, those companies that invest the most in 
workplace learning have higher net sales and revenues 
per employee. This is a lesson manufacturers can’t afford 
to ignore. Lynn Waters 
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passed through the pearl in a direc- around the direction of the pseudo- 


tion perpendicular to, or nearly per- 
pendicular to, the parallel layers of 
the mother-of-pearl bead. 


P-5-3 P-S-4 
o 3S % 
P-46-2 P-46-3 
Figure 2 


B. The X-ray beam is perpendicu- 
lar to the long axes of the aragonite 
crystals. In this case rectangular 
diffraction patterns of the type 
shown in Figure 3 are obtained. 
Patterns of this type are not ob- 
tained from a genuine pearl regard- 
less of direction of the X-ray beam, 
provided it passes through or near 
the centre of the pearl. Patterns of 
this type are obtained when the 
X-ray beam is perpendicular to the 
long axis of the aragonite crystals 
of the mother-of-pearl bead. 

In both natural pearl and mother- 
of-pearl, although the pseudo-hex- 
agonal axes of the individual crys- 
tals are all more or less normal to 
a spherical surface in the former 
and to a plane surface in the latter, 
the crystals may have any orienta- 
tion with respect to one another 


hexagonal axes. The general struc- 
ture, therefore, is similar to that of 
the mineral fibres such as asbestos, 
fibrous calcite and fibrous 
aragonite and to that of 
the textile fibres such as nat- 
ural silk, ramie cellulose and 
stretched cotton (5). The dif- 
fraction of X-rays by a sta- 
tionary fibre is analogous to 
that by a single crystal rotated 
continuously about an impor- 
tant crystallographic axis dur- 
ing exposure to the X-ray 
beam. The fact that the pseudo- 
hexagonal axes of the aragonite 
crystals in pearl lie 
along a preferred di- 
rection, while individ- 
ual erystals may 
have any orientation 
around this axis, is 
equivalent to rotating 
a single crystal of 
aragonite continuous- 
ly about its pseudo-hexagonal axis. 
In pearl, however, individual crystals 
may diverge to a greater or lesser 
degree from. perfect alignment of 
their pseudo-hexagonal axes and all 
possible angular positions about these 
axes may not be represented among 
the finite number of crystals in the 
path of the X-ray beam. Thus, where- 
as the diffracted rays from a single 
rotating crystal give sharply-defined 
spots on a photographie negative 
when the X-ray beam is at right 
angles to the axis of rotation and 
sharply-defined concentric circles 
when it coincides with the rotation 
axis, the spots are drawn out into 
streaks and the circles become ares 
in the corresponding patterns ob- 
tained from stationary fibres. 
When the X-ray beam is normal 
to the preferred direction of the 
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Not Invented Here 


Earlier this year, we had an interest- 
ing discussion with some prospective 
authors. Their paper had just come 
back from review, and they were con- 
cerned that none of the reviewers 
understood what they wanted to 
achieve, as all of the comments relat- 
ed to what the reviewers felt was best 
for the G&G reader. In the course of 
our discussion, they asked a number 
of questions about the review sys- 
tem, our role as editors, their rights 
as authors, and our understanding of 
“what the reader wants.” 

I realized then that many knowl- 
edgeable members of the gemological 
community still do not understand 
the peer-review system or the critical 
role that a professional journal plays 
in the development of a science such 
as gemology. I’d like to take this 
opportunity to explain the peer- 
review system in general, G#G’s 
system in particular, and the benefits 
of peer review to the trade as well as 
to the academic community. 


Peer review: Not invented here 


The editorial peer-review system 
adopted by GWG in 1981 actually 
started hundreds of years ago. Its ori- 
gins have been traced back to at least 
1752, when the Royal Society of 
London established a “Committee on 
Papers” to review the articles submit- 
ted to Philosophical Transactions. 
Even before then, the concept of sub- 
mitting papers or information for 
review by valued colleagues had 
become integral to the growth of sci- 
entific knowledge. 

Today, virtually all respected sci- 
entific journals have some form of 
peer-review system, and all legiti- 
mate branches of science have a peer- 
reviewed journal through which 
research and other developments are 
presented. At GIA in 1981, Richard 
Liddicoat and the Board of Governors 
felt strongly that the only way 
gemology could move forward as a 
science was to have a well-respected, 
peer-reviewed journal. The integrity 


Editorial 


of the jewelry trade—just like the 


integrity of medicine, law, and other 
professions—requires a firm basis in 


the professional literature. 


What does this mean 
for the gemologist? 


This means that you, the reader, may 
not always get the literary style that 
you prefer, and authors may not get to 
say quite as much as they would like, 
but the science and the trade will get 
the information they need. Every 
G@#G manuscript is sent to at least 
three members of the Editorial 
Review Board or other subject special- 
ists for evaluation. On the basis of 
these reviews, the editorial staff 
makes a decision as to whether the 
paper should be accepted outright, 
revised, or rejected. Often, revised arti- 
cles are sent for re-review. Although 
the decision of the editors is final, in 
almost all cases it is consistent with 
the consensus of the reviewers. And 
what do the reviewers look for? Orig- 
inality of the information. A thorough 
understanding of previous work on 
the topic. Accuracy of the scientific 
method. Soundness of the results and 
discussion. Appropriateness of the 
article for the G&G audience. 

As is the case with most scientific 
journals, GG does not pay reviewers 
or authors. Serving as a referee is con- 
sidered a professional obligation by 
some, a privilege by others. For exam- 
ple, a diamantaire who was asked to 
review a recent treatment article said 
that, as busy as he was, he felt he 
must do it. His business had benefited 
so much from articles such as the 
ones on fluorescence and “cut” in dia- 
monds that he wanted to reciprocate. 

The members of our Editorial 
Review Board come from prominent 
universities, such as Harvard and the 
California Institute of Techology in 
the U.S., as well as from leading 
gemological laboratories. Others are 
prominent researchers in their own 
right. Their recommendations are 
not always popular with authors, but 
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in a better article, a stronger 
contribution to the literature in a sci- 
entific field that—in many respects— 
is still in its infancy. Rather than 
“censor” the content of the articles, 
the reviewers ensure that the 
research conducted and data provided 
are of the highest quality. 

With few exceptions, articles for 
GwG are not solicited. We do make 
every effort, though, to provide a vari- 
ety of articles with information you 
need to function effectively as a labo- 
ratory gemologist, a gem dealer, a 
retailer, a scientist, an appraiser—in 
this rapidly evolving field. Not just 
any information, but well- researched, 
thoroughly evaluated information. It 
is not always perfect. In time, it may 
change. Yet only by constant ques- 
tioning and testing, can a science 
move forward, the advances of each 
researcher building on the founda- 
tions laid earlier by their colleagues. 

Likewise, only by accepting the 
need for, and results of, the scientific 
method can an industry operate effec- 
tively and efficiently in today’s 
world. By replacing rumor and innu- 
endo with fact and proof, scientific 
journals provide a measure of integri- 
ty and confidence that cannot be pur- 
chased at any price. 


OF a: Milian 


Alice S. Keller 
Epitor, akeller@gia.edu 
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New Spectral Evidence for 
GE POL Diamond Detection 


We have read with interest the article titled “Spectro- 
scopic Evidence of GE POL HPHT-Treated Natural Type 
Ila Diamonds,” by David Fisher and Raymond Spits from 
De Beers, in the Spring 2000 issue of Gems e&) Gemology. 
We congratulate the authors on this excellent work. 

This letter is to advise your readers that our team has 
reached both comparable and complementary results to 
those of Fisher and Spits. The SSEF Swiss Gemmological 
Institute is using a Renishaw Raman microspectrometer 
operated with an argon-ion 514.5 nm laser in conjunction 
with a cryogenic sample stage. While our preliminary 
results published in Revue de Gemmologie (No. 138/139, 
1999, pp. 2-11) and Journal of Gemmology (Vol. 27, No. 
2, 2000, pp. 73-78) were based on room-temperature 
Raman measurements, we now have analyzed 21 GE 
POL diamonds and 31 untreated type Ia diamonds at liq- 
uid nitrogen temperature. Our results confirm the criteri- 
on based on the ratio of 637/575 nm luminescence pro- 
posed by Fisher and Spits. 

We introduce here a new and related criterion that, 
when combined with the 637/575 ratio, can be used to 
further confirm the identification of GE POL diamonds. It 
is based on the shape of the 637 nm peak in type Ila dia- 
monds: The full width at half maximum (FWHM, figure 
1) of this peak is at or below 11 cm" in untreated dia- 
monds, while that of GE POL diamonds is at or above 13 
cm! (figure 2), as determined by J.-P. Chalain using a 


Figure 1. The full width at half maximum (FWHM) 
of a peak is the measurement of its width at a posi- 
tion equal to half its height. For the current photo- 

luminescence study, FWHM is expressed in cm™. 


standard computer program. This criterion was applicable 
for 20 of the 21 GE POL samples and 21 of the 31 untreat- 
ed diamonds; the remaining stones did not show any 637 
nm peak. The FWHM of the peak is a measure of the 
residual strain in the diamonds, and the implication of 
this difference is that the HPHT processing increases the 
strain slightly (A. T. Collins, pers. comm., 2000). 


Figure 2. The FWHM of the 637 nm luminescence peak measured at liquid nitrogen temperature is at or above 
13 cm™ in GE POL diamonds, while that of untreated type Ila diamonds (both colorless and brown) is at or 


below 11 cm. 
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We feel that these results, together with further spec- 
troscopic features, confirm the ability of a well-equipped 
gemological laboratory to identify GE POL diamonds. 

Dr. H. A. Hanni, FGA 

Professor, University of Basel, Director of SSEF 
J.-P. Chalain, DUG 

Director of SSEF Diamond Department 

Dr. E. Fritsch 

Professor, University of Nantes 


What Is “Natural”? 


On reading the article on emerald enhancement in the 
Winter 1999 issue (by S. F. McClure, T. M. Moses, M. 
Tannous, and J. I. Koivula, pp. 176-185), I was horrified to 
see the statement “Conclusion ... NATURAL EMER- 
ALD” on the new GIA Gem Trade Laboratory “Emerald 
Report.” This statement, printed in bold lettering, is mis- 
leading, contradicts information in finer print, and dam- 
ages credibility. 

A “reasonable person” may have no knowledge about 
gem treatments, but will believe she understands what is 
meant by a natural item. To the public, the declaration of 
an item as natural means that the condition of the object 
is as natural as the object’s origin. 

If the question arises as to whether a lady’s hair is nat- 
ural, the issue is not just whether it grew on her (or any 
other human’s) head, but whether the curls and/or the 
color are artificially altered. Everyone understands that 
cutting a lady’s hair does not preclude it from being 
termed natural because cutting of hair, to make it easier 
to wear and to show it to best advantage, is entirely 
expected. It is also expected that most gems will be cut to 
make them easier to wear and show them to their best 
advantage, so cut gemstones can be called “natural” if 
they are not treated. 

Wording that distracts attention from treatment with 
the excuse of emphasizing the origin of the untreated raw 
material—which is no longer untreated, so does not quali- 
fy as natural—is misleading even if done innocently. At 
worst it could be deliberate misrepresentation. 

Of course the word natural can correctly apply in a 
more limited way when it is referring to a particular char- 
acteristic of an object, rather than to the object itself. An 
example would be the natural origin of a ruby that has 
been heat treated. This should not be called “natural 
ruby” because it is only one aspect that is natural, not the 
entire stone. 

Appropriate identification statements for items that 
are not completely natural in origin and condition would 
include: “heat treated ruby, natural origin,” “clarity 
enhanced emerald, natural origin,” and “cultured black 
pearl, natural color.” 


Richard H. Cartier, FGA, FCGmA 
Toronto, Ontario, Canada 
richardcartier@home.com 


Letters 


In Reply 
Although Mr. Cartier has raised some interesting points, 
we feel his interpretation of the word natural is too strict. 

The wording of the conclusions on Identification 
Reports (e.g., “Natural Ruby. Evidence of heat treatment 
is present.”) has been used for decades at the GIA Gem 
Trade Laboratory, and I believe similar wording is used by 
most major labs that issue identification reports on gem 
materials. We have had very few comments, if any, 
regarding the interpretation of the conclusions on the 
hundreds of thousands of Identification Reports we have 
issued over the years. We know that many of these 
Reports end up in the hands of consumers, also with vir- 
tually no confusion. 

GIA’s fundamental mission for nearly seven decades 
has been to educate jewelers and to provide gemological 
research in support of our industry—ultimately protecting 
the consumer. We would not compromise these beliefs 
with misleading conclusions on our Laboratory Reports. 

Thomas M. Moses 
GIA Gem Trade Laboratory 
New York 


Photo Enhancement? 

The photographs by Maha Tannous in the recent article 
on color-change garnets (K. Schmetzer and H.-J. Bernhardt, 
Winter 1999, pp. 196-201) are truly outstanding. 

Besides merely solving the problem of different col- 
ored backgrounds resulting from the use of fluorescent 
and incandescent light sources—which has vexed all pre- 
vious photographers—it was solved in a manner which 
duplicated every single reflection from every single facet. 

Such an accomplishment truly deserves the accolades 
of all who have struggled with gemstone photography. I 
believe an explanation of the camera, film, and lighting 
techniques used to accomplish these data would surely 
be a contribution to gemology. 

W. Wim. Hanneman, Ph.D. 
Hanneman Gemological Instruments 
Poulsbo, Washington 


In Reply 

Okay, Dr. Hanneman, you caught us—not the photogra- 
pher, Ms. Tannous, but the Gems e&) Gemology staff. We 
did replace the color in the garnet image that we had for 
incandescent lighting to illustrate fluorescent lighting. 
Nor is this the first time we have modified an image to 
show our readers the actual color of the stone. 

The problem is very basic: The cameras, films, lights, 
and processing equipment available cannot always capture 
the distinctive color of a gem material. For example, many 
synthetic emeralds routinely appear blue when pho- 
tographed, regardless of who photographs them. We add 


Continued on page 188 
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CHARACTERISTICS OF NUCLEI 
IN CHINESE FRESHWATER 
CULTURED PEARLS 


By Kenneth Scarratt, Thomas M. Moses, and Shigeru Akamatsu 


There has been considerable debate in the 
gem trade concerning the nucleation proce- 
dures being used to grow large round Chinese 
freshwater cultured pearls (FWCPs). Of partic- 
ular concern are claims that most of these cul- 
tured pearls are nucleated by reject mantle- 
tissue-nucleated FWCPs, and that such a 
product would be difficult to separate from 
normal tissue-nucleated cultured pearls and 
in some cases from natural pearls. However, 
field research indicates that many Chinese 
growers are currently using larger mussels 
(Hyriopsis cumingi), combined with new tis- 
sue-insertion techniques, to grow larger, bet- 
ter-shaped FWCPs. For this study, X-radio- 
graphs of approximately 41,000 Chinese fresh- 
water cultured pearls from dozens of farms 
were examined, and 10 samples were sec- 
tioned. All showed evidence of mantle tissue 
nucleation only; the presence of a bead, 
whether shell or a tissue-nucleated FWCP, 
would be identifiable by distinctive features 
seen in the X-radiograph. 


| ABOUT THE AUTHORS 


Mr. Scarratt is laboratory director at the AGTA 
Gemological Testing Center, New York; Mr. 
Moses is vice president of Identification Services 
at the GIA Gem Trade Laboratory, New York; 
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Pearl Research Laboratory and currently general 
manager, Sales Promotion Department, at K. 
Mikimoto & Co. Ltd., Tokyo, Japan. 
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hina is producing an estimated 600 to 1,000+ metric 

tons of freshwater cultured pearls (FWCPs) annually, 

of which totally round FWCPs larger than 8 mm 
represent a fraction of a percentage point (“China starts 
pearling revolution,” 2000; Xie Shaohe, pers. comm., June 
2000). Typically, Chinese FWCPs are tissue nucleated; that 
is, they are composed almost entirely of nacre, without the 
internal bead used to produce saltwater cultured pearls. 
However, since the appearance over the past several years of 
large (10+ mm) near-spherical freshwater cultured pearls 
from China, in a variety of colors (see cover and figure 1), 
the trade has been rife with rumors about how they are 
grown. Pearl dealers, industry authors, and some gemolo- 
gists have suggested that the implant made to grow these 
cultured pearls is more than tissue alone. 

Most recently, articles in the trade press (see, e.g., 
Matlins, 1999-2000a and b, 2000; Ward, 2.000) have claimed 
that the vast majority of large FWCPs currently being 
described as “non-nucleated” are bead nucleated, with the 
largest sizes obtained by multiple insertions and reinser- 
tions of nuclei formed from low-quality, all-nacre freshwater 
cultured pearls. The main concerns expressed in these publi- 
cations have been that cultured pearls produced in such a 
manner require shorter growing times than are typically 
claimed for tissue-nucleated FWCPs, and that they are indis- 
tinguishable from normal tissue-nucleated cultured pearls— 
and in some cases from natural pearls—on X-radiographs. 
Similar claims about the reuse of tissue-nucleated FWCPs to 
produce large round FWCPs in China have also appeared in 
the professional literature (Rinaudo et al., 1999). 

Matlins based her assertions on an examination of two 
Chinese FWCPs that had been sawn in half (A. Matlins, 
pers. comm., February 2000). However, neither these specif- 
ic samples, nor descriptive photographs or X-radiographs of 
them, have yet been made publicly available. Ward’s most 
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recent analysis of the situation is based largely on 
his observations of changes in the Chinese product 
and on interviews with a number of pearl dealers 
(Ward, 2000). Following their introductory state- 
ments about the use of tissue-nucleated cultured 
pearls as nuclei in large round Chinese FWCPs, 
Rinaudo and her colleagues used a number of 
sophisticated techniques to study a strand of 
Chinese FWCPs. However, their paper does not 
present a clear conclusion with regard to the nucle- 
ation process determined for these samples. 

The present study was conducted to address 
these issues and provide a better understanding of 
the identification of tissue-nucleated cultured 
pearls. Accordingly, this article: (1) reports on how 
Chinese FWCPs have been produced in the past, (2) 
describes new techniques being used to cultivate 
freshwater pearls in China, (3) investigates the pos- 
sible use of rounded tissue-nucleated cultured pearls 
as the nuclei for Chinese FWCPs currently in the 
U.S. market, and (4) discusses whether such bead- 
nucleated cultured pearls could be identified nonde- 
structively by X-radiography. 


Chinese Freshwater Cultured Pearls 


Figure 1. Attractive large, 
round Chinese freshwater 
cultured pearls have 
entered the gem market in 
recent years. These 9-10 
mm Chinese mantle 
tissue—nucleated FWCPs 
are courtesy of Honora, 
New York. Photo © Harold 
@& Erica Van Pelt. 


THE NUCLEATION OF FRESHWATER 
CULTURED PEARLS IN CHINA 
Historical Background. Kunz and Stevenson (1908) 
reported that bead-nucleated freshwater cultured 
pearls were being produced in China at least as early 
as 1900, with cultured blister pearls widespread in 
the 13th century. We have seen samples of almost- 
whole Chinese FWCPs with shell bead nuclei that 
date back to the 18th century (figure 2). It is inter- 
esting to note that the bead nuclei shown in figure 2 
were inserted into the mollusk together and con- 
nected by a fine thread. Carl V. Linne used a similar 
method in Sweden in 1761 (Webster, 1994), but he 
employed a “T” shaped metal holder to help keep 
the shell beads away from the shell itself in order to 
obtain near-whole cultured pearls (figure 3). 
Commercial freshwater pearl cultivation in 
China, however, dates back only to the late 1960s 
and early 1970s, when tremendous quantities of 
small, irregularly shaped “rice” or “Rice Krispie” 
FWCPs entered the market. Although these “Rice 
Krispie” cultured pearls dominated Chinese produc- 
tion through the 1980s—in 1984, for example, 49 
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Figure 2. This X-radiograph shows two cultured 
pearls that were grown with a shell bead nucleus 
by the Chinese in the 18th century. The bead 
nuclei appear as opaque white spheres that are 
separated from the nacre overgrowth by a black 
line corresponding to an organic layer. Note the 
narrow nacre-coated thread that passes over the 
top of the bead on the right (inside the cultured 
pearl) and joins it to the cultured pearl on the 
left. Specimen recovered by Fred Woodwood 
from British Museum (Natural History) surplus. 


tons were imported into Japan alone—eventually 
Chinese pearl farmers began to realize the impor- 
tance of quality as well as quantity. Gradual changes 
in technology and, most importantly, in the mussel 
used, resulted in the production of greater quantities 


Figure 3. This X-radiograph of pearls cultured by 
Carl V. Linne in 1761 reveals two shell beads 
that are strung together with thread (as in the 
Chinese example in figure 2 ). The cultured 
pearls are separated from the shell surface by 
two T- shaped metal posts. In this manner, 
Linne produced cultured pearls that were almost 
entirely coated with nacre. Specimen loaned to 
Fred Woodwood by the Linaeus Society, London. 
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of larger and more lustrous round, near-round, and 
baroque cultured pearls in a variety of colors. 


Current Practices. Saltwater cultured pearls are 
grown by the insertion of a bead with a piece of 
mantle tissue (to provide the epithelial cells that 
produce nacre} into the gonad of the oyster. 
However, Chinese “rice” pearls and their successors 
typically have been grown by nucleation with man- 
tle tissue only in the mantle of the mussel. 


Tissue Nucleation. The basic technique used today 
is similar to that described by Crowningshield 
(1962) for Japanese tissue-nucleated cultured pearls 
and observed by one of the authors (KS) in 1989 dur- 
ing a visit to a pearl-culturing farm in Yangxin, 
China, about 170 km southwest of Wuhan (Jobbins 
and Scarratt, 1990). At Yangxin, the parent mussel, 
then Cristaria plicata, was subjected to culturing 
when it reached 8 cm long. Some mussels were sac- 
rificed for their mantle tissue: A strip (or graft) 
approximately 1.5 to 2 cm wide was taken from the 
outer edge of the mantle, and then sliced lengthwise 
and crosswise to make numerous pieces of flat tis- 
sue, each about 1 mm square (figure 4). At that 
time, 40 “squares” of tissue were inserted into the 
mantle of each host mussel, yielding 40 cultured 
pearls (figure 5). (Typically, only one bead is inserted 
into the gonad of a saltwater oyster.] 

Co-author KS has identified three significant 
improvements made in the quality of the Chinese 
FWCP over the last several years: surface smooth- 
ness, roundness of shape, and size. The first, 
improving surface quality, was accomplished by 
changing from the C. plicata mussel (which, though 
abundant and easy to grow quickly, produces a cul- 
tured pearl with many wrinkles and other surface 
irregularities) to the Hyriopsis cumingi (figure 6). 
Also known as the “triangle mussel” (san jiao bang 
in Chinese) because of its shape, this mollusk yields 
a better product with a very smooth surface. 

The second improvement, production of a more 
spherical cultured pearl, required the development 
of a new insertion technique. Although it is difficult 
to generalize about pearl culturing in China, 
because there are literally hundreds of small inde- 
pendent farms, one of the authors (SA) has observed 
a number of changes during his visits to Chinese 
pearl farms in recent years. One of these is the use 
of newly modified tissue. Some farms are using larg- 
er and thicker pieces of mantle tissue (about 4 mm 
x 4mm) from sacrificed H. cumingi mollusks. They 
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Figure 4. The basic tissue-nucleation technique 
involves slicing a strip of mantle tissue into small 
squares (shown here on the glass slide below the 
left hand of the operator) and then carefully 
inserting them into the mantle of a mussel. This 
photo was taken at a pearl culturing farm in 
Yangxin, China, in 1989 by Kenneth Scarratt. 


roll the tissue into a round shape and then place it 
in a mantle pocket, thus facilitating the cultivation 
of a round pearl. Mr. Yip of Evergreen Pearls Co. 
Ltd. has also stated (Sheung, 1999) that the new cul- 
turing techniques use fewer but larger (“the size of a 
soya bean”) mantle-tissue nuclei. 

The third improvement, in size, was accom- 
plished with a longer cultivation period and the use 
of younger mussels. In the case of an 8 mm FWCP, 
at least six years are needed. When the pearl cultiva- 
tor starts tissue nucleation with a larger mussel, it 
will grow too old to produce a large pearl during the 
cultivation period required. Therefore, many pearl 
farmers have changed to using younger (about one 
and a half years old) mussels as hosts. The FWCPs 
grow larger along with their hosts. 

Another factor, though probably unintentional, 
in the greater size of the Chinese FWCPs is the 
move from one pearl farm to another during cultiva- 
tion. It takes approximately two years to cultivate a 
4 mm tissue-nucleated pearl and, as noted above, at 
least six years for one over 8 mm. In need of funds 
to pay double-digit interest rates, one farmer will 
sell his four-year-old, six-year-old, or even older 
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Figure 5. This C. plicata mussel at the Yangxin 
farm yielded several near-spherical cultured pearls 
during the 1989 visit. Photo by Kenneth Scarratt. 


mussels to another farmer, who will move them to 
his lake or pond for further growth (and larger prod- 
uct). In some cases, the second farmer will resell 
them to a third. The change in environment (e.g., 
water temperature and water conditions) stimulates 
the mussels, causing them to secrete more nacre. 
The change in environments may also have some 
impact on the internal growth structure of these 
cultured pearls, such as changes in color from 
growth in one pond to growth in another. 


Bead Nucleation. Although considerable research 
has been done into bead nucleation of freshwater 
cultured pearls in China, historically there have 
been difficulties with rejection of the bead 
(Crowningshield, 1962) and high mussel mortality. 


Figure 6. The use of the Hyriopsis cumingi, or “tri- 
angle,” mussel by Chinese farmers in recent years 
has contributed to the cultivation of larger fresh- 
water cultured pearls with better surface quality. 
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One of the authors (KS) observed first-hand the 
problems associated with bead nucleation of FWCPs 
at a pearl farm on the banks of Ho Tay in Hanoi, 
Vietnam, in 1992 (Bosshart et al., 1993). In the proce- 
dure used, a freshwater shell bead was implanted 
along with a piece of mantle tissue into the mantle 
of C. plicata mollusks. Although the success rate 
was said to be three nucleated, nacre-coated pearls 
out of every six to eight beads implanted, X-radio- 
graphs of 15 FWCPs obtained at the time of the visit 
revealed a bead nucleus in only two of the samples 
(see X-radiographs published in Bosshart et al., 1993). 
The remainder were grown from the tissue implant- 
ed at the same time as the bead (tissue nucleated), 
which indicates that the beads had been ejected 
early in the 18 to 24 month growth period. 

In recent years, however, at least one large 
Chinese cultivator is said to have been successful 
with bead-nucleated freshwater pearls: Xie Shaohe 
of Shaohe Pearl in Chenghai, Guangdong Province 
(“China producing nucleated rounds,” 1995; “China 
starts pearling revolution,” 2000). In 1998, Doug 
Fiske of GIA Education visited one of Mr. Xie’s 
pearl-culturing farms during the preparation of the 
new GIA Pearls course. He observed that, in three- 
year-old H. Cumingi mussels that measured about 
12 cm (4.7 inches) from dorsal to ventral edge, 
nucleators inserted pieces of mantle tissue along 
with two to four round shell beads (up to 6 mm) in 
the mantle of each valve (D. Fiske, pers. comm., 
March 2000). Mr. Xie, a marine biologist, claimed 
that much of his early success was due to the devel- 
opment of exceptionally strong mussels and careful- 
ly choosing the size of the bead (“China producing 
nucleated rounds,” 1995). 

Mr. Xie was interviewed by Dr. Taijin Lu of GIA 
Research in late June 2000, at which time Mr. Xie 
confirmed that he was producing “a few hundred 
kilograms” annually of freshwater bead-nucleated 
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Figure 7. These round 
Chinese freshwater cul- 
tured pearls are represen- 
tative of the samples 
examined for this study. 
The largest white FWCPs 
shown are 10-11 mm in 
diameter. Photo by 
Elizabeth Schrader. 


cultured pearls, a very small portion of which are 10+ 
mm round FWCPs. He explained that approximately 
four to eight small shell beads (not reject tissue- 
nucleated FWCPs) are inserted into the outer (man- 
tle) portion of the animal, with a single large (over 8 
mm) bead inserted deep into the inner portion. The 
bead-culturing process takes approximately five to 
seven years: three to four years to grow the mussels, 
and two to three years to cultivate the pearls. The 
maximum size he produces is 14-15 mm. The nacre 
thickness ranges from 0.5—2.0 mm. The mortality of 
the mussel with bead nucleation continues to be a 
problem. Also, he estimates a bead rejection rate of 
about 20%, although James Peach of the United 
States Pearl Company feels the rejection rate for 
some bead nucleation operations could exceed 50% 
(pers. comm., 2000). In his conversation with Dr. Lu, 
Mr. Xie confirmed that most of his product was sold 
within China, although the largest, highest-quality 
pearls are distributed through a Hong Kong company, 
which we believe to be Man Sang Jewellery 
Company. Man Sang indicated that they do distribute 
“Shaohe pearls,” but neither they nor Mr. Xie were 
able to provide any samples for our research. 


MATERIALS AND METHODS 

For this study, two of the authors (KS and TM) bor- 
rowed 791 strands (in traditional hank lengths) of 
Chinese FWCPs from the New York-based compa- 
ny Honora, which specializes in the Chinese prod- 
uct. These cultured pearls were represented to be 
recent production from dozens of farms in China. 
We also purchased two strands of 8 mm Chinese 
FWCPs, and individual larger samples, for possible 
destructive testing. In total, we examined approxi- 
mately 41,000 Chinese-grown FWCPs. A variety of 
shapes and colors were included, in sizes ranging 
from 4 to 11 mm (see figure 7 and table 1). Thus, the 
samples included both the larger cultured pearls 
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that are claimed to be bead nucleated, and the 
smaller ones that could be used as nuclei. All were 
believed to be tissue nucleated. 

We studied all of these samples by X-radiography, 
using the standard technique: First, the cultured 
pearls were placed in close contact with a fine- 
grained X-ray sensitive film and exposed to a beam of 
X-rays generated by a Faxitron X-ray unit for 20 to 30 
seconds at 80 to 90 kV and 3 ma. Then the X-radio- 
graphs were examined at 10x magnification with var- 
ious types of background lighting to ensure that no 
details were missed. Darker areas on X-radiographs 
represent greater exposure of the film to X-rays. In 
cultured pearls, such dark areas correspond to cavi- 
ties or organic material, because these more easily 
allow passage of the X-rays than the crystalline arago- 
nite or calcite of which the nacre is composed. 

Ten Chinese FWCPs (8-12, mm] were sawn in 
half with a standard rotary gemstone saw. Each half 
was examined with a gemological microscope and 
various lighting techniques. 

To supplement this research, KS and TM 
reviewed their previous records of pearls examined 
over the past 25 years, placing particular emphasis 
on those from the past six years. 


RESULTS 


X-Radiography. Accurate interpretation of pearl X- 
radiographs requires considerable expertise. It is 
important to understand that while the image is 
two-dimensional, the structures seen actually occur 


TABLE 1. Chinese freshwater cultured pearls studied 
for this report. 


Number of strands Size (mm) 
16 10-11 
2 8 
129 7-8 
81 6.5+ 
56 6-6.5 
322 5.5-6 


187 4-45 
Total: 793 


at varying depths within the pearl. Several X-radio- 
graphs are commonly taken of a given sample to 
gain a three-dimensional “picture” of the interior 
from different angles. Therefore, we have used line 
drawings to illustrate some of the features seen in 
the X-radiographs. 

The X-radiographs in figures 8-11 are typical of 
the Chinese FWCPs in our sample. The gray tube- 
like features that run through each sample and are 
aligned along the strand are drill holes. Also visible 
in each sample is a faint gray shadow that starts at 
the rim and diminishes in intensity as it approaches 
the center; these should be ignored, as they are aber- 
rations of the printing process (they are not on the 
original X-radiographs). Relevant growth structures 
are discussed below and in the figure legends. 

All tissue-nucleated cultured pearls contain a 
characteristic elongate cavity that appears dark in 
the X-radiographs (figure 8). This cavity, which 


Figure 8. These X-radiographs of Chinese FWCPs (10-11 mm) show characteristics typical of tissue nucleation. 
On the left, large twisted cavities related to the original tissue implant are evident in the top row, second from 


left, and bottom row, center. In the image on the right, the original tissue implant is represented by ovoids. Note 

that the tissue-related cavity is not apparent in all of the FWCPs illustrated here, although all were found to have 
such a cavity. It is important to take several X-radiographs of pearls, from different directions and often at differ- 

ent exposures, to reveal the distinguishing features. A single strand may require seven or eight X-radiographs. 
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Chinese Freshwater Cultured Pearls 


often has the appearance of an apple core, is related 
to the original tissue implant, it is typically, but not 
always, located at or near the center of the cultured 
pearl (figure 9). In some samples, it appears that two 
implants (i.e., tissue nuclei) are responsible for the 
growth of each cultured pearl (figure 10). Concentric 
growth structures, which also typically are seen in 
tissue-nucleated cultured pearls, are revealed by the 
presence of organic zones that are more transparent 
to X-rays than the adjacent crystalline zones (see, 
e.g., figure 11). Both the various types of implant 
structures and related organic zones are also illus- 
trated in the line drawings shown in figure 12. 

In more than 50% of the larger (7-11 mm) cul- 
tured pearls we examined, X-radiography revealed 


Figure 9. These X-radiographs 
of Chinese freshwater cultured 
pearls (10-11 mm) show a sin- 
gle dark line that relates to the 
tissue implant. Top left, the 
off-center implant line that 
crosses the FWCP on this X- 
radiograph takes up approxi- 
mately 80% of the diameter of 
the entire sample. Top right, 
this off-center thick, dark 
implant line takes up approxi- 
mately 90% of the sample’s 
diameter. Bottom left, this cen- 
trally located implant line 
takes up 80%-90% of the 
diameter. Bottom right, the 
centrally located thick dark 
line takes up approximately 
70% of the sample’s diameter. 


that the tissue-related structure occupied 60% to 
99% of the host’s diameter (see, e.g., figures 9 and 
10), which contradicts the use of any kind of bead. 
The concentric growth structures—in this case hav- 
ing as a common core a line rather than a central 
point—appear to evolve from the core implant 
structure (see, in particular, figure 11). 

For the most part, the cavities and other growth 
structures associated with the tissue implant in the 
larger samples were proportionately larger than 
those observed in the smaller (less than 6 mm) spec- 
imens. Importantly, none of the samples showed 
any growth features (such as a uniform organic layer 
surrounding a potential bead) that are indicative of a 
“bead” nucleus—whether a shell bead, a polished 


Figure 10. The Chinese freshwater cultured pearls illustrated here all revealed a double implant structure on 
their X-radiographs. In the FWCP on the far left, the doubled tissue implants are revealed by two dark near- 
parallel lines. In the FWCP in the center, the tissue implants can be recognized by two dark ovoid structures; 
note that these implant-related structures take up at least 80% of the diameter of the sample. On the far right, 
the two dark lines relating to the tissue implants take up more than 90% of the sample’s diameter. 
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SPRING, 1947 


pseudo-hexagonal axes of the arag- 
onite crystals in pearl, the dif- 
fraction pattern obtained on a flat 
film normal to the X-ray beam con- 
sists of a series of spots (drawn out 
more or less into streaks) on a “zero 
layer line” through the spot due to 
the undiffracted portion of the X- 
ray beam and on hyperbolic layer 
lines above and below the zero line. 
The pattern is symmetrical about 
lines, parallel and perpendicular, 
respectively, to the direction of the 


P-42-30 P-42-3\ 
Figure 3 


pseudo-hexagonal fibre axis. Thus, 
for example, in the patterns P-42-28 
to P-42-31 reproduced in Figure 3, 
the pseudo-hexagonal axes of the 
crystals were vertical and the zero 
layer lines in the diagrams are hori- 
zontal. When the direction of the 
X-ray beam coincides with that of 
the pseudo-hexagonal axes, the dif- 
fraction pattern consists of a dis- 
tribution of spots exhibiting hex- 
agonal symmetry around a central 
spot due to the undiffracted portion 
of the X-ray beam or of a broken 
or unbroken halo, depending on the 
degree of perfection of random 
orientation of the crystals about the 
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direction of the pseudo-hexagonal 
axes. In most patterns, internal 
strain in the pearl causes the spots 
to appear as radial streaks and the 
haloes to broaden towards the centre 
of the pattern. : 

The hexagonal or halo pattern is 
obtained when the X-ray beam 
passes through the centre of a nat- 
ural pearl in any direction but only 
when the direction of the beam is 
normal (or nearly so) to the layers 
of the mother-of-pearl core of a cul- 
tured pearl. If the beam makes an 
appreciable angle with the normal 
to these layers in a cultured pearl, 
the characteristic diagram of fibrous 
aragonite appears. Since one of the 
prominent features of this pattern 
(see Figure 3 for example) is a set 
of four spots (arising from ,the 
{111} planes) at the corners of a 
rectangle enclosing the spot due to 
the undiffracted beam, this fibre dia- 
gram will be referred to as the “‘rec- 
tangular” pattern to differentiate it 
from those of the hexagonal or halo 
types. From its general appearance. 
Alexander (1, f) has compared the 
fibre diagram as a whole to a “Mal- 
tese cross.” 

(To Be Continued) 


(1) a. Dauvillier, A., Compt. rend. 179, 
818 (1924); Rev. Scientifique 64, 37- 
45 (1926). 

b. Shaxby, J. H., Compt. rend. 179, 1602 
(1924); Phil. Mag. 49, 1201 (1925). 

ce. Galibourg, J. and Ryziger, F., Compt. 
rend. 183, 960 (1926). 

d. Mayneord, W. V., Brit. J. Radiology 
23, 19-30 (1927). 

e. Anderson, B. W., Brit. J. Radiology 5, 
57-64 (1932). 

A, EL, 

366-371 (1940). 

(2) Pub. No. 138/3, Adam Hilger, Ltd., Lon- 

don, 1939. 


f. Alexander, Am. J. Sci. 238, 


(3) Bernal, J. D., J. Sci. Instruments 4, 273- 
284 (1927); 5, 241-250 (1928); 6, 314- 
318, 343-353 (1929). 

(4) Barnes, W. H. and Hampton, W. F., 
Can. J. Research, B13, 218-227 (1935); 
R.S.I. 6, 342-344 (1935). 

(5) Astbury, W. T., Fundamentals of Fibre 


Structure. (Oxford Univ. Press) 1933. 

(6) Alexander, A. E, and Sherwood, H. F.. 
The Gemmologist 10, 45-48 (1940); 
Photo Techniaue 3, 50-52 (1941). 


Figure 11. Concentric rings, related to the growth 
of this 10-11 mm Chinese FWCP, can be seen cir- 
cling the elongate implant line in the center and a 
smaller implant “core” to the right. Note, howev- 
er, that the central implant line takes up approxt- 
mately 80% of the diameter of this FWCP, cross- 
ing some of the concentric lines, so the presence 
of a bead or cultured pearl nucleus would be 
impossible. 


round tissue-nucleated cultured pearl, or an unfash- 
ioned tissue-nucleated cultured pearl. 

Over the years, both KS and TM have recorded X- 
radiographs of cultured pearls with unusual nuclei. 
Some of these, because they are unlike almost any 
other samples we have examined, appear to be the 
result of experimentation by the growers. Figure 13 
reveals a large saltwater cultured pearl that contains 
three nuclei: two shell beads and one tissue-nucleat- 
ed cultured pearl. Note that the X-radiograph clearly 
shows an organic layer (revealed as a black line) that 
separates the tissue-nucleated cultured pearl from 


Figure 12. These line drawings illustrate details of the X- 
radiographic images that were recorded for some of the 
10-11 mm Chinese FWCPs examined for this study. 
The various dark structures inside the white circles 
(which indicate the cultured pearls themselves) repre- 
sent the normal cavities seen within tissue-nucleated 
cultured pearls and related “growth rings.” Note that 
the implant-related cavities are very large in many 
instances (1, 2, 3, 4, 5, 7 on the left; 9, 11, 12, and 16 on 
the right); some are centrally located, whereas many are 
positioned off-center. There was no evidence of any 
form of bead in any of the cultured pearls examined for 
this study. Rather, it appears that large pieces of mantle 
tissue were used as the implants. 
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Figure 13. This X-radiograph shows an atypical 
single cultured pearl that has three solid nuclei: 
two shell beads (1 and 2) and one tissue-nucleat- 
ed cultured pearl (3). 


the cultured pearl overgrowth. In the Summer 1988 
Lab Notes section of Gems #& Gemology, Bob 
Crowningshield reported on the X-radiograph of a 
cultured pearl that had been nucleated with a wax 


Figure 14. The necklace shown in this X-radio- 
graph revealed a variety of unusual features 
(bottom row, from the left): (1) a bead-nucleat- 
ed cultured pearl, with the bead clearly visible 
at the bottom right and a large cavity evident to 
the left and above; (2) a cultured pearl in which 
the mollusk surrounded the bead with a large 
amount of organic matter that deteriorated and 
resulted in the bead becoming loose—multiple 
drill holes in the bead testify to the various 
attempts made to drill the cultured pearl; and 
(3) a cultured pearl with two bead nuclei, one 
(on the right) a normal shell bead (again show- 
ing multiple drill holes) and the other (on the 
left) a tissue-nucleated cultured pearl. 
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bead. Most recently, in March 2000, one of the 
authors (TM) X-radiographed a necklace that 
revealed several unusual beads (figure 14). These 
examples represent what is only a small number of 
such cultured pearls that the authors have encoun- 
tered in their laboratory experiences, and illustrate 
the effectiveness of radiography in identifying differ- 
ent kinds of nuclei. 


Sawn Chinese Freshwater Cultured Pearls. The 
sawn samples include one that measured approxi- 
mately 12 mm (figure 15 left) and nine others that 
ranged from 8 to 10 mm (see, e.g., figure 15 right). 
In all cases, the growth structures observed were 
those normally expected for this kind of cultured 
pearl, that is, concentric, often randomly spaced 
ring arrangements. No signs of any kind of bead 
nucleation were seen. It is notable that only slight 
indications of a tissue implant cavity may be evi- 
dent in sawn samples (see figures 15 and 16). This 
could be due to: (1) removal of the cavity by saw- 
ing through it, or (2) an off-center location of the 
cavity. Thus, there are distinct advantages to the 
different perspectives that can be achieved with X- 
radiography. 

As with the interpretation of X-radiographs, the 
interpretation of growth structures in a sawn sam- 
ple also requires caution. It is important to 
remember that some features in natural freshwater 
pearls can resemble those seen in Chinese fresh- 
water cultured pearls, or those expected for cul- 
tured pearls nucleated by reject tissue-nucleated 
cultured pearls. See, for example, the thin sections 
of American natural freshwater pearls shown in 
figure 17, which were made by Basel Anderson 
during his original study of natural versus cultured 
pearls, probably in the 1930s. The freshwater pearl 
on the left in figure 17 shows a distinct color varia- 
tion within its growth structure that might be 
misinterpreted as progressively larger tissue-nucle- 
ated FWCP “beads” (as described in Roskin, 2000, 
and Ward, 2000). The natural freshwater pearl in 
the center of figure 17 also contains growth fea- 
tures that could easily be misinterpreted as a 
“bead” implant: Some growth rings are continu- 
ous, while others are broken, and the outer portion 
is a different color and contains more organic mat- 
ter than the inner section. The pearl on the far 
right in figure 17 reveals structures similar to 
those seen in many Chinese-grown tissue-nucleat- 
ed FWCPs (especially those that don’t show the 
tissue implant structures when sectioned). Note 
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Figure 15. The concentric growth structures in these 12 mm (left) and 8.5 mm (right) Chinese FWCPs that 
have been sawn in two are entirely normal for tissue-nucleated freshwater cultured pearls. No indications of 
a solid nucleus of any type were seen. Photos by Kenneth Scarratt. 


(e.g., at the 10 o’clock position) that certain growth 
“indentations” extend from the surface of the 
pearl to the point where the entire structure 
changes. Such indentations were seen running 
from the edge all the way to the center of some of 
the Chinese tissue-nucleated freshwater cultured 
pearls examined for this study. 


DISCUSSION 


The recent reports in the trade literature that tissue- 
nucleated freshwater cultured pearls are being used 
as “nuclei” to produce most of the recent large 
round Chinese FWCPs appear to be based on 
growth structures observed in pearls that have been 
cut in half (see, e.g., Matlins, 1999-2000a, 2000; 
Roskin, 2000; Ward, 2000). Specifically, Matlins 
(1999-2000a, p. 5) refers to the presence of “several 
different colorations of nacre rings, each different 
‘color zone’ indicating where there has been a rein- 
sertion.” 

In our experience, and again as illustrated in fig- 
ure 17, alJ natural and cultured pearls have internal 
growth structures that correspond to periods of 
slower or interrupted growth, changes in the materi- 
al being deposited (crystalline or organic], and/or 
resumption in growth. In particular, the growth 
structures shown in figure 17 (left) are similar to 
those described by Matlins. 

Our research also contradicts the claims that 
nonspherical tissue-nucleated cultured pearls are 
polished into round nuclei and then inserted into 
freshwater mollusks as nuclei for most larger round 
FWCPs (see, e.g., Matlins, 2000; Ward, 2000). If, for 
example, an oval tissue-nucleated FWCP was pol- 
ished to a round shape, the finished bead would 
exhibit surface banding where the nonspherical con- 
centric growth layers are cross-cut by the polishing 
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process (figure 18). Also, the internal growth struc- 
tures of the bead would no longer align themselves 
with the exterior shape. 

To test this idea, we polished several oval- and 
drop-shaped Chinese FWCPs into spheres. As 
expected, the concentric growth layers appeared as 
bands on the surface of the rounded beads (see figure 
18C). If this polished bead were reinserted into 
another mollusk, the growth features seen in figure 
18D should result and be readily apparent on an 


Figure 16. In this sawn half of a known tissue- 
nucleated cultured pearl, note the slight dark line 
toward the center of the cross section. This is all 
that may be seen of the tissue implant when this 
type of cultured pearl is cut in half. X-radiography 
would have revealed more detail. 
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Figure 17. All three thin sections of American natural freshwater pearls show color variations and struc- 
tural features related to changes in the aquatic environment as the pearls grew. Note especially the dramat- 
ic appearance of the central pearl, which could easily be interpreted as having a bead nucleus composed of 
another natural pearl, whereas the pearl on the left has an appearance similar to that described for FWCPs 
that reportedly have been nucleated with progressively larger tissue-nucleated cultured pearls. The struc- 
tures in the thin section on the right are very similar to those observed in many Chinese FWCPs. 


X-radiograph. Specifically, the internal growth 
structures of the cultured pearl nucleus would be 
misaligned with respect to one another and to the 
overgrowth, and they would not be concentric. 
Also, the tissue implant—related cavity would be 
small in relation to the fully grown (10-12 mm) cul- 
tured pearl. Moreover, the reinserted bead would 
have to be accompanied by a piece of tissue, and we 
found no evidence of this in any of the cultured 
pearls examined. Finally, a dark ring (corresponding 
to a thin organic layer) surrounding the “nucleus” 
would be expected. 

None of the 41,000 Chinese FWCPs examined 
for this study, or any of those examined in the 


authors’ laboratories over the past six years, revealed 
unusually small internal cavities together with mis- 
aligned or nonconcentric growth banding. As can be 
seen from figures 8-12, the growth structures nor- 
mally recorded are concentric, or at least aligned 
with discernible abnormal growth that is related to 
other growth structures throughout the sample (e.g., 
the tissue-implant line]. The authors have not exam- 
ined any Chinese FWCPs that could have been 
grown by a production technique similar to that 
described by Matlins and Ward. 

Rather, our observations are consistent with 
the new methods for tissue-nucleated freshwater 
pearl cultivation in China that were discussed in 


Figure 18. (A) This line drawing shows a cross-section of an idealized oval tissue-nucleated freshwater 
cultured pearl. (B) If the idealized oval FWCP in “A” were to be made round, the inner circle scribed over 
the line drawing here would be the likely result, with growth features as illustrated in “C” (i.e., they would 
no longer be concentric with the outer surface). (D) If the rounded tissue-nucleated cultured pearl in “C” 
were to be inserted into a mollusk and further nacre was deposited, examination of the internal structure, 
either by radiography or by sectioning, would reveal the rounded tissue-nucleated FWCP in the center as 


having a structure alien to the overgrowth. 
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the “Current Practices” section above: For the 
most part, the cavities that correspond to the man- 
tle tissue inserts are large relative to the pearls’ 
cross sections, which suggests the use of larger 
implants in larger mussels. The fact that these 
large tissue-related structures are not always cen- 
trally located further rules out any form of bead 
nucleation. 


CONCLUSIONS 


Over the last six years, two of the authors (KS and 
TM) have examined a sizable number of large 
Chinese FWCPs, taken X-radiographs to study their 
internal growth characteristics, and even cut several 
specimens in half to examine the growth character- 
istics directly. At no time have they observed any 
evidence to suggest the nucleation process 
described by Matlins (2000) or Ward (2000). Similar 
examinations by gemologists in other leading labo- 
ratories have led to the same conclusion (H. Hanni, 
S. Kennedy, C. Smith, N. Sturman, and M. 
Superchi, pers. comms., February 2000). This is con- 
sistent with the experience of co-author SA, who 
has visited many Chinese pearl-culturing opera- 
tions over the past few years, and communicated 
with several leading dealers. Indeed, all evidence 
points toward the predominance in the marketplace 
of a simple tissue-aided nucleation process to pro- 
duce large, round FWCPs. 

X-radiography of approximately 41,000 Chinese 
freshwater cultured pearls in the U.S. market 
revealed growth characteristics consistent with 
normal tissue-nucleated cultured pearls. In particu- 
lar, the tissue-implant structure was large relative 
to the entire FWCP, not small as one would expect 
if a reject tissue-nucleated FWCP bead had been 
used. They are consistent with current tissue- 
nucleated pearl cultivation practices in China, that 
is, the use of larger mussels and larger, modified 
pieces of tissue to promote the growth of larger, 
rounder pearls. Microscopic examination of several 
large samples that were sawn in half confirmed the 
presence of concentric rings but no evidence of any 
type of bead. 

Although it is known that there are commercial 
operations for the shell bead nucleation of FWCPs, 
and it is possible that some experimental Chinese 
FWCPs have been grown using beads of smaller 
freshwater cultured pearls, they are the exception 
rather than the rule. If such bead-nucleated cultured 
pearls became common in the future, they would be 
readily identifiable by routine X-radiography. 
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RUBY AND SAPPHIRE FROM 
JEGDALEK, AFGHANISTAN 


By Gary W. Bowersox, Eugene E. Foord, Brendan M. Laurs, 
James E. Shigley, and Christopher P. Smith 


This study provides detailed mining and 
gemological information on the Jegdalek 
deposit, in east-central Afghanistan, which is 
hosted by elongate beds of corundum-bear- 
ing marble. Some facet-grade ruby has been 
recovered, but most of the material consists 
of semitransparent pink sapphire of cabo- 
chon or carving quality. The most common 
internal features are dense concentrations of 
healed and nonhealed fracture planes and 
lamellar twin planes. Color zoning is com- 
mon, and calcite, apatite, zircon, mica, iron 
sulfide minerals, graphite, rutile, aluminum 
hydroxide, and other minerals are also pre- 
sent in some samples. Although the reserves 
appear to be large, future potential will 
depend on the establishment of a stable gov- 
ernment and the introduction of modern 
mining and exploration techniques. 
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he gem mines of Afghanistan are some of the old- 

est in the world. The lapis lazuli mines at Sar-e- 

Sang, in the Badakhshan region, have been 
worked for at least 6,500 years (see, e.g., Wyart et al., 1981). 
Today, Afghanistan continues to be an important source of 
various gem minerals—including emerald, ruby, sapphire, 
aquamarine, tourmaline, and spodumene (see, e.g., 
Bowersox and Chamberlin, 1995). Yet relatively little is 
known about many of the gem localities. 

This article reports on the only known source of ruby in 
Afghanistan: the Jegdalek region. A historical review, the 
geology, mining methods, and current production of gem 
corundum (figure 1) from Jegdalek are given below, together 
with the results of our research on the gemological proper- 
ties of this material. 


BACKGROUND 


Although most of the records of the Ministry of Mines and 
Industry have been destroyed by the rocket attacks and 
bombs that have plagued Kabul since 1979, we were able to 
glean a fair amount of information from the literature. The 
geographic location of Afghanistan among several powerful 
neighbors (i.e., China, Iran, Pakistan, Uzbekistan, 
Tajikistan, and Turkmenistan; figure 2) has resulted in a 
long history of turmoil. Additionally, invasions by the 
Greeks (327 BC), Mongols (1227), British (1838-1919), and 
Russians (1979-1988), among others, destroyed and/or dis- 
placed portions of the Afghan population. However, these 
major invasions also influenced gem exploration and pro- 
duction, as gems were sought to trade for weapons. In addi- 
tion, throughout history, Afghan mining areas have been the 
objects of tribal wars and banditry (see, e.g., Wood, 1841). In 
1992, the senior author experienced nightly rocket attacks 
when he visited the ruby mining area. 

The Jegdalek mines have been worked for more than 700 
years. During the 1200s, wealthy Muhammadan merchants 
sold rubies to Kublai Khan and other famous historical fig- 
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ures. These merchants reportedly could tell the dif- 
ference between ruby and spinel (Bretschneider, 
1887). For most of the last 100 years, the mines 
were owned and operated sporadically by the 
Afghan government. Shortly after the 1979 inva- 
sion, the Soviets ran the Jegdalek mines for five to 
six months. Today, they are exploited solely by 
local tribal people year-round. 


LOCATION AND ACCESS 
The Jegdalek mines are located approximately 60 
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Figure 1. Although the 
Jegdalek region of 
Aghanistan has produced 
ruby and sapphire for more 
than 700 years, relatively 
little is known about these 
deposits. The 32.22 ct ruby 
in this 18K gold pendant is 
from Jegdalek, as are the 
0.94 ct ruby and 1.31 ct sap- 
phire in the ring. The stones 
were carved by Bart Curren 
in the Glyptic Illusion style, 
and the jewelry was manu- 
factured by Gregg Crawford; 
ring courtesy of Jewelry Box 
Antiques, Kansas City, 
Missouri. Photo © Harold # 
Erica Van Pelt. 


km (37 miles) east-southeast of Kabul, and can be 
reached by two routes from Kabul, in approximately 
four to six hours by four-wheel-drive vehicle (again, 
see figure 2). Jegdalek also can be reached from 
Jalalabad by two different routes of approximately 
eight hours each. However, the southern route has 
not been used for the last several years because of 
land mines. The route via Sorobi on the war-torn 
Kabul/Jalalabad road still can be negotiated by vehi- 
cle. At Sorobi, the road turns south onto a Jeep trail. 
As it approaches the mining area, the trail alternates 
between dirt track and streambed, which makes the 
drive very slow. 

The coordinates of the Jegdalek mines are 
34°26’N, 69°49’E (Orlov et al., 1974; Shareq et al., 
1977). This was verified by the senior author, using 
a GPS (Ground Positioning System) instrument, 
during his survey in 1996. At that time, the deposit 
was being worked from 34°2.5’98” N, 69°49’80” E to 
34°26'19"N, 69°49'08”E, at elevations ranging from 
1,550 m (5,100 feet) to 2,000 m (6,550 feet). 


REGIONAL GEOLOGY 


The Jegdalek deposit is located within the conti- 
nental collision zone between the Asian and 


Figure 2. Historically, there was confusion over the location of the ruby deposits in 
Afghanistan, since places, names, and transliterations were gleaned from historical 
documents. Today, we know that the Jegdalek mining area is found in the southern 
portion of the Sorobi region, 60 km (37 miles) east of Kabul. The mines can be 
reached by vehicle from Kabul in about four to six hours. 
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Indian plates (figure 3), in a regional geologic set- 
ting similar to that of other ruby deposits in South 
Asia (i.e., Tajikistan [Smith, 1998]; Hunza, 
Pakistan [Gibelin, 1982]; Azad Kashmir [Kane, 
1997]; and Nepal [Smith et al., 1997]). These 
deposits are hosted by metamorphosed limestones 
(marbles) that were originally deposited along the 
margins of one or both of the two plates. Although 
the age of ruby formation at these deposits is 
unknown, their spatial association suggests that 
they are related to the regional metamorphism— 
and in some cases, the granitic magmatism—that 
accompanied the continental collision. The major 
collision between South Asia and the Indian sub- 
continent is estimated to have taken place 55-66 
million years [m.y.] ago, although it may have 
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begun as recently as 40 m.y. ago (Powell and 
Conaghan, 1973). Still ongoing today, the collision 
resulted in the formation of the Himalaya, 
Karakoram, Hindu Kush, and Pamir mountain 
ranges (again, see figure 3). 

As stated by Kazmi (1989), three distinct geotec- 
tonic domains or terranes are recognized in 
Pakistan and the adjacent regions of Iran and 
Afghanistan. From south to north, they are (1) 
southern or Gondwanic, (2) central or Tethyan, and 
(3) northern or Eurasian. The Jegdalek deposits lie 
within the central (Tethyan) terrane, which is a 
complex assemblage of ophiolitic rocks, geosyncli- 
nal sediments, island arcs, and micro-continents 
that probably collided with the southern edge of 
Eurasia in the early Jurassic. 
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LOCAL GEOLOGY AND OCCURRENCE 

OF RUBY AND SAPPHIRE 

The geology of the Jegdalek area has been described 
by Griesbach (1886, 1892), Barlow (1915), Orlov et 
al. (1974), and Rossovsky (1980). The rocks at the 
Jegdalek deposit are composed of interstratified 
Proterozoic gneisses and marbles (Nuristan series) 
that strike east-west. According to Rossovsky 
(1980], the marble is approximately 1,550-1,970 
my. old. 

The marble horizons range from 0.5 m up to 
200-300 m (1.5 to 650—990 feet) thick and from sev- 
eral hundred meters to 7-8 km (4-5 miles) long 
(see, e.g., figure 4). The marbles are essentially pure 
calcite, with small amounts of magnesium impuri- 
ties (0.68—4.78 wt.% MgO). The associated gneisses 
are composed of kyanite-amphibole—pyroxene, 
pyroxene-biotite, biotite-amphibole, and other 
assemblages. The gneisses and marbles are intruded 
by numerous dikes of granite and desilicated peg- 
matites of the Oligocene-age Laghman complex 
(about 30 m.y. old; Debon et al., 1987). 

The Jegdalek deposit probably formed by region- 
al metamorphism of the marble and gneiss, with 
local contact metasomatic effects from the intruded 
granitic rocks. The aluminum, magnesium, and 
chromium necessary for the development of ruby 
and associated minerals were likely present within 
the host marbles as impurities (e.g., clay minerals] 
that were concentrated as a result of chemical 
weathering before the marbles were metamor- 
phosed (see, e.g., Okrusch et al., 1976). 

Ruby and sapphire are mined from two separate 
zones of mineralized marble—north and south— 
which are separated from each other by a maximum 
of 600-800 m, and joined in the west. The vertical 
extent of the corundum mineralization is more than 
400 m. Characteristic of the ruby-bearing marble is 
its coarse grain size. Ruby occurs in irregularly 
shaped lenses, rarely more than 2-3 cm wide, that 
are oriented lengthwise within individual horizons 
and beds of marble (Orlov et al., 1974). 


MINING METHODS 


In 1886, Griesbach wrote that there were about 
300 men extracting rubies with hammer and chis- 
el in the Jegdalek region. The senior author wit- 
nessed a similar mining situation in 1992, 1996, 
and 1998. Small-scale mining methods are used 
throughout the region. The gem-bearing marble is 
broken up with hammers, picks, prybars (figure 5), 
and, in a few cases, pneumatic drills (figure 6) and 
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Figure 4. The senior author and miners are shown 
near the Jegdalek mining area. Several mine 
workings are visible along the mineralized mar- 
ble belt that stretches eastward in the distance. 
Photo by Khudai Nazar Akbari. 


dynamite. The broken rock is lifted from the mine 
pits (see figure 7) by a simple pulley system. Some 
of this material is stacked nearby to form rudimen- 
tary shelters (figure 8). Within these shelters, the 
gem-quality ruby and sapphire crystals are separat- 
ed from the marble for cutting. 

About 20 mines at Jegdalek have been named, 
and there are many small unnamed diggings. Today, 
approximately 400 miners are active. Most work in 


Figure 5. Workers remove marble with prybars to 
uncover the gem corundum at Jegdalek. Most of 
the mining techniques used today are the same as 
those reported by Griesbach in 1892. Photo by 
Gary Bowersox. 
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Figure 6. Mining at Jegdalek is small scale. The 
only mechanized equipment consists of a few 
pneumatic hand drills. Photo by Gary Bowersox. 


groups of five to six; groups of 15-20 miners operate 
the larger mines. This accounts for full employment 
of available workers, as most of the villagers have 
left the area because of tribal warfare. All miners 
share profits equally among the members of their 
group, after providing local military commanders 
with a commission of approximately 5%. 


PRODUCTION AND DISTRIBUTION 
Approximately 75% of the production is pink sap- 
phire, 15% is ruby, 5% is mixed blue and red-to-pink 
corundum, and 5% is blue sapphire. Because it is 
commonly semitransparent, most of the material is 
fashioned into cabochons. Only about 3% of the 
corundum is facetable, but some very fine stones have 
been cut. The best-quality rubies are comparable in 
face-up appearance to the best found elsewhere. The 
largest crystal seen by the senior author weighed 174 
ct (see figure 37 in Bowersox and Chamberlin, 1995), 
semitransparent rough typically ranges up to 1.5 to 
3.0 cm. Good-quality rubies have been faceted up to 
32 ct, but top-quality material rarely exceeds 5 ct. 
Well-crystallized material is often left in matrix and 
sold as mineral specimens (figure 9). 
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Figure 7. In 1996, the miners started new trenches 
on the western end of the Jegdalek deposit. These 
trenches follow the veins in an east-to-west direc- 
tion. Photo by Gary Bowersox. 


Most of the gem material is sold in Peshawar, 
Pakistan, and from there is sent to Karachi and 
New Delhi. Approximately 5% of the lower-grade 
goods are taken directly to India via Kabul and 
Dubai. This route is expected to increase in impor- 
tance as more material is available. The finest-qual- 
ity material typically goes directly to Europe from 
Afghan suppliers. 

The miners have numerous independent distri- 
bution channels, so it is difficult to determine the 
quantity produced. The senior author estimates that 
about US$500,000 worth of gem corundum is 
mined annually from the Jegdalek deposit. While in 
Peshawar in 1999, the senior author viewed over 
100,000 carats of rough rubies and sapphires, report- 
edly from Jegdalek, with an estimated wholesale 
value of nearly $1 million. The length of time over 
which this material was mined is unknown. 


MATERIALS AND METHODS 


All of the samples studied were collected by the 
senior author in Afghanistan, directly from the 
miners at the deposit, and therefore have not been 
heat treated. (This was confirmed by detailed 
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Fluorescent Diamonds 


by 


GEORGE SWITZER, Ph.D. 
Director of Research, Gemological Institute of America 


Diamond is. treasured and ad- 
mired for its remarkable clearness, 
great brilliance, and constantly 
changing flashes of fire. These as- 
pects of its appearance are well 
known to the millions who wear 
them. What is not commonly known 
is that diamonds sometimes exhibit 
even more spectacular effects than 
brilliance and fire; some diamonds 
glow like hot coals of many colors 
in ultraviolet light. The effect of 
this “black light’? on some diamonds 
is very spectacular, as is shown by 
the accompanying color plate. The 
diamonds in this picture,* when 
viewed in ordinary light are unat- 
tractive, yellowish to brownish 
rough stones, looking completely un- 
interesting to the untrained eye. In 
a darkened room, however, under 
ultraviolet light, rather than being 
completely invisible, the diamonds 
glow vividly in a variety of colors. 

This strange effect is known as 
fluorescence. Many different sub- 
stances are known to fluoresce or 
glow when placed before a source 
of ultraviolet light in a darkened 
room, but none is more spectacular 
in its exhibition of a large range 
of colors of fluorescence than is dia- 
mond. The experiment may be ecar- 
ried a further step by turning off 
the ultraviolet lights after having 
viewed the fluorescence for a short 
time. It will be seen now that a few 
of the diamonds continue to glow 


*The fluorescent diamonds shown in the col- 
or plate were obtained through the courtesy 
of Lazare Kaplan & Sons, Ine., New York. 


with a yellowish white light, even 
though they are no longer being ex- 
posed to ultraviolet rays. This con- 
tinued emission of visible light is 
known as phosphorescence. 


Possible Cause of Fluorescence 


Now that this hitherto unsuspect- 
ed beauty of diamonds has been 
observed, the question which natur- 
ally arises is why do these diamonds 
glow in the dark when irradiated by 
ultraviolet light? Before attempting 
to answer this question it will be 
necessary to first review briefly a 
theory commonly proposed to ex- 
plain the phenomenon whereby any 
solid body emits light. 

The atoms of which all materials 
are composed are made up of a 
heavy central nucleus, surrounded 
by a number of smaller, lighter 
electrons. These electrons rotate in 
fixed orbits about the nucleus much 
in the same manner as the planets 
rotate about the sun. Under normal 
conditions these electrons rotate al- 
ways in particular orbits having 
fixed distances from their nucleus. 

These various orbits are called 
energy levels. Now, if our atom re- 
ceives energy from an _ outside 
source, such as heat, the electrons 
of any particular orbit are driven 
to an orbit farther out from the 
nucleus, in opposition to the attrac- 
tive force of the nucleus, or to a 
higher energy level. They are now 
in an unstable position, having been 
driven there by absorption of energy. 
When these electrons return to their 
normal position they do so accom- 


microscopic examination.) The polished samples 
(11 faceted stones and 26 cabochons, ranging from 
0.51 to 16.50 ct) were cut from this material under 
the senior author’s supervision. Also included in 
this study were numerous rough crystals, some of 
which were embedded in the marble host rock. 
This collection represented the full range of colors 
(tone and saturation, as well as hue) that the senior 
author has observed in ruby and sapphire from 
Jegdalek. On the basis of color, we defined three 
general groups: fancy-color sapphire (9), blue sap- 
phire (1), and ruby (27). 

We used standard gemological instruments to 
record the refractive indices, birefringence, optic 
character, pleochroism, optical absorption spectra 
(desk-model spectroscope), and reaction to long- 
and short-wave ultraviolet radiation (365 nm and 
254 nm, respectively) on the 37 fashioned samples; 
specific gravity was determined hydrostatically. 
The internal features of all samples were studied 
with a binocular microscope and fiber-optic and 
other lighting techniques. 

We used a Perkin Elmer Lambda 19 spectropho- 
tometer, with a beam condenser and polarizing fil- 
ters, for polarized spectroscopy in the UV-visible 
through near-infrared region (between 280 and 880 
nm) on 11 samples. Infrared spectra were collected 
on 10 of the higher-quality fashioned samples with 
a Pye-Unicam Fourier-transform (FTIR) 9624 spec- 
trometer in the region between 400 and 6000 cm”; a 
diffuse reflectance unit was used for sample mea- 
surement. Energy-dispersive X-ray fluorescence 
(EDXRF) chemical analyses were performed on all 
37 fashioned samples using a Spectrace TN5000 
system, with a proprietary program specially devel- 
oped for the Gitbelin Gem Lab by Prof. W. B. Stern 
for the semi-quantitative analysis of corundum. 
This software uses chemically pure element stan- 
dards and three sets of operating conditions that 
focus on light, medium, and heavy elements, so 
that the measurements of trace elements can be 
interpreted to three decimal places; a beam con- 
denser was used to measure small areas or zones of 
a stone. More extensive trace-element data were 
obtained for a medium-red ruby by means of induc- 
tively coupled plasma-atomic emission spectrome- 
try (ICP-AES) at the U.S. Geological Survey in 
Denver, Colorado. The analysis was done by P. H. 
Briggs using a Thermo Jarrell Ash Model 1160 
instrument, with an argon plasma generated at 
1,250 W; 200 mg of sample was dissolved by the 
hydrogen peroxide sinter method. 
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Figure 8. Marble from the trenches is used to build 
shelters for the miners, where the corundum is 
sorted. Working conditions are better than in other 
mines in Afghanistan, as the ruby and sapphire 
mines are lower in altitude and accessible all year. 
Photo by Gary Bowersox. 


To analyze the internal growth structures of all 
the semitransparent to transparent polished stones, 
one of the authors (CS) used a horizontal micro- 
scope, a specially designed stone holder, and a 


Figure 9. Fine mineral specimens, such as this 
ruby in marble matrix, are occasionally pro- 
duced from the Jegdalek mines. The larger crys- 
tal shown here is approximately 1 cm high. 
Courtesy of William Larson; photo by Jeff Scovil. 
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Figure 10. Two crystal habits are most typical 

in the rubies and sapphires from Jegdalek. The 
primary crystal form is dominated by dipyramidal z 
(2241) faces, with subordinate basal pinacoid c 
(0001) and positive rhombohedral r (1011) faces. 
This crystal form was also modified by subordinate 
to intermediate dipyramidal n (2243) faces. 


mini-goniometer attached to one of the oculars on 
the microscope, employing the methods described 
by Schmetzer (1986a and b), Kiefert and Schmetzer 
(1991), and Smith (1996). For the identification of 
most mineral inclusions, we used a Renishaw 2.000 
laser Raman microspectrometer, with an argon 


Figure 12. Cabochons of 
ruby and pink to pinkish 
violet sapphire from 
Jegdalek are cut in a range 
of colors, including some 
bicolored stones. These 
samples (3.38-6.28 ct) 
formed a portion of those 
examined for this study. 
The cabochons in the inset 
(3.12-15.51 ct) show the 
typical “pure” red color of 
Jegdalek rubies. Photos by 
Maha DeMaggio. 
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Figure 11. These three ruby specimens show the 
appearance of corundum crystals from Jegdalek. 
The two smaller crystals are typical, whereas the 
longer crystal in the middle has relatively large 
pyramidal faces. Two sets of twinning lines par- 
allel to r {1011} are also visible in the largest 
crystal, which measures 2.0 cm long. Photo by 
Maha DeMaggio. 


laser source (514.5 nm}, in the spectral range 
between 100 and 2000 cm”; other mineral inclu- 
sions were identified by X-ray diffraction analysis. 


RESULTS 


Crystal Morphology. Corundum from Jegdalek is typ- 
ically subhedral, although some attractive euhedral 
crystals are found (figure 9; see also the cover of the 
Summer 1998 issue of Gems & Gemology). The 
smaller crystals (<2. ct) tend to be better formed, with 
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distinct crystal faces and sharp edges, whereas the 
external crystal forms of the larger crystals tend to be 
more heavily modified. Typically, there is little or no 
evidence of natural etching on the crystal faces. Two 
primary forms dominate the morphology of the 
Jegdalek corundum (figure 10; see also figure 11). 
Both consist of dipyramidal crystal habits composed 
of larger, dominant hexagonal dipyramidal z (2241) 
faces and smaller, subordinate basal pinacoid c (0001) 
and positive rhombohedral r (1011) faces. In the sec- 
ond primary form, the basic crystal habit c, r, z is 
modified by hexagonal dipyramidal n (2.2.43) faces. 
Much less frequently, we encountered crystal forms 
with dominant hexagonal dipyramidal « (14 14 28 3) 
faces and subordinate c, r, and occasionally n faces. 


Gemological Characteristics. Visual Appearance. 
The fancy-color sapphire samples commonly 
showed both blue and red/pink color zones, so the 
overall appearance ranged from bluish violet, 
through violet and purple, to reddish purple (see, 
e.g., figure 12). We examined only one sample of a 
“pure” blue sapphire (mounted in the ring shown in 
figure 1), which is consistent with the very small 
amount of cuttable blue sapphire seen at the mines. 
The rubies ranged from “pure” red to purplish red 
(see, e.g., figures 12 [inset] and 13); some also had 
blue zones (see Growth Characteristics below). 
Most of the fancy-color sapphires and rubies were 
medium to dark in tone, with variable weak to 
strong saturation. For the most part, the faceted 
stones were semitransparent to transparent, and the 
cabochons were semitransparent to translucent. 
Several of the samples also had translucent whitish 
areas, which microscopic examination indicated 
were remnants of the marble host rock (figure 14). 


Physical Properties. The standard gemological prop- 
erties (table 1) were consistent with corundum in 
general (see, e.g., Liddicoat, 1989; Webster, 1994) and 
with the rubies and fancy-color sapphires from 
Jegdalek described previously (e.g., Hughes, 1994). 
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Figure 13. These faceted 
rubies and pink sap- 
phires from Jegdalek 
weigh 0.68-1.25 ct. 
Photo by Jeff Scovil. 


Reaction to Ultraviolet Radiation. A range of fluo- 
rescence responses was noted according to the dif- 
ferent colors. The fancy-color sapphires typically 
revealed a faint to medium red or orange-red fluo- 
rescence to long-wave UV. The distribution of the 
fluorescence was homogeneous in some samples 
and uneven in others. In addition, a few samples 
revealed zones of orange fluorescence. A chalky 
blue fluorescence also was noted in areas of those 
samples that still had some of the marble matrix. 
Similar but weaker reactions were observed with 
short-wave UV; a few of the stones were inert. The 
blue sapphire sample was inert to both long- and 
short-wave UV. 

The rubies typically fluoresced an evenly dis- 
tributed medium to strong red to long-wave UV, 
and faint to medium red to short-wave UV. The few 


Figure 14. Translucent white masses were fre- 
quently encountered at the surface of the pol- 
ished corundums in this study. These remnants 
of the marble host rock were typically com- 
posed of calcite, sometimes with apatite and/or 
margarite. Photomicrograph by Christopher P. 
Smith; magnified 25x. 
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TABLE 1. Gemological characteristics of the rubies and 
sapphires from Jegdalek, Afghanistan. 


Property Rubies Fancy-color Blue 
(9)@ sapphires (27) sapphire (1) 
Color Red to Ranges from bluish Blue 
purplish red violet, through violet 
and purple, to 
reddish purple 
Clarity Very clean to heavily included; 
all groups) most are moderately to heavily included 
Refractive n, = 1.760-1.762 
index (all n., = 1.761.770 
groups) n= 1.76-1.77 (spot) 
Birefringence 0.008—0.009 
all groups) ; : 
Specific gravity 3.97 — 3.99: 
all groups) typical range 
3.73 —3.96: 
contained carbonate impurities 
Pleochroism 
Parallel to Reddish Mostly greenish blue, Greenish 
the c axis orange to or bluish violet to blue to 
orangy red purple blue 
Perpendi- Red-purple Mostly violet to Violet 
cular to the to purplish purple, or purple-red 
c-axis red to orangy red 
UV 
fluorescence? 
Long-wave Medium to strong ‘Faint to medium red Inert 
red (blue zones or orange-red 
are inert) (+0range zones) 
Short-wave Faint to medium Inert to very faint red Inert 
red (blue zones (+orange zones) 


are inert) 


Inclusions and Numerous partially healed and nonhealed fracture planes 
internal growth __ with a frosted texture, lamellar twinning, color zoning, a variety 
features (all of flake-like and stringer inclusion patterns, brush-stroke 
groups) or nebulous inclusion patterns, very fine grained bluish white 
clouds, weak to moderate growth structures, negative crystals 
with tiny graphite platelets, clouds of short rutile needles, 
and crystalline inclusions of: mica, apatite, calcite, zircon, 
rutile, graphite, boehmite, pyrite, marcasite, and pyrrhotite. 


Visible General absorption up to approximately 450 nm Spectrum 
absorption 468 nm (sharp, narrow) not taken 
spectrum 475 nm (sharp, weak to moderate) 


476 nm (sharp, narrow) 
525-585 nm (broad band, width dependent on Cr content) 
659 nm (faint, narrow) 
668 nm (faint, narrow) 
675 nm (very faint, narrow when present) 
692 nm (sharp, narrow) 
694 nm (sharp, narrow) 


4 Number of samples shown in parentheses. 

® Several stones additionally revealed a distinct chalky blue 
fluorescence to both long- and short-wave UV, due to the 
presence of marble matrix at the surface. 
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samples with distinct blue color zones showed no 
fluorescence in those zones. Again, a chalky blue 
fluorescence was noted with both long- and short- 
wave UV in those samples that contained remnants 
of the marble matrix. 


Specific Gravity. In general, the specific gravity of 
“pure” corundum is relatively constant, between 
3.98 and 4.01. Twenty-eight of the fashioned sam- 
ples had S.G. values near this range, between 3.97 
and 3.99. The remaining nine samples had lower 
S.G. values, which were due to the presence of car- 
bonate, either as mineral inclusions or as large areas 
of marble matrix that were not fully removed dur- 
ing cutting. Seven of these samples had S.G.’s 
between 3.91 and 3.96, whereas the two samples 
with the largest masses of marble matrix had S.G.’s 
of 3.86 and 3.73. 


Growth Characteristics. Twinning. Most of the 
fancy-color sapphire and ruby samples revealed 
numerous lamellar twin planes parallel to two or 
three directions of the positive rhombohedron r 
(1011); these are partially responsible for the low 
transparency. The better-quality samples typically 
had only one dominant system of twin planes paral- 
lel to r, whereas others also had a minor secondary 
system. The blue sapphire was not twinned. 


Internal Growth Structures. Because of the high 
degree of twinning—and, in many cases, large num- 
ber of inclusions—we could not observe internal 
growth structures in any of the translucent and most 
of the semitransparent samples studied. In a few of 
the semitransparent samples, and all the transparent 
stones, we did note weak to moderate growth struc- 
tures: straight and angular sequences of the dipyrami- 
dal crystal faces z (22.41) or n (2243) and the positive 
thombohedron r (1011), as illustrated in figure 15. 


Color Zoning. We saw weak to distinct color zoning 
in many of our samples. The fancy-color sapphires 
typically had both blue and red/pink color zones. In 
this group, the two colors tended to blend, produc- 
ing a rather even face-up coloration. In two of these 
samples, however, we noted narrow dark blue bands 
parallel to the positive rhombohedron r (figure 16). 
The blue sapphire was homogeneous in color. 

Most of the rubies were homogeneous in color. 
However, a few stones revealed adjacent red and pink 
zones, which followed the internal growth structures. 
Several of the samples in this group also displayed 
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Figure 15. Weak to moderate planar and angular 
sequences of internal growth structures were 
noted in a few of the rubies from Jegdalek. These 
typically consisted of combinations of the dipyra- 
mids z or n, as well as the positive rhombohedron 
r. In this sample, we see a combination of z 
growth planes. Photomicrograph by Christopher 
P. Smith; immersion, magnified 15x. 


zones of dark to medium blue, which stood in stark 
contrast to the surrounding ruby (figure 17). For the 
most part, these distinct blue zones tended to occur 
parallel to the positive rhombohedron r, although 
they were also noted following the growth banding 
parallel to the dipyramidal planes n and z (figure 18). 
In general, these blue color zones tended to form 
narrow bands, although they also were observed as 
larger areas. Occasionally we noted distinct geo- 


Figure 17. Strong blue color zones were observed 
in many of the Jegdalek rubies. Also note the 
flake-like inclusions associated with the blue 
zones in this 1.19 ct sample. Photomicrograph 
by Christopher P. Smith; magnified 25x. 
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Figure 16. Sharply defined blue lamellar color zon- 
ing was seen in some of the corundum samples. 
Photomicrograph by John I. Koivula; magnified 15x. 


metric formations, which resulted from the blue 
coloration following a sequence of dipyramidal and 
rhombohedral growth planes. 


Inclusions. Dense concentrations of partially healed 
and nonhealed fracture planes, in addition to numer- 
ous twin planes, were responsible for the reduced 
transparency of many of the samples in this study. 
Many of the partially healed fracture planes revealed 
a distinctly “frosted” texture (figure 19), and a few 
had an orange-to-brown epigenetic staining. 

A variety of mineral inclusions were noted; 


Figure 18. Typically the blue color zones corre- 
sponded to growth in certain crystallographic ori- 
entations—that is, along the 1, n, and z faces. The 
large blue color zone in this sample follows two 
positive rhombohedral and two dipyramidal 
growth planes. Photomicrograph by Christopher P. 
Smith; immersion, magnified 20x. 


Dipyramid 
7” 
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Figure 19. Most of the rubies and fancy-color 
sapphires in this study had a high concentration 
of partially healed fracture planes. One consis- 
tent feature of these planes was the distinctly 
“frosted” texture. Photomicrograph by 
Christopher P. Smith; magnified 50x. 


transparent colorless to translucent white crystals 
of calcite were the most common (figure 20). Also 
present in some stones were transparent to translu- 
cent colorless crystals of apatite; most of these were 
rounded (figure 21), although some had a more pris- 
matic habit. Some small transparent colorless 
rounded crystals proved to be zircon. Transparent 
colorless and translucent white masses at the sur- 
face of several polished samples were identified as 
calcite, apatite, margarite, or a combination of these 


Figure 20. Common to most marble-type deposits 
of corundum, transparent colorless rounded forms 
of calcite were identified in a number of the 
rubies and fancy-color sapphires from Jegdalek. In 
this ruby, the calcite formed a cluster of inclu- 
sions in a nearly parallel formation. Photomicro- 
graph by Christopher P. Smith; magnified 60x. 


three (again, see figure 14). Analytical testing was 
required to make these distinctions. 

Iron sulfide minerals, such as pyrite, marcasite, 
and pyrrhotite, were present along fracture and twin 
planes (figure 22), although they were also seen 
rarely as isolated grains or masses (figure 23). 
Graphite frequently was observed as solitary geo- 
metric platelets, as well as clustered in groups. In 
addition, tiny graphite scales were noted in many of 
the multi-phase negative crystals that composed the 
healed fracture planes (figure 24). Transparent brown 
platelets of mica were occasionally noted in close 
association with calcite crystals. Very dark orange to 
black crystals of rutile could be seen isolated or in 
close proximity to apatite crystals (again, see figure 
21). Rarely, very fine iridescent needles of rutile were 
concentrated in patches (figure 25). One intriguing 
inclusion was a colorless prismatic crystal, which 
could not be conclusively identified. 

Among the more interesting internal features 
seen in some of the samples were a variety of flake- 
like inclusions and stringers that were very fine in 
some instances and rather coarse in others (figure 
26). Similar types of inclusions had a more “brush- 
stroke” or “nebulous” patterning (figure 27). 
Observed in only a small number of samples was a 
very fine-grained bluish white zonal cloud that fol- 
lowed the development of the internal growth 
structures (figure 28). 

Irregular “veins” of AIO(OH) (typically 
boehmite—see “Infrared Spectroscopy” below) were 


Figure 21. Colorless, rounded, high-relief crys- 
tals of apatite and stubby, dark orange to black 
crystals of rutile were common inclusions in the 
Jegdalek corundum. Photomicrograph by John I. 
Koivula; magnified 20x. 
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also noted traversing several of the polished gems. In 
reflected light, the reduced luster of these veins, as 
compared to the higher luster of the host corundum 
(figure 29], could be mistaken for the glass-like fill- 
ings observed in heat-treated rubies. Such inclusions 
are the result of an alteration process, where a retro- 
grade metamorphic reaction alters the corundum, in 
the presence of water, to an aluminum hydroxide 
(Haas, 1972). These alteration products also formed 
needle-like inclusions that coated the surface of 
“intersection tubules” created at the junction of two 
twin planes and were seen lining the twin planes. 


Figure 24. Tiny graphite platelets were common- 
ly found within isomorphic negative crystals. 
Photomicrograph by Christopher P. Smith; mag- 
nified 80x. 
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Figure 22. One distinctive inclusion 
feature in the rubies and fancy- 
color sapphires from Jegdalek con- 
sists of iron sulfide minerals such 
as pyrite, marcasite, and pyrrhotite 
that were present along healed frac- 
ture planes (left; magnified 20x) 
and parting planes (right; magni- 
fied 15x). Photomicrographs by 
Christopher P. Smith. 


Figure 23. Pyrite formed irregular 
brassy masses in one of the sap- 
phire samples (left); a surface-reach- 
ing grain of iron sulfide was also 
present in a ruby sample (right). 
Photomicrographs by John I. 
Koivula; both magnified 15x. 


UV-Vis-NIR Spectroscopy. With a desk-model or 
handheld spectroscope, the following features were 
noted in the visible region for the fancy-color sap- 
phires and rubies: general absorption up to approxi- 
mately 450 nm, a broad band at 525-585 nm, and 
sharp lines at 468, 475, 476, 692, and 694 nm; faint 
lines were sometimes seen at 659, 668, and 675 nm 
(table 1). The UV-Vis—NIR polarized absorption 


Figure 25. Rutile needles are not typical in 
rubies from Jegdalek, although very fine, short 
rutile needles were observed in two samples. 
Their appearance was markedly different from 
the long, iridescent rutile needles typically 
found in rubies from marble-type deposits, such 
as at Mogok, Myanmar. Photomicrograph by 
Christopher P. Smith; magnified 30x. 
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Figure 26. One of the more characteristic features of 
rubies from Jegdalek consists of flake-like inclusion 
patterns and stringers that were finely textured in 
some samples and coarser in others. Similar inclu- 
sion features may be found in rubies from Vietnam 
and Mong Hsu (Myanmar). Photomicrograph by 
Christopher P. Smith; magnified 35x. 


spectra were dominated by Cr** absorption features 
that were weaker in those stones that were more 
purple to violet, and more intense in those that 
were purer red. A secondary absorption influence 
was seen as a result of the Fe?*+Ti* intervalence 
charge transfer responsible for the blue color com- 
ponent in the violet stones. These features are char- 
acteristic of all natural and synthetic ruby and pink 
sapphire, regardless of origin. 


Figure 28. Bluish white clouds followed the 
zonal growth structures in a small number of 
the Jegdalek samples. Such clouds may impart a 
kind of “sheen” to the stone, and have also 
been observed in rubies from Vietnam and 
Tajikistan. Photomicrograph by Christopher P. 
Smith; magnified 25x. 


ga 
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Figure 27. Other distinctive inclusion patterns 
showed a brush-stroke or more nebulous appear- 
ance. Photomicrograph by Christopher P. Smith; 
magnified 30x. 


Infrared Spectroscopy. In addition to the dominant 
absorption characteristics of corundum between 
approximately 400 and 1000 cm” (peak positions at 
about 760, 642, 602, and 450 cm”; Wefers and Bell, 
1972), the rubies and fancy-color sapphires in this 
study (none of which were heat treated) revealed a 
series of absorption bands in the 1900-4000 cm" 
region. The two most dominant bands were located at 
approximately 3320 cm" and 3085 cm", with an addi- 
tional pair of weaker bands at approximately 2.100 and 


Figure 29. The reduced luster of a seam or vein of 
aluminum hydroxide (such as boehmite) visible 
on the surface of a ruby or sapphire from Jegdalek 
may at first resemble the glass-like residues pre- 
sent in many heat-treated rubies. With closer 
inspection, however, the inclusion features 
should clearly reveal the nonheated condition of 
such a stone. Photomicrograph by Christopher P. 
Smith; reflected light, magnified 25x. 
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1980 cm (figure 30). These absorption bands are relat- 
ed to OH-stretching frequencies and indicate the pres- 
ence of the mineral boehmite (Farmer, 1974; Wefers 
and Misra, 1987). Several of the samples displayed 
such strong AlO(OH) absorption features that it was 
not possible to determine which aluminum hydrox- 
ide was present (i.e., boehmite or diaspore). However, 
not all samples had the AlO(OH)-related bands. 
Absorption bands associated with mica and calcite 
were also recorded occasionally. 


Chemical Composition. The most significant trace- 
element variations recorded were in chromium con- 
centration (table 2); in both the fancy-color sapphires 
and rubies, Cr concentration correlated directly to 
depth of red to pink color in the area measured. The 
other color-causing transition metals, titanium and 
iron, were the next most significant trace elements 
recorded, followed by measurable amounts of vana- 
dium and gallium. The presence of additional trace 
elements (ie., calcium, zirconium, potassium, man- 
ganese, and zinc) was related to inclusions at or just 
below the surface of the area analyzed. 

Chemical fluctuations between consecutive peri- 
ods of crystal growth, as well as a preferential crys- 
tallographic orientation of the color-causing mecha- 
nisms of Cr** (ruby) or Fe**Ti** (blue sapphire}, 


Figure 30. Many of the rubies and fancy-color sap- 
phires from Jegdalek revealed infrared absorption 
bands at 3320 and 3085 cm™' and weaker peaks at 
2100 and 1980 cm”. These indicate the presence of 
boehmite, which was seen in veins or lining part- 
ing planes. Such absorption characteristics are 
helpful not only in identifying foreign mineral 
phases that may be present, but also for indicating 
that the gem has not been heat treated. 
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TABLE 2. Semi-quantitative chemical analyses by 
EDXRF for rubies and fancy-color sapphires from 
Jegdalek, Afghanistan. 


Oxide Rubies Fancy-color Blue 
(wt.%) (16) sapphires (20) sapphire (1) 
Al,0, 92.9-99.6° 99.1-99.7° 99.3 
Cr,05 0.250-1.971 0.037 -0.445 0.009 
Ti0, 0.002 -0.078 0.008 -0.145 0.046 
Fe,0; 0.016 -0.174 0.068 - 0.431 0.068 
V,0, 0.013 -0.062 0.005 - 0.035 0.012 
Ga,0; 0.003 -0.031 0.009 - 0.061 nd° 


4 Number of samples are shown in parentheses. Trace-element 
analyses by ICP-AES were also obtained for one medium red ruby: 
0.31 wt.% CaO, 0.006 wt.% V,O0,, 0.35 wt.% Cr,O,, 0.36 wt.% FeO, 
0.17 wt.% MgO, 0.20 wt.% K,O, <30 ppm Mn, 50 ppm Cu, 

870 ppm Zn, 36 ppm Sr, 45 ppm Nb, 8 ppm Ba, 32 ppm Pb; 

Be and Ga were below the detection limits of 8 ppm and 30 ppm, 
respectively. See also EDXRF analyses of Jegdalek rubies reported 
by Muhimeister et al. (1998). 

° The Al,O,, concentration of some samples was reduced by the 
presence of other minor and trace elements from mineral inclusions 
located at or just below the surface of the area measured. 

° Not detected. 


are responsible for the color zoning observed in the 
samples. 


DISCUSSION 


A few previous studies have documented some of 
the gemological characteristics of corundum (pri- 
marily rubies) from this deposit (Bowersox, 1985, 
1995; Hughes, 1994, 1997). In general, our results 
are consistent with those of other studies, although 
certain mineral inclusions described by Hughes 
(1994, 1997) were not encountered during this 
study. These include macro-size crystals of garnet, 
chondrodite, spinel, hornblende, and dolomite. 

Since this study included only one blue sapphire 
and the majority of the fancy-color sapphire sam- 
ples were lower quality, it will not be possible to do 
a competent comparison to similar-colored sap- 
phires from other marble-type sources. Therefore, 
the bulk of this discussion will compare Jegdalek 
rubies with those from other deposits. 

If one uses the combination of inclusion patterns 
(e.g., clouds, “flakes” [actually, groups of pinpoints], 
and stringers, specific mineral inclusions, internal 
growth structures, and chemical composition, it 
should not be a problem to separate Afghan rubies 
from those of basaltic deposits (e.g., Thailand, Laos, 
Cambodia, and Australia), or metasomatic deposits 
(e.g., Madagascar, Tanzania, and Kenya). In general, 
Afghan rubies and fancy-color sapphires are similar 
to those from other marble-type sources (e.g., 
Southeast Asia and Africa, as well as Pakistan and 
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Tajikistan). However, the specific inclusion features 
and internal growth structures of the Afghan rubies 
closely resemble those found at only a few of these 
deposits: Nepal, Mong Hsu (Myanmar), northern 
Vietnam, and, to a lesser degree, Tajikistan. 
Therefore, we shall limit the discussion of source 
distinction to comparison with ruby deposits in 
Nepal, Mong Hsu, and northern Vietnam. Note that 
the internal features that separate Jegdalek rubies 
from those of other localities will also clearly sepa- 
rate them from most synthetic corundum. 


Nepal. There are several similarities between 
Afghan rubies and those from Nepal (see Harding 
and Scarratt, 1986; Kiefert and Schmetzer, 1986, 
1987; Bank et al., 1988; Smith et al., 1997), and their 
separation may not be possible in all cases. For 
example, rubies from both localities may contain 
large rutile crystals and zones of short, very fine 
rutile needles (see figure 25), transparent colorless 
crystals of calcite and margarite; and AlO(OH) [both 
diaspore and boehmite]. However, there are some 
noteworthy distinctions. On the one hand, the 
euhedral, hexagonal, and rod-shaped crystals of 
apatite identified in rubies from Nepal were not 
encountered in the rubies from Jegdalek. On the 
other, the rounded colorless crystals of zircon in the 
Jegdalek samples have not been reported in 
Nepalese ruby. Similarly, while rubies from both 
localities contain partially healed fracture planes, 
only in the Afghan stones was a “frosted” texture 
noted on these planes. 

The iron-sulfide inclusions and bluish white 
zonal clouds seen in some Afghan rubies (see figures 
23 and 28, respectively) were not present in the 
Nepal samples. In contrast, uvite tourmaline, anor- 
thite feldspar, and a black mineral grain surrounded 
by minute rutile needles documented in Nepal sam- 
ples were not seen in the Afghan samples. 
Geometric platelets of graphite were noted in many 
of the Jegdalek samples, as were graphite scales in 
negative crystals (see figure 24). In the Nepal rubies, 
graphite was present only as coarse grains, often 
within larger mineral inclusions. The various flake- 
like and other inclusion patterns of the Jegdalek 
rubies were not observed in the Nepal rubies, where- 
as the antennae-like inclusion patterns so prevalent 
in Nepal rubies were not seen in the Jegdalek stones. 

Although the internal growth structures and 
color zoning of corundum from both sources are 
almost identical, the wedge-shaped or wispy blue 
color zones in the Nepal stones are unique. 
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Mong Hsu. Rubies from Mong Hsu (Smith and 
Surdez, 1994; Smith, 1995; Peretti et al., 1995) and 
Jegdalek may seem similar at first, but a thorough 
investigation should reveal distinct differences. 
First, to remove the dark violetish blue color zone 
in the core of Mong Hsu rubies, the vast majority 
are heat treated. Therefore, an unheated ruby proba- 
bly is not from Mong Hsu. 

Macro-size mineral inclusions, although rela- 
tively common in the Jegdalek samples, are encoun- 
tered infrequently in Mong Hsu rubies. Minerals 
identified as inclusions in Mong Hsu rubies to date 
include crystals of dolomite, apatite, diaspore, 
rutile, fluorite, and spinel. 

“Cross-hatch,” flake-like, and stringer forma- 
tions are characteristic of rubies from Mong Hsu. 
Although the flake-like and stringer formations in 
rubies from Jegdalek (see, e.g., figure 26) may appear 
similar, closer scrutiny will reveal the unique tex- 
ture, concentration, and crystallographic association 
of these inclusions in the Mong Hsu rubies. 

The differences in internal growth structures are 
also conclusive. In Mong Hsu rubies, the prominent 
Cc, t, 0, w growth sequence, combined with the c, n 
core zone formation, contrasts sharply with the 
mostly subtle z, n, and r structures present in the 
Jegdalek samples. 


Northern Vietnam. There are several similarities 
between rubies from northern Vietnam (Kane et al., 
1991; Smith, 1996) and Afghanistan, and their sepa- 
ration may prove impossible in some cases. Rubies 
from both sources are known to contain macro-sized 
crystals of rutile, as well as zones of short, very fine 
rutile needles. However, long, iridescent rutile nee- 
dles have not been recorded in Jegdalek rubies. 
Transparent colorless crystals of calcite, apatite, and 
zircon, as well as the general presence of AIO(OH) 
[both diaspore and boehmite], in addition to the very 
fine-grained bluish white clouds, also do not offer 
much insight into the probable source. However, the 
rod-shaped crystals of calcite identified in rubies 
from northern Vietnam were not encountered in the 
Jegdalek rubies. Conversely, neither the “frosted” 
texture noted in the healed fracture planes of the 
Afghan stones (see figure 19), nor the iron-sulfide 
inclusions that line fracture or parting planes (see fig- 
ure 22), have been seen in Vietnamese rubies. 
Pyrrhotite occurs as black rods in Vietnamese 
rubies, and the epigenetic inclusion nordstrandite 
may be present. However, Vietnamese rubies have 
not been seen to contain the geometric platelets of 
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panied by emission of energy, which 
may be in the form of light. This 
is the Bohr theory of the atom, 
which is now outmoded and has 
been replaced by a purely mathe- 
matical treatment known as _ the 
quantum theory. The Bohr theory, 
however, is easy to visualize and is 
still useful for elementary discus- 
sions. 

The most common manner in 
which the electrons of an atom are 
driven to a higher energy level is 
by application of heat. When a solid 
is heated until it becomes red hot 
jt is said to be ineandescent. In such 
a case the heat energy has driven 
the electrons to a higher energy 
level, and as they return to their 
stable condition light is emitted. 
Visible light is emitted only when 
the frequency. of motion of the elec- 
trons becomes rapid enough to prop- 
agate waves having a frequency in 
the range to which the human eye 


‘is sensitive, 


Another manner in which the 
electrons of an atom may sometimes 
be driven to a higher energy level 
is by supplying energy in the form 
of ultraviolet light. If as the elec- 
trons return to a stable condition, 
light is emitted, the substance is 
said to be fluorescent. 

Now that a theory of fluorescence 
has been proposed, our problem is to 
determine why in some substances 
the emission of visible light is 
brought about by excitation by ul- 
traviolet light without application 
of heat. A commonly proposed 
theory to explain this phenomenon 
is to suppose that certain atoms 
present in the crystal as impurities 
do not fit well into the pattern as- 
sumed by the atoms of the material 
in question and thus cause the-crys- 
tal to be in a condition of strain. In 
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this strained condition the crystal 
components are set into the neces- 
sary vibratory motion when radiat- 
ed by ultraviolet light, and fluores- 
cence results. 

In the case of diamonds this 
above-disecussed theory will not al- 
ways offer a logical explanation. be- 
cause many fluorescent diamonds 
are exceedingly pure chemically. In 
the case of industrial diamonds, 
where the degree of chemical purity 
is considerably less, it might at 
first be supposed that there would 
be a relation between chemical im- 
purities and fluorescence. However, 
at the present time there is no ap- 
parent correlation between chemical 
composition and fluorescence. 


Theories of Diamond Structure 


Recent studies into the atomic 
structure of diamond have led to a 
proposal by Sir C. V. Raman of the 
Indian Institute of Science, Banga- 
lore, India,’ that the fluorescence of 
diamond may be related to atomic 
structure. Raman and his associates 
have proposed that there are actual- 
ly four different types of diamonds, 
differing slightly from one another 
in the manner in which the atoms 
are arranged in space. T:wo of 
the four proposed structures are 
thought to be of tetrahedral symme- 
try and the other two to be octahe- 
dral. 

Raman summarizes his results by 
stating that the blue fluorescence is 
caused by an intergrowth of the 
positive and negative tetrahedral 
structures. The interpenetration of 
the tetrahedral and _ octahedral 
structures gives rise to the yellow 
fluorescence. 


(Continued on Page 398) 
1Proceedings of the Indian Academy of Sci- 


ences, Vol. XIX, No. 5, pp. 199-215 (May, 
1944). 


Figure 31. The Jegdalek deposits should continue to 
produce attractive ruby and pink sapphires. The 
10.88 ct ruby in this 18K pendant/brooch has been 
carved in the Glyptic Illusion style. The piece was 
designed by Beverly Bevington and manufactured 
by Gary Mills. Photo by Jeffrey Scovil. 


graphite noted in many of the Jegdalek samples, nor 
the graphite scales present in the negative crystals. 

Although there are many similarities in the flake- 
like and other inclusion patterns of the rubies from 
both sources, the flake-like inclusions in many 
Jegdalek samples have a coarser texture. The internal 
growth structures and color zoning also may be simi- 
lar, although rubies from northern Vietnam frequent- 
ly show prominent growth structure sequences, 
which we have not observed in the Afghan samples. 
In addition, Vietnamese rubies reveal a much wider 
range of dipyramidal crystal habits, including addi- 
tional crystal faces of the dipyramids v and w and the 
negative rhombohedron d. 


Trace Elements. The concentrations of V, Ti, Fe, 
and Ga may provide some evidence for locality 
determination, although the specific distinctions 
are very subtle and beyond the scope of this article. 


Infrared Spectra. Certain trends were evident when 
absorption features related to AlO(OH) inclusions 
were present. Boehmite-related features were seen 
more frequently in rubies from Jegdalek, Nepal, and 
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Vietnam, whereas rubies from Mong Hsu more typi- 
cally revealed absorption bands related to diaspore. 
However, when dominant IR absorption bands 
between approximately 2600 and 3800 cm’ are quite 
strong, a clear distinction between diaspore and 
boehmite is not always possible. The presence of 
AIO(OH) in the spectrum also may provide welcome 
proof that a ruby is not heat treated, as well as a very 
good indication of whether it is natural or synthetic. 


CONCLUSION 


Over the past century, the Jegdalek deposit in east- 
central Afghanistan has supplied large quantities of 
cabochon-grade ruby (figure 31), and pink sapphire to 
the gem trade. Some very fine stones from this local- 
ity have also been cut. The semitransparent to 
translucent nature of the material is due to dense 
concentrations of fractures, as well as to the high 
degree of twinning in some samples. The most com- 
monly observed internal features are partially healed 
and nonhealed fracture planes, lamellar twin planes 
parallel to r, color zoning (i.e., red/pink and blue 
areas), and mineral inclusions of calcite, apatite, zir- 
con, mica, iron sulfides, graphite, rutile, and alu- 
minum hydroxide. Rubies from Jegdalek usually can 
be separated from those of other localities by evalu- 
ating a combination of the inclusion patterns, min- 
eral inclusions, and internal growth structures. 

Although the Jegdalek deposit has the potential 
for year-round production of rubies and fancy-color 
sapphires that are suitable for fine jewelry, explo- 
ration and mining have been hindered by the politi- 
cal environment in Afghanistan. Although local 
tribal leaders are interested in using modern tech- 
nology and equipment to increase production, they 
must wait until a stable and favorable government 
is formed in Kabul. 
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IDENTIFICATION OF 
HPHI-TREATED YELLOW TO 
GREEN DIAMONDS 


By Ilene M. Reinitz, Peter R. Buerki, James E. Shigley, Shane F. McClure, and Thomas M. Moses 


Examination of recently introduced greenish 
yellow to yellowish green HPHT-treated dia- 
monds from three companies revealed several 
identifying characteristics. Gemological prop- 
erties include a highly saturated body color, 
well-defined brown to yellow octahedral 
graining, moderate to strong green “transmis- 
sion” luminescence to visible light (associated 
with the graining), and visual evidence of 
heating. Most of the treated diamonds, includ- 
ing some from each of the three sources, 
exhibit chalky greenish yellow to yellow-green 
fluorescence to UV radiation (long- and short- 
wave). Distinctive features seen with a hand- 
held spectroscope include a 415 nm line, a 
strong band from about 480 to 500 nm, a 
strong line at 503 nm, and emission lines at 
505 and 515 nm. IR spectra reveal that they 
are type Ia diamonds. Near-IR spectra show a 
peak at 985 nm, an indicator of high-tempera- 
ture exposure. A small number of these HPHT- 
treated diamonds are yellow to brownish yel- 
low; they do not show any green transmission, 
but other properties identify them as treated. 
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everal companies are now treating brown diamonds 

with high pressure and high temperature (HPHT) to 

transform their color to greenish yellow, yellowish 
green, yellow, or brownish yellow (figure 1). These include 
the General Electric (GE) Company, Novatek, and unidenti- 
fied organizations in both Russia and Sweden. Both GE and 
Novatek are concentrating their efforts on producing colors 
with an obvious green component (Templeman, 2000; 
Federman, 2000; Anthony et al., 2000). In contrast, the 
Swedish manufacturer apparently is trying to produce colors 
similar to those of natural yellow diamonds (J. Menzies, 
pers. comm., 2000). Moses and Reinitz (1999) briefly 
described some of the treated diamonds from these various 
manufacturers. The present article reports the gemological 
and spectroscopic properties of a large number of diamonds 
treated in this fashion, and discusses how the gemological 
properties compare to those of the rarest and most desirable 
of the stones that they resemble: natural-color greenish yel- 
low to yellow-green diamonds. 


BACKGROUND 
An article by Shigley et al. (1993) on gem-quality synthetic 
yellow diamonds from Novosibirsk, Russia, described three 
greenish yellow to yellow synthetic diamonds that had been 
heat treated at high pressure to alter their color. This treat- 
ment was done in the same apparatus in which the dia- 
monds were synthesized. Although the gemological and 
spectral properties of those synthetics are rather different 
from the treated-color natural diamonds reported on here, 
we believe that article was the first report in the gemologi- 
cal literature on HPHT treatment to alter diamond color. 
From fall 1996 through winter 1997, approximately 50 
natural diamonds of unusual greenish yellow to yellow- 
green color were submitted to the GIA Gem Trade 
Laboratory for identification reports (Reinitz and Moses, 
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Figure 1. These diamonds have 
all been treated at high pressure 
and high temperature (HPHT). 
Clockwise from top right: 1.01 
and 0.52 ct diamonds treated by 
GE; yellow diamonds (0.23-1.01 
ct) treated by an unknown 
source in Sweden; rough dia- 
monds after treatment by 
Novatek, 0.88-1.68 ct. GE and 
Novatek photos by Maha 
Tannous; photo of Swedish 
stones by Elizabeth Schrader. 


1997). These diamonds displayed gemological and 
spectroscopic properties—saturated color, strong 
graining, burn marks and other visual evidence sug- 
gestive of heating, and certain bands in the absorp- 
tion spectra—that, in light of the current study, sug- 
gest that some of them may have been treated using 
HPHT technology very similar to the current tech- 
nique. We do not know where those diamonds were 
treated. However, Van Bockstael (1998) described 
diamonds with similar colors and gemological char- 
acteristics, and stated that they had undergone 
HPHT treatment in Russia. Henn and Milisenda 
(1999) reported on similar material, as did De 
Weerdt and Van Royen (2000). Buerki et al. (1999) 
wrote a technical report on the spectra and features 
of both natural and treated type Ia yellow diamonds 
with green luminescence, and hypothesized as to 
what kinds of treatment might yield the features 
observed. Recently, Collins et al. (2000) reported the 
infrared- and visible-range spectroscopic features of 
HPHT-treated diamonds, and discussed how the 
treatment conditions affect the color centers in type 
Ia diamond. 

Both GE and Novatek have been open to dis- 
cussing details of how they perform these treat- 
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ments (T. Anthony and D. Hall, pers. comms., 2000). 
Using the same types of apparatus as are used to syn- 
thesize single-crystal diamonds, they place natural 
diamonds under a high confining pressure of about 6 
Gigapascals (GPa, equal to 60 kilobars). While the 
stones are at high pressure, they expose them to high 
temperatures, up to 2100°C, for short periods (i.e., 
less than 30 minutes, in some cases much less). 
These conditions are similar to those used by GE to 
decolorize diamonds (Anthony and Casey, 1999), but 
the starting materials are nitrogen-bearing type Ia 
brown diamonds, rather than nominally nitrogen- 
free type Ila diamonds. As with the GE POL decol- 
orization process, however, polished diamonds must 
be repolished to remove surface damage after HPHT 
exposure. Although the treated diamonds produced 
from these two sources are generally similar in 
appearance and gemological properties, this does not 
mean that these companies are using identical 
HPHT equipment and treatment conditions. 
However, it is not our intention to compare in detail 
the specific products of the various manufacturers. 
Rather, this article will focus on those gemological 
characteristics that will facilitate identification of 
this kind of treated diamond in general. 
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Figure 2. Brown to yellow planar graining was 
found in most of the treated diamonds examined 
in this study. Photomicrograph by James E. 
Shigley; magnified 10x. 


MATERIALS AND METHODS 


For this study, we examined 63 diamonds that were 
known to have been HPHT treated: 41 faceted (round 
brilliants and fancy shapes) and 22 rough. Thirty-one 
of the samples were from GE, 25 were from Novatek 
(including all 22 rough stones), and seven were from 
the Swedish manufacturer. Seven of the rough dia- 
monds were examined before and after they were 
treated by Novatek. We polished small “windows” 
on 11 of the rough samples (including two of the 
before-and-after samples) to facilitate examination of 
their internal features and recording of spectra. All 
samples were examined with a binocular gemologi- 
cal microscope and various illumination techniques, 
a long-wave (366 nm) and short-wave (254 nm) 
Ultraviolet Products UV lamp unit, and both a Beck 
prism and a Discan digital-scanning diffraction-grat- 
ing spectroscope. Two Hitachi U-4000 series spec- 
trophotometers were used to record absorption spec- 
tra at liquid-nitrogen temperature over the range of 
250-1000 nm. Infrared spectra were recorded with a 
Nicolet 760 Fourier-transform infrared (FTIR) spec- 
trometer over the range 400-25,000 cm", or a 
Nicolet 550 FTIR spectrometer over the range 400- 
11,000 cm!. Photomicrographs were taken with a 
Nikon SMZ-U Photomicroscope. 


RESULTS 


Description of the Treated Samples. In our overall 
observations, the diamonds from all three treaters 
showed comparable properties. On the basis of 
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TABLE 1. Properties of HPHT-treated diamonds from 
GE, Novatek, and an undisclosed source in Sweden. 


Property Major group (57)@ Minor group (6) 

Color Greenish yellow to Yellow to brownish 
yellow-green (36); yellow (6) 
yellow-green to 
yellowish green (21) 

Color zoning Brown to yellow Brown graining (4): 

(seen in graining (41); none (16) none (2) 

diffused light) 

Microscopic Etched naturals or Etched naturals or 

features feathers, or tension feathers (5); no 
fractures, often containing naturals or fractures (1) 
graphite (32); naturals 
without a frosted 
appearance (2); no 
naturals or fractures (23) 

UV fluorescence 

Long-wave Greenish yellow to Green to greenish 
yellowish green, strong in yellow (3); blue plus 
most cases, with a chalky yellow (1); chalky 
appearance (39): blue, appearance (4); none (2) 
plus yellow or greenish 
yellow, with a chalky 
appearance (17); none (1) 
Short-wave Greenish yellow to Green to greenish 


Luminescence 


yellowish green (53); 
yellow (4), chalky appear- 


ance (40— includes the 
4 that showed yellow) 


Moderate to strong 


yellow (3); yellowish 
green + blue (3); 
chalky appearance (4) 


None (4); weak blue 


excited by green (56); moderate plus green (2) 
visible light green plus weak blue(1) 
("transmission") 
Spectroscope Strong 503 nm line (57); 415 nm line (1); no 
spectrum dark band from 480—500 lines (5) 
nm (41)—of these 
21 show a 415 nm line 
and 20 show emission 
lines at 505 and 515 nm 
UV-Vis-NIR Weak peak at 415 nm, Sharp rise in 
absorption strong to very strong peak absorption toward 
spectra at 503 nm, and weak to shorter wavelengths 
strong peak at 985 nm with no sharp peaks 
(45); weak broad band (4); or, sharp rise in 
centered at 550 nm (29); absorption toward 
weak peak at 535 nm shorter wavelengths 
(21); weak peak at 637 with weak peak at 985 
nm (14): or weak peaks nm (1); weak peaks 
at 415 and 503 nm, at 415 and 503 nm, 
weak to moderate peak weak to moderate 
at 985 nm, and rising peak at 985 nm, and 
absorption toward rising absorption 
shorter wavelengths (9) toward shorter 
wavelengths (1) 
Mid-infrared laB >A (26) laA >B (2) 
spectrum laA >B (14) laB >A (2) 
(diamond type) laA ~B (14) laA ~B (2) 
laA (3) 
Other mid-infrared 3144 cm-1 (2) None 
features 
@ Number of samples in parentheses. 
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Figure 3. After HPHT treatment, etching and pit- 
ting of the surface of this 0.53 ct Novatek diamond 
obscured the internal features. Fashioned stones 
always require repolishing after treatment. Photo- 
micrograph by Shane Elen; magnified 10x. 


these properties, we found that the 63 samples 
divided naturally into two groups: those that did or 
did not show significant green luminescence to visi- 
ble light (table 1). Because there are many more 
samples that showed green luminescence (57) than 
did not (6), we refer to these two groups as “major” 
and “minor” in table 1. 


Color. The colors of all the treated samples were 
highly saturated (see again figure 1), and many of 
them were dark in tone. Most were greenish yellow 
to yellow-green, but six were yellow to brownish 
yellow. The greenish yellow to yellowish green 
hues shifted noticeably with different light sources. 
In particular, direct sunlight excited green lumines- 
cence in these diamonds, enhancing the green com- 
ponent considerably. The overall color, including 
this green luminescence, also was enhanced tem- 
porarily (became more saturated) just after the dia- 
monds were exposed to temperatures typical of 
those used for jewelry repair (up to 1,000°C), but the 
color reverted to its original appearance as it cooled 
(T. Anthony, pers. comm., 2000; TMM also 
observed this color difference in the course of set- 
ting one of the jewelry pieces in figure 1). 


Features Seen with Magnification. The most com- 
mon feature seen with magnification (observed in 
45 samples) was brown-to-yellow planar graining 
that was oriented along one or more octahedral 
directions, forming banded or intersecting patterns 
of color zoning, as shown in figure 2. This colored 
graining varied in intensity from weak to very 
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Figure 4. The conditions used for HPHT treatment 
lead to etching of surfaces that can be observed 
even after repolishing. Note the translucent, frost- 
ed appearance of this fracture. Photomicrograph by 
Shane Elen; magnified 10x. 


strong. The treated rough samples and one fash- 
ioned sample (not yet repolished) from Novatek 
showed etching and pitting of their surfaces (figure 
3), which obscured internal features. Eighteen pol- 
ished diamonds showed microscopic evidence of 
heating, such as etched and/or pitted naturals, 
etched or graphitized fractures (figures 4 and 5), or 
crystalline inclusions with tension fractures around 
them. Two polished diamonds with small naturals 
did not show any etching or graphitization. 


Figure 5. In some of the diamonds, graphite 
formed along fracture surfaces during HPHT 
treatment. Photomicrograph by James E. 
Shigley; magnified 10x. 
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Figure 6. The typical reaction of these treated dia- 
monds (0.45-0.70 ct) to long-wave UV is chalky 
greenish yellow to yellowish green. Photo by 
Maha Tannous. 


Luminescence. We observed moderate to strong, 
greenish yellow to yellowish green fluorescence to 
long-wave UV radiation in 68% of the greenish yel- 
low to yellowish green samples; the remaining 32% 
showed a mixture of blue with yellow or greenish 
yellow. In 56 of the 63 diamonds, regardless of the 
fluorescence color, the reaction appeared chalky or 
hazy (figure 6); in some faceted samples, this chalki- 
ness appeared particularly strong at the culet. The 
yellow to brownish yellow diamonds showed weak- 
er fluorescence to long-wave UV, in colors similar 
to those of the other diamonds. When exposed to 
short-wave UV, 93% of the greenish yellow to yel- 
lowish green samples showed moderate to strong 
greenish yellow to yellowish green fluorescence, 
and the remainder fluoresced yellow, 40 of these 
reactions appeared chalky. The yellow to brownish 
yellow samples again showed weaker fluorescence 
in similar colors. In general, the fluorescence was 


Figure 8. The hand or 
desk-model spectroscope |400 
shows a spectrum that is 

characteristic for most 
HPHT diamonds: a strong 
band at about 480-500 
nm, a strong line at 503 
nm, and sometimes a 
weak line at 415 nm 
and/or emission lines at 
505 and 515 nm. 
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Figure 7. The strong green “transmission” (lumi- 
nescence to visible light) displayed by these typical 
HPHT-treated yellow diamonds emanates from 
graining planes. Photomicrograph by James E. 
Shigley; magnified 10x. 


more intense to long-wave than to short-wave UV, 
although a few samples exhibited the same intensi- 
ty to both wavelengths and three that fluoresced 
weakly to short-wave UV showed no reaction to 
long-wave UV. 

When illuminated by a strong visible light 
source, such as a fiber-optic lamp, all but the six yel- 
low to brownish yellow samples exhibited moder- 
ate to strong green luminescence (green “transmis- 
sion”). When these diamonds were examined with 
fiber-optic lighting at 10x magnification, this lumi- 
nescence was clearly seen to originate from the 
brown to yellow planar internal graining in 35 of 
the 41 samples with graining (figure 7); in some 
samples, the etched surface prevented observation 
of the distribution of the green transmission. 


Spectra. With a handheld or desk-model spectro- 
scope and transmitted light, we usually saw a strong 
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absorption line at 503 nm and a dark band from 
about 480-500 nm in the greenish yellow to yellow- 
ish green treated diamonds. A weak to moderate 
415 nm line also was observed in 22 of the samples, 
including one brownish yellow diamond, and green 
emission lines at 505 and 515 nm were seen in 20 
samples (not all of which had the 415 nm line). All 
of these features are shown in figure 8. With reflect- 
ed light, many samples showed a distinct line at 
494 nm and a narrower dark band at a slightly lower 
wavelength. Five of the yellow samples showed no 
features in the hand spectroscope. 

The UV-Vis-NIR spectra fell into three cate- 
gories, as shown in figure 9. The most common 
spectrum (seen in 45 greenish yellow to yellowish 
green samples; figure 9A) revealed the presence of a 
weak N3 band (primary line at 415 nm], a strong to 
very strong H3 band (primary line at 503 nm}, and a 
weak to strong H2 band (primary line at 985 nm), 
the first two lines correspond to those seen in the 
hand spectroscope. The emission lines observed 
with the hand spectroscope were not recorded by the 
spectrophotometer. (See Clark et al. [1992] for a thor- 
ough discussion of color centers in diamond, their 
associated absorption features, and their transforma- 
tions during annealing.) One or more of three addi- 
tional features were seen in about half of these sam- 
ples: a weak to moderate broad peak centered around 
550 nm; a weak, sharp peak at 535 nm; and/or a 
weak, sharp peak at 637 nm (associated with the NV 
center). Ten samples (nine greenish yellow to yel- 
lowish green and one brownish yellow) showed fea- 
tures similar to those in the first category, but with 
different relative intensities, overlaid on a steep over- 
all rise in absorbance from about 500 nm toward the 
shorter wavelengths (figure 9B). In the third category, 
five of the six yellow to brownish yellow samples 
showed a sharp rise toward shorter wavelengths but 
no NB or H3 features (figure 9C); only one of these 
five samples showed an H2 absorption. 

FTIR spectra in the near-infrared range, taken at 
room temperature, also showed the 985 nm peak. 
Although one of our FTIR instruments (the Nicolet 
550) detected this feature less well than the low- 
temperature visible-NIR spectrometer, the other 
FTIR instrument detected it with distinctly higher 
sensitivity. The mid-infrared spectra of all samples 
showed features typical of type Ia diamonds. The 
aggregation states of nitrogen varied: Three samples 
showed A aggregates alone; the remainder showed 
absorption peaks for both A and B aggregates, with 
about half showing stronger B-aggregate absorption 
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UV-Vis-NIR Absorption Spectra 
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Figure 9. The low-temperature UV—-Vis—NIR absorp- 
tion spectra of these HPHT treated diamonds show 
some distinctive features. (A) The samples most 
commonly exhibit weak absorption at the N3 band 
(415 nm), strong absorption at the H3 band (503 
nm), moderate absorption at the H2 center (985 
nm), and in some cases, a weak to moderate broad 
peak centered at 550 nm, a weak sharp peak at 535 
nm, and a weak peak at 637 nm. A vertical expan- 
sion of 10x is used to emphasize the subtle features 
between 510 and 620 nm (see inset). (B) A smaller 
number of the HPHT-treated diamonds show rising 
absorption from about 500 nm toward shorter 
wavelengths, as well as the N38, H3, and H2 bands. 
(C) The spectra of the yellow to brownish yellow 
diamonds showed simply a smooth rise in absorp- 
tion toward the shorter wavelengths. 


and half showing stronger A-aggregate features 
(Evans, 1992). In several cases, two infrared spectra 
of the same sample showed slight differences in the 
relative heights of the A and B aggregate peaks—an 
indication of the inherently inhomogeneous distri- 
bution of nitrogen in diamond. Two samples 
showed weak absorption peaks at 1344 cm", a fea- 
ture associated with single substitutional nitrogen. 


Comparison of Samples Before and After Treat- 
ment. The “after” observations of six crystals 
examined both before and after HPHT treatment 
and one crystal before and after partial processing 
(J. Fox, Novatek, pers. comm., 2000) by Novatek 
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TABLE 2. Properties of seven diamond crystals, in 
three color categories, before and after HPHT treatment 


by Novatek.? 


Property Before After 
Color A. Pale yellow (1) A. Brownish yellow (1) 
B. Dark brown (1) B. Brownish yellow (1) 
C. Brown (5) C. Greenish yellow (5) 
Microscopic Worn, translucent Etched, pitted surface (7); 
features surface (7) graphitized fractures (7) 
UV fluorescence 
Long-wave A. Moderate blue A. Moderate blue + green 
B. Weak yellow B. Weak green 
C. Weak to moderate C. Strong to very strong 
greenish yellow greenish yellow to 
green-yellow, very 
chalky 
Short-wave A. Weak yellow A. Very weak yellowish 
gree 
B. None B. Very weak, chalky 
green-yellow 
C. None (2); weak C. Moderate, chalky 
yellow (3) green-yellow (5) 
Green A. None A. None 
luminescence B. Very weak B. Very weak, along 
excited by graining 
visible light C. Weak to moderate, C. Strong 
some patchy 
Spectroscope A. 415 nm line A. 415 nm line 
spectrum B. 415 nm line, B. 415 nm line, 
weak 503 nm line moderate 494 and 
503 nm lines 
C.415 nm line, C.415 nm line, band at 
weak 503 nm line about 480—500 nm, 
strong 503 nm 
line, emission lines 
at 505 and 515 nm 
UV-Vis-NIR A. N3 and very weak A. N3 and weak H3 
absorption 535 nm peak 
spectra B. Rising absorption B. Rising absorption 
toward shorter toward shorter 
wavelengths, N3 wavelengths, N3, 
band with principal moderate H3, 
line at 415 nm, weak NV band at 
weak H3 band with 637 nm, and H2 
principal line a band with principal 
503 nm, weak broad line at 985 nm 
band at 550 nm 
C. Rising absorption C.N3, strong H3, 
toward shorter weak NV and H2 
wavelengths, N3, bands (5); four still 
weak H3, 550 nm show 550 nm 
broad band broad band 
Infrared Mixed laA and laB Mixed laA and laB 
absorption nitrogen aggrega- nitrogen aggrega- 
spectra tion (7) tion (7) 
Amber center at 4166 No amber centers 
cm(6; not in pale 


yellow sample) 


4Where appropriate, results have been categorized (A,B, and C) 
according to diamond color. The number of samples is given in 
parentheses. “A” is the partially processed sample. 
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are included in the results described above. In this 
section, we will examine how the properties of 
these samples changed with treatment (see table 2). 
Both the pale yellow crystal (that underwent partial 
processing) and a dark brown one were brownish 
yellow after treatment; the other five changed from 
brown to greenish yellow (figure 10). Before treat- 
ment, all seven had wom, translucent surfaces that 
obscured the view of the interior; brown graining 
was observed in the single dark brown sample, one 
of the two on which a window had been polished. 
After treatment, all seven crystals had etched, pit- 
ted surfaces, and graphitized fractures. 

With treatment, the fluorescence to long-wave 
UV became greener in all seven samples, and it 
became stronger in both intensity and chalkiness in 
the five diamonds that turned greenish yellow. The 
fluorescence to short-wave UV developed or became 
greener in all seven samples, and increased in both 
intensity and chalkiness in six samples. Green 
luminescence to visible light was observed in the 
six brown crystals before treatment, ranging from 
very weak to moderate. Green transmission did not 
develop in the partially processed pale yellow crys- 
tal, and it remained weak in the dark brown one. 
The other five samples showed a substantially 
stronger green transmission luminescence after 
treatment. The etched, pitted surfaces prevented us 
from determining whether this green transmission 
was zoned along colored graining. 

The pale yellow crystal showed no change in a 
desk-model spectroscope after partial processing. 
The dark brown crystal showed a stronger line at 
503 nm after treatment, and an additional line at 
494 nm. The remaining five samples developed the 
characteristic spectrum observed in many of the 
diamonds examined for this study (see again figure 8 
and table 2). 

The spectra in figure 11 show the effects of treat- 
ment in both the UV-Vis-NIR and infrared regions. 
All seven samples showed production or substantial 
growth of the peak at 503 nm related to the H3 cen- 
ter; all but the partially processed sample showed 
development of smaller peaks at 985 nm (associated 
with the H2 center) and 637 nm (associated with 
the NV center; see figure 11A). The mid-infrared 
spectra showed no significant change in the state of 
nitrogen aggregation (1333 to 800 cm"), but before 
treatment the six brown samples showed a struc- 
ture around 4166 cm (known as the amber center; 
Du Preez, 1965) that was entirely absent after treat- 
ment. A marked reduction of the platelet peak near 
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Figure 10. These five diamond crystals (1.90 to 4.45 ct) changed from brown to greenish yellow due to 
HPHT treatment by Novatek. Photos by Elizabeth Schrader 


1360 cm"! was also observed, possibly due to the 
destruction of a substantial number of platelets (and 
the associated formation of dislocation loops), as 
described by Woods (1986). 


DISCUSSION 


According to the standard phase diagram for carbon 
(e.g., Levin et al., 1964), temperatures above 1850°C 
at a pressure of 6 GPa are in the graphite stability 
zone, where diamond begins to transform into 
graphite. This transformation does not happen 
instantly, in bulk, at these conditions. Rather, crys- 


tal surfaces and fracture surfaces are affected first, 
resulting in the etching and pitting, as well as 
graphitization, that we saw in these samples. 
Collins et al. (2000) suggested that growth of dia- 
mond may also occur on the surfaces of crystals 
during HPHT treatment, if the diamonds are pro- 
cessed in graphite capsules; however, we did not 
observe any growth features in these samples. In 
addition, the expansion or contraction of included 
minerals during HPHT treatment could lead to the 
formation of tension cracks. 

Although the etched surface can be polished 


Figure 11. These spectra, taken before and after HPHT treatment by Novatek, provide additional insight 
into how this treatment transforms the color of brown type Ia diamonds. (A) The UV-Vis—NIR spectra show 
the development of strong absorptions by the H3 and H2 centers (503 and 985 nm), and a weak 637 nm line 
(related to the NV center). (B) The mid-infrared spectra show an insignificant change in the ratio of A to B 
aggregates (1333 to 800 cm“), the disappearance of a peak around 4166 cm (the amber center) and a sub- 
stantial reduction of the platelet peak (near 1360 cm) after the HPHT treatment. A vertical expansion of 
30x is used to highlight the peak associated with the amber center (see inset). 
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(Photograph from Proceedings of the Indian Academy of Sciences, A, vel. XIX, ) 
Pl. UWI, May, 1944) J 


Fluorescence of South African Diamonds 
Top left: Photographed in daylight. 
Others: Photographed in ultraviolet light with increasing exposure time. 


Figure 1 


away, remnants sometimes remain at facet junc- 
tions and on naturals, and the outer portions of 
feathers sometimes are etched or graphitized (again, 
see figures 4 and 5). Experience is necessary to dis- 
tinguish burned features from the many textures 
that natural etching produces on diamond. (See 
Koivula [2000] for photomicrographs of etched tex- 
tures in natural, treated, and synthetic diamonds.) 
The presence of etched features or tension cracks is 
indicative of HPHT processes, but the fact that two 
samples had naturals that did not appear etched 
suggests that the lack of such features does not 
guarantee that a diamond is of natural color. 

Brown to yellow graining is presumed to be 
intrinsic to most of these diamonds, before treat- 
ment as well as after. Unlike the type Ila GE POL 
diamonds that are HPHT treated to eliminate the 
brown color associated with their graining, most of 
these type Ia treated diamonds show yellow to 
brown graining. By comparison, many natural-color 
yellow, brown, or greenish yellow diamonds exhibit 
brown graining, but relatively few have yellow 
graining (Scarratt, 1982). 

In our experience, only a fraction of diamonds 
with a brown to yellow body color exhibit any green 
luminescence to visible light, and in only some 
cases is this luminescence strong enough to affect 
the face-up color. Very high saturation of this com- 
bination of yellow and luminescent-green colors is 
quite rare in natural-color diamonds, although a few 
such diamonds are known (Moses, 1997). 

The moderate-to-strong, chalky, greenish yellow 
to yellowish green luminescence to both long- and 
short-wave UV radiation shown by most of these 
samples provides a simple way to test for the possi- 
bility of HPHT treatment, especially for parcels of 
colored diamonds. In contrast, many natural-color 
yellow to brown diamonds with green transmission 
show a combination of blue and yellow fluores- 
cence, often with the yellow emanating from brown 
graining (Kammerling and McClure, 1994), others 
show yellow or greenish yellow fluorescence, but 
typically with no chalkiness. The distribution (and 
strength) of the green luminescence to visible light 
is a less reliable indicator, since it is found along the 
graining both in these treated diamonds and in nat- 
ural-color yellow to brown diamonds (Kane, 1980). 

Although a spectrophotometer is needed to see 
the spectral details in sufficient completeness to be 
diagnostic, the view through the hand spectroscope 
yields data highly suggestive of the color origin. 
Natural greenish yellow to yellow-green diamonds 
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show a distinct pair of lines at 494 and 503 nm (due 
to the H3 center), and typically show a weak to 
moderate absorption line at 415 nm (due to the N3 
color center) as well (Maddison and Kammerling, 
1993; Moses, 1997). If the diamond is cooled with 
freon or another apparatus (see, e.g., Hofer and 
Manson, 1981), a weak line at 595 nm sometimes 
can be observed (Scarratt, 1982). This spectrum 
stands in stark contrast to the dark 480-500 nm 
band, strong 503 nm line, and emission bands at 
505 and 515 nm and/or weak 415 nm line displayed 
in the hand spectroscope by HPHT-treated dia- 
monds in this color range. 

Our spectral observations, especially those from 
before and after HPHT treatment (again, see figure 
11), generally agree with those of Collins et al. 
(2000). However, only two of our samples showed 
the 1344 cm"! absorption line reported by those 
authors. The destruction of the amber center by 
HPHT treatment is quite interesting, and unex- 
plained at this time. 


CONCLUSION 


In March 1999, the diamond industry was startled 
by the news that General Electric Company had 
developed a process to remove color from brown 
type Ila diamonds. Similar HPHT technology is 
being used by several companies on brown type Ia 
diamonds to produce colors that range from green- 
ish yellow to yellowish green and yellow to brown- 
ish yellow. Conclusive identification of these treat- 
ed-color diamonds requires both infrared and low- 
temperature visible spectroscopy, but a number of 
gemological properties provide some indication of 
HPHT treatment. 

These gemological properties typically include 
very high saturation and often darker tones of the 
color; internal yellow to brown graining; etched nat- 
urals or fractures, often containing graphite; tension 
cracks around crystalline inclusions; chalky greenish 
yellow to yellowish green fluorescence to long- and 
short-wave UV; and a strong line at 503 nm, a dark 
band from about 480 to 500 nm, and green emission 
lines at 505 and 515 nm visible in the spectroscope. 
Most of the treated diamonds we examined for this 
study showed several of these properties; a hand 
spectroscope is particularly useful for recognizing 
these colored HPHT treated diamonds. In contrast, 
natural diamonds with green “transmission” lumi- 
nescence may show high saturation, colored grain- 
ing, or greenish yellow fluorescence, but they do not 
show the other properties presented here. 
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NOTES AND NEW TECHNIQUES 
eC 


A NEW LASERING TECHNIQUE 
FOR DIAMOND 


Shane F. McClure, John M. King, John I. Koivula, and Thomas M. Moses 


A new laser treatment for diamonds, which typically does not have a sur- 
Jace-reaching drill hole, recently entered the trade. For a better under- 
standing of this new technique, observations were made on several round- 
brilliant-cut diamonds before and after treatment. Diamonds with dark 
inclusions near the surface are favored for this new method, which causes 
small cleavages to develop or expand around an inclusion. Once the cleav- 
age reaches the surface, it serves as a conduit for the solution that is used to 
bleach the dark inclusion. Irregular, wormhole-like channels are used to 
widen the cleavage to facilitate entry of the bleaching solution. 


Tn February 2000, researchers at the GIA Gem Trade 
Laboratory first encountered what appeared to be a 
new laser treatment for diamonds. We had heard 
rumors of a lasering technique developed in Israel 
that did not show the typical surface-reaching drill 
hole, but we had not yet seen examples. Our first 
encounter was a diamond submitted to the laborato- 
ry for a grading report. While examining the stone, 
one of the graders noted a cleavage (or “feather”—for 
the purposes of this article, we will use these terms 
interchangeably) with some unusual dark lines in 
the center. Careful microscopic examination 
revealed oddly formed channels within the feather 
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that were clearly not of natural origin (see, e.g., fig- 
ure 1). Their appearance suggested that a laser had 
been used to expand or widen the feather. These 
unusual channels were observed in several other dia- 
monds submitted to the laboratory shortly there- 
after, and we were convinced that these stones had 
been treated by the new lasering process. We pub- 
lished two brief reports on our initial observations 
(GIA News, 2000; McClure et al., 2000). 

While we were investigating the origin of this 
treatment, Gems e&) Gemology editors received cor- 
respondence on the subject from Yoichi Horikawa of 
the Central Gem Laboratory in Tokyo. He reported 
the introduction of a new type of diamond treatment 
that broadened cleavages with a laser beam and was 
specifically adapted to remove “carbon” from within 
them. He also reported that the process was called 
the “KM treatment,” with the initials referring to 
Kiduah Meyuhad, which means “special drill” in 
Hebrew. Another new laser drilling technique, 
which forms a channel of parallel drill holes, has 
recently been reported (see GIA News, 2000; Guptill 
et al., 2000), but will not be addressed in this article. 

With traditional laser drilling, a hole is drilled 
into a diamond until it reaches the dark inclusion 
(figure 2; Crowningshield, 1970). The resulting 
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channel serves as a conduit for a strong acid (e.g., 
sulfuric or hydrochloric) to “bleach” the material or 
remove it altogether. The clarity grade may or may 
not be affected, but the resulting “white” appear- 
ance is generally considered more acceptable in the 
diamond trade than a dark spot that does not return 
any light (Pagel-Theisen, 1976). Since the early 
1970s, laser drilling has been an accepted trade prac- 
tice as long as it is disclosed. 

In almost all of the approximately 40 to 50 dia- 
monds we examined that appeared to be treated by 
this new process, we did not observe the surface- 
reaching drill hole that is normally associated with 
laser drilling. From our examination of these stones, 
we surmised that diamonds with shallow black or 
dark-appearing inclusions (such as various sulfides 
or graphite; see Koivula, 2000) with some type of 
associated tension fracture or cleavage were the 
most likely candidates for this procedure. One or 
more pulsed lasers focused on such an inclusion 
would produce sufficient heat to cause the inclusion 
to expand (and possibly even melt), and thus create 
enough stress to extend the cleavage to the surface. 
This now surface-reaching cleavage would provide 
an opening for the acids to enter the diamond and 
bleach or dissolve the inclusions. Note that it is not 
necessary to have a hole at the surface of a diamond 
to use a laser. The primary purpose of the hole is to 
allow entry of the bleaching solution, although it 
also allows the escape of gases created during the 


Figure 2. Traditional laser drilling usually 
leaves a straight, tube-like channel that 
extends from the surface of the stone to a dark 
inclusion. Photomicrograph by John I. Koivula; 
magnified 20x. 


* 
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Figure 1. The appearance within feathers of unnat- 
ural, irregular, wormhole-like channels provided 
the first clue that a new laser treatment had 
entered the market. Photomicrograph by Vincent 
Cracco; magnified 63x. 


vaporization of the diamond. With this new treat- 
ment, the feather created by the laser permits entry 
of the solutions and allows any gases to vent. 

To further investigate this theory, and the proce- 
dure itself, we submitted a carefully selected group 
of nine diamonds for treatment by this new tech- 
nique, and documented their appearance before and 
after lasering (table 1). We also examined and pho- 
tographed approximately 25-30 diamonds seen in 
the laboratory that had been treated by this method. 


TABLE 1. Color and clarity of the nine round-brilliant- 
cut diamonds before and after treatment. 


Sample Weight Color Clarity before Clarity after 
number (ct) grade? treatment treatment 
1 0.30 F I, I, 
2 0.31 F Sl, lL 
3 0.33 F Sl, Not treated? 
4 0.50 I SI, Sl, 
5 0.58 J SI, Sl, 
6 0.51 K SI, l, 
7 0.36 N li Not treated? 
8 0.39 N li Not treated? 
9 0.31 O SI, SI, 


No change in color grade was noted following treatment. 
’These three diamonds showed no evidence of treatment when 
they were returned. 
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MATERIALS AND METHODS 


All nine test diamonds were round brilliant cuts; 
they ranged from 0.30 to 0.58 ct. To test our 
hypothesis on the relevance of location in this pro- 
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Figure 3. These plots were 
made on all nine diamonds in 
the test sample before laser 
treatment. Profile views are 
provided to illustrate the rela- 
tive depth of inclusions within 
each stone. Note that when an 
included crystal is surrounded 
by a feather, it is plotted as 
one larger crystal. Following is 
a description of the key inclu- 
sions in each diamond and 
the treatment result. Those 
crystals that were affected by 
the treatment are circled in 
blue on the face-up view. 

(1) crystal with black feath- 
er—treatment created feather 
to surface of table; (2) crystal 
with black feather—treatment 
created feather to surface of 
pavilion; (3) black crystal with 
no feather—not treated; (4) 
crystal just under surface of 
table surrounded by black— 
treatment created small feath- 
er to surface of table, but sev- 
eral black crystals with no 
feathers were not treated; (5) 
two adjacent small crystals 
with black feathers—treat- 
ment created feathers to sur- 
face of table, but only one 
crystal was treated; (6) two 
large crystals with black 
feathers under crown and near 
pavilion—treatment created 
feathers to surface of crown 
and pavilion; (7) two small 
crystals with black feathers 
under bezel and edge of table, 
plus other crystals either not 
black or without feathers— 
not treated; (8) black crystal 
with no feather—not treated; 
(9) crystal with black feath- 
er—treatment created feather 
to surface of table. Plots by 
Joshua Cohn. 


cess, we chose diamonds that had dark inclusions 
near the surface and deep within the stone (figure 
3). Readily visible tension cracks were associated 
with some, but not all, of the dark inclusions. All of 


GEMS & GEMOLOGY Summer 2.000 


these features were documented with photomicro- 
graphs, and the diamonds graded for color and clari- 
ty, before they were given to a third party to send 
out for treatment. On their return, the diamonds 
were once again photographed and graded. Our 
study of these samples mainly involved examina- 
tion with a binocular microscope, under diverse 
lighting conditions, and photography with Nikon 
SMZ-10 photomicroscopes. 


RESULTS 


After the diamonds were returned, we examined 
them carefully, both face-up and in the table-to- 
culet position, using darkfield, brightfield, and fiber- 
optic illumination. We saw no evidence of treat- 
ment in three of the nine diamonds (nos. 3, 7, and 8 
in figure 3 and table 1). Two of these three samples 
(nos. 3 and 8) contained a black crystal with no ten- 
sion fractures that was located relatively deep with- 
in the stone. The third diamond (no. 7) contained 
two dark crystals with small tension fractures that 
were located near the surface of the crown. Five of 


Figure 5. The most significant discov- 
ery in the treated diamonds is that 
some of the feathers created were 
new and not just extensions of preex- 
isting feathers. The image on the left 
shows a black inclusion in sample 
no. 1 before treatment. After treat- 
ment (right), the black has been 
removed, but there is now a bright 
new feather extending from the ten- 
sion crack around the crystal to the 
surface of the stone that is not an 
extension of the ones present before. 
Photomicrographs by Shane F. 
McClure; magnified 40x. 
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Figure 4. The first thing we noticed in 
those diamonds that did show evi- 
dence of treatment was the presence 
of new feathers leading from the 
inclusions to the surface of the stone. 
On the left we see a crystal surround- 
ed by black feathers as it appeared 
before lasering in sample no. 2. After 
lasering (right), the inclusion is no 
longer black, but there is a bright 
new feather extending from the crys- 
tal to the surface. Photomicrographs 
by Shane F. McClure; magnified 40x. 


the remaining stones had one treated inclusion, and 
the sixth (no. 6) had two, for a total of seven treated 
inclusions. One of these stones (no. 4) had several 
solid black inclusions—with no tension cracks— 
that were not treated. The black was completely 
removed from three of the treated inclusions (nos. 1, 
4, and 5), and it was mostly removed from the 
remaining four. 

One of the first features we noticed following 
treatment was the presence of new feathers (or 
extensions of preexisting feathers) at the treated 
inclusions (figure 4). In all six stones that showed 
evidence of treatment, mirror-like or transparent 
feathers were present where none had been before, 
connecting the original inclusion to the surface of 
the stone. These new feathers usually extended in 
directions unrelated to any preexisting feathers (fig- 
ure 5). In two cases, several new feathers in different 
cleavage directions created a step-like progression to 
the surface of the diamond (figure 6). 

All of the new feathers had irregular, unnatural- 
appearing channels similar to those we had noted 


Summer 2.000 141 


GEMS & GEMOLOGY 


voluted multiple channels that resembled worm- 
holes (see figures 1 and 8). They tended to be much 
narrower than the channels left by the traditional 
drilling procedure and appeared dark when viewed 
in transmitted light (figure 9). This typically black 
appearance in transmitted light often made them 
easier to find, since the reflective nature of the 
feathers sometimes made the channels difficult to 
see in darkfield (compare figure 9 to figure 6). 

Four of the seven treated inclusions in the test 
diamonds had holes at the surface that were related 
to the treatment. These holes were located in the 
center of the induced feathers where they broke the 
surface of the stone. They were smaller and more 
irregular in shape than traditional laser drill holes, 
and appeared to be caused by the channels reaching 
the surface. 

The appearance of most of the inclusions 
changed dramatically with the laser treatment, in 


Figure 6. This treatment may be used to produce 
tiny cleavages that form a step-like progression from 


the inclusion to the surface of the diamond. In this that they no longer were dark or black (figure 10), 
way, the treater can take the shortest route to the although four inclusions were not completely 
surface, even if that route does not correspond to a bleached out and still had some minor black areas. 
cleavage direction. (Note that the single feature is One stone (no. 5) had two black inclusions (small 


duplicated here in a facet reflection.) Photomicro- 
graph by Shane F. McClure; magnified 40x. 


Figure 8. The wormhole-like channels took on a 


in the treated stones that had been submitted to variety of appearances in these treated diamonds. 
the laboratory. These channels were usually pres- These channels lead from the feather on the sur- 
ent along the center of the feathers (figure 7). They face to a group of crystals and accompanying 
ranged from fairly straight single lines to very con- feathers. Note that the large crystal on the upper 


right has not been treated. Photomicrograph by 
Vincent Cracco; magnified 63x. 
Figure 7. The treated samples (here, no. 5) always 
had channels—some straight and some irregular— 
down the middle of the new feathers; in some areas, 
these channels appeared black. Photomicrograph by 
Shane F. McClure; magnified 40x. 
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Figure 9. Most of the laser channels appeared dark 
in transmitted light. In some cases, such as with 
the step-like series of cleavages in figure 6, this 
was the best way to see them. Photomicrograph 
by Shane F. McClure; magnified 40x. 


Figure 10. The new laser technique 
dramatically improved the appear- 
ance of most of the treated inclu- 
sions by removing the black col- 
oration as seen here in sample no. 
6. The view before treatment is on 
the left. Photomicrographs by 
Shane F. McClure; magnified 40x. 


Figure 11. Before treatment (left), 
this diamond (sample no. 5) had two 
included crystals, both surrounded 
by dark feathers, that were adjacent 
to each other. After treatment 
(right), the feather at the top is no 
longer dark and the crystal is now 
clearly visible. However, the treat- 
ment did not reach the second inclu- 
sion, so it remains unchanged. Note 
the large, bright feather leading to 
the surface that was created by the 
treatment. Photomicrographs by 
Shane F. McClure; magnified 40x. 
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crystals with tension feathers) adjacent to each 
other under the table. After treatment, it appeared 
that the induced feather had reached only one of the 
inclusions, so that one was now colorless and the 
inclusion next to it was still black (figure 11). 

One stone (no. 4) had a rectangular cavity in the 
center of the table—not present before treatment— 
where a piece of diamond had come out (figure 12). 
The lasering extended from the inclusion to the bot- 
tom of this cavity. 


DISCUSSION 


We believe that the three diamonds that did not 
show any evidence of enhancement (nos. 3, 7, and 8) 
were deemed unsuitable for this process because of 
the absence of tension cracks or because the dark 
inclusion was too deep within the host (again, see 
figure 3). It is possible that the one stone (no. 7) that 
had two small dark crystals with small tension 
cracks was not treated because these inclusions had 
minimal effect on the overall clarity of the stone. 
This would support our theory that the treatment 
works best on dark inclusions near the surface, as 
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Figure 12. This cavity, which appears black in 
reflected light, was not present before the diamond 
(sample no. 4) was treated, which suggests that 
there is some risk involved in using this new tech- 
nique. Photomicrograph by Shane F. McClure; 
magnified 40x. 


was the case with the remaining six diamonds. 
Inducing a surface-reaching feather from a deep 
inclusion would probably result in a clarity feature 
that was more noticeable than the original inclu- 
sion. One of the inclusions treated in our test sample 
(no. 6) was located deep in the diamond, but a feath- 
er was induced to the surface of the pavilion, allow- 
ing the inclusion to be bleached. 

The most significant discovery from our sample 
diamonds was that the new treatment process not 


Figure 14. It appears that the channels, shown here 
in the center of the bright area, serve to widen the 
feathers, thus allowing penetration of the acids 
used to bleach the inclusions. This is evidenced by 
the higher visibility of the areas immediately sur- 
rounding the channels. Photomicrograph by 
Vincent Cracco; magnified 63x. 


Figure 13. The new laser treatment has extended 
the feather surrounding the crystal in this stone to 
reach the surface. The preexisting feather is very 
transparent in this photo, while the new portion is 
much more reflective. Photomicrograph by Shane 
F. McClure; magnified 40x. 


only extends existing feathers (figure 13), but it also 
creates entirely new ones. The presence of a step- 
like pattern in some of the treated feathers suggests 
that the treatment process is very controllable. By 
inducing small cleavages in this step-like pattern, 
the treaters seem to be able to join the inclusion to 
the surface by the most direct path, even if that 
path does not correspond to a cleavage direction of 
the diamond. 

It appears that the wormhole-like channels were 


Figure 15. Several large feathers were present around 
an included crystal in this diamond when it was sub- 
jected to bleaching. Remnants of black material are 
still present in several of the feathers. Photomicro- 
graph by Shane F. McClure; magnified 40x. 
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being used to widen parts of the induced feathers; 
this is evident in the microscope as areas of higher 
visibility within the feathers that immediately sur- 
round the channels (figure 14). This is undoubtedly 
being done to allow easier penetration of the acids 
used to bleach the inclusions. Nevertheless, the 
treatment was not always successful at removing all 
of the black material (figure 15). This may have been 
because the lasering was inadequate, or because the 
materials being removed respond differently to the 
bleaching process. For example, sulfides are easily 
attacked by acids, while graphite is not. The size of 
the inclusion does not appear to be a problem, how- 
ever, as we have seen diamonds in which large crys- 
tals were dissolved with this technique (figure 16). 

When we examined the new laser-treated dia- 
monds that were submitted directly to the laborato- 
ry, we felt that one advantage to this treatment 
might be the lack of a hole at the surface to accept 
contaminants such as dirt or grease. Yet four of the 
treated inclusions in the test stones had holes that 
reached the surface. This inconsistency could be 
because the stones in our test sample were relatively 
small. Most of the diamonds treated in this fashion 
that have come through the laboratory have weighed 
between 1 and 2 ct. 

Clearly the cavity in sample 4 was caused by the 
treatment, which indicates that there is some risk 
involved in this new technique. It is reasonable to 
assume that a treatment that involves controlled 
cracking of a stone could result in such undesired 
breakage. In fact, as table 1 shows, three of the six 
samples dropped one clarity grade after treatment 
because of the new clarity characteristics (e.g., 
feathers, cavity) created by the treatment. 


Detection. Identification of this treatment, as with 
traditional laser treatments, is entirely dependent 


Figure 17. The use of different light- 
ing conditions and various viewing 
angles is important in detecting this 
treatment. The wormhole-like chan- 
nels are clearly seen in the photo on 
the left, but not the induced feather 
in which they are contained. By 
varying the position of the stone, 
light can be made to reflect off the 
feather, so that it is easily seen 
(right). Photomicrographs by Shane 
F. McClure; magnified 40x. 
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Figure 16. The original large crystal in this dia- 
mond was completely dissolved by the treatment. 
The induced feather created to reach the crystal is 
seen just above the inclusion. Note that there are 
several small crystals around the remnant of the 
larger one that are still black, because no feathers 
were induced to reach them. Photomicrograph by 
John I. Koivula; magnified 30x. 


on a thorough microscopic examination. The dia- 
mond must be examined both face-up and in the 
table-to-culet position using a variety of lighting 
conditions: darkfield, brightfield, and fiber-optic 
illumination. Look for the presence of one or more 
of a number of features in making the identifica- 
tion. The treatment may appear as a mirror-like or 
transparent feather that extends from an inclusion 
to the surface of the stone, usually at an angle com- 
pletely different from the direction of the preexist- 
ing internal cleavage. Note that these feathers are 
often transparent and may not be visible in certain 
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Data collected over a period of 
five years in the Godfrey Eacret 
laboratory of the Gemological In- 
stitute of America have’revealed that 
a much greater proportion of dia- 
monds is fluorescent than is com- 
monly .supposed. It has been ob- 
served that approximately 65% of 
gem quality diamonds fluoresce with 
enough intensity to make the phe- 
nomenon noticeable to the eye when 
viewed under an are light with a 
Woods filter. A recent check on 409 
earats (made up of 350 individual 
crystals) of gem quality rough at 
the Institute showed 47 per cent to 
be fluorescent when viewed under a 
G.I.A. Fluorescent Unit’? at a dis- 
tance of six to twelve inches. To 
arrive at an exact evaluation of the 
percentage of all gem diamonds that 
are fluorescent is difficult because 
factors such as strength of the 
source of ultraviolet radiation, and 
sensitiveness of the observer’s eyes, 
enter into the problem. Raman’ 
found, for example, that in a piece 
of jewelry containing 88 diamonds 
a cursory examination indicated 
that only 10 or 12 were fluorescent. 
However, a visual examination of 
each diamond in detail under a very 
streng source of ultraviolet, re- 
vealed that all but three or four 


1Produces ultraviolet radiation having a 
wave length of 3600 Angstrom units, the 
wave length which has been found in the 
G.IA. laboratory to produce the greatest 
fluorescence in diamond. 

2Proceedings of the Indian Academy of Sci- 
pee Vol. XIX No. 5, pp. 199-215 (May, 
1944). 


were fluorescent to some degree. 
(See Figure 1.) 


The percentage of diamonds that 
are fluorescent also depends to a 
certain extent upon the body color 
of the diamond. It. has been ob- 
served in the Godfrey Eacret lab- 
oratory of the Gemological Institute 
of America that fully 95 per cent 
of all diamonds having complete 
absence of body color are noticeably 
fluorescent; . whereas, taking | the 
whole color range of colorless to 
yellow gem quality diamonds, the 
figure is approximately 65 per cent. 

The dominant color of fluores- 
cence of these gem quality diamonds 
is blue. Out of over 500 stones ex- 
amined in the Gemological Institute 
of America all but a few were blue 
(or less often, violetish blue). Four 
exhibited greenish blue fluorescence 
when observed, three showed pink 
fluorescence and one showed yellow 
under ultraviolet light. 


Industrial diamonds also show a 
large variety of colors of fluores- 
cence, as is shown -in the color plate. 
In industrial diamonds, however, 
yellow seems to be the dominant 
color, followed in abundance by 
blue, red, and green. In sorting the 
industrial diamonds shown in the 
photograph’, it was found that it was 
not possible to segregate them into 
definite groups of pure colors, so 
great was the variation. 


8Diamonds by courtesy of Lazare Kaplan & 
Sons, Inc., New . York. 


Figure 18. The internal channels became very diffi- 
cult to see when light was reflected off the host 
feather, as is the case with the top half of the feath- 
er shown here. Note, though, that the widening of 
the feather is clearly visible. Photomicrograph by 
Shane F. McClure; magnified 40x. 


lighting conditions (figure 17). The cracks them- 
selves are not unknown in untreated diamonds, but 
their positioning makes them suspect. 

There are usually one or more small channels in 
the center of the cleavage plane that may be relative- 
ly straight or very convoluted and often resemble 
wormholes. These channels may appear black or 
white in darkfield illumination, but are usually dark 
in brightfield. Often they are not visible when light 
is reflecting off the surface of the host feather, which 
indicates that they are completely contained within 
the feather (figure 18). Such channels are not seen in 
untreated diamonds. In some instances, however, 
the channels are so convoluted that they may be dif- 
ficult to recognize (again, see figure 8). The treat- 
ment also may appear as a series of small step-like 
cleavages that are close together and have a very 
unnatural appearance. Typically, they are connected 


by numerous wormhole-like channels that are best 
seen in transmitted light (again, see figure 9). 

This treatment was very difficult to detect in 
some diamonds, both in our study sample and in 
those that came through the lab. This was usually 
because the distance between the inclusion and the 
surface of the stone was short, so the features gener- 
ated by the laser were small and difficult to discern. 
Also, if an inclusion is very close to the surface of a 
faceted diamond, then the number of effective view- 
ing angles is greatly reduced, which further increas- 
es the difficulty of detecting the treatment. 


Laboratory Reporting on Laser Drilling. GIA has dis- 
closed laser drilling on its diamond grading reports 
since first documenting the process in 1970 
(Crowningshield, 1970). To draw attention to its 
presence, “laser drill hole” is listed first in the key to 
symbols on GIA’s Diamond Grading and Diamond 
Dossier reports. In those cases where lasering tech- 
niques do not result in surface-reaching drill holes, 
the GIA Gem Trade Laboratory discloses the treat- 
ment in the “Comments” section of its reports with 
the statement “Internal laser drilling is present.” 


CONCLUSION 


This new lasering technique eliminates the drill 
channel associated with traditional laser drilling by 
opening or expanding a cleavage to the surface of 
the diamond to accommodate entrance of a bleach- 
ing solution. The resulting feather has a more “nat- 
ural” appearance than the traditional laser drill 
channel. Identification of this new laser treatment 
requires careful microscopic examination with a 
variety of lighting techniques. It can be recognized 
by the presence of transparent, mirror-like feathers 
that contain unnatural-looking irregular channels 
and connect internal inclusions to the surface of 
the stone. Regardless of the technique involved, it 
is critical to the integrity of the diamond industry 
that treatments such as this be properly disclosed 
at every level from treater to final consumer. 
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NEW FILLING MATERIAL FOR DIAMONDS 
FROM OVED DIAMOND COMPANY: 
A PRELIMINARY STUDY 


By James E. Shigley, Shane F. McClure, John I. Koivula, and Thomas M. Moses 


Diamonds filled with a new glass formulation (XL-21) are being market- 
ed by the Oved Diamond Company. These diamonds are readily identifi- 
able as treated by the intense flash-effect colors seen with magnification. 
Durability testing on a small number of these treated diamonds indicates 
that this filler material is more stable to conditions of normal jewelry repair, 
such as direct heating with a torch, than the filler material produced by the 
Goldman Oved Company a decade ago. Nevertheless, some damage to the 
filler was observed in half the new Oved diamonds that were subjected to a 


standard prong retipping. 


A number of comprehensive reports have been 
written on the characterization and identification 
of filled diamonds, most in the late 1980s and early 
to mid-1990s (see, e.g., Kammerling et al., 1994). 
Since then there have been few new developments 
in this area. Earlier this year, however, the Oved 
Diamond Company announced that they intended 
to market filled diamonds using a new glass formu- 
lation (referred to as “XL-21”; figure 1). Oved repre- 
sented this material as being an improvement on 
past filler substances, with respect to having a 
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Notes and New Techniques 


greater resistance to heat damage during normal 
jewelry repair procedures; the company also stated 
that all of the new filled stones they sell will have 
an “Oved” logo inscribed on the bezel facet (“Oved 
announces... ,” 2000; Weldon, 2000). This article 
will describe the visual characteristics of this new 
product, as well as report on the results of prelimi- 
nary durability testing. 


BACKGROUND 


The clarity treatment of diamonds by filling surface- 
reaching cleavages or breaks with a high-trefractive 
index glass began in the late 1980s (see, e.g., 
Everhart, 1987, 1989). Within a short time, this 
treatment became widespread. Concerns about the 
identification of these treated diamonds, and about 
their durability during jewelry manufacturing or 
repair situations, led to a series of articles that 
described this material (Koivula et al., 1989; Scarratt, 
1992, Nelson, 1993, 1994, Kammerling et al., 1994, 
Nassau, 1994, McClure and Kammerling, 1995). 

In recent years, however, both the greater avail- 
ability of lower-clarity diamonds for treatment and 
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the gradual acceptance of filled diamonds in the 
marketplace have contributed to ongoing efforts by 
manufacturers to develop more-durable filler sub- 
stances. Several companies have been working to 
improve the physical properties of the glass filler 
used in this kind of diamond treatment. The Oved 
Diamond Company is the first of these to announce 
the commercial production of what they claim to 
be a significantly more heat-durable filler material. 
In their advertising (see, e.g., page 26 of the May 16, 
2000, issue of National Jeweler), they state specifi- 
cally that this new treatment “allows our clarity 
enhanced diamonds to withstand a jeweler’s torch 
for all normal work—and come out unchanged. 
Which means that you can re-size and re-tip our dia- 
monds without damaging the treatment.” 


MATERIALS AND METHODS 

For this study, we examined 18 diamonds treated 
with the XL-21 filler substance. Fourteen of these 
were obtained directly from Oved, while the 
remainder were obtained from Oved through a third 
party. The diamonds, all round brilliants, ranged 
from 0.35 to 2.25 ct. For comparison purposes only, 
we also examined four diamonds (0.49-0.61 ct), 
obtained from Jonathan Oved, that had been treated 
earlier by the Goldman Oved Company using an 
older filler substance of a different composition. 

We examined all of these samples with a binoc- 
ular microscope, and photographed the distinctive 
visual features with Nikon SMZ-10 and SMZ-U 
photomicroscopes. We also qualitatively analyzed 
the chemical composition of five samples (one with 
the older filler substance from Goldman Oved, and 
four—obtained directly from Oved—with the new 
XL-21 glass filler) using a Tracor Spectrace 5000 
energy-dispersive X-ray fluorescence (EDXRF) sys- 
tem. The operating conditions selected were appro- 
priate for detecting the heavy-atomic-weight ele- 
ments anticipated to be present in the high-R.I. glass 
filler substance. 

To get a preliminary idea of the durability of the 
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Figure 1. These four dia- 
monds (0.35 to 0.44 ct) 
were all treated with a 
new filler formulation 
developed by the Oved 
Diamond Company. Photo 
by Maha Tannous. 


new filler substance, we subjected some of the new 
Oved treated diamonds to a typical jewelry repair 
procedure—tetipping of a prong—and direct thermal 
testing. The diamonds were examined with magnifi- 
cation after each test to check for possible damage to 
the filler substance. For each of these procedures, a 
Goldman Oved diamond containing the older filler 
compound was also tested at the same time and 
under the same conditions for comparison purposes. 

For the retipping procedure, we had each of eight 
diamonds (five directly from Oved, and three from 
third parties) mounted in a 14K yellow gold solitaire 
ring with a white gold four-prong head. For each ring, 
one prong was filed to form a flattened area to simu- 
late wear, and this prong was retipped by a highly 
experienced bench jeweler. First, the diamond was 
given a firecoat of a saturated solution of denatured 
alcohol and boric acid powder. Next, a minute 
amount of fluxed solder was flowed onto the flat- 
tened area of the prong. A small amount of 14K 
white gold was melted into a ball, flattened into a 
bead, and then fluxed and soldered into place on the 
flattened prong with a standard torch using natural 
gas and compressed oxygen. After this replacement 
prong was soldered, the ring was cooled in air to pre- 
vent thermal shock, and then placed for one minute 
in a hot pickling solution (temperature between 49° 
and 60°C [120° and 140°F]) made of Sparex #2. The 
ring was then placed in an acid-neutralizing bath and, 
last, rinsed with water. Although there are many pro- 
cedural variables that are difficult to keep constant 
from one sample to the next (such as the length of 
time the torch is placed near the diamond, the exact 
temperature of the flame, and the extent and location 
of filled areas in the different diamonds), efforts were 
made to standardize these variables as much as possi- 
ble in the experiments we conducted. 

To determine the temperature at which visible 
damage to the filler material would occur, we placed 
three filled diamonds (two directly from Oved, and 
the other from a third party; each held in a refractory 
crucible) in the hot zone of a Blue M model M10A- 
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1A Lab Heat muffle furnace. The temperature of the 
furnace was raised in 50°C increments, beginning at 
100°C and extending up to about 750°C; the samples 
were heated in air at each temperature for approxi- 
mately 15 minutes, and then cooled and examined 
for damage. The accuracy of temperature measure- 
ments in this furnace was estimated to be within 
+20°C of the selected value. 


RESULTS AND DISCUSSION 

Visual Appearance and Magnification. Of the 18 
samples treated with the XL-21 filler, 10 (eight from 
Oved, and two from third parties) did not exhibit 
the identifying “Oved” logo inscription on a bezel 
facet. According to Jonathan Oved (pers. comm., 
June 2000), the diamonds provided directly to GIA 
had not yet been sent for laser inscription. This also 
may have been the case with some of the earlier 
treated diamonds (these two third-party stones were 
obtained in April). On the eight diamonds that did 
have the inscription, it was seen easily with 10x 
magnification (figure 2). 

As was reported for Yehuda filled diamonds as 
early as 1989, the most characteristic visual feature 
of diamonds filled with such a glass is the flash 
effect (see, e.g., Koivula et al., 1989; and the report 
on Yehuda, Koss, and Goldman Oved treated dia- 
monds in Kammerling et al., 1994). This was also 
the case with the new Oved diamonds. Flash-effect 
colors are best seen with magnification (binocular 
microscope or loupe) and a focused beam of intense 
light. In our Oved samples, the flash effect was typi- 
cally violetish blue to bluish green in brightfield and 
yellow to reddish orange in darkfield illumination 
(figure 3). These optical effects appeared brighter 
and more intense than we had observed in the 
Goldman Oved samples with the older filling mate- 
rial (see Kammerling et al., 1994). 

In general, the breaks in the new samples were 
completely filled, except for small areas at the sur- 
face. When examined with magnification, these 
areas of incomplete filling resembled scratches (fig- 
ure 4), as was reported for the older material (Kam- 
merling et al., 1994, p. 158). Occasionally, the filled 
breaks had a slightly hazy or cloudy appearance, and 
some revealed a noticeable flow structure (figure 5). 
In several instances, the yellow to greenish yellow 
color of the filler was evident in large open cavities 
that were filled with the glass (figure 6). In one dia- 
mond, a filled laser drill hole was visible (figure 7). 

We also noticed localized areas within several 
filled breaks where the glass was partially devitri- 
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Figure 2. Oved announced that the “Oved” logo 
would be inscribed on a bezel facet of every dia- 
mond sold with the new filler. Photomicrograph 
by John I. Koivula; magnified 40x. 


fied (i.e., it was beginning to crystallize, as evi- 
denced by the presence of numerous tiny, elongate 
colorless crystals in intersecting arrangements, see 
figure 8). Trapped gas bubbles were present in many 
of the filled areas. While most were minute, a few 
in one diamond were almost eye visible. It is inter- 
esting to note that several of the diamonds showed 
a relatively even distribution of similar-size gas bub- 
bles (figure 9). In contrast, the gas bubbles in the 


Figure 3. This large filled break displays the vari- 
ous flash-effect colors that were typically seen in 
the new Oved glass-filled diamonds. Against a 
bright field, these colors are violetish blue; against 
a dark field, they are yellow or reddish orange. The 
colors are seen here against adjacent bright and 
dark backgrounds due to the orientation of the 
break relative to the facet arrangement. Photo- 
micrograph by James E. Shigley; magnified 15x. 
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Figure 4. This break in a new Oved filled dia- 
mond displays small, unfilled areas at the surface 
of the stone that resembled scratches. Photo- 
micrograph by Shane F. McClure, magnified 25x. 


older Goldman Oved treated diamonds tended to 
form irregular, fingerprint-like patterns (Kammer- 
ling et al., 1994). 

The filled areas were much more visible in the 
new Oved samples than in the old Goldman Oved 
treated diamonds. They were not difficult to locate, 
even without supplemental illumination. The easi- 
er visibility of the filled areas in the new material 
could be a result of the stronger flash effect, which 
makes these areas more apparent. It may also be 
that the refractive index of the new filler is not as 
close to that of diamond. 


Figure 6. The greenish yellow color of the new 
filler is readily apparent in this filled cavity on 
the table facet of an Oved filled diamond. When 
present in a narrow cleavage, however, the glass 
appears colorless. Photomicrograph by John I. 
Koivula; magnified 15x. 
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Figure 5. In some of the filled breaks, a distinct 
flow structure was seen. Photomicrograph by 
James E. Shigley; magnified 10x. 


Chemical Composition. Using EDXRF analysis, we 
detected the presence of lead (Pb) and bromine in a 
Goldman Oved diamond with the older glass filler 
(similar to the results in Kammerling et al., 1994, p. 
161). In contrast, EDXRF analyses of four Oved dia- 
monds filled with the new XL-21 glass formulation 
revealed both Pb and bismuth (Bi). (Typically, glass- 
es also contain lighter atomic-weight elements, but 
such elements were not detected with the analyti- 
cal conditions we used, or could not be detected at 
all by this technique.) Pb and Bi were the same two 
elements found in analyses of Yehuda filled dia- 
monds (Koivula et al., 1989, p. 79; Kammerling et 
al., 1994, p. 161). 


Durability Testing. Of the eight Oved filled dia- 
monds that were subjected to the retipping proce- 
dure, four (two from Oved, and two from third par- 
ties) displayed minor damage in the form of lost 
filler material. This created unfilled areas within the 
fractures that appeared highly reflective (see, e.g., fig- 
ure 10). The remaining four diamonds (three from 
Oved and one from a third party) exhibited no visible 
damage after the retipping procedure. Consistent 
with our experience in the early 1990s, the filler in 
the older Goldman Oved stone that was subjected to 
the same retipping procedure suffered major damage 
in the process. Consequently, the new Oved filler 
performed better in the retipping experiments than 
did the older Goldman Oved filling material. 

Note that a number of variables may affect the 
retipping results. These include the size and width 
of the glass-filled breaks, their location relative to 
the area of the jewelry piece being repaired, the size 
of the diamond (our test samples ranged from 0.37 
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to 1.34 ct}, and the experience (skill) of the bench 
jeweler. This skill level is critical for the soldering 
technique used and controlling the torch in the sol- 
dering operation. In addition, the nature of the gold 
solder will have an impact. (We used 14K “easy” 
white gold solder in our study, with a flow tempera- 
ture of 754°C [1390°F].) Platinum solders would 
always have a higher flow temperature. However, 
some 14K solder as well as higher-karat gold— 
depending on the manufacturer’s formula (alloy)— 
may have a higher or lower flow temperature (S. 
Kysilka, pers. comm., 2000). 

Also, in recent communications with the authors, 
Jonathan Oved stated that the company uses approxi- 
mately six glass formulations, each of which contains 
different mixtures of components, to enhance various 
kinds of clarity features. We speculate that this report- 
ed variation in glass chemistry could result in slight 
differences in the physical properties of the filler sub- 
stance. Consequently, we believe that it is still advis- 
able to remove any filled diamond from its setting 
prior to undertaking repair work that involves heat- 
ing. Also, inasmuch as two of the third-party Oved 
diamonds did not have the “Oved” laser inscription, 
and other treaters do not offer such an inscription, all 
diamonds should be checked for the presence of a 
filler before they are subjected to any jewelry manu- 
facturing or repair procedure. 

Heating of a Goldman Oved diamond (i.e., with 
the older filler) in a muffle furnace resulted in sig- 
nificant damage to the glass filler at about 400°C. 
Heating of the three new Oved diamonds also pro- 
duced major damage, but at a much higher temper- 


Figure 7. This laser drill hole was filled by glass 
during the Oved treatment process. Photomicro- 


graph by Shane F. McClure; magnified 40x. 


Notes and New Techniques 


Figure 8. Arrangements of elongate, intersecting 
colorless crystals were seen in filled breaks in 
several of the diamonds where the glass was 
partially devitrified. Photomicrograph by James 
E. Shigley; magnified 15x. 


ature, near 700°C. A significant amount of filler 
material was lost, some of it depositing on the sur- 
face of the stone along the break (see figure 11). At 
this temperature, the diamonds themselves also 
showed signs of heat damage. 


Yehuda Diamonds. As we were finishing this study, 
the Yehuda Diamond Company sent us five dia- 
monds that they reportedly had filled with a tem- 
perature-resistant substance. Ron Yehuda stated 
that this formulation had been used on an experi- 
mental basis by their company in the mid-1980s, 


Figure 9. In addition to a group of intersecting 
colorless crystals, this break in a new Oved 
filled diamond shows a pattern of gas bubbles 
that are relatively evenly dispersed. Photo- 
micrograph by John I. Koivula; magnified 40x. 
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Figure 10. Four of the eight Oved diamonds tested showed minor damage after retipping. The photo on 
the left shows one of these diamonds (1.08 ct) before retipping. After the procedure (right), the glass- 
filled fractures showed a loss of filler that appears as reflective areas within the fractures. Photos by 


John I. Koivula (left) and Shane F. McClure (right). 


but was not used commercially (pers. comm., 2000). 
Due to lack of time, we were not able to subject all 
of these stones to the durability tests that were per- 
formed on the Oved filled diamonds. However, we 
did test two of them by the retipping procedure, and 
a third by controlled heating in a muffle furnace, as 
described above. Of the two stones that were sub- 
jected to the retipping procedure, one showed no 
damage and the other had moderate damage. 
However, the stone that was subjected to controlled 
heating in the furnace showed damage at 400°C. 

Mr. Yehuda also supplied seven filled diamonds 
that he had obtained recently from the Oved 
Diamond Company through a third party (R. Yehuda, 


pers. comm., 2000). All seven stones were laser 
inscribed with the Oved logo. We subjected two of 
these samples to the retipping procedure: One showed 
major damage, and the other showed minor damage. 


CONCLUSION 

The new Oved glass-filled diamonds typically exhibit 
intense flash-effect colors, which make them readily 
identifiable by members of the jewelry trade. Oved 
states that they also will inscribe their logo on the 
bezel facets of all these new filled diamonds, 
although 10 of the 18 Oved diamonds in our test 
sample (including two obtained from Oved by a third 
party in the diamond trade), did not have this logo. 


Figure 11. Note the filled break (with a yellow flash effect) along the right edge of this 0.35 ct Oved filled 
diamond before it was subjected to durability testing (left). After the diamond was heated in a muffle fur- 
nace (in air) for 15 minutes at almost 700°C, damage is evident in the filled area (right), as well as in the 
diamond itself (seen here as small whitish areas on the surface). Photomicrographs by John I. Koivula. 
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Durability testing of a few of the new Oved filled dia- 
monds indicates that they are more stable to direct 
heat than the filled diamonds marketed earlier by 
Goldman Oved. Four of the eight new Oved diamonds 
were unaltered during the retipping procedure, and the 
other four sustained only minor damage. Nevertheless, 
we recommend that care be taken with all filled dia- 
monds and, in particular, that all diamonds identified 
as containing a filler should be removed from the set- 
ting when a repair procedure requires heat. 
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AMBER Assemblage 


The 1993 movie Jurassic Park spark- 
ed a revival in the popularity of 
amber. Not surprising is the fact that 
amber containing insects is often 
more desirable than plain amber. This 
spring, the East Coast lab received a 
transparent, 35.65 ct yellow free-form 
drilled cabochon containing a large, 
well-preserved insect that resembled 
a modern-day housefly (figure 1). The 
client requested both identification of 
the material and, if possible, a deter- 
mination of whether the insect was 
naturally occurring or artificially 
introduced into the specimen. 
Exposure to long-wave ultraviolet 
radiation revealed a zoned pattern of 
fluorescence: strong, chalky yellow 


overall, with a distinctly weaker, less 
chalky reaction in the area contain- 
ing the insect (figure 2). A thin line 
surrounding this area did not fluo- 
resce at all. Another patch of weak 
fluorescence was seen on the reverse 
side of the specimen. With short- 
wave UV radiation, the entire speci- 
men showed weaker fluorescence, 
less chalkiness, and the zoning was 
not as distinct. This fluorescence 
zoning suggested that we were exam- 
ining an assemblage. 

We measured the refractive index 
by the spot method on several parts of 
the cabochon, taking multiple read- 
ings to improve precision. The area 
that showed stronger, chalkier fluores- 
cence yielded a reading of 1.54, typical 


Figure 1. This 35.65 ct cabochon proved to be an assemblage of amber 
and plastic that contains a “modern” insect. 
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Figure 2. The zoned fluorescence 
to long-wave UV radiation indi- 
cated that the cabochon was an 
assemblage. 


of amber. Each of the two sections 
that showed weaker fluorescence 
yielded a reading of 1.56, which is not 
uncommon for a plastic imitation of 
amber, and supported the identifica- 
tion of an assembled piece. Thermal 
reaction testing (TRT) provided addi- 
tional evidence: The areas with the 
1.54 RI. had a resinous odor, while 
the areas with the higher R.I. had an 
acrid odor. We concluded that this 
cabochon was an assemblage contain- 
ing plastic and amber, with the insect 
encased in one of the plastic sections. 
Observation with magnification 
also indicated an assemblage. The 
interfaces between the sections had a 
crackled texture, possibly the result of 
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Fluorescent Diamonds 
Diamonds photographed in ordinary light. The same 
diamonds shown in the color plate on the opposite page 
were photographed under ultraviolet light. 


Figure 2 } 


Figure 3. The dispersion in these Fancy White diamonds resembles a faint 
play-of-color. From left to right, the diamonds weigh 1.08, 0.62, and 1.02 ct. 


the assembly process, which probably 
involved “fusing” or melting. The 
section with the insect also had 
numerous tiny white gas bubbles that 
decreased its overall transparency. In 
contrast, the amber section contained 
a few colorless gas bubbles, as well as 
a two-phase inclusion in which the 
gas bubble was quite movable. Al- 
though we do not often see this type 
of assemblage in the laboratory, it is 
not unique: We have reported on simi- 
lar combinations of amber and plastic 
in two previous Lab Notes (Fall 1983, 
pp. 171-172; Winter 1987, p. 232). 
Wendi Mayerson and KH 


DIAMOND 


Fancy White 

Colorless and near-colorless diamonds 
are sometimes referred to as “white,” 
in contrast to fancy-color diamonds, 
but among the fancy colors is a rare 
appearance described as Fancy White. 
Such diamonds contain a high concen- 
tration of submicroscopic inclusions 
that scatter light, yielding a translu- 
cent “milky” white face-up color. The 
nature of these inclusions is un- 
known. These diamonds are some- 
times also referred to as “opalescent” 
because of the flashes of color (caused 
by dispersion) that are seen in the face- 
up position. In some instances, the 
appearance is reminiscent of a white 
opal with weak play-of-color. 

Fancy White diamonds are en- 
countered infrequently in our labora- 
tories, so it was a treat for the East 
Coast lab to receive three of them this 
spring for identification (figure 3). The 
1.08 ct and 1.02 ct cut-corner rectan- 
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gular modified brilliants were translu- 
cent and showed strong whitish grain- 
ing. It was particularly unusual to see 
a matched pair of these stones. The 
0.62, ct marquise was translucent, but 
no distinct inclusions were visible 
with magnification. 

None of the diamonds showed any 
absorption features with transmitted 
light through a desk-model spectro- 
scope, although all three exhibited a 
moderate to strong blue fluorescence 
to long-wave UV radiation. (Blue fluo- 
rescence is typically due to the N3 
center, which also gives rise to an 
absorption line at 415 nm.) The two 
rectangular modified brilliants showed 
some yellow fluorescence as well to 
long-wave UV, in a clover-shaped 
cloud. The reactions to short-wave 
UV were similar, but weaker, in each 
stone. The two larger diamonds 
showed a weak to medium blue after- 
glow of more than 10 seconds after the 
short-wave UV lamp was turned off. 

Infrared spectroscopy revealed 
that these three diamonds were pre- 
dominantly type IaB, with relatively 
high concentrations of both nitrogen 
and hydrogen (as judged by the 
strength of the absorption peak at 
3107 cm"). Similar white diamonds 
have been reported in the Gem News 
column: from Panna, India (Spring 
1992, p. 58), and offering an explana- 
tion of the opalescent appearance 
(Spring 1997, p. 60). TM and IR 


Blue, Zoned 

Recently, the East Coast laboratory 
had the opportunity to examine a 
strikingly zoned blue 3.43 ct rough 
diamond (figure 4) and, later, the 1.33 
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ct round brilliant that was cut from it 
(figure 5). Strongly color-zoned faceted 
blue diamonds have been presented in 
this column in the past (Summer 
1985, pp. 108-109). However, in this 
case we were able to examine the 
rough diamond and record infrared 
spectra of both the blue and near-col- 
orless portions. 

Trace amounts of boron are the 
most common natural cause of blue 
color in diamond; such boron-bear- 
ing diamonds have a strong near- 
infrared absorption band that 
extends into the visible range, 
absorbing red light and imparting a 
gray-to-blue color. Diamonds that 
contain boron are described as type 
IIb, and have a characteristic mid- 
infrared spectrum with peaks at about 
1300, 2455, 2800, and 2930 cm. (For 
further information on diamond types, 
see Box A in E. Fritsch and K. Scarratt, 
“Natural-color nonconductive gray-to- 
blue diamonds,” Gems & Gemology, 
Spring 1992, pp. 35-42.) Diamonds 
that are depleted in boron (and nitro- 
gen, i.e., type Ila) do not have these 
same characteristic peaks in the mid- 
infrared and exhibit no absorption in 
the near-infrared or visible range. The 
IR spectrum of the blue portion of the 
3.43 ct rough diamond (figure 6A) dis- 
plays prominent absorption peaks 
typical of type IIb diamond, while 
that of the colorless portion (figure 
6B) shows very little absorption at 
these positions. This demonstrates 
that the uneven distribution of boron 


Figure 4. This irregularly shaped 
3.43 ct rough diamond shows 
strong zoning of the blue color. 
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Figure 5. An attractive face-up appearance (left) is shown by the 1.33 ct 
Fancy Deep Blue round brilliant diamond that was cut from the color-zoned 
rough shown in figure 4. The view on the right shows how a wedge of the 
strong blue color was placed at the girdle to take advantage of multiple 
internal reflections to produce a saturated, well-distributed face-up color. 


correlates to the uneven distribution 
of blue color. 

Cutting blue diamonds is often 
very challenging because of the typi- 
cally asymmetrical shape of the rough 
and the irregularity of the color zon- 
ing (see also Box B in J. M. King et al., 
“Characterizing natural-color type IIb 
blue diamonds,” Winter 1998 Gems 
# Gemology, pp. 246-268). The ulti- 
mate goal is to achieve a maximum 
blue saturation with a moderate tone 
in the face-up position. If the color 
zone is oriented poorly, low satura- 
tion or a dark tone can yield a gray 
face-up component, which is consid- 


ered less desirable than a “pure” blue 
color. Many of the same issues are 
encountered when cutting blue sap- 
phires; however, the consequences of 
a mistake with a blue diamond are 
much more dramatic in terms of both 
overall face-up appearance and loss of 
value. This diamond was fashioned so 
that the strong wedge of blue color 
penetrated along the girdle plane (fig- 
ure 5, right). This position takes 
advantage of internal reflections to 
produce an attractive, well-distributed 
face-up color appearance, and the 
diamond received a grade of Fancy 
Deep Blue. Matt Hall and TM 


Unusual Manufactured GLASS 


Glass is the oldest manufactured 
material used as a gem substitute. 
Whether single-crystal or multi-com- 
ponent, most gem materials familiar 
to us have been imitated by glass at 
one time or another. Even though 
manufactured glass is quite common 
and its identification is relatively rou- 
tine, from time to time some unusual 
glass items submitted to the Gem 
Trade Laboratory call for extra testing. 
Such was the case with the semi- 
opaque dark red cabochon pictured in 
figure 7 and represented as “pupurine.” 
The 43.73 ct cabochon measured 29.28 
x 19.76 x 7.77 mm and displayed a 
spotty or patchwork surface reflectivi- 
ty in incident light that is somewhat 
reminiscent of the aventurescence or 
schiller shown by some feldspars. 
Examination with a gemological 
microscope and fiber-optic illumina- 
tion showed that the cabochon was 
primarily composed of interlocked 
nests of dark red needles that were 
precisely oriented in a sagenitic (grid- 
like intersecting needles or plates) 
boxwork pattern within their respec- 
tive nests. This caused all of the nee- 
dles within a nest to reflect incident 


Figure 6. The mid-infrared spectrum of the blue portion (A) of the 3.43 ct rough diamond displays characteristic 
boron peaks at about 1300, 2455, 2800, and 2930 cm, while the colorless portion (B) mainly shows absorptions 


typical of type Ila diamond. Spectrum B has been smoothed to remove noise. 
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Figure 7. Represented as 
“pupurine,” this 43.73 ct cabo- 
chon was identified as a devitri- 
fied manufactured glass. 


light simultaneously (figure 8), while 
surrounding nests remained dark. 
This directional reflective effect, as 
well as the general microscopic 
appearance of the nested sagenitic 
needles, is somewhat similar to the 
arborescent patterns observed in some 
devitrified manufactured glasses pro- 
duced by lIimori Laboratory Ltd. in 
Tokyo. In reflected light, it was readi- 
ly apparent that the luster of the acic- 
ular inclusions was much higher than 
that of the surrounding host. Using an 
analyzer with reflected light, we did 
not see any pleochroism, which sug- 
gests that the cabochon and its inclu- 
sions were singly refractive. 


Figure 8. Devitrification resulted 
in the sagenetic boxwork pattern 
shown by this nest of synthetic 
cuprite inclusions in the manu- 
factured glass. Magnified 25x. 
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Examination with a Beck prism 
spectroscope and surface-reflected 
light showed a weak absorption band 
positioned between 495 and 500 nm, 
another weak band between 585 and 
594 nm, a band of moderate strength 
between 608 and 620 nm, and a sharp, 
fine line at 632, nm. The specific gravi- 
ty of the cabochon (determined hydro- 
statically) was 3.68, and the refractive 
index obtained by the spot method 
was approximately 1.62. Our ability to 
obtain an R.I. reading varied consider- 
ably from area to area across the cabo- 
chon, which suggests that surface- 
reaching inclusions might interfere 
with the reading in some areas. 

Since many of the needles were 
exposed on the surface during polish- 
ing, and since their higher surface lus- 
ter made them easy to target, Raman 
analysis of both the inclusions and 
the surrounding “matrix” was easily 
accomplished. The Raman spectra 
revealed that the dark red needles 
were cuprite, a bright red copper 
oxide, while the pattern shown by the 
surrounding host material was consis- 
tent with a glass. Because these crys- 
tals are in a manufactured glass, they 
are also synthetic. 

To complete the description of 
this material, research associate Sam 
Muhlmeister performed an EDXRF 
(bulk area) analysis. EDXRF showed 
the presence of Si together with Sb, 
Cu, Fe, and Pb, with Cu being the 
most prominent metallic element. 
The abundance of cuprite inclusions 
explains the prominence of Cu in the 
analysis. The other metals might be 
contaminants in the synthetic cu- 
prite or present in the host glass. 

Inclusions of synthetic cuprite pro- 
duced by devitrification in manufac- 
tured glass have been observed and 
identified before. For example, a Fall 
1984 Gem News item (pp. 176-177) 
documented synthetic cuprite inclu- 
sions that formed brownish red arbor- 
escent dendritic “flowers” against a 
background of opaque brownish green 
glass manufactured by Iimori, and 
marketed as Maple Stone. 

In the present case, the matrix of 
the “pupurine” cabochon appears to 
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be essentially the same color as the 
cuprite inclusions. This was apparent 
when the cabochon was examined 
around its edges with a pinpoint fiber- 
optic light source. The synthetic 
cuprite inclusions also must con- 
tribute significantly to the bodycolor 
of the cabochon, since they are perva- 
sive throughout the glass matrix. We 
do not know the manufacturer of this 
attractive cuprite glass. 

John I. Koivula 


Baroque CULTURED PEARLS 


Figure 9 shows a pair of white baroque 
pearls that were submitted to the 
West Coast laboratory for an identifi- 
cation report. They had a particularly 
high luster and were unusually large 
and well matched in shape. Each mea- 
sured approximately 32 x 25 x 21 mm 
and had been partially drilled at the 
apex for setting in jewelry. 

We immediately noticed that they 
felt quite heavy for their size. In addi- 
tion, peculiar blemishes were present 
on the surface of each: a small dull- 
looking oval area on the narrow side 
of one, and a distinct yellowish brown 
circular area in a more prominent 
location on the other (visible in figure 
9). At 10x magnification with over- 
head illumination, the dull oval area 
appeared to be a dense, opaque, white, 
featureless mass—a nonnacreous 
material of undetermined identity 
placed in a natural depression. Magni- 
fication showed that the colored area 
on the companion piece was a circu- 
lar section of mother-of-pearl that had 
been carefully attached to the surface. 

On the basis of these observations, 
we suspected that these items had 
been repaired and/or plugged, so we 
proceeded with X-radiography to 
determine the cultured or natural ori- 
gin of the pearls and whether they 
had been altered. The X-radiograph of 
each (see, e.g., figure 10) showed a dis- 
tinct, partially drilled bead nucleus, 
which proved that these were cul- 
tured pearls. In addition, instead of 
the characteristic concentric nacre 
layer around the bead nucleus, the 
flow pattern of a composite material 
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Figure 9. These large cultured 
baroque pearls, each approxi- 
mately 32 x 25 x 21 mm, showed 
some unusual blemishes; note the 
yellowish brown concentration in 
the center of the pearl on the left. 


was Clearly visible. It was readily 
apparent that these cultured pearls 
had been filled. 

Hollow natural pearls sometimes 
are filled with a foreign material to 
provide more stability and add 
weight. In particular, the increased 
stability reduces the danger of damage 
when the pearls are drilled prior to 
setting (see also Fall 1992, Lab Notes, 
p. 195). This is the first time we have 
seen cultured pearls of this size with a 
substantial filling. We concluded that 
the eye-visible blemishes covered the 
areas through which the foreign mate- 
rial had been introduced into these 
cultured pearls. KH 


BICOLORED ZOISITE 


A Spring 1993 Gem News entry (p. 
63) on parti-colored zoisite accurately 
predicted that additional bicolored 
zoisites would appear in the trade. Bill 
Vance recently loaned the West Coast 
laboratory two fashioned pink-and- 
yellow bicolored stones (figure 11). He 
stated that the stones were cut from 
the same piece of rough zoisite (the 
largest crystal of a small lot from 
Tanzania) and that they were not heat 
treated. 

The larger stone, 4.30 ct, showed 
strong pink color face-up. When 
viewed through the side, however, it 
revealed a well-defined color bound- 
ary perpendicular to the table; approx- 
imately one-third of the stone was 
purplish pink and the remainder was 
light yellow. The other stone, 1.62 ct, 
appeared primarily yellow face up, 
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Figure 10. This X-radiograph 
reveals the filling material 
around the bead nucleus of one 
of the baroque cultured pearls 
shown in figure 9. 


with a small pink zone in one comer. 

The visible spectrum of the larger 
stone displayed an absorption band at 
approximately 455 nm and weak gen- 
eral absorption in the green region. 
The other stone showed no lines in the 
hand spectroscope. Both stones were 
biaxial and yielded refractive indices 
typical for zoisite: 1.690-1.700. Their 
specific gravity (determined hydrostati- 
cally) was 3.37, and each luminesced 
very weak yellow to long-wave UV 
and was inert to short-wave UV. Both 
displayed distinct purplish pink, yel- 
low, and near-colorless trichroism. 
These gemological properties, as well 
as their Raman spectra, confirmed that 
the material was zoisite. 


EDXRE analyses by Sam Muhl- 
meister on the larger stone’s pink and 
yellow zones revealed that in addition 
to Al, Si, and Ca, both zones con- 
tained traces of Ti, V, Mn, Fe, and Sr. 
The pink zone showed slightly less Sr 
and slightly more Mn than the yellow 
zone. It is unclear whether these 
small variations were related to the 
difference in color. However, a nota- 
bly greater amount of Ti was present 
in the yellow zone, and one could 
speculate that the yellow zones might 
change to blue on heating, as com- 
monly occurs with tanzanite. For a 
more thorough discussion of these 
elements and their relationships to 
the color and pleochroism of zoisite, 
refer to J. Abrecht’s “Pink zoisite 
from the Aar Massif, Switzerland” 
(Mineralogical Magazine, Vol. 44, No. 
333, 1981, pp. 45-49) and G. H. Faye 
and E. H. Nickel’s “On the pleochro- 
ism of vanadium-bearing zoisite from 
Tanzania” (Canadian Mineralogist, 
Vol. 10, No. 5, 1971, pp. 812-821). 

CYW 
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Figure 11. These bicolored zoisites (1.62 and 4.30 ct) were cut from the 
same piece of rough. The larger stone appears pink face-up, although well- 
defined purplish pink and light yellow portions were visible from the side. 
The smaller stone is mostly yellow with a small pink zone in one corner. 
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DIAMONDS 

New diamond cut: “Tycoon cut.” At the March 2000 
AGS Conclave in Philadelphia, Toros Kejejian of Tycoon, 
Los Angeles, showed his former instructor (now GIA 
president) Bill Boyajian a new twist on emerald-cut dia- 
monds. The “Tycoon cut” (figure 1) is a rectangular—or 
square—mixed cut with step-cut facets on the pavilion 
and a centered rhombus on the table. The cut (patent 
pending) is designed to provide more brilliance than a 
standard emerald cut. 

The 6.93 x 5.09 x 3.39 mm F-color diamond shown in 
figure 1 had the following proportions: table—79%, 
length-to-width ratio—1.36, total depth—66.6%, and 
pavilion depth—56.6%. “Tycoon cut|” and a serial 
number were inscribed on the faceted girdle. 


Figure 1. This 1.04 ct colorless diamond has been 
fashioned as a “Tycoon” cut, a new alternative to 
emerald or step cuts. Courtesy of Toros Kejejian; 
photo by Maha Tannous. 
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Diamond presentations at the PDAC conference. This 
year’s conference of the Prospectors and Developers 
Association of Canada was held in conjunction with the 
annual meeting of the Canadian Institute of Mining and 
Metallurgy on March 5-10 in Toronto. Attendance was 
very high (12,000), and the mood was optimistic. With so 
many subjects presented, however, diamonds played a less 
prominent role than at the 1999 PDAC conference (sum- 
marized in the Summer 1999 Gem News, pp. 142-143). 
Here are highlights of some of the diamond reports. 
Matthew Field of De Beers and Charles Siwawa of 
Debswana emphasized the importance of Botswana's 
Orapa diamond mine: It produces 25.6% of the total 
rough for De Beers—-owned mines (and 6.7% of the world’s 
production}. Recent improvements to the recovery pro- 
cess have doubled Orapa’s production capability. These 
developments, combined with the fact that Botswana is 
politically and economically stable, help ensure that 
Orapa will be a major and reliable contributor to the 
world’s diamond supply for several decades to come. 
Bruce Yago of Lakefield Research Ltd. discussed the 
important role of modern diamond service laboratories: 
They enable junior companies to join the hunt for dia- 
monds without having to build their own (expensive} 
facilities for processing exploration samples. Mr. Yago 
predicted that the use of organic heavy liquids (such as 
bromoform, tetrabromoethane, and methylene iodide, all 
of which give off toxic fumes) for the recovery of dia- 
monds eventually will be proscribed and replaced by 
mechanical and aqueous methods, such as Wilfley tables, 
water columns, and miniature dense-media separation 
plants that use nontoxic ferrosilicon liquids. 
Representatives of several diamond exploration and 
mining companies gave presentations in the Industry 
Exchange Forum. Canada’s first diamond mine, Ekati, 
managed by BHP, is on course at a planned annual 
production of 3 million carats. The Diavik project (figure 
2), managed by Rio Tinto—Kennecott, received a setback 
last winter when their application for a land-use permit 
was refused; recent submission of a revised environmen- 
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Figure 2. This map shows the projected layout of the Diavik project; the inset photo shows fuel tanks being 
assembled on-site in April 2000. Map and photo courtesy of Aber Resources. 


tal impact statement resulted in the permit being grant- 
ed just in time for heavy equipment to be rushed to the 
site while the winter road was still passable. As a result, 
start-up of the mine is still planned for late 2002 or early 
2003. If Diavik has other setbacks, Winspear’s Snap 
Lake property may well become Canada’s second dia- 
mond mine. Because the Snap Lake operation will leave 
a much smaller “footprint,” the permit process should 
be easier and faster than at Diavik. Snap Lake involves a 
small open pit on dry land, which would progress to 
underground mining of a shallow-dipping kimberlite 
dike. Operations at two other promising diamond pro- 
jects—Kennady Lake, managed by Monopros (De Beers}, 
and Jericho, managed by Tahera (previously Lytton}— 
have not advanced far enough to determine if economic 
exploitation is feasible. 

Diamond exploration is continuing in Alberta, where 
Ashton has discovered more than two dozen kimberlites 
in the Buffalo Hills area. Several contain diamonds, but 
to date none appears to be a promising project. The deci- 
sion by Monopros to bulk-sample the Victor kimberlite 
pipe, the largest in a cluster of 15 pipes, has given new 
impetus to diamond exploration in the James Bay 
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Lowland area of Ontario. Another area of interest is 

Wawa, along the northeast corner of Lake Superior, 
where Canabrava, Diabras, and Band Ore are active. 

Other ongoing diamond exploration activities world- 

wide were described in numerous booth displays. There 

were no formal presentations or booth displays about GE 

POL diamonds or “conflict diamonds,” although both 

topics were raised in private conversations. 

A. J. A. (Bram) Janse 

Archon Exploration 

Carine, Western Australia 


Israel’s 2nd International Rough Diamond Conference. 
An abundance of information was exchanged at this 
conference, held March 21-23 in Tel Aviv. In atten- 
dance were about 240 top people in the diamond indus- 
try, plus about 600 local diamantaires. The 13 speakers, 
whose talks are summarized below, included represen- 
tatives of major diamond-producing companies, banks, 
and brokers, as well as various government agencies. 

De Beers CEO Gary Ralfe discussed the company’s 
“strategic review.” Rather than continue to serve as cus- 
todian to the diamond industry, De Beers will aim to be a 


GEMS & GEMOLOGY Summer 2000 161 


leader in diamond production and to compete in the 
rough diamond market. Recognizing these new realities, 
Des Kilalea, diamond analyst for Fleming Martin 
Securities, said that the comfortable years when the De 
Beers Central Selling Organisation (CSO) absorbed the 
world’s surplus diamonds are over. For producers, this 
will mean lower prices, higher cut-off grades, and a 
search for front-end partners, such as the Aber-Tiffany 
link. For cutters and manufacturers, it means better links 
to rough sources, greater cost control, clever technolo- 
gies, and increased spending on marketing and advertis- 
ing. For consumers, it means more competitive prices, e- 
commerce, and branding. 

According to Paul Goris, managing director of the 
Antwerp DiamondBank, “We have to reconcile our- 
selves to the fact that the days of a predictable and sta- 
ble market, an exclusive single-channeled supply, and 
guaranteed profits are probably over, and that the dia- 
mond business is in transition to a free-market environ- 
ment already known by so many other industries.” He 
pleaded for a strict ban on conflict diamonds to protect 
consumer confidence, as well as for frequent consulta- 
tion among producers, cutters, and bankers to avoid 
large price fluctuations. He offered a strategy for coping 
with the future business environment, dubbed “EBT”: 
strong Equity in one’s business, a detailed Business plan 
to submit to one’s bank, and Transparency (no secrecy, 
price fixing, or hidden agendas) in the business process. 
Richard Hambro, chairman of I. Hennig & Co., echoed 
Paul Goris’s theme that the diamond business of the 
future would be less predictable and more competitive. 

Doug Bailey, CEO of Ashton Mining, discussed the 
risks—and potential rewards—of diamond exploration. 
For instance, he estimated that although C$1 billion had 
been spent exploring for diamond properties in Canada, 
the resulting properties are worth $3.5 billion. Ashton 
has 40% equity of the Argyle mine, and recently 
announced the discovery of additional underground 
reserves of 22 million tonnes valued at US$1 billion, 
which will extend mine life beyond 2010. 

Gordon Gilchrist, managing director of Argyle 
Diamonds, described the challenges of marketing their 
product, a high proportion of which are small, brown, 
heavily included stones. When the mine opened in 1983, 
it quickly added 25 million carats annually to world dia- 
mond production, which had been about 50 million 
carats a year. Although until mid-1996, most of the pro- 
duction was sold through the CSO, Argyle has continu- 
ally explored ways to market the brown diamonds on its 
own. The company helped develop the Indian diamond- 
cutting industry, which grew 185% in volume and 
220% in value from 1983 to 1993. It also launched a pro- 
motion of “champagne” and “cognac” diamonds. 

James Rothwell, president of BHP Diamonds, 
explained the three channels through which Ekati mine 
diamonds are marketed. All the diamonds are sorted and 
valued by government workers in Yellowknife, 
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Northwest Territories (NWT), so that the Canadian gov- 
ernment can extract the exact royalty. Thirty-five per- 
cent of the rough is sold under contract to De Beers, and 
10% is reserved for sale to diamond-cutting factories that 
are being set up in Yellowknife. The remaining 55% is 
sold in Antwerp for the same prices as in Yellowknife. 
The run-of-the-mine production from the first pipe 
(Panda) averaged $165/ct, which is very high for a prima- 
ry deposit. Updating the situation with the Diavik pro- 
ject, Robert Gannicott, president of Aber Resources, 
admitted that at more than $900 million, the capital cost 
is high. Nevertheless, the project remains economically 
robust under a wide range of economic variables. Jake 
Ootes, NWT Minister of Education, Culture and 
Employment, reiterated the importance of diamond min- 
ing in the Northwest Territories. 

Sergei Oulin, vice president of Almazy Rossi-Sakha 
Co. (Alrosa), said that since 1996 his company has start- 
ed mining two new open pits (Jubileynaya in 1996 and 
Butuobinskaya/Nyurba in 1999) and one alluvial opera- 
tion (Anabar, in 1997). They also reopened the Zarnitsa 
pit (1999), and started underground mining at Aikhal 
(1998) and Internationalaya (1999). Alrosa has spent a 
total of $2 billion in the last five years; they now aim to 
sell 70% of their production to domestic buyers and cut- 
ters at below world prices. To discourage smuggling, the 
supply of rough and the output of polished goods will be 
strictly monitored. It is planned that 97% of polished 
diamonds will be exported. Tim Haddon, president of 
Archangel Diamond Corp. (ADC), explained Archangel’s 
ongoing struggle to get their Russian partner to carry out 
the terms of an agreement that would transfer the 
license for the Verkhotina area to a Russian joint stock 
company, Almazny Bereg, in which ADC has a 40% 
equity. He hopes that Vladimir Putin, the new president 
of Russia, will resolve the matter. 

Chris Jennings, of SouthernEra, noted that Angola’s 
Camafuca deposit is the world’s largest kimberlite (167 
hectares) and is formed by five pipes that lie next to one 
another beneath the Chicapa River. Rather than divert 
the river, SouthernEra plans to mine the kimberlite with 
dredges in paddocks. Inge Zaamwani, managing director 
of Namdeb, discussed the history and development of 
that company, and noted that more than 50% of the dia- 
monds Namdeb produces now are recovered from off- 
shore deposits. A. J. A. (Bram) Janse 

Archon Exploration Pty. Ltd. 
Carine, Western Australia 


COLORED STONES AND ORGANIC MATERIALS 

Baltic amber with lizard inclusion. Figure 3 illustrates a 
lizard inclusion in a piece of Baltic amber that was found 
in June 1997 among Holocene fossil beach sediments in 
Gdansk-Stogi (Poland). The lizard (preserved length 3.7 
cm) is encased in a piece of amber that measures about 
3.5 x 2.0 x 1.0 cm. The infrared spectrum led us to identi- 
fy the amber as succinite (i.e., fossilized tree resin that 
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contains relatively high amounts of succinic acid). The 
body structure of the animal suggests that it belongs to 
the Lacertidae family. Although the lizard is incom- 
plete—the front part of the head, dorsal fragment of the 
trunk, and tip of the tail are missing—it is well pre- 
served; all body elements, which are covered with three 
types of scales, are perfectly visible. This specimen, from 
the collection of G. Gierlowska, represents the second 
almost complete lizard discovered in Baltic amber. It was 
loaned to the Museum of the Earth, Polish Academy of 
Sciences, Warsaw, for further investigation; a detailed 
report was recently published by M. Borsuk-Bialynicka et 
al. (“A lizard from Baltic amber [Eocene] and the ancestry 
of the crown group lacertids,” Acta Palaeontologica 
Polonica, Vol. 44, No. 4, 1999, pp. 349-382). 
G. Gierlowska, W. Gierlowski, and T. Sobczak 
Warsaw, Poland 


Ametrine with layers of smoky quartz. Ametrine 
(amethyst-citrine) from Bolivia has been prevalent in the 
gem trade for many years (see, e.g., Gem News, Fall 
1989, pp. 178-179, and Spring 1993, p. 53). At this year’s 
Tucson gem show, H. Marancenbaum of Steinmar Ltd. 
(Santa Cruz, Bolivia) kindly provided two rough frag- 
ments, three slightly polished crystals, and two fantasy- 
cut specimens of ametrine to the SSEF Swiss Gem- 
mological Institute. Mr. Marancenbaum reported that 
these samples originated from the Yuruty mine, a new 
operation that is located in the same geologic unit 
(Murciélagos limestones) in Bolivia as the well-known 
Anahi mine (Vasconcelos et al., Gems & Gemology, 
Spring 1994, pp. 4-23). 

An investigation of these Yuruty mine samples by the 
present contributor revealed an interesting new aspect to 
this bicolored quartz. In addition to the typical amethyst 
and citrine sectors (along the major and minor rhombohe- 


Figure 4. Two parallel zones of smoky quartz are 
evident in these three ametrine specimens 
(27.3-299.7 ct) from the new Yuruty mine in 
Bolivia. Photo © SSEF Swiss Gemmological 
Institute. 
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Figure 3. This piece of Baltic amber (succinite), 


which contains a 3.7-cm-long lizard, was found 
in Poland in 1997. Photo by G. Gierlowska. 


dral forms; again, see Vasconcelos et al., 1994), five of the 
samples also showed a similar pattern of two distinct lay- 
ers of smoky quartz. These layers are oriented parallel to 
the minor rhombohedral form z {0111}, within the citrine 
sector (see, e.g., figure 4). In the slightly polished crystals, 
the smoky layers were observed just below the surface. In 
this area, the color of both amethyst and citrine is rather 
pale. The two (broken) fragments that did not show 
smoky quartz layers were presumably derived from the 
central portion of a crystal; they did display more intense 
amethyst/citrine coloration. 

The growth conditions of this unusual ametrine evi- 
dently facilitated the enhanced accommodation of alu- 
minum impurities in the z sectors. Natural irradiation of 
these aluminum-rich zones would give rise to the smoky 
quartz color layers. 

Approximately 30 tons of material have been pro- 
duced at the Yuruty mine since February 1999, according 
to Mr. Marancenbaum. Large quantities of rough and cut 
amethyst, citrine, and ametrine from this new mine 
were available at this year’s Tucson show, and he antici- 
pated that about 10,000 carats of cut material monthly 
could be expected in the near future. 

Dr. Michael S. Krzemnicki (gemlab@ssef.ch) 
SSEF Swiss Gemmological Institute 
Basel, Switzerland 


Bicolored cat’s-eye beryl from Pakistan. Also at the 
February 2000 Tucson show, Dudley Blauwet of Dudley 
Blauwet Gems, Louisville, Colorado, showed this contribu- 
tor two bicolored beryl cabochons that each displayed an 
interesting chatoyant band along the color boundary. 
Mr. Blauwet reports that the rough was mined in 
1997-1998 from a pegmatite in the Shigar Valley area, 
above the village of Haiderabad in Pakistan. The deposit is 
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situated on the southwest flank of Buspar Peak, at an eleva- 
tion of about 12,000 feet (3,660 m). Approximately 100 
crystals or fragments with the distinctive chatoyant band 
have been recovered to date, measuring up to 4 x 5 cm. 
About one dozen cabochons were cut; he loaned the largest 
one (30.37 ct; figure 5) to GIA for closer examination. 

The color boundary, which was sharp and evenly cen- 
tered, was oriented perpendicular to the c-axis. One half 
of the stone was greenish blue, and the other was very 
pale pink. Spot RI. readings of 1.56 were recorded for 
both colors. The pink half was transparent to translucent 
due to abundant “fingerprints” composed of wavy planes 
of two-phase (liquid-gas) inclusions. The greenish blue 
half was transparent but contained numerous growth 
tubes oriented parallel to the c-axis, which caused subtle 
chatoyancy. With a magnification of 40x, tiny colorless 
crystals were visible at the ends of these tubes. Scattered 
dark gray-green prisms (which appear to be tourmaline) 
also were seen in the greenish blue portion, particularly 
along the contact with the pink half. The 2.5-mm-wide 
chatoyant band lay within the greenish blue portion, 
very near the color boundary. The band appeared color- 
less due to the scattering of light associated with the 
chatoyancy; it contained abundant fine structures 


Figure 5. A narrow chatoyant band is present 
along the color boundary of this 30.37 ct bicolored 
beryl from Pakistan. Courtesy of Dudley Blauwet; 
photo by Maha Tannous. 
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Figure 6. Purchased in Brazil, this 2.36 ct bicolored 
stone is a natural intergrowth of emerald and col- 
orless quartz. Photo by Jaroslav Hyrsl. 


oriented parallel to the c-axis, as well as the growth 
tubes described above. 

Mr. Blauwet indicated that the pink portion is always 
present at the crystal terminations, and that the small 
size of this zone renders most of the rough unusable for 
cutting bicolored pieces. He also stated that some of the 
rough failed along the color boundary/chatoyant band 
during cutting, because of structural weakness in this 
area. For these reasons, few fashioned stones have been 
produced. Brendan M. Laurs 

Senior Editor, Gems & Gemology 


Natural emerald and quartz intergrowth. A very unusual 
colorless and green bicolored stone was purchased by this 
contributor in 1998 in Belo Horizonte, Brazil. The 2.36 ct 
stone measured 7.96 x 7.53 x 4.84 mm. At first glance, 
the stone appeared to be an assembled doublet with the 
join between the two halves oriented perpendicular to 
the table facet (figure 6), rather than parallel to the table 
plane as is common with most doublets. However, close 
examination with a microscope showed that it was actu- 
ally a natural intergrowth of two separate minerals. 

The refractive index of the colorless, semitransparent 
half was 1.545-1.553, which confirmed it as quartz. The 
green portion showed an R.I. of 1.583-1.591, was strong- 
ly dichroic (bluish green and yellow-green), did not react 
to a Chelsea filter, and did not show any sign of red 
transmission; its spectrum with a handheld spectroscope 
confirmed that it was emerald. 

The emerald portion was inert to both long- and short- 
wave UV radiation, whereas the quartz half fluoresced a 
strong white (concentrated in fractures) to short-wave UV 
(with no reaction to long-wave UV). This suggests that 
this stone was probably “filled” with some type of sub- 
stance, although none of the known or potential emerald 
fillers mentioned by Johnson et al. (Gems e& Gemology, 
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Figure 7. Subhedral plates of what appear to be 
mica or chlorite (see arrows) are present in both the 
emerald and quartz portions, as well as at the con- 
tact between them. Photomicrograph by Jaroslav 
Hyrsl; magnified 10x. 


Summer 1999, pp. 82-107) had this type of fluorescence. 
Both portions were found to contain natural inclu- 
sions. Subhedral brownish green flakes with a distinct 
basal cleavage, which appear to be mica or chlorite, 
were present in both halves, as well as in the contact 
between the two minerals (figure 7). Part of the contact 
consists of an air-filled crack that appears mirror-like at 
some angles. The emerald portion is characterized by 
parallel hollow channels, which rarely contain an 
anisotropic phase. Some of the channels also contain 
two-phase inclusions. Very rare, extremely small three- 
phase inclusions also were observed, but of a type dif- 
ferent from those known to occur in emeralds from 
Colombia. The three-phase inclusions in this stone 
were either parallelepipeds or asymmetrical; each con- 
tained a bubble and a small anisotropic solid phase. On 
the basis of the inclusions, we believe that this unusual 
bicolored stone probably comes from the Belmont mine 
near Itabira in Minas Gerais, Brazil (see H. A. Hanni et 
al., “The emeralds of the Belmont Mine, Minas Gerais, 
Brazil,” Journal of Gemmology, Vol. 20, Nos. 7/8, 1987, 
pp. 446-456). Jaroslav Hyrsl (Hyrsl@bbs.infima.cz) 
Kolin, Czech Republic 


Update on some Madagascar gem localities. This island 
nation continues to supply an impressive array of gem 
varieties, in some cases of high quality and in enormous 
quantities. To gather first-hand information on the gem 
production and geology of the deposits, in November- 
December 1999 this contributor visited three gem-pro- 
ducing areas: the sphene deposits in northern Mada- 
gascar, the tourmaline-, beryl-, and spodumene-bearing 
pegmatites in the central part of the country; and the 
alluvial gem deposits at Ilakaka in southern Madagascar. 
The guide for most of the trip was Dr. Federico Pezzotta 
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of the Natural History Museum of Milan, who is in- 
volved in several geologic studies throughout Madagascar 
(in collaboration with the local public institutions) and is 
a consultant to the Italian-Malagasy joint venture 
Pyramide Co. 

In recent years, Madagascar has become perhaps the 
world’s leading supplier of large facet-grade sphene (or 
titanite, which is the name currently accepted by the 
International Mineralogical Association). This attrac- 
tive green to yellowish brown gemstone shows colorful 
dispersion (figure 8), but it is rarely faceted in large sizes 
due to the flat shape of the crystals. However, 
Madagascar has yielded faceted sphenes over 20 ct (see, 
e.g., Spring 1998 Gem News, p. 53); Allerton Cushman 
& Co., of Sun Valley, Idaho, displayed a 35.29 ct 
Madagascar sphene at the June 2000 JCK Show. The 
crystals are mined over a large region of northern 
Madagascar from in situ hydrothermal veins (i.e., alpine 
clefts) that formed during retrograde metamorphism of 
amphibolite-grade rocks during the late stages of the 
Pan-African Orogeny, according to Dr. Pezzotta. These 
veins also contain large quantities of transparent quartz 
crystals locally associated with albite (pericline}, 
apatite, epidote, rutile, schorl, clinochlore, dolomite, 
and hematite. 

To access the mines, we flew from Antananarivo to 
Sambava, and then drove three hours on a paved two- 
lane road to Vohemar on the northeastern coast, and 
another three hours northwest on a fairly good dirt road 
to Daraina, a small town where much of the sphene is 
traded. Production had been sporadic, and we saw very 
little sphene rough. However, one of the sphene 
prospects we visited had produced 5 kg of gem rough and 


Figure 8. Sphene from northern Madagascar 
shows a range of color, although “pure” green is 
most rare. These samples weigh 0.92-2.52 ct. 
Courtesy of Madagascar Precious Gems (Budsol 
Co.); photo by Maha Tannous. 
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Photo by G. Switzer. Copyright, Gemological Institute of America, 


Fluorescent Diamonds 
Groups of rough diamonds arranged as to their 
color under ultraviolet light. 


PLATE II 


Figure 9. This Malagasy dealer in Antsirabe, 
known locally as “Papa Emeil,” had a variety of 
rough and cut Madagascar gems. Photo by 
Brendan Lauts. 


several very fine crystal clusters in February 1998, 
according to Dr. Pezzotta. 

We briefly visited Milanoa, a small gem-trading town 
about 50 km south of Daraina. Apatite, which is heated 
to obtain its bright greenish blue color, reportedly comes 
from a primary deposit about 40 km southwest of 
Milanoa. Most of the sapphire traded in Milanoa comes 
from alluvial deposits in the Ambilobe area (sometimes 
identified as “Diego Suarez,” after the city to the north). 
A dealer in Daraina reported that about 200 miners were 
active in this area, having recently returned from Ilakaka, 
where they could not obtain productive claims. 
Significant stones are occasionally recovered: We were 
shown an approximately 50 g gemmy dark blue sapphire 
crystal that was reportedly found in a river about 40 km 
west of Milanoa in early November 1999. 

After returning to Antananarivo, we drove about three 
hours south on national highway 7 to Antsirabe, which is 
the traditional hub of the gem trade in Madagascar due to 
its proximity to abundant gem-bearing pegmatites. Most 
of the dealers we visited (see, e.g., figure 9) had rough and 
faceted stones from Ilakaka, as well as stocks of other 
gems such as amethyst, garnets, and multicolored tour- 
maline (probably liddicoatite). We visited several peg- 
matites in the central portion of the Sahatany Valley, 
which produces tourmaline (red and multicolored), beryl 
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(morganite), and spodumene (kunzite), as well as the rare 
gem mineral rhodizite. Only one of these pegmatites was 
being actively mined. According to Dr. Pezzotta, these 
late Pan-African granitic pegmatites are hosted by marble, 
quartzite, and schist, and have been worked in shallow 
hand-dug pits and tunnels since the turn of the century. 
Gem production fell sharply after the mines in this part of 
the valley were nationalized in 1974. More recently, 
activity has slowed due to the migration of miners to 
Takaka. Our reconnaissance of the workings suggested 
that some of the pegmatites still hold significant potential 
for gem production. 

For the journey to Ilakaka, I joined Tom Cushman of 
Allerton Cushman & Co., who was one of the first deal- 
ers to visit Ilakaka after sapphires were discovered there 
in 1998. We flew from Antananarivo to Tulear, and then 
drove about three hours northeast on national highway 7 
to Ilakaka. 

The Ilakaka gem deposits are hosted by conglomerate 
layers within the Paleozoic-Mesozoic Isalo Formation 
(part of the Karoo Supergroup), which covers an enor- 
mous portion of south and east Madagascar. Most of the 
mining is done in an area that measures about 30 x 65 
km, but the gem-bearing region extends at least 30 km 
north and 100 km southwest of the town of Ilakaka. The 
miners hand dig pits—typically a few meters, although 
deeper pits are sometimes excavated (figure 10)—in the 
weathered sediments to reach the conglomerates, which 
are loaded into sacks and taken to the nearby stream for 
washing. The gems are hand picked from primitive 
sieves made by poking holes through sheet metal that is 
supported by a wooden frame. The stones are sold to 
Malagasy middlemen, who offer them to overseas buyers 
(mostly from Sri Lanka and Thailand) at a local central 
selling area called the Comptoir. 

The sapphires range from near-colorless to pink, pur- 
ple, and blue (figure 11). Within just two days, we noted 
several gem species besides sapphire: spinel (dark gray- 
blue to green-blue, and grayish pink), garnet (purplish 
red, red, yellow-orange), chrysoberyl] (including cat’s-eye 
and alexandrite), topaz (pale yellow or blue), tourmaline 
(dark yellow-green to red-brown or brownish pink), 
andalusite, kyanite, zircon (reddish brown and greenish 
brown), and quartz (colorless, smoky, and amethyst). All 
of these gem materials have been documented previous- 
ly from this area (see, e.g., reports by H. A. Hanni in the 
Summer 1999 Gem News, p. 150, and F. Pezzotta, in 
extraLapis No. 17, 1999, p. 92). The sapphire rough typi- 
cally ranged from 1 to 3 ct, with 10 ct considered large. 
Transparent pebbles of spinel, garnet, and chrysoberyl 
commonly weighed up to 25 ct. 

According to Mr. Cushman, about 80% to 90% of the 
blue sapphires from Ilakaka need to be heated (to 
improve or even out their color); a somewhat lower pro- 
portion of pinks require heat treatment (to remove the 
purple component). As has been reported in the trade 
press, several buyers were disappointed initially with the 
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response of the sapphires to heat treatment: Over-dark 
blues did not get lighter with heating, and some of what 
appeared to be geuda-type sapphire did not alter to blue. 
None of the rough at the Comptoir showed any evidence 
of heat treatment, despite prior reports to the contrary 
(see, e.g., J. Henricus, “Mixing heated material with natu- 
ral at mines,” Jewellery News Asia, July 1999, p. 49). 
Although we could not confirm whether any sapphires 
are heat-treated within Madagascar, in Antananarivo I 
was offered faceted pink and blue sapphires that showed 
evidence of heating [i.e., discoid fractures surrounding 
inclusions). Zircon is heat-treated in Madagascar at rela- 
tively low temperatures to lighten the red-brown color to 
a more desirable pale orangy yellow. If heated too long, 
the stones will become overly pale. 

At the June 2000 JCK show, Mr. Cushman provided a 
further update on the Ilakaka area. During a visit there in 
May 2000, he noted that there is a new mechanized min- 
ing operation just south of the Comptoir, on the opposite 
side of the Ilakaka River. Heavy equipment, including a 
large excavator, bulldozer, and two dump trucks, is being 
used in conjunction with a three-story-tall processing 
plant, with water supplied by from the Ilakaka River. The 
mining is being conducted by a Thai company (Société 
Mining Discovery), and all rough is sent directly to 
Bangkok. Mr. Cushman also stated that a major new min- 
ing area has developed about 60 km southwest of Iakaka 
that shares its “boom town” atmosphere. According to 
Alexander Leuenberger of Larimar SARL in Antana- 
narivo, this new mining area is located at Mahasoa. 

Brendan M. Laurs 
Senior Editor, Gems & Gemology 


Freshwater cultured “Kasumiga pearls,” with Akoya 
cultured pearl nuclei. Frieden of Switzerland, a client of 
the SSEF Swiss Gemmological Institute, submitted 
three strands of attractive Japanese freshwater cultured 
pearls that was believed to be the product called 


Figure 11. Sapphires in a range of colors have been 
recovered from Ilakaka. These samples weigh 
1.42-4.76 ct; photo by Maha Tannous. 


Gem News 


a a : aA ~ 
Figure 10. At Ilakaka, Madagascar, miners dig 
pits through the weathered sandstone to reach 
the productive gem-bearing conglomerate lay- 
ers. At the time this photo was taken (December 
1999), this was the largest hand-dug excavation 
at Ilakaka. Photo by Brendan Laurs. 


Kasumiga, after the pearl-culturing region of Lake 
Kasumigaura, north of Tokyo. Kasumiga pearls are said 
to be grown in Hyriopsis schlegeli x Anadonta plicata 
hybrid mussels. Each of the 40-cm-long strands consist- 
ed of approximately 40 pearls, which ranged from 9 to 
13 mm in diameter. The client had requested informa- 
tion about the presence or absence of a nucleus, the 
thickness of the nacre, and whether the overgrowth 
formed in freshwater or saltwater. 

X-radiographs revealed the presence of two drill holes 
in most of the cultured pearls, at a random orientation to 
each other (figure 12). Gems e) Gemology reported such 
features in Japanese freshwater cultured pearls nearly 40 
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years ago (see R. Crowningshield, “Fresh-water cultured 
pearls,” Spring 1962, pp. 259-273). 

With the client’s permission, we ground away half of 
one cultured pearl and polished the surface (figure 13). 
The bead nucleus was covered by a very thin (0.2 mm) 
overgrowth of nacre, which was separated by a slight gap 
from a much thicker (>2 mm) layer of freshwater nacre 
(figure 14). An energy-dispersive X-ray fluorescence anal- 
ysis of the aragonite at the pearl’s surface showed an 
abundance of manganese: three times more than in aver- 
age saltwater nacre. This confirmed the freshwater origin 
of the outer nacre layer. It appears, then, that drilled low- 
quality Akoya (saltwater) cultured pearls were used as 
bead material for these Kasumiga freshwater cultured 
pearls. The resulting freshwater cultured pearls have a 
remarkable diameter with thick nacre layers and appeal- 
ing surface quality. HAH 


Trapiche ruby: An update. Trapiche rubies from Mong 
Hsu, Myanmar, consist of six transparent-to-translucent 
ruby sectors separated by translucent-to-opaque yellow 
or white planes that form a fixed six-rayed star. Many 
samples also reveal a hexagonal yellow, black, or red core 
(figure 15). The yellow or white “arms” of the six-rayed 
stars consist of ruby with a dense concentration of solid, 
liquid, or two-phase inclusions. The solid inclusions 
have been identified as calcite and dolomite (K. 
Schmetzer et al., “Trapiche rubies,” Gems & Gemology, 
Winter 1996, pp. 242-250). 

The chemical zoning in Mong Hsu trapiche rubies 
was examined by K. Schmetzer et al. (“Element mapping 
of trapiche rubies,” Journal of Gemmology, Vol. 26, No. 
5, 1999, pp. 289-301). From subsequent chemical and 


Figure 12. Most of the cultured pearls in this X- 
radiograph of a strand of Japanese Kasumiga cul- 
tured pearls reveal the drill hole through the bead 
nucleus as an oblique line (the length of which 
depends on its inclination to the direction of 
observation) that ends at the thicker nacre layer. 
X-radiograph by H. A. Hanni. 


Figure 13. This 9.7 mm Kasumiga freshwater cul- 
tured pearl appears to have been nucleated by a 
nacre-covered shell bead (7 mm in diameter) that 
shows a normal drill hole. Photo by H. A. Hanni. 


microscopic examinations, I. Sunagawa et al. (“Texture 
formation and element partitioning in trapiche ruby,” 
Journal of Crystal Growth, Vol. 206, 1999, pp. 322-330) 
concluded that the arms formed first, during a period of 
dendritic growth. The transparent-to-translucent triangu- 
lar or trapezoidal ruby sectors formed later, by layer-by- 
layer growth on smooth interfaces (figure 16). 


Figure 14. With magnification and reflected light, 
the two generations of nacre, separated by a gap, 
are clearly visible in the Kasumiga cultured pearl 
shown in figure 13. The relatively high man- 
ganese content of the outer layer proved that it 
formed in fresh water rather than salt water. 
Photo by H. A. Hanni. 
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Although trace-element mapping has indicated 
chemical zoning (e.g., of chromium and titanium) in the 
six ruby sectors of some trapiche rubies, direct micro- 
scopic observation had not previously revealed growth 
zoning that might indicate the mechanism by which 
these regions formed. However, we recently observed dis- 
tinct zoning in several trapiche rubies found by one con- 
tributor (DS) within parcels of Mong Hsu rough obtained 
at the gem market at Mae Sai, in northern Thailand. 

The layer-by-layer growth pattern in the ruby sectors 
was clearly seen in polished slabs cut perpendicular to 
the c-axis of these crystals. In its simplest form, this 
growth zoning consists of sequential parallel ruby layers. 
In some samples (again, see figure 15), alternating red and 
dark violet-to-black layers were found, with layers of 
both colors oriented parallel to the hexagonal dipyramid 
o (14 14 28 3). This crystal form is the commonly 
observed dominant growth plane in Mong Hsu rubies. 
The presence of this growth zoning confirms the sequen- 
tial layer-by-layer growth mechanism for the ruby sec- 
tors of Mong Hsu trapiche rubies, as proposed by 
Sunagawa et al. (1999). KS and 

Dietmar Schwarz 
Gtibelin Gem Lab 
Lucerne, Switzerland 


Spinel from Ilakaka, Madagascar. As discussed in the 
“Update on Madagascar” entry above and in numerous 
other publications, this recently discovered mining area 
has become well known for its large production of blue 
and fancy-color sapphires and numerous other gems. 
Besides garnet, one of the most abundant of these other 
gem materials appears to be spinel. 

To help characterize the gem spinels from Ilakaka, 
this editor studied 120 samples: 80 pebbles that ranged 
from 0.5 to 40 ct were selected from different parcels of 
mixed rough that were obtained from Ilakaka; and 40 
faceted gems (0.2 to 4.0 ct) were selected from mixed 
parcels of corundum and spinel, all of which had been 
purchased in Ilakaka and faceted in Madagascar. The 
samples were separated into a total of five groups on the 
basis of their color. Roughly half were violet to grayish 
violet, purplish violet, or bluish violet (figure 17). Of the 
remaining half, about 30 were violetish blue to blue (fig- 
ure 18), and about 20 were purple to reddish purple (fig- 
ure 19, right). Another five samples were red, pink (figure 
19, left), or orange, and the remaining five samples were 
greenish blue to bluish green (figure 17, inset). 

Refractive indices, measured on all faceted samples, 
ranged from 1.716 to 1.719. Specific gravity values (mea- 
sured hydrostatically) ranged from 3.59 to 3.64. Micro- 
scopic examination revealed the presence of birefringent 
mineral inclusions in about one-third of the spinels. 
When examined between crossed polarizers, most of the 
otherwise inclusion-free spinels showed weak anoma- 
lous double refraction. 

Natural spinels typically have complex spectra that, 
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Figure 15. This trapiche ruby from Mong Hsu, 
Myanmar, consists of a dark violet, almost black 
core, six white arms that widen toward the outer 
edge of the crystal, and six trapezoidal ruby sec- 
tors. In some of these transparent ruby sectors, a 
distinct red and dark violet color zoning parallel to 
dipyramidal growth planes was observed with 
magnification. The sample measures about 5.5 x 6 
mm. Photo by K. Schmetzer. 


in general, consist of the superimposed absorption bands 
of several basic types of spectra (see, e.g., J. E. Shigley and 
C. M. Stockton, “Cobalt-blue gem spinels,” Spring 1984 
Gems & Gemology, pp. 34-41; and K. Schmetzer et al., 
“Color of natural spinels, gahnospinels, and gahnites,” 
Neues Jahrbuch ftir Mineralogie Abhandlungen, Vol. 
162, No. 2, 1989, pp. 159-180). This is also the case for 


Figure 16. In trapiche rubies, the arms develop by 
dendritic growth, and then the ruby sectors form 
by layer-by-layer growth. In some cases, (right), a 
core grows first by a different smooth-surface 
mechanism. Figure adapted with permission from 
Sunagawa et al. (1999). 


GEMS & GEMOLOGY Summer 2000 169 


Figure 17. These three violet to purplish violet 
spinels from Ilakaka, Madagascar, are predomi- 
nantly colored by iron; the samples weigh 
1.30-1.67 ct. Inset: Two bluish green samples (1.21 
and 0.78 ct), also colored by iron, represent spinel 
colors that have been seen only rarely in lots from 
Ilakaka. Photos by Maha Tannous. 


Ilakaka spinels that are colored by iron or chromium, or 
by a combination of iron plus cobalt or iron plus chromi- 
um. A general scheme of the colors (and their causes) 
found thus far in Ilakaka spinels is given in figure 20. 

Absorption spectra in the visible and UV range 
showed distinct features for the five groups. The largest 
(violet) group revealed spectra typical for spinels that are 
colored predominantly by iron. The violetish blue to blue 
samples showed the same features, plus absorption bands 
that have been assigned to cobalt in spinels; the most 
prominent was a band at 625 nm. Other cobalt-related 
bands overlap with iron bands, but the influence of 
cobalt on the color can be estimated by the intensity of 
the 625 nm absorption. 


Figure 18. These three blue spinels from Iakaka 
(0.99 to 2.09 ct) are colored by cobalt and iron. 
Photo by Maha Tannous. 
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The small group of greenish blue to bluish green sam- 
ples again revealed a basic iron spectrum, which is super- 
imposed by an absorption band at about 645 nm. This 
absorption band has been assigned to Fe?*/Fe** charge 
transfer (see Schmetzer et al., 1989, above). The remain- 
ing two groups of purple to red or pink samples revealed 
a chromium spectrum, with absorption maxima at 543, 
413, and 388 nm. A continuous series was observed from 
pink or red samples colored predominantly by chromium 
to violet samples colored predominantly by iron. 
Intermediate spinels (orange, reddish purple, or purple) 
exhibited an iron spectrum that was superimposed by 
chromium absorption bands of variable intensity. 

The different color groups observed thus far in spinels 
from Ilakaka represent the full range of colors and spec- 
tral features observed in samples from other localities, 
such as Sri Lanka. KS 


TREATMENTS Es 


Unusual treated chalcedony. A number of small-volume 
gem and mineral dealers set up “shop” on small tables 
along the Interstate 10 corridor in Tucson, Arizona, dur- 
ing the Tucson gem shows each year in late January and 
early February. While the first impression might be that 
these goods are of questionable interest to the greater 
gem and jewelry community, closer inspection shows 
that there are some fascinating items to be found. 

One such item was a translucent white oval cabo- 
chon with a large, well-centered, silvery gray metallic- 
looking dendritic plume formation (figure 21). The 26.87 
ct cabochon measured 31.10 x 22.79 x 5.10 mm, and was 
represented as chalcedony with a dendritic formation 
composed of electrically induced metallic tin. It was a 
“one-only item” in a large group of obviously treated 
light blue-green translucent chalcedony cabochons that 
also contained electrically induced dendrites, but of ele- 
mental copper. We had encountered the latter dendrites 


Figure 19. The pink spinel (1.36 ct) is predominant- 
ly colored by chromium, and the color of the pur- 
ple sample (3.74 ct) is caused by a combination of 
chromium and iron. Photo by Maha Tannous. 
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in chalcedony on several prior occasions (see, e.g., Winter 
1986 Gem News, p. 246). However, we had not previous- 
ly examined a treated chalcedony with dendritic plumes 
represented as elemental tin, so we purchased this cabo- 
chon for testing and photography. 

While standard gemological tests easily established 
that the cabochon was chalcedony, we turned to EDXRF 
analysis (by Sam Muhlmeister, of GIA’s Research 
Department) to determine the chemical nature of the 
dendrites. This technique detected only silicon and tin. 
The strength of the tin peak, together with the metallic 
appearance of the dendritic plumes both macroscopically 
and microscopically, left no doubt that the dendrite for- 
mation was indeed composed of elemental tin. 

This particular tin dendrite was probably produced by 
the same type of electrically stimulated chemical reac- 
tion sequence that is used to induce copper dendrites in 
chalcedony. G. W. Fischer provides step-by-step descrip- 
tions of the treatment processes used to form both cop- 
per and tin dendrites in porous translucent chalcedony in 
his book Gemstone and Chemicals: How to Create 
Color and Inclusions (self-published, 1991). 


Figure 20. This schematic diagram shows the 
colors—and their causes—found in spinels 
from Iakaka. 
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Figure 21. This 26.87 ct cabochon of chalcedony 
contains an electrochemically induced dendritic 
plume formation composed of elemental tin. Photo 
by Maha Tannous. 


Induced copper dendrites in chalcedony are relatively 
attractive because of the color of the metal and the blue- 
green body color that the copper salt solution gives to the 
host chalcedony. However, the induced tin dendrites in 
the chalcedony we examined are a dull silvery gray, and 
the solution apparently does not produce an attractive 
color in the host either. It is probably this lack of visual 
appeal that has limited the production of chalcedony 
with induced tin dendrites. 


SYNTHETICS AND SIMULANTS 


Black diamond imitation. Black diamonds have become 
increasingly popular. Many manufacturers design jewel- 
ry that highlights them, often as large areas of melee. 
The main problem for the manufacturer is to make sure 
that the black diamonds are not treated or imitations. 
Beginning in late 1999, Franck Notari and Pierre-Yves 
Boillat of GemTechLab in Geneva, Switzerland, 
brought to the attention of this editor some unusual 
black diamond imitations. In the course of examining 
more than 17,000 black diamonds for jewelry manufac- 
turers who specialize in this material, they separated 
out approximately 30 faceted samples (0.20 to 0.41 ct) 
because of their unusual luster (duller than is usually 
seen in black diamonds), uneven surface appearance, 
and luminescence excited by UV radiation (long- and 
short-wave, as described below). These samples also 
appeared slightly grayer than typical black diamonds 
(see, e.g., figure 22). 

When examined with a 10x loupe or a binocular 
microscope, the material appeared inhomogeneous, with 
black shiny fragments of variable dimensions in a duller, 
lighter-color matrix. Most of the shiny fragments 
measured approximately 0.10 mm in maximum dimen- 
sion. Although some were much smaller, a few reached 
nearly 1 mm. These fragments were relatively homoge- 
neous in some samples, while in others they varied in 
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Figure 22. The three samples on the left are imitation 
black diamonds that are actually composed of dia- 
mond fragments in a metallic matrix; the 0.45 ct 
stone on the far right is a natural black diamond. 
From left to third right: 0.25 ct, Si-based matrix; 0.21 
ct, Si-based matrix with some Rh recorded; 0.34 ct, 
Fe-based matrix. Photo by Alain Cossard. 


size by a factor of more than 10. Clearly, this material 
was not monocrystalline, as a natural faceted black dia- 
mond would be, but rather was a composite product 
that imitates black diamond. This composite nature was 
confirmed by the luminescence to long- and short-wave 
UV radiation, which revealed that the background was 
inert, but contained numerous tiny spots emitting vari- 
ous colors that corresponded to the fragments men- 
tioned above. Some samples showed essentially the 
same fluorescence color in all the fragments; in others, 
the color varied greatly from grain to grain. Some grains 
even fluoresced more than one color. 

Despite the inhomogeneous nature of these pieces, 
use of a carefully calibrated Digital Jemeter from 
Sarasota Instruments revealed approximate R.I. values of 
about 1.86 to 2.03. These values are consistent with the 
lower luster of these imitations compared to that of dia- 
mond (which has an R.I. of 2.42). The samples ranged in 
specific gravity from 3.04 to 3.52. Six samples were ana- 
lyzed further at the University of Nantes. Laser Raman 
microspectrometry with a Jobin Yvon T64000 micro- 
probe confirmed that the fragments were diamond, but 
the matrix gave no noticeable spectrum (perhaps 
because the surface condition was extremely poor). 
Secondary- and backscattered-electron images produced 
by a JEOL 5800 scanning electron microscope (SEM) 
showed shards of a material embedded in a matrix of 
higher atomic number (figure 23). At higher magnifica- 
tion (e.g., 2000x), the matrix had a “cauliflower” appear- 
ance and was often inhomogeneous. Microanalysis 
using an energy-dispersive spectrometer (with an 
“ultrathin” window) attached to the SEM confirmed 
that the shards contain carbon and no heavier elements. 

The chemical composition of the matrix varied from 
sample to sample and, in some cases, within a sample. In 
one specimen, iron (Fe) and vanadium (V) dominated the 
composition (with traces of silicon and aluminum), in the 
other five, silicon (Si) was the main or only component. 
Among those five, two showed an admixture of rhodium 
(Rh) in variable amounts, one some Fe, and one was very 
inhomogeneous with some areas rich in Fe, V, and titanium, 
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Figure 23. As seen with an SEM in this backscat- 
tered electron image (magnified 55x), the homoge- 
neous dark areas are diamond and the lighter 
matrix is made of silicon, in this case with traces 
of rhodium. The inset (magnified 2300x) shows the 
“cauliflower” appearance of the matrix, contrast- 
ing with the sharp edges of the diamond frag- 
ments. Photos by Alain Barreau. 


as well as traces of potassium, calcium, aluminum, chromi- 
um, tungsten, and molybdenum. This contributor believes 
that the rhodium probably is residual of plating applied to a 
silver setting while the stone was mounted. We were not 


Figure 24. “Aurora Borealis,” a 131 ct opal carving 
that depicts the north slope of the Brooks 
Mountain range in Alaska, took “Best of Show” 
and first place in the Carving division of the 2000 
AGTA Cutting Edge competition. Fashioned from 
Oregon opal by Thomas Harth Ames, the piece 
stands 65.1 x 37.2 x 6.3 mm. Photo © 2000 John 
Parrish and AGTA. Courtesy of the American 
Gem Trade Association. 
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permitted to break a stone to check whether rhodium was 
present internally, or only on the surface. 

Jean-Pierre Chalain of the SSEF Swiss 
Gemmological Laboratory informed us that he had seen 
two similar black diamond imitations in the summer of 
1999. They were sent for study to Dr. Paul Spear of the 
De Beers DTC Research Centre in Maidenhead, United 
Kingdom. Dr. Spear established, by X-ray diffraction 
and chemical microanalysis, that these two samples 
consisted of diamond fragments in a matrix of iron- 
nickel or silicon. These conclusions are consistent with 
our findings. 

Therefore, it appears that black diamond imitations, 
similar in concept but not all identical in chemical 
composition, have entered the gem market. They 
resemble “compacts”—abrasive materials made of 
small diamond particles that are cemented by a metal, 
generally cobalt or iron. One might wonder if this is a 
product engineered specifically as a gem simulant, or 
the by-product of a material developed for a specific 
industrial application. EF 


ANNOUNCEMENTS 

Tenth annual Cutting Edge awards. Judges chose 16 win- 
ners and five honorable mentions in this year’s 10th 
annual Cutting Edge competition, sponsored by the 
American Gem Trade Association (AGTA) in Dallas, 
Texas, on April 29 and 30. 

“Best of Show” and first place in Carving were award- 
ed to “Aurora Borealis,” a 131 ct rectangular opal carving 
fashioned by Thomas Harth Ames of Arvada, Colorado 
(figure 24). Other first-place awards were: Classic 
Gemstone—Allen Kleiman of Boulder, Colorado, for his 
10.18 ct cushion-cut sapphire; Faceting—Joseph 
Krivanek of Alma, Colorado, for a 12.93 ct mixed square- 
cut rhodochrosite; New/Innovative/Combination— 
Thomas Trozzo of Culpeper, Virginia, for a 42.98 ct con- 
cave fancy-cut ametrine; Pairs & Suites—Stephen Avery 
of Lakewood, Colorado, for a 9.25 total carat weight 
“trishield” spessartite garnet pair; Objects of Art—Dalan 
Hargrave of San Antonio, Texas, for a scepter made of 
cat’s-eye quartz, beryl, tourmaline, rose quartz, sunstone, 
peridot, and amethyst. 

The competition was open to all colored gemstones 
of natural origin that were fashioned in North America 
by a professional lapidary artist. Entries were evaluated 
on the basis of design, quality of lapidary work, tech- 
nique, quality and rarity of gem materials, and overall 
beauty. The winning gemstones were displayed at this 
year’s JCK Show in Las Vegas, and the winners will be 
honored at the February 2001 AGTA Tucson GemFair. 


The Dresden Green at the Smithsonian. The famous 
Dresden Green diamond will be on display for the first 
time in the United States, in the Harry Winston Gallery 
at the Smithsonian Institution’s National Museum of 
Natural History, from October 2000 to January 2001. On 
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loan from the Albertinum Museum, part of the Dresden 
State Museum, Germany, where it has resided since 
1741, this approximately 41 ct diamond is the largest 
natural-color green diamond known. A full report on this 
diamond was published by R. E. Kane et al. in the Winter 
1990 issue of Gems &) Gemology (pp. 248-266). For more 
information, call the Museum at 202-357-2700. 


Gem 2000. Presented by the Canadian Gemmological 
Association, Vancouver Community College, and the 
Vancouver Chapter of GIA Alumni and Associates, the 
Gem 2000 conference will be held October 20-22 in 
Vancouver. Several prominent industry figures will 
cover a variety of current topics in gemology. A variety 
of GIA Extension education classes will also take place 
before and during the conference, and an intensive six- 
day course on grading rough diamonds will be taught 
after the conference by John Louis Raath of Johannes- 
burg, South Africa. For more information, visit 
www.giaalumni.bc.ca, or contact Donna Hawrelko at 
604-926-2599 (phone), 604-926-7545 (fax), or e-mail don- 
nahawrelko@hotmail.com. 


Mineralientage Miinchen. The Munich Mineral Show 
2000 will take place October 6-8, and will feature a spe- 
cial exhibit titled Diamond—The Millennium Crystal. 
In addition to 750 exhibitors and numerous collectors’ 
showcases, the show will host a design competition in 
Unique Jewellery. For more information, fax 089- 
6135400, e-mail info@mineralientage.de, or visit 
http://mineralientage.de. 


Gemstones at upcoming scientific meetings. These 
upcoming meetings will feature sections on gemstones: 


¢The 4th International Mineralogy and Museums 
Conference will take place in Melbourne, Australia, 
from December 3-7, 2000. The International 
Mineralogical Association Commission on Gem 
Materials will present a symposium in honor of Ralph 
Segnit on Gems and Gem Materials. Contact Dr. Bill 
Birch at 61-3-9270-5043 (fax), bbirch@mov.vic.gov.au (e- 
mail), or visit the Web site www.mov.vic.gov.au/miner- 
alogy/mm4web/. 


eA Field Course on the Rare Element Pegmatites of 
Madagascar will take participants to famous gem-bear- 
ing pegmatites on June 9-24, 2001. The itinerary will 
also include a brief visit to the Ilakaka alluvial gemstone 
deposit. Two days of scientific presentations in 
Antananarivo will round out the symposium. The meet- 
ing is being organized by the Museum of Natural 
History of Milan (Italy), the Department of Geology and 
Geophysics at the University of New Orleans, the 
Geological Survey at the Ministry of Energy and Mines 
in Antananarivo (Madagascar), and Pyramide Co., 
Antananarivo. A deposit and preregistration form are 
required; contact William B. “Skip” Simmons (e-mail 
wsimmons@uno.edu, or fax 504-280-7396). 
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Book 


Susan B. Johnson & Jana E. Miyahira-Smith, Editors 


PROCEEDINGS OF THE 
Vilth INTERNATIONAL 
KIMBERLITE CONFERENCE 
Edited by J. J. Gurney, J. L. Gurney, 
M. D. Pascoe, and S. H. Richardson, 
947 pp. in two volumes, illus., publ. 
by Red Roof Design, Cape Town, 
South Africa, 1999. US$150 (plus 
postage) 


Since the First International Kimber- 
lite Conference (IKC) was held in 
1973 in Cape Town, South Africa, 
the world’s leading authorities on 
the earth’s upper mantle, the forma- 
tion of kimberlites and natural dia- 
monds, and the theoretical aspects of 
diamond exploration have gathered 
every four to five years to present the 
results of their research. Subsequent 
conferences were held in the United 
States (1977), France (1982), Austra- 
lia (1986), Brazil (1991), and Russia 
(1995). In April 1998, the conference 
returned to Cape Town for its 25th 
anniversary meeting. This was the 
largest-ever IKC in number of dele- 
gates (over 600), extended abstracts 
submitted (361), and papers pub- 
lished in the two-volume IKC 
Proceedings (102). Each volume con- 
tains 51 papers, ordered alphabetical- 
ly by the lead author’s surname 
(rather than by subject area, as this 
reviewer would have preferred). 
Never before has so much new and 
exciting information appeared in the 
span between meetings. 

No review of such a massive un- 
dertaking, with both applied and the- 
oretical aspects, can do justice to it: 
Nevertheless, there are certain high- 
lights. These include five review arti- 
cles on: recent Canadian kimberlite 
discoveries (Carlson et al.), contrast- 
ing kimberlite emplacement in 
South Africa and Canada (Field and 
Scott Smith), crust-mantle coupling 
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(Grutter et al.), tectonic aspects of 
the diamond-kimberlite connection 
(Helmstaedt and Harrap), and dia- 
mond formation in the earth’s man- 
tle (Navon). Of special interest to 
gemologists are the numerous con- 
tributions on specific new kimberlite 
discoveries worldwide in addition to 
Canada (e.g., Finland, Australia, and 
Brazil), and new details on the char- 
acteristics of rough diamonds from 
several localities (e.g., Yakutia and 
Jwaneng). 

On the basis of these volumes, it 
is undeniable that major progress in 
all aspects of diamond and kimber- 
lite geology has been made over the 
past few years. Furthermore, it is 
also clear that significant credit for 
much of this progress belongs to cer- 
tain major international diamond 
producers such as De Beers, BHP 
Diamonds, and Alrosa. These corpo- 
rations have laudably supported and 
encouraged such advances by supply- 
ing samples to many academics and 
research organizations and, for the 
first time, have enabled many of 
their scientists to present and pub- 
lish articles on topics that heretofore 
would have been unthinkable. Yet 
there are still many loose ends and 
many differences of opinion on 
numerous topics, which ensures that 
the next IKC, scheduled to be held in 
Victoria, British Columbia, Canada, 
will be very interesting. 

These IKC Proceedings volumes 
are well produced and very reason- 
ably priced. They suffer only from 
the lack of an index. As a compendi- 
um of our present knowledge of kim- 
berlites, the formation of diamonds, 
and related topics, they have no peer. 


A. A. LEVINSON 


University of Calgary 
Calgary, Alberta, Canada 
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GEMS & JEWELRY 
APPRAISING, 2nd Edition 
By Anna M. Miller, 222 pp., illus., 


publ. by Gemstone Press, 
Woodstock, VT, 1999, US$39.95* 


Eleven years after the first was pub- 
lished, this second edition of one of 
the original “how-to-be-an-appraiser” 
books does a sound job of updating 
and improving its predecessor. 

Both editions follow the same for- 
mat, as the author goes through the 
steps on how to become educated 
and affiliated, and how to set up an 
appraisal business. Chapters on 
appraisal procedures and the nature 
of value are followed by sections on 
value characteristics of individual 
varieties of gem materials, historical 
and specialty jewelry, carvings, and 
related personal property. The final 
chapters address the legal and ethical 
aspects of appraising, and the prepara- 
tion of a professional appraisal report, 
with detailed examples. The appen- 
dix contains many helpful tables and 
charts, and the glossary complements 
the text well. 

Especially welcome are the ex- 
panded and updated discussions of 
jade, pearls, period jewelry reproduc- 
tions, ethnic jewelry, watches, ivory, 
and silver, along with a more exten- 
sive bibliography. New discussions of 
gemstone treatments and photogra- 
phy are important additions. 

“Pie-in-the-sky” predictions of 
technological advances in appraising 
from the first edition are replaced by 
an excellent discussion on qualitative 
ranking and more down-to-earth list- 
ings of resources such as trading net- 


“This book is available for purchase through 
the GIA Bookstore, 5345 Armada Drive, 
Carlsbad, CA 92008. Telephone: (800) 
421-7250, ext. 4200; outside the U.S. (760) 
603-4200. Fax: (760) 603-4266. 
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works, helpful Web sites, and ap- 
praisal-related software. 

Too many spelled-out numbers, a 
style carried forward from the first 
edition, make reading the text diffi- 
cult. And in spite of an oblique refer- 
ence to appraisal politics in the pref- 
ace, the glaring omission of one of 
the major educational programs (list- 
ed in the first edition), and the inclu- 
sion of the author’s own program 
without attribution, seems disingen- 
uous. Minor errors, misdirected refer- 
ences, and misspellings of high-pro- 
file names (e.g., Van Clef, Winstons) 
detract from an otherwise well-edited 
book. The 83 black-and-white pho- 
tographs and 23 line drawings, the 
majority of which come from the 
first edition, illustrate the material 
adequately. 

Overall, this second edition of 
Gem & Jewelry Appraising is a good 
presentation of many of the business 
aspects that a professional jewelry 
appraiser will encounter. More than 
just a primer for novices, this book is 
also a quality resource for experi- 
enced jewelry appraisers. 


CHARLES I. CARMONA 
Guild Laboratories, Inc. 
Los Angeles, California 


1000 PHOTOS OF 
MINERALS AND FOSSILS 
By Alain Eid, photography by 
Michel Viard, 127 pp., illus., publ. 


by Barron’s Educational Series, 
Hauppauge, NY, 2000. US$24.95 


This is the latest installment in the 
Barron’s Educational “1000 Photos” 
series. Presented by the authors as an 
overview of gem cutting, mineral 
sources, metals, meteorites, and fos- 
sils, 1000 Photos delivers only what 
its title promises, and little more. 
The photos themselves are billed 
as the attraction of the book, and 
they are well made. In many instan- 
ces, though, the photographer was 
given less than compelling subjects 
to work with, even by mineralogical 
standards. Moreover, the production 
quality of the book—including 
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matte-like rather than glossy pho- 
tographs and less-expensive, aromatic 
ink—deprives the photos of some of 
their impact and removes the desir- 
able sheen that readers expect from a 
photo book. 

1000 Photos is aimed at the home 
education and hobbyist demographic. 
As published, however, the book is 
probably suitable only for young stu- 
dents or the true neophyte hobbyist. 
The book’s greatest shortcoming is a 
lack of any coherent organization or 
consistent theme. Portions of the 
book exposit outmoded conventions. 
The first sentence, “Only diamonds, 
rubies, sapphires, and emeralds can 
rightly be called precious stones,” is 
off-putting to the gem enthusiast and 
is a strange introduction for what is 
supposed to be a mineral and fossil 
text. The italicized captions explain- 
ing the photos on each page, howev- 
er, are more connected to the photos 
and more insightful than the body of 
the text. This might have been a 
more appealing book had the publish- 
er limited its content to the photos 
and captions. 

In sum, the photos in this book 
are worthwhile for a first discovery, 
but the book is weakened by a disap- 
pointing narrative and cheaper pro- 
duction values. 


M. R. CAVENDISH 
Cavendish of Avondale 
Jacksonville, Florida 


FIRE INTO ICE: 
CHARLES FIPKE AND THE 


GREAT DIAMOND HUNT 


By Vernon Frolick, 354 pp., illus., 
publ. by Raincoast Books, 
Vancouver, 1999. US$21.95 


In 1978, Canadian geologist Charles 
Fipke began a quest to find diamond- 
bearing kimberlite pipes beneath the 
tundra of Canada’s Northwest Terri- 
tories. He set out with little support 
and even less competition: The idea 
of Canadian diamonds was widely 
ridiculed, dismissed as a hoax. Thir- 
teen years later, Fipke overcame the 
skepticism and the seemingly insur- 
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mountable odds by discovering the 
first Canadian diamonds. His claim 
eventually became the now-famous 
Ekati mine. But what drove him to 
pursue such an unlikely dream in the 
first place? 

Fire Into Ice provides a wealth of 
insight into Fipke’s complex charac- 
ter and intense personal drive. A 
rather lengthy background of the 
Fipke family leads up to a more 
telling description of Fipke’s child- 
hood in rural Canada, where he 
developed an aggressive spirit and an 
appreciation for the natural world. 
After completing his undergraduate 
work in geology in 1970, Fipke was 
sent by a major exploration company 
to the jungles of Western Papua, New 
Guinea. Prospecting for copper, Fipke 
frequently risked his life to obtain 
mineral samples. Another early 
assignment took him to Queensland, 
Australia, where he visited the opal 
fields of Lightning Ridge and got his 
first taste of gem mining. Through- 
out these and subsequent chapters 
set in the farthest reaches of southern 
Africa and South America, Fipke is 
portrayed as a compulsive explorer of 
minerals and cultures alike, one 
whose unorthodox methods often 
clashed with conventional wisdom. 

Only the last quarter of Fire Into 
Ice is devoted to Fipke’s Canadian 
exploits. Here the book presents an 
inside look at the risky world of geo- 
logical exploration ventures, and how 
Fipke followed a trail of indicator 
minerals for more than 600 km to 
the source of the diamonds. Dis- 
cussion of the diamond geology is 
light, and no maps are offered for this 
tale of discovery. In fact, illustrations 
for the entire book are limited to a 
handful of black-and-white pho- 
tographs of Fipke and some of the 
localities from throughout his career.) 
With Fire Into Ice, Vernon Frolick 
has nevertheless created an absorbing 
account of the man who put Cana- 
dian diamonds on the map. 


STUART D. OVERLIN 
Gemological Institute of America 
Carlsbad, California 
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Fluorescence of diamonds is of 
considerable practical importance to 
the jeweler due to the fact that di- 
rect sunlight contains a very much 
higher content: of ultraviolet light 
than does ordinary interior lighting 
from tungsten filament lamps or 
fluorescent tubes. 

The more yellowish tinge pos- 
sessed by a diamond the less desir- 
able it is in the jewelry industry; 
the more nearly colorless or bluish, 
the more desirable. As a result of 
the high ultraviolet content of direct 
sunlight, a diamond which fluoresces 
blue will look less yellowish or more 
bluish in daylight than in artificial 
light. Conversely, a stone which ap- 
parently has “good” color in day- 
light may look very yellow in arti- 
ficial ‘light. Therefore, given two 
stones of equal body color in arti- 
ficial light, if one of them fluoresces 
bluish and the other does not, the 
fluorescent one will have a much 
better color in daylight. 

On the other hand, if the fluores- 
cent stone had yellow fluorescence, 
its color would be more yellowish 
in daylight. Fortunately, gem qual- 
ity diamonds which fluoresce yellow 
seem to be very rare, although such 
diamonds are abundant among in- 
dustrial stones. 

Since the content of ultraviolet 
in daylight is considerably reduced 
when it passes through most ordi- 
nary window glass, a diamond which 
fluoresces bluish .will appear much 
more bluish or less yellowish in di- 
rect sunlight than indoors. On a 
sunny day near an open door or 
window such a diamond will appear 
more bluish or less yellowish than 
within a room or store. It is for this 
reason that many jewelers like to 
show diamonds to customers near 
an open door or outdoors. This, 


however, is seldom done with inten- 
tion to deceive, because to most 
jewelers the phenomenon of fluores- 
cence is unknown, except in the type 
known to many jewelers as “Pre- 
mier” quality. This type of fluores- 
cent diamond has a characteristic 
oily body appearance, and a strong 
fluorescence. 

It may be seen as a result of the 
foregoing discussion that it would 
be most ethical business practice to 
show diamonds to a customer under 
artificial light. Then upon removal 
to daylight the color will either re- 
main the same, or become better, 
depending upon whether the: stone 
is non-fluorescent or bluish fluores- 
cent. On the other hand, if a dia- 
mond which strongly fluoresces blu- 
ish is sold in daylight, it will, upon 
removal to artificial light, appear 
more yellowish, with the probability 
of a dissatisfied customer as the 
result. 


A selling practice which would 
be as ethical and at the same time 
more efficient from a sales. stand- 
point would be to show fluorescent 
diamonds first under artificial light 
and then under sunlight or under an 
ultraviolet light source. It was for 
this purpose that the new Standard 
Diamolite was developed in the 
Gemological Institute laboratory. 
The Standard Diamolite contains a 
built-in fluorescent, lamp* which pro- 
duces ultraviolet light having a 
wave length of 3600 Angstrom 


(Continued on Next Page) 


4The ordinary type of fluorescent lights now 
in common use for interior lighting con- 
tains practically no ultraviolet rays and 
should not be confused with a fluorescent 
lamp, which is used primarily as an intense 
source of ultraviolet radiation. In the wave 
length range 3200-3800 Angstrom units the 
white fluorescent tubes contain 0.24% and 
the daylight tubes 0.85% of the total lamp 
watts output. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Characterisation of recent and fossil ivory. V. Rolandi, 
Australian Gemmologist, Vol. 20, No. 7, 1999, pp. 
266-276. 

This article begins with a brief historical overview of the 

use of ivory, and then examines the chemical, structural, 

and gemological properties of different types of ivory and 
ivory imitations. “Fossil” ivory comes from the preserved 
remains of mammoths, whereas present-day ivory 
sources include elephant, hippopotamus, babiroussa, wild 
boar, walrus, narwhal, and sperm whale. The article notes 
that mammoth ivory is not actually fossilized, since it is 
not altered by mineralization. Imitations include bone 
and vegetable “ivory” (i.e., hard seeds of certain palm 
trees). Curiously omitted are the seeds of the Doom palm 

(Hyphaene thebaica) of north and central Africa. 

Diagnostic features are identified that will distinguish 
each type (e.g., hippo ivory is denser and of finer texture 
than elephant ivory). However, the value of easily deter- 
mined physical features for studying ivory is variable. For 
example, specific gravity frequently can indicate the 
source of many ivories, but refractive index will only indi- 
cate that a specimen could be ivory. Other physical tests 
and gemological properties are not useful. Whereas visual 
examination with a microscope frequently enables dis- 
crimination of one type of ivory from another, in some 
cases it is extremely difficult (e.g., distinguishing elephant 
from mammoth ivory, particularly in small sizes). 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 

Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
© 2000 Gemological Institute of America 
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The inorganic and organic components differ among 
the various types of ivory, particularly in the amino acid 
contents of their collagen, and these are reflected in char- 
acteristic infrared spectra (which are illustrated). Amino 
acid differences were confirmed by biochemical analyses, 
which found higher hydroxyproline and hydroxylisine in 
elephant ivory than in mammoth ivory. Raman spectra 
provide complementary information to infrared: Often 
the weakest lines in the IR spectrum will be the strongest 
lines in the Raman spectrum. Notwithstanding the value 
of IR and Raman techniques for discriminating between 
look-alike ivories, they should always be used in con- 
junction with gemological properties and a detailed 
microscopic examination of the external surface of each 
specimen. JEC 


Classification of the minerals of the tourmaline group. 

F. C. Hawthorne and D. J. Henry, European Journal 

of Mineralogy, Vol. 11, No. 2, 1999, pp. 201-215. 
The variety and complexity of crystallographic sites and 
chemical elements in the tourmaline group [general for- 
mula XY,Z,(T.O,.][BO,),V,W] results in the presence of 
numerous distinct species. Several tourmaline classifica- 
tion schemes have been proposed, but confusion on the 
nomenclature remains. This led the authors to propose a 
new working model based on chemistry and site occu- 
pancy; it is intended to facilitate continuing internation- 
al research on tourmalines. 

The following guidelines are used to develop the clas- 
sification and assign species names: (1) The dominant X 
site element establishes whether the tourmaline belongs 
in the calcic, alkali, or vacant site group (e.g., liddicoatite, 
elbaite, and rossmanite, respectively); (2) the dominant 
anion in the W site determines the prefix “hydroxy-,” 
“fluor-,” or “oxy-” that is added to the species root name 
(e.g., fluor-elbaite); (3) in the V site, the dominant anion 
for most tourmalines is hydroxyl, (OH), except for the 
alkali tourmalines olenite and buergerite, for which O is 
prevalent; (4) Y site cations (Mg, Fe**, Li) define end-mem- 
ber compositions on three W site-based ternary diagrams 
in each of the three X site groups; and (5) Z site cations 
(Al, Cr°*, Fe**) should be established as in step (4). Cur- 
rently, there are 13 accepted tourmaline species, but the 
authors have defined 27 hypothetical end-member 
species that have yet to be found in nature. 

The precision with which this system can be used 
depends on the level of chemical data available. Com- 
monly used methods of tourmaline analysis, such as the 
electron microprobe, do not obtain data for light elements 
or oxidation states. Meaningful testing and further estab- 
lishment of this classification scheme will require expen- 
sive and sophisticated analytical methods that account 
for all the variables of the tourmaline formula. Conse- 
quently, acceptance of this scheme must await a better 
understanding of tourmaline crystal chemistry. 

IL 
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Coloured gemstones have huge growth potential. Mining 
in Southern Africa, No. 3, 1999, pp. 1 et passim. 


Southern and East Africa are the source of a significant 
amount of the world’s colored gems. This article is a pot- 
pourri of short, but very informative, descriptions of 
important colored stone deposits in several African coun- 
tries, with particular emphasis on those in the gem-rich 
Mozambique Orogenic Belt. This vast geologic formation 
extends at least 5,000 km from Sudan in the north, 
through East Africa and Mozambique, to Madagascar in 
the south. 

Several gem minerals, and the mines that produce 
them, receive special recognition by virtue of their impor- 
tance to world supply. Thus, the Sandawana mines in 
Zimbabwe, which have produced emeralds for nearly 40 
years, are described. Although more than 50 kg of mixed 
grades are currently produced per month, only 4% have 
the necessary transparency and color to be faceted or cut 
en cabochon. Tanzanite, recovered exclusively from the 
Merelani Hill area of Tanzania, is considered the “gem- 
stone find of the century”; at least one new major mining 
project is in the evaluation stage. Tourmaline from peg- 
matites in the Karibib-Usakos area of Namibia is believed 
to have great potential but, because the mining is artisanal 
(and consolidation of the industry under large companies 
has been resisted), at present there is a lack of regular pro- 
duction from this area. 

Since colored gems usually have a relatively high spe- 
cific gravity, dense-media separation is the recovery tech- 
nique of choice, at least in larger automated operations. 
Two entries describe the operating conditions (e.g., parti- 
cle size constraints), limitations, and advantages of mod- 
ern dense-media separation plants and their use in south- 
ern African gem-mining operations. MT 


A new pearl culture. D. Yonick, Basel Magazine, No. 3, 
June 1999, pp. 31-34. 


Pearls are enjoying unprecedented popularity, yet the 
industry is faced with major changes and challenges. Of 
greatest significance is the prediction that China will 
dominate cultured pearl production in the 21st century, 
both in the saltwater and freshwater categories. Current- 
ly, China’s greatest strength is in freshwater cultured 
pearls, with 1998 production of 800 tons. This is expected 
to double within five years. China is also producing tons 
(number unspecified) of saltwater Akoya cultured pearls, 
but the best of these are comparable only to medium-qual- 
ity Japanese Akoya. In some cases, Chinese freshwater 
cultured pearls sell for 60%-70% less than comparable 
saltwater counterparts. 

In Japan, the Akoya cultured pearl industry remains in 
crisis, stemming from the die-off of millions of oysters 
that started in 1996. This high mortality has resulted in a 
roughly 70% reduction in the amount produced, from 
about 18,000 kan before 1996 to about 5,000 kan current- 
ly (1 kan = 3.75 kg). It has caused a shortage in all sizes of 
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fine Akoyas, particularly in the 5-7 mm range. There are 
encouraging signs that development of a more resistant 
species of oyster, a cross between a Chinese breed and the 
Japanese Akoya, will be successful. Nevertheless, the 
Japanese pearl industry has been forced to restructure for 
the next four to five years, and it may never regain its pre- 
vious dominance. 

South Sea saltwater cultured pearls are also challeng- 
ing the Japanese, with their white and black products 
having overtaken the Japanese Akoya. Australia and 
Tahiti are the main producing areas, with Indonesia and 
the Philippines becoming increasingly important. In 
terms of value, there are two-and-a-half times more South 
Sea than Akoya cultured pearls. Although in relatively 
small quantities, fine cultured pearls are coming from 
New Zealand (mabé cultured abalone pearls) and the U.S. 
(Tennessee freshwater cultured pearls). JEM-S 


Pearls. Jewellery News Asia, No. 182, October 1999, pp. 
47-48, 50, 52. 

This collection of four short articles reviews several as- 
pects of the pearl industry in Asia. In Indonesia, pearls are 
now being cultured in sizes above 12 mm; diameters up to 
16 mm are not uncommon. Nevertheless, the future of 
the Indonesian pearling industry lies in upgrading quality 
(to obtain a whiter appearance), increasing yield, and 
maintaining the production of larger sizes. In Japan, expec- 
tations are for a 20% better harvest in 2000 compared to 
1999 because of favorable weather during the summer of 
1999 in the Akoya farming areas. Even so, the Akoya 
industry is still suffering from massive oyster mortality. 
Interestingly, China is importing larger quantities of cul- 
tured pearls despite its own enormous production of both 
freshwater and saltwater goods. However, analysis of cus- 
toms statistics shows that cultured pearl exports from 
China are nine times greater than imports. 

The saltwater cultured pearl industry, which compris- 
es Akoyas and black and white South Sea cultured pearls, 
underwent a dramatic shift between 1994 and 1999. In 
1994 it was valued at US$830 million, with Akoya cul- 
tured pearls dominating 66% of the total value (i.e., $550 
million). In 1999, it was estimated that Akoyas would 
account for only 26.8% of a global market that had shrunk 
to $489 million. JEM-S 


Philippine South Sea pearl industry moves towards the 
big league. L. Sanchez, Jewellery News Asia, No. 
177, May 1999, pp. 72-73, 77. 
In April 1999, the largest and most advanced cultured 
pearl farm in the Philippines was opened by Terramar 
Inc. The 5,000 hectare farm, with a staff of 200, is locat- 
ed at Shark’s Fin Bay, Palawan Island. With its advanced 
technology in genetics, breeding, and cultivation, this 
farm is poised to push the Philippine pearl industry for- 
ward. The focus will be on expansion in quality, rather 
than quantity. 
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In late 1998, there were 23 cultured pearl farms in the 
Philippines, mostly on Palawan. The entire industry has 
taken a strong stance on environmental protection. The 
South Sea cultured pearl has been the country’s national 
gem since 1996, and increased emphasis is being placed 
on promoting the Philippines as a source of quality cul- 
tured pearls. This goal is being fostered by the Philippine 
Association of Pearl Producers and Exporters (PAPPE), 
which has been successful in attracting international 
joint ventures, promoting the export of Philippine pearl 
products, and lobbying the government. JEM-S 


Tantalizing turquoise. J. A. Harriss, Smithsonian, Vol. 30, 
No. 5, August 1999, pp. 70-78, 80. 


A historical timeline on the use of turquoise, particularly 
in the Americas, weaves through this comprehensive arti- 
cle. Turquoise has held great fascination for many diverse 
cultures, ranging from the ancient Egyptians 5,500 years 
ago to the modern Navajo and Pueblo Indians of the south- 
western U.S. Most U.S. mines are located in Arizona, 
New Mexico, Nevada, and Colorado. The article discuss- 
es these mines, past and present, including their colorful 
histories and their owners, production, and marketing 
channels. One profile depicts Douglas Magnus, a jewelry 
designer who in 1988 purchased a 50 acre area in the 
Cerrillos mining district of New Mexico that contains the 
famous Tiffany, Castilian, Alisa, and Council mines. He 
has since renamed the property the Millennium turquoise 
mine. In production since prehistoric times, the area had 
a strong resurgence from 1889 to 1910. The retail value of 
the turquoise mined during that interval is estimated at 
over $1 million. Magnus still collects turquoise pebbles in 
the old mine tunnels and uses them in his jewelry designs. 
Other renowned turquoise jewelry designers profiled in 
the article include Alvin Yellowhorse and Ray Tracey. 
The article also discusses important turquoise collec- 
tions held by the Smithsonian Institution in Washington, 
DC; the Turquoise Museum in Albuquerque, New 
Mexico; and the Millicent Rogers Museum in Taos, New 
Mexico. This museum overview encourages more explo- 
ration into this fascinating subject. JEC 


Testing of copal resin and amber. Z. Qiu, B. Chen, and Y. 
Zhang, Journal of Gems #) Gemmology, Vol. 1, No. 

1, 1999, pp. 35-39 [in Chinese with English abstract]. 

The distinction between Kauri copal (from New Zealand) 
and amber is reviewed on the basis of the gemological prop- 
erties, inclusions, and Fourier-transform infrared (FTIR) 
spectra of 25 specimens. The results demonstrate that 
copal can be distinguished from amber by testing with 
alcohol and by FTIR spectroscopy. A drop of alcohol on the 
surface of Kauri copal will cause the area tested to lose 
transparency within 30 seconds, but amber is unaffected. 
The use of specific gravity, refractive indices, and inclu- 
sions to make this separation must be done with caution. 
RAH 
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DIAMONDS 


Argyle, Australien: Groé%te Diamantmine der Welt 
[Argyle, Australia: The world’s largest diamond 
mine]. D. Pardon, Lapis, Vol. 24, No. 4, 1999, pp. 
13-21 [in German]. 

This article provides comprehensive information on dia- 
mond mining at the Argyle mine, situated in the desert 
landscape of the West Kimberleys about 1,000 km (650 
miles) west of Darwin, Australia. The diamond-bearing 
“Argyle Kimberlite No. 1” was discovered on October 2, 
1979; the host rock was subsequently identified as lam- 
proite. Diamond production started in 1982. Today, Argyle 
is the largest source of diamonds worldwide (1998 produc- 
tion was about 39 million carats). By autumn 1997, min- 
ing had turned the lamproite pipe into a valley 2 km long, 
with some 150 m of the original 530 m of lamproite still 
to be excavated. Open-pit mining will continue until at 
least 2002; the exact mining procedures, and amount of 
annual production, after that date are uncertain. 

The author provides details on the mining and ore- 
processing methods, the qualities and colors of the dia- 
monds, and historical production data. The world-famous 
pink-to-red diamonds are discussed, as are the difficult 
working conditions and the mine’s relationship with the 
local population. Seventeen excellent photographs show 
the mine and the huge machinery used for excavation, 
along with rough diamonds (including a beautiful red 
crystal and the two largest pieces of rough found to date, 
a 42.6 ct “whitish” diamond and a 41.7 ct yellow) and 
some cut pink diamonds. RT 


Confocal microscopy of color center distributions in dia- 
mond. J. Martin, W. Grebner, W. Sigle, and R. Wan- 
nemacher, Journal of Luminescence, Vol. 83-84, 
1999, pp. 493-497. 


The fluorescence bands at 637 nm and 575 nm in dia- 
monds have been attributed to nitrogen-vacancy (NV) 
complexes caused by irradiation and annealing. Presently, 
the most widely accepted models show the 637 nm cen- 
ter to be negatively charged (NV-) and the 575 nm center 
to be neutral (NV°). A 1996 study by Y. Mita, which was 
based on a large number of samples that were homoge- 
neously irradiated and annealed, showed that the 637 nm 
fluorescence is diminished when a diamond is exposed to 
arelatively high neutron irradiation dosage, while the 575 
nm fluorescence appears abruptly at a certain dosage and 
then increases. The present study describes small type 1b 
synthetic diamond crystals (precise number not indicat- 
ed) that were irradiated by a focused electron beam, 
annealed, and then imaged across the irradiated surface. 
A comparison of the 575 nm and 637 nm fluorescence 
profiles across the irradiated surface did not reveal any 
reduction in the 637 nm center corresponding to an 
increase in the 575 nm center with increasing irradiation 
dosage, which contradicts the earlier results reported by 
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Mita. The asymmetry of the concentration profile for the 
575 nm center suggests that other properties of the crys- 
tal may influence the strength of this center. TB 


Current problems in diamond: Towards a quantitative 
understanding. G. Davies, Physica B, Vol. 273-274, 
1999, pp. 15-23. 


This article reviews recent work and current knowledge 
of the point defects in diamond. Point defects occur at the 
atomic level when the arrangement of carbon atoms is 
disrupted by the presence of foreign atoms (e.g., nitrogen, 
boron, or transition metals such as nickel and cobalt), by 
vacancies (atoms missing from normal positions), or by 
interstitials (atoms displaced to locations between nor- 
mal positions). These defects are important because they 
can influence the physical properties of diamond. In 
gemology, the spectral features associated with point 
defects are important in helping distinguish natural, 
treated, and synthetic diamonds. 

Characterization of point defects is carried out by 
careful measurements using several spectroscopic tech- 
niques. Studies of synthetic diamonds doped with foreign 
atoms, of diamonds with particular isotopic composi- 
tions, and of diamonds before and after exposure to ioniz- 
ing radiation, all provide new information on various 
point defects. This includes their structure, as well as 
their rates of production, conversion to one another, or 
destruction. Although some point defects are well known, 
others are poorly understood and are the subject of cur- 
rent research. Data on the main point defects in diamond, 
and citations to relevant literature, are provided. 

JES 


De Beers as sightholder and major polished dealer. Mazal 
U’Bracha, Vol. 15, No. 112, July-August 1999, pp. 
20 et passim. 


Although the name De Beers has been associated almost 
exclusively with rough diamonds, for the past 34 years it 
has operated the little-known Polished Diamond Division 
(PDD), a sightholder in its own right. Best recognized as 
the Antwerp-headquartered sightholder Diatrada, PDD 
competes in all aspects of the polished diamond market. 
The division receives its rough diamonds in the same 
manner as other sightholders, and buys some rough for 
polishing on the open market. The PDD cuts its rough in 
its own factories or on contract, buys polished stones on 
the open market to satisfy its needs, and sells its produc- 
tion directly to jewelry manufacturers or retailers. Today 
it is one of the world’s largest polished diamond manufac- 
turers, with its own or contract factories in at least six 
countries and annual polished sales estimated at 
$120-$150 million. Clearly, De Beers—through its PDD 
subsidiary—competes with other De Beers sightholders 
and is a major polished dealer. 

The question arises as to the motive for such a divi- 
sion. According to Jeremy Richdale, head of the PDD, the 
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motivation is to collect information and gain a better 
understanding of the polished diamond market. This can 
only be done by conducting business in the same manner 
as other sightholders. The sentiment is that “you cannot 
fix the price of rough if you don’t know correctly the price 
of polished.” De Beers wants to ensure that sight boxes 
are profitable and that sightholders are not losing money 
in the long run. The long-term purpose of the PDD is to 
provide information as a service to the main body of De 
Beers, and to educate the company in the broader sense 
about polished diamonds. Phil York 


Diamonds and accompanying minerals from the Arkh- 
angelsk kimberlite[s], Russia. T. V. Possoukhova, G. 
P. Kudryavtseva, and V. K. Garanin, in C. J. Stanley 
et al., Eds., Mineral Deposits: Processes to 
Processing, Proceedings of the 5th Biennial SGA 
Meeting and the 10th Quadrennial IAGOD Sympo- 
sium, London, August 22-25, 1999, Balkema/Rot- 
terdam/Brookfield, 1999, pp. 667-670. 
A study of more than 200 diamond crystals—as well as 
garnet, spinel, ilmenite, pyroxene, and olivine—from 
three kimberlite fields in the Arkhangelsk diamondifer- 
ous province is reported. The characteristics of the dia- 
monds and their accompanying minerals differ from one 
field to another, according to the depth of formation of 
the parent kimberlite. 

More than 50% of the diamonds examined from the 
Lomonosov deposit (Zolotitskoye field) were of gem qual- 
ity; most were rhombododecahedra, some showing a blue 
luminescence. The main feature of diamonds from the 
Verkhotinskoye field is the presence of fragments derived 
from larger crystals (i.e., >4 mm), which indicates the 
existence there of larger diamonds. The Kepinskoye field 
is characterized by smaller quantities of diamonds, all 
<0.5 mm in size and mostly as fragments of distorted 
crystals with an irregular appearance. The diamond 
potential of the kimberlites in the Arkhangelsk diamon- 
diferous province decreases toward the east. RAH 


A diamond trilogy: Superplumes, supercontinents, and 
supernovae. S. E. Haggerty, Science, Vol. 285, No. 
5429, August 6, 1999, pp. 851-860. 

This ambitious review article integrates the various 

occurrences and origins of natural diamonds in the uni- 

verse, the formation of kimberlites and related rocks that 
originate in the mantle, and the emplacement of these 
diamond-containing rocks into ancient (>1.6 billion years 
old) cratons on the earth’s surface. A major theme is that 
diamond is an extraordinary time capsule of astrophysical 
and geodynamic events that extend from the far reaches 
of space to the earth’s deep interior. Diamonds have 
formed in (1) presolar supernovae (the explosions of dying 
stars) by carbon vapor deposition, (2) asteroid impacts by 
shock metamorphism, and (3) the earth’s mantle from 
fluids and melts. In 1990, great quantities of microdia- 
monds (the largest is 100 microns) were reported for the 
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first time in metamorphic crustal rocks from Kazakhstan, 
and later from Norway and China. These microdiamonds 
are the products of ultra-high-pressure metamorphism 
during the periods of major continent-continent colli- 
sions that produced the Eurasian supercontinent. 
Gem-quality diamonds are formed only in the man- 
tle. The general consensus is that mantle diamonds 
formed in one of two types of rocks: peridotites (P-type) 
from primordial carbon, or eclogites (E-type) from carbon 
originally on the earth’s surface. Here the author takes 
the controversial position that the carbon in E-type dia- 
monds is also primordial. With respect to kimberlite and 
related rocks that bring diamonds to the earth’s surface, it 
is argued that these rocks form at depths of at least 410 
km (because some mineral inclusions within diamonds 
formed at such depths}, and possibly in the lower mantle 
(660 to 2,900 km). They rise to the surface in super- 
plumes, large bodies of magma ascending into the crust 
from as deep as the core-mantle boundary. Superplumes 
are uncommon global events, but they have been corre- 
lated with periods of major kimberlite emplacements, for 
example 80-120 million years ago. AAL 


Diamonds in volcaniclastic komatiite from French Gui- 
ana. R. Capdevila, N. Arndt, J. Letendre, and J.-F. 
Sauvage. Nature, Vol. 399, No. 6735, June 3, 1999, 
pp. 456-458. 

Diamonds were first documented in the Dachine region 
of French Guiana in 1982. Further exploration revealed a 
new type of primary diamond occurrence in the area. The 
host rock is komatiite (now altered to a talc schist), an 
unusual type of ultramafic volcanic rock. Its chemical 
composition (particularly some trace elements) and ori- 
gin as part of an island-arc sequence are unlike those of 
kimberlite and lamproite, which are found in stable cra- 
tonic settings. Like kimberlite and lamproite, however, 
the komatiite formed at depths of greater than 150 km, 
where diamond is stable, and rapidly transported the dia- 
monds to the surface. 

The komatiite host rock at Dachine is at least 5 km 
long and 350-1,100 m wide, making this a potentially 
very large deposit. On the basis of sampling to date, 
microdiamonds predominate, although larger diamonds 
(>1 mm) are locally abundant. The largest diamond recov- 
ered is ~4.6 mm in diameter. The grade reaches 4 ct/m*in 
alluvium overlying mineralized bedrock, though neither 
the quality nor value of the stones is stated. This discov- 
ery has exploration implications for Canada, South 
Africa, Norway, and other countries in which komatiitic 
volcanic rocks are known. AAL 


Hennig and Bettonville joint venture: “The Visag 
Option.” C. Even-Zohar, Mazal U’Bracha, Vol. 15, 
No. 109, March-April 1999, pp. 38 et passim. 

For those sightholders and manufacturers of diamonds 

who are finding it difficult to cut certain goods and still 

stay profitable, the solution may be “The Visag Option.” 
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Visag, as the harbor city of Vishakhapatnam is known, is 
located in one of India’s poorest regions, on the east coast 
a few hundred kilometers south of Calcutta. It is also a 
“free export processing zone,” where import and export 
operations are very efficient. Worldwide Diamond 
Manufactures Pvt. Ltd., a joint venture between I. Hennig 
and Bettonville, has opened a state-of-the-art plant there 
that offers a subcontracting service for diamond cutting, 
especially of better goods typical of Israel, Belgium, and 
South Africa. The joint venture concentrates on the 2 
grainer (0.50 ct) range, as distinct from the small dia- 
monds typically cut in India. The success of this opera- 
tion can be related directly to its labor costs ($60—$75 per 
month), which are significantly lower than those in other 
parts of India. 

Visag represents a new concept in the diamond indus- 
try. I Hennig, a CSO broker, now considers itself a spe- 
cialized diamond consultancy. Although its main func- 
tion remains that of a diamond broker, this new role per- 
mits and encourages diversification into complementary 
services, such as diamond manufacturing on a contract 
basis (but not into diamond marketing, as this would con- 
flict with the interests of its core CSO clients). For 
Bettonville, the world’s major manufacturer and supplier 
of diamond industry equipment, it is an opportunity to 
become a consumer of its own products. For both part- 
ners, it is an opportunity to gain manufacturing experi- 
ence that will be useful in understanding the problems of 
their respective core clients. The ideological and philo- 
sophical change illustrated by this joint venture is a har- 
binger of things to come in the rapidly changing tradi- 
tions of the diamond industry. Phil York 


New tool for diamond separation. Mining Journal, Lon- 
don, Vol. 333, No. 8554, October 22, 1999, p. 327. 
Deb Tech, De Beers’s technical division, has developed a 
more accurate method for separating diamond ore com- 
ponents with different densities by using magnetic fluids. 
Such fluids, which were developed by NASA in the 
1960s, have a unique property in that their apparent den- 
sity changes when they are exposed to a uniform mag- 
netic field. Ferrohydrostatic separation (FHS) allows the 
separation of materials with specific gravities within 0.02 
of each other; a proprietary DebTech system monitors the 
fluid to adjust for changes induced, for example, by tem- 
perature. A prototype has recently been tested success- 
fully, and De Beers hopes to use this separation system on 
its oceangoing mining vessels. ML] 


Optoelectronic unit for the detection of diamonds by 
Raman light scattering. O. A. Gudaev, I. F. Kanaev, 
V. I. Paterikin, I. N. Kupriyanov, and A. FE. 
Tirmyaev, Journal of Mining Science, Vol. 34, No. 
6, 1998, pp. 561-564. 

In today’s highly automated processing plants, crushed 

kimberlite or lamproite ore concentrate is passed through 

an X-ray beam, causing the diamonds to fluoresce. Photo- 


Gemological Abstracts 


sensors trigger a directed jet of air that separates the dia- 
monds from the ore. However, this technique has certain 
limitations, as some diamonds do not fluoresce strongly 
enough to trigger the device. Further, some nondiamon- 
diferous components of the ore also fluoresce strongly, 
requiring an additional separation procedure. 

An experimental technique based on Raman light 
scattering (RS) offers the potential to overcome the defi- 
ciencies of the X-ray excitation method. A narrow-band 
He-Ne laser (A = 632.8 nm) produces an RS band in all dia- 
monds and is particularly intense in high-quality dia- 
monds (for reasons not explained in the article). In addi- 
tion, a general luminescence is produced in diamonds 
that is variable in intensity and spectral composition. By 
means of dedicated photoelectron multipliers (one each 
for the RS and luminescence spectra) and an electronic 
comparison circuit, it is possible to identify diamonds 
rapidly, to the exclusion of other ore components; in prac- 
tice, the diamonds could then be separated by a directed 
jet of air. Laboratory tests on 100 diamonds of all types 
and qualities, and on 40 typical diamond-bearing rocks, 
were successful. Phil York 


Russian gem diamond production forecast to reach $2.2 
billion by 2005. S. Oulin, Mazal U’Bracha, Vol. 15, 
No. 113, September 1999, pp. 71-73. 
Projections for the Russian diamond industry, including 
both the mining and polishing sectors, are extremely 
promising in the eyes of the author, the vice president of 
Alrosa. This company currently mines 98% of Russia’s 
diamonds, all in Yakutia (Sakha). This article highlights 
several facts that are not widely known about the Russian 
diamond industry, such as: 


e The industry directly employs about 50,000 workers, 
mostly in mining. 

e Of the approximately US$700 million of polished goods 
that are manufactured annually, 97% are exported. 

e More than 150 diamond polishing companies are regis- 
tered, but only about 60 are currently active. 

e These domestic polishing companies have priority in 
purchasing rough, for which they pay 2%-3% below 
world prices. 

e There are 13 major jewelry manufacturing factories; 
diamond jewelry accounts for 25% of the locally man- 


ufactured jewelry. 


In the mining sector, Russia presently produces about 
20% of the world’s diamonds by value—about US$1.4 bil- 
lion, second only to Botswana. There are proven diamond 
reserves for 40-50 years, with predicted resources that are 
2.5 times the proven reserves. The forecast calls for the 
Russian diamond industry to generate $2.2 billion in 
2005, mostly realized by a significant increase in rough 
diamond production. The forecast is more likely to 
become a reality with large infusions of capital, for which 
Alrosa has gone to the world’s financial markets. AAL 
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Characterisation of emeralds from the Delbegetey deposit, 
Kazakhstan. E. V. Gavrilenko and B. Calvo Pérez, In 
C. J. Stanley et al., Eds., Mineral Deposits: Processes 
to Processing, Proceedings of the 5th Biennial SGA 
Meeting and the 10th Quadrennial IAGOD Sympo- 
sium, London, August 22-25, 1999, Balkema/Rot- 
terdam/Brookfield, 1999, pp. 1097-1100. 


A study of the properties and composition of 12 emeralds 
and green beryls from the Delbegetey deposit is reported, 
and comparisons are made both with emeralds from else- 
where in the world and with synthetic emeralds. The 
Delbegetey emeralds have a saturated bluish green hue, 
with n, = 1.558-1.562, n,, = 1.566-1.570, and a density of 
2.65 g/cm. These refractive index and density values are 
low in comparison with those of other natural emeralds 
and beryls; in fact, they are typical of the values for flux- 
grown synthetic emeralds. Averaged electron microprobe 
analysis values for 11 emeralds are tabulated: 0.02—1.23 
wt.% Cr,O,, 0.01-0.19 wt.% V,O,, and low Na, Mg, and 
Fe. Primary fluid inclusions have unusual liquid-to-vapor 
ratios of 50:50 to 90:10; emeralds from other deposits gen- 
erally have a greater abundance of the liquid phase. 

This deposit is genetically associated with a granite 
intrusion. Unlike other deposits, which tend to be associ- 
ated with metamorphic rocks and/or intrusive ultrabasic 
rocks rich in Cr, Delbegetey is hosted by sedimentary 
rocks. The source of the Cr to color the emeralds is unre- 
solved. RAH 


Emeralds in the Eastern Cordillera of Colombia: Two tec- 
tonic settings for one mineralization. Y. Branquet, B. 
Laumonier, A. Cheilletz, and G. Giuliani, Geology, 
Vol. 27, No. 7, July 1999, pp. 597-600. 

The two major emerald-producing areas in the Eastern 
Cordillera of Colombia are the Western Zone (which con- 
tains Muzo and Coscuez) and the Eastern Zone (which 
contains Chivor and Gachala), about 100 km north and 75 
km northeast, respectively, of Bogota. Recent work has 
shown that all the Eastern Cordilleran emerald deposits 
formed from hydrothermal fluids that originated from the 
dissolution of evaporite deposits and the metasomatism 
of other associated sedimentary rocks. The authors pro- 
pose that the two zones formed at different times and in 
distinctly different tectonic settings. 

Emeralds in the Western Zone are found in 
hydrothermal breccias or carbonate-pyrite veins, and the 
deposits are folded and broken by compressional faults. 
The deposits are located in structural traps along regional 
tear faults, which suggests that emerald mineralization 
was contemporaneous with regional compressional 
development of the Eastern Cordillera mountains about 
38-32 million years ago. 

Eastern Zone emerald mineralization occurred along 
centimeter-scale extensional faults, meter-scale exten- 
sional fractures injected with hydrothermal breccia, and a 
prominent set of parallel extensional fractures filled with 
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carbonate and pyrite. These emerald deposits, classified 
as stratiform, appear to be associated with extensional 
deformation that occurred about 65 million years ago. 
The rocks that host these deposits were subsequently 
folded by the compressional events mentioned above. 
This study points out the diversity of geologic envi- 
ronments in which Colombian emeralds can form. Since 
the currently exploited emerald deposits in Colombia are 
being exhausted, a good understanding of the geology 
associated with the deposits will aid prospectors. JL 


Lavra da Sapo—derzeit fiindigste Turmalin-Mine in 
Minais Gerais/Brasilien [Lavra da Sapo—Currently 
the most productive tourmaline mine in Minas 
Gerais/Brazil]. G. Steger, Lapis, Vol. 24, No. 3, 1999, 
pp. 26-29 [in German]. 


This article describes the gem-bearing pegmatites of the 
Lavra da Sapo mine, near Goiabera, about 130 km (80 
miles) east of Governador Valadares, Minas Gerais. The 
author visited this underground mine in November 1998. 
Access to the mine is difficult because of the poor roads, 
which turn to mud during the rainy season. During four 
and a half years of mining, about 250 m of tunnels have 
been excavated under difficult working conditions (heat, 
dust, and constant danger of flooding). The mine has pro- 
duced about 70 tons of “crocodile quartz,” 20 tons of 
“window quartz,” and 10 tons of citrine. In addition, mor- 
ganite (amount not specified) and some goshenite, aqua- 
marine, dravite, schorl, and herderite have been recov- 
ered. Of greatest interest, though, are the spectacular 
elbaite tourmalines, which have been found in many col- 
ors and sizes, up to 1 m and larger. The article contains a 
sketch map of the tunnels, along with photos of the min- 
ing operation and of some of the beautiful tourmaline 
specimens it has produced. RT 


On the nature of colouring of gem clinohumites from 
Kukhilal (the south-western Pamirs). L. V. Nickol- 
skaya, S. S. Rudenko, M. V. Zamoryanskaya, and A. 
V. Shchukarev, Proceedings of the Russian Miner- 
alogical Society, Vol. 128, No. 2, 1999, pp. 93-99 [in 
Russian with English abstract]. 


Platy specimens of yellow-to-brown gem-quality clinohu- 
mite [(Mg,Fe?*),(SiO,,),(F OH),] were investigated by optical 
microscopy, electron microprobe, cathodoluminescence, 
and X-ray photoelectronic spectroscopy in order to inter- 
pret their optical absorption spectra. The main chro- 
mophores, as shown by electron microprobe lie in the 
ranges Ti = 0.95%-1.5%, Fe = 0.05%-0.15%, and Mn = 
0.01%-0.02.%; the latter was detected in “honey”-colored 
specimens. Titanium enters the Mg sites, forming the 
charge-transfer pairs Tixj)3TiNjs), which mainly cause 
the yellow-to-brown clinohumite color. The Fe** chro- 
mophore, which can also form pairs with charge transition 
following the scheme Feri) Tifa) and Fen y FR 
appears in spectra taken in certain non-{001} orientations 
but does not have any significant influence on coloring. 
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The color, however, is influenced considerably by the ori- 
entation effect, which determines the clinohumite’s 
pleochroism. RAH 


Fluid inclusion characteristics of sapphires from Thailand. 
B. Srithai and A. H. Rankin, in C. J. Stanley et al., 
Eds., Mineral Deposits: Processes to Processing, 
Proceedings of the 5th Biennial SGA Meeting and 
the 10th Quadrennial IAGOD Symposium, London, 
August 22-25, 1999, Balkema/Rotterdam/Brook- 
field, 1999, pp. 107-111. 


Three main types of fluid inclusions occur in Bo Ploi sap- 
phires: (1) vapor-rich CO, with a density up to about 0.86 
g/cm%, (2) multiphase inclusions with several daughter 
minerals, hypersaline brine, and a CO,-rich vapor phase; 
and (3) (silicate?)-melt inclusions with immobile vapor 
bubbles in an isotropic/weakly anisotropic phase of low 
relief. The bubbles move when heated to >800°C. These 
results suggest a magmatic source for these sapphires (but 
they did not form as phenocrysts within the basalts that 
brought them to the surface). RAH 


Pyrope from Yunnan province, China. W. Zhang, Journal 
of Gems & Gemmology, Vol. 1, No. 2, 1999, pp. 
22-24 [in Chinese with English abstract]. 

The geologic occurrence, gemological properties, and 

chemical features of pyrope garnet from Yunnan, China, 

are described, as is the economic importance of this mate- 
rial. The garnets are relatively large and of attractive 
color, with few imperfections. They are found in weath- 
ered Neogene basaltic breccia pipes along with gem-qual- 
ity chrome diopside. Data are presented for R.L, density, 
color, and selected chemical components (Al, Mg, Fe, and 

Cr). The red color is caused by chromium. On the basis of 

Cr content, three categories of pyrope were recognized: 

chromium-bearing pyrope, low-chromium pyrope, and 

pyrope. 

This garnet, which has enjoyed a positive market 
response over the past decade, is mainly faceted as ovals 
in various sizes (from 3 x 5 mm to 10 x 12 mm). Some of 
the jewelry products are exported to Hong Kong, the U.S., 
and Japan. Taijin Lu 


Rare earth elements in corundum-bearing metasomatic 
and related rocks of the eastern Pamirs. E. N. Tere- 
khov, V. A. Kruglov, and V. I. Levitskii, Geochem- 
istry International, Vol. 37, No. 3, 1999, pp. 202-212. 

Corundum-bearing rocks containing ruby, sapphire, and 
pink sapphire are found in the Kukurt gemstone field, in 
the Pamir Mountains of southern Tajikistan. The authors 
used rare-earth-element (REE) data and other geochemi- 
cal characteristics of rocks in this region to study the 
processes and conditions of corundum formation. 

This research, and related work by other scientists, 
suggests that the oldest rocks in the Kukurt area under- 
went a major metamorphic event more than 500 million 
years (m.y.) ago. Corundum mineralization occurred 
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much more recently, about 20 m.y. ago, during the for- 
mation of the Himalayas. Most of the corundum occur- 
rences are related to linear geologic structures such as 
shear zones and lithologic contacts; they are found in sev- 
eral different rock types, mainly marble and gneiss. 
According to the authors, geochemical enrichments 
in REE, Al, Ti, and several trace elements—as well as the 
association of minerals rich in Cl, B, and F in the corun- 
dum-bearing rocks—suggest that gem corundum miner- 
alization was caused by through-flowing volatile-rich flu- 
ids that possibly originated in a deep-seated mantle 
source. Fluid movement was facilitated by the active 
deformation associated with mountain-building events. 
Since these events were regional in character, other com- 
mercially viable corundum deposits may be found 
through the application of these models to geologically 
similar areas in the high mountain ranges of Central Asia. 
IL 


Ruby mineralization in southwest Madagascar. A. Mer- 
cier, M. Rakotondrazafy, and B. Ravolomian- 
drinarivo, Gondwana Research, Vol. 2, No. 3, 1999, 
pp. 433-438. 


The primary ruby deposits in the Ejeda-Fotadrevo area in 
southwest Madagascar are closely associated with basic 
to ultrabasic complexes within the high-grade metamor- 
phic terrain of the Precambrian Vohibory unit. Ruby is 
recovered from amphibolite and anorthosite veins within 
these complexes. Petrographic data and pressure-temper- 
ature estimates indicate that the ruby-bearing rocks crys- 
tallized under granulite-facies conditions of 750°-850°C 
and 9-11.5 kbar. 

These Malagasy ruby deposits have many similarities 
with those of East Africa, particularly Tanzania, which 
indicates a similar geologic setting. This suggests that 
ruby formation in both these areas resulted from the 
same mineralizing event while Madagascar was still 
attached to East Africa. RAH 


The ruby mines of Mogok. T. Waltham, Geology Today, 
Vol. 15, No. 4, 1999, pp. 143-149. 


This timely article is an update on mining methods and 
production statistics for the Mogok ruby mining area in 
Myanmar. There are now more than 1,000 mines in the 
Mogok Stone Tract (a zone about 20 km wide and 5 km 
long between the Kin and Yeni Rivers), most of which are 
small and labor intensive but appropriate for the region. 
There are about 500 mines each in byon (gem-bearing 
alluvial sediments) and bedrock. Together, the mines pro- 
duce over 100,000 carats (20 kg) of rubies annually, as 
well as three times that amount in other colored gems— 
predominantly sapphires and spinels, but also topaz, peri- 
dot, and tourmaline, among others. 

The vast majority of the gems are still recovered from 
byon, which can be up to 50 m thick on floors of the 
Mogok and Kyatpyin Valleys, by the same primitive meth- 
ods developed centuries ago. Most production comes from 
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twilons (round, unlined shafts about 15 m deep) or Jebins 
(square shafts lined with a bamboo framework that go 
down as far as 30 m). A few large and relatively modern 
open-pit mines are operating in byon, one of which 
(Shwepyiaye) is 300 m across and has reached a depth of 
30 m. This mine produces only about 25 carats of ruby 
from the 100 tonnes of gravels processed daily. At prima- 
ry deposits (i-e., Joodwins), tunnels follow calcite veins 
that are typically 2-3 m wide. Deep loodwins (up to 300 
m) operate intermittently, in part because of flooding dur- 
ing the monsoon season. 

The gem markets are functioning essentially in the 
same traditional manner, with most of the trading con- 
ducted by women in open-air markets. The most obvious 
change in the past 40 years has been the formation of the 
Myanma Gems Enterprise in Yangon, this successful 
operation sells most of the output from government- 
owned mines, and reportedly all of the large stones. 

KSM 


Sapphire and ruby in Australia. B. J. Neville and F. von 
Gnielinski, Queensland Government Mining Jour- 
nal, Vol. 100, No. 1171, June 1999, pp. 6-12. 


Sapphires, predominantly medium to dark blue but also 
in other colors (e.g., green and parti-color), have been 
mined in eastern Australia for more than 100 years. Most 
have come from two major fields: Anakie in Queensland, 
and New England in New South Wales. The sapphires are 
alluvial, derived from the erosion of alkali volcanic rocks 
(basalt lavas, pyroclastics, and volcaniclastics) of Tertiary 
and Quaternary age. They are similar in many ways 
(including gemological properties) to sapphires from 
Thailand, Cambodia, Nigeria, and China, which also are 
associated with alkali volcanic rocks of similar ages. 

The gem properties of Australian sapphires are typ- 
ical for sapphire, with a broad range of refractive index 
(n, = 1.761-1.765, n,, = 1.769-1.774) and specific gravity 
(3.97-4.02) values. The diaphaneity varies from trans- 
parent to opaque. Most stones exhibit a strong 450 nm 
iron-related absorption band with a spectroscope, and 
most are inert to both long- and short-wave UV radiation. 
Australian sapphires are characterized by their inclusions 
(e.g., pyrochlore, ilmenite, and spinel), chemistry (high 
iron content), and strong growth zoning and color banding. 
Nearly all are heat treated to improve clarity and color. 
The average size of faceted Australian sapphires is under 2 
ct. The largest recorded rough sapphire, which weighed 
4,180 ct, was carved into a 3,294 ct bust of Dr. Martin 
Luther King, Jr. 

Although numerous alluvial occurrences of ruby have 
been reported in Australia, gem-quality material is rare, 
and none of these deposits has ever been economic. The 
first discovery with significant potential was within 
gneiss in the Harts Range (Northern Territory). However, 
mining ceased after only minor production of mostly low- 
grade cabochon material. 

Sapphire mining in Australia was minor and sporadic 
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from the 1880s until the early 1960s, except for a few 
favorable periods—such as immediately preceding World 
War I, when there was strong demand from Germany and 
Imperial Russia. Demand for sapphires increased in the 
1960s and, with the arrival of buyers from Thailand, there 
was unprecedented activity in the Anakie and New 
England fields. Mining reached its peak in the mid-1970s, 
making Australia a major world producer. Since then, the 
Australian sapphire industry has declined because of the 
depletion of known resources, increased costs, and diffi- 
cult land access. The situation has been further exacer- 
bated by the discovery in recent years of important 
deposits in countries that have lower mining costs, main- 
ly Madagascar, Tanzania, and Nigeria. Since 1998, sap- 
phire mining in Australia has effectively ceased, and the 
industry faces an uncertain future. KSM 


JEWELRY MANUFACTURING 


Getting the lead out. S. Wade, American Jewelry Manu- 

facturer, Vol. 44, No. 4, April 1999, pp. 32-35, 37. 
The health and environmental hazards of many chemi- 
cals and heavy metals has prompted U.S. manufacturers 
to eliminate such materials from their work environ- 
ment. Accordingly, many jewelry manufacturers have 
started using lead-free alloys when casting white metals. 
Doing so is not always as easy as it sounds, because lead- 
free alternatives lack the pouring fluidity of leaded alloys, 
which can lead to casting problems. 

This article offers many suggestions that will help 
manufacturers make the transition away from leaded 
alloys. The first and most basic is simply to ask metals 
suppliers for advice based on the job that is planned; spe- 
cific alloys may be recommended for certain types of cast- 
ing. Also included are suggestions for dealing with high 
casting temperatures, porosity, and finishing. The transi- 
tion to lead-free alloys will be easier if it is researched and 
well planned. JEM-S 


Unshrouding the mystery of invisibly set gemstones. G. 
Roskin, Jewelers’ Circular Keystone, Vol. 170, No. 
8, August 1999, pp. 84-88, 90. 
Originally popular during the Art Deco movement, which 
dominated the 1920s and 1930s, invisibly set jewelry 
returned boldly to the market in the 1990s. Characterized 
as “a ribbon of gemstones,” the style is designed to show 
only the gems and none of the metal mounting. Although 
several jewelers claimed that they had perfected invisibly 
set jewelry, this technique became synonymous with the 
firm of Van Cleef & Arpels. 

In 1929, jeweler Jacques-Albert Algier patented a 
method of holding a gem in place without metal showing 
by cutting a groove in the pavilion of the stone and slid- 
ing it along rails of precious metal. In December 1933, 
Van Cleef & Arpels filed their patent for an invisible set- 
ting, which they called serti mysterieux (“mystery set- 
ting”). Using crude saw blades of silk that were coated 
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with diamond powder, precise grooves were carved on 
opposite sides of each gem. Many gems were broken dur- 
ing the grooving process. Some important pieces used 
hundreds of gems and required months to construct. 
Due to changing tastes and designs in the 1950s, the 
style practically vanished. Since the 1980s, however, 
there has been a resurgence of invisibly set jewelry. 
Leading the way was Robert Bruce Bielka, a Certified 
Master Bench Jeweler, who invented “Jeweled Mesh for 
Jewelry.” Using hexagonally faceted gems notched and 
set into individual hidden fasteners, Bielka has found a 
way to add flowing movement to his pieces of invisibly 
set jewelry. Thanks to new titanium, ceramic, and laser 
saws, cutting the grooves has become cheaper and faster 
(with less breakage). Some jewelers are also trying newer, 
faster techniques to create invisibly set jewelry. With in- 
place casting, for example, diamonds are placed in the 
wax and the jewelry is cast with the diamonds in place. 
Most invisibly set jewelry involves diamond or corun- 
dum gemstones ranging from 1.4 to 3.5 mm. Repairing or 
sizing invisibly set jewelry from any era can be extreme- 
ly difficult. Paige Tullos 


JEWELRY RETAILING 


Antique-cut diamonds stage a comeback. Jewellery News 
Asia, No. 181, September 1999, pp. 292, 294, 2.96. 


The jewelry industry has witnessed a renewed interest in 
antique-cut diamonds. Some in the industry attribute this 
to a sentimentality for what is old as we start the new mil- 
lennium. Some younger consumers also see past eras as 
romantic, and movies such as Titanic have increased 
interest in antiques and antique-inspired designs. Al- 
though the trend has yet to gain acceptance in some coun- 
tries (such as Japan), designers in the U.S. and Europe have 
enjoyed increased demand for antique styles. The old-cut 
diamonds are also desired for replacement stones in 
antique jewelry pieces that need repair. 

Particular interest is being shown in the following 
antique cuts: rose, bead, old European, old mine, and brio- 
lette. Briolettes have the added advantage of being able to 
conceal small inclusions better than the modern round 
brilliant, and so medium-clarity stones tend to look 
clean. The supply of diamond rough suitable for rose cuts, 
meanwhile, has not been able to keep up with demand. 
One reason is that trilliants and higher-domed rose cuts 
are produced from the same types of rough; suppliers may 
add a premium to such goods. Some manufacturers in 
India are catering to this niche market. JEM-S 


Making your transition to an Internet economy. J. S. Dia- 
mond, Jewelers’ Circular Keystone, Vol. 170, No. 
10, October 1999, pp. 146 et passim. 

The impact of the Internet on jewelry retailing can no 

longer be ignored. Online jewelry sales totaled roughly 

$102 million in 1999, and they are expected to double in 

each of the next five years. Yet few independent jewelers 
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are selling directly on the Internet for a variety of reasons, 
such as the perceived expense of setting up, maintaining, 
and advertising a Web site. However, 54% of jewelers do 
use the Internet for business purposes other than sell- 
ing—mainly, buying merchandise, locating new suppli- 
ers, researching competitors, and viewing industry Web 
sites. 

The 20% of jewelry retailers who do use the Internet 
for selling employ three approaches: (1) providing a virtu- 
al brochure to build an image and credibility for the store, 
(2) selling online at fixed prices, and (3) selling through 
online auctions. 

There are numerous other potentially lucrative ways, 
requiring relatively little time or money, in which the 
Internet can be used in the retail jewelry business. Some 
examples include: (1) e-mail marketing, that is, sending 
direct mail, personal notes, or newsletters about upcom- 
ing special sales or events to customers who indicate they 
would welcome such information; (2) setting up an unob- 
trusive “information-only” Web site; (3) posting jewelry 
images with price and product information, along with a 
toll-free phone number, on the information-only Web 
site; (4) publicizing the online address, such as in Yellow 
Pages advertising, to attract customers because only a 
small portion of retail jewelry store Web sites are listed by 
search engines; and (5) offering an e-mail occasion- 
reminder service (e.g., for birthdays and anniversaries) to 
interested customers. |Y 


PRECIOUS METALS 


Gold production history of the United States. J. R. Craig 
and J. D. Rimstidt, Ore Geology Reviews, Vol. 13, 
No. 6, 1999, pp. 407-464. 


This remarkably complete and interesting report compiles 
historical data (mainly from government sources) on gold 
discoveries, commercial production, and prices in the U.S. 
Undocumented production by Native Americans could 
not be quantified, although descriptions of major discov- 
eries in the 17th and 18th centuries are presented. 
Detailed records for each gold-producing state are given 
for 1800 to 1995, as are short histories of gold explo- 
rations and strikes. Reports of gold occurrences in non- 
producing states are also listed. 

Since 1800, 24 states in the U.S. have produced a total 
of more than 420 million troy ounces. California, Neva- 
da, and South Dakota are the largest producers. During 
the first half of the 19th century, gold production was 
about 40,000 ounces/year. After the California gold rush, 
production rose to 2 million ounces/year, and it exceeded 
4 million ounces/year shortly after 1900. Production 
declined to about 2, million ounces/year in the 1920s and 
1930s, and to below 1 million ounces/year during World 
War II. Today, however, the U.S. produces more than 10 
million ounces per year. 

The recent production pattern has followed two 
important changes in gold economics and recovery. When 
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Former President Honored 


Next to the Eacret me- 
morial plaque on the wall 
of the laboratory of the 
Gemological Institute. of 
America now hangs an- 
other engraved _ silver 
plaque, in memory of Ed- 
ward Wigglesworth, Ph.D., 
C.G., President of the In- 


stitute from 1941 to 1945. 


THHS PLAGE z 


(Continued from Page 397) 
units, the wave length which had 
been found in this laboratory to 
produce the strongest fluorescence in 
diamond. In the Standard Diamolite 
it is possible to use artificial light 
alone, ultraviolet light alone, or both 
together, this latter combination 
being a very close approximation 
to daylight. 

It is important to stress the fact 
that. fluorescence in diamonds is not 
a defect or an unfavorable quality. 
On the contrary, it is distinctly fa- 
vorable. This is because in a paper 
of diamonds purchased by a jeweler 
in artificial light, which is the more 
reliable light for buying diamonds, 
the bluish fluorescent diamonds are 
the most desirable, since they are of 
superior quality in daylight and es- 
pecially so in sunlight or near sun- 
light. Similarly the layman who 
buys a (bluish) fluorescent diamond 
obtains one which has the same su- 
pertor quality, and also a diamond 
which has a distinctive quality not 
possessed by every diamond. 


Fluorescent Diamonds 
(Continued from Page 393) 


On the other hand, an equally 
qualified physicist, Dr. Kathleen 
Lonsdale,? of the Royal Institution, 
London, England, disputes Raman’s 
theory of the four diamond struc- 
tures. She believes there are only 
two structures, and that there is no 
correlation between structural type 
and fluorescence. 

The fluorescence of diamonds is 
a matter of unusual interest from 
several points of view. The prac- 
tical jeweler should be aware of the 
advantages in selling fluorescent 
stones. Purely from the standpoint 
of beauty, fluorescent diamonds are 
remarkable in their display of a 
wide range of brilliant colors. To 
the gemologist the fact that the 
exact cause of the fluorescence of 
diamond is unknown presents a 
challenging problem in research. 


*Personal communication, March, 1947. 


the U.S. went off the gold standard, the price per ounce 
rose from $41.51 in 1969 to over $300 in 1979. These high 
prices made the mining of relatively low-grade lode 
deposits (in terms of gold recovered per ton of ore) prof- 
itable. The growing use of the cyanidization method of 
gold recovery made the large-scale mining of such deposits 
even more feasible. As a result, the recovery grade has 
decreased by almost an order of magnitude since the mid- 
1970s. JL 


Platinum: Synonymous with the highest quality diamonds 
together creating luxury jewelry. Platinum Guild 
and Johnson Matthey Ltd., Mazal U’Bracha, Vol. 
15, No. 112, 1999, pp. 61-63. 

The global promotion of platinum jewelry to consumer 

markets has increased greatly in the past few years, and 

platinum’s success can be judged by the fact that it now 
surpasses gold jewelry in the high-end luxury market. 

The increase is largely attributed to greater sales in China 

and the U.S., abetted by a general increase in consumer 

demand for white metal, including white gold. 

In 1998, China and the U.S. consumed 26% and 9%, 
respectively, of the platinum used in jewelry worldwide. 
Five years ago, both of these countries were insignificant 
consumers of platinum jewelry. In China, platinum 
advertising has been concentrated on young consumers, 
with retail sales dominated by simple, lightweight rings 
and neckchains. The focus in the U.S., meanwhile, is on 
the upscale bridal market and platinum accessories. 

The mainstay of the platinum jewelry industry is 
Japan, which accounted for 54% of the world’s platinum 
jewelry consumption in 1998 (1.29 million ounces out of 
a world consumption of 2.37 million ounces). Even with 
Japan’s economic downturn and the sharp fall in luxury 
spending in 1998, unit sales of platinum jewelry fell only 
by 3%, whereas unit sales of gold items declined by 15%. 
Sales of platinum accessories (necklaces, bracelets, and 
earrings) were particularly strong, offsetting declines in 
the ring sector. 

The platinum jewelry market in Europe is relatively 
small (approximately 7% of world consumption), with 
Germany, the U.K., and Switzerland the primary con- 
sumers; in Switzerland, watchmakers are major users of 
platinum. The future expansion of the platinum jewelry 
market will likely be in China and the U.S., which—not 
incidentally—are the two major centers for platinum jew- 
elry fabrication. AAL 


SYNTHETICS AND SIMULANTS 


Fake gems pose threat to the industry. Mining in Southern 
Africa, No. 3, 1999, p. 27. 

Fake uncut gems, either in massive form or as imitations 

of crystals, are appearing in increasing quantities in 

southern Africa. Two basic variations are currently en- 

countered: (1) synthetics, some with imitation matrices; 

and (2) natural minerals that have been modified (e.g., by 


186 Gemological Abstracts 


grinding to change morphology) or radically enhanced 
(e.g., with dyes) to pass as substitutes for more valuable 
gem materials. Earlier attempts at gem fraud concentrat- 
ed on fake emeralds, which were usually externally dyed, 
morphologically modified quartz crystals or green 
feldspar. Today, fakes of other gems such as ruby, sap- 
phire, tourmaline, aquamarine, amethyst, and tanzanite 
also are encountered. 

It is likely that this problem will continue to grow, 
because imitations will continue to improve, especially 
with the advances that have been made in molding tech- 
nology. Clever composites will undoubtedly replace for- 
merly crude replicas. The best protection against such 
hoaxes is the well-trained gemologist, with shrewd 
microscopic skills and a knowledge of the morphology of 
different natural gem materials. AMB 


Silica transport and growth of high-temperature crys- 
talline quartz in supercritical aqueous fluids. V. S. 
Balitsky, L. V. Balitskaya, H. Ivasaki, and F. Ivasaki, 
Geochemistry International, Vol. 37, No. 5, 1999, 
pp. 391-396. 

Silica (SiO,) has many crystal structure phases, or poly- 

morphs. The particular phase depends on the tempera- 

ture and pressure conditions of the growth environment. 

The best-known example is the phase transition of low- 

temperature quartz (a-quartz) to high-temperature quartz 

(6-quartz) at 573°C. 

The authors carried out the first experimental investi- 
gation of the growth and morphology of gem-quality high- 
temperature synthetic quartz, with particular emphasis 
on silica transport in supercritical aqueous fluids at differ- 
ent temperatures (580°-1100°C) and pressures (0.2—5 kilo- 
bars). They used aqueous solutions containing low con- 
centrations (0.01—1 wt.%) of NaOH, K,CO,, NaCl, NH,F 
HE, and other compounds to change the pH from | to 12. 
In some experiments, an oxidant (LiNO,) was added to 
solutions; oxides of those metals that most often occur as 
impurities in quartz (Al, P, Ti, Fe, Ge, and Be} also were 
added to the charge. The resulting high-temperature 
quartz crystals had hexagonal prismatic {1010} and hexag- 
onal bipyramidal {1011} faces. The introduction of trace 
amounts of Fe and Ti into the solutions resulted in the for- 
mation of violet-pink in these quartz crystals. 
[Abstracter’s note: GIA Research has received several of 
the violet-pink high-temperature quartz crystals for exam- 
ination. The crystals have many fractures and inclusions; 
the largest measures 60 x 12 x 12 mm.] Taijin Lu 


TREATMENTS 


Colour changes produced in natural brown diamonds by 
high-pressure, high-temperature treatment. A. T. 
Collins, H. Kanda, and H. Kitawaki, Diamond and 
Related Materials, Vol. 9, No. 2, 2000, pp. 113-122. 

The authors report and discuss spectral results for 14 nat- 

ural brown diamonds (rough and polished) that they 
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HPHT-treated at 60 kbar and 1,700°-1,800°C for five 
hours, and for three (originally brown) yellow-green (two 
faceted) and green (one rough) diamonds that had been 
HPHT-treated by NovaDiamond of Provo, Utah, at 60 
kbar and 2,025°C for approximately 30 minutes. Mid- 
infrared and visible-to-near-infrared absorption spec- 
troscopy, together with low-temperature photolumines- 
cence spectroscopy, were used to explore changes to the 
optical centers caused by the HPHT treatment. 

One low-nitrogen sample treated by the authors 
changed from brown to pale yellow-brown, and the 
remainder became less brown and more yellow. The visi- 
ble spectra of two diamonds before and after treatment 
showed reduction of the broad bands associated with plas- 
tic deformation that produce the brownish color, and dis- 
tinct growth of the H3 center (503 nm) that both con- 
tributes to the yellow color and produces green “trans- 
mission” luminescence to visible light. The visible spec- 
tra of the commercially processed diamonds showed 
strong absorption at this center and also at the H2, center 
(a negatively charged state of the H3; 985 nm), as well as a 
weak sharp peak at 637 nm. In one of the commercially 
treated diamonds, the absorption at the H2 center was 
strong enough to cause some green bodycolor in the dia- 
mond. Luminescence spectra before HPHT treatment 
showed three peaks: 415 nm (N32), 491 nm, and 503 nm 
(H3). After treatment, the N3 center was somewhat 
stronger, the 491 nm peak was gone, and the H3 center 
was much stronger. 

After summarizing previous work regarding the aggre- 
gation of nitrogen in diamond, the effects of radiation 
damage on aggregation, and the various infrared and visi- 
ble centers associated with the different forms of nitrogen, 
the authors propose a model for the changes caused by the 
HPHT process. Annealing partially heals the plastic defor- 
mation, reducing the brown coloration and releasing 
vacancies and interstitial carbon atoms into the diamond. 
In a diamond with little or no nitrogen, these two defects 
“cancel” each other, resulting in a reduction of brown 
color (e.g., as in brown type Ila GE POL diamonds). In dia- 
monds with nitrogen, vacancies are trapped at nitrogen 
aggregates, leading to the large increase in absorption by 
the H3 center. Higher annealing temperatures cause some 
nitrogen aggregates to break up as well, resulting in the 
formation of NV centers (637 nm) and the H2 center. 

The paper includes a postscript describing observa- 
tions before and after commercial HPHT treatment of 
two diamonds, one brown and one pale yellow (“Cape”) 
stone, by NovaDiamond. The brown diamond reacted 
similarly to the NovaDiamond samples described above. 
The resulting color was yellow-green, and it showed 
green luminescence to visible light. The Cape diamond 
showed no plastic deformation before treatment, and the 
visible spectrum after treatment showed rising absorp- 
tion toward shorter wavelengths, but no H3 or H2 cen- 
ters. The resulting color was saturated yellow without 
green “transmission” luminescence. PRB 
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Identification of GE POL diamonds: A second step. J.-P. 
Chalain, E. Fritsch, and H. A. Hanni, Journal of 
Gemmology, Vol. 27, No. 2, 2000, pp. 73-78. 


The authors studied 10 untreated (seven colorless, three 
brown) type Ila diamonds and five GE POL diamonds. On 
the basis of their results, they tentatively propose that GE 
POL diamonds can be identified using a two-step process. 
The first step is to determine whether the sample is type 
Ila; this was done by the authors using the new SSEF Type 
Ila Diamond Spotter, which is based on the transparency 
of these diamonds to short-wave ultraviolet radiation. 
The second step is to look for subtle luminescence fea- 
tures related to N-V centers in type Ila diamonds with a 
Raman spectrometer. When 514 nm laser excitation was 
used, all five of the GE POL diamonds analyzed (at room 
temperature) showed a luminescence peak at 3760 cm! 
(corresponding to 637 nm), whereas none of the seven 
untreated D-color type Ila diamonds showed this feature. 
The authors also noted the presence of 637 nm lumines- 
cence in all three of the untreated brown diamonds stud- 
ied, and suggest that the presence of N-V centers in near- 
colorless diamonds is probably indicative of GE POL 
treatment. Brendan M. Laurs 


MISCELLANEOUS 


Diamonds aren’t forever. GemKey Magazine, Vol. 2, No. 
3, March/April 2000, p. 18. 


When the engagement of a Pennsylvania couple was 
called off, the bride-to-be returned the $17,000 engage- 
ment ring. Subsequently, the couple became engaged a 
second time, and again the prospective groom broke it off. 
However, on this occasion the woman refused to return 
the ring. The ensuing dispute was settled by the Penn- 
sylvania Supreme Court, which ruled that in the state of 
Pennsylvania, an engagement ring is a “conditional gift” 
and must be returned. AAL 


The gang that loves glitter. P. Annin and J. B. Rhine, 
Newsweek, Vol. 134, No. 10, September 6, 1999, pp. 
32-33. 

Big-time jewelry thefts by a shadowy group of South 

American gangs are an escalating problem in the USS. 

Although commonly referred to as “the Colombians,” 

members come from at least five Latin American nations. 

The gangs consist of an estimated 2,000 thieves organized 

in teams of 20-30 individuals who are usually based in 

major cities such as Miami, New York, Chicago, and Los 

Angeles. However, they also move around the country, 

targeting gem and jewelry salespeople where they are 

most vulnerable: on the road. The gangs use sophisticat- 
ed surveillance techniques and a repertoire of diversion- 
ary and distraction tactics. 

This article describes how the thieves terrorize mem- 
bers of the U.S. gem and jewelry trade, particularly trav- 
eling sales representatives who carry real jewelry rather 
than photographs or simulants. Increasingly, violence is 
being used, which has resulted in 281 jewelry industry 
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deaths since 1984. While the FBI continues its efforts, 
police in the affected cities are working with the trade to 
alleviate the escalating problem. AAL 


How to choose a colored gem lab. R. B. Drucker, Jewelers 
Circular Keystone, Vol. 170, No. 10, October 1999, 
pp. 130-132, 134. 
A listing of several prominent colored gemstone labora- 
tories is presented, along with a description of the ser- 
vices they offer. Each of the laboratories provides gem- 
stone identification and a determination of both authen- 
ticity and enhancement. However, other specialized ser- 
vices—country-of-origin determination, the type and 
level of enhancement, pearl analysis, and appraisals—are 
not offered by all the laboratories. These capabilities are 
mainly a reflection of their equipment and the expertise 
of their staffs. Hence, jewelers should investigate the ser- 
vices of each laboratory and select the one that best suits 
their needs. 

Readers are forewarned that even the major labs occa- 
sionally struggle with the identification of certain fea- 
tures or attributes of some colored stones. Results may be 
inconclusive, or conflicting reports may be received when 
the stone is submitted to different laboratories. In the 
case of important stones, a second authoritative opinion 
is appropriate. AMB 


Visual clarity is the key to great jewelry slides. S. Meltzer, 
The Crafts Report, Vol. 35, No. 279, July 1999, pp. 
36-37. 

When jewelry images are captured on slides for the pur- 

pose of judging, the most essential aspect is image clarity. 

If the image does not convey the subject to the jury, other 

factors such as lighting, sharpness, or composition will 

have little impact. Five tips for achieving visual clarity 
when photographing crafts in general, but jewelry in par- 
ticular, are: 

1. Ensure that the images convey all the specific elements 

of an object (e.g., shoes have heels, cups have handles). 

2. Keep areas of similar colors or tones separate on three- 


dimensional pieces. Try to move the camera and/or the 
lighting until one of the areas becomes lighter or dark- 
er, thereby separating the distinct areas. 

3. When photographing several items, separate pieces of 
similar color and tone so they won’t appear to be the 
same object. 

4. Pay particular attention to the background color. The 
background must not distract the eye from the subject, 
and it must be compatible with the jewelry’s colors, or 
lack of color. 

5. Keep it simple. Jewelry looks best on plain, simple back- 
grounds. MT 


The wild side of De Beers. Australia’s Paydirt, Vol. 1, No. 
48, March 1999, pp. 50, 54. 


“Sustainable utilization of resources” is the slogan for De 
Beers’s wildlife conservation policy, an aspect of the world 
diamond leader that is essentially unknown to most of the 
world. De Beers is now the largest supplier of live game 
animals to game reserves and game ranches throughout 
South Africa. The company acquired land in the 1880s to 
secure sites (known as “floors”) on which diamond-bear- 
ing kimberlite ore could be spread out and left to weather, 
a common form of early diamond recovery. De Beers has 
since decided to protect game on such properties, where 
hunting is prohibited. 

De Beers’s Rooipoort Nature Reserve and Benfontein 
Ranch were declared natural heritage sites in 1985 and 
1989, respectively. Rooipoort is home to antelope, giraffe, 
small mammals, and bird life, including the only pure 
Cape ostrich flock in existence. The Venetia Limpopo 
Nature Reserve, established in 1990, is adjacent to the 
Venetia diamond mine and hosts many species of plains 
game. Ecological and behavioral studies are being con- 
ducted on the aardwolf, springbok, springhare, black-foot- 
ed cat, tortoise, sparrow-weaver, and elephant. A project 
to breed disease-free buffalo, now in its seventh year, is a 
joint enterprise between De Beers and the kwaZulu Natal 
Parks Board. This project is expected to have important 
conservation and economic benefits for wildlife. MT 


continued from page 97 


yellow in the color separations process to restore the actual 
color of the synthetic emeralds. With some films and light- 
ing conditions, rubies turn orange, blue sapphires become 
tanzanites, and demantoid garnets resemble peridots. In all 
of these cases, we routinely correct the colors. 

With regard to these particular color-change garnet 
photos, Ms. Tannous had indeed photographed the stone 
in both lighting conditions and a number of orientations. 
But the areas of extinction were so strong in the slide 
taken with incandescent light that even with color cor- 
rection we did not feel we could give our readers a good 
representation of the color change. The editors made the 
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decision to color correct a duplicate of the image seen with 
fluorescent light to show how the overall color appearance 
changed while other variables were held constant. We 
worked with the color separator, gemstone in hand, 
through several proofs to obtain what we felt was the clos- 
est match possible to the actual appearance in the differ- 
ent lighting conditions. 

Our color photos are not always representative of the 
color in the original transparency or print. Instead, they 
are the best representation possible of the actual gem 
material. 


Alice S. Keller 
Editor 
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New Diamond Treatments: What Do 
They Mean for the Gemological Laboratory? 


n each of the last five issues of Gems e) Gemology, we 

have published articles on the high pressure/high tem- 
perature (HPHT) annealing of diamonds to modify their 
color. This is arguably one of the most serious challenges 
the diamond industry has ever faced. Most of these arti- 
cles have dealt with the decoloriza- 
tion of diamonds as represented by 
the GE POL process. The paper by 
Christopher Smith and his colleagues 
in the present issue is the most recent 
contribution. It provides some impor- 
tant new data on the characteristics of 
GE POL diamonds before and after 
processing. 

What, though, does all this mean 
for the jeweler and gemologist? In par- 
ticular, what do all these develop- 
ments mean for a laboratory that is 
entrusted with the responsibility of 
identifying these and other treated or 
synthetic diamonds? 

The role of the gemological labora- 
tory has changed in many ways over 
the past decade. Not only have the 
techniques and instrumentation for 
gem identification become more 
advanced, but the methods and steps in diamond grading 
have become much more extensive and sophisticated. 
The new developments in treatments to diamonds and 
the further advancement of synthetic diamond growth 
methods have made it necessary for a gemological labora- 
tory to become well equipped and to continually modify 
the screening methods used to detect such diamonds. 

While I cannot speak for all laboratories, there have 
always been processes incorporated into the servicing 
procedures of the GIA Gem Trade Laboratory to meet 
such challenges as synthetics, coatings, fillers, laser 
drilling, and irradiation. More than a dozen additional 
detection techniques and instruments have been added 
to this process in the last five years alone. 

Overall, the GIA system has been designed to ensure 
accuracy, efficiency, and client anonymity throughout 
the grading process. There are meticulous electronic 
routing techniques that guide a diamond through the 
laboratory, which include numerous steps that capture 
well over 400 separate and distinct pieces of gemologi- 
cal and scientific information. 

After careful weighing and measuring, each diamond 
is processed through a series of instruments designed to 
differentiate natural from treated and synthetic dia- 
monds, as well as to detect and distinguish diamond 
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Robert Shipley Jr. demonstrates 
GIA’s state-of-the-art laboratory 
equipment in 1938. 


types. These include, but are not limited to, the De 
Beers DiamondSure, short-wave ultraviolet fluorescence 
transparency devices, and proprietary spectroscopic 
instruments designed to measure the presence and level 
of trace elements, such as nitrogen, in each diamond. 

All diamonds that are determined 
to be type II are then further screened 
by GIA’s most experienced gemolo- 
gists and research scientists. Some of 
the techniques and instruments 
employed include UV-Vis-NIR spec- 
troscopy, high-resolution infrared 
spectroscopy, and (low temperature) 
Raman analysis to determine key 
photoluminescence features. Results 
from these analyses are then com- 
pared with our extensive database on 
known HPHT-annealed diamonds 
and untreated type Ila’s. 

Based on our careful examination 
of well over 2,000 GE POL diamonds 
to date, we believe that the vast major- 
ity of diamonds that have been decol- 
orized by HPHT annealing can be 
identified through their properties, the 
laboratory's grading and research expe- 
rience, and the data archived in the laboratory’s Horizon 
operations and management information system. 

The proliferation of diamond treatments also raises 
questions about the fair and accurate representation of 
these products to tradespeople and consumers alike. 
There are legitimate markets for enhanced diamonds 
and an important need for consumers to know exactly 
what they are purchasing. As a result, we are currently 
reviewing our reporting policy for some enhanced dia- 
monds and the scope of services we offer. 

Yes, there are challenges to the way laboratories must 
now operate. We must gather more information, using 
more sophisticated instrumentation, in a process that 
often requires more time and a tremendous investment 
in equipment and personnel. Because many of these new 
treatments cannot be detected with standard gemologi- 
cal equipment, we are all serving a much broader con- 
stituency. Nevertheless, we believe that with solid 
research, with continued cooperation from the trade, and 
with flexibility and ingenuity, we and other well- 
equipped gemological laboratories will be able to contin- 
ue to meet the needs of both the trade and the public. 


William E. Boyajian, President 
Gemological Institute of America 
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Pearl Nucleation Misquote? 


It is difficult to correlate the statements in the Editor’s 
Summer 2.000 editorial about the value of peer review 
with the errors I found in the article by K. Scarratt et al. 
on nuclei in Chinese freshwater cultured pearls (FWCPs}, 
which appeared in that same issue [pp. 98-109]. 

I have been misquoted twice in that article. First, in 
referencing my article in the April 2000 issue of Lapidary 
Journal, the authors state (p. 98), “Most recently, articles 
in the trade press (see, e.g., Matlins, 1999-2000a and b, 
2000; Ward, 2000) have claimed that the vast majority of 
large FWCPs currently being described as “non-nucleat- 
ed” are bead nucleated, with the largest sizes obtained by 
multiple insertions and reinsertions of nuclei formed 
from .. . freshwater cultured pearls.” I did not say that 
“the vast majority” of the large round FWCPs are pearl- 
bead nucleated, because I know that statement is untrue. 

This error is repeated on page 107, with the statement: 
“The recent reports in the trade literature that tissue- 
nucleated freshwater cultured pearls are being used as 
‘nuclei’ to produce most of the recent large round Chinese 
FWCPs appear to be based on growth structures observed 
in pearls that have been cut in half (see, e.g., Matlins, 
1999-2000a, 2000; Roskin, 2000; Ward, 2000).” Again, I 
have never said—or written—that “most” of the large 
Chinese FWCPs are pearl-bead nucleated because I know 
that statement is untrue. 

On page 29 of my referenced Lapidary Journal article I 
state very clearly, “I came to believe that at least some of 
the new pearls were being nucleated with old freshwater 
pearls that may have been tumbled or ground to round.” At 
no time does that sentence say or suggest that I think “the 
vast majority” or “most” of FWCPs are bead-nucleated. 


Just the opposite is true. I wrote that I believe “at least 
some of the new pearls” are bead nucleated. 
Fred Ward 

Gem Book Publishers 
In reply 
The authors and I appreciate this opportunity to clarify the 
use of Mr. Ward’s article as a reference for the two sen- 
tences cited above. Indeed, Mr. Ward does state in his arti- 
cle only that he believes “some” of the large Chinese 
FWCPs are bead nucleated. However, the citation of his 
article in conjunction with these two statements was not 
intended to indicate that they were quotations from Mr. 
Ward. Rather, as is stated in our Guidelines for Authors, 
“References should be used . . . to refer the reader to other 
sources for additional information on a particular subject.” 
In his Lapidary Journal article, Mr. Ward provides a num- 
ber of quotes from others that were interpreted to be in sup- 
port of the argument that bead-nucleated FWCPs are pri- 
marily responsible for the large Chinese FWCPs that have 
recently entered the market. For example, he quotes one 
pearl dealer (Fuji Voll, p. 29) to the effect that “I agree with 
you that nucleation with other pearls is the most likely 
explanation for today’s big rounds” and the late John 
Latendresse (p. 30) “Like you, I have no doubt they are 
nucleating with other pearls to get the big rounds.” 

We apologize if our intent was misconstrued, as the 
desire was not to put words in Mr. Ward’s mouth but rather 
to lead the reader to the extensive information he had gath- 
ered from trade representatives, some of which appeared to 
support the statements indicated. Certainly, Mr. Ward’s 
article provided useful commentary on this topic. 

Alice S. Keller 
Editor, Gems & Gemology 


IN MEMORIAM 
John Latendresse (1925-2000) 


John Robert Latendresse, one of the world’s leading 
authorities on pearls and the creator of the cultured pearl 
industry in the United States, died on July 23 at his home 
in Camden, Tennessee, following a battle with lung can- 
cer. He would have been 75 years of age on July 26. 

Born in Beresford, South Dakota, Mr. Latendresse set- 
tled in Tennessee in the 1950s. In 1954, he founded 
Tennessee Shell Company, which soon became the 
world’s primary supplier of the shell used to create the 
mother-of-pearl beads for cultured pearls. Convinced that 
local mollusks could be used to produce cultured pearls, 
he founded American Pearl Company, the first pearling 
company in the United States, in 1961. Over the next 20 
years, he painstakingly tested over 300 bodies of water 
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before determining that the Tennessee River was 
ideal for culturing freshwater pearls. Today 
American Pearl Company produces freshwater cul- 
tured pearls in distinctive shapes and colors. 

Mr. Latendresse was always eager to share his 
vast knowledge of pearls, and he actively supported 
research and education efforts. With James L. 
Sweaney he co-authored “Freshwater Pearls of 
North America,” which appeared in the Fall 1984 
issue of Gems & Gemology and won the GWG 
Most Valuable Article Award for that year. 

John Latendresse is survived by his wife, Chessy, five 
children, seven grandchildren, and seven great-grandchil- 
dren. Always the consummate gentleman and an enthusi- 
astic advocate for strong standards in the pearl industry, 
he will be greatly missed. Fortunately, the pearl industry 
will benefit from his legacy for many years to come. 
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GE POL DIAMONDs: 
BEFORE AND AFTER 


By Christopher P. Smith, George Bosshart, Johann Ponahlo, Vera M. F. Hammer, 
Helmut Klapper, and Karl Schmetzer 


This study of type Ila GE POL diamonds 
before and after HPHT annealing by GE sig- 
nificantly expands on their characterization. 
The color change was dramatic: from the N-O 
range through Fancy Light brown before, to 
D-H after. However, there was little change to 
the inclusions, graining, and strain as a result 
of HPHT exposure. Photoluminescence (PL) 
studies—conducted at liquid helium, liquid 
nitrogen, and room temperatures in the 
245-700 nm range—identified a significant 
reconfiguration of the lattice involving substi- 
tutional impurities, vacancies, and intersti- 
tials. Key regions of PL activity included the 
areas of the N3, H3, and N-V centers. X-ray 
topography identified the extent of lattice dis- 
tortion. Cathodoluminescence may help 
establish that a diamond is not HPHT 
annealed. A distinction between non- 
enhanced and color-enhanced type Ila dia- 
monds can be made through a combination of 
observations and features. 
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arch 1, 1999 is a watershed date in the gem 

and jewelry trade. This is when General 

Electric (GE) and Lazare Kaplan International 
(LKI) unveiled their latest contribution to the diamond and 
jewelry industry: diamonds that had undergone a new GE 
process “designed to improve their color, brilliance, and 
brightness” (Rapnet, 1999). Colloquially, these diamonds 
became known as “GE POL” or “Pegasus” diamonds, 
because they were being marketed through LKI subsidiary 
Pegasus Overseas Ltd. (POL). At the July 2000 Jewelers of 
America trade show in New York, however, the brand name 
Bellataire was officially launched. 

The first gemological description of GE POL diamonds 
appeared in fall 1999, when GIA published an overview of the 
macroscopic and microscopic features observed in 858 GE 
POL diamonds they had examined up to August 1999 (Moses 
et al., 1999). Subsequent articles by the SSEF Swiss 
Gemmological Institute and De Beers provided more analyti- 
cal details on GE POL diamonds and suggested spectroscopic 
methods of identification (Chalain et al., 1999, 2000; Fisher 
and Spits, 2000). The Gtibelin Gem Lab (GGL) has had an 
ongoing cooperation with GE, LKI, and POCL (Pegasus 
Overseas Company Ltd.) to investigate the gemological and 
analytical characteristics of GE POL diamonds, in order to 
help develop identification criteria. Because of this collabora- 
tion, staff members at GGL were given the opportunity to 
document a selection of diamonds taken from current GE 
production, both prior and subsequent to high pressure/high 
temperature (HPHT) processing (figure 1). 

This study represents the first independent investigation 
of actual GE POL diamonds both before and after processing 
by General Electric. Such an investigation is crucial to 
understanding the mechanisms behind the color alteration 
and thus to providing greater insight into potential methods 
of identification. The present report not only addresses the 
alterations in color, inclusions, graining, and strain produced 
by the GE process, but it also considerably expands the 
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Figure 1. These two illustrations show 10 of the study samples before and after HPHT processing. The brown 
type Ila diamonds on the left received color grades from the N-O range to Fancy Light brown (C3-C5 on the 
Argyle scale). Following processing by GE, the color improved dramatically, with the diamonds on the right 
grading from D to H. The seven faceted samples weigh 0.48 to 2.72 ct, and the three pieces of rough weigh 2.32 
to 3.71 ct. Photos by Phillip Hitz. 


analytical characterization of GE POL diamonds 
using photoluminescence data acquired with laser- 
Raman systems, cathodoluminescence, and X-ray 
topography. Since brown coloration in type Ila dia- 
monds is associated with plastic deformation of the 
crystal lattice (Wilks and Wilks, 1991), these 
advanced analytical techniques were selected to pay 
particular attention to defect centers, trace impuri- 
ties, and structural distortion, in order to document 
the changes that may be taking place in the lattice. 
For more information on these atomic-level dia- 
mond features, the reader is referred to box A. 


MATERIALS AND METHODS 


Samples. We studied seven faceted stones and three 
crystals that were selected at random from POCL’s 
stock of brown type Ila diamonds (see, e.g., figure 1). 
The faceted diamonds ranged from 0.48 to 2.72 ct. 
The three crystals weighed 2.32 to 3.71 ct; we had 
windows polished on two of them to permit view- 
ing of their interiors. GE, LKI, and POCL indepen- 
dently confirmed that no pre-processing of the dia- 
monds had taken place. As a “control” sample, a 
0.61 ct type Ila brown pear shape was selected from 
the Gtibelin Gem Lab’s reference collection and 
submitted to GE for HPHT processing. All 11 sam- 
ples were subjected to the tests described below 
both before and after HPHT processing by General 
Electric. The precise conditions used by GE are pro- 
prietary, and were not revealed to the authors. Of 
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these 11 samples, six (including the one GGL sam- 
ple) were selected as representative to show the 
range of properties and characteristics exhibited by 
the larger group (table 1). 

In the course of grading at GGL, and as part of 
ongoing research, we have had the opportunity to 
test many natural, nonprocessed, near-colorless 
type Ila diamonds and GE POL diamonds by the 
methods listed below. Our preliminary results for 
these diamonds are incorporated into the Dis- 
cussion and Applications sections below. 


The Risk Factor. When diamonds (and other gems} 
are exposed to elevated temperatures and pressures, 
there is always the risk of thermal shock extending 
existing fractures or creating new ones. As a graphic 
reminder of this, two of the 11 samples inexplicably 
broke in the course of HPHT processing. The 1.92 
ct octagonal step cut cleaved along an octahedral 
plane (111), shearing the stone in two parallel to the 
table facet; a secondary fracturing took away one 
corner (refer to the after photo of GE4 in table 1). 
The 1.22, ct round (GE3) had to be considerably re- 
formed because a small section chipped. This dam- 
age occurred in both diamonds even though there 
were no fractures or other inclusions, significant 
slip traces, or twinning present prior to enhance- 
ment. It is interesting that none of the three dia- 
monds that had fractures experienced any damage 
during HPHT processing. 
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Many of the features discussed in this article are 
related to point defects (e.g., vacancies, interstitials, 
and substitutional impurities) present at the atomic 
level in the lattice of a diamond. Figures A-1 to A-3 
offer a simplified, two-dimensional illustration of the 
major defect centers discussed in this article, which 
relate to HPHT processing of type Ila diamonds. 
These three figures are drawn after diagrams pro- 
vided by the De Beers Diamond Trading Center. 


Diamond Types 


Type Ib Type IaA Type IaB 
Single nitrogen A-center B-center 


Figure A-1. These schematic diagrams illustrate 
the occurrence of substitutional impurities in dif- 
ferent diamond types; each produces distinctive 
spectral features in the infrared region and is 
detectable with IR spectroscopy. In type Ib dia- 
monds, a carbon atom is substituted by a single 
nitrogen atom. In type Ia diamonds, substitution- 
al nitrogen atoms are aggregated. The most com- 
mon diamond types are IaA (which have a pair of 
nitrogen atoms, the A aggregate) and IaB (in 
which four nitrogen atoms surround a common 
vacancy, the B aggregate). Those rare diamonds 
that are classified as type Ia do not show nitrogen 
(or boron) impurities in their IR spectra. 


Box A: UNDERSTANDING VACANCIES, 
INTERSTITIALS, AND COLOR CENTERS 


Nitrogen-Vacancy Defect Centers 


C_C..C Ca. Om C 
Vv = | NO. 
C0. C (lV) 


4N-2V (H4) 


3N-V (N3) 


N-V-N (H3, H2) 


Figure A-2. Diamonds may also contain addi- 
tional defect centers, which involve the combi- 
nation of substitutional nitrogen impurities and 
vacancies. These include the N3 system (three 
nitrogen atoms surrounding a vacancy), the H3 
and H2 systems (an A-aggregate associated with 
a vacancy[uncharged and negatively charged, 
respectively]), and the H4 system (a B-aggregate 
bound to an additional vacancy). 


N-V Centers 


574.8 uncharged (N-V)° 
637.0 negatively charged (N-V)~ 


Figure A-3. Illustrated here are the two types of 
nitrogen-vacancy (N-V) centers (uncharged and 
negatively charged), where a single nitrogen atom 
is attached to a single vacancy. 


Gemological Examination and UV-Vis-NIR and IR 
Testing. Color observations were made in the neu- 
tral environment of a MacBeth Judge II light box. 
Colorimetric measurements were carried out with a 
Zeiss multichannel color spectrometer (MCS 311). 
Clarity assessments and the study of internal char- 
acteristics such as inclusions and graining were car- 
ried out with a binocular microscope and various 
lighting techniques. We used crossed polarizing fil- 
ters to observe the internal strain patterns and inter- 
ference colors. 
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We performed absorption spectroscopy in the 
ultraviolet (UV), visible (Vis), and near-infrared 
(NIR) regions of the spectrum (200-2500 nm) with a 
Perkin-Elmer Lambda 19 spectrometer. We record- 
ed the spectra with the diamonds at both room and 
liquid nitrogen temperatures; the slit width provid- 
ed a spectral resolution of 0.2 nm, and the data 
interval was 0.2. nm. 

Mid- and near-infrared absorption spectra were 
taken at room temperature with a Philips 9624 
Fourier-transform infrared (FTIR) spectrometer in the 
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Identification of Synthetic Gems 
| Part II 


EDWARD GUBELIN, Ph.D., C.G. 


We now come to a second “birth- 
mark” of synthetic stones, which, 
however, improvements in the proc- 
ess of production are gradually 
eliminating. 

Practically all synthetic stones 
present gaseous bubbles, spherical 
or elongated, as shown in Figure 1.* 
This is a specific sign, typical of all 
synthetics produced by the Verneuil 
process. Sometimes these bubbles are 
very numerous; occasionally a strat- 
ified 
to the different growth layers can be 


concentration corresponding 
observed. Sometimes, synthetics are 
almost without flaw. Nevertheless, 
on carefully examining a stone of 
any size in all directions, one nearly 
always finds a bubble here and 
there, or a group of very small ones 
segregated in one area (Figure 2). 
The bubbles provide an absolutely 
reliable indication. 

As a rule, the bubbles are black; 
only in larger ones can we observe 
a transparent nucleus in transmitted 
fight of the polarizing microscope. 
They must not be confused with the 
liquid or other inclusions frequent 
Through the 


in natural stones. 


*Figures shown on following pages. 


Diamondscope they appear. to 
consist of two concentric bright 
rings (Figure 8). When these bub- 
bles are very numerous, their pres- 
ence can reduce the specific gravity 
of the whole stone. The better a 
stone is, the fewer bubbles it con- 
tains. The size of the gas filled 
spheres also tends to diminish with 
the improvement of methods of pro- 
duction. Figure 4 shows a ruby pro- 
duced during the first years after 
the process was introduced. This 
photograph presents the ordinary 
type of a gaseous inclusion, in addi- 
tion to curved striae. 

Many authors quote as a distin- 
symptom of — synthetic 
origin the cracklike markings which 
frequently develop just below the 
surface of synthetic corundums dur- 
ing cutting and polishing (Figure 5). 
These marks do not, however, afford 
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conclusive proof that the stone is 
synthetic, for they also occur in 
natural corundum. They are merely 
a feature of stones of the corundum 
species that have been polished too 
rapidly. 

[Part I by R, T. Liddicoat. Parts 
II, III and IV by Dr. Giibelin.] 


(To Be Continued) 


When a type Ila diamond is exposed to HPHT 
nditions, the lattice of the diamond goes through 
a process of reconfiguration. That is, within the lat- 
tice, some of the point defects present prior to 
HPHT processing—such as N-V, H4, and H3 centers 
and nitrogen aggregates—are broken up. In addition, 
vacancies and nitrogen impurities will mobilize; 
vacancies and interstitials may mutually annihilate; 
and N3 centers are created, as is single substitution- 
al nitrogen. 


Definition of Frequently Used Terms 


Vacancy—An unoccupied carbon site within the 
crystal lattice of a diamond. 
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Interstitial—Any carbon or impurity atom (nitro- 
gen, hydrogen, or boron) that does not occupy a car- 
bon site in the lattice of the diamond, but is situat- 
ed in a space between regular carbon sites. 


Color center—Any point defect (also generally referred 
to as a defect center) inside the lattice that absorbs visi- 
ble light and thereby imparts color to the diamond. 
Examples are vacancies and substitutional impurities 
(e.g., nitrogen occupying a carbon site). Note that A 
and B aggregates of nitrogen absorb infrared light only; 
because they do not absorb in the visible region of the 
spectrum, they are not color centers. 


Photoluminescence Systems. Some point defects 
luminesce when excited by UV radiation or visible 
light. This photoluminescence (PL) appears as peaks 
or bands, some of which represent PL systems, such 
as N3 or H3. All PL systems behave in a similar fash- 
ion, with a zero-phonon line generated by an electron- 
ic transition and side bands (also referred to as 
phonon replicas) caused by acoustic transitions in the 
form of lattice vibrations (i.e., characteristic vibra- 
tions of molecules and crystals), as illustrated in fig- 
ure A-4. Such PL systems may be likened to a stone 
dropped in water, where the zero-phonon line is the 
point at which the stone enters the water and the side 
bands are the ripples that emanate from this point. 


Figure A-4. In a PL system such as the N38 illustrat- 
ed here), H3, or (N-V)-, the zero-phonon line (here, 
the 415.2) is accompanied by a number of side 
bands. These phonon replicas make up a series of 
progressively weaker and broader bands at higher 
wavelengths, which combine to form a structured 
band with an underlying emission maximum at a 
characteristic wavelength, such as at approximate- 
ly 440 nm (N38), 520 nm (H3), and 680 nm (N-V)-. 


range of 7000 to 400 wavenumbers (cm~!), with a 
standard 4 cm”! resolution; we used a SpectraTech dif- 
fuse reflectance collector for the faceted samples and a 
Specac 5x beam condenser for the rough specimens. 


Other Advanced Testing. Photoluminescence, 
cathodoluminescence, and X-ray topography are not 
standard analytical techniques in most gemological 
laboratories. However, researchers have applied these 
techniques to the study of diamonds in order to char- 
acterize various types of lattice defects (see, e.g., Wild 
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and Evans, 1967; Woods and Lang, 1975; Lang and 
Moore, 1991; Collins, 1992, 1996; Davies, 1999). 
Photoluminescence (PL) was well described in basic 
terms by Fisher and Spits (2000, p. 44). Note that a 
laser is used to study PL features because of its effi- 
cient excitation of impurities and defect centers, even 
when they are present in very low concentrations. 
Because the photoluminescence of diamonds is a flu- 
orescence behavior, stones may react differently 
when exposed to various wavelengths. Therefore, the 
use of lasers with different excitations (ie., 244 and 
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TABLE 1. Gemological and other properties before and after HPHT processing for five GE diamonds 


and one Gtbelin Gem Lab reference sample.* 


GE1 GE4 
Property 0.73 ct 1.92 ct 
Before After Before After 
Appearance 
Approximate Fancy Light Ptod D 
color grade? brown (C3) 
(C5) 
Clarity Clean Clean Clean Clean, small Clean Broken into 
(IF to VVS) (IF to VVS) (IF to VVS) breakage (IF to VVS) 3 pieces 
Fluorescence! 
Long-wave Very faint None Very faint Very faint Very faint Very faint Weak greenish Weak blue 
chalky blue chalky blue chalky blue chalky yellow — blue yellow 
Short-wave Faint chalky None Very faint None Faint chalky None Faint greenish — Faint blue 
yellow chalky blue yellow yellow 
Graining None Very weak Prominent None Faint Moderate 
Strain pattern® Weak tatami extinction Weak to moderate banded Weak banded and tatami Weak banded and tatami 
and tatami extinction extinction extinction 
UV-Vis ab- Faint band at Faint band Faint band at — Faint band at Faint band at © Weak band at Faint band at Faint band 
sorption (at 680 nm at 270 nm 680 nm 270 nm 680 nm 270 nm 680 nm at 270 nm 
liquid nitrogen Slope<630 nm = Slope<630 nm = Slope<620 nm = Slope<610 nm = 
temperature) = = — — Faint lines at Faint lines at Weak lines at Weak lines at 
229.6 and 229.6 and 229.6 and 229.6 and 
236.0 nm 236.0 nm 236.0 nm 236.0 nm 
Diamond type’ lla with minor H la la with minor laB lla with minor laB+H 
CL color Moderate Strong bluish Medium Strong blue Moderate Strong Strong Strong 
yellow-white white blue-white yellow-white blue-white blue-white chalky blue 
CL spectrum? Two CL bands — Single “blue” Two CL bands — Single “blue” Two CLbands — Single “blue” TwoCLbands Single “blue” 
band plus band band plus weak band 
shoulder shoulder 
X-ray topography Moderately perturbed Weakly perturbed Strongly perturbed Faintly perturbed 


4 Includes all critical properties for these representative stones before and after HPHT processing, with the exception of photoluminescence 


features, which are given in tables 2 and 3. 


© Value in parentheses after terminology developed by Argyle Diamond Co. 


¢ The Gubelin Gem Lab reference stone was the only fully faceted diamond, thus permitting an exact clarity grade determination. The GE 
samples were not fully faceted, therefore the exact clarity grade was not pinpointed. 
4 Fluorescence was recorded with a long-wave (365 nm) and short-wave (254 nm) unit. We do not believe the change in fluorescence behavior 


offers a useful identification criterion. 


® Although the extinction pattern may have remained the same after HPHT processing, the overall appearance became slightly more prominent. 

‘The H (hydrogen) band is located at 3107 cm~'; the B aggregate band is centered at 1174 cm’. 

9 The two independent CL bands were situated at 430 nm (‘“blue” band) and at 520 nm (‘“green” band). After HPHT processing, the band 
centered at 520 nm was either completely removed or became a faint to weak shoulder at the base of the “blue” band. 


325 nm in the UV, 488 nm in the blue, and 514 or 
532, in the green regions of the spectrum) may show 
varying results. For example, the 637 nm system is 
not excited by the 325 nm “UV” laser and is excited 
less efficiently by the 488 nm “blue” laser, as com- 
pared to the 514 or 532 nm “green” lasers. 
Low-temperature conditions are necessary to 
properly resolve all of the PL features that may be 
present (Fisher and Spits, 2000). However, we 
have also included the results of our analyses at 
room temperature, because these spectra may 
help confirm that a high-color type Ila diamond 
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has not been enhanced by HPHT processing. 
Photoluminescence spectra were recorded with 
laser Raman microspectrometers over the range 
245-700 nm. For the UV region from 245 to 700 nm, 
we used a Renishaw System 1000 equipped with a 
frequency-doubled Argon-ion laser (excitation wave- 
length at 244 nm). To cover the 325-700 nm range, 
we used a Dilor LabRam Infinity and a Renishaw 
System 1000, each equipped with a helium/cadmi- 
um (He/Cd) laser (excitation at 324.98 nm). To focus 
on the region between 550 and 700 nm, we used a 
Dilor LabRam Infinity equipped with a frequency- 
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P to Q Range Fancy Light 
(C3) brown 
(C5) 
Clean SI, 
(IF to VVS) 
Very faint Weak blue None None 
chalky yellow 
Faint chalky Very faint None None 
yellow chalky blue 
Prominent Weak Weak to moderate 
Moderate banded and tatami Weak banded and tatami 
extinction extinction 
Faint band at Weak band Faint band Faint band 
680 nm at 270 nm at 680 nm at 270 nm 
Slope < 620 nm — Slope < 610 nm — 
Weak lines at Weak lines at — —_— 
229.6 and 229.6 and 
236.0 nm 236.0 nm 
lla with minor laB + H lla 

Moderate chalky Moderate chalky Moderate Strong blue 
yellowish white — blue-white yellowish white 
Two CLbands Single “blue” Two CLbands — Single “blue” 

band plus faint band 

shoulder 


Very strongly perturbed Moderately perturbed 


doubled Nd/YAG laser (excitation at 531.78 nm), as 
well as a Renishaw System 1000 equipped with an 
Argon-ion laser providing excitation at 514.5 nm. 
We used both the Dilor and Renishaw Raman sys- 
tems to rule out instrumental artifacts. Both sys- 
tems produced equivalent results of very high spec- 
tral resolution. The diamonds were analyzed at tem- 
peratures near those of liquid helium (—263°C/10K) 
and liquid nitrogen (-196°C/77K) and at room tem- 
perature (approximately 25°C/298K) using a THMS 
600 heating and cooling stage manufactured by 
Linkam Scientific Industries Ltd. 

We also performed cathodoluminescence (CL) 
analyses over the range 380-700 nm using flood gun 
optical CL microscopy (“cold CL”; see Box B). For 
this technique, we used a Zeiss microscope and a 
Luminoscope with a large sample compartment, 
which also permitted visual observation of the CL 
colors and phosphorescence effects. For the spectral 
analyses, we used a monochromator slit width that 
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provided a resolution of 5 nm. The monochromator 
sits on top of the microscope and is coupled by opti- 
cal lenses. The image is then focused on the entrance 
of the slit of the monochromator to obtain optimal 
intensity. The acceleration voltage of the electron 
beam was 4.5 kV with a current of 0.5 mA. Beam 
energy was kept constant throughout all the tests by 
pressure regulation of the current, which carried ion- 
ized gas (air). Scanning CL microscopy (“hot CL”) in 
the region 200-700 nm was carried out with an 
Oxford Instruments MonoCL system, with a step- 
scan of 1 nm, attached to a JEOL JSM 6400 SEM-EDS 
instrument, operating at an accelerating voltage of 15 
kV anda beam current of approximately 1 mA. 

X-ray topography was performed with a Seifert 
ISO-Debyeflex 1001 generator using a molybdenum 
fine focus W2000 Philips X-ray tube. Operation con- 
ditions were 50 kV and 25 mA, with a slit beam 
(white-beam section topography in Laue forward- 
reflection arrangement). The fine-grained AGFA- 
Gevaert Structurix D4 film used required exposure 
times of approximately 12 hours per sample. Using 
the Laue technique with white X-ray light, no spe- 
cial orientation of the samples was necessary. 


RESULTS: GEMOLOGICAL OBSERVATIONS AND 
UV-VIS-NIR AND INFRARED SPECTROSCOPY 


The properties for all of the samples before and after 
HPHT processing are discussed below. The specific 
results for five of the GE stones and the one GGL 
sample are listed in table 1. For the most part, these 
six samples encompassed all of the features seen in 
the larger group. 


Color Appearance 
Before: All 11 samples in this study were originally 
light to medium brown (figure 1, left; table 1). The 
GIA color grade equivalents extended from approxi- 
mately the N to O range through Fancy Light 
brown. Applying the common diamond trade termi- 
nology developed by the Argyle Diamond Co. for 
their “champagne” diamonds, we estimated their 
colors to range from C3 to C5 (on a Cl to C10 scale, 
ranging from pale to extremely dark brown). It is 
important to note that this group may not represent 
the full range of colors that are processed by GE. 
Colorimetric measurements showed that the 
original hues (i.e., dominant wavelengths) were 
located in a narrow range between 578.8 and 580.4 
nm. These wavelengths correspond to the yellow to 
orange-yellow region of the visible spectrum. The 
measured color saturation ranged from 15.8% to 
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25.4% (on a 0 to 100% scale). The tones varied 
between 2.7 and 4.1 (on a 0 to 10 scale). The ratios 
of tone and saturation extended from 0.14 to 0.21 
(for objective color evaluation, GGL uses a T/S ratio 
to standardize the description of brown and gray in 
colored diamonds), corresponding to low or moder- 
ate saturations and light to medium tones. The data 
obtained for this color study are influenced by 
geometry and surface conditions and therefore may 
show some variation from one sample to the next. 


After: All samples were dramatically enhanced by 
HPHT processing (figure 1, right). Most were in the 
colorless range of D to F. One sample retained a 
slight brownish color and was graded as H on the 
GIA color-grading scale. 

We measured a substantial decrease in satura- 
tion and tone, as well as a slight shift in hue, in the 
processed diamonds. The modified colors varied 
from 570.6 to 576.4 nm in hue, from 0.8% to 5.2% 
in saturation, and from 0.5 to 3.0 in tone. These 
data correspond to an average shift of —5.4 nm in 
hue, -18% in saturation, and —1.5 in tone from the 
original, light brown colors. With these data, we can 


Figure 2. Before processing (left), this 
fracture in the 0.61 ct GGL sample 
was bright and reflective. After 
HPHT processing (right), the area of 
the original fracture had acquired a 
coarse (frosted) texture and we 
noticed the addition of a bright 
transparent extension, or “fringe.” 
No graphitization was observed. 
Photomicrographs by Christopher P. 
Smith; magnified 55x. 


better understand why GE POL diamonds appear 
yellow, rather than brown, at colors lower than H 
on the GIA grading scale (refer to diamonds 
described in Moses et al., 1999; Fisher and Spits, 
2000). For the human eye, this is a very sensitive 
region of the visible spectrum; even a shift of only a 
few nanometers and a decrease in tone can make 
the previously brown diamonds appear yellow. 


Clarity and Inclusions 

Before: Few of the samples contained observable 
mineral inclusions or fractures. LKI informed us 
that in their experience, brown type Ila diamond 
rough is commonly very clean (P. Kaplan, pers. 
comm., 2000). Two of the POCL samples did con- 
tain small fractures. The GGL sample had a tiny 
crystal with a small, brightly reflective stress halo, 
as well as two small fractures (see, e.g., figure 2, left) 
and a natural. Although we did not clarity grade the 
GE POL diamonds, because only the GGL sample 
was fully faceted, we determined that the clarity 
grades would be VVS or better. 


After: Re-examination of these diamond inclusions 


Figure 3. One sample (2.72 ct) showed significant whitish graining with a “cottony” texture before HPHT pro- 
cessing (left). After processing (right), the fundamental character of the graining had not changed, although it 
appeared to be slightly more prominent. Such prominent graining imparted an overall haziness to the diamond 
both before and after enhancement. This diamond also showed the greatest degree of lattice distortion on the 
X-ray topographs. Photomicrographs by Christopher P. Smith; magnified 14x. 
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after processing revealed little change as a result of 
exposure to HPHT conditions. The appearance of 
the open fractures had altered slightly in some cases, 
where the fracture walls became textured or frosted 
as a result of partial dissolution; in other cases, some 
degree of extension was evident in the creation of an 
outer “fringe” (see, e.g., figure 2, right). The bright 
stress fracture in the GGL sample healed in the 
region immediately surrounding the crystal; yet we 
observed no healing along the further extension of 
the stress fracture. The changes observed did not 
have a significant effect on the clarity grades. 


Graining 

Before: We did not observe any internal graining in 
four of the eight faceted samples. The other samples 
displayed internal graining that ranged from very 
weak to prominent. In one specimen, the very fine 
texture of the graining generated a faint overall 
“sheen” in the stone when it was viewed with dark- 
field illumination. One sample with prominent (i.e., 
whitish) graining displayed a distinctly “cottony” 
texture (figure 3, left). Another sample had signifi- 
cant graining in a linear formation along slip traces 
(figure 4, left). 


After: Although the texture of the graining remained 
unchanged (figure 4, right) in all samples, the grain- 
ing itself did appear just slightly more prominent in 
most (figure 3, right). Overall, however, we did not 
observe a dramatic alteration (figure 4, right). 


Strain Patterns 

Before: Anomalous birefringence (caused by strain 
in the crystal lattice) was noted in all the specimens 
when they were viewed between crossed polarizers. 
As is typical of type Ila diamonds, the samples 
revealed weak to moderate banded and cross- 
hatched (tatami) extinction patterns, with first-order 
interference colors of gray and violet to blue, which 
extended to yellow and orange within patches in 
two samples (figure 5). In a direction parallel to 
octahedral crystal faces in one sample, we saw a 
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Figure 4. Sample GE 2 (0.97 ct) dis- 
played prominent slip bands (also 
referred to as whitish or silvery grain- 
ing). There was no apparent alter- 
ation in these bands as a result of 
HPHT processing (left, before; right, 
after). Photomicrographs by 
Christopher P. Smith; magnified 30x. 


moderate banded strain pattern with weak first- 
order interference colors (figure 6, left). 


After: Overall we did not observe dramatic modifi- 
cations to the strain patterns after HPHT process- 
ing. However, with close inspection we were able to 
note some subtle changes: Although the actual pat- 
terns (i.e., banded and tatami) remained the same, 
they were very slightly more prominent after pro- 
cessing; the first-order interference colors were also 
slightly augmented (figure 6, right). 


UV-Vis-NIR Absorption Spectroscopy 

Before: The spectra of all the samples were remark- 
ably uniform throughout the UV-Vis-NIR range. No 
absorption bands were observed in the near-infrared 
(700-2500 nm} region. Only faint bands were 
detected below 700 nm: N9 lines at 229.6 and 236.0 
nm in the UV region of three samples (figure 7 and 
table 1). Wide, yet faint bands were also detected 
around 480, 560, and 680 nm in the visible region 
(the first two discernable only in the MCS spectra}, 
but they were too weak to have any obvious 


Figure 5. As is typical for type Ila diamonds, all of the 
samples studied showed tatami and banded extinc- 
tion patterns with first-order interference colors when 
viewed between crossed polarizers. Photomicrograph 
by Christopher P. Smith; magnified 14x. 
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Figure 6. Prior to HPHT processing (left), we observed a banded strain pattern parallel to octahedral growth 
planes that showed primarily weak (gray) interference colors when viewed between crossed polarizers. After 
processing (right), the overall pattern remained the same, but the first-order interference colors were slightly 
stronger (bluer). Note that such strain patterns and interference colors may also be seen in non-enhanced color- 
less type Ila diamonds. Photomicrographs by Christopher P. Smith; magnified 20x. 


influence on the bodycolor. In all specimens, the 
gradual absorption slope (or “continuum”) started at 
approximately 620 nm and became steeper toward 
400 nm, causing the light brown color. The absorp- 
tion curve continued to climb in the UV region 
toward the fundamental absorption edge of dia- 
mond at 225 nm. 


After: There was a significant decrease in the 
absorption continuum, as well as an overall reduc- 
tion in the general absorption level. In particular, 
the slope became very subtle in the visible region 
and the bands that were barely detectable disap- 
peared. This explains the nearly or completely col- 
orless appearance of the specimens after exposure to 
HPHT conditions. 

However, we also noted that a new, broad, faint- 
to-weak absorption band had developed in all sam- 
ples, centered at approximately 270 nm. In the three 
samples with a trace of B aggregates, this band was 
accompanied by faint-to-weak absorption lines at 
the base of the absorption edge—at 229.6, 236.0, and 
(in one sample only) at 22.7.4, 243.1, and 249.6 nm— 
which were unchanged by HPHT processing. 


Infrared Spectroscopy 

The mid-infrared spectrum of a chemically pure 
diamond is characterized by the two-phonon and 
three-phonon absorption bands (2650-1500 and 
4000-2650 cm=!, respectively). These features are 
intrinsic to diamond. The infrared classification of 
diamond types is based on absorption bands related 
to nitrogen (N) in the one-phonon region, between 
1500 and 1000 cm"! (see, e.g., Fritsch and Scarratt, 
1992). It also has been long understood that this 
was a qualitative as opposed to a quantitative clas- 
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sification, so that nitrogen and other impurities 
may still be detected in type Ila diamonds with 
high-resolution and/or high-sensitivity techniques. 


Before: All 11 samples were classified as type IIa, 
based on the relative absence of IR features in the 
one-phonon region under typical testing conditions 
(figure 8 and table 1). By expanding this region how- 
ever, we noted that some of the samples displayed a 
weak, broad band at approximately 1174 cm", 
which corresponds to nitrogen in the form of B 
aggregates. In addition, we recorded a small sharp 
peak at 3107 cm", which identifies traces of hydro- 
gen impurities. Only two of the samples did not 
show any detectable traces of chemical impurities 
(nitrogen, hydrogen, or boron). 


After: It is interesting that none of the samples 
revealed any apparent increase or decrease in the 
nitrogen aggregate or hydrogen contents. 
Furthermore, as observed with our testing condi- 
tions, it appears that no IR absorption bands were 
either annihilated or generated by the GE process. 


RESULTS: 

PHOTOLUMINESCENCE SPECTROSCOPY 
Tables 2 and 3 list all the PL features recorded 
under room- and low-temperature conditions, 
respectively, before and after HPHT processing. 
When evaluating more than one spectrum from a 
single sample or from multiple samples, it is pos- 
sible to normalize the spectra by comparing the 
intensity of the diamond’s Raman signal. Note 
that as part of their own independent research, GE 
has used photoluminescence to characterize syn- 
thetic diamonds both before and after HPHT 
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Figure 7. These UV/Vis/NIR absorption spectra of 
the 2.72 ct sample (GE5), recorded at liquid nitro- 
gen temperature and high resolution, illustrate the 
absorption characteristics of a GE POL diamond 
before and after HPHT processing. The light brown 
(P to Q range) type Ila specimen initially exhibited 
a faint 680 nm band, an increase in general absorp- 
tion starting at approximately 620 nm, and the N9 
absorption lines at 229.6 and 236.0 nm. In con- 
trast, following HPHT processing, the general 
absorption of the same sample in the visible region 
was almost entirely annihilated, which improved 
the color to an H grade (faint brown). Notably, a 
broad band centered at about 270 nm also devel- 
oped (due to the formation of a small amount of 
single nitrogen). However, the two N9 lines at the 
base of the fundamental absorption edge (225 nm), 
appear to be unaffected. The absorption coefficient 
indicated is approximate. 


application (e.g., Jackson and Webb, 1995; Webb 
and Jackson, 1995; McCormick et al., 1997). 

We listed all the PL features recorded, because 
the presence of some of these peaks and bands in 
natural, non-HPHT processed type Ila diamonds 
may be just as important to the identification proce- 
dure as features that suggest HPHT processing. 
Again, see box A for an illustration of the various 
nitrogen-impurity forms and point defects that will 
be discussed. 

In all cases, liquid nitrogen temperatures were 
sufficient to resolve all of the PL features recorded. 
Liquid helium conditions produced no further 
refinement of the PL bands present, nor any addi- 
tional PL bands. 

Throughout the text, the authors provide desig- 
nations for the various PL features that were record- 
ed. There are countless scientific publications 
which describe these features; however, for ease of 
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Figure 8. The IR absorption spectra of the GE POL 
diamond referred to in figure 7 are virtually identi- 
cal before and after HPHT processing. In particu- 
lar, the faint hydrogen peak at 3107 cm™ and the 
faint band at 1174 cm“ (attributed to a trace of B- 
aggregates) appear unaltered. The absorption coef- 
ficient indicated is approximate. 


reference, the authors have used extensively the 
thorough treatises provided by Davies (1977}, 
Walker (1979), Collins (1982), Woods and Collins 
(1986), Field (1992), Zaitsev et al. (1996 and 1998), 
and Iakoubovskii (2000). 

[Authors’ note: In spectroscopy, the terms peak 
and band are used synonymously. In this article, 
however, peak is generally used to represent sharp 
PL features and band to indicate broader PL fea- 
tures. In addition, all room-temperature PL fea- 
tures are indicated only to the full nanometer (e.g., 
503 nm), whereas for the low-temperature PL spec- 
tra, the sharp peaks are indicated to the tenth of a 
nanometer (e.g., 503.1 nm) and the bands are indi- 
cated to the full nanometer (e.g., 680 nm). A PL 
system describes a sharp peak (zero phonon line) 
that is associated with a series of side bands, all of 
which relate to a single point defect (e.g., N3 or 
H8; also refer to box A.] 


Frequency-Doubled Ar-Ion Laser (244 nm) 

Room Temperature 

Before: The dominant features were moderate to 
weak PL bands at 415 (N3), 256, 257, and 267 nm 
(figure 9A). Weak, broad bands were recorded occa- 
sionally at approximately 264, 277, 286, and 291 
nm. One sample also revealed a faint, sharp peak 
at 404 nm. 
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TABLE 2. Raman photoluminescence features of the 
diamonds recorded at room temperature, before 
and after HPHT processing.* 


TABLE 3. Raman photoluminescence features of the 
diamonds recorded at liquid nitrogen temperature, 
before and after HPHT processing. 


Laser excitation PL feature System Before After Laser excitation PL feature System Before After 
(nm) (nm) assignment (nm) (nm) assignment 
244 256 x x 244 251.1 x 
244 257 x x 244 254.2 x 
244 264 x 244 256.2 x x 
244 267 x 244 257.3 x x 
244 277 x 244 263.9 x 
244 286 x 244 265.1 x 
244 291 x 244 267.3 x 
244 404 x x 244 277.4 x 
325 406 x 244 286.0 x 
244, 325 244 291.6 x 
325 244, 325 404.8 x x 
395 244, 325 406.0 x 
325 325 409.6 x x 
325 325 412.3 x 
325 244, G25 (A451 Nix NGA 
325 244, 325 417.2 x 
325 325 ——— a oe 
325 325 423.0 x 
325 325 Ee ae 
325 325 430.9 x 
325 325 
325 325 
325, 514 325 
514 325 
325, 514/532 576° 325 
325, 532 579-580 x 325 
582 587 x 325 
532 596 x 325 
514 613-617 x 325 
514/532 637 (N-V)- x x 325 
514/532 659 x x 325 
514/532 680 x x 325 
325 
@ Important note: Not all of the PL features noted in this qualitative 325, 514 535.9 x 
listing may be present in every diamond. The system designa- 825, 514 ei v4 x 
tion—e.g., N83, H8, and (N-V)-—is indicated on the zero phonon 514 558.8 x 
line. All features in the same system are indicated by the same 514 566.8 x 
color. 514 x 


© The 537 nm band was resolved into two adjacent peaks at liquid 
nitrogen temperature (see table 3). 

© The 576 nm band resolved into two adjacent but unrelated peaks 
at liquid nitrogen temperature. 


After: Only the 415 (N3), 256, and 257 nm peaks 
remained after processing. Under these conditions, 
all but one sample revealed a general increase in 415 
nm emission. The intensity of the 256 and 257 nm 
peaks appeared unchanged. 


Low Temperature 

Before: When the samples were cooled, a number of 
other PL features became evident. The 415.2 (N3) nm 
peak was dominant, but a number of smaller peaks 
also were resolved—at 256.2. 257.3, 263.9, 267.3, 
277.4, 404.8, 406.0, 412.3, and 417.2 nm (figure 10A). 
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325, 514/532 
325, 514/532 


325, 514/532 578.8 x 

532 587 x 

532 596 x 

514 600 x 

514 613-617 x 

514 620 x 
514/532 637.0°4 (N-V)- x x 
514/532 659 x x 
514/532 680 x x 


@lmportant note: Not all of the PL features noted in this qualitative 
listing may be present in every diamond. The system designation— 
e.g., N3, H3, and (N-V)—is indicated on the zero phonon line. All 
features in the same system are indicated by the same color. 

°415.2 nm peak FWHM = 0.38-0.45 nm (before) and 0.30-0.40 
nm (after) 

°574.8/637.0 ratio = 1.7-7.7 (before) and 0.3-0.7 (after) 

9637.0 nm peak FWHM = 0.47-0.80 nm (before) and 0.64-1.00 
nm (after) 
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A couple of samples also revealed peaks at 251.1, 
254.2, 2.65.1, 286.0, 291.6, 407.8, and 409.6 nm. 


After: In general, the PL features between 400 and 
415 nm were removed by HPHT processing, except 
that in two samples the 412.3 nm peak was reduced 
to a faint band. Typically, the 415.2 (N3) and 417.2 
nm peaks increased in intensity. All of the PL fea- 
tures below 300 nm were either less intense or 
absent altogether. 


He/Cd Laser (325 nm) 

Room Temperature 

Before: The samples revealed two major PL sys- 
tems, as well as a series of smaller peaks (figure 9B). 
The primary system is the N3, with its zero-phonon 
line (ZPL) at 415 nm (N38) and its associated phonon 
replicas with peaks at approximately 421, 428, 439, 
441, 452, 463, and 478 nm (see box A). The second 
is the H3 system, which has its ZPL at 503 nm (H3}, 
with the phonon replicas at approximately 512, 520, 
and 528 nm. As a result of the broadening of these 
replicas that occurs at room-temperature condi- 
tions, a wide, underlying PL emission was readily 
visible, with its apex at approximately 520-525 nm. 
Other PL bands were recorded at 404, 496 (H4), 537, 
576 (N-V)°, and 580 nm. 


After: N3 was the only dominant PL system after 
processing. There was a general increase in the 
emission of the N3 system and its ZPL at 415 nm. 
In two samples, the faint, broad band at 404 nm was 
still present. No other PL bands were visible, 
including the entire H3 system. 


Low Temperature 

Before: At low temperature, the N3 and H3 systems 
were sharper and a number of other PL features 
appeared (figure 10B). In the area of the N3 system, 
we recorded additional peaks at 406.0, 409.6, 412.3, 
417.2, and 423.0 nm. The width of the 415.2 nm 
(N3) line measured at the position of half the peak’s 
height (known as “full width at half maximum” or 
FWHM] was determined to range from 0.38 to 0.45 
nm (see Fish and Comins, 1997; Fish et al., 1999). 

In the area of the H3 system, all but one of 
the samples exhibited a 490.7 nm peak (attribut- 
ed to defects decorating slip planes; Collins and 
Woods, 1982). Most also showed a 496.1 nm (H4) 
peak, as well as associated peaks at 498.3 and 
504.9 nm, which were equal in intensity. 

All but one of the samples revealed two adjacent 
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(but unrelated) peaks at 575.8 and 574.8 nm (N-V)°, 
ranging from very weak to moderate, with a relative 
intensity of 575.8 2 574.8. (At room temperature, 
these two peaks merged to form the 576 nm peak.) 
The variations in relative intensity and band widths 
recorded during our study are consistent with the 
findings of Fisher and Spits (2000), which indicate that 
the 574.8 nm (N-V)° is an independent transition from 
the 575.8 nm peak. These PL bands were not present 
in the GGL sample. The 537 nm peak recorded at 
room temperature also resolved into a pair of indepen- 
dent transitions (535.9/537.4 nm), in two of the sam- 
ples, however, only the 537.4 nm peak was present. 
We also recorded a 578.8 nm peak in all samples. 


After: We identified a number of significant changes. 
Several peaks were removed completely, including 
the 406.0, 423.0, 490.7, 496.1 (H4) and its related 
peaks at 498.3 and 504.9 nm; the two at 535.9/537.4 
nm, the two at 574.8 (N-V)° and 575.8 nm, and the 
580 nm peak. In addition, the H3 system was either 
completely removed, or so drastically reduced that 
only a very small trace of the 503.1 nm (H3) ZPL 
was present. The N3 system, however, increased in 
emission. A small peak at 430.9 nm was increased or 
introduced in several samples. There was no appar- 
ent modification to the remaining peaks. 

The FWHM of the 415.2 nm (N3) ZPL was 0.30 
to 0.40 nm. A slight narrowing of this ZPL was 
recorded in all samples. 


Ar-ion Laser (514 nm) and 

Frequency-Doubled Nd/YAG Laser (532 nm) 

Room Temperature 

Before: We recorded a faint to distinct 576 nm peak 
in all but one of the samples, and a weak peak at 
579 nm in all samples (figure 9C). Faint, broad 
bands were also recorded at 587 nm, 596 nm, and 
approximately 613-617 nm. Another PL feature in 
this region was the 637 nm (N-V} system. In only 
four of the samples was the ZPL at 637 nm present, 
ranging from faint to moderate. This PL system was 
accompanied by broad side bands with maxima at 
approximately 659 and 680 nm. 


After: The 576 nm peak was dramatically reduced 
in all samples, leaving only traces. In addition, the 
peaks at 567 and 579 nm, as well as those between 
596 and 630 nm, were no longer present. The 637 
nm (N-V) system was generally reduced overall. 
The GGL sample did not have either the (N-V]° or 
the (N-V)- centers. 
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Room-Temperature Photoluminescence 


Figure 9. Representative 
room-temperature pho- 
toluminescence spectra 

in the region from 245 
to 700 nm are shown for 
GE POL diamonds 
before and after HPHT 
processing, as produced 
with three different 
laser sources: (A) 244 
nm, (B) 325 nm, and 
(C) 514/532 nm. See 
text for descriptions of 
the specific features. 
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Low Temperature 
Before: Again, upon cooling, improved resolution 
yielded additional PL features, as well as more pre- 
cise peak locations (figure 10C). A series of small 
peaks were present at 558.8, 566.8, and 569 nm. 
The two peaks at 574.8 and 575.8 (N-V)° nm were 
clearly resolved; however, with this excitation, we 
typically recorded 574.8 > 575.8. One sample 
showed only the 575.8 nm peak, while another did 
not show either peak. We observed a faint to weak 
peak at 578.8 nm in all samples. There were faint, 
broad bands at approximately 600 and 620 nm in 
most of the samples analyzed, as well as a sharp 
612.3 nm peak in two of them. 

The 637.0 nm (N-V)- system was further refined 
to reveal sharper, more distinct bands at 637.0 
(ZPL), 659, and 680 nm. However, even at low tem- 
perature, the 637.0 nm (N-V)- was not present in the 
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GGL sample. The FWHM of the 637.0 nm ZPL 
ranged from 0.47 to 0.80 nm, and the ratio of the 
574.8/637.0 N-V peaks ranged from 1.7 to 7.7. 


After: HPHT processing resulted in significant mod- 
ification to this region. Again, many PL features 
were removed, including those at 558.8, 566.8, 569, 
and 578.8 nm, and between 596 and 630 nm. With 
this laser and under these conditions, the two at 
574.8 (N-V]° and 575.8 nm were dramatically 
reduced, but still present. The relative intensity of 
these peaks remained approximately the same, 
although in a couple of samples the 575.8 nm peak 
did seem slightly more reduced. In one sample, 
where there was a strong 574.8 nm (N-V)° peak and 
only a weak 575.8 nm peak prior to HPHT process- 
ing, the 575.8 nm peak was no longer evident. The 
637.0 nm (N-V} system was typically reduced over- 
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Figure 1 


synthetic sapphire 

Dense cloud of mi- 
nute spherical gas 
bubbles, some elon- 
gated wormlike gas- 
eous' inclusions and 
one very large gas 
bubble. 


Photo by Dr. Giibelin 


Figure 2 


synthetic ruby, . %e- 
cent production. 
Small cloud of mi- 
nute gas bubbles. 


Low-Temperature Photoluminescence 


Figure 10. Because of the 
greater sensitivity and 
improved resolution provid- 
ed by cryogenic cooling, 
these representative low- 
temperature photolumines- 
cence spectra show many 
features that were not 
recorded under room-tem- 
perature conditions. Again, 
the diamonds were ana- 
lyzed before and after 

HPHT processing, using 
three different laser sources: 
(A) 244 nm, (B) 325 nm, 
and (C) 514/532 nm. See 
text for descriptions of the 
specific features. 
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all. Even under these conditions, the GGL sample 
still did not show either of the N-V centers (574.8 or 
637.0 nm). 

We recorded a distinct reversal in the ratio 
between the 574.8 and 637.0 nm peaks, as described 
by Fisher and Spits (2000). In our samples under 
these conditions, they ranged from 0.3 to 0.7. The 
FWHM of the 637.0 nm peak also increased slightly 
to approximately 0.64 to 1.00 nm. The slight broad- 
ening of this ZPL also occurred in all samples. 


RESULTS: CATHODOLUMINESCENCE 

AND X-RAY TOPOGRAPHY (See Box B) 
Cathodoluminescence Colors 

Before: We observed CL colors ranging from a 
chalky yellow-white of moderate intensity, to a 
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strong blue-white. Most of the samples displayed 
an even texture, with no structure to the lumines- 
cence visible. However, one did reveal a slightly 
irregular or “cottony” overall texture, as well as a 
narrow “vein” that was slightly less luminescent. 


After: All samples revealed a general shift in the CL 
colors toward blue. The strongest shift occurred with 
samples that changed from a moderate yellow-white 
to a strong blue-white after processing (figure 11). We 
noted no change in the distribution of the CL texture. 


Cathodoluminescence Phosphorescence 

All the samples revealed a rapid and steadily declining 
phosphorescence, which lasted approximately 1-1.5 
seconds, both before and after HPHT processing. 
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Box B: CATHODOLUMINESCENCE ANDX-RAY 
TOPOGRAPHY AS NONDESTRUCTIVE TOOLS IN GEMOLOGY 


Cathodoluminescence (CL) spectroscopy and X-ray 
topography can provide a great deal of information 
about the structure of a diamond. Because HPHT 
procedures may heal the dislocations and lattice 
defects that produce certain luminescence centers, 
these two methods are useful in reconstructing the 
processes by which the lattice is changed. Although 
neither method is broadly applied in gemology, CL 
has been used extensively in technical studies of dia- 
monds (Panczer et al., 1996). 


CATHODOLUMINESCENCE 


CL is the emission of light from a solid surface when 
excited by an electron beam. Depending on the 
accelerating voltage (usually between 1 and 30 kV), 
the electrons penetrate about 1-3 um. Some funda- 
mental properties of minerals—such as lattice 
defects, impurities, and other disturbances in the 
crystal lattice—are represented by luminescence 
centers. The energy of the electron beam is trans- 
ferred within a diamond by these optical centers and 
can give rise to distinctive CL colors and other pat- 
terns. Today, two types of CL equipment are used for 
gemstones to detect these optical signals. 


“Cold CL” : Using flood gun optical microscopy, the 
luminoscope is mounted on a microscope stage. The 
electrons are generated in a cold cathode device. This 
small glass tube contains discharge gas (e.g., air, 
nitrogen, or helium) as well as the cathode and the 
anode. As soon as high tension is applied between 
the cathode and the anode, electrons are created. The 
electrons pass through the hollow anode and enter 
the low-evacuated (10° Torr) sample chamber. A 
lead-glass window in the sample compartment 
allows visual observation of the luminescence 
behavior, so the CL color, zonation, and phosphores- 
cence can be observed. Color photomicrographs of 
these features can be taken at magnifications up to 
125x. The light emitted by the diamond is focused 
via the microscope objective onto a monochromator. 
Luminescence spectra can be recorded within a 
range of 380 to 1000 nm (compare to Ponahlo, 1996). 


“Hot CL”: Hot-cathode luminescence microscopy is 
relatively new (Gétze, 1996). The CL spectrometer is 
attached to a scanning electron microscope (SEM), 
and the electrons are generated by a hot filament. The 
typical acceleration voltage is 15 kV, and the beam 
current is about 1 nA. The sample must be mounted 
on a special holder because of the high vacuum 
(about 10~ Torr) within the sample compartment. In 
addition, the diamond must be coated by graphite, 
both so the SEM can focus on the surface of the sam- 
ple (at magnifications up to about 100,000x) and to 


avoid charge clouds generated by the electron beam. 
This equipment can combine the optical and chemi- 
cal analytical capabilities of the SEM-EDS system. 
Because the electron beam of the SEM is focused, 
very small areas (<10 pm in diameter) can be ana- 
lyzed. The main disadvantage is that there is no 
mechanism for capturing images. Luminescence 
spectra can be recorded between 200 and 800 nm. 


X-RAY DIFFRACTION TOPOGRAPHY 


This imaging method allows visualization of defects 
associated with lattice distortions in a single-crystal 
material. It can record the spatial distribution of dis- 
locations, growth striations, stacking faults, and 
even defects detectable by visual inspection, such as 
inclusions and mechanical damage (e.g., scratches, 
cracks). Although it is a nonmagnifying method with 
rather poor spatial resolution, it is highly sensitive to 
lattice strain. Because of X-ray absorption, it is usual- 
ly restricted to relatively small crystals or crystal 
slices of limited thickness. However, diamond has a 
low absorption of X-rays, so samples with diameters 
up to 10 mm can be analyzed by using X-rays of 
appropriate wavelengths. 

X-ray topography is based on the diffraction of X- 
rays by the atomic structure of the crystal. This 
diffraction is described by the reflection of X-rays by a 
set of “lattice planes” at discrete angles, according to 
the Bragg equation. Since there are many sets of lat- 
tice planes in a crystal (e.g., corresponding to the faces 
of the octahedron {111}, the cube {100}, or the rhomb- 
dodecahedron {110}), X-ray topographs can be record- 
ed with different reflections: 111, 220, etc. For meth- 
ods using monochromatic X-rays, such as the Lang 
technique, the orientation of the crystal structure 
with respect to the morphology of the sample must 
be known; only one reflection is used, providing a 
single topograph, and the crystal must be carefully 
adjusted with respect to the incident beam. See 
Sunagawa et al. (1998) for a short description of the 
Lang technique and its application to the study of 
faceted diamonds. 

An alternative method is the old Laue technique, 
which uses the continuous (“white”) spectrum of a 
conventional X-ray tube or synchrotron radiation 
source. This technique does not require a laborious 
adjustment of the crystal with respect to the inci- 
dent beam; the X-ray film is simply placed behind 
the faceted diamond, with no pre-orientation needed. 
Many topographs (representing different reflections 
and generated by different wavelengths) are recorded 
on the film with a single exposure. 

For more information on X-ray topography, see 
the reviews by Lang (1978) and Klapper (1996). 
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Figure 11. The CL color of the GE 
POL diamonds prior to processing 
ranged from chalky yellow-white 
(left) to blue-white. After process- 
ing, all of the samples shifted in 
CL color to blue (right), with an 
increase in intensity. Photos by 
Johann Ponahlo. 


Cathodoluminescence Spectroscopy 

Before: The CL spectrum of each sample was char- 
acterized by two dominant emission bands (figure 
12): One band was centered at approximately 430 
nm (in the blue region of the spectrum), and the 
other at about 520 nm (in the green region). 
Although much remains unknown about the mech- 
anisms that produce these CL bands, the one cen- 
tered at 430 nm is called the “blue” A band and has 
been attributed to donor-acceptor pair recombina- 
tion or to dislocations (Pagel et al., 2000). In addi- 
tion, it appears that this “blue” A band has been 
superimposed by the N3 system in the samples 
included in this study. The band in the green region 
has been attributed to H3 centers (Sumida et al., 
1981; Jorge et al., 1983; Van Enckevort and Visser, 
1990; Graham and Buseck, 1994). 

It is important to mention that the “green” band 
revealed significantly less emission with the hot 
cathode as compared to the flood gun technique, 
because of polarizing effects of the monochromatic 
grid in the hot CL spectrometer. With the hot cath- 
ode apparatus, the “green” band was always signifi- 
cantly weaker than the “blue” band; in two sam- 
ples, it was present only as a shoulder to the “blue” 
band. No other CL bands were observed. 


After: The CL spectra were dramatically changed in 
all diamonds on exposure to HPHT. With the flood 
gun technique, it was most clearly shown that the 
“green” band was either dramatically reduced or 
completely eliminated. A similar decrease of this 
CL band was reported by Yang et al. (1995). This 
resulted in a single dominant “blue” band in the 
spectra for all of the samples after processing. In 
some diamonds, there also was a general decrease in 
the emission intensity of the 430 nm band; in oth- 
ers, however, there was a dramatic increase. 


X-Ray Topography 

Before: X-ray topographs provide a clear picture of 
the condition of the diamond crystal’s lattice. Using 
the Laue technique, we identified a wide range of 
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lattice distortion in the brown type Ia diamonds 
prior to HPHT enhancement (figure 13). Some sam- 
ples were relatively “perfect,” in that they displayed 
only very slight lattice imperfections, which faintly 
distorted the outline of the topograph, and few or no 
striations or changes in intensity within it. One 
sample, however, was heavily distorted: It revealed 
extreme bending of the lattice planes, as well as 
highly variable concentrations of lattice strain and 
defects. All of the other samples were intermediate 
between these two extremes, with the lattice planes 
bent to various degrees and concentrations of lattice 
strain and defects that ranged from homogeneous to 
highly irregular. 


Figure 12. Before processing of the diamonds, 
cathodoluminescence spectra in the region from 
200 to 700 nm revealed a pair of CL bands with 
maxima at approximately 430 and 520 nm. After 
HPHT processing, the CL band at 520 nm was typi- 
cally removed, although a weak shoulder remained 
for a couple of samples. 


Cathodoluminescence Spectra 


RELATIVE INTENSITY (%) —- 


WAVELENGTH (nm) 
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Figure 13. X-ray topography identified a broad range of crystal distortion in the diamonds prior to HPHT pro- 
cessing. Topograph A is of a stone with very little lattice distortion, as may be seen by the geometric outline 
of the individual topographs and the mostly homogeneous blackening of the X-ray film. The presence of sub- 
tle striations indicates that there was also a degree of inhomogeneity in defect centers in certain regions of 
the crystal lattice. The diamond in topograph B exhibits an intermediate stage of lattice distortion and more 
prominent inhomogeneity of lattice defects, as can be seen by the uneven blackening of the X-ray film. 
Topograph C illustrates a diamond with more extreme lattice distortion, with lattice planes that are severely 
bent and dramatic fluctuations in the concentration of lattice strain and defects, which is evidenced by the 
amorphous outlines of the topographs and the highly irregular blackening of the X-ray film. 


After: We were surprised to see no fundamental 
modification of the X-ray topographs after the dia- 
monds were exposed to HPHT conditions. The rela- 
tive perturbation of the crystal lattice was main- 
tained, as was the inhomogeneity of lattice strain. 
Although we did detect very subtle localized 
changes in the intensity contrasts of lattice strain 
and defect concentrations in a couple of the dia- 
monds, this was not consistently the case across the 
sample population. 


DISCUSSION 


Visual Appearance and Microscopy. We observed a 
number of significant changes as a result of GE’s 
exposure of these diamonds to HPHT conditions. 
The most dramatic change was in color, in one case 
from Fancy Light brown to D (although not all 
stones will achieve such results). 

We also gained a better understanding of what 
happens to various inclusions (crystals and fractures) 
during exposure to HPHT conditions. In the course of 
our ongoing research, we at GGL—like other 
researchers (see, e.g., Moses et al., 1999; Chalain et 
al., 2000)—have noted unusual-appearing inclusions 
in GE POL diamonds. One persistent question was 
whether or not the healed fractures observed in GE 
POL diamonds were previously “open” fractures that 
actually “healed” under HPHT conditions. In our 
sample stones, the open fractures clearly did not heal, 
although they did change slightly in appearance and 
in some cases were extended, creating an outer 
fringe. However, we did identify a slight degree of 
healing immediately surrounding an included crystal. 
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We did not see any fundamental changes in 
graining and strain before and after processing. We 
believe that the subtle increase in intensity of these 
two properties after HPHT annealing is mainly an 
optical effect resulting from the removal of the orig- 
inal brown coloration. Therefore, it appears that 
many of the unusual characteristics noted in other 
GE POL diamonds are representative of the “start- 
ing material” used rather than by-products of the 
HPHT process itself. 


UV-Vis-NIR and IR Spectroscopy. The removal of 
color was a result of the reduction of the absorption 
continuum and of the general absorption level in 
the visible to ultraviolet region of the spectrum. In 
addition, we witnessed the development of a broad 
270 nm band in all of the samples. The 270 nm 
band is attributed to isolated nitrogen (Dyer et al., 
1965). With efficient recording techniques, this 
band was detectable in the samples color graded as 
high as D. 

We did not record any changes in the IR spectra 
of our samples before and after treatment. Although 
all of the samples are type IIa, three of the GE POL 
diamonds showed at least faint nitrogen absorption 
at 1174 cm! caused by the B aggregate. Given suffi- 
cient IR sensitivity, evidence for the production of 
isolated nitrogen in the IR spectra might have been 
expected in at least some of the diamonds after pro- 
cessing. With our measuring routine, however, we 
did not detect the 1344 cm! band or even the weak, 
broad 1130 cm! band, both of which are related to 
isolated nitrogen atoms generated under HPHT con- 
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ditions, as described by Fisher and Spits (2000). In 
our experience, the IR spectra of brown diamonds 
are occasionally accompanied by a very weak 
hydrogen peak at 3107 cm". This line is not intro- 
duced during HPHT processing. 


Cathodoluminescence. In general, the CL color 
shifted from yellow to blue as a result of HPHT 
enhancement. Prior to processing, all of the dia- 
monds had the two CL bands. After processing, 
only the “blue” band remained, and it was typically 
of higher intensity. The severe reduction or com- 
plete removal of the “green” band was most clearly 
witnessed with the use of the “cold” flood gun CL 
method. It appears to correlate with the removal of 
H3 photoluminescence as detected at room temper- 
ature with He/Cd laser excitation. 


X-Ray Topography. Most natural diamonds undergo 
some degree of plastic deformation subsequent to 
crystal growth. It has been proposed that plastic 
deformation of natural diamonds takes place after 
crystallization during cataclysm of mantle rocks 
(Orlov, 1977) or during eruption of the host magma 
to the surface (Collins et al., 2000). It is associated 
with birefringence along more or less parallel and 
even intersecting lamellar glide systems (Lang, 
1967). Brown coloration in natural diamonds is gen- 
erally believed to be related to such circumstances, 
although the exact color mechanism is still 
unknown (Harlow, 1998; Collins et al., 2000). If nat- 
ural brown type Ila diamonds are exposed to HPHT 
conditions that permit plastic flow and atomic dif- 
fusion within the lattice of the diamond, it is 
assumed that the lattice distortion and defects are 
annealed and, consequently, the brown coloration is 
removed. For a discussion of the methods used to 
accomplish plastic flow and atomic diffusion in dia- 
mond, the reader is referred to Schmetzer (1999). 
X-ray topography revealed several important 
details relating to the distortion present in the crys- 
tal lattice and its impact on the brown coloration, 
strain, and graining of the diamonds we studied. 
The extremes we recorded in the X-ray topographs 
of our diamonds (ranging from relatively “perfect” 
to heavily distorted) were surprising because of the 
uniformity of color present in the individual dia- 
monds, as well as across the sample population. 
“Long-range” lattice distortion (i.e., the bending of 
the lattice over distances of up to several millime- 
ters), which results from plastic deformation and is 
recorded by this technique, may also be manifest by 
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such visible dislocation features as graining and 
strain birefringence. From this work, it is evident 
that annealing of such long-range lattice distortion 
is not taking place and thus cannot be responsible 
for the dramatic removal of the brown coloration. 
Rather, our results suggest that the brown col- 
oration is linked to submicroscopic structures on or 
near dislocations, which also occur as a result of 
plastic deformation. These may consist of vacancies 
and interstitials attached to a dislocation. 
Consequently, we saw that HPHT processing 
has little if any effect on the macroscopic or long- 
range lattice distortion indicators (e.g., graining and 
strain}, but it clearly has an impact on submicro- 
scopic structures, as witnessed with PL. Although 
all of the isolated vacancy-related point defects dis- 
cussed in this article are well understood in relation 
to their production of color centers, such point 
defects attached to a dislocation would produce 
optical properties very different from those pro- 
duced in isolation (D. Fisher, pers. comm., 2000). 


Photoluminescence. The PL studies revealed some 
reconfiguration in the lattice of the diamonds, by 
the reduction, elimination, generation, and/or 
movement of vacancies and interstitials, as well as 
of impurity elements. On the basis of this research, 
it is possible to propose a model for some of the 
events that were recorded. In particular, this very 
sensitive method clearly illustrated that minute 
amounts of nitrogen impurities are present in all of 
these type IIa samples, even though IR spectroscopy 
could not always detect them, and revealed the 
presence of a considerable number of point defects 
dispersed throughout the crystal lattice. 

Our research and that of others (e.g., Collins et 
al., 2000; Fisher and Spits, 2000) suggests that 
HPHT processing releases vacancies and intersti- 
tials as the dislocations heal. The elimination of the 
490.7 nm PL band confirms that changes are taking 
place at the slip traces (Collins and Woods, 1982; 
Collins et al., 2000). In a type Ila diamond, there is a 
mutual annihilation of vacancies and interstitials 
within the lattice. The overall effect of these 
changes is to reduce the brown color. In addition, 
HPHT processing leads to the elimination of N-V 
centers (through the breakup of N-V or the diffusion 
of interstitial carbon into the vacancy), as witnessed 
by the reduction of the 574.8 nm (N-V)° and 637.0 
nm (N-V} systems, as well as by the dramatic 
reduction of the 503.1 nm N-V-N (H3—a vacancy 
associated with an A aggregate) luminescence and 
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removal of the 496.1 nm 4N-2V (H4—a vacancy 
associated with a B aggregate) system. Furthermore, 
it is believed that the presence of vacancies and 
mobile nitrogen leads to the production of addition- 
al N3 centers (three nitrogen atoms surrounding a 
common vacancy). This was evidenced by the 
increase recorded in N3 emission after processing. 

Although we did not record the sharp 1344 cm! 
or the broad 1130 cm! IR bands related to single sub- 
stitutional nitrogen, we did detect the creation of sin- 
gle nitrogen by the development of the 270 nm broad 
band in the UV region of the spectrum. In their arti- 
cle, Fisher and Spits attributed the production of sin- 
gle nitrogen to the break-up of A-centers. However, 
from the results of our study, we attribute this to the 
break-up and mobilization of a vacancy associated 
with a single nitrogen (i.e., N-V centers; 574.8/637.0) 
or the diffusion of interstitial carbon into the vacan- 
cy. The reduction in the neutrally charged N-V cen- 
ter (574.8 nm) was more dramatic than that of the 
negatively charged N-V center (637.0 nm), which 
resulted in a reversal of the relative intensity of (N- 
V)°/(N-V}. This is consistent with the information 
reported by Fisher and Spits (2000). In addition, 
although we did not record a statistical modification 
of the relative intensities of the 574.8/575.8 nm 
peaks overall, we did note a slightly greater reduction 
of the 575.8 nm peak in some samples. 

The defects responsible for several of the PL bands 
we recorded are not known. These include the peaks 
located at 406.0 and 423.0; the 498.3 and 504.9 nm 
peaks, which seemed to be related to the 496.1 (H4); 
the 535.9/537.4 pair; and the peaks at 558.8, 566.8, 
569, and 578.8 nm. Therefore, we are unable at this 
time to discuss or explain the mechanics behind 
their removal during HPHT processing. 

In some respects, the GGL sample did not reveal 
the same PL behavior as the samples from GE. We 
have attributed this to the fact that, based on the PL 
emission of the N3 system, this diamond was 
chemically much more “pure” than the other sam- 
ples. It was not pre-selected for this condition. 

The data recorded from these samples both 
before and after HPHT processing by GE are con- 
sistent with comparable data taken from natural- 
color brown type Ila diamonds and GE POL dia- 
monds that have been part of a larger ongoing 
study being conducted by the Gtibelin Gem Lab. 

[Authors’ note: The reconfiguration taking place 
within the lattice of HPHT-processed type Ia dia- 
monds is somewhat different from that described 
above for type Ila diamonds, in that typically N-V- 
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N (H83 and H2) centers are being created. For a dis- 
cussion of HPHT-processed type Ia diamonds, see 
Collins et al. (2000) and Reinitz et al. (2000).| 


APPLICATIONS: 
POTENTIAL AND LIMITATIONS 


This discussion draws from information gathered in 
the course of a much larger GGL research project 
that involves the characterization of HPHT color- 
enhanced type Ila diamonds and non-enhanced type 
Ila diamonds (the results of which will be presented 
in a future paper). On the basis of those data and the 
results obtained from this before-and-after study, we 
believe that we can draw several preliminary con- 
clusions with regard to the separation of natural- 
color type Ila diamonds and GE POL stones. 

First, it is important to state that thus far no sin- 
gle property or characteristic has been identified that 
will unequivocally distinguish between natural 
high-color type Ila diamonds and GE POL’s 
Bellataire high-color type Ia diamonds. Rather, any 
such separation must rely on a combination of fea- 
tures and observations. A short-wave UV transparen- 
cy test (see, e.g., Liddicoat, 1993) is a good method 
with which to begin the process, that is, to indicate 
that a diamond is type Ila. However, it must be kept 
in mind that low-nitrogen-content type Ia diamonds 
(in particular, type IaB’s) are also short-wave UV 
transparent. Therefore, to firmly identify a type Ila 
diamond, infrared spectroscopy is necessary. 

Second, although the number of high-color 
HPHT-processed type Ia diamonds in the market- 
place may increase in the years to come, at this 
point there are relatively very few. Therefore, indi- 
cators that clearly establish that a diamond has not 
been exposed to HPHT processing are just as crucial 
to the separation process as characteristics that 
identify that a diamond has been HPHT processed. 


Inclusions. The wide diversity of inclusions in 
diamonds is a hallmark of nature (see, e.g., 
Gibelin and Koivula, 1986; Roskin, 1994, 
Koivula, 2000). Since virtually all GE POL stones 
are the rare type Ila diamonds, which typically 
are very clean, the vast majority of inclusion fea- 
tures that may be seen in the broad population of 
diamonds are not observed in GE POL stones. 

In fact, only a rather limited variety of inclusions 
have been noted in GE POL diamonds. These 
include graphitized inclusions (some with expan- 
sion halos), fractures, crystals with stress fractures, 
and “partially healed” fractures (see also Moses et 
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al., 1999). As described above, most of these relate 
to the starting material, and are not a by-product of 
the HPHT process itself. However, although such 
internal features may be encountered in nonpro- 
cessed diamonds (in particular brown diamonds}, 
they are not commonly encountered in nonpro- 
cessed high-color type Ila diamonds. Consequently, 
the observation of such inclusions is not proof of 
HPHT enhancement, but it should alert the observ- 
er that more analytical testing is necessary to con- 
firm the origin of color. 

[Authors’ note: According to GE’s Dr. John 
Casey (pers. comm., 2000), the vast majority of GE 
POL diamonds now being produced are in the clar- 
ity range of IF to VVS. Therefore, the inclusion fea- 
tures described above relate more to GE POL dia- 
monds from earlier productions. | 


Graining. A very high percentage of GE POL dia- 
monds reveal weak to moderate internal graining, 
which is characteristic of the brown starting materi- 
al used. Such graining has also been encountered in 
nonprocessed high-color type Ila diamonds, but 
with much less frequency. 

Some types of graining that may be encountered 
in natural-color diamonds have not been seen in 
GE POL diamonds thus far. These include reflec- 
tive graining planes and extensions of surface grain 
lines. To date, we have observed a very short sur- 
face grain line in only one GE POL diamond. It is 
expected that diamonds with reflective graining or 
extensive surface grain lines would break along 
that plane of structural weakness on exposure to 
HPHT conditions. 


Strain Patterns. The anomalous birefringence exhib- 
ited by both nonprocessed high-color type Ila dia- 
monds and GE POL diamonds is typified by weak 
to prominent banded and tatami extinction pat- 
terns. Therefore, these patterns are of no use in this 
separation. Earlier GE POL diamonds occasionally 
exhibited stronger, mottled strain patterns, with 
high-order interference colors (see, e.g., Moses et al., 
1999, figure 17, left) that were unlike those seen in 
nonprocessed high-color type Ia diamonds. If such a 
strain pattern is observed in a high-color type Ila 
diamond, it is a good indication that the stone may 
have been HPHT enhanced. |Authors’ note: GE’s 
Dr. Thomas Anthony (pers. comm., 2000) reports 
that GE POL diamonds with high-order mottled 
strain were encountered only rarely in early materi- 
al and are no longer produced. | 
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UV-Vis-NIR Absorption Spectroscopy. With the use 
of high-sensitivity techniques, all of the GE POL dia- 
monds we investigated revealed absorption bands at 
236 nm (strongest line of the N9 absorption system, 
related to B aggregates) and 270 nm (related to single 
substitutional nitrogen), even in the D-color stones. 
Although research by GGL and De Beers (D. Fisher, 
pers. comm., 2000) has shown that the 270 nm band 
may also occur in nonprocessed type Ia diamonds, it 
is apparently rare. If this band is recorded in a high- 
color type Ila diamond, testing should be conducted 
to confirm the origin of color. 


Infrared Spectroscopy. In our experience, high-color 
diamonds that are short-wave transparent, yet prove 
to have a small but obvious type Ia component in the 
IR, are not HPHT enhanced. High-resolution tech- 
niques (Fisher and Spits, 2000) have revealed minute 
traces of absorption characteristic of type Ib diamond 
(1344 and 1130 cm”') in HPHT-processed diamonds. 
Although we did not record these bands in the GE 
POL diamonds we examined, if present they are a 
good indication of HPHT enhancement. Observation 
of hydrogen in a high-color type Ia diamond is not an 
indication of HPHT color enhancement. 

If a diamond of yellow hue (H color or lower) is 
identified as type Ila by infrared spectroscopy, this is 
a very strong indication that it has been HPHT pro- 
cessed. [Authors’ note: According to Dr. John Casey 
(pers. comm., 2000), GE produced diamonds with 
such low colors only during the early stages of 
HPHT product development. Presently, the vast 
majority of GE POL diamonds are in the D through 
G range, with the highest percentage being D or E.| 

If none of the above-mentioned features is pres- 
ent, IR spectroscopy is not a useful indicator. 


Photoluminescence. The most consistent and signifi- 
cant means of distinguishing nonprocessed high-color 
type Ila diamonds and GE POL diamonds is through a 
detailed analysis of photoluminescence. Note in this 
section that it is very important to relate the informa- 
tion to the particular laser excitation used, because 
certain PL bands behaved slightly differently depend- 
ing on the excitation. In addition, low-temperature 
analyses with liquid nitrogen provide the best means 
to resolve and evaluate the PL spectra, although 
room-temperature analyses with the 325 nm He/Cd 
laser may prove useful in some cases. 


244 nm Excitation. Our initial results indicate that 
the presence of 404.8, 406.0, 409.6, and 412.3 nm 
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PL peaks at low temperature can provide a good 
indication that a high-color diamond has not been 
HPHT enhanced. The mechanisms responsible for 
the weak-to-faint PL features noted below 300 nm 
have not been identified to date, so their relevance 
to the distinction of GE POL diamonds is currently 
not clear. 


325 nm Excitation. A number of key features can be 
observed with this laser. In the region surrounding 
the N3 system, the presence of the 406.0 or 423.0 
nm peaks at low temperature provides evidence 
that the diamond is not HPHT enhanced, whereas 
the 430.9 nm peak is a good indication of HPHT 
processing. Our initial results suggest that the 
increased intensity and narrowing of the N3 ZPL do 
not provide a means of separation. 

In the region surrounding the H3 system, again 
the presence of a number of peaks detected at low 
temperature can confirm when a type Ila diamond 
has not been HPHT color enhanced. These include 
the 490.7, the 496.1 (H4) and two associated peaks at 
498.3 and 504.9 nm, the 535.0/537.4 pair, and the 
574.8 (N-V]° and 575.8 nm peaks, as well as the 578.8 
nm PL peak. (It is important to note that some of 
these peaks may be recorded with the “green” Ar-ion 
laser after HPHT processing, so this statement relates 
strongly to the use of the He/Cd laser.) A faint 503.1 
nm (H3) ZPL may still be detected after HPHT pro- 
cessing; however, this N-V-N is in such low concen- 
trations post-processing that the phonon replicas, 
between 510 and 530 nm, are no longer observable. 

Room-temperature PL analysis with this laser 
also may identify a nonprocessed high-color dia- 
mond, when PL bands are recorded at wavelengths 
greater than 480 nm. These could include the 496 
nm (H4), the H3 phonon replicas, and the 537, 576, 
and 580 nm PL bands, none of which was visible 
after HPHT processing. Note that the overall emis- 
sion of the side-band structure of the H3 system is 
easier to detect when the stone is at room tempera- 
ture than at low temperature. 


514/532 nm Excitation. At low temperature, the 
presence of the 558.8, 566.8, and 569 nm peaks, as 
well as the series of PL bands between 600 and 620 
nm, is a good indication that the diamond has not 
received HPHT processing. The 637.0 nm (N-V)- ZPL 
has been seen in both nonprocessed and processed 
high-color type Ia diamonds, and so appears to be of 
no diagnostic value. Our research confirms the find- 
ings of De Beers (Fisher and Spits, 2000), in that we 
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also witnessed a reversal of the ratio between the 
574.8 and 637.0 peaks. A ratio of 574.8<637.0 
remains a very good, though not conclusive, indica- 
tion of HPHT enhancement. The FWHM of the 
637.0 nm line was generally greater in processed type 
Ila diamonds than in nonprocessed specimens that 
exhibited a 637.0 nm ZPL, but we did record some 
degree of overlap between the two distributions (as 
compared to, for example, Hanni et al., 2000). 


Cathodoluminescence. With CL spectroscopy, we 
found it easier to establish that certain diamonds 
had not been color enhanced through HPHT pro- 
cessing than to identify that a diamond had been 
HPHT processed. In our experience, all GE POL dia- 
monds show the single, dominant blue CL band. A 
small percentage of GE POL diamonds also have a 
very weak green CL band, which typically is present 
only as a shoulder to the blue CL band. Many non- 
processed high-color diamonds reveal the same type 
of CL spectrum; however, others have a more 
prominent green CL band, which has not been 
encountered in GE POL diamonds. 

In addition, many nonprocessed high-color type 
Ila diamonds and all the GE POL diamonds we have 
examined to date display a blue CL luminescence 
and do not phosphoresce. Still many other nonpro- 
cessed high-color type Ila diamonds reveal yellow, 
pink, or white CL colors or a distinct phosphores- 
cence; none of these reactions has been observed in 
GE POL diamonds. 


X-ray Topography. X-ray topography revealed signifi- 
cant insight into the effects of plastic deformation 
and its role in the generation of brown color. 
However, our initial results indicate that it does not 
provide a means to distinguish GE POL diamonds. 
De Beers is conducting similar research with trans- 
mission electron microscopy (TEM), which is taking 
this type of work to an atomic level to investigate 
HPHT-induced modifications to dislocations and 
the associated changes in electronic states thought 
to be responsible for the observed brown absorption. 


CONCLUSIONS 


General Electric was the first to announce the suc- 
cessful HPHT synthesis of diamond in 1955. For the 
past two decades, GE’s Superabrasives division has 
been exploring methods to improve the optical and 
mechanical properties of HPHT- and chemical vapor 
deposition-grown synthetic diamond, both of which 
have a wide variety of industrial applications. GE’s 
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General Electric is not the only company with the 
ability and equipment to apply HPHT techniques to 
remove the brown coloration in natural type Ila dia- 
monds. De Beers has shown that they can achieve 
similar results in experiments aimed at establishing 
identification criteria (see, e.g., Fisher and Spits, 
2000), and facilities in Russia and the U.S., as well as 
elsewhere, certainly have the apparatus and techni- 
cal expertise to perform HPHT processing (see, e.g., 
Reinitz et al., 2000). Although the fundamental 
parameters of HPHT techniques will be similar 
from one organization to the next, the details of the 
individual methods will undoubtedly differ. 

De Beers was aware of the potential of HPHT 
color enhancement 20 years ago, and as long as 10 
years ago Russian colleagues had told the present 
authors (CPS and GB) that they were successfully 
lightening the color of brown diamonds (although 
the diamond type was not discussed). Unfortunately, 
we were not able to obtain actual samples at that 
time. Within the past year, however, we have 
acquired samples of HPHT-processed diamonds from 
sources in Russia—both type Ila colorless diamonds 
(figure C-1) and type Ia yellow-green diamonds. 

As part of our research, we performed the same 
gemological and advanced analytical tests on the 
Russian samples as are reported in this article. Both 
types of samples—yellow-green and colorless—were 
brown before treatment, but we were only able to 
examine the diamonds after processing. The proper- 
ties we recorded for the type Ia yellow-green samples 
are consistent with those described by Reinitz et al. 
(2000) for HPHT-enhanced yellow-green diamonds. 

Although some features noted in the colorless 
Russian HPHT-processed diamonds do suggest that 
differences exist in the details of their operating 
conditions as compared to those used by GE, over- 
all the properties (including photoluminescence and 
cathodoluminescence spectra) of the Russian stones 
are consistent with those of the GE POL diamonds 


Box C: RUSSIAN HPHT-PROCESSED DIAMONDS 


described in this article. The senior author (CPS) 
examined a pink diamond that reportedly was a 
type Ila that had been HPHT enhanced in Russia; 
however, he was not given the opportunity to ana- 
lyze it. 

General Electric, Lazare Kaplan, and Pegasus 
Overseas Ltd. have been criticized since they first 
introduced GE POL color-enhanced diamonds. 
However, they must be commended for announc- 
ing this new product before they began to market it 
and for properly disclosing the diamonds they are 
processing and selling. HPHT color-enhanced dia- 
monds coming out of Russia (and potentially else- 
where) are not being sold with the same level of 
conscientiousness toward the diamond trade. We 
know that some of these diamonds are entering the 
international trade through various channels with- 
out any form of proper disclosure. 


Figure C-1. These type Ila diamonds (1.53 and 
0.27 ct) were processed in Russia using an 
HPHT technique similar to that used by GE. 
They have a frosted surface because they had 
not yet been repolished after processing. Photo 
by Phillip Hitz. 


research activities in this area primarily have involved 
the use of a high pressure/high temperature apparatus 
to achieve plastic flow and atomic diffusion within 
such materials, whereby “slippage” occurs along crys- 
tallographic directions, to remove voids and other 
defects. It was in the course of this research that GE 
happened on a means to remove the brown coloration 
in natural brown type Ila diamonds (J. Casey, pers. 
com., 2000; see, e.g., Anthony et al., 1995). 

It is important to note that General Electric is 
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not the only firm that has access to such technology. 
Similar experiments are being made elsewhere (see 
box C), and HPHT-processed diamonds from other 
sources may be entering the international trade 
without disclosure. 

This study represents the first detailed analysis 
of actual GE POL diamonds both before and after 
HPHT processing by GE. Previous research on this 
topic was restricted to comparing the analytical 
details of post-processed diamonds to those of 
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unrelated natural brown to colorless type Ila dia- 
monds—in effect relying on “reverse engineering” 
to investigate what changes and effects were tak- 
ing place as a result of the HPHT processing. 
Fisher and Spits (2000) described type IIa diamonds 
that had been HPHT-annealed as part of De Beers’s 
research into identification techniques; however, 
there are undoubtedly subtle differences in the 
processes used by GE and De Beers. Therefore, the 
study of known GE-processed HPHT diamonds 
before and after treatment is crucial to the under- 
standing and identification of HPHT-enhanced 
diamonds in general, and GE POL diamonds in 
particular. 

Although there is still no single feature by which 
a GE POL diamond can be identified, on the basis of 
this study and our ongoing research into unpro- 
cessed high-color type Ila and GE POL diamonds, 
we have determined a number of features that we 
believe will conclusively establish that a diamond is 
not HPHT treated. These include a wide variety of 
inclusions, some types of graining, and IR spectra, 
as well as various photoluminescence and cathodo- 
luminescence activities. Indicators that a diamond 
has been HPHT processed are provided by inclusion 
features and photoluminescence spectra. 

In particular, this study has identified three signifi- 
cant regions of activity in the photoluminescence and 
cathodoluminescence behavior of these diamonds, 
between 400 and 700 nm. These are in the spectral 
regions surrounding the N3 system (around 400 nm}, 
the H3 system (around 500 nm}, and the N-V centers 
(from 550 to 650 nm). To cover this spectral range, we 
recommend a Raman system that has been optimized 
for high-spectral resolution analyses at liquid nitrogen 
temperatures, using an He/Cd laser (324.98 nm exci- 
tation) in the UV and an Ar-ion laser (514.5 nm exci- 
tation) in the “green” region of the spectrum. (Room- 
temperature conditions did reveal some usefulness 
with regard to the H3 emission; however, liquid nitro- 
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gen temperatures are best suited for this type of analy- 
sis.) Not all of the features and mechanisms behind 
the observed changes are fully understood. As 
research continues at the Gtibelin Gem Lab and else- 
where, we may find that some of these details have 
greater significance than is presently known. 

The separation of HPHT color-enhanced type Ia 
diamonds is more demanding than the identification 
of most other forms of color alteration applied to 
gem-quality diamonds. It is important for the trade to 
understand that the application of this very sophisti- 
cated technology is progressing rapidly. Other colors 
that may be produced via HPHT processing of natu- 
ral diamonds include yellow to yellowish green, 
pink, and blue (J. Casey and T. Anthony, pers. 
comm., 2000). Those parties involved with HPHT 
color enhancement will also continue to refine the 
techniques and conditions that they apply. Therefore, 
continued research is essential to guarantee that such 
HPHT-enhanced diamonds are fully characterized 
and that a means of detection is available. 
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Figure 4 
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SAPPHIRES FROM 
ANTSIRANANA PROVINCE, 
NORTHERN MADAGASCAR 


By Dietmar Schwarz, Jan Kanis, and Karl Schmetzer 


Since 1996, large quantities of yellow to blue 
sapphires have been recovered from alluvial 
deposits derived from basaltic rocks in north- 
ern Madagascar. The crystal morphology, 
internal growth patterns, mineral inclusions, 
absorption spectra, and trace-element con- 
tents of these northern Madagascar sapphires 
are typical of “basaltic-magmatic” sapphires. 
Comparison of the properties of these sap- 
phires to those of sapphires from different 
basaltic sources reveals no significant differ- 
ences. The northern Madagascar sapphires are 
distinct from those from Andranondambo, a 
skarn-related deposit in southeastern 
Madagascar. 
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adagascar was first visited by Europeans in 

1500, when the Portuguese navigator Diego 

Diaz landed at a beautiful and well-protected 

bay on the northern tip of the island. Another 
Portuguese seafarer, Hernan Suarez, was sent to Madagascar 
by the Viceroy of India and also landed at this bay, in 1506. 
Thereafter, the name Diego Suarez was adopted for both the 
bay and the nearby town. Although the town has recently 
reverted to its Malagasy name, Antsiranana, many in the 
gem trade continue to use the old name when referring to 
sapphires from northern Madagascar (figure 1}, which have 
been mined there since the mid-1990s. 

The principal deposits are actually situated about 70 km 
south of Antsiranana, in the Ambondromifehy region in and 
near the Ankarana Special Reserve (figure 2), in Antsiranana 
Province. Elsewhere in northern Madagascar, sapphires have 
been found near Ambilobe and Milanoa (Superchi et al., 
1997), which are located about 40 km and 100 km, respec- 
tively, south of Ambondromifehy. The properties of all of 
the samples from these areas are consistent with those of 
“basaltic-magmatic” sapphires that are known from eastern 
Australia, Nigeria, Thailand, Laos, and Cambodia. These 
sapphires are generally blue-violet, blue, greenish blue, 
greenish yellow, or yellow, and thus were designated “BGY 
[blue-green-yellow] sapphires” by Sutherland et al. (1998a). 

So far, only limited gemological data on the sapphires 
from northern Madagascar have been published (see, e.g., 
Superchi et al., 1997; Schwarz and Kanis, 1998). This article 
presents a more complete gemological and mineralogical 
description of this material. 


HISTORY 

Until fairly recently, sapphire occurrences in Madagascar 
were mentioned only occasionally in the literature. A few 
years ago, however, attractive blue sapphires were discov- 
ered at Andranondambo, in the southeastern part of the 
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island, approximately 90 km northeast of 
Tolanaro/Fort Dauphin (Schwarz et al., 1996; 
Kiefert et al., 1996; Milisenda and Henn, 1996, 
Gtbelin and Peretti, 1997; figure 2, inset). During 
the years following the Andranondambo “rush,” 
other deposits were discovered in the same region. 

In 1996, blue-violet, blue, greenish blue, greenish 
yellow, and yellow (BGY) sapphires were discovered 
near Ambondromifehy (Bank et al., 1996; Lurie, 
1998). A parcel of sapphires from this new area was 
first examined by one of us (KS) in June of that year. 
Later, numerous parcels became available for test- 
ing, and several brief articles were published (Bank 
et al., 1997; Superchi et al., 1997; Gonthier, 1997, 
Schwarz and Kanis, 1998). 

The Ambondromifehy deposit soon became one 
of the most productive sources of commercial-quality 
sapphire in the world (“Sapphire mining halted. . .,” 
1998). When the potential of the region became 
known, several thousand miners abandoned the 
Andranondambo area and migrated north to 
Ambondromifehy. During a brief visit there in July 
1997, one of us (JK) saw thousands of miners digging 
sapphires west of the main road, No. 6, approxi- 
mately 2.5 km southwest of Ambondromifehy vil- 
lage. By early 1998, about 10,000 diggers were 
active in the area (Lurie, 1998; “Sapphire mining 
halted. . .,” 1998). Nigerian and Thai buyers pur- 
chased much of the daily sapphire production. 

Unfortunately, much of the digging occurred 
within the borders of the 18,225 hectare Ankarana 
Special Reserve (figure 2), a nature reserve well 
known for its magnificent karst topography. The 


Sapphires from Antsiranana 


Figure 1. Basalt-associated 
sapphire deposits were dis- 
covered in the Antsiranana 
Province of northern 
Madagascar in 1996. The 
blue-violet, blue, and green- 
ish blue to greenish yellow 
colors shown here 
(1.04—2.98 ct) are typical of 
these sapphires; some 
exhibit distinct color zoning 
(see inset, 8.25 and 3.26 ct). 
Courtesy of Menavi Inter- 
national Ltd.; photo by 
Maha Tannous. 


World Wildlife Fund for Nature (WWE), which had 
been involved in managing the reserve since 1985, 
pressured the Malagasy government to stop the 
illegal mining. The government’s solution was to 
prohibit all mining and commerce in sapphires 
from northern Madagascar, beginning in mid-April 
1998. This comprehensive ban was applied to activ- 
ities both within and outside the reserve (Lea, 1998; 
Lurie, 1998; “Sapphire mining halted... ,” 1998). 
However, because the government lacked the 
means to enforce this decision, the illegal mining 
and buying continued. Recognizing its failure to 
halt these activities, the government officially lift- 
ed the ban on August 17, 1998 (Holewa, 1998; 
Banker, 1998). 

With the October 1998 discovery of attractive 
sapphire, ruby, and other gems west and south of 
the Isalo National Park (i.e., near Ilakaka, Sakaraha, 
and Ranohira; see, e.g., Johnson et al., 1999, 
Schmetzer, 1999a; figure 2, inset), many miners 
moved from the Ambondromifehy region to these 
extensive new alluvial deposits. By spring 1999, 
almost no mining activity was observed in 
Antsiranana Province (Schmetzer, 1999a), although 
some of the miners subsequently returned to the 
area when they could not obtain productive claims 
in the Ilakaka region (Laurs, 2000). 


LOCATION AND ACCESS 

The Ambondromifehy sapphire deposits are located 
at 12°54’S, 49°12’E (Carte topographique Ambilobe, 
1:100,000, feuille U 32). The main road (RN6) from 
Antsiranana to Ambondromifehy is an all-weather 
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Figure 2. The most important sapphire 
deposits in Antsiranana Province, at 
the northern tip of Madagascar, are 
located in the Ambondromifehy 
region in and near the Ankarana 
Special Reserve. These deposits are 
associated with basalts of the Massif 
d’Ambre volcano. Erosion of the 
basalts deposited sapphire-bearing 
sediments on nearby limestones, par- 
ticularly in the Ambondromifehy 
region. Other basalt-related sapphire 
deposits are located up to 100 km fur- 
ther south, near Ambilobe and 
Milanoa (not shown on the map). 
Geology after Saint-Ours and Rerat 
(1963), Saint-Ours et al. (1963), and 
Besairie (1969). The inset shows the 
location of the three major sapphire 
deposits in Madagascar: Ambondro- 
mifehy, Andranondambo, and Ilakaka. 


paved road. It is not difficult to reach the various 
deposits from the main road on foot, although for 
safety reasons visitors should always be escorted by 
a reliable guide. One author (JK) noticed that the 
sapphire dealers are particularly unwelcoming to 
unescorted foreigners for fear of competition. 

Diggers use local names to indicate the various 
sites where they work. For example, the occurrence 
visited by JK in 1997 is called Antokotaminbato, 
which is located approximately 2.5 km southwest 
of Ambondromifehy on the main road. 


GEOLOGY AND OCCURRENCE 


Corundum deposits related to alkali basalts are 
common in many regions—especially eastern 
Australia and Southeast Asia, but also Nigeria 
(Kanis and Harding, 1990). The origin of these 
rubies and sapphires has been widely debated 
among geologists and mineralogists (for a summary, 
see, e.g., Levinson and Cook, 1994; Sutherland et 
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al., 1998a). The alkali basalts are thought to carry 
the corundum crystals to the surface from the 
earth’s interior, where they formed. Note, however, 
that different sources of gem corundum may be 
entrained by the basaltic magmas. New studies 
have shown that some basaltic fields (e.g., in 
Australia, Cambodia, Laos, and Thailand) yield two 
types of corundum: the “basaltic-magmatic” (here- 
after, magmatic|—or BGY—sapphires are found 
together with “basaltic-metamorphic” (hereafter, 
metamorphic) pastel-colored sapphires and rubies. 
The latter gems are thought to be derived from 
metamorphic or metasomatic source rocks in the 
earth’s interior. The two types of basalt-hosted sap- 
phires can be identified by trace-element chemistry 
and/or absorption spectroscopy (Sutherland et al., 
1998a and b). 

Northern Madagascar is mostly covered by a 
3,500 km? area of volcanic origin (again, see figure 2) 
that dates from the early Tertiary period to the 
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Quaternary. The 35-km-wide stratovolcano, the 
Massif d’Ambre, is constructed of alternating layers 
of lava and pyroclastic deposits along with abun- 
dant dikes and sills. Beneath the summit (which 
reaches 1,475 m above sea level), the mountain 
slopes gently from 800 m to 500 m into the sur- 
rounding flat plains. The sources of all major rivers 
in the region are found on the slopes of the Massif 
d’Ambre, and they have undoubtedly affected the 
formation of placer sapphire deposits. 

Sapphire-bearing alluvial material derived from 
the eroded alkali basalts was deposited in voids and 
crevices of the weathered Jurassic Ankarana lime- 
stone that lies south of the Massif d’Ambre. Occa- 
sionally, these sediments are cemented by sec- 
ondary carbonates (figure 3). Recent prospecting has 
failed to locate any sapphire-bearing basalt flows, 
perhaps because they lie buried beneath subsequent 
barren lava flows or were fully eroded in the area 
(“An initial appraisal .. . ,” 1997). 


MINING AND PRODUCTION 


The local miners dig pits up to 8 m deep to reach 
the sapphires, which are concentrated in the lower 
levels of the alluvium. The areas around the roots of 
the trees (mainly bamboo in this region) are also 
favorable sites, because the greater decomposition 
of the soil makes digging easier (figure 4). 
Mechanized mining has been conducted by only 
two companies, which set up operations outside the 
Ankarana reserve (see, e.g., figure 5). Significant 
quantities of commercial-grade sapphire were pro- 


Figure 3. Sapphire crystals from northern 
Madagascar are occasionally found embedded 
in carbonate-cemented sediments. The dark 
blue sapphire shown here measures 14 mm 
long. Photo by M. Glas. 
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Figure 4. Miners at Ambondromifehy have found 
that digging around the roots of trees is the easiest 
way to recover sapphires. Photo by J. Kanis. 


duced by these operations (see, e.g., figure 6). One of 
these, IMA Group/Suzannah, produced over 350 
kilograms of corundum during the years 1996-1998, 
of which generally 12%-16% was facetable (Issac 
Mehditash, pers. comm., 2000). 

An indication of the amount and quality of sap- 
phires produced from one of these mines (ABFG) is 
given in box A. Heating is required for all but a very 
small percentage (usually <5%) of the rough gem 
sapphires from Ambondromifehy. Typically, heat 
treatment is applied to remove milky areas and to 
develop a blue to blue-violet color in unattractive 
white, yellowish green, or greenish yellow samples. 
The temperature, time, and gas atmosphere must be 
strictly controlled to prevent the sapphires from 
becoming too dark. 


MATERIALS AND METHODS 


The total sample set consisted of more than 1,000 
BGY sapphire crystals, about 250 faceted sapphires, 
and 80 star (cabochon-cut) sapphires. From this 
large group, we selected the samples that were test- 
ed by the various methods described below. 

All the sapphires were purchased in Madagascar 
by several gem dealers or by one of the authors (JK). 
No samples from trade centers outside Madagascar 
(e.g., Bangkok) were included in the study. The sam- 
ples reportedly came from the Ambondromifehy 
region, which is the center of sapphire mining activi- 
ty in northern Madagascar. However, the parcels also 
may have included magmatic sapphires from other 
sources within Antsiranana Province, as dealers 


GEMS & GEMOLOGY Fall 2000 219 


typically mix sapphires from different producers in a 
single parcel. 

The fashioned samples were cut in Madagascar. 
The authors polished one or two windows on about 
100 of the rough crystals to facilitate testing. The 
faceted stones reportedly had not been subjected to 
heat treatment before examination. However, one 
of us (KS) treated about 500 of the crystals to study 


Figure 6. The rough sapphires are hand-sorted on 
light tables into separate quality and size cate- 
gories. These parcels, totaling approximately 50 
kg, were produced from the “M4” pit. Photo cour- 
tesy of Mega Gem s.a.r.1. 
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Figure 5. At this mechanized 
operation in the Anivorano 
area (the “M4” pit), a track- 
hoe dumps sapphire-bearing 
alluvium into a trommel 
(right). The gem-bearing 
gravel is then pumped from 
the small pit on the left to a 
nearby washing plant (see 
inset). Photos courtesy of 
Mega Gem s.a.r.l. 


the effects of heating. These crystals were original- 
ly milky white, greenish yellow, and greenish blue. 
Details of the heat treatment process used are pro- 
prietary. 

About 30 faceted samples and crystals with pol- 
ished windows (which represented the full range of 
colors available) were tested by standard gemologi- 
cal methods for optical properties, fluorescence, and 
density (hydrostatically). Morphological and crystal- 
lographic features of about 100 crystals were deter- 
mined with a standard goniometer. The inclusion 
features and internal growth structures (i.e., color 
zoning and growth planes) of about 70 faceted and 
30 rough sapphires were examined with a horizon- 
tal microscope using an immersion cell. Solid inclu- 
sions were identified by laser Raman microspec- 
trometry with a Renishaw Raman microprobe or a 
Philips XL 30 scanning electron microscope 
equipped with an energy-dispersive spectrometer 
(SEM-EDS]. 

Polarized ultraviolet-visible-near infrared (UV- 
Vis-NIR, 280 to 880 nm range) absorption spectra 
were recorded for 15 rough and 15 faceted natural- 
color sapphires (again, all colors; selected from the 
100 examined microscopically above)—and approxi- 
mately 30 heat-treated rough sapphires before and 
after treatment—with Leitz-Unicam SP 800 and 
Perkin Elmer Lambda 9 spectrophotometers. The 
orientation of the rough samples was determined in 
accordance with their external morphology. For the 
faceted sapphires, we selected only those samples 
with table facets that were oriented perpendicular 
to the c-axis, which produce the most accurate 
polarized spectra. For 10 samples selected on the 
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Box A: 
SAPPHIRE PRODUCTION FROM THE ABFG MINE, 
AMBONDROMIFEHY AREA 
Compiled by M. Sevdermish, MENAVI International, Ramat Gan, Israel 


At the time of this contributor’s visit in mid-1999, 
the ABFG mine was a small mechanized operation 
located about 16 km south of Anivorano, close to 
the border of the Ankarana Special Reserve. An 
excavator and a water cannon were used to trans- 
port the gem-bearing soil into jigs, where the heavy 
components were separated and collected. Final 
sorting of the concentrate was done by hand. 

The operation typically extracted 3-5 kg of sap- 
phires in a 10-hour shift. Only about 17% of the 
rough produced was usable for heat treatment and 
cutting (table A-1). The color distribution of the 
original, untreated rough was reminiscent of 
Australian rough: 


e 35% very milky bluish green (very few pieces are 
facetable after heating; most are low quality to 
cabochon, too dark) 

¢ 30% very milky, almost opaque very dark blue 
(too dark after treatment) 

e 23% transparent very dark blue, some with green 
or yellow zoning (nearly black after treatment) 


e 5% pale gray or greenish blue and transparent 
(pale-colored crystals with small patches or zones 
of blue or green sometimes resulted in fine blue 
gems after treatment) 

e 5% pale blue, milky (produced medium- to fine- 
quality gems after treatment, usually less than 1 
ct after faceting) 

e 2% other colors: yellow, “oily” green, and bicol- 
ored (most do not react to heating, but some 
“oily” green stones became almost black) 


After the rough was sorted and cleaned, all sam- 
ples of sufficient clarity and with a potentially suit- 
able color were heat-treated. Virtually none of the 
rough produced from the ABFG mine was suitable 
for cutting before heat treatment. After each careful- 


TABLE A-1. Characteristics of rough sapphires 
from the ABFG mine, before heat treatment. 


Average % of % cuttable Cuttable as a 
weight production % of total 
(grams) 

>1 11 5-10 1 
0.5-1.0 16 10-15 1.6 
0.2-0.5 30 15-20 5 
0.1-0.2 40 20-25 

<0.1 3 25-30 1 
Total 100 16.6 


ly performed heating run (all treatment was con- 
ducted outside Madagascar), the sapphires were 
again sorted and some were removed for further 
heating. Up to 10 heat treatments at different atmo- 
spheric and temperature conditions may be neces- 
sary to achieve cuttable rough. The color distribu- 
tion of the sapphires from the ABFG mine after heat 
treatment was as follows: 


e 5% fine blue 

¢ 30% medium blue 

¢ 30% medium blue with greenish overtone 

¢ 15% dark blue-violet, similar to dark Aus- 
tralian sapphires 

¢ 5% greenish yellow 

¢ 15% not usable (heavily included and/or uneven 
color distribution) 


The weight and yield distribution of stones faceted 
from the treated rough are shown in table A-2. 

In summary, about 5 kg of rough sapphire from 
this mine would be expected to yield 900 carats of 
faceted stones; this corresponds to a total yield from 
the rough of 3.6%. As of mid-2000, mechanized 
mining at ABFG had been halted. 


TABLE A-2. Weight and yield distribution of heat-treated sapphires from the ABFG mine. 


Weight category Usable rough from Yield of faceted material Average ct weight Yield from 5 kg 


(grams) total production (%) from usable rough (%) of faceted stones of rough (ct) 
>0.5 2.6 16 1.0 100 
0.2-0.5 5 18 0.3 350 
<0.2 9 20 0.1 450 
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basis of their visible-range absorption spectrum, we 
also measured polarized spectra in the IR region up 
to 1800 nm using the Perkin Elmer Lambda 9 
spectrophotometer. 

The chemical composition of 137 rough (with at 
least one polished window) and fashioned samples, 
representing all color groups and the asteriated 
stones, was analyzed by energy-dispersive X-ray fluo- 
rescence (EDXRF) spectroscopy. These analyses 
were performed with a Tracor Northern Spectrace 
5000 system, using a program specifically developed 
for trace-element geochemistry of corundum by 
Prof. W. B. Stern, Institute of Mineralogy and 
Petrography, University of Basel. These data were 
compared to EDXRF results of Schwarz et al. (1996) 
for sapphires from Andranondambo, Madagascar. 


RESULTS 


The results are summarized in table 1 and discussed 
below. 


Visual Appearance. The natural-color Ambon- 
dromifehy sapphires (as they will be referred to in 
this section, although some may be from other 
deposits in Antsiranana Province) spanned a wide 
range of hues: blue-violet and various shades of 
blue, greenish blue, greenish yellow, and yellow 
(figures 7 and 8). One lot of 50 greenish yellow sap- 
phires subjected to heat treatment showed almost 
no reaction, but the remaining 450 samples became 
a significantly more attractive blue-violet to blue. 
The greatest difficulty encountered during heat 
treatment was in making the crystals more trans- 


TABLE 1. Gemological characteristics of sapphires from Antsiranana Province, Northern Madagascar. 


Property No. samples Description 

Color ca. 1,300 Homogeneous coloration (i.e., blue-violet, blue, greenish blue, greenish yellow, or yellow) is rare. 
More common is distinct color zoning with blue-violet, greenish blue to greenish yellow, and yel- 
low domains. Also bi- and tri-colored stones®. 

Clarity ca. 1,300 Very clean to fairly included. Many natural-color stones show translucent milky white or blue 
areas; some stones are completely translucent. Heating usually improves transparency. 

Refractive indices 30 n, = 1.761-1.765 
n,, = 1-769-1.773 

Birefringence 30 0.008 

Optic character 30 Uniaxial negative 

Specific gravity 30 3.99-4.02 

Pleochroism ca. 100 Yellow: Light yellow || c-axis, slightly more intense yellow | c-axis (i.e., almost no pleochroism) 
Greenish blue: Yellow || c-axis, blue to blue-violet L c-axis 
Intense blue to blue-violet: Blue || c-axis, blue-violet L c-axis 
Greenish yellow to yellowish green: Greenish yellow to yellow-green || c-axis, blue to blue-violet 
1 c-axis 

Fluorescence 30 Inert to long- and short-wave UV radiation 

UV-Vis absorption 60 Intense bands at 376, 388, and 450 nm in yellow sapphires. Blue and greenish blue sapphires 

spectra also show intense bands with maxima at about 560 nm (Lc > llc), and at about 870-880 nm (ic 
> llc). Greenish yellow to yellowish green sapphires have an additional weak absorption band at 
542 nm (llc > Lc). 

Internal features 100 e Often strong color zoning. 


Growth characteristics 


Inclusions 


Growth patterns 

(1) Looking L c-axis: Either @ or z with n and c; combination of c with r; occasionally, oscilla- 
tory zoning between hexagonal dipyramids (e.g., @ and Z) 

(2) At an inclination of 5°-10° to c: Characteristic pattern of w or z faces 

(3) At about 30° to c-axis: Characteristic structure of two n faces and one r face. 

Occasionally, lamellar twinning parallel to r. 


Mineral inclusions: Most common in unheated samples are mineral grains surrounded by a 
discoid fissure with flattened two-phase (liquid-gas) inclusions in a rosette-like pattern oriented 
parallel to the basal pinacoid c. 

Feldspar (as “rosette mineral” or in grains), zircon (some with unoriented tension cracks), 
columbite (needle-like crystals with Nb>Ta), spinel (hercynite), uraninite, and unidentified 
mineral grains (some with “comet tails”). 

Unhealed or partially healed fissures; two-phase (liquid-gas) inclusions. 


a In general, the properties of the heat-treated sapphires duplicate those of the natural-color samples. Any differences are 
specifically noted in the text. 

© Heat treatment under strictly controlled conditions is necessary for most Antsiranana sapphires to remove milky areas and to 
develop a blue to blue-violet color in unattractive white, yellowish green, or greenish yellow samples. 
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parent without causing them to become too dark. 

Most of the sapphires—both natural color and 
heat treated—showed distinct color zoning, with 
blue-violet, greenish blue to greenish yellow, and 
yellow domains within a single crystal. A small 
number revealed homogeneous coloration in these 
hues. Bicolored and tricolored stones also have been 
cut (figure 9). 

A large number of the natural-color stones had 
translucent milky white or blue areas; some stones 
were completely translucent. This “milkiness” was 
typically removed with heat treatment. The remain- 
der of the material was more transparent. 

The milky white, grayish white, blue, or blue-vio- 
let cabochons we examined (figure 10) showed a 
sharp six-rayed star. In some of these star sapphires, 
and at least one faceted stone, we observed a colorless 
to gray core that was surrounded by a milky white to 
blue-violet rim (figure 10, inset). With the exception 
of a few stones cut as a novelty for collectors, the 
core is typically removed during cutting. Twelve- 
rayed star sapphires from northern Madagascar are 
extremely rare (see Schmetzer, 1999). 


Figure 8. These unheated samples show the 
appearance of yellow sapphires from 
Ambondromifehy. Note the sharp blue color 
zones in the 5 x 7 mm stone on the lower left. 
Photo by M. Glas. 
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Figure 7. The Ambondromifehy 
area produces sapphires in a 
broad range of colors. These 
include the natural-color blue- 
violet and blue (left) and green- 
ish blue (right) sapphires illus- 
trated here. The blue-violet 
stone on the far left measures 8 
x10 mm; the largest greenish 
blue sapphire is 10 mm in 
longest dimension. Photos by 
M. Glas. 
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Figure 9. Prominent color zoning is shown by 
these particolored (yellow, greenish blue, and 
blue) Ambondromifehy sapphires. The stone on 
the far right measures about 4 x 8 mm. Photo by 
M. Glas. 


Crystal Morphology. The sapphire crystals typically 
showed an elongated, barrel-shaped habit, although 
all were somewhat rounded and corroded. Most of 
the crystals were broken at both ends and revealed 
portions of only one hexagonal dipyramid as the 
dominant external form. A few samples were broken 
only at one end, and less than 5% of all the crystals 
examined were complete (i.e., with all faces intact). 
In general, one of the hexagonal dipyramids @ 
{14 14 28 3}* or z {2241} was combined with the basal 
pinacoid c {0001}. Frequently, smaller faces of the 
thombohedron r {1011} and of an additional hexago- 
nal dipyramid n {2243} also were identified. Six 
combinations of these forms were observed (figure 
11): (c @), (cz), (c wz), (c zr), (corn), and (czrn). 


Gemological Properties. For the most part, the prop- 
erties of the heat-treated sapphires duplicated those 
of the natural-color samples. Any differences are 
specifically noted in the following discussion. 


*Limitations in our measurement techniques did not allow us 
to distinguish between the two hexagonal dipyramids w {14 14 
28 3} and v {4481}. 
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Figure 10. Star sapphires from Ambondromifehy 
are commonly gray to blue. The largest cabochon 
here measures 9 x 10 mm. The sapphires in the 
inset have been cut to show the unusual cores 
seen in some of the samples; the faceted stone is 
10 x 11 mm. Photos by M. Glas. 


The densities and R.I’s of the Andromifehy sap- 
phires match those from other magmatic deposits. 
Measured densities vary between 3.99 and 4.02 
g/cm. R.L’s range from 1.761 to 1.765 for n, and from 
1.769 to 1.773 for n,,, with a birefringence of 0.008. 


Figure 11. The morphology of Ambondromifehy 
sapphires is dominated by hexagonal dipyra- 
mids ® or z combined with the basal pinacoid c. 
Additional hexagonal dipyramids n as well as 
rhombohedra t are also occasionally observed. 
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We observed four major types of pleochroic colors: 


1. || c-axis light yellow, L c-axis somewhat more 
intense yellow, for yellow sapphires (i.e., sam- 
ples with almost no pleochroism) 

2. || c-axis yellow, L c-axis blue to blue-violet, for 
greenish blue sapphires 

3. Il c-axis blue, c-axis blue-violet, for intense 
blue to blue-violet sapphires 


4. |l c-axis greenish yellow to yellow-green, | c- 
axis blue to blue-violet, for greenish yellow to 
yellowish green sapphires 


The distinct color zoning shown by most of 
the sapphires (see, e.g., figure 9) usually consisted 
of a combination of two of the four pleochroic 
types mentioned above. In rare cases, we saw 
areas with three different types of pleochroism in 
a single color-zoned crystal. 

The sapphires were inert to both long- and short- 
wave UV radiation. 


Microscopic Characteristics. Most of the samples 
examined showed some fractures and two-phase (liq- 
uid-gas) inclusions, but these were not distinctive. 
Although many of the untreated stones showed 
some milkiness, no “silk” or other oriented mineral 
inclusions were visible in our samples at the magni- 
fication used for gemological microscopy (up to 


Figure 12. This sample, viewed perpendicular to 
the c-axis, shows the typical growth patterns 
found in Ambondromifehy sapphires. Two hex- 
agonal dipyramids w and n are present in com- 
bination with the basal pinacoid c. Oscillatory 
zoning of ® with a third hexagonal dipyramid z 
is present in the lower right. Photomicrograph 
by K. Schmetzer; immersion, magnified 40x. 
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Photo by Dr. Gibelin 


Figure 5 
synthetic sapphire 
Surface cracks 
caused by the heat 
of rapid polishing 
along the edges of 
the facets. 


Gemology in North America 


(Continued from Page 386) 


In England, in 1908, the need for 
a wider dissemination of authorita- 
tive information about gems was 
recognized by the National Associa- 
tion of Goldsmiths. At their meet- 
ing, held that year in Manchester, 
a resolution was adopted advocating 
the initiation of the teaching of 
courses and the giving of examina- 
tions in gemology. Steady progress 
was made with this project, and in 
1918, the conducting of examina- 
tions was begun with G. F. Herbert 
Smith as the principal examiner. 
In 1931, the Gemmological Associa- 
tion was organized, and in 1938, the 
present title, Gemmological Associa- 
tion of Great Britain, was adopted. 
From 1932 to 1937, the Association 


had as its president the distin- 


guished mineralogist and educator, 


Sir Henry A. Miers, and from 1937 
to 1942, Sir William H. Bragg, the 
noted physicist and Nobel Prize 
winner for his work on x-rays and 
crystal structure. Since 1942, Dr. 
G. F. H. Smith has served as presi- 
dent. For many years, the Associa- 
tion published as its official organ 
the Journal of Gemmology, which 
appeared as a section of the monthly 
publication known as the Watch- 
Maker, Jeweller, and Silversmith. 
Beginning with the January, 1947, 
number, it now appears as a sepa- 
rate journal. The first number of 
sixty-four pages makes a very fa- 
vorable impression. 


(Continued on Page 407) 


Figure 13. When viewed perpendicular to the c- 
axis, this Ambondromifehy sapphire crystal 
shows a first hexagonal dipyramid n that is 
overgrown by a second hexagonal dipyramid z; 
the basal pinacoid c is also developed. 
Photomicrograph by K. Schmetzer; immersion, 
crossed polarizers, magnified 20x. 


100x). We observed distinct mineral inclusions in 
only about 10%-20% of the samples examined. 
However, structural properties, notably specific 
growth features that can be used to indicate a natu- 
ral origin, were found in most samples. 


Growth Features. The internal growth patterns seen 
with immersion clearly reflect the external mor- 
phology of the samples. When the sample was 
observed perpendicular to the c-axis, two different 
types of morphology usually were evident (see also 
figure 11), that is, one of the two hexagonal dipyra- 
mids @ or z (which were dominant in the external 
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Figure 14. In this view perpendicular to the c-axis 
of a sapphire crystal from Ambondromifehy, 
intense color zoning is associated with the growth 
patterns. The positive rhombohedron r and basal 
pinacoid c are evident. Photomicrograph by K. 
Schmetzer; immersion, magnified 30x. 


morphology) in combination with a third dipyramid 
n and the basal pinacoid c (figures 12 and 13). When 
viewed from another direction also perpendicular to 
the c-axis, a combination of the basal pinacoid c 
with the positive rhombohedron r was observed (fig- 
ure 14). Occasionally, an oscillatory zoning between 
different hexagonal dipyramids (e.g., m and z) is 
observed (again, see figure 12). Rotation of a sample 
through an angle of 30°, with c as the rotation axis, 
generally reveals a characteristic variation between 
these two frequently observed patterns (c @ n) or (c z 
n) in one orientation, and (c r) in the other (figure 
15). Color zoning associated with growth zoning is 


Figure 15. In these two views, a 
faceted Ambondromifehy sapphire 
has been rotated 30° around the c- 
axis. On the left, a combination of 
two hexagonal dipyramids n and z 
are present with the basal pinacoid 
c. On the right, a combination of 
the rhombohedron r with c is seen. 
Photomicrographs by K. Schmetzer; 
immersion, crossed polarizers, mag- 


nified 25x (left) and 30x (right). 
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Figure 16. When inclined about 10° to the c-axis, 
a growth pattern consisting of several hexagonal 
dipyramids is normally seen in Ambondromifehy 
sapphires. In this case, two z faces are observed. 
Photomicrograph by K. Schmetzer; immersion, 
magnified 25x. 


present frequently, but not in all samples. 

At an inclination of 5° or 10° to the c-axis, a 
characteristic pattern consisting of the two hexago- 
nal dipyramids w or z was observed (figure 16). 
When the stone was inclined about 30° to the c- 
axis, a characteristic structure consisting of two n 
faces and one r face is seen (figure 17). 

The hexagonal dipyramids o or z were also dom- 
inant in the samples with asterism. 


Twinning. Lamellar twinning parallel to the posi- 
tive rhombohedron r occasionally was observed, 
usually as one or two isolated twin lamellae and 
less frequently as one or two sets of parallel twin 
lamellae (figure 18). 


Figure 18. Two sets of intersecting twin lamellae 
are visible in this Ambondromifehy sapphire. 
Photomicrograph by K. Schmetzer; crossed 
polarizers, magnified 40x. 
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Figure 17. At an inclination of about 30° to the 
c-axis, the typical growth patterns seen in 
Ambondromifehy sapphires consist of n and/or 
r faces. In this orientation, a characteristic pat- 
tern (nr n) is seen. Photomicrograph by K. 
Schmetzer; immersion, magnified 30x. 


Mineral Inclusions. With Raman analysis and/or 
SEM-EDS, we confirmed inclusions of feldspar, zir- 
con, columbite (with Nb>Ta]}, spinel (hercynite}, 
and uraninite. 

The most common inclusion in the unheated 
samples was a mineral grain surrounded by a discoid 
fissure with flattened two-phase (liquid-gas) inclu- 
sions in a rosette-like pattern. These rosettes show a 
consistent orientation parallel to the basal pinacoid c 
and, consequently, are seen best when viewed perpen- 
dicular to the c-axis (figures 19 and 20). We identified 
some of the mineral grains in the rosettes as feldspar. 


Figure 19. The most frequently observed mineral 
inclusions in Ambondromifehy sapphires are 
feldspar crystals that are surrounded by rosettes of 
two-phase (liquid-gas) inclusions. The inset (view 
perpendicular to c) reveals the specific orientation 
of these flattened rosettes parallel to the basal 
pinacoid c. Photomicrographs by K. Schmetzer; 
immersion, magnified 50x and 60x (inset). 
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Figure 20. In a view almost parallel to the c-axis 
of this sapphire, the fine structure of a two- 
phase rosette surrounding a tiny feldspar crystal 
becomes visible. Photomicrograph by E. 
Gubelin; magnified 65x. 


The rosettes are distinct from typical mineral inclu- 
sions with tension cracks (i.e., zircon in our samples), 
which are not oriented in a specific direction to the 
host sapphire crystal. Tension cracks surrounding 
mineral inclusions without a specific orientation 
were also observed occasionally in the heat-treated 
Ambondromifehy samples. 

Another type of feldspar inclusion consisted of 
grains that lacked the rosette-like two-phase 
inclusions. Spinel and uraninite inclusions also 
occurred as grains, but they were seen only rarely 
in our samples. Columbite occurred as needles, 
which were found to contain only small amounts 
of tantalum (i.e., the analyses showed Nb>Ta). 

In a few samples, we observed groups of uniden- 


Figure 22. Partially healed fissures were present 
in some of the Ambondromifehy sapphires. 
Photomicrograph by K. Schmetzer; immersion, 
magnified 45x. 
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Figure 21. Groups of mineral inclusions, which 
have not yet been identified, were occasionally 
seen in the Ambondromifehy sapphires. 

Photomicrograph by E. Gtibelin; magnified 65x. 


tified mineral grains (figure 21) or other unidentified 
minerals accompanied by a “comet tail.” Partially 
healed fissures also were present in some of the sap- 
phires (figure 22). 

Superchi et al. (1997) mentioned two additional 
minerals—pyrochlore and calcite—as inclusions in 
Ambondromifehy sapphires, but we did not identify 
these minerals in any of our samples. 


Spectroscopic Properties and Color. The absorption 
spectra of the Ambondromifehy sapphires (see, e.g., 
figure 2.3) are typical of those recorded in BGY mag- 
matic sapphires from other localities (see, e.g., 
Schmetzer and Bank, 1980, 1981; Schmetzer, 1987; 
Kiefert and Schmetzer, 1987; Smith et al., 1995). We 
recorded a continuous series of absorption spectra 
covering the entire range of colors, including yellow, 
greenish blue, and intense blue to blue-violet (figure 
24A-C). All of these spectra had intense Fe** absorp- 
tion bands at 376, 388, and 450 nm with weak polar- 
ization dependency, as generally is recorded for yel- 
low sapphires (figure 24A). In the blue and greenish 
blue sapphires, the basic absorption spectrum found 
in yellow sapphires was superimposed by intense 
absorption bands assigned to Fe**/Ti** charge trans- 
fer (maximum at about 560 nm with polarization Lc 
> IIc), as well as to an Fe**/Fe** pair absorption (maxi- 
mum at about 870-880 nm with polarization Lc > 
llc; figure 24B and C)*. Due to the high intensity of 


*Because of technical inconsistencies, the polarized absorption 
spectra of magmatic sapphires published by Schwarz et al. 
(1996) and Sutherland et al. (1998b) are partly incorrect in the 
range above 800 nm. In particular, an absorption maximum at 
about 800 nm in the spectra | c is not realistic. 
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Figure 23. This absorption spectrum of a green- 
ish blue Ambondromifehy sapphire (pleochroism 
llc yellow, Lc blue) in the 280 to 1800 nm range 
consists of a strong Fe**/Fe** band with a maxi- 
mum in the infrared region, strong Fe**/Ti* pair 
absorption bands in the visible region, and Fe* 
bands in the blue-violet and UV regions. 


the Fe**/Fe** pair absorption, a second Fe?*/Ti** max- 
imum at about 700 nm with polarization IIc ? Le 
(see figure 24E) is generally not resolvable. The spec- 
tra of the heat-treated intense blue-violet samples 
were identical to those of untreated sapphires of sim- 
ilar color. 

In greenish yellow to yellowish green samples, 
the intermediate spectrum of greenish blue sapphire 
was superimposed by an additional weak absorption 
band in the 500-550 nm range (polarization IIc > Le; 
figure 24D). This absorption band causes a shift of 
the pleochroic color parallel to the c-axis from yel- 
low to yellow-green or green; consequently, it shifts 
the overall color of the sapphire from greenish blue 
to greenish yellow or yellowish green. An absorp- 
tion at 542 nm with identical polarization has also 
been documented in Verneuil titanium-doped syn- 
thetic sapphires, where it was assigned to Ti** 
(McClure, 1962). Although we do not know the 
exact mechanism by which Ti** stabilizes in iron- 


Figure 24. These absorption spectra in the 280-880 
nm range cover the entire range of colors seen in 
Ambondromifehy sapphires. The spectra consist of 
superimposed Fe**/Fe* and Fe**/Ti* pair absorp- 
tion bands, as well as intense Fe** and weak Ti+ 
bands. Variations in the color/pleochroism of the 
sapphires is determined by the relative intensities 
of these absorption bands. 
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bearing natural sapphires, there has been no other 
assignment of this weak absorption maximum. It is 
worth mentioning that another example for the 
coexistence of Tit and Fe** was found in Czoch- 
ralski-pulled synthetic pink sapphire by spectro- 
scopic examination (Johnson et al., 1995). 

In magmatic sapphires, Fe?*/Fe** pair absorption 
in the 870-880 nm range is, in general, much 
stronger than the Fe**/Ti** absorption bands at 560 
and 700 nm (see, e.g., figures 23 and 24B-D). Only 
one of the Ambondromifehy samples, which had 
extremely pronounced and complex color zoning, 
revealed an absorption spectrum in which the 
Fe**/Ti* pair absorption bands were stronger than 
the Fe*/Fe** band in the infrared region (figure 24E). 


Chemical Composition. Trace-element analysis 
has proved valuable in the identification of gem 
corundums formed in different geologic environ- 
ments, as well as in the laboratory (see, e.g., 
Sutherland et al., 1998b; Muhlmeister et al., 1998; 


Schwarz and Stern, 2000). The trace-element con- 
tents of 137 sapphires from northern Madagascar 
are presented in table 2. 

Vanadium and chromium, in general, were 
below the detection limit of the analytical method 
used (about 0.005 wt.% V,O, or Cr,O,). Only a few 
samples revealed traces of vanadium or chromium 
that were slightly above the detection limit. All 
samples revealed concentrations of iron and gallium 
that were typical of magmatic sapphires (see, e.g., 
Sutherland et al., 1998b). 

The titanium content of the pure yellow samples 
was always below the detection limit (about 0.005 
wt.% TiO,}. All of the samples with higher titanium 
values had blue color zones or a blue color compo- 
nent. Transparent, facet-quality samples (i.e., those 
that usually do not need heat treatment) other than 
yellow consistently revealed a low, but distinct, tita- 
nium content—averaging about 0.02 wt.% TiO,. 
Those samples with a milky white component, the 
typical material subjected to heat treatment, aver- 


TABLE 2. EDXRF analyses of sapphires from Antsiranana Province, northern Madagascar, with comparison 


to Andranondambo.? 


Sample type No. of samples Concentration (wt.%) 
TiO, VO, Cr,0, Fe,0,? Ga,O, 
Transparent yellow 14 bdl bdl bd 0.73-1.56 0.02-0.06 
1.24 0.04 
Transparent yellow and blue (zoned), 94 0.005-0.11 bdl-0.01 bdl-0.01 0.46-1.73 0.02-0.07 
greenish yellow to yellowish green, 0.02 bdl bd 1.10 0.03 
greenish blue, blue, and blue-violet 
Translucent greenish blue, blue, and 19 0.02-0.15 bdl-0.01 bd 0.66-1.40 0.02-0.08 
blue-violet® (all milky, no cores) 0.08 bdl 1.18 0.05 
Translucent gray and light blue star 5 0.06-0.10 bdl-0.01 bd 0.33-0.57 0.01—0.04 
sapphires (all milky or with milky zones) 0.08) bdl 0.44 0.02 
Zoned star sapphires 5 
Colorless to gray cores 0.02-0.04 bdl-0.01 bd 1.24-2.31 0.05-0.11 
0.03 bdl 1.74 0.08 
Medium to intense blue rims 0.06-0.23 0.005-0.01 bd 1.53-1.90° 0.06-0.90° 
(all milky or with milky zones) 0.15 (0.01) 1.64 0.09) 
Overall Ambondromifehy' 137 bdl-0.23 bdl-0.01 bdl-0.01 0.33-1.90° 0.02-0.10° 
0.03 bdl bdl 1.00 0.04 
Andranondambo? 80 0.01-0.10 bdl-0.01 bdl-0.01 0.12-0.61 0.01-0.04 
0.04 bdl bdl 0.27 0.02 
&Vinimum and maximum values are given, along with the average (in parentheses below each range); bal = below detection limit. 
’Total iron as Fe,O,. 
°These sapphires turn intense blue to blue-violet after heat treatment. 
ISame samples as the ones with the colorless to gray cores. 
"One sample showed distinctly higher contents of Fe,O, (3.86 wt.%) and Ga,O, (0.15 wt.%). 
‘Colorless to gray cores of zoned star sapphires not included. 
9From Schwarz et al. (1996); for additional microprobe analyses, see Kiefert et al. (1996). 
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aged about 0.08 wt.% TiO,, well above the mean 
value for the transparent sapphires. 

In star sapphires and in milky stones, the mea- 
sured elemental concentrations may be influenced 
by the presence of tiny inclusions such as rutile or 
ilmenite that reach the surface of the host corun- 
dum, rather than simply by the presence of transi- 
tion metals within the corundum structure. In all 
the asteriated cabochons with a sharp six-rayed star, 
appreciable amounts of titanium were detected. In 
the milky white and gray to light blue star sap- 
phires, the iron values were distinctly lower than 
those determined for more intense-blue star stones. 
Samples of the latter type were found to contain a 
colorless to gray transparent core (see, e.g., figure 10, 
inset), which lacks asterism and shows very low 
titanium contents (see table 2). 

When we compared the data for all of the sam- 
ples using correlation diagrams, we found no geo- 
chemical correlation between titanium and either 
iron or gallium; the concentrations of these ele- 
ments varied independently. However, with greater 
iron contents, a trend toward increasing gallium 
values became evident. 

As mentioned earlier, many sapphire fields from 
eastern Australia (particularly the Barrington basalt 
province in New South Wales) and Southeast Asia 
(e.g., West Pailin, Cambodia; Ban Huai Sa, Laos; and 
Chanthaburi, Thailand) are distinguished by the 
presence of two distinct corundum suites, which 
are thought to represent different sources in the 
earth’s interior that were captured by basaltic mag- 
mas as they traveled to the surface (Sutherland et 
al., 1998b). These two corundum suites can be sepa- 
rated by trace-element contents, that is, by diagram- 
ming (1) Fe,O,/TiO, versus Cr,O,/Ga,O,, and (2) 
Fe,O,/Cr,O, versus TiO,/Ga,O, (figure 25). In mak- 
ing these comparisons, we assigned a value of 0.005 
for concentrations below the detection limit (i.e., for 
some TiO, and most Cr,O, values). All of the sap- 
phires from northern Madagascar that we analyzed 
by EDXRF belong to the magmatic suite. 


DISCUSSION 

Comparison to “Basalt-Hosted Magmatic” Sap- 
phires from Other Localities. The sapphires from 
northern Madagascar showed the typical morpholo- 
gy of magmatic corundum, that is, faces of the basal 
pinacoid c, the positive rhombohedron r, as well as 
different hexagonal dipyramids. In particular, these 
sapphires formed as barrel-shaped crystals with 
dominant o or z hexagonal dipyramids, and subordi- 
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nate c, r, and n faces; prismatic forms were not 
observed. The correlation between external crystal 
faces and internal growth structures has been 
shown for corundums from practically all basalt- 
hosted sources (Kiefert, 1987; Kiefert and 
Schmetzer, 1987 and 1991), including magmatic 
Vietnamese sapphires (Smith et al., 1995). 

The following have been identified as typical 
mineral inclusions observed in magmatic sap- 
phires: assemblages of feldspars (albite, calcic pla- 
gioclase, Na- and/or K-rich sanidine}, zircon, 
columbite, rutile, hematite (sometimes in solid 
solution with ilmenite), spinel (hercynite, mag- 
netite, gahnospinel, and/or cobalt-spinel), uranium- 
pyrochlore, pyrrhotite, thorite, and uraninite; low- 
Si and Fe-rich glassy inclusions have also been 
identified (see, e.g., Moon and Phillips, 1984, 1986; 
Coldham, 1985, 1986; Giibelin and Koivula, 1986, 
Irving, 1986, Kiefert, 1987; Kiefert and Schmetzer, 
1987; Coenraads et al., 1990, 1995; Aspen et al., 
1990; Guo et al., 1992, 1994, 1996a and b; 
Sutherland, 1996; Sutherland and Coenraads, 1996; 
Krzemnicki et al., 1996; Sutherland et al., 1998a 
and b; Malikova, 1999). 

The mineral inclusions identified in Ambon- 
dromifehy sapphires (e.g., feldspar, zircon, 
columbite, hercynite, uraninite, pyrochlore) are typ- 
ical of magmatic sapphires. The most common 
mineral inclusions in Ambondromifehy sapphires 
are feldspar crystals surrounded by “rosette-like” 
fissures. Similar-appearing inclusions have been 
described for corundums from elsewhere (see, e.g., 
Kiefert and Schmetzer, 1987; Guo et al., 1996a), 
with their consistent orientation—parallel to the 
basal pinacoid c—but not with the frequency 
observed in the northern Madagascar sapphires. 

Some Ambondromifehy sapphires contain a col- 
orless to gray central core, with a hexagonal outline, 
which is surrounded by milky white to blue-violet 
areas (figure 10, inset). This unusual feature is rarely 
found elsewhere. Similar colorless core zones, but 
with a triangular outline, occur in blue magmatic- 
type sapphires from Vietnam (Smith et al., 1995). 

The UV-Vis-NIR absorption spectra of the 
Ambondromifehy BGY magmatic sapphires have 
features typical of those seen in basaltic sapphires 
from other localities (Schmetzer, 1987; Schmetzer 
and Kiefert, 1990; Kiefert and Schmetzer, 1991, 
Krzemnicki et al., 1996; Schwarz et al., 1996; 
Sutherland et al., 1998b). Therefore, absorption spec- 
tra cannot be used to distinguish Ambondromifehy 
sapphires from those of other basaltic fields. 
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As shown in the correlation diagrams (figure 25), 
the trace-element contents of Ambondromifehy 
sapphires overlap with those of magmatic samples 
from Barrington and Pailin (see Sutherland et al., 
1998b). Further overlap has been observed in popu- 
lation fields of magmatic sapphires from Nigeria, 
Laos, and various other Australian basalt fields (D. 
Schwarz, unpublished data). Similar trace-element 
contents were also described for magmatic sap- 
phires from Shandong Province, China (Guo et al., 
1992). Consequently, the separation of magmatic 
sapphires from different basalt fields by their trace 
elements seems rather unlikely. Nor is there any 
significant difference in internal features or gemo- 
logical properties that could be used to separate sap- 
phires formed in this environment. 


Comparison to Andranondambo Sapphires. The 
gemological characteristics of sapphires from 
Andranondambo, southeastern Madagascar, were 
detailed by Schwarz et al. (1996) and by Kiefert et 
al. (1996). Subsequent studies of the associated 
mineral assemblages attributed their formation to 
metamorphic skarn processes (Gtibelin and Peretti, 
1997). The magmatic sapphires from northern 
Madagascar can be separated from the skarn-related 
Andranondambo sapphires on the basis of diagnos- 
tic growth patterns, inclusions, and spectroscopic 
features (see references cited above). Here, we com- 
pare the chemical properties of gem corundum 
from these two important localities (table 2). 
Ambondromifehy sapphires typically show high- 
er iron and gallium concentrations than Andra- 
nondambo stones. Individual trace elements show 
considerable overlap, so are not diagnostic. 
However, using the previously described correlation 
diagrams of Fe,O,/TiO, versus Cr,O,/Ga,O, and 
Fe,O,/Cr,O, versus TiO,/Ga,O,, a clear separation 
between most samples from these two deposits is 
possible (figure 25). We found that it is also possible 
to separate similarly colored blue sapphires from 
the new metamorphic Ilakaka deposits by trace-ele- 
ment chemistry (D. Schwarz, unpublished data). 


Distinction from Synthetic Sapphires. The separa- 
tion of Ambondromifehy sapphires from synthetic 
blue or yellow sapphires, regardless of the growth 
method (e.g., flame-fusion, flux, floating zone, 
Czochralski-pulled, hydrothermal), is fairly simple. 
Most of the internal features (e.g., growth patterns 
and mineral inclusions, when present) seen in the 
natural stones differ quite markedly from those 
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observed in laboratory-grown sapphires. Absorption 
spectra of Ambondromifehy sapphires overlap with 
those of some synthetic sapphires (e.g., some flux- 
grown Chatham or hydrothermal Russian synthet- 
ic sapphires). However, the trace-element composi- 
tion of the natural sapphires reveals significant dif- 
ferences from their man-made counterparts. In gen- 
eral, with careful microscopic examination, the 
experienced gemologist can determine conclusively 
the natural or synthetic origin of an unknown sap- 
phire in the yellow to blue color range (see, e.g., 
Liddicoat, 1989; Thomas et al., 1997). 


Figure 25. In these trace-element correlation 
diagrams, the population field of the skarn- 
related sapphires from Andranondambo shows 
minor overlap with that of the magmatic sam- 
ples from Ambondromifehy. Chemical correla- 
tion diagrams are one of the techniques used to 
separate sapphires and rubies from different 
host rocks. 
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SUMMARY AND CONCLUSIONS 


A large region in northern Madagascar, near the 
town of Ambondromifehy, has been the source of 
considerable quantities of sapphires in a variety of 
colors, but primarily blue, blue-violet, greenish 
blue, and yellow. Much of the digging for these allu- 
vial deposits has occurred in or near the Ankarana 
Special Reserve, which has led to significant prob- 
lems with ecologists. Most of the sapphires in virtu- 
ally all hues are heat treated to remove milkiness in 
all or part of the stone and produce a better color. 
Ninety per cent of the crystals heat treated for this 
study changed to a more transparent and more 
attractive blue-violet to blue. Several asteriated 
stones were examined, a few with unusual colorless 
to gray cores. 

The faceted Ambondromifehy sapphires showed 
distinctive internal growth patterns. In addition, 
many contained unusual rosette-like features: min- 
eral grains (some identified as feldspar) surrounded 
by a discoid fissure with flattened two-phase inclu- 
sions. Spinel, uraninite, and columbite were also 
identified. 

The absorption spectra and EDXREF analyses pro- 
vided results that are typical for basaltic-magmatic 
sapphires from other localities. However, these 
same analyses (as well as internal growth patterns 


and inclusions) can be used to separate magmatic 
sapphires from sapphires that formed in a different 
environment, such as the skarn-related sapphires 
from the Andranondambo deposit in southeastern 
Madagascar. 

Although mining in Ambondromifehy dropped 
sharply with the discovery of sapphires in Ilakaka 
(and the movement of miners to that area), activity 
in northern Madagascar has increased in recent 
months. It appears that there is still considerable 
potential, but most of the mining continues to be 
small scale, with little or no mechanization. 
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PRE-COLUMBIAN GEMS AND 
ORNAMENTAL MATERIALS FROM 
ANTIGUA, WEST INDIES 


By A. Reg Murphy, David J. Hozjan, Christy N. de Mille, and Alfred A. Levinson 


Two archeological sites that were discovered 
recently on the island of Antigua appear to 
have had flourishing lapidary industries. 
Excavation of these sites, which date to about 
250-500 AD (Saladoid period), has revealed 
beads, pendants, and “zemis” made from a 
variety of materials, with shell being the most 
abundant. All of the unworked materials (e.g., 


shell, carnelian, and diorite) are of local origin. 


However, amethyst, nephrite, serpentine, and 
turquoise were found only as finished gems; 
these are not local and imply that trade or 
exchange existed between Antigua and other 
parts of the Caribbean and possibly the 
Americas during Saladoid time. 
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re-Columbian gems and ornamental materials 

(fashioned as beads, pendants, and “zemis” |distinc- 

tive pointed religious objects} from the Caribbean 
Islands have been known since the 1870s (Watters, 1997a). 
Although such materials from various islands have been 
described in anthropological or archeological publications 
(e.g., Ball, 1941; Cody, 1991a; Watters and Scaglion, 1994), 
they have not been documented previously from the island 
of Antigua. 

Two archeological sites discovered recently on 
Antigua—Elliot’s and Royall’s (Murphy, 1999}—clearly were 
jewelry manufacturing centers, as evidenced by the presence 
of gem and ornamental materials in all stages of manufac- 
ture, from the raw material to the finished product (e.g., 
Watters, 1997b). Previously, only a few other isolated prehis- 
toric gem items composed of minerals or rocks (carnelian 
and diorite) were discovered on Antigua, although shell 
beads are fairly common (Murphy, 1999). In this article, we 
report the results of our research on the ancient jewelry 
industry of Antigua by cataloguing the lapidary objects and 
identifying the minerals and rocks from which they are fash- 
ioned (see, e.g., figure 1], as well as suggesting whether they 
are of local or nonlocal geographic origin. We then compare 
these results to those for three other lapidary-containing 
archeological sites in the eastern Caribbean Islands. 


DESCRIPTION OF THE SITES 


The site at Elliot’s was discovered in early 1996 while the 
land was being prepared for agriculture. It covers an area of 
about 5,550 m?. The Royall’s site, discovered in January 
1998 during land clearing for a housing development, cov- 
ers an area of about 39,000 m2, it is the largest of at least 
120 known prehistoric archeological sites on Antigua 
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Jewels of the Russian Diamond Fund 


By ALEXANDER E. FERSMAN} 
PART II 


“Not less beautiful than these col- 
ored stones are pearls. The Russian 
court always appreciated Burmit 
[Burman] and Kafir [Portuguese 
East Africa] pearls. There are many 
thousands of carats of pearls in 
strands, and among them are stones 
of rare beauty. Here is a magnificent 
bud, delicate, brilliant, of regular 
form, and weighing 52 carats; here 
is a very large pink pearl, weighing 
77 carats. ... 

“T am ending the description of the 
precious stones in the Diamond 
Fund, but the list is not complete. 
There are many other stones of the 
most brilliant hues. Here is a pink 
topaz from the sands of Brazil; 
dark green aleksandrit (chryso- 
beryl) from Ceylon (at night it 
has blood-red fire in it); beautiful 
aquamarines and beryls from 
Brazil—stones of deep blue water; 
small golden heliotropes from Trans- 
Baikal, mined in 1886 for the 
tzarina; remarkable  chrysolites, 
those olive-green stones, which are 
almost unknown in the present day 
market; here are turquoise in jewels 
of 1885; old German chrysoprase; 
smoky topaz; clear amethyst from 
the Urals; English agate. 

“In a different style is the famous 
riviere. It is a collier consisting of 
86 large diamonds, total weight al- 
most 476 carats. It is a matching of 
the largest solitaires, freely con- 
netted by silk threads. These 36 
remarkable stones, each of excep- 
tional value, form two rows; the 
upper row has 21 of the largest 
solitaires and it forms the basic 
riviere, the remaining 15, in com- 


{Translated by Marie Pavlovna Warner. 


bination with a small number of 
others, less valuable stones, form a 
row of freely hanging pendules. Un- 
doubtedly, this riviere is the only 
one of its kind in the whole world, 
and is tremendously impressive.* 
“Remarkable are several small 
pieces of jewelry: a diamond hair- 
pin made in the shape of a horn of 
plenty—signed work of the famous 
St. Petersburg jeweler Duval (Duval 
and son in 1796 took monopoly for 
manufacturing of precious things 
for the tzar’s court); diamond 
brooch in the shape of the rose with 
leaves, an interesting example of 
utilizing of yellow diamonds. .This 
was made by Petersburg’s firm, Far- 
berge. Especially interesting is an 
aigrette made in the shape of a 
fountain, the cut and the placing of 
diamonds representing falling water, 
in combination with large blue sap- 
phires which tremble with the least 
motion of the aigrette and give one 
the impression of a real fountain 
in the corner of the park... . 
“Doubtless the most remarkable 
piece of jewelry of the middle of 
the XVIIIth century is the famous 
bouquet of narcissi. In technique, 
composition and exceptional sim- 
plicity of the plot, it is the best piece 
of jewelry of the whole collection. 
The flowers are movable and the 
stems flexible, just as if real 
flowers; the petals are studded with 
white diamonds, the middle of the 
flower of bright yellow diamonds set 
in gold. . . . The jewelers of the 
XVIIIth century knew how to use 
stones of little value, or even de- 
fective stones.” (To Be Continued) 


*See Figure 6 on next page. 


(Nicholson, 1993). The sites are located approxi- 
mately 12 km (7 miles) apart (figure 2), amid grass- 
land and scrub vegetation. Their names are derived 
from nearby historical sugar plantations (on some 
maps or in other publications, these localities are 
spelled “Elliots” and “Royal’s” or “Royals”). 
Within two weeks of the discovery of each site, 
members of the Museum of Antigua and Barbuda 
began surface reconnaissance. It was immediately 
evident that the sites contained a diverse selection of 
the material culture of the early inhabitants, includ- 
ing lapidary and ceramic items, as well as stone arti- 
facts such as axes. Surface sampling conducted in 
July 1998 by the University of Calgary Archeology 
Field School Antigua confirmed the temporal and 
cultural affiliation of these ancient settlements. 
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Figure 1. These beads 
and pendants are repre- 
sentative of the many 
different lapidary 
objects that were recov- 
ered from the Elliot’s 
site on the Caribbean 
island of Antigua. From 
the top left: Column 1= 
tuff, nephrite; column 2 
= barite, serpentine, 
diorite; column 3 = 
nephrite (frog carving), 
amethyst, chalcedony; 
carnelian (fragment); 
column 4 = amethyst, 
quartz, carnelian. All of 
these objects are fin- 
ished except for the 
barite and chalcedony, 
which lack drilled 
holes. Note, for scale, 
that the nephrite carv- 
ing in column 1 is 6.5 
cm long and 0.7 cm 
wide. 


BACKGROUND 

Archeology. The human history of Antigua is inti- 
mately associated with that of the other islands in 
the Lesser and Greater Antilles (again, see figure 
2), and derives from the migration of ancient 
Amerindians from mainland regions (Wilson, 
1997a, b). The earliest substantiated settlement in 
Antigua is dated at about 1775 BC (Nicholson, 
1993). In approximately 450 BC, Saladoids began to 
settle in the Antigua region (Rouse, 1976; Murphy, 
1999). Saladoid is a generic name given to an 
Arawak-speaking, pre-Columbian, ceramic- and 
agriculture-oriented people from the lower 
Orinoco River valley; the type archeological site is 
at Saladero, Venezuela (Rouse, 1992; Allaire, 1997). 
Over time, the Saladoids traveled from Trinidad 
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northward to the Virgin Islands and Puerto Rico. 

The lapidary items described here are associated 
with the Saladoid culture, specifically during the 
period 250-500 AD. This is based on carbon-14 age 
dates of 435 and 440 AD on charcoal at the Royall’s 
site, and on diagnostic pottery at both the Royall’s 
and Elliot's sites (figure 3). These sites are represen- 
tative of the peak of Saladoid culture and artistry 
(Murphy, 1999). 

Over time, certainly from 800 AD onward, the 
Saladoid culture evolved into various regional island 
cultures throughout the Antilles. The Historic Age 
of the Leeward Islands (the northern half of the 
Lesser Antilles, which includes Antigua) began in 
1493 with their discovery by the Spanish. It appears, 
however, that the complex artistry and lapidary 
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Figure 2. The Lesser Antilles 
is a chain of predominantly 
volcanic islands that 
stretches about 700 km 
(435 miles) along the east- 
ern part of the Caribbean 
Sea, from the Virgin Islands 
and Sombrero in the north 
to Trinidad in the south. 
The Greater Antilles is 
another group of mainly 
larger islands to the north 
and west that includes 
Cuba, Jamaica, Hispaniola, 
and Puerto Rico. The West 
Indies includes the Lesser 
Antilles, the Greater 
Antilles, and the Bahamas. 
The Elliot’s and Royall’s 
archeological sites are 
located in eastern and 
northern Antigua, respec- 
tively, only about 12 km 
from each other. 


skills of the Saladoid culture had been lost by that 
time (Nicholson, 1993; Murphy, 1999). It is also evi- 
dent that there was no trade in nonindigenous gem 
materials, because no such materials have been 
found in post-Saladoid archeological sites (Rouse, 
1992; Crock and Bartone, 1998). The earliest 
European settlement of Antigua was British colo- 
nization in 1632 (Nicholson, 1991). 


Geology. A brief review of the geology of Antigua is 
useful for inferring the local or nonlocal origin of 
the gems and ornamental materials recovered. 

Of the several studies that have been made on 
the geology of the Lesser Antilles in general, and of 
Antigua in particular, those by Martin-Kaye (1969), 
Multer et al. (1986), and Weiss (1994) are particularly 
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applicable to this report. These islands form an arcu- 

ate chain that separates the Caribbean Sea from the 

Atlantic Ocean (again, see figure 2). The location of 

the islands, and the great amount of volcanic activi- 

ty characteristic of this part of the Caribbean, is 
related to plate tectonics, specifically to the subduc- 
tion of the Atlantic Plate under the Caribbean Plate. 
Essentially, Antigua is made up of volcanic rocks 
on which limestones were deposited; all the rocks 
are Oligocene in age (ca. 36-23 million years old). 

The island is divided into three geologic regions 

with distinctive physiographic characteristics (fig- 

ure 4). As summarized from Weiss (1994): 

e The Basal Volcanic Suite occupies the south- 
western 40% of Antigua. It consists mainly of 
basalt and andesite flows, and pyroclastic rocks 
(e.g., tuff). The Suite also contains some minor 
intrusive plugs (e.g., quartz diorite), dikes, and 
sills, as well as some sedimentary rocks (e.g., 
limestones) intercalated with the volcanics. 
This part of the island is characterized by 
rugged topography. 

e The Central Plain Group occupies the central 
20% of the island. It consists predominantly of 
sedimentary rocks (e.g., limestone, chert), with 
minor amounts of volcanic rocks (e.g., tuff). 


Figure 3. Anthropomorphic (human-like) effigies 
such as these, which are common on ceramic 
vessels from the Saladoid period, helped estab- 
lish the approximate time period when these lap- 
idary sites were active. These figurines were 
found at the Royall’s site, but identical objects 
have been recovered from Elliot’s and many 
other 250-500 AD Saladoid sites in the Lesser 
Antilles and Venezuela. The larger effigy is about 
7.8 cm in its long direction. 
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Figure 4. This simplified geologic map of 
Antigua illustrates the three main rock units 
(after Weiss, 1994). The Elliot’s and Royall’s 
ancient lapidary sites are on the Antigua 
Formation, which consists mostly of carbon- 
ate rocks (limestones and ancient coral reefs). 


Topographically, the Group occupies an area of 
low relief. 

e The Antigua Formation, the youngest of the 
three regions, occupies the northeastern 40% of 
Antigua, including the smaller offshore islands. It 
consists predominantly of limestones and 
ancient coral reefs. The area is moderately 
rugged, and the highly indented coast is charac- 
terized by bays fringed with mangroves and sand 
beaches. Many living coral reef communities 
thrive within and offshore the bays and islands. 
The Elliot’s and Royall’s lapidary industry sites 
are found within this geologic formation. 


MATERIALS AND METHODS 


Preliminary surface (figure 5) and subsurface sam- 
pling was conducted at each site to confirm its 
archeological nature. Subsequently, four pits (each 1 
m2) at Royall’s (see, e.g., figure 6) and one at Elliot’s 
were excavated by brush and trowel, in 10 cm lev- 
els. All soil was passed through 2 mm mesh sieves 
to facilitate the recovery of minute beads and lithic 
by-product debris; material smaller than 2 mm was 
discarded. All cultural material recovered, including 
beads and raw materials that showed evidence of 
having been worked, was retained for analysis (see 
Murphy, 1999, for further details of the field proce- 
dures). By mid-1999, less than one percent of the 
area of each site had been studied. 

A total of 642 specimens collected over two field 
seasons (during the summers of 1997 and 1998) 
were selected for this research: 149 from Elliot’s 
(see, e.g., figure 1) and 493 from Royall’s. They were 
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Sg, aS et 
Figure 5. Students from the University of Calgary 
Archeology Field School Antigua are shown here shov- 

el testing (i.e., examining surface samples, to approxi- 

mately the depth and width of a shovel, to determine 
the boundaries of the site) at Royall’s in July 1998. 


sorted into categories based on visual characteristics 
such as color, composition (e.g., shell or rock), 
shape, and physical properties such as specific gravi- 
ty. They were further categorized as finished jewel- 
ry, blanks (partially worked material], zemis, or raw 


Figure 6. This pit at the Royall’s site measures 1 m? 
and 90 cm (about 3 ft.) deep. The black horizon on 
the bottom is an ancient soil (paleosoil) horizon. All 
Saladoid-period archeological objects (including gem 
and related materials) recovered from this site have 
been found only above the paleosoil horizon. 
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(unworked) materials. Excluded from this study 
were various rock types (basalt, felsic volcanics, and 
some limestones], ceramic materials, faunal 
remains (e.g., animal and fish bones), and artifacts 
such as axes, because they were not used by the 
Saladoid culture for jewelry or other ornamental 
purposes. Raw shell materials were not included in 
this study, as they are extremely common and diffi- 
cult to distinguish from food-related shell debris or 
shells used for other purposes. 

Representative samples from each category were 
selected for detailed mineralogic or petrologic identi- 
fication. Customarily, archeological artifacts are not 
subjected to destructive analytical techniques. Thus, 
analysis on most of the study specimens was limited 
to nondestructive methods: that is, microscopic 
examination (at least 100 specimens), specific gravity 
measured by the hydrostatic method (at least 40 
specimens), and qualitative chemical composition for 
sodium and heavier elements (on at least 40 speci- 
mens) by energy-dispersive X-ray spectrometry using 
a Cambridge Model 250 scanning electron micro- 
scope (SEM-EDS). Refractive indices could not be 
obtained with a gemological refractometer for any of 
the specimens, as received, because of the poor quali- 
ty of their surface polish; however, a flat surface was 
polished on one chalcedony sample for R.I. determi- 
nation. Laser Raman microspectrometry was used to 
confirm our identification of five finished specimens. 

Limited destructive testing was done on broken 
or partially finished specimens, or on raw materials. 
These included 25 powder X-ray diffraction (XRD) 
analyses, 20 hardness (scratch) determinations, and 
effervescence with dilute hydrochloric acid to test 
for carbonates (on about 20 samples). Eleven thin 
sections were made for petrographic study of 
expendable rough or broken fragments of rocks such 
as tuff and diorite, and minerals such as chalcedony. 
After documenting representative samples of the 
minerals and rocks, we identified most of the 
remaining specimens by comparison, using micro- 
scopic study and one or more of the nondestructive 
methods discussed above. 

The several varieties of quartz (amethyst, car- 
nelian, chalcedony, and jasper) were distinguished 
following the nomenclature of Hurlbut and 
Kammerling (1991). Thus, we use chalcedony as a 
general term for microcrystalline to cryptocrys- 
talline fine-grained varieties of quartz that are 
translucent, commonly light colored with a waxy 
luster, and have the following properties: an S.G. 
lower than 2.60, slight porosity (which may be seen 
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TABLE 1. Saladoid gem and ornamental materials from Antigua identified in this study.® 


Elliot’s site Royall’s. site 
Gem and orna- Raw Beads Beads Pendants Zemis Raw Beads Beads Pendants Zemis 
mental materials material — (blank) (finished) (finished) material — (blank) (finished) (finished) 
Quartz family gems 
Amethyst 3 
Carnelian 1 2 45 7 4 
Chalcedony 7 3 5 2 1 
Chert 1 1 1 
Jasper 3 
Quartz 6 3 13 2 3 
Other gem materials 
Barite 2 1 1 5 2 1 
Calcite 1 3 1 36 5 18 
Malachite 1 
Nephrite 2 1 
Serpentine 1 3 
Shell (aragonite/ — 21 52 9 a 72 181 34 7 
calcite) 
Turquoise 1 
Rocks 
Diorite 6 2 11 4 
Limestone 6 1 5 8 6° 6 3 
Tuff 
Total 18 35 70 14 12 118 96 230 42 7 


@All gem materials and rocks are inferred to be from Antigua except amethyst, nephrite, serpentine, and turquoise. 
’Raw shell material was not included because it is difficult to distinguish food-related shells from those intended for other purposes. 


‘Includes three samples of travertine. 


in thin section], and an RI. of about 1.54 (as deter- 
mined on the one specimen polished specifically for 
this study]. We use the term chert for a microcrys- 
talline siliceous rock of sedimentary origin, which 
may contain amorphous silica (opal) and the 
siliceous remains of organisms, in accordance with 
the definition of Jackson (1997). 


RESULTS 


Of the 642 specimens from both sites, we catego- 
rized 300 finished beads, 131 blank beads, 56 fin- 
ished pendants (no pendant blanks were recovered}, 
19 zemis, and 136 raw materials (table 1). We identi- 
fied 13 gem materials and three rock types. Nine of 
the gems were identified by X-ray diffraction analy- 
sis (augmented by visual discrimination and thin- 
section study in the case of the quartz family gems): 
aragonite (shell), barite, calcite (both shell and non- 
biogenic types), carnelian, chalcedony, chert, mala- 
chite, nephrite, and serpentine (see, e.g., figure 1). 
The remaining four gem materials were determined 
by their physical properties (e.g., S.G.) and/or chemi- 
cal components by SEM-EDS: amethyst, jasper, 
quartz (colorless or near-colorless, transparent or 


Pre-Columbian Gems from Antigua 


translucent}, and turquoise. Our identifications of 
five finished specimens were confirmed by Raman 
analysis: nephrite (2 samples), serpentine (antigorite, 
2), and turquoise (1). One finished specimen we 
identified as nephrite could not be confirmed by 
Raman analysis because of the poor surface polish. 
The three rock types were identified as diorite, 
limestone (including travertine), and tuff by petro- 
graphic (thin section) and binocular microscopy, as 
well as by visual observation. 

Various green materials with specific gravities 
of 2.2—2.6 were common at both sites, and present- 
ed special problems in both identification and 
nomenclature. Figure 7 illustrates six such speci- 
mens, which were identified by a combination of 
X-ray diffraction analysis and thin-section and 


microscopic studies as: chalcedony (3 samples], 
tuff (2), and chert (1). 


Gem Materials. Quartz Family Minerals. The three 
amethyst beads are semi-transparent, pale purple, 
and grade into colorless quartz (again see figure 1). 
The carnelian samples are semi-transparent to 
translucent brownish red to orangy red (figures 1 
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Figure 7. These green specimens, which are similar in 
both appearance and specific gravity (2.2-2.6), could 
not be identified conclusively without the use of X-ray 
diffraction analysis or other advanced techniques. They 
are (clockwise, from the large specimen on the bottom): 
tuff (about 3 cm long), malachite-rich tuff bead blank, 
chert bead, with all of the last three chalcedony. 


Figure 8. Carnelian was one of the most common gem 
varieties observed at the two lapidary sites, as raw 
material, blanks, and finished beads. These are from 
the Royall’s site; the smallest bead measures approx1- 
mately 12 mm and the largest piece of rough, 4 cm. 
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Figure 9. Shown here are a variety of semi-trans- 
parent to translucent objects from the Royall’s site 
that have been fashioned from single crystals or 
masses of calcite (which is distinct from the 
opaque calcite derived from shells). They represent 
all stages in the production of small beads. The 
smallest bead shown here measures approximately 
3 mm; the largest piece of rough, 4 cm. 


and 8). The chalcedony objects (figures 1 and 7) are 
either white or green. 

Two green chert specimens from the Royall’s site 
(again, see figure 7) were found to consist of quartz, 
cristobalite, and mordenite; one also contained anal- 
cime. A green radiolarian chert was found at Elliot’s. 
The three specimens of jasper raw material are 
opaque due to admixture with abundant iron oxides. 
Transparent colorless quartz beads and pieces of 
rough were found at both sites (figure 1). 


Figure 10. This 9 x 11 mm bead, from the Royall’s 
site, is the only piece of turquoise identified from 
the samples studied. Photo by Maha Tannous. 
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Figure 11. Note that there are two parts to this 
thorny oyster (Spondylus americanus) shell: The 
inner (white) part is composed of aragonite, while 
the outer (red) part has been converted to calcite. 
The specimen is about 9.6 cm long and 7.6 cm wide. 


Other Gem Materials. Also as illustrated in figure 
1, a small number of white to yellowish white 
opaque pieces and finished beads of barite were 
found at each site. Calcite (white to tan) was partic- 
ularly abundant at the Royall’s site. The semi-trans- 
parent to translucent calcite fashioned from crystals 
(figure 9) is easily separated from the opaque calcite 
derived from shell, which typically has a reddish 
component (discussed below). 

One specimen of malachite-rich tuff (figure 7) 
was found at the Elliot’s site. The three finished 
pendants identified as nephrite (two are shown in 
figure 1) range from slightly yellowish green to very 
dark green. The serpentine beads (again, see figure 1) 
range from yellowish green to dark green. One 
small bluish green turquoise bead was found at the 
Royall’s site (figure 10). 

Shell was the most abundant locally available 
omamental material; it represents 74% of all the 
worked (i.e., finished and blank) objects in this 
study. Thirteen species of shellfish have been iden- 
tified at the Elliot’s and and/or Royall’s sites 
(Murphy, 1999). However, the shell jewelry and 
ornamental objects we examined were made from 
only two species: (1) predominantly, the queen 
conch (Strombus gigas); and (2) to a lesser extent, 
the thorny oyster (Spondylus americanus). 
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Many shells are composed of aragonite when ini- 
tially formed by the living shellfish. However, arago- 
nite is not a stable mineral and, especially in the 
marine environment, the outer part will rapidly (in a 
matter of years) convert to calcite (figure 11). Thus, 
depending on what part of the shell is used for jewel- 
ry, the piece could contain aragonite and/or calcite. 
Most of the specimens in this study are aragonite. 

The skill with which Saladoid craftsmen 
designed and manufactured ornamental shell 
objects may be gauged from the disc-shaped beads 
shown in figures 12 and 13, and from the pendants 
in figure 14. Zoomorphic (e.g., animal heads; see the 
bird-shaped pendant in figure 14) and anthropomor- 
phic (e.g., human faces; see figure 3) themes are 
common and also skillfully produced in shell 
throughout the region inhabited by the Saladoid 
culture. Figure 15 illustrates zemis carved from 
shell material. 


Figure 12. These white beads and a blank from the 
queen conch (Strombus gigas) were found at the 
Royall’s site. All are composed of aragonite. The 
blank is about 34 mm in its longest dimension, 
and the smallest bead is about 3 mm in diameter. 
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Figure 13. Red beads and blanks from the Royall’s 
site represent all stages of bead production. 
Composed of calcite, they originate from the outer 
part of the thorny oyster shell. The largest blank is 
about 15 mm in its longest dimension, and the small- 
est bead has an external diameter of about 2.5 mm. 


Rocks. The coarse-grained, unaltered diorites vary 
from light to dark, as determined by the relative 
amounts of white and black minerals (see figures 1 
and 16]. Thin-section examination revealed that the 
diorite is composed of variable amounts of plagio- 
clase and amphibole, with minor quartz. 

Most of the limestones are light colored, but 
some have dark streaks or zones of organic matter. 
Three specimens from Royall’s are composed of cal- 
cite and have the distinctive wavy textures of 
travertine (see, e.g., figure 17); we have classified 
them as limestones. 

The tuff specimens showed the greatest varia- 
tion in color appearance, texture, and mineral com- 
position of the three rock types studied (again, see 
figures 1 and 7). They were also the most problem- 
atic to classify. In general, the tuff samples are light 
to medium green, have an altered fine-grained 
matrix, and have a low specific gravity; these char- 
acteristics reflect tuff’s origin as consolidated vol- 
canic ash. 
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DISCUSSION 

Sources of the Lapidary Materials. Even though 
Antigua is a small island, most of the gem materi- 
als and rocks listed in table 1 are known to occur 
there. Barite, carnelian, chalcedony, chert, jasper, 
and quartz (both transparent and translucent) were 
mentioned in the geologic literature of the early to 
mid-19th century (Anonymous, 1818; Nugent, 
1818, 1821; Hovey, 1839). Martin-Kaye (1959) 
described a barite quarry from which this mineral 
was mined between 1942 and 1945, he also men- 
tions two small occurrences of malachite that are 
found as accumulations (as pockets or flakes) or 
stains within tuffs. Shell is abundant in the waters 
and reefs surrounding Antigua, as well as in certain 
units of the Antigua Formation. Limestone and tuff 
are common constituents of the Antigua 
Formation and Basal Volcanic Suite, respectively. 
The diorite may have come from an outcrop on the 
south coast of Antigua that was documented by 
Multer et al. (1986). 

Calcite has not been reported from Antigua as 
transparent or translucent crystals or masses, 
although it may be present in solution cavities in 
limestones of the Antigua Formation. The same 
observation applies to travertine. Indeed, at the 
American Museum of Natural History in New 
York, there are etched “dog tooth” calcite crystals 
up to 4cm in length, with clear portions inside, that 
are reportedly from St. John’s, Antigua (G. E. Har- 
low, pers. comm., 1999). Thus, we believe that the 
calcite found at both the Elliot’s and Royall’s sites is 
probably of local origin. 

There are no geologic reports or known occur- 
rences of amethyst, nephrite, serpentine, or 
turquoise on Antigua. Given the geology of the 
island, we do not expect them to be present— 
although we recognize that since carnelian, chal- 
cedony, and quartz exist on the island, the occur- 
rence of amethyst is a possibility, especially in the 
basalts. We propose that amethyst, nephrite, serpen- 
tine, and turquoise are of nonlocal origin. 
Noteworthy is the fact that there are only 11 such 
nonlocal specimens (about 2% of the total}, and 
these have been found only as finished objects. 


Other Saladoid Lapidary Sites in the Eastern 
Caribbean. Comparison of our data to those 
obtained from three well-documented Saladoid lap- 
idary sites of comparable age on three islands in the 
eastern Caribbean (figure 2) is instructive. The three 
sites are: Vieques Island, Puerto Rico (Chanlatte 
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Baik, 1983; Cody, 1990; Rodriguez, 1991); Pearls, 
Grenada (Cody, 1990; Cody, 1991a and b); and 
Trants, Montserrat (Watters and Scaglion, 1994, 
Crock and Bartone, 1998). 

We do not know what role shell jewelry played 
in these three sites, because those conducting the 
research on the gems and ornamental stones were 
concerned primarily with jewelry composed of 
minerals and rocks. We do know that most of the 
gem materials and rocks, except for barite and tuff, 
listed in table 1 also have been found in at least one 
of these three other Saladoid lapidary sites. 
However, there are distinct differences in details of 
the production at the various sites. For example, 
Grenada probably was a center for the manufacture 
of amethyst beads (Cody, 1991b), whereas 
Montserrat specialized in carnelian beads (Watters 
and Scaglion, 1994). If only the mineral and rock 
component of the Antigua production is considered 
(again, see table 1), then carnelian was a major cut- 
ting material (second only to calcite) at this loca- 
tion, as it was at Montserrat. Further, raw material 
and blank beads of carnelian greatly exceeded the 
number of finished beads at Montserrat (Watters 
and Scaglion, 1994), which is identical to the situa- 
tion at Royall’s. These similarities between 
Antigua and Montserrat are not surprising, given 
the close proximity of these islands to each other 
(again, see figure 2). 

Through the courtesy of Dr. D. R. Watters, we 
compared about 30 specimens of rough (unworked) 
carnelian from the Trants site with 12 specimens 
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Figure 14. These aragonite 
pendants were carved 
from queen conch shell. 
The artifact on the right 
(about 4 cm tall) is in the 
form of a bird. 


of rough carnelian from the Royall’s site. The car- 
nelians from both sites are remarkably similar in 
appearance (e.g., some are mottled with color 
gradation from orangy red to white chalcedony, 


Figure 15. The pre-Columbian (specifically 
Saladoid) Caribbean spiritual ornaments known as 
zemis always have the same approximate shape, 
regardless of their particular origin or composition. 
These zemis are carved from queen conch shell; 
the widest specimen measures 3.5 cm. 
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Figure 16. The color of diorite varies depending on 
the proportion of light and dark minerals (predomi- 
nantly plagioclase and amphibole, respectively) 
that are present, as shown by these four beads and 
a zemi from the Elliot’s site. The largest bead mea- 
sures about 4.4 cm, and is broken. 


some have dark orangy red rinds surrounding 
white opaque chalcedony, some have a banded tex- 
ture with the bands ranging in color from orangy 
red to white, and some are translucent with only a 
slight reddish color), which suggests the same geo- 
logic source. As carnelian is reportedly nonlocal to 
Montserrat, it is possible that the supply of this 
material came from Antigua, which suggests trad- 
ing between these two islands. 


Sources of the Nonlocal Materials. The four nonlocal 
worked minerals (amethyst, nephrite, serpentine, and 
turquoise) from Antigua are also found at most of the 
other eastern Caribbean sites. A challenge for arche- 
ologists has been to determine the original source of 
these minerals. Most favor South America, because 
of the generally accepted migration path of the 
Saladoid people (see above). Possible South American 
sources are hypothesized by Cody (1990, 1991a) for 
amethyst (Brazil and Guyana), nephrite (Brazil, 
Guyana, and Venezuela), serpentine (Venezuela), and 
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turquoise (Brazil and Chile), based solely on their 
known geologic occurrences. Turquoise from the 
southwestern U.S. seems unlikely, because signifi- 
cant mining did not start there until about the 5th 
century AD (Ball, 1941). Several authors (e.g., 
Rodriguez, 1991) suggest southwestern Puerto Rico 
as a source of serpentine. Nevertheless, with respect 
to South American sources for the nonlocal gem 
materials found in the Caribbean Islands, Watters 
(1997a, p. 7) pointed out that “empirical evidence of 
such sources is largely lacking.” 


CONCLUSION 

A flourishing lapidary industry, attributed to people 
of the Saladoid culture, existed on Antigua during 
the period 250-500 AD. From excavations at the 
Elliot’s and Royall’s archeological sites, 13 gem 
materials (including shell) and three rock types used 
for gem and ornamental purposes have been identi- 
fied. Most of the jewelry artifacts recovered (mainly 
beads) were made of shell. Calcite, carnelian, 
quartz, diorite, and limestone were also important 
lapidary materials. Eleven of the 642 specimens 
studied are composed of minerals (amethyst, 
nephrite, serpentine, and turquoise) that do not 


Figure 17. These bead blanks from the Royall’s site 
are made of limestone, probably travertine. The 
larger one measures about 3 cm. 
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Figure 6 
Famous Russian riviere— 
a collier consisting of 36 
large diamonds with a 
total weight almost 476 
carats. Photograph shows 
actual size of the riviere. 


Reproduced from 
“Russia’s Treasure of 
Diamonds and Precious 
Stones.” 


occur on Antigua. These were found only as fin- 
ished objects, and apparently arrived on Antigua as 
a result of trade. We can only speculate as to the 
geographic origins of these nonlocal samples. 

The lapidary industry in Antigua appears to have 
similarities with that at nearby Montserrat, specifi- 
cally in that carnelian was important among the 
stone objects at both sites. This article demon- 
strates how the gemological characterization of 
ancient gem materials can help archaeologists 
locate the source of the rough materials used in 
ancient jewelry and suggest early trade patterns. 
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NOTES AND NEW TECHNIQUES 
SSS 


(GEM-QUALITY HAUYNE FROM THE 
EIFEL DISTRICT, GERMANY 


By Lore Kiefert and H. A. Hanni 


Haiiyne is a rare mineral and an extremely rare gemstone. Recently, the 
authors studied a large number of faceted haiiynes from the Eifel district of 
Germany. The R.L. and S.G. data were consistent with those reported in the 
literature, and the samples’ identity was confirmed by Raman spectrometry, 
with the key maxima at 543 and 988 cm™. EDXRF analyses revealed 
potassium and iron, as well as the major and minor elements expected in 
haiiyne. Although mineral inclusions were uncommon, apatite and augite 
were identified, and negative crystals (often surrounded by healed frac- 
tures) were seen in approximately one-third of the stones. Short needles and 
fine, dust-like particles were present in about half the samples. Paraffin wax 


was identified in some open fissures. 


In the summer of 1999, the authors were surprised 
to receive 100 faceted hatiynes (pronounced “how- 
een”) for analysis. The client who submitted these 
stones subsequently fashioned most of them into a 
brooch set with diamonds and a pink sapphire (fig- 
ure 1). This butterfly brooch sold at the Sotheby’s 
November 1999 Geneva auction for 45,000 SFr 
(approximately US$30,000). 

In spite of its attractive color, however, haiiyne 
is rarely seen in jewelry. Not only is the mineral 
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itself rare, but it also has a relatively low hardness 
(5.5-6 on Mohs scale). 

Transparent haiiyne primarily occurs as small 
crystals (see also Mertens, 1984) of an unusual bright 
“apatite” to “sapphire” blue color. Mineralogically, 
it is a feldspathoid that belongs in the sodalite group 
(which also includes sodalite, lazurite, and nosean), 
and is often one of the components of lapis lazuli. 
The chemical formula for hatiyne is ideally 
(Na,Ca), ,Al,Si,(O,S),,({SO,,Cl), , (Mandarino, 1999). 
The crystal system for this silicate is cubic, the crys- 
tal class is 43m. Cleavage planes are distinct in the 
{110} direction, and twinning is common along {111}. 
Hatiyne has been reported as white to gray, green, 
yellow, and red (Arem, 1987), but only the blue color 
has been noted thus far as faceted material. 


GEOLOGY AND OCCURRENCE 

Hatiyne is found in association with alkaline vol- 
canic rocks (mainly phonolites, which are com- 
posed of alkali feldspar, mafic minerals, and felds- 
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pathoids; figure 2). It has been reported from many 
countries, including the U.S., Canada, France, Italy, 
Spain (Tenerife), Morocco, and Germany (Arem, 
1987). In Germany, it occurs in relative abundance 
near Laacher See in the Eifel Mountains as gem- 
quality crystals of an unusual blue color and trans- 
parency. Gem-quality material has not been report- 
ed from other sources (Fischer and Birger, 1976; 
Arem, 1987). 

In the Eifel Mountains, hatiyne formed in a 
magma chamber approximately 2-4 km below the 
surface, together with a suite of minerals including 
sanidine, nosean, nepheline, leucite, plagioclase, 
amphibole, augite, magnetite, titanite, phlogopite, 
apatite, and olivine (Matthes, 1983; Wérner and 
Schmincke, 1984). This phonolitic magma was 
volatile-rich and chemically zoned, with a strong 
decrease in sulfur during progressive magmatic dif- 
ferentiation, which is interpreted to be partially 
caused by crystallization of hatiyne (Harms and 
Schmincke, 2000). This magma erupted approxi- 
mately 12,900 years ago, and the resulting volcanic 
rocks were deposited in three zoned layers. The bot- 
tom layer, which corresponds to the top of the 
magma chamber, is relatively crystal-poor and con- 
sists of a nearly aphyric, highly differentiated 
phonolite. The top layer, which transported the 
contents of the bottom of the magma chamber with 
crystal enrichment, consists of a relatively crystal- 
rich mafic phonolite. Hatiyne is found throughout 
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Figure 1. The authors had 
an opportunity to examine 
all of the hatiynes before 
they were set in this attrac- 
tive brooch with diamonds 
and a pink sapphire. The 
hatiynes range from 0.095 
to 0.173 ct. Photo courtesy 
of Della Valle. 


all three layers (Schmincke, 2000; Harms and 
Schmincke, 2.000). 

We know of no attempts to mine haiiyne com- 
mercially. Most of the crystals are found by amateur 
collectors (see, e.g., Linde, 1998). In the Eifel district, 


Figure 2. At Laacher See, hatiyne is found in a 
phonolitic pumice. This crystal measures 1.5 
mm in longest dimension. Photo by 
Jean-Pierre Chalain. 
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Figure 3. These 100 faceted round and oval 
hatiynes, which were submitted to SSEF for 
examination, represent a large portion of the 
samples examined for this study. They were 
reportedly from Laacher See, in the Eifel 
Mountains of Germany. The stones range from 
0.095 to 0.173 ct. Photo by Lore Kiefert. 


the majority of the stones come from a commercial 
pumice mine. Whenever a new layer is blasted from 
the high wall of pumice stone, collectors arrive to 
search for these rare blue crystals. On the market, 
even the rough stones are sold by carat weight rather 
than by grams (C. Wild, pers. comm., 2.000). 


MATERIALS AND METHODS 


The 100 faceted round and oval hatiynes that were 
submitted to our laboratory for examination (figure 
3) ranged from 0.095 to 0.173 ct (and from 3.11-3.16 
x 2.02 mm to 3.68-3.74 x 2.56 mm for the round 
stones; 3.50 x 2.81 x 1.66 mm to 4.15 x 3.92, x 2.20 
mm for the ovals). Additional hatiynes from the 
Eifel district were supplied by the companies 
Gebriider Bank and W. Constantin Wild, both of 
Idar-Oberstein, Germany: approximately 80 crystal 
fragments between 0.01 and 0.15 ct, 15 small 
faceted stones (0.02—0.10 ct), and six larger faceted 
stones (0.15-0.83 ct). A 1.5 mm (diameter) crystal in 
pumice matrix (again, see figure 2) and a faceted 
hatiyne of 0.15 ct from the SSEF collection complet- 
ed the samples. All hattyne in this study was mined 
in the Eifel district (C. Wild and G. Bank, pers. 
comm., 2000). 

We measured the refractive indices of 10 sam- 
ples with an Eickhorst GemLED refractometer with 
an LED monochromatic light source (equivalent to 
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NaD light, 4 = 589 nm). Specific gravity was deter- 
mined hydrostatically for 31 faceted samples. For all 
samples, we observed reaction to long-wave (365 
nm) and short-wave (254 nm) ultraviolet radiation 
in a darkened room. Internal features of all samples 
were examined using a standard gemological micro- 
scope in conjunction with brightfield, darkfield, and 
oblique fiber-optic illumination. Photomicrographs 
were taken with a Wild M8/MPS55 stereozoom 
microscope. 

We recorded visible-range spectra for three 
faceted samples of variable color intensity using a 
Hitachi U4001 spectrophotometer in the 290-800 
nm range. We recorded infrared spectra for three 
stones in the range 500-6000 cm=! with a Phillips 
PU 9800 Fourier transform infrared (FTIR) spec- 
trometer to check for any treatment. Qualitative 
chemical analyses by energy dispersive X-ray fluo- 
rescence (EDXRF) of four faceted samples were per- 
formed using a Tracor Spectrace 5000 instrument, 
optimized for the detection of medium-weight (Ca- 
Ga) elements. We recorded Raman spectra on four 
samples (three faceted and one crystal), plus the 


TABLE 1. Properties of haliyne from the Eifel district, 


Germany. 
Ideal formula (Na,Ca),_,Al,Si,(0,S),,(SO,,Cl),_» 
Color Light blue to dark blue 
Clarity Transparent to translucent 
Refractive index 1.498-1.507 
Birefringence None, sometimes slight anomalous 


Optical character 

Specific gravity 

Hardness 

UV fluorescence 
Long-wave (365 nm) 
Short-wave (254 nm) 


Inclusions 


UV-Vis absorption 


FTIR spectral features 


Raman spectral features 


birefringence 
Isotropic 
2.46-2.48 

5.5-6 (reported)? 


Inert to bright orange 

Inert to slightly red 

Apatite, augite, unidentified small 
needles and particles, unidentified 
dark opaque hexagonal mineral, 
negative crystals, partially healed 
fissures, and fissures treated with 
paraffin wax 

Spectroscope: Broad weak band in 
the yellow range 
Spectrophotometer: Broad band at 
600 nm, small band at 380 nm, 
absorption edge at 300 nm 

Major absorption bands at 3593 
and 3697 cm-! 

Major peaks at 440, 543, 988, 
1089, and 1635 cm"! 


*From Arem (1987). 
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Figure 4. The hatiyne samples examined ranged 
from a deep “sapphire” blue to a light “apatite” 
blue. These faceted stones weigh 0.2-0.8 ct. 
Photo by Lore Kiefert. 


inclusions in several stones, with a Renishaw 
Raman System 1000 spectrometer equipped with a 
CCD Peltier detector and an argon ion laser (514 
nm) with a power of 25 mW. 


RESULTS AND DISCUSSION 


The properties determined for these samples are 
summarized in table 1 and discussed below. 


Physical Properties. The samples ranged from a 
light blue similar to that of Paraiba tourmaline or 
apatite, to a dark blue similar to that described for 
fine Kashmir sapphire (figure 4). Most of the sam- 
ples, however, were an evenly distributed medium 
blue (see, e.g., figure 3 and the third and fourth 
stones from the left in figure 4). We did not observe 
color zoning in any of our samples. 

The samples were very consistent in specific 
gravity (2.46-2.48), which corresponds to the range 
of 2.40—2.50 reported in the literature (Arem, 1987; 
Deer et al., 1992). Refractive index results, between 
1.498 and 1.507, also were consistent with the range 
cited in the literature (1.490-1.508; Bank, 1977, 
1978-1979; Arem, 1987; Deer et al., 1992). 

Approximately one-third of the 100 samples sub- 
mitted to our laboratory (and a smaller proportion of 
the other samples) showed orange fluorescence to 
long-wave UV radiation; the remaining samples 
were inert. When fluorescence is observed, it is con- 
sidered characteristic of hatiyne from the Eifel dis- 
trict (Webster, 1994). The inconsistency in fluores- 
cence reaction that we observed was also mentioned 
by Bank (1977). Most of the hatiynes showed a very 
weak reddish fluorescence to short-wave UV. 


Microscopic Properties. In approximately half of the 
samples, we observed short needles and fine dust-like 
particles arranged in lines, similar to rutile needles or 
partially dissolved rutile in sapphires (figure 5). 
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Figure 5. Short needle-like inclusions and fine 
dust-like particles were observed in about half 
the hatiynes examined. The needles were gener- 
ally oriented parallel to growth planes. Photo- 
micrograph by H. A. Haénni; magnified 30x. 


Elongate, transparent, prismatic crystals (figure 6), 
identified as apatite by Raman microspectrometry, 
were seen in two samples. In contrast to our findings, 
Worner and Schmincke (1984) stated that apatite 
never occurs in hatiyne from the Eifel district. 
Another mineral, which was exposed at the surface 
of one of the samples shown in figure 4, was identi- 
fied as augite, which is also a common xenocryst in 
the Eifel district phonolite (W6rmer and Schmincke, 
1984). A dark opaque hexagonal crystal exposed at 


Figure 6. Elongate prismatic crystals, identified 
as apatite by Raman analysis, were seen in two 
of the hatiyne samples. Note also the piece of 
host rock evident on the surface of this sample, 
shown here at the upper left. Photomicrograph 
by H. A. Haénni; magnified 30x. 


Wi 
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Figure 7. This hexagonal opaque crystal exposed 
at the surface of a polished hatiyne was not iden- 
tifiable with Raman analysis, possibly because 
it was metallic or too decomposed. Photo- 
micrograph by H. A. Hénni; magnified 50x. 


the surface of another stone could not be identified 
(figure 7). This inclusion may be metallic or too 
decomposed to give a useful Raman signal. 

Negative crystals were observed in a third of the 
stones; some were well formed (figure 8), and some 
were rounded with a frosted surface (figure 9). They 
were frequently surrounded by healing fissures that 
resembled those seen around negative crystals in 
sapphires from Sri Lanka. In some cases, however, 
the partially healed fissures had an appearance simi- 
lar to that of glass fillings in rubies (figure 10). Glass 
inclusions outlining growth zones in hatiyne from 
the Eifel district were described by Harms and 


Figure 9. This rounded negative crystal has a 
frosted surface and, like the smaller negative 
crystal on the lower right, a rosette-like heal- 
ing fissure. Photomicrograph by H. A. Hdnni; 
magnified 40x. 
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ined were well-formed negative crystals with 
rosette-like healing fissures (right, within the 
bright spot) or partially healed fissures with 
interference colors and a worm-like “finger- 
print” structure (on the left). Photomicrograph 
by H. A. Haénni; magnified 40x. 


Schmincke (2000). Five of the samples examined 
contained remnants of the host rock (see, e.g., figure 
6). Where the rough surface of the original crystal 
face was still visible, corrosion was evident. 

Fissures filled with an oily to waxy substance 
were common in many of the 100 haiiynes that 
were originally submitted to the laboratory for iden- 
tification. This substance was identified as paraffin 
wax by FTIR and Raman analyses (see below). 
Because hattyne has a low refractive index, which is 
close to that of paraffin wax or oil, the filled frac- 


Figure 10. In a number of the haitiynes, the par- 
tially healed fissures resembled the glass fillings 
seen in some rubies. Photomicrograph by H. A. 
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tures sometimes showed orange to pinkish flashes; 
these resembled the orange flashes observed in 
emeralds with resin-filled fractures (Kiefert et al., 
1999, Johnson et al., 1999). 


Spectral Features. UV-Vis spectrometry showed a 
major absorption band centered at approximately 
600 nm, maximum transmission at 476 nm (figure 
11), a small absorption band centered at 380 nm, 
and an absorption edge at 300 nm in the three 
stones tested. This is in agreement with the absorp- 
tion spectrum reported for hatiyne by Henn and 
Bank (1990). Note in figure 11 that the absorption 
band at 600 nm increases in intensity with increas- 
ing depth of color, while the other spectroscopic fea- 
tures remain the same. 

An absorption band at 600 nm, measured with 
electron paramagnetic resonance (EPR) spectroscopy, 
also has been described for sodalite and lazurite. 
This feature was ascribed to a color center associated 
with S; (Marfunin, 1979), which has been attributed 
to radiation damage (Vassilikou-Dova and Lehmann, 
1990) and may be responsible for the blue color. 
Henn and Bank (1990) relate the orange fluorescence 
of this mineral group to the presence of S;, which 
causes the 380 nm absorption band. Note that only a 
weak, broad absorption band in the yellow region is 
visible with a handheld type of spectroscope. 

The FTIR spectra in the region between 4000 and 
2400 cm~! of two stones in which magnification had 
revealed evidence of a waxy filler showed two major 
groups of peaks (figure 12): One is typical for hatiyne 
and lies between 3000 and 3800 cm! (comparison 
with a “clean” sample); the other group of peaks 
(between 2840 and 2960 cm-!) is characteristic of 
paraffin wax. This latter group is attributable to the 
artificial filling of fissures with wax. 


Chemical Properties. As noted above, the ideal 
chemical formula of hatiyne is (Na,Ca), ,Al,Si, 
(O,S),,(SO,,Cl),_,- Qualitative EDXRF chemical 
analysis of four stones showed, besides the 
detectable elements given in this formula (i.e., calci- 
um, silicon, aluminum, and sulfur), small but sig- 
nificant amounts of potassium (K) and iron (Fe], as 
illustrated in figure 13. 

According to Worner and Schmincke (1984], it is 
difficult to perform microprobe analysis of hatiyne 
because of the large sodium content, the decomposi- 
tion of the hattyne under the electron beam, and the 
problem in assigning SO, (as analyzed) to SO, and S. 
Therefore, those authors considered their microprobe 
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Figure 11. Note the characteristic absorption 
bands at 380 and 600 nm—and the transmis- 
sion maximum at 476 nm—in these UV-Vis 
absorption spectra of a medium blue (A) and a 
light blue (B) hatiyne. 


analyses of seven samples to be qualitative at best. 
The elements measured by our qualitative EDXRF 
analysis (including the significant amounts of K and 
Fe} are consistent with the chemical data provided by 
these and other researchers for hattyne from Laacher 
See and from Italy (see also Deer et al., 1963; Xu and 
Veblen, 1995; Sapozhnikov et al., 1997). 


Figure 12. Shown here are the FTIR spectra mea- 
sured between 4000 and 2400 cm of (A) 
hatiyne, (B) wax-treated hatiyne, and (C) paraf- 
fin wax. The peaks at 3697 and 3593 cnr! are 
characteristic for hatiyne. 


FTIR Spectra 
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EDXRF Spectrum 


COUNTS PER SECOND —- 


ENERGY (keV) 


Figure 13. In addition to calcium, silicon, alu- 
minum, and sulfur, EDXRF analyses of the 
hatiyne samples revealed significant potassium 
and iron. The features above 8 keV are instru- 
mental artifacts related to the tungsten anode. 


Raman Spectrometry. Raman analysis was per- 
formed on the haiiyne itself and on all inclusions 
that were large enough to analyze. The Raman 
spectra of the four hatiyne samples tested (see, e.g., 
figure 14) are in agreement with the results given 
by Maestrati (1989), but they differ significantly 


Figure 14. The upper Raman spectrum is of 
paraffin wax found on the surface of a faceted 
hatiyne, whereas the lower spectrum is of a 
hatiyne reference sample. 


Raman Spectra 
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from those provided in the Renishaw Raman 
database. 

Raman analysis identified both apatite and 
augite as inclusions in some of the samples. In 
addition, in one of the several samples that 
revealed fissure fillings with magnification, the 
filler was exposed on the surface of the stone, so we 
were able to get a particularly good Raman signal. 
The pattern matched that of paraffin wax (figure 
14), which confirmed the results recorded with the 
FTIR spectrometer (again, see figure 12). 


Separation from Possible Imitations. The bright blue 
color of haiiyne might be duplicated by cobalt glass, 
blue cubic zirconia, or cobalt spinel. Lazurite and 
blue apatite also may resemble hatiyne. Careful 
determination of the optic character (hatiyne is 
cubic), R.L, $.G., and absorption spectrum will, how- 
ever, enable a firm identification of hatiyne. This 
mineral is clearly distinguishable from other miner- 
als of the sodalite group by its Raman spectrum. 


CONCLUSIONS 


Although usually considered a collector’s stone 
because of its rarity, hattyne may be found in expen- 
sive jewelry, as was the case with several of the 
stones tested for this article (again, see figure 1). The 
use of hatiyne in a brooch is appropriate given its 
low hardness. 

The geology and petrology of the deposit at 
Laacher See (Eifel district) in Germany have been 
well studied. It is interesting to note that similar 
volcanic deposits containing hattyne are rare, and 
we know of no other deposits of the blue gem-quali- 
ty material. Although the German source has been 
productive for a long time—hatiyne was first 
described from Germany in 1807 (Clark, 1993)—an 
accumulation of 100 faceted stones is surprising due 
to the relative scarcity of the material. 
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An Unusual CAT’S-EYE 
CHRYSOBERYL 

When the West Coast laboratory 
recently received a translucent gray 
chatoyant cabochon for identification 
from K & K International in Falls 
Church, Virginia (figure 1), the last 
thing we thought it could be was 
chrysoberyl, even though that was 
how it was represented by our client. 
Nothing about its appearance suggest- 
ed chrysoberyl, not even the appear- 
ance of the inclusions. Gemological 
testing revealed a spot refractive 
index of 1.75, a specific gravity of 3.69 
(measured hydrostatically), and no 
visible absorption spectrum or fluo- 
rescence. Although these properties 
could indicate chrysoberyl, they were 


Figure 1. Although chatoyancy is 
common in chrysoberyl, this 7.29 
ct cabochon is the first gray cat’s- 
eye chrysoberyI seen in the labo- 
ratory. The color in this stone 
appears to be caused by dense 
concentrations of gray platelets, 
which are also the cause of the 
chatoyancy (inset, magnified 30x). 


254 Lab Notes 


also consistent with several other 
gems. Nevertheless, the spectrum 
obtained with the Raman microspec- 
trometer was a perfect match to our 
reference for chrysoberyl. 

This is the first gray cat’s-eye 
chrysoberyl we have seen in the labo- 
ratory. Microscopic examination of the 
7.29 ct stone indicated that the inclu- 
sions were the probable cause of the 
gray color; they looked gray in trans- 
mitted light, while the host material 
appeared near-colorless. Chrysoberyl is 
seldom colorless, especially in gem 
quality. Instead of the long, fine nee- 
dles or “silk” that are normally present 
in cat’s-eye chrysoberyl, these gray 
inclusions formed a dense cloud of 
tiny, oriented reflective platelets. Light 
reflection from these platelets caused 
the chatoyancy. Even more unusual 
was the presence of a weak star orient- 
ed off-center toward one end of the 
stone (not completely visible in the 
photo). We have seen only a few star 
chrysoberyls in the lab. The last one 
we reported on was greenish brown 
and also had the star oriented off-cen- 
ter (Summer 1989 Lab Notes, p. 102). 

SFM 
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Blue and Pink, HPHT Annealed 

As part of our ongoing research for 
means to identify HPHT-annealed 
diamonds, the East Coast laboratory 
recently analyzed 11 pink and four 
blue diamonds that had been subject- 
ed to this process (see, e.g., figure 2). 
These diamonds were submitted to 
the laboratory from Bellataire 
Diamonds, which is responsible for 
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marketing GE POL diamonds in the 
United States. 

The diamonds weighed 0.75 to 
14.93 ct. The pink diamonds showed a 
wide range of color saturation, from 
the equivalent of Faint to Fancy Deep; 
the blue diamonds ranged from the 
equivalent of Very Light to Fancy 
Intense. The clarity grades ranged from 
IF to VS, and from VVS, to VVS, for 
the pink and blue diamonds, respec- 
tively. The pink diamonds were type 
Ila, based on their mid-infrared spectra 
and their transparency to short-wave 
UV radiation. The blue diamonds were 
type IIb; that is, they showed both elec- 
trical semi-conductivity and character- 
istic boron features in the mid-infrared. 
According to Chuck Meyer, managing 
director of Bellataire Diamonds, the 
pink and blue diamonds represent a 
very small fraction of the overall GE 
POL production. Because of the rarity 
of the starting material that can gener- 
ate these colors, he does not expect 
them to be readily available commer- 
cial items. 

Gemologically, these HPHT- 
annealed diamonds show properties 
that are commonly observed in natu- 
ral-color type Ila pink and type Ib 
blue diamonds, particularly the details 
of color zoning, and reactions to long- 
wave and short-wave UV. We would 
expect the same types of alteration 
of inclusions to occur as were previ- 
ously reported for HPHT-annealed 
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Figure 2. The laboratory recently examined several blue and pink diamonds 
that had been color enhanced by an HPHT process similar to that used to 
decolorize GE POL diamonds. These diamonds range from 0.75 to 3.59 ct. 


near-colorless type Ila diamonds (T. 
Moses et al., “Observations on GE- 
processed diamonds,” Fall 1999 Gems 
& Gemology, pp. 14-22), but these 15 
diamonds did not show any diagnos- 
tic inclusions. Using a Raman unit, 
we obtained photoluminescence (PL) 
spectra on these HPHT-annealed pink 
and blue diamonds, which we com- 
pared to PL spectra for more than 100 
natural-color pink and blue diamonds. 
It appears that some of the identifica- 
tion criteria proposed by D. Fisher and 
R. A. Spits (“Spectroscopic evidence 
of GE POL HPHT-treated natural 
type Ila diamonds,” Spring 2000 
Gems & Gemology, pp. 42-49) to 
differentiate D-to-Z range GE POL 
diamonds from natural type Ila dia- 
monds may be applicable in the iden- 
tification of the HPHT-annealed pink 
diamonds. We are using this spectro- 
scopic method and other techniques 
to investigate possible identification 
criteria for both the pink and blue dia- 
monds. Matt Hall and TM 


With Flower-like Inclusions 

Two rather different diamonds seen in 
the East Coast laboratory showed sim- 
ilarly shaped inclusion patterns remi- 
niscent of flowers or stars. One, a 6.23 
ct near-colorless partly rounded octa- 
hedron with a translucent, etched sur- 
face (and sparse brown radiation 
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stains) revealed the gray clouds shown 
in figure 3 (left) through two natural 
cleavage surfaces. The other, a 0.71 ct 
Fancy Deep brownish orange round 
brilliant, displayed its inclusions 
through the table (figure 3, right). The 
inclusion patterns in both diamonds 
showed six-fold symmetry, with at 
least two “rings” around the center 
part, one distinctly hexagonal. 

In the 6.23 ct diamond, wide, 
petal-like gray clouds radiated from 
the center part of the inclusions; 
these clouds fluoresced yellow to 


both long- and short-wave UV. The 
sample showed a strong line at 415 
nm and a weak one at 563 nm in a 
desk-model spectroscope, and strong 
peaks in the mid-infrared at 3105, 
3235, 4165, and 4494 cmr!, which are 
related to hydrogen. These gemologi- 
cal properties and spectroscopic 
results were first described in 1993 (E. 
Fritsch and K. Scarratt, “Gemmo- 
logical properties of type Ia diamonds 
with an unusually high hydrogen con- 
tent,” Journal of Gemmology, Vol. 23, 
No. 8, pp. 451-460). 

When the 0.71 ct round brilliant 
was viewed over diffused light, the sat- 
urated bodycolor showed some zoning, 
with concentrations of darker color 
around the edges of the star-like inclu- 
sions. The clouds themselves appeared 
to consist of pinpoints, and were rather 
narrow compared to the clouds in the 
other diamond. No part of this stone 
fluoresced to either wavelength of UV. 
The UV-visible spectrum showed ris- 
ing absorption from about 500 nm 
toward the blue region, and the mid- 
infrared spectrum showed mostly type 
Tb with a small IaA component, and no 
absorptions due to hydrogen. 

As discussed in a Spring 1999 Lab 
Note (pp. 42-43), such clouds in dia- 
monds are actually phantoms, in 
which internal crystal planes of the 
diamond became outlined by minute 


Figure 3. The gray “flower” in this 6.23 ct rough diamond (left, magni- 
fied 20x) is caused by concentrations of hydrogen. Concentrations of 
pinpoints produce a “star” shape in the 0.71 ct Fancy Deep brownish 
orange round brilliant on the right. In both cases, the morphology of the 
growing diamond crystal controlled the shape of the inclusions. 
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inclusions trapped during growth. 
Don’t let the hexagonal appearance of 
the clouds fool you. As suggested in 
the earlier Lab Note, the clouds that 
form such a six-rayed star or flower 
still follow diamond’s cubic crystal 
system: The inclusions are most like- 
ly trapped along the edges of a hex- 
octahedron, a common internal 
growth stage for diamond. 

Wendi Mayerson and IR 


An Historical Report 


In the archives at GIA’s Richard T. 
Liddicoat Library and Information 
Center, we found an early lab report 
(no. 294) that was personally signed by 
Robert Shipley Jr. on March 13, 1937. 
The item being tested was noted as a 
“green transparent brilliant in ladies 
[sic] 20 irid 80 plat ring.” (The fee 
charged for determining the origin of 
color was $10.) The comments on the 
report, shown in figure 4, note that the 
hardness is greater than 9 and was 
determined by using hardness points. 
The report also notes that the material 
was “Isotropic; shows strain spots of 
color localized beneath facet surfaces; 
breaks through surfaces at each spot.” 
The item was set on an unexposed 
piece of AGFA film that, when devel- 
oped, showed evidence of radiation, 
which resulted in the concluding 
remark: “Diamond: All tests known 
to this laboratory indicate color is due 
to alteration as result of exposure to 
bombardment by alpha particles, per- 
haps of radium.” 

Robert Shipley Sr. began providing 
laboratory services in Los Angeles 
under the auspices of the newly 
formed Gemological Institute of 
America in 1931. His son, Robert 
Shipley Jr., was the developer of a 
number of gemological instruments as 
well as a key staff member. 

Al Gilbertson 


SYNTHETIC MOISSANITE: 
A Black Diamond Substitute 


Several black round brilliants, ranging 
from 0.50 to over 20 ct were recently 
submitted to the East Coast laboratory 
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Figure 4. This 1937 GIA laboratory report for a treated-color green dia- 


mond was signed by Robert Shipley Jr. 


by a client who acquired them as syn- 
thetic black diamond, allegedly of 
Russian origin (see, e.g., figure 5). 
Examination with a fiber-optic light 
showed that the material was actually 
very dark bluish green, which is typical 
of diamonds that have been irradiated 
to “black.” However, microscopic 
examination revealed strong doubling 
of numerous stringers and needles (fig- 
ure 6), which proved that the stones 
were doubly refractive. These inclu- 
sions were reminiscent of those report- 
ed in near-colorless synthetic moissan- 
ite (see, e.g., K. Nassau et al., 
“Synthetic moissanite: A new diamond 
substitute,” Winter 1997 Gems & 
Gemology, pp. 2602.75). The specific 
gravity was measured hydrostatically 
as 3.20, which confirmed the identity 
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of these pieces as synthetic moissanite. 
Diamond imitations are frequently 
subjected to hardness testing in the 
trade, and one of these samples had 
several deep, eye-visible scratches on 
the table. 

With the increased popularity of 
black diamonds in jewelry, this mate- 
rial could pose an identification chal- 
lenge if small sizes were mounted. 
Although its homogeneous appear- 
ance—even under strong illumina- 
tion, such as that from a fiber-optic 
light—is very different from that of 
natural-color black diamond, this 
would not rule out natural diamond 
treated by laboratory irradiation. The 
stringers and needles seemed to have 
some color associated with them; 
their appearance suggested that they 
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Figure 5. These round brilliants 
(the unmounted one weighs 10.30 
ct ) were represented as synthetic 
black diamond, but they were 
identified as very dark bluish 
green synthetic moissanite. 


may have resulted from incomplete 
crystallization. Such inclusions, and 
the anisotropic nature of the material 
that they reveal, readily separate syn- 
thetic moissanite from diamond. 
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RUBY 


An Investigation of Fracture 
Fillers in Mong Hsu Rubies 
As a common practice, the heat treat- 
ment of rubies and sapphires is at least 
several decades old. To improve their 
color and clarity, parcels of gems are 
heated in oxidizing or reducing envi- 
ronments to temperatures as high as 
1,300°C to 1,900°C (T. Themelis, 
1992, The Heat Treatment of Ruby 
and Sapphire, Gemlab Inc., Houston 
TX). Typically, the rough gems are 
covered with a “firecoat” material 
such as borax. (With regard to treat- 
ment in Thailand, Themelis [op. cit., 
pp. 109-110] mentioned borax [hy- 
drous sodium borate] as the most 
common additive to corundum during 
the heating process, although boric 
acid, oxidizing and reducing agents, 
ashes, topsoil or clay, buffalo dung, 
and banana leaves were also noted; 
“additive secrets” were carefully 
guarded by the treaters.) Using such a 
“firecoat” leads to a notable effect: 
Fractures and cavities in the heat- 
treated corundum become filled with 
a foreign substance. 

Such material has been noted 
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Figure 6. A strong light source 
showed this synthetic moissanite 
to be dark bluish green. With 
magnification, characteristic 
stringers and needles were visi- 
ble as double images, proving the 
anisotropic nature of the materi- 
al. Magnified 12x. 


particularly in Mong Hsu rubies (A. 
Peretti et al., “Rubies from Mong 
Hsu,” Spring 1995 Gems &# Gem- 
ology, pp. 2-26; H. A. Hanni, “Short 
notes on some gemstone treatments,” 
Journal of the Gemmological Associ- 
ation of Hong Kong, Vol. 20, pp. 
44-52), and several hypotheses have 
been advanced as to how this material 
forms in the fractures. Two gemolo- 
gists with substantial worldwide 
ruby-buying experience recently 
brought us some typical commercial 
Mong Hsu material from the market 
in Bangkok to learn more about these 
fracture-filling materials. We exam- 
ined five pieces of heated rough, two 
of unheated rough, and two heated 
faceted rubies with a scanning elec- 
tron microscope and an electron 
microprobe, to explore the composi- 
tion and textures of the material(s) 
produced in the fractures. 

The nature of the substance in 
fractures in heat-treated ruby is not 
well understood. It has been referred 
to both as a glass (e.g., K. Scarratt et 
al., “Glass filling in sapphire,” Journal 
of Gemmology, Vol. 20, No. 4, 1986, 
pp. 203-207) and as a flux (e.g., Peretti 
op. cit.; J. L. Emmett, “Fluxes and the 
heat treatment of ruby and sapphire,” 
Fall 1999 Gems & Gemology, pp. 
90-92), but these two terms are nei- 
ther synonyms nor antonyms. Glass 
refers to the state of the material (a 
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noncrystalline solid); flux refers to the 
ability of one substance to lower the 
melting point of another substance 
with which it is mixed. 

We collected both back-scattered 
electron (BSE) images—which show 
the physical arrangement of the host 
ruby, the fracture, and the filling 
material—and EDX chemical infor- 
mation (assisted by Dr. Chi Ma, 
Caltech, Pasadena). We also analyzed 
two faceted samples by electron 
microprobe, to verify the EDX chemi- 
cal analyses with the more accurate 
WDxX technique and check for the 
presence of boron with a light-element 
detector. The presence of boron would 
be consistent with the reported use of 
borax in the heat-treatment process. 

One unheated sample showed 
rough surfaces, with stepped crystal 
edges visible at high magnification. 
The freshly broken surface of one 
heated sample (figure 7, left) looked 
conchoidal under SEM examination 
at low magnification (figure 7, center); 
however, with higher magnification 
the fractured area was seen to consist 
of sharp-edged planes (figure 7, right). 
In contrast, exposed surfaces of these 
heat-treated rubies looked smooth- 
edged with magnification. This differ- 
ence in texture shows that the ruby 
“molecules” have been rearranged at 
the gem’s surface, similar to the etch- 
ing and redeposition that gem crystals 
can undergo in pegmatites and 
hydrothermal environments. 

Figure 8 (left) shows two ruby crys- 
tals that had been stuck together dur- 
ing heat treatment; in the region 
where the two rubies are joined 
together, the surfaces curve smoothly 
from one to the other (figure 8, center). 
A fine fringe of 40-micron-long sub- 
parallel ruby crystallites has grown on 
the smaller crystal in this sample (fig- 
ure 8, right), which indicates redistri- 
bution of the corundum with the 
“firecoat” acting as a flux. We believe 
that these crystallites represent new 
growth for several reasons: They are 
too small and delicate to have sur- 
vived mining in their undamaged 
state, and they are not quite parallel to 
one another, which indicates that they 


Fall 2000 257 


Figure 7. This 0.34 ct heat-treated Mong Hsu ruby was broken in two (left) and the fracture examined by SEM. At 19x 
magnification (center), the backscattered-electron SEM image showed conchoidal fracturing along the break. At high- 
er magnification (1500x, right), sharp layers are seen along the broken surface. 


probably grew fast rather than in equi- 
librium with their host crystal. 
Another sample of heated rough 
showed that the “firecoat” material 
may form secondary veinlets branching 
off a fracture (figure 9) along parallel 
(parting) planes in the ruby. Where it 
reached the surface, the vein material 
appeared brighter in BSE images than 
the ruby around it, indicating that it 
had a higher mean atomic weight than 
the ruby. This brightness was relatively 
uniform (in all the samples where such 
material was observed), implying that 
the material was a homogeneous glass. 
In reflected light, one faceted ruby 
showed broad fissures filled with for- 
eign material (figure 10). These were 
easily seen with the SEM, as they 
appeared both brighter in the BSE 
images and softer than the surround- 
ing corundum (deeper polishing lines 
are visible in figure 10). Note that the 


fissure in this ruby was not complete- 
ly filled by the glass-like substance; a 
crack was still visible alongside the 
“glass.” A fissure in the second 
faceted ruby was quite thin and 
looked like a line of disconnected 
dots, even at high magnification, 
which prevented chemical analysis of 
fracture material in this sample. 
SEM-EDX analysis revealed that 
the “glass” vein in one rough heated 
Mong Hsu ruby contained Na, Mg, 
Al, Si, P, Ca, and Ti, with phosphorus 
the largest peak after Al. Glass in a 
fissure in one of our faceted rubies 
contained the same elements, 
although with more Si than P. 
Electron microprobe analyses of five 
points in the filler in this sample 
revealed a relatively large amount of 
boron, up to 4.5 wt.% B,O,, as well as 
P, Si, Al, and other oxides. This glass 
has an average composition of 


Nap |Mgy Bo Aly Sip Po. ,0,- In 1995, 
Juan Cozar (“ICA laboratory alert 
update no. 56, 24 August 1995: 
Rubies with fissures and cavities 
filled with aluminum and sodium 
phosphate glass,” South African 
Gemmologist, Vol. 9, No. 3, pp. 
16-17) provided SEM-EDX analyses 
of glass in heat-treated rubies that 
also contained major P, Al, Na, Si, 
and Ti, as well as minor Ca and Fe. 
The “firecoat” used in the heat 
treatment is strongly indicated in the 
formation of this filler, as the com- 
monly occurring mineral inclusions in 
ruby do not contain sufficient boron to 
produce this composition. However, 
neither borax nor inclusions of apatite 
can account for the large amount of 
phosphorus found here and by Cozar; 
this chemistry suggests that one or 
more additional components were 
added to the “firecoat.” In addition to 


Figure 8. These two heated rubies (0.41 ct total) are attached to each other despite different crystallographic ori- 
entations (left—transmitted and reflected light; magnified 15x.) Center—This BSE image (magnified 750x) shows 
the surface curving smoothly where the two rubies are joined, demonstrating surface remobilization. Right— 
These 40-micron-high ruby crystals were growing on the free surface of the smaller ruby; they indicate recrystal- 
lization in the heat-treating environment (magnified 750x). 
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Figure 9. This 2.34 ct heated 
rough ruby appeared to be held 
together by a layer of “firecoat.” 
Additional veinlets spread out 
from the main vein along part- 
ing planes. The relative bright- 
ness of this material indicates 
that it has a higher mean atomic 
weight than the ruby. BSE mag- 
nified 150x. 


some of the materials Themelis men- 
tioned, high-technology materials such 
as BPSG (boron phospho-silicate glass), 
useful to the semi-conductor industry 
for its low flowing point of 700° to 
1000°C, could yield the composition 
we found. 

The texture and chemistry of all 
the fillers we observed was consistent 
with glass formed from chemicals 


Figure 10. The large glass-filled 
fissures crossing the table of this 
1.09 ct heated Mong Hsu ruby 
appear brighter than the sur- 
rounding ruby in this BSE SEM 
image. The deeper polishing 
lines indicate that the filler is 
softer than the ruby. Notice the 
gap along one side of the “glass.’ 
Magnified 600x. 
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used to coat the rubies during the 
heat-treatment process. At this time, 
if this material is visible with a stan- 
dard gemological microscope, the 
GIA Gem Trade Laboratory refers to 
it with the following comment: 
“Foreign material is present in some 
surface reaching fractures.” If large 
filled cavities are present on the 
stone, we state instead, “Foreign 
material is present in some surface 
cavities.” We plan to continue to 
investigate heat-treated Mong Hsu 
rubies to explore additional questions 
regarding this glassy material. 
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TOURMALINE Rough from Paraiba 


Wilford Schuch of King Prestor John 
Corp., New York, submitted the 
bright violet and blue rough stone 
shown in figure 11 to the East Coast 
lab this summer. The client was seek- 
ing confirmation that this 19.49 ct 
stone, which he had purchased in 
Brazil, was tourmaline from Paraiba. 
Although he was offered smaller 
pieces of other rough, up to 5 ct, only 
this piece showed the “electric” col- 
ors that took the gem trade by storm 
10 years ago. 

The refractive indices of 1.630— 
1.659 (taken on a flat portion of the 
crystal}, along with the uniaxial char- 
acter and S.G. (measured hydrostatical- 
ly) of 3.09, identified the rough as tour- 
maline, although these refractive 
indices are at the high end of the range. 
The overall morphology was equant, 
but there were striations parallel to the 
c-axis, a common feature in tourma- 
line. The stone showed pleochroism in 
deep violet-blue and a lighter blue- 
green. It was inert to both long- and 
short-wave UV. Microscopic examina- 
tion revealed a large fracture, small 
reflective crystalline inclusions, and 
two-phase inclusions, some arranged 
in a “fingerprint.” The hand spectro- 
scope showed broad absorption in the 
green and red areas of the spectrum. 

UV-visible spectroscopy confirmed 
these broad bands, with strong absorp- 
tion above 600 nm; a wide, moderate- 
ly strong peak centered at 500 nm; and 
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Figure 11. All physical, chemi- 
cal, and spectroscopic properties 
pointed to Paraiba, Brazil, as the 
source of this 19.49 ct bright vio- 
let and blue tourmaline. 


a weak absorption at 414 nm. EDXRF 
qualitative chemical analysis, under 
conditions sensitive for transition 
metals and heavier elements, revealed 
Cu, Mn, Ca, Ti, K, Bi, and Ga. 

This combination of properties is 
comparable to those described for tour- 
maline from Paraiba (E. Fritsch et al., 
“Gem-quality cuprian-elbaite tourma- 
lines from Sao José da Batalha, Paraiba, 
Brazil,” Fall 1990 Gems &#) Gemology, 
pp. 189-205), especially the violetish 
blue sample from that study. However, 
both refractive indices were signifi- 
cantly higher, and the birefringence 
was slightly higher, than the values 
reported previously. Our client 
received an identification report with 
the conclusion “tourmaline,” and a 
separate research letter stating that the 
19.49 ct rough showed properties con- 
sistent with this locality. To the best 
of our knowledge, the Paraiba region is 
the only source of gem-quality copper- 
bearing tourmalines. IR 
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DIAMONDS 


APEC 2000 International Jewellery Conference features 
diamonds, education, and treatments. This two-day 
(August 28 and 29) conference was sponsored by the Asia- 
Pacific Economic Cooperation Forum (APEC), which 
comprises 21 economies from the Asia-Pacific region, and 
was held in conjunction with the “JAA Australian 
Jewellery Fair 2000.” The two main themes were eco- 
nomic policy and new technological challenges. As a 
result, the topics covered were wide ranging, from the role 
of tariffs in the changing global marketplace to the identi- 
fication of treatments in diamonds and jadeite. Following 
are some highlights of the gemological topics discussed. 

Martin Rapaport, of the Rapaport Diamond Report, 
gave an impassioned plea for the jewelry industry to sup- 
port a global solution to the problem of diamonds being 
sold to finance warfare in volatile African nations such as 
Angola and Sierra Leone. Because conflict diamonds can- 
not be separated from nonconflict (or “peace’”’) diamonds 
scientifically, and it is virtually impossible to trace con- 
flict diamonds from their source into the legitimate mar- 
ket, Mr. Rapaport and other leaders of the diamond 
industry (in particular, the members of the newly formed 
World Diamond Council) are working with the United 
Nations to establish a mechanism to control the flow of 
nonconflict diamonds. For such a plan to work, the dia- 
mond industry must change the way it does business, 
and governments must do their job in maintaining con- 
trols at the points of export and import. 

David Peters, of Jewelers of America, spoke on identi- 
fying training needs in the retail sector and especially the 
importance of understanding and motivating the adult 
learner. In a separate session, Mr. Peters examined the 
benefits of disclosing treatments and synthetics. Not only 
is this legally and ethically correct, but it also helps the 
retailer and the industry as a whole win back customer 
confidence. Bill Sechos, of the Gem Studies Laboratory in 
Sydney, Australia, outlined training needs for the gemolo- 
gist. He stressed the importance of continuing education 
(given the sophisticated new treatments and synthetics), 
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and of identifying resources to solve gemological prob- 
lems that are beyond the scope of the store laboratory. 

Tay Thye Sun, of the Far East Gemological Labora- 
tory (Singapore), reported on jade treatments, especially 
jadeite that has been bleached (to remove iron oxide 
staining or dark inclusions with, e.g., hydrochloric acid) 
and impregnated with a polymer or other substance (to 
fill the voids left by the bleach). Mr. Tay noted many 
developments since the Fall 1992 Gems # Gemology 
article by E. Fritsch et al. (pp. 176-187) on the identifica- 
tion of this “B-jade.” Chief among these is the use of dif- 
ferent polymers with specific gravities and UV fluores- 
cence reactions that more closely match those of 
untreated jadeite. Also, some treaters are using wax to 
impregnate the bleached jadeite, because a light surface 
“waxing” traditionally has been accepted in the jadeite 
industry. However, such a wax filler typically is not sta- 
ble over time. It may be detected by suspiciously large 
“wax” peaks in the infrared spectrum. Mr. Tay also 
reported that gemologists could gain important informa- 
tion by examining the jadeite surface with a loupe or 
microscope: Unbleached jadeite has a compact interlock- 
ing grain texture (evident as a smooth surface with only 
minor pitting), whereas bleached jadeite may have a 
loose interlocking grain structure (evident in the pres- 
ence of polishing marks and numerous pits). 

Finally, Dr. Jim Shigley, director of research at GIA, 
reviewed the current status of high pressure/high temper- 
ature (HPHT) treated diamonds. GIA has now examined 
more than 2,000 GE POL “colorless” diamonds, including 
several both before and after treatment. He described a 
number of the distinctive internal features seen (as report- 
ed in the article by T. Moses et al. in the Fall 1999 Gems 
# Gemology, pp. 14-22) as well as the importance of 
spectroscopic indicators. Dr. Shigley also mentioned the 
yellow-to-green HPHT-treated diamonds currently being 
produced by various groups (and described by I. Reinitz et 
al. in the Summer 2000 Gems &) Gemology, pp. 128-137). 

Alice Keller 
Editor, Gems & Gemology 
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De Beers’s newly stated direction. Reporting from the 
World Diamond Congress in Antwerp, held July 17-19, 
GIA President William Boyajian supplied the following 
information. 

As a result of a highly publicized strategic review by 
the consulting firm Bain & Company, of Boston, De 
Beers announced to its sightholders on July 12 that it 
would end its efforts to control world diamond supply 
and instead focus its energies on building global diamond 
demand. De Beers’s key strategy is to be the “supplier of 
choice” in the industry. Although it will not abandon the 
market to its own self-interest, it will end its former 
broad-brush “custodial” role of matching worldwide sup- 
ply to demand. Instead, the company will work to 
become “a more finely calibrated instrument designed 
primarily to serve the interests of De Beers and its main 
clients,” as announced by Nicholas Oppenheimer in his 
recent Chairman’s Message. 

In addition, De Beers will be discontinuing the use 
of “Central Selling Organisation” (CSO) in favor of a 
new identity as the “Diamond Trading Company” 
(DTC), and will allow its clients to leverage this name 
along with their own individual branded names. DTC 
will appear with the famous slogan “A diamond is for- 
ever” in new diamond ads, and a new “Forevermark” 
logo has been introduced (figure 1). However, De Beers 
will reserve its super-brand “De Beers” name for the De 
Beers Group of Companies alone. A set of “best prac- 
tice” principles is being established for sightholders, to 
ensure continued consumer confidence in the allure 
and mystique of untreated natural diamonds through 
their commitment to the highest professional and ethi- 
cal standards. Another important component of the 
new strategy, a special policy statement, involves the 
introduction of objective criteria that sightholders must 
meet by demonstrating efficient distribution and mar- 
keting abilities. 


Figure 1. Diamonds to be sold through De Beers’s 
Diamond Trading Company may be branded with 
the “Forevermark,” which will also be an impor- 


tant advertising tool. 
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A key goal for De Beers is to increase shareholder 
value, and one way to do this is to reduce its diamond 
stockpile. With the emergence of new diamond produc- 
ers in recent years, the supply aspect of the diamond 
industry has become much more competitive. Too often 
we use the cliché “competition is good.” Yet De Beers’s 
new strategy may very well propel the world’s leading 
diamond organization into an even stronger leadership 
position. Clearly, De Beers’s stated new direction is one 
of the most monumental decisions ever cast by the 
group, and it will no doubt have a huge impact on every 
level of the diamond pipeline for years to come. 

William E. Boyajian 

President, Gemological Institute of America 

Adapted with permission from the GIA Insider, Vol. 2, 
No. 15, July 20, 2000. 


COLORED STONES AND ORGANIC MATERIALS 


Mosaic ammonite. In almost every gem mining opera- 
tion, most of the material recovered is either not of gem 
quality or too small for most jewelry purposes. Although 
the occasional recovery of large and fine-quality stones 
makes mining exciting, it is the commercial value of the 
overall production that commonly determines if a mine is 
economical. Among “mine-run” material, nongem rough 
with good crystal form may be marketed as mineral speci- 
mens. Finding a market for small fragments and pebbles, 
however, is another matter entirely. 

Recently, at the suggestion of GIA Education vice 
president Brook Ellis, Rene M. Vandervelde, chairman of 
Korite International in Calgary, Alberta, Canada, provid- 
ed the Gem News editors with two samples of some new 
mosaic triplets of fossilized ammonite derived from their 
mine in Alberta. Instead of the layer of fossilized 
ammonite typically seen in “Ammolite” doublets and 
triplets, the central layer in these assembled stones was 
fashioned from tiny angular flakes of iridescent 
ammonite shell that were bound in hard plastic. 

The two assembled cabochons examined weighed 
1.89 and 0.97 ct (figure 2). Note how well the appearance 
of these ammonite assemblages resembles the natural 
crackled pattern commonly seen in Ammolite. Even 
though the unaided eye can identify these assembled 
stones as triplets when viewing them from the side, the 
fact that they are assembled from tiny flakes of iridescent 
ammonite shell becomes apparent only with magnifica- 
tion, when the jagged edges of the individual ammonite 
shell fragments are readily apparent (figure 3). We also 
noted a few flattened gas bubbles trapped along the con- 
tact planes between the glass dome and the plastic cen- 
tral layer, and between the ammonite fragments and the 
surrounding plastic. In the round cabochon, a spherical 
gas bubble was observed suspended in the plastic central 
layer near the edge of the cabochon (again, see figure 3). 

Each assemblage consisted of a transparent glass cap 
with an RI. of 1.52, a central layer of hard transparent 
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Figure 2. Composed of tiny angular flakes of irides- 
cent ammonite shell encased in a plastic that is 
sandwiched between a glass cap and a black opaque 
backing material, these two assembled cabochons 
make attractive use of otherwise unusable frag- 
ments. The oval measures 9.90 x 7.58 x 3.59 mm, 
and the round piece measures 7.01-7.09 x 3.08 mm. 
Photo by John I. Koivula. 


plastic that encased small angular fragments of fossilized 
iridescent ammonite shell, and a backing layer of opaque 
black material. The central plastic layer and the black 
backing melted when a thermal reaction tester was 
applied. 

The assemblages showed no fluorescence to long- 
wave UV radiation, but they did fluoresce a strong, 
chalky, slightly bluish white to short-wave UV. When we 
examined the samples without magnification, as well as 
with a microscope set up for UV examination, it was our 
general impression that the fluorescence came from the 


Figure 3. With magnification, the jagged edges of the 
individual ammonite shell fragments are clearly visi- 
ble. Notice the small gas bubble trapped in the plas- 
tic layer at the left edge of the assembled cabochon. 
Photomicrograph by John I. Koivula; magnified 15x. 
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glass dome, and its glow caused the center layer to appear 
fluorescent as well. Disassembly of one of the cabochons 
would be required, however, to confirm which compo- 
nents were actually responsible for the reaction. 

On a Gem Trade Laboratory identification report, 
this material would be identified as: “Triplet, consisting 
of a glass top and mosaic inlay of natural fossilized 
ammonite shell fragments with a thick black backing.” 


Gemmy anhydrite from Iran. Faceted anhydrite is a very 
rare collector’s stone, with only a few known localities in 
the world. It is difficult to cut, as it has a low hardness (3.5) 
and perfect cleavage in one direction. A new find of fac- 
etable anhydrite (figure 4) comes from Iran’s Hormoz and 
Qeshum Islands in the Persian Gulf. A few dozen stones 
were recovered on the surface of a typical salt dome by a 
Czech speleological expedition that was exploring very 
unusual large caves formed from massive halite. 

The anhydrites occurred as loose crystals up to about 
8 cm in length, but usually only small portions were 
transparent. One specimen with anhydrite growing on 
quartz crystals was found. The surfaces of some anhy- 
drite crystals were “parqueted” (similar to heliodor crys- 
tals from Ukraine) due to natural etching. Twinned crys- 
tals were rare. The anhydrite crystals examined were col- 
orless, light violet, or (very rarely) pink (see, e.g., figure 4 
inset]. Refractive indices measured on a polished orient- 
ed crystal were n, = 1.570, ng = 1.576, and n, = 1.616, 
with a high birefringence of 0.046. Specific gravity (mea- 
sured hydrostatically) was 2.95-2.96. The crystals showed 
no lines in the visible spectrum with a hand spectro- 
scope, and no fluorescence to UV radiation. 

Typical inclusions seen with a microscope were mul- 
tiphase negative crystals as well as at least three types 
of colorless crystals. One type was identified as quartz 
on the basis of its shape (figure 5) and bright interference 
colors (seen even in plane-polarized light). Groups of 
unidentified rounded anisotropic crystals were found in 
another cut stone. Isotropic included cubes were proba- 
bly halite. Some stones also contained small black 
crystals that are probably hematite. Almost all the cut 
anhydrites contained parallel mirror-like cleavage planes. 
The approximately 20 faceted anhydrites examined 
ranged from 1 to 5 ct, although one 22.74 ct stone has 
already been faceted (again, see figure 4) and even larger 
rough exists. 

The area also has produced facetable colorless and 
purple fluorite, yellow apatite (very similar to the materi- 
al from Durango, Mexico), and colorless danburite 
(although this last material would produce only small 
cut stones). Other minerals include bipyramidal 
hematite crystals, dolomite twins, halite, pyrite, and 
augite. The quartz crystals occasionally found were 
milky due to abundant, very fine curved fibers (which 
were not identified). 

Jaroslav Hyrsl (Hyrsl@kuryr.cz) 
Kolin, Czech Republic 
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Aquamarine from southeast India. Fine aquamarines 
have been mined from the eastern Indian state of Orissa 
and occasionally from the southeastern state of Madras 
(see Fall 1989 Gem News, p. 179). This contributor 
reports that during the past few years another source in 
southeast India has produced some significant aqua- 
marines (including some large crystals, as in figure 6), 
from which several stones have been faceted (figure 7). 
According to K. C. Pandey, managing director of Superb 
Minerals in Maharashtra, India, the source is a pegmatite 
in the Karur district of Tamil Nadu State. Irv Brown, of I. 
Brown Fine Minerals in Fallbrook, California, stated that 
a single pocket produced two large greenish blue crystals 
with moderate to strong saturation, and approximately 
7-10 kg of smaller greenish blue crystals with weak to 
moderate saturation. The unheated 30.30 ct cushion- 
shaped stone in figure 7 represents the finest blue seen 
from this locality. 

The gemological properties of this material are con- 
sistent with those published for aquamarine. A slight 
color shift was observed, from a strong greenish blue in 
incandescent light to a slightly greenish blue in daylight. 

Edward Boehm (Joebgem@aol.com) 
Joeb Enterprises, Solana Beach, California 


Figure 4. These colorless to light pink anhydrites 
(4.00, 5.89, and 22.74 ct) were cut from crystals as 
large as 8 cm (see inset) that were recently found on 
Iran’s Hormoz and Qeshum Islands in the Persian 
Gulf. Photos by Jaroslav Hyrsl. 


Coral exploration resumes in Hawaii. The deep-water 
“precious” coral-fishing industry fishery in the Hawaiian 
islands has been nearly dormant for the past 20 years. 
However, several recent developments suggest that the 
coral-fishing industry in Hawaii could revive in the near 
future. 

Jewelry-quality coral is known from seven beds in 
Hawaii, although it has been commercially harvested 
from only one of these (Makapu’u, off Oahu). The most 
economically important coral varieties in this area are 
black (Antipathes spp.), pink (Corallium spp.), gold 
(Gerardia spp.), and bamboo (Lepidisis olapa). Black coral 


Figure 6. This gem-quality aquamarine crystal 
from Tamil Nadu State in southeastern India mea- 
sures 31 cm long and weighs 10 kg. Photo courtesy 
of K. C. Pandey. 


Figure 5. Inclusions of euhedral quartz were seen in 
some of the Iranian anhydrites. Photomicrograph by 
Jaroslav Hyrsl; magnified 9x. 


Gem News GEMS & GEMOLOGY Fall 2000 263 


Figure 7. Some large stones have been faceted from 
the Tamil Nadu aquamarine; the trilliant shown here 
weighs 179 ct. The 30.30 ct cushion-cut aquamarine 
represents the finest color seen to date from this local- 
ity; both stones are reportedly unheated. Courtesy of 
I. Brown and S. Wilensky; photo by Maha Tannous. 


generally occurs at depths less than 100 m, whereas the 
others are found in deep water (350-1,500 m; R. W. Grigg, 
“History of precious coral fishery in Hawaii,” Precious 
Corals and Octocoral Research, Vol. 3, 1994, pp. 1-18). 

In December 1999, the Western Pacific Regional 
Fishery Management Council adopted regulatory 
changes to the 1979 document “Fishery Management 
Plan for the Precious Coral Fisheries of the Western 
Pacific Region.” The Council is the policy-making orga- 
nization for the management of fisheries in the Exclusive 
Economic Zone (from 3 to 200 nautical miles offshore) 
around Hawaii and other U.S. possessions in the Pacific. 
These changes include a ban on nonselective harvest, a 
minimum size for harvest, and submission of videotapes 
for stock assessments. A second set of regulatory 
changes—adopted by the Council this past summer and 
based in part on 1999-2000 surveys of coral resources 
around the main Hawaiian Islands—are designed to cre- 
ate an environmentally responsible incentive for encour- 
aging the exploration and discovery of new coral beds. 
Both of these measures are currently awaiting Secretary 
of Commerce approval. The first may be ratified as early 
as Fall 2000, and the second may be ratified by early 
2001. Many environmental concerns are still related to 
the harvest of corals, some of which are considered 
endangered species, so harvesting and export will be 
affected by political decisions in the U.S. and elsewhere 
in the world. 

Renewed interest in the coral fishery and technologi- 
cal advances in harvesting capabilities have spurred these 
recent regulatory changes. One company, American 
Deepwater Engineering, obtained an exploratory permit 
(a permit to harvest in areas where the presence or size of 
the “precious” coral resource is unknown) and is selec- 
tively harvesting deep-water corals with two one-man 
submersibles. Senior editor Brendan Laurs visited with 
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president and COO Scott Vuillemot last May, and saw 
attractive pink coral that had been harvested recently 
(figure 8). Selective extraction allowed for the collection 
of relatively large, undamaged pieces that will have a 
high yield of jewelry-quality material. The firm is mar- 
keting some of the pink and gold coral it has harvested 
through Maui Divers in Honolulu. 
Brendan Laurs 
Senior Editor, Gems & Gemology 


Fresnoite: A first examination. Having been in the busi- 
ness of gem identification for more than half a century, we 
at GIA seldom come across a gem mineral that we have 
never encountered before in faceted form. Such was the 
case when we recently had the opportunity to study a 0.69 
ct fresnoite, a transparent to translucent yellow tetragonal 
barium titanium silicate named for its initial discovery 
near Fresno, California. The stone was a freeform pentago- 
nal step cut that measured 7.22 x 4.63 x 2.80 mm (figure 
9). It was loaned for examination by C. D. (Dee) Parsons, a 
gemologist and lapidary from Santa Paula, California. 


Figure 8. This attractive pink coral was recently 
harvested by a manned submersible from waters 
about 1,300 m deep off Makapu’u, Oahu. Photo by 
Brendan Laurs. 
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GEMOLOGICAL DIGESTS 


X-ray Experiments on 
Color Changes of Gems 

This paper by Frederick H. Pough 
and T. H. Rogers (American Min- 
eralogist, vol. 32, pages 31-48, Jan.- 
Feb., 1947) records some color 
changes observed by bombarding 
various gem minerals with x-rays 
produced by a new, high-powered 
tube recently developed by the Mach- 
lett Laboratories, Inc. The most in- 
teresting color changes were pro- 
duced in spodumene (changed from 
colorless or lilac to green), corun- 
dum (changed from colorless or 
pale blue to amber yellow),. scapo- 
lite (white cat’s-eye changed to deep 
violet), topaz (colorless. or pink be- 
came smoky brown), and zircon 
(heat-treated blue stones turned 
brown, naturally brown stones un- 
affected). Very minor color changes 
were produced in beryl, tourmaline, 
quartz, diamond, spinel and a few 
others. No change at all was re- 
corded for opal, simpsonite, dioptase, 
brown zircon, and chrysoberyl. 

It is especially important to note 
that in practically every case the 
color change produced was tem- 
porary. Most specimens reverted to 
their original color when exposed to 
sunlight or heat, but some appeared 
to retain their color indefinitely if 
kept in the dark. In the case of 
sapphire it was very difficult to re- 
move the last trace of color without 
application of heat. It is also: note- 
worthy that the color change was 
restricted to a thin surface zone, in 
general not over 1 mm. in thickness. 

Treatment of these same gem 


species by submitting them to ir- 
radiation from a Machlett Thermax 
tube (a conventional type widely 
used in medicine and industry) pro- 
duced in the case of kunzite and 
colorless sapphire (the only two re- 
ported) very similar results except 
that the color produced with this 


‘latter type tube was deeper in color, 


more uniformly distributed, and 
penetrated to a greater depth. 

It would seem then, that the only 
advantage in using the new type 
tube is that some reduction in ex- 
posure time is effected. 

The color changes in most cases 
were not in a direction of improve- 
ment of the color qualities for com- 
merce. The only possible exception 
to this was the production of yel- 
low sapphire from colorless or pale 
yellow sapphire, and smoky brown 
topaz from colorless or pink topaz. 
However, in no case is the color 
change permanent, although in the 
case of the artificially colored yel- 
low sapphire, the last trace of color 
was removed with great difficulty. 
The only possible way in which an 
unscrupulous person could make use 
of this information in an attempt 
to defraud, would be to treat the 
stones and keep them from pro- 
longed exposure to sunlight. until 
after their disposal. 

By withholding payment for 
stones of these particular colors un- 
til they had been exposed for many 
hours to sunlight, or to a Westing- 
house Mazda—Type R S 275 W sun 
lamp, or equivalent, a jeweler may 
protect, himself from such fraudu- 
lent practices. —G.8. 


Figure 9. This 0.69 ct fresnoite was our first encounter 
with this mineral as a fashioned gem. Courtesy of 
C. D. (Dee) Parsons; photo by Maha Tannous. 


We first sought to confirm that the stone was fres- 
noite. We recorded refractive indices of 1.765-1.773, 
yielding a birefringence of 0.008. A uniaxial optic figure, 
as would be expected from a tetragonal mineral, was 
clearly visible in cross-polarized light through the table 
facet. The two dichroic colors observed were yellow and 
near-colorless. The stone was inert to long-wave UV radi- 
ation, but it fluoresced a strong, slightly chalky whitish 
yellow to short-wave UV. Examination with a Beck 
prism spectroscope revealed a weak 447 nm absorption 
line. The specific gravity, an average of three sets of 
hydrostatic weighings, was 4.60. Since all of the above 
properties matched, within acceptable tolerance, those 
previously recorded in the mineralogical literature for 
fresnoite (see, e.g., Gaines et al., Dana’s New Mineralogy, 
1997, p. 1145), we concluded that this faceted gem was in 
fact fresnoite. 

To characterize the material in detail, we performed 
advanced testing. Energy-dispersive X-ray fluorescence 
(EDXRF) qualitative chemical analysis by GIA Gem 
Trade Lab research associate Sam Muhlmeister revealed 
abundant barium and silicon, as expected. However, it 
was difficult to determine the presence of titanium by 
this technique, because of interference from the strong 
barium peaks. 

With the permission of Mr. Parsons, an X-ray powder 
diffraction pattern was obtained by Gem News editor 
Dino DeGhionno. Comparison of the powder pattern 
with a standard materials database confirmed the earlier 
gemological identification as fresnoite. Shane Elen, of 
GIA Research, recorded a Raman spectrum so that it 
could be added to our Raman database. 

Only a few weeks after this initial examination, and 
entirely independent of the earlier study, we received 
more fresnoite for examination, a 0.20 ct shield-shaped 
mixed cut and an 8.24-mm-long crystal that weighed 
1.86 ct (figures 10 and 11). These examples were provided 
by Michael Gray of Graystone Enterprises in Missoula, 
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Figure 10. This 0.20 ct faceted fresnoite and 1.86 ct 
crystal are reportedly from the Junnila mine in San 
Benito County, California. Courtesy of Michael Gray; 
photo by Maha Tannous. 


Montana, who stated that they came from the Junnila 
mine in San Benito County, California, just a few miles 
from the famous Benitoite Gem mine (see S. Kleine, 
“The great fresnoite discovery of 1998,” Rock and Gem, 
Vol. 29, No. 3, 1999, pp. 52-59). 

With the data obtained from the earlier stone, it was 
relatively easy to identify both of these samples as fres- 
noite. The only discrepancy was the 4.51 S.G. of the cut 
stone, compared to the 4.60 previously obtained. 
However, specific gravity determination is less certain 
for such a small stone. 

Because fresnoite also has a synthetic counterpart 
grown by the Czochralski pulling process (see, e.g., 


Figure 11. The faceted fresnoites contained numer- 
ous partially healed fractures, which are useful in 
separating them from nearly flawless Czochralski- 
pulled synthetics. Photomicrograph by John I. 
Koivula; magnified 15x. 
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U. Henn, “Synthetischer Fresnoit,” Gemmologie: Zeit- 
schrift der Deutschen Gemmologischen Gesellschaft, Vol. 
48, No. 4, 1999, pp. 232-233), it is important to be able to 
separate this rare natural collector’s gem from its synthetic 
equivalent. By design, Czochralski pulling tends to result 
in nearly flawless crystals. During his examination of a 
faceted 6.11 ct Czochralski-grown synthetic fresnoite, the 
only inclusion noted by Henn (1999) was a small spherical 
gas bubble visible at 40x magnification. This is in sharp 
contrast to the numerous “fingerprint” fluid inclusions 
along partially healed fractures (figure 11) that we observed 
in the faceted natural fresnoites. The other gemological 
properties were essentially identical. Therefore, observa- 
tion of inclusions serves as an important means to sepa- 
rate natural fresnoite from its synthetic counterpart. 


Figure 12. Some superb gem tourmaline crystals have 
been recovered from pegmatites in Brazil. This speci- 
men (10 cm tall) of tourmaline on quartz and cleave- 
landite is from the Santa Rosa area in Minas Gerais. 

Courtesy of Wayne Thompson; photo by Jeff Scovil. 
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Gemological Presentations at the 31st International 
Geological Congress. From August 6 to 17, more than 
4,000 participants from 103 countries convened in Rio de 
Janeiro for the 31st International Geological Congress, 
which featured three sessions on gems. Abstracts of all 
6,179 presentations were supplied to Congress partici- 
pants in searchable format on CD-ROM (some of these 
were submitted and accepted, but were not actually pre- 
sented at the meeting). A searchable database containing 
many of the abstracts is also available on the Congress 
Web site (www.3ligc.org) until 2002. Presentations relat- 
ing to gemstones encompassed geology, localities, treat- 
ments, and gem identification; the following were 
attended by this contributor. 

Brazilian gemstones were highlighted in several talks. 
C. P. Pinto (CPRM-Servico Geolégico do Brasil, Belo 
Horizonte) and A. C. Pedrosa-Soares (Federal University 
of Mina Gerais, Belo Horizonte) provided a useful compi- 
lation of the geology of Brazilian gem deposits. Most are 
related to granitic pegmatites, hydrothermal veins, or 
geodes in basaltic lava flows. Emerald, aquamarine, tour- 
maline, topaz, chrysoberyl, alexandrite, amethyst, cit- 
rine, agate, opal, and morganite are the main gem materi- 
als being produced. R. Wegner (Federal University of 
Paraiba, Campina Grande) and co-authors provided 
updates on recent gem and mineral discoveries in the 
states of Paraiba and Rio Grande do Norte. These include 
gem-quality crystals of “golden” beryl (up to 7 cm long) 
and herderite (up to 12 cm long) from the Alto das 
Flechas pegmatite, color-zoned yellow-green-blue apatite 
(nearly 20 cm long) from the Alto Feio pegmatite, and 
cat’s-eye triplite from the Alto Serra Branca pegmatite. 
Wegner et al. also reviewed important Brazilian tourma- 
line and aquamarine deposits. Significant gem deposits 
are found in numerous pegmatites within two provinces: 
Oriental (or Eastern) in the states of Minas Gerais, Bahia, 
and Espirito Santo, and Northeastern in Ceara, Paraiba, 
and Rio Grande do Norte. In both provinces, gem tour- 
maline (figure 12) is found in highly evolved granitic peg- 
matites, whereas aquamarine typically forms in less-dif- 
ferentiated granitic pegmatites. 

M. V. B. Pinheiro (Federal University of Mina Gerais, 
Belo Horizonte) and co-authors used electron paramag- 
netic resonance, Méssbauer spectroscopy, and optical 
absorption to study natural and treated (irradiated and/or 
heated) Brazilian gem tourmalines. In pink elbaite, they 
confirmed the presence of Mn** and noted that irradia- 
tion intensified the pink color, while heating to about 
450°C decolorized pink and blue crystals and lightened 
green ones. N. L. E. Haralyi (IGCE-UNESP, Rio Claro) 
noted that white (not colorless) diamonds may show 
brownish red, orange, yellow, and greenish yellow 
“opalescent” colors; they also may have rather low spe- 
cific gravities (e.g., 3.46 for one from Juina in northwest 
Mato Grosso State). 

Geologic investigations of numerous gem materials 
were presented. G. Harlow (American Museum of 
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Natural History, New York) and S. S. Sorensen (Smith- 
sonian Institution, Washington, DC) examined the geology 
of jade deposits and key localities. Jadeite, found in only 
eight major deposits worldwide, is associated with 
blueschist metamorphism at plate boundaries. Nephrite 
generally forms by metasomatism of dolomite or serpenti- 
nite. J. Townsend (Geological Survey of South Australia) 
presented remote-sensing images and suggested that opal 
deposits in Queensland and South Australia formed adja- 
cent to ancient stream channels (paleochannels). Data for 
the Coober Pedy area have been released in CD-ROM for- 
mat, and enterprising opal miners are already using the 
information to prospect for more deposits. 

W. B. Simmons (University of New Orleans, Louisiana) 
and co-authors illustrated the chemical evolution of gem 
tourmalines from North America (San Diego County, 
California, and Newry, Maine), Russia, Madagascar, 
and northeastern Brazil. The chemistry of the tourmaline 
Y-site strongly correlates to color, with Fe, Mn, Ti, and 
Cu being important chromophores. C. Ionescu (Babes- 
Bolyai University of Cluj-Napoca, Romania) et al. described 
several quartz-family gem materials from the Baia Mare 
area in northwestern Romania. These materials formed 
in a variety of geologic environments, including geyserites 
and hydrothermal veins cutting andesitic volcanic rocks. 
F. L. Sutherland (Australian Museum, Sydney) and D. 
Schwarz (Giibelin Gem Lab, Lucerne, Switzerland) 
reviewed the distribution and genetic origin of basalt- 
hosted corundum (including “magmatic,” “metamorphic,” 
and mixed magmatic/metamorphic suites). Such corun- 
dum has been recorded in 15 countries and associated 
with more than 40 basalt fields. Dr. Schwarz also pre- 
sented a summary of emerald formation; most deposits 
formed in continental collision zones due to fluid-rock 
interactions. 

In presentations on gem identification, D. Schwarz 
and co-authors described trace-element fingerprinting of 
rubies and sapphires to separate natural from synthetic 
stones using Ga, Ti, and V, and to differentiate between 
deposits—even within a single country, such as 
Madagascar—using V, Cr, Ga, Fe, and Ti. According to 
Schwarz et al., synthetic emeralds have relatively low Na 
and Mg contents, and may contain elements such as Ni 
and Cu that are not found in natural emeralds; synthetic 
alexandrite generally contains low Ga and Sn contents, 
although certain Russian synthetics may have high Ge, 
Ga, and Sn. W. B. Stern (Basel University, Switzerland) 
and D. Schwarz explained the benefits of using EDXRF 
analysis to measure trace-element data nondestructively. 
This method provides rapid measurement of elements 
ranging from Na to U (atomic weights of 11 to 92), at 
detection limits typically ranging from 20 to 200 ppm. In 
a study of untreated and heated natural and synthetic 
sapphires, T. Hager (Johannes Gutenberg University, 
Mainz, Germany) demonstrated that traces of Fe (~50 
ppm) are needed in addition to abundant Mg to develop 
defect centers that produce yellow color. W. B. Size 
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Figure 13. Lapidaries at the Madagascar Treasures 
warehouse in Antananarivo cut and polish a variety 
of local materials. The owner of the facility, Gilles 
Mannequin (in the blue shirt), examines a piece in 
progress. Photo by Brendan Laurs. 


(Fernbank Museum of Natural History, Atlanta, Georgia) 
and co-authors performed nondestructive chemical anal- 
yses to aid in the identification of Pre-Columbian arti- 
facts from Costa Rica and Guatemala: They found 
jadeite, nephrite, serpentinite, and silica minerals. 

J. E. Shigley (GIA Research, Carlsbad, California) and 
co-authors reviewed the characteristics of natural versus 
synthetic diamonds, with particular emphasis on their 
inclusions and the growth features seen with UV fluores- 
cence and cathodoluminescence. E. Fritsch (University of 
Nantes, France) predicted that in the future more-sensi- 
tive techniques (such as laser ablation ICP-MS and lumi- 
nescence spectroscopy) will likely be necessary to detect 
the increasingly subtle differences between natural 
stones and their treated or synthetic counterparts. Digital 
imaging is already useful in the collection and archiving 
of scientific and commercial images (such as gem photos 
in lab reports), and is likely to become even more useful. 

Brendan Laurs 
Senior Editor, Gems & Gemology 


Visit to a Malagasy lapidary facility. Although Mada- 
gascar is becoming an increasingly important source of 
gem rough, most of this material is cut elsewhere, such 
as in Bangkok and Sri Lanka. Nevertheless, large quanti- 
ties of massive gem materials are fashioned locally into a 
variety of ornamental objects, which are exported to 
Europe and the United States. 

While in Madagascar last November, this contributor 
visited one such lapidary facility, Madagascar Treasures, 
in the capital city of Antananarivo. The clean and effi- 
cient facility, owned and designed by Gilles Mannequin, 
employs 20 Malagasy lapidaries (see, e.g., figure 13). The 
workers use saws, polishing wheels, and sphere-making 
machines to form decorative objects such as cubes, eggs, 
obelisks, spheres, bookends, paperweights, and game 
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Figure 14. These three purplish red rubies (0.26 to 
0.38 ct) come from the Mercaderes—Rio Mayo area of 
Cauca, Colombia. Courtesy of Jaime Rotlewicz; 
photo by Maha Tannous. 


pieces. A wide variety of Malagasy gem materials are 
used, such as rock crystal, smoky and rose quartz, 
labradorite, blue calcite marble, petrified wood, septarian 
nodules, and jasper. 

The facility also processes celestite geodes and fossil 
nautiloids and ammonites, as well as quartz, black tour- 
maline, and opaque blue corundum crystals. The crystals 
are trimmed and cleaned at the warehouse, in preparation 
for sale as mineral specimens. Iron stains are removed 
from the tourmaline and corundum crystals using heated 
oxalic acid. The nautiloids and ammonites typically range 
from 12 to 16 cm in diameter, with larger specimens 
reaching 30 cm; they are recovered at two new localities, 
in west-central Madagascar and in the south near Ilakaka. 
The fossilized shells are sliced in half and then polished to 
reveal attractive patterns formed by the internal cham- 
bers, which commonly contain recrystallized calcite. In 
rare cases, the ammonites show iridescent areas. Mr. 
Mannequin noted that in order to comply with govern- 
ment regulations, all fossils exported from Madagascar 
must show evidence of polishing. 

Brendan Laurs 
Senior Editor, Gems & Gemology 


Rubies (and sapphires) from Colombia. Although 
Colombia is famous for its emeralds, it also produces 
other gem materials. While Gem News editors MLJ and 
SFM were in Colombia in spring 1998, they were shown 
several examples of rough and cut gem corundum from 
alluvial deposits in the Mercaderes—Rio Mayo area of 
Colombia’s Cauca Department by Jaime Rotlewicz of C. 
I. Gemtec Ltda., Bogota. Sometime later, Mr. Rotlewicz 
sent us a parcel of three fashioned rubies (figure 14), one 
water-worn sapphire crystal, and 12 fashioned sapphires 
(see, e.g., figure 15) from this locality. Sapphires from 
Colombia were previously described by P. C. Keller et 
al. (“Sapphire from the Mercaderes—Rio Mayo area, 
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Cauca, Colombia,” Spring 1985 Gems # Gemology, pp. 
20-25], so we concentrated our efforts on characterizing 
the rubies. 

Gemological properties were consistent among the 
three rubies (a 0.26 ct marquise, a 0.30 ct pear, and a 
0.38 ct oval). All were transparent and purplish red, with 
pleochroic colors of purple-red and orange-red; none 
showed any reaction to the Chelsea (color) filter. The 
largest stone had R.I. values of 1.761-1.770 (birefrin- 
gence of 0.009); the other two had R.I. values of 
1.761-1.769 (birefringence of 0.008). The specific gravity, 
measured hydrostatically, was 4.05—-4.12 (the largest 
ruby had the lowest value); these rather high values are 
probably due to measurement errors associated with the 
small size of the stones. All three rubies fluoresced weak 
red to long-wave UV radiation and very weak red to 
short-wave UV. All three had typical ruby spectra when 
viewed with a handheld spectroscope. 

Among the inclusions seen with magnification were: 
clouds (in two samples; in one of these, the cloud showed 
a hexagonal growth pattern), “fingerprints” (in two sam- 
ples), stringers (in one sample}, an unidentified tube- 
shaped crystal (in one sample}, a white crystal with a 
stress fracture (in another sample), needles resembling 
boehmite (in two samples), and crystals resembling 
apatite (in one sample). Boehmite and apatite inclusions, 
as well as clouds, also were noted by Keller et al. (1985) 
in sapphires from this region. 

Semi-quantitative EDXRF chemical analyses were 
performed by Sam Muhlmeister in the same manner as 
described in the article by Muhlmeister et al. 
(“Separating natural and synthetic rubies on the basis of 
trace-element chemistry,” Summer 1998 Gems & Gem- 
ology, pp. 80-101). The three rubies had trace-element 
contents of 0.14-0.19 wt.% Cr,O,, 0.31-0.50 wt.% iron 
(as FeO), 0.02-0.05 wt.% TiO,, 0.01-0.02 wt.% Ga,O,, 
and 0.09-0.13 wt.% CaO. Vanadium and manganese 
were below detection limits; however, traces of silicon, 
phosphorus, potassium, and chlorine also were present. 
(Many of these elements might reside in mineral inclu- 
sions, such as Ca and P in apatite.) The iron and titanium 
contents, as well as the relative amounts of iron, vanadi- 
um, and gallium, were typical for rubies from basaltic 
environments (again, see Muhl meister et al., 1998). 

Mr. Rotlewicz reports that rubies and pink sapphires 
represent only 1% of the gem corundum that has been 
found in this area. He added that there is no organized 
mining at the present time and that the area is not con- 
sidered safe for visitors. 


Lavender sugilite with green spots. Sugilite (occasionally 
known by the trade name “Lavulite”) is familiar to gemol- 
ogists as an ornamental material from the Kalahari man- 
ganese field in the Republic of South Africa, notably from 
the Wessels and N‘Chwaning mines near Hotazel (see, 
e.g., J. E. Shigley et al., “The occurrence and gemological 
properties of Wessels mine sugilite,” Summer 1987 Gems 
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& Gemology, pp. 78-89). The massive gem material is a 
complex metamorphic rock that consists mainly of the 
mineral sugilite, KNa,(Fe’*,Mn**,Al),Li,Si,,O. Gem sug- 
ilite normally ranges from purple to violet, although its 
formula does not require this color, should other chro- 
mophores be present. 

Recently a client submitted a “lavender’-colored (i.e., 
light violet) rock with some brown and bright green 
inclusions to the SSEF laboratory (figure 16). He was 
interested in having the green specks identified. We 
obtained Raman spectra from the green material in a pol- 
ished slab. The peak identification led to the mineral 
sugilite, and we were surprised to see full agreement 
with our reference spectrum from a piece of violet sug- 
ilite. A bulk chemical analysis with EDXRF determined 
the presence of all the detectable elements expected in 
the sugilite formula, with the exception of Al (which is 
nonessential). Notably, the green spots also showed a 
chromium signal, a novelty at least for sugilite from the 
Wessels mine. Also, we noted that the paler lavender 
areas contained less manganese than the typical violet 
sugilite. A small amount of Ca was registered in the 
EDXREF spectrum of our violet reference sample as well 
as in the green area of the client’s stone. The main differ- 
ence between the violet material and the green spots was 
the presence of Cr. 

The (optional) aluminum in the above-listed general 
chemical formula replaces the elements Fe and Mn. 
Chromium is another valid candidate for this replace- 
ment, as noted in the green spots. We have thus another 
silicate mineral where chromium admixtures provide a 
lovely green color, as is the case for emerald (beryl), fuch- 
site (muscovite mica}, and so on. The isolated nature of 
the spots suggests that the chromium may be derived 
from earlier Cr-minerals (perhaps chromite) that were 
altered during the metamorphism of the parent rocks. 
The Cr then was locally introduced into the growing sug- 
ilite crystals, coloring portions of the material green. 

HAH 


Paraiba tourmaline update. On August 9-11, these con- 
tributors visited northeastern Brazil to gather firsthand 
information on the mining, production, and geology of 
the popular, brightly colored Paraiba (cuprian) tourmaline 
(see, e.g., E. Fritsch et al., “Gem-quality cuprian-elbaite 
tourmalines from Sao José da Batalha, Paraiba, Brazil,” 
Fall 1990 Gems &#) Gemology, pp. 189-205). They accom- 
panied Brian Cook (Nature’s Geometry, Graton, 
California) and Marcelo Bernardes (Manoel Bernardes 
Ltd., New York}, and were hosted by Heitor Barbosa at 
the Sao José da Batalha mine in Paraiba State. Mr. Barbosa 
first discovered gem crystals of the copper-bearing tour- 
maline at this pegmatite deposit in 1987. After nearly a 
decade of disorganized activity by various groups, Mr. 
Barbosa reclaimed ownership of the deposit in the spring 
of 2000. With debris cleared from the underground work- 
ings and fluorescent lighting recently installed, two teams 
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Figure 15. These eight sapphires (0.49-2.08 ct) 
show the range of colors available from the 
Mercaderes—Rio Mayo deposit. Courtesy of Jaime 
Rotlewicz; photo by Maha Tannous. 


of miners have now begun working new areas of the peg- 
matites with pneumatic hammers (figure 17). 

The rapid price escalation of Paraiba tourmaline has 
also made it economically feasible to rework the mine 
tailings, the discarded material that was previously 
removed from the mine. Mr. Barbosa is building two pro- 
cessing plants to wet-sieve the tailings. Processing facili- 
ties are also under construction or in operation by two 
other groups that had stockpiled tailings and alluvial and 
colluvial material from areas adjacent to the mine (figure 
18). These operations were the only source of production 
during our visit, and occasionally produce small pieces of 
gem rough. 

Facetable cuprian tourmaline has also been found at 
two other pegmatite mines in the area, located 45-60 


Figure 16. The green spots in these two pieces of 
lavender sugilite are not a different mineral, but 
rather sugilite colored by chromium. Each sample is 
4 cm wide; photo by H. A. Hanni. 
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Figure 17. Underground mining has resumed at the 
historic SGo José da Batalha tourmaline mine in 
Paraiba State, Brazil. Here, miners use pneumatic 
hammers to excavate the 40-cm-wide pegmatite dike. 
Photo by Brendan Laurs. 


km northeast in adjacent Rio Grande do Norte State. 
The more distant one of these lies just east of the town of 
Parelhas; it has been called the Capoeira or 
Boqueiraozinho pegmatite (J. Karfunkel and R. R. Wegner, 
“Paraiba tourmalines: Distribution, mode of occurrence 
and geologic environment,” Canadian Gemmologist, 
Vol. 27, No. 4, 1996, pp. 99-106). Last December, how- 
ever, a new venture (Mineracao Terra Branca Ltda.) began 
working the deposit, which has been renamed 
“Mulungu.” At the time of our visit to Mulungu with 
host Ronaldo Miranda, the miners were drilling and 
blasting in two of three shafts, which were accessed 
using electric winches and reached depths of 33 m (figure 
19). A processing plant was being tested for wet-sieving 
and hand-sorting the tourmaline from both the mined 
material and colluvium derived from downslope of the 
pegmatites. Although we saw no tourmaline production 
during our visit, a small pocket of gem-quality blue- 
to-green crystals was reportedly discovered last April 
(R. Miranda, pers. comm., 2000). Melee-size gemstones 
have also been cut from clear fragments within larger 
translucent to semitransparent crystals that are “frozen” 
within the pegmatite. Similar crystals occasionally yield 
facetable cuprian tourmaline at the other mine in the 
area, the Alto dos Quintos pegmatite (again, see Kar- 
funkel and Wegner, 1996); however, we did not visit that 
deposit. 
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Figure 18. Fragments of gem-quality Paraiba tour- 
maline are occasionally recovered from stockpiled 
tailings, as well as from alluvial and colluvial mate- 
rial, at the Sao José da Batalha mine. This newly 
constructed processing plant will separate gravel- 
sized material from colluvium; the gravel will 
undergo further concentration at another nearby 
plant. Photo by Brendan Lauts. 


An article updating the mining, production, and geol- 
ogy of the Sao José da Batalha mine is being prepared. 

Brendan Laurs 

Senior Editor, Gems & Gemology 

James E. Shigley 

Director, GIA Research 


Tourmaline with an apparent change-of-color in one 
pleochroic direction. Earlier this year, gem dealer Jay 
Boyle of Fairfield, Iowa, called our attention to an unusu- 
al tourmaline that he had purchased in Sri Lanka in 
January 2000. The 2.33 ct cushion mixed cut, which 
measured 8.88 x 8.39 x 4.72 mm, appeared strongly 
pleochroic in reddish brown and green (similar to 
andalusite) in incandescent light, but looked uniformly 
green in fluorescent light. 

When viewed table-up in daylight-equivalent fluores- 
cent light, this gemstone was brownish yellowish green, 
with even color distribution (pleochroism is not considered 
in assessing color distribution). The overall color shifted 
only slightly between daylight-equivalent fluorescent light 
and incandescent light; however, the evident pleochroism 
changed markedly. Normally, we determine pleochroic 
colors using a polariscope in daylight-equivalent 
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fluorescent light; for this sample, these colors were dark 
yellowish green and brown-orange. In this case, we also 
looked at the pleochroism in incandescent light, and were 
surprised to find that the stone still showed the same 
brown-orange pleochroic color, but the yellow-green was 
much brighter (lighter and more saturated). The overall 
effect was an oenophile’s delight: In incandescent light, this 
tourmaline resembled red Burgundy wine in its typical 
green bottle; however, in daylight-equivalent fluorescent 
light, the bottle looked empty (figure 20)! 

Other gemological properties were as follows: optic 
character—uniaxial negative; (Chelsea) color filter reac- 
tion—orange to red; refractive indices—1.620-1.640; 
birefringence—O0.020; specific gravity (measured hydro- 
statically)—3.06; inert to long-wave UV radiation, and 
very chalky weak greenish yellow fluorescence to short- 
wave UV. A spectrum taken with a handheld spectro- 
scope in the brown-orange direction revealed a 400-500 
nm cutoff, a weak band at 610-630 nm, and weak lines 
at 650 and 670 nm. Magnification revealed stringers and 
growth tubes, which are typical inclusions in green tour- 
maline. At our request, Sam Muhlmeister collected 
EDXREF spectra, and found major Mg, Al, Si, and Ca, and 
trace Ti, V, Cr, Fe, Zn, Ga, and Sr. Both the chemistry 
and the gemological properties are consistent with 
uvite, the calcium magnesium tourmaline. Perhaps the 
vanadium and chromium contents are responsible for 
the shifts in the green pleochroic color that cause this 
unusual visual effect. 

Although Mr. Boyle purchased this tourmaline in 
Sri Lanka, he cautioned us that Sri Lankan dealers now 
get their materials from many areas and this stone 
might have come from somewhere else. The chemistry 
and gemological properties of this stone are in good 
agreement with the tourmalines from Umbasara, 
Tanzania, which were described in two reports in the 
Journal of Gemmology (A. Halvorsen and B. B. Jensen, 
“A new colour-change effect,” Vol. 25, No. 5, 1997, pp. 
325-330; and Y. Liu et al., “Colour hue change of a gem 
tourmaline from Umba Valley, Tanzania,” Vol. 26, No. 
6, 1999, pp. 386-396). In those tourmalines, one 
pleochroic color is green and the other shifts from 


Figure 20. This 2.33 ct tourmaline 
seems to shift colors in the brown 
pleochroic direction, but in fact it is 
the green direction that shifts in 
color, as shown here in incandescent 
light (left) and daylight-equivalent 
fluorescent light (right). Courtesy of 
Jay Boyle; photos by Maha Tannous. 
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Figure 19. Gem-quality cuprian elbaite was reported- 
ly recovered from this shaft at the Mulungu mine in 
Rio Grande do Norte State, Brazil. An electric winch 
and steel bucket are used to transport both miners 
and rock material. Photo by Brendan Laurs. 


orange to “wine red” as the sample thickness increases. 
Thus, in the stone we examined, the transmitted 
pleochroic brown-orange color would appear as red 
reflections (with about twice the optic path length) 
when the stone was viewed table-up. 

One final caution: According to the literature, tour- 
malines can be treated to appear to have an “alexandrite- 
like” change of color, by painting some facets with red 
ink (G. L. Wycoff, “What’s happening in gemcutting,” 
American Gemcutter, No. 122, 1997, pp. 3, 26-28). We 
checked this stone for inked facets but saw no evidence 
of this treatment. 
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Figure 21. Represented as hematite, these strongly 
magnetic beads proved to be manufactured barium 
iron oxide. The beads measure approximately 8 mm 
in diameter; photo by Maha Tannous. 


SYNTHETICS AND SIMULANTS ff =| 


Magnetic hematite imitation in jewelry. A Parisian com- 
mercial gift dealer submitted to the French Gemological 
Laboratory in Paris two necklaces and two bracelets of 
purported hematite bead jewelry from China. The beads 
in the necklaces were indeed hematite (as indicated by 
the reddish brown streak and chemical composition as 
determined with EDXRF); they were weakly attracted to a 
magnet, as is commonly the case with the Brazilian 
hematite that is found in abundance on the market today. 

However, the beads forming the bracelets caught the 
attention of the laboratory’s assistant director, Heja 
Garcia-Guillerminet: They were so strongly magnetic 
that they stuck to one another even when they were not 
strung (figure 21). Such strong magnetic behavior clearly 
is not typical of hematite. Also, the streak was black, and 
EDXREF analysis performed on an EDAX machine 
showed the presence of barium (Ba) in addition to iron. 
Consequently, the beads were sent to the University of 
Nantes for further testing. 

X-ray diffraction analysis performed on a Siemens 
5000 diffractometer proved the material to be barium 
iron oxide, BaFe,,O,,. Although this formula resembles 
that of hematite, Fe,O,, the material is clearly manufac- 
tured, as there is no known natural equivalent. It belongs 
to the well-studied family of hexagonal ferrites, which 
are industrially important and are the basis of many per- 
manent magnets, such as those that decorate refrigera- 
tors. Prof. Olivier Chauvet, of the Institut des Matériaux 
Jean Rouxel at the University of Nantes, estimated 
(using simple tests) that the magnetic field created by 
these beads is of the order of 10 Gauss. Such a field is 
dangerous for some magnetic storage media (computer 
diskettes), and is potentially dangerous to some comput- 
er screens. 

We also noted that when the beads were allowed to 
arrange themselves in a line without constraint, their 
drill holes were far from parallel to the line created by 
the beads (again, see figure 21). Oddly, these holes were 
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sometimes almost perpendicular to the line; so when 
these beads are strung, they are not in their most stable 
position relative to one another. 

When the dealer informed his original provider that 
some of the beads were not hematite, the supplier was 
shocked. He stated that these magnetic beads have been 
sold all over Europe as hematite with no problem, and 
that this dealer was the first one to complain. EF 


Curved quadruplet boulder opal imitations. A parcel of 
material represented as boulder opal was purchased at the 
February 2000 Tucson show by Parisian lapidary 
Alexandre Wolkonsky. The free-form, flat cabochons 
ranged from 1.26 to 10.67 ct. Because of the unusual stat- 
ed locality (China), and the low price of the parcel com- 
pared to equivalent pieces from Australia, the gemologi- 
cal properties of these samples were carefully studied. 
Under magnification, it was clear that the material was 
not natural boulder opal, but rather an assembled quadru- 
plet with the following four layers (from top to bottom): 


e Natural opal top, with a typical appearance and refrac- 
tive index (1.44) 

e A very thin, black layer of apparently even thickness 

e A brown layer of homogeneous color but irregular 
thickness 

e An ironstone base typical of that seen on boulder opal, 
with limonite, clay, and an occasional opal veinlet 


The homogeneous brown and black layers did not 
melt on contact with a hot point, but rather they softened 
and flaked off. In some of the samples examined, the 
brown layers contained gas bubbles, which identified the 
material as a plastic. This was confirmed with a Bruker 
RFS 100 FTRaman microspectrometer, which revealed a 
broad signal around 3000 cm! that is typical of C-H 


Figure 22. This boulder opal simulant is a quadruplet 
that consists of natural opal, layers of black and brown 
materials, and natural ironstone. Most remarkably, 

the bottom surface of the opal layer, and the top sur- 
face of the ironstone layer, are curved rather than pla- 
nar. Photomicrograph by E. Fritsch; magnified 2.5x. 
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groups found in organic matter such as plastic (see B. 
Schrader, Raman/Infrared Atlas of Organic Compounds, 
VCH, Weinheim, Germany, 1989, pp. N-O1-N-11). The 
black layer was probably added to enhance color contrast, 
as does the thin layer of black potch that is sometimes 
seen backing “black” boulder opal (see, e.g., R .W. Wise, 
“Queensland boulder opal,” Spring 1993 Gems & 
Gemology, pp. 4-15). 

Most remarkably, the bottom surface of the natural 
opal layer and the top surface of the ironstone layer were 
not always flat and planar. In some stones, these layers 
were Clearly curved (figure 22), in contrast to other 
assembled stones, which generally contain planar con- 
tact surfaces. The non-coincidence of these two surfaces 
was compensated by the variable thickness of the brown 
plastic layer. EF 


MISCELLANEOUS 


Concave faceting technique developed for sapphires. After 
more than 10 years of research, faceter Richard Homer of 
Gems by Design, Kent, Ohio, has made a significant 
development in the concave faceting of corundum. 
According to Mr. Homer, “In order to perfect this tech- 
nique, I had to understand exactly how combinations of 
flat and curved facets would interact with the light enter- 
ing the sapphire. My concave cutting system allows me 
to manipulate concave facets to one tenth of a degree. 
This process allows for much greater accuracy and control 
of the faceting material than does concave carving of sap- 
phires.” Because sapphire has a high refractive index and 
subadamantine luster, concave faceting makes the fash- 
ioned sapphires appear dramatically brighter (see, e.g., fig- 
ure 23), especially for medium- to lighter-toned material; 
this is partially due to the diminished extinction brought 
about by the specialized faceting on the pavilion. Concave 
facets also help minimize the impact of color zoning and 
veils on the appearance of the stone. 

One of the challenges that had to be overcome was 
working with the directional hardness of corundum. 
Undercutting and polishing grooves in the pavilion (fig- 
ure 24) that produce the characteristic brilliance of con- 
cave-cut gems proved especially problematic. A series of 
special diamond-impregnated polishing spindles had to 
be constructed to make it possible to concave-facet this 
challenging gem material. 

Lila Taylor (gem3@att.net) 
Schorr Marketing and Sales 
Santa Barbara, California 


ANNOUNCEMENTS 


Visit Gems &) Gemology staff in Tucson. Gems & 
Gemology editors Alice Keller, Brendan Laurs, and Stuart 
Overlin will join Subscriptions manager Debbie Ortiz at 
the Gems & Gemology booth in the Galleria section 
(middle floor) at the Tucson Convention Center for the 
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Figure 23. New faceting technology developed by 

Ohio faceter Richard Homer is being used to intensi- 
fy the brilliance of sapphires (here, 3.69 to 6.95 ct ) by 
placing concave facets on their pavilions. Courtesy of 
Schorr Marketing and Sales; photo by Maha Tannous. 


AGTA show, January 31 to February 5. Stop by to ask 
questions, share information for Gem News, or just say 
hello. And take advantage of the many back issues—and 
special prices—we’ll be offering. 


GANA exhibit at the Carnegie Museum. “Lapidary Art,” 
a selection of contemporary works by the Gem Artists of 
North America (GANA), will be on display through 
January 8, 2001, at the Carnegie Museum of Natural 
History in Pittsburgh, Pennsylvania. The exhibit will 
showcase works by lapidary artists Susan Allen, 


Figure 24. Seen with the microscope and reflected 
light, the concave nature of the pavilion facets are 
evident on this sapphire. Photomicrograph by John I. 
Koivula; magnified 5x. 


Pan ihe. 
Sis 
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Elizabeth Lyons Beunaiche, Michael Christie, Thomas 
McPhee, Nicolai Medvedev, Gil Roberts, Sherris Cottier- 
Shank, Lee Allen Speights, and Lawrence Stoller. For 
more information, call 412-622-3131, or visit 
www.CarnegieMuseums.org/cmnh. 


GAGTL Conference 2000. The Gemmological Associ- 
ation and Gem Testing Laboratory of Great Britain will 
host its annual conference on October 29, 2000, at 
London’s Barbican Conference Centre, with presenta- 
tions on diamonds, colored gems, and pearls. In conjunc- 
tion with the conference, one-day GAGTL workshops 
will cover gemstone inclusions (Oct. 25), diamonds (Oct. 
31), and counter sketching (Nov. 1). Additional attrac- 
tions include a visit to De Beers (Oct. 27) and a tour of 
the Gilbert Collection at Somerset House (Oct. 30). For 
further information, visit www.gagtl.ac.uk/gnews.htm; 
contact Mary Burland at 44-20-7404-3334 (phone), 44-20- 
7404-8843 (fax); or e-mail gagtl@btinternet.com. 


Ist Brazilian Symposium on the Treatment and 
Characterization of Gems. This conference will take 
place November 5-8, 2000, at the Federal University of 
Ouro Preto, Minas Gerais, Brazil. Topics include types of 
gem treatments and their status in Brazil, techniques for 
growing and identifying synthetics, analytical techniques 
and characterization methods, cause of color in gems, and 
origin determination. Excursions to gem and mineral 
deposits in the Ouro Preto region will occur on 
November 9. For details, e-mail gemas2000@cpd.ufop.br 
or visit www.ufop.br/eventos/gemas.htm (in Portuguese). 


Fabergé exhibit in Tucson. More than 60 Fabergé pieces, 
including some of the Czar’s Imperial Easter Eggs, will be 
on display February 8-11 at the 2001 Tucson Gem and 
Mineral Society (TGMS) Show, held in the Tucson 
Convention Center. 


Hong Kong International Jewellery Show. The 18th 
annual show will take place March 5-8, 2001 at the 
Hong Kong Convention & Exhibition Centre. In addition 
to hundreds of gem and jewelry exhibitors, the show will 
feature a series of seminars conducted by international 
jewelry associations. For details, call Jessica Chan at 852- 
2240-4354, or visit http://hkjewellery.com. 


Diamond exposition in Paris. From March 10 to July 15, 
2001, this exposition at the Muséum National d'Histoire 
Naturelle in Paris will focus on the geologic origin, prop- 
erties, and mining history of diamonds. On display will 
be several important historical diamond jewelry pieces, 
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as well as contemporary creations, from numerous muse- 
ums and private collections. For more information, con- 
tact Hubert Bari at 33-40-793856 (phone), 33-40-793524 
(fax), or e-mail bari@mnhn.fr. 


Opal Symposium 2001. The 2nd National Opal 
Symposium will be held in Coober Pedy, Australia, April 
10-12, 2001. The conference will feature two days of pre- 
sentations and workshops covering prospecting, mining 
techniques, operational health and safety, and native title 
in relation to opal mining. For details, call 61-88-672- 
5298, fax 61-88-672-5699, or e-mail info@opalsympo- 
sium.com, or visit www.opalsymposium.com. 


ICA Congress. The International Colored Gemstone 
Association (ICA) will hold its next Congress in Sydney, 
Australia, from April 29 to May 4, 2001. The Congress 
will take place at Sydney’s new Convention and 
Exhibition Centre, “Star City.” In addition to speaker 
presentations, workshops, and panel discussions about 
colored gemstones, participants will have the opportuni- 
ty to visit an opal mine. For more information, visit 
www.gemstone.org or contact the ICA in New York 
at 212-688-8452 (phone), 212-688-9006 (fax), or e-mail 
gembureau@gemstone.org. 


Geochemistry and Mineralogy of Gemstones Sympo- 
sium. Hosted by Virginia Polytechnic Institute and 
State University, this symposium will take place as 
part of the Eleventh Annual V. M. Goldschmidt Con- 
ference, May 20-24, 2001, in Roanoke, Virginia. For 
more information, e-mail gold2001@vt.edu or visit 
www.lpi.usra.edu/meetings/gold2001. 


ERRATA 


1. In the Summer 2000 article by I. M. Reinitz et al. on 
HPHT-treated yellow to green diamonds, both photos in 
figure 10 (p. 135) were taken by Maha Tannous. 


2. The Summer 2000 abstract (pp. 186-187) of the article 
by A. T. Collins et al., “Colour changes produced in nat- 
ural brown diamonds by high-pressure, high-temperature 
treatment,” was attributed to the wrong abstracter; it 
was actually written by Ilene Reinitz. The abstract was 
edited to imply a causal relationship between the mutual 
destruction of vacancies and interstitial carbon atoms, 
and the reduction of brown color in type Ila diamonds. 
Although both changes result from HPHT treatment, in 
fact the causes of the brown color and its reduction are 
still unknown. 
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Gemology in North America 
(Continued from Page 402) 


This educational work in gem- 
ology initiated by the British at- 
tracted attention not only in Great 
Britain, but also in North America. 
In the late twenties, largely upon 
the advice of Frank B. Wade of 
Indianapolis, Robert M. Shipley, Sr., 
an experienced jeweler, went to Eu- 
rope and familiarized himself with 
the educational activities in gem- 
ology in Great Britain and with 
other phases of the subject in 
continental Europe. After his re- 
turn, Shipley was invited by the 
California Jewelers’ Association to 
give a night course for jewelers, 
which he did in 1980 and 1931. The 
success of this instruction led to the 
founding of the Gemological Insti- 
tute of America in 1931, with Ship- 
ley as its director, and subsequently 
to the American Gem Society in 
1934. By 1936, many Canadian jew- 
elers had enrolled as students, and 
the name of the society was changed 
to the American Gem _ Society 
(United States and Canada). 

It was during this development 
period that Shipley visited the Uni- 
versity of Michigan and discussed 
his ideas with me. He stressed the 
great lack of authoritative informa- 
tion on the part of jewelers and gem 
dealers. This lack I had long recog- 
nized, and accordingly, Shipley was 
at once assured of my cooperation. 
The success of his undertaking is 
well known to you all. 


The courses of instruction now 
given by the Institute are diversi- 
fied, well organized, and conducted 
on a very high level. All of them 
are supervised by a thoroughly com- 
petent staff. It is very gratifying 
that Shipley has been able to enlist 


the services of trained men not only 
to conduct the instruction at the 
headquarters at Los Angeles, but 
also to take charge of the various 
regional groups in New York, Bos- 
ton, Philadelphia, Cleveland, De- 
troit, Chicago, Minneapolis, and St. 
Louis. At the headquarters, Richard 
T. Liddicoat serves as Director of 
Education and Dr. George Switzer 
as Director of Research. The va- 
rious regional groups are conducted 
by Professors R. J. Holmes of Co- 
lumbia University, C. S. Hurlbut of 
Harvard University, C. W. Wolfe of 
Boston University, H. F. Donner of 
Western Reserve University, W. D. 
Shipton of Washington University, 
C. B. Slawson of the University of 
Michigan, J. W. Gruner of the Uni- 
versity of Minnesota, and Samuel 
Gordon of the Philadelphia Academy 
of Science. Moreover, the list of 
persons serving on the various 
boards and committees, both in ad- 
visory and active capacities, is very 
impressive. 

At present, about 2500 students 
are pursuing courses. Of these, 900 
are veterans who are enrolled under 
the G.I. Bill of Rights. The Gem- 
ological Institute of America has 
recently broadened the scope of its 
study in residence by developing a 
series of three four-week courses 
which include both theory and iden- 
tification practice. These courses are 
given twice a year at the headquar- 
ters in Los Angeles. The first of 
this. series of three courses is also 
scheduled this summer for New 
York, Chicago, and Atlanta. The geo- 
graphical distribution of the students 
is very wide—Brazil, Canada, Dutch 
West Indies, Panama, Italy, Singa- 
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This year, over 250 dedicated readers participated in the 
2000 Gems & Gemology Challenge. Entries arrived from all corners of the 
world, as readers tested their knowledge on the gestions in the Spring 2000 
issue. Those who earned a score of 75% or better received a GIA Continuing 
Education Certificate recognizing their achievement. The participants who 
scored a perfect 100% are listed below. 


AUSTRALIA Cranebrook, New South Wales: George Newman. Dodges Ferry, Tasmania: Robin Hawker. Logan, Queensland: 
Ken Hunter @ BELGIUM Diegem: Guy Lalous. Diksmuide: Honore Loeters. Hemiksem: Daniel De Maeght. Ruiselede: Lucette Nols 
@ BRAZIL Sdo Paulo: Daniel Berringer, Ana Flavia Pantalena @ CANADA Bissett, Manitoba: Paul Gertzbein. Bobcaygeon, Ontario: David R. 
Lindsay. Calgary, Alberta: Diane Koke. Cowansville, Québec: Alain Deschamps. St. Catharines, Ontario: Alice J. Christianson. Toronto, Ontario: 
Ken Miller, Vancouver, British Columbia: Michael Cavanagh ® CROATIA Zagreb: Sandra Crkvenac @ CZECH REPUBLIC Praha, Kamyk: 
Karel Marik @ FRANCE Paris: Marie-France Chateau @ GREECE Thessaloniki: loannis Xylas @ INDONESIA Jakarta: Warli Latumena 
® ITALY Bordighera: Beviacqua Lorenza. Caltanissetta, Sicilia: Francesco Natale. Lucca: Roberto Filippi. Porto Azzurro, Livorno: Giuseppe 
Diego Trainini. Valenza: Rossella Conti. Vicenza: Francesca Zen © JAPAN Kyoto: Takuma Koyanagi ® MALAYSIA Georgetown, Penang: 
Lee-Khoon Ng ® NETHERLANDS Amsterdam: P.A.G. Horninge. Rotterdam: E. van Velzen. Voorburg: W. van der Giessen. Wassenaar: Jane 
M. Orsak @ PHILIPPINES Mandaluyong City, Metro Manila: Mark Alexander B. Velayo @ PORTUGAL Figueira, V. du Bispo, Algarve: 
Johanne Jack. Viseu: Rui P. Branco @ SCOTLAND Edinburgh: James W.M. Heatlie ® SPAIN Playa P. Farnals, Valencia: Monika Bergel- 
Becker. Port de Soller, Baleares: J. Maurici Revilla Bonnin @ SWITZERLAND Rodersdorf: Heinz Kniess. Zollikon: Adrian Meister. Ziirich: 
Eva Mettler @ UNITED STATES ® Alabama Gadsden: Jerome D. Thomas. Hoover: Ronald C. Redding ® Arizona Chandler: LaVerne 
M. Larson. Tucson: Molly K. Knox ® California Burlingame: Sandra MacKenzie-Graham. Carlsbad: Michael T. Evans, Brian I. Genstel, 
William J. Herberts, Mark S. Johnson, Jan Lombardi, Diane H. Saito, Abba R. Steinfeld. Escondido: Martin Harmon. Fremont: Ying Ying 
Chow. Morgan Hill: Douglas Mays. Pacifica: Diana L. Gamez. Rancho Cucamonga: Sandy Mac Leane. Redwood City: Starla Turner. San Rafael: 
Robert A. Seltzer. Ukiah: Charles “Mike” Morgan © Colorado Colorado Springs: Deborah Doty. Denver: Mary Shore, Alan J. Winterscheidt. 
Ft. Collins: Frank Sullivan. Longmont: William Lacert. Pueblo: Naoma Ingo © Connecticut Simsbury: Jeffrey A. Adams ® Florida Clearwater: 
Tim Schuler. Sunny Isles Beach: Fabio S. Pinto ® Georgia Hampton: Ella Golden ® Illinois Mokena: Marianne Vander Zanden. Northbrook: 
Frank E. Pintz. Oaklawn: Eileen Barone. Peoria: John Fitzgerald. Troy: Bruce Upperman ® Iowa Iowa City: Gary R. Dutton. West Des Moines: 
Franklin Herman ® Louisiana Baton Rouge: Harold Dupuy ® Maine South Freeport: Arthur E. Spellissy Jr. @ Massachusetts Braintree: Alan 
R. Howarth. Brookline: Martin Haske. Chatham: William Parks. Lynnfield: John A. Caruso. Uxbridge: Bernard M. Stachura ® Maryland 
Darnestown: Ron Suddendorf. Potomac: Alfred L. Hirschman © Missouri Perry: Bruce L. Elmer ® Montana Helena: Werner Weber 
® Nebraska Omaha: Ann Coderko @ Nevada Las Vegas: Deborah A. Helbling. Reno: Terence E. Terras ® New Jersey Hawthorne: Donna 
Beaton ® New Mexico Santa Fe: Leon Weiner © North Carolina Creedmoor: Jennifer Jeffreys-Chen. Durham: Kyle D. Hain. Hendersonville: 
Robert C. Fisher. Kernersville: Dr. Jean A. Marr. Manteo: Eileen Alexanian ® Ohio Athens: Colette Harrington. Toronto: Vincent Restifo 
® Oregon Beaverton: Robert H. Burns. Clackamas: Evelyn A. Elder. Salem: Donald Lee Toney. Scappoose: Cinda V. di Raimondo 
® Pennsylvania Schuylkill Haven: Janet L. Steinmetz. Wernersville: Lori Perchansky. Yardley: Peter R. Stadelmeier ® South Carolina Sumter: 
James S. Markides ® Tennessee Altamont: Clayton L. Shirlen ® Texas Corpus Christi: Warren A. Rees. El Paso: Richard A. Laspada. Houston: 
Frieder H. Lauer ® Virginia Hampton: Edward A. Goodman. Sterling: Donna B. Rios ® Washington Lakebay: Karen Lynn Geiger 
‘ — ® Wisconsin Beaver Dam: Thomas G. Wendt. Milwaukee: William Bailey 


Answers (See pp. 81K 82 of the Spring 2000 issue for the questions): 
(1) d, (2) a, (3) b, (4) c, (5) c, (6) d, (7) b, (8) b, (9) a, (10) a, (11) c, (12) b, (13) b, (14) d, (15) a, (16) c, (17) b, (18) d, 
(19) b, (20) c, (21) b, (22) d, (23) d, (24) d, (25) d 
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Book Reviews 


Susan B. Johnson & Jana E. Miyahira-Smith, Editors 


THE MICROWORLD 
OF DIAMONDS 


By John I. Koivula, 157 pp., illus., 
publ. by Gemworld International, 
Northbrook, IL, 2000. US$95.00* 


John Koivula has very successfully 
created a text that should excite all 
gemologists, especially lovers of dia- 
monds. In addition, for those interest- 
ed in gemstone photomicrography, 
there are more than 400 beautiful and 
fascinating color photographs. 

The opening chapters discuss the 
virtues of diamonds and the 4 Cs, fol- 
lowed by a brief glossary of diamond 
properties. Chapter 4 starts with the 
origins of diamonds, and then pro- 
ceeds to a detailed discussion of dia- 
monds in ancient times, chemical 
formulas, crystal structure, and opti- 
cal and physical properties; it ends 
with geologic and geographic loca- 
tions. Chapter 5 covers inclusion 
identification, breaking the topic 
down into a number of levels. The 
author begins by discussing the 
importance of the microscope to 
gemology. He then delves into the 
laboratory use of such sophisticated 
techniques as X-ray diffraction, laser 
Raman microspectrometry, and 
structural and chemical analysis for 
research and identification. 

Chapter 6 begins with the evolu- 
tion of the microscope from simple 
lenses to the modern instruments we 
have at our disposal today. Also dis- 
cussed are the various lighting tech- 
niques used in photomicrography. 
Later chapters are devoted to micro- 
features of natural diamonds, dia- 
mond enhancements, gem-quality 
synthetic diamonds, and diamond 
simulants.The book ends with a 
comprehensive list of diamond-relat- 
ed definitions. One somewhat unusu- 
al feature is that a bibliography is 
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found at the end of each chapter 
rather than at the back. 

It is difficult to find fault with this 
book: It is very readable, and the 
author’s marvelous photomicrographs 
are a feast for the eyes. Readers of 
Gems & Gemology will, I am sure, 
appreciate the time and effort that 
have gone into the production of The 
MicroWorld of Diamonds. 


ANTHONY DE GOUTIERE 
Victoria, British Columbia, Canada 


GEMSTONES: 

QUALITY AND VALUE, 
Volume 1 

By Yasukazu Suwa, 148 pp., illus., 
publ. by Sekai Bunka Publishing, 
Tokyo (2nd ed., English transla- 
tion), 1999. US$84.00* 


So you've determined that the stone 
you're looking at is a natural alexan- 
drite. Now the question is, “Where 
does it fit in the world of gemstones?” 
Is it the finest quality? If not, what 
does a finer quality look like? How 
rare is it in the marketplace? Com- 
paring two alexandrites, which one is 
more valuable? How much more 
valuable? 

The answers to these questions 
usually emerge from years of experi- 
ence in the colored stone industry. 
But even with experience, there are 
often gaps in our knowledge. Unless 
we are constantly working with a 
large range of sizes and qualities of 
gemstones, it can be difficult to 
know this information and even 
more difficult to communicate it to 
others. For 24 of the more popular 
gemstones, this book does an amaz- 
ing job of drawing us into their mar- 
ketplace. Included are four-page sec- 
tions on aquamarine, amethyst, 
alexandrite, round brilliant diamond, 
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melee diamond, Colombian emerald, 
Zambian emerald, Sandawana emer- 
ald, jadeite, lapis lazuli, moonstone, 
“light” opal, black opal, peridot, 
Mogok ruby, Thai ruby, rhodolite, Sri 
Lankan sapphire, Kashmir sapphire, 
pink topaz, tanzanite, green tourma- 
line, Paraiba tourmaline, and tur- 
quoise. Additional sources also are 
mentioned in some of the sections 
(e.g., turquoise has descriptions for 
material from Arizona, Iran, and 
China). Some additional varieties or 
species are briefly mentioned as well 
(e.g., almandite and grossularite in 
the rhodolite section). 

Highlighting the book are color 
photographs of more than 500 differ- 
ent loose stones or pieces of stone-set 
jewelry, with more than a quarter of 
these listing carat or gram weight and 
value in U.S. dollars. For each stone 
except Kashmir sapphire, Mr. Suwa 
has provided a Quality Scale grid 
with five beauty grades across the top 
and seven levels of tone along the 
side, for a total of 35 possible combi- 
nations. Many of these combina- 
tions—from three (for melee dia- 
mond) to 28 (for jadeite}—are illus- 
trated by color photos of individual 
stones. For most of these gems, these 
are the best visual representations of 
quality ranges this reviewer has ever 
seen. An additional chart shows 
which of these examples would fall 
within one of three grades of gem 
quality, jewelry quality, or accessory 
quality. These three grades also are 
used in two other charts: One shows 
what percentage of each grade in a 


“This book is available for purchase through 
the GIA Bookstore, 5345 Armada Drive, 
Carlsbad, CA 92008. Telephone: (800) 
421-7250, ext. 4200; outside the U.S. (760) 
603-4200. Fax: (760) 603-4266. 
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particular carat weight would be 
found in the fashioned stone market, 
and the other gives a value index for 
three different carat weights and the 
three different quality grades, to illus- 
trate the relative values of different 
weights or grades. 

The color printing in Gemstones: 
Quality and Value is excellent, with 
the possible exception of the aquama- 
rine chapter, where the stones shown 
in the “country of origin” section 
appear very different in color and sat- 
uration from those reproduced on the 
quality scale. 

I was first introduced to this book 
by a student who was taking one of 
our Colored Stone Grading extension 
classes. She is a consumer who has 
the time, money, and passion to learn 
as much as she can about gemstone 
quality and value. She said that she 
constantly uses this book as a refer- 
ence for making her buying deci- 
sions. Anyone in the trade who could 
not answer the questions posed in 
the first paragraph of this review 
when looking at any of these stones 
would also find this book invaluable. 


DOUGLAS KENNEDY 
Gemological Institute of America 
Carlsbad, California 


THE DIAMOND FORMULA— 
DIAMOND SYNTHESIS: 

A GEMMOLOGICAL 
PERSPECTIVE 


By Amanda S. Barnard, 166 pp., 
illus., publ. by Butterworth- 
Heinemann, Oxford, England, 2000. 
US$39.95* 


This book provides the gemologist 
with a convenient summary of the 
important concepts related to the syn- 
thesis of diamond, the identification 
of gem-quality synthetic diamonds, 
and the potential impact of synthetic 
diamonds on the jewelry industry. 
The author has surveyed the scientif- 
ic and gemological literature to orga- 
nize the relevant information into a 
convenient and readable format. 

The book is divided into three 
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sections. The first deals with the his- 
tory of diamond synthesis, which 
culminated with the successful 
growth of diamond in the early 
1950s. The second section discusses 
the gemological aspects. Here a sum- 
mary of the physical properties of dia- 
mond is followed by a discussion of 
the means to identify synthetic dia- 
monds using both standard gem-test- 
ing equipment and the more ad- 
vanced scientific instruments that are 
found today in many gemological 
laboratories. The information for 
much of this discussion was taken 
from articles published over the past 
two decades in the gemological liter- 
ature. The third section briefly dis- 
cusses the synthesis of thin films of 
diamond by chemical vapor deposi- 
tion. (The products of this method 
have so far had little or no impact on 
the jewelry trade.) 

The information presented in all 
three sections is complete and well 
organized. The text is illustrated by 
black-and-white photographs, line 
drawings, and several tables. There are 
no color photos. The one major draw- 
back of the book is the lack of photos 
of some of the visual features that are 
key to the identification of synthetic 
diamonds, such as color zoning, grain- 
ing, metallic inclusions, and patterns 
of ultraviolet fluorescence. A number 
of such photos have been published in 
the gemological literature, however, 
and the book does contain a reference 
list of articles taken from the litera- 
ture through 1997. 

This book is a valuable resource 
for gemologists interested in a sum- 
mary of information on synthetic 
diamonds. Since gem-quality syn- 
thetic diamonds continue to be 
grown from metallic catalysts in 
high temperature/high pressure 
equipment, the information on syn- 
thetic diamond identification pre- 
sented here is valid and will likely 
continue to be so until other synthe- 
sis techniques are developed. 


JAMES E. SHIGLEY 


Gemological Institute of America 
Carlsbad, California 
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GEMS AND GEM 
INDUSTRY IN INDIA 


By R. V. Karanth, 406 pp., illus., publ. 
by the Geological Society of India, 
Bangalore, India, 2000. US$75.00 
(hardbound), US$60.00 (paperback). 
E-mail: gsocind@bgl.vsnl.net.in 


In dedicating this book to Peter Read, 
John Sinkankas, Basil Anderson, and 
L. A. N. Iyer (of Mogok gem-tract 
memoir fame), the author reveals 
that he was able to “pick up the 
threads of Gemmology” from their 
works. With this volume, Karanth 
has created a very readable general 
textbook of his own, for Indian gem- 
ologists in particular, while opening 
up the country’s gem scene to non- 
Indian readers. 

A short introduction is followed 
by an interesting historical account 
of the Indian gem industry, from pre- 
history to the present. Tables show- 
ing the imports and exports of gem 
and jewelry items between 1963 and 
1996 illustrate the phenomenal 
growth in the country’s diamond 
trade, by a factor of over 6,000 in 
terms of value within three decades! 
Subsequent chapters deal with the 
properties of gemstones, analytical 
methods, gem cutting—including a 
very good discussion of India’s arti- 
sanal operations—and gemstone syn- 
thesis. The final chapters describe 
gem materials and their occurrences, 
with special reference to India (one of 
the book’s strong points). 

There are 119 black-and-white 
figures and eight full-color pages, 
each with six separate pictures. The 
black-and-white figures probably 
started out as reasonable pho- 
tographs, but the printed reproduc- 
tions leave a great deal to be desired. 
The color plates are better, but the 
objects often are too small within 
the frame. Typographical errors 
abound, but they are seldom serious 
and usually do not detract from the 
meaning of the text. There is a thor- 
ough international bibliography and 
a detailed appendix of Indian gem- 
stone localities. 
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Gems and Gem Industry in India 
succeeds in producing a reasonably 
comprehensive gemology text for 
Indian students, and also in describing 
the modern Indian scene with locali- 
ties and geological data for others. 
Readers will be alerted to India’s 
potential in gemstone resources, and 
to the very rapid growth of its cutting 
and jewelry industries. 


E. ALAN JOBBINS 
Caterham, Surrey, England 


BLACK OPAL 


By Greg Pardey, hardcover, 204 pp., 
illus., publ. by GP Creations, 
Urungan, Queensland, Australia, 
1999. With video (running time 

1 hour 52 min.). US$99.95. 
www.gpcreations.senet.com.au 


With almost 30 years of experience as 
a commercial cutter of the famous 
black opal of Lightning Ridge, New 
South Wales, Greg Pardey explains 
“everything you need to learn about 
opal cutting,” including tricks of the 
trade and step-by-step instructions. 
The instructions in the text are 
matched by the steps shown in the 
video—with the notable exception of 
a sanding step, which is described in 
the text only. 

Background information on the 
occurrences of precious opal in the 
Great Artesian Basin is given, along 
with brief but useful remarks on the 
unique mining methods that have 
been developed in the Lightning 
Ridge area. These techniques allow 
much faster prospecting and develop- 
ment of opal deposits than was 
possible before. Inasmuch as the 
basin covers an enormous region in 
the eastern half of the continent, Mr. 
Pardey predicts that precious opal 
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will be produced for many years to 
come. These topics are treated in the 
first 23 minutes of the video, which is 
exceptionally clear and easy to follow. 

Next comes the all-important art 
of examining black opal masses, 
which often occur in rough, nodular 
shapes that are coated with clay, and 
require careful delineation of the 
parts that may contain “precious” 
material. Beginning with an unpre- 
possessing nodule, Mr. Pardey shows 
how touches of the grinding wheel 
open up the interior and give clues to 
the position of precious opal layers 
within the nodule. In this example, 
he eventually produces two fine 
cabochons, nicely shaped, with gen- 
erous layers of precious opal on top of 
natural backings of dark gray potch. 
Because the layers of black opal usu- 
ally are very thin, the opal typically is 
salvaged by cementing it to backings 
of black potch or to obsidian (the 
potch being preferred) to form doub- 
lets. Ultra-thin layers of precious 
material often are cemented both to a 
backing and to a lens-shaped cap of 
rock crystal quartz to form triplets. 
All of these steps—along with types 
of machinery and accessories, polish- 
ing agents, and more—are described 
in the book and the video. 

On the whole, Mr. Pardey’s com- 
bination book/video succeeds in 
teaching his method of cutting 
Lightning Ridge opal. However, his 
text could have been edited more 
closely. There are redundancies, mis- 
spellings, and other grammatical 
faults, and the content is sufficiently 
complex that it needs an index, 
which is lacking. Nevertheless, it is 
all understandable and interesting, 
especially the video. Lapidary and 
gemology clubs may find the video 
useful in two showings, the first on 
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current mining practices and ma- 
chinery in the Lightning Ridge 
region, and the second on the lap- 
idary processes. 


JOHN SINKANKAS 
Peri Lithon Books 
San Diego, California 


OTHER BOOKS RECEIVED 


Diamonds and Mantle Source Rocks 
in the Wyoming Craton with a Discus- 
sion of Other U.S. Occurrences, by W. 
Dan Hausel, Report of Investigations 
No. 53, 93 pp., illus., publ. by the 
Wyoming State Geological Survey, 
Laramie, WY, 1998, US$10.00. This 
volume is concerned primarily with 
descriptions of the diamond-bearing 
kimberlites and related rocks in the 
Wyoming craton, which underlies 
Wyoming and encompasses parts of 
Colorado, Montana, Idaho, Nevada, 
and Utah. More than 100 kimberlites 
and a large lamproite field are known 
in this region, and more than 130,000 
diamonds have been produced so far. 
Yet diamonds in both primary—kim- 
berlite or lamproite pipes—and sec- 
ondary occurrences have been report- 
ed in about two dozen other states in 
the U.S. Each of these occurrences is 
described, which makes this the 
most complete compilation of its 
kind. The location maps, photos of 
occurrences, and original references 
also make this a truly valuable acqui- 
sition (at a nominal price)—not only 
for those interested in the history and 
future potential of diamonds in the 
United States, but also for those who 
wish to visit these localities. 


A. A. LEVINSON 
University of Calgary 
Calgary, Alberta, Canada 


Fall 2000 279 


280 


Gemological 
<—? ABSTRACTS 


EDITOR 


A. A. Levinson 
University of Calgary 
Calgary, Alberta, Canada 


REVIEW BOARD 


Troy Blodgett 
GIA Gem Trade Laboratory, Carlsbad 


Anne M. Blumer 
Bloomington, Illinois 


Peter R. Buerki 
GIA Research, Carlsbad 


Jo Ellen Cole 
GIA Museum Services, Carlsbad 


R.A. Howie 
Royal Holloway, University of London 


Mary L. J ohnson 
GIA Gem Trade Laboratory, Carlsbad 


J eff Lewis 
New Orleans, Louisiana 


Taijin Lu, 
GIA Research, Carlsbad 


Wendi M. Mayerson 
GIA Gem Trade Laboratory, New York 


J ames E. Shigley 
GIA Research, Carlsbad 


J ana E. Miyahira-Smith 
GIA Education, Carlsbad 


Kyaw Soe Moe 
GIA Gem Trade Laboratory, Carlsbad 


Maha Tannous 
GIA Gem Trade Laboratory, Carlsbad 


Rolf Tatje 
Duisburg University, Germany 


Sharon Wakefield 
Northwest Gem Lab, Boise, Idaho 


J une York 
GIA Gem Trade Laboratory, Carlsbad 


Philip G. York 
GIA Education, Carlsbad 


Gemological Abstracts 


COLORED STONES AND 
ORGANIC MATERIALS 


Colloidal and polymeric nature of fossil amber. D. Gold, 
B. Hazen, and W. G. Miller, Organic Geochemistry, 
Vol. 30, No. 8B, 1999, pp. 971-983. 


A prevailing view among organic geochemists is that am- 
ber consists of an insoluble, continuously cross-linked, 
integral polymer network. In this study, four samples of 
amber (from the Baltic, Dominican Republic, South 
Carolina, and North Dakota) ranging from ~70 to ~30 mil- 
lion years old, as well as two samples of modern copal 
(New Zealand) and one of fresh resin (Minnesota), were 
used to test these assumptions about amber’s molecular 
structure and composition. Pieces of each sample were 
heated and examined with a microscope. Portions were 
dissolved in an organic solvent (N.N-dimethyl-forma- 
mide [DMF]]}, and the liquid was examined with dynamic 
light scattering, scanning electron microscopy, gel perme- 
ation chromatography, infrared spectroscopy, and viscom- 
etry. The insoluble solid fraction was examined using 
dynamic rheology measurements. 

The authors’ interpretation of the data suggests that a 
large portion of amber does not consist of a tightly linked 
polymer network. Rather, tight polymers exist in discrete 
“packets” of insoluble, though solvent-swellable, colloidal 
particles. These are linked to one another, but can be dis- 
persed when exposed to certain organic solvents (e.g., 
DMEF). Analysis of the recent resins suggests that their 
structure results from reactions with air that modify the 
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surfaces of tiny packets of resin as they are exuded from a 
tree. Subsequent fossilization results in polymerization 
within, and cross-linking between, the preexisting packets 
and the eventual formation of amber. Volatile organic 
material of low molecular weight becomes trapped 
between these packets, and is released as they disperse 
under the influence of solvents. JL 


DSC-measurements of amber and resin samples. P. Ja- 
blonski, A. Golloch, and W. Borchard, Thermo- 
chimica Acta, Vol. 333, 1999, pp. 87-93. 


An amber sample is not necessarily the same age as the 
geologic formation in which it is found, because amber 
can be cycled by sedimentary processes before reaching 
the site of its final deposition. Except for the relatively 
few samples that contain insect fossils, age determina- 
tion of amber has proved problematic due to its variable 
chemical composition, which produces only approximate 
radiometric ages. The analyses undertaken in this study 
seek a correlation between thermal behavior and age. 
Differential scanning calorimetry (DSC) was used to 
measure exothermal characteristics (i.e., the evolution of 
heat) during the transformation of amber from a solid 
polymer to a liquid as a result of the annealing of three 
amber samples spanning a wide age range (10-25, 40-60, 
and 70-135 million years old). These measurements were 
compared to those of a recent (25-year-old) resin sample. 
The size of the exothermal peaks recorded correlates to 
the amount of volatile or reactive components, and is 
therefore a function of age. Because they recorded little dif- 
ference in the thermal behavior of the oldest two samples, 
the authors suggest that the transformation of resin into 
amber is essentially complete after 60 million years. 
Given the small sample population, the results of this 
study are considered preliminary. JL 


Grafting of cryopreserved mantle tissues onto cultured 
pearl oyster. C. Horita, H. Mega, and H. Kurokura, 
Cryo-Letters, Vol. 20, 1999, pp. 311-314. 

Because the color of a cultured pearl is thought to be con- 

trolled mainly by the genetics of the donor mantle, white 

oysters are the preferred source of the mantle tissue graft- 
ed into Japanese oysters for pearl nucleation. However, 
white oysters are rare in both wild and cultivated popula- 
tions. Thus, when white oysters are found, the mantle tis- 
sue must be preserved until it is used. This article 
describes experiments with cryopreservation (i.e., freez- 
ing) of such materials and compares the results with those 
obtained using “control” samples of fresh mantle tissue. 
After careful preparation, strips of mantle tissue from 
a white pearl oyster (Pinctada fucata martensii) were 
cryopreserved for 14 months in liquid nitrogen. After 
thawing, the pieces were cut into 2 mm squares, and two 
squares were inserted into each pearl oyster (together with 
shell-bead nuclei, the standard procedure for saltwater cul- 
tured pearls); harvesting occurred 15 months later. An 
approximately equal percentage (~56%) of oysters in both 
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groups survived. However, the harvest rate (i.e., the num- 
ber of cultured pearls per oyster) was significantly lower in 
the cryopreserved group compared to the control group 
(1.22 versus 1.86). Also, 77.2% of the samples obtained 
from oysters with cryopreserved mantles were nacreous 
cultured pearls of commercial value, compared to 96.2% 
for the control group. 

It is the epithelial cells in the piece of mantle tissue 
that secrete the nacreous layer on the accompanying shell 
bead. Cryopreservation is thought to damage those cells, 
thereby decreasing their ability to form nacreous layers. 
However, no difference in quality was noted between 
nacreous pearls from cryopreserved mantle tissue and 
those from fresh mantle tissue. Thus, the main problem 
with this cryogenic technique is its low harvest rate. 

MT 


The opal bug—The role of bacteria. Minfo®, New South 
Wales Mining and Exploration Quarterly, No. 65, 
November 1999, pp. 26-29. 

The generally accepted explanation for the origin of the 

Australian opal deposits is that they formed very slowly 

in cracks and other voids, and as replacements in fossils, 

from aqueous silica gels. In this weathering model, these 
gels are thought to be derived from the intense chemical 
weathering of sedimentary rocks (mostly feldspathic 
sandstones) under the action of percolating groundwater. 

Conditions of low (i.e., atmospheric) pressure and quies- 

cence are required. However, two alternate models were 

presented at the Ist National Opal Mining Symposium 

held in Lightning Ridge, Australia, in March 1999. 

The syntectonic model advocates that faults formed by 
tectonic events provided the pathways for movement of 
silica-laden fluids from which opal precipitated. This model 
requires that the opal be precipitated rapidly from pressur- 
ized fluids with temperatures (i.e., >100°C) that are well 
above those usually associated with surface processes, and 
that the tectonic features (i.e., faults) and opal precipitation 
are coincident. The bacteria model stems from the recog- 
nition, by high-resolution electron microscopy, of layers of 
bacteria within “nobbies’—mostly rounded, irregular 
masses of potch opal from Lightning Ridge—and evidence 
of fungi lining the cavity walls that surround nobbies. The 
presence of these organisms, which are believed to be 
derived from the overlying soil and rock material, suggests 
that the nobbies formed at temperatures of 20°C or less by 
slow and partial filling events that supplied siliceous solu- 
tions into open cavities. The bacteria may have played a 
part in the precipitation of the opal, by acidifying their 
environment and promoting the growth of the tiny silica 
spheres that constitute opal. AAL 


Raman spectroscopic study of 15 gem minerals. E. Huang, 
Journal of the Geological Society of China [Taiwan], 
Vol. 42, No. 2, 1999, pp. 301-318. 

The Raman active modes of each of 15 gem minerals have 

been collected in the low-wavenumber (~1500-150 cm!) 
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and high-wavenumber (~3800-2800 cm!) regions. Typical 
Raman spectra are presented for beryl, chrysoberyl, corun- 
dum, diamond, grossular, jadeite, kyanite, nephrite, 
olivine, quartz, spinel, topaz, tourmaline, zircon, and tan- 
zanite. A flow chart is presented to assist in the identifi- 
cation of these minerals from their characteristic Raman 
modes. RAH 


Spectres Raman des opales: Aspect diagnostique et aide a 
la classification [Raman spectra of opals: Diagnostic 
features and an aid to classification]. M. Ostro- 
oumoy, E. Fritsch, B. Lasnier, and S. Lefrant, Euro- 
pean Journal of Mineralogy, Vol. 11, No. 5, 1999, pp. 
899-908 [in French with English abstract]. 

Because Raman spectroscopy is sensitive to short-range 

order and water content, this nondestructive method is 

more useful than X-ray diffraction for classifying opals. 

The position of the apparent maximum of the main 

Raman band at low wavenumbers can be used to classify 

opals according to their degree of crystallinity. The most 

amorphous opals are those from Australia, which have a 

maximum beyond 400 cm-!, whereas the maximum for 

better-crystallized Mexican opals is at ~325 cm}, 

Brazilian opals are intermediate between the two. The 

position of the various bands in the Raman spectra of the 

samples appears to be characteristic of their geographic 
origin and geologic origin (volcanic versus sedimentary). 
RAH 


Texture formation and element partitioning in trapiche 
ruby. I. Sunagawa, H.-J. Bernhardt, and K. Schmet- 
zer, Journal of Crystal Growth, Vol. 206, 1999, pp. 
322-330. 

Trapiche rubies have six red growth sectors separated by 

six opaque yellow to white dendritic (i.e., branching) 

“arms” that run from the central core to the six corners 

of the hexagonal crystal (see Summer 2000 Gem News, 

pp. 168-169). This article explores the trace-element 
chemistry and origin of these unusual textural features, 
which are found in some specimens from Mong Hsu, 

Myanmar. 

X-ray microfluorescence and electron microprobe ana- 
lyses, as well as microscopic examinations, on polished 
slabs cut perpendicular to the c-axis showed both chemi- 
cal and growth zoning. The opaque arms consist of ruby 
with heterogeneous concentrations of solid (e.g., calcite 
and dolomite), liquid, or two-phase inclusions. Zoning of 
trace elements (particularly chromium) revealed differen- 
tial rates of crystal growth. The authors conclude that the 
opaque arms formed first during a period of rapid growth; 
the red growth sectors formed during a subsequent period 
of slower, layer-by-layer growth. The rapid growth implied 
by trace-element partitioning in the arms was controlled 
by temperature. The growth of the interstitial ruby phas- 
es was governed by the kinetic factors dictated by the den- 
dritic branches. JL 
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Trace-element fingerprinting of jewellery rubies by exter- 
nal beam PIXE. T. Calligaro, J.-P. Poirot, and G. 
Querré, Nuclear Instruments and Methods in 
Physics Research B, No. 150, 1999, pp. 628-634. 

PIXE (proton-induced X-ray emission) is a powerful ana- 

lytical technique that enables the determination of chem- 

ical elements with great accuracy and precision (even in 
trace amounts). With such a “chemical fingerprint,” it is 
sometimes possible to determine the geographic origin of 

a gemstone. In this case, 64 rubies mounted in a presti- 

gious necklace were analyzed by PIXE at the Louvre 

Museum in Paris. Their minor- and trace-element con- 

tents were compared to those in a database of 200 rubies 

from deposits in Afghanistan, Cambodia, India, Kenya, 

Madagascar, Myanmar, Sri Lanka, Thailand, and Viet- 

nam. Multivariate statistical processing of the data for Ti, 

V, Cr, Fe, and Ca yielded a high probability that 63 rubies 

were from Myanmar. The remaining ruby came from 

either Thailand or Cambodia. 

Although PIXE requires sophisticated equipment, the 
technique offers high sensitivity and accuracy, is nonde- 
structive, and can be performed on objects of any size 
without sample preparation. WMM 


DIAMONDS 


Color cathodoluminescence of natural diamond with a 
cutvilinear zonality and orbicular core. E. P. 
Smirnova, R. B. Zezin, G. V. Saparin, and S. K. 
Obyden, Doklady Earth Sciences, Vol. 366, No. 4, 
1999, pp. 522-525. 


Rough diamonds from several localities in Yakutia and 
the Ural Mountains were studied by cathodolumines- 
cence of plates cut parallel to selected planes [e.g., (100)], 
to determine the origin of their unusual structure. These 
diamonds have orbicular cores surrounded by flat faces, 
which results in a “curvilinear” structure. The diamonds 
are believed to have formed in two stages. The orbicular 
core formed first from an immiscible drop of superdense, 
carbon-bearing fluid within a silicate melt. As indicated 
by certain textures, particularly “dendritic arrows” that 
point inward from the core’s surface, diamond crystal- 
lization proceeded from the periphery to the center of the 
core; certain metals crystallize in an analogous manner. 
The diamonds acquired their external octahedral shape 
during the second growth stage, in which the cores were 
overgrown by diamond in a linear manner. AAL 


Diamonds from Wellington, NSW: Insights into the origin 
of eastern Australian diamonds. R. M. Davis, S. Y. 
O'Reilly, and W. L. Griffin, Mineralogical Maga- 
zine, Vol. 63, No. 4, 1999, pp. 447-471. 

Rough diamonds (~0.17 ct) from alluvial deposits near 

Wellington, New South Wales (NSW), are characterized on 

the basis of their morphology, mineral inclusions, 8!°C val- 

ues, N content and aggregation state, and internal struc- 
ture. The diamonds represent two types of formation. 
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The larger group is indistinguishable from diamonds 
found worldwide in kimberlitic and lamproitic host rocks; 
this group is inferred to have formed in a peridotitic man- 
tle source in Precambrian subcratonic lithosphere. The 
smaller group has unique internal structures (which show 
evidence of growth in a stress field), unusually heavy 5!8C 
values, and Ca-rich eclogitic inclusions. This group is 
inferred to have formed in a subducting plate. Diamonds 
of both groups have external features (corrosion structures 
and polish) that indicate transport to the surface by lam- 
proite-like magmas. The diamonds show evidence of long 
residence at the Earth’s surface and significant reworking; 
they are not accompanied by typical diamond indicator 
minerals. 

Alluvial diamonds from the Wellington area were dis- 
covered in 1851, but the largest known accumulation of 
diamonds (approximately 500,000 carats) in New South 
Wales was discovered 600 km to the northeast at 
Copeton and Bingara. Diamonds from the latter two 
localities have received the most scientific study over the 
years. Only ~4,000 carats of diamonds have been reported 
from the Wellington area. RAH 


Fluvial characteristics of the diamondiferous Droogeveldt 
gravels, Vaal Valley, South Africa. R. I. Spaggiari, J. 
D. Ward, and M. C. J. de Witt, Economic Geology, 
Vol. 94, No. 5, 1999, pp. 741-748. 


The Droogeveldt gravels, one of the more famous alluvial 
diamond diggings in South Africa’s Vaal River basin, were 
mostly exploited before 1917. Nearly 500,000 carats of 
diamonds, with an average stone size of >1 ct, were recov- 
ered. This includes 18 diamonds that weighed more than 
100 ct each. The richest deposits were linear, gravel-filled 
depressions in the bedrock, known as “‘sluits” to the 19th 
century prospectors and miners. Three hypotheses have 
been proposed to explain the origin of these deposits. The 
first suggested that because the sluits are linear, they rep- 
resent eroded kimberlite dikes. Another proposed that 
the gravels occupying the sluits were derived from local 
erosion of older but topographically higher deposits and 
were deposited via slumps and landslides into the depres- 
sions. The third hypothesis characterized the sluits as 
remnants of a paleo-Vaal River channel system. 
Although the trend of the sluits parallels that of 
regional dikes and rock lineaments, the lack of kimberlite 
in the gravels suggests that they were not derived from 
the weathering of kimberlite dikes. Also, although some 
of the sediments were surely derived from local erosional 
processes, the source of the diamondiferous gravels was a 
fluvial system. Well-rounded and smooth rock frag- 
ments—as well as scoured, pot-holed, and polished 
bedrock—all point to a fluvial origin for the gravels. 
Ancient rivers of the paleo-Vaal drainage basin exploited 
preexisting weaknesses in the bedrock to cut their cours- 
es; this explains why the sluits are parallel to regional 
rock fabrics. The bulk of the diamonds probably came 
from kimberlites in the greater Kimberley area. JL 
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Growth of high purity large synthetic diamond crystals. 
R. C. Burns, J. O. Hansen, R. A. Spits, M. Sibanda, 
C. M. Welbourn, and D. L. Welch, Diamond and 
Related Minerals, Vol. 8, No. 8-9, 1999, pp. 
1433-1437. 


Researchers at De Beers’s Diamond Research Laboratory 
have succeeded in growing relatively large (up to 4.6 ct) 
type Ila near-colorless synthetic diamonds. This research 
builds on previous methods of growing large (up to 25 ct), 
nitrogen-rich, yellowish type Ib synthetic diamonds using 
a cobalt/iron solvent/catalyst. This and other solvent/cata- 
lyst combinations are discussed, as well as the use of 
“nitrogen getters’”—elements such as titanium and alu- 
minum that remove nitrogen from the melt by forming 
stable nitrides—to grow type Ila near-colorless synthetic 
diamonds with very low nitrogen contents (0.01—0.4 ppm). 

Cobalt/titanium and iron/aluminum solvent/catalyst 
combinations are used. One significant drawback to the 
“nitrogen getters” is that their products (e.g., titanium 
nitride) contribute to the development of large amounts 
of inclusions. The concentration of inclusions increases 
proportionally to the amount of “getters” in the melt. 
Adding boron to the iron/aluminum solvent/catalyst pro- 
duced synthetic blue diamonds (type IIb) up to 5.1 ct. The 
presence of long-lived phosphorescence, following expo- 
sure to short-wave UV radiation, helps distinguish these 
synthetics from natural diamonds. PGY 


The impact of new diamond marketing strategies on the 
diamond pipeline. C. Even-Zohar, Mazal U’Bracha, 
Vol. 15, No. 115, November 1999, pp. 35-38, 40, 41, 
44-46. 


For the first time since the 1930s, De Beers is experienc- 
ing competition from rough diamond producers either 
entering the business (e.g., Canada’s Ekati mine) or no 
longer selling through the CSO (e.g., Australia’s Argyle 
mine). This insightful article analyzes the profound ram- 
ifications throughout the diamond pipeline. 

The most dramatic change stems from the fact that the 
equilibrium between supply and demand—and the price 
stability that De Beers has historically maintained through 
the single-channel marketing system—is no longer guar- 
anteed by De Beers. This will result in De Beers-CSO being 
transformed from essentially a cartel structure to that of 
“Dominant Player in a Competitive Environment.” Three 
major ramifications are that: (1) each rough diamond pro- 
ducer will fight for market share; (2) De Beers will stop 
supporting the price of rough, which will fluctuate; and (3) 
De Beers will no longer hold “buffer stocks,” thus 
enabling its rough diamond competitors to sell more. 

Meaningful competition currently exists only at the 
rough diamond production level. Ultimately, competitive 
dominance, or even survival, will require building a “‘dia- 
mond pipeline” from the mine to the consumer. Different 
supply chains will emerge by means of such financial 
mechanisms as consolidations, mergers, vertical integra- 
tion, and joint alliances. Evidence for an emerging supply 
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chain is found in the highly publicized relationship 
between Tiffany & Co. (a retailer) and Canada’s Aber 
Diamond Corp. (a likely rough diamond producer in 2003). 
Less visibly, De Beers itself has expanded downstream as 
a diamond manufacturer; it is also a seller of polished dia- 
monds, although only through sightholders at present. 

In the future, the success of a diamond jewelry retailer 
may depend on forming a strategic alliance with a polished 
diamond manufacturer whose affiliation with a rough pro- 
ducer will ensure the appropriate quality and quantity of 
rough. AAL 


Magnetic mapping of Majhgawan diamond pipe of central 
India. B. S. P. Sarma, B. K. Verma, and S. V. Satyana- 
rayana, Geophysics, Vol. 64, No. 6, 1999, pp. 
1735-1739. 

Geophysical surveys that use minute differences in the 
magnetic properties of rocks are well established in vari- 
ous aspects of kimberlite exploration, particularly for 
locating a pipe and determining its aerial extent. This 
article illustrates how such surveys can be used to inter- 
pret vertical features within a single kimberlite pipe. 

For this study, a three-dimensional magnetic model of 
the Majhgawan kimberlite pipe (currently the only pro- 
ducing diamond mine in India) was constructed by mak- 
ing reasonable assumptions about the responses of the 
different rock types that make up the pipe within the 
regional geomagnetic field. The computed results com- 
pare favorably with field data obtained by an older mag- 
netic survey of the same pipe. Both reveal the complexi- 
ty of the pipe at depth, and support the hypothesis that 
the pipe is made up of three concentric vertical intrusive 
bodies, and that the central and most diamondiferous por- 
tion might be the result of a later intrusion. JL 


Manufacture of gem quality diamonds: A review. D. 

Choudhary and J. Bellare, Ceramics International, 

Vol. 26, 2000, pp. 73-85. 
This article presents a technical review of current tech- 
nology to grow synthetic diamond. Two methods—the 
solvent catalyst and the temperature gradient (or recon- 
stitution) technique—have been used to produce single- 
crystal synthetic diamond at high temperatures and pres- 
sures. The article focuses on describing the thermody- 
namics and kinetics of the diamond growth process, and 
the kinds of apparatus used for this purpose. [Abstracter’s 
note: The solvent catalyst technique uses a solvent (usu- 
ally a molten metal) to promote the direct conversion of 
graphite into diamond at high temperature and pressure; 
this method was first developed by researchers at General 
Electric to grow gem-quality synthetic diamonds in a 
“belt” apparatus. In the reconstitution technique, syn- 
thetic diamond is grown from a source of carbon (typical- 
ly diamond powder), also at high temperature and pres- 
sure. Here, the driving force for the reaction is a tempera- 
ture gradient within the apparatus. The carbon dissolves 
ina solvent at the hotter end of the apparatus, and the car- 
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bon atoms crystallize on a diamond seed crystal at the 
cooler end of the apparatus. This technique is used by 
Sumitomo, De Beers, General Electric, and Russian 
researchers to grow gem-quality diamonds. | 

The vast majority of the synthetic diamonds produced 
are smaller-size crystals used for various industrial appli- 
cations (usually as abrasives or in cutting tools). A brief 
mention is made of the growth of polycrystalline diamond 
by the chemical vapor deposition (CVD) technique. The 
reference list includes citations for many of the important 
published articles on diamond synthesis. Little mention is 
made of the use of synthetic diamonds for jewelry appli- 
cations. Nonetheless, the article is a good summary of the 
present state of diamond synthesis technology. JES 


Namibia’s diamond riches. Mining Journal, London, Vol. 
333, No. 8555, October 29, 1999, pp. 344-345. 


Following a chronology of the history of diamonds in 
Namibia since their discovery in 1908 to the establish- 
ment of the Namibian Diamond Corp. (or Namdeb, equal- 
ly owned by the Nambian Government and De Beers) in 
1994, the current status of Namibian diamond-mining 
operations is presented. Particular emphasis is placed on 
the “forbidden territory,” a diamond-rich area along the 
Atlantic coast of Namibia that extends from the Orange 
River north about 310 km to Hottentot Bay. Namibia’s 
traditional onshore diamond-mining operations are con- 
centrated in this region, particularly in beach or shelf grav- 
els that sit on deeply gullied bedrock. Namdeb’s most 
extensive operations are along a thin coastal strip extend- 
ing about 100 km north of the Orange River, with a width 
of 3 km in the southern end that narrows to just 200 m in 
the north. The average ore thickness is about 2 m. The 
depth of overburden, while generally less than 7 m, can 
reach 20 m. Large-capacity industrial vacuum machines 
were introduced in 1993 for collecting the diamond-bear- 
ing sediments. 

As an extension of onshore operations, diamondifer- 
ous gravels are recovered up to 20 m below sea level (~200 
m seaward of the high water mark} by constructing pro- 
tective sand walls along the shoreline. Although onshore 
production is steady at about 700,000 carats annually, the 
ore grade is decreasing; proven onshore reserves are suffi- 
cient to last another 10 years. The vast majority of 
Namibia’s diamonds are gem quality with values of about 
$290/ct, among the highest in the world. 

Namibia’s future as a major diamond producer lies with 
offshore marine mining, which began in the early 1960s. 
Although mining initially was restricted to shallow waters, 
recent technological advances have enabled the mining of 
these huge, low-grade (but high-value) offshore diamond 
reserves up to the edge of the continental shelf (or 200 m 
water depth). The fleet now consists of eight vessels owned 
by De Beers Marine. Geophysics is used to produce high- 
resolution images of the ocean floor, and sampling locations 
are pinpointed with the global positioning system (GPS). 
Seabed crawlers agitate the sediment with blasts of water, 
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and use suction to draw gravel onboard the mining vessels, 
where the diamonds are extracted. Annual offshore produc- 
tion is currently about 500,000 carats, although this figure 
is expected to increase steadily. MT 


Rough rewards. L. Rombouts, Basel Magazine, August 
2000, pp. 39, 41-43. 


Highlights of 1999 world rough diamond production in 20 
countries are presented. For the more important mines, 
these highlights include tonnes of ore mined, carats 
recovered, average value of production, and the operator 
(e.g., Debswana). The total world supply of rough in 1999 
was valued at $8.1 billion, of which $7.25 billion came 
from mine production (up 8% over 1998) and the remain- 
der from De Beers’s stockpile. Botswana was the largest 
producer by value, with the Jwaneng mine alone produc- 
ing $1.14 billion of rough. 

World production by volume (weight), however, 
declined from 120 million carats (Mct) in 1998 to 111 Mct 
in 1999. This was due to a sharp decrease in production 
from the Argyle mine as the pit is being expanded. 
Argyle’s production will decrease even further in the next 
few years, but it should rebound to 1999 levels in 2003 
(when mining is scheduled to start in the expanded pit). 
By volume, Australia is the largest producer, with almost 
all of its diamonds coming from the Argyle mine. Social, 
political, and economic effects of diamond mining on 
selected countries (e.g., South Africa, Angola, and Russia) 
are discussed briefly. 

The article also discusses new mine developments 
and exploration worldwide, with particular emphasis on 
Canada. In 1999, during its first year of full production, 
Canada’s Ekati mine produced 2.51 Mct valued at $421 
million (2.2% of the world’s rough diamonds by weight 
and 5.8% by value) for an average value of $168/ct. By 
2003, with production expected from the Diavik and 
Snap Lake kimberlite bodies, Canada’s annual contribu- 
tion to world supply should increase by an additional 6-8 
Met. PGY 


Spectroscopy of defects and transition metals in diamond. 
A. T. Collins, Diamond and Related Materials, 
Vol. 9, 2000, pp. 417-423. 
Spectroscopic and electron paramagnetic resonance (EPR) 
studies of nickel in diamond have been conducted for 
almost two decades. Recently, optical centers attributed to 
cobalt have also been documented. Significant progress 
has been made in understanding the nature of the defects 
and the interrelationships between the optical and EPR 
phenomena. 

Following a brief summary of the properties of some 
fundamental defects that affect the optical, electronic, and 
EPR characteristics of diamond, Dr. Collins critically 
reviews the various studies of diamonds with nickel- or 
cobalt-related defect centers. Concluding paragraphs note 
that extensive experimental and theoretical studies of 
nickel in natural and HPHT-grown synthetic diamond 
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have begun to yield plausible models for the defects 
involved. The work on cobalt, although at an earlier stage, 
indicates important analogies between nickel-related and 
cobalt-related centers. However, there are many nickel- 
related defects for which no models have been devised. 
The challenge for future work in this area is to expand the 
understanding of nickel-related centers and to explain the 
differences in behavior between nickel and the other tran- 
sition metals. SW 


Study on inclusion in synthetic diamond. B. Lin, H. Wan, 
and M. Peng, Kuangwu Yanshi (Bulletin of Miner- 
alogy, Petrology and Geochemistry), Vol. 18, No. 4, 
1999, pp. 308-309 [in Chinese with English abstract]. 


An inclusion in a synthetic diamond was shown by elec- 
tron microprobe and X-ray diffraction analyses to be a 
“melnikovite” [greigite; Fe**Fe}*S,]. It is suggested that 
the oxidation-reduction environment during the growth 
of this crystal allowed the coexistence of Fe”* and Fe**. 
RAH 


Synthetic blue diamonds hit the market. C. P. Smith and 
G. Bosshart, Rapaport Diamond Report, June 4, 
1999, Vol. 22, No. 20, pp. 114-116. 


Until recently, most gem-quality synthetic diamonds 
have been deep yellow to brownish orange (type Ib), but 
now a blue (type IIb, containing boron) synthetic diamond 
has entered the market. Manufactured since 1998 by 
Ultimate Created Diamond Co., Golden, Colorado, this 
synthetic was first seen at the Tucson Gem and Mineral 
Show in February 1999, in stones ranging from 0.03 to 
0.45 ct. Production at the end of 1999 was anticipated to 
be 200 carats per month. The largest rough reported was 
slightly over 1 ct, and the largest polished was 0.62 ct. 
All of the stones examined by the authors had excellent 
colors, ranging from “fancy light blue” to “fancy dark 
blue.” They are grown by a thermal gradient method 
(called TOROID), which is more expensive than the bet- 
ter-known “belt apparatus” and “BARS” (split sphere} 
techniques. 

These synthetic blue diamonds can be identified by 
careful observation with either a loupe or a microscope. 
They have characteristic and readily apparent metallic 
inclusions that most frequently form thick tablets orient- 
ed along growth zones. The metallic inclusions also give 
rise to magnetism, the strength of which is directly relat- 
ed to the size and number of inclusions. Color zones in 
these synthetics have sharp borders, in contrast to the 
more even coloration of natural blue diamonds. The syn- 
thetic blue diamonds are also readily identified by their 
distinctive chalky yellow fluorescence to short-wave UV 
radiation and long-lasting phosphorescence; natural type 
IIb blue diamonds generally are inert to both short- and 
long-wave UV. Because of the growing demand for fancy- 
color blue diamonds, the industry may well see more such 
synthetics in the market. 

PGY 
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pore, South Africa, and Sweden be- 
ing represented. Examinations have 
been passed by residents of Canada, 
Ceylon, England, Finland, Mexico, 
the Philippines, and Switzerland. 
Through this educational work and 
the publications of the Institute and 
of the Society, notably Gems and 
Gemology, Guilds, and various 
books, significant contributions have 
been made to gemology and to the 
development of high professional 
standards. 


World Association Suggested 

The influence exerted by the gem- 
ological associations of Great Brit- 
ain and North America is very 
great. It has led to the founding 
of similar organizations in Switz- 
erland and Australia. Recently, it 
has been suggested that a World 
Federation of Gemological Associa- 
tions be organized in order to bring 
about close cooperation between the 
varigus groups. 

The large attendance at this con- 
clave is proof positive that a re- 
markable change has taken place in 
the last two decades in the attitude 
of those interested in supplying the 
public with gems. It was not so long 
ago that members of reliable firms 
in many communities were not well 
informed concerning the properties 
and characteristics of the gem ma- 
terials they sold,. and therefore 
were often unable to answer in- 
telligently pertinent questions asked 
by inquiring prospective purchasers. 
This situation has been changed 
greatly due in large measure to the 
activities of the Institute and So- 
ciety. Today, there are many stores 


with personnel well informed on the 
scientific aspects of gems and ade- 
quately supplied with instruments, 
such as refractometers, dichro- 
scopes, polariscopes, specific gravity 
balances, diamondscopes, and some- 
times even with polarizing micro- 
scopes, which you know are essential 
for the accurate determination of 
physical and optical properties. It is 
now possible to ask about specific 
gravity, hardness, index of refrac- 
tion, dichroism, optical character— 
whether the stone is isotropic or 
anisotropic, uniaxial or biaxial, 
positive or negative—and receive in- 
telligent answers. This is exceeding- 
ly gratifying to those of us who for 
many years have labored consistent- 
ly to disseminate authoritative 
gemological information. 


‘Public More Informed 


It was imperative that this change 
should be made, for the establish- 
ment of many mineralogical clubs, 
the publication of numerous min- 
eralogical journals and texts on 
gemology, and the development of 
thousands of amateur lapidaries in 
this country in recent years have 
also been very important factors in 
making the public better informed 
and more mineral and gem. con- 
scious than ever before. 

Although much has been accom- 
plished by the wider dissemination 
of authoritative gemological infor- 
mation and the adoption of high 
ethical and professional standards 
by those who serve the public, great- 
er advances may be confidently ex- 
pected through the contintied ac- 
tivities of the organizations which 
sponsor this conclave. 


, 


Tertiary-age diamondiferous fluvial deposits of the lower 
Orange River Valley, southwestern Africa. R. J. Jacob, 
B. J. Bluck, and J. D. Ward, Economic Geology, Vol. 
94, No. 5, 1999, pp. 749-758. 
Two terraces (19-17 and ~5—2 million years old, respec- 
tively) in the lower reaches of the modern Orange River 
were the focus of this study, to determine the mechanism 
by which these alluvial diamond deposits formed. 
Although low grade, the terraces yield diamonds that aver- 
age 1-2 ct and are predominantly (>95%) gem quality. 
Fieldwork was complemented by satellite-image process- 
ing and seismic data interpretation, to confirm that such 
deposits can be located and their boundaries delineated. 
The data support the conclusion that diamonds con- 
centrated in common sedimentological trapsites (e.g., 
scour pools, holes, and gravel bars) on the surface of the 
bedrock in the ancient river system. Diamond concentra- 
tions are higher in the older terrace deposits (10-40 carats 
per hundred tons) than in the younger ones (~0.3 ct per 
hundred tons). However, the older deposits are more diffi- 
cult to locate than the extensive younger deposits. Given 
the usefulness of remote-sensing exploration techniques 
and the conclusions about fluvial controls on diamond 
deposition derived from this study, the authors suggest 
that these low-grade but high-value basal diamondiferous 
deposits make worthy exploration targets. JL 


GEM LOCALITIES 


Amethyst aus Brasilien [Amethyst from Brazil]. R. Balzer, 
Lapis, Vol. 24, No. 10, 1999, pp. 13-18 [in German]. 

This article briefly sketches the discovery and history of 
amethyst and agates in Brazil’s Rio Grande do Sul State, 
especially the role of immigrants from Idar-Oberstein, and 
then describes the deposits. Amethyst occurs in vugs in 
the Parana basalts, which cover about 1,200,000 km? and 
are 119-149 million years old. Both open-pit and under- 
ground mining are used to recover the amethyst vugs. The 
recovery of intact vugs is difficult and requires consider- 
able manual labor. In most cases, the vugs are broken into 
pieces and the gem-quality amethyst is preformed, sorted, 
and exported as cutting rough. Idar-Oberstein continues to 
be the primary destination because of existing family ties. 
Consequently, only recently was a gem-cutting school 
established in Lageado, Rio Grande do Sul. The article is 
illustrated with a map and 13 excellent photos that show 
the landscape, mining activities, and amethyst specimens. 
RT 


Exotic origin of the ruby deposits of the Mangari area in 
SE Kenya. A. Mercier, P. Debat, and J. M. Saul, Ore 
Geology Reviews, Vol. 14, 1999, pp. 83-104. 

Ruby deposits in the Mangari area of southeastern Kenya 

occur in the Proterozoic geologic province known as the 

Mozambique Belt. The deposits are associated with ultra- 

basic bodies that were emplaced into metasedimentary 

rocks. The ruby-bearing ore forms local concentrations, 
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or less frequently pegmatitic veins, at the contact 
between these rocks, and it also forms veins within the 
ultrabasic bodies. 

Petrographic studies suggest that the ruby deposits 
were formed at temperatures around 700°-750°C, at pres- 
sures of 8-10.5 kbar. The metasedimentary host rocks 
experienced a lower peak metamorphism at 620°-670°C, 
at pressures of 5.4 to 6.7 kbar. These data and field obser- 
vations suggest that the ruby deposits were not formed by 
contact metamorphism of the ultrabasic intrusives with 
the metasedimentary rocks; rather, they were formed deep- 
er within the earth and subsequently uplifted to their pre- 
sent-day exposure level when the ultramafic bodies were 
emplaced as thrust sheets. Elsewhere in the Mozambique 
Belt, ruby deposits in Tanzania (at Longido and Lossogonoi) 
and southwestern Madagascar (at Fotadrevo-Ejeda) occur in 
association with ultrabasic rocks, but both the intrusives 
and the country rocks were subjected to the same pres- 
sure/temperature conditions (i.e., granulite facies), which 
also match those of the Mangari deposits. The authors sur- 
mise that granulite-facies metamorphic conditions were 
required for ruby formation throughout the Mozambique 
Belt. IL 


Mineralogical characteristics of chatoyant quartz in 
Luodian County, Guizhou. M. Deng, Kuangwu 
Yanshi (Bulletin of Mineralogy, Petrology and Geo- 
chemistry), Vol. 18, No. 4, 1999, pp. 416-417 [in 
Chinese with English abstract]. 

Chatoyant quartz from the Luodian deposit may have orig- 

inated in quartz veins within blue asbestos. Brown-green, 

light green, and bluish green in color, this quartz contains 
parallel fibers of tremolite. In bright sunshine or incandes- 
cent light, it shows dazzling chatoyancy. RAH 


Mineralogical and geochemical investigation of emerald 
and beryl mineralisation, Pan-African Belt of Egypt: 
Genetic and exploration aspects. H. M. Abdalla and 
F. H. Mohamed, Journal of African Earth Sciences, 
Vol. 28, No. 3, 1999, pp. 581-598. 

Precambrian (more than 570 million years old) emerald 

and beryl deposits in southern Egypt are associated with 

two different geologic features. The Nugrus Thrust, a 

regional ductile shear zone, hosts emerald deposits in 

biotite schists. Beryl associated with granitoids is found 
either in greisen bodies or in pegmatitic lenses and veins. 

Thirteen samples of beryl (color|s] unspecified) and emer- 

ald from the region were analyzed petrographically and 

geochemically to aid in exploration for additional deposits 
and to examine the generally held assumption that all 

Egyptian emeralds are of metamorphic origin. 

Fluid flow processes associated with the emerald 
deposits were contemporaneous with the tectonic devel- 
opment of the Nugrus Thrust and the emplacement of 
the granitic bodies, which postdate regional metamorphic 
events. The chemical zoning of the emerald crystals re- 
flects typical magmatic fractionation patterns. The data 
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suggest that the emerald mineralization depends on syn- 
tectonic intrusive events and the chemistry of magmatic 
fluids, rather than on host-rock chemistry or regional 
metamorphism. JL 


Raspberry-red grossular from Sierra de Cruces Range, 
Coahuila, Mexico. C. A. Geiger, A. Stahl, and G. R. 
Rossman, European Journal of Mineralogy, Vol. 11, 
No. 6, 1999, pp. 1109-1113. 

Hitherto unknown, grossular with a raspberry-red hue is 

the subject of this study, which examined one specimen 

to determine the cause of its unusual color. The grossular 
occurs as subhedral to euhedral crystals, up to ~1 cm in 
diameter, associated primarily with calcite and quartz in 
contact-metamorphic rocks. Electron microprobe analy- 
ses established the chemical composition, and both 

Méssbauer and UV-Vis data were gathered to examine the 

absorption spectra. 

The primary chromophore detected was manganese 
(Mn). Total Mn (reported as 1.65 wt.% MnO) in the sam- 
ple consisted of ~10% Mn?* and probably ~90% Mn?*. 
Absorption bands indicated the presence of Mn** in the 
dodecahedral site. Mn** resided in the octahedral site of 
point symmetry 3, which in this grossular was slightly 
distorted relative to the normal garnet site. The color is 
related to the octahedral coordination of Mn** and the 
transitions it allows within the crystal structure. JL 


Ruby from Tunduru-Songea, East Africa: Some basic ob- 
servations. G. Hamid, S. M. B. Kelly, and G. Brown, 
Australian Gemmologist, Vol. 20, No. 8, pp. 326-330. 

Gem corundum with a bright pink to purplish red hue is 

recovered from river gravels in the Tunduru-Songea area of 

southern Tanzania, and sold in Bangkok. Most, but not all, 
of these rubies appear to have been heat treated prior to sale. 

The rubies have refractive indices of n=1.760-1.765 and 

n,=1.768-1.773 (yielding a birefringence of 0.008-0.009) and 

specific gravity values of 3.95-4.04. The characteristic 
inclusions found in both the obviously heat-treated and 
minimally heat-treated stones are described. RAH 


JEWELRY HISTORY 


The rise and fall of an enterprise cluster in Africa: The 
jewellery industry in South Africa. M. Da Silva, 
South African Geographical Journal, 1999, Vol. 18 
No. 3, pp. 156-162. 


An enterprise cluster is a spatially defined, highly special- 
ized industrial district in which linkages and cooperation 
between small- and medium-size businesses provide 
economies of scale and scope. This article analyzes the 
jewelry-industry cluster of Johannesburg by tracing its 
development over time, and identifying patterns of change 
and the factors responsible for them. 

The modern jewelry industry in Johannesburg dates 
from the late 1930s. Growth was stimulated by the coun- 
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try’s isolation during World War II and the establishment 
of the South African Jewellers’ Association, which fre- 
quently lobbied on behalf of the industry. During the 
immediate post-war period, the wholesale and retail sec- 
tors of the industry fared well compared to the manufac- 
turing sector, which was unable to obtain protective tar- 
iffs. However, the entire jewelry industry was adversely 
affected in 1949 by the combined effects of import con- 
trols on jewelry and reduced gold supplies for manufac- 
turing, both of which were motivated by government fis- 
cal policies and the belief that jewelers were involved in 
smuggling. The absence of a common cultural or socio- 
economic background resulted in a lack of effective polit- 
ical action on the part of the industry. 

Conditions improved during the economic boom of 
the 1960s, and in 1972 the newly formed Jewellery 
Council of South Africa emerged to speak for an expanded 
trade that now included the mining and watch sectors. 
The industry reached its zenith in the late 1970s, but this 
era was short lived. By the mid-1980s, taxes on jewelry 
had reached 50%, effectively killing the industry. 

Since the early 1990s, there has been a revival of the 
gem and jewelry industry in the Johannesburg Central 
Business District. The centerpiece is “Jewel City,” a four- 
block complex under one roof that accommodates about 
200 businesses ranging from manufacturers to diamond 
dealers, as well as related organizations such as the 
Diamond Bourse and the South African Diamond Board. 
At present, the industry is working together on several 
fronts, but only time will tell whether this commitment 
to collaboration will be sustained. AMB 


The use of gemstones in antique jewellery. A. Miller, ICA 
Gazette, January/February 2000, pp. 16-17. 


A brief history of antique jewelry (here defined as items 
older than 200 years) is presented, starting with jewelry 
created by primitive man. These pieces consisted of shell, 
seeds, and bones. Highlights of ancient Chinese, Egyptian, 
Greek, Etruscan, Roman, and pre-Columbian jewelry 
vividly demonstrate the skill and artistry of the earliest 
jewelers, and provide evidence of trade in gemstones. 
Later, Byzantine jewelers mastered the delicate art of 
enameling, while Medieval jewelers made magnificent 
ecclesiastical pieces featuring rubies, sapphires, garnets, 
and emeralds. For various reasons, the wearing of gems, 
and in some cases gold and silver, was prohibited in 
England and France between 1283 and the 1720s except 
for royalty and other privileged groups. 

The jewelry arts were rejuvenated during the Renais- 
sance, with intricate and imaginative jewels being pro- 
duced. Much of what we know of Renaissance and subse- 
quent jewelry is based on portraits. Their detail, especial- 
ly since the 15th century, has enabled jewelry historians 
to determine not only who wore jewelry, but also to sur- 
mise which gems were used during specific time periods. 
A list of about 40 gemstones frequently found in antique 
jewelry is included. AMB 
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JEWELRY RETAILING 


Mistakes jewelers make when they retire. Jewelers’ Circular 
Keystone, Vol. 170, No. 10, 1999, pp. 142-144. 


Wilkerson & Associates (Stuttgart, Arkansas) has assisted 
in more than 4,000 jewelry store closings across the U.S. 
over the past 30 years. The firm also helps jewelers plan 
for retirement well ahead of time, so that costly financial 
mistakes are avoided and the maximum potential of the 
business is realized. 

Possibly the most common mistake retiring jewelers 
make is overestimating the value of their inventory. The 
typical retiring jeweler almost never recovers his or her 
inventory cost, sometimes losing up to 70% by selling to 
a bulk buyer. Another common mistake is personally 
financing the purchase to allow the new owner time to 
become profitable, when in fact the new owner may fail. 
Further, many jewelers mistakenly believe that their store 
is worth upwards of five times its annual volume. 

Wilkerson & Associates recommends that, to prepare 
for retirement, jewelers convert as many assets as possible 
into cash and savings, increase their turnover, reduce 
receivables, and make their store as profitable as possible. 
The firm is currently launching a Trade Transition Asso- 
ciation (TTA) to help jewelers properly plan for retire- 
ment. TTA will feature a retirement guidebook and a 
newsletter, offer a customized transition plan, and host 
educational seminars. MT 


The return of the middleman. J. McDonald, GemKey 

Magazine, Vol. 1, No. 5, July-August 1999, p. 68. 
Online auctions have generated more complaints of fraud 
than any other Internet business, creating a new niche for 
escrow services. Internet auction sites such as eBay are 
simply a venue for auction transactions, and they specif- 
ically state that they do not authenticate users, verify 
items offered for sale, or guarantee payments for items. 
The opportunities for fraud in this arena are both obvious 
and enormous. 

Internet escrow services act as middlemen between 
the buyer and the seller in much the same way as escrow 
services in the real estate and financial securities fields. 
Once the parties make a deal, the buyer typically pays the 
escrow company the agreed price for the goods. The sell- 
er then ships the buyer the goods for inspection; usually 
up to three days are allowed. If the buyer is satisfied, then 
the escrow company is notified and immediately trans- 
mits payment to the vendor. 

This article identifies four escrow firms and explains 
a few variations in their modus operandi, including fee 
schedules (e.g., flat or tiered sliding pricing). At least one 
of the firms takes responsibility for merchandise that is 
lost or damaged in transit in certain situations. 

Internet escrow services clearly have utility in various 
segments of the gem and jewelry market. Ironically, one 
of the advantages of the Internet is that it generally elim- 
inates the middleman, yet Internet escrow services are an 
outgrowth of this marketing medium. AAL 
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PRECIOUS METALS 


Metallurgy of microalloyed 24 carat [sic] golds. C. W. 
Corti, Gold Bulletin, Vol. 32, No. 2, 1999, pp. 39-47. 


The softness of pure gold (24K) has generally precluded its 
use in jewelry manufacturing in most Western societies. 
However, 99.0% minimum fineness is the standard in 
China and Taiwan, because such purchases are treated as 
investments. Accordingly, there is a need for hardened 
24K gold that can be manufactured into jewelry. This arti- 
cle describes a number of alloys that have been developed 
with a fineness of 99.5-99.9%. The addition of 0.5 wt.% 
or less of an element in the finished product is called 
“microalloying”; gold with this fineness can still be called 
pure (fine) gold and sold as such (24K). 

The theoretical basis for the hardening of gold is 
explained, and some potential alloying elements are dis- 
cussed. For the small amount of alloyed material to con- 
tribute significantly to solution hardening, it must have a 
low density and a smaller atomic size than gold crystals. 
These impurities create distortions in the metallic crystal 
lattice structure that help prevent slipping along molecu- 
lar planes. The elements that have the greatest potential 
for gold microalloys, on both a theoretical and experimen- 
tal basis, are calcium, beryllium, and the rare-earth metals 
(e.g., cerium). Whereas conventional alloying with copper 
and silver changes the color of gold, microalloys do not 
produce a color change The application of these microal- 
loying techniques to improving the hardness of 21K or 
22K gold is considered as well. Paige Tullos 


PIXE in an external microbeam arrangement for the study 
of finely decorated Tartesic gold jewellery items. G. 
Demortier, F. Fernando-Gomez, M. A. Ontalba Sala- 
manca, and P. Coquay, Nuclear Instruments and 
Methods in Physics Research B, No. 158, 1999, pp. 
275-280. 

Several ancient recipes for joining gold parts of jewelry 

items are known. Some include natural chrysocolla, glue, 

or amber, while others use alloys made from a mixture of 
copper, silver, and gold. Common soldering techniques were 
alloy brazing (the fusion of a metallic alloy at 800°-850°C, 

which produces a permanent joining after cooling of a li- 

quid phase) and solid-state diffusion bonding (the diffusion 

at about 900°C of copper from a very fine powder of de- 
oxidized copper ore to form an alloy). Brazing, diffusion 
bonding, local fusion without any additional alloy, and 
organic gluing are all present in one particular piece of 
jewelry from the Achemenide period (4th century BC). 
The concentrations of copper and silver in narrow 

areas of finely decorated gold jewelry items of Tartesic 
(Spain, 5th-6th century BC) age were determined by the 
nondestructive PIXE (proton-induced X-ray emission) 
technique to identify the method of soldering. A fragment 
of a 5th century BC diadem (crown) recovered in the 
necropolis of “El Raso de Candeleda” (Avila) was the main 
focus of this study; two pendants of similar age from a dif- 
ferent site were also studied. 
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Two scans were performed on the diadem, one across 
the alignment of granules, the other along a parallel region 
where the granulations disappear. On the basis of the 
changes in concentrations of copper and silver along the 
traverses, the authors conclude that brazing was the sol- 
dering procedure used to fix the granules in the grooves. 
Brazing was also used to solder the pendants. MT 


SYNTHETICS AND SIMULANTS 


Controlled crystallization of emerald from the fluxed melt. 
S. N. Barilo, G. L. Bychkov, L. A. Kurnevich, N. I. 
Leonuk, V. P. Mikhailov, S. V. Shiryaev, V. T. Koyava, 
and T. V. Smirnova, Journal of Crystal Growth, Vol. 
198/199, Part 1, 1999, pp. 716-722. 

Details are given of the carefully controlled procedures 

used to grow well-formed gem-quality synthetic emerald 

crystals as large as 150 ct from a flux. The starting mate- 
rial is a mixture of natural beryl dissolved in a low-vis- 
cosity PbO-V,O, flux. Oriented seed crystals of synthet- 
ic emeralds cut parallel to the (1010) and (1120) faces are 
required. The growth temperature ranges from 900° to 
1250°C. The best results are obtained with large-volume 
platinum crucibles that are rotated (dynamic mode}, a 
cooling rate of 0.5°C per day, and a growth period of three 
to four months. Although chromium, and to a lesser 
extent vanadium, are the primary chromophores in emer- 
ald, color variations are reported in these synthetics with 
the addition of small amounts of cerium, molybdenum, 
iron, and nickel. Nickel, for example, tends to lighten the 
color, whereas extra iron oxide is added to obtain a yel- 
lowish green color similar to that of Ural emeralds. When 
properly grown, these crystals are uniform in color and 
exhibit no inclusions. Besides their obvious gemological 
use, the crystals have industrial applications in lasers and 
low-noise microwave amplifiers. KSM 


Pulsation processes at hydrothermal crystal growth (beryl 
as example). V. G. Thomas, S. P. Demin, D. A. Four- 
senko, and T. B. Bekker, Journal of Crystal Growth, 
Vol. 206, 1999, pp. 203-214. 


Hydrothermally grown crystals such as synthetic quartz, 
ruby, sapphire, and emerald frequently show growth zon- 
ing parallel to the crystallization front (i.e., parallel to the 
seed plate), but there is no published explanation for this 
phenomenon. The sharp growth zone boundaries can be 
observed microscopically, or sometimes with the naked 
eye. 

A series of experiments were carried out to determine 
if there is a correlation between temperature fluctuations 
and growth zoning. Synthetic beryl crystals were grown 
in an autoclave on oriented seed plates, using a tempera- 
ture gradient of 70°C between the nutrient and the seed. 
Growth periods ranged from 15 to 25 days. 

A correlation was established between temperature 
fluctuations (pulsations)—caused simply by switching the 
autoclave on and off—and growth zoning in the synthetic 
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beryl crystals. Periodic temperature fluctuations (e.g., 
1.5°C within time intervals of 6 hours) correlated to zon- 
ality of the optical density within growth zones parallel to 
the seed plate. Extrapolating the results, the authors sug- 
gest that growth zoning in hydrothermal crystals can be 
explained by sporadic temperature variations within the 
autoclave, which cause pulsations in the mass transfer of 
the nutrients to the growth zone. Karl Schmetzer 


TREATMENTS 


Analysis of fissure-filled turquoise, emeralds, and rubies 
by near-infrared spectroscopy. D. W. Armstrong, X. 
Wang, C. R. Beesley, and R. Rubinovitz, American 
Laboratory, Vol. 31, No. 20, October 1999, pp. 
41-42, 44, 47. 

One of the biggest challenges facing the gem trade is the 

detection of organic fillers used to improve the appearance 

of surface-reaching fissures in gemstones. This article 
focuses on the use of two nondestructive, cost-effective 
techniques that require little or no sample pre-treatment 
or preparation—near-infrared (NIR) spectroscopy and dif- 
fuse reflectance infrared Fourier transform spectroscopy 

(DRIFTS}—to detect and identify enhancement agents 

used in turquoise, emeralds, and rubies. 

NIR spectra were obtained for over 30 organic resins 
and oils that reportedly are used to fill fractures in gem- 
stones. The spectra of four common organic filler materi- 
als (epoxy, wax, cedarwood oil, and Thai “red oil”) are 
illustrated. These spectra were then compared with those 
for treated and untreated stones. The fillers were success- 
fully identified in many of the samples. NIR is most effec- 
tive for aggregates and opaque gems such as turquoise 
and, potentially, jade and chalcedony. The relatively low 
sensitivity of NIR was sometimes a problem for identify- 
ing fillers in treated emeralds and rubies. In those 
instances, the superior sensitivity of DRIFTS enabled the 
detection of small amounts of resins or oil in the treated 
samples. Thus, NIR and DRIFTS are complementary 
methods in gem-treatment detection technology. MT 


The effect of the gamma-irradiation dose combined with 
heat on the colour enhancement of colourless quartz. 
M. V. B. Pinheiro, FE. S. Lameiras, K. Krambrock, J. 
Karfunkel, and J. B. da Silva, Australian Gemmol- 
ogist, Vol. 20, No. 7, 1999, pp. 285-288. 


The color of quartz family gemstones can be altered by 
heat treatment, high-energy irradiation (e.g., gamma rays), 
or a combination of both. This article reports the color 
changes observed in 19 specimens of colorless quartz that 
were subjected to variable doses of cobalt 60 gamma radia- 
tion followed by heating. All the specimens were obtained 
from the same vein deposit, near Sao Joao da Safira, Minas 
Gerais, Brazil. They contained significant concentrations 
(100-700 ppm) of Fe and Al, with Fe:Al ratios of 0.13-0.32. 
These elements, and particularly the Fe:Al ratio, are the 
main contributors to color in irradiated quartz. 
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Irradiation at doses of 7.6-187 kGy (exposure times 
not given) produced various shades of smoky gray; higher 
doses produced darker specimens. Following slow heating 
(5°/min to 250°C) in air, the resulting colors (according to 
increasing radiation dosage) were pale yellow, yellow, 
greenish yellow, “olive” green, greenish orange, orange, 
and reddish brown. All the colors were stable to natural 
light and to temperatures up to 250°C. Greenish yellow 
(“green-gold”) and reddish brown (“cognac”) are present- 
ly the two most marketable colors. Thus, with the right 
combination of irradiation and controlled heating (and 
favorable contents of Fe and Al), it is possible to obtain 
marketable quartz in many colors. TL 


Radioactivity of neutron-irradiated cat’s-eye chrysoberyls. 
S. M. Tang and T. S. Tay, Nuclear Instruments and 
Methods in Physics Research B, No. 150, 1999, pp. 
491-495. 


Highly radioactive cat’s-eye chrysoberyls have appeared in 
Southeast Asian markets (see Fall 1997 Gem News, pp. 
221-222). The original material reportedly came from 
India and was irradiated with neutrons somewhere in Asia 
for color enhancement. This article is the first estimate of 
the potential health threat of such stones if they are worn 
close to the skin (within 0.5 cm). Because no irradiated 
stones were available to the authors for testing, they used 
an indirect approach to determine the potential radiation 
hazard. In this approach, the typical chemical impurities 
and their concentrations in three non-irradiated cat’s-eye 
chrysoberyls from India (two from Orissa, one from Kerala) 
were determined. Then the activities of all the radioactive 
nuclides that can be produced by neutron activation from 
these impurities, as well as from the constituent elements 
of chrysoberyl (O, Be, and Al), were calculated. On the basis 
of the activities so obtained, the radiation dose that would 
result from an irradiated cat’s-eye chrysoberyl with these 
chemical characteristics was estimated. 

Of all the radioactive nuclides that could be created by 
neutron activation (based on a 1 ct stone with ~1% Fe), 
only four—**Sc, *'Cr, **Mn, and *?Fe—would not have 
“cooled down” to the internationally accepted level of spe- 
cific residual radioactivity (2 nCi/g) within a month after 
irradiation. Three of these—**Sc, *!Cr, and 5°Fe—would fall 
to the safe limit in about 15 months; **Mn would remain 
above the safe limit for seven years. Clearly, such a hypo- 
thetically neutron-irradiated stone presents a significant 
health hazard. Because of the compositional variability in 
chrysoberyls from different localities, others may be either 
more or less radioactive after neutron activation. KSM 
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Verneuil synthetic corundums with induced “fingerprints.” 
J. Free, I. Free, G. Brown, and T. Linton, Australian 
Gemmologist, Vol. 20, No. 8, 1999, pp. 342-347. 

Flux-healed, quench-crackled Verneuil synthetic ruby and 

sapphire are being produced in Chanthaburi, Thailand. 

First, the Verneuil boules are heated and then plunged into 

water to generate the quench-crackled effect. After the 

boules have been cobbed to yield small facetable frag- 
ments, these pieces are heat treated in an unspecified col- 
orless flux for two days in a kerosene-fired kiln. The 
process is completed with a one-day heat treatment in an 
acetylene-fired kiln. The key identifying features are 
curved color banding or striae, a “checkerboard” pattern of 
flux-filled fractures, and increased transparency to short- 
wave UV radiation. RAH 


MISCELLANEOUS 


Carving out a future. Basel Magazine, No. 7, October 
1999, pp. 33-34. 


Although Idar-Oberstein has traditionally been the ulti- 
mate center for gem carvings, it recently has fallen on dif- 
ficult times. The decline of the Asian and Middle East 
economies has weakened their markets for gem carvings. 
Another contributing factor is competition from Hong 
Kong and mainland China. Nevertheless, Idar-Oberstein 
is encouraged by emerging new markets in Europe, the 
U.S., and once again Asia. These markets, which appreci- 
ate Idar-Oberstein’s craftsmanship, are being created by a 
new generation of connoisseurs with different tastes. 

Today, potential buyers include not only sheiks and 
the traditional wealthy, but also technology moguls. 
Recognizing that the newly rich from the technology sec- 
tor may not be as appreciative of traditional carving styles, 
some Idar-Oberstein carvers are creating items that are 
entirely different from anything done before. Interviews 
with four successful carvers in this arena indicate the fol- 
lowing preferences by current buyers: carvings with a 
matte instead of a highly polished finish; sweeping, soft 
styles characteristic of Art Nouveau; and classic-antique 
themes inspired by ancient Egyptian and Greek motifs to 
which a modern touch is added. 

Idar-Oberstein still maintains its reputation as the 
world’s leader in fine carvings, and it also has access to 
unrivaled stocks of rough. Ultimately, though, it remains 
to be seen whether the region can succeed in attracting a 
new generation of carvers while maintaining its heritage 
of superior craftsmanship. IY 
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360 Synthetic Gem Materials and Simulants in the 1990s 
John |. Koivula, Maha Tannous, and Karl Schmetzer 


Analyzes an entire decade of activity in the synthetic gem industry, as well as the 
introduction of new simulants and a wide variety of imitations. 


Technological Developments in the 1990s: Their Impact on Gemology 
Mary L. Johnson 


Vast computer power. The Internet. Automated cutting. Treated synthetics. “Black 
boxes.” Sophisticated equipment. This article looks at the techniques, instruments, 
and innovations that propelled gemology into the 21st century. 


Jewelry of the 1990s 
Elise B. Misiorowski 


Highlights from the eclectic jewelry scene of the ‘90s, including new cutting styles, 
design trends, and marketing approaches. 


ABOUT THE COVER 


Colorwas the watchword of the ‘90s in gems, jewelry, new synthetics, and even treat- 
ments (which saw the introduction of decolorization in diamonds). This photo includes 
some of the newest and most popular colored gems of the decade, as well as a contem- 
porary yellow and “white” diamond necklace set in the decade’s most prominent jewelry 
metal, platinum. Shown here, as keyed to the drawing to the right, are: (1) 41.62. ct 
ametrine, (2) 7.71 ct green jadeite, (3) 7.81 ct violet jadeite, (4) 27.23 ct aquamarine, 

(5) 1.28 ct blue spinel, (6) 1.17 ct benitoite, (7) 2.14 ct blue sapphire, (8) 23.18 ct blue 

spinel, (9) 4.82 ct purple sapphire, (10) 5.32, ct Paraiba tourmaline, (11) 2.16 ct deman- 

toid, (12) 1.05 ct emerald, (13) 1.99 ct red beryl, (14) 0.72 ct ruby, (15) 1.15 ct purple- 

pink sapphire, (16) 5.54 ct spessartine, (17) 8.04 ct orange sapphire, and (18) 3.48 ct 

pink spinel. The necklace contains 25.85 ct of radiant-cut and round brilliant diamonds. 
Loose stones from the collection of Michael M. Scott; photo © Harold & Erica Van Pelt— 
Photographers, Los Angeles. Necklace courtesy of Louis Glick, New York. 
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A Retrospective of the ‘90s: 


The Challenge of Change 


he decade of the ‘90s was one of unparalleled change and 

the inevitable challenges that result from it. Like other 
industries, the gem world was buffeted by an unprecedented 
pace of change, led by a veritable revolution in technology. 
The decade opened with what was perceived to be the very 
real threat of synthetic gem diamonds in the marketplace. 
Perhaps not ironically, it closed with another threat to the dia- 
mond industry: that of “unidentifiable” high pressure/high 
temperature annealing in diamonds. 

Once again, protecting the integrity of natural, untreat- 
ed gems dominated the arena of gemological concerns. It is 
perhaps, then, only fitting that the core objective of GIA and 
other research laboratories is the ability to differentiate 
between natural gems and laboratory-grown materials, as 
well as between natural and treated gems. The essence of 
gemology lies in our ability to identify these materi- 
als and to distinguish any artificially induced 
change. If rarity ever becomes a meaning- 
less virtue, then the backbone of the 
trade—the magic of the natural gem- 
stone—will be broken. 

At the 1991 International Gemological 
Symposium, I said that the technology of 
gem identification would need to keep pace 
with the technology of gem synthesis and treat- 
ment. Our predictions about the proliferation of synthet- 
ic colored stones have come true, and new identification crite- 
ria continue to be developed to address them. Although syn- 
thetic diamonds still are not widely available, the decade saw 
advances in identification techniques and instruments which 
ensure that these synthetics can be detected when they are 
brought into a well-equipped gemological laboratory. GIA 
Chairman Richard T. Liddicoat said years ago that the produc- 
tion of gem-quality synthetic diamonds alone was perhaps the 
last great gemological barrier to be breached. Yet new barriers 
continue to be raised. Never has the role of the gemologist 
been more important. 

And never has the challenge of treatments been so real. 
One only has to recall the fear that gripped the industry when 
the “filling” of surface-reaching breaks in polished diamonds 
became available. Or the devastation inflicted on the emerald 
market when the stability of new and even traditional fillers 
became questioned. Most recently, the discovery of “glass” 
fillings in heat-treated rubies has undoubtedly affected 
demand for these stones. Despite the overall growth of the 
jewelry market, this has not been an easy decade for gems. 

The ‘90s also saw the rapid development of computerized 
equipment in cutting factories, in quality analysis, and in 
advanced identification techniques. With the availability of 
greater computer power and programming ability, cut in dia- 
mond became an important focus. Researchers were able to 
analyze proportions scientifically in ways never before imag- 
inable. Most interesting is how innovations in instrumenta- 
tion have integrated with innovations in communication. 


Editorial 


During the ‘90s, the Internet revolutionized what faxes and 
other sophisticated telecommunications started in the ‘80s. 

However, in addition to articles on synthetics, treatments, 
and new technologies, this Retrospective issue looks at the 
two “anchors” of gemology: the localities from which gems 
emerge, and the jewelry into which they are placed. Gem 
localities determine what will be available to jeweler and 
consumer alike, not only in terms of which gem materials, 
but also in terms of what colors, sizes, and qualities will be 
seen on the market. With cultured pearls in particular, the 
decade was highlighted by the influx of major amounts of 
multicolored goods from French Polynesia, golden and white 
cultured pearls from the South Seas, and myriad shapes and 
colors from China. And where would we be without the pro- 
cess of incorporating beautiful cut and polished gemstones 
into fine rings, necklaces, bracelets, and the like? 
How can we truly understand the priorities of 

our gemological agenda without knowing 

the end product: cherished jewels? 

Let us not forget, too, the economic 
context in which all of these develop- 
ments took place. The ‘90s began with a 

recession and were plagued by the Asian 

downturn later in the decade. Japan struggled 

through most of this period, while the United 
States enjoyed sustained economic growth. 

The industry itself was affected by the way gems are 
mined, marketed, and merchandized. In diamonds especial- 
ly, the mine-to-market process has been severely tested. 
Vertical integration and strategic alliances have placed pres- 
sure on sources, manufacturers, and dealers alike. In light of 
De Beers’s recently stated shift from controlling diamond 
supply to driving diamond demand, alternative channels 
will undoubtedly emerge. Another nascent factor is the so- 
called conflict diamonds issue, the desire to exclude from 
the marketplace diamonds that are sold to purchase 
weapons used to fuel civil conflict. It is surely difficult to 
know the future of this situation, despite the industry’s ded- 
ication to eradicating the problem. 

In a sense, what we have provided in this Retrospective of 
the ‘90s issue is a snapshot of a decade—and a profound one 
at that—from mining and localities to treatments and syn- 
thetics to finished gemstones and jewelry. Our goal was to 
produce a valuable, thoroughly readable contribution to your 
gemological library: a decade of gemological knowledge 
brought together in a single journal. I hope you enjoy and 
benefit from this important issue. 


William E. Boyajian, President 
Gemological Institute of America 
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GEM LOCALITIES 
OF THE 1990s 


By James E. Shigley, Dona M. Dirlam, Brendan M. Laurs, Edward W. Boehm, 
George Bosshart, and William F. Larson 


The past decade saw growth in gem explo- 
ration, production, and marketing worldwide. 
Important colored stone-producing regions 
included: Southeast Asia (Myanmar, Thai- 
land, and Vietnam), Africa (Tanzania, Kenya, 
Zimbabwe, Nigeria, and Namibia, as well as 
Madagascar), South America (Brazil and 
Colombia), central and southern Asia (Sri 
Lanka, India, Afghanistan, Pakistan, Russia, 
and China), and Australia. The major sources 
for diamonds were Australia, central and 
southern Africa (Botswana, South Africa, 
Namibia, Angola, and Zaire), and Russia 
(mainly in the Republic of Sakha), with excit- 
ing discoveries in northern Canada. Cultured 
pearls from French Polynesia, Australia, and 
China became increasingly important, as pro- 
duction from Japan declined. This article pro- 
vides a comprehensive overview of those gem 
deposits that were either new or remained 
commercially significant in the last decade of 
the 20th century. 


ABOUT THE AUTHORS 


Dr. Shigley (jshigley@gia.edu) is airector of 
research, Ms. Dirlam is director of the Richard T. 
Liddicoat Library and! Information Center, and Mr. 
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International in Fallbrook, California. 


Please see acknowledgments at the end of the 
article. 
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uring the 1990s, new finds of gems created 

interest and excitement among both jewelers 

and consumers. These included ruby from 
Mong Hsu, Myanmar (Burma); blue and pink sapphires from 
Madagascar; a wide variety of colored stones from southern 
Tanzania; spessartine garnet from Nigeria and Namibia; 
exceptional peridot from Pakistan; and pink to red tourma- 
lines from Nigeria and Brazil. Diamond was mined in north- 
ern Canada for the first time. Names such as Tunduru, 
Tlakaka, and Ekati were unknown to the gem trade in the 
1980s, and yet they are now commonplace when we speak 
of important gem localities at the dawn of the 21st century. 
Through the efforts of independent prospectors and small 
groups of miners, as well as multinational exploration com- 
panies—stimulated by strong consumer demand—the 1990s 
witnessed a proliferation of gem sources. Gem localities 
continue to intrigue consumers because they create an inte- 
gral part of the romance and lore that are associated with 
gemstones, an opportunity to purchase a symbol of beauty 
and rarity from a remote land (figure 1). 

This article updates the 1980s survey published by Shigley 
et al. in the Spring 1990 Retrospective issue of Gems & 
Gemology by identifying key localities discovered during the 
past decade, and highlighting deposits that either attained or 
continued at commercial levels of production during this peri- 
od. We have also included newer or less-explored localities 
that may have potential in the future. Most of our coverage is 
limited to the more commercially important gem materials 
(i.e., emerald and other beryls, alexandrite and other 
chrysoberyls, ruby and sapphire, diamond, garnet, jade [both 
jadeite and nephrite], opal, peridot, quartz, spinel, tanzanite, 
topaz, and tourmaline). Locality information is both summa- 
rized in the text and listed in greater detail in table 1 at the 
end of the article. In table 1, the more commercially signifi- 
cant localities (according to our best understanding) are desig- 
nated in bold type; citations are to the most relevant articles 
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on each locality for convenient reference (personal 
communications are used where published informa- 
tion is not available). In addition, selected localities 
are plotted on five maps (see enclosed chart) that 
show several major gem-producing regions (southern 
Africa, South Asia, Southeast Asia, Australia, South 
America). Although there has been some notable pro- 
duction in the areas omitted (e.g., Russia, North 
America, western Africa, and China), they were less 
significant—in terms of the variety of gems pro- 
duced—during this decade than localities in the five 
regions mentioned. Separate lists are provided for 
localities producing less-prominent gems (i.e., apatite, 
benitoite, charoite, chrome diopside, feldspar, iolite, 
lapis lazuli, maw sit sit, red beryl, rhodochrosite, 
rhodonite, scapolite, sphene, spodumene, sugilite, 
turquoise, and zircon), as well as for regions impor- 
tant for cultured pearls; see tables 2. and 3, respective- 
ly, also at the end of the article. 


SOURCES AND PRESENTATION 

OF INFORMATION 

The gem locality information in this article comes 
from four main sources: 


1. Published articles in the scientific and trade 
literature 

2.. Personal communications with individuals who 
are directly involved with gem mining or who 
purchase gem rough at mining sites 

3. The authors’ knowledge about the sources of 
commercially significant gem materials encoun- 
tered in the trade during the past decade, includ- 
ing information on the kinds of gems that were 
submitted to the GIA Gem Trade Laboratory and 
the Gtibelin Gem Lab 


Localities of the 1990s 


Figure 1. Several new gem 
sources joined traditional 
localities as important pro- 
ducers in the 1990s. The 
sapphires and rubies in this 
necklace come from a 
number of sources, but pre- 
dominantly Sri Lanka. 
Accented with smaller dia- 
monds, the 129 gem corun- 
dums have a total weight 
of 280.45 ct. Jewelry manu- 
factured by Wilson Benito; 
courtesy of Richard Stoich 
and Quyen Cao. Photo © 
Harold & Erica Van Pelt. 


4. Visits by the authors to some gem-mining 
locations 


Information for each locality is referenced accord- 
ing to what we deemed to be the best and most 
recent publications. However, the commercial sig- 
nificance of a gem locality is not always matched by 
the quantity or quality of relevant published infor- 
mation. Thus, over the past decade, published arti- 
cles are lacking for some major gem deposits (espe- 
cially those that have been mined for a considerable 
period). In such cases, earlier literature references are 
cited in the tables, or the listing of the locality is 
based on knowledge of the authors or respected col- 
leagues. For gem localities of the 1980s where signif- 
icant mining has continued, the literature citations 
in Shigley et al. (1990) are still valid (but are not 
given again here for brevity). Rather than cluttering 
the text with references, we decided to give most of 
the published citations primarily in the three tables. 
Again for the purpose of brevity, in the text we dis- 
cuss most of the locality information with a general 
reference to the country rather than to the specific 
mine or region. For more on the specific localities, 
consult tables 1, 2, and 3. 

There may be inconsistencies in spellings and 
diacritical marks (e.g., accents, umlauts, etc.) when 
some locality names are translated into English. We 
used the Microsoft Encarta 99 Virtual Globe soft- 
ware program, which is an electronic atlas, as a 
guide to both geographic information and locality 
name spellings. 

In the text below, the gem materials are present- 
ed alphabetically, but within each category, the 
most important subgroup is mentioned first. 

A separate box A is included to give the reader an 


GEMS & GEMOLOGY Winter 2000 293 


SPRING, 1947 409 


DIAMOND GLOSSARY 


(Continued from Page 380 of last issue) 


Regent Diamond (Cont’d) 


In 1717 it was sold to the Duke of 
Orleans, then Regent of France, 
for about $650,000, and from that 
time on has been known as the 
Regent Diamond. It was set in the 
crown of Louis XV. Later stolen 
during the French Revolution, 
later recovered, worn in Napol- 
eon’s coronation sword, and finally 
placed on display in the Louvre 
Museum. Also known as Pitt Dia- 
mond or Millionaire Diamond. 


Regent of Portugal Diamond. A 
round brilliant having a weight 
variously stated as 215 carats and 
220.7 me. Its history is very ob- 
secure. Probably found in the year 
1775 near the Rio Plata, Brazil. 
Smith states that it may be topaz. 
Now presumably in possession of 
the Royal Family of Portugal. 


Reitz Diamond. Now known as the 
Jubilee Diamond. 


rejection chips. Term used at the 
DeBeers, Kimberley, and Dutoit- 
span mines to designate small 
misshapen stones, or broken pieces 
of inferior quality. 

rejection cleavage. A term used at 
the mine to designate a third clas- 
sification grade. Contain numerous 
inclusions and must be cleaved 
for cutting. 


rejection, diamond. Stones in a par- 
cel of diamonds that are not suit- 
able for the purpose for which 
they were purchased. 

rejections, diamond. Diamonds re- 
jected at a diamond mine because 
too imperfect to be used as any- 


thing but the poorest quality of 
cut stones. 


rejection stones. A term used at the 
DeBeers, Kimberley, and Dutoit- 
span mines to designate stones in- 
ferior in quality to spotted stones 
in that they contain more inclu- 
sions. 


repeated twinning. A laminated 
structure due to intergrowth of 
three, four, five or more individ- 
ual crystals in twin position to one 
another. 


“Rhine diamond.” Colorless beryl. 


Rhodes, Rt. Hon. Cecil John (July 
5, 1853-Mar. 26, 1902). Empire 
builder, philanthropist and found- 
er of DeBeers Mining Co. Born at 
Bishop Stortford, England, the 
son of an Anglican clergyman. 
Because of a tubercular tendency, 
young Rhodes was sent to Natal 
in 1871 to join his brother Her- 
bert. A few months later he en- 
tered Oriel College, Oxford, but 
lung trouble again sent him to 
Africa late in 1871 where Herbert 
had a claim in Kimberley (New 
Rush), which Cecil took over and 
later sold. He then took over 
claims in Old DeBeers. 
Over-production, falls of reefs in 
the mines, wasteful expenditure 
and general lack of control in the 
"70s caused a great slump in the 
price of rough diamonds that re- 
sulted in the amalgamation of the 
mine claims and the founding of 
the DeBeers Mining Co. (1880) 
with Rhodes as the master mind 
before Barney Barnato consoli- 
dated the claim holders in the 


Figure 2. Colombia has remained the world’s most 
important source of fine emeralds. The Colombian 
emerald in this pendant weighs 8.40 ct. Courtesy 
of H. Stern; photo © Harold & Erica Van Pelt. 


idea of prices for some key gem materials during the 
‘00s. This box was prepared by Richard Drucker, 
publisher of The Guide, which provides diamond 
(bimonthly) and colored stone (biannually) wholesale 
pricing information based on market activity. While 
Gems &) Gemology does not typically report gem- 


Figure 3. Saturated-color aquamarine comes 
from relatively few deposits, and Africa was 
the most important source of this material dur- 
ing the 1990s. These aquamarines (9.05 and 
4.90 ct) are from Mozambique. Courtesy of 
Steve Avery; photo by Robert Weldon. 
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stone prices, those authors who are involved in the 
trade (EWB and WEL) believe that the figures given 
in box A are a good general representation of average 
prices during the past decade for the gems described. 


BERYL 


Emerald. Colombia still reigned throughout the 
1990s as the principal source of fine-quality emeralds 
(figure 2), with the mining districts at Muzo and 
Coscuez, and to a lesser extent at Chivor, accounting 
for most production. In each of these districts, there 
are ongoing efforts to modernize mining operations 
to increase yield. Geologic studies of the Colombian 
emerald deposits have led to new insights into condi- 
tions of emerald formation by crystallization from 
hydrothermal solutions (see, e.g., Ottaway et al., 
1994, Giuliani et al., 1995, 2000). Decreasing reserves 
at the historic mines have prompted active explo- 
ration in this region (Schwarz, 1999). 

Emerald mining also continued at traditional 
sources in Brazil and Africa. Large quantities of 
Brazilian emeralds entered the market in the early 
‘90s, particularly from Goids and Minas Gerais (pri- 
marily the Nova Era area). By the middle of the 
decade, however, there was an abrupt decline from 
Minas Gerais due to decreased reserves and reduced 
demand. Emerald production in Brazil has since 
continued to decline. 

Several sources in Africa produce attractive emer- 
alds. Zimbabwe's Sandawana mine is noted for small 
stones (0.05 to 1 ct) of high quality. Madagascar and 
Zambia tend to produce cleaner but slightly darker 
emeralds than the deposits in Colombia; however, 
cut stones over 5 ct are quite rare. 

Considerable excitement was generated in the 
early 1990s by renewed activity at the historic 
emerald mines in Russia’s Ural Mountains (e.g., 
Schmetzer et al., 1991), but these mines never rede- 
veloped into the important commercial sources that 
they once were. 

Deposits in Afghanistan (Panjshir Valley) and 
Pakistan (Swat Valley) produced fine-quality emer- 
alds of small average size, but mining activities 
were limited by economic (i.e., lack of profitability) 
and sociopolitical factors in both countries. 

During the past decade, surface-reaching frac- 
tures in many emeralds were filled with a wider 
variety of oils (including cedarwood oil) and resins 
(such as Opticon and “Palma”), and the infilling 
process became a major topic of discussion in the 
trade. Due to concerns over the disclosure of this 
treatment and the durability of the substances used, 
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there was a decline in the overall demand for emer- 
alds and in their prices during the latter half of the 
decade (Weldon, 1997; see also box A). This was 
especially a problem for emeralds from Colombia 
and Brazil, which led to greater market demand for 
African emeralds. The latter generally have fewer 
fissures, and thus they are less likely to have been 
treated. By the end of the decade, however, dealers 
reported that the market for Colombian emeralds 
had begun to improve. 


Aquamarine and Other Beryls. The major sources of 
gem aquamarine continued to be the same as those 
of the previous decade, with numerous deposits in 
Brazil providing much of the supply (although mate- 
rial of African origin was also being imported into 
Brazil for cutting and reexport). The African sources 
were Nigeria, Mozambique (figure 3), Zambia, and 
Madagascar. In particular, the availability from 
Zambia and Mozambique of fine, saturated-color 
aquamarine that required no heat treatment helped 
revitalize the market for this material, which had 
suffered from declining demand when large quanti- 
ties of irradiated blue topaz created an inexpensive 
alternative during the 1980s. Pegmatite miners 
working in the Lukusuzi game park area in Zambia 
(bordering Malawi and Mozambique) used creative 
methods to obtain aquamarine without explosives: 
They built fires under massive aquamarine-bearing 
quartz bodies, and then threw water onto the heated 
rock to fracture it, thereby facilitating the removal of 
the aquamarine (M. Sarosi, pers. comm., 1999). In 
general, most aquamarine is heat treated to improve 
its color. 

Production of other beryl varieties (morganite 
and heliodor) also continued at previously known 
deposits. Large greenish yellow heliodor crystals 
from the Ukraine were heat treated to produce aqua- 
marine. Although initially available in large quanti- 
ties, the stockpile of these crystals was exhausted by 
the mid-1990s. The interest shown, and investments 
made, by major mining companies led to increased 
production of red beryl (figure 4) from the Wah Wah 
Mountains in southern Utah. Due to its dramatic 
red color, there was significant demand for this 
material in Japan. Marketing of red beryl under the 
trade name “Red Emerald” created controversy 
toward the end of the decade (Weldon, 1999). 


CHRYSOBERYL 


The major sources of chrysoberyl (including both 
cat’s-eye |figure 5] and alexandrite) continued to be 
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Figure 4. Gem-quality red beryl continues to be 
mined from just one deposit in the Wah Wah 
Mountains of southern Utah. During the ‘90s, 
several mining companies leased the deposit for 
exploration, evaluation, and production. The 
bracelet shown here was designed and manufac- 
tured by Ray Zajicek/Equatorian Imports, and 
features 21 red beryls (0.3—0.8 ct each). The ring, 
designed by Paula Crevoshay, features a 1.66 ct 
red beryl accented with diamonds. Bracelet 
courtesy of the Harris family, and ring courtesy 
of Red Emerald Ltd.; photo by Maha Tannous. 


Figure 5. Cat’s-eye chrysoberyl is among the 
most prized of phenomenal stones; the cabochon 
in the ring on the bottom left weighs 5.95 ct. The 
other three rings are set with star rubies from 
Myanmar (7.90, 6.02, and about 15 ct, from bot- 
tom right to top left). Photo © Tino Hammid and 
Christie’s Hong Kong. 
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the alluvial gem fields of Sri Lanka and the peg- 
matite districts of Brazil. Efforts were underway to 
reopen some of the classic occurrences of alexandrite 
in Russia’s Ural Mountains, but so far there has been 
only limited production from mine dumps (N. 
Kuznetsov, pers. comm., 2000). The most exciting 
new source of chrysoberyl—including a vanadium- 
colored green variety as well as alexandrite—has 
been the Tunduru region of southern Tanzania, 
which has produced an amazing variety of colored 
stones. Since late 1998, significant amounts of 
chrysoberyl (including cat’s-eye material and alexan- 
drite) have also been recovered from the Ilakaka allu- 
vial deposit in southern Madagascar. Toward the end 
of the decade, sources in India (both in Orissa and 
Andhra Pradesh) provided new discoveries of green 
cat’s-eye chrysoberyl as well as alexandrite. 


CORUNDUM 


Ruby. The 1990s witnessed continued supplies of 
ruby from the Southeast Asian countries that his- 
torically have been important sources (i.e., 
Myanmar [figures 5 and 6], Cambodia, and 
Thailand, with significant decrease in the last; 
Kane, 1999). In addition to new mines in the tradi- 
tional Mogok region (Kane and Kammerling, 1992), 
a major new locality was discovered in Myanmar’s 
Mong Hsu area (Peretti et al., 1995), with millions 
of dollars worth of ruby from this area entering the 
market in the past eight years. These rubies typical- 
ly require heat treatment to remove their distinct 
blue core. The authors have seen large quantities of 
fine-color faceted Mong Hsu rubies, usually from 
0.5 to 3 ct (see, e.g., figure 7). However, one of us 
(GB) knows of a substantial number of gem-quality 
Mong Hsu crystals that weighed well over 100 
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Figure 6. In Myanmar, 
rubies are mined from 
both primary and sec- 
ondary (alluvial) 
deposits. At these 
alluvial workings 
near Mogok, a series 
of claims are explored 
by small groups of 
independent miners. 
Photo by Edward 
Boehm, March 1993. 


Figure 7. The most important ruby discovery of 
the 1990s was in the Mong Hsu region of 
Myanmar, where enormous quantities have been 
mined. The crystal shown here is 1.3 cm tall, 
and the faceted stone weighs 1.16 ct. Courtesy of 
Pala International; photo © Jeff Scovil. 


carats and yielded faceted rubies from 10 to 30 ct. 
India and Africa continue to produce primarily 
cabochon-quality material. African sources include 
several localities in Kenya, Tanzania, and 
Madagascar. In particular, the John Saul mine in 
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Kenya began producing large quantities of (mostly 
cabochon-grade) ruby after it was reactivated in the 
mid-1990s (Emmett, 1999b). The ruby occurrences 
in Malawi, Russia, Nepal, Afghanistan, Pakistan, 
and China have had little commercial impact to 
date, but they may prove significant in the future. 

The enormous quantity of heat-treated ruby 
from Mong Hsu that flooded the market in the mid- 
1990s—as well as the introduction of smaller 
amounts of Vietnamese material beginning early in 
the decade—resulted in distinctly lower prices 
(Federman, 1998; see also box A). Although this 
decline in price created renewed demand for com- 
mercial-quality ruby, the growing prevalence of 
heat-treated ruby that contained residues of flux 
materials in healed fractures (see, e.g., Emmett, 
1999a) also raised concerns about correct identifica- 
tion and disclosure for gem dealers and consumers 
alike. During this period, a significant price dispari- 
ty developed between untreated and treated rubies 
(Federman, 1998). 


Sapphire. As with ruby, much of the sapphire on 
the market originated from Southeast and southern 
Asia (Thailand, Cambodia, Myanmar, Vietnam, 
and Sri Lanka; again, see figure 1). Although min- 
ing continued in Australia, a major producer in the 
1980s, production was down significantly by the 
end of the decade (Aboosally, 1998). 

East Africa, particularly the Tunduru region (fig- 
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Figure 8. A wide variety of colored stones were 
mined from large alluvial deposits in the Tunduru 
area of Tanzania, which were discovered in the 
mid-1990s. These pink and orange sapphires from 
Tunduru range from 2.78 to 8.33 ct. Courtesy of 
James Alger Co.; photo by Robert Weldon. 


ure 8), and several areas in Madagascar (figure 9) 
emerged as the most important commercial sources 
of blue and pink sapphire. Deposits near Ban Huai 
Sai in Laos produced primarily smaller, medium to 
dark blue sapphires that satisfied some of the 
demand for commercial-grade melee. The output of 
blue and fancy-color sapphires from Montana in the 
U.S. fluctuated greatly, with significant quantities 
produced during the middle of the decade. The gems 
occurred in a wide variety of colors, in sizes typically 


Figure 9. One of the most 
important gem discoveries of 
the decade occurred in south- 
central Madagascar at 
Takaka. Like Tunduru, these 
extensive alluvial deposits 
yielded several varieties of 
colored gems. Here, miners 
wet-sieve sediments in the 
Ilakaka River before remov- 
ing gem minerals by hand; 
photo by Brendan M. Laurs, 
December 1999, Fine sap- 
phires, such as the one that 
produced the 7.32 ct untreat- 
ed Malagasy stone shown in 
the inset, are sometimes 
recovered. Sapphire courtesy 
of JOEB Enterprises and Pala 
International; photo © 
Harold & Erica Van Pelt. 
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BOX A: GEM PRICES 


IN THE 1990S 


Compiled by Richard Drucker, Publisher, The Guide 


Since there is not a universally accepted grading scale 
for colored stones as there is for diamonds, grading 
and pricing for these gems is more subjective. The 
Guide, an internationally recognized gemstone pric- 
ing publication, conducts research with a qualified 
staff of advisors and research assistants who monitor 
trade shows, business transactions, and trading net- 
works. For consistency in pricing, The Guide has 
used a comprehensive four-tiered grading scale for 
nearly 20 years: Commercial at the low end, Good 
and Fine in the middle, and Extra Fine at the high 
end. For the present analysis, the two middle cate- 
gories (Good and Fine) are reported, as they are likely 
candidates for “jewelry quality.” Prices can be consid- 
erably higher or lower for the other two categories. 
The prices reported here are average wholesale, 
per the weight unit indicated (all January months for 
the years 1990-1999). Trends for specific gem vari- 
eties are described below, with the prices of major 
gems graphed in the accompanying charts (figure A- 
1). Although a gem’s locality can play a role in pric- 
ing (such as a Burmese ruby or Kashmir sapphire), 
the information in this box is based on quality only. 
A Burmese ruby is priced separately in The Guide, 
and is not considered in the charts presented here. 
Likewise, the sapphire prices summarized in this 
box are for material from any locality except 
Myanmar (Burma) and Kashmir. Emerald prices are 
also generalized, recognizing that some top-quality 
Colombian emeralds may be priced higher. 
Treatment is an important issue in pricing 
today. Normal (i.e., “traditional’”) treatments are 
assumed in pricing, since most gems on the market 
have undergone some treatment process (for exam- 
ple, the blue color in most aquamarine is produced 
by heat treatment, as is the blue in most tanzanite). 
Both ruby and sapphire are assumed to have been 
heat treated. Excess “glass” residue in the fissures 
and fractures of a ruby—which results from the use 
of a flux or other “firecoat” during heat treatment— 


can lower the value. Fissures in emeralds are typi- 
cally filled with oil or resin, and the prices here 
assume a moderate level (i.e., extent) of treatment. 

Following is a summary of the data for key gem 
materials in the 1990s. 


Beryl—Emerald. Due to widespread concern over 
treatments, emeralds lost about half of their value 
(on average) over the decade (figure A-1, bottom). In 
recent years, a better understanding of treatments, as 
well as more comprehensive and descriptive reports 
of treated emeralds from gem-testing laboratories, 
appear to have halted the steady decline in prices. 


Beryl—Aquamarine. Prices for aquamarine were 
fairly stable in the 1990s (e.g., at $100-$125/ct for 
“good” 3 ct stones). Increases in supply and new 
sources occasionally brought some prices down. 


GEM PRICES IN THE 1990s 


$8,000 
— Diamond, 1 ct 

— Ruby, 1 ct 

G-color, VSe 


Average Wholesale Price per Carat 


$5,000: 

$4,0004 =, L 
— Emerald, 2 ct 
— Sapphire, 2 ct 

$3,0004 \ L 


Figure A-1. Average wholesale per-carat prices 
in the 1990s (for the month of January) are 


shown for diamond and ruby (top), and sap- = sere err reer  eaeee 
phire and emerald (bottom). The Guide cate- 
gories Good (dashed lines) and Fine (solid oo 2 ou tS ww ww 
lines) were selected as an index to “jewelry- Year 


quality” material. Prices may be considerably 
higher or lower for other quality grades. 
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Corundum—Ruby. As was the case with emeralds, 
ruby prices were also hurt by controversy over 
treatments. Not only did the vast deposits discov- 
ered at Mong Hsu lead to the greater availability of 
fine material, but the presence of “glass” residue 
from the heat treatment of these stones in particu- 
lar has caused ruby prices to decline over the past 
three to four years (figure A-1, top). 


Corundum—Sapphire. Although sapphire largely 
escaped the treatment controversy, prices declined 
recently (figure A-1, bottom) due to the tremendous 
quantity of stones from Madagascar that have 
entered the marketplace. 


Chrysoberyl—Alexandrite. Long a collector’s stone, 
alexandrite has never been in plentiful supply. 
When Brazilian miners hit a pocket of alexandrite 
in 1991, supply increased and, contrary to what was 
expected, prices went up. Since then, the prices of 
lower-to-middle grades have remained fairly con- 
stant (at about $4,500/ct for 2 ct “good” stones), 
whereas finer-quality gemstones strengthened in 
price (from an average low of $5,750/ct in 1990 to 
$8,000/ct in 1999 for 2 ct “fine” stones). 


Diamond (1 ct; G-color VS, and I-color SI,). After 
an early 1990 price hike by De Beers—which was 
only partially reflected in diamond prices due to 
price resistance and absorption by suppliers—prices 
remained stable, with no official increases until a 
small one was implemented in early 1993. The 
period 1995-1997, however, saw larger and more 
frequent price increases (figure A-1, top). The end 
result was diamond prices about 30% higher at the 
end of the decade, especially in the more popular 
jewelry grades (e.g., $5,300 for 1 ct G-color VS, 
stones in 1999, as compared to $4,100 in 1990). 


Garnet—Rhodolite. Rhodolite experienced fluctuat- 
ing popularity, but its supply was steady and so 
were its prices (i.e., an average of $25 to $45/ct for 
“good” and “fine” 3 ct stones). 


Quartz—Amethyst. Synthetic amethyst plagued 
the industry prior to 1990. Today, the problem still 
exists, but is mostly ignored at the retail level. 
Nevertheless, wholesale prices of natural amethyst 
slowly declined over most of the ‘90s (e.g., from an 
average of $20/ct down to $12/ct for “fine” 3 ct 
stones). This was perhaps due to the lack of 
widespread testing of amethyst and thus the salting 
of “natural” parcels with synthetic stones. 


Spinel—Blue. Prices rose dramatically during the 
1990s (e.g., from $125/ct to $350/ct for “fine” 3 ct 


stones), due to the increased popularity of blue 
spinel as a nonenhanced alternative to sapphire. 


Spinel—Red. Considered by dealers to be an under- 
valued alternative red gemstone, prices remained 
stable (e.g., at an average of $200-$250/ct for 
“good” 2, ct stones}, primarily due to a general lack 
of notoriety. In the mid-1990s, small price increases 
appeared for finer-quality red spinels, but price 
resistance eventually negated such gains. 


Topaz—Imperial. This variety of topaz was a definite 
attraction in the tourist markets of the Caribbean, 
but not a great seller in the U.S. Overall, miners and 
jewelry stores were successful in raising the populari- 
ty and the price of Imperial topaz—by the end of the 
decade, up to $400/ct for “fine” 3 ct stones in yellow 
with reddish overtones, for example. 


Tourmaline—Pink. For a period, pink was popular. 
In the early 1990s, prices of pink tourmaline rose in 
response (e.g., from approximately $85/ct to $100/ct 
for “fine” 3 ct stones). Subsequently, the prices 
showed little change. 


Zoisite—Tanzanite. The roller coaster of tanzanite 
pricing resulted from many factors, including sup- 
ply changes as mines closed and reopened, mining 
disasters, swings in consumer demand, and govern- 
mental controls. With all the fluctuations, howev- 
er, prices in 1999 were only slightly less than they 
were at the beginning of the decade (e.g., $325/ct 
versus $360/ct for “fine” 3 ct stones). 


Cultured Pearls—Strands. While prices increased 
during the first half of the decade, they leveled off 
quickly as the freshwater Chinese product started 
to appear. From 1995 to 1999, for example, the price 
of an 18-inch strand of white, 6"42-7 mm diame- 
ter, bead-nucleated cultured pearls averaged $500 
for “good” quality, and $875 for “fine.” 


Cultured Pearls—South Sea and Tahitian. The fol- 
lowing discussion is generalized for single, bead- 
nucleated, round to semi-round, 10-11 mm diameter 
cultured pearls with thick nacre, medium to high 
luster, and light blemishes. White South Sea cultured 
pearls held their value for most of the decade ($1,450 
each for “fine” material from 1995 through 1999), 
although the January 2000 price was just over half 
that ($775). The prices for black Tahitian cultured 
pearls started to decline in 1998 (e.g., from $862 each 
for a “fine” 10-11 mm sample in 1997 to $475 each 
in the following year). Today, production is much 
greater and more sources are providing these large 
pearls, so prices are coming down. 
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from 0.2. ct to over 1 ct (R. Kane, pers. comm., 2.000). 

The heat treatment of sapphires to improve their 
color and/or clarity remained a major industry in 
the 1990s. As noted above for rubies, premium 
prices for untreated blue sapphires are the norm 
(Federman, 1998). Most heat-treated high-quality 
blue and pink sapphire came from Sri Lanka and, 
more recently, Madagascar (Suwa, 1999). In particu- 
lar, for the last couple of years the Ilakaka deposits 
have supplied enormous quantities of violet to pur- 
ple sapphires that can be heat treated to produce 
pink material (Johnson et al., 1999b). 


DIAMOND 


All of the traditional diamond sources remained 
productive, led by the operations in southern and 
central Africa. The recovery of typically higher- 
quality diamonds from the seafloor off the coasts of 
Namibia and South Africa expanded greatly 
(Rombouts, 2000). In the northeastern part of South 
Africa, De Beers initiated modernized operations at 
their new Venetia mine in 1992. In addition, height- 
ened diamond exploration activities during the ‘90s 
resulted in several new mining operations and 
prospects. 

After the breakup of the former Soviet Union, a 
period of uncertainty began in the early 1990s with 
regard to the continued production of diamonds in 
Yakutia (now the Sakha Republic in the Russian 
Federation). Diminished financial resources hin- 
dered further development of the major mines in 
this remote region, especially given the potential 
need to transform open-pit operations to under- 
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Figure 10. This aerial 
view of the Argyle 
diamond mine in 
northern Australia, 
taken in February 
2000, shows the enor- 
mous open pit and 
tailings piles. During 
the past decade, this 
mine has been the 
world’s largest pro- 
ducer of diamonds by 
volume. Courtesy of 
Argyle Diamonds. 


ground mining. However, progress was made in 
evaluating a new diamond field in the Arkhangelsk 
region northeast of St. Petersburg (Sobolev, 1999), 
although this area has not yet gone into production. 

Very large quantities of mainly small brownish 
to yellow or near-colorless diamonds continued to 
be recovered from the Argyle mine in northern 
Australia (figure 10). This mine also produces rare 
pink-to-red diamonds, which have brought per-carat 
prices of US$100,000 or more at annual auctions 
(“Argyle Diamonds...,” 1997). Toward the end of 
the decade, a decision was made to expand the area 
of the open pit over a two-year period to allow 
future access to additional ore reserves. However, 
concern about the number of diamonds that eventu- 
ally can be recovered economically by open-pit min- 
ing has forced additional exploration in the mine 
area, as well as deliberations over the feasibility of 
developing underground operations. 

One of the more exciting developments in recent 
years was the discovery of gem-quality diamonds in 
northern Canada and the subsequent identification 
of several potentially significant deposits over a 
wide area. Toward the end of the decade, diamond 
production began at the Ekati mine in the 
Northwest Territories (figure 11), with the probabil- 
ity that Canadian diamonds could supply more than 
10% of world production by value early in the 21st 
century (Paget, 1999). Discovery of new diamond 
deposits has been aided by the use of high-technolo- 
gy exploration methods (thus far, similar methods 
have not achieved comparable success in locating 
new colored stone deposits; see Cook, 1997). 
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Distribution Changes and Branding. As the decade 
came to an end, the possibility of a “multi-channel” 
distribution system, with diamonds flowing from 
the mine to the consumer along several different 
routes that are not all controlled by De Beers, 
became a frequent topic of discussion (see, e.g., 
Sevdermish et al., 1998). The shift toward diamond 
branding at the end of the 1990s (e.g., efforts to 
“brand” the origin of diamonds from new deposits 
in Canada) is likely to increase consumer awareness 
of their geographic origin. Recently, De Beers 
acknowledged the reality of the multi-channel dis- 
tribution system by announcing that rather than 
attempt to control world diamond supply, they 
would strive to be the supplier of choice for the 
industry (see, e.g., Behrmann and Block, 2000). 


Country of Origin. For years, “country of origin” 
has played an important and sometimes controver- 
sial role in the marketing of some colored stones. At 
the end of the ‘90s, this phrase assumed new impor- 
tance in the diamond industry, as some organiza- 
tions and governments became concerned that prof- 
its from the sale of diamonds were being used to 
fund domestic conflicts in certain African countries. 
Angola, Sierra Leone, and the Democratic Republic 
of the Congo were singled out as areas of concern. 
This sparked a demand for documenting the source 
of such “conflict” diamonds to prevent them from 
entering the legitimate market. However, determin- 
ing the geographic origin of diamonds is technically 
not feasible (Janse, 2000). More and more, efforts by 
producers and dealers alike are focused on prevent- 
ing the purchase of diamonds from these areas, and 
providing documentation with each diamond that 
verifies its origin from a “nonconflict” source (see, 
e.g., http://www.gemprint.com,; Heeger, 2000). 


GARNET 


Known sources of garnet—including localities in 
East Africa, India, and Sri Lanka—remained impor- 
tant. In the Ekaterinburg area of Russia, both the 
original locality (in the Babrovka River valley) and 
new deposits (at Karkodino) produced some fine- 
quality demantoid (figure 12). The first significant 
demantoid locality outside of Russia was discovered 
in Namibia in the mid-1990s, although the color of 
this new material is not as intense, and the stones 
lack the distinctive “horse-tail” inclusions that are 
characteristic of Russian demantoid. 

Rhodolite and other garnets came from East 
Africa, while a new deposit of gem-quality grossular- 
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Figure 11. Canada became a new diamond source 
in the 1990s, with the opening of the Ekati mine 
in the Northwest Territories. All of these dia- 
monds were faceted from Ekati mine rough; the 
marquise weighs 1.75 ct. Courtesy of Barker & 
Co.; photo © Jeff Scovil. 


andradite was discovered in Mali at Diakon. New 
sources in Madagascar produced pyrope-spessartine 
(including color-change material) and tsavorite. 
Orange spessartine garnets continued to come from 
Namibia, Madagascar, and Zambia. Just as produc- 
tion from Namibia declined at the end of the 1990s, 
Nigeria provided larger and cleaner spessartines to 


Figure 12. Fine demantoid garnet, such as the 
4.49 ct stone shown here, was mined at both old 
and new localities in the Ural Mountains of 
Russia. The presence of “horsetail” inclusions 
(see inset; 1.46 ct) provides confirmation of 
Russian origin. Courtesy of Pala International; 
photos by Robert Weldon. 
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Figure 13. At the end of the decade, relatively 
large, clean spessartine garnets (such as the 
12.97 ct stone shown here) came from a new 
deposit in southwestern Nigeria. Courtesy of 
Mayer & Watt; photo © Tino Hammid. 


Figure 14. Large quantities of garnets—in several 
varieties—were recovered from the Tunduru area 
of Tanzania. The mines are worked by simple 
methods, as shown by this pit at Libafu. A 
portable wet-sieving machine is being used to 
concentrate the gem rough. Photo by Horst Krupp. 
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meet the market demand created by the Namibian 
material (see, e.g., Zang et al., 1999; figure 13). The 
Tunduru region of southern Tanzania has yielded 
large quantities of several different types of garnet 
(Henn and Milisenda, 1997; figure 14). A large new 
deposit in Lindi Province was the source of attrac- 
tive tsavorite, which has helped replenish the dimin- 
ishing production from traditional tsavorite locali- 
ties in Kenya and northern Tanzania (H. Krupp, pers. 
comm., 1999). 


JADE 
Northern Myanmar continued to be the sole com- 
mercial source of high-quality green, lavender, and 
white jadeite, as well as other colors, with no short- 
age of supply in sight (Hughes et al., 2000; figure 
15). New jadeite deposits are being exploited in 
Japan (Chihara, 1999), as well as in both Russia (the 
Polar Urals and in central Siberia) and southern 
Kazakhstan (N. Kuznetsov, pers. comm., 2000). 
Nephrite deposits are located in the western por- 
tions of North America (especially British 
Columbia in Canada, as well as Alaska). Other 
deposits occur in Xiu Lan County, Liaoning 
Province, and other regions of China. As China con- 
tinues its rapid economic development, it is likely 
that demand for both nephrite and jadeite jade will 
also increase in that marketplace. 


OPAL 


Australian localities in New South Wales, 
Queensland, and South Australia continued to be 
the major sources of most gem opal (figure 16). 
However, Mexico and Brazil were important pro- 
ducers of “fire” opal and white opal. Mexican fire 
opal experienced strong—but brief—popularity 
through marketing on television shopping net- 
works. Subsequent problems with supply of this 
material, and its tendency for crazing, brought its 
popularity to an abrupt halt (P. and B. Flusser, pers. 
comm., 2000). Prices for black opal from Lightning 
Ridge, Australia, declined briefly due to the collapse 
of the Asian market (especially Japan), but subse- 
quent demand from the strong U.S. market brought 
prices close to those in the early 1990s. 


PERIDOT 


The past decade witnessed the continued produc- 
tion of gem-quality olivine from the United States 
(Arizona), Myanmar, and China. However, the dis- 
covery of significant quantities of rich green peridot 
from Pakistan (figure 17), with exceptional clarity 
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and in large sizes (clean stones up to several hun- 
dred carats), created renewed enthusiasm for this 
gemstone (Frazier and Frazier, 1997). During the 
decade, commercial quantities of small pieces of 
peridot were recovered in Vietnam. 


QUARTZ 


The most significant amethyst-producing countries 
are first Brazil and then Uruguay, as well as Tan- 
zania, Namibia, and Zambia. Although amethyst 
remains one of the most important commercial 
gems, the market for natural amethyst has been 
undermined by the widespread infiltration of syn- 
thetic amethyst. Much of this synthetic material 
can be separated from natural amethyst, but this 
often requires advanced gemological testing. As the 
cost of such testing often exceeds the value of the 
amethyst, widespread availability of the synthetic 
material has depressed the value of the natural gem. 


Figure 15. Myanmar remains the world’s only 
commercial source of fine jadeite. These 
exquisite fern leaf carvings show the saturated 
color and semi-transparency commonly associ- 
ated with “Imperial” jadeite. The larger carving 
measures 57.11 x 28.87 x 3.59 mm; photo © Tino 
Hammid and Christie’s Hong Kong. 
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Figure 16. Most gem opal, such as the black opal 
shown in this pendant, comes from Australia. 
The opal is set within carved aquamarine. 
Jewelry designed and created by Kreg Scully; 
photo © Jeff Scovil. 


Figure 17. Commercial quantities of peridot 
became available in relatively large sizes from a 
new deposit in Pakistan. The faceted stone shown 
here weighs 172.58 ct, and the crystal is 6 cm tall. 
Courtesy of Pala International; photo © Jeff Scovil. 
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Kimberley Mine. In 1888 the two 
concerns were combined into the 
DeBeers Consolidated Mines, Lim- 
ited. 

Rhodes was elected a member of 
the Cape Legislative Council (rep- 
resentative for constituency of 
Barkly West), Intensely interest- 
ed in politics, Rhodes was sent 
in 1881 to examine the position of 
the two Dutch Republics in Bech- 
uanaland (Stellaland and Goshen), 
which he reported a “hindrance 
to Northward progress.” 

Gold was discovered in Witwat- 
ersrand, and Johannesburg found- 
ed in 1886. Rhodes, in 1889, was 
granted an administrative char- 
ter over Lobengula, King of Mata- 
bele; and the British South Afri- 
can Co. was called the Chartered 
Co. He. was. Prime Minister of 
Cape Colony from 1890-1894. 
Rhodes’ greatest work was in 
Mashonaland and Matabeleland, 
naw known as Rhodesia, where he 
devoted his talents and wealth to- 
ward acquiring and settlement of 
that country as a legacy to his 
beloved British Empire; and as 
another step on his way to Egypt, 
he planned railroads through ‘all 
British territory in Africa. 
Rhodes resigned as Prime Minis- 
ter of the Cape and managing di- 
rector of the Chartered Co. as a 
result of Jameson’s unfortunate 
raid in Dee., 1895, but was re- 
stored to his position with the 
Chartered Co. in 1898. In the same 
year he headed the newly formed 
Progressive (“Jingo”) Party in 
his last election at the Cape. 

In 1899 Rhodes was honored with 
a D.C.L. at Oxford. Boer War 
(1899-1902) ended with the Trans- 
vaal and Orange Free States pro- 
claimed British. 


rhombic dodecahedron. 


Rhodes died March 26, 1902, at 
Muizenberg, near Cape Town, and 
was buried near Moselikatze in the 
Matopos, “The World’s View,” 
Rhodesia. Among many other 
legacies, Rhodes scholarships are 
the feature of his sixth and last 
will. 


Rhodesia. An African diamond local- 


ity of minor importance. Total 
production to December 31, 1944, 
was 15,582.25 carats. For a num- 
ber of years production has been 
practically nil. 

A crystal 
form of the cubic (isometric) sys- 
tem. Consists of 12 similar rhom- 


. bus-shaped faces. A common crys- 


tal form of diamond. 


Riccia Diamond. A rose-colored 15- 


carat diamond belonging to the 
Prince de la Riccia. 


“right angle” illumination. Method 


of illuminating diamonds with 
strong light from the side against 
a black background (dark field 
illumination). Causes inclusions 
and imperfections to stand out 
clearly, reduces confusing sur- 
face reflections. : 


ripe diamond. True diamond (obso- 


lete term). 


River. A term used in the U.S. to 


designate finest color grade of 
diamonds. Sometimes used to de- 
scribe Jagers or Top Wesseltons. 
An extraordinarily fine colorless 
diamond. Diamonds from the 
rivers or alluvial mines of Africa. 


river bort. Industrial quality dia- 


mond from alluvial deposits. 


river diggings. Diamond mines op- 


erating in river beds. 


Rivers. See River. 
riviere. A diamond necklace. 


(To Be Continued) 


Figure 18. During the 1990s, fine amethyst, cit- 
rine, and ametrine (here, 21.88-66.91 ct) were 
recovered from the Anahi mine in Bolivia. 
Courtesy of Minerales y Metales del Oriente; 
photo by Robert Weldon. 


Figure 19. Myanmar remained an important 
source of spinel such as this 3.2-cm-tall crystal 
and 7.38 ct oval brilliant. Courtesy of Barker #@ 
Co.; photo © Jeff Scovil. 
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Most citrine comes from Brazil; some is pro- 
duced by the heat treatment of amethyst. Sporadic 
mining of ametrine (bicolored amethyst-citrine; fig- 
ure 18) from Bolivia continued in the early and mid- 
1990s, but the quantity and quality of the material 
declined at the end of the decade (C. Marcusson, 
pers. comm., 2000). 


SPINEL 


Although increasing in consumer recognition and 
demand, spinel remains overshadowed in the mar- 
ketplace by other colored gems such as ruby and 
pink sapphire. During the ’90s, spinel was mined 
from traditional localities in Sri Lanka and 
Myanmar (figure 19), as well as by the reworking of 
historic sources such as in the Pamir Mountains of 
Tajikistan. 

The most important new sources were Tunduru 
in southern Tanzania and Ilakaka in Madagascar. 
These have produced primarily smaller stones 
(0.5-1.5 ct) in many pastel colors. Spinel was also 
found in Vietnam as a byproduct of ruby and sap- 
phire mining. Today, spinel is growing in popularity 
due to its attractive colors, high clarity, good dura- 
bility, and the fact that it is not treated. 


TANZANITE 


Tanzania’s Merelani area remains the only com- 
mercial source of tanzanite (figure 20). In the 1990s, 
tanzanite approached emerald, ruby, and sapphire 
in popularity in the U.S., but was in less demand 
elsewhere. Its single source, rich color, and avail- 
ability in larger sizes made this gemstone a main- 
stay in some jewelry stores. Enormous fluctuations 
in production, and therefore also in price, eventual- 
ly led to an oversupply on the market in the latter 
half of the decade. However, a disastrous mine 
accident in 1998 forced the Tanzanian government 
to impose restrictions on tanzanite mining. 
Subsequently, the reduced mining (also due to 
increased costs), the difficulty of recovering materi- 
al from ever-greater depths, and the departure of 
miners to new gem-producing areas in southern 
Tanzania all combined to elevate the price of this 
unique gemstone close to levels attained in the 
early 1990s (Bertoldi, 1998; box A). 

Merelani also has produced the rarer green 
zoisite, which is colored by chromium (Barot and 
Boehm, 1992). Recent discoveries of transparent 
pink and bicolored—pink and yellow—zoisite 
(Wentzell, 2000) may provide new insight into the 
geology of the Merelani area. 
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TOPAZ 

As it has for many years, topaz came from Brazil (fig- 
ure 21), Nigeria, Pakistan, Sri Lanka, and the Ural 
Mountains in Russia. Pink-to-orange “Imperial” topaz 
enjoyed a rise in price throughout the 1990s, due to 
controlled supply in Brazil and minimal production in 
Pakistan (Drucker, 1997; see also box A). One dramat- 
ic development was the decline in demand for irradi- 
ated blue topaz, for which much near-colorless topaz 
had been mined in the 1980s. Natural-color blue 
topaz was not commercially available during the ’90s. 


TOURMALINE 


Because it occurs in large, often high-clarity crystals 
of almost every color, tourmaline remains one of 
the most popular colored stones. The past decade 
saw further mining at many Brazilian pegmatites, 
and increased production in many African countries 
including Nigeria, Zambia, Mozambique, Mada- 
gascar, Tanzania, and Kenya. Afghanistan contin- 
ued to yield “pastel” pink and green stones, in addi- 
tion to blue and bicolored material. 

Irradiation of colorless to light pink tourmaline 
supplied significant amounts of deep pink to red 
material in the early to mid-1990s. During this 
decade, the bright blue, green, and purple tourma- 
lines from Paraiba, Brazil (figure 22) reached record 
retail prices (one of the authors [WFL] sold a 4.49 ct 
blue stone for $16,000/ct [see photo on accompany- 
ing Gem Localities chart]) due to very limited avail- 
ability and high demand (Drucker, 1997). In the mid- 
1990s, enormous quantities (tons) of bicolored and 
brownish pink material came from the Morro 
Redondo mine in Minas Gerais, Brazil. Blue-green 
tourmaline has been available from several deposits 
in Namibia. The last few years saw even larger quan- 
tities of attractive pink-to-red tourmaline from 
Nigeria (Schmetzer, 1999a; figure 23), but the 
deposits are now apparently exhausted (M. Diallo, 
pers. comm., 2000). The influx of this material onto 
the gem market also caused a significant decline in 
the price of rough red and pink tourmaline. 


OTHER GEM MATERIALS AND 

NEW LOCALITIES 

A number of other gem materials from various local- 
ities became available during the 1990s (see table 2; 
figure 24). Blue to green apatite from Madagascar 
was used as a substitute for the similarly colored 
tourmaline from Paraiba, Brazil. At the Benitoite 
Gem mine in California, an important extension of 
the historic deposit was found in 1997, and resulted 
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Figure 20. The world’s only commercial source of 
tanzanite remained the Merelani area of Tanzania. 
The tanzanite in the diamond pendant weighs 
22.60 ct, and the loose stones range from 4.54 to 
22.26 ct. Courtesy of The Collector Fine Jewelry; 
photo © Harold & Erica Van Pelt. 


in a small production of this material. The past 
decade witnessed the increasing availability of 
charoite from Siberia as an ornamental gem materi- 
al, as well as the marketing of chrome diopside 
(Costanza, 1998a). Gem varieties of feldspar came 


Figure 21. Like jadeite and tanzanite, commer- 
cial deposits of Imperial topaz (here, set stone 
about 6 ct, and loose stone, 3.82 ct) are found 
in a single area of the world—in this case, near 
Ouro Préto, Minas Gerais, Brazil. Jewelry cour- 
tesy of Suwa & Son; photo by Maha Tannous. 
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Figure 22. Brightly colored tourmaline from 
Paraiba, Brazil, commanded record prices in the 
second half of the 1990s due to its rarity and 
strong market demand. Courtesy of Karl Egon 
Wild; photo © Harold & Erica Van Pelt. 


from various localities (such as India, Canada, and 
the U.S.), with the most popular being those that 
exhibited optical phenomena [i.e., moonstone, sun- 
stone, peristerite, and labradorite). However, signifi- 
cant quantities of transparent sunstone also came 
onto the market. Iolite provided an inexpensive sub- 
stitute for blue sapphire and tanzanite, and was 
mined in Canada, India, Sri Lanka, and Madagascar. 
Maw sit sit, from the famous jade mining region in 
Myanmar, became more available in the mid-1990s. 
Several hundred kilograms were recovered between 
1995 and 1997, although supplies diminished toward 
the end of the decade. In the early 1990s, some of the 
world’s finest rhodochrosite began being recovered 
from the Sweet Home mine near Alma, Colorado, 
through the application of innovative mining and 
exploration techniques (Lees, 1998). 

Gem scapolite came from localities in Myanmar, 
Sri Lanka, Tanzania, Tajikistan, and China. Sphene 
was found in a number of countries, sometimes in 
important quantities from deposits in Brazil and 
Madagascar. In general, the availability and quality of 
sugilite from South Africa declined during the past 
decade, but small pieces of high-quality material 
were commonly inlaid together with other gem 
materials in jewelry (G. Stockton, pers. comm., 
2000). Finally, zireon provided an inexpensive alter- 
native to fancy-colored diamonds, and was produced 
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in Australia, Southeast Asia, Sri Lanka, and East 
Africa. With the broader audiences reached by tele- 
vised home shopping programs worldwide, as well as 
the Internet, many of these more unusual gem mate- 
rials became familiar to—and embraced by—more 
consumers than ever before. 


PEARLS 


The 1990s may well be remembered as the most 
significant “pearl era” in modern history. Not only 
has production of cultured pearls increased dramati- 
cally, but the variety available has grown as well. Of 
particular note were “pink rosé” and white Chinese 
Akoya cultured pearls; numerous colors of Chinese 
freshwater cultured pearls; black Tahitian (French 
Polynesia), white South Sea (Australia), and “gold- 
en” cultured pearls from Indonesia and the 
Philippines; purple and green New Zealand and 
Pacific Coast cultured abalone mabes; and pink 
conch “pearls” from the Caribbean, and pink and 
orange Melo “pearls” from Southeast Asia. 
According to N. Paspaley (pers. comm., 2000), the 
cultured pearls being harvested today are among the 
finest ever produced in terms of quality, size, quan- 
tity, and possibly value. Never has more been 
understood about the biology, habitat, sources, and 


Figure 23. At the end of the decade, large quanti- 
ties of gem-quality pink-to-red tourmaline were 
found near Ogbomosho, Nigeria. These crystals 
and nodules of tourmaline were among the initial 
production; the cut stone weighs 15.0 ct. Courtesy 
of Pala International; photo by Robert Weldon. 


ail 
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Figure 24. A variety of 
less familiar gem materi- 
als were commercially 
produced during the 
1990s. Shown here (from 
left to right) are: top— 
Malagasy sphene (29.17 
ct), Burmese scapolite 
(59.95 ct), Indian iolite 
(19.74 ct); bottom— 
American benitoite (3.09 
ct), Cambodian zircon 
(13.37 ct), Peruvian 
thodochrosite (6.22 ct), 
and Malagasy apatite 
(4.07 ct). Courtesy of 
William Larson; photo © 
Harold & Erica Van Pelt. 


growth and harvesting conditions of pearls world- 
wide (Akamatsu, 1999). 

Compared to cultured pearls, natural pearls 
remained exceedingly rare, but demand by some 
consumers is driving a global effort to recover them 
(K. C. Bell, pers. comm., 2000). This will remain a 
small but compelling part of the pearl industry. 


Cultured Pearls. During the 1990s, the Japanese expe- 
rienced a sharp decline in the production of Akoya 
cultured pearls and consequently in their dominance 
of the pearl market, although they expanded their 
influence as cultivators by helping pearl growers in 
other regions. The reduced number of cultured pearls 
from Japan (Muller, 1998) was offset by the increased 
production and popularity of cultured pearls from 
French Polynesia and Australia (figure 2.5), as well as 
Indonesia (figure 26), the Philippines, and China. The 
1990s also witnessed the reemergence of several 
areas (such as Myanmar) that had declined earlier in 
the 20th century, due to overharvesting and environ- 
mental degradation (see table 3). Pearl culturing also 
increased in Vietnam (Bosshart et al., 1993; “Vietnam 
produces Akoya,” 1999). 

M. Coeroli (pers. comm., 2000) reports that the 
widespread popularity of black cultured pearls from 
French Polynesia followed the steady growth of 
pearl production, which increased 1,323% over the 
decade: from 575 kg of Pinctada margaritifera cul- 
tured pearls in 1990 to nearly 8.2 metric tons in 
1999. Yet during this period, the number of pearl- 
producing farms in French Polynesia dropped from a 
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high of 2,500 early in the decade to 1,076 at the last 
official count in 1998. Several smaller farms disap- 
peared, while others expanded their farming area. 
As a result, fewer farms are cultivating more 
Tahitian pearls. 

One of the interesting new trends was the produc- 
tion and use of “keshi” pearls. Once applied only to 
extremely small Akoya natural pearls, today keshi 
(from the Japanese word for poppy seed) is the com- 
mon name for a nonnucleated cultured pearl pro- 
duced by the oyster when the nucleus is rejected. 
Common byproducts of Australian and French 
Polynesian pearling operations, these baroque-shaped 
cultured pearls can reach up to 7-8 mm. By the mid- 
1990s, strands of such “keshis” were as popular as 
strands of round and semi-round cultured pearls 
(Federman, 1997), and their demand continued 
through the end of the decade (F. Mastoloni, pers. 
comm., 1999; M. Goebel, pers. comm., 2.000). 

According to N. Paspaley (pers. comm., 2.000), 
successful pearl-farming techniques for South Sea 
pearl oysters (Pinctada maxima) were not devel- 
oped until the 1980s. Since growth and harvesting 
can take up to eight years, noticeable achievements 
in production were not realized until the 1990s. 
Also during the ‘90s, new technology for the artifi- 
cial propagation of the pearl oyster contributed to 
the increased production. Today, the Indonesian and 
Philippine pearl-culturing industries are completely 
dependent on hatcheries to supply the pearl oysters; 
only Australia and Myanmar have commercially 
important beds of natural P. maxima (N. Paspaley, 
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Figure 25. French Polynesia and Australia were 
the principal sources of black Tahitian and 
white South Sea cultured pearls, respectively. 
The cultured pearls in the necklaces shown here 
range from 11.69 to 16.21 mm (Tahitian) and 
12.80 to 17.69 mm (South Sea). Photo © Tino 
Hammid and Christie’s Hong Kong. 


pers. comm., 2000; Themelis, 2000). Note that 
unlike other pearl oysters that easily can be bred in 
captivity, even artificially propagated P. maxima 
will grow to maturity only in their natural environ- 
ment. Any future increase in pearl production from 
this region will largely be determined by the ability 
of pearl farmers to control pollution so they have 
favorable environmental conditions for the success- 
ful cultivation of hatchery-produced oysters. 

Natural abalone pearls, still very rare, continued 
to be found sporadically in many localities (see table 
3; figure 27). For the first time, successful production 
of cultured abalone mabes and a few whole cultured 
abalone pearls was realized in the 1990s (Fankboner, 
1994). These came from abalone growers on the 
Pacific Coast of North America and in New 
Zealand. Mabes are more easily produced, and New 
Zealand cultured abalone mabes have appeared in 
commercial quantities since 1997 (Wentzell, 1998). 
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For freshwater cultured pearls, China clearly 
dominated the decade. Production of up to 1,200 
metric tons is estimated for the year 2000 alone (A. 
Muller, pers. comm., 2000). Improved culturing 
techniques—using mantle-tissue nuclei—permitted 
the growth of large quantities of very attractive 
pearls, in large sizes, with remarkable roundness, 
and in a variety of uniform, natural-looking colors 
(figure 28). In years to come, China may also have a 
major effect on the market for bead-nucleated fresh- 
water cultured pearls (Tao, 2000) if they succeed in 
expanding the availability of less-expensive round 
cultured pearls in sizes over 10 mm. 

Pearl-culturing efforts in the southeastern U.S., 
led initially by John Latendresse of American Pearl 
Co. and later followed by James Peach of U.S. Pearl 
Co., produced a steady supply of freshwater cultured 
pearls throughout the decade, in creative shapes 
ranging from crosses to hearts and tabular forms 
(G. Latendresse, pers. comm., 2000). Also notable is 
the widespread incorporation of American shell-bead 
nuclei from the freshwater Unio mollusks for pearl 
culturing in most species. The U.S. exports to Japan 
an estimated $50 million annually in shells for 
making bead nuclei (Mayell, 1998). While today 


Figure 26. At the Togian Islands in central 
Sulawesi, Indonesia, a pearl-oyster technician 
places a bead nucleus in the optimal location 
with the help of strong fiber-optic light. Photo 
by Andy Muller. 
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Figure 27. Because natural abalone pearls are so 
rare, considerable effort has been made to pro- 
duce cultured abalone pearls. One of the suc- 
cess stories of the ‘90s was the introduction of 
commercial quantities of cultured abalone 
mabe pearls from New Zealand. The largest 
(natural) abalone pearl here weighs 77.75 ct. 
Courtesy of Tish and Wes Rankin, Pacific Coast 
Pearls; photo © Harold & Erica Van Pelt. 


growers are testing other materials, most pearl cul- 
turers continue to use the Unio bead. 
Unfortunately, American freshwater mollusks 
have become threatened by environmental prob- 
lems caused by dam construction, silt from agricul- 
ture, water pollution, mining, industrial waste, and 
especially the introduction of an exotic bivalve— 
the zebra mussel (Dreissens polymorpha). The zebra 
mussel has no natural enemies, and is capable of 
outcompeting the roughly 300 species of pearl-pro- 
ducing freshwater mollusks remaining in U.S. 
rivers, streams, and lakes. Biologists estimate that 
30% of the U.S. pearly species are already extinct, 
and 65% are endangered (Helfich et al., 1997). 
Research and development in pearl-culturing 
technology led to significant discoveries during the 
past decade. In 1994, an international pearl confer- 
ence and exposition was held in Hawaii that 
brought together—for the first time—pearl scien- 
tists, aquaculturists, government leaders, and pearl 
dealers (Sims and Fassler, 1994). Scientists reported 
the use of antibiotics and steroids to improve cul- 
turing success. Aquaculturists reviewed efforts to 
grow spat and introduce pearl-producing mollusks 
in areas (such as Hawaii) that had been overharvest- 
ed at the turn of the century. Small operators in 
India were exploring freshwater bodies for pearl cul- 
turing. Speakers also discussed prospects for pearl- 
culturing industries in Mexico and Colombia. 
Interest in technical developments continues, and 
ongoing research is reported in journals such as 
Aquaculture and Pearl Oyster Bulletin. 
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Regional pearl associations emerged following the 
conference, and joined efforts by the World Pearl 
Congress to distribute newsletters via the Internet 
and promote pearls to the jeweler, as well as directly 
to the consumer, through the popular press. This, 
combined with exposure through movies and televi- 
sion programs, brought pearl fashion to the consumer 
internationally (M. Coeroli, pers. comm., 2000). 


Calcareous Concretions. There was renewed inter- 
est in calcareous concretions, such as conch 
“pearls” from the Caribbean Strombus gigas and 
the new Melo “pearls” from Southeast Asia. In 
vogue at the turn of the 19th century, conch 
“pearls” regained popularity once their availability 
increased. They are recovered primarily from waters 
near the Bahamas, Bermuda, and Cuba (Fritsch and 
Misiorowski, 1987), as well as the southeastern U.S. 
(Shirai, 1994). 

Early in the 1990s, small quantities of pink and 
orange calcareous concretions began to be reported 


Figure 28. Toward the end of the decade, large, 
round cultured pearls from China (here, 9-11 
mm in diameter) were available in significant 
quantities and a variety of colors. Courtesy of 
Rafco; photo by Robert Weldon. 
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Figure 28. Calcareous concretions from the Melo 
gastropod, which first appeared in the market- 
place during the ‘90s, fetched record prices by 
the end of the decade. This 23.0 x 19.35 mm 
Melo “pearl” sold for $488,800 at the November 
1999 Christie’s jewelry auction in Hong Kong. 


from the Melo genus of the Bailer volutes, a spiral 
gastropod. They are harvested primarily from 
Southeast Asian waters, especially off the coasts of 
Vietnam (Jobbins, 1992; Scarratt, 1992; Zucker, 
1999) and Myanmar (K. Scarratt, pers. comm., 
2000). Melo “pearls” have also been reported from 
the South China Sea, India, Indonesia, and Malaysia 
(Shirai, 1994, K. Scarratt, pers. comm., 2000). At the 
November 1999 Christie’s jewelry auction in Hong 
Kong, a 23.0 x 19.35 mm Melo “pearl” sold for 
US$488,800 (figure 28). 


CONCLUSION AND FUTURE PROSPECTS 


While for many gem materials most of the coun- 
tries now considered important producers were 
identified by the 1970s, the discovery of new 
deposits within these countries, and even deposits 
in newly identified source countries, continued 
throughout the 1990s. Tanzania and Madagascar 
appeared to have the largest number of new gem 
deposits (see, e.g., Pezzotta, 1999). Vietnam (ruby 
and sapphire) and Nigeria (spessartine and tourma- 
line) also emerged as commercially important gem 
producers. 

The past decade witnessed some exciting develop- 
ments for the gem and jewelry industry. Diamonds 
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were discovered in Canada, where no commercial 
diamond deposits had been known. The increased 
demand for colored stones, along with a better 
understanding of gem occurrences, has fueled 
greater exploration and recovery. Cultured pearls, 
once dominated by the round, white Japanese 
Akoyas, are now produced in an astonishing array of 
colors, qualities, and shapes from multiple geo- 
graphic sources. 

Sociopolitical conditions continued to play an 
important role in the 1990s. Predictions made by 
Shigley et al. (1990) for significant opening of 
Afghanistan, the former Soviet Union, and China 
have not yet come to pass due to the lack of infras- 
tructure and capitalization. The discovery of major 
ruby deposits at Mong Hsu increased Myanmar’s 
importance as a gem producer (Kammerling et al., 
1994b), but military restrictions limit access to the 
area. Yet the greater freedom of trade in Vietnam 
has undoubtedly contributed to the discovery and 
exploitation of gem deposits there, especially ruby 
and sapphire. 

Environmental concerns continued to influence 
both gem-mining and pearl-culturing activities. 
South Africa’s Venetia mine, Australia’s Argyle 
mine, and Canada’s Ekati mine were each con- 
structed to recover diamonds with state-of-the-art 
processing plants and extensive environmental con- 
trols. By contrast, at Canada’s Diavik mine, a tem- 
porary denial of a crucial land permit for environ- 
mental reasons in 1999 resulted in the delay of 
mine development (Schuster, 2000). In the Ambon- 
dromifehy area of northern Madagascar, all sapphire 
mining was halted for several months of 1998 due 
to illegal digging in the Ankarana Special Reserve 
(Lurie, 1998). For cultured pearls, the greatest con- 
cern is water quality. At Ago Bay in Japan, some 
have blamed pollution from formalin—a liquid 
formaldehyde that the Japanese used to treat para- 
sites in blowfish (Costanza, 1998b]—for the dramat- 
ic decline in the production of Akoya cultured 
pearls. Throughout the South Seas, instances of 
industrial development and destructive fishing prac- 
tices threatened pearl production (D. Fiske, pers. 
comm., 2000). 

Looking into the next decade, we predict the con- 
tinued expansion of gem production in East Africa, 
Madagascar, and Southeast Asia, while Brazil and 
Myanmar remain important sources. New gems as 
well as new gem localities will undoubtedly be dis- 
covered, especially as remote areas become more 
accessible and technology advances. 
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TABLE 1. Gem localities of the 1990s for major gemstones.® 


Gem material/locality 


BERYL—Emerald 
@ Africa 
jadagascar 


Fianarantsoa—Mananjary: Ankadilalana, 
Infanadiana, lrondro, Morafeno (7) 


Toliara—lanapera (4) 
ozambique 

Nampula—Alto Ligonha (1) 
Zambezia—Morroa: Maria (6) 
igeria 

Kaduna—Gwantu 


Plateau—Janta, Rafin Gabas Hills, Sha Kaleri 
Plateau—Jos 
Plateau—Nassarawan Eggon: Kwafam Gwari 


Tanzania 
Arusha—Lake Manyara: Mayoka (Manyara) (1) 
Arusha—Ngorongoro: Manghola (13) 
Rukwa—Sumbawanga (10) 

Zambia 


Copperbelt—Kafubu: Chama, Dabwisa, Fibolele, 
Fwaya-Fwaya, Kamakanga, Kanchule, Libwente, Miku, 
Mitondo, Nkabashita, Pirala (4) 


Zimbabwe 
Matabelleland South—Sandawana: Aeres, Mach- 
ingwe, Orpheus, Zeus (6); Zvishavane: Mberengwa (4) 
Victoria—Bikita: Chikwanda (5); Masvingo: 
Mayfield, Novello (1) 

@ Asia 

Afghanistan 


Parwan—Panjshir Valley: Bakhi, Butak, Buzmal, 
Darun, Khenj, Mikeni (5) 


India 
Andhra Pradesh—Srikakulam: Kurupam (30) 
Orissa—Balangir: Kantabanji (10) 
Rajasthan—Udaipur: Kaliguman (16) 
Tamil Nadu—Salem: Sankari Taluka (17) 
Pakistan 


Northwest Frontie—Mohmand: Bucha (5); Swat 
River Valley: Charbagh, Gujar Kill, Makhad, 
Mingora, Shamozai (4) 


Russia 


Middle Ural Mountains—Malysheva, Takovaya: 
/zumrudnie Kopi 


@ Australia 


New South Wales—New England Range: Emmaville, 
Torrington (19) 
Queensland—Mount Surprise (20) 
Western Australia—Pilbara: McPhees Patch, Pilgan- 
goora, Wodgina (21); Poona: Menzies, Poona (2) 

@ North America 


United States 

North Carolina—Mitchell: Hiddenite 
@ South America 
Brazil 


Bahia—Anagé: Acuae, Juca, Lagoa Funda, Lagoinha, 
Piabanha, Pombas, Sosségo (14); Brumado (30); 
Campo Formoso: Bica, Bode, Braulio, Cabra, 
Formiga, Gaviao, Lagarto, Marota, Trecho Novo, 
Trecho Velho (5); Carnaiba-Socot6: Arrozal, 
Carnaiba, Catuaba, Mundé, Socotd, Veio do Sebo (5) 


Localities of the 1990s 


Reference 


Schwarz and Henn (1992), 
Thomas (1993), Schwarz (1994) 


Marchand (1995) 

Malango and Taupitz (1996) 
Milisenda et al. (2000) 
Thomas (1994) 


Kammerling ¢ 
Schwarz et al. (1996a) 
Schwarz et al. (1996a) 


al. (19959), 
1 
1 

Lind et al. (1986) 
al 
1 


Kammerling ¢ 
Schwarz et al. 


- (19959), 
996a) 


Dirlam et al. (1992), Keller (1992) 
Suleman et al. (1994) 
Dirlam et al. (1992) 


ilisenda et al. (1999) 


Kanis et al. (1991) 


Zwaan et al. (1997), Zwaan and 
Touret (2000) 


Bowersox et al. (1991), Bowersox 
and Chamberlin (1995) 


Panjikar (1995a) 

Choudhuri and Gurachary (1993) 
S. Fernandes (pers. comm., 1999) 
Panjikar et al. (1997) 


Arifet al. (1996), Aboosally (1999) 


Schmetzer et al. (1991), Laskoven- 
kov and Zhernakov (1995), Emlin 
(1996), Burlakov et al. (1997), 
Spiridonov (1998) 

Schwarz (1991a) 


Schmetzer (1994), Webb and 
Sutherland (1998) 


Wilson (1995) 


Sinkankas (1997), Stone (1999) 


Giuliani et al. (1990b, 1997) 


Schwarz et al. (1990), Couto 
(2000) 


Gem material/locality 


Ceara—Solondpole: Coqui (32); Taud: Boa Esper- 
an¢a (31) 

Goids—ltaberai (35); Pirendpolis (33); Porangatu: 
Mara Rosa, Pela Ema, Porangatu, Santa Terezinha 
(34) 

Minas Gerais—Itabira: Belmont (3); Nova Era: 
Capoeirana (3) 

Tocantins—Araguaia: Monte Santo (41) 


Colombia 


Boyacé—Chivor: Buena Vista, Chivor, Las Vegas de 
San Juan (Gachala), Mundo Nuevo, Somondoco (3) 


Boyaca—Muzo: Cosquez, EI Chule, La Pita, Muzo, 
Pefias Blancas, Polveros, Santa Barbara, Tequen- 
dama (1) 


BERYL—Aquamarine/ 
Heliodor/Morganite 
@ Africa 
Kenya 
Eastern—Embu (2) 
Rift Valley—Baragoi: Nachola (3) 


Madagascar 


Antananarivo—Ankazobe (1); Betafo: Anjanabonoina, 
Mahaiza, Tongafeno (2); Soavinandriana (11) 


Antananarivo—Sahatany Valley: /bity, Manjaka, 
Tsilaizina (3) 
Antsiranana—Andapa (19) 


Fianarantsoa—Ambositra (16), Fianarantsoa (51), Lac 
Itahy (18), Vondrozo (20 


Mahajanga—Berere (5), Boriziny (40), Tsarantanana (6) 

Toamasina—Amboasary (14) 

Toliara—tolanaro (21 
Malawi 

Northern—Mzimba (1 
Mozambique 


Nampula—Alto Ligonha: Macula (1), Muiane (1); 
Monapo (2 
Zambezia—Mocuba (3) 
Namibia 
Karibib—Usakos: Spitzkoppe (2) 
Nigeria 
Kaduna—Gwantu 
Plateau—Jos 


Plateau—Nassarawan Eggon: Sabon Wana, 
Tundun Delli 


Plateau—Rafin Gabas Hills 
Plateau—Janta, Sha Kaleri 
Tanzania 

Arusha—Loliondo (8), Longido (9) 
Dodoma—Kondoa (41) 
Morogoro—Mvuha (30) 
Rukwa—Sumbawanga (10) 


Reference 


Pulz et al. (1998) 


de Souza et al. (1992) 


César-Mendes and Ferreira (1998), 
Johnson and Koivula (1998d) 


Giuliani et al. (1990a, 1995, 2000), 
Bosshart (1991), Schwarz (1991b, 
1992), Branquet et al. (1999) 


Ottaway et al. (1994), Johnson 
and Koivula (1996b), Johnson et 
al. (2000a) 


Barot et al. (1995) 
Keller (1992) 


Henn et al. (1999b) 
Pezzotta (1999) 


Lefevre and Thomas (1997), 
Pezzotta (1999) 


Pezzotta (1999) 


Pezzotta (1999) 


Milisenda et al. (2000) 


Correia Neves (1987), Malango 
and Taupitz (1996) 


Cairncross et al. (1998) 


Kammerling et al. (1995g) 
Lind et al. (1986) 


Kammerling et al. (1995g), 
Schwarz et al. (1996a) 


Kanis and Harding (1990) 
Schwarz et al. (1996a) 


Dirlam et al. (1992) 
A. Suleman (pers. comm., 1999) 
Dirlam et al. (1992) 
Dirlam et al. (1992) 


@ This chart includes key producing localities of the decade, with references 
to publications in the contemporary literature. The country name is followed 
by the province/state/region, then the district, and finally the 
mine/deposit/occurrence name (in italics). Districts shown in bold were par- 
ticularly important gem producers in the 1990s. Numbers in parentheses 
refer to locations plotted on the regional maps. Some countries are not 
shown on these maps, and therefore do not have any numbers indicated. 
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Aquamarine-bearing pegmatites in Brazil have 
yielded some attractive crystals. This 12.6-cm- 
long aquamarine crystal, from the Teofilo Otoni 
region of Minas Gerais, shows both gemmy and 
opaque portions. Courtesy of Pala International; 
photo by Jeff Scovil. 


Ruvuma—Nyamtumbo (42) 
Singida—Singida (11) 
Zambia 
Central—Kabwe: Jagoda, Muchinga (13) 
Eastern—Lukusuzi (6) 
Eastern—Lundazi: Chama, Fwaya-Fwaya, Pela 
(Kapirinkesa) (2) 
Northern—Luangwa Valley (3) 
Western—Namwala: Mumbwa, Namwala (14) 
Zimbabwe 
Mashonaland North—Mwami—Karoi (2) 


@ Asia 

Afghanistan 
Konar—Dhray-Pech, Gur Salak, Paprowk (2) 
Laghman—Mawi, Nilaw-Kolum (3) 
Nangarhar—Darre Nur (4) 

China 
Yunnan—Yuan Jiang: Ailao Mountains 

India 
Gujarat—Panch Mahal: Palikhanda (11) 
Jammu and Kashmir—Kargil: Dangel, Padam (12) 


Karnataka—Hassan: Dodkadanur (34); Mysore: 
Melkote (33) 
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A. Suleman (pers. comm., 1999) 
Keller (1992) 
Milisenda et al. (2000) 


M. Sarosi (pers. comm., 1999) 
Mambwe and Sikatali (1994) 


Shmakin and Wedepohl (1999), 
Milisenda et al. (2000) 


Bowersox and Chamberlin (1995) 


More new finds... (1996) 


Panjikar (1996) 
Panjikar (1994a) 
S. Fernandes (pers. comm., 1999) 


Gem material/locality 


Reference 


Madhya Pradesh—Ambikapur: Newatola, Sapha (31); 
Bastar: Bhopalpatnam (51); Raigarh: Belghutri, Gina- 
bahar (38) 


Madhya Pradesh—Deobhog (19) 
Orissa—Balangir: Ghuchepara, Saraibahal (10) 


Orissa—Kalahandi: Banjipadar, Sargiguda (53) 
Orissa—Phulabani (13) 
Orissa—Sambalpur: Bagdhapa, Charbati, Meghpal (5) 


Rajasthan—Ajmer (14), Tonk (15), Udaipur (16) 


Tamil Nadu—Dindigul Anna: Ayyalur, Sullerumbhu (8) 
Tamil Nadu—Karur (54) 
Tamil Nadu—Salem (17 
Kazakhastan 
Qaraghandy—Balqash: Kounradskiy 
Qaraghandy—Taldyqorghan: Agshatau 
Myanmar 
Mandalay—Mogok: Ka-Baing, Sakangyi (1) 
Sagaing—Thazi: Ye-bu (7) 
Nepal 
Bagmati—Kakani (1) 
Gandaki—Lamjung (2) 


Kosi—lkuh Khola (3), Sankhuwasabha (4), Topke 
Gola (4) 
Mechi—Taplejung (4) 
Seti—Khaptad (5) 
Pakistan 
Northern Areas—Baltistan: Dassu, Gone, Teston (3) 
Northern Areas—Gilgit: Buleche, Haramosh, 
Shengus (2) 
Northwest Frontie-—Chitral: Garam Chashma (1) 
Russia 
Chita—Urchugan River 
Ekaterinburg—Asbest: Shaytanka 


Middle Ural Mountains—Mursinka—Adui: Alabashka, 
Mursinka, Shaitanka, Yushakova 


Transbaikalia—Borzja: Sherlova Gora 
Sri Lanka 


is} 


coe 


Central—Badulla: Haputale (18) ; Kegalla: Avissa- 
wella (9); Nuwara Eliya: Kuruwitenna (13), Nawala- 
pitiya (29); Polonnaruwa: Flahera (8) 


Southern—Hambantota: Lunugamwehera (30); 
Kalutara: Horana (34); Matara: Akuressa, Morawaka 
(4); Monaragala: Embilipitiya (19), Monaragala (6), 
Okkampitiya (5); Ratnapura: Balangoda (2), Kuru- 
wita (1), Rakwana (3), Ratnapura (1) 
Tajikistan 
Turkistan—Pamir Mountains: Rangkul, near Murgab 
Ukraine 
Volyns'ka—Vladimir-Volnskiy 
Zhytomyr—Zhytomyr: Volodarsk-Volnskiy 
Vietnam 
Thanh Hoa—Thuong Xuan (1) 
@ North America 
Canada 


British Columbia—Bennett: Mount Foster, McDame: 
Horseshoe Ranch, Passmore: B-Q Claims 


United States 
California—Pala: Flizabeth R, White Queen 
Colorado—Chaffee: Mount Antero 
Idaho—Sawtooth Mountains 
Maine—Oxford-Sagadahoc: Bennett Quarry, Oxford, 
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S. Fernandes (pers. comm., 1999) 


Jha et al. (1993) 


Choudhuri and Gurachary (1993), 
Panjikar (1995b) 


S. Fernandes (pers. comm., 1999) 
Current mining report... (1998) 


Das (1993), Current mining report... 
(1998) 


Panjikar (1994b), Current mining 
report... (1998) 


S. Fernandes (pers. comm., 1999) 
Boehm (2000) 

J. Panjikar (pers. comm., 1999) 
Smith and Smith (1995) 


Spiridonov (1998) 


Kammerling et al. (1994b) 
U Hlaing (pers. comm., 1999) 
Niedermayr (1992) 


Blauwet et al. (1997) 
Blauwet et al. (1997) 


Khan (1986) 


Spiridonov (1998) 

Emlin (1996), Spiridonov (1998) 
Smith and Smith (1995), Emlin 
(1996) 

Spiridonov (1998) 

Dissanayake and Rupasinghe 
(1993), Milisenda and Henn (1999) 


Skrigitil (1996), Spiridonov (1998) 
Evseev (1994a) 

Koshil et al. (1991), Touret (1992) 
Koivula et al. (1993b) 


Ngu and Ngoc (1986) 


Wilson (1999) 


Jacobsen (1993), Sinkankas (1997) 
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Gem material/locality Reference Gem material/locality Reference 
Stoneham, Topsham wella (9); Nuwara Eliya: Kuruwitenna (13); Polonna- 
New Hampshire—Grafton: Grafton; Sullivan- ruwa: Elahera, Kaluganga Valley, Laggola (8) 
Cheshire: Keene Southern—Galle: Galle (12); Hambontota: Ambalan- 
@ South America tota (11); Kalutara: Alutgama (10), Horana (34); 
' Matara: Akuressa (4), Deniyaya (31); Monaragala: 
Brazil Cassedanne and Alves (1991, 1992) Embilipitiya (19); Ratnapura: Balangoda (2), Pel- 
Bahia—Alcobaca: Juerana (20); Itambé: Morro da Cassedanne and Alves (1994), madulla (1), Rakwana (3), Ratnapura (1), Walawe (1) 
Gloria, Paraiso (24); ttanhém: Jaqueto (20); Macarani: Couto (2000) @ Australia 
Lajedinho (13); Maiquinique: Jagarauna (13); Vitoria , ; 
de Conquista: Cercadinho (14) Western Australia—Dowerin (13) Bevan and Downes (1997) 


Cearaé—lco: Serrote (32) 


Espirito Santo—Baixo Guandu: Santa Cruz (Itapina) 
(16); Castelo: Forno Grande (15); ltaguagu: Bda Vista 
(16); Mimoso do Sul: Concordia (15); Muqui: Sao 
Domingos (15); Pancas (16) 

Minas Gerais—Jequitinhonha River Valley: 
Coronel Murta, Frade, Ilha Alegre, Laranjeiras, Manuel 
Silva (18); Marambaia: Coroa de Ouro, Galvdo, Mucaia, 
Papamel (22); Mucuri River Valley: Marta Rocha 
(22); Padre Paraiso (22);Pedra Azul: Fortaleza, Medina, 
Pavdo (18); Salinas River Valley: Bananal, Salinas (18); 
Santa Cruz River Valley: Trés Barras, Urubu (22); 
Santa Maria de Itabira: Barro Préto, Funil, Jatoba, 
Ponte da Raiz, Ribeirao Passa Bem, Tatu (3); Sapucaia 
do Norte: Sapucaia (8) 


Paraiba—Frei Martinho: Alfo Quixaba (24); Pedra 
Lavrada: Alto das Flechas (10) 


Paraiba—Taperoa: Pitombeira (21) 
Rio Grande do Norte—Parelhas: Carnaubinha (10) 


Rio Grande do Norte—Santa Cruz: Gameleira (10); 
Tenente Ananias (36) 


CHRYSOBERYL (Including cat's-eye) 


@ Africa 

Madagascar 
Antananarivo—Ankazobe (1) 
Fianarantsoa—Ambositra (16) 
Fianarantsoa—Ilakaka-Sakaraha (23) 
Toamasina—Ambatondrazaka (22) 

Tanzania 
Arusha—Lake Manyara: Mayoka (Manyara) (1) 
Ruvuma—Tunduru: Muhuwesi River (2) 

@ Asia 

India 
Andhra Pradesh—Araku Valley (42); Khaman (1) 
Andhra Pradesh—Nellore (18) 


Andhra Pradesh—Vishakhapatnam: Narsipat- 
nam (3) 


Kerala—trivandrum (9) 


Madhya Pradesh—Deobhog: Jagaalpur, Mainpur (19) 
Orissa—Balangir: Jerapani, Sarapali (10) 


Orissa—Boudh: Boudh, Ramgarh (13); Kalahandi: 
Sifjapali, Tundla (53); Phulabani: Belghar (13); 
Rayagada: Hatamuniguda, Karlagati, Paikdakul- 
gudu (30) 

Orissa—Ranigurha: Dakalguda (57) 
Orissa—Sinapali (21) 

ami! Nadu—Dindigul-Anna: Dharapuram (8); 
Karur (54); Madurai: Oddanchattram (7) 


amil Nadu—Kanyakumari—Tirunelveli: Arumanai, 
Karakonam, Midolam, Polukal (6) 


Myanmar 
andalay—Mogok (1) 
Sri Lanka 


Central—Badulla: Haputale (18); Kegalla: Avissa- 


Localities of the 1990s 


Cassedanne and Alves (1994 
Cassedanne and Alves (1994 


Cassedanne and Alves (1994 


R. Wegner and 0. Moura (pers. 
comm., 2000) 


Cassedanne and Alves (1994) 


R. Wegner and 0. Moura (pers. 
comm., 2000) 


Cassedanne and Alves (1994) 


Henn et al. (1999b) 
Hanni (1999) 
Pezzotta (1999) 


Dirlam et al. (1992) 
ilisenda et al. (1997) 


Current mining report... (1998) 
J. Panjikar (pers. comm., 1999) 


Panjikar and Ramchrandran (1997), 
Current mining report... (1998), 
Kasipathi et al. (1999) 


Menon et al. (1994), Rajesh- 
Chandran et al. (1996) 


Jha et al. (1993) 


Choudhuri and Gurachary (1993), 
Panjikar and Ramchrandran (1997 


S. Fernandes (pers. comm., 1999 


Panjikar and Ramchrandran (1997 
Viswanatha (1982) 


Viswanatha (1982), Current min- 
ing report... (1998) 


S. Fernandes (pers. comm., 1999 


Hughes (1997) 


Dissanayake and Rupasinghe 
(1993), Milisenda and Henn (1999) 


@ South America 
Brazil 
Espirito Santo—Colatina: Corrego Alegre (16) 


Minas Gerais—Malacacheta: Corrego do Fogo (19); 
Padre Paraiso: Americana River Valley, Santana River 
Valley (22) 


CHRYSOBERYL—Alexandrite 
@ Africa 

Madagascar 

Fianarantsoa—Ambodibakoly: Kianjavato (24) 
Fianarantsoa—llakaka—Sakaraha (23) 
Tanzania 

Arusha—Lake Manyara: Mayoka (Manyara) (1) 


Lindi—Liwale, Nguhumahinga River (43) 
{twara—Masasi: Nachingwea (20) 
Ruvuma—Tunduru: Muhuwesi River (2) 


@ Asia 
India 


Andhra Pradesh—Araku Valley (42), Khaman (1), 
Krishna River (2) 


Andhra Pradesh—Vishakhapatnam: Narsipatnam (3) 


Kerala—Travancore: Arvikkara (69) 


Madhya Pradesh—Deobhog: Latapara, Mainpur, 
Matrapara, Sendmuda (19) 
(1997) 


Orissa—Balangir: Sarapali (10) 
Orissa—Kalahandi: Siminiguda (53); Subarnapur: 
Sonepur (10) 


Orissa—Ranigurha: Dakalguda (57), Sambalpur: 
Meghpal Ranchipada (5) 


Tamil Nadu—Dindigul—Anna: Dharapuram (8); 
Kangayam(54); Kanyakumari (6); Karur (54); Madurai: 
Oddanchattram (7); Palni (55) 


Russia 


Middle Ural Mountains—Asbest, Malysheva: Zum- 
rudnie Kopi 


Sri Lanka 


Southern—Matara: Akuressa, Morawaka (4); Ratna- 
pura: Eheliyagoda (25), Pelmadulla (1), Rakwana (3), 
Ratnapura (1) 


@ South America 
Brazil 
Bahia—Carnaiba: Carnaiba (5) 
Goiaés—Porangatu: Pela Ema (34) 
Goiés—Uruacu (17) 
Minas Gerais—Anténio Dias, Hematita, Santa Maria 
de Itabira (3) 


Minas Gerais—Malacacheta: Corrego do Fogo, 
Setubal River, Soturno River (19) 


CORUNDUM—Ruby 
@ Africa 
Kenya 
Central—Thika: Chania River (6) 
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Cassedanne and Roditi (1993) 


D. Grondin (pers. comm., 1996) 
Hanni (1999), Henn et al. (1999b) 


Dirlam et al. (1992), Keller (1992), 
Barot et al. (1995) 


H. Krupp (pers. comm., 1999) 
A. Suleman (pers. comm., 1999) 


ilisenda et al. (1997), Burford 
(1998) 


Current mining report... (1998) 


Panjikar and Ramchrandran (1997), 
Kasipathi et al. (1999) 


Viswanatha (1982), Menon et al. 
(1994), Current mining report... 
(1998) 


Jha et al. (1993), Panjikar and 
Ramchrandran 


Current mining report... (1998) 
S. Fernandes (pers.comm., 1999) 


Patnaik and Nayak (1993) 
Current mining report...(1998), 
Viswanatha (1982) 


Evseev (1993b), Smith and Smith 
(1995), Emlin (1996), Burlakov et 
al. (1997) 


Milisenda and Henn (1999) 


Cassedanne and Roditi (1993) 
Pers. knowl. of author (GB) 

N. Haralyi (pers. comm., 1998) 
Cassedanne and Roditi (1993) 


Cassedanne and Roditi (1993) 


Keller (1992) 
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New Members Added 
To G.LA. Boards 


Educational Advisory Board 


Two outstanding scientific men 
who have recently been added to the 
Educational Advisory Board of the 
Gemological Institute of America 
are: Wm. H. Barnes, Ph.D., Asso- 
ciate Professor of Chemistry at Mc- 
Gill University, Montreal, and 
Cornelius S. Hurlbut, Ph.D., Asso- 
ciate Professor in the Department 
of Mineralogy and Petrography at 
Harvard University. 

A Massachusetts man, Dr. Hurl- 
but received his A.M. degree in 1932 
and his Ph.D. in 1933 from Harvard 
University, where he has taught 
since 1931. He is giving lectures at 
the evening classes of the Gemo- 
logical Institute now being held in 
Boston. Dr. Hurlbut is secretary of 
the Mineralogical Society of Amer- 
ica, a Fellow of the Geological So- 
ciety, and a member of the Minera- 
logical Society of Great Britain. 

Dr. Barnes, whose article on 
“Pearl Identification by X-ray Dif- 
fraction” appears in this issue, is 
already known to readers of Gems 
& Gemology, since the last issue 
briefly reviews his experience. Dr. 
Barnes is a Canadian member of 
the Educational Advisory Board, 
although he is at present working 
with Dr. M. J. Buerger under a 
Guggenheim fellowship at the Mas- 
sachusetts Institute of Technology. 


Board of Governors 
When the Board of Governors of 


_the Gemological Institute of America 


holds its annual meeting on April 
27 at the Los Angeles headquarters 
for the first time since its organiza- 
tion in 1932, three new members will 
be welcomed to the group. They are: 


James D. Dougherty, J. B. Hudson 
Co., Minneapolis; George Carter 
Jessop, J. Jessop & Sons, San Diego; 
and Chas. D. Peacock III, C. D. Pea- 
cock Ine., Chicago. 

Other representative members of 
the jewelry trade who were re- 
elected by the Institute member 
firms to serve on the governing body 
for the ensuing year are: Nolte C. 
Ament, Geiger & Ament, Louisville; 
Henry G. Birks, Henry Birks & 
Sons, Ltd., Montreal; Carleton G. 
Broer, The Broer-Freeman Co., Tole- 
do; Myron Everts, Arthur A. Everts 
Co., Dallas; Paul Hardy, Hardy & 
Hayes Co., Inc., Pittsburgh; Edward 
F. Herschede, The Frank Herschede 
Co., Cincinnati; O. C. Homann, The 
C. B. Brown Co., Omaha; C. I. 
Josephson, C. I. Josephson Jewelers, 
Moline; H. Paul Juergens, Juergens 
& Anderson, Chicago; John S. Ken- 
nard, Kennard & Co., Inc., Boston; 
P. K. Loud, Wright, Kay & Co., 
Detroit; Wm. H. Schwanke, Schwan- 
ke-Kasten Co., Milwaukee; F. B. 
Thurber, Tilden Thurber Corp., 
Providence; Leo J. Vogt, Hess & 
Culbertson Jewelry Co., St. Louis; 
and Jerome B. Wiss, Wiss Sons, Inc., 
Newark. 

The Board of Governors will elect 
their own officers at the coming 
meeting which is the first one held 
in the West, all previous meetings 
having occurred in eastern U.S.A. 
or Canada. The present officers are: 
Leo J. Vogt, chairman; C. I. Joseph- 
son, vice-chairman; and O. C. Ho- 
mann, secretary. Some Board mem- 
bers have served for 16 years and 
seen the G.I.A. staff grow from three 
to forty-six members. 


Gem material/locality 


Reference 


Gem material/locality 


Reference 


Coast—Mangari: John Saul (20) 


Coast—Taita Hills (7) 
Eastern—Kitui: Taawajah (8) 
Rift Valley—West Pokot (16) 

Madagascar 
Antananarivo—Antanifotsy (10) 
Toliara—Ejeda (9), Gogogogo (8) 
Toliara—tTolanaro: Fotadrevo-Vohibory (21) 


Malawi 
Southern—Chimwadzulu Hill (2) 
Tanzania 
Arusha—Babati (23), Lake Manyara (1), Lelatema (3) 
Arusha—Longido: Elkunulesilali, Lomwinyi, Mdarara, 
Olgira Hills (9) 
Arusha—Lossogonoi Hill (24) 
Arusha—Ngorongoro (13) 
Dodoma—Kilosa (6), Mpwapwa (5) 
Kilimanjaro—Same (17) 
Lindi 
orogoro—Gairo (25) 
orogoro—Luande (26), Mwarazi (29) 
orogoro—Magogoni (28), Morogoro (29), 
vuha (30) 
orogoro—Mahenge (19) 
orogoro—Matomho (27) 


Pwani—Ndundu (37) 


Ruvuma—Songea: Amanimakoro (42); 
Tunduru: Muhuwesi River (2) 


anga—Handeni: Kwachaga (7) 
anga—Umba Valley (21) 
anga—Usambara Mountains (21) 
@ Asia 
Afghanistan 

Kabul—Jegdalek—Gandamak: Mirkhalwat, 


Keller (1992), Emmett (1999), 
Mercier et al. (1999a) 


Barot et al. (1995) 
Barot and Harding (1994) 
Keller (1992) 


Henn et al. (1999b), Pezzotta (1999) 
Henn et al. (1999b) 


Johnson and Koivula (1996), 
ercier et al. (1999b) 


Henn et al. (1990a), Emmett (2000) 


Dirlam et al. (1992) 
Dirlam et al. (1992), Keller (1992) 


Keller (1992), Suleman et al. (1994) 
Bank and Henn (1988) 

Dirlam et al. (1992) 

Dirlam et al. (1992) 


Keller (1992 
Suleman et al. (1994) 
Dirlam et al. (1992) 


Dirlam et al. (1992), Keller (1992) 


Hanni and Schmetzer (1991), 
Keller (1992), Suleman et al. (1994) 


Suleman et al. (1994) 


Henn and Milisenda (1997), 
ilisenda et al. (1997), Hamid et 
al, (1999) 


Keller (1992), Suleman et al. (1994) 
Dirlam et al. (1992), Keller (1992) 
Barot et al. (1995) 


Hughes (1994, 1997), Bowersox 


At this open-pit ruby and sapphire mine near 
Mogok, Myanmar, portions of the original outcrop 
can still be seen near the "spirit house" in the cen- 
ter. Photo by Edward Boehm, March 1993. 
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Warmankai (7) 


Cambodia 


Battamberg—Pailin: Phnum Ko Ngoap, Phnum O 
Tang, Phnum Yat, Samlot (1) 


China 

Heilongjiang 

Qinghai 

Sichuan—Nanjiang 

Xinjiang—Kalpin 

Yunnan—Yuan Jiang: Ailao Mountains 
India 


Andhra Pradesh—Anantapur: Hindupur, Kodegapali 
(20); Guntur (56); Khaman: Gobbugurti, Rangapur (1); 
Warangal (43) 

Andhra Pradesh—Chittoor: Polichettipalli, Yeracheru- 
vupalli (44); Nalgonda: Lingampalli, Timmapur (61) 
Andhra Pradesh—Vishakhapatnam (3) 


Karnataka—Bellary (45); Chitradurga (47); Mandya: 
Kollur (48); Raichur (49); Shimoga (50) 
Karnataka—Chikmagalur (46); Hassan: Nuggahalli 
(34); Madikeri (60) 

Karnataka—Mysore: Dughahalli, Ramanahalli (33) 


Karnataka—Tumkur: Pavugada, Sriangapura (35) 
Madhya Pradesh—Bastar: Bhopalpatnam (51) 
Madhya Pradesh—Raipur: Jagdalpur (4); Sidhi: 
Karkota, Pipra (64) 


Orissa—Bagdihi (24); Sambalpur: Meghpal, Ranchi- 


pada (5) 
Orissa—Kalahandi: Hinghilibahal, Jhillindghar (53) 
Tamil Nadu—Kangayam (54); Karur: Chinnadhara- 
puram, Manvadi (54); Madurai: Kodaicanal, Oddan- 
chattram (7); Palni (55); Salem: Chalasiramani, 
Dharampuri, Namakkal, Sitampundi (17) 

Laos 


Annam Highlands—Ban Huai Sai (1) 


Myanmar 
Kachin—Lonkin: Nanyaseik, Tanai (15) 
Kachin—Mansi: Molo (16) 
Karen—Belin Thandaung (17) 
Karen—Hlaingbwe River Valley: Dawna Hills (14) 
Mandalay—Mogok (numerous deposits) (1) 


Sagaing—Madaya: Sagyin Hills (13) 
Sagaing—Thabeitkyin: Wa Byu Taung (12) 
Shan—Lai Hka: Wan Ying (8), Langhko: Wan Hat 
(10); Namhsan: Nawarat (9); Yawnghwe (11) 
Shan—Momeik (Mong Mit) (2) 

Shan—Mong Hsu (numerous deposits) (3) 


Nepal 
Gandaki—Ganesh Himal: Dhading (2) 


Pakistan 
Northern Areas—Hunza Valley (8) 
Northwest Frontier—Hari Parbat Mountains: 
Nangimali (10) 
Russia 
Polar Ural Mountains—Rai-lz: Makar-Ruz 
Sri Lanka 
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and Chamberlin (1995), Aboosally 
(1999), Bowersox et al. (2000) 


Clark (1992), Hughes (1997) 


Galibert and Hughes (1995) 


Hughes (1997) 
Current mining report... (1998) 


S. Fernandes (pers. comm., 1999) 


Current mining report... (1998), 
Kasipathi et al. (1999) 


Viswanatha (1982) 


Viswanatha (1982), Current mining 
report... (1998) 


Viswanatha (1982), Choudhuri 
and Gurachary (1993), Current 
mining report... (1998) 

S. Fernandes (pers. comm., 1999) 
Current mining report...(1998) 

S. Fernandes (pers. comm., 1999) 


S. Fernandes (pers. comm., 1999) 


Panjikar (1997b) 
S. Fernandes (pers. comm., 1999) 


Bosshart (1995), Kammerling et 
al. (1995c), Hughes (1997) 


Kammerling et al. (1994b) 
U Hlaing (pers. comm., 1999) 
Kammerling et al. (1994b) 
Hlaing (1997) 


Kane and Kammerling (1992), 
Kammerling et al. (1994b), Hughes 
1997), Waltham (1999) 


Kammerling et al. (1994b) 
U Hlaing (pers. comm., 1999) 
U Hlaing (pers. comm., 1999) 


Kammerling et al. (1994b) 


Hlaing (1993, 1994), Smith and 
Surdez (1994), Smith (1995), 
Peretti et al. (1995, 1996), Hughes 
and Galibert (1999) 


iedermayr (1992), Smith et al. 
1997) 


Blauwet et al. (1997) 
Rice (1996), Kane (1997) 


Shelton (1988), Spiridonov (1998) 
Milisenda and Henn (1999) 
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Central—Nuwara Eliya: Maskeliya (15) 
Southern—Monaragala: Embilipitiya (19), Okkam- 
pitiya (5); Ratnapura: Eheliyagoda (25), Pelmadulla 
(1), Rakwana (3), Ratnapura (1) 

Tajikistan 
Turkistan—Pamir Mountains: Nadezhda, Turakuloma — Henn et al. (1990b), Smith (1998), 

Spiridonov (1998) 
Turkistan—Pamir Mountains: Rangkul, near Murgab — Smith and Smith (1995) 

Thailand 


Chanthaburi-Trat—Klung-Khao Saming: Ba Waen, — Hughes (1997) 
Bo | Rem, Bo Rai, Na Wong, Nong Bon, Tok Prom (1) 


Vietnam Kane et al. (1991), Kammerling et 
al. (1994a) 
Nghe An—Bu Khang: Quy Chau (3) The fine sapphires in these earrings (approxi- 
Yen Bai—Lue Yen: Khoan Thong, Nuoc Ngap (2) Henn (1991) mately 16 ct each) are from Myanmar, and 
@ Australia reportedly are untreated. Photo © Tino Hammid 
New South Wales—Barrington (9) Sutherland (1996), Sutherland and and Christie's Hong Kong. 
Coenraads (1996), Sutherland et 
al. (1999) 
CORUNDUM—Sapphire 
@ Africa 
Kenya Keller (1992), Hughes (1997) Tanga—Kalalani (21) Seifert and Hyrsl (1999) 
Central—Thika: Chania River (6) @ Asia 
Eastern—Chandler's Falls: Kubi Kano (18); Garba Afghanistan 
Tula (17); Mtitio Andei: Kinyiki Hill(10) Kabul—Jegdalek-Gandamak (7) Bowersox and Chamberlin (1995), 
Rift Valley—Lodwar (5); Loldaika Hills: Don Dol (19); Bowersox et al. (2000) 
ot ct cit hs 
; Battambang—Pailin: Phnum Ko Ngoap, Phnum O Ngu and Ngoc (1986), Sutherland 
Madagascar Tang, Phnum Yat (1) et al. (1998) 
An ananarivo—Antanifotsy (10) Henn et al. (1999b), Pezzotta (1999) Cardamom—Chamnop (3) 
Antsiranana—Ambilobe (12) Pezzotta (1998) Ratanakiri—Virochey: Bo Kham, Bokeo, Voeune Sai (2) 
Antsiranana—Ambondromifehy: Amboud- Gonthier (1997), Superchi et al. Rovieng—Chamnom (4) 
rohefeha (17) (1997), Henn et al. (1999b), ; : 
Schwarz et al. (2000 China Galibert and Hughes (1995) 
Antsiranana—Milanoa (13) Superchi et al. (1997), Pezzotta Hainan—Penglal-Wenehang 
(1999), Laurs (2000 Heilongjiang—Mulan 
Fianarantsoa—Andranolava (23) Henricus (1999) Jiangsu—Fujian: Mingxi, Liuhe 
Fianarantsoa—Ilakaka-Sakaraha (23) Hanni (1999), Henn et al. (1999a,b), Qinghai 
Johnson et al. (1999), Schmetzer Shandong—Changle: Wutu Guo et al. (1992) 
. , (1999b), Laurs Goes Xinjiang Uygar—Taxkorgan 
Toliara—Amboasary (14), Bekily (26) aay al. (1999b), Pezzotta India Hughes (1997) 
Toliara—Andranondambo (15) Kiefert et al. (1996), Milisenda ne coe (20), Kakinada (62), Miswanatita (1982) 
and Henn (1996), Schwarz et al. ; . 
(1996b), Giibelin and Peretti (1997) Andhra Pradesh—Khaman (1) Viswanatha (1982), Panjikar (1998) 
Toliara—Antsiermene (15) Schwarz et al. (1996b) Jammu and Kashmir—Kargil: Soomjam (12) Hanni (1990), Panjikar (1997a), 
Toliara—Betroka (27) Koivula et al. (1992b), Henn et al. Current mining report... (1998) 
(1999b) Karnataka—Hassan (34), Kolar (32), Mysore (33), Viswanatha (1982) 
Malawi Tumkur (35) 
Southern—Chimwadzulu Hill (2) Henn and Bank (1990), Henn et al. Kerala—Travancore (69) Viswanatha (1982) 
(1990a), Emmett (2000) Kerala—Trivandrum (9) Menon et al. (1994), Rajesh- 
Nigeria Chandran et al. (1996) 
Kaduna—Jemaa Kanis and Harding (1990) Orissa—Kalahandi: Banjipadar, Sargiguda (53) S. Fernandes (pers. comm., 1999) 
Mabila Y. Melas (pers. comm., 2000) Orissa—Nawapada: Amera, Katamal (63) Patnaik (1993) 
Rwanda Tamil Nadu—Kangayam: Chinnadharapuram, S. Fernandes (pers. comm., 1999) 
Cyangugu (1) Krzemnicki et al. (1996) Malaipatti (54) 
Tanzania Kazakhstan 
Morogoro—Magogoni (28), Mahenge (19), Dirlam et al. (1992) Qaraghandy—Semizbugy Shelton (1988) 
Mvuha (30) Laos 
Morogoro—Matombo (27) Keller (1992) Annam Highlands—Ban Huai Sai (1) Bosshart (1995), Kammerling et 
Ruvuma—Songea: Amanimakoro (42) Suleman et al. (1994), Kammer- al. (1995¢) ; 
ing et al. (1996) Myanmar Hughes and Win (1995), Hughes 
Ruvuma—Tunduru (2) Suleman (1995), Henn and (1997) 
ilisenda (1997), Milisenda et al. Kachin—Lonkin: Nanyaseik (15) Kammerling et al. (1994b) 
1997), Burford (1998) Kachin—Mansi: Panhka (16) U Hlaing (pers. comm., 1999) 
Singida—Singida (11) Keller (1992) Mandalay—Mogok (numerous deposits) (1) Kane and Kammerling (1992), 
Tanga—Handeni (7), Umba Valley (21) Dirlam et al. (1992), Keller (1992) Kammerling et al. (1994b) 
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Gem material/locality Reference Gem material/locality Reference 
Sagaing—Hlaingbwe River Valley: Dawna Hills (14); U Hlaing (pers. comm., 1999) @ North America 
Singu: Chaung-Gyi, New-Yan (19); Thabeitkyin: Canada Wight (1999a) 


Kyauk Kyi, Kyauksaikan (12) 
Shan—Momeik (Mong Mit) (2) 
Shan—Mong Hkak: Mong Hkak, Mong Hynin (18) 


Shan—Mong Hsak: Mong Hsak River (28); Mong 
Hsu: Wan Kan (3 


Nepal 
Gandaki—Ganesh Himal: Dhading (2) 
Russia 
Far East—Primorski Krai: Kedrovka 


Sri Lanka 


Central—Badulla: Bibile (33), Haputale (18), Kos- 
landa (18), Lunugala (33), Passara (16); Kegalla: 
Avissawella (9); Matale: Matale (7); Nuwara Eliya: 
Hatton (15), Kuruwitenna (13), Maskeliya (15), 
Nawalapitiya (29), Nuwara Eliya (22), Talawakele 
15): Polonnaruwa: Elahera (8), Kalahagala (14), 
Kaluganga Valley (8) 
Southern—Hambantota: Ambalantota, Ridiyagama 
11); Kalutara: Alutgama (10), Horana (34); Matara: 
Akuressa, Morawaka (4); Monaragala: Amarawewa 
17), Embilipitiya (19), Kataragama (17), Kochchikatana 
17), Kochipatana (6), Monaragala (6), Okkampitiya (5); 
Ratnapura: Balangoda (2), Eheliyagoda (25), Kiriella, 
Nivitigala, Pelmadulla (1), Rakwana (3), Ratnapura (1) 
Tajikistan 
urkistan—Pamir Mountains: Turakuloma 
Thailand 
Chanthaburi—Tha Mai: Bang Kha Cha, Khao Ploi 
aen, Khao Wao (1) 
Chanthaburi-Trat—Klung-Khao Saming: Bo / Rem (1) 
Kanchanaburi—Bo Phloi: Ban Chang Dan, Bo Phloi (2) 
Phetchabun—Wichian-Buri: Ban Khok Samran, Ban 
Marp Samo, Khlong Yang (3) 
Phrae—Denchai-Wang Chin: Ban Bo Kaeo, Huai 
Mae Sung (4) 
Sukothai—Si Satchanalai: Ban Huai Po, Ban Pak Sin, 
Ban Sam Saen (6) 
Ubon Ratchanthani-Si Sa Ket-—Nam Yun-Kantha- 
ralak (5) 
Vietnam 
Binh Thuan—Phan Thiet: Da Ban, Ma Lam (4) 
Dong Nai—Xa Gia Kiem: Gia Kiem, Sau Le, Tien Co, 
Xa Vo (5) 
Lam Dong—Di Linh: Binh Dien, Di Linh (6) 
Nghe An—Bu Khang: Bu Khang, Qui Hoop, 
Quy Chau (3) 
hanh Hoa—Xuan Le: Thong Luan (3) 
Yen Bai—Luc Yen: Hin Om, Khau Sum, Khoan 
Thong, Lung Thin, Nuoc Lonh, Nuoc Ngap, Phai 
Chep (2) 
@ Australia 
New South Wales—Barrington (9) 


New South Wales—New England Range: Glen 
Innes, Inverell (10) 


New South Wales—Oberon: Vulcan State Forest (11) 


Queensland—Anakie—Rubyvale: Anakie (31) 


Queensland—Lava Plains (30) 
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Kammerling et al. (1994b) 


Hlaing (1993), Kammerling et al. 
(1994b) 


U Hlaing (pers. comm., 1999) 


Smith et al. (1997) 


Y. Shelementiev (pers. comm., 
1999) 


Dissanayake and Rupasinghe 
(1993), Milisenda and Henn (1999), 
E.G. Zoysa (pers. comm., 1999) 


Smith (1998) 
Hughes (1997) 


Schliissel (1991) 


Vichit (1992) 


Kane et al. (1991), Hughes (1997) 
Smith et al. (1995) 


Smith et al. (1995) 
Kammerling et al. (1994a) 


Kammerling et al. (1994a) 


Sutherland and Coenraads (1996), 
Webb (1997), Sutherland et al. 
1998, 1999) 

Oakes et al. (1996), Sutherland 
1996), Hughes (1997), Aboosally 
(1998), Neville and von Gnielinski 
1999), Sutherland et al. (1999) 

F. L. Sutherland (pers. comm., 
1999) 
Duffy (1995), Wilson (1995), 
Aboosally (1998), Neville and von 
Gnielinski (1999) 


eville and von Gnielinski (1999) 


British Columbia—Slocan Valley: Passmore (Blu 
Moon, Blu Starr, Sapphire Hill) 
Labrador 


United States 
Montana—Deer Lodge: Dry Cottonwood Creek 
Montana—Granite: Rock Creek 
Montana—Judith: Yogo Gulch 


Montana—Lewis and Clark (along Missouri River): 
American Bar, Dana Bar, Eldorado Bar, Emerald Bar, 
French Bar, Magpie Gulch, Metropolitan Bar, 
Spokane Bar 


@ South America 
Brazil 
Minas Gerais—Indaid (18) 


Colombia 
Cauca—Mercaderes (2) 


DIAMOND 

@ Africa 

Angola 
Lunda Norte—Andrada: Catuca (Catoca) (3); 
Maxinje: Cuango River (2) 
Lunda Norte—Andrada: Chitotolo (3) 


Lunda Norte—Chicapa and Luachimo Rivers: 
Caixepa, Camafuca, Camagico, Camatchia, 
Camatue (1) 


Malanje—Banano (4) 
Botswana 
Central—Orapa: Letihakane, Orapa (1) 


Ghanzi—Ghanzi: Gope (4) 
Kweneng—Jwaneng: Jwaneng (2) 
Ngamiland—Tsodilo Hills (3) 
Central African Republic 
Haute-Kotto—Mouka Quadda 
Haute-Sangha—Berbérati-Carnot: Mambere River 
Democratic Republic of the Congo (Zaire) 
Bandundu—Kwango (Cuango) River (1) 
Kasai Occidental—Tshikapa: Kasai River (2) 


Kasai Oriental—Mbuji-Mayi: Bushimaie River, Miba, 
Talala (3) 


Ghana 
Ashanti—Akwatia: Birim River 


Guinea 
Région Forestiére—Baloue River Valley: Trivalence 


Région Forestiére—Diani River Valley: Aredor, 
Hymex 


Cote d'Ivoire 
Korhogo—Tortiya 
Seguela—Seguela 
Mali 
Kayes—Kéniéba 
Namibia 
Lideritz—Orange River: Auchas, Daberas (4) 


Liideritz—Oranjemund: Sperrgebiet (Elizabeth Bay, 
Namdeb, and other marine deposits) (3) 


Sierra Leone 
Eastern—Bafi and Sewa Rivers 


Eastern—Koidu: Tongo 
South Africa 
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Wilson (1999), Coenraads and 
Laird (2000) 


Hughes (1997) 

Hughes (1995) 

Emmett and Douthit (1993) 
Allen (1991), Mychaluk (1995) 
Sinkankas (1997) 


Epstein et al. (1994), Henn et al. 
(1994) 


Johnson et al. (2000b) 


Levinson et al. (1992), Janse (1995) 


Ambroise (1998) 
Khar'kiv et al. (1992) 


A. Janse (pers. comm., 1999) 
Janse (1995, 1996) 


Levinson et al. (1992), Duval et al. 
(1996) 


A. Janse (pers. comm., 1999) 
Levinson et al. (1992), Janse (1995) 


Censier and Toureng (1995) 


A. Janse (pers. comm., 1999) 
Janse (1995) 
Janse (1995) 


Levinson et al. (1992), Janse 
(1996), Stachel and Harris (1997) 


Levinson et al. (1992), Janse (1996) 
A. Janse (pers. comm., 1999) 


Janse (1996) 
Levinson et al. (1992) 
Janse (1996) 


Janse (1995) 


Gurney et al. (1991), Levinson et 
al. (1992), Wannenburgh (1995), 
Duval et al. (1996) 


Levinson et al. (1992), Duval et al. 
(1996), Janse (1996) 


A. Janse (pers. comm., 1999) 
Levinson et al. (1992) 
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Reference 


Gem material/locality 


Reference 


Cape—Kimberley: Barkley West, Bellsbank, Bult- 
fontein, Dutoitspan, Kimberley, Wesselton (2); 
Orange River: Baken, Postmasburg: Finsch (1) 


Cape—Namaqualand: Benguela, Kleinzee, and 
other marine deposits (3) 


Orange Free State—Koffiefontein: Koffiefontein (4) 
Orange Free State—Theunissen: Star (8) 


Transvaal—Messina: Venetia (6); Pretoria: Mars- 
fontein, Oaks, Premier (5) 


Tanzania 
Shinyanga—Shinyanga: Mwadui (Williamson) (12) 


Zimbabwe 
Matabeleland South—Limpopo River: River Ranch (3) 
@ Asia 
China 
Hunan—Yuan River 
Liaoning—Fuxian 
Shandong—Mengyin: Changma 
Shandong—Jiangsu—Linshu (Xiazhuang) 
India 


Andhra Pradesh—Anantapur: Chigicherla-Gollapalle, 
Lattavaram, Vajrakurur (20); Krishna: Lower Krishna 
River Valley (2); Kurnool: Banganapalle, Middle Krish- 
na River Valley, Munimadagu (22); Mahbubnagar: 
Kotakonda, Maddur (23) 


Madhya Pradesh—Bastar: Bhejripadar (51), Indravati 
River (26), Tokapal (51); Raipur: Bahradih, Jangra, 
Kodomali, Payalikhand (4) 


Madhya Pradesh—Panna: Hinota, Majhgawan (25) 
Maharashtra—Garhchiroli (58) 
Orissa—Balangir: Mahanaai River (10) 
Orissa—Bhawanipatna (27) 
Orissa—Sambalpur: Tel River (5) 
Rajasthan—Chittaurgarh (28) 
Uttar Pradesh—Jungel Valley (59) 
Uttar Pradesh—Mirzapur (29) 

Indonesia 


Borneo—Kalimantan, Selatan: Martapura, Tengah: 
Maurateweh 


Borneo—Kalimantan-Barat: Pontianak-Landak 
Myanmar 
Kachin—Lonkin: Nanyaseik (15) 
Kachin—Putao (4 
Kachin—Tanaing (20) 
Pegu—Toungoo (21) 


Shan—Momeik (Mong Mit): Bo Dae, Kyeintaw, 
Mohawk (2) 


Tenasserim—Taninthari River: Theindaw (5) 


Tenasserim—Tavoy River (5) 
Russia 
Arkhangelsk—Zimniy Bereg: Kepinskoye, 
Verkhotinskaya 
Arkhangelsk—Zimniy Bereg: Zolotitskoye 


Middle Ural Mountains—Vischera River 

Yakutia (Sakha)—Anabar: Kuonamka River, 
Nyurba: Botuobinskaya, Nurbunskaya 

Yakutia (Sakha)—Daldyn-Alakit: Aikhal, Krasnup- 
resnenskaya, Sytakanskaya, Udachnaya, Yubileynaya, 
Zamitsa, Malaya-Botuobiya: /nternatsionalnaya, 
Mir, Sputnik 
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Janse (1995, 1996) 


Gurney et al. (1991), Levinson et 
al. (1992), Duval et al. (1996) 


Janse (1995, 1996) 
A. Janse (pers. comm., 1999) 
Janse (1995, 1996) 


Dirlam et al. (1992), Levinson et 
al. (1992), Janse (1996) 


Duval et al. (1996) 


Steiner (1997) 

R. Li (pers. comm., 1999) 
Janse (1995) 

Dobbs et al. (1994) 

A. Janse (pers. comm., 1999) 
Babu (1998) 


Chatterjee and Rao (1995) 
Choudhuri and Gurachary (1993) 
Garlick (1993) 

J. Panjikar (pers. comm., 1999) 


Choudhuri and Gurachary (1993) 
Viswanatha (1982) 
Choudhuri and Gurachary (1993) 


Levinson et al. (1992), Duval et al. 


(1996) 
Janse and Sheahan (1995) 


Spencer et al. (1988) 


Pers. knowl. of author (GB) 
Kammerling et al. (1994b 
U Hlaing (pers. comm., 1999) 


1994b), Hlaing and Win (1997) 


(1994), Hlaing and Win (1997), 
pers. knowl. of author (GB) 


(1994b), Hlaing and Win (1997) 
Kammerling et al. (1994b 
Strand (1991), Spiridonov (1998 
Possoukhova et al. (1999 


Smirnov (1993), Evseev (1994a), 
Sinitsyn et al. (1994), Yushkin 
1996) 


Shelton (1988) 
A. Janse (pers. comm., 1999) 


Levinson et al. (1992), Duval 
et al. (1996) 


Hlaing (1990b), Kammerling et al. 


Hlaing (1990b), Kammerling et al. 


Hlaing (1990b), Kammerling et al. 


@ Australia 
New South Wales—New England: Bingara, 
Copeton (14) 
Northern Territory—Battan: Merlin (18) 


Ww 


D> 


stern Australia—Central Kimberley: Aries (16) 


Ww 


oD 


stern Australia—East Kimberley: Argyle (17) 


Western Australia—East Kimberley: Bow River (17); 
North Kimberley: Upper Bulgurri River (12) 


Western Australia—West Kimberley: Ellendale (15) 
@ North America 
Canada 
Northwest Territories—Lac de Gras: Ekati 
United States 
Arkansas—Pike: Murfreesboro 
Wyoming—Colorado—Fort Collins: Kelsey Lake 


D 


@ South America 

Brazil 
Mato Grosso—Alto Paraguai: Norteléndia (25) 
Mato Grosso—Aripuana: Juina (25) 


Minas Gerais—Diamantina: Campo do Sampaio, 
Datas, Extracao, Guinda, Sao Joao da Chapada, 


Sopa (26); Jequitai (27); Jequitinhonha River Valley: 


Grao Mogol, Itacambira-Rio Macatibas, Serro 
do Cabral (18) 


Minas Gerais—Triangulo Mineiro: Abaeté River, 
Coromandel (28) 


Paréd—Tocantins River (6) 
Roraima—Branco River: Tepequém (29) 
Guyana 


Cuyuni-Mazaruni—Cuyuni River, Mazaruni River (1) 


Potaro—Sirapuni—Potaro River (2) 
Venezuela 


Bolivar—Caroni River (2), Cuyuni River (1), Paragua 


River (2) 
Bolivar—Guaniamo River: Guaniamo, Quebrada 
River (3) 


GARNET 

@ Africa 

Eritrea 
Asmera—Sciumagalle 

Ethiopia 
Sidamo—Chumba 

Kenya 


Coast—Mgama-Mindi: GG, Gitshure, Lualenyi, Min- 


keno, Scorpian (21) 

Coast—Taita Taveta (4) 

Rift Valley—Lodwar: Lokirima (5) 
Madagascar 

Antananarivo—Betafo (2) 

Antananarivo—Sahatany Valley (3) 


Fianarantsoa—Ambositra (16), Ambovombe (28), 
hosy (29), Ranohira (23) 


Fianarantsoa—llakaka—Sakaraha (23) 
ahajanga—Maevatanana (25) 
ahajanga—Mahajanga (30) 

oamasina—Maralambo (31) 

oliara—Ampanihy (32), Itrongay (43), Tolanaro (21) 

oliara—Bekily (26) 
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Levinson et al. (1992) 

Barron et al. (1996), Meyer et al. 
1997), Webb and Sutherland 
(1998) 

Jaques (1994), Lee et al. (1997, 
1998) 
Edwards et al. (1992), Towie et al. 
(1994) 
Chapman et al. (1996), Pardon 
1999) 
A. Janse (pers. comm., 1999) 


Jaques (1994 


Levinson et al. (1992), Pell (1994) 


Johnson and Koivula (1996c), 
Hausel (1997), Sinkankas (1997) 


Cassedanne (1989) 


Cassedanne (1989), Karfunkel et 
al. (1994, 1996), N. Haralyi (pers. 
comm., 1998) 


Cassedanne (1989), Gonzaga et 
al. (1994), Karfunkel et al. (1994) 


Cassedanne (1989) 
Meyer and McCallum (1993) 


Levinson et al. (1992), Meyer and 
McCallum (1993 


Levinson et al. (1992), Meyer and 
McCallum (1993), Heylmun 
(1994, 1995) 


Coenraads et al. (1994), Taylor 
(1999) 


Milisenda and Hunziker (1999) 
Barot (1993) 


Kane et al. (1990), Keller (1992) 


Barot et al. (1995) 
Barot (1993) 


Henn et al. (1999b) 
Henn et al. (1999b), Pezzotta (1999) 
Henn et al. (1999b) 


Hanni (1999), Henn et al. (1999b) 
Johnson and Koivula (1998h) 
Henn et al. (1999), Pezzotta (1999) 
Johnson and Koivula (1998f) 
Henn et al. (1999b) 

Henn (1999), Schmetzer and 
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Gem material/locality 


Reference 


Gem material/locality 


Reference 


Toliara—Betroka (27) 

Toliara—Gogogogo (8) 
Malawi 

Northern—Mzimba (1) 
Mali 

Kayes—Diakon 


Mozambique 
Niassa—C uamba (4) 


Namibia 


Kaokoveld—Hartmann Mountains: Kunene River (6) 


Karibib—Usakos: Usakos (8) 

Outjo—Damara Mountains (5) 
Nigeria 

Oyo—Ogbomosho: /seyin 


Tanzania 
Arusha—Kangala: Loiborsoit (14) 
Arusha—Komolo: Komolo (14) 
Arusha—Lelatema: Lelatema Mountains (3) 
Arusha—Merelani (15) 


Arusha—Tiriti (31) 


Dodoma—Mpwapwa (5) 
Kilimanjaro—Pare Mountains (16) 
Kilimanjaro—Same: Lemkuna (17) 
Lindi—Lindi: Luisenfelde, Nambunju (18) 
Lindi—Ruangwa (39) 

orogoro—Magogoni (28), Mahenge (19), 

vuha (30) 

itwara—Masasi: Namaputa (20) 
Ruvuma—Tunduru (2) 
Tanga—Handeni (7) 


Bernhardt (1999) 
Henn et al. (1999b), Pezzotta (1999) 
Mercier et al. (1997) 


C. Hedegaard (pers. comm., 1998) 


Brightman and Tunzi (1995), 
Johnson et al. (1995), Lind et al. 
1995), Johnson and Koivula 
1997b, 1998e) 


Johnson and Koivula (1996d), 
alango and Taupitz (1996), Bank 
et al. (1998) 


Koivula et al. (1993e), Lind et al. 
1993), Kammerling et al. (1995d), 
Johnson and Koivula (1996h) 


Johnson and Koivula (1997e) 
Wenk (1997), Lind et al. (1998) 


Milisenda and Zang (1999), Zang 
et al. (1999) 


Suleman et al. (1994) 
Keller (1992 
Dirlam et al. (1992), Keller (1992) 


Dirlam et al. (1992), Kane et al. 
(1991 


Dirlam et al. (1992), Suleman et 
al. (1994) 


Dirlam et al. (1992 
Keller (1992 
Dirlam et al. (1992 
Keller (1992 
cClure (1999) 
Dirlam et al. (1992 


Dirlam et al. (1992), Keller (1992) 
ilisenda et al. (1997) 
A. Suleman (pers. comm., 1999) 


Nigeria became an important source of spessar- 
tine garnet (here, 5-13 ct) and rubellite tourma- 
line (5-25 ct) at the end of the decade. Courtesy 
of Pala International and Bill Barker Co.; photo 
by Robert Weldon. 
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Tanga—Kalalani (21) 
Tanga—Umba Valley (21) 
Tanga—Usambara Mountains (21) 
Zambia 
Central—Serenje (8) 
Eastern—Lundazi (2) 
Eastern—Nyimba (7) 
Southern—Gwembe (9); Mazabuka: Nega Nega (10) 
@ Asia 
Azerbaijan 
Caucasus Mountains—Dashkesan 


China 
Jiangsu—Donghai 
Qinghai—Qui Lien Mountains 
Xinjiang Uygur—Altai Mountains: Cocoktau, Qibeiling 
Yunnan 
India 
Andhra Pradesh—Araku Valley (42) 
Andhra Pradesh—Khaman (1), Krishna River (2) 
Andhra Pradesh—Vishakhapatnam (3) 


Karnataka—Hassan (34), Mysore (33) 
Kerala—Ernakulam (36), Travancore (69) 


Madhya Pradesh—Bastar: Dampaya, Kuchnur (51); 
Betul: Bisighat, Chunabhuru (52) 


Madhya Pradesh—Deobhog: Jagdalpur (19) 
Orissa—Angul: Jhilli, Magarmuhan, Nuagaon (37) 


Orissa—Deogarh: Jharposi (5); Kalahandi: Ghatpara, 


Singhjaran (53); Nawapada: Dhamjar, Sardhapur (63); 
Subarnapur: Naktamunda, Siali (10) 
Orissa—Sambalpur: Bagdhapa, Meghpal (5) 


Rajasthan—Ajmer (14) 


Rajasthan—Bhilwara (39) 

Rajasthan—Chittaurgarh (28), Tonk (15) 

Rajasthan—Jaipur (40), Jodhpur (41), Udaipur (16) 

Tamil Nadu—Karur: Manavadi (54); Salem (17) 

Tamil Nadu—Madurai: Oddanchattram (7) 
Kazakhstan 

Qaraghandy 


Myanmar 
Kachin—Putao: Sankawng (4) 
Kayah—Bawlake: Bawlake River (27) 
Mandalay—Mogok: Kyat-Pyin (1) 
Sagaing—Pyawbwe: Pyawbwe East (22) 


Shan—Lai Hka (8), Mong Kang (23), Mong Mit (2), 
Namhkan (24) 


Shan—Mong Hsak (28) 
Pakistan 
Northwest Frontier—Neelum Valley (9) 


Northwest Frontier—Swat Valley: Jambil (4) 
Russia 


Far East—Chukot Peninsula: Tavmatey, Kamchatka 
Penninsula: Chechatvayam, Primorski Krai: 
Dalnegorsk 


Far East—Primorski Krai: Sinerechenskoye 


Karelia—Lake Ladoga: Kitelya; Shuyeretskoye: 
Terbe Island 


Middle Ural Mountains—Asbest: Bazenovskoye; 
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Seifert and Hyrsl (1999) 
Dirlam et al. (1992), Keller (1992) 
Barot et al. (1995) 


Mambwe and Sikatali (1994) 
Johnson et al. (1999c) 

Mambwe and Sikatali (1994) 
Mambwe and Sikatali (1994) 


Smith and Smith (1995), 
Spiridonov (1998) 


Wang and Liu (1994) 
More new finds... (1996) 


S. Fernandes (pers. comm., 1999) 
Viswanatha (1982 


Viswanatha (1982), Kasipathi et 
al. (1999) 


Viswanatha (1982 
Viswanatha (1982 
S. Fernandes (pers. comm., 1999) 


Jha et al. (1993) 
Das et al. (1993), Jha et al. (1993) 
-( 


Das et al. (1993), S. Fernandes 
(pers. comm., 1999) 


Das et al. (1993), Current mining 
report... (1998) 


Viswanatha (1982), Current min- 
ing report... (1998) 

S. Fernandes (pers. comm., 1999) 
Current mining report... (1998) 
Viswanatha (1982) 

Viswanatha (1982) 

S. Fernandes (pers. comm., 1999) 


Shelton (1988), Evseev (1994a), 
Smith and Smith (1995) 


Hughes (1997) 

U Hlaing (pers. comm., 1999) 
U Hlaing (pers. comm., 1999) 
Kammerling et al. (1994b) 

U Hlaing (pers. comm., 1999) 
U Hlaing (pers. comm., 1999) 


Hlaing and Win (1996) 
Blauwet et al. (1997) 


Henn (1996), Johnson and 
Koivula (1996g) 


Jackson (1992 


Smith and Smith (1995) 


Evseev (1994a), Smith and Smith 
(1995) 
Evseev (1994b 


Smith and Smith (1995), 
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Gem material/locality Reference Gem material/locality Reference 
Perm: Saranovskoye Kolesar (1997) Sagaing—Hkamti: Nansibon, Natmaw (6) 

Middle Ural Mountains—Nizhniy Tagil: Bobrowka- Shelton (1988), Evseev (1993a), Russia 

Bolshaya Rivers, Verhnij Ufalev: Karkodino, Phillips and Talantsev (1996), Polar Ural Mountains—Rai-Iz: Karovoye; Syum-Keu: — Yushkin (1996) 
Poldnevaya Spiridonov (1998) Pus'erka 

Siberia— Akhtaragda-Viluy Rivers: Chernyshevsky — Evseev (1994a), Smith and Smith Polar Ural Mountains—Voikaro-Syniiskii: Levokech- Spiridonov (1998) 


Southern Ural Mountains—Zlatoust: Akhmatovskaya 
Sri Lanka 


Central—Badulla: Haputale (18), Passara (16); 
Kegalla: Avissawella (9); Nuwara Eliya: Hatton (15), 
Kuruwitenna (13), Maskeliya (15); Polonnaruwa: 
Flahera, Kaluganga Valley (8), Kongahawela, 
Polonnaruwa (14) 


Southern—Hambantota: Ambalantota (11), Lunu- 
gamwehera, Paskema (30), Ridiyagama (11); Kalu- 
tara: Horana (34); Matara: Akuressa, Morawaka (4); 
Monaragala: Athiliwewa (20), Embilipitiya (19), 
Kataragama (17), Okkampitiya (5); Ratnapura: Balan- 
goda (2), Rakwana (3) 


Vietnam 
Yen Bai—Luc Yen (2) 
@ Australia 


Northern Territory—Harts Range (3) 


@ Europe 
Czech Republic 
Bohemia—Bohemian Hills: Podsedice, Trebenice 


@ North America 
Canada 
British Columbia—McDame 
British Columbia—Slocan Valley: Passmore 
Quebec—Asbestos: Jeffrey 
Quebec—Black Lake 


United States 
Alaska—Wrangel: Stikine River 
California—Ramona: Little Three 
(daho—Benewah: Emerald Creek 
@ South America 
Brazil 
inas Gerais—Galiléia: Barra do Cuieté (8) 
inas Gerais—Sdo José da Safira: Poaia (19) 


Rio Grande do Norte—Carnatiba dos Dantas: Pedra 
Bonita (10) 


ocantins—Valério: Balisto (42) 


JADE—Jadeite 

@ Asia 

Japan 
Hyogo—Oya 
Niigata—ltoigawa: Hashidate 
Niigata—Omi: Himekawa and Kotaki Rivers 
Toyama—Asahi 

Kazakhastan 
Qaraghandy—Itmurundy 

Myanmar 


Kachin—Hpakan: Hpakan, Hoakangyi, Hwehka, 
Makapin, Maw-sisa, Sate Mu, Seng Tong, Tawmaw, 
Uru River (15); Lonkin (15) 


Kachin—Laisai (26), Mawhun (25) 
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(1995), Spiridonov (1998) 


Evseev (1993a), Smith and Smith 
(1995) 


Dissanayake and Rupasinghe 
(1993), Milisenda and Henn (1999) 


Johnson and Koivula (1996a, 
1998a), Chandrajith et al. (1998) 


Kammerling and Koivula (1994) 


m 


L. Sutherland (pers. comm., 
1999) 


Schluter and Weitschat (1991), 
Korbel (1993) 


Wilson (1999) 
Wight (1999b), Wilson (1999) 
Sinkankas (1997) 


Johnson et al. (1999a), Wilson 
and Wight (1999) 


Frazier and Frazier (1990c) 
Foord et al. (1989) 
Sinkankas (1997) 


Johnson and Koivula (1999b) 


R. Wegner and 0. Moura (pers. 
comm., 2000) 


R. Wegner and 0. Moura (pers. 
comm., 2000) 


Wegner et al. (1998) 


Koivula and Kammerling (1990) 
Chihara (1999) 


Chihara (1999) 


Spiridonov (1998) 

Htein and Naing (1994, 1995), 
Kammerling et al. (1994b), Ward 
(1997), Galibert and Hughes 
(1999), Hughes et al. (2000) 

Ou Yang (1999) 


pelskoye 


Siberia (Khahassia)—Sayan Mountains, Sokhatiny: 
Borusskoye, Kashkarskoye 


@ North America 
Guatemala 
EI Progresso—Motagua Valley: Manzanal 


Zacapa—Rio la Palmilla 


JADE—Nephrite 
@ Asia 
China 
Guangxi 
iangxi 
Liaoning—Xiu Lan 
Qinghai-Gansu—Qilian Mountains 
Sichuan 
aiwan 
ibet 
Xinjiang Uygur—Altun Mountains; Kunlun Moun- 
ains: Hotan, Yutian, Tian Mountains 
Russia 
Polar Ural Mountains—Rai-Iz: Nyrdvomenshor 
Siberia—Buryatia: Knamarkhudinskoye 


Siberia—Sayan Mountains, Vitim River: Borto- 
golskoye, Buromskoye, Kurtushubinskoye, Ospin- 
Skoye, Paromskoye, Ulankhodinskoye 


@ Australia 
South Australia—Eyre Peninsula: Cowell (4) 


New Zealand 
South Island—Otago: Lake Wakatiou, Westland: 
Arahura and Taramakau Rivers 


@ North America 
Canada 
British Columbia—Cassiar Mountains: Polar Jade 
British Columbia—Kutcho Creek, Ogden Mountain 
United States 


Alaska—Afognak Island: Danger Bay, Baird Moun- 
tains: Kobuk River 


California—Monterey: Jade Cove 
Wyoming—Lander: Granite Mountains 


OPAL 
@ Africa 
Ethiopia 
Shewa—Menz Gishe: Mezezo 


Madagascar 
Beraketa (50) 
Tanzania 
Dodoma—Haneti Hills (22) 
Kigoma—Kasulu (44) 
Kilimanjaro—Same (17) 
Zambia 
Southern—Lake Kariba: Maamba (5) 
@ Asia 
Indonesia 
Java—Jawa Burat: Labak 
Sulawesi—Selatan 
Sumatra—Bengkulu 
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Spiridonov (1998), V. Bukanov 
and N. Kuznetsov (pers. comm., 
2000) 


Harlow (1994), Gendron and 
Gendron-Dadou (1999) 


G. Harlow (pers. comm., 1999) 


Wang (1996) 


Yushkin (1996) 
V. Bukanov (pers. comm., 1999) 


Sekerina et al. (1996), Spiridonov 
(1998), V. Bukanov (pers. comm., 
1999) 


Ward (1999a) 


Keverne (1991) 


Sinkankas (1997) 
Ward (1999a,b) 
Ward (1996b, 1999b) 
Sinkankas (1997) 
Howard (1998) 


Paradise (1985), Ward (1999b) 
Ward (1999b) 


Downing (1996), Hoover et al. 
(1996), Johnson et al. (1996) 


Henn et al. (1999b) 

Keller (1992) 

Johnson and Koivula (1998b) 
A. Suleman (pers. comm., 1999) 


Milisenda et al. (1994) 


Lambert and Brown (1994) 
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Reference 


Gem material/locality Reference 


@ Australia 
New South Wales—Lightning Ridge (1) 
New South Wales—White Cliffs (5) 


Queensland—Carbine Creek (27), Jundah (24), Ky- 
nuna (26), Mayneside (25), Opalton (25), Quilpie (7), 
Toompine (23), Winton (8), Yowah (22) 
Queensland—Eromanga (6) 


South Australia—Andamooka (32), Coober Pedy (28) 


South Australia—Lambina (29) 
South Australia—Mintabie (28) 


@ North America 
Canada 
British Columbia—Vernon: Klirker 


Mexico 
Querétaro—Querétaro 


United States 
Idaho—Lemhi: Spencer 
Nevada—Humboldt: Virgin Valley 
Oregon—Morrow: Opal Butte 

@ South America 

Brazil 


Bahia 
Piaui—Pedro II (37) 


Rio Grande do SulCapao Grande (4) 
Peru 
Arequipa—Arequipa: Acar/ (1) 


PERIDOT (Olivine) 
@ Africa 
Ethiopia 

Sidamo—Mega 
Tanzania 

Arusha—Gelai: Kingiti (38) 
@ Asia 
China 
Hebei—Zhangjiakou-Xuanhua 
Jilin—Changbaishan: Baishishan 
yanmar 
Mandalay—Mogok: Bernardmyo (1) 
Mandalay—Mogok: Pyaung-Gaung (1) 
Pakistan 


Northwest Frontier-—Jalkot Valley, Kohistan: 
Parla Sapat (7) 


Russia 
Siberia—Khatanga: Kugda 
Sri Lanka 


Southern—Monaragala: Embilipitiya (19); Ratnapura: 
Kolonne (32) 


Vietnam 
Annam Highlands—Gai Lai (Pleiku) (7) 
Lam Dong—Di Linh (6) 
@ North America 
Canada 
British Columbia—Cherryville: Lightning Peak 
United States 
Arizona—Gila: San Carlos 
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Giibelin (1990), Coenraads (1995) 
Coenraads (1995) 
Wise (1993) 


Coenraads (1995) 
Townsend (1995) 
Brown et al. (1993) 


Brown (1992), Townsend (1992, 
1995) 


Koivula et al. (1993c), Yorke- 
Hardy (1994), Wight (1999), 
Wilson (1999) 


Spencer et al. (1992), Sinkankas 
(1997) 


Sinkankas (1997) 


Holzhey (1997) 


Koivula et al. (1994b) 


Knigge and Milisenda (1997), 
Johnson and Koivula (1999) 


Henn and Balzer (1995) 


Koivula and Kammerling 
(1991a,b), Brown (1996) 


Kammerling and Koivula (1995b) 
Keller (1992) 

Fashion for green... (1999) 

More new finds... (1996) 


Hughes (1997) 
Kammerling et al. (1994b) 


Koivula et al. (1994c,e), Milisenda 
et al. (1995), Frazier and Frazier 
(1997), Aboosally (1999) 


V. Bukanov (pers. comm., 1999) 


Milisenda and Henn (1999) 


Kammerling and Koivula (1995a) 


Wilson (1999) 


Sinkankas (1997), Poeter (1999) 


QUARTZ—Amethyst/Citrine/Ametrine 


@ Africa 
Kenya 
Eastern—Machakos: Mbooni Hill (1) Keller (1992) 
Madagascar Henn et al. (1999b), Pezzotta (1999) 


Antananarivo—Anjozorobe (42), Antsirabe (3), Betafo 
(2), Mahasolo (34), Soavinandriana (11), Tsiroano- 
mandidy (33) 


Antsiranana—Ambilobe (12), Andapa (19) 

Fianarantsoa—Ambatofinandrahana (28); Ambositra 

(16); Farafangana: ‘samara (35); Fianarantsoa: Laca- 

misinten (51); Vondrozo (20) 
ahajanga—Boriziny (40), Kandreho (41), Tsara- 

anana (6) 
oamasina—Andilamena (37), Mananara (39), 
oramanga (38), Vatomandry (36) 


Aurisicchio et al. (1999) 


Mozambique 
ampula—Alto Ligonha (1) Malango and Taupitz (1996) 

Namibia 

Grootfontein—Platveld Siding: Dan, Okaruhuiput, Schneider and Seeger (1992), 

Platfeld (9) Koivula et al. (1994a) 

Swakopmund—tis: Brandberg (1) Henn and Lieber (1993) 
Tanzania 

Arusha—Lelatema (3), Tiriti (31) Keller (1992) 

Arusha—Mbulu (40) A. Suleman (pers. comm., 1999) 


Dodoma—Dodoma: Mdindo (4); Kilosa (6) 
Dodoma—Mpwapwa (5) 
orogoro—Mvuha (30) 


Keller (1992) 
Dirlam et al. (1992), Keller (1992) 
Dirlam et al. (1992) 


anga—Handeni: Negeru, Tamota (7) Keller (1992), Suleman et al. 
(1994) 
Zambia Mambwe and Sikatali (1994) 


Central—Mumbwa (12) 
Eastern—Lundazi (2) 


Southern—Kalomo: Mapatizya, Mwakambiko (1); 
Siavonga (11) 


@ Asia 
Afghanistan 
Kapisa—Del Parian (1) 
Cambodia 
Ratanakiri—Virochey: Bo Kham, Voeune Sai, 
Xempang (2) 
India 
Andhra Pradesh—Warangal (43) 
Jammu and Kashmir—Himachal Pradesh (65) 


Madhya Pradesh—Betul: Bakka, Ratera (52); Jabal- S. Fernandes (pers. comm., 1999) 
pur: Barela (66) 


Madhya Pradesh—Deobhog: Harrakothi (19) 
Orissa—Balangir (10) 


Bowersox and Chamberlin (1995) 


Ngu and Ngoc (1986) 


S. Fernandes (pers. comm., 1999) 


Jha et al. (1993) 
Choudhuri and Gurachary (1993) 


Kazakhastan 
Qaraghandy—Vishnevka Spiridonov (1998) 
Myanmar 
Karen—Hlaingbwe River Valley (14) U Hlaing (pers. comm., 1999) 
andalay—Mogok: Sakangyi (1) Kammerling et al. (1994b) 
Shan—Makmai: Wan Salaung (28) U Hlaing (pers. comm., 1999) 
Russia 
Far East—Bikin: Bikinskoye V. Bukanov (pers. comm., 1999 
Far East—Magadan: Kedon River Smith and Smith (1995) 
Kola Peninsula—tersky Bereg: Cape Korable V. Bukanov (pers. comm., 1999 
Lake Baikal—Ust'-llimsk: Kroshunovskoye Smith and Smith (1995) 
iddle Ural Mountains—Asbest: Vatikha Evseev (1993b), Smith and Smith 
(1995), Emlin (1996), Spiridonov 
(1998) 
Polar Ural Mountains—Komi: Khasavarka Evseev (1993), Spiridonov (1998) 


Yakutia (Sakha)—Aldan: Obman V. Bukanov (pers. comm., 1999 
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Gem material/locality 


Reference 


Sri Lanka 


Central—Anuradhapura: Kekirawa (28); Kandy: 
Galaha (26); Kegalla: Avissawella (9); Kurunegala: 


Kurunegala (21); Matale: Rattota (27); Nuwara Eliya: 


Nuwara Eliya (22) 


Southern—Monaragala: Embilipitiya (19); Ratnapura: 
Balangoda (2), Eheliyagoda (25), Rakwana (3), Ratna- 


pura (1) 
Ukraine 
Volyns'ka—Vladimir-Volynsky 
Zhytomyr—Zhytomyr: Volodarsk-Volnskiy 
@ North America 
Canada 
British Columbia—Slocan Valley: Ne/son 


Ontario—Thunder Bay: Keetch, Ontario Gem, 
Panorama 


United States 
Arizona—Maricopa: Four Peaks 
Maine—Oxford 
Maine—Stow 
New Hampshire—Carroll 
North Carolina—Lincoln 
@ South America 
Bolivia 
Santa Cruz—Rincén del Tigre: Anahi, Yuruty (1) 


Brazil 


Bahia—Brejinho (40); Cabeluda (23); Jacobina (2) 


inas Gerais—Buendpolis (26) 
inas Gerais—Campo Belo (9) 


Esperanca (41) 

Rio Grande do Sul—Ametista do Sul 

Rio Grande do SulSanta Maria: Planalto (12) 
Rondénia—Porto Velho (7) 


Roraima—Sao Luis de Anawa 


Uruguay 
Artigas—Artigas (1) 


QUARTZ—Rose 

@ Africa 

Madagascar 
Antananarivo—Faratsiho (44), Sahatany Valley (3) 
Antananarivo—Tsiroanomandidy (33) 
Fianarantsoa—Ambositra (16) 


Toamasina—Ambatondrazaka (22), Moramanga (38) 


Toamasina—Andilamena (37) 
Mozambique 
Nampula—Alto Ligonha (1) 
Namibia 
Swakopmund—Swakopmund: Hoffnungsstrahl, 
Roselis (7) 
@ Asia 
India 
Karnataka—Mysore (33) 
Madyha Pradesh—Deobhog (19) 
Tamil Nadu—Kangayam-Karur (54), Salem (17) 
@ North America 
United States 
South Dakota—Black Hills 
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Paréa—Maraba: Alto Bonito (11); Pau d'Arco: Villa 


Dissanayake and Rupasinghe 
(1993), Milisenda and Henn (1999) 


Evseev (1994b) 
Smith and Smith (1995) 


Wilson (1999) 


Sinkankas (1997), B. Wilson 
(pers. comm., 1999) 


Lurie (1999) 
Sinkankas (1997) 
Koivula et al. (1993d) 
Sinkankas (1997) 
Sinkankas (1997) 


Collyer et al. (1994), Vasconcelos 
et al. (1994), Marcusson (1996), 
Krzemnicki (2000) 


R. Batista and D. Epstein (pers. 
comm., 2000), Couto (2000) 


R. Batista and D. Epstein (pers. 
comm., 2000 


Cassedanne (1995) 
Cassini et al. (1999) 


Priester (1999) 
Balzer (1999) 


R. Batista and D. Epstein (pers. 
comm., 2000) 


R. Batista and D. Epstein (pers. 
comm., 2000) 


Sosso and Roman (1992), Currier 
1997) 


Henn et al. (1999b) 
Pezzotta (1999) 


Pezzotta (1999) 


Malango and Taupitz (1996) 


Schneider and Seeger (1992) 


S. Fernandes (pers. comm., 1999) 
Jha et al. (1993) 
S. Fernandes (pers. comm., 1999) 


Sinkankas (1997) 


@ South America 
Brazil 
Minas Gerais—Sapucaia do Norte: Sapucaia (8) 


SPINEL 

@ Africa 

Madagascar 
Fianarantsoa—llakaka—Sakaraha (23) 
oliara—Betroka (27) 

Tanzania 

orogoro—Magogoni (28), Mahenge (19), 
atombo (27), Mvuha (30) 
Ruvuma—Songea (42) 
Ruvuma—Tunduru (2) 


anga—Handeni: Kwachaga (7) 
anga—Umba Valley (21) 
@ Asia 
Afghanistan 
Badakhshan—Kuh-i-Lal (8) 
Kabul—Jegdalek (7) 
Cambodia 
Battamberg—Pailin (1) 
Myanmar 
Kachin—Mansi: Panhka (16) 
Mandalay—Mogok: Byant Gyi, Htayen Sho, 
Pyin Pit (1) 
Shan—Lai Hka: Wan Ying (8); Langhko: Wan Hat 
(10); Yawnghwe: Mong Hsauk (11) 
Russia 
Siberia—Aldan: Emeldzhak, Katalakh 


Sri Lanka 


Central—Badulla: Haputale (18), Passara (16); 
Kegalla: Avissawella (9); Nuwara Eliya: Hatton (15), 
Kuruwitenna (13), Nawalapitiya (29); Polonnaruwa: 
Elahera, Kaluganga Valley (8) 


Southern—Hambantota: Ambalantota (11); Kalutara: 
Alutgama (10), Horana (34); Matara: Morawaka (4); 


Monaragala: Embilipitiya (19), Kataragama (17), 


Okkampitiya (5); Ratnapura: Balangoda (2), Eheliya- 
goda (25), Kalawana, Kiriella, Kuruwita, Nivitigala (1), 


Rakwana (3) 
Tajikistan 
Turkistaa—Khorugh: Kukhilyal 


Vietnam 
Yen Bai—Luc Yen (2) 


TOPAZ 

@ Africa 

Madagascar 
Antananarivo—Ambatolampy (45) 
Antananarivo—Faratsiho (44) 
Fianarantsoa—Ambositra (16) 
Fianarantsoa—tlakaka—Sakaraha (23) 
Mahajanga—Andriamena (46) 
Toamasina—Andilamena (37) 
Toliara—Mahabe (47) 

Namibia 
Karibib—Usakos: Spitzkoppe (2) 


Tanzania 


Arusha—Longido (9) 
Morogoro—Magogoni (28); Mvuha (30) 
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B. Cook (pers. comm., 2000) 


Schmetzer (2000) 
Henn et al. (1999), Pezzotta (1999) 


Dirlam et al. (1992), Keller (1992) 


Dirlam et al. (1992) 


ilisenda et al. (1997), Thomas 
(1997), Burford (1998) 


Keller (1992) 
Dirlam et al. (1992), Keller (1992) 


Bowersox and Chamberlin (1995) 


Hughes (1994) 


U Hlaing (pers. comm., 1999) 


Kammerling et al. (1994b), Hughes 
(1997), U Nanda (pers. comm., 1997) 


U Hlaing (pers. comm., 1999) 


Evseev (1994a), Smith and Smith 
1995) 


Dissanayake and Rupasinghe 
(1993), Milisenda and Henn (1999) 


Kammerling et al. (1995e), Smith 
and Smith (1995) 


Kane et al. (1991) 


Henn et al. (1999b) 
A. Chikayama (pers. comm., 1999) 


Pezzotta (1999) 
Pezzotta (1999) 
Pezzotta (1999) 


enzies (1995), Cairncross et al. 
1998) 


Dirlam et al. (1992) 
Dirlam et al. (1992) 


Winter 2000 321 


Gem material/locality 


Reference 


Gem material/locality 


Reference 


Ruvuma—Tunduru: Lumasulu, Muhuwesi River (2) 
Zimbabwe 

Mashonaland North—Mwami-Karoi (2) 
@ Asia 
China 

Guangdong 

Guangxi 

Xinjiang 

Yunnan—Gaoligongshan 
India 

Kerala—trivandrum (9) 


Orissa—Balangir (10) 
Orissa—Sambalpur: Baghdapa (5); Subarnapur: 
Sonepur (10) 


Kazakhstan 

Karagandin—Karaganda: Akchatau 
Myanmar 

Mandalay—Mogok: Sakangyi (1) 
Pakistan 


Northern Areas—Baltistan: Gone, Nyet Bruk (3); 

Gilgit: Buleche, Shengus (2) 

Northwest Frontier—Katlang: Ghundao Hill (6) 
Russia 

Middle Ural Mountains—Asbest: Mursinka 


Southern Ural Mountains—Yushno-Uralsk: 
Kochkarskoye 


Transbaikalia—Krasna Chikoi: Malkhan 
Sri Lanka 


Central—Badulla: Haputale (18), Passara (16); 
Kurunegala: Kurunegala (21); Matale: Matale (7), 


Rattota (27); Nuwara Eliya: Hatton (15), Nawalapitiya 


(29); Polonnaruwa: Elahera (8) 


Southern—Kalutara: Horana (34); Ratnapura: Balan- 


goda (2), Ratnapura (1) 


H. Krupp (pers. comm., 1999) 
Shmakin and Wedepohl (1999) 


More new finds... (1996) 


Menon et al. (1994), Rajesh- 
Chandran et al. (1996) 


Choudhuri and Guarchary (1993) 
S. Fernandes (pers. comm., 1999) 


Smith and Smith (1995) 
Hughes (1997) 

Blauwet et al. (1997) 
lenzies (1995 


Aboosally (1999 


Evseev (1994a), Menzies (1995), 
Smith and Smith (1995), Kolesar 
1997), Spiridonov (1998) 


V. Bukanov (pers. comm., 1999) 


Evseev (1994a 


Dissanayake and Rupasinghe 
1993), Milisenda and Henn (1999) 


The Usakos mine in Namibia is the source of these 
tourmalines (6.94—-11.29 ct). Courtesy of James 
Alger Co.; photo by Robert Weldon. 
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Tajikistan 
Turkistas—Pamir Mountains: Rangkul, near Murgab 


Ukraine 
Volyns'ka—Vladimir-Volynskiy 
Zhytomyr—Zhytomyr: Volodarsk-Volynskiy 


@ Australia 
New South Wales—New England Range (10) 
Queensland—Mount Surprise (20) 


@ North America 
Canada 
British Columbia—Atlin, Mount Foster 
United States 
California—Ramona: Little Three 
New Hampshire—Carroll, Coos 
@ South America 
Brazil 
Espirito Santo—Santa Teresa (16) 


Minas Gerais—Caraf: Mucaia (22); Itaipé: Lavra do 
Aziz (22); Pavao: Ariranha (22) 

Minas Gerais—Ouro Préto: Boa Vista, Capao, Dom 
Bosco, Vermelhao (38) 


TOURMALINE 
@ Africa 
Kenya 
Coast—Kwale (12), Mgama-Mindi (21) 
Coast—Voi: John Saul, Kisoli, Yellow (13) 
Rift Valley—Magadi (14); Narok: Osarara (15) 
Madagascar 
Antananarivo—Betafo: Anjanabonoina (2) 


Antananarivo—Antsirabe (3); Sahatany Valley: Antan- 
drokomby, Antanetyilapa, Ibity (3) 


Fianarantsoa—Ambatofinandrahana (28); Ambositra: 
/alzoro (16); Farafangana: /samara (35); Vondrozo (20) 


Fianarantsoa—Fianarantsoa (51) 
Fianarantsoa—tlakaka—Sakaraha (23) 
oamasina—Ambatondrazaka (22); Mananara (39) 
ozambique 
Nampula—Alto Ligonha: Muiane, Naipa (1) 
ampula—Nacala (5) 
amibia 

Karibib—Usakos: Neu Schwaben, Usakos (8) 


igeria 
Oyo—Ogbomosho 


Plateau—Keffi 

anzania 
Arusha—Babati (23), Merelani (15), Tiriti (31) 
Arusha—Landanai: Titus-Tsakiris (32) 
Arusha—Lelatema: Lengasti (3) 
Dodoma—Chenene Mountains: Hombolo (33) 
Dodoma—Mpwapwa (5) 
Kilimanjaro—Same (17) 
Morogoro—Magogoni (28); Matombo: Linai (27): 
Mvuha (30) 
Ruvuma—Tunduru: Muhuwesi River (2) 


Tanga—Daluni (34); Handeni: Kwachaga (7); 
Ngomeni (35) 
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Skrigitil (1996), Spiridonov 
(1998) 


Menzies (1995), Spiridonov (1998) 


Evseev (1994b), Smith and Smith 
(1995) 


Webb and Sutherland (1998) 


F. L. Sutherland (pers. comm., 
1999) 


Wilson (1999) 


Foord et al. (1989) 
Sinkankas (1997) 


Cassedanne and Alves (1994), 
Menzies (1995) 


Cassedanne and Alves (1994) 


Menzies (1995), Sauer et al. (1996) 


Keller (1992) 
Simonet (2000) 


Henn et al. (1999b) 
Pezzotta (1996, 1999) 


Lefevre and Thomas (1997), 
Pezzotta (1999) 


Pezzotta (1999) 


Hanni (1999), Pezzotta (1999) 


jalango and Taupitz (1996) 
Henn and Bank (1997) 
Correia Neves (1987) 


Schneider and Seeger (1992), 
Johnson and Koivula (1997f), 
Beard (1999) 


Johnson and Koivula (19989), 
Schmetzer (1999a) 


Kanis and Harding (1990) 


Dirlam et al. (1992 
Keller (1992), Suleman et al. (1994) 
Dirlam et al. (1992), Keller (1992) 
Keller (1992 
Dirlam et al. (1992 
Dirlam et al. (1992 
Dirlam et al. (1992 


ilisenda et al. (1997), H. Krupp 
(pers. comm., 1999) 


Keller (1992 
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anga—Kwamsisi (36) 
anga—Umba Valley: Gerevi Hills, Ngombezi (21) 


Zambia 

Central—Kabwe: Jagoda (13) 
Eastern—Chipata (6) 

Eastern—Lundazi: Aries, Kalungabeba (2) 


Eastern—Nyimba: Hofmeyer (7) 


@ Asia 
Afghanistan 


Konar—Dhray-Pech, Kantiwa, Mualevi, Paprowk, 
Tsotsum, Vora Desh 


Laghman—Korghal, Mawi, Nilaw-Kolum (3) 
China 
Yunnan—Gaoligongshan 
India 
Jammu and Kashmir—Himachal Pradesh (65) 
Karnataka—Mysore (33) 


Madhya Pradesh—Deobhog: Latapara, Mukhagura, 
Sarnabahal, Sendmuna (19) 


Orissa—Bagdihi (24); Sambalpur: Sonepur (5) 
Myanmar 
Kayah—Hsataw (27) 
Mandalay—Mogok (1) 
Sagaing—Madaya (13) 
Shan—Makmai (28), Mong Hsu (3), Mong Pan (10) 
Nepal 
Bheri—Surketh (6) 
Gandaki—Langtang (1), Naje (2) 
Gandaki—Marsyangdi Valley: Manang (2) 
Kosi—Sankhuwasabha: Hyakule, Pahkuwa (4) 
echi—Taplejung: /khabu (4) 
Rapti—Jajarkot (7) 
Pakistan 


jorthern Areas—Gilgit: Buleche, Shengus, 
Stak Nala (2 


jorthwest Frontier-—Chitral (1); Neelum Valley: 
Dongar Nar (9) 


Russia 
iddle Ural 


ountains—Asbest: Lipovka 


ransbaikalia—Krasna Chikoi: Malkhan, Menzinska 


ransbaikalia—Pervomayskoye: Zavitinskoye 
Sri Lanka 


Avissawella (9); Kurunegala: Kurunegala (21); Polon- 
naruwa: Elahera, Kaluganga Valley (8) 


Southern—Hambontota: Ambalantota, Ridiyagama 
(11); Kalutara: Horana (34); Matara: Morawaka (4): 
Monaragala: Embilipitiya (19), Kochchipatana (6), 
Okkampitiya (5); Ratnapura: Balangoda (2), Eheliya- 
goda (25), Kiriella (1), Kuruwita (1), Rakwana (3) 
Tajikistan 
Turkistan—Pamir Mountains: Kukurt River, Rangkul 
Turkistan—Horog: Shakhdara River, Vezdara River 
@ North America 
United States 
California—Mesa Grande: Himalaya 
California—Pala: Stewart 


Central—Badulla: Haputale (18), Passara (16); Kegalla: 


Dirlam et al. (1992) 


Dirlam et al. (1992), Keller (1992), 
Suleman et al. (1994) 


ilisenda et al. (2000) 
ambwe and Sikatali (1994) 


Kamona (1994), Mambwe and 
Sikatali (1994), Johnson et al. 
(1997), Milisenda et al. (2000) 


Kamona (1994), Milisenda et al. 
(2000) 


Bowersox and Chamberlin (1995) 


More new finds... (1996) 


Mehta (1997) 
S. Fernandes (pers. comm., 1999) 
Jha et al. (1993) 


S. Fernandes (pers. comm., 1999) 
Hughes (1997) 
U Hlaing (pers. comm., 1999) 
Kammerling et al. (1994b) 

U Hlaing (pers. comm., 1999) 
U Hlaing (pers. comm., 1999) 
iedermayer (1992) 


Koivula et al. (1994d) 
Bassett (1987) 


Blauwet et al. (1997) 
Laurs et al. (1998) 


Smith and Smith (1995), Emlin 
(1996), Zagorskii and Peretyazhko 
(1996), Spiridonov (1998) 


Godovikov and Bulgak (1993), 
Evseev (1994a), Smith and Smith 
(1995), Spiridonov (1998) 


V. Bukanov (pers. comm., 1999) 


Dissanayake and Rupasinghe 
(1993), Milisenda and Henn (1999) 


Zagorskii and Peretyazhko (1996) 
Skrigitil (1996), Spiridonov (1998) 


Sinkankas (1997) 
Fisher et al. (1999) 
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This gem-quality tanzanite crystal from Merelani, 
Tanzania, measures 8.3 cm long. Courtesy of Pala 


International; photo by Jeff Scovil. 


Maine—Androscoggin: Auburn 
Maine—Oxford: Mount Apatite, Newry, Paris 
@ South America 
Brazil 
Bahia—Brumado (30) 


Bahia—ltamarati: Lajedo (1); ltambé: Morro da 
Gloria (24) 


Cearéd—Berilandia; Quixeramobim: Condado (39) 


Minas Gerais—Araguai—Jequitinhonha-Salinas— 
Virgem da Lapa: Baixa Grande, Barra de Salinas, 
Lavrinha, Manoel! Mutuca, Morro Redondo, Ouro Fino, 
Pirineus, Salinas, Xanda (18); Malacacheta—Urupuca 
River-Sao José da Safira: Aricanga, Cruzeiro, Gol- 
conda, Santa Rosa (19) 


Minas Gerais—Conselheiro Pena—Divino das 
Laranjeiras—Galiléia: Formiga, Htatiaia, Jonas, 
Pamaro, Sapo, Urucum (8) 


Minas Gerais—Marambaia (22) 
Paraiba—Frei Martinho: Alfo Quixaba (10) 
Paraitba—Salgadinho: Sao José da Batalha (10) 


Rio Grande do Norte—Parelhas: Alto da Cabe¢a, 
Bulandeira, Mulungu/Boqueiraozinho/Capoeira, 
Quintos (10) 


ZOISITE (Includes tanzanite) 
@ Africa 
Tanzania 

Arusha—Mbuguni: Merelani (15) 


@ Asia 
Pakistan 
Northern Areas—Skardu (3) 


Francis (1985) 
Francis (1985), Francis et al. (1993) 


Cassedanne and Roditi (1996) 


R. Wegner and 0. Moura (pers. 
comm., 2000) 


R. Wegner and O. Moura (pers. 
comm., 2000) 


Cassedanne and Roditi (1996) 


Cassedanne and Roditi (1996), 
Steger (1999) 


Proctor (1984) 

Ferreira (1998) 

Bank et al. (1990), Fritsch et al. 
(1990), Brandstatter and Nieder- 
mayr (1994), Cassedanne (1996), 
Laurs and Shigley (2000) 
Karfunkel and Wegner (1996), 
Soares (1998), Laurs and 
Shigley (2000) 


Barot and Boehm (1992), Dirlam 
et al. (1992), Keller (1992), Sule- 
man (1995), McDonald (1999), 
Wentzell (2000) 


Koivula et al. (1992a) 
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Color Reproductions of Gems 
in Future ‘Gems and Gemology’ 


For some time the laboratory 
staff of the Institute has been expe- 
rimenting with various methods. of 
producing color prints of gemstones. 
Early research was mostly with ko- 
dachrome transparencies and prints 
made from them. None of the results, 
however, obtained from kodachrome, 
resulted in either prints or transpar- 
encies which have met the standard 
of the Institute, principally due to 
the fact that the color perception of 
kodachrome is inferior to that of the 
human eye, At present the Institute 
staff is meeting with greater suc- 
cess. with combinations of hand- 
drawn and painted reproductions 
based upon kodachrome photo- 
graphs. Until colored photography 
is much further advanced, the In- 
stitute believes that, while such 
photography will make attractive 
pictures of gems, it cannot repro- 
duce with sufficient accuracy either 
color differences between various 
specimens of a given gem species, 
or important nuances of color 
quality. 

The color print of opal, which 
appeared in the Winter issue, was 
one of the. experiments made with 
kodachrome. While this opal color 
print was superior to the result 
obtained when attempting, for in- 
stance, to obtain the accurate colors 
of a group of thirty-five different 
‘colored zircons from the Institute’s 
collections, still some of the opals 
were accurately reproduced and 
others were not. In order to repro- 
duce the true color of Lightning 
Ridge, White Cliffs and Amberooka 
opals, it was impossible to obtain at 


the same time the correct color of 
the Coober Pedy opals. The repro- 
duction did not do justice to the dark 
blue color and the brilliant red pin 
points of fire of the Coober Pedy 
opal. Similarly the reproduction of 
the White Cliffs and Lightning 
Ridge opals failed to show the nu- 
merous pin points of red fire which 
are actually present. 

This Spring issue includes a color 
print reproduced from a retouched 
kodachrome transparency. This ac- 
curately represents as to color twelve 
groups of diamonds, each group 
fluorescing in a different color. 

Beginning with the Summer num- 
ber it is planned to reproduce for a 
series of 12 or more issues, at least 
two color prints in each number. 
They will include: 


Amber, apatite, axinite, beryl, 
chlorastrolite, chrysoberyl, 
chrysocolla, diamond, emerald, 
é€uclase, feldspars, fluorite, gar- 
net, iolite, jade, lapis lazuli, 
lazulite, malachite, opal, peri- 
dot, quartz including amethyst, 
rhodolite, ruby, sapphire, satin 
spar, scapolite, serpentine, soda- 
lite, sphene, spinel, spodumene, 
steatite, topaz, tourmaline, tur- 
quoise, zircon; also crystals 
typical of each of the crystal 
systems. 


This series will constitute a col-. 


lection of every species of gemstone 
which has gemological importance, 
as well as many important though 
less well-known ornamental stones; 
each print suitable for framing. 


J 


TABLE 2. Localities of the 1990s for less common gemstones.* 


Gem material/locality 


Apatite 
Brazil 


Bahia—ltambé: Bananeira (24) 
Bahia—Jacobina: /bira (2) 

inas Gerais—Conselheiro Pena: Aldeia (8); 
Coroaci: Golconda (19) 


Paraiba—Pedra Lavrada: Alto Feio (10) 
India 
Karnataka—Mysore: Katteri, Melkote (33) 
Orissa—Kalahandi: Banjipadar (53) 


amil Nadu—Salem: Kurumbapatti, 
Peryasoragai (17 


Kenya 
Eastern—Embu (2) 
Madagascar 
Antsiranana—Milanoa (13) 


oliara—ttrongay (43) 
Myanmar 


andalay—Mogok: Kyaukpyatthat (1) 
Russia 


Siberia—Lake Baikal: Sludyanka 


Sri Lanka 


Central—Kegalla: Kegalla (9); Kurunegala: 
Kurunegala (21); Matale: Matale (7), Nalanda (23) 


Southern—Matara: Akuressa (4), Deniyaya (31); 
Ratnapura: Balangoda (2), Eheliyagoda (25), Rakwana 
(3), Ratnapura (1) 

Benitoite 

United States 
California—New Idria: Benitoite Gem 


Charoite 
Russia 
Siberia—Olekminsk: Murun (Chara River) 


Chrome Diopside 
Russia 
Yakutia (Sakha)—Aldan: /nagli 


Feldspar 
Australia 

Northern Territory—Harts Range (3) 
Brazil 

Minas Gerais—Santa Maria de Itabira (3) 


Canada 
Labrador 
Finland 
Lymi—Lappenranta: Yidmaa 


India 


Bihar—Kodarma (68) 
Bihar—Patna (67) 
Kerala—Travancore (69) 
Orissa 


Tamil Nadu—Kangayam-Karur: Karattupalayam , 
Kodanthur, Madiakattupudur, Odanalli (54) 


Tamil Nadu—Madurai (7); Salem (17) 
Madagascar 


Antananarivo—Betafo: Ambohimanambola, 
Anjanabonoina (2); Faratsiho (44) 


Fianarantsoa—Ambositra (16) 
Mahajanga—Kandreho (41) 
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Reference 


R. Wegner and 0. Moura (pers. 
comm., 2000) 


Koivula et al. (1993a) 


S. Fernandes (pers. comm., 1999) 


Barot et al. (1995) 


Kammerling et al. (1995a), 
Laurs (2000) 


Pezzotta (1999) 


Hughes (1997) 


Y. Shelementiev (pers. comm., 
1999) 

Dissanayake and Rupasinghe 
1993), Milisenda and Henn (1999) 


Frazier and Frazier (1990a,b), 
Laurs et al. (1997) 


Konev et al. (1993), Evdokimov 
(1995) 


Gadiyatov (1996), Johnson and 
Koivula (1996e), Spiridonov (1998) 
Frazier and Frazier (1993a) 


Brown and Bracewell (1984) 


Cassedanne (1994), Karfunkel 
and Chaves (1994) 


B. Wilson (pers. comm., 1999) 


Frazier and Frazier (1993b), 
Johnson and Koivula (1997a) 


Current mining report... (1998), S. 
Fernandes (pers. comm., 1999) 


Johnson and Koivula (1997c) 


Kammerling et al. (1995b) 


Pezzotta (1999) 


Gem material/locality 


oamasina—Ambatondrazaka (22) 
oliara—ttrongay (43) 

Oliara—Mahabe (47) 

Myanmar 

jandalay—Mogok: Kyatpyin, Kyaukpyatthat (1) 
Russia 

Ural Mountains—Kasil-Kishtim: Potaniha 

Sri Lanka 

Central—Badulla: Haputale, Koslanda (18) 


Southern—Galle: Ambalangoda, Mitiyagoda (24); 
Ratnapura: Balangoda (2), Ratnapura (1) 


Tanzania 

Dodoma—Kondoa (41) 

Kilimanjaro—Same (17) 

Rukwa—Sumbawanga (10) 

United States 
Oregon—Harney: Ponderosa 
Oregon—Lake: Plush 


lolite (Cordierite) 
Brazil 


Paraiba—Nova Palmeira (10) 
Rio Grande do Norte—Parelhas (10) 
Canada 
British Columbia—Selkirk Mountains: Slocan Valley 


India 
Karnataka—Tumkur (35) 


Orissa—Boudh: Kantamal, Manmunda (13); 
Kalahandi: Orhabahal, Urharanga (53); Nawapada: 
Burhapara (63) 


Tamil Nadu—Kangayam—Karur: Bommagoundanur, 
Uthampatty (54); Madurai (7) 


Madagascar 
Antananarivo—Sahatany Valley: /bity (3) 
Toliara—Toliara (49) 
Myanmar 
Mandalay—Mogok (1) 
Russia 
Siberia—Altai Mountains 


Sri Lanka 


Central—Kegalla: Avissawella (9); Kurunegala: 
Kurunegala (21); Nuwara Eliya: Hatton (15); Polon- 
naruwa: Elahera (8) 


Southern—Monaragala: Embilipitiya (19); Ratnapura: 


Ratnapura (1) 


Lapis Lazuli 
Afghanistan 
Badakhshan—Kokcha Valley: Sar-e-Sang (6) 


Chile 
Andes Mountains—Ovalle: Flor de Los Andes, San 
Marcelo, Seguridad (1) 


Myanmar 

Mandalay—Mogok: Dattaw, Kabaing, Thapanbin (1) 
Russia 

Siberia—Lake Baikal: Malobystrinkskoye 
Tajikistan 

Turkistan—Pamir Mountains: Lyadzhvardarinskoye 


Reference 


Weiss (1991) 


Hughes (1997) 


Ostrooumov (1991) 


Harder (1992, 1994), Dissanayake 
and Rupasinghe (1993), Milisenda 
and Henn (1999) 


A. Suleman (pers. comm., 1999) 


Johnston et al. (1991) 


Henn and Bank (1992) 


R. Wegner and 0. Moura (pers. 
comm., 2000) 


Johnson and Koivula (1999a), 
Wight (1999b) 


S. Fernandes (pers. comm., 1999) 


Lefevre and Thomas (1997) 
Pezzotta (1999) 


Hughes (1997) 


Y. Shelementiev (pers. comm., 
1999 

Dissanayake and Rupasinghe 
1993), Milisenda and Henn (1999) 


Bowersox and Chamberlin (1995) 


Ward (1996a), Coenraads and 
Canut de Bon (2000) 


Kammerling et al. (1994b) 
Spiridonov (1998) 


Spiridonov (1998) 


@This chart includes key producing localities of the decade, with references 
to publications in the contemporary literature. The country name is followed 
by the province/state/region, then the district, and finally the 
mine/deposit/occurrence name (in italics). Numbers in parentheses refer to 
locations plotted on the regional maps. Some countries are not shown on 
these maps, and therefore do not have any numbers indicated. 
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Gem material/locality 


Reference 


Gem material/locality 


Reference 


United States 
Colorado—ttalian Mountain: Blue Wrinkle 
Maw Sit Sit 
yanmar 
Kachin—Kansi: Maw-sit (15) 


Red Beryl 
United States 
Utah—Beaver: Wah Wah Mountains 


Rhodochrosite 
Argentina 
Catamarca—Andalgala: Capillitas (1) 


United States 
Colorado—Park: Sweet Home 


Rhodonite 
Canada 
British Columbia 
Northwest Territories 
Russia 
Middle Ural Mountains—Ekaterinburg: Kuaganovo 


Scapolite 
China 
Xinjiang—Kashi 
Myanmar 
Mandalay—Mogok (1) 


Sri Lanka 


Southern—Hambantota: Ambalantota (11); Kalutara: 
Horana (34); Matara: Deniyaya (31); Monaragala: 
Embilipitiya (19); Ratnapura: Balangoda (2), Ratna- 
pura(1) 


Tajikistan 
urkistaa—Pamir Mountains: Kurkurt, Rangkul 
Tanzania 
Dodoma—Dodoma (4) 
Sphene (Titanite) 
Australia 
jorthern Territory—Harts Range (3) 
Canada 
Quebec—Chibougamau 
India 
amil Nadu—Karur: Pattukaranur (54) 
Madagascar 


Antsiranana—Daraina (48) 


Antsiranana—Milanoa (13) 
Myanmar 
Mandalay—Mogok (1) 


Russia 
Ural Mountains—Perm: Saranovskoe 


Sri Lanka 


Central—Polonnaruwa: Elahera (8) 

Southern—Galle: Galle (12); Matara: Akuressa, Mora- 

waka (4); Monaragala: Kataragama (17) 
Spodumene—Kunzite/Hiddenite 
Afghanistan 

Konar—Kantiwa, Vora Desh (2) 

Laghman—Mawi, Nilaw-Kolum (3) 
Brazil 

Minas Gerais—Galiléia: Barra de Cuieté, Urucum (8); 


Johnson and Koivula (1998c) 


Colombo et al. (2000), Hughes et 
al. (2000) 


Aurisicchio et al. (1990), Henn 
and Becker (1995) 


Saadi and Grasso (1992), 
Cassedanne (1998) 


Knox and Lees (1997), Moore et 
al. (1998) 


B. Wilson (pers. comm., 1999) 


Brusnitsyn and Serkov (1996) 


More new finds... (1996) 


Couper (1991), Kammerling et al. 
(1994b), Hughes (1997) 


Dissanayake and Rupasinghe 
(1993), Milisenda and Henn (1999) 


Zolotarev (1993), Kammerling et 
al. (1995f), Skrigitil (1996) 


Barot et al. (1995) 


cColl and Petersen (1990) 
Robinson and Wight (1997) 


S. Fernandes (pers. comm., 1999) 
Pezzotta (1999) 


Johnson and Koivula (1998i), 
Laurs (2000) 


Kammerling et al. (1994b), 
Hughes (1997) 


Hyrs! and Milisenda (1995), 
Kolesar (1997) 


Dissanayake and Rupasinghe 
1993), Milisenda and Henn (1999) 


Bowersox and Chamberlin (1995) 


Proctor (1984, 1985) 


Sri Lanka 


Urupuca River: Urupuca (19) 


Minas Gerais—Conselheiro Pena: Kunzita, 
Resplendor (8) 


Madagascar 
Antananarivo—Betafo (2), llakaka-Sakaraha (23) 
Antananarivo—Sahatany Valley: Antsirabe (3) 
Myanmar 
Mandalay—Mogok (1) 
Sri Lanka 
Southern—Monaragala: Kataragama (17) 
United States 
California—Pala: Stewart 


Sugilite 
South Africa 


Cape—Hotazel: Wessels (7) 


Turquoise 


China 
Hubei—Yungaisi 

Iran 
Nischapur—Kuh-I-Binalud: Maaden 

Mexico 
Sonora—Cananea 

United States 
Arizona—tucson: Bisbee, Courtland, Lone Star, 
Morenci, Silver Bell, Sleeping Beauty, Turquoise 
Mountain 
California—Mohave Desert: Baker, Inyo Mountains 
Colorado—Pueblo: Cripple Creek, King’s Manassa, 
Villa Brove 


Nevada—Battle Mountain: Austin, Cortez, Tenabo; 
Tonopah: Dusty Tim, Lone Mountain, Monte Cristo, 
Montezuma, Royal Blue 

New Mexico—Alamagordo: Jarilla, Lost Mine; 
Cerillos: Chaco Canyon, Mount Chalchihuitl, Turquoise 
Hill Silver City: Burro Mountains, Little Hatchet 
Mountain 


Zircon 
Australia 


New South Wales—New England Range (10) 
Northern Territory—Harts Range (3) 
Queensland—Anakie-Rubyvale (31) 


Cambodia 


Battamberg—Pailin (1) 


Madagascar 


Antananarivo—Antanifotsy (10) 
Fianarantsoa—Fianarantsoa (51) 
Fianarantsoa—llakaka-Sakaraha (23) 
Toliara—Amboasary (14), Betroka (27) 


Myanmar 


Mandalay—Mogok (1) 


Nigeria 


Kaduna—Jemma 


Russia 


Far East—Primorskiy Krai 


Southern Ural Mountains—Chelyabinsk: /Imen 
Mountains and Vishnevie 


Central—Badulla: Haputale (18), Passara (16); 
Kegalla: Avissawella (9); Nuwara Eliya: Hatton (15), 
Nuwara Eliya (22); Polonnaruwa: Elahera (8) 


Southern—Kalutara: Alutgama (10); Matara: Akuressa, 


Morawaka (4); Monaragala: Embilipitiya (19); Ratna- 
pura: Balangoda (2), Pelmadulla (1), Rakwana (3), 
Ratnapura (1 


Tanzania 


Kilimanjaro—Same (17) 
Ruvuma—Tunduru: Muhuwesi River (2) 


Henn et al. (1999b), Pezzotta (1999) 
Lefevre and Thomas (1997) 
Hughes (1997) 

Milisenda and Henn (1999) 


Sinkankas (1997) 


Shigley et al. (1987) 


Liu (1999) 
Giibelin (1999), Meister (1999) 


Sinkankas (1997), Lieber (1999) 
Sinkankas (1997), Lieber (1999) 


F. L. Sutherland (pers. comm., 1999) 
Faulkner and Shigley (1989) 
F. L. Sutherland (pers. comm., 1999) 


Hughes (1997) 
Pezzotta (1999) 


Hanni (1999), Henn et al. (1999b) 


Hlaing (1990a), Hughes (1997) 


C. Arps (pers. comm., 1999) 
Y. Shelementiev (pers. comm., 


Dissanayake and Rupasinghe 
(1993), Milisenda and Henn (1999) 


A. Suleman (pers. comm., 1999) 
H. Krupp (pers. comm., 1999) 
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TABLE 3. Localities for cultured and natural pearls.@ 


Country / Area / 
Body of water 


Mollusk 


Predominant pearl color 


Reference 


Australia 
New South Wales 
Northern Territory 
Queensland 
Western Australia 
Western Australia 


Canada 
British Columbia 


China—Freshwater 
Anhui, Hubei, Jiangxi 


Guangdong 
Guangxi 


Jiangsu 
Zhejiang 


China—Saltwater 


Guangdong (including Hainan 
Island) 


Guangxi 
Zhejiang 
Cook Islands° 


French Polynesia 
Gambier 
Society Islands 


Tuamotu Archilpelago® 
(numerous islands) 


Pinctada maxima (White-lipped 
oyster, gold-lipped oyster) 


P. albina (Arafura pearl oyster) 


Haliotis kamtschatkana (Pinto 
abalone) 


Cristaria plicata (River shell, wrinkle 
shell), Hyriopsis cumingi (Triangle 
shell) 

H. cumingi 

H. cumingi, H. schlegi (Biwa pearly 
mussel) 

C. plicata, H. cumingi 


H. cumingi, H. schlegi 


P. Fucata (Chinese Akoya oyster) 


P. maxima 
P. maculata (Maculated pearl oyster) 
P. margaritifera (Black-lipped oyster) 
P. maxima 


P. margaritifera, var. cumingi (Black- 
lipped oyster) 


» ca 


White, “cream,” “silver,” “golden” 


White 


Green to blue, purple, red 


White, “cream,” yellow, orange, 
pink, purple, green 


White, “cream,” yellow, orange, 
pink, purple, green 


White, “cream,” yellow, pink, blue 


White, “cream” 


Black, gray, blue to green 


» 4 oa 


White, “cream,” “silver,” “golden” 


Black, gray, brown, blue to green, 
purple, yellowish green 


Muller (1999), A. Muller (pers. comm., 2000) 

Van Zuylen (1993), N. Paspaley (pers. comm., 2000) 
Doubilet (1991); A. Muller, N. Paspaley (pers. comm., 2000) 
N. Paspaley (pers. comm., 2000) 

A. Muller (pers. comm., 2000) 


Shirai (1994), Fankboner (1995), Wentzell (1998), Koethe and 
Bell (1999) 


Pearl production in China...(1997), A. Muller (pers. comm., 
2000), Tao (2000) 


Prices stable after years. . (1998) 


Peach (1999), A. Muller (pers. comm., 2000), Scarratt et al. 
(2000) 


Sin (1993), Pearl production in China. ..(1997), Sheung (1999), 
A. Muller (pers. comm., 2000) 


Sheung (1999), A. Muller (pers. comm., 2000), Tao (2000) 


Chinese Akoya industry...(1999) 


Akamatsu (1999), Chinese Akoya industry...(1999), Tao (2000) 
Tao (2000) 

Buscher (1999) 

Sims and Fassler (1994), Buscher (1999) 

Sims and Fassler (1994) 


R. Wan (pers. comm., 2000) 
A. Muller (pers. comm., 2000) 


Goebel and Dirlam (1989); R. Wan (pers. comm., 1999); S. 
Assael, M. Coeroli, A. Muller, C. Rosenthal (pers. comm., 2000) 


The Chinese freshwater cultured pearls 

in this necklace and earrings measure approxi- 
mately 8-9 mm long. Courtesy of Frank 
Mastoloni Sons; photo by Maha Tannous. 


Australia became an important source of South 
Sea cultured pearls during the 1990s. The cul- 
tured pearls in these earrings (above) are from the 
north coast of Australia and measure 12 mm in 
diameter. Designed and manufactured by the 
Stirrups Collection/Paspaley Pearls. 
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Country / Area / 


Body of water Mollusk Predominant pearl color Reference 
Indonesia 
Maluku (several islands) Johnson and Koivula (1997d), Muller (1999), A. Muller (pers. 
P. maxima “Golden,” white, “cream,” “silver” comm., 2000) 


Sulawesi, Sumatra, Sumbawa 


Japan—Freshwater 
Lake Biwa 


Lake Kasumiga 


Japan—Saltwater 
Ehime 
Mie (includes Ago Bay) 


Nansei Shoto (several islands) 


Mexico 
Baja California? 


Baja California? 
Guyamas 


Myanmar 


New Zealand 
Stewart Island 


North America 
Pacific Coast 


Philippines 
Mindanao 
Palawan, Surgao Strait 
Visayan Islands 
South Africa 
United States—Freshwater 
Tennessee 


United States—Saltwater 
Hawaii® 
Vietnam—Freshwater 


Vietnam—Saltwater 


H. schlegeli 


H. cumingi-H. schlegeli hybrid 


P. fucata martensil (Akoya oyster) 


P. margaritifera 


P. maxima 


Pteria sterna (Western winged pearl 
oyster) 


P. mazatlanica (Panamanian pear! oyster) 


P. maxima 


Haliotis iris (Paua, iris, or rainbow 
abalone) 


H. rufescens (Red abalone), H. fulgens 
(Green abalone) 


P. maxima 


Haliotis 


Megalonaias nervosa (Washboard 
mussel 


P. margaritifera 
C. plicata 
P. fucata 


White, “cream,” pink, “silver,” brown, 
orange, gray, blue 


White, “cream,” lavender, pink 


White, “cream,” yellow, gray, blue 


Black, gray, brown, blue to green, purple, 
yellowish green, white 


White, “cream,” “golden,” “silver” 


Black, gray, “silver,” blue to green 


Black, gray, “silver,” blue to green 


“Golden,” white, “cream,” “silver” 


Green to blue, purple, red 


Green to blue, purple, red 


“Golden,” white, “cream” 


Green to blue, purple, red 


White, gray, “silver,” with “rose” or 
blue overtone 


Black, gray, “silver,” blue to green 
White, “cream,” pink 
White, “cream,” yellow, pink, 


Muller (1999), A. Muller (pers. comm., 2000) 


Shirai (1994) 


C. Gregory (pers. comm., 2000) 
Akamatsu (1999) 
A. Muller (pers. comm., 2000) 


Shirai (1994), S. Akamatsu (pers. comm., 1999), A. Muller (pers. 
comm., 2000) 


A. Muller (pers. comm., 2000) 


A. Muller (pers. comm., 2000) 


Hurwit (2000) 


Crowningshield (1991), Carifio and Monteforte (1995) 
M. Goebel (pers. comm., 2000) 


Tun (1999), Themelis (2000) 


Wentzell (1998), McKenzie (1999) 


Hurwit (1993, 1994), Fankboner (1995), Koethe and Bell (1999) 


uller (1999) 

Shirai (1994) 

D. Fiske (pers. comm., 1999) 
Doumenge et al (1991) 


Fankboner (1995) 


Latendresse (1999) 


Walther (1997) 
Bosshart et al. (1993) 
Vietnam produces Akoya (1999) 


®A more detailed version of this table is available at the Gems & Gemology data depository on the Web site www.gia.edu/ganadg. 
bindicates areas that reemerged in the 1990s after declining earlier in the 20th century due to overharvesting and/or environmental degradation. 
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GEMSTONE ENHANCEMENT 
AND DETECTION IN THE 1990S 


By Shane F. McClure and Christopher P. Smith 


Gemstone enhancements and their disclosure 
became the most important gemological issue 
for the jewelry trade in the 1990s. Growing 
public awareness of treatments and the greater 
use of sophisticated technology to enhance the 
color and/or apparent clarity of gem materials 
brought to the forefront the need to maintain 
(or in some cases regain) the consumer confi- 
dence that is so vital to this industry. The 
treatments with the greatest impact were 
those that affected the gems that were com- 
mercially most important: heat and diffusion 
treatment of ruby and sapphire, “oiling” of 
emeralds, and fracture filling of diamonds. At 
the end of the decade, the decolorization of 
diamonds by high pressure and high tempera- 
ture posed one of the greatest identification 
challenges ever faced by gemologists world- 
wide. Yet most other gem materials were also 
subjected to enhancements—ranging from tra- 
ditional processes as with quench-crackled 
quartz to novel “impregnation” techniques 
such as the Zachery treatment of turquoise. 
This article discusses the treatments that were 
new or prominent during the ‘90s and suggests 
methods for their detection. 
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t the time the previous retrospective article on 

gemstone enhancements was published by 

Kammerling et al. (1990a), enhancement disclo- 
sure was a concern of the jewelry industry, but it was still 
not a major international focal point. Since then, the issue of 
disclosure has caused a major upheaval throughout the 
trade, which has extended to all areas of the jewelry busi- 
ness, including diamonds (figure 1). In some cases, treat- 
ment disclosure—or the lack of it—has severely damaged 
the sale of certain gem materials by eroding the confidence 
of the consuming public in those gems. When consumers 
feel—rightly or wrongly—that a product is not being repre- 
sented honestly, they are likely to stop buying that product. 

One of the most drastic of these situations in the 1990s 
concerned emeralds. As a result of several events during the 
decade, consumers became aware that emeralds are routine- 
ly fracture filled, a fact that retailers typically were not dis- 
closing. This new awareness coupled with the general lack 
of disclosure caused the public to feel that there must be 
something wrong with emeralds and they stopped buying 
them, creating a precipitous drop in the sale and value of 
these stones (see, e.g., Shigley et al., 2000a). 

This is just one example of events throughout the ‘90s 
that made the subject of treatments—what they involve, 
how they can be identified, and how they should be dis- 
closed—the most discussed gemological issue of the decade. 
Many questions about treatment disclosure are still being 
debated industry wide, and the answers are usually very 
complex. For this reason, this article will not seek to address 
the many ethical issues that haunt the trade. Rather, we 
will describe those gem treatments or enhancements that 
were first reported on or commonly performed during the 
last decade, and what can be done to detect them. 

It is important to recognize that, for some of these 
enhancements, the detection methods needed have pro- 
gressed far beyond the ability of most gemologists working 
in the trade, primarily because the instrumentation required 
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is often very sophisticated and expensive. We hope 
that this article will provide sufficient information 
to help a gemologist recognize when a stone may 
have been enhanced by such a method, so that he or 
she can determine whether it should be sent to a 
laboratory that has the necessary equipment. 


THERMAL ENHANCEMENT 


Thermal enhancement, or heat treatment, continues 
to be the most common type of treatment used for 
gems. Heat-treated stones are stable, and the result 
is permanent under normal conditions of wear and 
care. Heat treatment can be identified in some gem 
materials by routine gemological testing, and in oth- 
ers only by the use of advanced laboratory instru- 
mentation and techniques. In still other gems, heat 
treatment is not identifiable by any currently known 
method. By the 1980s, virtually every gem species 
and variety known had been heated experimentally 
to determine if its appearance could be favorably 
altered. Many of the methods used both then and 
now are crude by modern standards, yet they can be 
very effective. During the 1990s, applications of, or 
improvements in, previously known technologies 
resulted in new commercial treatments. Perhaps the 
most important of these is the use of high pressure 
and high temperature (HPHT) to remove color in 
some brown diamonds and produce a yellow to yel- 
lowish green hue in others. These advances had a 
significant impact on the jewelry industry, some 
requiring the investment of enormous amounts of 
time and money to develop identification criteria. 
Many gemstones—such as tanzanite, aquama- 
rine, blue zircon, citrine, and the like—have been 
subjected to heat treatment routinely for several 
decades. Not only has the treatment of these stones 
become the rule rather than the exception, but in 
most cases there is no way to identify conclusively 
that the gem has been treated. Therefore, heat treat- 
ment of these stones will not be discussed here. 


Ruby and Sapphire. As was the case in the preced- 
ing decade, the heat treatment of corundum 
remained a serious issue for the colored stone indus- 
try around the world. This treatment was applied to 
the vast majority of rubies and sapphires (figure 2) 
during the ‘90s to: (1) remove or generate color, (2) 
improve transparency by dissolving rutile inclu- 
sions, and/or (3) partially “heal” (i.e., close by the 
recrystallization of corundum) or fill surface-reach- 
ing fractures or fill surface cavities. 

The primary concern that surrounded this 
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Figure 1. Gemstone enhancement and its disclo- 
sure became a critical issue in the 1990s, affecting 
not only rubies (here, 6.38 ct), emeralds (4.81 ct), 
and sapphires (6.70 ct), but colorless diamonds 
(5.05 ct) as well. Photo by Shane F. McClure. 


enhancement was not the heat treatment itself, but 
the mostly amorphous substances that were left 
behind by the heating process in rubies (such features 
rarely have been encountered in sapphires). The dis- 
closure that such substances were present in fractures 
and surface depressions caused a great deal of contro- 
versy in the industry, which contributed to the signif- 
icant drop in price of heat-treated rubies in the latter 
half of the decade (see, e.g., Peretti et al., 1995; Shigley 
et al., 2000a). Many in the industry felt that this mate- 
rial was only a by-product of the heating process 
(Robinson, 1995), while others felt that it was put 
there intentionally (Emmett, 1999). Still others main- 
tained that if fractures were being partially healed by 
this process, they were being healed with synthetic 
ruby (Chalain, 1995). Back-scattered electron images 
showed recrystallized corundum on the surface of one 
heat-treated ruby (Johnson and McClure, 2000). 
Although the material within the fractures was typi- 
cally an artificial glass or similar substance, it was 
also found that natural inclusions could melt during 
the heat treatment and leave behind similar residual 
by-products (see, e.g., Emmett, 1999). 
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This debate was fueled primarily by the discov- 
ery of large quantities of ruby near the town of 
Mong Hsu in the upper Shan State of Myanmar 
(formerly Burma). Virtually all of this material had 
to be heated to improve its quality, either by 
removing the blue “cores” that typically occur 
down the center of the crystals or by filling or par- 
tially healing the many fractures (see, e.g., Peretti 
et al., 1995]. The fluxes used during the heat-treat- 
ment process melt, flow into surface-reaching frac- 
tures and cavities, and subsequently re-solidify on 
cooling as an amorphous, vitreous solid (i.e., a 
glass). Because the fluxes can dissolve solid materi- 
al in the fractures or even part of the corundum 
itself, the treatment process also may result in the 
formation of polycrystalline and/or single-crystal 
material in the fissure (see, e.g., Emmett, 1999). 
Currently, researchers and other gemologists are 
investigating the nature of the materials left behind 
after the heating process in Mong Hsu ruby. It is 
important to note, however, that heat-treated 
rubies from any locality (including Mogok) could 
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Figure 2. The vast 
majority of rubies 
and sapphires are 
now routinely heat- 
treated. The color or 
clarity (or both) can 
be improved in many 
different types of 
corundum by this 
process. Photo by 
Shane F. McClure. 


contain these materials. In fact, the filling of sur- 
face-reaching pits, cavities, and fractures with 
“glassy” solids was first identified in ruby from 
Mogok and various deposits in Thailand during the 
early 1980s (Kane, 1984]. 

As the decade began, glassy materials were seen 
less frequently at the surface of heat-treated rubies, 
where they appeared as areas of lower surface luster 
in fractures and cavities. Recognizing that this was 
the evidence many laboratories used to detect such 
fillings, heat treaters and others in the trade began 
to routinely immerse the rubies in hydrofluoric acid 
to remove the surface material (figure 3). Conse- 
quently, gemologists had to focus more on the 
material that was still present in the fractures 
within the interior of the stone, which is much 
more difficult (if not impossible) to remove with 
acids. Note that the amount of residual glassy 
material left in partially healed or filled fractures is 
typically minuscule. 

At the beginning of this decade, gemological lab- 
oratories had vastly different policies (see below) 
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concerning the nomenclature used to disclose these 
substances, which included “glass,” “glassy,” “glass- 
like,” or “a solid foreign substance.” In 1995, the 
Asian Institute of Gemmological Sciences in 
Bangkok became the first laboratory to introduce a 
system to denote the amount of this material that 
was present in a particular ruby. At the same time, 
they introduced the term residue to denote this sub- 
stance (Johnson, 1996a). Their system described the 
presence of residue as minor, moderate, or signifi- 
cant. Most internationally recognized laboratories 
have since adopted similar terminology. 

In fact, during this period, discussions took place 
in the trade and among laboratories specifically to 
address these nomenclature issues. Nevertheless, it 
will be very difficult for all international gemologi- 
cal laboratories to reach a consensus on how to pre- 
sent or describe this form of treatment, because dif- 
ferent regions of the world have quite differing 
views on the subject. In the U.S., the trade demands 
more open disclosure because of legal concerns (see, 
e.g., Weldon, 1999a). On the opposite side of the 
spectrum are Southeast Asia and the Far East, 
where the trade typically wants little disclosure 
(see, e.g., Hughes and Galibert, 1998). Between these 
two is Europe, which traditionally follows the rules 
and regulations set out by CIBJO (International 
Confederation of Jewellery, Silverware, Diamonds, 
Pearls and Stones [see Editions 1991 and 1997]). 

All of these factors served to confuse people in the 
trade and consumers alike. They not only contribut- 
ed to a dramatic decrease in the price of heated 
rubies, but they also created greater demand for non- 
heated rubies and sapphires by the end of the decade. 

Besides the continuation of the heating practices 
described in the previous retrospective article 
(Kammerling et al., 1990a), there were some signifi- 
cant new developments during the 1990s relating to 
the heat treatment of sapphire as well as ruby. First, 
equipment became increasingly more advanced. In 
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addition to the more sophisticated control of tem- 
perature and atmosphere, some electric furnaces 
were also equipped for elevated pressure (Karl 
Schmetzer, pers. comm., 2000). Such advanced 
techniques led to the successful heat treatment of 
blue sapphires from Mogok, which was previously 
not commonplace (Kenneth Siu, pers. comm., 
1997). 

Heat treatment alters many of the properties and 
internal characteristics of rubies and sapphires. For 
those laboratories that provide locality-of-origin deter- 
minations, such modifications—coupled with the 
greater number of corundum sources found during the 
decade—only added to the complexity of determining 
the geographic origin of a ruby or sapphire (see, e.g., 
Schwarz et al., 1996). However, a number of articles 
did address the techniques used and the effects of heat 
treatment on sapphires from localities such as 
Kashmir (Schwieger, 1990), Sri Lanka (Ediriweera and 
Perera, 1991; Pemadasa and Danapala, 1994), Mon- 
tana (Emmett and Douthit, 1993), Australia 
(Themelis, 1995), and Mogok (Kyi et al., 1999). 

Proving that a stone has not been heat treated is 
often no simple matter, and it may require a signifi- 
cant amount of experience. Little new information 
was published in the ‘90s concerning the identifica- 
tion of this treatment in corundum. The criteria of 
the ‘80s, most of which require the use of a micro- 
scope, still apply. These include spotty coloration, 
cottonball-like inclusions, broken or altered rutile 
silk, internal stress fractures around solid inclusions, 
altered mineral inclusions, and chalky bluish to 
greenish white fluorescence to short-wave ultravio- 
let radiation (see, e.g., Kammerling et al., 1990a). It 
has been suggested that enhancement can be effect- 
ed in some rubies and sapphires by heating them at 
lower temperatures, which might not produce the 
evidence normally seen in heat-treated corundum 
(John Emmett, pers. comm., 2000). This would make 
identification of the treatment even more difficult. 


Figure 3. Rubies that have been 
fracture filled with a glassy sub- 
stance can be detected by the lower 
luster in reflected light of the glassy 
material within the fractures (left). 
In the mid-‘90s it became common 
for treaters or dealers to immerse 
these stones in hydrofluoric acid to 
remove this surface evidence (right). 
Photomicrographs by Shane F. 
McClure; magnified 40x. 
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Figure 4. The color enhancement of diamond 
moved to the forefront late in the decade, when 
it was learned that new high pressure/high tem- 

perature techniques had been developed that 

could turn brown type Ila diamonds colorless 
and turn brown type Ia diamonds, similar to the 
rough diamonds shown here, yellow-green 
(inset, 4.45 ct). Photo by Shane F. McClure; 
inset photo by Maha Tannous. 


Diamond. The close of the decade witnessed a dra- 
matic new development in thermal enhancement. 
Beginning in approximately 1996, intense yellow to 
greenish yellow to yellowish green type Ia diamonds 
began to enter the international diamond market 
(see, e.g., Reinitz and Moses, 1997b). Soon thereafter 
it became known that the color in these diamonds, 
which were primarily thought to have originated in 
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Russia, had been produced in type Ia 
diamonds by high pressure/high tem- 
perature annealing techniques (figure 4). 

On March 1, 1999, Lazare Kaplan International 
subsidiary Pegasus Overseas Limited announced 
that they planned to market diamonds that the 
General Electric Company (GE) had enhanced by a 
proprietary new process (Rapnet, 1999). GE scien- 
tists soon confirmed that they were using HPHT 
annealing to remove color from type Ila brown dia- 
monds (figure 5; see box A of Moses et al., 1999). 
This development sent a shockwave throughout the 
international diamond industry (see, e.g., Barnard, 
1999; Weldon, 1999b,c). Gemological and research 
laboratories around the world soon began the task of 
developing a means to detect these HPHT-enhanced 
diamonds (see, e.g., Moses et al., 1999; Chalain et al., 
1999, 2000). Currently, several characteristics have 
been identified that may indicate if a diamond has 
been exposed to HPHT conditions. Unfortunately, 
most are not within the scope of techniques avail- 
able to the average gemologist, because they depend 
heavily on absorption and/or photoluminescence 
spectral features present at low temperatures (see, 
e.g., Fisher and Spits, 2000; Reinitz et al., 2000b; 
Smith et al., 2000). Nevertheless, the process may 
produce some indications that are visible with a 
microscope. These relate primarily to damage 
caused by the extreme conditions of the treatment, 
such as etched or frosted naturals, or fractures that 
are partially frosted or graphitized where they come 
to the surface (figure 6). It must be emphasized that 
these are indications only, and they may be difficult 
to recognize for all but the most experienced 
observers. 

By the end of the decade, a number of different 
groups in various countries were modifying the 
color of diamonds by exposure to HPHT conditions 
(see, e.g., Moses and Reinitz, 1999). The majority of 
these stones are the yellow to yellowish green type 
Ia diamonds, but more than 2,000 “decolorized” 
type Ila diamonds had been seen in the GIA Gem 


Figure 5. This 0.84 ct piece of type 
Ila diamond rough was HPHT 
annealed by General Electric for 


ea GIA researchers. The original dark 
a & (approximately equivalent to Fancy) 

_ eo brown material (left) was changed 

ek’ to approximately “G” color (right) 


after being subjected to the process. 
Photos by Elizabeth Schrader. 
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Trade Laboratory by the end of 2000. Most recently, 
HPHT-processed pink type Ila diamonds and even a 
limited number of blue type IIb diamonds have 
appeared (Hall and Moses, 2.000). 


Tourmaline. The 1989 discovery of elbaite tourma- 
line in Brazil’s Paraiba State revealed colors that had 
never before been seen in this gem species. It was 
soon determined that exposure to high tempera- 
tures could produce a vivid blue or green hue in 
some crystals from this deposit; the “emerald” 
green was not known to occur naturally (Fritsch et 
al., 1990). The heat treatment of these tourmalines 
(commonly referred to as “Paraiba” tourmaline) 
continued throughout the 1990s, even though finds 
of this material declined as the decade progressed. 
Other types of tourmaline from various countries 
also continued to be heat treated during the 1990s. 
However, as with the Paraiba material, such treat- 
ment cannot be identified in these tourmalines by 
standard gemological methods. 


Topaz. Pink topaz continues to be produced by 
exposing brownish yellow to orange “Imperial” 
topaz from Brazil to elevated temperatures (figure 
7). This color does occur naturally in topaz from a 
number of localities, including Brazil. 

The most recent report on the mining and heat 
treatment of Imperial topaz was done by Sauer et al. 
(1996). This article described a possible new test for 
detecting heat treatment in topaz. The limited num- 
ber of heated stones in this study showed a distinct 
change in short-wave UV fluorescence from a very 
weak to moderate chalky yellow-green in the 
untreated stones to a generally stronger yellowish or 
greenish white in the treated stones. As the authors 
noted, more research is needed to determine the reli- 
ability of this test. 


Zoisite. Most people in the trade are now familiar 
with the fact that the color of the vast majority of 
tanzanite in the market is the result of the heat 
treatment of brown zoisite. In 1991, however, trans- 
parent green zoisite was discovered. Although the 
finds to date have been relatively small and sporadic 
at best, limited experimentation showed that only a 
small percentage of this material responded to heat 
treatment, changing from the original bluish green 
through brownish green to a greenish blue. Barot 
and Boehm (1992) suggested that green zoisite was 
not routinely being heated because of the rarity of 
this material. 
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Figure 6. This fracture in an HPHT-annealed 
yellow-green diamond has partially graphitized, 
which is an indication that the stone has been 
subjected to high pressure/high temperature 
conditions. However, the presence of graphitiza- 
tion should not be construed as proof of treat- 
ment. Photomicrograph by Shane F. McClure; 
magnified 31x. 


As is the case with many other materials, at this 
time heat treatment in zoisite is not detectable in 
most cases. 


Amber. Several reports in the ‘90s described a kind 
of surface-enhanced amber, where a dark brown 
layer of color is generated at a shallow depth by 
exposing the amber to controlled heating, up to 


Figure 7. Heat treatment of brownish yellow to 
orange Imperial topaz from Brazil changes the 
color of the material to pink, such as the piece 
shown here on the lower left. The larger crystal 
weighs 115.0 ct. Photo by Maha Tannous. 
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Figure 8. This heat-treated amber bead has been 
ground down on opposite sides to show that the 
color imparted by the treatment is confined to a 
thin surface layer. The dark brown hue fades on 
prolonged exposure to light. Photomicrograph 
by Shane F. McClure; magnified 10x. 


approximately 220°C (Crowningshield, 1993; 
Hutchins and Brown, 1996; Safar and Sturman, 
1998). In many cases, the interior of this material is 
left almost colorless (figure 8). With prolonged expo- 
sure to light, however, the dark surface layer proved 
to be unstable, fading to a much lighter tone. 

This treated amber can be recognized by a dull, 
chalky green fluorescence to long-wave UV, rather 
than the stronger orange fluorescence of untreated 
material, as well as by the presence of numerous 
tiny gas bubbles in swirling clouds just below the 
surface of the stone. 


Other Gem Materials. It seems that people in our 
trade have a fascination with exposing gemstones to 
heat, just to see what happens. Some examples of 
this reported during the past decade include chang- 
ing the color of blue benitoite to orange (Laurs et al., 
1997), yellow chalcedony to carnelian (Brown et al., 
1991), and rhodolite garnet to a more brownish 
color with a metallic oxide coating (Johnson and 
Koivula, 1997a). 


DIFFUSION TREATMENT 

Corundum. At the beginning of this decade, the 
trade witnessed a dramatic resurgence in diffusion- 
treated blue sapphire (e.g., Kane et al., 1990; Hargett, 
1991). This resurgence was attributed to a new tech- 
nique that allowed for a much deeper penetration of 
the diffused color, which came to be known as “deep 
diffusion” in the trade. For a time, these stones 
seemed to have a certain degree of trade acceptance, 
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and large diffusion-treated sapphires—some exceed- 
ing 20 ct—were produced (e.g., Koivula and 
Kammerling, 1991b). By the mid-‘90s, however, 
interest in this material had declined dramatically 
(Koivula et al., 1994). We believe that, for the most 
part, these stones were being marketed and disclosed 
properly, although there were several incidents of 
diffusion-treated sapphires being “salted” in parcels 
of natural-color blue sapphires (Brown and Beattie, 
1991; Koivula et al., 1992d). 

Identification of this material is best accom- 
plished by immersing it in methylene iodide. 
Diffusion treatment in sapphires is characterized 
by color concentrations along facet junctions, 
patchy surface coloration, and higher relief in 
immersion when compared to an untreated stone 
(Kane et al., 1990). It was recently reported that 
some diffused sapphires do not show the character- 
istic concentrations along facet junctions, which 
are caused by the stones being repolished after 
treatment (Emmett, 1999). This was attributed to 
the possible use of a molten titanium-bearing flux 
instead of a powder, which could eliminate the 
need for repolishing. Such stones can still be identi- 
fied by the “bleeding” of color into surface-reaching 
features such as “fingerprints,” fractures, and cavi- 
ties, or by their characteristic higher relief in 
immersion. 

The most significant new development in diffu- 
sion treatment during the decade was the introduc- 
tion of red diffusion-treated sapphire (often called 
diffusion-treated ruby), as described by McClure et 
al. (1993). This type of diffusion treatment never 
seemed to gain wide usage, probably because of the 
difficulties inherent in diffusing chromium into the 
surface of corundum. These difficulties result in a 
very shallow surface layer of color, as well as in 
some unwanted colors such as purple and orange 
(Koivula and Kammerling, 1991f,g, McClure et al., 
1993; Hurwit, 1998]. One of the authors (CPS) was 
informed that when this material first came out, 
several prominent ruby dealers in Bangkok paid 
very high prices for diffusion-treated “rubies” that 
were represented as heated only. 

Diffusion-treated “rubies” can be identified read- 
ily by their patchy or uneven surface coloration, 
color concentrations along facet junctions, relative- 
ly high relief in immersion (figure 9), very high sur- 
face concentrations of chromium, very high refrac- 
tive index, patchy bluish white to yellowish white 
short-wave UV fluorescence, and atypical dichroism 
(see, e.g., McClure et al., 1993). 
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Figure 9. Immersion 
in methylene iodide 
reveals the patchy 
surface coloration, 
color concentrations 
along facet junctions, 
and high relief (when 
compared to untreat- 
ed stones) of these 
red diffusion-treated 
sapphires. Photo by 
Shane F. McClure. 


Occasionally encountered were corundums that 
owed their asterism, as well as their coloration, to 
diffusion treatment (e.g., Crowningshield, 1991, 
1995c; Johnson and Koivula, 1996c, 1997c). Even 
colorless synthetic corundum was diffusion treated 
(Koivula et al., 1994, Crowningshield, 1995b; 
Johnson and Koivula, 1998a). 


Topaz. We first encountered what was being repre- 
sented as “diffusion treated” topaz in 1997 (Johnson 
and Koivula, 1998d). However, it is still not clear if 
the cobalt-rich powders employed during the 
enhancement process actually diffuse into the lat- 
tice of the topaz. Nevertheless, the green-to-blue 
colors of this material (figure 10) are quite different 
from the orange, pink, or red hues we have seen in 
topaz colored by a surface coating (Johnson and 
Koivula, 1998d; Hodgkinson, 1998; Underwood and 
Hughes, 1999). The “diffusion treated” material is 
easily identified by its spotty surface coloration. 
The colored layer is as hard as topaz and is so thin 
that no depth was visible in a prepared cross-sec- 
tion, even at 210x magnification (Johnson and 
Koivula, 1998d). 


IRRADIATION 


In the 1980s, experimental and commercial irradia- 
tion played a significant role in the arena of gem- 
stone treatment (Kammerling et al., 1990a). During 
the following decade, however, the role of irradiation 
diminished considerably when compared to other 
forms of enhancement. In the 1990s, very few new 
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types of artificially irradiated gems appeared on the 
market, although there were a number of changes or 
improvements made to the methods used with some 
already well-known irradiated gems, such as blue 
topaz (Fournier, 1988; Skold et al., 1995). During this 
decade, gemologists and gem laboratories continued 
to see irradiated gem materials, but very little of 
what they saw was actually new. 


Figure 10. “Diffusion treated” green-to-blue 
topaz (here, 4.50—5.86 ct) was first seen in the 
late 1990s. While it has not yet been proved ade- 
quately that the color is actually diffused into 
these stones, the extremely shallow color layer is 
as hard as topaz. Photo by Maha Tannous. 
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Figure 11. The red color in this 0.55 ct synthetic 
diamond was produced by irradiation and sub- 
sequent annealing. Photo by Robert Weldon. 


Likewise, there was little progress in detection 
methods. For many gems, no test or series of tests, 
destructive or nondestructive, is currently available to 
establish whether they have been subjected to irradia- 
tion. Unless the technique used produces a visually 
distinctive pattern in a treated stone, such as the 
“umbrella effect’ seen around the culet of a cyclotron- 
treated diamond, the use of irradiation to improve a 
gemstone’s color still can be difficult or impossible to 
detect gemologically. For example, although treaters 
have used irradiation to produce intense pink-to-red 
colors in near-colorless to light pink tourmaline for 
many years, this well-known form of color enhance- 
ment is still not detectable. This is also the case for 
blue topaz, as well as for many other gem materials 
that are routinely irradiated. 

Yet another factor to consider in the detection of 
any suspected means of treatment, including irradia- 
tion, is economics. While it may be economically 
feasible and even imperative to attempt to detect irra- 
diation-induced color enhancement in a fashioned 
green diamond, the same is usually not the case with 
respect to smoky quartz or blue topaz. The low value 
of the starting materials, and the limited potential 
gain in value of those materials after color enhance- 
ment, does not warrant a significant expenditure in 
laboratory time to attempt to detect the treatment. 
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Radioactivity is a word that stirs particularly 
strong emotions in the public at large. This is pri- 
marily due to a widespread lack of understanding 
concerning the various forms of irradiation and their 
short-lived or long-lasting effects. If there is anything 
that generates press quickly, it’s the detection of 
residual radioactivity in an irradiated gem and the 
potential threat to health it suggests. Diamond, 
ruby, chrysoberyl, spodumene, and topaz are a few of 
the gem materials that have shown residual radioac- 
tivity after color enhancement by irradiation. 


Diamond. Irradiation to improve or induce color in 
diamond is generally performed on faceted stones, 
because usually the need for color improvement can 
be determined accurately only after a stone has been 
cut. However, rough diamonds are also occasionally 
irradiated. A 13.12 ct treated-color yellow rough dia- 
mond was reported late in the decade (Reinitz, 1999). 
Treatment of rough is a highly questionable practice, 
since such material is often misrepresented. The fact 
that some treatment methods produce only a shal- 
low layer of color that can be removed easily on 
faceting strongly suggests that the treatment is only 
done to deceive. 

Unfortunately, most radiation-induced color pat- 
terns in faceted diamonds, such as those produced 
by electron bombardment, are subtle and difficult to 
detect. Careful inspection with a gemological 
microscope, however, may show color zoning that 
is directly related to the facet shape of the diamond 
(Fritsch and Shigley, 1989). Artificially irradiated 
diamonds that show subtle but diagnostic forms of 
color zoning in blue to green (Hargett, 1990; 
Hurwit, 1993; Moses and Gelb, 1998) and reddish 
purple (Reinitz and Moses, 1998) were encountered 
regularly throughout the 1990s. Diffuse transmitted 
light is useful in the detection of treatment in these 
stones if the light can be directed through the dia- 
mond. To facilitate light transmission, total or par- 
tial immersion of the diamond in methylene iodide 
is often helpful. 

A number of treated pink to purplish pink dia- 
monds encountered in the ‘90s (Crowningshield 
and Reinitz, 1995; King et al., 1996) did not show 
color zoning that could be related to irradiation. 
In such cases, both the diamond’s reaction to UV 
radiation (bright, chalky orange to both long- and 
short-wave) and its spectrum (sharp absorption lines 
at 595, 617, and 658 nm) are distinctive of treat- 
ment. Although irradiation-produced pink in dia- 
monds was previously rare and usually accidental 
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(Kammerling et al., 1990a), significant quantities of 
laboratory-irradiated pink diamonds (typically melee- 
size) appeared on the market in the latter half of 
the decade. 

Also encountered in the 1990s were diamonds 
irradiated to such a dark green that they appeared 
essentially opaque and black in all jewelry appli- 
cations. These diamonds are identified by the fact 
that they are dark green instead of the dark gray of 
natural black diamonds, which is caused by inclu- 
sions (Kammerling et al., 1990b]). Some of these 
“black” stones are treated in a nuclear reactor, 
which can result in residual radioactivity. One 
such treated diamond examined in the GIA labo- 
ratory was sufficiently radioactive to render it 
unlawful to sell for almost 37 years (Reinitz and 
Ashbaugh, 1992). Another report on “black” irra- 
diated diamonds stated that the residual radioac- 
tivity was related to metallic polishing residues in 
surface-reaching cracks that became radioactive 
when the stones were irradiated. Prolonged boil- 
ing in acid removed the radioactive residues and 
rendered these treated diamonds safe (Koivula et 
al., 1992h). 

Irradiation and annealing also can change syn- 
thetic diamonds from yellow and brownish yellow 
to red (figure 11—Moses et al., 1993; Kammerling 
and McClure, 1995c). These treated synthetic 
stones do not present significant identification prob- 
lems because they have distinctive spectra (the 
same as for treated pink diamonds mentioned 
above) and all the internal characteristics expected 
of synthetic diamonds. The short-wave UV fluores- 
cence is particularly distinctive, as these treated- 
color red synthetic diamonds almost always show a 
bright green “cross” in the middle of the table with 
orange throughout the rest of the stone (figure 12, 
Moses et al., 1993). 


Ruby. Radioactive rubies were new to the gem trade 
in the 1990s. These stones first appeared on the 
market in Jakarta, Indonesia, and were reported in 
the trade press in mid-1998 (Indonesia: Irradiated 
ruby...,”” 1998). Two of these stones were examined 
by Ken Scarratt at the AGTA Gemological Testing 
Center, who subsequently loaned them to GIA for 
photography and further study (Johnson and 
Koivula, 1998c). The slightly brownish red stones 
closely resembled rubies from East Africa. Both 
showed clear evidence of heat treatment and were 
partially coated with a black crust of unknown ori- 
gin that appeared dark brown along thin edges. 
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Figure 12. A characteristic property of irradiated 
red synthetic diamonds is their short-wave UV 
fluorescence, which typically shows a strong 
green “cross” in the center of the stone sur- 
rounded by weak orange. Photomicrograph by 
John I. Koivula; magnified 15x. 


The isotopes responsible for the residual radioac- 
tivity in these stones were not determined, so we do 
not know just how long the stones would remain 
radioactive. To date, no information has become 
available as to the precise source of these rubies and 
their original starting color. 

These radioactive rubies cannot be recognized by 
any standard gemological means. The only indica- 
tions are their brownish color and the black crust. 
However, these indications are unreliable. For- 
tunately, we know of no further reports of these 
stones in the marketplace. 


Chrysoberyl. Yet another form of radioactive gem 
material appeared in the 1990s. Hundreds of carats 
of cat’s-eye chrysoberyl of an unusual dark brown 
color were sold at gem markets around the world. 
These cat’s-eyes showed a dangerous level of 
radioactivity—50 times greater than that which is 
legally acceptable in the United States—and were 
thought to have been treated in a nuclear facility in 
Indonesia (perhaps the same source as for the 
radioactive rubies described above}. The original 
starting material is believed to have come from 
Orissa, India (Weldon, 1998b). All dark brown cat’s- 
eye chrysoberyls are suspect until they are tested for 
radioactivity by a properly equipped gemological 
laboratory. 
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Figure 13. These two “Ocean Green” irradiated 
topazes (3.00 and 3.13 ct) were originally the 
same color, but after being taped to a south-fac- 
ing window for one day, the stone on the left 
lost almost all of its green component. Photo by 
Maha Tannous. 


Topaz. Large amounts of irradiated blue topaz con- 
tinued to be seen in the international gem market. 
Irradiated green topaz with unstable color (figure 
13) was reported (see, e.g., Koivula et al., 1992f, 
Ashbaugh and Shigley, 1993). It was marketed 
under the trade name Ocean Green Topaz. Because 
the color is produced by irradiation in a nuclear 
reactor, like other reactor-treated gems this green 
topaz has the potential to be radioactive. The color 
ranges from light to medium tones of yellowish 
and brownish green through a more saturated green 
to blue-green. On exposure to one day (or less) of 
sunlight, the green component fades, leaving a typi- 
cal blue topaz color. The relative tone and satura- 
tion remain the same. 

The original starting material is said to have 
come from Sri Lanka. Green topaz has been report- 
ed to occur in nature, but it is very rare. With this in 
mind, any green topaz should be suspected of some 
kind of treatment. 


Quartz. Pale gray cat’s-eye quartz was being irradi- 
ated to a dark brown to enhance the appearance of 
the chatoyancy by having the bright, reflective, 
inclusion-caused “eye” appear against a dark back- 
ground (Koivula et al., 1993a). Also reported was the 
gamma irradiation (followed by heat treatment) of 
colorless quartz to produce colors ranging from 
green through yellow and orange to brown (Pinheiro 
et al., 1999). All of the colors were stable to light. 
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No tests are presently available to detect the treat- 
ment in these stones. 


Beryl. Maxixe beryl, the dark blue beryl that owes 
its color to natural or (usually) artificial irradiation, 
appeared again in the 1990s, in at least one instance 
as a substitute for tanzanite (Reinitz and Moses, 
1997a). Another report reviewed its susceptibility to 
fading (in most cases, dark blue is an unstable color 
in beryl) and the gemological properties used to rec- 
ognize this type of beryl (Wentzell and Reinitz, 
1998). 


DYEING 


Although dyeing is one of the oldest treatments 
known, the 1990s witnessed a number of apparently 
new variations on beryl, corundum, jade, and opal, 
among other gem materials. Especially convincing 
were dyed quartz and quartzite imitations of gems 
such as amethyst and jadeite. At the same time, the 
proliferation of inexpensive cultured pearls brought 
with it a multitude of colors produced by dyes. 


Beryl. In addition to the standard dyeing techniques 
used to enhance pale green beryls to an emerald color 
or colorless beryl to aquamarine (e.g., quench crack- 
ling, or drill holes coated with dye; Koivula et al., 
1992b], the market saw the continued use of green 
oils and the introduction of green Opticon as fracture 
fillers (Koivula and Kammerling, 1991a). Using a 
combination of heat (to increase porosity and thus 
color penetration) and dye, Dominique Robert of 
Switzerland turned massive beryl with intergrown 
quartz into imitations of ornamental materials such 
as charoite and sugilite, as well as turquoise and coral 
(Koivula et al., 1992e}. As is the case with most dyed 
stones, the treatment was readily identifiable by the 
presence of dye concentrations in the fractures. 


Corundum. Although the red staining of quartz that 
has been heated and quenched (“crackled”) to induce 
fissures dates back hundreds of years, for the first 
time gemologists identified corundum in which frac- 
tures had been induced and the pale sapphires then 
dyed a purplish red. These stones were recognized by 
the irregular color distribution and the presence of a 
yellow fluorescence confined to the stained frac- 
tures; they also lacked the red fluorescence and Cr 
lines in the spectroscope that are characteristic of 
ruby (Schmetzer et al., 1992). A similar process was 
also seen in dyed natural star corundum (Schmetzer 
and Schupp, 1994). Dyed red beads examined in the 
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GIA Gem Trade Laboratory responded to a simple 
acetone test; removal of the dye from one bead 
revealed that it originally was a pale green sapphire 
(Crowningshield and Reinitz, 1992). 


Jadeite. Colored substances have been used to fill 
cavities in bleached and impregnated jadeite (John- 
son and McClure, 1997b). These fillers are readily 
visible with a microscope. 

Of particular concern was the identification of 
dye in a green jadeite bangle that did not show the 
typical dye band with the handheld spectroscope 
(Johnson et al., 1997). This piece first aroused suspi- 
cion when the expected absorption bands for 
chromium were not seen in the spectroscope. The 
bangle was of sufficient color that these bands 
should have been present if the color was natural, 
so the piece was examined very carefully with a 
microscope. Fortunately, in this case the dye was 
evident as color concentrations along grain bound- 
aries (figure 14). 


Opal. Because of its porosity, opal has long been 
subjected to enhancements such as the “sugar” 
treatment commonly used on Andamooka material 
to darken the background so the play-of-color is 
more prominent (see, e.g., Brown, 1991). During the 
1990s, however, we also saw opal darkened by silver 
nitrate (similar to the treatment used to produce 
black in pearls). As with the sugar-treated material, 
the silver nitrate treatment is evidenced by the pres- 
ence of dark irregular specks (Koivula et al., 1992). 
In still another process, opal-cemented sandstone is 
soaked in an organic solution and then carbonized 
at temperatures over 500°C to produce an attractive 
carving material (Keeling and Townsend, 1996). 
Particularly interesting was the introduction of dark 
blue enhanced opal, produced by soaking a highly 
porous chalky white hydrophane opal in a mixture 
of potassium ferrocyanide and ferric sulfate (Koivula 
et al., 1992c). This material looks black to the 
unaided eye, but strong transmitted light reveals its 
unnatural dark blue body color. 


Pearls. Numerous examples of black cultured salt- 
water pearls that had been dyed with a silver nitrate 
solution (figure 15) were seen during the ‘90s, 
including some mixed with natural black pearls in a 
fine necklace (DelRe, 1991). The treated pearls were 
first spotted by the lower contrast on the X-ray film 
between the shell bead and the nacre; their chalky 
green appearance to long-wave UV confirmed that 


Enhancement in the 1990s 


Figure 14. Careful microscopic examination 
revealed dye concentrations in this piece of 
jadeite, which did not show the dye spectrum 
typical of this type of material. Photomicro- 
graph by Shane F. McClure; magnified 34x. 


they were dyed. Other indications of silver nitrate 
staining include damage to the nacre layers or, occa- 
sionally, a dimpled surface (Moses, 1994). Of partic- 
ular concern toward the end of the decade was the 
prevalence of dyed “golden” South Sea cultured 
pearls. Unfortunately, the natural or treated origin 
of these pearls often cannot be determined (“Pearl 
treatments...,” 1998). Whereas the colors of dyed 
saltwater pearls are usually fairly limited (black, 
brown, dark green, and “golden”), freshwater cul- 
tured pearls have been dyed in a wide array of hues, 
including “silver,” “bronze,” and bright “pistachio” 


Figure 15. This cultured pearl was turned black 
with a metallic oxide, most likely by the use of a 
silver nitrate solution. Photo by Jennifer Vaccaro. 
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Figure 16. Quartzite dyed green to imitate 
jadeite, as illustrated by these 8 mm beads, was 
commonly seen in the 1990s. Photo by Maha 
Tannous. 


green (Johnson and Koivula, 1999). In many cases 
these dyed pearls can be identified by their unnatu- 
ral color alone, or by the presence of dye concentra- 
tions around drill holes or just under the surface of 
the pearls. 


Quartz. For literally thousands of years, quartz has 
been quench-crackled and dyed to imitate more valu- 
able gem materials such as ruby and emerald. During 
the last decade, we observed for the first time quartz 
beads that had been quench-crackled and dyed to 
imitate amethyst (Reinitz, 1997b). In at least one 
sample, green dye had been mixed with an epoxy 
resin such as Opticon before it was introduced into 
the quench-crackled stone (Koivula et al., 1992)). 

Of particular interest were unusual dyed quartzites 
(a metamorphic rock composed primarily of quartz 
grains) in colors such as purple (to imitate sugilite; 
Reinitz and Johnson, 1998). One of the most convinc- 
ing of such imitations was quartzite dyed to imitate 
jadeite, both lavender (Koivula and Kammerling, 
1991c) and green (figure 16; Kammerling, 1995a). As 
with most dyed gems, though, dye concentrations in 
the fractures and between grains provided a strong 
indication of treatment. 


CLARITY ENHANCEMENT 


The previous retrospective article titled this section 
“Oiling/Fracture Filling.” Since that time, it has 
become commonplace to refer to such treatments as 
clarity enhancement, because that is the objective. 
As mentioned in the introduction to this article, the 
issue of disclosure of clarity enhancement had some 
damaging effects on the trade during the 1990s. In 
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fact, many of these issues have continued into the 
new millennium. 


Diamond. Clarity enhancement of diamonds by 
fracture filling began in the late 1980s, with the first 
comprehensive article on the subject published by 
Koivula et al. (1989). This first article focused on the 
product from Yehuda Diamond Corp., the only 
company performing this treatment at the time. 
Five years later, another comprehensive article 
(Kammerling et al., 1994b) dealt not only with the 
then-current Yehuda product, but also with filled 
diamonds from newer players in this field, especial- 
ly Koss and Goldman-Oved (figure 17). 

Clarity enhancement of diamonds became a seri- 
ous issue when the lack of disclosure by certain 
U.S. retailers led to devastating exposés in the 
national media (see, e.g., “Everyone’s best friend,” 
1993). In particular, two St. Louis jewelers were 
accused of selling filled diamonds without disclos- 
ing the treatment (“Five on your side,” 1993), which 
eventually led to the destruction of their business 
and even the tragic death of one of them (“Rick 
Chotin...,” 1994). 

The key identifying feature for fracture-filled dia- 
monds remains the flash effect: the different colors 
seen when the fracture is viewed at an angle nearly 
parallel to its length, first in darkfield and then in 
brightfield. Colors seen perpendicular to the frac- 
ture are not flash colors and are due to diffraction 
within feathers that most often contain only air. 
The 1994 article by Kammerling et al. showed that 
while the identifying features of filled diamonds 
from the three manufacturers were similar in many 
respects, there were differences in the intensity and 
hue of the flash colors from one product to another; 
however, no flash effect was sufficiently unique to 
identify a particular manufacturer. This was also 
the case with other microscopic features typical of 
filled stones, such as trapped gas bubbles, areas of 
incomplete filling (particularly at the surface}, and 
cloudy fillings. 

A number of other studies concerning clarity 
enhancement of diamonds were published during 
the first half of the 1990s (Scarratt, 1992; Nelson, 
1993, 1994, Sechos, 1994, McClure and Kammerling, 
1995). All were aimed at disseminating the identifi- 
cation criteria for this treatment to as many people 
in the trade as possible. 

Also noteworthy was the discovery that rough 
diamonds were being filled and then shipped to 
Africa to be sold (Even-Zohar, 1992). This obvious 
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attempt to defraud buyers was quickly condemned 
by the diamond industry, and a resolution was 
eventually passed by the combined leadership of the 
International Diamond Manufacturers Association 
and the World Federation of Diamond Bourses that 
prohibited the filling of rough or the selling of filled 
rough (Even-Zohar, 1994). 

Filled fractures were observed in several colors of 
fancy diamonds, including yellow (McClure and 
Kammerling, 1995), pink (Reinitz, 1997a), and 
brown (Sechos, 1995). The yellow-to-orange flash 
effect normally seen in darkfield illumination was 
almost not visible in the yellow diamond, although 
the dark blue brightfield flash color stood out quite 
nicely on the yellow background. The color appear- 
ance of the pink diamond improved as the numer- 
ous large fractures in the stone were made transpar- 
ent by the treatment. 

Variations in the flash effect were reported occa- 
sionally. One diamond showed a vivid blue flash 
color that resembled a dark “navy” blue ink splotch 
(Hargett, 1992a). In some filled diamonds, the flash 
colors are so subtle as to be easily overlooked; in 
such cases, the use of fiber-optic illumination is 
invaluable (Kammerling and McClure, 1993a). 
Conversely, another note reported flash colors that 
were so strong as to appear pleochroic in polarized 
light (Johnson, 1996b). 

Johnson et al. (1995) reported a filling material 
with an unusual chemical composition: It con- 
tained thallium in addition to the more typical trace 
elements found in fillers, Pb and Br. They speculat- 
ed that this might have been one of the earlier filled 
diamonds, as there were rumors that some of the 
first fillers contained thallium. 

Even though much has been published about the 
inability of diamond filler materials to withstand 
heat, gemological laboratories commonly see filled 
diamonds that were damaged during jewelry repair 
procedures. In almost all cases seen to date, the jew- 
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Figure 17. Clarity enhancement 
of diamonds can be very effec- 
tive, as illustrated by these 
before (left) and after (right) 
views of a 0.20 ct diamond that 
was treated by the Goldman- 
Oved Company. Photomicro- 
graphs by Shane F. McClure. 


eler was not told that the stone had been clarity 
enhanced and did not take the time to look at the 
diamond with magnification for the telltale signs. 
Such were the circumstances with a 3.02 ct dia- 
mond that was eye clean before the jeweler started 
repair work on the ring in which it was mounted 
(Hargett, 1992b). The large, eye-visible fractures that 
appeared in the center of the stone when the 
mounting was heated created a difficult situation 
for the jeweler. This scenario has been played out 
many times since then. A later report described 
filler material that actually boiled out of the frac- 
tures and deposited on the surface of the diamond 
in small droplets (Johnson and McClure, 1997a). 


Emerald. There has never been a better example of 
the impact that a gem treatment can have on the 
jewelry business than what occurred with emeralds 
during the last decade. Even though emeralds have 
undergone some sort of clarity enhancement for 
centuries (figure 18), not until the 1990s did this 
treatment and its disclosure become a critical issue 
for the trade. A series of unfortunate events created 
a loss of consumer confidence, particularly in the 
United States, that had a devastating effect on the 
emerald market. Bad press in the form of high-pro- 
file lawsuits, and local and national television 
exposés on programs such as Dateline NBC 
(“Romancing the stone,” 1997], contributed to this 
problem, but they were certainly not the only 
cause. One noted emerald dealer pointed out that 
this lack of consumer confidence started in 1989, 
when a synthetic resin called “palm oil” or “palma” 
became prevalent for fracture filling in Colombia 
(Ringsrud, 1998). He attributed the problem to the 
fact that this substance, which has an RI. of 1.57, 
hides fractures too efficiently and is notoriously 
unstable. He estimated that in approximately 20% 
of the stones treated with “palm oil,” the filler 
would turn white and become translucent in only a 
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few months, so that fractures that had been virtual- 
ly invisible became obvious to the unaided eye. One 
can only speculate as to the potential impact of 
such deterioriation on the consumer, who probably 
was not told the emerald had been filled at the time 
of purchase. 

These and other aspects of the issue were heavi- 
ly debated in the trade press (see, e.g., Bergman, 
1997; Federman, 1998; Schorr, 1998). Three major 
concerns surfaced: (1) what types of fillers were 
being used, (2) how permanent or durable each filler 
was, and (3) how much filler was present in any 
given stone. 

The types of fillers being used for clarity 
enhancement of emeralds have expanded dramati- 
cally during the last decade. Kammerling et al. 
(1991) noted that in addition to traditional fillers 
such as cedarwood oil, treaters had started to use 
epoxy resins, the most popular of these being 
Opticon. This article also mentioned that propri- 
etary filling substances were being developed by 
several other companies (Zvi Yehuda Ltd. of Israel, 
CRI Laboratories of Michigan, and the Kiregawa 
Gemological Laboratory of Japan). 

Since that time, many other fillers have been 
introduced, and the infamous “palm oil” was iden- 
tified as probably being the liquid epoxy resin 
Araldite 6010 (Johnson et al., 1999). Treaters also 
started to use hardened epoxy resins, with the idea 
that they would be more durable than the liquid 
materials, which tended to leak out over time. The 
formulas for these resins are considered proprietary 
and carry names such as Gematrat, Permasafe, and 
Super Tres. 

The durability of the individual fillers remains 
the subject of ongoing research. There is little 
debate as to the nonpermanence of “palm oil” or 
cedarwood oil (see, e.g., Kammerling et al., 1991, 
Federman, 1998; Kiefert et al., 1999). However, 
those who use other fillers have made various 
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Figure 18. Clarity enhancement 
of emeralds has been done for 
centuries, but it became a signif- 
icant issue for the trade in the 
1990s. Many saw the dramatic 
effect this treatment can have on 
an emerald for the first time 
with the publication of photos 
that showed stones before 
enhancement (left) and after 
(right). Photos by Maha Tannous. 


claims regarding their ability to hold up under nor- 
mal conditions of wear and care. In fact, this fea- 
ture has been the focus of marketing efforts by sev- 
eral of the treaters who offer hardened resins 
(Johnson and Koivula, 1997b; Weldon, 1998a; 
“New type of epoxy resin,” 1998; Fritsch et al., 
1999a; Roskin, 1999). 

An interesting development during this debate 
came when many in the industry claimed that a 
desirable feature of a filler would be the ability to 
remove it. Because some of these resins decompose 
and turn white or cloudy with time, dealers recog- 
nized that they eventually would need to be 
removed so that the stones could be retreated. This 
was a valid concern, as attempts to remove these 
unstable fillers often have been unsuccessful 
(Themelis, 1997; Hanni, 1998). 

Also during this decade, a number of laboratories 
maintained that they could comfortably make the 
distinction between specific types of fillers and 
began to offer such a service (see, e.g., Hanni et al., 
1996; Weldon, 1998c; Hanni, 1998, 1999; Kiefert et 
al., 1999). Others believe that while these fillers 
may be separated into broad categories, it can be dif- 
ficult or even impossible to identify mixed fillers or 
stones that have been treated multiple times with 
different fillers (Johnson et al., 1999). 

In light of this debate, many have suggested that 
the amount of filler in a given emerald is perhaps 
more important than the kind of filler used 
(Johnson and Koivula, 1998b; Drucker, 1999). Thus, 
many laboratories offer a service that classifies the 
degree of enhancement. In most cases, the system 
uses four or more classifications, such as none, 
minor, moderate, and significant (see, e.g., 
McClure et al., 1999). 

The criteria used to detect fillers in emeralds 
have been described at length by various 
researchers (see, e.g., Johnson and Koivula, 1998b; 
Hanni, 1999). These criteria primarily consist of 
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flash effects (figure 19), incomplete areas of filling 
or gas bubbles (figure 2.0), and whitish or deteriorated 
filler within the fractures—all of which can be seen 
with magnification. 

Additional information about emerald fillers was 
published throughout the decade. Hughes 
Associates, the manufacturer of Opticon, reported 
that the refractive index of Opticon can range from 
1.545 to 1.560, depending on the amount of harden- 
er added (Koivula et al., 1993b). The chemistry of 
fillers was closely examined to determine if it could 
be an aid in identification (Johnson and 
Muhlmeister, 1999). Unfortunately, the answer was 
no. The new hardened filler Permasafe was charac- 
terized by Fritsch et al. (1999a). Early on, two 
Brazilian dealers reported that some treaters were 
adding a green coloring agent to Opticon (Koivula 
and Kammerling, 1991a), a practice that is not 
acceptable in the trade. 


Other Gem Materials. Of course, it was inevitable 
that clarity enhancement would find its way into 
other gem species. We know of two reported inci- 
dences in the ‘90s: one in alexandrite (Kammer- 
ling and McClure, 1995a), and the other in a 
pyrope-almandine garnet (Kammerling and 
McClure, 1993b). 


IMPREGNATION 


Impregnation of porous gem materials with different 
kinds of polymers to improve their appearance or 
durability has been widespread for many years. The 
1990s saw major developments concerning the use 
of this treatment technique on a number of impor- 
tant gem materials. 


Jadeite. The most significant gem material affected 
by impregnation during the last decade was jadeite. 
The treatment process, which is often referred to as 
“bleaching,” caused such an uproar in the jade 
industry that jadeite sales in Japan fell as much as 
50% over a three-month period in the beginning of 
the decade (“New filler threatens jadeite sales in 
Japan,” 1991). 

“Bleaching” actually involves a two-step pro- 
cess. First the jadeite is immersed in an acid to 
remove the brown iron oxide staining that is so 
common in this material. This staining gives the 
stone a brown coloration that is less desirable and 
therefore detrimental to its value. The result after 
“bleaching” is a color such as pure green or green 
and white. Unfortunately, this process leaves 
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Figure 19. The flash effect is one feature that can 
be used to identify if an emerald has been filled. 
The two most common colors, orange and blue, 
are seen in this stone in a fracture that is other- 
wise almost invisible. Photomicrograph by Maha 
Tannous; magnified 15x. 


behind voids in the structure of the jadeite, which 
make the grain boundaries of the aggregate material 
readily visible, and many fractures may appear. Not 
only do these voids and fractures adversely affect 
the translucency of the gem material, but they also 
can affect the durability of the jadeite, so that it is 
more susceptible to breakage (Fritsch et al., 1992). 

It is because of these adverse effects that the sec- 


Figure 20. Another feature that can help deter- 
mine whether an emerald has been filled is the 
presence of gas bubbles or unfilled areas within 
a very low relief fracture. Photomicrograph by 
Shane F. McClure; magnified 22x. 
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Figure 21. All of these jadeite cabochons have 
been bleached and subsequently impregnated 
with a polymer to improve their appearance. 
The overall result is usually quite effective. 
Photo by Maha Tannous. 


ond step of the process is necessary: The “bleached” 
jadeite is impregnated with a polymer (usually an 
epoxy resin) to fill the voids and return the stone to 
an acceptable translucency (figure 21). This addition 
of a foreign material created the need for a new clas- 
sification of jadeite. The bleached and polymer- 
impregnated material came to be known as “B 
jade.” “A jade” refers to jadeite that has not been 
treated at all, and “C jade” is used for dyed jadeite. 


Figure 22. Structural damage caused by the bleach- 
ing process is clearly seen in this treated jadeite. 
Also visible is a large fracture filled with the 
impregnating polymer. Photomicrograph by Shane 
F. McClure; magnified 30x. 


wa x 
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The origins of this treatment lie somewhere in 
the mid-1980s, and an early report was given by 
Hurwit (1989). The beginning of the ‘90s saw an 
explosion of bleached jadeite on the market. Since 
no in-depth studies had been done on the material 
at that time, there were no procedures in place to 
identify it. Once this became widely known, and 
all jadeite became suspect, the price of jadeite 
plummeted. 

The first comprehensive study on the identifica- 
tion of bleached and impregnated jadeite was pub- 
lished by Fritsch et al. (1992). These researchers 
found that the only conclusive way to detect if a 
piece had been treated was to examine its infrared 
spectrum for the telltale “signature” of the polymer 
filler. Subsequently, a number of other identifica- 
tion methods were described, such as the use of X- 
ray photoelectron spectroscopy (Tan et al., 1995) 
and diffuse reflectance Fourier-transform infrared 
(FTIR) spectroscopy (Quek and Tan, 1997), as well 
as the use of a simple drop of acid (described in 
Fritsch et al., 1992, and elaborated in Hodgkinson, 
1993). Some of these methods were even used to 
identify polystyrene as one of the polymers used 
(Quek and Tan, 1998). However, infrared spec- 
troscopy remains the easiest test to perform, provid- 
ed one has the necessary equipment. By the end of 
the decade, several jadeite dealers had purchased an 
FTIR spectrophotometer so they could personally 
test all the jadeite they handle. 

It was also noted early on that the structural 
damage caused by the bleaching process could be 
seen in reflected light with a microscope (figure 
22—Ou-Yang, 1993; Moses and Reinitz, 1994; 
Johnson and DeGhionno, 1995). This surface tex- 
ture has been referred to as having an etched or 
honeycomb-like appearance, which is a manifesta- 
tion of the gaps or voids left between the individual 
grains in the jadeite structure. Articles were pub- 
lished on the use of a scanning electron microscope 
to study and document this phenomenon so that it 
might be used as an aid in identification (Tay et al., 
1993, 1996). 

Tests conducted on the durability of this materi- 
al found that long-term exposure to detergents 
could damage or remove some of the filler. Also, 
heating at 250°C can turn the treated jadeite brown 
(Johnson and Koivula, 1996b). 

Some particularly unusual examples were 
reported: a bangle bracelet with internal gas bubbles 
generated by the filling of cavities that were created 
when the acid etched out carbonates within the 


GEMS & GEMOLOGY Winter 2000 


Figure 23. These 
turquoise cabochons 
were treated by the 
Zachery process, 
which decreases the 
porosity of the materi- 
al, making it less like- 
ly to discolor with 
time and wear. Photo 
by Maha Tannous. 


jadeite (Koivula, 1999), a necklace that had a mix- 
ture of treated and untreated jadeite beads 
(Kammerling, 1995b), and the first reported instance 
of a bleached and polymer-impregnated lavender 
jadeite (Kammerling et al., 1994a). 

The most important thing for the gemologist to 
remember about this treatment is that it can be 
identified conclusively only by sophisticated means 
such as infrared spectroscopy. There may be some 
indications, such as a yellow fluorescence, low spe- 
cific gravity, or coarse surface texture, but these do 
not prove that a piece of jadeite has been treated. 


Turquoise. Turquoise is notorious for being impreg- 
nated. Because its inherent porosity makes it sub- 
ject to discoloration from wear, treatment is very 
common. As one might expect, impregnation of 
turquoise with plastics (Kammerling, 1994a,b) and 
oils (Koivula et al., 1992g, 1993c) was still prevalent 
in the 1990s. 

The most significant turquoise treatment that 
came to light in the ‘90s may not be an impregnation 
at all. Called Zachery treatment after the man who 
developed it, this process actually was introduced in 
the late 1980s, although the first major study did not 
appear until 1999 (Fritsch et al., 1999b). During this 
decade, millions of carats of Zachery-treated 
turquoise entered the trade (figure 23). 

The process is still a closely guarded secret, so 
exactly how it effects the change in turquoise is not 
completely understood. We do know that Zachery 
treatment reduces the porosity of turquoise, but 
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there is no evidence that it adds any polymers or 
other foreign material. The end result is turquoise 
that does not absorb oils or other liquids during 
wear and therefore does not discolor, as most natu- 
ral turquoise does in time. The turquoise can be 
treated without changing its original color, or the 
color can be darkened, depending on the wishes of 
the client. 

Regardless of the actual enhancement mecha- 
nism, the only way to prove conclusively that an 
individual piece of turquoise has been treated by 
this process is through chemical analysis, since 
Zachery-treated turquoise usually has an elevated 
potassium content. Visual indications of this treat- 
ment include a slightly unnatural color, a very high 
polish, and blue color concentrations along surface- 
reaching fractures (figure 2.4). 


Opal. While there were no new advances in the 
impregnation or “stabilization” of some kinds of 
matrix opal, which has been a common practice for 
many years, there were a few other notable develop- 
ments with regard to opal. 

The hydrophane opal mentioned in the Dyeing 
section, which was treated to resemble Australian 
black opal, was also impregnated with a plasticized 
liquid to seal the porosity and improve the trans- 
parency after the dyeing process (Koivula et al., 
1992c). 

Impregnated synthetic opal appeared on the mar- 
ket during this decade. It is not difficult to identify, 
because the specific gravity (around 1.80—1.90) is 
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. “Gems & Gemology” Acquires an 


Editorial Board 


Becomes “The Journal of the G.LA.” 


“Gems & Gemology” is to have the 
expert advice of a new five-man 
Editorial Board, as approved by the 
G.L.A. Board of Governors at its 
annual meeting, held April 28, 1947. 
The action was taken in the belief 
that such a group could contribute 
much to the interest and authentic- 
ity of the publication by suggesting 
new authors, pointing out subject 
matter that should be included, and 
checking the accuracy of articles. 
Individual editors will be asked to 
examine, prior to publication, manu- 
seripts relating to their own spe- 
cialized fields, as well as assist in 
determining general editorial poli- 
cies. Robert M. Shipley will continue 
as Editor of Gems & Gemology and 
will function as Chairman of the 
new Board. 

Appointed as Associate Editors 
were the following: 

Basil W. Anderson, Director, Pre- 
cious Stone Laboratory of London 
Chamber of Commerce, London, 
England; lecturer on gemology at 
Chelsea Polytechnic, London; mem- 
ber of the G.J.A. Educational 
Advisory Board; author of many 
articles in English and American 
gemological publications. 

Dr. Sydney H. Ball, of Rogers, 
Mayer & Ball, New York, N. Y.; 
geologist and authority on diamonds, 
diamond mining, precious stones; 
prolific author of reports and trea- 
tises; honorary member of G.I.A. 
Educational Advisory Board and 


the Examinations Standards Board; 
member Examining Board. : 


Dr. W. F. Foshag, Curator of 
Minerals, Smithsonian Institution, 
Washington, D.C.; author of Min- 
erals from Earth and Sky, Gems 
and Gem Material and numerous 
mineralogical papers and reports; 
member G.J.A. Educational Advisory 
Board. 

Dr. Edward Guibelin, Lucerne, 
Switzerland; Certified Gemologist; 
founder of the Gemmological Insti- 
tute of Switzerland; first G.I.A. Re- 
search Member; author of’ varied 
reports on original gemological re- 
search; Fellow of the Gemmological 
Association of Great Britain. 


Dr. George Switzer, Washington, 
D. C.; associated with the U.S. Ge- 
ological Survey; former instructor 
in mineralogy, Yale University; and 
former G.I.A. Director of Research. 


Editorial Board members will be 
appointed by the executive commit- 
tee (chairman, vice chairman and 
secretary-treasurer) of the Board of 
Governors, and will serve a. one-year 
term, or until the next annual ses- 
sion of the Board of Governors, sub- 
ject to reappointment. In general 
the Editorial Board will function 
under and in cooperation with the 
Board of Governors, who have ex- 
pressed the desire that Gems & 
Gemology should become increasing- 
ly the “Journal of the Gemological 
Institute of America.” 


Figure 24. Although Zachery treatment can be 
proved only through chemical analysis, the pres- 
ence of color concentrations along fractures in the 
turquoise is a good indication. Photomicrograph 
by Shane F. McClure; magnified 10x. 


too low for untreated material (Kammerling and 
McClure, 1995b; Kammerling et al., 1995; Fritsch, 
1999). However, controversy arose when some in 
the trade objected to the use of the term synthetic 
in association with this material, because it is 
impregnated with plastic. This nomenclature issue 
is still being investigated and discussed. 


SURFACE COATINGS 


Changing the color of gem materials by the use of 
colored surface coatings was a very popular treat- 
ment throughout the 1990s, as it has been for cen- 
turies. We continue to see different kinds of coat- 
ings on various gems, sometimes to imitate more 
valuable stones and sometimes to create a unique 
look not associated with a natural material. 

Plastic remained a popular coating substance. To 
improve transparency and luster, treaters used both 
plastic and wax to coat jadeite (Koivula and Kam- 
merling, 1990b, 19911). Plastic also provided stability 
to fossilized ammonite that was unstable due to nat- 
ural frost shattering in surface deposits (Koivula and 
Kammerling, 1991h). A transparent colored plastic 
coating was used to impart an emerald-like appear- 
ance to beads fashioned from light green beryl 
(Crowningshield, 1995a). The presence of air bubbles 
and abnormal surface irregularities visible with mag- 
nification, as well as reaction to a “hot point,” are 
the best means to identify this type of coating. 
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The surface coating of colorless topaz was wide- 
spread, with different processes being used by the 
end of the decade. Orange, pink, and red material 
(see, e.g., figure 25) showed a spotty surface col- 
oration (detected with low magnification) that was 
easily scratched by a sharp object. Although the pro- 
cess was originally represented as diffusion treat- 
ment, these colors (unlike the green-to-blue surface- 
treated topaz described in the earlier Diffusion 
Treatment section) were probably produced by sput- 
ter coating (Johnson and Koivula, 19984). 

Thin metallic coatings remained popular for 
treating both quartz and topaz, as crystals and as 
faceted stones (figure 26). Microscopic examination 
of gold-coated blue to greenish blue “Aqua 
Aura”—treated samples, which made their debut in 
the late 1980s, revealed unnatural coloration at 
facet junctions and an irregular color distribution on 
some facets (figure 27—Koivula and Kammerling, 
1990a; Kammerling and Koivula, 1992). Durability 
testing of these gemstones showed that even though 
the coating is relatively hard and chemically inert 
(Koivula and Kammerling, 1990a), care must be 
taken to avoid damage during jewelry manufactur- 
ing or repair (Koivula and Kammerling, 1991d). 
New colors and effects were created in coated 
quartz by using different combinations of metallic 
elements. These included purple, yellow, green, and 
red hues created by Au, Bi, Pb, Cr, Ti, and other ele- 
ments (Johnson and Koivula, 1996a), as well as a 
“rainbow” iridescence that was reportedly caused 


Figure 25. These topazes were originally repre- 
sented as being diffusion treated, but they actu- 
ally were coated with a color layer that was eas- 
ily scratched off. The pink stone is 3.19 ct and 
the red one, 3.29 ct. Photo by Maha Tannous. 
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by an Ag/Pt coating (Koivula and Kammerling, 
1990e). A colorless sapphire with a yellowish orange 
coating that was seen in the early 1990s also might 
have been treated by such a process (Moses and 
Reinitz, 1991). 

The demand for certain colors of sapphire led to 
the resurfacing of some “old tricks” in Sri Lanka 
that used organic compounds to create surface coat- 
ings (Koivula and Kammerling, 1991b). Pale or col- 
orless rough was turned yellow by boiling in water 
(sometimes with wax added) that contained the 
branches or bark of a local tree. Some Sri Lankans 
took a similar “low-tech” approach to imitate pink 
sapphire rough: The treater placed the pale or color- 
less sapphire in his mouth along with a local berry, 
chewed the berry to create the pink coating, and fol- 
lowed this by smoking a cigarette (which reportedly 
improves the durability of the coating). These treat- 
ments may seem unimportant, but to the gem 
buyer alone in a remote area of Sri Lanka, knowing 
about them could mean the difference between a 
successful trip and a disaster. 

Coated diamonds were still encountered in the 
laboratory during the 1990s, although less frequent- 
ly. One such stone showed a brownish purple-pink 
color that rarely occurs naturally in diamonds 
(Crowningshield and Moses, 1998). Although the 
exact nature of the coating substance could not be 
identified, its speckled appearance over the entire 
stone suggested a sputtering process. Diamond-like 
carbon (DLC}—an amorphous brown material with 
a hardness between that of diamond and corun- 
dum—was used experimentally at the beginning of 
the decade to coat several gemstones, which result- 
ed in greater durability (Koivula and Kammerling, 
1991e). More recently, DLC was identified on a 
treated-color “black” diamond by Raman analysis; 
researchers used the same method to tentatively 
identify a carbide compound on a treated-color 
green diamond (Reinitz et al., 2000a). 

New pearl coatings presented some significant 
identification challenges in the 1990s. A strand of 
lustrous black circled cultured pearls was found to 
be coated with a form of silicone called poly- 
dimethyl siloxane (Hurwit, 1999). A peculiar 
smoothness, sticky feel, and slight anomalous reac- 
tion to a thermal reaction tester were the only 
clues to the presence of the coating; advanced tech- 
niques were needed to identify it. Mabe assembled 
blister pearls also were coated, but Hurwit (1991) 
reported that the lacquer coating was applied to the 
plastic dome under the layer of nacre. The effect 
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Figure 26. Aqua Aura treatment was still used 
extensively on quartz (the two inside stones) 
and topaz (the two outside stones) throughout 
the ‘90s. Photo by Robert Weldon. 


was to improve the luster and overtone of the 
white mabe pearls. A spotty, uneven color distribu- 
tion suggested the presence of an enhancement, but 
only by disassembling a sample could the coating 
be confirmed. 

To produce a dark background and thus bring 
out the play-of-color, opal was subjected to several 
coatings, including: (1) black paint on the base of 
diaphanous opal from Australia (Brown et al., 1991), 


Figure 27. Aqua Aura treatment is easily detected 
by the presence of unnatural surface coloration on 
the facets of a stone. Photomicrograph by John I. 
Koivula; magnified 12x. 
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(2) a dark plastic-like material on portions of a 
Mexican opal (Koivula and Kammerling, 1990c), 
and (3) sugar-treated opal that appeared to be further 
coated with a plastic-like substance (Koivula and 
Kammerling, 1990d). All of these coatings were 
readily apparent with microscopic examination. 

Two other relatively isolated occurrences of 
coatings deserve mention. A brittle glass-like coat- 
ing was responsible for the dark violet-blue color 
of some drilled quartz beads (Kammerling and 
McClure, 1994). This coating, possibly applied by 
an enameling process, was identified though a 
combination of microscopic examination of the 
drill holes, hardness testing, and advanced tech- 
niques. Koivula et al. (1992a) noted that acrylic 
spray could be used to enhance the luster of mas- 
sive gem materials such as lapis lazuli and jadeite. 
Such a coating is easily identified: With magnifica- 
tion, slight concentrations are seen in surface 
irregularities, and the acrylic can be easily 
removed if it is rubbed with a cotton swab that has 
been dipped in acetone. 

It is interesting to note that the use of coatings 
has spread to some laboratory-grown materials. A 
company in northern California trademarked the 
name Tavalite (Johnson and Koivula, 1996d) for 
cubic zirconia that had been treated with an optical 
coating. The process created six different colors that 
had a different appearance in reflected and transmit- 
ted light. This product was very easy to identify, in 
that it does not resemble any other material. 


CONCLUSION 

It can safely be said that events of the 1990s 
changed the attitude of the entire industry toward 
treatments and disclosure, which today constitute 
the single most important issue facing the trade. 
Identification of some of the significant treat- 
ments—such as glass-filled rubies, HPHT-processed 
diamonds, and a variety of irradiated gem materi- 


als—continues to challenge many gemologists. 
Within the last year, we have already seen signifi- 
cant new developments in the laser drilling of dia- 
monds (McClure et al., 2000), as well as in the 
material used to fill fractures in diamonds (Shigley 
et al., 2000b). In addition, there has been recent talk 
of new filling processes that will bring true clarity 
enhancement to higher-refractive-index colored 
stones such as ruby, sapphire, and alexandrite 
(Arthur Groom, pers. comm., 2001). Also, the tech- 
nology being used to create the “diffusion treated” 
blue-green topaz can be applied to other gem mate- 
rials, and it is likely that some of these will reach 
the market in the future. One of the authors (SFM) 
has already seen colorless quartz turned pink by this 
process. All of these developments will undoubted- 
ly create more identification challenges. 

Some of the issues regarding disclosure may not 
have solutions that will be agreeable to everyone in 
the industry. However, there were a number of 
meetings in the latter half of the ‘90s at which lead- 
ers of prominent gemological laboratories and trade 
organizations worldwide met to establish better 
communications and greater consistency in report- 
ing terminology. These meetings illustrate the 
determination of the jewelry industry to address 
these issues and find solutions that will benefit 
members of the trade and consumers alike. 

The 1980s retrospective article asked the ques- 
tion, “What new treatments might face us in the 
not-too-distant future?” Yet technological advances 
in the last 10 years have produced treatments, such 
as removing the color from brown diamonds, that 
most of us would not have thought possible at the 
beginning of the decade. Without a doubt, technolo- 
gy will continue to advance at an even faster rate 
during the next decade. The only thing we can guar- 
antee is that there will be no end to fresh challenges 
in treatment identification and disclosure as we 
enter the new millennium. 
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SYNTHETIC GEM MATERIALS 
AND SIMULANTS IN THE 1990s 


By John I. Koivula, Maha Tannous, and Karl Schmetzer 


The 1990s witnessed important develop- 
ments in the commercial viability of gem- 
quality synthetic diamonds. Improvements 
in, and new applications for, existing synthe- 
sis pr ocesses in the production of colored 
stones such as ruby, sapphire, emerald, 
quartz, and alexandrite have had an impact 
as well. The development and commercial- 
ization of a variety of new synthetics and 
simulants, such as synthetic moissanite and 
flux-grown synthetic spinel, also played an 
important role in shaping the past decade for 
the gem and jewelry industry. 
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360 Synthetics in the 1990s 


he decade of the 1990s was probably the first in mod- 

ern gemological history where advances in the pro- 

duction and identification of synthetics and simu- 
lants were overshadowed by treatment processes and the 
detection of enhancement in gem materials. This was due 
primarily to the emergence of new diamond treatments (i.e., 
color enhancement and decolorization) and to the prolifera- 
tion and further development of existing techniques for 
altering the apparent clarity of gemstones (e.g., laser drilling 
of diamonds, “glass” filling of rubies, oiling, and heat treat- 
ment}, as discussed by McClure and Smith (2000) elsewhere 
in this issue. However, some important new synthetics 
were developed, others were improved, and the presence of 
so many synthetic gem materials and simulants had a sig- 
nificant impact on the trade (see, e.g., figure 1). 

Although synthetic diamond continued to cause great 
concern in the gem industry during the ‘90s, perhaps even 
more important commercially was the introduction of a 
new diamond simulant: near-colorless synthetic moissanite. 
For most skilled gemologists, synthetic moissanite is easy to 
identify because of its nonisotropic optical character and 
other distinctive properties; however, it reads as “diamond” 
on most conventional diamond testers. The alarm it quickly 
generated in the trade illustrates the panic that can result 
from a perceived threat to the diamond industry. And the 
level of concern that continues to exist points out the gener- 
al lack of even basic gemological knowledge among many in 
the trade, as well as the danger inherent in relying on testing 
instruments that may give inaccurate results. 

Both Russia and China were important sources of syn- 
thetic colored gem materials in the 1990s. In particular, the 
collapse of the former Soviet Union made available equip- 
ment and intellectual resources that had previously been 
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Figure 1. Numerous synthetics and simu- 
lants were either introduced or, in most 
cases, gained or maintained a strong 
commercial presence during the 1990s. 
These include, from the top (left to right): 
Row 1—1.09 ct flux-grown synthetic red 
spinel, 1.14 ct Czochralski-pulled syn- 
thetic blue sapphire, 1.29 ct synthetic cit- 
rine, 1.81 ct synthetic red beryl, 0.96 ct 
Tairus hydrothermal synthetic emerald; 
row 2—0.88 ct flux-grown synthetic blue 
spinel, 1.02 ct black and 1.48 ct white 
Gilson synthetic opal, 0.73 ct hydrother- 
mal synthetic amethyst; row 3—0.43 ct 
synthetic moissanite, 1.15 ct Tairus 
hydrothermal synthetic ruby, 0.66 ct 
Czochralski-pulled synthetic alexandrite, 
0.58 ct De Beers experimental synthetic 
diamond. Photo by Maha Tannous. 


devoted to (and developed for) military research. For 
decades, the Russians had been working on 
advances in various methods of crystal growth for 
electronics, communications, and laser applica- 
tions. These efforts led to important developments 
in hydrothermal crystal growth (from hot aqueous 
solutions on oriented seed crystals): synthetic ruby 
and sapphires, synthetic quartz (amethyst, citrine, 
and ametrine), and synthetic emerald and alexan- 
drite, as well as synthetic spinel, forsterite (a tan- 
zanite imitation), and a number of other gem mate- 
rials, all of which are discussed below. A general 
review of synthetic crystal growth and the produc- 
tion of artificial gem materials (both colored stones 
and diamonds) in Russia during this decade is pro- 
vided by Balitsky (2000). 

While some Chinese synthetics have been stud- 
ied gemologically, few details are available on pro- 
duction figures or growth facilities. However, we do 
know that the Chinese introduced a synthetic 
hydrothermal emerald into the marketplace 
(Schmetzer et al., 1997) and have been heavily 
involved in the production of other synthetics. 
Although other countries such as Japan and the U.S. 
also had significant synthesis activities, Russia and 
China were dominant in colored stone synthesis 
during the decade. 

This article provides a general overview of devel- 
opments in the production and identification of 
synthetic diamond, moissanite, ruby, sapphire, 
emerald and other beryls, quartz, alexandrite and 
chrysoberyl, spinel, forsterite, opal, and other syn- 
thetics, as well as simulants and imitations. Given 
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space limitations and the focus of the Gems & 
Gemology audience, review of the published litera- 
ture—during the period 1990 to 1999—has been 
confined mainly to information that appeared in 
gemological journals on materials that have been 
seen commercially in the jewelry trade. (See 
Nassau, 1997, for a general review of the chronology 
of the growth and commercialization of synthetic 
gem materials, which includes developments up to 
the mid-1990s.) Readers are advised to use the pres- 
ent article as a “guide” to the literature of the last 
decade, and to consult the cited references for 
details on each subject, particularly regarding meth- 
ods of identification. 


SYNTHETIC DIAMOND 


Single-Crystal Synthetic Diamonds. From the vol- 
ume of published literature, the most important 
developments in gem synthesis would appear to 
have been in the area of synthetic diamonds. 

In 1990, De Beers announced that the largest 
synthetic diamond to date was a 14.2 ct crystal 
grown for experimental purposes at their Diamond 
Research Laboratory in Johannesburg, South Africa 
(Koivula and Kammerling, 1990b). The yellow crys- 
tal, reportedly of “good” industrial quality, took 
more than 500 hours to grow under high- 
pressure/high-temperature (HPHT) conditions. 
Since that time, one of us (JIK) has seen 30+ ct yel- 
low to brownish yellow synthetic diamond crys- 
tals—with areas of gem quality—that were grown 
experimentally by De Beers. These synthetic dia- 
monds were marketed for industrial applications in 
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Figure 2. Both Sumitomo and De Beers grew near- 
colorless synthetic diamonds for experimental 
purposes. The faceted De Beers near-colorless syn- 
thetic diamonds shown here (inset) weigh 0.41 to 
0.91 ct. The two Sumitomo synthetic diamond 
crystals (0.23 and 1.25 ct) exhibit a cuboctahedral 
form, which is typical of synthetic diamonds from 
all known manufacturers. Left, photo © GIA and 
Tino Hammid; inset photo © GIA. 


1993, at which time the largest crystal weighed 
34.80 ct and required more than 600 hours of grow- 
ing time. Note, however, that the gem-quality syn- 
thetic diamonds that were commercially available 
in the 1990s were much smaller (see below). Most 
synthetic diamonds are yellow, often with brown 
overtones; the color is associated primarily with the 
presence of nitrogen. The 1990s saw experimenta- 
tion with, and limited production of, diamonds 
with impurities such as nickel and cobalt (Kanda, 
1999), as well as boron (Rooney et al., 1993; Reinitz, 
1999b). It was also discovered that the typical 
brownish orange to yellow synthetic diamonds 
could be treated to create red to brownish red colors 
(Moses et al., 1993). 

It is clear, however, that the economic produc- 
tion of near-colorless synthetic diamonds in a size 
and quality suitable for jewelry was at least one of 
the goals explored by diamond synthesizers during 
the last decade (Rooney et al., 1993; Shigley et al., 
1997). By 1990, General Electric had demonstrated 
that they could grow near-colorless type Ila dia- 
monds exceeding 1 ct using a transition-metal flux 
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to prevent the incorpo- 
ration of nitrogen and 
boron impurities (Shig- 
ley et al., 1993b). In 
addition, they experimentally synthesized large (up 
to 3 ct) colorless carbon-13 diamonds, which—theo- 
retically—could be harder than carbon-12 based dia- 
monds (Koivula and Kammerling, 1991b). Sumi- 
tomo and De Beers also grew near-colorless synthet- 
ic diamonds (figure 2; see, e.g., Shigley et al., 1997). 
However, like those from General Electric, they 
were grown experimentally for high-tech applica- 
tions, and thus have not been encountered in the 
jewelry industry (J. Shigley, pers. comm., 2000). 

Russian scientists did produce near-colorless 
synthetic diamonds (Koivula et al., 1994b) for sale 
in the gem market. These were grown as cuboctahe- 
dral crystals in a molten metal flux by a belt-type 
apparatus. For some time during the ‘90s, Tom 
Chatham (Chatham Created Gems, San Francisco) 
attempted—unsuccessfully—to achieve commer- 
cial production via presses in Russia and the U.S. 

Nevertheless, there was greater availability of 
gem-quality synthetic diamonds in the course of the 
decade. Not only did the Thai-Russian joint-venture 
company Tairus offer limited quantities of loose 
synthetic diamonds, but they also began to promote 
yellow Russian synthetic diamonds set in rings and 
pendants of high quality (figure 3), which were mar- 
keted by Superings in Los Angeles (Johnson and 
Koivula, 1996). Toward the end of the decade, visi- 
tors to the Tucson gem shows were able to pur- 
chase small quantities of Russian-produced synthet- 
ic diamonds, faceted and rough, in various as-grown 
and treated colors (see, e.g., Johnson and Koivula, 
1999; Smith and Bosshart, 1999). However, the lim- 
ited quantities of near-colorless synthetic diamonds 
being marketed to the trade as crystals are generally 
less than 0.50 ct, with the faceted goods typically 
less than 0.30 ct (J. Shigley, pers. comm., 2000); 
most are highly included. The GIA Gem Trade 
Laboratory also began to see synthetic diamonds 
submitted for reports, including a group of 18 satu- 
rated orangy yellow to greenish yellow synthetic 
diamonds ranging from 0.10 to 0.71 ct (Reinitz, 
1999a). Note that the metallic flux inclusions, as 
well as yellow luminescence and phosphorescence 
to short-wave ultraviolet radiation, made it easy to 
identify this material as synthetic. The cuboctahe- 
dral crystal form is typical of gem-quality synthetic 
diamonds from all known manufacturers (again, see 
figure 2, J. Shigley, pers. comm., 2000). 
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To keep pace with synthesis technology, a num- 
ber of reviews (Shigley et al., 1992, 1997; Nassau, 
1993; Sunagawa, 1995) and gemological studies 
(Shigley et al., 1993a,b) were written. A wall chart 
focusing on the separation of natural and synthetic 
diamonds was published to educate members of the 
jewelry trade (Shigley et al., 1995). Advances in dia- 
mond synthesis will undoubtedly be monitored 
closely throughout the current decade. 


Synthetic Diamond Thin Films. Synthetic diamond 
(and diamond-like carbon, or DLC) thin films can be 
grown by chemical vapor deposition or CVD (see, 
e.g., Spear and Dismukes, 1994; Buerki, 1996). 
Typically deposited as a polycrystalline or drusy 
layer, their use as coatings on gems is discussed in 
the “Treatments” article in this issue (McClure and 
Smith, 2000). Dr. E. Fritsch had two faceted dia- 
monds (0.33 and 0.36 ct) and a 1.15 ct piece of rough 
coated with a thin film of boron-bearing blue syn- 
thetic diamond by low-pressure hot-filament syn- 
thesis (Koivula and Kammerling, 1991a). In this 
experiment, the facet junctions were not covered 
very well and the resulting product conducted elec- 


Figure 3. Fashioned Russian-made yellow syn- 
thetic diamonds were mounted in platinum and 
marketed as fine jewelry. Courtesy of Superings; 
photo by Shane F. McClure. 
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Figure 4. One of the most important simulants 
introduced this decade was near-colorless syn- 
thetic moissanite. These two 6.5 mm synthetic 
moissanites (1.74 ct total weight) are set in 18K 
gold earrings. Courtesy of Charles # Colvard. 


tricity better than natural blue diamonds. In 1992, a 
2-mm-high, gem-quality crystal of CVD-grown syn- 
thetic diamond was seen (Koivula et al., 1992e), and 
in 1995 production of a 1,600 ct disk, 28 cm in 
diameter and 1.5 mm thick, was announced (Klages, 
1995). Subsequently, Dr. E. Fritsch saw a parure set 
with drusy CVD synthetic diamond (Johnson and 
Koivula, 1997c), so the jewelry potential of this 
material was finally realized (Winter and Gabler, 
1998). It continues, however, to be extremely limited. 


SYNTHETIC MOISSANITE 
AND RELATED MATERIALS 


In the late 1990s, near-colorless synthetic moissan- 
ite (silicon carbide; figure 4) was offered commer- 
cially as a diamond simulant (Nassau et al., 1997; 
Nassau, 1999; Chalain and Krzemnicki, 1999). 
While one of us (JIK) has known of synthetic 
moissanite as small faceted stones for over three 
decades, the earlier samples were strongly colored 
in shades of blue and green, and posed no real threat 
to the diamond trade. However, near-colorless syn- 
thetic moissanite has generated a great deal of atten- 
tion: Because its thermal properties are so close to 
those of diamond, it reads as “diamond” on most 
of the thermal probes (“diamond testers”). Never- 
theless, while this material has excellent hardness 
(Mohs 91/4"), it still is not nearly as hard as dia- 
mond. More importantly, the synthetic moissanite 
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currently grown for jewelry purposes crystallizes in 
the hexagonal crystal system and is doubly refrac- 
tive (as compared to singly refractive diamond). 
With a birefringence equivalent to that of tourma- 
line, this material is easy to separate optically from 
diamond (see, e.g., the references cited above and 
Hodgkinson, 1998). Even though all of the faceted 
synthetic moissanite examined so far in the trade 
has been cut so that the optic axis is perpendicular 
to the table facet (which makes it easy to find the 
uniaxial optic figure in polarized light, but mini- 
mizes the effects of the birefringence in the table-up 
position), doubling can be seen by reflection when 
the observer focuses past the culet. Through the 
crown, the double refraction is quite obvious (figure 
5), even with a 10x loupe. 

Since the commercial introduction of near-color- 
less synthetic moissanite in 1997, some further 
technical developments on silicon carbide and relat- 
ed materials have been patented (see Carter et al., 
1998; Hunter and Verbiest, 1998), including the use 
of synthetic moissanite as a coating on diamond 
(Nassau et al., 1999). The continuing development 
of these super-hard silicon carbide-related materials 
could be important in the production of future dia- 
mond simulants. 


Figure 5. Synthetic moissanite is fairly easy to 
identify with a microscope or a loupe. When you 
look through the crown, doubling of the back 
facets readily reveals the doubly refractive nature 
of this diamond simulant. Photomicrograph by 
John I. Koivula; magnified 20x. 
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Figure 6. The production and marketing of the 
Novosibirsk-grown Tairus hydrothermal synthet- 
ic ruby (here, 0.43-1.05 ct) were significant devel- 
opments in the synthetic gem industry. Photo by 
Maha Tannous. 


SYNTHETIC RUBY 


Hydrothermal crystal growth was an important syn- 
thesis technique for colored stones throughout the 
decade. The most significant development in ruby 
synthesis involved the combined production and 
commercialization of a product hydrothermally 
grown by Tairus in Novosibirsk, Russia (figure 6). 
While the hydrothermal synthesis of ruby was not 
new to the 1990s, improvements in the growth 
technique and the aggressive marketing by Tairus 
were significant developments. Several studies 
revealed that the most distinctive characteristic in 
these hydrothermal rubies was the presence of 
strong irregular growth features—striated and heavi- 
ly roiled (also referred to as zigzag- or mosaic-like] 
patterns—which are easily seen with a microscope 
(figure 7) or even a 10x loupe (Peretti and Smith, 
1993; Peretti et al., 1997; Sechos, 1997; Schmetzer 
and Peretti, 1999). These features look similar to 
those seen in other Russian hydrothermal synthet- 
ics, particularly synthetic emeralds. 

Anhydrous crystal growth methods (those that 
do not use water) to synthesize corundum for com- 
mercial jewelry applications included melt tech- 
niques (Czochralski pulling and flame fusion) and 
flux growth. None of these techniques was new to 
gem synthesis in the ‘90s, but all produced signifi- 
cant quantities of synthetics that entered the 
gem market. As in decades past, Czochralski- 
pulled synthetics were sometimes represented in- 
correctly as “recrystallized” rubies or sapphires 
(Kammerling et al., 1995d; Nassau, 1995). Also as 
in the past, the vast majority of synthetic rubies 
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Figure 7. A zigzag-like growth structure is charac- 
teristic of some of the Russian hydrothermal syn- 
thetic rubies and sapphires examined to date. 
Photomicrograph by John I. Koivula; magnified 25x. 


were grown by flame fusion; the same identifica- 
tion criteria continue to apply (i.e., gas bubbles and 
curved striae). Nevertheless, the number of “obvi- 
ous” flame-fusion synthetics submitted to gemo- 
logical laboratories suggests a distressing lack of 
gemological knowledge in the trade as a whole. 
Jewelers apparently are still finding it difficult to 
identify material produced by this 100-year-old 
technology. 

For flux-grown synthetics, at the beginning of 
the ‘90s P.O. Knischka of Steyr, Austria, was pro- 
ducing synthetic rubies of incredible size—crystals 
over 5 cm long and faceted stones as large as 67 ct 
(Koivula and Kammerling, 1990e; see, e.g., figure 8). 
Identification is no problem, though, as all 
Knischka synthetic rubies contain characteristic 
glassy two-phase inclusions. With the death of 
Professor Knischka in the mid-1990s, production of 
this material apparently ceased. 

The Russians also produced limited quantities 
of flux-grown synthetic rubies, using tungstate 
fluxes containing lithium and molybdenum (Henn 
and Bank, 1993a; Henn, 1994). Two of the distinc- 
tive internal features are triangular metallic (prob- 
ably platinum) inclusions and gas bubbles, which 
result from the contraction of flux inclusions 
before they solidified. 

Also introduced in the 1990s was a flux-grown 
synthetic ruby that reportedly was manufactured 
in Piraeus, Greece (figure 9). Gemological investi- 
gations (Hanni et al., 1994; Henn and Milisenda, 
1994) showed that this Douros flux synthetic was 
virtually identical to the flux-grown Ramaura syn- 
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Figure 8. Knischka synthetic ruby crystals were 
grown in relatively large sizes, as evidenced by 
this 40.65 ct sample. Photo by Robert Weldon. 


thetic rubies that had been produced and marketed 
by J. O. Crystal Co. in California since the early 
1980s (see Kane, 1983). This similarity included 
the general lack of platinum in the finished prod- 
uct, and the orange color of larger flux inclusions. 
The Douros rubies were marketed as faceted 
stones up to 5 ct. 

Muhlmeister et al. (1998) demonstrated the 
effectiveness of trace-element chemistry (measured 
by energy dispersive X-ray fluorescence [EDXRF] 
spectrometry) in the separation of natural and syn- 
thetic rubies. Nearly all currently produced synthet- 
ics can be identified by their trace elements. 
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Figure 9. The properties of Douros flux-grown 
synthetic rubies (here the crystal is 44.74 ct and 
the faceted samples, 2.14—4.93 ct) closely 
resemble those of Ramaura synthetic rubies. 
Photo by Robert Weldon. 


SYNTHETIC SAPPHIRE 

While melt techniques also were responsible for the 
bulk of synthetic sapphires sold in the ‘90s, as with 
synthetic ruby the real news was their hydrother- 
mal crystal growth in Novosibirsk and their mar- 
keting through Tairus. Peretti et al. (1997) reported 
on inclusions in Russian hydrothermal synthetic 
sapphires and rubies, while Thomas et al. (1997) 
described Tairus sapphires that had been doped 
with varying trace amounts of nickel and chromi- 
um to achieve a broad range of colors (figure 10). 
Growth structures (Schmetzer and Peretti, 1999, 
2000; figure 11) and, as might be expected, nickel 
content was found to be important for identifying 
these synthetics. Smirnov et al. (1999) described 
experimental Russian hydrothermal synthetic blue 
sapphires that—like their natural counterpart— 


were colored by iron and titanium. Schmetzer and 
Peretti (1999, 2000) also examined a group of experi- 
mental Russian hydrothermal synthetic sapphires, 
and found that the yellow samples were colored by 
iron, that iron and titanium together produced blue, 
that cobalt resulted in green, that manganese 
caused reddish orange, and that vanadium or a com- 
bination of iron, chromium, and nickel produced 
material with a color change. Whether or not these 
hydrothermal synthetics prove to be economic 
remains to be seen, but the color possibilities are 
most interesting. 

During the decade, Chatham Created Gems pro- 
duced flux-grown pink synthetic sapphires 
(Kammerling et al., 1994), including an 884 ct crys- 
tal that was examined at GIA (Koivula et al., 1994a; 
figure 12). While these synthetic sapphires have 
essentially the same properties and inclusions as 
Chatham’s flux-grown synthetic ruby, their lower 
chromium content is responsible for the pink color. 
A few of these pink samples contained an interest- 
ing grid-like structure of tiny inclusions under their 
table facets, but these were the exception rather 
than the rule. 

Czochralski-pulled synthetic pink sapphire was 
grown by Union Carbide (Johnson et al., 1995), but 
with Ti** as the dominant chromophore (figure 13). 
Large stones can be cut from the pulled rods; the 
largest rod section examined in that study weighed 
343.33 ct. These products fluoresce blue to short- 
wave UV, which helps separate them from natural 
pink sapphires when no inclusions are present. In 
recognition of their titanium content, these syn- 
thetic stones have been called “Ti-sapphire.” 

The separation of natural from synthetic color- 
less sapphires was also addressed in the ‘90s (Elen 
and Fritsch, 1999). If no distinguishing inclusions 
are present, a search in polarized light may reveal 


Figure 10. Tairus marketed Russian hydrothermal synthetic sapphires in a broad range of colors that were 
produced by different trace-element dopants. Left = greenish blue samples, colored by Ni** and Ni** (the 
rough sample is 9.99 ct); center = synthetic ruby (2.17 ct) and pink sapphires, colored by Cr**; and right = 
yellow synthetic sapphires, colored by Ni** (the largest is 4.74 ct). Photos by M. Glas. 
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Figure 11. The hillock-like growth structure shown 
here in an intense pink sample appears to be a fea- 
ture diagnostic of Russian hydrothermal synthetic 
rubies and sapphires. Photomicrograph by Karl 
Schmetzer; magnified 50x. 


the so-called Plato lines that are indicative of flame- 
fusion growth. Short-wave UV radiation may show 
curved growth zoning in some colorless synthetic 
sapphires. EDXRF analysis revealed higher concen- 
trations of trace elements such as gallium, iron, and 
titanium in natural colorless sapphires. These trace 
elements also cause a reduction in short-wave UV 
transparency, so that natural colorless sapphires 
appear opaque to this test, while their synthetic 
counterparts appear transparent (figure 14). Elen and 
Fritsch (1999) described a tester that was specially 
designed for this purpose. 


SYNTHETIC EMERALD AND OTHER BERYLS 


Synthetic Emerald. Although significant quantities 
of hydrothermal synthetic rubies and sapphires 
were grown during this period, the two most 
important hydrothermal synthetic gem materials 
in terms of quantity produced and availability were 
beryl (mainly emerald) and quartz (mainly 
amethyst). Hydrothermal synthetic emeralds were 
available from both China and Russia, although 
significantly more was published on the latter. 
Schmetzer et al. (1997) examined synthetic emer- 
alds that emerged from Guilin, China (figure 15). 
They reported the presence of (1) oriented needle- 
like tubes (spicules) and cone-shaped voids that 
were typically associated with small chrysoberyl 
crystals (figure 16), and (2) growth and color zoning. 
Both of these internal features are believed to be 
diagnostic of this material. 

Large numbers of faceted high-quality Russian 
hydrothermal synthetic emeralds continued to pass 
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Figure 12. Chatham Created Gems produced 
this 884 ct flux-grown pink synthetic sapphire 
and the accompanying faceted material. Photo 
by Robert Weldon. 


through gemological laboratories into the year 2000, 
although for the most part this product was not 
new. Schmetzer and Kiefert (1990) found that some 
natural and hydrothermal synthetic emeralds could 
be separated by means of infrared spectroscopy in 
the 3500-3800 cm! range. The exceptions were 
low-alkali-bearing natural (e.g., from Colombia and 


Figure 13. This attractive titanium-doped 
Czochralski-pulled synthetic pink sapphire, here 
1.20 ct, has been referred to as “Ti-sapphire.” 
Photo by Maha Tannous. 
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Figure 14. When viewed with the short-wave 
UV transparency tester, natural colorless sap- 
phires typically appear opaque and synthetic 
sapphires are transparent. Photo by Shane Elen. 


Nigeria) or synthetic (e.g., Russian hydrothermal) 
emeralds. Sechos (1997) documented some distinc- 
tive microscopic properties of Australian (Biron) and 
Russian hydrothermal synthetic emeralds. 

Tairus also marketed an “improved” hydrother- 
mal synthetic emerald from its Novosibirsk opera- 
tion (figure 17) that showed virtually no diagnostic 
growth structures (Koivula et al., 1996). However, 
samples of this material were found to contain 
diagnostic clusters of tiny red-brown and white 
particles. Further study of the growth method and 
resulting growth-related properties (Schmetzer, 
1996), as well as the inclusions (Schmetzer and 
Bernhardt, 1997), revealed that the use of seeds 


Figure 15. Guilin, China, is the source of these 
attractive hydrothermal synthetic emeralds. The 
crystals weigh 10.78 and 14.75 ct; the faceted 
piece is 1.14 ct. Photo by Maha Tannous. 
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oriented 45° to the c-axis almost eliminated the 
growth features. The reddish brown inclusions 
were identified as iron oxides. 


Other Synthetic Beryls and Overgrowths. Russian 
crystal growers also manufactured and marketed 
hydrothermal synthetic red beryl and aquamarine 
during the ‘90s, although neither product was total- 
ly new to the decade (see, e.g., Koivula and Kam- 
merling, 1988). Synthetic red beryl was described by 
Henn and Milisenda (1999a,c), who reported irregu- 
larly oriented subgrain boundaries as the most diag- 
nostic property and iron, cobalt, and manganese as 
the colorants. A number of interesting hydrother- 
mal synthetic bicolored beryls also have been pro- 
duced in Russia—typically manganese-colored red 
beryl grown over seed plates of hydrothermal syn- 
thetic emerald. A strongly bicolored synthetic beryl 
crystal, with a purplish pink core and purplish blue 
rim (figure 18), showed very distinctive color zoning 
and associated orangy red and dark reddish orange 
pleochroism (Johnson et al., 1999b). In this instance, 
EDXRF analysis determined that the coloring ele- 
ments were primarily manganese in the core, and 
manganese, chromium, and copper in the rim. 

A hydrothermal synthetic aquamarine showed 
diagnostic growth structures, or cellular patterns, of 
subgrain boundaries (Schmetzer, 1990). At the end 


Figure 16. This dense pattern of nailhead 
spicules and chrysoberyI crystals, usually locat- 
ed near the seed plate, is typical of that seen in 
the hydrothermal synthetic emeralds produced 
in Guilin, China. Photomicrograph by John I. 
Koivula; magnified 30x. 
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of the decade, Henn (1999a) described hydrothermal 
synthetic aquamarine from recent Russian produc- 
tion that contained characteristic swirl-like growth 
structures, and Smirnov et al. (1999) noted such pat- 
terns in similar Novosibirsk material that was mar- 
keted via Tairus. 

Other manufacturers also experimented with 
potentially marketable colors of beryl. A synthetic 
pink beryl colored by titanium (Ti**) was reported 
by Brown (1990) and Fritsch et al. (1992). Grown in 
Perth, Australia, by Biron International Ltd., this 
synthetic had a slightly lower specific gravity than 
would be expected for natural morganite. Faceted 
examples up to 20 ct have been seen. 

Relatively thin overgrowths of synthetic emer- 
ald on natural beryl were again reported in the 
1990s. For example, “Emeraldolite” from France 
consists of opaque white natural beryl with an 
overgrowth produced by the flux method (Robert et 
al., 1990). In Russia, thin layers of hydrothermal 
synthetic emerald were grown on large, elongated, 
and rounded seeds of transparent colorless natural 
beryl (Henn and Bank, 1993b) that typically were 
not visible in the final product. Given that the 
hydrothermal growth technique has been used to 
produce many colors of synthetic beryl, there is no 
reason why overgrowths in other colors could not 
be produced. 


SYNTHETIC QUARTZ 


Commercially, the most important variety of syn- 
thetic quartz during the ‘90s was hydrothermally 
grown synthetic amethyst. This material was wide- 
ly used in the trade, primarily because it was so dif- 
ficult to detect: Unless inclusions and characteristic 
twinning patterns are present, synthetic amethyst 
can be conclusively identified in most cases only 
with Fourier-transform infrared spectroscopy 
(Zecchini and Smaali, 1999). Even by the late 1980s, 
the presence of Brazil-law twinning was no longer a 
guarantee of natural origin, as the Russians and oth- 
ers were growing synthetic amethyst twinned on 
the Brazil law. 

The synthesis process had become even more 
sophisticated by the late 1990s, when it was learned 
that round seeds were used in Beijing for the pro- 
duction of synthetic amethyst (Johnson and 
Koivula, 1998), which resulted in crystals with no 
obvious seed plate. Also, because of the orientation 
and domed shape of the seeds used by the Chinese 
producers, the resulting synthetic crystals have the 
external morphology of natural amethyst. It is 
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Figure 17. These hydrothermal synthetic emer- 
alds (0.17-0.41 ct) were newly produced in 
Novosibirsk during the ‘90s, another product 
marketed by the Thai-Russian joint venture 
Tairus. Photo by Maha Tannous. 


unknown how much of this material is being pro- 
duced, or how most of it is distributed. 

While there was little new methodology for the 
commercial production of other varieties of 
hydrothermal synthetic quartz, several studies 
detailed the processes used to grow, and in certain 
instances also treat, synthetic quartz for gem appli- 
cations (see, e.g., Balitsky et al., 1999b). Again, it 
seems that Russia and China were the most 


Figure 18. Distinct color zoning is evident in this 
9.3 mm wide crystal of Russian hydrothermal syn- 
thetic bicolored beryl. Photo by John I. Koivula. 
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significant participants in researching and produc- 
ing this material (Landmann, 1999). 

There were significant developments in the growth 
and treatment steps needed to make synthetic 
ametrine (Balitsky et al., 1999a; figure 19), which has 
been commercially produced hydrothermally from 
alkaline solutions since 1994. It can be identified by 
a combination of characteristics, including twinning 
and color zoning. EDXRF analysis revealed higher 
concentrations of iron, manganese, potassium, and 
zinc than have been found in natural ametrine. The 
infrared spectra of the synthetic citrine portions 
showed a more intense absorption in the 3700-2500 
cm! range than is seen in the natural counterpart. 

Details of the synthesis and identification of 
Russian hydrothermal synthetic pink quartz also 
were provided by Balitsky et al. (1998; figure 20). Sold 
under the trade name Flamingo Quartz, this product 
is grown in autoclaves using an ammonium fluoride 
solution. As grown, the synthetic quartz is colorless. 
Phosphorus is the chromophore, and the pink color is 
produced by a combination of irradiation and heat- 
ing. Since approximately 200 kg are produced each 
year, there is a good chance that synthetic pink 
quartz will be encountered in the trade. When there 
are no inclusions to aid in detection, the presence of 
an intense broad band around 3420 cm"! in the IR 
spectrum provides a useful diagnostic feature. 

There is ongoing experimentation with quartz 
growth techniques that even more closely duplicate 
nature. In particular, experiments are being done 
under conditions of high temperature and pressure, 
using supercritical fluids and trace elements that are 


Figure 19. Hydrothermal synthetic ametrine 
was commercially grown for the first time in the 
1990s. This crystal weighs 98.55 ct and the cut 
sample, 7.53 ct. Photo by Maha Tannous. 
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typically found in natural quartz (see, e.g., Balitsky 
et al., 1999b). If synthetics grown under these condi- 
tions are marketed commercially as substitutes for 
natural gems, then the identification criteria on 
which we currently rely also might change. 


SYNTHETIC ALEXANDRITE 
AND CHRYSOBERYL 
Czochralski-pulled synthetic alexandrite was mar- 
keted in the 1990s under the trade names Nicholas 
Created Alexandrite and Allexite. Koivula and 
Kammerling (1991d), Koivula et al. (1992d), and 
Brown and Kelly (1995) examined a number of 
Nicholas Created samples and found that some 
showed a curved internal growth structure. The color 
change was from a purplish red in incandescent light 
to greenish blue in day or fluorescent light, with 
medium to medium-dark tones. While many of the 
faceted samples examined were virtually flawless, 
the cabochons usually contained at least a few easily 
observed gas bubbles, which are useful in their identi- 
fication. The color change in Allexite is from reddish 
purple to bluish green (Koivula et al., 1992c). Curved 
growth features readily identify this material as syn- 
thetic, and occasionally minute gas bubbles are seen. 
Generally, however, Allexite appears flawless at first 
inspection, which should arouse suspicion. 

In the mid-1990s, Russian flux-grown synthetic 
alexandrite (in twinned and single crystals) was 
reported by Kammerling et al. (1995e) and 


Figure 20. Large amounts of transparent synthetic 
pink quartz (here, 1.95-16.06 ct) also entered the 
gem market during the past decade. Manufactured 
in Russia, this hydrothermal synthetic was sold as 
Flamingo Quartz. Photo by Maha Tannous. 
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Figure 21. Russian flux-grown synthetic alexan- 
drite, such as these crystals (4.89 and 1.64 ct) 
and the faceted sample (1.07 ct), appeared on 
the market in the mid-1990s. Photo (in incan- 
descent light) by Maha Tannous. 


Schmetzer et al. (1996). Using a flux containing 
molybdenum, germanium, and bismuth, the 
Russians have produced crystals weighing several 
carats, from which faceted stones exceeding a carat 
have been cut (figure 21). Chromium, vanadium, and 
iron were found to be the chromophores for a color 
change from brownish red to bluish green. The pres- 
ence of typical flux inclusions and inclusion patterns 
makes most samples relatively easy to identify. 

Other synthetic chrysoberyls were produced in 
the 1990s. Johnson and Koivula (1997d) reported on 
green vanadium-colored synthetic chrysoberyl that 
had no change of color. This material sometimes 
contains slightly elongated bubbles and irregular 
curved growth zones that are best observed with 
immersion (figure 22). More recently, Krzemnicki 
and Kiefert (1999) documented bluish green, light 
green, and pink synthetic chrysoberyl. Vanadium is 
the coloring agent in the green and bluish green 
material, while titanium is responsible for the pink 
color. 


SYNTHETIC SPINEL 

Although Russian flux-grown synthetic red spinel 
was first noted by Bank and Henn (1989) and 
Koivula and Kammerling (1989), it was not until the 
1990s that both the red and blue varieties (figure 23) 
were fully characterized (Bank and Henn, 1990, 
Brown et al., 1990; Hodgkinson, 1991; Henn and 
Bank, 1992; Muhlmeister et al., 1993; Johnson and 
Koivula, 1997b). This research showed that traces of 
chromium were responsible for the color in the syn- 
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Figure 22. The irregular nature of the curved 
growth bands is distinctive of the green nonphe- 
nomenal synthetic chrysoberyl that entered the 
market in the mid-‘90s. Photomicrograph by 
Karl Schmetzer; immersion, magnified 60x. 


thetic red spinel and cobalt in the blue, with subor- 
dinate iron in both. The flux-grown synthetic blue 
spinels can be identified by their inclusions, UV flu- 
orescence, and absorption spectrum. If no inclusions 
are present, the red material requires chemical anal- 
ysis to determine zinc content, since natural spinel 
contains significantly more zinc. Synthetic crystals 
weighing over 10 ct were available. 


Figure 23. Although Russian flux-grown synthetic 
red and blue spinels (here, 0.30-1.23 ct) were 

introduced in the 1980s, they were not fully char- 
acterized until the ‘90s. Photo by Maha Tannous. 


Winter 2000 371 


GEMS & GEMOLOGY 


Figure 24. With their color and strong pleochroism, 
these cobalt-doped synthetic forsterite samples 
closely resemble tanzanite. The largest cushion 

mixed cut weighs 6.15 ct. Courtesy of Tom 
Chatham; photo by Maha Tannous. 


In a detailed study of Verneuil (flame-fusion) syn- 
thetic spinels, Rinaudo and Trossarelli (1998) noted 
various patterns of anomalous birefringence when 
samples were observed in different orientations. 


SYNTHETIC FORSTERITE 

In 1994, Nassau described synthetic forsterite and 
synthetic peridot. The chromium-doped synthetic 
forsterite crystals were grown by the Czochralski 
method at the Ageo City Central Research Labor- 
atory of the Mitsui Mining and Smelting Co. in 
Tokyo. A peridot-like color was attained in the 


Figure 25. These polished freeforms (3.59-4.30 
ct) are typical of Kyocera plastic-impregnated 
synthetic opals. Photo by Maha Tannous. 
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rod-shaped crystals, which ranged up to 2.5 cm in 
diameter and 20 cm long. Not only was this mate- 
rial virtually free of inclusions, but it also showed 
slightly lower values for specific gravity and 
refractive indices than those recorded for peridot, 
due to a low iron content. Johnson and McClure 
(1999) and Henn (1999b) subsequently described 
Russian Czochralski-pulled synthetic forsterite 
with a color and pleochroism (blue and pink; 
caused by cobalt) that made it an excellent substi- 
tute for tanzanite (figure 24). In fact, some of this 
material has been submitted to the GIA Gem 
Trade Laboratory for identification. However, the 
lower refractive indices (1.635-1.671, versus 
1.695-1.702, for tanzanite) provide an easy means 
of separation. Gas bubbles also may be present in 
this synthetic. 


SYNTHETIC OPAL 


Kyocera of Kyoto, Japan, manufactured and market- 
ed plastic-impregnated synthetic opals in the form 
of polished irregular nodules in white and a variety 
of bright colors (Kammerling et al., 1995c). Freeform 
polished nodules up to about 5 ct were available at 
the time of that report (see, e.g., figure 25). The bright 
colors and the unnatural appearance of the play-of- 
color are an immediate give-away that these opals 
are not natural. Synthetic orange “fire opal” also 
was introduced by Kyocera in the 1990s, as a substi- 
tute for the natural material from Mexico (Henn 
and Milisenda, 1999b); infrared spectroscopy 
revealed the presence of resin as a stabilizer. 

Synthetic opals produced in China and Russia 
were described by Henn et al. (1995). The Chinese 
material proved to be plastic-impregnated with a 
corresponding low density. The Russian synthetic 
opal also had a low density, and some of the black 
material resembled natural opal that had been 
sugar- and acid-treated. Both products showed 
acceptable play-of-color. 

In general, synthetic opals are easy to identify 
unless they are set in a mounting that restricts 
examination. Depending on how the stone was 
oriented when it was cut, diagnostic visual char- 
acteristics (such as columnar structural pattern- 
ing) may or may not be visible. 

Because of the presence of certain additives, such 
as plastics used as binding agents, some gemologists 
and researchers do not necessarily agree that all so- 
called synthetic opals actually qualify as true syn- 
thetics. This is a nomenclature problem that hope- 
fully can be sorted out in the coming decade. 
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MISCELLANEOUS SYNTHETICS 


We continue to see a variety of unusual, if not out- 
right weird, new synthetics that can be fashioned as 
gemstones. It is unlikely that any of these materials 
will ever have a large market, or achieve wide 
acceptance. However, such materials are submitted 
to gemological laboratories and must be identified 
accurately. One example is synthetic sodalite (figure 
26; Koivula et al., 1992b). Experimentally grown in 
China as heavily included and twinned colorless 
crystals up to 57 ct at the time of that report, the 
blue color is due to irradiation. 

Recker and Wallrafen (1992) and Henn (1999c} 
documented synthetic fresnoite, a barium titanium 
silicate grown by the Czochralski method for tech- 
nical applications. It is reported that crystals of dif- 
ferent colors can be grown by the addition of vari- 
ous dopants, but only the yellow-to-orange materi- 
al is within the color range of the natural mineral. 
Also, natural fresnoite contains fluid inclusions, 
which are absent from the Czochralski-pulled syn- 
thetics. Only a few very tiny gas bubbles have been 
observed as inclusions in synthetic fresnoite. 

Russian manufacturers have also used Czoch- 
ralski pulling to grow pink and orange transparent 
crystals of yttrium aluminum perovskite (YAP, 
Linton, 1997). Like most melt-pulled synthetic crys- 
tals, synthetic perovskite can be virtually flawless. 
This absence of internal features, together with the 
color (gem-quality perovskite is black, dark brown, or 
“amber” to dark yellow), should at least warn gemol- 
ogists that they might be dealing with a synthetic. 

Limited quantities of bright blue-green synthetic 
phenakite, flux grown in Russia, also became avail- 
able in the ‘90s (Koivula et al., 1994c). The crystals 
examined were transparent, but contained brownish 
yellow flux inclusions that would separate them 
easily from their natural counterpart. These crys- 
tals, which weighed up to 12.5 ct, could potentially 
yield faceted material up to 6 ct. 

Another ‘90s synthetic, which actually became 
quite popular both as crystal specimens and faceted, 
was zincite from Silesia, Poland (Kammerling and 
Johnson, 1995). The crystals—some more than 15 
cm long—were reported to have formed by vapor 
deposition as an accidental by-product of an indus- 
trial kiln process used to produce zinc-based paint. 
The faceted samples examined in 1995 (as large as 
several carats) were yellow, orange, orangy red, and 
(a very few) yellowish green (see, e.g., figure 27). 
These synthetic zincites can be readily distin- 
guished by their inclusions, which do not resemble 
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Figure 26. Irradiation is responsible for the blue 
color in this 20.38 ct crystal of synthetic 
sodalite from China. Photo by Robert Weldon. 


those seen in the natural material, and the fact that 
they lack manganese. 


MISCELLANEOUS SIMULANTS 
AND IMITATIONS 


Amber simulants composed of small chunks and 
angular fragments of natural resin set in yellow to 
brownish yellow plastic were available (Kammer- 


Figure 27. These synthetic zincites (1.35—3.26 ct) 
were fashioned from material that was an acci- 
dental by-product of an industrial kiln process 
used to produce zinc-based paint in Silesia, 
Poland. Photo by Maha Tannous. 
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The center of the Japanese pearl 
culture industry is in the area of 
Ago Bay, in the Shima district, 
Miye Prefecture, Honshu Island, the 
largest of the Japanese Islands. 
These small bays are inlets of the 
Pacific Ocean and with their small 
pine-clad islets yield a strikingly 
beautiful scenery. Within this area, 
about 100 “farms” are in operation. 
Some of these farms are small 
affairs, operated by a single family 
group; others. like those of Kokichi 
Mikimoto are large plants with mil- 
lions of oysters under cultivation. 
Many of the smaller farms are or- 
ganized into cooperative societies 
for mutual aid in marketing and 
research. 

The commercial cultivation of 
oysters for pearls was developed by 
Kokichi Mikimoto and his asso- 
ciates. In the first attempt, beads of 
mother-of-pearl shell were intro- 
duced into the oyster and left to de- 
velop a coating of nacre or pearl- 
forming material, a method known 
and used for centuries by the Chi- 
nese. In this method the nucleus or 
bead became attached to the shell 
and was covered by a growth of 
pearl nacre and yielded only half- 
round pearls. Researches by various 
persons had shown, however, that 
the mere presence of a nucleus alone 
was not sufficient to induce the for- 
mation of pearls in mollusks, but 
that cells of the mantle, or epithe- 
lium, must be present. It is the 
epithelium of the mollusk which 


secretes and deposits the pearl shell 
material. 

In the method developed, there- 
fore, some of the epithelium tissue 
is introduced into the body of the 
oyster along with the nucleus. In 
the original method it was consid- 
ered necessary for the nucleus to be 
completely encased in epithelium 
tissue to form the “pearl sac.” This 
was accomplished by opening an 
oyster, placing the nucleus on the 
outside of the epithelium or mantle, 
then carefully dissecting this sec- 
tion of flesh from the body of the 
oyster. The small piece of living 
tissue so obtained was drawn over 
the mother-of-pearl bead, tied into 
a “pearl sac” and introduced into 
the body of the oyster, where it de- 
veloped into a pearl-forming sac. 

Present Method 

It has recently been found, how- 
ever, that such a complicated and 
time-consuming task is not neces- 
sary. The nucleus is now placed with- 
in the body of the oyster by means 
of a small tool, like a dentist’s tool, 
and a small section of the epithe- 
lium tissue, cut from a living oyster, 
is placed in direct contact with the 
bead. In about a week’s time this 
small section of epithelium grows 
completely around the nucleus to 
form the pearl sac, after which the 
successive layers of nacre begin to 
deposit upon the beads. For the 
nucleus, a small bead, about the size 
of buckshot, is used. These beads 
are cut from the shell of the fresh 


Figure 28. This 8.32 ct amber simulant is com- 
posed of plastic with embedded fragments of 
natural resin. Photo by Maha Tannous. 


ling et al., 1995a; figure 28). The material was pro- 
duced in Gdansk, Poland, and has been described 
as pressed, reconstructed, reconstituted, or syn- 
thetic amber. 

An assembled simulant for Madagascar emerald 
consisted of a cabochon of colorless beryl for the 
dome and a base of heavily included colorless beryl, 
with a green cement layer between the two 
(Koivula and Kammerling, 1990a). 

Johnson et al. (1999a) reported on a manufac- 


Figure 29. “Gemulet” is an opal imitation that 
is composed of synthetic opal fragments in 
glass. Photomicrograph by John I. Koivula; 
magnified 15x. 
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tured imitation of charoite that was marketed 
under the name Royal Russianite by Marchant 
Enterprises of Anchorage, Alaska. The material 
examined was purple, opaque, and unevenly col- 
ored in swirled light and dark tones. A thermal 
reaction tester produced an acrid odor, as would be 
expected of a plastic. 

A so-called reconstructed lapis lazuli was found 
to consist of barium sulfate with a polymer bond- 
ing agent and pyrite inclusions (Kammerling et al., 
1991a). Since this imitation does not consist of 
natural material, reconstructed lapis lazuli is a 
misnomer. 

Manning International in New York introduced 
a composite imitation of crystal opal that consisted 
of synthetic opal fragments in glass (Kammerling 
and Koivula, 1993; figure 29). Sold under the name 
Gemulet, the material was offered as faceted stones, 
small spheres, and tear drop—shaped cabochons. 

Although not new to the decade, Majorica imi- 
tation pearls were ubiquitous on the world market. 
Hanano et al. (1990) provided a detailed description 
of the manufacturing process for this very success- 
ful pearl imitation, which uses lead-based glass 
beads coated with “pearl essence,” a mixture of 
guanine extracted from fish scales and binding and 
coloring agents. 

Nontransparent white, pink, and black synthetic 
cubic zirconia (CZ) manufactured in Russia was mar- 
keted in cabochons and beads as substitutes for pearls, 
black chalcedony, and black diamonds (Kammerling 
et al., 1991b; figure 30). CZ’s high specific gravity 
compared to the materials for which it substitutes 
will make items such as long bead necklaces feel rel- 
atively heavy. Chalain (1999) provided an update on 
this material as a black diamond substitute. 

Tanzanite imitations entered the market in the 
1990s. As reported by Kiefert and Schmidt (1996), 
some of the most popular tanzanite imitations were 
a dark violet calcium phosphate glass, a violet 
flame-fusion synthetic corundum marketed as Blue 
Coranite, and a purple YAG sold as Purple Coranite. 
Since none of these imitations has the same gemo- 
logical properties as natural tanzanite, separation is 
relatively straightforward. Synthetic forsterite as a 
tanzanite imitation (again, see figure 24) was dis- 
cussed above. 


IMITATION ROUGH 

The deceptive alteration or manufacture of gem 
rough and crystal specimens continued throughout 
the 1990s. So far, these creations have been rela- 
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tively easy to detect. However, when dealing with 
gem rough, just as when purchasing fashioned 
gems, it’s important to know that synthetics and 
simulants are everywhere: caveat emptor—"let the 
buyer beware.” 

As expected, diamonds were frequently a target 
mineral for this form of fakery. Cubic zirconia was 
carved to look like diamond crystals (Crowning- 
shield and Moses, 1996), and topaz was fashioned to 
resemble diamond rough (Crowningshield and 
Reinitz, 1997; figure 31). Since topaz has essentially 
the same specific gravity as diamond, heft provided 
no indication of the deception. 

Imitation emerald crystals were the most com- 
mon form of rough colored stone deception. The 
materials used ranged from green glass (Koivula and 
Kammerling, 1990c) to natural quartz fragments 
held together by a green cement (Koivula and 
Kammerling, 1990d; figure 32) to quartz coated with 
green plastic (Johnson and Koivula, 1997a). These 
manufactured items often would pass a superficial 
inspection. They usually exhibited a somewhat dis- 
torted hexagonal habit, although in one instance a 
glass imitation displayed only five sides. Typically, 
they also were “decorated” with at least a little 
light orangy brown limonitic coating that had small 
rock fragments and some mica flakes attached. This 
pseudo-matrix was designed to provide a more real- 
istic appearance. 

Ruby and sapphire were also faked. Cobbed as 
well as tumbled, and otherwise realistically abraded, 
flame-fusion synthetic rubies were sold as natural 
rough and preformed rubies from Vietnam (Koivula 


Figure 31. Fashioned to imitate diamond rough, 
these two “crystals” (63.65 and 28.88 ct) were 
identified as topaz. Photo by Nicholas DelRe. 
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Figure 30. Black, nontransparent cubic zirco- 
nia from Russia was used as a black diamond 
simulant. The faceted sample weighs 6.60 ct. 
Photo by Shane F. McClure. 


and Kammerling, 1991c; figure 33). Gemological 
testing and EDXRF analysis identified these samples 
as synthetics. Kammerling et al. (1995b) reported on 
laboratory-grown masses of transparent dark purple 
GGG seen in Taunggyi, Myanmar, that had been 


Figure 32. Purchased in Zambia, these two imi- 
tation emerald crystals are composed primarily 
of quartz fragments that are held together by a 
green binding agent; the larger sample weighs 
63.35 ct. Notice that a dusting of matrix has 
been applied to provide a more realistic appear- 
ance. Photo by Robert Weldon. 
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Figure 33. All of these pieces of tumbled rough 
and cobbed material (3.79-15.17 ct) were pur- 


chased in Vietnam as ruby, but only the small- 


est and darkest piece of rough (pictured at the 
bottom) proved to be natural. All of the others 
were flame-fusion synthetics that had been 
fashioned to mimic their natural counterpart. 
Photo by Shane F. McClure. 


Figure 34. This 667 ct imitation watermelon 
tourmaline crystal is made up of a complex 
assembly of several materials; only portions of 
the outermost surface are tourmaline. Photo by 
Maha Tannous. 
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fashioned to resemble sapphire crystals and were 
being sold as coming from a “new locality.” 

Kane (1991) reported on a “crystal” that had been 
fashioned from flame-fusion synthetic ruby to look 
like red beryl. The slightly abraded 23-mm-long 
hexagonal prism (38.05 ct) contained curved striae 
and gas bubbles, and showed very strong red UV flu- 
orescence. Because these features are not found in 
natural red beryl, this simulant was easy to identify. 

Probably the most unusual example encountered 
in the 1990s was an assembled imitation watermel- 
on tourmaline crystal with minor amounts of exter- 
nal “matrix” material (Koivula et al., 1992a; figure 
34). This 667 ct specimen consisted of a rock crystal 
quartz core, a coating of a dark pink coloring agent, 
and then a layer of mineral fragments in cement. 
All were contained within long, thin slices of tour- 
maline on the surface; two of these were dark blue, 
with the remainder dark yellowish green. 

Many other interesting fakes were also docu- 
mented throughout the ‘90s (see, e.g., “Fake gems 
pose threat...” [1999] for examples seen in Africa). 
Therefore, this section serves only as an introduc- 
tion to this ongoing problem. 


CONCLUSION: LOOKING TO THE FUTURE 


What does the future hold for synthetics and simu- 
lants? Undoubtedly, technology will continue to 
advance, and will bring improvements in existing 
synthesis techniques and the resulting products. 
Increasing research to produce crystals for high- 
technology applications should result in a better 
understanding of crystal growth mechanisms. This 
will likely result in larger and higher-quality crys- 
tals, and the application of growth conditions 
resembling nature will probably produce more natu- 
ral-looking synthetics. We should also expect to see 
a continued (perhaps expanding} variety of laborato- 
ry-grown materials (many of which may have no 
natural counterparts). 

The technology of gemstone identification also 
will move forward. Optics for gemological micro- 
scopes will be improved over the next decade so 
that we will see more, and see more clearly. The 
detection levels for, and ease of operation of, the 
advanced instruments that have become increasing- 
ly important over the last decade undoubtedly will 
be improved over the next 10 years. 

Will new synthesis processes be developed? 
Probably. Will the synthetic products grown by 
them be more difficult to identify? Possibly. What 
new synthetics will we have to deal with? That’s 
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hard to say. But if we follow existing research 
trends in the crystal growth industry as they relate 
to gemology, then we may see a new breed of dia- 
mond simulants. Chief among these might be a 
gem-quality isotropic polytype of synthetic 
moissanite or the development of other super-hard 
materials, such as cubic boron nitride, that could 
have gemological applications as diamond simu- 
lants. For colored stones, commercial quantities of 
synthetic zoisite as a substitute for tanzanite might 
be realized, as well as chromium-doped synthetic 
pink topaz. For the most part, however, future 
developments in synthetics will continue to 
revolve around the “big four’—diamond, emerald, 
ruby, and sapphire—since the possibility for profit 
is highest with these materials. For diamonds in 
particular, the market for smaller goods is particu- 
larly vulnerable to developments in synthetics 
since testing melee-size stones may be cost pro- 
hibitive. More hydrothermal synthetic rubies and 
sapphires also might appear on the market, as well 
as more synthetic beryl in different colors. 

We also might see a marriage between synthesis 


processes and gemstone treatment in the form of 
regrowth and repair of broken natural gemstones. 
Possible precursors are flux-induced fingerprints in 
flame-fusion synthetics and experimental 
hydrothermal synthetic beryl overgrowths on natu- 
ral beryl seeds. 

It is important to remember, however, that we 
should not focus solely on the products and tech- 
nologies themselves as we prepare for the chal- 
lenges of the coming years. When you consider that 
nearly century-old synthetics and simulants contin- 
ue to challenge many in the trade, we must also 
question our preparedness. In this electronic age, 
while we have advanced our methods of conducting 
business and have refined our sales techniques to a 
science, some gem and jewelry professionals still 
have difficulty identifying even the most rudimen- 
tary flame-fusion synthetics, or doubly refractive 
synthetic moissanite. A sound working knowledge 
of the identifying characteristics for all synthetics, 
past and present, is vital. Jewelers and gemologists 
with these skills will be most ready to tackle future 
developments in synthetic gem materials. 
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TECHNOLOGICAL DEVELOPMENTS 
IN THE 1990s: 
THEIR IMPACT ON GEMOLOGY 


In the last decade, technology has improved 
how we synthesize, process, identify, and oth- 
erwise study gem materials. Significant trends 
include: the widespread availability of com- 
puterized communication; the application of 
synthesis techniques to gem treatments; the 
increased prominence of treated synthetics; 
the greater need for expensive instrumentation 
to solve gem problems in general, and the 
broader availability of small dedicated instru- 
ments to solve specific problems; and the 
adaptation of techniques from other sciences. 
Potentially applicable technology must be 
evaluated critically to assess its usefulness 
and appropriateness to solve a particular 
gemological problem. 
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380 Technologies of the 1990s 


By Mary L. Johnson 


he other articles in this retrospective issue address 

tangible subjects: localities, synthetic gem materi- 

als, treated gems, and jewelry. In contrast, this 
article is about a concept, technology—about how we per- 
form tasks differently in the gem trade than we did 10 years 
ago. A moment’s reflection will convince the reader that the 
changes in the last decade have been enormous, and perva- 
sive. This broad overview is intended to examine the many 
technological innovations—new methods, new instruments, 
and new applications for known instruments—that charac- 
terized the last decade, and to point the reader to further 
information. Three trends have been especially important: (1) 
the rise of computer-related communication; (2) the increas- 
ing sophistication of gem treatments, to the point of blurring 
the boundaries between treatment and synthesis (e.g., high 
pressure/high temperature—processed diamonds [figure 1] and 
flux-like fillings and new growth in heat-treated rubies); and 
(3) the growing need for instrumentation-based identification 
for gem treatments (e.g., B-jade) and synthetics (e.g., synthet- 
ic amethyst). Some widely heralded developments, however, 
such as the introduction of (doubly refractive) synthetic 
moissanite as a diamond simulant, reinforce the continued 
importance of “classical” gemology in this increasingly tech- 
nological industry. 


BACK TO THE BEGINNING: 
WHERE WERE WE IN 1990? 


The Spring 1990 issue of Gems #& Gemology (Fritsch and 
Rossman, 1990) described four key challenges from the previ- 
ous decade that stimulated technological developments in 
gem testing: (1) the availability of smaller, more powerful com- 
puters for instrument control, (2) the introduction of new syn- 
thetic gem materials, (3) the advent of new treatments to meet 
the growing market for colored stones; and (4) the need to pro- 
duce more and better information about gem materials to 
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meet demand by consumers for better disclosure, 
especially concerning possibly radioactive gem mate- 
rials. Greater computer power meant that more data 
could be processed faster; computer controls also low- 
ered the cost of synthesis by providing better repro- 
ducibility and yield. New or improved synthesis tech- 
niques included Czochralski pulling, hydrothermal 
growth, “image furnaces” and skull melting (e.g., for 
YAG), and HPHT synthesis, especially for diamonds. 
Chemical vapor deposition (CVD) was used to pro- 
duce thin-film coatings of (synthetic) diamond and 
diamond-like carbon; other important treatments of 
the ‘80s were irradiation (especially of topaz), fracture 
filling of diamonds and emeralds, and the treatment 
of synthetics to resemble treated natural materials. 

By 1990, established analytical techniques with 
gemological applications included: electron micro- 
probe analysis, X-ray fluorescence (XRF) for bulk 
chemical analyses, infrared and Raman spec- 
troscopy, and cathodoluminescence (especially of 
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Figure 1. At the end of the 1990s, Raman spec- 
trometry became an important technique for 
detecting HPHT-processed type Ia diamonds, 
such as this 0.45 ct E-color GE POL diamond 
(inset). Photoluminescence spectra (below) 
obtained with this technique show features— 
particularly the ratio of the 575 to the 637 nm 
peak—that can be used to separate the vast 
majority of HPHT-processed from untreated 
type Ila diamonds. To achieve high-resolution 
spectra, the diamonds are cryogenically 
cooled in a specially designed sample cham- 
ber using liquid nitrogen (left). A laser beam is 
focused through the optical microscope, and a 
mirror is used to deflect the beam into the 
sample chamber. Photos by Elizabeth 
Schrader (inset) and Joe Duffy (left). 
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diamonds). Other experimentally used detection 
techniques were: nuclear magnetic resonance 
(NMR), electron spin resonance (ESR), and proton- 
induced X-ray emission (PIXE). 

Technological changes since 1990 have had an 
impact on virtually every aspect of the gem busi- 
ness, but most importantly for the gemologist they 
have affected communication, cut evaluation, devel- 
opment of new gem treatments (and proliferation of 
synthetics), and growing reliance on more 
“advanced” techniques. Some of the procedures we 
use today have been developed within the last 
decade, but many are refinements of, or adaptations 
from, earlier technologies. This review does not 
attempt to achieve completeness, but is intended as 
a summary of those technological developments 
that were most important to the gem trade in com- 
puters and communication, gemstone cutting, syn- 
thesis and treatment, and gem identification (both 
classical methods and advanced techniques). 
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Figure 2. Today, researchers can easily access an 
abundance of information on the Internet, such 
as the spectroscopy data on Dr. George 
Rossman’s Mineral Spectroscopy Server at 
http://minerals.gps.caltech.edu. 


COMPUTERS AND WORLDWIDE 
COMMUNICATION 


Perhaps the most significant change in the last decade 
was the greater reliance on computers and computer 
networking. The widespread availability of vastly 
increased computational power and connectivity has 
revolutionized the way business is conducted, in the 
gemological laboratories as much as in the rest of the 
gem trade. For example, both the GIA Gem Trade 
Laboratory and the AGTA Gemological Testing 
Center use sophisticated databases to track gem iden- 
tification and grading data within the laboratory (K. 
Cino, pers. comm., 1998; K. Scarratt, pers. comm., 
2000). Within any business, computers can improve 
accounting and inventory practices (Golding, 1991), 
for which commercial software is available (see, e.g., 
Greig, 1999). The increase in computer power also led 
to smaller and less-expensive sophisticated instru- 
ments; for instance, both Sarasota Instruments 
(Osprey, Florida) and Adamas Gemological Laboratory 
(Brookline, Massachusetts) produced PC-based spec- 
trophotometers (Kammerling et al., 1995c; Haske, 
1999). P. Read and M. Haske produced new versions 
of gem identification software (Read, 1996). 
Computers also have redefined the expected speed 
of communications. For example, although Gems & 
Gemology remains a quarterly journal, information 
on its web site (www.gia.edu/gandg) changes almost 
weekly. As another instance, on GIA’s home page, a 
forged letter in Thailand was recently disavowed 
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worldwide less than two hours after it first came to 
GIA’s attention (Alex Angelle, pers. comm., 2.000). 
Computers connect a businessperson to an on-line 
community, with forums for discussion (Voorhees et 
al., 1999) and specialized commerce sites (business- 
to-business—B2B—and business-to-consumer—B2C; 
see, e.g., Diamond, 1999; Weinbach, 2000). Internet 
retailing is a new development, already going 
through boom and bust cycles; Janowski (1999) pre- 
dicted that retailing on the Internet could represent 
15% of jewelry business by 2005. 

Online archives and databases continue to grow 
(see, e.g., “The geosciences in review,” 1996), making 
fundamental information available for the price of a 
few mouse-clicks. A relevant example for the gemo- 
logical community is Dr. George Rossman’s Mineral 
Spectroscopy Server (http://minerals.gps.caltech.edu; 
figure 2), which contains an abundance of easily 
accessible spectroscopy data. Online gemology cours- 
es are also available on the Internet. Search engines 
scan the World Wide Web for relevant information, 
and “meta-search” engines search the search engines. 
The new user is cautioned, however, that nonsense 
on the Internet can be expressed as authoritatively as 
knowledge is, and that popularity is not a guarantee 
of quality, so the credibility of the source must 
always be considered in assessing information. 


NEW TECHNOLOGIES IN GEM 

CUTTING AND CUT EVALUATION 

Planning and Cutting Rough. Diamond cutting and 
polishing (see, e.g., Caspi, 1997) involves many deci- 
sions, all meant to maximize the profit achievable 
from a particular piece of rough. Today, many of 
these decisions are being made with the help of com- 
puterized equipment: These machines can determine 
which cuts may be fashioned economically (’Sarin’s 
new mapping machine...”, 1999), or provide auto- 
matic centering, blocking, bruting (figure 3), polish- 
ing, and girdle faceting (Hourmouzios, 1996; see also 
Koivula and Kammerling, 1991d; Lawrence, 1997a, 
1998). Laser cutting is another efficient way to fash- 
ion rough (Hourmouzios, 1996; Caspi, 1997). 

A new theoretical model for the anisotropic behav- 
ior of diamond during polishing (that diamond polish- 
es more easily in one direction than another) is based 
on local conversion of diamond to graphite on the sur- 
face during polishing (Van Bouwelen et al., 1997). A 
new machine, the Horizon 200, has been developed to 
measure the smoothness of a diamond’s surface; 
results suggest that the more slowly material is 
removed in the last stages of diamond polishing, the 
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better the finish quality will be (Lawrence, 1997b). 

Software for designing colored stone cuts is avail- 
able (e.g., Gem Cad [http://www.gemcad.net]; see 
also Atwell and Hunt, 1993). Automation has also 
been applied to the fashioning of colored stones. The 
CSIRO in Australia developed equipment for robotic 
cutting of opals (Cody and Brown, 1992). In 1994, 
Golay Buchel demonstrated machine-cut calibrated 
synthetics and simulants (e.g., synthetic spinel 
triplets that resemble emeralds) as small as 1 mm in 
diameter (Koivula et al., 1994a). In 1995, Swarovski 
debuted machine-cut calibrated colored stones, with 
a possible production of 300,000 items per day 
(Kammerling et al., 1995h). 

On a related note, many gems respond differently 
to different types of illumination, and the appear- 
ance created by the halogen lamps now generally 
used in retail jewelry displays is quite different from 
that seen by the consumer in a more typical at-home 
or workplace lighting environment. Therefore, 
Eickhorst (1999) recommended that other types of 
illumination, such as modern fluorescent lights, 
might be used to better purpose in selling gems. 


Evaluation of Diamond Cut. Although many people 
“know” that the best cut for a round brilliant dia- 
mond was determined by Marcel Tolkowsky in 
1919, research on proportions and cut began before 
then and has continued to the present day (see, e.g., 
references cited by Hemphill et al., 1998). All such 
models rely on assumptions about the source of illu- 
mination (spectrum, location, size, and shape) and 
the position of the diamond relative to the observer 
(e.g., Love, 1989, assumed that a diamond is more 
brilliant if it looks brilliant while tilted as well as 
face-up}. Some modern analyses rely on computers to 
predict the optical performance of various cuts and 
sets of proportions (see, e.g., Hemphill et al., 1998; 
Gilbertson, 1999; http://www.gemology.ru); but geo- 
metric models continued to be produced, mainly in 
the Japanese literature (see, e.g., Kato, 1991). At this 
time, there is no consensus as to the “best” set of 
proportions for round brilliant cut diamonds. 


NEW TECHNOLOGIES IN 
SYNTHESIS AND TREATMENT 


Innovations in synthesis and treatment, and the 
application of existing technologies to new starting 
materials, led to a variety of new gem materials in 
the 1990s. Because there are articles in this issue 
that address synthetics and treatments in depth 
(Koivula et al., 2000; McClure and Smith, 2000), the 
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Figure 3. Automatic bruting machines were one 
of the many innovations in planning and cut- 
ting diamond rough in the 1990s. Photo by 
James E. Shigley. 


discussion here will focus on synthesis and treat- 
ment technology rather than identification. 


Colored Stone Synthesis. As discussed in the 
“Synthetics” article in this issue (Koivula et al., 
2000), Russia and China were important centers of 
gem synthesis during the decade (see, e.g., Schmetzer, 
1990; Bukin, 1992; Thomas et al., 1997; Johnson and 
Koivula, 1998e; Tauson et al., 1998; Balitsky et al., 
1998, 1999a,b; and synthetic diamond references 
cited below). At the VNIISIMS facility near Moscow 
in 1994, about 500 researchers were investigating 
synthetic gem materials, using equipment such as 
the furnaces shown in figure 4 (Koivula et al., 1994c). 
Anhydrous (without water) crystal growth tech- 
niques described include pulled-melt growth tech- 
niques for synthetic forsterite (Nassau, 1994); top- 
seeded solution growth and pulling from a melt with 
a continuously varied composition (applied to fluo- 
rides, but adaptable to other synthesis challenges; 
Koivula et al., 1992c); flux growth of synthetic 
alexandrite (Schmetzer et al., 1996) and synthetic 
spinel (Bukin, 1992); and growth of gem-quality syn- 
thetic moissanite by the Lely sublimation process 
(Nassau et al., 1997). Czochralski-pulled synthetic 
corundums made from naturally occurring starting 
materials were represented incorrectly as “recrystal- 
lized” rubies or sapphires (Kammerling et al., 1995g). 
Flux-grown synthetic emerald crystals grew larger if 
phosphorus was added to the flux (Kayama and 
Kuwano, 1998), or if grown from oriented seeds in a 
rotating crucible (Barilo et al., 1999). A study of yttri- 
um-aluminum oxide melts explained why large YAG 
crystals cannot be grown from a flux: The melt sepa- 
rates into two viscous fluids that do not recombine 
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water mussel of Arkansas, as this 
yields a pure white bead. The de- 
posited layers of nacre are suffi- 
ciently translucent that the color of 
the nucleus will effect, in some de- 
gree, the appearance of the pearl. 
Attempts to use black nuclei to yield 
black pearls did not lead to satis- 
factory results. 

The pearl mollusk used in this 
culture is the small Japanese pearl 
oyster Meleagrina martensi, having 
an average size of about the palm 
of one’s hand. While this mollusk 
is usually referred to as an “oyster” 
it has, in fact, no close relationship 
to our common bivalve, but is more 
nearly related to the pecten, scallop 
or fan-shell. It may be mentioned 
here that all mollusks, including the 
common oyster, can form pearls, but 
only those with iridescent shells 
(mother-of-pearl) can form irides- 
cent or precious pearls, since the 
mollusk forms the pearls from iden- 
tically the same material as its 
shells. The Japanese Meleagrina or 
“oyster” is indigenous or native to 
the waters of Ago and neighboring 
bays. It is reported that the earth- 
quake of December 7, 1944, in this 
area has greatly depleted the re- 
serve of native pearl oysters. 


Pearl Farms 

The Japanese pearl “farms” have 
a normal capacity of 30,000,000 
oysters. To obtain such a huge num- 
ber of mollusks, it 1s necessary to 
raise most of them from seed oysters 
or “spat.” These are gathered from 
the rocks of the bottom of the bay 
or from bamboo poles driven in the 
sand, and are kept in wire cages 
until they have reached an age of 3 
years. The supply of oysters raised 
from spat is supplemented by oysters 
gathered from the bottom of the 
bay by girl divers, called amas. 
When the oysters are 3 -years old 
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they are inoculated with the nuclei 
as described above. The best years 
of the oysters’ growth is during the 
next 3 or 4 years. Beyond this period 
it is not commercially practical to 
continue pearl growth, since any 
increase in the deposit of nacre is 
comparatively small and the quality 
falls off. 

For the cheaper grades of culture 
pearls the period of growth may be 
reduced to two or even one year but 
the coating of nacre is thin and the 
pearls are of little value. In the best 
grades of pearls the nuclei remain 
in the oyster from 3 to 4 years be- 
fore harvesting. It is stated that a 
single oyster may be inoculated with 
as many as seven nuclei, although at 
the time of our visit to the fisheries 
we saw only a single nucleus placed 
in each mollusk. Since large pearls 
are more valuable than small ones 
il would be desirable to use nuclei 
that are as large as are practical. 
The mortality of oysters inoculated 
with large nuclei, however, is large, 
which accounts for the scarcity of 
large-sized pearls. 


Placed in Wire Cages 

After inoculation, the oysters are 
placed in wire cages with seven 
shelves, each cage containing about 
150 mollusks. These cages are sus- 
pended from bamboo poles on rafts 
by wire cables to permit the move- 
ment of the oysters from place to 
place, depending upon the favorable 
or unfavorable condition of the 
water and to avoid as far as possi- 
ble the numerous enemies of the 
oyster. These enemies are principally 
starfish, octopus and the so-called 
red water, a coloration due to algae, 
which grow upon the oyster, and if 
not removed, will eventually smother 
it to death. From time to time the 
oysters are removed and cleaned of 
any accumulated algae, barnacles or 
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Figure 4. Although not new technology, furnaces 
such as these in Chernogolovka, Russia, were 


used to grow large quantities of synthetic gems 
in the 1990s. Photo by James E. Shigley. 


easily (Aasland and McMillian, 1994). Growth zones 
in hydrothermal synthetics may be due (at least in 
part) to sporadic temperature fluctuations during the 
growth process (Thomas et al., 1999). 


Diamond Synthesis. Throughout the 1990s, HPHT 
diamond synthesis employed a variety of large press- 
es (see, e.g., figure 5). These included a belt-type appa- 
ratus (a piston/cylinder press with a special, strength- 
ened central cylinder); multiple-anvil presses with 


Figure 5. This BARS apparatus in Novosibirsk is 
typical of the split-sphere presses commonly used 
to manufacture Russian synthetic diamonds, 
such as the 0.04—1.07 ct samples in the inset. 
Shown here is the sample chamber as viewed 
from directly above. Photo of press by James E. 
Shigley; examples in inset courtesy of Alex 
Grizenko, photo by Maha Tannous. 
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tetrahedral, octahedral (Koivula and Kammerling, 
1991b), or cubic symmetry; and split-sphere presses 
(sometimes called BARS for the Russian initials: see, 
e.g., Koivula et al., 1992d; Shigley et al., 1993b). Most 
HPHT synthetic diamonds are grown in a nickel-iron 
flux (see, e.g., Burns et al., 1999; Choudhary and 
Bellare, 2000); high-quality synthetic diamonds, with 
fewer defects than natural diamonds, can be grown 
using a temperature gradient in the HPHT cell 
(Pal’yanov et al., 1998). Efforts have been made to 
grow diamonds from graphite-carbonate (Akaishi et 
al., 1990), -hydroxide, -sulfate, -phosphate and -borate 
fluxes (Kanda and Akaishi, 1991), as well as from a 
silicate (kimberlite) flux (Arima et al., 1993), but so 
far the resulting crystals have been very small. 
However, as many of the characteristic features of 
synthetic diamonds—e.g., magnetism, types of inclu- 
sions, and luminescence spectra—are a result of the 
fluxes used, the development of alternative fluxes 
must be watched carefully. 


Gem Treatments. Heat treatment of rubies and yel- 
low and blue sapphires was performed in high-tem- 
perature furnaces (figure 6) with carefully con- 
trolled atmospheres; methods used during this 
decade were described in detail by Themelis (1992) 
and Emmett and Douthit (1993), with additional 
details gleanable from Themelis (1995) and Johnson 
et al. (1999a). Wang et al. (1992) used molten salt 
baths, at somewhat lower temperatures (900°C 
rather than 1200°-1800°C or so), to improve the 
color of blue sapphires. Diffusion treatment, which 
introduces chromophores at and near the surface of 
fashioned corundum, was described by Kane et al. 
(1990). As the decade progressed, the depth of possi- 
ble diffusion treatment increased, and in some 
samples the need for repolishing was eliminated, 
minimizing the characteristic color concentrations 
at facet junctions (Emmett, 1999). 

The most contentious emerald treatment was 
clarity enhancement (fissure filling); controversies 
raged as to whether disclosure rules should be differ- 
ent for emeralds that had been “oiled” than for those 
so treated with artificial resins such as Opticon and 
the new Gematrat and Permasafe treatments. Work 
by Zecchini and Maitrallet (1998) and Hanni and col- 
leagues (see, e.g., Hanni et al., 1996a,b; Chalain et al., 
1998) indicated that artificial resins and commonly 
used “essential oils” had different infrared and 
Raman spectra. However, using the same instrumen- 
tation on a greater number of known and potential 
fillers, Johnson et al. (1999c) showed that artificial 
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resins could not be distinguished from such oils with 
100% certainty. Emerald treatment equipment (fig- 
ure 7) became available in the early 1990s from sever- 
al sources, including Israel (e.g., Koivula et al., 1993a; 
Koivula et al., 1994b). 

Instances of stones rendered radioactive by treat- 
ment continue to be discovered. In the last decade, 
americium was used to irradiate diamonds (Ashbaugh 
and Moses, 1993; Reinitz and Johnson, 1994), some of 
which will be radioactive for thousands of years. 
Reactor-irradiated (and radioactive) ruby (Johnson and 
Koivula, 1998d) and cat’s-eye chrysoberyl (to make 
“chocolate-brown” body color; Johnson and Koivula, 
1997d) were discovered in circulation; in some cases, 
these could be quite hazardous. 

Toward the end of the decade, new identification 
challenges emerged on two fronts: (1) the distinction 
of treated synthetics from synthetics, and (2) the use 
of synthesis methods to treat natural gem materials. 
Synthetics are treated for several reasons: to achieve 
colors not otherwise available (e.g., red treated-color 
synthetic diamonds: Moses et al., 1993), to disguise 
the synthetic nature of the starting material (e.g., 
quench-crackled or diffusion-treated synthetic corun- 
dum: Johnson and Koivula, 1997b, 1998b; Free et al., 
1999), or to “stabilize” low-quality starting material 
(e.g., polymer-impregnated synthetic opal: Johnson 
and Koivula, 1998c). Some laboratories, such as the 
GIA Gem Trade Laboratory, now disclose certain 
treated synthetics on identification reports (e.g., treat- 
ed-color synthetic diamonds, diffusion-treated syn- 
thetic corundum, and polymer-impregnated synthet- 
ic opal: Shane McClure, pers. comm., 2.000). 

In the past, synthesis methods applied to treat- 
ment have entailed creating overgrowths on exist- 
ing gems (such as CVD overgrowths on diamonds 
and Lechleitner synthetic emerald overgrowths on 
beryl), and such techniques continue to be used. 
However, even techniques thought to be used sim- 
ply for treatment can create new growth, for 
instance, Mong Hsu rubies show new crystal 
growth with heat treatment (Johnson and McClure, 
2000). High-temperature techniques that can be 
used for both synthesis and treatment blur the line 
between treated gems and synthetics. 

One of the most important recent developments 
in diamond treatments is the use of high pressure 
and high temperature for short amounts of time to 
either decolorize the diamond or give it a more 
attractive color. This treatment works by changing 
the aggregation state of nitrogen in the diamonds, 
introducing or modifying defects, and possibly chang- 
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Figure 6. High-temperature furnaces such as this 
one were used with carefully controlled gas mix- 
tures to perform heat treatment of rubies and 
yellow and blue sapphires (see inset for stones 
before [top] and after treatment; average size 4.5 
mm). Furnace photo courtesy of Linn High 
Therm GmbH; inset photos © GIA and Tino 
Hammid (top) and © John L. Emmett (bottom). 


ing the degree of strain (see, e.g., Smith et al., 2000, 
pp. 194-195). Synthetic diamonds have been 
“annealed” (70-80 kbar pressure and 2000°-2200°C 
for 4—5 hours} to produce yellow and greenish yellow 
hues (Shigley et al., 1993a). Fancy yellow synthetic 
diamonds with type IaA aggregates can be produced 
by treating typical (type Ib) synthetic yellow dia- 
monds at high pressure (Koivula et al., 1992). HPHT 
processing of some brownish type Ila natural dia- 
monds can remove color to the point of rendering the 
stone colorless (D-F); early experiments with this 
method were done in Russia (Teslenko, 1993), and 
recently General Electric has been processing dia- 
monds in this fashion for commercial distribution 
(for further information on these GE POL diamonds, 
see, e.g., Johnson et al., 1999b; Moses et al., 1999). 
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Figure 7. In the early 1990s, emerald treatment 
equipment became available from several sources. 
The “Mini Oiler” shown here uses a hand-operated 
vacuum-pressure pump both to remove air and 
moisture from fractures and to create pressure for 
fracture filling. Photo courtesy of Colgem-Zamrot. 


Other brown type Ia diamonds turn greenish yellow 
to brownish yellow (Henn and Milisenda, 1999, 
Reinitz et al., 2000—see figure 8). For a review of 
related technology, as revealed in recent patents for 
HPHT treatment, see Schmetzer (1999). 


NEW TECHNOLOGIES IN 
GEM IDENTIFICATION 


Gemological Techniques. “Classical” gemology is a 
relatively mature field; consequently, technical 
gains in this area over the last decade have for the 
most part been small refinements and discoveries, 
not major innovations. Among these were: 
e Refinement of weight estimation formulas for 
mounted stones (Carmona, 1998a,b) 
e A procedure to measure the specific gravity of 
mounted goods (Mitchell, 1992) 
Alan Hodgkinson’s “visual optics,” including a 
method to distinguish diamond from various sub- 
stitutes by noting the pattern of dispersed flashes 
from a fashioned stone (Hodgkinson, 1989), as 
well as tests with simple equipment to estimate 
or determine optic character, birefringence, dis- 
persion, pleochroism, and refractive index 
(Hodgkinson, 1995) 
Confirmation of appropriate tests to identify 
black opaque gem materials (Johnson et al., 
1996), including examining the surface in polar- 
ized reflected light 
Use of polarized reflected light to help identify 
opaque inclusions at the surface of non-opaque 
gems (Crowningshield and Johnson, 1994) 
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e An explanation of the “Plato effect” in synthetic 
corundum (Johnson and Koivula, 1999), which is 
seen by looking edge-on at the irregular edges of 
mosaic crystallites 

¢ Use of microscopic techniques from optical min- 

eralogy by gemologists to identify small particles, 

such as minute scrapings from a gem (Hodgkin- 

son, 1994) 

Obtaining the optic figure of a transparent inclu- 

sion in a transparent gemstone, using a “cono- 

scope” (focusing lens on a microscope) in contact 

with the host gem (Koivula, 1993) 

Use of short-wave UV radiation to distinguish stri- 

ae in synthetic sapphires (Kammerling et al., 1994) 


Use of pleochroism to tell diffusion treatment 
(pleochroism should exist) from coating (no 
pleochroism) for anisotropic gems (Koivula and 
Kammerling, 1991a) 


Use of a refractometer to measure dispersion, by 
calibrating results against benitoite and fluorite 
(Hanneman, 1992) 

Use of thermal conductivity to distinguish (most) 
synthetic emeralds from (most) natural emeralds— 
synthetics tend to have lower values (Read, 1990a) 


Gemological Instruments. Innovations also contin- 
ued in the development and improvement of 
instruments for basic gemology. The following are 
a few of the many advances in the decade. Reflec- 
tivity meters, including the Brewster-angle refrac- 
tometer, compensate for their lower precision than 
standard refractometers by measuring a wider range 
of refractive indices (up to 3.3: Read, 1990b; 
Kammerling et al., 1995a). Dr. W. Hanneman pro- 
duced many small gemological instruments, 
including an inexpensive replacement for a quartz 
wedge, which could be used with a microscope to 
determine the optic sign of a gem (Koivula et al., 
1992b]. Because darkfield illumination is generally 
needed to see small inclusions well, a darkfield 
loupe was developed by GIA GEM Instruments 
(Koivula and Kammerling, 1991c; figure 9). 

Other new gemological equipment included two 
types of immersion cells to distinguish diffusion- 
treated corundum, one illuminated (Koivula et al., 
1992a; Linton et al., 1994) and one for use with a 
penlight (Read, 1993). A modified “phosphoro- 
scope” for short-wave UV testing was described by 
Elen and Fritsch (1999, pp. 36-37). A strong magnet 
on a convenient mounting could be used to distin- 
guish (most) unmounted synthetic diamonds that 
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contain metallic inclusions from natural diamonds 
(Kammerling et al., 1995d; Hanneman, 1996; 
Hodgkinson, 1996). H. Linton and colleagues on the 
Gemmological Association of Australia Instrument 
Evaluation Committee reviewed many new gemo- 
logical instruments in the Australian Gemmologist, 
including: the Bailey light source, an inexpensive, 
low-powered replacement for sodium D-line illumi- 
nation for a refractometer (Linton et al., 1996), and 
the Meiji Technico GF-252 combination refrac- 
tometer/polariscope (Linton et al., 1997). 


Growth Structure Analysis. Although morphological 
crystallography—the study of a material by identify- 
ing its crystal faces and their relationships—predates 
the discovery of X-rays, during the 1990s a variation 
of this approach was developed to gain information 
about the internal structure of gem materials. Faces 
(and corresponding growth zones) are most easily 
identified by their shapes, but these shapes can 
change with relative size; a better technique is to use 
the angles between adjacent growth zones, which do 
not vary. Kiefert and Schmetzer (1991a,b,c) used a 
horizontal immersion microscope to measure these 
angles, and showed valuable applications (e.g., distin- 
guishing Nigerian and Colombian emeralds from 
synthetic emeralds). Perhaps the simplest example of 
this technique is the identification of synthetic dia- 
monds on the basis of cubic growth zones (not pres- 
ent in natural diamonds, which grow as octahedra; 
Welbourn et al., 1996 [figure 10]). Growth features 
also are useful to understand the growth histories of 
some rubies (see, e.g., Peretti et al., 1995; Smith, 
1996) and blue sapphires (Schwarz et al., 1996). 


Color Measurement. Color comparison requires color 
standards, a choice of illumination (see, e.g., Yonick, 
1999), a consistent (nondistracting) background, and 
trained color graders with proven excellent color per- 
ception (Brown, 1993; King et al., 1994). During the 
1990s, machines were devised to measure color, espe- 
cially for D-to-Z diamonds (e.g., Gran and Austron 
colorimeters; Shor, 1999). In a new application of old 
technology, existing measurement equipment, such 
as multichannel spectroscopy, was used to “grade” 
colored diamonds; however, these devices were of 
limited effectiveness due to differences in viewing 
geometry (compared to visual grading), the effect of 
gemstone fluorescence, and some reproducibility 
concemis (Peretti, 1995). Color can be communicated 
via computer by, for instance, collecting gemstone 
image spectra (Wagner, 1999); however, all such 
methods are accurate only if the sending and receiv- 
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Figure 8. With presses such as this one, dia- 
monds are exposed to high pressure and high 
temperature for short periods of time to give 
them a more attractive color. These five greenish 
yellow HPHT-treated diamond crystals 
(1.90-4.45 ct) were originally brown. Instrument 
photo courtesy of Novatek; inset by E. Schrader. 


ing devices are properly calibrated and can detect and 
show the correct colors (which depends on the color 
“gamut” of each piece of equipment). 


“Black Boxes.” A “black box” in this context is a 
relatively small piece of equipment that gives a 
choice of simple responses; it is not necessary to 
understand the technology to use such a device, 
although understanding prevents many interpreta- 
tion errors (see, e.g., Liddicoat, 1996). The most com- 
mon “black boxes” are diamond testers, to distin- 
guish diamonds from (most) simulants. A new gen- 
eration of these were introduced, from hardness pen- 
cils to UV-transparency meters, with the commer- 
cial development of synthetic moissanite as a dia- 
mond simulant (see, e.g., Nassau et al., 1997; 
Hammer and Stefan, 1999; Hanneman, 1999}, 
because synthetic moissanite reads as diamondon 
most traditional diamond testers. The De Beers 
DiamondSure distinguishes synthetic diamonds 
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Figure 9. The darkfield loupe, shown here with 
a flashlight and tweezers, was developed by 
GIA GEM Instruments to help gemologists see 
small inclusions. 


from most natural diamonds on the basis of the pres- 
ence (in most natural diamonds) of the 415 nm opti- 
cal absorption line (which is absent in synthetic dia- 
monds}, as described by Welbourn et al. (1996; see 
figure 11). Although this device was not commer- 
cially available at the end of the decade, it was in use 
in some major gemological laboratories. 

Another important set of “black boxes” consists 
of measuring devices. Like a Leveridge gauge, the 
Presidium Electronic Gemstone Gauge measures 
the external dimensions of a gemstone (Linton and 
Brown, 1990). The Presidium DiaMeter-System 
Berger (again, see Linton and Brown, 1990), Sarin 
BrilliantEye (Lawrence, 1998), and OGI Megascope 
(“New machine... ,” 1998) measure the propor- 


Figure 10. The yellow-fluorescing octagon in the 
middle of the table of this 2.19 ct synthetic diamond 
represents growth on a cubic face. Cubic growth 
zones are not seen in natural diamonds. Photo cour- 
tesy of De Beers DTC Research Centre. 
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tions of fashioned stones, mainly diamonds, and 
provide “cut grades” according to predetermined 
criteria (often a choice of proportion ranges for 
“Tdeal” cuts). According to its manufacturers, the 
GemEx BrillianceScope Analyzer quantifies “disper- 
sion,” “light return,” and “brightness” (Schoeckert 
and Wagner, 1999), although no reviews of this 
equipment were available by the decade’s end. 


INNOVATIONS IN ADVANCED 
ANALYTICAL TECHNIQUES 


Of increasing importance in gemology is the need to 
have recourse to techniques that require more 
sophisticated (and more expensive) instrumenta- 
tion. Commonly referred to as “advanced testing,” 
these techniques were developed for—and used rou- 
tinely in—other sciences, especially chemistry, 
physics, and geology (see, e.g., Hawthorne, 1993). 
They usually require considerable training both to 
use the instruments and to interpret the results. 
Applications of some specific techniques to gemolo- 
gy are described below. 


Improvements and New Vistas for Established 
Techniques. Although techniques such as infrared 
and Raman spectroscopy were developed long before 
the 1990s, they became far more important to gemo- 
logical laboratories during this decade. Such tech- 
niques were also modified or adapted to answer new 
challenges presented by treatments and synthetics. 


Ultraviolet-Visible (UV-Vis) Spectroscopy. This 
was a mature technology, with a few new develop- 
ments in the 1990s. Diamond spectra are generally 
run at low temperatures to improve resolution, but 
Lifante et al. (1990) noted that by taking mathemat- 
ical derivatives of room-temperature spectra—that 
is, by examining the changes of slope in these spec- 
tra—better resolution could also be achieved. 
Diffuse UV-Vis reflectance spectroscopy can be 
used in combination with infrared techniques to 
identify gems, and a database of these spectra has 
been produced (Tretyakova et al., 1997, 1999). 


Infrared Spectroscopy. During the 1990s, IR spec- 
troscopy found some important new applications. 
This is the best technique to determine whether 
or not jadeite has been bleached and polymer- 
impregnated (Fritsch et al., 1992; figure 12), and IR 
analysis of jadeite has now become standard practice 
in some gemological laboratories. Smith (1995) 
showed that the IR spectra of heat-treated Mong Hsu 
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rubies were different from those of unheated rubies. 
Emeralds fall into five different groups based on IR 
spectra in the hydroxyl and water regions, although 
water-rich samples require emerald powder to be 
mixed into KBr pellets, which is somewhat destruc- 
tive (Schmetzer and Kiefert, 1990). Most manufac- 
tured glasses can be distinguished from obsidian and 
other natural glasses based on their IR spectra 
(Owens, 1999). Yan et al. (1995) described an infrared 
microscope that works in much the same way as a 
Raman microspectrometer: Visible-light optics are 
used to focus on the region of interest, and an IR spec- 
trum is then collected. 

Diamonds are usually divided into four types (Ia, 
Ib, Ila, and IIb) based on the amounts of trace nitrogen 
and boron present, and the aggregation state of the 
nitrogen, as evident in their IR spectra (Fritsch and 
Scarratt, 1992; Weldon, 1999). Knowledge of diamond 
type can help separate natural from synthetic dia- 
monds (see, e.g., Shigley et al., 1995); also, different 
diamond types react differently to HPHT processing. 

Although transmission geometry (i.e., the beam 
is passed through the sample) is used in most gemo- 
logical applications, IR spectroscopy is also useful in 
reflected beam mode. With the latter, the beam may 
be bounced off the sample’s surface or focused with- 
in the sample (e.g., Johnson et al., 1999c). Although 
this technique is sometimes called DRIFT (diffuse 
reflected infrared Fourier transform) spectroscopy, 
for gemological purposes the beam generally is trans- 
mitted through the sample and then reflected off a 
mirror, rather than being reflected off the sample 
surface. Reflectance IR spectroscopy has been used 
to detect fillers in emerald (see, e.g., Zecchini and 
Maitrallet, 1998; Chalain et al., 1998) and jadeite 
(Quek and Tan, 1997), as well as to distinguish syn- 
thetic from natural emeralds (Johnson and Koivula, 
1996a). Tretyakova et al. (1997) noted that three 
reflected-radiation techniques (reflected IR, reflected 
UV-visible spectroscopy, and reflected Raman) have 
their individual limitations, but can be used together 
to derive more complete results. 


Raman Spectroscopy. Perhaps the single most 
important “new” instrument in gemological re- 
search in the last decade was the laser Raman 
microspectrometer (again, see figure 1). This sensi- 
tive luminescence technology found widespread use 
in the nondestructive identification of inclusions 
(and fillers) in various gem materials, even under 
the gem’s surface, as well as of the gem materials 
themselves (see, e.g., Koivula et al., 1993b; Hanni et 
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nm absorption line, De Beers’s DiamondSure refers 
synthetic diamonds and some natural diamonds for 
further testing while “passing” most natural dia- 
monds. The fiber-optic probe is mounted vertically (as 
here) for testing loose stones, and can be removed for 
testing mounted stones. Photo by M. |. Crowder. 


al., 1997; Johnson and Koivula, 1997c}. Because 
Raman spectra can be gathered on mounted gems, 
this is a convenient technique for examining arti- 
facts (see, e.g., Hanni et al., 1998). Toward the end 
of the decade, it promised to play a key role in the 
identification of HPHT treatment in diamonds. 


Figure 12. IR spectroscopy has now become 
standard practice in some gemological laborato- 
ries for determining whether jadeite has been 
bleached and polymer-impregnated. The strong 
absorption in the 2900 cm region of the mid- 
infrared spectrum is particularly useful for 
detecting treated jadeite. 
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Figure 13. The De Beers DiamondView images a 
diamond's fluorescence to radiation below 230 
nm in wavelength. The blue fluorescence of the 
natural diamond shown on the monitor is typi- 

cal of most natural diamonds. Photo courtesy of 

De Beers DTC Research Centre. 


This technique provides a “fingerprint” of the mate- 
rial tested: Raman spectral peaks of crystalline sub- 
stances are sharp and occur at fixed energies; less- 
organized materials such as opal, resins, and oils 
have broad but often distinctive spectral features. 
Today, most major gemological laboratories have a 
Raman microprobe (microspectrophotometer). 

Spectral libraries were needed to apply Raman 
analysis easily to gemology; one of the first in this 
field was produced by Pinet et al. (Schubnel, 
1992), while others are available from manufac- 
turers (e.g., Renishaw) and on the Internet (e.g., 
http://minerals.gps.caltech.edu/files/raman). Given 
a reliable spectral library, a Raman spectrum can 
provide within minutes an identification that other- 
wise might require several hours for both chemical 
analysis and X-ray diffraction. 

Some gem materials luminesce to the laser exci- 
tation, and this photoluminescence can swamp the 
Raman signal (Kammerling et al., 1995f), or itself be 
captured and evaluated. Luminescence spectra have 
been collected at room temperature (Chalain et al., 
1999) and low temperatures (Fisher and Spits, 2000; 
Smith et al., 2000; again, see figure 1) from dia- 
monds suspected of HPHT treatment, in the hope 
of developing robust identification criteria. At the 
turn of the millennium, this is an active area of sig- 
nificant research. 


Luminescence Spectrometry and Imaging. This 


topic includes luminescence to UV radiation (fluo- 
rescence} and to visible light (photoluminescence; 
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see discussion of “Raman spectroscopy,” above), as 
well as time-delayed emission of light (phosphores- 
cence). A prototype “microspectrofluorimeter” was 
developed to collect emission spectra from small 
spots on samples (Dubois-Fournier et al., 1989); it is 
also possible to see photoluminescence by placing a 
sample between two filters that together block out 
all light (the “crossed-filter” technique: Hoover and 
Theisen, 1993). The De Beers DiamondView 
(Welbourn et al., 1996) images samples using their 
fluorescence to radiation below 230 nm in wave- 
length (i.e., at higher energy than short-wave UV). 
At these energies, all diamonds fluoresce, and syn- 
thetic diamonds show different patterns of growth 
than natural diamonds (figure 13). 

Many studies in the ‘90s used cathodolumines- 
cence, collecting images and spectra from samples 
that glow on exposure to an electron beam (see, e.g., 
Ponahlo, 1989; Johnson and Koivula, 1998a). 
Sunagawa et al. (1998) used cathodoluminescence 
images to confirm that two faceted diamonds came 
from the same piece of rough. Pulsed cathodolumi- 
nescence has yielded new spectral features in corun- 
dum and spinel (Solomonov et al., 1994). 


Electron Microprobe Analysis and Scanning 
Electron Microscopy. Again, these technologies 
should be considered mature (even in gemology), and 
were routinely used for chemical analysis and imag- 
ing of gem materials during the decade (see, e.g., 
Raber, 1996). Two types of detection systems are 
employed for chemical analysis: (1) energy-dispersive 
spectroscopy, which is quicker; and (2) wavelength- 
dispersive spectroscopy, which is much more accu- 
rate (Nikischer, 1999). “Windowless” detectors and 
layered crystal detectors (both of which became 
more common in the 1990s) have made it possible 
to measure the light elements boron, carbon, oxy- 
gen, nitrogen, and fluorine (see, e.g., Hanni et al., 
1994; Johnson and McClure, 2000). SEM detectors 
became so efficient that it was possible to show the 
opal structure in Kyocera impregnated synthetic 
opals without first carbon- or gold-coating the sam- 
ples (Kammerling et al., 1995b). 


X-ray Fluorescence Spectroscopy and X-ray 
Diffraction. XRF was applied routinely to many iden- 
tification problems in this decade. This technique is 
used to get an approximate bulk chemistry of various 
materials, including colored stones, diamonds (e.g., to 
detect fracture filling), and pearls (to distinguish fresh- 
water from saltwater pearls and to detect some treat- 
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ments). There have been a few new applications in 
this decade. For instance, since the penetration depth 
of the X-ray beam can be less than the sample thick- 
ness, XRF has been used to demonstrate diffusion 
treatment in a star sapphire (Johnson and Koivula, 
1996b). Energy-dispersive (EDXRF) systems with ele- 
ment-mapping capability now permit researchers to 
observe the distribution and concentration of chemi- 
cal components within a sample (e.g., the Kevex 
Omicron: Sam Muhlmeister, pers. comm., 2000). 

X-ray diffraction is another “mature” field, with 
few relevant innovations to applied gemology (versus, 
e.g., characterization of new gem species) in the last 
decade. One notable development is the availability of 
diffraction reference spectra on CD-ROM, with com- 
puter search capability (from the International Center 
for Diffraction Data, Newtown Square, PA). 


Metals Testing. In one way, metals are easier to test 
than gems, as the use of destructive testing is usually 
less of a concern. Four metal-testing techniques— 
density, chemical reactivity, capacitative decay, and 
chemistry by EDXRF—were reviewed by Mercer 
(1992) and found to be insufficiently accurate to meet 
U.S. legal standards. However, five years later, nonde- 
structive “X-ray assay” was considered reliable 
enough to substitute for fire assays for testing metals 
(Reilley, 1997). LA-ICP-MS (laser ablation-inductive- 
ly coupled plasma—mass spectrometry; see below) is 
more precise, allowing gold samples to be tracked 
from specific mines by their trace-element contents 
(“‘Fingerprinting’...,” 1995; see also Guerra et al., 
1999). Particle accelerator-based techniques such as 
PIXE (see, e.g., Demortier, 1989) are even more pre- 
cise, but access to such machines is limited, and they 
have been used mainly on archeological artifacts (e.g., 
Calligaro et al., 1998; Demortier et al., 1999). 


Promising Newcomers: Academic Techniques Being 
Adapted to Gemology. Isotopic Studies and ICP-MS. 
These tests are innately destructive, on one scale or 
another: Conventional isotope studies require that 
the elements being studied be ionized as a liquid or 
gas, while microbeam techniques use a laser or ion 
beam to blast ionized particles from small (i.e., tens 
of microns in diameter) spots in the sample (see, e.g., 
Gunther and Kane, 1999). The resulting trace-ele- 
ment and isotopic data can yield extensive informa- 
tion about gems, such as clues to formation ages and 
parent material. Ion probes and LA-ICP-MS can 
measure light elements such as hydrogen, lithium, 
and beryllium in gems (The geosciences in review,” 
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1996}, providing a practical micro-equivalent to wet 
chemistry as well as isotope chemistry. However, 
the (micro) destructive nature of these techniques, as 
well as their limited availability and expense, will 
likely restrict their gemological applications in the 
near future. In addition, as the spot size (and result- 
ing crater) gets smaller, reproducibility may suffer. 

There have been several isotopic studies of emer- 
alds, especially by Giuliani and co-workers (see, e.g., 
Cheilletz et al., 1994; Giuliani et al., 1997, 1998, 
2000). The oxygen isotopes of Colombian, Afghan, 
Brazilian, Zambian, Tanzanian, and Nigerian emer- 
alds may be related to their source rocks and tem- 
peratures of formation (Johnson and Koivula, 1997a; 
Giuliani et al., 1998), which may provide clues to 
the locality of origin. 

Conventional ICP-MS has been used to distin- 
guish elephant from mammoth ivory, based on stron- 
tium-to-calcium ratios (Sato et al., 1991). Together 
with Fourier transform infrared (FTIR) spectroscopy 
and optical techniques, Pulz et al. (1998) used ICP-MS 
to distinguish Campos Verdes (Goids, Brazil) emeralds 
from those from Colombia, Swat (Pakistan), Itabira 
(Minas Gerais, Brazil], and Franqueira (Spain). 


X-ray Imaging Techniques. X-ray topography—cre- 
ating images from diffracted X-rays—was described 
by Sunagawa et al. (1998), who used it (with 
cathodoluminescence) to determine that two fash- 
ioned diamonds had been cut from the same piece 
of rough. Synchrotron Laue patterns of rough Argyle 
diamonds have shown that they are more likely 
than diamonds from other sources to contain slight- 
ly misoriented crystallites; because of this mosai- 
cism, Argyle diamonds have a high wear resistance 
for industrial uses, but are harder to polish as gems 
(Clackson and Moore, 1992). Coatings, as well as 
mosaic crystals, can be imaged using X-ray diffrac- 
tion tomography (Liangguang et al., 1999). 


Other Physical and Chemical Techniques. Various 
other instrumental methods have been applied to 
the analysis of gem materials through cooperative 
programs at universities and other institutions, 
which make otherwise prohibitively costly, experi- 
mental, and/or restricted equipment available to 
researchers. Using computer-aided tomography 
(CAT scanning), a pearl was shown to be attached to 
the shell in which it had grown (Wentzell, 1995). 
Scanning tunneling microscopy (STM) is one of a 
family of related micro-surface techniques that have 
many applications in computer-chip testing but are 


GEMS & GEMOLOGY Winter 2000 391 


Figure 14. Proton-induced X-ray emission (PIXE) 
analysis has been used to nondestructively mea- 
sure the trace-element concentrations in gems and 
metals. The Van de Graaff accelerator shown here 
is one method used to generate the proton beam 
for this technique; photo courtesy of Tay Thye Sun. 
Several PIXE studies have been performed on 
rubies (see inset of Burmese stone; courtesy of 
Amba Gem Corp., photo © Tino Hammid). 


only beginning to be applied to the study of gems. 
STM revealed that diamond polishing proceeds by 
chipping in the hardest directions, and by plastic 
deformation and subsequent graphitization in other 
directions (Van Enckevort et al., 1993; Van 
Bouwelen and Van Enckevort, 1999). PIXE analysis 
(figure 14), an ion-beam technique, has been used for 
the nondestructive measurement of trace-element 
concentrations in gems and metals in Egyptian jew- 
elry (Koivula et al., 1993b; Querré et al., 1996), as 
well as in rubies from Myanmar and Thailand (see, 
e.g., Kammerling et al., 1995e; Sanchez et al., 1997), 
and diamond inclusions (Ryan and Griffin, 1993). X- 
ray photoelectron spectroscopy (XPS), an analytical 
technique for surfaces, can determine elemental 
compositions and oxidation states, and gives similar 
results to FTIR in testing for surface waxing or poly- 
mer impregnation in jadeite (Tan et al., 1995). 
Nuclear magnetic resonance (NMR), a nonde- 
structive technique that probes the local environ- 
ment of specific elements such as hydrogen and flu- 
orine, can separate some natural and synthetic 
emeralds, and may be able to detect heat treatment 
in aquamarines (again, see Koivula et al., 1993b); it 
also shows promise for being able to separate syn- 
thetic from natural pink-to-orange sapphires (Troup 
et al., 1992). Electron paramagnetic resonance (EPR; 
also called electron spin resonance, or ESR—see, 
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e.g., Hutton and Troup, 1994b) has been used to 
investigate the valence state and bonding properties 
of certain transition elements in gems, including: 
manganese in pink tourmaline (Petrov, 1990), vana- 
dium in emeralds and green beryls (Hutton and 
Troup, 1994a), chromium in natural and synthetic 
alexandrites (Rager et al., 1998), and nickel in 
annealed synthetic diamonds (Mashkovtsev et al., 
1999). Laser tomography has been used to image 
small defects in heat-treated sapphires (Shida, 1990) 
and synthetic rubies (Koivula et al., 1993b). At this 
time, these techniques are more academic than 
practical, but each of them could make useful 
gemological determinations. 


Statistical Analysis. The estimation of errors is 
important in the assessment of the validity of any 
experimental study, regardless of the technique 
used. Recently, however, “demographic” studies 
have been introduced, which use (often simplified) 
statistical techniques to study the properties of data 
populations, rather than individual samples or obser- 
vations. For example, the diamond fluorescence 
research of Moses et al. (1997) was mainly a statisti- 
cal study of human perception of diamond color and 
transparency as a function of intensity of blue fluo- 
rescence. Although individual responses were quite 
variable, and sometimes even contradictory, overall 
trends in appearance aspects could be discerned. 
This study was unusual for gemology in that it con- 
sidered general population trends, instead of individ- 
ual responses and observations of individual items. 


SUMMARY: INNOVATIVE TRENDS IN 
THE 1990s AND SOME PREDICTIONS 


In their 1980s review, Fritsch and Rossman (1990) 
suggested the following as significant remaining 
challenges for the gem trade: determining natural 
versus treated colors in natural gems (especially 
green diamonds, blue topaz, and red tourmaline}, 
instrumentational determination of heat treatment 
(especially corundum) and dyes (e.g., “lavender” 
jade), and the reproducible measurement of a gem’s 
color. Progress has been made on some of these 
issues in the last decade—notably on determining 
the origin of color of green diamonds, perhaps the 
most economically important of these issues—but 
no definitive methods or solutions have yet been 
published, and newer crises have relegated the rest 
of these issues to a much lower priority. 

This last decade was one in which technology 
brought changes to nearly every aspect of gemology 
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and gem manufacturing. To this author, the follow- 
ing trends best summarize the current need for, and 
spirit of, innovation: 


e The Internet is for everybody. Widespread avail- 
ability of information (of all levels of quality) 
means that sophisticated consumers may know 
more—or think they know more—about gems 
than their retailers do. 


¢ Computers calculate proportions and cut designs. 
To the degree that a gemstone’s optical perfor- 
mance can be modeled accurately, cuts can be 
planned and optimized without wasteful trials. 
Verification is still required, however. 


¢ Robots fashion gems. Used at first for calibrated 
goods, robotic cutting creates relatively uniform 
results. 

e Lighting concerns are increasingly important in 
the retail store and the laboratory. The optimal 
lighting environments for viewing gems for pur- 
chase as well as gemological evaluation will like- 
ly be a major research focus over the next decade. 


¢ The use of high temperatures and synthesis meth- 
ods for treatment has begun to blur the line 
between treated gems and synthetics. The classic 
1990s examples were the (very) high temperature 
heat treatment of Mong Hsu rubies, which grows 
new material, and the use of high pressure/high 
temperature both to produce synthetic diamonds 
and to decolorize or otherwise improve the color 
of natural diamonds. 


¢ However, treated synthetics are now considered a 
category in their own right. The GIA Gem Trade 
Laboratory, for example, currently identifies diffu- 
sion-treated synthetic corundum and polymer- 
impregnated synthetic opal. 

e “Black boxes” provide specific solutions to certain 
gemological problems. In some cases, as with syn- 
thetic moissanite testers (used to distinguish dia- 
mond from a doubly refractive substitute}, these 
devices may substitute for a lack of basic gemolog- 
ical skills, or the time needed to practice them. 


¢ More treatments and synthetics require advanced 
testing. For example, a piece of jadeite may show 
no obvious signs of polymer impregnation when 
viewed with a microscope, but this treatment 
may be readily apparent when the sample is 
examined with FTIR. 

¢ Statistical studies and computer databases may 
lead to “profiling” of gem materials by expert 
systems. We have now reached the point where 
computers are better able than individuals to keep 
and compare relevant observations; in the future, 
these systems should be able to spot goods repre- 
senting new mines, synthetics, and treatments. 


¢ New and old techniques from other sciences con- 
tinue to be adapted to solve gemological problems. 
Mineralogy, chemistry, and physics have been fruit- 
ful sources of advanced techniques with gemologi- 
cal applications, but other sciences (such as biology) 
may provide more techniques in the future. 


It is difficult to know which of the many tech- 
nologies reviewed in this article will make the 
greatest impact in the future. Most of the technical 
innovations that affect the trade today have their 
roots in the technologies of previous decades. The 
most significant development has been in the rate at 
which changes reach us. We have less time to react 
than we did in the past: Crises come on top of crises, 
challenges on every scale hit at once. Continuous 
education is therefore a key to success. 

Although it is true that gem identification is 
becoming increasingly difficult (a trend that will cer- 
tainly persist), often requiring sophisticated laborato- 
ry instrumentation and techniques, it is also true 
that the competent gemologist can still ascertain a 
tremendous amount of information using classical 
gem-testing methods that are routinely available. By 
staying on top of the gemological literature, and 
applying this newly gained knowledge to classical 
gem-testing methods, competent gemologists can 
accurately identify many gem materials and, as 
importantly, determine when they need to submit a 
gem to an independent, recognized laboratory. 
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other obnoxious growths. to keep 
the oyster in a healthy condition. 
Cold water (44°F) and fresh water, 
due to heavy rains, are also fatal 
to the mollusk. 

After the growth period, the nuclei 
are covered with a thick coating of 
nacre, composed of alternating layers 
of aragonite (carbonate of lime) 
and conchiolin (an organic mate- 
rial). The color and luster of the 
pearl depends upon the original 
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and the place where the nucleus 
eventually lodges in the oyster itself. 
The finest color and luster is found 
in the center of the shell. Black 
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shell where the mother-of-pearl is 
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that natural pearls are encountered 
in the oyster at the harvest. 


Harvested in November 

The oysters are usually harvested 
in .November. The oyster does not 
thrive in the cold water of the win- 
ter season. After the harvest, the 
oyster is opened and the pearl re- 
moved from the body of the animal. 
The pearls are placed in hydrogen 
peroxide and warmed, to bleach out 
any discoloration due to included 
organic matter, and then exposed. to 
strong sunlight for a brief period, 
a treatment that improves their 
luster or “orient.” 

Pink pearls are in best demand in 
the United States. Silvery pearls 
are in better demand in Europe and 
golden pearls are considered best in 
the Orient. It is not an unusual prac- 
tice to “pink” the pearls. In treating 
the pearls with hydrogen peroxide a 
slight shrinkage takes place in the 
contact of the nuclei with the nacre. 
When the pearls have been drilled 
this zone can absorb some pink oil, 
yielding a delicately tinted pink 
pearl. The surface of the pearl re- 


mains unaffected, so that the color- 
ation is reasonably permanent. 

The cleaned pearls pass to girls 
whose task it.is to spot with ink 
the place where the pearl is to be 
drilled. Any small imperfection, such 
as a spot or wart, can frequently be 
removed by drilling through it. 
Drilling is done by small motor 
driven drills. Girls who are well 
trained in distinguishing the slight 
variations in color and luster sort 
and arrange the pearls.for stringing. 


Present Production 

The total capacity of the Japanese 
pearl culture industry is normally 
about 30,000,000 oysters. Of these 
Mikimoto controls about 80 per cent 
of total production, but with the 
outbreak of the Pacific War produc- 
tion was almost completely  sus- 
pended. At the present time produc- 
tion is about 30 per cent of capacity 
due to shortages of manpower and 
wire for cages. 

The present production as well as 
the accumulated reserve stocks is 
marketed entirely through the post 
exchanges of the U. S. Army of 
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as well as some loose pearls for ring 
or earring use. Although the open 
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larly of the finer quality, are pur- 
chased by them clandestinely, as a 
hedge against inflation. Fine, well- 
matched strands of pearls are now 
seldom seen offered for sale. The 
production of seed pearls for export 
to China, where they are valued as 
medicine, has. been an important 
element in the trade. The baroque 
and other odd-shaped pearls are 
used for the same purpose. 

In addition to the pearl culture 
about Ago Bay, on Honshu Island, 
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JEWELRY OF THE 1990s 


This article provides an overview of the many 


changes that took place in how jewelry was 


designed, manufactured, and marketed during 


the last decade. Driven by a highly competi- 


tive market that favored the unique, designers 
created innovative cuts for diamonds and col- 


ored stones. The use of gem materials in the 
‘90s was marked by a greater demand for 
fancy-color diamonds, colored stones in dra- 
matic combinations, and large and multicol- 
ored cultured pearls. In precious metals, the 
emphasis shifted toward platinum and other 


white metals. Designer jewelry took on a vari- 


ety of distinctive setting styles, textures, and 
motifs. As designers sought to distinguish 
themselves through name recognition, the 
branding of diamonds and finished jewelry 
became a major force. Jewelry worn by enter- 
tainers and promoted in the mass media 
touched off instant trends, which the new 
marketplace of television shopping networks 
and the Internet was able to accommodate 
directly. 
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By Elise B. Misiorowski 


or the jewelry world, the decade of the ‘90s was an 

eclectic one, filled with strong contrasts and bal- 

anced opposites. Jewelry design expanded in every 
direction, with the wide variety of motifs ranging from 
ancient or ethnic (figure 1) to ultramodern. There was a 
Renaissance in cutting styles for both diamonds and colored 
gems, and pearls reached new heights of popularity. 

The economic ups and downs in the ‘90s had a pro- 
found effect on the jewelry world. Japan, the strongest mar- 
ket for jewelry as the decade opened, went into an eco- 
nomic recession in the early ‘90s, setting off a domino 
effect on the economies of Korea, Thailand, and the rest of 
Southeast Asia. Although there was a slump in consumer 
spending in those areas, it was offset by the new buying 
power of China and a stronger jewelry market in the 
United States and Europe. Surveys indicated that the typi- 
cal jewelry buyers of the ‘90s in the U.S. were young mar- 
ried women with full-time employment and no children, 
older women whose futures are secure, and teenagers 
(Precious & Fashion Jewelry Markets, 1997), while a study 
by the World Gold Council indicated that women are the 
primary jewelry buyers in Europe as well (“Market 
place...,” 1997). Fine jewelry became less formal, as it 
became an important part of the working woman’s 
wardrobe. More women wore pearls or diamonds with 
with blue jeans and tennis dresses, integrating fine jewelry 
into every aspect of their lives. 

At the same time, the discovery and mining of new gem 
deposits, as discussed in the “Localities” article elsewhere 
in this issue (Shigley et al., 2000), made many gems more 
available. New cuts for both colored stones and diamonds 
were introduced, revitalizing jewelry design. In addition, 
jewelry competitions proliferated, further stimulating 
design and shifting the direction of jewelry styles, while 
promotion of jewelry through the media—both print and 
film—stimulated consumer demand. With strong competi- 
tion in the marketplace for jewelry and gems, jewelers and 
gem dealers began promoting their particular “brand,” and 
branding became a strong and increasingly important trend 
in the ‘90s. The potential power of the Internet as a market- 
ing tool for jewelry also became evident, and auction hous- 
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es played a greater role in the marketing of contem- 
porary as well as estate jewelry. 

All of these developments—and more—con- 
tributed to a decade that saw both subtle advances 
and dramatic innovations in the use of gem materi- 
als, as well as in the design and marketing of jewel- 
ry. As space is limited, this overview will focus on 
capturing the essence of trends in fine gemstone 
jewelry (excluding watches) as seen in the U.S. mar- 
ket rather than attempt to address every nuance of 
change in the international jewelry world. 
Similarly, as it is impossible to credit every impor- 
tant jewelry designer of the decade here, the empha- 
sis will be on those who made significant advances 
in jewelry design or gem cutting, or whose work 
exemplified specific trends during this period. 


DIAMONDS 


Trends. There were several new twists in the dia- 
mond market. Advertising and promotion of dia- 
monds created a more enlightened and interested 
consumer so that, in areas where the economy was 
strong—Japan in the early ‘90s and the U.S. later in 
the decade—there was a new demand for quality. 
The ‘90s buyer was interested in diamonds that 
were not only of high color and clarity, but were cut 
to good proportions as well. As a result, a number of 
dealers began to promote as a name brand standard- 
cut diamonds that guaranteed quality. Lazare 
Kaplan International set the trend with the Lazare 
Diamond, which was cut to “Tolkowsky Ideal” 
proportions (“Designer diamonds...,” 1997). Other 
companies swiftly followed suit, and brand- 
name diamonds became a hot new trend. “Branded” 
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Figure 1. Designers in the 
‘90s drew inspiration 
from many sources and 
interpreted it in a con- 
temporary manner. This 
group of jewelry designed 
by Carolyn Tyler com- 
bines faceted citrines 
and black pearls set in 
granulated 22K gold in 
Renaissance-style cruci- 
form motifs, the pendant 
suspended from a pearl 
and gem bead torsade 
necklace. Courtesy of 
Stones of Fire, Bali. 


diamonds fell into four specific categories: well- 
fashioned standard cuts, such as the Lazare 
Diamond; new varieties of fancy cuts, such as the 
Quadrillion and the Criss Cut; treated diamonds, 
such as those that were Yehuda fracture-filled; and 
diamonds from specific sources (often with distinc- 
tive colors), such as Argyle pink and “champagne” 
diamonds. Several companies also developed lines 
of jewelry designed around their branded diamonds, 
further increasing their market exposure (Feder- 
man, 1997). 

Not only was there a strong market for standard- 
and fancy-cut diamonds, but interest also developed 
in antique cuts such as the briolette, rondelle, old 
European, and rose. Even early table and portrait 
cuts, which date from the 16th and 17th centuries, 
made a showing, as did diamond beads, which are 
without historic precedent but have an old-fash- 
ioned look (Federman, 2000). Briolettes gained pop- 
ularity as pendants and earring drops, rondelles 
were used as spacers in important pearl and gem 
bead necklaces, and diamond beads were offered in 
dazzling single strands or mixed with other gem 
beads in necklaces and bracelets (figure 2). Rose, old 
European, table, and portrait cuts were incorporated 
into antique-style jewelry as well as into some 
ultramodern styles. Even the natural beauty of 
rough diamonds was appreciated, as octahedral, 
dodecahedral, and cube-shaped diamond rough was 
set in jewelry during this highly unusual decade. 

Without listing every diamond cut brand, it is 
important to mention some of the new shapes and 
facet arrangements developed during the 1990s, as 
many of these provided the impetus for innovative 
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Figure 2. Various “old” diamond cuts became 
newly fashionable during the 1990s; these 
included the old European and briolette cuts 
seen in the elongated drop earrings (inset). 
Exquisitely understated when worn as a single 
strand, diamond beads also add importance as 
spacers in a fine pearl necklace. Courtesy of 
Michael Goldstein, New York. 


Figure 3. In the face-up position, it is impossible 
to see the gold grid that holds the diamonds 
from beneath in this pendant, which has been 
invisibly set with Quadrillion diamonds that 
have been customized to fit the heart-shaped 
outline. Courtesy of Ambar Inc., Los Angeles. 
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jewelry design. Developed in the 1980s, square bril- 
liant cuts for diamonds, known as Princess cuts, 
and rectangular brilliants grew in popularity during 
the ‘90s. Much of this popularity was due to the fact 
that rectilinear brilliant cuts made it possible—for 
the first time—to invisibly set diamonds. In the late 
1930s, when invisible settings were first introduced, 
the technique was used only with rubies, sapphires, 
and emeralds. At that time, rectilinear diamonds 
were step cut and the metal grid used to hold the 
gems from beneath was easily visible through them. 
Square brilliant diamonds, however, break up the 
light so that it is impossible to see the metal that 
holds the stones. Invisibly set diamonds became a 
strong stylistic feature of ‘90s jewelry by such com- 
panies as Ambar Diamonds, who patented their 
square brilliant cut as the Quadrillion (“Square cut 
brilliance,” 1994; (figure 3)). The fact that square 
and rectangular brilliant cuts also concentrate color 
in diamonds may have contributed to the populari- 
ty of these cuts as interest in fancy-color diamonds 
increased. 

In addition, the four-lobed Lily cut (by Eternity 
Diamond Corp.) and the five-pointed Star cut (by 
Fancoldi) are two unusual shapes developed during 
this period, while the Context and Spirit Sun cuts, 
designed by Bernd Munsteiner, were radical depar- 
tures from standard cuts. The Context cut is pol- 
ished as a perfect octahedron to emulate one of dia- 
mond’s natural crystal habits. The Spirit Sun con- 
sists of a series of triangular facets radiating from 
center culets on both crown and pavilion to imitate 
the sun’s rays (figure 4; Federman, 1997). 

Melee and calibré-cut diamonds continued to be 
popular throughout the ‘90s in pavé and channel 
settings. This may have been driven by the fact that 
cutting operations in Israel stepped up their produc- 
tion of precision-cut, calibré goods, while India and 
Thailand produced large quantities of small, inex- 
pensive diamonds (“Thailand,” 1991; Even-Zohar, 
1997). In counterpoint to this, demand for larger dia- 
monds increased as the decade progressed. The 
stock market boom in the U.S. during the late ‘90s, 
along with the success of many Internet companies, 
brought sudden wealth to a surprising number of 
business entrepreneurs. As a way to demonstrate 
their new affluence, these entrepreneurs began to 
acquire large, fine-quality diamonds of 5 ct and 
above (Shor, 1998). 


Fancy-Color Diamonds. Traditionally considered 
rare and exceptional, fancy-color diamonds became 
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Figure 4. Bernd Munsteiner’s “Spirit Sun,” set here 
in a switl ring by Michael Good, was one of the 
radical new cuts for diamond developed in the 
‘90s. Courtesy of Michael Good, Rockport, Maine. 


more prominent in the 1990s. This was primarily 
due to the greater availability of fancy brown, yel- 
low, and pink diamonds from Australia’s prolific 
Argyle mine and the promotional program 
launched to sell them. The marketing blitz for 
these stones inspired greater interest in all fancy- 
color diamonds, which were frequently featured in 
designer jewelry. Because Argyle’s colored dia- 
monds are typically small, they are primarily suit- 
ed for pavé work, which stimulated a trend for col- 
ored diamond pavé jewelry. Even black diamonds, 
previously considered primarily for industrial use, 
were cut and pavé set with colorless diamonds and 
other gems to dramatic effect (Federman, 1999a). 
Fawaz Gruosi of de Grisogono was one of the earli- 
est to use black diamonds in jewelry. He came out 
with a striking line in 1997 that incorporated pavé 
black and colorless diamonds in areas of strong 
contrast. The trend was soon adopted by a few 
other designers, including Michelle Ong, who 
interpreted it in her own style (figure 5). 

There was also increased demand for larger fancy- 
color diamonds. Although yellow, brown, and pink 
were again the colors most frequently seen in sizes 
over a carat (figure 6), diamonds of blue, red, violet, 
orange, and green hues, in various tones and satura- 
tions, found ready buyers among connoisseurs and 
collectors (Bogel and Nurick, 1997; Heebner, 2000). 
In response to this demand for colored diamonds and 
their greater availability, GIA fine-tuned its color 
grading system for fancy-color diamonds in the mid- 
1990s (King et al., 1994). This period also saw the 
greater use of irradiated diamonds, which brought 
colored diamonds to a wider clientele. 
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Figure 5. Black diamonds became fashionable in 
the late ‘90s, especially pavé set with colorless 
diamonds in strongly contrasting “black and 
white” jewelry such as this lyric leaf brooch in 
platinum by designer Michelle Ong for Carnet, 
Hong Kong. Note also the use of briolette dia- 
monds. Photo © Tino Hammid. 


Figure 6. Still a rare and pricey commodity, 
fancy-color diamonds were frequently set as the 
focal point in rings. This ring, designed by Beat 
Schénhaus of Geneva, is set with a 1.55 ct pink 
marquise diamond accented by yellow diamond 
melee and colorless baguettes in a platinum and 
18K gold mounting. Courtesy of Fancoldi; photo 
© Tino Hammid. 
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Figure 7. Rich combinations of vividly colored 
gems were one of the biggest trends during the ‘90s, 
as seen in this 18K gold necklace set with tourma- 
line, tanzanite, and purple garnet. The use of gran- 
ulation and woven wire in high-karat gold was 
another prevalent trend. Courtesy of Kent Raible. 


COLORED GEMSTONES 


Trends. Rubies and emeralds had the strongest mar- 
ket share early in the decade but suffered credibility 
setbacks toward the end, when highly charged treat- 
ment controversies were aired on television and bla- 
zoned in the press (see, e.g., Bergman, 1998). As con- 


Figure 8. The use of various gems as inlay was 
very popular during the ‘90s. Opal inlay is used 
here in a particularly attractive combination with 
tanzanites and channel-set diamonds. Courtesy 
of Kabana, Albuquerque, New Mexico. 
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cers heightened about treatment in emeralds and 
rubies (see the “Localities” and “Treatments” arti- 
cles elsewhere in this issue), other colored gems 
gained prominence. Strong favorites were tanzanite 
and tsavorite, rhodolite, and Mandarin garnets from 
Africa, while fancy-color sapphires from Sri Lanka, 
Africa, and (later in the decade) Madagascar grew in 
popularity. Deep blue, “electric” blue, and “neon’”- 
green tourmalines from Brazil’s Paraiba mines were 
instant winners, while more red and bright pink 
spinels from Myanmar appeared on the market. 
Opals of every sort from Australia continued to be 
steady sellers. 

Colored gems were featured as the focal point in 
jewelry surrounded by diamonds, or they appeared 
with other gems of saturated hues. Typical were 
rich and unusual combinations such as red spinel 
with orange spessartine garnet, purple amethyst 
with deep red rhodolite, green tsavorite with violet- 
blue tanzanite, “golden” yellow sapphire with blue 
sapphire, Imperial green jade with ruby, blue sap- 
phire with hot pink spinel, green tourmaline with 
rhodolite garnet, orange citrine with brown or green 
zircon, and black onyx with iridescent mother-of- 
pearl or any of the above gems (figure 7). 

In contrast to these vivid combos, lighter-toned, 
less intensely colored gems were also in vogue. 
Understated, but hardly aloof, the pastel hues of 
aquamarine, green beryl, rose quartz, “golden” as 
well as pink and lavender sapphires, light green and 
pink tourmalines, morganite, kunzite, iolite, and 
translucent blue chalcedony gained a fresh presence 
in jewelry of the ‘90s (Kremkow, 1999). 

Fascination with phenomenal gems also intensi- 
fied. At the high end of the market, there were 
ready buyers for star ruby and sapphire, cat’s-eye 
chrysoberyl, alexandrite, and cat’s-eye alexandrite, 
while gem cognoscenti and collectors snapped up 
color-change sapphire and garnet. Moonstone, adu- 
larescent transparent labradorite (also known as 
rainbow moonstone}, and virtually every variety of 
opal appeared in a wide range of jewelry as cabo- 
chons, beads and—for opal especially—as carvings 
and inlay (Dang, 1998; DePasque, 1999—figure 8). 

Ornamental opaque and translucent gem materi- 
als such as lapis lazuli, black chalcedony, chryso- 
prase, turquoise, sugilite, malachite, and azurite- 
malachite were all brought into play as accent 
stones, in beads, or as inlay. Jade, a traditional 
favorite throughout Asia, gained new appreciation 
in the West. Imperial green jadeite commanded 
astonishing prices at auction: At the November 3, 
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1999, Christie’s sale in Hong Kong, for example, a 
cabochon ring sold for US$2,405,000, while a bangle 
sold for US$2,576,000. Both set new world records for 
these types of Imperial jadeite jewelry (Jadeite jew- 
ellery,” 1999). Lavender jade and translucent white 
jade also increased dramatically in demand and value 
(Christie’s, 1999), whereas nephrite jade in green, 
yellow, orange, rust, and black was commonly used 
in jewelry during the 1990s. 

Even gem varieties previously thought of strict- 
ly as collectors’ gems appeared in jewelry during 
the 1990s. These include blue-green apatite (mis- 
named “Paraiba” apatite in the trade because of its 
color similarity to the green tourmalines from 
Paraiba, Brazil), “golden” brown sphene, bright red 
rhodochrosite, and royal blue haiiyne (see, e.g., 
Knox and Lees, 1997; Kiefert and Hanni, 2.000). 
Although generally considered too soft or friable for 
most jewelry uses, these gems have strong color 
and show to great advantage in earrings, necklaces, 
or brooches, where they are not as susceptible to 
damage during wear. 


Cuts and Cutting. There was much experimentation 
with gem cutting in the ‘90s, and designers—hungry 
for ways to stand out in the highly competitive mar- 
ket—immediately incorporated new and unusual 
cuts into eye-catching jewelry. Fantasy cuts, intro- 
duced by Bernd Munsteiner in the 1980s (“The 
father of fantasy,” 1991), evolved in wonderful ways 
in the hands of many additional artists. Michael 
Dyber added concave circular facets, called Dyber 
Optic Dishes, to flat facets in fantasy-cut transparent 
gemstones (figure 9). These concave facets reflect 
throughout the stone, like bubbles or planets orbit- 
ing in a galaxy (Weldon, 1994). Another innovation 
was Bart Curren’s Fantasy Interlocks, matching pairs 
of fantasy-cut stones in contrasting gem materials 
that fit together like pieces of a puzzle. 

Fantasy cuts became more expansive in the 
hands of such lapidary artists as Glenn Lehrer and 
Steve Walters, who created wide, undulating carv- 
ings that rippled and coiled like waves or smoke (fig- 
ure 10). Fashioned predominantly from black onyx, 
lapis, chrysoprase, and other chalcedonies, these 
carvings were a breakthrough style of the ‘90s. 
Artists created another compelling effect by retain- 
ing some of the gem’s natural polycrystalline (drusy) 
surface (figure 11). Glenn Lehrer also developed 
round disc shapes with a hole cut in the center, simi- 
lar to a piece of Lifesavers candy. Applied to both 
transparent and translucent gems, his Torus Ring 
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Figure 9. Fantasy cuts grew in popularity during the 
‘90s. Michael Dyber won first place in the 1994 
AGTA Spectrum awards with this 262.70 ct 
Bolivian ametrine on which his carved Dyber Optic 
Dishes show to great advantage. The ametrine carv- 
ing has been set as a pendant by goldsmith Paul 
Gross. Courtesy of Michael M. Dyber, Rumney, 
New Hampshire; photo by Robert Weldon. 


GemcCut echoes the ancient Chinese “Pi,” symbol 
of eternity. 

By rewarding innovation and excellence in the 
cutting of colored gems, the Cutting Edge competi- 
tion (sponsored by the American Gem Trade 
Association [AGTA]] inspired gem cutters to devise 
new concepts. Outstanding among the many superb 
designer cuts are the concave facet cuts developed 
by Richard Homer, for which a special machine, the 
OMF Faceter, was developed (Homer, 1990). The 
integration of concave facets into a standard bril- 
liant cut gives his finished gems a fluid, lacy appear- 
ance (Dick, 1990a; Taylor, 2000). Other innovative 
cuts that became more popular in the ‘90s included 
cushion or saddle shapes with step-cut facets cover- 
ing their domed crowns in a checkerboard pattern, 
or in a single row similar to louver-blinds. Known 


GEMS & GEMOLOGY Winter 2000 403 


Figure 10. The sinuous curves of this fantasy-cut 
black onyx look like rippling water or coiling 
smoke. Carved by Steve Walters, this approxi- 
mately 5 cm long piece is set as a brooch designed 
by C. Y. Sheng. Photo by Maha Tannous. 


respectively as the “checker” and the “opposed bar” 
cuts (Vargas, 1975), they appeared primarily in rings 
or as graduated suites in necklaces. Drop-shaped 
briolette cuts also became highly fashionable for 
both transparent and translucent colored stones, 
particularly in earrings and necklaces. Some lapi- 
daries, including Arthur Anderson, Michael Dyber, 
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and Bart Curren, incorporated matte-finished facets 
to add an unusual visual texture to cut gems 
(Anderson, 1991; Johnson and Koivula, 1998, 1999). 
Cabochon cuts continued to shine in the ‘90s, as 
virtually every popular gem material, both transpar- 
ent and opaque, appeared in a host of different 
forms, including the standard round or oval cabo- 
chon, pyramidal “sugarloaf,” and many fancy 
shapes with buffed crowns and faceted pavilions. 
Even more radical departures from the standard 
cabochon became popular, such as flattened 
“tongues” and elongated bullet shapes, which were 
cut, for the most part, from chalcedony, garnet, 
beryl, tourmaline, and quartz. 

Gemstone beads made a big comeback during 
the ‘90s in single- and multiple-strand necklaces 
and bracelets. In addition to the standard gem mate- 
rials found in bead form, a number of additional 
gems were fashioned into beads as well. These 
included tanzanite, fluorite, spinel, and transparent 
labradorite. Beads appeared in many different 
shapes, such as smooth and faceted spheres, ovals, 
and lentil shapes, as well as polished cubes, cylin- 
ders, hearts, stars, and tumble-polished free-form 
pieces. In some cases, unpolished elongated rough 
crystals of aquamarine, green beryl, emerald, tour- 
maline, or topaz were sliced in chunks and drilled 
down their central axes as beads. Strung with gold 
bead spacers in close-fitting necklaces, these made a 


Figure 11. Natural poly- 
crystalline surfaces, known 
as druses, added appeal to 
fantasy carvings such as 
this one by Glenn Lehrer. 
The finished brooch, 
accented by a 12 mm South 
Sea cultured pearl and dia- 
monds, resembles the 
spreading wings of an angel 
or a butterfly. Courtesy of 
Glenn Lehrer. 
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the cultivation of pearl oysters was 
carried on in Kyushu, the southern 
island of Japan. At the present time 
production in Kyushu is at a stand- 
still, and the pearl farmers are 
without stocks of finished product 
and without necessary supplies. 
Some attempts are now being made 
to revive the industry there. 

The culture of pearls was under- 
taken on the Island of Buton, in the 
Celebes, by the Mitsubishi interests, 
using the large Margaritifera max- 
ima shell. About 20,000 to 30,000 
oysters were. under cultivation and 
the first commercial production be- 
gan in about 1930. Pearls yielded 
by this shell were more heavily 
coated with nacre and were of better 
orient than those of Japan, but the 
venture was not particularly suc- 
cessful and is now extinct. Most of 
the production from this source was 
sold in Paris. Because of their supe- 
rior quality and size these pearls 
commanded from four to five times 
the. price of Japanese pearls. 

A small production of culture 
pearls from “black lip” shells came 
from Palau in the Marianna Islands 
and from farms in the Ryukyu 
Islands. This venture was carried 
out by Mikimoto and is no longer in 
operation. 

Attempts have also been made to 
cultivate the fresh water mussel 
Unio in the streams of Japan. Pearls 
were successfully produced but it 
proved difficult to recover the mus- 
sel, since the Unio lives in the sands 
of the stream bed and moves or is 
washed about by the currents. 


+Curator of Geo'ogy and Mineralogy, Smith- 
sonian Institution, and Member of the Educa- 
tional Advisory Board, Gemological Institute 
of America. 


Dr. Kraus Re-elected 
G.LA. President 


We are pleased to announce the 


re-election of Dr. Edward Kraus, 
Ph.D., Dean Emeritus of the College 
of Literature, Science and Arts, 
University of Michigan, as presi- 
dent of the Gemological Institute 
of America. 

Dr. Kraus, author of many ref- 
erence works on mineralogy and 
numerous mineralogical and gemo- 
logical papers, was unanimously re- 
elected at last Spring’s meeting of 
the G.I.A. Board of Governors in 
Los Angeles. 

Other officers re-elected were 
Percy K. Loud, R.J., president of 
Wright, Kay & Co., Detroit, secre- 
tary-treasurer, and Robert M. Ship- 
ley, executive director. 

Those appointed as officers for 
the Board of Governors were: 

Leo J. Vogt, C.G., R.J., Hess & 
Culbertson, St. Louis, chairman; 
Paul S. Hardy, Hardy & Hayes Co., 
Pittsburgh, vice chairman; and O. C. 


(Continued on Page 445) 


Figure 12. At once ancient 
and modern in appearance, 
this magnificent necklace 
designed by Elizabeth 
Gage uses aquamarine 
crystals that have been 
sliced into chunks, drilled 
down their central axes, 
and strung as beads with 
granulated gold spacers. 
The eye-catching aquama- 
rine and golden beryl ring 
is typical of the size and 
importance of rings in the 
‘00s. Courtesy of Elizabeth 
Gage, London. 


dramatic statement, at once primitive and sophisti- 
cated (figure 12). Single-strand, elastic-strung gem- 
stone bead “Buddha” bracelets, also known as 
power beads, were a brief fashion in the late ‘90s. 
Worn singly or in multiples, these bracelets were 
marketed for their esoteric healing properties (“Feng 
shwing,” 2000). 


ORGANIC GEM MATERIALS 


Pearls. Pearls were extremely important in the 
1990s. When the Akoya cultured pearl industry suf- 
fered severe setbacks (Akamatsu, 1999), other pearl 
growers filled the void, keeping interest high and 
buying trends strong. Fine round Tahitian black and 
South Sea “cream” and “golden” cultured pearls in 
12-19 mm sizes became very fashionable in high- 
end jewelry, usually as single-strand necklaces but 
often as suites, with a matching ring and earrings 
(figure 13). Drop shapes, in a range of colors, were 
ideally suited for pendants and earrings, and 
baroque shapes found immediate acceptance in dis- 
tinctive brooches, mismatched earrings, and a wide 
variety of pendants. Previously rejected by the trade 
as blemished, grooved “circle” cultured pearls also 
found a ready market in the ‘90s (Weldon, 1999). 
The concentric rings provide an interesting texture 
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and are often accompanied by bands of particularly 
strong orient. Imaginative jewelers, such as 
Christopher Walling, took blemished cultured 
pearls of good color and placed small bezel-set 
rubies, sapphires, or diamonds in the blemishes to 
enhance the pearl’s appearance and improve its 
marketability. 

Many novel uses of pearls were developed and 
gained acceptance in the 1990s. One particularly 
unusual example is the faceted cultured pearl, which 
has dozens of symmetrical facets cut onto its surface 
(figure 14). Multicolored strands of cultured pearls 
became fashionable for necklaces and bracelets. 
Pairs of mabe pearls, set back-to-back in bezels, were 
strung as necklaces. Cultured abalone mabe pearls, 
introduced by New Zealand pearl farmers toward 
the end of the decade, made an appearance in rings, 
pendants, and earrings. Keshi pearls, the sponta- 
neous by-products of the culturing process, became 
very popular in necklaces and bracelets (separated by 
short lengths of chain), as the center gem in rings, 
and set singly or in clusters for earrings. 

The quality of Chinese freshwater cultured 
pearls improved dramatically during this decade, 
and by the late ‘90s they were appearing in a wide 
variety of shapes and luscious pastel colors. The 


GEMS & GEMOLOGY Winter 2000 405 


Figure 13. Tahitian black and South Sea cul- 
tured pearls in the 12-19 mm range became very 
popular during the ‘90s in single-strand chokers 
or in matching suites of jewelry. They were often 
enhanced by diamonds as shown here. Courtesy 
of J. Grahl Design; photo by Sylvia Bissonette. 


Figure 14. Faceting was applied to pearls for the 
first time during the ‘90s. Dozens of facets add a 
unique dimension to the luster and orient of the 
black cultured pearls (left 14 mm, right 13 mm) 
in these two sculpted gold rings designed and fab- 
ricated by Katey Brunini of Solana Beach, Cali- 
fornia. Photo by Maha Tannous. 
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most notable were nearly spherical with high luster 
(figure 15), which equaled or surpassed Akoya cul- 
tured pearls in beauty (Federman, 1999b). 

The U.S. freshwater pearl industry also gained 
attention in the ‘90s by introducing new shapes for 
cultured pearls. These included the flat disc, heart, 
rectangle, and pear, in addition to the standard oval, 
button, and baroque. Subsequently, China began 
producing coin-shaped freshwater cultured pearls 
(“Lucoral launches coin pearls,” 1998). 


Other Organic Gems. In the 1980s, the use of ivory 
and tortoise shell was curtailed as elephants and 
hawksbill turtles were put on the endangered 
species list and given governmental protection. 
Fossilized Mammoth ivory, from animals already 
extinct, was used sparingly in place of elephant 
ivory. Coral, on the other hand, was overfished dur- 


Figure 15. By the end of the decade, China was 
producing large, nearly spherical freshwater cul- 
tured pearls of high luster. Some of the finest 
examples appeared in a range of delicious pastel 
hues that became fashionable in multicolored 
strands such as the 10.0-12.6 mm Chinese 
freshwater cultured pearls shown here. Courtesy 
of King’s Ransom, Sausalito, California; photo © 
Harold & Erica Van Pelt. 
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Figure 16. Coral, out of vogue for most of the 1990s, 
began to stage a modest comeback in jewelry 
toward the end of the decade. Pavé-set old-cut dia- 
monds give definition to the assembled branches of 
polished red coral in this unusual brooch. Courtesy 
of designer Lina Fanourakis, Athens, Greece. 


ing the 1980s, and the resulting glut of material on 
the market put many dealers out of business as 
prices dropped (Grigg, 1993). Because overfishing 
also depleted many known sources for coral, envi- 
ronmental concerns put a further deterrent on trade 
as it became politically incorrect to use fine coral in 
jewelry. Only in the latter part of the 1990s did 
coral begin to make a modest comeback (figure 16). 
Relatively ignored in prior decades, amber sud- 
denly became popular following the huge success of 
the 1993 Steven Spielberg film, Jurassic Park, from 
the novel by Michael Crichton. The story was based 
on the premise that dinosaurs could be cloned using 
DNA from blood found in mosquitoes that had 
been trapped in amber. Demand for amber soared, 
and material from the Baltic Sea as well as the 
Dominican Republic and Brazil was fashioned into 
beads of every size and shape, or set in simple silver 
jewelry (“New popularity for amber...,” 1994). 


PRECIOUS METAL TRENDS 

Platinum. The most significant change in the use of 
precious metals during the 1990s was a shift in mar- 
keting emphasis from yellow gold to white met- 
als—platinum, white gold, and silver. In the early 
‘90s, platinum became the metal of choice for 
Japan, at that time the strongest world market for 
jewelry. In the U.S., the shift toward platinum in 
jewelery began gradually, as it appeared first mixed 
with yellow gold. By the end of the decade, howev- 
er, platinum used alone was more prevalent, partic- 
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ularly in bridal jewelry and fine gemstone jewelry in 
the upper price ranges (“The platinum report,” 
1998; see figure 17 and the cover of this issue). 
Some jewelers, such as Michael Bondanza, devel- 
oped lines of less-formal platinum jewelry to suit 
the more casual lifestyle of the ‘90s. 


Gold. Gold dominated the market, however, and 
the shift toward the use of higher-karat fineness 
continued. Whereas 14K gold continued to be pop- 
ular in jewelry for the American mass market, 18K 
and 22K yellow gold became the norm for higher- 
end jewelry and in artist jewelry that used such 
techniques as granulation and weaving (figure 18; 


Figure 17. There was greater use of platinum for 
jewelry during the 1990s, particularly in high- 
end pieces such as this impressive pavé dia- 
mond brooch by Ella Gafter. Courtesy of 
Ellagem, New York; photo by Harold & Erica 
Van Pelt, © GIA. 
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Figure 18. Higher-karat gold became more preva- 
lent in the 90s, especially among artist jewelers 
who incorporated the techniques of granulation or 
weaving. This “crown” pendant by Barbara Berk 
was hand woven of 18K and 22K gold using a 
method derived from “Soumak,” an ancient rug- 
weaving technique; it is set with a 14.07 ct pink 
tourmaline briolette, and Akoya and freshwater 
cultured pearls. Courtesy of Barbara Berk Designs, 
Foster City, California; photo by Dana Davis. 


Figure 19. Silver jewelry gained a higher profile 
among young professionals. Designer David 
Yurman’s distinctive Cable Collection 
answered the need for jewelry that was casual 
yet dressy. These two penannular bracelets from 
his “Blue Ice” collection combine sterling silver 
with 18K gold, pavé diamonds, and blue chal- 
cedony “tongues” as terminals. Courtesy of 
David Yurman Designs, New York. 
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see also figures 1 and 7). Twenty-four karat gold 
also was used more frequently, both for accents in 
white metal jewelry, and on its own in necklaces, 
bracelets, and earrings. 

Different gold hues were used to pavé set gems of 
like color in a new type of monochrome jewel that 
appeared during the ‘90s. This was manifest first as 
yellow diamonds set in yellow gold, pink diamonds 
set in rose gold, and colorless diamonds set in white 
gold instead of platinum. However, the fashion soon 
extended to include colored gems as well. Jewelers 
such as Ralph Esmerian, Graff, and J.A.R. (Joel 
Arthur Rosenthal) spearheaded the style in the early 
‘90s, but others adopted the trend and expanded on it 
as the decade advanced (Proddow and Fasel, 1996). 


Silver and Other Metals. Silver jewelry was especially 
popular with the teen and young professional market. 
Bold and powerful pieces were set predominantly 
with amethyst, citrine, garnet, aquamarine, moon- 
stone, tourmaline, and different varieties of chal- 
cedony. Often, touches of yellow gold were used to 
give the jewelry a more sophisticated look. Designer 
David Yurman’s line of silver jewelry augmented by 
touches of gold captured the market for young profes- 
sionals who were looking for strong, dramatic jewel- 
ry that they could comfortably wear anywhere with 
anything (figure 19; Okun, 1998). His efforts to brand 
his distinctive “cable” look were so successful that 
he became a household name during this decade. 
Silver also was used to set diamonds, rubies, and sap- 
phires, a practice that had been out of fashion since 
the introduction of platinum for jewelry in the late 
19th century. In a style initiated by J.A.R., diamonds 
and fine colored stones were pavé set in blackened 
silver to give it an antique appearance. 

Other metals also were used in jewelry during 
the 1990s. Titanium, which enjoyed a flurry of 
interest as a refractory metal in jewelry of the mid- 
‘80s, began to be used to pavé set diamonds and col- 
ored stones. Because titanium is durable and strong, 
but lighter in weight than platinum, gold, or silver, 
it can be used to fabricate large pieces that are still 
comfortable to wear (Thompson, 1998). The hus- 
band-and-wife team Emmanuel and Sophie 
Guillaume (E.S.G.}, use titanium in large brooches 
that are exquisitely pavé set with colored gems and 
diamonds (figure 20). They also occasionally use 
iron in jewelry, along with gold and platinum, as 
they feel that “iron provides the right amount of 
rigidity and stability for certain parts of large 
pieces” (E. Guillaume, pers. comm., 2000). 
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of Michael M. Scott; photo by Harold & Erica Van Pelt. 


SETTING STYLES 


In addition to pavé work, other ways of mounting 
gemstones—bezel settings, tension settings, flush 
mountings, and invisible settings—were prevalent 
in the 1990s. In high-end jewelry, the pronged set- 
ting that was typical gave way to a new preference 
for bezel-set diamonds and colored stones. Tension 
settings, introduced by Niessing in the 1980s, 
became more widespread as they were adopted by a 
number of other companies. Steven Kretchmer of 
the U.S. holds a patent on his technique, which 
secures the gem under 12,000 pounds of pressure 
per square inch (Thompson, 1996). Only diamonds, 
rubies, and sapphires that have been individually 
selected to be free of certain inclusions can with- 
stand this type of setting. There was also a fashion 
for very small melee diamonds set flush with the 
surrounding metal as accents in jewelry. These 
flush-mounted diamonds were placed in loose 
arrangements on the shanks of rings, on the edges 
of cuff bracelets, or on individual links of chain 
necklaces and bracelets, so that the pieces appear to 
have been dusted with sugar or stars (figure 2.1). 
The Mystére setting for diamonds, introduced 
by Bunz of Germany, was also highly innovative. 
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Figure 20. Titanium is a perfect metal for mounting gems in large pieces of jewelry. 
Designed by Sophie Guillaume and fabricated by Emmanuel Guillaume, of E.S.G., 
this butterfly brooch is completely covered with demantoid garnets and diamonds 
pavé set in titanium. The quality of workmanship is evident in the fact that the 

piece is as beautiful from the back (inset) as it is from the front. From the collection 


Figure 21. Using his patented technique, metal- 
lurgist/jeweler Steven Kretchmer has tension set 
diamonds in platinum for his Jazz bracelet and 
Omega ring. The bracelet also incorporates 
matte-finished 18K gold links and is accented by 
24K crystallized gold and flush-mounted dia- 
monds, while the ring has two spots of purple 
gold and flush-mounted rubies on its shank. 
Courtesy of Steven Kretchmer, Palenville, New 
York; photo by Harold & Erica Van Pelt, © GIA. 
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Figure 22. The Mystére setting, developed by 
George Bunz, was an innovative version of tension 
setting for diamonds that appeared during the 
1990s. The stone is placed between a “fingerlet and 
opposing thumb” so that it is securely held and yet 
can be rotated in the mounting. Courtesy of Bunz, 
Dobel, Germany. 


Figure 23. In anticlastic raising, a technique 
developed in the ‘80s by Michael Good, the 
metal is hammered so that it curls in opposing 
directions. In the ‘90s, Good began to set gems in 
his distinctive anticlastic jewels, giving them 
added dimension. This ring, set with a Context- 
cut diamond, looks streamlined but is technical- 
ly complex, a trait shared by many jewels in this 
eclectic decade. Courtesy of Michael Good 
Designs, Rockport, Maine. 
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The diamond is seated with its culet in a cone- 
shaped cup and its table held by a point of metal 
almost as if the stone were held between thumb 
and forefinger. This allows the diamond to rotate 
in the mounting while it is nevertheless safely 
held in place (figure 22). Michael Good, whose 
unusual technique of anticlastic raising was a 
breakthrough style in the 1980s (Blauer, 1985}, 
began to add gems to the fluid loops of his jewelry. 
In anticlastic raising, a flat sheet of 18K gold or 
platinum is cut in various shapes and then ham- 
mered so that the center is compressed and the 
edges are stretched, causing the metal to spread 
and coil into deceptively simple curvilinear jewels 
(Good, 1985). During the ‘90s, Good began to set 
baguette diamonds along the seams of his bracelets 
and rings, and placed single gems—often a 
Context-cut or Spirit Sun diamond—in the center 
of rings or pendants, forging the metal so that it 
curled back and held the gem firmly in place (fig- 
ure 23; see again figure 4). 


NEW TECHNOLOGY EXPANDS: 
LASERS AND COMPUTERS 


Lasers, introduced in the 1970s as a diamond-cut- 
ting tool, were applied to jewelry manufacture by 
such pioneers as Martin Stuart (Weldon, 1992). As 
the decade progressed, laser technology advanced 
and equipment became more affordable, so more 
jewelers used lasers for jewelry manufacture and 
repair. The enormous advantage of the laser is that 
a bench jeweler can make delicate repairs to jewel- 
ry set with heat-sensitive materials without hav- 
ing to unmount all the gems. Because the laser’s 
ray is tiny and concentrated, it can make pinpoint 
solder joints or welds without distributing much 
heat, which minimizes the risk of damage (Todd 
Bracken, pers. comm., 2000). This was a major 
breakthrough for the repair of antique and estate 
jewelry set with pearls, channel-set colored stones, 
or pavé diamonds, which otherwise would be 
extremely time consuming, if not impossible, to 
accomplish. 

The computer became an essential tool for 
everyone in the ‘90s. At the same time that e-busi- 
ness exploded on the Internet, computers became 
indispensable in areas such as inventory control, 
gem grading, appraisals, and—most notably—in the 
design and manufacture of jewelry. CAD/CAM 
(computer-aided design/computer-aided manufac- 
ture) made it possible to design a piece of jewelry in 
three dimensions on the computer screen and have 
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the image translated into wax that could be cast, 
molded, and produced in multiples—a tremendous 
time-saver for mass-manufacturing jewelry compa- 
nies (Thornton, 1998). 


JEWELRY STYLES 


Styles were exceptionally varied in the last decade, 
ranging from conservative traditional jewelry to 
sleek, ultramodern designs to one-of-a-kind pieces 
by contemporary artist-jewelers. Antique and estate 
jewelry was also in strong demand. The exceptional 
popularity of estate-style jewelry prompted many 
jewelers to produce replicas to make the look avail- 
able to every level of buyer. Designs from the early 
20th century—platinum, diamond, and pearl pieces 
inspired by the garland style, for example, or plique- 
a-jour enameled pieces designed to imitate Art 
Nouveau jewels—were especially prevalent. 


Texture Talks. There was a strong interest in jewel- 
ry with the look of fabric in the ‘90s. Metal was 
woven, braided, or fashioned into interlocking mesh 
and accented by diamonds, pearls, or colored gems. 
Jewelry by Christian Tse, among others, exemplifies 
this, in gem-studded mesh collars, chokers, and 
bracelets (figure 24). Woven metal also achieved the 
fabric look in jewelry by such artists as Arline 
Fisch, Barbara Berk, and Mary Lee Hu. Using wire 
or narrow strips of 18K or 22K gold, these jewelers 
produced tight patterns and curving volutes of 
woven metal (again, see figure 18). 

Metal was also given surface textures to mimic 
the appearance of satin or woven ribbon. While 
this technique has been a standard practice in 
recent decades for such jewelry luminaries as 
Buccellatti and Henry Dunay, a greater number of 
jewelers picked up the trend and expanded on it in 
various ways. The surfaces of some high-karat 
gold bracelets and earrings by Lina Fanourakis, for 
example, appear identical to that of a finely ribbed 
grosgrain ribbon. Other jewelers, such as Alex 
Sepkus and Paul Lantuch, are known for their 
elaborate, hand-engraved surface textures. Some 
jewels by Sepkus have the look of braided or 
woven ribbons of gold accented by small dia- 
monds and colored stones, while others have the 
rich complexity of an intricate tapestry. Lantuch’s 
jewelry is reminiscent of Renaissance gold work, 
with superbly carved scrollwork and mannerist 
images from the 16th century. A loupe is needed 
to properly admire the exquisite detail on pieces 
by these artists. 
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Figure 24. The look of fabric was a strong trend in 
jewelry during the 90s. Designer Christian Tse 
became known for his jewels of woven platinum 
or gold mesh set with diamonds or colored stones. 
This bracelet of platinum mesh, enriched by a 
pattern of bezel-set diamonds, has a cool elegance 
that exemplifies the cloth-like trend. Courtesy of 
Christian Tse, Los Angeles. 


Pavé. Pavé work appeared everywhere in jewelry of 
the 1990s. Links in bracelets and chain necklaces— 
and even the shanks and prongs of rings—were 
pavéed with diamonds. Some designers also used 
colored gems extensively in their pavé work (again, 
see figure 20). In a style unique to this decade, differ- 
ent gems of similar color were used in combination 
with each other. For example, rubies, red spinels, 
and rubellites of the same size, cut, and color tone 
might be used to completely cover the surface of a 
jewel. Similarly, blue gems—such as tanzanites, 
iolites, and sapphires—or green gems—such as tsa- 
vorites, demantoids, tourmalines, and emeralds— 
would be used to fill fields in a design. In variations 
on this theme, these gems might be set so they 
shaded from light to dark tones or from one hue to 


GEMS & GEMOLOGY Winter 2000 411 


Figure 25. Multi-gem pavé jewelry was introduced 
in the 90s and became very fashionable. Different 
gems of like color and size were pavé set in one of 
three ways: to completely cover a jewel, to fill dif- 
ferent areas with contrasting color, or to provide 
gradations from one hue to another. These leaf ear- 
rings, designed by Michelle Ong of multi-gem pavé 
in platinum and blackened silver, are perfect illus- 
trations of this style. The gems used are fancy 
brown and yellow diamonds, blue and pink sap- 
phires, rubies, emeralds, and amethyst, accented by 
near-colorless diamonds. Courtesy of Michelle Ong 
for Carnet, Hong Kong; photo © Tino Hammid. 


another. Pioneered by J.A.R. at the start of the 
decade, this style was adopted by a number of 
designers, including Marilyn Cooperman, Delle 
Valle, James de Givenchy, E.S.G., Martin Katz, and 
Michelle Ong (figure 25). Occasionally, the gems 
would be set with the pavilion up and the crown 
down for a distinctive look. 


Trompe I|’Oiel. New to the ‘90s was the “trompe 
Voiel” effect of overlaid gems seen in the work of 
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Michael Zobel of Germany and British designer 
Stephen Webster. Jewelry by Zobel features yellow 
diamonds set in platinum or rose gold, all of which 
is covered by a thin sheet of amber or mother-of- 
pearl that allows the diamonds to glisten through 
(figure 26). Webster’s method is to set carved rock 
crystal saddles or cabochons on top of a flat slab of 
tiger’s-eye, chrysoprase, lapis lazuli, jade, or opal to 
give the finished composite jewel a soft, illusive 
color effect (figure 27). 


Jewelry Motifs. Motifs during the decade fell into 
several groups. There were simple, blocky-style 
hearts, stars, moons, crosses, cylinders, cubes, and 
teardrops—minimal and solid with rounded or 
beveled edges. These were either pavéed or scatter- 
set with gems. Some were inlaid with onyx, 
turquoise, mother-of-pearl, or coral. In representa- 
tions of the natural world, there was particular 
emphasis on endangered or exotic species, includ- 
ing the elephant, rhinoceros, panda, giraffe, pan- 
ther, tiger, alligator, whale, and seal. Although 
hardly endangered, the lowly snail appeared fre- 
quently in precious form, while jeweled butter- 
flies, bees, turtles, fish, and frogs were as prolific 
as ever. Companies such as Cartier, Graff, and 
Bulgari made a variety of jewels in this vein. 
Flora as well as fauna thrived in jewelry designs. 
Delicate flowers such as lilies, orchids, and camel- 
lias were especially popular in both stylized and 
actual representations (Flores-Vianna, 1998). 
Natural figures in jewelry were predominantly 
fashioned in metal set with pavé diamonds, but 
they also frequently incorporated baroque-shaped 
cultured pearls or carved gems with colored gem or 
enameled accents. 

Crosses and crowns were featured in a number 
of popular styles, notably by such designers as 
Cynthia Bach and Erica Courtney among many 
others. Ribbon and bow motifs extended the fabric 
look popular in the ‘90s, while the appearance of 
jeweled baby shoes and pacifiers was one indication 
of the huge baby boom among young professionals. 

Necklace styles ranged from close-fitting chokers 
to chains 16 to 24 inches (40 to 61 cm) in length. Big 
gold-link necklaces or flexible gem-set collars— 
which fit close around the base of the neck—were 
“must-have” items at the start of the decade. They 
were eclipsed somewhat in the late ‘90s by mini- 
malist pendants and lavalieres that accentuated a 
long, lean look. Gem-set chains and gem-bead neck- 
laces became more popular as the decade pro- 
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gressed, while pearls of every type were omni- 
present in every style. The fashionable “Y-neck- 
lace” that captured the market in 1996 was passé by 
1997, replaced by the lariat—a long, open-ended 
chain fastened with a gem-set slide-clasp or tied 
loosely around the neck to show gem-set termina- 
tions (Morreale, 1997). 

Set with diamonds or colored gems, line brace- 
lets, also known as “tennis” bracelets, continued to 
be popular in the ‘90s. An endless variety of flexible 
link bracelets of all widths were in vogue, particu- 
larly with diamonds pavéed on alternate links. Big 
cuff bracelets were also popular, both rigid and in 
flexible mesh. C-shaped, penannular bangles, with 
gem-set terminals worn to show at the top of the 
wrist, were also a ‘90s trend; they were seen particu- 
larly in jewelry designs by Steven Lagos and David 
Yurman (again, see figure 19). 

In general, rings were large and designed to 
“stand out in a crowd” (see again figure 12). The 
antique look of pierced platinum with hand- 
engraved details was strongly favored for engage- 
ment rings, while a channel-set or invisibly set 
shank surrounding a large center stone was a more 
dazzling modern style, and ultramodern tension- 
set or Mystére-set diamonds were at the vanguard. 
Colored gem rings tended to be big, bold, and rich- 
ly set with gems in strong color combinations. 
J.F.A. (Jean-Francois Albert) came out with his 
Signature Fit shank for large gem-set rings that can 
be adjusted to fit different finger sizes. Domed 
rings set with individual square cabochons or indi- 
vidual pearls in a gold grid—for a quilted appear- 
ance—extended the fabric look to rings. Large cen- 
ter gems were set in chunky metal rings and worn 
on the index finger for a power look. Some of the 
most avant-garde rings of the ‘90s were carved 
from a gem material such as quartz or chalcedony 
and then set with a different gemstone (Koivula 
and Kammerling, 1991). Although this has historic 
precedent in rings from the Mughal period in India 
and from the 1920s in Western Europe, the ‘90s 
rings have a raw power that is at once barbaric and 
futuristic. 

Earrings shifted in fashion from large, close-fit- 
ting clips as the decade opened—to long pendants 
by the time it closed (figure 28). Diamond stud ear- 
rings were ubiquitous, growing larger in carat size as 
the decade wore on. Single baroque-shaped black or 
“cream”-colored cultured pearls were ideal for drops 
at the end of a simple shepherd’s-hook ear wire. 
Large, single, round cultured pearls of good color 
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Figure 26. This pendant, by Michael Zobel, 
demonstrates the “trompe l’oeil” layered gems 
that appeared in jewelry during the 1990s. 
Centered around a large gray Tahitian cultured 
pearl and terminating in a faceted 0.43 ct black 
diamond, the brooch incorporates a rose gold and 
platinum disc set with flush-mounted diamonds 
overlaid by a thin mother-of-pearl sheet that 
allows the diamonds to shine through softly. 
Courtesy of Michael Zobel, Konstanz, Germany. 


GEMS & GEMOLOGY Winter 2000 413 


and luster, set with a single bezel-set diamond of a 
half-carat or more, also were fashionable. Earrings 
were often “unmatched”: fabricated so that the 
design was the same for both but the gems were 
opposite. For example, one earring might contain a 
black pearl top with white pearl drop, while the 
other has a white pearl top with black pearl drop. 
Both men and women wore earrings during the ‘90s, 
with many sporting more than one earring in each 
ear, although this was generally a radical fashion 
statement that had abated somewhat as the decade 
came to a close. 


Impact of Competitions. Jewelry design competi- 
tions played an important role in the promotion of 
diamonds, pearls, and colored stones during this 
decade. The Diamonds International awards hosted 
by De Beers, and the Pearl competitions hosted by 
the Cultured Pearl Association, are venerable 
among international competitions. Others are 


Figure 27. In another version of the “trompe 
Toiel” effect, Stephen Webster sets faceted or 
carved quartz cabochons over thin slices of 
chrysoprase and lapis lazuli to give an illusive 
color effect, as illustrated in these rings of 18K 
gold enhanced by diamonds. Courtesy of Stephen 
Webster, London. 
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regional, including the Swiss Prix Golay Buchel and 
the North American Spectrum awards hosted by 
AGTA. The heightened exposure that these compe- 
titions gave to jewelry from each of these regions 
inspired additional contests in the ‘90s, including 
the above-mentioned AGTA Cutting Edge awards 
for innovation and excellence in gem cutting, the 
Platinum Guild International’s Platinum Passion 
awards to inspire designs in platinum, the World 
Gold Council’s Gold Virtuosi awards to honor 
designs in gold, and the Women’s Jewelry Associ- 
ation Diva award to promote jewelry designed by 
women. Photo spreads featuring the winning pieces 
are given much play in the trade press, and the 
pieces themselves are put on exhibit—often at a 
number of different venues. This exposure has 
helped advance the use of colored gems in fine jew- 
elry and the proliferation of pearls, as well as 
expanded the popularity of diamonds and platinum. 


Auction Trends. Traditionally, auction houses 
were the venue for the sale of ancient, antique, and 
previously owned estate jewelry to a narrow group 
of antique- and estate-jewelry dealers and collec- 
tors. During the 1990s, however, there was a gradu- 
al shift in both the type of buyer at an auction and 
the type of jewelry sold there. Sotheby’s sale of the 
Duchess of Windsor’s jewelry in 1987 brought jew- 
elry auctions into the limelight and heightened 
public awareness of auctions as a source of fine 
jewelry. Other highly publicized estate auctions 
fanned the flames, and soon wealthy buyers from 
the public sector began to outbid estate jewelers for 
these pieces (Dick, 1990b). This new trend was a 
double-edged sword: While it focused public atten- 
tion on antique and estate jewelry, thereby escalat- 
ing prices and demand, most estate-jewelry dealers 
were unable to pay the higher prices at auction and 
still make a profit in resale. As a result, there were 
more buyers from the private sector but fewer 
estate-jewelry dealers bought pieces at auction. 
Meanwhile, manufacturers of contemporary jew- 
elry, seeing a ready market that they could exploit, 
began to discreetly place newly fabricated jewelry in 
the auction sales. For expensive, high-end pieces by 
new designers, auction houses provided access to a 
much wider clientele of wealthy buyers. They also 
brought new designers immediate international 
exposure, a visibility that would otherwise be 
difficult and expensive to achieve in the intensely 
competitive ‘90s market. As a result, a number of 
contemporary designers, including Della Valle, 
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Identification of Synthetic Gems 


by 
EDWARD GUBELIN, Ph.D., C.G. 
Lucerne, Switzerland 


Part II—Synthetic Spinel & Emeralds 
Synthetic Spinel 


Synthetic spinel is encountered with increasing frequency in the trade. 
Inasmuch as the characteristics of synthetic spinel: differ from those of 
synthetic corundum, special consideration of these features is: essential. 

Curved striae are never present, but fissures and gas bubbles are common 
features. The spherical gas bubbles which are seen through the microscope 
are definite characteristics of the synthetic spinel. They frequently deviate 
from the spherical form and when examined under the microscope some- 
times appear rather like minute tubes or worms (Figure 6). They also 
may present a certain orientation which causes them to be mistaken for the 
liquid inclusions in natural gems. Occasionally, larger gas inclusions appear, 
elongated and in interesting shapes with sharp profiles (Figure 7). Gen- 
erally, however, gas bubbles of spherical or any other shape occur rather 
rarely in synthetic spinel of any color. A determinative property of synthetic 
spinel is the irregular, patchy double refraction visible with crossed nicol 
prisms (dark position of the polariscope) and caused by internal strain due 
to an excess of alumina. This kind of refraction is called “anomalous double 
refraction by tension,” and its presence in a suspected stone would confirm 
its synthetic origin. Such refraction is evident in pale blue synthetic spinel 
(erroneously termed “synthetic aquamarine”) and in dark green, tourmaline- 
colored stones, though observable in synthetic spinels of whatever hue. It is 
always recognizable, although it appears in a variety of manifold and typical 
patterns (Figures 8 and 9). 

Natural spinels may also present this anomalous double refraction due to 
strain. In this case, however, the texture is rather “blotchy” and very 
different from the cloudy, fibrous or feathery pattern observed in the man- 
made stone. It appears faintly, and the borders between the bright and dark 
fields or the curved bands are not very distinct. This property, by the way, 
also distinguishes natural spinel from garnet, the anomalous double re- 
fraction of the latter showing a more “chequered” structure. Moreover, 
natural spinels with anomalous double refraction nearly always contain 
solid or liquid inclusions which seem to cause the anomaly. 


Synthetic Emeralds 


Synthetic emeralds are produced by a totally different process; their 
growth is a slow crystallization from a mother liquor, and any striae that 
may be observed are rigorously straight or may even form the same kind of 
zonal structure, with a hexagonal pattern, as is occasionally found in natural 
emerald. Nor do their physical features, as a rule, differ greatly from those 
of the natural gems. Nevertheless, though single deviations may not suffice 
to give convicting evidence, taken all together they enable the gemologist 


Michelle Ong, and Lynn Nakamura, are beginning 
to build international followings through the auc- 
tion market. Symbiotically, auction houses are ben- 
efiting by showcasing a select group of contempo- 
rary jewelry artists and designers (Christie’s, 2000; 
Sotheby’s, 2000). 


MARKETING AND THE MEDIA 


Marketing was of paramount importance for 
designers in this highly competitive decade. The 
best way for them to become known was to adver- 
tise their designs so that the consumer would 
immediately connect their name with a particular 
style. Branding became a trend at every level of the 
industry: Argyle “champagne” diamonds, the 
Lazare Diamond, Cartier and Tiffany & Co. jewel- 
ry, and individual designers such as Henry Dunay 
and David Yurman. As if the competition wasn’t 
fierce enough, fashion couturiers such as Chanel, 
Versace, Fendi, Gucci, and Escada also came out 
with lines of fine jewelry. While this latter develop- 
ment put greater pressure on jewelers to compete 
for market share, it also tied jewelry into the cloth- 
ing fashion scene, building a greater awareness of 
contemporary styles for jewelry among the wealthy 
followers of couture fashion. 

With the growing importance of movies and 
television, and the proliferation of print media, jew- 
elry trends became instantly accessible to everyone. 
This immediacy of information has had a homoge- 
nizing effect in many ways, making certain looks 
and styles generic worldwide. The power of 
Hollywood had to be recognized, as jewelry worn by 
actresses on television and in movies immediately 
set trends for the greater public. The “Y” necklace, 
popularized by various TV series such as Friends, is 
a case in point, as is the pearl floater necklace by 
Wendy Brigode that actress Rene Russo wore in the 
films Tin Cup and Ransom (Morreale, 1997). Pearls 
spaced two to three inches apart on fine silk cord or 
monofilament became a huge success for Brigode 
and such companies as Honora. 

The Academy of Motion Picture Arts and 
Sciences Annual Awards ceremony has become a 
huge opportunity for jewelers, as the movie stars 
who attend get extraordinary media coverage 
through live television on the night of the event and 
subsequently in print by such publications as 
InStyle, Movieline, and People. Harry Winston, Fred 
Leighton, David Orgell, and Martin Katz are some of 
the prominent jewelers who have loaned jewelry for 
stars to wear on Oscar night. Others design pieces 
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Figure 28. Long earrings became fashionable 
again in the late 1990s. This dramatic pair, fab- 
ricated of textured 18K gold and platinum, is 
augmented by bezel-set diamonds, inlaid black 
nephrite jade, and keshi cultured pearls. 
Courtesy of Richard Kimball Designs, Denver, 
Colorado; photo © Tino Hammid and GIA. 


for their clients for such a special event, as Cynthia 
Bach did for Cate Blanchett on Academy Awards 
night in 1999. 

Television shopping networks and the Internet 
have also brought a wide selection of jewelry directly 
to the masses. Buying jewelry and gemstones has 
never been easier. With a simple telephone call or 
the click of a mouse, items shown in photographic 
detail can be purchased instantly. Home Shopping 
Network and QVC were two of the first television 
marketing networks where jewelry could be pur- 
chased with a phone call. They combined their jew- 
elry displays with information about the gem mate- 
rials used, which raised public awareness of the wide 
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variety of colored gems. Although most of what was 
initially offered was on the low end of the value 
scale, the jewelry world could hardly ignore the 
tremendous marketing potential of these venues. 

In the late 1990s, jewelers at every level scram- 
bled to put a Web site on the Internet and make a 
bid for the online consumer (Haley, 1996). By late 
2000, however, two of the most prominent sites had 
folded, and several more were reputed to have only 
a few months’ financial viability left (D. Hiss-Odell, 
pers. comm., 2000). The Internet is a new frontier 
for the jewelry world, with inherent opportunities 
and risks. Aware of the potential, however, many 
jewelry companies are willing to gamble on a dot- 
com Internet business in the hopes of striking it 
rich. At this point, the Web sites vary widely in 
what they offer and how they make their services 
available to the public. Much like the false-fronts on 
the boomtown shacks of America’s Wild West a 
century ago, some Web sites are nothing more than 
an advertisement with a phone and a fax number. 
Others, by comparison, are sophisticated promo- 
tional and informational venues with multiple lay- 
ers that can be explored with deft application of a 
computer mouse. 
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CONCLUSION 

Defining jewelry trends of the 1990s could be com- 
pared to defining the continually shifting shapes in 
a kaleidoscope. This was a decade packed with 
change. New, often unusual cuts for diamonds and 
colored gems proliferated, expanding the possibili- 
ties for jewelry design, which took off in every 
direction. Designers used new juxtapositions of col- 
ored gems set in a wide range of metals, from plat- 
inum to 24K gold to titanium. Gold and white met- 
als vied for pride of place in the marketplace, while 
diamonds and colored gems in pavé, flush, invisible, 
and tension settings gave ‘90s jewelry a variety of 
distinctive looks. As the sources for cultured pearls 
expanded, so did their impact on the market. And 
the marketplace itself expanded to include televi- 
sion and the Internet, which have had a profound 
influence, while jewelry branding became the best 
way to get consumer attention. 

Looking ahead, this is an intensely exciting time 
for the jewelry industry, with many burgeoning 
opportunities and creativity at every level. Doubtless, 
the tremendous advances in the ‘90s will have a 
decided impact on jewelry design, manufacture, mar- 
keting, and wear in the decade to come. 
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who participated in the voting. 

The first-place article, “Gemstone Enhancement and Detection 
in the 1990s” (Winter 2000), examined the prominent gem treat- 
ments of the last decade and discussed methods for their detection. 
Finishing in a close second place was “GE POL Diamonds: Before 
and After” (Fall 2000), which provided important clues to the identi- 
fication of type Ila diamonds that had undergone high pressure/high 
temperature (HPHT) processing by General Electric. Third place was 
awarded to “Gem Localities of the 1990s” (Winter 2000), a review of 
the decade’s new gemstone sources and its most important produc- 
ing localities. 
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$1,000, $500, and $300, respectively. Following are photographs and 
brief biographies of the winning authors. 

Congratulations also to Ron Suddendorf of Darnestown, Maryland, 
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and a five-year subscription to Gems &) Gemology. rive 

See some changes in this issue? With the new decade-century-mil- a 
lennium, we've been updating the design of Gems # Gemology and 
have expanded the Gem News section to Gem News International. 
Please be assured that there has been no change in the quality of the 
information provided throughout. Just a more contemporary look for a 
publication—now 67 years young—that will continue to keep you on 
the leading edge of gemology as we enter this new era. 
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AMMOLITE: IRIDESCENT FOSSILIZED 
AMMONITE FROM SOUTHERN 
ALBERTA, CANADA 


By Keith A. Mychaluk, Alfred A. Levinson, and Russell L. Hall 


A relative newcomer to the world gem market (since the 1960s), Ammolite is a form of aragonite that is 
obtained from vivid iridescent fossilized ammonite shells mined in Alberta, Canada. The gem material, 
from the extinct species Placenticeras meeki and P. intercalare, is found only in certain horizons of the 


Bearpaw Formation of Late Cretaceous age (about 70—75 million years old). Because the iridescent layer is 
generally thin and fragile, most Ammolite is fashioned into assembled stones. This article describes the 
history of Ammolite as a gem material and the geologic setting of the main producing mines; offers an 
explanation for the formation of Ammolite and the origin of its color (i.e., iridescence caused by an interfer- 
ence phenomenon); presents production data, gemological properties, and a grading classification; and 


describes the manufacturing process. 


mmolite is one of the few new natural gem 
\ materials to enter the marketplace in the 

\\ last 50 years (figure 1). Like tanzanite and 
sugilite which were introduced to the trade in 
1967 and 1980, respectively—Ammolite occurs in 
sufficient quantities to be economically significant. 
Ammolite is a trade name for the iridescent, nacre- 
ous layer of the shell of specific fossil ammonites 
(figure 2) found in the Bearpaw Formation of Late 
Cretaceous age (figure 3). Commercial quantities of 
gem-quality Ammolite have been reported only 
from southern Alberta and only from the two 
ammonite species Placenticeras meeki and P. inter- 
calare. Ammonite is a paleontologic term applied to 
a group of extinct marine cephalopods (squid-like 
organisms with disk-shaped coiled shells that are 
divided internally into chambers) that were particu- 
larly abundant during the Jurassic and Cretaceous 
periods (about 200-65 million years ago). 

Ammolite has similarities to some modern shells 
such as abalone and paua, but the only fossil shell 
that resembles Ammolite with respect to play of 
color is lumachelle (Sinkankas, 1997), the iridescent 
fossiliferous marble that is best known from the lead 
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mines at Bleiberg, Austria (Niedermayr, 1994). 
However, any similarities between Ammolite and 
other iridescent shell materials are superficial. 
Although the iridescence of lumachelle is associated 
with an ammonite, specifically Carnites floridus, 
this species is significantly older (Late Triassic in 
age) than those that give rise to Ammolite, and the 
two materials have different geologic occurrences. 
Further, lumachelle differs from Ammolite in 
appearance (e.g., most Ammolite has a characteristic 
fracture pattern). The former has been used primari- 
ly for nonjewelry purposes (i.e., as an ornamental 
stone) and, according to some who have seen the 
two materials (e.g., Sinkankas, 1976; Pough, 1986), 
Ammolite has superior iridescence. 

Ammolite layers are typically thin (0.5-8 mm 
before polishing and 0.1-3 mm after polishing). They 
are composed predominantly of soft aragonite (314-4 
on the Mohs scale), yet they are sufficiently thick and 
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durable (including the ability to take a polish) to be 
manufactured into jewelry. In fact, freeform pieces of 
solid Ammolite over 100 ct have been reported 
(Wight, 1995). Iridescence produces the vivid colors 
in this material. The fact that Ammolite can be man- 
ufactured into jewelry distinguishes it from other iri- 
descent materials obtained from various fossils 
(including other ammonites) that are frequently film- 
like, have dull colors, or are otherwise unsuited for 
gem purposes. Nevertheless, because Ammolite usu- 
ally occurs as thin, soft plates, it is found in jewelry 
primarily as assembled stones, such as triplets—a 
thin layer of Ammolite attached to a shale backing 
and covered with a synthetic spinel or quartz cap. 
Since 1980, both solid Ammolite and assembled 
Ammolite gemstones have become increasingly 
available. It is estimated that a total of about 600,000 
pieces of Ammolite jewelry have been produced 
since significant commercial production began 20 
years ago (P. Paré, pers. comm., 2001). 

The purpose of this article is to update gemolo- 
gists and jewelers on this unique gem material. For 
this study, we focused almost exclusively on mate- 
rial from the mining and manufacturing opera- 
tions of Korite International Ltd. (henceforth 
Korite), Calgary, Alberta, because: (1) about 90% of 
the commercially available material historically 
has, and still does, come from Korite’s mines; (2) 
almost all published information on Ammolite is 
based on specimens obtained from this company; 
(3) several other smaller Ammolite miners and 
manufacturers were offered the opportunity to par- 
ticipate in this study, but only one (S. Carbone] 


AMMOLITE 


Figure 1. These Ammolites are from the 
St. Mary River area, Alberta, Canada. 
The rough specimen (3 x 4 cm) is typi- 
cal of the high-quality Ammolite seen 
on the market today. Note the numer- 
ous iridescent color panes (i.e., flat 
areas of uniform color) that are separat- 
ed by thin “healed” fractures. The two 
loose stones are Ammolite triplets 
(each 1.5 x 2.0 cm); the one on the left 
is made with type 2 sheet Ammolite, 
and the other with the more common 
type 1 fractured Ammolite. The 
brooch, by Llyn Strelau of Jewels By 
Design (Calgary), contains a 17.85 ct 
one-sided solid Ammolite set in 18K 
gold with ruby, fire opal, yellow sap- 
phire, chrome tourmaline, blue sap- 
phire, amethyst, and diamond. 
Courtesy of Korite International; 
photo © Harold & Erica Van Pelt. 


agreed to do so; and (4) Korite allowed us unre- 
stricted visitation to their mining and manufactur- 
ing operations, and supplied us with production 
data as well as specimens for research. In addition 


Figure 2. Ammonites are extinct mollusks of the 
class Cephalopoda, order Ammonoidea. This 
brightly colored ammonite (47.3 cm in diameter) 
of the species Placenticeras intercalare, obtained 
from the Bearpaw Formation, near Lethbridge, 
Alberta, lived about 70 million years ago. The 
outer iridescent layer is the material from which 
gem Ammolite may be obtained, although more 
commonly it comes from naturally compacted and 
crushed specimens; complete specimens, such as 
the one pictured here, are typically more valuable 
left intact. Photo courtesy of Canada Fossils Ltd. 
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Bearpaw 
Formation 


Major Oulcrep 
Area 


Figure 3. This map of the Bearpaw Formation of southern Alberta, Canada, shows both the bedrock 
geology and the location of the main Ammolite mining and collecting areas discussed in the text. 
Open circles represent areas of significant Bearpaw Formation outcrop, which is usually exposed in 
river valleys, where: 1 = St. Mary River, 2 = Oldman River, 3 = Little Bow River, 4 = Bow River, 5 = 
Red Deer River, 6 = Battle River, 7 = Cypress Hills, 8 = Milk River, and 9 = Crowsnest River. 
Ammonites can be collected at all locations, but Ammolite has only been reported from areas 1 
through 5, with 1 being the best. Outcrops at 9 are located in the foothills of the Rocky Mountain fold 
and thrust belt. (Map modified from Tsujita and Westermann, 1998.) Inset: This “close-up” map 
shows the location of the three main mine sites discussed in this article: Kormos, Oxbow, and Zone 4. 
All are along the St. Mary River (location 1; map modified from Ward et al., 1982). 
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to make an accurate and reliable diagnosis: Generally the physical prop- 
erties, such as refractive index, density and birefringence, are slightly 
smaller with synthetic emeralds because their unit cell is chemically purer 
and therefore infinitesimally smaller. 

The only drawback is that such a determination requires elaborate in- 
struments which the average jeweler rarely possesses. He will therefore 
find it more practical to rely on typical impurities, such as cracks, flaws and 
feathers, observed through a magnifying instrument, in order to discrimi- 
nate between natural emeralds and their synthetic counterparts. 

Synthetic emeralds may contain solid, liquid and gaseous inclusions. The 
solid impurities are tiny specks “sprinkled” more or less evenly throughout 
the whole stone (Figure 10). Through a microscope they appear black, 
whereas they have a green color when viewed through the Diamondscope. 
Their nature is uncertain, but I believe them to consist of minute particles 
of coloring agent (Cr20s). 

When observed along the optic axis, the configuration of the liquid in- 
clusions has the form of undulate feathers or wisps whose curled shapes 
and wavy arrangements are of absolute diagnostic value (Figure .11). 
Viewed under a powerful microscope they are seen to consist of swarms of 
little lenticular drops each containing a tiny gas bubble (Figure 12). They 
do not form any particular pattern and their presence has been noted in 
all synthetic emeralds (American as. well as German-made ones) hitherto 
examined. Individual liquid-filled cavities and cracks are also a feature of 
synthetic emeralds. These cavities have strange shapes and are not found in 
natural stones (Figure 13). Another distinguishing feature of synthetic 
emeralds is a pronounced anomalous double refraction similar to that 
oberved in synthetic spinel. Complete extinction is not obtained when the 
stage of the polariscope is rotated between crossed nicols. The anomaly is 
due to internal strain, probably caused by the method of growth and not, 
as in spinel, by an excess of one chemical component (Figure 14). 

Fluorescence may be used to positively identify synthetic emerald, but 
this paper has been limited to magnification methods. 


Methods of Magnification 

Any type of magnifying instrument may be used for observing these 
internal features of synthetic stones. Gas bubbles and the wisp-like feathers 
in synthetic emeralds are best studied with the G.IL.A. Diamondscope. Occa- 
sionally, however, the curved striae in synthetic sapphires, and even more 
markedly in synthetic rubies, are not discernible with this instrument. In 
such cases the stone should be viewed against the white background on the 
reverse of the dark field of the baffle. But a polarizing microscope, even of 
the simplest type, is far more satisfactory for this purpose. By immersing 
the stone in a highly refractive liquid and viewing it with diaphragm 
almost shut and nicol prisms crossed, the curved structure lines are distin- 
guished with ease and certainty. The Shipley immersion stage will be 
found invaluable in examining suspect stones. 

Microscopic examination permits a reliable diagnosis in most cases. If that 
is insufficient, the use of the spectroscope or a study of luminescence under 
different types of radiation offer additional means of distinguishing precious 
stones from their synthetic substitutes. 


to the gemological research described below, we 
studied outcrops and collected specimens from the 
St. Mary, Bow, Red Deer, and South Saskatchewan 
rivers, as well as the Cypress Hills area. 


HISTORY OF AMMOLITE 

AS A GEM MATERIAL 

Dowling (1917) provided the first description of the 
southern Alberta ammonites that yield Ammolite 
from samples recognized in 1908. However, the first 
recorded use of ammonite shell as a gem material 
was not until 1962, by amateur lapidaries who dis- 
played their creations at a local gem show in 
Nanton, Alberta (Stafford, 1973a,b). Marcel Char- 
bonneau, owner of a Calgary jewelry store, intro- 
duced the name Ammolite (the first trade name for 
this material) in 1967. He and Mike Berisoff, a geol- 
ogist from Calgary (with whom he formed 
Ammolite Minerals Ltd.), were the first to collect 
Ammolite and create doublets for commercial pur- 
poses (Hadley, 1981a,b; Barnson, 2000). Ammolite 
Minerals Ltd. (1967-1970) collected rough Ammo- 
lite from the Kormos family ranch along the St. 
Mary River, near Lethbridge; this valley remains the 
source for most commercial Ammolite (see Mining 
Operations below). However, these early assembled 
Ammolites developed flaws (layers would separate), 
so they contacted Santo Carbone, a geologic techni- 
cian with the Geological Survey of Canada, to 
improve the cutting and manufacturing techniques. 
Subsequently, Mr. Carbone was the first to discover 
fractured (type 1) Ammolite (see below; Hadley, 
1981a,b; Kraus, 1982; Brown, 1984) on the Kormos 
ranch, in an area that would later be labeled the K 
Zone. The first published description of Ammolite 
in a major trade magazine appeared in 1969 (Leiper, 
1969). 

In the 1970s, Mr. Carbone formed a new com- 
mercial venture with Dr. Wayne Bamber and 
Thomas McArthur, both of Calgary. They intro- 
duced a second trade name, Calcentine, in 1975 
(Crowningshield, 1977; Zeitner, 1978; Barnson, 
2000). Coined in honor of the city of Calgary centen- 
nial (in 1975), the name was seldom used after 1981. 
In 1977, Mr. Carbone joined with Roy, Albert, and 
Sylvia Kormos to form Canadian Korite Gems (now 
Korite International). In 1979, Rene Vandervelde of 
Calgary (currently the chairman of Korite) pur- 
chased the Kormos family interests in Korite and 
brought modern business practices to the fledgling 
industry (Barnson, 2000). Mr. Carbone left Korite in 
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1980 and is currently manufacturing assembled 
Ammolite (see Manufacturing below). In 1981, 
Korite introduced a third trade name, Korite (Wight, 
1981; Kraus, 1982; Brown, 1984). By the end of 
1983, however, Ammolite had reappeared (Boyd and 
Wight, 1983; Pough, 1986). It was trademarked by 
Korite, who placed it in the public domain in 1997, 
so that Ammolite is now the standard designation 
for this material (Sinkankas, 1997). 

Ammolite has also been referred to as “ammonite 
shell” (Stafford, 1973a,b,c) and simply as “gem 
aragonite” or “gem ammonite” (Barnson, 2000). 
Aapaok (Gem Reference Guide, 1995) was a trade 
name given to this material by certain members of 
the Blood Indian band during their brief (1980-1981) 
manufacture of Ammolite triplets from material 
obtained on their land (P. Paré, pers. comm., 2000). 
The first commercial appearance of Ammolite in the 
United States was in 1968, at gem shows in Seattle 
and Anaheim (Barnson, 2000). Ammolite was intro- 
duced in Germany, at Idar-Oberstein, in 1979 
(Gtibelin, 1980). 

In the 1980s, Ammolite expanded its presence in 
the world market, the result not only of increased 
jewelry-grade supplies and improved methods of 
processing raw material into gemstones, but also of 
articles by a number of respected gemologists 
(Giibelin, 1980; Wight, 1981; Pough, 1986). In 1981, 
the CIBJO Colored Stones Commission recognized 
Ammolite as a gemstone, more specifically, as a 
“Permitted Name” in the “Variety and Commercial” 
columns against aragonite in their glossary (letter 
dated March 31, 1982 from E. A. Thomson to R. 
Vandervelde; Boyd and Wight, 1983; Dick, 1991). As 
a consequence of heavy Japanese tourism to the 
Canadian Rockies (in particular, Banff, Alberta) dur- 
ing the 1980s, which accounted for about 50% of 
sales of Ammolite and Ammolite triplets in 1985, 
this gem material became widely known in Japan 
(“Organic Alberta gemstone posed ...”, 1985, 
Pough, 1986). Since 1983, when mining started at 
the open-pit Kormos mine, high-quality material 
has been offered regularly at the Tucson gem shows. 

By 1998, the Canadian mining industry had also 
recognized the economic potential of Ammolite. At 
that time, the government of Alberta approved 119 
leasing agreements for Ammolite mining, which 
covered 13,350 hectares in the names of 42 individ- 
uals and companies. Nevertheless, Korite is current- 
ly the only major producer. Today, work at the 
Kormos mine is temporarily suspended, and produc- 
tion comes from Korite’s nearby (0.5 km) Oxbow 
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Figure 4. The open-pit Oxbow mine, located on the 
Blood Indian Reserve, currently is the main source of 
Ammolite. An orange-colored backhoe, sitting 
directly on the K Zone (see text), is barely visible in 
the center of the photograph. The St. Mary River (not 
visible) runs along the base of the cliff in the dis- 
tance. Note on the left side of the pit that the lighter 
soil represents alluvial deposits, whereas the under- 
lying gray stratum is the Bearpaw Formation. The 
cliff on the right caps the gray Bearpaw Formation 
with tan-colored glacial sediments. Photo taken 
looking north; courtesy of Korite International. 


(figure 4) and (12 km) Zone 4 mines (the latter two 
were activated only after arrangements were made 
with the Blood Indian band, which owns the miner- 
al rights at these locations). Korite manufactures all 
its production into gems; it does not sell Ammolite 
rough (P. Paré, pers. comm., 2000). Presently, 70% 
of Korite’s production is sold in Canada, half of 
which is purchased by overseas visitors (“Gemstone 
unique to Canada...,” 1999). Elsewhere on the 
Blood Indian Reserve, various tribe members and 
groups (such as Black Horse Mines) collect 
Ammolite and either sell rough (to other manufac- 
turers, such as Korite) or finished triplets (Barnson, 
2.000). 

In 1998 Ammolite was declared to be a mineral 
rather than a fossil under Alberta law (Hembroff, 
1998). If Ammolite had been declared a fossil, min- 
ing could have been greatly restricted or even 
denied on the basis of certain legislation (A. 
Ingelson, pers. comm., 2000). 


LOCATION AND ACCESS 


Southern Alberta is primarily prairie with gently 
rolling hills (again, see figure 4). Natural vegetation 
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includes a variety of grasses and low-growing bush- 
es; trees are limited to stands of cottonwood in the 
river valleys. The region is dry, with the principal 
land use being farming and ranching. Several val- 
leys, including that of the St. Mary River, cut across 
the prairie landscape, exposing rocks deposited dur- 
ing the latter part of the Cretaceous period. 

The Oxbow and Kormos mines are easily 
accessed by driving 15 km (9 miles) south from 
Lethbridge, Alberta, on Highway 5 (again, see figure 
3). One kilometer north of the town of Welling, an 
unmarked gravel road leads to the mines approxi- 
mately 10 km (6 miles) to the west, on the east 
bank of the St. Mary River. Prior permission to visit 
the site must be obtained from Korite International. 


GEOLOGY AND OCCURRENCE 


The living ammonite closely resembled a modern 
squid, and both are members of the class Cephalo- 
poda. Ammonites populated the Jurassic and 
Cretaceous seas worldwide in large numbers; they 
were apparently victims of the same extinction 
event that wiped out the dinosaurs at the end of the 
Cretaceous period (65 million years ago). The 
ammonite has been compared to Nautilus, a dis- 
tantly related cephalopod that survives today in the 
southwest Pacific, around places such as the 
Philippines, Fiji, Indonesia, and northern Australia. 

Fossil ammonoids occur throughout the Bearpaw 
Formation in southern Alberta. The most common 
are Placenticeras meeki and P. intercalare, which 
show no particular geographic distribution patterns. 
Because their shells (typically 70 cm in diameter at 
maturity) are equally abundant in sediments origi- 
nally deposited in both offshore and near-shore 
marine environments, they are thought to have 
inhabited the upper 10-30 m of the water column 
(Tsujita and Westermann, 1998). 

To date, marketable Ammolite has been found in, 
and commercially exploited from, only the Bearpaw 
Formation of southern Alberta, which consists pri- 
marily of dark-colored marine shales that are 
interbedded with several sandstone units. These sedi- 
ments were deposited 70-75 million years ago (during 
Late Cretaceous time], when the interior of North 
America was inundated by the Bearpaw Sea (also 
known as the Western Interior Seaway or the Pierre 
Sea), which extended from the present-day Gulf of 
Mexico to the Arctic Ocean (Tsujita and 
Westermann, 1998). Dominating the marine faunas 
within this seaway were vast numbers of ammonites, 
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whose shells are now the source of Ammolite. 

Outcrops of the Bearpaw Formation are recognized 
in the Canadian provinces of Alberta and 
Saskatchewan, and in the U.S. state of Montana, 
where the type locality was first described and named 
after the Bearpaw Mountains (Hatcher and Stanton, 
1903); the formation is known by a variety of other 
names in other states and provinces. However, there 
are no commercial occurrences of Ammolite outside 
of Alberta, although several attempts have been made 
to find such deposits (P. Paré, P. Evanson, and A. 
Ingelson, pers. comms., 2.000). 

At the Korite mine sites along the St. Mary 
River, the Bearpaw Formation is 232 m (761 ft) 
thick. It contains numerous bentonite (volcanic 
ash) layers and, in its upper two-thirds, three sand- 
stone members: the Magrath, Kipp, and Rye Grass 
(figure 5). Since Ammolite is found in distinct hori- 
zons within the Bearpaw Formation, knowledge of 


Figure 5. This stratigraphic section of the Bearpaw 
Formation shows the location of important sand- 
stone members, the double-ash (bentonite) layer, 
and the two known economic Ammolite-bearing 
horizons (K Zone and Zone 4; see text) in the St. 
Mary River area of southern Alberta; the lateral 
extent of these units is limited. Modified from Link 
and Childerhose (1931). 
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Figure 6. A Korite employee inspects a recently 
uncovered ironstone concretion from the K Zone (see 
text) of the Kormos mine. The disk shape of this con- 
cretion is an indication that an ammonite—and 
therefore Ammolite—may be found within. Photo by 
Art Barnson, Barnson Photography. 


this stratigraphy helps geologists pinpoint gem 
deposits. 

The Bearpaw Formation contains numerous lay- 
ers with hard siderite (FeCO,) concretions. These 
concretions form by precipitation from an aqueous 
solution around a nucleus (Jackson, 1997) that is 
commonly a fossil, such as an ammonite. It is with- 
in such ironstone concretions that gem-quality 
Ammolite is typically (but not exclusively) found. 
The concretion’s overall shape will commonly 
mimic the shape of its nucleus, thus giving an indi- 
cation of its economic potential. For example, 
ammonite-bearing concretions are typically disk 
shaped (generally 20-60 cm, but as large as 1 m; see, 
e.g., figure 6), whereas round or spherical concre- 
tions rarely contain ammonites. Small- to medium- 
size concretions, 15-60 cm in diameter, found in 
the K Zone (see below) yield the best Ammolite for 
Korite (P. Paré, pers. comm., 2000). 

Extensive glaciation in southern Alberta during 
the last southerly advance (22,000-36,000 years ago} 
of ice as part of the Pleistocene “ice age” resulted in 
the deposition of glacial overburden. At the Korite 
mine sites, these glacial deposits are about 15-30 m 
thick. Fortunately, the St. Mary River has cut into 
both the glacial deposits and the Bearpaw 
Formation, exposing ammolite-bearing horizons in 
certain places. However, even here the Bearpaw 
Formation is buried under a veneer of alluvial grav- 
els and sediments, generally 2-5 m thick. Since the 
formation dips 3° to 6° to the west at all Korite 
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mine sites (P. Paré, pers. comm., 2000), the K Zone 
is too deeply buried under much of the neighboring 
territory to exploit at this time. A short distance to 
the east, it has been eroded away. Due to the effects 
of groundwater and various other natural processes 
(e.g., extreme temperatures, frost), the aragonite in 
most ammonite shells in the oxidized zone—the 
upper 3 m of the Bearpaw Formation, where it con- 
tacts glacial or alluvial deposits—has been convert- 
ed to white calcite (“calcified ammonite”), which 
has no gem value. 


DISTRIBUTION AND CHARACTERISTICS 
OF AMMONITES AND AMMOLITE 
IN THE BEARPAW FORMATION 


General. Although fossil ammonites are found 
throughout the Bearpaw Formation in southern 
Alberta, Ammolite distribution varies widely with 
respect to both quantity and quality. Almost all the 
ammonites that produce marketable Ammolite have 
been mined or collected in the western part of south- 
ern Alberta. Ammolite from other parts of the 
Bearpaw Formation may be too thin or flaky to with- 
stand polishing, although some can be stabilized 
with an epoxy resin or similar material for manufac- 
ture into gemstones (see below). Moreover, some 
Ammolite-bearing horizons within the Bearpaw 
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Figure 7. This exceptional 
specimen of Zone 4 
Ammolite shows 
(almost) the complete 
color spectrum. Such 
material, which is of non- 
concretionary origin, 
occurs as sheets (referred 
to as type 2; see text) and 
has not been fractured by 
geologic processes. Note 
the large color panes (flat 
areas of uniform color), 
typical of type 2 
Ammolite, as compared 
to the smaller color panes 
of type 1 material (again, 
see figure 1). The speci- 
men is 11 cm along the 
longest (bottom) edge. 
Courtesy of Korite 
International; photo © 
Harold & Erica Van Pelt. 


Formation are too deeply buried to allow for com- 
mercial extraction (Korite’s current open-pit mining 
methods are only economic to depths of 20 m; P. 
Paré, pers. comm., 2000). There have been many 
commercial failures as a result of these factors. 

There is no known exploration technique (e.g., 
geophysical, remote-sensing} to locate or evaluate 
buried ammonites (although ground-penetrating 
radar may have potential in this regard). Only 
expensive test mining has proved helpful. Korite 
alone has excavated 20 trenches (6 m deep x 15 m 
wide x 5-30 m long) and 30 test pits (9 m deep x 5 
m diameter) throughout southern Alberta since 
1977 (P. Paré, pers. comm., 2000). 

In the course of exploration and mining, Korite 
has identified two horizons or “zones” within the 
Bearpaw Formation—the K Zone and Zone 4—that 
contain commercial quantities of Ammolite. The 
company also has recognized two distinct types of 
Ammolite that are associated with these two zones. 
Type 1 is fractured Ammolite (same as Barnson’s 
[2000] “compacted Ammolite”), that is, Ammolite 
that has undergone compaction and fracturing, with 
the fractures subsequently “healed” naturally with 
carbonate and/or clay matrix material. This type 
does not require stabilization for manufacture into 
jewelry (again, see figure 1). Ammolite from the K 
Zone is typically found in concretions that yield 
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1 | LE 1. Characteristics of K Zone and Zone 4 ammonites and Amm 


Attribute 


K Zone 


Zone 4 
Concretionary 


Zone 4 
Non-concretionary 


. Fossil specimen 
potential and 
quality of 
Ammolite 


. Type and thick- 
ness of Ammolite 
layer 


. Durability of 
Ammolite 


. Stabilization of 
Ammolite 


. Size of Ammolite 
panes (i.e., flat 
areas of uniform 
color); and thick- 
ness of healed 
fractures between 


Poor-quality fossil speci- 
mens (due to compaction 
and presence within con- 
cretions); high-quality 
Ammolite 


Type 1 (fractured); film- 
like to 8 mm thick in 
rough 


Stable, does not deterio- 
rate, resists wear with 
normal jewelry usage 


Rarely required 


Small panes (average 2-5 
mm, maximum 1 cm); 
fracture fillings between 
panes average 1 mm; in 
general, smaller panes 
with thin healed fractures 


Poor-quality fossil speci- 
mens and lower-quality 
Ammolite than K Zone 
(constitutes 50% of Zone 
4 material) 


Same as K Zone 


Same as K Zone 


Rarely required 


Larger panes than in K 
Zone (average 5-7 mm, 
maximum 1 cm); healed 
fractures between panes 
are thicker (2-3 mm) than 
in K Zone Ammolite, which 


Few complete fossils; 
most ammonites are com- 
pacted but not fractured; 
high-quality Ammolite 


Type 2 (sheet); thickness 
same as K Zone 


Sheet-like material may 
delaminate 


Commonly, but not 
always, required 


Relatively large panes 
(typically 2-3 cm, maxi- 
mum 10 cm); no fractures 


result in the most durable 
Ammolite 


panes 


6. Color display of 
Ammolite 


Red, orange, yellow, 
green, and blue are char- 
acteristic. “Full color spec- 
trum” is common except 
for violet, which is rare 


type 1 material. Type 2 is sheet Ammolite (same as 
Barnson’s [2000] “noncompacted Ammolite”), that 
is, Ammolite that has undergone compaction but 
not the fracturing and subsequent healing stages 
(figure 7). For manufacture into jewelry, some type 2 
Ammolite must first be stabilized, as it may have a 
tendency to delaminate. Ammolite from Zone 4 
that does not originate from concretions is com- 
monly type 2 material. Table 1 lists the characteris- 
tics of each type of Ammolite and the zone in 
which it is typically found. 


K Zone. The vast majority of commercially avail- 
able Ammolite has been derived from concretions 
in the K (for Korite) Zone. About 3.6 m thick, it is 
located approximately 120 m (400 ft) below the 
top of the Bearpaw Formation, between the Kipp 
and Magrath sandstone members (again, see figure 
5) and 9-12 m (30-40 ft) above the double-ash 
(bentonite) layer identified by Link and 
Childerhose (1931), as seen in figure 8. Complete, 
museum-quality ammonites (such as the one pic- 
tured in figure 2) from the K Zone are very rare; 
most have been crushed (P. Paré, pers. comm., 
2000). Both the Oxbow and Kormos open-pit 


AMMOLITE 


detracts from beauty 


Same colors as K Zone 
(except blue is more 
common), but usually 
only two predominate 


Orange, yellow, and green 
are most common, with 
no red and little blue 


Figure 8. This view shows a cliff face in the 
Bearpaw Formation (the gray stratum right above 
the green valley floor) on the St. Mary River, 0.5 km 
northeast of the Kormos mine. The thin, white dou- 
ble-ash layer (see arrows) helps geologists locate the 
most important Ammolite-bearing horizon (the K 
Zone), which is typically 9-12 m (30-40 ft) above 
this marker. Also visible on the surface (tan color 
at the right forefront) are the glacial sediments that 
blanket this area. Photo taken looking north; cour- 
tesy of Korite International. 
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mines are positioned to take advantage of the out- 
cropping of the K Zone. 


Zone 4. This approximately 2-m-thick horizon (also 
known as the Blue Zone) is about 4.5 m (15 ft) 
above the base of the Bearpaw Formation (again, see 
figure 5). About half of the ammonites derived from 
this unit were never encased within concretions 
(“non-concretionary”), and these typically yield 
type 2 sheet Ammolite. The concretionary 
ammonites from Zone 4, similar to those in the K 
Zone, have been compacted, fractured, and healed 
(type 1 Ammolite) and do not need to be stabilized. 
However, this Zone 4 fractured material has certain 
features (e.g., it displays none of the red and little of 
the blue colors) that are less desirable than K Zone 
fractured Ammolite; consequently, Korite does not 
currently manufacture it into gemstones. The two 
varieties of Ammolite are also found in distinct lay- 
ers within Zone 4. 


THE ORIGIN OF AMMOLITE 


While Jurassic and Cretaceous rocks all over the 
world contain abundant fossil ammonites, so far 
Ammolite has been obtained from only a few locali- 
ties in southern Alberta and only within the Bear- 
paw Formation. To date, just two species of ammo- 
nite, Placenticeras meeki and P. intercalare, have 
yielded marketable Ammolite; other fossil 
ammonoids found in the same formation, such as 
Baculites compressus, have not yielded iridescent 
material of sufficient thickness and durability for 
use in jewelry (P. Paré, S. Carbone, and P. Evanson, 
pers. comms., 2000). These facts suggest that some 
unusual circumstances are responsible for the for- 
mation of Ammolite. 


The Depth-of-Burial Factor. As part of our fieldwork, 
we collected Ammolite from various parts of Alberta 
and met with several individuals involved in 
Ammolite exploration. Our findings indicate that 
the quality of Ammolite improves westward in 
southern Alberta. For example, the colors exhibited 
by fossil ammonites from the Cypress Hills area 
(white with faint iridescence) and the Bow River area 
(typically red-brown)—in southeast and south-cen- 
tral Alberta, respectively (again, see figure 3)—are 
significantly less vivid than those found in 
ammonites along the St. Mary River valley in the 
southwest. As shown in Mossop and Shetsen (1994), 
rocks in the western part of southern Alberta (e.g, 


12 AMMOLITE 


the St. Mary River area) underwent significantly 
more burial than those in the eastern part (e.g., the 
Cypress Hills area). On the basis of thermal matura- 
tion studies of organic material of the Judith River 
Group, which immediately underlies the Bearpaw 
Formation (England and Bustin, 1986}, we estimate 
that the Bearpaw Formation was buried to a depth of 
about 4 km in the St. Mary River area (and has since 
been uplifted and exposed at the surface). The 
Bearpaw Formation in southeast and south-central 
Alberta, on the other hand, was not buried as deep. 

We propose that the increased depth of burial 
resulted in a form of diagenesis (i.e., alterations 
undergone by sediment subsequent to deposition], 
as yet unidentified, on ammonite shells within the 
Bearpaw Formation of southwestern Alberta, specif- 
ically in the St. Mary River area. The diagenesis 
intensified the colors on some ammonite shells. 
During this process, however, the aragonite did not 
convert to calcite, the more stable form of CaCO,, 
as would be expected in 70-million-year-old materi- 
al. If such conversion had occurred, Ammolite 
would not have formed. Niedermayr and Oehner 
(1995) and Niedermayr (1999) suggested that high 
amounts of Fe and/or Mg in the Bearpaw Formation 
(including the concretions) might be a factor in 
inhibiting the conversion. 

Pough (1986) was the first to suggest that alter- 
ation by burial (accompanied by compression and 
alteration of the organic matter within the nacre) 
might be a factor in the formation of Ammolite, but 
he did not discuss the effects of the relative differ- 
ences in the depth of burial of ammonite shells in 
the Bearpaw Formation between eastern (little or no 
iridescence) and western (vivid iridescence) Alberta. 
However, P. Paré (pers. comm., 2000) has noted that 
only rarely can shell from Placenticeras ammonites 
obtained from the Kipp sandstone member (sandy 
shale; again, see figure 5) of the Bearpaw Formation, 
in the St. Mary River valley, be used as a source of 
Ammolite. This suggests that the high sand content 
of the Kipp member may have prevented or imped- 
ed Ammolite formation. Clues to the origin of 
Ammolite may also be found in the original archi- 
tecture or chemical constituents (e.g., the organic 
component, trace elements) of the shell, since only 
certain ammonite species are predisposed to form- 
ing Ammolite. Additional research is needed to 
explain fully the process that has occurred. 


Fractured (Type 1) versus Sheet (Type 2) Ammolite. 
An explanation for the origin of the two types of 
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Ammolite, fractured (type 1) and sheet (type 2), can 
be found in the rate and extent of sediment infill into 
ammonite shells following the death of the animal. 
After Placenticeras ammonites died, their shells sank 
to the bottom of the Bearpaw Sea. Some of these 
shells were quickly buried, with little or no sediment 
filling the empty shell chambers. Their internally 
unsupported shells were subsequently compacted 
and fractured (and later healed), which resulted in 
type 1 Ammolite (K Zone material; again, see figure 
1). However, it is likely that the chambers in those 
shells that were not buried rapidly would have filled 
with sediment, so that the ammonite shell was inter- 
nally supported. Such shells would resist fracturing 
during compaction, thus giving rise to type 2 
Ammolite (sheet material characteristic of Zone 4; 
again, see figure 7). Ward et al. (1982) were the first to 
note that the lack of sediment infill into the empty 
chambers of Placenticeras shells following burial 
resulted in a high ratio of compacted shells in several 
zones; however, they did not extend this observation 
to the origin of fractured type 1 Ammolite within the 
Bearpaw Formation. Type 1 Ammolite is usually (but 
not always) found within ironstone concretions, 
whereas type 2 Ammolite is not (again, see table 1), 
which suggests that concretions play a role in devel- 
oping the type 1 material. 


MINING OPERATIONS 


Surface Collecting. Since the early 1960s, Ammolite 
has been collected by amateurs and small commer- 
cial lapidaries from the vicinity of the St. Mary 
River (e.g., Stafford, 1973a). These finds occur in the 
riverbed and along the valley walls, where 
ammonites are exposed by erosion. Subsequently, 
Ammolite was discovered in the gravel bars of 
numerous other rivers throughout southern Alberta 
where the Bearpaw Formation is exposed (again, see 
figure 3); mining claims currently are held on the 
Bow, Little Bow, Oldman, and Red Deer rivers. We 
estimate that 5%-7% of current Ammolite produc- 
tion is derived from surface-collected material, all 
by small producers. An additional 2% of the total is 
obtained by small producers from small test pits in 
the Bearpaw Formation. Similarly, about 1% of 
Korite’s production is from concretions collected on 
the surface in the St. Mary River valley (P. Paré, 
pers. comm., 2000). 


Open-pit Mines. Only two mines—Kormos and 
Oxbow—have produced gem-quality Ammolite in 
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significant quantities. Both are open-pit operations 
on the banks of the St. Mary River (again, see figures 
3 and 4). Essentially all (99%) of Korite’s production 
has come from open-pit mines, with the remainder 
from the surface source mentioned above (P. Paré, 
pers. comm., 2000). The Kormos mine was active 
from 1983 to 1994; since then, operations have been 
suspended, although long-range plans are to reacti- 
vate the mine. Production at the Oxbow mine start- 
ed in 1994 and has continued to the present. 

In recent years, Korite has mined between 2 and 
5 acres annually to achieve a production of about 
57,000 finished pieces of Ammolite and assembled 
Ammolite gems per year (P. Paré, pers. comm., 
2001). Between 1983 and 1999, Korite excavated 40 
acres of land, of which 35 acres have been restored 
to their natural state. 


Mining Methods. Initially, the topsoil, sand, and 
gravel layers are stripped and stockpiled for later site 
reclamation. The underlying Bearpaw Formation is 
then excavated with a large backhoe (again, see fig- 
ure 4). Blasting is not required because the shales 
are so easily worked. Mining is conducted from 
March through November, as winter operations of 
this type are difficult in Canada. 

Most Ammolite is protected in concretions that 
are more durable than the surrounding shale. This 
has led to the development of a rather simple, but 
effective and economical, mining process. Korite’s 
mining team consists of four individuals: a backhoe 
operator, a dump truck operator, and two sorters or 
“spotters.” The backhoe operator excavates the 
shale and then “sifts out” the soft, uneconomic 
material with a side-to-side motion of the machine, 
leaving the hard concretions in the shovel. The 
spotter carefully observes material in the bucket of 
the backhoe, looking for disk-shaped concretions 
(figure 9), which represent only about 10% of the 
concretions found in the K Zone (P. Paré, pers. 
comm., 2000). Waste shale is removed by dump 
truck and also stockpiled for reclamation. 

After the spotter has closely inspected the disk- 
shaped concretions, he uses a sledgehammer to 
break open those he feels have the potential for 
Ammolite (figure 10). The Ammolite attached to 
ironstone matrix is placed in “tubs,” each of which 
holds about 45 liters of material. The Oxbow mine 
produces about five tubs of raw material daily (P. 
Paré, pers. comm., 2000). After the concretions are 
trimmed with hammers and a rock saw at the mine, 
daily production is reduced to about one tub of 
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Ammolite on matrix, which eventually is shipped 
to the main manufacturing facility in Calgary. The 
authors did observe much colorful material being 
rejected at the mine site and thrown back into the 
pit. It was explained that this material was too thin, 
patchy, or irregular to use in jewelry. 

The mining method described above is only 
effective for Ammolite encased in concretions and 
undoubtedly would destroy less durable material. 
For example, Zone 4 non-concretionary (type 2 
sheet) material is mined by Korite in a slightly dif- 
ferent manner. After the overburden has been 
removed, excavators dig into the zone until any sign 
of Ammolite colors appear. Material is then collect- 
ed by hand, which makes this a much slower opera- 
tion. The economic potential of Zone 4 was first 
recognized in 1996, and mining at the Zone 4 pit 
began in August 1999. 

Exploitation of the K Zone and Zone 4 in other 
areas of southern Alberta is constrained by the 
amount of overburden that must be removed for 
open-pit mining (again, see figure 8). Underground 
Figure 10. This close-up shows a “spotter” after he mining is not feasible in the soft, friable shales of 
has broken open a promising concretion (note the the Bearpaw Formation. 
colors on the broken layer). Only disk-shaped con- 
cretions, which represent about 10% of the concre- 
tions in the K Zone, will contain Ammolite. Photo AMMOLITE PRODUCTION 
by Art Barnson, Barnson Photography. 


Figure 9. As the backhoe removes the Bearpaw shale 
at the Oxbow mine, a ’spotter” searches the bucket 
for disk-shaped concretions. Note how friable the 
shale is. Photo courtesy of Korite International. 


Korite has the only ongoing mechanized mining 
operation, all other Ammolite mining activities are 
artisanal, that is, small workings for which accurate 
records are seldom available. Thus, we are aware of 
no reliable production statistics for Ammolite other 
than those from Korite. Production of finished 
Ammolite by Korite consists predominantly of 
triplets, but there are also “solids” and doublets (P. 
Paré, pers. comm., 2001). Triplets (sold by size) con- 
sist of a colorless cap and a dark backing that are 
attached to a thin Ammolite layer (again, see figure 
1), whereas doublets (sold by carat weight) are an 
Ammolite layer attached to a backing (without a 
cap). Two types of solids are produced: two-sided 
(Ammolite on both sides; figure 11), and one-sided 
(a natural assemblage of Ammolite attached to its 
shale backing); each is sold by the carat (see Visual 
Appearance below for average weights and dimen- 
sions in each category). At Korite, stabilization with 
an epoxy resin is applied to some, but not all, solids 
and doublets, but never to the Ammolite used in 
triplets; material derived from the K Zone is rarely 
stabilized (P. Paré, pers. comm., 2001). Other manu- 
facturers have recently introduced other types of 
assembled stones (see Manufacturing below}, but 
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their impact on overall Ammolite availability has 
not yet been felt. 

Major production began in 1983, with the open- 
ing of the Kormos mine. That first year, 12,211 fin- 
ished pieces were fashioned (12,004 Ammolite 
triplets, 183 one-sided solids, and 24 two-sided 
solids; none of this material was stabilized) from 
20,500 tonnes of excavated shale (P. Paré, pers. 
comm., 2001). However, much of this early produc- 
tion included low-grade Ammolite that would not 
have been manufactured into gems in recent years 
(P. Paré, pers. comm., 2001). Some reports of early 
Korite production (“Ammolite. New gems from...”, 
1984, “Organic Alberta gemstone posed ...”, 1985; 
Vandervelde, 1993) suggested that less than 6,000 
tonnes of shale was excavated in 1983, but this is 
not correct (P. Paré, pers. comm., 2001). Korite’s 
production in 1999 (the most recent year for which 
Korite made data available to the authors), consisted 
of 55,000 Ammolite triplets, 1,500 Ammolite dou- 
blets (about 50% stabilized), 500 one-sided solids 
(about 50% stabilized), and only 25 two-sided solids 
(none stabilized); for a total of 57,025 finished 
stones (P. Paré, pers. comm., 2001). This production 
was derived primarily from the Oxbow mine, with 
the exception of small amounts from the Zone 4 
mine and surface-collected material. At present, the 


Zone 4 mine contributes about 10% by volume, but 
only 5% by value, to Korite’s overall production (P. 
Paré, pers. comm., 2001). The authors believe that 
the Korite operations represent about 90% of the 
production throughout Alberta. As such, we esti- 
mate that the total annual production of Ammolite 
(all categories) is currently more than 63,000 fin- 
ished stones. 

Huge amounts of rock are mined to obtain a rel- 
atively small amount of gem-quality Ammolite. In 
1999, from 165,000 tonnes of excavated shale only 
105,000 carats (21 kg) of Ammolite solids and 
assembled gemstones (including the backings but 
not the caps) were obtained (P. Paré, pers. comm., 
2001). This is equivalent to a mere 0.64 ct per tonne 
of shale. Because the Ammolite layer in an average 
triplet is only 0.1 mm thick, the actual finished 
carat weight/tonne of Ammolite is, therefore, con- 
siderably less once the backing weight is subtracted. 


STABILIZATION OF AMMOLITE 


Stabilization—that is, impregnation of the material 
under pressure with an epoxy or other substance— 
is usually required to strengthen type 2 (sheet) 
Ammolite so that it can be manufactured into jew- 
elry as solids or doublets. (As stated above, the 


Figure 11. This rare two-sided solid Ammolite (3.1 x 4.2 cm) shows predominantly red and green on one side 
(left) and blue and green on the other. This piece was polished from unstabilized sheet material from Zone 4 
and is 2 mm thick. Courtesy of Santo Carbone; photo © Harold & Erica Van Pelt. 
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Figure 12. “Quadruplets”—here, the 1.9 x 1.5 cm 
oval on the left and the 2.0 x 1.5 cm oval on the 
right—are fashioned from two Ammolite layers with 
a shale backing and a synthetic spinel or quartz cap. 
The pear-shaped piece in the center is a triplet. 
Quadruplets courtesy of Santo Carbone; triplet 
courtesy of Korite International. Photo © Harold & 
Erica Van Pelt. 


Ammolite incorporated into triplets is not stabi- 
lized.) Although it is likely that some Ammolite 
was stabilized and sold as early as the 1970s (see, 
e.g., Sinkankas, 1997), details of such treatments are 


Figure 13. Auroralite is a patented assembled 
stone made by using fragments of Ammolite that 
are attached with epoxy to a carborundum back- 
ing and then capped with a transparent colorless 
material. The resulting mosaic exhibits a glitter 
effect. The larger of the two stones shown here 
measures 16 x 12 mm, and the smaller is 14 x 10 
mm. Courtesy of Aurora Canadian Jewellery. 
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lacking. Koivula and Kammerling (1991) were the 
first to document the stabilization of Ammolite, 
specifically a plastic impregnation that was used as 
early as 1989. 

Korite began stabilizing some type 2 (sheet) 
Ammolite from Zone 4 in 1998. Before fashioning, 
Korite impregnates the rough material under pres- 
sure (1500 psi) by forcing a commercially available 
polymer (an epoxy resin) into the Ammolite layers 
with nitrogen gas (P. Paré, pers. comm., 2.000). 
Other manufacturers may use different procedures 
and materials. 

During the stabilization process, the entire sam- 
ple is immersed in polymer. Subsequent polishing 
removes the epoxy on the surface, and the only 
remaining epoxy is between the layers. We studied 
six such specimens by viewing them microscopically 
(incident illumination) on their polished edges. It was 
possible to recognize the impregnation, though with 
difficulty, at magnifications greater than 30x. The 
impregnation appears as very thin seams of epoxy 
between the layers, and as small epoxy-filled voids. 

Approximately 50% of the Ammolite solids and 
doublets that Korite placed on the market in 1999 
were stabilized. Korite sells stabilized Ammolite for 
between one-third to one-half the price of untreated 
material of equivalent grade (P. Paré, pers. comm., 
2000). The authors believe that perhaps one-third of 
the non-Korite production is also stabilized in some 
way, since it is mainly derived from surface-collect- 
ed sheet material. 

Some color enhancement of Ammolite triplets 
has been reported by Barnson (2000), where triplet 
backings (see Manufacturing below) are painted 
blue, green, or pink to enhance otherwise poorly 
colored Ammolite. We could not confirm use of this 
technique (P. Paré and S. Carbone, pers. comms., 
2001). Other enhancement techniques that are 
effective with some gemstones, such as heat treat- 
ment and irradiation, are not applied to Ammolite 
as they would damage the material. 


MANUFACTURING 


Early descriptions of Ammolite manufacturing proce- 
dures, which were based on surface-collected materi- 
als (Stafford, 1973b,c; Jarand, 1982), are of historical 
interest only; for example, freeforms are no longer 
tumbled in sawdust. Further, early Ammolite triplets 
were made with surface-collected type 2 (sheet) 
Ammolite; many of these early gems tended to sepa- 
rate along the glued layers. Santo Carbone was the 
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Photo by Dr. Giibelin 


Figure 7 
Elongated gas bub- 
bles with sharp pro- 
files in synthetic 
spinel photographed 
in transmitted light. 


SUMMER, 1947 428 


Photo by Dr. Giibelin 


Figure 6 
Worm or tube-like 
inclusions with the 
more common spher- 
ical bubbles in syn- 
thetic spinel, as seen 
in dark-field tWlumi- 
nation. 


, 


first to correct these problems and perfect the manu- 
facturing techniques that are now used to produce 
high-quality assembled gems. Today, the modern 
manufacturing facilities of Korite in Calgary, which 
employs about 20 full-time cutters (about 50 staff 
members total), dominate the production of 
Ammolite for the world market, although there are 
several smaller operations throughout Alberta. 
Rough Ammolite that is sufficiently thick and 
durable for manufacture into solids goes through 
the following steps: slabbing; trimming; stabilizing, 
if necessary; grinding to optimum colors; polishing; 
and shaping. Note that the cutter will constantly 
grind a piece of Ammolite until it shows the most 
attractive color display; this delicate technique 
takes years of experience to perfect—too much 
grinding could destroy a good color suite and pat- 
tern. Material that is made into triplets (again, see 
figure 1) goes through a similar set of early steps, 
but after a first grinding to reach optimal colors (the 
Ammolite will still be relatively thick), a spinel or 


[ TABLE 2. Grading categories of Ammolite. | 


Grade Description 


Extra fine Stone exhibits three or more sharp and brilliant 
colors (usually red, yellow, green, and/or blue). 
Colors are naturally bright with no obvious dark 
areas. Show of color does not depend on orien- 
tation. Fractures are in aesthetically pleasing pat- 
terns and, more importantly, are narrow. Stones 
with rare colors, specifically blue and purple, are 
most desirable. 


Fine Stone exhibits at least two distinct colors. Colors 
are not as bright as those in “Extra Fine” grade, 
and the stone may have some dark areas. Show 
of color does not depend on orientation. 
Fractures may distract somewhat from the beauty 
of the stone. 


Good Stone exhibits at least one distinct color or play of 
color. Dark areas are more apparent than in 
“Fine” grade material. The color may be direction- 
al. Fracture patterns may be distracting. 


Fair Colors and color changes are less distinct than 
“Good” grade. Colors commonly are from the 
middle of the spectrum, i.e., yellow and green. 
Directional color display is more apparent than in 
“Good” grade stones. Fracture patterns may be 
distracting. This category represents most of the 
current production (38%). 


Poor Faint colors or play of color, sometimes with a 
brown overtone; Noticeably poor brilliance. 


Commercial Dark brown or gray body color with faint color 
patches. May have unappealing fracture patterns. 
Lowest quality; currently not offered or commer- 
cially available from Korite although it is 
being kept in inventory. 
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quartz cap is attached with epoxy to the Ammolite, 
the back of the gem material is ground again to 
reduce thickness, and a piece of shale (typically 
from the Bearpaw Formation) that has been coated 
with lampblack is attached with epoxy to form a 
backing. A final trimming provides calibrated sizes. 
Using much the same process, Korite will attach a 
natural shale backing to polished pieces of 
Ammolite that are too thin and fragile for use as 
solids to create doublets. For some of his assembled 
stones, Mr. Carbone uses two individual Ammolite 
layers together with the backing and the cap (form- 
ing an Ammolite “quadruplet”), which increases 
the quantity and intensity of colors in the finished 
piece (see figure 12]. Barnson (2000) provides step- 
by-step details of the manufacturing process. 

Mr. Carbone also creates a unique mosaic-like 
Ammolite “triplet” that has been marketed exclu- 
sively since 1997 by Aurora Canadian Jewellery as 
Auroralite (figure 13). These triplets have a glitter 
effect produced by a patented process (Carbone, 
1991) in which multi-colored fragments of 
Ammolite (0.5-3 mm wide) are attached with 
epoxy to a synthetic spinel or quartz cap. Air 
trapped in the epoxy is removed in a vacuum unit 
and then the cap is placed in a preheated oven to 
harden the epoxy to a gel-like state. At this point, 
grains of carborundum are sprinkled on the epoxy to 
form the base. Recently, Johnson et al. (2000) 
described these triplets, which Korite had provided 
for examination and were erroneously attributed to 
their mining operation. 

In recent years, other innovative uses have 
been found for material that is not suited for man- 
ufacture into solids or assembled stones. For 
example, mosaics of small Ammolite fragments 
have been cemented into watch faces and other 
forms of jewelry. 


QUALITY GRADING OF AMMOLITE 


Although an internationally accepted grading sys- 
tem for Ammolite does not exist, Korite has devel- 
oped its own in-house grading system. A number of 
abbreviated versions of this same system have been 
published (Barnson, 1996; “Gemstone unique to 
Canada ...,’” 1999; Barnson, 2.000). 

There are six recognized grades of Ammolite as 
described in table 2: Extra Fine, Fine, Good, Fair, 
Poor, and Commercial (which correspond to 
Korite’s AA, A+, A, A-, B, and C). The three factors 
in determining the grade of a polished (unmounted] 
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Ammolite solid or assembled stone are: color range 
and display, intensity of iridescence, and pattern. 
The grade distribution, as a percent of Korite’s total 
sales for 2000 (P. Paré, pers. comm., 2001), was: 
Extra Fine—6%, Fine—5%, Good—21%, Fair— 
38%, and Poor—30% (“Commercial” grade materi- 
al was not sold). 


Figure 15. Among the rarest of the patterns seen in 
Ammolite is this suture pattern, which mimics the 
internal structure of the original shell. These Ammo- 
lites (both one-sided solids) measure 4.1 x 3.1 cm 
and 3.2 x 2.6 cm. Courtesy of Santo Carbone; photo 
© Harold & Erica Van Pelt. 
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Figure 14. These three 
pieces of jewelry illus- 
trate some of the many 
patterns seen in 
Ammolite, including 
the broad panes of 
individual colors in 
sheet material (the ear- 
} rings) and the narrow 

fractures (pendant at 
upper right, 40 x 25 
mm) and broader fractures 
(clasp at lower left, 25 x 20 
mm) associated with frac- 
tured material. Earrings 
courtesy of Carolyn Tyler; 
pendant and clasp courtesy 
of Korite International. 


Color Range and Display. In general, the more col- 
ors displayed, the higher the grade. Thus, stones 
that exhibit the full color spectrum, and especially 
blue and violet or purple (the latter is particularly 
rare), are most desirable. Stones that exhibit only 
one color, especially entirely red or brown (which, 
after white, are the most common colors found on 
Bearpaw Formation ammonite], are less desirable. 


Intensity of Iridescence. The ideal Ammolite shows 
sharp color sections and bright hues. Although some 
stones exhibit a full color spectrum, the colors may 
appear dark when illuminated from different direc- 
tions. Such a directional display of color detracts 
from the beauty, and hence the value, of a stone and 
can generate a grade no higher than Fine. 


Pattern. Pattern is the composite appearance of the 
color panes in relation to the dark, non-iridescent 
fracture system that permeates the specimen and 
frames them (commonly referred to as “stained 
glass window” effect; see figure 14 and other 
Ammolite photos in this article). Quality grading 
for pattern is usually more applicable to type 1 
Ammolite. Stones with wide fractures on the sur- 
face are graded lower than stones with few or very 
narrow fractures. Some stones may also exhibit a 
“suture” pattern derived from the original shell 
structure (see figure 15). Although common to 
many types of fossil ammonites, suture patterns in 
finished Ammolite gems are rare. 
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CHARACTERIZATION OF AMMOLITE 


Materials and Methods. Korite provided samples of 
both rough and polished Ammolite from the 
Oxbow and Zone 4 mines. Every variety of 
Ammolite was represented: fractured (type 1) and 
sheet (type 2); all colors, but particularly red, green, 
and blue; two-sided solids, one-sided solids, doub- 
lets, and triplets in various stages of production; and 
stabilized and unstabilized material. In addition, we 
studied two concretions. In total, 93 samples were 
subjected to some type of analysis from among 
many hundreds of specimens placed at our disposal 
by Korite. We performed visual and microscopic 
observation on approximately 50 additional samples. 

Samples were examined with magnification 
ranging from 10x to 45x, usually with a GIA Gem 
Instruments Mark VI Gemolite microscope. 
Refractive indices (10 samples) were measured on a 
GIA Gem Instruments Duplex II refractometer with 
a monochromatic sodium-equivalent light source. 
Specific gravity (7 samples) was measured by the 
hydrostatic method with a Mettler H31 balance. 
Fluorescence (8 samples) was determined with a 
GIA Gem Instruments ultraviolet lamp. Thin sec- 
tions—four of type 1 (fractured) and three of type 2 
(sheet) material—were studied and photographed 
with a Zeiss Axioplan binocular polarizing micro- 
scope. Hardness (4 samples) was estimated by 
scratching Ammolite with calcite and fluorite. 

X-ray diffraction patterns (10 samples) were 
obtained on a Scintag Model XDS 2.000 instrument, 
and the data were interpreted using the Material 
Data Inc. “Jade XRD Processing” software package. 
We conducted scanning electron microscope studies 
with a Cambridge Stereoscan 250 instrument to 
determine the microstructural characteristics of 
Ammolite layers and their correlation with color (if 
any). We had 41 samples (all rough; consisting of 
both type 1 and type 2 Ammolite) mounted and pre- 
pared (e.g., coated with gold) “on edge” so that the 
horizontal layers were perpendicular to the electron 
beam. Only red, green, or violet/purple material was 
used, as these colors represent the long, intermedi- 
ate, and short wavelengths of visible light as well as 
the range of colors found in Ammolite. An attached 
Kevex Micro-X 7000 Analytical Spectrometer was 
used for energy-dispersive elemental analysis (SEM- 
EDX) on 6 rough samples (three of type 1 and three 
of type 2), which were analyzed parallel to the upper 
surface. Prof. G. R. Rossman obtained visible/near- 
infrared spectra (2 samples) with a custom-made 
reflectance spectrometer. 
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Results. The results of our research are given in 
table 3 and discussed below. 


Composition. The X-ray diffraction (KRD) studies 
confirmed that the composition of Ammolite is 
essentially pure aragonite; organic matter, which is 
undoubtedly present (see below, Mineralogy of 
Ammolite} is not detected by this technique. Only 
calcium was detected (by SEM-EDX) on the irides- 
cent Ammolite surfaces, except for trace amounts 
of strontium and iron. 

The material that comprises the non-iridescent 


TABLE 3. Properties of Ammolite. | 
Property Description 
ineral name Aragonite 
Composition CaCO, 
Crystal system Orthorhombic 
orphology (of rough) =‘ Type 1 (fractured): Flat iridescent layers 


are fractured and the fractures are 
healed with non-iridescent material, 
resulting in a mosaic texture 

Type 2 (sheet): Flat areas have no frac- 
tures and no special features (except 
rare suture patterns) 

Thickness of layers rarely exceeds 8 mm 


Iridescent color All colors, with red and green most 
abundant; blue is rare and purple 


extremely rare 


Clarity ormally opaque; transparent or trans- 
ucent in very thin sheets 


Luster Vitreous to resinous 
Hardness 3.5 
Toughness Red Ammolite is relatively tough, but 


Refractive indices 


Birefringence 
Specific gravity 
UV fluorescence 


Parting 


Inclusions 


Durability 


May be confused with 
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blue and purple are brittle 


Low values: 1.525-1.530 
High values: 1.665-1.670 


0.135-0.145 
2.76-2.84 


ridescent material inert to both long- 
and short-wave UV; non-iridescent 
healed fracture material has weak yellow 
fluorescence, stronger to long-wave UV 


Parting along flat layers most common 
in rough type 2 Ammolite 


Pyrite, organic matter; these only occur 
between Ammolite layers and cannot be 
seen from the surface of polished stones 


Solids should be handled carefully 
because of softness and susceptibility to 
chemicals, household products, and 
excessive heat; triplets (with quartz or 
synthetic spinel caps) are stable under 
normal conditions 

Opal, fire agate, labradorite, and various 
modern (e.g., abalone) or other fos- 
silized (e.g., lumachelle) shell materials 
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healed fractures is also predominantly aragonite (as 
reported by Wight, 1981), but calcite was the main 
filler in some of the fractures. In addition, S. Carbone 
(pers. comm., 2000) has identified clay minerals 
(species unidentified) in some fractures, and this is 
consistent with our detection by SEM-EDX of Al 
and Si (the main chemical components of clays) dur- 
ing qualitative analysis of several fracture fillings. 

XRD analysis of the host concretions showed 
that they contain siderite (FeCO,), which is in 
agreement with Niedermayr (1999). 


Visual Appearance. In the rough, type 1 (fractured) 
Ammolite ideally appears as a collage of vivid iri- 
descent colors (all colors of the spectrum, with red 
and green the most abundant}, separated by healed 
fractures. However, the number and quality of the 
colors can vary over short distances (e.g., a few mil- 
limeters). Type 2 (sheet) Ammolite, on the other 
hand, usually has two predominant spectral colors, 
which vary by the piece (color panes up to several 
centimeters are common). Although the iridescent 
areas in both types are generally less than 20 cm (~8 
inches) in maximum dimension, only much smaller 
areas, particularly in the type 1 variety, will have 
uniform color, quality, or thickness. The Ammolite 
layers, which are supported on shale or concre- 
tionary material, may vary in thickness from about 
8 mm to film-like in the same sample. 

Data supplied by Korite, and verified by the 
authors, for fashioned material indicate that an aver- 
age Ammolite triplet will consist of a 0.1-mm-thick 
Ammolite layer with a 1-mm-thick shale backing 
and a 1.5-mm-thick synthetic spinel cap, weigh a 
total of 2.5 ct, and measure 11 x 9 mm (oval). 
Average doublets have a 1-mm-thick Ammolite 
layer with a 2.5-mm-thick shale backing, weigh 18 
ct, and measure 29.5 x 28.5 mm. An average one- 
sided solid also consists of a 1-mm-thick Ammolite 
layer, which is naturally attached to a 2.5-mm-thick 
shale matrix; it weighs 17 ct and measures 29 x 28 
mm. Average two-sided Ammolite solids are typical- 
ly 3 mm thick, weigh 15 ct, and measure 28 x 24 
mm. In general, stabilized Ammolite solids and dou- 
blets are larger than their unstabilized counterparts 
and can range up to 50 mm (and, rarely, as large as 
100 mm) in longest dimension. 


Diaphaneity and Luster. Ammolite is transparent or 
translucent to transmitted light only in extremely 
thin sheets, such as those used for assembled stones. 
Because these always have a dark backing, however, 
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the material seen in jewelry (including one- and two- 
sided solids) is opaque. Luster ranges from vitreous 
to resinous, and the intensity may vary considerably 
between samples, from very dull to intense. 


Hardness. The Mohs hardness of Ammolite is 3.5; 
it can be scratched by fluorite (H=4) but not by cal- 
cite (H=3). 


Refractive Indices and Birefringence. We recorded 
R.I. values for 10 polished stones, five each of type 1 
(fractured) and type 2 (sheet). Five were red, four 
were green, and one was blue. The low values 
ranged from 1.525 to 1.530, and the high values 
measured were 1.665—1.670. We found no relation- 
ship between color and R.I. Birefringence was 
0.140-0.145 in eight of the 10 samples; for two 
green samples—one of each type—the birefringence 
was 0.135, but we are unable to attach any signifi- 
cance to this difference. These data are very similar 
to those reported by Wight (1981). 


Specific Gravity. The seven samples selected for 
S.G. determinations were all double-sided solids and 
predominantly red (purposely chosen to minimize 
any possible variance related to color). The S.G. of 
the four type 1 (fractured) Ammolites ranged from 
2.81 to 2.84. The values obtained for the three type 
2, (sheet) Ammolites averaged 2.76, 2.76, and 2.84. 
Wight (1981) determined the S.G. for Ammolite 
(type 1 from the now-closed Kormos mine; number 
of samples studied not stated} to be 2.80 + 0.01. The 
S.G. of pure aragonite is 2.94 (Gem Reference 
Guide, 1995). The lower values presented here for 
type 1 Ammolite can be explained by the presence 
within Ammolite of small amounts of organic mat- 
ter and calcite, which have lower S.G.’s; in type 2 
Ammolite, voids between the layers also contribute 
to a lower S.G. Inclusions of pyrite (S.G. about 5), 
discussed below, will increase the overall S.G. of the 
Ammolite. 


Fluorescence. Yellow ultraviolet fluorescence (long- 
wave stronger than short-wave) was observed only in 
the material healing the non-iridescent fractures of 
type 1 Ammolite. Whereas Wight (1981) describes 
this fluorescence as bright or intense, we classify it as 
weak. 


Parting. All Ammolite may part into sheet-like lay- 
ers, although type 2 Ammolite is more susceptible. 
Cleavage was not observed. 
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Figure 16. These two thin sections of ammolite (type 1 from the K Zone on the left and type 2 from Zone 
4 on the right) were photographed in polarized light perpendicular to the flat surface (parallel to the edge) 
of each stone. Thin, prismatic crystals of aragonite are seen in both types of Ammolite. In the type 1 
material, however, they are in laminae (layers) of limited extent arranged with a shingle effect; fractures 
are abundant (one is seen here on the left side of the photo cutting across the laminae at right angles) 
and are filled with coarse secondary aragonite and sometimes calcite and clays. The aragonite layers in 
type 2 Ammolite are essentially continuous; they are not interrupted by fractures. The relatively thick 
dark layer at the top of this photo contains organic matter (black) as well as minute disseminated pyrite 
grains (not visible). The shell layer in both samples is 2-3 mm thick. The width of each photomicrograph 


represents 2.3 mm. 


Inclusions. Zeitner (1978), Koivula (1987), and Wight 
(1993) have reported pyrite blebs in finished 
Ammolite. We also identified pyrite, by XRD analy- 
sis. This was seen in small amounts in thin sections 
as an opaque, highly reflective, yellowish mineral 
that occurred as blebs or comprised very thin layers 
within the Ammolite. Both pyrite and organic matter 
(see Mineralogy of Ammolite below) occur between 
Ammolite layers and cannot be seen from the surface 
of polished stones. Stafford (1973b) and Sinkankas 
(1976) reported the occurrence of hydrocarbons in fin- 
ished Ammolite; however this “inclusion” was artifi- 
cial, in that it had been introduced by the oil-lubricat- 
ed saws used to cut the earliest Ammolites. 


Other Microscopic Studies. Thin sections (micro- 
scopic studies) of the nacreous layers from type 1 
(from the K Zone) and type 2. (from Zone 4) Ammo- 
lites are shown in figure 16. In both cases, the 
microstructure shows fine laminae (layers) of pris- 
matic aragonite crystals. In the type 1 specimen, 
however, these laminae are of limited lateral extent 
and exhibit a “shingle” structure; in addition, a nat- 
ural fracture-healing material (aragonite, calcite 
and/or clay minerals) is evident. In the type 2 speci- 
men illustrated, the laminae are much more contin- 
uous and are not cross-cut with fracture fillings. We 
believe that the material that fills fractures, and the 
shingle structure in the type 1 material, jointly act 
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as a “structural support” for the aragonite laminae, 
so that this material can be used in jewelry without 
stabilization. As noted above, type 2: material lacks 
this structural support and may have to be polymer- 
impregnated before it can be manufactured into 
jewelry. 

Scanning electron microscopy revealed addition- 
al details of the nacreous layer. As figure 17 illus- 
trates, red Ammolite is composed of stacked 
columns of aragonite tablets. The aragonite tablets 
in green Ammolite are thinner and occur in a less 
organized vertical arrangement. Purple Ammolite 
has even thinner tablets, which show no stacking 
arrangement. 


Discussion. Mineralogy of Ammolite. Shell micro- 
structure studies of the modern Nautilus, fossil 
ammonites, and specimens from many other 
Mollusca (Wise, 1970; Grégoire, 1987; Dauphin and 
Denis, 1999) have shown that they are all composed 
of layers of aragonite crystals with small amounts of 
organic material (usually between 0.01 and 5 wt.%; 
Lowenstam and Weiner, 1989). This combination of 
thin tablets of aragonite interleaved with much 
thinner sheets of organic matter, frequently with a 
mother-of-pearl luster, is known as nacre (Jackson, 
1997). Using SEM imaging, Dauphin and Denis 
(1999) established that the shells of living Nautili 
have three layers, each of which is characterized by 
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Figure 17. Distinct differences in the arrangements, 
sizes, and shapes of the aragonite crystals in 
Ammiolite can be seen in the scanning electron 
micrographs of these representative red (top), green 
(center), and purple (bottom) samples. Scale bar is 
2 microns. 


different shapes and arrangements of crystals: (1) an 
outer spherulitic-prismatic layer; (2) a middle, thick- 
er, nacreous layer; and (3) an inner, thin prismatic 
layer. Fossilized ammonite shells usually have only 
the nacreous layer preserved. 

That ammonite shells were originally composed 
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of aragonite has been known since the late 1800s 
(reviewed by Grégoire, 1987; Lowenstam and 
Weiner, 1989). We have confirmed that Ammolite 
is also composed of aragonite, in agreement with 
Wight (1981). Lowenstam and Weiner (1989) noted 
that the oldest known sedimentary deposit with 
abundant aragonite fossils dates from the 
Carboniferous Period (about 340 million years ago); 
the ammonites from which Ammolite is derived 
lived between 75 and 70 million years ago (see 
Geology and Occurrence section above). 


The Microstructure of Ammolite and Its Corre- 
lation with Color. In addition to the differences in 
thickness and organization of the aragonite tablets 
noted with SEM for the different colors of 
Ammolite, we have also observed that Ammolites 
of different colors have different physical attributes, 
which we suggest are related to their unique micro- 
structures. Red Ammolite is stronger (tougher, easi- 
er to manufacture into gemstones] than green 
Ammolite, while purple Ammolite is the weakest 
of all. Further, cutters (e.g., S. Carbone, pers. comm., 
2000) have observed (qualitatively) that the hard- 
ness of Ammolite, at least in polishing, varies with 
color and decreases in the order red-green-purple. 
We suggest that this is another manifestation of the 
microstructure differences of the various colored 
Ammolites illustrated in figure 17. If this is the 
case, a corollary might be that the rarity of purple 
and blue Ammolite can be explained by the fact 
that the microstructures responsible for these colors 
are less likely to have survived in the natural envi- 
ronment due to their relative weakness. 


Cause of Color in Ammolite. Several explanations 
have been proposed for the cause of the iridescent 
color of Ammolite. All the explanations fall into two 
basic categories: interference (Pough, 1986; Fritsch 
and Rossman, 1988; Vandervelde, 1993; Niedermayr 
and Oehner, 1995; Niedermayr, 1999), or diffraction 
(Leiper, 1969; Wight, 1981; Brown, 1984; Vander- 
velde, 1991). However, none of the above references 
offered experimental work to confirm either explana- 
tion. Although both interference and diffraction can 
produce color in minerals when white light interacts 
in certain ways within a specimen, the mechanism 
of the reaction, and its result, will be specific for each 
phenomenon (for more on these mechanisms, see 
Fritsch and Rossman, 1988, pp. 86-89). 

The visible/near-infrared reflectance spectrum 
obtained from a piece of type 2. (sheet) Ammolite 
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from Zone 4 (illuminated with white light) indi- 
cates that light reflected from the yellow-green por- 
tion of the shell is more intense in a band that is 
centered at about 568 nm. This spectrum is consis- 
tent with what would be expected for an interfer- 
ence phenomenon, as light passes through and 
reflects back from multiple layers of aragonite of 
uniform thickness (G. R. Rossman, pers. comm., 
2000). This model is confirmed by the observation 
of uniform layers in the electron micrograph of a 
section of Ammolite (again, see figure 17). The lack 
of an array of uniform grooves or ridges, such as is 
found in diffraction gratings, and the comparatively 
large width of the band in the reflectance spectrum 
(lack of a pure spectral color), argue against diffrac- 
tion to explain the color in Ammolite (G. R. 
Rossman, pers. comm., 2000). 

Tilting has the effect of changing the relative 
position of interfering light waves, thus producing a 
different color in most Ammolites (this is the same 
as directional color mentioned in the Quality 
Grading section). When a piece of predominantly 
red Ammolite is tilted, the colors change in the 
sequence orange, yellow, and green. When a piece of 
predominantly green Ammolite is tilted, blue may 
be obtained. There is almost no change of color 
when a piece of purple or blue Ammolite is tilted. 

In addition, as noted above, the color of 
Ammolite can be shown to depend, at least to some 
extent, on the amount of polishing, which affects 
the final thickness of the nacre. Thus, if the original 
color of a piece of Ammolite is blue, polishing exact- 
ly parallel to the surface will change the color in the 
following sequence: blue-green-yellow-orange-red 
(see figure 7; also, P. Paré and S. Carbone, pers. 
comms., 2000). This corresponds to the changes 
shown in figure 17, and the final color will be related 
to the structural characteristics (including both 
thickness and stacking arrangement) of the nacreous 
layer on the surface of the polished stone. 


CARE AND DURABILITY 


Ammolite is used in all forms of jewelry. Because it 
is soft and will scratch easily, solid Ammolite is best 
suited for brooches, pendants, or earrings rather than 
rings. Since Ammolite, like pearls, is delicate and 
consists of aragonite, many of the care and cleaning 
recommendations for pearls also apply to Ammolite. 
Ultrasonic and steam cleaners should never be used 
for solids; rather, a commercial pearl cleaner or a 
mild, warm soap solution is recommended (a maxi- 
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mum of 20 minutes in any fluid). Contact with heat, 
acids, perfumes, hairsprays, and many household 
commodities can cause loss of iridescence and other 
types of damage, particularly in solids. 

Triplets with properly manufactured synthetic 
spinel or quartz caps may be cleaned, with caution, 
in ultrasonic cleaners. Warm soap and other mild 
solutions may also be used, again with caution. 
Although the cap will protect the Ammolite from 
scratches, care should be taken to avoid blows that 
could result in the separation of glued layers. 


CONCLUSION 


Ammolite is vivid iridescent fossilized ammonite 
shell (aragonite) that thus far has been obtained 
from only two ammonite species (Placenticeras 
meeki and P. intercalare), and only from those 
found in the Bearpaw Formation of southern 
Alberta, Canada. However, to be marketable as a 
gemstone, the Ammolite layers must not only show 
attractive color and pattern, but they must also be 
sufficiently thick and durable to withstand use in 
jewelry. Because of these durability concerns, most 
of the Ammolite currently in the marketplace is 
found as assembled stones (triplets consisting of a 
synthetic spinel or quartz cap, a layer of Ammolite, 
and a shale backing). Stabilization (with polymers) 
is also used on some Ammolite solids and doublets. 

We believe the formation of Ammolite is direct- 
ly related to depth of burial of the original ammo- 
nite. Hence, Ammolite exploration should be 
focused on areas where the Bearpaw Formation has 
been buried to optimum depth (4 km in the St. 
Mary River area) and re-exposed due to uplift and 
erosion. Delineation of commercial deposits of 
Ammolite, however, has proved difficult (in fact, 
the commercial operation described in Voynick 
[1993] no longer exists). To date, only two horizons 
within the Bearpaw Formation of southern Alberta 
support open-pit mining, and attempts to trace 
them out laterally within the formation have been 
unsuccessful. As such, assuming current economic 
conditions, Korite has estimated a 15-year mine life 
for both the Kormos (when reactivated) and Oxbow 
mines (P. Paré, pers. comm., 2000). However, 
Reiskind (1975) did establish that some concre- 
tionary layers within the Bearpaw Formation cover 
an enormous area; if this is the case, future discov- 
eries may be sizable. 

For the first two decades after its introduction 
in the early 1960s, Ammolite languished as a gem 
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material primarily because of the limited supply 
of durable rough, the lack of uniform marketing 
(e.g., a multitude of trade names), and the incon- 
sistent quality of the assembled stones. In the past 
two decades, as a result of the development of 
new mines and improved manufacturing tech- 
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DISCOVERY AND MINING OF 
THE ARGYLE DIAMOND DEPOSIT, 
AUSTRALIA 


By James E. Shigley, John Chapman, and Robyn K. Ellison 


In 1983, the Argyle mine was established as the first major diamond-mining operation in Australia. 
Almost immediately, it became the world’s largest source of diamonds in terms of the volume (carats) pro- 
duced. The discovery, development, and operation of this mine challenged conventional beliefs about 
diamond geology, mineral processing, and the marketing of gem diamonds. In its peak year, 1994, the 
mine produced over 42 million carats (Mct) of rough diamonds, which represented 40% of the world’s 
production. A large proportion of this staggering output consists of small brown-to-yellow—as well as 
some near-colorless and colorless—rough diamonds. A major cutting industry developed in India to pro- 
cess these diamonds into cut gems. The Argyle mine is also noted for the production of a very limited 


amount of rare pink diamonds. 


ern region of Western Australia, is currently the 

world’s largest producer of diamonds by vol- 
ume (figure 1). Production in 2000 reached 26.5 mil- 
lion carats (approximately 25% of annual world pro- 
duction), following a peak in 1994 of 42.8 million 
carats, which was 40% of the diamonds produced 
worldwide that year. The Argyle mine is known not 
only for the very large quantity of diamonds it pro- 
duces, which vary from brown to yellow and from 
near-colorless to colorless (figure 2), but also for the 
consistent recovery of a small number of pink dia- 
monds. Prior to 1998, no plans had been finalized for 
the mine to continue past 2002. In October of that 
year, however, a decision was made to cut back the 
400 m (1,300 ft) high west wall to widen and deepen 
the pit. With the orebody apparently extending to 
depth, plans now call for open-pit mining to contin- 
ue until at least 2006, with a possible transition to 
an underground operation at that time. 

The Argyle mine provides a good example of the 
modern techniques used both to find viable dia- 
mond deposits and to recover the gems on a large 
scale. Therefore, this article discusses the explo- 


he Argyle mine, located in a remote northeast- 
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ration methods employed to discover the first eco- 
nomic deposits of diamonds in this area of 
Australia, as well as the mining and recovery tech- 
niques used at the mine. The Argyle AK1 pipe rep- 
resented the first major deposit of diamonds found 
in lamproite (a kind of volcanic rock similar to kim- 
berlite), the discovery of which called into question 
prevailing theories of diamond occurrence. We also 
briefly summarize the gemological characteristics of 
Argyle diamonds. 

The Argyle mine is 100% controlled by Rio 
Tinto Ltd. (although until late 2000 it was a joint 
venture with Rio Tinto [56.8%], Ashton Mining 
Ltd. [38.2%], and the Western Australian Diamond 
Trust [5%]). It was the first large-scale operation for 
recovering diamonds in Australia. The ore grade is 
currently around 3.0 ct per tonne of host rock, 
which is three to 10 times higher than the typical 
grade at other primary diamond deposits. (Note: In 


See end of article for About the Authors information and acknowledgments. 
Gems & GEMOLOGY, Vol. 37, No. 1, pp. 26-41 
© 2001 Gemological Institute of America 


GEMS & GEMOLOGY SPRING 2001 


424 GEMS & GEMOLOGY 


Photo by Dr. Giibelin 


Figure 8 
Typical “eross 
hatched’’ appear- 
ance between crossed 
Nicols caused by 


Photo by Dr. Giibelin 


Figure 9 
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Figure 1. This aerial view of the Argyle mine, looking southwest, shows a portion of the AK1 pit. The shape of 
the open pit closely follows the outline of the lamproite pipe. In both the foreground and at the opposite end of 
the pit are dumps where the reddish brown overburden rock has been moved for storage. Since 1985, when 
mining of the orebody commenced, approximately 550 million tonnes of lamproite ore and overburden rock 
have been removed from the open pit. Brownish diamonds, such as the crystals and round brilliants shown in 
the inset, are commonly produced and marketed as “cognac” or “champagne” diamonds. The three largest 
diamonds weigh 4.11, 4.07, and 2.19 ct; inset photo by Shane F. McClure. 


accordance with the usage in other diamond mines 
throughout the world, volumes of rock are expressed 
here in metric tonnes, where 1 U.S. short ton = 2,000 
pounds = 0.907 metric tonnes.) However, even with 
this high grade, diamonds comprise only 0.0001% 
by weight of the ore, so sophisticated ore-processing 
methods are necessary to extract this very small 
proportion of diamonds from the very large amount 
of host rock. In addition, the company conducts its 
mining activities in an environmentally and social- 
ly responsible way. 


LOCATION AND TERRAIN 


Location and Access. The Argyle mine is situated in 
the northeastern part of Western Australia, approxi- 
mately 120 km (75 miles) by road southwest of 
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Kununurra (the nearest town), 540 km (335 miles) 
southwest of Darwin, and 2,200 km (1,370 miles) 
northeast of Perth, the state capital (figure 3). The 
AK1 pipe is located at the headwaters of Smoke 
Creek in a small valley in the southern end of the 
Matsu Range, which is the southeastern extension 
of the Ragged Range (figure 4). Associated alluvial 
diamond deposits occur along Smoke Creek and 
Limestone Creek, which drain the AK1 pipe to the 
north and southeast, respectively. Both drainage 
systems then turn northeast toward Lake Argyle, 35 
km (22 miles) downstream from the mine. 

Access to this region is by commercial air flight 
from Perth or Darwin to Kununurra, and then by a 
short chartered flight to a landing strip at the mine 
site. Alternatively, one can travel two hours by 
vehicle from Kununurra along a paved highway and 
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then on a dirt road to the site. Access to the mine 
site is allowed only with prior permission. 


Climate and Terrain. In this region of tropical 
savannah, rainfall averages 700 mm (about 28 inch- 
es) per year. Most precipitation occurs in the wet 
season of January and February, when temperatures 
can reach 45°C (110°F). Local vegetation is sparse, 
consisting mostly of occasional small trees along 
with more numerous bushes and grasses. The 


Figure 2. A range of colors produced at the Argyle mine 
can be seen in this selection of rough diamonds. Note 
also the variety of crystal shapes, including a relatively 
small proportion of octahedra and macles, and abun- 
dant rounded or irregular shapes. These crystals vary 
from about 0.5 to 1 ct; as such, they are larger than the 
crystals typically recovered from the mine, which have 
a mean size of less than 0.1 ct. 


Figure 3. This generalized 
sketch map shows the loca- 
tions of kimberlites, lam- 
proites, and diamond occur- 
rences in the Kimberley 
craton region of Western 
Australia. The Argyle mine 
is situated east of the 
Kimberley craton, near the 
eastern margin of the Halls 
Creek Mobile Zone. Other 
diamond deposits (not yet 
developed) are located at 
Ellendale to the southwest of 
the craton, and at two kim- 
berlites within the northern 
part of the craton. The first 
Australian diamonds were 
found by gold prospectors in 
alluvial deposits near 
Nullagine (see inset) in 1895. 
Adapted from Atkinson et 
al. (1984b, figure 3B). 
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Figure 4. The tadpole-like shape of the Argyle AK1 
lamproite pipe, which is broadest to the north and 
narrowest to the south, is evident in this simplified 
geologic map. The pipe is located within resistant 
rocks of the Matsu Range that here form the East 
and West Ridges. 


region is characterized by the presence of bulbous 
boab trees and abundant termite mounds. Other 
than the hills of the Matsu and Ragged ranges, 
much of the terrain surrounding the mine area con- 
sists of broad, flat plains. This region contains a few 
small Aboriginal communities. All materials and 
supplies must be brought in from Kununurra by 
truck or aircraft if they cannot be generated at the 
mine site. 
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DISCOVERY OF THE ARGYLE 
DIAMOND DEPOSITS 


Exploration for Diamond Host Rocks. In 1895, gold 
prospectors first found diamonds by accident in 
stream gravels at Nullagine in Western Australia (fig- 
ure 3, inset). Many thousands of carats of diamonds 
were recovered from this and other alluvial deposits 
in various parts of the country over the next 50 years, 
but not until the introduction in the 1960s of modern 
geologic exploration concepts and techniques were 
diamond-bearing pipes—the primary sources—finally 
discovered (Geach, 1986; Janse, 1992). 

Beginning in the 1970s, as a result of renewed 
interest in mineral prospecting in Western Australia, 
the geologically ancient shield areas in this region 
were selected as prime targets for diamond explo- 
ration. A shield area, or craton, is a portion of the 
continental crust that has been geologically stable 
(i.e., not involved in mountain building, faulting, 
deformation, etc.) for billions of years. The geologic 
settings of the diamondiferous kimberlite pipes in 
southern Africa were used as models for the selec- 
tion of shield areas in Western Australia for diamond 
exploration (see Jaques et al., 1986; Haggerty, 1999). 

Although kimberlites were believed to be the 
only terrestrial source of diamonds at the time, 
Prider (1960) had suggested that a petrologically 
related volcanic rock known as lamproite might 
also host diamonds in this part of Australia. Both 
the discovery of alluvial diamonds at Nullagine and 
the occurrence of lamproites along the tectonic 
margins of the (ironically named) Kimberley craton 
(in northern Western Australia) were additional rea- 
sons for selecting the shield areas of Western 
Australia for diamond exploration (figure 3). Clifford 
(1966) had observed that the known diamondiferous 
kimberlites in southern Africa were restricted in 
their occurrences to ancient cratons that had been 
tectonically stable for at least the past 1.5 billion 
years. This condition was met, at least in part, by 
the geologic conditions of the Kimberley craton 
(Deakin et al., 1989). 

Following the discovery of several alluvial dia- 
monds in the West Kimberley region along the 
Lennard River (Ellendale area) in 1969, a consortium 
of mining companies, collectively known as the 
Kalumburu Joint Venture (succeeded by the Ashton 
Joint Venture), began systematic diamond explo- 
ration throughout this region. Their objective was to 
discover an economic diamond deposit that would 
be amenable to mechanized, large-scale, low-cost, 
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Figure 5. Two geologists sample stream gravels in a 
remote portion of the Kimberley region in Western 
Australia to locate diamond indicator minerals. 
The size of the region, and its remoteness, meant 
that a helicopter was needed to reach sites targeted 
for diamond exploration. Here, the geologists are 
excavating a heavy-mineral sample from gravel 
trapped behind a natural rock dam in a creek. A 
special geologic laboratory was set up in Perth to 
evaluate the mineral content of such samples. 


open-pit mining. Since only minor quantities of allu- 
vial diamonds had been recovered from this region 
during the previous century, with no primary dia- 
mond sources known at the time, these exploration 
efforts in the Kimberley craton were highly specula- 
tive. Nevertheless, early in 1976, geologists from 
this consortium found certain minerals (such as 
ilmenite, chromite, chrome diopside, and pyrope gar- 
net} in stream-gravel concentrates which indicated 
the presence of diamond-bearing host rocks. 

To reduce the need for costly bulk-rock sam- 
pling, geologists devised rapid evaluation methods 
to check gravel samples for these diamond indicator 
minerals (figure 5). Reconnaissance alluvial sam- 
pling using these techniques over an area of 200,000 
km? revealed a classic suite of kimberlite indicator 
minerals—as well as a different suite of minerals 
that are now known to be characteristic of lam- 
proites (although their significance was not recog- 
nized immediately}—at several locations within and 
around the Kimberley craton. 

Careful geologic fieldwork, combined with air- 
borne magnetometer surveys and subsequent test- 
ing for the presence of diamondiferous host rocks, 
led to the eventual discovery by a number of com- 
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panies of more than 80 kimberlite and lamproite 
occurrences within and around the Kimberley cra- 
ton. To date, however, only one of these occur- 
rences, the Argyle deposit, has been developed into 
a mine. Other potentially significant diamond 
occurrences, which at present are being evaluated 
for their economic viability, are two lamproites 
located at Ellendale in the West Kimberley province 
and two kimberlites in the North Kimberley 
province. In most of these instances, the diamondif- 
erous rocks were discovered in strongly deformed 
tectonic belts along the margins of the Kimberley 
craton, and not within the rocks of the craton itself. 


Discovery of the Argyle Pipe and Alluvial Deposits. 
In August 1979, following almost eight years of geo- 
logic exploration in the Kimberley region, two dia- 
mond crystals were found in a 40 kg sample of grav- 
el collected in Smoke Creek. Further sampling 
upstream led to the discovery of alluvial deposits 
along this creek. Then, in early October 1979, the 
exploration team reached the headwaters of Smoke 
Creek, which drains a small northward-facing val- 
ley in the Matsu Range, and found a large, high- 
grade primary diamond deposit in an olivine lam- 
proite that is now referred to as the AK1 pipe (fig- 
ures 4 and 6). The separate Limestone Creek allu- 
vial deposit was identified two years later, after the 
completion of further gravel sampling in the area. 


GEOLOGIC SETTING OF 
THE ARGYLE MINE 


The Kimberley craton consists of a central core of a 
thick series of nearly flat-lying sedimentary and vol- 
canic rocks that were deposited between 1.9 and 1.6 
billion years ago. These rocks form the Kimberley 
Plateau. They are underlain by a basement of crys- 
talline igneous and metamorphic rocks, which are 
not exposed on the surface of the plateau. Recent 
investigations have indicated that the basement is of 
Archean age, that is, more than 2.5 billion years old 
(Graham et al., 1999). This central Archean craton is 
bounded along its southeastern margin by the Halls 
Creek Mobile Zone (geographically called the East 
Kimberleys), and along its southwestern margin by 
the King Leopold Mobile Zone (geographically called 
the West Kimberleys; again, see figure 3). 
Diamondiferous kimberlites have been found on the 
central Archean craton, whereas diamondiferous 
lamproites have been found in or near the associated 
mobile zones. This came as a great surprise to geolo- 
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gists at the time, because—apart from alluvial 
deposits—significant quantities of diamonds were 
only known to occur in kimberlites located on 
Archean cratons (Clifford, 1966; Janse, 1992). The 
diamondiferous rocks of both types occur as volcanic 
dikes, pipes, and crater deposits—which are typical 
modes of emplacement for kimberlite and lamproite 
magmas (Hawthorne, 1975; Mitchell, 1986, 1989). 


Geologic Setting of the Argyle AK1 Pipe. The AK1 
olivine lamproite pipe (or diatreme) is located approx- 
imately 7 km (4.5 miles) west of the Halls Creek 
Fault, which forms the eastern boundary of the Halls 
Creek Mobile Zone (Boxer et al., 1989). This mobile 
zone is formed by an exposed basement of crystalline 
metamorphic rocks intruded by later granites, which 
range in age from 2.5 to 1.8 million years; that is, 
they are younger than the rocks of the central 
Archean Kimberley craton. Rocks in the Halls Creek 
Mobile Zone have been strongly deformed by fault- 
ing and folding, and form a landscape of flat plains 
and low ranges. The northern part of the belt is over- 
lain by northerly dipping sedimentary and volcanic 
rocks that range in age from 1.5 billion to 500 million 
years; some of these form the Ragged Range, which 
rises up to 450 m (1,500 ft) above the basement plain. 
The Argyle pipe intruded these younger rocks along a 
pre-existing fault. The diamond deposit was pre- 
served from erosion by resistant outcrops of these 
rocks, which enclose the upper part of the pipe and 
the crater. In areas further south, where the host 
rocks have been eroded, similar pipes and craters 
have been worn down to a root zone of a few dikes 
and stringers, such as the Lissadell Road Dike Zone 
(Janse, 1992). For a discussion of the structures of a 
pipe and a diatreme, see Kirkley et al. (1991). 


DESCRIPTION OF THE 
DIAMOND OCCURRENCE 


The AK1 Pipe and a Model for Its Formation. In 
cross-section, the AK1 pipe exhibits the typical car- 
rot-like structure of a diatreme. When first discov- 
ered, the pipe occupied the entire valley floor along 
Smoke Creek. The pipe itself is not oriented verti- 
cally, but is tilted northward at an angle of approxi- 
mately 30°. Its outline on the surface resembles the 
shape of a tadpole, with its enlarged “head” to the 
north and its narrower “tail” elongated in a souther- 
ly direction. It is almost 2,000 m (1.2 miles) long, 
and it varies in width from approximately 600 m 
(1,950 ft) at the head to 150 m (500 ft) along the tail 
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Figure 6. This 1983 aerial photograph (looking 
northeast) shows the valley in the Matsu Range 
(slightly to the left of center here) where the Argyle 
AK1 lamproite pipe was discovered after extensive 
regional exploration for diamonds. Lake Argyle is 
visible in the distance. The orientation of this pho- 
tograph, which was taken before diamond-mining 
operations began, is opposite that of the photo in 
figure 1. Today, most of this valley floor is occu- 
pied by the Argyle open pit. 


(see figure 4). This elongate shape is thought to have 
resulted from post-intrusion faulting and the region- 
al tilting of the pipe. 

When found, the AK1 pipe had a surface area of 
about 50 hectares (~125 acres). However, it is brec- 
ciated and fault-bounded on several of its outer con- 
tacts, so the original intrusion may have been larg- 
er. Radiometric dating (using the rubidium-stron- 
tium and potassium-argon methods) of the lam- 
proite rocks within the pipe indicates an emplace- 
ment age of 1.178 -0.047 billion years (Pidgeon et 
al., 1989). The diamonds themselves are age-dated 
at approximately 1.58 billion years (Chapman et al., 
1996). Geologic study has revealed the presence of 
both tuffaceous and magmatic varieties of lamproite 
within the pipe (derived from volcanic ash falls and 
magma crystallization, respectively; Jaques et al., 
1986, 1989b,c). 

According to a geologic model proposed by Boxer 
et al. (1989), the lamproite magma that formed the 
AK1 pipe rose within a zone of weakness in the 
crust along the mobile belt into overlying quartz- 
rich sediments. Subsequent interaction of the heat- 
ed magma with groundwater in these permeable 
sediments resulted in a series of volcanic explosions 
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Figure 7. In this view looking northeast from the 
AK1 lamproite diatreme, one can see the area 
where initial mining for alluvial diamonds took 
place, in the loosely consolidated gravels along the 
drainage system of Smoke Creek. 


over an extended period of time, which produced 
the rocks within the pipe itself. Ejection of large 
amounts of magma, accompanied by the downward 
migration of the explosive activity within the pipe, 
produced a subsidence of the volcanic rocks and 
surrounding sediments. In turn, this led to the for- 
mation of a volcanic crater that eventually filled 
with groundwater as well as with ash and sedi- 
ments. More detailed descriptions of the geology of 
the AK1 pipe can be found in Atkinson et al. 
(1984a,b}, Boxer et al. (1989), Jaques et al. (1986, 
1989b,c}, Janse (1992), and Smith (1996). 


The Associated Alluvial Deposits. As the result of 
erosion of the orebody over geologic time, dia- 
monds were distributed along the entire length of 
Smoke Creek (which drains the pipe to the north) 
from the headwaters (at the pipe) to where the creek 
enters Lake Argyle (35 km to the northeast; see 
Deakin et al., 1989). These alluvial diamonds occur 
in coarse, poorly sorted, massively bedded, and 
loosely consolidated gravels (figure 7). The diamon- 
diferous areas are divided into the Upper and Lower 
Smoke Creek deposits, with the former extending 
the first 2-3 km from the pipe, and the latter 
extending further downstream. These alluvial beds 
vary from 1 to 1.7 m (3 to 5 ft} in thickness. Both 
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the Limestone and Gap creeks drain the pipe to the 
southeast, and their alluvials initially form steep, 
piedmont fan-type sediments, followed by low ter- 
race and floodplain sediments that can range up to 
3.5 m (11 ft) in thickness. 

The alluvial deposit contains a range of diamond 
qualities and sizes, which vary with the distance 
from the source and the degree of erosion. The ore 
grade of these alluvial deposits drops off dramatical- 
ly at distances beyond approximately 10 km down- 
stream from the headwaters of each creek. 


ECONOMIC EVALUATION 
OF THE ARGYLE DEPOSIT 


Evaluating Diamond Deposits. As mentioned earlier, 
diamonds represent only an extremely small percent- 
age of the host kimberlite or lamproite (typically one 
part per million [5ct/tonne] or less). Determination of 
the economic viability of a deposit requires an assess- 
ment of both the grade of the ore (i.e., how many dia- 
monds it contains), and the average value of the dia- 
monds within the deposit. Both provide a value for 
each tonne of ore, which is then compared with the 
costs of recovery and processing to determine if the 
deposit can be mined economically. 

Mining companies face several technical chal- 
lenges in their attempt to assess the ore grade of a 
diamond deposit. Since diamonds form discrete 
crystals that are disseminated at very low concen- 
trations in the host rock, a large amount of material 
must be sampled (i.e., by large-diameter core- 
drilling or mechanized excavation) to obtain a sta- 
tistically significant quantity of diamonds. Such 
large host-rock samples (each weighing several 
tonnes) are expensive to excavate and process, espe- 
cially in remote regions. In addition, numerous drill 
samples are typically needed to assess the overall 
spatial extent of the potential orebody. 


Evaluating the Argyle Primary and Secondary 
Deposits. At the AK1 pipe, the mining consortium 
determined that 2,000 carats would be statistically 
sufficient to provide an estimate of the value ($/ct) 
of the diamonds. The evaluation program was con- 
ducted between September 1980 and November 
1983. First, 182 holes were drilled in a systematic 
grid pattern both to examine the lamproite orebody 
and to delineate its outer limits for use in estimat- 
ing the total amount of ore present (known as the 
ore reserves). Then, 91 larger-diameter holes were 
drilled within the orebody to estimate the grade 
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(i.e., carats of diamonds per tonne} in the ore 
reserves using standard geostatistical methods. 

This evaluation program revealed that only the 
southern part of the pipe was economically viable. 
The resulting estimate was that 60 million tonnes 
of ore, containing 6.8 ct/tonne of diamonds (the 
proven reserves), and 14 million tonnes at 6.1 
ct/tonne (the probable reserves), occurred to a 
depth of 350 m (1,150 ft) below the surface. These 
ore grades are the highest known for any primary 
diamond pipe (a typical grade at other mines— 
such as at the Premier, Finsch, and Kimberley 
mines in South Africa—is on the order of 0.5 to 1 
ct/tonne). 

The final step in the evaluation program 
involved bulk sampling of the lamproite to identify 
the best mechanical techniques to liberate the dia- 
monds from the host rock. By the end of 1982, 
approximately 400,000 carats of diamonds had been 
recovered from 60,000 tonnes of ore. 

During the same period as the evaluation study, 
a feasibility study was undertaken to establish the 
most economical plan by which the AK1 orebody 
could be mined to sustain at least a 20-year mine 
life. As part of both studies, the associated alluvial 
deposits were tested by a program of systematic 
trenching. Representative sediment samples col- 
lected from these trenches were processed through 
a small-scale heavy-media separation plant to 
recover any diamonds. Prior to the start of mining 
in early 1983, probable ore reserves in the alluvial 
deposits were demonstrated to be 2.5 million 
tonnes, with grades between 3.0 and 4.6 carats of 
diamonds per tonne. 

As the result of the evaluation and feasibility 
studies, the company decided on a two-phase devel- 
opment program: (1) initial mining, using the small- 
scale plant, to recover diamonds from both the allu- 
vial deposits and the loose rock on the surface above 
and around the perimeter of the AK1 pipe; and (2) 
mining of the lamproite orebody itself. Concurrent 
with the first phase, construction began on a large- 
scale commercial recovery plant, so that the mine 
could operate on a 24-hour-per-day, 7-day-per-week 
schedule, to process ore recovered during the second 
phase. 

Mining of the alluvial and surface deposits began 
in 1983. By the end of 1985, more than 17 million 
carats of diamonds had been produced. At that time, 
exploitation of the AK1 pipe began, with the expecta- 
tion that the mine would process 3 million tonnes of 
ore—and as much as 25 million carats of diamonds— 
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per annum. As of January 2000, the remaining proven 
AK1 ore reserves were 61 million tonnes of lamproite 
ore with an average grade of 2.9 ct/tonne. 


Removal of Overburden. As mentioned above, the 
diamonds were first discovered at the mine site in a 
small valley at the headwaters of Smoke Creek. 
Initial drilling established that the extent of the lam- 
proite pipe was actually larger than the area of this 
small valley; portions were overlain by hills of the 
Matsu Range (the ridges on both sides of the valley 
seen in figure 1). To widen the pit enough to reach 
these portions, it was necessary to cut back the sides 
of these hills at a specific angle. Thus, a very large 
amount of non-diamond-bearing overburden had to 
be removed, which formed a crucial component in 
planning the operation of the mine. It costs just as 
much to excavate a tonne of waste overburden as it 
does to remove a tonne of lamproite ore. 

Drilling and explosives are used to break up the 
overburden and ore (figures 8 and 9). A large mecha- 
nized shovel loads the material into a truck for 


Figure 8. Mobile drill rigs at Argyle make holes for 
the explosives needed to mine the ore. 
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Figure 9. At Argyle, explosives are used to 
break up the lamproite ore and its overburden, 
so that it can be removed more easily. 
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transport either to the processing plant if it is ore, or 
to the waste storage area if it is overburden (figure 
10). The trucks can haul 180-240 tonnes of rock per 
load. Five shovels are currently in operation, each of 
which costs US$7 million; there are 18 trucks, each 
of which costs approximately US$3 million. 

One of the fortuitous features of the Argyle mine 
is that until recently much of the extracted ore was 
located above the surrounding plain, so that a “hill” 
of ore was gradually leveled as mining progressed, 
rather than the ore having to be hauled up from a pit. 
The cost of transporting rock downhill (the recovery 
plant is located in the plain south of the Matsu 
Range) is substantially cheaper than hauling it 
uphill. At the mine’s present level within the pit, 
however, approximately 7.5 tonnes of overburden 
must be removed to reach one tonne of the diamon- 
diferous ore. Eventually, the cost to recover a carat of 
diamonds will exceed the value of those diamonds, 
and the mine will no longer be economic. If the life- 
span of the mine is to be extended, alternative recov- 


Figure 10. A mecha- 
nized shovel loads bro- 
ken rock into a large 
truck for transport. The 
human figures in the 
insets provide some idea 
of the immense size of 
both the mechanized 
shovel and truck. 
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TABLE 1. Argyle diamond production from primary (AK1 pipe) and secondary (alluvium) sources, 1982-2000.? 


Production 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 Total 
AK1 pipe 

Ore processed (Mt) — — — 04 32 35 47 #49 51 60 68 70 79 89 102 104 112 95 104 110.1 
Diamond production — — — 17 292 303 346 328 31.7 334 366 384 397 375 394 386 389 278 254 516.0 
(Mct) 

Alluvium 

Ore processed (Mt) 0.1 11 #145 114 e— — — _ 08 13° 35 39 46 53 #68 59 63 59 49 54.9 
Diamond production 0.3 62 57 53 — — — 16 24 16 25 25 31 24 26 16 19 #19 = «11 42.4 
(Mct) 


Total diamond 03 62 57 7.0 292 303 346 344 338 350 391 40.9 428 399 420 40.2 408 29.7 265 558.4 


production (Mct) 


@Source: Argyle Business Services. Abbreviations: Mct = million carats, Mt = million tonnes; a dash indicates no ore processed 


or diamonds produced. 


ery methods (such as underground mining) must be 
used. At the present time, company management is 
evaluating how best to proceed with underground 
mining to ensure optimal cost effectiveness. 


RECOVERY OF THE DIAMONDS 


Table 1 and the bar chart in figure 11 illustrate the 
enormous quantity of diamonds produced annually 
from the Argyle mine. Separating diamonds from 
kimberlite or lamproite ore requires a primarily 
mechanical, multi-step liberation process (figure 
12). In general, the ore must be broken down into 
progressively smaller pieces (figure 13), until the 
diamond crystals can be physically removed with 
little or no damage. At the Argyle mine, this process 
involves five basic operations: 


1. Crushing the ore (in several steps) 

2. Scrubbing the broken rock fragments with water 
to remove dust 

3. Screening the ore into specific size fractions 

4. Starting from a particular size fraction of the ore, 
concentrating the diamonds and other heavy 
minerals (e.g., garnet) using a heavy medium 

5. Separating the diamonds from the other heavy min- 
erals by means of X-ray luminescence technology 


In the final step, X-rays are used to make the dia- 
monds luminesce. An optical sensor triggers a blast of 
air to remove each diamond from the concentrate. 
These X-ray sorters, which were developed specifical- 
ly for use at the Argyle mine, can detect approximate- 
ly 200 diamonds per second at peak sorting rates. 

Virtually the entire processing operation is 
mechanized, with almost all of the machines moni- 
tored and managed from a central control room. As 
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a result, very few workers (other than maintenance 
personnel) can be seen around the processing plant 
outside the central control room and the diamond 
recovery building. 


SOCIAL AND ENVIRONMENTAL ISSUES 


Personnel. Development of the Argyle mine was 
not limited to technical and engineering challenges, 
there was also the major issue of obtaining a skilled 
workforce at the mine site. Because of the mine’s 
extreme isolation, it was decided that, rather than 
construct a new town to house the mine staff and 
their families, workers would be brought from Perth 
(a three-hour flight) for a two-week working shift. 


Figure 11. This bar chart shows the amount of dia- 
monds produced on an annual basis at Argyle dur- 
ing the period 1982 through 2000. 
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Figure 12. Processing of the diamonds at Argyle is a highly mechanical multi-step process. This view of the 
processing plant, looking southwest, gives some idea of the size of the operation (which covers 16.3 hectares). 


Originally, the mine managers were located at near- 
by Kununurra and commuted daily by air to the 
mine; in recent years, this has changed to a weekly 
commute from Perth. During the mine’s peak years, 
there were some 800 employees. Today, there are 
some 750 permanent and contract employees and 
about 300 working on site at any one time. During 
their two-week shift, workers stay at a permanent 
village located a short distance from the mine site, 
where there are both living and recreational facili- 
ties. At the present time, mining operations take 
place on a 24-hour-a-day, 7-day-a-week schedule. 


Protecting and Rehabilitating the Local Environment. 
Efforts to minimize the negative impact of mining 
operations on the local environment and communi- 
ties began at the outset and continue to the present 
time. These efforts include: 


1. Minimal disturbance of the local environment (pro- 
tection of local vegetation, water conservation and 
reclamation, and regular assessment of water quality 
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in streams and groundwater in the surrounding area) 


2. Appropriate consultation with Aboriginal tradi- 
tional owners 


3. Rehabilitation of areas where mining has been 
completed 


4. Limitation of the emission of greenhouse gases 


on 


. Use of hydroelectric power 


6. Prompt reporting of any environmental incidents 
to local authorities 


Because of these efforts, the Argyle mine was 
awarded an ISO (International Standards Organi- 
zation) 14001 certification in 1997. This provides 
independent verification that the mine operators are 
following international best practices with regard to 
environmental management. 


Final Disposition of the Mine Site. Although, as noted 
above, open-pit mining is planned only until 2006, 
underground operations could extend the life of the 
Argyle mine to 2018. Whatever the future operations, 
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Figure 10 
Minute particles of 
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“sorinkled” through- 
out a synthetic.emer- 
ald. 


Photo by Dr. Giibelin 


Figure 11 
Dense accumulation 
of wisp-like feathers 
in a synthetic emer- . 
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eventually the mine site will have to be decommis- 
sioned. This will involve removal of the processing 
plant and all mining equipment, and rehabilitation of 
the land used for both alluvial mining and waste rock 
dumps (with regular future monitoring of this rehabil- 
itated land to ensure that any environmental prob- 
lems are promptly detected and corrected). Vegetation 
native to the local area is already being replanted on 
reclaimed land in order to rehabilitate the environ- 
ment as much as possible to a condition that existed 
prior to mining. The open pit will be converted into a 
lake by gradual filling with groundwater. 


DIAMOND SORTING AND VALUATION 


After the diamond rough is received at the company 
offices in Perth, it undergoes a sorting process to 
prepare it for open-market sale. The prices achieved 
provide the monetary basis from which government 
royalties can be determined. The rough diamonds 
are sorted on the basis of size, shape, color, and 
“purity” (clarity). For sorting of diamonds on such a 
large scale, broad quality categories had to be estab- 
lished. An overall price was then assigned to each 
category. For pieces of rough smaller than 1.5 ct, 
Argyle (with the assistance of an associated compa- 
ny) developed proprietary automatic machines to 
sort the diamonds by color into 37 price categories, 
and by purity (clarity) into 104 price categories. 
These machines are capable of processing 12,000 to 
30,000 diamonds per hour. Pieces larger than 1.5 ct 
are sorted by hand into a wider variety of categories 
using 2x head loupes or 10x hand loupes. The skills 
developed were established over a long period of 
time, based on expertise recruited by Argyle. 


DESCRIPTION OF THE DIAMONDS 


Table 2. summarizes typical gemological character- 
istics of Argyle diamonds (modified and updated 
from Chapman et al., 1996). Several other research- 
ers have published additional scientific and gemo- 
logical studies of Argyle diamonds (see Harris and 
Collins, 1985; Hofer, 1985, 1998; Kane, 1987; Keller, 
1990; Tombs, 1990; Kaneko and Lang, 1993; Duval 
et al., 1996). 


Typical Production from the Mine. In terms of per- 
centages and quality categories, production consists 
of 5% gem, 25% industrial, and the remainder 
termed near-gem, which receive substantial pro- 
cessing to extract a normally low-value polished 
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Figure 13. In a roller coaster-like operation, the 
crushed lamproite ore moves by conveyor belts 
between different stages of processing throughout 
the plant. Photo by James E. Shigley. 


diamond. The near-gem proportion has increased 
over time as a result of the skills and technology of 
the diamond manufacturing companies in India. For 
the associated alluvial deposits, the percentage of 


TABLE 2. Typical gemological characteristics 
of Argyle diamonds.? 


Characteristic Brown Near colorless Pink to red® 

to light yellow 
Approximate 72% 27% <<1% 
proportion of total 
Type la la la or lla 
Nitrogen content 100-500 ppm 500-1000ppm 10-100 ppm 
Nitrogen B>A B>>A A>>B 
aggregation 
Color zoning Planar inone or None Planar in one or 


more (111) slip more (111) slip 
planes planes 


Anomalous bire- Banded or cross- May show banded Banded or cross- 
fringence ("strain") hatched (tatami) or cross-hatched — hatched (tatami) 


pattern (tatami) pattern —_ pattern 

UV fluorescence Dull green Blue (LW>SW) Blue (LW>SW) 
(LW>SW) 

UV phosphorescence Dull yellowor — Yellow Yellow 
inert 

Visible spectrum —— Increasingab- 415 nm band Broad 550 nm band; 
sorption toward increasing absorp- 
the blue region, tion toward the blue 
with 415, 478, region; weak 415 
and 503 nm nm band 
bands 


aAdapted from Chapman et al. (1996), with recent updates from Argyle. 
PAlso seen, <1% of total, are blue and green diamonds. 
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Figure 14. In the mid-1980s, a marketing campaign 
was launched to educate consumers about “cham- 
pagne” and “cognac” diamonds. This program was 
based on the development of categories of diamonds 
using the C1 to C7 scale for increasing amounts of 
brown color. The seven diamonds shown here repre- 
sent these categories; they range in weight from 0.48 
to 0.56 ct. Photo by Maha Tannous. 


gem diamonds is higher relative to the other two 
categories. 

The vast majority of this production consists of 
small, brown to near-colorless diamonds that are 
labor intensive to polish because of their size. More 
than 90% are cut in India, destined for use in the jew- 
elry industry (Sevdermish et al., 1998b). As an indica- 
tion of the size of the mine’s production, we believe 
that each year’s polished output would be sufficient 
to pavé set the entire surface of a tennis court. 


Characteristics of the Rough. The mean size of the 
Argyle rough is less than 0.10 ct (for crystals larger 
than 0.8 mm). The largest diamond crystal recov- 
ered to date (found in late 1991) weighed 42.6 ct. It 
has been retained in its rough state and now forms 
part of the company’s diamond exhibit at the mine. 

More than 60% of the Argyle diamond crystals 
are irregular in shape. Macles (twins) comprise 
about 25%, while 10% are naated or polycrystalline 
aggregates. The remaining 5% either show some 
resorption, as evidenced by their rounded dodecahe- 
dral shape, or are sharp-edged, planar, octahedral- 
dodecahedral crystals. Approximately 72% of the 
diamonds are brown, with most of the remaining 
stones yellow to near-colorless and colorless. Fewer 
than 1% are the very rare pink, grayish blue, and 
green diamonds. 

Most Argyle diamonds exhibit evidence of hav- 
ing been plastically deformed following formation 
in the earth’s mantle or during their ascent to the 
surface. This is apparent in their highly strained 
character when observed with crossed polarizing fil- 
ters. The plastic deformation is thought to cause 
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both the brown and pink colors, although the exact 
origins of these colors are still uncertain (Fritsch, 
1998, pp. 34-36, 38-40; Chapman and Noble, 1999). 
Argyle’s rough diamonds are commonly recognized 
by evidence of etching internally and on their sur- 
faces (i.e., etch channels and hexagonal depressions 
or pits, as well as frosted surfaces). 

Inclusions are found in the vast majority of Argyle 
diamonds (Jaques et al., 1989a). Graphite is the most 
abundant inclusion, and is generally seen as black 
spots. Garnet, olivine, and sulfide minerals have also 
been identified. A high percentage of the included 
diamonds contain more than one mineral species. 


MARKETING OF ARGYLE DIAMONDS 


The discovery of the Argyle orebody was greeted 
with interest, but also with dismay and uncertainty 
in some quarters of the jewelry industry. As with 
the introduction of production from any new mine, 
there were anxieties about the sudden influx of such 
a large number of diamonds into the marketplace, 
especially the impact of Argyle material on existing 
diamond prices. Based on an understanding of estab- 
lished marketing principles, the company’s manage- 
ment implemented a phased marketing strategy 
that ultimately overcame these concerns. 


Nature of the Product. Argyle’s marketing challenge 
has always been closely tied to the nature of the dia- 
monds it produces. At the time of the discovery of 
the mine in 1979, India was emerging as an impor- 
tant cutting center for diamonds, and manufactur- 
ers there were anxious for more material (Sevder- 
mish et al., 1998a,b). India also could provide the 
affordable labor needed to make the mine’s produc- 
tion economic. A relationship with the Indian cut- 
ting industry became the platform for Argyle’s mar- 
keting efforts, which focused on bringing the small- 
er and mainly colored diamonds to the trade. 
Between 1983 and 2000, manufacturing of dia- 
monds in India grew 201% in volume and 151% in 
value; these percentages continue to grow (as reported 
by the Indian Gem and Jewellery Export Promotion 
council). 


Marketing Brown and Pink Diamonds. With the 
very large percentage of brown diamonds in its pro- 
duction, the company recognized that initially there 
would be a high level of resistance to this material at 
the retail level. By setting up a small manufacturing 
unit for larger (>0.5 ct) brown diamonds beginning 
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in the mid-1980s, the management was able to care- 
fully evaluate the gem potential of this kind of dia- 
mond. Efforts to use the large production of brown 
diamonds proved successful with the introduction of 
a marketing campaign for “champagne” and 
“cognac” diamonds throughout the mid-to-late 
1980s (using what was called a Cl to C7 scale for 
increasing amounts of brown color—figure 14). For 
the pink diamonds, Argyle uses four principal cate- 
gories: pink, purplish pink, brownish pink, and pink 
“champagne.” These colors are in turn graded 
according to color intensity in a range from very 
faint to very intense. Today, the Argyle brown and 
pink diamonds are widely recognized worldwide. 


Sales Agreements and Marketing Efforts. Between 
1983 and 1996, most of the rough diamonds were 
marketed via two sales agreements with De Beers. 
The first agreement (1983-1991) helped provide 
industry and investor confidence in the viability of 
the mine. It also gave company staff members time 
to establish expertise in the sorting and valuation of 
their diamonds, as well as in marketing them. 
Diamond industry analysis conducted during this 
period laid the foundation for the market intelli- 
gence systems that were eventually developed, and 
they guided Argyle’s later efforts to gain a competi- 
tive advantage in the marketplace. 

Critical to the company’s marketing strategy, 
from as early as 1983, was the capability to sell 
some of the diamonds directly into the trade. This 
capability provided both a check and a confirmation 
for the rough diamond prices received within the 
contractual agreements. In addition, company man- 
agement felt that total reliance on a third party 
between the mine and the consumer might limit 
their ability to obtain maximum prices for the 
rough. The company opened a direct sales office in 
Antwerp in 1985, and a second representative office 
in Mumbai (Bombay) in 1989 for customer liaison. 

This first sales effort through Antwerp was for the 
near-gem diamonds, which at the time were consid- 
ered Argyle’s least attractive product. In its second 
contractual agreement with De Beers (1991-1996), 
the company incorporated the provision for indepen- 
dent sales of a wider range of product categories, 
which included all of the pink diamonds and a 
selection of near-gem material. Market research and 
manufacturing tests had indicated that the unique 
merits of pink diamonds (figures 15 and 16), before 
available only sporadically and in very limited 
quantities, had not been fully exploited. Although 
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Figure 15. The Argyle mine has become well 
known for the small but consistent number of pink 
diamonds it produces annually. These polished 
Argyle diamonds illustrate the range of pink colors 
that may be seen, from Fancy pink (the two round 
brilliants on the left, 0.81 and 0.55 ct) through 
Fancy Deep pink (the 0.48 ct emerald cut right of 
center) to Fancy Intense purple-pink (far right, 0.28 
and 0.41 ct). Photo by Jennifer Vaccaro. 


the production of pink diamonds at Argyle was also 
limited, it was consistent. Therefore, the company 
set out to add value to their overall production by 
establishing their pink diamonds as the material by 
which the Argyle mine would be best known. 

In 1996, when the second agreement with De 
Beers had ended, the company began to market its 
entire production of diamonds through its Antwerp 
office. Efforts to build product demand lead to sever- 
al initiatives, at the forefront of which was the 
launching in 1994 of the Indo-Argyle Diamond 
Council (IADC), a cooperative agreement with a 


Figure 16. Beginning in 1985, the more exceptional 
pink diamonds from each year’s production at the 
mine were sold individually in special auctions 
known as “tenders.” These three diamonds were sold 
at the 1998 (top, 1.45 ct Fancy Intense pink), 1999 (bot- 
tom left, 0.59 ct Fancy purplish red), and 2000 (bot- 
tom right, 0.50 ct Fancy Deep purplish pink) tenders. 
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Figure 17. Brownish diamonds, such as the crystals 
and round brilliants shown here, constitute an 
important part of Argyle’s production. Photo by 
Shane F. McClure. 


number of Indian jewelry manufacturers. Although 
market research had indicated some reluctance on 
the part of the U.S. jewelry trade to purchase dia- 
monds and diamond jewelry that originated from 
Indian manufacturers, Argyle was able to help over- 
come this reluctance because of its knowledge of 
the U.S. market and its understanding of dynamics 
within the trade. 


Argyle Pink Diamonds. Beginning in 1985, the 
more exceptional pink (to red) diamonds from each 
year’s production were sold individually at special 
auctions known as “tenders.” Viewings are held in 
New York, Sydney, Tokyo, Hong Kong, London and 
Geneva. These events were held for invited clients. 
Each was preceded by the distribution of a tender 
catalogue. The size of these polished pink diamonds 
averages about one carat; around 40 to 50 carats are 
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sold at these auction events each year (see, e.g., “Argyle 
Diamond’s pink diamond tender 1985-1996,” 1997), 
with prices achieved typically in excess of 
US$100,000 per carat. To put the true rarity of these 
special “pink” diamonds into perspective, of every 
million carats of rough diamonds produced at the 
mine, a mere one carat is suitable for sale at one of 
these auctions. Since 1985, more than 700 stones 
have been offered for sale at the tender at a total 
weight of almost 550 carats (again, see figure 16). 


CONCLUSION 


The Argyle mine is a good example of a modern, 
open-pit mining operation where diamonds are 
recovered economically on a large scale. Its discov- 
ery produced a new understanding among geologists 
of the conditions of diamond occurrence. As with 
diamond deposits in other remote regions, develop- 
ment of this mine required innovative solutions for 
processing the lamproite host rock and constructing 
the needed infrastructure. In 2000, the mine pro- 
duced 26.5 million carats of diamonds from approxi- 
mately 15 million tonnes of lamproite ore pro- 
cessed. Manufacturing of this immense quantity of 
diamonds, mainly in India, has provided an abun- 
dant supply of smaller, mainly brown to near-color- 
less diamonds for use in less expensive jewelry. The 
company’s “champagne” and “cognac” marketing 
campaigns stimulated increased sales of brown dia- 
monds in the jewelry trade (figure 17). High-profile 
auctions of the very rare pink to red diamonds con- 
tinue to capture trade and consumer attention. 
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HYDROTHERMAL SYNTHETIC 
RED BERYL FROM THE INSTITUTE OF 
CRYSTALLOGRAPHY, MOSCOW 


By James E. Shigley, Shane F. McClure, Jo Ellen Cole, John I. Koivula, 
Taijin Lu, Shane Elen, and Ludmila N. Demianets 


Hydrothermal synthetic red beryl has been produced for jewelry applications by the Institute of 
Crystallography and an affiliated company, Emcom Ltd., both in Moscow. Diagnostic identification fea- 
tures include: a tabular crystal morphology, chevron-like and subparallel or slightly wavy internal growth 
zoning, sharp absorption bands at approximately 530, 545, 560, 570, and 590 nm due to Co?*, water- 
related absorption bands between 4200 and 3200 cm1 in the infrared spectrum, and the presence of Co 


and Ni peaks in EDXRF spectra. 


sources in Russia has been sold commercial- 

ly since the mid-1990s, as faceted stones up 
to several carats (see, e.g., figure 1). This article 
describes material produced by a private company 
(Emcom Ltd.) in affiliation with the Institute of 
Crystallography at the Russian Academy of Sciences 
in Moscow. The rarity, high value, and commercial 
interest in natural red beryl from Utah no doubt con- 
tributed initially to the goal of producing and market- 
ing a synthetic counterpart. Today, limited demand 
for this color of synthetic beryl has curtailed produc- 
tion at the Institute of Crystallography, as well as by 
other producers (pers., comm., 2001: Walter 
Barshai—Pinky Trading Co., Los Angeles; Alex 
Grizenko—Russian Colored Stone Co., Golden, 
Colorado; Uriah Prichard—Morion Co., Brighton, 
Massachusetts}. Nevertheless, synthetic red beryl 
continues to circulate in the marketplace. 


| | ydrothermal synthetic red beryl from several 


BACKGROUND 

Beryl Crystal Chemistry. Pure beryl (Be,A1,Si,O,,) is 
colorless. The presence of other elements gives rise 
to various colors (Fe, Cr, V, and Mn for coloration in 
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both natural and synthetic, plus Ti, Co, and Ni in 
synthetic beryls; Sinkankas, 1981; Fritsch and 
Rossman, 1987). These elements substitute for Al. 
Alkali elements (Li, Na, K, Rb, Cs) can also occur in 
minor amounts by substituting for Be and Al 
(Sinkankas, 1981; Aurisicchio et al., 1988; Deer et 
al., 1997, pp. 378-386); however, these elements do 
not affect beryl coloration. The beryl crystal struc- 
ture contains two different sites along “open” chan- 
nels that can incorporate water molecules (Schaller 
et al., 1962; Wood and Nassau, 1968; Schmetzer, 
1989; Deer et al., 1997). These variations in transi- 
tion metal, alkali element, and water contents in 
beryls cause differences in physical properties (such 
as refractive index, specific gravity, and color), as 
well as in visible and infrared absorption spectra. 


Natural Red Beryl. Gem-quality red beryl occurs at 
a single locality in the Wah Wah Mountains of 
southern Utah (see, e.g., Flamini et al., 1983; 
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Shigley and Foord, 1984). The crystals formed in 
fractures within devitrified rhyolite lava, probably 
as a result of the metasomatic reaction between a 
fluorine-rich gas or vapor phase and potassium 
feldspar (Aurisicchio et al., 1990; Henn and Becker, 
1995). These crystals are often chemically zoned, 
which can result in an uneven coloration. This is 
seen as hexagonal orange-red core zones within 
purplish red rims when the crystals are viewed par- 
allel to the c-axis, and as triangular or hourglass- 
shaped orange-red core zones within the purplish 
red rims when the crystals are viewed perpendicu- 
lar to the c-axis (Shigley and Foord, 1984, pp. 
214-215, figures 7 and 8). The color of faceted 
material ranges from purplish red to red to orange- 
red. Compared to most other beryls, red beryl is 
enriched in Mn, Fe, Ti, Rb, Zn, and Sn, and is 
depleted in Na, K, and Mg. Red beryl is noted for its 
almost complete absence of water (Nassau and 
Wood, 1968; Aurisicchio et al., 1990), which is also 
unique among beryls that typically crystallize in 
hydrothermal geological environments. 


Synthetic Beryls. Growth of synthetic emerald by 
the flux technique extends back 150 years, while 
hydrothermal growth of emerald began in the mid- 
1960s (Nassau, 1976, 1980). Synthetic beryls with 
colors other than green have been grown by the 
hydrothermal method only during the past decade. 
Synthetic pink to red beryls have been reported by 
Emel’yanova et al. (1965), Taylor (1967), Solntsev et 
al. (1981), Lebedev et al. (1982, 1983), Platonov et al. 
(1989), Brown (1990, 1993), Troup et al. (1990), and 
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Figure 1. These faceted 
hydrothermal synthetic 
red beryls (1.46-3.885 ct) 
are representative of 
material that has been 
produced at the Institute 
of Crystallography and 
Emcom Ltd. in Moscow. 
Photo © GIA and Tino 
Hammid. 


Fritsch et al. (1992). Henn and Milisenda (1999) 
described hydrothermal synthetic red beryl from an 
unstated source in Russia that has many gemologi- 
cal properties in common with the material 
described here. Although similar in overall appear- 
ance, the synthetic product differs in gemological 
properties from natural red beryl (for descriptions of 
the latter, see Nassau and Wood, 1968; Schmetzer 
et al., 1974; Miley, 1980; Flamini et al., 1983; 
Shigley and Foord, 1984; Aurisicchio et al., 1990, 
Hosaka et al., 1993; Harding, 1995). 


GROWTH CONDITIONS 


One of the authors (LD) grew the synthetic red beryl 
samples examined in this study. The crystals are 
grown by the so-called regeneration technique from 
a hydrothermal solution at temperatures of more 
than 600°C and pressures of more than 2000 bars 
(Demianets, 1996). Note that these conditions are 
similar to those reported for growing hydrothermal 
synthetic emeralds (Bukin et al., 1986, pp. 255-258; 
Schmetzer, 1988, pp. 157-162). Thin ($1 mm thick) 
seed plates of either synthetic colorless beryl or syn- 
thetic emerald are used to initiate crystal growth. 
These seed plates are cut parallel to the dipyramid 
faces (general Miller form symbol {hk2i}). 

To obtain the desired red to orange-red color, the 
manufacturers introduce Co and Mn simultaneous- 
ly into the growth system (along with some Fe and 
alkaline elements). According to author LD, the 
typical content of transition metals in a synthetic 
red beryl crystal is on the order of 1 wt.% Fe (1.28 
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wt.% FeO), 0.12 wt.% Mn (0.15 wt.% MnO}, and 
0.18 wt.% Co (0.23 wt.% CoO). 

The synthetic red beryl crystals are tabular and 
elongated parallel to the seed plate (figures 2 and 3). 
They exhibit first- and second-order prisms {1010} 
and {1120}, first- and second-order dipyramids {1012} 
and {1122}, and sometimes other faces (i.e., {1124} and 
{0001}), depending on the orientation of the seed plate 
and on the differing growth rates for each crystal face. 
Researchers at the Institute of Crystallography con- 
firmed the identity of these crystal faces by the sin- 
gle-crystal X-ray diffraction method, using a Rigaku 
diffractometer. The crystal faces are, for the most 
part, relatively flat. The surfaces oriented parallel to 
the seed plate have the highest growth rate and, 
therefore, exhibit various growth features (mainly 
growth hillocks and some hopper formations). 


MATERIALS AND METHODS 


We examined seven rough crystals and 27 faceted 
specimens of hydrothermal synthetic red beryl 
loaned by Worldwide Gem Marketing, the company 
that has sold this material for jewelry purposes on 
behalf of the Institute of Crystallography. The crys- 
tals ranged from 125.7 to 323.9 ct, and the faceted 
pieces ranged from 0.28 to 3.85 ct (all but three of 
these were >1 ct}. None of the faceted specimens 
exhibited any remnant of a seed plate. 

We tested the rough and polished samples using 
standard gemological methods. Refractive indices 
were measured using a Duplex II refractometer. 
Specific gravity was calculated by the hydrostatic 
method from weight measurements by means of a 
Mettler AM100 electronic balance. We did not 
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Figure 2. These idealized drawings of three 
synthetic red beryl crystals illustrate the 
morphology of this material, which is typi- 
cal of that seen in other hydrothermally 
grown synthetic beryls. The crystal faces 
shown belong to one of the following 
forms: basal pinacoid {0001}, first-order 
prism {1010}, second-order prism {1120}, 
first-order dipyramid {1012}, and second- 
order dipyramid {1122}. Several minor 
faces that have been known to occur on 
actual crystals are not shown on these 
drawings. Zone axes are indicated by the 
Miller indices shown in brackets. The red 
dashed Iine in each drawing represents the 
seed plate. In the middle drawing, the sur- 
face with markings but no Miller index is 
not a true crystal face, but rather a growth 
surface that is parallel to the seed plate. 


[1120] 


(01 10) 


obtain S.G. measurements for the crystals, because 
of their large size and the presence of metal suspen- 
sion wires that would distort the results. Fluores- 
cence to ultraviolet radiation was documented in 
darkroom conditions with a standard long-wave 
(366 nm) and short-wave (254 nm) GIA Gem 
Instruments UV unit. Visible spectra were observed 
with Beck prism and Discan digital-scanning, 
diffraction-grating spectroscopes; a calcite dichro- 
scope was used to observe pleochroism. Photo- 
micrographs were taken with Nikon SMZ-U and 
SMZ-10 photomicroscopes. 

Although the synthetic crystals varied in color 
(purplish red or orange-red), all of the faceted syn- 
thetic samples were relatively similar in color (red 
to orange-red), therefore, we documented represen- 
tative samples of the latter as described below using 
advanced instrumentation. Two natural red beryls 
from Utah also were analyzed for comparison pur- 
poses: (1) a 1.95 ct purplish red crystal was polished 
on opposite sides in an orientation parallel to the c- 
axis for use in recording visible and infrared spectra, 
and (2) a 1.50 ct purplish red crystal was used for 
qualitative chemical analysis. 

Absorption spectra in the range 250-850 nm 
were recorded for three synthetic samples with a 
Hitachi U4001 spectrophotometer with a 2 nm slit 
width. To obtain polarized absorption spectra, we 
prepared an optically oriented flat plate from one of 
the orange-red synthetic crystals; we then used cal- 
cite polarizers to record spectra in orientations both 
parallel and perpendicular to the c-axis (the optic 
axis). Unpolarized absorption spectra also were 
recorded for two faceted synthetic samples. 

We documented mid-infrared spectra for four 
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Figure 3. The morphology 
of these synthetic red 
beryl crystals (125.7-323.9 
ct) differs significantly 
from the hexagonal crys- 
tal form of natural red 
beryl! (see inset, 2.1 cm 
tall; photo by Jeff Scovil). 
Photo © GIA and Tino 
Hammid. 


crystals and one faceted sample of synthetic red beryl 
with a Nicolet Magna 550 FTIR spectrometer, from 
6600 to 400 cm1, at a resolution of 4 cm*. To com- 
pare our data with those published by Schmetzer and 
Kiefert (1990) for natural and synthetic beryls, we 
recorded an infrared transmission spectrum for frag- 
ments of one synthetic red beryl crystal. These frag- 
ments were embedded in powdered potassium bro- 
mide (KBr) and then formed into a thin pellet for 
analysis. This is a standard procedure that is used to 
obtain an infrared spectrum from a small quantity of 
a material, to avoid exceeding the recording range of 
the detector of the infrared spectrometer. Such a sam- 
ple produces an “average” infrared spectrum that is 
independent of crystal orientation. 

The spectrum of a plate-like black inclusion 
seen in one orange-red synthetic crystal was 
recorded with a Renishaw 2000 Ramascope laser 
Raman microspectrometer over the range of 100 
to 2000 cm1. 

Using two different sets of conditions to optimize 
the detection of certain elements, we performed quali- 
tative EDXRF chemical analyses with a Tracor 
Spectrace 5000 instrument on one natural crystal, 
four faceted synthetic specimens, and three synthetic 
crystals. For low-atomic weight elements, the condi- 
tions were: 15 kV tube voltage, 0.35 mA tube current, 
a vacuum atmosphere, no filter, and a 200-second 
counting time. For detecting transition metals, we 
used: 35 kV tube voltage, 0.30 or 0.35 mA tube cur- 
rent, ambient atmosphere, a thin filter, and a 200-sec- 
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ond counting time. While the EDXRF spectra we 
recorded represent a qualitative chemical analysis, we 
found that quantitative analyses using the same 
equipment and standards yielded an estimated detec- 
tion limit of about 50 ppm for the transition metals in 
rubies using the second set of analytical conditions. 

Quantitative chemical analyses of three faceted 
synthetic red beryls were obtained with a JEOL 733 
electron microprobe at the California Institute of 
Technology in Pasadena. The operating conditions 
were: 15 kV beam voltage, 25 nA beam current, 10 
micron spot size, minerals or synthetic compounds 
as standards for the elements analyzed, and the 
CITZAF data correction procedure. 


RESULTS AND DISCUSSION 


Visual Characteristics of the Study Specimens. The 
seven synthetic crystals were similar in morphology 
and appearance, although they varied in color (five 
were purplish red, and two were orange-red). All of 
the 27 faceted samples were red to orange-red. 
Faceted natural red beryl can show a similar red to 
orange-red color range when the table is oriented 
perpendicular to the c-axis (long direction) of the 
crystal (Shigley and Foord, 1984). However, it is 
more often red to purplish red, since the table facet 
is commonly oriented parallel to the c-axis to maxi- 
mize weight retention. 

All seven synthetic crystals were tabular in shape, 
square in overall cross-section, and elongated in the 
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Figure 4. Hydrothermal synthetic red beryl from the 
Institute of Crystallography is grown from solutions 
onto thin seed plates of either colorless synthetic 
beryl! (as in the top crystal, 323.9 ct) or synthetic 
emerald (bottom crystal, 125.7 ct). For the seven 
crystals we examined, the type of seed plate did not 
seem to influence the color, shape, or other features 
of the crystals. Photo © GIA and Tino Hammid. 


direction of the seed plate. These plates varied from 
0.7 to 1.0 mm in thickness, and extended the entire 
length of each crystal. Different beryl seed plates were 
observed: In the five purplish red crystals, two of the 
seed plates were colorless and three were green; in the 
two orange-red crystals, one was colorless and the 
other was green (see, e.g., figure 4). Angles between 
the c-axis and the seed plate were recorded for five of 
the crystals: four purplish red—19°, 17°, 17°, and 15°; 
one orange-red—17°. No obvious color zoning was 
seen in these crystals, except in one instance where 
there was a narrow band of lighter color along one 
outer edge. General comments on the appearance of 
the crystal faces (which were always present, except 
as noted below) are as follows: 

e First-order prism {1010}: these faces, which cover 
the largest surface area, are relatively smooth and 
flat (except for very slight growth hillocks). 
However, on the prism faces along the sides of 
two crystals, rectangular-shaped depressions and 
other cavities were observed along the outer edge 
of the seed plate; these features result from post- 
growth cleaning in acid. 

e Second-order prism {1120}: Relatively smooth 
and flat, these faces are smaller than the first- 
order prisms. 

¢ First-order dipyramid {1012}: These faces are rela- 
tively smooth and flat. 

¢ Second-order dipyramid {1122}: These large faces 
are relatively smooth and flat. 
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e Basal pinacoid {0001}: These faces are flat and 
very small, or are absent from some crystals. 

¢ Second-order dipyramid {1124}: Rarely present, 
these faces may form flat, very small areas. 


There are also rough surfaces that are oriented par- 
allel to the seed plate and perpendicular to the direc- 
tion of fastest crystal growth. These are not true 
crystal faces. They exhibit characteristic growth 
hillocks that are related to the internal chevron-like 
growth zoning. Similar faces and surface features 
have been observed on hydrothermal synthetic 
emerald crystals (Schmetzer, 1988; Sosso and 
Piacenza, 1995; Schmetzer et al., 1997). 


Gemological Properties. The gemological properties 
of the faceted synthetic red beryls are described 
below and summarized in table 1. 


Refractive Index. Of the 26 faceted samples on 
which R.I.’s were taken, 24 exhibited values of 
1.569-1.573 (n,) and 1.576-1.580 (n,,), with a bire- 
fringence of 0.006—0.008. One sample had R.I. val- 
ues of 1.561 and 1.567, and the other showed 1.582, 
and 1.588 (both with a birefringence of 0.005); there 
were no obvious features that might cause these 
discrepancies. Henn and Milisenda (1999) reported 
very similar R.I. values of 1.570-1.572 and 
1.578-1.580 (birefringence of 0.008) for the synthetic 
red beryl samples they examined. 

The two RI. values for natural beryls of all kinds 
generally range from 1.565 to 1.599 and 1.569 to 1.610 
(Deer et al., 1997, p. 372). Sinkankas (1981) cited 
slightly lower ranges of 1.563-1.597 and 1.567—-1.602. 
Higher concentrations of the alkali elements (Li, Na, 
K, Cs) cause an increase in RI. values in beryls (Cerny 
and Hawthome, 1976; Schmetzer, 1988, p. 149; Deer 
et al., 1997). Published chemical analyses for 29 beryls 
of various colors (except red; all natural beryls except 
for one synthetic emerald) indicate Na,O values of 
0.10-2.50 wt.% and K,O values of 0-0.65 wt.% (Deer 
et al., 1997, pp. 380-385). In published analyses of nat- 
ural red beryl, values for these oxides fall in the ranges 
of 0.03-0.39 wt.% Na,O and 0.09-0.29 wt.% K,O; in 
the hydrothermal synthetic red beryl examined here, 
the same two oxides varied from 0.06 to 0.12 wt.% 
and 0.02—0.04 wt.%, respectively (see table 2). The rel- 
atively low concentrations of Na and K in both the 
natural and synthetic red beryls we studied are consis- 
tent with their low RI. values. However, the influ- 
ence of alkali element concentrations on lowering RI. 
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Photo by Dr. Gubelin 


Figure 12 

The broad side of a 
wisp-like liquid 
feather in @ syn- 
thetic emerald. No- 
tice the genuine-like 
pattern of the singu- 
lar drops. 


Photo by Dr. Gibelin 


Figure 13 
Large individual 
liquid inclusions in 
a synthetic emerald. 


TABLE 1. Properties of hydrothermal synthetic and natural red beryl. 


Property Synthetic Natural 
Source Institute of Crystallography / Emcom Ltd., Moscow Wah Wah Mountains, Utah 
References This study (c.f., Henn and Milisenda, 1999) This study; Shigley and Foord (1984) 
Color Red to orange-red Purplish red to red to orange-red 


Crystal morphology 


Crystal forms 
(and relative occurrence) 


Features on crystal faces 


Refractive indices 
n 


€ 


n 
Birefringence 
Specific gravity 


Pleochroism 
Parallel to c-axis 
Perpendicular to c-axis 


UV fluorescence 
Color distribution 


Internal growth zoning 


Inclusions 
Fluid inclusions 


Solid inclusions 


Other features 
Distinctive trace elements 


Visible spectra 
(spectrophotometer) 


Infrared spectra 


Tabular, square cross-section, elongated in the 
direction of the seed plate, which is oriented 15°-19° 
to the c-axis 

{1010}, {1120}, {1012}, {1122}—common 

{0001}, {1124}—rare 


Prism {1010}, {1120}—usually smooth 
Dipyramid {1012}, {1122}—usually smooth 


1.569-1.573 
1.576-1.580 


0.006—0.008 
2.67-2.70 


Purplish red 
Orange-red to orange-brown 


Inert 


Even, except for some brown banding along 
growth zones 


Chevron-like and subparallel or slightly wavy patterns 
(causing a roiled optical effect) 


Occasional tiny single- or two-phase inclusions (liquid, 

or liquid plus gas) along partially healed fractures 
(rare in faceted material) 

Hematite platelets, tiny triangular inclusions with a 
dendritic appearance (unidentified), and “nailhead” spi- 
cules (both rare in the faceted material examined here) 
Fractures, seed plate, metal wires (in crystals only) 


Co and Ni 


Weak bands at 370 and 410 nm; broad absorption 
between 400 and 470 nm; broad absorption between 
480 and 600 with superimposed bands at approx- 
imately 530, 545, 560, 570, and 585 nm 


Presence of strong absorption between 4200 and 
3200 cm“ (due to water) 


Prismatic, hexagonal cross-section, elongated parallel 
to the c-axis 


and {1010}—common 
and {1122}—less common 
—rare 


—very rare 


naa Nes 
ar 
=i 
NINI 
oO 


Prism {1010}—usually smooth 
Dipyramid {1122}—smooth 
Basal pinacoid {0001}—usually flat 


1.564-1.569 
1.568-1.572 


0.006—0.008 
2.66-2.70 


Purplish red 
Red to orange-red 


nert 
Sometimes even, often zoned with a triangular or hour- 
glass shape (when viewed perpendicular to the c-axis) 
None 


Numerous single- or two-phase inclusions (liquid, or 
iquid plus gas) often along planar or curved fractures 
or forming “fingerprint” patterns 

Tiny grains or crystals of quartz, bixbyite, feldspar, 
and/or hematite 


Fractures, sometimes with brown (iron oxide) staining 
Cs, Sn, and Zn 


Absorption below 400 nm; weak bands at 370, 430, and 
485 nm; and broad absorption between 450 and 600 nm 
(centered at approximately 560 nm) 


Absence of absorption between 4200 and 3200 cm* 
(lack of water) 


values is probably offset somewhat by the presence of 
transition metals (e.g., Mn, Fe, Ti) in red beryl. 
Schmetzer (1988) discussed the opposing effects of 
alkali elements and transition metals on the optical 
properties of synthetic emeralds. 

Although not an essential component, water is 
present in most natural beryls in amounts up to 2.7 
wt.% H,O (Deer et al., 1997). Nassau and Wood 
(1968) cited a range of 0.3-3.0 wt.% H,O from pub- 
lished analyses of beryls. Cerny and Hawthorne 
(1976) discussed how increasing amounts of water 
in beryls are accompanied by increasing R.I. values. 
Nassau and Wood (1968) reported that water is near- 
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ly absent (i.e., they could not detect it using infrared 
spectroscopy) in natural red beryl from Utah, due to 
the geologic conditions of its formation. Shigley and 
Foord (1984) reported only 0.36 wt.% H,O (obtained 
by a microcoulometric analytical technique) for a 
single natural red beryl. Again, this very low water 
content may contribute to the low R.I. values. The 
synthetic red beryls examined for this study were 
not analyzed quantitatively for water, but they con- 
tained sufficient water for it to be readily detectable 
by routine mid-infrared spectroscopy techniques, as 
is typical of any hydrothermally grown synthetic 
beryl (see Schmetzer and Kiefert, 1990). 
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TABLE 2. Partial chemical analyses of hydrothermal synthetic and natural red beryl by electron microprobe.? 


Hydrothermal synthetic Natural 
Oxide (wt.%) 
This study? This study® This study® Henn and Mili- Flamini etal. ShigleyandFoord — Aurisicchio Aurisicchio Harding (1995)" 
senda (1999)° (1983)? (1984)@ et al. (1990)' etal. (1990)9 

Si, 65.37 65.54 65.79 66.08 64.71 66.80 66.18 64.84 67.17 
Ti0, 0.02 0.01 n.d. 0.05 0.28 0.40 0.25 0.52 0.29 
Al,0, 16.79 16.99 17.01 16.96 17.75 17.60 16.51 18.14 16.75 
Cr,0, 0.03 0.04 0.03 0.02 ne. ne nt. ne. nr. 
FeO 1.48 1.47 1.32 1.62 1.46 1.80 2.63 1.96 2.81 

nO 0.03 n.d. 0.01 0.18 0.18 0.30 0.73 0.27 0.82 
CoO 0.30 0.26 0.30 0.31 ne. nt. nt nt. nr. 

0) 0.12 0.15 0.15 0.03 0.40 0.10 r 0.27 nr. 
CaO na. na. na. nt. ne. nt. if nt. 0.13 
Na,0 0.06 0.12 0.08 0.06 0.39 0.03 n.d. 0.20 i 
K,0 0.03 0.04 0.02 0.01 0.09 0.10 n.d. 0.29 0.10 
Cs,0 na. n.a. na. ne. 0.21 0.25 nt 0.56 nr. 
Sn0, na. n.a. na. ne. ne. 0.02 nt ne. nt. 
Zn0 na. na. na. nr. nr. 0.08 n.d ne. ne. 
Total? 84.23 84.62 84.71 85.32 85.47 87.48 86.30 87.05 88.07 


*Notes: n.d. = not detected, n.r. = not reported, n.a. = not analyzed for. Electron microprobe analyses do not include BeO, Li,O, and H,O, 
so the data presented here do not total 100 wt.%. Ni was not analyzed by electron microprobe in this study. 


’Average of three analyses of one sample. 

cAverage of seven analyses of one sample. 

%Average of 17 analyses of one crystal. 

®One analysis of the purplish red rim of a color-zoned crystal. 


‘One analysis of the red rim of a color-zoned crystal (analysis #3 of crystal #1). 
gOne analysis of the red rim of a color-zoned crystal (analysis #12 of crystal #2). 


"Average of three analyses of one polished sample. 


Specific Gravity. All 27 faceted synthetic red beryls 
had S.G. values in the range 2.67-2.70. Henn and 
Milisenda (1999) reported S.G. values of 2.63-2.65 
for their study samples. For synthetic emeralds of 
all kinds colored by Cr or V, Sinkankas (1981) 
reported a maximum S.G. range of 2.65-2.71. 
Taylor (1967) reported S.G. values of 2.67-2.68 for 
pink Co-colored synthetic beryl, and Brown (1993) 
indicated 2.685 for a Ti-doped hydrothermal syn- 
thetic beryl. For comparison, natural beryls of all 
kinds have a maximum S.G. range of 2.63-2.92 
(Sinkankas, 1981; Deer et al., 1997). Schmetzer 
(1988) discussed how increasing concentrations of 
alkali elements and transition metals in beryls are 
accompanied by increasing S.G. values. As men- 
tioned above, the synthetic red beryl examined here 
is deficient in alkali elements, but it contains 
greater amounts of the transition metals relative to 
most natural beryls. 


Polariscope Reaction. Each of the 27 faceted syn- 


thetic red beryls exhibited typical double refraction 
with a uniaxial optic figure. The orientation of the 
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optic axis varied from nearly parallel to nearly per- 
pendicular to the table facet; however, most were 
oriented with the c-axis at no more than about 20° 
from the plane of the table. These variations result 
from the tabular crystal shape, coupled with the 
desire to maximize weight retention during faceting 
without including portions of the seed plate. 


Pleochroism. When viewed with a dichroscope, all 
27 faceted samples of synthetic red beryl exhibited 
moderate to very strong, purplish red (n,) and 
orange-red to orange-brown (n,) dichroism (figure 5). 


Absorption Features Seen with a Desk-Model 
Spectroscope. The spectra of each of the faceted syn- 
thetic red beryls displayed the same general pattern of 
absorption features: a broad region of absorption below 
400 nm, a broad region of absorption from about 420 
to 470 nm, a region of absorption from about 400 to 
600 nm containing a narrow (slightly diffuse) absorp- 
tion band of moderate intensity centered at about 530 
nm, two strong sharp bands at about 545 and 560 nm, 
and two weak sharp bands at about 570 and 590 nm. 
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Figure 5. The synthetic red beryls studied showed 
moderate to very strong dichroism. When viewed 
table-down, this 0.75 ct triangle shape displayed pur- 
plish red and orange-brown pleochroic colors. Photo- 
micrograph by James Shigley; magnified 3x. 


This pattern is quite different from the spec- 
trum of the natural red beryl we examined, 
which showed an intense region of absorption 
below about 450 nm and a broad absorption 
between about 540 and 580 nm. Thus, the pres- 
ence of several diffuse-to-sharp absorption bands 
between 530 and 590 nm (due to Co**) is distinc- 
tive of this hydrothermal synthetic red beryl. 


Internal Characteristics. Examination of the crystals 
and faceted samples of synthetic red beryl with a 
binocular microscope revealed the following features: 


1. Prominent internal growth zoning (figure 6) was 
oriented at an oblique angle to the seed plate. 
According to Schmetzer (1988), this kind of zon- 
ing in hydrothermal synthetic beryls arises from 
the growth of a number of subparallel “crystal- 
lites” at an oblique angle to the seed plate. Their 
intersection produces chevron-like microstruc- 
tures, which are best seen when the sample is 
viewed perpendicular to the plane of the seed 
plate. He noted that this internal growth zoning 
also gives rise to a roiled optical effect. 

2. A subparallel or slightly wavy pattern (sometimes 
brownish) was best seen when the samples were 
examined parallel to the seed plate direction (fig- 
ure 7); it is related to the internal growth zoning 
mentioned above. When the samples were viewed 
with crossed polarizers, a strain pattern that mim- 
ics this growth zoning was evident (figure 8). 

3. Remnants of the metal wire used to suspend the 
crystals during growth may be present at one or 
both ends of the crystals; these were not seen in 
the faceted samples. 

4. Occasional small, partially healed fractures—usu- 
ally planar or curved in shape, but sometimes in 
more complicated patterns—contained tiny liquid 


Figure 6. The most distinctive visual feature of the hydrothermal synthetic red beryls examined was 
chevron-like internal growth zoning. From observations in the original crystals, we know that this 
zoning is oriented along the direction of crystal growth at a high, oblique angle to the plane of the seed 
plate. Photomicrographs by James Shigley; left—magnified 3x, right—magnified 9x. 
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Figure 7. Internal growth zoning appears as Figure 8. When this 2.59 ct faceted synthetic red 
subparallel lines or slightly wavy bands beryl was viewed with crossed polarizers, the strain 
when viewed in some orientations, as seen pattern was seen to follow the banded growth zon- 
here parallel to the seed plate in this 2.25 ct ing. Photomicrograph by Shane Elen. 
faceted synthetic red beryl. (Photomicrograph by 
Shane Elen; magnified 4x.) When immersed in 
water, the subparallel or slightly wavy growth 


banding in some of the faceted specimens had a synthetic crystals. A few tiny triangular inclusions 
slightly brownish appearance (see inset); several were noted along the edge of the seed plate in sev- 
partially healed fractures are also visible. (Photo- eral crystals, but they could not be identified 
micrograph by James Shigley; magnified 2x.) because of their size, orientation, and location (fig- 


ure 11). A prominent opaque black platelet in one 
of the synthetic red beryl crystals was identified 
by Raman analysis as hematite (figure 12). 


or liquid-and-gas inclusions (figure 9). In general, 6. Occasional “nailhead” spicules were present near the 
these fractures were absent from the faceted mate- seed plate (figure 13). Some were hollow and others 
rial, presumably because they were excluded dur- contained two phases (liquid and gas); they were 
ing fashioning. “capped” by a colorless or a colored solid inclusion 

5. Occasional isolated liquid-and-gas inclusions (fig- that, again, we were unable to identify by Raman 
ure 10) and rare solid inclusions were seen in the analysis because of their nature and location. 


Figure 9. Some synthetic red beryl samples contained small, partially healed fractures composed of numerous tiny liq- 
uid or liquid-and-gas inclusions along lines or forming small “fingerprint” patterns. Although often planar, some par- 
tially healed fractures displayed curved shapes. Photomicrographs by James Shigley; magnified 8x (left) and 14x (right). 


4 
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Figure 10. Isolated two-phase fluid (liquid and 
gas) inclusions were seen in several of the synthet- 
ic red beryl crystals, but less frequently in the 
faceted samples. Photomicrograph by John I. 
Koivula; magnified 25x. 


Although none of the faceted samples we exam- 
ined contained remnants of the seed plate, the metal 
suspension wire, or any large fractures, such features 
have been reported in hydrothermal synthetic emer- 
alds and could be present in other faceted samples of 
hydrothermal synthetic red beryl. 

It is important to note that almost all of the inclu- 
sions that have been reported in natural red beryl 
(see, e.g., Shigley and Foord, 1984; table 1) are quite 
different from those seen in its synthetic counterpart. 


Chemical Composition. The electron microprobe 
analyses in table 2 are of synthetic and natural red 
beryls from this study and elsewhere. In addition to 
the elements shown in this table, we detected the 
presence of Cu, Ni, and Rb in the synthetic materi- 
al, and Cu, Ga, and Rb in a natural red beryl using 
EDXRE (figure 14). The most diagnostic elements 
for identifying synthetic red beryl are Co and Ni. 
Neither of these elements was detected by the high- 
ly sensitive emission spectrography technique in a 
natural red beryl (Shigley and Foord, 1984, p. 216), 
nor have they been reported elsewhere for the natu- 
ral material. Using EDXRF, we also found Cr in a 
synthetic red beryl, but minute amounts of this ele- 
ment have been detected in natural red beryl 
(Shigley and Foord, 1984). 


Absorption Spectroscopy. Polarized visible spectra 
for an orange-red synthetic and a purplish red natural 
beryl are presented in figure 15. Several features are 
shown in the synthetic red beryl spectrum polarized 
parallel to the c-axis (figure 15A; attributed causes 
shown in parentheses, after Solntsev et al., 1981): 


1. Weak bands at about 370 nm (Fe**) and 410 nm (Ni**} 
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Figure 11. A few triangular-shaped inclusions were 
seen in several of the synthetic red beryl crystals 
along seed-plate boundaries. Because the seed 
plate and adjacent areas are removed during 
faceting, such inclusions are unlikely to occur in 
cut stones; they were not present in the faceted 
specimens examined for this study. Photomicro- 
graph by James Shigley; magnified 20x. 


2. A strong broad absorption region between 400 and 
470 nm (maximum at about 450 nm, due to Co**) 

3. A strong broad absorption region from 480 to 
600 nm (maximum at about 560 nm), with a 
weak band at about 525 nm and superimposed 
sharp peaks at 545, 560, 570, and 585 nm (all 
due to Co”*} 


The two regions of strong absorption (centered at 
about 450 and 560 nm) are of approximately equal 
intensity in the spectrum in figure 15A. In the spec- 
trum polarized perpendicular to the c-axis (figure 
15B), the absorption region centered at 450 nm is 
much more intense. These spectra are comparable to 
those for synthetic beryls published by Emel’yanova 


Figure 12. This opaque black inclusion was identi- 
fied as hematite by Raman analysis. Photomicro- 
graph by James Shigley; magnified 15x. 
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Figure 13. “Nailhead” spicules were occasionally observed in the crystals, near the seed plate. They are formed 
by an unknown solid phase and an associated hollow tube filled with a liquid (left), and sometimes with a gas 
bubble (right). Photomicrographs by John I. Koivula; magnified 40x. 


et al. (1965), Lebedev et al. (1982, 1983), and Henn lowing features (for comparison, see Solntsev et al., 
and Milisenda (1999, figure 2; except that, in their 1981; Shigley and Foord, 1984): 
spectrum polarized parallel to the c-axis, the absorp- 


; H 3+ 
tion region centered at 560 nm is more intense than 1. Increasing absorption below 400 nm (Fe*) 


the one centered at 450 nm). 2. A weak peak at about 430 nm (Fe**) 
For the natural red beryl, the spectrum polarized 3. A broad intense region of absorption from 450 to 
parallel to the c-axis (figure 15C) exhibits the fol- 600 nm (centered at about 560 nm; Mn**} 


Figure 14. EDXRF spectra of an orange-red hydrothermal synthetic red beryl (A and B) and a natural 
purplish red beryl crystal from Utah (C and D) show notable differences in chemical composition. 
Analytical conditions were optimized to detect low-atomic-weight elements (A and C) and transition 
metals (B and D). Peaks resulting from instrumental artifacts are not labeled, and should be ignored. 
The distinctive elements in the synthetic red beryl are Co and Ni. 
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Figure 15. These polarized visible absorption spectra of synthetic (A and B) and natural (C and D) red bery] reveal 
distinctive differences in the two materials. Note in particular the prominent Co-related absorption bands between 
about 530 and 590 nm in the synthetic material. Spectra A and B were recorded for a polished fragment (2.7 mm 
thick) taken from an orange-red synthetic crystal. Spectra C and D were recorded for an oriented natural purplish 
red crystal from Utah, on which a flat surface had been polished parallel to a prominent prism face (3.2 mm thick). 


The spectrum polarized perpendicular to the c- 
axis (figure 15D) displays a similar pattern, but with 
these additional features: 


1. A weak band at about 370 nm (Fe**) 

2. A weak band at about 485 nm (Mn**) on the shoul- 
der of the intense broad band that is mentioned 
above 


3. An intense broad band that is centered at about 
545 nm 


For either natural or synthetic red beryl, a visible 
spectrum recorded using unpolarized light will 
exhibit the more intense of these spectral features. 
In particular, the diagnostic series of Co?* absorption 
bands would be present at approximately 530, 545, 
560, 570, and 590 nm (due to Co**) in the synthetic 
sample. 
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Infrared Spectroscopy. A comparison of mid- 
infrared (6000-400 cm”) spectra for representative 
natural and synthetic red beryls (figure 16) reveals 
absorption features that have been reported previ- 
ously in hydrothermal synthetic beryls (see 
Schmetzer and Kiefert, 1990; Henn and Milisenda, 
1999). The natural crystal displays almost no 
absorption features above 2300 cm1, except for 
several weak features between about 3000 and 
2800 cm. In contrast, the synthetic red beryl dis- 
plays spectral features at about 5300 cm1, a very 
strong region of absorption between 4200 and 
3200 cm, and a series of weaker features from 
3300 to 2300 cm™. The absorption between 4200 
and 3200 cm* has been attributed to the presence of 
water in beryl (Wood and Nassau, 1968; Aurisicchio 
et al., 1994). This latter feature in the spectrum of 
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Figure 16. In these mid-infrared absorption spec- 
tra, strong absorption between 4200 and 3200 cm* 
is diagnostic of the synthetic red beryl (A). This 
absorption, which is due to water, is virtually 
absent in the spectrum of natural red beryI (B). 
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synthetic red beryl, and its absence in the spec- 
trum of the natural counterpart (which contains 
very little water), is the most distinctive differ- 
ence in infrared spectra, and it provides immedi- 
ate proof that the material is a hydrothermal syn- 
thetic. 

Schmetzer and Kiefert (1990) grouped natural 
and synthetic emeralds into five categories based on 
the relative intensities of the water-related mid- 
infrared bands at 3694, 3592, and 3655 cm* (which 
they labeled as bands A, B, and C, respectively). The 
relative intensity ratio of these three bands in the 
synthetic red beryl is A>B>>C. This result is consis- 
tent with the group II spectrum type, which 
Schmetzer and Kiefert (1990) suggested is typical of 
other low alkali-bearing synthetic beryls and syn- 
thetic emeralds grown in Russia. 


CONCLUSION 


Although natural red beryl remains a rare and rela- 
tively expensive gem material, its synthetic coun- 
terpart is also attractive but has not attained 
widespread demand. Synthetic red beryl has a dis- 
tinctive tabular crystal morphology, chevron-like 
or wavy internal growth zoning, and several strong 
absorption bands between 530 and 590 nm due to 
coloration by Co?*. Overall, inclusions were rare in 
the synthetic red beryls examined for this study, 
but occasional single- or two-phase fluid (liquid or 
liquid-gas) and spicule inclusions were seen. In 
addition, the presence of Co and Ni is proof that 
the material is synthetic, as are water-related 
absorption bands between 4200 and 3200 cm* in 
the infrared spectra. @ 
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Unusual ANDRADITE GARNET 


The East Coast lab recently was given 
the opportunity to examine, for a lim- 
ited time, a transparent, very dark red, 
round-brilliant-cut stone (figure 1, far 
left) that weighed 5.73 ct and mea- 
sured approximately 11.51 x 11.32 x 
6.50 mm. According to the client, 
Jeffrey Hayat of Gem Demantoid in 
New York City, the stone was recov- 
ered from a mine in Namibia (exact 
locality not disclosed) that produces 
andradite garnet in a wide variety of 
colors, ranging from orange to yellow 
to (demantoid) green (again, see figure 
1). Yellowish green to brown andra- 
dites from Namibia were described in 
the Fall 1997 Gem News section (pp. 
222-223), 

Standard gemological testing 
revealed an R.I. over-the-limits of the 
standard refractometer (that is, greater 
than 1.81) and a specific gravity of 


3.86, both of which are consistent 
with andradite garnet. When viewed 
between crossed polarizers, the stone 
showed snake-like bands and strain 
colors, both in patterns and sections, 
as well as multiple directions of 
growth. The stone did not fluoresce to 
either long- or short-wave ultraviolet 
radiation. The desk-model prism 
spectroscope revealed a 420 nm cut- 
off, which—like the features indicat- 
ed above—is typical for andradite gar- 
net. Confirmation that the stone was 
andradite was provided by Raman 
analysis. 

Microscopic examination revealed 
some fractures and fingerprints, as 
well as a group of aligned acicular 
crystals (several of which were bent at 
one end to a new set of parallel orien- 
tations). Also present near these 
inclusions were some irregularly 
shaped crystals. A few small cavities 
seen on the crown were most likely 


Figure 1. The transparent, very dark red 5.73 ct round brilliant on the 
far left was identified as andradite garnet. The Namibian mine that 
produced this unusual red andradite also produces andradite garnets 
within their previously known range of colors (here, 0.82-3.29 ct). 
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Figure 2. Immersion in methy- 
lene iodide made it easy to dis- 
tinguish between the yellow 
bodycolor of the 5.73 ct andra- 
dite and its straight, angular, 
red-brown color banding. 


the result of crystals that were pulled 
out during the cutting process. 
Although some color banding was 
visible with darkfield illumination, 
immersion of the stone in methylene 
iodide revealed a distinct yellow 
bodycolor and strong straight, angu- 
lar, red-brown color banding (figure 2). 
This banding, which is not common- 
ly seen in andradite garnet, accounted 
for the stone’s unusual dark red color. 

The gemological properties and 
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Figure 14 
Blotchy extinction in 
a synthetic emerald 
caused by anomalous 
double refraction by 
tension. 


SURVEY OF SOUTHERN CALIFORNIA GEM DEPOSITS 


A detailed survey is being com- 
pleted in the famous Pala district of 
San Diego County, California, it has 
been announced by Richard J. Jahns, 
Associate Professor of Geology at 
the California Institute of Technol- 
ogy and Geologist for the United 
States Geological Survey. 

The Pala gem mines are noted for 
their substantial past production of 
fine gem tourmaline, spodumene, 
beryl and quartz crystals. Conducted 
under the joint auspices of the 
United States Geological Survey and 
the California State Division of 
Mines, the current studies have been 
in progress for the past nine months. 


Activities have included the detailed 
mapping of several mines and gem 
producing pegmatites, and examina- 
tion of all mines and prospects in 
the area. Collaborating with Mr. 
Jahns in this work is Lauren A. 
Wright. 

In addition, the quadrangle in 
which the mines are situated is being 
mapped geologically by John B. Han- 
ley of the Geological Survey. 

A report of these studies will be 
published soon by the California 
State Division of Mines. Similar 
work is scheduled for extension into 
the gem bearing areas of Mesa 
Grande and Ramona. 


Figure 3. This 3.03 ct synthetic apatite showed a color change from purple- 
pink in incandescent light (left) to violetish blue in fluorescent light (right). 


Raman analysis confirmed the client’s 
original suspicion about the garnet’s 
identity. The dark red color and 
strong color zoning are quite unusual 
for andradite, however. 

Wendi M. Mayerson 


SYNTHETIC APATITE 

The West Coast laboratory recently 
received a call asking if we had ever 
seen a color-change apatite. None of 
the laboratory staff had seen or heard 
of such material. The caller said that 
a stone he had acquired as part of an 
old private gem collection was sup- 
posed to be one, so he sent it to us for 
examination. 

When we received the sample, the 
first thing we noticed was its unusual 
color. In incandescent light, it was a 
very pleasing, medium-toned purple- 
pink. In fluorescent light, the color 
became an equally pleasing violetish 
blue (figure 3). To the best of our 
knowledge, these colors—like the 
color change—had never been report- 
ed for apatite. 

Standard gemological testing of the 
3.03 ct sample produced refractive 
indices of 1.630-1.637 (with a corre- 
sponding birefringence of 0.007), a spe- 
cific gravity of 3.22, a uniaxial optic 
character, no fluorescence to long- 
wave—and a weak orange to short- 
wave—UV radiation, and numerous 
sharp lines in the desk-model spectro- 
scope. The pleochroism was weak, and 
the pleochroic colors varied depending 
on which light source was used. 
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These properties are consistent 
with apatite, except for the spectrum. 
It is well known that blue and yellow 
apatites typically show a rare-earth 
spectrum, but this primarily consists 
of a small group of lines centered 
around 580 nm. This stone showed 
no fewer than 30 discrete lines across 
the spectrum, with major clusters 
around 520 and 580 nm. This fact 
alone aroused our suspicions about 
the sample’s authenticity. 

Microscopic examination revealed 
clouds throughout the sample in a 
vaguely chevron-like pattern that was 
somewhat reminiscent of the growth 
structure seen in some hydrothermal 
synthetics (figure 4). However, it was 
not a hydrothermal product because 
the most telling inclusions were sev- 
eral elongated gas bubbles, some of 


Figure 4. These clouds in syn- 
thetic apatite, which have a 
vaguely chevron-like pattern, 
are somewhat reminiscent of 
synthetics grown by the hydro- 
thermal process, although that 
turned out not to be the case for 
this sample. Magnified 20x. 
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which had a thready appearance simi- 
lar to that seen in some synthetic 
spinels (figure 5). These inclusions 
were clearly not natural, which led us 
to conclude that the piece was a syn- 
thetic apatite—the first synthetic 
apatite submitted to the laboratory for 
identification. 

To acquire more information on 
this material, we performed qualita- 
tive chemical analysis via energy-dis- 
persive X-ray fluorescence. EDXRF 
revealed that, in addition to phospho- 
rus and calcium as major elements, 
there was a relatively large amount of 
neodymium present. A small amount 
of strontium also was detected. This 
chemistry is consistent with that 
reported in a Winter 1992, Gem News 
item (p. 277) for a color-change syn- 
thetic apatite that was being grown 
for laser applications. SFM 


Unusual BERYL-and-Glass Triplet 
Imitating Emerald 

Last fall, the East Coast laboratory 
received a transparent green emerald- 
cut stone that was prong set in a sim- 
ple white metal pendant with a small 
transparent near-colorless round bril- 
liant above it (figure 6). The emerald 
cut measured approximately 10.00 x 
8.00 x 6.35 mm. The client who sub- 
mitted the piece received it as a gift 
approximately 40 years ago and had 
been told it was an emerald. Although 
initial testing resulted in a refractive 


Figure 5. Elongated, thready gas 
bubbles in this color-change 

apatite proved its synthetic ori- 
gin. Magnified 20x. 
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Figure 6. The transparent green 
imitation emerald (10.00 x 8.00 
x 6.35 mm) in this pendant was 
identified as an assemblage con- 
sisting of a colorless beryl crown 
of undetermined origin and a 
green glass pavilion joined by a 
colorless layer of cement. 


index of 1.582-1.591 for the crown, 
typical for emerald, further observa- 
tion using a standard gemological 
microscope revealed multiple gas 
bubbles aligned in a single plane par- 
allel to the table of the stone. This 
was our first indication that the emer- 
ald cut was an assemblage. 

The fact that this piece was an 
assemblage was not surprising in itself, 
since there are several relatively com- 
mon types of assembled stones imitat- 
ing emeralds in today’s market, some 
of which have been used since the end 
of the 19th century (see, e.g., E. B. 
Misiorowski and D. M. Dirlam, “Art 
Nouveau: Jewels and jewelers,” Winter 
1986 Gems @& Gemology, pp. 
209-228). However, the typical assem- 
bled emerald simulant consists of a 
colorless crown and pavilion (com- 
monly made of quartz, beryl, or syn- 
thetic spinel) that are joined by a green 
cement layer. This combination pro- 
duces an optical illusion in which it 
appears that the crown and pavilion 
are green and the cement layer is color- 
less, even when viewed from the side. 
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Figure 7. Immersion in water 
eliminates the optical illusion of 
this assembled emerald imita- 
tion, and the true colors of the 
crown and pavilion can be seen. 


Immersion reveals the true colors of 
the assembled parts (see, e.g., Winter 
1986 Lab Notes, pp. 236-238; Summer 
1994 Gem News, p. 131). The emerald 
cut in this pendant showed the same 
optical effect when viewed from the 
side; yet when we immersed it in 
water, we were surprised to discover 
that the specimen had a colorless 


Figure 8. Viewed table-up with 
darkfield illumination, this 1.34 
ct diamond shows only a few 
small inclusions and the faint 
outline of a cloud of “pin- 
points.” Magnified 15x. 
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crown attached by colorless cement to 
a green pavilion (figure 7). 

Our next step was to determine 
the identity of each component of 
this assemblage. First, we placed the 
entire piece on its side in a polar- 
iscope. We then rotated the piece 
360° between crossed polarizing fil- 
ters. Consistent with the refractive 
indices we had ascertained, the 
crown “blinked,” which indicated 
that it was a doubly refractive materi- 
al. Since we already had determined 
that the crown was colorless, this 
meant that it must be colorless beryl. 
Our second surprise was that the 
pavilion did not blink, even when 
checked in three directions. It also 
did not show pleochroism, which 
confirmed that it was isotropic 
(singly refractive). Since the mount- 
ing prevented access to the pavilion 
with a standard refractometer, we 
used a small, vintage (1940s) “Gem 
Refractometer.” The resulting RI. of 
1.49, along with the results we 
obtained from testing an inconspicu- 
ous spot with hardness points under 
magnification, confirmed that the 
pavilion was made of glass. 

This assemblage proved to be 
unusual for two reasons. First, its 
face-up green color was the result of 
reflection off a green pavilion, rather 
than reflection off a green cement 


Figure 9. When the diamond 
was viewed in the same position 
as in figure 8, but with fiber- 
optic illumination, a bright and 
beautiful stellate cloud became 
visible. Magnified 15x. 
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layer. Second, its crown and pavilion 
consisted of two entirely different 
materials. The conclusion in the 
resulting gem identification report 
read as follows: “Triplet consisting of 
a colorless beryl crown and a green 
glass pavilion, joined together with 
colorless cement.” The following 
comment also was included: “The 
natural or synthetic origin of this 
beryl is currently undeterminable.” 
Wendi M. Mayerson 


DIAMOND 

With a Hidden Cloud Formation 
Darkfield is the standard illumination 
for clarity grading diamonds with a 
gemological microscope, and today’s 
gemological microscopes are manu- 
factured with highly efficient built-in 
darkfield systems. Darkfield illumina- 
tion is uncomplicated, effective, and 
provides a consistency that is ex- 
tremely important in determining the 
nature and number of internal fea- 
tures in a diamond. 

However, darkfield is not the only 
method of illumination useful in the 
examination of polished diamonds. 
For example, polarized light will 
reveal strain in diamonds that would 
not be visible under darkfield condi- 
tions. A fiber-optic illuminator may 
also reveal features that were not seen 
in darkfield. 

We recently saw an excellent 
example of the benefits of using a 
fiber-optic light source in a 1.34 ct dia- 
mond sent to the West Coast laborato- 
ry for grading. When viewed table-up 
in darkfield conditions, the diamond 
seemed to contain only a few small 
inclusions as well as the faint outline 
of a cloud composed of tiny “pin- 
points” (figure 8). However, when illu- 
minated through the side with a fiber- 
optic light probe and viewed in the 
identical table-up position, this same 
diamond appeared entirely different. 
The “faint cloud” observed with dark- 
field illumination turned out to be a 
bright and beautiful stellate cloud of 
octahedral form (figure 9), which 
seemed to add an almost magical 
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quality to the interior of this diamond. 
While it is important for econom- 
ic and business reasons to maintain 
the efficiency of the diamond-grading 
process, sometimes exploring outside 
the parameters of traditional dia- 
mond-grading practice can be quite 
rewarding. It is hard to believe that 
the owners of this or any similar dia- 
mond would not want to know that 
their diamond was host to such a 
spectacular cloud formation. It is 
important for all gemologists to keep 
in mind that just because you don’t 
see it, that doesn’t mean it isn’t there. 
Note, too, that features seen with 
such sources of illumination do not 
contribute to the clarity grade of the 
diamond, which is determined solely 
by features seen with darkfield. 
JIK and Maha Tannous 


With Pseudo-Dichroism 
In the day-to-day business of diamond 
grading, the color grading of fancy- 
color diamonds presents certain prob- 
lems and challenges for the gemologi- 
cal laboratory. One of these is how to 
deal with color zoning. A case in 
point is the strongly color-zoned 0.24 
ct diamond shown in figure 10, which 
appeared brownish pink face up. 

The grader had to determine the 
relative influence of each of the color 
components, brown and pink, in 


Figure 10. This 0.24 ct color- 
zoned diamond appeared brown- 
ish pink when viewed face-up. 


order to establish which of the two 
was dominant and, therefore, would 
be designated the priority color. One 
factor that can affect the final out- 
come is color zoning. While not all 
fancy-color diamonds show color 
zoning, those that do present special 
challenges; in addition, the difficulty 
of determining the final color increas- 
es as the zoning becomes more 
prominent. 

When examined through its pavil- 
ion in two different viewing direc- 
tions (180° apart) the diamond 
appeared to be essentially brown with 
only a slight influence of a pink com- 
ponent (figure 11, left). When this 


Figure 11. When viewed from certain directions through the pavilion, 
the diamond shown in figure 10 appeared a slightly pinkish brown 
(left). When the diamond was rotated approximately 90° (right), the 
color observed through the pavilion changed dramatically to a much 
more intense pink, which gave the appearance of pseudo-dichroism. 
Strong color zoning was also visible. Both magnified 10x. 


Gems & GEMOLOGY 


SPRING 2001 59 


same stone was rotated 90° from 
either of these positions, the domi- 
nant color was an obvious pink that 
appeared only slightly brownish. We 
also noticed that the color in these 
alternate views was strongly zoned 
and uneven in its distribution (figure 
11, right). This change of color with 
viewing direction created the illusion 
of dichroism in the diamond. Since 
true dichroism is impossible in a 
singly refractive mineral such as dia- 
mond, this pseudo-dichroism was 
attributed to the very strong direc- 
tional color zoning, which is not often 
encountered in diamonds. 

At the GIA Gem Trade Lab- 
oratory, color grades for fancy-color 
diamonds are assessed through the 
crown and table facets only (see, e.g., 
J. King et al., “Color grading of col- 
ored diamonds in the GIA Gem Trade 
Laboratory,” Winter 1994 Gems & 
Gemology, pp. 220-242), so this pseu- 
do-dichroism did not affect the color 
call of brownish pink. In instances 
where the face-up appearance shows 
distinctly different colors, those col- 
ors are noted on the reports. 

JIK and Maha Tannous 


SYNTHETIC DIAMOND 

With Distinctive Surface Features 
The East Coast lab recently received, 
for origin-of-color determination, two 
stones that displayed very unusual 
surface features. One, a 0.75 ct 
orange-yellow cut-cormnered rectangu- 
lar brilliant, exhibited a stippled sur- 
face—with what appeared to be 
numerous small whitish pits—on sev- 
eral of its large pavilion facets (figure 
12). The other, a 0.52 ct orangy yel- 
low round brilliant (figure 13, left), 
had numerous large cavities on its 
table. Both had the gemological prop- 
erties of diamond. 

However, magnification of the 
0.75 ct stone at a relatively low power 
(10x) revealed color zoning that fol- 
lowed an hourglass pattern, a cloud of 
small highly reflective inclusions, and 
larger opaque inclusions. Using a 
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desk-model spectroscope, we found 
several fine absorption bands through- 
out the green area of the spectrum. 
The sample fluoresced a very weak 
orange, with a square zone of strong 
greenish yellow under the table, to 
both long- and short-wave UV radia- 
tion. The color zoning, inclusions, 
spectrum, and fluorescence were all 
typical of synthetic diamond. The 
large pavilion facets had the rough 
appearance of large, “unpolished” nat- 
ural diamond surfaces, but they did 
not show any of the growth or disso- 
lution features that one would expect 
to see on such “naturals.” Higher 
magnification revealed that the stip- 
pling was actually the result of the 
faceting process, in the course of 
which a cloud of small highly reflec- 
tive flux inclusions was exposed on 
the surface. The stone’s weak attrac- 
tion to a magnet verified that the pin- 
points in the cloud were a metallic 
flux, thereby confirming that this was 
a synthetic diamond. 
Higher-magnification examina- 
tion of the surface features of the 0.52 


Figure 12. Note the cloud of 
small highly reflective flux 
inclusions in this 0.75 ct orange- 
yellow synthetic diamond. 
Magnified 30x. 
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ct stone provided some important 
clues to its origin. The noncrystalline 
shape of the features (figure 13, cen- 
ter), along with the fact that they 
were cavities (voids) and not surface- 
reaching inclusions (figure 13, right}, 
suggested that they were the result of 
flux inclusions that had been dis- 
solved by an acid. Washing in acid is 
a common procedure after diamond 
cutting. Unlike the 0.75 ct synthetic 
diamond, the color zoning in this 
stone, while uneven, did not follow 
an obvious hourglass pattern. Only 
examination through the bezel facets 
provided us with the visual clue of a 
partial cubic growth structure, which 
suggested synthetic origin. The 
strong magnetic reaction (in response 
to the remaining, wholly included 
flux) confirmed that this diamond 
was also synthetic. 

Although the surface features of 
both synthetic diamonds were some- 
what unusual, the other properties 
were consistent with those previously 
noted for this material (see, e.g., J. E. 
Shigley et al., “A chart for the separa- 
tion of natural and synthetic dia- 
monds,” Winter 1995 Gems e&) Gemol- 
ogy, pp. 256-265). 

Akira Hyatt 
and Thomas Gelb 


Another MUSGRAVITE 
In the Summer 1997 Gem News sec- 
tion (pp. 145-147), the editors de- 
scribed the first example of faceted 
musgravite they had seen. Since that 
time, many people have submitted 
stones to the laboratory for testing in 
the hopes that they would prove to 
be musgravite, which has become 
highly sought after as a collector’s 
stone. Until recently, all of those 
stones turned out to be taaffeite. The 
separation of these two minerals is 
difficult, because their physical and 
optical properties overlap to such a 
degree that it is impossible to distin- 
guish them completely with standard 
gemological testing. 

A few months ago, gem collector 
James Houran sent our West Coast 
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Figure 13. Left: Large cavities were visible on the table of this 0.52 ct orangy yellow synthetic diamond at rela- 
tively low magnification (15x). Center: At higher magnification (45x), it is evident that these cavities are amor- 
phous rather than crystalline in shape. Right: Examination with reflected light confirmed that the cavities 
were not related to surface-reaching inclusions but were probably the result of flux inclusions that had been 
dissolved during an acid cleaning after polishing (magnified 15x). 


lab a stone that had been represented 
to him as green taaffeite, a color we 
had not seen in that gem species. The 
0.36 ct cushion mixed cut was actual- 
ly greenish gray (figure 14). Standard 
gemological testing revealed refrac- 
tive indices of 1.719-1.726 (birefrin- 
gence 0.007), a specific gravity of 3.61, 
no pleochroism or UV fluorescence, 
and a band at 460 nm in the desk- 
model spectroscope. These properties 
were within the range for taaffeite, 
but the R.I. and birefringence were 
relatively high compared to those 
noted in the majority of taaffeites we 
had seen. Checking the literature, we 
found that these were the exact opti- 
cal properties reported for musgravite 
in the above-mentioned Gem News 
item. To confirm this identification, 
we performed more-sophisticated 
tests on the stone. 

Qualitative chemical analysis by 
EDXREF revealed magnesium and alu- 
minum as the primary components, 
with relatively high concentrations of 
iron and zinc, and smaller amounts of 
manganese, calcium, and gallium. 
This chemistry is consistent with 
taaffeite and musgravite, BeMg,Al,O,, 
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and (Mg,Fe,Zn),BeA,,.O,,, respectively 
(Gaines et al., Dana’s New Mineral- 
ogy, 8th ed., John Wiley & Sons, New 
York, 1997, p. 309; Be and O are not 
detectable with EDXRF). However, 
even though higher levels of iron and 
zinc have been noted previously in 
musgravite, this chemistry is not dis- 
tinctive of either mineral. 

In 1998, L. Kiefert and K. Schmet- 


Figure 14. This 0.36 ct greenish 
gray musgravite is only the sec- 
ond faceted example of this 
mineral species seen at the GIA 
Gem Trade Laboratory. 
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zer published a study describing the 
separation of taaffeite and musgravite 
using Raman analysis (“Distinction of 
taaffeite and musgravite,” Journal of 
Gemmology, Vol. 26, No. 3, pp. 
165-167). We had used this method 
on several stones submitted to the lab 
in the past that were represented as 
musgravite. In those cases, the spectra 
always showed a match for taaffeite, 
and this identification was subse- 
quently confirmed by X-ray diffrac- 
tion analysis. This time, however, the 
Raman spectra matched the pub- 
lished results for musgravite, and X- 
ray diffraction analysis verified the 
identification. This was the first 
opportunity we have had to confirm 
in our laboratory the usefulness of 
Raman spectroscopy in distinguishing 
musgravite from taaffeite. 

This was only the second example 
of faceted musgravite to come through 
our laboratory (and only the fourth 
reported, to our knowledge). It was 
also particularly useful, in that the 
test results were consistent with the 
previously published high-end refrac- 
tive index and birefringence for mus- 
gravite as well as with the published 
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Figure 15. Note the broad range of natural colors in this five-strand 
necklace of natural saltwater pearls (3.75-10.30 mm). 


distinction of this mineral using 
Raman spectroscopy. SFM 


PEARLS 

Natural Five-Strand Pastel 
Necklace 

Given the recent rise in popularity of a 
broader range of pearl colors, we were 
intrigued by a necklace that was sub- 
mitted to the East Coast lab. The five- 
strand necklace contained a total of 
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518 pearls, ranging from approximate- 
ly 3.75 to 10.30 mm, of various shapes 
and colors (figure 15). The strands were 
graduated in length and attached by a 
diamond clasp. Using the standard 
gemological tests of X-radiography, X- 
ray fluorescence, and magnification, 
we determined that all were saltwater 
pearls of natural origin and color. 

The worn condition of the pearls 
indicated that the necklace was an 
older piece, and as such it displayed 
an unusually broad range of pastel 
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colors. These included the oranges, 
yellows, and pinks that are so popular 
today in Chinese freshwater cultured 
pearls (see, e.g., Fall 1998 Lab Notes, 
pp. 216-217, and the cover and p. 102 
of the Summer 2.000 issue of Gems & 
Gemology). It also displayed cooler 
hues such as blues and violets. In 
addition, there were several greenish 
yellow pearls, and even one pearl 
with a stronger saturation that 
appeared similar to what might be 
considered a “pistachio” color today. 
The asymmetrical, if not some- 
what random, placement of the vari- 
ous pearls made for a visually engag- 
ing piece that was further enhanced 
by the diamond clasp. The clasp was 
composed of a single very light brown 
marquise-cut diamond surrounded by 
near-colorless baguettes and triangu- 
lar cuts. The color of the marquise 
worked well with this necklace, com- 
plementing the hues and tones of the 
various pearls. Akira Hyatt 


QUARTZITE 

Bangle Dyed Three Colors to 
Imitate Jadeite 

In December 2.000, the East Coast lab 
received for identification a translu- 
cent bangle bracelet that was a mot- 
tled lavender, green, and orange. It 
measured approximately 74.75 x 
14.20 x 8.20 mm (figure 16). Carved 
from a single piece of gem material, 
such bracelets are commonly made of 
jadeite or nephrite, since their excep- 
tional toughness is required to give 
the piece durability. 

Standard gemological testing 
revealed a spot refractive index of 1.54 
on the crystalline aggregate material. 
This did not match the R.IL. of either 
jadeite (1.66) or nephrite (1.61). Micro- 
scopic examination of each color 
region revealed dye concentrations in 
fractures and in between individual 
grains; the dye concentrations over- 
lapped in those areas where two colors 
appeared to meet (figure 17). Although 
we did not see any distinct lines with 
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Figure 16. This tri-colored, dyed, and impregnated quartzite bangle 
bracelet is effective as a simulant of high-quality jadeite. 


a desk-model prism spectroscope, the 
green area revealed a dark absorption 
in the far red (680-700 nm). The 


Figure 17. At 50x magnification, 
the dye concentrations in the 
bracelet shown in figure 16 can 
be seen to overlap where the col- 
ors appear to meet. 
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lavender areas fluoresced a medium 
pink to long-wave UV radiation, and 
the whole bracelet fluoresced a medi- 
um-strong bluish white to short-wave 
UV. Testing with a Fourier-transform 
infrared spectrometer (FTIR) con- 
firmed that the bracelet was not 
jadeite and suggested quartz. More 
importantly, this spectrum indicated 
that the bracelet had been polymer 
impregnated. 

Identification of the bracelet as 
dyed quartzite was not surprising, 
since this metamorphic rock—formed 
by the silica cementation of quartz 
grains—is one of the most familiar 
jadeite simulants in today’s market 
(see, e.g., R. Kammerling et al., “Some 
common—and not so common—imi- 
tations of jade,” Journal of the 
Gemmological Association of Hong 
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Kong, Vol. 18, 1995, pp. 12-19). 
Quartzite is also commonly dyed a 
variety of colors to imitate various 
types of jadeite (see Summer 1991 
Gem News, p. 122; Winter 1987 Lab 
Notes, p. 234; and Summer 1987 Lab 
Notes, pp. 106-107). 

What was somewhat surprising 
was that the bracelet had been poly- 
mer impregnated. Jadeite is often 
“bleached” with acids to remove 
staining, a process that weakens its 
structure by dissolving and removing 
random grains. As a result, bleached 
jadeite is usually impregnated with 
polymers to restore durability and 
improve luster. Such an impregnation 
may also add color if a dye has been 
mixed into the polymer. Quartzite 
should not need to be impregnated, 
even after “bleaching,” because 
quartz is not soluble in the acids used 
for jade bleaching. In the case of this 
bracelet, the impregnation may have 
been merely a way to carry the dye 
into the quartzite. Alternatively, the 
piece may have been polymer impreg- 
nated precisely to deceive—not only 
the casual observer, but also the 
advanced gemological tester—by giv- 
ing a polymer signal on the spectrom- 
eter. Because there are only slight dis- 
tinctions in the infrared spectra of 
jadeite and quartz, a tester who was 
looking only for evidence of treat- 
ment might overlook the subtle dif- 
ferences. Although we reported on an 
impregnated dyed green quartzite 
cabochon in the Summer 1995 Lab 
Notes (pp. 125-126), this was the first 
tri-colored dyed and impregnated 
quartzite bangle examined in our lab. 

Wendi M. Mayerson 
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GEM NEWS International 


his issue marks the introduction of the Gem News 

International (GNI) section in Gems & Gemology. 
We have restructured the Gem News section as GNI to 
truly reflect the international nature of our discipline. 
This section will provide a forum for brief communica- 
tions and specific coverage of new localities, new materi- 
als, and new techniques/instrumentation, as well as the 
conference reports and many other interesting develop- 
ments that our readers have come to anticipate. The edi- 
torship of GNI has been assumed by Brendan Laurs, 
senior editor of Gems # Gemology. In addition, we have 
added three more contributing editors from the world’s 
major gemological laboratories. 

As before, items from other contributors are welcome. 
Author bylines are provided for contributing editors and 
outside authors (with affiliation and e-mail, where avail- 
able, on the first entry if more than one entry is provided). 
Items without bylines were prepared by the section editor 
or other GwG staff. All contributions should be sent to 
Brendan Laurs at blaurs@gia.edu (e-mail), 760-603-4595 
(fax), or GIA, 5345 Armada Drive, Carlsbad, CA 92008. 


DIAMONDS GD 


White House Conference on “Conflict” Diamonds. In an 
effort to ensure political stability and eliminate human 
rights abuses in certain African countries, the outgoing 
U.S. Presidential administration convened the “White 
House Diamond Conference: Technologies for Identi- 
fication and Certification” in Washington, D.C., on 
January 10. This one-day conference addressed the need to 
eliminate conflict diamonds (e.g., those mined from rebel- 
controlled areas in Angola, the Democratic Republic of 
the Congo, and Sierra Leone) from international com- 
merce. The objective was to determine if technology is in 
place—or could be developed and perfected within the 
next five to 10 years—to identify or track rough and pol- 
ished diamonds from specific regions of origin through 
the jewelry trade to the consumer. This goal should be 
accomplished without disrupting or penalizing the legiti- 
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mate diamond trade, including the economies of African 
countries that depend on legitimate diamond exports, 
such as Botswana, Namibia, and South Africa. According 
to current estimates, conflict diamonds account for less 
than 4% of the world’s rough diamond production. 

The conference brought together 132 participants from 
governments, the diamond industry, companies with spe- 
cialized technologies, academia (including museums), and 
humanitarian nongovernmental organizations (e.g., Global 
Witness, Amnesty International). Most of the participants 
were policy makers, scientists, and engineers from the 
U.S. Also present were technical personnel from Canada, 
Great Britain, Belgium, and Israel, as well as diplomatic 
representatives of countries involved in the diamond trade. 

A plenary “background” session explained the complex- 
ities of the diamond industry to conference participants 
who were not involved in the trade. Recurrent themes were: 


e The long-term harm that negative publicity associated 
with conflict diamonds could cause the jewelry industry 


e The recognition that, with the knowledge presently 
available, it is not possible to certify the country of ori- 
gin of individual diamonds, either rough or polished 


e The difficulty of completely eliminating trade in con- 
flict diamonds in impoverished societies where corrup- 
tion exists. 


The World Diamond Council (represented by Eli 
Izhakoff) strongly supports a global rough-diamond certifica- 
tion program, such as the proposed “System for 
International Rough Diamond Export and Import 
Controls,” as the only feasible approach to the conflict dia- 
mond problem at this time (to view a copy of the document, 
visit www.worlddiamondcouncil.com). Yet the intricacies 
of the diamond “pipeline” (described by Jeffrey Fischer of 
the Diamond Manufacturers and Importers Association of 
America), in which diamonds mined in 22 countries often 
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Figure 1. At a recent White House conference on 
“conflict” diamonds, scientists grappled with meth- 
ods of determining the country of origin of rough and 
polished diamonds. Some experts have classified the 
geographic origin of rough diamonds by observing 
their external morphology. Note the complex features 
on the surface of this 1.03 ct diamond (see inset) from 
the Sewa River in Sierra Leone. Photos courtesy of 
Thomas Hunn Co., Grand Junction, Colorado. 


go through numerous mixings and trans-border crossings 
before they reach the cutting factory, makes any control sys- 
tem a challenge. The Belgian High Diamond Council (HRD, 
represented by Mark van Bockstael) recently helped imple- 
ment a prototype certification program for legitimate dia- 
monds from Angola and Sierra Leone. 

The following session, on measuring chemical and 
physical properties of diamonds to determine their coun- 
try of origin, focused on diamond formation in the Earth’s 
interior and subsequent transport to the surface (Prof. 
Stephen Haggerty, University of Massachusetts), chemi- 
cal and isotopic analyses (Prof. Roberta Rudnick, 
University of Maryland), and spectroscopic characteristics 
(Prof. Lawrence Taylor, University of Tennessee). 
Notwithstanding the possibilities suggested by many 
advanced and sophisticated techniques and instruments 
(e.g., determinations of trace elements and C, N, O, and S$ 
isotopes in diamonds and their inclusions by various 
forms of mass spectrometry), no chemical or physical 
method is sufficiently definitive to be practical for deter- 
mining the country of origin of a diamond. 

Dr. Jeff Harris (University of Glasgow) noted that 
experts can sometimes classify the geographic origin of 
some rough diamonds with a high degree of confidence on 
the basis of external morphology (see, e.g., figure 1)—par- 
ticularly with “run of mine” parcels. However, mixing of 
rough diamonds from different sources can defeat the 
authenticity of such determinations. The likelihood of rec- 
ognizing rough diamonds from Angola and Sierra Leone is 
also severely hampered by the fact that the vast majority 
of the conflict diamonds in these countries are alluvial in 
origin, so they probably originate from several primary 
sources (possibly in neighboring “nonconflict“ countries). 

The task of determining a diamond’s country of origin 
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becomes quite daunting when the actual magnitude of 
the diamond trade is realized. One of us (JES) informed 
the conference participants that over 800 million polished 
diamonds enter the market annually, and the vast majori- 
ty are small stones weighing about 2-3 points on average 
(mostly cut in India). Furthermore, all the potentially use- 
ful methods to analyze the chemical or physical proper- 
ties of diamonds or their inclusions require expensive 
equipment, highly trained personnel, and lengthy time- 
frames. A large database of information about the chemi- 
cal and physical properties of diamonds from each produc- 
ing country (and mine) would be required to make such 
techniques definitive, and no such database (or collection 
of diamonds from which it could be developed) yet exists. 

Since there is currently no method to chemically or 
physically “fingerprint” diamonds for provenance, the final 
morning session on technologies to support a global certifi- 
cation program became more relevant. Simon Pitman repre- 
sented the De La Rue company, which has been in the busi- 
ness of supplying secure and authenticated products (e.g., 
securities and bank notes) for over 200 years. In cooperation 
with the Belgian HRD, this company is now engaged in 
developing the secure certification necessary for the move- 
ment of legitimate diamonds from Angola and Sierra Leone. 
The De La Rue methods appear to employ technologies 
similar to those used by the U.S. Secret Service (represented 
by Dr. Antonio Cantu) to combat counterfeiting or alter- 
ation of legitimate currency and documents. 

Several novel suggestions were presented for “tagging” 
(i.e., uniquely identifying) individual diamonds. Instru- 
mentation manufactured by Gemprint Corp. (represented 
by Hermann Wallner) records the reflections of laser light 
on or through a fashioned diamond. According to Mr. 
Wallner, the reflection pattern for each diamond is unique 
(because of slight differences in the angles between pol- 
ished faces) and can be stored in a database to help track a 
diamond after polishing. At present, however, this tech- 
nique is not applicable to rough diamonds, and the 
Gemprint “signature” may be altered if the diamond is 
repolished. Sarin Technologies (represented by Zeev 
Leshem) offered the possibility that individual rough 
stones could be uniquely identified and subsequently 
tracked by “mapping” their surfaces with proprietary pro- 
portion measurement machines. Also of interest was the 
concept (called Gemtrac) proposed by 3Beams Tech- 
nologies (represented by Dr. Jayant Neogi) to brand and 
track diamonds from the mine to the consumer. In this 
scenario, individual diamonds would be given a “bar code” 
at the mine—either directly on the rough diamond, or 
encapsulated in a biodegradable polymer that would also 
hold the diamond. This means of identification would 
accompany the diamond through the polishing stage and 
eventually to the consumer. All transactions involving the 
diamond would be stored in a central database. 

For the second half of the conference, participants 
were divided into four groups based on their expertise, 
and then reassembled for final discussions. The “Chain of 
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Custody” group discussed methods to expand certifica- 
tion programs globally in a practical and cost-effective 
manner, without penalizing legitimate producers or bur- 
dening the entire industry with increased costs. The 
“Tagging Technologies” group observed that the proposed 
suggestions for tagging individual diamonds (see above] 
were probably not yet practical. However, the group con- 
sidered the laser tagging of individual large and valuable 
stones as a possible alternative. 

The “Spectroscopic Analysis” group recognized that 
reference diamonds from specific mines and countries are 
not available for study, and that without such diamonds it 
is not possible to determine if there are locality-specific 
diagnostic spectroscopic features. One member of the 
group (Prof. George Rossman, California Institute of 
Technology) presented an imaginative method for deter- 
mining the latitude from which a diamond originated and, 
by inference, the country in which it was mined. This tech- 
nique uses the hydrogen and oxygen isotopic composition 
of clays found on the surface (e.g., within minute crevices) 
of rough diamonds. However, a thorough cleaning of a dia- 
mond (to remove the clay) or treating the specimen with 
clay from a different locality could defeat this approach. 

The “Chemical Analysis” group also noted the need 
for reference diamonds from specific mines and countries. 
There is potential for characterizing parcels using physi- 
cal features (e.g., morphology, color, inclusions), perhaps 
assisted by studies of chemical characteristics of individu- 


Figure 2. This 6.0 ct alexan- 
drite from Madagascar shows 
a distinct color change from 
purple in incandescent light 
(left) to green in daylight- 
equivalent fluorescent light 
(right). Courtesy of Evan 
Caplan, Los Angeles; photo 
by Maha Tannous. 


al diamonds, but much more work is needed. Also, identi- 
fying chemical variations in diamonds will require very 
sensitive and expensive techniques such as ion micro- 
probe analysis and laser ablation mass spectrometry; 
these are also somewhat destructive. Although the use of 
bio-tracers, pollen, and other materials that might be 
retained on the surface of a rough diamond was men- 
tioned, they are likely to have limited utility. It will be 
difficult to prove that the data provided by any of the 
chemical methods from a single diamond is absolutely 
unique to a deposit or country of origin. 

In conclusion, no definitive scientific means exists 
today to identify the country of origin of a diamond. 
Although “tagging” systems are available that could help 
document the movement of diamonds from mine to mar- 
ket, none of the methods suggested thus far is practical 
for dealing with the millions of carats of rough diamonds 
mined each year. It appears that the only hope to deal 
with conflict diamonds in the near future rests with a 
multinational certification system (such as the World 
Diamond Council proposal mentioned above) that 
authenticates the movement of legitimate diamonds. 


Alfred A. Levinson 
University of Calgary, Alberta, Canada 
levinson@geo.ucalgary.ca 


James E. Shigley 
GIA Research, Carlsbad 


TUCSON 2001 


Once again, the numerous gem and mineral shows in 
Tucson, Arizona, revealed several interesting new and 
unusual items among the thousands of rubies, emeralds, 
sapphires, and other gems seen in this vast marketplace 
every year. Among the highlights this year were a 23.23 
ct tsavorite garnet from Tanzania (see below), a 6.0 ct 
alexandrite from Madagascar with a distinct green-to- 
purple color change (figure 2), a 270 ct opal from 
Lightning Ridge, Australia (figure 3), and platinum- or 
gold-coated drusy materials (see below). We also took 
this opportunity to acquire more information on materi- 
als seen in the trade over the years that are not well 
known. G#G thanks our many friends who shared mate- 
rial with us this year. 
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DIAMONDS 


Update on GIA’s diamond cut research. At the Tucson 
Convention Center on February 4, GIA Research 
Associate Al Gilbertson and Manager of Research and 
Development Dr. Ilene Reinitz presented some prelimi- 
nary findings from the next stage in GIA’s ongoing study 
of the influence of proportions on the appearance of 
round-brilliant-cut diamonds. Their presentation focused 
on three main topics: (1) three-dimensional modeling of a 
light ray’s path through a polished diamond, (2) the effect 
of “panorama”—that is, lighting conditions and all 
objects in proximity to the diamond, including the 
observer—on diamond appearance; and (3) how sharp 
contrasts in the panorama can affect the appearance of 
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Pearl Identification by 
X-Ray Diffraction 


Mappin’s Gemmological Laboratories, Montreal 


by 


WILLIAM H. BARNES, M.Sc., Ph.D. 
Associate Professor of Chemistry, McGill University 


Part Il—Results 


Cultured Pearl 
The cultured pearl employed for 
most of the present study is shown 
in Figure 4. It was almost perfectly 
spherical with a diameter of about 
8 mm., a weight of 17.17 pearl- 
grains and had not been drilled. 


Figure 4 
From left to right: Natural (Oriental) Pearl, Cultured 
Pearl, Conch Pearl, Mother-of-Pearl Bead 


Penet7  PAe-18 


Figure 5 


By means of preliminary X-ray 
diffraction photographs the direc- 
tion of the pseudo-hexagonal axes 
of the aragonite crystals in the 
mother-of-pearl core was deter- 
mined and the setting of the pearl 
on the photogoniometer was adjusted 
so that the 
X-ray beam 
passed 
through 
the centre of 
the pearl 
along this di- 
rection. The 
diffraction 
photographs 
reproduced in 
Figure 5 were 
obtained with 
the X-ray beam 
along the direc- 
tion of the 
pseudo-hexagonal axes (P-42-14) and 
at angles of 10° (P-42-15), 20° 
(P-42-16), 30° (P-42-17), 45° (P- 
42-18) and 90° (P-42-19), respec- 
tively, to the direction of these axes. 
These patterns show a _ gradual 
change from halo to rectangular type 
as the angle between the X-ray beam 
and the direction of the pseudo- 
hexagonal axes is increased. Definite 
indications of the rectangular pat- 
tern are obtained when this angle is 
30° (P-42-17) and it becomes clear 
enough for unambiguous recognition 
at 45° (P-42-18). Since Galibourg 
and Ryziger (1,c) have reported 
37° as the minimum angle of diver- 


fire, such as the number and variety of “chromatic 
flares’”—single occurrences of colored spectral light, 
either one color or a band of colors—that emerge from 
the diamond. GIA will continue to publish findings from 
their cut project in future issues of Gems & Gemology. 
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Cultured abalone pearls from California. At the GJX 
show, Pearls of Passion International (Davenport, 
California) exhibited an assortment of 10-14 mm cul- 
tured abalone mabe pearls (see, e.g., figure 4). Their first 
commercial harvest, in early 1999, yielded a few hundred 
cultured abalone pearls, but in 2000 production increased 
to tens of thousands of cultured pearls. The company’s 
success is credited to two decades of research and devel- 
opment on Pacific Coast abalone. 

The Haliotis rufescens, or red abalone, is the only 
species used to culture California abalone pearls on the 
Davenport pearl farm, which is located 120 km (75 miles) 
south of San Francisco. The land-based operation consists 
of 2,000,000 abalone that are bred and nurtured to matu- 
rity for insertion of the nucleus at three years of age. 


Figure 3. This 270 ct opal from Lightning Ridge, 
Australia, was mined about 30 years ago, but exhibit- 
ed in Tucson for the first time this year. Note the 
interesting feather-like patterns of the play-of-color. 
Courtesy of Opex Opal, Santa Barbara, California; 
photo by Robert Weldon, © GIA. 
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Figure 4. Cultured abalone mabe pearls from 
California are being commercially farmed using 
Haliotis rufescens, or red abalone. These mabes 
show some of the colors produced (11-13 mm in 
diameter). Courtesy of Pearls of Passion 
International; photo by Angelique Crown. 


Nucleation is performed year-around, as is harvesting 
after an average cultivation period of 18 to 24 months. 
Although the implantation techniques are proprietary, 
the nuclei consist of fashioned pieces of shell or hardened 
polymer, and are attached to the interior of the abalone’s 
shell without surgery (which could jeopardize the ani- 
mal’s health). After implantation, the abalone are housed 
in tanks and fed a mixture of local sea kelp. To ensure the 
optimal growing conditions of their natural environment, 
the water temperature is kept at 10°-13°C (50°-55°F) by 
circulating 2,000 gallons of fresh seawater throughout the 
nursery per minute. 

The nucleus is retained during harvesting, when the 
cultured mabes are cut from the shell and rounded into 
calibrated sizes (10-14 mm) or freeform designs. Typically, 
a separate disk fabricated from abalone shell is attached to 
the back of each cultured pearl to finish the assembly, 
although some of the cultured mabes used in closed-back 
jewelry designs do not have the shell backing. Of the har- 
vested cultured pearls, 25% represent top quality, with a 
consistent nacre thickness between 0.5 and 2.0 mm on 
every piece. No treatments or enhancements are used to 
achieve the high natural luster and lively magenta, blue, 
violet, and green body colors. To differentiate their cul- 
tured abalone pearls from other pearl products, the compa- 
ny plans to introduce a branding strategy this June. 


Angelique Crown 
Eclat, La Jolla, California 
eclat@gemkey.com 
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Figure 5. This Afghan emerald crystal (4.02 ct) was 
recently mined at Korgun, Laghman Province. Courtesy 
of Dudley Blauwet Gems; photo by Jeff Scovil. 


Benitoite mine sold. At this year’s Tucson Gem & 
Mineral Society (TGMS) show, rumors were confirmed 
that the world’s sole commercial source of gem benitoite 
has been sold to a new mining group. The Benitoite Gem 


Figure 6. These emeralds (0.38-2.04 ct) were recently 
recovered during bulk sampling at the new Piteiras 
emerald deposit in Minas Gerais, Brazil. Courtesy of 
Seahawk Minerals Ltd.; photo by Maha Tannous. 
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mine was purchased last November by Benitoite Mining 
Inc., Golden, Colorado. Company president Bryan Lees 
told GNI editor Brendan Laurs that negotiations for the 
property were initiated with past-owners William Forrest 
and Elvis “Buzz” Gray—who have been working the 
mine on a part-time basis for more than three decades— 
after AZCO Mining dropped its option in early 2000. 

We have since learned that Benitoite Mining initiated 
work at the mine in March 2001. Next year, the company 
plans to expand the existing open pit in search of new 
lode material, while building a new, larger, washing plant 
for processing the eluvial reserves and old tailings. The 
new plant will capture the small pieces of gem rough that 
were overlooked in the past, and the company intends to 
create a market for melee-size faceted stones. Benitoite 
mineral specimens will be sold through the affiliated 
Collector’s Edge company in Golden, Colorado. 


Emeralds from Laghman, Afghanistan. For many years, 
Afghanistan has supplied modest amounts of high-quality 
emeralds from mines in the Panjshir Valley (see, e.g., G. 
Bowersox et al., “Emeralds of the Panjshir Valley, 
Afghanistan,” Spring 1991 Gems & Gemology, pp. 26-39). 
Recently, emeralds have also been found to the southeast 
in Laghman Province, which is famous for gem-bearing 
pegmatite deposits of tourmaline, spodumene, aquamarine, 
and morganite. According to Dudley Blauwet (Dudley 
Blauwet Gems, Louisville, Colorado), there are two emer- 
ald localities—Lamonda and Korgun. At Lamonda, large 
(up to 3 x 4 cm) semitransparent crystals are produced, and 
associated minerals on some specimens suggest that these 
emeralds formed in a granitic pegmatite, rather than in 
hydrothermal veins as in the Panjshir Valley. At Korgun, 
about 4—5 kg of smaller crystals were reportedly produced 
last summer, some of which are gemmy and have saturated 
color (see, e.g., figure 5). Syed Iftikhar Hussain (Syed 
Trading Co., Peshawar, Pakistan) had about 25 faceted 
emeralds from Laghman, with the largest weighing 1.39 ct. 
Most of the stones were lightly included and their green 
color showed moderate saturation. 


First production of emeralds from Piteiras, Brazil. 
Representatives from Seahawk Minerals Ltd. showed 
GewG editors several polished emeralds (figure 6) from the 
new Piteiras property in Minas Gerais. Piteiras is situated 
between the Belmont mine to the northwest, where emer- 
alds were first discovered in this region in 1976, and the 
Capoeirana mining area to the southeast (see D. S. Epstein, 
“The Capoeirana emerald deposit . . .,” Fall 1989 Gems # 
Gemology, pp. 150-158). This emerald-bearing belt lies 
approximately 14 km southeast of the city of Itabira. 

The Piteiras deposit was discovered in October 1998; 
bulk-sample testing is now underway to determine the 
feasibility of underground mining (figure 7). Geologic 
mapping, geochemical soil sampling, pitting, and system- 
atic core drilling have defined an emerald-bearing phlogo- 
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Figure 7. From the tun- 
nel shown here, the 
emerald-bearing “black- 
wall zone” at Piteiras is 
being explored by under- 
ground bulk sampling. 
Courtesy of Seahawk 
Minerals Ltd. 


pite/biotite “blackwall zone” over an area of 200 x 800 m 
with possible extensions. This zone, with a thickness 
ranging from 0.5 to more than 10 m, is the site of intense 
contact metasomatism between ultrabasic rocks (a source 
of chromium) and adjacent alumino-silicates (a source of 
beryllium). 

Of 45 core holes drilled by Seahawk, 36 intersected 
the blackwall zone and 18 of these contained emerald 
crystals or emerald fragments. A crystal recovered from 
one such core yielded a fine-color 2.44 ct faceted oval, as 
well as a 4.6 ct cabochon. 

A 3,000 ton bulk sample is being excavated from 
beneath the southeastern section of the mining property. 
Shortly before the Tucson show, a 538-gram aggregate of 
emeralds in phlogopite schist was recovered at the entrance 
of the newly established ramp. This aggregate yielded 725 
carats of rough and preformed emeralds that are being 
faceted (again, see figure 6) and polished as cabochons. 

Jan Kanis 
55758 Veitsrodt, Germany 


Educational iolite. When visiting the Tucson shows, the 
Interstate 10 corridor is a particularly good place to search 
for unusual gemology-related items such as out-of-print 
books, used and unusual instruments, and gems appropri- 
ate for educational purposes. Many dealers also set up tem- 
porary “shops” in the many hotels paralleling the freeway. 

At one of these hotels, Le Mineral Brut from St. Jean 
Le Vieux, France, offered a variety of interesting gem 
materials from Madagascar. These included well-polished 
specimens of copal containing both insects and arachnids 
(see, e.g., Spring 2000 Gem News, pp. 67-68), polished 
samples of “Ocean Jasper” (see, e.g., Spring 2000 Gem 
News, p. 69}, and a large selection of transparent precision- 
cut iolite blocks which were displayed on a light table. 

All gemologists are familiar with the distinctive 
pleochroism shown by iolite, which is ofen used to teach 
this property in the classroom. This dramatic pleochro- 
ism is clearly visible in the block pictured in figure 8, 
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which weighs 8.25 ct and measures 11.25 x 8.96 x 6.56 

mm. The dark blue color projecting through the top of the 

block is in stark contrast to the light brown to near-color- 

less sides. To those unfamiliar with the visual effects of 

pleochroism, this gives a first impression that the blue 
surface may have been coated or painted blue. 

John I. Koivula and Maha Tannous 

GIA Gem Trade Laboratory, Carlsbad 

jkoivula@gia.edu 


“Hte Long Sein” jadeite. Several deposits in northern 
Myanmar produce jadeite, but one locality near Lonkin is 
the source of a relatively new type called “Hte Long Sein” 
(figure 9), which means “full green” in Burmese. 
Although this deposit was discovered in 1994, large-scale 
mining by the Myanmar government and a private enter- 
prise did not start until 1997. Since 1999, a wide variety of 
Hte Long Sein jadeite products have entered the Hong 
Kong market, including carved butterflies, leaves, bead- 
work, and bangles. This is the first year the material was 
shown in Tucson, by Mason-Kay Inc. (Denver, Colorado) 
at the AGTA show. 

Hte Long Sein jadeite generally has a bright green 
color but poor transparency, which is due to abundant 
fine internal fractures. The transparency can be increased 
by cutting the material into thin slices, and lower-quality 
material is commonly impregnated with an epoxy resin 
(easily detected by infrared spectroscopy). Hte Long Sein 
jadeite also has the following properties, as determined by 
this contributor: coarse- to medium-grained granular tex- 
ture, generally with no preferred orientation of the crys- 
tals; S.G. of 3.30-3.31; R.I. of 1.66; appears green with the 
Chelsea color filter; inert to both long- and short-wave 
UV radiation; infrared and Raman spectra are similar to 
those of typical green jadeite. 

Electron microprobe analyses (performed at the 
Mineral Deposit Research Institute at the China Academy 
of Geological Science and at The Testing Centre of the 
China University of Geosciences in Wuhan) indicate that 
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Figure 8. This 8.25 ct rectangular block of iolite was 
carefully oriented to display its distinctive pleochro- 
ism. Photo by Maha Tannous. 


this jadeite contains up to 2.61 wt.% Cr,O,, which pro- 
vides the bright green color. 

C. M. Ou Yang 

Hong Kong Gems Laboratory 

cmouyang@my.netvigator.com 


Editor’s note: Further information on very thin pieces of 
dark green jadeite jade—possibly from this source—can be 
found in the Fall 1995 Lab Notes, pp. 199-201, and 
Winter 1995 Lab Notes, pp. 266-267. 


Kunzite from Nigeria. Although famous for its recent pro- 
duction of tourmaline and spessartine (see, e.g., Gem 
News: Winter 1998, pp. 298-299, and Winter 1999, p. 
216), Nigeria also produces several other gemstones, 
among them spodumene (kunzite). Dudley Blauwet had 
an attractive rough-and-cut pair of transparent pink 
Nigerian kunzite (figure 10) that reportedly was recovered 
last fall near the Niger/Kaduna border. Bill Larson of Pala 
International (Fallbrook, California) estimates that about 
2 kg of gemmy Nigerian kunzite have been produced over 
the past two years. 


“Rainbow” obsidian from Jalisco, Mexico. Although this 
material has been known for several years (see, e.g., 
Summer 1993 Gem News, p. 133, and Spring 1997 Gem 
News, p. 63), Larry Castle of Carved Opal and Obsidian, 
Austin, Texas, was marketing large quantities of cleverly 
carved “rainbow” obsidian in a novel double-heart pattern 
(figure 11). 

A recent study by J. L. Greller and G. Ulmer (“Sheen 
and ‘rainbow’ obsidians: An electron microprobe study,” 
Geological Society of America Abstracts with Program, 
Northeastern Section, Vol. 30, No. 1, 1998, p. 22) indicated 
that the iridescent colors are caused by oriented rods of 
augitic pyroxene. The “rainbow” results from layers of dif- 
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ferent iridescent colors of obsidian. Each layer has a single 
color—perhaps related to the size, orientation, and number 
of the pyroxene rods—which in the better qualities pro- 
duces alternating colors of iridescent violet, blue, green, 
yellow, orange, and pink. Orientation of the rough is criti- 
cal to revealing the iridescence. In addition, when samples 
are cut at a shallow angle (e.g., 10°) to the layers, the vari- 
ous colors appear parallel to one another. Thus, cutting of 
the material as high-domed cabochons or spheres produces 
concentric patterns. By manipulating the material in this 
fashion, lapidaries in Mexico produced the unusual dou- 
ble-heart pattern illustrated in figure 11. 
Robert E. Kane 
Helena, Montana 
rekane@compusetve.com 


New production of Indonesian opal. An array of attractive 
Indonesian opals, some set in 22K yellow gold jewelry, 
were exhibited at the TGMS show by Pelangi-Dharma 
Mulia, an opal mining, cutting, and jewelry-making com- 
pany in Jakarta, Indonesia. The company owns 11 
hectares (about 27 acres) of opal-bearing land in the 


Figure 9. “Hte Long Sein” jadeite, from a relatively 
new source in Myanmar, is typically carved in very 
thin pieces that show a rich green color. Courtesy of 
Cc. M. Ou Yang. 
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Banten area of West Java. Irwan Holmes, an American 
consultant for the company, told GNI editor Brendan 
Laurs that the opal was mined over the past year, and rep- 
resented some of the best material recovered so far from 
his (and other) deposits. Mr. Holmes estimated that the 
Banten area yielded nearly 1,000 carats of fine-quality 
opal last year, from approximately 10 active mines, each 
of which produces a different type of opal. 

Both white opal and various types of “hydrophane” opal 
(e.g., light, dark, and “golden”) were being exhibited (figure 
12). Although black opal is also recovered at one of the 
deposits, it was not being sold because much of it is unsta- 
ble. The white opal is translucent to semitransparent, with 
an intense play-of-color. According to Mr. Holmes, this 
material typically is stable, although occasional samples 
develop a white cloudiness after cutting. The material mar- 
keted as “hydrophane” is semitransparent to opaque and 
shows intense play-of-color that reportedly disappears when 
the opal is immersed in water, the play-of-color returns after 
the stones dehydrate (typically within one hour in an air- 
conditioned room). This is opposite to the behavior com- 
monly associated with hydrophane opal (see, e.g., R. 
Webster, revised by P. G. Read, Gems—Their Sources, 
Descriptions, and Identification, 5th ed., Butterworth 
Heinemann, 1994, p. 246), such as that found in Australia. 


Australian prehnite returns. Although prehnite from 
Australia has been seen in the gem trade for nearly two 
decades, this year at the Tucson Intergem show we noted 
significant quantities of attractive material (see, e.g., fig- 
ure 13). Jay Lennon of Jayrock, Adelaide, Australia told 
GNI editor Brendan Laurs that the material had been 
stockpiled from alluvial deposits on aboriginal land near 
Wave Hill over the past 20 years. This remote locality in 
the Northern Territories is several hundred kilometers 
east of the nearest town, Catherine. The supplier of the 
material recently sold some of his stock to Mr. Lennon, 
who was delighted in the opportunity since collecting the 
prehnite reportedly has been illegal for the past five years. 

Australian prehnite typically is greenish yellow to yel- 
low. The prominent radial fibrous structure of this aggre- 
gate material gives rise to a moonstone-like appearance in 
some stones. Gemological properties (obtained from one 
sample by Shane McClure, GIA Gem Trade Laboratory 
director of Identification Services) were: semitransparent 
to translucent; R.I. of 1.618-1.641, S.G. of 2.91; weak dull 
yellow fluorescence to long-wave UV radiation, and weak 
orange to short-wave; aggregate reaction in the polar- 
iscope; no spectrum seen with the desk-model spectro- 
scope. Note that both refractive indices may sometimes 
be seen in an aggregate material that is very compact, 
with an exceptionally small grain size. 

According to Mr. Lennon, gem-quality prehnite is 
very rare: a 400 kg parcel of rough might be expected to 
yield just 6 kg of translucent tumbled stones and 4 kg of 
semitransparent beads. In addition to tumbled stones and 
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Figure 10. Small amounts of kunzite have recently 
been found in gem-rich Nigeria. The crystal shown 
here is 5.7 cm high, and the cushion-cut stone 
weighs 12.29 ct. Courtesy of Dudley Blauwet Gems; 
photo by Jeff Scovil. 


Figure 11. The double-heart pattern in this “rainbow” 
obsidian from Mexico (7.5 x 4.2 cm) is produced by 
carving the material so that parallel layers of different 
colors are cleverly exposed. Photo by Maha Tannous. 
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Figure 12. These attractive opals originated from the 
Banten area of West Java, Indonesia. Clockwise from 
the top, the samples weigh 48.04, 7.08, 2.55, 2.64, and 
11.30 ct. Courtesy of Pelangi-Dharma Mulia; photo by 
Elizabeth Schrader. 


beads (both polished and faceted), Mr. Lennon had numer- 
ous freeform cabochons as well as a few faceted stones. 
All of the stones were hand polished in India. 


“Yosemite” topaz. Its general lack of brilliance in faceted 
form relegates colorless topaz to the status of a less-than- 
popular gem material. It is now routinely irradiated and 
heated to create a more desirable blue color, but is rarely 
used in its natural colorless state. This year, however, we 
saw a beautiful exception to this rule. The 59.73 ct color- 
less topaz shown in figure 14 was among the small works 
of natural gem art on display in Tucson. 

The lapidary, Kevin Lane Smith of Tucson, took 
advantage of the natural surface etching on this topaz. 


Figure 13. Significant quantities of attractive prehnite 
reappeared in Tucson this year. The largest stone 
shown here weighs 28.61 ct, and the pear shape weighs 
15.32 ct. Courtesy of Jayrock; photo by Maha Tannous. 
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The result is a dramatic natural art scene that looks like a 
landscape you might see in California’s Yosemite 
National Park. 

The Winter 1996 Gem News (p. 283) also featured nat- 
urally etched scenes that were incorporated into fash- 
ioned quartz and beryl. However, this is the first time we 
have seen colorless topaz used in this creative manner. 

John I. Koivula and Maha Tannous 


Colored tourmaline from northern Pakistan. Large quanti- 
ties of gem tourmaline have been produced in 
Afghanistan, but thus far neighboring Pakistan has yield- 
ed little of this popular gem mineral for faceting. The 
country’s most prolific pegmatites, in the Gilgit-Skardu 
area of northern Pakistan, typically produce aquamarine, 
brownish topaz, and schorl, although some deposits also 
have green and bicolored pink-green tourmaline crystals 
that are typically too included for faceting. Lesser-known 
pegmatites in the Azad Kashmir area yield spessartine 
garnet and some colored tourmaline. Another pegmatite 
district in the Chitral area has produced mainly aquama- 
rine. (For an overview of these pegmatite deposits, see A. 
H. Kazmi and M. O’Donoghue, Gemstones of Pakistan— 
Geology and Gemmology, Gemstone Corporation of 
Pakistan, Peshawar, 1990). 

Recently, some unusual gemmy yellow to greenish yel- 
low tourmalines were mined in northern Pakistan, in the 
vicinity of the world’s ninth highest mountain, Nanga 
Parbat (8,125 m/26,657 feet). We know of two dealers who 
were carrying this material in Tucson—Dudley Blauwet at 
the TGMS show and Syed Iftikhar Hussain in the Best 
Western Executive Inn. During a recent buying trip to 
Pakistan, Mr. Blauwet told us, he saw small parcels of yel- 
low (see, e.g., figure 15), light pink, and bicolored green- 
pink tourmaline, reportedly from new deposits northeast of 
Nanga Parbat between Astor and the Raikot Bridge, which 
is on the Karakorum Highway. A few of the crystals were 
transparent enough for faceting. Mr. Hussain had 2-3 kg of 
greenish yellow to yellowish green tourmalines from this 
area that were mined in July and August 2000 (see, e.g., fig- 
ure 16). Most were cabochon-grade, although some were 
facetable. The largest crystals recovered reportedly were up 
to about 7 cm. Gemological properties measured on one 
16.07 ct crystal by GNI editor Brendan Laurs are as follows: 
color—yellow-green to green-yellow, R.I—1.63 (spot), S.G. 
(measured hydrostatically}—3.09, inert to short- and long- 
wave UV radiation, and inclusions consisting of partially 
healed fractures, “feathers,” and dust-like clouds. 

Although quantities of colored tourmaline from 
Pakistan remain limited so far, pegmatites in the 
Astor-Raikot Bridge area show interesting potential for 
future gem production. 


Fashioning the “Green King of Africa” tsavorite. Recently a 
remarkable suite of tsavorites was faceted from a single 
piece of rough, just in time for the Tucson show. This entry 
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provides some background on the difficult decisions faced 
by the cutter when dealing with large rough such as this. 

Late in December 2000, a miner offered this contribu- 
tor a 192 ct piece of tsavorite that was reportedly found in 
the tailings of the old Titus tsavorite mine in Tanzania. 
The stone had a heavily included and cracked surface, and 
appeared at first glance to have only a small central por- 
tion of facetable quality. If the rough was sawn in the 
directions shown in figure 17, the miner estimated, it 
could produce a single 12 ct cushion-cut gem and about 
20-30 carats of smaller, lower-quality stones. 

However, this contributor suspected that the rough had 
a much larger gem concealed within. After purchasing the 
stone, business partner Avi Meirom and I began a series of 
examinations which included immersing the stone in baby 
oil, tea, and at one point, a glass of whiskey. The cracks on 
the surface of the rough were misleading, because they did 
not penetrate the full depth of the stone. Therefore, we 
decided to saw the stone in entirely different directions 
from those proposed by the miner. We believed that the 
largest gem-quality portion was on the area seen on the left 
of side A in figure 18 (also seen in the lower part of side B). 
To liberate this area for cutting, three sawcuts would be 
needed (A, B, and C), each penetrating just part way into 
the stone (figure 19). Additional cuts were required to 
obtain the other gemmy portions. Cuts A and B were done 
with a very thin saw blade (0.1 mm) at relatively low speed 
with plenty of water. The blade was actually bent slightly 
along the major crack in the B direction. 

After slicing and preshaping, we obtained a clean 
cushion preform weighing 28.8 ct. Final faceting yielded 
an exceptional 23.23 ct gemstone (figure 20). The rough 
also yielded a 6.80 ct pear and 18.32 carats of other gems 
weighing 1-3 ct. The total yield of the 192 ct piece of tsa- 
vorite rough was 41.50 ct, or 21.6%. 

Menahem Sevdermish 
Menavi Quality Cut, Ramat Gan, Israel 
smenahem@netvision.net.il 


Highlights from the TGMS Show and Mineralogical 
Symposium. As part of the four-day TGMS show, the 
Friends of Mineralogy, the Tucson Gem and Mineral 
Society, and the Mineralogical Society of America host an 
annual mineral symposium. The purpose of the symposium 
is to bring together amateur collectors and professional min- 
eralogists to exchange information—this year, on Russian 
gems and minerals. Abstracts were published in the 
January-February 2001 issue of the Mineralogical Record. 
The following presentations contained interesting 
gemological information. Dr. Dmitry Belakovsky, curator 
of the Fersman Mineralogical Museum in Moscow, pro- 
vided an overview of famous localities—past, present, and 
future. He focused on two notable periods of collecting: In 
the middle of the 18th century, the great Siberian expedi- 
tions found aquamarine, tourmaline, heliodor, and topaz. 
Then, in the second quarter of the 20th century, geologic 
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Figure 14. The natural etch patterns on the surface of 
this polished topaz (32.67 x 25.0 x 7.1 mm) produce a 
scene reminiscent of Yosemite National Park. Photo 
by Maha Tannous. 


expeditions to the northern Ural Mountains and Siberia, 
the Central Asian Republics, and the Kola Peninsula 
located more gem and mineral deposits. As a result, about 
200 important mineral localities are known in the former 
Soviet Union. Dr. Belakovsky concluded by pointing out 
that military and economic collapse have resulted in the 
closure of many important localities. In addition, the 
complications of mining licenses and export requirements 
make it difficult to export gems and minerals today. 

An interesting talk authored by Drs. William (Skip) 
Simmons, Karen Webber, and Alexander Falster of the 
University of New Orleans focused on tourmaline from 
the Malkhanskiy pegmatite district of the Transbaikal 
region of south-central Siberia. Seven pegmatites are 
currently being mined for rubellite and polychrome 


Figure 15. Yellow tourmaline crystals such as this 
one (5.1 cm long) were recently mined from a new 
area in northern Pakistan. Photo by Dudley Blauwet. 
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Figure 16. Northern Pakistan is also the source of 
these yellowish green tourmalines. The largest crys- 
tal measures 3.5 cm tall. Courtesy of Syed Trading 
Co.; photo by Jeff Scovil. 


tourmaline. Electron microprobe analyses of the tour- 
maline revealed elbaite compositions with a significant 
liddicoatite component in some samples. 

Dr. Peter Lyckberg presented three lectures on gem 
deposits in Russia, the Ukraine, Kazakhstan, and Tajikistan. 
For each region, he reviewed mining during the past few 
decades. He also clarified an often-mislabeled locality, 
Sherlovaya Gora in the Transbaikal region of Siberia, 
Russia. Called the greatest gem beryl producer in Russia, it 
is a greisen deposit that has been confused with another peg- 
matite locality in the Adun Chelon Mountain Range, which 
also produces beryl, but with different characteristics. 

A new gem map of Russia and adjacent countries was 


Figure 17. The miner proposed sawing the tsavorite 
rough in these directions, to yield a cushion-shape 
estimated at 12 ct and additional smaller gems that 
would total about 30 carats. 
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available at the TGMS show. Although printed in Russian, 
it is accompanied by a guide in English. The map and 
guide can be purchased from Mineralogical Almanac (min- 
books@online.ru), P.O. Box 368, Moscow, Russia 103009. 

Other gem and jewelry highlights on display at the 
TGMS show were: 


e More than 60 Fabergé pieces from several collectors and 
dealers 

e Fabergé memorabilia including invoices for two 
Imperial eggs, early catalogs, and photographs of the 
Fabergé workshops 

¢ The Mackay emerald necklace, featuring the largest cut 
emerald (168 ct) in the National Gem Collection at the 
Smithsonian Institution 

e Large gemmy aquamarine crystals from southern India, 
including the 10 kg crystal pictured in the Fall 2000 GN 
section (additional crystals on display weighed 2.3 kg, 
650 g, and 280 g} 

e A 2,750 ct treated-color blue topaz, fashioned by Dr. 
Artmura Kirk and donated to the Virginia Polytechnic 
Institute and State University. 


Next year, the 48th Tucson Gem & Mineral Society 
show will feature minerals and art from Africa. 

Dona M. Dirlam 

GIA Library and Information Center, Carlsbad 

ddirlam@gia.edu 


Faceted vesuvianite from California. Although small 
quantities of polished yellow-green vesuvianite 
(idocrase) from northern California have been around 
for years, this year’s TGMS show saw the commercial 
availability of faceted material (see, e.g., figure 21). The 
historic deposit—east of Paradise on the Feather 
River—was reopened three years ago by these contribu- 
tors and Ben Halpin. The deposit consists of pods and 
lenses of massive vesuvianite within sheared serpen- 
tine, and is one of the original localities for a yellow- 


Figure 18. A careful examination of the tsavorite 
revealed a much larger gem concealed within, so it was 
decided to saw the gem in entirely different directions. 
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green variety of vesuvianite sometimes known as 
“Californite” or “Pulga jade.” In addition to cabochons, 
as this vesuvianite is typically seen, about 250 carats of 
faceted stones recently have been cut, ranging from 
0.1-3 ct. More faceted vesuvianite is expected this sum- 
mer from a 10 kg parcel of rough that is presently being 
cut. An additional 10-20 kg of rough is being cleaned 
and processed for future cutting. The yield of faceted 
stones is typically just one-quarter of 1%, and of cabo- 
chons, approximately 5%. 

Gemological properties (obtained from one sample by 
Shane McClure) were: R.I. of 1.71; S.G. of 3.36; inert to 
long- and short-wave UV radiation; aggregate reaction in 
the polariscope; strong 464 nm band visible with a spec- 
troscope; and a hazy appearance due to the aggregate 
structure. The material exhibited in Tucson was the first 
to be commercially recovered in several decades, and 
mining will resume in May 2001. The deposit shows 
strong potential to supply commercial quantities of gem 
vesuvianite for years to come. 

Anders Karlsson and 
Roger Smith (saladinsmith@earthlink.net) 
Orion Gems, Carmel, California 


SYNTHETICS AND SIMULANTS Gl 


Opal imitations. Among the unusual synthetics and simu- 
lants seen at Tucson was a semi-transparent synthetic 
opal triplet (see, e.g., figure 22) that consisted of a thin slab 
of synthetic opal sandwiched between two pieces of trans- 
parent glass (R.I. of 1.515): a dome top and flat base. (More 
commonly, opal triplets are opaque, because a black chal- 
cedony or onyx base is used.) A variety of shapes were 
available, in sizes from 5 x 3 mm to 20 x 15 mm. Also 
seen were opal triplet beads ranging from 4 to 12 mm. 
Probably intended for use as ear studs, these beads were 


Figure 19. Using a fine blade, the tsavorite was careful- 
ly sawn to preserve the large facetable area on the left. 
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Figure 20. The 23.23 ct “Green King of Africa” is 
shown here, together with several other stones 
(1.05—6.80 ct) cut from the same rough. Courtesy of 
Menavi Quality Cut Ltd.; photo by Maha Tannous. 


composed of glass that had a very small, thin, two-layered 
patch consisting of opal (represented as natural) attached 
to a dark gray- or black-coated glass. As shown in figure 
22, the glass was very effective in reflecting the play-of- 
color from the thin slice of opal in the patch. 
Wendi M. Mayerson 
GIA Gem Trade Laboratory, New York 
wmayerson@gia.edu 


Phillip G. York 
GIA Education, Carlsbad 


Green flame-fusion synthetic sapphire. Green is an 
uncommon color for gem sapphires—whether natural or 
synthetic—but this year, significant quantities of green 
flame-fusion synthetic sapphires were being sold by one 
distributor at the GLDA (Gem and Lapidary Dealers 
Association) show. Robert Silverman of Lannyte 
(Houston, Texas) had several dozen faceted examples, as 
well as numerous boules (see, e.g., figure 23). He stated 
that this green synthetic sapphire has been grown in 
Europe for at least the past two years, but this was the 
first time it had been cut and made available to the trade 
in the U.S. The color ranged from green to bluish green, 
with the latter being more common. 

The faceted green synthetic sapphires are usually in the 
2-3 ct range. Larger samples are not readily available, 
because the boules are of limited size (typically not more 
than 50 mm long and 20 mm wide), and are color zoned 
with a pale exterior. During growth of the boules, the melt 
initially crystallizes into dark “cobalt” blue synthetic sap- 
phire, but according to Mr. Silverman, the color changes to 
green shortly after crystallization. Typically, one end of 
each boule (i.e., the last part of the boule to crystallize) 
retains a small portion of blue color (again, see figure 23). 
Previous studies of green synthetic sapphire have docu- 
mented Co* or a combination of Co** and V** as the color- 
causing agents (see, e.g., Spring 1995 Lab Notes, pp. 57-58). 
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Figure 21. Commercial quantities of faceted vesu- 
vianite debuted in Tucson this year. The stones 
shown here weigh 0.41-3.31 ct. Courtesy of Roger 
Smith; photo by Maha Tannous. 


TREATMENTS 


Platinum coating of drusy materials. Again this year, drusy 
gemstones were very popular at the Tucson gem shows. 
The newest addition to the drusy family, “platinum 
drusy,” has a platinum coating reportedly applied via vapor 
deposition onto a black drusy surface. The material was 
seen at the booths of Maxam Magnata Designer Drusy 
(Tucson, Arizona) and Rare Earth Mining Co. (Trumbull, 
Connecticut); the latter was marketing it as “Tucsonite.” 
According to literature provided by Maxam Magnata, the 
surface material typically consists of dyed black quartz 
(commonly known as black onyx in the trade) from Brazil. 
In some pieces, the platinum coating had been pol- 
ished off the smooth rim surrounding the drusy crystal 
surface, creating the illusion of pavé diamonds surround- 


Figure 22. This 14 ¥ 10 mm cabochon (left) is a synthet- 
ic opal triplet. The 5 mm bead on the right derives its 
rich color from a thin slice of reportedly natural opal on 
a black-coated glass base. Photo by Maha Tannous. 
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ed by a bezel (figure 24). The pieces were marketed in 
pairs (of various shapes) for earrings and in larger free- 
form pieces for pins and necklaces. 

A similar material also was available that had been 
coated with 23K yellow gold. Because both the gold and 
the platinum finishes are coatings, and thus should not be 
directly buffed or polished, it was recommended to jewel- 
ers that the metal mounting be cleaned prior to setting. 
After mounting, water and a soft toothbrush are the 
cleaning materials of choice. 

Wendi M. Mayerson and Phillip G. York 


MISCELLANEOUS GD 


An attractive way to display loose gemstones. This year, 
several exhibitors at Tucson were using a convenient 
device for displaying gemstones of various sizes and 
shapes. The “Gem Clipper” comes in three sizes, for 
holding faceted stones that are 4-9 mm, 7-15 mm, and 
13-19 mm (figure 25). It is available with a variety of dif- 
ferent bases. The clip that holds the stone is made from 
flexible stainless steel with a high spring tension. This 
design allows it to be used as a stand-alone display or as a 
tool for picking up and examining the gemstone. 


Micromosaics from natural gemstones. Micromosaics were 
introduced in the 18th century as diminutive imitations of 
wall mosaics found at Herculaneum and Pompeii in 
ancient Italy. They became particularly popular as ele- 
ments in the “archeological style” jewelry that was fash- 
ionable in the 19th century. The tiny tiles, or tesserae, used 
to make micromosaic images were traditionally made of 
glass. Although micromosaics were out of fashion for most 
of the 20th century, interest in them has grown in the last 
decade due to a greater interest in antique jewelry. 

The micromosaic technique has been revived and 
brought to a new level by a group of Russian artists based 
in Moscow. Victor Kuzmishchev and Elena Koroleva, 
among others, use gemstones in place of glass to create a 
wide range of original compositions and copies of old 
masterpieces, as well as portraits, landscapes, and icons 
(see, e.g., figure 26). Their booth at the GLDA show exhib- 
ited a number of very fine micromosaic plaques and 
three-dimensional objects, which incorporated 55 kinds of 
natural gem materials, including topaz, aquamarine, and 
other beryl. The tesserae range from 0.15 x 0.15 x 0.7 mm 
to 0.7 x 0.7 x 0.7 mm, and it takes 300-500 tesserae to fill 
an area of just 1 cm?. 

Elise B. Misiorowski 
Jewelry Historian, Los Angeles 
elisemiz@aol.com 


ANNOUNCEMENTS GS. 


Leigha theft. On February 6, a theft occurred from Arthur 
Lee Anderson’s Gem Arts booth after the closing of the 
GJX show in Tucson. Among the items stolen were pieces 
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gence between the X-ray beam and 
the pseudo-hexagonal axis for the 
appearance of the rectangular pat- 
tern, a diffraction photograph (P- 
42-23, Figure 6) was taken with the 
present pearl in this position. The 
resulting pattern (P-42-23) is more 
clearly recognizable as a distorted 
rectangular one than is the one 
(P-42-17, Figure 5) obtained when 


P42-30 42-21 P42-22 


Figure 6 


the angle between the beam and the 
pseudo-hexagonal axis was 30°. 
Since the transition from the halo 
to the rectangular pattern is grad- 
ual, however, the precise angle of 
divergence between the X-ray beam 
and the pseudo-hexagonal axis at 
which the rectangular pattern be- 
comes unambiguously distinct prob- 
ably depends on the physical char- 
acteristics of the particular mother- 
of-pearl core involved. The present 
results indicate that it is in the 
neighbourhood of 87° as found by 
Galibourg and Ryziger. 

Since this angle is less than 45°, 
it follows that if the X-ray beam is 
at an angle of 90° to any direction 
along which a halo (or hexagonal) 
pattern is obtained, a cultured pearl 


should give a recognizable rectangu- 
lar one. Thus in Figure 6, the dif- 
fraction pattern P-42-20 was ob- 
tained with the X-ray beam at 90° 
to the direction along which photo- 
graph P-42-18, Figure 5, was taken. 
For P-42-18, the beam was at 45° 
to the pseudo-hexagonal axis; for 
P-42-20, therefore, it was also at 
45° to this axis. Similarly, pattern 
P-42-21, Figure 6, was obtained with 
the X-ray beam at 90° to the direc- 
tion along which photograph P- 
42-23, Figure 6, was taken. For 
P-42-23 the beam was at 37° to the 
pseudo-hexagonal axis; for P-42-21, 
therefore, the corresponding angle 
was 538°. Finally, pattern P-42-22, 
Figure 6, was obtained with the 
X-ray beam at 90° to the direction 
along which photograph P-42-17, 
Figure 5, was taken. For P-42-17 
the beam was at 30° to the pseudo- 
hexagonal axis; for P-42-22, there- 
fore, the corresponding angle was 
60°. 

These results show that, although 
the ideal rectangular pattern is ob- 
tained when the X-ray beam is nor- 
mal to the direction of the pseudo- 
hexagonal axes in the mother-of- 
pearl core of a cultured pearl 
(P-42-19), almost perfect diagrams 
continue to appear as the angle be- 
tween the beam and the direction of 
the pseudo-hexagonal axes is re- 
duced from 90° to about 50° (P- 
42-21) and increasing distortion 
does not prevent recognition of the 
rectangular pattern until the angle 
decreases to less than about 37° 
(P-42-23). 

If the layers of the mother-of- 
pearl core are perfectly plane, the 
diffraction patterns obtained when 
the X-ray beam passes through the 
pearl in a given direction with re- 
spect to the pseudo-hexagonal axes 

(Continued on Page 440) 


Figure 23. These green flame-fusion synthetic sapphires 
were reportedly grown in Europe. The faceted examples 
weigh 2.17 and 1.80 ct, and the split boule measures 40 
¥ 16 mm. Note the dark blue area on the left end of the 
boule. Courtesy of Lannyte; photo by Maha Tannous. 


from Mr. Anderson’s gem sculpture Leigha, which was 
featured in the Spring 1998 issue of Gems #) Gemology 
(pp. 24-33). The arms, legs, skirt, and base of the statue 


Figure 24. The glittering appearance of these pieces 


results from a thin coating of platinum that has been 


applied over drusy gem materials. The two smaller 
pieces measure approximately 11.5 mm in maxi- 
mum dimension. Photo by Maha Tannous. 
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were stolen, along with photos that chronicled the making 
of the statue and showed the finished work. Mr. Anderson 
is offering a $5,000 reward for the return of the pieces. 
Anyone with knowledge of these items’ whereabouts may 
contact intermediary John Brady at 520-623-4353. 


Conferences 

Fourth Oxford Conference on Spectrometry. Held June 
9-13 at Davidson College in Davidson, North Carolina, 
this conference is expected to draw a large group of scien- 
tists in the field of spectrometry, color science, appear- 
ance measurements, and related areas. Call Dr. Art 
Springsteen at 602-525-4479, or e-mail arts@aviantech- 
nologies.com. 


Figure 25. A range of sizes and designs are available 
for the “Gem Clipper,” a device to display loose 
gemstones. Shown here are a 3.40 ct topaz (right), 
an 8.58 ct amethyst (middle), and a 3.37 ct tsa- 
vorite (left). Photo by Maha Tannous. 
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Figure 26. This micromosaic portrait of the leader of 
the Russian Orthodox church measures 48 x 63 mm, 
and is constructed of several natural gem materials. 
Tesserae of gold have been used to enhance the rich- 
ness of the piece. Courtesy of Vikart, Moscow, 
Russia; photo by Robert Weldon. 


FIPP 2001. The 11th International Gemstones Show and 
the 13th Open Air Precious Stones Show will be held July 
4-8 at the Teofilo Otoni City Hall in Minas Gerais, 
Brazil. The shows will feature conferences, mining tours, 
and 220 gem exhibitors. Fax 55-33-3522-1662 or e-mail 
geabr@uai.com.br. 


Jewelry 2001. The 22nd Annual Antique & Period 
Jewelry and Gemstone Conference will be held July 
14-22 at Adelphi University in Garden City, Long Island, 
New York. This conference will emphasize jewelry of 
the 18th through 20th centuries and its identification 
through the understanding of stone cutting, jewelry mak- 
ing techniques, and stylistic influences. A wide variety of 
hands-on seminars and demonstrations will be offered. 
Visit www.jewelrycamp.org, call 212-535-2479, or e-mail 
jwlrycamp@aol.com. 
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Diamond 2001. The 12th European Conference on 
Diamond, Diamond-Like Materials, Carbon Nanotubes, 
Nitrides & Silicon Carbide will take place September 2—7 
in Budapest, Hungary. The program will include growth 
technologies, as well as advanced characterization tech- 
niques, of natural and high pressure grown synthetic dia- 
mond, silicon carbide, and other materials. Visit 
http://www.diamond-conference.com or e-mail 
e.reed@elsevier.co.uk. 


Exhibits 

Gold of Africa Museum. AngloGold has opened the 
world’s first museum dedicated to African gold. Located 
in the historic Martin Melck House in Cape Town, South 
Africa, it features a permanent collection of more than 
350 gold objects from Ghana, the Ivory Coast, Mali, and 
Senegal. These 19th and 20th century pieces, ranging 
from crowns to jewelry, were purchased recently from the 
Barbier-Mueller Museum in Geneva. Visit www.anglo- 
gold.com (see November 23, 2000 press release and Photo 
Library). 


Romancing the Stone: The Many Facets of Tourmaline. Now 
through January 20, 2002, at the Harvard Museum of Natural 
History in Cambridge, Massachusetts, this exhibition features 
an extensive collection of tourmaline. Visitors can see an 
array of crystals and fine jewelry, while learning about the 
natural history of tourmaline and its ornamental and practical 
uses. Visit www.hmnh.harvard.edu/tourmalines.html or call 
617-495-3045. 


Programa Royal Collections. On display at the Museo de las 
Ciencias Principe Felipe in Valencia, Spain, the Programa 
Royal Collections features two major compilations: the 
Royal Collection and Art Natura. The Royal Collection 
contains over 200,000 carats of cut gemstones in both clas- 
sical and fancy shapes, many of which weigh more than 
1,000 carats. Art Natura contains over 100,000 carats of 
small sculptures and carvings made of gem materials. These 
two exhibitions will be on display for the next five years, 
along with additional temporary exhibitions. Visit 
http://elindice.com/FinanzasyNegocios/GemologiayMetales 
or e-mail prc.aeie@maptel. 


ERAT OM ED 


In the Winter 2000 gem localities article by Shigley et al., 
the caption for figure 28 (p. 310) should have included the 
following information: “Photo © Tino Hammid and 
Christie’s Hong Kong.” Our apologies for the omission. 
Also, on p. 302 and p. 319 of this article, the famous 
nephrite jade area in the Liaoning Province is Xiu Yan 
County, rather than Xiu Lan County. We thank Sophia Cui 
at the China University of Geoscience for this correction. 
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The following 25 questions are based on informa- 
tion from the four 2000 issues of Gems & Gemology. 
Refer to the feature articles and “Notes and New 
Techniques” in those issues to find the single best 
answer for each question; then mark your choice on 
the response card provided in this issue. (Sorry, no 
photocopies or facsimiles will be accepted; contact 
the Subscriptions Department—dortiz @gia.edu—if 
you wish to purchase additional copies of this issue.) 
Mail the card so that we receive it no later than Mon- 
day, August 6, 2001. Please include your name and 
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address. All entries will be acknowledged with a let- 
ter and an answer key after the due date. 


Score 75% or better, and you will receive a GIA 
Continuing Education Certificate. If you are a member of 
the GIA Alumni Association, you will earn 5 Carat Points 
toward GIA’s Alumni Circle of Achievement. (Be sure to 
include your GIA Alumni membership number on your 
answer card and submit your Carat card for credit.) Earn 
a perfect score, and your name will also be featured in 
the Fall 2001 issue of Gems & Gemology. Good luck! 


1. What diamond type can be changed 
from brown to greenish yellow by 
HPHT processing? 

A. Type lla 
B. Type IIb 
C. Type la 
D. Type Ib 


2. The most common type of treatment 
(aside from dyeing) used for gems 
continues to be 

A. irradiation. 

B. heat treatment. 

C. diffusion treatment. 
D. fracture filling. 


3. Which of these analytical techniques 
could not be considered “mature” to 
gemologists in the 1990s? 

A. Isotopic studies 
B. Ultraviolet-visible spec- 
troscopy 
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C. Electron microprobe analysis 
D. X-ray fluorescence spectrometry 


4. If bead-nucleated Chinese freshwa- 
ter cultured pearls do become com- 
mon in the future, their nature will 
be readily identifiable by 

A. Fourier-transform infrared 
spectroscopy. 

B. magnification. 

C. X-radiography. 

D. X-ray diffraction. 


5. Most of the corundum mined from 
the Jegdalek deposit in east-central 
Afghanistan is 

A. ruby. 

B. pink sapphire. 

C. blue sapphire. 

D. bicolored blue and red-to-pink 
corundum. 


6. 
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The emphasis on fancy-color dia- 
monds in jewelry during the 1990s 
was primarily due to the greater 
availability of fancy brown, yellow, 
and pink diamonds from 

A. Australia. 

B. Canada. 

C. Brazil. 

D. Russia. 


. The larger size of Chinese freshwater 


cultured pearls over the last several 
years can be attributed primarily to 

A. a longer cultivation period and 
the use of younger mussels. 

B. the change from the Hyriopsis 
cumingi mussel to the Cristaria 
plicata. 

C. the use of mantle-tissue nuclei. 

D. the use of reject cultured 
pearls as nuclei. 
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8. In Myanmar’s Jade Tract, miners 
often can identify the occasional 
jadeite boulder by 

A. its slightly sticky feel. 

B. the distinct ringing sound it 
makes when struck with a 
metal tool. 

C. its greater heft than other types 
of rock in the conglomerate. 

D. all of the above. 


9. Spectral features due to single sub- 
stitutional nitrogen atoms in a nomi- 
nally type Ila diamond provide an 
indication of 

A. fracture filling. 
B. HPHT treatment. 
C. irradiation. 

D. a surface coating. 


10. The purple to purplish red color of 
chromium-bearing taaffeites is a 
function of the relative amounts of 
chromium and present. 

A. cobalt 

B. titanium 

C. iron 

D. manganese 


11. A new laser treatment for dia- 
monds, which typically does not 
have a surface-reaching drill hole, 
works best on 

A. small inclusions. 


B. inclusions deep within a stone. 


C. dark inclusions near the sur- 
face. 

D. light inclusions far from the 
stone’s surface. 


12.Diagnostic inclusions, in the form 

of ____, were documented in 
Tairus hydrothermal synthetic 
emeralds in the 1990s. 

A. iron oxides 

B. platinum platelets 

C. flux “fingerprints” 

D. chromite 


13.Evidence that a near-colorless type 
lla diamond has been HPHT treat- 
ed can be provided by a combina- 
tion of 
A. photoluminescence spectra 
and inclusions. 
B. graining and cathodolumines- 
cence. 
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C. X-ray topography and infrared 
spectra. 
D. infrared spectra and graining. 


14. The most significant amethyst- 
producing country of the 1990s 
was 

A. Zambia. 
B. Uruguay. 
C. Brazil. 

D. Canada. 


15. Diamonds filled with Oved’s new 
XL-21 glass formulation are char- 
acterized by 

A. a strong flash effect. 

B. the “Oved” logo inscribed on 
a bezel facet. 

C. the detection of Pb and Bi by 
EDXRF analysis. 

D. all of the above. 


16. Which imitation rough was most 
common in the 1990s? 
A. Imitation diamond crystals 
B. Imitation ruby crystals 
C. Imitation sapphire crystals 
D. Imitation emerald crystals 


17. Which significant technological 
challenge of the 1980s remained in 
the 1990s? 

A. Identifying synthetic diamonds 
by their fluorescence 

B. Determining origin of color for 
green diamonds 

C. Identifying GE POL diamonds 

D. Characterizing diamond fillers 


18. HPHT-treated greenish yellow to 
yellowish green diamonds may 
show 

A. chalky greenish yellow fluores- 
cence. 

B. strong green “transmission” 
(luminescence to visible light). 

C. fractures with etched, frosted 
textures or partial graphitization. 

D. all of the above. 


19. Most of the shell jewelry discov- 
ered at archeological sites on the 
island of Antigua was manufac- 
tured from the shell. 

A. queen conch 
B. nautilus 
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20. 


21. 


22: 


23. 


24. 


25. 


C. abalone 
D. thorny oyster 


The ___ effect of one gem 
material overlaid on another was 
introduced to the jewelry world in 
the 1990s. 


A. “optic dish” 
B. “drusy” 
C. “Mystere” 


\" 


D. “trompe |’oei 


Gem-quality hatiyne is rarely seen 
in jewelry because of 
A. its high specific gravity and 
low luster. 
B. its rarity and low hardness. 
C. its treatment with paraffin wax. 
D. its popularity as a collector's 
stone. 


X-ray diffraction analysis identified 
lazurite and as the princi- 
pal minerals in samples of first- 
grade lapis lazuli from both Chile 
and Afghanistan. 

A. wollastonite 

B. barite 

C. pyrite 

D. calcite 


The first major demantoid garnet 
locality outside of Russia was dis- 
covered in in the mid- 
1990s. 

A. Namibia 

B. Tanzania 

C. China 

D. Madagascar 


The most important factor in the 
evaluation of Burmese jadeite is 
A. diaphaneity. 

B. texture. 

C. color. 

D. cut. 


Sapphires from the Antsiranana 
Province of Madagascar show 
internal features typical of 
deposits. 

A. marble-hosted 

B. metamorphic 

C. basaltic-magmatic 

D. alluvial 
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Book REVIEWS 


Jeweled Bugs and Butterflies 


By Marilyn Nissenson and Susan 
Jonas, 120 pp., illus., publ. by Harry 
N. Abrams, New York, 2000. 
US$29.95* 


If you're a lover of jeweled bugs and 
butterflies, this is the book for you. It 
is highlighted by 127 magnificent full- 
color photographs of objects related to 
this theme. The fine quality of the 
photographs shows off the detail of the 
creatures. You will enjoy scarabs from 
ancient Egypt and objects from the Art 
Nouveau period (featuring the work of 
René Lalique), as well as pieces from 
many other artists and eras. 

While at first glance you might 
purchase this book for your coffee 
table, it offers much more. You will 
gain a historical perspective on jew- 
eled bugs through the ages, discover 
their lore, and even get a lesson in 
entomology. Did you know that 
insects first appeared on Earth some 
350-400 million years ago? Or that at 
least 750,000 species of insects have 
been identified? Are you curious 
about the Art Nouveau period? 
Reading this text will give you some 
insight into these topics. 

The book is divided into six chap- 
ters, by category of bugs. The first sec- 
tion is on “Creepy Crawlers,” spiders 
and beetles, among the most displeas- 
ing creatures to some, are featured in 
jeweled splendor. The next section is 
devoted to “Scarabs,” or dung beetles. 
Perhaps the first insects to be used in 
jewelry, scarabs were worn for protec- 
tion by early Egyptians. Flying 
insects—especially bees—are featured 
in “Buzzers and Stingers.” Next, in 
“Dragonflies,” you'll see pieces with 
delicate wings of plique-a-jour enamel. 
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The juxtaposition of women and 
insects by Art Nouveau designers fol- 
lows in “Winged Women.” The last 
section features the bejeweled wings of 
“Butterflies and Moths.” 

The authors have compiled a won- 
derful tribute to Jeweled Bugs and But- 
terflies. I would highly recommend 
this book to anyone who has an affin- 
ity for these curious creatures and the 
period jewelry in which they were fea- 
tured so prominently. 

DIANE SAITO 

Gemological Institute of America 

Carlsbad, California 


Paulding Farnham: 

Tiffany’s Lost Genius 

By John Loring, 151 pp., illus., publ. 
by Harry N. Abrams, New York, 
2000. US$49.50* 


As the 19th century eased into the 
20th, George Paulding Farnham of 
Tiffany and Co. was one of the 
world’s most celebrated designers of 
jewelry and silver. His use of Ameri- 
can gemstones is renowned (his beau- 
tiful iris brooch [illustrated on p. 31 
of the Spring 1995 issue of Gems & 
Gemology] is the quintessential 
Montana sapphire jewel), and his 
enameled orchids are highly prized 
by collectors of fine jewelry. I person- 
ally had always wondered what the 
reasons were behind his apparently 
abrupt departure from Tiffany’s, and 
John Loring not only answers this 
question, but he also gives insight 
into Farnham’s personal history and 
inspirations. 

The book’s preface and introduc- 
tion track Farnham’s 22 years at 
Tiffany & Co. while giving glimpses 
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EDITORS 


Susan B. Johnson 
Jana E. Miyahira-Smith 


into his personal life. They also ex- 
plain that his departure came when 
Louis Comfort Tiffany inherited con- 
trol of the company. Tiffany and Farn- 
ham had radically different views on 
design, and conflict was inevitable. 
The book is then divided into chapters 
that categorize Farnham’s work. The 
first chapter, “Nature,” highlights 
Farnham’s beautiful floral brooches, 
many of which incorporated enamel 
along with gemstones. It also show- 
cases a number of pieces that feature 
bees, beetles, lizards, snakes, and 
birds. The next chapter, “Orchids,” 
features Farnham’s famous enameled 
orchid brooches. Originally fabricated 
for the 1889 Paris Exposition Univer- 
selle, these brooches were realistically 
rendered in enamel, gold, and, often, 
gemstones. Highly collectible, they 
command high prices at auction 
today. “Native American Design” dis- 
plays incredible bowls, vases, and ves- 
sels—in most cases, fashioned in sil- 
ver—that were inspired by Native 
American pottery. There are also 
chapters on “The Louis’ Revival,” 
“Victorianism,” and “The Renais- 
sance Revival,” which all do a won- 
derful job of discussing and illustrat- 
ing these influences on Farnham’s 
jewelry and silver. 

Loring’s book is lavishly illustrat- 
ed, with photographs of many pieces 
as well as with actual renderings and 
sketches in Farnham’s hand. They 


“This book is available for jpur- 
chase through the GIA Bookstore, 
5345 Armada Drive, Carlsbad, CA 
92008. Telephone: (800) 421-7250, 
ext. 4200; outside the U.S. (760) 
603-4200. Fax: (760) 603-4266. 
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reveal Paulding Farnham’s brilliance 
and flair. In the preface, John Loring 
states that his book’s mission is to 
“publish a substantial portion of 
Paulding Farnham’s long-lost 
designs .. . . and to restore his repu- 
tation to its rightful position.” He has 
succeeded with a visually attractive, 

easy-to-read, fascinating text. 
JANA E. MIYAHIRA-SMITH 
Gemological Institute of America 
Carlsbad, California 


The Crown Jewels: 

The History of the Coronation 
Regalia in the Jewel House of 
the Tower of London 

By C. Blair, A. Grimwade, R. R. 
Harding, E. A. Jobbins, D. King, 

R. W. Lightbown, and K. Scarratt. 
Volume I: The History, 812 pp.; 
Volume II: The Catalogue, 630 pp. 
Illus., publ. by The Stationery Office, 
London, 1998. US$1,650 


These two sumptuously produced vol- 
umes, with text and photographs print- 
ed on substantial, silk-surfaced paper, 
record the results of research into the 
history of the English Coronation and 
associated regalia in greater detail than 
has ever before been possible. Volume I 
is concerned entirely with the origins 
and history of the Coronation cere- 
mony, but it is Volume II that docu- 
ments a detailed examination of the 
Crown Jewels, revealing many discov- 
eries and new insights about the gem- 
stones. Each item has been newly 
photographed, and the team of three 
gemologists has taken the opportuni- 
ty to examine the jewels with sophis- 
ticated gemological techniques. 

The catalogue illustrates and 
describes the regalia, including not 
only the numerous crowns, orbs, and 
scepters, but also the various swords, 
plate, and textiles. Each chapter 
begins with a brief abstract giving the 
size and appearance of the item, fol- 
lowed by a history of the various for- 
mats and vicissitudes. The descrip- 
tion of each major item concludes 
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with a “gemmological commentary,” 
and it is here that we get a listing of 
the sizes and weights of all the major 
gemstones, including details of their 
surface imperfections and any visible 
inclusions. 

One of the many delights of this 
work lies in the numerous color pho- 
tographs of the regalia. The price of 
these two magnificent volumes may 
prevent one from dashing out to buy 
a set, but this work records for poster- 
ity far more details of the gemstones 
in the regalia than have been avail- 


able hitherto. 


R. A. HOWIE 
Royal Holloway, 
University of London 


OTHER BOOKS RECEIVED 


Colored Stones of Yakutia and Places 
of Their Origin, by V. G. Gadiatov 
and V. K. Marshinsev, 328 pp., illus., 
publ. by Yekaterinburg Bank of 
Cultural Information, Yekaterinburg, 
Russia, 2000, 150 rubles (about 
US$5.25) [in Russian]. For more than 
300 years, the remote Siberian region 
of Yakutia has been a generous 
provider of gem materials for Russia 
and the entire world. Diamond, ame- 
thyst, garnet, topaz, and several other 
gem materials (as well as ornamental 
stones) are described, according to 
their location, characteristics, and 
geologic occurrence. The authors’ 
analysis of Yakutia’s geology suggests 
interesting directions for future devel- 
opment of the gem resources. Readers 
also will find useful information 
about the economics and resource 
management of the rough gem miner- 
als, as well as facts about the global 
gem market. 

Although the book contains a sig- 
nificant amount of scientific material 
and professional terminology, it is 
intended for a very broad audience— 
admirers of gemstones. Geologic 
charts, maps, and numerous colored 
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illustrations of minerals provide a 

wealth of visual information that 
adds to the enjoyment of this book. 

VLADISLAV DOMBROVSKTY 

GIA Gem Trade Laboratory 

Carlsbad, California 


Gemmologia Europa VII—European 
Gemmologists on the Emerald, edit- 
ed by Margherita Superchi, 221 pp., 
illus., publ. by CISGEM, Milan, 
Italy, 2000, 35,000 lira (about 
US$16.00) [in Italian and English]. 
This volume on emerald is the pro- 
ceedings of the seventh Gemmologia 
Europa (Milan, 1998), a biennial con- 
ference sponsored by the Centro 
Informazione e Servizi Gemmologici 
(CISGEM). Included are illustrated 
transcripts of presentations by Jan 
Kanis (African localities), Dietmar 
Schwarz (South American, Asian, and 
Australian localities), Henry Hanni 
(synthesis and enhancement}, Elena 
Gambini (CISGEM Laboratory emer- 
ald grading procedures), and Giorgio 
Graziani (geographic provenance of 
archeological emeralds). 
STUART D. OVERLIN 
Gemological Institute of America 
Carlsbad, California 


Mughals, Maharajas and the 
Mahatma, by K. R. N. Swamy, 265 
pp., illus., publ. by Harper Collins 
Publishers India, New Delhi, 1997, 
US$18.95. This is a collection of 39 
fascinating episodes in Indian history, 
12 of which concern famous gems 
and diamonds, royal treasuries, and 
gem-encrusted thrones. Many of the 
remaining episodes revolve around 
the British Raj, Mahatma Gandhi, 
politics, and wars. The contributions 
to the history of Indian treasures, dia- 
monds, and jewels make this book 
easily worth its price for the gem and 
jewelry enthusiast. 


JOHN SINKANKAS 
Peri Lithon Books 
San Diego, California 
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COLORED STONES AND 
ORGANIC MATERIALS 


Acute toxicity of formaldehyde to the pearl oyster Pinctada 
fucata martensii. K. Takayanagi, T. Sakami, M. Shiraishi, 
and H. Yokoyama, Water Research, Vol. 34, No. 1, 2000, 
pp. 93-98. 


Formaldehyde is often used in fish hatcheries to treat parasitic 
infections. It is then discharged into the hatchery effluent, 
where it enters the marine environment. Although formalde- 
hyde is biodegradable, there are few reliable data on its effects 
on saltwater organisms over time, particularly on nonmigratory 
shellfish that are vulnerable to degradation of water quality. 
Accordingly, acute toxicities of formaldehyde to one- and two- 
year-old Akoya pearl oysters (Pinctada fucata martensii) were 
determined in a controlled laboratory environment. The oysters 
were not given any food during the experiments. Test solutions 
were made by adding various concentrations of formaldehyde to 
sand-filtered seawater. The oysters were observed at 24-hour 
intervals, and any dead oysters were removed. 

During the first 24 hours, the oysters reduced their respira- 
tion by minimizing water intake to avoid exposure to the 
formaldehyde. However, within 96 hours all oysters had died. A 
sharp decrease in formaldehyde levels in the test solutions was 
observed during the experiment, especially in solutions with 
lower concentrations of the chemical. The results suggest that 
pearl oysters can detect the presence of formaldehyde in their 
surroundings and that they possess some form of defense mech- 
anism from its toxic effects but, with time, they will succumb 
to its effects. No mortality was observed in a control group that 
was not exposed to formaldehyde. MT 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 

Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
© 2001 Gemological Institute of America 
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Comparative NIR and IR examination of natural, syn- 
thetic, and irradiated synthetic quartz. J. P. Bach- 
heimer, European Journal of Mineralogy, Vol. 12, 
No. 5, 2000, pp. 975-986. 


Since both natural and synthetic quartz crystals originate 
from hydrothermal solutions, hydrogen components (H,O 
molecular water, OH point defects, and H situated near 
other impurities such as aluminum) form the dominant 
impurities in this material. There have been many studies 
on hydrogen impurities in natural and synthetic quartz of 
different origins by near infrared (NIR: 5500-3800 cm!) 
and infrared (IR: 3800-3125 cm") absorption spectroscopy 
at room and low temperatures; however, there is a pauci- 
ty of information on the quantitative relations between 
NIR and IR absorption bands for natural, synthetic, and X- 
ray irradiated quartz samples with a wide range of hydro- 
gen concentrations. 

Twenty-four natural and 14 synthetic quartz samples 
with various hydrogen concentrations were analyzed, and 
one synthetic sample was studied both before and after X- 
ray irradiation. The 4500 cm"! band exists only above a 
certain hydrogen concentration (>8 ppm H/Si) in natural 
quartz, whereas the 4000 cm"! absorption band exists in 
both natural and synthetic quartz, but the band shapes 
are different. Natural quartz shows two clear peaks at 
3995 + 5 and 3890 + 2, cm™!. The NIR and IR spectra of X- 
ray irradiated synthetic quartz are similar to those of nat- 
ural quartz, with roughly the same relative intensities. 

TL 


Diffraction colours of opal: First spectrometric data. M. 
Ostrooumov and H. A. Talay, Australian Gemmol- 
ogist, Vol. 20, No. 11, 2000, pp. 467-472. 
A spectrophotometric study of Mexican “fire” opals 
showed that the majority of these opals are characterized 
by diffraction colors with absorption bands in the red- 
orange and yellow-green regions. Two types of spectra 
were obtained: those due to a mixture of diffracted colors, 
and those due to pure diffracted colors. The wavelengths 
of the diffracted colors were studied as a function of the 
diameter of the silica spheres that constitute the opal. 
Opals composed of small spheres (diameters of 150-180 
nm) generally will be purple, whereas those with large 
spheres (diameters of 240-316 nm) will be yellow, orange, 
and red. RAH 


Hints for jadeite investors. S. Fengmin, China Gems Maga- 
zine, Vol. 10, No. 3, 2000, pp. 4-10. 
Today’s top-quality jadeite is produced in small quantities 
only from Myanmar, and has become an investment 
instrument in China and elsewhere. This article, addressed 
primarily to investors and collectors, is a primer on the 
classification and investment aspects of jadeite according 
to three classes (A, B, and C). Most emphasis is placed on 
polished jadeite (i-e., in the form of jewelry and carvings), 
dealing in rough jadeite is discouraged because it is 
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extremely speculative. The value of jadeite in each class 
varies and is based on several factors, the main ones being 
shape, color, clarity, and the abundance and nature of 
imperfections (e.g., fractures). According to the classifica- 
tion proposed in this article: 


e Class A jadeite has not been treated, altered, or 
enhanced in any way. There are four value categories in 
this class: low grade, medium grade, high grade, and 
“superfine.” The latter two categories are the only ones 
that qualify as investment grade. 


Class B jadeite has been chemically (acid) treated and 
then impregnated with a polymer or colloidal silica. The 
durability of this type of jadeite has been compromised 
because of the acid treatment, and it will eventually 
become yellowish with the aging of the resin. 


Class C jadeite has undergone polymer or colloidal 
impregnation and the addition of new pigment; it has 
no investment value. 


Small jadeite carvings with even, graceful lines, pre- 
cise shapes, and a smooth polish are highly desired by col- 
lectors. Most valuable are the fine carvings that display 
well-conceived designs that use the rough to its full 
potential. MT 


Identification of rumanite (Romanian amber) as thermal- 
ly altered succinite (Baltic amber). E. C. Stout, C. 
W. Beck, and K. B. Anderson, Physics and Chemis- 
try of Minerals, Vol. 27, No. 9, 2000, pp. 665-678. 
Infrared spectroscopy and gas chromatography—mass spec- 
trometry analyses of the ether-soluble fractions of 13 sam- 
ples of Romanian amber show that this species of fossil 
resin is a class of la labdanoid resinite that has been pro- 
duced by thermal alteration of Baltic amber or succinite, 
and therefore these ambers must have the same botanical 
source. This conclusion is contrary to recent opinion, but 
in agreement with earlier investigations based solely on 
mineralogy and geology. The close chemical relationship 
between Romanian and Baltic amber had not been recog- 
nized earlier because the Romanian material contains a 
number of compounds that can only be found in succinite 
after pyrolysis (chemical change caused by heating), and 
such analyses had not been performed. RAH 


Luminescence studies in colour centres produced in nat- 
ural topaz. C. Marques, L. Santos, A. N. Falcao, R. 
C. Silva, and E. Alves, Journal of Luminescence, 
Vol. 87-89, 2000, pp. 583-585. 
From a natural Brazilian colorless topaz reference sample, 
two smaller pieces were cut and irradiated differently; 
both were subsequently annealed at 1,200°C. One sample 
was irradiated with fast neutrons and annealed; it turned 
green. The other sample became blue after irradiation 
with gamma rays (from a cobalt-60 source) and annealing. 
The luminescence of the irradiated samples was studied 
by steady-state and time-resolved spectroscopy, with the 
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objective of determining how the color centers—both of 
which are stable—were created. 

The luminescence characteristics (including intensi- 
ty) of the two samples were different. This suggests that 
different optical defects (color centers) are created by the 
different treatments. The color centers may be related 
impurities of “transition metal ions,” analogous to color 
changes in other minerals. The intensity of the lumines- 
cence varied with changes in temperature, which is 
attributed to structural changes in the crystals. Thus, 
both impurities and structural changes may be involved 
in the luminescence characteristics of irradiated green 
and blue topaz. KSM 


Mineral compositions and textures of jadeite jade and 
their relationships to quality types. F. Huang, Q. 
Gu, and Y. Zou, Journal of Gems and Gemology, 
Vol. 2, No. 1, 2000, pp. 7-14 [in Chinese with 
English abstract]. 
“Quality type” (Zhong and Di in Chinese) as it applies to 
jadeite is a relatively elusive concept, but it continues to 
be used in the trade. This article attempts to take some of 
the mystery out of jadeite grading by examining the rela- 
tionship between quality type, mineral composition, and 
microtexture. It is based mainly on a study of 18 Burmese 
jadeite specimens (15 rough and three polished) of various 
qualities that were studied by polarized optical micro- 
scopy and electron microprobe analysis. 

All the specimens were composed of jadeite (one with 
omphacite), together with minor feldspar and some 
opaque minerals. Pure jadeite shows a superior appear- 
ance, whereas specimens containing significant impuri- 
ties such as feldspar and opaque minerals are often of poor 
quality. Nine textural types were observed (five of which 
are illustrated): crystalloblastic (including granular, equi- 
granular, inequigranular, prismatic, and fibrous), mortar, 
mylonitic, fractured, and replacement. Fine jadeites with 
high diaphaneity show fibrous crystalloblastic or micro- 
granular crystalloblastic textures, and were affected by 
post-crystallization geologic processes (recrystallization or 
replacement). Moderate-quality jadeites often show fine- 
granular crystalloblastic and/or mortar textures, which 
suggests that they have been influenced slightly by later 
geologic processes. Low-quality jadeites with low trans- 
parency usually show inequigranular crystalloblastic, pris- 
matic crystalloblastic, and/or fractured textures; they did 
not undergo recrystallization or replacement. TL 


Oxygen and carbon isotope study of natural and synthet- 
ic malachite. E. B. Melchiorre, R. E. Criss, and T. P. 
Rose, Economic Geology, Vol. 94, No. 2, 1999, pp. 
245-260. 

Malachite [CuCO,*Cu(OH),] is a commonly exploited 

ore of copper, and its striking green color and interesting 

textures make it desirable to many jewelry artisans and 
mineral collectors. The mineral forms during the oxida- 
tion of primary copper sulfides at low temperatures, and 


GEMOLOGICAL ABSTRACTS 


is sometimes found as stalactites, crusts, and other 
speleothem-like forms. 

One natural malachite sample each from 61 sites 
worldwide was obtained for analysis. Using oxygen- and 
carbon-isotopic ratios for both natural and synthetic spec- 
imens, the authors were able to determine the tempera- 
ture range required for the formation of natural mala- 
chite. These data suggest that malachite generally forms 
between 5° and 35°C, and becomes unstable at tempera- 
tures greater than about 100°C. Oxygen-isotope data 
show that in the majority of samples, the water involved 
in the oxidation and precipitation processes has a local 
meteoric (atmospheric) source. JL 


Plate tectonics and gemstone occurrences. C. C. Mili- 
senda, Applied Mineralogy, Vol. 1., E. Rammlmair 
et al., Eds., 2000, Balkema, Rotterdam, pp. 53-55. 


The worldwide distribution of major gemstone occur- 
rences can best be explained in terms of plate tectonics. In 
this context, the genesis of a large variety of gems is close- 
ly associated with the development of the lower conti- 
nental crust, where gem-bearing granulite terrains contain 
metasedimentary assemblages and often originated from 
continent-continent collision. The high-grade supra- 
crustal rocks of Tanzania, Madagascar, Sri Lanka, and 
southern India contain similar gemstone deposits and, in 
the reconstructed Gondwana supercontinent, formed 
part of the Mozambique Belt. This elongate zone resulted 
from the collision of eastern and western Gondwana in 
Pan-African times, some 600 million years ago. RAH 


Polymorph and morphology of calcium carbonate crys- 
tals induced by proteins extracted from mollusk 
shell. Q. L. Feng, G. Pu, Y. Pei, FE. Z. Cui, H. D. Li, 
and T. N. Kim, Journal of Crystal Growth, Vol. 216, 
2000, pp. 459-465. 


The major calcium carbonate (CaCO,) components of 
pearls and shells are calcite and aragonite. These poly- 
morphs have similar crystal structures and thermody- 
namic stabilities, although in general aragonite is slightly 
less stable than calcite. This article investigates the role 
of soluble proteins extracted from different parts of mol- 
lusk shells in controlling the crystallization and mor- 
phology of the respective polymorphs. 

Synthetic calcium carbonate crystals were grown by a 
slow diffusion process in a closed desiccator. EDTA-solu- 
ble and insoluble proteins extracted from the nacreous 
layer and the prismatic-crystallized layer of mollusk shell 
were added to the system. With X-ray diffraction, as well 
as scanning- and transmission-electron microscopy, it 
was found that the soluble proteins can induce the crys- 
tallization of specific crystal structures and characteristic 
morphologies of CaCO,. The soluble proteins extracted 
from the nacreous layer induced aragonite formation, 
whereas those from the prismatic layer caused the growth 
of calcite with a preferred rhombohedral morphology. 
The insoluble proteins were shown to influence the den- 
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sity of nucleation sites as well as the sizes and quantities 
of the crystals. 

Although these experimental conditions are signifi- 
cantly different from those encountered in pearl growth, 
this study demonstrates that the crystallization and mor- 
phological characteristics of CaCO, can be controlled by 
proteins present in mollusk shells. TL 


A preliminary investigation of precious opal by laser 
Raman spectroscopy. A. Smallwood, Australian 
Gemmologist, Vol. 20, No. 9, 2000, pp. 363-366. 

The author demonstrates that the laboratory gemologist 

can use Raman analysis to effectively discriminate natur- 

al from synthetic or imitation opal. Spectra are illustrat- 
ed for natural sedimentary opal (White Cliffs, Coober 

Pedy, and Lightning Ridge in Australia) and volcanic opal 

(Mexico; Virgin Valley, Nevada; and New South Wales, 

Australia), as well as for various synthetics and imita- 

tions (Gilson synthetic black opal, Inamori synthetic 

white opal, Inamori polymer-impregnated imitation opal, 
and the laminate used in a plastic opal triplet). RAH 


A study of photoluminescence spectrum of black pearl. B. 
Zhang, Y. Gao, and J. Yang, China Gems, Vol. 9, 
No. 4, 2000, pp. 111-113 [in Chinese]. 
The dark appearance of black pearls can be induced by 
enhancement processes, such as dyeing or irradiation. To 
help gemologists identify the color origin of such pearls, 
the authors obtained photoluminescence spectra of nat- 
ural-color (Tahitian), dyed, and irradiated black cultured 
pearls using laser Raman microspectrometry. The dyed 
samples were obtained by placing three freshwater cul- 
tured pearls in a solution of silver nitrate. The irradiated 
cultured pearls were exposed to gamma rays (two speci- 
mens) or a combination of alpha+beta+ gamma rays (four 
samples). 

The cultured Tahitian cultured pearls showed strong 
photoluminescence features centered around 835 nm in 
the near-infrared region, and three bands at 630, 655 
(dominant), and 680 nm in the visible range; the dyed cul- 
tured pearls exhibited the same features. However, the 
irradiated samples showed a distinctive, strong photolu- 
minescence centered mainly around 610 nm. TL 


The visible absorption spectroscopy of emeralds from dif- 
ferent deposits. I. I. Moroz, M. L. Roth, and V. B. 
Deich, Australian Gemmologist, Vol. 20, No. 8, 
October-December 1999, pp. 315-320. 

Visible absorption spectra of emeralds from 11 different 

regions (and one synthetic emerald) showed distinctive 

characteristics. The relative intensities of the Cr** (600 

nm) and Fe?*(810 nm) absorption bands reflect the Cr:Fe 

ratio in the emeralds. It is suggested that the presence of 
certain iron chromophores may be distinctive of emeralds 
from a specific deposit. Many emeralds exhibit a “mixed 
type” absorption pattern related to both an emerald com- 
ponent (Cr** and/or V**) and an aquamarine component 
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(Fe?* and Fe?*/Fe**). The emeralds studied were classified 
into three groups based on the relative intensity or 
absence of the 810 nm band. Analyses for major and trace 
elements are tabulated. RAH 


DIAMONDS 


Carbon isotope ratios and nitrogen abundances in rela- 
tion to cathodoluminescence characteristics for 
some diamonds from the Kaapvaal Province, S. 
Africa. B. Harte, I. C. W. Fitzsimons, J. W. Harris, 
and M. L. Otter, Mineralogical Magazine, Vol. 63, 
No. 6, 1999, pp. 829-856. 


Secondary-ion mass spectrometry techniques were used 
to study variations in the carbon isotopic ratio (8!°C) and 
nitrogen (N) abundance within specific growth zones of 
diamond. The zones—both octahedral and cuboid, with- 
in diamonds showing a typical octahedral morphology— 
were observed using cathodoluminescence (CL). Differ- 
ent growth zones showed marked contrasts in N abun- 
dance, ranging from 0 to 1,400 parts per million within a 
single diamond, variations of several hundred parts per 
million are common across adjacent growth zones, and 
appear sharp at the boundaries of the zones. In general, for 
the common blue CL, luminescence increases with N 
abundance. The carbon isotope ratio, however, appears 
constant across many growth zone boundaries. Some 
original variations in 5'°C may have been eliminated by 
diffusion of C atoms subsequent to growth, while the 
diamonds resided in the Earth’s mantle at 950-1,250°C 
for many millions of years. RAH 


Extreme chemical variation in complex diamonds from 
George Creek, Colorado: A SIMS study of carbon 
isotope composition and nitrogen abundance. I. C. 
W. Fitzsimons, B. Harte, I. L. Chinn, J. J. Gurney, 
and W. R. Taylor, Mineralogical Magazine, Vol. 63, 
No. 6, 1999, pp. 857-878. 

Diamonds from a George Creek (State Line district, 

Colorado) kimberlite dike preserve complex intergrowth 

textures between two major growth generations: (1) 

homogeneous diamond with yellowish cathodolumines- 

cence (CL), and (2) diamond with blue-green CL and local 
growth zonation. Secondary-ion mass spectrometry has 
revealed large variations both in nitrogen (N) concentra- 
tion and carbon isotope (8!°C ) composition within these 
diamonds. Within a single diamond, N contents and 8!8C 
values can vary from 0 to 750 parts per million (ppm), and 
from 0 to —20 per mil (%o}, respectively. The CL charac- 
teristics correlate with N concentration: Diamond with 
yellowish CL has a uniform N content, whereas zoned 

diamond has bright blue CL bands with high N (50-750 

ppm) and dark blue or green CL bands with low N (0-20 

ppm). The 5!°C values also vary between the two growth 

generations in any one diamond, but show no consistent 
correlation with either CL or N. RAH 
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Color Range and 
Form Variations in Diamonds 


by 


RALPH J. HOLMES, Ph.D. 
Instructor in Mineralogy, Columbia University, New York City 


Some conception of the color range 
and the variations in external form 
of diamond rough can be gained 
from the accompanying color plate 
III which originally appeared in 
Gardner F. Williams’ book The Dia- 
mond Mines of South Africa and 
later in his son’s masterly work on 
The Genesis of the Diamond. 

The principal crystal forms oc- 
curring on diamond are the octahe- 
dron, dodecahedron and cube. Often 
these forms are combined on the 
same crystal; the combination of 
octahedron and dodecahedron in 
which the twelve faces of the latter 
bevel the edges of the former is a 
frequent occurrence. The large gray 
stone in the lower right corner and 
the large white one in the center of 
the plate are excellent examples of 
octahedral crystals consisting of 
eight faces, each an equilateral tri- 
angle. 

The dodecahedron, a twelve-sided 
form with rhombic-shaped faces, is 
illustrated by the large yellow crys- 
tal midway up the left side of the 
plate. Somewhat modified dodeca- 
hedra are also represented by the two 
green stones just above the violet- 
colored group near the lower left 
corner. The flat triangular stones in 
the upper right corner are twins or 
macles. Contact twins of this type 
(spinel twins) are very common 
among diamonds. Less frequent in 
occurrence are the more complex 
star twins, three of which are shown. 
These star twins are actually pairs 


of twins of the spinel type, consist- 
ing of four individual crystals. 

Diamonds may also occur in an 
endless variety of distorted shapes 
and many of them are completely 
irregular. Such irregular types are 
to be seen among the pink and 
brownish red stones at the upper 
left. 

In addition to well-formed crystals 
and completely irregular shapes, 
diamonds also occur in spherical or 
rounded nodular masses waich, if 
light in color, are called ballas or, if 
very dark gray or black, are known 
as carbonado. The nodular masses 
which are never used as gem mate- 
rial, are especially valuable indus- 
trially since they are exceedingly 
tough. This excessive toughness is 
a consequence of the intricate aggre- 
gate structure; sometimes radial, 
sometimes random. Such stones are 
aggregates of large numbers of in- 
dividual crystalline particles, fre- 
quently full of inclusions and vary- 
ing from translucent to opaque. 

Although diamonds are usually 
thought of as colorless, or nearly so, 
they actually exhibit a wide variety 
of hues. For over forty years, Gard- 
ner F. Williams and then his son 
Alpheus F. Williams, were general 
managers of De Beers Consolidated 
Mines Ltd., Kimberley, South Afri- 
ca, and had exceptional opportunities 
to secure unusual stones. The crys- 
tals illustrated are from the per- 
sonal collection gathered by the 
father and son. 

(Continued on Page 447) 
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Characteristics of the geotectonics in South China and 
their constraints on primary diamond. W. Tang and 
C. Bao, Acta Geologica Sinica, Vol. 74, No. 2, 2000, 
pp. 217-222. 


A primary diamond deposit was discovered in 1998 in 
Longhou County, in the Chinese province of Zhejiang. 
This deposit consists of kimberlitic pipes in a Cretaceous 
basin near a deep-seated fault zone. Diamond typically 
forms here as octahedral crystals without visible impuri- 
ties. The diamondiferous rock has a breccia structure and 
contains pyrope, chrome diopside, picotite (spinel}, per- 
ovskite, magnetite, and numerous xenoliths of eclogite 
and pyrolite (basalt and dunite}, as well as olivine and 
pyroxene aggregates. Chemical analyses of the kimber- 
litic rocks are provided. With more than 140 similar pipes 
in the area, this study could be helpful for future diamond 
prospecting. RAH 


Colorado diamonds. J. A. Murphy, Rocks & Minerals, 

Vol. 75, No. 5, 2000, pp. 350-354. 
The colorful history of diamond exploration and mining 
in Colorado began with the discovery of kimberlite there 
in 1964. It gained momentum in 1975 with the accidental 
discovery of the first Colorado diamond at the USS. 
Geological Survey laboratory in Lakewood, Colorado, 
when a piece of kimberlite was being slabbed. Confir- 
mation of a primary occurrence came later that year when 
diamonds were recovered from kimberlite pipes north- 
west of Fort Collins, near the Colorado-Wyoming state 
line. This discovery fueled exploration and the evaluation 
of numerous kimberlites in the district by several compa- 
nies. To date, over 100 kimberlites have been discovered. 
The Sloan No. 1 and No. 2 and the Kelsey Lake pipes are 
the largest and best known, and the ones with the greatest 
economic potential. 

The Sloan pipes have so far proved uneconomic. The 
Kelsey Lake pipe was mined for a short period in 
1996-1997. The largest faceted diamond from North 
America, a 16.86 ct light yellow gemstone, was cut from a 
28.18 ct crystal recovered from Kelsey Lake in 1997. 
Despite financial hardships and land disputes, limited 
mining resumed at Kelsey Lake in 2000. The article 
describes various individuals (e.g., C. S. Ferris, Prof. J. 
Chronic) and companies (e.g., Superior Oil Company, 
Union Pacific Resources) involved with Colorado dia- 
monds over the years. MT 


Diamant (Diamond). extraLapis, No. 18, 2000, 104 pp. [in 
German] 
This issue, like its predecessors in the extraLapis series, 
is devoted to a specific mineral or region—in this case, 
diamond. Of the volume’s 21 articles, 11 were con- 
tributed by H. Malzahn. The other contributors are M. 
Glas, J. Howard, E. Misiorowski, G. Neumeier, P. Ruste- 
meyer, W. Schmidt, H. Vollstadt, and the consulting firm 
Terraconsult. This superbly illustrated volume covers a 
wide range of subjects. With informative tables and dia- 
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grams, it is a valuable blend of information on the ancient 
and the modern. 

The first two articles function as an Introduction and 
describe the role of diamond as a symbol of wealth, 
power, and success throughout history (e.g., its role in the 
Buddhist and Hindu traditions in India). Other forms of 
carbon, such as graphite and fullerenes, are also dis- 
cussed. The next four articles are concerned primarily 
with the external aspects of diamonds. They feature crys- 
tal drawings from such classics as Victor Goldschmidt’s 
Atlas der Kristallformen (1911), as well as modern pho- 
tographs of such important diamonds as the Incompa- 
rable and the Tereshkova in their rough state. From a 
practical standpoint, it is emphasized that rough dia- 
monds come in a great variety of crystal forms, colors, 
sizes, and clarity grades, which makes their evaluation 
difficult. And although rough diamonds from some mines 
may have characteristic external surface or morphologi- 
cal features, it is not possible to determine the origin of a 
single stone (emphasizing the dilemma presented by 
“conflict” diamonds). 

The next five articles cover the beauty of fancy-color 
diamonds, methods of color enhancement (ranging from 
the century-old radium irradiation to the modern GE POL 
process), and fluorescence and double refraction in dia- 
mond. Four articles on geology cover the formation of dia- 
monds and their parent rocks (kimberlite, orangeite, lam- 
proite), including mention of diamonds found in sec- 
ondary deposits (alluvials) and diamonds of metamorphic 
origin. Interesting information is presented on microdia- 
monds from various impact craters (e.g., in Ries, Ger- 
many, and Popigai, Siberia). A survey of present and future 
sources of production is followed by the description of two 
diamond localities in North America: the Prairie Creek 
pipe in Murfreesboro, Arkansas, and the new Ekati mine 
in Canada’s Northwest Territories. 

Four articles on diamonds as gemstones and their 
industrial importance contain an eclectic mix that 
includes the hardness and technical uses of diamond, the 
history of—and recent developments in—diamond syn- 
thesis, and a discussion of synthetic moissanite and other 
diamond simulants. The issue concludes with two arti- 
cles under the section heading “Value and Jewelry,” 
which review quality criteria for cut diamonds (especial- 
ly the “Ideal” cut controversy) and the role diamonds 
have played in jewelry from antiquity to the present. 

RT 


Diamond brilliance: Theories, measurement, and judg- 
ment. M. Cowing, Journal of Gemmology, Vol. 27, 
No. 4, 2000, pp. 209-227. 
This paper explores the question: Does the work present- 
ed by Hemphill et al. (“Modeling the appearance...,” Fall 
1998 Gems & Gemology, pp. 158-183) give the diamond 
trade cause to abandon the American “Ideal” (also referred 
to as the Tolkowsky) cut? After a brief review of GIA 
course material and the AGS cut-grading system, the 
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paper offers two premises: Any measure of brilliance must 
agree with human judgment, and lighting must imitate 
the conditions in which brilliance is “normally judged.” 

Although the computer modeling of light movement 
by Hemphill et al. is praised, two arguments are present- 
ed against the use of diffuse, even illumination: It yields 
smaller differences in brilliance than can be judged by 
eye, and it lacks a viewer to block light from one direc- 
tion. The author advocates the use of a single view—from 
directly overhead—for judging brilliance, rather than 
using an average, such as the weighted light return (WLR) 
metric described by Hemphill et al. A single viewing 
point is proposed for more clearly observing other aspects 
of appearance, such as contrast. It is further suggested 
that those diamonds that perform well in this position 
should also be checked in other positions. 

The author discusses in depth the possible effects of 
the shadow from the observer's head when observing dia- 
mond brilliance. In particular, he proposes that this shad- 
ow interacts with a deep pavilion to cause the black- 
appearing center portions of a “nail-head” round brilliant. 
A comparison of virtual diamond images from Hemphill 
et al., model diamond images generated by GemCad with 
a close observer, and photographs of real diamonds (in dif- 
fuse light and in partially blackened diffuse light) is pre- 
sented to demonstrate that a dark-appearing center is gen- 
erated by reflections of a dark area directly over the dia- 
mond. A simple observation experiment is used to rein- 
force the concept that a “nail-head” owes more of its 
appearance to such reflections than to light leakage 
through the diamond’s pavilion. 

The appearance effects produced by shallower crown 
angles also are considered. A general result from Hemp- 
hill et al—that WLR generally increases as crown angle 
decreases, with an interesting array of high WLR values 
for crown angles of 23°—is contrasted by photographs of 
two diamonds with similar proportions except for their 
crown angles (35.3° and 32.6°, respectively). These photos 
show that the two diamonds look similar in diffuse light, 
and in diffuse light with additional “hot spots,” but when 
the overhead area of the diffuse light source is darkened, 
the diamond with the shallower crown angle looks less 
brilliant. 

The article concludes with a historical review of 
Tolkowsky’s 1919 work (“Diamond design...,” E. & F.N. 
Spon, London), noting substantive differences in table 
size and girdle thickness between Tolkowsky’s proposed 
proportions and a modern “Ideal.” Despite the various 
simplifying assumptions of Tolkowsky’s model, Mt. 
Cowing observes that “his [Tolkowsky’s] basic findings 
concerning the best pavilion and crown angles have held 
up for eighty years.” Ilene M. Reinitz 


Diamond in the rough. GPS World, Vol. 11, No. 1, 2000, 
pp. 20-24. 


Ensuring the security, safety, and efficiency of a diamond- 
mining operation is always a major concern. It is even 
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more so for South Africa’s Alexkor Ltd., a state-owned 
company with marine diamond-mining concessions 
along 100 km of shoreline between Alexander Bay and 
Port Nolloth. Alexkor relies on a fleet of diver-based dia- 
mond recovery vessels. Because this part of the Atlantic 
Ocean is notoriously stormy, mining is possible for only 
about 60-90 days each year. It is therefore essential for 
mining vessels to accurately position themselves as rapid- 
ly as possible, often in a low-visibility environment. 
Offshore of South Africa there are three diamond-min- 
ing concessions, designated by the letters a, b, and c with 
increasing distance from the shoreline. Vessels can easily 
wander, either accidentally or intentionally, into the 
wrong concession. Alexkor has implemented differential 
GPS (global positioning system) technology for accurate 
positioning, real-time location data, and mapping of the 
ocean floor. The company has not yet been able to assess 
whether adopting GPS has had a positive impact on its 
operations. The company is, however, better able to track 
the location from which diamonds are being extracted, 
analyze database information, and decide whether an area 
should be mined a second time. MT 


Diamond types I/II. J. E. Shigley, The Guide, Vol. 19, 
No. 4, 2000, pp. 8-9. 


Mention of diamond types (I and II) and their varieties (a 
and b) is becoming increasingly prominent in the gemo- 
logical and jewelry trade literature, as they are helpful in 
explaining the reasons for color variations in natural dia- 
monds, in distinguishing between natural and synthetic 
diamonds, and in understanding the GE POL and other 
color-enhancement processes. This article, designed pri- 
marily for retailers and dealers, presents a succinct and 
simplified explanation of diamond types. 

Type I diamonds, the most abundant in nature, have 
certain characteristic features in the visible and infrared 
spectra that can be attributed to small amounts of nitro- 
gen (N) in the diamond structure. In type Ia diamonds, the 
N atoms are in aggregates; whereas in type Ib diamonds, 
the N atoms occur as isolated, individual atoms dispersed 
throughout the crystal. Many diamonds contain both 
type Ia and Ib areas in different parts of the same crystal. 

Type II diamonds do not contain N (or have it only in 
extremely small amounts) and are much less common 
than type I diamonds. Type II diamonds that do not con- 
duct electricity are called type Ila; some of the world’s 
largest, historic colorless diamonds are of this type. Type 
IIb diamonds (which do conduct electricity) contain boron 
substituting for carbon in the crystal structure and are 
generally blue or grayish blue in color. AMB 


Etching of diamond in the silicate melt at the atmos- 
pheric pressure [sic]. V. M. Sonin, A. V. Naberuk- 
hina, E. N. Fedorova, and A. I. Turkin, Proceedings 
of the Russian Mineralogical Society, Vol. 129, No. 
5, 2000, pp. 76-81 [in Russian with English 
abstract]. 
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New results are presented for the etching of diamond 
crystals in low-temperature alkaline silicate melts. The 
different types of etch figures (corrosion mat surfaces, 
disc figures, and negative/positive trigons) are initiated on 
octahedral faces of diamonds in different melts. The etch- 
ing is attributed to oxygen dissolved in the silicate melts. 
The composition of the melts influences the diffusion of 
oxygen and, consequently, affects the rate of etching and 
the morphology of the diamonds. RAH 


Hazards associated with the mining of diamondiferous 
pipes. R. J. Butcher, CIM Bulletin, Vol. 93, No. 1037, 
2000, pp. 65-67. 


Although the vast majority of diamonds are mined from 
large, open-pit operations worldwide, numerous small 
underground mines, primarily in South Africa, exploit dia- 
mondiferous fissures and pipes. These underground oper- 
ations face three principal hazards and challenges: mud 
rushes, block crushing, and the use of inappropriate min- 
ing methods. 

Mud rushes occur when water interacts with rocks 
high in clay, causing instability; these rocks are usually 
the tuffaceous breccia in a kimberlite pipe or the shale 
comprising the country rock. This problem can be con- 
trolled by effective draining of the mining area. Block 
crushing results when compacted areas of old block caves 
or remnant pillars left in upper workings cause the col- 
lapse of new, deeper workings. Block crushing can be alle- 
viated by starting new workings at least 50 m below the 
tunnel immediately above. Inappropriate mining meth- 
ods are sometimes used because of the high capital costs 
associated with diamond mining. Using the wrong meth- 
ods can have disastrous results. History has shown that 
chambering and block caving have been the most suc- 
cessful methods for underground diamond mining, but 
with certain restrictions. For example, a pipe must have 
minimum dimensions of 70 x 70 m for block caving to be 
effective, and tunnels in kimberlite larger than 2 x 2 m are 
likely to encounter instability problems. Skilled workers 
are another essential ingredient for the successful opera- 
tion of an underground mine. MT 


The nitrogen aggregation sequence and the formation of 
voidites in diamond. I. Kiflawi and J. Bruley, 
Diamond and Related Materials, Vol. 9, 2000, pp. 
87-93. 

High-temperature annealing of type IaB diamonds con- 
taining platelets [i.e., planar defects in the (001) planes] 
results in the conversion of the platelets to dislocation 
loops and in the formation of octahedral “voidite’-like 
defects. Natural voidites are octahedral-shaped, molecu- 
lar nitrogen defects in the diamond lattice. Further inves- 
tigation was required to confirm that the octahedral 
defects formed in the laboratory are the same as voidites 
observed in untreated natural diamonds—and, by exten- 
sion, that the last stage of the nitrogen-aggregation 
sequence can be reproduced in the laboratory. 
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Electron energy loss spectroscopy (EELS) confirmed 
the presence of molecular nitrogen in the artificial defects 
produced in the annealed specimens. Quantitative analy- 
sis of the EELS data indicated that the nitrogen content in 
the artificial voidites agreed with the nitrogen content of 
“natural” voidites. Thus, the authors conclude that the 
voidite-like defects formed in the laboratory are very sim- 
ilar to the voidites observed in natural diamonds. 

Experimental evidence at high temperatures (2,650°C) 
and pressures (9 gigapascals) is presented in support of a 
hypothesis describing the formation of B centers from A 
centers. N3 centers also are formed during the annealing 
process. In one annealed sample, the concentration of sin- 
gle nitrogen atoms was 2.5 ppm (2.5% of the total nitrogen 
present), and the concentration of N3 centers (formed by 
the annealing process) was 1.7 + 0.4 ppm. 

The authors maintain that these experimental data pro- 
vide evidence in support of an extant hypothesis: The for- 
mation of B centers from A centers is through the dissoci- 
ation of A centers to single nitrogen atoms, which then 
migrate to form B centers; and the formation of N3 centers 
is most likely an intermediate defect in the aggregation 
process, rather than a by-product of this transformation. 

SW 
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Australia’s gemstone resources and their markets. G. 
Browne, Australian Gemmologist, Vol. 20, No. 12, 
2000, pp. 534-539. 


At present, Australia is the world’s largest producer of dia- 
monds, opal, cultured South Sea pearls, and chrysoprase. 
In recent years, it has produced about one-quarter of the 
world’s diamond production by volume, but currently it 
ranks sixth in terms of value. Opal production has been 
declining since 1990, as no new major opal fields have 
been discovered in over a decade. Australia produces 60% 
of the world’s South Sea pearls. Chrysoprase is mined 
from two localities, in Queensland and Western Australia. 

Australia is also a major, though declining, producer of 
sapphire. It contains an estimated 90% of the world’s 
reserves of nephrite, although exploitation of the deposits 
on the Eyre Peninsula, South Australia, is limited at pre- 
sent. In the realm of synthetics, only the Biron hydrother- 
mal synthetic emeralds are significant. AAL 


The cause of colour of the blue alexandrites from 
Malacacheta, Minas Gerais, Brazil. M. V. B. Pin- 
heiro, M. S. Basilio, K. Krambrock, M. S. S. Dantas, 
R. Paniago, A. L. Assungao, and A. C. Pedrosa- 
Soares, Journal of Gemmology, Vol. 27, No. 3, 2000, 
pp. 161-170. 

An optical and structural study was made on what is com- 

mercially referred to as “peacock blue” alexandrite from 

Malacacheta, Minas Gerais. This alexandrite is known for 

its strong pleochroism—which ranges from blue to green 

or greenish yellow—as well as its strong color-change from 
blue or greenish blue in daylight to reddish purple in incan- 
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descent light. Advanced analytical techniques such as elec- 
tron paramagnetic resonance and X-ray photoelectron 
spectroscopy were used to determine how chemical impu- 
rity-related point defects correlate to the stone’s bodycol- 
or. 

The rare blue color of this alexandrite is due to Fe** 
and Cr+ substituting for Al**, within specific limits of 
the ratio Fe/Cr, in the mirror sites of the crystal. The con- 
centration of Cr** in sites with inversion symmetry, 
meanwhile, is negligible. The blue color correlates to 
intermediate Fe/Cr ratios (0.4<X_,/X,,<1.2, where X is 
the molar fractional content). The same amount of Cr 
with more Fe shifts the blue to green. A significantly 
lower Cr concentration causes the stone to become yel- 
low and lose its alexandrite effect entirely. WMM 


Characteristic mineralizations of metamorphic-metaso- 
matic gemstone deposits in northern Vietnam. D. 
P. Tien, W. Hofmeister, and V. X. Quang, Applied 
Mineralogy, Vol. 1, E. Rammlmair et al., Eds., 2000, 
Balkema, Rotterdam, pp. 281-283. 


One of the economically important gemstone deposits of 
the Yen Bai district, near the city of Luc Yen, Vietnam, 
occurs in amphibolite-facies metamorphic rocks. Three 
types of primary gemstone occurrences are found: (1) ruby 
and spinel hosted in marble; (2) large hexagonal prisms of 
translucent ruby in gneiss; and (3) color-zoned tourmaline 
crystals in granitic pegmatite. At present, most of the 
gems produced in the area are recovered from alluvial 
deposits derived from these rocks. RAH 


A new find of spessartine garnets in Nigeria. T. Lind and 
U. Henn, Journal of Gemmology, Vol. 27, No. 3, 
2000, pp. 129-132. 

A new source of gem-quality spessartine garnet was 

recently discovered in Nigeria (locality not specified). The 

material ranges from yellow to “golden” yellow to brown- 
orange, and is available in polished sizes of 2-3 ct and 
larger. Tables compare the new material to spessartine 
from other localities with regard to refractive indices, spe- 
cific gravity, chemical composition, and spectra. Chemi- 
cal analyses show a very high spessartine component 

(89-95 mol%) with minor amounts of pyrope and alman- 

dine. The 1-6 mol% variation in the almandine compo- 

nent is responsible for the differences in color. Brown- 
orange is associated with a higher almandine component. 

Liquid-filled “fingerprints” are the main inclusions. 

WMM 


Origin of some gem minerals in Sri Lanka: Evidence from 
corundum-spinel-scheelite-taaffeite-bearing rocks. 
G. W. A. Rohan Fernando and W. Hofmeister, App- 
lied Mineralogy, Vol. 1, E. Rammlmair et al., Eds., 
2000, Balkema, Rotterdam, pp. 293-295. 

The origin of some gem minerals at Bakumuna (near 

Elahera) and at Rupaha (a new gem locality) is discussed. 

The deposits appear to have formed in two stages: (1) for- 
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mation of silica-undersaturated reaction zones from the 
interaction of chemically dissimilar rocks at high tem- 
peratures, and (2) late-stage fluid-rock interaction process- 
es involving the infiltration of saline fluids that trans- 
ported metals such as sodium, beryllium, and tungsten. 
Chemical analyses are given for spinel, taaffeite, scapo- 
lite, phlogopite, nepheline, corundum, and sapphirine. 
RAH 


INSTRUMENTS AND TECHNIQUES 


Application of MPV-3 microphotometer in gemology. S. 
Ye, L. Qi, Y. Luo, and T. Guo, Geological Science 
and Technology Information, Vol. 18, No. 4, 1999, 
pp. 107-110 [in Chinese with English abstract]. 


The MPV-3 microphotometer is capable of measuring the 
absorbance, transmittance, and fluorescence of very small 
areas of a gem material as seen in a microscope. It operates 
primarily in the visible light range (400-700 nm); mea- 
surements are rapid and results are quantitative. 
Applications of the instrument are illustrated for col- 
orless beryl from Pingwu, China; sapphire from Changle, 
China; as well as various natural and synthetic rubies 
from several sources. Changes in hue and saturation after 
several types of enhancements could be identified and 
measured in some (but not all) cases. The instrument is 
particularly useful for color evaluation and fluorescence 
measurements of colored stones. TL 


Cathodoluminescence method and its application in 
gemology. T. Miyata, H. Kitawaki, and M. Kitamura, 
Journal of the Gemmological Society of Japan, Vol. 
20, Nos. 1-4, 1999, pp. 63-76. 


Natural and synthetic gemstones experience fluctuations 
in their growth conditions and growth rates that manifest 
themselves as differences in morphology and homogeneity 
within a single crystal. These differences are ideally suited 
to recognition by cathodoluminescence (CL), a nondestruc- 
tive analytical technique that is available in two modes: 
with a scanning electron microscope or with an attachment 
on an optical microscope (a “Luminoscope”). This article 
demonstrates the application of CL to the distinction 
between natural and synthetic diamonds, and between two 
types of synthetic emeralds, as representative examples. 
By CL methods, the growth zones in natural diamonds 
are shown to consist of flat {111} faces with or without 
curved {100} faces, whereas both of these faces are always 
flat in synthetic diamonds. Every diamond has its own 
characteristic pattern of growth banding, so a CL image of 
each diamond is unique and can be used as a fingerprint. 
Flux-grown synthetic emeralds show straight (parallel) 
growth bands or “aurora-like” bright spots, whereas 
hydrothermally grown synthetic emeralds show a unique 
rhombic pattern or “comet-like” spots arranged in specif- 
ic directions. Although some of the above features may be 
discernable with other techniques, CL is particularly 
suited to imaging differences that are a result of chemical 
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inhomogeneities. AAL 


Characterization of gem stones (rubies and sapphires) by 
energy-dispersive X-ray fluorescence spectrometry. 
D. Joseph, M. Lal, P. S. Shinde, and B. D. Padalia, X- 
Ray Spectrometry, Vol. 29, 2000, pp. 147-150. 


Trace-element analyses of natural rubies (from India, 
Kenya, Tanzania, and Myanmar), sapphires (from India, 
Australia, Vietnam, and Sri Lanka), and synthetic rubies 
(from India) were carried out by energy-dispersive X-ray 
fluorescence (EDXRF). This rapid, sensitive, and effective 
method is effective for the nondestructive determination 
of chemical composition. The number of samples studied 
in each category is not stated, nor is the method of syn- 
thesis of the rubies. 

The authors report that K, Ti, Cr, Fe, Cu, Zn, Sr, and 
Ba generally were present in all the natural rubies exam- 
ined, while Cr, Ni, Cu, and Zr were present in the syn- 
thetic rubies. Fe was found in all the naturally occurring 
rubies studied, but it was absent (limit of detection <10 
ppm) in the synthetic rubies. Notable amounts of Ca, Fe, 
Sr, and Mo were detected in the Indian sapphires, their 
average concentrations were 0.10%, 0.18%, 0.029%, and 
0.006%, respectively. KSM 


Laser tomography: A new powerful method to identify 
natural, synthetic and treated stones. Case study of 
corundum. J. Shida, Journal of the Gemmological 
Society of Japan, Vol. 20, No. 1-4, 1999, pp. 79-92. 


Tomography is a method of producing a three-dimen- 
sional image of the internal structure of a transparent 
solid object. Laser tomography (LT) is an optical micro- 
scopic technique that uses a laser beam as a light source 
(rather than ordinary light) at low magnification. This 
nondestructive technique is suitable for routine gemolog- 
ical testing, and can be used to observe the distribution of 
minute inclusions, crystal defects, and growth zoning in 
gemstones. 

This article describes the instrumentation required for 
LT and offers some practical operating procedures. To pre- 
vent light scattering from the surface of a faceted stone, for 
example, the sample should be immersed in a liquid of 
approximately the same refractive index. The author pre- 
sents numerous applications of LT, for both natural and 
synthetic ruby and sapphire, to demonstrate the utility 
and power of this technique. For instance, he describes 
various features that are diagnostic of certain synthetics. 
Heat-treated stones also have characteristic LT features. 
Both natural and synthetic gems form in a variety of envi- 
ronmental and growth conditions, which result in charac- 
teristic features that can be imaged by this technique. 

AAL 


Letting loose a laser: MRM (Mobile Raman Microscopy) 
for archaeometry and ethnomineralogy in the next 
millennium. D. C. Smith, Mineralogical Society 
Bulletin (Great Britain), No. 125, December 1999, 
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pp. 3-8. 

The identification of gems and archeological materials 
that must be analyzed nondestructively has always been 
a problem. In recent years, laboratory-based laser Raman 
microspectrometry has become the technique of choice 
in such situations, because the analyses are quick and 
cause no damage to the item; nor do they require any spe- 
cial sample preparation. In many cases, however, impor- 
tant or delicate gem-set objects (e.g., statues and other 
large objects, or crown jewels) cannot be brought to a lab- 
oratory for analysis. 

This article describes the successful use, in a museum 
setting, of a mobile Raman microscopy (MRM) instru- 
ment to overcome this problem. MRM is now possible 
because of the miniaturization of the computer compo- 
nents and technological advances in the laser source, 
spectrometer, and detector. The mobility is enhanced by 
optical fibers (5-500 m long) that allow a remote “head” 
to be brought to the sample instead of the opposite. The 
uses of MRM are limited only by the imagination of the 
gemologist. AAL 


Nondestructive testing for identifying natural, synthetic, 
treated, and imitation gem materials. T. Lu and J. E. 
Shigley, Materials Evaluation, Vol. 58, No. 10, 
2000, pp. 1204-1208. 


Accurate gem identification is essential to support the 
commercial value of gemstones and the stability of the 
jewelry industry. However, with the proliferation of new 
synthetics, treatments, and simulants, such testing is 
becoming increasingly difficult. A greater array of sophis- 
ticated instruments and techniques are needed, all of 
which must be nondestructive. This article reviews cur- 
rently available nondestructive gem identification and 
testing techniques for a technical audience of diverse 
backgrounds. 

Traditional gem testing instruments and methods are 
discussed first, and situations requiring advanced nonde- 
structive testing are identified. Eleven traditional and 12 
advanced nondestructive techniques are tabulated, along 
with their applications to gem identification. Particular 
attention is given to the separation of diamond from its 
most common simulants. Identification of synthetics 
(i.e., synthetic diamond, emerald, amethyst, and ruby) on 
the basis of crystal morphology and trace-element chem- 
istry is also explored. Finally, the authors review the 
detection of gem treatments (i.e., fracture filling of dia- 
mond and emerald, and irradiation of diamond). They dis- 
cuss the various advantages and disadvantages of gem 
treatments, and raise concerns about the long-term sta- 
bility of fracture fillers. Lila Taylor 


Precious metals and provenance enquiries using LA-ICP- 
MS. M. F. Guerra, C.-O. Sarthre, A. Gondonneau, 
and J.-N. Barrandon, Journal of Archaeological 
Science, Vol. 26, No. 8, 1999, pp. 1101-1110. 


The geographic origin of precious metals (mainly gold and 
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silver) found in archeological objects is an important field 
of research. The traditional method of investigation has 
involved the use of diagnostic trace elements and/or iso- 
tope ratios (e.g., lead) to “fingerprint” ores from known 
localities and compare these with the chemical con- 
stituents of the artifact. However, most of the analytical 
procedures used until very recently were based on instru- 
mentation that had insufficient sensitivity and, in some 
cases, required destruction of a small part of the sample. 
This article emphasizes the advantages of the relatively 
new laser ablation-inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) technique. It is now possible 
to obtain highly sensitive analyses of trace elements and 
isotopes without any special sample preparation, virtual- 
ly nondestructively. 

The utility of the technique is illustrated by two case 
histories. The first involves the determination of the gold 
ores used in European countries as far back as 356-336 BC. 
In this case, it was shown that the coins struck in Gaul and 
Greece came from different ores. The second case involves 
tracing the gold trade routes in the occidental Muslim 
Empire (8th-11th century AD) based on such elements as 
Ir, Pt, Pd, and Ga. Although not specifically mentioned, the 
potential application of LA-ICP-MS to gemology appears to 
be extensive—not only for determining the provenance of 
the precious metals used to mount gemstones, but also for 
“fingerprinting” gemstones from classic (and even modern) 
localities virtually nondestructively. AAL 


JEWELRY MANUFACTURING 


Getting started on finishing. S. M. Sanford, Lapidary 
Journal, Vol. 54, No. 4, 2000, pp. 20-25, 55. 


A good and appropriate finish (i.e., polish) for the metal 
used in jewelry is extremely important and requires time 
and planning. This article contains a wealth of informa- 
tion on the practice and theory of finishing. For example, 
if a high polish is desired, two distinct processes are 
involved. The first is abrasive polishing, whereby deep 
scratches are replaced with smaller and shallower ones 
until the surface is uniform. The second is buffing, which 
is nonabrasive. As the metal is compressed, molecules are 
actually moved from high spots and deposited in low 
spots, creating a smooth surface. 

Polishing is not a quick task. It takes time to achieve 
the desired results. Many useful products are available for 
improving the efficiency of the finishing process. For 
example, abrasive paper or cloth, which is used initially, 
comes in a range of coarse to fine grit sizes. The next step 
involves polishing compounds for use on a buffing wheel. 
Only one polishing compound should be used on each 
buff, contaminating a fine buff with a coarse compound 
will ruin it. Storing buffs with their specific compound in 
separate containers is recommended. Also, separate buffs 
should be used for each type of metal polished. Buffs used 
for steel can never be used for other metals. There are four 
types of buffs available—cloth, felt, bristle, and leather (or 
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chamois}—and choosing the wrong buff can be damaging 
to your piece. 

Small hand buffs can be created from cotton crochet 
thread for hard-to-reach places not accessible to a motor- 
ized wheel. Small wooden tools can be made from 
Popsicle sticks, toothpicks, and dowels. PT 


SYNTHETICS AND SIMULANTS 


Growth and characterization of high-purity SiC single 
crystals. G. Augustine, V. Balakrishna, and C. D. 
Brandt, Journal of Crystal Growth, Vol. 2.11, 2000, 
pp. 339-342. 


Silicon carbide (SiC) has several polytypes, depending on 
the stacking sequence of hexagonal atomic structural 
units. Many of these polytypes have been developed in the 
laboratory by various growth techniques. The synthetic 
moissanite used as a gem material is the 6H polytype, and 
is grown by a seeded sublimation process. Recently anoth- 
er moissanite polytype—4H, with properties very close to 
those of 6H synthetic moissanite—has been grown in large 
single crystals (to 50 mm in diameter) for semiconductor 
uses . These high-purity crystals are transparent, and there- 
fore could be used in the jewelry industry; their color was 
not stated. The material was grown by the physical vapor 
transport technique in graphite, with SiC sublimation 
sources. The growth technique uses an induction-heated, 
cold-wall system in which high-purity graphite constitutes 
the hot zone of the furnace. The SiC was intentionally 
doped with vanadium (V) to obtain semi-insulating proper- 
ties. In addition to V, trace amounts of Ti, Al, and B were 
detected in some of the SiC crystals. Electrical resistivity 
varies depending on the doped impurities. TL 


The growth rate effect on the nitrogen aggregation in 
HTHP grown synthetic diamonds. Y. V. Babich, B. 
N. Feigelson, D. Fisher, A. P. Yelisseyev, V. A. 
Nadolinny, and J. M. Baker, Diamond and Related 
Materials, Vol. 9, 2000, pp. 893-896. 
The relationship between nitrogen aggregation and crys- 
tal growth rate was studied using high pressure-high tem- 
perature (HPHT) synthetic diamonds. Octahedral yellow 
crystals up to 5 mm were grown in a “split-sphere” type 
of apparatus using the temperature gradient method and 
an Fe-Ni solvent-catalyst. Growth periods of up to 100 
hours were maintained with a pressure of 6.0 GPa and 
temperature of 1,500°-1,550°C. Some of the synthetic 
diamonds were cut parallel to a (110) plane through the 
seed and polished into plates in order to determine growth 
rates of each octahedral growth sector. The authors used 
FTIR microspectroscopy to determine the degree of nitro- 
gen aggregation at several points from seed plate to crys- 
tal surface within various growth sectors. Concentrations 
of single substitutional (C), pairs (A), and vacancy (N*) 
nitrogen centers were evaluated for each point. On the 
basis of data obtained from these experiments, the 
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authors propose the following: 


1. Growth sectors of a single crystallographic form can 
grow at different rates in crystals produced by the tem- 
perature gradient method. 

2. Distribution of C and A defects through the {111} 
growth sectors is consistent with the current model, 
which asserts that nitrogen enters the crystal lattice as 
isolated substitutional atoms; A-defects form in the 
crystal as a result of solid-state thermally activated 
nitrogen aggregation. 

3. Growth sectors formed at higher average growth rates 
show elevated levels of nitrogen aggregation (A 
defects), probably due to greater nickel uptake. 


SW 


Growth of synthetic diamond monocrystals weighing up 
to six carats and perspectives of their application. 
Yu. M. Borzdov, A. G. Sokol, Yu. N. Pal’yanoy, A. F. 
Khokhryakov, and N. V. Sobolev, Doklady Earth 
Science, Vol. 374, No. 7, 2000, pp. 1113-1115. 
During the past two decades, researchers at the Institute 
of Mineralogy and Petrography in Novosibirsk have been 
among the leaders in the synthesis of diamond using the 
multianvil (split-sphere) apparatus (BARS), which was 
first developed in Russia in the mid-1970s. This short arti- 
cle summarizes recent efforts by this research group to 
improve the growth of large, high-quality synthetic dia- 
monds. 
Brownish yellow, cuboctahedral crystals weighing up to 
6 ct have been produced. These crystals are relatively free 
of inclusions and other growth-related defects. Improve- 
ments in the controls of growth temperature, directional 
rates of formation of the various crystal faces, and the con- 
centration of trace elements in the growth environment 
have all combined to optimize the crystallization of these 
experimental crystals. High-quality synthetic diamonds 
have a number of important uses, and the development of 
improved growth technology promises the availability of 
crystals for industrial uses (e.g., as surgical blades, optical 
and X-ray lenses, laser sources, heatsinks, and other com- 
ponents in electronic devices). Future work will be directed 
at growing synthetic diamonds with particular properties 
for specific high-technology applications. JES 


Large diamonds grown at high pressure conditions. H. 
Kanda, Brazilian Journal of Physics, Vol. 30, No. 3, 
2000, pp. 482-489. 
Scientists at the National Institute for Research in Inor- 
ganic Materials (NIRIM) in Tsukuba, Japan, have exten- 
sively studied the growth of single-crystal synthetic dia- 
monds. This article, by a NIRIM scientist, reviews current 
knowledge of the temperature gradient method used to 
grow large synthetic diamond crystals. Details are provid- 
ed on crystal size and morphology, growth features such as 
inclusions and defects, and impurities related to color in 
synthetic diamonds. In addition to colorless crystals, syn- 
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thetic diamonds with yellow, blue, green, and brown col- 
oration can be produced, depending on the impurities pre- 
sent. Crystals up to 2 cm can be grown. Future improve- 
ments in the growth technique should allow for the pro- 
duction of synthetic diamonds in greater quantities and at 
lower costs. This article is a good technical summary of a 
topic that is of continued interest to gemologists. JES 


Present Russian synthetic and enhanced gemstones. V. S. 
Balitsky, Australian Gemmologist, Vol. 20, No. 11, 
2000, pp. 458-466. 
Following a brief review of the production of synthetic 
crystals (including gemstones) in the former U.S.S.R., Dr. 
Balitsky summarizes the present production of 26 syn- 
thetic gemstones in Russia. Several varieties of quartz, 
corundum, and beryl are grown. Up to 100 kg/year of syn- 
thetic emeralds are produced, mainly by hydrothermal 
methods, although small quantities are also produced by 
more expensive flux growth techniques. The production 
of synthetic diamonds is listed as <1 kg/year. Several tens 
of kilograms per year of synthetic moissanite are being 
grown, with crystals weighing up to 300 ct. Enhancement 
of the color and appearance of 13 gem materials (includ- 
ing corundum, topaz, danburite, scapolite, beryl, and 
turquoise) is also reported. RAH 


Russian colourless synthetic diamond—Now available in 
the market. J. C. C. Yuan, Australian Gemmol- 
ogist, Vol. 20, No. 12, 2000, pp. 529-533. 
Colorless to near-colorless synthetic diamonds, manufac- 
tured in Russia using the “split sphere” apparatus, have 
been available on the U.S. market since the late 1990s. 
These type Ila synthetic diamonds have a cubo-octahe- 
dral crystal habit. When faceted, they yield colors mostly 
in the G-K range. Forty crystals weighing 0.23-1.18 ct 
were faceted into synthetic diamonds weighing 0.07-0.45 
ct. They could be identified by their metallic inclusions, 
magnetic properties, characteristic UV luminescence, 
and cross-shaped pattern of anomalous birefringence. The 
De Beers DiamondView instrument was also useful in 
differentiating these synthetics from natural diamond. 
RAH 


TREATMENTS 


Colouration in natural beryls: A spectroscopic investiga- 
tion. G. Mathew, R. V. Karanth, T. K. Gundu Rao, 
and R. S. Deshpande, Journal of the Geological 
Society of India, Vol. 56, No. 3, 2000, pp. 285-303. 

Irradiation of colorless beryl from the Badmal mines, 

Orissa, changed the material to yellow-green. Subsequent 

heating at 300°C turned the samples yellow, and further 

heating produced a more attractive and commercially 
desirable sky-blue color. Continued heating to above 
500°C returned them to colorless. Similar studies were 
carried out on natural yellow, blue, and green beryls from 
Orissa. All acquired a greenish hue on irradiation, and 
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turned colorless on heating above 500°C. 

Electron microprobe analysis of the beryls identified 
iron as the major transition-element impurity, with 
0.5-0.7 wt.% FeO. Electron spin resonance, optical 
absorption, and Mossbauer spectroscopy showed that the 
colors were produced by Maxixe-type defect centers as 
well as by radiation-induced oxidation of Fe?* to Fe** and 
its associated charge-transfer processes. The yellow and 
blue treated colors were similar to those of naturally col- 
ored samples, both of which result from similar charge- 
transfer processes. Thus, it is inferred that naturally yel- 
low, blue, and green beryls with low Fe contents are pro- 
duced by prolonged exposure to natural irradiation. 

RAH 


MISCELLANEOUS 


De Beers formally drops market custodian role: 
Announces its “Supplier of Choice” program. Mazal 
U’Bracha, Vol. 15, No. 124, 2000, pp. 23-26, 29, 31, 
33. 

De Beers is initiating the “Supplier of Choice” program in 

an effort to tighten its relationship with its clients and 

encourage them to develop stronger downstream market- 
ing. The key objective of this program is to create a steady 
and growing demand for De Beers diamonds among retail- 
ers and consumers, while becoming a more attractive 
supplier through better assortments and lower prices. 

The program is expected to expedite industry consolida- 

tion, causing some sightholders to merge with others. 

Diamond Trading Company (DTC) clients will no 
longer be allowed to use the name De Beers in their pro- 
motions. Instead they may advertise that they “acquire 
their rough from the Diamond Trading Company.” The 
DTC “Forevermark” brand and the famous slogan “A 
Diamond Is Forever” may be used in promotions only 
by qualified sightholders. Through these promotional 
changes, De Beers hopes to establish a new identity aimed 
at protecting its sightholders and, ultimately, retailers and 
consumers. De Beers has also announced its strict eligibil- 
ity criteria for DTC sightholding privileges. The DTC 
reserves the right to determine whether a sightholder’s 
business is consumer-demand growth-oriented, and 
whether their strategic investment and marketing plans 
are sound. 

The new arrangement between the DTC and its 
sightholders goes into effect in July 2001, at which time 
the relationship will be covered by a 24-month initial 
contract. Three months before the end of the contract, 
either side can terminate the relationship. Otherwise, the 
contract is automatically renewed for another 12, months. 

MT 


Geological knowledge: A key to the future of the diamond 
industry. A. A. Levinson and F. A. Cook, Geoscience 
Canada, Vol. 27, No. 1, 2000, pp. 19-22. 

During the first half of the 20th century, De Beers owned 

most of the world’s important gem diamond deposits and 
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controlled the geologic knowledge to find them, but this 
is no longer the case. This article examines the successes 
since 1950 in finding new deposits in countries outside of 
the De Beers sphere of influence, advances in exploration 
technology, dissemination of the geologic knowledge 
needed for diamond exploration, and how these com- 
bined factors have affected the diamond industry, espe- 
cially since 1990. 

Major discoveries in Russia, Australia, and Canada 
were made by governments and companies not affiliated 
with De Beers. This is the result of the development of a 
vast pool of exploration expertise, much of it in the pub- 
lic domain, that is currently being used to find additional 
deposits worldwide. As diamond exploration technology 
becomes more sophisticated, new economic diamond 
deposits are being found at an accelerated rate. For exam- 
ple, more than 300 kimberlite pipes have been identified 
in Canada’s Slave Geological Province (Northwest 
Territories) since 1991. The authors caution that a rise in 
the supply of rough diamonds may affect the balance of 
supply and demand unless the industry can develop mar- 
kets to consume them. PGY 


Lung function, biological monitoring, and biological 
effect monitoring of gemstone cutters exposed to 
beryls. R. Wegner, R. Heinrich-Ramm, D. Nowak, 
K. Ohma, B. Poschadel, and D. Szadkowski, Occu- 
pational and Environmental Medicine, Vol. 57, 
2000, pp. 133-139. 


Beryllium (Be) metal and some of its compounds are car- 
cinogenic to humans, with the lungs particularly at risk. 
The lung disease berylliosis occurs in workers involved 
with ceramic manufacturing, space engineering, and 
other occupations in which such materials are used. This 
article reports on the results of detailed tests designed to 
determine the environmental hazards faced by gemstone 
cutters in Idar-Oberstein with occupational exposure to 
beryl (Be,A1,Si,O,,), the most important Be-containing 
gemstone. 

Fifty-seven out of 100 gemstone cutters in 12 factories 
that cut beryl underwent extensive medical examina- 
tions that included chest X-rays, lung-function testing, 
urine monitoring (for Be, Al, Cr, Ni], and blood analysis 
(for Pb). Special tests included BeLT (beryllium lympho- 
cyte transformation), which examines the prevalence of 
lung disease induced by Be. Airborne concentrations of Be 
(in the form of dust) were measured in the factories. 

No adverse clinical health effects were found in this 
group of gemstone workers. However, Be was measurable 
(but apparently not at dangerous levels) in the urine of all 
workers in one factory that had airborne Be concentra- 
tions well above the threshold limit permitted in 
Germany. Notwithstanding the generally favorable 
results of this study, the authors recommend improve- 
ment in workplace ventilation (to remove Be-containing 
dust) accompanied by routine urine Be analysis of work- 
ers in those factories that cut beryl. AMB 
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The G&G Twenty Year Index: 
Two Decades of Evolution 


t has been just over 20 years since Gems #) Gemology 
was redesigned and the “new” format introduced. 
Looking at the dozens of covers of these issues, which 
dominate the walls of my office, I think of the incredible 
effort that went into each one—the thousands of hours 
that our authors and staff invested in every issue to do 
the research, write and refine the articles, and acquire the 
best illustrations. I also think of Harold and Erica Van 
Pelt, who photographed the vast majority of the cover 
images, as well as the many individuals who loaned valu- 
able gemstones and jewelry for them to capture on film. 
What am I proudest of? The quality of the information 
and the depth of knowledge each issue 
represents. Today, 20 years after the 


first issue of the redesigned GWG Cesk. 
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appeared, the articles in that issue—on 
peridot from Zabargad, cubic zirconia, 
and the detection of diamond simu- 
lants—are just as solid and useful as 
they were in April 1981. Certainly, 
since then there have been new peridot 
localities, changes in CZ, and more 
diamond simulants, but these articles 
continue to serve as a solid base for 
ongoing research on those topics. 

In the past two decades, we have 
published over 5,500 pages of timely— 
and timeless—articles, Lab Notes, 
Gem News entries, Book Reviews, and 
Gemological Abstracts. This is truly a treasure chest of 
information. But how do you access it? How do you find 
what you need? 

We are pleased to provide a solution: our Twenty 
Year Index (1981-2000). We have revised and updated 
the subject and author listings from our first 15 years, 
and added the annual indexes for the last five. 

In the course of preparing this Index, we were all 
struck by the changes that were necessary since our 
first index was published in Winter 1981—changes not 
only in gemology, but also in geography and technolo- 
gy, many of them interrelated. 

For example, the most significant change to the geopo- 
litical landscape since the Spring 1981 issue has been the 
breakup of the Soviet Union. For our industry, however, 
this change has been more profound than the simple 
replacement of names on a map. With the new socioeco- 
nomic climate in this region has come an influx of natu- 
ral gem materials onto the world market—most notably 
from the release of diamonds that were in the government 
stockpile, but also from renewed mining activity for such 
classic gems as demantoid garnets. There also has been an 
unprecedented impact on the availability of synthetic 
gem materials—new synthetic rubies, sapphires, emer- 
alds, and quartz varieties, to name but a few. Russian high 
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pressure/high temperature (HPHT) presses are now syn- 
thesizing diamonds in virtually every color. 

In other regions, names that were unknown to most of 
us only five years ago are now part of the gemological par- 
lance—Tunduru in Tanzania, Ilakaka in Madagascar, 
Ekati in Canada. The availability of these significant new 
deposits of sapphires, rubies, and diamonds has shifted 
the balance of supply and demand. At the same time, it 
has presented greater challenges to gemologists in identi- 
fying sources and treatments. 

Scientific advances in the U.S. and elsewhere also 
have brought us synthetic moissanite, the first diamond 
simulant to match the thermal proper- 
ties of diamond. Whereas there was 
almost nothing written on diamond 
treatments in the 1980s, articles on 
diamonds that have been fracture 
filled or HPHT processed are promi- 
nent in the current index. Our first 
index simply referred to “spec- 
troscopy.” Today, there are entries for 
more than 10 different types of spec- 
troscopy. Laser Raman microspec- 
trometry—which we first reported on 
only three years ago—is now used rou- 
tinely in major gem labs around the 
world to identify inclusions and gem 
materials, as well as to recognize 
HPHT annealing in diamonds. 

For this veteran of two decades of GWG, the Author 
Index offered a distinct pleasure as I was reminded of 
those who have contributed so much to the journal. 
“Godfathers” of gemological research such as Robert 
Crowningshield, Edward Giibelin, Richard T. Liddicoat, 
and Kurt Nassau were joined by an impressive group of 
new researchers such as Emmanuel Fritsch, Henry Hanni, 
Bob Kammerling, Bob Kane, John Koivula, Shane 
McClure, Tom Moses, Ken Scarratt, Karl Schmetzer, and 
James Shigley, among many others. 

We hope that you too will enjoy using the index and 
find it a valuable reference tool. Explore the thousands 
of entries to learn what you need to know to stay 
abreast of the rapidly evolving world of gemology. 


Pidtur 


Alice S. Keller 
Editor 
akeller@gia.edu 


Note: See the ad on page 159 of this issue to purchase a printed 
copy of the Gems & Gemology Twenty Year Index, or access it 
free of charge by visiting us online at www.gia.edu/gandg. 
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THE CURRENT STATUS OF CHINESE 
FRESHWATER CULTURED PEARLS 


By Shigeru Akamatsu, Li Tajima Zansheng, 
Thomas M. Moses, and Kenneth Scarratt 


Chinese freshwater cultured pearls (FWCPs) are assuming a growing role at major gem and jewelry fairs, and 
in the market at large. Yet, it is difficult to obtain hard information on such topics as quantities produced, in 
what qualities, and the culturing techniques used because pearl culturing in China covers such a broad area, 
with thousands of individual farms, and a variety of culturing techniques are used. This article reports on 
recent visits by two of the authors (SA and LTZ) to Chinese pearl farms in Hanzhou Province to investigate 
the latest pearl-culturing techniques being used there, both in tissue nucleation and, much less commonly, 
bead (typically shell but also wax) nucleation. With improved techniques, using younger Hyriopsis Cumingi 
mussels, pearl culturers are producing freshwater cultured pearls in a variety of attractive colors that are larg- 
er, rounder, and with better luster. Tissue-nucleated FWCPs can be separated from natural and bead-nucle- 


ated cultured pearls with X-radiography. 


he popularity of Chinese freshwater cul- 

tured pearls (FWCPs) has risen dramatically 

in the world’s markets. The unique charac- 
teristics of the Chinese FWCP—in terms of size, 
shape, and color—have been key to this popularity 
(figure 1). Chinese FWCPs are available in sizes 
ranging from 2 mm to over 10 mm, in an interest- 
ing variety of shapes such as round, oval, drop, 
button, and baroque; and in rich colors such as 
orange and purple, often with a metallic luster. 
The vast majority of these Chinese FWCPs are 
nucleated by mantle tissue only, although some 
nucleation with spherical beads has taken place 
(Bosshart et al., 1993; “China producing nucleated 
rounds,” 1995; Matlins, 1999; “China starts...,” 
2000; Scarratt et al., 2000). This makes them dis- 
tinct from the overwhelming majority of cultured 
pearls from other localities, which are bead nucle- 
ated. Despite the growing popularity of Chinese 
FWCPs, details concerning their history, culturing 
areas, production figures, culturing techniques, 
and the characteristics of the pearls themselves 
are not widely known. In response to the growing 
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demand for information, two of the authors (SA 
and LTZ) visited six FWCP farms and one nucleus 
manufacturer in China’s Zhejiang district; they 
also examined hundreds of Chinese FWCPs. The 
trip was made from July 25 to 29, 2000; informa- 
tion in this article has been confirmed and updat- 
ed since then based on the second author’s 
monthly trips to the pearl-farming areas to visit 
his pearl factory in Zhuji City, as well as to pur- 
chase freshwater cultured pearls for export. In 
addition, the first author has visited Chinese 
freshwater pearl-culturing areas several times dur- 
ing the past two years. This article reports on the 
current status of the Chinese freshwater cultured 
pearl, both the various culturing techniques used 
and the cultured pearls themselves, updating (and 
superseding) the pearl-culturing information in 
Scarratt et al. (2000). 
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HISTORY 


The culturing of freshwater pearls was widespread 
in China by the 13th century. Tiny figures of 
Buddha formed of lead were cemented onto the 
nacreous interior of the shell produced by the fresh- 
water mussel Cristaria plicata (zhou wen guan 
bang in Chinese). Over time, the mollusk coated 
the lead figures with nacre, and the blister pearls 
thus cultured were used as temple decorations or 
amulets (Ward, 1985; Webster, 1994). Even now, 
this culturing technique survives, although the 
images are larger and nucleated with wax rather 
than lead (figure 2). Today, images of Buddha, flow- 
ers, birds, animals, and other forms are molded with 
wax and inserted into the mussels. A similar tech- 
nique is used to create the mabé-type hemispheric 
composite cultured blister pearls in white- and 
black-lipped pearl oysters, as well as in abalone 
(Wentzell, 1998). 

Freshwater pearl culturing was attempted in 
Japan around 1910, but success was not achieved 
until 1924, when growers changed from the 
“Karasu” mussel (C. plicata) to the “Ikecho” mus- 
sel (Hyriopsis schlegeli). Following this success, 
commercial freshwater pearl culturing began in 
Japan in 1928. A bead-nucleating technique was 
first adopted, but growers eventually recognized 
that tissue nucleation produced better results. In 
1946, freshwater-pearl farmers switched to tissue 
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Figure 1. Chinese fresh- 
water cultured pearls 
occur in a variety of 
attractive shapes and 
colors, as well as in sizes 
over 10 mm. The potato- 
shaped Chinese FWCPs 
in the strand on the left 
range from 9.3 x 11.3 
mm to 10.6 x 12.7 mm. 
The near-round Chinese 
FWCPs on the right are 
approximately 9-10 
mm. Photo © Harold & 
Erica Van Pelt. 


nucleation, creating unique freshwater cultured 
pearls. Since then, Japanese FWCPs have been 
highly prized as “Biwas” (named after Lake Biwa, 


Figure 2. The culturing of freshwater blister pearls was 
widespread in China by the 13th century. Tiny figures 
of Buddha were cemented onto the inner shell of 
freshwater mussels (Cristaria plicata), where they 
were coated with nacre. The same culturing technique 
survives today. Instead of tiny lead figures, larger wax 
images are commonly used to produce a variety of 
forms, although Buddha (as seen in this 8.3 x 10.8 cm 
shell) is still popular. Photo by Shigeru Akamatsu. 
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where most were grown). Over time, improve- 
ments in the culturing technique produced more 
pearls of better quality, and the Japanese freshwa- 
ter pearl culturing industry flourished. Pearl cul- 
turing at Lake Kasumigaura began in 1962, and in 
1980 production reached a peak of 6.3 tons. 
Production began to decline because of water con- 
tamination and the high mortality of the mussels 
(Toyama, 1991). By 1998, production of Japanese 
freshwater cultured pearls had dropped to 214 kg, 
only 3.4% of the peak in 1980 (“Statistics of fish- 
ery and cultivation,” 2000). 

It was in the late 1960s and early 1970s that 


Figure 3. Most of the Chinese FWCPs cultivated with 
Cristaria plicata were of low quality: irregular shaped 
with many wrinkles on their surface (hence called “Rice 
Krispies”; here, 5 x 8 mm to 9 x 14 mm, produced in 
1976). These pearls first appeared on the market in the China started full-scale FWCP production, and low- 


late 1960s and early 1970s, with 600 grams imported quality irregular-shaped cultured pearls with wrin- 


into Japan in 1971. The quantity increased dramatically kles on their surface (commonly known as “Rice 
over the next several years (with Japanese imports of 49 Krispie” pearls) appeared in the market (Hiratsuka, 

tons in 1984), but the boom had faded by the late 1980s. 1985; figure 3). According to trade statistics pub- 
Photo by Maha Tannous. lished by the Japanese Ministry of Finance, in 1971 


Japan imported only 600 grams of this material. 
Over the next 13 years, however, these imports 
increased dramatically: They reached 7.5 tons in 


Figure 4. Chinese pearl farmers greatly improved the quality (O78 BA tae a 1082 And over JO tans wi 1984 
of their product in the 1990s by changing the mussel species : : : 


from Cristaria plicata to H. Cumingi, the Chinese “triangle” 
mussel. With the use of H. Cumingi both as donor of the man- 
tle tissue and for culturing, they produced larger cultured 


Most were not consumed by the Japanese market, 
but instead were exported to Germany, 
Switzerland, Hong Kong, the Middle East, and the 


pearls with a smoother surface, rounder shape, and better U.S. by Japanese distributors (Chinese FWCPs 
color and luster. In particular, the color and luster of the accounted for more than half the pearls exported 
mother-of-pearl in the tissue-donor mussel has a strong influ- from Japan in 1984). In the late 1980s, however, the 
ence on the color and Luster of the final cultured pearl; notice demand for such low-quality pearls quickly died 
the differences among these four mussels, all of which were down, and the Chinese FWCP almost disappeared 
used to provide mantle tissue nuclei. Although earlier cultur- from the world market. 
ing with H. Cumingi was done using 2-2.5 year old mussels, In the 1990s, however, Chinese FWCPs reap- 


these one-year old mussels are typical of the age at which H. 


Cumingi are nucleated today. Photo by Shigeru Akamatsu. Deated, web et duality tomer ap ly eae ved 


(“China starts pearling revolution,” 2000). 
Culturers had changed the species of mussel from 
C. plicata to Hyriopsis cumingi, which is general- 
ly called the “triangle mussel” (san jiao or san 
jiao bang in Chinese) because of its shape (figure 
4; Fukushima, 1991). The triangle mussel inhabits 
wide areas along the Chang Jiang (Yangtze) River. 
Using the new mussel, growers started to culti- 
vate 3-4 mm pearls with a smooth surface. 
Although some of these Chinese FWCPs were 
near-round, more often the commercial product 
had a bulbous oval “potato” shape (again, see fig- 
ure 1). Over the last decade, quality continued to 
improve. Chinese cultivators now produce 
FWCPs in sizes from 2 mm to over 10 mm, in 
shapes from extreme baroque to perfect round, 
and in colors from white to pastel orange and pur- 
ple, often with a metallic luster. 
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CULTURING AREAS AND 

PRODUCTION AMOUNT 

The culturing region for Chinese FWCPs extends over 
wide areas along the Chang Jiang (also known as the 
Yangtze) River (figure 5). The provinces of Jiangsu, 
Zhejiang, Anhui, Fujian, Hunan, and Jiangxi are the 
main culturing areas, with Jiangsu and Zhejiang 
accounting for nearly 70% of the total FWCP produc- 
tion (He Xiao Fa, pers. comm., August 2000). 

It is generally thought that pearls cultured in 
southern farms grow faster, coinciding with the 
rapid growth of the mussel. By contrast, pearls cul- 
tured in northern farms grow more slowly, but their 
compact nacre gives them a better luster. For this 
reason, some farmers who own both northern and 
southern farms initially cultivate pearls in the 
southern farms to accelerate nacre growth, then 
move the mussels to northern farms one year before 
harvest to improve the luster. In addition, northern 
farmers often buy nucleated mussels from southern 
cultivators. According to several pearl culturers in 
the cities of Zhuji and Shaoxing, transferring mus- 
sels from one farm to another during the pearl 
growth period (which may take up to six years) is 
not uncommon in China. 

No accurate production figures exist for Chinese 
FWCPs. Two major culturers, He Xiao Fa of 
Shanxiahu Pearl Co. Ltd. and Ruan Tiejun of Fuyuan 
Pearl Jewelry Co. Ltd., estimate that annual produc- 
tion is currently about 1,000 tons. Because there are 
several thousand pearl farms, many of which are 
very small, it is impossible to give an accurate 
count. The farms range from major operations with 
over one million mussels, to tiny roadside swamps 
diverted from rice paddy fields that contain tens of 
thousands of mussels (see, e.g., figure 6). The mus- 
sels are suspended in nets (each typically containing 
two to three mussels; figure 7) from buoys that are 
often made of Styrofoam or recycled plastic bottles. 


RECENT DEVELOPMENTS IN 

TISSUE NUCLEATION 

From observations made during our frequent visits, 
and from conversations with several leading pearl 
farmers, we confirmed that the vast majority of fresh- 
water cultured pearls produced in China today are, as 
stated in Scarratt et al. (2000), mantle-tissue nucleat- 
ed. As the recent improvement in quality demon- 
strates, the growth techniques used to create the 
Chinese product have changed. Some of the changes 
can be counted as major technical improvements. 
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Figure 5. Freshwater pearl culturing areas extend 
widely along the Chang Jiang (Yangtze) River, 
including the provinces of Jiangsu, Zhejiang, Anhui, 
Fujian, Hunan, and Jiangxi. Mussels that have been 
tissue nucleated are not always cultivated in a single 
farm for the entire culturing process. Often they are 
transferred to other farms in different provinces, 
where cultivation continues. 


New Mussel Species Used for Culturing. As noted 
above and in Scarratt et al. (2000), Chinese pearl 
cultivators have changed from the C. plicata mus- 
sel to the H. cumingi ("triangle”) mussel. H. 
cumingi is a large bivalve of the same genus as the 
H. schlegeli used for pearl cultivation in Japan’s 
Lake Biwa. Triangle mussels can produce attrac- 
tive FWCPs with a smooth surface. With the intro- 
duction of hatchery techniques to propagate the H. 
Cumingi, mass production of mussels has become 
possible and enormous amounts are now used for 
pearl culturing. 
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Figure 6. In China, the number of farms culturing freshwater pearls is too large to be counted accurately. They 
vary in size from large lakes (left) to small farms converted from rice paddy fields (right). Note the soil piled 

around the paddy field to keep the water deep enough (1.5 m) for pearl culturing. Photos by Shigeru Akamatsu 
(left) and Li Tajima Zansheng (right). 


A Longer Culturing Period. In the past, it was com- 
mon for growers to perform tissue nucleation on 
two-and-a-half-year-old mussels, cultivate them for 
two to three years thereafter, and harvest 4-7 mm 
pearls (see, e.g., Jobbins and Scarratt, 1990). In recent 
years, however, some growers have been operating 
on significantly younger mussels, approximately 
one to one-and-a-half years old (figure 8, right), and 
cultivating them for four to six years. By extending 
the period between insertion of the tissue nuclei 
and the harvest, they have succeeded in producing 
commercial quantities of FWCPs larger than 8 mm. 
A one-year-old mussel has a small shell, one valve 
of which weighs only 10 grams (average dimen- 
sions: 7.2. x 4.3 cm) at the time of nucleation. That 
same valve will attain a shell weight at harvest after 


Figure 7. During pearl cultivation, two to three 
mussels typically are put in a net and suspended in 
the water from Styrofoam buoys or recycled plastic 
bottles. Photo by Shigeru Akamatsu. 


100 CHINESE FRESHWATER CULTURED PEARLS 


five years of 260 grams (up to 16.4 x 10.5 cm), more 
than 2.5 times its starting weight (figure 8, left). The 
pearls grow as the mussels grow, but the rate of 
growth is not always proportional. 

Even though the cultivation period from nucle- 
ation to harvest is the same for any given mussel, 
the growth rate of the many pearls nucleated in that 
mussel is not the same. Consequently, FWCPs of 
various sizes are harvested from a single mussel (fig- 
ure 9). Table 1 lists the different sizes of FWCPs 
removed from a sample harvest of four mussels that 
were cultivated for 4.5 years in a farm in Shaoxing. 


Figure 8. A one-year-old “triangle” mussel at the 
time of tissue nucleation is very small (right)—an 
average of 7.2 x 4.3 cm, with an approximate shell 
weight (one valve) of 10 grams. A six-year-old H. 
cumingi mussel at the time of harvest (left) after 
five years of cultivation is very large—up to 16.4 x 
10.5 cm, with a single valve now 260 grams in 
weight. Photo by Li Tajima Zansheng. 
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These results also indicate that cultivation periods 
of 4.5 years can produce FWCP sizes of over 9 mm. 
Note that these mussels were older and larger when 
the nuclei were inserted than is currently practiced 


Improvement in the Mantle Tissue Nucleus. In ear- 
lier freshwater pearl culturing, a common technique 
was to cut a 2 x 2 mm piece of tissue from the man- 
tle of a 2.5-year-old mussel, fold it, and then insert it 
into a pocket made in the mantle lobe of a host mus- 
sel (Jobbins and Scarratt, 1990). Because this piece of 
tissue was too thick to be worked into a round 
shape, most of the FWCPs produced had shapes such 
as rice, oval, and baroque. Recently, pearl farmers 
have changed the nature of the mantle-tissue nuclei. 
Instead of taking the tissue from a 25-year-old mus- 
sel, growers now use a one-year-old (H. cumingi) 
mussel for this part of the procedure. When a piece 
of tissue is removed from such a young mussel, it is 
thin enough to be rolled into a round ball. So the cul- 
turer now cuts a larger (but thinner) 4 x 4 mm piece 
of mantle tissue (figure 10), and makes it as round as 
possible by rolling it before nucleation (figure 11). 


Improvements in the Nucleation Technique. From 
their experience, pearl culturers identified that the 
posterior mantle lobe of the mussel, where the moth- 
er-of-pearl has the desired color and luster, is the key 
location to produce a better-quality pearl with fine 
color and luster (again, see figure 4). So they started to 
cut pieces of tissue from the posterior part of the sac- 
rificed “donor” mussel and then placed them into 
pockets in the same posterior mantle lobes of the 
host mussel (figure 12). With this new technique, 


Figure 9. All the Chinese FWCPs in this photo were 
tissue nucleated and harvested from both valves of 
one mussel after 4.5 years. Even though the culturing 
conditions were the same, the resulting FWCPs 
range from 5 to 9 mm. Photo by Shigeru Akamatsu. 


pearl culturers are improving the color and luster of 
their FWCPs. Figure 13, taken in April 2001, shows a 
group of technicians performing different stages of 
the pearl nucleation technique at this pearl-process- 
ing operation in a suburb of Zhuji City. 

Another improvement is the reduction in the 
number of tissue pieces used to nucleate a single 
mussel. In the past, when cultivators used relative- 
ly large, 2.5-year-old mussels to begin the process, 
about 20 pieces usually were inserted in each man- 
tle lobe of the bivalve—for a total of about 40 
pieces in a single mussel (Farn, 1986, Scarratt et 
al., 2000). Now, some growers typically insert 14 
or fewer pieces of tissue in each mantle lobe of a 
one-year-old mussel—for a total of 28 or fewer in 
each mussel (figure 14). 


TABLE 1. Freshwater cultured pearls produced from four mussels harvested in 
Shaoxing after cultivation for 4.5 years.? 


Mussel 1 Mussel 2 

Size (mm) No. of % of No. of % of 
FWCPs total FWCPs total 

4 ) 6) 1 2.9 

5 4 9.5 5 14.3 

6 12 28.6 13 37.1 

7 13 31.0 12 34.3 

8 10 23.8 3 8.6 

9 3 ta itl 2.9 

Total 42 35 


Mussel 3 Mussel 4 
No. of % of No. of % of 
FWCPs total FWCPs total 

2 3.8 ) ) 

20 37.7 1 3.0 
21 39.6 8 24.2 
6 T13 16 48.5 
3 5.7 8 24.2 
_ 1.9 0 ) 
53 33 


4aNote that these mussels were older when they were nucleated, and had more nuclei inserted, than pearl farmers 


now prefer. 
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Figure 10. Using a knife, the technician cuts a 
piece approximately 4 x 4 mm from a strip of tissue 
that was removed from the mantle lobe of an H. 
Cumingi mussel of about the same age as the one- 
year-old H. Cumingi into which it will be inserted. 
Photo by Shigeru Akamatsu. 


Figure 12. The operator places a one-year-old mussel 
on a fixing stand and opens the shell with care, mak- 
ing pockets in the posterior mantle lobes and inserting 
rolled pieces of mantle into them, as illustrated in the 
diagram (inset). A skilled technician can operate on 
120 mussels a day. Photo by Shigeru Akamatsu. 
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Figure 11. Just before nucleation, the thin pieces of 
mantle tissue are rolled as round as possible. 
Because the piece of mantle tissue is so thin, it can 
be rolled into a round ball more efficiently than the 
thicker (2 x 2 mm) pieces of tissue that were typi- 
cally used in the past. Photo by Shigeru Akamatsu. 


Movement of Mussels Among Different Farms. We 
observed not only that culturers sold the live, oper- 
ated mussels for further growth in the farm of 
another producer, but also that as they recognized 
deficiencies or changes in the environments of 
their farms, they often moved their own mussels to 
more suitable farms. Culturers also have found that 
the change in farms places the mussels under a 
type of “stress” that activates their respiration so 
that they produce more carbon dioxide (Koji Wada, 
pers. comm., 2001). The carbon dioxide converts to 
carbonate ions that combine with the calcium ions 
to form more calcium carbonate crystals. This 
improves the nacre growth, thus promoting good 
luster and color, as well as larger pearls. 


FWCP CULTIVATION WITH SOLID NUCLEI 

Although, as noted above, the vast majority of 
Chinese FWCPs currently are tissue nucleated, vari- 
ous methods to culture the FWCP by inserting a 
solid bead nucleus are being practiced (“China pro- 
ducing nucleated rounds,” 1995). Use of a bead 
nucleus is still being done on a limited scale only, 
because of the higher cost of production and the 
inferior quality of the pearls produced. According to 
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Chinese pearl-culturing textbooks (Li and Zhang, 
1997; Li, 1997), the main methods used to bead 
nucleate Chinese FWCPs are as described below. 


Insertion of Bead Nuclei into Mantle Pockets. The 
Chinese textbooks cited above report that pockets 
are cut into the mantle lobes of large and healthy 
five- to eight-year-old H. cumingi mussels, and the 
same round shell beads typically used for saltwater 
pearl culturing are inserted together with pieces of 
tissue cut from the mantle of another H. Cumingi 
mussel (figure 15). The implantations typically 
take place from March through May and from 
September through November, but the latter period 
yields better results. 

The spherical bead nucleus varies from less than 
2.mm to over 8 mm, while the piece of mantle tis- 
sue usually is smaller than 2, x 2 mm. For the best 
product, the size of the piece of tissue must be con- 
sistent with the size of the bead nucleus. When the 
piece of tissue is too large relative to the bead, 
pearls with a poor shape, wrinkles, or blemishes 
commonly result. Conversely, according to the 
textbooks, if the piece of tissue is too small, it can 
easily separate from the nucleus, resulting in a tis- 
sue-nucleated FWCP and the possible expulsion of 
the bead. The solid nucleus normally is cut from 
the interior of a Chinese or American freshwater 


Figure 14. Shown here is a one-year-old mussel just 
after a tissue-nucleating operation in July 2000. In 
accordance with the current practice of this cultivator, 
14 pieces of mantle tissue were inserted into the poste- 
rior part of each of the two mantle lobes (to produce a 
total of 28 pearls). In recent years, fewer pieces of 
mantle tissue have been used to facilitate the produc- 
tion of larger FWCPs. Photo by Shigeru Akamatsu. 


rereen 
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Figure 13. Several technicians are simultaneously 
preparing the mantle tissue and inserting the 
pieces into the young H. Cumingi mussels at this 
pearl-processing operation in a suburb of Zhuji 
City. Photo by Li Tajima Zansheng. 


mussel (see “The Bead Nucleus” section below}, 
but paraffin wax also is used by some pearl farmers. 

When paraffin is used, typically spherical wax 
beads about 2 mm in diameter are inserted into a 
mussel (H. cumingi) to produce 5—7 mm FWCPs (fig- 
ure 16). If these cultured pearls are heated when 
drilled, the liquefied paraffin will ooze out of the 
drill hole, leaving a small hollow core. Solvents such 
as bleaching reagents can easily enter such hollow 
FWCPs, facilitating this processing. Thus, the use of 
paraffin nuclei has a possible three-fold purpose: (1) 
produce round pearls, (2) lower the cost of the nucle- 
us, and (3) facilitate processing after harvest. 


Modified Direct (or “D”) Operation. This method is 
similar to that used in South Sea and Tahitian pearl 
cultivation, with the exception that (as noted above} 
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BEAD NUCLEUS INSERTION 


0 Cut a tip of 
mantle lobe 


@ Make a pocket 
with a needle 


@ insert a nucleus 
into the pocket 


@ Push the nucleus 
into proper position 
in the pocket 


(5) Place a small 
piece of mantle 
tissue into the 
pocket with the 
nucleus 


@ Operation finished 
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Figure 16. Recently, small paraffin balls also have 
been used as bead nuclei. When the cultured pearl 
is heated during drilling, the wax can melt out, 
leaving a small void that makes treatment easier. 
The cultured pearls shown here are 5—7 mm in 
diameter. Photo by Maha Tannous. 


the bead nuclei are inserted into the mantle of the 
host mussel for (freshwater) Chinese cultured pearls, 
whereas for (saltwater) South Sea and Tahitian cul- 
tured pearls the bead is inserted into the gonad. After 
a mussel nucleated by the usual tissue-insertion 
operation is harvested, the technicians carefully cut 
out the FWCPs and then, rather than discarding the 
animal, they insert a shell bead nucleus into each 
pearl sac where a tissue-nucleated FWCP had grown 
(figure 17). With this procedure, there is no need to 
insert a piece of tissue with the bead nucleus because 
the pearl sac is already formed. Usually bead nuclei 
5-6 mm in diameter are inserted into pearl sacs 
formed in the mantle lobes, and culturing continues 
for one to two years. Because at the time of the first 
harvest the mussel is already a little old, the color 
and luster of the bead-nucleated pearl produced by 
this second procedure typically will not be as good as 
that of the original tissue-nucleated FWCP (Li and 
Zhang, 1997; Li, 1997). Nevertheless, some attractive 
pearls have been cultured by this process (figure 18). 


Figure 15. Bead nucleation of Chinese FWCPs usually 

involves insertion of the bead nucleus together with a 

piece of mantle tissue into a pocket made in the man- 

tle lobe. Most commonly the beads are fashioned from 
the shell of a Chinese or American freshwater mussel. 

Adapted from Li (1997). 
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Diamonds 


A gem diamond (A) is encased in a black crystalline nodule of bort. A dia- 
mond crystal in “blue ground,” from the primary deposits of South Africa 
(F), and one in cemented gravel from a Brazilian alluvial site (B) illustrate 
the principal occurrences of this mineral. A well-formed crystal (D) and a 
distorted one (E) indicate the variability in form of diamond rough. The 
133-carat Colenso Diamond (D) is an octahedron (eight large triangular 
faces), modified by faces of the tris-octahedron, which rim those of the 
octahedron and give a rounded appearance to the crystal. Triangular 
growth, or etch markings, frequently observed on diamond, are clearly visi- 
ble on the octahedral faces, 


(actual size) 
PLATE IV 


Printed in England. 


BEAD NUCLEATION by DIRECT OPERATION 


@ Place a curved holder on the inner surface 
of the mantle next to the pearl sac 


® Cut open the tip of the pearl sac with a 
bladed needle 


Figure 18. These Chinese FWCPs were bead nucle- 
ated by a modified “D” operation. The cross-sec- 
tion is 8 mm in diameter; the whole samples range 
from 7.5 mm in diameter to 9 x 10 mm. Photo by 
Maha Tannous. 


3] Remove the cultured pearl from the pearl 
sac by pushing with the curved holder 


Insertion of the Bead into the Mussel’s Body. To 
make FWCPs over 10 mm, relatively large nuclei (8 
to 12 mm in diameter) are inserted together with 
pieces of tissue into the body of the H. cumingi mus- 
sel—as distinct from the mantle lobes in the bead- 
nucleation procedure described earlier—usually 
under the liver and/or the heart (figure 19). This is the 
same technique currently used to produce Kasumiga 


4) Insert a bead nucleus into the new 


vacant pearl sac and continue cultivation; freshwater cultured pearls in Japan (Hanni, 2000). 
there is no need for a piece of mantle to 
accompany the bead because the pear! The Bead Nucleus. Japan was once the only country 


sacs aleadyouned that manufactured shell bead nuclei for pearl cultur- 


ing, but now China also produces and supplies shell 
beads to Chinese pearl culturers. By visiting one of 
the nucleus manufacturers—Theng Xuan An of 
Penfei Youhezenzhu Co., Zhuji—two of the authors 
(SA and LTZ) learned about some of the Chinese 
nuclei. In China today, bead nuclei for saltwater as 
well as freshwater pearl culturing are fashioned 


5] A bead-nucleated pearl is produced 


Figure 17. Some Chinese pearl farmers use a direct (or 
“D”) operation modified from a similar process used to 
produce saltwater cultured pearls in the South Seas 
and Tahiti. After removing the tissue-nucleated FWCP, 
the technician inserts a shell bead nucleus into the 


existing pearl sac to grow another pearl. Mantle tissue 
is not needed in this case because the pearl sac is 
already formed. Adapted from Li (1997). 
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BEAD NUCLEATION in MUSSEL BODY 


Under the liver 


Figure 19. To produce FWCPs over 10 mm, some 
cultivators insert larger (8-12 mm diameter) but 
fewer (usually one or two) bead nuclei together 
with pieces of mantle tissue into the body of the 
mussel under the liver and/or the heart. Adapted 
from Li (1997). 


from both Chinese and American freshwater mus- 
sel shells; Mr. Theng’s factory uses the same trian- 
gle mussel in which the freshwater pearls are cul- 
tured as the shell for beads, too. We are aware that 
shells cut from other mussels, such as Lamprotula 
leai, are also used for bead cultivation in China (D. 
Fiske, pers. comm., 2001). To fashion the nuclei 
(typically 5-7 mm in diameter}, Penfei 
Youhezenzhu Co. uses machines imported from 


Figure 20. Commercial round Chinese FWCPs range 
from 2 mm to over 13 mm. The sizes of tissue-nucle- 
ated FWCPs are closely related to the culturing peri- 
od: 2mm FWCPs such as the one on the far left can 
be produced by a culturing period of less than two 
years, but the 13 mm FWCP on the far right typical- 
ly requires more than six years. Note also the range 
of colors and the metallic luster in some of these 
samples. Photo by Li Tajima Zansheng. 
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Japan and the same procedure as is used in Japan. 
These beads are also exported to other pearl-produc- 
ing countries such as Japan and Tahiti. 

Reports in the trade literature have suggested 
that some bead nuclei are made by grinding tissue- 
nucleated FWCPs into a round shape (Matlins, 
1999; Roskin, 2000). In our visits with a Chinese 
nucleus manufacturer and numerous pearl cultur- 
ers, we found no evidence of the commercial man- 
ufacture of such nuclei. Recently, one of the 
authors (SA) asked a Japanese nucleus manufactur- 
er to fashion such nuclei from tissue-nucleated 10 
mm “potato” FWCPs to examine the appearance 
and potential effectiveness of such a bead. By the 
usual shell-bead manufacturing procedure, the 
FWCPs were ground to round. The result was not 
satisfactory, because the nacre peeled unevenly 
during grinding to produce a poor sphere. 


CHARACTERISTICS OF CHINESE FWCPs 
Materials and Methods. As described in the intro- 
duction, Chinese FWCPs are distinctive in terms of 
size, shape, color, and luster. Their internal struc- 
ture also is unique. To study these characteristics, 
two of the authors (SA and LTZ) examined approxi- 
mately 500 sample Chinese FWCPs—ranging from 
2mm to 13 mm (figure 20)—that were selected 
from the stock (about 100 kg) of Stream Co. These 
are representative in color and luster of the better- 
quality cultured pearls being sold in China at this 
time. The stock was harvested from a few Zhuji 
and Shaoxing pearl farms in July 2000. The buyers 
at Stream Co. purchased all of these samples as tis- 
sue-nucleated FWCPs; only a few farms in these 
areas culture bead-nucleated FWCPs. 

All of the pearls were examined visually by two 
of the authors (SA and LTZ). Approximately 50 tis- 
sue-nucleated FWCPs were cut in half so that we 
could examine the internal structure with a loupe. 


Structure. Because the vast majority of Chinese 
FWCPs are tissue nucleated, solid nuclei are not 
normally seen. Most of the sawn tissue-nucleated 
FWCP sections showed traces of the tissue nucleus 
at the center, although in some samples they were 
difficult to discern (figure 2.1). For this reason, as dis- 
cussed in depth in Scarratt et al. (2000), the separa- 
tion of natural from tissue-nucleated cultured pearls 
is best done with X-radiography (see Appendix A). 
The cross-sections of the more strongly colored 
samples also showed distinct concentric color bands 
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Figure 21. The evidence of tissue nucleation in 
Chinese FWCPs can be very subtle. In most of 
these four tissue-nucleated samples, the nucleus 
can be seen as a fine line toward the center of the 
sphere. Because such sawn sections are a highly 
destructive means of identifying the type of nucle- 
us, and even they may not reveal the necessary evi- 
dence (if, for example, the tissue nucleus is slightly 
off-center), X-radiography is the best method to 
separate tissue-nucleated cultured pearls from 
their natural or bead-nucleated counterparts. 
During cultivation, growth rings of different colors 
form in some FWCPs. Photo by Shigeru Akamatsu. 


between nacreous layers. These bands seem to be 
related to the same mechanism that produces the 
various colors observed in the shell nacre of the 
host H. cumingi mussel (figure 22). 


Shape. In the past, Chinese FWCPs were typically 
elongated and wrinkled or pitted (again, see figure 
3). Although most Chinese FWCPs continue to 
be oval or other shapes, the improvements in cul- 
turing techniques described above (e.g., the use of 
younger, thinner pieces of mantle tissue that can 
be rolled into a ball) have brought a greater num- 
ber of round and near-round FWCPs to the mar- 
ketplace (figure 23). 

Today, the most popular shapes are round, near- 
round, oval, button, drop, semi-baroque, and others 
such as sticks and crosses. This wide variety of 
shapes is characteristic of FWCPs from sources 
around the world. The group we examined were 
specifically selected to be round to near round. 


Color. Chinese FWCPs occur in three main hues— 
white, orange, and purple—all of which were repre- 
sented in our sample. Combinations of tone and 
saturation yield a broad range of color appearances 
(figure 24) from which very attractive and distinc- 
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Figure 22. When the periostracum (the outer layer 
of the shell) of the triangle mussel H. Cumingi is 
removed, the beautiful color and luster of the 
nacre are revealed. Insertion of mantle tissue taken 
from the posterior of the mussel into the posterior 
of the live mussel is the key to producing better 
color and luster. Photo by Shigeru Akamatsu. 


tive jewelry has been fashioned (figure 25). Pearl 
dealers have described some Chinese FWCPs as 
“wine,” “cognac,” “lavender” (figure 2.6), “blueber- 
ry,” and “apricot.” This color range is believed to 
be associated with: (1) the color of the mother-of- 
pearl in the donor mussel from which the piece of 
mantle tissue was taken, (2) the environmental 
conditions of the culturing farm, and/or (3) the age 


Figure 23. The new tissue-nucleation techniques 
being used in China have led to a greater number 
of round freshwater cultured pearls in the market- 
place. Photo by Shigeru Akamatsu. 
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Figure 24. Chinese FWCPS occur in different tones, 
saturations, and combinations of white, orange, 
and purple. Photo by Li Tajima Zansheng. 


Figure 25. This contemporary jewelry takes advan- 
tage of the combination of unusual colors offered 
by Chinese FWCPs. Jewelry courtesy of Stream 
Co.; photo © A.Takagi/Bexem Co. Ltd. 
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of the host mussel. The first of these probably has 
the greatest effect on the color of an individual 
FWCP (Li and Zhang, 1997). 


Luster. Our sample Chinese FWCPs demonstrated a 
wide range of luster, from dull and chalky to metal- 
lic. On the basis of on-site investigations and inter- 
views with several cultivators in Shaoxing, two of 
the authors (SA and LTZ) concluded that the fol- 
lowing four factors can influence the luster of 
Chinese FWCPs: 


e The nature of the piece of mantle tissue used 


e The location in the mussel where the tissue 
piece is inserted 


e The age of the mussel that has been nucleated 


e The environmental conditions of the culturing 
farm 


As an example of this last item, experienced cul- 
tivators know that the water quality at Shaoxing 
pearl farms is different from that of pearl farms 
along the Chang Jiang River. 

Pearl farmers carefully choose mussels with shell 
nacre that shows good luster as the source of the 
mantle tissue to be used in the nucleation process. 
As noted above, to achieve the best luster (and 
color}, the technicians insert the pieces of tissue into 
the posterior of the mantle lobe. This region of the 
mantle also experiences the most growth. A young 
mussel bears lustrous pearls, but as it becomes older 
(more than five or six years), the luster of the pearl 
gradually decreases as its size increases. Pearl cultur- 
ers claim that the water quality (probably the differ- 
ence in mineral content) of their farms is the key to 
producing pearls with a shiny metallic luster, but 
that regardless of the farm the metallic luster will 
disappear if the cultured pearl is left in a mussel that 
is more than five or six years old. 

In addition to these four factors, the mussel 
species itself will affect pearl luster. Pearls with 
very fine luster are produced when the pieces of 
mantle tissue are cut from the mantle of a C. plica- 
ta and inserted into the mantle of an H. cumingi. 
However, almost all of the pearls produced with 
this combination have heavy surface wrinkles. 


CONCLUSION 

Annual production of freshwater cultured pearls in 
China is estimated at about 1,000 tons, with approxi- 
mately 650 tons usable in the jewelry trade. However, 
the present expansion of cultivation indicates a sub- 
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stantial increase within the next two or three years. 
Although more high-quality FWCPs are being pro- 
duced as cultivation methods improve, most of the 
Chinese FWCPs are still of moderate to low quality. 

The improvements in size, shape, surface condi- 
tion, luster, and color seen in recent years are the 
result of many advances in the culturing materials 
and techniques used. These include changing mus- 
sel species from C. plicata to H. cumingi, nucleation 
of younger (one-year-old) mussels, improvement in 
the tissue nucleation (rolling a thinner piece of man- 
tle into a round shape and inserting fewer pieces into 
the host mussel], a relatively longer culturing period, 
and a frequent change of culturing farms. 

Bead-nucleation techniques also are being devel- 
oped, but our experience indicates that bead-nucle- 
ated FWCPs continue to represent a very small per- 
centage of the total production in China. This 
appears to be due to the technical difficulties and 
culturing costs involved. For example, bead nucle- 
ation doubles the labor required because both a bead 
and a piece of tissue must be inserted into the pock- 
et, whereas tissue nucleation requires only a single 
action to insert the piece of tissue. In any event, as 
discussed in Appendix A, the separation of bead- 
nucleated from tissue-nucleated cultured pearls, and 
of the tissue-nucleated product from its natural 
counterparts, is readily accomplished with contem- 
porary X-radiography techniques. 

While this information represents the study of 
several pearl operations and hundreds of FWCPs, 
the fact that China has many thousands of pearl 
farms and produces tons of cultured pearls annually 
makes it impossible to provide a complete story. 
We believe, however, that the information we have 
provided is representative of the Chinese product 
seen in the market today and that the new nucle- 
ation and culturing techniques promise an even bet- 
ter product in the future. 
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Figure 26. Lavender is one of the distinctive colors 
in which Chinese FWCPs occur. The rounds in the 
strand are approximately 9.5 mm in diameter; the 
cultured pearl in the ring is 12.3 mm. Photo © 
Harold & Erica Van Pelt. 
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APPENDIX A: IDENTIFYING CHINESE FRESHWATER 
CULTURED PEARLS BY X-RADIOGRAPHY 


Cultured pearls form a significant portion of all gem 
materials traded. Yet the one nondestructive method 
that can be used to identify the growth technique or 
separate cultured from natural pearls—X-radiogra- 
phy—is available only to a limited number of gemol- 
ogists who have access to the necessary equipment. 
Nevertheless, it is important that all gemologists 
understand the principles behind X-radiography and 
its capabilities in pearl identification. While the gen- 
eral method and operating procedures have been pub- 
lished by, for example, Webster (1994) and Kennedy 
(1998), this box provides specific information regard- 
ing the use of X-radiography in the identification of 
freshwater cultured pearls (FWCPs) grown by a vari- 
ety of techniques in China. The information is based 
on the experience of two of the authors (TMM and 
KS) with taking and interpreting tens of thousands of 
pearl X-radiographs over the last two decades, many 
of which were of Chinese FWCPs. 


Pearl Structure. Both natural and cultured freshwater 
pearls are formed of concentric layers, of variable 
thickness, that are comprised of aragonite and/or cal- 
cite along with some organic matter. As the pearl 
grows, more organic matter may be accumulated dur- 
ing one period than another, as seen in figure A-1. 
Some pearls—natural or cultured by tissue nucle- 
ation—have a growth structure similar to that 
between points A and B in figure A-1, whereas others 
have one similar to that between points B and C 
throughout. Most Chinese freshwater cultured pearls 
(FWCPs)] that are nucleated only with tissue also con- 
tain a characteristically shaped cavity near their cen- 
ter. If such samples are sawn adjacent to this cavity, it 
may reveal itself only as a fine line (figure A-2). For a 
more complete explanation of the growth structure of 
pearls, see chapter 22. of Webster (1994). 

To better understand the identification criteria 
discussed below, it is important to note the less obvi- 
ous organic layers between points B and C in figure 
A-1, as well as the obvious ones. Note also the con- 
centric growth between A and B in figure A-1, and the 
structures in figure A-2. 


X-radiography Equipment. For more than 70 years, 
X-radiography has formed the backbone of pearl iden- 
tification. Fortunately for the industry, there are a 
number (albeit limited) of gemologists with exten- 
sive experience in producing and interpreting X- 
radiographs. Although pearl X-ray units have gone 
through many incarnations, today there are several 
industrial units that are well suited to perform the 
tasks required for Chinese FWCP identification. 
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While we recognize that the latest digital or similar 
X-radiography units give the user a degree of conve- 
nience, it is the experience of these authors (TMM 
and KS) that the identification of Chinese FWCPs 
requires a resolution that at this time is available 
only through the use of very fine-grain X-ray film— 
wet radiography. The instruments used by the 
authors are Faxitron models 43855B and 43856A. 
These air-cooled units are powered by normal electri- 
cal outlets, have variable kV and mA control, and 
offer an extended timed exposure capability. The dis- 
tance between the X-ray tube target and the sample 
is adjusted by moving the shelving under the pearls. 


Procedures. The samples should be placed in direct 
contact with a sheet of high-resolution fine-grain 
industrial X-ray film; the film and the as-yet-uniden- 
tified pearls are then placed in a position—and at a 
distance—that will allow all the samples to be con- 
tained within the X-ray beam (figure A-3). Next, 
depending first on the size of the pearls, X-rays are 
generated for a specifically timed exposure at prede- 
termined kV and mA settings. Then, based on the 
internal structures observed in the resulting X-radio- 
graph, the technician may increase or decrease the 


Figure A-1. In this thin section of a natural freshwater 
pearl, the center of the pearl is located at the top left 
(A). Note the various stages of growth along the line 
A-B-C. Between A and B is an evenly deposited 
arrangement of concentric layers, inside of which are 
radially arranged crystals. At B the structure abruptly 
changes, with a large organically lined void that is 
followed by several yellow and dark, mostly organic, 
layers interspersed with the more crystalline (gray) 
layers toward the edge of the pearl (C). 
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Figure A-2. In this sawn half of a known 
tissue-nucleated cultured pearl, the slight dark line 
in the center (at B) is the only visual evidence of the 
tissue implant. Note, however, as in figure A-1 the 
varying amounts of organic material (dark) associ- 
ated with the concentric growth structures. 


exposure times, target-to-pearl distances, and kV and 
mA settings. 

All X-radiographs are normally examined at mag- 
nifications between 2x and 10x (hence the need for 
fine-grained film) using a variety of back-illumina- 
tion techniques. The X-radiograph may show one or 
more of the following features, depending on the 
nature of the sample: 


1. If the sample was a coherent solid composed of 
aragonite or calcite, without any organic mat- 
ter: The image would be simply an opaque 
white disc against a black background. That is, 
the aragonite or calcite would have absorbed the 
X-rays and left the film immediately below it 
unexposed (white), whereas the remainder of the 
film would have been fully exposed and thus 
black when processed. This is how the shell 
bead portion of a bead-nucleated cultured pearl 
would look, and is not uncommon for a non- 
nacreous (e.g., conch) “pearl.” 

2. If the sample was aragonite or calcite with inter- 
nal organic material or voids: The image would 
reflect the difference in the ability of the X-rays to 
pass through the aragonite or calcite, the organic 
material, and any voids present. Organic layers and 
voids pass X-rays more readily than calcium car- 
bonate does, so they reveal themselves on the pro- 
cessed X-ray film as dark gray to black lines or 
shapes set against the white background of the cal- 
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cium carbonate. If voids are present, the contrast 
between these and the calcium carbonate general- 
ly will be greater than that for organic material. 


If one takes the more familiar example of a 
human bone contained within the flesh of the 
human body, a similar principle applies. The human 
bone absorbs the X-rays more than the flesh that sur- 
rounds it and thus stands out clearly as “white” 
against the gray to black areas that comprise the flesh 
(organic). In addition, any fractures or fissures in the 
bone (voids) will appear black on the processed film. 

Once the initial observations have been complet- 
ed, the technician takes additional X-radiographs, 
now optimized for the suspected type of pearl—natu- 
ral, cultured (bead or tissue nucleated), etc.—being 
examined, in several different directions, to provide 
images that can be interpreted as characteristic of the 
sample in three dimensions. 

The scattering of X-rays as they pass through 
and around a pearl may at times reduce the quality 
of the image. Two techniques that the authors have 
found to be successful in absorbing the scattered X- 
rays (and thus enhancing the image) are: (1) for 
necklaces, immersing the pearls in a scatter-reduc- 
ing fluid; and (2) for single pearls, surrounding the 
sides of the sample with a thin layer of lead foil. 


Characteristics of Tissue-Nucleated and Bead- 
Nucleated Chinese FWCPs. X-radiographs of tis- 
sue-nucleated FWCPs will show features that 
depend to some extent on when they were grown. 
“Rice Krispie” tissue-nucleated Chinese FWCPs 
grown in the 1970s typically have somewhat 
twisted internal organic structures and voids (fig- 
ure A-4, left). X-radiographs of more recently 
grown tissue-nucleated Chinese FWCPs—with 


Figure A-3. The samples (here, a baroque strand 
ranging from 12.0 x 9.15 to 15.20 x 11.15 mm) are 
placed on the film immediately below the X-ray 
beam in the Faxitron unit. Photo by E. Schrader. 
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their characteristic implant lines—were published 
by Scarratt et al. (2000; figure A-4, right). In both 
cases, the X-radiographs are totally unlike those of 
either natural pearls (figure A-5) or of cultured 
pearls produced from a shell bead nucleus. 

The X-radiographs of shell bead-nucleated 
Chinese FWCPs resemble those of shell bead- 
nucleated saltwater cultured pearls (figure A-6). 
Centrally located beads with no internal growth 
structures are separated from the nacre overgrowth 
by a layer that is mostly organic. Any possible con- 
fusion with tissue-nucleated FWCPs caused by 
dark areas on the X-radiograph inside the area of 
the central bead would be dispelled by X-radio- 
graphs taken in other directions. 

The X-radiographs of wax bead-nucleated 
Chinese FWCPs also show characteristic features 
(figure A-7). Each contains a nearly circular central 
area that is black or dark gray. Additional layers are 
defined by fine black concentric growth structures 
within the white crystalline areas of the Chinese 
FWCP (which are not visible in figure A-7). There 
are similarities between the X-radiographic struc- 


Figure A-5. Natural pearls typically do not 
show evidence of a nucleus, only the structures 
that indicate organic matter or voids. Note 
also the concentric rings throughout this pearl. 
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Figure A-4. The dark gray 
“twisted” structures shown 
on the left are typical of the 
tissue-nucleated Chinese 
FWCPs produced in the 
1970s. In the X-radiograph 
on the right of more recent 
FWCPs, ovoids mark the 
original tissue implant. 


tures seen in this type of Chinese FWCP and those 
sometimes observed in natural pearls. However, nat- 
ural pearls differ from Chinese FWCPs in that they 
show additional structures within the central area. 

The short descriptions given here about the equip- 
ment needed, procedures, and expected results must 
be supplemented by operator experience—the most 
important element. 


Figure A-6. This radiographic image of shell bead- 
nucleated Chinese freshwater cultured pearls is 
typical of the images seen for this product. 


Figure A-7. Recently produced wax bead-nucle- 
ated Chinese FWCPs have the characteristic 
radiographic structures shown here. 
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SPECTRAL REFLECTANCE AND 
FLUORESCENCE CHARACTERISTICS OF 
NATURAL-COLOR AND HEAT-TREATED 
“GOLDEN” SOUTH SEA CULTURED PEARLS 


By Shane Elen 


A comparison study was made between the yellow and white nacre of the gold-lipped Pinctada maxima 
oyster shell and 65 yellow cultured pearls, both natural and treated color, produced from this mollusk. The 
yellow nacre of this shell has a characteristic absorption feature in the UV region between 330 and 385 nm; 
the strength of this feature increases as the color becomes more saturated. White shell nacre fluoresces very 
light blue or very light yellow to long-wave UV radiation, whereas yellow shell nacre fluoresces greenish to 
brownish yellow or brown. Natural-color yellow cultured pearls from P. maxima exhibited absorption and 
fluorescence characteristics similar to those of the yellow shell nacre. In contrast, the absorption feature in 
the UV was either weak or absent in yellow cultured pearls reportedly produced by a method involving heat 
treatment, and their fluorescence was generally very light blue or light yellow. 


from the South Seas (figure 1) has increased 

steadily over the last 10 years (Vock, 1997; 
“Prices of golden...,” 2000). As demand for these 
cultured pearls has grown, treated-color “golden” 
cultured pearls have also entered the marketplace. 
A portion of the South Sea yellow cultured pearls 
harvested are well shaped with few blemishes but 
with less desirable color—either very light 
(Federman, 1995) or uneven. The most common 
methods used to produce or enhance yellow col- 
oration in South Sea “golden” cultured pearls 
involve treatment with a chemical or an organic dye. 
The fact that so many different chemicals and dyes 
could be used for this purpose complicates a compre- 
hensive study of these treatment methods. 
However, inorganic chemicals are routinely identi- 
fied using EDXRF; and dyes, since they usually are 
applied after the pearls are drilled, generally are easy 
to identify with magnification. 

The Ballerina Pearl Co. (New York City) devel- 
oped a method in the early 1990s to treat these 
poorly colored South Sea cultured pearls to produce 
a more uniform and desirable yellow. These were 


he popularity of “golden” cultured pearls 
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first marketed in 1993 with full disclosure that they 
were treated (Vock, 1997). Details of the proprietary 
process are not known, but it has been reported that 
the treatment, which is believed to be stable, is 
applied to undrilled cultured pearls and involves the 
use of heat without the application of dyes or 
bleaching (Vock, 1997). Inasmuch as the report did 
not exclude chemicals other than bleach, it is possi- 
ble that chemicals also may be involved in the 
treatment. It is probable that other companies are 
treating “golden” pearls using a similar process. 

The challenge for the gem and jewelry indus- 
try is to separate natural-color cultured pearls, of 
any color, from treated ones (Sheung, 1998). 
Although, as noted above, drilled treated cultured 
pearls generally can be distinguished from natu- 
ral-color cultured pearls by microscopy (Hargett, 
1989), undrilled cultured pearls—especially in the 
absence of obvious visual features—are much 
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The New Standard Diamolite 
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WILLIAM COLLISON, C.G. 


After considerable research and 
experimentation, the Gemological 
Institute has introduced the new 
Standard Diamolite which adds a 
source of ultraviolet radiation and 
greatly increases the efficiency of 
the Basic Diamolite. The first model 
known as the Basic Diamolite was 
designed to meet the dire need for 
a diamond color grading unit that 
would produce an artificial daylight 
light source from which exterior re- 
flections are eliminated. By means 
of this instrument, many jewelers, 
although miles apart, have been 
grading diamonds at any time of the 
day under identical conditions with 
identical results—a long step for- 
ward toward an international stand- 
ard of diamond grading. 


The Standard Diamolite has both 
a standard light source for accurate 
color grading and an ultraviolet 
source which serves a dual purpose. 
When the ultraviolet source is used 
in conjunction with the artificial 
daylight source, a light is produced 
that approximates sunlight and 
will show the diamond off under the 
most attractive and favorable con- 
ditions. Also, when the daylight 
source is turned off, the phenomenon 
of fluorescence, if present, will be 
revealed. This phenomenon is ex- 
tremely interesting to customers and 
also more desirable since bluish or 
vidletish fluorescence makes a dia- 
mond more valuable than a non- 
fluorescent stone of exactly the same 
color grade. 

Since it has become apparent that 
body color can be distinguished more 
easily under magnification, this in- 
strument is also equipped with a 


large rectangular focusable magni- 
fier, adjustable either into the line 
of sight or out of the way. 

The Standard Diamolite is 13” 
high, 12” wide, and 6” deep, suitable 
for use either on a showcase or on a 
table. 


Designed for both the buying and 
selling of diamonds, the new instru- 


Standard Diamolite 


ment makes it possible for stones to 
be examined under different in- 
tensities of light by shifting a mov- 
able pad on the floor of the instru- 
ment. If the diamond on the pad is 
moved forward to the lower intensi- 
ties of light, there are almost no 
reflections from the top facets to 
impede a view of the true body 
color; The pad may also be lifted 
slightly at front or back to observe 
the stone in different directions, 
thus the most favorable lighting con- 
ditions ean be obtained without 
changing the relative positions of 
the stones. 


more difficult to identify. The present report 
compares heat-treated yellow cultured pearls to 
natural shell nacre and natural-color yellow cul- 
tured pearls from the Pinctada maxima to identi- 
fy criteria that can be used to separate treated 
from natural-color material, especially when the 
samples are undrilled. 


BACKGROUND 

The gold-lipped P. maxima oyster has a characteris- 
tic yellow to “golden” nacre inside the shell along 
the periphery of the white nacreous region (Gervis 
and Sims, 1992, p. 4; again, see figure 1). Pearls pro- 
duced from this oyster, either natural or cultured, 
are typically white, “silver,” or yellow (South Sea 
Pearl Consortium, 1996) and include so-called 
“golden” pearls. 

The post-harvest color treatment of cultured 
pearls, of any color, falls into two categories: prior to 
drilling and after drilling. Heat treatment (Vock, 
1997) and gamma irradiation (Ken-Tang Chow, 
1963) may be performed pre- or post-drilling. As 
noted above, however, dyes and chemicals typically 
are used only after drilling (Komatsu, 1999), to facil- 
itate their entry parallel to the nacre layers. 
Generally, such treatments affect the organic mate- 
rial (i.e., conchiolin) between the nacre layers; they 
have less influence on the crystalline nacre (Gau- 
thier and Lasnier, 1990). 
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Figure 1. These nat- 
ural-color and heat- 
treated cultured 
pearls range from 
12.5 to 13.6 mm; 
the natural-color 
cultured pearls are 
on the top right and 
bottom left. Note 
the area of “golden” 
nacre along the 
periphery of the 
white nacreous 
region in the gold- 
lipped Pinctada 
maxima shell (18.0 
cm in diameter). 
Photo by Maha 
Tannous. 


The most obvious indication of these treatments 
(with the exception of irradiation) is an unusual 
color concentration in the form of a colored layer 
(visible in the drill hole) or a colored spot or streak 
visible on the surface (Komatsu, 1999). Color from 
dyes or chemicals typically becomes concentrated 
in surface defects such as cracks, pits, or blemishes 
(Newman, 1999, p. 94). Dimples or protrusions in 
the nacre are particularly likely to exhibit concen- 
trations of color. These areas are often more porous 
(as indicated by a cloudy or milky appearance prior 
to treatment}, which allows the dye or chemical to 
become concentrated (T. Moses, pers. comm., 
2000). These features sometimes are eye-visible, but 
usually they can be detected only with microscopy. 

Typically, detection of a treated yellow color in 
undrilled cultured pearls relies on the presence of 
surface color concentrations. When such features 
are absent, however, identification is more of a chal- 
lenge. Inasmuch as the Ballerina process is applied 
prior to drilling, this is the situation for yellow cul- 
tured pearls treated by this technique. 

Due to the nature of the chemicals and dyes typ- 
ically used in most post-drilling treatments, many 
color-treated natural and cultured pearls can be 
identified using X-ray fluorescence (XRF) or Raman 
spectrometry (see box A). However, the author did 
not find these techniques useful for the heat-treated 
“golden” pearls tested for this study. Thus, the pur- 
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BOX A: ADVANCED IDENTIFICATION OF COLOR TREATMENTS 
IN NATURAL AND CULTURED PEARLS 


Advanced testing often can be used to identify color- 
treated cultured pearls. These techniques include X- 
ray fluorescence (XRF), Raman and luminescence 
spectrometry, and UV-Vis spectrophotometry. XRF 
is useful for detecting the presence of inorganic 
treatments such as silver salts (black) or iodine (yel- 
low; figure A-1). In most cases, organic treatments 
and biological pigments cannot be detected by this 
method, but their presence can sometimes be deter- 
mined using Raman spectrometry (figure A-2). UV- 
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Figure A-1. The iodine (I) peaks in this energy- 
dispersive X-ray fluorescence (EDXRF) spec- 
trum of a yellow Akoya cultured pearl indi- 
cate chemical treatment. 
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Figure A-3. In a UV-Vis (ultraviolet-visible) 
reflectance spectrum, an absorption maximum 
at 700 nm is characteristic of natural-color 
black cultured pearls from the Pinctada mar- 
garitifera oyster. 
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Vis spectrophotometry frequently is used to identify 
the presence of chromophores responsible for natu- 
ral coloring in Tahitian black cultured pearls, as 
indicated by an absorption at 700 nm (Komatsu and 
Akamatsu, 1978; figure A-3). Luminescence can ver- 
ify the presence of porphyrins (Miyoshi et al., 1987) 
responsible for the reddish brown fluorescence 
observed in natural-color black cultured pearls origi- 
nating from the Pinctada margaritifera, Pteria ster- 
na, and Pteria penguin oysters (figure A-4). 
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Figure A-2. In this Raman spectrum of an orangy 
yellow Akoya cultured pearl, the series of peaks 
above 1085 cm~ indicate treatment with an 
organic dye. 
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Figure A-4, This luminescence spectrum of a cultured 
black pearl from Pinctada margaritifera shows fluo- 
rescence peaks at 617 and 676 nm due to porphyrins, 
which are responsible for the reddish brown fluores- 
cence to 365 nm UV or 405 nm blue light. 
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Figure 2. These five samples, each about 9 mm in 
diameter, show the range of color seen in the 
Pinctada maxima shell nacre samples. Photo by 
Maha Tannous. 


pose of the present research was to determine other 
nondestructive spectral or fluorescence characteris- 
tics that could be used to aid in the identification of 
heat-treated yellow cultured pearls from the P. 
maxima that either are undrilled or have drill holes 
that are inaccessible for examination. 

For convenience and brevity, natural-color yel- 
low cultured pearls will henceforth be abbreviated 
as NYCPs, and reportedly heat-treated yellow cul- 
tured pearls as HTYCPs. Note, too, that the hue, 
tone, and saturation terms used to describe the col- 
ors of the shell and cultured pearl samples are based 
on the new (2000) GIA pearl grading system. 


MATERIALS AND METHODS 

To establish the characteristics of known untreated 
material, we obtained a total of 42. samples of nacre 
from seven gold-lipped P. maxima shells that origi- 
nated from Australia (2 shells), the Amami Islands in 
Japan (2), and the Philippines (3). The samples, each 
approximately 9 mm in diameter, were removed 
with a diamond saw while the shells were com- 
pletely immersed in water, since overheating could 
affect their color (Webster, 1994) and thus their fluo- 
rescence or spectral characteristics. Two samples of 
white nacre and four samples of yellow nacre were 
obtained from each shell, for a total of 14 white 
nacre and 28 yellow nacre samples. 

In addition, 53 NYCPs, ranging from 9.1 to 15.7 
mm, were obtained from several reputable sources. 
They were reportedly from Indonesia (5}, the 
Philippines (23), Japan (3), Australia (6), and the 
“South Seas” in general (16). Forty-five were 
undrilled and eight were drilled. Twelve undrilled 
treated-color yellow cultured pearls, which were 
reportedly heat treated, were also obtained for the 
study; they ranged from 11.8 to 13.1 mm. We believe 
that these samples originated from the gold-lipped 
variety of the P. maxima; we could not confirm 
whether the process has been applied to cultured 
pearls from the silver-lipped P. maxima. No strongly 
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Figure 3. The natural-color yellow cultured pearls 
ranged from very light yellow to orangy (as shown 
here) or greenish yellow. These pearls are 11.6-13.6 
mm in diameter. Photo by Maha Tannous. 


saturated yellow cultured pearls of known pedigree, 
natural or treated, were available for characterization. 

All of the cultured pearls were examined with a 
GIA Gem Instruments Mark VII microscope using 
fluorescent and fiber-optic lighting. Initially six 
NYCPs and six HTYCPs were analyzed with a 
Renishaw 2000 Ramascope laser Raman microspec- 
trometer and a Thermo Noran Spectrace 5000 
EDXREF spectrometer. Inasmuch as neither tech- 
nique revealed any distinct differences between the 
natural- and the treated-color samples, further test- 
ing by Raman and EDXRF was discontinued. 

UV-Vis reflectance spectra and fluorescence 
observations were obtained for each sample using a 
Hitachi 4001 spectrophotometer and a UVP model 
B100 AP long-wave ultraviolet lamp. Reflectance 
spectra were collected from 250 to 2500 nm, 
although only the pertinent data range (i.e., 250-700 
nm) is illustrated in this article. At least two spectra 
were obtained in different regions for each cultured 
pearl that showed uneven color or fluorescence dis- 
tribution. A total of 162 reflectance spectra were 
collected: 42 on the shell nacre samples, 94 on the 
natural-color cultured pearls, and 26 on the treated 
cultured pearls. Acquisition of luminescence spec- 
tra with a Spectronic AB2 luminescence spectrome- 
ter was unsuccessful, due to instrument configura- 
tion, sample shape, and the generally desaturated 
fluorescence colors. Therefore, fluorescence color 
and distribution were observed visually in a dark- 
ened room with the aid of UV contrast goggles. 


RESULTS 

Visual Appearance. Fourteen of the shell nacre sam- 
ples were white, and 28 ranged from light to dark 
yellow (see, e.g., figure 2). The natural-color cul- 
tured pearls ranged from very light yellow to orangy 
or greenish yellow (see, e.g., figure 3); a few exhibit- 
ed slightly uneven color distribution. The HTYCPs 
ranged from light yellow to orangy yellow (see, e.g., 
figure 4), with the majority being light yellow. 
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Figure 4. The heat-treated yellow cultured pearls 
ranged from light yellow to moderate orangy yel- 
low. The samples shown here are 11.3-12.6 mm in 
diameter. Photo by Maha Tannous. 


Small, localized spots of concentrated color were 
visible in 10 of the 12 HTYCPs, with either the 
unaided eye or magnification (figure 5). The remain- 
ing two did not exhibit any visible or microscopic 
evidence of treatment. 


UV-Vis Reflectance Spectra and Fluorescence. Shell 
Nacre Samples. The UV-Vis spectra revealed a 
decrease in reflectance due to absorption between 
330 and 460 nm for all 28 yellow shell nacre sam- 
ples as compared to the samples of white shell 
nacre. This broad region of absorption is actually 
composed of two features: one in the UV region 
from 330 to 385 nm, with a maximum between 350 
and 365 nm; and the other in the visible region from 
385 to 460 nm, with a maximum between 420 and 
435 nm. The spectra of the white shell nacre sam- 
ples showed no absorption features in this broad 
region. Examination of the reflectance spectra for a 
series of five samples that ranged from white to 
dark yellow revealed an increase in the general 
absorption between 330 and 460 nm as the strength 
of the yellow coloration increased (figure 6). 

Typically, dark yellow shell nacre exhibited 
moderate brown, greenish brown, or greenish yel- 
low fluorescence, and light yellow shell nacre flu- 
oresced light brown or light yellow (see, e.g., fig- 
ure 7). Most of the white shell nacre samples 
showed moderate-to-strong very light blue fluo- 
rescence, although some appeared to exhibit a 
slight trace of yellow. 


Natural-Color Cultured Pearls. The spectra for 
these samples (figure 8) exhibited absorption charac- 
teristics similar to those of the yellow shell nacre, 
except that the maximum in the UV varied from 
350 to 385 nm. All but four of the 94 spectra 
obtained on these samples exhibited the two absorp- 
tion features between 330 and 460 nm. In the four 
spectra that did not show these features, the regions 
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Figure 5. Small spots of concentrated color are evi- 
dent within blemishes on this yellow cultured 
pearl that reportedly has been heat treated. 
Photomicrograph by Shane Elen; magnified 5x. 


analyzed were white areas on unevenly colored 
samples; and these results were similar to the 
reflectance spectra obtained for white shell nacre. 
As the yellow color of the cultured pearls increased 
in saturation, the long-wave UV fluorescence pro- 
gressed from light yellow or light brown, to greenish 
yellow, greenish brown, or brown. 


Heat-Treated Cultured Pearls. Five of the 26 
reflectance spectra obtained from the HTYCPs 


Figure 6. These reflectance spectra of five shell 
nacre samples—ranging from white through dark 
yellow—show increasing absorption from 330 to 
460 nm as the color intensifies. Note in particular 
the increasing absorption in the UV region from 
330 to 385 nm. 
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Figure 7. The typical fluorescence reactions of natural- and treated-color cultured pearls when exposed 
to 365 nm (long-wave) UV radiation are illustrated here. Shown in normal lighting (left in each pair) 
and with long-wave UV (right) are: (A) white shell nacre, (B) yellow shell nacre, (C) 13.6 mm natural- 
color light yellow cultured pearl, (D) 12.5 mm natural-color orangy yellow cultured pearl, (E) 12.6 mm 


heat-treated light yellow cultured pearl, and (F) 12.6 mm heat-treated orangy yellow cultured pearl. 
Normal lighting photos by Maha Tannous; fluorescence photos by Shane Elen. 


exhibited a weak absorption feature in the UV region 
around 345 nm (see, e.g., figure 9). These spectra rep- 
resented five of the 12 treated cultured pearls stud- 
ied. Spectra taken from other areas on these same 
five HTYCPs, and from the remaining seven 
HTYCPs, exhibited very weak or no absorption in 
the UV region. All 26 spectra showed an absorption 
feature in the blue region between 415 and 430 nm. 
Generally, the fluorescence of the HTYCPs was 
slightly uneven, and appeared unrelated to the dis- 


Figure 8. As was the case with the shell nacre sam- 
ples, the reflectance spectra of the natural-color 
yellow cultured pearls showed increasing absorp- 
tion in the 330-460 nm region with greater satura- 
tion of color. 
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tribution of bodycolor. In one HTYCP, however, 
fluorescence did appear to be related to the uneven 
distribution of the yellow color: Light yellow and 
light brown fluorescence corresponded directly to 
areas of light yellow and light orangy yellow. Eight 
of the HTYCPs, which were light in tone and satu- 
ration, fluoresced moderate to strong light yellow; 
two—also light in tone and saturation—exhibited a 
very light blue fluorescence. The sample with the 


Figure 9. The reflectance spectra of the heat-treated 
yellow cultured pearls revealed very weak or no 
absorption in the 330-385 nm region. The presence 
of a weak UV absorption feature around 345 nm 
suggests that the orangy yellow cultured pearl 
exhibited some natural yellow coloration prior to 
treatment. 
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Figure 10. These reflectance spectra of natural and 
treated light yellow (top) and orangy yellow (bot- 
tom) cultured pearls show a distinct difference in 
absorption in the 330-385 nm region. Note the 
lack of absorption in this region shown by the 
treated-color samples. 


most saturated orangy yellow bodycolor fluoresced 
a light brownish orange. The spots of concentrated 
color seen in some HTYCPs (see figure 5) fluoresced 
a strong orange to long-wave UV. 


DISCUSSION 
Confirmation of Reported Origin of Color. One of 
the main challenges of performing a study of this 
kind is obtaining samples of known species and 
color origin. Ideally for pearls of natural color, wit- 
nessing the removal of the pearl from the oyster 
would be the method of choice. However, this is not 
always practical, so instead we must look to very 
reliable sources. Similarly, obtaining pearls treated 
by specific methods also can be very challenging. 
None of the cultured pearls represented as being 
of natural yellow color showed any visible indica- 
tions of treatment, whereas most of the cultured 
pearls reported to be heat treated did exhibit some 
visible evidence in the form of spots with concen- 
trated color. In most cases, too, there was a distinct 
difference in reflectance spectra between yellow 
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cultured pearls stated to be natural color and those 
that were reportedly heat treated. In addition, those 
stated to be natural color exhibited reflectance and 
fluorescence characteristics similar to the samples 
of shell nacre of similar color. These findings would 
appear to support the reported color origins for the 
cultured pearl samples used in this study. 

Although no chemical study of the zoochrome (a 
naturally occurring pigment molecule found in the 
animal kingdom; Needham, 1974) was performed, 
the reflectance and fluorescence results indicate 
that the yellow coloration in P. maxima shells and 
NYCPs appears to be due to a common zoochrome 
regardless of their geographic origin. 


Spectral Reflectance Characteristics. A broad 
absorption between 330 and 460 nm in the 
reflectance spectra was seen in the yellow nacre 
from both the gold-lipped P. maxima shell and the 
NYCP samples (figures 6 and 8), and thus appears to 
be characteristic of natural-color yellow nacre pro- 
duced by this species. The strength of this absorp- 
tion appeared to increase as the color became more 
saturated. The 420-435 nm maximum (in the blue 
region of the visible spectrum] is typical of 
reflectance spectra for yellow objects (Lamb and 
Bourriau, 1995), and is responsible for the yellow 
color observed. Although UV absorption is not nec- 
essary to produce yellow coloration, it does appear 
to be related to the same zoochrome that is respon- 
sible for the absorption in the blue region of the visi- 
ble spectrum. The absence of this absorption maxi- 
mum in the UV reflectance spectra obtained from 
white areas on unevenly colored cultured pearls is 
consistent with the reflectance results obtained for 
white shell nacre. 

The HTYCPs exhibited an absorption in the 
blue region, as would be expected for a yellow cul- 
tured pearl, but there was a significant difference in 
the strength of UV absorption between similarly 
colored natural and treated cultured “golden” pearls 
(figure 10). The absence of the UV absorption fea- 
ture in the HTYCPs indicates that the cause of their 
yellow coloration is different from that of the 
NYCPs tested. The fact that some areas of the treat- 
ed cultured pearls showed a weak UV absorption 
feature suggests that these areas were a light yellow 
prior to treatment. 


Ultraviolet Fluorescence. Fluorescence can be a 
valuable yet challenging identification technique, 
since many of the effects and color differences are 
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TABLE 1. Summary of identification characteristics for natural-color and 
heat-treated yellow cultured pearls produced by P. maxima. 


Nacre UV absorption Visible absorption Fluorescence to long-wave UV Comments 
color feature feature 
(330-385 nm) (385-460 nm) 

Natural white None None oderate to strong; very light Generally very light blue 
blue or very light yellow fluorescence 

Natural yellow Distinct to strong Present oderate; light yellow or light Even distribution of body 
brown, to greenish yellow, color will be accompanied 
greenish brown, or brown by even fluorescence 

Heated yellow None to weak Present oderate to strong; light yellow, Even distribution of body 


quite subtle and can vary depending on the type of 
long-wave UV source used. It is important to 
observe the relationship between (1) the tonal distri- 
bution of the yellow color, and (2) the distribution 
and hue of the fluorescence (again, see figure 7). For 
the natural-color samples, the distribution of fluo- 
rescence matched the evenness or unevenness of 
the color distribution: An even yellow distribution 
corresponded to an even fluorescence distribution, 
and uneven color showed uneven fluorescence. An 
even color distribution with a patchy fluorescence 
is indicative of treatment. In lighter samples, how- 
ever, slight tonal variations in nacre color can be 
quite difficult to see compared to the more obvious 
patchy fluorescence. 

In addition, the fluorescence colors emitted by 
both natural- and treated-color light yellow cul- 
tured pearls can be similar, and thus they are less 
reliable as an indicator of treatment. The exception 
to this is the very light blue fluorescence observed 
in natural white nacre and in some light yellow 
HTYCPs. The fact that no NYCPs of light yellow 
color exhibited this fluorescence color would imply 
that the treated-yellow sample was originally 
white. (Caution must be observed, however, 
because some long-wave UV lamps emit enough 
blue visible light to render this observation unreli- 
able.) The HTYCPs also lacked the greenish fluo- 
rescence component noted in many of the yellow 
shell nacre samples and NYCPs. Neither the 
NYCPs nor the yellow shell nacre exhibited the 
strong orange fluorescence seen in the spots of con- 
centrated color of some of the HTYCPs; therefore, 
distinct spots of strong orange fluorescence would 
indicate treatment. 

Inasmuch as the details of the heat-treatment 
process are unavailable, the effect that heat treat- 
ment might have on the individual components 
that contribute to fluorescence (i.e., conchiolin, 
aragonite plates, and pigments) was not investigat- 
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very light blue, or light brownish 
orange 


color may be accompanied 
by uneven fluorescence 


ed. It has been reported that the fluorescence of con- 
chiolin can be affected by certain treatments (S. 
Akamatsu, pers. comm., 2001). However, the differ- 
ences in fluorescence between natural- and treated- 
color cultured pearls may result from a combination 
of these components and not necessarily from any 
one component in particular. 


Identification of Heat-Treated Yellow Cultured 
Pearls. Table 1 summarizes key identification 
characteristics for natural-color and heat-treated 
yellow cultured pearls produced by the P. maxima 
oyster. As indicated below, the ease with which 
HTYCPs can be identified depends greatly on 
whether the original cultured pearl had even or 
uneven color. 


1. An HTYCP that exhibited white and yellow 
areas prior to treatment is likely to be the easiest 
to separate from natural color. After treatment, 
the white areas would appear yellow but would 
exhibit the UV spectral characteristics of white 
nacre; that is, the UV absorption characteristic of 
yellow nacre between 330 and 385 nm would be 
absent. In this type of treated cultured pearl, areas 
that formerly were white fluoresce a lighter color 
than do the yellow zones. The uneven fluores- 
cence also may contrast with an even yellow col- 
oration of the treated cultured pearl. 


2. An HTYCP that exhibited evenly distributed, 
very light color prior to treatment may exhibit a 
UV absorption feature that is too weak for its 
apparent color (figure 10). Also, the fluorescence 
color might appear too light for the apparent tone 
and saturation of the treated cultured pearl. 


3. Probably the most difficult to identify would be 
HTYCPs that were originally unevenly colored 
light and dark yellow. Nevertheless, this type of 
HTYCP is likely to exhibit uneven fluorescence, 
possibly in contrast to an even yellow coloration. 
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Again, the UV absorption feature would likely 
appear too weak for the apparent color of the 
treated cultured pearl. 


If heat-treated cultured pearls are subsequently 
drilled, the color may appear to be concentrated in 
the surface layers of nacre when observed through 
the drill hole (T. Moses, pers. comm., 2000). 


CONCLUSION 

As “golden” cultured pearls from P. maxima 
become increasingly popular in the marketplace 
(figure 11), there is growing incentive to treat off- 
color cultured pearls to produce these rich yellow to 
orangy yellow colors. As a result, the separation of 
treated-color from natural-color pearls has become a 
constant challenge for the gemologist. Although 
color treatment is relatively straightforward to iden- 
tify in many drilled cultured pearls because of dis- 
tinctive color differences in the layers visible 
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Figure 11. Large, fine 
“golden” cultured pearls 
are a popular item in 
the jewelry mix. The 
natural-color cultured 
pearls in this strand 
range from 13.0 to 17.3 
mm. Courtesy of Tara & 
Sons, New York; photo © 
Harold & Erica Van Pelt. 


through the drill hole, certain treatments—especial- 
ly heat treatment—may be very difficult to detect 
in some undrilled cultured pearls. 

The present study of white and yellow shell 
nacre from gold-lipped P. maxima shells showed a 
characteristic increase in absorption between 330 
and 385 nm in the UV spectrum as tone and satura- 
tion increased from white to dark yellow. This 
absorption appears to be related to the zoochrome 
responsible for absorption in the blue region, which 
results in the yellow color of the nacre. The change 
in absorption with increasing tone and saturation 
was accompanied by a similar change in long-wave 
UV fluorescence, which progressed from very light 
blue or very light yellow, to light yellow or light 
brown, to greenish yellow, greenish brown, or 
brown as the colors of the shell nacre samples 
changed from white to dark yellow. 

NYCPs from the P. maxima oyster exhibited 
characteristics similar to those of the yellow shell 
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nacre. However, the UV reflectance and fluores- 
cence properties of HTYCPs of comparable color 
appeared more like those of very light yellow or 
white nacre. Although only 12 treated samples 
were obtained for the study, all 12 lacked the UV 
absorption feature characteristic of natural yellow 
color in P. maxima. Therefore, the fluorescence 
and, more importantly, the absence of UV absorp- 
tion can help identify heat-treated undrilled “gold- 
en” cultured pearls. 

Given that the UV absorption feature is a charac- 
teristic of natural-color yellow nacre in P. maxima, 
the absence of this feature would indicate a treated 
yellow color regardless of the treatment method used. 
Unfortunately, without further study of chemically 
processed or dyed “golden” pearls, we cannot state 
that the presence of this feature proves that the color 
is natural. Fortunately, these latter methods typically 
are applied to drilled cultured pearls and thus generally 
are easier to identify. 
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NOTES & NEW TECHNIQUES 


A NEW METHOD FOR 
IMITATING ASTERISM 


By Shane F. McClure and John I. Koivula 


Several gems were recently examined that showed 
stars with an unnatural appearance or an unusual 
number of rays. Asterism in some of these gem materi- 
als is very rare, or has not been seen previously by the 
authors. Microscopic examination revealed that these 
“stars” were produced by using what appeared to be a 
rough polish to scratch lines in an oriented fashion 
onto the upper surface of the cabochons. 


sterism and chatoyancy (i.e., the phenome- 
na of stars and cat’s-eyes, respectively) can 
potentially occur in almost any gemstone. 
Chatoyancy will occur if a sufficient volume and 
concentration of acicular (needle-like) inclusions 
line up parallel to one another within a gem materi- 
al, and the gem material then is cut into a properly 
oriented cabochon. To create asterism, these con- 
centrations of needles must line up in more than 
one direction— almost always in specific relation- 
ship to crystallographic axes—which gives rise to 
stars with four, six, and sometimes more rays. 
Chatoyancy can actually be caused by mechanisms 
other than acicular inclusions, such as the fibrous 
structure in some cat’s-eye opal, or by other phe- 
nomena, such as the oriented adularescence in cat’s- 
eye moonstone (Hurlbut and Kammerling, 1991). 
For those not familiar with phenomena such as 
asterism and adularescence in gems, a good general 
reference is Webster’s Gems (1994). 
Nevertheless, even though the potential for 
asterism exists in almost any gemstone (see, e.g., 
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Kumaratilake, 1997, 1998), asterism has never been 
observed in many gemstones and is very rare in oth- 
ers. The presence of asterism in a gemstone can add 
significant value, especially if it occurs in a material 
in which it has not previously been observed, such 
as sinhalite (figure 1). Collectors of phenomenal 
gems have been known to pay handsomely for such 
a stone, even if the gem material itself is unattrac- 
tive, or otherwise of little value. 

Many methods have been used over the years to 
imitate asterism. These include: engraving a series 
of intersecting parallel lines on the back of a trans- 
parent cabochon which is then covered by a reflec- 
tive backing, or adding a thin engraved metallic 
plate to the back of a transparent cabochon (figure 2; 
see also Hurlbut and Kammerling, 1991); or using a 
diffusion process to put fine, oriented rutile needles 
in a thin layer just under the surface of a cabochon 
(figure 3; Fryer et al., 1985). These star imitations 
can be quite effective, but usually they are found 
only in gem materials that are known for asterism, 
such as rubies and sapphires. 

Therefore, we were surprised to learn that an 
evidently new process was being used to create the 
appearance of asterism in gems that had not shown 
this phenomenon previously. The first such stones 
seen at the GIA Gem Trade Laboratory had been 
represented to our client as rare examples of stars in 
unusual materials. Some of these stars showed as 
many as 15 or 16 rays. Subsequently, we received 
more asteriated stones, many of which were 
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Jewels of the 
Russian Diamond Fund 


by 


ALEXANDER E. FERSMAN+ 
PART III 


Historical Stones of the Diamond 
Fund 

During three years we tried to 
clear up the history of some noted 
stones of the Diamond Fund. Many 
facts are yet unknown, many never 
will be at the disposal of science, but 
some facts as to the origin and his- 
tory of the stones we were able to 
discover with accuracy. I will tell 
you about them. In the Diamond 
Fund the most noted are diamonds, 
and three of them have a distinct 
significance not only for the science 


of jewelry, but also for mineralogy. 
These are the Diamond Tablet, the 
“Orlov” and the “Shah.” 
Diamond Tablet 

It is a wondrous solitaire mounted 
like a mirror in a gold-enameled 
bracelet, Gothic in style, workman- 
ship of the epoch of Alexander I 
(Figure 8). The tablet is a so-called 
portrait stone, the surface of which, 
with the side facets, is more than 
7.5em. square and weighs 23-25 
carats. The stone is of rare beauty 
and clarity, in old Indian mounting 


Figure & 
Center portion is shown of golden bracelet with a huge flat 
diamond (full size). 


+Translated by Marie Pavlovna Warner. 


opaque, that represented an array of different mate- 
rials. One even sported a double star. Most of the 
stars showed essentially straight rays, but in some 
cases the rays were obviously curved down the sides 
of the cabochon (figure 4). These stones were sup- 
plied to us by three dealers from three very different 
locations (Louisville, Colorado; Bangkok, Thailand, 
and Falls Church, Virginia), and were purported to 


Figure 2. Oriented lines engraved on this thin 
metal plate give the appearance of asterism in the 
synthetic ruby cabochon to which it is attached. 
Photomicrograph, taken through the dome of the 
cabochon, by John I. Koivula; magnified 30x. 
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Figure 1. This 6.17 ct 
sinhalite, a gemstone 
that has not been 
reported to display 
asterism, showed a 
very unusual 11- 
rayed star that ulti- 
mately proved to be 
manufactured. Photo 
by Maha Tannous. 


be from Sri Lanka and India. Because of the types of 
gem materials involved, the superficial appearance 
of the stars, and the odd number and orientation of 
some of the rays in the stars, the dealers suspected 
that the asterism had been artificially created. We 
conducted the present study to learn more about 
this new technique and to establish the best means 
of identifying this imitation asterism. 


Figure 3. This very fine, unnatural-looking silk (sim- 
ilar in appearance to the silk found in flame-fusion 
synthetic star rubies or sapphires) is typically seen 
in a star created by diffusion treatment. Photo- 
micrograph by John I. Koivula; magnified 40x. 
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Figure 4. This rutile cabochon displayed at least 16 
rays, most of which showed a noticeable curve as 
they approached the girdle. Photo by Maha Tannous. 


MATERIALS AND METHODS 

Altogether, we examined a dozen stones that dis- 
played evidence of this new method of imitating 
asterism. We studied one each of sinhalite, cassi- 
terite, chrysoberyl, and garnet, and one stone that 
was represented to be scheelite but turned out to 
be a member of a series of naturally radioactive 
rare earth-bearing minerals, possibly samarskite. 
Chrysoberyl is well known for chatoyancy, but it 
rarely shows asterism. Star garnet is relatively 
common, but cat’s-eye garnet is rare. The authors 
have not seen examples of either phenomenon in 


Figure 5. The eye of this natural cat’s-eye rutile 
shows a very dense concentration of needles that 
are Clearly inside the stone. Photomicrograph by 
John I. Koivula; magnified 45x. 
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Figure 6. The stars made by the “scratching” pro- 
cess described here often displayed asymmetrical 
rays, such as in this 17.08 ct cassiterite that shows 
nine rays. Photo by Maha Tannous. 


sinhalite, cassiterite, and scheelite (or samarskite). 
The balance of the cabochons were rutile, in 
which natural chatoyancy is occasionally seen (fig- 
ure 5) and asterism is reported to be very rare 
(Kumaratilake, 1997). 

The 12 cabochons in this study ranged from 3.29 
ct to more than 20 ct; all were oval or round and 
semi-transparent to opaque. 

All of the gem materials were identified by stan- 
dard gemological procedures. To determine the cause 
of the asterism, we used a GIA Gem Instruments 
Mark VII Gemolite gemological microscope, at mag- 
nifications up to 45x, with fiber-optic illumination. 


RESULTS AND DISCUSSION 
Each stone displayed a star that had as few as six 
rays (in the case of the chrysoberyl), to more than a 
dozen rays (in the case of several rutiles). The garnet 
showed a double star, one with four rays and the 
other with eight. The first thing anyone familiar 
with natural asterism will notice is the unusual 
appearance of most of these stars. In many of the 
stones, the stars had too many rays and the rays 
were not symmetrical (figure 6). Many stars also dis- 
played an unusual number of rays, such as eight or 
10, or an odd number such as 11 (again, see figure 1), 
which is not typical for any material. Also, the 
asterism appeared to be very superficial, even in 
stones that were almost transparent, whereas true 
asterism usually has depth to it. 

Microscopic examination quickly identified the 
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source of the asterism: oriented, coarse, parallel 
lines scratched on the domed surfaces of the stones 
(figure 7). At first one might think the lines were 
the result of a bad polishing job, but close inspec- 
tion revealed that this “bad polish” was deliberate. 
By making the lines coarse and keeping them paral- 
lel in certain directions, the treater was able to use 
them to reflect light in essentially the same way 
that natural subsurface needle-like inclusions do. 

As mentioned above, some of the stones dis- 
played too many rays or an unnatural number of 
rays, so that the asterism was not believable. In one 
case, however, the illusion was very well executed. 
A 3.29 ct chrysoberyl showed an almost perfectly 
symmetrical six-rayed star (figure 8). The authors 
have seen a few examples of chrysoberyl with a nat- 
ural six-rayed star over the years (figure 9), but they 
are so rare that most references do not even 
acknowledge their existence. 

Perhaps the most interesting stone in our sam- 
ple group was a 4.28 ct purplish red garnet that dis- 


Figure 8. The almost-perfect six-rayed star in this 
transparent 3.29 ct chrysoberyl was found to be 
manufactured. Photomicrograph by Shane F. 
McClure; magnified 10x. 


Figure 7. These photos illustrate 
how superficial the imitation stars 
are and that they are being created 
by oriented “polishing” lines. The 
specimen on the left may be 
samarskite; the cabochon on the 
right is rutile. Photomicrographs by 
Shane F. McClure; magnified 40x. 


played a double star, that is, two stars adjacent to 
one another (in contrast to multiple stars that man- 
ifest themselves in different areas of the stone). 
Double stars have been noted in some corundums 
(Moses et al., 1998), and multiple stars actually are 
common in some materials, such as quartz (see, 
e.g., Johnson and Koivula, 1999). To our knowl- 
edge, though, no such double star has been reported 
in garnet. Even more suspicious was the fact that 
one of the stars had four rays and the other had 
eight. The authors are not aware of any reports of 
double stars with this kind of asymmetry. In this 
case, Microscopic examination revealed that the 
four-rayed star was natural, and the eight-rayed star 
was manufactured by the method described above. 
The four-rayed star clearly showed the individual 
needle-like inclusions that one normally expects 
from a natural star, while the eight-rayed star was 
obviously caused by oriented “polish lines” and 
was evident only on the surface of the stone (figure 
10). The close juxtaposition of a natural star to a 


Figure 9. Natural six-rayed stars in chrysoberyl, as 
seen in this 2.29 ct cabochon, are very rare. Photo 
by Maha Tannous. 
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Figure 10. The double star in this 4.28 ct garnet cabo- 
chon consisted of one natural four-rayed star and one 
manufactured eight-rayed star. Note the difference in 
appearance between the two stars. Photomicrograph 
by Shane F. McClure; magnified 10x. 


manufactured one illustrates quite effectively the 
striking differences between the two. 

It is interesting to note that one of the groups of 
suspect stones we received had a sapphire with a 
12-rayed star (figure 11). The phenomenon in this 
stone was completely natural. For this reason it was 
not included as part of the study group. 

Although no one has come forward to say exact- 
ly how this process is being done, the appearance of 
the stones suggests that it involves the use of a pol- 
ishing wheel with a coarse grit. The oriented 
scratches are numerous and packed tightly together, 
so some type of spinning wheel is probably 
involved. Also, the asymmetry of most of the speci- 
mens would suggest that the process is being done 
by hand, rather than by some form of automation. 


CONCLUSION 

These imitation stars are not difficult to detect in 
most cases because of their unnatural appearance. 
The key, as is often the case in gemology, is in 
knowing that such a treatment exists, understanding 
the sources and appearances of naturally occurring 


Figure 11. Natural 12-rayed stars (such as in this 
4.41 ct sapphire) do exist, but they are easily dis- 
tinguished from the manufactured stars discussed 
in this article. Photomicrograph by Shane F. 
McClure, magnified 10x. 


phenomena such as asterism, and questioning any 
stone that appears suspicious. Microscopic examina- 
tion should easily permit the identification, especial- 
ly with the assistance of a fiber-optic light source. 

The presence of a natural 12-rayed star sapphire 
in one of the groups of suspect stones we received 
serves as a reminder that while stones with such a 
large number of rays are rare, they do exist. Only 
with careful microscopic examination can you con- 
clusively prove the origin of the asterism. Even if a 
stone appears suspicious, you should follow through 
with the proper examination before pronouncing 
judgment. 
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¢ 


DIAMOND 


“Banded” Twinned Crystal 


Diamond manufacturers commonly 
encounter a wide range of colors and 
shapes in the crystals they facet. 
They are routinely required to make 
quick cutting decisions throughout 
the faceting process. Occasionally, 
however, a crystal is so unusual that 
the manufacturer stops to ponder it. 
Such a crystal recently was brought 
to the attention of the East Coast lab- 
oratory by one of our clients. 
Although the appearance of the crys- 
tal was intriguing, we were also inter- 
ested in gaining a better understand- 
ing of its growth history. 

The 14.07 ct elongated diamond 
crystal (measuring 21.78 x 7.62 x 
7.59 mm) appeared “banded,” with 
near-colorless portions on each end 
and a black area in the middle (figure 
1). Stepped twin boundaries (twinned 
according to the spinel law, that is, 


Figure 1. The unusual “banded” 
structure of this 14.07 ct twinned 
diamond crystal is the result of a 
complicated growth history. 
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with the twin plane parallel to one of 
the octahedron's faces) were found in 
both near-colorless portions. The twin 
planes, although parallel, were shifted 
slightly in position. However, the two 
near-colorless portions had different 
morphologies. The portion on the left 
in figure 1 had a flattened triangular 
twinned morphology with typical re- 
entrant corners in the boundaries, 
whereas the near-colorless portion on 
the right had a slightly elongated tri- 
angular shape without clearly visible 
twin re-entrant corners. The black 
portion was irregular in shape, but 
roughly spherical, with very rough 
surfaces; it had a submetallic luster. 
The boundaries between the black 
center and the near-colorless ends 
were clearly demarcated. 

Because the black center section 
appeared so different from the end 
portions, we thought there might 
have been another material involved. 
However, the measured specific gravi- 
ty of the piece was 3.51 (compared to 
3.52 for diamond), which indicated 
that only diamond was present in sig- 
nificant amounts. Infrared spectra 
suggested that all three parts of the 
diamond were type Ia, with high lev- 
els of nitrogen. Raman spectra collect- 
ed from the three portions confirmed 
this result. Several black inclusions 
with irregular shapes were observed 
in the near-colorless portions, but 
none of these was located close 
enough to the surface of the crystal 
for Raman analysis. 

Detailed observations at high mag- 
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nification, using an optical micro- 
scope (up to 150x ) and a scanning 
electron microscope (up to 500x ) at 
the California Institute of Technology 
(Caltech), revealed entirely different 
surface features for the near-colorless 
and black portions, which were appar- 
ently due to a combination of growth 
and dissolution (figure 2). On the flat 
surfaces of the near-colorless portions, 
the growth features appeared as 
macroscopic parallel steps and trian- 
gular hillocks, particularly in the 
boundary areas close to the black por- 
tion. The dissolution features includ- 
ed tiny etched trigons, with an orien- 
tation opposite that of the triangular 
hillocks, and etch figures with rhom- 
bic forms that followed the symmetry 
of the structure of the twin boundary. 
Also, the twin boundaries were slight- 
ly bent in several places. The rough 
surface of the black portion consisted 
of irregular steps and small crystallites 
with polygonal forms. When exam- 
ined with strong transmitted light, 
this portion revealed a rather complex 
internal structure, with a near-color- 
less transparent core and a black rim. 
We concluded that this diamond 
was a single crystal with a complicat- 


Editor’s note: The initials at the end of 
each item identify the editor(s) or con- 
tributing editor(s) who provided that 
item. Full names are given for other 
GIA Gem Trade Laboratory contributors. 
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Figure 2. The surface features of 
this near-colorless portion (top of 
photo) were very different from 
those of the black portion (bottom 
of photo) of the diamond crystal. 
This backscattered-electron SEM 
image shows parallel steps, trian- 
gular growth hillocks, a twin 
boundary (upper right), and rhom- 
bic dissolution figures on the col- 
orless portion, while it also 
reveals the rough surface with 
irregular steps and small crystal- 
lites in the black portion. 


ed growth history. The black and near- 
colorless portions represent different 
stages and conditions of growth. The 
spherical central portion was formed 
first and grew rapidly (as evidenced by 
the small crystallites on its surface). 
The black color is probably due to 
numerous tiny and black inclusions 
located mainly on grain boundaries of 
the small diamond crystallites. The 
two flattened and twinned near-color- 
less portions then grew from both 
sides of the central portion, by means 
of a spiral growth mechanism. 

Taijin Lu and John M. King 


With a Carbonate Inclusion 

Recently one of the diamond graders 
in the West Coast laboratory became 
suspicious of the appearance of a sur- 
face-reaching inclusion in a 1.43 ct 
diamond that could be described as a 
wide feather or a deep, narrow cavity. 
The grader thought that the crackled 
texture observed in the interior of the 
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inclusion might be due to the pres- 
ence of some type of artificial filling. 
When the diamond was brought into 
the Gem Identification laboratory, we 
immediately noticed that this texture 
was very similar to what we had seen 
in some wide cleavages that had been 
artificially filled. 

Close examination with 15x mag- 
nification revealed that where the cav- 
ity reached the surface, the transpar- 
ent material in it was slightly under- 
cut and had a rough texture; it also 
contained numerous highly reflective, 
nearly parallel compression cracks 
(figure 3). The width of the cavity at 
the surface made it possible to analyze 
the filler using the laser Raman 
microspectrometer. The results were 
both immediate and surprising. The 
analysis showed the undeniable pres- 
ence of a carbonate in the crack, 
although an exact match to a specific 
carbonate could not be made. To con- 
firm this visually, we placed a minute 
droplet of 10% hydrochloric acid solu- 
tion on the crack at the surface of the 
diamond. The resulting effervescent 
reaction was as expected for a positive 
carbonate-HC] acid spot test. 

The carbonate calcite has been 
identified previously as an epigenetic 
inclusion in diamond (that is, it 
entered the diamond some time after 
its formation; see J. W. Harris, 
“Diamond geology,” in J. E. Field, Ed., 


Figure 3. Numerous subparallel, 
reflective compression cracks in 
the carbonate inclusion in this 
diamond resemble a texture 
noted in some fillings in dia- 
monds. Magnified 15x. 
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The Properties of Natural and Syn- 
thetic Diamond, Academic Press, 
London, 1992, p. 363). Therefore, the 
possibility of a carbonate filling the 
interior of a surface-reaching cavity in 
a diamond is not unheard of. This, 
however, is the first time we have 
identified a carbonate in a polished 
diamond. Whether or not it would be 
possible to use a molten carbonate as 
a diamond filler is not known, 
although its susceptibility to attack by 
acid makes this unlikely. We therefore 
concluded that this was a naturally 
occurring epigenetic inclusion. 

JIK and Maha Tannous 


With Unusual Mineral Inclusions 


An approximately 1 ct near-colorless 
round-brilliant-cut diamond recently 
submitted to the East Coast laborato- 
ry was found to contain some rather 
interesting inclusions. During the 
clarity grading process, three tiny 
(0.05 mm) dark red-brown to black 
inclusions, each surrounded by what 
appeared to be a brown radiation halo, 
were observed under the crown (figure 
4). These inclusions looked rounded 


Figure 4. Too deep in the host 
diamond to be analyzed by laser 
Raman microspectrometry, these 
three tiny (0.05 mm) dark red- 
brown to black inclusions are 
surrounded by what appear to be 
brown radiation halos. They are 
believed to be either strontian K- 
Cr loparite or Cr-chevkinite. The 
inclusion seen here through the 
girdle of the stone is a reflection 
artifact. Magnified 40x. 
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or semi-spherical in form, and proved 
to be too deep within the diamond 
host for Raman analysis. 

On the basis of visual examination 
of similar inclusions in about five 
other diamonds, as well as a search 
through the literature, we suspected 
that these inclusions were either 
strontian K-Cr loparite or Cr-chevki- 
nite. These rather unusual radioactive 
inclusions are similar in color to those 
found in this particular diamond, 
although the latter were too small to 
provide a radioactivity reading. 
Loparite is isometric and chevkinite is 
monoclinic. Because the inclusions in 
this diamond looked somewhat spher- 
ical, loparite is perhaps the more prob- 
able choice (chevkinite tends to form 
as somewhat elongated, spike-shaped 
crystals). Mineral inclusions in dia- 
monds, however, are often influenced 
by the diamond structure. Through a 
process known as xenomorphism, 
even inclusions that are not isometric, 
such as chrome diopside, can look as 
if they have an isometric form. This 
means that chevkinite could not be 
ruled out as a possibility. 

Strontian K-Cr loparite and Cr- 
chevkinite were first discovered as 
inclusions in diamonds that were 
tiny fragments (approximately 1.5 x 
1.5 mm) from the River Ranch kim- 
berlite in Zimbabwe. These inclu- 
sions had a high content of radioac- 
tive thorium, and contained the high- 
est amounts of rare-earth and 
radioactive elements ever reported in 
inclusions in diamonds; small, bright 
green radiation clouds surrounded 
each of the radioactive inclusions. 
The green color indicated that the 
clouds had developed at a tempera- 
ture below 600°C, and had not been 
exposed to a temperature higher than 
that since they were formed. The fact 
that the clouds in the diamond we 
examined were brown indicates that 
the stone was heated above 600°C at 
some point (in nature or artificially), 
as illustrated in J. I. Koivula’s Micro- 
world of Diamonds, Gemworld Inter- 
national, Northbrook, Illinois, 2000. 
A good reference for chevkinite and 
loparite as inclusions in diamond is 
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M. G. Kopylova et al., “First occur- 
rence of strontian K-Cr loparite and 
Cr-chevkinite in diamonds,” Russian 
Geology and Geophysics, Vol. 38, 
No. 2, Proceedings of the Sixth Inter- 
national Kimberlite Conference, Vol. 
2: Diamonds: Characterization, Gen- 
esis and Exploration, Allerton Press, 
New York, 1997, pp. 405-420. 

JIK and Maha Tannous 


FELDSPAR 
With Chrome Diopside Inclusions 


The West Coast lab recently exam- 
ined an unusual double cabochon that 
standard gemological testing con- 
firmed to be orthoclase feldspar. The 
40.14 ct cabochon, which was 22.48 
mm long (figure 5), was obtained in 
Mogok, Myanmar, by Mark Smith, a 
gemologist and gem dealer in 
Bangkok. The stone contained a num- 
ber of relatively large green inclu- 
sions, so that in general appearance it 
resembled the white plagioclase 
feldspars from the Philippines that 
contain deep green uvarovite garnet 
inclusions. Those feldspars, however, 
do not show adularescence, which 
this Burmese moonstone did. 
Examination with a microscope 


Figure 5. This 40.14 ct double 
cabochon from Myanmar is an 
interesting mixture of adulares- 
cent orthoclase feldspar and 
chrome diopside. 
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revealed that the randomly arranged, 
transparent-to-translucent green 
inclusions were cracked and well 
rounded, with no recognizable crystal 
faces (figure 6). These features suggest- 
ed a protogenetic origin for these 
inclusions with respect to the feldspar; 
that is, they formed before their host. 
Raman analysis established that the 
inclusions were diopside, and not (as 
first suspected) a species of garnet. 
EDXRF analysis of the inclusions 
detected the presence of chromium, 
which is the probable cause of their 
green color. This is the first example 
of moonstone with chrome diopside 
inclusions we have encountered in the 
laboratory. 
JIK, Maha Tannous, 
and Sam Muhlmeister 


GIBBSITE 
Dyed to Imitate Nephrite 


Recently, the West Coast laboratory 
received a 10 x 7 x 3.5 mm oval bead 
for an identification report. At first 
glance, the “spinach” green color of 
the bead (figure 7) appeared to be typi- 
cal for nephrite jade. However, the 
optical properties and structural char- 
acteristics were quite different from 
those expected for nephrite. 

Using a standard gemological 
refractometer, we obtained a spot 


Figure 6. The rounded appear- 
ance and cracked texture of the 
chrome diopside inclusions in 
their orthoclase host suggest 
that the inclusions are protoge- 
netic. Magnified 5x. 
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Figure 7. This 10x7x3.5 mm 
bead, which looks like nephrite 
jade, was identified as dyed 
gibbsite. 


RI. of 1.58. This reading was too low 
for nephrite jade (which has an aver- 
age RI. of 1.61). The specific gravity, 
determined by the hydrostatic 
method, was approximately 2.09. 
This figure is also significantly lower 
than nephrite (about 2.95). When we 
examined the bead with a gemologi- 
cal microscope, we observed a dense 
granular structure; an even col- 
oration; some small, irregular- 
shaped, opaque whitish particles; 
and a few dark brown needle-like 
inclusions. The material was very 
soft, and was easily scratched with a 
needle probe. These properties also 
indicated that the bead had not been 
fashioned from nephrite jade. 

Next, using a desk-model spectro- 
scope, we noticed strong absorption 
bands at 560, 600, and 650 nm. The 
bead fluoresced moderate yellowish 
green to long-wave ultraviolet radia- 
tion, but was inert to short-wave UV. 
Since the standard gemological tests 
were inconclusive, advanced testing 
was required to identify this material. 
With the client’s permission, a minute 
scraping was taken from an inconspic- 
uous place (the inside of the drill hole) 
for X-ray diffraction analysis. The pat- 
tern obtained matched gibbsite, a clay- 
like aluminum hydroxide. The mate- 
rial had been dyed to simulate 
nephrite jade. This was the first jade 
imitation of this type we have seen in 
the Gem Trade Laboratory, although 
on a number of occasions we have 
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encountered dyed gibbsite as a realis- 
tic imitation for turquoise (see Lab 
Notes: Summer 1983, p.117; Spring 
1988, p. 52). KNH 


Devitrified GLASS 
Resembling Jade 


Although jadeite is one of the more 
common gem materials to be imitat- 
ed, seldom is the imitation mounted 
in an ornate setting made with quali- 
ty craftsmanship. The East Coast lab 
recently received just such a piece in 
the form of a pendant. 

The fully backed white metal pen- 
dant was stamped “18K.” It included 
numerous channel-set transparent 
near-colorless baguettes, as well as 
some transparent near-colorless mar- 
quise brilliants, all bordered by mill- 
grain detailing. The pendant show- 
cased a large, thin, semi-transparent 
to translucent green tablet—carved 


with the image of a stork—which 
measured approximately 33.40 x 
40.25 x 1.65 mm (figure 8). 

The carved material showed an 
uneven “patchy” green color through- 
out, which to the untrained observer 
might have appeared similar to the 
aggregate structure of jadeite. We 
obtained a spot refractive index of 
1.60 using a standard gemological 
refractometer. Patches of the tablet 
fluoresced a medium chalky yellow 
to long-wave UV radiation and a very 
weak chalky yellow to short-wave 
UV. Using a standard gemological 
microscope (50x) and fiber-optic light- 
ing, we observed patches of tiny gas 
bubbles. Higher magnification (200x) 
revealed a fern-like structure that is 
commonly seen in the manufactured 
glass known in the trade as "Meta- 
jade.” The partially devitrified struc- 
ture confirmed that the carving was a 
manufactured glass. 

Ann-Marie Walker 
and Wendi M. Mayerson 


Figure 8. The 33.40 x40.25 x1.65 mm green carving in this pendant 
proved to be devitrified glass. 
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Figure 9. Assembled cultured blister pearls such as the ones in this ring 
(left) were first produced by Kokichi Mikimoto in 1890. Note on the 
back the concave cups into which they fit precisely (right). 


PEARLS 
Early Japanese Assembled 
Cultured Blister Pearls 
The East Coast lab recently received 
for identification an intricate white 
metal ring set with three pearls (figure 
9, left). The setting was stamped 
“18KT WHITE GOLD” and included 
numerous old European- and single- 
cut stones. The ring had a concave 
cup setting for each of the three par- 
tially drilled pearls (figure 9, right), 
which measured an average of 5.18 
mm in diameter. 

Magnification revealed a nacreous 
appearance consistent with natural 


Figure 10. This X-radiograph 
reveals the unusual assemblage 
of the cultured blister pearls 
shown in figure 9. 
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and cultured pearls. X-radiography, 
however, suggested that the internal 
structure was not typical of the natu- 
ral or cultured pearls generally seen in 
the lab today. Each “pearl” had three 
components: a layer of nacre, a shell 
bead with a square notch cut into it, 
and an oddly shaped mother-of-pearl 
backing cut to fit into the square 
notch (figure 10). Most unusual was 
the fact that the mother-of-pearl back- 
ing was rounded on the bottom to 
give the overall appearance of a fully 
round pearl. We therefore concluded 
that these were assembled cultured 
blister pearls. 

We have previously reported on 
similar cultured pearls in the Lab 
Notes section (Summer 1983, p. 116; 
Spring 1988, pp. 49-50; Spring 1994, 
pp. 44-45). They were produced in 
Japan prior to the successful culturing 
of solid round pearls. Although the 
lab has not seen very many of them, 
we know that Kokichi Mikimoto was 
marketing assembled cultured blister 
pearls as early as 1890, with produc- 
tion exceeding 50,000 annually. 

While one might at first assume 
that these assembled cultured blister 
pearls were set in the ring to replace 
lost or worn natural pearls, the fact 
that they probably represent early 
Mikimoto production makes it more 
likely that they were original to the 
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ring itself. In addition, they fit pre- 
cisely into the cupped backs, anoth- 
er indication that they were original 
to the ring. Knowledge of their his- 
tory can aid in dating this piece of 
estate jewelry. 
Ann-Marie Walker 
and Wendi M. Mayerson 


Faceted Cultured Pearls, 
Dyed Black 


An 8 mm black faceted pearl was sent 
to our West Coast laboratory for an 
identification report. The client had 
noticed unusual “color spots” that 
made him question whether it was 
indeed a natural-color Tahitian cul- 
tured pearl. Although we cannot 
determine a pearl’s provenance, we 
can determine its identity, whether it 
is natural or cultured, and whether or 
not it has been treated. 

The item had an attractive black 
bodycolor and showed strong purplish 
pink overtones (figure 11). Most of the 
polygonal facets had been well placed 
and polished, leaving the surface with 
a smooth finish. X-radiography re- 
vealed a fairly large bead nucleus, 
which confirmed that this was a cul- 
tured pearl. Using 10x magnification 
with strong overhead illumination, 
we observed that the nacre was actu- 
ally dark brown. This color was 
unevenly distributed, and concentra- 
tions in some areas gave the surface a 
slightly spotted appearance. Magnifi- 
cation also revealed that some facets 
had been damaged extensively during 
fashioning. Fairly deep grooves (some 
straight and others circular) were 
noticeable. On some facets the top 
nacre layer had been removed, expos- 
ing an almost colorless layer of nacre 
(figure 12). Along the rims of those 
exposed areas was an opaque, light 
brown deposit of unknown identity. 

The reaction to long-wave UV 
radiation was quite peculiar. The 
exposed near-colorless nacre layer flu- 
oresced chalky yellowish white, simi- 
lar in appearance to natural-color 
light nacre shell layers. The black 
nacre surface, however, did not show 
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Figure 11. This 8 mm black 
faceted cultured pearl revealed 
evidence of treatment. Note the 
different color of the lower nacre 
layer that was exposed on some 
facets during fashioning. 


any fluorescence. Natural-color black 
nacre fluoresces either reddish brown 
or red to long-wave UV. The absence 
of this type of fluorescence in the top 
nacre layer proved that it had been 
treated. EDXRF chemical analysis 
revealed the presence of silver, which 
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Figure 12. With magnification 
(here, 15x) a second, almost col- 
orless, nacre layer was 
revealed, and a light brown 
deposit was seen where the top 
nacre layer had been removed 
during fashioning. 


further substantiated our conclusion 
that the cultured pearl had been treat- 
ed to attain its black color. As to the 
cause and nature of the brown deposit 
around the rims of exposed areas, we 
could only speculate that it was a 
byproduct of the faceting and treat- 
ment process. KNH 


Figure 13. This strand of 34 “baroque” imitation pearls was sold as 


“shell pearls.” 
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A New Imitation: “Shell Pearls” 
with a Calcite Bead 


This year in Tucson, we purchased a 
strand of 34 imitation “baroque” 
pearls (12.50-11.60 mm x 10.30-9.75 
mm, figure 13), which were sold as 
“shell pearls” by Tiger Trading, Fresh 
Meadows, New York, at the GJX 
Show. These imitation pearls were 
offered in rounds ranging from 8 to 14 
mm, as well as in “baroque” shapes 
such as those in the strand we pur- 
chased. They came in a variety of col- 
ors. Besides the “Tahitian” color 
scheme of our strand, “South Sea” 
and standard “akoya” colors were 
available. The seller reported that 
they were mother-of-pearl beads—as 
are sometimes used in imitation 
pearls—that had been coated to look 
like many different types of pearls. 

The regularity of shape of the 
“baroque pearls” and the multiple 
layers visible at the drill holes (figure 
14) seemed to support the seller’s 
description. However, a close inspec- 
tion in reflected light also revealed 
what appeared to be facets under the 
coating. Given the unusual shape and 
uniformity of these “pearls,” we were 
curious to learn whether their cen- 
ters were in fact shell. 

To examine the core material, we 
decided to sacrifice one of the 


Figure 14. The view down the 
drill hole readily revealed that 
this imitation pearl had multi- 
ple layers of some type of coat- 
ing. Magnified 50x. 
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with two indentions which are cov- 
ered by soft gold. Evidently this 
stone is soldered, being a chip from 
some unknown colossal crystal from 
the sands of Golconda in India. Un- 
fortunately the history of the stone 
is unknown, and only from the cor- 
respondence of the ministry of court 
we find out its official name “table” 
and there is given an absolutely in- 
correct weight—-68 carats. It is nec- 
essary to say that in XVIIth and 
XVIIIth centuries. when fine minia- 
tures were in fashion, everyone was 
searching for the so-called “portrait 
diamonds” which were used instead 
of glass because they added excep- 
tional beauty and brightness to the 
paints. In our days such tablets have 
not only artistic value, but technical, 
as they can be used in roentgeno- 
spectroseopical instruments. 
Orlov 

The “Orlov” was purchased by 
Count Orlov for Catherine the Great 
in 1772. Up to this time it has the 
form of the old Indian cut which it 
had when in possession of the Great 
Moguls. Many tales were created 
about this stone, but only now we 
know the real truth of its past. This 
stone was found in the beginning of 
the XVIIth century in Golconda, in 
the mines of Kollur, and it was cut 
in the shape of a high rose. Its orig- 
inal weight probably was about 300 
carats and it was one of the two 
natural chips of the big stone of the 
Great Moguls. Shah Djekhan was 
not pleased by this cutting and or- 
dered it to be recut to its present 
shape (Figure 9), with its approxi- 
mate weight of 200 carats. In this 
shape the stone attracted the atten- 
tion of the traveler Tavernier while 
in the palace of Aureng-Zeb. In 
1661 Aureng-Zeb obtained another 
large diamond cut in the shape of an 
Indian rose, which later, in the 


times of Shah Nadir, was named 
“The Kohinoor.” This stone made a 
pair to our “Orlov,” which at that 
time carried the name of “Great 
Mogul.” In his historical notes Pallas 
says that the “Orlov” and “Kohi- 
noor” were mounted in the throne 
of Shah Nadir, which at that time 
was in possession of Delhi. In 1737 
“Orlov” had the name of Deria-noor, 


Figure 9 
THE “ORLOV” 


Le., the sea of light, and the other 
stone of Kohi-noor, i.e, the moun- 
tain of light. The ultimate fate of 
these stones differs. Deria-noor was 
stolen, passed through many hands, 
and finally showed up at the market 
at Amsterdam where it was pur- 
chased by Count Orlov in 1772. At 
the time of Catherine II it was 
mounted in the scepter in silver, sur- 
rounded by a ring of diamonds from 
the inside. 
Shah 

The basic dates in the history 
of the ‘‘Shah” are engraved on the 
stone itself. Our investigations put 
an end to the old legends of Iran 
It was found probably five hun. 
dred years ago in Central India 
by Hindu workers on the shores of 
the River Goleonda. There they 
found a erystal, slightly yellow, 
about three centimeters in size, 
but an exceptionally clear diamond 
It was delivered to the court of one 


Figure 15. The coating removed from the imitation "shell" pearl was 
found to consist of two types of layers (left): external transparent color- 
less layers and internal opaque light gray metallic layers. Gemological 
testing identified the bead nucleus (right) as calcite. 


imitation pearls in the strand. Using a 
procedure we normally would not 
perform, we immersed a light gray 
“shell pearl” in acetone (standard nail 
polish remover) in an attempt to 
break down the coating and expose 
the bead. After 30 minutes, the coat- 
ing was soft enough to be squeezed 
with tweezers. In fact, the coating fit 
loosely, like a plastic bag around a 
hard center. When the object was 
squeezed with tweezers, a dark cloud 
or “puff” was exuded through the 
drill hole into the nail polish remover. 
More squeezing ruptured the coating 
and released the bead nucleus. 


As can be seen in figure 15, the 
coating was quite thick and consisted 
of two different types of layers—trans- 
parent colorless external layers and 
opaque metallic light gray internal 
layers. It was part of the internal col- 
ored material that, because it was in 
the process of dissolving, had squirted 
out of the drill hole when the assem- 
blage was squeezed in acetone. 

The bead was translucent white 
and banded (again, see figure 15). The 
spot reading, taken with a standard 
refractometer, revealed a carbonate 
blink from 1.48 to 1.65, and the 
polariscope established that the 
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material was a crystalline aggregate. 
On the basis of these findings and a 
specific gravity of 2.75, we identified 
the bead as calcite, rather than moth- 
er-of-pearl. Although both materials 
consist mainly of CaCO,, mother-of- 
pearl—a shell material—contains 
organic matter and water in its struc- 
ture as a result of being excreted by a 
living creature. It should be noted 
that shell beads, not calcite, are the 
standard nucleus for cultured pearls 
in the industry today. A strand of 
very similar appearing pearls was 
recently advertised for sale as “moth- 
er of pearl jewelry” in the catalogue 
of a major department store. A spe- 
cial note stated that “Mother of pearl 
jewelry is derived from the inner lin- 
ing of an oyster shell. This collec- 
tion’s magnificent luster is enhanced 
by a man-made protective coating. 
Again, we say caveat emptor— 
“buyer beware.” 

Wendi M. Mayerson 
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DIAMONDS 


Royal Asscher cut. Amsterdam’s Royal Asscher Diamond 
Co., cutters of the Cullinan diamond, recently debuted 
the Royal Asscher cut (figure 1) at the JCK show in Las 
Vegas. The original Asscher cut (patented in 1902) was a 
squarish diamond with large corners, a high crown, a 
small table, and a deep pavilion (see, e.g., p. 165 of the Fall 
1999 issue of Gems &) Gemology). With 74 facets and a 
more geometric look, the Royal Asscher still retains the 
distinctive appearance of its predecessor. Both loose 
stones and a Royal Asscher cut diamond jewelry line are 
being marketed through M. Fabrikant & Sons, New York. 
Each diamond is accompanied by a GIA Gem Trade 
Laboratory diamond certificate. 


Figure 1. Updating a traditional look, the Royal Asscher 
cut (here, 6.35 ct), debuted at the June 2001 JCK show in 
Las Vegas. Courtesy of M. Fabrikant & Sons. 
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Diamonds in Canada: An update. In 1991, Canada’s 
Northwest Territories (NWT) was catapulted into the 
world spotlight with the discovery of diamond-bearing 
kimberlites in the Lac de Gras area of the Slave 
Geological Province (see, e.g., A. A. Levinson et al., 
“Diamond sources and production: Past, present, and 
future,” Winter 1992. Gems &) Gemology, pp. 234-254). 
Success has been swift, with several major developments 
in the last 10 years. The Ekati mine started production in 
1998 (see, e.g., Winter 1998 Gem News, pp. 290-292), and 
the Diavik project is scheduled to begin production in 
2003 (see the following entry by K. A. Mychaluk on a 
field excursion to these two mines). The Jericho and Snap 
Lake projects are in the “permitting” stage, with antici- 
pated production slated to begin in 2003 and 2.004, respec- 
tively. At least 250 additional occurrences of kimberlite, 
many of which are diamond bearing, have been discov- 
ered in the Slave Geological Province. 

Three cutting factories (Sirius, Deton’Cho, and 
Arslanian) are operating in Yellowknife (the capital of the 
NWT). These factories provide training and employment 
for aboriginal people, as they supply the world market 
with Canadian mined, cut, and polished diamonds. 
Several brands of Canadian diamonds are now available 
with laser-inscribed logos (e.g., polar bear, snowflake, and 
maple leaf); in April 2001, BHP Diamonds, operator of the 
Ekati mine, began marketing EKATI™ diamonds. 

The discovery of diamonds in the NWT led to accelerat- 
ed exploration activity elsewhere in Canada as well. 
Currently, exploration is fueled primarily by the efforts of 
three major mining companies (De Beers Canada Mining, 
BHP Diamonds, and Rio Tinto) and about 30 smaller, junior 
to mid-sized companies. In recent years, numerous kimber- 
lites have been found in western Canada (i.e., northern 
Alberta—44 pipes in two separate areas, discovered since 
1996; and Saskatchewan—71 kimberlites, found primarily 
in the Fort a la Corne area since 1988). Encouraging results 
from surveys of diamond indicator minerals in Manitoba 
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glacial tills have generated exploration activity there, but no 
diamond-bearing kimberlite has yet been found. 

In central and eastern Canada, most exploration activ- 
ity is taking place in two areas of Ontario: Wawa and the 
James Bay Lowlands (JBL; part of which is also in 
Quebec); the potential for diamonds in the JBL was first 
suggested a century ago (again, see Levinson et al., 1992). 
The large (16.7 ha) Victor pipe in the Attawapiskat area of 
the JBL is the most advanced Canadian diamond project 
outside the NWT, and is currently being evaluated by De 
Beers Canada Mining. Diamond exploration is gaining 
momentum in Quebec, primarily in three widely separat- 
ed areas: the JBL, the Otish Mountains, and Torngat. In 
the Torngat area of the Ungava Peninsula (northeastern 
Quebec}, at least 60 dikes of kimberlitic affinity, up to 5 
m thick, can be traced for up to 10 km; although many 
contain diamonds, thus far these are uneconomic. 

In 2000, the Ekati mine produced about 2.6 million 
carats of rough with an average value of nearly 
US$170/ct; this represents approximately 2.5% of world 
production by weight and 5% by value. By 2005, if the 
Diavik, Jericho, and Snap Lake mines are in full produc- 
tion, Canada’s contribution to the world supply of rough 
diamonds could be approximately 10% by weight and 
15% by value. Yet, the exploration component of the 
Canadian diamond industry is still at an early stage, as 
compared to major producing countries (e.g., Botswana, 
South Africa, and Russia). The importance of the fledgling 
Canadian diamond industry apparently has not escaped 
the notice of unsavory (even criminal) elements. As early 
as May 1999, a mere six months after the opening of the 
Ekati mine, polished diamonds purported to be 
Canadian—but in far greater abundance than could con- 
ceivably have been mined and polished in that time 
frame—were being offered for sale on the world market 
(see, e.g., B. Avery, “That Canadian diamond may be 
bogus,” Calgary Herald, May 15, 1999, p. D11). More 
recently, and of far greater concern, it has been suggested 
that “conflict” diamonds have been smuggled into 
Canada to circumvent international embargos (see, e.g., 
A. Mitrovica, “Smuggled ‘blood’ diamonds are here, 
police fear,” Globe and Mail, March 29, 2001, p. Al). 


Alfred A. Levinson 
University of Calgary, Calgary 
levinson@geo.ucalgary.ca 


Bruce A. Kjarsgaard 
Geological Survey of Canada, Ottawa 


Field excursion to Canadian diamond mines. The dia- 
mond deposits of Canada’s Northwest Territories (NWT) 
were recently highlighted at the 37th Forum on the 
Geology of Industrial Minerals, held in Victoria, British 
Columbia on May 22-25. This contributor participated in 
a four-day post-meeting field trip to the NWT, led by Dr. 
George Simandl of the British Columbia Ministry of 
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Figure 2. The Panda pit at the Ekati mine, currently 
150 m deep, is now at half its projected open-pit 
depth of 300 m. The predominant rocks in the 
photo are granitic country rocks that surround the 
diamond-bearing kimberlite (not visible). The rect- 
angular area in the lower left corner of the pit has 
been drilled in preparation for blasting. The ore 
trucks are designed to haul 240 tons of rock. Photo 
taken on May 27, 2001, by K. A. Mychaluk. 


Energy and Mines. The itinerary included visits to the 
Ekati mine (operated by BHP Diamonds), the Diavik pro- 
ject (a joint venture between Diavik Diamond Mines and 
Aber Diamond Corp.), the Snap Lake project (owned by 
De Beers Canada Mining) and a diamond cutting facility 
operated by Sirius Diamonds in Yellowknife (for loca- 
tions, see map accompanying D. Paget’s “Canadian dia- 
mond production: A government perspective,” Fall 1999 
Gems & Gemology, pp. 40-41). 

Darren Dyck, senior project geologist for BHP 
Diamonds, was our host at Ekati. We toured the mine, 
processing plant, tailings containment area, and living 
quarters for the mine’s 400 personnel. The mine is cur- 
rently extracting ore only from the Panda pit; eventually, a 
total of five kimberlites will be exploited (see Winter 1998 
Gem News, pp. 290-292). The Panda pit, now at half its 
projected open-pit depth of 300 m, is 500 m in diameter at 
the top (see figure 2). Large amounts of granitic country 
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Figure 3. At the future Diavik diamond mine, a kim- 
berlite processing plant is being constructed. The 
tower in the left center of the photo will be the 
exhaust stack for the processing plant, and the low, 
white buildings in the distance are temporary living 
quarters for 700 people. The four kimberlite pipes that 
will be mined are located under the shallow waters of 
the ice-covered Lac de Gras in the far distance. Photo 
taken on May 28, 2001, by K. A. Mychaluk. 


rock must be removed to mine the kimberlite; the strip- 
ping ratio is 14:1 (14 tonnes of granite for each tonne of 
kimberlite). Excavation of the pit has also exposed a small- 
er kimberlite pipe and several kimberlitic dikes. Eocene- 
age fossils have been recovered from crater-facies kimber- 
lite in the Panda pit, including Metasequoia logs, fish 
teeth and scales, and a turtle femur; these suggest that the 
Panda kimberlite erupted 50 million years ago. Pre-strip- 
ping of two of the other four pipes, the Misery and the 
Koala, has already begun, with production expected to 
start in mid-2001 and spring 2002, respectively. 

Currently, 10,000 tonnes of Ekati kimberlite are pro- 
cessed each day. After initial crushing and screening, 
about 4,000 tonnes/day undergo heavy-media separation. 
The resulting 200 tonnes/day of concentrate are processed 
by X-ray sorting (a small amount is also sent to a grease 
table). Security protocols prevented our visiting the X-ray 
sorting facility; in fact, security was tight throughout the 
tour. Using data gathered through a continuous series of 
audits, BHP Diamonds believes that they are recovering 
99.9% of the diamonds larger than 1 mm (diamonds small- 
er than 1 mm are rejected into the tailings). A display of 
rough diamonds, typical of a day’s production, was shown 
to our group. These stones, which would fill a coffee can, 
consisted primarily of sharp, near-colorless octahedrons 
and macles. 

We saw evidence of many safety and environmental 
protection measures at Ekati. The most impressive was 
the Panda Diversion Channel, a >3-km-long canal that 
diverted water and fish from Panda Lake (which covered 
part of the Panda kimberlite) to Kodiak Lake. As part of 
the effort to minimize the environmental impact of min- 
ing the Panda pit, the canal reportedly channeled over 
3,000 fish to Kodiak Lake last year. 
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At the Diavik project, more than 850 employees (a 
number that was expected to grow to 1,100 this summer) 
are constructing Canada’s second diamond mine, which is 
projected to begin production in 2003. Arnold Enge, public 
affairs officer for Diavik Diamond Mines, navigated our 
group through the very busy site. The mine will extract 
ore from four Eocene-age kimberlite pipes (A-154S, A- 
154N, A-418, and A-21) under the shallow waters of Lac de 
Gras, via three open pits. Construction has begun on the 
processing plant (figure 3), living quarters, a myriad of 
roads, and the first of several dikes designed to hold back 
the waters of Lac de Gras. An estimated 8.9 million m? of 
rock will be used in dike construction, and 26.5 million 
m* of water will be pumped out before mining can begin. 
Over this past winter, 4,089 truckloads of materials, 
including 44 million liters of diesel fuel, were transported 
to the site on a 425 km “ice road” that connects Diavik 
with Yellowknife during the winter months. 

Our hosts at the Snap Lake project were geologist 
Mike Allen and assistant site manager Jack Haynes, both 
of De Beers Canada Mining. Highlights included an 
underground tour of the diamondiferous kimberlite dike, 
which dips 5°-15° east under Snap Lake. A tunnel from 
which a bulk sample of the dike is being extracted has 
advanced 1,250 m along dip, and there are 600 m of addi- 
tional workings along strike of the dike. On the basis of 
its composition and texture, the dike is believed to con- 
sist of a single intrusion of spinel-bearing phlogopite- 
monticellite kimberlite. It has been dated at 523 million 
years old, which is much older than the kimberlites at 
Ekati and Diavik. In 2000, approximately 6,000 tonnes of 
kimberlite from the tunnel were processed for ore-grade 
estimation. Future development will include several 
activities: extending the decline (500 m along dip and 400 
m along strike), processing 9,000 tonnes of kimberlite, 
auditing the tailings, conducting an experimental seismic 
survey (with Diamondex Resources Ltd. and the 
University of British Columbia), implementing a fish 
habitat compensation program, and performing environ- 
mental baseline studies. Commercial diamond produc- 
tion is slated for 2004. 

In Yellowknife, Jennifer Burgess, diamond resource 
specialist with Diavik Diamond Mines, gave us a techni- 
cal presentation on the geology of the Diavik project. A 
drill core (from A-154S) and rough diamonds from the 
project were made available for microscopic examina- 
tion. The core samples clearly showed the layered vol- 
caniclastic nature of the Diavik kimberlites. Each kim- 
berlite pipe at Diavik contains several volcaniclastic 
units with different ore grades. Diamondiferous nodules 
of eclogite (garnet lherzolite) have been found in the 
Diavik kimberlites, and both eclogitic and peridotitic 
diamonds have been identified. 

Ten percent of Ekati’s production is sold to 
Yellowknife-based cutting operations. Our tour of the 
Sirius Diamonds facility in Yellowknife was led by man- 
ager Peter Finnemore. About twenty cutters (see, e.g., fig- 
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ure 4) facet about 500-600 carats of rough (with finished 
weight averaging 50 points each) per month (average color 
G or better). With less than two years in operation, Sirius 
has faced high labor costs and a 50% turnover among its 
cutters. As such, the talent base for cutting fancies is not 
yet available, according to Mr. Finnemore. Currently, 
80% of Sirius’s sales are domestic. Mr. Finnemore stated 
that two other Yellowknife-based cutting facilities, 
Arslanian and Deton’Cho Diamond, employ approxi- 
mately 55 and 25 cutters, respectively. A diamond-sorting 
facility in Yellowknife, owned and operated by BHP 
Diamonds, employs about a dozen people. 


Keith A. Mychaluk 
Calgary, Alberta, Canada 


Diamond presentations at the PDAC conference. With an 
attendance of nearly 7,000, this year’s annual conference 
of the Prospectors and Developers Association of Canada 
was held March 11-14 in Toronto. The main focus was 
exploration for diamonds and platinum group metals. The 
atmosphere was reminiscent of the diamond rush in the 
early 1990s, when scores of junior exploration companies 
promoted their properties (though only a few ultimately 
reached production status). Aside from the usual updates 
on specific projects, this year’s diamond presentations 
included several market forecasts aimed at the investor, 
as well as projections about future demand. 

De Beers’s Gary Ralfe gave a lunchtime address in 
which he outlined the company’s future role, specifically 
its transition from being a custodian of the diamond 
industry by controlling the availability of rough, to 
becoming the “supplier of choice.” In the more formal 
presentations, Matt Manson of Aber Diamond Corp. 
observed that there is now pressure to shorten the dia- 
mond pipeline from both ends—tetailer as well as produc- 
er—through tighter relationships and amalgamations. He 
added that with brand names, hallmarks, and e-commerce 
gaining widespread acceptance, the long-term outlook 
remains bright. Aber’s Bob Gannicott examined prefer- 
ences among buyers in the U.S., Southeast Asia, and 
Japan for diamond color, size, and clarity. He observed 
that Canadian diamonds show an unusually good fit to 
the demands of the American market, where the “baby 
boomer” generation (now 45-55 years old) has more dis- 
posable income to spend on luxury goods. 

Malcolm Thurston of MRDI USA discussed how 
investors can evaluate information on diamond projects, 
from prospect to feasibility. He introduced the “four Q’s”: 
quality of data, quality of geologic modeling, quality of 
ore and cost estimates, and quantity of risk. All data must 
be collected and interpreted under a well-designed, prop- 
erly supervised program of quality assurance and control. 
Dr. Johan Ferreira of De Beers downplayed the signifi- 
cance of micro- and macro-diamond size distribution in 
diamond resource estimation. He maintained that 
although the relationship is real, many other factors such 
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as sample site, volume, recovery method, and analysis of 
shapes and sizes must be considered. Dr. Larry Heaman of 
the University of Alberta noted the wide range in the ages 
of kimberlite emplacement, in some instances for pipes 
separated by short distances (as in the Slave Geological 
Province of Canada’s Northwest Territories [NWT]. 
Episodes of kimberlite/lamproite emplacement that are 
currently known to be most economic are Precambrian 
(e.g., Premier pipe, South Africa; Argyle pipe, Australia), 
Devonian (Republic of Sakha, Russia), Cretaceous (South 
Africa), and Tertiary (NWT, Canada). John McConnell of 
De Beers Canada Mining presented the latest results on 
the Snap Lake project, which may become Canada’s third 
diamond mine. 

In the less formal Exchange Forum presentations, the 
directors of several junior exploration companies briefed 
attendees on the latest developments in Africa, Canada, 
and elsewhere. The projects discussed included: alluvial 
diamonds and potential pipe targets in South Africa, off- 
shore operations near Liideritz in Namibia, alluvial opera- 
tions along the lower Orange River at Baken and the mid- 
dle Orange River near Douglas (both in South Africa), dis- 
coveries in western Liberia’s Mano River kimberlite field, 
the Aylmer West property in Canada’s NWT, the latest 
kimberlite discovery in the Fort 4 la Corne kimberlite 
field in Saskatchewan, kimberlite and diamond discover- 
ies in the Buffalo Hills area of Alberta, an update on the 
NWT’s Jericho kimberlite, and the possibility of kimber- 
lite pipes at the NWT’s Snap Lake (in addition to the 
proven diamondiferous dike). Also presented were the 
results of exploration in Brazil and in the Wawa and 
James Bay Lowland areas of Ontario, Canada; the evalua- 


Figure 4. Shane Fox, one of about 20 cutters presently 
working at the Sirius Diamonds factory in 
Yellowknife, is shown faceting a round brilliant. The 
company currently cuts 500-600 carats of rough Ekati 
diamonds per month. Photo by K. A. Mychaluk. 
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Figure 5. The table of this 2.4-mm-diameter dia- 
mond is covered with trigons. Photomicrograph by 
Robert Cloutier. 


tion of the Payalikand kimberlite pipe in the new state of 
Chhattisgarh in India; and the problems of estimating the 
average value per carat in mine evaluation studies. 

Overall, the mood of the conference was optimistic, 
with the number of diamond exploration projects increas- 
ing as venture capital is forthcoming once again. 


A. J. A. (Bram) Janse 
Archon Exploration, Carine, Western Australia 
archon@space.net.au 


A table with trigons. Diamond crystals commonly display 
triangular growth features on their surface, called trigons. 
After faceting, such features may be preserved on tiny 
relict crystal faces (“naturals”) along the girdle or, less 
commonly, elsewhere on the diamond. It was with great 
surprise, therefore, when Richard Cloutier (Gemteck 
Appraisal Service, Phoenix, Arizona) observed trigons cov- 
ering the table of a faceted diamond. 


Figure 6. Swirls of color are commonly seen in 
polished Burmite from the Hukawng Valley, 
Myanmar. The earring pendants each measure 
2.1 x 3.0 cm. Photo by Maha Tannous. 
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Mr. Cloutier was appraising an antique 18K yellow 
gold pin set with 13 diamonds when he noticed trigons on 
the table of one of the stones during his preliminary exam- 
ination with a 10x loupe. Examination of the 2.4-mm- 
diameter diamond with a microscope revealed trigons over 
the entire surface of the table (figure 5). Perhaps an unusu- 
al shape to the rough caused the cutter to use the trigon- 
containing octahedral face for the table. 


COLORED STONES AND 

ORGANIC MATERIALS 

Amber (“Burmite”) from Myanmar: Production resumes. 
Amber from Myanmar (Burma) has been used by Chinese 
craftsmen to produce art objects since the Ist century AD 
(see V. V. Zherikhin and A. J. Ross, “A review of the histo- 
ry, geology and age of Burmese amber [Burmite],” Bulletin 
of the Natural History Museum [London], Geology Series, 
Vol. 56, No. 1, 2000, pp. 3-10). However, it rarely reached 
Western markets before the late 19th century. The deposits 
are located in the Hukawng Valley, northern Kachin State, 
about 80 km north-northeast of the famous jadeite mining 
area in the Uru River valley (U Tin Hlaing, “Burmite— 
Burmese amber,” Australian Gemmologist, Vol. 20, No. 6, 
1999, pp. 250-253). The amber, sometimes called 
“Burmite,” shows many differences from material derived 
from the Baltic and the Dominican Republic. Specifically, 
it ranges from almost perfectly transparent to opaque, has 
more-saturated and darker colors (which vary from yellow 
to red, with dark reddish brown being typical), and, with 
respect to the Baltic material, is reported to have greater 
hardness and density (R. Webster, Gems, 5th ed., revised by 
P. G. Read, Butterworth-Heinemann, 1994, p. 573). The last 
two characteristics make Burmite particularly amenable to 
carving and manufacture into jewelry (figure 6). 

Prior to World War II, while the country was still under 
British rule, commercial quantities of Burmese amber were 
produced. Since the 1940s, however, the material has been 
essentially unavailable due to internal problems. Mining 
resumed in the mid-1990s, and from 1995 to 1997 several 
commercial shipments of Burmite were made to China. 
Since then, for various reasons including low prices for the 
amber, there has been little formal mining and essentially 
no export of either rough or polished material. 

Recently, however, a new joint venture has begun to 
exploit the material, with the goal of exporting 500 kg 
(1,100 pounds) of Burmite annually during the next few 
years. In 2000, Leeward Capital Corp., a Calgary-based 
Canadian company, made a contractual arrangement 
with a Myanmar company to purchase all the Burmite 
produced in the mining area located near the town of 
Tanai along the Ledo Road (of World War II fame). Using 
simple recovery methods (figure 7), as many as 60 miners 
work the deposits during the dry season. First they dig 
test pits to locate an unweathered amber-containing 
seam, and then they use open-pit methods to mine this 
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Figure 7. Miners follow the dark-colored amber- 
bearing horizon in search of Burmite at the Noije 
Bum mine, near Tanai, Kachin State, Myanmar. 
The open-pit area at this mine measures 30 x 120 m. 
Photo by R. D. Cruickshank. 


horizon. Most of the amber is found as disc-shaped frag- 
ments that range from a few millimeters up to several 
centimeters in diameter. Large-scale mechanized mining 
is not feasible, because the material is too delicate and 
the seams are too narrow. In 2000, Leeward Capital 
obtained 78 kg of Burmite, and by June 2001 a total of 
300 kg of mixed-grade material had been obtained in 
pieces up to 25 cm in maximum dimension. 

Inclusions of insects and other biological materials 
(e.g., pollen and plant remains) appear to be more abun- 
dant in Burmite than they are in Baltic amber (J. W. Davis, 
pers. comm., 2001; see also abstract of “The history, geol- 
ogy, age, and fauna [mainly insects] of Burmese amber, 
Myanmar” in the Gemological Abstracts section). So far, 
inclusions have been found in an average of 30 pieces per 
kilogram of current production. The entombed insects 


Figure 8. This 1 mm parasitic wasp (Serphitidae) in 
Burmite is characteristic of the Cretaceous Period, 
and provides evidence that the amber is about 100 
million years old. Photo © Dr. D. A. Grimaldi, 
American Museum of Natural History, New York. 
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Figure 9. This 19.39 ct amethyst from Brazil dis- 
plays chatoyancy. Photo by Jaroslav Hyrsl. 


(see, e.g., figure 8) indicate a Cretaceous age of ~100 mil- 
lion years (Dr. D. A. Grimaldi, pers. comm., 2001), which 
is significantly older than amber from the Dominican 
Republic (~30 My) or the Baltic (~40 My; see, e.g., D. A. 
Grimaldi, Amber: Window to the Past, Harry N. Abrams, 
New York, 1996). 

Alfred A. Levinson 


Cat’s-eye amethyst from Brazil. Amethyst is one of the 
more common gems, but it rarely displays chatoyancy. 
Therefore, this contributor was most intrigued by two 
cat’s-eye amethysts he purchased during a visit to Brazil 
in summer 2000. 

The translucent, dark violet stones weighed 30.91 and 
19.39 ct (figure 9). With standard gemological testing, 
they both had a spot RL of 1.55 and a specific gravity of 
2.65. When examined with a polariscope, both stones 
showed normal extinction (whereas purple chalcedony 
would have exhibited an aggregate structure). With mag- 
nification, the amethysts revealed distinct color zoning, 
as well as a dense array of fibrous inclusions oriented per- 
pendicular to the color zones (figure 10). These inclusions 
were distributed homogenously in both stones, and were 
responsible for their chatoyancy. 

With high magnification, the fibrous inclusions 
appeared to consist of tiny elongate negative crystals and 
two-phase inclusions. They also were visible in two other 
orientations, at an angle of approximately 45° to the main 
direction. Their exact crystallographic orientations could 
not be measured, because the translucency of the stones 
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Figure 10. Numerous fibrous inclusions are present in 
the cat’s-eye amethyst shown in figure 9, and are ori- 
ented perpendicular to subtle color zoning. Note also 
the smaller fibrous inclusions oriented at approxi- 
mately 45° to the main direction. Photo by Jaroslav 
Hyrsl; width of view 5.4 mm. 


hindered determination of the optic-axis direction. 
Although present in both stones, fibrous inclusions with 
these suborientations were more common in the larger 
sample. Therefore, the smaller amethyst showed more 
pronounced chatoyancy. 


Jaroslav Hyrsl 
Kolin, Czech Republic 
hyrsl@kuryr.cz 


Brownish red to orange gems from Afghanistan/Pakistan 
misrepresented as bastnisite and other materials. During 
the 2001 Tucson show, one of us (DB) received from the 
cutting factory a number of faceted brownish red to 
orange stones that were reportedly bastnasite. The rough 
was purchased in Peshawar, Pakistan, and the location 
was given as a tribal area on the Pakistan/Afghanistan 
border northwest of Peshawar. Examination of several 
stones by JH revealed that one of them was actually 
grossular garnet. 

Also at the 2001 Tucson show, one of us (JH) pur- 
chased two brownish orange stones that were represented 
as sphene from Afghanistan or Pakistan. Gemological 
testing showed that one of the stones was indeed sphene, 
but the other was zircon. Subsequent gem testing of five 
“bastnasites” from DB revealed that one of them also was 
a sphene. DB also submitted a brownish yellow-orange 
gemstone to the GIA Gem Trade Laboratory in Carlsbad, 
which was subsequently identified as sphene (figure 11). 
Clearly, these four red-to-orange gem materials are easily 
misidentified by the miners and dealers. Identification of 
the rough is especially difficult because it is typically bro- 
ken and weathered. 

It is easy to separate grossular from the other gems by 
its isotropic optic character. The doubly refractive gems 
may show distinctive features with the spectroscope: 
Zircon has a distinctive spectrum, bastnasite shows many 
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strong lines due to rare-earth elements (see Summer 1999 
Lab Notes, pp. 136-137), and sphene has a faint “didymi- 
um” spectrum that is identical to that of yellow apatite 
(see, e.g., R. Webster, Gems, 5th ed., revised by P. G. Read, 
Butterworth-Heinemann, Oxford, 1994, pp. 315-316). The 
specific gravity values of the three anisotropic stones also 
differ, and a standard refractometer will give one of the 
refractive indices (around 1.722) for bastnasite, whereas 
grossular is 1.74 and zircon and sphene are over-the-limit 
of most refractometers. Examination with a gemological 
microscope revealed brown needle-like inclusions in 
almost all of the bastnasite samples; these were recently 
identified as astrophyllite in bastndsite from Pakistan (see 
G. Niedermayr, “Bastnaesit aus Pakistan—ein neuer 
Schmuckstein?” Mineralien Welt, Vol. 12, No. 3, 2001, p. 
51). When exposed to long- or short-wave UV radiation, 
only the zircon showed fluorescence (yellow), while the 
other gems were inert. As is typically the case in gemolo- 
gy, more than one test is necessary to make a positive 
identification. 


Dudley Blauwet 
Dudley Blauwet Gems, Louisville, Colorado 


Jaroslav Hyrsl 


Spinel with clinohumite from Mahenge, Tanzania. The 
Mahenge region in southern Tanzania is well known for 
the marble-hosted ruby deposits found there (see, e.g., J. 
Kanis, “Morogoro and Mahenge ruby occurrences, 
Tanzania,” 27th International Gemological Congress 


Figure 11. Represented as bastndsite, this 2.12 ct 
brownish yellow-orange stone was identified as 
sphene. Photo by Maha Tannous; courtesy of 
Dudley Blauwet. 
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Figure 12. Crystals of dark purple spinel from a new 
find near Mahenge, Tanzania, were found associat- 
ed with an orange mineral that proved to be gem- 
quality clinohumite. The specimen on the right 
(with the clinohumite) measures 3.5 x 1.5 cm. 
Photo by Jaroslav Hyrsl. 


handbook, Mumbai, India, 1999, pp. 70-73). In summer 
2000, a small mine near the town of Mahenge produced 
some attractive spinel specimens—dark purple crystals in 
a matrix of white marble. The crystals ranged up to about 
5 cm as octahedrons and, rarely, flattened spinel-law 
twins (figure 12). 

Although small portions of the spinel are facetable, 
the real interest for gemologists lies in an associated 
orange mineral, which the dealer presumed was spessar- 
tine garnet. The specimens show a striking similarity to 
material from Kuchi-Lal in the Pamir Mountains of 
Tajikistan—a famous locality for gemmy pink spinel 
and clinohumite. X-ray diffraction analysis confirmed 
that the orange mineral from Mahenge was clinohumite, 
a rare Mg-silicate that is known in cuttable quality from 
very few places in the world. Unlike spessartine (which 
has a hardness of 7—7.5), clinohumite has a hardness of 
only 6 on the Mohs scale. Clinohumite also has different 
optical properties. However, the fastest way to distin- 
guish the two minerals, both for faceted gems and rough, 
is with UV fluorescence: Spessartine is inert, whereas 
clinohumite glows strong orange to short-wave UV radi- 
ation. The dealer informed this contributor that the bet- 
ter-quality material had already been cut in Tanzania 
and sold as spessartine. 

Jaroslav Hyrsl 


An interesting engraved emerald. The 1.72 ct carved and 
faceted emerald shown in figure 13 was part of a large par- 
cel of broken stones that William Larson (Pala 
International, Fallbrook, California) recently purchased 
from a major jeweler. After several hours of sifting 
through what turned out to be mostly glass and synthet- 
ics, one of these contributors (RWH) noticed an emerald 
that initially appeared to be badly scratched. Closer exam- 
ination with a microscope revealed that the table was 
actually engraved in Arabic (again, see figure 13). The 
engraving translates as “Please God, announce good tid- 
ings.” Curiously, the writing is engraved in reverse, and 
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can only be read correctly through the faceted side of the 
stone. In addition, the facet orientations and inclusions in 
the stone make it very difficult to read. However, an 
impression from the engraved side of the stone (in, for 
example, wax) would read in the correct manner, which 
leads us to surmise that the stone was once mounted in a 
ring and used as a seal. 

The stone measured 9.54 x 7.50 x 2.80 mm, and had 
R.I. values of 1.572-1.580. When examined with a 
Chelsea filter, the stone appeared orangy red. Some small 
cracks exhibited a weak yellow fluorescence to long-wave 
UV radiation, but the stone was inert to short-wave UV. 
Examination with the microscope revealed both a classic 
three-phase inclusion and a modified cube of pyrite, 
which suggests a Colombian origin. A similar engraved 
Colombian emerald was featured on the cover of the 
Summer 1981 issue of Gems & Gemology: That 217.8 ct 
Mogul emerald was engraved with an Islamic prayer, 
although not in reverse. Such stones are representative of 
the early Colombian emeralds that were treasured by the 
Mogul nobility in India. 


Maha Tannous and John I. Koivula 
GIA Gem Trade Laboratory, Carlsbad 
mtannous@gia.edu 


Richard W. Hughes 
Pala International 
Fallbrook, California 


Figure 13. This 1.72 ct engraved natural emerald 
was found in a large parcel of stones, most of which 
were glass or synthetics. The Arabic inscription was 
done in reverse, so it can only be read through the 
faceted stone or as an impression in wax. For this 
reason, it is believed that the stone was originally 
used in a seal ring. Photo by Maha Tannous. 


«See 
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of the princes of Akhmednagar and 
was kept there among other price- 
less jewels. Local artisans accom- 
plished almost the impossible: they 
took fine diamond powder, dipped 
sharpened sticks in it and thus cut out 
on one side in Persian letters: “Burk- 
han-Nazam-shah II, year 1000.” 


In the same year (our year 1591), 
the prince of Northern India, the 
Great Mogul, sent ambassadors to 
the central provinces to establish his 
sovereignty there also. But two years 
later the ambassadors returned with 
miserly presents, only fifteen ele- 
phants and five objects of value. 
The great Akbar decided to take the 


Figure 10 
THE “SHAH” 


provinces by force, and his military 
expedition brought back many more 
elephants and other valuable prizes. 
Among the latter was the “Shah,” 
which thus came into the possession 
of the Great Moguls. 


But now to the throne ascended 
Shah Djekhan, the “ruler of the 
world.” He was a lover of. precious 
stones and liked to cut them himself. 
In memory of himself, he ordered to 
be cut on the opposite side of the 
stone, “Son of Djekhan-girshakh, 
Djekhan-shakh, 1051” (our year 
1642). 


The son of this prince, jealous 
Aureng-Zeb, decided to get posses- 
sion of the stone and of the throne 
of his father. After a long struggle, 


including imprisonment of his father, 
he finally obtained the priceless 
stones of the Moguls, among them 
the “Shah.” His fairy-tale court was 
described by the famous French 
traveler, Tavernier, who visited 
India in 1665. There is nothing in it 
pertaining to the stone except that 
in front of the throne of the Great 
Moguls was hanging a big diamond 
surrounded by the rubies and emer- 
alds, and that in order to hang this 
stone there was made a groove all 
around; so to the two inscriptions 
was added a groove which artfully 
encircled the stone and made it pos- 
sible to hang it by means of an ex- 
pensive silk or golden thread. 


Seventy-five years passed after 
the visit of Tavernier. The stone 
was kept at first in Djekhanbad, 
then in Delhi. In 1739 new calamity 
befell India. Shah Nadir came from 
Persia, took possession of Delhi and 
with it this stone. 


The stone now was in Persia. Here, 
one hundred years later, a new in- 
scription was artfully engraved on 
it: “Potentate Kadjar Fakhtali- 
shakh Sultan, year 1242.” 


Now new events entered into the 
picture. On January 30, 1829, in 
Teheran, the capital of Persia, there 
occurred a fatal assault on the 
Russian diplomatic agent, who died 
at the hands of the paid assassin. 
Russia is in turmoil, as the person 
killed is. not only a diplomat, but the 
famous writer, A. S. Griboedov. 
Persia must pacify the White Tsar. 
The son of the Shah, Prince Khosrev- 
Mirsa, comes to St. Petersburg and 
with him brings one of the most 
precious jewels of the Persian court 
—the “Shah.” The “Shah” paid for 
the blood of Griboedov. 


(To be Continued) 


Figure 14. A jewelry designer could use the light 
coppery reflective display of rutile in this 79.66 ct 
freeform polished quartz to create an interesting one- 
of-a-kind brooch. Photo by Maha Tannous. 


Unusual rutilated quartz. Rutilated quartz is never in 
short supply at the Tucson shows. Faceted stones, cabo- 
chons, beads, and polished crystals are just some of the 
forms encountered. While most of this material is com- 
posed of randomly oriented needles of rutile scattered in 
colorless or smoky quartz, occasionally an unusual exam- 


Figure 15. With magnification (here 5x), the complex 
branching growth of the twinned rutile structure is 
seen in detail. In darkfield illumination, the red-brown 
color of the rutile is also apparent. Photomicrograph by 
John I. Koivula. 
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ple of this relatively common mineral combination is 
encountered. One of the most sought-after forms of ruti- 
lated quartz, for jewelry designers in particular, occurs 
when the rutile fibers radiate outward from six-sided 
black ilmenite-hematite inclusions. Less well known, and 
perhaps even rarer than these rutile “stars,” are macro- 
displays of rutile that form geometric “scaffolds” of elon- 
gated twinned crystals. 

A relatively large rutilated quartz of this latter type 
was discovered at the Tucson show booth of Tucson jew- 
elry designer and lapidary, Kevin Lane Smith. Weighing 
79.66 ct and measuring 54.4 x 34.9 x 5.2 mm, this unusu- 
al freeform polished quartz (figure 14) could be used as the 
centerpiece in an impressive piece of jewelry. It is also 
attractive under magnification, with the translucent red- 
brown color of the rutile and the complex branching 
growth of the twinned sagenitic structure (figure 15) 
adding an element of intrigue that seems to draw an 
observer in for a closer look. While rutilated quartz is rela- 
tively common, examples such as this are not often seen. 


John I. Koivula and Maha Tannous 
jkoivula@gia.edu 


Important new ruby deposits in eastern Madagascar: 
Chemistry and internal features. In January 2001, rough 
stone buyer Werner Spaltenstein informed staff mem- 
bers at SSEF that two important new ruby deposits had 
been found in eastern Madagascar—near Vatomandry 
and Andilamena. To investigate the new rubies, this 
contributor recently traveled to Chanthaburi, Thailand, 
where a significant amount of the material is processed 
and sold (figure 16). Several dozen rough and cut rubies 
(both heated and unheated) were examined in 
Chanthaburi, and some were selected for further study 
at the SSEF laboratory in Basel. 

Vatomandry is located east of the capital city of 
Antananarivo. The rough from this area is typically a 
saturated purplish red that responds well to heat treat- 
ment; it occurs as rounded fragments up to 1 cm (again, 
see figure 16]. Faceted rubies as large as 6 ct have been 
cut. Microscopic examination revealed veils of fluid 
inclusions, as well as mineral inclusions formed by iso- 
lated crystals or clusters of tiny crystals (figure 17, left). 
Using laser Raman microspectrometry, SSEF identified 
the minerals in the clusters as zircon; they resemble the 
zircon clusters commonly seen in gem corundum from 
Umba, Tanzania. The larger isolated inclusions were 
identified as apatite (colorless) and rutile (dark orange- 
brown); the latter also formed oriented needles (silk, fig- 
ure 17, right). The large individual rutile inclusions are 
protogenetic (i.e., formed before the ruby host), whereas 
the rutile as silk is epigenetic (i-e., formed after ruby 
crystallization). Most of the ruby crystals also showed 
thin twin lamellae in all three rhombohedral directions 
(see figure 17, left). Trace-element analysis of the two 
rubies (the lightest and darkest samples available) by 
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EDXRF at the SSEF laboratory showed significant Cr 
(0.6-1.2 wt.% Cr,O,) and Fe (0.5-0.7 wt.% Fe,O,), as 
well as smaller amounts of Ti, V, and Ga. 

The other new ruby source—near Andilamena—is situ- 
ated 200 km from the eastern coastline near the town of 
Ambatondrazaka. This area is already known for its beauti- 
ful yellow chrysoberyl twins (see, e.g., F. Pezzotta, 
Madagaskar, extraLapis No. 17, 1999, pp. 47-48). The ruby 
typically occurs as euhedral, tabular, saturated purplish red 
crystals (again, see figure 16); faceted gems up to 12 ct are 
known. Asterism has been seen in some stones. Inclusions 
of zircon and rutile (the latter as silk and dark isolated crys- 
tals) were identified by Raman analysis (figure 18), and scaf- 
fold-like intersections of twin lamellae were seen with the 
microscope. EDXRF analyses of two samples (again, the 
lightest and darkest) showed significant amounts of Cr 
(0.4-1.8 wt.%) and Fe (approximately 0.9 wt.%), and smaller 
amounts of Ti, V, and Ga. HAH 


The new ruby deposits in eastern Madagascar: Mining 
and production. This contributor, who is involved with a 
company that is trading material from Vatomandry and 
Andilamena (see, e.g., figure 19), supplied further details 
on accessing and mining these deposits, as well as some 
preliminary observations about the rough. 

The Vatomandry deposit was discovered in September 
2000. Access to the mining area, which lies along the 
Sakanila River, requires traveling on a dirt road approxi- 
mately 30 km southwest of the coastal town of 
Vatomandry, which is located 140 km south of Tamatave 
(Toamasina). Most of the rainforest in this area was 
cleared in the past by periodic slash-and-burn cultivation. 

Soon after the ruby discovery, several thousand miners 
moved to the region and started mining with basic equip- 
ment (i.e., shovels and hand-sieves). Many areas, each 
measuring 1-3 km”, have been worked. So far, the most 
productive area is located near the village of Tetezampaho. 
The rubies are found in a layer of gravel about 30 cm thick 
that generally lies less than 2 m below the surface. The 
miners wash the gem-bearing gravel in small rivers using 
hand sieves. Grayish or greenish blue sapphires are also 


GEM NEWS INTERNATIONAL 


Figure 16. These heat-treated rubies are from two 
new mining areas in Madagascar: Vatomandry (rough 
and cut, left) and Andilamena (two crystals on the 
right; up to 14 mm Jong). The inset shows parcels of 
unheated ruby from Vatomandry (left) and Andila- 
mena (right). Photos by H. A. Hanni. 


found in the gravel, many weighing 0.5 grams and larger, 
but initial heat treatment of this material has proved 
unsatisfactory. The majority of the ruby rough weighs 
0.1-0.3 grams, and rough stones exceeding one gram are 
rare. Although most of the rubies are purplish red, some 
show an attractive color that is similar to that of fine 
Burmese rubies. About 30%-40% of the Vatomandry 
rubies are marketable without heat treatment. 

After the initial rush, the Malagasy government closed 
the area to mining in February 2001. The closure was 
done to avoid the environmental and tax problems atten- 
dant to uncontrolled exploitation of the region by thou- 
sands of independent miners, as has been the case with 
the Ilakaka gem rush over the past two years. The mili- 
tary enforced the closure, and all trading and exporting of 
gems from this area were prohibited. Many of the miners 
have left the region, and ruby production has decreased 
substantially. The government has since divided the area 
into claims (2.5 x 2.5 km each) that will be auctioned to 
companies that meet specific criteria. These criteria were 
announced by the Ministry of Mines in mid-June. At 
press-time, interested companies had until mid-July to 
bid for claims. The minimum bid for each claim was 


Figure 17. The heat-treated ruby 
from Vatomandry on the left con- 
tains clusters of tiny zircon crys- 
tals, as well as larger inclusions of 
apatite (colorless) and rutile 
(dark). Also present are partially 
healed fractures and lines created 
by intersecting twin lamellae. On 
the right, partially resorbed silk 
and zircon clusters are visible in 
another heat-treated Vatomandry 
ruby. Photomicrographs by H. A. 
Hdanni; magnified 20x. 
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Figure 18. This unheated ruby from Andilamena 
contains inclusions of dark-appearing rutile crys- 
tals and colorless zircon crystals. Photomicrograph 
by H. A. Haénni; magnified 20x. 


around US$30,000, with the claims to be awarded to the 
highest bidder. It is difficult to estimate the overall ruby 
production from Vatomandry, because most trading was 
done illegally and the stones were smuggled out of the 
country. This contributor estimates that more than 70 kg 
of rough have been recovered, and all indications are that 
the region has tremendous potential. 

The ruby deposit near Andilamena lies within tropical 
rainforest at the eastern margin of the country’s northern 
high plateau (figure 20). The area can be reached only by 
foot, following a path that leads about 45 km northeast 
from Andilamena. An exhausting one to two days of trav- 
el is required to visit the mines. The first rubies were dis- 


Figure 20. In the Andilamena area of Madagascar, 
rubies are mined in a remote location within tropi- 
cal rainforest. Photo by Rakotosaona Nirina. 
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Figure 19. These unheated rubies (the largest is 2.02 
ct) are from the new deposits in eastern Madagascar. 
Photo by Elizabeth Schrader. 


covered in October 2000, but these were not transparent 
and appeared over-dark. Better-quality material was found 
in January 2001, and a “gold-rush” atmosphere ensued 
(figure 21). Hundreds of people arrived each day—many 
from Ilakaka—and began digging unsystematically with- 
out making any attempt at prospecting. By chance, two 
productive areas were discovered, each about 1-3 km”. 
Within six weeks, nearly 40,000 miners were working in 
the area, digging with very basic equipment, and living in 
shacks composed of wood and plastic sheeting. Food and 
provisions were brought from Andilamena, which also 
became the headquarters for gem trading. Since foreign 
buyers are not allowed into the mining area, many have 
set up offices in Andilamena. Most of the buyers are from 
Thailand, or are related to Thai companies. The Malagasy 
government attempted to close the mining area this past 
April, but their efforts were unsuccessful because of the 
large number of people who are widely scattered through- 
out the rather inaccessible area. By late June, several of 
the major buyers had left Andilamena and many of the 
miners had returned to Ilakaka. Nevertheless, there was 
still significant mining and production from the area. 

The Andilamena rubies are mined from a layer of grav- 
el that generally lies 2-3 m below the surface. Ore grades 
can be quite high: More than 100 grams of ruby per cubic 
meter of gravel have been recovered from some areas. As a 
result, large quantities were produced in a short time. This 
contributor estimates that about 2 tons of all grades of 
ruby had been mined as of May 2001. Most of this materi- 
al is fractured throughout and appears over-dark. 
Nevertheless, a significant amount of transparent red to 
purplish red material has been found. Most of the rough 
occurs as well-formed tabular crystals (which average 0.5 
gram each) with slightly to moderately rounded edges. 
Clean, attractive rubies showing fine red color are very 
rare, but they can exceed 5 grams. Some sapphire is also 
recovered, as at Vatomandry. 

The new ruby deposits of eastern Madagascar probably 
share a similar geologic origin. According to Dr. Federico 
Pezzotta (Museo Civico di Storia Naturale, Milan, Italy), 
the area between Vatomandry and Andilamena is known 
for the presence of abundant corundum in metamorphic 
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rocks that apparently formed by the interaction of desili- 
cated granitoid (locally pegmatitic) intrusions with mafic 
and ultramafic host rocks. The ruby crystals do not 
appear to have undergone significant alluvial transport. 
Prospecting is hindered by the lack of detailed geologic 
studies and the fact that there are few outcrops in either 
mining area. 

The Malagasy rubies have clearly made a significant 
impact on the ruby trade. During a visit to Chanthaburi in 
late April 2001, this contributor noted a sharp decrease in 
the price of medium- to low-quality rubies, which have 
flooded the market there. According to Thai heat treaters, 
the over-dark colors cannot be lightened by heating. 
However, heat treatment is successful in removing some of 
the purple component from the lighter-colored material. 


Alexander Leuenberger 
Isalo Gems & Mining, Antananarivo, Madagascar 
a.leu@bluewin.ch 


Ruby crystal with large mobile gas bubble. Southern 
California gem dealer William Larson is always looking 
for unique or unusual items during his frequent buying 
trips to Myanmar. One such gemological curiosity found 
on a recent trip was a 2.46 ct ruby crystal with four ran- 
domly placed polished flats (figure 22). 

This specimen (which measured 7.92 x 5.85 x 5.38 
mm) was unusual in that it contained a large (almost 4 
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Figure 21. In a rush to 
stake their claims, tens 
of thousands of miners 
have journeyed to the 
Andilamena area. The 
rubies are mined by 
simple methods from a 
layer of gravel that typi- 
cally lies 2-3 m below 
the surface. Photo by 
Rakotosaona Nirina. 


mm) negative crystal with a 1-mm-diameter free-moving 
gas bubble (again, see figure 22). Also seen moving within 
the liquid phase were numerous tiny white solid parti- 
cles, which make this a three-phase inclusion. Although 
both primary and secondary fluid inclusions are known to 
occur in rubies from Myanmar, the very large size of this 


Figure 22. This 2.46 ct Burmese ruby crystal con- 
tains a fluid inclusion with a free-floating 1-mm- 
diameter gas bubble. Photomicrograph by John I. 
Koivula; magnified 5x. 
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Figure 23. This 28.04 ct natural sapphire was inter- 
esting because of its size and color in relation to the 
stated locality, Myanmar, and because of the inclu- 
sions it contained. Photo by Kenneth Scarratt. 


primary negative crystal, and the mobility and size of the 
gas phase and the mobile solid phase(s) inside it, are espe- 
cially noteworthy. 

It is fortunate that the inclusion was not damaged 
during placement of the polished faces. Large fluid 
inclusions are very sensitive to heat, and significant 
heat can be generated by friction during cutting. Also, 
since the precise extent of this fluid inclusion in the 
ruby is not clearly visible, the chamber could easily 
have been opened during the grinding of the flats, caus- 
ing the fluid to drain out. 


John I. Koivula and 


Jo Ellen Cole 
GIA, Carlsbad 


Figure 24. Raman analysis identified these brown- 
ish yellow inclusions in the brownish green sap- 
phire shown in figure 23 as pyrochlore. Photomicro- 
graph by John I. Koivula; magnified 15x. 
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A brownish green sapphire, with pyrochlore inclusions. A 
large, slightly brownish green sapphire, reportedly from 
Myanmar, was recently seen in both the AGTA laborato- 
ry in New York and the GIA Gem Trade Laboratory in 
Carlsbad. The gem, an oval mixed cut that weighed 28.04 
ct and measured 18.80 x 17.28 x 10.89 mm (figure 23), 
was brought to our attention by Joseph Krashes, of 
Krashes Dirnfeld, New York. It was interesting not only 
because of its size and color in relation to the stated local- 
ity, but also because of the inclusions it contained. 

The sapphire played host to a number of transparent 
to translucent brownish yellow inclusions (figure 2.4), a 
few of which had been exposed to the surface during 
faceting. When we examined some of the inclusions with 
higher magnification using a digital camera attached to a 
Raman microscope, we observed a crystal form that sug- 
gested that they were isometric, and no pleochroism was 
visible with polarized light. The slightly rounded surface 
of the inclusions suggested that dissolution might have 
occurred prior to their incorporation into the sapphire. 
The transparency and general condition of these inclu- 
sions and their immediate surroundings indicated that 
the host sapphire had not been subjected to high-tempera- 
ture heat treatment—an important consideration in 
today’s sapphire market. 

Laser Raman microspectrometry of the inclusions at 
both laboratories identified them as pyrochlore. In the 
past, the pyrochlore inclusions we have encountered in 
sapphires have always been dark red to brownish red and 
observed in blue to blue-green sapphires (see, e.g., figure 
25). This is the first time that either laboratory has identi- 
fied brownish yellow pyrochlore inclusions in sapphire of 
any color. John I. Koivula and K. Scarratt 


Update on the Vortex sapphire mine, Yogo Gulch, 
Montana. Last summer, this contributor revisited the 
Vortex sapphire mine at Yogo Gulch, Montana, for the 
first time since 1995 (see K. A. Mychaluk, “The Yogo sap- 
phire deposit,” Spring 1995 Gems # Gemology, pp. 
28-41). Vortex Mining Co. provided unrestricted access to 
their operation. Since 1995, there has been a considerable 
expansion in surface equipment, manpower, and safety 
measures, as described in this update. 

A new steel head frame (figure 26; compare with figure 
12, in Mychaluk, 1995) has been erected, which greatly 
improves haulage capacity from the underground work- 
ings. Ventilation ducts and fans now provide air circula- 
tion to the entire mine. In addition to the 76-m-deep main 
shaft (erroneously reported as 61 m deep in Mychaluk, 
1995; depth unchanged since then), a new tunnel is being 
excavated from the lowest levels to the surface, giving 
miners increased ventilation and an alternate escape route. 
Compressed air and electricity are now available on each 
level, and several mine phones have been added. As in the 
past, very few timber supports were observed in the mine, 
because of the competency of the limestone host rock. At 
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press time a crew of nine was working, and as many as 14 
miners worked the mine last winter. 

The underground workings follow two distinct, sub- 
parallel sapphire-bearing dikes (described as E and F by 
Mychaluk, 1995), which are more than 70 m apart. To 
excavate the sapphire-bearing ore, the miners drive hori- 
zontal tunnels into each dike and then stope upwards. A 
tunnel at the 76 m level has now advanced 80 m along 
the E dike, with large stopes reaching almost to the sur- 
face. A new crosscut (i.e., a tunnel driven at a right angle to 
the dikes}, also at the 76 m level, has reached the previous- 
ly unmined F dike, and another horizontal tunnel has 
explored about 30 m of this dike. Again, large stopes extend 
upward from this level. A natural cave system, which is 
actively forming in the limestone adjacent to the dikes, 
has been exposed at the 76 m level; the layered floor sedi- 
ments in the cave contain fragments of sapphire-bearing 
dike rock. The mine yielded 60,000 carats of gem-quality 
sapphire rough during the period 1995-2000. To help 
increase production, Vortex has begun excavating a 900- 
m-long access tunnel (a “decline’”), which is currently 460 
m long and has reached a level of 82 m below the surface. 

The thickness of both the E and F dikes varies widely, 
although they are predominantly 0.25-0.5 m wide. 
Xenoliths of limestone host rock are locally present with- 
in the dikes. The miners have worked around these 
obstructions, leaving them as pillars within the tunnels. 
Very little contact metamorphism was noted between the 
limestone country rocks and the dike rocks. All of the 
sapphire-bearing dike rock observed in situ was deeply 
weathered (to clay and carbonate minerals). Because this 
material is soft and friable, it is easily mined. Limited 


Figure 25. In contrast to their brownish yellow 
color in the sapphire shown in figure 24, pyrochlore 
inclusions in blue sapphire typically are dark 
brownish red. Photomicrograph by John I. Koivula; 
magnified 20x. 
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Figure 26. Many improvements have been made at 
the Vortex sapphire mine at Yogo Gulch, Montana, 
over the last several years, including this new steel 
head frame. Photo by K. A. Mychaluk. 


blasting breaks up the ore, which is then loaded into ore 
carts, transported to the elevator, and brought to the sur- 
face. The procedure for processing the ore was unchanged 
from that described in Mychaluk (1995), although a new 
mill with 200-ton-per-day capacity began operating in 
mid-June 2001. Sapphire grains as small as 2 mm were 
being collected in Vortex’s gravity-separation plant, 
which suggests efficient recovery. 

A large selection of rough and faceted sapphires and 
finished jewelry was seen at the mine site. Except for a 
few well-saturated purple sapphires, all of the stones 
(none of which had been heat treated) were a consistent 
“cornflower” blue. Most notable were a 2.78 ct oval-cut 
sapphire and a 3 ct rough stone, both from the F dike, 
which are large for Yogo sapphires. Most of the rough is 
sent to Bangkok for faceting; only larger stones are cut 
locally. Vortex continues to manufacture their own line 
of jewelry using contract goldsmiths. 


Keith A. Mychaluk 


Canary tourmaline from Malawi. A new deposit of 
“electric” yellow and greenish yellow tourmaline was 
discovered in fall 2000 in Malawi. The bright yellow 
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Figure 27. Bright yellow “Canary” tourmaline is 
being mined from a new deposit in Malawi. Most of 
the finished gemstones weigh less than 1 ct, and 
have been heat treated to remove the brown color 
component. These stones weigh 2.08 and 2.82 ct 
(bottom; courtesy of Joeb Enterprises) and 11.65 ct 
(top; courtesy of Pala International); photo by Maha 
Tannous. 


Figure 28. This 5.87 ct crystal of tourmaline from 
Nigeria has a most interesting chemical composi- 
tion. It was selected from a parcel of gem tourma- 
line that was purchased in January 1999 by Nancy 
Attaway, who subsequently donated it to GIA. 
Photo by Paul Hlava; inset photo by Maha Tannous. 
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gems are being marketed as “Canary” tourmaline (figure 
27). Although some of the material is natural color, 
much of it has been heat treated to achieve the “elec- 
tric” yellow color. Before treatment, this rough was 
brown to brownish yellow. Because the tourmaline typi- 
cally contains black needle-like inclusions, 95% of the 
rough yields faceted gems that are less than one carat. 
Most of the finished stones are 0.10—0.50 ct, in a variety 
of calibrated shapes. Production has been quite steady at 
approximately 1,000 carats per month. Currently, 95% 
of the production is being sold in Japan, but more may 
be available by the 2002 Tucson show. 

The gemological properties of this material (obtained 
on two samples by Shane McClure, director of 
Identification Services at the GIA Gem Trade Laboratory 
in Carlsbad) were consistent with those for most gem 
tourmalines: R.I.—1.620-1.641, S.G._—3.10, inert to long- 
and short-wave UV radiation, weak dichroism (light yel- 
low and moderate yellow), and no distinct features 
observable with a desk-model spectroscope. Microscopic 
examination revealed only a few small liquid “finger- 
prints” and some transparent crystal inclusions. (The 
black needles usually are removed during cutting.) 

Microprobe analysis of the 2.08 ct sample by Dr. W. 
“Skip” Simmons at the University of New Orleans 
recorded an enrichment in manganese (6.93 wt.% MnO), 
fluorine (2.02 wt.% F), and titanium (0.45 wt.% Ti) in this 
elbaite (all values represent an average of four analyses). 
Also significant were calcium (0.63 wt.% CaO) and iron 
(0.13 wt.% FeO). Other elements were either present in 
very minor amounts or were not detected: K, Mg, V, Cr, 
Zn, Ba, Pb, and Bi. The composition of this bright yellow 
tourmaline suggests that its color is due to Mn**-Ti** 
intervalence charge transfer (see G. R. Rossman and S. M. 
Mattson, “Yellow, Mn-rich elbaite with Mn-Ti interva- 
lence charge transfer,” American Mineralogist, Vol. 71, 
1986, pp. 599-602). The enriched manganese content is 
noteworthy, but the sample analyzed does not contain 
enough of this element to attain the theoretical Mn-tour- 
maline end member called “tsilaisite” (i.e., 10.7 wt.% 
MnO; see J. E. Shigley et al., “A notable Mn-rich gem 
elbaite tourmaline and its relationship to “tsilaisite,” 
American Mineralogist, Vol. 71, 1986, pp. 1214-1216). 


Edward Boehm 
Joeb Enterprises, Solana Beach, California 
joebgem@aol.com 


A bismuth-bearing liddicoatite from Nigeria. In a parcel of 
gem tourmaline from Nigeria (Ogbomosho area) pur- 
chased by faceter Nancy Attaway (Sandia Park, New 
Mexico} in January 1999, this contributor noticed some 
crystals with unusual coloration: a pale orangy pink core 
surrounded by a purplish pink rim (figure 28). To investi- 
gate the cause of the orangy pink color, one of the small- 
er, slightly abraded (eluvial) crystals was selected for elec- 
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tron microprobe analysis. One surface perpendicular to 
the c-axis of this 5.87 ct crystal was ground and polished, 
so that the entire 6-mm-diameter cross-section could be 
analyzed. Gemological properties, collected by GNI editor 
Brendan Laurs, are as follows: R.I—1.620-1.638, birefrin- 
gence—0.018, S.G.—3.07, and UV fluorescence—inert to 
long-wave radiation and moderate yellow to short-wave 
(on the outer “skin” of the prism faces only). Microscopic 
examination revealed feathers, planes of fluid inclusions 
on partially healed fractures, and a few colorless, low- 
relief, birefringent mineral inclusions. 

The microprobe analyses were obtained at the Sandia 
National Laboratories in Albuquerque, New Mexico, 
using a JEOL 8600 instrument controlled by the 
SandiaTask operating system, data processing was accom- 
plished using the Bence-Albee correction procedure. 
Initial observations of a few analyses revealed: 


1. The pink rim contains Mn, whereas the orangy pink 
core contains both Mn and Fe. 

2. The tourmaline generally contains little Na, Mg, and 
Fe, and is enriched in Ca, which suggests that it is lid- 
dicoatite. 

3. Elevated Bi contents are present throughout the crys- 
tal, particularly in the rim. 


To chemically characterize the material and especially 
the two color zones, 557 points were analyzed across the 
width of the polished face. Several major and trace ele- 
ments were measured: Na, Mg, Al, Si, Ca, Mn, Fe, Zn, 
and Bi; Cr and Zn were also analyzed, but were below the 
detection limits of the instrument (i.e., less than approxi- 
mately 0.03 wt.% Cr,O, and 0.13 wt.% ZnO). Mineral 
standards and synthetic element oxides were used to stan- 
dardize the instrument and obtain quantitative analyses. 

The analyses reveal that the outer rim of the crystal 
consists of Ca-rich elbaite, whereas the inner part of the 
rim and the core is liddicoatite with up to 4.60 wt.% CaO 
(figure 29), this is more calcium-rich than the type speci- 
men of liddicoatite from Madagascar (4.21 wt.% CaO; see 
P. J. Dunn et al., “Liddicoatite, a new calcium end-mem- 
ber of the tourmaline group,” American Mineralogist, 
Vol. 62, No. 11/12, 1977, pp. 1121-1124). Also surprising 
is the amount of bismuth enrichment: Besides the rela- 
tively high Bi contents in the core (averaging about 0.3 
wt.% Bi,O,), up to 1.23 wt.% Bi,O, was measured in the 
rim. This is apparently the first mention of Bi in liddicoat- 
ite, and the enriched rim contains much more Bi than has 
been reported for elbaite in the gemological literature to 
date (compare up to 0.83 wt.% Bi,O, in E. Fritsch et al., 
“Gem-quality cuprian-elbaite tourmalines from Sao José 
da Batalha, Paraiba, Brazil,” Fall 1990 Gems e& Gemology, 
pp. 189-205). In general, Bi levels in the crystal are 
inversely proportional to Ca contents. Iron was not 
detectable (<0.05 wt.% FeO) in the rim of the crystal, and 
only small amounts of Fe (up to 0.12 wt.% FeO) are pre- 
sent in the core. Manganese is also relatively depleted in 
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this tourmaline, with the highest values measured in the 
core (0.45 wt.% MnO). The orange modifier in the core of 
this pink tourmaline appears to be caused by both Mn and 
Fe; the highest concentrations of these elements are pre- 
sent in the core, and none of the other elements detected 
is a known chromophore in tourmaline. 

Elbaite and liddicoatite cannot be differentiated by 
color or standard gemological testing. The interesting 
chemical data collected from this single sample make one 
wonder how much of the tourmaline from Nigeria (and 
elsewhere) is actually liddicoatite. 


Paul F. Hlava 

Sandia National Laboratories 
Albuquerque, New Mexico 
pfhlava@sandia.gov 


SYNTHETICS AND SIMULANTS 


“Jurassic Bugs” amber imitation. Gemological curiosities 
abound at the Tucson gem and mineral shows in February 
each year. Many of these are discovered “off the beaten 
path” and take the form of treated stones, synthetics, or 
imitations. Such items may be of interest to a laboratory 


Figure 29. Electron microprobe data (557 analyses) 
across the Nigerian tourmaline crystal revealed 
that the outer part of the purplish pink rim is Ca- 
rich elbaite, and the pale orangy pink core is liddi- 
coatite. Elevated contents of Bi are present across 
the entire crystal, but particularly high values (up 
to 1.23 wt.% Bi,O,) were measured in the rim. 


ELECTRON MICROPROBE ANALYSES 
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Figure 30. These three freeform brownish yellow 
plastic nodules were sold as novelty substitutes for 
natural amber. A single insect is encapsulated in 
each. The largest nodule, at the bottom of this 
photo, weighs 8.43 ct and contains a mosquito. The 
other two insects seen here are a ladybug and an 
ant. Photo by Maha Tannous. 


gemologist as reference specimens, particularly if they 
have not been encountered previously. 

This past February we had the opportunity to pur- 
chase three samples of cast-plastic amber substitutes, 
each of which contained one insect, which were being 
sold as “Jurassic Bugs.” As seen in figure 30, these pol- 
ished nodules are a very convincing transparent, slightly 
brownish yellow, somewhat reminiscent of much of the 
transparent natural amber from the Dominican Republic. 
However, the condition and almost perfect positioning of 
the insect inclusions in the nodules would have raised 
our suspicions, even if the material had not been market- 
ed as imitation amber at a very low price. 


Figure 32. Represented as diamond rough in Brazil, 
these imitations consist of topaz (23.57 ct, left) and 
cubic zirconia (8.71 ct, right) to which small frag- 
ments of diamond have been attached in discrete 
crevices. The seller could then place a diamond probe 
on the small piece of diamond to “prove” that the 
entire piece was “natural.” Photo by H. A. Hanni. 
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Figure 31. Magnification and polarized light reveal the 
zone of encapsulation and the strain pattern that 
developed when this 7-mm-long ant was encased in 
liquid plastic that subsequently solidified. Photo- 
micrograph by John I. Koivula. 


The dealer had a basket of these nodules, which were 
packaged individually in small plastic bags. Each had a 
paper “Jurassic Bug” label imprinted with a cartoon-like 
mosquito. The choices were ant, ladybug, or mosquito 
(again, see figure 30). The nodules are formed as plastic 
blocks. When the plastic is still soft, a depression is creat- 
ed in the surface, the insect is placed and positioned, and a 
second layer of plastic is added to cover the depression. 
Then the blocks are rounded off into freeform nodules and 
polished. The end result is an interesting amber substitute. 

Gemologically, the nodules test as plastic. The spot 
R.I. was consistent at 1.56, which is slightly higher than 
the 1.54 expected for amber. Unlike amber, all three nod- 
ules sank readily in a saturated salt solution, and there was 
no visible-light absorption spectrum. The nodules fluo- 
resced a weak, slightly chalky bluish green to long-wave 
UV radiation, with no reaction to short-wave UV. In addi- 
tion, the zone of encapsulation created by the depression 
and secondary pour of plastic was easily seen when the 
insects were examined in polarized light (figure 31). 

“Jurassic Bugs” are an interesting amber substitute 
that is easily separated from natural amber using standard 
gemological tests and observational skills. 


John I. Koivula and 
Maha Tannous 


Deceptive assembled diamond imitations from Brazil. Last 
January, a client submitted two pieces of rough (8.71 and 
23.57 ct; figure 32) to SSEF for identification. They were 
represented to him as diamonds in Brazil, where he pur- 
chased them for US$500. A dealer there used a diamond 
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probe to “confirm” that the stones were diamonds. Both 
looked like broken crystal fragments, and they did not ini- 
tially appear to be imitations. 

The 23.57 ct stone was approximately 14 x 14 x 11 
mm, and had an S.G. of 3.56 (measured hydrostatically); 
this was identified as topaz. The 8.71 ct sample was 
approximately 10 x 8 x 7 mm, with an S.G. of 5.89; it was 
identified as cubic zirconia. (Both identifications were con- 
firmed with laser Raman microspectrometry.) When 
exposed to long-wave UV radiation, the 8.71 ct sample 
showed one spot that fluoresced blue. Microscopic exami- 
nation revealed that the fluorescent area corresponded to a 
2 x 1.5 mm colorless fragment that was attached to the 
surface (see inset, figure 32); testing with a diamond probe 
indicated that this fragment was diamond, which was con- 
firmed by Raman analysis. Further examination of the 
23.57 ct sample revealed that it also had a diamond frag- 
ment attached to its surface; in this case, the 2 x 2 mm 
fragment did not show any fluorescence. On both samples, 
the pieces of diamond were glued into notches where the 
dealer could easily place the diamond probe, making them 
particularly deceptive imitations. HAH 


Enamel-backed quartz as a star sapphire imitation. 
Recently these contributors received an approximately 10 
ct blue cabochon for testing. The stone displayed nice, 
distinct asterism and was mounted in a ring with dia- 
monds. On first sight, it resembled a star sapphire (figure 
33). Closer examination with a microscope, however, 
revealed features that indicated it was an imitation. 

The back of the stone was flat and appeared bruted. 
Star stones typically have a bruted back that is domed, 
not flat. With the microscope, it became obvious that the 
blue color was located solely in a thin (about 1 mm) layer 
on the base of the cabochon. This layer had a grainy 
appearance with many air bubbles (figure 34, left). It could 
not be scratched with a needle. The upper part of the 
cabochon consisted of a colorless transparent material 
that contained three sets of tiny colorless needles 
arranged at 120° angles (figure 34, right). These were the 
cause of the distinct asterism. 

No inclusions typical of sapphire (e.g., negative 
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Figure 33. This imitation star sapphire was mounted in 
a ring with diamonds. Photo by H. A. Hanni. 


corundum crystals, mica, or zircon with tension frac- 
tures) were observed in the sample, although small con- 
choidal fractures (which are unusual for sapphire) were 
observed. We also did not see the expected absorption 
line for sapphire at 450 nm with a desk-model spectro- 
scope; in fact, no distinct absorption bands could be 
seen. When we examined the cabochon with a polar- 
iscope, however, we easily recognized a so-called bull’s- 
eye figure, which is typical for quartz. EDXRF qualita- 
tive chemical analysis and Raman analysis confirmed 
the identification as quartz. 

Although the imitation had a convincing appearance, 
standard gemological and laboratory testing revealed that 
it was a star quartz backed with a layer of blue enamel. 
This is the first time that we have seen such an elaborate, 
high-quality imitation of a star sapphire. 


Michael S. Krzemnicki and HAH 
SSEF Swiss Gemmological Institute 
gemlab@ssef.ch 


Figure 34. The blue enam- 
el layer at the base of the 
quartz cabochon, which 
provided the color, con- 
tained numerous gas bub- 
bles (left). Tiny needle- 
like inclusions were 
responsible for the aster- 
ism in the quartz (right). 
Photomicrographs by H. 
A. Hanni; magnified 30x. 
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GEMOLOGICAL DIGESTS 


Distinction Between 


Garnet and Corundum 
By 

G. MONTAGUE BUTLER} 

Geologist and Mining Engineer 


One of the more difficult identifica- 
tions occasionally met by a gemol- 
ogist is to distinguish with certainty 
between red corundum and red gar- 
net with strong anomalous double 
refraction. Most. red garnets are 
clearly singly refractive when tested 
in the polariscope. However, not in- 
frequently a specimen is encountered 
which has such strong anomalous 
double refraction that it appears to 
possess true double refraction. 

When this condition is coupled 
with a refractive index of 1.76-1.77, 
which value is possible for both al- 
mandite and pyrope, it is not always 
easy to decide whether the gem being 
tested is garnet or corundum (ruby 
or sapphire). In such a case, the 
presence or absence of true double 
refraction may be quickly checked 
with the dichroscope. Garnet, even 
though it possesses strong anoma- 
lous double refraction, will exhibit 
no dichroism, whereas red or brown- 
ish red corundum shows strong di- 
chroism. 

A confirmatory test by which the 
thermo-electrie properties of the 


+G. Montague Butler, dean of the College of 
Engineering at the University of Arizona, 
was a pioneer in the study and teaching of 
gemology. After teaching mineralogy for sev- 
eral years, reading everything available on 
gems, and working with jewelers and lapi- 
daries for several summers, Mr. Butler ini- 
tiated a course in gemology at the Colorado 
School of Mines in 1909. It was the first 
college course in this subject given in the 
United States. 


gems are determined may be per- 
formed in the following way: ‘ 

Hold the gem with the table in 
contact with a lighted 40-watt incan- 
descent globe for one minute. If the 
gem is a tourmaline, a pith ball 
about one-eighth of an inch in diam- 
eter will jump up to it from a dis- 
tance of nearly a quarter of an inch. 
If a garnet, it will jump about a 
sixteenth of an inch; and if a pre- 
cious topaz, it will adhere to the 
surface of the gem when it is touched 
to the ball. If it is corundum, no re- 
action is observed. The distances 
given apply when the gem weighs 
about two carats. 


German Synthetic Gem 
Production 

(Digested from Watchmaker, 
Jeweller & Silversmith, 
January 1947) 

Two plants in Germany produced 
synthetic sapphire and spinel boules 
during the war. These were the I. G. 
Farben plant at Bitterfeld and the 
Wiedes Karbid Werke at Freyung. 
Both plants use the basic Verneuil 
process. The Wiedes Karbid Werke 
boule plant has a capacity of 60,000 
carats per day, with 204 boule 
burners. The I. G. Farben plant has’ 
a somewhat larger capacity, with 
about 300 burners. 

Production at the Wiedes plant is 
now 90 per cent aquamarine colored 
spinel. The following data on growth 
conditions are given: boule size, 150 
to 200 carats; boule growth time, 4 
to 5 hours; cooling time in furnace, 
4% to 1 hour; tapping frequency, 60 


Figure 35. At the 11th Annual V. M. Goldschmidt 
Conference, Dr. George Rossman received the presti- 
gious Dana metal. He is shown here on the right with 
Dr. Cornelius Klein, president of the Mineralogical 
Society of America. Photo by Dr. J. Alex Speer. 


MISCELLANEOUS 


11th Annual V. M. Goldschmidt Conference. This year’s 
Goldschmidt geochemistry conference was held in Hot 
Springs, Virginia, May 20-24, and included a session titled 
“Geochemistry and Mineralogy of Gemstones.” The ses- 
sion was well attended, which indicated increasing inter- 
est in the study of gem materials on the part of the geo- 
science community. Dr. G. Harlow (American Museum of 
Natural History, New York City) introduced the session 
with a talk on the opportunities that the study of gem 
materials provides for research and for cross-fertilization of 
ideas between education and the popular culture. As an 
example, he cited the American Museum’s recent “Nature 
of Diamonds” exhibition, which introduced many in the 
public to the science of diamond origin and the technologi- 
cal applications of diamonds, as it dazzled them with dia- 
mond jewelry. Next, Dr. J. Shigley discussed the identifi- 
cation challenges posed by HPHT-annealed diamonds. 
Recognition of this kind of treatment is increasingly 
dependent on the use of visible, infrared, and Raman (pho- 
toluminescence) spectroscopic techniques. Dr. T. Hager 
(Johannes-Gutenberg-Universitat, Mainz, Germany) 
described experiments to study the causes of color and 
heat-treatment behaviors of rubies and sapphires. He pre- 
sented a graphical representation of sapphire coloration 
according to various chromogens (Mg**, Ti**, and Fe?*/+), 
M. Garland (University of Toronto, Ontario, Canada) 
reported on the use of trace-element data and inclusion 
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chemistry to help determine the original source of 
Montana’s alluvial sapphires. She suggested that they 
formed as a result of contact metamorphism, possibly 
related to extensive plutonism in this region during the 
Cretaceous Period. Dr. L. Groat (University of British 
Columbia, Vancouver, Canada) described the geologic set- 
ting of a new emerald occurrence, called the Crown 
Showing, in the southeastern portion of the Yukon 
Territory in Canada. The emeralds are hosted by quartz 
veins in schists. Dr. §. Sorensen (National Museum of 
Natural History, Smithsonian Institution, Washington, 
DC) reported on research into the chemical composition of 
jadeite-bearing rocks from Nansibon, Myanmar. Studying 
the rare-earth elements in these jadeitites helps provide a 
record of their deformation and recrystallization. C. 
Wright (Miami University, Oxford, Ohio) discussed the 
cause of color and paragenesis of several generations of flu- 
orite from the Hansonburg mining district in New 
Mexico. Dr. E. Fritsch (University of Nantes, France) 
described work on volcanic Mexican opals, which differ in 
their microstructure from sedimentary gem opals. 
Sedimentary play-of-color opals are composed of stacked 
silica spheres in a regular arrangement, whereas volcanic 
opals display a wider variety of less-regular micro- and 
nano-structures. Dr. G. Rossman (California Institute of 
Technology, Pasadena) ascribed the coloration of rose 
quartz to the presence of microscopic fibrous inclusions of 
an unidentified pink mineral thought to be related to 
dumortierite. Translucent blue quartz also appears to be 
colored by microscopic inclusions—of rutile, ilmenite, or 
similar iron-titanium oxides. Dr. P. Heaney (Pennsylvania 
State University, University Park) proposed that tiger’s-eye 
quartz forms by the fracturing of a crocidolite host rock 
and deposition of columnar quartz (and enveloped crocido- 
lite inclusions) in the resulting cracks. Incorporation of 
abundant parallel crocidolite inclusion trails into the 
quartz results in the tiger’s-eye appearance of the rock. 

A highlight of the conference was the award of the 
Dana Medal to Dr. George Rossman (professor of miner- 
alogy at the California Institute of Technology and a 
member of the G#G Editorial Review Board and GIA 
Board of Governors) by the Mineralogical Society of 
America (figure 35). This award is given to recognize con- 
tinued outstanding scientific contributions to the miner- 
alogical sciences; in this case, it was awarded in recogni- 
tion of Dr. Rossman’s many contributions to this field, 
particularly regarding mineral spectroscopy and the caus- 
es of color in minerals. JES 


Gemological conference at the Moscow State 
Geoprospecting Academy. On April 2-6, 2001, a gemo- 
logical meeting was held in Moscow as part of an interna- 
tional conference with the general theme “New Ideas in 
the Earth Sciences.” The conference was sponsored by 
several organizations, including the Ministry of Education 
of the Russian Federation, the Russian Academy of 
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Sciences, and other professional societies. The gemologi- 
cal session was organized by the Moscow State 
Geoprospecting Academy, the Russian Gemological 
Institute, and GIA Moscow. More than 300 participants 
attended the conference, including scientists, government 
officials, educators, academics, and students from many 
regions of the Russian Federation and adjoining countries, 
as well as some foreign guests. 

The presentations covered a wide range of topics, 
such as the identification of synthetic and treated gem 
materials, chemical and physical properties of gem- 
stones, new gem materials, and methods for gem 
appraisal and prospecting. A few of the presentations are 
summarized here. The meeting organizers published 
abstracts of all presentations (nearly all in Russian) in a 
conference proceedings. 

Dr. J. Shigley (GIA Research, Carlsbad, California) 
opened the gemological session with a review of the iden- 
tification of synthetic and treated diamonds, including 
those that had undergone HPHT annealing. Dr. V. Vins 
(Institute of Mineralogy and Petrography, Novosibirsk) 
and others reported on possible color changes that can be 
produced by the HPHT-annealing of various types of dia- 
monds. Y. Shelementiev and co-authors (Lomonosov 
Moscow State University) discussed spectroscopic and 
luminescent properties as identification criteria for gem- 
quality synthetic diamonds and HPHT-treated diamonds. 
Dr. M. Meilman and Dr. E. Melnikov (Moscow State 
Geoprospecting Academy and GIA Moscow, respectively] 
discussed the identification of synthetic moissanite. 
Several presentations covered the properties of diamonds 
from various areas of Russia as well as studies of their 
inclusions. Mineralogical and gemological descriptions of 
gem materials from Russia and Central Asia were provid- 
ed for alexandrite, apatite, charoite, chrysoberyl, sapphire, 
scapolite, sunstone (feldspar), tourmaline, turquoise, and 
zircon. 

Dr. V. Bukanov (Gemological Association of Russia, 
St. Petersburg) described his work on a gemological dictio- 
nary. Dr. V. Balitsky (Institute of Experimental Mineral- 
ogy, Moscow) reviewed the status of synthetic gem mate- 
rials produced in Russia and adjoining countries. Dr. L. 
Demianets (Institute of Crystallography, Russian 
Academy of Sciences, Moscow) described her work on 
synthesizing various colors of synthetic beryl, including 
red. Several gem identification techniques were discussed 
during the conference, including the presentation by Dr. 
S. Mikhailov and others (Institute of Electrophysics, Ural 
Division, Russian Academy of Sciences, Ekaterinburg) 
that described a pulsed-laser instrument for recording the 
cathodoluminescence spectra of gems. 

A number of presentations focused on the use of gems 
in jewelry and for ornamental purposes. Among these 
were descriptions of museum gem collections, such as the 
Hermitage in St. Petersburg. Various investigators (includ- 
ing Dr. Julia Solodova and others at GIA Moscow) report- 


GEM NEWS INTERNATIONAL 


ed on methods of quality grading colored gemstones such 
as ruby, sapphire, and emerald. Methods to appraise pearls 
and other nontransparent gem materials also were dis- 
cussed. B. Borisov and L. Tsunskaya (Moscow Hallmark 
Office) reviewed efforts to implement an internationally 
recognized diamond grading system within the Russian 
Federation. The final presentations covered aspects of 
prospecting for various gem materials. The success of the 
gemological session promises that similar meetings will 
be held at future geological conferences in Moscow. 


Julia Solodova 
GIA Moscow, Russia 
(gi-gia@cityline.ru) 


JES 


A visit to the Harvard tourmaline exhibit. A new exhibit, 
“Romancing the Stone: The Many Facets of Tourmaline,” 
opened on February 10, 2001, at the Harvard Museum of 
Natural History. Curated by Dr. Carl Francis, this exhibit 
is the perfect vehicle for displaying Harvard’s extensive 
collection of tourmalines, which dates from 1892, when 
the museum accepted the historically important 
Augustus Hamlin collection of Maine tourmalines. In 
fact, the viewer is drawn into the exhibit with the mining 
history of southwestern Maine’s Mt. Mica and Dunton 
deposits. This section includes impressive crystal speci- 
mens, beautiful cut stones, and the famous Hamlin 
Necklace, which incorporates 70 tourmalines of different 
colors weighing a total of 228.12 carats. 

The exhibit also explores the geology of tourmaline 
formation and occurrence, with examples of rough and 
cut tourmaline specimens from most sources worldwide 
represented. In addition, the complex chemical composi- 
tion of the different tourmaline species is demonstrated in 
a clever interactive display. An impressive light box 
shows several multicolored liddicoatite slices to great 
advantage, and there are many beautiful examples of tour- 
maline carvings through the ages, notably from China and 
Germany. Compact, yet thorough, this interesting exhibit 
will remain on display through January 20, 2002. 


Elise B. Misiorowski 
Director, GIA Museum 
emisioro@gia.edu 


ANNOUNCEMENTS 


AGTA announces changes to Spectrum Awards. The 
American Gem Trade Association has announced signifi- 
cant changes to its Spectrum Awards, the annual competi- 
tion for natural colored gemstone and cultured pearl jewel- 
ry design. Formerly limited to design entries, the 2002 
Spectrum Awards will include AGTA’s Cutting Edge lap- 
idary arts competition. Another major difference is that 
design entries will be judged in fashion categories (evening, 
business, casual, men’s, and bridal) rather than by price. 
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Figure 36. This 845-ct (62 x 53 x 30 mm) natural 
pearl was recently discovered near Zadetkyi Island 
of southern Myanmar. Photo courtesy of Myanma 
Pearl Enterprise. 


Additionally, there will be no limit on the number of 
entries allowed, and the judging panel has been expanded 
from three judges to five. The deadline for entering the 
2002 Spectrum Awards is September 28. To obtain an 
entry form, visit www.agta.org or call 800-972-1162. 
Outside the U.S., call 214-742-4367. 


New Brazilian gemological maps available. The national 
geologic survey of Brazil (CPRM—Servico Geoldgico do 
Brasil) recently issued two new gemological maps as part 
of the series Informe de Recursos Minerais—Série Pedras 
Preciosas, which started in 1997. Published in 2000, the 
maps cover the states of Rio Grande do Sul (No. 5) and 
Santa Catarina (No. 6) at 1:1,000,000 scale, and are 
accompanied by detailed reports (in Portuguese) describ- 
ing the gem resources. Other maps in the series include 
portions of Rio Grande do Sul (Nos. 1 and 3), the 
Lajeado/Soledade/Salto do Jacui region (No. 2), and 
Piaui/Maranhao (No. 4). To order, visit the CPRM’s online 
bookstore at http://www.cprm.gov.br/didote/cdot01.htm, 
e-mail seus@cprm.gov.br, or fax 55-21-295-5897. 


Large natural pearl. Last April, an 845 ct natural pearl 
measuring 62 x 53x 30mm (figure 36) was discovered 
at the Mukkalauk exploration area near Zadetkyi 
Island, which is off the southern tip of Myanmar (see 
www.myanmar.com/pearl/pearl.html). According to 
this source, the nacreous pearl is the world’s largest 
natural pearl. Myanmar Andaman Pearl Co. Ltd., a 
company working under a profit-sharing agreement 
with Myanma Pearl Enterprises, discovered the pearl, 
which was found in a Pinctada maxima oyster. It is 
considerably larger than the “Pearl of Asia” (605 ct), 
which has been reported in the literature as the world’s 
largest pearl. GIA has not examined the new specimen. 
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PCF rock-breaking technology. Rockbreaking Solutions has 
developed a new technology that offers the mining industry 
a non-explosive method for the controlled breakage of hard 
rock. The process, called PCF (Penetrating Cone Fracture], 
uses a propellant cartridge placed in a drill hole to produce 
a high-pressure gas pulse. The gas expands within small 
microfractures created during the percussive drilling pro- 
cess, and fractures the rock in a cone-shaped pattern (see 
www.tockbreakingsolutions.com). This non-explosive, 
low-hazard excavation technique has obvious applications 
for mining gems from many types of primary deposits. 


CONFERENCES 


World Diamond Conference. The 2nd Annual World 
Diamond Conference will attract explorers, producers, 
investors, and brokers to Vancouver August 22-23. 
Presentations will cover the global diamond market 
and exploration initiatives, government relations, dia- 
mond valuation, “conflict” diamonds, and activities in 
several important diamond-producing countries. Visit 
http://www.iiconf.com. 


Facets 2001. The 11th annual gem and jewelry show orga- 
nized by the Sri Lanka Gem Traders Association will take 
place September 3-5 in Colombo. Tours to Ratnapura, 
Elahera, and other mining areas are being organized, as 
well as visits to local lapidaries and jewelry manufacturing 
centers. Visit http://www.facets-x.com. 


Hong Kong Jewellery and Watch Fair. On September 21-25, 
this show will take place in the Hong Kong Convention and 
Exhibition Centre. Special events include workshops and 
seminars by GIA, the Gemmological Association of Hong 
Kong, and the Diamond High Council, and an exhibition of 
Tahitian Pearl Trophy Design Competition by Perles De 
Tahiti. E-mail info@jewellery-net-asia.com or visit 
www.jewellery-net-asia.com. 

On Sunday, September 23, Gems &) Gemology Editor 
Alice Keller will participate in GIA GemFest with noted 
Ge#G authors Jim Shigley and Tom Moses. 


ISA Antique and Period Jewelry course. The Inter- 
national Society of Appraisers (ISA) will conduct an 
Antique and Period Jewelry course on September 
29-October 4 in Atlanta, Georgia. Appraisers, dealers, and 
collectors will learn to identify period pieces from before 
the 17th century to the mid-20th century. The course 
focuses on the history, design elements, construction, 
gem materials, and makers prominent in each period. Call 
888-472-4732, e-mail courses@isa-appraisers.org, or visit 
www.isa-appraisers.org. 


Fourth international business conference in Russia. 
Russian Precious Metals and Gemstones Market: Today’s 
Situation and Future Developments will take place 
November 1-3 in Moscow. 
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This conference will cover a wide range of topics per- 
taining to gemstones and precious metals, including 
exploration and resource calculation, mining invest- 
ment, production, certification, legislation, taxation, and 
current and future markets. Participants will have an 
opportunity to visit the Kremlin, Diamond Fund of 
Russia, St. Basil’s Cathedral, and museums. Visit 
http://www.jewellernet.ru/goldenbook/eng/rdmk.html. 


EXHIBITS 


Diamonds exhibition in Canada. Quebec’s Musée de la 
Civilisation is hosting a special exhibition on diamonds 
until January 6, 2002. This comprehensive exhibition 
examines the properties, geologic formation, and mining 
of diamonds, as well as their use in jewelry and industrial 
applications. Half of the objects on display have been 
loaned from New York’s American Museum of Natural 
History, which developed the Nature of Diamonds exhi- 
bition. On display are pieces of extraordinary jewelry and 
diamonds, including the Aurora Collection, which con- 
sists of over 260 colored diamonds. Call 418-692-1151, e- 
mail pmignault@mcq.org, or visit www.mcq.org. 


Carnegie Gem & Mineral Show. The Carnegie Museum of 
Natural History in Pittsburgh, Pennsylvania, will hold its 
fourth annual gem and mineral show August 24-26. Gold 
is the theme of this year’s show, and some fine specimens 
will be displayed by six invited museum exhibitors. Visit 
www.clpgh.org/cmnh/gemshow. 


EMS & 


EMOLOGY 


TWENTY YEAR INDEX 
1981-2000 


Gems & GEMOLOGY'S TWENTY YEAR INDEX, your indispensable 
reference guide to the 1981-2000 issues, is now available. 
Search the index by subject or author to locate the articles, 
Lab Notes, and Gem News entries of interest to you. 


Printed copies are on sale for only $9.95 in the U.S. ($14.00 elsewhere). 
Download the index FREE OF CHARGE from the G&G website, www.gia.edu/gandg. 
Or receive a free index by purchasing any three years of back issues. 


To order your printed copy of the Twenty YEAR INDEX, contact Subscriptions Manager 
Debbie Ortiz at dortiz@gia.edu, or call toll-free 800-421-7250 ext. 7142. 


Outside the U.S. and Canada, call 760-603-4000, ext. 7142. 


Pearls at the American Museum of Natural History. A 
comprehensive exhibition on pearls will take place at the 
American Museum of Natural History in New York from 
October 13, 2001 to April 14, 2002. The exhibition will 
showcase a variety of pearls and pearl-forming mollusks, 
including white and black pearls from marine Pinctada 
oysters of Japan and Polynesia, freshwater pearls from 
mussels found in the United States and China, pink 
conch “pearls” from the Caribbean Queen conch, and 
more. A section on the decorative use of pearls will fea- 
ture an extensive collection of jewelry and objets d'art. 
Visit www.amnh.org, or call (212) 769-5100. 


ERRATA 


1. In the Spring 2001 article on the Argyle diamond mine by 
Shigley et al. figure 3 (p. 28) shows two kimberlites located 
near the Argyle mine. These should have been indicated as 
lamproites. We thank Dr. Bram Janse for this correction. 


2. In the Spring 2001 article on hydrothermal synthetic red 
beryl by Shigley et al., the Y-axis of each graph in figure 14 (p. 
52) should be labeled “Log (Counts)”. Our thanks to Dr. 
George Rossman for bringing this to our attention. 


3. In the Spring 2001 (p. 86) abstract of the article by B. Zhang 
et al. (“A study of photoluminescence spectrum of black 
pearl,” China Gems, Vol. 9, No. 4, 2000, pp. 111-113), an edit- 
ing mistake changed the meaning of the second paragraph. It 
should have been stated that the dyed-black freshwater cul- 
tured pearls exhibited the same photoluminescence features 
as those of untreated freshwater cultured pearls. 
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Book REVIEWS 
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Ammolite 2: A Guide for 
Gemmologists, Jewellers 
and Lapidaries 


By Donna Barnson, 116 pp., illus., 
publ. by the author, 2000. 
Can$29.95* 


At about the same time that I received 
this book for review, my copy of the 
Spring 2001 issue of Gems & Gemo- 
logy appeared with its authoritative 
article on Ammolite by K. A. Mycha- 
luk, A. A. Levinson, and R. L. Hall. 
The contrast between the two publi- 
cations is striking, and in my view 
favors the article over the book despite 
the latter’s larger size, its plethora of 
illustrations, and its announced pur- 
pose to serve as a guide to Ammolite. 
It is not surprising that almost every 
important fact covered in Ammolite 2 
is also covered in the article, since the 
book was published first, but the arti- 
cle authors are more succinct in their 
presentation and provide greater geo- 
logical and mineralogical detail. 
Ammolite 2, a large format (8.5 << 
11 inches; 21.5 <> 28 cm) soft cover 
book, contains nearly 300 color photo 
illustrations, many of finished 
Ammolite cabochons and jewelry. It 
consists of eight chapters covering the 
history of the industry, important per- 
sons connected with it, mining, pro- 
cessing, lapidary instructions, en- 
hancements, optical properties, color 
and color patterns, and a grading sys- 
tem for finished stones. The grading 
system is based on a combination of 
color hue, quality, and the kind of pat- 
tern shown by the finished Ammo- 
lite. It is summarized by small color 
photos arranged according to grade on 
one side of a flap that folds inward 
from the back cover; a series of perfo- 
rations allow the user to detach these 
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illustrations and use them separately 
for grading purposes. Color photos are 
present throughout the book and 
depict not only dozens of cut stones 
but also jewelry items, mining scenes, 
lapidary work, the mines and mining 
country, and persons connected with 
the industry. On the whole, the color 
quality is excellent, especially where 
cut gems are concerned. 

Concluding the book are a glossary 
and a bibliography that both require 
reworking for the next edition. The 
glossary contains far too many terms, 
especially ones that are so common 
that any reader should know them 
(e.g., centimeter, class, gemstone, 
etc.). The “bibliography” is no more 
than a listing of books and articles, 
without paginations, and in the case of 
journal articles, without volume, 
issue, or page numbers. Misspellings 
are present throughout the book. 

Ammolite 2 contains much inter- 
esting material and attractive color 
photographs. However, it suffers from 
poor organization and inclusion of 
matter that could have been omitted 
entirely without serious loss (such as 
the Indian legend “Iniskim,” which 
supposedly refers to a fetish made 
from Ammolite; a description of the 
mosasaur, a prehistoric aquatic beast 
that is said to have dined on ammo- 
nites, and the glossary). Above all, the 
manuscript should have been submit- 
ted to an expert editor, who presum- 
ably would have eliminated awkward 
statements, purplish prose, abrupt 
changes in writing style, redundan- 
cies, and misspellings. 

From a gemologist’s standpoint, 
the article in Gems & Gemology says 
it all. Nevertheless, Ammolite 2 offers 
a popular overview plus a host of 
excellent color illustrations and con- 
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siderable local color. It is a desirable 
addition to any gemological library. 

JOHN SINKANKAS 

Peri Lithon Books 

San Diego, California 


The Dorling Kindersley 
Handbook of Gemstones 

By Cally Hall, with photography by 
Harry Taylor, 160 pp., illus., publ. 


by Dorling Kindersley, London, 
2000. US$18.95* 


Gemstones promotes itself as a recog- 
nition guide “for beginners and estab- 
lished enthusiasts alike” that “enables 
you to recognize each gemstone 
instantly.” Although instant recogni- 
tion may not be possible (or advisable}, 
this smart-looking book provides a 
good start. 

Inside are more than 800 full-color 
photographs of some 130 materials 
used in jewelry. The Introduction con- 
tains short sections on sources, prop- 
erties, and synthetic gems, as well as a 
key to gems that occur in each of the 
different colors. It is followed by chap- 
ters on Precious Metals, Cut Stones, 
and Organic Gems; then a table of 
properties, a glossary, and an index. 

One advantage of Gemstones is the 
numerous photos that provide rough, 
cut, and set illustrations for each gem 
material. Another is its ease of use, 
especially for the layperson. Unlike 


“This book is available for jpur- 
chase through the GIA Bookstore, 
5345 Armada Drive, Carlsbad, CA 
92008. Telephone: (800) 421-7250, 
ext. 4200; outside the U.S. (760) 
603-4200. Fax: (760) 603-4266. 
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most handbooks, the photos are 
shown on the same pages as the text. 
Bordering the photos and text in table- 
like form are the “vitals”: RI, S.G., 
luster, etc. The binding and materials 
used are of high quality, giving this 
book the feel of a rugged field guide. 

Nevertheless, there are weakness- 
es. The book’s “vivid, full-color pho- 
tographs” tend to lack color satura- 
tion. Much of the information in the 
Introduction sections (e.g., Synthetic 
Gemstones) lacks detail, and innac- 
curacies occasionally appear. A clus- 
ter of albite crystals is used to depict 
distinct cleavage, and parti-colored 
tourmaline is misrepresented as the 
watermelon variety. Adularescence, 
which is caused by the scattering of 
light, is wrongly attributed to inter- 
ference. A quartz perfume bottle first 
is described as having rutile inclu- 
sions, but later is presented correctly 
as having black needles of tourma- 
line. Some high-tech treatments, 
such as diffusion, are not included 
under enhancements. The Precious 
Metals chapter asserts that “although 
nuggets had been set in rings before 
1920, most platinum jewelry dates 
from this time.” However, this state- 
ment overlooks the fact that many 
Edwardian pieces, which predate 
1920, were made of platinum. In the 
Cut Stone chapter, sphalerite is stated 
as showing doubled back facets, yet it 
is singly refractive. Chile, not Argen- 
tina, is a source of fine lapis lazuli. 
The irritant causing natural pearl for- 
mation is usually a parasitic animal 
instead of a piece of grit. The state- 
ment that Japan leads the world in 
the production of cultured pearls is no 
longer true, as China now occupies 
that position. 

Gemstones is worthwhile despite 
such mistakes. It will be helpful par- 
ticularly to the novice gemologist, 
and even advanced enthusiasts will 
gain some knowledge. Be careful, 
though: You can’t do it all with this 
book alone! Good gemstone identifi- 
cation skills take considerable study, 
time, and practice to master. 


MICHAEL EVANS 
Gemological Institute of America 
Carlsbad, California 
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Gem & Jewelry Pocket Guide 


By Renee Newman, 156 pp., illus., 
publ. by International Jewelry 
Publications, Los Angeles, 2001. 
US$11.95* 


Picture yourself sitting in a deck chair 
on a cruise ship, or settling in for a 
long plane ride to some foreign desti- 
nation. As part of your trip, you plan 
to buy a gemstone or piece of jewelry, 
so you are reading up on the subject. 
You would have a difficult time find- 
ing a better general reference on the 
subject than this book. 

The author draws from her exten- 
sive experience as a gemologist, tour 
director, world traveler, and author of 
numerous other gem- and jewelry- 
buying guides to produce a concise, 
detailed, and interesting guide. Through 
the use of over 100 color photographs, 
numerous black-and-white photos, line 
drawings, and charts, she features 
dozens of different varieties of gem- 
stones with separate sections for 
Alexandrite and Cat’s Eye (Chryso- 
beryl); Amethyst and Other Quartz 
Gems; Chalcedony; Emerald, Aqua- 
marine and Other Beryls; Garnet; 
Iolite; Jade; Kunzite; Lapis; Malachite; 
Moonstone and Other Feldspars; 
Opal; Peridot; Ruby and Sapphire; 
Spinel; Tanzanite; Topaz; Tourmaline; 
Turquoise; and Zircon. Additional 
chapters profile diamonds and gems 
from living organisms (pearl, amber, 
coral, and ivory). Other gemstone-spe- 
cific information is provided in chap- 
ters on price factors for colored gems, 
gem lab documents, notable gem 
sources, synthetic and imitation 
gems, and gemstone treatments (with 
information on stability, frequency, 
and acceptability of various treat- 
ments). Not every gem mentioned has 
an accompanying photograph, but all 
are well described. 

For those interested in purchasing 
a finished piece of jewelry, there are 
chapters on gold and platinum jewel- 
ry, jewelry craftsmanship, and how to 
have jewelry custom-made. Metals 
fineness markings, types of mount- 
ings, and care and cleaning tips also 
are included. 

A subject that is not often covered 
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in books on gemstones and jewelry is 
the set of factors that a buyer should 
know to make a smart and safe pur- 
chase decision. These factors are cov- 
ered throughout the book, and there 
are specific chapters on choosing a 
jeweler, finding a good buy, making 
the purchase, and selecting an ap- 
praiser. Another excellent chapter on 
this subject covers Customs consider- 
ations, including regulations, U.S. 
duty rates on jewelry and gems, and 
tips on how to avoid problems. 

It’s sometimes said that a little 
knowledge can be a dangerous thing. 
This book certainly doesn’t replace 
gemological training and trade experi- 
ence, but it goes a long way in helping 
gem and jewelry consumers make 
better buying decisions. 

The size and readability of this 
book make it a “perfect fit” for its 
intended use, and you’re likely to see 
it being put to use in just about any 
part of the world. 

DOUGLAS KENNEDY 

Gemological Institute of America 

Carlsbad, California 


Nature Guide to Gemstones & 
Minerals of Australia 


By Lin Sutherland and Gayle 
Webb, 128 pp., illus., publ. by Reed 
New Holland Publishers, Sydney, 
2000. Aus$24.95 


This small—6 x 8 inches (15 x 21 
cm}—soft cover book is one of a series 
of Nature Guides published in 
Australia. It is well bound and printed 
on glossy paper. The book succeeds in 
presenting to the general reader the 
major gems and minerals that occur 
in Australia. The first part of the book, 
What Are Gemstones & Minerals, 
gives a succinct summary of crystal- 
lography and physical properties. The 
second, larger part, Guide to Gem- 
stones & Minerals, discusses each 
gem and mineral in a well-written and 
easy style. It mentions many varia- 
tions in color and shape, along with 
areas where these different materials 
have been found, but it only touches 
briefly on geology and origin. The size 
of the book prevents the inclusion of 
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detailed maps and descriptions of 
localities, but the last page shows a 
small-scale map of Australia on which 
the major areas are marked. The main 
strength of the book is the many pho- 
tographs, which, although small—1.5 
to 2, x 2.5 inches (4 to 5 x 6 cm}dis- 
play the gemstones and minerals in 
sharp detail and true color. 

Text and photographs for each 
gem and mineral group occupy two 
pages, except for opal (six pages) and 
sapphire (four pages). The book is a 
good introduction for the interested 
nature lover, but keen rockhounds 
and amateur mineralogists will find 
the presentation of the subject matter 
a bit too superficial. 

A.J. A. (BRAM) JANSE 
Archon Exploration Pty. Ltd. 
Carine, Western Australia 


The Practical Guide to 
Jewelry Appraising 
By Cos Altobelli, 292 pp., publ. by 


the American Gem Society, Las 
Vegas, NV, 2000. US$49.95* 


This book presents a comprehensive 
outline of the appraisal profession’s 
body of knowledge. It touches on 
everything an appraiser needs to 
know, but it also invites its readers to 
seek more comprehensive informa- 
tion on many of its subjects. For 
instance, the section on gemstones 
will encourage appraisers to expand 
their gemological knowledge, and the 
section on pricing invites the apprais- 
er to establish personal trade sources 
and supplement their knowledge from 
the periodicals cited. All appraisers 
should add to the “time lines” section 
as the industry evolves. 

The Case Histories chapter is 
especially interesting. It provides 
examples and pointers for handling 


jewelry and talking to clients. The 
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examples are highly relevant to situa- 
tions that an appraiser may encoun- 
ter. The situations mentioned in the 
case histories should persuade the 
appraiser to research legal precedents 
as well. The section on Insurance 
Policies is an eye opener. Clients 
should be encouraged to use the 
described points to talk to their insur- 
ance brokers regarding coverage. 

Although the absence of an index 
was initially off-putting, I found the 
Table of Contents specific enough to 
serve as an index, if the reader has 
working knowledge of appraisal ter- 
minology. The forms and samples 
included provide basic examples of 
the various materials necessary for 
appraisal purposes, but they also 
encourage appraisers to create their 
own collateral documents. 

This book challenges every jewel- 
er to understand the complexities of 
the appraisal profession, and serves as 
a guidepost to further independent 
studies. Most instructional books 
become static as soon as they are fin- 
ished. This one, however, involves 
appraisers in the material and encour- 
ages them to add to its chapters as the 
industry evolves. 

The Practical Guide to Jewelry 
Appraising reflects Cos Altobelli’s 
considerable experience as a jeweler, 
a gemologist and, especially, an 
appraiser. It belongs in the library of 
every serious appraiser. 

GAIL BRETT LEVINE 
Publisher, Auction Market Resource 
Rego Park, New York 


OTHER BOOKS 

RECEIVED 

Ethnic Jewelry: From Africa, Europe 
and Asia, by Sibylle Jargstorf, 160 pp., 
illus., publ. by Schiffer Publishing 
Co., Atglen, PA, 2000, US$29.95.* 
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This lavishly illustrated 8.5 x 11 inch 
soft cover presents a wide range of eth- 
nic jewelry from several continents. 
The author combines the study of eth- 
nic and traditional folk costumes with 
the jewelry of those cultures to 
demonstrate a holistic approach to 
decorative arts. In addition, by pre- 
senting an international variety of 
ethnic jewelry and traditional dress, 
she seeks to illustrate the similarities 
in approach that many cultures have 
toward these art forms. The tradition- 
al jewels of Africa, Europe, and Asia 
are covered in great detail with hun- 
dreds of photos and detailed descrip- 
tions. A price guide is included. 
BARAK GREEN 
Gemological Institute of America 
Carlsbad, California 


Costume Jewelers: The Golden Age 
of Design, 3rd Ed., by Joanne Dubbs 
Ball, 205 pp., illus., publ. by Schiffer 
Publishing Co., Atglen, PA, 2000, 
US$39.95.* All costume jewelry en- 
thusiasts should enjoy this heavily 
illustrated, 8.5 x 11 inch hardback vol- 
ume, which focuses on the notable 
costume jewelers of the 20th century. 
Christian Dior, Givenchy, “Coco” 
Chanel, and Hattie Carnegie are just 
some of the more than 60 designers 
profiled. Far from being considered 
only as cheap imitations, many pieces 
of costume jewelry have grown in 
popularity and appreciation among 
jewelers, collectors, and artisans. 
Unfortunately, along with an increase 
in appreciation comes an increase in 
unauthorized reproductions, which 
the author warns against in her new 
preface. This revised edition also con- 
tains an updated pricing guide for all 
of the pieces shown. 


BARAK GREEN 
Gemological Institute of America 
Carlsbad, California 
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COLORED STONES AND 
ORGANIC MATERIALS 


Achat [Agate]. extraLapis, No. 19, 2000, 96 pp. [in German] 


This issue in the special extraLapis series contains 15 articles 
from 12 contributors, and is illustrated with superb color pho- 
tos. It is no surprise that about half the issue is dedicated to the 
agates of Idar-Oberstein, as these formed the basis of the Idar- 
Oberstein cutting industry. Several articles by R. Dréschel, U. 
Laarmann, and M. Henkel describe the geology of the Saar-Nahe 
region (which encompasses Idar-Oberstein), the special condi- 
tions required for the formation of agate, and the history and 
development of agate mining and the cutting industry (agate 
cutting was first mentioned in 1375 and probably did not occur 
in Roman times as is sometimes stated]. J. Zang and A. Peth 
describe the two museums in Idar-Oberstein—Deutsches 
Edelsteinmuseum and Museum Idar-Oberstein—that display 
important collections of agate and other gems. 

The remaining articles cover general aspects of agates. R. 
Hochleitner attempts to answer the question “What is an 
agate?” and (with R. Dréschel, K. Fischer, M. Glas, and U. Henn) 
compiles a useful glossary of the numerous and sometimes puz- 
zling terms and names (some only in German) applied to chal- 
cedony. M. Glas and M. Landmesser discuss the current theories 
on the formation of agate (e.g., SiO, mobilization and accumu- 
lation). L. H. Conklin presents his curious collection of rare 
Brazilian eye agates, M. Glas tells the story of the Ptolemaios I 
cameo (the most expensive agate in history), and G. 
Grundmann explains an almost forgotten printing technique 
using agates (“Naturselbstdruck”). P. Jeckel describes new finds 
of agate made during the past decade. H. Zeitvogel demonstrates 
how to cut and polish your own agates. RT 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 

Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
© 2001 Gemological Institute of America 
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Approaches to improve cultured pearl formation in Pinc- 
tada margaritifera through use of relaxation, anti- 
septic application and incision closure during bead 
insertion. J. H. Norton, J. S. Lucas, I. Turner, R. J. 
Mayer, and R. Newnham, Aquaculture, Vol. 184, No. 
1/2, 2000, pp. 1-17. 

Cultured pearls from the black-lipped oyster Pinctada 

margaritifera constitute a significant industry in the 

South Pacific, with current annual production from 

French Polynesia and the Cook Islands at about US$117 

million and $2.6 million, respectively. The main prob- 

lems faced by pearl culturers from this region are post- 
operative oyster mortality, bead rejection, and poor-qual- 
ity cultured pearls. 

This study was designed to determine the effectiveness 
of three techniques for improving the quality and quantity 
of round cultured pearls from P. margaritifera: (1) immer- 
sion of the oysters in a solution of propylene phenoxetol to 
induce muscle relaxation before the bead is surgically 
implanted, (2) disinfection of the operation site with a 
dilute solution of povidone iodine; and (3) closure of the 
surgical incision with a flexible cyanoacrylate adhesive. 
The study showed that although the relaxant lowered the 
incidence of bead rejection, it significantly increased the 
oyster mortality rate. Another adverse effect of the relaxant 
was that the cultured pearls produced were lighter in 
weight due to reduced nacre secretion. The povidone 
iodine antiseptic solution had no significant effect on mor- 
tality or bead rejection, and was the only treatment that 
resulted in a lower percentage of total failures compared to 
the controls. Oysters treated with the adhesive had higher 
mortality and bead rejection rates, but this treatment did 
have a positive effect on cultured pearl quality (ie., 
improved shape). The study also concluded that better 
hygiene surrounding the beads and instruments would 
reduce cell inflammation and infection, thereby improving 
cultured pearl production. MT 


The history, geology, age, and fauna (mainly insects) of 
Burmese amber, Myanmar. Bulletin of the Natural 
History Museum (London), Geology Series, Vol. 56, 
No. 1, 2000, 83 pp. 

This issue, devoted exclusively to Burmese amber (com- 

monly called Burmite), consists of 11 articles written by 

15 authors, most of whom are paleontologists from the 

Russian Academy of Sciences in Moscow and the Natural 

History Museum in London. The first article, by V. V. 

Zherikhin and A. J. Ross, is a thorough overview of cur- 

rent knowledge based on an exhaustive literature search. 

Early Chinese literature suggests that Burmite has been 

known since the first century AD and soon thereafter was 

traded in Yunnan Province. It was not mentioned in 

European literature until 1613. The first visit by a 

Westerner to the Hukawng Valley—one of five known 

Burmite-producing regions, but the only one that has 

been commercially mined—was by Captain S. F. Hannay 
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in 1836. Subsequent visits by members of the Geological 
Survey of India established that the amber occurs in sand- 
stones and shales of Middle Eocene age. The archaic 
insects entrapped in the Burmite are assigned a probable 
Cretaceous age, thus suggesting that the amber had been 
reworked into the younger (Middle Eocene) sediment 
horizons. 

The remaining 10 articles describe and tabulate the 
abundant fauna (mainly arthropods) found in Burmite. 
All the data reported in these articles are based on studies 
of specimens in the extensive collection of the Natural 
History Museum. Several new genera and species are 
described for the first time. The fauna are well illustrated, 
some in color. As the value of amber is frequently influ- 
enced by the type, abundance, and quality of included 
fauna, this issue will be of interest to amber collectors 
and dealers alike. AAL 


PIXE studies of emeralds. K. N. Yu, S. M. Tang, and T. S. 
Tay, X-Ray Spectrometry, Vol. 29, 2000, pp. 267-278. 


This study attempts to identify chemical characteristics 
that will separate natural from synthetic emeralds and 
also distinguish their source (i.e., geographic or manu- 
facturer). Fifty-six natural emeralds (from Colombia, 
Pakistan, Zambia, and Brazil) and 26 synthetic emeralds 
(both flux-grown and hydrothermal, from eight manu- 
facturers), all faceted, were analyzed nondestructively for 
33 elements by PIXE (proton-induced X-ray emission). 
Although the chemical characteristics of the emeralds 
sometimes varied significantly for a single locality or 
manufacturer, certain generalizations were possible. The 
concentrations of three elements—Cr, V, and Fe— 
enabled the distinction of Pakistani emeralds, as well as 
flux-grown synthetic emeralds from Chatham, Gilson, 
Taiwan, and Lennix. No single element, or combination 
of a small number (<4) of elements, gave satisfactory 
results for the other samples. When a larger number of 
element concentrations were analyzed by principal com- 
ponent analysis (PCA), an advanced statistical technique, 
unequivocal identifications were possible. With PCA, the 
separation of all the natural emeralds from their synthet- 
ic counterparts was achieved. The technique also enabled 
the identification of country of origin of all the natural 
emeralds, as well as the manufacturers of most of the syn- 
thetic emeralds—only Russian flux-grown and hydro- 
thermal synthetic emeralds could not be distinguished by 
this technique. PGY 


SEM study on jadeite jade. X. Liu, Kuangwu Yanshi 
[Journal of Mineralogy and Petrology], Vol. 21, No. 1, 
2001, pp. 5-7 [in Chinese with English abstract]. 
The mineral composition, grain size, and microstructural 
features of the green part of a specimen of jadeite were 
studied by scanning electron microscopy, and the varia- 
tions in scattering and intensity of color were correlated 
with grain size. Images of the cleavage planes show that 
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they are not smooth, but rather are characterized by lin- 
ear and “sawtooth” cleavage steps. RAH 


La tracabilité des émeraudes: Une avancée décisive obtenue 
pat microscopie infrarouge (uIRTF) [Tracing the ori- 
gin of emeralds: Decisive progress obtained by 
infrared microscopy]. A. Cheilletz, P. de Donato, and 
O. Barrés, Revue de Gemmologie, No. 141/142, 2001, 
pp. 81-83 [in French]. 

A new Fourier transform infrared (FTIR) spectroscopy 

technique has been applied to emeralds. This nonde- 

structive “micro-FTIR” method acquires high-quality 
data more rapidly than other techniques, and uses an 
adapter that produces a small (10 micron) IR beam for tak- 
ing high-resolution spectra. The distinction between nat- 
ural and synthetic hydrothermal emeralds is made by 
detecting and interpreting the high-resolution FTIR pat- 
terns of water and CO, in the samples; the latter compo- 
nent is characteristic of natural emeralds. For natural 
emeralds, a database of 262 FTIR spectra representing 45 
deposits in 15 countries has been assembled, along with 
oxygen isotope data (5!8O) and abundances for such ele- 
ments as Cr and V. According to the authors, taken 
together these data enable the determination of geo- 
graphic origin. This is possible because emeralds have 
characteristic chemical, isotopic, and FTIR spectral vari- 
ations, which result in part from interactions between 
the host rocks and hydrothermal fluids in the geologic 
environments in which they crystallized. MT 


DIAMONDS 


Diamond Facts 2000/01—NWT Diamond Industry Report. 
Northwest Territories Resources, Wildlife and 
Economic Development, 2001, 22 pp. 

This year (2001) is the 10th anniversary of the first dia- 

mond discovery in the Northwest Territories (NWT), 

Canada, and the region has quickly become recognized as 

a world-class diamond producer. Highlights of activities in 

the NWT are presented in this informative, well-illustrat- 

ed booklet prepared by the government agency responsible 
for economic development. Topics include: a timeline of 
important events (e.g., discoveries, approval of environ- 
mental reviews, and start of production at the Ekati mine); 
general information on the world diamond industry, with 

Canada’s current and potential future positions; current 

exploration activities in the NWT; descriptions and status 

of advanced diamond mining projects; and the role of the 

Government of the Northwest Territories (GNWT) in var- 

ious aspects of the diamond industry (e.g., certification of 

selected diamonds as mined, cut, and polished in the 

NWT, and sold as Canadian Arctic™ diamonds). 

This booklet emphasizes—with an opening message 
from the Minister of Resources, Wildlife and Economic 
Development—that the GNWT is committed to maxi- 
mizing the development of natural resources (including 
diamonds) and to adding value to Canada’s diamonds. In 
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addition to creating job opportunities at the mines, post- 
production value-added opportunities are visualized in 
the form of increased employment in the cutting sector, 
establishment of grading facilities, jewelry manufactur- 
ing, and using NWT diamonds for tourism-related activi- 
ties. A complimentary copy of this booklet may be 
requested by e-mailing diamondprojects@gov.nt.ca. 

AAL 


Etching of diamond crystals in a dry silicate melt at high P- 
T parameters. V. M. Sonin, E. I. Zhimulev, I L 
Fedorov, A. A. Tomilenko, and A. I. Chepurov, 
Geochemistry International, Vol. 39, No. 3, 2001, 
pp. 268-274. 

Most natural diamond crystals have been subjected to 
dissolution processes that result in morphological and 
etch features such as curved faces and edges, and trigons. 
The authors investigated such dissolution processes 
using both natural and synthetic diamond crystals. The 
samples were placed in a silicate melt (corresponding to 
the chemical composition of an alkali basalt) at high pres- 
sure and high temperature, to approximate the conditions 
experienced by natural diamonds. 

Various morphological and etch figures were pro- 
duced, some very similar to those found in natural dia- 
monds, depending on the experimental conditions. Three 
types were distinguished: 


1. Positive trigons (with edges oriented parallel to the 
edges of the octahedral faces) and {hhl} surfaces with 
parallel striations normal to the initial octahedral 
edges were observed in samples subjected to relatively 
low pressures and in experiments with silicate melts 
in contact with air. 

2. Negative trigons (with edges oriented opposite to 
those of the octahedral faces), or hexagonal etch pits 
and {hhl} surfaces with striations parallel to the initial 
octahedral edges, occurred only at high pressures. 

3. Negative trigons or hexagonal etch pits and {hhl}, 
{hkO}, and {hkl} surfaces formed only in high-pressure 
experiments. 


In all cases, the dissolution rate increased with 
increasing H,O in the experimental systems. Td 


Isotope dating of diamonds. D. G. Pearson and S. B. Shirey, 
in D. Lambert and J. Ruiz, Eds., Application of 
Isotopes to Understanding Mineralizing Processes, 
Reviews in Economic Geology, Vol. 12, Chap. 6, 
1999, pp. 143-171. 

The need to know the ages of diamonds is driven by both 

scientific curiosity and economic necessity. For example, 

such information should enable scientists to determine 
whether diamonds formed continuously throughout the 
earth’s history or during discrete episodes. Moreover, dia- 
mond ages may be of value in determining new target 
areas for primary deposits and also in constraining the 
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to 80 per minute; hydrogen consump- 
tion, 4 cubic meters per hour; hydro- 
gen-oxygen ratio, 2 to 3; overall 
powder utilization, 60 per cent. In 
normal operation, the yield of boules 
is 60 per cent first quality, 20 per 
cent second quality, and 20 per cent 
third quality. 

The most interesting development 
in the synthetic industry in Germany 
during the war was that of Dr. 
Wilhelm Eppler, working with Dr. 
Albert Maucher. and Professor 
Drescher Kaden. Because of a seri- 
ous shortage of diamond powder, 
they developed a method of surface 
hardening spinel jewel bearings 
after they were fashioned. Thus the 
jewels could be fashioned with car- 
borundum powder, whereas diamond 
powder was required to work corun- 
dum. 


No evidence was found that the 
German plants had developed syn- 
thetic corundum or spinel in rod 
form, such as is being made in the 
United States. —G.S. 


German Synthetic Emerald 

The United States Department of 
Commerce recently released, as a 
newspaper report, information gath- 
ered in Europe regarding German 
synthetic emeralds. Most of the re- 
port contained nothing new to 
readers of Gems and Gemology. 
However, some data are given about 
the method used, which is of special 
interest because it throws some light 
on a process hitherto a _ closely 
guarded secret. The chief experi- 
menter in this work was Professor 


Richard Nacken, who stated that he 
worked for the most part with water 
solutions at temperatures of about 
500° C. —G.S. 


Brazilian Gem Production 


The following excerpts have been 
taken from a report by Minerals 
Attaché Emerson I. Brown, which 
appeared in Mineral Trade Notes, 
Vol. 28, No. 5, November 20, 1946. 
(Published by the United States 
Bureau of Mines). 


The production of semiprecious 
stones in Brazil is in excess of de- 
mand. The price of calibrated stones 
for export has declined as much as 
one-third in the past six months. 
A new discovery of amethyst at 
Campo. Formosa, State of Baia, 
north of Brejinha, has depressed the 
price of this gem. Current retail 
prices are approximately as follows: 


Cruzeiros per. carat* 


Amethyst 
Citrines, good color... 
Tourmaline, dark green... 
Tourmaline, light green... 
White beryl. 
Blue topaz... 
Golden beryl. 50 and up 


*The cruzeiro is considered as roughly equiv- 
alent to 5.8 cents U.S. currency. 


During World War II, gemstone 
production in Brazil was affected in 
several ways. The volume of pro- 
duction was reduced by the diversion 
of labor to strategic-mineral -produc- 
tion, such as quartz crystal and mica 
mining. In normal times there was a 
market for the inferior gem mate- 
rial in Germany, and it -was said 
that the loss. of this market for the 
low-grade material inevitably mined 


sources of alluvial diamonds. Determining ages directly 
by isotopic methods, however, is not possible because the 
diamond lattice contains no useful radioisotope. The only 
reliable method of dating diamonds is based on the iso- 
topic analysis of their mineral inclusions, which is the 
subject of this critical review. 

The mineral inclusions used for diamond dating must 
be syngenetic (i.e., formed at the same time as the dia- 
mond). Criteria are given for recognizing such inclusions. 
The specific radioisotope system employed generally 
depends on the nature of the inclusion: Sm-Nd for garnet 
and clinopyroxenes, Re-Os or Pb-Pb for sulfides, and Ar-Ar 
for clinopyroxene. Interpretation of the results is often dif- 
ficult, and many factors must be considered. Conflicting 
results occasionally are obtained by different methods. 
Everything involved with the isotopic dating of diamonds, 
from the isolation of an appropriate inclusion to the oper- 
ation of the complicated instruments (e.g., mass spec- 
trometers), requires great care and is time consuming. 

When all published isotopic diamond ages determined 
since the mid-1980s are summarized, a wide variety of 
crystallization ages are evident, but the vast majority are 
greater than 1 billion years. AAL 


A new approach to the exploration of diamond deposits by 
large-diameter boreholes. V. V. Krotkov, Doklady 
Earth Sciences, Vol. 373A, No. 6, 2000, pp. 930-932. 

This article describes the application of a large-diameter (4 

m) drilling technique for sampling kimberlite ore at the 

Lomonosov diamond deposit in the Arkhangelsk province 

of Russia. The drilling technique could extract an average 

of 2.58 tons/hour of kimberlite to a depth of 240 m with- 

out serious complications. The ability to extract such a 

large volume of material rapidly and efficiently enhances 

productivity in sampling diamondiferous rock with low 
diamond content (but possibly high-quality rough). The 
technique reduces the time needed to obtain the necessary 
volume of kimberlite for estimating ore grade, while it 
minimizes worker exposure to underground working con- 
ditions. Repair and maintenance costs are also minimized, 
and the drill can function at low temperatures (to —38°C). 

Joshua Sheby 


The source of the Espinhaco diamonds: Evidences from 
SHRIMP U-Pb zircon ages of the Sopa Conglom- 
erate and Pb-Pb zircon evaporation ages of metavol- 
canic rocks. M. L. de S4 Carneiro Chaves, T. M. 
Dussin, and Y. Sano, Revista Brasileira de Geo- 
ciéncias, Vol. 30, No. 2, 2000, pp. 265-269. 

Alluvial diamonds are hosted by the Sopa Conglomerate, 

which outcrops in the Diamantina region of the Espinhaco 

Range in Minas Gerais, Brazil. The original source of these 

diamonds has never been established. One suggestion is 

that the diamonds might be derived from associated 
metavolcanic rocks. Using a Sensitive High Resolution Ion 

Microprobe (SHRIMP), the authors determined radiomet- 

ric ages for different isotopes (e.g., 72°U/?°Pb, 2°”Pb/?°°Pb) in 
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zircons separated from both the Sopa Conglomerate and 
the metavolcanics. The results showed multiple ages (e.g., 
3.6, 2.8, 2.0 billion years) for the zircons from the Sopa 
Conglomerate, all of which were older than the zircons 
from the metavolcanics (1.7 billion years). Because the 
metavolcanics are younger than the Sopa Conglomerate, 
they could not have been the source of the Espinhaco dia- 
monds; hence, the origin of these diamonds remains 
unknown. PGY 


Surface properties of diamonds in kimberlites [sic] process- 
ing. V. Chanturiya, V. Zuev, E. Trofimova, Y. Dikov, 
V. Bogachev, and G. Dvoichenkova, Proceedings of 
the XXI International Mineral Processing Congress, 
Rome, Italy, 2000, pp. B8b-9—B8b-16. 


The use of grease table and froth flotation procedures in 
the recovery of diamonds from kimberlite ore may result 
in significant losses, particularly for certain size fractions. 
The explanation lies in the variable nature of the surfaces 
of rough diamonds, due to surface characteristics. Some 
are hydrophilic (have a strong affinity to water), whereas 
others are hydrophobic (water repellent); the former can 
be recovered with water-based flotation methods, where- 
as the latter adhere to grease and are recoverable on a 
grease table. 

Using samples from the Mir pipe in Russia, the 
authors identified differences in the disparate nature of 
rough diamond surfaces. Hydrophilic surfaces are covered 
with a layer of CO, gas molecules and HCO, radicals 
(both of which originate from carbonate minerals in the 
kimberlite) as well as minerals of the serpentine group. In 
contrast, hydrophobic surfaces have superficial films of 
carbonate minerals and minerals of the talc group. A 
technique patented in Russia (No. 2071836), based on the 
use of an anolyte (an acid product of water electrolysis), 
modifies the diamond surface so that recovery losses can 
be reduced by a factor of 1.5-2.0. AAL 


United States diamond market: Analysis of polished dia- 
mond consumption 1994-2000. E. Cohen, Mazal 
U’Bracha, Vol. 15, No. 129, January 2001, pp. 45-48. 

From 1994 through 2000, the importation (which can be 

equated with consumption) of polished diamonds into 

the U.S. increased rather uniformly on an annual basis in 
terms of both wholesale value and carat weight. During 
this period, there was a 132% increase in value (from 

US$4.94 to $11.44 billion), and a 91% increase in weight 

(from 10.70 to 20.47 million carats). The greater increase 

in polished value compared to weight indicates increas- 

ing demand in the U:S. for higher-quality and larger 
stones during that time period. 

In 2000, the three main suppliers of polished dia- 
monds imported into the U.S. as a percentage of total 
value were Israel (47%), India (23%), and Belgium (21%). 
By weight, however, India was the predominant supplier, 
accounting for 62% of the imports; Israel and Belgium 
supplied significantly less (19% and 10%, respectively). 
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From 1994 through 2000, the average per-carat value of 
all sizes of polished diamonds imported into the U.S. 
increased by a modest 2.1% (from $462 to $559 per carat); 
this is explained by the fact that the value of diamonds 
imported from India remained essentially static ($198 per 
carat in 1994 compared to $202 in 2000) throughout this 
seven-year period. In 2000, the average per-carat values of 
polished diamonds imported from Israel and Belgium 
were $1,359 and $1,142, respectively. AAL 
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The Alto Ligonha pegmatites—Mozambique. M. B. Dias 
and W. E. Wilson, Mineralogical Record, Vol. 31, 
No. 6, 2000, pp. 459-497. 


The Alto Ligonha pegmatite district of northern 
Mozambique is significant to mineralogists and gemolo- 
gists for the quality and variety of gems and minerals it 
has produced. This comprehensive article provides a his- 
tory (political and exploration) of the region starting at 
the end of the 19th century, a summary (with maps) of 
the geology of the district, and a table of the most impor- 
tant mines (organized into 27 groups, each comprising 
one-to-six individual pegmatites) together with the most 
notable gems or minerals found at each. From the 1930s 
through the 1970s, the district was an important produc- 
er of gem-quality tourmaline and beryl, as well as topaz 
and spodumene. Many rare and economically important 
ore minerals (of tantalum, beryllium, and lithium) also 
were mined. Production during the 1980s and 1990s suf- 
fered because of political problems, but mining activities 
are being encouraged by the current government. 

The pegmatites are difficult to prospect because vege- 
tation and lateritic soil cover the area, but they are local- 
ly revealed by prominent quartz cores or concentrations 
of mica in the soil. Although hundreds of pegmatite bod- 
ies have been mined, they probably represent only a small 
fraction of the district’s potential. The Muiane pegmatite, 
which measures 400 m wide and 1 km long, is perhaps 
the most important producer of mineral specimens. 

The bulk of the article is an alphabetical listing and 
brief description (including chemical and physical proper- 
ties) of the 77 minerals reported from the district. This 
section is illustrated with superb color photographs of gem 
and mineral specimens, as well as crystal drawings of 
selected minerals. A most unusual, and fascinating, fea- 
ture of this article is the final section, “Memoirs of Alto 
Ligonha,” which contains reminiscences by the senior 
author of his tenure as a geologist, most of it in Alto 
Ligonha, from the mid-1930s until the end of the 
Portuguese colonial period (1975). JEC 


Die Pegmatite von Alto Ligonha in Nord-Mozambique 
[The pegmatites of Alto Ligonha in northern 
Mozambique]. P. Schafer and T. Arlt, Lapis, Vol. 25, 
No. 8, 2000, pp. 13-17, 54. 


For decades, Alto Ligonha has produced several pegmatite 
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gem minerals—sometimes in giant crystals. Most of the 
pegmatites are deeply weathered, so there is little need for 
explosives. Many of the dumps and old pits are being 
reworked for overlooked gem crystals. 

The authors describe their visit to Muiane, the most 
important gem mining area, which is dangerous and 
where bribes are a way of life. They also visited several 
smaller and less dangerous areas, including the beryl and 
emerald deposit Maria III at Niame. Because the local 
mining industry is focused on cuttable material, many 
pieces of broken gems were offered; it was nearly impos- 
sible for the authors to obtain undamaged gem crystals or 
mineral specimens. RT 


Classification and mineralization potential of the peg- 
matites of the Eastern Brazilian Pegmatite Province. 
G. Morteani, C. Preinfalk, and A. H. Horn, 
Mineralium Deposita, Vol. 35, 2000, pp. 638-655. 


The Eastern Brazilian Pegmatite Province (EBPP) encom- 
passes the pegmatite districts of Itambé, Aracuai, Safira, 
Nova Era, Aimorés, and Espera Feliz, almost all of which 
are important sources of gems, especially fine tourma- 
line, aquamarine, and morganite, as well as Li, Sn, Nb, 
and Ta ore minerals. All of the districts except Itambé are 
situated in fold belts surrounding the eastern border of 
the Sao Francisco craton, and were formed during the 
Brasiliano tectonothermal event (~600 My) in host rocks 
that show decreasing grades of metamorphism from east 
to west. The one exception, the Itambé district, is located 
within the Sao Francisco craton, and is of Transamazonic 
age (~1,900 million years [My]). 

To determine the degree of fractionation of the EBPP 
pegmatites and assess their mineralization potential, 
major- and trace-element analyses were obtained for 530 
K-feldspar and 550 muscovite samples. A wide variety of 
compositions were recorded, from slightly fractioned 
muscovite-class pegmatites to highly fractioned peg- 
matites of the rare-element class. Districts with the 
widest range in pegmatite fractionation (such as Aracuai 
and Safira) are also leaders in the production of gem and 
rare-element minerals. Emeralds are more likely to be 
found in Be- and Li-pegmatites of Transamazonic age (i.e., 
the Itambé district). Within the EBPP, a correlation seems 
to exist between grade of metamorphism, degree of frac- 
tionation, and mineralization of gems and rare-element 
minerals. The use of geochemical indicators (e.g., plotting 
Cs vs. K/Rb for K-feldspar or muscovite) appears useful 
for targeting highly fractionated pegmatites and evaluat- 
ing their mineralization potential. RT 


Emerald mineralisation in Colombia: Fluid chemistry 
and the role of brine mixing. D. A. Banks, G. Giuli- 
ani, B. W. D. Yardley, and A. Cheilletz, Mineralium 
Deposita, Vol. 35, 2000, pp. 699-713. 

It is generally accepted that Colombian emeralds in both 

the eastern (Gachala, Chivor, and Macanal) and western 

(Penas Blancas, Muzo, Coscuez, and Yacopi) mining dis- 
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tricts formed from the interaction of hypersaline brines 
with the host black shales and evaporites. The purpose of 
this study was to quantify the composition of these flu- 
ids, which were extracted from inclusions in emeralds, 
calcite, dolomite, quartz, and fluorite by a bulk crush- 
leach technique and subsequently analyzed by different 
spectroscopic methods (ICP-AES, FES, and GFAAS). 

In contrast to fluids from the other minerals, those in 
the emeralds (fluid 1) are dominated by Na and Cl and 
have the lowest concentrations of all other elements. 
While a range of origins has been proposed for high-salin- 
ity brines—with seawater as the most common—the 
authors found that in both districts, all the fluid inclu- 
sions in emeralds have Cl:Br ratios much greater than 
that of seawater. Therefore, they believe the fluids to be 
the result of halite dissolution, most probably from the 
local salt beds. The authors also postulate an origin under 
low-grade metamorphic conditions. 

The fluids from quartz inclusions (fluid 2) are of simi- 
lar salinity and contain less Na, but significant amounts of 
Ca, K, Fe, and Cl. Inasmuch as the fluid compositions in 
both the western and eastern zones are similar, they seem 
to be controlled by interaction with the local host rocks, 
which in both cases are black shales and evaporites. The 
authors suggest that in certain conditions, beryllium may 
have been leached from wall rocks and introduced into 
fluid 1. Subsequently, a mixing of both fluids caused pre- 
cipitation of fluorite and parisite, the destabilization of Be- 
F complexes, and the growth of emeralds. RT 


Emeralds in Greenstone belts: The case of Sandawana, 
Zimbabwe. J. C. Zwaan and J. L. R. Touret, Miinchner 
Geologische Hefte, Series A, Vol. 28, 2000, pp. 
245-258. 


Most emeralds occur in “schist-type” deposits (Colom- 
bian emeralds are a notable exception], which are com- 
monly attributed to the interaction of pegmatitic fluids 
with Cr-bearing host rocks (e.g., metavolcanics and/or 
ultramafics). This interaction is usually envisaged as a 
single-stage contact-metasomatic event, with the emer- 
alds occurring at or close to the border of the pegmatitic 
veins. However, based on regional and detailed geologic 
studies, as well as geochemical and mineralogical data, 
this origin is not appropriate for emeralds in the Mweza 
Greenstone belt, such as at Sandawana, even though they 
are normally found very near the contact between green- 
schists and pegmatites. 

The pegmatitic bodies at Sandawana are completely 
altered (albitized), and are strongly folded and sheared along 
with their greenstone host rocks. The gem-quality emer- 
alds occur in strongly foliated schists at least 1 mm away 
from the pegmatites, in relatively low pressure areas called 
“traps.” The authors suggest that the emeralds formed dur- 
ing folding, shearing, and regional metamorphism, from a 
pegmatitic fluid rich in F, P, Be, and Li that invaded the con- 
tact zones and incorporated various other elements (e.g., 
Cr) necessary for the formation of emerald. KSM 
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Edelsteine aus Sambia—Teil 2: Turmalin und Aquamarin 
[Gemstones from Zambia—Part 2: Tourmaline and 
aquamarine]. C. C. Milisenda, V. Malango, and K. C. 
Taupitz, Zeitschrift der Deutschen Gemmolo- 
gischen Gesellschaft, Vol. 49, No. 1, 2000, pp. 31-48 
[in German with English abstract]. 

The important Jagoda pegmatite mining area in Zambia 

is a source of gem-quality pink, red, and green tourma- 

lines, as well as aquamarine. Geologic descriptions and 

maps are presented for several of the pegmatites (e.g., 

Jagoda, Muchinga, and Pela). The gemological properties 

of the tourmaline and aquamarine are typical. The tour- 

maline is characterized by inclusions of “trichites” (hair- 
like capillaries) and growth tubes; the aquamarine has 
minute fluid inclusions. 

These pegmatites are unusual because gem-quality 
tourmaline and aquamarine rarely occur together in the 
same deposit, even though both generally form near the 
cores of zoned pegmatites that are enriched in alkali- and 
rare-elements. Thus, a special set of growth conditions is 
required. The Jagoda pegmatites probably formed by the 
mobilization of fluids during the Pan African metamor- 
phic event (650-450 million years ago), when they were 
emplaced as relatively thin stratabound bodies into meta- 
morphic host rocks. They apparently did not form in the 
more usual way, that is, by magmatic differentiation from 
granitic melts. AAL 


The Rist and Ellis tracts, Hiddenite, North Carolina. D. L. 
Brown and W. E. Wilson, Mineralogical Record, 
Vol. 32, No. 2, 2001, pp. 129-140. 


This article reviews the history, geology, and production 
of the Rist and Ellis gem tracts, near Hiddenite, North 
Carolina. Although this area is known primarily for the 
production of emerald and hiddenite (bright green Cr- 
bearing spodumene), excellent specimens of other miner- 
als also have been mined, including monazite, muscovite, 
quartz (smoky and amethyst), rutile, tourmaline (schorl), 
and xenotime. 

Two amateur mineralogists, J. A. D. Stephenson and 
W. E. Hidden, discovered the mineralized pegmatites and 
hydrothermal veins in the area in 1875 and 1880, respec- 
tively. After decades of intermittent mining and several 
changes in ownership, the area was acquired in 1969 by a 
partnership of Warren Baltzley and Charles Rist, which 
operated through 1981 as American Gems Inc. During 
this period, the adjacent Rist and Ellis tracts were opened 
to the public for collecting on a daily fee basis. There are 
no records of the amount or quality of production during 
this time, but it is generally known that many fine-qual- 
ity specimens were obtained. In 1969, for example, a 59 ct 
emerald crystal was found and later cut into a 13.14 ct 
gem, the “Carolina Emerald,” which now resides in the 
New York showroom of Tiffany & Co. 

Since 1982, ownership of the properties has changed 
three times, and numerous other stunning specimens 
have been discovered. These include North America’s 
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largest emerald crystal (1,686.3 ct), still unnamed, which 
was found in 1984. 

All the important minerals found at this famous local- 
ity are described in varying detail, with their typical crys- 
tal habit and mode of occurrence noted. Excellent full- 
color photographs accompany the text. JEC 


The Sao Geraldo do Araguaia opal deposit, Para, Brazil. 
T. A. Collyer and B. Kotschoubey, Revista Brasileira 
de Geociéncias, Vol. 30, No. 2, 2000, pp. 251-255. 


The recently discovered opal deposit near Sao Geraldo do 
Araguaia, in the state of Para, contains several types of 
opal, the main ones being “precious” opal (showing play- 
of-color; called “noble” opal by the authors), “jasper” (red- 
dish) opal, and fire opal. All occur as fracture fillings, 
veins, and/or local accumulations within biotite schist of 
the Xambioa Formation. The opal-bearing zone is approx- 
imately 3 km long and up to 6 m thick. 

Inclusions within the opal consist mainly of frag- 
ments of metamorphic minerals from the host rock, 
including kyanite and biotite; the latter has been partial- 
ly altered to chlorite. Other included materials are quartz 
grains, acicular rutile crystals (with a roughly radial, fan- 
like habit), and hematite. 

It is likely that most of the opal formed as a result of 
low-temperature hydrothermal activity and tectonism dur- 
ing Jurassic and Cretaceous time, which was associated 
with the opening of the Atlantic Ocean. Hydrothermal 
processes mobilized silica at depth within the earth’s crust, 
and this was subsequently precipitated as opal near the sur- 
face. A later episode of opal deposition probably was 
responsible for the formation of the precious opal. LT 


JEWELRY MANUFACTURING 


Fancy free. A. Skuratowicz and J. Nash, American Jewelry 

Manufacturer, March 2001, pp. 72-74, 76, 78, 80-82. 
Setting a fancy-shaped gemstone (e.g., a marquise cut) 
may pose problems that require the skill of an experi- 
enced jeweler. Complications can arise from a stone’s 
shape and its durability under stress (at the points of a 
marquise, sharp corners, curved sides}, variations in the 
cut (uneven girdle, pavilion bulge), and its inherent prop- 
erties (toughness, cleavage, hardness, types of inclusions, 
susceptibility to thermal shock, and sensitivity to harsh 
chemicals). 

After taking into consideration artistic preferences 
and a stone’s shape and characteristics, a jeweler can then 
choose the elements of a setting: style and metal type. 
Setting style is determined by the stone’s durability and 
the location of pressure points. Different metal types offer 
varying degrees of malleability and durability depending 
on the alloy components; a soft malleable alloy, whether 
precious or nonprecious, usually works best. 

Given the problems inherent in working with fancy 
cuts, the jeweler may have to make some adjustments at 
the bench. Some suggestions include annealing hard 
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metal alloys, laying out and measuring pieces before 
beginning, and compensating for pressure points with 
additional burring. Joshua Sheby 


PRECIOUS METALS 


Hard 22 carat [karat] gold alloy. C. Cretu, E. Van Der 
Lingen, and L. Glaner, Gold Technology, No. 29, 
2000, pp. 25-29. 


Market demand for high-karat gold jewelry is growing, 
especially in India and the Middle East. Unfortunately, 
high-karat gold lacks the hardness of lower-karat gold. 
Mintek, a South African company, has developed a 22K 
gold alloy with a hardness near that of 18K gold; even 
greater hardness can be attained by a combination of cold 
working and heat treating of the metal. Tests conducted 
by Mintek show that the alloy is similar in color to 22K 
gold, can be cast using conventional methods, and resists 
tarnish and corrosion as much as 22K gold. It also can 
undergo in excess of 99.99% cold rolling without inter- 
mediate heating and cracking. Solder testing revealed 
very good hardness, even greater than that of 22K gold. 
Standard equipment and techniques can be used with the 
alloy. Although the other elemental constituents of the 
alloy are not revealed, the authors state that no hazardous 
elements are used during its manufacture. PT 


Rise in shine. American Jewelry Manufacturer, Vol. 45, 
June 2000, p. 33. 


Seeking a tarnish-free silver, British silversmith Peter 
Johns added germanium to the alloy formula. Still con- 
sidered sterling (at 92.5% silver), the alloy is tarnish resis- 
tant and also does not develop firescale (an inorganic sub- 
stance that develops after cooling). Kultakeskus Oy, a sil- 
ver manufacturing company in Finland, partnered with 
Johns because this alloy saves production time. The alloy 
is conducive to laser welding, and its manufacture is 
more environmentally friendly than those processes that 
use acids and other substances to prevent firescale. 
Although the alloy resists tarnish, it does develop a yel- 
low coating that is easily removed. Other reported draw- 
backs include its higher price and limited availability. 
PT 


SYNTHETICS AND SIMULANTS 


Characterization of Verneuil red corundum by X-ray 
topography. C. Rinaudo and P. Orione, Materials 
Chemistry and Physics, Vol. 66, 2000, pp. 143-148. 

Over 90% of the synthetic corundum currently produced 

worldwide is grown by the Verneuil flame-fusion process. 

Boules grown by this method tend to crack along their 

length at the end of the growth process. To explain this 

phenomenon, the authors analyzed cross-wise and 
length-wise slices (~1 mm thick) obtained from Verneuil 
synthetic corundum boules. Optical microscopy, energy- 
dispersive spectrometry, and X-ray transmission topogra- 
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phy were used to characterize the samples. Particular 
emphasis was placed on detecting differences in the crys- 
tallographic, physical, and chemical characteristics of the 
slices relative to their position and orientation within a 
boule. Only the bottom portion of the boules, corre- 
sponding to the initial growth stages, are composed of 
single crystals. From the middle of the boule upward, there 
is considerable stress-related deformation (easily observed 
as intense interference colors with crossed polars), which 
leads to a macromosaic structure. 

The authors attribute boule cracking to the loss of 
monocrystallinity accompanied by stress in the middle 
and upper parts of the boule, which corresponds to the 
latter stages of the growth process. It is suggested that the 
area of the boule closest to the flame during initial growth 
undergoes a type of annealing that results in improved 
crystal quality. MT 


Graphite ¢ diamond transition under high pressure: A 
kinetic approach. J. Sung, Journal of Materials 
Science, Vol. 35, 2000, pp. 6041-6054. 


This article reviews the kinetics (i.e., rate) of the graphite- 
to-diamond transition under high pressure and the effec- 
tiveness of various solvent-catalysts (i.e., Fe-Ni, Cu, 
CaCO,, P) that can facilitate the process. Two types of 
transitions are recognized: direct and solvent-assisted. 
The direct transition occurs without a catalyst, and the 
temperature of the transition appears to depend on the 
degree of structural perfection (i.e., polytype composition) 
of the original graphite. The more “perfect” the graphite, 
the lower the temperature at which it may transform to 
diamond. 

The effectiveness of various catalysts is discussed, and 
some disputes are reviewed. The authors conclude that 
the more carbon a solvent can dissolve at ambient pres- 
sure, the more effective it will be as a catalyst for the tran- 
sition of graphite to diamond at high pressure. Hence, Fe 
or Ni are more powerful catalysts than Cu, which is more 
powerful than P or CaCO,. Wuyi Wang 


Simulated diamond gemstones formed of aluminum ni- 
tride and aluminum nitride: Silicon carbide alloys. 
C. E. Hunter, WO Document No. 00/22204 A2, 
April 20, 2000; U.S. Patent No. 6,048,813, April 11, 
2000. 
Diamond-like colorless synthetic gems can be produced 
by growing and faceting single crystals of pure aluminum 
nitride (AIN), or an alloy of aluminum nitride and silicon 
carbide (SiC—synthetic moissanite). Alloys in the com- 
positional range of AIN(0.8):SiC(0.2) to AIN(0.5):SiC(0.5) 
are preferred. Several dopants (gallium, cerium, gadolini- 
um, and samarium are mentioned) can be added to grow 
crystals of a desired color. The crystals can be grown by 
several techniques, and various aspects of the growth pro- 
cedures are described in detail; the fashioning process is 
also mentioned. However, gemological and physical prop- 
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erties (e.g., refractive indices, dispersion, spectra, hardness, 
specific gravity) are not given other than the statement 
that the refractive indices of pure AIN and the alloys are 
comparable to those of diamond. The U.S. patent may be 
viewed at http://www.uspto.gov/patft/index.html. 

Karl Schmetzer 


Spectroscopic properties of coloured, synthetic corun- 
dums and spinels produced in Skawina. M. Czaja, 
Mineralogica Polonica, Vol. 31, No. 1, 2000, pp. 
55-68. 


Electronic absorption, excitation, and luminescence spec- 
tra are presented for synthetic o-Al,O, (corundum with a 
trigonal structure), synthetic a-Al,O, (does not occur nat- 
urally; does not have a trigonal structure), and synthetic 
spinels of various colors grown at the Research and 
Development Laboratories of the Aluminum Plant at 
Skawina, near Cracow (Krakow), Poland. Different crystal 
growth orientations, concentrations of impurity ions, and 
the presence of more than one chromophore were estab- 
lished as the main reasons for the variations in color. All 
of the colored spinel varieties were found to be non-stoi- 
chiometric, with an MgO:ALO, ratio of 1:2.6. The results 
indicate tetrahedral coordination of Co”* in the synthetic 
spinels and Mn** in synthetic o-Al,O,. RAH 


TREATMENTS 


Giibelin Gem Lab introduces thermal enhancement scale. 
G. Roskin, Jewelers’ Circular Keystone, Vol. 171, 
No. 11, 2000, pp. 52, 54. 


The thermal processes used to enhance the color and 
appearance of gem corundum are varied, as are their 
effects. The stones may be heat treated either before or 
after cutting, with or without chemicals (e.g., borax). 
Vitreous byproducts of melted chemicals (“glass”), as 
well as vitreous products of natural inclusions, may 
result from the heating process. All laboratories will indi- 
cate whether a stone has been heat treated; some will also 
estimate how much glass remains, while others will use 
only such qualitative terms as minor, moderate, or pre- 
dominant. 

The Gtibelin Gem Lab in Lucerne, Switzerland, has 
developed and initiated a new six-point thermal enhance- 
ment (TE) disclosure system to characterize and classify 
the entire range of heat-induced features in gem corun- 
dum; master stones are used for comparison. TE1, for 
example, indicates only minute traces of residue inside 
partially “healed” fractures. Conversely, a treated stone 
designated as TE6 shows large glass-filled cavities, in 
addition to healed fractures with droplets of residue. The 
system explains what the thermal enhancement has 
achieved, rather than attempting to quantify the amount 
of enhancement. It is hoped that with full disclosure of 
heat treatments and their effects, consumer confidence 
will return. AAL 
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Shedding Light on “Fire” 


M ost of us would like to see the assessment of cut 
in round brilliants (or any shape, for that matter) 
simplified into a neat, easily explained package. 
Unfortunately, this probably will not be the case for 
some time to come. The lead article in this issue sheds 
more light on the cut question, but it also underscores 
its complexity. Only with careful review will our 
astute readers fully understand the authors’ 
research and, as importantly, their results. 

GIA’s landmark brilliance study, pub- 
lished in the Fall 1998 issue of Gems & 
Gemology, was the first major break- 


through in the scientific analysis of cut a, 
in decades. It introduced a metric for bril- b y x 
liance, WLR (weighted light return), and x4 ; 


demonstrated that many different propor- ee 
tion combinations can yield equally bright 
round brilliant cut diamonds. The article in this 
issue presents a metric for fire, DCLR (dispersed col- 
ored light return). With the results of these two major 
segments of GIA’s cut research project now published, 
we are very close to answering the key questions 
involved in proportion evaluation for round brilliants. 

The authors conclude that there is no easy way to 
characterize the “best” cut in round brilliants for either 
brilliance or fire. Rather, it is the complex interaction of 
multiple proportions, involving all of a diamond’s 
facets, that must be considered in the assessment of 
these key appearance aspects. Furthermore, there is 
now even more evidence to support the conclusion that 
there is no one “best” cut for a round brilliant diamond. 

Some generalizations can be made about DCLR, as 
they were for WLR. The authors clearly point this out. 
However, as we learn more about the complex interac- 
tions of different proportions with light, we also see 
the limitations under which most current cut grading 
systems are operating. These systems typically use 
small ranges of individual proportions, often with 
long-held historical parameters as target points. 
Although these well-respected parameters can produce 
beautiful diamonds, there are many other proportion 
combinations that produce diamonds of equal attrac- 
tiveness. Further, the authors’ research—which also 
includes observations of actual diamonds—shows that 
the lengths of star and lower-girdle facets are critical 
to cut assessment in round brilliants, although no cur- 
rent grading systems incorporate these factors in their 
analysis of cut. 

As the authors acknowledge, it is difficult to say 
whether brilliance or fire has more impact on diamond 
appearance in round brilliants. It is also premature at 
this point to combine WLR and DCLR into a single 
overall proportion evaluation system or cut grade. As 
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more results are obtained from this project, however, a 
single cut grading system may become feasible. 

In the meantime, you may ask, what does all this 
research mean to the gem and jewelry trade? And how 
will GIA use this information to serve the industry and 
the consuming public? 

First and foremost, GIA is a non-profit public 
benefit corporation with an educational mis- 
sion. Thus, like any college or university, we 
seek to better understand problems and 
provide solutions for the trade and the 
public. We have already placed a great 
deal of information about cut research 
on the GIA Web site (www.gia.edu/ 
giaresearch). In addition, the knowledge 
we have gathered will be incorporated into 
our education courses with the all-new 
Graduate Gemologist program to be introduced 
in 2002. Also, next year we will adapt and apply 
knowledge gained through this research to our Gem 
Trade Laboratory reports. 

The inclusion of this new cut information on our 
diamond grading reports, while revolutionary in some 
sense, will be largely transitional. We plan to introduce 
it in a way that will neither disrupt the current 
commercial flow of goods in the pipeline, nor 
require major adjustments in the use of our 
reports. It is likely that, as research contin- » 
ues, further insights on cut will be adapted 
to both our education program and our labo- 
ratory reports in the years to come. We also 
hope to develop cut-evaluation instrumentation, 
thus completing the circle of service. The insights 
gained through this cut research will be available to 
everyone in a variety of formats. 

While we laud the efforts taken in past decades to 
uncover the secrets of diamond proportions and fine 
cutting, we know that assumptions were made that 
now can be either verified or corrected through modern 
scientific means. Marcel Tolkowsky accomplished a 
great deal with the limited technology and information 
available in the early 20th century, but the analytical 
power provided by modern computers and the access to 
literally tens of thousands of actual diamonds have 
given GIA the tools to propel cut research well into the 
21st century. 


Duillitr>) E. Bag ie > 


William E. Boyajian, President 
Gemological Institute of America 


Ke 


Gems & GEMOLOGY FALL 2001 173 


MODELING THE APPEARANCE OF 
THE ROUND BRILLIANT CUT DIAMOND: 
AN ANALYSIS OF FIRE, AND 
MorE ABOUT BRILLIANCE 


By Ilene M. Reinitz, Mary L. Johnson, T. Scott Hemphill, Al M. Gilbertson, 
Ron H. Geurts, Barak D. Green, and James E. Shigley 


This article presents the latest results of GIA’s research on the interaction of light with fully faceted colorless 
symmetrical round brilliant cut diamonds of various proportions. The second major article in this three- 
dimensional modeling study, it deals with fire—the visible extent of light dispersed into spectral colors. As 
fire is best seen with directed (spot) lighting, the metric for fire presented (dispersed colored light return, or 
DCLR) uses this lighting condition. DCLR values were computed for more than 26,000 combinations of 
round brilliant proportions. In general, different sets of proportions maximize DCLR and WLR (weighted 
light return, our metric for brilliance), but there are some proportion combinations that produce above-aver- 
age values of both metrics. Analysis of these metric values with variations of five proportion parameters 
demonstrated that every facet contributes to the appearance of a round brilliant diamond. In particular, star 
and lower-girdle facet lengths—which are ignored by most cut-evaluation systems—could have a noticeable 
effect on WLR and DCLR. Observations of actual diamonds corroborate these results. 


debated which proportions produce the best- 

looking round brilliant (see, e.g., Ware, 1936, 
“Demand for ideal proportions . . . ,” 1939; Dake, 
1953; Liddicoat, 1957; Dengenhard, 1974, Eulitz, 
1974), with discussions growing quite animated in 
the last decade (see, e.g., Boyajian, 1996; Kaplan, 
1996; Gilbertson and Walters, 1996; Bates and Shor, 
1999; Nestlebaum, 1999; Holloway, 2000). Many 
methods of evaluating cut have been presented, 
including several grading systems (see box A; also 
see table 3 in Hemphill et al., 1998). Although inter- 
est at GIA in how diamond cut relates to appear- 
ance extends back more than 50 years, we have 
been researching the topic using modern computer 
technology since 1989 (Manson, 1991; again, see 
Hemphill et al., 1998). Our overall research goal is 
to understand why a round brilliant cut diamond 
looks the way it does. Its appearance is a complex 
mixture of the effects of various lighting and observ- 
ing conditions, the specific characteristics of each 
diamond, and the interpretation by the human visu- 


. or more than 80 years, the diamond trade has 
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al system of the overall pattern of light shown by 
the diamond (figure 1). Traditionally, the appear- 
ance of the round brilliant diamond has been 
described using three aspects: brilliance, fire, and 
scintillation. 

A method that scientists use to address a com- 
plicated problem is: (1) break it into simpler aspects, 
examining each aspect separately; and then (2) 
make sure that solutions for each small piece of the 
problem also hold true for the larger problem as a 
whole. We have applied this approach to our study 
of polished diamond appearance by examining each 
appearance aspect separately. In our report on the 
first of these (Hemphill et al., 1998), we used a 
mathematical expression for brilliance, called 
weighted light return or WLR, which we developed 
from the definition of brilliance given in the GIA 


See end of article for About the Authors and Acknowledgments. 
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Figure 1. These 10 diamonds were selected to show a range of values for brilliance (as weighted light return, WLR) 
and fire (as dispersed colored light return, DCLR). They are, clockwise from the top right: RD 13, 1, 6, 10, 25, 27, 24, 
and 28, with RD19 above RD21 in the center. Diffuse lighting, used for the photo on the left, emphasizes bril- 
liance, represented by WLR; spot lighting, used to produce the image on the right, emphasizes fire, modeled as 
DCLR. The diamonds have been positioned so that WLR increases from left to right, and DCLR from bottom to 
top. For proportions and other information about these diamonds, see table 2. Photos by Harold & Erica Van Pelt. 


Diamond Dictionary (1993) that is, the intensity 
of the internal and external reflections of white 
light from the crown. (Note, however, that WLR 
does not include external reflections, i.e., glare.) The 
present installment of our research on the appear- 
ance of round brilliant diamonds addresses the 
effects of various proportions on fire. However, in 
the same dictionary, the definition for fire states 
merely “see Dispersion.” Since all diamonds have 
the same dispersion value (0.044), this definition is 
not adequate. Rather, fire is the result of dispersion. 
Thus, we suggest a more direct definition: fire is the 
visible extent of light dispersed into spectral colors. 
As with WLR to express brilliance, we have devel- 
oped a metric, or number, to express how well a 
round brilliant can disperse—or spread—light into 
colors (dispersed colored light return, or DCLR, as 
defined on p. 181 below). 

In the present article, we discuss how dispersion 
creates the appearance of fire in a polished round 
brilliant diamond, present our metric for fire, and 
describe how this metric varies with changes in the 
proportion parameters. We also extend our earlier 
analysis of brilliance (WLR) over variations in two 
additional proportion parameters: star- and lower- 
girdle-facet lengths. Last, we compare the results 
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from our exploration of fire to those from our earlier 
analysis of brilliance. We plan to address practical 
applications of our research to date in our next arti- 
cle, and to report on scintillation (the flashes of light 
reflected from the crown) in the future. 


BACKGROUND 


In Hemphill et al. (1998), we introduced our comput- 
er model for tracing light rays through a “virtual” 
diamond—a mathematical representation of a stan- 
dard, 58-facet, round brilliant cut with a fully faceted 
girdle. The virtual diamond has perfect symmetry, 
so its exact shape can be described with eight param- 
eters: crown angle, pavilion angle, table size, star 
facet length, lower-girdle facet length, culet size, gir- 
dle thickness, and number of girdle facets (figure 2). 
We scaled the values of most parameters (e.g., table 
percentage) to the diameter at the girdle, so the vir- 
tual diamond model applies to diamonds of any size. 
In addition, the virtual diamond has no inclusions, is 
perfectly polished, and is completely colorless. The 
model results include the power, position, exit angle, 
and color (i.e., wavelength) of all traced light rays; 
these results can be expressed both numerically and 
graphically. 
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with that of good quality (which 
paid the expenses) caused much of 
the gem mining to be suspended. The 
miner usually is an independent 
worker who must have a daily in- 
come and cannot finance himself 
until he encounters rare material of 
good quality. 

Much more cutting of the stones 
was done in Brazil during the war 
than in prewar times and at rela- 
tively low prices—10 to 15 cents per 
carat; but the cost was still too high 
to permit use of the large volume of 
inferior rough that was formerly 
cut at Idar, Germany, and re-ex- 
ported. 


Gem Sources 


More gems come from Minas 
Geraes than from any other state. 
The pegmatite gem region lies 
roughly east of Belo Horizonte and 
extends north into the State of 
Baia, the worked deposits becoming 
sparser, perhaps because the popu- 
lation is thinner, toward the north. 

Some of the centers of activity are 
Tedfilo Ottoni, Governador Vala- 
dares, Salinas, Itabira, and Aras- 
suahy. Their names give only a gen- 
eral indication of the locality. Many 
of the mines are some distance from 
the nearest town. The nature of 
specimens observed indicates that 
gems probably are quarried from 
solid rock in the region of Governa- 
dor Valadares. It is apparent that 
elsewhere the gems come from soft, 
decomposed material or stream beds. 

With the exception of fine-quality 
amethyst, which seemed to be get- 
ting scarcer in 1944, it was believed 
that the potential supply of rough 
gem material was still large. On the 
other hand, it was observed that lit- 


tle gem material was disclosed in all 
the pegmatite mining for mica, 
tantalite, and beryl. 

Aquamarines are found associat- 
ed with other beryl gems, such as 
pale morganite and golden beryl, 
throughout the range of the pegma- 
tite zone. Green beryl, pale in color, 
found in several localities in Baia 
and Goiaz, were sold (in 1944) for 
about $5 per carat. No stones com- 
parable to Colombia emeralds have 
been seen. 

Green tourmaline is common and 
inexpensive; much of it is too dark. 
Fine red rubellite is scarce and éx- 
pensive. Very few of the stones 
were perfect enough to command a 
good price or to find a ready sale 

White and blue topaz are common 
in the pegmatite dikes and in stream- 
worn gravels. Fancy deep-colored 
stones command better prices than 
aquamarines. 

Yellow topaz, called Imperial 
topaz in Brazil and precious topaz in 
the United States, is rarer than 
aquamarine, but the demand in 1944 
had not yet been reflected in high 
prices. 

Brown precious topaz occurs ir 
the vicinity of Ouro Preto, Minas 
Geraes. Numerous small deposits 
have been worked, but the produc. 
tion is very small, and fine gems are 
uncommon. The best mine is said tc 
be the Boa Vista near Rodrigo Silva. 


Heat Treatment 


Some of the stones sold as topaz 
are amethysts that have been heat- 
ed in a bed of sand until the color 
has changed. 

Citrine may be a natural stone, 
or one in which the color has been 
changed by heating or “burning” 


Box A: CURRENT PROPORTION 
GRADING SYSTEMS AND OTHER EVALUATIONS OF CUT 


Trade debate on cut issues moved from the theoreti- 
cal to the practical in the 1990s. The American Gem 
Society (AGS) opened a diamond grading laboratory in 
1996 (“New AGS lab...,” 1996), offering a cut grade 
for round brilliants that was modified from the con- 
clusions set forth by Marcel Tolkowsky in Diamond 
Design (1919), as described and defined in the AGS 
Manual (American Gem Society, 1975). This system 
compares the proportions of the diamond to fixed 
ranges of crown angle, pavilion depth percentage, 
table percentage, girdle thickness, and culet size; it 
then assigns grades from 0 (best) to 10 (worst), for dia- 
monds with good (or better) symmetry and finish. 
Several other organizations (for example, the 
Accredited Gemologists Association [AGA], the 
Association of Gemological Laboratories, Japan [AG]]; 
the International Gemological Institute [IGI]; and the 
Hoge Raad voor Diamant [HRD]) have their own 
grading systems that use different ranges of these pro- 
portions, as well as values of total depth percentage, 
to evaluate cut (Federman, 1997; Attrino, 1999). In 
each of these systems, the final grade is determined 
on the basis of the individual proportions, which are 
considered independently of one another. In addition, 
only small ranges of these individual proportions are 
assigned the highest grade, and deviations from these 
small ranges receive lower grades in each of these sys- 
tems. 


In our analysis of brilliance, we chose a diffuse 
hemisphere of theoretical daylight (D65; see, e.g., 
Commission Internationale de L’Eclairage [C.1.E.], 
1963) to illuminate this virtual diamond, and a hemi- 
sphere located at infinity for our observing surface, 
with a weighting function (cosine squared) that 
counted light rays that exit vertically more heavily 
than those that exit at shallow angles. We introduced 
the WLR metric for brilliance, and analyzed the val- 
ues of this metric for about 20,000 combinations of 
crown angle, pavilion angle, and table size (see, e.g., 
table 1). The results showed that WLR depends on 
the combination of these three proportion parame- 
ters, rather than on the value of any one of them. 
They also showed that many diverse combinations of 
proportions produced similar WLR values. 

We stated in 1998 that those results constituted 
only one part of the appearance of a round brilliant 
diamond, and that our virtual diamond would con- 
tinue to be useful for exploring other appearance 
aspects. Within a computer model, we can control— 
and vary—the lighting and observing conditions, as 
well as work with large numbers of exact propor- 
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While the above laboratories use proportion mea- 
surements to evaluate diamond cut, others in the 
industry have used different approaches. Diamond 
Profile Laboratory pioneered a report with three 
types of photographic images that display cut infor- 
mation regarding the symmetry, dispersion, and light 
leakage of a polished diamond, independent of its 
proportions (Gilbertson, 1998). GemEx Systems pro- 
duces a cut analysis report based on measurements 
taken with an imaging spectrophotometer using five 
light source positions (Roskin, 1999). 

As branding has become more widely used for 
round brilliant cut diamonds, some manufacturing 
and retail firms have placed great emphasis on the 
proportions to which their diamonds are cut, while 
others have stressed the concept of light performance 
(see, e.g., “Hearts on Fire debuts...,” 1997; “Perfectly 
cut...,” 1997; Weldon, 1998). In addition, consumer- 
and trade-oriented Internet sites have hosted free- 
wheeling discussions about the many aspects of cut 
and its relationship to the appearance of a polished 
diamond (see, e.g., “Diamonds discussion forum,” 
2001]). Despite all this interest and effort, substantial 
differences of opinion continue to be expressed with 
regard to (1) whether there is a single set of propor- 
tions that produces the best appearance in a round 
brilliant diamond, and (2) how the proportions of a 
diamond affect the different aspects of its appearance. 


tions that would be prohibitively expensive (or per- 
haps impossible) to manufacture as real diamonds. 
In addition, three important physical aspects of light 
interaction with a round brilliant cut diamond— 
three-dimensionality (3D), dispersivity, and polariza- 
tion—can be readily incorporated into a computer 
model, although these aspects were omitted from 
earlier analyses of cut (see, e.g., Tolkowsky, 1919, 
Eulitz, 1974). More details on these physical aspects 
in diamond and other transparent materials can be 
found in Newton ([1730] 1959), Phillips (1971), 
Ditchburn (1976), and Born and Wolf (1980). A brief 
summary of the application of these aspects to dia- 
mond in particular can be found on the Internet 
(GIA on diamond cut..., 2001). 

In short, diamond is a dispersive material: Its 
refractive index (R.I.) varies for different wave- 
lengths (colors) of light. The dispersion value, 0.044, 
is the difference between diamond’s R.I. for blue 
light (431 nm) and that for red light (687 nm). When 
a beam of white light enters a diamond at any angle 
other than perpendicular to the surface, it refracts, 
and the differences in R.I. among all the different 
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Figure 2. We used eight parameters—varied across the range given in table 1—to define our geometric model 
of the round brilliant shape. (A) All linear distances in this profile view can be described as a percentage of 
the girdle diameter. The enlarged view of the girdle is centered on the position where we measured the gir- 
dle thickness. (B) In this face-up view of the crown, the star facet length is shown at 50% so that the star 
facets extend half the distance from the table to the girdle (indicated here by 0-1). (C) In this face-down view 
of the pavilion, the lower-girdle facet length is shown at 75%, so that the lower-girdle facets extend three- 
fourths of the distance from the girdle to the culet (0-1). Adapted from Hemphill et al. (1998). 


wavelengths cause the light to disperse, or spread, the light interacts with a facet; consequently, light 
into its component colors. Although the initial rays of different colors that enter the diamond at the 
spread of colors is less than 0.5°, these light rays of same spot, with the same orientation, can take 


different wavelengths spread out further each time totally different paths inside the diamond. The fire 


TABLE 1. The eight proportion parameters that define the virtual diamond’s shape, our reference proportions, 
and values used for calculations of DCLR and WLR. 


Parameters Reference Values for Increment Previous values Values for new Increment 
proportions ® DCLR for DCLR for WLR WLR results for WLR 

Crown angle 34° 10°-46° 2° 19°-50° 20°-40°° 1° 
Pavilion angle 40.5° 36°-45° 075° 38°-48° 38°-43°> 0.25° 

Table size 56% 54%-68% 2% 50%-75% 58%-65%> 1% 
Star facet length 50% 30%-74%; 2%; 5%-95% 30%-74%> 2% 

50%-70%» 10% 

Lower-girdle 75% 45%-95%; 5%; 50%-95% 50%, 75%, 85% N/A 
facet length 50%, 75%, 85%> N/A 

Girdle thickness 3% 1.8%-4.4% 0.2% 1.8%-4% Not varied Not varied 
Culet size 0.5% 0%°-20% 1% 0%°-20% Not varied Not varied 
Number of 64 Not varied Not varied 16-144 Not varied Not varied 


girdle facets 


@ The reference value of a proportion is the default value chosen for that proportion in the cases for which it is not varied in the computer calculations. 
These proportions were used for the five-parameter simultaneous variation. 
°A culet of 0% is also called no culet (or a pointed culet or pointed pavilion). 
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one observes in a polished diamond is the net result 
of this dispersion of light. 

In addition, because a round brilliant is made up 
of flat facets, light becomes partially polarized when 
it enters the diamond, and the polarization state 
then changes as the light moves within the dia- 
mond and interacts with several facets. This is 
important because the polarization state of a ray of 
light governs how much of its energy is reflected at 
various angles of incidence, for both internal and 
external reflections. The fraction of light that 
refracts and the fraction that reflects internally can 
be calculated accurately only by keeping track of 
the light’s polarization state. 

Three-dimensional light movement makes one 
aspect of diamond faceting obvious: For most com- 
mercially available proportions, star facets and 
upper- and lower-girdle facets together cover more 
than half the surface area of the round brilliant (fig- 
ure 3). Although most cut analyses to date have 
focused on crown angle, pavilion angle, and table 
size, we cannot ignore the role that the star, upper- 
girdle, and lower-girdle facets play in the appearance 
of a typical round brilliant (our model does not 


Figure 3. For most commercially available propor- 
tions, more than half the total surface area of the 
round brilliant is covered by star facets and upper- 
and lower-girdle facets. Because these facets also 
interact with light rays that enter the diamond 
and reflect within it, they must be considered in 
modeling the brilliance and fire of a diamond. 
However, most existing cut grading systems do 
not include evaluation of these facets. 
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require a separate parameter for upper-girdle facet 
length, because this parameter is determined by the 
combination of star length, crown angle, and table 
size). If the star length is approximately 50%, the 
star and upper-girdle facets make up about 40% of 
the surface area of the crown. Similarly, if the 
lower-girdle length is approximately 80%, the 
lower-girdle facets cover about 80% of the pavilion 
surface. The amount of light that refracts through 
and reflects from these facets is likely to be signifi- 
cant, but the two-dimensional analyses of cut found 
in the literature do not account for their contribu- 
tions to appearance. 

Four teams of investigators (including the present 
authors) have modeled three-dimensional light 
movement in round brilliant cut diamonds, using a 
wavelength-dependent refractive index. The other 
three are: J. S. Dodson (1978, 1979), P. Shannon and 
S. Wilson, of Diamond Technologies Inc. (Shor, 
1998; Shannon and Wilson, 1999); and a group at the 
Gemological Center in Lomonosov Moscow State 
University (abbreviated here as MSU) and OctoNus 
Software Ltd., headed by Y. Shelementiev and S. 
Sivovolenko (“Diamond cut study,” 2001). Dodson 
kept track of the polarization component of each 
light ray so that its exact intensity could be calculat- 
ed. The published literature does not indicate 
whether Shannon and Wilson included polarization 
in their model. The MSU group uses a “fixed polar- 
ization” approach, in which half the light energy is 
calculated in one polarization state and the other 
half is calculated in the state that is polarized per- 
pendicular to the first. There are also some differ- 
ences from one model to the next regarding the 
extent to which light rays are followed. The MSU 
group follows rays until they have interacted with at 
most 20 virtual facets, discounting any remaining 
energy a ray might have after this point. Our model 
follows all rays until at least 99% of their energy has 
been accounted for; some rays interact with more 
than 100 facets to reach this level. 

Of course, real diamonds are subject to many 
more variations than are presently included in any 
of these models. For instance, inclusions and asym- 
metries may affect the appearance of a round bril- 
liant as much as, or more than, variations in propor- 
tions. Color and fluorescence may also interact with 
a diamond’s proportions to alter its appearance. In 
addition, it is well known among manufacturers 
that poor polish has a detrimental effect on dia- 
mond appearance regardless of the proportions. 
Last, grease and dirt on a diamond significantly 
degrade its appearance. 
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MATERIALS AND METHODS 


Computation. For this work, we began with the 
same proprietary computer programs we used previ- 
ously, and wrote several more computer routines to 
represent additional light sources and to calculate 
results relevant to the dispersion of light. As we did 
in 1998, we verified these new programs by running 
a test program for which the solution was found 
manually. Our programs run on any computer that 
accepts programs written in C; we used 16 Pentium 
Ill and four Pentium II processors in conventional 
desktop computers to carry out the calculations pre- 
sented here. With these programs, we calculated the 
fire metric (DCLR) for more than 26,000 round bril- 
liant proportion combinations (again, see table 1). 
On average, these calculations took 1.5—2 processor 
hours each. 

Starting with 5,733 typical combinations of 


crown angle, pavilion angle, and table size (from the 
ranges used in Hemphill et al., 1998), we also calcu- 
lated WLR values with various star and lower-girdle 
facet lengths, keeping girdle thickness, culet size, and 
the number of girdle facets fixed at our reference pro- 
portions (again, see table 1). This resulted in 395,577 
additional WLR values, using 23 star facet lengths 
(from 30%-74%, in increments of 2%), and three 
lower-girdle facet lengths (short—50%, medium— 
75%, and long—85%). The medium and long lower 
facet lengths were chosen as typical values seen in 
the trade today, while the short (50%) value was cho- 
sen because this is the lower-girdle length 
Tolkowsky (1919) used (see also Green et al., 2001). 


Diamonds. We obtained (or had manufactured) 28 
round brilliant diamonds (0.44—-0.89 ct), some with 
unconventional proportions (see table 2). The 45 
“view from infinity” (VFI) diagrams described below 


TABLE 2. Proportions and calculated metric values for 28 diamonds examined for this study.@ 


Sample Weight Clarity Color Crown Pavilion Table Star facet Lower-girdle Girdle Culet WLR DCLR 
no. (ct) grade grade angie(°) angle (°) size (%) length = facetlength thickness size (%) 

(%) (%) (%) 
RDO1 0.61 VS, E 34.3 40.6 54 53.8 81 2.9 0.91 0.283 3.97 
RDO2 0.64 Sl, E 32.9 41.5 59 54.7 77 4.5 1.09 0.277 3.41 
RDO3 0.55 VS, H 32.0 40.9 63 60.3 80 3.7 0.75 0.272 3.39 
RDO4 0.70 VVS, E 36.2 41.9 58 57.7 79 5.6 0.73 0.261 3.10 
RDO5S 0.66 VS, Fr 24.1 42.2 58 56.5 83 3.6 0.69 0.294 2.86 
RDOG (hehe) VVS, F 23.1 41.9 o7 60.6 78 3.2 1.07 0.301 2.87 
RDO7 0.76 Sl, E 36.4 41.5 53 59.4 89 3.1 2 Oral 3.46 
RDO8 0.50 VVS, H 33.4 41.2 58 54.0 84 3.9 0.97 O.278) 3.79 
RDOY 0.66 IF F 23.6 42.1 56 58.8 80 4.5 1.04 0.300 2.92 
RD10 0.68 VS, G 34.9 40.9 54 54.7 76 3.0 0.70 0.281 3.89 
RD11 0.71 VS, D 87.2 41.9 58 49.1 87 4.3 0.89 0.262 3.21 
RD12 0.71 Sl, F 35.0 41.0 57 58.5 76 4.6 0.71 0.274 3.52 
RD13 O15) VVS, E 33.7 41.1 52 63.0 80 3.3 cent 0.281 4.01 
RD14 Ohval Sl, G 34.5 42.1 59 60.9 80 3.5 1.05 0.276 2.87 
RD15 0.67 VS, H Zon 40.6 59 54.2 76 3.4 0.68 0.291 3.37 
RD16 0.82 VS, G 33.8 40.4 54 Silko) 76 3.3 0.82 0.281 3.77 
RD17 0.75 VS, F 26.0 38.4 60 51.3 75 3.5 0.97 0.283 3.08 
RD18 0.62 VVS, H 29.1 41.2 61 46.9 75 3.3 0.88 0.281 3.16 
RD19 0.72 VS, H 29.2 39.5 63 51.7 76 3.3 0.83 0.276 3.41 
RD20 0.62 VVS, | 34.3 40.7 61 55.1 79 3.2 1.26 0.279 3.63 
RD21 0.82 VVS, | 35.8 41.2 57 57.3 76 3.7 0.83 0.275 3.14 
RD22 0.81 VS, K 35.9 39.2 55 54.2 77 3.3 0.83 0.274 Eh /S) 
RD23 O72 VVS, | 36.6 40.5 54 59.9 7) 4.0 1.23 0.269 3.92 
RD24 0.58 VVS, H 35.8 38.8 66 58.9 79 4.0 ONS O1259 3.23 
RD25 0.82 VVS, H 39.9 41.8 70 53.2 76 3.0 0.82 0.253 2.18 
RD26 0.89 VS, | 38.0 42.0 61 56.9 74 3.6 0.98 0.261 2.66 
RD27 0.44 VS, G 14.4 50.7 63 51.8 77 3.4 1.00 0.213 1.06 
RD29° 0.69 Sl, F 37.7 41.9 61 50.5 76 3.0 1.07 0.267 2.76 
aAll samples showed good or very good symmetry. 
’ Sample RD28 was not included in this study because it has a modified facet arrangement. 
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Figure 4. This experimental design allowed us to 
observe dispersed light from actual diamonds. A 
white hemisphere 40.6 cm (16 inches) in diameter 
is used as the observing surface, and a 0.95 cm 
hole at the center allows light from behind the 
hemisphere to shine on a diamond. The round bril- 
liant is centered in the beam of light, with its gir- 
dle as close as feasible to the plane of the hemi- 
sphere’s rim and its table oriented perpendicular to 
the beam. The light source is located about 20 cm 
behind the hole, so that light shining on the dia- 
mond is largely composed of parallel rays. Sizes 
and distances in this diagram are not to scale. 


were calculated for these 28 diamonds and for anoth- 
er 17 diamonds (in the same weight range) with very 
good or excellent symmetry and polish that were 
chosen at random from those graded at the GIA Gem 
Trade Laboratory (GIA GTL). We examined and 
recorded dispersed patterns of colored light (see next 
section} for these diamonds and for more than 400 
round brilliants chosen from the same GIA GTL pop- 
ulation using the same symmetry and polish criteria. 


Conditions for Observing Fire. To analyze bril- 
liance, we chose the diffuse lighting condition we 
reported on in 1998, specifically because it maxi- 
mized the effects of white light return while mini- 
mizing the impact of fire and contrast. However, 
because this lighting condition suppresses fire, it 
would not be appropriate for exploring the effect of 
proportion combinations on this appearance aspect. 
Again, fire in a round brilliant is the display of pure 
spectral hues that arise because the diamond is 
behaving like a prism, dispersing white light into its 
color components. Fire is not seen as a uniform 
color across the entire crown of the diamond at 


180 MODELING FIRE 


once, or as a single rainbow, but as localized flashes 
of various colors that change depending on the posi- 
tion from which the diamond is viewed. 

Keeping these aspects in mind, we began our 
search for a suitable lighting condition with the 
observation that diamonds look fiery under both 
sunlight and spot lights (such as the halogen lights 
found in many retail stores). This lighting is direct- 
ed, that is, it comes from a very small area (relative- 
ly speaking), in contrast to diffuse lighting, which 
comes from all directions (such as outdoors on a 
foggy day, or fluorescent lighting reflected off white 
ceilings). These impressions were further supported 
by our experience photographing polished diamonds 
to capture their displays of fire. With either film ora 
digital camera, we found that a source of directed 
light was needed (in combination with diffused 
tungsten photography lights) to see fire in a photo- 
graphic image (again, see figure 1). 

Tolkowsky (1919) suggested a way to view fire 
from a diamond, that is, by using a sheet of paper 
with a pinhole. Light shining through the hole in the 
paper falls on the table of the diamond, and dispersed 
light that returns through the crown can be observed 
on the side of the paper facing the diamond. In such 
an illumination geometry, however, angular rela- 
tionships are distorted, and the distance between the 
diamond and the paper strongly affects how much of 
the light returning through the crown is visible. 

Using the same general idea, we created an appa- 
ratus to view and capture images of dispersed light 
from actual diamonds. As shown in figure 4, we 
introduced light through a 0.95 cm hole in a white 
plastic hemisphere (40.6 cm [16 inches] in diameter], 
which was the observing surface. We used a Lumina 
fiber-optic light, model Fo-150, which has a color 
temperature of 2920 K, and placed it approximately 
20 cm from the hole, so that a preponderance of the 
light rays falling on the diamond were parallel to one 
another. The beam of light was centered on the dia- 
mond’s table, and perpendicular to it. The diameter 
of this hemisphere was about 70 times larger than 
that of the diamonds we examined. The light emerg- 
ing from the diamond could be viewed on the hemi- 
sphere, or recorded as a photograph, such as the one 
shown in figure 5. 

We call the colored patches on the surface of the 
hemisphere chromatic flares. (In contrast, fire is 
seen when we observe the diamond directly.) 
Observation of chromatic flares requires an edge to 
the light source, specifically, a strong difference 
between light and dark: The dark portion con- 
tributes no color, so dispersion is emphasized. 
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Many of the flares are quite small, but some are 
wide, or long, or both (again, see figure 5). Any par- 
ticular chromatic flare may include the whole spec- 
trum of colors or only a few of them. Furthermore, 
if the dome is increased in size, most flares may 
spread out. The overall light level in the room 
strongly affects how many chromatic flares an 
observer sees; we saw many more flares in the dome 
in a darkened room than with the room lights on. 

We used a Minolta X700 camera with a 45-mm 
lens, ASA 100 film, and an f-stop of 18 to take pho- 
tographs of light dispersed from real diamonds. 
Exposure times varied from 45 to 150 seconds. We 
examined and recorded dispersed patterns of colored 
light for the more than 400 round brilliants men- 
tioned earlier, to gain an understanding of the range 
of appearances of chromatic flares, and thus of fire 
in polished diamonds. 


Model Conditions for Fire. We chose to model 
directed lighting as a bright point source of D65 illu- 
mination (a common model for average daylight; 
see again C.LE., 1963), located very far from the dia- 
mond (at infinite distance) and centered over the 
diamond’s table. With this condition, the unpolar- 
ized light rays entering the crown facets are parallel 
to one another and perpendicular to the table (figure 
6, left). The entire crown is illuminated. 

An observer position also needed to be deter- 
mined. As the distance between the observer and 
the diamond increases, the observer sees less white 
light and more dispersed colors, but he or she can 
see only some of the colors at one time (figure 6, 
right). Conversely, when a round brilliant is viewed 
close up, the fire is less discernable since various 
colors viewed close together appear as white light. 
(This effect also was demonstrated in our apparatus 
for observing chromatic flares from actual dia- 
monds, where some of the dispersed light output 
from the diamonds appeared as white light.) 
Therefore, to observe maximum fire, the observer 
must be as far away from the diamond as possible. 
In addition, the assessment of fire requires multiple 
views of the diamond, from different viewing 
angles. (The fact that these multiple views cannot 
be made simultaneously, but must be made sequen- 
tially from various positions, may complicate the 
assessment of fire in a diamond by an “actual” 
observer, but can be incorporated relatively easily in 
a model.) Our “observer” for WLR was a hemi- 
sphere at infinity (with a cosine squared weighting 
function for the returned light), and we found that 
this observer was a good choice for viewing fire as 
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Figure 5. This image shows a variety of chromatic 
flares (colored light patterns) that were produced by a 
round brilliant diamond on our observation hemi- 
sphere. Larger images of two chromatic flares, shown 
as insets, illustrate some of the variety seen in these 
patterns. Photo by Al Gilbertson. 


well. This model observer “views” the virtual dia- 
mond from all angles, while the weighting factor 
incorporates the importance of the face-up position. 
This combination of lighting and observing condi- 
tions tests the maximum extent to which a round 
brilliant with a particular choice of proportions can 
disperse light into its component colors. 


A Metric for Fire: DCLR. To analyze the fire from a 
virtual diamond graphically, we plotted the model 
output of our observing hemisphere, projected onto a 
flat plane, using a polar projection in which the dis- 
tance of any plotted point from the center of the dia- 
gram is proportional to the exit angle of that ray. We 
call this graphic result a view from infinity (VFI) dia- 
gram. The combination of point light source and infi- 
nite viewing distance yields only dispersed light on 
the observing hemisphere; that is, the result appears 
as various colored streaks (with no white centers). 
These streaks are composed of colored spots showing 
the final exit directions of individual rays. The col- 
ored streaks on a VFI diagram for a virtual diamond 
correspond to the chromatic flares on the hemisphere 
for an actual diamond of the same proportions. 

Figure 7 shows a complete VFI diagram for a vir- 
tual round brilliant cut diamond of our reference 
proportions. For a diamond with perfect symmetry 
(such as our virtual diamond), all of this information 
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Figure 6. Left: In our model lighting condition for fire, a point source located at infinity produces parallel rays enter- 
ing the crown of the diamond, perpendicular to the table. Right: As dispersing light moves away from its source 
(here, the surface of a diamond), the different wavelengths spread out in space. When a small detector, such as a 
human eye, is far enough away (shown as the upper oval), only some of the colors can be seen from any one view- 
point, so movement of the diamond (or observer) is necessary to see the other colors. When the detector (lower oval) 
is close enough to the surface of the diamond, all the colors are present, so it “sees” predominantly white light. 


is in fact contained in a one-eighth “pie slice” of the 
diagram. The angle at which rays exit from the 
crown is shown by their position; rays that exit per- 
pendicular to the table are displayed in the center of 


the diagram, while those that exit close to the hori- 
zontal appear around the circumference of the circle. 
We can take advantage of the symmetry and plot 
only one-fourth of this diagram on a sheet of paper, 


Figure 7. This “view from infinity” (VFI) diagram is calculated for a virtual round brilliant cut diamond of our 
reference proportions (34° crown angle, 40.5° pavilion angle, 56% table, 50% star facet length, 75% lower-gir- 
dle facet length, thin to medium girdle, 0.5% culet, and 64 girdle facets). Rays of dispersed light that emerge 
straight up from the round brilliant are displayed in the center of the diagram, whereas rays that emerge close 
to the horizontal are shown near the edge of the circle. The perfect eight-fold symmetry of the virtual diamond 
allows us to portray all the information for the diamond using a small part of such a diagram. For example, on 
the right, a quarter of the diagram is shown with each ray’s line width proportional to its brightness. 
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with the different intensities of the rays appearing as 
different plotted thicknesses (figure 7, right). 

We calculated VFI diagrams for proportion com- 
binations taken from 45 actual diamonds, to com- 
pare with their observed dispersion patterns. (The 
detailed measurements of each round brilliant were 
averaged to produce a symmetrical proportion com- 
bination for that diamond.) Figure 8 shows three 
actual diamonds with different proportions as well 
as the VFI diagrams calculated for them. Although 
these color-streak patterns look different, we had no 
way to evaluate these VFI images quantitatively: the 
diamonds appear to show comparable fire. We need- 
ed a numerical value—that is, a metric—that could 
be used to evaluate fire for thousands of proportion 
combinations. It was important that the metric 
incorporate factors that matter to people when they 
observe fire in round brilliants; it also had to produce 
numerical values that differentiate a very fiery dia- 
mond from one with little fire. 

The VFI diagrams display a variety of properties 
that can be combined into a metric, such as the 
total number and relative brightness of colored 
spots, and the lengths and angular distribution of 
the colored streaks made up of these spots. The 
metric we derived—dispersed colored light return, 
or DCLR—describes the potential of a round bril- 
liant diamond with given proportions to display dis- 
persed light when viewed face-up. Mathematically, 
DCLR is defined as: 


DCLR = &,, cakes 2colors tea x Smoothed Intensity 
x Weighting Factor) 


That is, DCLR is the sum over all colored streaks, 
of the sum over all colors (sampled every 10 nm; see 
again C.LE., 1963), of the size (area) of each colored 
streak multiplied times the “smoothed’* brightness 
(intensity) of each spot along the streak, times an 
exit-angle weighting factor (the square of the cosine 
of the ray’s exit angle, which we also used for WLR). 

The VFI diagrams show additional properties 
that we chose not to include in DCLR. For example, 


“We used a smoothing function because the intensity of calculat- 
ed colored spots varied over a large range. Although we wanted 
brighter rays to count more than dimmer rays, we did not want 
the large scale of these numbers to overwhelm other factors, such 
as the area. Thus, rather than use the intensity directly, we 
“smoothed” it with an “S-shaped” function. The center of the 
“S” set the intensity of colored streaks to be included, based on 
their brightness relative to the strongest rays, and the smoothed 
function avoided an abrupt transition between the included rays 
and slightly dimmer excluded rays. 
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€ 23.1°/P 41.9°/T 57% 


C 34.1°/P 41.3°/T 58% 


Figure 8. These three diamonds (0.50—0.64 ct) have 
rather different proportions (crown, pavilion, and 
table given here), and the VFI diagrams calculated for 
their proportions show different patterns. However, 
all three diamonds appear bright and display compa- 
rable fire. Photo by Elizabeth Schrader. 


we included the angular distribution of the colored 
streaks in this metric, but not a radial term (which 
would have, e.g., differentiated flares coming from 
bezel facets from flares coming from star facets), 
because we believe that a human observer cares 
about fire from the diamond as a whole. Similarly, 
we did not use the color distribution within a given 
streak (that is, whether it contains a whole rainbow 
or only a few colors) or the orientation of a streak, 
choosing instead to focus on the overall impact of 
colored flashes. Last, we did not consider the color 
distribution of the spots (i.e., the relative number of 
red spots to green, yellow, or blue spots), because 
the various VFI diagrams we plotted showed bal- 
anced representations of all colors, a property we 
also observed in real diamonds. 

Before starting the calculations, we needed to 
establish an appropriate brightness threshold for 
DCLR, to determine the range between the bright- 
est and dimmest rays a person could be expected 
to see against a generally bright background (as in 
the light we typically use in our homes or offices, 
whether fluorescent or incandescent). The scientif- 
ic literature dealing with human vision contains 
several works about the least amount of light that 
can be seen, or the brightest light in which objects 
can be discriminated, but almost nothing about 
the range of light levels perceived by humans in 
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C 32.9°/P 41.5°/T 59% 


BOX B: COMPARISON OF MODELED RESULTS TO ACTUAL 
ROUND BRILLIANT PROPORTIONS 


We analyzed interpolated DCLR values for the pro- 
portions of 67,943 round brilliant cut diamonds sent 
to the GIA Gem Trade Laboratory for grading to dis- 
cover the range and distribution of DCLR shown by a 
group of typical commercial diamonds. (“Inter- 
polated” means that we estimated the value for each 
proportion set from the values of their nearest neigh- 
bors in proportion space among the 26,000 points we 
had calculated.) This population of diamonds had 
crown angles ranging from 19.6° to 45°, pavilion 
angles from 36.1° to 44.8°, and table sizes from 54% 
to 68%. Star facet lengths were assumed to be 50% 
and lower-girdle facet lengths were assumed to be 
75%, chosen to be at the reference values (see table 1 
in the text) because we lacked these proportion mea- 
surements for this group of diamonds. These propor- 
tion combinations yielded DCLR values from 1.5 to 
4.3, with a mean of 3.1. 

The 680 sets of proportions (1% of the total) that 
yielded the highest DCLR values (3.5 or greater) had 
crown angles ranging from 25.8° to 42.8°, with most 
falling in the narrower range of 31° to 37°; pavilion 


ordinary lighting situations (Dr. R. Brown, pers. 
comm., 2000). The only clear point of agreement 
we found is that this range is greater than the 256 
tones (grayscale) used by a computer monitor (see, 
e.g., Begbie, 1969; Boynton, 1979). 

Therefore, we empirically derived an estimate of 
the brightness of the least intense flare a person 
could be expected to perceive, using a combination 
of (1) the hemisphere described above for observing 
fire in actual diamonds, (2) four diamonds, and (3) 
four human observers. The observers compared the 
actual patterns of chromatic flares displayed by 
each diamond to six VFI diagrams calculated for 
that diamond’s proportions at different brightness 
thresholds. The observers agreed strongly in all four 
cases, which eliminated the need for more exten- 
sive testing. This comparison revealed that human 
observers see chromatic flares over a brightness 
range of about 3,000 against a background of ordi- 
nary room light: That is, the dimmest rays seen 
were 3,000 times less bright than the brightest rays. 
Consequently, we set the threshold at that level 
(3.5 orders of magnitude) for the calculations pre- 
sented here. 

The diamonds in figure 1 span DCLR values 
from 1.1 to 4.0, and show a range of appearances of 
fire. Under standardized lighting conditions (with 
sufficient directed light), we found that trained 
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angles of 36.2° to 41.5°, with the majority falling 
between 39.0° and 41.0°; and table sizes of 54% to 
68%, with most in the smaller range of 54% to 63%. 
In contrast, the 1% of proportion combinations that 
yielded the lowest DCLR values (2.2 or less) had 
crown angles from 26.9° to 40.9°, with most in the 
narrower range of 32.0° to 37.0°; steeper pavilion 
angles, from 41.8° to 44.8°, with most being greater 
than 42.0°; and tables that varied from 57% to 68%, 
with most 62% or larger. 

Also relevant to the evaluation of modeled results 
for fire is the large population of proportion sets with 
DCLR values near the mean. We therefore examined 
the proportions of the middle 68% of the entire group; 
those proportions yielded DCLR values between 2.85 
and 3.40. The range of each proportion for this group 
was the same as for the whole group of 67,943 dia- 
monds. However, the majority of the crown angles for 
these diamonds fell in the narrower segment of 26.5° 
to 39.5°; only eight diamonds had crown angles of 43° 
or greater. Most pavilion angles were between 40.0° 
and 42.6°, and typical table sizes were 54% to 66%. 


observers may see differences in DCLR levels of 0.5, 
and readily see differences of 1.0. We interpolated 
DCLR values for the averaged proportions of 67,943 
round brilliants received in the GIA Gem Trade 
Laboratory for diamond grading, to evaluate the 
numerical range and distribution of DCLR in a 
commercially relevant group of real diamonds (see 
box B). For the purposes of this article only, and for 
the convenience of the reader, we offer three cate- 
gories for DCLR, based on the distribution of DCLR 
values for the diamonds in box B: 


Above average >3.5 
Average 2.8-3.5 
Below average <2.8 


These categories should not be taken as fire 
“grades.” They are offered as a convenience only, to 
compare the relative display of fire for virtual dia- 
monds of various proportions. 


RESULTS 


VFI Plots. We determined that there was a good 
match between the chromatic flares we saw from 
the 45 actual samples and the VFI diagrams calcu- 
lated for their proportions. Figure 9 compares the 
photograph of the chromatic flares from a 0.61 ct 
round brilliant with high symmetry to a VFI dia- 
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gram for a virtual diamond with the averaged pro- 
portions of this actual diamond. The positions of 
the calculated colored streaks are an excellent 
match for the positions of chromatic flares recorded 
from the diamond. However, the display of colors in 
the chromatic flares is compressed (i.e., colors 
recombine into white light), both because the pho- 
tographed hemisphere is much closer to the actual 
diamond than the modeled hemisphere is to the vir- 
tual diamond and because of the limitations of pho- 
tography. All 45 calculated VFI diagrams showed 
similar matches to the corresponding chromatic 
flare photographs, despite the differences between 
the virtual and actual diamonds (e.g., asymmetries, 
inclusions, color, or fluorescence). 


Dependence of DCLR on Proportions. As of July 
2001, we had calculated DCLR values for more than 
26,000 proportion combinations, varying seven of 
the eight model parameters independently and five 
of the eight model parameters simultaneously 
(again, see table 1). We found that DCLR depends on 
these parameters singly and in combination. In other 
words, DCLR, like WLR, can be maximized by pro- 
portion combinations in a number of different ways. 


Results for Individual Parameters. Our investiga- 
tion of the dependence of DCLR on proportions 
began with an examination of how DCLR varies 
with each parameter while the remaining seven 
parameters are held constant. Except where other- 
wise noted, we fixed the remaining parameters at 
the reference proportions given in table 1. 

Crown Angle. In general, DCLR increases as 
crown angle increases; but, as figure 10A shows, 
DCLR hovers around a value of 3.5 for crown angles 
between 20° and 40°. There are two local maxima 
in this region, at about 25° and 34°, and DCLR rises 
steeply for crown angles greater than 41°. Note that 
moderately high crown angles of 36°-40° yield a 
slightly lower DCLR value than either of the local 
maxima. 

Pavilion Angle. Diamond manufacturers often 
cite this parameter as the one that matters most for 
brilliance (e.g., G. Kaplan, pers. comm., 1998). In 
Hemphill et al. (1998), we reported that most 
“slices” of the WLR data that varied only pavilion 
angle showed a sharp maximum at one angle (see, 
e.g., figure 5 of that work), although which pavilion 
angle gave the highest WLR depended on the other 
parameters. We found a substantial, but uneven, 
decrease in DCLR for pavilion angles between 38° 
and 43°, this is the single parameter that caused the 
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Figure 9. Comparison of the pattern of chromatic 
flares from a 0.61 ct round brilliant with very high 
symmetry (top, photographed on the hemisphere 
described in figure 4) to the VFI diagram calculated 
for a virtual diamond with the averaged proportions 
of the actual diamond (bottom) reveals that the cal- 
culated diagram matches the positions of real light 
output quite well. Photo (top) by Al Gilbertson. 


most significant variation across the commercially 
common range. Figure 10B shows an overall 
decrease in DCLR with increasing pavilion angle, 
with an overall maximum at 38.5°, and a local max- 
imum (“hump”) at 40°-41°. 

Table Size. DCLR generally decreases as table 
size increases, with the values falling into three dis- 
tinct regions: DCLR is higher for small tables (less 
than 58%), approximately constant for table sizes 
between 58% and 64%, and decreases further for 
larger tables, as shown in figure 10C. 

Star Facet Length. We calculated the variation in 
DCLR with changes in the length of the star facet 
for three values of the crown angle: 25°, 34°, and 36° 
(figure 10D). (The angles of the star and upper-girdle 
facets relative to the girdle plane depend on both 
the star facet length and the crown angle. Thus, we 
expected DCLR results for different star lengths to 
vary at different crown angles.) Although the range 
of DCLR values is relatively small, each curve 
shows a clear maximum. At the reference crown 
angle of 34°, a star length of about 64%-65% yields 
the highest DCLR. This maximum shifts to about 
56% for a crown angle of 36°. In our shallow (25°) 
crown example, the maximum DCLR value is 
found for 52%-54% star lengths. 

Lower-Girdle Facet Length. One of the most dra- 
matic results was the variation in DCLR with 
changes in lower-girdle length (figure 10E). DCLR 
values climbed from below average to above average 
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amethyst or smoky quartz. Natural 
citrine of a fine yellow color is found 
in Baia. It is also found near Anapo- 
lis, State of Goiaz, where the erys- 
tals are in alluvial gravels. These 
citrines are said to be splotchy in 
color, ranging from yellow to red. 
A popular grade of citrine is pro- 
duced by heating amethyst from Rio 
Grande do Sul. Most of the citrine 
gems are from smoky quartz that 
has been heated to produce the de- 
sired colors, which range from light 
yellow to orange; a cognac color is 
considered the best. Evenly colored 
stones of many sizes can be pro- 
duced. The amethysts of Xique- 
Xique, Baia, are successfully heat- 
treated to produce yellow citrine. The 
citrine market declined during the 
first part of 1945; possibly the ma- 
terial was oversold. 


Amethysts are found in five 
states in Brazil: Rio Grande do Sul, 
Baia, Goiaz, Espirito Santo, and 
Minas Geraes; the mode of occur- 
rence differs with the locality. In 
Rio Grande do Sul cavities are lined 
with quartz, which is sometimes 
amethystine. Amethyst in Minas 
Geraes and Espirito Santo has an 
entirely different origin, as it is 
found in veins in pegmatite dikes. On 
the Rio Pardo and Rio Preto in Ks- 
pirito Santo, large crystals are found 
loose in the soil. At the Brejinha 
mine in Baia, amethyst crystals line 
the cavities in a friable white sand- 
stone. Water-worn pebbles of ame- 
thyst have been found which are 
derived from the erosion of a similar 
formation. 


The most desirable amethysts are 
those that come from Brejinha, 
Baia, the best of which have a deep 
purple hue. The least desirable are 
the light-colored, large and uniform- 
ly tinted stones that are found as 
river-worn pebbles at Xique-Xique, 
Baia. 


Uncommon Gems 


Other less common gems are in- 
teresting and valuable. Chrysoberyl 
found near Suassuhy, Minas Geraes, 
makes attractive lemon yellow stones 
that sell from $5 a carat up to 10- 
carat sizes, and 20-carat stones may 
command a price of $10 to even $40 
a carat for exceptionally fine ones. 

Andalusites seem to be relatively 
common near Sta. Maria do Suas- 
suhy. Gem garnets have been pro- 
duced near Salinas, but in 1945 bet- 
ter ones were reported occurring in 
Ceard. A small quantity of good- 
quality kunzite of a deep rose-lilac 
color was found at Cuite, near 
Governador Valadares, Minas 
Geraes. A new occurrence, said to be 
the first in Brazil, of milky white 
precious opal has been reported, 
with no mention of location. 


_Chrysoprase of an attractive 
light green color occurs in veins an 
inch or more thick from the vicinity 
of Sido José do Tocantine, Goiaz; 
commercial gem-cutting of this ma- 
terial has not yet been developed. 


Agate was being dyed black to 
supply the demand for black onyx. 
The official statistics for exports 
from Brazil in 1944 and 1945 and 
the first six months of 1946, follow: 


as the length of the lower-girdle facets increased 
from 45% to 85%, but then fell as this parameter 
further increased to 95%. As the lower-girdle facets 
get longer, they make a shallower angle with the 
girdle plane (closer to the pavilion angle) and very 
slightly shallower angles with each other and with 
the pavilion mains on either side. They also cause 
the pavilion mains to be narrower. 

Girdle Thickness and Culet Size. DCLR showed 
very little change over the whole range of girdle 
thickness, with a slight minimum for a medium gir- 
dle (figure 10F). DCLR drops fairly smoothly as 
culet size increases from none to extremely large 
(figure 10G). 


Combined Effects. Ideally, we would like to have 
shown the combined effects of crown angle, pavil- 
ion angle, table size, and star and lower-girdle facet 
length on DCLR in one graphic image. However, 
only two of these independent proportion variables 
can be displayed with the complete variation of a 
dependent value (such as DCLR) on a single graph. 
One way to illustrate the effects of two parameters 
is to draw contours showing ranges of DCLR values, 
similar to the WLR contours in Hemphill et al. 
(1998, figures 7-11). The “peaks” on such a contour 
plot represent proportion combinations that pro- 
duce the highest calculated DCLR values. By group- 
ing several contour plots together, we can show the 
results when two additional proportions are varied. 

The nine contour plots in figure 11 show DCLR 
values with variations in both crown angle and pavil- 
ion angle, for a table size of 60%. They also demon- 
strate the effects of varying star and lower-girdle facet 
length, for three values of each. This figure contains a 
large amount of information about how these propor- 
tions work together to change DCLR. 

The graph in the bottom center of figure 11 con- 
tains the point closest to our reference proportions 
(i.e., 34° crown angle and 40.5° pavilion angle), 
marked “R”, with a DCLR of 3.38. For this 60% 
table size, 50% star, and 75% lower-girdle facet 
length, the highest DCLR values are found at low 
pavilion angles of 36°-37° and a high crown angle 
of 46°. DCLR decreases sharply for most crown 
angles at high pavilion angles (greater than 42°). 
However, the DCLR at shallow crown angles 
depends strongly on the pavilion angle as well. 

Within the proportion space shown on this bot- 
tom center plot, there are two “ridges” of higher 
DCLR. These ridges represent combinations of 
crown and pavilion angles that work together to 
produce higher DCLR. One ridge ends at about a 
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16° crown angle and a 43° pavilion angle; DCLR 
decreases from there for both shallower and steeper 
pavilion angles. The other ridge, to the right, is 
broader and less distinct in this specific plot. 

As we compare the topography shown on this 
plot with that of each of the other eight plots in fig- 
ure 11, we can see: (1) the strong effect of lower-gir- 
dle facet length on DCLR (compare plots left-to- 
right); and (2) the weaker, but still significant, effect 
of different star facet lengths (compare plots top-to- 
bottom). Shorter lower-girdle facets greatly decrease 
DCLR for most combinations of crown and pavilion 
angle, with a few exceptions (e.g., for crown angles 
greater than 40°, or for crown angles of 22°—46° 
with pavilion angles of less than 37°). Longer lower- 
girdle facets yield a large number of crown and 
pavilion angle combinations with average or above- 
average DCLR. 

In a broad region (i.e., with crown angles from 16° 
to 46° and pavilion angles from 36° to about 43°), the 
combination of star and lower-girdle facet lengths 
changes the location of the two ridges of higher 
DCLR, and alters the depth of the valley between 
the ridges. Overall, the center plot (for 60% star and 
75% lower-girdle facet length) shows the largest 
number of crown and pavilion angle combinations 
that yield average and above-average DCLR values, 
but the upper-right plot (for 70% star and 85% 
lower-girdle facet length) shows the most combina- 
tions that yield DCLR values of 4.0 or higher. 

The fifth proportion we varied was table size. The 
three regions found for DCLR variations with table 
size alone (i.e., high for small tables, approximately 
constant for table sizes between 58% and 62%, and 
lower for larger tables in figure 10C) held true for the 
most part in the multi-dimensional exploration as 
well. Figure 12 shows three contour plots for 54% 
(small), 60% (medium), and 66% (large) table sizes, 
with 50% star and 75% lower-girdle facet lengths 
(the reference values). Many more combinations of 
crown and pavilion angles with small tables yielded 
average or greater DCLR values than those with large 
tables. Although there were many crown and pavil- 
ion angle combinations that yielded these DCLR val- 
ues with a 60% table, on average DCLR values were 
lower than with a small table. For large tables, only a 
narrow range of pavilion angles (shallower than typi- 
cal) produced these DCLR values. 

The combined effects of table size and lower-gir- 
dle facet length are shown in figure 13 for several 
significant combinations of crown and pavilion 
angle. We found that longer lower-girdle facet 
lengths generally yield higher DCLR values than 
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Figure 10. DCLR changes as one parameter is varied 
and the others are held constant at reference propor- 
tions (table 1). Across commercial ranges, pavilion 
angle, lower-girdle facet length, and table size have 
the largest effect. (A) DCLR generally increases as 
crown angle increases, although it is nearly constant 
from 20° to 40°, with local maxima at 26° and 34°. (B) 
DCLR generally decreases as pavilion angle increases, 
with local maxima at 38.5° and 40.5°. (C) DCLR 
decreases gradually as table size increases, varying Lit- 
tle from 58% to 64%. (D) Star facet length changes 
yield small, but quite variable, DCLR differences. (E) 
DCLR increases with lower-girdle facet length, up to 
85%. (F) DCLR changes little with girdle thickness, 
but there is a small minimum at about 3.0%. (G) 
DCLR decreases as culet size increases, but does not 
go below average until the culet is extremely large. 
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Figure 11. These nine contour plots show the variation in DCLR with changes in both crown and pavilion 
angles, for three values each of the star and lower-girdle (LG) facet lengths, at a table size of 60%. The DCLR 
surfaces are quite irregular, but they show that many proportion combinations yield above-average DCLR val- 
ues, and others produce substantially lower values. The point marked “R” in the bottom center plot (75% 
lower-girdle length, 50% star length) is closest to our reference proportions (34° crown angle and 40.5° pavilion 
angle, although with a 60% table). The two dashed lines in this same plot indicate “ridges” —combinations of 
proportions that yield higher DCLR values than the proportions to either side. While each plot shows the 
detailed effects of varying crown and pavilion angles, comparison of the nine plots shows that star length and 
lower-girdle length also affect this metric. 
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Figure 12. The possible combinations of crown angle and pavilion angle that yield above-average DCLR values 
greatly decrease as table size increases. In addition, the specific crown and pavilion angles that produce above- 
average DCLR values change toward higher crown angle and lower pavilion angle as table size becomes very large. 


short or medium lengths for all these crown and 
pavilion angle combinations. Although steep pavil- 
ion angles are usually considered undesirable, the 
use of long lower girdle facets and small tables pro- 
duces above-average DCLR values. Changing the 
star facet length for the same combinations of 
crown and pavilion angles had a less pronounced 
effect, as shown in figure 14. 


Back to Brilliance: The Effect on WLR of Varying 
Star and Lower-Girdle Lengths. Recall that WLR val- 
ues are much smaller than DCLR values; a change 
in WLR of 0.005 is discernable to trained observers 
(Hemphill et al., 1998). We analyzed data for sets of 
proportions (table size, crown angle, and pavilion 
angle) yielding high-average (0.280) and moderately 
low (0.265) WLR values when the star and lower-gir- 
dle facet lengths were at the reference proportions. 
Varying the length of the star or lower-girdle facets 
for these proportion combinations could increase 
WLR by 0.007, or decrease it by 0.015 (table 3). Many 
more proportion combinations led to decreases than 
to increases. Commercially common round brilliant 
proportions (see box B) showed smaller changes in 
the WLR value, whether increases or decreases, than 
more unusual proportions. The specific variations in 
star or lower-girdle facet length that produced the 
greatest increase in WLR depended strongly on the 
combination of crown angle, pavilion angle, and 
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table size. For a broad, commercial range of crown 
angles and pavilion angles, with smaller tables 
(53%-57%), longer star facet lengths produced 
increases in WLR (see, e.g., figure 15). 


DISCUSSION 


DCLR and Proportions. Some proportion combina- 
tions that yield high DCLR values are not contiguous 
to one another, as shown in the contour plots 
(again, see figures 11-14). Thus, for some given val- 
ues of two proportions, changes in the third propor- 
tion in a single direction may produce lower and 
then higher DCLR values. This variation in DCLR 
with different proportion combinations prevents the 
simple characterization of the “best” diamonds, in 
terms of fire, by evaluation of individual proportion 
parameters. Rather, it is the interaction between the 
proportions of the pavilion (pavilion angle and 
lower-girdle facet length) and those of the crown 
(table size, crown angle, and star facet length) that 
determines how light is dispersed by the round bril- 
liant. Although certain generalizations may be 
made about the effects of a single proportion, in 
most cases there exist combinations of proportions 
that compensate to change DCLR. For example, 
large tables generally produce low DCLR, but with 
sufficiently high crown angles and shallower pavil- 
ion angles, a round brilliant with a table as large as 
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DCLR WITH COMBINED PROPORTIONS 


26° CROWN, 38° PAVILION 


85 


85 
Right: At moderate 


crown angles, a wide 
range of table sizes show 
average DCLR values. 


LOWER-GIRDLE FACET LENGTH (%) 


40° CROWN, 38° PAVILION 
85 


34° CROWN, 40.5° PAVILION 


26° CROWN, 40.5° PAVILION 


Left: For shallow crown 
angles, small tables have 
average or higher DCLR 
values. 


34° CROWN, 42° PAVILION 


40° CROWN, 40.5° PAVILION 


Left: For steep crown angles, 
still higher DCLR values are 
achievable with small tables, 
and DCLR is less sensitive to 
lower-girdle facet length. 


TABLE SIZE (%) 
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Figure 13. By grouping the contour plots, we can see how lower-girdle facet length, table size, and crown and 
pavilion angles work together to affect DCLR. Moderate to longer lower-girdle facet length generally increases 
DCLR. This effect is most pronounced at moderate pavilion angles. 


66% can still yield an average or better DCLR value 
(see, e.g., diamond RD?4 in table 2). 

A short lower-girdle facet length of 50%, com- 
mon early in the 20th century, greatly decreases 
DCLR and thus creates relatively poor fire (see, e.g., 
figure 11). Because Marcel Tolkowsky also chose 
this lower-girdle facet length, he made the reason- 
able—at that time—assumption that dispersion 
within the diamond could be neglected (see p. 56 of 
his 1919 treatise). Given the longer lower-girdle 
facets cut today, however, such an omission results 
in a poor approximation of how light moves within 
a round brilliant diamond. 

Recall that fire is the visible extent of light dis- 
persed into spectral colors. The type of lighting 
under which a round brilliant cut diamond is 
observed strongly affects the quantity and quality of 
colored light that emerges from it. With increasing 
distance, this colored light can spread out over a 
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wide area; however, the eye can see only a fairly 
small area from one viewpoint. Thus, observation of 
fire depends strongly on where the eye is relative to 
the diamond, particularly how far away the observer 
is. Capturing all of the fire from the crown of a dia- 
mond required a multitude of observer positions, as 
if the diamond was being rocked. To achieve this, 
we used the same hemisphere of observations, and 
the same position-dependent weights for observa- 
tions, for fire (DCLR) as we did for brilliance with 
the WLR metric. 

However, we used a very different lighting condi- 
tion for modeling fire than we used for modeling 
brilliance. For actual diamonds, diffuse lighting 
brings out brilliance and suppresses fire, while spot 
lighting does the opposite (again, see figure 1). By 
examining brilliance with fully diffuse light, and fire 
with a point source of light, we have explored the 
maximum extent to which the proportions of a 
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DCLR WITH COMBINED PROPORTIONS 


26° CROWN, 38° PAVILION 


54 56 58 60 62 64 66 68 


Right: For moderate crown 
angles, there is a bit more 
dependence of WLR on star 
length, but table size 
remains more important. 


STAR FACET LENGTH (%) 


40° CROWN, 38° PAVILION 


26° CROWN, 40.5° PAVILION 


Left: For shallow crown angles, 
DCLR values are mostly inde- 
pendent of star length; table 
size matters much more. 


34° CROWN, 42° PAVILION 


Left: For steep crown angles, short 
star lengths can markedly improve 
DCLR for shallow pavilions (left 
contour), but not for more typical 
pavilion angles (right). 


TABLE SIZE (%) 


DCLR WM 4.35-4.85 [J 3.85-4.35 
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Figure 14. Changes in star facet length produced less change in DCLR values than was the case 


for lower-girdle facet length. 


round brilliant can affect each of these appearance 
aspects. Every kind of lighting in the real world is 
some combination of diffuse light and directed (spot) 
light, and can be approximated in a computer model 
by combining fully diffuse and single-point sources. 
Although three other teams of investigators (see 
Background on p. 175) modeled three-dimensional 
light movement in round brilliant cut diamonds, 
only two of these groups provided metrics for fire. 
Dodson (1978, 1979) offered three metrics (brilliance, 
fire, and “sparkliness”), and calculated their value 
for 120 proportion combinations of pavilion angle, 
crown angle (given as crown height), and table size. 
The MSU group (“Diamond cut study,” 2001) offers 
three metrics (brilliance, fire, and a combination of 
these called Q for “quality”), and they calculate 
these metrics across a broad range of crown and 
pavilion angles for two table sizes (53% and 60%). 
These researchers and our group use similar ver- 
bal definitions for brilliance, fire, and scintillation, 
but the exact metrics differ, particularly the ones for 
fire. The DCLR surfaces that we calculated as a 
function of five proportion parameters are quite 
irregular, more so than the WLR surfaces (again, see 
Hemphill et al., 1998). These multiple “peaks” 
imply that there are many combinations of parame- 
ters that yield equally fiery round brilliant dia- 
monds, which is in general agreement with the 
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results of Dodson and the MSU group, notwith- 
standing the differences in detail. 

Dodson used “pseudo-diffuse illumination,” and 
recorded his output on a virtual plane at a finite dis- 
tance above his modeled diamond, after the spot 
technique of Résch (1927). He then rotated the col- 
ored streak pattern, and evaluated fire by measuring 
the largest distance between observed red and blue 
streaks (which are actually circles, because the pat- 
tern is rotated 360°). Like Tolkowsky, Dodson tried 
to determine the widest spread of dispersed light 
from the diamond, rather than include, for example, 
the total number of flares and their intensities. 
Since this approach is so different from ours, it is 
not surprising that Dodson’s numerical results 
show no particular correlation to our results. For 
instance, Dodson’s most fiery diamond example 
had a 26.5° crown angle, a 43° pavilion angle, and a 
60% table, which our model predicts would pro- 
duce average fire (DCLR value of 2.9). 

The MSU group calculates their fire metrics by 
finding the colored areas visible at the surface of the 
virtual diamond, seen from all directions within a 60° 
cone around the vertical axis. For each patch of fire, 
they compute the color difference from white (AE or 
AH; see again C.LE., 1963), multiply it by the square 
root of the area the patch covers, and sum these val- 
ues. Their fire metric MF 30 averages the calculated 
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TABLE 3. Largest WLR changes from variation of both star and lower-girdle facet lengths.? 


Table size (%) Crown Pavilion Highest At star facet And at lower Lowest At star facet And at lower 
angle (°) angle (°) WLR length (%) girdle-facet WLR length (%) girdle-facet 
found length (%) found length (%) 

Sets of proportions that yield the high-average WLR value of 0.280° 

54 31 38.5 0.284 68 7 0.273 30 85 

54 35 40.5 0.281 54 5) 0.273 74 50 

54 33 42.5 0.283 66 50 0.275 30 85 

59 30 43.0 0.287 74 50 0.273 30 85 

59 82 41.5 0.281 72 50 0.273 30 85 

60 29 43.0 0.287 74 50 0.275 30 85 

60 26 38.0 0.283 34 75 0.268 74 85 

60 30 39.75 0.283 62 785) 0.271 30 85 

62 29 42.0 0.285 74 50 0.273 30 85 

62 28 42.75 0.287 74 50 0.274 30 85 
Sets of proportions that yield the moderately low WLR value of 0.265 

54 38 38.75 0.266 58 US) 0.260 30 50 

54 37 42.25 0.265 56 iS 0.259 30 85 

57 38 41.75 0.265 S2 is) 0.257 74 85 

59 59 40.5 0.265 50 iS 0.259 74 85 

59 59 42.0 0.265 48 iS 0.257 74 85 

60 60 38.5 0.266 58 US) 0.262 30 50 

60 60 40.5 0.265 42 nS 0.259 74 85 

60 60 42.0 0.265 48 is) 0.257 74 85 

62 62 38.25 0.268 68 75 0.255 30 85 

62 62 41.75 0.266 46 mS 0.258 74 85 


4Proportions that are not commonly seen in the trade are italicized here. 


’Each example yielded the WLR value of 0.280 (or 0.265) with a star length of 50% and lower-girdle length of 75%. 


fire from a combination of diffuse and directed light. 

Their results for 53% and 60% table sizes (again, 
see “Diamond cut study,” 2001) show the highest 
fire for diamonds with very shallow crown angles 
(less than 20°) and very steep pavilion angles 
(45°-50°). They found the least fire for diamonds 
with typical crown angles (30°—36°) and steep pavil- 
ion angles (greater than 43°) at both table sizes. In 
contrast, we found that diamonds with steeper 
crown angles (greater than 36°) show high fire across 
the range of pavilion angles we considered (36°—45°), 
the lowest fire predicted by our model is produced 
by diamonds with very shallow crown angles and 
either very shallow or very steep pavilion angles 
(again, see figure 11). 


Additional WLR Results. We stated in 1998 that dif- 
ferences in WLR values as small as 0.005 could be 
discerned by trained observers in actual diamonds 
under controlled conditions. Varying the length of 
the star or lower-girdle facets (or both) can increase 
WLR by slightly more than this amount, or 
decrease it by three times this amount. Since these 
facets are polished at the end of the manufacturing 
process, judicious choices for their lengths can help 
improve the appearance of a round brilliant when 
the shape of the rough prompts choices of crown 
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angle, pavilion angle, and/or table size that typically 
produce only moderate values of WLR. Note that 
none of the major current grading systems includes 


Figure 15. As seen in these plots for two different 
sets of crown and pavilion angles (with a constant 
table size of 57%), varying the lengths of the star 
and lower-girdle facets can have a significant 
impact on WLR. 


WLR-57 % TABLE 
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85 
15 p 
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Figure 16. Left: These contour plots show WLR and DCLR across the same ranges of crown and pavil- 
ion angle for a 58% table, 50% star facet length, and 75% lower-girdle facet length. Although there is 
no overlap in the proportions that produce the highest values of each of these metrics, many propor- 
tion combinations produce average (0.270-0.280 WLR, 2.8-3.5 DCLR) or higher values of both met- 
rics. Right: These contour plots show WLR and DCLER for a range of crown angles and table sizes for a 
pavilion angle of 40°. While the value of both metrics decreases as table size increases, many crown 
angles produce above-average values of both for table sizes up to 58%. 


the length of star or lower-girdle facets in their anal- 
ysis of cut. 


Interplay of Brilliance and Fire. It is difficult to say at 
this time whether brilliance or fire has more of an 
impact on the overall appearance of a round brilliant 
diamond. Nevertheless, with the results modeled for 
both brilliance (WLR) and fire (DCLR), we are able to 
identify proportion combinations that produce 
above-average values of both appearance aspects. In 
figure 16, we show two cross-sections through pro- 
portion space with WLR contoured in shades of blue 
and DCLR contoured in shades of red. Each metric 
can be compared to the mean values for our popula- 
tion of more than 67,000 actual diamonds (see box B 
in this article and the corresponding box B in 
Hemphill et al., 1998). 

Figure 16 (left) shows variations in WLR and 
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DCLR with variations in crown angle and pavilion 
angle for the commercially important table size of 
58% and reference values for the other properties. 
The highest WLR values appear at shallow crown 
angles and moderate-to-steep pavilion angles. 
However, the WLR values are still above average for 
many crown and pavilion angle combinations. The 
highest DCLR values occur in a small area at the 
opposite corner of the plot (at a steep crown angle 
and a shallow pavilion angle), but the range of pro- 
portions that show above-average fire is quite large. 
Although there is no overlap in the areas that pro- 
duce the highest values shown for each metric, there 
is considerable overlap in the proportion combina- 
tions that produce average or higher values of both at 
this table size. For example, crown angles from 24° 
to 32° combined with pavilion angles from 38° to 
42° yield WLR above 0.270 and DCLR of 3.0 or 


GEMS & GEMOLOGY FALL 2001 193 


Figure 17. These 28 diamonds (0.44—0.89 ct) were used to examine the brilliance and fire associated with dif- 
ferent sets of proportions. Some sets of proportions in this group are decidedly non-commercial (again, see table 
2). Photo by Harold & Erica Van Pelt. 


more; and crown angles from 20° to 36° accompa- 
nied by pavilion angles of 40° to 41° yield the same 
results. 

Figure 16 (right) illustrates the dependence of 
WLR and DCLR on variations in crown angle and 
table size for a commercially relevant pavilion angle 
of 40° and reference values for the other parameters. 
There is one area of overlap where both WLR and 
DCLR are well above average, at crown angles of 
26° to 28° and table sizes less than 58%. These 
smaller tables yield high values of DCLR at crown 
angles greater than 35°, but corresponding WLR val- 
ues decrease steeply to below average as crown 
angle increases beyond 36°. However, there is a 
broad area (crown angles from 26° to 36° and table 
sizes up to 62.%) that yields above-average values for 
both metrics. 

The specific combinations of crown and pavilion 
angles that produce above-average values for each 
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metric vary with table size, star length, and lower- 
girdle length. For example, a lower-girdle facet 
length of 50% greatly reduces DCLR, but it can pro- 
duce small increases in WLR; similarly, star facet 
lengths greater than 50% can increase WLR but will 
have a variable effect on DCLR, depending on the 
crown angle (again, see figures 14 and 15). Note also 
that there are far more combinations of crown angle 
and pavilion angle that work well with small tables 
(less than 55%) than with large tables (66% or more). 

In some areas of proportion space, small changes 
in one or more proportions lead to fairly large 
changes in the WLR and DCLR values. If we use the 
analogy of land surfaces, these regions of proportion 
space are like steep mountainsides. Other areas are 
more like plateaus: regions where fairly large 
changes in proportions do not have a significant 
effect on WLR or DCLR values. The typical com- 
mercial range of proportions (again, see box B) lies 
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Figure 18. Although these two diamonds (RD19, left; 
RD21, right—see table 2) have different crown 
angles (29.2° and 35.8°), they display comparable 
amounts of fire with spot lighting. Photo by Harold 
@ Erica Van Pelt. 


within such a plateau. Thus, the cutter has a broad 
latitude for choices of proportions without risking a 
catastrophic effect on appearance. 


Comparing Model Results to Real Diamonds. The 
ultimate verification of any model of diamond 
appearance is a comparison with actual diamonds 
cut to specific proportion combinations. We assem- 
bled the group of 28 round brilliant cut diamonds 
(0.44—-0.89 ct) shown in figure 17; their proportions, 
color and clarity grades, and calculated WLR and 
DCLR values are given in table 2. As noted below, 
various round brilliants in this group (again, see fig- 
ure 1) both confirm the fitness of our model and 
defy a few common beliefs in the trade about the 
relationship between proportions and appearance. 

There are many combinations of crown angle, 
table size, and pavilion angle that produce average 
or higher DCLR values. This range of proportions is 
part of the “broad plateau” described above. For 
instance, diamond RD19 has a rather shallow 
crown angle, whereas RD21 has a fairly steep crown 
angle; yet both show considerable fire (figure 18). In 
both cases, the model indicates that this fire results 
from the combination of the diamond's particular 
pavilion angle with the crown angle and table size 
(as well as additional proportions). 

Diamond RD13, with a 52% table, gave the 
highest DCLR value (4.01). The next two highest 
DCLR values (3.97 and 3.92) were calculated for dia- 
monds RDOI and RD23, which also have small 
tables (54%). However, one diamond with a large 
(66%) table, RD24, yielded a high average DCLR 
value of 3.23 (figure 19). 

We also compared our model results for the 
combination of WLR and DCLR (again, see figure 1 
and table 2) with the appearances of actual dia- 
monds cut to these proportions. For steep pavilion 
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Figure 19. As reported in table 2, the diamond on the 
far left (RD24) has a large (66%), table while the other 
three (RDO1, RD28, and RD13) have much smaller 
tables (52% to 54%). However, all have comparable 
DCLR values. Photo by Harold & Erica Van Pelt. 


angles, there were no crown angles that yielded par- 
ticularly high values of both WLR and DCLR; RD25 
is both dark and lacking in fire despite its steep 
crown angle (figure 20). Also shown is RD27, with a 
much deeper pavilion angle and an extremely shal- 
low crown; it shows little brilliance or fire (although 
MSU results would suggest it to be quite fiery). 


CONCLUSIONS 

Our overall research goal is to understand why a 
round brilliant cut diamond looks the way it does. 
Its appearance is a complex mixture of the effects of 
various lighting and observing conditions, the specif- 
ic characteristics of each diamond, and the interpre- 
tation by the human visual system of the overall 
pattern of light shown by the diamond. For our study 
thus far, we found that different lighting conditions 
are needed to bring out the maximum brilliance 
(totally diffused light) and fire (directed light). We 
made simplifying assumptions about the diamond 


Figure 20. These two diamonds, with 50.7° (RD27, 
left image in each pair) and 41.8° (RD25, images at 
the right) pavilion angles, are neither bright (left 
pair, with diffuse lighting) nor fiery (right pair, 
with spot lighting). Composite of photos by Harold 
@ Erica Van Pelt. 
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SUMMER, 1947 439 

ie 1944 1945 First half 1946 
Grams Value, $US Grams Value, $US Grams Value, $US 

Agates 19,226 13,061 20,918 22,457 

Aquamarines - 12,857 578,945 107,144 652,897 63,055 350,542 
Amethysts .. 131,075 311,202 149,283 392,408 185,516 404,483 
Garnets ~ 32,177 93,490 80,354 255,026 43,622 109,642 
Cat’s-eyes 121 9,204 270 12,028 
Topaz -..... 22,072 68,197 185,464 707,483 10,107 23,511 
Tourmalines eas EE 42,888 19,950 13,277 4,824 27,317 
Citrines (quartz). ... 187,565 272,527 131,923 275,940 93,351 137,428 
Other semiprecious........ 59,0387 96,846 750,210 570,327 557,515 312,525 
483,601 1,477,156 1,395,367 2,963,637 958,260 1,377,476 

—G.5. 


SYNTHETIC EMERALDS ENTER THE 
AMERICAN MARKET 


Prior to the war, only minute 
quantities of synthetic emerald 
reached the American market, com- 
ing largely from Germany, but be- 
ginning in 1940, the Chatham Pro- 
cess for the manufacture of synthe- 
tie emerald has gradually changed 
this situation and it is now impor- 
tant that the jeweler learn exact 
methods of distinguishing the syn- 
thetic stones from the real gems they 
so closely resemble. 

Carroll F. Chatham, the San 
Francisco chemist who originated 
the new process, is releasing between 
3,000 and 4,000 high-quality stones 
a month through his distributors, 
one of whom has displayed papers of 
from 500 to 1,000 fine-appearing 
stones, ranging in size from .05 to 
.87 carats. The average size, how- 
ever, is from .50 to .75 carats. They 
are of excellent quality and color, 
very similar to natural emerald. 

The Chatham Process is complete- 
ly different from the Verneuil Pro- 
cess employed in the production of 
synthetic corundum and spinel, by 
which powdered material is fused as 
it passes through an oxyhydrogen 
flame to fall upon a revolving re- 
fractory rod, forming pear-shaped 
“boules.” Instead, the Chatham syn- 
thetic emerald is apparently “grown” 


in solution by a secret method 
evolved. by its originator, producing 
well-formed crystals. 

Synthetic emerald was manufac- 
tured successfully for the first time 
in 1884, in France. Not until 1981 did 
the I. G. Farbenindustrie of Ger- 
many succeed in making synthetic 
emerald crystals. Gems were finally 
produced from “Igmerald” crystals 
which, when cut, measured five mil- 
limeters in length. 

Dr. George Switzer, in an article 
on synthetic emerald which appeared 
in the Spring, 1946, issue of Gems & 
Gemology, has this to say of its phys- 
ical and optical properties: 

“The refractive indices and bire- 
fringence of synthetic emeralds are in 
general lower than genuine emerald. 

“Inclusions have been reported in 
synthetic emerald as being of three 
types (Giibelin and Shipley, 1941): 
(1) Solid particles spread swarm- 
like throughout the synthetic emer- 
ald. These are probably inclusions 
of the green coloring agent (Shipley, 
1942); (2) Groups of liquid inclu- 
sions shaped as feathers, making up 
wisp-like, veil-shaped formations in 
the synthetic; (3) Systems of al- 
most parallel rod-like inclusions. 
Liquid inclusions are not shown.” 


(e.g., colorless and perfectly symmetric, among other 
conditions) and the observing conditions (e.g., that a 
weighted average of viewing positions corresponds 
to the observation of a diamond being “rocked”). 

Through this research, we have gained a much 
better understanding of some of the key factors that 
govern the appearance of a round brilliant cut dia- 
mond, particularly how the proportions of that dia- 
mond (expressed as eight independent proportion 
parameters) affect its brilliance and fire. In this arti- 
cle, we showed that VFI diagrams (our model's graph- 
ic output of dispersed light from virtual diamonds) 
match the pattern of chromatic flares from actual 
diamonds. We presented our metric for fire, dispersed 
colored light return (DCLR), which we have comput- 
ed for more than 26,000 combinations of the propor- 
tion parameters. We also showed that star and lower- 
girdle facet lengths could have a noticeable effect on 
WLR, our metric for brilliance. 

Every facet matters in a round brilliant dia- 
mond. In general, DCLR is higher for smaller table 
sizes and larger crown angles, but at least three other 
parameters also are important: pavilion angle, star 
facet length, and lower-girdle facet length. Our mod- 
eling results indicated that a diamond with a shal- 
low crown angle or a large table could still display 
higher-than-average fire if combined with the right 
pavilion angle, star facet length, and lower-girdle 
facet length. The relative appearances of our 28 actu- 
al diamonds with specific proportions confirmed 
these predictions. 

When analyzing fire, both lighting and observing 
conditions strongly affect the analysis of fire. We 
used two distinct lighting conditions: fully diffused 
light to analyze brilliance (WLR), and a point-light 
source (i.e., a modeled spotlight) to analyze fire 
(DCLR). These different idealized lighting condi- 
tions are useful for determining the maximum 
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extent of these appearance aspects. By its nature, 
fire spreads out as it emerges from a diamond, so 
multiple views are needed to observe it. For this rea- 
son, we used the same weighted hemisphere of 
observation that we used for analyzing brilliance. 
Other researchers have investigated fire, but their 
metrics and their results are substantially different 
from ours. 

We have not found a “bull’s-eye” of “best” pro- 
portions for either DCLR or WLR. Rather, both 
metrics show a complex dependence on proportion 
combinations, with many sets of proportions that 
yield similar values. Comparison of these two met- 
rics shows that some proportion combinations 
yield the highest DCLR values, and others yield the 
highest WLR values, but in general these propor- 
tions do not overlap. Nevertheless, there are many 
choices of diamond proportions that give average or 
higher values for both parameters. Star and lower- 
girdle facet lengths can increase or decrease the cal- 
culated value of either metric, but the proportion 
variations that increase one metric may decrease 
the other. 

Although our research is not yet complete, we 
believe that this understanding as to how cut pro- 
portions work together may bring a new degree of 
freedom to diamond manufacturers. By offering a 
wider range of cutting choices, this information 
may help manufacturers produce round brilliant 
diamonds with both above-average performance and 
potentially higher weight yields from the rough. 
Although this approach provides more options for 
cutting rough efficiently, it will also require more 
precision on the part of manufacturers. In addition, 
we feel the detailed information gathered to date on 
the levels of brilliance and fire provided by different 
proportion combinations can potentially serve as a 
basis for a more in-depth cut evaluation system. 
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Notes & NEW TECHNIQUES 


PYROPE FROM THE 
DORA MAIRA MASSIF, ITALY 


By Alessandro Guastoni, Federico Pezzotta, 


Margherita Superchi, and Francesco Demartin 


Large pyrope crystals containing gem-quality por- 
tions have been collected since the early 1990s from 
the Dora Maira Massif, Western Alps, Italy. These 
crystals have yielded pale purple to purplish pink 
gemstones typically up to 1 ct. The chemical com- 
position and physical properties compare favorably 
to those reported for near-end-member pyrope. 
Absorption spectra suggest that the color is related to 
Fe?* and Mn?*. The pyrope formed in a mica schist- 
quartzite layer within Paleozoic basement rocks that 
underwent an Alpine high-pressure/low-temperature 
metamorphic event. The deposit appears extensive, 
but future production undoubtedly will be limited 
due to environmental restraints. Currently about 100 
carats per year enter the marketplace. 


been known from the Varaita Valley in the 

Dora Maira Massif (a massive topographic and 
structural feature, particularly within a mountain 
range) in Italy’s Western Alps (Schert et al., 1994). 
Since the early 1990s, local mineral collectors have 
recovered and cut crystals containing gem-quality 
portions. Although the gemstones have rarely 
exceeded 1 ct (the largest known to date are about 2 
ct), a few hundred good-quality faceted Dora Maira 
pyropes have entered the Italian gem collector's 
market. The distinctive features of these gem 
pyropes are their pale purplish pink color (figure 1), 
near-end-member composition, and mineral inclu- 
sions. Of particular interest are inclusions of ellen- 
bergerite, for which Dora Maira is the type locality. 


or several years, large pyrope crystals have 
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LOCATION AND ACCESS 


The Dora Maira Massif is located in the Piedmont 
region, 50 km (31 miles) southwest of Turin (figure 
2). Pyrope is found in the Varaita Valley, between 
the villages of Brossasco and Martiniana Po. Gem 
pyropes have been collected in several outcrops over 
an extended area (about 15 km long) from high- 
grade quartz-phengitic metamorphic rocks. Large- 
scale mining is forbidden by environmental policy, 
but local collectors do considerable hand digging. 


GEOLOGIC SETTING 


The Dora Maira Massif consists of Paleozoic base- 
ment rocks with an overlying Mesozoic series of 
rocks that are characterized by an Alpine high-pres- 
sure/low-temperature metamorphic overprint. The 
pyrope crystals occur in a light-colored phengitic 
schist-quartzite layer, measuring a few meters 
thick, which was referred to as “micascisti splen- 
denti” by Stella (1895) and Franchi (1900). The 
quartzite layer contains large flakes of phengite (a 
high-pressure mica; Mandarino, 1999) and pale pur- 
plish pink pyrope crystals that reach 25 cm in diam- 
eter. Vialon (1966) mapped the quartzite layer over a 
distance of about 15 km, and suggested that the pro- 
tolith (original unmetamorphosed rock) was a leu- 
cocratic granitic vein that was strongly deformed by 
metamorphism. Other rocks in the area include 
fine-grained felsic paragneisses that are associated 
with lenses of marble and metabasite. In describing 
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the mineralogy and petrogenesis of the quartzitic 
layer, Chopin (1984) pointed out the presence of 
coesite, a mineral indicative of extreme metamor- 
phic conditions (pressures over 28 kilobars and tem- 
peratures up to 700°—750°C). 


DESCRIPTION OF THE CRYSTALS 


The pyrope crystals have a rounded shape formed 
by rough trapezohedron faces (figure 3). The crystals 
are heavily fractured and always covered by a thin 
layer of white to pale green phengite. As noted 
above, some of the pyrope crystals contain clear por- 
tions that can be faceted into attractive gemstones. 


MATERIALS AND METHODS 


We examined 11 faceted Dora Maira pyropes 
(0.24—0.85 ct; see, e.g., figure 4), which were obtained 
from the gem collection of the Natural History 
Museum of Milan and loaned by L. Merlo Pich. All 
of the samples are from the Brossasco and 
Martiniana Po areas, and they show a range of color 


Figure 1. Pyrope from the Dora Maira Massif in 
Italy’s Western Alps has been mined since the 
early 1990s by local mineral collectors. The 0.85 ct 
stone on the left was loaned by L. Merlo Pich, and 
the 0.76 ct gem on the right belongs to the Natural 
History Museum of Milan. Photo by R. Appiani. 


and intensity that is representative of the material 
from this region. These samples also were selected 
on the basis of their distinctive inclusions. Mr. Pich 


Figure 2. Pyrope is mined 
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Figure 3. The pyrope crystals (here, 4 cm across) are 
typically formed by rounded trapezohedron faces 
that are covered by a thin layer of white to pale 
green phengite. The crystals are heavily fractured 
(see inset; the larger specimen weighs 30 grams), 
although some contain clear portions that can be 
faceted into attractive gemstones. Specimens from 
the L. Merlo Pich collection; photos by R. Appiani. 


provided fragments (from the same crystals used to 
facet some of the gems) for electron-microprobe and 
X-ray diffraction analyses. 

The following tests were conducted on all 11 of 
the faceted gems. Refractive indices were measured 
on a Krtiss refractometer with a monochromatic 
sodium-equivalent light source. Specific gravity was 
measured by the hydrostatic method, with a Sauter 
MCI RC 210 D digital balance (three sets of mea- 
surements per sample). We observed internal fea- 
tures with a stereozoom microscope (up to 50x 


Figure 4. Eight of the Dora Maira pyropes used in 
this study (0.24-0.50 ct) were photographed with 
Macbeth Spectralight (daylight equivalent, 6500K) 
illumination. Courtesy of the Natural History 
Museum of Milan; photo by A. Donini. 
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magnification), using several illumination tech- 
niques. We made color measurements using 
Munsell color charts and a Macbeth Spectralight 
(daylight equivalent, 6500 K). We tested for ultravio- 
let fluorescence with 8 watt short-wave (254 nm) 
and long-wave (365 nm) UV lamps. 

Absorption spectra of all the faceted samples 
were obtained with a Lambda 9 Perkin-Elmer UV- 
Vis spectrophotometer. Infrared spectra of all sam- 
ples were measured with a Nicolet 510 spectrome- 
ter at a resolution of 2 cm"!. To identify the miner- 
al inclusions, we used a Renishaw 1000 laser 
Raman microspectrometer with an Arl63-C4210 
Spectra Physics laser source. Quantitative chemi- 
cal analyses were performed on 10 pyrope frag- 
ments with an ARL-SEMQ electron microprobe 
that was equipped with a wavelength-dispersive X- 
ray spectrometry unit. To identify some of the 
inclusions in the fragments, we performed single- 
crystal X-ray diffraction analysis using an Enraf- 
Nonius CAD4 diffractometer. 


RESULTS AND DISCUSSION 

Visual Appearance. The faceted pyropes were pur- 
ple to purplish pink in hue, with very low to mod- 
erate saturation. We obtained Munsell color values 
of 2.5RP 9/2, SRP 8/4 to 7/4, SRP 9/2 to 9/1, and 
10RP 7.5/4 (table 1). In many of the gems, the color 
was not homogeneously distributed. All of our 
samples showed some color (in both fluorescent 
and incandescent light), although near-colorless 
gem pyrope is known from the Brossasco area. 


Physical Properties. The refractive indices ranged 
from 1.717 to 1.730, with the lowest values mea- 
sured on the palest samples (again, see table 1). The 
low values come close to the R.I. (1.714) reported 
by Deer et al. (1992) for a natural pyrope with a 
near-end-member composition, and approach the 
theoretical end-member value of 1.705 reported by 
Webster (1994). The range of R.I. values obtained in 
this study correlates to the iron content (man- 
ganese is close, and chromium is below, the detec- 
tion limit of the electron microprobe for these ele- 
ments, which is 0.02 wt.% oxide). 

Specific gravity ranged from 3.58 to 3.67; in 
general, the lowest values were obtained for the 
palest stones. The lowest value is identical to that 
reported in the literature for a near-end-member 
pyrope (Deer et al., 1992), but is significantly high- 
er than the 3.51 reported by Webster (1994) for the 
theoretical end member. The highest S.G. values 
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correspond to the greatest concentrations of iron. 
However, some gemstones with a moderately 
intense purplish pink color contained abundant 
heavy inclusions (rutile), which prevents a 
straightforward correlation between specific gravi- 
ty and chemical composition. 

All of the samples were inert to both short- and 
long-wave UV radiation. 


Internal Features. Microsopic examination with 
cross-polarized light revealed undulatory extinction 
in some areas of the pyrope gemstones (figure 5), 
which is apparently due to strain caused by tectonic 
deformation subsequent to peak metamorphism 
(see, e.g., Hofmeister et al., 1998). 

The pyrope samples contained several types of 
microcrystalline inclusions (see, e.g., figure 6), most 
of which we were able to identify by Raman analy- 
sis. Crystals of rutile were commonly disseminated 
throughout the gemstones. These minute crystals 


TABLE 1. Properties of sample pyropes from the 
Dora Maira Massif, Italy. 


Weight — Color (Munsell) Rl. Specific UV-Vis absorption bands 
(ct) gravity (nm) 
0.76 Pale purplish pink 1717 = 3.61 Fe’: 502, 522, 575 
2.5 RP 9/2) n*: 365, 419, 460 
0.27 Pale purplish pink 1.718 3.58 Fe’*: 495, 525, 579 
SRP 9/2) n*: 363, 396, 421, 
437, 458 
0.32 Pale purple to 1.718 3.59 Fe, 501, 522,575 
purplish pink n+: 421 
SRP 9/2 to 9/1) 
0.50 Pale purplish pink 1.719 3.59 Fe’*: 503, 523, 577 
5RP 9/2 n+: 365, 377, 397, 422 
0.26 Pale purplish pink 1719 3.62 Fe: 522,577 
5RP 9/2 n*: 367, 419, 479 
0.28 Pale purplish pink 1.719 3.63 Fe: 502, 524, 575 
5RP 8/4 n*: 366, 419, 460 
0.49 Pale purplish pink 1.720 3.62 Fe’*: 502, 524, 576 
5RP 9/2 n*: 394, 421, 462 
0.25 Pale purplish pink 1.720 3.64 Fe: 503, 521, 575 
5RP 8/4 n+: 365, 398, 422, 458 
0.24 Pale purplish pink to 1.721 3.66 Fe’: 503, 522, 576 
grayish purplish pink n*: 365, 398, 422, 458 
SRP 8/4 to 7/4) 
0.85 oderate purplish pink 1.728 3.67 Fe*: 503, 523, 575 
JORP 7.5/4 n*: 367, 420, 479 
0.60 oderate purplish pink 1.730 3.67 Fe’: 495, 525, 579 
JORP 7.5/4 n*: 366, 398, 421, 462 


4For comparison, Stockton (1988) reports R./. values of 
1.714-1.742 and absorption bands at 410, 421, 430, 504, 520, 
and 573 nm for colorless to light orange and pink pyropes. 
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Figure 5. Undulatory extinction was seen in some 
areas of the Dora Maira pyropes with cross-polarized 
light. Photomicrograph by A. Donini; magnified 50x. 


were translucent dark orange (figure 7), or metallic 
black with dark red internal reflections (figure 8). 
Apatite occurred as colorless subhedral crystals 
with a rounded shape. Swarms of extremely thin 
laminar crystals, usually formed along small healed 
fractures, were identified as mica (probably phen- 
gite; see figure 9). Also present were colorless elon- 
gated subhedral zircon crystals (figure 10). 
Infrequently seen were thin, colorless, rectangular 
kyanite crystals. 

Some extremely thin, needle-like, parallel inclu- 
sions could not be identified (figure 11). No fluid 
inclusions were observed in the cut samples. 


Figure 6. A variety of mineral inclusions were pre- 
sent in the Dora Maira pyropes (here, 0.49 ct). 
Courtesy of the Natural History Museum of Milan; 
photo by R. Appiani. 
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Figure 7. This translucent dark orange rutile inclu- 
sion in a Dora Maira pyrope measures 0.22 mm 
long. Photomicrograph by A. Donini. 


-_ 


Elongate (up to 0.15 mm) pinkish purple crystals 
were seen in one of the stones, but we could not 
identify them by Raman analyses because there was 
no matching spectrum in our Raman library. We 
selected inclusions with the same appearance from 
the rough pyrope fragments left after cutting this 
stone (figure 12), and identified them as ellen- 
bergerite using X-ray diffraction analysis. This very 
rare silicate of magnesium, aluminum, titanium, 
and zirconium was described for the first time by 
Chopin et al. (1986) from rocks at Martiniana Po. 


Absorption Spectra and Chemistry. Absorption 
bands measured with the UV-Vis spectrophotome- 
ter are reported in table 1 and shown in figure 13. 


Figure 9. Formed along small healed fractures, these 
thin laminar inclusions were identified by Raman 
analysis as mica (probably phengite). The field of 
view is 1.2 mm wide; photomicrograph by A. Donini. 
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Figure 8. Rutile inclusions in the pyropes also 
appeared metallic black (here, 0.18 mm long), 
sometimes with dark red internal reflections. 
Photomicrograph by A. Donini. 


As indicated by Stockton (1988), bands around 
501-503 and 521—52.4 nm can be correlated to Fe**, 
while those at 419-422 nm are related to Mn”*. 
Other bands listed in table 1 are related to Fe** (i.e., 
495 and 575-579 nm} or Mn2* (i.e., 363-365, 398, 
and 458-462 nm). Rossman et al. (1989) studied 
the infrared spectra of Dora Maira pyrope, and 
found four sharp bands in the 3660-3600 cm7! 
region due to a hydrous component that has not 
been reported in pyrope from other localities. The 
same IR features were obtained on our samples 
(see, e.g., figure 14). 

Electron microprobe analyses of four purplish 
pink (low to moderate saturation) gem-quality 
pyrope fragments are presented in table 2, together 


Figure 10. This colorless elongated zircon inclusion 
measures 0.20 mm long. Photomicrograph by 
A. Donini. 


GEMS & GEMOLOGY FALL 2001 


Figure 11. These extremely thin, needle-like inclu- 
sions could not identified. The field of view is 0.07 
mm wide; photomicrograph by A. Donini. 


with analyses on two areas of a single Dora Maira 
crystal reported by Chopin (1984) for comparison. 
The pyrope shows the following range in composi- 
tion: 87.8-97.5 mol.% pyrope, 1.8-10.2 mol.% 
almandine, and 0.2-2.6 mol.% grossular. Our 
results suggest that the color is strongly influenced 
by the iron content, with the darker gemstones 
having greater FeO (up to 5.18 wt.%). 


IDENTIFICATION OF DORA MAIRA PYROPE 


Pyrope gemstones with a near-end-member com- 
position are very unusual, and the pale-colored 


Figure 13. This representative UV-Vis absorption 
spectrum of purplish pink pyrope from the Dora 
Maira Massif show bands that can be correlated to 
Fe** (e.g., 501-503 and 521-524 nm) and Mn?* (e.g., 
419-422 nm). 
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Figure 12. The rare mineral ellenbergerite (here, 0.2 
mm long) was identified as inclusions in pyrope 
from the Dora Maira Massif. Photomicrograph by 
A. Guastoni. 


stones from Dora Maira—which are unfamiliar to 
most gemologists—are commonly misidentified as 
grossular. However, these garnets can be separated 
correctly on the basis of their visible spectrum and 
refractive indices, as indicated by Stockton (1988). 
The refractive indices of the Dora Maira pyropes 
we examined here approach the lowest R.I. values 
reported for pyrope by Stockton (1988). Further- 
more, the UV-Vis absorption spectrum and charac- 
teristic inclusions provide additional criteria for 
the identification of Dora Maira pyrope. The 
infrared spectra show four sharp bands in the 


Figure 14. The four sharp bands in this infrared 
spectrum (3660-3600 cm~ range) are unique to 
pyrope from Dora Maira. 
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TABLE 2. Electron microprobe analyses of pyrope 
from the Dora Maira Massif, Italy. 


Hue Purplish Purplish Purplish  Purplish Not Not 
pink@ pink? pink® pink’ —reported® reported! 
Saturation Low Low Lowto Moderate 
moderate 
Oxide (wt.%) 
Si, 4446 44.13 44.02 43.52 45.21 45.13 
TiO, 0.02 0.01 0.04 0.03 0.00 0.02 
Al,0, 26.07 ~—- 25.81 25.72 25.61 25.55 25.39 
FeO? 1.48 2.50 3.33 5.18 0.91 1.35 
nO 0.02 0.05 0.05 0.08 0.02 0.03 
gO 27.97 = 27.16 26.41 25.02 28.83 28.98 
CaO 0.59 0.61 0.94 0.77 0.28 0.09 


Total 100.61 100.27 100.51 100.21 100.80 100.99 
01.% end-members 


Pyrope 95.7 92.6 91.2 87.8 97.5 97.2 
Almandine 2.9 48 6.4 10.2 1.8 2.6 
Grossular 1.5 2.6 24 2.0 0.7 0.2 


* Average of 6 analyses of crystal fragments from the same material 
as the 0.27, 0.32, and 0.76 ct gemstones in table 1. 

> Average of 10 analyses of crystal fragments from the same material 
as the 0.26, 0.49, and 0.50 ct gemstones in table 1. 

© Average of 7 analyses of crystal fragments from the same material 
as the 0.24 and 0.25 ct gemstones in table 1. 

4 Average of 9 analyses of crystal fragments from the same material 
as the 0.60 and 0.85 ct gemstones in table 1. 

© From Chopin (1984): rim of a 2 mm pyrope crystal. 

‘Core of the crystal mentioned in footnote e. 

8 Total iron as FeO. 


3660-3600 cm~! region that are unique for this 
pyrope, and inclusions of ellenbergerite provide 
unequivocal evidence that a pyrope is from Dora 
Maira. 


CONCLUSION 


Pyrope from the Dora Maira Massif has been 
faceted into pale purple to purplish pink gemstones 
that rarely exceed 1 ct. Although production to date 
has been minor, these gem pyropes add to the 
gemological significance of the Alpine area, with 
their unusual color and attractiveness. 

The deposit appears to be extensive, but future 
production will undoubtedly continue to be limited 
by environmental restrictions on mining. Currently, 
about 100 carats per year enter the marketplace, and 
no more than a few hundred carats have been cut. 
Much of the faceted pyrope is sold to private gem col- 
lectors, with only a few having been set in jewelry. 


ABOUT THE AUTHORS 


Dr. Guastoni (guastoni@yahoo.com) is assistant curator 
of mineralogy, and Dr. Pezzotta is curator of mineralogy, 
at the Natural History Museum of Milan, Italy. Dr. 
Superchi is director of CISGEM, the Gemological Centre 
of the Milan Chamber of Commerce. Dr. Demartin is 
professor in the Department of Structural Chemistry and 
Inorganic Stereochemistry, University of Milan. 


ACKNOWLEDGMENTS: The authors thank the staff 
members at the CISGEM laboratory (in particular, Eng. 
Antonello Donini) for Raman analyses, UV-Vis and FTIR 
spectroscopy, and photomicrography. The National 
Research Council (CNR) Center for the Study of Alpine 
and Quaternary Geodynamics (Milan, Italy) is thanked for 
allowing access to their electron microprobe. 


Also thanked are mineral collector L. Merlo Pich, who 
provided information about the locality and loaned some 
of the rough and cut pyrope for study, and Roberto 
Appiani, who photographed the pyropes. 


This manuscript benefited from constructive reviews by 
three referees. 


REFERENCES 


Chopin C. (1984) Coesite and pure pyrope in high-grade 
blueschists of the Western Alps: A first record and some con- 
sequences. Contributions to Mineralogy and Petrology, Vol. 
86, pp. 107-118. 

Chopin C., Klaska R., Medenbach O., Dron D. (1986) 
Ellenbergerite, a new high-pressure Mg-Al-(Ti,Zr)-silicate 
with a novel structure based on face sharing octahedra. 
Contributions to Mineralogy and Petrology, Vol. 92, pp. 
316-321. 

Deer W.A., Howie R.A., Zussman J. (1992) An Introduction to 
the Rock-Forming Minerals, 2nd ed. Longman Scientific & 
Technical, Essex, England. 

Franchi S. (1900) Sopra alcuni giacimenti di roccie giadeitiche 
nelle Alpi occidentali e nell’Appennino ligure. Bollettino. 
Regio Comitato Geologico Italiano, Vol. 4, pp. 119-158. 

Hofmeister A.H., Schaal R.B., Campbell K.R., Berry S.L., Fagan 
TJ. (1998) Prevalence and origin of birefringence in 48 garnets 
from the pyrope-almandine-grossularite-spessartine quater- 


204 NOTES AND NEW TECHNIQUES 


nary. American Mineralogist, Vol. 83, pp. 1293-1301. 

Mandarino J.A. (1999) Fleischer’s Glossary of Mineral Species. 
Mineralogical Record, Tucson, Arizona, 225 pp. 

Rossman G.R., Beran A., Langer K. (1989) The hydrous compo- 
nent of pyrope from the Dora Maira Massif, Western Alps. 
European Journal of Mineralogy, Vol. 1, pp. 151-154. 

Schert H.P., Medenbach O. (1994) Coesit-fiihrender-Pyrop- 
Quarzit-ein spektakulares Gestein aus dem Dora-Maira- 
Massiv in den Westalpen. Mineralien Welt, No. 1, pp. 14-16. 

Stella A. (1895) Sul rilevamento geologico eseguito nel 1894 in 
Valle Varaita (Alpi Cozie). Bollettino Regio Comitato Geolo- 
gico Italiano, Vol. 26, pp. 283-313. 

Stockton C.M. (1988) Pastel pyropes. Gems e&) Gemology, Vol. 
24, No. 2, pp. 104-106. 

Vialon P. (1966) Etude Géologique du Massif Cristallin Dora 
Maira, Alpes Cottiennes Internes, Italie. M.S. thesis, University 
of Grenoble. 

Webster R. (1994) Gems—Their Sources, Descriptions and 
Identification, 5th ed. Revised by P.G. Read, Butterworth- 
Heinemann, London. 


GEMS & GEMOLOGY FALL 2001 


JEREMEJEVITE: 
A GEMOLOGICAL UPDATE 


By Kenneth Scarratt, Donna Beaton, and Garry DuToit 


The submission of a large (4.54 ct) jeremejevite of an 
unusual—yellow—color to the AGTA Gemological 
Testing Center prompted a search of the available 
gemological literature and a detailed examination of 
five additional samples to learn more about this rare 
gemstone. It was found that the information in some 
English-language texts was either confusing or con- 
tributed little to our gemological knowledge. The 
authors confirm the available standard gemological 
properties and add pertinent data for the UV-visible, 
infrared, and Raman spectra, as well as for trace ele- 
ments measured by EDXRF. 


low stone that reportedly had been mined from 

Cape Cross, Swakopmund, Namibia (figure 1). 
Testing revealed all the gemological properties of 
jeremejevite (Al,B.O, .[F,OH],). The process of iden- 
tifying this stone led to the current study of this rel- 
atively rare gem material, which typically is blue. 

Jeremejevite was discovered in the late 19th cen- 
tury and named after Pavel V. Jeremejev, a Russian 
mineralogist and engineer (Arem, 1987). Most 
recorded faceted material is under 2. ct, but stones up 
to 5 ct are possible (Arem, 1987). Until relatively 
recently, the only two known localities for jeremeje- 
vite were at Mt. Soktuj, Transbaikal region, Russia 
(the type locality; Damour, 1883; Foord et al., 1981) 
and Cape Cross, Swakopmund, Namibia (Strunz and 
Wilk, 1974; Bank and Becker, 1977; Hertig and 
Strunz, 1978; Foord et al., 1981). Since the early 
1980s, however, deposits have been reported from 


| n November 2000, we encountered a light yel- 
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four localities in the Eifel volcanic area of Germany, 
where small or micro-crystals are found (Beyer and 
Schnorrer-Koehler, 1981; Rondorf and Rondorf, 
1988; Blass and Graf, 1999); from the southwestern 
Pamirs (Ananyev and Konovalenko, 1984); and from 
the Fantaziya and Priyatnaya pegmatite veins of the 
eastern Pamirs in eastern Tajikistan (Peretyazhko et 
al., 1999; Zolotarev et al., (2000); J. Hyrsl, pers. 
comm., 2001). Earlier this year, an exciting new 
deposit was discovered in Namibia, about 180 km 
east of Cape Cross in the Erongo Mountains near 
Usakos (Gebhard and Brunner, 2001). 

The gemological literature contains very little 


Figure 1. This 4.54 ct jeremejevite of unusual 
color is reportedly from Cape Cross, Namibia. 
The stone measures 14.89 x 7.01 x 4.25 mm. 
Photo by Sriurai Scarratt. 


See end of article for author information and acknowledgments. 
Gems & GEMOLOGY, Vol. 37, No. 3, pp. 206-211 
© 2001 Gemological Institute of America 
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(Continued from Page 429) 
should be the same regardless of the 
particular portion of the pearl in 
the path of the beam. Under these 
conditions, displacement of the cul- 
tured pearl in any direction in a 
plane normal to the X-ray beam 
should cause no change in the dif- 
fraction pattern as discussed in de- 
tail in a later section of this paper. 
On the other hand, lack of regularity 
in the plane parallelism of the layers 
should result in more or less marked 
changes in the pattern. Thus in 


P-42-24 P-42-25 


Figure 7 


Figure 7, P-42-24 was obtained after 
displacing the cultured pearl 3 mm. 
horizontally to the right along a line 
at right angles to the X-ray beam 
from the position it occupied for 
P-42-14, Figure 5. But, although the 
pseudo-hexagonal axes of the crys- 
tals in the path of the beam for 
P-42-14 were along the direction of 
the beam, they must have been in- 
clined at an angle of at least about 
50° to the beam to give the dis- 
tinctly rectangular pattern, P-42-24, 
Figure 7. 

Similarly, P-42-27, Figure 7, was 
obtained after a 2 mm. displacement 
of the pearl to the left along a hori- 
zontal line at right angles to the 
beam from the position occupied for 
P-42-14, Figure 5. Again the pattern 
shows rectangular characteristics 
(although not as well developed as 
in P-42-24) indicating an apprecia- 
ble angle of divergence between the 


P-42-26 


X-ray beam and the direction of the 
pseudo-hexagonal axes. Although 
the horizontal adjustments of the 
pearl for these tests were not geo- 
metrically precise, any slight change 
in the direction of the pseudo-hex- 
agonal axes relative to the X-ray 
beam due to this factor could not 
have been as large as that indicated 
by comparison of patterns P-42-24 
and P-42-27, respectively, with P- 
42-14, Similarly, displacement of the 
pearl 3 mm. horizontally along a 
line at right angles to the X-ray 
beam from 
the posi- 
tion in 
which it 
° gave the 
very regu- 
lar rectan- 
gular pat- 
tern P-42- 
19, Figure 
5, was ac- 
companied by some distortion and 
rotation of the pattern as shown in 
P-42-25, Figure 7. 

Finally, the pattern P-42-26, Fig- 
ure 7, was obtained after displacing 
the pearl 2.5 mm. horizontally in a 
direction at right angles to the beam 
from the position in which it gave 
pattern P-42-18, Figure 5. If. the 
mother-of-pearl layers of the core 
had been perfectly plane, the X-ray 
beam should have made the same 
angle (45°) with the direction of 
the pseudo-hexagonal axes in each 
setting. The rectangular pattern, 
however, is somewhat less distorted 
in P-42-26, Figure 7, than it is in 
P-42-18, Figure 5, indicating a 
larger angle between the beam and 
the direction of the pseudo-hex- 
agonal axes after the horizontal dis- 
placement. 

That the layers of mother-of-pearl 
in the core of a cultured pearl of 


P-42-27 


J 


Figure 2. These five jere- 
mejevites were part of 
the study sample. Two of 
the predominantly blue 
stones (2.65 and 0.97 ct) 
are reportedly from 
Namibia (the locality of 
the third blue stone— 
1.56 ct—is unknown), 
and the two yellow jere- 
mejevites (0.26 and 0.28 
ct) are from eastern 
Tajikistan. Photo by 
Sriurai Scarratt. 


information on jeremejevite, and most of the avail- 
able publications list the color as being a blue simi- 
lar to that of aquamarine (see Liddicoat, 1973, 1976; 
Webster, 1994). Arem (1987) recorded colorless, 
pale blue-green, and pale yellow-brown jeremeje- 
vite. Strunz and Wilk (1974) refer to the color of the 
material from Cape Cross as “cornflower” blue. 
Foord et al. (1981) also report “cornflower” blue as 
the color of jeremejevite from Cape Cross, and 
mention colorless material from the same locality. 

Therefore, we decided to investigate this unusu- 
ally colored jeremejevite from Namibia and com- 
pare it to other yellow jeremejevites from Tajikistan 
and some blue jeremejevites. We also took the 
opportunity to perform advanced testing, to charac- 
terize the material further. 


MATERIALS AND METHODS 

Six samples were examined for this report: The 4.54 
ct light yellow jeremejevite reportedly from Cape 
Cross that came into the AGTA Gemological Testing 
Center in late 2000 (again, see figure 1); two blue jere- 
mejevites from Namibia that weighed 2.65 and 0.97 
ct (GIA collection nos. 5721 and 183); another blue 
jeremejevite of unknown origin, which weighed 1.56 
ct (GIA collection no. 3958); and two yellow jeremeje- 
vites (0.26 and 0.28 ct) from the Fantaziya pegmatite 
in eastern Tajikistan that are in the collection of 
the senior author (figure 2). All six samples were 
tested by the standard and advanced methods 
described below. 

Refractive indices were taken with a standard 
GAGTL (Gemmological Association of Great 
Britain Gem Trade Laboratory) refractometer illu- 
minated with a monochromatic sodium-equivalent 
light source. Specific gravity determinations were 
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made hydrostatically (three sets of measurements 
per sample) with a Mettler CB203 electronic bal- 
ance. Microscopic observations were made with a 
GIA GEM Instruments Gemolite microscope. 

Ultraviolet-visible (UV-Vis) absorption spectra 
were recorded with a Unicam UV 500 spectrometer 
set to a 2.0 nm bandwidth, 120 nm/minute scan 
speed, and 1 nm data interval. All samples were 
analyzed over the range 190-900 nm, both parallel 
and perpendicular to the c-axis. Infrared spectra in 
the range of 7500-400 cm! were recorded with a 
Nicolet Magna-IR 560 Fourier-transform infrared 
(FTIR) spectrometer set to 500 scans at a resolution 
of 4 cm™!, in transmittance mode. We recorded 
Raman spectra with a Renishaw Raman 1000 
microscope system, using a 1 um analysis area with 
an argon-ion laser excitation wavelength of 514.5 
nm. Chemistry was determined qualitatively with 
an EDAX DX95 energy-dispersive X-ray fluores- 
cence (EDXRF) unit at 35 kV and 450 pA, using a 
standard detector and a collection period of approxi- 
mately 20 minutes. 


RESULTS AND DISCUSSION 
Visual Appearance. As illustrated in figures 1 and 2, 
each of the stones examined was step-cut. All were 
transparent. The three stones from the GIA collec- 
tion had a similar banded, almost parti-colored, 
appearance that consisted of both wide and narrow 
light blue bands set against a colorless background 
for an overall blue appearance. The two stones from 
Tajikistan were an evenly distributed light yellow in 
color, and the 4.54 ct stone reportedly from Cape 
Cross also was light yellow but more saturated than 
the two from Tajikistan. 

Dichroism in the blue jeremejevites was distinct: 
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TABLE 1. Optical properties and specific gravity for the six jeremejevites examined. 


Property 0.28 ct yellow 0.26 ct yellow 4.54 ct light yellow 2.65 ct blue 0.97 ct blue 1.56 ct blue 
from Tajikistan from Tajikistan from Namibia? from Namibia from Namibia locality unknown 

(GIA 5721) (GIA 183) (GIA 3958) 

Refractive index 

n, 1.641 1.642 1.641 1.640 1.640 1.640 

in 1.650 1.651 1.650 1.649 1.649 1.649 

Birefringence 0.009 0.009 0.009 0.009 0.009 0.009 

Specific gravity 3.31 3.31 3.27 3.31 3.30 3.28 


4l ocality as reported by the client. 


blue and near-colorless. It was weak in the yellow 
samples: light yellow and near colorless. 


Refractive Indices and Specific Gravity. The refrac- 
tive index and specific gravity data for all the stones 
(table 1) were consistent with previously published 
ranges. For the refractive indices, the lower limit 
was 1.640 and the upper limit was 1.651. The bire- 
fringence was constant at 0.009. Specific gravity 
ranged from 3.27 to 3.31. 

Webster (1994) in his identification tables (p. 
898) lists jeremejevite as having a uniaxial optic 
character with a negative optic sign, and refractive 
indices of 1.639-1.648 (birefringence 0.009). 
However, in his text (p. 346) he states that jeremeje- 
vite belongs to the orthorhombic system (implying 
a biaxial optic character) and has a pseudo-hexago- 
nal habit. Liddicoat (1973) also states that jeremeje- 
vite is uniaxial negative, but with indications of 
being biaxial with a very small 2V angle. These 
bewildering anomalous optical properties are 
explained by Foord et al. (1981) as being related to 
growth zoning in jeremejevite: The optic character 
of the rim of a crystal is different from that of the 
core. They state that the material from Mt. Soktuj 
consists of a biaxial core and a uniaxial rim; where- 
as the situation is reversed in jeremejevite from 
Cape Cross, which has a uniaxial core and a biaxial 
rim. Ananyev and Konovalenko (1984) expand on 
this further. However, for the stones reported here 
(possibly because fashioning removed the rim}, 
there was no difficulty in obtaining clear and unam- 
biguous R.I. measurements; all of the samples were 
uniaxial. Because the optical data are very similar to 
those of apatite, Foord et al. (1981) suggest that 
some confusion in identification might occur unless 
care is taken. However, the smaller birefringence of 
apatite, generally 0.002 to 0.004, should clearly sep- 
arate it from jeremejevite. 
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Features Seen with the Microscope. All of the 
stones examined for this study contained healing 
“feathers.” Strunz and Wilk (1974) also reported 
healing feathers as well as (unidentified) included 
crystals in jeremejevite from Cape Cross. We were 
unable to locate any other gemological references to 
inclusions in jeremejevite. 

A series of growth features that resembled 
“steps” similar to those sometimes seen in 
chrysoberyl (Webster, 1994) were observed in sever- 
al stones. These features manifested themselves as a 
“lightning strike” growth phenomenon in one of 
the blue jeremejevites (figure 3), as well as in the 
4.54 ct yellow stone. 

Several stones had included crystals, all of which 
appeared to be the same mineral. The 1.56 ct blue 
jeremejevite contained a multitude of crystals that 
were aligned along a plane that ran across the width 
of the stone and from the table to the keel line. 


Figure 3. A “lightning strike” growth phenomenon 
is seen here in one of the blue jeremejevites from 
Namibia. Such features are actually a manifesta- 
tion of “step” growth features, which also were 
seen in the 4.54 ct yellow stone. Photomicrograph 
by Kenneth Scarratt; magnified 20x. 
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Raman spectrometry identified these inclusions as 
feldspar (figure 4). 


Chemical Properties. The chemical formula of 
jeremejevite is Al ,B.O,.(F,OH),, and Si, Ga, Be, and 
Fe and several other elements are reportedly pre- 
sent in minor-to-trace amounts (Foord et al., 1981). 
The method (EDXRF) used by the authors to 
obtain chemical data on these jeremejevites can- 
not detect elements lighter in atomic weight than 
Na [i.e., B, O, and F) and it is not quantitative. 
However, such analyses may add useful identifica- 
tion information. 

We recorded major Al and traces of Si, Mn, Fe, 
Cu, Zn, and Ga, although not all of the trace ele- 
ments were detected in all samples. The most con- 
sistently present trace elements (detected in all the 
stones) were Fe and Ga. 


UV-Vis Spectroscopy. The UV-Vis absorption 
spectra for the 4.54 ct light yellow jeremejevite 
recorded both parallel and perpendicular to the c- 
axis show a gradual but only slightly increasing 
absorbance from 400 to 900 nm (figure 5). Below 
400 nm, the absorbance increases sharply to a 
point of total absorbance at about 280 nm (perpen- 
dicular to the optic axis). For both spectra, we 
noted one very weak band between 600 and 700 


Figure 5. The UV-Vis absorption spectra of the 4.54 
ct light yellow jeremejevite are comparable to 
those recorded for the other yellow samples. The 
absorption edge perpendicular to the optic axis is 
at about 280 nm. 
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Figure 4. Feldspar crystals such as this were seen in 
most of the stones. Here, they occur along a plane 
in the 1.56 ct blue jeremejevite. Photomicrograph 
by Kenneth Scarratt; magnified 40x. 


nm, and another between 400 and 450 nm. 
Similar spectra were recorded for the other two 
yellow samples. 

For the blue jeremejevites, in all three samples a 
broad, slight absorbance was noted between 510 and 
680 nm and a lesser absorbance between 350 and 
450 nm, especially perpendicular to the optic axis 
(figure 6). Total absorption perpendicular to the 
optic axis was reached at 284 nm. 

If we compare the UV-Vis spectra of the light 


Figure 6. The UV-Vis absorption spectra recorded 
for the 1.56 ct blue jeremejevite are consistent 
with those recorded for the other two blue jereme- 
jevites. The absorption edge perpendicular to the 
optic axis is at 284 nm (not shown). 
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Figure 7. These infrared spectra are representative 
of those recorded perpendicular to the optic axis 
for the three yellow and three blue jeremejevites 
studied. 


Figure 8. The Raman spectra for an unoriented 
blue jeremejevite (A) from the Mineral Spectro- 
scopy Server (2001) is similar to the spectra 
obtained for the 4.54 ct light yellow stone in direc- 
tions nearly parallel (B) and perpendicular (C) to 
the optic axis. Spectrum C shows the variations in 
peak intensity and position that are due to sample 
orientation effects. 
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yellow 4.54 ct (figure 5) and blue 1.56 ct jeremeje- 
vites (figure 6) taken perpendicular to the optic axis, 
it can be seen that the absorption between 510 and 
680 nm of the blue jeremejevite is the strongest 
disctinction. 

Previously published UV-Vis spectra for jereme- 
jevite have been for those with a blue color (Foord 
et al., 1981; Mineral Spectroscopy Server, 2001). 
The spectrum published by Foord et al. is in 
reflectance mode; it shows two minima at 280 and 
600 nm and a maximum at 465 nm, which are 
responsible for the blue color. The spectrum on the 
Internet is in absorbance mode and shows a dis- 
tinct band from approximately 500 to 700 nm and 
centered at approximately 600 nm. 


Infrared Spectroscopy. Foord et al. (1981) published 
near- and mid-infrared spectra for both blue and col- 
orless jeremejevite, and revealed that the relevant 
ranges were 800 to 2500 nm (4000 to 250 cnr). 
However, their spectra were obtained from crushed 
specimens embedded in KBr pellets, and in gemo- 
logical laboratories normally only nondestructive 
FTIR analyses are carried out. 

In our FTIR analyses of the six samples, we found 
the most useful data to be between 5000 and 2500 
cm! (figure 7). The features at 3700-3500 cm"! 
recorded in this study resemble those reported by 
Foord et al. (1981). Below 2500 cm! the FTIR fea- 
tures were totally absorbed, so we did not record 
any of the fine detail that Foord et al. revealed in 
this region. 


Raman Analysis. We explored the possibility of a 
distinctive Raman spectrum and found only one ref- 
erence: a single spectrum on the Mineral 
Spectroscopy Server (2001). This spectrum is repro- 
duced from a downloadable data file in figure 8A. 
Spectra B and C in figure 8 were recorded for the 
4.54 ct light yellow jeremejevite in directions nearly 
parallel and perpendicular to the c-axis. Spectrum B 
is a near-perfect match with spectrum A, whereas 
spectrum C shows the variations in peak intensity 
and position that are due to sample orientation 
effects. All six stones showed the same Raman 
spectra for the two orientations. 


CONCLUSION 

While faceted jeremejevite appears to have charac- 
teristic gemological properties (refractive indices 
with a lower limit of 1.640 and an upper limit of 
1.651, birefringence constant at 0.009, and specific 
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gravity ranging from 3.27 to 3.31), some of the data 
reported in standard gemological textbooks might 
cause confusion. 

When gemstones, rare or otherwise, are set in 
jewelry or other objects, the examination restric- 
tions placed on the gemologist can be formidable. 
The data gained by more sophisticated yet still 
nondestructive means can be particularly useful in 
such situations. The chemical data established the 
elements that should be present (major Al, and 
traces of Si, Mn, Fe, Cu, Zn, and Ga in the case of 
jeremejevite), the FTIR spectra (figure 7)—-generat- 
ed by instrumentation that is now available in 
major gemological laboratories—revealed areas of 
absorption that are common to this material, and 


the oriented Raman data (figure 8) readily identi- 
fied this gem mineral as jeremejevite. 
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Gem Trade LAB NOTES 


BADDELEYITE as a Gemstone 

Occasionally, the identification and 
full documentation of gemological 
properties for an unusual gem materi- 
al provides a welcome challenge, and 
change of pace, for the laboratory 
gemologist. The requirements of this 
form of lab work allow gemologists 
to practice a wide range of laboratory 
skills that are not always needed to 
deal with natural-versus-synthetic 
separations or treatment determina- 
tions in commercial gems such as 
rubies and emeralds. Working with 
an unusual unknown is in many 
respects an extreme form of basic 
gem identification. This is particular- 
ly true when the material turns out 
to be a mineral that has never before 
been encountered as a gemstone. 
Such was the case when a partially 


Figure 1. At 0.54 ct (5.37 x 3.16 x 
2.27 mm), this is the first 
faceted baddeleyite encountered 
in the Gem Trade Laboratory. 


212 


GEM TRADE LAB Notes 


polished piece of very dark greenish 
brown transparent rough with a sub- 
metallic luster was sent to the West 
Coast laboratory. The rough weighed 
14.54 ct and measured 13.21 x 12.05 
x 7.20 mm. 

With the microscope, we observed 
both unhealed and partially healed 
cleavages and fractures. Fiber-optic 
illumination revealed the presence of 
fine clouds and tiny pinpoint-size 
crystals in the form of short stringers. 
Although the material was over the 
limits of the refractometer, double 
refraction was visible with the micro- 
scope. 

The sample revealed pleochroism 
in strong dark greenish brown and 
very dark reddish brown. It was inert 
to long-wave UV radiation, but 
showed a weak yellowish green reac- 
tion to short-wave UV. There was no 
chalkiness to the luminescence, and 
no phosphorescence was observed. 
Using the hydrostatic method, we 
determined the specific gravity to be 
5.88. Also, using a visible-light spec- 
troscope, we observed total absorp- 
tion through the blue up to 500 nm. 

Laser Raman microspectrometry 
provided a very close match for badde- 
leyite, a monoclinic form of zirconi- 
um oxide (ZrO,), which is better 
known to gemologists in its stabilized 
isometric form as the diamond 
substitute synthetic cubic zirconia. 
Energy-dispersive X-ray fluorescence 
(EDXRF) spectroscopy showed that 
the unknown sample contained zirco- 
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nium as a major element, with traces 
of titanium and hafnium. This fits 
well with the expected chemistry for 
baddeleyite. 

Shortly after we examined the 
above-described rough, we received a 
0.54 ct rectangular cushion-shaped 
mixed cut for examination from C. 
D. (Dee) Parsons, of Santa Paula, 
California. The very dark greenish to 
yellowish brown stone (figure 1) was 
represented to Mr. Parsons as badde- 
leyite from Sri Lanka. We subjected 
this stone to the same sequence of 
tests that we performed on the larger 
piece of rough. This testing con- 
firmed that the mixed cut was bad- 
deleyite. The only significant differ- 
ences we observed between the two 
were a slight variation in color and a 
hydrostatic specific gravity for the 
cut stone of 6.07, as compared to 
5.88 for the rough sample. This is the 
first time we have encountered the 
mineral baddeleyite as a faceted 
gemstone. 

JIK, Maha Tannous, 
and Sam Muhlmeister 


Editor's note: The initials at the end of each item 
identify the editor(s) or contributing editor(s) 
who provided that item. Full names are given for 
other GIA Gem Trade Laboratory contributors. 
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CONCH “PEARL,” 
Highly Unusual Necklace Layout 


Although conch and other non-nacre- 
ous “pearls” are not submitted to the 
Gem Trade Laboratory as frequently 
as their nacreous counterparts, we 
are fortunate to see them intermit- 
tently. Recently, we received a layout 
(i.e., individual undrilled beads select- 
ed for use as a strand) that consisted 
of 75 round conch “pearls” that were 
graduated from approximately 13.56 
mm in the center to 2.57 mm at the 
ends (figure 2). 

Both the number of samples and 
the range of colors make this layout 
particularly interesting. The various 
colors are believed to be caused by 
organic compounds from the carotenoid 
group (see E. Fritsch and E. Misiorow- 
ski, “The history and gemology of 
queen conch ‘pearls,’” Winter 1987 
Gems & Gemology, pp. 208-221). 
Their shape is another important fea- 
ture. Fritsch and Misiorowski noted 
that conch “pearls” are only “very 
rarely” spherical. Our client revealed 
that this group took over 15 years to 
collect, with the most important crite- 
rion being the round shape. Since he 
did not always have access to a mea- 
suring device to check the roundness, 
he made sure each would roll in a 
straight line before adding it to the col- 
lection. An additional difficulty for the 
client was achieving a size range that 
would provide a smooth graduation in 
the strand. 

Even though this layout made an 
ideal graduated necklace, it is very rare 
to see non-nacreous “pearls” drilled, 
because the drilling process tends to 
cause them to develop cracks or actu- 
ally break into pieces. Nevertheless, 
our client later informed us that all of 
these conch “pearls” were drilled suc- 
cessfully, and none was damaged in 
the process. T™ 


DATOLITE, 13 ct Yellowish Green 


The West Coast lab recently identified 
another rare gemstone: a 13 ct dato- 
lite. This particular stone was remark- 
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Figure 2. This layout consists of 75 variously colored undrilled conch 
“pearls” that are graduated from 13.56 mm to 2.57 mm. 


able because of its large size, very 
pleasing color, and unusual cutting 
style. Colored stones typically are 
faceted as step or brilliant cuts, or as a 
combination of these two styles called 
a mixed cut. This stone, however, was 
fashioned almost cabochon-like with- 
out a table or girdle, just a crown and 
pavilion (figure 3). The domed crown 
was covered by a multitude of almost 
square facets. The pavilion showed 
two rows of triangular-shaped facets, 
with the elongated bottom facets 
coming to a point at the culet. We 
described it as a faceted buff-top cut. 
Datolite is typically colorless or 
pale yellow or green. In the face-up 
position, this datolite showed a pleas- 
ing yellowish green color overall. On 
closer visual examination from all 
angles, however, we noticed that the 
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Figure 3. This 13 ct datolite was 
faceted in an unusual cabochon- 
like style, with squarish facets 
on the domed crown and trian- 
gular facets on the pavilion, to 
maximize the impact of the 
color in the culet. 
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stone was essentially colorless except 
for a small yellowish green area near 
the culet. Undoubtedly, this particular 
cutting style was chosen to maximize 
the color appearance in the cut stone. 
Standard gemological testing 
revealed the following properties: R.I. 
of 1.622-1.669, biaxial, no absorption 
spectrum in the visible range, and 
inert to UV radiation. We determined 
the S.G. to be 3.00 using hydrostatic 
weighing. When we examined the 
stone with magnification, we noticed 
just a few scattered fluid inclusions. 
These properties indicated that the 
material was datolite. To verify our 
conclusion, we performed an X-ray 
diffraction analysis. The pattern we 
obtained matched that for datolite, 
thus confirming our identification. 
Since the library of standard Raman 
spectra is still incomplete, we took 
the opportunity to record the Raman 
spectrum of this datolite for future 
reference. KNH 


DIAMOND 

Carved “Hamsa” Diamond 

The 11.4 ct diamond shown in figure 
4 was submitted by Zvi Gluck to the 
East Coast GIA Gem Trade Labora- 
tory for an identification report. The 
piece, which was identified as natural 
diamond by standard testing, was 
fashioned into the shape of a 
"Hamsa" (which means five in Arabic 
and Hebrew, referring to the digits of 
the hand). This is an ancient Medi- 
terranean symbol that represents the 
protective hand of the creator. A 
Hamsa often has a single eye, usually 
made of turquoise and embedded in 
the middle of the palm, that symbol- 
izes the watchful eye of God. It is 
also believed to deflect evil. The 
Hamsa has been used as a good luck 
symbol for centuries. Typically, it is 
fashioned to be worn as an amulet or, 
less commonly, to be used as a wall 
plaque. 

This Hamsa (20.60 x 16.08 x 5.75 
mm) has a hollow spot in the palm 
area where the eye is usually placed, 
presumably for the addition of another 
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Figure 4. This 11.4 ct diamond 
was fashioned in the form of a 
Hamsa to symbolize the protec- 


tive hand of the creator and ward 
off evil. 


gem. To create this unusual piece, the 
cutter first fashioned the rough 
mechanically with the same bruting 
tools and wheels that are used to 
shape fancies and place the groove in 
heart shapes. Then the two-thumbed, 
bilaterally symmetrical form was 
shaped by a laser. According to Mr. 
Gluck, the original piece of rough 
weighed 14.22 ct. Although we did 
not see the crystal prior to cutting, the 
high percentage of weight recovery 


Figure 5. This 1.58 ct round bril- 
liant is typical of a natural-color 
black diamond. 


Gems & GEMOLOGY 


indicates that its shape was favorable 
for fashioning into this distinctive 
object. With the introduction of laser 
shaping to diamond manufacturing, 
we have encountered many fanciful 
cutting styles over the last 25 years, 
but this is the first time we have seen 
a crystal fashioned into a Hamsa. 

TM and Maha Tannous 


Heat-Treated Black Diamond: 
Before and After 


In the Spring 1971 issue of Gems & 
Gemology (pp. 287-288), Robert 
Crowningshield discussed and illus- 
trated a 10 ct black diamond. He 
described the intensely flawed and 
fractured appearance that for decades 
we have associated with natural-color 
black diamonds (see, e.g., figure 5). 
More recently, R. Kammerling et al. 
(“An investigation of a suite of black 
diamond jewelry,” Winter 1990 Gems 
& Gemology, pp. 282-287) provided a 
more thorough description of black 
diamonds. This account included both 
treated (through laboratory irradiation) 
and natural black diamonds, in addi- 
tion to black diamond simulants. 
Historically, the principal method of 
color treatment in black diamonds has 
been irradiation, and the separation of 
the treated-color stones from their 
natural-color counterparts has been 
relatively straightforward. As a direct 


Figure 6. Transmitted light reveals 
randomly dispersed graphitization, 
which gives the natural-color black 
diamond in figure 5 a “salt and 
pepper” appearance. Magnified 15x. 
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result of the body color produced by 
irradiation (actually a very dark green 
rather than a true black), the irradiated 
diamonds virtually always show green 
glints either in the body color or 
reflecting from a fracture 

Over the last several months, how- 
ever, we have encountered a number 
of black diamonds (ranging from melee 
size to several carats) in which the ori- 
gin of color has been difficult to deter- 
mine. When these diamonds were 
examined with a gemological micro- 
scope, they did not exhibit either the 
mottled “salt and pepper” appearance 
seen in natural-color black diamonds 
(figure 6) or the hints of green that are 
characteristic of laboratory-irradiated 
diamonds. However, these “new” 
black diamonds consistently revealed 
low clarity with extensive fracturing. 
They also showed a black “lining” in 
most of the surface-reaching fractures 
(figure 7). Raman analysis revealed that 
this black lining matched the pattern 
for graphite. 

Although it is not uncommon for 
graphite to form in fractures and 
around mineral inclusions in untreated 
diamonds (again, see Kammerling et 
al., 1990), we suspected that the black- 
ening of the fractures in these recent 
stones might not be natural. J. W. 
Harris and E. R. Vance (“Induced 
graphitisation around crystalline inclu- 
sions in diamond,” Contributions to 
Mineralogy and Petrology, Vol. 35, 


Figure 7. This isolated feather in 
the pavilion of a heat-treated 
black diamond displays graphite 
nucleation predominantly along 
the fracture plane. Magnified 30x 
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Figure 8. This 0.085 ct highly fractured “milky white” diamond (left) 
was submitted to high-temperature treatment in a vacuum. After treat- 
ment (right) the diamond appeared black because of the graphitization 


of surface-reaching fractures. 


1972, pp. 227-234) described how this 
graphitization might occur naturally in 
diamonds, and further explained the 
experimental conditions they used 
to create similar graphitization in the 
laboratory. 

To help determine whether or not 
the graphitization within these dia- 
monds was laboratory induced, we 
conducted experiments to see if we 
could reproduce the effect. The 0.085 ct 
milky white diamond on the left in fig- 
ure 8 is representative of the “before” 
starting material we used. After a 
review of the literature, combined with 
our own empirical knowledge, we 
chose controlled heating in a vacuum 
using an electric furnace in the temper- 
ature range 900°-1,650°C, for periods 
ranging from a few minutes to several 
hours. This was the temperature range 
discussed by Harris and Vance (1972). 
We suspect that one could graphitize a 
diamond more efficiently using high 
pressure/high temperature (HPHT) 
conditions, but this would be more 
complicated and costly, and the toler- 
ance range of treatment conditions out- 
side of the diamond stable region 
would be quite narrow. 

As illustrated in figure 8 (right), the 
high-temperature treatment produced a 
predominantly black appearance in the 
originally white stone. Magnification 
revealed that the color is caused by the 
presence of graphite lining the frac- 
tures; the adjacent near-colorless 
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“milky” areas remain unchanged. 
Unlike natural-color black diamonds, 
in which the graphitization is random- 
ly dispersed throughout the stone, 
graphitization in this heat-treated dia- 
mond (and others we have examined) is 
predominantly relegated to areas near 
the surface of surface-reaching fractures 
and cleavages. Furthermore, on the 
basis of the stones we have examined 
to date, we believe that the initial 
chemical composition of the diamond 
(the diamond type) is not a critical fac- 
tor in the resultant color, unlike the 
more common HPHT treatments 
(such as the de-colorization of brown 
type Ila diamonds). 

We are conducting an ongoing 
research effort to establish additional 
identification criteria by studying 
more known natural-color black dia- 
monds and other heat-treated black 
diamonds that appear on the market, 
as well as by conducting further 
“before and after” experiments. 

Matt Hall and TM 


Update on Blue and Pink 
HPHT-Annealed Diamonds 


Recently, Bellataire Diamonds sub- 
mitted one blue and two pink high 
pressure/high temperature (HPHT) 
processed diamonds to the East Coast 
laboratory (figure 9). This report pro- 
vides a brief follow-up to the Lab 
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Figure 9. These fancy-color (one blue and two pink) HPHT-processed 
diamonds recently submitted to the lab by Bellataire weigh 0.73 ct 
(left), 4.57 ct (center), and 7.54 ct (right). 


Note on 11 pink and four blue HPHT- 
processed diamonds that was pub- 
lished in the Fall 2000 issue (pp. 
254-255). The 7.54 ct pear shape and 
the 4.57 ct emerald cut appeared to 
have colors equivalent to GIA color 
grades Fancy purplish pink and Fancy 
Deep brownish pink, respectively. 
The color of the 0.73 ct marquise cut 
was equivalent to Fancy Intense blue. 

The gemological properties (color 
zoning, reaction to UV radiation, etc.) 
of these diamonds overlapped those of 
their natural-color counterparts. Both 
pink diamonds are type Ila (i.e., they 
contain a nominal amount of nitro- 
gen), and the blue diamond is type IIb 
(ie., it exhibits boron-related absorp- 
tion peaks in the infrared, and is elec- 
trically conductive). However, close 


Figure 10. Magnification at 30x 
reveals etching on one of the 
pavilion facets of the 7.54 ct dia- 
mond. This feature suggests that 
the diamond was subjected to 
the extremely high temperatures 
used in HPHT processing. 
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examination of the 7.54 ct pear shape 
revealed an etched and pitted surface 
on a facet of the pavilion. Although at 
first this etching appeared similar to 
the natural surface of a diamond crys- 
tal, higher magnification (figure 10) 
indicated that it was probably the 
result of the high temperature to 
which the diamond was exposed to 
enhance its color. We have noted this 
feature in other HPHT-processed dia- 
monds. When it is present, careful 
examination with a microscope pro- 
vides a clear indication of the process 
responsible for color enhancement. 
Using a Raman microspectrometer 
equipped with a 514 nm laser, we 
obtained low-temperature photolumi- 
nescence (PL) spectra from each of 
these diamonds. On the basis of our 
own criteria, in addition to the criteria 
published by D. Fisher and R. A. Spits 
(“Spectroscopic evidence of GE POL 
HPHT-treated natural type Ila dia- 
monds,” Spring 2000 Gems e#) Gemo- 
logy, pp. 42-49) and C. P. Smith et al. 
(“GE POL diamonds: Before and after,” 
Fall 2000 Gems & Gemology, pp. 
192-215), we were able to differentiate 
the spectra of these diamonds from 
those in our collection of more than 
800 low-temperature PL spectra of nat- 
ural-color pink and blue diamonds. 
These results further confirmed the 
usefulness of low-temperature photo- 
luminescence in the identification of 
color-enhanced diamonds. 
Matt Hall and TM 
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Fracture-Filled 
“Bloodshot” IOLITE 


The West Coast lab recently had the 
opportunity to examine a very unusu- 
al example of iolite (the gem variety of 
the mineral cordierite), which was 
sent to us by K & K International of 
Falls Church, Virginia. Iolite itself is 
not unusual, but this stone displayed 
strong chatoyancy. Cat’s-eye iolite is 
considered quite rare, and only a few 
have come through the laboratory (see 
Lab Notes, Fall 1982, p. 171; and Gem 
News, Spring 1990, p. 101 and Fall 
1990, p. 232). This stone, however, 
was unusual even for this rare gem 
mineral. 

At 25.98 ct, the oval double cabo- 
chon was extremely large for this 
material, and the eye was sharp, 
straight, and well oriented. Physical 
and optical properties matched those 
previously reported for iolite. The 
stone was heavily included, with tiny 
oriented platelets and needles of what 
is possibly hematite that gave the 
cabochon a somewhat orange appear- 
ance face up. Such material is known 
as “bloodshot” iolite. The inclusions 
caused the chatoyancy in this stone, 
so the eye appeared orange (figure 11). 

This combination of factors also 
probably caused the final unusual fea- 
ture we observed. The cabochon con- 
tained several large fractures, some of 
which extended almost entirely 
through the stone from top to bottom; 
these fractures were quite wide at the 
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moderate or large size may be 
curved to a greater or lesser degree 
might be expected from the prob- 
ability that the larger beads for in- 
sertion in the mollusc come from 
thicker regions near the hinge. In 
connection with the present work, 
visual examination of the beads in 
a mother-of-pearl necklace showed 
that the striations on the surface 
of the beads in many cases formed 
whorls and loops rather than paral- 
lel straight lines. Diffraction pat- 


a ° 
P-44-5 P-44-6 
° 
P- igdy-7 P-46-8 
Figure & 


terns obtained from one of these 
beads are reproduced.in Figure 8. 
The bead, shown in Figure 4, had 
a diameter of about 8.5 mm. and a 
weight of 17.96 pearl grains. It was 
mounted with the drill hole vertical 
and with the (horizontal) X-ray 
beam passing through its centre in a 
direction estimated to be as nearly 
as possible parallel to the average 
direction of the striations (i.e., nor- 
mal to the approximately horizontal 
pseudo-hexagonal axes). In this posi- 
tion pattern P-44-5, Figure 8, was 
obtained. The bead was rotated 
through an angle of 45° about the 
vertical axis, giving pattern P-44-6, 


in which it will be observed that the 
trace of the pseudo-hexagonal axis 
no longer is horizontal. A further 
rotation of 45° yielded P-44-7 which 
appears to be a rectangular pattern 
superimposed on the halo that would 
have been expected if the beam had 
coincided with the direction of the 
pseudo-hexagonal axes. These three 
patterns may be compared directly 
with P-42-19, P-42-18, and P-42-14, 
respectively, Figure 5. 

Finally, the bead. was displaced 
1.5 mm. horizontally along a line 
perpendicular to the beam from the 
centred position in which P-44-5 was 
obtained. In the new setting the 
X-ray beam passed through a par- 
ticularly irregular region of the 
mother-of-pearl and a correspond- 
ingly unsymmetrical diffraction pat- 
tern, P-44-8, was the result. 

The cultured pearl employed for 
the patterns illustrated in Figures 
5, 6 and 7 was remounted with the 
direction of the pseudo-hexagonal 
axes vertical and thus perpendicular 
to the X-ray beam. For pattern 
P-42-28, Figure 3 (Part I), the pearl 
occupied an arbitrarily chosen posi- 
tion about the (vertical) direction 
of the pseudo-hexagonal axes with 
the X-ray beam passing through its 
centre. It was rotated about the ver- 
tical axis through 45°, giving pat- 
tern P-42-29 in this position. It was 
then rotated to a new position at 
90° to the first and pattern P-42-30 
was obtained.. The pearl was dis- 
placed 2.5 mm. off centre along a 
horizontal line perpendicular to the 
X-ray beam (i.e., in a plane con- 
taining the vertical pseudo-hexag- 
onal axes and normal to the beam) 
and in this setting gave pattern 
P-42-31. These patterns illustrate 
the fact that regardless of the 
orientation of the cultured pearl 
with respect to the X-ray beam, ex- 


Figure 11. The inclusions (possi- 
bly hematite) that cause the cha- 
toyancy in this 25.98 ct “blood- 
shot” iolite are also responsible 
for the orange color of the eye. 


surface and were filled with a hardened 
material. The fractures were probably 
filled before the stone was cut, so that a 
larger finished piece could be obtained. 
In reflected light, the filled areas 
appeared to have distinctly lower relief 
(figure 12) than the rest of the stone, 
and a network of stress fractures was 
visible throughout most of them. 
These stress fractures gave the filler a 
crackled appearance (figure 13), similar 
to that seen in some fracture-filled dia- 
monds (see, e.g., Kammerling et al., 
“An update on filled diamonds: 
Identification and durability,” Fall 1994 
Gems & Gemology, pp. 142-177). 

We have seen filled fractures in 
many different gem materials, but 
this was probably the most unusual 
example to come to our attention. 

SFM 


MAW-SIT-SIT Beads 


A decorative necklace that featured 
variously colored round beads alter- 
nating with opaque bright green cylin- 
drical carved beads was sent to our 
West Coast lab for identification of 
the carved material. These beads aver- 
aged approximately 19 mm long x 12 
mm in diameter and were intricately 
carved with different flora and fauna 
motifs (figure 14). When examined 
with the unaided eye, each bead 
appeared to have been carved out of a 
single homogeneous piece of rough. 
When we examined the beads with a 
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Figure 12. In reflected light, the 
filled fractures in this cat’s-eye 
iolite showed a distinctly lower 
relief than the rest of the stone. 
Magnified 24x. 


gemological microscope at standard 
magnification, however, it became 
evident that the material itself was 
not homogeneous. Using strong over- 
head illumination, we noticed at least 
two different types of minerals: (1) a 
dark green main body mass that was 
partially fibrous; and (2) areas of a 
transparent, near-colorless, fine- 
grained material. The presence of at 
least two different constituents indi- 
cated to us that the bead was carved 
from a rock. 

Because the bead showed a fairly 
good polish, we were able to obtain a 
refractive index reading of approxi- 
mately 1.52 for a near-colorless area 
and another vague reading in the 
middle 1.7s for the green portion. 
There was no absorption spectrum 
and no reaction to UV radiation. 
Since initial gemological testing did 
not provide enough useful informa- 
tion about the material, we turned to 
advanced testing to identify the con- 
stituents. We were able to obtain use- 
ful Raman spectra for each compo- 
nent: The spectrum for the green por- 
tion matched that listed as ureyite (a 
bright green chromian pyroxene, for 
which the accepted name is now kos- 
mochlor), whereas the spectrum for 
the near-colorless portion matched 
that of albite feldspar. The refractive 
indices we had obtained were within 
the limits for both materials. This 
type of rock, which contains primari- 
ly kosmochlor, albite, and possibly 
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Figure 13. With 40x magnification, 
the crackled texture of the filler in 
this large fracture is easily visible 
among the multitude of reddish 
platelets and needles that cause the 
chatoyancy in the host iolite. 


other minerals, is known among 
gemologists as maw-sit-sit, after its 
locality in Myanmar. Dr. Edward 
Giibelin first described this rock in 
the Winter 1964-65 issue of Gems & 
Gemology (pp. 227-238, 255). Quite 
recently, F. Colombo et al. published 
another detailed study on the miner- 
alogical composition of this attrac- 
tive rock (Journal of Gemmology, 
Vol. 27, No. 2, 2000, pp. 87-92). 
KNH 


Figure 14. This 19 x 12 mm 
carved bead was identified as 
the rock maw-sit-sit. 
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Two Unusual OPALS 

Opal is known for its bright, multi- 
hued play-of-color patterns, which 
have been given various descriptive 
names such as “pinfire” and “harle- 
quin.” It is these color patterns that 
give opal its lasting appeal and value as 
a gemstone. 

Recently, however, the West Coast 
lab received two opals with an unusual 
structure to their play-of-color that 
made them particularly interesting for 
a gemologist. While the identification 
of these two opals as natural was rou- 
tine, the patterning they showed is 
worthy of further description. 

The first opal was a bezel-set 
freeform cabochon that measured 
37.51 x 15.68 x 3.42, mm (figure 15). It 


was submitted by Blaine Buckman of 
Jonesboro, Arkansas, who believed 
that it came from the 14-Mile area of 
Coober Pedy, Australia. This opal 
showed an unusual, spotted, “leop- 
ard” play-of-color pattern that consist- 
ed of more-or-less green circular spots 
against a predominantly orangy red 
background (again, see figure 15). The 
pattern may have resulted from opal- 
ization of some type of fossil plant. 
When examined with 10x magnifica- 
tion and surface incident light, the 
individual green spots were seen to be 
lighter green in their centers and dark- 
er at the rims (figure 16, left). In trans- 
mitted light (figure 16, right), they 
appeared light brownish orange, again 
with centers or cores. This is the first 
time we have encountered this type of 


Figure 15. This bezel-set opal shows an unusual spotted play-of- 
color that suggests the opal may be a fossil replacement. 


Figure 16. At 10x magnification with surface incident illumination 
(left), the green spots in the opal shown in figure 15 appear darker at 
their borders and lighter in their centers. In transmitted light (right), 
the spots appear light brownish orange and have obvious centers or 
cores, which further suggests that this might be a fossil replacement. 
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play-of-color pattern in an opal. 
Structurally, the second opal was 
an obvious cell-by-cell wood-to-opal 
replacement that preserved the 
macroscopic banded structure of the 
original wood (figure 17). This 15.10 
ct cabochon was cut by Tucson-based 
lapidary Kevin Lane Smith, from 
material he obtained at the Rainbow 
Ridge mine, in Virgin Valley, Nevada. 
While the play-of-color in this gem 
was predominantly green, all of the 
other spectral colors were visible, par- 
ticularly with magnification. The 
original cell grain of this opalized 
wood was also clearly seen when 
examined with the microscope, and it 
varied considerably in appearance 
with viewing direction. Looking per- 
pendicular to the length of the grain, 
we saw the play-of-color as distinct 
streaks or compact parallel bands (fig- 
ure 18). Looking parallel to the length 
of the grain (as in a cross-sectional 
view), we observed that the individual 
opalized cells were lined up in orderly 
rows (figure 19). It is in this micro- 
view that the delicate cell-by-cell 
opalization can be most appreciated. 
JIK and Maha Tannous 


Star SAPPHIRE with Two Stars of 
Two Different Colors 
Black asteriated sapphires from 
Thailand that show distinct “silvery” 
white six-rayed stars are relatively well 
known in the gem trade, and they are 
also relatively common as compared to 
other colors of star sapphires. 
Occasionally, however, we see less typi- 
cal asterism in this material. For exam- 
ple, some stars show 12 rays instead of 
six, or the star may appear “golden.” 
Very recently, gem dealer Elaine 
Rohrbach of Pittstown, New Jersey, 
sent an unusual oval black star sap- 
phire to the West Coast lab for exami- 
nation. Not only did this 1.51 ct dou- 
ble cabochon (7.30 x 6.04 x 3.05 mm) 
show a six-rayed star on each of its 
opposite sides, but the two stars also 
had distinctly different colors. The 
star on one side was the fairly com- 
mon “silvery” white to very light 
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Figure 17. This 15.10 ct cabochon of opalized wood still shows the 


banded structure of the original wood. 


brown (figure 20, left), whereas the 
star on the opposite side was a strong 
yellow-brown “golden” color (figure 
20, right). 

Magnification at 10 x showed that 
two factors—the depth of the star and 
the body color of the stone—were 
responsible for the obvious difference 


in color of these two stars. On the 
side with the “silvery” star, the inclu- 
sions causing the asterism were right 
at the surface, which greatly reduced 
or eliminated any potential color in 
the star that might be supplied by the 
body color of the host. On the side 
that showed the “golden” star, the 


Figure 20. One side of this 1.51 ct (7.30 x 6.04 x 3.05 mm) black star 
sapphire shows the familiar “silvery” white six-rayed star (left). On 
the reverse side, the strong yellow-brown body color of the stone 


imparts its color to the star (right). 
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Figure 18. In a view perpendicu- 
lar to the length of the grain in 
the 15.10 ct cabochon of opalized 
wood, the play-of-color is seen as 
distinct streaks or compact paral- 
lel bands. Magnified 35x. 


Figure 19. In a cross-sectional 
view, the individual cells in the 
opalized wood are clearly lined up 
in orderly rows. Magnified 35x. 


inclusions responsible for the aster- 
ism were a considerable distance from 
the surface, so that perhaps 2 mm of 
deep yellow-brown transparent sap- 
phire covered the star-causing inclu- 
sions. Consequently, the star reflected 
through this yellow-brown zone took 
on the body color of the host sapphire. 
While the potential probably exists 
for other black star sapphires to be 
fashioned creatively in this manner, 
this is the first double-star cabochon 
of this kind that we have seen. 

JIK and Maha Tannous 


PHOTO CREDITS 

Maha Tannous—figures 1, 3, 4, 11, 14, 15, 
17, and 20; Elizabeth Schrader—figures 2, 

5, 8 and 9; Vincent Cracco—figures 6, 7, and 
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John I. Koivula—tigures 16, 18, and 19. 
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This year, 285 dedicated readers participated in the 
2001 Gems & Gemology Challenge. Entries arrived from all corners of the 
world, as readers tested their knowledge on the questions listed in the Spring 
2001 issue. Those who earned a score of 75% or better received a GIA 
Continuing Education Certificate recognizing their achievement. The partici- 
pants who scored a perfect 100% are listed below. Congratulations! 


AUSTRALIA Coogee, Western Australia: Helen Haddy. Nedlands, Western Australia: Eleanor Sanders. Slacks Creek, Queensland: Ken Hunter 
® BELGIUM Diegem: Guy Lalous. Diksmuide: Honoré Loeters. Hemiksem: Daniel De Maeght. Overijse: Margrethe Gram-Jensen. Ruiselede: 
Lucette Nols ® BRAZIL Rio de Janeiro: Luiz Angelo @ CANADA Cowansville, Québec: Alain Deschamps. Kingston, Ontario: Brian Smith. 

Oakville, Ontario: Alethea Simone Inngj@ CROATIA Zagreb: Sandra Crkvenac @ CYPRUS Nicosia: George S. Stephanides 
@ CZECH REPUBLIC Praha: Karel Mar ik @ ENGLAND Tenteroen, Kent: Linda Bateley @ FRANCE Paris: Stephen Perera 
@ GERMANY Amberg: Herbig Klaus. Idar-Oberstein: Josef Bogacz @ HONG KONG Causeway Bay: Cristina O. Piercey 
@ INDONESIA Ciputat, Jakarta: Warli Latumena @ ITALY Ferrara: Sonia Franzolin. Porto Azzurro, Livorno: Diego Giuseppe Trainini. 
Valenza: Rossella Conti. Vicenza: Francesca Zen @ LITHUANIA Vilnius: Saulius Fokas @ NETHERLANDS Rotterdam: E. van Velzen. 
Wassenaar: Jane M. Orsak @ POLAND Lublin: Marek A. Prus @ SCOTLAND Edinburgh: James W.M. Heatlie @ SPAIN Burjassot, 
Valencia: Luis E. Ochando. Madrid: Shahrazad Krewi de Urquijo. Oviedo, Asturias: Consuelo Laspra. Playa P. Farnals, Valencia: Monika 
Bergel-Becker. Port de Soller, Baleares: J. Maurici Revilla Bonnin @ SRI LANKA Gampaha: Nadee Abeykoon @ THAILAND Conburi: 
Watcharaporu Keankeo © UNITED STATES Alabama Mobile: Lori Bryant. Arizona Tucson: David Arens. California Burlingame: 
Sandra MacKenzie-Graham. Carlsbad: Marla Belbel, Carl Chilstrom, Michael T. Evans, Diane Flora, William J. Herberts, Mark S. Johnson, 
Cathy Jonathan, Jan Lombardi, Lynn L. Myers, Diane H. Saito, Abba R. Steinfeld, Richard Taylor, Philip G. York. Los Angeles: 
Veronica Clark-Hudson. Marina Del Rey: Veronika Riedel. Pacifica: Diana L. Gamez. Penn Valley: Nancy Marie Spencer. Redwood City: 
Starla Turner. Santa Clarita: Beverly Nardoni-Kurz. Watsonville: Janet S. Mayou. Colorado Colorado Springs: Barbara Maffei. 
Connecticut Simsbury: Jeffrey A. Adams. Florida Clearwater: Timothy D. Schuler. Deland: Sue Angevine Guess. Vero Beach: Lisa N. Perino. 
Georgia Buford: Lisa Hazan. Decatur: Ella Golden. Hawaii Makawao: Alison Fahland. Illinois Danvers: Anne Blumer, William Duff. Mokena: 
Marianne Vander Zanden. Northbrook: Frank Pintz. Peoria: John Fitzgerald. Indiana Fishers: Laura D. Haas. Indianapolis: Mark Ferreira. 
Iowa West Des Moines: Frank Herman. Kansas Topeka: Ann Solcolofsky. Maine South Freeport: Arthur E. Spellissy, Jr. Maryland Darnestown: 
Ron Suddendorf. Massachusetts Braintree: Alan R. Howarth. Brookline: Martin Haske. Lynnfield: John A. Caruso. Michigan Saginaw: 
Veronica Haldane. Mississippi Hattiesburg: A. Thomas Light. Missouri Perry: Bruce L. Elmer. Nevada Las Vegas: Deborah Helbling. Reno: 
Terence E. Terras. New Jersey Fort Lee: Lioudmila Tretianova. New Mexico Santa Fe: Leon Weiner. New York City Island: Marjorie 
Kos. New York: John Kearney, Wendi M. Mayerson. Rye: Gregory J. Cunningham. North Carolina Creedmoor: Jennifer Jeffreys-Chen. 
Manteo: Eileen Alexanian. Matthews: Terry A. Edwards. Ohio Athens: Colette M. Harrington. Cuyahoga Falls: Catherine S. Lee. 
Oregon Salem: Donald Lee Toney. Pennsylvania Schuylkill Haven: Janet L. Steinmetz. Yardley: Peter R. Stadelmeier. 
Rhode Island Providence: Sarah A. Horst. Texas Austin: Judith Darnell, Anne Hawken. Corpus Christi: Warren A. Rees. 
Virginia Newport News: Sonia Brannan. Sterling: Donna B. Rios. Washington Poulsbo: Ruth Jorgensen. Seattle: Thomas C. Estervog. 
Wisconsin Beaver Dam: Thomas G. Wendt. Milwaukee: William Bailey 


Answers (See pp. 79-80 of the Spring 2001 issue for the questions): 
(1) c, (2) b, (3) a, (4) ¢, (5) b, (6) a, (7) a, (8) d, (9) b, (10) c, (11) c, (12) a, (13) a, (14) c, (15) withdrawn, (16) d, (17) b, (18) d, 
(19) a, (20) d, (21) b, (22) a, (23) a, (24) c, (25) c 
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GEM NEWS Internationa! 


DIAMONDS 

Report from the 2nd World Diamond Conference, 
Vancouver. On August 22, and 23, 2001, approximately 400 
participants from 29 countries converged in Vancouver, 
British Columbia, Canada for the 2nd World Diamond 


Figure 1. These rough diamonds were recovered during 
bulk sampling and evaluation of the A-154S pipe at the 
Diavik mine. Tiffany & Co. has already arranged to 
purchase some of the diamond production from this 
mine. Photo courtesy of Diavik Diamond Mines Inc. 
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Conference. GNI editor Brendan Laurs attended the confer- 
ence and provided this report. The well-rounded program 
consisted of approximately 40 presentations from mining 
and exploration company executives, mining engineers, 
government officials and diamond valuators, financial ana- 
lysts, and international financiers. Chaim Even-Zohar (edi- 
tor-in-chief and publisher, Mazal U’Bracha Diamonds and 
Diamond Intelligence Briefs) was the moderator of the con- 
ference, which focused mainly on Canadian diamond pro- 
duction, now and in the future. 

In his introductory presentation, Mr. Even-Zohar 
stressed that the industry is in transition due to major 
changes in the diamond “pipeline” caused by the evolving 
roles of the traditional major producers and the emergence 
of new industry leaders (e.g., BHP-Billiton and Rio Tinto) 
in both mining and merchandising. He introduced the 
phrase committed rough for diamonds (mined or 
unmined) with a predetermined manufacturing destina- 
tion—such as, for example, the arrangement by Tiffany & 
Co. to receive diamonds from the forthcoming Diavik 
mine in Canada (figure 1). The recent restructuring of De 
Beers is having a profound influence on the pipeline, as 
reduction of their diamond stockpile in 2000 contributed 
to the current overstocking in both the cutting centers and 
the retail sector. Mr. Even-Zohar also explained the legal 
challenges facing De Beers’s “supplier of choice” initiative 
to create demand at the consumer level. 

Martin Rapaport (Rapaport Diamond Report) echoed 
Mr. Even-Zohar’s contention that the industry is undergo- 
ing fundamental, and irreversible, structural changes as 
the result of a convergence of factors—in particular, a 
weak global economy, changes in De Beers, the branding 
movement, and “conflict” diamonds. He stressed that the 
future will hold greater market uncertainty in distribution 
and pricing, with rough prices determined by the prices of 
polished goods (a reversal of the situation in the past}; con- 
sequently, rough-diamond producers must add value 
through marketing. Diamond branding was a recurrent 
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Figure 2. Construction of the Diavik mine is underway in anticipation of diamond production in early 2003. 
Three kimberlite pipes (A154N, A154S, and A418) are located beneath Lac de Gras in the foreground, and a 
fourth pipe (A21) is located under the lake on the far left of the photo. The prominent arcuate structure in the 
foreground is a rock dike (to be completed in fall 2001) that will be used to hold back the lake surrounding the 
A154N and A154S pipes to allow for open-pit mining. Silt from dike construction is carefully contained to mini- 
mize the environmental impact on the lake. The processing plant (also under construction) and camp are located 
in the background on the left. The disturbance in the center is a quarry that supplies rock for construction of the 
dike, and an airstrip is visible on the right. Photo by Jiri Hermann; courtesy of Diavik Diamond Mines Inc. 


theme during the conference, and at least one ambitious 
strategy, still in the formative stage, was outlined in a 
stimulating presentation by Lindsey Hughson of Aurias 
Diamonds (a subsidiary of BHP-Billiton). He proposed a 
cooperative arrangement involving multiple suppliers to 
create consumer desire for diamonds through a carefully 
executed luxury branding campaign. 

Conflict diamonds took center stage during a speech 
by Ohio Congressman Tony Hall, who emphasized that 
“This affects you.” He reminded the audience that 
although the Clean Diamonds Bill enjoys widespread sup- 
port in the U.S. Congress, it has yet to become law (as of 
October 12, 2001). He stated that the Kimberley Process— 
an international certification system for controlling the 
flow of rough—will be crucial to the bill’s effectiveness. 
Cecilia Gardner (Jewelers Vigilance Committee) reviewed 
the “system of controls” that must be followed by coun- 
tries exporting their rough under this bill. The full text of 
the pending legislation can be viewed on the Internet at 
http://www.worlddiamondcouncil.org. 

Much of the conference was devoted to presentations 
by diamond explorers and producers, with an emphasis on 
activities in the world’s most important emerging diamond 
frontier—Canada—which is projected to account for 
12%-15% (by value) of world production by 2005. Dr. Art 
Ettlinger of Yorkton Securities estimated that between 
Can$800 million and $1 billion has been spent on diamond 
exploration in Canada in the last decade. Presentations by 
executives from several “junior” exploration companies 
were delivered with enthusiasm, despite uncertainties over 
the future of the rough diamond market and recent difficul- 
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ties in raising much-needed venture capital. 

Kowie Strauss (BHP-Billiton) reviewed developments at 
the Ekati diamond mine, Northwest Territories (NWT), 
which has produced 7 million carats (Mct) of rough with an 
average value of US$160/ct since it opened in late 1998. He 
also described continued exploration by his company for 
new diamond deposits in the NWT and other regions using 
“Falcon,” a sophisticated airplane-based geophysical tech- 
nique that can measure gravity, magnetics, radiometry, and 
digital elevation in the same survey. Buddy Doyle 
(Kennecott Canada Exploration; 100% owned by Rio Tinto) 
provided an overview on diamond exploration methodology 
and confirmed that the Diavik mine (a joint venture with 
Aber Diamond Corp.), also in the NWT, should become 
Canada’s second diamond source by early 2003 (figure 2). 

Tom Beardmore-Gray (De Beers Canada) stated that 
one-half of De Beers’s diamond exploration budget has been 
allocated to Canada, with most attention focused on two 
projects, Snap Lake (a kimberlite dike) in the NWT and 


Editor’s note: Bylines are provided for contributing editors 
and outside contributors; items without bylines were pre- 
pared by the section editor or other G&G staff. All contribu- 
tions should be sent to Brendan Laurs at blaurs@gia.edu 
(e-mail), 760-603-4595 (fax), or GIA, 5345 Armada Drive, 
Carlsbad, CA 92008. 
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Victor (a kimberlite pipe) in the James Bay Lowlands area of 
Ontario. Snap Lake is expected to become Canada’s third 
diamond mine, but during the conference De Beers’s corpo- 
rate headquarters announced a one-year delay in its develop- 
ment. When questioned by Mr. Even-Zohar, Richard 
Molyneux (De Beers Canada) cited two reasons for the 
delay: (1) the government permitting process will not be 
complete in time for De Beers to arrange for the transporta- 
tion of heavy construction equipment and materials to the 
site along the winter 2003 ice road, and (2) unexpected varia- 
tions in the morphology of the diamondiferous dike require 
more trial underground mining. Full production is now esti- 
mated to occur in 2006. The status of exploration at Gahcho 
Kué (also known as Kennady Lake) in the NWT, a joint pro- 
ject between De Beers and Mountain Province, was present- 
ed by Jan Vandersende (Mountain Province). Here, three 
kimberlite pipes are being evaluated, but it appears that a 
15% increase in diamond prices would be needed to 
advance this project to the feasibility stage. In the territory 
of Nunavut, the Jericho project is undergoing a feasibility 
study, and Joseph Gutnick (Tahera Corp.) stated that it 
could supply 3 Mct/year of rough diamonds for eight years. 

In addition to the NWT and Nunavut, diamond explo- 
ration and evaluation is occurring in other areas of Canada, 
particularly within the provinces of Alberta, Saskatchewan, 
Ontario, and Quebec. For example, kimberlites in 
Saskatchewan were reviewed by William Zimmerman 
(Kensington Resources Ltd.); Kensington and its partner De 
Beers are evaluating numerous kimberlites in the Fort a la 
Corne region. Although the inferred diamond grades are 
relatively low, the large size of the Saskatchewan kimber- 
lites and good infrastructure in the area make them attrac- 
tive for further evaluation. Robert Boyd and Brook 
Clements (Ashton Mining of Canada) provided an overview 
of their company’s properties and aggressive exploration 
programs in the Buffalo Hills of northern Alberta, Otish 
Mountains in Quebec, and at Kikerk Lake and Ric in 
Nunavut. Of these, the K-252 pipe in the Buffalo Hills is 
most promising, with an estimated diamond content of 55 
carats per 100 tonnes based on a 22.8 tonne sample collect- 
ed in March 2001. Jacques Letendre (Majescor Resources) 
reviewed diamond-bearing rocks in Quebec, including the 
Otish Mountains and at Fortage, Torngat, and Wemindji. 
Several other companies (i.e., SouthernEra Resources, 
Navigator, Shear Minerals, and Shore Gold) presented the 
results of their current exploration projects, as well as plans 
for the future, in various parts of Canada. 

A number of speakers described activities in other 
parts of the world. Sergey Oulin (Alrosa) predicted that in 
the next four years there would be significant expansion in 
prospecting, rough production, and vertical integration of 
the diamond industry in Russia, with a greater emphasis 
on manufacturing and retailing but less on the export of 
rough diamonds. Howard Bird (SouthernEra) described 
properties in Africa (Gabon, Angola, and South Africa) and 
western Australia (Yilgarn). Exploration activities at the 
Tsumkwe project in northeast Namibia were reviewed by 
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Nigel Forrester (Mount Burgess Mining). 

Diamond valuation and government relations with 
diamond explorers were covered in several presentations, 
with emphasis on Canada and Africa. In South Africa, 
according to Claude Nobels (DVIC Valuations Ltd.}, inde- 
pendent valuators help the government maintain its custo- 
dial role, so that the industry can operate with confidence 
and in an organized fashion. Richard Wake-Walker, whose 
company WWW International Diamond Consultants Ltd. 
holds a diamond-valuation contract with the Canadian 
government, explained how run-of-mine diamond rough 
from the Ekati mine is evaluated according to the market 
price set by other suppliers to ensure that correct royalties 
are paid. Martin Irving (Government of the Northwest 
Territories) described ambitious activities to support dia- 
mond manufacturing in that jurisdiction and to monitor 
the government’s certification program for diamonds that 
are both mined and cut in the NWT. 

The diamond industry in South Africa was described by 
Abbey Chikane (South African Diamond Board) and Abe 
Mngomezulu (South African Department of Minerals and 
Energy). A new Minerals Development Bill has been draft- 
ed to encourage mining and diamond trading in South 
Africa, especially on a small scale. Ministers responsible for 
the mineral industries in Namibia (Jesaya Nyamu), Angola 
(Paulo Mvika), and Tanzania (Edgar Maokola-Majoga) pro- 
vided overviews of diamond production and outlined 
recent changes in royalty and/or mining regulations that 
should facilitate activities in their respective countries. 
Luciano de Freitas Borges (Ministry of Mines and Energy, 
Brazil) mentioned proposed changes to mining legislation 
in Brazil that are designed to help reduce bureaucracy and 
increase the attractiveness of this country’s mining proper- 
ties to foreign investors. He also described ongoing geologic 
mapping and geophysical surveys of prospective terrain for 
diamonds by the Brazilian Geological Survey, with com- 
puterized results available in GIS format. 

In other presentations, Colin Kinley (Layne Christensen 
Canada) described developments in cost-effective bulk- 
sampling methods for diamonds using new hydraulic 
drilling technologies that reduce diamond breakage and 
allow rock samples up to 24 inches (61 cm) in diameter to 
be collected at depth underground. He predicted that, in 
the near future, new drilling technology will enable the 
subsurface recovery of bulk samples up to 60 inches (152 
cm) in diameter from kimberlites covered with glacial till 
or other types of overburden. Graham Popplewell (Signet 
Engineering) described state-of-the-art computer-drafting 
and networking capabilities for the design of diamond ore- 
processing plants using remote workstations and password- 
protected Internet sites. Frank Holmes (U.S. Global 
Investors Inc.) and Robert Bishop (Gold Mining Stock 
Report) reviewed factors that affect the market price of dia- 
mond mining stocks for investors, including commodity 
price trends, political risk, mine “life cycle,” and explo- 
ration funding. 


The mood at the close of the conference was one of 


Gems & GEMOLOGY FALL 2001 


Figure 3. A number of exploration trenches, similar 
to this one, have been dug for diamonds at Staggy 
Creek, Australia. Photo by Shane F. McClure. 


anticipation, as participants absorbed the excitement of 
Canada’s emergence as a major diamond player and the 
revolutionary changes that are taking place in the industry 
overall. 


Diamonds from Copeton, Australia. Diamonds reportedly 
were first discovered in Copes Creek, Copeton, in 1872, 
and the major workings in nearby Staggy Creek began in 
the late 1880s. The Copeton area remained Australia’s 
main producer of diamonds until the development of the 
Argyle mine in the early 1980s. Although production his- 
torically has been rather small, the Copeton diamonds are 
interesting because of their unresolved geologic origin and 
reports that they are harder than other diamonds (see, e.g., 
L. M. Barron et al., “Subduction model for the origin of 
some diamonds in the Phanerozoic of eastern New South 
Wales,” Australian Journal of Earth Sciences, Vol. 43, No. 
3, 1996, pp. 257-267). The deposits also are interesting 
because virtually all of the recovered diamonds are “gem 
quality,” and apparently no micro-sized diamonds have 
been found there; the rough Copeton diamonds typically 
weigh 0.20-0.25 ct. Geologists continue to debate the geo- 
logic origin of these diamonds (see, e.g., the previous refer- 
ence, as well as H. O. A. Meyer et al., “Unusual diamonds 
and unique inclusions from New South Wales, Australia,” 
Russian Geology and Geophysics, Vol. 38, No. 2, 1997, pp. 
305-331). Some researchers maintain that the deposits are 
alluvial in nature, as suggested by the abundance of round- 
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ed pebbles in the host tuffisite. Conversely, Peter 
Kennewell (managing director of Cluff Resources Pacific) 
thinks the deposit is primary. 

As part of a trip arranged by Dr. Lin Sutherland of the 
Australian Museum in Sydney, these contributors visited 
some of the new diamond diggings in the Copeton area in 
May 2001 after attending the ICA (International Colored 
Gemstone Association) Congress in Sydney. At the time 
of our visit, Cluff Resources Pacific had excavated two 
tunnels. We visited the Streak of Luck tunnel (located on 
the southern side of Mount Ross), which has produced up 
to 8 carats of diamonds per 100 tonnes excavated. The tun- 
nel has crossed a number of old shafts from earlier dig- 
gings, and then intercepted what appears to be a volcanic 
intrusion that thus far has not yielded any diamonds. We 
were unable to visit the Star tunnel (which reportedly pro- 
duced the highest quality stones recovered by Cluff at 
Copeton), because it has been flooded since 1999 due to 
above-normal rainfall. Significant restoration will be nec- 
essary before this shaft and tunnel can be worked again. 

Cluff also is investigating another site in the Copeton 
area known as Staggy Creek. Several exploratory trenches 
(figure 3) have yielded relatively low returns so far. A lam- 
prophyre/dolerite dike runs through the center of this 
deposit, but it is barren of diamonds. The highest concen- 
trations of diamonds are recovered from the adjacent tuff- 
isite. According to Cluff’s 1998 annual report, more than 
3,000 diamonds (totaling over 400 carats) were recovered 
from the pits and trenches at Staggy Creek. 

Cluff is also mining another, similar diamond deposit 
in Bingara, approximately 60 km west of Copeton. 
According to their 2000 annual report, the Monte Christo 
diamond mine produced almost 9,000 diamonds from 
September 1999 to December 2000, or an average of 9.94 
carats per 100 tonnes of material mined. 

CPS and 

Shane F. McClure 

GIA Gem Trade Laboratory, Carlsbad 
smcclure@gia.edu 


COLORED STONES AND 

ORGANIC MATERIALS 

Maxixe-type green-blue beryls with eye-visible pleochroism. 
In May 2001, the AGTA Gemological Testing Center in 
New York examined two large (30.67 and 23.64 ct) faceted 
oval beryls with a face-up color that resembled aquamarine 
(figure 4). Standard and advanced gemological testing 
revealed that both green-blue stones had properties consis- 
tent with Maxixe-type beryl. The color, which is caused by 
natural or laboratory irradiation, is due to an unstable color 
center that fades on exposure to heat or light. 

Both of the samples examined had similar gemological 
properties with refractive indices of 1.572-1.580, a specific 
gravity of 2.71 (measured hydrostatically), and a uniaxial 
optic figure; all of these aided in the identification of the 
stones as beryl, possibly aquamarine. The stones appeared 
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Figure 4. Both of these beryls (30.67 ct and 23.64 ct) 
show a strong green-blue color when viewed face-up 
parallel to the optic axis (left). Strong pleochroism 
is evident when viewed from the side, where a 
greenish yellow color is seen perpendicular to the 
optic axis (right). 


yellow when viewed with a Chelsea filter, and were inert to 
long- and short-wave UV radiation. Microscopic examina- 
tion revealed long needles and growth tubes that reached 
from crown to pavilion, as well as internal growth zoning. 
These proved the stones’ natural origin, which was con- 
firmed by FTIR spectroscopy. 

The most striking aspect in the visual examination of 
the two stones was the difference between the strong 
green-blue face-up color and the greenish yellow color seen 
from the side (again, see figure 4). Such strong dichroism in 
a natural-color or heat-treated aquamarine is suspect. In 
addition, the darker pleochroic color was visible looking 
down the optic axis (along the ordinary ray), and the lighter 
pleochroic color was observed perpendicular to the optic 
axis (along the extraordinary ray). This is consistent with 
Maxixe-type beryl, and is opposite the behavior shown by 
natural-color or heat-treated aquamarine (see Winter 1998 
Lab Notes, pp. 284-285). 

Using a desk-model spectroscope, we found that the 
437 nm “iron” line that is typically observed in strongly 
colored aquamarine was absent. Instead, there was a series 
of lines throughout the green to red regions of the spec- 
trum. These findings also aided in the identification of the 
two stones as Maxixe-type beryl (see, e.g., K. Nassau et al., 
“The deep blue Maxixe-type color center in beryl,” 
American Mineralogist, Vol. 61, 1976, pp. 100-107). 
Visible spectra measured by a Zeiss MCS 501 UV-Vis-NIR 
spectrophotometer showed a series of absorption bands and 
peaks not seen in natural-color or heat-treated aquamarine 
(figure 5). 

Another feature of natural or treated Maxixe-type beryl is 
the presence of cesium (Cs), which rarely is detectable in 
aquamarine (figure 6; see also W. A. Deer et al., Rock 
Forming Minerals—Disilicates and Ring Silicates, Vol. 1B, 
2nd ed., The Geological Society, London, 1997, pp. 372-409). 
According to Webster (Gems, 5th ed., Butterworth- 
Heinemann, Oxford, 1994, p. 127), the original Maxixe beryls 
mined in Brazil contained small amounts of cesium and 
lesser amounts of boron. Using EDXRF spectroscopy, we 
found Cs in both of the green-blue beryls along with small 
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quantities of iron (Fe) and traces of manganese (Mn). This is 
consistent with other Maxixe-type beryls we have exam- 
ined at the laboratory. By comparison, most aquamarine 
has much more Fe and less or no Cs (again, see figure 6). 

In June 2001, we received a dark violetish blue beryl 
set in a pendant at our mobile laboratory at the JCK Las 
Vegas Show. Since Maxixe-type beryl does not come 
through the laboratory very often, we were surprised when 
this stone, too, proved to be Maxixe-type. To date, we 
have examined five Maxixe-type beryls over an eight 
month period, none of which exhibited any residual 
radioactivity. We indicated on their lab reports that the 
color is produced by irradiation and has been known to 
fade in light and heat. The trade should take note that 
these stones are currently on the market, and are some- 
times misrepresented. 

Susan Paralusz 
AGTA Gemological Testing Center, New York 
sparalus@msn.com 


Coloration of morganite from Pala, California. Renewed 
gem mining in the historic Pala pegmatite district has 
recently produced some attractive gem tourmaline, as well 
as small amounts of kunzite and morganite (see “Recent 
gem discoveries...” below). Most of the facetable morgan- 
ite from the district was recovered from the White Queen 
mine on Hiriart Mountain by the Dawson family in the 
1960s and 1980s. Although the White Queen is not cur- 
rently active, Bob Dawson of Temecula, California, recent- 
ly brought two exceptional White Queen morganites to 
our attention that well illustrate the effect of sunlight 
exposure on the coloration of this beryl (figure 7). When 
mined, the typical color of morganite from this pegmatite 
is brownish pink. According to Mr. Dawson, after expo- 
sure to sunlight for about one week, the brown color disap- 
pears, resulting in an attractive pink to purplish pink that 
is stable under normal conditions of wear and care. 

This simple process, capable of causing such a distinct 
color change in morganite, is not widely known. A similar 
color alteration due to sunlight is illustrated for Brazilian 
morganite in the Spring 1989 issue of GWG (see A. R. 
Kampf and C. A. Francis, “Beryl gem nodules from the 
Bananal mine, Minas Gerais, Brazil,” pp. 25-29). 
According to Dr. George Rossman (as cited in the above- 
mentioned article), the brownish pink or orange color of 
the as-mined material is due to prolonged exposure to low 
levels of natural radiation in the pegmatite host rock. 
Exposure to sunlight (or mild heating) is generally suffi- 
cient to return electrons that were displaced by this radia- 
tion to their original sites in the morganite crystal struc- 
ture, restoring the pink color. 


Vanadium-colored beryl from China. An interesting green 
beryl crystal from a new locality, reportedly in the 
Guangxi Province of China, was recently sent to GIA by 
Jack Lowell of the Colorado Gem and Mineral Co. in 
Tempe, Arizona. 
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Figure 5. The polarized absorption spectra on the left depict the series of absorption peaks between 556 and 
689 nm that were recorded in the green-blue Maxixe-type beryls. These peaks also are readily visible with a 
handheld spectroscope. In contrast, a typical absorption spectrum for natural-color aquamarine (right) 
shows strong “iron” lines at approximately 371 and 427 nm, and a small peak at 537 nm (which usually dis- 


appears after heat treatment). 


The crystal, which was broken on both ends, mea- 
sured 12.32 mm long and weighed 4.16 ct. The faces of 
the hexagonal prism were relatively flat and sharp edged, 
which indicates that the crystal was not recovered from 
an alluvial deposit. As shown in figure 8, the body color 
of the translucent crystal is a medium yellowish green, 
mottled with areas of white that are caused by dense 
clusters of light-scattering micro-fractures. 


One of the flat prism faces yielded refractive indices of 
1.575-1.581, with a birefringence of 0.006. A specific grav- 
ity of 2.69 was obtained hydrostatically. Microscopic 
examination revealed inclusions of tourmaline in the form 
of elongated individual rods, tight “nests,” and small clus- 
ters of needles. These inclusions show strong, very dark 
brown to light brown dichroism when examined with a 
single polarizing filter. 


Figure 6. The EDXRE spectrum of one of the green-blue Maxixe-type beryls (left) shows small amounts of Cs, Fe, 
and Mn. The spectrum of a natural-color aquamarine (right) shows much more Fe and no Cs, although a minute 
amount of Mn may also be present. Heat-treated aquamarine generally shows an EDXREF spectrum similar to that 
of the natural-color aquamarine shown here. In both spectra, the peak at about 8.7 keV is an instrumental artifact. 
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cellent rectangular patterns are ob- 
tained as long as the direction of 
the pseudo-hexagonal axes of the 
mother-of-pearl core remains per- 
pendicular (or nearly so) to the 
X-ray beam. 

Finally, the same cultured pearl 
was remounted so that the X-ray 
beam passed through its centre at 
the same angle to the pseudo-hexag- 
onal axes and to each of two direc- 
tions at 90° in a plane normal to the 
pseudo-hexagonal axes. For these 
two directions the axis of the X-ray 
beam giving patterns P-42-28 and 
P-42-30, respectively, was chosen. 
This setting of the pearl is equiva- 
lent to direct- 
ing the X-ray 
beam along the 
diagonal of a 
cube of which 
the three mu- 
tually perpen- 


P42-32 dicular edges 
correspond to 
the axes in the 

Figure 9 pearl] that are at 


equal angles to 
the X-ray beam. The resulting pat- 
tern, P-42-32, Figure 9, is recogniz- 
ably rectangular. 

The foregoing data on the cul- 
tured pearl show that for a random 
setting of the specimen with respect 
to the X-ray beam and with the 
beam passing through the centre of 
the pearl, there is a much greater 
chance of obtaining a rectangular 
type of diffraction pattern than one 
of the halo or hexagonal type. Two 
factors contribute to this result; the 
large angular range between the 
direction of the pseudo-hexagonal 
axes and the X-ray beam over which 
the rectangular pattern persists and 
the divergence of the mother-of- 
pearl layers from perfectly plane 
parallelism. In fact, if a pearl under 


examination is suspected of being 
cultured, it is worth whue develop- 
ing the X-ray film after a single 
exposure of the pearl in a randomly 
selected orientation with respect to 
the X-ray beam. In most cases,‘ if 
the pearl is cultured, a clearly rec- 
ognizable rectangular pattern will 
be obtained. If a hexagonal halo or 
an ambiguous one appears, a second 
photograph with the X-ray beam 
passing through the centre of the 
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Figure 10 


pearl in a direction at right angles 
to the first usually is sufficient to 
produce the rectangular pattern. 
Occasionally, troublesome cases are 
encountered when, probably due to 
excessive irregularity of the mother- 
of-pearl core, a number of ambigu- 
ous patterns may be obtained before 
a chance direction of the X-ray 
beam results in a. clearly defined 


2 


Figure 7. The 191.59 ct stone on the left shows the 
brownish pink color that is typical of morganite as 
it is mined from the White Queen mine in Pala, 
California. After exposure to sunlight for about 
one week, the brown color disappears, as shown 
in the 202.41 ct purplish pink White Queen mort- 
ganite on the right. Courtesy of Bob Dawson; 
photo © Harold & Erica Van Pelt. 


Figure 8. This 4.16 ct vanadium-colored beryl 
crystal reportedly was recovered from China’s 
Guangxi Province. Photo by Maha Tannous. 
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The crystal was inert to both long- and short-wave UV 
radiation and showed no useful spectral features other 
than a moderate general absorption of the blue region 
when examined with a desk-model spectroscope. When 
the crystal was examined in transmitted light with a 
Chelsea filter, it took on the color of the filter itself, and 
no red transmission was observed. 

EDXREF analysis revealed only the presence of vanadi- 
um and iron. No chromium was detected. The yellowish 
green body color of this crystal suggests that vanadium, 
and not iron, is the primary coloring agent, although the 
possible influence of iron cannot be ruled out. It is inter- 
esting to note that another relatively new locality for vana- 
dium-bearing green beryl (which also contains some 
chromium) has been reported in China, in Yunnan 
Province (see F. Hongbin and L. Yongxian, “Mineralogical 
characteristics and exploitation perspective of emeralds in 
Yunnan Province,” Mineral Resources and Geology, Vol. 
12, No. 3, 1998, pp. 188-192). 

Thus far most of the material recovered has been sold 
as “emerald” mineral specimens. According to Mr. 
Lowell, a few gems have been fashioned from these crys- 
tals, but they have been marketed only in China. 

John I. Koivula, Maha Tannous, 

and Sam Muhlmeister 

GIA Gem Trade Laboratory, Carlsbad 
jkoivula@gia.edu 


Mini-faults in chalcedony. Disquieting earthquakes and 
spectacular volcanoes generally serve to remind us of the 
powerful and potentially destructive forces of nature. 
Even though these mega-forces may play a role in certain 
gem-forming processes, we rarely see any obvious evi- 
dence of their effect in the miniature world of gems. With 
this in mind, it was interesting to examine two polished 
slabs of patterned jasper (a variety of chalcedony) that 
showed sharp displacements in their layering (see, e.g., 
figure 9). 

The two colorful samples were purchased at the 2001 
Tucson show from West Coast Mining, College Place, 
Washington. The jasper samples were said to originate 
from Mexico (more specific locality unknown). We had 
them recut for photography by Leon Agee, of Deer Park, 
Washington, to 56.41 ct (31.98 x 30.59 x 5.24 mm) and 
3.98 ct (12.00 x 11.39 x 2.24 mm). 

Once the specimens were recut, the bedding planes 
and their displacement across miniature faults were even 
more apparent (figures 9 and 10). Standard gemological 
testing and observation confirmed their identification as 
jasper. John I. Koivula and Maha Tannous 


Recent gem discoveries in Pala, California. Granitic peg- 
matites in the Pala district are once again yielding signifi- 
cant finds of tourmaline, kunzite, and other gems. In the 
early 1900s, mines in Pala and the nearby Mesa Grande dis- 
trict (particularly the Himalaya mine, located 30 km south- 
east of the town of Pala) made Southern California a world- 
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renowned source of fine gemstones and mineral specimens. 
After decades of little or no production, recent finds have 
occurred at three historic mines: the Tourmaline Queen on 
Queen Mountain, and the Pala Chief and Elizabeth R on 
Chief Mountain. GNI Editor Brendan Laurs visited these 
mines in July-August 2001 for this update. 

Renewed work at the Tourmaline Queen by mine 
owner Edward Swoboda of Beverly Hills, California, began 
in August 1996. This mine was the major producer of gem 
tourmaline in the Pala district in the early 1900s. After it 
was closed in about 1914, there was no organized mining 
until Mr. Swoboda purchased the property in 1970, more 
than 50 years later. The Tourmaline Queen was leased to 
Pala Properties International (a partnership between Mr. 
Swoboda and Bill Larson of Fallbrook, California) and 
mined during the period 1971-1978. That activity resulted 
in the discovery of some superb mineral specimens and 
pieces of gem rough, particularly in January 1972: when 
the miners found a large pocket that contained well- 
formed crystals of pink tourmaline with blue termina- 
tions (or “blue caps”; see B. Larson, “The ‘Queen’ reigns 
again,” Lapidary Journal, Vol. 26, No. 7, 1972, p. 1002 et 
passim). Specimens from this find can be seen in several 
major museums, such as the Smithsonian Institution in 
Washington, D.C. Since 1978, the property was leased for 
brief periods by various individuals, but for the most part 
remained inactive. 

When Mr. Swoboda resumed mining at the Tour- 
maline Queen in 1996, he extended the underground 
workings to the west and south of the historic zone that 
yielded abundant tourmaline-rich pockets in the early 
1900s. A few blue tourmalines were recovered from this 
area, but no significant pockets were found after excavat- 
ing more than 100 m (328 feet) of tunnel over a period of 
two years. In 1997-1998, a portion of the underground 
workings was scanned with ground penetrating radar by 
Jeffrey Patterson and Dr. Fredrick Cook (both from the 
University of Calgary, Alberta, Canada) as part of their 
research to detect gem-bearing cavities within pegmatite. 
Although the instrument detected several anomalies, none 
turned out to be a gem pocket when excavated. 

In October 2000, Mr. Swoboda signed an agreement 
with Scott Ritchie and Erik Cordova of Southern 
California Gem Industries, Torrance, California, for addi- 
tional exploration and mining activities at the Tourmaline 
Queen. The team improved the rough four-wheel-drive 
roads that access the mine, and in July 2001 began open- 
cut excavations of the pegmatite with a large trackhoe. 
They exposed several hundred feet of the pegmatite where 
it crops out to the east and north, and made a large cut in 
the area where much of the historic production occurred 
(figure 11). Here, excavation exposed two old tunnels, and 
further mining in late July revealed several gem pockets. 

The first pocket contained a blue tourmaline crystal 
that yielded two attractive cat’s-eye cabochons of 13.57 
and 31.50 ct. Two pink cat’s-eye cabochons (7.30 and 7.95 
ct) were cut from a crystal found in another pocket (figure 
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Figure 9. This 56.41 ct polished jasper shows an 
obvious displacement of the colorful bedding 
planes. Photo by Maha Tannous. 


12). Chatoyant tourmaline from San Diego County is typi- 
cally green—as found mainly at the Himalaya mine in 
Mesa Grande—so the blue and pink cat’s-eyes cut from 
material found in these new pockets are very unusual. 
Other cavities produced bright pink and bicolored pink- 
and-blue tourmaline rough, two of which have been pre- 
formed into stones that exceed 100 ct. Mr. Swoboda esti- 
mates that the recent finds have yielded several hundred 
carats of gem-quality tourmaline as well as several speci- 
men-quality crystals (some with morganite). The open cut 
has now been mined out and filled in; future plans call for 
underground mining of several enriched sections of the 
pegmatite. 

The historic Pala Chief mine is known mostly for its 
pink or “lilac” kunzite, in addition to fine tourmaline and 


Figure 10. The high contrast of red and white 
layers in this 3.98 ct polished jasper makes the 
mini-faulting readily apparent. Photomicrograph 
by John I. Koivula; magnified 3x. 
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Figure 11. In July 2001, Edward Swoboda and part- 
ners used a large excavator to open-cut part of the 
Tourmaline Queen mine in Pala, California. 
Several pockets containing gem- and specimen- 
quality tourmaline were found after the cut was 
extended several meters into the pegmatite. Photo 
by Brendan M. Laurs. 


morganite. The current owner, Bob Dawson of Temecula, 
California, purchased the property in the early 1990s. Mr. 
Dawson improved the roads and security in preparation for 
mining, and began extending one of the short tunnels in 


Figure 13. At the Pala Chief mine, mine owner Bob 
Dawson found a gem pocket containing tourmaline 
and kunzite in November 2000. The pocket, which 
measured approximately 1 m long, was located in the 
pegmatite core zone next to the area with purple lepi- 
dolite to the left of Mr. Dawson; photo by 
Brendan M. Laurs. The inset shows the 
pocket as it was being excavated; the 
dark crystal on the lower right is tourma- 
line (6.3 cm across) on a matrix of quartz 
and cleavelandite feldspar that is 
attached to the top of the pocket. Photo 
by Bob Dawson. 
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Figure 12. One of the gem pockets recently found at 
the Tourmaline Queen mine yielded a chatoyant 
tourmaline crystal that was cut into these two 
cat’s-eyes (7.30 and 7.95 ct). Chatoyant tourmaline 
from San Diego County is typically green. Photo by 
Edward Swoboda. 


October 2000. After drilling and blasting through about 3 
m of pegmatite, he found a gem pocket approximately 1 m 
long x 0.5 m wide x 0.3 m thick in early November 2000 
(figure 13). From this pocket, he recovered five well- 
formed crystals of pink tourmaline with flat pale blue-gray 
terminations (see, e.g., figure 14), as well as several pieces 


Figure 14. This well-formed crystal of tourmaline 
(8.4 x 6.2 cm) was recovered at the Pala Chief mine 
in November 2000. Courtesy of Bob Dawson; photo 
by Maha Tannous. 
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of pink kunzite. The tourmalines formed stout prisms 
ranging from 6.1 x 2.3 cm to 8.4 x 6.2. cm, and the kunzites 
occurred as deeply etched, lustrous crystals up to 10.7 x 
2.7 cm. Further mining has uncovered a few additional 
small pockets or “vugs” that contained crystals of pink or 
blue-gray tourmaline. 

The Elizabeth R mine is not as well known as the other 
two, but it has been operated intermittently for nearly three 
decades by Roland Reed of El Cajon, California. The property 
was originally purchased by Mr. Reed as the Hazel W claim 
in 1974, and he renamed it Elizabeth R in 1980. In 1973, he 
purchased the adjacent Ocean View claim, from which he 
obtained large quantities of quartz and morganite in well- 
formed crystals (some of the latter bicolored with aquama- 
rine) in 1974-1975 and 1982. In September 2000, Mr. Reed 
sold the Ocean View mine to a group headed by Jeff Swanger 
and Stephen Koonce Jr. of Escondido, California. 

In July 2000, Mr. Reed started a new tunnel on the 
Elizabeth R property, and in November 2000 the tunnel 
penetrated the down-dip extension of the Ocean View 
pegmatite. He was surprised when he immediately 
encountered a mineralized quartz-spodumene core 
zone, in which he found several small clay-filled vugs 
that contained pink, blue, and bicolored pink—-bluish 
green tourmaline and lavender kunzite (figure 15). As of 
August 2001, the new tunnel at Elizabeth R had pro- 
duced several hundred carats of gem rough, and some 
had been faceted or cut into cabochons (see, e.g., figure 
16). The tourmaline- and kunzite-bearing zone that Mr. 
Reed has uncovered is completely unlike the beryl-bear- 
ing areas previously known on the property; it more 
closely resembles the mineralization at the Pala Chief 
and Tourmaline Queen. As work continues at all three 
mines, more gems and mineral specimens will likely 
become available in the marketplace. 


A statuette containing a large natural blister pearl. This 
past summer, the AGTA Gemological Testing Center 


Figure 15. Beginning in November 2000, a new tun- 
nel at the Elizabeth R mine in Pala penetrated a 
previously unknown pegmatite core zone that yield- 
ed several small clay-filled vugs with gem-quality 
tourmaline and kunzite. Mine owner Roland Reed 
is pointing to a large black-and-pink crystal of tour- 
maline that is “frozen” in the pegmatite. Photo by 
Brendan M. Laurs. 


examined a large “pearl” set within a statuette of a cen- 
taur (figure 17). A centaur is a mythological creature with 
the head, arms, and chest of a man but the legs and lower 
half of a horse. Figurines that make use of oddly shaped 
pearls were particularly popular with artists during the 
Renaissance, when mythological themes were adopted for 
interesting ornaments, such as the circa 1560 Canning 
Jewel (in which a large natural pearl has been set as the 


Figure 16. Several hundred carats of rough gem tourmaline and kunzite were recently recovered from the Elizabeth R 
mine. The faceted stones on the left (0.47—2.02 ct) show the range of color of the pink tourmaline. The middle photo 
depicts some unusual cat’s-eye tourmaline in blue, greenish blue, and bicolored pink-green colors (13.44—16.30 ct). 
The faceted kunzite on the right weighs 14.39 ct. Courtesy of Roland Reed; photos by Maha Tannous. 
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Figure 17. The torso of the centaur in this statuette 
is actually a natural blister pearl that weighs 
856.58 ct. Photo by Kenneth Scarratt. 


torso of a triton; see, e.g., figure 6 in D. M. Dirlam et al., 
“Pearl fashion through the ages,” Summer 1985 Gems &@ 
Gemology, pp. 63-78). Although we had no information 
on the possible age of the statuette we examined in our 
lab, the practice of using oddly shaped pearls—both natu- 


Figure 18. After being removed from the statuette, the 
856.58 ct natural blister pearl could be examined 
from all directions. The back of the blister pearl (see 
inset) shows the banded structure of the shell from 
which it grew. Photos by Kenneth Scarratt. 
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ral and now cultured—in this manner has carried through 
to the present. 

The centaur measures approximately 17 cm in height 
(excluding the base) and is about 15.5 cm long from tail to 
outstretched front hoof. The head and arms of the man 
and the entire horse portion are made of a yellow metal 
embellished with white, red, green, and black enamel 
work. Set at various points are old-cut diamonds with 
well-worn facet edges and foil-backed “red” corundum. 
The “saddle” is removable and facilitates the setting and 
unsetting of the “pearl.” A yellow metal band wraps 
around the midriff and is similarly decorated with old-cut 
diamonds and foil-backed corundum. 

The “pearl” is nacreous, and when removed from the 
setting it weighs 856.58 ct and measures 69.13 x 48.97 x 
34.68 mm. The color is purplish brownish gray on the con- 
vex front and dark gray to black on the concave back (fig- 
ure 18). The back has the banded structure of the shell 
from which it grew, indicating that it is not a true, fully 
formed pearl, but rather is a blister pearl. X-radiography 
showed that the structure of the blister pearl is banded 
throughout and not concentric (figure 19). The lack of a 
bead nucleus or any other indication of cultured pearl 
growth confirmed that it is natural. 

Most nacreous pearls of extraordinary size are, in fact, 
found attached to the inner wall of the host mollusk’s 
shell. Hence, they are termed blister pearls. The Hope 
pearl, thought to be one of the largest of all nacreous 
pearls, with an estimated weight of 450 ct, is a natural 
blister pearl (see, e.g., S. Kennedy et al., “The Hope pearl,” 
Journal of Gemmology, Vol. 24, No. 4, 1994, pp. 
235-239). The Summer 2001 issue of Gems & Gemology 
(Gem News International, p. 158) described a natural 
pearl recently discovered in waters off the coast of 
Myanmar that, at a reported weight of 845 ct and measur- 
ing 62 x 53 x 30 mm, was thought to be the world’s 
largest (nacreous) natural pearl (U. T. Hlaing, “World’s 
largest pearl,” Australian Gemmologist, Vol. 21, No. 3, 


Figure 19. This X-radiograph of the blister pearl 
shown in figure 18 reveals a layered growth struc- 
ture, which confirms its identity as natural. 
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2001, p. 135). Although the reports thus far emerging 
from Myanmar do not confirm whether or not this is a 
blister pearl, the published images suggest that this may 
be the case. By comparison, the natural blister pearl set in 
the centaur statuette is about the same size and weighs 
slightly more than the Myanmar pearl. Certainly, both of 
these weigh more than the reported or assumed weights 
for such large, historically famous nacreous pearls as the 
450 ct Hope pearl, the 605 ct Pearl of Asia, and the 575 ct 
Arco Valley pearl (G. F. Kunz and C. H. Stevenson, Book 
of the Pearl, Century Co., New York, 1908; J. Taburiaux, 
Pearls—Their Origin, Treatment and Identification, 
NAG Press, London, 1985, pp. 89-99). 

In describing large individual natural or cultured 
pearls, and certainly when making claims regarding their 
relative sizes, it is important to note whether they are 
nacreous or non-nacreous (and, if possible, to state the 
type of mollusk from which they were recovered), as well 
as whether they have characteristics of blister growth. 
This allows for a clearer comparison to be made. KVGS 


Exceptional carpet shell pearl. The “carpet shell” (or 
palourde) is a bivalve mollusk, very common off the 
coast of France, where it is much appreciated by shellfish 
enthusiasts for its flavorful yet subtle taste. Very rarely, 
it also produces small pearls (typically about 2 mm), 
which are generally very irregular and unattractive. Mrs. 
Gilberte Landré, janitorial manager at this contributor’s 
institute, nevertheless fished an exceptional specimen on 
October 17, 2000, from the Gois passage—the expanse of 
sand inshore of the French island of Noirmoutier that is 
covered by the sea only at high tide—south of Nantes 
(figure 20). 

The pearl is almost perfectly round, with a diameter 
of 5.7-5.9 mm, and weighs 1.43 ct. It is nacreous and 
very lustrous, but without much orient. The pearl shows 
an even purple color; this hue is also present in a portion 
of the shell it came from, which is otherwise white and 
brown inside (again, see figure 20). There are several 
small, grayish blemishes on the surface. When exposed 
to long-wave UV radiation, the pearl luminesced a 
chalky whitish yellow, similar overall to the reaction of 
the inside of the shell (although the purple part of the 
shell is only weakly luminescent). The reaction was 
weaker to short-wave UV. 

The sample was also examined with a JEOL 5800 scan- 
ning electron microscope (SEM) in the low-vacuum mode 
(no conductive coating necessary); a qualitative chemical 
analysis was obtained using a Princeton Gamma Tech 
detector with a high-resolution (115 eV) germanium crystal 
and an ultra-thin polymer window. This equipment ideally 
can measure elements as light as boron. The surface 
appeared granular at 1,500x magnification, with pits less 
than 1 mm in diameter evenly distributed over the area 
examined. As expected, the chemical analysis revealed 
mostly calcium, oxygen, and carbon (i.e., a calcium carbon- 
ate), with trace amounts of aluminum and sodium. EF 
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Figure 20. The “carpet shell” mollusk shown here 
was fished near the island of Noirmoutier off the 
coast of western France. It yielded this exceptional 
5.8 mm purple pearl. Photo by Alain Cossard. 


Tahitian “keshi” cultured pearls. Two “black” cultured 
pearls (figure 21), one near-round and the other oval 
(potato shaped), were recently submitted to the SSEF lab- 
oratory for identification. Both samples showed an 
uncommon surface feature: a small groove (or indenta- 
tion} on the flatter side of the slightly button shape, 
which may correspond to internal growth inhomo- 
geneities (see below). On closer examination, we saw 
that the samples were actually dark brown. Chemical 
analysis by EDXRF revealed a very low manganese con- 
tent, which is typical of saltwater origin. We confirmed 
that the color was natural by measuring the reflectance 
spectra with a standard (Hitachi 4001) spectrophotome- 
ter. X-radiography showed multiple growth inhomo- 
geneities that formed a typical pattern, but no evidence 
of a nucleus (figure 22). The shape of the cultured pearls 
as well as their typical irregular growth structures led us 


Figure 21. These two samples (11 and 15 mm 
across) were found to be Tahitian non-nucleated 
cultured pearls (“keshi”). Photo by H. A. Hdénni. 
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Figure 22. This X-radiograph reveals typical growth 
inhomogeneities within the two Tahitian “keshis” 
shown in figure 21. 


to the conclusion that they are Tahitian non-nucleated 
cultured pearls (sometimes called “keshi”). 

When a bead-nucleated cultured pearl is removed from a 
pearl sac, the cultivator can insert a second bead of the same 
diameter as the cultured pearl just harvested, or leave the 
pearl sac empty and wait for the possible formation of a 
“keshi.” However, this contributor suggests that these sam- 
ples formed after rejection of the second bead, which would 
also result in a beadless cultured pearl when the pearl sac is 
filled with calcium carbonate from the mantle epithelium. 
“Keshi” cultured pearls are well known from Australia, but 


Figure 23. At Bruce Brown's pearl farm at Cygnet 
Bay in northwest Australia, nucleated oysters are 
placed in wire cages such as this. They are cleaned 
every two weeks to remove the fast-growing weed 
that collects on them. The cages are suspended 
from 350 “lines” (see inset), and each line holds 400 
nucleated oysters. Photos by Shane F. McClure. 
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Tahitian “keshi” cultured pearls are more of a novelty (see, 
e.g., Spring 2000 Gem News, pp. 70-71). According to cul- 
tured pearl experts Andy Muller and Robert Wan (pers. 
comm., 2001), a small quantity of black “keshis” were 
released into the pearl market last year. HAH 


Pearl culturing in northwest Australia. In May 2001, these 
contributors visited Cygnet Bay Pearls, a cultured pearl farm 
at Cygnet Bay that is owned and operated by Bruce Brown. 
Located approximately 200 km north of Broome (about a 
one hour flight by small plane), Mr. Brown’s farm was 
founded 40 years ago by his father and older brother. The 
farm now harvests 140,000 oysters in two-year cycles (typi- 
cally every 20 to 24 months). In the main part of the bay, 
Mr. Brown has 350 “lines,” each of which contains 400 
nucleated oysters. To maximize cultured pearl growth, he 
has the oyster shells cleaned every two weeks to remove a 
fast-growing weed that collects on them (figure 23). This 
ensures that the oysters get the full benefit of the nutrients 
necessary to promote nacre growth. Typically the pearls 
achieve 2-4 mm of nacre growth per year (with the greatest 
amount when the mollusks are younger and progressively 
less as they get older). The farm uses beads made from 
Mississippi freshwater mussel shells, typically with a diam- 
eter of 6 mm to yield cultured pearls from 11 to 12 mm. 

Most of the mollusk shells open slightly when taken 
out of the water for harvesting. A wooden peg is inserted to 
keep the shell open until just prior to the extraction proce- 
dure, when the peg is replaced by a clamp that further sepa- 
rates the shell and holds it open just wide enough to remove 
the cultured pearl without traumatizing the mollusk. Those 
few oysters that do not open their shells are returned to the 
water until the next harvesting cycle. As noted above in the 
entry by Dr. Hanni (and illustrated in the Summer 2001 S. 
Akamatsu et al. article on Chinese freshwater cultured 
pearls, p. 105), farmers will insert another bead (similar in 
size to the cultured pearl just harvested) into the vacant 
pearl sac, which typically will produce a 14-15 mm cul- 
tured pearl by the next harvest. If the bead is smaller than 
the cultured pearl that was extracted, the pearl sac collapses 
and produces button- or off-shape cultured pearls with irreg- 
ular nacre thickness. After harvesting the oysters and re- 
seeding them, the cultivators wash the shells with fresh 
water to kill the bacteria that cause disease in the animals. 

A few of the cultured pearls from Mr. Brown’s farm are 
gray in color. He stated that when parasites drill through 
the shell, the oyster coats them with a black film to kill 
them. Sometimes the oyster also does this to the bead 
once it has been inserted. Subsequently, the coated bead is 
covered with nacre and the pearl develops as usual; how- 
ever, the black film imparts a gray appearance to the 
resulting cultured pearl. 

As a consequence of the culturing process, some 
non-nucleated (“keshi”) cultured pearls also are pro- 
duced. When these are detected during a routine X-ray of 
the shells to determine if nacre is forming on the beads, 
the mollusks are placed in a separate area of the farm for 
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further development without intervention. Although 
small amounts of “keshis” are harvested, they are not 
being sold at this time. The largest “keshi” they have 
produced to date is a baroque shape that weighs 4.75 
momme (89 ct). 

Mr. Brown’s farm is represented by the marketing arm 
of the Autore Group of Companies, which was founded 
in 1991 by Rosario Autore. The Autore Group acts on 
behalf of 11 pearl producers (from Western Australia, 
Indonesia, and most recently, Papua New Guinea) that 
specialize in fine-quality South Sea pearls. According to 
Mr. Autore (pers. comm., 2001), the Autore Group of 
Companies sells 30% of the Australian production of 
South Sea cultured pearls, second only to Paspaley Pearls 
(which has a market share of approximately 50%). The 
Autore Group separated from the South Sea Pearl 
Consortium approximately two years ago, to develop its 
own classification system, marketing strategy, and brand. 
One of these contributors (CPS) was shown a magnificent 
cultured pearl necklace consisting of 18-21 mm round 
cultured pearls of very good surface luster and few or no 
surface blemishes (figure 2.4). 

CPS and Shane F. McClure 


Green powellite from Chile. Powellite, CaMoO,, is one of 
the rarest gem materials. Transparent crystals suitable for 
faceting are known from India’s Maharashtra State, but 
only from one area, near Nasik, where they occur in basalt 
cavities with abundant zeolites. Indian powellite is color- 
less to yellow, and cut stones over 2, ct are very rare, 
although at least one attractive faceted stone over 50 ct 
exists (D. Blauwet, pers. comm., 2001). 

Powellite from Chile has a completely different 
appearance. The locality is the Inca de Oro copper mine in 
the Atacama Desert, where powellite is found with a rela- 


Figure 24. Bruce Brown’s pearl farm is a member 
of the Autore Group of Companies, which special- 
izes in fine-quality South Sea cultured pearls from 
farms in Western Australia, Indonesia, and Papua 
New Guinea. The top-quality cultured pearls in 
this necklace range from 18 to 21 mm. Courtesy of 
the Autore Group of Companies. 


tively new mineral, szenicsite, as described by C. A. 
Francis et al. (see “Szenicsite, a new copper molybdate 
from Inca de Oro, Atacama, Chile,” Mineralogical Record, 
Vol. 28, No. 5, 1997, pp. 387-394). This Chilean powellite 
occurs as yellow pseudomorphs after molybdenite, as 
small crystals and as very rare translucent green druses 
(figure 25); the drusy material has yielded a few interesting 
faceted stones. The most transparent gemstones range 
from 0.5 ct to 1 ct, but translucent stones can weigh more 
than 15 ct (again, see figure 25). However, powellite’s low 
hardness (3.5—4 on the Mohs scale) makes it unsuitable for 
jewelry, despite this interesting color. 

This contributor studied 18 faceted powellites from 
Inca de Oro to document their gemological properties. 
These samples weighed 0.25-16.07 ct and were translu- 
cent to transparent. They ranged from yellow-green to 
green with weak pleochroism—in green and yellow-green. 


Figure 25. The 4x 3 cm sample of translucent drusy powellite on the left is from the Inca de Oro copper mine 
in the Atacama Desert, Chile. The faceted Chilean powellite on the right weighs 16.07 ct. Photos by J. Hyrsl. 


GEM NEWS INTERNATIONAL 


Gems & GEMOLOGY FALL 2001 235 


(| 
(| 
e 
i} 
(f 
(I 
(| 


Figure 26. This colorless, roughly tabular inclusion in 
an unheated ruby from Myanmar was identified as 
anhydrite, which has not been identified previously 
as an inclusion in gem corundum. Photomicrograph 
by Christopher P. Smith; magnified 50x 


The refractive indices were over-the-limits of a standard 
refractometer, and the specific gravity values were rather 
high at 4.17-4.22. When examined with a polariscope, 
powellite behaves as an anisotropic aggregate; only the 
smallest cut stones show normal extinction. Very charac- 
teristic is a bright yellow fluorescence to short-wave UV 
radiation, but the material is inert to long-wave UV. The 
spectrum seen with a handheld spectroscope exhibited 
complete absorption of the blue and purple regions, start- 
ing from about 460 nm. When viewed with a microscope, 
the samples showed a swirled structure, although one 
stone exhibited a layered agate-like structure. 

Because of its unusual color, the Chilean material is 
sometimes described as “chrome-powellite.” However, 
the color is probably due to trace amounts of copper. In 
addition to calcium and molybdenum, Francis et al. (1997) 
reported 0.02—0.30 wt.% CuO in yellow, green, and brown 
powellite, with the greatest amounts measured in a dark 
green sample. 

Jaroslav Hyrsl 
Kolin, Czech Republic 
hyrsIl@kuryr.cz 


Anhydrite inclusion in a ruby from Myanmar. As more 
advanced analytical techniques become commonplace in 
gemological laboratories, properties and features not report- 
ed previously will occasionally be encountered. Such was 
the case in the Gtibelin Gem Lab (GGL) recently, when a 
3.79 ct ruby was submitted for identification. The combi- 
nation of inclusion features, internal growth structures, and 
chemical composition indicated that the ruby was unheat- 
ed and originated from the Mogok stone tract of Myanmar. 
A crystalline inclusion situated just below the surface of 
the gemstone, however, had an unfamiliar appearance (fig- 
ure 26). This colorless crystal had a roughly tabular habit 
with an irregular surface, and did not resemble any of the 
more common crystalline inclusions encountered in 
Burmese rubies, such as calcite, apatite, and sphene. 
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Analysis of the inclusion with a Renishaw 2000 Raman 
microspectrometer proved that the mineral was anhydrite, 
CaSO, (figure 27). To our knowledge at GGL, this is the 
first time that anhydrite has been identified as an inclusion 
in gem corundum from any source. Anhydrite, a relatively 
common rock-forming mineral, is a nonhydrated form of 
gypsum. It is often associated with gypsum, which is com- 
monly derived from anhydrite by the process of hydration. 
Occurrences of anhydrite have been identified underlying 
thick layers of gypsum in northern Shan State (see, e.g., F. 
Bender, Geology of Burma, Gebrtider Borntraeger, Berlin, 
1983), east of the Mogok stone tract. 

CPS and Christian Dunaigre 
Gtibelin Gem Lab 
Lucerne, Switzerland 


Ruby and sapphire mining at Barrington Tops, Australia. In 
addition to diamond mining in the Copeton and Bingara 
fields (see the “Diamonds from Copeton...” entry above], 
Cluff Resources Pacific operates the ruby and sapphire 
deposits in Gloucester, in the Barrington Tops area of New 
South Wales (see also Winter 1995 Gem News, pp. 
281-282). Additionally, they operate a joint-venture sap- 
phire mine in central Queensland. As part of the trip 
arranged by Dr. Lin Sutherland, these contributors visited 
the Barrington Tops ruby and sapphire deposit in May 2001. 

Apparently discovered by a prospector in the 1970s, 
the deposits occur along several river tributaries (principal- 
ly from the Manning river) and are classified into three 
types (i.e., recent alluvials, middle terraces, and upper ter- 
races). Corundum has been found throughout the flatland 


Figure 27. The Raman spectrum of the crystalline 
inclusion shown in figure 26 clearly identified it as 
anhydrite, with the two primary peaks positioned 
at 1018 and 1129 cm, respectively. Here, the 
Raman spectrum of the anhydrite inclusion is com- 
pared to that of an anhydrite reference spectrum in 
the Renishaw database. No peaks were recorded in 
the region 1400-1800 cm-'. 
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region between the various tributaries. Managing Director 
Peter Kennewell believes that the entire region of terraces 
was formerly a swamp where gem-bearing basaltic erup- 
tions deposited an extensive ash layer ranging from | to 2 
m thick. Heavy minerals (including gems) in these 
deposits have been reworked into recent alluvial systems. 
The rubies and sapphires are apparently recovered mostly 
from these alluvial sediments (figure 28), together with 
gem-quality zircon and black spinel. 

Cluff negotiated with the landowner to begin a bulk 
sampling program in 2000. To date, several trenches have 
been dug that are approximately 3-4 m wide, 4 m deep 
and up to 200 m long. The largest gem-quality ruby recov- 
ered weighed 5.8 ct. The company has established a labo- 
ratory and processing facility in Sydney, managed by Dr. 
Robert Coenraads, to begin developing a market for their 
gemstones. Dr. Coenraads has developed a classification 
system for the various colors of corundum (yellow through 
green, to blue, and parti-colors) that they produce. The 
faceted rubies and pink sapphires are graded into six color 
categories (red no. 1 and pink nos. 1-5) and four quality 
ranges (1-4; “clean” to heavily included). The company 
continues to cut and stockpile its stones in preparation for 
a major marketing campaign. As of August 2001, around 
5,000 grams of ruby had been recovered during the explo- 
ration program, and about half of this was of cutting quali- 
ty (R. Coenraads, pers. comm.). 

Studies by Dr. Sutherland have shown that two types of 
corundum coexist in this vast region (see F. L. Sutherland 
et al., “Origin of chromium-colored gem corundums, 
Australia,” Gemmologists Handbook, International 
Gemmological Congress, 1999, pp. 37-39; G. Webb, 
“Gemmological features of rubies and sapphires from the 
Barrington volcano, eastern Australia,” Australian 
Gemmologist, Vol. 19, 1997, pp. 471-475). One type is 
chromium-bearing and is related to a metamorphic or 
metasomatic corundum-sapphirine-spinel source. The col- 
ors of these rubies and sapphires include red/pink through 
purple to violetish blue, and even pure blue. The other, 
smaller population consists of blue to blue-green sapphires 
that are related to a magmatic sapphire-bearing source. 
Sapphires of this type exhibit the typical surface corrosion 
features of corundum transported as xenocrysts in alkali 
basalts. This magmatic-type gem corundum is typical of 
many basalt-related deposits in eastern Australia, but the 
Barrington Tops area is unusual in that significant quanti- 
ties of metamorphic-type ruby/sapphire gems are also pre- 
sent. Similar bimodal gem corundum associations have 
been recognized in other basaltic fields in eastern Australia, 
as well as in Cambodia (Pailin), Laos, and southern 
Vietnam. Shane F. McClure and CPS 


Renewed mining for rubies in Nanyaseik, northern 
Myanmar. Over the past few months, thousands of miners 
have converged on the Nanyaseik area of northern 
Myanmar, in a new “gem rush” for ruby and pink sapphires, 
as well as spinel. The area, also referred to as Nanyar Zeik 


GEM NEWS INTERNATIONAL 


Figure 28. This equipment is used for washing the 
gem-bearing sediments in the Barrington Tops area 
of eastern Australia. Photo by Shane F. McClure. 


(and various other spellings), is located in the Myitkyina dis- 
trict of Kachin State. This region is well known for the 
famous jadeite deposits near Hpakan, which are located 
approximately 30 km west of Nanyaseik. Rubies from this 
area have been described previously (see, e.g., H. Htun and 
G. E. Harlow, “Identifying sources of Burmese rubies,” Fall 
1999 Gems e&) Gemology, pp. 148-149), but past production 
has been rather small and sporadic. 

Thick vegetation and forests of tall trees have been 
cleared so that pits could be excavated to reach the gem- 
bearing alluvial layer (figure 29). The miners use tradition- 
al Burmese mining techniques: First, they dig a “lebin,” or 
square pit, and then they hoist the soil and gem-bearing 
material to the surface using a rope and a bucket. Washing 
of the gravels and initial processing of the ruby rough is 
performed on-site. Although most of the newly mined 
ruby is reportedly small, good-quality crystals up to 8-10 
ct also have been found. 

Overall, the faceted rubies appear very similar to Mogok 
material. The color typically ranges from pink and purple- 
pink to dark red, and the stones are usually very clean. 
During a recent visit to Bangkok, one of the contributors 
(CPS) examined 25 high-quality rubies that reportedly came 
from Nanyaseik. Observation with a microscope revealed 
planar and swirled internal growth structures. These non- 
heated rubies also had long, iridescent rutile needles as well 
as small “nests” of short rutile needles. Other mineral 
inclusions consisted of colorless calcite, rounded crystals of 
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rectangular pattern. The diffraction 
photographs, P-34-1 to P-34-6, re- 
produced in Figure 10, were obtained 
from such a pearl. 


Natural Pearl (Oriental, Conch, 
Fresh- Water) 
Different types of diffraction pat- 
terns that may be given by natural 


Figure 11 


(oriental) pearls when the X-ray 
beam passes through the geometric 
centre of the specimen and hence 
along the direction of the pseudo- 
hexagonal axes of the crystals of 
aragonite are illustrated in Figure 
2 (Part I). Patterns P-5-8 and P- 
5-4 were obtained from the same 
pearl with the X-ray beam along 
each of two directions at right 
angles, respectively. They are typi- 
cal of the hexagonal “spoke” or 
“ray” type. On the other hand, pat- 
terns P-14-1 and P-14-2 in Figure 
11 from another specimen exhibit 
an hexagonal “spot” diagram and a 
broad halo, respectively. As in the 
previous example, this pair of photo- 
graphs was obtained by directing 
the X-ray beam along each of two 
directions at right angles through 
the centre of the pearl. As previously 
mentioned, such diffraction patterns 
are given by cultured pearls only 
when the direction of the X-ray 


beam coincides with that of the 
pseudo-hexagonal axes (i.e., when 
it is normal to the mother-of-pear} 
layers) or within a relatively small 
angle thereto. 


In Figure 2 (Part I), the diffrac- 
tion patterns from an almost per- 
fectly spherical oriental pearl are 
shown. This pearl, also shown in Fig- 

ure 4, had a diameter of about 
9 mm. and a weight of 19.86 
pearl-grains. It was mounted 
with the drill hole (diameter 
about 0.7 mm.) perpendicular 
to the X-ray beam. Pattern 
P-46-2 was obtained with the 
X-ray beam passing through 
the centre of the pearl in an 
arbitrarily selected direction. 
After rotation through 45° 
about a vertical axis perpen- 
dicular to the X-ray beam, the 
pearl gave pattern P-46-3. 
Finally, after another 45° ro- 
tation (i.e, 90° from the initial 
position) of the specimen, pattern 
P-46-4 was obtained. This series 
illustrates the fact that hexagonal 
or halo type patterns are given by 


natural pearls regardless of the 
° : Soe 
Past Paso P4353 
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Figure 29. The Nanyaseik area of northern Myanmar 
is producing ruby and pink sapphire, as well as 
spinel, from alluvial diggings such as this. The gem- 
bearing gravel has been hoisted to the surface from 
the pit on the lower left, and is being washed by the 
miners. Photo courtesy of Frederico Barlocher. 


light yellow sphene, and dark orange rutile. All of the min- 

eral inclusions were identified visually, based on features 

that are diagnostic of their appearance in Burmese rubies. 

EDXREF analyses of the Nanyaseik rubies revealed trace-ele- 

ment contents that are similar to those recorded for rubies 

from Mogok, with relatively high levels of vanadium and 
lower concentrations of iron, titanium, and gallium. 

CPS and George Bosshart 

Gtibelin Gem Lab 

Lucerne, Switzerland 


Figure 30. “Spider” quartz has been mined in the 
Antsirabe region of central Madagascar for the past 
few years. The crystals shown here weigh 52.05 and 

26.62 ct, and the faceted stone weighs 12.48 ct; 
courtesy of John I. Koivula and photo by Maha 

Tannous. The inset shows the interesting display 

created by the needle-like inclusions. Photo- 
micrograph by John I. Koivula; magnified 10x. 
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“Spider” quartz. An attractive variety of colorless quartz 
with interesting inclusions has been mined in the Antsirabe 
region of central Madagascar for the past few years (figure 
30). It contains small radiating sprays of black needles that 
measure up to a few millimeters across (again, see figure 30). 
The appearance of these inclusions has prompted the deal- 
ers to call it “Spider” quartz or “Microstar.” Denis Gravier 
of Le Minéral Brut, St. Jean-le-Vieux, France, provided sever- 
al specimens to this contributor in the hope that our 
research laboratory could identify the inclusions. 

We broke open several rough samples and examined the 
fractures with a JEOL 5800 scanning electron microscope 
(SEM). One of the fractures revealed protruding needle-like 
crystals, up to 10 um across (figure 31), that corresponded to 
an underlying “spider” inclusion. The chemical composi- 
tion was measured with the EDX spectrometer of the SEM, 
although only a semi-quantitative analysis was possible 
because of the small size of the needles and the lack of a pol- 
ished surface perpendicular to the beam. Nevertheless, we 
obtained several consistent analyses. These revealed that, in 
addition to oxygen (about 60 atomic percent, determined by 
stoichiometry), manganese was abundant (about 27 at.%}, 
followed by barium (a little less than 4 at.%), iron (about 3.5 
at.%), and aluminum (about 2.3 at.%); the remainder (about 
3 at.%) consisted of lead and silicon. The major-element 
composition is consistent with the mineral hollandite, 
Ba(Mn*,Mn”*),O,,. Lead is probably an impurity in the hol- 
landite, whereas silicon, iron, and aluminum may be con- 
taminants related to the quartz (silicon) or possibly clay-like 
materials that coat the inclusions. 

We confirmed the identification of these inclusions as 
hollandite by single-crystal X-ray diffraction analysis, using 
a curved-detector Linel diffractometer. The shape of the 
needles is consistent with the monoclinic pseudotetragonal 
crystal habit of hollandite. EF 


Figure 31. This scanning electron micrograph of a 
broken piece of “Spider” quartz from Madagascar 
shows the fine needle-like inclusions that were 
identified as hollandite. 
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Blue-to-green tourmaline from Nigeria. In recent years, the 
Ibadan region of western Nigeria has become an important 
source of pink and bicolored (pink-green) tourmaline for 
the gem trade (see, e.g., Winter 1998 Gem News, pp. 
298-299). According to Dudley Blauwet (Dudley Blauwet 
Gems, Louisville, Colorado) and Bill Larson (Pala 
International, Fallbrook, California), Nigeria recently pro- 
duced some fine blue-to-green tourmaline (figure 32). 
Some of the rough appears as clean, elongate “pencils” 
that do not show evidence of alluvial transport, but allu- 
vial material also is recovered. The first discoveries of 
these tourmalines were made late last year, from granitic 
pegmatite deposits. Nigerian dealers of rough have indi- 
cated that the mine is located in the Ilorin area of western 
Nigeria, and production has been sporadic. 

Although production figures are not available, shortly 
before the 2001 Tucson shows Mr. Blauwet saw a parcel 
of rough that weighed 1,100 grams, and at Tucson he saw 
another parcel that weighed 400 grams. Most of the tour- 
maline in these parcels was blue and appeared dark, but 
some showed attractive colors. From a selection of 110 
grams of rough, Mr. Blauwet obtained about 2.50 carats of 
faceted stones; most of these ranged from 1 to 7 ct. Pala 
International participated in the sale of a 3,500 gram parcel 
of this tourmaline in June 2001, from which two crystals 
(49.81 and 79.22 ct) were selected for chemical analysis. 
The saturated blue color shown by these unheated gemmy 
crystals resembled that of some copper-bearing “Paraiba” 
tourmaline from northeast Brazil (see also the following 
entry). EDXRF qualitative chemical analysis at the GIA 
Gem Trade Laboratory in Carlsbad revealed major 
amounts of Al, Si, and Fe, as well as traces of Ca, Mn, Zn, 
Ga, and Sn, in both crystals; however, no copper was 
detected in either crystal. 


Nigeria as a new source of copper-manganese-bearing 
tourmaline. In August 2001, the Giibelin Gem Lab (GGL) 
received samples of tourmaline from firms in Idar- 
Oberstein, Germany (Gebriider Bank, Wild & Petsch, and 
Paul Wild) that also reportedly were from a new deposit 
near Ilorin, Nigeria. We were informed by these suppliers 
that the tourmalines from this deposit are found in a wide 
range of colors, many of which are similar to those 
observed in “Paraiba” tourmalines from the Sao José da 
Batalha mine in Brazil. According to the suppliers, most of 
the Nigerian material—like the Brazilian tourmalines—is 
heat treated; after heat treatment, the majority of the tour- 
maline is sold in Germany and in Brazil. 

The Nigerian tourmalines studied at GGL were submit- 
ted by the dealers before heat treatment, and consisted of a 
22.98 ct violet gemstone (figure 33), six purplish pink to 
blue crystal pieces (0.69-1.44 ct; figure 34), and a 3.30 ct 
bluish green piece. Standard gemological properties obtained 
for the 22.98 ct stone were typical for gem tourmaline: 
R.I—n,=1.620, n,=1.638; birefringence—0.018; optic char- 
acter—uniaxial negative; and inert to short- and long-wave 
UV radiation. Internal features consisted of the typical liq- 
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Figure 32. These three blue-to-green faceted gems 
(9.5, 7.0, and 9.5 ct) show the range of color seen in 
the tourmaline found recently in the Ilorin area of 
western Nigeria. Courtesy of Dudley Blauwet; 
photo by Jeff Scovil. 


uid inclusions observed in tourmalines, some of which con- 
tained a secondary gas bubble. The gemstone displayed 
moderately strong pleochroism consisting of purple-violet 
parallel to the optic axis and slightly grayish violet-blue per- 
pendicular to the optic axis. A distinct color change was vis- 
ible when the stone was viewed in day- or fluorescent light 
(violet) and incandescent light (purple). 

EDXRF qualitative chemical analysis of the violet 
gemstone and the purplish pink to blue pieces revealed the 
presence of copper, as well as manganese, iron, and bis- 
muth, in varying relative intensities. The bluish green 
slice contained relatively high concentrations of iron and 
manganese, but no copper was detected. 

Copper-manganese-bearing elbaite from Nigeria was 


Figure 33. This 22.98 ct copper-manganese-bearing 
tourmaline comes from a new deposit in Nigeria, 
also believed to be in the Lorin area. Some of the 
gems recovered from this deposit are similar in 
color to “Paraiba” tourmalines from Brazil. Photo 
by Franzisca Imfeld. 
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recently documented by J. W. Zang et al. (“Cu-haltige 
Elbaite aus Nigeria,” Berichte der Deutschen Mineralo- 
gischen Gesellschaft, Beihefte zam European Journal of 
Mineralogy, Vol. 13, 2001, p. 202), who reported the source 
as the Edeko area, near Ilorin in western Nigeria. These 
authors obtained quantitative chemical analyses of three 
violet-blue samples (J. Zang, pers. comm., 2001) that are 
consistent with the results we obtained; using an electron 
microprobe and laser mass spectrometry, they measured 
2.13-2.59 wt.% MnO, 0.51-2.18 wt.% CuO, 0-0.05 wt.% 
TiO,, 0-0.02 wt.% FeO, and 0-0.02 wt.% Bi,O,, as well as 
other minor and trace elements. Prior to this new find, 
cuprian elbaite was known only from the Paraiba and Rio 
Grande do Norte states in northeast Brazil (see, e.g., E. 
Fritsch et al., “Gem-quality cuprian-elbaite tourmalines 
from Sao José da Batalha, Paraiba, Brazil,” Fall 1990 Gems 
& Gemology, pp. 189-205; J. Karfunkel and R. R. Wegner, 
“Paraiba tourmalines—Distribution, mode of occurrence, 
and geologic environment,” Canadian Gemmologist, Vol. 
17, No. 4, 1996, pp. 99-106). 

Tourmaline mining in the Edeko area is reportedly 
unorganized, with up to several thousand miners working 
the area. At this time, the amount of copper-manganese- 
bearing tourmaline produced from there is not known. 
Some reports indicate that over 100 kg of Edeko rough 
have been sent to Idar-Oberstein, but very little of the 
material is of high quality, and even less has enough cop- 
per to attain the intense “Parafba’’-like blue, blue-green, 
and “turquoise” colors (J. W. Zang, pers. comm., 2001). 

CPS, George Bosshart, and Dietmar Schwarz 
Gtibelin Gem Lab, Lucerne, Switzerland 


Figure 34. These six samples (0.69—-1.44 ct) show a 
range of colors from the new tourmaline deposit in 
Nigeria. All of them were identified as copper-man- 
ganese tourmaline by EDXRF qualitative chemical 
analysis. Photo by Franzisca Imfeld. 
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More on liddicoatite from Nigeria. A report on an orangy 
pink crystal of Nigerian liddicoatite in the Summer 2001 
GNI section (pp. 152-153) speculated that an untold 
amount of tourmaline from this country might be liddi- 
coatite, which historically has been known primarily from 
Madagascar. More liddicoatite now has been identified 
from Nigeria, this time purplish red. 

Last spring, John Patrick of El Sobrante, California, sent 
two purplish red tourmalines to GNI editor Brendan Laurs 
for examination after he noticed that they had a slight color 
shift between incandescent light and an Ott-Lite (which is 
represented as a “total spectrum light source”). The 8.64 ct 
oval brilliant and 6.89 ct cushion step cut were purchased 
about two-and-a-half years ago, and reportedly were mined 
in the Abuja area in central Nigeria (figure 35). Mr. Patrick 
also donated a 1.39 ct purplish red tourmaline crystal from 
the same parcel to GIA, one end of which we polished flat, 
perpendicular to the c-axis, for analysis. 

The three stones were reddish purple when viewed 
with a daylight-equivalent fluorescent lamp, and their 
color appeared somewhat more brownish in incandescent 
light. This color behavior is quite normal, due to the differ- 
ent wavelengths of these two light sources, and it would 
not be considered a color-change phenomenon. 
Gemological properties were: R.L—n,=1.621, n,=1.639; 
birefringence—0.018; S.G.—3.07-3.08; fluorescence—inert 
to long-wave UV radiation, and inert to very weak green- 
ish yellow to short-wave UV. With the microscope, the 
oval-cut stone and the crystal revealed strong graining and 
tiny colorless crystals that appeared isotropic between 
crossed-polarizers. The grain lines were planar and inter- 
sected in angular or triangle-shaped patterns that were 
centered on the c-axis. Concentrations of graining along 
each triangular apex appeared in the shape of a Mercedes 
Benz symbol perpendicular to the c-axis of the crystal, but 
otherwise there was no evidence of zoning within this 
homogeneously colored tourmaline. The crystal also con- 
tained minute growth tubes parallel to the c-axis, some of 
which originated from the tiny included crystals. 

The polished surface of the crystal was analyzed with 
an electron microprobe by Drs. William (“Skip”) Simmons 
and Alexander U. Falster at the University of New Orleans, 
Louisiana, as part of an ongoing research project there on 
tourmaline composition. There was no systematic chemi- 
cal zoning in five analyses that traversed a cross-section of 
the crystal. The sample proved to be liddicoatite, with aver- 
age concentrations of 2.87 wt.% CaO and 1.44 wt.% Na,O. 
Fluorine (1.35 wt.% F), manganese (0.20 wt.% MnO), and 
iron (0.09 wt.% FeO) also were detected; the latter two 
chromophoric elements are the likely cause of the purplish 
red color. Other elements known to influence the color of 
tourmaline (i.e., titanium, chromium, and vanadium) were 
not detected. Unlike the Nigerian liddicoatite reported in 
the Summer 2001 GNI section, this crystal contained very 
little bismuth—an average of only 0.03 wt.% Bi,O,. Traces 
of zinc (up to 0.09 wt.% ZnO), magnesium (up to 0.05 
wt.% MgO), and potassium (up to 0.03 wt.% K,O) also 


Gems & GEMOLOGY FALL 2001 


were found in some analyses, whereas barium, lead, and 
chlorine were not detected. 


SYNTHETICS AND SIMULANTS 


Laboratory-grown orange-to-yellow “langasite.” Langasite 
is a transparent piezoelectric silicate of lanthanum and gal- 
lium (La,Ga,SiO,,) that is grown by the Czochralski 
method for technological applications. It has no natural 
counterpart. The name langasite is derived from its chem- 
ical components (La, Ga, and Si); it should not be confused 
with the unrelated natural mineral langisite, (Co,Ni)As. 
Langasite is one of about 100 compounds with the 
Ca,Ga,Ge,O,, structure that were first grown in Russia in 
the early 1980s (see B. V. Mill et al., “Synthesis, growth 
and some properties of single crystals with the 
Ca,Ga,Ge,O,, structure,” 1999 Joint Meeting EFTF — IEEE 
IFCS, Extended Abstracts, pp. 829-834). The high refrac- 
tive indices, high dispersion, and hardness (reported as 6.6 
on the Mohs scale) of langasite make it suitable for use as 
a gem material. It is currently produced in Russia, Japan, 
Korea, France, and the U.S., and is used in wireless and cel- 
lular communications and cable television. The color of 
langasite can vary, depending on growth conditions and 
added dopants. We know that orange to yellow crystals are 
grown in Russia, Japan, and France (see S. Uda and O. 
Buzanov, “Growth of 3-inch langasite crystal with clear 
faceting,” Journal of Crystal Growth, Vol. 211, 2000, pp. 
318-324), and colorless crystals are reportedly produced in 
the USS. (Prof. Y. Pisarevsky, pers. comm., 2001). 

GIA recently used both standard and advanced gemo- 
logical techniques to examine nine samples of langasite 
from Russia (see, e.g., figure 36). Three of the samples were 
faceted (4.59, 4.98, and 56.80 ct}, and four were crystal frag- 
ments or oriented sections (up to 81.99 ct or 23.6 x 19.8 x 
13.2 mm). Detailed results of this examination will be pub- 
lished in Vestnik Gemmolgii (Gemology Herald, T. Lu et 
al., “Langasite—A new man-made orange-to-yellow gem 
material,” Vol. 1, No. 2, 2001, in press), a new journal of 
the Gemmological Society of Russia in Moscow. The sam- 
ples ranged from orange to yellow, with the larger samples 
having the greatest color saturation. The coloration was 
uniform, with no color banding observed. Moderate 
pleochroism (light yellow/orange) was seen with a polar- 
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Figure 35. These 8.64 ct (left) 
and 6.89 ct (right) tourma- 
lines were reportedly mined 
in the Abuja area of central 
Nigeria. The purplish red 
color is seen here as viewed 
with a daylight-equivalent 
fluorescent lamp. A crystal of 
identical color from the same 
parcel proved to be liddicoat- 
ite. Courtesy of John Patrick; 
photos by Maha Tannous. 


iscope. All samples yielded a specific gravity (measured 
hydrostatically) of 4.65. The refractive indices of langasite 
are over-the-limits of a standard refractometer. However, 
on a sample of orange Russian langasite, Prof. Y. Pisarevsky 
(Institute of Crystallography Russian Academy of Sciences, 
Moscow, Russia) used the prism method to determine R.L 
values of n,, = 1.9099 and n, = 1.9213 (with 546 nm light), a 
birefringence of 0.0114, and high dispersion (0.035) with 
green and red dispersive colors. 

None of the samples exhibited any twinning or fractur- 
ing. We observed triangular-shaped solid inclusions (orient- 
ed in linear arrays) in one faceted sample, and a large num- 
ber of two-phase inclusions in the form of parallel needles 
in another faceted sample. The rough samples with crystal 
faces showed growth striations in oblique orientation to 
the optic axis direction. 

Using a handheld spectroscope, we did not observe any 
absorption bands in the samples; nor did we observe any 
visible luminescence when they were held over the spec- 
troscope lamp. All the samples were inert to short- and 
long-wave UV radiation. 

The visible spectra (250-850 nm) of five orange-to-yel- 
low samples showed gradually decreasing absorption from 
350 to about 580 nm, and no absorption features from 
about 580 to 850 nm. The infrared spectra displayed a 
broad band centered at 5436 cm~!, and weak sharper bands 
at 3405, 2921, and 2847 cm~!. The Raman spectra showed 
peaks at 5280, 5246, 3472, and 3223 cm, a broad peak 
centered at 4612 cm™!; and weak peaks at 3574, 2654, 
2628, 737, and 704 cm7!. EDXRF spectra showed the 
expected major elements (lanthanum, gallium, and sili- 
con}; no trace elements were detected. The color of the 
samples was stable when heated to 250°C. No data have 
been reported on the cause of the yellow to orange color. 

Faceted pieces of this langasite could resemble other 
transparent orange or yellow gem materials. However, the 
properties of langasite permit easy identification by a 
trained gemologist with standard gemological instru- 
ments. The high refractive indices distinguish langasite 
from sapphire and spinel, and its double refraction differ- 
entiates it from optically isotropic gems such as diamond, 
cubic zirconia, YAG (yttrium aluminum garnet), and 
GGG (gadolinium gallium garnet). 

The gem material that most easily could be confused 
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Figure 36. These two faceted samples of the syn- 
thetic material “langasite” (La,Ga,SiO,,) were 
grown in Russia by the Czochralski method. They 
weigh 56.80 and 4.59 ct. Photo by Maha Tannous. 


with langasite is zircon. However, characteristic absorption 
lines seen with the desk-model spectroscope can separate 
the two materials. Also, the infrared and Raman spectra, as 
well as the EDXRF chemical analysis, of langasite and zir- 
con are quite distinct. In addition, the crystal morphology 
of zircon is tetragonal, whereas langasite (which is trigonal) 
is grown in the form of hexagonal-shaped crystals. 
Langasite-type compounds have received much atten- 
tion in the optoelectronics industry. Several varieties have 
been grown as single crystals by the Czochralski method 


Figure 37. This laboratory-grown 5.45 ct rectangular 
step cut (11.1 x 6.9 x 5.1 mm) was represented as 
“langasite.” Chemical analysis of the sample 
revealed a composition that is consistent with a 
theoretical formula of SrLaGa,O,, which differs 
from that of langasite, La,Ga,SiO,,. Photo by Alain 
Cossard. 
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(again, see Mill et al., 1999), and their gemological proper- 
ties are likely to vary from what is reported here. 

Taijin Lu and JES 

GIA Research 

tlu@gia.edu 


Vladimir S. Balitsky 

Institute of Experimental Mineralogy 
Russian Academy of Science 
Chernogolovka, Russia 


Laboratory-grown pink SrLaGa,O,, a material related to 
“Jangasite.” Pierre Vuillet of Villards d’Heria, France, pro- 
vided this contributor with a light pink 5.45 ct rectangular 
step cut represented as “langasite” by a crystal grower from 
the French Alps (who reported the chemical formula as 
SrLaGa,O,). Although the sample is light pink in daylight 
(figure 37), this color changes to light yellow with exposure 
to strong incandescent light. Unlike an alexandrite effect, 
however, the color change is not instantaneous—it takes 
several minutes. But like the alexandrite effect, the change 
in color is reversible. With a calibrated Sarasota Instruments 
reflectometer, a refractive index of approximately 1.82 could 
be measured. Observation with a polariscope revealed a fair- 
ly strong birefringence, but this could not be measured with 
the reflectometer due to the resolution (approximately 
+0.02) of the instrument. The sample was optically uniaxial, 
but no pleochroism could be seen, perhaps because of the 
very light color. The specific gravity was very high, at about 
5.25. The sample fluoresced an intense green to long-wave 
UV radiation, and a weaker green to short-wave UV. The 
handheld spectroscope revealed a line in the blue region at 
about 485 nm and a doublet in the green region around 525 
nm. There were many groups of inclusions, including 
whitish “breadcrumbs” and short cylindrical tubes that 
were interrupted in places and in a few instances originated 
at larger “breadcrumb” inclusions. Also observed were what 
looked like negative crystals, and a few small, irregular yel- 
lowish masses. 

Analysis with the energy-dispersive X-ray spectrometer 
of a JEOL 5800 scanning electron microscope revealed the 
following chemical composition (measured in atomic per- 
centage): 24.74 at.% gallium, 8.36 at.% strontium, 8.57 at.% 
lanthanum, and 58.34 at.% oxygen (determined by stoi- 
chiometry). This is consistent with a theoretical formula of 
SrLaGa,O,, which differs from the formula provided by the 
manufacturer by one less gallium atom per formula unit. 

To investigate the origin of the pink color, a UV-visible 
absorption spectrum was recorded with a Unicam UV4 
spectrophotometer in the range 350-700 nm. A number of 
sharp lines and doublets—with the major ones at 365, 380, 
485-488, 520-523 and 648-653 nm—were superimposed 
on an absorption continuum that rose slowly toward the 
ultraviolet. This latter absorption may be enhanced by 
incandescent lighting, which shifts the color of the sample 
toward yellow over a period of minutes. These absorption 
features are consistent in general shape and position with 
those seen with the handheld spectroscope. They are 
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typical for erbium (Er**) in cubic zirconia (see, e.g., 
Kammerling et al., “An examination of nontransparent 
‘CZ’ from Russia,” Winter 1991 Gems # Gemology, pp. 
240-246), as is the luminescence behavior. However, the 
erbium concentration was below the detection limit 
(which is estimated at approximately 400 ppm) using our 
SEM-EDX analytical technique under standard conditions. 

Although this material is not langasite, which has a for- 
mula of La,Ga,SiO,,, its composition suggests that it could 
be part of the langasite family of compounds (see B. V. Mill 
et al., 1999, cited in the previous entry). EF 


An unusual “crystal” of synthetic ruby from Sri Lanka. In 
December 1999, a friend of this contributor purchased a 
9.56 ct specimen in Sri Lanka that was represented as 
ruby. The sample looked like a typical broken bipyramidal 
crystal with waterworn surfaces, and showed a saturated 
red color (figure 38). Examination with a handheld spectro- 
scope revealed a typical ruby spectrum. With strong back- 
lighting, straight parallel zones perpendicular to the per- 
ceived optic-axis direction could be seen with difficulty; 
these appeared to result from the presence of inclusions. 
The rough yielded a well-proportioned 4.17 ct pear 
shape. Prominent, eye-visible zoning appeared to be caused 
by dense concentrations of the “silk” inclusions that are 
typical of ruby (figure 39). When viewed with a microscope, 
however, slightly curved zones of tiny gas bubbles were 
seen. Between the zones of small bubbles were larger bub- 
bles, some with a long attached channel (figure 40). Also 
present were abundant, curved hollow cavities that were 
very similar to the “trichites” seen in many tourmalines. 
The gas bubbles proved that this sample was a flame- 
fusion synthetic ruby. However, this fake crystal was 
unusual in that it was fashioned from low-quality synthet- 
ic material containing abundant bubbles. While most gem 


Figure 38. This 9.56 ct broken bipyramidal “crystal” 
was actually manufactured from low-quality flame- 
fusion synthetic ruby. Photo by Jaroslav Hyrsl. 
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Figure 39. The 4.17 ct pear-shaped synthetic ruby cut 
from the “crystal” shown in figure 38 appears to con- 
tain zones of “silk,” which give it a natural appear- 
ance to the unaided eye. Photo by Jaroslav Hyrsl. 


dealers are suspicious of high-quality rough without inclu- 
sions, few expect to see clever imitations of rough crystals 
made from lower-quality synthetics. Such mistakes can be 
very costly. Jaroslav Hyrsl 


A rare medieval sapphire imitation. Gemstone imitation is 
an ancient practice, and some historic examples are very 
clever. One such imitation was recently documented by 
this contributor during a gemological examination of the 
medieval Ardennes cross at the German National Museum 
in Nuremberg. The gem materials in the cross were identi- 
fied by a combination of optical properties (using a micro- 
scope, dichroscope, spectroscope, color filters, and some- 
times a refractometer), as well as UV fluorescence, thermal 
properties, and (in rare instances) hardness. 

The wooden cross measures 73 cm tall and 45 cm wide, 
and is covered by dozens of polished gems; one arm is 


Figure 40. When examined with a microscope, the 
streaks of “silk” were revealed to be slightly curved 
zones of gas bubbles, which proved the ruby was 
synthetic. Photomicrograph by Jaroslav Hyrs!; field 
of view is 1.7 mm. 
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Figure 41. A gemological examination of the medieval 
Ardennes cross revealed red almandine garnet and 
glass or quartz imitations of more valuable gem materi- 
als. The wooden cross measures 73 x 45 cm; one arm is 
damaged, and the stones and metalwork are missing. 
Courtesy of Germanisches Nationalmuseum Niirnberg. 


damaged and the stones are missing (figure 41). According to 
art historians, it probably was crafted in France in the sec- 
ond quarter of the ninth century. Most of the gems are set in 
their original mountings, although some were apparently 
added during restorations—these have a larger mounting 
and/or a different cutting style. On the basis of their optical 
characteristics, the gems were identified as red almandine 
garnet, green glass, rock crystal, and many unusually large 
samples that apparently served to imitate sapphires. 

Three of the sapphire imitations are blue glass; these 
contain many gas bubbles and scratches on the surface, and 
one of them is drilled. Based on the criteria mentioned 
above, these appear to be replacements for the original 
gems. In addition, 15 of the large “sapphires”—all of which 
are believed to be original to the piece—are polished peb- 
bles that have been drilled. They are colorless with a few 
blue spots (figure 42) and appear similar to Sri Lankan sap- 
phires, which were available in Europe since at least 
Roman times. Microscopic examination of the colorless 
portions revealed fractures and two-phase inclusions, as are 
typical of natural stones. However, the blue spots con- 
tained tiny gas bubbles (again, see figure 42). Thermal con- 
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ductivity testing showed no reaction on the blue spots, but 
significant conductivity on the colorless areas. The color- 
less portion of one broken “sapphire” revealed a conchoidal 
fracture, which is typical of quartz or glass; a careful hard- 
ness test made while examining the sample with a micro- 
scope supported an identification as quartz, as did the pres- 
ence of the two-phase inclusions. 

These observations suggest that the 15 drilled sap- 
phire imitations consist of quartz pebbles that were 
dipped into molten blue glass and then drilled and repol- 
ished. (Note that “gemstones” in ancient Sri Lanka were 
commonly used as amulets, and therefore almost all 
Roman and medieval sapphires are drilled.) These imita- 
tions are much more convincing than those made of blue 
glass, which are common to medieval as well as younger 
objects. Nevertheless, the gas bubbles seen with the 
microscope, and the relatively low hardness of the quartz, 
were key factors in recognizing these imitations. 

Jaroslav Hyrsl 


ANNOUNCEMENTS 

CONFERENCES/SHOWS 

GAGTL Gem-A Conference 2001. The Gemmological 
Association and Gem Testing Laboratory of Great 
Britain will host its annual conference on November 4, 
2001, at London’s Barbican Conference Centre. 
Presentations will cover HPHT-treated diamonds, heat 
treatment of rubies, and more. In conjunction with the 
conference, one-day GAGTL workshops will focus on 
pearls (October 31) and amber (November 6). Additional 
events include a guided tour of the geologic section of 
the Natural History Museum in London (November 2) 
and a visit to De Beers (November 5). For further infor- 
mation, visit http://www.gagtl.ac.uk/gnews.htm; 
contact Mary Burland at 44-20-7404-3334 (phone), 44-20- 
7404-8843 (fax); or e-mail gagtl@btinternet.com. 


SimDesign 2001. The 1st Brazilian Symposium of Jewelry 
Design and Gemology will take place November 
29—December 1 at the Marina da Gloria Convention 
Center in Rio de Janeiro. The event will provide network- 
ing opportunities for designers, jewelers, and gemologists. 
For more, visit http://www.simdesign2001.com.br 
or e-mail info@simdesign2001.com.br. 


Australian Diamond Conference. On December 4—5, 2000, 
this conference will take place in Scarborough, Perth, 
Western Australia. The program will feature presenters 
from several diamond explorers, as well as major industry 
analysts. A pre-conference tour of the Argyle diamond 
mine will occur on December 1. Contact Eleanor Dix at 
61-8-932.1-0355 (phone), 61-8-932.1-0426 (fax), or e-mail at 
elle@louthean.com.au. 


Visit Gems & Gemology staff in Tucson. Gems & 
Gemology editors Alice Keller, Brendan Laurs, and Stuart 
Overlin will join Subscriptions manager Debbie Ortiz at 
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Figure 42. Among the sapphire imitations in the medieval Ardennes cross were 15 drilled and polished 
pieces such as the 2.4-cm-long example shown on the left. The light-colored area crossing the length of the 
stone in the center is a drill hole. On the right, note the tiny gas bubbles in the blue glass areas, as well as 
the two-phase inclusions in the colorless portion, which was tentatively identified as quartz (field of view is 


8.0 mm wide). Photos by Jaroslav Hyrsl. 


the Gems & Gemology booth in the Galleria section (mid- 
dle floor) at the Tucson Convention Center for the AGTA 
show, February 6-11, 2002. Stop by to ask questions, share 
information, or just say hello. And take advantage of the 
many back issues—and special prices—we’ll be offering, 
including a limited number of out-of-print issues that we 
recently acquired. 

Following the AGTA show, the Tucson Gem and 
Mineral Show will take place on February 14-17. The 
theme of the show and of the 23rd Annual Mineralogical 
Symposium (February 16) will be African Minerals. 


EXHIBITS 

Jewels of the Nizam. The famed gem and jewelry collection 
of the Nizam of Hyderabad, valued at $1.27 billion, is now 
on display to the public. The exhibit was inaugurated on 
August 29, 2001 by Indian prime minister Atal Bihari 
Vajpayee at the National Museum in New Delhi. The 
Indian government purchased the 173-piece collection from 
the trust of the last Nizam, as the feudal princes of the west- 
ern Indian state of Hyderabad were known, after years of 
negotiations. The Nizams governed Hyderabad from 1712 
until 1948, a year after the end of British colonial rule of 
India. After the last Nizam’s death in 1967, the collection— 
which includes the 185 ct Jacob diamond as well as emer- 
alds, pearl necklaces, and gem-encrusted turbans—was 
housed in the Reserve Bank of India in Mumbai. Beginning 
in November, the exhibition will be on display for six 
weeks at the Salar Jung Museum in Hyderabad. Visit 
http://www.nationalmuseumindia.org, or contact Mr. U. 
Das at 91-011-3018415 (phone) or rdchoudh@ndf.vsn1.net.in. 


Gem museum in Sri Lanka. In March 1999, a new gem 
and mineral museum opened to the public in Mount 
Lavinia, Sri Lanka. Undertaken by lapidary and collector 
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Gamini Zoysa, the museum houses rare and unusual gem- 
stones, organic gem materials, and specimens displaying 
optical phenomena from Sri Lanka and other countries. 
Also featured is a large collection of postage stamps depict- 
ing gemstones. Call 94-1-726796 or e-mail mincraft@slt.Ik. 


Pearls at the American Museum of Natural History. A 
comprehensive exhibition on pearls will take place at the 
American Museum of Natural History in New York until 
April 14, 2002. Pearls will then travel to Chicago's Field 
Museum, where it will be on view from June 28, 2002, 
through January 5, 2003. The exhibition showcases pearls 
and pearl-forming mollusks, including white and black 
pearls from marine Pinctada oysters of Japan and 
Polynesia, freshwater pearls from mussels found in the 
United States and China, pink conch “pearls” from the 
Caribbean Queen conch, and more. A section on the deco- 
rative use of pearls will feature a wide range of jewelry and 
objets d’art. Visit www.amnh.org, or call (212) 769-5100. 


ERRATA 

1. In the Summer 2001 article on Chinese freshwater cul- 
tured pearls by S. Akamatsu et al., line five of the 
abstract on p. 96 should have read “Zhejiang Province” 
(of which Hangzhou city is the capital). We thank Dr. 
Tian Liangguang for this correction. 


2. In the abstract on synthetic corundum and spinel 
from Skawina, Poland (Summer 2001, p. 170), the 
A1,O, that does not occur naturally and does not 
have a trigonal structure should have been reported as 
¥Al,O,, not a-Al,O,. The material described in the 
last sentence of the abstract also is yAl,O,. We thank 
Dr. W. Wm. Hanneman for bringing this error to our 
attention. 
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Gemstones—Quality and 
Value, Vol. 3: Jewelry 


By Yasukazu Suwa, 144 pp., illus., 
publ. by Sekai Bunka Publishing, 
Tokyo, 2001. US$95.00* 


This beautifully illustrated and de- 
signed book helps explain “the factors 
that determine the quality of jewelry” 
in a way that most readers will under- 
stand and appreciate. Mr. Suwa accom- 
plishes this by separating the book 
into two main sections. In the first, 
“Gemstone-Oriented Jewelry,” he 
examines 26 individual pieces of jew- 
elry and explains the features that 
make each one unique and desirable. 
He then focuses on specific aspects of 
each jewel in an educational format 
that teaches the reader what to look 
for in similar jewelry. For example, the 
chapter on a “band-type emerald and 
diamond ring” explains why the dia- 
monds are set in platinum while the 
emerald is set in gold (because each 
metal flatters the color of the particu- 
lar stone). Mr. Suwa further adds that 
the emerald in the ring is from 
Zambia and is untreated. In the next 
few pages of the chapter, he moves 
into a more general discussion of 
treated vs. untreated emeralds and the 
versatility of band rings. 

The second section, “The Quality 
of Jewelry,” is especially informative 
for those unfamiliar with the jewelry 
trade. Here Mr. Suwa reviews quality, 
value, and price. He also takes the read- 
er through design conception, choice of 
materials, fabrication, evaluation of the 
jewelry’s condition (porosity, solder 
marks, etc.), remodeling, and recircula- 
tion (resale). Diagrams illustrate vari- 
ous jewelry parts. The book finishes 
with a chapter on trends and traditions, 
and a useful jewelry glossary. 


246 Book REVIEWS 


As a reference, this volume accom- 
plishes much. The areas discussed are 
well illustrated and organized, and a 
convenient section on “How to Use 
This Book” is included. Rather than 
just deal with a particular type of set- 
ting, stone, or style, Gemstones: Qual- 
ity and Value achieves distinction by 
taking actual pieces of jewelry and 
teaching the reader how to evaluate 
them. As the author clearly states, the 
book is not a technical manual. 
However, it does succeed as an 
overview. At the very least, it will give 
the reader a deep appreciation for jew- 
elry of quality. 

JANA E. MIYAHIRA-SMITH 

Gemological Institute of America 

Carlsbad, California 


Mogok: Valley of 
Rubies & Sapphires 


By Ted Themelis, 270 pp., illus., 
publ. by A & T Publishing, Los 
Angeles, 2000. US$89.00 


This reviewer has anxiously awaited 
Ted Themelis’s Mogok book for more 
than two years. When I saw a copy at 
the 2001 Las Vegas JCK show, I knew 
that my long wait was justified. From 
the pleasing dust jacket through the 
plethora of maps, drawings, and pho- 
tographs both old and new, it was 
obvious that the author’s love for 
Mogok and Burma (now Myanmar) 
had been transferred to the pages of 
this book. This hardcover book mea- 
sures 22, x 29 cm (8.6 x 11.4 inches), 
and has more than 500 illustrations. 
Chapter 1 covers the history of 
Burma. As complicated as that histo- 
ry might be, Mr. Themelis manages 
to make it both understandable and 
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accurate. Sidebars of interesting leg- 
ends, together with the pictures and 
graphics, hold the reader’s attention 
even through complex dynastic 
names and tongue-twisting transliter- 
ations from Burmese into English. 

In the following three chapters, Mr. 
Themelis plunges directly into the cul- 
tural melting pot that is Mogok, cover- 
ing the town’s varied lifestyles, reli- 
gions, cuisines, and superstitions. 
While some readers may find certain 
details unnecessary, many of them 
relate back to the gems themselves. 

Gem trading from early times to 
the present day is covered in chapter 5, 
and chapter 6 examines how the lapi- 
daries of Burma and Mogok have 
changed over the years, with influence 
from Indian, British, and most recently 
Thai lapidaries. An interesting expla- 
nation of why Burmese cutters leave 
extra weight on their stones is provid- 
ed (i.e., not just for higher weight yield, 
but also so subsequent buyers can 
improve the stone if they desire). 

Chapter 7 covers notable rubies 
and sapphires from Mogok, and in- 
cludes a wonderful story on a major 
piece of rough that eventually pro- 
duced a 25.55 ct faceted ruby. How- 
ever, the tables that list major stones 
produced from 1630 to 1999 contain 
many stories with little substance or 
substantiation. For example, an item 
on page 229 reads: “1928. A 437-carat 
blue sapphire was found in an unspec- 


*This book is available for purchase 
through the GIA Bookstore, 5345 
Armada Drive, Carlsbad, CA 92008. 
Telephone: (800) 421-7250, ext. 
4200; outside the U.S. (760) 603- 
4200. Fax: (760) 603-4266. 


FALL 2001 


ified area of Mogok. It was valued at 
over £11,000.” Even though mystery 
and intrigue are a big part of the gem 
business, items such as this still leave 
the reader wishing for more solid 
information. 

“Burmese Court Regalia” is the 
subject of chapter 8, with an interest- 
ing account of how so many valuable 
palace rubies and other gems disap- 
peared the night of November 28, 
1885, when the British occupied 
Mandalay. The British returned sever- 
al items, but retained others. 

Chapter 9 contains numerous 
examples of Burmese jewelry, in both 
traditional and modern settings. Con- 
cluding the book is a four-page select- 
ed bibliography, a one-page glossary, 
and an index. 

Mog6k lacks information on geol- 
ogy, mineralogy, and specific mining 
areas, as well as pictures of rough. 
According to the author, however, 
these topics will be covered in the 
second volume, which this reviewer 
eagerly awaits. 

This book’s main flaws are those 
found in many self-published produc- 
tions. It lacks professional editing and 
polish. Numerous errors in spelling, 
grammar, and traditional publishing 
symbols are found throughout the 
book. Many photos and plates lack 
credit information (e.g., p. 203), and 
many statements lack references (e.g., 
pp. 12-13). These diminish the value 
of a book that is aimed, at least in part, 
at an academic audience. Another 
serious defect is seen in the photo 
reproduction. All of the book’s photos 
should have been sharpened in the 
pre-press stage, and virtually all have 
unnatural color casts. 

However, such distractions are 
minor when compared to the overall 
value of the work. Since his first visit 
to Mogok in 1996, Mr. Themelis has 
immersed himself in everything 
Burmese and, especially, Mogok. This 
included travel to the British Library 
in London, private libraries, various 
museums, and, of course, the area 
itself. The author’s impassioned love 
of Mogok provides insights not found 
in any other modern book on this 
region. Mogdk—Valley of Rubies & 
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Sapphires is a must for every gemolo- 
gist’s library. It captures all aspects of 
Mogok’s gem and jewelry industry— 
the history, romance, intrigue and, 
most importantly, the enchantment 
of a truly enchanted land. 


WILLIAM F. LARSON 
Pala International 
Fallbrook, California 


Southwest Silver Jewelry 


By Paula A. Baxter, 212 pp., illus., 
publ. by Schiffer Publishing, 
Atglen, PA, 2001. US$49.95 


When an author writes about a sub- 
ject he or she loves, it really reaches 
the reader. Such is the case with this 
beautiful book, which examines and 
pays tribute to the first century of 
Navajo and Pueblo metal jewelry 
making in the American Southwest. 
The historical information is enlight- 
ening, and is complimented by the 
high-quality presentation and numer- 
ous large-format photos that illus- 
trate the evolution of this jewelry. 
Telling a story that starts in the 
1860s, the author points out that the 
use of silver for jewelry was a rela- 
tively recent development for Native 
Americans. Metals were not consid- 
ered to be “spiritual” materials, but 
the natives loved the pale luster of sil- 
ver because it reminded them of the 
moon. Early work involved the melt- 
ing of coins to make practical items 
(such as buttons and belt buckles) and 
objects for personal adornment. 
When these items were seen by the 
white settlers and Native Americans 
both locally and from other regions, a 
commercial market slowly began to 
develop. This book recounts the fasci- 
nating tale of how ingenious Native 
Americans created tools out of avail- 
able materials after learning skills 
from blacksmiths and Mexican sil- 
versmiths, and how each tribe 
branched off to create a unique style 
that continues to evolve. 
Silversmithing production steadi- 
ly expanded during the “first phase” 
(1868-1900) of Southwestern Indian 
jewelry. At first, the techniques were 
crude due to the tools available, but as 
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lapidary work developed and skills 
were perfected, more complex designs 
began to appear. Stones first appeared 
in the silver jewelry around the 1880s, 
usually as a single polished center- 
piece mounted in a bezel. The first 
gems used were small pieces of local 
garnets, turquoise, malachite, or shell. 
Since the supply of turquoise was ini- 
tially scarce, traders imported Persian 
turquoise to meet demand. By 1900, 
however, new mines in the south- 
western U.S. yielded plentiful sup- 
plies. Photos in the book show the 
transition from simple early designs 
to beautiful and intricate works of 
modern art. 

The book also helps readers distin- 
guish the work of the Navajo, Zuni, 
and Hopi tribes. It clearly explains 
terms such as old pawn vs. dead 
pawn, and it includes tips for collect- 
ing, a list of prestigious pre-1970 
Indian artists, and a value reference 
guide. The pricing guide is under- 
standably vague, since most of the 
hand-wrought items are unique and 
their age or origin is frequently diffi- 
cult to determine. Nevertheless, this 
guide provides a good starting point 
for establishing values. Readers will 
learn to better recognize authentic 
Indian jewelry and to appreciate the 
art and designs, which are ever-chang- 
ing but at the same time are always 
returning to—and honoring—their 
past. The enthusiasm of the author is 
infectious, and leaves the reader want- 
ing to take a trip to the Southwest in 
search of silver treasures. 

MARY MATHEWS 

Gemological Institute of America 

Carlsbad, California 


Jewelry Wax Modeling— 

A Practical Guide for the 
Jewelry Model Maker 

By Adolfo Mattiello, 161 pp., illus., 
publ. by Du-Matt Corp., Gutten- 
berg, NJ, 1999. US$38.95* 

This is an excellent book for someone 
who wants to get started or learn 
more about the art of wax carving. 
Descriptions of 11 ring projects are 
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Figure 13 


orientation of the pearl with respect 
to the X-ray beam, providing the 
beam passes through the geometric 
centre of the pearl. 

Conch pearls give the same type 
of diffraction patterns as do oriental 
pearls. Thus, in Figure 12 patterns 
P-43-1, P-43-2 and P-43-3 were ob- 
tained with the X-ray beam passing 


in three mutually perpendicular 
directions, respectively, through the 
centre of an undrilled spherical 
conch pearl (shown in Figure 4) of 
8 mm. diameter and weighing 21.27 
pearl-grains. Similarly, the halo pat- 
terns P-22-1 and P-22-2, Figure 12, 
were obtained with the X-ray beam 
passing in each of two directions at 
right angles through the larger end 
of a somewhat 
shaped conch pearl. 

Fresh-water pearls also yield 
hexagonal or halo patterns when the 
X-ray beam passes in any direction 
through the centre of the pearl. 
Such patterns are shown in Figure 
13, where each of the pairs of photo- 
graphs (P-12-1, P-12-2; P-19-1, 
P-19-2; P-20-1, P-20-2) was ob- 
tained from a different fresh-water 
specimen. In each case, the two pat- 
terns from each pearl were obtained 
with the beam along each of two 
directions at right angles. Although 
all the patterns shown in Figure 13 
are of the hexagonal or halo types, 
Alexander (1, f) also has obtained 
rectangular patterns from natural 
fresh-water pearls. 


flattened pear- 


Off-Centre X-Ray Diffraction, 
Natural and Cultured Pearls 


The X-ray diffraction patterns ob- 
tained when the X-ray beam does 
not pass through the geometric cen- 
tre of the pearl are of considerable 
interest from both a theoretical and 
a practical point of view. A natural 
pearl is shown diagrammatically in 
Figure 14, the directions of the 
pseudo-hexagonal axes in a _hori- 
zontal plane through the X-ray beam 
being represented by the radial 
lines. The photographic film (not 
shown) is to be imagined as perpen- 

(Continued on Page 446) 


designed to take the reader from the 
very basics to the very advanced. At 
the beginning of each project is a 
beautiful painted rendering of the 
design, accompanied by photos of the 
actual wax at different stages. The in- 
depth, step-by-step instructions— 
with nicely done graphics and mea- 
surements—make the lessons very 
easy to follow and understand. 

This guide is filled with many 
unique and time-saving tricks and tips. 
In addition, it includes a few tool mod- 
ifications that will help the reader 
achieve higher levels of craftsmanship. 

Many of the projects contain stone- 
setting styles that involve skills that 
are considered rather advanced, such as 
pavé work and channel setting with 
baguettes and round stones. It would 
be helpful to have some previous 
stone-setting skill and experience. If 
you do not, the author recommends 
that you do the prep work for the stone 
setting, finish the ring in metal, and 
then seek the assistance of a good stone 
setter. This should be seen as a chal- 
lenge rather than a discouragement. 

With patience and determination, 
the reader can learn a great deal from 
this book. 


LARRY LAVITT 
Gemological Institute of America 
Carlsbad, CA 


Western Queensland Opals— 
Exploration and Geoscience 
Data Sets 


CD-ROM, Queensland Govern- 
ment Department of Mines and 
Energy, 2000, free of charge [e-mail: 
Icranfield@dme.qld.gov.au]. 


Geographic information systems 
(GIS) provide a new, powerful way to 
look at spatial data such as geology, 
gem and mineral occurrences, and 
land status. This CD-ROM provides 
an extensive set of data for opal occur- 
rences in the Cretaceous sedimentary 
rocks of western Queensland, Aus- 
tralia. Also included are several short 
HTML (Web browser) files that sum- 
marize the contents of the CD, intro- 
duce opal in western Queensland, 
note sapphire and chrysoprase occur- 
rences in Queensland, and give related 
information on noncommercial col- 
lecting (fossicking) regulations. The 
text on opals is a few pages long, with 
only two illustrations, but, unfortu- 
nately, it is not integrated into the GIS 
data sets. The latter are quite extensive, 
with information on geology, struc- 
ture, opal occurrences, land status, 
regional geophysics, and topography. 
The CD is simple to use. It opens 
immediately with a Web browser run- 
ning under Windows 95 or higher (in 
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TWENTY YEAR INDEX: 1981-2000 


Gems & GEMOLoGy's TWENTY YEAR INDEX, your indispensable reference guide to 
the 1981-2000 issues, is now available. Search the index by subject or author 
to locate the articles, Lab Notes, and Gem News entries of interest to you. 


Printed copies are on sale for only $9.95 in the U.S. ($14.00 elsewhere). 
Download the index FREE OF CHARGE from the G&G website, www.gia.edu/gandg. 
Or receive a free index by purchasing any three years of back issues. 


To order your printed copy of the Twenty YEAR INDEX, mail in the 

Index order card in this issue or contact Subscriptions Manager Debbie Ortiz at 
dortiz@gia.edu, or call toll-free 800-421-7250 ext. 7142. 

Outside the U.S. and Canada, call 760-603-4000, ext. 7142. 


my case, Windows 98 under Virtual 
PC ona Macintosh). The GIS data sets 
are in ESRI ArcView and MapInfo for- 
mats, which are suited to regular GIS 
users. In addition, a stand-alone view- 
er, ArcExplorer, is included along with 
easy-to-follow instructions. 

As a geologist and teacher, I found 
the data sets and background quite 
interesting, but the information on 
opals is rather thin. This CD would be 
of interest to those prospecting in or 
visiting western Queensland opal dis- 
tricts. On the other hand, it has little 
to offer for those primarily interested 
in the gemology or detailed geology of 
these occurrences. Nevertheless, the 
Queensland Department of Mines 
and Energy is to be commended for 
publishing this CD-ROM; there is a 
coming revolution in the use of elec- 
tronic publication with incorporation 
of approaches such as GIS that simply 
cannot be done in print. 

MARK D. BARTON 
Department of Geosciences 
University of Arizona, Tucson 


Correction: The Summer 2001 Book 
Reviews section listed the retail price of 
The Practical Guide to Jewelry Appraising 
by Cos Altobelli as $49.95. This price is for 
AGS members only. The actual retail price 
is $64.95. 
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GEMOLOGICAL ABSTRACTS 


COLORED STONES AND 
ORGANIC MATERIALS 


Chinese pearls: Their culturing and trading. Guo T., Australian 
Gemmologist, Vol. 20, No. 11, 2000, pp. 486-490. 


Chinese freshwater cultured pearls are playing an increasingly 
important role in the industry. In the 1960s, the cultivation was 
done primarily by individual families or indigenous farmers. In 
recent years, however, pearl culturing has shifted to large, mod- 
ernized farms and the use of different mollusks, resulting in 
large quantities of a highly desirable product. In 1999, global 
production of cultured pearls was estimated at 1,262 tons, with 
Chinese freshwater cultured pearls making up 1,000-1,200 tons 
of that amount. Most of the farms are located along the banks 
of the Chang Jiang (Yangtze) River, where more than 400,000 
people are engaged in the pearling industry. After 2-5 years of 
propagation and 1-3 years of cultivation, the implanted mus- 
sels produce jewelry-grade cultured pearls in a range of shapes 
(mostly off-round and baroque) and colors; most undergo color 
treatment before being sold. Luster ranges from poor to excel- 
lent, with larger cultured pearls (over 10 mm in diameter) typi- 
cally showing low luster. 

In the last two decades, the coastline of the Guangxi 
Province (Hepu and nearby areas) in southern China, including 
Hainan Island, has been used for the culturing of saltwater 
pearls. Natural pearls have been known from these areas since 
the Qin and Han Dynasties (221 BC to 221 AD). About 15-20 
tons of Chinese Akoya cultured pearls were produced in 1999. 
The Beihai Municipal Bureau of Technical and Quality 
Supervision has dictated standards for Chinese Akoya pearl cul- 
tivation, with the objective of improving quality. These stan- 
dards include specifications for the condition and depth of the 
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water, characteristics of the basket in which the seeded 
mussels are housed, techniques for implantation, and 
minimum cultivation times. Some of the large saltwater 
farms are attempting to improve the quality of their cul- 
tured pearls by implementing crossbreeding, low-density 
farming, and better processing technology. In size and 
quality, Chinese Akoya cultured pearls still do not match 
their Japanese counterparts, which sell for significantly 
more. Chinese Akoyas also are routinely color treated: 
bleached and then dyed. MT 


Emerald deposits—A review. D. Schwarz and G. Giuliani, 
Australian Gemmologist, Vol. 21, No. 1, 2001, pp. 
17-23. 


Emerald is relatively rare because its chromophoric ele- 
ments, Cr and V, are not typically associated with Be. 
Sources of Cr and V are mafic-ultramafic igneous rocks and 
black shales, whereas Be occurs in granitic magmas, black 
shales, and metamorphic rocks. The principal mechanism 
responsible for emerald crystallization is fluid-rock inter- 
action, which allows the combination of these geochemi- 
cally incompatible elements. 

Most emerald deposits are associated with granitic 
intrusions and their related hydrothermal processes; exam- 
ples include most African and Brazilian deposits, as well 
as those in the Ural Mountains of Russia. A second type 
of emerald formation is not directly related to granitic 
intrusions, but rather results from the circulation of fluids 
along regional tectonic structures (thrust faults and shear 
zones), as at Santa Terezinha in Brazil and the Swat Valley 
in Pakistan. The famous Colombian emerald deposits 
have a unique formation through the thermochemical 
reduction of evaporitic sulfate brines, with organic matter 
from the surrounding black shales participating in the 
reactions. RAH 


The factors for restricting quality of Chinese pearl. Y. 
Deng and K. Yuan, Journal of Guilin Institute of 
Technology, Vol. 21, No. 1, 2001, pp. 6-12 [in 
Chinese with English abstract]. 

This article summarizes the results of research on Chinese 

saltwater cultured pearls of various grades, from different 

localities. Basic gemological properties were determined, 
and analytical data were obtained using (1) X-ray diffrac- 
tion to determine mineral composition, and (2) ICP-AES 

(inductively coupled plasma—atomic emission spec- 

troscopy) to determine trace elements and organic com- 

ponents present in these cultured pearls. The density of 
high-quality cultured pearls from Hepu (Guangxi 

Province) was 2.76 g/cm?, whereas low-quality cultured 

pearls had a density of 2.69 g/cm?. Although Chinese salt- 

water cultured pearls are composed predominantly of 
aragonite crystals, significant calcite (10%-—45%) is also 
present. As is the case for most pearls (both natural and 
cultured), the c-axes of the aragonite crystals are oriented 
radially from the center of the cultured pearls. Studies of 
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the mineral composition, colors and their distribution, 
impurities, and internal growth features of Chinese salt- 
water cultured pearls revealed that these features could be 
correlated to different growth environments. TL 


Gem tourmaline chemistry and paragenesis. W. B. Sim- 
mons, K. L. Webber, A. U. Falster, and J. W. Nizamoff, 
Australian Gemmologist, Vol. 21, No. 1, 2001, pp. 
24-29. 

Gem tourmalines from six pegmatite mining areas were 
studied by electron microprobe (no actual analyses are 
given). The samples were from Transbaikalia (Siberia, 
Russia), central Madagascar (Antandrokomby and Fiana- 
rantsoa/Anjanabonoina), Paraiba (Brazil), and the US. 
(Dunton, Maine, and the Himalaya mine in California). 
All were found to be dominantly elbaite or liddicoatite, 
with the darker varieties having a minor schorl compo- 
nent. Y-site chemistry correlated strongly with color and 
appeared to be influenced by the chemistry of the parent 
pegmatites. X-site vacancies were <0.3 atoms per formu- 
la unit (apfu). 

The principal chromophores in the study samples were 
identified as Fe, Mn, Ti, and Cu. The pink and green tour- 
malines from Transbaikalia were essentially elbaite, but 
yellow zones in these crystals revealed a substantial liddi- 
coatite component and elevated levels of Ti and Mn. 
Samples from Fianarantsoa/Anjanabonoina were liddicoat- 
ite. The Antandrokomby tourmalines belonged to the 
schorl-elbaite series, with significant Mg and Ca; they 
revealed the lowest Y-site Al content as well. The Maine 
and California tourmalines also were schorl-elbaite, with 
the lighter-colored gem varieties approaching end-member 
elbaite. The Paraiba tourmalines were elbaite, colored a 
vivid blue by Cu (0.1—0.3 apfu) in the Y-site. RAH 


The genetic relation between good-quality jadeite and 
microstructure. K. Yuan and Y. Deng, Journal of 
Guilin Institute of Technology, Vol. 21, No. 1, 
2001, pp. 1-5 [in Chinese with English abstract]. 

This well-illustrated article summarizes recent studies 

relating the quality of jadeite to microstructural charac- 

teristics that result from various geologic processes. Low- 
quality jadeite is correlated to cataclastic textures (char- 
acterized by bending and breaking) that are produced by 
severe mechanical stresses during metamorphism. Good- 
quality material is associated with mylonitic textures, 
which are characterized by intense microbrecciation and 
shearing. The highest-quality jadeite forms via “dynamic 
recrystallization” under conditions of low temperature, 
with strong shear stress and high strain velocity accom- 
panying ductile deformation. Such jadeites have a fine- 
grained texture and good transparency. Green in jadeite is 
caused by the release of Cr from associated or included 
chromite grains; the intensity of the color appears to be 
related to the degree and type of structural deformation. 
TL 
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Jade: Occurrences and metasomatic origin. G. E. Harlow 
and S. S. Sorensen, Australian Gemmologist, Vol. 
21, No. 1, 2001, pp. 7-10. 
A brief review is given of the nephrite and jadeite varieties 
of jade and their occurrence. Nephrite, the more common 
variety, is formed via contact metasomatism of dolomite 
by magmatic fluids (at <550°C), or of silicic rocks by ser- 
pentinite-derived fluids (~100° to ~400°C) in ophiolites at 
moderate to low pressure (<2 kbar?). Jadeite is much rarer 
and forms only in subduction-related serpentinites along 
major fault zones at 200°-400°C and at high pressure 
(>5-6 kbar). Thus, most jade deposits record events at 
convergent plate margins that involve fluid interactions in 
and around serpentinizing peridotite. RAH 


Micro-analytical study of the optical properties of rain- 
bow and sheen obsidians. C. Ma, J. Gresh, G. R. 
Rossman, G. C. Ulmer, and E. P. Vicenzi, Canadian 
Mineralogist, Vol. 39, 2001, pp. 57-71. 


Samples of Mexican obsidian that exhibit “sheen” or 
“rainbow” optical properties were studied by a combina- 
tion of micro-analytical (e.g., scanning electron micro- 
scope) and microscopic (e.g., thin-section) techniques to 
explain the cause of these phenomena. 

The sheen (single color, usually a velvety “silver” or 
“gold” is attributed to the presence of gas- and glass-filled 
flow-aligned areas in the obsidian. These areas have dif- 
ferent chemical (e.g., lower SiO,) and optical (e.g., lower 
refractive index) properties compared to the matrix. The 
difference in R.I. (by as much as 0.04) leads to optical 
interference, hence sheen, along the interfaces between 
the two glasses. 

There are two types of rainbow obsidian, so-called 
because of the bands of various colors ranging from red 
through purple. Both are trachytic, in that they have sub- 
parallel elongate crystallites in the groundmass. One type 
contains rods of hedenbergite (a clinopyroxene), and the 
other has rods of feldspar. The two types are mutually 
exclusive; they do not occur together. The matrix glasses 
of the two types have nearly identical and uniform refrac- 
tive indices and composition, so the rainbow effect is not 
attributed to these parameters. However, the differences 
in RI. between the matrix and the crystallites in both 
types of rainbow obsidian result in the scattering of white 
light. Thus, the arrays of crystallites—and in particular 
their sizes and shapes—serve to produce a thin-film inter- 
ference, which is the preferred explanation for the rain- 
bow effect. AAL 


Origin of gem corundums from basaltic fields. FL. 
Sutherland and D. Schwarz, Australian Gemmolo- 
gist, Vol. 21, No. 1, 2001, pp. 30-33. 

Gem corundum is widely formed as xenocrysts in basaltic 

rocks; that is, the crystals form deep in the earth and are 

“picked up” from that environment by the basaltic 

magma that carries them to the surface. Such corundum 
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has been recorded from six continental regions, within 15 
countries, involving some 40 main basalt fields—which 
this article tabulates, along with their ages of eruption. 
Two corundum suites are differentiated: (1) blue, green, 
and yellow color-zoned “magmatic” sapphires that are 
thought to have formed by igneous crystallization in the 
earth’s crust or mantle; and (2) variously colored “meta- 
morphic” sapphires and rubies from deep-seated meta- 
morphic source rocks. Magmatic suites (which make up 
60% of the basaltic sapphires) dominate over mixed mag- 
matic/metamorphic suites (25%]) and metamorphic suites 
(15%). Zircons found in the same deposits yield U-Pb iso- 
tope formation ages that are presumed to be the ages of 
sapphire crystallization. These ages are usually close to 
those determined for the associated basalts. RAH 


Production and colour changing treatment of Chinese 
cultured pearl. L. Li, Singaporean Gemologist, Vol. 
8, No. 1, 2001, pp. 11-14. 


Recently, Chinese pearl farmers and dealers have been 
experimenting with various aspects of cultured pearl pro- 
duction, not just the shape of the final product and the 
material used for nuclei (e.g., wax, aluminum], but also 
color manipulation. There are two fundamental types of 
color treatment: dyeing and gamma-ray irradiation. Also 
mentioned is a new “lasering” technique, which pro- 
duces dark “peacock” green and purple colors. 

A short description of methods for detecting dye treat- 
ment is provided. These include: (1) color distribution 
(e.g., color patches on the surface, or concentration of 
color in and near the drill hole); (2) fluorescence (treated- 
colored samples typically show anomalous fluorescence 
or are inert); (3) Raman spectrometry (the presence of spe- 
cific weak peaks); and (4) chemical testing (alcohol/ace- 
tone removes some dyes). Irradiation may turn the cul- 
tured pearls green, black, “silver,” dark red, or “bronze.” 
It may also increase the sample’s susceptibility to frac- 
turing just below the surface and around the drill hole. A 
slight decrease in S.G. and hardness may also occur in 
irradiated freshwater cultured pearls. JS 


Raman spectra of nacre from shells of main pearl-cultur- 
ing mollusk in China. G. Zhang, X. Xie, and Y. 
Wang, Spectroscopy and Spectral Analysis, Vol. 21, 
No. 2, 2001, pp. 193-196 [in Chinese with English 
abstract]. 

Cultured pearls in China are grown using four types of 

mollusks: Pinctada martensii, Pinctada maxima, and 

Pteria penguin (saltwater), and Hyriopsis cumingi (fresh- 

water]. Aragonite is the main mineral component of the 

nacre (mother-of-pearl) in shells from all four mollusks. 

Raman spectrometry was used to study the organic com- 

ponents in nacre from each mollusk. 

The Raman bands related to organic components 
were different in the nacre from each species. Organic 
material was not observed in the nacre of Pinctada max- 
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ima. Two bands resulting from a carotenoid were clearly 
identified in the nacre of Pinctada martensii and 
Hyriopsis cumingi, and the number of C=C double bonds 
in the molecular structure of this carotenoid was predi- 
cated to be 10 based on the position of the Raman bands. 
A number of complicated Raman bands were observed in 
the nacre of Pteria penguin, these bands are possibly 
caused by metalloporphyrin compounds. There is a close 
relationship between the color of the nacre and the rela- 
tive concentrations of carotenoid and inferred metallo- 
porphyrin compounds in the nacre layers. TL 


DIAMONDS 


Diamants [Diamonds]. Le Régne Minéral, No. 38, 2001, 
66 pp. [in French, with some English abstracts]. 


The fabulous diamond exhibition at the Muséum 
National d’Histoire Naturelle in Paris (March 10—-July 31, 
2001) inspired the French mineral collector’s magazine Le 
Régne Minéral to dedicate a special issue to this gem in 
cooperation with the creators of the exhibition. 

The first article, “Le diamant, l’orchidée du régne 
minéral,” by R. De Ascengao Guedes, surveys the miner- 
alogical properties of diamond and shows why diamonds 
hold a unique position in the mineral kingdom. The focus 
lies on crystal structures and forms, which are illustrated 
by several diagrams as well as crystal drawings from Dana 
(1871), Goldschmidt (1911), and others. 

Next, “Naissance et voyages du diamant” (R. de 
Ascengao Guedes and J.-C. Goujou) describes diamond 
geology: the structure of the earth’s interior, conditions 
and processes of diamond formation, transport to the sur- 
face, and types of diamond deposits. This article also 
includes a comprehensive listing, with short descriptions, 
of diamond deposits worldwide. 

In “Le diamant et ses paradoxes,” J.-C. Goujou describes 
the paradoxical nature of the diamond world. This article 
contrasts graphite vs. diamond, the cubic crystal system vs. 
diamond's variety of forms, and old diamonds vs. young 
host rocks, but it is mostly concerned with the contrast 
between diamond as the paragon of riches and luxury vs. 
the poverty and sociopolitical problems in many mining 
areas. The result is a description of the mining histories and 
present-day situations in Angola, Democratic Republic of 
Congo (formerly Zaire), Guinea, Liberia, and Sierra Leone. 

Three more articles (B. Cairncross—“Les diamants 
d’Afrique du Sud, du Botswana et de Namibie”; G. B. 
Webb and F. L. Sutherland—“Les gisements diaman- 
tiféres Australiens”; J. Cassedanne—“Le diamant au 
Brésil”) present detailed descriptions of some important 
African, Australian, and Brazilian diamond deposits. 

The final article, “Contrebande de diamants: affaire 
Schreiber, Dakar” (J. E. Dietrich), tells the story of 18,000 
carats of rough diamonds that were seized as contraband 
at Dakar’s Yoff Airport in 1956, but had to be returned to 
their owner in spite of the obvious crime—an episode used 
by Ian Fleming in his book The Diamond Smugglers. 
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The issue is well illustrated, with many fine color 
photographs of diamonds and diamond mining. RT 


Diamond from the Guaniamo area, Venezuela. F. V. 
Kaminsky, O. D. Zakharchenko, W. L. Griffin, D. M. 
DeR. Channer, and G. K. Khachatryan-Blinova, 
Canadian Mineralogist, Vol. 38, 2000, pp. 1347-1370. 


The Guaniamo region is an important placer diamond 
mining area in Venezuela—an estimated 25-30 million 
carats may have been produced since 1968—but the dia- 
monds have never been studied scientifically. This com- 
prehensive report, based on more than 5,000 diamond 
crystals and fragments from placer and kimberlite sill 
deposits, characterizes the diamonds in terms of mor- 
phology, abundance and aggregation state of nitrogen, 
mineral inclusions, and carbon isotopic composition. 
About 50% of the crystals were resorbed dodecahedra; 
octahedra were the next most abundant form. Most of the 
diamonds were colorless, but 55%-90% showed some 
radiation-induced areas of pigmentation. About 20% of the 
diamonds had very low nitrogen contents (<250 ppm, type 
II); the remainder belonged to the transitional type IaAB, 
with B>A. The mineral inclusions in 86% of the samples 
(77 were studied) had ecologitic affinity represented by gar- 
net, omphacite, rutile, ilmenite, and pyrrhotite. Inclusions 
of peridotitic affinity were represented by garnet, chromian 
spinel, and olivine. Values of &'°C ranged from —3.2%o to 
-28.7%o, but most of the diamonds were isotopically light 
(8!SC less than —10%o}, which is also typical of an eclogitic 
origin. The high proportion of diamonds with eclogitic 
characteristics, and several features of the mineral inclu- 
sions, show striking parallels to diamonds from the Argyle 
mine in Australia. Both deposits occur in cratons that have 
had extensive Proterozoic tectonothermal activity. The 
authors believe that the Guaniamo placer diamond 
deposits are of local origin and were derived from the kim- 
berlite sills rather than having been recycled from the 
ancient Roraima sediments in the area, as has been previ- 
ously suggested. AAL 


Diamonds from Myanmar and Thailand: Characteristics 
and possible origins. W. L. Griffin, T. T. Win, R. 
Davies, P. Wathanakul, A. Andrew, I. Metcalfe, and 
P. Cartigny, Economic Geology, Vol. 96, No. 1, 
2001, pp. 159-170. 

Alluvial diamonds (262 samples) from two localities in 

Myanmar (Theindaw and Momeik) and one in Thailand 

(Phuket), for which there are no obvious rocks in the area 

that might serve as the primary source, were studied in 

order to determine their origin. This detailed investigation 
found similarities in the physical features of the diamonds 
from both countries—that is, their color (mostly yellow 
through brown), morphology (mostly rounded and 
resorbed), and surface features (lamination lines reflecting 
plastic deformation]. The inclusions (e.g., olivine, 
chromite, pyrope) are primarily of peridotitic origin. 
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Carbon isotope values (5'°C mostly between -3%o and 
—8%o) are also consistent with a peridotitic origin. Nitrogen 
aggregation studies indicate a long residence and/or defor- 
mation at mantle temperatures; the association of the dia- 
monds with a corrosive magma is evidenced by their 
resorbed shapes. Extensive abrasion and abundant brown 
spots due to radiation damage suggest appreciable surface 
transport. 

These alluvial diamonds (as well as others in Sumatra, 
Indonesia, which were not studied) are found in the 
Sibumasu geological terrane, which is believed to have 
separated from the ancient Gondwana supercontinent in 
Early Permian time (about 275 million years ago). At the 
time, Gondwana also included Australia. The diamonds 
are also closely associated with certain glacial-marine sed- 
iments of slightly younger age that came from western 
Australia. Hence, it is suggested that these Southeast 
Asian diamonds were derived from primary kimberlite 
sources in northwestern Australia, or within the Sibu- 
masu terrane itself. However, the predominantly peri- 
dotitic nature of both the inclusions and the carbon iso- 
tope data rule out the Argyle lamproite as the primary 
source because of its eclogitic paragenesis. AAL 


Irradiation-induced structure development in type Ia dia- 
mond. T. D. Ositinskaya, V. N. Tkach, and G. P. 
Bogatyreva, Journal of Superhard Materials, Vol. 
22, No. 1, 2000, pp. 56-60. 

Four types of diamonds (natural type Ia, type IaA, and 

type IaA/B, and synthetic type Ila) were subjected to set 

doses of intense electron irradiation. Cathodolumines- 
cence (CL) spectroscopy revealed three distinct zones in 
the irradiated type Ia diamond. The zone 1 spectrum was 
characterized by peaks at 389 and 575 nm, it strongly 
resembled the spectrum derived from the irradiated syn- 
thetic type Ila diamond. The spectrum of zone 2 was 
most similar to that of the irradiated type laA/B dia- 
mond, which contains a less intense peak at 575 nm 
along with peaks at 415, 484.5, and 490.7 nm. Zone 3 was 
characterized by peaks at 484.5, 490.7, and 511.5 nm, as 
well as three prominent peaks at 415, 430, and 439 nm 
that were not observed in other spectra. The most promi- 
nent peaks in the irradiated type IaA diamond were at 

484.5, 490.7, 503.5, and 575 nm. These observations indi- 

cate that CL spectroscopy may be useful for studying the 

genesis of irradiation-induced defects in mixed diamond 
types. Troy Blodgett 
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Brazilian gem provinces. C. P. Pinto and A. C. Pedrosa- 
Soares, Australian Gemmologist, Vol. 21, No. 1, 
2001, pp. 12-16. 

The principal Brazilian colored gems are aquamarine, 

alexandrite, emerald, tourmaline, topaz, amethyst, agate, 

and opal. The main deposits are related to pegmatites 
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and pneumatolitic-hydrothermal fluids in mafic-ultra- 
mafic rocks, hydrothermal fluids in metasediments, and 
volcanogenic concentrations in continental basalt flows. 
The main pegmatitic provinces are situated in Neo- 
proterozoic mobile belts affected by intense granitic 
intrusion and mineralization. The Be-bearing gems 
(aquamarine, beryl, chrysoberyl, and alexandrite) are 
mainly related to these granitic intrusions, which are 
500-520 million years old. Gem-quality tourmaline 
occurs in pegmatites that are related to S-type granites 
(derived from the partial melting of sedimentary rocks). 
Emerald occurs in ultramafic schist in the vicinity of 
granitic bodies. The quartz-family gems are related to 
hydrothermal veins in quartzose rocks, or are found as 
druses in Mesozoic basalt flows. RAH 


Clinopyroxene—corundum assemblages from alkali basalt 
and alluvium, eastern Thailand: Constraints on the 
origin of Thai rubies. C. Sutthirat, S. Saminpanya, 
G. T. R. Droop, C. M. B. Henderson, and D. A. C. 
Manning, Mineralogical Magazine, Vol. 65, No. 2, 
2001, pp. 277-295. 


A clinopyroxene xenocryst with an inclusion of ruby, 
found in alkali basalt from the Late Cenozoic 
Chanthaburi-Trat volcanic rocks of eastern Thailand, was 
chemically similar to clinopyroxene inclusions in rubies 
from nearby alluvial gem deposits. This suggests a com- 
mon origin for both minerals. The clinopyroxene is fairly 
sodic, highly aluminous, and magnesian, sapphirine and 
garnet also occur as inclusions in the alluvial rubies. 
Thermodynamic calculations constrain the temperature 
of clinopyroxene + corundum crystallization to between 
800° and 1150°C + 100°C. Other equilibria indicate a pres- 
sure of crystallization of 10-25 kbar, implying depths of 
formation between 35 and 88 km. The rubies are pre- 
sumed to have crystallized in rocks of mafic composition 
(i.e., garnet clinopyroxenites or garnet pyroclasites) within 
the upper mantle. RAH 


Einmalige Tropfsteinbildungen aus Argentinien: Rhodo- 
chrosit-Stalaktiten [Unique stalactite formations: 
Rhodochrosite from Argentina]. W. Lieber, Lapis, 
Vol. 25, No. 11, 2000, pp. 13-20 [in German]. 


This lavishly illustrated article describes the well-known 
Capillitas deposits near Andalgala, Catamarca Province, 
Argentina, where rhodochrosite occurs as stalactites more 
than 5 m (16 feet) long and up to 50 cm (20 inches) in 
diameter. The growth conditions of rhodochrosite are 
compared to those of “normal” calcite/aragonite stalac- 
tites. Chemical data are presented for the different bands or 
layers of rhodochrosite. The stalactites formed at 
150°-200°C (whereas calcite stalactites develop below 
25°C). Contrary to the commonly held belief that the sta- 
lactites formed within the last 700 years, the authors sug- 
gest that they are actually 50,000-—500,000 years old. RT 
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The geology of Australian opal deposits. I. J. Townsend, 
Australian Gemmologist, Vol. 21, No. 1, 2001, pp. 
34-37. 


Australian opal is mainly hosted in Cretaceous sedimen- 
tary rocks of the Great Artesian Basin. Silica, derived from 
weathering, forms micro-spheres that are deposited in a 
regular array. Most opaline silica is common opal, or 
potch, and does not show a play of color. Opal is often 
found associated with lineaments or faults, which provide 
passageways for the movement of groundwater; these 
have proved useful in locating opal at Lightning Ridge in 
New South Wales. A climate of alternating wet and dry 
periods is important in creating a rising and falling water 
table; the silica is deposited when it is concentrated in 
solution by a receding water table, forming opal in a vari- 
ety of host materials. RAH 


The geology, mineralogy and rare element geochemistry 
of the gem deposits of Sri Lanka. C. B. Dissanayake, 
R. Chandrajith, and H. J. Tobschall, Bulletin of the 
Geological Society of Finland, Vol. 72, No. 1-2, 
2000, pp. 5-20. 
Nearly all the gem-bearing formations of Sri Lanka are 
located in the central high-grade metamorphic terrain of 
the Highland Complex. The gem deposits are classified as 
sedimentary, igneous, and metamorphic, but sedimenta- 
ry deposits are dominant. The most important gems 
include corundum, chrysoberyl, beryl, spinel, topaz, zir- 
con, tourmaline, garnet, and sphene. 

Analysis of trace elements in sediments from three gem 
fields (Ratnapura, Elahera, and Walawe Ganga) revealed that 
some of these sediments are considerably enriched in cer- 
tain elements compared to their average crustal abun- 
dances. Sediments from Walawe Ganga are anomalously 
enriched in the high-field-strength and associated ele- 
ments, particularly Zr, Hf, W, and Ti. This is attributed to 
the presence of accessory zircon, monazite, and rutile in 
the heavy-mineral fraction, which may constitute up to 
50% (by weight) of the sediment. The geochemical enrich- 
ment of some trace elements is taken to indicate that 
highly differentiated granites and associated pegmatites 
provided the source material for these sedimentary 
deposits. RAH 


Oriented inclusions in spinels from Madagascar. K. 
Schmetzer, E. Gtbelin, H-J. Bernhardt, and L. 
Kiefert, Journal of Gemmology, Vol. 27, No. 4, 
2000, pp. 229-232. 

Lamellar and needle-like inclusions found in six faceted 

bluish gray spinels (0.15 to 0.50 ct) from southern Mada- 

gascar are described. The samples were purchased two 
years prior to the discovery (in 1998) of the deposits at 

Ilakaka; their exact origin is unknown. Chemical analyses 

were performed on the inclusions in three samples, and 

Raman spectra were obtained from several included crys- 

tals in two samples. These data established that the lamel- 
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lar inclusions are enstatite, MgSiO,. The inclusions are 
oriented parallel to dodecahedral {110} directions in the 
host spinels. According to the authors, enstatite in this 
oriented relationship within spinel has not been previous- 
ly reported. The gemological properties of the samples 
were normal for spinel, and the UV-Vis absorption spectra 
were typical for spinels containing iron. WMM 


Tourmaline and aquamarine deposits from Brazil. J. 
César-Mendes, H. Jort-Evangelista, and R. Wegner, 
Australian Gemmologist, Vol. 21, No. 1, 2001, pp. 
3-6. 

Brazil is one of the world’s largest producers of gem-qual- 

ity aquamarine and tourmaline, which are found in 

granitic pegmatites both in the Oriental Province (>500 
gem pegmatites) in the states of Minas Gerais, Bahia, and 

Espirito Santo, and in the Northeastern Province (>50 gem 

pegmatites) in the states of Ceara, Paraiba, and Rio Grande 

do Norte. Aquamarine occurs in pegmatites that have 
undergone only slight geochemical differentiation; it is 
associated with mica, K-feldspar, and quartz. Tourmaline 

(green, blue, and pink-red, but always rich in the elbaite 

component) occurs mainly in rare-element-bearing peg- 

matites with lepidolite, albite, tantalite, and morganite; it 
varies in composition depending on its position within the 
pegmatite. RAH 


INSTRUMENTS AND TECHNIQUES 


Nuclear microscopic studies of inclusions in natural and 
synthetic emeralds. K. N. Yu, S. M. Tang, and T. S. 
Tay, X-Ray Spectrometry, Vol. 29, No. 2, 2000, pp. 
178-186. 
Micro-proton-induced X-ray emission (micro-PIXE) spec- 
tra were obtained from 56 natural emeralds from 
Colombia, Pakistan, Zambia, Brazil, and 26 synthetic 
emeralds from eight manufacturers using flux and 
hydrothermal growth techniques. These spectra were 
used to study mineral and other types of inclusions (such 
as flux residues) as well as chemical variations that could 
be correlated to color zoning. 

Five flux-grown synthetic emeralds (Chatham) and 
one hydrothermal (Lechleitner) sample yielded nearly fea- 
tureless spectral data; such was not the case for the natur- 
al stones. Color zoning in the natural emeralds correlated 
to concentrations of Cr, V, and Fe, although in one 
Colombian sample the concentration of Fe did not fit this 
pattern. Chlorine was detected in both the natural and 
hydrothermal synthetic emeralds. Previous work has sug- 
gested a correlation between Cr and Cl in synthetic emer- 
alds, possibly due to the use of CrCl,-6H,O to supply Cr 
as a coloring agent, but this association was not observed 
in this study. Mineral inclusions of calcite, dolomite, 
chromite, magnetite, pyrite, and several types of mica and 
feldspar were identified in the natural emeralds. The asso- 
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ciation of the minerals sphalerite or wurtzite (both ZnS) 
with pyrite in Zambian emeralds is presented as a new dis- 
covery. The authors conclude that the (non-destructive) 
micro-PIXE method has great potential for studying emer- 
alds. Further cataloging of chemical and inclusion features 
for natural stones from known localities, as well as for 
synthetic emeralds grown by various methods, could 
allow the identification of provenance or growth method 
with this technique in the future. JL 


PIXE/PIGE characterisation of emeralds using an exter- 
nal micro-beam. T. Calligaro, J.-C. Dran, J.-P. 
Poirot, G. Querré, J. Salomon, and J. C. Zwaan, 
Nuclear Instruments and Methods in Physics 
Research B, Vol. 161-163, 2000, pp. 769-774. 

An improved method of PIXE/PIGE (proton-induced X- 

ray/Gamma-ray emission) was employed to examine a 

suite of reference emeralds from 12 countries to charac- 

terize provenance characteristics based on chemistry, and 
then use that database in the examination of one piece 
each of Gallo-Roman (3rd century AD) and Visigothic 

(7th century AD) emerald jewelry. A micro-beam feature 

of the instrumentation allowed the emeralds to be ana- 

lyzed while still mounted in the jewelry. 

Hellenistic and Roman writings suggest that emerald 
sources at that time existed in what are now Egypt, 
Afghanistan, and Russia’s Ural Mountains. The emer- 
alds in the ancient jewelry examined here have chemical 
compositions comparable to samples analyzed from 
Austria and Egypt. The authors advocate further research 
to expand the database, and the usefulness of this 
method as a nondestructive tool in gemological investi- 
gations is noted. JL 


Precious precision. Mazal U’Bracha, Vol. 16, No. 131, 
March 2001, pp. 52-53. 
A high-tech Israeli company (Bental Industries Ltd.) is 
manufacturing an innovative cutting machine, the Crown 
Jewel Diamond Spindle. A variable speed, 2.7 horsepower 
motor operates at 900—5,000 RPM and requires no special 
electrical capabilities. It has an instant-response, program- 
mable speed controller with digital display. The great 
advantage of this equipment is that it allows the diamond 
cutter to change from polishing to brushing (i.e., final fin- 
ishing) instantaneously as the machine switches to a dif- 
ferent speed. Previously, such a change would be a time- 
consuming process or the cutter would have to use a dif- 
ferent machine that runs at a slower speed. AAL 


Presidium Moissanite Tester™. T. Linton and K. Hunter, 
Australian Gemmologist, Vol. 20, No. 11, 2000, pp. 
483-485. 

The Presidium Moissanite Tester senses the small for- 

ward-leakage of current (based on the electrical property 

of capacitance} in synthetic moissanite, which is a semi- 
conductor. Other synthetic moissanite detectors current- 
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ly on the market are based on “breakdown voltage,” the 
voltage that overcomes resistance to an insulator causing 
current to flow. 

In the authors’ evaluation, the instrument detected all 
synthetic moissanite specimens, reporting them as a 
bright red window display accompanied by an audible 
“beep.” Stones other than synthetic moissanite, including 
diamond, illuminated the green “TEST” lamp. False (pos- 
itive) synthetic moissanite readings were recorded in sev- 
eral circumstances, such as when the tip of the probe 
touched metal (including metal mounts on the instrument 
case) and when a P-type semiconductor (germanium tran- 
sistor) was tested. An industrial-quality black diamond 
that was electrically conductive also gave a synthetic 
moissanite response. However, the overall evaluation of 
the Presidium Moissanite Tester was very favorable. MT 


What’s new in gem testing instruments: The Brewster- 
Angle Meter. T. Linton, K. Hunter, A. Cumming, N. 
Masson, and G. Pearson, Australian Gemmologist, 
Vol. 20, No. 10, 2000, pp. 428-431. 

Brewster’s Law states that when an incident monochro- 

matic ray is reflected from a smooth, non-metallic surface 

(e.g., a gemstone), and the angle between the reflected and 

refracted rays in the specimen is 90°, then the reflected ray 

will be polarized in the plane of the reflecting surface. The 
angle of incidence of the monochromatic ray (Brewster's 
angle) required to achieve the polarization of the reflected 
ray, however, will vary with the index of refraction of the 
reflecting substance. Specifically, the tangent of Brewster's 
angle is equal to the RL. of the reflecting substance. The 

Brewster-Angle Meter measures Brewster’s angle, so that 

the R.L of the gemstone can be calculated. 

The instrument, which weighs 1.49 kg, is equipped 
with a miniature 670 nm laser (the monochromatic 
source) and a filter to determine the maximum polariza- 
tion of the reflected ray; it is powered by two AA batter- 
ies. Gems with Brewster’s angles ranging from 55° to 73° 
can be measured (read from a scale on an outside drum) 
and then converted (see mathematical relationship above) 
to refractive indices within the broad range of 1.43-3.30. 
This instrument does not require toxic optical contact liq- 
uids, as do critical-angle refractometers. The greatest 
potential of this highly rated instrument is for use with 
both unset and set gemstones (although jewelry with 
claws that protrude above the surface cannot be tested), as 
well as synthetics and imitations, that have R.I. values 
greater than 1.81 and, therefore, are beyond the capability 
of the standard refractometer. MT 


JEWELRY RETAILING 
Pearls: Branding. Jewellery New Asia, No. 203, July 2001, 
pp. 74-83 passim. 


This collage of brief articles focuses on three branding 
campaigns for cultured pearls: by Mikimoto, Perle Utopia, 
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and Golay. Mikimoto, a name known worldwide, has 
developed a new approach to bring “fashion to jewelry.” 
Working with well-known designers such as Vera Wang, 
Mikimoto is expanding its image as a creator of classic 
jewelry to a purveyor of fashion-forward jewelry. In the 
future, the Mikimoto image may even include the use of 
cultured pearls directly on high-fashion clothing or the 
creation of clothing lines to match their cultured pearl 
jewelry. 

The second article in the section reviews the building 
of brand identity through recognizable designs. 
Gemmindustria Gaia Ferrando SpA markets jewelry by 
its own designers under the Perle Utopia brand. Gaia also 
works with other well-known jewelry designers, such as 
the Spanish firm Carrera y Carrera and New York’s 
Henry Dunay. This unique jewelry is sold under the 
designer’s name with acknowledgment that the cultured 
pearls are from Perle Utopia, strengthening consumer 
awareness of the brand. The third article discusses how 
Golay, while not intending to create a brand, has been 
promoting a recognizable “quality label” on strands of 
cultured pearls, with consumers responding positively. 
JEM-S 


Successful strategies for selling pearls. V. Gomelsky, 
National Jeweler, Vol. 45, No. 7, April 1, 2001, pp. 
52, 54-55. 
Promotions, whether in-store or in the community, are a 
proven strategy for retailers to boost their sales of cul- 
tured pearls. These events require significant planning, 
which includes everything from collecting inventory 
from suppliers to recruiting speakers for presentations. 
One successful approach is for retailers to appeal to their 
customers’ desire for exclusivity by explaining the rarity 
of large, lustrous, round cultured pearls that are blemish- 
free, and the time-consuming effort involved in assem- 
bling strands of fine cultured pearls. The Cultured Pearl 
Information Center recommends that retailers start 
planning their promotions well in advance of an event. 
Their guidelines are: 


¢ Three months prior: Develop the concept. 

e Two months prior: Find suppliers and begin to orga- 
nize marketing materials, which may include newspa- 
per ads, public relations campaigns, invitations, and 
radio spots. 

e¢ One month to three weeks prior: Start running ads, 
send out invitations, and make catering arrangements. 

¢ Two weeks to one week prior: Educate the staff about 
the event, make follow-up phone calls to invite guests, 
and prepare store decorations. 

e Two to three weeks following the event: Maintain 
contact with clients who attended the promotion. 


When properly executed, promotions are an excellent 

means of educating clients, as well as establishing and 

cultivating relationships that keep them coming back. 
MT 
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PRECIOUS METALS 


Cookson Precious Metals launches new gold alloy. 
Jewellery in Britain [JIB], Vol. 5, January 2000, p. 5. 
Enduragold is a new alloy developed by Cookson Precious 
Metals that reportedly offers better strength, hardness, 
wearability, and consistency of color than equivalent gold 
alloys. It has tested successfully in the production of gate- 
bracelets, torque bangles, hooped earrings, Creole ear- 
rings, lockets, pendants, wedding rings, set rings, chains, 
and findings. Cookson believes the properties of their 
product will benefit manufacturers through enhanced 
performance, fewer returns, and higher customer satis- 
faction. Working with this metal is different from work- 
ing with the usual gold alloys, mainly in the order of pro- 
duction. Therefore, manufacturers will need to consult 
Cookson for details of the manufacturing process. 
Enduragold is available in 9K, 10K, 14K, and 18K yellow, 
and 9K white. The chemical composition of the alloy was 
not divulged. PT 


A stable blue silver is developed. Jewellery News Asia, 
No. 201, May 2001, p. 36. 
Silver jewelry can be changed from white through different 
colors to black by means of a chemical dipping process that 
causes oxidation. The key to the color change is the dura- 
tion of the oxidation process. Sunny Pang has developed a 
new technique that enables the oxidation time to be 
extended up to 40 minutes with special (unspecified) 
chemicals. Extending the time allows certain colors to sta- 
bilize and become permanent; for example, it takes 10-15 
minutes to turn white silver into blue silver. Brown, char- 
coal gray, and black have also been achieved by the new 
method. Since oxidation is a surface treatment, and the 
resultant color can be worn or scratched off, the technique 
is best applied to jewelry such as earrings or pendants. Mr. 
Pang has also achieved different colors with 14K gold-silver 
alloy electroformed and electroplated jewelry. PT 


SYNTHETICS AND SIMULANTS 


Characterization of a new Chinese hydrothermally grown 
emerald. Z. Chen, J. Zeng, K. Cai, C. Zhang, and W. 
Zhou, Australian Gemmologist, Vol. 21, No. 2, 
2001, pp. 62-66. 

The examination of five crystals of a new Chinese hydro- 

thermal synthetic emerald produced in Guilin (Guangxi 

Province) is reported. These crystals, which have a slightly 

bluish green color, showed a strong red reaction to the 

Chelsea filter and a moderate red fluorescence to long- 

wave UV radiation. Electron-microprobe analyses recorded 

much lower chlorine (0.06-0.25 wt.% Cl) and higher alka- 

li (1.09-1.30 wt.% Na,O) contents than in other synthetic 

emeralds. Refractive indices are reported as n,=1.569-1.571 

and n,=1.572-1.578, and specific gravity as ranging from 

2.68 to 2.73. Two-phase (liquid-vapor) inclusions were 

noted. The infrared spectra of these crystals in the 

3500-3800 cm! region showed only a single peak at 3701 
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cm!, but in the 5000-5500 cm! region there were three 
strong peaks, which is characteristic of synthetic emeralds 
(natural emeralds show only two). RAH 


Synthesis of yttria-stabilized zirconia crystals by skull- 
melting method. W.-S. Kim, I.-H. Suh, Y.-M. You, J.- 
H. Lee, and C.-H. Lee, Neues Jahrbuch fiir 
Mineralogie, Monatshefte, No. 3, 2001, pp. 136-144. 


Of the three known zirconium oxide (ZrO,) polymorphs, 
the cubic form is the only one of interest to gemologists 
because of its widespread use as a diamond simulant. 
Crystals large enough for gem purposes are best produced 
by the skull-melting method. Cubic zirconia (CZ) is sta- 
ble at room temperature only if at least 7 mol.% yttria 
(Y,O,) is added during the growth process, but this 
amount does not result in gem-quality material. 

The authors carried out several CZ growth experi- 
ments and studied the physical properties of the resulting 
crystals. To obtain gem-quality, transparent colorless 
crystals, the addition of 25 wt.% Y,O, is necessary for sta- 
bilization, as well as 0.04 wt.% Nd,O, to remove the yel- 
low color. The authors also performed X-ray powder dif- 
fraction analyses and a single-crystal neutron diffraction 
analysis to refine the crystal structure of yttria-stabilized 
CZ. The Y stabilizer atoms randomly occupy the Zr sites, 
resulting in displacement of oxygen atoms from their 
ideal positions in the crystal structure. RT 


TREATMENTS 


Are treatments killing the romance of gems? S. Robertson, 
Jewelers’ Circular Keystone, Vol. 171, No. 6, June 
2000, pp. 238-240, 242, 244. 


Certain treatments (enhancements) are well accepted in 
the industry and by the public—for example, the heat 
treatment of tanzanite to develop its blue color, and the 
oiling of emeralds to enhance their apparent clarity. Yet 
today many colored stones and cultured pearls in the 
marketplace have been treated in some way, often to a 
greater extent than most people (including jewelers) real- 
ize. Bicolored (blue and red) corundum from Mong Hsu 
(Myanmar) may be heated twice, first to make the stone 
entirely red and a second time to fill fractures, so that it 
can subsequently be sold as “fine ruby.” Akoya cultured 
pearls may be bleached, dyed, and waxed to produce 
brightness and overtones seldom found in nature. 
Modern treatments raise the important ethical and 
legal question of how one defines “too much treatment,” 
and what the obligations are with regard to disclosure. 
There is still no agreement on what constitutes excessive 
treatment, and there is a tendency to disclose only what 
is visible at 10x magnification. Yet many significant 
enhancements (e.g., the residues of fluxes or glasses in 
partially healed or open fractures) may be visible only 
with higher magnification. Therefore, meaningful disclo- 
sure cannot be based on magnification alone, and the use 
of some arbitrary magnification only heightens the pub- 


GEMOLOGICAL ABSTRACTS 


lic’s suspicion. The use of excessive treatments and the 
absence of full disclosure have reached the point that the 
future of the colored stone industry is threatened. 

AMB 


Treated and synthetic gem materials. J. E. Shigley, Current 
Science, Vol. 79, No. 11, 2000, pp. 1566-1571. 


Both treated and synthetic gems are encountered fre- 
quently in today’s jewelry marketplace. In some cases, the 
appearance and gemological properties of these materials 
correspond closely to those of valuable natural gems. This 
often results in identification difficulties for jewelers, 
especially those who lack modern gemological training 
and/or advanced testing equipment. This article reviews 
the major treated and synthetic gems, as well as the meth- 
ods (both standard and advanced) for their identification. 

The history and techniques of gem synthesis are out- 
lined. A table of major synthetics (diamond, beryl, chryso- 
beryl, corundum, opal, and quartz) differentiates between 
melt and solution methods of synthesis. How these syn- 
thetic gems are produced in the laboratory is explained. 
The routine treatment of some natural gems, such as topaz 
and aquamarine, is mentioned. 

The author differentiates between the more common 
commercial synthetics, such as those produced by flame 
fusion, and so-called “luxury” synthetics, such as the more 
expensive hydrothermal- and flux-grown rubies and sap- 
phires. An underlying theme is that even with advanced 
testing methods, the accurate identification of some of the 
treated and synthetic gems on the market today can be dif- 
ficult. Modern technology will likely produce new treat- 
ments and synthetics, thus requiring ongoing development 
of gem testing methods and identification criteria. LT 


High-pressure, high-temperature treatment of natural dia- 
monds and their recognition from the point of view 
of two patent registrations by General Electric. K. 
Schmetzer, Goldschmiede Zeitung, Vol. 99, July 
2001, p. 75 [in German; English translation at 
www.gz-online.com]. 
The use of high-pressure, high-temperature (HPHT) con- 
ditions for changing the color of natural, normally brown 
diamonds has been well documented over the past two 
years. However, detection of these color-altered diamonds 
remains problematic. Recent publication of disclosure 
documents submitted by General Electric in support of 
two in-process international patent registrations may pro- 
vide additional insight into this controversial subject. 
One document (WO01/14050A1, published March 1, 
2001) describes the HPHT treatment of brown and other 
poorly colored diamonds. According to Dr. Schmetzer, 
the proposed method is parallel to one described in patent 
documentation submitted in the late 1970s by General 
Electric for desaturating the yellow color of synthetic or 
natural type Ib diamonds. The current document details 
the HPHT transformation of natural brown type Ia dia- 
monds to a yellowish green to greenish yellow hue. 
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BOOK REVIEW 


Jewelers Pocket Reference Book 
reviewed by 
BILL THEIS 


The Jewelers Pocket Reference 
Book, by Robert M. Shipley (Los 
Angeles, California, 1947, 320 pages, 
$2.75), was inspired by the demand 
for a convenient-size, authoritative 
text containing information of value 
to the newer generation of jewelers, 
those somewhat more advanced in 
scientific knowledge, and the older 
practical jewelers who, from time to 
time, must refresh their memory on 
data infrequently used. This book 
admirably fulfills these require- 
ments. 

In addition it contains much of 
interest to the specialist in antique 
jewelry and probably the private col- 
lector of gemstones. It is hard to see 
how any public library could afford 
to be without it. 

Primarily designed for use of the 
jewelry industry, it offers a splendid 
glossary of names and_ technical 
terms constantly employed, and is 
replete with concise charts, lists, 
maps and tables covering many 
phases of scientific knowledge re- 
lating to the field of gemology and 
other special concerns of the jeweler, 
such us silverware, watches, clocks 
and fraternal insignia. 

One of the chief virtues of this 
handbook is the practicality of the 
information presented and its ready 
accessibility. The pages devoted to 
sketches and descriptions of mount- 
ings and findings will remind any- 
one who has ever worked in a 


jewelry store service department of 
the hours of lost time and anxious 
effort so often involved in finding 
the answers to just such questions 
as are dealt with conclusively in this 
compact little volume. 

The excellent drawings of clocks, 
watch sizes, styles of chains, silver 
designs and hundreds of similarly 
important items are particularly 
valuable to younger jewelers who 
wish to increase their knowledge of 
the trade and consequently their 
worth to both employer and cus- 
tomer. 

Those starting in business will 
study it carefully and often, turning 
to it much as the drowning swimmer 
does a friendly hand from shore. But 
the professional gemologist and busy 
jeweler of long experience will be 
equally delighted with it; especially 
with the sections dealing with gem 
identification. It serves the needs, 
in fact, of every type of person con- 
nected with the production or sale 
of jewelry. 

As one who once attempted to com- 
pile a similar text and became mired 
in the complexity of the task, the 
writer has great respect for the pa- 
tient labor obviously involved in de- 
veloping this reference book. There 
are always afterthoughts as to ma- 
terial which might have been in- 
cluded, and new editions are often 
greatly improved by constructive 
criticism from users of such a book.’ 


A second document (WO01/33203A1, published May 
10, 2001) illustrates a method for detecting HPHT-treated 
diamonds based on photoluminescence criteria. The fun- 
damental premise: Absence of the 490.7 nm photolumi- 
nescence line—generally present in natural type I and 
type II diamonds—indicates a 95% probability of HPHT 
treatment. While other articles cited by Dr. Schmetzer 
indicate a similar approach to HPHT detection, he also 
refers to at least one study that raises some questions 
about the reliability of the 95% accuracy claim in this 
patent document. SW 


MISCELLANEOUS 


American Watch Guild makes time for excellence. W. G. 
Shuster, Jewelers’ Circular Keystone, Vol. 171, No. 
11, November 2000, pp. 176-177. 
Using the American Gem Society and its ethical princi- 
ples as a model, a group of authorized retailers of fine 
watches have banded together to form a modern-day 
guild. The new American Watch Guild (AWG, headquar- 
tered in Hewlett, New York) will bring together autho- 
rized retailers, service providers, and manufacturers of 
timepieces who are committed to excellence in both sales 
and service. Members can be identified by means of AWG 
decals and plaques. The guild is making itself known 
through exhibitions of fine timepieces, charitable activi- 
ties, and a scholarship fund. 

The need for such a guild stems from marketing prac- 
tices that are unacceptable to ethical, professionally 
trained jewelers. Such practices include: gray marketing 
(sales by unauthorized dealers), transshipping (sales by 
authorized dealers to unauthorized vendors), counterfeit- 
ing, and the proliferation of Internet vendors who sell 
genuine timepieces without authorization. AAL 


America’s largest parking lot. C. Wolinsky, National 
Geographic, Vol. 199, No. 1, January 2001, pp. 
124-128. 

The population of Quartzsite, Arizona swells from 2,300 

year-round residents to more than a million at its winter 

peak in January. Although this article concentrates on the 
flea-market atmosphere of mid-winter Quartzsite, gem 
and mineral people know it as the show that precedes 

Tucson, and unusual lapidary material is likely to appear 

there first. Just don’t expect many amenities—Quartzsite 

is mostly a dry-camping location, with many visitors 
staying in recreational vehicles. Mary L. Johnson 


The De Beers story: A new cut on an old monopoly. N. 
Stein, Fortune, Vol. 143, No. 4, February 19, 2001, 
pp. 186-206 passim. 

This article reviews the recent history of De Beers and 

examines its future in the 21st century diamond market 

based on an inside view of the company and visits to min- 
ing operations in southern Africa. Early on the author 
expresses his concern about the motives for the company’s 
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recent business moves and poses the question: Why would 
a company voluntarily give up control of the world dia- 
mond supply after 100 years, move to a new open world 
market of diamonds, and develop a “Supplier of Choice” 
strategy? 

It becomes clear that De Beers had little choice but to 
rethink the way it was doing business to thrive in the 
future. During the 1990s, De Beers saw its market share of 
world rough diamond sales fall from 85% to 65% and its 
stockpile of rough diamonds increase to US$5 billion. This 
was due to three major factors: the collapse of the Soviet 
Union in 1991, Argyle’s termination of its contract with 
De Beers in 1996, and the rise of new diamond producers— 
especially Canada. All these entities sell at least a major 
portion of their diamonds outside the cartel. Further, the 
investment community voiced its concern as De Beers’s 
stock plummeted to $12/share in the late 1990s. Hence, a 
new strategy was necessary that would work in a signifi- 
cantly more competitive market. 

A cornerstone of the new De Beers is the development 
of brand names such as “Forevermark” to stimulate con- 
sumer demand. The new plan creates the “Supplier of 
Choice” category of sightholder who is able to build strong 
brands independently or by teaming up with other compa- 
nies. Hence, the new breed of sightholders will be fewer in 
number than in the past, but they will be the financially 
strongest manufacturer with the best retail marketing 
skills. “The cartel of many will be transformed into an 
equally powerful cartel of the few.” The article reminds the 
reader that for this plan to succeed, De Beers must allay the 
fears of antitrust regulators in the U.S. and abroad. PY 


Tahiti sets up pearl ministry. Jewellery News Asia, No. 
200, April 2001, pp. 1, 44. 

The French Polynesian government has created a min- 

istry devoted entirely to cultured pearls. Initial goals of 

this ministry will be to: 


1. Revise the existing industry classification chart so 
that the rejects category will be expanded. 

2. Set up a standard for nacre thickness to prevent imma- 
ture or thinly coated cultured pearls from reaching the 
market. 

3. Ensure that customs controls will prevent inferior- 
quality cultured pearls from leaving the country. 


These measures, aimed at boosting wholesale prices and 
consumer confidence, were announced amid the negative 
publicity generated by the influx of low-quality Tahitian 
cultured pearls in the world market. The creation of the 
ministry has been well received by Tahiti’s pearl cultur- 
ing industry. In fact, the industry had been requesting 
government intervention to help secure the long-term 
future of pearl farming in the area. The President of 
French Polynesia, Gaston Flosse, will serve as the head of 
the new ministry. JEM-S 
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May We Take a Bow? 


e don’t normally engage in self-approbation at 

Gems & Gemology, but we like to think that our 
successes reflect the growing success of gemology, as a 
science and a profession. It is with great pleasure, then, 
that I announce that in 2001, for the fifth time in the last 
decade, Gems #& Gemology won First Place for peer- 
reviewed journals in the prestigious Gold Circle Awards 
competition sponsored by the American Society of 
Association Executives. In the words of ASAE, “entries 
are judged on achievement of objectives, comprehensive- 
ness and clarity of content in relation to the journal’s spe- 
cialty, standards for peer-review,” 
and “effectiveness of writing, for- 
mat and graphic design.” 


First, I want to thank the many 
authors, editors, contributors, and 
reviewers from around the world, 
both within and outside GIA, who 
supply the information for each 
issue of G&G. The well-respected 
names on our masthead are only a 
partial list of the many experts 
who contribute to the knowledge provided in our pages. 
Next, I’d like to thank the photographers who supply the 
images and help make our illustrations as accurate as that 
information. What would G#G be without them? Last, I 
would like to take this opportunity to introduce you to the 
core people in the GWG office who work long and hard to 
bring you a final product that is at the same time educa- 
tional, readable, and attractive. They are an eclectic bunch, 
who have added much to the breadth and depth of the 


journal over the years. 


K. Myers 


S. Overlin 


Karen Myers has been art director of G@G since December 
1999, and is responsible for the redesign of the journal. 
Karen, who won several awards as a freelance artist, has 
worked in magazine publishing since 1993. A native 
“Cajun” from southern Louisiana, Karen holds a bachelor’s 
degree in Fine Arts from McNeese State University in Lake 
Charles, Louisiana. Her dry sense of humor and ability to 
stay calm in the face of tight deadlines are invaluable to the 
department. Every issue, Karen works round the clock at 
our printer in Pennsylvania to ensure the accuracy of color 
on each page, in each photograph. 


Stuart Overlin has been assistant editor since December 
1997. Not only does he coordinate the peer-review process 
and participate in writing and editing each issue of the 
journal, but he also maintains the G#G Web page 
(www.gia.edu/gandg). A graduate of the U.S. Naval 
Academy in Annapolis, Maryland, Stuart served as an offi- 
cer in the U.S. Navy for five years prior to joining the 
GweG staff. He sailed to the Far East, Middle East, and 
Africa aboard the USS Tripoli in 1994 and on the USS 
Peleliu in 1996. 


EDITORIAL 


Brendan Laurs joined Gems & Gemology as senior editor 
in September 1997. Since the Spring 2001 issue, he also has 
served as editor of the expanded Gem News International 
(GNI) section. A native of southern California, Brendan 
developed an early interest in geology while exploring the 
gem-bearing pegmatites of San Diego County. After receiv- 
ing his B.S. degree in geology at U.C. Santa Barbara, he 
obtained an M.S. in geology at Oregon State University in 
1995, studying emerald and tourmaline deposits in the 
Karakoram Mountains of Pakistan. More recently, Brendan 
has visited Madagascar and Brazil to obtain first-hand 
knowledge of important gem 
deposits for the journal. 


As for me, it’s been my pleasure to 
serve as editor of GWG since 1981, 
when the journal underwent its 
first major redesign since it was 
founded by Robert M. Shipley in 
1934. I arrived with several years 
of experience managing profes- 
sional journals in business and 
medicine, as well as undergraduate 
and graduate degrees from Cornell and Georgetown 
Universities, respectively. With the help of GIA’s best 
gemologists and a first-rate Editorial Review Board, and the 
steady backing of senior management, we established a 
review and production system to ensure the highest quality 
of information and most accurate reproduction. My kudos 
go to you, the reader, for continuing to support the journal 
and our efforts to advance the science of gemology. 


B. Laurs A. Keller 


With this final issue of the 2001 volume year, GWG offers 
a medley of gemological topics: “Paraiba” tourmaline from 
Brazil, spessartine garnet from California, Malaya garnet 
from Madagascar, and the works of leading North 
American lapidary artists. Particularly timely are the GNI 
reports on the impact on various gems of postal irradiation 
(to eliminate anthrax spores), as well as the tremendous 
potential of gem deposits in Afghanistan. By one estimate, 
gem mining could bring as much as $200 to $300 million 
annually to this impoverished nation. 


I am also pleased to announce that the Spring 2002 issue 
will celebrate Richard T. Liddicoat’s 50th anniversary as 
editor-in-chief of Gems &) Gemology with articles from 
leading gemologists worldwide. It’s a very special begin- 
ning to what we hope will be another award-winning year 
for GWG... and gemology. 


Alice S. Keller, Editor 
akeller@gia.edu 
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AN UPDATE ON “PARAIBA” 
TOURMALINE FROM BRAZIL 


By James E. Shigley, Brian C. Cook, Brendan M. Laurs, and Marcelo de Oliveira Bernardes 


Vivid blue, green, and purple-to-violet cuprian elbaites, renowned in the gem trade as “Paraiba” tourma- 
lines, continue to be recovered in small amounts from northeastern Brazil. Since the initial discovery of 
this copper-bearing tourmaline in 1982, production has been sporadic and has not kept up with the 
strong market demand. Mining currently takes place at the original discovery—the Mina da Batalha—and 
at adjacent workings near Sao José da Batalha in Paraiba State. At least two pegmatite localities (the 
Mulungu and Alto dos Quintos mines) in neighboring Rio Grande do Norte State have produced limited 
quantities of cuprian elbaites. All of these pegmatites occur within Late Proterozoic metamorphic rocks of 
the Equador Formation; the source of the copper is unknown. Six blue to blue-green elbaites from 
Mulungu had lower copper contents (up to 0.69 wt.% CuO) than the brightly colored Mina da Batalha 


material reported in the literature. 


nusually vivid “neon” blue, green-blue, 

green, and violet elbaite tourmalines first 

appeared in the jewelry trade in 1989 
(Koivula and Kammerling, 1989a). Some of these 
colors were so striking (figure 1) that initially there 
was uncertainty over the identity of the material. 
Eventually it was learned that they were recovered 
from several small granitic pegmatite dikes at a sin- 
gle deposit near the Brazilian village of Sao José da 
Batalha in north-central Paraiba State. 

Fritsch et al. (1990) described the gemological 
properties and visible absorption spectra of these 
new gem elbaites, and demonstrated the relation- 
ship between their colors and their unusual chemi- 
cal compositions. They reported that the blue-to- 
green colors are primarily due to copper (Cu”*), 
whereas increasing absorption due to manganese 
(Mn**) gives rise to reddish violet-to-violet colors 
(see also Henn and Bank, 1990, 1991; Rossman et 
al., 1991). The Paraiba tourmalines represented the 
first recorded instance of copper occurring as a col- 
oring agent in this mineral. More recently, gem 
tourmalines colored by copper have been found 
elsewhere in northeastern Brazil, and in a locality 
near Ilorin in western Nigeria (Henricus, 2001; 
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Milisenda 2001; Smith et al., 2001; Zang et al., 
2001). The colors of some cuprian elbaites can be 
changed by heat treatment, and some are fracture- 
filled to improve their apparent clarity. 

During the 1990 Tucson gem show, prices for 
this material skyrocketed from a few hundred dol- 
lars to over $2,000 per carat in just four days 
(Federman, 1990; Reilly, 1990). Restricted availabili- 
ty due to limited production over much of the past 
decade has only added to the value and mystique of 
these cuprian elbaites. In recent years, 3+ ct fine- 
quality blue to green-blue faceted tourmalines from 
the Sao José da Batalha area have sold for $20,000 per 
carat in Japan (R. Van Wagoner, pers. comm., 2.001). 

Until recently, difficulties involving legal owner- 
ship caused restricted access to the Mina da Batalha. 
In August 2000, however, the authors were able to 
visit the locality and gather first-hand information 
on the geology, current mining activities, and tour- 
maline production. During this same trip, we also 
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briefly visited the Mulungu mine near Parelhas (fig- 
ure 2) in neighboring Rio Grande do Norte State (see 
Laurs and Shigley, 2000a,b), which has produced 
small amounts of cuprian tourmalines. A recent 
article by Austin (2001) describes the recovery of 
gem tourmalines from secondary alluvial and elu- 
vial deposits adjacent to the Mina da Batalha. 

The Mina da Batalha deposit is one of many gem 
pegmatite areas in the Borborema geologic province 
of northeastern Brazil. Some of these pegmatites 
have been mined for strategic minerals since the 
1940s, and more recently for tourmaline, aquama- 
rine, and other gems (Almeida et al., 1944; Silva et 
al., 1995; Pinto and Pedrosa-Soares, 2001). To date, 
only a few pegmatites have produced copper-bearing 
elbaite tourmalines, within a narrow region that 
extends approximately 90 km northeast from Sao 
José da Batalha into Rio Grande do Norte. In this 
article, we describe the geology of the Mina da 
Batalha and associated alluvial/eluvial deposits, and 
also update the gemology of “Paraiba” tourmaline. 
Brief descriptions of cuprian elbaites from two other 
pegmatite mines (Mulungu and Alto dos Quintos) 
in Rio Grande do Norte State also are included. 

Members of the gem trade typically use the 
name Paraiba for vivid blue to blue-green tourma- 
lines from northeastern Brazil. However, in this 


“PARAIBA” TOURMALINE 


Figure 1. These tourma- 
lines (2.45-9.60 ct), 
recovered from the Mina 
da Batalha in Brazil’s 
Paraiba State in the 
early 1990s, are repre- 
sentative of some of the 
“turquoise” blue and 
blue-green tourmaline 
colors produced at this 
locality. Courtesy of K. 
Elawar; photo © Harold 
@& Erica Van Pelt. 


article, we consider Paraiba tourmaline to be a 
trade name for blue, green, and purple-to-violet 
elbaite tourmalines from the Mina da Batalha and 
associated deposits near Sao José da Batalha that 
contain at least 0.1 wt.% CuO (an amount of copper 
that is easily detected by energy-dispersive X-ray 
fluorescence [EDXRF] chemical analysis; see Fritsch 
et al., 1990, p. 204). 


LOCATION AND ACCESS 


Pegmatites containing gem tourmalines are found 
throughout the Serra das Queimadas mountain 
range (known locally as the Serra dos Quintos) in 
both Paraiba and Rio Grande do Norte. This general 
area lies about 230 km northwest of Recife and 210 
km west-northwest of Jodo Pessoa (again, see figure 
2). It is about 7° south of the equator. 

The Mina da Batalha can be reached by flying to 
Recife, Jodo Pessoa, or Campina Grande (the closest 
commercial airport). From the last, a paved road 
leads 60 km west to the towns of Joazeirinho and 
Assungao, and a dirt road then proceeds 14 km to 
the village of Sao José da Batalha (located 4.5 km 
north of Salgadinho). The mine is situated on a 
small steep-sided hill known as Morro Alto, about 2 
km west-southwest of the village (figure 3). 
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Figure 2. This generalized regional geologic map shows the major rock types and tec- 
tonic structures (the Serido fold belt and Patos shear zone) in Paraiba and Rio Grande 
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do Norte States in northeastern Brazil. Locations are indicated for the Mina da Batalha and the Mulungu (also 
known as the Capoeira, Boqueirdozinho, or CDM mine) and Alto dos Quintos mines (also known as the Wild 
mine), the area of gem pegmatite mineralization, as well as local towns and roads. The majority of the gem peg- 
matites are found in the quartzites of the Equador formation. Modified from Jaguaribe SE (2000). 


The topography in this part of northeast Brazil 
has been eroded over geologic time to form a pene- 
plain—a relatively flat or gently undulating land sur- 
face known locally as the Planalto da Borborema. 
Occasional prominent steep-sided granitic hills, 
called inselbergs, project upward above the sur- 
rounding terrain. Elevations typically range from 
about 200 to 1,000 m above sea level. Rainfall aver- 
ages between 25 and 100 cm per year. A semiarid cli- 
mate is created by high temperatures (24°—28°C or 
~80°F average, occasionally exceeding 40°C/104°F), 
and by periods of drought that reoccur every eight to 
10 years (each lasting one to five years). The local 
vegetation, called a caatinga forest, consists of low- 
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to mid-sized trees, thorny bushes, and cacti. 

This is one of the poorest and more sparsely pop- 
ulated regions of Brazil. Farming, ranching, manufac- 
turing of tile and ceramics, and small-scale mining 
provide a difficult subsistence for the local people. 
Historically, production of industrial beryl, mica, 
quartz, feldspar, kaolin clay, and ores of uranium, 
tantalum, niobium, tungsten, tin, and some gold has 
been important for the local economy, although 
market demand for some of these commodities 
has varied considerably over the past decades 
(see Beurlen, 1995). Gemstones are a byproduct of 
these mining activities, but high extraction costs 
and a weak national economy have curtailed mining 
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Figure 3. This view, looking 
south in August 2000, shows 
Morro Alto on the right and 
the Serra do Frade ridge on 
the skyline. Extensive mine | 
dumps from the Mina da 
Batalha are visible at the base 
of Morro Alto, and stockpiled 
dump material and eluvium/ 
alluvium is present along the 
base of the ridge. Photo by 
Brendan M. Laurs. 


for gems throughout this region and much of Brazil 
in recent years. Nonetheless, the very high values 
of these cuprian elbaites have stimulated local 
exploration for other potential sources of this gem 
material. 


GEOLOGIC SETTING 


Regional Geology. The geology of northeastern 
Brazil is quite complex (again, see figure 2). This 
region, known as the Borborema Province, consists 
mainly of Archean and Early Proterozoic gneisses 
and migmatites, as well as Late Proterozoic igneous 
and metamorphic rocks. Included in the latter are 
those of the Serid6 Group (which consists of the 
Jucurutu, Equador, Serid6, and Serra dos Quintos for- 
mations). Radiometric age dating indicates that sev- 
eral major episodes of regional deformation (or oroge- 
nies) took place in this geologic province, producing 
widespread metamorphism, folding, and faulting, 
and accompanied by several periods of granitic mag- 
matism (see Jardim de SA, 1984; Jardim de SA et al., 
1987; Ferreira et al., 1998; Sial et al., 1999; Brito 
Neves et al., 2000; Nascimento et al., 2000). 

The most recent of these tectonic cycles—between 
650 and 480 million years (m.y.) ago—is referred to as 
the Brasiliano-Pan-African orogeny. This continen- 
tal-scale tectonic system extended into western- 
central Africa (around Nigeria), as these geologic 
events occurred prior to the separation of South 
America from Africa (see Trompette, 1994). Within 
the Borborema Province, rocks of the Serid6 Group 
were folded into a series of northeast-trending anti- 
clines and synclines that comprise the Serid6 fold 
belt (Ebert, 1970; Corsini et al., 1991; Vauchez et al., 
1995). Numerous granitic bodies and associated peg- 
matites formed during the latter stages of this oroge- 
ny, between about 510 and 480 m.y. ago (van 
Schmus et al., 1995; Beurlen et al., 2000; Aratijo et 
al., 2001). The pegmatites are confined mostly to 
the Serid6 fold belt (Ebert, 1970; Corsini et al., 1991; 
again, see figure 2); more than 200 are known with- 
in an area measuring approximately 75 x 50 km that 
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stretches southward from the town of Currais 
Novos (Silva et al., 1995). The majority of the min- 
eralized pegmatites occur within the Serid6é and 
Equador formations, which form much of the 30- 
km-long Serra das Queimadas range (Silva, 1993). 

The Borborema pegmatites typically form tabu- 
lar-, lens-, or dike-like bodies that vary from tens to 
hundreds of meters in length, and up to tens of 
meters in width. The larger pegmatites have a sim- 
ple mineralogy—mainly feldspars, quartz, and mica 
(muscovite and some biotite). The smaller, but 
more numerous, “complex” pegmatites are inter- 
nally zoned, and typically contain central quartz 
core zones (sometimes rose quartz). They have a 
varied mineralogy, often with gem and rare-element 
minerals (e.g., beryl, tantalite-columbite or mangan- 
otantalite, spodumene, cassiterite, garnet, and tour- 
maline), which have made them targets of mining 
activities. 

In some areas, much of the feldspar (in both 
types of pegmatite) has been altered to white kaolin 
clay. Kaolinization appears particularly strong in 
the pegmatites lying south of the town of Ecuador 
(including those at the Mina da Batalha), whereas 
the feldspars are relatively unaltered in those to the 
north (e.g., at the Mulungu and Alto dos Quintos 
mines). The kaolinite formed after crystallization of 
the pegmatites and their gem minerals, and is not 
related to the presence of copper. The source of the 
copper in the tourmalines is unknown, but it is gen- 
erally thought to have been derived from underlying 
copper-bearing rocks and incorporated into the peg- 
matitic magmas (Karfunkel and Wegner, 1996). 


Local Geology. Gem-bearing pegmatites are present 
over a distance of several hundred meters on and 
adjacent to Morro Alto (figure 4). This hill forms 
part of a ridge called Serra do Frade, within the Serra 
das Queimadas mountain range. These pegmatite 
dikes are locally referred to as “lines” by the miners 
(numbered 1 through 6, with the last also called the 
“Jucuri” line [figure 5] after a prominent tree that 
grew near its outcrop). Individual pegmatites are 
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tabular or vein-like in shape, and vary in thick- 
ness—from a few centimeters up to 2 m, although 
portions of line 4 are up to 4 m thick. The most pro- 
ductive dikes for gem tourmaline are typically less 
than 1 m thick. 

As seen on Morro Alto, the pegmatites are orient- 
ed roughly parallel to one another, they strike south- 
east (60°-70°). They are typically separated from one 
another by 5-20 m of host rock (a foliated muscovite 
quartzite of the Equador formation). The steeply dip- 
ping (65°—75° northeast) dikes discordantly cross-cut 
the foliated quartzite (which dips 35°—40° south). 
Contacts between the pegmatite dikes and the 
quartzite are sharp and distinct, with very little or no 
hydrothermal alteration of the latter. The peg- 
matites are primarily composed of kaolinized 
feldspar, along with quartz and micas (muscovite 
and lepidolite). Besides schorl and elbaite tourma- 
lines, other accessory minerals include tantalite, 
manganotantalite, amethyst, and citrine. 

Typical of gem pegmatite deposits elsewhere, 


tourmaline mineralization at the Mina da Batalha is 
distributed irregularly within the pegmatites. Mr. 
Barbosa’s experience has shown that the most 
promising areas for exploration are near the quartz 
core zones, where tourmaline occurs in association 
with lepidolite mica. Mineralized zones within a 
dike, which typically consist of a series of small 
(“fist’”’-sized) clay-filled “pockets” or thin “stringers,” 
can extend for a distance of several meters. Less com- 
monly, the gem tourmaline is found intergrown with 
massive quartz or embedded in kaolinized feldspar. 
Some of the larger tourmaline crystals embedded in 
quartz have been partially or totally replaced by lepi- 
dolite mica to form pseudomorphs. 

Observations during mining revealed that differ- 
ent colors of tourmaline were encountered at vari- 
ous levels within the pegmatites. In addition, each 
dike tends to produce somewhat different colors, 
quantities, and qualities of tourmaline. According 
to Heitor Barbosa (pers. comm., 2001), line 1 pro- 
duced the greatest quantity of crystals and the 


Figure 4. This simplified sketch map shows the locations of the pegmatite dikes referred to as “lines” 1 
through 4 (5 and 6 are not shown) on Morro Alto. Also shown are property boundaries for groups that are cur- 
rently engaged in the recovery of gem tourmaline. Both primary (pegmatite) and secondary (alluvial/eluvial) 
deposits are being worked. Modified from mine map commissioned by Heitor Barbosa, January 2000. 
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Figure 5. This view, looking northwest in August 
2000, shows the excavation of line 6 (called the 
Jucuri line in this area) that was mined beneath 
shallow alluvium by T.O.E. Mineracdo Ltda. The 
narrow width, steep dip, and elongate shape of the 
dike are typical of pegmatites in the Sao José da 
Batalha area. Photo by David Sherman. 


Figure 6. Although most of the tourmaline crystals 
found in the Mina da Batalha area are broken and/or 
chemically etched fragments (right crystal, 10.5 
grams), in rare instances they are euhedral with well- 
formed terminations, as shown by the crystal on the 
left (14.8 grams). Courtesy of Heitor Barbosa. 
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largest (mainly green, as well as grayish purple that 
would heat treat to bright greenish blue). Line 2 
yielded smaller amounts with better color—particu- 
larly in green and the prized blue that did not need 
heat treatment. Lines 3 and 4 produced a variety of 
colors, but in lesser qualities and quantities. Line 6 
produced small crystals with good blue-to-green col- 
ors, and line 5 was not productive. 

Most of the tourmaline crystals from both the 
pegmatites and the adjacent alluvial/eluvial deposits 
are found as naturally broken and/or corroded frag- 
ments weighing less than one gram. In rare 
instances, the crystals are euhedral with well-formed 
terminations (see Wilson, 2002; figure 6). The crys- 
tals may be evenly colored, as in figure 6, or multi- 
colored (blue, violet, green, purple, etc.) with various 
color-zoning patterns centered on the c-axis (figure 7; 
Cook, 1994). Occasionally, they are color zoned par- 
allel to the c-axis. 


HISTORY AND MINING OF THE 
MINA DA BATALHA AREA 


Mining the Primary Pegmatites on Morro Alto. In 
1982, a year following the discovery of tourmaline in 
a manganotantalite prospect on Morro Alto by the 
Brazilian Geologic Survey (CPRM), Heitor Barbosa 
organized initial mining by a group of about 13 
garimpeiros (Koivula and Kammerling, 1990b; 
Barbosa and Cook, 1991). Three of the six dikes 
(lines 1, 2, and 3) were excavated downward from 
their outcrops at the top of the hill. In August 1987, 


Figure 7. This 5.53 ct polished crystal fragment 
from the Mina da Batalha is color zoned perpendic- 
ular to the c-axis. As seen in the inset (magnified 
5x), the zones are separated by either sharp or dif- 
fuse boundaries. Photos by John I. Koivula. 
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The dimensions, for instance, might 
be increased and reading facilitated 
by enlarging the type size. The index 
is rather complicated. Paging could 
be simplified by use of consecutive 
numbers rather than division into 
sections as at present. Some errors, 
such as one on watch sizes, have 
crept in, not all readily detected: 
However, the warm reception of 
the Jewelers Pocket Reference Book 
indicates that it fills a long-felt 
want in a major segment of industry. 
Issued in early spring, popular de- 
mand completely exhausted the first 
edition in three short months. Re- 
vision of forthcoming editions . will 
doubtless make this handbook a still 
finer tool. —Bill Theis 
1Editor’s Note: The Second Edition of 
‘“Tewelers Pocket Reference Book” is on 
the press and will be available in late Sep- 
tember. As Mr. Theis suggests, numerous 
changes and corrections are being made. 
With reference to size, however, while the 
book will not. fit every vest pocket, it has 
purposely been kept small enough to carry 
there. Comments from users will be greatly 


appreciated. The Second. Edition may be 
ordered from the G.I.A. Book Dept. 


Pearl Identification by 
X-Ray Diffraction 
(Continued from Page 444) 


dicular to the plane of the figure and 
normal to the X-ray beam. The pat- 
tern on the developed negative is due 
to the diffraction of K-rays by the 
crystals in the narrow rod-shaped 
path of the beam passing through 
the pearl. If the centre of the pearl 
is in the path of the X-ray beam, as 
represented at A in Figure 14, the 
pseudo-hexagonal axes of most of 
the crystals contributing to the dif- 
fraction effect will be closely par- 
allel to the direction of the beam. 
Under these conditions, the usual 
hexagonal or halo type of pattern 
is given. If the beam, represented by 
B, does not pass through the centre, 
the axes are inclined to the beam 


and diverge less and less from a 
direction at right angles to the beam. 
This gives rise to the rectangular 
(fibre) pattern. an 


Figure 1 h 
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Dr. Kraus Re-elected 
G.LA. President 


(Continued from Page 420) 
Homann, R.J., The C. B. Brown Co., 
Omaha, Nebraska, secretary. 

Among the policies approved by 
the Board of Governors at the recent 
meeting was the formal adoption of 
Gems and Gemology as the official > 
journal of the Institute, with a spe- 
cial Editorial Board to be named 
to determine policies and suggest 
articles for publication. Editorial 
Board appointments will be noted 
on page 415 of this issue. 
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Figure 8. In the early 1990s, numerous near-vertical shafts were dug to explore the pegmatites on Morro Alto 
at the Mina da Batalha (left). Each shaft is marked by a white dump. A similar view, looking north, is 
shown in August 2000 (right). Most of the pegmatite dump material and underlying soil have been scraped 
from the hillside for stockpiling and processing to recover tourmaline fragments. The wall was constructed 
in the late 1990s to prevent entry into Heitor Barbosa’s property. Also visible on the top of Morro Alto in the 
right photo are a small washing plant (to the left), a new building for the workers, and a water tank. Photos 


by Brian C. Cook. 


small amounts of tourmaline fragments with bright 
blue sections were first encountered at depths of 
about 30 m within lines 1 and 2. Later that year, Mr. 
Barbosa filed a mining claim (alvara de pesquisa‘) 
on the Morro Alto pegmatites. 

Subsequently, several kilograms of gemmy green 
crystals were recovered that yielded hundreds of 
carats of fine-quality cut stones. Mina da Batalha 
tourmaline was first sold in Brazil in late 1988. 
February and March 1989 witnessed the production 
of the first facet-quality bright blue tourmalines, 
with rough as large as 10.5 grams. Some of this 
material was provided to GIA for examination 
(Hargett and Kane, 1989; Koivula and Kammerling, 
1989a,b); Fritsch et al. (1990) described the broad 
range of material from the mine, and attributed the 


*Alvara de pesquisa (“exploration right’): Rights 
granted to an applicant by the Departamento 
Nacional de Producaé Mineral (DNPM) to stake a 
claim on an area to explore for minerals or gem- 
stones. This authorization is valid for three years, 
but it does not constitute legal ownership of a mine. 


**Decreto de lavra (“mining decree’): Mining rights 
granted by the DNPM after the applicant has suc- 
cessfully passed through the exploration stage on a 
patented mining claim. The applicant must have 
submitted a full development plan for the mine as 
well as an environmental impact report. The decree 
is valid for the rest of the mining life of the deposit, 
as long as the grantee fulfills his legal obligations 
and provides an annual report on mining activities. 
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unusual coloration to both copper and manganese. 

Maximum production of gem tourmaline 
occurred in 1990-1991. By this time there were 
numerous shafts (figures 8 and 9), some of which 
reached depths of more than 60 m. Hundreds of 
meters of horizontal tunnels also were driven along 
the dikes at various levels from the shafts. 
Remarkably, most of the mining was accomplished 
by candlelight using only simple hand tools and 
occasional blasting. The pegmatite material was 
hoisted to the surface in buckets by hand-driven 
winches, and the contents were sieved or washed 
prior to removing the tourmaline by hand. 

For most of the 1990s, the mine was embroiled 
in ownership disputes, and several opposing groups 
were active at the deposit. These competing mining 
activities (some illegal) were frequently disorga- 
nized, haphazard, and ineffective at sustaining gem 
tourmaline production. Between 1992 and 1996, 
mining came to a near standstill due to lengthy 
court cases involving mine owners, foreign 
investors, politicians, and local groups or individu- 
als. As a result of the legal proceedings, the mine 
site was divided into several sections with different 
owners (Weldon, 1999). Mr. Barbosa retained the 
majority of the workings on Morro Alto under a 
mining deed (a decreto de lavra**). Other groups or 
individuals divided the remaining portion (about 
1,000 ha) among themselves under an alvara de 
pesquisa. From 1994 until recently, the only signifi- 
cant production came from processing of the former 
mine dumps, which yielded several kilograms of 
tourmaline fragments (most less than 0.5 ct). 

In 1997, Mr. Barbosa began restoring the under- 
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ground workings at the Mina da Batalha (Barbosa 
and Cook, 1999). He also began construction of a 
large stone wall on part of the mine site to prevent 
illegal entry. In 1998-1999, two horizontal tunnels 
were driven southwest from near the base of Morro 
Alto to intersect the pegmatites, providing better 
access to deeper, unmined areas. The ore and waste 
rock could then be removed by wheelbarrow 
through these tunnels rather than by haulage up the 
near-vertical shafts. In 1999, Mr. Barbosa initiated a 
core-drilling program and hired a geologist to help 
guide future mining. 

The following year, Mr. Barbosa purchased an 
additional section of the property, so he now owns 
about 80% of the Morro Alto hill (the remaining 
20% is owned by Jodo and Edna Silvestre Henrique 
de Souza). He installed fluorescent lighting in the 
tunnels and an electric winch, and in August 2000 
he resumed underground mining (figure 10) with 
two teams of miners using pneumatic hammers. A 
small washing plant has been in operation since 
March 2000. Its processing capacity is about 28 m? 
of material per day. A more sophisticated processing 
plant, with a capacity of 45 m® per day, should be 
fully operational by February 2002. Mr. Barbosa esti- 
mates that as much as 10,000 m® of pegmatite 
material has been processed since mining com- 
menced at the Mina da Batalha (pers. comm., 2001). 


Mining the Areas Surrounding Morro Alto. Begin- 
ning in 1998, efforts were initiated to recover gem 
tourmaline from alluvium below Morro Alto, and 
from eluvium on the top and sides of the hill. In 
1999, T.O.E. Mineracgao Ltda. entered into a leasing 
agreement with Jodo and Edna Silvestre Henrique 
de Souza to explore (via an alvara de pesquisa) a 
portion of the pegmatites on the western side of the 
Morro Alto, as well as secondary deposits lying 
downslope (figure 11), on property owned by the de 
Souzas. This group is working an alluvial area of 
approximately 100 x 1,000 m, and an eluvial area of 
approximately 80 x 200 m (D. Sherman, pers. 
comm., 2001). 

Equipment used to recover tourmaline from the 
area surrounding Morro Alto includes a hydraulic 
excavator, backhoe, and dump truck. A small wash- 
ing facility—which can process up to 20 m® of mate- 
rial per day—began operation in early 2000. With a 
large volume of material awaiting processing, a larg- 
er processing plant—which can handle 200-320 m? 
of material a day—was built and became operational 
in October 2.000 (figure 12). After large rock frag- 
ments (>5 cm) are removed, the finer material passes 


“PARAIBA” TOURMALINE 


~ ose le = = mere Ree at 
Figure 9. This shaft at the Mina da Batalha follows 
one of the pegmatites to a depth of approximately 20 
m, and provides access to an extensive part of the 
underground workings. When looking down the shaft, 
the narrow width (typically about 1 m) and steep dip 
are clearly evident (see inset). The shafts were dug 
using hand tools, and the pegmatite material was 
removed by winch. Photos by Brendan M. Laurs. 


Figure 10. Heitor Barbosa is shown with a pegmatite 
in a tunnel at the Mina da Batalha. The white areas 
in the pegmatite are kaolinized feldspar, and the dark 
gray areas are quartz. The sides of the tunnel consist 
of the quartzite of the Equador formation that hosts 
the pegmatite. Photo by Brendan M. Laurs. 
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Figure 11. This view, looking southeast from 
Morro Alto in August 2000, shows the large area 
that is being worked to recover gem tourmaline 
from alluvium and eluvium. The stockpiled mine 
dumps will also be processed for gem tourmaline. 
Photo by Brendan M. Laurs. 


through dry and wet vibrating sieves to form a con- 
centrate (sized 6 mm to 5 cm). The tourmaline is 
then hand-picked from the concentrate. 

Although some tourmaline has been recovered 
from alluvial sediments near the surface, the best 
production came from older alluvium (covered by 
1-2 m of overburden) that may represent a former 
stream channel (Austin, 2001). In addition, T.O.E. is 
working an extension of one of the pegmatite dikes 


Figure 12. T.O.E. Mineracdo Ltda. has constructed 
a large processing plant to recover gem tourma- 
line from stockpiled mine dumps and alluvial/ 
eluvial material surrounding Morro Alto. Photo 

by David Sherman. 
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(line 6, or Jucuri; again, see figure 5). T.O.E. also 
excavated an unmined portion of line 4 while min- 
ing eluvium on the flank of Morro Alto. 

Exploratory work by T.O.E. has revealed addi- 
tional pegmatite dikes beneath the alluvium at 
depths of about 2 m (Austin, 2001; Sherman, 
2001). These dikes strike in a significantly differ- 
ent direction from those on the hill, and are likely 
to be separate pegmatites not recognized previous- 
ly (D. Sherman, pers. comm., 2001). In September 
2001, Mr. Barbosa located a new pegmatite near 
the western edge of his property; this dike also 
strikes nearly perpendicular to the others on 
Morro Alto. The de Souzas are exploring another 
pegmatite that lies west of line 1 just beyond the 
property boundary of Mr. Barbosa. This dike has 
yielded small quantities of yellow-green tourma- 
lines (S. Barbosa, pers. comm., 2001). Ongoing 
work at the Mina da Batalha and in the surround- 
ing area is revealing the structural complexity of 
the dike system. 


PRODUCTION FROM THE MINA DA 
BATALHA AND SURROUNDING AREA 


Production of the best blue-to-green cuprian tour- 
maline (see, e.g., figure 13) during the past decade 
has not kept up with market demand. Most produc- 
tion from the Mina da Batalha came during 
1989-1991, when an estimated 10,000-15,000 
grams of gem-quality (i.e., facetable plus some cabo- 
chon quality) crystals and fragments were recovered 
(H. Barbosa, pers. comm., 2001). Since 1992, tour- 
maline production from the Mina da Batalha has 
been sporadic and limited (Koivula et al., 1992a; 
Koivula et al., 1993c, 1994). However, in recent 
years the supply of “Paraiba” tourmaline has 
increased (see, e.g., “Strong demand in Japan...,” 
1999, “New find of Paraiba...,’” 2001). 

Production by T.O.E. since mid-2000 has 
exceeded 100 grams of gem-quality blue to green- 
blue tourmaline per month; their total production 
of various colors to date is about 3 kg (D. Sherman, 
pers. comm., 2001). The largest gem-quality frag- 
ment recovered from the alluvium thus far 
weighed about 8 grams, although the typical size is 
less than 1 gram. 

Most cut cuprian elbaites from the Sao José da 
Batalha region range from 0.15 to 0.75 ct. However, 
the area is the source of several large faceted stones, 
such as a 33.13 ct green rectangular cushion cut 
(see figure 6 in Koivula and Kammerling, 1991b, p. 
184) and a >45 ct bluish green trilliant (W. Larson, 
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Figure 13. This crystal (5.0 cm high) and cut stone 
(4.0 ct) illustrate the intense color of fine-quality 
copper-bearing tourmaline from the Mina da 
Batalha. From the Mike Scott collection; 

photo © Harold w& Erica Van Pelt. 


pers. comm., 2001). Blue crystals exceeding 30 
grams have been found, but gem-quality blue crys- 
tals over 3 grams are rare. The 15.0 ct blue cuprian 
tourmaline in figure 14 was faceted from the 14.8 
gram crystal shown in figure 6. The largest good- 
quality blue tourmaline crystal found to date 
reportedly weighed 41 grams (H. Barbosa, pers. 
comm., 2001). 

In the experience of co-authors BC and MB, the 
preference in the trade is for the bright, saturated 
greenish blue or violetish blue to blue, and to a less- 
er extent, “pure” green tourmalines from Paraiba. 
Members of the trade often describe the more 
vibrant colors with names such as “neon” or “elec- 
tric.” “Heitorita” is a trade name used by Heitor 
Barbosa and his associates for the small production 
of intense blue to blue-green tourmalines that do 
not need heat treatment (see, e.g., figure 6). 
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OTHER BRAZILIAN SOURCES 
OF CUPRIAN ELBAITE 


The high demand for “Paraiba” tourmaline has 
stimulated a search for similar material from other 
pegmatite deposits throughout the region. Table 1 
includes sources that are known by us, or have been 
reported by others, to have produced blue-to-green 
cuprian tourmalines. The Mulungu and Alto dos 
Quintos mines are described below. In the experi- 
ence of BC and MB, none of these occurrences has 
yet produced material of saturated (vibrant) blue to 
blue-green colors similar to that from the Mina da 
Batalha and the surrounding area. 

Reports of additional localities for copper-bear- 
ing gem tourmalines in this region of Brazil 
include: (1) Paraiba State—Alto Quixaba pegmatite 
north of Frei Martinho (Ferreira et al., 2000); and (2) 
Rio Grande do Norte State—Bolandeiro pegmatite, 
36 km south-southeast of Parelhas (Bhaskara Rao et 
al., 1995), and Gregorio pegmatite, 20 km south- 
southwest of Parelhas (Adusumilli et al., 1994); see 
also Karfunkel and Wegner (1996). 


Figure 14. The center stone in this pendant is a 
15.0 ct tourmaline from the Mina da Batalha, 
which was cut from the 14.8 gram crystal in figure 
6. The stone is surrounded by 16 carats of dia- 
monds. Photo by Luna Wong; courtesy of Fine 
Gems Ltd., Hong Kong. 
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Mulungu Mine. In 1991, cuprian elbaites were discov- 
ered in colluvium at what is known as the Mulungu 
mine, located 5 km north-northeast of Parelhas and 
60 km northeast of the Mina da Batalha. This mine 
has also been called the Capoeira, Boqueiraozinho, or 
CDM (see, e.g., Adusumilli et al., 1993; Karfunkel and 
Wegner, 1996; Johnson et al., 2000). 

Only recently (1999) have elbaite crystals been 
found in the primary pegmatite, which forms an 
elongate, lenticular body that intrudes at a steep 
angle into a metasedimentary host rock. It strikes 
in an east-west direction, and is exposed over a dis- 
tance of about 200 m. The maximum width is at 
least 10 m. The pegmatite is mineralogically 
zoned, and consists of feldspar, muscovite, and 
quartz, with accessory tourmaline, fluorapatite, 
and phosphate minerals. It also contains chalcocite 
and digenite, two copper sulfides that are rare in 
pegmatites, but occur here in pods up to 20 cm 
in diameter in the footwall portion (Robinson and 
Wegner, 1998; Falster et al., 2000). Mining takes 
place from an open pit dug into the colluvium, as 
well as from some underground tunnels that follow 


the zone of tourmaline mineralization within the 
pegmatite dike (figure 15). 

In the early years of production, some cuprian 
tourmaline from this mine was mixed with Mina da 
Batalha material, and sold as tourmaline from the 
“new Paraiba mine” (figure 16). It reportedly also 
has been marketed as tourmaline from the Mina da 
Batalha (“The nomenclature controversy,” 2001). 


Alto dos Quintos Mine. This pegmatite body occurs 
on a hillside about 9 km south of Parelhas (and 45 
km northeast of the Mina da Batalha). Also known 
as the Wild mine (Soares, 1998; Soares et al., 2000a; 
figure 17), it is exposed over an area of 150 by 20 m. 
The principal minerals include feldspar, quartz, and 
muscovite; accessory minerals include apatite, beryl, 
columbite, spodumene, lepidolite, and gahnite. In 
1995-1996, this pegmatite deposit produced some 
large (up to 25 cm long), multicolored-tourmaline 
mineral specimens. Most of the copper-bearing tour- 
malines are not gem quality, although facetable crys- 
tals have been recovered from pegmatite pockets on 
at least two occasions in 2000 and 2001. Small 


TABLE 1. Summary of gemological data on copper-bearing tourmalines.? 


Locality Mina da Batalha, Mina da Batalha, Alto dos Quintos Mulungu mine, Rio Edeko mine, western 
Paraiba> Paraiba? mine, Rio Grande Grande do Norte Nigeria® 
do Norte 
Source Fritsch et al. (1990) Henn and Bank Soares (1998, This study Smith et al. (2001) 
(1990) 2000a,b) 
Number of samples 13 6 12 6 1 
Colors B, bG, bPr, BG, G, B, G B B, BG, bG, gB prPk to B, bG, V 
gGr, prPk, Pr, vB, yG 

Refractive indices 

n. 1.619-1.621 nr 1.624 1.618-1.619 1.620 

Ne 1.638-1.646 1.646 1.638-1.639 1.638 
Birefringence 0.018-0.025 nr 0.022 0.019-0.021 0.018 
Specific gravity 3.03-3.12 nr 3.03 3.08-3.10 nr 
Copper content 0.37-2.38 0.75-2.47 0.60-0.78 0.41-0.69 nr 
(wt.% CuO) 
Other chemical Bi, Pb, Zn nr Bi, Zn Bi, Pb, Zn nr 
elements reported 
UV fluorescence Inert (LW, SW) nr nr Inert (LW, SW) Inert (LW, SW) 
Inclusions Three-phase, nr Two-phase, Fingerprints, Fluid inclusions 

fingerprints, growth fingerprints feathers, growth 


tubes, metallic flakes 


tubes, two-phase, 
filled fractures® 


4 Abbreviations: B = blue, BG = blue-green, bG = bluish green, bPr = bluish purple, G = green, gB = greenish blue, 

gGr = greenish gray, Pr = purple, prPk = purplish pink, V = violet, vB = violetish blue, yG = yellowish green; nr = not reported. 
© Additional data for tourmaline from the Mina da Batalha are provided by Bank et al. (1990), Bank and Henn (1990), 

Ferreira et al. (1990), Brandstatter and Niedermayr (1993, 1994), and Cassedanne (1996). 


© See also Milisenda (2001) and Zang et al. (2001); the latter reported 0.51-2.18 wt.% CuO, as well as traces of Bi, Pb, and Zn. 
Falster et al. (2000) reported plate-like copper inclusions and up to 1.4 wt.% CuO in tourmaline from Bocheiron Zinho, another 


name for the Mulungu mine. 
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Figure 15. Cuprian elbaite tourmaline is occasion- 
ally recovered from the Mulungu mine near 
Parelhas, Rio Grande do Norte. This August 2000 
photo shows one of three main shafts, along with a 
building being constructed for mine staff and sup- 
port materials. Photo by Brendan M. Laurs. 


gemmy areas in some of these crystals were fash- 
ioned into “sky-blue” melee-sized gems, and have 
also been sold as “Paraiba” tourmaline. 


GEMOLOGICAL CHARACTERISTICS 
AND CHEMICAL COMPOSITION 


Over the past decade, a small number of faceted 
blue-to-green tourmalines have been submitted to 
the GIA Gem Trade Laboratory to determine if they 
contained copper and met the gemological descrip- 
tion of Paraiba tourmaline (see, e.g., Reinitz, 2000). 
In all those cases where sufficient copper was detect- 
ed by EDXRF chemical analysis, the gemological 
properties were found to be consistent with the data 
reported by Fritsch et al. (1990) in the original mate- 
rial. However, to expand the data on copper-bearing 
tourmalines from this region, we characterized six 
blue to bluish green faceted tourmalines from the 
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Figure 16. The faceted blue tourmaline on the left 
(4.65 ct) is representative of fine copper-bearing 
tourmaline from the Mulungu mine near Parelhas, 
while the other two stones (5.73 and 2.87 ct) are 
from the Mina da Batalha. Photo by Maha Tannous. 


Mulungu mine; samples known to be from the Alto 
dos Quintos mine were unavailable for examination. 


Materials and Methods. The six Mulungu tourma- 
lines (0.47-1.35 ct, reportedly heated) were sup- 
plied by one of the authors (MB). Refractive indices 
were measured with a Duplex II refractometer. 
Specific gravity was calculated by the hydrostatic 
method from three sets of weight measurements 
recorded with a Mettler AM100 electronic bal- 
ance. Fluorescence to UV radiation was document- 
ed in darkroom conditions using a standard long- 
wave (365 nm) and short-wave (254 nm) GIA GEM 
Instruments UV lamp. Observations of internal 
features were made with a binocular gemological 


Figure 17. Located 9 km south of Parelhas, the Alto 
dos Quintos mine has been explored for cuprian 
elbaite for several years. Photo by Brendan M. Laurs. 
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microscope. Quantitative chemical analyses for 17 
elements were obtained on all six Mulungu tour- 
malines (see table 2). 


Results and Discussion. The gemological properties 
of Mulungu tourmalines examined for this study, 
and information taken from the published literature 
on material from this and other localities, are sum- 
marized in table 1. The R.I. and S.G. values of all the 
copper-bearing tourmalines fall within the ranges 
reported for elbaites in general (compare to Dietrich, 
1985; Deer et al., 1997). As reported by Fritsch et al. 
(1990), Koivula et al. (1992b), Brandstatter and 
Niedermayr (1993, 1994), and Cassedanne (1996), 
the most interesting inclusions in “Paraiba” tour- 
maline are copper, but we did not observe copper 
inclusions in our Mulungu samples. However, 
Falster et al. (2000) reported plate-like copper inclu- 
sions in tourmaline from Bocheiron Zinho, another 
name for the Mulungu mine. Internal features in our 


Mulungu samples consisted of “fingerprints” com- 
prised of liquid and liquid-and-gas inclusions, low- 
relief feathers, occasional growth tubes, and flash- 
effect colors from what appear to be oil-filled frac- 
tures (this oil could be forced out of the fractures 
with a thermal reaction tester). 

The chemical analyses of our Mulungu samples 
revealed a generally lower copper content than has 
been reported for elbaites of similar color from the 
Mina da Batalha (up to 0.69 wt.% CuO versus up to 
2.38 wt.% CuO, respectively; see tables 1 and 2). 
Tourmalines of similar color from Alto dos Quintos 
are reported to have a similar copper content (up to 
0.78 wt.% CuO) as our Mulungu samples (Soares, 
1998). However, the Cu content of the Nigerian 
cuprian tourmalines analyzed thus far is similar to 
that of the Mina da Batalha material, with up to 
2.18 wt.% CuO (Zang et al., 2001). Similar amounts 
of other chromophoric elements (i.e., Mn, Fe, Ti, Cr, 
and V) were present in gem tourmalines from both 


TABLE 2. Microprobe analyses of blue to blue-green cuprian elbaite from the Mina da Batalha (Paraiba) and Mulungu 


(Rio Grande do Norte) mines. 


Property/ Mina da Batalha (Fritsch et al., 1990) Mulungu mine (this study‘) 
chemical component 
Color Blue Bluish Bluish Blue- Blue Blue- Green- Green- Green- Bluish 
green green green green blue blue blue green 
Refractive index 
a 1.619 1.620 1.620 1.621 1.619 1.618 1.618 1.619 1.618 1.618 
Ns 1.639 1.640 1.640 1.646 1.639 1.638 1.638 1.638 1.638 1.639 
Birefringence 0.020 0.020 0.020 0.025 0.020 0.020 0.020 0.019 0.020 0.021 
Specific gravity 3.11 3.09 3.12 3.12 3.09 3.09 3.09 3.08 3.08 3.10 
Oxides (wt.%) 
SiO, 36.97 36.75 36.83 36.53 37.00 37.07 35.99 37.21 37.79 36.97 
TiO, bd 0.07 0.11 0.06 bdl bdl bdl 0.03 0.02 0.06 
Al,O, 38.95 38.99 39.35 38.58 40.81 37.62 37.64 41.35 40.43 87.63 
Bi,O, 0.14 0.83 0.03 bdl 0.47 0.27 0.46 0.48 0.81 0.47 
V,O., bd bdl bdl bdl bdl bdl bdl bdl bdl bdl 
FeO? bd 0.15 0.34 0.07 bdl 0.26 0.03 0.23 0.08 0.30 
nO 2.30 1.32 0.85 1.48 0.42 3.15 2.05 0.81 0.79 2.49 
CuO 0.72 1.08 2.37 1.76 0.44 0.54 0.69 0.51 0.40 0.41 
gO bd 0.18 0.95 bdl bdl bdl bdl bdl bdl bdl 
CaO 0.55 0.19 0.24 0.05 0.47 0.46 0.59 0.08 0.13 0.56 
Na,O 2.26 2.32 2.47 2.49 1.91 2.23 2.05 1.99 1.99 2.14 
K,O 0.02 0.02 0.02 0.02 0.04 0.04 0.03 0.03 0.03 0.04 
PbO bd bdl 0.02 bdl 0.08 0.08 0.23 0.04 0.02 0.06 
ZnO bd 0.11 0.08 0.25 0.03 bdl bdl 0.08 0.24 0.50 
F na na na na 0.77 1.21 114 0.42 0.56 1.18 
Partial total® 81.88 82.01 83.66 81.29 82.44 82.93 80.87 83.26 83.29 82.81 
@ Abbreviations: bdl = below detection limit, na = not analyzed. 
» See also Bank et al. (1990), Ferreira et al. (1990), Henn and Bank (1990), Henn et al. (1990), Rossman et al. (1991), 
Brandstatter and Niedermayr (1993, 1994), and Simmons et al. (2001). 
© Data obtained with a JEOL JXA-733 electron microprobe at the California Institute of Technology, Pasadena, California. 
Operating conditions: 15 kV beam voltage, 25 nA beam current, 10 micron spot size, with mineral or synthetic compounds as standards 
and the CITZAF data correction procedure. Analyses represent the average of three data points on the table facet. 
2 All iron reported as FeO. 
® Partial totals do not include Li,O, B,O3, and HO, which could not be analyzed by the electron microprobe. Chromium and chlorine 
were below the detection limit in all of the samples we analyzed. 
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deposits. Trace elements that are unusual in elbaite 
tourmalines (such as Bi, Pb, and Zn) but present in 
the Mina da Batalha material are also present in 
Mulungu tourmaline and in cuprian tourmalines 
from other localities (Brazil and Nigeria). Thus, it is 
not possible to conclude that a blue-to-green cupri- 
an tourmaline is from the original Batalha deposit 
solely on the basis of chemical composition. 


CUTTING AND DISTRIBUTION 


Most rough from the Sao José da Batalha area is sold 
to select cutting firms in Brazil and Germany. In 
turn, they sell the faceted material directly to a 
small number of dealers and jewelry manufacturers 
in the U.S., Japan, and Europe. Very special crystals 
or cut stones are marketed to private collectors. 

Cutting of “Paraiba” tourmaline is similar to 
that for other gem tourmalines. Although some of 
this material is distinctly pleochroic, the bright blue 
tourmaline exhibits minimal pleochroism so 
faceting can be done in any orientation. Because of 
the high value of the rough, polished stones may 
display a variety of shapes and sizes to maximize 
yield. Some cutters feel that these tourmalines 
appear to be more resistant to chipping during man- 
ufacturing than other tourmalines. 

The larger and higher-quality blue cuprian tour- 
malines from the Sdo José da Batalha area have been 
sold mainly in Japan and the U.S. Additional mar- 
kets include Europe, Hong Kong, Singapore, and 
Taiwan (“Paraiba tourmaline output...,” 1999). The 
brightly colored stones are commonly set in high- 
karat gold jewelry (see, e.g., figure 18). 


TREATMENTS 


As mentioned above, the six Mulungu cuprian tour- 
malines were “oiled” to minimize the visibility of 
surface-reaching fractures, as is commonly done with 
emeralds. Reportedly, some “Paraiba” tourmaline is 
also fracture-filled (see “Paraiba’s Tucson connec- 
tion,” 2001). However, in the experience of BC and 
MB, this treatment is done only to lower-quality 
material. This practice is used in Brazil for a variety of 
colored gemstones to improve their apparent clarity. 
Heating is also widespread with the cuprian 
elbaites. It is the understanding of BC that almost all 
of the material from the Mulungu mine is heat treat- 
ed as a standard practice. According to R. Van 
Wagoner (pers. comm., 2002), at least 80% of the 
transparent blue to greenish blue material from the 
Sao José da Batalha area is heated. However, 
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Figure 18. Tourmaline from the Batalha mine is set in 
these rings of high-karat gold. Manufactured by Brian 
C. Cook and Paula Bailey; photo by Maha Tannous. 


depending on the pegmatite being worked, there is a 
variable percentage of rough produced that is “com- 
mon” green and cannot be improved with heat treat- 
ment. Heating is usually carried out after faceting so 
that few fluid inclusions are present. It requires care- 
ful control of temperatures as well as heating and 
cooling times, in addition to the proper selection 
of the starting material (which only comes through 
experience). 

The treatment is carried out in simple electric fur- 
naces without any atmosphere controls, typically at 
temperatures ranging from 480° to 620°C. These 
temperatures are significantly higher than some of 
those reported initially (e.g., 225°-250°C in Koivula 
and Kammerling, 1991a) and are slightly higher than 
those reported by Koivula and Kammerling (1990c!): 
350° to 550°C. According to R. Van Wagoner (pers. 
comm., 2002), in general purplish red stones turn 
“emerald” green at 480°-500°C but will lighten if 
heated too far. The “neon” blue and “turquoise” col- 
ors can be produced at 550°-620°C, depending on the 
starting color. Darker stones typically are more satu- 
rated after heating, but in some cases the color will 
fade if the stone is heated at too high a temperature. 

Currently, we know of no reliable means to dis- 
tinguish most of the heated and non-heated cuprian 
tourmalines except, perhaps, by the presence of 
visual indications such as undamaged or heat-dam- 
aged fluid inclusions. Heating is complicated by the 
complex chemical composition of tourmaline, and 
any of a variety of color-causing elements (some in 
different valence states) that may be present in an 
individual stone. Note, too, that not all colors of 
“Paraiba” tourmaline can be improved by heating. 
In very general terms, the following color changes 
can be achieved with heat treatment (Bernardes, 
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1999; R. Van Wagoner, pers. comm., 2002; see also 
figure 17 in Fritsch et al., 1990, p. 202). 


Purplish red > “emerald” green 

Purple — light purple 

Greenish blue > “neon turquoise” 

Violet to violetish blue — light blue to “neon” blue 
Dark blue > “neon” blue 


IMITATIONS 


Various substitute gem materials have occasionally 
been offered as “Paraiba” tourmaline, including tour- 
malines that lack copper. Some other imitations are: 


e Bluish green apatite from Brazil and Madagascar 
(Koivula and Kammerling, 1990a; Koivula et al., 
1993a), and blue cat’s-eye apatite (Koivula and 
Kammerling, 1991c) 

¢ Doublets of tourmaline and colorless glass 
(Koivula and Kammerling, 1991c) 

¢ Triplets of colorless beryl and blue or blue-green 
cement (Koivula et al., 1993b; Johnson and 
Koivula, 1996} 

e Triplets of topaz and greenish blue cement 
(DelRe, 1995) 

¢ Irradiated blue topaz (Koivula and Kammerling, 
1991c} 

¢ Greenish blue Tairus hydrothermal synthetic 
beryl (W. Barshai, pers. comm., 2001) 


Standard gemological properties can be used to 
separate each of these imitations from cuprian 
elbaite. 
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CONCLUSION 


Over the past decade, blue-to-green cuprian elbaites 
from the Sao José da Batalha area in Paraiba State 
have enjoyed strong demand due to their bright, sat- 
urated colors. Following the first important finds in 
the late 1980s, gem tourmaline production from the 
Mina da Batalha slowed until recently because of 
legal disputes over mine ownership, as well as disor- 
ganized and often ineffective mining. Recovery dur- 
ing the past two years from the surrounding area 
has provided additional gem tourmaline. The settle- 
ment of legal disputes at the Mina da Batalha and 
its environs has initiated a new stage of mining 
activity, resulting in further production of cuprian 
tourmaline. 

Copper-bearing tourmalines have been found in 
at least two other pegmatites in the neighboring 
state of Rio Grande do Norte, which has led to 
expanded exploration for gem pegmatites in this 
region. A recent discovery of cuprian tourmaline, 
possibly geologically related to the Brazilian occur- 
rences, has also been made in Nigeria. These finds 
have complicated the nomenclature of “Paraiba” 
tourmaline. Although some gem dealers believe 
they can identify the bright blue Mina da Batalha 
cuprian tourmalines on the basis of color, satura- 
tion, and brilliance, studies to date indicate that the 
gemological properties and chemical compositions 
of the cuprian tourmalines from these various 
sources overlap to such an extent that they cannot 
be distinguished by standard gem-testing methods. 
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Contributors in This Issue 


(Continued from Page 416) 
1906 replaced him as general man- 
ager of the De Beers Consolidated 
Mines, Ltd., in which capacity he 
served for twen- 
ty-six years. The 
De Beers com- 
pany is one of 
the world’s ma- 
jor diamond pro- 
ducers. 

During the 
war, Mr. Wil- 
liams was Direc- ! 
tor of Ambulance and_ trained 
hundreds of men and women who 
later formed the South Africian 
Army. Now 73, he has not been ac- 
tively associated with De Beers 
since 1981, occupying his time with 
the structural steel business carried 
on by his four sons under the name 
Alpheus Williams & Dowse Ltd., and 
also with his diamond collection, 
which he inherited from his father 
and has preatly enlarged. 

Unfortunately, expense prohibits 
the acquisition of many diamonds 
of scientific importance, but in order 
to have a record of these specimens 
in his collection, Mr. Williams has 
employed both ordinary and micro- 
photography, as once a diamond 
enters the trade it is lost to science. 

Mr. Williams is author of The 
Genesis of the Diamond, a monumen- 
tal work on his specialty. His noted 
father, Gardner F, Williams (1842- 
1922), was also author of a splendid 


standard book, Diamond Mines of 
South Africa, long considered a 
classic on the diamond industry, 


covering: every phase of its history 
and technology. 

The great diamond collection pic- 
tured opposite page 440 in this issue 
will be handed down to the elder son 


Loa? 447 


of Alpheus Williams who, like his 
father and grandfather, will con- 
tinue to carry on and improve it as 
a labor of love. 


' Gifts to the Institute 

A gift of a variety of useful ma- 
terial including a fluorescent lamp, 
lenses, ring sights, a large number 
of cut stone and a variety of rough 
material were recently presented to 
the Institute by one of its first stu- 
dents, E. L. Van Pelt of Jacksonville, 
Florida. Mr. Van Pelt is now in the 
United States Navy. 


Varied stones for identification, 
examination and study have been re- 
ceived from Milo O’Dell, a student 
at Waukegan, Illinois. 


Charles Milner, a student at Chi- 
cago, recently gave the Institute four 
sapphires. 


Color Range and Form 
Variations in Diamonds 


(Continued from Page 420) 

The plate represents some of these 
strikingly colored “fancy” diamonds. 
Excellent examples of yellow, orange, 
brown, rose, pale violet or mauve, 
green, and red stones are shown. 
The greens are all rather pale as 
compared to emerald. Also absent 
is a truly ruby red stone. It is doubt- 
ful if deep emerald green or ruby 
red stones have ever been found. 
The only major color variety lack- 
ing in this collection is a distinct 
blue. 
1Williams, Alpheus F. The Genesis of the Dia- 
mond. Part TH. 1932. Ernest Benn Ltd. Lon- 
don, p. 440. (These two volumes may be 


secured from the Gemological Institute of 
America for $30.) 
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SPESSARTINE GARNET FROM RAMONA, 
SAN DIEGO COUNTY, CALIFORNIA 


By Brendan M. Laurs and Kimberly Knox 


For most of the 20th century, the principal source of fine spessartine was the area around the Little Three 
mine near the town of Ramona in southern California. Two pegmatites—the Hercules-Spessartite and the 
Spaulding dikes—yielded most of the estimated 40,000—50,000 carats of facet-grade rough mined from 
1956 to 1994. Prized for its bright orangy yellow to yellowish orange color, Ramona spessartine has simi- 
lar R.I. and S.G. values to those of most other pegmatitic gem spessartines. Typical internal features are 
wavy two-phase partially healed fractures, negative crystals, needles/tubes, growth patterns, and anoma- 
lous birefringence; mineral inclusions are rare. The composition of four samples (ranging from light 
orangy yellow to yellow-orange) was Spsq4 5g gAlM, > 1; (GrO9,5_9, and the absorption spectra of all 
samples showed strong peaks for Mn?* and subordinate Fe?* bands. 


California, has produced a variety of peg- 
matite gems, most notably an intense orange 
spessartine garnet (figure 1). The Ramona district 
lies within the extensive southern California peg- 
matite belt (figure 2). In the early part of the 20th 
century, San Diego County was one of the world’s 
major gem-producing areas in terms of variety and 
quantity of material (Tucker and Reed, 1939). The 
most sought-after gem was tourmaline, recovered 
principally from the Mesa Grande and Pala districts. 
Beryl (aquamarine and morganite), spodumene 
(kunzite, first discovered at Pala], topaz, and smoky 
quartz were also important, but spessartine was rel- 
atively rare—except in the Ramona pegmatites. The 
bright orangy yellow to yellowish orange color and 
brilliance of the Ramona spessartines (figure 3), as 
well as the fact that this was the premier source of 
top-quality material for decades, have contributed 
to a premium on their price that was eclipsed only 
in the late 1990s by fine spessartine from Namibia 
and Nigeria (S. Robertson, pers. comm., 2001). 
Despite the historical importance of Ramona 
spessartine, very little has been published on its 
gemological characteristics (see, e.g., Tisdall, 1961). 
This article describes the history and production, 


he Little Three mining area near Ramona, 
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mining methods, geology, and gemology of spessar- 
tine from this historic locality. An explanation of 
the unique conditions necessary for the formation 
of gem-quality spessartine in granitic pegmatites 
also is proposed. 


HISTORY AND PRODUCTION 


Spessartine was not well known as a gemstone until 
relatively recently. There is no history of the miner- 
al before the 19th century (Rouse, 1986). The first 
pegmatite mine in the Ramona district, the Little 
Three, was discovered in May 1903 by H. W. Robb 
of Escondido, California (Kunz, 1905). It was named 
for Mr. Robb and his partners, Dan MacIntosh and 
Charles F. Schnack, who purchased the 40 acre (16.2. 
hectare) parcel of land from a rancher (Foord et al., 
1989; LeMenager, 1989). Although this particular 
mine has never been an important source of spessar- 
tine, its yield of fine specimens of topaz, tourma- 
line, and other minerals has made it the most 
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important mine in the district. For this reason, 
Ramona spessartine is often referred to as coming 
from the “Little Three” mine. 

By the end of 1903, several mines and prospects 
were staked in the Ramona district within an area 
smaller than 520 hectares (2 square miles). Kunz 
(1905) provided the best description of the early 
mines—including the Little Three, A.B.C. (or 
Daggett}, and Hercules (see figure 4). Considerable 
amounts of topaz, tourmaline, spessartine, and 
beryl were recovered at the Ramona mines via 
open cuts and tunnels in the early years (figure 5; 
see Sterrett, 1908; Tucker, 1925; Tucker and Reed, 
1939; Simpson, 1960; Weber, 1963). From 1903 to 
1905, Kunz (1905) reported that over 10 kg of spes- 
sartine were produced from the district, yielding 
faceted gems up to 8 ct. By 1909, however, the 
near-surface deposits at the Little Three mine were 
considered exhausted (Spaulding, 1977). The col- 
lapse of the Chinese tourmaline market in 1912 
halted pegmatite mining in southern California 
(Foord et al., 1989), and there was very little activi- 
ty for the next four decades. 

In 1947, Louis Spaulding and his son, Louis 
Spaulding, Jr., established several claims in the area 
(Simpson, 1960). Intensive mining began in 1955 at 
the Little Three mine, and since then the Spaulding 
family has been the most important producer of 
gems and minerals from the Ramona pegmatites. 
After his father’s death in 1973, Spaulding Jr. sin- 
gle-handedly took over work on several of the peg- 
matites, particularly the Little Three and Hercules- 
Spessartite dikes. 

Although several mines in the Ramona district 
have produced spessartine, the best sources were 
the Hercules-Spessartite and Spaulding mines 
(again, see figure 4). The Spaulding dike was found 
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Figure 1. Spessartine from 
Ramona is prized for its 
intense orange color. The 
10.25 ct spessartine in the 
pendant was cut from 
material recovered at the 
Spessartite mine in 1975. 
The spessartine in the ring 
on the right weighs 4.1 ct, 
and the spessartines in 
the earrings weigh about 
2.5 ct each. Courtesy of 
Kerith Graeber; photo © 
Jeff Scovil. 


in December 1955, and the faceted spessartines pro- 
duced initially were rather small (0.5-1.5 ct; 
Sinkankas, 1957). About 3,000 carats of faceting 
rough were mined over the period 1956-1959 
(Sinkankas, 1959; Weber, 1963). From 1964 until 
shortly before his death, Spaulding Sr. produced 
9,000 carats of faceted spessartine from this mine, 
but only three stones exceeded 6 ct (L. Spaulding Jr., 
pers. comm., 2001). 

The Hercules-Spessartite pegmatite has a longer 
and more productive history. The Hercules mine 
was located in August 1903 on the northwest por- 
tion of this dike by A. V. Pray, S. G. Ingle, and H. 
Titus, who worked it for several years (Simpson, 
1960). About 15 pounds (6.8 kg) of spessartine were 
produced during the period 1903-1905 (Kunz, 1905). 
After mining in the district resumed following the 
1912. collapse of the Chinese tourmaline market, 
owners R. B. Winstead and G. Converse worked the 
property and even resurveyed it in 1954 (Simpson, 
1960), but their production was not recorded. The 
Hercules was claimed by Elbert McMacken and 
Herb Walters in the 1960s and early 1970s; for two 
years during this period (1965-66), a portion was 
worked by John Sinkankas and his son (Sinkankas, 
1967, 1976; figure 6). Bryant Harris purchased the 
mine in the late 1970s and worked it with E. 
“Buzz” Gray until 1984, but with little success (E. 
Gray, pers. comm., 2001). 

The southern portion of the Hercules-Spessartite 
dike was mined by Spaulding Sr. in 1959; these 
workings were called the Spessartite mine (Simpson, 
1963). This area later became the most important 
source of spessartine in the district—and produced 
several stones over 10 ct (see, e.g., figure 1}-when 
Spaulding Jr. expanded the open cut, beginning in 
1975. In August 1987, Spaulding Jr. recovered a 72.5 
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ct piece of rough that was faceted by Buzz Gray into 
a 39.63 ct gemstone (figure 7), the largest cut spessar- 
tine known to date from Ramona and among the 
more than 2,300 grams of gem rough produced from 
1987 to 1990 (L. Spaulding Jr., pers. comm., 2001). 
More large stones and mineral specimens (figure 8) 
were recovered from the Spessartite mine in 
1993-1994. Among these was the 2.7.30 ct gem fea- 
tured in the objet d’art called “The Light of 
Ramona” (figure 9). Additional small finds of spes- 
sartine were made by Spaulding Jr. at various 
Ramona mines up to 1995, and by another group in 
1996-1997 (San Diego Mining Co., 2001), but there 
has been no significant garnet production since then. 

Although total production figures are not avail- 
able, Foord et al. (1989) estimated that about 
40,000 carats of facet-grade spessartine have been 
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recovered from the Ramona district. (Note that 
Foord et al. [1991] indicated 70,000 carats of spes- 
sartine, but this appears to be a misprint.] 
Spaulding Jr. (pers. comm., 2001) also estimates 
the total production from the district at 
40,000—50,000 carats of facet-grade spessartine. 
Much of the spessartine obtained by Spaulding Sr. 
was sold to George Ashley in Pala for cutting and 
distribution. Spaulding Jr. sold most of his fac- 
etable spessartine to Jonté Berlon Gems. 


LOCATION AND ACCESS 


The Little Three mine area is located in the Hatfield 
Creek valley, approximately 50 km (31 miles) 
northeast of metropolitan San Diego, and about 6 
km (4 miles) east-northeast of the rural town of 


Figure 2. The Ramona 
district is located in 
central San Diego 
County, approximately 
50 km (31 miles) north- 
east of San Diego. 
Other gem-producing 
pegmatite districts or 
localities related to the 
Peninsular Ranges 
batholith include 
Thomas Mountain in 
Riverside County, and 
Aguanga Mountain, 
Jacumba, Mesa 
Grande, Pala, Rincon, 
and Warner Springs in 
San Diego County. 
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Figure 3. Ramona spessartine (here 1.02-5.15 ct) typi- 
cally ranges in color from orangy yellow to yellowish 
orange. Courtesy of Buzz Gray and Bernadine 
Johnston; photo © Harold and Erica Van Pelt. 


Ramona. A paved highway leads from Ramona to a 
private dirt road that is shared by several landown- 
ers, and public access is prohibited. The authors vis- 
ited the area at various times during 1997-2001. 

Lying at an altitude of 580-700 m (1,900—2,300 
feet), the mining area is a scenic parched terrain 
with rolling hills, covered with the dense scrub veg- 
etation typical of San Diego County’s chaparral 
regions. The climate includes a little frost in winter, 
but temperatures can exceed 105°F (40.6°C) in sum- 
mer. Most mining activity has taken place above 
ground, and the small diggings eventually become 
concealed by regrowth of the chaparral. 


GEOLOGY 

The geology of the Ramona pegmatites has been 
documented by numerous researchers, and it 
remains one of the best-studied pegmatite districts 
in the world (see, e.g., Merriam, 1948; Sinkankas, 
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1957; Simpson, 1960, 1963; Stern et al., 1986; Foord 
et al., 1989; Patterson, 1997; Morgan and London, 
1999). The area is characterized by a complex series 
of intrusions that consist mostly of tonalite, with 
gabbro-diorite, diorite, granodiorite, and granite. 
These rocks have been mapped, classified, and 
named differently by various geologists, as compiled 
by Patterson (1997); they are all part of the 
Peninsular Ranges batholith of mid-Cretaceous age 
(120-100 million years [m.y.] old; Krumenacher et 
al., 1975). Radiometric dating of the muscovite from 
the Hercules mine yielded ages between 98.7 and 
100 m.y. (Foord et al., 1991). 

The Ramona district contains a series of peg- 
matite dikes in a northwest-trending belt about 
4.5 km (2.8 miles) long and up to 1.6 km (1 mile) 
wide. Overall, the dikes strike northwest, and dip 
gently to moderately west to southwest. The peg- 
matites mined thus far typically range in thick- 
ness from 0.4 to 1.8 m (1.3 to 6 feet), and can be 
traced for distances up to 1,060 m (3,500 feet). In 
the vicinity of the Little Three mine, the dikes 
form locally undulating dip-slopes (i.e., erosion 
exposed the top surface of the pegmatites), so they 


Figure 4. The Ramona district consists of a series of 
northwest-trending granitic pegmatites that have 
intruded tonalite and diorite. The locations of the 
main productive mines are shown: Little Three, 
Hercules, Spessartite, Spaulding, and A.B.C. 
Several other claims and prospects are not shown, 
owing to minor production and/or complexities in 
their naming and location. Modified from Simpson 
(1960), Weber (1963), and Foord et al. (1989). 
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Figure 5. Before the collapse of the Chinese tourma- 
line market in 1912 halted pegmatite mining in San 
Diego County, significant gem production was 
obtained from the Ramona area. The main distur- 
bance is the Little Three mine (left arrow), and the 
small dumps higher on the hillside are the Hercules 
mine (right arrow). Photo by D. B. Sterrett, U.S. 
Geological Survey, circa 1910. 


Figure 7. This magnificent necklace was construct- 
ed in 1987 with more than 165 carats of Ramona 
spessartine (Koivula and Kammerling, 1988). The 

center stone, at 39.68 ct, is the largest cut spessar- 

tine known from Ramona. Courtesy of Michael M. 

Scott; photo © Harold and Erica Van Pelt. 
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Figure 6. The Hercules dike was mined for spessar- 
tine by John Sinkankas and his son John William 
Sinkankas in the mid-1960s. This photo shows 
Sinkankas Jr. drilling the pegmatite in preparation for 
blasting. Photo by John Sinkankas, February 1966. 


were well positioned for surface mining. 

Both Simpson (1960, 1963) and Stern et al. 
(1986) presented detailed maps of the mineralogical 
zoning. The dikes are typically layered, with peg- 
matite in the upper portion and aplite in the lower. 
For simplicity, these composite dikes are referred 
to simply as “pegmatites” throughout this article. 
The aplite is a fine-grained assemblage of quartz, 
sodic plagioclase, K-feldspar, schorl, and alman- 
dine-spessartine. The upper portion of the aplite is 
conspicuously banded, which miners refer to as 
“line rock.” The coarse-grained pegmatite is 
formed mostly of “graphic” quartz-perthite inter- 
growths (Simpson, 1962) and schorl, almandine- 
spessartine, and muscovite. Near the contact of 
these two units is a “pocket” zone that is charac- 
terized by relatively large euhedral crystals of 
quartz, feldspar, and other minerals. These miner- 
als are often intergrown except in cavities where 
well-formed, free-standing crystals are attached to 
the pocket walls or suspended in clay. The largest, 
most economically important pockets in the 
Ramona district have yielded blue topaz, dark 
green tourmaline, and pale blue or pink beryl, but 
no spessartine (see, e.g., Foord et al., 1989). 

The Ramona pegmatites show distinct differ- 
ences in mineralogy and style of mineralization, 
even within a specific pegmatite (see, e.g., 
Sinkankas, 1957; Stern et al., 1986; Foord et al., 
1989). Some of the pegmatites are mineralized only 
with spessartine (e.g., the Spaulding mine), whereas 
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others have only topaz, beryl, and/or colored tour- 
maline assemblages (e.g., the A.B.C. mine}; also, var- 
ious assemblages may be present in the same peg- 
matite, but in different areas separated by several 
meters (e.g., the Little Three and Surprise mines). 
Kunz (1905) was the first to describe this mineralog- 
ical zoning. Sinkankas (1957) reported that gem 
spessartine has been found only in areas that do not 
have colored tourmaline, which was confirmed by 
Spaulding Jr. with continued mining. 

Most of the spessartine has been mined from 
small pockets and a unique vuggy feldspar-rich rock 
with little or no quartz (see box A). This distinctive 
rock contains numerous small, irregularly shaped 
corroded cavities, and has been called “cottonball 
spar” or “popcorn rock” by miners, who recognized 
it as a good indication of spessartine mineralization 
(Simpson, 1960, J. Sinkankas, pers. comm., 1998). 
The corroded rock locally crosscuts the pocket zone 
and overlying pegmatite, but is not found in the 
underlying aplite. It is commonly located in areas of 
pegmatite that are jointed and fragmented with sub- 
sequent recrystallization of quartz on the fracture 


Figure 8. Many large stones and attractive gem 
crystals of spessartine were recovered from the 
Spessartite mine during the late 1980s to mid- 
1990s. The rough and cut (15.93 ct) stones shown 
here are courtesy of Buzz Gray and Bernadine 
Johnston; photo © Harold and Erica Van Pelt. 
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Figure 9. “The Light of Ramona” features a 27.30 
ct cushion-cut spessartine accented by 62.23 carats 
of spessartine, all from Ramona, and 3.81 carats of 
feldspar. The design replicates the natural isomet- 
ric crystal habit of garnet (see figure 8), as concep- 
tualized by Bernadine Johnston and Buzz Gray. 
The piece is mounted on a covellite pedestal, with 
more spessartines at the base. It was designed by 
Kim Knox, and constructed by her together with 
Zane A. Gillum and Alan F. Hovey of Golden 
Pacific Arts, San Diego, California. Photos © 
Harold and Erica Van Pelt. 
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Box A: RARITY AND FORMATION CONDITIONS OF SPESSARTINE 


What are the conditions necessary to form gem-quality 
spessartine in granitic pegmatites? Traces of spessartine- 
almandine garnet are not uncommon in these peg- 
matites, where they form as small (2 mm or less) frac- 
tured crystals that are intergrown with the enclosing 
feldspars, quartz, and schorl tourmaline. However, very 
few pegmatites contain facetable spessartine. At the 
Ramona mines, the common occurrence of gem-spessar- 
tine within vuggy, corroded feldspar-rich rock suggests 
its formation is related to this rock type. This appears to 
be the case at other gem spessartine pegmatite as well, 
such as Alto Mirador in northeastern Brazil (figure A-1). 

The corrosion and secondary crystallization of miner- 
als (including spessartine) within the vuggy pegmatite at 
Ramona has been attributed to late-stage hydrothermal 
fluids that persisted after crystallization of the dikes 
(Sinkankas, 1957, 1997; Simpson, 1963). Such fluids 
evolve during the crystallization of all miarolitic (pocket- 
bearing) pegmatites (Cerny, 2000), but only rarely does 
gem spessartine form. Sinkankas (1997) suggested that 
the hydrothermal solutions were introduced from 
“below” via channels created by earth movements. While 
such “open-system” conditions may have locally con- 
tributed to the etching and regrowth of some minerals in 
the pockets and vuggy rock, stable isotopic studies by 
Taylor et al. (1979) suggest that pocket minerals sampled 
from the Little Three and Hercules-Spessartite dikes crys- 
tallized under dominantly “closed-system” conditions. 

The most important geochemical considerations for 
spessartine (Mn,ALSi,O,,) crystallization in granitic peg- 
matites appear to be: (1) pre-enrichment of the melt in 
Mn, and (2) concentration of Mn via pegmatite crystal- 
lization until the late-stage formation of gem-bearing 
pockets. The generation of Mn-enriched melts was men- 
tioned briefly by London et al. (2001). Mn is not abundant 
in most granitic melts, and is concentrated (with other 
rare elements such as lithium, beryllium, and boron) in 
pegmatites through a process known as fractional crystal- 
lization. Mn is incompatible with the feldspars and 
quartz that constitute the bulk of pegmatite crystalliza- 
tion, so it becomes progressively concentrated during 
crystallization, particularly in the presence of fluorine 
(see, e.g., Cerny et al., 1985). Together with rare elements 
and volatiles, Mn accumulates in the late-stage aqueous 
fluids that form the pegmatite pockets (see, e.g., Shigley 
and Kampf, 1984; Cerny et al., 1985). It has been proposed 
that some of the Mn needed to form the gem spessartine 
was derived from the corrosion of previously crystallized 
almandine-spessartine (Sinkankas, 1997). 

Why is spessartine so rarely found in the pockets? 
During pegmatite crystallization, the concentration of 
other elements (especially lithium) may stabilize minerals 
that consume Mn. The late-stage accumulation of Li may 
stop spessartine from forming in the pockets because the 
Mn will be preferentially incorporated into lepidolite and 
elbaite. At the Little Three mine in particular, Morgan and 
London (1999) and London et al. (2001) suggested that this 
mechanism halted spessartine crystallization. Likewise, 
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the accumulation of phosphorus (P) can consume man- 
ganese through the crystallization of Mn-Fe phosphates. 
As expected, the important spessartine-bearing dikes in 
Ramona (Hercules-Spessartite and Spaulding) do not con- 
tain lepidolite, elbaite, or phosphates, but it is conceivable 
that traces of these minerals could be present in other peg- 
matites that contain enough Mn to crystallize spessartine 
at late stages. 

The bright orange color of gem spessartine from 
Ramona and other localities is achievable only with low 
Fe contents. Iron is typically more abundant than Mn in 
granitic pegmatites, but it also is depleted from the melt 
far faster than Mn by the crystallization of mafic miner- 
als such as schorl and biotite (Foord and Kleck, 1993; 
London et al., 2001). Biotite is rare or nonexistent in the 
gem spessartine dikes in Ramona, so schorl (which is 
common) is the mineral responsible for depleting Fe. 
Indeed, London et al. (2001) reported that Mn is incom- 
patible in schorl, so crystallization of this tourmaline can 
contribute to an increasing Mn:Fe ratio in the residual 
pegmatitic melt-fluid system. 

The rarity of commercially important pegmatitic 
deposits of gem spessartine is apparently due to the 
strong geochemical correlation between Mn and Li in 
granitic pegmatites (Cerny et al., 1985). Spessartine is 
common within the inner zones of “complex” granitic 
pegmatites that contain lithium (Baldwin and von 
Knorring, 1983), although it typically is not gem quality. 
The crystallization of facetable spessartine requires 
unusual conditions favoring enrichment of Mn, but not 
Li (and P), as well as the depletion of Fe in the late stages 
of pegmatite evolution. 


Figure A-1. Gem spessartine is commonly associat- 
ed with vuggy, corroded pegmatite. At the Alto 
Mirador pegmatite in northeastern Brazil (see 
Johnson and Koivula, 1999), facetable spessartine 
was recovered from a gem pocket and associated 
corroded pegmatite in the area shown here—par- 
ticularly to the left of the large feldspar crystal 
(marked by a partial rim of schorl) above the ham- 
mer. The quartz core zone of the pegmatite is visi- 
ble to the upper right. Photo by Brendan M. Laurs. 
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surfaces (J. Sinkankas, pers. comm., 1998). 

Simpson (1960, 1963) noted that spessartine is 
found in a blue-gray clay (containing tourmaline nee- 
dles) in the vugs or in larger cavities and fractures, 
sometimes with quartz, albite, potassium feldspar, 
and schorl (see also Sinkankas, 1997); rarely, it occurs 
with pale blue-to-pink beryl or pink apatite (L. 
Spaulding Jr., pers. comm., 2001). Although the spes- 
sartine in the “popcorn rock” is always corroded, the 
garnet crystals in the larger cavities may be either 
euhedral or corroded. In some places, such as in the 
productive open cut of the Spessartite mine, the 
feldspar-rich rock in the center of the pegmatite was 
altered to a 40-cm-thick layer of pink clay, in which 
the gems were “floating” (L. Spaulding Jr., pers. 
comm., 2001). Further north in this pegmatite (which 
was productive over about 45 m] spessartine from the 
Hercules mine typically formed in pockets with little 
or no associated corrosion of the surrounding peg- 
matite; here, the spessartine was not etched and well- 
formed mineral specimens were recovered, with the 
orange garnet commonly perched on cleavelandite 
(bladed albite) associated with schorl and smoky 
quartz (J. Sinkankas, pers. comm., 1998). 


MINING 


As is the case with most pegmatites, experience and 
intuition are key to determining where to dig for 
spessartine and other gems in the Ramona district. 
Most of the mining has been surficial, accomplished 
by “peeling” away the upper portion of the peg- 
matites that lie exposed on the hillside. This was 
initially done with a pry bar and occasional explo- 
sives. In addition to small open cuts, a few tunnels 
explore portions of the pegmatites that lie further 
underground. Most of the work done by Spaulding 
Jr. has been accomplished in open cuts using a bull- 
dozer, backhoe (figure 10), and a minimal amount of 
drilling and blasting. 

The gem-bearing pockets are carefully excavated 
using chisels, ice picks, and wooden sticks (figure 
11). The pocket contents are carefully cleaned in 
oxalic acid to remove iron staining. Mineral speci- 
mens—rather than gem rough—are most sought 
after. The spessartine crystals attain sizes up to 3-4 
cm and form showpieces when attached to a matrix 
of white cleavelandite and black schorl tourmaline 
(see, e.g., figure 12 here and figure 3 of Foord and 
Kleck, 1993). Only broken, damaged, or otherwise 
non-specimen-quality crystals are faceted. According 
to Spaulding Jr., only about 1% of the spessartine 
found in the pockets has been facetable. 
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Figure 10. Most of the spessartine production from 

Ramona came from the Spessartite mine, which 

was expanded with a backhoe. The pegmatite is 

dipping into the open cut from the right side. 

Courtesy of Louis Spaulding Jr. 


Figure 11. Spessartine-bearing pockets are carefully 
excavated by hand, as shown here at the 
Spessartite mine. Courtesy of Louis Spaulding Jr. 
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Figure 12. Fine mineral specimens from the 
Ramona pegmatites are prized by collectors. The 
aesthetic combination of orange spessartine, 
black schorl, and white cleavelandite are unri- 
valled by spessartine specimens from other locali- 
ties. Gemstones such as the fine 5.15 ct example 
shown here are faceted only from broken, dam- 
aged, or otherwise non-specimen-quality crystals. 
Photo © Harold and Erica Van Pelt. 


MATERIALS AND METHODS 


The Ramona study samples consisted of 14 faceted 
spessartines (0.47-15.93 ct) loaned by Jonté Berlon 
Gems, and 16 faceted (0.27-1.26 ct) and two miner- 
al specimens (with a total of four garnets on matrix) 
from the GIA collection. The two matrix samples 
were typical of dozens of Ramona spessartine min- 
eral specimens examined by the senior author over 
the past several years. Standard gemological proper- 
ties were obtained on all the faceted stones. A 
Duplex II refractometer with a near-sodium equiva- 
lent light source was used for refractive index read- 
ings. Specific gravity was determined by the hydro- 
static method, and a desk-model spectroscope was 
used to examine the absorption spectra. Reaction to 
ultraviolet radiation was viewed with four-watt 
long- and short-wave UV lamps. Internal features 
and anomalous birefringence were observed with a 
standard gemological microscope; the latter was 
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also viewed with a polariscope. Laser Raman 
microspectrometry was performed using a 
Renishaw 2000 Ramascope on selected faceted sam- 
ples to identify mineral inclusions. 

Four of the samples—ranging from light orangy 
yellow to medium yellow-orange, which is repre- 
sentative of most faceted material from Ramona 
(figure 13)—were analyzed further. Their chemical 
composition was measured by electron microprobe 
(Cameca SX-50}, and UV-Vis-NIR absorption spec- 
tra were obtained in the region 250-2500 nm with 
a Hitachi U4001 spectrophotometer. Grain mounts 
(one per sample) of spessartine from selected world- 
wide localities (i.e., Minas Gerais and Rio Grande 
do Norte, Brazil, and Maevatanana and the 
Sahatany Valley in Madagascar) were also analyzed 
by electron microprobe for comparison with the 
Ramona samples. Data for spessartine from other 
localities were taken from the literature. 


RESULTS 


Description of the Rough. The two mineral speci- 
mens consisted of gem-quality spessartine crystals 
on a matrix of cleavelandite feldspar; one specimen 
also had schorl. The spessartine was light yellowish 
orange to medium brownish orange with no eye-vis- 
ible color zoning. The crystals were transparent in 
areas between fractures, some of which were par- 
tially healed. All of the spessartines on one of the 
specimens showed corrosion features consisting of 
lustrous micro-stepped surfaces (see, e.g., figure 14]. 
These etch features appear similar to those observed 
on spessartine from other pegmatites (see, e.g., fig- 
ure 1 of Sinkankas and Reid, 1966). Both dodecahe- 
dral and trapezohedral faces were observed on the 
crystals. The dodecahedral faces showed subtle dia- 
mond-shaped growth hillocks, while the trapezohe- 
dral faces were smooth on the specimen that was 
not corroded. 


Visual Appearance and Gemological Properties. The 
results of the gemological characterization are pre- 
sented in table 1, together with data for spessartines 
from other localities for comparison. 

The samples ranged from light orangy yellow to 
dark brownish orange; most were light orangy yel- 
low to medium yellow-orange (again, see figure 13). 
These samples represent the range of color of gem 
spessartine from the Ramona district. None of the 
stones showed eye-visible color zoning. The sam- 
ples were transparent with relatively few inclusions 
visible with the unaided eye. 
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Emerald Sévigné—Brooch. From the Romanoff Jewels. Article on Page 466. 


Refractive indices ranged from 1.799 to 1.808, 
although samples in the commercially most desir- 
able orangy yellow to yellow-orange color range had 
R.I. values of 1.799-1.803. Overall, the lightest 
orange samples had lower R.I. values. S.G. values 
fell within 4.19-4.26, and showed no correlation to 
color or R.I. value. All stones were inert to both 
short- and long-wave UV radiation. 

Microscopic observation revealed wavy planes of 
one- or two-phase (liquid-gas) inclusions in nearly 
all stones (see, e.g., figure 15), as documented in 
spessartine by Gtibelin and Koivula (1986), Rouse 
(1986), and Webster (1994). Individual inclusions 
within these partially healed fractures and “finger- 
prints” appeared as points, subparallel elongate and 
needle-like forms, and irregular bodies. In five sam- 
ples, we saw linear arrays of tiny particles forming 
wisps and clouds; these were typically associated 
with the fingerprint-like features. Flat, isolated two- 
phase (liquid-gas) inclusions were present in two 
samples (see, e.g., figure 16). Three-phase (solid-liq- 
uid-gas) inclusions also were seen in a few samples. 
Fractures (i.e., “feathers”) were rare, and showed 
jagged outlines. 

Several samples had relatively large negative 
crystals and/or elongate etch channels. These chan- 
nels typically showed striated surfaces and irregular 
angular shapes (see, e.g., figure 17), although one 
had a rectangular cross-section that tapered length- 
wise into a tube. A swarm of minute, parallel nee- 
dles (probably hollow tubes) was seen in two sam- 
ples. Mineral inclusions were rare. Raman analysis 
identified irregular-shaped, colorless inclusions with 
a rough texture in three samples as albite (see, e.g., 
figure 18), and a black tapered crystal in one sample 
as columbite (figure 19). Another sample contained 
three minute colorless crystals surrounded by ten- 
sion fractures and subtle dark halos (figure 20); these 
appeared to be zircon, but they could not be identi- 
fied by Raman analysis due to their small size and 
position in the stone. 

Most samples showed faint growth zoning, with 
planar, angular, and irregular patterns. Strong planar 
growth zoning was seen in a few samples (see, e.g., 
figure 2.1), where it corresponded to sharply defined 
planar zones of anomalous birefringence that were 
visible in certain orientations. All samples displayed 
anomalous birefringence (see, e.g., figure 22), typi- 
cally as light gray areas that appeared cloud-like 
with diffuse boundaries, or as irregularly shaped 
zones that were centered around points or nodes 
when the samples were rotated. In some samples, 
patches of birefringence had a cross-hatched appear- 
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Figure 13. These four orangy yellow to yellow- 
orange spessartines (0.48—1.15 ct), part of the study 
sample, show the range of color that is most repre- 
sentative of faceted material from Ramona. Photo 
by Maha Tannous. 


ance. With the exception of the strong planar pat- 
tern mentioned above, the birefringence frequently 
did not show any relation to the growth features 
seen with plane polarized light. When viewed with 
the polariscope, anomalous double refraction was 
visible in most of the samples; the birefringence 
formed gray patches or linear zones with subtle to 
obvious intensity. 


Chemical Composition and Absorption Spectroscopy. 
The four samples analyzed by microprobe showed a 
consistent decrease in manganese and increase in iron 
as the color varied from light orangy yellow to medi- 
um yellow-orange (table 2). The greatest manganese 
concentration (40.67 wt.% MnO) was recorded in the 
lightest orangy yellow sample, and falls near the high- 
est values found in the literature for gem-quality spes- 
sartine. Traces of titanium and calcium were detected 
in all four samples, but magnesium was below the 


Figure 14. Corroded spessartine crystals typically 
show a series of lustrous micro-stepped surfaces. 
Photomicrograph by John I. Koivula; magnified 2x. 


GEMS & GEMOLOGY WINTER 2001 287 


TABLE 1. 


Property 


Properties of spessartine from various localities.? 


Ramona, California 


Ramona, California? 


Minas Gerais, Brazil’ 


Madagascar 


Mozambique 


Reference/no. of 
samples 


Color 


Optic character 
Refractive index 
(range) 

Specific gravity 
Internal features 


Absorption spectra 
(nm)s 


This study/30 


Orangy yellow to brownish 
orange 


ADR 
1.799—-1.808 


4.19-4.26 


Wavy partially healed fractures, 
growth patterns, negative 
crystals, etch channels, 
needles/tubes, linear clouds, 
isolated fluid inclusions, feathers, 
mineral grains (albite, columbite) 
Cutoff at 435-440; bands at 460, 
480-485, and 520-525; 504 line 
and 570 band in some samples 


Tisdall (1961)/4 


Yellowish orange 


nr 
>1.81 


447 


Angular three-phase inclusions, 
“fingerprints” 


Cutoff at 439; wide band at 461, 
wide, very strong band at 482; 
faint shadow at 502, faint broad 
band at 527 


Unpublished GIA research/1 


Orange 


Slight ADR 
1.800 


4.20 


Subparallel reflective stringers, 
irregular needles, small trans- 
parent crystals, parallel planar 
growth zoning 


Spessartine spectrum, with 
very strong band at 430 


Tisdall (1962)/nr 


Orange-red, dark to pale 


nr 
>1.81 


417 


No three-phase inclusions; fine, 
close striae (like synthetic ruby) 


Absorption in blue-violet, with 
strongest band centered at 432; 
intense bands centered at 461 
and 484; weak bands at 505 
and 527 


Bank et al. (1998)/nr 


Brownish orange 


Strong ADR 
>1.81 


4.15-4.18 

Growth zoning; feathers of film- 
like fluids; minerals observed as 
needles or platelets with high 
birefringence 


Absorption features at 408, 422, 
428, 460, 483, and 524 


4 Abbreviations: ADR=anomalous double refraction, nr=not reported, SR=singly refractive. In addition, 50 spessartine-almandine garnets 


from Amelia, Virginia, ranging from dark red-brown to pale orange, had R.l.’s of 1.795-1.809 and S.G.’s of 4.16-4.19 (Sinkankas and Reid, 
© See also Anderson (1967). 

© 4.81 ct sample; see also Bank et al. (1970) and Johnson and Koivula (1999). 

7 Also known as Mandarin gamet; from the “original” mining area in northwest Namibia that was discovered in 1992; see also Koivula et al. (1993). 
® Also known as Mandarin garnet; from a different mining site about 30 km south of the original site, discovered in 1995; see also Kammerling 

et al. (1995), Bank et al. (1996). 

' Also known as Kashmirine. 

9 Determined by either spectroscopic or spectrophotometric means; values reported for this study are as observed with the spectroscope. 


1966). 


detection limit (<0.01 wt.% MgO). The composition 
of these Ramona spessartines can be summarized as 
SP854.9-sagAlimy 7 11 oGt095 02: 

The spectroscope revealed a cutoff at 435-440 
nm in all samples. Weak to moderate bands were 
centered at approximately 460 nm and 520-525 nm, 
and a strong band was present at approximately 
480-485 nm. The latter band formed a region of gen- 
eral absorption with the 504 nm band in the darkest 
samples. In lighter samples, the 504 nm band was 


very weak or nonexistent. Another band at 570 nm 
could be seen in all but the lightest stones. 

All four Ramona samples showed similar absorp- 
tion spectra with the spectrophotometer in the UV- 
Vis-NIR range. The strongest peak was located at 
approximately 409 nm; on the shoulder were two 
additional strong peaks at approximately 421 and 
430 nm (figure 23). Also present in the visible range 
were bands at approximately 460, 483, 504, 525, and 


Figure 16. Flat, isolated two-phase (liquid-gas) inclu- 


Figure 15. “Fingerprints” consisting of wavy planes of 
variously shaped two-phase (liquid-gas) inclusions 
were commonly observed in the Ramona spessartine. 
Photomicrograph by John I. Koivula; magnified 35x. 
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sions were seen in only two spessartine samples. Note 
also the partially healed fractures consisting of minute 
two-phase inclusions in the upper part of the photo. 
Photomicrograph by John I. Koivula; magnified 20x. 
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Namibia® 


Namibia® 


seyin, Nigeria 


Pakistan! 


Lundazi, Zambia 


Koivula et al. (1993)/3; Lind et al. 
(1994)/13 


Orange 


nr 
1.790—-1.797 


4.09-4.15 

Angular and roiled growth structures, 
curved fibers, rounded crystals, dark 
angular crystals 


Cutoff at 445, distinct diffused band 
above 460; stronger, wider diffused 


Johnson and Koivula (1996a)/7 
Orange 

SR 

1.789-1.790 

4.12-4.14 


Quartz, fibrous amphibole, oxides 
(ilmenite, hematite, senaite), barite 


Lines at 412, 424, 432 (edge), 462, 
485, and 495 


ilisenda and Zang (1999)/6, 
Zang et al. (1999)/9 


Orange-yellow 


nr 
.801-1.803 


4.18-4.23 


Two-phase inclusions along healed 
fractures, zircon with tension cracks 


“Typical spessartine absorption 
features” plus local maxima at 469, 


Henn (1996)/n.r.; Johnson and 
Koivula (1996b)/4 

Orange-red to “cherry” red; slight 
yellowish orange to brownish 
orange or red-orange 

Weak ADR 

.798—1.802 


4.05-4.18, 4.19-4.20 


“Fingerprints,” growth zoning, 
K-feldspar, acicular inclusions 


Mn* bands at 408, 421, 430, 460, 


and 482; Fe** bands at 503, 524, 
and 564 


Johnson et al. (1999)/5 
Orange 

nr 
.799-1.800 
4.20-4.25 


Typical garnet growth bands and 
“fingerprints” 


Cutoff at 435, bands at 460, 480, 
and 530; weak 504 line 


band at 480-490; weak diffused band 
at 525-545. Also lines at 408, 421, 
and 430 


482, and 527 


570 nm. Within the near-infrared region were broad 
regions of absorption centered at about 1300 and 
1700 nm (the latter being very subtle], and two 
bands of low intensity around 2300 nm. 


DISCUSSION 


For several decades, the Ramona area was the prin- 
cipal source of the world’s high-quality spessartine 
gemstones. Other historic localities for gem-quality 
spessartine include Madagascar (Tisdall, 1962), 
Amelia, Virginia (Sinkankas and Reid, 1966; 
Sinkankas, 1968); Ceara, Brazil (Pough, 1965; 
Cassedanne and Cassedanne, 1977b); Minas Gerais 
and Rio Grande do Norte, Brazil (Bank et al., 1970, 
Cassedanne and Cassedanne, 1977a; Johnson and 
Koivula, 1999; Ferreira et al., 2000); Kenya 


Figure 17. This irregular-shaped etch channel in a 
0.61 ct spessartine is bounded on both sides by strong 
growth lines. Photomicrograph by John I. Koivula; 
magnified 15x. 


(Medenbach et al., 1978); and Sri Lanka (Noor Deen, 
1984). Myanmar and India have also been reported 
as spessartine sources (Webster, 1994). More recent- 
ly, gem spessartine has been recovered from 
Pakistan (Henn, 1996; Johnson and Koivula, 1996b) 
and Mozambique (Bank et al., 1998). Particularly 
fine material has been produced from Namibia 
(Koivula et al., 1993; Lind et al., 1994; Johnson and 
Koivula, 1996a), Nigeria (Milisenda and Zang, 1999, 
Zang et al., 1999), and Zambia (Johnson et al., 1999). 
All of these deposits probably have a common geo- 
logic origin (granitic pegmatites), except for those in 
Namibia. The gemological and chemical character- 
istics for spessartine from Ramona are discussed 
below and compared to data from other localities. 
Ramona spessartine that is most likely to be 
seen in the gem trade is characterized by an intense 


Figure 18. Raman analysis confirmed that this 
rough-surfaced, irregular platy inclusion is albite. 
Photomicrograph by John I. Koivula; magnified 15x. 
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Figure 19. Surrounded by a stress fracture, this Figure 20. These three minute colorless crystals sur- 


black inclusion in spessartine was identified as rounded by tension fractures appear to be zircon, 
columbite by Raman analysis. Photomicrograph but they could not be identified by Raman analysis 
by John I. Koivula; magnified 10x. due to their size and position within the stone. 


Photomicrograph by John I. Koivula; magnified 20x. 


TABLE 2. Chemical composition of gem-quality spessartine from various deposits.* 


Ramona, California? Minas Gerais, Rio Grande do Norte, Sahatany Valley, Maevatanana, 
Brazil Brazil? Madagascar? Madagascar 
Reference This study This study This study This study This study This study This study This study 
Description Lt. orangy yellow,  Med.-It.orangy  Med.-It. orange- Med. yellow- Orange-yellow, Lt. orangy yellow to Orange-yellow, Orange-yellow, 
0.48 ct, yellow, 0.70 ct, yellow,1.15 ct, orange, 0.92 ct, fragment yellowish orange, fragment fragment 
R.L=1.799 R..=1.800 R..=1.801 R.1.=1.802 fragments 
Oxides (wt.%) 
SiO, 36.30 36.58 36.71 36.32 36.36 36.57—36.72 36.52 36.35 
Al,0, 20.56 20.38 20.28 20.49 20.78 20.15—20.85 20.78 20.86 
TiO, 0.07 0.06 0.07 0.04 na 0-0.16 na na 
MnO 40.67 40.02 38.33 37.16 39.09  34.97-41.25 35.81 35.89 
MgO <0.01 <0.01 <0.01 <0.01 <0.01 0.44-1.48 <0.01 <0.01 
FeO! 2.06 2.89 3.62 4.64 3.04 1.03-4.83 4.23 3.39 
CaO 0.18 0.07 0.06 0.06 0.57 0.39-0.40 1.81 2.85 
Total 100.019 100.05" 99.07 98.71 99.84 99.76-99.69 99.15 99.34 
End members 
(mol.%) 
Spessartine 94.8 93.2 91.3 88.8 91.3 82.0-94.6 84.7 83.8 
Almandine 47 6.6 85 11.0 7.0 2.4-10.9 9.9 78 
Grossular 0.5 0.2 0.2 0.2 17 1:2 5.4 8.4 
Pyrope _— _ _ — _— 1.8-6.0 _ — 


@ Abbreviations: It.=light, med.=medium, na=not analyzed, nr=not reported. Analyses performed for this study used a Cameca SX-50 
electron microprobe, with minerals or synthetic compounds as standards, an accelerating voltage of 20 kV, sample current of 15 mA, and 
the data correction procedure of Pouchou and Pichoir (1985). The following elements also were sought but not detected’ (detection limits 
shown are wt.%). F=0.21, Na,O=0.02, P,O;=0.02, Sc,0,;=0.05, TiO,=0.08, V,0;=0.05, Cr,0,=0.04, ZnO=0.09, SrO=0.02, Y;0,=0.07, 
SnO,=0.05.. All other analyses were by electron microprobe, except for the Nigerian spessartine (by SEM-EDS). In addition, 50 electron 
microprobe analyses of spessartine from the Amelia, Virginia, yielded Sps,,Alm,,Gro, to SpS,;Alm,Gro, (Sinkankas and Reid, 1966). 
Major- and trace-element data for spessartine-almandine garnets from several localities is presented in Taylor (1998). 

© Chemical data on Ramona spessartine is found in several publications. Taylor et al. (1979) determined an oxygen isotope value (8'O) of 
+5.4%o for a pocket crystal from the Hercules-Spessartite dike. In a sample containing 3.0% Fe, Foord et al. (1989) recorded the following 
trace elements by emission spectrometry: 0.07% Ca, 0.05% Ti, 0.0015% Mg, 70 pom Sc, 70 pom Ge, 150 ppm Y, 50 pom Zr, 30 pom 
Nb, 70 pom Gad, 50 pom Dy, and 3 pom Yb. Taylor (1998, p. 37) recorded average values of 0.39 wt.% P,Q; and 0.17 wt.% TiO,, and no 
Zr or F, in two electron microprobe analyses of a sample with an average composition of SpSg4gAIM,4 Gro, 4; additional trace elements 

were measured by direct-coupled plasma emission spectrometry (opm)—Li=21, Nb=83.5, Cs=1.5, Ta=27.5, Pr=0.3, Nd=1.8, Eu=0.5, 

Gd=1.5, Tb=0.3, and Dy=6.1. See also Foord and Kleck (1993). 

°See also Bank et al. (1970). 

Range from 21 analyses of three samples from the Alto Mirador mine. 

®See also von Knorring and Baldwin (1969) and Schmetzer et al. (2007). 

‘All iron is reported as FeO. 

9Also contained 0.17 wt.% PO;. 

"Also contained 0.05 wt.% P.O; 
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Figure 21. Parallel planar growth zoning was con- 
spicuous in a few of the spessartines, with angular 
and irregular growth patterns also noted. 
Photomicrograph by John I. Koivula; magnified 10x. 


Namibia Nigeria Pakistan Zambia 
Lind et al. (1994) Zang et al. (1999) Henn (1996) This study 
Orange Orange-yellow Orange-red to Orangy yellow, 
“cherry” red fragment 
33,93-36.70 36.1 36.39 36.5 
18.87—20.35 21.4 20.60 20.79 
up to 0.11 or or ar 
37.63—-42.60 40.6 36.98 40.86 
2.71-3.20 0.94 nr <0.0 
0.89-1.08 0.64 4.45 1.53 
0.41-0.58 0.27 1.58 0.22 
99.18-100.47 99.95 100.00 99.91 
84.0-87.0 up to 94 85.3 95.8 
1.9-2.0 1.5-11 10.1 3.5 
1.1-1.4 nr 4.6 07 
9.8-12.6 3.5 _ _ 


orangy yellow to yellowish orange color; R.I. values 
of 1.799-1.803; S.G. values of 4.19-4.26; internal 
features consisting most commonly of wavy planes 
of partially healed fractures, negative crystals, and 
growth patterns (planar, angular, and irregular); and 
absorption bands at approximately 460, 480-485, 
504, 520-525, and 570 nm, with a cutoff at 
435-440 nm. 

To the best of our knowledge, Tisdall (1961) pub- 
lished the only other article on the gemology of 
Ramona spessartines. He reported a higher R.I. 
value (>1.81) than we measured in our samples. 
However, our values are similar to those reported 
for spessartine by Stockton and Manson (1985: 
1.798-1.808), as well as by Liddicoat (1989) and 
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Figure 22. Anomalous birefringence was evident as 
irregular patterns with diffuse boundaries in all the 
spessartine samples. Here, planar growth zoning 
transects an area showing anomalous birefringence. 
Photomicrograph by John I. Koivula; magnified 10x. 


Webster (1994): 1.790-1.797 or 1.789-1.790. Our 
RI. values also are consistent with those reported 
for other localities (see table 1), with the exception 
of Namibian spessartine with its lower range 
(1.789-1.797). Also, reported values for samples 
from Madagascar and Mozambique were over the 
limits of a standard refractometer (>1.81). Sinkankas 
and Reid (1966) documented somewhat lower RL. 
values of 1.795-1.798 for near-end-member spessar- 
tine from Amelia, Virginia, and a general increase in 
R.I. with increasing iron content and darker color 
(e.g., approximately 1.808 for compositions around 
Sps,,Alm,.). We also recorded a general increase in 
R.I. with darker color. In the four chemically ana- 
lyzed samples, there was a systematic correlation of 
R.I. with spessartine-almandine content: 1.799 to 
1.802 for Spso, gAlm, ,Grog , to Spsgg gAlm, | gGro9 ». 

The S.G. values we obtained, 4.19-4.26, were 
higher than the 4.17 value determined by Tisdall 
(1961) using ethylene dibromide, and also higher 
than the general range given by Liddicoat (1989) 
and Webster (1994) for spessartine: 4.12-4.18 and 
4.12—4.20, respectively. However, our values fall 
within the range Stockton and Manson (1985) 
determined for spessartine (4.18—4.27), and they are 
comparable to those reported for spessartine from 
some other localities (i.e., Brazil, Nigeria, and 
Zambia; see table 1). 

The features we observed with magnification are 
consistent with the “fingerprints” (partially healed 
fractures) and angular three-phase inclusions that 
Tisdall (1961) found in his four samples of Ramona 
spessartine. The negative crystals and growth zon- 
ing seen in our samples also have been previously 
noted (Rouse, 1986 and Liddicoat, 1970, respective- 
ly; see also table 1). However, the linear clouds and 
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inclusions of albite and columbite identified in this 
study have not been reported in spessartine from 
other localities. It was not surprising to find albite 
inclusions, since Ramona spessartine is commonly 
intergrown with albite (cleavelandite]. Also, Nb-Ta 
oxides such as columbite are relatively common in 
late-stage albitic mineral assemblages in granitic 
pegmatites (see, e.g., Cerny, 1992). Inclusions of 
schorl also have been reported in spessartine from 
Ramona (E. Gray, pers. comm., 2001), but not from 
other localities. 

The four Ramona samples we analyzed by elec- 
tron microprobe were similar in chemical composi- 
tion to those from the other pegmatite localities in 
table 2 (i.e., all but Namibia), although higher calci- 
um contents were recorded in spessartines from 
most of the other deposits. The highest Mn con- 
tents (i.e., spessartine component) were measured in 
samples from Ramona, Zambia, Brazil (Rio Grande 
do Norte}, and Nigeria. The lowest Fe contents (i.e., 
almandine component) were found in material from 
Nigeria and Namibia. The compositions of samples 
analyzed from Madagascar and Pakistan are similar 
to one another, and show higher Ca and lower Mn 
than the others. The Namibian spessartine is 
enriched in magnesium compared to the others, 
reflecting its unique geologic environment within 
metamorphic rocks. Magnesium is not typical of 
granitic pegmatites (Cerny et al., 1985), although 
traces may be derived from host rocks surrounding 
a pegmatite. 

The visible absorption features we observed are 
comparable to data reported by Tisdall (1961) for 


Vis-NIR ABSORPTION SPECTRA 


Ramona spessartine. The Mn** bands (at approxi- 
mately 409, 421, 430, 460, and 483 nm) recorded in 
our samples also are consistent with those measured 
by Lind et al. for spessartine from Ramona and 
Namibia (see also Manning, 1967; Stockton and 
Manson, 1985). Also, Fe**-related bands at approxi- 
mately 504, 525, and 570 nm in our samples are con- 
sistent with those reported by Lind et al. and 
Stockton and Manson. However, additional Fe?*- 
related bands at 610 and 690 nm recorded in 
Ramona spessartine by Lind et al. were not evident 
in the samples we analyzed (again, see figure 2.3). 

Overall, the absorption spectra of the four 
Ramona samples were similar, as expected from 
their relatively narrow range in color and composi- 
tion (again, see figure 13 and table 2). The spectra 
were dominated by an intense Mn** absorption at 
approximately 409 nm (again, see figure 23); this 
peak is actually the result of combined strong 
absorptions at 407 and 411 nm (Stockton and 
Manson, 1985). The darker samples showed a subtle 
increase in the strength of the 504 and 570 nm 
peaks, as expected from the spectroscope and chem- 
istry results. The Mn?* peaks at approximately 430, 
460, and 483 nm in the darkest sample were less 
defined than in the other samples. 

The broad regions of absorption in the near- 
infrared region (at about 1300, 1700, and 2300 nm) 
may be due to traces of hydroxyl groups (compare to 
Lind et al., 1994). Hydrous components in garnet 
are most easily detected in the infrared spectra (as 
absorption bands in the 3600 cm=! region), which 
were not collected in this study; traces of hydrogen 


Figure 23. This UV-Vis-NIR absorp- 
tion spectrum of a 0.70 ct medium- 
light orangy yellow spessartine is 
representative of the Ramona mate- 
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rial. It shows a dominant peak at 
409 nm, with additional strong 
peaks at 421 and 430 nm and sever- 
al smaller peaks; broad regions of 
absorption in the near-infrared are 
located at around 1300, 1700, and 
2300 nm. The inset shows the 
absorption spectra of all four sam- 
ples pictured in figure 13 in the visi- 
ble region (400-700 nm). Note the 
subtle increase in the strength of the 
504 nm peak in the darker samples. 
The four samples measured 2.9-4.3 
mm from table to culet; path dis- 
tances of the beam could be signifi- 
cantly longer. 
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(expressed as 0.038 wt.% H,O) were found in 
Ramona spessartine by Rossman et al. (1988) by 
nuclear reaction analysis. 

According to Fritsch and Rossman (1987), the 
orange color of spessartine is caused by Mn?* in a 
site with distorted cubic coordination. Iron causes 
the intrinsic yellow-orange color of spessartine to 
darken into red and brown hues (Sinkankas and 
Reid, 1966). The orangy yellow to brownish orange 
color seen in Ramona spessartine is due to a combi- 
nation of absorptions from Mn** and Fe*. 


Identification. Our review of the literature 
revealed no report of the growth of gem-quality 
spessartine in the laboratory, and we know of no 
treatments done to the natural material. 
Spessartine may resemble orange grossular, and at 
one time the Ramona material was thought to be 
hessonite (Sinkankas, 1959); it was called 
“hyacinth” (a varietal name for orange grossular] 
by the locals in the early years of mining (L. 
Spaulding Jr., pers. comm., 2001). Stockton and 
Manson (1985) studied three types of reddish 
orange garnet that could be confused with one 
another—“malaya,” grossular, and spessartine- 
almandine—and found they could be separated by 
their R.I. values and spectroscope spectra. 

Spessartine also may resemble zircon, sphene, 
topaz, and citrine (Liddicoat, 1989), but these can 
be separated easily with standard gemological test- 
ing. Federman (1994) noted the similarity between 
spessartine and Mexican fire opal, but also pointed 
out their obvious gemological differences. 
Spessartine also resembles the rare gem clinohu- 
mite, but the two minerals can be readily separated 
on the basis of optical properties and UV fluores- 
cence (Hyrsl, 2001). 
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CONCLUSION 


The historic Little Three mining area in Ramona, 
California, was the principal source of gem-quality 
spessartine for most of the 20th century. Most of the 
spessartine production occurred sporadically from 
1956 to 1994. An estimated total of 40,000-50,000 
carats of facetable rough was mined chiefly from the 
Hercules-Spessartite and the Spaulding dikes, within 
vuggy corroded pegmatite and small “pockets.” 

Ramona spessartines characteristically are a 
bright orangy yellow to yellowish orange, with few (if 
any) eye-visible inclusions. Internal features such as 
wavy planes of partially healed fractures, anomalous 
birefringence, and growth patterns are comparable to 
spessartine from other localities, but linear clouds, 
inclusions of albite and columbite, and the common 
occurrence of negative crystals in the study samples 
appear unique to Ramona. Four analyzed samples of 
the characteristic color range were spessartine rich: 
SPSp4 gAlm, ,Gro, < to Spsgy Alm, , (Gro, ,. Absorption 
spectra showed corresponding strong peaks for Mn?* 
and subordinate Fe* features. 

Because the most accessible portions of the 
Ramona spessartine-bearing pegmatites have been 
mined, a significant investment in time and work 
will be necessary before commercial production can 
resume. Also, in recent years, the Ramona locality 
has been overshadowed by abundant production of 
spessartines from Namibia and Nigeria. Never- 
theless, the price of fine spessartine (as reported by 
The Guide) appears to be stable, and the highest- 
quality material is gradually increasing in value. 
With the greater popularity of spessartine in both 
high-end jewelry and mass-produced goods 
(Henricus, 2000}, the stone is in strong demand by 
the gem trade. Certainly any future production of 
Ramona spessartine will find a ready market. 
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dence and discussion. Dr. David London reviewed box A. BL 
appreciates the inspiration from the late Eugene Foord, and thanks 
Jeffrey Patterson (University of Calgary, Alberta, Canada) for _ initial 
field excursions to Ramona. We appreciate the assistance of Harold 
and Erica Van Pelt, Jeff Scovil, Bernadine Johnston, Buzz Gray, 
John Sinkankas, Cal and Kerith Graeber, and Maha Tannous in 
supplying jphotographs. 
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PINK TO PINKISH ORANGE 
MALAYA GARNETS FROM 
BEKILY, MADAGASCAR 


By Karl Schmetzer, Thomas Hainschwang, Lore Kiefert, and Heinz-Jirgen Bernhardt 


Malaya garnets from Bekily, Madagascar, are predominantly pink to pinkish orange, with some stones 
orange to red. Discovered only in the late 1990s, the majority are intermediate members of the pyrope- 
spessartine series with variable contents of almandine and subordinate grossular. The refractive index, 
specific gravity, and color of these garnets are related to their iron and manganese contents. Inclusions 
identified by Raman analysis are rutile needles and platelets, graphite, quartz, apatite, zircon, and silli- 
manite. Negative crystals were also seen. Important differences in predominant color and chemistry were 
noted when the Bekily garnets, only the second commercial source of malaya garnet, were compared to 
malaya garnets from East Africa, which have been available since the late 1970s. 


produces attractive color-change (blue-green to 

purple) garnets (Schmetzer and Bernhardt, 
1999), also has produced garnets that are mainly 
pink to pinkish orange (figure 1), and less common- 
ly orange to red. These garnets first appeared in the 
local market about 1997. 

Pyrope-spessartines that contain only minor 
amounts or traces of vanadium and chromium have 
been reported to occur in colors ranging from pink 
to red to orange and even yellow-orange (see, e.g., 
Rouse, 1986; Arem, 1987; and Dirlam et al., 1992). 
Until recently, the only commercial source for this 
type of garnet was the large mining area in East 
Africa that covers various localities in northern 
Tanzania and southern Kenya, which is commonly 
referred to as the Umba mining region. Gemological 
and chemical data for the Umba garnets were pub- 
lished by Saul et al. (1978), Jobbins et al. (1978), 
Schmetzer and Bank (1981a,b), and Stockton and 
Manson (1982); a detailed examination of inclusions 
appeared in Gtibelin (1981). Various trade names 
such as “malaya” (malaia), “umbalite,” and “pyral- 


he Bekily area of southern Madagascar, which 
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spite” have been applied to intermediate pyrope- 
spessartine garnets in this color range, but only 
“malaya” has found international acceptance in the 
trade and the literature (see, e.g., references above 
and Curtis, 1980; Stockton and Manson, 1985; 
Keller, 1992; and Hanni, 1999). Limited amounts of 
rough are still mined in northern Tanzania and mar- 
keted as malaya garnet (Karl Egon Wild, pers. 
comm., 2001). In this article, the term malaya is 
used for garnets that are pink to pinkish orange, as 
well as orange to red, that are composed primarily 
of pyrope-spessartine. Note, however, that there is 
no established definition of this term based on a pre- 
cise compositional range. 

[Editor’s note: Although a trade name, because 
of its long acceptance in the trade, for the balance 
of the article malaya will not be enclosed in quota- 
tions marks or capitalized. ] 


See end of article for About the Authors and Acknowledgments. 
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Figure 1. Malaya garnets 
from Bekily, Madagas- 
car, are predominantly 

pyrope-spessartine. The 
color of these six pink to 
pinkish orange samples 
(2.94—4.06 ct) is repre- 
sentative of more than 

97% of the commercial- 

ly available malaya gar- 
nets from this locality. 

Photo by Maha Tannous; 
incandescent light. 


A brownish pinkish orange pyrope-spessartine 
from an unknown locality reportedly in central 
Madagascar was documented by Johnson and 
Koivula (1998). Zylberman (1999) described a parcel 
of predominantly pink to pinkish orange pyrope- 
spessartine garnets from an unknown primary 
source in Madagascar. He included gemological 
properties and chemical data, and noted a distinct 
shift of color between daylight and incandescent 
light. A new occurrence of malaya garnets in 
Madagascar also was reported by Hanni (1999), but 
the exact locality was not provided. 

The present study was undertaken to character- 
ize the predominantly pink to pinkish orange gar- 
nets from the mining region near Bekily in 
Madagascar. The large number of intermediate 
pyrope-spessartines in this group make this locality, 
to the best of our knowledge, the second commer- 
cial source of malaya garnets in the world today. 
Samples of pink-to-red Bekily garnets in their host 
rock also were examined, as were faceted samples 
representing other colors of pyrope-almandine-spes- 
sartine. Last, the Madagascar samples are compared 
to malaya garnet from Umba in East Africa. 


LOCATION AND GEOLOGY 


The village of Bekily is located about 200 km 
northwest of Taolanaro (formerly Fort-Dauphin) in 
southern Toliara Province (figure 2). The mining 
area for the color-change garnets described by 
Schmetzer and Bernhardt (1999) is located about 
15 km north of Bekily; the malaya garnets docu- 
mented in the present article were excavated in 
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Figure 2. Malaya garnets are mined from an area 
north of Bekily in southern Madagascar’s Toliara 
Province. This area consists of high-grade meta- 
morphic rocks that have been subdivided into six 
tectonic zones. The Bekily belt is composed main- 
ly of sillimanite-cordierite-garnet gneisses. 
Modified from Windley et al. (1994). 
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Figure 3. Malaya garnets from Madagascar (here, 0.74-1.59 ct) reveal a distinct shift of color from pink or 
pinkish orange in daylight (left) to a more reddish pink or reddish orange in incandescent light (right). 
Microprobe analyses of the four samples pictured gave FeO contents from 6.65 to 9.89 wt.%, and MnO 
contents from 10.39 to 15.95 wt.%. Photos by Maha Tannous. 


garnet crystals as large as 3 mm. To determine the 
mineral assemblages of these specimens, we prepared 
petrographic thin sections of each for examination 
with a petrographic microscope. Several garnet crys- 
tals (i.e., 5-20) in each of four of the thin sections 
were analyzed by the Cameca electron microprobe 
mentioned above; a total of 77 point analyses were 
obtained. In addition, a garnet crystal was carefully 
removed from one rock sample and analyzed with 
the Adamas Advantage SAS 2000 spectrophotometer. 


RESULTS 


Characterization of the Garnet-Bearing Rock 
Samples. The rock samples were deeply weathered, 
partly decomposed gneisses consisting of the follow- 
ing mineral assemblage: garnet, quartz, plagioclase, 
sillimanite, rutile, graphite, zircon, and symplectite 
of unknown composition. Thus, the garnets are host- 
ed by sillimanite gneisses. This is consistent with 
previous work on rocks from southern Madagascar, 
including the Bekily belt (Windley et al., 1994). 


Visual Appearance and Gemological Properties of 
the Gem Garnets. Prior to cutting, the gem rough 
obtained by TH was visually examined to document 
its morphology and surface characteristics. These 
samples consisted mostly of irregular fragments that 
lacked external crystal faces. A minor fraction of the 
rough garnets, however, revealed a somewhat round- 
ed surface, similar to that typically seen on rolled 
pebbles from alluvial deposits. 

The faceted samples were predominantly pink to 
pinkish orange with a homogeneous color distribu- 
tion. They showed distinctly variable saturation, 
ranging from almost colorless, very light pink or 
very light pinkish orange, to intense pink, pinkish 
orange, brownish pink, orange-red, to red in day- 
light. The lighter colored garnets in particular 
exhibited a distinct color shift from pink or pinkish 
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orange in daylight to a more reddish pink or reddish 
orange in incandescent light (figure 3). One sample 
revealed an unusual orange coloration. 

The refractive indices and specific gravities of 15 
of the 31 malaya garnets are presented in table 1 
(M1—M15). The other 16 samples more or less dupli- 
cate the physical and chemical properties of the 15 
samples selected for the table. The garnets revealed 
a distinct variation in refractive indices from 1.739 
to 1.782 and in specific gravity between 3.77 and 
4.04 (figure 4A). Twenty-seven garnets revealed a 
narrower range of both refractive indices (i.e., 
between 1.747 and 1.766) and specific gravities 
(between 3.80 and 3.96) than the full group of 31, 
and this color group represented 97% of the 1,000 
faceted stones studied. 


Chemical Properties. Faceted Malaya Garnets. The 
31 faceted garnets analyzed were relatively homo- 
geneous; they did not show any distinct chemical 
zoning. The analyses of the 15 representative sam- 
ples (M1-M15) are given in table 1. The samples 
consisted of 24 to 70 mol.% pyrope and 13 to 59 
mol.% spessartine. Almandine varied from 4 to 25 
mol.%, and there were smaller percentages of 
grossular (3-5 mol.%)}. Calculating the garnet com- 
position for 12 oxygens and for both Fe** and Fe**, 
we found that iron in the trivalent state either was 
not present or was present in very small amounts 
(mostly <0.01 Fe*+ atoms per formula unit). This 
indicates a very small andradite component if pre- 
sent at all (cf. Spectroscopic Properties). Traces of 
vanadium and chromium were always present and 
are calculated as the goldmanite and uvarovite 
molecules, respectively, in table 1. 

A plot of refractive index versus the sum of FeO 
+ MnO (figure 4B) shows the variation of this opti- 
cal property with chemical composition. A similar 
diagram (not shown) is obtained when specific grav- 
ity is plotted against the sum of FeO + MnO. These 
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TABLE 1. Physical and chemical properties of representative garnets from Madagascar. 


Bekily? 
Pyrope-almandine-spessartine (malaya), faceted gems 


Property M1 M2 M3 M4 M5 M6 M7 M8 NV) M10 M11 
Color Light Light Orange Pinkish Pink Pink Pink Pink Intense Pink Pink 
pink pink orange pink 

Refractive index 1.747 1.740 1.782 1.753 1.748 1.748 1.749 1.750 1.754 1.758 1.755 

Specific gravity 3.80 3.78 4.04 3.89 3.81 3.85 3.85 3.85 3.86 3.88 3.89 

Microprobe 

analyses (wt.%)° 
Si0, 40.96 41.24 38.68 40.97 40.69 39.94 41.91 41.33 39.93 41.29 40.34 
TiO, 0.01 0.01 0.09 0.06 0.05 0.04 0.05 0.06 0.04 0.04 0.03 
Al,0, 23.59 23.94 22.10 23.27 23.14 22.85 23.84 23.61 23.01 23.83 23.34 
Cr,0, 0.09 0.05 0.07 0.04 0.06 0.10 0.07 0.09 0.16 0.05 0.05 
V,0, 0.11 0.08 0.08 0.04 0.05 0.07 0.08 0.09 0.16 0.03 0.05 
Fe0° Pils) 2.00 5.65 3.61 3.60 411 4.45 5.7/5 6.99 9.73 10.07 
MnO 14.81 12.44 26.63 16.72 13.50 sss 13.04 12.70 12.82 WS 10.42 
MgO. 16.94 19.07 6.17 14.89 16.46 15.96 16.65 15.81 14.69 14.93 15.31 
CaO 1.81 1.26 177 1.23 1.70 1.68 1.81 1.98 2.03 1.05 1.07 
Total 100.45 100.09 101.24 100.83 99.25 98.28 101.90 101.42 99.83 102.52 100.68 
FeO:MnO 0.14 0.16 0.21 0.22 0.27 0.30 0.34 0.45 0.54 0.84 0.97 

Cations! 
Si 2.973 2.965 2.993 3.000 2.991 2.977 2.999 2.989 2.963 2.982 2.965 
Ti 0.001 0.001 0.005 0.003 0.003 0.002 0.003 0.003 0.002 0.002 0.002 
Al 2.018 2.028 2.016 2.008 2.005 2.007 2.010 2.012 2.012 2.029 2.022 
Cr 0.005 0.003 0.004 0.002 0.004 0.006 0.004 0.005 0.009 0.003 0.003 
V 0.006 0.005 0.005 0.002 0.003 0.004 0.005 0.005 0.010 0.002 0.004 
Fe 0.129 0.121 0.366 0.221 0.221 0.256 0.266 0.348 0.434 0.588 0.619 
Mn 0.910 0.757 1.746 1.036 0.841 0.854 0.790 0.778 0.806 0.708 0.649 
Mg 1.832 2.043 0.714 1.625 1.804 1.773 1.775 1.704 1.625 1.607 1.676 
Ca 0.141 0.097 0.147 0.096 0.134 0.134 0.139 0.154 0.161 0.081 0.085 

Mol.% end members® 
Pyrope 60.8 67.7 23.9 54.6 60.1 58.8 59.8 57.1 53.7 53.9 bo8 
Spessartine 30.2 25. 58.8 34.8 28.0 28.3 26.6 26.1 26.6 2oKh 21.4 
Almandine 43 40 123 74 74 8.5 9.0 11.7 14.3 19.7 20.4 
Grossular 42 2.9 45 3.0 42 3.9 43 48 44 2.5 D5 
Goldmanite 0.3 0.2 0.2 0.1 0.1 0.2 0.2 0.2 0.5 0.1 0.2 
Uvarovite 0.2 0.1 0.2 0.1 0.2 0.3 0.2 0.2 0.4 0.1 0.1 


a Samples from Bekily are arranged according to increasing FeO:MnO ratio. All samples are faceted except for A-D, each of which consists of several 
grains in petrographic thin sections; nd = not determined. 


» Average composition of 10 analyses each, except for samples A (19), B (15), C (6), and D (37). 

© Total iron as FeO. 

2 Calculated on the basis of 12 oxygens. 

© Pyrope=Mg_Al,Si,O,2, Spessartine=Mn,Al,Si;0,, Almandine=Fe3* Al,Si,O,., Grossular=Ca,Al,Si;0;, Goldmanite=Ca,V3* Si,O,., Uvarovite=Ca,Cr,Si,O;>. 


results explain the variability of some optical and lyzed samples have almost equal spessartine and 
physical properties with chemical composition in almandine contents (samples M11, M12, and M13 
individual samples. in table 1, plus three samples not listed in the table). 
The chemical variability of the Bekily garnets is Two garnets (samples M14 and M15 in table 1) have 
revealed in figure 5. Most (27 samples) plot in a rela- distinctly higher percentages of almandine than 
tively small area of the pyrope-almandine-spessar- spessartine. The samples in table 1 illustrate the 
tine ternary diagram. These samples represent more broad range of compositions within pyrope-alman- 
than 97% of the 1,000 faceted malaya garnets from dine-spessartine for the pink, pinkish orange, 
Bekily that we examined, that is, those with a pre- orange-red, or red garnets from Bekily. 
dominantly pink or pinkish orange—but sometimes 
orange red or red—coloration. Gamets from Rock Specimens. Chemical data for 
Although most samples are members of the the garnet grains analyzed in four petrographic thin 
pyrope-spessartine series with smaller percentages sections are also presented in table 1 (samples A-D); 
of almandine than spessartine, six of the 31 ana- all were homogeneous except for small chemical 
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Bekily# 


Madagascar (unspecified), faceted gems 


Garnets from rock samples Pyrope- 
Spessartine almandine 
M12 M13 M14 M15 A B C D S PAI PA2 R 
Light Orange- Pink Red Pink to Pink to Pink to Pink to Orange Red Red Purplish pink 
pink red red red red red (rhodolite) 
1.739 1.754 1.760 1.756 nd nd nd nd 1.802 1.753 1.760 1.750 
3.77 3.86 3.93 3.87 nd nd nd nd 4.19 3.83 3.88 3.84 
41.44 39.99 39.41 40.86 38.90 39.11 39.40 39.58 35.83 40.30 40.20 42.30 
0.04 0.06 0.02 0.05 0.02 0.01 0.02 0.02 0.04 0.05 0.05 0.01 
23.32 23.31 22.88 23.00 22.48 22.60 22.74 22.91 20.71 23.10 23.28 24.14 
0.08 0.12 0.05 0.19 0.15 0.09 0.08 0.09 0.01 0.11 0.04 0.03 
0.09 0.17 0.04 0.08 0.06 0.06 0.07 0.06 0.01 0.13 0.05 0.01 
6.11 9.65 12.12 11.75 17.20 16.56 16.32 16.79 3.51 14.41 19.24 16.79 
6.25 9.18 10.09 7.83 8.74 8.34 8.07 5.78 38.32 3.39 1.29 0.20 
19.41 15.62 14.03 15.07 10.49 11.39 11.96 13.37 0.01 16.18 15.18 18.27 
2.05 1.60 1.07 1.90 1.63 1.38 1.36 1.19 0.46 1.68 1.56 1.02 
98.79 99.70 99.71 100.73 99.67 99.54 100.02 99.79 98.90 99.35 100.89 102.77 
0.98 1.05 1.20 1.50 1.97 1.99 2.02 2.90 0.09 4.25 14.90 84.90 
2.998 2.954 2.954 2.995 2.974 2.976 2.975 2.969 2.981 2.975 2.956 2.986 
0.002 0.003 0.001 0.003 0.001 0.001 0.001 0.001 0.003 0.003 0.003 0.001 
1.989 2.029 2.020 1.987 2.026 2.027 2.024 2.025 2.031 2.009 2.018 2.009 
0.004 0.007 0.003 0.011 0.009 0.005 0.005 0.005 — 0.007 0.003 0.002 
0.005 0.010 0.003 0.005 0.004 0.004 0.004 0.004 — 0.008 0.003 — 
0.370 0.596 0.760 0.720 1.100 1.054 1.030 1.054 0.245 0.889 1.183 0.991 
0.383 0.575 0.640 0.486 0.567 0.538 0.516 0.367 2.700 0.212 0.080 0.012 
2.093 1.720 1.568 1.647 1.194 1.292 1.346 1.494 0.002 1.780 1.664 1.932 
0.159 0.127 0.086 0.149 0.134 0.113 0.110 0.096 0.041 0.133 0.123 0.077 
69.7 57.0 ils) 54.9 39.9 43.1 44.8 49.6 0.1 59.1 54.6 64.1 
12.7 19.1 21.0 16.2 18.9 18.0 V2 12.2 90.4 7.0 2.6 0.4 
128 19.7 24.9 24.0 36.7 BO 34.3 35.0 8.2 29.5 38.8 32.9 
48 3.4 2.6 43 3.9 3.4 3.3 28 14 Sh 3.8 2) 
0.3 0.5 0.1 0.2 0.2 0.2 0.2 0.2 — 0.4 0.1 = 
0.2 0.3 0.1 0.5 0.4 0.2 0.2 0.2 = 0.3 0.1 0.1 


variations (about 2 wt.% for FeO, MgO, or MnO). 
The color of the larger garnet crystals seen macro- 
scopically in the hand specimens was almost identi- 
cal to that of the malaya garnets with the highest 
iron contents, such as samples M14 and M15, but 
the crystals had distinctly higher iron contents (and, 
therefore, higher almandine percentages—34 to 37 
mol.%) than those measured for the 31 faceted sam- 
ples, as also seen in figure 5. 


Spectroscopic Properties. The absorption spectra of 
our sample Bekily garnets revealed a series of 
absorption bands of variable intensity (figure 6). The 
intensities of some of the absorption bands directly 
correlated to the iron and manganese contents of 
the garnets determined by electron microprobe. Six 
typical absorption spectra are shown in figure 6A, 
arranged according to FeO:MnO ratio. 

One rough garnet removed from sample A 
revealed an absorption spectrum similar to that of the 
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faceted garnet sample M15, which showed one of the 
highest iron contents of our 31 samples (figure 6B). 


Features Observed with the Microscope. When 
examined with crossed polarizers, all samples 
revealed strong anomalous double refraction, occa- 
sionally parallel to growth planes that form angles of 
150° to one another (figure 7). This angle occurs in 
garnet between faces of the most common forms, 
namely, the dodecahedron {110} and the trapezohe- 
dron {211}. Anomalous double refraction caused by 
internal strain is characteristic of pyrope-almandine- 
spessartine-grossular garnets (Hofmeister et al., 1998). 

Most samples contained a three-dimensional 
network of oriented rutile needles (figure 8). 
Occasionally we also observed oriented platelets or 
elongated tabular crystals that were identified as 
rutile by Raman analysis (figure 9). 

A variety of other mineral inclusions were identi- 
fied in the 17 samples selected for Raman analysis. 
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1.79 


A © Spessartine R Six samples contained unoriented, irregularly shaped 
i o Pyrope-almandine platelets of graphite, some surrounded by tension 
: sae ine cracks (figure 10). Five garnets had irregularly shaped 


quartz inclusions (figure 11). Prismatic apatite crys- 
tals, sometimes with slightly rounded edges, were 
identified in six samples (figure 12). Negative crys- 
tals resembling typical garnet morphology were seen 
in six samples (figure 13); in transmitted light, these 
cavities appeared opaque (again, see figure 9). Three 
of the samples contained zircon inclusions with ten- 


sion cracks (figure 14). Occasionally, mineral inclu- 
scat aE GUE INS od TS os ECG anu us Te sions were seen at the center or at the tip of a mitile 
Specific Gravity needle (figure 15), these inclusions were identified as 


quartz. In one garnet, oriented tabular rutile crystals 
were surrounded by small quartz crystals. In another 
sample, we identified minute needle-like to fibrous 
inclusions as sillimanite. 

In general, the mineral inclusions reflect the 
mineral assemblages that were identified in the thin 
sections of the garnet-bearing rock specimens (i.e., 
graphite, quartz, rutile, zircon, and sillimanite). 


Refractive Index 


DISCUSSION 
Nomenclature. All samples analyzed were pyrope- 
spessartines or pyrope-almandine-spessartines. 
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 Using the nomenclature proposed by Stockton 
FeO + MnO (wt.%) and Manson (1985), most of the samples we analyzed 


were pyrope-spessartines (again, see figure 5). Three 


i i .g., M2 and M12 in table 1 
Figure 4. The 31 faceted garnet samples from Bekily light pink garnets (see, ¢.g,, oe aa 


showed a positive correlation between refractive 
index and specific gravity (A). The low Fe,Mn-bear- 
ing pyropes (e.g., M2 and M12 in table 1) showed 
the lowest values, and the Mg-rich spessartine sam- 
ple (M3) had the highest values. A positive correla- 
tion between refractive index and FeO + MnO con- 
tent was also evident (B). 


Spessartine 


Pyrope-almandine-spessartine 
(Bekily) 


Pyrope-almandine-spessartine 
(Bekily rock samples) 


Mn-bearing pyrope-almandine 
(Madagascar) 


Pyrope (Bekily) 
Rhodolite (Madagascar) 


Spessartine (Bekily) 


@*etege¢e#e 


Spessartine (Madagascar) 


Figure 5. Garnet samples from Bekily (circles), in the 
color range typically associated with malaya garnets 
from this locality, plotted in a relatively small area 

on this diagram that corresponded to pyrope- 
spessartine, with a few exceptions. The Bekily 
garnets from the rock samples showed signifi- 
cantly more almandine component. Four 
garnet samples from unspecified localities 
in Madagascar also were analyzed for 
comparison (diamonds). 


Pyrope Almandine 
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Vis-NIR ABSORPTION SPECTRA 


are low manganese- and iron-bearing pyropes. One 
orange sample (M3) was spessartine with a high mag- 
nesium (pyrope) content; in both color and chem- 
istry, it appears to be unusual for stones from the 
Bekily area. Using the classification proposed by 
Hanneman (1997], only a few of our samples would 
be considered pyrope-spessartines; most would be 
described as pyrope-almandine-spessartines. In con- 
elt. rf trast, Lind et al. (1998) designated intermediate gar- 
ae ee nets of various colors with up to 20 mol.% spessar- 

is te tine as rhodolite. This nomenclature is inconsistent 
with both of the systems mentioned above, as well as 
with the purplish pink or purplish red color from 
which rhodolite garnet derives its name. 


Interpretation of Absorption Spectra. The absorp- 
tion features recorded in the Bekily garnets are due 
mostly to Fe** and Mn**. Assignment of the bands 
at 503, 610, and 687 nm to Fe* and at 483 nm to 
Mn" (table 2) is consistent with data from the liter- 


ABSORBANCE — 


400 ooo 70 abo soo 1000 ature (see, e.g., Moore and White, 1972). 
A general problem with the assignment of garnet 
an absorption bands is an overlap of several bands from 
V<490.57 525 968 B different elements in the visible range. Iron-rich gar- 


459 \ 4 < 

\ey “ne. \610 

Figure 6. Absorption spectra of six faceted malaya gar- 

nets from Bekily (A) show systematic variations accord- 

ing to their iron and manganese contents. The color of 

the samples varies from pink (at higher FeO:MnO ratios) 

to pinkish orange (at low FeO:MnO ratios). The top and 

bottom spectra are for samples M2 and M14, respectively 

400 500 600 700 800 900 1000 (see table 1); analyses for the other spectra are not shown 

WAVELENGTH (nm) in table 1. One faceted sample and one garnet from a 
rock specimen, both with relatively high iron contents 
(B), show similar absorption features and color. 


Rock sample A 


Figure 7. Anomalous double refraction was observed in all the Bekily garnet samples when examined between 
crossed polarizers (left; magnified 20x). Occasionally, internal strain parallel to growth planes was also observed. 
The growth planes are the most common forms for garnet: the dodecahedron {110} and the trapezohedron {211} 
(right; magnified 30x). Both taken in immersion with crossed polarizers. 
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nets without significant manganese contents were 
available to researchers studying this problem in the 
late 1960s and early 1970s, but samples of pure 
spessartine were not. Consequently, in pyrope- 
almandine spectra those bands not previously 
assigned to iron were assigned to manganese. 
Spectroscopic examination of synthetic iron-free 
spessartines and synthetic manganese-free 
almandines, however, revealed manganese absorp- 
tion bands at approximately the same positions as 
some iron absorption maxima (Langer and Frentrup, 
1979; Smith and Langer, 1983). These observations 
were later confirmed for iron-poor spessartines from 
Namibia and Nigeria (Lind et al., 1993, 1994; 
Milisenda and Zang, 1999; Lind and Henn, 2.000). 
On the basis of these references and our own 
results, the bands at 459 and 525 nm can be 
assigned to both Fe?* and Mn**. The intensities of 
these two bands vary only slightly in our samples 
with variable Fe:Mn ratios (again, see figure 6). 
Another overlap may be present at 569 nm. An 
iron band at this wavelength is commonly observed 
in iron-bearing rhodolites without significant man- 
ganese, vanadium, or chromium, but this band also 
has been attributed to V** and/or Cr** in garnets 


Figure 9. Occasionally, the net- 
work of rutile needles was associ- 
ated with birefringent rutile 
platelets; a negative crystal in the 
center appears opaque in trans- 
mitted light. Immersion, crossed 
polarizers, magnified 30x. 
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Figure 10. Tabular graphite crys- 
tals were identified in a few 

Bekily garnets, some surrounded 
by tension cracks. Magnified 50x 


Figure 8. Anomalous double 
refraction is frequently 
observed together with rutile 
needles in Bekily garnet sam- 
ples (left; magnified 30x). The 
image on the right shows the 
three-dimensional network of 
oriented rutile needles (magni- 
fied 40x). Both taken in immer- 
sion with crossed polarizers. 


(Amthauer, 1976; Schmetzer and Ottemann, 1979, 
Schmetzer et al., 1980; Schmetzer and Bernhardt, 
1999). Small amounts of V,O, and Cr,O, were 
recorded in our samples (table 1), so the absorption 
at 569 nm is partially due to these trace elements. 

A final overlap is also possible between Mn?* 
and Fe** at 430 nm. This band is seen in the spectra 
of Fe**-bearing garnet without manganese (i.e., hes- 
sonite, which is iron-bearing grossular). However, 
due to the intense Mn** absorption in the 410-430 
nm range, it is impossible to determine if a weak 
Fe** band is also present. 


Color and Color Causes. The intensities of the 
absorption maxima are related to the iron and man- 
ganese contents, and to the FeO:MnO ratio. Mn** 
and Fe?* both replace the Mg”* of “pure” pyrope gar- 
net, which is colorless. With increasing iron (i.e., 
with increasing almandine content), the color inten- 
sifies from very light pink or very light pinkish 
orange to an intense pink, or almost red (figure 16). 
Traces of vanadium and/or chromium also may con- 
tribute to pink coloration. With increasing man- 
ganese, the samples appear more orange, and may 
attain the color of near-end-member spessartines 


Figure 11. Irregular fragments of 
transparent crystals seen in some 
of the garnets were identified as 
quartz. The quartz inclusion 
shown here is intergrown with a 
rutile needle. Magnified 100x. 
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Figure 12. Apatite crystals, some 
with rounded edges, were identi- 
fied by Raman analysis. 
Immersion, crossed polarizers, 
magnified 80x. 


when iron contents are low (figure 17; see box A). 

Garnets of the pyrope-almandine series without 
significant manganese usually are purplish pink to 
purplish red (see figure 18). The absorption spectrum 
of sample R consists of iron-related bands (see table 2) 
and two distinct minima in the visible range, namely 
in the blue-violet and red regions. Small amounts of 
manganese (i.e., 1-3 wt.% MnO, samples PA] and 
PA2 in table 1) are sufficient to eliminate the purple 
color component, resulting in an intense red. This 
dramatic change (again, see figure 18) is caused by the 
strong manganese absorption bands in the violet 
region (i.e., at 410, 421, and 430 nm). 

The color of the Mn-bearing pyrope-almandine 
garnets we analyzed (samples PAI and PA2 in table 
1) resembles that of the orange-red, pink, or red gar- 
nets from Bekily with high Fe and relatively low 
Mn contents (e.g., samples M13 to M15). It is clear 
that an increase in MnO from about 3 wt.% (in Mn- 
bearing pyrope-almandines) to about 7-10 wt.% (in 
the malaya garnets from Bekily) does not strongly 
influence color. This also explains the similarity in 
color between the faceted malaya garnets with high 


Figure 15. In some samples, mineral inclusions— 
identified as quartz—were found at the center or 
tip of rutile needles. Magnified 120x. 
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Figure 13. Negative crystals 
with a garnet morphology were 
also seen in the Bekily material. 
Magnified 50x. 


Figure 14. Zircon crystals with 
tension cracks were seen rarely 
in the samples examined. 
Magnified 100x. 


TABLE 2. Assignment of absorption maxima ob- 
served in malaya garnets from Bekily, Madagascar. 


Absorption Fe@+ Mn?+ V+ and/or Fes 
maximum (nm) Cr+ 


410 
421 
430 
459 
483 
503 
525 
569 
610 
687 


<x KKK KX 
x< 


xxx«K <x OK 


iron contents and the relatively iron-rich garnet 
specimens in our rock samples. 

At least two other mechanisms are known that 
can change the color of pyrope-almandines from 
purplish pink or purplish red (rhodolites) to red or 
orange-red: (1) the superimposition of a chromium 
spectrum over the iron-related absorption bands, as 
in Cr-bearing pyropes that contain some iron; and 
(2) the superimposition of absorption bands related 
to Fe*+ (which are found in the same spectral range 
as the strongest manganese absorption bands, see 
table 2) over the Fe** spectrum (see also Manson and 
Stockton, 1981; Stockton and Manson, 1985). 


Comparison with Malaya Garnets from East Africa. 
Based on our observations and photographs in the 
literature (see, e.g., Stockton and Manson, 1982, 
1985; Rouse, 1986; Arem 1987; Dirlam et al. 1992), 
most malaya garnets from East Africa are intense 
orange, pinkish orange, or yellowish orange. Malaya 
garnet from Bekily also is pinkish orange, but the 
orange to yellowish orange material is uncommon. 
The chemical compositions of malaya garnets 
from East Africa (see especially Stockton and 
Manson, 1982) showed a larger compositional vari- 
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MnO (wt.%) 


FeO (wt.%) 


ation than our Bekily samples (figure 19). However, 
only a small fraction of the Umba samples actually 
fall within the compositional field of the 27 garnets 
that represent the color range of the majority of our 
samples from Bekily. Significantly, most Umba gar- 
nets contain distinctly higher amounts of man- 
ganese [i.e., a higher spessartine component). This 
accounts for the general differences in color seen 
between the two localities. 

Mineral inclusions in Umba malaya garnets con- 
sist of networks of oriented rutile needles, smaller 
black rutile prisms, numerous tiny apatites, quartz, 


Figure 17. The pink malaya garnet on the left has a 
lower manganese content (sample M7; 13.04 wt.% 
MnO) than the orange malaya garnet in the center 
(sample M8; 26.63 wt.% MnO). A spessartine (sam- 
ple S; 38.32 wt.% MnO) is shown on the right for 
comparison. The samples weigh 1.16-1.47 ct. 
Photo by Maha Tannous; incandescent light. 
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Figure 16. The color of 
malaya garnets is relat- 
ed to their chemical 
composition. With 
increasing iron, the 
pink component is 
intensified, and with 
increasing manganese, 
the orange color 
becomes stronger. The 
Bekily samples shown 
here weigh 0.72-1.46 
ct, and were taken 
from a photo by Maha 
Tannous in incandes- 
cent light. 


brown to reddish brown zircon, yellow to yellowish 
brown pyrite, black pyrrhotite, and (rarely) monazite 
(Giibelin, 1981). The negative crystals and graphite 
platelets described in the Bekily garnets have not 
been reported in malaya garnet from Tanzania. 


Comparison with Color-Change (Blue-Green to 
Purple) Garnets from Bekily. As noted above, garnets 
with a color change from blue-green to purple are 
mined in the vicinity of the malaya garnets described 
here (Schmetzer and Bernhardt, 1999). Both types of 


Figure 18. The pink and almost red malaya garnets on 
the left are relatively iron rich (samples M13 and M15), 
and have similar colors to the pyrope-almandine gar- 
nets with low manganese contents (samples PA1 and 
PA2, center and lower right). A rhodolite without sig- 
nificant manganese (sample R) is shown on the far 
right for comparison. The samples weigh 0.72-1.41 ct. 
Photo by Maha Tannous; incandescent light. 
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BOX A: SPESSARTINE-ALMANDINE GARNETS 
FROM MADAGASCAR 


Spessartine from Madagascar was documented by 
Tisdall (1962), but until recently (see Laurs and Knox, 
2001) no chemical data from gem-quality samples 
were published. Thus, we analyzed 12 representative 
spessartine and spessartine-almandine garnets from 
various unspecified locations in Madagascar (figure A- 
1). These samples were selected from several parcels 
totaling about 200 faceted spessartine and spessar- 
tine-almandine garnets in the orange, orange-brown, 
and brownish red to almost red color range. Chemical 
and physical properties of one spessartine sample 
(sample S) are presented in table 1. 

Microprobe analyses revealed 34.7-39.1 wt.% 
MnO and 2.4-8.2 wt.% FeO. Traces of calcium were 
present (0.2 and 0.5 wt.% CaO), and MgO was below 
0.05 wt.% in all samples. The chemical data correlate 
to 80.4-93.2 mol.% spessartine and 5.5-18.9 mol.% 
almandine. Grossular varies from 0.6 to 1.5 mol.%, 
and pyrope contents were ~0.1 mol.%. With increas- 
ing iron (i.e., almandine content), the color varied from 


garnets are members of the pyrope-spessartine series, 
with similar features. The only significant differences 
are the distinctly higher vanadium (about 1 wt.% 
V,O,) and chromium (about 0.20 wt.% Cr,O,) con- 
tents in the color-change garnets. 


Spessartine 


@ Malaya garnets (East Africa) 


@ Pyrope-almandine-spessartine 
(Bekily) 


@ Spessartine (Bekily) 
@ Pyrope (Bekily) 


Pyrope 


MALAYA GARNETS FROM MADAGASCAR 


bright orange to orange brown and almost red (again, 
see figure A-1). Also, as iron content increased, the 
refractive index and specific gravity values varied con- 
tinuously from 1.800 to 1.808 and from 4.15 to 4.22. 


Figure A-1. These samples (0.58 to 1.42 ct) show the 
range of color seen in spessartine-almandine garnets 
from Madagascar. With increasing almandine and 
decreasing spessartine percentages, the colors vary from 
bright orange to almost red. Photo by Maha Tannous. 


CONCLUSIONS 


Bekily, Madagascar, is a relatively new source of 
malaya garnets that are predominantly pink to 
pinkish orange members of the pyrope-spessartine 
series. Their colors are due to variable amounts of 
iron and manganese; in general, they contain lower 
amounts of manganese than most malaya garnets 
from East Africa. Some light pink garnets from 
Bekily are pyropes with relatively little manganese 
and iron. One orange sample from Bekily had an 
unusual composition: spessartine with high 
amounts of pyrope. Graphite platelets and negative 
crystals have not been reported in malaya garnets 
from East Africa. 


Figure 19. The malaya garnets from East Africa 
analyzed by Stockton and Manson (1982) showed 
a larger compositional variation than those from 
Bekily. Most of the East African samples had a 
higher spessartine component than the so- 
called malaya garnets from Madagascar. 


Almandine 
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the region between Bekily and the mines that are 
producing the color-change garnets. 

The geology of the Bekily area is characterized by 
a series of Precambrian high-grade metamorphic 
rocks (migmatites, mica schists, and gneisses) that 
are locally graphite bearing (Besairie, 1964; Windley 
et al., 1994). Several tectonic zones are present in 
this region. The garnet mines are located in the 
Bekily belt, which consists predominantly of silli- 
manite-cordierite-garnet gneisses derived from meta- 
morphosed sedimentary rocks (Windley et al., 1994). 


MINING AND PRODUCTION 


From the discovery of the deposit in 1997 to mid- 
1999, only a limited supply of rough was available. 
However, mining activities and production began to 
increase in summer 1999 and then grew until fall 
2.000 (producing some tens of kilograms of facet- 
grade material]. During this time, one of the authors 
(TH) purchased several parcels (weighing altogether 
about 1 kg) of crystal fragments for cutting. Mining 
activities and production have declined significantly 
since winter 2000. This is due to the generally small 
size of the garnet rough recovered, as well as to the 
discovery of ruby deposits at Vatomandry and Andi- 
lamena in winter 2000-2001, which enticed miners 
away from Bekily and other mining areas. 
According to local dealers, groups of four to 10 
workers mined the garnets from several pits along 
the mineralized “vein” where it outcropped on the 
surface. The pits reached depths of 10 m, at which 
level groundwater became a major problem. 
Production of facetable material was modest; nei- 
ther large stones nor large quantities of rough were 
usually found. TH calculated that of the approxi- 
mately 1 kg of mixed lots he purchased, 60% 
weighed less than 0.3 grams, and fewer than 4% 
exceeded 1 gram. The yield from this garnet rough 
was about 30% for the smaller sizes and up to about 
40% for the larger stones. He obtained about 1,600 
carats of faceted material from this 1 kg of rough. 
Because the pieces of rough are typically small, 
faceted stones over 2. ct are scarce and, according to 
local dealers, only rarely are 4-6 ct stones cut. The 
largest fine-quality faceted stone seen by TH weighed 
10.69 ct. The Umba region has produced significantly 
larger stones (e.g., 20-30 ct) and greater quantities. 


MATERIALS AND METHODS 


For the present study, we examined about 1,000 
faceted garnets from Bekily. These were predomi- 
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nantly pink to pinkish orange, but included some 
orange to red samples; all were in the color range 
typically associated with malaya garnets. About 900 
of these stones were purchased by TH directly from 
local dealers as rough crystal fragments mined in 
this area and then faceted outside Madagascar; the 
other approximately 100 samples were obtained 
from a European dealer who purchased several 
parcels of faceted garnets (stated to be from the 
Bekily area) in Madagascar in 1999 and 2000. 

We selected 31 samples—representing the full 
range of colors we observed—for detailed gemologi- 
cal, chemical, and spectroscopic characterization. 
These samples were tested by standard gemological 
methods for refractive index, fluorescence to long- 
and short-wave UV radiation, and specific gravity. 
We also examined these 31 samples for inclusions 
and internal structural features by standard micro- 
scopic techniques using different microscopes and 
lighting conditions both with and without immer- 
sion in methylene iodide. In addition, we examined 
all samples that were not selected for extensive ana- 
lytical testing to find solid inclusions other than the 
rutile needles noted in the 31 study samples. 
Finally, 17 garnets in which we found mineral 
inclusions were analyzed with a Renishaw 1000 
laser Raman microspectrometry system. 

For the same 31 samples mentioned above, we 
recorded UV-visible spectra with both a Leitz- 
Unicam SP 800 spectrophotometer and an Adamas 
Advantage SAS 2000 spectrophotometer. To deter- 
mine the quantitative chemical composition of 
these 31 samples, we used a Cameca Camebax SX 
50 electron microprobe, with a traverse of 10 point 
analyses measured across the table of each. 

To compare the malaya garnets from Bekily to 
other colors of pyrope-almandine-spessartine (pyral- 
spite in mineralogical nomenclature) garnets, we 
selected three faceted purplish pink (typical of 
rhodolite), three intense reddish orange to red (typi- 
cal of pyrope-almandine), and 12 orange to orange- 
brown and almost red garnets (typical of the colors 
seen in spessartine). All of these were also reported- 
ly from Madagascar (specific localities unknown). 
For these 18 garnets, we performed the same rou- 
tine and advanced testing as for the 31 pink to 
orange Bekily garnets. 

Several months after purchasing the gem rough, 
we obtained six hand specimens of a garnet-bearing 
rock from the Bekily area from a local dealer. These 
samples probably did not come from the same pits 
that produced the facetable rough used in this study. 
All six rock samples contained intense pink-to-red 
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“VOICES OF THE EARTH”: 
TRANSCENDING THE TRADITIONAL 
IN LAPIDARY ARTS 


By Sharon E. Thompson 


Over the last 20 years, gemstone artists have demon- 
strated growing skill and variety. The diversity in their 
finished products comes not only from their unique 
artistic visions, but also from their ability to alter tradi- 
tional tools or techniques. In the process, they are 
changing the way we define gemstones and jewelry. 
In a collection of 20 jewels entitled “Voices of the 
Earth,” scheduled for exhibit at the Carnegie Museum 
of Natural History in Pittsburgh, jewelry designer Paula 
Crevoshay showcases the work of some of North 
America’s leading lapidaries. 


been blossoming, particularly in North 

America (figure 1). Although the work of 
German carvers such as Bernd Munsteiner inspired 
many cutters, including Michael Dyber and Larry 
Winn (McCarthy, 1996), gem art has taken its own 
twists in North America, where there is less of a 
tradition of gem carving. Due to a number of con- 
tributing factors—among them the interest in 
Native American jewelry in the 1970s, the fascina- 
tion with crystals in the 1980s, and the search for 
distinctive designs in the 1990s—the buying public 
has become aware of gemstone carving and appre- 
ciative of its beauty. Another key factor undoubted- 
ly has been the annual Tucson Gem and Mineral 
Show, and the multitude of shows that surround it. 
Each February in Tucson, gem carvers can find the 
high-quality material they need for their work, see 
the creations of their contemporaries, exchange 
information, and exhibit their own pieces to the 


. ince the early 1980s, the craft of lapidary has 


310 NOTES AND NEW TECHNIQUES 


public. It is no coincidence that the interest in mak- 
ing and buying gem carvings grew as the Tucson 
Show grew. 

One jewelry designer who is enthralled by the 
rebirth of lapidary art is Paula Crevoshay of 
Albuquerque, New Mexico. She has designed a col- 
lection of jewelry that showcases the ingenuity of 
some of North America’s top gem artists, and illus- 
trates the beauty and wearability of their artwork. 
This collection will be on exhibit at the Carnegie 
Museum of Natural History in Pittsburgh, Penn- 
sylvania, for three months, beginning May 1, 2002. 

By using the unique optical and physical proper- 
ties of gemstones, gem artists create not only works 
of art, but also pieces that promote public aware- 
ness of the earth’s natural beauty. For this reason, 
Crevoshay asked leading gem artists from North 
America to create or contribute pieces that honored 
the earth, choosing the Greek goddess of the earth, 
Gaia, as the unifying theme for the collection. Ten 
artists responded: Arthur Lee Anderson (North 
Carolina), Elizabeth W. Beunaiche (Illinois), Charles 
Kelly (Arizona), Glenn Lehrer (California), Thomas 
R. McPhee (British Columbia), Nicolai Medvedev 
(New Jersey), Sherris Cotter Shank (Michigan), 
Lawrence Stoller (Oregon), Slava Tulupov (New 
York), and Larry Winn (Colorado). Many of them 
share their techniques here. While their work 
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Figure 1. Lawrence Stoller’s Montana agate carvings aptly illustrate the skill and creativity demon- 
strated by today’s North American carvers. Here, in Paula Crevoshay’s “Freedom’s Flight,” they have 
been transformed into a winged creature that spans almost 6 inches (15 cm). Set with a 9.72 ct topaz 
and a 33.94 ct Mexican opal, the neckpiece has a drama rarely seen since the Art Nouveau works that 
René Lalique created for actress Sara Bernhardt. Photo © Harold & Erica Van Pelt. 


varies widely, all of these artists have transcended 
the traditional in their technology and skills to 
achieve their vision. 


BACKGROUND 


Historical Sources of Inspiration. In addition to the 
pieces created by Bernd Munsteiner and other 
German carvers, the work of North American gem 
artists has been built on a long tradition of Roman 
and Greek seals and mosaics (Boardman, 1985; 
Haswell, 1973), Chinese and South American 
Indian jade carvings (Zucker, 1984), Victorian 
cameos (Clements and Clements, 1998), Russian 
and Italian inlay, and the objets d’art that have 
graced palaces throughout the world. Also influen- 
tial was the Art Nouveau era—from the late 19th to 
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the early 20th century—in which gem carvings and 
glass were included in pieces of fine jewelry 
(Misiorowski and Dirlam, 1986). At about the same 
time, Peter Carl Fabergé was carving animals and 
other figures from opaque materials such as agate, 
onyx, and obsidian for Russian nobility (Von 
Habsburg-Lothringen, 1979; Becker, 1985). It is fol- 
lowing this tradition that today some lapidary is 
being transformed into the fine art of gem sculpture. 


Trends in Techniques. Through the centuries, cer- 
tain techniques have developed to shape the very 
hard gem materials. Faceters, cabbers, and carvers 
have all used grinders, saws, and flat laps. Whether 
powered by muscle, water, or electricity, these tools 
must use harder materials to cut softer ones. Modern 
technology has provided lapidaries with additional 
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Figure 2. The 50.12 ct citrine in “Physce” is an excellent 
example of Arthur Anderson’s use of curved facets and 
frosted facet junctions to create the illusion of lace within 
the stone. Photo © Harold & Erica Van Pelt. 


Figure 3. By using a motorized hand piece in addition to 
a fixed spindle, Elizabeth Beunaiche dramatically refined 
the lines and improved the polish in her 26.29 ct carved 
tourmaline face, as seen on the left in “Queen of Hearts.” 
She also works in a mosaic style with abstract-shaped 
gem materials. In “First Light” (right, 4.3 cm total 
length), Beunaiche has incorporated chloromelanite to 
represent a mountain shape, striated hematite as a night 
sky, and a dark drusy quartz to imply the city lights of 
Phoenix, Arizona. Photo © Harold & Erica Van Pelt. 
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tools to make the work faster or more accurate— 
sandblasters for etching (Thompson and McPhee, 
1996a), programmable faceting machine heads for 
accuracy, motor tools for speed, and diamond grits 
for a higher polish—but the basic techniques and 
equipment have remained largely unchanged 
(Thompson, 1995). 

Not entirely, though. North American lapidaries 
of the late 20th and early 21st centuries are artists, 
and artists have always been tinkerers, trying differ- 
ent painting media and surfaces, as well as drawing 
and sculpting tools—even combining processes. 
These gem artists also tinker with their techniques 
and materials, constantly refining them to get closer 
to their artistic vision. Often it is only a slight shift 
in approach that allows them to break barriers; 
other times the cutters must immerse themselves 
in engineering, or reshape their world view, to make 
that vision a reality. 


ARTHUR LEE ANDERSON 


The excessive “play” in the head of Arthur 
Anderson’s first rickety faceting machine meant 
that he was unable to count on the accuracy of the 
facet angles unless he controlled the cutting by 
touch, much like working with an old-fashioned 
“jam peg” machine. This serendipitous discovery 
allowed him to incorporate convex facets into his 
work. Had he been able to afford better equipment, 
he never would have learned this style (A. 
Anderson, pers. comm., 2001). Anderson also dis- 
covered that by locking the faceting arm in a free- 
wheeling position, he could sweep the lap with the 
stone to create curved facets (Anderson, 1991). 

Because Anderson’s desire is to focus the view- 
er’s attention on the shape and interplay of facets on 
the pavilion, the crown of the stone is cut flat, with 
only a few facets at the edge. This allows the viewer 
to look into the stone as if through an open win- 
dow. It also means that Anderson must use excep- 
tionally clean rough—any inclusions would be 
reflected and magnified. 

Fascinated by the optical properties of the vari- 
ous gems, Anderson combines facets and their 
reflections so that they appear to float above the 
surface of the stone, in what he terms his “holo- 
graphic style” (Anderson, 1991; Weldon, 2001). By 
frosting facet junctions, he can create a look similar 
to a spider’s web or lace (as with the citrine used in 
Crevoshay’s “Physce,” seen in figure 2) when the 
stone is viewed from above. 
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ELIZABETH W. BEUNAICHE 


Obsessed with drawing horses, Elizabeth Beunaiche 
became convinced she could carve them after see- 
ing an exhibit of Russian art from the period of the 
Czars. At first she worked with soft stones such as 
turquoise, shaping the material with any tools she 
could find, including sandpaper and carbide bits. As 
her equipment improved, so did the range of her 
work (E. Beunaiche, pers. comm., 2001). 

For 15 years, Beunaiche created reverse intaglios 
with a fixed spindle machine, often used as a 
grinder or polishing unit. (Unlike a cameo, which 
is a sculpture raised above the surface of a stone, 
an intaglio is a carving cut into the surface of the 
stone; in ancient times, intaglios were used as 
seals. A reverse intaglio is cut into the back sur- 
face of a transparent stone so that the image can be 
seen from the front.) Then in Tucson several years 
ago, Charles Kelly convinced her to try the Lab 
Air-Z, a high-speed, air-powered mini-motor tool 
originally manufactured by Shofu for the dental 
industry, which she now uses for raised carvings as 
well. By using this motor tool to rework the carved 
tourmaline face she provided for Crevoshay’s 
“Queen of Hearts” (figure 3, left), Beunaiche was 
able to refine the lines and improve the polish dra- 
matically. While she prefers the motorized hand 
piece for delicate work, she returns to the fixed- 
spindle machine when working on symmetrical 
elements such as circles, because it provides easier 
control. 

Beunaiche has worked in a variety of styles. 
Another piece she provided to Crevoshay is a mosa- 
ic of three minerals: striated hematite, chloromelan- 
ite, and drusy quartz (figure 3, right). The work is 
part of Beunaiche’s landscape series; occasionally 
she mounts these mosaics behind her reverse 
intaglios of horses to give the animals context. For 
the mosaics, she trims the stones with the rotary 
diamond tool in the hand piece or with a saw blade 
until the pieces fit tightly together. She sometimes 
uses a diamond file to sharpen corners. Applying an 
industrial two-part epoxy marketed by Smooth-on 
Corp. under the name EA 40, she bonds the pieces 
edge to edge. For greater adherence, Beunaiche uses 
a knife-edged diamond tool to carve the edges with 
extra lines where the stones will come into contact. 
If the piece is to be set into metal, she advises leav- 
ing the surface of the metal rough where it touches 
the stone to promote a better bond (E. Beunaiche, 
pers. comm., 2001). 
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Figure 4. Glenn Lehrer’s Torus™ cut is a variation 
on the round brilliant with a hole through the cen- 
ter into which other gemstones may be set. The 
back of the 31.12 ct amethyst set in “Ishtar’s Cross” 
has been cut with lines that spiral out from the cen- 
ter like the winds in a cyclone. This helps impart a 
feeling of movement in a static material. Photo © 
Harold & Erica Van Pelt. 


GLENN LEHRER 


Interested in the processes that take place in the 
natural world, from wind and wave to crystal struc- 
tures, and intrigued by the challenge of creating the 
illusion of movement in a static material, Glenn 
Lehrer took another look at the standard round bril- 
liant cut. Through the simple but revolutionary 
expedient of putting a hole through the center of the 
table, and carving rather than faceting the surface, 
Lehrer was able to create a form that represents 
many of the earth’s basic shapes, such as the iris of 
an eye or the eye of a hurricane. He called the shape 
Torus™, patented the form, and trademarked the 
name. A Torus™ forms the center of Crevoshay’s 
“Tshtar’s Cross” (figure 4). 

The incisions on the back of this stone are 
curved, so they appear to spiral out from the center 
hole like the winds in a cyclone; when the stone is 
seen from the front, these curved cuts impart a feel- 
ing of movement to the color in the stone. This 
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Figure 5. Thomas McPhee’s 173.16 ct carved 
quartz, shown here in “Mari Ana,” illustrates the 
detail and classical beauty for which his gem 
sculptures are known. Photo © Harold & Erica 
Van Pelt. 


technique is particularly effective in stones such as 
ametrine or bi-colored tourmaline. 

Lehrer uses an arsenal of equipment: a series of 
diamond saws, three fixed carving spindles, faceting 
and flat laps, and diamond tools in a variety of 
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shapes and diameters. His primary concern is being 
able to duplicate the angles and curves he creates 
with his first cuts. 


THOMAS R. McPHEE 


Some of the artists featured in this exhibit were 
inspired to try gem carving as a result of historical 
influences. Thomas McPhee was fascinated by 
ancient stone seals; some of his pieces, such as the 
carved emerald “1492,” reflect that interest 
(Thompson, 1994). In the beginning, though, 
McPhee was unable to pursue his vision due to the 
lack of proper equipment. Like other gem artists, he 
has adapted tools to meet his needs. Using a dental 
motor tool for its speed, he has developed a system 
that uses air and water to flush the dust from the 
grinding process (Thompson and McPhee, 1995b). In 
addition, McPhee makes or modifies just about all 
of his own burrs (Thompson and McPhee, 1995a). 

McPhee applies a traditional sculpting approach 
to his pieces, first making a detailed “maquette,” or 
model, of exact size in clay (Thompson and 
McPhee, 1996c). This allows him to work out pro- 
portion and design problems that could ruin his 
highly accurate, figurative work. By carefully mea- 
suring the maquette with calipers and continuously 
transferring these measurements to the rough as he 
works, McPhee creates pieces of great classical 
beauty (figure 5; Thompson and McPhee, 1996b). 
McPhee is also extremely safety-conscious, wearing 
a respirator whenever he works on hard stones. 


NICOLAI MEDVEDEV 


Often working with tiny slivers of stone, Nicolai 
Medvedev creates intarsia boxes and pendants (figure 
6; Elliott, 1986). Over the last 20 years, he has devel- 
oped a palette of colored gem materials—malachite, 
azurite, rhodochrosite, sugilite, lapis, opal, turquoise, 
and gold-in-quartz—that appear constantly in his 
work, accented occasionally by more unusual finds. 
Working with such slim slabs of often fragile materi- 
al, he has had to develop techniques to protect the 
stone during cutting. He encases his rough, which 
often weighs tens of kilograms, in plaster. The plas- 
ter is thicker on one side so that the saw blade pass- 
es through the rough and the bulk of the plaster, but 
the plaster still supports the slab. This prevents a 
fragile slab from falling onto the floor of the saw and 
possibly being broken or crushed by the blade (N. 
Medvedev, pers. comm., 2001). He also places a 
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piece of glass in front of the slab to help stabilize it 
during cutting (Berk, 1988). Because of the immense 
care he takes in preparing and cutting slabs, this is 
the most time-consuming part of his work; it can 
take weeks or months to cut a single chunk of rough 
into the pieces Medvedev will use. 

The tiny elements of each mosaic are assembled 
into panels and then glued with epoxy. When con- 
structing boxes larger than 6 inches (approximately 
15 cm) across, Medvedev creates and finishes each 
side and then assembles the panels. He attaches the 
panel pieces to supporting material, grinds the 
pieces flat, and then polishes them. After the panel 
is completed, he grinds away the supporting materi- 
al. When working with smaller boxes, Medvedev 
creates the entire box, then finishes it all at one 
time. 

By working with combinations of stones so 
intensively, Medvedev has developed a deep under- 
standing of them. Rhodochrosite has to be cut in 
thicker slabs for maximum color—4 to 5 mm com- 
pared to a slender 3 mm for malachite (Berk, 1988). 
Its translucency also means that rhodochrosite 
must be placed over a white material, such as mar- 
ble. Dark wood or stone lining the box behind it 
makes the rhodochrosite turn brown. Behind opal, 
however, he can use a dark material that empha- 
sizes its play-of-color. The gem materials at the 
edges of Nicolai Medvedev’s pendants also form the 
back, acting as a frame for the mosaic. 

When polishing opal, Medvedev must bring the 
heat up gradually and then reduce it slowly. This is 
challenging when the opal is set next to lapis, as in 
Crevoshay’s “Czarina” (figure 6, left}, since the lat- 
ter material requires a certain amount of heat on 
the flat lap to give it a nice polish (N. Medvedev, 
pers. comm., 2001). Malachite too is delicate and 
will turn brown with too much heat. The gold in 
gold-in-quartz may pull out during the polishing 
process. If individual slivers of a stone are damaged 
during cutting, grinding, or polishing, the entire 
panel must be scrapped. It cannot be taken apart 
and reworked. 


SHERRIS COTTER SHANK 


Sherris Cotter Shank was a bench jeweler when she 
saw the lapidary work of Henry Hunt in a series run 
by Metalsmith in 1981 and 1982. She later read his 
books (Hunt, 1993, 1996) and was inspired to begin 
experimenting with the methods he taught (S. C. 
Shank, pers. comm., 2001). Shank loves the contours 
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Figure 6. In “Czarina” (left, 2.9 cm x 8.0 cm), 
Nikolai Medvedev had to gradually build up and 
reduce the heat to ensure that the opal survived pol- 
ishing. In “Om tara” (right, 3.6 cm x 6.0 cm), 
Medvedev tightly controlled the thickness of the 
thodochrosite “frame” to ensure the most attractive 
depth of color. The artist’s signature palette also 
includes turquoise, sugilite, lapis lazuli, and azu- 
rite/malachite. Photo © Harold & Erica Van Pelt. 


of the land and recreates the undulating curves, deep 
grooves, and swirling lines of a wind- and water- 
shaped hillside, or the rolling surface of an ocean. 
Recognizing the very basic concept that light 
entering standard faceted stones is reflected back 
through the crown by the angled pavilion facets, 
Shank developed her “pavilion cut,” an example of 
which is seen in Crevoshay’s “Summer’s Cup” (fig- 
ure 7, left). On the back of the stone, Shank carves 
grooves of varying depths, each of which opposes a 
cut on the top. These grooves return light through 
the surface just as the facets of a round brilliant or 
step cut return light in a standard faceting style. It is 
the two opposing cuts that create the illusion of 
swirling movement, together with the optical mix- 
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Figure 7. Adapting the angled pavilion facets of tra- 
ditional faceted stones, Sherris Cotter Shank cut 
grooves of varying depth into the base of this 66.63 
ct ametrine, set in Crevoshay’s “Summer’s Cup” 
(left). With opposing curved lines on top, these cuts 
give the illusion that the colors in the ametrine are 
moving. Larry Winn also uses carefully chosen 
pavilion cuts in combination with traditional facet 
angles to produce dramatic reflections, as illustrat- 
ed by this 11.86 ct carved beryl in “Sol’s Jewel” 
(right). Photo © Harold & Erica Van Pelt. 


ing of the colors of a multi-colored gem material 
such as ametrine. 

Shank does all her cutting with a fixed-spindle 
machine into which she has fitted a Jacobs chuck, 
which has adjustable jaws to hold grinding tips with 
shanks of varying dimensions. The chuck allows 
her to change her diamond-tipped tools as needed. 
She also relies on a Crystalite phenolic wheel, a pre- 
cision-surfaced, hard plastic lap that stands up to 
the heavy pressure she uses when cutting—wood 
points and wood laps are too soft for her (S. C. 
Shank, pers. comm., 2001}. When she wants to 
inscribe fine details in her work, she uses a Lab Air- 
Z mini-motor tool. 
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LAWRENCE STOLLER 


Lawrence Stoller is best known for the work he has 
done shaping crystals that weigh hundreds of kilo- 
grams. He has had to invent much of the equipment 
he uses to hold and move the material securely and 
accurately during the cutting and carving process. 
He also has borrowed equipment from the memori- 
al monument industry (Stoller, 2000). Yet even 
when creating relatively small pieces, Stoller’s work 
overwhelms most jewelry-size gemstones. In con- 
cept, Stoller’s carvings often push the boundaries of 
jewelry until the work occupies the gray area 
between jewelry gemstone and art object. 

The large wing-shaped carvings of Montana agate 
that Stoller provided for Crevoshay’s “Freedom’s 
Flight” (figure 1) were fashioned with a fixed spindle, 
the method Stoller prefers to use when working on 
his smaller pieces. The wings are joined in a neck- 
piece that spans almost 6 inches long (14 cm). The 
theatricality of such a piece is rarely seen, and is 
reminiscent of the jewelry designed by René Lalique 
for Sarah Bernhardt (Becker, 1985; Thompson, 1987). 
In the Lalique tradition, work such as this expands 
the concept of what jewelry can be, and at the same 
time it displays the beauty of a material that many 
would consider “just agate.” 


LARRY WINN 


Larry Winn began faceting in the 1980s, but soon 
grew bored with it. Then in 1989, he saw an article 
in Lapidary Journal on Lew Wackler’s work that 
inspired him to try cutting another way (Zeitner, 
1989). Like Bernd Munsteiner, Arthur Anderson, 
Michael Dyber, and Wackler, Winn became inter- 
ested in reflections and their distortions in gem- 
stones (figure 7, right). Using a milling machine set 
horizontally as a fixed spindle, a contemporary 
faceting machine, and a battery of tools, he cuts 
grooves and dimples in the pavilion surface of trans- 
parent materials. An intricate array of crown facets 
breaks up the pavilion reflections even further. 
Unlike Munsteiner, Winn chooses symmetrical 
outlines for his stones, as they are easier to set and 
thus more appealing to jewelers (McCarthy, 1996). 
Winn often cuts the pavilion deeper than may be 
considered ideal for a particular gem material to 
avoid leakage of light. He then cuts shallow grooves 
into the pavilion to provide the reflections he 
wants. He may also engrave dimples into the pavil- 
ion, using a motorized hand piece and a round, '/s- 
inch diamond burr. Some facets are left matte for 
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contrast, while other surfaces are polished so that 
they act like mirrors. Winn cuts the crown into a 
complex of intricate facets, terminating in a slight 
point, much like a rose cut (McCarthy, 1996). 
Winn’s cuts often bear biological names: 
“Prophase,” a term that refers to cell division, is one, 
as he felt the pavilion cuts, which move in different 
directions, were like cells splitting. “Synapse” is 
designed to reflect light from facet to facet the way an 
electrical impulse jumps from one nerve to another. 


PAULA CREVOSHAY 


Once the pieces arrived in her studio, Crevoshay 
was faced with a variety of challenges. Stoller's 
wings, for example, were relatively large and long 
(again, see figure 1). Crevoshay had to design a piece 
that would hold the weight of the wings over their 
span and also the shield-shaped center stone that 
would join them. Crevoshay used a base in pierced 
gold to support the weight of the wings and allow 
light to penetrate the Montana agate. Because the 
shield stone was shallower than the two wings, 
Crevoshay built a bezel that lifts the stone to the 
height of the wings; it too is pierced to allow light in 
and to reduce the visual weight of the piece. 


While the Stoller piece was the largest, every 
piece in the collection challenged Crevoshay, to a 
greater or lesser degree, to design individualized 
mountings that would hold the stones securely 
without interfering with the carving or cutting. She 
had to accommodate differences in cutting styles, 
weights, shapes, and sizes, yet still be functional, 
wearable jewelry. 


“VOICES OF THE EARTH” 


From figurative forms to abstract designs, from 
faceting to intarsia to carving, the works of the 
North American gemstone artists featured in 
“Voices of the Earth” demonstrate that today’s lap- 
idary art plays as vibrant and vital a role in adorn- 
ment as it has for centuries. By combining such a 
diversity of styles and techniques in one collection, 
jewelry designer Paula Crevoshay underscores the 
appropriateness of using such varied pieces in con- 
temporary designs. In fact, she compels us to reex- 
amine the connection between jewelry and gem- 
stone art and to transcend our own traditional views. 
“Voices of the Earth” will be exhibited at the 
Carnegie Museum of Natural History in Pittsburgh, 
Pennsylvania, from May 1 to July 31, 2002. 
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The New “Linde Stars” 


Man-Made Star Rubies and Star Sapphires 


by 
RALPH J. HOLMES, Ph.D. 


Instructor in Mineralogy, Columbia University, New York City 
Member Advisory Board, Gemological Institute of America 


Jewelers should have little difficulty in distinguishing from real star rubies 
and star sapphires, the new synthetic star stones announced for the first 
time by the Linde Air Products Company on September 23rd. Although syn- 
thetic corundum of gem quality has been available for nearly half a century, 
the announcement of these star stones was, to say the least, startling. 


The producers claim to have discovered the method of making these stones 
in the early days of the war, but the pressure of war 
work made production impossible until the present. 
Wide publicity was given to the new material before 
it was released to insure that the public was properly 
warned of its true nature. No information concerning 
the method of production or the nature of the rough 
material has been revealed. Rough material is unob- 
tainable, the company having decided to release noth- 
Pie: = oe ing but cabochon cut finished stones. The largest stone 
ruby. Magnification 2x. so far produced weighs 109.25 carats. Most of those 
ag eae specie ee on the market range from 4 to 15 carats. The entire 
inclusions. output is being released through Max Duraffourg Inc., 
576 Fifth Avenue, New York, who acts as distributor for the Linde Company. 


The new star stones are sold in three qualities: A, B and ©. These 
grades seem to be based largely on color although perfection, strength and 
orientation of the star and general appearance of the stone are all taken 
into account. The colors are deeper than most natural star stones and are 
sufficiently different from those of natural stones to cause many jewelers to 
question them on this basis alone. The color of the blue 
stones approximates more closely the color of natural 
star sapphires than the red ones do that of natural 
star ruby. The prominence of the belted structure does 
not seem to be regarded as a factor affecting quality 
since many “A” quality stones have a definite banded 
appearance. 


Material] Available for Study Fig. 2—Synthetic 
: star ruby. Diagram 
Two stones of fine quality, one red and one blue, were showing relation of 


very kindly made available by Mr. A. K. Seeman of the Her edie Rear 
Linde Company. These served as the basis for the pres- #10”. 

ent study, and all tests and detailed examinations were made on these stones. 
In addition, some half-dozen stones in Mr. Seeman’s possession and thirty- 


six made available by Miss Rouxel of Max Duraffourg, Inc., were examined. 


O 


Gem Trade LAB NOTES 


An Interesting 
CHAROITE Cabochon 


A cabochon of charoite with an inter- 
esting inclusion was recently sent to 
the West Coast lab by gemologist 
Leon M. Agee of Agee Lapidary in 
Deer Park, Washington. Mr. Agee 
told us that the cabochon was cut 
from a slab discovered in a bin of cut- 
ting scraps at the 2001 Tucson gem 
show. The finished stone weighed 
292.14 ct and measured 85.78 x 56.57 
x 6.70 mm (figure 1). 


GIA 


GEM TRADE LABORATORY 


While charoite is relatively well 
known as an ornamental gem materi- 
al, it was the X-shaped pattern and 
length (79 mm) of the orangy brown 
inclusion that made this cabochon 
interesting. Other inclusions visible 
with a gemological microscope were 
transparent and near-colorless, or 
greenish black. Since all of these 
inclusions had been exposed on the 
surface and were nicely polished dur- 
ing lapidary preparation, they present- 
ed ideal targets for GIA’s laser Raman 
microspectrometer. 


Figure 1. This 292.14 ct charoite cabochon is host to a large X-shaped 
spray of tinaksite. 
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The Raman spectrum of the large 
orangy brown inclusion matched that 
of the rare mineral tinaksite. We 
determined that the greenish black 
inclusions were aegirine, whereas the 
transparent to translucent near-color- 
less inclusions proved to be feldspar 
or quartz, depending on where the 
testing was done on the polished sur- 
face. Although we have examined 
many objects fashioned from charoite 
since it was first described as a new 
mineral in 1976—and encountered 
aegerine, feldspar, quartz, and tinak- 
site as inclusions—none of those 
inclusions had approached this 
tinaksite in size and unusual shape. 

JIK and Maha Tannous 


High-Iron Cat’s-Eye 
CHRYSOBERYL 
Gem-quality chrysoberyl typically 
shows consistent optical and physical 
properties. Although variances in its 
refractive indices have been reported in 
the literature—with values sometimes 
so high that the material could be 
confused with corundum—such 
chrysoberyls actually are quite rare. 
Most gemologists have never seen one. 
The West Coast lab recently 
examined a green chatoyant cabochon 
that was represented as chrysoberyl 
from Orissa, India. It was sent to us 
by K & K International of Falls 
Church, Virginia. The saturated, 
slightly yellowish green color of the 
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Figure 2. This 4.58 ct cat’s-eye 
chrysoberyl cabochon had extreme- 
ly high R.L. and S.G. values. 


4.58 ct cabochon was very unusual for 
chrysoberyl, but the eye was strong 
and typical in appearance of the cha- 
toyancy seen in this species (figure 2). 
However, when we put the stone on a 
refractometer, the spot reading was 
1.78, much too high for chrysoberyl 
(usually 1.746-1.755). The specific 
gravity of the stone, measured hydro- 
statically, was also high, at 3.81. 
There was no fluorescence to long- or 
short-wave ultraviolet radiation, 
which would be typical for this color 
of chrysoberyl. The only feature seen 
with the desk-model spectroscope 
was a cutoff at about 480 nm. 

These properties were somewhat 
perplexing, so we obtained permission 
from our client to polish a small flat 
facet on the back of the stone in order 
to get a more precise R.I. reading. 
Accurate refractive indices of 1.780 
and 1.793 (birefringence 0.13) were 
then obtained on the flat polished sur- 
face. We were unable to find any refer- 
ence to a mineral that fit both the 
physical appearance and the measured 
properties of the stone in question. 

Moving to more sophisticated tests 
on the cabochon, we obtained a Raman 
spectrum that matched chrysoberyl 
exactly. Energy-dispersive X-ray fluo- 
rescence (EDXRF) qualitative chemical 
analysis showed strong peaks for alu- 
minum and iron with minor peaks for 
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titanium, gallium, and tin. Beryllium 
is too light an element to be detected 
by EDXRF, so aluminum would be the 
only major element we would expect 
to find using this method. Therefore, 
the presence of a much higher iron 
content than expected confused the 
issue further. 

However, X-ray powder diffrac- 
tion also confirmed the mineral to be 
chrysoberyl. Because this cat’s-eye 
chrysoberyl was the most unusual 
one we had ever seen, we obtained 
further permission from the owner to 
submit it to quantitative chemical 
analyses by electron microprobe. 

The microprobe analyses were 
carried out by Drs. William “Skip” 
Simmons and Alexander Falster at 
the University of New Orleans in 
Louisiana. In addition to the expected 
major aluminum content, analyses of 
11 different spots on the stone 
revealed 8.92-10.27 wt.% Fe,O, (as 
total Fe]. Traces of titanium were also 
detected (up to 0.18 wt.% TiO,), but 
all other elements analyzed were at or 
below the detection limit. The large 
amount of iron (as compared to 0.5-2 
wt.% Fe,O, typically recorded) was 
clearly the cause of the extremely 
high R.L’s and S.G. 

Although we were not able to find 
any reference to a chrysoberyl with 
comparable refractive indices, bire- 
fringence, or S.G., we did note one ref- 
erence to a cat’s-eye chrysoberyl with 
very similar chemistry in a report by 
M. Hayashi (“Iron-rich chrysoberyl 
cat’s-eye,” Journal of the Gemmolo- 
gical Society of Japan, Vol. 19, No. 
1-4, 1994, pp. 31-32). That stone had 
approximately 9.90 wt.% Fe,O, (as 
determined by EDXRF) with an RI. of 
1.77 and an S.G. of 3.75. Although its 
iron content was similar to that of the 
chrysoberyl we examined, the R.I. and 
S.G. values of that stone were some- 
what lower. 

Coincidentally, while the anoma- 
lous cat’s-eye was in the laboratory, we 
also examined two transparent faceted 
greenish yellow 0.80 and 1.05 ct 
chrysoberyls from Joeb Enterprises in 
Solana Beach, California, that fit the 
data most often quoted in the litera- 
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Figure 3. These 0.80 and 1.05 ct 
greenish yellow chrysoberyls 
also displayed unusually high 
properties, but they were still 
significantly lower than the 
cat’s-eye in figure 2. 


ture for high-property chrysobery] (see, 
e.g., R. Webster, Gems, 5th ed., 
Butterworth-Heinemann, Oxford, UK, 
1994, p. 134; figure 3). Reported to be 
from Malawi, both of these stones had 
R.I.’s that nearly matched those of 
corundum: 1.759-1.769. Although we 
did not obtain microprobe data on 
these stones, EDXRF analysis indicat- 
ed that they also had an iron content 
that was relatively high for chryso- 
beryl, although not as high as in the 
cat’s-eye. SFM 


DIAMOND, with Unusually 

Large Laser Drill Holes 

The East Coast lab recently received 
for grading a 3.30 ct near-colorless 
round brilliant cut diamond. Using a 
standard gemological microscope and 
overhead reflected light, we observed 
three unusual cavities—two on the 
pavilion and one on the crown. Both 
were irregular in shape, with the out- 
line of one resembling a flower (figure 


Editor's note: The initials at the end of each item 
identify the editor(s) or contributing editor(s) 
who provided that item. Full names are given for 
other GIA Gem Trade Laboratory contributors. 
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Figure 4. In reflected light, the 
lower cavity in the pavilion of 
this 3.30 ct diamond breaks the 
surface in a flower-like shape. 
Feathers can be seen extending 
from both cavities. A “spatter 
ring,” a remnant of laser drilling, 
is also visible around the lower 
cavity. Magnified 160x. 


4). Several feathers extended from 
both cavities on the pavilion, so that 
they appeared to be chips. 

With darkfield illumination, mag- 
nification revealed that the two pavil- 
ion cavities extended into the stone in 
an inwardly tapering conical shape, 
and both touched a feather surround- 
ing the same included crystal (figure 
5). The roughness of the surfaces 
made the cavities look like indented 
naturals. However, our suspicions 
were aroused when we discovered 
that the cavity on the crown extended 
into the diamond via three separate 
conical tubes, two of which touched 
an internal feather surrounding a 
green crystal (figure 6). Along the 
length of each tube, and extending 
out from it, were minute feathers that 
gave the tubes a “hairy” appearance. 

Our next task was to confirm that 
these conical tubes were laser drill 
holes and not natural etch channels. 
Etch channels in diamonds probably 
result from dissolution by corrosive 
fluids along weaknesses in the crystal 
structure (see, e.g., L. Orlov, Mineral- 
ogy of the Diamond, John Wiley & 
Sons, New York, 1977, pp. 98-100). 
Most commonly, their shape at the 
surface of the diamond, as well as the 
shape of the tube, is rhombic, square, 
rectangular, or hexagonal, due to the 
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Figure 5. At 100x magnifica- 
tion with darkfield illumina- 
tion, it is evident that the 
pavilion cavities in the dia- 
mond shown in figure 4 are 
cone shaped and reach a feath- 
er surrounding an included 
crystal. 


cubic crystal structure of diamond. In 
rare instances, such channels are tri- 
angular. The internal surfaces of etch 
channels may be smooth, or they may 
show transverse growth steps or paral- 
lel grooves (see, e.g., M. Johnson et al., 
“When a drill hole isn’t,” Rapaport 
Diamond Report, December 4, 1998, 
pp. 1, 19, 21, 23, 25-26). 

Several features suggested that 
these tubes were not natural. They 
were oriented haphazardly to one 
another, and did not have any obvious 
relationship to the crystallographic 
orientation of the stone. Their shape 
was irregular at the surface of the dia- 
mond, and they narrowed into cones 
as they extended into the diamond, 
without any obvious growth steps. 
Also, their internal surfaces were 
rough, with a frosted appearance, and 
they contained small black spots. The 
last and most convincing piece of evi- 
dence was apparent only with high 
magnification: All three of the cavities 
were surrounded by “spatter rings” 
where they reached the surface of the 
diamond. These were created by car- 
bon that was vaporized during the 
drilling process and redeposited 
around the outside of the drill hole 
(see, e.g., J. Koivula, “Micro evidence 
of natural diamond enhancement,” 
MicroWorld of Diamonds, GemWorld 
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Figure 6. The entry point on the 
crown best illustrates the fact 
that these cavities are the result 
of multiple laser drillings. Note 
the minute feathers extending 
off these tubes, which give them 
a “hairy” appearance. 
Magnified 100x. 


International, Northbrook, IL, 2000, p. 
110). This effect is best seen in figure 7 
around the cavity in the crown. In our 
experience, these rings are not com- 
monly seen due to the post-drilling 
repolishing of facets, but when present 
on a polished diamond they offer 
definitive evidence of laser drilling. 
The unusual surface expressions 
of the cavities resulted from groups of 
drilled holes being aimed at a single 
point from slightly different angles. 


Figure 7. When the laser-drilled 
diamond was examined with a 
combination of darkfield and 
reflected light, all three tubes 
could be seen associated with 
the crown cavity, as well as a 
“spatter ring” on the surface. 
Magnified 100x. 
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The flower-shaped cavity best illus- 
trates this. The question remains: 
Why would someone do this to a dia- 
mond? Creating inclusions of this 
size hurt the clarity grade more than 
the crystals they were trying to reach. 
Perhaps the manufacturer was inten- 
tionally trying to make the laser drill 
holes look like indented naturals in a 
deceptive effort. Unfortunately, we 
will never know. 

Wendi Mayerson 


GLASS Sold as Quartz 

A group of five faceted 8.0 x 4.8 mm 
translucent light blue button-shaped 
beads (figure 8) were sent to the West 
Coast lab by Patricia Gray of Gray- 
stone Enterprises in Missoula, Mon- 
tana. She was suspicious of their 
nature, and curious about the inclu- 
sions they contained. The five beads, 
removed from a single-strand neck- 
lace, were purchased at the September 
2001 Denver gem and mineral show, 
and were sold to Graystone as “natu- 
ral blue quartz from a new undis- 
closed locality in China.” Routine 
gemological testing proved that all 
five beads were manufactured glass. 

When the beads were examined 
with magnification, numerous trans- 
parent rod-shaped to needle-like crys- 
tals were clearly and immediately 
visible (figure 9). In cross-section, 
these inclusions appeared to be dia- 
mond-shaped. When the crystals 
extended throughout the entire bead, 
they transmitted light—just as indi- 
vidual fiber-optic fibers would do— 
and they appeared colorless when 
examined down their length. This 
provided evidence that the beads 
derived their blue color from the 
glass body, not the inclusions. When 
examined with cross-polarized light, 
these inclusions responded in a man- 
ner consistent with doubly refractive 
crystals (figure 10). 

Those inclusions exposed to the 
surface during polishing were raised 
above the surrounding glass, which 
indicates that they had a hardness 
greater than their host. The gas bub- 
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Figure 8. These five 8.0 x 4.8 mm faceted beads proved to be manufac- 
tured glass. They were represented as natural quartz from a “new local- 
ity” in China. 


bles commonly associated with glass 
were scarce, although we observed 
occasional tiny individual bubbles 
between the rod-shaped inclusions or 
along grooves in their length (again, 
see figure 9). Laser Raman microspec- 
trometry of the inclusions exposed to 
the surface gave a pattern for wollas- 
tonite (which has a reported hardness 
of 5-5!42 on the Mohs scale). 
Wollastonite is a naturally occur- 
ring mineral, but in this instance the 
inclusions were undoubtedly a prod- 


Figure 9. All of the glass beads 
contained numerous inclusions 
identified as synthetic wollas- 
tonite. Note the tiny gas bubble 
trapped along a groove in one of 
the crystals (centered in the 
photo). Magnified 40x. 
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uct of induced devitrification of the 
glass. This is not the first time syn- 
thetic wollastonite has been identi- 
fied as inclusions in glass. For exam- 
ple, tabular crystals of synthetic wol- 
lastonite in glass are pictured in the 
Photoatlas of Inclusions in Gem- 
stones (E. Giibelin and J.I. Koivula, 
ABC Edition, Zurich, 1986, p. 439); 
and, more recently, H. A. Hanni et al. 
reported on synthetic wollastonite 
inclusions in a glass that appears to be 
similar to the beads we examined (“A 


Figure 10. Cross-polarized light 
shows that the synthetic wollas- 
tonite inclusions are anisotropic. 
A first-order red compensator 
was used to shorten the expo- 
sure time. Magnified 35x. 
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Figure 11. The animal figures (longest, 42.95 mm) in this necklace were 
represented as being carved from fossil ivory. 


glass imitation of blue chalcedony,” 
Journal of Gemmology, Vol. 27, No. 
5, 2001, pp. 275-285). Whereas Dr. 
Hanni and his colleagues obtained 
their samples in Taiwan, represented 
as chalcedony, it appears that this 
material is now being sold—and mis- 
represented as quartz—in the U.S. 

JIK and Maha Tannous 


Fossil IVORY 
Very little ivory has been submitted 
to the GIA Gem Trade Laboratory 
since importation of the material into 
the U.S. was banned in 1989. There- 
fore, it was interesting to receive for 
identification a necklace fashioned of 
numerous small carvings of animals 
(figure 11) that clearly exhibited the 
“engine-turned” structure (i.e., inter- 
secting curved lines) characteristic of 
elephant ivory. The client’s primary 
concern, however, was whether the 
necklace was recent or fossil ivory. 
Fossil ivory typically comes from 
the woolly mammoth, an early rela- 
tive of the modern elephant. Many of 
these mammoths, which became 
extinct about 10,000 years ago, died 
in the far northern latitudes, includ- 
ing Siberia, Alaska, and northern 
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Canada. Because their ivory has been 
preserved in the continually frozen 
ground, this ancient material is often 
almost unchanged from the time it 
was buried; thus it can be cut, pol- 
ished, and used in jewelry. Trade in 
fossil ivory is not regulated, as it 
poses no threat to the welfare of liv- 
ing elephants. 

The challenge of separating mod- 
ern ivory from mammoth ivory is 
that both materials exhibit the char- 
acteristic engine-turned structure (fig- 
ure 12), and their gemological proper- 
ties are virtually identical. However, 


Figure 12. This sample slab of 
mammoth ivory clearly shows 
the engine-turned effect in the 
darker internal layer of the tusk. 
The outer layer is cementum. 
Magnified 10x. 
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John Koivula, GIA’s chief research 
gemologist, recalled that several years 
ago he and former director of Gem 
Identification C. W. Fryer identified 
(using X-ray powder diffraction) a blue 
encrustation on some mammoth 
ivory as vivianite. This iron phos- 
phate mineral formed via a chemical 
reaction with the phosphate in the 
ivory over an extended period of time. 
It is not present in recent ivory, so 
blue vivianite discolorations should 
prove that ivory is of ancient origin. 
Fortunately, we were able to pur- 
chase a section of mammoth tusk, 
reportedly found in Canada’s Yukon 
Territory, shortly after the necklace 
arrived in the lab. Readily visible on 
the weathered surface of this tusk sec- 
tion were several dark gray-blue 
smudges (figure 13). Closer inspection 
revealed a similarly colored encrusta- 
tion on a broken surface and within 
several tiny cracks. Small pieces of the 
encrustation were scraped off and ana- 
lyzed by laser Raman microspectrom- 
etry. The spectra were a perfect match 
for vivianite, confirming the results 
obtained years before by Koivula and 
Fryer. Consequently, we inspected our 
client’s necklace for these blue 
smudges. We observed them, to some 
degree, in almost all the carved ani- 
mals that made up the necklace, prov- 
ing that this ivory was not of recent 
origin, but rather was fossil ivory. 
With magnification, the appearance of 
the vivianite ranged from small dots 


Figure 13. Note the irregular blue 
areas on the weathered surface of 
this section of mammoth tusk. 
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spread out or in dense groups to larger 
solid areas of a medium-blue to dark 
blue-gray color (figure 14). 

We also noticed on the sample 
tusk section that there was a very 
thick (approximately 7 mm) layer on 
the outside of the tusk with a struc- 
ture very different from its interior 
(again, see figure 12). This outside sec- 
tion, which is called “cementum,” 
did not show the engine-turned effect, 
but instead had a layered structure 
that ran parallel to the length of the 
tusk. We found a layer of cementum 
in a section of modern elephant tusk, 
but it was very thin and difficult to 
see. Although additional research is 
needed, it is possible that the pres- 
ence of a thick layer of cementum 
could also indicate mammoth ivory. 

A paper published on the Web site 
for the National Fish and Wildlife 
Service (www.lab.fws.gov) described 
yet another way to distinguish recent 
elephant ivory from mammoth ivory. 
This paper states that the angles 
between the lines in the engine-turned 
effect (which they refer to as “Schreger 
lines”) are different in these two types 
of ivory. Unfortunately, the process of 
obtaining these measurements is 
somewhat involved and requires a flat 
cross-section of a tusk, so this test 
would have limited value for ivory 
that has been carved or used in jewel- 
ry. Another advanced technique that 
has proved effective in separating ele- 
phant from mammoth ivory (as well 


Figure 14. Vivianite in fossil 
ivory may appear as large areas 
with a fibrous structure that fol- 
lows the structure of the host. 
Magnified 20x. 
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as other ivory-like materials) is FT 
Raman (H. G. M. Edwards et al., 
“Fourier transform-Raman spec- 
troscopy of ivory: A non-destructive 
diagnostic technique,” Studies in 
Conservation, Vol. 43, No. 1, 1998, 
pp. 9-16). However, this technology is 
not readily available to most gemolo- 
gists or gemological laboratories. 

SFM 


Hornbill “IVORY” 


Recently, the West Coast lab was 
asked to identify a single 16.5 mm 
round bead that was semi-translucent 
to opaque light brownish yellow with 
a few “carmine” red to dark brown 
areas that gave it a marbled appear- 
ance (figure 15). Also eye-visible was 
a distinct difference in texture 
between: (1) an opaque, dense, fea- 
tureless mass; and (2) a semi-translu- 
cent fibrous layered area. Closer 
observation with a standard gemolog- 
ical microscope revealed that the 
Opaque mass contained very small 
particles that resembled granules of 
red pigment (figure 16). These parti- 
cles were closely packed in the high- 
ly colored areas. Such characteristics 
can usually be found in various types 
of ivory and the rarely encountered 
hornbill “ivory.” 

Because the bead did not have a 
smooth finish, we had to check vari- 
ous areas before we were able to 
obtain a vague refractive index read- 
ing in the mid-1.50s, which is consis- 
tent with the reported values for 
hornbill “ivory.” However, the 
fibrous area showed a slightly higher 
RL, in the low 1.60s. When the bead 
was exposed to short-wave UV radia- 
tion, the light brownish yellow por- 
tion fluoresced chalky bluish white 
and the red area fluoresced strong red. 
The reaction to long-wave UV was 
even more intense. In addition, we 
noticed an odor similar to that of 
burnt hair when we touched the bead 
with a thermal reaction tester. 
Combined, these findings confirmed 
that the bead was fashioned from an 
organic material. 
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Figure 15. This 16.5 mm round 
bead was identified as hornbill 
“ivory.” 


The presence of the dark red area 
further proved that the bead had been 
carved from hornbill “ivory.” This 
material is obtained from the casque 
of the helmeted hornbill, an exotic 
bird native to Borneo and Southeast 
Asia (see, e.g., R. E. Kane, “Hornbill 
ivory,” Summer 1981 Gems & 
Gemology, pp. 96-97; G. Brown and 
A.J. Moule, “Hornbill ivory,” Journal 
of Gemmology, Vol. 18, No. 1, 1982, 
pp. 8-19; and Lab Notes, Spring 1997, 
pp. 57-58, including the “editor’s 
note” on trade restrictions}. KNH 


Figure 16. The “marbled” bead 
contained particles of red pig- 
ment that helped establish its 
organic nature and proved that 
it was hornbill “ivory.” 
Magnified 15x. 
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Figure 17. Almost centered in its 
4.13 ct quartz host, the 3 mm 
mass of pink rhodochrosite 
makes this colorless gem very 
interesting. The faceted quartz 
also contains numerous tiny 
black crystallites of pyrrhotite, 
as shown in the inset. 


QUARTZ with Rhodochrosite 
As a faceted gemstone, rock crystal 
quartz is not particularly exciting 
unless it contains interesting inclu- 
sions. Such was the case with a 4.13 ct 
square emerald cut that was sent to the 
West Coast lab by gem dealer Elaine 
Rohrbach of Pittstown, New Jersey. 

This 10.04 x 9.49 x 7.26 mm near- 
colorless gemstone contained an 
obvious pink, nearly spherical 3 mm 
mass under its table facet (figure 17). 
Even with the unaided eye, numer- 
ous tiny black crystallites were also 
clearly visible. The large pink mass 
was very close to the surface of the 
table, and a few of the black grains 
had been exposed to the surface dur- 
ing faceting. The near- or at-surface 
locations of these inclusions made 
them ideal for testing with the laser 
Raman microspectrometer. The 
Raman spectra revealed that the pink 
material was composed of the man- 
ganese carbonate rhodochrosite. The 
two tiny black grains that were ana- 
lyzed individually proved to be the 
iron sulfide pyrrhotite. 

Because the rhodochrosite inclu- 
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sion was relatively large and close to 
the surface, we used EDXRF analysis 
to confirm its manganese content. 
With the aid of a masking technique to 
isolate the inclusion from the host 
quartz, this testing showed that the 
inclusion did indeed contain man- 
ganese as a major element. While the 
source of this unusual quartz is not 
known, we believe that it may have 
come from Mexico, specifically from 
the Gibraltar mine in Naica. As shown 
in figure 18, beautiful colorless crystals 
with rhodochrosite inclusions have 
been recovered from this locality. 
JIK, Maha Tannous, 
and Sam Muhlmeister 


SAPPHIRES with 

Diffusion-Induced Stars 

The East Coast lab recently received 
for identification two asteriated dark 
blue oval cabochons that weighed 
31.64 ct and 15.26 ct, and measured 
19.70 x 16.31 x 8.64 mm and 14.88 x 
12.49 x 6.68 mm, respectively. In 
overhead reflected light, both cabo- 
chons appeared to be evenly colored 
and nearly opaque. The stars appeared 
white, with straight arms of equal 
length that seemed to float over the 
surface of the stones (figure 19). 


Figure 18. It is possible that 
the gem in figure 17 was cut 
from rough similar to this 
35.23-mm-long quartz cluster 
from the Gibraltar mine in 
Naica, Chihuahua, Mexico. 


Typically, a six-rayed star forms as the 
result of reflections off three sets of 
oriented needles that are present 


Figure 19. These semi-translucent to opaque dark blue star sapphires 
(31.64 and 15.26 ct) came into the East Coast lab for identification. 
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Figure 20. The straight, angular 
color zoning visible in trans- 
mitted light indicates that the 
dark blue color of these cabo- 
chons is natural. 


throughout a large portion of the 
stone. Although examination in trans- 
mitted light revealed opaque and 
translucent areas along with straight, 
angular color banding (figure 20), we 
did not see any oriented needle-like 
inclusions with magnification. Aware 
that diffusion-induced asterism has 
been around since Linde Air Products 
Company patented the process in 
1954 (as described in K. Nassau, “Heat 
treating ruby and sapphire: Technical 
aspects,” Fall 1981 Gems @& 
Gemology, pp. 121-131], we suspected 
that the two stones had been treated. 
Standard gemological testing pro- 
duced the following information on 
both stones: spot refractive indices of 
1.76, no fluorescence to either long- 
or short-wave UV radiation, and a 
solid, heavy band from 450 to 470 nm 
that was visible in the desk-model 
spectroscope and was probably due to 
trace amounts of iron. Standard mag- 
nification (10x—60x) revealed melted 
fingerprint-like inclusions, polysyn- 
thetic twinning nearly parallel to the 
bases of the cabochons, and (as noted 
above) straight, angular bands that 
were either a very saturated dark blue 
or colorless—but no oriented needle- 
like inclusions. This combination of 
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Figure 21. This line drawing illus- 
trates the relationship between 
asterism and color zoning in a 
natural star sapphire (shown in 
both a rough crystal section and 
a polished cabochon). Note that 
two of the six rays are always 
parallel to the color zoning. 


properties and features indicated that 
the stones were natural sapphires but 
the stars were manufactured. 

In a sapphire with a natural star, 
the orientation of the asterism-caus- 
ing needles is directly related to the 
crystallography of the host stone. 
Because color zoning is also related to 
the hexagonal crystal structure, the 
rays of the stars are always parallel to 
the six sides of the hexagon created 
by the growth/color zoning (see fig- 
ure 21). Even if only one section of 
zoning is visible, as seen in the small- 
er of the two cabochons, two of the 
star’s six rays would still be parallel 
to the visible banding. As is evident 
in figure 22, however, that was not 
the case for the stars on these cabo- 
chons. Therefore, we were not sur- 
prised when fiber-optic lighting 
revealed a very shallow hazy, whitish 
surface layer on both stones. Such a 
layer, composed of tiny individual 
needles too small to be detected at 
standard gemological magnification, 
previously has been associated with 
diffusion-induced stars (see, e.g., Lab 
Notes—Summer 1982, pp.106-107; 
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Figure 22. With combined trans- 
mitted and overhead lighting, it 
was evident that none of the 
rays of the stars was parallel to 
the hexagonal color banding. 
This was a strong indication 
that the stars were not natural. 


Summer 1985, pp. 112-113; Fall 
1985, pp. 171-172; Spring 1991, pp. 
44-45, and Spring 1995, pp. 56-57; 
and Gem News—Summer 1996, pp. 
136-137; and Winter 1997, pp. 
308-309). Combined, the above find- 
ings allowed us to conclude that the 
stars on these cabochons had been 
artificially applied by means of a sur- 
face diffusion process. 

It is particularly interesting that 
the treatment in these two cabochons 
consisted only of the creation of the 
stars, since the Gem Trade Laboratory 
more commonly sees this process on 
cabochons in which the color also has 
been diffusion-induced. 

Wendi Mayerson 
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SPECIAL REPORT 


USS. Postal Service irradiation process may affect some gem- 
stones. The jewelry industry relies heavily on the USPS to 
ship gems and jewelry throughout the United States. As 
most are aware, the recent incidences of people being infect- 
ed by anthrax spores sent through the mail has caused the 
postal service to seek ways to protect their employees and 
the public from this potential threat. One part of this effort 
is to use a technique that actually kills anthrax spores (and 
other biological agents) in the mail as it is being processed. 
One company with which the postal service has con- 
tracted, SureBeam (a subsidiary of Titan Corp.}, makes 
equipment designed to destroy food-borne pathogens such 
as salmonella. SureBeam uses a type of linear accelerator 
that creates a beam of high-energy electrons. This is the 
same type of ionizing radiation that is often used intention- 


Figure 1. All of the white cultured pearls turned gray 
with irradiation. One in each of these pairs of bead- 
nucleated saltwater cultured pearls (approximately 

6.5 mm) was irradiated, while the other was retained 
as a control sample. Photo by Maha Tannous. 
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ally to change the color of some gem materials—and could 
produce an undesirable result as well. We at GIA and others 
in the trade immediately recognized the potential impact of 
this development on the jewelry industry and the consum- 
ing public, so we decided to test the effect of the proposed 
postal irradiation process on several gem materials. 


The Process. For these initial tests, we chose gem materi- 
als that, based on our many years of experience and discus- 
sions with experts in the field, we know may be signifi- 
cantly affected by irradiation. This group consisted of two 
types of cultured pearls plus 14 gem varieties from eight 
different gem species—all of which were natural—for a 
base of 16 sample types (table 1). We also included a 14 
karat yellow gold ring, to reassure the industry that gold 
jewelry would not retain any residual radioactivity from 
this process. 

We made up three sets of this sample group and placed 
them in boxes that were packaged in the same manner that 
we routinely use to ship gems from the GIA Gem Trade 
Laboratory. Because stones are often shipped through the 
mail more than once (e.g., sent out on memo, returned or 
sent to a manufacturer for mounting, and then returned or 
sent to someone else), we asked to have one package 
scanned just once, another scanned twice, and the third 
scanned four times—to see if the cumulative effect of mul- 
tiple scans caused any significant difference. 

The contents of the boxes were identical, except that 
there was only one heavily included gray diamond. We 
placed this in the package that was to receive four scans to 
determine whether it would retain any residual radioactiv- 
ity, as is often detected in irradiated black diamonds. 

A spokesman for SureBeam told us that the dosage being 
used by the postal system is 56 kilograys (kGy), which is 
equivalent to 5.6 megarads. This figure was later confirmed 
by Laura Smith, quality assurance manager for Titan Scan 
Technologies, another Titan Corp. subsidiary, who agreed 
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Figure 2. Distinct changes were seen in the color appearance of spodumene (top row, 1.13-4.24 ct), 
zircon (middle, 0.51-1.39 ct), and sapphire (bottom, 0.60 and 0.72 ct) following simulated USPS irra- 
diation and subsequent fade-testing experiments. For each gem variety, the photo on the left shows 
the material before irradiation, the middle photo was taken after irradiation, and the image on the 
right shows the final result of fade testing (far right stone only). Photos by Maha Tannous. 


TABLE 1. Gem materials exposed to irradiation 
conditions used by the USPS. 


Gem material Before After 
Diamond Near colorless Near colorless; 
no change 
Diamond Gray (due to Gray; no change 
inclusions) 
Spodumene Pink (kunzite) Green 
Beryl Brownish orangy Yellow 
pink (morganite) 
Cultured pearl: bead- White Gray 
nucleated saltwater 
Cultured pearl: tissue- White Gray 
nucleated freshwater 
Quartz Colorless Brown 
Quartz Yellow (citrine) Brown 
Sapphire Light blue Yellowish orange 
Topaz Colorless Brown 
Tourmaline Near colorless Light pink 
Tourmaline Light pink Darker pink 
Tourmaline Bicolored green Green; no change 
and pink Pink; darker 
Zircon Colorless Pinkish brown 
Zircon Yellow Yellowish brown 
Zircon Green Greenish yellow- 


ish brown 
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to run tests for us under the same conditions being used by 
the U.S. Postal Service. Ms. Smith confirmed, however, that 
the figure is approximate, as our three packages were 
exposed to the following doses: 


Package A — one scan — 51.0 kGy 
Package B — two scans — 113.5 kGy total 
Package C — four scans — 251.7 kGy total 


Results. After we retrieved the packages, we first checked 
for the presence of residual radiation with a Victoreen 
model 290 radiation survey meter. No residual radiation 
was detected from the unopened packages or any of the 
individual samples. 

Next, we examined each stone for obvious changes in 
appearance. (Changes in absorption spectra and analytical 
data will be addressed in future research.) All of the gem 
materials other than diamond showed a dramatic change in 
color (see table 1; figures 1 and 2). 


Editoris note: Bylines are provided for contributing editors 
and outside contributors; items without bylines were pre- 
pared by the section editor or other G&G staff. All contribu- 
tions should be sent to Brendan Laurs at blaurs@gia.edu 
(e-mail), 760-603-4595 (fax), or GIA, 5345 Armada Drive, 
Carlsbad, CA 92008. 
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FALL, 1947 453 


Fig. 3—Synthetic 
star sapphire. Photo- 
micrograph. Magnifi- 
cation 200x. Closely 
spaced interlacing 
needle-like inclusions 
arranged in three sets 
making angles of 60° 
with each other, Dark 
lines intersecting at 
right angles are the 
cross hairs of the mi- 
croscope. 


Observation with the Unaided Eye or Loupe | 


The stones so far produced should offer no serious problem to the well- 
informed jeweler. The details of structure and appearance are so different 
from those of real star rubies or sapphires that one should have no difficulty 
in spotting an unmounted synthetic with the aid of nothing more than a 
loupe. A mounted stone deeply set in a gypsy style ring might give some 
difficulty. However, observation under the microscope should remove doubt 
in any case. 


Even on casual inspection, one is aware of the extraordinary intensity 
and sharp definition of the star. In addition, the rays of the star are unusu- 
ally straight, Equally obvious in practically all stones is the wide belt or 
band extending over the top of the stone. This belt, which is lighter in 
color than the two ends of the stone, is shown in the photograph, Fig. 1. 
It is a consequence of the peculiar distribution of the inclusions producing 
the star. The network of included needles is restricted in distribution to a 
relatively thin layer conforming more or less closely to the upper surface 
of the cut stone. As a consequence of this distribution of inclusions, the 
interior of the stone, its under side and two opposite ends are more trans- 
parent and darker in color thair-this belt over the top. Observing the stoné 
from above, one sees a broad, light-eolored eentral zone or band and two 
narrow, clear, dark zones at either end as Shown in Fig. 1. The asterism is 
related to these needle-like inclusions, since the-tyo rays of the star end 
abruptly at the boundary between the central inclusion-filled band and. the 
clear dark zone at either end of the stone. This results tna. _pronounced 


two-fold symmetry as far as the star is concerned. Four rays extend all the ~~~ 


way down to the base of the stone, whereas the ends of the remaining pair 
stop at the edge of the clear zone. This is shown diagrammatically in Fig. 2. 
If the stone is viewed on edge, around the base, against a strong light, there 
is observed a pronounced variation in transparency as the stone is rotated. 


For most of the samples, the changes were just as dra- 
matic in the box that went through only one scan as in 
the box that went through four. However, the degree of 
change was different for some stones. For example, the 
colorless quartz in the box that was scanned once came 
out a medium brown; a similar sample in the box scanned 
twice turned dark brown; and the third sample, scanned 
four times, became almost black. 

Some of the color changes produced by radiation expo- 
sure are known to be unstable to light or heat. (For more 
on the color stability of irradiated gems, see K. Nassau, 
Gemstone Enhancement, 2nd ed., Butterworth- 
Heinemann, Oxford, 1994.) Therefore, we performed some 
simple experiments on selected samples to try to return 
them to their original, pre-irradiation color. The stones 
included sapphire, kunzite, and (originally colorless) zir- 
con. In each case, we tested one of the three irradiated 
samples and saved the others for comparison. 

In an attempt to fade these stones under realistic con- 
ditions, we taped them to a south-facing window on a 
sunny day in December, and checked their color periodi- 
cally. After approximately 2.5 hours, the green color that 
had been induced in the kunzite and the pinkish brown in 
the zircon had completely disappeared, and the stones had 
returned to essentially their original colors. It is interesting 
to note that the other two zircons showed noticeable color 
fading even though they had been kept in the stone paper 
and were removed only briefly for photography. 

The sapphire slowly lost color and became more yellow 
than orange. After 36 hours, the stone had faded to light 
yellow and was removed from the window to be pho- 
tographed. In an attempt to return the stone to its original 
light blue color, we gently heated it in the flame of an alco- 
hol lamp. This method was successful in removing the 
remaining yellow color. However, the original blue hue did 
not return, and the stone was left colorless (again, see figure 
2). According to Dr. John Emmett (pers. comm., 2002), if 
the stone were heated to significantly higher temperatures 
in a reducing atmosphere, the blue color should be restored. 


Implications for the Future. Currently, the USPS is scan- 
ning only a small portion of the mail and only letters and 
flat envelopes. John Dunlap, manager of Materials 
Handling and Deployment for the USPS Engineering 
Group (pers. comm., 2001), which oversees mail sanitiza- 
tion operations, told us that “Probably nothing will be 
done to packages that are sent registered or certified [the 
preferred method for the jewelry industry], since we now 
require information from the sender.” Other postal 
authorities have commented that the cost and time 
required to sanitize all mail would be prohibitive. 

We also contacted the U.S. Customs Service, Brinks, 
Malca Amit, UPS, and FedEx, and learned that no irradia- 
tion procedures were being used or were planned by them at 
this time. Nevertheless, it is important that members of the 
trade and the consuming public alike be aware that some 
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gem materials could be affected by the procedure, and every 
effort should be made to ship such materials by methods 
that are not likely to be exposed to the irradiation process. 
We recognize that other gem species or varieties, includ- 
ing ruby and emerald, may be affected to lesser degrees by 
this radiation dosage. Also, not all members of the same 
species or even the same variety should be expected to react 
similarly. For example, according to Dr. George Rossman of 
the California Institute of Technology (pers. comm., 2001), 
it is less likely that blue sapphires from basaltic deposits 
(e.g., Thailand or Australia) will show a change in color. In 
the second phase of our testing, which is already underway, 
we will investigate these and many more questions about 
this newest concern to the gem industry. 
Shane F. McClure, Thomas M. Moses, 
and John I. Koivula 
GIA Gem Trade Laboratory 
smcclure@gia.edu 


CONFERENCE REPORTS 


28TH INTERNATIONAL GEMMOLOGICAL CONFERENCE 

Held in Madrid, Spain, on October 8-12, 2001, the 28th 
IGC attracted 38 delegates and 25 observers from 22 coun- 
tries. The participants consisted of gemologists (laboratory 
and academic}, gem cutters and dealers, geologists, archae- 
ologists, instrument designers, museum curators, physical 
scientists (e.g., spectroscopists), synthetics manufacturers, 
editors, educators, and more. An abundance of information 
was exchanged, and new ideas were germinated that 
should help advance many aspects of gemology, from 
exploration for new deposits to new approaches to protect- 
ing the consumer. 

The IGC is a biennial event, and this year’s conference 
was organized by the Instituto Gemoldégico Espanol, with 
Cristina Sapalski as the executive secretary. The 51 pre- 
sentations (44 oral and seven posters) covered a variety of 
topics. This report, prepared by IGC participants Dr. 
Alfred A. Levinson, Robert E. Kane, and Michael E. Gray, 
is a summary of selected presentations that provide a sig- 
nificant amount of new information for G#G readers. 


Update on Piteiras emeralds, Minas Gerais, Brazil. Dr. Jan 
Kanis, a consulting geologist from Veitsrodt, Germany, 
provided an update (as of May 2001) on the exploration, 
geology, and recovery of emeralds at the Piteiras property, 
which is part of the Itabira emerald belt (see Spring 2001 
GNI section, pp. 68-69). A 140-m-long tunnel with a 
12% decline has been completed to access the emerald- 
bearing zones, from which further bulk sampling is taking 
place. An automated plant is used to process the emerald- 
bearing schist and associated quartz-feldspar veins, and 24 
workers hand-pick the emeralds from the concentrate 
along three conveyor belts. Fine facet- and cabochon- 
grade rough has been recovered, and most of the stones 


Gems & GEMOLOGY WINTER 2001 


range from 3 to 12 mm. However, some large (more than 
2 kg), mostly non-gem-quality emerald crystals also have 
been recovered (figure 3). Electron microprobe analysis of 
four emerald crystals revealed an average of 0.60 wt.% 
FeO, 0.33 wt.% Cr,O,, and 0.03 wt.% V,O3. 


Update on jadeite mining in Myanmar. In February 2000, 
Robert E. Kane of Fine Gems International, Helena, 
Montana, visited the Nansibon jadeite mines in northern 
Myanmar (see also R. W. Hughes et al., “Burmese jade: 
The inscrutable gem,” Spring 2000 Gems & Gemology, 
pp. 14-15). These mines are located within the Hkamti 
region, which is arguably the most important source of 
green jadeite in the world today. The two main mining 
areas—Natmaw and Nansibon—are separated by about 32 
air km (20 miles). 

At Natmaw, the jadeite occurs in two types of deposits: 
(1) primary—as dikes and veins in serpentinite, and (2) sec- 
ondary—as jadeite pebbles and boulders in conglomerate. 
The primary deposits are mined using conventional pneu- 
matic drilling and blasting; the pebbles and boulders found 
usually come from the Natmaw River. At Nansibon, an 
area of jadeite-bearing conglomerates is divided into nearly 
175 one-acre cooperative joint-venture mining claims that 
are worked by both traditional hand methods and modern 
mechanized mining techniques (figure 4). 

The Myanma Gems Enterprise, a subsidiary of the gov- 
ernment’s Ministry of Mines, oversees jadeite mining in 
the Nansibon and Natmaw areas, and has a valuation facil- 
ity in the town of Hkamti. The jadeite is categorized 
according to three grades: (1) Gem Quality, (2) Commercial, 
and (3) Utility. Valuation is based on standardized pricing 
guidelines. After valuation, the jadeite is sent to trading and 
cutting centers directly or via Mandalay. 


Figure 3. This large (18 x 9 cm) emerald crystal was 
recently recovered from the Piteiras property in Minas 
Gerais, Brazil. Photo courtesy of Jean-Marc Lopez. 
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Figure 4. The Nansibon region of northern 
Myanmar is an important source of fine-quality 
Imperial jadeite. This is the largest jadeite mining 
operation in the area, the Hjar Maw joint venture. 
Photo by Robert E. Kane. 


The structure of opals. The structure of play-of-color opal 
of sedimentary origin (e.g., Australia) is classically 
described as a three-dimensional stacking of silica (SiO,) 
spheres. However, Dr. Emmanuel Fritsch of the University 
of Nantes, France, explained that this is an over-simplifica- 
tion applicable only to highly porous, hydrophane opal. In 
opals typically encountered in the gem trade, the spheres 
coalesce to the point that the structure is best described as 
a network of holes (i.e., the spaces remaining between the 
spheres) in a solid silica matrix. 

In opals of volcanic origin (e.g., Mexico), no such spheres 
are observed on freshly broken surfaces of play-of-color 
material. Only after etching with dilute hydrofluoric acid is 
a network of spherical holes observed. These holes are about 
200 nm in diameter, in a residual “honeycomb” composed 
of small siliceous grains (20-40 nm each). These grains 
appear to be the true elementary building blocks of many 
opals. Because of their small size, they are best observed 
with an atomic-force microscope (figure 5). In volcanic opals 
without play-of-color, these small grains are disordered. 
They sometimes coalesce to form fibers (in pink opal) or 
platy crystals of disordered cristobalite in opal CT (in most 
volcanic opals). The ~200-nm-diameter spheres observed in 
play-of-color sedimentary opals from Australia or Brazil are 
on rare occasions built of concentric layers of small grains. 


Transparent green orthoclase feldspar from Vietnam. Dr. 
Johann Ponahlo of the Natural History Museum, Vienna, 
Austria, described green orthoclase that first appeared in 
gem markets at Luc Yen, in northern Vietnam, in 1997. 
The material is predominantly opaque, but some translu- 
cent and transparent pieces have been sold as polished 
gems, represented as jadeite or amazonite. Mineralogical 
studies have established that the material is orthoclase 
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Figure 5. Atomic-force microscopy of the freshly bro- 
ken and etched surface of a volcanic fire opal from 
Kazakhstan shows that it is composed of an agglomer- 
ation of small silica grains that are typically about 20 
nm (0.02 um) in diameter. The field of view is 1.5 x 1.5 
mm, and the colors correspond to the topographic relief 
of the broken surface. Micrograph by David Albertini. 


because it is a monoclinic K-feldspar (amazonite is a green 
Pb-bearing triclinic K-feldspar). Unique to this locality, the 
orthoclase contains inclusions of small ruby crystals, 
which were identified by their strong red cathodolumines- 
cence (CL) and characteristic CL spectrum. A strong CL 
band at 822-834 nm also is characteristic of orthoclase 
from this locality. The green color is attributed to an 
unusually high lead content (0.5 wt.% PbO), which is also 
unique to orthoclase from the Luc Yen area. 


Cultured mabe pearls from North Queensland, Australia. 
Dr. Grahame Brown of Brisbane, Australia, reviewed the 
culturing process, production, and quality characteristics 
of the bead-nucleated mabes that are cultured by Indian 
Pacific Pearls Ltd. in subtropical waters off Orpheus Island, 
80 km north-northwest of Townsville. When they reach 
approximately 120 mm long, one-year-old Pteria penguin 
oysters (also known as penguin or black wing oysters) are 
implanted with five polymer nuclei of various shapes. 
After 18 months the mabes are harvested, with a nacre 
thickness of ~0.5 mm. After processing, about 40% of the 
cultured mabes are marketable (figure 6). 

The cultured mabe pearls are 12-16 mm in diameter. 
Their nacre is highly iridescent, in colors that range from 
white-“silver” to “silver”-brown, and a most desirable 
slightly brownish “gold.” Some are attractively patterned 
by the intergrowth of black calcite that lines the outer 
margin of the mollusk’s shell. When exposed to long-wave 
UV radiation, the white to “silver” nacre fluoresces a 
strong blue and the brown and black material is inert. 


“Young” and “old” sapphires from Australia and 


Southeast Asia. Australia and Southeast Asia have been 
the sources of large amounts of sapphire associated with 
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basaltic rocks. It is universally accepted by geologists that 
the sapphires did not crystallize directly from the basalts; 
rather, the basalts merely were the transporting mecha- 
nism that brought the sapphires to the surface. Over the 
past decade, two types of sapphires associated with basalts 
from these areas have been recognized, based on variations 
in their trace-element contents. Dr. F. L. Sutherland of the 
Australian Museum, Sydney, postulated that sapphires 
with a Cr,O,/Ga,O, ratio less than | crystallized from a 
magma, whereas those with a Cr,O,/Ga,O, ratio greater 
than 1 formed by a metamorphic process. 

To help prove this hypothesis, Dr. Sutherland and co- 
workers have obtained information on the age of sapphires 
from both inferred origins. Sapphires of such different geo- 
logical origins should show discrete differences in their 
crystallization ages. Syngenetic zircon inclusions (figure 7) 
in both types of sapphire were dated by uranium-lead iso- 
tope methods. Vastly different ages (ranging from 2.8 to 
900 million years) were obtained in a study of Australian 
sapphires of both types, from Queensland and New South 
Wales. The younger ages correspond to sapphires with a 
magmatic origin, while the older sapphires have trace-ele- 
ment ratios that indicate a metamorphic origin. The 
youngest ages obtained so far (1.1-1.5 million years) were 
found in magmatic-type sapphires from Laos. 


Spanish gem deposits. Cristina Sapalski gave an overview 
of gem and mineral localities in Spain (see also J. C. 
Guinea and E. G. Huertos, “Mapa Gemoldgico y Previsor 
de Espana,” Instituto Gemoldgico Espanol and Instituto 
Geoldgico y Minero de Espana, Madrid, 1986). These 
include: sapphire and spinel in marble deposits at 
Villanueva de Bogas (Toledo); cinnabar and mercury at the 
world-famous Almadén deposits; topaz from greisens at 
the Valle de la Serena mine (Badajoz); hematite and mala- 


Figure 6. These cultured mabe pearls were harvest- 
ed from Pteria penguin oysters near Orpheus 
Island, North Queensland, Australia. Photo by 
Grahame Brown. 
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Figure 7. Uranium-lead isotopic dating of this 3-mm- 
long red-orange zircon inclusion in an Australian sap- 
phire from Lava Plains, Queensland, suggests a crys- 
tallization age of 3 million years and a magmatic ori- 
gin. Photo by Gayle Webb, Australian Museum. 


chite at the Jayona mine; scapolite, sphene, and other min- 
erals in skarns at Burguillos del Cerro and Jeréz de los 
Caballeros (Badajoz); turquoise from hydrothermal veins at 
Valdeflorez (Caceres); rose quartz from a pegmatite at 
Oliva de Plasencia (Caceres); goshenite in cavities within 
the Perefia pegmatite; and variscite at Palazuelo de las 
Cuevas. Currently, there is little or no commercial produc- 
tion of gem-quality material from these occurrences. 


Tsavorite from Tanzania and elsewhere. Menahem 
Sevdermish of the European Gemological Center and 
College, Ramat Gan, Israel, reviewed currently known 
localities for tsavorite and recounted the cutting of a 192 
ct piece of tsavorite that was recovered from the tailings of 
the old Titus tsavorite mine in Tanzania (see Spring 2001 
GNI, pp. 72-73). Tsavorite was originally found and 
described from the Tsavo National Game Park in Kenya. 
However, over the last few years Tanzania has surpassed 
Kenya in production of this gem. Today, there are five 
main sources of tsavorite in Tanzania (see figure 8), each of 
which produces gems with slightly different color charac- 
teristics. However, their gemological characteristics (e.g., 
RI. and S.G. values) are essentially identical. 


Advanced spectroscopic methods applied to gem materi- 
als. Drs. Jean-Marie Dereppe and Claudette Moreaux of 
the University of Louvain, Belgium, reviewed a variety of 
nonconventional spectroscopic methods such as neutron 
activation analysis (NAA), Méssbauer spectroscopy, nucle- 
ar magnetic resonance (NMR), and X-ray photoelectron 
spectroscopy (XPS, also called electron spectroscopy for 
chemical analysis [ESCA]}. These different methods can be 
used to help determine the locality of origin of natural 
gemstones and detect new synthetics or treatments. 


Synthetic and enhanced gems from Russia. An update on 


synthetics, simulants, and gem treatments from Russia 
was provided by Dr. Vladimir S. Balitsky of the Institute of 
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Experimental Mineralogy, Russian Academy of Science, 
Chernogolovka, Russia. Several government institutes and 
about 30 companies have succeeded in manufacturing 
almost all known gems, whether their natural counter- 


Figure 8. This map shows the five major tsavorite-pro- 
ducing localities in Tanzania (Komolo, Merelani Hills, 
Ruangwa, Tunduru, and Umba) and one in Kenya 
(Voi, near the Tsavo National Game Park). The charac- 
teristic colors of the tsavorites from each locality also 
are illustrated. Courtesy of Menahem Sevdermish. 
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Figure 9. Russian gem treaters are experimenting 
with surface-coloring technologies using a high- 
temperature process in the presence of cobalt and 
other metals and their oxides. This 1.17 ct reddish 
orange sapphire and 2.62 ct orangy yellow topaz 
were treated in this fashion. Courtesy of Vladimir 
S. Balitsky; photo by Maha Tannous. 


parts are abundant (e.g., some varieties of synthetic quartz) 
or relatively uncommon (e.g., synthetic alexandrite, mor- 
ganite, and moissanite), and representing a broad value 
range (e.g., synthetic emerald, play-of-color opal, mala- 
chite, and turquoise). In some cases, they are being manu- 
factured in huge amounts—such as a few thousand kilo- 
grams annually of synthetic amethyst, ametrine, ruby, and 
sapphires of various colors—by every major method of 
synthesis (including hydrothermal, flux, Czochralski, and 
floating zone). Also being manufactured are large quanti- 
ties of simulants, such as YAG, GGG, and CZ. 

The Russians are enhancing the appearance and/or 
physical characteristics of several natural gems, including: 
agate, amazonite, amber, charoite, corundum, danburite, 
demantoid garnet, heliodor, lazurite, nephrite, quartz, 
topaz, and turquoise. A variety of techniques are used, such 
as heat treatment, impregnation, and dyeing. Gem treaters 
are also developing new surface-coloring technologies. For 
example, they are using a high-temperature process that 
chemically alters the surface of stones to turn colorless and 
pale-colored sapphires an attractive blue. Quartz and topaz 
are also enhanced by this process (see, e.g., figure 9). 

The future will likely see increased production of larg- 
er and better synthetics (e.g., diamonds), as well as 
advances in enhancement techniques. Clearly, Russia is a 
leader in these fields. 


Recent observations at CISGEM. Dr. Margherita Superchi 
of the Centro Informazione e Servizi Gemmologici (CIS- 
GEM), Milan, Italy, focused mainly on the recent discov- 
ery of gem-quality rhodizite from Antetezantsio in central 
Madagascar, which she compared to the new gem mineral 
londonite, (Cs,K,Rb)A1,Be,(B,Be),,O,.. The latter was dis- 
covered at nearby Antsongombato (see W. B. Simmons et 
al., “Londonite, a new mineral species: The Cs-dominant 
analogue of rhodizite from the Antandrokomby granitic 
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pegmatite, Madagascar,” Canadian Mineralogist, Vol. 39, 
2001, pp. 747-755). The Antetezantsio rhodizite ranges 
from colorless to yellow-green or very light bluish green 
(figure 10). Preliminary chemical data reveal a relatively 
high content of rubidium. 

Dr. Superchi also discussed a new bead that is being 
manufactured in Australia for pearl culturing. The bead is 
made from sintered dolomite, CaMg(CO,),, and spheres 
from 13 to 15 mm in diameter have been used to nucleate 
South Sea cultured pearls on at least one Indonesian farm. 
The material has an S.G. of 2.84 and is opaque to X-rays. 


A code of ethics for gemologists and jewelers. Dr. Roger 
Harding of the Gemmological Association and Gem 
Testing Laboratory of Great Britain (GAGTL), discussed an 
important matter for gemologists and jewelers—a general 
code of practice and behavior in business. This topic has 
particular relevance today because business practices have 
changed significantly in recent years. For example, via the 
Internet, traders are more often dealing with people they 
do not know. Also, the need to disclose enhancements and 
synthetics is more important than ever before to safeguard 
the future of the gem and jewelry industry. 

Dr. Harding reviewed the codes of conduct, practice, 
and/or ethics, as well as disciplinary procedures and reme- 
diations, of four professional organizations in Great 
Britain: the National Association of Goldsmiths, the 
Geological Society, the Registered Valuers, and the 
London Diamond Bourse and Club. He noted large differ- 
ences, especially in detail, among them, even though all 
operate within the same region. Based on these prelimi- 
nary findings, Dr. Harding concluded that it would be diffi- 
cult to compile a detailed “code of practice” that would be 
both applicable and acceptable to all segments of the gem 
and jewelry industry. Accordingly, GAGTL is considering 
a general code of conduct, and would welcome input from 
similar organizations worldwide. 


Hardness testing of gemstones. It is well known that some 
gems show variations in their hardness according to crys- 
tallographic orientation. For example, the Mohs hardness 
of kyanite ranges from 4.5 to 7, and diamond must be ori- 
ented in specific directions during cutting. Michael Gray 
of Coast-to-Coast Rare Stones Intl., Missoula, Montana, 
reported that every mineral species should have some vari- 
ation in hardness according to crystallographic orientation. 
Hand-held testers have been developed that use traditional 
(scratch) techniques to accurately measure hardness in a 
matter of seconds. These instruments could be used to 
help confirm the identity of gem materials, even when 
mounted, because the mark they leave is imperceptible 
without magnification. Mr. Gray proposed using this tech- 
nique to reexamine the accepted hardness of various min- 
eral species; to determine if there are differences in direc- 
tional hardness between heat-treated gems (such as corun- 
dum) and synthetics, as compared to their natural counter- 
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parts; and to investigate whether gems from different 
localities show differences in hardness. 


Diamond presentations at the annual AusIMM and Aus- 
tralian Diamond Conferences. The annual Australasian 
Institute of Mining & Metallurgy (AusIMM) meeting, held 
November 6-8 in Melbourne, was attended by 650, down 
from 2,000 the previous year. Meanwhile, attendance at 
the Australian Diamond Conference, held December 3-4 
in Perth, was 240, which exceeded the attendance three 
years ago at 180. 

Many presentations at the two meetings overlapped. 
The highlight of both conferences was the address given by 
Miles Kennedy, chairman, and David Jones, exploration 
manager, of Kimberley Diamond Co. (KDC), which in 2000 
purchased the mining rights to the Ellendale project in the 
West Kimberly region of Western Australia. The area con- 
tains two large (78 and 45 ha) diamondiferous lamproites, 
and evaluation by KDC has shown that parts of their west- 
ern peripheries have enriched surface zones down to 3 m 
(10 feet) that contain 470,000 tonnes at 26 carats/tonne 
(pipe 4) and 500,000 tonnes at over 12 carats/tonne (pipe 9). 
During evaluation, good-quality diamonds weighing 8.04 
ct, 7.90 ct, and 6.88 ct were found. Mining is scheduled to 
start in April or May 2002. With a projected production of 
400,000 carats per year, Ellendale will be Australia’s third 
diamond mine after Argyle and Merlin. 

Gordon Gilchrist, managing director of Argyle 
Diamonds, remarked that diamonds now comprise about 
10% of Rio Tinto’s business. With the recent completion 
of development work for enlarging the open pit at Argyle, 
annual production will climb back to 30 million carats 
(Mct), up from its present 24 Mct. The Merlin mine pro- 
duces 70,000 carats annually, and Canada’s Diavik mine 
will go on-line in mid-2003 with 2.6 Mct projected for the 
year. Diavik’s planned full production of 7.8 Mct annually 
will be reached in mid-2005. Other Rio Tinto projects 
include the Murowa pipes in Zimbabwe, which may start 
production in 2003 with an initial output of 400,000 


Figure 10. The Rb-rich rhodizites shown here (up to 
1.15 ct) were recently mined from the Antetezantsio 
pegmatite in central Madagascar. Courtesy of 
Margherita Superchi. 
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carats per year, and an unnamed venture in Brazil. 

Bill McKechnie, group manager of exploration for De 
Beers South Africa, gave a diamond industry overview 
from the De Beers perspective. Production among the 
three largest producers stands as: De Beers—31% by 
weight, 44% by value; Russia—l18% by weight, 20% by 
value; and Rio Tinto—43% by weight, 4% by value. De 
Beers’s new producers will be Snap Lake, starting in 2005 
with 1.7 Mct annually; the new small pipe east of Orapa 
(Botswana), starting in 2002, with 170,000 carats per year; 
Mwadui (Tanzania) redeveloped and in full production in 
2003 at 250,000 carats per year; and the Premier C-cut 
(South Africa), in full production by 2008 at 3 Mct per 
year. The company’s exploration in Canada centers on 
three areas: the Victor pipe in the James Bay Lowlands 
(with diamonds valued at US$160/ct), the Fort a la Corne 
area in Saskatchewan, and the Kennady Lake area in the 
Slave province of the Northwest Territories (NWT). 

Elsewhere in Canada, Tahera Corp.’s Joseph Gutnick 
described the discovery of the new Coronation district of 
diamondiferous kimberlites, 120 km northwest of the 
company’s Jericho project in Nunavut. Jericho may 
become Canada’s third diamond mine, ahead of De Beers’s 
Snap Lake. 

Stephen Cooper, Wolf Marx, and Leon Daniels of 
Orogenic Exploration and Tawana Resources discussed the 
Flinders Island prospect off the west coast of South 
Australia, where drilling will begin in January 2002. Linda 
Tompkins, technical director of Elkedra Diamonds, out- 
lined the geologic merits of exploring the Altjawarra cra- 
ton in the southeastern part of the Northern Territory. 
Various companies presented case histories of discovery, 
sampling, and exploration at other Australian projects, but 
they did not include any new mine feasibility studies. 

Presentations on diamond projects elsewhere included: 
Namakwa Diamond Co.’s development of onshore dia- 
mondiferous beach deposits, 12-47 km north of the 
Olifants River in Namaqualand, South Africa; African 
Mining & Petroleum Resources’ Bobi diamond project in 
the Ivory Coast, which aims to start mining an alluvial 
deposit in January 2003 at a rate of up to 50,000 carats per 
year of diamonds valued at US$100/ct; and an alluvial 
deposit in Brazil’s Abaete River that is shared by 
Australia’s Kimberley Diamonds and Black Swan Minerals 
of Toronto. Namibia’s mining minister, Jesaya Nyamu, 
pointed out that the country has profited from developing 
its own diamond cutting and polishing industry. Richard 
Russell, speaking for Mount Burgess Mining, announced 
the intersection of kimberlite at their Tsumkwe prospect, 
in northeastern Namibia. The contributor of this GNI 
entry, acting as technical director of Australian Indian 
Resources, indicated that there are still many undiscov- 
ered diamond deposits in India. 

In other presentations, David Fardon, manager of pol- 
ished sales at Argyle Diamonds, showed the variations in 
color and intensity of pink diamonds. Garry Holloway of 
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Precious Metals discussed how small manufacturers and 
retailers can shorten the pipeline by making direct arrange- 
ments with producers and establishing their own brand. 
The atmosphere in Melbourne among the metal miners 
and explorers was subdued, but in Perth the mood was dif- 
ferent. Despite the present poor economic climate, diamond 
explorers remain optimistic. The success of the initial 
prospectus offer for Elkedra Diamonds showed that it was 
still possible to raise capital for a new project. Many junior 
diamond exploration companies are still venturing into 
Africa and India. Rio Tinto and De Beers are each investing 
millions annually for exploration in Australia and Canada. 
The biggest challenge will be to increase demand for dia- 
monds in order to keep up with increasing production. 
A. J. A (Bram) Janse 
Archon Exploration, Carine, Western Australia 
archon@space.net.au 


COLORED STONES AND 
ORGANIC MATERIALS 


Gem resources of Afghanistan. If wars and tribal conflicts 
were not tearing the country apart, Afghanistan could pro- 
duce as much as $300-—$400 million in colored gemstones 
yearly, according to Gems & Gemology author Gary 
Bowersox, of GeoVision Inc., Honolulu, who has been 
working with Afghan miners and dealers for 30 years. 
Bowersox says the country could be a major source for 
numerous gemstones, including emerald, aquamarine, 
morganite, tourmaline, kunzite, pink sapphire, ruby and, of 
course, lapis lazuli. 

As Mr. Bowersox indicated in the Winter 1985 issue of 
GwG (“A Status Report on Gemstones from Afghani- 
stan,” pp. 192-204), most of the country’s gem deposits 
are located in the eastern region within the Hindu Kush 
Mountains, relatively close to the border with Pakistan. 
Many of the mines are in remote, mountainous areas, and 
some are accessible for only a few months of the year. 
Since miners have already exploited the surface deposits, 
now they must go deeper to find the gems, which will 
require more sophisticated equipment than the primitive 
digging and blasting typically used there. 

Mr. Bowersox feels that the strongest potential is for 
emeralds from the Panjshir Valley, which was also the 
home base of the recently assassinated Northern Alliance 
leader General Ahmed Shah Massoud, who was heavily 
involved in emerald mining. Mr. Bowersox maintains that 
the best gems are “comparable to the finest emeralds of 
the Muzo mine in Colombia.” Despite the primitive min- 
ing methods, as much as $10 million worth of emeralds 
have been produced annually since 1994. 

Pegmatite gems (see, e.g., figure 11) are mined in the 
Nuristan-Laghman region, which is east of the main emer- 
ald deposits. In his 1985 GwG article, Mr. Bowersox wrote 
that since the early 1970s “literally hundreds of thousands 
of carats of gem-quality tourmaline and fine kunzite” had 
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Figure 11. Even in times of war, Afghanistan has pro- 
duced an abundant supply of gems, such as this tour- 
maline (12.1 cm tall, with stilbite and cleavelandite) 
from a pegmatite in Paprok, Nuristan Province. 
Courtesy of Steve Neely; photo © Jeff Scovil. 


been cut from this area. Morganite and large aquamarine 
crystals have been mined in the same region. The ruby and 
sapphire deposits are the most accessible, located near the 
road between the capital, Kabul, and the city of Jalalabad 
to the east. Because this has been one of the country’s 
most embattled areas, production has been sparse, 
although Mr. Bowersox believes it could be a major 
deposit. 

Lapis lazuli, for which Afghanistan is the primary 
source, has been mined for centuries in Badakhshan 
Province, north of the country’s other gemstone deposits. In 
July-August 2001, Mr. Bowersox escorted a film crew to the 
lapis mines. Although there was little activity or production 
at the mine, the group saw more than 18 tons of lapis lazuli 
for sale in Peshawar, Pakistan. Apparently the miners were 
occupied with the war against the Taliban, as numerous 
lapis veins could still be seen in the mine tunnels. 

Mr. Bowersox is optimistic that, if peace and stability 
return to the country (which has known neither for some 
20 years), “gems from Afghanistan will be flowing onto the 
market for many years to come.” 


Update on amethyst, citrine, and ametrine from the 
Anahi mine, Bolivia. Since the publication of “The Anahi 
ametrine mine, Bolivia” by P. M. Vasconcelos et al. 
(Spring 1994 GwG, pp. 4-23), there have been some sig- 
nificant changes in the processing and marketing of gem 
material from this mine. The following update was pro- 
vided by Ramiro Rivero, owner of Minerales y Metales del 
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Oriente S.R.L. (Santa Cruz, Bolivia), which has mined the 
deposit since 1990. 

The company currently employs a full-time team of 
three mining engineers and geologists, as well as more 
than 120 miners. Exploration is conducted simultaneous- 
ly with mining to help assure a steady supply of material 
in the future. They are now exploiting seven areas within 
the Anahi mining concession (see, e.g., figure 12), in 
search of cavities that are lined with the amethyst-citrine 
crystals. The miners extract about 30-40 tonnes of 
amethyst, citrine, and ametrine (bicolored amethyst-cit- 
rine; see figure 12 inset) every month, which is processed 
at the company’s facility in the city of Santa Cruz (figure 
13). The processing plant employs approximately 60 
workers, who are involved in washing, cobbing, sawing, 
and pre-forming the rough. Calibrated pre-forms are sent 
to Hong Kong for faceting—together with examples of fin- 
ished gemstones with the desired proportions and facet 
designs—and the polished gems are then returned to 
Santa Cruz for sorting and quality control before distribu- 
tion to the international market. 

To avoid problems created by the widespread practice 
of mixing synthetic quartz into parcels of amethyst, cit- 
rine, and ametrine, the company sells about 80% of their 
gemstones directly to overseas jewelry manufacturers. 
Sales of rough material to selected high-end designers and 
cutters will continue at the Tucson gem show. The com- 
pany aims to maintain the combined production of 
faceted material (sold directly and cut from rough) at 3 
million carats per year, as they have since 1998. The pro- 
portion of each gem variety produced is adjusted accord- 
ing to market requirements; today it is approximately 
40% amethyst, 20% citrine, 20% ametrine, and 20% 
“anahite” (pale amethyst with no brown overtones). 
Every year, about 100 tonnes of nonfacetable material is 
sold to manufacturers of spheres, cabochons, and beads in 
Brazil and Hong Kong. The company also sells about 10 
tonnes of mineral specimens annually. 

Research and development on gem cutting and jewelry 
manufacturing is ongoing. The company is investigating 
the logistics of developing large-scale lapidary capabilities 
in Santa Cruz, and they are test marketing silver jewelry 
that is being manufactured in Bangkok. 


“Copal” resin from Madagascar. In recent years, attractive 
polished specimens sold as copal from Madagascar have 
become widely available. The material’s transparency, 
interesting inclusions, and availability in large sizes and 
quantities have contributed to its popularity. GNI editor 
Brendan Laurs recently received some information on the 
origin and characteristics of this Malagasy “copal” from 
Dr. Federico Pezzotta, of the Museo Civico di Storia 
Naturale, Milan, Italy. 

Dr. Pezzotta has followed this attractive resin since 
1994-95, when the first production arrived in the capital 
city, Antananarivo. At that time, the material was scarce, 
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Figure 12. A miner uses a wheelbarrow to remove 
material from the Anahi mine in Bolivia; photo 
courtesy of Ramiro Rivero. The free-form ametrine 
carving in the inset is by Michael Dyber and weighs 
25.60 ct; photo by Sena Dyber. 


commanded high prices, and was sold as amber. Soon buy- 
ers classified it as “copal” when they realized that it was of 
recent origin. In fact, this material should actually be called 
resin, since it is generally just several years (or tens of years) 
old, according to Dr. Pezzotta. (Conversely, copal is defined 


Figure 13. At a processing facility in Santa Cruz, 
Bolivia, mine-run material from the Anahi mine is 
washed, cobbed (center and right side), sawn, and 
pre-formed (left side). Courtesy of Ramiro Rivero. 
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as “barely fossilized tree resins between 100 and 1,000 years 
old,” according to GIA’s Colored Stones course.) The hard 
resin is collected in rain forests that lie principally along the 
east coast of the island; it is taken directly from certain trees 
or from the ground beneath them. Dr. Pezzotta reported 
that the resin forms on the trees annually, and he has seen 
masses weighing several kilograms on the market, with part 
of the wood still attached in some cases. 

In 1997-98, large stocks of medium- to low-quality 
“copal” showed up in gem markets in Antananarivo and 
Antsirabe, and local dealers began working with the 
material—in a process that involved controlled heating of 
the surface during polishing—to produce attractive trans- 
parent forms that contained spectacular inclusions. Dr. 
Pezzotta has seen not only a wide variety of insect species 
in the hardened resin, but also small lizards (including 
chameleons), leaves of various trees, and even feathers 
(see the following entry for more detail on these inclu- 
sions). It is not known if all of these inclusions were 
trapped in the resin naturally. 

The stability of the resin is unknown at this time. 
From 1996 to 1998, Dr. Pezzotta collected a significant 
number of polished samples with interesting inclusions 
for his museum, and some of these have started to develop 
a network of thin cracks on the surface. The stability may 
depend on the age, location, or species origin of the resin, 
or it may be influenced by the polishing procedure used. 


Mote interesting inclusions in copal resin from Madagascar. 
In the Spring 2000 Gem News section (pp. 67-68), one of 
these contributors (JIK) documented some unusual fluid 
inclusions in what was represented to him as copal from 
Madagascar. This attractive resin was widely available at 
the 2001 Tucson gem show, and Le Minéral Brut 
(Hauterive, France) had a good selection of well-polished 
specimens that contained a wide variety of arthropod 


Figure 14. A variety of arthropods, plant matter, and 
fluid inclusions can be found in “copal” resin from 
Madagascar. This polished specimen is 130.38 mm 
long and weighs 306.72 ct. Photo by Maha Tannous. 
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inclusions such as ants, spiders, beetles, termites, and two- 
and four-winged flies, as well as plant matter. Some of 
these polished pieces were more than 25 cm long and 
weighed several hundred carats. The clarity of the resin 
and the high quality of the polish provide an excellent 
showcase for viewing the various inclusions (figure 14). 

One of these contributors (JIK) obtained a sample that 
contained a spider, a large beetle, and several small flies, as 
well as a number of bubbles trapped along a flow plane. 
Microscopic examination of the bubbles revealed a watery 
liquid of low viscosity, possibly encapsulated droplets of 
rain or dew; most of the bubbles also contained a small gas 
phase (figure 15). In a few of these fluid inclusions, the gas 
bubbles moved freely. 

The variety and type of inclusions, together with the 
apparent quality of the resin, make this material interest- 
ing to anyone who appreciates nature. According to the lit- 
erature provided by the dealer, the resin comes from 
Hymenaea verrucosa trees in forests on the northeastern 
part of the island. 

John I. Koivula and Maha Tannous 
GIA Gem Trade Laboratory, Carlsbad 
jkoivula@gia.edu 


Tolite and corundum in Wyoming. In 1995, this contributor 
led the Wyoming State Geological Survey (WSGS) field 
reconnaissance for gems in the central Laramie Range of 
southeastern Wyoming, at which time he discovered sam- 
ples of cordierite (iolite) and corundum—many of gem 
quality—in the Palmer Canyon area west of Wheatland. 
Recently, some Palmer Canyon iolites and pink to purplish 
pink sapphires were cut by claim owner Vic Norris of 
Lyons, Colorado, as part of ongoing investigations into the 
commercial viability of the deposit. These samples were 
provided to the WSGS and examined by Elizabeth Quinn at 
the GIA Gem Trade Lab in Carlsbad for this report. 

The iolite is hosted by quartzofeldspathic gneiss that 
crops out over a distance of 60 m and averages about 3 m 
wide (W. D. Hausel, “Field reconnaissance of the Palmer 
Canyon corundum-kyanite-cordierite deposit, Laramie 
Mountains, Wyoming,” WSGS Mineral Report MR98-1, 
1998, 7 pp.). This outcrop disappears under soil, and the 
presence of detrital iolite up-slope suggests that the 
deposit may exceed 500 feet (152 m) in length. The iolite 
typically forms rounded transparent to translucent grains 
or larger nodules. Samples of fractured iolite as large as 600 
grams, with areas that could cut jewelry-quality stones, 
were collected from the gneiss during the initial field 
investigation. A similar piece found recently measures 
10.8 x 6.4 x 3.2 cm, and is believed to be the largest iolite 
known from Wyoming. 

The three samples (0.36-1.33 ct; see figure 16) exam- 
ined at GIA had the following properties: color—grayish 
violet to violet, with moderate to strong pleochroism in 
violet and very light brownish yellow; R.I.—from 
1.531-1.533 to 1.540-1.542; birefringence—0.009; S.G.— 
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Figure 15. The bubbles in this resin, trapped along 
a flow plane, are partially filled with a watery 
fluid; several also contain free-floating gas bubbles 
in the fluid portion. Photomicrograph by John I. 
Koivula; magnified 10x. 


2.59—2.60; inert to long- and short-wave UV radiation; and 
no features visible with the desk-model spectroscope. 
These properties are consistent with those reported for 
iolite in the literature (see, e.g., R. Webster, Gems, 5th ed., 
revised by P. G. Read, Butterworth-Heinemann, Oxford, 
1994). Microscopic examination revealed dark hexagonal 
crystals (probably biotite), colorless and milky-looking 
crystals, fractures (some partially healed), patchy clouds, 
and broken lines of “silk.” 

The corundum from Palmer Canyon is found near the 
iolite occurrence in chlorite-biotite schist and mica-kyan- 
ite gneiss that has been traced for nearly 300 m (see 
Hausel, 1998, cited above). The corundum forms hexago- 
nal prisms and platelets that are locally abundant in the 
schist. The crystals are translucent to transparent, and 
vary from white to pink to (less commonly) purplish pink. 
Most crystals average about 1 cm long and 0.5 cm in 
diameter; the largest specimen collected thus far mea- 
sures 2.5 x 0.7 cm. 

Ms. Quinn examined a 1.15 ct transparent faceted pur- 
plish pink sapphire and a 1.47 ct opaque brownish purplish 
pink sapphire cabochon from Palmer Canyon (again, see 
figure 16). The faceted sapphire showed the following prop- 
erties: pleochroism—moderate, in purplish pink and orangy 
pink; R.I—1.760-1.768; birefringence—0.008; S.G.—3.99, 
fluorescence—moderate orangy red to long-wave, and very 
weak red to short-wave, UV radiation; and chromium lines 
and a 470 nm doublet visible with the desk-model spectro- 
scope. Microscopic examination revealed fractures (most 
partially healed), twin planes, white needles (probably 
boehmite}, colorless crystals, and fine “silk’’ composed of 
minute short needles, stringers, and clouds. No evidence of 
heat treatment was observed. The following properties 
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were recorded for the cabochon: no pleochroism observed; 
R.I—1.76 (spot method); $.G.—3.89; fluorescence—very 
weak red to long-wave and inert to short-wave UV; and 
chromium lines in the red region plus absorption due to 
iron around 450 nm in the blue region. Microscopic exami- 
nation revealed numerous needles (probably rutile) and red- 
dish orange crystals, abundant twin planes and fractures, 
and a yellowish substance in some fractures. 

Several other minerals with potential as gems or orna- 
mental materials have been identified in Wyoming, many 
within the last two to three decades. These include dia- 
mond, aquamarine, chrome diopside, jade, labradorite, peri- 
dot, opal, pyrope garnet, variscite, and many unusual agates 
and jaspers (see W. D. Hausel and W. M. Sutherland, 
Gemstones and Other Unique Minerals and Rocks of 
Wyoming—A Field Guide for Collectors, WSGS Bulletin 
71, 2000, 268 pp.). Further field investigations will likely 
lead to additional gem discoveries in the Cowboy State. 

W. Dan Hausel 
Wyoming State Geological Survey, Laramie 
dhause@wsgs.uwyo.edu 


Green kyanite from Bahia, Brazil. Although kyanite is typi- 
cally blue (see, e.g., Spring 1999 Gem News, pp. 51-52), 
recently a large discovery of green material was made in 
Bahia, Brazil. According to Steve Perry of Steve Perry 
Gems, Davis, California, the find occurred in March-April 
2001. Last June, he saw 16 kg of rough in Governador 
Valadares. Lightly to moderately included faceted gems 
averaging about 6-10 ct (and up to 30 ct} were also seen by 
Mt. Perry in Brazil. Many of the stones contain a blue stripe 
that appears similar to material mined in Brazil’s Goids 
State about 13 years ago. The blue area is variable in width 
and ranges from very pale to saturated. 


Figure 16. The iolites (0.36-1.33 ct) and pink sap- 
phires (1.15 and 1.47 ct) shown here are from the 
Palmer Canyon area in the central Laramie Range 
of southeastern Wyoming. Courtesy of Vic Norris; 
photo by Maha Tannous. 
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The direction through the two clear ends is decidedly more transparent than 

that across the cloudy belt. Of nearly fifty stones examined, only two failed 

to show such a distinet. belted character and even these exhibited an appre- 

ciable variation in transparency when viewed around the edge of the base. 

Curved color bands and irregular but generally curved cloudy streaks con- ¢ >) 
sisting of a multitude of tiny air bubbles are also of common occurrence. 

Bubbles seem to be of far greater frequency in these stones than in ordinary 
synthetic corundum. 

Dichroism 


Both the red and blue stones exhibit dichroism, the red more strongly 
than the blue. This is in part due to the paler color of the blue stone. The 
dichroism of the blue stones is not too unlike that of natural blue sapphire. 
The dichroism of the red stone, however, exhibits in one direction an orange 
color which tends much more toward the yellow than does natural ruby of 
comparable hue. 


Microscopic Examination 


Examination under the microscope should prevent any confusion between 
this material and natural star rubies or sapphires. Under a magnification 
of 50x, the pale belted zone of the stone is seen to consist of a close-packed 
mass of needle-like inclusions in three sets which make angles of 60° with 
each other. They occur in much greater abundance and seem to be much 
shorter in length than those commonly observed in natural star ruby and 
sapphire. The close spacing of these needles is apparent in Figs. 4 and 5. 
The minute size and vast number evidently accounts for the sharpness and >) 
intensity of the asterism. The needle-like inclusions are arranged symmet- : 
rieally about the optic axis of the erystal as one would expect. In virtually 
all cases, the stars are very well centered. Both stones examined provided 
excellent uniaxial negative interference figures, providing further evidence 
that the material is corundum. (Continued on Page 478). 


Fig. 4—Synthetic 
star sapphire. Photo- 
micrograph. Magnifi- 
cation 200x. Spheri- 
_ cal bubbles and inter- 

lacing needle-like in- 
clusions. Dark lines 
intersecting at right 
angles are the cross 
hairs in the micre- 
scope. 


Figure 17. This 3.45 ct kyanite was reportedly 
mined in spring 2001 in Bahia, Brazil. Courtesy of 
Steve Perry; photo by Maha Tannous. 


Mr. Perry sent a 3.45 ct light yellowish green kyanite 
(figure 17) to GIA for examination. Cheryl Wentzell of the 
GIA Gem Trade Lab in Carlsbad recorded the following 
properties: R.L—1.711-1.739; birefringence—0.019; S.G.— 
3.69; fluorescence—inert to short- and long-wave UV radi- 
ation; and two absorption bands in the blue region at 
approximately 435 and 445 nm. Microscopic examination 
revealed minute crystals and pinpoints, and a cluster of 
tiny cleavage breaks. The properties are consistent with 
those reported for gem kyanite, except that this stone 
showed a larger range in RI. values and a greater birefrin- 
gence (compare to n=1.716-1.731 and d=0.012-0.017 
reported in the GIA Gem Reference Guide). Raman analy- 
sis gave a perfect spectral match for kyanite. 


“Ruby Rock” cabochons. In early 2001, this contributor 
first saw cabochon doublets that were created by attaching 
quartz domes to thin slices of Ruby Rock from New 
Zealand. Also referred to as goodletite, this ornamental 
stone comes from the Southern Alps (near the coastal 
town of Hokitika on the South Island), and is composed of 
ruby or pink-to-blue sapphire with green chromian mica or 
tourmaline (see, e.g., G. Brown and H. Bracewell, 
“Goodletite—A beautiful ornamental material from New 
Zealand,” Journal of Gemmology, Vol. 25, No. 3, 1996, pp. 
211-217). Microprobe analysis of the tourmaline in one 
sample at the University of Manitoba in Winnipeg proved 
that it was chromian dravite, with 1.90 wt.% Cr,O, (Dr. F. 
Hawthorne, pers. comm., 2001). 

According to Gerry Commandeur of New Zealand Ruby 
Rock Ltd., Hokitika, all of the Ruby Rock found to date has 
been in glacial moraine; none of the material has been found 
in situ. In thin slices, the material becomes translucent and 
shows vivid red and green colors that mingle in a variety of 
patterns. Some of the doublets have been set in jewelry to 
make distinctive pendants and rings (see, e.g., figure 18). 

Samir-Pierre Kanaan 
Paris, France 
kanaan@online.fr 


338 GEM News INTERNATIONAL 


A new find of tourmaline in Warner Springs, California. 
An unusual discovery of pink tourmaline was made 
recently at the Cryo-Genie mine, approximately 3 km 
northwest of Warner Springs in north-central San Diego 
County (see map accompanying the spessartine article 
in this issue, p. 280). Formerly known as the Lost Valley 
Truck Trail prospect, the pegmatite was first located in 
1904, and has been worked in a series of trenches, small 
pits, and short tunnels. In 1974, the property was 
claimed as the Cryo-Genie mine by Bart Cannon of 
Seattle, Washington, who worked it occasionally until 
the mid-1980s. Since 1994, the claim has been held by 
Dana Gochenour of Tustin, California, and worked 
intermittently by the Gochenour family and their asso- 
ciates. The main production from the pegmatite has 
consisted of mineral specimens of beryl (morganite and 
aquamarine), tourmaline (green and, rarely, pink or 
blue), and typical associated pegmatite minerals. GNI 


Figure 18. The vivid colors in “Ruby Rock” from 
New Zealand are due to ruby and green chromian 
mica or tourmaline. The Ruby Rock doublet in this 
pendant has a quartz dome. Courtesy of Gerry 
Commandeutr. 
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editor Brendan Laurs visited the mine in October 2001 
for this report. 

In spring 2001, the Gochenours intensified their min- 
ing activities, bringing in additional partners and 
investors including Jim Clanin (El Cajon, California), John 
Klenke (Las Vegas, Nevada}, Cal Kalamas (Eugene, 
Oregon), and others. The group excavated the entire out- 
crop with a backhoe and extended the main tunnel in the 
central-eastern part of the pegmatite by drilling and blast- 
ing. A series of cavities or gem “pockets” encountered 
along this tunnel contained nonfacetable blue-to-green 
and pink tourmaline. 

In early October, however, Ken Gochenour recovered 
some large, well-formed crystals of pink tourmaline from a 
pocket measuring 1.2 x 1.0 x 0.4 m (figure 19). The largest 
crystal weighed 2.2, kg (16.3 cm tall), and had both prism 
terminations intact (figure 20). Two other notable crystals 
approached 17 cm in length and up to 10 cm in diameter, 
with distinctly flared pinacoidal terminations. The crys- 
tals are predominantly of carving quality, but contain 
small transparent areas that are facetable. However, most 
will be sold to collectors as mineral specimens, since the 
crystals are unusual for their size and color, as well as their 
morphology. Large pink tourmalines (similar in color to 
those found in the famous Pala pegmatite district 45 km 
to the west) were previously unknown from the Warner 
Springs area, and the flared shape is not typical of tourma- 
lines from any of the southern California pegmatites. 
Rather, the shape resembles that of some tourmalines 
from east-central Afghanistan. 


Figure 19. In October 2001, large crystals of pink 
tourmaline were found at the Cryo-Genie mine, near 
Warner Springs in San Diego County, California. Jim 
Clanin, a partner in the mining project, displays one 
of the crystals in front of the large cavity from which 
it was mined. Photo by John Klenke. 
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Figure 20. This doubly terminated 16.3-cm-tall crys- 
tal is the largest of the tourmalines recovered recent- 
ly at the Cryo-Genie mine. Photo © Jeff Scovil. 


SYNTHETICS AND SIMULANTS 


Synthetic topaz crystals. Topaz is one of the few popular 
gems that—until recently—had not been grown success- 
fully in the laboratory. This is undoubtedly because topaz 
has few physical properties that make it industrially use- 
ful, and there is an adequate supply of gem-quality brown 
(“smoky”) or blue topaz for the jewelry market. In addi- 
tion, topaz is difficult to grow by ordinary hydrothermal 
growth techniques. In early 2000, however, synthetic 
topaz was successfully manufactured at the Institute of 
Experimental Mineralogy in Chernogolovka, Russia, by 
one of these contributors (VSB). The experiments were 
undertaken to gain a better understanding of the crystal 
morphology, color formation, and crystal growth mecha- 
nism of natural pegmatitic topaz. The growth technique, 
experimental conditions, and gemological properties of the 
synthetic topaz crystals are reported here. 

The hydrothermal growth method used a supercritical 
fluoride-bearing aqueous fluid under conditions of a direct 
thermal gradient (see V. S. Balitsky and L. V. Balitskaya, 
“Experimental study of coincident- and opposite-directed 
simultaneous transfer of silica and alumina in supercriti- 
cal aqueous-fluoride fluids,” High Pressure Research, Vol. 
20, 2001, pp. 325-331). The growth experiments were car- 
ried out at temperatures of 500°-800°C and pressures of 
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20-200 MPa, using an autoclave made from a heat-resis- 
tant Cr-Ni alloy with a volume of 100 cm’. 

The autoclave was heated in a vertical electric furnace 
with two independent heaters. Water with added AIF, was 
used as a solvent. The resulting acidic fluoride-bearing 
aqueous fluid had a pH of 1-2, as measured after the experi- 
mental run. A mixture of equal quantities of crushed natu- 
ral quartz and topaz was placed in the upper zone of the 
autoclave in a perforated basket. Topaz seed plates were 
suspended in the lower zone of the autoclave; they were 
separated from the perforated basket by a diaphragm. The 
seed plates were cut in a rectangular shape with a ZX-ori- 
entation (i.e., the plate was elongated in the prism [110] 
direction). The temperature difference between the upper 
and lower zones of the autoclave ranged from 20° to 
100°C. The duration of the experimental runs was 
between 20 and 30 days. 

Light gray to near-colorless single crystals of synthetic 
topaz were grown in dimensions ranging from 2.5 to 4.0 
mm thick, 20.1 to 40.8 mm long, and 8.0 to 15.0 mm wide; 
they weighed up to 20 g. About half of each crystal consist- 
ed of the seed, with the other half formed by the synthetic 
topaz overgrowth. Growth rates varied depending on crys- 
tallographic orientation, characteristics of the seed plate, 
and the growth conditions used. The maximum growth rate 
of a few tenths of a millimeter per day occurred in the [101] 
direction, while the minimum rate of a few thousandths of 
a millimeter per day occurred in the [001] direction. 

Various heating and irradiation experiments were per- 
formed to alter the color of the synthetic topaz crystals. As 


Figure 21. These synthetic topaz crystals were 
grown at the Institute of Experimental Mineralogy, 
in Chernogolovka, Russia. The semi-transparent 
light gray crystal weighs 23.66 ct (36.40 x 12.90 x 
3.92 mm), and the semi-translucent brown crystal 
weighs 27.48 ct (36.70 x 11.52 x 4.41 mm). The lat- 
ter has been treated by gamma-ray irradiation. 
Photo by Maha Tannous. 
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Figure 22. Conspicuous growth hillocks were observed 
on the as-grown surfaces of the synthetic topaz crys- 
tals. Photomicrograph by Taijin Lu; magnified 50x. 


is the case with natural topaz, the synthetic material can 
be changed from light gray or near-colorless to “smoky” 
brown by gamma-ray irradiation (figure 21), and to light 
blue using high-energy electron irradiation and heat treat- 
ment. The stability of the brown color in the synthetic 
topaz has not been investigated yet. In one of the synthetic 
topaz crystals, one of us (VSB) observed a narrow zone of 
red-violet color along the seed plate. This coloration could 
be related to the presence of a chromium impurity from 
the autoclave walls that was captured during growth. 

The two synthetic topaz crystals in figure 21 (23.66 
and 27.48 ct), were examined at GIA by one of these con- 
tributors (TL) and Dino DeGhionno of the GIA Gem 
Trade Lab in Carlsbad. Three colorless crystal sections of 
synthetic topaz cut perpendicular to the c-axis and mount- 


Figure 23. Two-phase inclusions were observed in 
the synthetic topaz, along the boundary with the 
seed plate, as shown in this crystal section. The 
synthetic topaz overgrowth is on the bottom and 
right, and the seed plate is on the upper left. 
Photomicrograph by Taijin Lu; magnified 10x. 
, = 7" 7 
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ed on a glass slide also were examined. The light gray crys- 
tal was as-grown, while the brown one had been treated by 
gamma-ray irradiation. The morphology of these synthetic 
crystals resembled that of natural topaz, although a more 
detailed crystallographic study is underway. The crystal 
faces were well developed and had abundant concentric 
growth hillocks (figure 22). These hillocks often contained 
tiny black spots (possible impurities) at their centers. 
There was a roughly proportional relationship between the 
sizes of the growth hillocks and the sizes and numbers of 
these black spots. In addition, the larger the growth 
hillocks were, the more irregular their shapes were. The 
largest growth hillock was 3 mm in diameter. 

The refractive indices of the two crystals ranged from 
1.610 to 1.620, which is slightly lower than the values 
seen for typical pegmatite-derived topaz. Specific gravity 
(measured hydrostatically) was about 3.57 for these sam- 
ples (which still contained portions of the steel wires used 
to suspend the seed); this value is slightly higher than that 
of natural OH-poor topaz. In addition to the steel wires, 
two-phase inclusions and fractures were observed. The 
two-phase inclusions were usually distributed in the 
region close to the boundary with the seed plate, and were 
typically elongated along the growth direction (figure 23). 

The FTIR and Raman spectra of the synthetic over- 
growths were very similar to those of natural topaz. Sharp 
absorption peaks in the near infrared were found at 2317 
cm? and in the range of 3478-3680 cm1+, together with a 
small peak at 4798 cm? and a broad peak around 3970 cm- 
1. Qualitative chemical analysis by EDXRF spectrometry 
detected traces of iron, nickel, and germanium in the two 
synthetic topaz crystals. 

Although the basic growth technology for synthetic 
topaz has been developed, more work is needed before pro- 
duction becomes commercially viable. Research is ongoing 
to refine the growth technique and find the appropriate 
conditions for producing pink and yellow-orange colors. 

Taijin Lu 
GIA Research 
tlu@gia.edu 


Vladimir S. Balitsky 

Institute of Experimental Mineralogy 
Russian Academy of Science 
Chernogolovka, Russia 


EXHIBITS 


A visit to the Pearls exhibit at AMNH. What has been 
described as the most comprehensive exhibition ever pre- 
sented on pearls opened at the American Museum of 
Natural History in New York on October 13, 2001. The 
dazzling display (see, e.g., figure 24) includes all types of 
natural and cultured pearls, as well as calcareous concre- 
tions. Among the most interesting in the latter category 
are the multitude of conch and melo “pearls,” including 
an enormous (27 mm) red conch “pearl” in a tarantula 
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Figure 24. The Queen Victoria Brooch is one of the his- 
toric pieces featured at the AMNH “Pearls” exhibit. 
This gold brooch (approximately 6.4 x 4.4 cm), an 1843 
anniversary gift from Prince Albert to Queen Victoria, 
is set with four Scottish freshwater pearls and accented 
by amethyst, garnet, and chrysoberyl. On loan from 
the collection of Mr. and Mrs. G. C. Munn; photo by 
Denis Finnin, © American Museum of Natural History. 


brooch. Other stand-outs include a collection of American 
freshwater pearls used by the Native American Hopewell 
culture, which date from 200 B.C. to 500 A.D. A later addi- 
tion to the exhibition was perhaps the most famous single 
pearl, “La Peregrina.” Currently owned by Elizabeth 
Taylor, its lineage has been traced back to Mary Tudor 
(1516-1558), daughter of England’s King Henry VII. 

Lead Curator Dr. Neil Landman and his staff have 
done exceptionally well in covering the entire scope of 
pearls. In an informative display on pearl formation, the 
exhibit traces the growth and harvesting of many varieties 
of cultured and natural pearls. Their historic use in decora- 
tive and religious objects is well illustrated, and several 
magnificent pieces, both jewelry and art, are shown. An 
interactive display allows visitors to observe the surface 
features of four specimens, as seen with a scanning elec- 
tron microscope. 

A comprehensive 232 page book has been prepared by 
Mr. Landman and coauthors to accompany the exhibit, 
called Pearls: A Natural History (reviewed in this issue of 
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GwG). The exhibit runs through April 14, 2002, and will 

move to the Field Museum in Chicago from June 28 to 
January 5, 2002. 

Thomas Gelb and Diana Kielhack 

GIA Gem Trade Laboratory, New York 

tgelb@gia.edu 


Gems at the Bowers Museum. “Gems! The Art and Nature 
of Precious Stones” will be on display at the Bowers 
Museum of Cultural Art in Santa Ana, California, February 
16-May 12, 2002. Curated by museum president Dr. Peter 
Keller together with Mike Scott, this exhibit will feature 
extraordinary gems such as a 480 ct golden sapphire, a 10 ct 
Burmese ruby, a 60 ct blue sapphire, a 250 ct tanzanite, and 
a 5,500 ct star rose quartz (figure 25). The show will answer 
basic gemological questions, present a variety of rare gems, 
and portray gemstones as art. Featured artists include Bernd 
Munsteiner and Gerd Dreher of Idar Oberstein, John 
Marshall of the U.S., and several Asian master carvers. 
Visit www.bowers.org or call 714-567-3600. 


GIA Museum exhibits. The Museum Gallery at GIA in 
Carlsbad is featuring “The Glitter Merchants” photo essay 
of diamond cutters and dealers, and an educational display 
about GIA’s role in the diamond industry titled “From 
Trading to Grading”; both exhibits will be on display 
through May 2002. In the rotunda at GIA in Carlsbad is 
“Jeweled Zoo,” a fascinating array of more than 100 pieces 
of animal-motif jewelry, on display through March 2002. 
Contact Alexander Angelle at 800-421-7250, ext. 4112 (or 
760-603-4112), or e-mail alex.angelle@gia.edu. 


ANNOUNCEMENTS 


GIA’s new Graduate Retail Management program. GIA has 
launched a new business-oriented diploma program called 
Graduate Retail Management. Available at GIA’s Carlsbad 
campus, it consists of three 60 hour courses in Retail 
Management, Marketing, and Entrepreneurship that inte- 
grate jewelry-industry specifics into fundamental business 
practices. The courses are taught over 10-week terms, and 
students may take them concurrently or individually. The 
interactive format will include guest speakers, panels, and 
video presentations, and students will develop practical, 
industry-related term projects. In 2002, the program will be 
offered in a Summer Quarter (May 30—August 9) and a Fall 
Quarter (October 10—December 20). Enrollment is limited 
and on a first-come, first-served basis. For details, contact 
Taryn Reynolds at 800-421-7250, ext. 7306 (or 760-603- 
4000, ext. 7326), or visit www.gia.edu/education. 


Trip to Idar-Oberstein, Germany. On April 21-27, 2002, the 
Gemmological Association and Gem Testing Laboratory of 
Great Britain will lead their eighth trip to Idar-Oberstein. 
Highlights will include visits to mineral and gem museums, 
historic and modern gem-cutting facilities, and a mine with 
agate and amethyst. Visit www.gagtl.ac.uk/gidar.htm or 
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Figure 25. “Dynamic Symmetry,” by John Marshall 
(1990), features a 5,500 ct star rose quartz; note the 
1 ct diamond placed to the right of the base for 
scale. Photo © Erica & Harold Van Pelt. 


contact Douglas Garrod at 44-0-20-7404-3334 (phone}, 44-0- 
20-7404-8843 (fax), or e-mail gagtl@btinternet.com. 


CONFERENCES 


International Bead Expo 2002. This show will celebrate its 
11th year in Santa Fe, New Mexico, March 6-10. 
Expanded bazaar locations, additional workshops, and a 
multitude of educational events will be offered for an esti- 
mated 6,000 artists, scholars, vendors, and buyers. The 65 
workshops will cover a variety of media, techniques, and 
skill levels. “Glass Beadmaking Through the Ages” is the 
Expo theme, with morning lectures and afternoon discus- 
sions scheduled March 8-10. Visit www.beadexpo.com, e- 
mail info@beadexpo.com, or call 800-732-6881. 


PDAC 2002. The annual convention of the Prospectors and 
Developers Association of Canada will take place March 
10-13, in Toronto, Ontario, and will include presentations 
on diamonds from Canada and Brazil, as well as diamond 
pricing. Visit www.pdac.ca, or call 416-362-1969, fax 416- 
362-0101, or email info@pdac.ca. 


19th Colloquium of African Geology. Held in El Jadida, 
Morocco, March 19-22, 2002, this colloquium will include a 
symposium titled Ore Deposits and Gem Minerals. Visit 
www.ucd.ac.ma/geologie/cag19.html. 


Basel 2002. The World Watch, Clock, and Jewellery Show 
will be held April 4-11 in Basel, Switzerland. GIA will host 
GemFest Basel 2002 from 4:00 to 6:00 p.m. April 6, which is 
open to the public and will highlight critical issues in the 
gem and jewelry trade in a panel discussion and keynote 
speech on “Doing Business in a Changing Economy.” A pre- 
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sentation of GIA’s latest research activities will round out 
the program. During the show Gems & Gemology editor 
Alice Keller will be available at the GIA booth in Hall 2, 
Stand W23. Visit http://www.baselshow.com or call 800- 
357-5570. 


Workshop on Diamond and Diamond-like Carbon. On April 
8-10, 2002, this workshop will be held in Brighton, U.K., 
during the Institute of Physics’ Annual Congress. Topics will 
include the nucleation, growth, and characterization of 
diamond, diamond-like carbon, and other “high perfor- 
mance” crystals. Visit http://physics.iop.org/IOP/Confs/ 
Congress/Diamond or e-mail registrations@iop.org. 


Global Exploration 2002. As a sequel to their 1993 confer- 
ence, the Society of Economic Geologists will convene 
Global Exploration 2002—Integrated Methods for 
Discovery, on April 14-16, in Denver, Colorado. The tech- 
nical program will include presentations on diamond 
exploration, and post-meeting activities will include a 
workshop “Diamonds—from Source to Sea” (April 17-18) 
and a field trip to the Kelsey Lake diamond mine in the 
State Line kimberlite district of Colorado (April 19). Visit 
www.seg2002.org, call 720-981-7882, fax 720-981-7874, or 
e-mail SEG2002@segweb.org. 


AGS Conclave. On April 24-27, the 2002 AGS Inter- 
national Conclave will take place in Vancouver, British 
Columbia, Canada. Several high-profile speakers have been 
scheduled, including De Beers’s Nicky Oppenheimer. Visit 
http://www.ags.org. 


Gemmological Association of Australia conference. The 
Queensland Division of the GAA will present the 56th 
Annual Federal Conference May 16-19, 2002, in Brisbane, 
Queensland. Invited speakers will cover Australian gem and 
pearl sources; the geology of Australian opals; inclusions in 
agates; Aurias diamonds; sapphires from Subera, 
Queensland; rhodonite from Broken Hill, New South Wales; 
and quartz coloration. The program also will include a 
Raman spectrometer workshop and presentation of the 
Australian Gemstones in Jewellery Design awards at the 
Queensland Museum. Visit www.gem.org.au/news, or con- 
tact Hylda Bracewell at 07-3355-5080 (phone}), 07-3355-6282, 
(fax), or hyldab@gil.com.au. 


Santa Fe Symposium. The 16th annual Santa Fe Sympo- 
sium will take place May 19-22, 2002, in Albuquerque, 
New Mexico. Presentations will cover cutting-edge jewel- 
ry manufacturing technology, business acumen, and gem 
treatments. Visit www.santafesymposium.org, call 505- 
839-2490, or fax 505-839-3248. 


GAC-MAC Saskatoon 2002. The joint annual meeting of 


the Geological Association of Canada and the Mineralogical 
Association of Canada will take place May 27-29 in 
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Saskatoon, Saskatchewan, Canada. A session on diamondif- 
erous kimberlites from central Saskatchewan and elsewhere 
in Canada will be followed by a one-day workshop with 
Canadian kimberlite drill core. Visit www.usask.ca/geolo- 
gy/sask2002, call 306-966-5708, fax 306-966-8593, or e-mail 
karen.mcmullan@usask.ca. 


16th Australian Geological Convention. The Geological 
Society of Australia is presenting this conference in 
Adelaide, South Australia July 1-5, 2002. Gems will be dis- 
cussed in a symposium titled “World-Class Australian Ore 
Deposits,” and a pre-conference excursion—”Kimberlites 
and Diamonds in South Australia”—will take place June 
26-30. Visit www.16thagc.gsa.org.au or call 618-8227- 
0252, fax 618-8227-0251, or e-mail 16thagc@sapro.com.au. 


1AS2002 Congress. The 16th International Sedimentological 
Congress will take place July 8-12, in Johannesburg, South 
Africa. Diamonds will be included in a special session on 
placer sedimentology and a short course titled “Modern 
and Ancient Placers—Sedimentological Models for 
Exploration and Mining.” A pre-meeting field trip (June 29 
to July 7) will follow diamonds from Kimberley (South 
Africa) to the Namibian coast, with several stops along the 
Orange-Vaal drainage system. Visit http://general.rau.ac.za/ 
geology/IAS2002, or contact Dr. Bruce Cairncross at 
27-11-489-2313 (phone), 27-11-489-2309 (fax), or e-mail 
be@na.rau.ac.za. 


8th International Conference New Diamond Science and 
Technology 2002. On July 21-26, at the University of 
Melbourne in Victoria, Australia, this conference will cover 
all aspects of diamond science and technology including 
growth and processing, characterization, and methods of 
detecting HPHT diamonds in gemology. Visit www.confer- 
ences.unimelb.edu.au/icndst-8, call 61-3-8344-6389, fax 61- 
3-8344-6122, or e-mail icndst-8@unimelb.edu.au. 


ERRATA 


1. In box B on p. 176 of the Fall 2001 article “Modeling the 
Appearance of the Round Brilliant Cut Diamond: An 
Analysis of Fire, and More About Brilliance,” the 
acronym AGA should have referred to Accredited Gem 
Appraisers, a subsidiary of D. Atlas & Co., Inc. We thank 
David Atlas for bringing this error to our attention. 


2. In the Fall 2001 Gem News International entry 
“Vanadium-colored beryl from China” (pp. 226-228), 
the location of the deposit should have been reported 
as Yunnan Province. We thank Ron Tsai for this cor- 
rection. 


3. Harold Dupuy (Baton Rouge, Louisiana) and Johanne 
Jack (Algarve, Portugal) were inadvertently omitted 
from the list of 2001 Challenge Winners in the Fall 
2001 issue (p. 220). We apologize for this error. 
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Book REVIEWS 


ma-eleli 


Gemstones: Symbols of 
Beauty and Power 


By Edward Gtibelin and Franz- 
Xaver Erni, with photographic con- 
tributions by Erica and Harold Van 
Pelt, 240 pp., illus., publ. by 
Geoscience Press, Tucson, AZ, 
2000. US$49.95* 


Whereas most coffee table books fea- 
ture popular impressions of the sub- 
ject, this attractive book combines 
factual information by probably the 
best-qualified living gemologist and 
an experienced scientific writer with 
photographic contributions by the 
famed team of Erica and Harold Van 
Pelt. To find a beautifully illustrated 
volume with such an erudite discus- 
sion of gemstones is remarkable. 
This book, a German edition of 
which appeared in 1999, is intended for 
a broad audience. It aims to “guide the 
layperson . . . into one of nature’s most 
fascinating puzzles without any need 
for a specialist’s knowledge.” The 
opening chapters, by Dr. Gutibelin, 
cover such topics as gem characteris- 
tics, origin, extraction, and processing. 
The essence of the book, though, is a 
100 page section on gemstones and 
portraits fashioned from ornamental 
gems. It is a welcome surprise that in 
addition to covering the important so- 
called precious stones, the authors 
have added many lesser-known 
species such as spodumene, charoite, 
rhodochrosite, rhodonite, and sugilite. 
Famous jewels and the magical 
attributes popularly assigned to gems 
are described by Dr. Erni in another 
interesting section. Dr. Giibelin, the 
eminent figure in the study of gem- 
stone inclusions for over 60 years, 
also contributes a chapter titled “The 
Fascination of Internal Life.” 
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Altogether, Gemstones is a valu- 
able and beautiful addition to the 


gemstone literature. 


RICHARD T. LIDDICOAT 
Gemological Institute of America 
Carlsbad, California 


The Jeweled Menagerie: 
The World of Animals in Gems 


By Suzanne Tennenbaum and Janet 
Zapata, 216 pp., illus., publ. by 
Thames & Hudson, New York, 
2001. US $45.00* 


The Jeweled Menagerie grew out of a 
passion for jewelry and a love of ani- 
mals on the part of co-authors 
Suzanne Tennenbaum and Janet Za- 
pata. The delightful result of combin- 
ing these two widely divergent sub- 
jects is a book that layers text and 
photos like a luscious confection, 
delicious to the last bite. 

Animals have long been subjects 
for jewelry, and their jeweled images 
have appeared in every culture from 
antiquity to the present day. In the 
introduction to Jeweled Menagerie, 
Ms. Zapata touches on the amuletic 
power of animal imagery in jewelry 
from Ancient Egypt to the Renais- 
sance. The body of the book then 
focuses on the use of animals as sub- 
jects for jewelry during the 19th and 
20th centuries in Europe and the USS. 
Six chapters explain the prevalence of 
certain animal motifs during different 
eras, describe the popularity of various 
gem materials, and delineate the 
design styles that became fashionable 
during these time periods 

Chapter | looks at the 19th centu- 
ry, covering animal jewels in the 
Revivalist, Victorian, and Edwardian 
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Susan B. Johnson 
Jana E. Miyahira-Smith 


styles. Subsequent chapters showcase 
Art Nouveau, Art Deco, the 1930s—40s, 
the 1950s—60s, and the 1970s to the 
present. This broad spectrum of histo- 
ry is deftly condensed into a few pages 
of insightful text at the beginning of 
each chapter, followed by a dazzling 
panoply of photos with captions that 
are packed with information, includ- 
ing the designer, gems used, and date 
of manufacture. 

Richly diverse, the illustrations 
incorporate photos of actual pieces, 
design renderings, and jewelry adver- 
tisements in layouts that are innova- 
tive and amusing. While a few of the 
jewels are old friends—such as 
Lalique’s dragon-fly corsage ornament, 
and Cartier’s diamond and enameled 
snake necklace made for the Mexican 
actress Maria Felix—most of the 
pieces illustrated have not appeared 
previously in books on jewelry history. 

Creative placement of the photos 
often brings these creatures alive: A 
tiger jewel crouching on the bottom 
of one page stalks a flying crane on 
another, while snakes and lizards 
slither and skitter across adjacent 
pages. Several jeweled animals are 
placed opposite their original design 
renderings or laid over their vintage 
advertisements. Large spreads show 
these precious creatures superim- 
posed on photos of natural environ- 
ments: five Sterlé birds perched in 
the spreading branches of a tree, two 


*This book is available for purchase 
through the GIA Bookstore, 5345 
Armada Drive, Carlsbad, CA 92008. 
Telephone: (800) 421-7250, ext. 
4200; outside the U.S. (760) 603- 
4200. Fax: (760) 603-4266. 
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Victorian spiders on a lichen-covered 
rock wall, or a pair of Cartier croco- 
diles in a lily pad-covered lake. Close- 
ups allow the reader to see details of 
how the pieces are fabricated and the 
gems are set. 

The Jeweled Menagerie isn’t com- 
prehensive in terms of information 
about designers or jewelry history, 
but the authors never intended it to 
be. They have provided a good index 
to find references to the various ani- 
mals, jewelers, and personalities cov- 
ered, and there is an impressive bibli- 
ography for the reader who wants to 
go deeper. This book is, however, 
appealing, entertaining, informative, 
and a feast for the eyes. 

ELISE B. MISIOROWSKI 

Gemological Institute of America 

Carlsbad, California 


Diamond: A Journey to the 
Heart of an Obsession 


By Matthew Hart, 276 pp., illus., 
publ. by Walker & Co., New York, 
2001. US$26.00 


Matthew Hart, a Canadian journalist 
who contributes to the Rapaport 
Diamond Report, offers a lively read 
through various bits of diamond lore, 
intrigue, and history—recent and 
ancient. The work opens with the tale 
of a mysterious 81 ct pink diamond 
unearthed by two garimpeiros in the 
Brazilian state of Minas Gerais that 
introduces many of the players who 
appear later in the book. In the second 
chapter, the scene shifts to outer 
space, where cosmic rivers of dia- 
monds may be swirling through the 
universe. Later in the book, Hart 
moves far beneath the earth’s crust, 
where the diamonds mined today 
were formed by intense heat and pres- 
sure before they were blasted to the 
surface through volcanic pipes. 

In subsequent chapters, his tale 
shifts to diamond exploration, as he 
retells the story of the South African 
rush, describes newer methods of 
prospecting for diamonds, and pro- 
vides a detailed discussion of Cana- 
dian Charles Fipke’s trek through the 
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barren north that resulted in the dis- 
covery of the Ekati mine. The middle 
of the book describes De Beers and 
the company’s recent evolution from 
a near-monopoly producer of rough 
diamonds to a competitive player 
with the likes of BHP Minerals, Rio 
Tinto, and other mining concerns, as 
well as how De Beers has built dia- 
mond demand through advertising. It 
also includes an account of the moral 
battles over illicit and conflict dia- 
monds. Hart then uses the history of 
the giant firm Rosy Blue to trace the 
rise of India, and profiles a master dia- 
mond cutter with William Goldberg 
in New York. 

Unfortunately the book’s chief 
asset, Hart’s engaging and accessible 
writing style, is also its chief liability, 
for the author often oversimplifies 
things, wrapping his story around a 
nucleus of a few interesting personali- 
ties, to the point of being wrong. For 
example, in the section on diamond 
exploration, the author strongly 
implies that South African geologist 
John Gurney was the first to identify 
garnet as an indicator mineral for dia- 
mond, when, in fact, a mantra of 
South African prospectors of the 
1870s was “where garnets lie, you'll 
find diamonds.” (Gurney narrowed 
the indicator mineral to a particular 
type of pyrope garnet.) And, in the 
chapter on Rosy Blue, the author 
appears to suggest that this billion- 
dollar company has carried India’s dia- 
mond trade to its current world-class 
status on its coattails. Rosy Blue may 
be the largest Indian diamond firm, 
but it is hardly the only major player. 

In general, the book has a hurried 
air about it, as if it were the biography 
of some important celebrity that had 
to make the bookstores before the 
limelight dimmed. Yet there’s noth- 
ing so urgent here to justify the lack 
of proper editing (like any good story- 
teller, Hart has to be reined in from 
time to time, but the editors at 
Walker & Co. have not done so) and 
the clumsy, obvious typos that dis- 
tract throughout the book. 

In the past 20 years, the diamond 
industry has been besieged by books 
and documentaries attempting to 
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debunk the value of these gems 
(notably Edward J. Epstein’s The Rise 
and Fall of Diamonds in 1981) or 
associate them with wars and furtive 
conspiracies. There is a need for an 
honest, objective story about dia- 
monds, but unfortunately Hart fails 
to deliver his promised journey. 
RUSSELL SHOR 
Gemological Institute of America 
Carlsbad, California 


Barren Lands: An Epic Search 
for Diamonds in the North 
American Arctic 


By Kevin Krajick, 442 pp., illus., 
publ. by Times Books (Henry Holt 
and Co.), New York, 2001. 
US$26.00 


“Barren Lands” is the name given to 
the vast (roughly 500,000 sq. mi. [1.3 
million km?]), bleak, and remote 
areas of northern Canada beyond the 
tree line. The region is characterized 
by bare rocks and lakes, as well as 
extreme cold in the winter. Yet it also 
hosts the major discoveries of dia- 
mond-bearing kimberlite that have 
propelled Canada into the spotlight as 
a significant source of diamonds. This 
four-part book documents in vivid 
detail the search by two indefatigable 
(and lucky!) maverick geologists, 
Charles E. Fipke and Stewart L. 
Blusson, that eventually resulted in 
the discovery of kimberlites despite 
almost impossible odds. 

Part I is a brief history of the 
Barren Lands, beginning with Jacques 
Cartier’s initial exploration in 1534 
and continuing with the exploits of 
Martin Frobisher, Samuel Hearne, 
and Sir John Franklin over the next 
~300 years. It also describes the 
inhospitable characteristics of the 
area, which made geologic explo- 
ration essentially impossible, except 
along the shorelines and main rivers, 
until after World War II, when float 
planes and helicopters became reli- 
able. Part II is a history of diamond 
finds in North America, starting with 
the discovery of diamonds in the 
1830s in the Appalachian Mountains 
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of the United States. The section con- 
tinues with their discovery in the 
glacial tills of the Great Lakes states, 
which led Prof. W. H. Hobbs to sug- 
gest (in 1899) that primary diamond 
deposits would be found in Canada; 
the discovery of diamonds in 
Arkansas (1906); and the initial explo- 
ration by De Beers in the 1960s, pri- 
marily in Ontario. An added bonus is 
an interesting summary of the role 
played by Dr. George F. Kunz in the 
early history of diamonds in America. 
Although the discussion is peripheral 
to the main theme of the book, to my 
knowledge this is the only publica- 
tion where these topics are assembled 
in one place. 

Part Il is the backbone of the 
book. Here we follow the exploits of 
Fipke and Blusson during the 1980s, 
in their decade-long quest for dia- 
monds across roughly 1,000 km of 
desolate northern Canada, from the 
Mackenzie Mountains in the west to 
the Lac de Gras region in the middle 
of the Barren Lands. We experience 
the great physical, emotional, and 
financial stresses these two geologists 
faced, and follow the logic of their 
changing geologic concepts (e.g., the 
sampling of eskers for “G10” pyrope 
garnets and other indicator minerals), 
which were clearly ahead of their 
time. During this entire period they 
were competing with—and only one 
step ahead of—other well-financed 
diamond exploration programs, 
mainly that of De Beers. Krajick mas- 
terfully portrays the multitude of per- 
sonalities (e.g., eccentric, ruthless, 
paranoid, deceptive) evident in sever- 
al individuals who were prominent in 
the search. Part IV covers the period 
after the discovery of diamonds in the 
Lac de Gras area was announced in 
late 1991 until the opening of the 
Ekati mine in October 1998. 
Emphasis is on the greatest staking 
rush the world has ever seen for any 
(solid) mineral and the rapid discov- 
ery of hundreds of kimberlite pipes. 

To reconstruct the history of dia- 
mond exploration in the Barren Lands 
since the early 1980s, Krajick inter- 
viewed at least a dozen major person- 
alities; this alone was an achieve- 
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ment, as those involved in diamond 
exploration are notoriously secretive. 
Since many of these individuals are 
reaching retirement age or otherwise 
dispersing, it is unlikely that an 
account of such depth and quality 
will ever be possible again. Further, 
an extensive list of references—some 
with annotations that make for inter- 
esting reading in themselves—adds 
credibility and utility for the 
researcher. My only disappointment 
is that the book contains only two 
illustrations (both of which are 
maps). It lacks any illustrations or 
photographs of the landscape, impor- 
tant geologic features, exploration 
parties, mines, diamonds, and (espe- 
cially) Fipke, Blusson, and other key 
individuals. 

Nevertheless, this book is ex- 
tremely well written, and it is clearly 
the most authoritative single source 
on the history of the discovery of dia- 
monds in Canada for both the layper- 
son and the professional. 

A. A. LEVINSON 
University of Calgary 
Calgary, Alberta, Canada 


Pearls: A Natural History 


By Neil H. Landman, Paula M. 
Mikkelsen, Rudiger Bieler, and 
Bennet Bronson, 232 pp., illus., 
publ. by Harry N. Abrams, New 
York, in association with The 
American Museum of Natural 
History and The Field Museum, 
2001. US$49.50* 


If you are a pearl aficionado, then this 
is a book for all seasons. For the 
novice especially, this is a splendid 
educational experience that weaves 
science, history, literature, and mag- 
nificent jewelry into the story of 
pearls, both natural and cultured. 

As a pearl importer and whole- 
saler, Iam ever searching for a book to 
recommend on this subject. Pearls not 
only has captivated my attention, but 
it also has expanded my information 
cache both visually and intellectually. 
I particularly appreciate how the sci- 
ence is consistent with GIA’s Pearls 
course, and that GwG articles are 
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acknowledged in the “Notes,” an 
informative collection of footnotes on 
many subjects. 

This book supplies a vast compi- 
lation of pearl arcana. If you are inter- 
ested in archeology, the chapter on 
“Non-European Traditions” will tan- 
talize you with sites where pearl and 
mother-of-pearl usage was evidenced. 
As you read poetic allusions to pearls 
from classic literary sources from the 
first millennium B.C., you will learn 
that a very high value was placed on 
pearls even then. From the Neolithic 
period to the rise of the Persian 
Empire in the sixth century, the 
authors chronicle the recognition of 
pearls as status symbols. 

Woodcuts, photos, charts, and 
paintings all lavishly illustrate and 
clearly document how pearls have 
been a part of human history. Portraits 
of pearl-laden queens and kings 
abound. Parures of seed pearl jewelry, 
coronals and headdresses, and a pearl 
diadem worn by Princess Diana are 
but a few items of provenance that 
will engage the antique collector's 
interest. 

Sprinkled throughout the full text 
are satisfying tidbits of information 
that are self-contained on one or two 
pages. For example, “Pearls in Medi- 
cine and Cosmetics” will enlighten 
you to the marvels of the gem’s many 
purported medicinal properties, both 
curative and beautifying. 

Although there is no glossary, the 
index is so thorough that you can per- 
sonalize and construct your own def- 
initions. References abound if one 
wants to explore any topic further. 

Last but not least, should you be 
even the least bit curious about what 
the visuals in the book look like in 
three dimensions, go see the Pearls 
exhibition at the American Museum 
of Natural History in New York City. 
The show is on exhibit there until 
April 14, after which it travels to the 
Field Museum in Chicago. At this 
exhibition you will experience first- 
hand the essence of what the book is 
all about. 

BETTY SUE KING 
King’s Ransom 
Sausalito, California 
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Diamonds: Famous & Fatal 


By Leo P. Kendall, 236 pp., illus., 
publ. by Barricade Books, Fort Lee, 
NJ, 2001. US$30.00 


The author clearly states in his pref- 
ace that you will not find “informa- 
tion about the technical or geological 
aspects of the diamond” in this book. 
Rather, the book is a compilation of 
the known history, as well as the lore 
and legend, of many famous dia- 
monds and the people associated with 
them. Of particular interest is the 
detailed chapter on Jean-Baptiste 
Tavernier’s fascinating life and trav- 
els. In other chapters, the author 
recounts the tales of the famous rob- 
bery of the French Crown Jewels in 
1792 and of the amazing Peacock 
Throne of the Persians. In keeping 
with the title of the book, Kendall 
also relates legends of bad fortune 
connected with the Hope diamond, 
the Koh-i-Noor, and others. Are these 
diamonds cursed? Readers are left to 
decide for themselves. 

Also discussed are historical refer- 
ences to diamonds, such as in the 
Bible and in Pliny’s writings. Kendall 
does a fine job of describing the evolu- 
tion of diamond cutting and historical 
diamond sources. The book is quite 
enjoyable to those who admire dia- 
mond. There are a few typographical 
errors and some questionable state- 
ments. (For example, I have trouble 
agreeing with the assertion that, “it is 
one of the most common of all gem- 
stones.”’) Overall, though, this book is 
recommended reading for any dia- 
mond enthusiast. 


JANA E. MIYAHIRA-SMITH 
Gemological Institute of America 
Carlsbad, California 


OTHER BOOKS RECEIVED 


Proceedings of the International 
Workshop on Material Characteri- 
zation by Solid State Spectroscopy: 
Gems and Minerals of Vietnam, edit- 
ed by Wolfgang Hofmeister, Nguyen 
Quy Dao, and Vu Xuan Quang, 334 
pp., illus., publ. by Vien Khoa hoc Vat 
lieu, Hanoi, US$20.00 [e-mail: 
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quangvx@hn.vnn.vnj]. This book 
represents the published proceedings 
of an international scientific confer- 
ence held in Hanoi, Vietnam, April 
4-10, 2001. The conference brought 
together researchers interested in 
applying various spectroscopic and 
other analytical techniques to charac- 
terize gem materials. The meeting 
was organized by the Institute of 
Materials Science, Laboratory of 
Applied Spectroscopy and 
Gemmology of the National Centre of 
Science and Technology in Hanoi, 
among others. This volume contains 
34 short articles, many of which focus 
on gems of Vietnamese origin. 
Characterization techniques include 
optical spectroscopy, thermolumines- 
cence, particle-induced X-ray emis- 
sion (PIXE) spectroscopy, photolumi- 
nescence, X-ray powder diffraction 
analysis, cathodoluminescence, elec- 
tron paramagnetic resonance (EPR) 
spectroscopy, and inductively coupled 
plasma-atomic emission spectroscopy 
(ICP-AES). Data—including gemologi- 
cal properties, chemical composi- 
tions, and visible and Raman spec- 
tra—are presented for Vietnamese 
ruby, sapphire, spinel, topaz, aquama- 
rine, tourmaline, peridot, zircon, 
quartz, feldspar (orthoclase), and 
pyroxene (diopside). Articles on more 
general topics discuss geologic envi- 
ronments of gemstone formation or 
occurrence, heat treatment of corun- 
dum, cultured pearl identification, 
irradiated topaz, gem corundum from 
Madagascar, and gem deposits of Sri 
Lanka, as well as types of gem 
deposits in Vietnam. This volume 
provides an important compilation of 
data on Vietnamese gems and gem 
localities. 


JAMES E. SHIGLEY 
Gemological Institute of America 
Carlsbad, California 


Shinju no Kagaku [Science of the 
Pearl], by Koji Wada, 339 pp., illus., 
publ. by Shinju Shinbunsaya (Pearl 
News Press), Tokyo, 1999 [in Japa- 
nese], ¥8,500. Those who begin to 
learn about pearls—both natural and 
cultured—soon encounter many ques- 
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tions. How is pearl formed in an oys- 
ter? Why do pearls have so many dif- 
ferent colors? How are surface imper- 
fections produced? How does one 
learn about the quality and care of 
pearls? Science of the Pearl provides 
most of the answers. It consists of 11 
chapters on such topics as the function 
of the piece of mantle tissue and the 
pearl sac in the culturing procedure, 
the calcification process of shell and 
pearl, pearl processing, imitation 
pearls, pearl identification, the pearl 
culturing industry, and pearls in jewel- 
ry. Dr. Koji Wada, a world-famous bio- 
mineral researcher, provides revealing 
insight on all of these topics and more. 
SHIGERU AKAMATSU 

K. Mikimoto & Co. Ltd. 

Tokyo 


Minding the Store, by Stanley Mar- 
cus, 383 pp., illus., publ. by Univer- 
sity of North Texas Press, Denton, TX, 
paperback edition 2001, US$19.95. 
Founded in Dallas, Texas, in 1907, 
Neiman Marcus became famous as a 
retail store specializing in upscale 
apparel, accessories, and jewelry. 
Leading the way for much of the 20th 
century was Stanley Marcus, who 
joined the family firm in 1926 and 
guided its growth until he retired in 
1977. With his memoir Minding the 
Store—first published in 1974 and 
now available for the first time in 
paperback—Marcus shares decades of 
retail wisdom as he recounts the 
Neiman Marcus success story. 

In Marcus’s companion book 
Quest for the Best (227 pp., illus., 
paperback, University of North Texas 
Press, 2001, US$14.95), the legendary 
retailer outlines his standards of 
quality in luxury goods and services. 
He describes how consumers can 
develop a taste for and locate “the 
finer things,” including jewelry (pp. 
120-123), fashion, food and wine, 
accommodations, fragrances, and 
more. Originally published in 1979, 
this revised edition offers an updated 
“Best Things List.” 

STUART D. OVERLIN 

Gemological Institute of America 

Carlsbad, California 
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Single Crystal Diamonds 
Are of Two Types 


New X-Ray Method Distinguishes “Perfect” 
From “Mosaic” Specimens 


by 


KATHLEEN LONSDALE, D.Sc., F.R.S. 


Reader in Crystallography, University College, 
University of London, England 


EDITOR’S NOTE: A foreword to 
Dr. Lonsdale’s article has been pre- 
pared at our request by Dr. Ralph 
J. Holmes, Instructor in Mineral- 
ogy, Columbia University, New 
York City. We believe it will be 
helpful to have his impressions of 
the most significant points dis- 
cussed by the author. 


FOREWORD 


Diamond is of interest not only to 
the jeweler. Because of its remark- 
able physical and other properties, 
it has been the subject of a vast 
amount of scientific research. The 
optical, physical and other properties 
of a crystal are dependent as much, 
or more, on internal structure and 
texture as on chemical composition. 
In the following article, Dr. Lons- 
dale, a leading authority on crystal 
structure and X-ray diffraction, dis- 
cusses the relation of the properties 
of diamond to tts crystal structure 
as revealed by modern X-ray meth- 
ods. All specimens of a given species 
have the same structure, but not 
the same texture. The term “struc- 
ture,” in the case of a crystalline 
material, refers to the orderly ar- 
rangement of its component atoms. 
The term “texture” applies to the 
perfection and uniformity of the 
atomic arrangement (crystal struc- 


ture) throughout the entire crystal. 

Crystal structure can be ascer- 
tained by a study of the position and 
intensity of the spots, or lines, on 
X-ray diffraction patterns. From 
these, one can calculate not only the 
symmetry or pattern of the atomic 
arrangement, but also the spacing 
between the atoms within the. crys- 
tal. On the basis of texture, one may 
distinguish between two types of 
crystal: (1) “Perfect” Single Crys- 
tal: In some cases, there is perfect 
continuity in the arrangement and 
spacing of the component atoms 
throughout the entire crystal. These 
are referred to as “perfect” single 
crystals. (2) “Mosaic? Single Crys- 
tal: Many crystals that appear to be 
single individuals on casual inspec- 
tion are, in reality, a mosaic made up 
of a vast number of exceedingly mi- 
nute “perfect” erystals (erystallites). 
The minute units of which such “mo- 
saic’ single crystals are composed 
are usually microscopic or submicro- 
scopic in size and are grouped in 
nearly parallel position, much as 
bricks are arranged in a wall. Such 
subparallel “mosaic” single crystals 
behave almost like “perfect” single 
crystals. In fact they are usually 
distinguishable from “perfect”? sin- 
gle crystals only by slight peculiari- 
ties in their X-ray effects. These 
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COLORED STONES AND 
ORGANIC MATERIALS 


Fibrous nanoinclusions in massive rose quartz: The origin of 
rose coloration. J. S. Goreva, C. Ma, and G. R. Rossman, 
American Mineralogist, Vol. 86, No. 4, 2001, pp. 466-472. 


In the past 75 years, numerous explanations have been offered for 
the origin of the pink color of massive rose quartz. It has been 
attributed, for example, to a chromophore (Mn* or Ti**), to light 
scattering by rutile needles, and to fibrous inclusions presumed to 
be aluminosilicates. In this study, the authors extracted pink 
nanofibers (0.1 to 0.5 mm in width) from massive rose quartz 
from 29 pegmatite and vein localities worldwide. On the basis of 
optical and absorption spectra of the fibers and the massive rose 
quartz, they concluded that the fibers are the cause of the pink 
coloration in this material. 

Heating and other experiments show that the pink color of 
the fibers is due to an Fe-Ti intervalence charge transfer that pro- 
duces an optical absorption band at 500 nm. Based on X-ray dif- 
fraction and pleochroism characteristics, the best match for these 
inclusions is dumortierite, Al,(BO,)(SiO,),0,. However, infrared 
and Raman spectra do not exactly match standard dumortierite 
patterns, which suggests that the fibrous phase may be a materi- 
al closely related to dumortierite. Rare euhedral pink quartz does 
not contain the fibers; rather, its color is explained by hole centers 
induced by radiation. TL 


From mastodon ivory to gemstone: The origin of turquoise color 
in odontolite. I. Reiche, C. Vignaud, B. Champagnon, G. 
Panczer, C. Brouder, G. Morin, V. A. Solé, L. Charlet, and 
M. Menu, American Mineralogist, Vol. 86, No. 11-12, 
2001, pp. 1519-1524. 


Odontolite (also known as “bone turquoise” or “fossil turquoise”) 
is derived from heating fossilized bones and/or teeth, and is 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
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known to have been used in medieval art objects. The 
“turquoise”-blue color of the material has been attributed 
to the mineral vivianite, Fe,(PO,),* 8H,O, which is thought 
to have formed during the heating process. This study of 
Miocene age (13-16 million years) mastodon ivory from 
the classic locality in southern France shows that both the 
fossil material and odontolite consist of well-crystallized 
fluorapatite, Ca,(PO,),F, with trace amounts of Fe (230-890 
ppm), Mn (220-650 ppm), Ba (160-620 ppm), Pb (40-140 
ppm), and U (80-210 ppm). No vivianite was found, so the 
previously accepted origin of the “turquoise”-blue color in 
this ivory is incorrect. 

To identify the coloring agent(s) in odontolite, various 
apatite compounds were synthesized. It was found that 
small amounts of manganese had a major effect on the 
color of the synthesized compounds after they were heat- 
ed. Analysis by various types of spectroscopy revealed that 
the “turquoise”-blue color is due to Mn**, which results 
from the oxidation of Mn?* during heating. The authors 
propose a two-stage process for the formation of odontolite: 
(1) fossilization of the bone material to apatite accompa- 
nied by the uptake of Mn”* ions, and (2) a heating process 
in air above 600°C that oxidizes Mn?* to Mn**. 
[Abstracter’s note: The color of this heated Miocene 
mastodon ivory apparently has a different origin than the 
blue spots in more recent fossil ivory, which are thought to 
be vivianite (see the Lab Notes entry on pp. 322-323 of this 
issue, which provides an example of vivianite causing the 
blue color in mammoth ivory that is ~10,000 years old).| 

AAL 


The nature of “rights” in the Western Australian pearling 
industry. H. G. Brayford and G. Paust, FAO [Food 
and Agriculture Organization of the United 
Nations] Fisheries Technical Paper, No. 404/2, 
2000, pp. 338-342. 

Western Australia produces most of the world’s fine South 

Sea cultured pearls. The pearl oysters are mainly harvest- 

ed from the wild, although hatchery technology also has 

been developed for the propagation of pearl oysters. The 
industry operates under a complex set of management 

arrangements governed by the state’s Pearling Act of 1990, 

under which three categories of “rights” have emerged. 


1. The right to harvest wild pearl oysters. A quota system 
sets limits on the number of pearl oysters that can be 
taken from the wild for pearl culture in Western 
Australia. Annual catches are normally limited to 
572,000 oysters and are administered as “quota units,” 
each having a par value of 1,000 oysters. The number of 
quota units is indicated on each pearling license and 
each licensee is entitled to at least 15 such units, the 
minimum considered necessary to ensure economic 
viability. 

2. The right to seed hatchery-produced pearl oysters. The 
development of hatchery technology has resulted in 
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“hatchery rights.” These rights enable producers to 
use hatchery oysters for pearl production, but the 
number is controlled (currently a total of 350,000 
annually in Western Australia). The hatchery rights 
help ensure that pearling licensees acquire experience 
in hatchery technology, while they discourage over- 
production to maintain market value. 

3. The right to occupy an area of coastal waters to con- 
duct pearl farming or hatchery activities. Pearl-farm 
leases are issued to holders of pearling or hatchery 
licenses for periods of 2.1 years. 


The 16 industry licensees in Western Australia cur- 
rently have the rights described above, but to varying lev- 
els according to biological sustainability and economic 
considerations. MT 


Oasis or mirage: The farming of black pearl in the north- 
ern Cook Islands. C. Macpherson, Pacific Studies, 
Vol. 23, No. 3-4, 2000, pp. 33-55. 
Many Pacific Island governments have been looking for 
new forms of productive activity that address various 
environmental, economic, and social issues. Atolls, in 
particular, have special concerns because of their limited 
size, resources (e.g., energy and fresh water), and fragile 
ecosystems. This article considers the opportunities and 
risks of culturing black pearls in the northern Cook 
Islands as a development strategy for atoll states. 

Black-pearl farming was attempted by nonlocals in 
the lagoon of the Manihiki atoll in the 1950s and 1970s, 
but both ventures failed, in part due to a lack of local sup- 
port. Interest by the government and local people revived 
the industry in the 1980s. Despite differences in opinion 
on how to develop pearl farming, by 1987 eight family 
operations farmed a total of 10,000 seeded oysters. By 
1996 there were 150 farming operations and 225,000 
seeded oysters in the general area. The islanders are now 
earning higher incomes and enjoy greater autonomy from 
the Cook Islands government. 

However, there are risks to be considered. These 
include environmental (e.g., overstocking of a lagoon may 
lead to death of the stock), economic (e.g., oversupply of 
black cultured pearls could cause farming to become 
uneconomic}, and social (e.g., new inequalities in the dis- 
tribution of wealth). MT 


Too many Tahitians? J. Heebner, Jewelers’ Circular Key- 
stone, Vol. 172, No. 10, October 2001, pp. 98-100, 
102-104, 106. 


In an effort to maintain the high-quality reputation of 
Tahitian cultured pearls and to halt price declines, the 
French Polynesian government has imposed steps to con- 
trol the production of Tahitian cultured pearls and raise 
quality standards for the material released into the mar- 
ket. These steps include broadening the category for 
“rejects,” increasing the minimums for growth period and 
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nacre thickness, partially compensating farmers for losses 
incurred as a result of new regulations and standards, and 
increasing export taxes to help the government cover the 
costs of implementing its new plan. Further, since August 
1, 2001, the government has refused to authorize any new 
pearl farms; there are now nearly 1,100 farms in French 
Polynesia. The new measures should reduce the supply of 
Tahitian cultured pearls by about 15% and result in over- 
all increases in quality and price. These measures should 
also help pearl farmers maintain healthy oyster beds and 
ensure that they earn enough money to avoid defaulting 
on business loans. D. Darmour 


DIAMONDS 


Abundance and composition of mineral inclusions in 
large diamonds from Yakutia. N. V. Sobolev, E. S. 
Efimova, A. M. Logvinova, O. V. Sukhodol’skaya, 
and Yu. P. Solodova, Doklady Earth Sciences, Vol. 
376, No. 1, 2001, pp. 34-38. 

Mineral inclusions in diamonds can reveal information 

about the geochemistry of the upper mantle. On the basis 

of these inclusions, most diamonds can be grouped into 
either the peridotitic (or ultramafic) assemblage or the 
less common eclogitic assemblage. The authors identi- 
fied the inclusions in 2,334 large (>10 ct) diamonds from 
the Mir, Udachnaya, and Aikhal pipes in Yakutia, Russia; 
most previously published inclusion studies have been 
from small diamonds. The chemical composition of gar- 
net and chromite inclusions, exposed on the surface of 
some samples, was measured by electron microprobe. 
The high-Cr but Ca-depleted pyrope in these large dia- 
monds was typical of pyrope inclusions in smaller dia- 
monds, as was the composition of most of the chromite 
inclusions analyzed. However, two diamonds had chromite 
inclusions with chemical compositions typical of a lherzo- 
lite assemblage. A third chromite inclusion had an unusu- 
ally low Mg content. Diamonds from the different pipes 
showed some variations in the abundance of certain inclu- 
sions. For example, sulfide inclusions are significantly more 
abundant in diamonds from the Mir pipe than in those from 

Udachnaya and Aikhal. An eclogitic origin was found to be 

relatively common among these large diamonds. TB 


A change in diamond properties induced by natural radio- 
active irradiation. V. I. Koptil and N. N. Zinchuk, 
Journal of Superhard Materials, Vol. 22, No. 2, 2000, 
pp. 56-67. 

Diamonds from the Siberian Platform in Russia show sys- 

tematic differences in the visible indications of natural 

irradiation according to locality. In most kimberlite bodies 
of the Platform, diamonds with bluish green color and 
green pigmentation spots are rare (i.e., “a few per thou- 
sand”), and none with brown pigmentation spots have 
been reported. A relatively high proportion (2%-10%) of 
diamonds from alluvial deposits in the northeast region of 
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the Platform have green spots. Diamonds with bluish 
green color (1.1%), green spots (12.3%), and brown spots 
(8.1%) are found in the Nizhnyaya Tunguska River basin 
in the Irkutsk region. Diamonds with brown spots also 
come from kimberlites of Precambrian age that were sub- 
sequently metamorphosed at 500°-550°C. An under- 
standing of these irradiation features may help in 
prospecting for diamond deposits. TB 


The colour of diamond and how it may be changed. A. T. 
Collins, Journal of Gemmology, Vol. 27, No. 6, 
2001, pp. 341-359. 


This article reviews the physical, chemical, and spectro- 
scopic characteristics of atomic-scale defects that cause 
color in both natural and laboratory-treated diamonds, 
updating the author’s 1982 report (Journal of Gemmology, 
Vol. 18, No. 1, pp. 35-75) on this topic. Most defects in 
diamond are related to structural factors (e.g., vacancies or 
slip) or the incorporation of impurities, particularly nitro- 
gen (N). Diamonds with detectable N are type I; those 
with very little or no N are type I. N impurities can occur 
as single atoms, or in aggregates of 2, 3, or 4 atoms. 
Sometimes a carbon atom is dislocated from the crystal 
lattice, and the resulting vacancy also affects color. 
Radiation can create vacancies in both diamond types. N- 
bearing defects can combine with vacancies to form new 
defects in diamond. 

Boron (B)-containing diamonds (type IIb) are gray-to- 
blue. Slip along {111} planes is associated with brown or 
pink colors, but the actual cause of these colors is not under- 
stood. N and B incorporated in diamond lead to local charge 
imbalance, and subsequently to vacancy-bearing defects. 
Some of diamond's defects are optical centers that impart 
color by absorbing selected visible, infrared, and/or near- 
infrared wavelengths; some of these centers also luminesce. 

A combination of absorption spectroscopy and lumi- 
nescence spectroscopy reveals the changes that occur to 
the various defects in diamond during high pressure/high- 
temperature (HPHT) treatment. These changes first occur 
at the slip-planes where vacancies are released. In type Ila 
(containing neither N or B) and Ib diamond, these vacan- 
cies are filled with interstitial carbon atoms, removing the 
presumed cause of brown color. In type Ia diamonds, A- 
aggregates break up into single nitrogen atoms, and both 
defects trap vacancies. The resulting centers (H3, N-V, and 
H2) can impart substantial amounts of yellow and green 
colors to a diamond. Some type Ia diamonds have few 
vacancies to start with, and the observed color change from 
pale to saturated yellow is caused by alterations in N-bear- 
ing defects. 

Spectroscopic evidence of various kinds of treatment 
to create green and/or yellow colors in diamond is sum- 
marized. The author suggests ways of using these spectral 
features, in combination with gemological observations, 
to determine the treated or natural origin of these colors 
ina faceted diamond. The article concludes with a review 
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of the absorption and luminescence features found in 
type Ila diamond, and a discussion of the difficulty of 
identifying HPHT treatment in such diamonds, which 
contain so few defects that it is not easy to record any 
changes. Ilene Reinitz 


Diamonds are a guerrilla’s best friend: The impact of illicit 
wealth on insurgency strategy. A. Malaquias, Third 
World Quarterly, Vol. 22, No. 3, 2001, pp. 311-325. 

This article presents a history of Angola’s 25-year-long civil 

war, fought primarily between the governing MPLA 

(Movimento Popular para Libertacao de Angola) and the 

rebel organization UNITA (Unido Nacional para Indepen- 

dencia Total de Angola). For the first 15 years, the warring 
groups were sustained by competing global superpowers: 

The Soviet Union backed MPLA, and the U.S. supported 

UNITA. After the collapse of the Soviet Union, Angola’s 

civil war became largely irrelevant to the strategic interests 

of major international players, so UNITA had to fund its 

war by mining and selling rough diamonds. Between 1992 

and 1997, UNITA sold over $3.7 billion worth for that 

effort. Although UNITA has since been forced to withdraw 
from many of the most productive diamond-producing 

areas, it still managed to sell $300 million worth in 1999. 

UNITA has done badly in both the political and mili- 
tary arenas—despite this lucrative source of income— 
because diamonds offered such a dependable income 
stream that the organization never had to depend on the 
local population for support. The government has van- 
quished UNITA from most of its occupied areas; yet the 
war continues sporadically, and the rebel organization still 
operates in several parts of the country, particularly the 
countryside. Since the war has been about control of the 
country’s natural resources, the only lasting solution is for 

Angolans to find appropriate institutional arrangements 

that will wrest control of those resources from both the 

MPLA and UNITA, so the proceeds can be used to 

improve the lives of the country’s citizens. RS 


Observation of etch channels in several natural dia- 
monds. T. Lu, J. E. Shigley, J. I. Koivula, and lL M. 
Reinitz, Diamond and Related Materials, Vol. 10, 
No. 1, 2001, pp. 68-75. 

The authors studied seven gem-quality diamonds with dis- 

solution etch channels (open tubes) that ranged from paral- 

lel lines to irregular ribbon shapes. The formation of the 
channels is thought to be related to linear lattice defects, 
because the openings of the etch channels display rhombic 
outlines and the direction of the channels is mainly linear. 
Rhombic outlines, solid inclusions found at the terminus 
of some channels, and the presence of many channels run- 
ning perpendicular to octahedral faces all suggest that dis- 
location bundles are the most likely cause of etch channel 
formation. The shape of the etch feature depends on the 
interaction between the channel and adjacent defects dur- 
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ing the dissolution process. Tiny, easily etchable inclusions 
also contribute to the enlargement and morphology of the 
etch channels. Although etch channels are uncommon fea- 
tures, they occur in both type I and type II diamonds from 
various localities worldwide. TB 


Post-eruptive processes in kimberlites—Implications for 
diamond exploration. K. Leahy, Transactions of the 
Institution of Mining and Metallurgy, Applied Earth 
Science, Section B, Vol. 110, 2001, pp. B1-B4. 


The search for primary diamond deposits is mainly a 
search for kimberlites, which is difficult because of their 
scarcity even in highly prospective terrains. This article 
focuses on the eruptive and post-eruptive geologic factors 
that affect the formation of kimberlites, with particular 
emphasis on the sizes and shapes of their craters. 

During the eruptive phase, three main types of dia- 
tremes or craters are recognized: “carrot-shaped,” maar, 
and “champagne-glass.” Each forms by a different process. 
The “carrot-shaped” diatreme is the most commonly 
described kimberlite (i.e., the South African pipe model) 
and is associated with degassing explosions at 2-4 km 
depth. Groundwater interaction is not essential, and cra- 
ters may or may not be formed. The maar crater is shal- 
low, contains a high proportion of country rock, and is sur- 
rounded by tuff rings. Groundwater plays an essential role 
in the explosive phase (i.e., diatreme formation) of this fea- 
ture. The “champagne-glass” crater is very large and flat- 
bottomed (up to 2. km wide and typically <300 m thick) 
with little or no diatreme development; it has variable tuff 
ring buildup. This type of crater results from a relatively 
high-level phreatomagmatic explosion (caused by interac- 
tion of rising magma with groundwater) in poorly lithified 
country rocks saturated with groundwater, and subse- 
quent lava fountaining within the crater. 

Post-eruptive processes within crater-facies rocks in- 
clude serpentinization of olivine by basinal fluids or mete- 
oric water soon after eruption. Crater lakes may become 
filled with pyroclastic material. Post-eruptive processes 
beyond the crater are mainly erosional. To illustrate post- 
eruptive processes, the author presents a case study of the 
Fort 4 la Corne kimberlite field in the Canadian province 
of Saskatchewan, where the kimberlites and craters are the 
“champagne-glass” type. Last, the application and integra- 
tion of these various processes into an exploration program 
is explained. Adam Derrickson 


GEM LOCALITIES 


Characteristics of opals from Simav, Turkey. F. Esenli, I. 
Kumbasar, R. H. Eren, and B. Uz, Neues Jahrbuch ftir 
Mineralogie, Monatshefte, No. 3, 2001, pp. 97-113. 

Different colors of opal (white/colorless, yellow, orange, red, 

none of which shows play-of-color) have been mined inter- 

mittently from cavities and fissures in rhyolitic rocks near 
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Simav, about 240 km (150 miles) south of Istanbul, since 
ancient times. The authors determined their mineralogical 
properties and water contents by various techniques such as 
X-ray diffraction, scanning electron microscopy, and differ- 
ential thermal and thermogravimetric analyses. On the 
basis of these studies, they identified four different types of 
opal from this locality: (1) massive opal-CT (C = cristobalite 
and T = tridymite) found as nodules, (2) opal-CT with pris- 
matic tridymite in geodes, (3) fibrous opal-C as spherulites, 
and (4) opal containing microcrystalline quartz in the frac- 
tures and matrix of the rhyolites. 

Massive opal-CT, the main subject of this study, has a 
high water content related to its fractured texture and dis- 
ordered structure; the color variations are explained by 
these features, with increasing structural disorder from 
white to red. The red and orange opals, known as “Simav 
fire opal,” have especially high contents of absorbed 
water (up to 15.5%), as well as high densities. These opals 
were precipitated from silica-saturated solutions at low 
temperature. RT 


Colour-change garnets from Madagascar: Comparison of 
colorimetric with chemical data. M. S. Krzemnicki, 
H. A. Hanni, and E. Reusser, Journal of Gemmo- 
logy, Vol. 27, No. 7, 2001, pp. 395-408. 


Twenty-four color-change Madagascar garnets (all pyrope- 
spessartine) were studied to obtain data relating color- 
change behavior to chemical composition. The garnets 
were separated into five groups based on variations in the 
intensity of their color change, which is generally bluish 
green in daylight and purple in incandescent light. 
Colorimetric calculations were used to support the visu- 
al observations and are presented in CIELab color space. 
The correlation of color and color-change behavior with 
chemical composition is complex. Although V (and Cr to a 
lesser extent) is responsible for the color-change effect in 
pyrope-spessartine garnets, the relationship is not simple 
and direct; samples with low V may exhibit a large color 
change, whereas those with high V may show only a slight 
change. The most satisfactory relationship was obtained by 
plotting the contents of MnO vs. V,O,, where qualitative 
and gradational color-change behavior fields are evident. 
Garnets without V (and/or Cr) display no color change. In 
general, garnets with <0.5 wt.% V,O, display a slight to 
moderate color change, whereas those with >0.5% V,O, 
have the strongest color change. However, specimens with 
too much vanadium (i.e., >1.60 wt.% V,O,) show little or 
no color change. The potential for color change also is 
reduced with increasing Mn content (i.e., spessartine com- 
ponent), regardless of the amount of vanadium. WMM 


The gemstone occurrences of Madagascar. U. Henn and 
C. Milisenda, Australian Gemmologist, Vol. 21, 
No. 2, 2001, pp. 76-82. 

The authors report that more than 50 gem varieties are 

mined in Madagascar. Beryls (particularly emerald and 
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aquamarine), tourmaline, quartz (different varieties), gar- 
nets, and feldspars historically have been commercially 
important. In recent years, production of both pink and 
blue sapphires has increased dramatically. Following a 
brief review of the geology of Madagascar, information is 
provided on 49 gem localities, with their locations shown 
on an accompanying map. RAH 


New gemstone occurrences in the south-west of Mada- 
gascar. C. Milisenda, U. Henn, and J. Henn, Journal 
of Gemmology, Vol. 27, No. 7, 2001, pp. 385-394. 


In late 1998, many new alluvial gem deposits were dis- 
covered in southwestern Madagascar. Most significant are 
those that produce large quantities of blue and pink sap- 
phire, as well as lesser amounts of fancy-color sapphire, 
spinel, chrysoberyl, garnet, tourmaline, and aquamarine. 
The three main mining areas in southwestern Mada- 
gascar are (1) the area between Ranohira and Sakaraha 
(including Iakaka), (2) the region south of Ankazoabo, and 
(3) the Murarano area. These secondary deposits are hosted 
by sediments of the Morandava basin of East Africa; before 
the breakup of Gondwana (~165 million years ago], Sri 
Lanka was related geologically as well. This explains the 
similarities of these gems with those found in Sri Lanka 
and the Umba Valley and Tunduru/Songea areas of 
Tanzania. WMM 


Rubies from the Vatomandry area, eastern Madagascar. D. 
Schwarz and K. Schmetzer, Journal of Gemmology, 
Vol. 27, No. 7, 2001, pp. 409-416. 
Since early 2001, large amounts of rubies from the Vato- 
mandry area of eastern Madagascar have appeared on the 
international gem markets. The deposits are mostly elu- 
vial, but the nature of the actual ruby host rocks is 
unknown. Large variations exist in both quality and color 
of the rubies, with the best rivaling those from Myanmar 
(Burma). This article emphasizes the gemological and 
mineralogical criteria for separating Vatomandry rubies 
from those of Thailand and Myanmar. 

Relatively high iron contents (0.1—0.7 wt.% Fe,O,) dis- 
tinguish Vatomandry rubies from those of Myanmar, but 
overlap with those from Thailand. The three most charac- 
teristic inclusion features of Vatomandry rubies are (1) the 
lack of growth structures, (2) the presence of short oriented 
rutile needles, and (3) clusters of innumerable small color- 
less, transparent, or white birefringent zircon crystals. 

WMM 


JEWELRY RETAILING 

After Sept. 11, security should be top priority. V. Gomelsky, 
National Jeweler, Vol. 45, No. 23, December 1, 2001, 
p. 4. 

Law enforcement agencies, including the FBI, have divert- 

ed many of their resources to fighting terrorism in the 

wake of the September 11 terrorist attacks on the USS. 
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John J. Kennedy, president of the Jewelers Security Alli- 
ance, predicts that this will lead to an increase in crimes 
against the jewelry industry, as thieves attempt to take 
advantage of the situation. He reported that the Southeast, 
from Texas to the Carolinas, is now the “hot region” for 
jewelry crimes, taking over from Los Angeles. He called 
on all jewelry businesses and road salespersons to adopt 
stricter security practices. RS 


The dark side. R. B. Drucker, Jewelers’ Circular Keystone, 
Vol. 172, No. 9, September 2001, pp. 120, 122, 124, 
126. 


This article discusses three of the most common ways 
that unscrupulous dealers bilk unsuspecting jewelry con- 
sumers: gems as investments, gemstone scams, and non- 
disclosure of treatments. 

Gems as investments: Many consumers ask jewelers 
and appraisers whether or not their diamond or gemstone 
is a good investment. While diamonds and gemstones 
may maintain much of their value over the years, they are 
not investments in the traditional sense—in which con- 
sumers buy in expectation of future profit. Accordingly, 
gems should not be sold as such. Tanzanite offers a clear 
illustration of the pitfalls of promoting gems as an invest- 
ment: A consumer who purchased one in 1991 would 
have found its value halved within two years. 

Gemstone scams: Modern gemstone scams have been 
around since the late 1970s, though their numbers have 
declined in recent years. Some scam artists set up compa- 
nies in Canada and marketed gems to American con- 
sumers with promises of great returns every year. In reali- 
ty, the prices of these gems were greatly inflated despite 
official-looking documents, appraisals, and reports from 
major laboratories including GIA (which only identifies 
the gem and states whether it is natural). It often took sev- 
eral years before buyers discovered that their purchases 
were worth only a fraction of the original price. The 
Canadian government arrested many of the scam artists, 
but little of the money was recovered. 

In the early 1980s, rough “opals for real estate” deals, 
and variations thereof, in which the opals or other rough 
stones were offered as collateral for tangible assets, 
became a popular scam because rough gems are often dif- 
ficult to evaluate and low-quality material is abundant. 

Non-disclosure of treatments: Although the Federal 
Trade Commission has increased requirements for disclo- 
sure of gem treatments, many sellers still fail to disclose, 
some with the intent of deceiving buyers. The author cites 
the case of a New York jeweler who offered buyers from 
Chicago “the best diamond at the best price.” When the 
buyers returned home, they discovered a certificate 
explaining that the diamond had been clarity enhanced 
“to bring out its beauty.” 

The article concludes that “working from the dark 
side will reap only temporary profits at the risk of losing 
much more.” RS 
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Death and taxes. W. G. Shuster, Jewelers’ Circular Key- 
stone, Vol. 172, No. 7, July 2001, pp. 94, 95, 97, 98, 
100. 


The U.S. Congress has passed legislation eliminating the 
federal estate tax. The catch is that the law phases out the 
tax over 10 years rather than eliminating it immediately. 
The phase-out raises the tax-exempt amount of an indi- 
vidual’s assets from $675,000 in 2001 to $1 million in 
2002, $1.5 million in 2004, $2 million in 2006, and $3.5 
million in 2009, after which the tax will be eliminated 
totally. Further, the law immediately reduces the top tax 
rate for nonexempt assets from 55% to 50%, then to 45% 
in 2007. Estate tax receipts accounted for less than 1.5% 
of the federal budget last year. 

Nearly 90% of retail jewelers in JCK’s survey wanted 
the tax repealed immediately. Half of those surveyed said 
that federal estate taxes could jeopardize the successful 
transfer of a family business, because an heir must sell all 
or part of the business to pay them. Others claim that fed- 
eral estate taxes are double taxation, since they have 
already paid business and income taxes on the assets. 
Many said that repeal would make independent jewelers 
more competitive and encourage succession. RS 


How to get the most out of your chamber of commerce. 
P. M. Perry, National Jeweler, Vol. 45, No. 5, March 
1, 2001, pp. 48-49. 


Membership in the local chamber of commerce means 
more than a wallet card and a wall plaque. Active partici- 
pation, including reaching out and forging relationships 
with other chamber members during various chamber 
events (weekly breakfasts, monthly committee meetings, 
and the like) may be very beneficial to your business. Such 
an approach will enable you to network and gather new 
ideas and resources. Business roundtables are also helpful 
in providing guidance, since they often include lawyers, 
insurance representatives, accountants, retailers, and oth- 
ers with different skills and experiences. Appropriately 
mentioning the names of attendees at such events who are 
business contacts can create a powerful third-party 
endorsement. 

Keeping the chamber updated with your business 
brochures can increase clientele, since chambers of com- 
merce are often asked for recommendations. It is essen- 
tial that your chamber be aware of new and important 
aspects of your business, especially what is unique. 
Readers are encouraged to join chambers of commerce in 
each community where business is conducted. MT 


When everyone quits. B. Spector, Jewelers’ Circular Key- 
stone, Vol. 172, No. 6, June 2001, pp. 258, 260, 2.62, 
264, 266. 

This article recounts how an independent retail jeweler, 

R. E Moeller of St. Paul, Minnesota, rebuilt its operations 

after the mass exodus of all four non-family sales staff in 

1989. The reason for this exodus was a revision in the 
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store’s sales associate compensation policy from straight 
salary ($16,000 to $25,000) with an annual bonus, to a 
greatly reduced salary ($12,000) plus a commission (20% 
of the gross profit on each piece of jewelry they sold). 
Moeller anticipated the departures, but believed the new 
system would help increase sales and margins by giving 
associates a stake in the rewards of harder work. 

Within a year, the store was again fully staffed and 
soon Moeller instituted a new requirement—that associ- 
ates undergo company-paid sales training and product 
education (gemological and appraisal courses). Within 
five years, sales and margins had improved to the point 
that Moeller was able to buy another jewelry business in 
Edina, Minnesota. By 1998, the system was working so 
well that the store almost eliminated the small base 
salary and went to essentially all-commission. The base 
was cut to $2,400 a year (the minimum required to ensure 
that the employer/employee relationship was preserved), 
plus 20% commission on the gross profit of sales, and 
10% of the repair and service business. New hires 
received a guaranteed $40,000 a year draw against com- 
missions for the first year, but were not retained if they 
failed to achieve the necessary level of sales. 

The results have been dramatic. Moeller’s sales have 
increased tenfold: from about $750,000 in 1989 to $8.2 
million in 2000, with a gross margin of about 51%. Four 
of the 14 sales associates have six-figure incomes. There 
are some downsides: Associates often have very slow 
periods with little or no income, and the burnout rate has 


been high. RS 


SYNTHETICS AND SIMULANTS 


Beware: Synthetic amethyst. P. Totty, Modern Jeweler, 
Vol. 100, No. 4, April 2001, pp. 12, 14. 


During the period from January 1999 to July 2000, the 
American Gem Trade Association (AGTA) tested 2,791 
amethysts and found that roughly one out of every six 
stones was synthetic. In the past, the industry has tended 
to ignore synthetics of relatively low-cost gem materials 
such as amethyst and citrine because testing methods 
have been both time-consuming and expensive. AGTA 


vice president Eric Braunwart warns that failure to 
address this problem will be detrimental to consumer 
confidence. D. Darmour 


Synthetic gem quality diamonds: Historical overview and 
newest developments. F. De Weerdt, Antwerp 
Facets, No. 37, March 2001, pp. 6-14. 


This article reviews three techniques for creating synthet- 
ic diamonds: high pressure/high temperature (HPHT) 
growth, chemical vapor deposition (CVD), and shock- 
wave synthesis. Only the first technique has yielded sig- 
nificant gem-quality synthetic diamonds: Graphite is dis- 
solved in a metallic solvent-catalyst, and diamond crys- 
tallization proceeds under HPHT conditions. The main 
types of HPHT presses (i.e., BELT and BARS) are 
explained, as are the identifying characteristics of the syn- 
thetic diamonds produced (e.g., morphology, color zoning, 
fluorescence, inclusions, and infrared spectra). 

CVD techniques employ a carbon-rich vapor to form 
thin layers of diamond on a substrate (which can be a dia- 
mond). Shock-wave synthesis uses explosives, rather than 
mechanical anvils, to produce the HPHT conditions need- 
ed for diamond formation. JS 


TREATMENTS 


Implantation of Fe ions in crystal structure of natural 
beryl. O. N. Lopatin, R. I. Khaibullin, E.G. Vagizov, 
V. V. Bazarov, A. I. Bakhtin, and I. B. Khaibullin, 
Proceedings of the Russian Mineralogical Society, 
Vol. 130, No. 4, 2001, pp. 122-127 [in Russian with 
English abstract]. 


After colorless natural beryls were treated with high-dose 
implantation of Fe ions (accelerated up to 40 keV) and 
then annealed in oxygen, the beryls became orange-yel- 
low. A study by Méssbauer and optical absorption spec- 
troscopy revealed optically active Fe;4, Fey, and Fej;; cen- 
ters in the treated beryls, and it is suggested that the 
implanted ions are in octahedral and tetrahedral sites of 
the crystal structure. Further study of the ion implanta- 
tion techniques followed by heat treatment may be useful 
for gem enhancement. RAH 
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RICHARD T. LIDDICOAT: 
CELEBRATING 50 YEARS OF LEADERSHIP 


Rae does one encounter an individual who 
alters the course of history. It is even more 
rare to know a person of such stature, or to have 
the chance to work under his or her leadership. 


I have been privileged to work for, and alongside, 
Richard T. Liddicoat throughout my nearly 27 years 
at GIA. I have seen him, in good 
times and bad, endure challenges 
and tribulations, and never fal- 
ter. I know him to be a man of 
extreme intelligence, impeccable 
character, and genuine humility. 
He is a unique combination of 
warmth and charm, drive and 
dedication. 


This issue of Gems e) Gemology 
honors Richard Liddicoat’s 50 
years as chief editor of the jour- 
nal. Each paper represents a dif- 
ferent aspect of his contribution 
to gemology. The lead article, by 
Dona Dirlam and others, gives us a glimpse into his 
life, his passion, and his accomplishments in an 
industry he loves and for the public he serves. In 
honor of his leadership in the field of gemology, 
researchers at the Smithsonian Institution bestowed 
the name liddicoatite on a new gem tourmaline 
species in 1977. The article on liddicoatite in this 
issue contributes greatly to our understanding of this 
beautiful but enigmatic gem. 


Throughout his career, Richard Liddicoat has focused 
on gem identification and instruments to make this 
process easier and more efficient, sharing knowledge 
that greatly influenced the development of the con- 
temporary field instruments and techniques dis- 
cussed in Edward Boehm’s piece. But he is also fasci- 
nated with the lore of fabulous stones, like the Star of 
the South diamond described by Christopher Smith 
and George Bosshart, that have contributed so much 
to the rich history of our industry. 


The issue rounds off with short articles on two top- 
ics of particular interest to Richard Liddicoat—pearls 
and new gem materials. Although a mineralogist by 
training, he has long had a fondness for organic 


EDITORIAL 


materials and especially the intricacies of pearls 
such as the “Tahitian” yellow cultured pearls 
described by Shane Elen. I wonder, though, if there is 
a greater thrill for any gemologist than the opportu- 
nity to examine a new gem material, as with the 
serendibites characterized by Dr. Karl Schmetzer and 
Mr. Liddicoat’s colleague for more than 60 years, Dr. 
Edward Gtbelin, along with 
other prominent gemologists. 


I suppose it would be enough to 
have established diamond grad- 
ing and other standards for the 
gem and jewelry trade, to have 
educated countless thousands in 
the field, or to have contributed 
mightily to the gemological lit- 
erature over the course of his 
long and successful career. But 
perhaps the greatest gift Richard 
Liddicoat has given us is the 
example he set for an industry 
and its professionals. Not only 
is he a beloved and respected leader, but he also has 
lived out a work ethic and a commitment to pur- 
pose that are both rare and resounding. 


As we look back over the years, and his achieve- 
ments, we recognize that they are unparalleled: a 
gem mineral named after him; awards and honors 
from GIA, the American Gem Society, the American 
Gem Trade Association, and numerous other organi- 
zations; and a lasting impact on thousands who 
revere him as the “Father of Modern Gemology.” 


Yet one of Richard Liddicoat’s most appealing qual- 
ities is that he has never realized how great he truly 
is. This issue of Gems & Gemology is a tribute to 
his character and to what makes him, in my mind 
and in the minds of all who know him, a man who 
has altered the course of history in the gem and 
jewelry world. 


( r) } a 4 h | 
William E. Boyajian, President 
Gemological Institute of America 
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“mosaic” single crystals are not to 
be confused with crystalline ‘“mo- 
saics” such as jade or carbonado, 
orientated -entirely at random, im 
which there is no approach toward 
parallelism of the crystallites. 

“Perfect” single crystals usually 
cannot be distinguished with cer- 
tainty from “mosaic” single crystals 
consisting of subparallel crystallites 
by standard X-ray diffraction meth- 
ods using a narrow parallel X-ray 
beam. 

Dr. Lonsdale describes a relatively 
new technique employing a strongly 
divergent X-ray beam which pro- 
duces a picture known as an absorp- 
tion pattern. Such a pattern (see 
Fig. 1) is entirely different from the 
patterns of parallel lines or sym- 
metrically arranged spots provided 
by ordinary X-ray diffraction meth- 
ods. Since “perfect” single crystals 
do not give absorption patterns, this 
method enables one to distinguish be- 
tween “perfect” single crystals and 
“mosaic” single crystals. Most gem 
diamonds are “perfect” single crys- 
tals and do not give such patterns. 

Dr. Lonsdale points out some in- 
teresting consequences of the struc- 
ture of diamond. We usually think 
of diamond as having a closely 
packed crystal structure. Actually it 
is a rather open one; and if all the 
open spaces in the diamond lattice 
were filled with carbon atoms, dia- 
mond would have a specific gravity 
more than twice as great as it ac- 
tually has. She also points out that 
the factor which determines hard- 
ness is not so much the close packing 
of atoms as it is the distribution of 
electron bonds between adjacent 
atoms, which also determines the 
stability of the crystal. 

Tt will surprise many to learn that 
the remarkable hardness and chemi- 
cal stability of diamond is a conse- 


quence of its monomolecular charac- 
ter. A “perfect” single diamond is 
actually one enormous molecule. As 
a@ consequence of this fact, diamond 
can be decomposed only by breaking 
down the intramolecular electron 
bonds themselves. A diamond erys- 
tal can also be looked upon as con- 
sisting of long chains of carbon 
atoms extending in many directions. 
This monomolecular character and 
interlocking chain structure gives 
diamond its great stability, as evi- 
denced by its high melting point, in- 
compressibility, and small thermal 
expansion. 

Dr. Lonsdale makes clear that 
there is still work to be done by the 
scientist before all is known about 
the internal architecture of diamond. 
—R.J.H. 


Scientists Who Have Studied 
Diamond 


It is not surprising that the dia- 
mond has long excited the curiosity 
of scientific investigators, for it is 
the aristocrat of the mineral world. 

Robert Boyle, known to many gen- 
erations of schoolboys as the Father 
of Chemistry and the son of the 
Earl of Cork, was one of the first to 
study the diamond from a scientific 
point of view. Isaac Newton, the 
great physicist and mathematician, 
the tercentenary of whose birth was 
recently celebrated in many parts 
of the world, Lavoisier, the French 
chemist, Biot and Arago, Humphrey 
Davy, Michael Faraday, Reynault, 
Berthelot, Petit, Laplace, Berzelius, 
Fizeau, Crookes, Parsons, Moissan, 
Friedel, Nernst, Herschel, Brewster, 
Dewar, W. H. and W. L. Bragg, 
DeBye, Ewald, Raman—all of them 
well-known for their love of science 
and their careful experimental 
work—have all at some time or oth- 


THE ULTIMATE GEMOLOGIST: 
A TRIBUTE TO RICHARD T. LIDDICOAT 


By Dona M. Dirlam, James E. Shigley, and Stuart D. Overlin 


“If | have seen farther . . . it is by standing on the shoulders of giants.” 


Isaac Newton 


On this occasion—the celebration of Richard T. Liddicoat’s 50 years guiding Gems & Gemology— 
it is fitting to review his enormous impact on the field of gemology. This includes the development 
of GIA’s education program, the creation of the quality-grading system for polished diamonds that 
is now accepted worldwide, numerous contributions to the gemological literature, involvement in 
new gem-testing techniques and instruments, and the establishment of a formal research program. 
His greatest achievement, however, has been his personal influence on the professionalism and 
ethical standards of the international gem and jewelry industry. 


ith this special issue of Gems & 
Gemology, we celebrate the 50th anni- 
versary of Richard T. Liddicoat (figure 1) 


as editor and now editor-in-chief of GIA’s quarterly 
professional journal. This festschrift, or special cele- 
bratory issue, provides a welcome opportunity to 
review his contributions to gemology, especially in 
five main areas: education, diamond quality grad- 
ing, gem identification, instrument development, 
and global information outreach. Following the lead 
of GIA’s founder, Robert M. Shipley, Liddicoat posi- 
tioned GIA as a leading international educational 
institution, grading laboratory, manufacturer of gem 
instruments, and research center. Those who have 
had the privilege to know and work with him have 
been able to expand the frontiers of gemology “by 
standing on the shoulders” of this giant. 


THE EARLY YEARS 


Robert M. Shipley founded the Gemological 
Institute of America in Los Angeles, California, in 
1931. His vision was to create an institution that 
would promote professional education in gemology 
for jewelers in the United States, allowing them to 
buy and sell with increased knowledge and confi- 
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dence. At the time, no such organization existed in 
the U.S. In the early 1930s, Shipley—working in 
partnership with his wife Beatrice—stimulated 
interest among jewelers by traveling across the U.S. 
to retail stores, where he would preach the benefits 
of gemological education. In the evenings in his 
hotel room, Shipley would write courses for jewel- 
ers to take through correspondence. He established 
the beginnings of an educational institute in Los 
Angeles with a small staff that grew slowly over the 
next decade as resources allowed. Together, he and 
his staff created lessons, gave instruction on gem- 
stones and their properties, and began the process of 
helping jewelers correctly identify the gem materi- 
als they handled (Gilbert, 1977). 

By 1940, Shipley realized the need for additional 
leadership at GIA. His son, Robert Shipley Jr., who 
had worked closely with him in recent years, had 
signed up for military service. Shipley contacted 
Chester B. Slawson, a mineralogy professor at the 
University of Michigan in Ann Arbor who was 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 38, No. 1, pp. 2-13. 
© 2002 Gemological Institute of America 


GEMS & GEMOLOGY SPRING 2002 


Figure 1. Since 1940, 
Richard T. Liddicoat’s con- 
tributions to gemological 
education, diamond quality 
grading, gem identification, 
and gemological research 
and instrument develop- 
ment have advanced the 
study of gemology through- 
out the world. As a former 
president of GIA, now 
Chairman of its Board of 
Governors, and chief editor 
of Gems & Gemology for 
five decades, he has had a 
profound influence on the 
gem and jewelry industry. 


co-author of one of the leading gemology texts at 
that time, Gems and Gem Materials (Kraus and 
Slawson, 1939}, as well as one of GIA’s educational 
advisors. In his letter, Shipley asked Slawson to rec- 
ommend a mineralogist to join the GIA faculty. Dr. 
Slawson suggested one of his graduate students, 
Richard T. Liddicoat. As Liddicoat recalled, 
“Slawson thought that I was wedded to graduate 
school and headed for a Ph.D. in mineralogy, so he 
didn’t think I’d be interested. But he showed the let- 
ter to me anyway. After years of school, I was ready 
to do something else. The idea of gems and Los 
Angeles really had appeal” (Youngs, 1980, p. 40). 

Liddicoat drove with his wife Mary Imogene 
(“Gene”) Liddicoat to Cincinnati, Ohio, for an 
interview with Robert Shipley and then-chairman 
of GIA’s Board of Governors, Edward Herschede. 
He found both men impressive, with Shipley espe- 
cially charismatic in his passion for education and 
gemstones. 

Richard Thomas Liddicoat Jr. was born on 
March 2, 1918, in Kearsarge, Michigan, the son of a 
professor of engineering at the University of 
Michigan, Ann Arbor, and Carmen Beryl Williams 
Liddicoat. Both his grandfathers were miners from 
Cornwall, England, who had immigrated to the 
upper Keweenaw Peninsula of Michigan in the lat- 
ter half of the 19th century. These two men 
inspired their grandson to explore the geology of his 
surroundings. Liddicoat attended the University of 
Michigan, from which he received a bachelor’s 
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degree in geology in 1939 and a master’s degree in 
mineralogy in 1940. 

On June 28, 1940, Liddicoat joined the GIA staff 
as assistant director of education, beginning a 60+ 
year career of service to GIA and the jewelry indus- 
try (see highlights in the timeline). In those days, 
the Institute was a family affair: Beatrice Shipley 
managed the office, while Shipley Jr. focused on 
developing gemological instruments and tech- 
niques, as Shipley Sr. continued with education and 
attracting jewelers to the GIA programs. (Also 
involved was Beatrice’s nephew Al Woodill, who 
briefly worked at GIA in 1940-1941. In 1947, 
Woodill became the executive head of GIA’s sister 
organization, the American Gem Society [AGS], 
which Shipley Sr. had established in 1934 as a pro- 
fessional guild of jewelers.) 

Liddicoat’s first priority was to take the GIA 
courses, which he completed in less than three 
months. As an instructor, he was responsible for 
grading GIA correspondence exams—on average, 
225 tests per week. “When I first came out here, I 
used to grade all the papers. They were all essay 
questions in those days. I would take all the papers 
home with me, one day a week, and just keep going 
until I finished them. Sometimes, it was pretty late 
when I got through with them all,” Liddicoat later 
recalled (Youngs, 1980, p. 40). 

Within a year of his hiring, Liddicoat was named 
director of education, the first person outside the 
Shipley family to hold a major position within GIA. 
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Figure 2. Standing in the back of a February 1949 
gemology class at GIA’s New York office are G. 
Robert Crowningshield (in front of the chalkboard) 
and Richard T. Liddicoat (back row, far right). 


CONTRIBUTIONS TO 
GEMOLOGICAL EDUCATION 


One of Liddicoat’s first innovations in gemological 
education was an intensive one-week class that was 
launched at the AGS Conclaves in Philadelphia and 
Chicago in 1942 (Federman, 1985a). He developed 
this class to enable students to complete the preregq- 
uisite Diamond and Colored Stone training of 
Shipley’s original fundamental course in a one-week 
resident education format. This class also gave jew- 
elers the opportunity to work with equipment in a 
classroom setting under the guidance of GIA instruc- 
tors (figure 2). Liddicoat would become a mainstay 
as a speaker and instructor at these Conclaves, and 
in 1997 the AGS honored him for having attended 
50 of them (“A special tribute...,” 1997). 

During World War II, from August 1942 until 


January 1946, Liddicoat left GIA to serve in the USS. 
Navy. After working for a few months in a shipyard, 
he eventually was assigned to the Pacific fleet as a 
weather officer on aircraft carriers and at Pearl Harbor 
(“Liddicoat resumes work at headquarters... ,”” 1946). 

Upon his return from military service in 
February 1946, Liddicoat was named director of 
research and, later, director of education and 
research. The March 1946 issue of the AGS maga- 
zine Guilds described him as “an extremely popular 
leader and instructor who proved his ability to pro- 
ject his personality into instruction in the mail 
courses” (“Liddicoat resumes work at headquar- 
ters...,” 1946, p. 5). In June 1946, he helped launch 
the first evening gemology class in Los Angeles, 
which allowed local GIA correspondence students 
to gain hands-on experience while continuing to 
work in their jewelry stores during the day. 

Recognizing the need for an inexpensive hand- 
book for GIA students, Shipley assigned Liddicoat 
the task of creating it. This new gem identification 
reference book was the first directed to the needs of 
the practicing gemologist. Closely tied to the GIA 
course work, it also was unique in organizing the 
gemstones by color. Liddicoat spent almost a year 
on the book, dictating sections to his wife Gene in 
the evening (R. T. Liddicoat, pers. comm., 2002). In 
August 1947, the first edition of his Handbook of 
Gem Identification was published (figure 3). This 
book, one of the first to include photomicrographs 
of inclusions as identifying characteristics, support- 
ed GIA education classes that increasingly focused 
on gem identification and gem-testing instrumenta- 
tion. It continues to be one of the most widely used 
textbooks in gemology, now in the fourth printing 
of its 12th edition. 


1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 1952 1953 


1949 Named director of 
GIA New York and GIA 
Gem Trade Laboratory 


Fall 1941 Helps develop the Diamolite; 
publishes (with Shipley) his first article 
for Gems & Gemology: “A Solution to 
Diamond Color Grading Problems” 


February 1946 
Returns to GIA as 
June 28, 1940 Joins the director of research 
staff of GIA as assistant 

director of education 


April 1, 1952 

Named executive director 
of GIA; assumes editorship 
of Gems & Gemology 


August 1947 NS 
Publishes first edition 
of the Handbook of 


April 1953 
Gem Identification 


Officially introduces the GIA 
diamond grading system as 
part of new educational class 


1948 Named assistant director of GIA in New York 
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Beginning in 1948, GIA granted the title gemolo- 
gist to those students who had completed all of the 
home study courses, and awarded the title graduate 
gemologist (G.G.) when students completed the 
additional class training and passed the 20-stone 
exam. Since the inception of the graduate gemolo- 
gist diploma, approximately 25,000 students have 
gained this important industry recognition. Later in 
1948, Shipley turned over much of the day-to-day 
operation to Liddicoat (Executive staff changes...,” 
1948). GIA student enrollment grew substantially 
during the postwar years, influenced in large part by 
the G.I. Education Bill, by which the U.S. govern- 
ment gave financial support to its military veterans. 
To meet the needs of a growing student population, 
more instructors were added to the GIA staff to 
teach the students both in “extension” classes at 
the Los Angeles headquarters and through home 
study education. During the latter half of the 1940s, 
the GIA staff doubled from 20 to 40. When the G.I. 
Bill’s benefits ended in the early 1950s, however, 
enrollment fell off sharply, and GIA faced a finan- 
cial challenge just as Shipley was planning to retire. 

Liddicoat, Shipley’s handpicked successor, 
became executive director of GIA on April 1, 1952. 
He moved quickly to address the Institute’s finan- 
cial problem by focusing GIA’s education on a key 
concern of jewelers: diamond grading. 

In the early 1950s, jewelers were calling for a 
standardized diamond grading system to counter 
the fanciful and often inconsistent terminology 
then being used to describe polished diamonds. 
Such descriptions only made effective communica- 
tion between dealers and customers more difficult. 
Liddicoat tackled the problem with Los Angeles 
colleagues Lester Benson and Joe Phillips, with 


HANDBOOK OF 
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Figure 3. The first edition of Richard Liddicoat’s 
Handbook of Gem Identification, published in 
1947, presented “simple and often conclusive” 
tests to identify gems. Now in its 12th edition (4th 
printing), it is one of the most widely read text- 
books in gemology. 


input from the New York laboratory’s Bob 
Crowningshield (then director of GIA’s Eastern 
Headquarters and Gem Trade Laboratory and later 
vice president of GTL Gem Identification) and Bert 
Krashes (who retired in 1987 as managing director 
of the GIA Gem Trade Laboratory). Together, they 
developed a diamond grading and evaluation 
appraisal program based on the color, clarity, cut- 
ting, and carat weight of diamonds. To unveil the 
class, they decided to go to the heart of the dia- 
mond district in New York. 

Liddicoat and Crowningshield taught the first 
one-week classes on the new diamond grading sys- 
tem in April 1953 at the Roosevelt Hotel in New 
York City (figure 4 shows a one-week class from 
1954). This diamond grading class became part of 


1954 1955 


1956 


1957-1958 


1955 GIA Gem 
Trade Laboratory 
issues its first 
Diamond Grading 
Reports 
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1959 


1960 1961 1963 


1962 Devises the 
“rapid sight” system 
for estimating dia- 
mond-cutting quality 


1960 Co-authors 
first edition of The 
Diamond Dictionary 


GEMS & GEMOLOGY 


1964 
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1964 Co-authors first edition 
of The Jewelers’ Manual 
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Figure 4. GIA instructors Bert Krashes, Eunice 
Miles, and G. Robert Crowningshield stand in the 
center of a group of students taking a one-week 
class at GIA New York in June 1954, a year after the 
introduction of the GIA diamond grading system. 


GIA’s regular gemology program in 1955. Liddicoat 
also established a new traveling one-week class, 
Diamond Evaluation, to bring an understanding of 
the benefits of this new diamond grading terminolo- 
gy to jewelers throughout the United States 
(Shuster, in press). Glenn Nord, who was then tak- 
ing the new diamond course, recalls: “GIA was 
introducing an entirely new culture to the jewelry 
industry with its education, and it was Dick 
Liddicoat’s leadership that helped people accept 
these changes” (pers. comm., 2002). 

In 1955, 14 of the 45 lessons—or nearly a third of 
GIA’s home study diamond courses—were rewrit- 
ten. Liddicoat personally revised 10 of them. During 
the same time period, he expanded the education 
program by adding a jewelry retailing home study 
course. The first jewelry design course, long present- 
ed in Brooklyn by Christian Jakkob, was turned 
over to GIA and reorganized by Lester Benson, a 

1975 


1976 1977 


1971 First GIA gemology 
courses in Japan taught 
(by an affiliate) 
a [? 1976 Receives 
- the American 
“f Gem Society’s 
Robert M. 
Shipley Award 


Dr. D. Vincent Manson 


1970 Series of extension education 
classes in Israel taught by Glenn Nord 
marks GIA’s first global outreach 
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Creates the GIA Research 
Department under the leadership of 


GIA educator and inventor. Liddicoat reflected, “I 
always had the feeling that once the gemology pro- 
gram was in place, we should offer a complete cur- 
riculum for the retail jeweler” (pers. comm., 2001). 

To further meet the need for a standardized ter- 
minology for its students and members of the trade, 
GIA began working on a glossary of diamond terms. 
Out of these efforts came the first Diamond 
Dictionary (1960), by Lawrence Copeland with 
Richard Liddicoat and other staff members (see 
Copeland et al., 1960; figure 5). Later that same 
decade came Liddicoat and Copeland’s The 
Jewelers’ Manual (again, see figure 5). Published in 
1964, it was an expansion of Shipley’s earlier 
Jewelers Pocket Reference Book (1947). 

Liddicoat worked closely with Lester Benson to 
produce a revised course structure for the gemology 
program (“GIA courses to have new look,” 1958). In 
1962, after providing a variety of supplemental 
classes for students to obtain additional training 
time, GIA began to offer a full-time resident G.G. 
program in Los Angeles. Before then, students could 
obtain this diploma only through home study, sup- 
plemented by short-term classes. 

During this same period, Liddicoat (1962) wrote 
an article for Gems e&) Gemology on the “rapid sight” 
system for judging diamond cut quality. According to 
Nord (pers. comm., 2002), “After Dick developed the 
system, he and I would sit and trade diamonds back 
and forth for hours. We could judge so many factors, 
including proportions and angles, very accurately. It 
was an important teaching tool that is still a key part 
of the diamond program today.” 

In the late 1960s and early 1970s, Liddicoat over- 
saw Nord’s development of corporate training class- 
es for Zales, one of the largest retail jewelry store 

1978 1979 


1980 1981 


1982 Creates the GIA 
Alumni Association 
under Robert Earnest 
Spring 1981 
Publishes first 
issue of Gems & 
Gemology in an 
expanded and 
redesigned format 


1983 Steps down 
as president of 
GIA; named chair- 
man of the GIA 
Board of Governors 


1982 Chairs GIA’s first 
International Gemological 
Symposium in Los Angeles 


Named Honorary 
Member of AGTA 
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1986 


chains in the U.S., a program that continues today 
with a number of major businesses. 

Also in the late ‘60s, Liddicoat made several trips 
to Japan in an effort to glean the information neces- 
sary to develop a cultured pearl course and, ulti- 
mately, GIA’s first pearl grading system. 

Richard Liddicoat took Shipley’s concept of home 
study (or “distance”) education beyond North 
America when, in 1970, he sent Nord to Israel to 
teach the first diamond course outside the U.S. A year 
later, with Liddicoat’s endorsement, GIA courses 
were being taught in Japan (figure 6). Yoshiko Doi, a 
former GIA staff member who had returned to Japan, 
and Kenzo Yamamoto established the Association of 
Japan Gem Trust (AGT), a non-profit organization 
with exclusive rights to administer GIA courses in 
Japanese (“Focus on: Kenzo Yamamoto,” 1984). Doi 
translated all course materials into Japanese, thus 
beginning GIA’s ability to offer courses international- 
1987 1988 1989 1990 


(Qi ee 


| THE GIA 
JEWELER’S 
MANUAL 


1993 


Figure 5. The Diamond 
Dictionary, first published 
in 1960 and now in its 3rd 
edition (1993), provides a 
standard reference for dia- 
mond terminology. The 
Jewelers’ Manual, a handy 
reference guide to gemology 
and jewelry for the working 
jeweler, was first published 
in 1964 and is now in its 3rd 
edition (1989). 


ly and in other languages. Currently, GIA programs 
are offered in 11 countries outside the U.S. 


ARCHITECT OF THE 
GIA DIAMOND GRADING SYSTEM 


Early GIA efforts to establish a system to describe the 
quality of polished diamonds can be traced back to 
the 1930s, when Robert M. Shipley Sr. and De Beers 
collaborated to develop the concept of the “Four Cs”: 
color, clarity, cut, and carat weight. In 1939, the AGS 
adopted this terminology for describing diamonds. A 
1941 article in Guilds describes a nine-year process by 
GIA to develop a unit for color grading diamonds and 
efforts to standardize color grading (“Standardization 
of color grading...,”” 1941). That same year, Shipley Sr. 
and Liddicoat published an article on diamond grading 
that described the use of a standardized light source 
(the Diamolite) and a prototype colorimeter for grad- 
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Library and Information Center at GIA 


June 10, 2000 Life-size 
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GIA Carlsbad 
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Figure 6. One of GIA’s early global outreaches was 
in Japan, where Kenzo Yamamoto (second from the 
left, next to his wife) and Yoshiko Doi (third from 
the left, next to former GIA president Glenn Nord) 
began teaching GIA courses in 1971. Since its 
inception, nearly 3,000 graduate gemologists have 
been trained at the Japanese affiliate. In the inset 
photograph, Richard Liddicoat is shown with a 
group of Japanese students. 


ing diamond color against a graduated color scale 
(Shipley and Liddicoat, 1941). This same research by 
Shipley, Dorothy Jasper Smith, and Liddicoat led to 
the creation of the first master set of color comparison 
diamonds for diamond grading in 1941 (R. T. 
Liddicoat, pers. comm., 2002). 

Nevertheless, as indicated above, ongoing confu- 
sion and inconsistency in diamond grading termi- 
nology brought about the demand for a new vocabu- 
lary to more clearly express the color, clarity, and 
cut of individual diamonds. As Bert Krashes (pers. 
comm., 2001) notes, “There was a lot of ambiguity 
and confusion when it came to trade grading of dia- 
mond color and clarity, so there was a significant 
need for GIA to create this system.” 

Liddicoat became the architect of the GIA dia- 
mond grading system, developing a practical approach 
to quality grading colorless to light yellow polished 
diamonds on the basis of color, clarity, and cut. A cen- 
tral feature was the D-to-Z color grading system for 
faceted, colorless to light yellow diamonds, which 
comprise the vast majority of diamonds seen in the 
trade. The letter D was chosen as the starting point 
(colorless) to avoid confusion with other, more loosely 
defined classification systems being used, which typi- 
cally began with the letter A (King et al., 1994). 
Liddicoat remembers that at the time the diamond 
companies had their own descriptions, which includ- 
ed A and AA, so it was felt that D would be less con- 
fusing (R. Liddicoat, pers. comm., 2001). 
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Having discussed quality grading of diamonds at 
earlier AGS Conclaves, Liddicoat introduced the GIA 
diamond grading system at the 1953 Conclave in 
Philadelphia. “Richard Liddicoat deserves the credit 
for developing the diamond grading system. He had 
some assistance from Lester Benson, but it was main- 
ly Liddicoat” (B. Krashes, pers. comm., 2002). 

Beginning in 1953, GIA instructors taught this 
grading system to hundreds of students so they 
could evaluate their own diamonds. Subsequently, 
many of these students requested that GIA set up a 
procedure whereby they could submit their grading 
worksheets, and eventually the diamonds them- 
selves, for an independent assessment. 

Bert Krashes recalls the transition (pers. comm.., 
2002): “It began as a service we offered students. 
After they took the courses, whether correspondence 
or one-week classes, we agreed to double-check their 
grading of their own diamonds. We would make our 
comments on the diamond worksheets. Eventually, 
word reached the industry that we were capable of 
doing this work, and soon there was a demand for a 
more formal presentation.” Liddicoat teamed with 
Crowningshield, Krashes, and Eunice Miles to design 
and develop the Diamond Grading Report (Christie, 
1988}, the first of which was issued in 1955. 


UNLOCKING THE MYSTERIES: 

GEM IDENTIFICATION AND 

GEMS & GEMOLOGY 

Gem Identification. When Robert M. Shipley set up 
his Los Angeles laboratory in the early 1930s, the 
Institute’s resources were devoted to identifying 
gems and to documenting the properties and tech- 
niques that would aid in their separation (Jasper, 
1948). Late in 1948, following the unexpected resig- 
nation of Dr. Mark Bandy as director of the fledgling 
New York laboratory, Shipley assigned Liddicoat to 
New York to lead the expansion of that new branch. 
Liddicoat and his wife Gene drove across the country 
and arrived there in early January 1949. While 
Liddicoat and Crowningshield took care of the gem 
identifications and taught classes at night, Gene was 
the office administrator (R. T. Liddicoat, pers. comm., 
2002). The resources of the New York operation were 
further enhanced when the Gem Trade Laboratory, 
which had been established by A. E. Alexander, was 
turned over to GIA in October of that same year. As 
director of GIA New York and the GIA Gem Trade 
Laboratory, Liddicoat was responsible for integrating 
the facilities of the two labs (“Richard T. Liddicoat Jr. 
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appointed...,” 1952). The early identification work 
was typically a group effort among staff members 
who became known as the “Liddicoat brain trust” 
(Federman, 1985a). 

By the 1970s, the GIA Gem Trade Laboratory staff 
was examining large numbers of gemstones, includ- 
ing the grading of diamonds and the identification of 
colored stones and pearls. Sensing the need for a 
group of scientists who would focus on the many 
emerging technical challenges in gemology, Liddicoat 
formally established the current GIA Research 
Department in 1976. Dr. D. Vincent Manson, for- 
merly curator of gems and minerals at the American 
Museum of Natural History, was named its director. 


Figure 7. Along with G. Robert Crowningshield and 
Lester Benson, Richard Liddicoat pioneered the 
Gem Trade Lab Notes section of Gems & 
Gemology. These reports of new findings from the 
GIA Gem Trade Laboratory first appeared as 
“Highlights at the Gem Trade Lab” from both New 
York and Los Angeles. Today, the Lab Notes section 
remains one of the journal’s most popular features. 


Highlights 
at the 
GEM TRADE LAB 
in New York 


by 
G. Robert Crowningshield 


Developments and Highlights 


at the 


GEM TRADE LAB 


in Los Angeles 
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Gems & Gemology. Robert Shipley’s early efforts in 
gem testing and characterization were incorporated 
not only into updates of the GIA courses, but also 
(starting in 1934) into the pages of Gems & 
Gemology, GIA’s quarterly journal. Richard 
Liddicoat continued this legacy through articles that 
he wrote and co-authored in G&G, reporting on his 
activities to improve the ability of jewelers to prop- 
erly identify gems. (An extensive bibliography of his 
publications is provided at the end of this article.) 

Liddicoat became editor of Gems & Gemology 
on Robert Shipley’s retirement in 1952, with Jeanne 
G. M. Martin as his associate editor. Liddicoat him- 
self led a procession of notable mineralogists, gemol- 
ogists, and other scientists who contributed ground- 
breaking articles to the journal. Subsequent associate 
editors included Dr. Robert Gaal (1973-1977) and 
John I. Koivula (1978-1980). In 1981, Alice Keller 
was brought on as the journal’s managing editor to 
oversee its redesign; she was subsequently promoted 
to her current position as editor and director. 

Liddicoat encouraged Crowningshield and Benson 
to write their “Highlights at the Gem Trade Lab” 
columns—Crowningshield in New York and Benson 
in Los Angeles—which debuted in the Winter 
1958-59 issue of Gems &) Gemology (R.T. Liddicoat, 
pers. comm., 2002). Liddicoat took over the Los 
Angeles column in 1962 (figure 7). “Highlights at the 
Gem Trade Lab” later became the Gem Trade Lab 
Notes section, which continues to describe interest- 
ing gem materials that have been seen in the GIA 
Gem Trade Laboratory. 

Five times in the last decade, Gems &) Gemology 
has won the American Society of Association 
Executives Gold Circle Award for best peer-review 
journal in America. Liddicoat continues to serve as 
editor-in-chief, writing editorials, reviewing books 
and articles, and setting editorial policy for the 
award-winning publication. 


CONTRIBUTIONS TO 
GEMOLOGICAL INSTRUMENTATION 


Liddicoat presided over four decades of innovation in 
gem instrument development at GIA, and estab- 
lished gem instruments as one of the Institute’s high- 
est priorities (Federman, 1985b). In addition to his 
early work with Shipley to develop the Diamolite 
(figure 8), Liddicoat worked with various GIA scien- 
tists on a number of other instruments. Liddicoat’s 
own scientific background enabled him to foster the 
development of instruments such as the prism spec- 
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Figure 8. Richard Liddicoat, shown teaching the 
use of the Diamolite in 1946, helped develop the 
instrument in 1941. 


troscope and the ProportionScope (GIA Diamond 
Grading course, 1994). His objective throughout 
instrument development at GIA was to provide jew- 
elers with practical tools that could help them in the 
day-to-day operation of identifying gemstones. 


GLOBAL INFORMATION OUTREACH 


In the early 1980s, Liddicoat championed the use of 
computer networks to connect jewelers and gemol- 
ogists to a vast array of knowledge. In a 1985 inter- 


Figure 9. The world’s largest collection of gemolog- 
ical books and articles, the Sinkankas Collection, 
was acquired for the GIA library in 1988. Photo by 
Shane McClure and Robert Weldon, © GIA. 
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view in Modern Jeweler, he predicted that one day 
jewelers across the country would be connected to 
GIA through such a network: “Imagine not having 
to leave your store or business to consult with GIA” 
(Federman, 1985c, p. 56). That idea became reality 
in 1986 with the creation of GIA-Net under the 
leadership of Dennis Foltz, then director of educa- 
tion and operations at GIA, and has evolved today 
into GIA Virtual Campus (for students) and the GIA 
Web site: http://www.gia.edu. Approximately 
150,000 people access the GIA Web site monthly. 

Liddicoat’s contributions to spreading gem and 
jewelry knowledge were immortalized with the cre- 
ation of the Richard T. Liddicoat Gemological 
Library and Information Center in 1989. Although 
Robert Shipley had built the beginnings of a library 
from the very first days of GIA, Liddicoat was the 
one who envisioned a world-class, state-of-the-art 
library that would serve not only GIA staff and stu- 
dents, but also jewelers, gemologists, and consumers 
worldwide. This repository was greatly expanded 
under the direction of one of the authors (DMD) 
with the purchase of the 15,000-volume John and 
Marjorie Sinkankas Gemology and Mineralogy 
Library in 1988 (figure 9). Located at the Institute’s 
headquarters in Carlsbad, California, the Liddicoat 
Library is now the largest gemology and jewelry 
library in the world. At almost 836 square meters 
(9,000 square feet), it houses over 30,000 volumes 
and journals as well as extensive collections of pho- 
tos, videotapes, and other media resources. 

As director of education and later president, 
Richard Liddicoat was GIA’s ambassador to many 
gemology and jewelry associations. As indicated 
earlier, he was a mainstay at AGS Conclaves for 
more than 50 years, frequently accompanied by 
GIA’s finest gemologists (figure 10). He attended 
industry meetings and then incorporated the infor- 
mation he gathered into Gems # Gemology and 
the education program. He actively participated in 
the International Kimberlite Conferences and the 
International Gemmological Conferences (IGC), as 
well as a variety of trade association events. In 1983, 
Liddicoat retired as president of GIA, but was subse- 
quently named chairman of GIA’s Board of 
Governors, a position that he still holds. Liddicoat 
is a founding member of the International Colored 
Gemstone Association (ICA) and the American 
Gem Trade Association (|AGTA). In recent years, he 
has continued to attend trade shows and visit gem 
mines, in addition to his involvement with GIA and 
Gems & Gemology (figure 11). 
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THE “FATHER OF MODERN GEMOLOGY” 


In recognition of his more than 60 years of service 
to the gem and jewelry industry, Liddicoat has 
received many awards and commendations. Among 
the most prestigious are: 


e American Gem Society Honorary Certified 
Gemologist (1947) 

e American Gem Society Robert M. Shipley Award 
(1976} 

¢ Honorary Fellow of the Gemmological Associ- 
ation of Great Britain (1981) 

e American Gem Trade Association Honorary 
Member (1983) 

¢ Consolidated Jewelers Association of New York’s 
Man of the Year (1984) 

¢ Modern Jeweler’s Lifetime Achievement Award 
(1985) 

¢ The Morris B. Zale Lifetime Achievement Award 
(1987) 

¢ Honorary Lifetime Membership of the Gem 
Testing Laboratory of Great Britain (1987) 

¢ National Home Study Council’s Hall of Fame (1991) 

¢ GIA Board of Governors’ Chairman for Life (1992) 

e GIA League of Honor Lifetime Achievement 
Award (1995) 

e American Gem Society Lifetime Achievement 
Award (2001) 


Liddicoat received special recognition in 1977 
with the naming in his honor of a new gem species of 
tourmaline (figure 12). Dr. Pete J. Dunn and his col- 
leagues from the U.S. National Museum of Natural 
History (Smithsonian Institution; Dunn, 1977) 
named “the mineral liddicoatite [the calcic lithium- 
tourmaline end member, in recognition of his contri- 
butions to gemological knowledge and education.” 
Liddicoat is one of only a few gemologists ever to be 
so recognized (Federman, 1985a). 

When Liddicoat was honored as Man of the Year 
by the Consolidated Jewelers Association of New 
York in 1984, National Jeweler publisher Milton 
Gralla said of him, “There is not a community of 
any size anywhere in the United States where one 
or many jewelers have not been touched, influ- 
enced, educated, upgraded or professionalized by the 
thinking of this particular industry leader—Richard 
T. Liddicoat” (“Liddicoat honored .. . ,” 1985). 

In 1994, GIA established the Richard T. 
Liddicoat Award for Distinguished Achievement to 
acknowledge those GIA staff members who have 
provided unique talent and demonstrated unparal- 
leled commitment to the Institute. 
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Society Conclave in 1937, GIA educators have 
taught gemological courses and seminars to AGS 
jewelers. In this photo, Glenn Nord, Chuck Fryer 
(then head of Gem Identification in Los Angeles), 
Richard Liddicoat, Bert Krashes, and G. Robert 
Crowningshield participate in a GIA panel at the 
1972 AGS Conclave in Washington, DC. 


Figure 11. Richard Liddicoat has remained an active 
figure in the gemological community. In this 2001 
photo, Liddicoat is seen touring the historic 
Tourmaline Queen pegmatite mine in the Pala dis- 
trict of San Diego County, California, with mine 
owner Ed Swoboda. This mine has produced large 
amounts of gem tourmaline, for cut stones and min- 
eral specimens. Photo by Brendan Laurs, © GIA. 
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FALL, 


1947 £57 


er investigated the properties of 
diamond. : 


Uses of Diamond 


Diamonds are of course important 
industrially. They are used in drill- 
ing, in engraving, in cutting and pol- 
ishing, as tool-tips, as bearings in 
watches and meters, and as dies for 
the drawing of fine wires. But these 
aspects are more likely to attract 
the attention of the technician than 
that of the pure scientist. Diamonds 
are attractive to the general public 
because of their great beauty and 
durability in wear and also, to some 
extent, because of their value and 
portability; but these things by 
themselves do not attract the scien- 
tist. 

Influence of Optical and Physical 
Properties on Beauty 


The scientist knows that the beau- 
ty of the diamond is due to its high 
refractive index for ordinary light 
and to its high dispersion of light 
rays of different wave-lengths. The 
refractive index is a measure of the 
speed of the light rays inside the 
crystal; the dispersion is a measure 
of the variation in speed for light 
of different colours. A high refrac- 
tive index means that light, on en- 
tering a diamond, is very much 
slowed down; and if the diamond is 
properly cut the light rays will be 
bent right round and will return 
towards the observer; different 
rays are-bent by different amounts 
according to their colour. These two 
aspects of the behaviour of light in 
the cut stone give the gem diamond 
its remarkable brilliance and fire. 
The great hardness of the diamond 
is responsible for its wearing capac- 
ity and for its ability to cut or 
scratch other hard substances. The 
scientist, however, wants to go one 
stage farther back and find out the 


cause of the high refractive index, 
and why the.diamond is so exceed- 
ingly hard. 

Outstanding Physical Properties 


In fact, diamond is attractive to 
chemists and physicists because of 
its unique chemical, physical and 
mechanical properties. It has a very 
high melting point (8700° C. approx- 
imately), showing that it is a very 
stable solid, not easily broken down, 
not easily separated into its con- 
stituent atoms. It is chemically sta- 
ble, also; not. affected at all by the 
usual chemical reagents. Its refrac- 
tive index is almost double that of 
water and sixty percent higher than 
that of glass. Its elastic constants, 
which measure its resistance to va- 
rious ‘forces of deformation, are 
about twice those of corundum (syn- 
thetic sapphire) and its breaking 
strength about five times as great, 
although corundum is very strong 
indeed. Diamond has a very small 
coefficient of thermal expansion and 
a very high thermal conductivity 
(higher than that of many metals), 
so that it can be heated in a blow- 
pipe and then dropped into liquid 
nitrogén without suffering disinte- 
gration, unlike glass, for instance, 
which will so easily crack even when 
dipped in boiling water. 


Properties Dependent on Crystal 
Structure (Atomic Arrangement) 


Some of these properties depend 
on the way in which the atoms are 


, arranged in the diamond crystal. 
' Dr. Switzer has explained how X-ray 


photographs of crystals can be taken 
by various. techniques, and has 
shown that the various diffraction 
patterns observed are evidence of a 
precise, orderly arrangement in 
space of the atoms making up a crys- 
talline solid. Amorphous substances 
and liquids give only a diffuse, hazy 


Figure 13. Richard T. Liddicoat, the “Father of 
Modern Gemology,” was honored with the 
American Gem Society’s Lifetime Achievement 
Award on July 31, 2001. 


During his 60-plus years with the Gemological 
Institute of America, Richard Liddicoat has brought 
practical gemology to hundreds of thousands of stu- 
dents and industry colleagues. Just as GIA has 
touched the lives of thousands in the industry, so 
has Liddicoat with the wisdom he graciously shares. 


Figure 12. Liddicoatite, the 
calcic lithium-tourmaline 
end member, was named in 
honor of Richard Liddicoat 
in 1977. In 1985, while 
attending the ICA 
Congress, Liddicoat was 
photographed examining 
slices of liddicoatite—with 
its dramatic color zoning— 
while visiting gem carver 
Gerhard Becker (left) in 
Idar-Oberstein, Germany. 
Photo by Charles Carmona 
of Guild Laboratories, Inc. 


When Liddicoat received the AGS Lifetime 
Achievement Award on July 31, 2001 (figure 13), 
more than 300 jewelry industry professionals stood 
in ovation. GIA president Bill Boyajian said, 
“Richard Liddicoat’s achievements and contribu- 
tions to the world of gemology and jewelry have 
been monumental. The living title ‘Father of 
Modern Gemology’ pays tribute to his success, yet 
only begins to describe the extent to which his 
efforts on behalf of an entire industry and the con- 
suming public have changed the course of history.” 
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PORTABLE INSTRUMENTS 
AND TIPS ON PRACTICAL GEMOLOGY 
IN THE FIELD 


By Edward W. Boehm 


Buying gems or jewelry can be challenging even when one has access to a fully equipped lab. 
However, most purchases are actually made in environments that make it difficult to carry any- 
thing more than a loupe, a flashlight, and a pair of tweezers. Practice with these and the addition- 
al portable gem instruments described in this article will enable the buyer to develop the keen 
senses needed to better ascertain the identity and quality of the material being considered. 
Practical tips that may be applied in the field are also included in each section. Common sense 
must dictate how a clue is applied, and some tests will merely help narrow down the possibilities. 


he use of practical gemological techniques is 

essential when purchasing gems at the source, 

in a dealer's office, or at trade shows. Applying 
common sense and a few simple tests often reveals 
the true nature of the gem being considered, thereby 
providing the buyer with important knowledge for 
negotiating a purchase (see Matlins and Bonanno, 
1997). The instruments required to perform these 
gemological tests in the field must be portable and 
easy to use (figure 1). Advances in desktop gemologi- 
cal instruments over the past two decades have great- 
ly influenced the evolution of portable instrumenta- 
tion (Liddicoat, 1981, 1982). Smaller circuits and bat- 
teries, as well as more durable lightweight materials, 
have allowed for the development of more practical 
and compact instruments to keep pace with today’s 
well-traveled gemologists. 

There are several steps that should be taken to 
determine the properties of a polished gem or piece 
of rough. These steps should progress in the follow- 
ing order: observing transparency, color, and luster, 
as well as searching for obvious surface clues that 
might reveal fracture, cleavage, or hardness; louping 
the stone for internal characteristics; using a dichro- 
scope to determine the material's general optic 
character; and gathering the information provided 
by a handheld spectroscope, polariscope, ultraviolet 
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lamp, refractometer, and the like, to further narrow 
down the possibilities. It is important not to reach a 
conclusion too quickly and to perform further tests 
if there is any doubt. By careful process of elimina- 
tion, in most cases a knowledgeable gemologist can 
determine the correct identity of a gem material. 
Even avoiding an unconfirmed identity by creating 
a reasonable doubt can prevent a bad purchase. In 
addition to using the proper portable instruments, it 
is essential to maintain current and in-depth knowl- 
edge of gemological properties and treatments. 
Practicing with gems most often sought on buying 
trips will enhance the identification skills necessary 
to make quick and informed decisions. 

The present article looks at each of these steps as 
they are commonly performed in the field, and 
briefly describes field uses for both traditional and 
relatively new portable gemological instruments. 
Note that while brand names are mentioned in a 
number of instances (because these are instruments 
the author has used), often there may be similar 
instruments available from other manufacturers. 


See end of article for About the Author and Acknowledgments. 
Gems & GEMOLOGY, Vol. 37, No. 4, pp. 14-27 
© 2002 Gemological Institute of America 
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SEARCHING FOR CLUES 
WITH LITTLE OR NO INSTRUMENTATION 


The initial determination of basic gemological prop- 
erties without the aid of instruments plays a key 
role in identifying any gem material. This is also the 
time to determine the quality of the gem or (in the 
case of rough) potential yield and durability issues 
that might arise in the cutting process (Sinkankas, 
1955). Some rough (in crystalline form or on matrix) 
may actually be more valuable as a specimen than a 
faceted gem. Understanding crystal morphology and 
associated matrix minerals is often necessary to 
identify rough specimens properly. A shrewd buyer 
who can quickly assess the nature of the gem mate- 
rial being considered will have a great advantage 
over the seller or competing buyers. However, it is 
absolutely essential to go through all the critical 
steps in the identification process to be sure of what 
one is purchasing. Much can be ascertained by first 
examining the gem without the aid of any instru- 
ments and by observing its reaction to various natu- 
ral and artificial lighting conditions. 

Observing the color (hue, tone, and saturation), as 
well as how light travels through it (i.e., brilliance, or 
degree of refraction) and is reflected off the surface 
(i.e., luster) of the material in question can narrow 
the field considerably. Gems with a higher refractive 
index will have a higher luster and be more reflec- 
tive, and gems with higher dispersion will exhibit 
more colorful spectral flashes from the crown facets 
(Hanneman, 2001). Benitoite, with an extremely 
high dispersion of 0.046, is easily distinguished from 
sapphire (0.018), but it might be confused with a 
blue diamond (0.044). Further visual observations 
would reveal the pleochroism and lower hardness (in 
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Figure 1. Shown here 
buying gems in a 
Mogok, Myanmar 
(Burma) gem market, 
the author uses a 10x 
darkfield loupe to 
view the interior of a 
red spinel crystal 

_ being offered for sale. 


its sub-adamantine luster) characteristic of benitoite. 
When possible, a clean cloth should be used to 
remove any grease or dust from the gem to provide a 
more accurate determination. 

At the 2002 Tucson gem and mineral shows, I 
showed colleagues a particularly interesting gem- 
stone that was a rare color variety of one of the 
most popular gems on the market today. The gem 
in question (figure 2) is brownish yellow, trichroic, 
and has a relatively high refractive index. Because of 
its unique optical characteristics, three well-respect- 
ed scientist-gemologists were able to identify the 
gem in five minutes or less without any clues other 
than their keen senses and practical knowledge of 
how light interacts with various gem materials. 
Each first noted the brilliance and dispersion, which 
indicated the high R.I, and rotated the gem to reveal 
its trichroic nature. Recognizing the three unique 
colors was key to the identification for two of the 
gemologists. The third applied the Hodgkinson 
“Visual Optics” method to make his identification 
(see section below on “Filters and the Hodgkinson 
‘Visual Optics’ Method”). 

Remember always to check if a gem exhibits 
change-of-color or even a shift in color. These excel- 
lent clues to a gem’s identification are often over- 
looked. I have seen numerous color-change sapphires 
that were sold as blue sapphires because the sellers 
had no incandescent light source to view the change. 
I now regularly bring flashlights as gifts when travel- 
ing in remote gem-producing countries because I 
want the miners to know what to look for and to let 
me know when they find something unusual. 
Sharing information with your suppliers will create 
an atmosphere of trust that will often result in seeing 
special or unusual gems that other buyers may not be 
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Figure 2. This 16.90 ct triangular cut 
zoisite has been cleverly faceted so 
that the three optical directions are 
parallel to the table and perfectly ori- 
ented down the three points. While it 
shows a brownish yellow face-up 
color, when viewed through the 
crown down each optical direction it 
reveals the pinkish blue, green, and 
yellow pleochroism that helps identi- 
fy this rare color variety of zoisite. 
Photos by Maha Tannous. 


given the privilege of viewing. An astute gemologist 
does not even have to travel far to uncover a rare trea- 
sure. Gemologists have been known to find 
chameleon diamonds in estate mountings because 
the seller had not bothered to check or had no knowl- 
edge of color-change diamonds. 

When examining a piece of rough, it is important 


to notice any silky or cloudy areas that may indicate 
chatoyancy or asterism, thereby narrowing down the 
possibilities while also providing a better knowledge 
of the potential value of the finished gemstone. A 
cat’s-eye chrysoberyl or star sapphire typically will 
not look very attractive in the rough, but examina- 
tion of the material with a simple pocket flashlight 


Figure 3. This chrysoberyl preform shows a silky area (left) that may produce a cat’s-eye effect on pol- 
ishing. A drop of safflower oil (center) reveals the potential cat’s-eye, which proved to be very sharp in 
the polished 13.68 ct stone (right). Photos by Maha Tannous. 
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can reveal the stone’s true potential. The application 
of a drop of water or vegetable oil on the surface of a 
rough gem will often help reveal these optical phe- 
nomena (figure 3). 

Other initial observations that may be made 
using only the gemologist’s powers of visual exami- 
nation and knowledge of gem properties include 
cleavage, fracture, relative hardness, and relative 
density. Cleavage and fracture are fairly straightfor- 
ward, but they require practice to discern. Studying 
the various types of fracture (e.g., conchoidal, step- 
like, granular) and the directions of cleavage by 
actually breaking or chipping rough will provide 
excellent hands-on experience that may then be 
applied in the field. 

Relative hardness and density are much more dif- 
ficult to master, but they can be very important 
when searching for initial clues for eventual identifi- 
cation. Although portable hardness kits are available 
for rough gem materials (see “The Last Resort. . .” 
section], polish, luster, and the sharpness of facet 
junctions are important indicators for cut stones. 
Abrasions or scratches, along with rounded or worn 
facet junctions, usually indicate a softer stone. 
However, in the case of estate jewelry, it may mere- 
ly indicate a gem that has been subjected to greater 
wear and tear. Common sense must dictate how a 
clue is applied in the identification process (figure 4). 
Judging relative hardness is a subjective matter, 
which requires practice and experience through prac- 
tical application. 

The relative density of a gemstone or piece of 
rough may be measured by its heft or weight in one’s 
hand as compared to other gem materials of similar 
size. Although this determination is also very sub- 
jective and difficult to master, it may be useful for 
identifying gems that have very high or very low 
densities, such as zircon versus sapphire, or glass 
versus plastic. With its higher specific gravity, zircon 
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Figure 4. Surface abrasions 
can be a key indicator of 
hardness, but they do not 
always represent a soft 
stone. For example, the sap- 
phire on the left shows a 
significant amount of sur- 
face abrasion, like the 
(much softer) zircon on the 
right. Abrasion and scratch- 
es are related to the amount 
of wear and tear, as well as 
to a stone’s hardness. 
Photos by Nicholas DelRe 
(left) and Tino Hammid 
(right); © GIA. 


will have a greater heft than a sapphire of equal size. 
Likewise, glass will have a greater heft than an 
equal-size piece of plastic. With extensive practice, it 
is possible to distinguish density even between such 
similar materials as aquamarine (S.G. 2.65—2..75) and 
topaz (S.G. 3.50-3.60). 

Upon examining what had been represented as 
an important piece of tsavorite in Tanzania, I held it 
in my hand and noticed that it was appreciably 
heavier than what I expected, given the size of the 
rough. Further testing, which included the use of a 
Chelsea filter (figure 5), revealed that it was a piece 
of YAG (yttrium aluminum garnet, much denser 
than natural grossular garnet) that had been “fash- 
ioned” to look like it was fresh from the mine. 

Some gemologists and gem dealers have devel- 
oped a keen sense of heft by placing the gem in 
question on their tongue. Since many native miners 
and dealers carry the gems they find or trade in their 
mouth for security purposes, they often become 


Figure 5. Green YAG (yttrium aluminum garnet; 
here, 3.65 ct) will appear red through the Chelsea 
filter. Photo by Maha Tannous. 
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Figure 6. These two practical and very portable labs—the PortaPac and the PocketLab—provide most of the 
instruments needed to make proper identifications in the field or at trade shows. Courtesy of Gemological 


Products (left) and GIA Gem Instruments (right). 


acutely aware of the subtle differences in relative 
heft. Some diamond dealers have been known to 
estimate the weight of a diamond to within points 
by this method. 

The feel or even smell of a gem material also 
may provide essential clues. For example, the warm 
soft feel of amber or glass contradicts the cool hard 
feel of quartz or tourmaline. The resinous, burnt- 
hair smell of amber when touched with the point of 


Figure 7. The loupe is a gemologist’s most useful and 
portable tool. Shown here are a GIA Gem 
Instruments 20.5 mm, 10x triplet corrected loupe 
and a 10-20-28x corrected loupe from A. Kriiss 
Optronic (Hamburg, Germany). Photo by Maha 
Tannous; the pink spinel trilliant weighs 4.95 ct. 
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a hot sewing needle is noticeably different from the 
acrid smell of plastic. 


PORTABLE INSTRUMENTS 
FOR FIELD IDENTIFICATION 


The most important portable instrument is the 
loupe; when it is used with a good light source and a 
pair of tweezers, an experienced gemologist can dis- 
cern many key characteristics. Other useful portable 
instruments include a dichroscope, polariscope, 
spectroscope, refractometer, UV lamp, immersion 
cell, and hardness testers. Some gem instrument 
manufacturers provide a kit with miniature versions 
of the standard gemological instruments, such as the 
GIA Gem Instruments PocketLab and the 
Gemological Products PortaPac (figure 6). 


Loupe. There are several types of loupes being 
employed by gemologists and gem dealers around the 
world (figure 7). The hand loupe is the most versatile 
and most commonly used. A corrected loupe (e.g., 
triplet] is best, since it minimizes distortion around 
the edges of the viewing area. Darkfield (surrounding 
indirect diffused) or oblique (side) illumination pro- 
vides the best view of the interior of the stone in 
question. Many gemologists and dealers use the 10x 
loupe attached to the end of a small flashlight to pro- 
vide oblique illumination. However, in this author's 
opinion, a darkfield loupe most closely approximates 
a microscope for the examination of loose stones up 
to 20 ct (figures 8 and 9). When a darkfield loupe is 
not available, place the gemstone on its side directly 
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on top of the light source and then cover the upper 
portion with a finger while viewing the gem through 
its table with a standard loupe. By directing light 
obliquely through the pavilion, the gemologist will 
be better able to examine the interior of the gem (fig- 
ure 8 inset). The loupe also should be used to confirm 
observations of surface characteristics previously 
made with the unaided eye. 

A keen understanding of inclusions and other 
internal characteristics is essential when viewing 
the interior of a stone. Several inclusion reference 
books (see, e.g., Giibelin and Koivula, 1986; De 
Goutiére, 1996; Shida, 1996, 1999; Koivula, 2000) 
should be reviewed when preparing for a buying trip. 
If you are looking for rubies and sapphires, for exam- 
ple, it may be prudent to color-photocopy the rele- 
vant sections from your favorite inclusion text to 
take along into the field. It is essential to practice 
identifying inclusions using a loupe. While still in 
the office or lab, after observing an inclusion scene 
with the microscope, practice viewing the same 
scene with a loupe. John Koivula, GIA’s senior 
research gemologist, uses only his 10x loupe to 
locate the unusual inclusions he discovers every 
year at the Tucson shows. 


Figure 8. It is the author’s opinion that the darkfield 
loupe, with the standard flashlight attachment, is 
the single most significant development in portable 
gemological instruments for the serious gemologist. 
Inset: In the absence of a darkfield loupe, the effect 
may be approximated with an oblique illumination 
technique that simply requires placing the gem 
material in question on the glass of the light source 
and covering the exposed portion with a finger to 
create a shadow effect while simultaneously secur- 
ing the gem in place. Photo by Maha Tannous; inset 
by Jason Stephenson. 
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Figure 9. Proper use of the darkfield loupe (here, by 
GIA Gem Instruments) requires practice holding 
the gem in one hand and the loupe and flashlight 
together in the other at a distance of about one to 
two inches (3-5 cm) from the eye. In the inset, a 
typical inclusion scene of negative crystals is readi- 
ly visible with a darkfield loupe in this 4.95 ct 
lavender spinel from Sri Lanka. Photo by Maha 
Tannous; inset by Edward W. Boehm. 


It is important to recognize the entire inclusion 
scene as well as individual inclusions or features. 
For example, partially exsolved (dissolved) rutile 
needles alone suggest heat treatment, but when 
they are combined with altered crystals and tension 
halos, the entire inclusion scene provides definitive 
proof of a heat-treated stone. 

Identification of treatments continues to be one 
of the most difficult challenges for today’s gemolo- 
gist. A loupe, combined with a strong light source, 
can also be of great assistance in this regard. Note 
that treatments are as important a concern when 
judging rough as they are with faceted stones, since 
they may hide flaws or the true color of the rough 
gem material. An unsuspecting buyer would be very 
surprised to cut into a fracture-filled emerald crystal 
or a dyed ruby crystal, or to discover that a piece of 
“aquamarine” rough was actually just a chunk of 
greenish blue glass. Strong back lighting or the use 
of a more powerful flashlight will help the gemolo- 
gist view the interior of the rough in question (fig- 
ure 10). Dyes, altered inclusions, glass fillings, and 
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even the flash effect characteristic of fracture-filled 
diamonds may be easily seen with a darkfield loupe. 

Likewise, the identification of many synthetics 
(e.g., curved striae or flux in some synthetic corun- 
dums, and metallic inclusions in some synthetic 
diamonds) can be made with a simple loupe. Also, 
the doubling of back facets in doubly refractive syn- 
thetic moissanite will easily separate this imitation 
from singly refractive diamond. 


Lighting. Often overlooked, lighting conditions must 
always be observed and often manipulated to pro- 
vide proper viewing of external and internal charac- 
teristics. Be aware of natural or extraneous lighting 
conditions. Various parts of the world have natural 
and artificial lighting that will make the gem look 
different there than at home. Natural lighting in 
northern hemispheres tends to favor the blue end of 
the spectrum, while natural lighting in southern 
hemispheres makes red, orange, and yellow stones 
look more attractive. Carrying a daylight-equivalent 
light source combined with a set of reference stones 
will minimize error. Many corundum dealers carry 
small samples of the colors they prefer. 

Most third-world countries use fluorescent light- 
ing that is either too blue or flickers due to inconsis- 
tent power supply. This can present disastrous 
results if one is not prepared. Trade shows, typically 
in large convention halls not designed for displaying 
gems, can be just as challenging. Again, being aware 
of the conditions and insisting on viewing a gem in 


Figure 10. The gas bubbles in this glass imitation 
of aquamarine (4.0 x 4.0 cm) are easily visible 
with the aid of a 10x loupe and a powerful 
portable light source such as the Sure Fire light by 
Laser Products of Fountain Valley, California. 
Photo by Maha Tannous. 
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Figure 11. The most portable and lightweight 
lights currently available are manufactured by 
LRI Photon Micro-Lights, Blachly, Oregon. The 
output of each consists of (from left to right) 
6500K white light, 372 nm long-wave ultraviolet 
blue light, and 584—592 nm monochromatic yel- 
low light. Photo by Maha Tannous. 


daylight or controlled light may prevent a disap- 
pointing purchase. 

Buyers of gem rough require much stronger 
portable lights than are needed for examining 
faceted gems. While the Sure Fire light (again, see 
figure 10) is one of the better flashlights available, 
even stronger illumination is sometimes needed for 
darker or larger rough. Welch Allyn, of Skan Falls, 
New York, produces a number of high-powered 
rechargeable lights with focus adjustments or fiber- 
optic attachments (initially developed for the medi- 
cal industry) that are very useful for viewing rough 
gem materials. 


Figure 12. The lipstick-size (5.5 x 1.5 cm) long-wave 
portable ultraviolet lamp from Nebula, Redwood 
City, California, is one of the most durable UV 
lamps introduced in the last few years. Inset: 
Natural amber generally fluoresces blue under long- 
wave UV fluorescence. Photos by Maha Tannous. 
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Among the most convenient new portable 
instruments are the Photon Micro-Lights, which are 
sold individually or as a set. The three most useful 
(figure 11) are the blue YAG phosphor diode lamp 
that provides long-wave UV radiation at 372 nm, a 
yellow lamp at 584—592 nm, and a white-light lamp 
with an ideal daylight color temperature of approxi- 
mately 6500 K (D. Allen, pers. comm., 2002). Each 
unit requires only two 3-volt lithium coin cells, 
which makes them light and compact (with an 
active “life” of approximately 1,000 hours). The 
white light is useful to view gems such as alexan- 
drite and diamond, which require daylight to make 
a proper assessment of quality and value. The 
monochromatic yellow light is the perfect compli- 
ment to a portable refractometer and even works 
well with the desktop version. 


Fluorescence. In addition to the Photon Micro-Light 
blue YAG phosphor diode lamp noted above, a num- 
ber of long-wave (approximately 370 nm) ultraviolet 
lights are now available to gemologists (see, e.g., fig- 
ure 12). A gem’s response to UV radiation must be 
used only as an indicator, not as proof, but it can pro- 
vide useful information. In locality determinations, 
for example, a fluorescent (chromium-rich, iron- 
poor) ruby may come from Myanmar or Vietnam, 
while a nonfluorescent (iron-rich) ruby may origi- 
nate from Thailand or East Africa. Strong red fluores- 
cence should always be cause for extra scrutiny, 
since almost all synthetic rubies exhibit this proper- 
ty. Amber generally fluoresces yellowish green (see 
figure 12, inset}, while plastic rarely does. Heat-treat- 
ed sapphires often show orange fluorescence in 
zones previously occupied by rutile needles. Glass 
fillings in ruby can be detected when they fluoresce 
differently from their host. Many of the adhesives 
used to assemble crystals fluoresce green or yellow 
when exposed to long- or short-wave UV radiation. 


Dichroscope. One gemological instrument that is 
portable, easy to use, and informative is the dichro- 
scope (figure 13). If optic character is not readily 
apparent, the dichroscope should always be the sec- 
ond instrument used in the field. A dichroscope can 
readily distinguish between natural and imitation 
tanzanite or aquamarine (figure 14). This small, sim- 
ple instrument often proves indispensable when 
judging tumbled rough that offers no clear view into 
its core. A dichroscope also helps the buyer deter- 
mine the pleochroic colors that must be taken into 
consideration when the rough is to be fashioned. 
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Figure 13. The OPL (Orwin Products, Ltd.) calcite 
dichroscope (left, 4.0 x 1.4 cm) is one of the small- 
est dichroscopes on the market. It is most useful 
with faceted gems under 10 ct. The OPL diffraction 
grating spectroscope (right, 5.5 x 1.3 cm) is the 
smallest and most portable spectroscope on the 
market. Mastering this instrument takes practice, 
but it can be one of the most important tools for 
the traveling gemologist. Photo by Maha Tannous. 


The directions of these colors relative to the shape of 
the rough are critical in the placement of the table, 
thereby dictating the yield and ultimate value of the 
finished gem. 

The dichroscope made by Orwin Products Ltd., 
England (OPL) is excellent for viewing fashioned 
gems smaller than 10 ct. The new London 
Dichroscope, in the familiar “Chelsea” filter casing, 


Figure 14. Natural aquamarine (left), glass imitation 
aquamarine (middle), and glass imitation tanzanite 
(right, 4 x 3 cm) are all easily separated by a dichro- 
scope. Aquamarine, like tanzanite, will show the 
characteristic pleochroism of the natural gem, while 
the glass imitations will show no pleochroism. 
Photo by Maha Tannous. 
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ring on an X-ray photograph, where- 
as crystals give a pattern of dis- 
crete spots or lines. The diffraction 
patterns of X-rays given by differ- 
ent crystals are often very beautiful; 
but they are more than beautiful; 
they are very informative. The post- 
tions of the spots on the photograph 
can be measured and interpreted to 
give the geometric pattern which is 
the basis of repetition in the crystal; 
for example, whether it is cubic, 
hexagonal or rectangular (ortho- 
rhombic) ; which is like knowing the 
plan of a house without any infor- 
mation about the furniture. The in- 
tensities of the diffraction spots sup- 


Fig. 1—Structure of DIAMOND, with three 
types of long chain shown. Each carbon 
atom is surrounded in space by four other 
carbon atoms arranged tetrahedrally about 
it, but only three of these can be shown on 
a flat diagram. 


ply further knowledge about the 
kinds of atoms that are present and 
their arrangement relative to one 
another. It is even possible to meas- 
ure the distribution of the electrons 
and thus to know very precisely what 
are the directions and, to a certain 
extent, the nature of the forces hold- 
ing the atoms together. Many of the 
properties of solids, such as density, 
cleavage, refractive index and ther- 
mal and electrical conduction, de- 
pend largely on the actual arrange- 


ment of the atoms; that is, on the 
crystal structure. 

That is why diamond is so differ- 
ent from graphite; both, if pure, 
are composed of carbon atoms and 
nothing but carbon atoms, but the 
arrangement of the carbon atoms 
and of the electrons in the atoms is 
‘quite different in the two substances. 
Graphite consists of flat hexagonal 
layers of carbon atoms, closely bound 
to each other in the layers but with 
the layers loosely stacked together; 
its density is only 2.3 grams per cu- 
bie centimeter, whereas diamond, 
with its cubic structure, has a den- 
sity of 3.5 grams per centimeter. 
Diamond is crystal-clear; graphite 
black and opaque. Graphite is a con- 
ductor of electricity; diamond an in- 
sulator. Diamond is the hardest of 
all known substances, while graphite 
is so soft that it can be used as a 
lubricant. 


Properties Dependent on Crystal 
Texture (Perfection and Uniform- 
ity of Atomic Arrangement) 


But there are other properties 
which depend not on structure but 
on texture. In discussing crystal tex- 
ture we are taking account of the 
fact that crystals are seldom perfect- 
ly regular throughout their whole 
volume. They are more often com- 
posed of smaller crystallites, put to- 
gether in different ways. Sometimes 
the little crystallites (which may 
only be one ten-thousandth of a 
centimeter in linear dimensions) are 
like the bricks in a wall, parallel 
though separate. Sometimes they 
are only approximately parallel, al- 
though their disalignment is still 
small enough for them to behave, as 
a whole, like a single crystal. Some- 
times they form a spiral about a sin- 
gle axis or are distributed radially 
from a centre. Or sometimes they 


Figure 15. The new London Dichroscope, distribut- 
ed by the Gemmological Association of Great 
Britain, has an expanded field of vision that makes 
it ideal for viewing larger gems or rough, such as 
this tanzanite (left, 2.57 grams) and pink zoisite 
(right, 2.9 grams). Stones courtesy of H. Krupp; 
photo by Maha Tannous. 


uses crossed polarizers to provide a larger field of 
vision, making it more useful with rough and larger 
gems (figure 15). The Grieder dichroscope, available 
through Eichhorst Gem Instruments (Hamburg, 
Germany), uses the same technology to provide a 
similar field of vision. What is most important is to 
use the instrument that you are most familiar with 
and that gives you the best results. 


Polariscope and Polarizing Filters. A polariscope 
attachment for a Mini Maglite or even just the lens- 
es in a pair of polarized sunglasses can be used in 
place of a dichroscope or when more detailed infor- 
mation on optic character is needed (figure 16). For 
example, amethyst and scapolite have almost iden- 


Figure 16. Attaching a polariscope to the end of a 
Mini Maglite provides an excellent portable tool 
for determining pleochroism and optic character. 
Photo by Maha Tannous. 


tical properties with the exception of their optic 
sign and scapolite’s two directions of cleavage (typi- 
cally evident only when viewing rough]. Since 
amethyst is uniaxial positive (U+) and scapolite is 
uniaxial negative (U-), a polariscope combined with 
a condensing sphere and a magenta Polaroid filter 
may be used to differentiate them (figure 17). 
Polarizing filters are useful for spotting the “tata- 
mi” or “tabby extinction” pattern in synthetic 
spinels, which are used to imitate many gems such as 
aquamarine (see, e.g., Gtibelin and Koivula, 1986, p. 
515). Such internal irregularities often may be seen 
only with crossed polarizers, and may also aid in judg- 
ing the potential instability of highly strained rough 
as is often encountered in tourmaline and diamonds. 


Spectroscope. Although the hand-held spectro- 
scope is one of the most difficult portable gemo- 
logical instruments to master, it also can be one of 
the most powerful in the field instrument arsenal. 
The prism and the diffraction-grating spectro- 
scopes are the two types available. The diffraction- 
grating spectroscope (again, see figure 13) is small- 
er, more portable, and offers an even distribution 
of the visible color range, which makes it easier to 
see absorption lines in the red region. On the other 


Figure 17. This illustration shows an optic axis figure 
as it would appear through a portable polariscope 
attachment using a glass condensing sphere and a 
magenta Polaroid filter to distinguish between uni- 
axial positive (U+) or uniaxial negative gems (U-). If 
the optic figure of the gem in question advances to a 
blue color in the 1st and 3rd quadrants (parallel to 
the direction of the filter), as is the case with scapo- 
lite, then it is U-. A yellow color in the 1st and 3rd 
quadrants indicates a U+ gem such as quartz. 


UNIAXIAL OPTIC FIGURE 
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RL. fluid and finding the time and a place to use this 
SS 3 a instrument can pose problems in a field setting. 
There are a few miniature refractometers on the mar- 
lc < ;vPT ket (such as the GIA Gem Instruments Duplex III 
400 450 500 550 600 650 70 pocket refractometer and the Gemological Products 


Figure 18. A spectroscope can readily separate nat- GemPro portable refractometer), and some fortunate 
ural-color jadeite (top) from typical dyed jadeite gemologists still own the early-model GIA Gem 
(bottom). Instruments refractometer designed by Robert 


Shipley Jr. and introduced in 1949 (figure 20; Shipley 

Jr. and Alton, 1949). Again, it is important to practice 

using this instrument and to note the subtle differ- 
| i —s §s§s Fr ences when monochromatic light is not available 

(Mappin, 1945). The perfect compliment to a field 
at 8 =—s refractometer is the new yellow Photon Micro-Light 
400 450 500 550 600 650 70 =~ shown in figure 11. 


Figure 19. Also easily separated on the basis of their 
spectra are red spinel (top) and ruby (bottom). Spectra 


adapted with permission from Gunther (1988). Figure 20. Among the portable refractometers current- 


ly available is the GIA Gem Instruments Duplex III 

(shown with a 4.95 ct spinel). The inset shows the 

GIA Gem Instruments refractometer designed by 
hand, there are more published spectra available Robert Shipley Jr. that was introduced in 1949. At 5.2 


for the prism spectroscope. Again, take the instru- x 4.8 cm, it is still considered one of the most durable 
ment with which you have the most experience. It and portable refractometers ever made (E. Giibelin, 
is very useful to take high-quality drawings or pho- pers. comm., 2002). Photos by Maha Tannous. 


tos of spectra for reference in the field. In addition, 
a strong light source is essential to see the subtle 
spectral characteristics for most stones. 

As with the loupe, a great deal of practice is 
required to master the spectroscope. And, as with 
inclusion scenes, key spectral patterns must be 
committed to memory before this instrument can 
provide its full potential. However, a knowledgeable 
gemologist can readily identify rough or polished 
zircon by virtue of its unique “organ pipe” pattern. 
Sometimes only one absorption line is needed to 
tell the buyer to beware of a dye, as with green jade 
(figure 18). Ruby and red spinel are easily distin- 
guished by their characteristic spectra (figure 19). 

Note, however, that some features may weaken 
or disappear when the gem is heated by the light 
source, as is the case with yellow diamonds that 
have been irradiated and annealed. (This also is true 
for some naturally occurring spectral features, such 
as “Cape lines.”’) Therefore, it is important to recog- 
nize the telltale characteristics as quickly as possi- 
ble (see, e.g., Giinther, 1988; Anderson, 1990). 
Placing a yellow diamond on a cube of ice will delay 
the warming effect of the incandescent light. 


Refractometer. Although a portable refractometer 
can be indispensable in certain situations, carrying 
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Figure 21. In the photo on the left, a faceted red spinel and a red spinel crystal both appear dark gray through the 
Hanneman Ruby Filter, whereas a faceted ruby and a ruby crystal on calcite matrix both appear blue through the 
same filter. In the center photo, a large red beryl crystal and faceted red beryl both appear grayish through the 
Hanneman Ruby Filter. On the far right, a faceted green YAG and a Chatham synthetic emerald crystal both 
appear pink when viewed through a Hanneman-Hodgkinson Synthetic Emerald filter. Photos by Maha Tannous. 


Filters and the Hodgkinson “Visual Optics” 
Method. The versatile Chelsea filter (again, see fig- 
ure 5) and the numerous filters invented by Dr. W. 
Hanneman and Alan Hodgkinson are among the 
many filters that are valuable when used properly. 
Some filters target specific gems (e.g., ruby, tan- 
zanite, and aquamarine). The Hanneman Ruby 
Filter is quite useful in distinguishing between ruby 


Figure 22. The narrow white flares from a faceted dia- 
mond (left) readily separate it from the broad spectral 
flashes of a faceted synthetic moissanite (right)— 
illustrating the differences in dispersion—when the 
two round brilliants are submerged in water and illu- 
minated from above through a pinhole with a 
focused light source. This concept of optical disper- 
sion is the essence of the Hodgkinson “Visual 
Optics” method. Photo by Alan Hodgkinson. 
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and other red gems (figure 21, left and center). The 
Synthetic Emerald Filter, invented by Alan 
Hodgkinson, can separate a synthetic from a natural 
emerald even through a glass window or showcase 
(Hodgkinson, 1995a). If the total body color of the 
emerald appears pink through the filter, then it 
could be a synthetic emerald or perhaps a YAG (A. 
Hodgkinson, pers. comm., 2002; figure 21, right). In 
contrast, natural emerald appears greenish or loses 
its body color. Dr. Hanneman recently developed a 
filter for distinguishing tanzanite from its two most 
common imitations, glass and synthetic forsterite 
(Hodgkinson, 2001). 

It is important to recognize that filters can assist 
in the identification process, but they are not to be 
used for definitive determinations. Nonetheless, they 
are valuable aids to identification and can save time. 
In practiced hands, these filters allow for instanta- 
neous, inexpensive screening of entire parcels. 

Hodgkinson (1995b) also has developed an overall 
optical system of gem identification, which he 
named “Visual Optics.” By holding the table facet of 
a gem (loose or mounted) close to the eye and look- 
ing at a distant bright light source, the gemologist 
can observe and estimate refraction, dispersion, and 
birefringence. In some cases—as with ruby, dia- 
mond, darker tourmalines, and lead glass—recogni- 
tion may be instantaneous. Any gemologist who has 
taken the time to train his or her eye to this method 
may also quickly eliminate other possibilities. 

A pinhole instrument has been developed that, 
used in conjunction with standard focused illumina- 
tion, permits side-by-side demonstration of the 
Hodgkinson method (A. Hodgkinson, pers. comm., 
2002). This instrument is especially useful to sepa- 
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Figure 23. Diffusion detectors can be very useful for 
detecting surface-diffused gems, even when water or 
oil is used as the immersion medium rather than 
methylene iodide. Surface-diffused sapphires (here, 
a blue sapphire on the left showing blue color con- 
centrations along the facet junctions, next to an 
orangy pink sapphire with a distinctive rim of sur- 
face color) continue to pose identification challenges 
for gemologists. Photo by Maha Tannous. 


rate diamond from its closest imitation, synthetic 
moissanite (figure 22). The synthetic moissanite dis- 
perses light into broad spectral flashes, whereas the 
diamond disperses narrower white flashes (A. 
Hodgkinson, pers. comm., 2002). It is essential to 
notice the relative angle and spread of the spectral 
colors as light passes through the sample. In essence, 
since light travels slower in highly refractive gems 
such as a diamond or cubic zirconia, the spectral 
clusters will be more spread out. In contrast, gems 
with lower refractive indices, such as quartz or peri- 
dot, will not spread light as much and thus will 
exhibit a tighter grouping of spectral clusters. This 
test is only useful for faceted gems and requires con- 
siderable practice, but it can provide a quick clue to 
a stone’s refractive properties. 


Diffusion Detectors. Several practical containers— 
“immersion cells’—that are useful for viewing 
potential diffusion-treated sapphires or rubies were 
introduced a number of years ago. The stone is 
placed in the upper compartment containing a liquid 
to reduce reflection. Methylene iodide (di- 
iodomethane} is most useful because its refractive 
index of 1.74 is so close to that of corundum and 
other gem materials. However, even water 
(R.L=1.33) or olive oil (R.L.=1.47), which are less toxic 
and easier to come by in the field, may be used. 
These diffusion detectors can reveal concentrations 
of color along pavilion facet junctions (in the case of 
blue diffusion-treated sapphires) or surface layers of 
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color (in the case of the new orangy pink to orange 
treated sapphires), as illustrated in figure 23. 
Immersion also may help expose curved striae in 
flame-fusion synthetic rubies that have been tum- 
bled to resemble waterworn rough crystals (Koivula 
et al., 1992). Such rough corundum imitations are 
sometimes offered at the source to either deceive or 
test the buyer. Usually, if a buyer can show gemo- 
logical expertise, fewer and fewer synthetics and 
imitations will be included in the goods offered. 

Two well-known immersion instruments are 
the GIA Gem Instruments diffusion detector with a 
self-contained light source (again, see figure 2.3) and 
the ROS/Gem Optics diffusion detector with the 
smallest of the Maglites, the Solitaire. The latter is 
somewhat more portable because of the external 
light source. 


The Last Resort: Hardness Testers. Hardness may be 
detected visually by rounding of facet junctions and 
scratches on stones, as described earlier, and provides 
helpful clues in narrowing the field of possibilities. 
As a last resort, when judging rough, a portable hard- 
ness kit can also be quite useful (figure 24). Local 
crystals of known hardness may be just as effective as 
a hardness kit. Faceted gems should never be subject- 
ed to scratch testing; there are so many other (nonde- 


Figure 24. As a last resort, a portable hardness testing 
kit (here, 6.5 x 4.0 cm) can aid in identifying rough 
when visual testing is reduced due to a rough surface 
or natural tumbling. Hardness testing should not be 
done on fashioned gems. Photo by Maha Tannous. 


GEMS & GEMOLOGY SPRING 2002 25 


structive) ways to identify them. As with heft, judg- 
ing the relative hardness of a gem requires practice at 
home that could be applied in the field. 


Recent Additions. Among the newest instruments to 
enter the field arsenal is the SSEF Diamond Spotter 
(figure 25)—which is a useful first step in identifying 
HPHT-treated diamonds. This practical instrument, 
developed by the SSEF Swiss Gemmological Institute 
in Basel, Switzerland, in collaboration with Dr. 
Emmanuel Fritsch at the University of Nantes in 
France, may be used to distinguish type Ila (those 
that may undergo or have already undergone HPHT 
treatment) and type IIb diamonds, both of which 
transmit short-wave ultraviolet radiation, from their 
more common type I counterparts (J-P. Chalain, pers. 
comm., 2002). The diamond is secured with BluTack 
over the opening on the cylinder and then exposed to 
short-wave UV. If the diamond transmits short-wave 
UV, then the UV-sensitive area will fluoresce green. 
If the diamond absorbs short-wave UV, then the UV- 
sensitive area will remain white. Ideally, the dia- 
mond should be positioned so the incident UV light 
is perpendicular to the crown, pavilion, or girdle, 
allowing the light to travel directly through the stone 
with minimal reflection. 

Although extremely rare, type IaB diamonds also 
transmit short-wave UV; however, thus far no 
HPHT treatment has been described in the gemo- 
logical literature as being applied to natural type IaB 


Figure 25. The SSEF Diamond Spotter (left, 4.0 x 2.8 
cm diameter) is one of the newer instruments invent- 
ed to help gemologists deal with some of the latest 
identification challenges. Even with the table down, 


the green fluorescence visible on the screen below 


the 1.08 ct diamond on the SSEF Diamond Spotter 
(right) indicates that the diamond is type Ila or IIb. 
Photos by Maha Tannous. 
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diamonds. This instrument also may be used to sep- 
arate natural colorless corundum, which absorbs 
short-wave UV, from Verneuil synthetic corundum, 
which transmits short-wave UV. Cubic zirconia and 
synthetic moissanite both absorb short-wave UV 
(Hanni and Chalain, 2002). 


Important References. While suitable portable 
instruments are essential, a reference manual also 
may save time and money. There are numerous 
books that can assist in honing your field gemology 
skills, such as Liddicoat (1989), Anderson (1990), 
Hurlbut and Kammerling (1991), Webster (1994), 
GIA’s Gem Reference Guide (1995), and (the most 
compact) Schumann (1997). 

The single most important reference items are 
gemological property charts, such as the “A” and 
“B” charts published by GIA. High-quality drawings 
of gem spectra and inclusions also are very useful. 


CONCLUSION 


The use of portable instruments and field methods 
requires time and patience to master. Yet some of 
the most significant developments in gemology, 
such as the darkfield loupe, have occurred while try- 
ing out new testing techniques when standard lab 
equipment was not available. As with all identifica- 
tions, it is essential to follow four basic steps, in the 
following order: 
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. Search for obvious surface clues. 

. Loupe the stone for internal characteristics. 

. Determine the material’s general optic character. 

. Gather additional information with a handheld 
spectroscope, polariscope, ultraviolet lamp, 
refractometer, and the like, to further narrow 
down the possibilities. 


PBwONrR 


A portable laboratory, such as the MaxiLab or 
PortaLab (figure 26), can be indispensable when mak- 
ing purchases in the field or at trade shows. However, 
it usually is not practical to carry an entire kit on 
every buying trip. Thus, skill in using pocket-sized 
portable instruments is essential. Practicing the use of 
these portable instruments long before you plan a 
gem-buying trip will greatly heighten the skills and 
senses needed to make the quick decisions in the field 
that could save you time and money. 
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LIDDICOATITE TOURMALINE 
FROM ANJANABONOINA, MADAGASCAR 


By Dona M. Dirlam, Brendan M. Laurs, Federico Pezzotta, and William B. (Skip) Simmons 


Liddicoatite, a calcium-rich lithium tourmaline, was recognized as a separate mineral species in 1977, 
and named in honor of Richard T. Liddicoat. Most of the remarkable polychrome tourmalines with 
varied geometric patterns that are characteristic of this species were produced during the 20th century 
from the Anjanabonoina pegmatite deposit in central Madagascar. To best display its complex color 
zoning and patterns, the tourmaline is commonly sold as polished slices or carvings. Liddicoatite 
exhibits physical and optical properties that overlap those of elbaite, so quantitative chemical analysis 
is required to distinguish these species; both may occur in a single crystal. The most common internal 
features are color zoning, strain patterns, partially healed fractures, feathers, needle-like tubes, negative 


crystals, and albite inclusions. 


been prized for its dramatic color zoning. 

Among the myriad geometric patterns dis- 
played in polychrome slices cut perpendicular to 
the c-axis (figure 1), triangular zones and three-rayed 
“stars” resembling a Mercedes Benz symbol are the 
most recognizable features of this remarkable tour- 
maline. The diversity of colors and patterns shown 
by Madagascar liddicoatite has not been seen in 
tourmaline from other localities. The Anjana- 
bonoina pegmatite deposit in central Madagascar is 
one of the world’s most important historic sources 
of liddicoatite. 

The tourmaline group is extremely complex. 
Liddicoatite, Ca(Li,Al)A1,(Si,O,)/BO3),(OH),F, is a 
calcic lithium-tourmaline end member that was 
identified as a separate species 25 years ago (Dunn 
et al., 1977). These authors named the mineral after 
Richard T. Liddicoat, then president of GIA, in 
honor of his enormous contributions to gemological 
knowledge and education. At the time it was only 
the sixth tourmaline species to be recognized, cur- 
rently 13 end-member species are known (see 
Hawthorne and Henry, 1999). Liddicoatite is one of 


or decades, liddicoatite from Madagascar has 
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three lithium tourmalines with the general formula 
(Ca,Na,K,O)(Li,Al),A1,$i,O,<(BO,),(OH),(OH,F), 
which are defined on the basis of their X-site occu- 
pancy: Ca = liddicoatite, Na = elbaite, and a vacant 
) X site = rossmanite. Elbaite is the most abundant 
gem tourmaline, whereas rossmanite has so far been 
identified from few localities (Johnson and Koivula, 
1998b; Selway et al., 1998], and typically is not of 
gem quality. However, neither can be separated 
from liddicoatite without quantitative chemical 
analysis. Therefore, in this article we use the group 
name tourmaline to refer to material that has not 
been chemically analyzed. 

Although liddicoatite is well characterized miner- 
alogically, little has been published about the history, 
sources, and gemology of this tourmaline species in 
particular. This article focuses on liddicoatite from 
Madagascar—which is the principal historic source— 
and in particular on the Anjanabonoina pegmatite, 


See end of article for About the Authors and Acknowledgments. 
GEMS & GEMOLOGY, Vol. 38, No. 1, pp. 28-53. 
© 2002 Gemological Institute of America 


GEMS & GEMOLOGY SPRING 2002 


which has been the most important producer of liddi- 
coatite-elbaite tourmaline from that country. 
Chemical data for liddicoatite from other world local- 
ities (ie., Brazil, Canada, “Congo,” Czech Republic, 
Mozambique, Nigeria, Russia, Tanzania, and 
Vietnam) are included in Appendix A. 


HISTORY AND MINING 


Gem Tourmaline in Madagascar. In the 1500s and 
1600s, French explorers reported topaz, amethyst, 
aquamarine, and other gem minerals from Mada- 
gascar (Lacroix, 1913a, Wilson, 1989). However, ini- 
tial investigations found little gem-quality material, 
apparently because they focused on river mouths 
and areas close to the coast. In 1890, a colleague of 
French scientist A. Grandidier brought a large rubel- 
lite crystal from the Mount Ibity area (also spelled 
Bity; figure 2) south of Antsirabe to the National 
Museum of Natural History in Paris (Lavila, 1923). 
By 1893, Grandidier had found colored tourmaline 
in situ at pegmatites in the Betafo region (west of 
Antsirabe). The first significant pegmatite mining 
occurred in the early 1900s (Besairie, 1966). 

Alfred Lacroix, a professor at the National 
Museum of Natural History in Paris, provided some 
of the first descriptions of Madagascar tourmaline 
and other gem minerals. His comprehensive work 
on the mineralogy of France and its colonies includ- 
ed descriptions of the crystallography, morphology, 
and color zoning of tourmalines brought back to 
France by early colonists (see Lacroix, 1893, 1910). 
Dabren (1906), a French mining engineer in 
Madagascar, described several localities for gem 
tourmalines, including the important pegmatite 
areas around Antsirabe and Fianarantsoa. A detailed 
early description of polychrome tourmaline from 
the “Ankaratra” area was given by Termier (1908). 
(Note that the Ankaratra massif, which is located 
about 50 km north of Antsirabe, is a volcanic area 
that is not a known source of tourmaline; the locali- 
ty was probably reported in error.) That same year, 
Lacroix (1908) described gem-tourmaline-bearing 
pegmatites in the Sahatany Valley area (south of 
Antsirabe). 

In 1910, Lacroix illustrated a slice of polychrome 
tourmaline from Anjanabonoina as part of his 
description of the geology, localities, and properties 
of tourmaline from the Vakinanakaratra (Antsirabe), 
Ambositra, and Fianarantsoa districts. In describing 
the color zoning, he noted the distinctive star shape 
made by three red bands intersecting at 120° in 
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Figure 1. These slices of tourmaline from 
Anjanabonoina were cut from a single crystal, and 
show the dramatic progression of color zoning seen 
perpendicular to the c-axis (from top to bottom). 
The top two slices display a trigonal star pattern 
and “aggregate type” zoning (see Benesch, 1990). 
All have an outer region consisting of fine-scale 
color zoning that is roughly parallel to the prism 
faces. The slices measure 10 cm in longest dimen- 
sion and are courtesy of Pala International; com- 
posite of photos © Harold and Erica Van Pelt. 
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some Madagascar tourmaline sections cut perpen- 
dicular to the c-axis (see, e.g., figure 3). Physical and 
chemical data also were included, and two chemical 
analyses—for a pink crystal from “Maroando” and a 
red sample from “Antaboka”—correspond to those 
of tourmalines that later came to be identified as 
liddicoatite. (Maroandro and Antaboaka, as they are 
typically spelled today, are located near Tsilaisina 
and southern Antsirabe, respectively, on opposite 
ends of the Sahatany Valley.) The data were reprint- 
ed from work done by L. Duparc at the University 
of Geneva (see, e.g., Duparc et al., 1910). Lacroix 
(1913b) illustrated the diverse morphology shown 


Figure 2. The Anjanabonoina mine is located in the 
central highlands of Madagascar, approximately 55 
km west of Antsirabe. This region hosts numerous 
gem-bearing pegmatites that are famous for produc- 
ing beautiful tourmaline, morganite, kunzite, and 
other minerals for over a century. 
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Figure 3. A trigonal star pattern formed by red color 
bands is evident in the pink portion of this tourma- 
line slice (5.5 x 4.5 cm) from Anjanabonoina. 
Courtesy of Allerton Cushman & Co.; photo © 
Robert Weldon. The inset shows this same slice set in 
an 18K gold pendant; courtesy of Rodney Blankley, 
Blankley Gallery, Albuquerque, New Mexico. 


by Madagascar tourmaline. While all of this early 
work is published in French, some of the informa- 
tion has been summarized in articles in English (see 
Lacroix, 1913a; Gratacap, 1916). 

Lacroix undertook the first detailed mineralogi- 
cal expedition to Madagascar in 1911 (see Lacroix, 
1913a)}, and a decade later he published the classic 


Figure 4. Some of the typical crystallographic forms 
of tourmaline from Anjanabonoina are shown here 
(after Lacroix, 1922a). The crystals are bounded 
mainly by the prisms a{1120} and m{1010}; the 
thombohedrons 1{1011}, 0{0221}, and k{0551}; and 
minor scalenohedrons t{2131}, e{1562}, and n{2461}. 


GEMS & GEMOLOGY SPRING 2002 


Figure 5. The historic 
Anjanabonoina mining area 
is situated on a low hill that 

contains several pegmatites 
and associated eluvial 
deposits. This view of the 
northeastern side shows a 
portion of the eluvial work- 
ings (right), as well as sever- 
al white dump piles from 
pegmatite exploration activi- 
ties in 1995-1996. The lower 
dump in the center marks 
the entrance to a 185-m-long 
prospect tunnel, and those 
further up the hill show the 
location of exploratory 
shafts (up to 45 m deep). 
Photo by Federico Pezzotta, 
January 1996. 


three-volume reference work on the minerals of 
Madagascar (Lacroix, 1922.a,b, 1923). In the first vol- 
ume, he reported that the original tourmaline 
deposits were depleted, and that Anjanabonoina 
was the only deposit being mined for tourmaline. 
He illustrated the common crystallographic forms 
of this tourmaline (figure 4; see also Goldschmidt, 
1923), and noted that particularly large and beauti- 
ful crystals were found in the eluvial workings 
there. Detailed descriptions of the color zoning and 
corresponding physical properties in Madagascar 
tourmaline (including crystals from Anjanabonoina) 
also were provided. Chemical analyses in this report 
revealed the relatively calcium-rich composition of 
Anjanabonoina tourmalines. 

Several decades passed before the next important 
mineralogical work on Madagascar tourmaline was 
published, by Besairie (1966). Not only did this 
work mention the colored tourmalines and associat- 
ed minerals found at Anjanabonoina and other peg- 
matites in central Madagascar, but it also included 
detailed locality maps. Later, from his 1976 visit, 
Strunz (1979) described the situation at the 
Anjanabonoina mine, and in 1989 W. E. Wilson pro- 
vided a detailed account of the mineralogy. More 
recently, the color zoning of Madagascar tourmaline 
has been beautifully depicted (see, e.g., Benesch, 
1990; W6hrmann, 1994; Zang, 1996). 


The Anjanabonoina Deposit. The Anjanabonoina 
mining area (figure 5) reportedly was discovered in 
1894 by Emile Gautier (Bariand and Poirot, 1992). 
Léon Krafft began intensive mining in the early 
1900s. The greatest activity occurred between 1920 
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and 1925, with 80 workers on site (Guigues, 1954). 
Large quantities of multicolored tourmaline and 
exceptional morganite were recovered (Wilson, 
1989). By the time operations ceased in 1930, min- 
ers had explored only the eluvial portion of the 
deposit along the eastern slope of the hill (figure 5). 
(For mining methods used at the time to recover 
gems in Madagascar, see Lacroix [1922a] and 
Besairie [1966].) Very limited surface digging by 
local miners continued until the 1960s. 

In 1965, Eckehard Petsch of the Julius Petsch Jr. 
Company (Idar-Oberstein, Germany) traveled to 
Madagascar and learned about the unusual color- 
zoned tourmalines from Anjanabonoina. With the 
assistance of Madame Liandrat of Antananarivo 
(Krafft’s daughter), Mr. Petsch visited the mining 
area in 1967, after an arduous trip that involved 
nearly two days of walking. He found tourmaline 
crystals in the dumps of the abandoned mine and 
determined that a significant portion of the deposit 
still had not been mined (Bancroft, 1984). 

Mr. Petsch’s Madagascar company, Société 
Germadco, acquired the Anjanabonoina deposit in 
1970. This venture established roads, built housing 
and a school for the miners and their families, and 
began mining tourmaline in 1972 from the dumps 
and eluvial deposits downslope of the pegmatites. 
By 1974 there were more than 100 workers on site 
(Bariand and Poirot, 1992), and the mine was 
mapped in detail. Further mining of the pegmatites 
themselves took place in the upper-middle portion 
of the hill (figure 6). Some of the tunnels driven at 
this time reached up to 100-200 m long. He operat- 
ed the mine until 1979, when the government of 
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are completely disorientated al- 
though forming one solid block. 
Strength, breaking load, and tough- 
ness are properties that depend 
markedly on texture. An ordinary 
piece of polycrystalline metal is 
much stronger than a single crystal 
of the same metal, because single 
erystals usually have well-defined di- 
rections along which atomic planes 
can slip over each other, causing 
faults; whereas in the polycrystal- 
line metal, slip is prevented by the 
presence of neighboring crystallites 
of different orientations. In the same 
way, a gem diamond can be cleaved 
and this, while it may be useful, can 
also be a weakness. Boart and car- 
bonado are forms of diamond in 
which the component crystallites are 
not parallel, and they are tougher 
and harder even than gem diamonds, 
because in them cleavage is pre- 
vented. 

It has been shown earlier in this 
article that the positions and intensi- 
ties of the X-ray diffraction spots 
will give precise information about 
the structure of crystal. It is much 
more difficult to determine anything 
precise about the texture of dia- 
monds or other crystals. But gener- 
ally speaking, the size and shape of 
the diffraction spots and their dif- 
fuseness can be used for this pur- 
pose, and so can the absorption of 
the crystal for X-ray. 


Use of Divergent X-Ray Beam to 
Distinguish Between “Perfect” and 
“Mosaic” Single Crystals 


In particular it is possible to take 
X-ray photographs using a widely 
divergent, instead of the usual paral- 
lel beam; and these distinguish with 
certainty between a “perfect” and 
a “mosaic” (group of subparallel 
crystallites) single crystal. These 
are absorption photographs and 


show patterns of white lines on a 
greyish background. Using suitable 
X-ray film, they can be taken in a 
few seconds, but it is only the mo- 
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Fig. 2—X-ray diffraction pattern from a 
gem diamond, using a cylindrical beam of 
X-rays, % millimeter diameter; note the 
streaks coming from the central reflection. 


saic crystals which show any con- 
siderable absorption of the X-ray 
beam in the Bragg reflecting posi- 
tions, and it is therefore only the 
mosaic diamonds which give good 


Fig. 83—X-ray diffraction (absorption) pat- 
tern from a mosaic diamond, using a di- 
vergent beam of X-rays. A gem specimen 
would not show any lines at all. This mo- 
saic is made up of very small, discontinu- 
ous, but parallel, blocks. 


divergent beam patterns. Really per- 
fect crystals give weak Bragg re- 
flections and no absorption pattern 
at all; their divergent beam pattern 
is just a complete blank, and this, in 


Sass Dae Soe 
Figure 6. Miners excavate one of the pegmatites at 
the Anjanabonoina deposit for Société Germadco 
in 1975. Photo by Eckehard Petsch. 
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Madagascar imposed a new law that required the 
transfer of ownership of all foreign mining compa- 
nies to Malagasy nationals. Société Germadco was 
placed under the control of a Malagasy engineer, 
Randrianarisolo Benjamin (a previous employee of 
E. Petsch), together with a Bulgarian partner. 

The new owners focused on mining the large 
pegmatite dikes still in place, as well as tunneling 
to explore the potential of the deposit at depth. In 
addition, they dug an open pit 1.6 km southwest of 
the historic mine to investigate some large peg- 
matite veins that probably form a continuation of 
the Anjanabonoina pegmatites. Although this pit 
was unproductive, in 1984 a large tourmaline pock- 
et was discovered on the western slope of the hill, 
near the original mining village. Crystals from this 
pocket were exported by the Bulgarian partner, but 
he was forced to leave Madagascar shortly thereafter 
due to problems with Société Germadco and the 
local people. Société Germadco remained the legal 
owner of the claims, but lost control of the mine 
when hundreds of people, excited by the discovery, 
began digging there illegally. 

Locals continued to work the area manually for 
many years, resulting in hundreds of dangerous pits 
up to 40 m deep. The roads and structures built dur- 
ing past mining activities were destroyed by erosion 
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deposit was explored by Fretosoa Co. Here, deeply 
weathered pegmatite is mined from the upper-eastern 
part of the deposit (Sarodivotra workings, December 
1995). This area produced significant crystals of 
dravite and liddicoatite. Photo by Federico Pezzotta. 


during the rainy seasons, making it necessary for 
the miners to transport their gems on foot to be sold 
in the villages of Ambohimanambola and Betafo. In 
1991, the discovery of another large pocket led to a 
new period of unrest in which several miners were 
killed. When no significant new discoveries were 
made during the next few years, many of the miners 
abandoned the locality. 

In 1995, one of the authors (FP) led Fretosoa 
Company, an Italian-Malagasy joint venture, in 
evaluating the gem potential of the central high- 
lands. After visiting Anjanabonoina, he contacted 
Germadco’s Benjamin and a partnership between 
Germadco and Fretosoa was formed. In the next 
two years, they developed a series of surface and 
underground workings (figures 7 and 8), which 
included four shafts that were 45-55 m deep and a 
185-m-long subhorizontal tunnel that reached the 
pegmatite core zone. From these workings, FP col- 
lected enough geologic and structural data to create 
a three-dimensional model of the deposit and recog- 
nize that a significant portion of the gem-bearing 
core zone was still unmined. However, activity 
halted following the 1997 deaths of Mr. Benjamin 
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(who was also mine engineer) and Fretosoa chief 
Guiseppe Tosco. With the mine no longer under 
strict control, the equipment owned by Fretosoa Co. 
was subsequently stolen, and the tunnels and pits 
collapsed or were destroyed by the activities of local 
miners. Currently, the mine is nearly abandoned, 
with only a few locals digging on the surface during 
the rainy season, when there is water available for 
washing the mined material (figure 9). 


LOCATION AND ACCESS 


The Anjanabonoina mine is located about 55 km 
west-southwest of Antsirabe in the Antananarivo 


Figure 8. An exploration tunnel was dug by hand 
from the northeastern side of the Anjanabonoina 
deposit by Fretosoa Co. during October 1995 to 
December 1996. Shown here at 160 m from the sur- 
face, small kaolinized pegmatite veins can be seen 
crosscutting the weathered quartzite. Note the can- 
dles on the left that were used for illumination. 
Photo by Federico Pezzotta. 
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Province of central Madagascar (again, see figure 2). 
The deposit is situated on a hill (1,400 m elevation) 
at 19°55’ S and 46°32’ E, 2.5 km east of Ikaka 
Mountain (1,781 m). From Antsirabe, a national 
highway leads 56 km to the intersection with the 
paved road that proceeds 10 km southwest to the 
village of Ambohimanambola. From there, a track 
originally graded by Société Germadco in the early 
1970s continues south-southwest for about 32. km, 
crossing the Ipongy River to the mine. Today, this 
track is impassable by vehicle, so access to the mine 
is possible only by foot. The journey from Antsirabe 
takes about two days, with the trip feasible only 
during the dry season, from late April until the 
beginning of November. 

The authors do not recommend traveling to the 
Anjanabonoina area. Because of potential security 
problems, any foreigner who wishes to visit the 


Figure 9. In recent years, the surface deposits at 
Anjanabonoina have been worked by local people, 
who use pools of rainwater to wash the material. 
Photo by Federico Pezzotta. 
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Figure 10. This generalized geologic sketch map of the 
Anjanabonoina deposit shows a series of south-south- 
west-trending pegmatites that have intruded schist, 
quartzite, and marble of the Itremo Group. The main 
eluvial deposits are located on the southern side of the 
hill near the village. Map by Federico Pezzotta. 


region must first inform the local police. Note, too, 
that travelers to this area are at risk for malaria, 
especially during the rainy season. 


GEOLOGY 


Regional Geology. The western part of Madagascar 
consists mostly of Mesozoic sedimentary rocks, 
whereas the central and eastern portions consist 
mainly of Proterozoic metamorphic and igneous 
basement rocks (see, e.g., Ashwal and Tucker, 
1999). The crystalline basement is part of the 
Mozambique orogenic belt (or East African Orogen], 
which originally extended through eastern Africa 
and Madagascar, Sri Lanka, India, and East Antarc- 
tica when they were still part of the Gondwana 
supercontinent (see, e.g., Petters, 1991). A large vari- 
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ety of gem deposits are associated with the 
Mozambique Belt (see Malisa and Muhongo, 1990; 
Menon and Santosh, 1995; Dissanayake and 
Chandrajith, 1999; Milisenda, 2000). The rocks in 
this belt underwent extensive metamorphism, plu- 
tonism, folding, and faulting during the latter part of 
the Pan-African orogeny, which occurred over an 
extended period from at least 950 to about 450 mil- 
lion years (My) ago (see, e.g., Petters, 1991). The last 
magmatic cycle of the Pan-African event occurred 
from about 570 to 455 My (Paquette and Nédélec, 
1998; Fernandez et al., 2001), and generated granitic 
plutons and associated pegmatite fields (Zhdanov, 
1996; Pezzotta, 2001). The gem-bearing pegmatites 
are undeformed by large-scale tectonic processes, 
and are thought to have formed in the later part of 
this cycle (i.e., younger than 490 My—Giraud, 1957; 
Fernandez et al., 2000). 

Many of the gem-bearing pegmatites in central 
Madagascar, including Anjanabonoina and the 
famous localities in the Sahatany Valley, are hosted 
by rocks of the Itremo Group, in a tectonic unit 
known as the Itremo thrust sheet (see, e.g., Collins, 
2000). The Itremo Group is characterized by a lower 
unit of gneiss and an upper unit of quartzites, 
schists, and marbles (see Fernandez et al., 2001). 
Both units are locally intruded by the pegmatites, 
which probably formed via fractional crystallization 


Figure 11. Extensive hydrothermal alteration of the 
host rock occurred adjacent to the Anjanabonoina 
pegmatites. The calcium needed to form liddicoatite 
was probably derived from the metasedimentary host 
rocks. Here, the contact between a pegmatite (top 
right) and marble (bottom left) is shown. Black tour- 
maline veins can be seen along the contact and pene- 
trating into the marble. Photo by Federico Pezzotta. 
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of granitic plutons emplaced at relatively shallow 
depths (Pezzotta and Franchi, 1997). 


Geology of the Anjanabonoina Area. Laplaine (1951) 
described the general geology of the Anjanabonoina 
region. The pegmatites composing the historic part 
of the mining area are exposed over an area measur- 
ing 800 x 300 m (figure 10). These dikes form part of 
a larger aplite-pegmatite system that extends south- 
southwest of the Anjanabonoina area for about 2 
km. (Aplite is a light-colored igneous rock charac- 
terized by a fine-grained texture composed primari- 
ly of quartz, potassium feldspar, and sodic plagio- 
clase; Jackson, 1997.) For simplicity, the dikes will 
be referred to simply as pegmatites here. The major 
pegmatites dip gently north-northwest and range 
from 2 to 12 m thick. 

The pegmatites were emplaced in a complex 
geologic environment, probably at the contact 
between the lower and upper units of the Itremo 
Group. The host rocks consist of quartzites, schists, 
and marbles that are locally tourmalinized near the 
pegmatites (figure 11). Large areas of the pegmatites 
are deeply kaolinized by the activity of late-stage 
hydrothermal fluids (De Vito, 2002). The rocks are 
also deeply weathered—to depths exceeding 20 m— 
particularly in the southern portion of the mining 
area where extensive eluvial deposits were worked. 

Lacroix (1922b) classified the Anjanabonoina 
pegmatites as “sodalithic” (i.e., sodium- and lithi- 
um-rich). According to the modern classification of 
pegmatites proposed by Cerny (1991), the Anjana- 
bonoina pegmatites have mineralogical characteris- 
tics intermediate between the LCT (lithium, 
cesium, and tantalum) and NYF (niobium, yttrium, 
and fluorine) families of the Rare-Element and 
Miarolitic classes (Pezzotta, 2001). 

Gem-bearing “pockets” or cavities are rather 
rare in these pegmatites, but they may be very large 
(i.e, several meters in maximum dimension). The 
pockets are surrounded by kaolin clay and contain 
assemblages of quartz, microcline feldspar (ama- 
zonite), albite feldspar (cleavelandite), dravite- 
elbaite-liddicoatite tourmaline, spodumene (kun- 
zite), native bismuth, spessartine, beryl (morganite}, 
hambergite, danburite, phenakite, and scapolite 
(Pezzotta, 1996; De Vito, 2002). The tourmaline 
crystals are large (typically weighing up to 20 kg 
each; see, e.g., figure 12), and most have a black 
outer “skin” (E. J. Petsch, pers. comm., 2002). The 
largest tourmaline crystal recovered by Mr. Petsch 
measured 80 cm tall and 32 cm in diameter. 
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Figure 12. Tourmaline crystals from Anjanabono- 
ina are typically large. This doubly terminated lid- 
dicoatite crystal weighs 17.8 kg, and measures 33 
cm tall and 22 cm wide. Although the crystal 
appears dark, if sliced it would probably yield 
spectacular slabs. Courtesy of Eckehard Petsch; 
photo by R. Appiani. 


Benesch (1990—figure 36) depicted the base of a 40- 
cm-diameter crystal from Anjanabonoina. 


PRODUCTION AND DISTRIBUTION 


By 1912, the total production of colored tourmaline 
from Anjanabonoina was 1,675 kg (Guigues, 1954). 
According to Bariand and Poirot (1992), production 
decreased in the next 10 years, yielding a total of 
about 15 kg of rubellite and multicolored tourma- 
line. But between 1920 and 1925 the tourmaline out- 
put increased dramatically, with almost 1,700 kg 
mined. Production was negligible from 1950 to 1970. 
E. J. Petsch (pers. comm., 2002) recalled that Société 
Germadco recovered several thousand kilograms of 
red and polychrome tourmaline in the 1970s. During 
the 1980s and early 1990s, some tonnes of gem tour- 
maline were recovered, but no specific data are avail- 
able. More recently, there has been small, sporadic 
production from local miners working with hand 
tools (E. J. Petsch, pers. comm., 2002). 

According to statements to one of the authors 
(FP) from older miners and Malagasy gem and min- 
eral dealers in Betafo and Antsirabe, major pockets 
were discovered at Anjanabonoina in 1972, 1978, 
1984, and 1991. The 1978 pocket was probably the 
largest, with 2.6 tonnes of polychrome and red tour- 
maline crystals weighing up to 20 kg each (see 


Gems & GEMOLOGY SPRING 2002 35 


Figure 13. This duck is carved from Madagascar 

tourmaline and is mounted on a rutilated quartz 
bowl. The body, wings, and tail are carved from 

separate pieces. Courtesy of Herbert Klein, Idar- 

Oberstein; photo © Harold & Erica Van Pelt. 


Pezzotta, 2001). The 1984 pocket produced about 2 
tonnes of similar tourmaline, as well as several 
other gem materials (see Wilson, 1984). The quanti- 
ty of tourmaline from the 1991 pocket is not 
known, although FP was told of a single sale of 600 
kg of red tourmaline from this find. 

Lacroix (1922a,b) reported that, besides the well- 
known polychrome variety, gem tourmaline from 
Anjanabonoina occurred in many homogeneous col- 
ors: red to violetish red (with faceted stones 
approaching 40 ct) grading into pink, “yellowish 
pink,” or colorless; “amethyst” violet to colorless; 
various greens, browns, and yellows; and pale blue. 
Facetable morganite, kunzite, spessartine, and dan- 
burite also were produced. 

In the early part of the 20th century, the gem 
material from Anjanabonoina went first to France 
and later also to Germany and Switzerland (Pezzotta, 
2001). Lacroix (1922b) noted that after cutting, the 
best-quality gems (which presumably included tour- 
maline) were commonly sold as Brazilian goods. 
During the early 1970s, the majority of the tourma- 
lines produced by Société Germadco were exported 
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to the Julius Petsch Jr. Company in Idar-Oberstein 
(E. J. Petsch, pers. comm., 2002). 


PROCESSING: SLICING AND CARVING 


Lacroix (1908) and Termier (1908) first illustrated 
the triangular polychromatic zoning in Madagascar 
tourmaline (see also Wohrmann, 1994). To reveal 
the beautiful zoning, most multicolored liddicoat- 
ite is fashioned as polished slices (see figure 1 and 
Benesch, 1990). Liddicoatite provides gem artists 
with a wide variety of colors and patterns, and so 
has been used to great advantage in carvings (figure 
13) and intaglios (figure 14). More recently, parti- 
colored faceted stones have gained popularity 
(Johnson and Koivula, 1998a; Weldon, 2000). 
Gerhard Becker, who purchased much of the 
tourmaline from the Julius Petsch Jr. Company, 
reportedly first commercialized the cutting of liddi- 
coatite into slices to display the color zoning pat- 
terns more dramatically (E. J. Petsch, pers. comm., 


Figure 14. Tourmaline from Alakamisy Itenina, 
Madagascar, was used in this intaglio, which was 
designed and carved by Ute Bernhardt with permis- 
sion from Mikhail Baryshnikov to depict his represen- 
tation of an older man in the ballet Heart Beat. Note 
the “aggregate-type” color zoning. Photo © GIA and 
Tino Hammid. 
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2002). He described the slicing of one such tourma- 
line in a 1971 article tantalizingly titled “70 pound 
tourmaline crystal produces multicolored slabs.” 
GIA’s Richard T. Liddicoat happened to visit 
Becker's shop shortly after he sliced the crystal, and 
photographed the progression of patterns that were 
revealed from its base toward the termination (see 
Becker, 1971). Because of their large size, Madagascar 
tourmaline slices also have industrial applications: 
Since World War II, they have been used for radio 
oscillator plates and pressure gauges (Frondel, 1946, 
Althaus and Glas, 1994). 


MATERIALS AND METHODS 


We studied a total of 27 samples of Madagascar tour- 
maline (figures 15-17). These included eight pol- 
ished multicolored slices (figure 15), six of which 
have a probable provenance of Anjanabonoina (W. 


Figure 15. These study samples 
illustrate the color diversity found 
in Madagascar tourmaline. The six 
slices on the left (1.9 to 7.0 cm) were 
represented as being from Anjana- 
bonoina; microprobe analysis of one 
(pink and light green, to the lower 
right) revealed that it was liddicoat- 
ite. The two slices on the right (3.0 
and 4.4 cm) also were liddicoatite, 
except for two elbaite analyses in 
the green rim of the larger slice. 
Left—Courtesy of William Larson, 
right—courtesy of Richard T. 
Liddicoat (top) and GIA (bottom); 
photos by Maha Tannous. 


Larson, pers. comm., 2001) with the other two from 
unspecified localities in Madagascar. All of the slices 
were cut perpendicular to the c-axis; they ranged 
from 1.5 x 1.9 cm to 5.0 x 7.0 cm. We also examined 
nine faceted (1.17-12.88 ct) and two freeform 
(1.24-1.29 ct) parti-colored samples that were pur- 
chased in Antsirabe, again with a probable 
Anjanabonoina provenance (T. Cushman, pers. 
comm., 2002; see figure 16). As a third group, we 
looked at five faceted purplish red tourmalines 
(1.05-6.20 ct) from Anjanabonoina that were origi- 
nally obtained by A. Lacroix in the early 20th centu- 
ry and three faceted purplish red tourmalines 
(2.98—5.48 ct) from Anjanabonoina purchased by 
GIA from E. Petsch in 1981 (figure 17). These last 
three stones were analyzed by electron microprobe 
(two spots per sample) in 1982 at the California 
Institute of Technology in Pasadena, California, and 
confirmed as liddicoatite. 


Figure 16. Parti-colored tourmaline from Madagascar is fashioned into dramatic step cuts and freeform polished 
stones, as shown in these study samples (1.17-3.56 ct on the left, and 4.00-12.88 ct on the right), which are proba- 
bly from Anjanabonoina. Despite the similarities in their appearance, electron-microprobe data from the samples 
in the left photo revealed that two were elbaite, three were liddicoatite, and three contained zones of both species 
(e.g., the kite-shaped stone on the bottom right). Courtesy of Allerton Cushman & Co.; photos by Maha Tannous. 
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Figure 17. A range of tone and saturation is shown 
by these purplish red liddicoatites (1.05—6.20 ct) 
from Anjanabonoina. Courtesy of the National 
Museum of Natural History in Paris and the GIA 
collection (i.e., the stones on the far left and right, 
and the oval in the center); photo by Maha Tannous. 


Standard gemological properties were obtained 
on all samples, to the extent possible. A GIA GEM 
Instruments Duplex II refractometer with a near- 
sodium-equivalent light source was used for refrac- 
tive index readings. Specific gravity was determined 
by the hydrostatic method, although four of the 
slices could not be measured because they were too 
large for our immersion container. Reaction to ultra- 
violet radiation was viewed in a darkened room with 
four-watt long- and short-wave UV lamps. Because 
the absorption spectra for tourmalines typically do 
not provide much meaningful information (see, e.g., 
Webster, 1994), we did not perform spectroscopy on 
these samples. Internal features were observed with 
a standard gemological microscope, and a polar- 
iscope was used to view strain. Laser Raman 
microspectrometry, performed with a Renishaw 
2000 Ramascope at GIA in Carlsbad, was used to 
identify mineral inclusions in several samples. 

Quantitative chemical analyses were obtained 
by electron microprobe at the University of New 
Orleans, Louisiana (ARL-SEMQ instrument), and at 
the University of Manitoba, Canada (Cameca SX 50 
instrument). Most of the Madagascar study samples 
were analyzed: three slices, two freeforms (each of 
which had a large flat area), and 14 faceted stones. In 
addition, a small fragment from the tourmaline 
crystal that is illustrated in Appendix A was ana- 
lyzed by electron microprobe. As part of an ongoing 
project by one of the authors (WS) to characterize 
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the composition of gem tourmaline, chemical data 
were also obtained for several samples from other 
localities that are known or suspected to produce 
liddicoatite: two faceted ovals (3.95 and 20.47 ct; the 
latter stone was described by Koivula and 
Kammerling [1990]}, reportedly from Minas Gerais, 


TABLE 1. Properties of liddicoatite-elbaite 
from Madagascar. 


Property 


Description 


Color 


Pleochroism 
Clarity 


Morphology 


Optic character 


Refractive indices 
n 


o 


ne 


Birefringence 
Specific gravity 


Dispersion 
Hardness 
Luster 
Cleavage 


UV fluorescence 
Short-wave 


Long-wave 
Internal features 


Diverse color range, commonly in complex 
zones and patterns, arranged predomi- 
nantly parallel to pyramidal faces. 
Homogeneous colors include red to vio- 
letish red (most common), grading into 
pink, pinkish yellow, and colorless; 
“amethyst” violet to colorless; various 
greens and browns; pale blue; and yellow 
of various hues.# 

Weak to strong, depending on color 
Transparent to translucent; an opaque 
black skin is present on most crystals 
Stout prismatic crystals with trigonal sym- 
metry, bounded by faces of the prism, 
rhombohedron, and scalenohedron; striat- 
ed parallel to the c-axis? 

Uniaxial negative (may contain biaxial 
zones); strain commonly observed with 
polariscope 


1.685-1.651 (1.637+0.003°) 

1.619-1.634 (1.621+0.003°) 

0.014—-0.027 (0.0195) 

3.05-3.07 for parti-colored stones and 
slices; 3.06-3.11 for purplish red samples 
(3.052-3.092%, 3.00-3.07°) 

0.017 (B to G)° 

7-7'Va2> 

Vitreous on fracture surfaces4 

Poor on {0001} or absent? 


Inert to moderate greenish yellow to golden 
yellow 
Inert 


Color zoning, accompanied by growth zon- 
ing in some samples; strain patterns; inter- 
connected network of wavy, partially 
healed fractures that are composed of 
stringers, minute lint-like particles, and 
irregular forms (both one- and two-phase 
iquid-gas), commonly with a wispy appear- 
ance; feathers; needle-like tubes; pinpoints; 
albite, tourmaline, xenotime, and quartz 
inclusions; negative crystals and cavities 


Properties were obtained in this study unless otherwise noted: 


@Lacroix (1922a) 
’Dunn et al. (1978) 
cWebster (1994) 
{Dunn et al. (1977) 
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Brazil; one polished slice from Vietnam; one pol- 
ished crystal (from Abuja) and six polished slabs 
from unspecified localities in Nigeria; five polished 
slabs from “Congo”; and a small crystal fragment 
from Chita, eastern Transbaikalia, Russia. From 
four to 14 spots per stone were analyzed. 

Since some elements in tourmaline (i.e., boron, 
lithium, and hydrogen) cannot be measured by elec- 
tron microprobe, a series of assumptions must be 
made when calculating the cations in the formulas. 
For consistency, we calculated the cations for all of 
the analyses—whether obtained by us or from the lit- 
erature—according to standard conventions (see Deer 
et al., 1992). Contents of Li,O, B,O,, and H,O also 
were calculated, except for those analyses for which 
Li, B, and H were determined by analytical means. 


RESULTS 

Our results confirmed earlier statements in the lit- 
erature (see, e.g., Webster, 1994) to the effect that 
liddicoatite and elbaite cannot be separated conclu- 
sively without chemical analysis. Both tourmaline 
species were found in the Madagascar study sam- 
ples. Although all of the parti-colored tourmalines 
were represented as liddicoatite, two of the nine 
samples analyzed by microprobe were elbaite, three 
were liddicoatite, and three contained both species 
depending on the particular spot analyzed. All three 
of the slices analyzed were liddicoatite, but one con- 
tained elbaite near the rim. All eight of the purplish 
red gemstones were liddicoatite. Regardless of the 
species, the samples showed overlapping properties 
and therefore the results obtained for liddicoatite 
and elbaite are not differentiated below or in table 1. 


Visual Appearance and Gemological Properties. The 
parti-colored samples displayed multiple closely 
spaced color zones with sharp to diffuse boundaries, 
as described by Mitchell (1984). The color zones 
were commonly arranged in straight, subparallel 
layers, although some samples had bent or swirled 
patterns (figures 18 and 19). The colors ranged from 
pink to purplish red, orangy pink to pinkish orange, 
yellowish green to bluish green, brownish green to 
brown to brownish yellow, greenish blue, black, and 
colorless. Most of these hues were present in a wide 
range of tones (i.e., light to dark) and saturations 
(i.e., pale to intense}, resulting in considerable varia- 
tions (see figures 16, 18-19). 

The polished slices also showed distinct patterns 
of color zoning, the two most common of which 


LIDDICOATITE FROM MADAGASCAR 


Figure 18. Oscillatory (narrow, repeating) zoning is 
shown by this parti-colored tourmaline that is 
probably from Anjanabonoina. Note the gradation 
in pink color intensity within each color zone, and 
the sharp boundaries with the green layers. Photo- 
micrograph by John I. Koivula; magnified 10x. 


were triangular zones around the core and concen- 
tric layers near the rim. The triangular zones are 
defined by straight, planar boundaries that are paral- 
lel to a pyramidal direction (i.e., a rhombohedron). 
In some slices, however, the boundary with the cen- 
tral triangle is parallel to the prism faces (i.e., the c- 
axis). The concentric outer zones are oriented paral- 
lel to the prism faces and are typically very narrow. 

All samples (other than the slices, which were 
viewed parallel to the c-axis) showed moderate to 
strong dichroism in the darker, more saturated col- 
ors, and weak pleochroism in the lighter, less satu- 
rated areas. 

The samples ranged from transparent to translu- 
cent, except for zones or layers that were black 
(opaque). The diaphaneity of the lighter colors was 
commonly reduced by the presence of abundant 
inclusions. 

When viewed with the polariscope, most of the 
multicolored samples exhibited birefringence 


Figure 19. Color zones in Madagascar tourmaline can 
display myriad shapes. Strong growth structures are 
also visible in this sample as a series of straight lines. 
Photomicrograph by John I. Koivula; magnified 5x. 
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Figure 20. These images show strain patterns in a slice of liddicoatite from Madagascar cut perpendicular to 
the c-axis. The left view shows the color zoning, whereas the center and right photos were taken with cross- 
polarized light to show the anomalous birefringence; the image on the right was taken with a first-order red 
compensator. Although not one of the study samples, it has been confirmed as liddicoatite by electron micro- 
probe analysis (J. Koivula, pers. comm., 2002). Photomicrographs by John I. Koivula; magnified 20x 


(strain) patterns. These mottled, lamellar, cross- 
hatched, and irregular patterns varied in intensity 
from subtle to distinct. Lamellar birefringence was 
seen in the outer areas of the slices that showed 
multiple concentric color zones, but in some sam- 
ples a patchy appearance was seen in the core, start- 
ing at the boundary with the triangular color zones. 
No strain features were visible in the three homoge- 
nous purplish red samples, except when oriented 
parallel to the c-axis. 

The measurement of refractive indices was prob- 
lematic for most of the multicolored samples due to 
significant R.I. variations across the color zones. 
These zones were generally too narrow to permit 
accurate RI. readings of individual color bands, so 
the shadow cutoff moved according to the viewer's 
eye position. In such cases the best “average” read- 
ings for the upper and lower RI. values were record- 
ed. Unzoned portions that were large enough to mea- 
sure independently (found in a few slices and pol- 
ished stones} yielded sharp R.I. readings. Although 


Figure 21. Partially healed fractures were ubiqui- 
tous in the tourmaline samples. They were typical- 
ly composed of wavy, intersecting networks of 
fluid inclusions. Photomicrograph by John I. 
Koivula; magnified 40x 
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there appeared to be no systematic differences in RI. 
or birefringence according to color in these stones, in 
general they did show significant R.I variations from 
one color zone to another (typically +0.004—0.007). 
The maximum variation seen in a single sample was 
n,,=1.639-1.650 and n,=1.620-1.629. The range of 
R.I. values measured in all of the samples was 
n,,=1.635-1.651 and n,=1.619-1.634. All of the slabs 
yielded two RI. values (parallel to the c-axis) that dif- 
fered by as much as 0.027. Overall, birefringence var- 
ied widely (0.014—0.027], but most values ranged 
from 0.015 to 0.021. 

Specific gravity showed less variation than RI. 
The 15 multicolored samples that could be measured 
with our apparatus had a fairly even distribution of 
values, ranging from 3.05 to 3.07. The eight purplish 
red samples had S.G. values of 3.06—3.11. 

All of the samples were inert to long-wave UV 
radiation, and approximately two-thirds were inert 
to short-wave UV. The 10 (multicolored) samples 
that fluoresced to short-wave UV showed greenish 


Figure 22. Many of the tourmaline samples con- 
tained needle-like tubes that were isolated or 
arranged in parallel arrays. They were most com- 
monly located within green color zones. 
Photomicrograph by John I. Koivula; magnified 20x. 
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yellow to “golden” yellow luminescence, of weak to 
moderate intensity, in specific areas corresponding 
to certain color zones. Most commonly, these zones 
were pale pink to colorless, although green, brown, 
and brownish green or yellow zones also fluoresced 
in some samples. No phosphorescence was seen. 


Internal Features. When examined with the micro- 
scope, the most obvious internal feature in the 
multicolored samples was the pronounced color 
zoning, as described above. In some samples, 
repeating sequences of color zones had sharp 
boundaries between one another, and showed gra- 
dations in color within each sequence (figure 18). 
Growth structures were evident in a few samples, 
mainly along color boundaries and parallel to them; 
less commonly, crosscutting growth patterns were 
seen (figure 19). 

The strain patterns observed with the polar- 
iscope in the multicolored samples were also visible 
with the microscope in cross-polarized light (see, 
e.g., figure 20); the same patterns described above 
were noted. The homogeneous purplish red samples 
showed no signs of strain except when viewed 
down the optic axis, revealing subtle wavy or mot- 
tled patterns. 

Present in all samples were partially healed frac- 
tures containing fluid- and/or two-phase (liquid-gas] 
inclusions (figure 2.1). These commonly formed wavy, 
intersecting networks composed of elongate stringers, 
minute capillaries with a thread- or lint-like appear- 
ance (i.e., trichites), or a variety of irregularly shaped 
forms. Angular cavities were present along partially 
healed fractures in some samples. Small fractures 
(“feathers”) also were common. Within the slices, 
some of the surface-reaching feathers were filled with 
an opaque white substance that was tentatively iden- 
tified by Raman analysis as wax or oil. 

Other common inclusions were needle-like tubes 
that were isolated or arranged in parallel arrays. Seen 
in five samples, these were most commonly located 
within green color zones (figure 22), and in two sam- 
ples they appeared to start at minute colorless min- 
eral inclusions showing high relief. Many other min- 
eral inclusions were noted. In eight samples, round- 
ed, colorless crystals formed isolated inclusions and 
(less commonly) groups; in five of the samples, these 
were identified by Raman analysis as albite (see, e.g., 
figure 23). Colorless to pale green crystals with low 
relief, seen in two parti-colored liddicoatite samples, 
were identified by Raman analysis as tourmaline; 
they varied from stubby to prismatic (figure 24). 
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Figure 23. A light brown zone in this parti-colored 
elbaite-liddicoatite contains some relatively large, 
rounded, colorless inclusions with high relief 
(white arrows); these were identified as albite by 
Raman analysis. Several minute, colorless, blocky 
crystals of xenotime (identified by Raman analy- 
sis) were also present in this sample; a few of them 
are shown here (green arrows). Photomicrograph by 
John I. Koivula; magnified 15x 


Near one of these tourmaline inclusions, a crystal of 
orangy brown xenotime was identified by Raman 
analysis (again, see figure 24). In the elbaite portion 
of another parti-colored sample, xenotime with a 
quite different appearance was also identified by 
Raman analysis: minute, colorless, blocky crystals 
aligned parallel to color zoning (again, see figure 23). 
Quartz was present in one liddicoatite sample as a 
relatively large, rounded, colorless inclusion. Black 
pinpoints (not identifiable) were seen in one parti- 
colored elbaite sample. Negative crystals and cavi- 
ties were present in a few samples. 


Figure 24. Several prismatic, birefringent inclusions 
are evident in this parti-colored liddicoatite; the 
largest one was identified as tourmaline by Raman 
analysis. The Raman spectrum of the adjacent dark 
orangy brown inclusion showed that it was xeno- 
time. Photomicrograph by John I. Koivula; partially 
cross-polarized light, magnified 2.5x. 
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fact, is what is obtained for the best 
gem specimens of diamond. 


Crystal Structure (Atomic 
Arrangement) 


Let us now consider the structure 
of the diamond (which is fundamen- 
tally the same for both perfect and 
mosaic specimens) ; that is, the way 
in which the framework of carbon 
atoms is built up to form the crystal. 
The fact that diamond is intrinsic- 
ally so hard might make us imagine 
that the atoms must be packed to- 
gether as closely as possible. This is 
not at all the case, nor would an ex- 
perienced scientist expect it to be so. 
The atoms of lead are close-packed, 
but lead is quite a soft metal. The 
atoms of tungsten are not close- 
packed, but tungsten is hard. It is 
the forces between the atoms, and 
not their packing, that decides the 
hardness. The atoms of diamond 
really form quite a lacy openwork 
structure. Robert Boyle, who first 
measured the density of diamond in 
1690, gave it as 3.4, not far from the 
modern value of 3.515 grains per 
centimeter. But if the carbon atoms 
were close-packed, the density would 
be .7.653 grains per centimeter. In 
other words, it might have been pos- 
sible to pack into the space occupied 
by a diamond more than twice the 
number of carbon atoms that are ac- 
tually there. Diamond owes its hard- 
ness, its remarkable resistance to 
abrasion, not to the compactness of 
its structure, but to the remarkable 
stability of that structure, in an en- 
gineering sense. What is this struc- 
ture? 

A Diamond Crystal Is One Huge 
Molecule of Interlocking Chains of 
Carbon Atoms 

The carbon atom has fourfold 
valency; it is capable of sharing 
electrons with four other atoms. In 
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marsh gas (methane, CH.) the car- 
bon atom shares its electrons with 
four hydrogen atoms; in the com- 
mercial solvent and grease remover 
CCL (carbon tetrachloride), it 
shares with one hydrogen and three 
chlorines. Each group CH,, CCh, or 
CHcl: is a molecule which is not 
easily broken up. But in diamond, 
each carbon atom. is tetrahedrally 
surrounded by, and shares electrons 
with, four other carbon atoms and 
each of these is similarly joined to 
other carbon atoms, and so on; so 
that the whole diamond is just one 
large molecule containing millions 
of atoms. Another way of describing 
the structure is to say that it con- 
sists of interlocking chains of carbon 
atoms, each chain being of immense 
length. 

Ordinarily the break-up (by. melt- 
ing or vaporization) of a crystal 
consists in the separation of its mole- 
cules from each other, the molecules 
as such persisting in the liquid or 
vapor phase. Since the whole dia- 
mond is one molecule, the break-up 
of the diamond would involve the 
breakdown of electron bonds, and 
this does not take place except at 
very high temperatures or under 
enormous strain. The small thermal 
expansion of the diamond, its incom- 
pressibility and its other unique me- 
chanical properties, simply mean 
that the atomic structure of the dia- 
mond is so stable that it cannot be 
altered except with great difficulty. 
Similar mechanical properties are 
also associated with the length of 
long chain molecules, such as those 
which exist in the paraffines, the 
fatty acids used in the manufacture 
of soaps, and in fibres such as cellu- 
lose or nylon. The reason why flow- 
ers in the field can sway to and fro, 
but do not move up and down, is 
simply that the fibres which compose 


TABLE 2. Chemical composition of liddicoatite from Madagascar.@ 


Anjanabonoina (probable)®"" Anjanabonoina®* — Anjanabonoina?? Anjanabonoina’4*4 Antsirabe area®5 
Chemical 
composition 1.17 ct RSC 1.85 ct RSC 2.84 ct RSC 5.47 ct RBC 1.05 ct hexagon nr nr Holotype specimen 
Dk. bluish green Colorless Pale pink Purplish red Purplish red Dk. red Dk. greenish Brown 
yellow 
Oxides (wt.%) 
Si0, 36.87 37.43 37.12 37.50 37.81 37.58 37.02 37.70 
TiO, nd nd nd nd nd 0.59 0.11 0.38 
B,0, 11.00 11.18 11.03 10.92 11.00 11.36 11.07 10.89 
Al,0, 40.23 41.18 40.06 37.99 38.96 40.22 39.08 37.90 
FeO 0.98 0.10 0.12 0.09 d 0.57 0.74 0.83 
nO 0.34 0.10 0.22 2.84 0.10 0.65 4.86 0.27 
gO nd nd nd nd d 0.07 0.07 0.14 
Cad 2.78 3.46 3.84 3.03 4.05 4.00 2.86 4.21 
Li,0 2.36 2.57 2.63 2.35 2.15 2.85 1.88 2.48 
a,0 1.35 0.92 0.79 1.27 0.59 1.72 1.01 0.88 
K,0 nd nd nd 0.04 nd 0.24 0.19 nr 
H,0 3.16 3.23 3.23 3.77 3.34 3.45 3.44 2.69 
F 1.33 1.33 1.22 nr 0.96 0.98 0.81 1.72 
Subtotal 100.62 101.54 100.48 99.80 99.72 104.28 103.13 100.06 
-O=F 0.56 0.56 0.51 0.00 0.41 0.41 0.34 0.72 
Total 100.06 100.98 99.97 99.80 99.32 103.87 102.79 99.34 
lons on the basis of 31 (0,0H,F) 
Si 5.826 5.818 5.846 5.970 5.971 5.750 5.811 6.015 
Al 0.174 0.182 0.154 0.030 0.029 0.250 0.189 0.000 
Tet. sum 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.015 
B 3.000 3.000 3.000 3.000 3.000 2.999 2.999 2.999 
Al (2) 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 
Al 1.318 1.363 1.282 1.099 1.222 1.004 1.042 1.127 
Ti nd nd nd nd nd 0.068 0.013 0.046 
Fe’ 0.130 0.013 0.016 0.011 nd 0.073 0.097 0.114 
n 0.046 0.013 0.029 0.383 0.013 0.084 0.646 0.036 
g nd nd nd nd nd 0.016 0.016 0.026 
Li 1.497 1.609 1.663 1.507 1.765 1.755 1.185 1.591 
Y sum 3.000 3.000 3.000 3.000 3.000 2.999 3.000 2.937 
Ca 0.471 0.576 0.648 0.517 0.685 0.656 0.481 0.720 
a 0.414 0.277 0.241 0.393 0.179 0.510 0.307 0.272 
K nd nd nd 0.009 nd 0.047 0.038 nr 
Vacancy 0.116 0.146 0.111 0.081 0.136 0.000 0.173 0.008 
X sum 1.000 1.000 1.000 1.000 1.000 123 1.000 1.000 
F 0.665 0.654 0.608 nr 0.481 0.474 0.402 0.868 
OH 3.335 3.346 3.392 4.000 3.520 3.526 3.598 2.863 
Ca/(Ca+Na) 0.53 0.68 0.73 0.57 0.79 0.56 0.61 0.73 


®All iron reported as FeO. Except where noted, all analyses were by electron microprobe, with Li,O, B,O,, and H,O calculated by stoichiometry: B = 3 
apfu (atoms per formula unit), Li = 3-SumY, and OH + F = 4 apfu. Note that some catin sums may not add up exactly as shown, due to rounding of the 
calculated numbers. Abbreviations: dk. = dark, It. = light, nd = not detected, nr = not reported, RBC = round briliant cut, and RSC = rectangular step cut. 
Nuber and Schmetzer (1981) reported the composition of a green Madagascar liddicoatite as (Cap gap ss) agAly gq/Algl(O, OH, F),(BO;)sSi,O ja]. 

’Reference/analyst—b-1: F. C. Hawthome (this study); b-2: Caltech sample 12961; b-3: W. B. Simmons and A. U. Falster; (this study) b-4: Lacroix 
(1922a); b-5: Dunn et al. (1977); b-6: Duparc et al. (1910); b-7: Akizuki et al, (2001); b-8: Aurisiccio et al. (1999); and b-9: Bloomfield (1997), see also 

table 5.12, analysis 57 of Shmakin and Makagon (1999). Analyses by F. C. Hawthome used a Cameca SX 50 instrument, with minerals or synthetic 
compounds as standards, an accelerating voltage of 15 kV, sample current of 20-30 nA, 10 wm beam aiameter, 20-30 second count time, and the 
data correction procedure of Pouchou and Pichoir (1985); the following elements were analyzed for but not detected: P, Sc, V, Cr, Co, Ni, Cu, 2, Sb, 
and Bi. Analyses by W. B. Simmons and A. U. Falster used an ARL SEMQ instrument, with minerals or synthetic compounds as standards, an acceler- 
ating voltage of 15 kV, sample current of 15 nA, 2 wm beam aiameter, 60 second count time, and the CITZAF o(pZ)/PRSUPR data acquisition and data 
reduction program; the following elements were analyzed for but not detected: V, Cr, Cu, Zn, and Bi, except in the 1.05 ct hexagon which contained up 
to 0.10 wt.% V.O,, 0.15 wt.% ZnO, and 0.09 wt.% Bi,O,. 


Chemical Composition. Chemical analyses of of the data (including elbaite analyses) can be viewed 
Madagascar liddicoatite from this study and the litera- on the Internet at the Gems & Gemology data deposi- 
ture are presented in table 2. Because of space limita- tory (www.gia.edu/gandg/ggDataDepository.cfm]. 
tions, only selected analyses are shown; the remainder As illustrated in figure 25, a considerable portion of 
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Antaboaka®®°* — Maroandro®®« Jochy’79 Lacamisinten?®" Malakialina! Sahatany Valley? 


nr or Specimen A Crystal section Crystal section TBO1 
Red Pink nr Pink-red Pink rim Lt. yellow Lt. green Darker green nr 
37.29 37.06 38.31 37.22 37.74 37.96 37.91 37.94 37.47 
nr nr nd 0.07 0.03 0.36 0.11 0.12 0.08 
11.01 11.04 11.10 10.93 10.91 11.04 10.99 11.02 11.19 
38.91 40.53 38.57 38.03 37.70 37.92 37.95 38.00 41.08 
0.70 0.36 0.02 0.10 0.06 1.14 0.81 1.16 0.29 
0.52 1.23 0.05 4.06 0.70 0.22 0.11 0.15 0.20 
0.30 0.43 nd 0.18 0.08 0.10 0.10 0.13 nd 
4.10 2.58 4.69 2.63 3.95 4.10 4.15 4.16 3.30 
2.59 2.10 2.97 1.86 2.80 2.75 2.80 2.15 2.55 
0.76 0.80 0.54 1.40 1.00 0.94 0.96 0.95 1.08 
0.10 0.13 0.09 0.02 nd nd nd nd 0.02 
3.14 3.23 2.78 3.17 2.50 2.67 2.89 2.95 3.46 
1.40 1.23 2.21 0.64 2.67 2.40 1.91 1.79 0.84 
100.82 100.71 101.33 100.31 100.15 101.60 100.69 101.14 101.57 
0.59 0.52 0.93 0.27 1.12 1.01 0.80 0.75 0.35 
100.23 100.20 100.40 100.04 99.02 100.59 99.89 100.39 101.22 
5.885 5.835 5.999 5.966 6.013 5.976 5.992 5.980 5.817 
0.115 0.165 0.004 0.034 0.000 0.024 0.008 0.020 0.183 
6.000 6.000 6.000 6.000 6.013 6.000 6.000 6.000 6.000 
3.000 3.000 3.000 3.024 3.000 3.000 3.000 3.000 3.000 
6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 
1.122 1.357 1.118 1.152 1.078 1.013 1.062 1.040 1.333 
nr nr nd 0.008 0.004 0.042 0.013 0.015 0.009 
0.092 0.047 0.003 0.013 0.008 0.150 0.108 0.153 0.038 
0.070 0.164 0.007 0.551 0.095 0.029 0.014 0.020 0.026 
0.071 0.101 nd 0.043 0.018 0.024 0.025 0.031 nd 
1.645 1.331 1.872 1.199 1.797 1.741 1.778 1.741 1.593 
3.000 3.000 3.000 2.967 3.000 3.000 3.000 3.000 3.000 
0.693 0.435 0.787 0.452 0.674 0.692 0.703 0.702 0.549 
0.233 0.244 0.164 0.435 0.310 0.287 0.294 0.289 0.325 
0.020 0.026 0.018 0.004 nd nd nd nd 0.004 
0.054 0.294 0.031 0.109 0.015 0.020 0.002 0.009 0.122 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
0.699 0.612 1.095 0.324 1.343 1.194 0.953 0.893 0.412 
3.301 3.388 2.905 3.390 2.657 2.806 3.047 3.107 3.588 
0.75 0.64 0.83 0.51 0.68 0.71 0.71 0.71 0.63 


©Determined by wet chemistry. 

%Spectrographic analysis also revealed traces of Ga and Pb. 

°This sample had R.l. values of n, = 1.6417 and n, = 1.6256, birefringence = 0.0155, and S.G. = 3.047. 

This sample had R.I. values of n, = 1.6498 and n, = 1.6246, birefringence = 0.0162, and S.G. = 2.978. 

gAnalysis of the o sector of a sector-zoned crystal. 

"Average of three analyses; Lacamisinten is the name used by gem dealers, but the actual Malagasy name is Alakamisy Itenina. B,O, was determined 
by SIMS, Li,O by atomic absorption, and H,O by GC and TGA. 

‘Unpublished data of W. B. Simmons and A. U. Falster. 

JCalculation included traces of Pb; this element is not shown above due to possible contamination problems. 


the analyses from this study correspond to elbaite ranged from relatively constant to variable (e.g., 
compositions. As expected, there was no correlation 2.74-4.56 wt.% CaO in one slice) within single 
between color and Ca/Na content. samples. An X-ray map of a small portion of one 

Among the liddicoatite analyses, Ca contents sample revealed gradational Ca contents that corre- 
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X site vacancy 


© Elbaite 


20 Rossmanite\. 80 
© Liddicoatite 


Figure 25. This compositional plot shows the X-site 
occupancy for the 191 liddicoatite-elbaite analyses 
from Madagascar obtained for this study and taken 
from the literature (see table 2 and depository table). 
The color of each data point is indicative of the color 
of the tourmaline; points for which no color was 
reported are shown in dark red. All of the data points 
fall into the liddicoatite and elbaite fields, and there 
is no correlation between X-site occupancy and color. 


sponded to both liddicoatite and elbaite composi- 
tions (figure 26). The most Ca-rich and Na-poor lid- 
dicoatite that we know of was published by Akizuki 
et al. (2001), it contained 4.69 wt.% CaO and 0.54 
wt.% Na,O (83 mol.% liddicoatite). 

The chromophoric elements Fe, Mn, and Ti 
were typically low in the Madagascar tourmaline. 
The highest contents of these elements were found 
in the parti-colored samples; these analyses can be 
viewed in the data depository. Up to 2.66 wt.% 
FeO was measured (in a pale gray zone), and the 
green and blue zones had significantly more iron 
than the colorless or pink bands (again, see figure 
2.6). High Mn contents were reported for a dark 
greenish yellow sample analyzed by Lacroix (1922a) 
that contained 4.86 wt.% MnO, and for some of 
the purplish red stones analyzed for this study (up 
to 3.22 wt.% MnO). The greatest Ti content was 
measured in a yellow color zone: 0.82 wt.% TiO). 
Fluorine contents were typically above 1 wt.%. 
Traces of Mg, K, and Pb also were present, although 
backscatter electron imaging of some samples 
revealed surface contamination of pores and frac- 
tures with lead (Pb). Therefore all of the Pb analy- 
ses of our samples are considered unreliable and are 
not reported in the data. The Pb residue probably 
resulted from the polishing process used by the lap- 
idary (J. Zang, pers. comm., 2002). This element 
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has not been included in analyses of liddicoatite 
published in the literature. 

For chemical data on liddicoatite from other 
world localities, see Appendix A. 


DISCUSSION 


Color Zoning. Benesch (1990) provided a detailed 
description of color zoning in Madagascar tourma- 
line, with excellent illustrations of cross-sections cut 
in orientations perpendicular and parallel to the c- 
axis (see, e.g., figure 2.7). A visual journey through a 
succession of liddicoatite slices cut perpendicular to 
the c-axis is accessible on the Internet at 
minerals.gps.caltech.edu/mineralogy/animation.htm. 

The slices we studied displayed color zoning that 
is consistent with the features described for liddi- 
coatite by Dunn et al. (1977, 1978). These authors 
(as well as earlier researchers) indicated that, while 
the color zoning in elbaite is parallel to the basal 
pinacoid and/or prism faces, the predominant trian- 
gular color boundaries in liddicoatite are “parallel to 


Figure 26. This X-ray map, generated with an elec- 
tron microprobe by one of the authors (WS), shows 
the distribution of Ca and Fe in a portion of the 
1.29 ct freeform sample. Point analyses by the 
microprobe showed that the darker green (i.e., Ca- 
rich) area on the lower right of the X-ray map is 
liddicoatite, and the lighter green area on the 
upper left is elbaite. The red bands in the X-ray 
map show enrichment in Fe, and correspond to the 
dark bluish green layers in the sample. 


Elbaite Liddicoatite 


Ca = Green 
Fe = Red 


(Fracture) 
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a pyramid.” Therefore, in slices cut perpendicular to 
the c-axis, these boundaries will not appear sharp. In 
contrast, the outer concentric color zones are paral- 
lel to prism faces (and thus the c-axis), so they do 
appear sharp in the slices (see, e.g., figure 1). 
Regardless of which color zones are observed, both 
abrupt and gradual transitions from one color to 
another are seen; these reflect dynamic geochemical 
changes in the crystallization environment (Lacroix, 
1922a; Benesch, 1990; Zang, 2000). 

Although not seen in our study samples, a trigo- 
nal star pattern is a notable feature of many 
Madagascar tourmaline slices cut perpendicular to 
the c-axis (e.g., Lacroix, 1922a; Wentling, 1980, 
Zang, 1994c). This star is typically pink or red, and 
crosscuts the adjacent triangular zones before being 
truncated against the outer concentric color layers 
(see figure 3). In slices cut parallel to the c-axis (fig- 
ure 2.7), this same feature may be visible as a spike- 
shaped color zone of variable width that follows the 
apex of the pyramidal faces. Trigonal stars of vari- 
ous colors have been seen in tourmaline from 
Brazil, Mozambique, and elsewhere, although these 
crystals are typically smaller (less than 4 cm in 
diameter) than those from Madagascar (Benesch, 
1990); we did not chemically analyze any such sam- 
ples for this study. The origin of these stars has been 
debated for years (Benesch, 1990). From his observa- 
tions of Madagascar tourmaline, Zang (1994c) sug- 
gested that during crystallization under decreasing 
temperature, the red stars form as a result of the 
preferential incorporation of the large Mn** ion into 
the fast-growing pyramid {1011} faces. 

Another color-zoning phenomenon (not seen in 
our study samples but found in some tourmalines 
from Madagascar, Brazil, and Namibia) is the 
“ageregate type” zoning described by Benesch 
(1990). This is present in crystal portions (generally 
near the termination) that consist of an accumula- 
tion of tourmaline subcrystals in parallel orienta- 
tion. Slices cut from such crystals often display 
spectacular mottled patterns (see, e.g., figure 14). 


Gemological Properties. As in elbaite, the RI. val- 
ues of liddicoatite should vary with transition metal 
contents (e.g., Fe, Mn, and Ti}: Higher contents of 
these elements lead to greater R.I. and birefringence 
values (Deer et al., 1997). Although in most cases 
we could not obtain R.I. measurements on the nar- 
row individual color zones, for those few samples 
with wide enough color zones, the lack of systemat- 
ic R.I. trends was probably due to the relatively 
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Figure 27. This watercolor painting of an 
Anjanabonoina tourmaline sliced parallel to the c- 
axis shows how the color zoning is oriented paral- 
lel to the prism and pyramid faces. Note also the 
central spike-shaped pink area that follows the 
apex of the pyramidal faces. Looking perpendicular 
to the c-axis, this pink zone would form the central 
part of a trigonal star. This cross-section was 
reconstructed from a series of slices from the same 
crystal oriented perpendicular to the c-axis. 
Reprinted with permission from Benesch (1990, p. 
298), © Verlag Freies Geitesleben # Urachhaus 
GmbH, Stuttgart, Germany. 
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small variations in overall transition metal con- 
tents. From a study of several tourmalines of differ- 
ent colors and from different deposits in Mada- 
gascar, Lacroix (1922a) noted a general correlation 
between increasing R.I. and S.G. values, but no sys- 
tematic relationship of either measurement to 
color. The R.I. values we measured (1.619-1.651) 
were similar to the range Lacroix reported 
(1.6200-1.6480) but somewhat higher than those 
reported by Dunn et al. (1978) for liddicoatite (1.621 
and 1.637, +0.003). The birefringence values we 
obtained (0.014—0.027) are fairly similar to those of 
Lacroix (0.0162—0.0236). 

The slabs (cut perpendicular to the c-axis) appar- 
ently contained biaxial domains, as they yielded 
two RII. values with significant birefringence (i.e., 
up to 0.027). Lacroix (1922a) noted that Madagascar 
tourmaline crystals are locally biaxial; however, he 
observed no correlation between biaxial character 
and color zoning. In liddicoatite from Jochy, 
Madagascar, Akizuki et al. (2001) determined that 
biaxial domains—which have triclinic and ortho- 
rhombic symmetry—correspond to certain crystal- 
lographic sectors (and compositional zoning} that 
formed during crystal growth. Biaxial domains also 
have been found in elbaite (see Foord and Mills, 
1978). The common occurrence of strain patterns 
in elbaite and liddicoatite may therefore be related 
to biaxial domains that formed during growth. 

Notwithstanding the effects of inclusions, the 
specific gravity of tourmaline increases with greater 
contents of transition metals (Deer et al., 1997). Our 
multicolored samples showed rather small varia- 
tions in specific gravity (3.05—3.07). The higher S.G. 
values (3.06—3.11} obtained for the eight purplish 
red liddicoatites may be due to the fact that they 
contained fewer fluid inclusions than the multicol- 
ored samples. There was no systematic relationship 
between transition-metal content and S.G. in our 
samples. The S.G. values of the multicolored sam- 
ples fell within the ranges reported for tourmaline of 
liddicoatite composition: 3.052-—3.092 (Lacroix, 
1922) and 3.00-3.07 (Dunn et al., 1978). The higher 
S.G. values measured for the purplish red samples 
are consistent with the 3.107 value reported by 
Lacroix (1922a) for “amethyst”-violet tourmaline 
from Anjanabonoina. 

The partially healed fractures, feathers, tubes, 
and pinpoints seen in our study samples are typical 
of inclusions in tourmaline (see, e.g., Webster, 
1994). Among the mineral inclusions, albite and 
tourmaline are commonly found in elbaite (see 
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Koivula, 1994; Webster, 1994). To our knowledge, 
however, xenotime and quartz had not been docu- 
mented previously in elbaite or liddicoatite. 


Chemical Properties. To distinguish liddicoatite 
from elbaite, cations in the formula are calculated 
from the weight-percent oxides obtained from the 
quantitative chemical analyses so that the X-site 
constituents can be compared on an “atoms per for- 
mula unit” basis. In an analysis of lithium tourma- 
line, if Ca is the dominant element in the X site, it 
is liddicoatite. Conversely, elbaite is the Na-domi- 
nant species. Besides Ca and Na, this site may con- 
tain potassium and/or vacancies. Although potassi- 
um is not important in tourmaline, vacancies may 
constitute a significant proportion of the X site; if 
they are dominant, then the lithium tourmaline 
species is rossmanite. (For more on distinguishing 
among lithium-aluminum tourmalines, see 
Hawthorne and Henry [1999] and Zolotarev and 
Bulakh [1999].} 

Dunn et al. (1978) indicated that Madagascar 
tourmaline crystals usually are composed entirely 
of one species. This was not the case for several of 
the samples we analyzed from Madagascar and else- 
where (see depository data). Akizuki et al. (2001) 
studied two sector-zoned liddicoatite crystals from 
Jochy, Madagascar, one of which contained elbaite 
in the a{1120} sector. Nevertheless, some liddicoat- 
ite from Madagascar is chemically homogeneous 
enough to be used as a reliable reference material 
for elemental and isotopic work (Aurisicchio et al., 
1999). The experience of one of the authors (FP) has 
shown that the polychrome crystals from 
Anjanabonoina usually are derived from large cavi- 
ties, and these tourmalines are typically liddicoatite 
throughout. By contrast, crystals showing simpler 
zonation from small cavities at this mine are pre- 
dominantly elbaite or dravite, with liddicoatite 
being scarce or absent. 

The Ca and Na contents of liddicoatite show no 
systematic relationship to color (Dunn et al., 1978; 
see also figure 25). Conversely, Fe, Mn, and Ti affect 
the coloration of liddicoatite in the same way that 
they affect elbaite (Dietrich, 1985). Analyses of color- 
less samples revealed very small amounts of these 
elements. Pink samples contained small but signifi- 
cant amounts of Mn and very low amounts of Fe, 
whereas green portions contained higher Fe; analo- 
gous trends were reported by Webber et al. (2002) in 
liddicoatite from Anjanabonoina and Fianarantsoa. 
Yellow bands generally have moderately low to low 
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Fe with higher Mn and Ti. The blue, greenish blue, 
and gray portions contained the highest Fe. The col- 
oration of elbaite (and liddicoatite, by inference) is 
well documented in the literature; for useful reviews, 
see Althaus (1979), Dietrich (1985), Zang (1994a), 
Deer et al. (1997), and the Web site minerals.cal- 
tech.edu/files/visible/tourmaline/index.htm. 


Geologic Origin. Selway et al. (1999) noted that lid- 
dicoatite may be found in elbaite-subtype peg- 
matites, but not in those of the lepidolite subtype. 
Selway (1999) indicated that within elbaite-subtype 
pegmatites, liddicoatite-elbaite is the last tourma- 
line to form (i.e., after the crystallization of Ca-bear- 
ing schorl and Mn-rich elbaite). Therefore, geo- 
chemically it is the most “evolved” tourmaline in 
these pegmatites. 

Granitic pegmatites typically are not rich in Ca, 
and any amounts present may be consumed by the 
early crystallization of plagioclase and Ca-bearing 
tourmaline. The presence of liddicoatite in gem- 
bearing cavities indicates that Ca was abundant 
during late-stage pegmatite crystallization. Teertstra 
et al. (1999) postulated that the Ca needed to form 
liddicoatite could be mobilized from the pegmatite 
host rocks or the alteration of previously crystal- 
lized Ca-bearing minerals (e.g., plagioclase}, or the 
Ca could be geochemically conserved (e.g., as fluo- 
ride complexes) during pegmatite crystallization 
until late stages. While all three of these mecha- 
nisms may play a role, it is important to note that 
in elbaite-subtype pegmatites, liddicoatite is typical- 
ly found in deposits that are located in or near Ca- 
rich host rocks (Selway, 1999). (One exception is lid- 
dicoatite from the Malkhan district in Russian, 
which is not associated with Ca-rich host rocks.) 
Although Ca-rich minerals are common in many 
Madagascar pegmatites, liddicoatite is not always 
present and therefore its formation may be related 
more to paragenetic effects (i.e., pertaining to the 
order of mineral crystallization) than to the total 
amount of Ca available in the pegmatite system. 

A petrogenetic model for the formation of the 
Anjanabonoina pegmatites is currently being devel- 
oped (Dini et al., 2002; De Vito, 2002; and unpub- 
lished work of one of the authors [FP]]. This model 
invokes significant contamination of the pegmatitic 
melts with components derived from the metasedi- 
mentary (including dolomitic carbonate) host rocks. 
Isotopic data suggest that the boron in the peg- 
matites is derived from metasedimentary evaporitic 
rocks. In this model, the pegmatitic magmas formed 
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by the fractional crystallization of late to post-tec- 
tonic granites—and were contaminated by fluids 
derived from the metasediments of the Itremo 
Group—during pegmatite emplacement in exten- 
sional faults. The complex color zoning of the poly- 
chrome tourmaline reflects a dynamic multistage 
crystallization process. 


IDENTIFICATION 


Dunn et al. (1977) reported that liddicoatite cannot 
be differentiated from elbaite by its optical and 
physical characteristics, or even with X-ray diffrac- 
tion techniques and unit cell dimension data. In 
the gem trade, liddicoatite traditionally has been 
informally separated from elbaite by the presence 
of features such as triangular color zoning, a trigo- 
nal star, or parti-colored zonation. However, quan- 
titative chemical analyses are required to confirm 
the tourmaline species. Since they cannot be sepa- 
rated by practical gemological methods, gemolo- 
gists typically do not distinguish between liddi- 
coatite and elbaite. Therefore, some tourmalines 
sold as elbaite may actually be liddicoatite, and 
more localities for this species are being recog- 
nized as chemical analyses are obtained (see, e€.g., 
Hlava, 2001; Laurs, 2001; Appendix A). 

Little is known about the treatments done to lid- 
dicoatite. We could not find any reference to the 
heating or irradiation of this tourmaline, although 
some “elbaite” treated by these methods may actu- 
ally be liddicoatite, as discussed above. Reddish vio- 
let tourmaline (probably liddicoatite) from the 
Coronel Murta area in Minas Gerais, Brazil, has 
been heat-treated to a green color (H. Elawar, pers. 
comm., 2002). A polychrome tourmaline slice 
(locality not specified) was recently reported to be 
fracture-filled with resin (Bank et al., 1999b). 
Madagascar tourmaline slices containing natural 
fractures are commonly stabilized with resin (W. 
Larson, pers. comm., 2002). Fractured slices also 
have been stabilized by constructing doublets with 
glass or plastic (Koivula et al., 1992; Henn and Bank, 
1993; Bank et al., 1999a). 

Wax or oil was tentatively identified in some 
slices obtained for this study. According to W. Larson 
(pers. comm., 2002), prior to polishing the slices, sur- 
face irregularities are filled with paraffin wax to pre- 
vent the unsightly concentration of polishing 
residues in those areas. The wax is then melted away 
by boiling the slices in water, although it is not 
always completely removed from the fractures. 
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CONCLUSION 


Most of the liddicoatite in the gem trade has come 
from the Anjanabonoina pegmatites in central 
Madagascar. Although fine color-zoned tourmalines 
have been recovered elsewhere in the world, and 
some of these have been identified as liddicoatite by 
quantitative chemical analysis, the complex color 
zones and patterns seen in Madagascar tourmaline 
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Figure 28. Designers 
enjoy incorporating the 
beautiful banding of 
liddicoatite into cre- 
ative carvings. The but- 
terfly brooch shown 
here is made of 18K yel- 
low and white gold 
with two carved 
Madagascar tourma- 
lines (84.47 ct total 
weight), yellow and col- 
orless diamonds, and 
pearls. Courtesy of 
Buccellati. 


are unrivaled by tourmaline from other localities 
(Benesch, 1990). The difficult access, mining condi- 
tions, and security problems continue to limit further 
production at Anjanabonoina, although previously 
mined material does enter the market occasionally. 
Dramatic and unusual, liddicoatite is revered by gem 
collectors and researchers, and is well-suited for one- 
of-a-kind jewelry designs (figure 28). 
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APPENDIX A: WORLD SOURCES OF LIDDICOATITE 


In addition to Anjanabonoina, liddicoatite has been 
identified from several locations in central and south- 
central Madagascar, including Antaboaka, Jochy, 
Lacamisinten (also called Alakamisy Itenina), 
Malakialina, Maroandro, and the Sahatany Valley (see 
table 2), as well as Vohitrakanga (preliminary data of 
FP). Table A-1 contains chemical analyses of liddi- 
coatite from elsewhere in the world. All of these 
localities have produced gem-quality tourmaline 
except for those in Canada and the Czech Republic, 
which are included for completeness. In Canada, lid- 
dicoatite was found in the High Grade Dike of the 
Cat Lake-Winnipeg River pegmatite field (Teertstra et 
al., 1999). The tourmaline occurs at two localities in 
the Czech Republic. Liddicoatite-elbaite from Blizna 
in southern Bohemia was documented by Novak et 
al. (1999). At Recice, liddicoatite is very rare, forming 
narrow zones in crystals of Ca,Mn-rich elbaite (M. 
Novak, pers. comm., 1999). 

Brazil has been rumored as a possible source of 
liddicoatite for years (see, e.g., Koivula and Kammer- 
ling, 1990; figure A-1). The large faceted stone 
described in that Gem News item, as well as a 3.95 
ct sample from the same source, were confirmed as 
liddicoatite for this study. Several additional brown- 
ish purple Brazilian samples, from the same source 
(Mauro de Souza, Marcelo Gemas Inc., Los Angeles) 
were qualitatively analyzed by GIA Research in 
1990, and indicated as liddicoatite and elbaite. These 
samples probably came from the Coronel Murta area, 
where significant amounts of similar-colored tour- 
maline have been mined and sold as liddicoatite (H. 
Elawar, pers. comm., 2002). 

Multicolored slices of tourmaline that are report- 
edly from the “Congo” were analyzed for this study 
and found to contain liddicoatite in certain zones 
(without any particular trend in color or position). To 
our knowledge, this is the first time liddicoatite has 
been identified there. 

An analysis of liddicoatite from Mozambique was 
presented by Sahama et al. (1979). Chemical data on 
tourmaline from this country are uncommon in the 
literature, and more analyses will probably reveal 
additional liddicoatite from the extensive pegmatite 
fields there. 

Recently, Nigeria has emerged as a source of lid- 
dicoatite. Electron microprobe analyses of an orangy 
pink liddicoatite from the Ogbomosho area revealed 
relatively high bismuth contents (Hlava, 2001), and a 
purplish red crystal from the Abuja area was also 
confirmed as liddicoatite (Laurs, 2001, and this 
study). Further analyses of multicolored slices from 
Nigeria done for this study revealed liddicoatite in 
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several samples and representing many colors (see 
depository data). 

Liddicoatite has been documented from the 
Malkan district in Russia (see Zagorsky et al., 1989; 
Zagorsky and Peretyazhko, 1992). A sample analyzed 
from the Transbaikalia area for this study contained 
zones of liddicoatite, elbaite, and schorl-elbaite. 

Zang (1994b) analyzed a tourmaline from Sanga- 
Sanga, Tanzania, that contained attractive triangular 
color zones; both liddicoatite and elbaite (as well as 
schorl) were present in the sample. 

Ngu (2001) presented an X-ray diffraction pattern 
and Raman spectrum for what was reportedly black 
liddicoatite from Luc Yen, Vietnam, but did not pro- 
vide a chemical analysis of the material to confirm 
the identification. A multicolored slice from 
Vietnam analyzed for this study contained liddicoat- 
ite in a red zone. This slab displayed the trigonal star 
that is so commonly seen in Madagascar liddicoatite, 
yet it was dominantly elbaite. 


Figure A-1. The purplish red color of this rough and cut 
tourmaline is similar, yet the crystal (elbaite-liddicoat- 
ite) is from Anjanabonoina and the oval brilliant (lid- 
dicoatite) was reportedly mined in Minas Gerais, 
Brazil. The crystal (6.4 x 3.7 cm) is courtesy of William 
Larson, and the faceted stone (20.47 ct) is from the 
GIA collection. Photo © Harold & Erica Van Pelt. 
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TABLE A-1. Chemical composition of liddicoatite from localities other than Madagascar. 


Minas Gerais, Brazil? Manitoba, “Congo”>34 Bliznd, Czech Muiane, Abuja, 
Canada>2° Republic (Unit A)>*° Mozambique>® Nigeria’3 
20.37 ct 3.95 ct nr Slice Slice nr or 1.39 ct crystal 
Chemical cushion cushion 
Composition — Purplish red Purplish red nr Grayish pink Yellowish Pink Brown Purplish red 
green 
Oxides (wt.%) 
Si, 38.08 37.27 37.20 37.68 38.53 35.50 36.55 38.45 
Ti, nr nr nr 0.03 0.05 0.34 0.07 nd 
B,0, 11.10 10.93 10.84 11.00 11.02 10.84 10.87 His 
Al,0, 39.81 38.71 40.70 39.26 37.94 38.30 38.45 40.15 
FeO 0.00 0.11 0.30 0.46 0.68 0.14 2.94 0.09 
nO 0.29 2.39 1.50 0.60 0.57 4.62 0.77 0.22 
gO or nr nr d d 0.05 0.16 0.05 
CaO 3.25 2.79 2.50 3.53 313 2.58 2.88 3.02 
Li,0 2.62 2.28 2.03 2.51 2.19 1.66 2.13 2.69 
Na,0 0.97 1.30 1.20 0.57 1.09 1.39 1.42 1.48 
K,0 nr nr nr nd d nr nd 0.02 
H,0 3.13 3.08 oro 3.54 3.59 3.07 3.07 3.29 
[F 1.48 1.45 0.90 0.54 0.45 ie 1.44 123 
Subtotal 100.88 100.92 100.54 99.75 99.86 99.62 100.76 101.94 
-0=F 0.62 0.61 0.38 1028) 0.19 0.48 0.61 0.52 
Total 100.25 100.31 100.16 99.52 99.68 99.14 100.16 101.42 
lons on the basis of 31 (0,0H,F) 
Si 5.961 5.926 5.868 5.951 6.078 5.765 5.842 5.951 
A 0.039 0.074 0.132 0.049 0.000 0.235 0.158 0.049 
Tet. sum 6.000 6.000 6.000 6.000 6.078 6.000 6.000 6.000 
B 3.000 3.000 2.952 3.000 3.000 3.039 3.000 3.000 
Al (2) 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 
A 1.306 1.181 1.434 1.260 1.054 1.097 1.085 1.275 
Ti nr nr nr 0.004 0.005 0.042 0.008 0.000 
Fe 0.000 0.015 0.040 0.061 0.089 0.019 0.393 0.011 
n 0.038 0.322 0.200 0.080 0.076 0.636 0.104 0.029 
g nr nr nr d d 0.012 0.038 0.011 
li 1,649 1.457 1288 1.592 1771 1.084 1371 1,674 
Y sum 3.000 3.000 2.962 3.000 3.000 2.890 3.000 3.000 
Ca 0.545 0.475 0.423 0.597 0.529 0.449 0.493 0.500 
Na 0.294 0.401 0.367 0.174 0.333 0.438 0.440 0.445 
K nr nr nr nd d nr nd 0.004 
Vacancy 0.160 0.124 0.210 0.229 0.138 0.113 0.065 0.051 
X sum 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
[F 0.733 0.729 0.449 0.270 0.222 0.580 0.728 0.603 
OH 3.267 3.270 3.546 3.730 3.778 3.326 STZ 3.397 
Ca/(Ca+Na) 0.65 0.54 0.54 0.77 0.61 0.51 0.53 0.53 


8All iron reported as FeO. Except where noted, all analyses by electron microprobe, and Li,O, B,O,, and H,O calculated by stoichiometry: 
B = 3 apfu (atoms per formula unit), Li = 3-SumY, and OH + F = 4 apfu. Note that some cation sums may not add up exactly as shown, 
due to rounding of the calculated numbers. Abbreviations: It. = light, nd’ = not detected, nr = not reported, x! = crystal. 
’Reference/analyst—b-1: F. C. Hawthorne (this study); b-2: Teertstra et al. (1998); b-3: W. B. Simmons and A. U. Falster (this study); b-4: 
Novak et al. (1999); b-5: Sahama et al. (1979); b-6: Zagorsky et al. (1989); and b-7: Zang (1994b). For instrumental operating conditions 
used by F. C. Hawthorne, as well as by W. B. Simmons and A. U. Falster, see table 2, footnote b. 

“Average of an unspecified number of analyses; boron, lithium, and hydrogen were determined by ion microprobe (SIMS). 


REFERENCES Althaus K.E. (1979) Wassermelonen und Mohrenképfe. Lapis, 
Akizuki M., Kuribayashi T., Nagase T., Kitakaze A. (2001) Vol. 4, No. 1, pp. 8-11. 
Triclinic liddicoatite and elbaite in growth sectors of tourma- Althaus U., Glas M. (1994) Hatte Ikaros einen Turmalin 
line from Madagascar. American Mineralogist, Vol. 86, pp. gehabt... extraLapis No. 6, Turmalin, pp. 70-71. 
364-369. Ashwal L.D., Tucker R.D. (1999) Geology of Madagascar: A brief 
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Nigeria®$" Malkhan, Transbaikalia, Sanga Sanga, Tanzania” Vietnam?! 


Russia®69 Russia?! 
Slice nr Crystal fragment Crystal section Slice 
Pinkish orange Colorless Lt. pink Lt. green Lt. pink Blue “Rose” Yellow-brown Red 
37.90 38.90 38.76 37.85 37.96 37.41 37.12 38.37 36.54 
nd nd nd 0.09 nt 0.08 0.02 0.02 0.02 
10.98 10.98 10.93 11.70 Hi2 10.78 10.89 11.05 10.95 
39.06 37.47 37.18 38.10 40.23 37.37 39.14 38.76 41.02 
0.22 0.05 0.02 0.92 0.17 0.24 0.09 0.11 0.11 
0.66 0.36 0.27 1.00 0.58 2.20 125 1.01 1.46 
nd nd nd 0.03 nr nd nd nd 0.04 
3.09 3.08 3.20 3.20 2.58 2.58 2.66 DAs 2.04 
1.67 3.06 3.10 2.13 2.48 2.40 2.39 2.62 2.04 
1.03 0.89 0.83 1.28 1.40 las} 1.32 1.30 1.08 
nd nd nd 0.09 nr nd 0.02 nd 0.02 
3.46 3.46 3.47 2.80 3.18 3.65 3.38 3.81 3.32 
0.69 0.69 0.63 1.00 1.39 0.15 0.79 0.00 0.98 
98.78 98.94 98.43 100.19 101.16 98.17 99.07 99.79 99.61 
0.29 0.29 0.27 0.42 0.59 0.06 0.33 0.00 0.41 
98.49 98.65 98.16 99.77 100.57 98.11 98.74 99.79 99.20 
5.988 6.160 6.165 6.015 5.931 6.032 5.923 6.037 5.799 
0.012 0.000 0.000 0.000 0.069 0.000 0.077 0.000 0.201 
6.000 6.160 6.165 6.015 6.000 6.032 6.000 6.037 6.000 
3.000 3.000 3.000 3.209 3.000 3.000 3.000 3.000 3.000 
6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 
1.263 0.994 0.971 1.136 1.340 1.103 1.284 1.188 1.472 
nd nd nd 0.014 nr 0.010 0.002 0.002 0.002 
0.029 0.007 0.003 0.122 0.022 0.032 0.012 0.014 0.015 
0.089 0.048 0.037 0.135 0.077 0.300 0.169 0.135 0.196 
nd nd nd 0.007 nr nd nd nd 0.009 
1.619 1.951 1.986 1.361 1.558 1.555 18 1.660 1.305 
3.000 3.000 3.000 2.772 3.000 3.000 3.000 3.000 3.000 
0.524 0.522 0.546 0.545 0.432 0.446 0.455 0.460 0.347 
0.317 0.274 0.257 0.394 0.424 0.410 0.408 0.397 0.333 
nd nd nd 0.018 nr nd 0.004 nd 0.003 
0.159 0.205 0.197 0.043 0.144 0.143 0.133 0.141 0.316 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
0.346 0.346 0.317 0.503 0.687 0.076 0.399 0.000 0.489 
3.654 3.654 3.683 2.968 Reed) 3.924 3.601 4.000 Salil 
0.62 0.66 0.68 0.58 0.50 0.52 0.53 0.54 0.51 


‘Also contained up to 0.10 V,O,. 

®Also contained up to 0.09 wt.% ZnO and 0.04 wt.% Bi,O,; Cl, Cr, V, and Ba were not detected. 

‘Also contained up to 0.04 V,O,. 

8Boron and lithium were determined by wet chemistry. 

"Analyzed by SEM-EDS. 

‘Also contained up to 0.19 wt.% ZnO. 

iCalculation included traces of Pb; this element is not shown above due to possible contamination problems. 


outline. Gondwana Research, Vol. 2, No. 3, pp. 335-339. Bancroft P. (1984) Gem & Crystal Treasures. Western Enter- 
Aurisicchio C., Demartin F., Ottolini L., Pezzotta F. (1999) prises/Mineralogical Record, Fallbrook, CA. 

Homogeneous liddicoatite from Madagascar: A possible refer- Bank H., Henn U., Milisenda C.C. (1999a) Gemmological 

ence material? First EMPA, SIMS and SREF data. European News: Tourmaline-plastic-doublet. Gemmologie: Zeitschrift 

Journal of Mineralogy, Vol. 11, pp. 237-242. der Deutschen Gemmologischen Gesellschaft, Vol. 48, No. 
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and in general are parallel to the 
flower-stalk are flexible, but are not 
compressible along their length. In 
diamond the flexibility is prevented 
by the way in which the chains of 
atoms are interlocked; the incom- 
pressibility persists and is uniform 
in all directions because the chains 
exist in all the major directions. 
Similarly, it is found by experiments 
on substances like the long chain 
paraffines that the refractive index 
of light travelling along the length 
of the chains of atoms is much 
greater (the speed of the light being 
much léss) than that of light travel- 
ling in directions at right angles to 
that length. Since the diamond struc- 
ture can be regarded as being com- 
posed of chains of atoms pointing in 
all directions and interlocked with 
each other, it is only to be expected 
that its refractive index should be 
uniformly high. This, too, is a con- 
sequence of the stability of the atom- 
ic and electronic arrangement in 
this remarkable crystal. 


All Diamond Has Same Structure 
but Differs in Texture 


Although all diamonds have the 
same fundamental structure, yet 
diamonds do differ in texture. Some 
are perfect; some are mosaics. Gem 
diamonds are. always perfect, or 
nearly perfect, single crystals. Their 
hardness is that characteristic of 
the particular electronic configura- 
tion of the lJacework structure of 
carbon atoms we have described. 
They are clear and uniform in tex- 
ture. They give X-ray diffraction 
patterns which are characteristic, 
and by means of which they can be 
identified without possibility of 
doubt, even if they are only a hun- 
dredth of a milligram in weight. 
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Still Something to Be Learned 
About the Structure of Diamond 


Yet there are a few peculiar spots 
and streaks on the X-ray pattern 
given by gem diamonds which cannot 
be explained on the basis of this 
simple structure alone. Mosaic and 
obviously imperfect diamonds do not 
give these peculiar effects. Diamonds 
which do not give these extraordi- 
nary spots and streaks are transpar- 
ent to certain light rays in the infra- 
red and ultraviolet regions which are 
heavily absorbed by the gem speci- 
mens. These facts are not explained 
by the presence of possible impuri- 
ties. Indeed, there is at present no 
explanation of them. We can only 
say that there are known to be two 
kinds of diamond, one of which is a 
mosaic of crystallites of a known 
structure; the other—and this kind 
ineludes all gem diamonds—has a 
very similar structure but with some 
subtle differences not yet understood. 
There is, in fact, still work for the 
scientist to do. 


Announcements 


R. D. Edwards, of Edwards & 
Company, 1115 Walnut Street, Kan- 
sas City, Missouri, has recently ac- 
cepted the invitation of the G.LA. 
to serve on the Examinations Stan- 
dards Board of the Institute as rep- 
resentative of the National Whole- 
sale Jewelers’ Association. 


Mr. Edwards is now serving as 
President of the National Wholesale 
Jewelers’ Association. His firm, Ed- 
wards & Company, are endowment 
members of the Gemological Insti- 
tute of America. Mr. Edwards has 


also lately been elected a director of 
the Jewelry Industry Council. 
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STAR OF THE SOUTH: 
A HISTORIC 128 Cr DIAMOND 


By Christopher P. Smith and George Bosshart 


The Star of the South is one of the world’s most famous diamonds. Discovered in 1853, it became 
the first Brazilian diamond to receive international acclaim. This article presents the first complete 
gemological characterization of this historic 128.48 ct diamond. The clarity grade was deter- 
mined to be VS, and the color grade, Fancy Light pinkish brown. Overall, the gemological and 
spectroscopic characteristics of this nominal type Ila diamond—including graining and strain pat- 
terns, UV-Vis-NIR and mid- to near-infrared absorption spectra, and Raman photolumines- 
cence—are consistent with those of other natural type Ila diamonds of similar color. 


~y arely do gemological laboratories have the 
opportunity to perform and publish a full ana- 
| \Jytical study of historic diamonds or colored 
stones. However, such was the case recently when 
the Gtbelin Gem Lab was given the chance to ana- 
lyze the Star of the South diamond (figure 1). This 
remarkable diamond is not only of historical signifi- 
cance, but it is also of known provenance—cut from 
a piece of rough found in the state of Minas Gerais, 
Brazil, almost 150 years ago. In addition, the Star of 
the South has a natural pinkish brown color and is 
classified as a nominal type Ila diamond (refer to the 
Spectrometry section). Because of the age and previ- 
ous descriptions of this diamond, which predate the 
growth of synthetic diamonds and modern color- 
enhancement techniques, we are able to guarantee 
that it was natural and unaltered. 


A BRIEF OVERVIEW OF 

DIAMOND DEPOSITS IN BRAZIL 

The most frequently cited date for the discovery of 
diamonds in Brazil is 1725 (Legrand, 1980; Lenzen, 
1980; Wilson, 1982). Cassedanne (1989) indicated 
that the first reference to Brazilian diamonds was in 
1714, although the source for this information is 
not provided. However, it is likely that some dia- 
monds were recovered as a byproduct of gold pan- 
ning activities during the 17th century and even 
earlier. What is commonly referred to as “The 
Brazilian Era” in the history of diamonds extended 
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from approximately 1730 to 1870, during which 
time Brazil was the world’s principal source of dia- 
mond. This era ended with the discovery of more 
significant quantities of diamonds in South Africa. 

According to Levinson (1998), it has been esti- 
mated that prior to the Brazilian finds only about 
2,000—5,000 carats of diamonds arrived in Europe 
annually from the mines of India. In contrast, the 
Brazilian finds supplied an estimated 25,000 to 
100,000 carats of rough diamonds per annum (for 
some years, such as 1850 and 1851, production 
reached 300,000 carats). This sudden influx of rela- 
tively large quantities of diamonds had a significant 
effect on the world’s diamond market. As Lenzen 
(1980, p. 55) states, “The importance of the Brazilian 
discoveries is reflected in the fact that within five 
years, from 1730 to 1735, the world diamond market 
exploded. Prices dropped by three-quarters.” 

Almost all of the diamonds recovered in Brazil to 
date have been from secondary (alluvial) deposits. 
The first kimberlite pipe was not even discovered 
until 1965 (Wilson, 1982). Since then, a large num- 
ber of kimberlites have been identified, but the vast 
majority were found to be barren of diamonds. To 
date, the diamondiferous ones have not been found 
to contain sufficient concentrations of diamonds to 
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support commercially viable mining operations. 
Brazil’s alluvial diamond deposits have been classi- 
fied into three basic types based on where they 
occur relative to the waterways that are associated 
with the deposits (Lenzen, 1980; Wilson, 1982): 
high-level deposits (roughly 1,200-1,500 m above 
sea level), low- or terrace-level deposits (in the river 
valleys, above the high-water level), and fluvial or 
river deposits (in the river sediments). 

Brazil’s diamond deposits are spread out over an 
extensive surface area. The Diamantina region alone 
covers approximately 10,000 km? (Cassedanne, 
1989). Wilson (1982) indicated that diamonds have 
been discovered in 40 districts in 11 states. He added 
that the most significant deposits lie in the south- 
west portion of Minas Gerais, in an area known as 
the Mining Triangle. 

The concentration of diamonds throughout most 
of these regions is very low. However, there are 
some exceptions to this general rule. Holes or 
depressions along some river tributaries occasional- 
ly have provided a rich cache of diamonds. Some 
holes are small and relatively shallow, whereas oth- 
ers have been described as being as large as caves 
(Lenzen, 1980). 

The first large diamond discovered in Brazil, 
called the Regente de Portugal, reportedly was 
found along the Abaeté River in Minas Gerais in the 
mid-18th century (Reis, 1959). It is believed to have 
been cut into a 215 ct stone, but nothing is known 
of its subsequent disposition; there is even some 
question as to whether it ever existed, or was in fact 
a topaz (Reis, 1959). In 1938, the largest Brazilian 
diamond ever documented was found. It weighed an 
impressive 726.6 ct and was named the President 
Vargas diamond, in honor of Brazil’s then president 
(Balfour, 2000); several stones were cut, the largest 
of which—originally 48.26 ct (since recut to 44.17 
ct)—is known as the Vargas diamond (Krashes, 
1984). Certain areas of Minas Gerais have become 
well known for the number of large diamonds they 
have yielded. The Coromandel region alone, where 
the President Vargas was found, produced nine dia- 
monds that weighed more than 2.00 ct each, as well 
as another 16 that were more than 100 ct, during 
the period 1935-1965 (Legrand, 1980). In one five- 
year period, Coromandel yielded five stones that 
had an average weight of 320 ct (refer also to 
Cassedanne, 1989). Cincora, Monte Carmelo, 
Romaria, Cascalho Rico, Grupiara, Patos, and 
Estréla do Sul are other areas that have supplied 
large diamonds (Wilson, 1982). It was in the area 
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Figure 1. The 128.48 ct Star of the South was origi- 
nally discovered in Brazil in 1853 and faceted 
shortly thereafter (in 1856 or 1857). It was the first 
Brazilian diamond to achieve international acclaim 
for its size and quality. Photo by Phillipe Hitz. 


now known as Estréla do Sul that the Star of the 
South was found (e.g., Streeter, 1877; Bauer, 1896, 
Reis, 1959; Balfour, 2000). 

For a more thorough discussion of the Brazilian 
diamond deposits, the authors refer readers to the 
following reviews: Legrand (1980), Lenzen (1980), 
Wilson (1982), Cassedanne (1989), and Levinson 
(1998). Good descriptions and historical aspects of 
the large diamonds found in Brazil are provided by 
Reis (1959). 


STAR OF THE SOUTH: KNOWN HISTORY 


The Star of the South has earned notoriety for a 
number of reasons. It was the first Brazilian dia- 
mond to become renowned worldwide. In addition, 
and unlike many historical diamonds, the early his- 
tory of the Star of the South is well documented. 
According to Dufrénoy (1856), near the end of July 
1853 a slave woman working in alluvial diamond 
deposits of the Bagagem River in Minas Gerais dis- 
covered a diamond that weighed an impressive 
52.276 grams or 254/42 “old” carats (calculated to 
261.38 metric carats). The rough measured 42 x 35 
x 27mm (Dufrénoy, 1856). As a result of this fortu- 
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itous discovery—and as a reward for turning the 
stone over to the mine owners—the slave woman 
was given her freedom and, reportedly, a pension 
for the remainder of her life (see, e.g., Streeter, 
1882). For more than a century, the Star of the 
South held the distinction as the largest diamond 
ever found by a woman. In 1967, the Lesotho dia- 
mond, weighing an astounding 601.26 ct, was dis- 
covered by Emestine Ramaboa (Balfour, 2.000). 
Noted French mineralogist A. Dufrénoy, while a 
professor at the Natural History Museum of Paris, 
provided a first-hand description of the original crys- 
tal from which the Star of the South was fashioned 
(Dufrénoy, 1856, pp. 93-95). He wrote (as translated 
by GB, all figure references refer to the three line 
drawings of the crystal reproduced in figure 2. here): 


One observes on one of the faces of the diamond a 


rather deep octahedral cavity, situated in a (fig. 1, pl. 
225), it represents the impression left by a diamond 
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Dimensions de l'Etoile du Sud. 
AB = v™og2 
F G= o“vg2 


Figure 2. According to 
the authors’ research, 
noted French mineralo- 
gist A. Dufrénoy provid- 
ed the only firsthand 
description of the origi- 
nal crystal from which 
the Star of the South was 
cut. (It is unclear if 
Barbot actually exam- 
ined the rough.) These 
three crystal drawings 
(Figs. 1, 2, and 3—drafted 
by M. Lemaitre, an asso- 
ciate of A. Dufrénoy) rep- 
resent different views of 
the crystal, as described 
in the text. Emanuel 
(1867) made a more real- 
istic rendering of this 
crystal seemingly from 
Dufrénoy’s originals. The 
resulting 128.48 ct cush- 
ion-shape faceted stone 
was illustrated by 
Simonin (1869). 


Ae = 0035 
CD = 0027 


crystal that earlier was implanted on the surface of the 
Star of the South. The interior of this cavity, examined 
with a loupe, shows pronounced octahedral striae. One 
also sees, in b, the trace of three other diamonds, 
which were grouped on the main diamond. The rear 
face of the Star of the South still bears traces of two 
diamonds, which have been detached .. . . The kind of 
base on which one naturally places this diamond, and 
which we have represented [in] fig. 3, still offers, in d, 
marks of the adherence of several other small diamond 
crystals. On this side, one notes in f a flat part where 
the cleavage appears. I am very inclined to consider it 
as a breakage, maybe the point of attachment of this 
diamond to the matrix;.... I have already noted that 
this beautiful diamond is not symmetrical [refers to 
figs. 1,2, and 3].... 


Prof. Dufrénoy mistakenly proposed that this 
diamond grew as part of a larger cluster of dia- 
monds, with this crystal attached to the matrix 
wall. He suggests that diamonds coated the walls of 
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a geode-like formation, similar to quartz geodes. 
This explains why he interpreted the cavities and 
flat area of the crystal as he did. Barbot (1858, pp. 
161-162) further described the piece of rough and 
clarified certain statements made by Dufrénoy: 


... the “Etoile du Sud” [Star of the South], was a 
rhombic dodecahedron, bearing along each of its faces 
a curved junction [where adjoining faces meet] so that 
it became a solid of 24 faces. The natural faces were 
matte and striated. . . .this incomparable diamond 
exhibited, on one of its faces, a cavity so deep that 
some have believed it to be due to the implantation of 
an octahedral crystal of the same nature; we are cer- 
tain, after further consideration, that this cavity was 
only an interruption of one of the [crystal] growth lay- 
ers; the other, shallower cavities were certainly due to 
the same cause. The flat part that appeared cleaved is 
probably an accident of nature... . 

The... late Mr. Dufrénoy thought that this dia- 
mond had to be part of a group of diamondiferous crys- 
tals; in this, he was mistaken: diamonds grow isolated 
in diverse sections of their matrix, and never agglomer- 
ate, or are superimposed, or graft on one another like 
pyrites and crystals of spar [calcite] and quartz... .” 


All subsequent mineralogical descriptions and 
illustrations of this crystal seem to be derived from 
these two original descriptions and crystal drawings 
(see, e.g., Kurr, 1859, plate I, figure 5; Emmanuel, 
1867; Streeter, 1882; Bauer, 1896; as well as all mod- 
ern references). 

The first owner of the diamond, Casimiro de 
Tal, sold it shortly after its discovery for a reported 
£3,000, apparently well below its international mar- 
ket value (Streeter, 1882). In the two years that fol- 
lowed, the diamond remained in its rough state and 
was again sold, this time for £35,000 (Streeter, 
1882). In 1855, the rough diamond was showcased 
at the Paris Industrial Exhibition (Kurr, 1859). At 
that time, it was owned by Messrs. Halfen (two 
brothers who were diamond dealers in Paris) and 
christened Star of the South (Dufrénoy, 1856). 
Barbot (1858) stated that the Halfen brothers chose 
this name. In 1856 or 1857, the diamond was taken 
to Amsterdam, where it was cut by a Mr. 
Voorzanger of the firm Coster. We are able to estab- 
lish this date of cutting because Dufrénoy (1856) 
reports that the diamond was still in the rough state 
when he examined it after the 1855 Paris 
Exhibition, whereas Barbot (1858) indicates that he 
examined the faceted diamond. 

The fashioning of the diamond took three 
months; the cut stone was illustrated by Simonin 
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(1869; again, see figure 2). Barbot (1858, p. 162] 
described the cut gem as follows: “Its oval form is 
rather charming and permits it to refract light well. 
It is, by the way, a very spread stone, for it is 35 mil- 
limeters long by 29 millimeters wide, but only 19 
millimeters thick.” Various weights and descrip- 
tions have been given for the cut stone: Streeter 
(1882) describes it as an “elegant oval” of 125 “old” 
carats. In more modern references, some (e.g., 
Balfour, 2000) describe it as a 129 ct elongated cush- 
ion, whereas others (e.g., Notable Diamonds of the 
World, 1990, Liddicoat, 1993) refer to it as a 128.80 
ct oval brilliant. Shipley (1935) gives a weight of 
128.5 ct. Its color was described in early publications 
as having a “rather pronounced pink tint” (Barbot, 
1858, p. 162) or “decided rose tint” (Streeter, 1882, p. 
81), as well as “not perfectly white and pure” 
(Emanuel, 1867, p. 85). No modem first-hand obser- 
vations of the faceted diamond’s color were found. 
All contemporary publications seem merely to be 
repeating these comments. 

Subsequently, the small town of Bagagem, near 
the place where the diamond was discovered in the 
Bagagem River, was renamed Estréla do Sul (in 
Portuguese) in honor of the large gem (see, e.g., 
Balfour, 2000). According to Simonin (1869), a repli- 
ca of the faceted diamond along with replicas of sev- 
eral other famous diamonds was put on display dur- 
ing the 1862 London Exhibition and the 1867 Paris 
World Exhibition. However, most modern references 
state incorrectly that the actual diamond was put on 
display (see, e.g., Bruton, 1978; Liddicoat, 1993; 
Balfour, 2000). 

According to Balfour (2000), during the 1860s the 
Star of the South ranked as the sixth largest faceted 
diamond in the world. Sometime between 1867 and 
1870, Khande Rao, then Gaekwar (official sovereign 
ruler) of the Indian kingdom of Baroda, purchased the 
stone for a reported £80,000 (approximately $400,000, 
Shipley, 1935; Balfour, 2000). Prior and Adamson 
(2000) incorrectly state that the diamond was 
acquired in 1865. This was not possible, since the 
diamond was only offered for sale to the Gaekwar of 
Baroda after the 1867 exhibition (Streeter, 1882). The 
diamond remained in the collection of the Gaekwars 
of Baroda for at least 80 years. In 1934, the grand 
nephew of Khande Rao, Sayaji Rao III Gaekwar of 
Baroda, informed Robert M. Shipley (founder of the 
Gemological Institute of America) that the Star of the 
South had been set in a necklace along with the 
English Dresden diamond (figure 3; “Owner of 
famous jewels... ,” 1934; Shipley, 1935; Prior and 
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Figure 3. Khande Rao, Gaekwar of Baroda, had this 
fabulous necklace created to display both the Star 
of the South and the 78.5 ct English Dresden below 
it. The date of this photograph is approximately 
1880. Photo courtesy of the British Library, 
Oriental and India Office. 


Adamson, 2000). Also from the Bagagem River, the 
English Dresden (119!/2 ct in the rough, cut as a 78.53 
ct pear shape; see, e.g., Balfour, 2000) had been found 
in 1857, not far from the discovery site for the Star of 
the South. 

The English Dresden reportedly was sold by the 
rulers of Baroda to Cursetjee Fardoonji of Bombay, 
India in 1934 (Balfour, 2000), and Bruton (1978) 
reported that the Star of the South also came into 
the possession of Rustomjee Jamsetjee sometime 
around 1939. However, this latter claim is not cor- 
rect. It is now known that the original necklace 
containing both the Star of the South and the 
English Dresden was still intact and in the posses- 
sion of Sita Devi, Maharani of Baroda, as of 1948 
(figure 4). The whereabouts of these two diamonds 
could not be verified after about 1950, and the Star 
of the South’s location for the next 50 years is not 
clear. In 2001, however, it was purchased through a 
broker by owners who wish to remain anonymous. 
In December 2001, the Star of the South was sub- 
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mitted to the Giibelin Gem Lab for a diamond grad- 
ing report, thus enabling us to assemble the follow- 
ing detailed information. 


ANALYTICAL METHODS 


Clarity assessments and the study of internal char- 
acteristics such as inclusions and graining were car- 
ried out with a binocular microscope and various 
lighting techniques. We used crossed polarizing fil- 
ters to observe the internal strain patterns and inter- 
ference colors. Weight determination was made 
using a Mettler AE 1000 C electronic scale, calibrat- 


Figure 4. In the town of Baroda, India, at the cele- 
bration of her husband’s birthday in 1948, Sita 
Devi, Maharani of Baroda, was photographed 
wearing a slightly modified version of the necklace 
shown in figure 3, where more diamonds had been 
added around the bottom portion of the English 
Dresden. Photo and information by Henri Cartier- 
Bresson, © Henri Cartier-Bresson/Magnum Photos. 
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ed to +0.001 ct. Color observations were made in 
the neutral viewing environment of a MacBeth 
Judge II light box. Reaction to long- and short-wave 
ultraviolet radiation was observed in a darkened 
room with a dual 365 nm and 254 nm lamp. 

We recorded the diamond’s ultraviolet-visible- 
near infrared (UV-Vis-NIR) absorption spectrum at 
liquid nitrogen temperatures in the region from 200 
to 2500 nm using a Perkin Elmer Lambda 19 dual 
beam spectrometer, equipped with a beam con- 
denser. The spectrum was run at a speed of 1 
nm/sec and with a spectral slit width of 0.2 nm. 

The near- to mid-infrared spectrum was taken at 
room temperature in the region 7000-400 cm"!, 
recording 200 scans at the standard 4 cm7! resolu- 
tion of a Pye-Unicam PU9624 Fourier Transform 
infrared (FTIR) spectrometer. Both a SpectraTech 
diffuse reflectance unit and a Specac 5x beam con- 
denser were used. 

Raman photoluminescence spectrometry was 
conducted at liquid nitrogen temperatures with a 
Renishaw 2000 Raman microspectrometer equipped 
with a helium/cadmium laser (He/Cd-excitation 
324.98 nm) and an argon-ion laser (Ar-ion—excitation 
514.5 nm]. Five areas were analyzed: two in the cen- 
ter of the table, two on bezel facets on either side of 
the diamond, and the culet. 


GEMOLOGICAL CHARACTERISTICS 


General Description. The Star of the South diamond 
weighs 128.480 ct. Its antique cushion shape has a 
slightly asymmetric outline. It is faceted in the bril- 
liant-cut style, with eight bezel facets and eight large 
pavilion mains (again, see figure 1). Its dimensions 
are: 34.21 x 28.10 x 18.72 mm. The table facet mea- 
sures 21.10 mm parallel to the length of the stone 
and 18.80 mm parallel to the width. The octagonal 
culet facet measures 3.10 and 2.65 mm in the corre- 
sponding directions. The total depth percentage is 
66.6%. The average percentage for crown height is 
15% and for pavilion depth is 52%. The majority of 
the circumference of the diamond, where the crown 
meets the pavilion, forms a knife-edge girdle. 
However, several small girdle facets have been pol- 
ished, and in some areas a number of extra facets 
have been placed, primarily around the girdle area. 


Color. We color graded the Star of the South as 
Fancy Light pinkish brown. In the face-up position, 
the color appeared slightly more concentrated at 
both ends of the diamond, as a result of its shape 
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Figure 5. The Star of the South received a clarity 
grade of VS,, with inclusions consisting of two 
indented naturals (one on each side) and a number 
of shallow chips and small bruises. In addition, a 
small remnant of a cleavage was present in the table 
and a pinpoint inclusion can be seen under a bezel 
facet at one side. Red outside of green = indented 
naturals, green = naturals, black = extra facets, and 
red = chips, bruises, cleavage, and pinpoint. 


and cut. Face-down, subtle lamellar bands of a light 
brown hue could be seen traversing the width of 
the stone. 


Internal Features. Considering the large size and 
long history of this diamond, one might expect it to 
have more inclusions and surface blemishes than it 
does. The clarity grade of the Star of the South is 
VS, (figure 5). The most prominent inclusion fea- 
tures consist of one indented natural on each side of 
the diamond. The larger of the two indented natu- 
rals contained deep triangular depressions, whereas 
the other displayed a series of parallel striations. 
Both of these features revealed the orientation of 
these natural surfaces, along octahedral crystal 
faces. We also saw several other essentially planar 
naturals on various areas around the girdle. A pin- 
point inclusion in one side of the diamond was visi- 
ble through either a lower girdle facet or a bezel 
facet. A small remnant of a cleavage plane was pre- 
sent in the table, as were several small circular 
feathers in the areas surrounding the naturals. As a 
result of wear and tear over the years, there were 
also several, mostly minor, chips around the girdle, 
as well as numerous other small bruises and tiny 
feathers on the surface of various other facets. Since 
the majority of the clarity-affecting inclusions were 
at or just beneath the surface of the gem, recutting 
the diamond could improve its clarity to VVS 
(although the authors strongly recommend against 
recutting any historic diamond). 
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Figure 6. Whitish graining was evident in certain 
areas and viewing directions of the Star of the 
South. This optical effect imparted a sheen-like 
cast to these areas, as seen here through a bezel 
facet. Photomicrograph by Christopher P. Smith; 
magnified 7x. 


Graining and Strain Patterns. An optical phe- 
nomenon that relates to structural disturbances, 
described by gemologists as whitish “graining,” was 
visible in specific areas of the gem when viewed at 
certain angles (figure 6). Internal strain patterns— 
banded and “tatami,” with blue and gray interference 
colors—also were prominent when the diamond was 
viewed between crossed polarizing filters. Depending 
on the crystallographic viewing direction, distinct, 
irregular or cellular strain patterns with strong inter- 
ference colors of purple-pink, orange, yellow, green, 
and blue also were seen (figure 7). 


Fluorescence. The Star of the South fluoresces a uni- 
formly distributed blue of moderate intensity to long- 


Figure 8. A homogeneous blue fluorescence of mod- 
erate intensity was emitted by the Star of the South 
when it was exposed to a long-wave UV lamp. Photo 
by Franzisca Imfeld and Christopher P. Smith. 
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Figure 7. One distinctive feature of the Star of the 
South is the prominent irregular strain patterns, 
which exhibited purple-pink, orange, yellow, green, 
and blue interference colors. Such strain patterns 
more typically are associated with type Ia natural- 
color brown or pink diamonds, although they are 
encountered in some type Ila diamonds. Also seen 
here is the larger of two indented naturals. The trian- 
gular patterns reveal the octahedral orientation of 
this remnant of the original crystal surface. Photo- 
micrograph by Christopher P. Smith; magnified 7x. 


wave UV radiation (figure 8}, and a similar but weak- 
er blue to short-wave UV. No phosphorescence to 
either long- or short-wave UV was observed. 


SPECTROMETRY 


UV-Vis-NIR. The UV-Vis-NIR absorption spectrum 
recorded at cryogenic temperature is featureless 
down to about 600 nm, at which point the absorption 
starts to increase gradually and becomes steeper until 
it reaches the fundamental absorption edge at 225 
nm in the ultraviolet region (figure 9). Superimposed 
on this general absorption are five very weak to weak 
absorption bands in the yellow-green to violet 
regions: a very weak, broad band centered at approxi- 
mately 560 nm; a weak, sharp peak at 503.2, nm (H3); 
a more distinct, sharp peak at 415.2 nm (N3); and 
two weak, broad bands at 390 and 375 nm. At the 
foot of the fundamental absorption edge of the dia- 
mond, there are two additional small but distinct 
peaks situated at 236.0 (N9) and 229.5 nm. 


Mid-IR and Near-IR. The mid-infrared spectrum of 
the Star of the South diamond reveals the two- 
phonon and three-phonon absorption bands intrin- 
sic to diamond (2650-1500 and 4000-2650 cm!, 
respectively; see figure 10). No absorption was 
apparent in the one-phonon region of the spectrum 
(1500-1000 cm-!). We classified this diamond as a 


GEMS & GEMOLOGY SPRING 2002 


UV-VIS-NIR ABSORPTION 


1.0 


2 
oa 


975 90,N3 4g 
/ 4152 5032 560 


APPROXIMATE ABSORPTION (cm) 


200 


300 400 500 600 700 800 


WAVELENGTH (nm) 


Figure 9. This representative UV-Vis-NIR absorp- 
tion spectrum of the Star of the South, recorded at 
liquid nitrogen temperature and high resolution, 
displays increasing general absorption starting at 
approximately 600 nm, which is responsible for the 
primary brown coloration, as well as a faint broad 
band at approximately 560 nm, which causes the 
pinkish color modifier. Other characteristics are 
peaks at 229.5, 236.0 (N9), and 415.2 (N3) nm, a 
very weak peak at 503.2 (H3) nm, and weak, broad 
bands centered at approximately 375 and 390 nm. 


type Ila as a result of the relative absence of IR fea- 
tures in the one-phonon region of the infrared 
spectrum. However, by expanding the spectrum in 
this region, a minute, broad absorption band was 
observed, located at 1174 cm~!, which relates to 
minute traces of nitrogen in the form of B-aggre- 


Figure 10. The FTIR absorption spectrum of the 
Star of the South reveals the two- and three- 
phonon absorption bands, which are intrinsic to 
diamond (i.e., at 2650-1500 and 4000-2650 cm, 
respectively), but no distinct absorption features 
related to nitrogen impurities. Hydrogen or boron 
impurities were not detected either. 
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gates. Therefore, we further qualified this dia- 
mond as a nominal type Ila. No other traces of 
nitrogen, or of hydrogen or boron, were detected in 
the infrared region. 


Raman Photoluminescence. Overall, the spectra 
recorded on various facets of the diamond did not 
reveal significant variations (table 1). 


He/Cd laser (325 nm). Two dominant photolumines- 
cence systems were apparent (figure 11A): the 415.2 
nm (N38), with a series of broad and progressively 
weaker bands between 420 and 480 nm; and the 503.1 
nm (H3), also with a series of broad and progressively 
weaker bands between 510 and 530 nm. A weak, 
sharp band located at 437.9 nm was superimposed on 
a phonon replica of the N3 system. In addition to 


TABLE 1. Raman photoluminescence of the Star of 
the South diamond recorded at cryogenic temperatures.@ 


Band (nm) Band allocation Description 

He/Cd laser, 325 nm excitation 
350 Faint, broad 
380 Weak, broad 
406.0 Faint, sharp 
415.2 NS Strong, sharp 
437.9 Weak, sharp 
503.1 H3 Moderate, sharp 
535.9 Weak, sharp 
537.4 Weak, sharp 
574.8 (N-V)? Faint, sharp 
575.8 Weak, sharp 

Ar-ion laser, 514.5 nm excitation? 
535.9 Moderate-strong, sharp 
564.3 Faint, sharp 
565.8 Faint, sharp 
566.1 Weak, sharp 
566.5 Weak, sharp 
567.5 Weak, sharp 
569.2 Weak, sharp 
570.4 Faint, sharp 
574.8 (N-V)? Moderate-strong, sharp 
575.8 Moderate-strong, sharp 
600-620 Weak, broad 
630.5 Weak, sharp 
637.0 (N-V)- Moderate-strong, sharp 


@For an explanation of the N3, H3, (N-V)°, and (N-V)- defects, see 
box A of Smith et al. (2000). 

’Depending on the facet analyzed, the following peak ratios and 
FWHM (full width at half maximum) values were obtained: 
575.8/574.8 nm peak ratio = 0.64 to 2.89 
574.8/637.0 nm peak ratio = 0.92 to 2.88 
574.8 nm peak FWHM = 0.87 to 0.58 nm 
575.8 nm peak FWHM = 0.21 to 0.29 nm 
637.0 nm peak FWHM = 0.47 to 0.56 nm. 
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The G.I. A. Pearloscope 


by 


ROBERT M. SHIPLEY, JR. 


The Pearloscope illustrated here 
was designed to furnish a more up- 
to-date and versatile, and at the 
game time less expensive, form of 
endoscope than the French-made in- 
strument which has been used for 
more than twenty years. The new 
instrument was designed by the 
writer and developed by Almer M. 
Newhall, Jr., at the Gemological In- 
stitute’s instrument - manufacturing 
facility, located at Cloverdale, Cali- 
fornia. 

The G.I.A. Pearloscope is a com- 
plete, optical pearl-testing instru- 
ment, designed to embody both the 
double mirror and single mirror 
methods of endoscopic pearl testing, 
plus the provision for “candling” 
necklaces or single pearls. All com- 
ponent parts of the instrument are 
permanently aligned, and it is there- 
fore at all times ready for use, sav- 
ing the time usually spent on setting 
up such equipment. Like the French 
endoscope, it is usable under ordi- 
nary room conditions but its effec- 
tiveness is increased in a darkened 
room. 


Importance of Pearloscope 


For the wholesaler or the retailer 
catering to a discriminating clien- 
tele, the G.1.A. Pearloscope meets a 
very definite need in its special field. 
Not only is it the only available in- 
strument for pearl “candling” but it 
is the only type of endoscope now 
manufactured, older models no longer 
reaching the market. For those who 
are looking for a. reliable time-sav- 
ing means to distinguish natural 
from cultured pearls, it will be a 


welcome addition to their laboratory 
equipment. 
Double Mirror Method 

The needle which most nearly fits 
the drill of the pearl to be tested is 
fitted on the cone below the rotating 
stage. To facilitate insertion of the 
needle, the stage is raised to its top- 
most position by means of the large 
knurled wheel set on the base of the 
instrument. After the needle is in 
place, the knurled wheel is turned 
counter-clockwise to lower the stage, 
allowing the needle to project through 
the hole in the stage. 

The pearl to be tested is slipped 
over the needle, and the light switch 
is set in vertical position. This turns 
on the lamp in the substage, sending 
a powerful beam of light through the 
hollow shank of the needle to a tiny 
mirror, set at 45°, near the top of the 
needle. From this mirror the light 
reflects onto the drill-wall of the 
pearl. A second mirror is set in the 
tip of the needle, also at 45° to the 
shank. The microscope is focused, by 
reflection from the upper mirror, on 
a section of the drill-wall just above 
the spot illuminated from the lower 
mirror. 

The test is made by moving the 
pearl up and down the needle by 
means of the large knurled wheel, 
while observing results through the 
microscope. If the pearl is genuine, 
a definite “flash” of light will be seen 
on the drill-wall when the mirrors 
are at or near the center of the pearl. 
The knurled wheel is calibrated in 
millimeters so that this central posi- 
tion can be verified; readings are 
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Figure 11. Raman photoluminescence spectra of the Star of the South were taken at liquid nitrogen tempera- 
ture for significantly improved sensitivity and spectral resolution. Spectrum A, taken with the helium/cadmi- 
um laser (325 nm excitation), shows two dominant photoluminescence systems, resulting from N3 and H3 
defects, in addition to several other peaks that were also present. Spectrum B, taken with an argon-ion laser 
(514 nm excitation), recorded strong PL bands at 535.9, 574.8 (N-V)°, 575.8, and 637.0 (N-V) nm. Another 
series of weak to moderate PL bands were resolved between 564 and 571 nm. 


these, several other more subordinate PL spectral 
features were present (see figure 11A and table 1). 


Ar-ion laser (514 nm). With this excitation, several 
additional PL features above 530 nm were recorded 
(figure 11B). The 535.9 nm peak and two closely 
spaced, but unrelated PL bands at 574.8 (N-V)° and 
575.8 nm were the most dominant spectral features 
present with this laser. The ratio of the 575.8 nm to 
the 574.8 nm (N-V]° peaks was variable for the five 
measurements taken on different facets. The (N-V)- 
center at 637.0 nm was present in all the spectra. In 
all but one of the spectra, the intensity of the (N-V} 
was weaker than the (N-V)° (also refer to Chalain et 
al., 2000; Fisher and Spits, 2000; Smith et al., 2000). 
The full width at half maximum (FWHM) of the 
(N-V}-, (N-VJ°, and 575.8 nm peaks was also vari- 
able. Several other weaker PL bands were also 
recorded (see figure 11B and table 1). 


DISCUSSION 


When diamonds were discovered during the 1860s 
in South Africa, these hugely prolific finds signaled 
the inevitable end to the Brazilian Era and Brazil's 
status as the world’s primary source of gem-quality 
diamonds. Although today several countries sur- 
pass Brazil in the quantity and value of diamonds 
mined, Brazil still produces an annual average of 
approximately 1 million carats, which includes 
occasional pieces of rough that yield large, high- 
quality faceted diamonds. 
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A number of discrepancies were discovered during 
our search for historical references to the Star of the 
South diamond, notably the weights indicated for 
both the rough gem and the faceted stone. The dis- 
crepancies in the weight of the original rough are easi- 
er to explain, in that it has been reported as either 
2541/2 or just 254 “old” carats, or as 261.24 to 261.88 
when converted to metric carats. In part, this is due to 
differences in “old” carats before this unit of measure- 
ment was standardized in 1914 as 0.2 gram (Liddicoat 
[1993, p. 2.75] provides a list for local variances for 
“old” carats from different trading areas.) However, if 
previous researchers had accessed Dufrénoy (1856, p. 
93), they would have seen the accurate weight in 
grams (52.276), which he calculated to 254'/2 “old” 
carats. The conversion to modern metric carats would 
have been straightforward (261.38 ct}. For the faceted 
gem, Streeter (1882) indicates a weight of 125 “old” 
carats and Bauer (1896) gives the weight as 125/42 
“old” carats; however, most modern references indi- 
cate 128.80 metric carats (the 128.8[0] ct figure 
appears to be a calculated weight, as opposed to one 
that was measured). It is interesting that Shipley 
(1935) came closest to the actual weight when he stat- 
ed 128.5 ct. Considering the measurements indicated 
by Barbot (1858) compared to those taken for this 
study, as well as the “antique” quality of the polish 
and the weight indicated by Shipley (1935), there is no 
evidence to suggest that the diamond has been repol- 
ished. The description of the diamond as an oval by 
some and a cushion shape by others is understand- 
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able, since gemstones with this general shape com- 
monly have an outline that is intermediate between 
an oval and a cushion. 

Other discrepancies were encountered in regard 
to the name “Star of the South.” For both the 
English and Portuguese derivations, we found more 
than one diamond with this name (see, e.g,. Reis, 
1959; Liddicoat, 1993; Balfour, 2000). In English, the 
other Star of the South is a 14.37 ct kite shape that 
was purchased in 1928 by Evalyn Walsh McLean 
(who at the time also owned the Hope diamond) and 
sold by her estate to Harry Winston (Krashes, 1984). 
In Portuguese, a 179.36 ct rough diamond found dur- 
ing 1910 or 1911, also in the Bagagem River, was 
called Estréla do Sul or Estréla do Minas, but nothing 
is known of its ultimate disposition (Reis, 1959). A 
140 ct green piece of rough discovered in Minas 
Gerais in 1937 was christened “New Star of the 
South” (Cassedanne, 1989); again, though, nothing is 
known about the current location of this diamond 
(Reis, 1959). It is not uncommon to encounter such 
potentially confusing information when attempting 
to trace the history of famous gems. However, the 
provenance of the present diamond as the original 
“Star of the South” is well established. 

Diamonds are classified as type Ila based on the 
relative absence of nitrogen-related features in the 
infrared region of the spectrum (1500-1000 cm~) 
when recorded at room temperature (for a general 
discussion of diamond type, see, e.g., Fritsch and 
Scarratt, 1992, pp. 38-39}. However, it is not 
uncommon for such diamonds to reveal minute 
traces of nitrogen-related (and even hydrogen-relat- 
ed) absorption in the ultraviolet and visible regions 
when the spectrum is taken at liquid nitrogen tem- 
perature with a high-quality UV-Vis-NIR or Raman 
spectrometer (see, e.g., Fisher and Spits, 2000; 
Smith et al., 2000). The spectral analyses of the Star 
of the South identified that it is such a nominal 
type IIa diamond. It revealed traces of nitrogen- 
related point defects in very low concentrations 
when analyzed at cryogenic temperatures with UV- 
Vis-NIR and Raman. These included very weak to 
weak absorption bands of H3, N3, and N9 recorded 
in the UV-visible range, as well as very weak to 
strong photoluminescence excitation of the (N-V), 
(N-V)° , H3, and N3 systems with a Raman spec- 
trometer. In addition, we recorded several other PL 
bands that we are unable to assign to specific point 
defects in diamond. 

As a nominal type Ila, most of the properties and 
characteristics of the Star of the South were consis- 
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tent with those of other type Ia diamonds of similar 
color. This includes its large size and the relative lack 
of inclusions, the banded and tatami strain patterns, 
and the essentially featureless spectral trace through- 
out most of the visible and near-infrared region of the 
spectrum, as well as the gradual absorption leading to 
the fundamental absorption edge of diamond at 225 
nm, and the He/Cd and Ar-ion Raman PL spectral 
features. One rather less common trait was the 
strong irregular or cellular strain pattern with distinct 
purple-pink, orange, yellow, green, and blue interfer- 
ence colors. This type of strain pattern is observed 
more often in type Ia pink or brown diamonds. 
However, the authors have noted similar strain on 
occasion in other brown to colorless type Ila dia- 
monds. Also, the blue UV fluorescence seen in the 
Star of the South is more intense than the faint to 
weak blue luminescence evident in some type Ila dia- 
monds (others typically are inert or have a weak yel- 
low—or, rarely, distinct orange—reaction). In addi- 
tion, the pinkish brown color is not a common hue 
in the family of brown type Ia diamonds. 

The primary brown coloration of the Star of the 
South is due to the increase in general absorption 
that begins at about 600 nm and continues into the 
ultraviolet region of the spectrum, whereas the 
weak, broad band centered at approximately 560 
nm is responsible for the pink modifying color. 

Brown type Ia diamonds have received a lot of 
attention recently because it is now known that the 
color of such diamonds may be modified using high- 
pressure/high-temperature annealing (for a review, 
see Smith et al., 2000). Recording spectral data on 
diamonds with a known history that confirms the 
natural, unaltered origin of their color is crucial for 
building a database of natural-color diamonds 
against which diamonds of a questionable origin of 
color can be compared. This helps better establish 
identification criteria for both natural- and treated- 
color type Ila diamonds. 


CONCLUDING REMARKS 


The 128.48 ct Fancy Light pinkish brown Star of the 
South now enters an elite circle of historic diamonds 
for which a full gemological characterization has 
been published. Other diamonds in this group 
include the Hope (Crowningshield, 1989), the 
Dresden Green (Bosshart, 1989; Kane et al., 1990), 
and the Tavernier (Lu et al., 1998). We identified the 
earliest references to this 149-year-old diamond in 
both its rough and cut forms, which clarified several 
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details of its early history, and provided significant 
new information about its more-recent history. In 
addition, we were able to characterize this diamond 
with advanced analytical techniques, such as Raman 
photoluminescence using He/Cd and Ar-ion lasers, 
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NOTES & NEW TECHNIQUES 


IDENTIFICATION OF 
YELLOW CULTURED PEARLS FROM 
THE BLACK-LIPPED OYSTER 
PINCTADA MARGARITIFERA 


By Shane Elen 


Although the Pinctada margaritifera oyster usually is 
associated with the black pearls cultured in French 
Polynesia, it also can produce attractive large yel- 
low cultured pearls, among other colors. An 
absorption feature at 700 nm can be used to sepa- 
rate these yellow cultured pearls from their more 
common counterparts produced in the South Seas 
by the Pinctada maxima. This absorption feature 
previously has been attributed to the presence of 
black pigments, and has been reported as an identi- 
fying characteristic of black cultured pearls from the 
P. margaritifera. An additional absorption feature in 
the UV region, between 330 and 385 nm, is indica- 
tive of natural yellow color in cultured pearls from 
the P. margaritifera. 


ntil the late 1990s, strands of large cultured 

pearls typically were marketed in single col- 

ors of white, yellow, gray, or black 
(Federman, 1999). The white and yellow colors orig- 
inated from the Pinctada maxima oyster, while the 
gray and black came from the Pinctada margari- 
tifera. However, the P. margaritifera can produce 
cultured pearls of many other colors (see, e.g., figure 
1). The introduction and growing popularity of 
strands of multi-colored cultured pearls was a bonus 
for cultivators of pearls from the P. margaritifera 
oyster, as many of the pastel colors previously had 
been considered unusable (Federman, 1998a). Multi- 
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colored strands marketed today may include a mix 
of cultured pearls from the P. maxima and P. mar- 
garitifera (Federman, 1998b) or consist only of cul- 
tured pearls that originate from the P. margaritifera. 
The latter may include several in the following yel- 
low hue range: yellow, greenish yellow, brownish 
yellow, or grayish yellow. This makes some of them 
difficult to distinguish from similar-color cultured 
pearls from the P. maxima. 

Identification of the mollusk species in which a 
pearl was cultured is becoming an important issue 
in the industry. Until recently, it was relatively easy 
to identify freshwater, South Sea, “Tahitian,” or 
Akoya cultured pearls just by size, shape, and color. 
Today, however, there is considerable overlap in 
these once distinctive characteristics from one type 
of cultured pearl to another. Yet guidelines for qual- 
ity grading cultured pearls often vary with the mol- 
lusk species. For example, the acceptable nacre 
thickness for the export of black cultured pearls 
from Tahiti is 0.6 mm (scheduled to change to 0.8 
mm on July 31, 2002; “Pearl thickness controls...’”, 
2001). This would be exceptional for an Akoya cul- 
tured pearl (grown in the Pinctada fucata marten- 
sii), as it would require a culturing period of about 
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Figure 1. As multi-colored 
cultured pearls have become 
increasingly popular, a 
broad range of colors from 
the P. margaritifera—includ- 
ing various yellow hues— 
have arrived in the market- 
place. The strand on the left, 
ranging from 12 to 15 mm in 
diameter, is courtesy of 
Pacific Pebbles, Beverly 
Hills, California. The P. 
margaritifera strand on the 
right, 8 to 11 mm, and the 
15 x 17.82 mm loose cul- 
tured pearl on the right are 
courtesy of King’s Ransom, 
Sausalito, California. The 
14 mm loose cultured pearl 
on the left is courtesy of — 
Assael International. Photo | 
© Harold & Erica Van Pelt. 


four years based on the average annual deposition 
rate of the nacre for this species. Identification of 
the mother oyster is also important for the detec- 
tion of treatments, such as the separation of a dyed 
black Akoya cultured pearl from a natural-color 
black Pteria sterna cultured pearl. Both may be sim- 
ilar in size, shape, and color, but this author has 
observed that only the latter exhibits a strong fluo- 
rescence emission at 620 nm. 

The present study investigates the importance of 
specific absorption features in yellow cultured 
pearls from the P. margaritifera for confirming both 
the origin of the mother oyster and whether the col- 
oration is natural. It also demonstrates the need for 
additional testing to verify natural origin of the 
black coloration when examining gray or black cul- 
tured pearls from the P. margaritifera. 


BACKGROUND 

A striking characteristic of the P. margaritifera shell 
is the presence of white nacre surrounded by black 
to dark green nacre on the interior periphery of the 
shell. This “black lip” enables the oyster to produce 
beautiful black and gray cultured pearls. In some P. 
margaritifera oysters, a layer of yellow nacre can 
occur and may be visible between the central white 
and peripheral black nacre (figure 2). When yellow 
coloration is present, it may not always be visible 
on the interior of the shell but is only revealed 
when the exterior surface is polished. Other P. mar- 
garitifera do not display the characteristic dark 
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green or black peripheral nacre but exhibit yellow 
nacre in their place (N. Sims, pers. comm., 2001), or 
(rarely) they exhibit only white nacre (S. Akamatsu, 
pers. comm., 2001). 

The various combinations of nacre color and 
strong overtones exhibited by the P. margaritifera 
result in a wide variety of cultured pearl colors, 
many of them subdued or pastel in nature. Whether 
natural or cultured, natural-color gray and black 


Figure 2. Although the nacre in most P. margari- 
tifera shells is black or dark green on the periphery 
and white in the center, some exhibit the unusual 
combination of nacre coloration shown here, 
which progresses from white to yellow to black. 
Photo courtesy of Shigeru Akamatsu. 
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Figure 3. This group of 11.5-12.0 mm cultured pearls, 
all from the P. margaritifera, illustrates some of the 
colors tested in this study. Photo by Maha Tannous. 


pearls from this oyster exhibit a characteristic 
absorption at 700 nm (Komatsu and Akamatsu, 
1978). This feature, which has been observed only 
in the P. margaritifera (Miyoshi et al., 1987), is 
often accompanied by two other absorption fea- 
tures, at 405 and 495 nm; however, the 700 nm fea- 
ture is typically the most prominent of the three. 
The feature at 405 nm, also known as the Soret 
band (Britton, 1983), is characteristic of porphyrins 
(Iwahashi and Akamatsu, 1993). Porphyrins are nat- 
urally occurring tetrapyrole pigments, commonly 
referred to as the “pigments of life”; they are among 
the most highly fluorescent compounds in nature 
(Guilbault, 1990; Milgrom, 1997). 

The feature at 700 nm has been attributed to 
black pigmentation present in the P. margaritifera 
(Coeroli, 1993). Several attempts have been made to 
identify the origin of the 700 nm absorption and the 
black pigmentation in this mollusk (Miyoshi et al., 
1987; Blanc and Jabbour, 1988), but none has been 
conclusive. Efforts to consistently identify the pres- 
ence of melanin in P. margaritifera have not been 
successful (Blanc and Jabbour, 1988), because 
melanin (a term used to describe naturally occur- 
ring insoluble polymeric materials that can result in 
red, yellow, brown, or black coloration) does not 
define a specific chemical structure (Britton, 1983). 
It has been suggested that a combination of eumela- 
nin and phaeomelanin (certain classes of melanins) 
might be present (Caseiro, 1993), or that an “unusu- 
al” type of melanin might be the cause (F. Blanc, 
pers. comm., 2001). 

Due to the demand for gray and black pearls, 
some cultured pearls are treated with black dye or 
silver salts, or they are irradiated to produce similar 
colors (Goebel and Dirlam, 1989). These treatments 
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do not produce an absorption feature at 700 nm, so 
its presence is used frequently to verify natural 
black coloration (Kennedy et al., 1994). However, 
this test is unreliable, because it assumes that the 
treatment was not applied to an off-color cultured 
pearl originating from the P. margaritifera. 
Although the Tahitian government has strict con- 
trols on the quality of exported cultured pearls, 
there are other sources of P. margaritifera cultured 
pearls outside of French Polynesia that are not nec- 
essarily subject to the same rigorous standards 
(“Fiji's 1st harvest . . .,” 2001). 

A recent study of yellow cultured pearls from 
the gold-lipped P. maxima demonstrated that an 
absorption feature in the ultraviolet region between 
330 and 385 nm could be used as evidence of natu- 
ral color (Elen, 2001). This characteristic also may 
apply to similar-color cultured pearls originating 
from the P. margaritifera. Currently there are no 
reports of treatments used to improve yellow colors 
from off-colored white and yellow P. margaritifera 
cultured pearls. However, treatments used for the 
cultured pearls from the gold-lipped P. maxima 
(Elen, 2001) could also be applied to cultured pearls 
from the P. margaritifera. 


MATERIALS AND METHODS 


A total of 29 yellow cultured pearls, ranging from 
10.1 to 14.8 mm in diameter, were characterized for 
this study. All were represented as natural color, 
from the P. margaritifera. The colors included light 
and medium yellow as well as light to dark yellow 
modified by green, brown, or gray (see, e.g., figure 3). 
Ten undrilled samples were obtained directly from 
sources in French Polynesia, and the remaining 19 
drilled samples were provided by reputable suppliers 
of cultured P. margaritifera pearls (see “Acknowl- 
edgments”). Only two shell samples of P. margari- 
tifera exhibiting yellow nacre on their interior sur- 
face were available for the study. Light and medium 
yellow nacre samples from these two shells were 
tested in situ. 

Two white and two black P. margaritifera cul- 
tured pearls, as well as two in situ white nacre sam- 
ples from a P. margaritifera shell, were studied for 
comparison with the two yellow P. margaritifera 
nacre samples. 

Inspection of all the P. margaritifera cultured 
pearls using a binocular gemological microscope 
revealed no visual evidence of color treatment. 

For each sample, reflectance spectra were col- 
lected from 250 to 800 nm using a Hitachi 4001 
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UV-Vis spectrophotometer, and fluorescence obser- 
vations were made using a UVP model B100 AP 
long-wave ultraviolet lamp. The reflectance spectra 
were compared with data for similarly colored sam- 
ples of nacre and cultured pearls obtained from P. 
maxima oysters for a previous study, as reported by 
Elen (2001). 


RESULTS: UV-Vis REFLECTANCE SPECTRA 
AND ULTRAVIOLET FLUORESCENCE 


Both yellow P. margaritifera nacre samples exhibit- 
ed a broad absorption from 330 to 460 nm that was 
composed of two features: one in the UV region 
between 330 and 385 nm, and the other in the visi- 
ble from 385 to 460 nm. Only the medium-yellow 
nacre sample exhibited an additional weak absorp- 
tion at 700 nm (figure 4 and table 1). This sample 
fluoresced a moderate greenish brown, and the very 
light yellow shell nacre fluoresced a light yellow. 
The white P. margaritifera shell samples had no 
absorption features in the 330-460 nm region or at 
495 or 700 nm; they fluoresced a strong very light 
yellow. 

As indicated in table 1, the vast majority of the 
P. margaritifera cultured pearls tested exhibited a 
medium to strong absorption feature at 700 nm (fig- 
ures 5 and 6); the exceptions were the two white 
samples and three very light yellow ones. Two of 
the very light yellow samples exhibited a weak 
absorption shoulder at 700 nm, and one did not 
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Figure 4. These reflectance spectra are for white 
and yellow nacre samples taken from the shells of 
P. margaritifera and P. maxima. The spectra for 
respective colors are similar in the 330 to 550 nm 
region, but often differ from 550 to 800 nm. The 
inset vertically expands this region to illustrate 
how the weak absorption feature at 700 nm exhib- 
ited by the darker P. margaritifera sample is dis- 
tinctly different from the broad absorption often 
seen in the P. maxima samples. 


show the feature at all. Sixteen of the 29 yellow 
samples also revealed a medium to strong 495 nm 
absorption feature, and another eight showed a 
weak feature at 495 nm. The fluorescence of all 
these samples ranged from light yellow or light 
brown to greenish yellow, greenish brown, or red- 
dish brown. 


TABLE 1. Comparison of color, fluorescence, and absorption features in yellow, white, and black P. margaritifera 


cultured pearls and nacre. 


Absorption features (nm) % no. of samples 


P. margaritifera Long-wave UV Total no. of 830-385 385-460 330-430 405 495 700 
samples? fluorescence samples or 330-460 
Light to medium Moderate to strong 
yellow and greenish greenish brown, green- 16 16 16 ¢) 0 12 16 
yellow ish yellow, light brown, 
and light yellow 
Light to dark grayish Weak to strong yellow, 9 0) ¢) 9 9 9 9 
and brownish yellow brown, greenish brown, 
and reddish brown 
Very light yellow Moderate to strong 4 4 1 ¢) 6) 3 3 
yellow 
White Strong light yellow 2 6) ¢) ) 0 6) 6) 
Black Moderate reddish brown 2 O ¢) 2 2 2 2 
White shell nacre Strong very light yellow 2 0 ¢) ¢) 6) 6) O 
Yellow shell nacre Light yellow and moderate 2 2 2 ¢) O O 1 


green-brown 


@ All samples are cultured pearls unless designated “nacre.” 
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UV-VIS REFLECTANCE SPECTRA: 
CULTURED PEARLS 
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Figure 5. Reflectance spectra are shown here for 
white and black cultured pearls from the P. margar- 
itifera. The absorption features measured for the 
black sample at 405, 495, and 700 nm are charac- 
teristic of black cultured pearls from this species. 


Of 20 yellow and greenish yellow P. margari- 
tifera cultured pearl samples, 17 exhibited a broad 
absorption from 330 to 460 nm that comprised two 
features (figure 6), similar to those observed in the 
yellow nacre samples (figure 4). The other three in 
this group, which were very light yellow, only 
exhibited a weak absorption in the 330-385 nm 
region. The nine remaining samples, which were 
brownish or grayish yellow, exhibited a single 
broad absorption feature from 330 to 430 nm, or 
330 to 460 nm, with a maximum centered at 405 
nm (figure 6). 

The two black P. margaritifera cultured pearls 
used as reference samples exhibited strong absorp- 
tions at 405, 495, and 700 nm, as well as the broad 
absorption from 330 to 430 nm. These features are 
similar to those observed in some of the grayish and 
brownish yellow samples; however, the black col- 
oration results in a much stronger overall absorp- 
tion (figure 5). The spectra of the two white cul- 
tured pearls were similar to those of the two white 
nacre samples, in that no absorption features were 
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Figure 6. Reflectance spectra for yellow, grayish yel- 
low, and brownish yellow cultured pearls from P. 
margaritifera are compared here with the spectrum 
for a yellow cultured pearl from P. maxima. Note the 
similarity in absorption features in the UV region 
between 330 and 460 nm for the “pure” yellow sam- 
ples, as compared to the grayish and brownish yel- 
low samples. All three P. margaritifera samples 
exhibit the absorption feature at 700 nm, which is 
absent from the yellow P. maxima sample and also 
the white P. margaritifera sample shown in figure 5. 


noted between 330 and 700 nm (figures 4 and 5). 
The black cultured pearls exhibited a characteristic 
reddish brown fluorescence, and the white samples 
fluoresced a strong very light yellow. 


DISCUSSION 


Two distinct reflectance curve patterns were 
observed for the yellow P. margaritifera cultured 
pearls tested in this study. They are defined by dif- 
ferent reflectance characteristics in the ultraviolet- 
to-blue region of the spectrum (figure 6). The first 
was typical for the yellow and greenish yellow 
samples: a broad absorption between 330 and 460 
nm that consisted of two absorption features— 
from 330 to 385 nm and from 385 to 460 nm. The 


TABLE 2. Summary of color and absorption features for cultured pearls from the P. margaritifera and P. maxima. 


Presence of absorption features (nm 
Species Color 330-385 385-460 330-430 405 495 700 
or 330-460 
P. margaritifera White No No No No No No 
P. margaritifera Yellow and greenish yellow Yes Yes No No Frequent Common 
P. margaritifera Brownish and grayish yellow No No Yes Yes Yes Yes 
P. maxima White No No No No No No 
P. maxima Yellow Yes Yes No No No No 
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second distinct pattern was exhibited by samples 
with a grayish or brownish yellow color: a single 
broad absorption feature from 330 to 430 nm, with 
a maximum centered at 405 nm. A third pattern 
showed a single broad absorption from 330 to 460 
nm, also with a maximum centered at 405 nm, but 
it appears to be an intermediate pattern between 
the other two (figure 6). 

The two features between 330 and 460 nm 
observed in 17 of the P. margaritifera yellow cul- 
tured pearls and yellow shell material are consis- 
tent with similar absorption features observed in P. 
maxima natural-color yellow cultured pearls and 
yellow nacre (figures 4 and 6) as part of a previous 
study (Elen, 2001). Specifically, the 330-385 nm 
feature was found in natural-color yellow—but not 
treated-color yellow—cultured pearls from the P. 
maxima. It appears likely that the same zoochrome 
(a naturally occurring pigment molecule found in 
the animal kingdom; Needham, 1974) may be 
responsible for the yellow coloration in both the P. 
margaritifera and P. maxima. Therefore, the pres- 
ence of this UV absorption feature in the spectra 
of yellow pearls from the P. margaritifera should 
indicate natural yellow coloration. Approximately 
one-third of the yellow P. margaritifera cultured 
pearls tested did not exhibit this feature; however, 
these samples tended to be brownish or grayish 
yellow rather than “pure” yellow or greenish yel- 
low (figure 6). 

The fact that two very light yellow P. margari- 
tifera samples—one nacre and one cultured pearl— 
did not exhibit an absorption feature at 700 nm 
indicates that some yellow cultured pearls from this 
oyster do not show this feature. If this absorption is 
due to black pigmentation, as claimed in the litera- 
ture, then its appearance in the (darker) medium 
yellow shell sample is not entirely unexpected. In 
the nacre samples tested, the yellow coloration lies 
between the white and black nacre layers, but is not 
defined by a distinct boundary. The light yellow 
region occurs closer to the white layer, and the 
medium yellow region is closer to the black layer. It 
is, therefore, very likely that the medium yellow 
nacre sample incorporated some black pigmenta- 
tion, which may be responsible for the 700 nm 
absorption. This is contradicted somewhat by the 
fact that some of the light yellow cultured pearls 
tested exhibited quite strong 700 nm absorption fea- 
tures. Further work is required to determine the pig- 
ments responsible for the yellow and black col- 
oration and, especially, whether the absorption at 
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700 nm is directly or indirectly associated with 
either of these pigments. 

The combination of yellow and black nacre also 
may be responsible for producing a dark greenish 
black—rather than black—nacre at the periphery of 
the shell in some P. margaritifera. 

A review of the data collected for yellow P. max- 
ima cultured pearls in a previous study (Elen, 2001) 
shows that about 20% of those samples exhibited a 
very broad absorption feature with a maximum 
occurring either at 695 or 720 nm (figure 4). This 
absorption is extremely broad, unlike the 700 nm 
feature observed in the P. margaritifera samples (fig- 
ure 4 inset and 6). The fluorescence observed for the 
yellow, orangy yellow, and greenish yellow P. maxi- 
ma samples in that same study is similar to the 
reaction seen in the present study for P. margari- 
tifera samples of similar color. It would appear that 
fluorescence criteria used in the previous study for 
separating natural- from treated-color P. maxima 
cultured pearls also might be applicable to P. mar- 
garitifera samples in this hue range. 


CONCLUSIONS 


The UV-Vis reflectance spectrum of a yellow cul- 
tured pearl can establish that it was produced by a 
P. margaritifera oyster and, in conjunction with flu- 
orescence reactions, indicate whether the color is 
natural or was produced by treatment. Specifically, 
those yellow cultured pearls that exhibit an absorp- 
tion feature at 700 nm, often accompanied by one at 
495 nm, can be positively identified as originating 
from the P. margaritifera (see table 2, for a compari- 
son to cultured pearls from P. maxima). However, 
the absence of these features does not necessarily 
exclude P. margaritifera as the source. Another 
absorption feature in the UV region, between 330 
and 385 nm—when accompanied by light yellow, 
greenish yellow, greenish brown, or light brown 
long-wave UV fluorescence—is also indicative of 
natural yellow coloration. 

The feature at 700 nm has been reported previ- 
ously as evidence of natural color in natural or cul- 
tured gray to black pearls from the P. margaritifera. 
However, there is always the possibility that an off- 
color gray or yellow P. margaritifera cultured pearl 
might be treated to produce a black color. 
Therefore, in the absence of other tests, the pres- 
ence of an absorption at 700 nm should be used 
only to provide proof of origin from the P. margari- 
tifera, and not as proof of natural black color. 
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FALL, 


taken with first the top and then the 
bottom of the pearl reflected from 
the upper mirror. If the pearl is gen- 
uine, the light flash will be seen ap- 
proximately halfway between these 
two points. 

Because of structural irregulari- 
ties, one portion of a pearl may give 
a more distinct flash than another. 
By setting the pear! at the mid-point 
and rotating the stage on which the 
pearl rests, all portions of the pearl 
are covered and the flash, if present, 
may be adjusted to maximum bright- 
ness. The flash is sometimes difficult 
to see in a lighted room; therefore 
the instrument functions more effi- 
ciently in partial or total darkness. 
When the switch is in a vertical posi- 
tion, the knurled wheel is illuminated 
so that the calibrated scale may eas- 
ily be read in a darkened room. 


Single Mirror Method 


If no flash is seen, the pearl is as- 
sumed to be cultured. This finding 
may be confirmed by the single 
mirror method. The light switch is 
thrown to its forward position, turn- 
ing off the substage lamp and turning 
on the lamp in the round tower. This 
throws a small beam of light through 
the pearl and onto the top mirror. If 
the pearl is cultured, a definite line 
of separation will almost always be 
seen between the cultured outer layer 
and the mother-of-pearl core. The 
core appears dark with respect to 
the outer layer. If the outer layer 
be very thin, as in cheap cultured 
pearls, careful observation is neces- 
sary. A slight rotation of the plug 
at the top of the light tower to in- 
crease or decrease the intensity of 
illumination will often sharpen the 
contrast between the core and the 
outer layer. When a variable trans- 
former is used, it may be used to 
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control light intensity. However, for 
the double mirror test, the trans- 
former control should be set for 
maximum brightness. 

A genuine pearl may show a dark- 
er layer inside a lighter outer layer, 
but in such a pearl further exami- 
nation usually reveals still other 
layers, usually extending one after 
another to the center. 


Candling 

When a necklace is to be tested, a 
general idea of whether its pearls 
are genuine or cultured may be de- 
termined without unstringing the 
necklace. This is accomplished by 
removing the needle from the sub- 
stage mount and then drawing the 
necklace across the stage so that 
each pearl in turn is in position over 
the intense light beam. A genuine 
pearl will usually give the effect of 
even illumination, often with a defi- 
nite round center shadow. A cultured 
pearl will often show definite straight 
“streaks” resulting from the parallel 
layers of the core. Some operators 
consider this form of candling to be 

(Continued on Page 474) 


SERENDIBITE FROM SRI LANKA 


By Karl Schmetzer, George Bosshart, Heinz-Juirgen Bernhardt, 
Edward J. Gubelin, and Christopher P. Smith 


Two samples of faceted serendibite, a boron-bear- 
ing mineral that is only rarely found in gem quality, 
are described. These samples reportedly were cut 
from rough discovered in secondary deposits of the 
Ratnapura area in Sri Lanka. The bluish green to 
green-blue gems are similar in color, physical and 
optical properties, and chemical composition to 
low-iron-bearing non-gem-quality serendibite from 
various occurrences. These gems may be confused 
with sapphirine and zoisite, but can be identified as 
serendibite on the basis of refractive indices, twin- 
ning, and spectroscopic features. 


gem market with a large number and wide 
variety of gemstones, has in recent years been 
overshadowed by the discovery of comparably pro- 
pitious gem deposits in East Africa and Madagascar. 
Nevertheless, during the second half of the 20th 
century, Sri Lanka yielded rare gem varieties of 
minerals such as dumortierite, ekanite, sinhalite, 
and taaffeite. In the 1990s, yet another new gem 
variety was recovered in Sri Lanka, of the mineral 
serendibite. Although the mineral serendibite was 
first described in 1903, also from Sri Lanka, not 
until 1997 was the first report of a gem-quality sam- 
ple published (Reinitz and Johnson, 1997). 
Serendibite derives from the old Arab name for 
Sri Lanka—Serendib—in recognition of this country 
as the type locality for this mineral. The first 
description of the mineral serendibite was published 
in 1903 by Prior and Coomaraswamy for the boron- 
bearing Ca-Mg-Al-silicate that was discovered in a 
contact zone between granulite and limestone at 
Gangapitiya, near Ambakotte, about 20 km (12 
miles) east of Kandy. This first description, howev- 
er, was the only publication about this mineral from 
a primary (as opposed to secondary) deposit in Sri 
Lanka. The discovery of gem-quality serendibite 


ri Lanka, which for centuries has supplied the 
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from secondary deposits in the Ratnapura area in 
the second half of the 1990s increases the number 
of gems containing essential boron from this island 
(tourmaline, dumortierite, boron-rich kornerupine 
lor prismatine, according to recent mineralogical 
studies], and sinhalite). 

To date, serendibite has been reported from 11 
localities: Sri Lanka (type locality near Kandy}, 
United States (three occurrences}, Russia (two occur- 
rences}, Ukraine, Tanzania, Canada, and Madagascar 
(two localities). At all of these localities, serendibite 
occurs in metasomatic high-temperature calc-silicate 
rocks (skarns}, mostly of granulite facies (Grew et al., 
1990, 1991a,b; Grew, 1996). The occurrence of gem- 
quality serendibite crystals in secondary deposits 
near Ratnapura, Sri Lanka, is consistent with the 
derivation of these gem gravels from granulite-facies 
metamorphic rocks. According to modern mineralog- 
ical examination (see, e.g., Kunzman, 1999), serendib- 
ite is a triclinic Ca-Mg-Al-B-silicate which can also 
contain distinct amounts of Fe?* and Fe**. 

Since 1997, gemologist and gem dealer D. Palitha 
Gunasekera of Ratnapura has reported encountering 
three gem-quality samples of serendibite, weighing 
0.35, 0.55, and 0.56 ct as faceted stones( pers. comm., 
1997-2001). A merchant in Kolonne showed him 
the first (smallest) sample as a 1.25 ct pebble. This 
rough sample was said to originate from 
Ginigalgoda, near Kolonne in the Ratnapura district. 
Mr. Gunasekera submitted the 0.35 ct stone faceted 
from this piece of rough (figure 1) to the GIA Gem 
Trade Laboratory for identification in autumn of 
1996 (Reinitz and Johnson, 1997). It was subsequent- 
ly purchased by one of the present authors (EG) and 
identified independently as serendibite by KS in 
1997, also using X-ray powder diffraction. A review 
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Figure 1. These two stones, both from Sri Lanka, are 
the first faceted serendibites recorded in the gemo- 
logical literature. The sample on the left weighs 0.35 
ct and the one on the right weighs 0.55 ct. 


of the literature did not turn up any other references 
to gem-quality serendibite. 

Subsequent to the identification of the 0.35 ct 
sample, Mr. Gunasekera found what he believed to 
be a second—0.55 ct—sample in a mixed parcel of 
unidentified faceted stones in his possession. This 
stone (again, see figure 1) was purchased by the 
same author (EG) and identified as serendibite on 
the basis of the properties gathered for the 0.35 ct 
sample. Mr. Gunasekera reported that a third 
serendibite recently was found at Mudunkotuwa in 
the Ratnapura district. The 1.24 ct pebble was sold 
to another gem merchant, who cut a 0.56 ct. faceted 
stone from it (D. P. Gunasekera, pers. comm., 2001). 
We were not able to obtain this stone for identifica- 
tion or examination as part of this study. 

In view of this gemstone’s rarity, the authors 
took the opportunity to perform a detailed gemolog- 
ical, chemical, and spectroscopic study of the first 
two available faceted samples. 


MATERIALS AND METHODS 


In addition to the 0.35 ct and 0.55 ct faceted gem- 
stones from Sri Lanka (see again figure 1}, we 
obtained four polycrystalline, non-gem-quality 
serendibite samples in rock matrix from Johnsburg, 
Warren County, New York, for comparison (we 
were not able to obtain any nongem samples from 
Sri Lanka). This second reported serendibite locality 
was described in 1932 by Larsen and Schaller and 
studied later by various authors (e.g., Schaller and 
Hildebrand, 1955; Grew et al., 1991a, 1992). Sub- 
sequent to visual inspection, we obtained the X-ray 
powder diffraction patterns of two small powdered 
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Johnsburg samples using a Gandolfi camera. These 
X-ray data were compared with the diffraction pat- 
tern of the 0.35 ct sample obtained by the same 
technique. 

The two faceted serendibites were tested by 
standard gemological methods for refractive indices, 
fluorescence to long- and short-wave ultraviolet 
radiation, and specific gravity. The optic character 
was determined by observation of the optic axis fig- 
ure with and without the addition of a gypsum 
plate. We used standard microscopic techniques to 
examine the internal features under different light- 
ing conditions, both with and without immersion 
liquids. Both stones also were examined with a 
desk-model spectroscope. 

Qualitative chemical data were obtained by ener- 
gy-dispersive X-ray fluorescence (EDXRF) spec- 
troscopy using a Tracor Northern Spectrace 5000 sys- 
tem. To determine the quantitative chemical compo- 
sition, we used a Cameca Camebax SX 50 electron 
microprobe with traverses of 9 point analyses each, 
measured across the tables of the faceted stones. 

Polarized ultraviolet-visible-near infrared (UV- 
Vis-NIR, 300-2500 nm) absorption spectra were 
recorded using a Perkin Elmer Lambda 19 dual- 
beam spectrophotometer. Because of the small size 
and twinning of the faceted serendibites, as well as 
the unknown orientation of their optic axes, we 
were unable to obtain exactly oriented, polarized 
spectra in all three axial directions. Thus, two polar- 
ized spectra for each sample were taken with the 
incident beam traversing the stones through a 
crown facet and opposite pavilion facet, selected so 
that rotating the polarizer yielded maximum 
pleochroism. A third spectrum was obtained per- 
pendicular to the direction of maximum pleochro- 
ism. In addition, colorimetric data were collected on 
the basis of non-polarized spectra taken in the 
380-760 nm range with a Zeiss MCS 311 multi- 
channel color spectrometer. 

Infrared spectroscopy in the 7000-2000 cm~! 
range was performed in transmission mode using a 
Pye Unicam 9624 Fourier Transform infrared (FTIR) 
spectrometer and a DRIFTS (beam collector) unit, 
with different orientations of the faceted samples. 
Furthermore, minute amounts of powder were 
scraped off the girdle of both gem-quality serendib- 
ite specimens. These microsamples were used to 
prepare 3-mm-diameter KBr pellets (approximately 
0.3 wt.% serendibite powder] for infrared spec- 
troscopy in the mid-infrared range (2000-400 cm“). 

Raman and photoluminescence spectra were 
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obtained with a Renishaw 2000 Raman microspec- 
trometer equipped with a He/Cd laser (excitation in 
the ultraviolet region at 324.98 nm) and an Ar-ion 
laser (excitation in the green region at 514.5 nm). 
Since we were not able to obtain oriented Raman 
and photoluminescence spectra, we did take mea- 
surements on several facets to examine the orienta- 
tion dependency of the Raman and photolumines- 
cence signals. To obtain any Raman bands, we had 
to use high integration times per scan sequence. 


RESULTS 


The X-ray diffraction pattern of the 0.35 ct faceted 
Sri Lankan stone was identical to those of the 
Johnsburg nongem serendibites. The gemological 
properties of the two cut stones are listed in table 1 
and discussed below. 


Gemological Properties. The 0.35 ct serendibite was 
bluish green and the 0.55 ct specimen was green- 
blue (figure 1). Both samples were transparent and 
only slightly included. The dominant wavelengths 
derived with the Zeiss color spectrometer were 
494.8 nm and 489.6 nm, respectively. 

Although we were unable to determine the exact 
orientation of the optic axes relative to the table 
facets, it was evident from the color and the strong 
pleochroism of both specimens that their cuts were 


TABLE 1. Gemological properties of two gem-quality 
serendibites from Sri Lanka. 


Property 0.35 ct 0.55 ct 
Size 4.42 x 3.80 x 2.80 mm 4.98 x 4.95 x 2.72 mm 
Color Bluish green Green-blue 
Pleochroism Strong: Strong: 
Light yellowish green Light yellowish green 
Bluish green Bluish green 
Violetish blue Violetish blue 
Clarity Transparent Transparent 
Refractive indices 
ny 1.696 1.697 
ny 1.699 1.700 
n, 1.701 1.702 
Birefringence 0.005 0.005 
Optic character Biaxial negative Biaxial negative 
Specific gravity 3.43 3.44 


UV fluorescence 
Long-wave 
Short-wave 


Microscopic features 


nert 
nert 


solated twin lamellae, 
partially healed fissure, 
fracture, tiny mineral 
inclusions 


Inert 
Inert 


Polysynthetic twinning 


NOTES AND NEW TECHNIQUES 


Figure 2. Both faceted serendibites showed evi- 
dence of twinning. At 20x magnification, the 0.55 
ct sample reveals two polysynthetically twinned 
areas within untwinned regions. Immersion, 
crossed polarizers. 


oriented differently. In the 0.35 ct sample, the 
strongest pleochroism—light yellowish green to 
violetish blue—was evident in the direction parallel 
to the table facet. In the 0.55 ct sample, the 
strongest pleochroism—also light yellowish green 
to violetish blue—was evident in a direction per- 
pendicular to the table facet. The third pleochroic 
color, observed perpendicular to the directions of 
the strongest pleochroism, was bluish green for both 
samples. Refractive indices and specific gravities are 
summarized in table 1. The samples were inert to 
both long- and short-wave UV radiation. 


Features Observed with the Microscope. Both sam- 
ples showed various forms of twinning. The smaller 
stone contained several isolated small parallel twin 
lamellae; the larger had two areas with polysynthet- 
ic twinning as well as areas free of twinning (figure 
2). In the 0.35 ct sample, both a partially healed fis- 
sure and a nonhealed fracture were encountered. 
Small colorless mineral inclusions also were detect- 
ed in this sample. These inclusions, however, were 
too small for identification with Raman analysis. 


Chemical Composition. EDXRF analysis revealed 
the main components of serendibite (Mg, Ca, Al, and 
Si), minor amounts of Na and Fe, and traces of P, K, 
Ti, V, Cr, Mn, and Ga. The electron microprobe 
results are given in table 2; no obvious chemical zon- 
ing was observed in either sample. The chemical 
composition of these gem-quality serendibites is sim- 
ilar to the composition of sodium-bearing, low-iron 
serendibite from Johnsburg, New York (see table 2). 
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Spectroscopic Properties. UV-Vis-NIR Spectros- 
copy. Both samples revealed a broad, distinctly 
polarized absorption band in the 600—800 nm range 
(figure 3). This band was centered at about 720 or 
700 nm for the directions of the violetish blue and 
bluish green pleochroic colors. A weaker band in 
the 800-900 nm range with a maximum at about 
850 nm (not shown on figure 3) was measured for 
the direction of the yellowish-green coloration. The 


TABLE 2. Chemical composition of gem-quality 
serendibite from Sri Lanka, compared to non-gem- 
quality serendibite from Johnsburg, New York. 


Sample 
Composition 
0.35 ct? 0.55 ct? Johnsburg? 
Oxides (wt.%) 
SiO, 27.18 26.56 25.95 
TiO, 0.02 0.03 0.08 
A\,O, 34.82 34.24 35.31 
B,O, 7.63° 7.55° 7.64 
Fe,0,4 0.84 1.07 0.93 
Cr,O, 0.01 0.02 nd 
V0, 0.02 0.02 nd 
MnO 0.02 0.03 0.03 
MgO 15.43 15.57 15.78 
CaO 13.68 13.79 12.95 
Na,O 1.20 1.23 1.25 
K,O 0.10 0.01 nd 
P.O; 0.03 0.02 nd 
Total 100.98 100.14 99.98 
Cations per 20 oxygens 
Si 3.096 3.058 2.989 
B 1.500° 1.500° 1.520 
Al 1.401 1.440 1.491 
P 0.003 0.002 nd 
Sum Z 6.000 6.000 6.000 
Al 3.272 3.205 3.302 
Fe 0.072 0.093 0.081 
Cr 0.001 0.002 nd 
Vv 0.002 0.002 nd 
Ti 0.002 0.003 0.007 
Mg 2.620 2.672 2.709 
Mn 0.002 0.003 0.003 
Sum Y 5.971 5.980 6.117! 
Ca 1.669 1.701 1.598 
Na 0.265 0.275 0.279 
K 0.015 0.002 nd 
Sum X 1.949 1.978 1.877 


4Flectron microprobe analyses, average of 9 analyses each. 
Electron microprobe analyses (and ion microprobe analyses for 
B,O,) from Grew et al. (1991a). The sample also contained traces 
of Li, Be, and F; nd = not determined. 

°Calculated from B = 1.500. 

9Total iron calculated to Fe,O.. 

“According to the theoretical formula, Ca,(MgAl3)(Al, sSizB ; 5)Oz9- 
‘Also contains traces of Li and Be. 
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UV-VIS-NIR SPECTRA 


Bluish green 0.35 ct 


Violetish blue 


Bluish green 


ABSORPTION COEFFICIENT (cm) 


Light yellowish green 


320 400 $00 600 700 800 


WAVELENGTH (nm) 


Figure 3. These polarized UV-Vis-NIR absorption 
spectra for the 0.35 ct serendibite show strongly 
polarized absorption bands in the 600-800 nm range 
that are responsible for the pleochroism. Weak 
absorption bands also are present between 400 and 
600 nm. The absorption coefficient is approximate. 


strong polarization of this band is almost exclusive- 
ly responsible for the distinct pleochroism of the 
serendibites. In one specific orientation of the polar- 
izer, the strong band in the 600-800 nm range split 
into two maxima at about 660 and 740 nm, possibly 
due to interference with twin plane reflections. A 
number of weak to very weak bands also were 
found in the 400-600 nm range in both samples, 
with maxima at approximately 410, 435, 460, and 
500 nm. The 460 and 500 nm lines were visible 
with the desk-model spectroscope. 


Infrared Spectroscopy. Both faceted samples 
showed several absorption bands in the 3700-3200 
cm! and 2800-2500 cm! areas and an absorption 
edge at about 2200 cm=!, as indicated on figure 4A. 
The strengths and positions of these absorption 
bands in our nonpolarized spectra varied only slight- 
ly for different IR beam traverses through the sam- 
ples. The weak bands at 3695 and 3620 cm! in the 
spectrum of the 0.35 ct sample were not observed in 
the 0.55 ct sample. Thus, they might be caused by 
the minute inclusions observed only in that sample. 
The mid-infrared spectra for the powder micro- 
samples of both specimens (figure 4B) revealed 
virtually identical absorption spectra. The 0.35 ct 
sample exhibited major bands at 975, 811, 608, 537, 
and 489 cm~!. The 0.55 ct sample yielded a set of 
slightly shifted major bands at 965, 807, 608, 537, and 
484 cm7!. Other, minor bands would require reconfir- 
mation by spectra of additional microsamples. 
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INFRARED SPECTRA 


Bluish green 0.35 ct 


ABSORPTION COEFFICIENT (cm~) 


Green-blue 0.55 ct 
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Figure 4. In part A, the infrared spectra of the two gem serendibite samples are shown in the 5000-2000 cm! 
range. The major bands are found in the 3700-3200 as well as in the 2800-2500 cm~ range. The weak bands of 
the 0.35 ct sample at 3695 and 3620 cm“ are probably due to minute mineral inclusions. The absorption coeffi- 
cient is approximate. Part B shows the mid-infrared spectra of KBr pellets containing minute amounts of 
serendibite powder, with the KBr absorption subtracted. The main serendibite absorption bands are in the 


1200-700 cm and 700-400 cm ranges. 


Raman and Photoluminescence Spectroscopy. We 
noted no significant differences in the intensities of 
the weak Raman bands, and only small differences 
in the intensities of photoluminescence bands 
(which actually is not typical for anisotropic miner- 
als), when we tested the samples in different orien- 
tations. A series of faint, broad Raman bands record- 
ed at ambient temperature with the Ar-ion laser are 
illustrated in figure 5. As a result of the low intensi- 
ty of these bands, it is not appropriate to discuss 
them in further detail. 

Although the Raman signals were of low intensi- 
ty, a series of dominant photoluminescence (PL) 
bands were present in the spectra taken with both 
lasers. With the He/Cd laser, we recorded a series of 
PL bands positioned at approximately 1500, 2770, 
and 3870 cm~! Raman shift (calculated to about 
340, 357, and 370 nm; figure 6A). The Ar-ion laser 
exhibited an even more intense series of PL bands 
positioned at 4970, 5005, and 5435 cm! Raman 
shift (calculated to 690, 693, and 715 nm according- 
ly; figure 6B). 


DISCUSSION 


Gem-quality serendibite from Sri Lanka is similar 
in composition to low-iron-bearing serendibite from 
Johnsburg, New York, which also contains small 
but distinct amounts of sodium replacing part of the 
calcium in the idealized formula (table 2). The color 
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of our Johnsburg serendibite samples resembles that 
of the gem material as well. 

The physical and optical properties of these two 
gem serendibites from the Ratnapura area (table 1) 
are in the range of those of low-iron-bearing serendib- 
ites, such as from Johnsburg and Russell, New York 
(Larsen and Schaller, 1932; Grew et al., 1990, 1991a) 
or from Melville Peninsula, District of Franklin, 
Canada (Hutcheon et al., 1977). In detail, the refrac- 
tive indices of the gemstones are somewhat lower 


Figure 5. The Raman spectrum of the 0.55 ct 
serendibite reveals several weak bands in the 1000 
to 300 cm™ range. 
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Figure 6. (A) This 325 nm photoluminescence spectrum of the 0.55 ct serendibite reveals a series of PL bands 
at 340, 357, and 370 nm. (B) The 514.5 nm photoluminescence spectrum of this sample shows PL features at 


690, 693, and 715 nm. 


than the optical properties of low iron-bearing 
serendibites, such as from Johnsburg, New York (2.76 
wt.% FeO, n,=1.701, n,= 1.703, n,=1.706; Larsen 
and Schaller, 1932) or from Melville Peninsula, 
Canada (3.48 wt.% FeO, n,= 1.700, n,= 1.703, n,= 
1.706, Hutcheon et al., 1977). This undoubtedly is 
due to the somewhat lower iron contents of the Sri 
Lankan material. We believe these are the lowest 
refractive indices reported thus far for any serendib- 
ite. Small discrepancies in the properties reported by 
Reinitz and Johnson (1997) on the 0.35 ct sample are 
most probably due to differences in the instrumenta- 
tion used. 

Serendibite is triclinic and belongs to the aenig- 
matite-rhénite group, which has a general formula of 
X,Y,Z,O9. Kunzmann (1999) provides the structural 
formula of serendibite as Ca,(Mg,Al,)(Al, -Siz3B, ;)O50, 
with (Mg,Al,) in octahedral sites and (Al, ,Si,B, <) in 
tetrahedral sites. In general, some Fe** substitutes for 
part of the Mg and some Fe** replaces part of the Al. 
An isomorphic replacement between sodium and 
calcium, coupled with replacement of magnesium by 
aluminum and aluminum by silicon, is also observed 
(see also Machin and Stisse, 1974; Grew et al., 1991a,b; 
Van Derveer et al., 1993; Burt, 1994). Calculating the 
cations of our analyses according to the chemical for- 
mula of serendibite, that is, with 20 oxygen and 1.5 
boron atoms per formula unit, shows that our data are 
consistent with this formula (table 2). 

The absorption bands measured in the visible 
and near-infrared are probably caused by Fe?* and/or 
Fe**+ replacing Mg or Al in octahedral sites of the 
serendibite structure. A detailed assignment of all 
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absorption bands, however, is not possible without 
further research, such as with Méssbauer spec- 
troscopy. The strong photoluminescence in the red 
region observed with the Ar-ion laser is found in the 
range typical for spin-forbidden Cr** absorption and 
emission lines. Thus, the small chromium contents 
found by X-ray fluorescence and microprobe analy- 
sis might be responsible for these lines. 

Two gem minerals that are found occasionally 
with similar color and almost identical proper- 
ties—such as refractive indices, birefringence, and 
specific gravity—might be mistaken as serendibite, 
namely, sapphirine and zoisite. The distinction 
from sapphirine—at least for the low-iron-bearing 
serendibites known to date in gem quality—can be 
made by careful measurement of refractive indices. 
Although the birefringence may be identical for 
sapphirine and serendibite, the refractive indices 
for sapphirine are always slightly above 1.700 
(Fryer, 1985; Kane, 1987). Note, though, that higher 
iron contents in serendibite may cause misleading 
R.I. values. In such a case, identification would 
require additional examination with microscopy or 
spectroscopy. 

The optical properties and specific gravity of 
serendibite and zoisite, on the other hand, show a 
complete overlap. The color of the rare chromium- 
and even rarer vanadium-and-chromium-bearing 
varieties of zoisite from Tanzania (Schmetzer and 
Bank, 1979; Barot and Boehm, 1992) may also be 
quite similar to that of serendibite. Again, a distinc- 
tion may be made on the basis of the lamellar or 
polysynthetic twinning of serendibite, which was 
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also reported as a typical property of non-gem-qual- 
ity serendibite samples from various localities. 
However, spectroscopic features as described for 
the UV-Vis-NIR and infrared ranges, as well as 
Raman and photoluminescence data, are consider- 
ably more reliable for the identification of suspect- 
ed serendibite gems than the standard gemological 
properties cited above. 


CONCLUSION 


The rare gem material serendibite is characterized 
with regard to gemological, chemical, and spectro- 
scopic properties. Gemological properties, such as 
refractive indices, are related to the very low iron con- 
tents of the samples, as shown by microprobe analy- 
sis. Serendibite might be confused with sapphirine 
or zoisite, but refractive indices, twinning, and spectra 
can be used to separate these gem materials 
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Gem Trade LAB NOTES 


DIAMOND 


Color Grade vs. 

Value for Fancy Colors 

When determining the value of a pol- 
ished diamond, the standard practice 
is to place the various factors (i.e., the 
four Cs) on a scale. In most instances, 
one thinks of a scale as progressing 
linearly from one point to another. 
While subtle variations from this con- 
cept exist in grading diamonds in the 
D-Z range, GIA’s color-grading scale 
for fancy-color diamonds is actually 
three-dimensional: It places the dia- 
mond within a range of combined 
tones and saturations so as to provide 
a general understanding of its appear- 
ance in relationship to that of other 
fancy-color diamonds. Typically, such 
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diamonds placed in ranges represent- 
ing stronger color are more highly val- 
ued in the trade. However, since there 
is more than one grading category for 
fancy-color diamonds with substan- 
tial color, questions have been raised 
as to which of these grades is most 
“valuable.” 

In 1995, GIA introduced enhance- 
ments to its system for color grading 
colored diamonds (see J. King et al., 
“Color grading of colored diamonds in 
the GIA Gem Trade Laboratory,” 
Winter 1994 Gems & Gemology, pp. 
220-242). Since then, clients frequent- 
ly have asked whether a Fancy Intense 
(a bright, strong color) is “better” than 
a Fancy Deep (a deep, rich color) or 
vice versa. The two blue diamonds in 
figure 1 illustrate the complexity of 


Figure 1. Fancy-color grades describe ranges of tone and saturation 
associated with the overall face-up appearance of the diamond. The 
2.18 ct emerald cut on the left was graded Fancy Intense blue, whereas 
the 2.47 ct diamond on the right was graded Fancy Deep blue. The satu- 
rated color appearance of both diamonds makes it difficult to justify 
objectively valuing one of these grades more than the other. 
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this issue. The diamond on the left is 
in the range described as Fancy 
Intense, whereas the one on the right 
is described as Fancy Deep. In our sys- 
tem, we describe these two grades as 
having similar strength of color and 
varying only in tone (lightness to dark- 
ness). Fancy Intense describes colors 
that are moderate to light in tone and 
moderate to strong in saturation, 
whereas Fancy Deep describes colors 
that are moderate to dark in tone and 
moderate to strong in saturation. To 
say one is “better” or “worse” is a 
matter of personal preference. Such an 
example supports the importance of 
judging each colored diamond on its 
visual merits and not solely on its 
color grade. John M. King 


With Eclogitic Inclusions 

While examining a 1.55 ct oval dia- 
mond, we noticed an unusual inclu- 
sion that appeared to be a bicolored, 
rounded, euhedral crystal. One half of 
the inclusion was bluish green, and 
the other half was brownish yellow 
(figure 2). The two color portions were 
each analyzed with a laser Raman 
mMicrospectrometer. The results 


Editor's note: The initials at the end of each item 
identify the editor(s) or contributing editor(s) 
who provided that item. Full names are given for 
other GIA Gem Trade Laboratory contributors. 


Gems & Gemology, Vol. 38, No. 1, pp. 80-84 
©2002 Gemological Institute of America 


SPRING 2002 


Figure 2. The “bicolored” inclu- 
sion in this diamond actually 
consists of a bluish green 
omphacitic pyroxene (left) and a 
brownish yellow almandine- 
pyrope garnet (right) that are in 
direct contact. Stress fractures 
and graphitization developed 
around the pyroxene, but not 
the garnet. Magnified 45x. 


showed that the bicolored crystal was 
actually two different minerals: 
omphacitic pyroxene (bluish green) 
and almandine-pyrope garnet (brown- 
ish yellow). The two minerals evi- 
dently grew in close contact, so they 
had the appearance of a single bicol- 
ored crystal. 

Raman analyses of additional 
inclusions in the diamond identified 
more omphacitic pyroxenes, some in 
the form of triangular platelets (figure 
3). This morphology is rare in dia- 
mond, and could be due to xenomor- 
phism in the crystallization process. 
Additional almandine-pyrope garnet 
inclusions also were identified. 
Pyroxene and garnet are the main 
mineral constituents of eclogite, a 
rock type that is sometimes diamond 
bearing and is commonly thought to 
form during subduction of the earth’s 
crust into the deep mantle. Also iden- 
tified was a rutile crystal that was in 
direct contact with a pyroxene inclu- 
sion. Rutile is also common in eclog- 
ite, and the occurrence of all three 
minerals in a single diamond is very 
uncommon. Further studies of these 
inclusions could reveal useful infor- 
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Figure 3. Some of the pyroxene 
inclusions in the diamond 
formed triangular platelets, 
which is unusual. Magnified 63x. 


mation about the environment in 
which the diamond crystallized. 
Another interesting feature of this 
diamond is the fracturing and/or 
graphitization that developed around 
the largest pyroxenes. When a dia- 
mond forms in the earth’s mantle, the 
volume of a particular inclusion is the 
same as the space that it occupies in 
the diamond. However, during trans- 
port of the diamond to the surface, 
differential expansion between the 
inclusions and the host diamond 
occurs in response to decreasing pres- 
sure and temperature. Due to this 
expansion, the volume of the inclu- 


Figure 4. This 0.48 ct diamond 
revealed numerous large, white- 
appearing inclusions—three 
with laser drill holes—together 
with a number of smaller red- 
dish brown crystals. 
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sions could increase more than the 
host diamond. If the stress exceeds 
the tensile strength of diamond, then 
a fracture/cleavage, and sometimes 
graphitization, occurs around the 
inclusion. Pyroxene expands more 
than garnet as pressure decreases; this 
explains why the pyroxene inclusions 
have stress fractures and the garnets 
do not, even when they are in direct 
contact (again, see figure 2). The 
Raman peaks of the garnets were 
shifted to slightly higher wavelengths 
compared to garnet at ambient pres- 
sure, which indicates that the garnet 
inclusions were under pressure. 
However, there was evidently not 
enough stress exerted on the host dia- 
mond to cause it to fracture. 

Wuyi Wang and Vincent Cracco 


With a Large Void 


In March of this year, a 0.48 ct mar- 
quise brilliant (figure 4) was submitted 
to the East Coast lab for a full grading 
report. With magnification, we ob- 
served four large, white-appearing 
inclusions, three of which had laser 
drill holes connecting them to the sur- 
face. The fourth inclusion (figure 5) 


Figure 5. Although initially this 
large white feature appeared to 
be a crystal with feathers, it is 
actually a void that was created 
when a mineral inclusion was 
dissolved away. The reddish 
brown crystals near it were 
identified as chrome spinel by 
Raman analysis. Magnified 68x. 
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Figure 6. The opening of the void 
is apparent in reflected light as a 
dark circular area. Note that the 
opening is too small for the crys- 
tal to have simply fallen out of 
the diamond. Magnified 63x. 


appeared to be surface reaching, with a 
small portion touching the table facet. 
In the vicinity of this fourth inclusion 
were a number of small reddish brown 
crystals, similar in shape to the much 
larger inclusions. 

What was unusual about this dia- 
mond was that the large inclusion 
touching the surface, after closer 
scrutiny, turned out to be a void. The 
apparent contact point at the surface 
was actually a small opening (figure 6), 
which enabled us to examine the 
inside of the larger void. Growth mark- 
ings on the inside walls suggested that 
at one time a crystal filled this space. 
The walls also appeared very clean, 
with no foreign material present. 

Since voids do not occur naturally 
in diamond, and the opening was too 
small for a larger crystal to have fallen 
out, the most logical reason for the 
unusual feature is that a mineral inclu- 
sion was totally dissolved when the 
diamond was immersed in acid follow- 
ing laser drilling. Vaporization with a 
laser, another possibility, would have 
left some residue on the walls, which 
we did not see. Because the void was of 
similar shape, and in close proximity, 
to the smaller reddish brown crystals, 
one could assume that the original 
crystal was of the same composition. 
Laser Raman microspectrometry iden- 
tified the reddish brown crystals as 
chrome spinel. 

In the trade, hydrochloric and sul- 
furic acids typically are used on 
lasered stones. However, these acids 
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would not be sufficient to dissolve 
spinel crystals. Perchloric acid could 
dissolve such inclusions, but it is 
rarely used because it is extremely 
dangerous. Aqua regia is another acid 
used by the trade (Ivan Pearlman, S & 
I Drilling, pers. comm., 2002); it is 
composed of one part nitric and three 
parts hydrochloric acid. This acid mix- 
ture would also readily dissolve 
chrome spinel and, therefore, accom- 
plish the task that the laser operator 
set out to do: make the dark-appearing 
inclusions less obvious to improve the 
apparent clarity of the diamond. 
Vincent Cracco and Wuyi Wang 


GENTHELVITE: 

A Second Occurrence 

In the Fall 1995 issue of Gems & 
Gemology (pp. 206-207), we reported 
on what was, to the best of our knowl- 
edge, the first example of a faceted, 
gem-quality genthelvite. The 0.33 ct 
stone, illustrated in that Gem News 
entry, was described as purplish red- 
brown. Genthelvite, Zn,Be,(SiO,),S, 
forms a solid-solution series with both 
danalite and helvite. 

It was therefore of great interest 
when Luciana Barbosa, of the Gemo- 
logical Center in Belo Horizonte, 
Brazil, submitted an 8.16 ct emerald 
cut for identification that she believed 


Figure 7. This 8.16 ct orange- 
red emerald cut is only the sec- 
ond example of gem-quality 
genthelvite that the laboratory 
has seen. 
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to be genthelvite. Not only would 
this be significantly larger than the 
first stone we saw, but it was also an 
attractive orange-red (figure 7). This 
gem material is very difficult to iden- 
tify, because its gemological proper- 
ties are indistinguishable from those 
of pyrope-almandine garnet. Accurate 
identification requires chemical and 
X-ray diffraction analyses. 

The gemological properties of the 
8.16 ct stone were almost exactly the 
same as those obtained on the gen- 
thelvite examined in 1995: singly 
refractive, R.I—1.742, §.G.—3.67, inert 
to both long- and short-wave UV radia- 
tion, and a visible absorption spectrum 
matching that of pyrope-almandine 
garnet. With the microscope, several 
fractures could be seen along with 
some angular growth features. 

Chemical analysis using energy- 
dispersive X-ray fluorescence (EDXRF) 
spectroscopy showed a significant 
concentration of zinc along with sili- 
con and sulfur, as expected for gen- 
thelvite. Also detected were small 
amounts of iron and manganese. 
Beryllium and oxygen cannot be 
detected by this instrument. 

This chemical composition, cou- 
pled with the X-ray diffraction pattern, 
proved that this 8.16 ct stone was 
indeed another genthelvite. SFM 


JADEITE Carving: Assembled, 
Dyed, and Impregnated 
Because of its high desirability in fine 
qualities, jadeite jade historically has 
been subjected to many different pro- 
cedures to improve its appearance. 
Dyeing has been carried out for cen- 
turies. An ingenious method seen in 
the 1960s involved hollowed-out 
cabochons that had been “jelly filled” 
(see M. L Ehrmann, “A new look in 
jade,” Spring 1958 Gems & Gemolo- 
gy, pp. 134-135, 158). Today, “bleach- 
ing” of surface-reaching fractures fol- 
lowed by impregnation, sometimes 
using a colored substance, is the 
jadeite treatment seen most frequent- 
ly in the GIA laboratory. 

The carved pendant shown in fig- 
ure 8 provides a recent example of the 
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Principal Crystal Forms 


of Gemstones 
I—The Cubic (Isometric) System 


by 
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With this issue Gems & Gemology 
presents the first of a series of color 
plates illustrating the principal crys- 
tal forms exhibited by gem mate- 
rials. The forms portrayed are the 
more common isometric ones. 

Isometric (cubic) crystals con- 
trast sharply with those of minerals 
belonging to the other systems in 
that they are usually neither greatly 
elongated nor flattened. As a matter 
of fact, they are found in no less 
than fifteen different geometric 
shapes (crystal forms). Of the fif- 
teen forms possible in the isometric 
system, the only ones frequently en- 
countered among gem materials are 
the cube, octahedron, dodecahedron, 
and trapezohedron, either alone or 
in various combinations. These are 
illustrated on Plate V of this issue, 
as follows: : 

Fluorite (C) consists of two large 
and two small cubes, Diamond and 
pyrite are commonly found in the 
shape of a cube. Most crystals con- 
sist of two or more forms modifying 
each other. The modification consists 
usually of a beveling of the edges, or 
a truncating of the corners of the 
major form present. 

Cuprite crystal (A) is essentially 
an octahedron, a form consisting of 
eight equilateral triangular faces. It 
is modified by having each of its 
twelve edges beveled by the twelve 
faces of the dodecahedron. The octa- 


hedron is one of the most frequently 
encountered crystal forms of dia- 
mond; and is the basis of the dia- 
mond brilliant. 

Cuprite crystal (D) is an example 
of the dodecahedron, a twelve-sided 
form, each face of which is rhombic, 
or diamond-shaped. Both garnet and 
diamond are found in this form. 

Analcite crystal (B) is a trapez- 
ohedron consisting of twenty-four 
faces; each a trapezium. It is a form 
often exhibited by garnet. However, 
garnets are more often found with 
this form in combination with the 
dodecahedron. 

The garnet, indeed, is one of the 
important gemstones in the cubic 
system, Plates VI and VII convey 
some idea of its color range in gar- 
net, in both the rough and finished 
state. . 

Chemically, this gem exhibits such 
variability that the term “garnet” is 
regarded as a group name embracing 
several species — pyrope, almandite, 
grossularite, spessartite, and andra- 
dite. Rhodolite, an intermediate be- 
tween almandite and pyrope, is 
sometimes also regarded as a distinct 
species. h 

Although we usually associate a 
particular color with each of the 
various garnet species, there is a 
considerable and, in some cases, an 
extreme variation in color among 
specimens of a given species. Andra- 
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Figure 8. This attractive jadeite 
carving (37.48 x 15.19 x 11.85 
mm) was dyed, impregnated, 
and assembled. 


resourcefulness that goes into en- 
hancing the appearance of jadeite. At 
first glance, this carving was not par- 
ticularly suspicious. However, when 
it was observed with 10x magnifica- 
tion, color concentrations could be 
seen in very fine surface-reaching 
fractures. Examination with a desk- 
model spectroscope revealed the 437 
nm band that is indicative of jadeite, 
as well as a broader band from 630 to 
670 nm, which confirmed the presence 
of dye. When, as has now become rou- 
tine for jadeite, we checked for impreg- 
nation using an infrared spectrometer, 
the spectrum revealed a band centered 
at 2900 cm, which indicates the 
presence of a polymer (see E. Fritsch et 
al., “Identification of bleached and 
polymer-impregnated jadeite,” Fall 
1992 Gems & Gemology, pp. 
176-187). The dye was probably 
mixed with the polymer before the 
piece was impregnated. 
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Figure 9. The X-radiograph con- 
firmed that the jadeite carving 
in figure 8 was assembled, with 
the joint showing up as a dark 
diagonal line. 


The most notable feature, though, 
was seen with further microscopic 
examination: a “seam” following the 
length of the carving that appeared to 
be some type of adhesive. When this 
seam was exposed to long-wave UV 
radiation, it fluoresced blue, as is 
characteristic of many epoxies. An X- 
radiograph (figure 9) revealed a dark 
line that diagonally traversed the 
carving, proving that it actually was 
composed of two pieces. It did not 
appear to be a repair, but rather a 
well-executed assemblage. 

To confirm that the peaks we 
observed in the infrared spectra were 
indeed from the polymer impregna- 
tion and not from the “glue” holding 
the two pieces together, we obtained 
another spectrum from a carefully 
isolated area on the bottom of the 
carving. The result was similar to the 
first infrared spectrum, thus confirm- 
ing that the jadeite was impregnated 
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as well as assembled. Although 
undoubtedly done to deceive an 
unwary buyer, this assemblage was 
very convincing. TM 


Coated Natural PEARLS 


In March, the West Coast laboratory 
received an elaborate pair of white 
metal ear clips that featured what 
appeared to be brilliant-cut diamonds 
and two partially drilled oval “pearls” 
(figure 10) for a pearl identification 
report. The pearls, which measured 
approximately 11.5 x 10.5 mm, 
appeared to be very well matched in 
size and luster. However, we noticed a 
few small areas on the backs of both 
that were slightly rough to the touch. 

Closer examination of these areas 
with strong overhead illumination and 
10x magnification revealed a slightly 
“pitted” surface. Focusing on the most 
prominent area at higher magnifica- 
tion, we noticed that parts of the top 
and underlying layers were missing, 
which was responsible for the pitted— 
almost cratered—appearance (figure 
11). The exposed underlying layers 
appeared to be semi-translucent and 
showed the densely packed suture 
lines that are characteristic of nacre 
formation. We also noticed a few pol- 
ishing lines as well as polishing drag 
lines originating from the rims of the 
“craters.” The top layer was transpar- 
ent and also showed a few polishing 
lines. However, we could not resolve 
any structural characteristics in that 
layer. This indicated that it was not 
nacre, but rather a transparent foreign 
material that had been applied to the 
surface of the pearls. To determine the 
stability of this layer, we checked the 
surface with the tip of a needle. Only 
after some pressure had been applied 
did the needle leave a small indenta- 
tion similar to that typically left on 
plastic-coated materials. 

Previous experience with similar 
types of coatings has shown that they 
were stable during routine testing. 
Therefore, we continued with X- 
radiography to determine the origin of 
the pearls. The X-radiographs showed 
the structural characteristics of natu- 
ral pearls. On the basis of our exami- 
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Figure 10. The 11.5 x 10.5 mm pearls in these ear clips proved to be natu- 
ral, but they had been coated with a transparent plastic-like substance. 


nation with magnification and the X- 
radiographs, we concluded that these 
were natural pearls that had been 
coated and subsequently polished. In 
addition, we were able to measure the 
thickness of the surface coating with 
a special table gauge: It averaged 
approximately 0.1 mm. KNH 


Figure 11. At 15x magnification, 
the pits on the pearls had an 
almost crater-like appearance. 
Note the polishing lines extend- 
ing from the rim of the crater 
and the apparent transparency 
of the coating. 
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Spinel in Heat-Treated 

Blue SAPPHIRE 

The West Coast laboratory recently 
studied a most unusual heat-treated 


Figure 12. Numerous dendritic 
inclusions of varying size—iden- 
tified as spinel by Raman analy- 
sis—have formed along a parting 
plane in this blue heat-treated 
sapphire. Such inclusion patterns 
could easily be mistaken as evi- 
dence of a natural, unheated 
stone, although they are 
undoubtedly a result of the treat- 
ment process. Magnified 20x. 
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sapphire. Examination of the 1.04 ct 
stone with a gemological microscope 
and a fiber-optic illuminator not only 
showed evidence typical of heat treat- 
ment—such as diffused color zoning, 
ruptured inclusions, and pits with 
heat-damaged surfaces—but it also 
revealed parting planes that were dec- 
orated with numerous dendrites of an 
unknown light-to-dark green material 
(see figure 12). The grayish green color 
and transparency were observed only 
in the larger dendrites. The dendrites 
showed no pleochroism or birefrin- 
gence, which suggested that they 
were singly refractive. 

Some of the dendrites had been 
polished on edge and exposed on the 
surface during faceting. Laser Raman 
microspectrometry of one of these 
very small exposed surfaces revealed 
that the dendrites were spinel. 

This immediately brought to mind 
the discovery and subsequent analysis 
in 1989 by Dr. Henry Hanni, director 
of the SSEF Swiss Gemmological 
Institute (Basel, Switzerland), of den- 
dritic spinel inclusions in association 
with a glass component in a heat-treat- 
ed ruby (“Behandelte Korunde mit 
glasartigen Fiillungen,” Zeitschrift der 
Deutschen Gemmologischen Gesell- 
schaft, Vol. 35, No. 3/4, 1986, pp. 
87-96). Dr. Hanni concluded that 
these inclusions had resulted from the 
treatment process. On the basis of that 
work and our recent discovery of den- 
dritic spinel inclusions in a heat-treat- 
ed blue sapphire, it appears that we can 
expect to see these features occasional- 
ly in both rubies and sapphires. Since 
such spinel dendrites are rarely 
encountered, however, it is important 
to know of their existence and espe- 
cially to be able to recognize them as 
products of heat treatment. They 
should not be mistaken for, or inter- 
preted as, natural inclusions. 

John I. Koivula and Maha Tannous 
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GEM NEWS International 


SPECIAL REPORT 


A New Corundum Treatment from Thailand. In December 
2001, these authors learned of a new type of heat treatment 
being done in Thailand that purportedly could change the 
abundant light pink sapphire from Madagascar to a beauti- 
ful “padparadscha” color. At the time, treaters said only 
that the stones were being heated in an oxygen atmosphere 
and they believed the process was new and revolutionary. 
Subsequently, we were told by Ken Scarratt, of the 
AGTA Gemological Testing Center (AGTA-GTC], and 


Figure 1. A new corundum treatment is being done 
in Thailand to produce the colors seen here 
(0.43-1.09 ct). Although the earliest colors seen from 
this process were orangy pink to orange and orangy 
red, more recently we have also seen yellow sap- 
phires. The starting material consists of various col- 
ors, including pink, colorless, light green, and dark 
purple-red. Photo by Maha Tannous. 
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other colleagues that in addition to the pink Madagascar 
material, green sapphire from Songea (Tanzania), and even 
old stocks of Thai ruby were involved. When, in early 
January, we had our first opportunity to examine some of 
these stones, it was clear that more than one type of corun- 
dum was being treated by this process. By that time, 
gemologists had noted that many of these stones were dif- 
ferent from the heat-treated corundum we typically exam- 
ine, which gave rise to the belief that there was more to the 
“heat” treatment than was being disclosed. 


Examination of Treated Samples. Our initial research 
involved the examination of 48 stones treated by this pur- 
portedly new process. Pala International of Fallbrook, 
California, kindly loaned GIA 27 of the treated sapphires, 
all faceted, which they had recently obtained in Thailand. 
Shortly afterward, we received from D. Swarovski and Co. 
of Austria an additional 16 treated sapphires—10 faceted 
and six preforms. They reported that the 10 faceted sam- 
ples were provided by Metee Jungsanguansith of World 
Sapphire in Chanthaburi, Thailand, who (according to 
Swarovski) is one of the key people involved in this pro- 
cess. At the same time, five corundums that appeared to 
have been treated in a similar manner were submitted to 
our New York laboratory for identification. Of these 48 
samples, six were orange, 35 were pinkish orange to orangy 
pink, and seven were orangy red to red-orange (see, e.g., fig- 
ure 1). The samples ranged from 0.34 to 3.53 ct, with most 
1-2 ct. Four of the six orange stones were purported to orig- 
inate from Songea, while the origin of the orangy red to red- 
orange stones is unclear at this time. All the other samples 
were reportedly from Madagascar. 

The gemological properties of these stones were, for the 
most part, typical for corundums of these colors. There 
were only minor variances from the norm. For example, 
the orangy red stones had slightly elevated refractive 
indices (1.766-1.774) and an abnormally strong iron absorp- 
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Figure 2. Many of the sapphires 
treated by this new process 
have surface-related color zon- 
ing that is visible when they 
are immersed in methylene 
iodide. The 1.55 ct stone on the 
left shows an orange layer over 
a pink core. The 1.80 ct stone 
on the right shows a yellow 
layer over a near-colorless core. 
Photomicrographs by Shane F. 
McClure; magnified 10x. 


tion in the desk-model spectroscope. The R.I. measure- 
ments were consistent when taken on several facets of the 
same stone. With magnification, most of the stones 
showed evidence of high-temperature heat treatment in the 
form of altered and heat-damaged inclusions. In fact, there 
was evidence that the temperatures being used were even 
higher than normal; for example, zircon inclusions, which 
usually survive the heat treatment process, were destroyed 
in these samples. 

Soon after reports of this new treatment appeared, it 
was noted that the orange color did not go all the way 
through many of these stones (see, e.g., Web sites 
www.agta.org/consumer/gtclab/orangesapphirealert.htm, 
www.palagems.com/gem_news.htm). Most of our samples 
also revealed evidence of a surface-related color when they 
were immersed in methylene iodide and examined over 
diffused light with a microscope. In fact, 36 of the stones 
showed a distinct orange color layer following the faceted 
shape of the stone over a pink central core (see, e.g., figure 
2). In many of these, the layer was only near the surface, 
penetrating just 10%-20% of the stone, with an appear- 
ance similar to that produced by diffusion treatment in 
blue sapphires (see, e.g., R. E. Kane et al., “The identifica- 
tion of blue diffusion-treated sapphires,” Gems & 
Gemology, Summer 1990, p. 117—figure 2). In several of 
the stones, however, the color layer extended deeper than 
any diffusion treatment we had seen in the past. In fact, in 
a few samples the layer penetrated more than 50% of the 
distance to the center of the stone, with one extending 
approximately 80%. Immersion also showed the presence 
of small spotty blue zones in the cores of the orangy red to 
red-orange stones. 

Five of the pinkish orange to orangy pink samples dis- 
played uneven coloration, but either did not have a sur- 
face-related color zone or the zone was very indistinct. 
One showed alternating bands of orange and pink in a 
hexagonal pattern. Another was mostly orange with small 
areas of yellow. 

Only four of the 48 stones, all orange, had the same 
color throughout. These four were represented as being 
Songea sapphires that were originally green. 

Although the near-surface, facet-related orange layer 
evident in many of these stones was very similar to the 
color zoning seen previously in diffusion-treated stones, we 
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observed none of the other identifying characteristics of dif- 
fusion: There was no higher relief in immersion, patchy 
surface color, or concentration of color at facet junctions. 

We performed a quick color stability test on one pink- 
ish orange sample by heating the stone in the flame of an 
alcohol lamp and then comparing it to a control sample of 
the same color. We observed no change in the color 
appearance of the test sample. 


Advanced Testing. All the surface diffusion-treated stones 
we have studied to date have shown an abnormal concen- 
tration of the color-producing metallic ion used in the diffu- 
sion process, such as titanium or chromium, at or near the 
surface. With this in mind, we performed energy-dispersive 
X-ray fluorescence (EDXRF) qualitative chemical analysis 
on the surface of five of the above samples. Three were pre- 
forms that were sawn in half (with the sawn surfaces then 
polished) and also analyzed by electron microprobe at 
Rutgers University in New Brunswick, New Jersey. Neither 
of these techniques revealed the abnormal chemistry that 
we would expect from diffusion-treated material. 

Dr. John Emmett, president of Crystal Chemistry in 
Brush Prairie, Washington, suggested that very low concen- 
trations of some light elements, such as magnesium, could 
diffuse easily into corundum at high temperatures and pro- 
duce this kind of color change. These elements are below 
the detection limits of the instruments mentioned above, 
so we turned to two more-sensitive techniques: laser abla- 
tion-inductively coupled plasma—mass spectrometry (LA- 
ICP-MS) and secondary ion mass spectrometry (SIMS). For 
both of these procedures, we started with the three sawn 
preforms that were used for the microprobe analysis. 

LA-ICP-MS, performed at Boston University, revealed 
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trace amounts of Mg, Ti, V, Cr, Ni, and Ga that in almost 
all cases gradually decreased in concentration from the 
outside rim of the stones to the center. However, none of 
these elements showed a direct, consistent relationship to 
the surface-related color zones. 

LA-ICP-MS is one of the most sensitive analytical tech- 
niques in chemistry, particularly for “heavy” elements (i.e., 
those with high atomic weights) such as platinum, gold, 
and uranium. However, it is not always accurate for “light” 
elements such as lithium, beryllium, and boron. 

SIMS analysis is very sensitive to both light and heavy 
trace elements, because the “background” (interference 
from other charged particles of the same or similar mass- 
es) is close to zero. We therefore had SIMS analysis per- 
formed at Evans East Analytical Laboratory in East 
Windsor, New Jersey. 

The SIMS results proved quite interesting (table 1). 
Although some chemical variation from the rim to the 
center was detected for all the elements analyzed, the 
most pronounced variation was seen in beryllium. In fact, 
SIMS consistently recorded 20 to 30 times more Be near 
the surface than in the center of each of the three samples. 

The SIMS results strongly suggest that Be was diffused 
into the crystal structure of the corundum from the sur- 
face. These data also indicate that other elements are enter- 


ing the corundum to a lesser degree. The diffusion may be 
occurring as a collateral effect of the heating process and 
the “packing chemicals” used, or it may be the result of 
directly adding a Be feed source during the heating process. 
Beryllium atoms are relatively light in atomic weight and 
small in size. Furthermore, although Be can combine with 
oxygen, it does not do so by forming an anion species— 
such as (SiO,,}*- or (BO,}*—which would significantly limit 
the diffusion speed and thus the diffusion distance within a 
given time. For these reasons, it is possible for beryllium to 
migrate readily into the corundum at high temperatures. It 
should be noted, however, that we do not know of any 
instance where Be is a chromophore in corundum or any 
other gem material. The presence of Be may simply be an 
indication of a more complex chemical reaction that is tak- 
ing place to cause the change in color. 


Recent Developments. These results, most of which 
were published in the January 28 and February 15, 2002, 
issues of the biweekly GIA Insider (see www.gia.edu/ 
news/ViewlIssue.cfm?volume=4&issue=5#2), prompted 
two of the authors (SFM and TM) and Ken Scarratt of the 
AGTA-GTC to travel to Bangkok in early March. With 
the cooperation of the Thai Gem & Jewellery Traders 
Association, we held several discussions with dealers and 


TABLE 1. Summary of trace-element composition analyzed using SIMS (in ppm weight).? 


Material Sample no. Color Position Na Mg K Ca Cr Ga Be 
Corundum 39402 Orange Rim 0.04 132 0.05 1.55 As) 89.8 276 
Pink idpoint 0.06 128 0.04 1.26 Mo oo 26.4 
Pink Center 0.04 92.0 0.02 0.81 664 49.9 Aone) 
39403 Orange Rim 0.63 154 0.66 8.36 373 144 462 
Pink-orange idpoint 0.39 96.5 0.32 1.38 242 77.0 107 
Pink Center 0.28 83.7 0.26 2.09 206 59.0 27.8 
39404 Orange Rim 3.46 146 4.24 7.98 697 137 452 
Pink idpoint 0.84 97.8 1.35 1.90 473 25.1 26.2 
Pink Center 0.59 72.3 0.74 1.18 333 Mo 26.8 
45002 Orange Rim 0.60 151 0.91 1.86 1122 125 229 
(treated half) 
45031 Pink Rim 0.04 125 0.04 1.22 744 77.4 22.8 
(untreated half) 
45082 Pink Rim 0.75 Zs) 0.40 Zeta 2136 143 479 
Center 8.79 181 5). (As) 2.30 1814 93.8 31.5 
45032 Orange Rim 0.58 106 1.18 2.18 1705 123 291 
Center 1.80 96.6 4.75 1.50 1363 82.9 466 
45033 Orangy red Rim 0.24 93.3 0.27 sane) 1798 66.5 36 
Center 0.31 90.9 0.35 0.95 1809 64.6 313 
45035 Yellow Rim 4.20 28.6 6.07 0.96 144 181 402 
Center 1.05 36.6 1.66 0.69 13.2 197 458 
Crucible 45100 = Inner surface 66.9 944 3.33 675 289 83.8 4610 
= Outer surface 117 2217 Oral 702 138 HSS) Sa 


a The elements Na, Mg, K, Ca, Cr, and Ga were quantified using ion-implanted reference materials and their concentrations should be accurate within 
+25% (10). Beryllium was quantified using calculated relative sensitivity factors, and its concentration should be accurate within +200% (10). An ion- 
implanted Be standard has recently been created to increase the accuracy of these data. 
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treaters from Bangkok and Chanthaburi, and obtained 
dozens of additional samples. 

As of mid-April, we had performed SIMS analyses on 
seven additional samples (see, e.g., table 1). (For details on the 
characteristics of these samples, see the GIA Insider, April 19: 
www.gia.edu/news/ViewIssue.cfm?volume=4&issue=9. } 
With one exception, all of the treated corundums had ele- 
vated Be levels. The one exception was a blue stone with 
no surface-related color zoning. We had this blue stone test- 
ed because it was represented as having been heated in the 
same crucible as stones that developed a surface-related 
color zone. SIMS revealed very little Be in either the rim or 
the core. Most significant were the analyses of two halves 
of a single stone, only one of which was treated by this new 
method (figure 3). The SIMS results showed approximately 
10 times more Be in the treated half than in the untreated 
half. Greater amounts of Na, Mg, K, Ca, Cr, and Ga were 
also present in the treated portion, although the increases 
over the concentrations recorded in the untreated half were 
not as significant. 

In an attempt to track down the source of the berylli- 
um, we obtained SIMS analyses on a fragment of a ceramic 
crucible that was used to hold stones that were treated by 
this new method. Compared to the sapphires, the crucible 
showed much higher concentrations of Na, Mg, K, Ca, and 
in particular, Be (~4,000 ppm). In fact, the Be concentration 
of the crucible was approximately 10 times higher than 
the highest concentration detected in the treated sap- 
phires. We are currently trying to acquire an unused cru- 
cible to see if the Be is inherent to the crucible. 

In Bangkok, we learned that many different colors of 
sapphire, including blue, can be treated by this new method 
in the same crucible at the same time, and a variety of dif- 
ferent colors will be produced. Some of these stones will 
develop surface-related color zones, others will develop a 
new color throughout the entire stone, and still others will 
not change at all. Although we do not fully understand the 
reason for this, we suspect it is related to the variable chem- 
istry of the individual stones. The fact that many colors can 
be produced in the same crucible seems to be the underly- 
ing reason why those performing this treatment feel it can- 
not be a diffusion treatment as they know it: When they 
intentionally do “diffusion treatment,” all of the stones in 
one crucible would emerge as basically the same color. 


Discussion and Conclusion. Although we do know that 
high temperatures are involved, currently we do not know 
the exact treatment method(s) being used. However, the 
fact that the coloration may not extend through the entire 
stone is a significant issue for the gem trade. When a com- 
ponent of a stone’s color is confined to a relatively shallow 
surface layer, there is always a danger that the color of the 
stone may change if it has to be recut. For example, 
according to William Larson of Pala International, a 2.69 ct 
emerald cut examined for this study originally had a large 
“window.” When the stone was recut in an attempt to 
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Figure 3. The right half (0.87) of this pink sapphire 
from Madagascar was treated by the new process. The 
surface-related orange zone that was developed in the 
treated half significantly changed the sapphire’s color 
appearance as compared to the untreated 0.86 ct half 
on the left. Photo by Elizabeth Schrader. 


reduce the window, the color became more pink than 
orange: Most of the orange color layer was removed from 
the pavilion during recutting (figure 4). 

According to the Academic Press Dictionary of 
Science and Technology (C. G. Morris, Ed., Academic 
Press, San Diego, CA, 1992), one definition of diffusion is 
simply “the movement of individual atoms through a 
crystal lattice.” We cannot dispute that some kind of dif- 
fusion is taking place in these stones, since we know of 
no other mechanism that can create these distinct, sur- 
face-related color layers in faceted corundum. At this 
time, however, we question whether this new treatment 
should be classified in the same category as the surface 
diffusion-treated stones we reported on in the past. If only 
because of the distinct differences between the two, it 
may be necessary to separate them in some manner. 
However, we do not believe we have enough information 
at this time to make that judgment. 

What we do know is that the mechanism behind the 
color change in these stones appears to be extremely com- 


Figure 4. This 2.69 ct treated sapphire was recut in 
an attempt to improve its appearance. As seen here 
in immersion, much of the surface-related color 
zone on the pavilion was removed, which resulted 
in a significant change in the face-up color of this 
emerald-cut sapphire. Photomicrograph by Shane F. 
McClure; magnified 10x. 
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plex. It is not simply heat treatment or diffusion treatment 
as either has been described in the past. There are definite- 
ly elements entering the corundum during the treatment 
process, but it is not clear what effect these elements are 
having on the color of the sapphires. It is not even clear 
what the source of these elements is: the crucible, the 
local environment (such as the oven), a chemical flux, or 
perhaps even other materials such as beryl or chrysoberyl 
heated together with the corundum. 

It is likely that the extreme temperatures being used are 
causing reactions that are not well documented in the sci- 
entific literature or have not been documented at all. We 
will continue to research the process with different tech- 
niques and greater numbers of samples so that the industry 
can fairly and accurately disclose the nature of the treat- 
ment to consumers. 


Terminology of Laboratory Reports. The AGTA-GTC, GIA 
Gem Trade Laboratory, Gtibelin Gem Lab, and SSEF Swiss 
Gemmological Institute agreed that it was imperative to 
devise a unified disclosure policy to address this matter. The 
four labs formulated a terminology and disclosure policy for 
those color varieties of corundum that reveal evidence of 
heat treatment and have a surface-related orange color layer, 
as described above. There are two parts to the agreed-upon 
declaration policy. The first concerns the use of the name 
padparadscha, and the second concerns the actual wording 
given on the laboratory report. 


1. Those labs that typically apply the variety name pad- 
paradscha to sapphires that display an orangy pink to 
pinkish orange face-up appearance will not apply the 
name to these treated stones. 


2. All reports for these treated sapphires will include the 
following statements: 
Species: Natural Corundum 
Variety: Treated (Orange) Sapphire 
Comments/Treatments: Indications of heating. 


The orange coloration of this stone is confined to a sur- 
face-related layer. 


If new information becomes available concerning the 
nature of the treatment, it may be necessary to amend this 
policy. 


Shane McClure, Thomas Moses, Wuyi Wang, 
Matthew Hall, and John I. Koivula 
GIA Gem Trade Laboratory, New York and Carlsbad 


AUTHORS’ NOTE: At press time, we were informed by 
Yianni Melas of Swarovski and Co. that they have been try- 
ing to recreate this new treatment in an effort to understand 
the process and help alleviate the confusion surrounding it. 
Swarovski scientists Arno Recheis and Thomas Rauch, 
under the leadership of Dr. Wolfgang Porcham, have suc- 
ceeded in reproducing yellow-to-orange colors in sapphire by 
adding chrysoberyl to the crucible during high-temperature 
heat-treatment experiments. 

Mr. Melas explained that the parcels of yellow sapphire 
rough he purchases for Swarovski in Madagascar may con- 
tain as much as 30%-40% chrysoberyl. He added that since 
all the stones in these lots are waterworn pebbles, and some 
of the chrysoberyls are virtually the same color as the sap- 
phires, it is difficult to readily separate the two materials. It 
is possible, therefore, that the process was discovered origi- 
nally by the accidental inclusion of chrysoberyl in a crucible 
of yellow sapphire during heat treatment. 

To date, Swarovski scientists have run five experiments 
with five stones treated in each experiment. Blue, yellow- 
green, and dark red corundum from Songea was used, as 
well as pink sapphire from Madagascar. Mr. Recheis report- 
ed that the blue material turned yellow but varied in tone 
from light to dark. He also said that the yellow-green turned 
yellow, the dark red turned orangy red, and the pink turned 
orange. They intentionally treated these stones so that the 
colors extended all the way through. As a result, they did 
not produce any with the pinkish orange color associated 
with surface coloration. 


; TUCSON 2002 


The 2002 gem shows in Tucson, Arizona, provided an 
amazing diversity of gem materials—some from new 
localities—and included several interesting conferences 
and symposia. Both public and private meetings were held 
to discuss hot topics such as the new Thai heat-treated 
orange and “padparadscha”-like sapphires (see Special 
Report above) and the controversy over alleged links 
between tanzanite and the al Qaeda terrorist network. 
Reports on some of the gem materials seen at Tucson are 
presented here, along with a selection of conferences. 
Additional items seen at the Tucson shows will appear in 
the Summer 2002 GNI section. 
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CONFERENCE REPORTS 


Highlights of the Tucson Diamond Symposium. The 
Tucson Diamond Show sponsored three panel discussions 
on synthetic and HPHT-treated diamonds (February 7), 
diamond cut (February 8), and changes in the diamond 
pipeline (February 10). 

The seminar on synthetic and HPHT-treated diamonds 
featured Dr. James Shigley of GIA Research, Christopher 
Smith of the Giibelin Gem Lab, Alex Grizenko of Lucent 
Diamonds, Charles Meyer of Lazare Kaplan International, 
Martin Haske of Adamas Laboratories, and Jewelers 
Vigilance Committee general counsel Cecelia Gardner. Mr. 
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Grizenko said that producers of synthetic diamonds would 
continue to improve and change their processes, making 
identification more difficult. These products will have their 
place in the market, he added, so the industry should not 
fear them. Mr. Smith reviewed various detection proce- 
dures for HPHT-treated and synthetic diamonds, and Mr. 
Haske maintained that some of the detection work could 
be accomplished by instruments specially built for the pro- 
cess. Dr. Shigley reviewed GIA research on synthetics, 
much of which has been published in Gems e&) Gemology 
over the past 15 years, and said that work on HPHT-treated 
diamonds was ongoing, as GIA continues to build a 
database. Ms. Gardner told the audience that, regardless of 
the material, the burden of disclosure ultimately falls on 
the retail jeweler, so it is the retailer’s responsibility to 
learn and understand about treatments and synthetics. 

The diamond cut panel included Charles Meyer, Peter 
Yantzer of the AGS Diamond Grading Laboratory, Dr. Iene 
Reinitz of GIA Research, Leon Cohen of Codiam, and David 
Federman representing Eight Star Diamond. Mr. Meyer led 
off the discussion with the comment that a quantifiable cut 
standard is required to protect the consumer and help hold 
diamond value. He acknowledged that there may never be a 
“definitive opinion on what makes a beautiful diamond, but 
we do need a recognized standard.” Dr. Reinitz and Mr. 
Cohen stressed that specific facets, often overlooked in pro- 
portion analyses, were extremely important. “Every facet 
matters,” said Dr. Reinitz, although GIA research has found 
that the lower girdle facets are particularly important: 
“Light coming into the crown is three times more likely to 
hit a lower girdle facet than a pavilion main.” Mr. Cohen 
also argued that facets must be aligned as perfectly as possi- 
ble because they act as mirrors. 

Noting that interest in diamond cut has grown tremen- 
dously, Mr. Yantzer indicated that 8,000 Web sites address 
the subject. He said recent studies have validated the 
expertise of diamond cutters in deriving the most beauty 
from a round brilliant diamond, and noted that “Ideal” 
proportions have evolved over the years to yield greater 
fire and brilliance. Mr. Federman told how devices such as 
the Fire Scope and Hearts and Arrows viewers in Japan 
provided an easily understood, observable way to deter- 
mine that a diamond was well cut. All the panelists agreed 
that cut evaluation was progressing to a system based 
more on actual “performance”—especially with regard to 
fire and brilliance—than on a single set of proportions. 

The discussion on changes in the supply pipeline fea- 
tured Youri Steverlinck of the Diamond High Council in 
Antwerp, Joe Landau of Joseph Landau Inc., Phoenix gem 
dealer Gary Wright, Ben Janowski of Janos Consultants, 
and this contributor. According to Mr. Janowski, diamond 
prices will become more volatile and retailers will be faced 
with slimmer inventories, which means fewer choices for 
consumers. De Beers Diamond Trading Company (DTC) 
sightholders will continue to ally themselves with large 
retailers, resulting in the disappearance of some mid-sized 
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chains. Synthetics could be a “major problem” to the 
industry, he noted, even with detection measures in place, 
because they could destroy the mystique of diamonds. 

The contributor of this GNI entry said that a world 
without DTC domination would not bring massive dia- 
mond sell-offs and cataclysmic price declines as predicted 
by some writers. The major producers will keep a certain 
order to the market even without old-style De Beers custo- 
dianship. Mr. Steverlinck predicted that new manufacturing 
centers, particularly in China and Eastern Europe, will bring 
an excess of production capacity that will increase competi- 
tion among diamond centers. De Beers will probably reduce 
its $200 million generic diamond advertising campaigns, 
because its market share has declined to about 60%. 

Noting that diamond margins continue to fall, Mr. 
Landau told the audience that “respect” has to be rebuilt 
in diamonds through quality initiatives, branding, and cre- 
ative packaging so consumers feel they are getting some- 
thing special. Mr. Wright, however, countered that the 
biggest problem in the industry was “Conflict of Interest” 
diamonds, those that diamond companies sell direct to 
Internet dealers or even to consumers on their own Web 
sites, thus undermining margins. 

Russell Shor 
GIA, Carlsbad 
russell.shor@gia.edu 


8th Symposium on the Gems and Minerals of Afghanistan. 
On February 9, this symposium provided a comprehensive 
look at the current status of the gem and mineral industry 
of Afghanistan. The goal was to formulate plans for 
research, mining, and marketing these commodities in a 
way that would provide employment, foreign currency, and 
tax revenue to the people and government of Afghanistan. 
About 20 participants and observers were present; this 
report provides a summary of the formal presentations. The 
symposium was organized by Gary Bowersox (GeoVision 
Inc., Honolulu, Hawaii); for more information, visit 
www.gems-afghan.com/8-symposium. 

In his introduction, Mr. Bowersox emphasized that min- 
ing gems and minerals can offer immediate benefits to 
Afghanistan by providing jobs and foreign currency, while 
promoting peace. Gems & Gemology editor Alice Keller 
then reviewed the importance of this country as a source of 
fine emerald, tourmaline, aquamarine, and other gem min- 
erals. Engineer Mohammed Es’Haq (Panjshir, Afghanistan) 
provided an informative assessment of the political and mil- 
itary situation. Although optimistic about the future, he is 
concerned that foreign and domestic rivalries could under- 
mine peace efforts. Mir Waees Khan (Jegdalek Ruby Corp., 
Peshawar, Pakistan) outlined the status of the ruby and sap- 
phire mines at Jegdalek, where most work has been sus- 
pended until the political and military situation improves. 

After showing a new film called “The Gem Hunter in 
Afghanistan” (see review in this issue), Mr. Bowersox 
described how his exploration in 2002 will focus on the 
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central Asian region—concentrating on Tajikistan if condi- 
tions do not allow access to Afghanistan. Dr. Larry Snee of 
the U.S. Geological Survey (Denver, Colorado) described 
the resources available from his organization for training 
geologists and performing a mineral resource assessment of 
Afghanistan and neighboring countries. High-resolution 
satellite-based mapping can now be used to identify miner- 
als on the surface and delineate geologic terranes that are 
promising for mineral exploration. Derrold Holcomb 
(ERDAS Inc., Atlanta, Georgia) provided further details on 
the capabilities of these remote-sensing techniques, with 
case studies illustrating how minerals, rock types, and tec- 
tonic features are mapped from satellites (figure 5). Gary 
Clifton, a geologist from Coleville, California, discussed 
ways of funding gem exploration activities in Afghanistan. 


Figure 5. This image map of Afghanistan’s Panjshir 
Valley region (northwest of the emerald mines) was 
made with imagery from the United States’s new 
U.S. ASTER satellite. The sensor captures 14 wave- 
length ranges (or bands) in the visible, near-infrared, 
short-wave infrared, and thermal spectral regions. 
Selected specifically to aid in mineral exploration, 
these bands can reveal mineral signatures at a reso- 
lution of 15 m per pixel. The green areas are vegeta- 
tion along the rivers. The white areas in the center of 
the image are clouds. Courtesy of Derrold Holcomb. 
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Figure 6. This amethyst crystal cluster and gem- 
stone (12.96 ct) come from eastern Afghanistan. 
Courtesy of Jack Lowell; photo by Maha Tannous. 


Gemological presentations at the 23rd Annual FM-TGMS- 
MSA symposium. “Minerals of Africa” was the theme of 
this year’s symposium organized by the Friends of 
Mineralogy, Tucson Gem & Mineral Society, and the 
Mineralogical Society of America. Abstracts of the talks 
were published in the Mineralogical Record (Vol. 33, No. 1, 
pp. 75-82). Four presentations included gem minerals. 

Chris Johnston (Omaruru, Namibia) reviewed the 
recent discoveries of aquamarine, jeremejevite, and other 
minerals in the Erongo Mountains of central Namibia. He 
warned of realistic fakes that are difficult to detect and well 
executed by gluing crystals to matrix. Alexander Falster 
(University of New Orleans, Louisiana) explored the com- 
position of gem-quality yellow, green, and colorless “ortho- 
clase” feldspar from Itrongay, Madagascar. X-ray diffraction 
analysis of several samples obtained in Madagascar in 2001 
showed they were sanidine, rather than orthoclase. Dr. 
Karen Webber (University of New Orleans) discussed the 
composition of gem tourmaline from three pegmatite areas 
in Madagascar. Samples studied from the Antandrokomby 
mine were elbaite, whereas those obtained from the 
Anjanabonoina mine and the Fianarantsoa district were lid- 
dicoatite. Dr. William “Skip” Simmons (University of New 
Orleans) and Dr. Federico Pezzotta (Museo Civico di Storia 
Naturale, Milan, Italy) described the occurrence and com- 
position of rhodizite-londonite from Madagascar; gem-qual- 
ity material is known from the Antsongombato and 
Tetezantsio pegmatites. 


COLORED STONES 

AND ORGANIC MATERIALS — 
Amethyst from Afghanistan. Jack Lowell (Colorado Gem & 
Mineral Co., Tempe, Arizona) showed GNI editor Brendan 
Laurs some attractive amethyst that was mined recently in 
southeastern Afghanistan (figure 6). The material was being 
sold in Tucson by Haleem Khan (Hindu Kush Malala Gems 
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& Minerals) and Farman Ullah (Rocks & Minerals Co.}, 
both of Peshawar, Pakistan. They reported that the Afghani 
deposits were discovered in mid-1999 at two localities, 
Makur (or Maquar) and Zarkishan (or Zarkashen), in the 
Koh-I-Suleman range. The local people drill and blast for the 
amethyst, but there is little systematic mining or modern 
equipment. The rough is sold to local distributors in the vil- 
lage of Ali Khail near Makur, and then is taken to Peshawar 
for international distribution. Mr. Khan said that crystals 
weighing up to 8 kg have been found, and he estimated that 
the total production from both deposits is 25,000 kg, with 
5% being gem-quality. As of April 2002, Mr. Lowell had 
obtained 750 carats of the faceted amethyst, in sizes ranging 
from approximately 3 to 21 ct. 


Fossilized “Stingray” coral. Mark Castagnoli of Placer Gold 
Design, Vancouver, Canada, had some interesting fossilized 
coral at the King’s Ransom booth in the AGTA show. The 
material debuted at the JCK show in 2001. According to 
Mtr. Castagnoli, this extinct coral of the genus Favosites is 
from the Silurian period (i.e., 408-438 million years ago). 
So far, a few kilograms have been recovered from just one 
area of an ancient reef that is exposed in the intertidal zone 
of a remote island off the coast of Alaska’s Prince of Wales 
Island. Fossilized Favosites from the Prince of Wales area 
have been documented by S. M. Karl et al. (“Reconnaissance 
geologic map of the Duncan Canal/Zarembo Island area, 
southeastern Alaska,” U.S. Geological Survey Open-File 
Report 99-168, 1999; see http://wrgis.wr.usgs.gov/open- 
file/of99-168/PDF/of99-168-pamphlet.pdf). 

Mr. Castagnoli chose this trade name because the mate- 
rial (figure 7) reportedly resembles the patterns shown by the 
skin of a stingray. The distinctive cellular structure consists 
of white to gray or blue-gray cells that are outlined in black 
(see figure 7, inset). Each cell originally contained a coral 
polyp, which was separated from neighboring polyps by a 
thin wall. Similar fossil corals that have been used in jewelry 
contain larger cells (see, e.g., R. V. Dietrich, Gemrocks: 
Ornamental & Curio Stones, http://www.cst.cmich.edu/ 
users/dietrlrv/gemrx.htm, accessed March 28, 2002). 
“Stingray” coral is being used principally as inlay in men’s 
accessories such as rings, tie tacks, and cufflinks. 


Canadian emerald discovery in the Yukon. In September 
1998, emeralds were discovered at Regal Ridge (also 
known as the “Crown showing”) in the Finlayson Lake 
area of southeastern Yukon Territory (61°17’N, 130°35’W). 
The deposit was found by geologists working for 
Expatriate Resources, who were exploring for base metals 
in the area along the Tintina fault. Preliminary reconnais- 
sance of the deposit was encouraging, and in summer 2001 
the first mechanized prospecting was performed by True 
North Gems Inc., Vancouver, Canada. True North has an 
option with Expatriate for 50% ownership of the property 
in exchange for a US$1.1 million work commitment over 
five years. This contributor, a consultant for True North, 


GEM NEWS INTERNATIONAL 


Figure 7. “Stingray” coral is a new gem material from 
Alaska. Distinctive patterns are created by its cellular 
structure (see inset). The polished slab in the center 
measures 6.1 x 3.6 cm; photo by Maha Tannous. Inset 
photomicrograph by John I. Koivula; magnified 10x. 


showed rough and cut emeralds from the exploration work 
to GWG editors in Tucson. Representatives of True 
North—Bernard Gaboury and Brad Wilson—also provided 
information for this report. 

The Regal Ridge emerald occurrence encompasses a sur- 
face area of approximately 900 x400 m, with a depth down 
to 100 m. The emeralds occur in sulfate-tourmaline zones 
in altered chlorite-mica schist adjacent to quartz veins, and 
rarely within the veins (see L. A. Groat et al., “Canadian 
emeralds: Geology, mineralogy, and origin of the Crown 
showing, southeastern Yukon,” Canadian Mineralogist, 
manuscript accepted 2002). At least eight such veins, up to 
1 m thick, have been identified. The best emeralds are a sat- 
urated bluish green with high clarity (figure 8); Groat et al. 
report average values of 3,208 ppm Cr and 171 ppm V from 


Figure 8. This emerald (0.11 ct) was cut from mate- 
rial recovered in the course of near-surface explo- 
ration activities at Regal Ridge in the Yukon 
Territory, Canada. Courtesy of True North Gems 
Inc.; photo by Brad Wilson. 
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Figures (A) and (D) are crystals of cuprite coated with 
malachite, from Chessy, France. (A) shows an octahedron modified 
by dodecahedron faces. The crystal (D) is a combination of an 
octahedron and cube. The trapezohedron (B) is a crystal of analcite, 
Seiser Alps, Tyrol. Although occurring in transparent colorless 
yellowish, reddish and greenish crystals it lacks sufficient durability 
for gem purposes. The blue fluorite (C) shows excellent twinning 
in the form of interpenetrating cubes. Fluorite, occurring in a 
wide range of attractive colors, is widely used for ornamental objects 
but lacks the durability necessary for common gem use. 


PLATE V 


Figure 9. These three andesines (1.04 to 8.95 ct) are 
reportedly from a new find in the Democratic 
Republic of Congo. Courtesy of Laurent Sikirdji; 
photo by A. Cossard. 


electron microprobe analyses of 25 samples. Most of the 
stones faceted so far are small (i.e., less than 0.25 ct); the 
largest faceted stone is 0.50 ct, and the largest cabochon 
weighs 2.08 ct. The small stone sizes are thought to result 
from the breakage of the near-surface material during sea- 
sonal freeze-thaw cycles in the arctic environment. Intact 
crystals of significant size are anticipated in the permafrost 
zone, below about 10 m depth. 

Five faceted emeralds (0.09-0.14 ct) from Regal Ridge 
were loaned to GNI by True North. Standard gemological 
properties were obtained by GIA’s Elizabeth Quinn: R.I— 
n,=1.587-1.591, n,=1.579-1.584; birefringence— 
0.007—0.008; S.G.—2.70-2.76; and inert to long- and 
short-wave UV radiation. Cr absorption lines were seen 


Figure 10. Several parallel, lath-like groups of 
minute reflective inclusions are responsible for the 
schiller-like effect in andesine from the Democratic 
Republic of Congo. Photomicrograph by E. Fritsch; 
magnified 30x. 
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with a desk-model spectroscope. These properties are con- 
sistent with emeralds from other localities, although the 
RI. values are relatively high (i.e., comparable to emeralds 
from Zimbabwe, Zambia, and Madagascar; see R. 
Webster, Gems, 5th ed., Butterworth-Heinemann, Oxford, 
England, 1994). 

Microscopic examination of these samples by John I. 
Koivula revealed minute black crystals (possibly 
chromite); slightly rounded, brassy yellow crystals (possi- 
bly pyrite); near-colorless crystals with the appearance of a 
carbonate; two- and three-phase inclusions (some with 
birefringent solid phases); and color and growth zoning 
that formed a partial hexagonal pattern when viewed par- 
allel to the optic axis. Groat et al. identified the following 
mineral inclusions in their samples: calcite, chalcopyrite, 
molybdenite, phlogopite, pyrite, quartz, tourmaline, and 
zircon; also chromite, scheelite, and other minerals were 
identified within tiny cavities in their samples. 

Regal Ridge is Canada’s first potentially commercial 
emerald deposit. True North is continuing its evaluation 
program with surface and bulk samples in summer 2002. 

William Rohtert 
Hermosa Beach, California 
william.rohtert@gte.net 


Red andesine feldspar from Congo. In Tucson, Dr. Laurent 
Sikirdji of Saint-Ismier, France, had some attractive red 
feldspar from Africa that resembled red labradorite from 
Oregon (see, e.g., C. L. Johnston et al., “Sunstone 
labradorite from the Ponderosa mine, Oregon,” Winter 
1991 Gems # Gemology, pp. 220-233). He was told by his 
contact (who wishes to remain anonymous) that the source 
is actually a new find in the Democratic Republic of 
Congo. This contributor examined three stones (figure 9), 
ranging from 1.04 to 8.95 ct. 

The red color is irregularly distributed, and some areas 
are almost colorless. There was no hint of green, as is 
sometimes seen in Oregon labradorite. R.I. values were 
1.551 and 1.560, with a birefringence of 0.009. According to 
these values, the composition of these plagioclase samples 
falls in the range of andesine (slightly less than 50% anor- 
thite component), rather than labradorite. The optic sign 
was biaxial negative, and the specific gravity was 2.67. The 
stones were very weakly pleochroic, with one of the red 
colors being slightly more orangy than the other. 

The stones fluoresced a weak to medium orange to 
long-wave UV, which was strongest in the zones with the 
least color. When they were exposed to short-wave UV, 
there was a weak red emission with an even weaker blue 
surface-related luminescence. 

All three stones contained the same inclusion scene: 
many parallel, lath-like groups of very small, reflective 
inclusions (figure 10), causing a schiller-like effect. These 
are presumably copper platelets, by analogy with the 
Oregon material. Some twin planes also were seen. 

A visible-range spectrum of the 1.04 ct sample in ran- 


Gems & GEMOLOGY SPRING 2002 


dom orientation revealed increasing absorption from about 
700 nm toward the ultraviolet, which is probably due to 
light scattering by copper platelets causing the schiller. On 
this was superimposed a moderately broad band with an 
apparent maximum at about 565 nm; this has been attribut- 
ed to absorption by copper particles that are too small to 
scatter light, as is observed in “ruby” glass and red 
labradorite from Oregon (see A. N. Hofmeister and G. R. 
Rossman, “Exsolution of metallic copper from Lake County 
labradorite,” Geology, Vol. 13, 1985, pp. 644-647). EF 


Fluorite from Afghanistan. A new source of attractive 
gem-quality green-to-blue fluorite has been found near 
Kandahar, Afghanistan. One of the dealers selling the 
material in Tucson was Mohammad Khan of M. K. Gems 
& Minerals, Stanton, California. He reported that the 
deposit was discovered in 2001, and estimated that more 
than 100,000 carats have been faceted so far from about 
200 kg of gem-quality material produced. 

Mr. Khan loaned two emerald-cut fluorites (19.05 and 
27.91 ct; figure 11) to GNI editor Brendan Laurs for exami- 
nation. Standard gemological properties were recorded by 
GIA’s Elizabeth Quinn: color—bluish green and green- 
blue; R.I.—1.436 or 1.437; S.G.—3.19; optic character— 
singly refractive with moderate cross-hatched anomalous 
double refraction; fluorescence—weak blue to long-wave 
UV, and very weak greenish blue to short-wave UV; 
Chelsea filter reaction—pink; and no absorption features 
seen with a desk-model spectroscope. Microscopic exami- 
nation revealed “fingerprints,” two-phase (fluid-gas) inclu- 
sions, clouds, pinpoints concentrated in parallel layers, and 
cleavage fractures. 

The attractive natural colors and transparency in rela- 
tively large sizes are notable characteristics of fluorite 
from this locality. 


Green fluorite from the Rogerley mine, England. Recent 
activities at the Rogerley mine, located in the historic 


Figure 11. The war-torn area near Kandahar, 
Afghanistan, is the source of these attractive fluo- 
rites (19.05 and 27.91 ct). Photo by Maha Tannous. 
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Figure 12. Green fluorite from the Rogerley mine in 
northern England has been fashioned into attractive 
faceted stones (here, 5.8—9.4 ct) and cabochons. 
Courtesy of UK Mining Ventures; photo by Jeff Scovil. 


Weardale mining district in County Durham, northern 
England, have produced numerous specimens of “emer- 
ald” green fluorite. A moderate amount of gem-grade fluo- 
rite also has been recovered (figure 12). To date, gemstones 
up to approximately 15 ct have been faceted by Terra 
(David and Maria Atkinson) of Sedona, Arizona, as well as 
by Jonté Berlon Gems (Buzz Gray and Bernadine Johnson) 
of Fallbrook, California; they were being sold by Terra at 
the GJX show. Byron Weege of Pala, California, has fash- 
ioned cabochons up to approximately 25 ct and set them 
into gold jewelry appropriate to this soft material (e.g., 
brooches and pendants); these were being sold by UK 
Mining Ventures (UKMV) in Tucson. This contributor is a 
partner in UKMV and has assisted with recent mining 
activities for the material. 

Aside from its deep green color, one of the most interest- 
ing aspects of Rogerley mine fluorite is its strong bluish pur- 
ple-white fluorescence to long-wave UV radiation, which 
produces bluish purple overtones in sunlight. Such intense 
fluorescence in fluorite has been attributed to elevated con- 
tents of rare-earth elements (see H. Bill et al., “Origin of col- 
oration in some fluorites,” American Mineralogist, Vol. 52, 
1967, pp. 1003-1008); recent analyses have confirmed rela- 
tively large amounts of Y, Ce, La, Sm, and Nd in the 
Rogerley mine material (A. U. Falster et al., “REE-content 
and fluorescence in fluorite from the Rogerley mine, 
Weardale, County Durham, England,” Rocks & Minerals, 
Vol. 76, No. 4, 2000, pp. 253-254). 

The Rogerley deposit was discovered in the early 
1970s by local mineral collectors Lindsay Greenbank and 
Mick Sutcliffe, who worked the mine part-time through 
the early 1990s and produced a limited but steady supply 
of high-quality specimens. Fluorite has been recovered 
intermittently from other deposits in the area as well. In 
May 1999 a new partnership (UKMV) began mining full- 
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Figure 13. Iran is a new source for demantoid garnet. 
These stones (0.12-1.13 ct) were selected to show 
the range of color and size that is available from 
this deposit. Courtesy of Syed Iftikhar Hussain and 
Dudley Blauwet; photo by Maha Tannous. 


time during the summer months. Working primarily 
underground, a crew of two to four miners uses a 
hydraulic diamond chainsaw to recover large specimens 
without damaging them (see J. Fisher and L. Greenbank, 
“The Rogerley mine, Weardale, County Durham, 
England,” Rocks & Minerals, Vol. 75, No. 1, 2000, pp. 
54-61). The mineralized cavities are hosted by a vertical 
vein and by metasomatic zones or “flats” that extend lat- 
erally from the vein. To date, the most attractive material 
has been produced from the flats. These crystals typically 
are penetration twinned on {111}. Individual crystals 
attain sizes up to 8 cm, and sometimes contain purple 
cores or narrow pale yellow zones near the surface. 
Jesse Fisher 
San Francisco, California 
jef520@aol.com 


Demantoid garnet from Iran. Since mid-2001, attractive 
crystals of demantoid have been mined from a tribal area in 
southeastern Iran. At the 2002, Tucson show, rough and cut 
material was shown to GNI editor Brendan Laurs by Syed 
Iftikhar Hussain (Syed Trading Co., Peshawar, Pakistan) and 
Dudley Blauwet (Dudley Blauwet Gems, Louisville, 
Colorado). According to both dealers, the deposit is located 
in Kerman Province, near Jiroft; Mr. Blauwet further speci- 
fied that it is situated near the village of Soghan. 

Yellowish green to green single crystals and crystal 
clusters as large as 2-3 cm have been produced, although 
most range from 2 to 10 mm in diameter. The clusters 
form rounded translucent aggregates, whereas the single 
crystals are typically transparent in smaller sizes |i.e., 2-3 
mm) and semitransparent to translucent in larger sizes. 
Mtr. Hussain had obtained about 150 kg of rough in several 
parcels, with just 5 kg suitable for cutting mixed grades 
and 2-3 kg of top-end material. He estimated that about 
2,000 carats have been faceted, in sizes ranging from 1 to 8 
mm in diameter. Faceted stones over 0.70 ct are uncom- 
mon, and also tend to become too dark. 

Mr. Hussain and Mr. Blauwet supplied several rough 
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and cut samples to GNI for examination. Standard gemo- 
logical properties were obtained by GIA’s Elizabeth Quinn 
on six faceted stones (0.12-1.13 ct; figure 13): color—yel- 
lowish green to green, medium to dark; R.I—greater than 
1.810; S.G.—3.86-3.89; optic character—singly refractive 
with moderate to strong anomalous double refraction; 
inert to long- and short-wave UV radiation; pink reaction 
to the Chelsea filter; and Cr doublet (620 and 640 nm) seen 
with the desk-model spectroscope. Microscopic examina- 
tion revealed “fingerprints” in all samples, as well as 
feathers and needles. Subparallel colorless straight or 
curved fibers occurred in three of the samples; however, 
these fibers were not seen in radial arrangements or associ- 
ated with chromite grains, as is typical of the “horsetails” 
in demantoid from Russia. Also seen in two samples was 
prominent angular yellowish green and brownish orange 
color zoning. 


Blue, biaxial positive kyanite from Nepal. Dr. Laurent 
Sikirdji also showed this contributor a large parcel (about 
100 stones) of faceted blue kyanite from Nepal that he 
acquired in Bangkok in late 2001. Such material was briefly 
mentioned in the Spring 1999 Gem News (p. 51). Unlike 
the typical gem-quality kyanite from Brazil, the vast major- 
ity of kyanite from Nepal is homogeneous in color and 
nearly free of inclusions. The stones in this parcel ranged 
from approximately 1 to 3 ct and were oval cut. 

Dr. Sikirdji loaned this contributor two stones for fur- 
ther study: a homogeneously colored 1.42 ct oval that was 
typical of the parcel, and a 1.67 ct dark blue oval with a 
distinct near-colorless zone across the width of the stone 
(figure 14). This color zonation is the reverse of that often 
observed in the Brazilian material, which typically has a 
strong blue band cutting through an area of much lighter 
color. Both gems had a specific gravity of 3.60. The RI. 
values were 1.710-1.727 and 1.711-1.728, respectively, 
with a birefringence of 0.017. These values are fairly typi- 
cal for kyanite. However, contrary to many gemological 
reference books (e.g., R. Webster’s Gems, 1994; GIA’s Gem 
Reference Guide, 1995), the optic sign of these kyanites 
was biaxial positive, not negative. This was first pointed 
out by Y. Lulzac (“Manuel de Détermination des Pierres 
Taillées de Joaillerie ou de Collection,” Nantes, France, 
2001, privately published), who stated that kyanites are 
commonly biaxial positive, and only rarely negative. 

The Nepalese samples show the strong light blue—-dark 
blue pleochroism that is typical of kyanite. When exposed 
to short-wave UV radiation, they revealed a weak but dis- 
tinct yellowish green luminescence in the homogeneous 
sample and in the colorless band of the zoned stone. The 
long-wave UV reaction appeared similar, but much weaker 
and not very distinct. 

Quantitative chemical analyses were performed with a 
JEOL-5800LV scanning electron microscope (SEM) 
equipped with a Princeton Gamma Tech energy-dispersive 
IMIX-PTS detector. The composition of the homogeneous 
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stone, as well as both color parts of the other kyanite, were 
very similar: 35.13-35.32 wt.% SiO, and 61.64-62.07 wt.% 
ALO,. The slightly low totals (about 97 wt.%) may be 
explained by the presence of light elements (e.g., traces of 
water) that cannot be detected by this method. A very 
small amount of iron was detected as well—about 0.3 
wt.% Fe,O,—in the dark blue zones. In the homogeneous 
stone and the near-colorless zone, the level is below the 
detection limit (0.3 wt.%) for this instrument, although the 
iron peak height was lower in the near-colorless zone. 
UV-Vis absorption spectroscopy was performed on a 
Varian Cary 5G spectrophotometer. The random-orientation 
spectra of both blue kyanites were similar: a weak, sharp 
doublet at 380-385 nm, another doublet at about 430-450 
nm, and a broad band with a maximum at about 610 nm, 
with somewhat noticeable shoulders around 530 and 650 
nm. This broad band is responsible for the color, and was 
much weaker in the near-colorless zone. These spectral fea- 
tures are reminiscent of those of blue sapphire, which sug- 
gests that the weak, sharp bands are due to Fe** in octahedral 
coordination, substituting for Al?*. The broad band at about 
610 nm is likely caused by Fe**—Fe** charge transfer, and the 
shoulder at about 530 nm is possibly due to Fe?*-Ti* charge 
transfer. This interpretation is consistent with the chemical 
analysis (Ti would be at concentrations well below detection 
limits, and only low Fe concentrations are necessary) and the 
data review provided by R. G. Burns (Mineralogical 
Applications of Crystal Field Theory, Cambridge University 
Press, 1993, pp. 129-130). EF 


Pargasite from China. At the Best Western Executive Inn 
hotel, Yunfu Gao and Quing Mei showed this contributor 
some interesting green crystals that were being sold as 
emerald from Wenshan, Hunan Province, China (figure 
15). The crystals ranged up to 3.5 cm long, and were host- 
ed by a white crystalline matrix. They were vivid green 


Figure 14. These kyanites from Nepal (1.67 and 1.42 
ct) were found to be biaxial positive. Note the dis- 
tinct near-colorless layer across the width of the 
stone on the left. Courtesy of Laurent Sikirdji; 
photo by A. Cossard. 
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Figure 15. This vivid green, 3.5-cm-long crystal from 
Hunan Province in China was identified as parga- 
site. Courtesy of Samir-Pierre Kanaan; photo by 
Maha Tannous. 


and semitransparent to translucent; some also contained 
small areas that could be faceted. 

However, their diamond-shaped cross-section was not 
typical of emerald, so this contributor purchased some 
samples and took them to Dr. Robert Downs, professor of 
mineralogy at the University of Arizona (in Tucson), for 
analysis. Raman spectroscopy of the green mineral was 
inconclusive, since there was no matching spectrum in his 
Raman database. The white matrix was identified as a car- 
bonate (calcite and/or dolomite). Next, the green mineral 
was analyzed by X-ray powder diffraction. On the basis of 
the resulting pattern, it was identified as pargasite (an 
amphibole), with cell parameters closely matching those 
for a chrome-bearing pargasite published by M. Raudsepp 
et al. (American Mineralogist, Vol. 72, 1987, pp. 580-593). 

Green pargasite crystals of this size are quite rare. The 
dealer also was selling red spinel crystals from the same 
locality, and some of the pargasite specimens contained the 
red octahedrons. The same mineral association (with 
smaller pargasite crystals) is known from marble layers 
near Hunza, Pakistan; specimens from that locality were 
available at Andreas Weerth’s TGMS show booth this year. 
Gem-quality pargasitic hornblende is known from Sri 
Lanka and the Baffin Island area in Nunavut, Canada, but 
so far only yellowish or greenish brown to dark brown 
stones have been faceted from those localities (B. Wilson, 
pers. comm., 2002; see also W. Wight, “Check-list for rare 
gemstones—Homblende,” Canadian Gemmologist, Vol. 
15, No. 4, 1994, pp. 110-113}. 

Samir-Pierre Kanaan 
Paris, France 
kanaan@online.fr 


Cultured pearls with gem inlays. The jewelry design team 
of Gabriele Weinmann and Wigbert Stapff of Weinmann + 
Stapff, Heidelberg, Germany, has developed a novel proce- 
dure for setting inlays of various gem materials into cul- 
tured pearls. These Magic Pearls™ (patent pending) were 
available at the Pala International booth during the AGTA 
show. The manufacturing process involves removing one 
or more imperfect sections of a cultured pearl and setting a 
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Figure 16. The Magic Pearls™ in this necklace are 
accompanied by emerald beads. The Australian 
South Sea cultured pearls (15.0-17.5 mm) have 
been inlaid with opal and 18K gold. Courtesy of 
Weinmann + Stapff; photo by Robert Weldon. 


precisely cut piece of gem material into the resulting cavi- 
ty with a rim of gold or platinum. Opal is the principal 
material used for the inlay (figure 16), although a variety of 
other gems (e.g., tourmaline, topaz, and emerald) also are 
employed depending on the color of the cultured pearl and 
the client’s preference. Both round and baroque cultured 
pearls from every major freshwater and saltwater pearl- 
producing region are used, in sizes ranging from 8 to 30+ 
mm in diameter. 


Ruby from northern Kenya. Tim Roark of Tim Roark 
Imports, Atlanta, Georgia, showed GNI editor Brendan 
Laurs some rounded fragments of ruby from an unspeci- 
fied new deposit in northern Kenya (figure 17). According 
to Mr. Roark, the deposit is basaltic in origin, and was dis- 
covered in early 2002. About 1-1.5 kg/month of rough has 
been produced, yielding faceted stones in the 0.25-1.5 ct 
range. The largest ruby faceted so far weighed approxi- 
mately 2 ct. Some of the material was heated in an 
attempt to brighten its color, but little change was seen. 
The stones in figure 17 show an attractive red color with- 
out heat treatment. 


Black spinel from Mexico. A rich alluvial deposit of high- 
quality black spinel was discovered in January 2000 by 
Arturo Hernandez in the mountains near the village of 
Acaponeta (22.30°N, 105.21°W), between Mazatlan and 
Puerto Vallarta in Nayarit State. Mr. Hernandez and this 
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contributor showed GNI editor Brendan Laurs a parcel of 
the rough and cut spinels during the Tucson shows. 

To date, the spinel has been recovered from four tribu- 
taries (see, e.g., figure 18) that originate from Mesa del 
Malpais (elevation 300 m), located about 7 km northwest of 
Acaponeta. The productive area, which covers 3.5 km”, is 
underlain by alkali basalt flows and interlayered mafic tuffs 
of Tertiary age. Black spinel has been found in significant 
concentrations in a few areas of both the tuffs (which are 
typically altered to clay) and the basalt, the latter with 
accessory peridot and augite. However, the greatest concen- 
tration of spinels has been found in the alluvium, soil, and 
underlying decomposed material. 

Since its discovery, the high-grade surface material has 
been worked intermittently by Margarita Mining Co. 
(Arturo Hernandez and Ray Fortier), employing up to 20 
local miners at a time. This material averages about 1 kg of 
spinel per cubic meter, and in some areas contains up to 5 
kg/m. Currently, the miners sort the material using square 
sieves with 0.7, 1.0, 1.5, and 2.0 cm mesh, discarding pieces 
smaller than 0.5 cm. About 90% of the production by 
weight will produce stones of 0.5-1.0 ct; the top 10% will 
finish 3 ct stones on average, but 15-20 ct gemstones are 
not uncommon. So far, the largest rough recovered was a 
66.2, gram water-worn pebble, and the largest faceted stone 
weighs 34.46 ct. 

The dominant octahedral morphology of the spinel is 
modified by cube and dodecahedron faces in some crystals; 
rarely, dodecahedra are dominant. Spinel-law twinning on 
{111} is common, often resulting in unusual elongate forms 
and macles. Three rough and three cut samples were loaned 
by this contributor to GNI for examination (figure 19). 
GIA’s Elizabeth Quinn recorded the following properties on 
two faceted samples (14.05 and 20.17 ct): R.I—1.762 and 


Figure 17. These unheated rubies (2.53-3.39 ct) are 
from a new deposit in northern Kenya. Courtesy of 
Tim Roark Imports; photo by Maha Tannous. 
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~1.772 (unclear reading), S.G.—3.79 and 3.82, and both were 
inert to long- and short-wave UV radiation. The R.I. and 
S.G. values are consistent with the spinel-hercynite series 
(MgALO,-Fe**Al,O,), and an X-ray powder diffraction anal- 
ysis by GIA’s Dino DeGhionno also indicated that the 
spinel contains some hercynite component. SEM-EDS qual- 
itative chemical analyses of several samples by Dr. Shane 
Ebert at the University of British Columbia (Vancouver, 
Canada) revealed dominant aluminum, as expected, with 
major amounts of Mg and Fe. 

The Acaponeta deposit is unusual for the prevalence of 
relatively large crystals of black spinel that are appropriate 
for jewelry applications. Because it takes a high polish, the 
spinel is particularly suitable for checkerboard cuts and 
faceted beads (again, see figure 19). 

William Rohtert 
Hermosa Beach, California 
william.rohtert@gte.net 


More on cuprian elbaite tourmaline from Nigeria. Several 
dealers in Tucson were selling the new cuprian elbaites 
from Nigeria (see, e.g., Fall 2001 GNI, pp. 239-240; C. C. 
Milisenda, “Cuprian tourmalines from Nigeria,” 
Gemmologie: Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 50, No. 3, 2001, pp. 121-122). The 
stones were being marketed under various trade names, 
such as African Paraiba, Indogo tourmaline, and Blue 
Glacier tourmaline. Most of them showed a similar light 
greenish blue color that is reportedly derived from the heat 
treatment of blue-violet to “amethyst”-colored material. 

Marcelo Bernardes (Manoel Bernardes Ltd., Belo 
Horizonte, Brazil) loaned four samples of the tourmaline 
(0.77-1.10 ct; figure 20) to GNI editor Brendan Laurs for 
gemological examination and chemical analysis. GIA’s 
Elizabeth Quinn obtained the following gemological prop- 
erties: color—light to medium greenish blue; pleochro- 
ism—very weak to weak, light greenish blue and very 
pale greenish blue; R.L—n,=1.618-1.620, n,=1.636-1.638; 
birefringence—0.018-0.019; S.G.—3.06-3.07; Chelsea fil- 
ter reaction—yellowish green; inert to long- and short- 
wave UV radiation, except for one stone that fluoresced 
very weak bluish green to long-wave UV; and a cutoff at 
650-660 nm seen with a desk-model spectroscope. 
Microscopic examination revealed two-phase (liquid-gas) 
inclusions, “fingerprints,” fractures with low relief, nega- 
tive crystals, and colorless mineral inclusions that 
appeared to be feldspar. These properties are comparable 
to those reported in the Fall 2001 GNI section for this 
tourmaline, and overlap those of elbaite from Paraiba, 
Brazil (see E. Fritsch et al., “Gem-quality cuprian-elbaite 
tourmalines from Sao José da Batalha, Paraiba, Brazil,” 
Fall 1990 Gems &) Gemology, pp. 189-205). Although the 
Nigerian tourmaline commonly is heated to bring out the 
greenish blue color, none of the samples showed evidence 
of heat treatment. 

Electron-microprobe analyses of the four samples 
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Figure 18. An alluvial deposit of high-quality black 
spinel was found in January 2000 in Nayarit State, 
Mexico. Arturo Hernandez, who discovered the 
deposit, is standing in an exploratory pit in La Vieja 
creek that yielded approximately 5 kg of spinel from 
§ m? of alluvium. Photo by William Rohtert. 


Figure 19. The Mexican spinel is typically found as 
slightly rounded octahedrons (top, 11.43-33.88 ct). 
The material shows good luster and has been cut 
in relatively large sizes (bottom, 14.04 ct cushion 
shape, 28.04 ct faceted bead, and 20.16 ct round 
brilliant). Courtesy of Margarita Mining Co.; photo 
by Maha Tannous. 
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Figure 20. Greenish blue copper-bearing tourmalines 
from Nigeria were widely available at the 2002 
Tucson show. The cuprian elbaites shown here 
(0.77-1.10 ct) contain up to 0.23 wt.% CuO. Courtesy 
of Manoel Bernardes Ltd.; photo by Maha Tannous. 


were performed at the University of New Orleans. The 
results confirmed that the tourmalines are elbaite, with 
0.04—0.23 wt.% CuO. There were significant variations in 
the copper content within each sample; the largest varia- 
tion was 0.04—0.15 wt.% CuO in five point analyses. The 
only other chromophore present in significant amounts 
was manganese (0.06-1.72 wt.% MnO), which also 
showed considerable variation within each sample. 
Minute amounts of bismuth (up to 0.09 wt.% Bi,O,) also 
were detected, but the levels were near the detection 


Figure 21. These vesuvianites (0.57—3.59 ct) come 
from a new deposit south of Nairobi, Kenya. 
Photo by Maha Tannous. 
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limit for the instrument. Titanium and Fe were not 
detected, nor was Mg, V, Cr, Zn, Ba, or Pb. As stated in 
Shigley et al. (“An update on ‘Paraiba’ tourmaline from 
Brazil,” Winter 2001 Gems #& Gemology, pp. 260-276), 
cuprian elbaites from Nigeria and Brazil share overlapping 
chemical as well as gemological properties. Those authors 
reported that they know of no way to separate similar- 
appearing material from the two countries. 
BL and 
William “Skip” Simmons and Alexander Falster 
University of New Orleans, Louisiana 


Vesuvianite from Kenya. Transparent vesuvianite is 
attractive and durable enough to be worn in jewelry, but it 
is more commonly sold as a collector’s stone. At the 
AGTA show, Tim Roark had faceted vesuvianite from a 
new location south of Nairobi, Kenya, that was discovered 
in April 2001. Mr. Roark reported that of approximately 
1-2. tons of rough removed, only about 1-2.% has been fac- 
etable. The stones, which resemble peridot, were available 
in sizes up to 5 ct; larger stones were too dark to be mar- 
ketable. In April 2002, Mr. Roark learned that the local 
government recently closed the mining operation due to 
its location near a game park. 

This contributor obtained standard gemological proper- 
ties on five faceted transparent to semitransparent samples 
(0.57-3.59 ct; figure 2.1) varying from medium to dark yel- 
lowish green to medium yellow-green. The samples were 
moderately to heavily included; microscopic examination 
revealed heavily “roiled” graining that imparted a pro- 
nounced heat-wave effect. This patchy strain is sometimes 
called an internal “micro-granular” texture due to the 
aggregate reaction seen in the polariscope. The stones also 
contained small dark opaque crystals, clusters of small 
transparent near-colorless crystals, cotton-like clouds, and 
other mineral impurities. 

Each stone yielded only a single R.I. value, which 
ranged from 1.712 to 1.720, with the lower measurements 
recorded on samples that were more yellow than green. 
Vesuvianite typically shows birefringence (0.001-0.012), 
however, no birefringence was detected in these samples. 
No optic figure was discernible in the polariscope due to 
the graining. 

The samples had S.G. values of 3.39-3.41, and were 
inert to long- and short-wave UV radiation. They gave a 
grayish pink reaction to the Chelsea filter. When exam- 
ined with a desk-model spectroscope, all samples dis- 
played a strong absorption line at approximately 461 nm, 
which is typical of vesuvianite, and the three yellowish 
green stones also showed general absorption in the lower 
blue region of the spectrum (i.e., below approximately 440 

EDXREF qualitative chemical analysis of two samples 
(i.e., the lightest and darkest) by Shane Elen of GIA 
Research detected Al, Si, and Ca as the major constituents, 
minor amounts of Fe, and traces of Ti, Mn, Zn, and As. In 
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addition, the dark yellowish green stone contained traces 

of Sr; this stone also appeared to contain higher concentra- 

tions of iron, but it is unknown at this time whether this 
contributed to the darker green color. 

Cheryl Wentzell 

GIA Gem Trade Laboratory, Carlsbad 

cwentzell@gia.edu 


Vesuvianite from Madagascar. On a recent buying trip to 
Madagascar, Tom Cushman of Allerton Cushman & Co. 
(Sun Valley, Idaho) purchased a small parcel of faceted, 
transparent green stones that were represented as tourma- 
line. He later identified them as vesuvianite. At the GJX 
show, this contributor (CPS) purchased two samples (each 
weighing 0.26 ct; figure 22) for examination at the Gtibelin 
Gem Lab (GGL). 

Both stones were confirmed as vesuvianite based on 
their gemological properties and Raman spectra. Standard 
gemological testing of the samples yielded results that were 
consistent with this color variety of vesuvianite: R.I.— 
n,=1.702 and n,=1.706; birefringence—0O.004; optic charac- 
ter—uniaxial negative; S.G.—3.40, 3.42; pleochroism— 
weak, light green and yellowish green; and nearly inert to 
long- and short-wave UV radiation, with only a faint 
chalky yellow reaction to both wavelengths. Both stones 
were transparent, yet microscopic examination revealed 
some distinctive features, including swirled or undulating 
internal growth structures and color zoning. Raman 
microspectrometry was used to identify several opaque, 
black metallic platelets as magnetite (figure 23), as well as a 
number of transparent, colorless rounded masses and rod- 
like crystals as carbonates (calcite or aragonite; figure 24). 


Figure 22. These two 0.26 ct vesuvianites came 
from a small parcel of faceted material purchased 
in Madagascar. Their yellowish green color is 
attributed to Cr**. Photo by Franzisca Imfeld. 
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Figure 23. Black metallic platelets of magnetite 
were abundant in both Madagascar vesuvianite 
samples. Photomicrograph by Christopher P. Smith; 
magnified 55x. 


One of the samples also contained fine pinpoints and short, 
slightly iridescent needles dispersed throughout the stone. 

Polarized UV-Vis-NIR absorption spectroscopy 
revealed a broad band centered at approximately 595 nm 
(yellowish green pleochroic color) or 610 nm (light green 
pleochroic color), as well as a series of weak, poorly 
defined bands between 688 and 704 nm that are attributed 
to Cr**. (The color of a similar vesuvianite from Quebec, 
Canada, has been attributed to Cr**, presumably in an 
octahedral site; see Fall 1991 Gem News, p. 185.) Another 
weak, broad band at approximately 463 nm is attributed to 
Fe**. For the yellowish green pleochroic color, a secondary 
absorption minimum was located at 535 nm with an 
absorption edge at approximately 450 nm. For the light 
green pleochroic color, a secondary absorption edge at 530 
nm was superimposed on the main absorption edge at 
approximately 380 nm. 

EDXRF qualitative chemical analysis of each sample 
recorded the major elements Ca, Al, and Si, with minor-to- 


Figure 24. Colorless, transparent crystals of calcite 
or aragonite formed rounded masses, as well as 
elongate rod-like crystals, in the Madagascar vesu- 
vianite samples. Photomicrograph by Christopher 


P. Smith; magnified 75x. 
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Figure 25. A diffuse star can be seen in this opal 
triplet (10 x 8 mm), which is composed of a black 
basalt base, a glass top, and a wafer of opal from 
Spencer, Idaho. Courtesy of Idaho Opal Mines Inc.; 
photo by Maha Tannous. 


trace amounts of Cr, Fe, Mn, Ti, and V, as well as Sr and Y. 
Relatively more Cr was recorded in the sample that had a 
slightly less distinct yellowish modifier to its color. 

This is the first instance of gem-quality, chromium- 
colored yellowish green vesuvianite from Madagascar that 
GGL is aware of. In addition, we believe this is the first 
time that magnetite and calcite/aragonite have been iden- 
tified as inclusions in vesuvianite. 

CPS and George Bosshart 
Gtibelin Gem Lab, Lucerne, Switzerland 


Figure 26. This 29.9 ct (approximately 3.0 cm 
wide) aquamarine termination plate from Minas 
Gerais, Brazil, displays an attractive natural etch 
pattern. Courtesy of Robert Bentley Co.; photo by 
Maha Tannous. 
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Figure 27. Two large open tubes are seen in this pol- 
ished quartz (approximately 4.0 x 3.0 cm) from 
Afghanistan. Courtesy of Robert Bentley Co.; photo 
by Maha Tannous. 


SYNTHETICS AND SIMULANTS 


Star opal triplets. Although not new, some unusual black 
star opal triplets were seen in the Pueblo Inn room of Bob 
and Susan Thompson of Idaho Opal Mines Inc., Dubois, 
Idaho (see, e.g., figure 25). The samples had attractive play- 
of-color and displayed various asterism phenomena such 
as three- or six-rayed stars and “points.” (Points are spots 
of light near the edge of the cabochon that are located at 
the same positions as rays, but do not extend to the top of 
the cab.) According to Bob Thompson, they were con- 
structed from an opal wafer sandwiched between a black 
basalt backing and a Pyrex glass top. The opal was mined 
near Spencer, Idaho, from vugs within a decomposed rhyo- 
lite that has been affected by nearby geysers. 

The optical phenomena shown by these opal triplets 
were studied by J. V. Sanders (“Star opal from Idaho,” 
Lapidary Journal, Vol. 29, No. 11, 1976, pp. 1986-2010), 
who attributed the star effect to “an optical diffraction 
phenomenon from imperfections in the crystal-like pack- 
ing arrangement of the transparent silica particles” (p. 
1992). Thus, unlike the stars in other stones, the asterism 
in these opals is not visible without the glass top that 
refracts the diffracted light toward the viewer. To deter- 
mine if a particular opal will display a star, Mr. Thompson 
looks first for a distinctive “rolling flash” in the basalt- 
backed opal layer, and then wets the opal and covers it 
with the glass top. 

Sam Muhlmeister 
GIA Gem Trade Laboratory, Carlsbad 
smeister@gia.edu 
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MISCELLANEOUS 


Interesting etch features and cavities in beryl and quartz. 
At the AGTA show, Robert Bentley Co. had several gem 
crystals that displayed unusual natural surface patterns or 
internal features. Some of them were partially polished to 
bring out their attractive qualities when set in jewelry. 
Two specimens in particular—an aquamarine termination 
plate and a colorless quartz crystal—caught the attention 
of this contributor. 

Beryl crystals typically show a hexagonal prismatic 
habit with a flat basal termination. After growth, some of 
the faces may undergo light to moderate local dissolution, 
commonly called “etching.” This usually results in 
numerous small pits scattered over the crystal faces. The 
aquamarine specimen in figure 26 is the flat termination 
of a crystal that reportedly was mined in Minas Gerais, 
Brazil, and shows interesting “road map’’—like dissolution 


patterns. All of the faces other than the etched surface 
have been polished to emphasize the patterns. Narrow 
notched lines are developed in orientations parallel to the 
prism faces, and locally intersect. Hexagonal pits on the 
surface and tubes parallel to the c-axis also are present. All 
of the dissolution features reflect the symmetry of the 
crystal structure as well as growth imperfections. 
Although quartz occasionally contains open tubes and 
negative crystals, these inclusions generally are small. The 
remarkable polished quartz from Afghanistan in figure 27 
displays two large tube-like cavities in different directions. 
The larger cavity measures approximately 3 cm long and 1 
cm in the diameter. The cavities have roughly hexagonal 
cross-sections, and their internal surfaces show an array of 
small faces and steps. 
Taijin Lu 
GIA Research, Carlsbad 
tlu@gia.edu 


GNI REGULAR FEATURES 


COLORED STONES AND 
ORGANIC MATERIALS 


Recent emerald production from Hiddenite, North Carolina. 
Several emerald-bearing fissures have been found recently 
near Hiddenite, North Carolina, about 80 km northwest of 
Charlotte. Approximately 3,400 carats of mixed-quality 
rough have been recovered from seven fissures, and on 
January 11, 2002, an eighth vug yielded two large emerald 
crystals. The smaller one was particularly well crystallized 
and estimated to weigh about 40 ct (see figure 28). 

Gems & Gemology editor Alice Keller visited the 
locality on January 27 with the owner of the property, 
James Hill of North American Emerald Mines. At the site, 
she observed the two emerald crystals in situ with quartz 
and mica, in a fissure that cross-cut the gneiss host rock. 
The exposed portion of the smaller emerald measured 
approximately 3-4 cm long and 2-3 cm in diameter; it 
was translucent to transparent bluish green. The larger 
crystal was strongly zoned, with the darkest green color 
concentrated at the surface. Some of the other material 
that Mr. Hill recently mined also showed this color zon- 
ing, with deep “emerald” green outer portions and pale 
green to nearly colorless cores. Mr. Hill removed the wall 
section that contained the two large emeralds in situ using 
a hydraulic diamond chainsaw; he hopes to sell it to a 
museum. So far eight emeralds have been faceted from the 
recent production, with the largest weighing 8.18 ct. 

The emerald-bearing fissures were located with ground 
penetrating radar (GPR) after the weathered overburden 
was removed to expose the gneiss (figure 29). Using GPR, 
Dan Delea of Geophysical Survey Systems Inc. in North 
Salem, New Hampshire, has identified more than 40 
anomalies—which are thought to represent mineralized 
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fissures—within about 3 m of the surface on the 14 acre 
site. According to Mr. Hill, all of the fissures excavated to 
date have been associated with a “limonite” seam in the 
hard rock. He believes that deeper penetration of the radar 
will reveal more fissures. 

In late March 2002, Mr. Hill found another mineralized 


Figure 28. This emerald crystal (3-4 cm long and 
2-3 cm in diameter) was found in January 2002 
near Hiddenite, North Carolina. The 1.76 ct emer- 
ald in the inset was cut in April 2002 from the 
recent production. Photos by Robert Weldon. 
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dite, for instance, is found in green, 
yellow, and black. 

Most garnets are some shade of 
dark‘red, but they are also found in 
white, black, pink, yellow, green, 
orange and purple. Pyrope and al- 
mandite supply most of the reddish 
and purplish stones. Grossularite is 
the source of most of the yellow, yel- 
low-brown, orange-brown and yellow- 
green stones and, in addition, a 
green, massive variety called “South 
African or Transvaal Jade.” Andra- 
dite is the source of green demantoid 
and black melanite. 

In acquainting oneself with iso- 


metric (cubic) crystals, the follow- 
ing important features should be es- 
pecially noticed: 

1. The general shape of the crys- 
tal (whether elongated or: equidi- 
mensional). 

2. The number of faces on a form 
(six on a cube, eight on an octahed- 
ron, twelve on a dodecahedron, and 
twenty-four on a trapezohedron). 

3. The shape of the faces when 
ideally developed (square on a cube; 
equilateral triangular on an octahed- 
ron; diamond-shaped on rhombic on 
a dodecahedron; and _ trapezium- 
shaped on a trapezohedron). 


THE GARNET—PAST AND PRESENT 


KATHRYN LOWER 


Although it is quite possible that 
the carbuncle of ancient and me- 
dieval times was the name given to 
all transparent red stones, it is 
equally probable that most of the 
stones were the red varieties of the 
garnet, since the mineral was so 
abundant and, because of its com- 
parative softness, easily fashioned 
and polished by the primitive tools 
of the ancients. 

As the seat of civilization is usu- 
ally regarded as somewhere in the 
near vicinity of Asia Minor, it is 
interesting to note that since the 
first reference to the garnet that sec- 
tion of the world has been its prin- 
cipal source of supply and has re- 
mained until recent years the most 
important section where mining and 
fashioning of garnets was a major 
industry. 

So highly regarded was the gar- 
net by the Persians that it was con- 


sidered a royal stone and was used 
to bear their sovereign’s image. 
Egyptians used the garnet long be- 
fore the early Greek goldsmiths had 
access to it, while the Jews, Arabs, 
Poles, Russians, and Romans favored 
the stone through the ages as evi- 
denced by their use of it as a tradi- 
tional ‘birthstone. Anglo-Saxon and 
Merovingian jewelry shows flat-pol- 
ished slabs of almandine inlaid in 
mosaic work. 

Although known long before Bibli- 
cal times, we learn from the Old Tes- 
tament that the garnet, or carbuncle, 
was the first stone in the Breastplate 
of the High Priest and was given 
to Reuben. An ancient Hebrew legend 
tells of a carbuncle in the ark of 
Noah which gave light to all within. 
The Mohammedan Koran states that 
its red glow is all-pervading and that 
it gives forth the light of the fourth 
Heaven. 


ground has been removed to expose the gneiss hosting 
emerald-bearing fissures at this North Carolina emer- 
ald mine. Ground penetrating radar was then used to 
locate mineralized fissures. Photo by Robert Weldon. 


fissure on the property, outside the area surveyed by GPR. 
One side of the fissure was peeled back to reveal a wall that 
was approximately 2.4 m wide and 1.2 m tall, containing 
crystals of albite, muscovite, pyrite, and black tourmaline. 
Two emerald crystals weighing about 10 ct and 30 ct were 
found in loose material at the bottom of the fissure. 

Emeralds were first found in North Carolina, the only 
state in the U.S. known to produce significant emeralds, 
more than a century ago. Since then, several large emer- 
alds have been recovered (see, e.g., D. L. Brown and W. E. 
Wilson, “The Rist and Ellis Tracts, Hiddenite, North 
Carolina,” Mineralogical Record, Vol. 32, No. 2, 2001, pp. 
129-140). Mr. Hill’s last major discovery occurred in late 
1998, when he unearthed a 71 ct emerald that was faceted 
into the 7.85 ct “Carolina Prince” and the 18.88 ct 
“Carolina Queen.” 


Star emerald from Madagascar. Six-rayed star emerald is one 
of the rarest asteriated gem materials known. Only a few 
specimens have been described. These were reportedly from 
Santa Terezinha, Brazil (see Gem News: Spring 1995, pp. 
60-61, and Fall 1995, p. 206), and from Nova Era, Brazil, and 
an unknown source (U. Henn and H. Bank, “Beryll- 
Katzenaugen und Sternberylle,” Gemmologie: Zeitschrift 
der Deutschen Gemmologischen Gesellschaft, Vol. 46, No. 
2, 1997, pp. 113-117). Compared to star sapphires, for exam- 
ple, asterism in emerald is always relatively weak. 

The 6.80 ct six-rayed star emerald described here report- 
edly originated from Morafeno in the Mananjary area of 
eastern Madagascar. Mines in this area have yielded a small 
but continuous production of gem-quality rough during the 
last few years. The 12.5 x 11.1 mm cabochon was purchased 
by a German dealer in summer 2001 from a Malagasy gem 
merchant. The emerald showed a whitish sheen and a weak 
six-rayed star. The sample had refractive indices of 
1.581-1.588 (measured on the flat base) and a specific gravi- 
ty of 2.73. Pleochroism was bluish green parallel to the c- 
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axis and yellowish green perpendicular to c. Absorption 
spectra seen with a spectrophotometer consisted of the nor- 
mal Cr- and Fe-related bands of natural emerald. 
Microscopic examination revealed distinct growth and 
color zoning parallel to two prism faces as well as to the 
basal pinacoid. Many small, tabular, birefringent inclusions 
also were present (figure 30). These minerals were oriented 
with their flat face approximately parallel to the basal pina- 
coid of the host emerald; they are probably responsible for 
the whitish sheen and may also contribute to the weak six- 
rayed star, but the exact mechanism of star formation and 
the identity of these inclusions is unknown. KS 


Tourmaline “slider” in quartz. Generally speaking, small 
pieces of rough or broken rock crystal quartz have little 
value. Sometimes, however, such mineral scraps may con- 
tain interesting inclusions that have special appeal for 
gemologists and collectors. 

Recently this contributor received an interesting piece 
of rock crystal from John R. Fuhrbach, a jeweler and gemol- 
ogist from Amarillo, Texas, who had obtained it in Zambia. 
The quartz contained two irregularly shaped rods of green 
tourmaline and a hexagonal prism of brownish pink tour- 
maline. The two green crystals reached the surface of the 
quartz on natural crystal faces, whereas the brownish pink 
tourmaline was partially exposed on a fractured surface. To 
get a better look at the tourmalines, with Mr. Fuhrbach’s 
permission we asked Leon Agee of Agee Lapidary in Deer 
Park, Washington, to polish a flat window on the sample. 
After cutting, the quartz weighed 29.32 ct. 

During the polishing process, Mr. Agee noticed that 
the brownish pink tourmaline crystal backed away from 
the polishing wheel. In fact, the vertical up-and-down dis- 


Figure 30. The abundant tabular inclusions seen 
here are probably responsible for the whitish sheen 
and may also contribute to the asterism in this 6.80 
ct emerald from Madagascar. Photomicrograph by 
Karl Schmetzer; magnified 40x. 
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placement of this crystal was easily accomplished with 
only light pressure (figure 31, left). When viewed in reflect- 
ed light (figure 31, right), the hexagonal cross-section of the 
tourmaline seemed to have a nearly perfect fit within the 
quartz. This immediately brought to mind the sliding 
rutile needles in quartz reported by this contributor in the 
Fall 1998 Gem News section (pp. 225-227). This type of 
free-moving inclusion was thought to be unusual because 
of the degree of crystal growth perfection required for such 
an inclusion to glide through the host mineral surrounding 
it, while still seeming to have a perfect, tight fit. 

All lapidaries have probably encountered mineral 
inclusions that “just popped or pulled out” of a gem they 
were trying to cut. Many more crystal inclusions than pre- 
viously thought might actually be free to move if they 
were exposed to the surface. 

John I. Koivula 
GIA Gem Trade Laboratory, Carlsbad 
jkoivula@gia.edu 


MISCELLANEOUS 


Illusion Mount™ stone holders. An interesting modification 
to a traditional way of displaying gems was developed in 
April 2001 by John Patrick of El Sobrante, California. The 
Illusion Mount™ employs pre-cut sheets of clear plastic to 
suspend a stone within the round or square boxes that are 
commonly used by gem dealers (figure 32). The holder cre- 
ates the effect of the stone “floating” in air, and permits 
examination from several directions without the need to 
remove the gem from the container. The small opening that 
cradles the stone in the holder is available in several sizes 
and shapes, and larger holes can be cut in the plastic if 
desired. Mr. Patrick has chosen Rio Grande (Albuquerque, 
New Mexico) as the sole distributor of this product. 


EXHIBITS 


GIA Museum exhibits in Carlsbad. Through the end of 
October, the Rotunda Gallery at GIA in Carlsbad, 
California, is featuring “Gems in Art—Art in Gems,” an 
exhibition of gems in works of art other than jewelry. 
Cameos, intaglios, and other carvings, as well as objets 
d’art and objets de virtu (decorative yet functional objects 
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Figure 31. With very little 
pressure, this tourmaline 
inclusion could be pushed 
completely through the 
quartz host in either direc- 
tion (left). In reflected 
light, the almost perfect fit 
of the tourmaline in 
quartz can be seen. 
Photomicrographs by John 
I. Koivula; magnified 5x. 


such as inlaid boxes), by leading gem artists will be on dis- 
play. From June 6, 2002 to February 6, 2003, in the 
Museum Gallery, “Opal and the Dinosaurs—Discover the 
Link” will feature rare opalized fossils from Australia. 
This exhibit will also explore opal formation and mining 
in Australia, and show fine opal in rough and cut form, as 
well as opal jewelry. For more information on these free 
exhibits, contact Alexander Angelle at 800-421-7250, ext. 
4112 (or 760-603-4112), or e-mail alex.angelle@gia.edu. 


ANNOUNCEMENTS 


The JCK Show—Las Vegas. Held at the Sands Expo & 
Convention Center on May 31-June 4, this show will host a 
comprehensive educational program beginning May 29. To 
register, call 800-257-3626 or 203-840-5684. Visit http://jck- 
vegas2002..expoplanner.com. 


3rd World Diamond Conference. Held June 17-18 at the 
Fairmont Hotel Vancouver in Vancouver, Canada, this 
year’s conference will feature presentations by mining com- 


Figure 32. The Illusion Mount™ uses a pre-cut sheet 
of plastic to suspend a gem within the round or 
square containers used by many dealers. The stone 
can be viewed from several directions without 
removal from the container. Photo by Maha Tannous. 
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pany executives, industry analysts, financiers, and govern- 
ment officials from several countries involved in the dia- 
mond trade. Visit www.iiconf.com/Diamond2002Main.asp, 
call 305-669-1963, or e-mail iiconf@iiconf.com. 


Jewelry 2002: A Celebration of Jewelry. The 23rd Annual 
Antique & Period Jewelry and Gemstone Conference will 
be held July 20-25 in Hempstead, New York. The program 
emphasizes hands-on jewelry examination techniques, 
methods of construction, understanding materials used 
throughout history, and the constantly changing market- 
place. Visit www.jewelrycamp.org, call 212-535-2479, or e- 
mail jwlrycamp@aol.com. 


11th Quadrennial IAGOD Symposium and GEO- 
CONGRESS 2002. The 11th Symposium of the Inter- 
national Association on the Genesis of Ore Deposits will 
be presented in association with the Geological Society 
of South Africa’s biennial southern African earth science 
meeting on July 22—26 in Windhoek, Namibia. The pro- 
gram will include an open. session on 
“Cathodoluminescence of Gems and Other Minerals,” as 
well as a pre-meeting field trip titled “Post-Collisional 
Pegmatites, Gemstones and Industrial Minerals, Central 
Namibia” (July 17-21). Participants will visit topaz, 
aquamarine, jeremejevite, and tourmaline deposits. Visit 
www.geoconference2002.com, phone 264-61-251014, fax 
264-61-272032, or e-mail geoconference2002@confer- 
encelink.com.na. 


JA New York Summer Show. On July 28-31, Jewelers of 
America will present this show at the Jacob K. Javits 
Convention Center in New York City. A range of educa- 
tional programs and seminars will be offered. Prior to the 
JA show, GIA Career Fair will take place July 26 at the 
Javits Center. Career Fair will offer recruiting and net- 
working opportunities, career counseling, and more. 
Information on the JA show is available at www.ja- 
newyork.com, or call 800-950-1314, ext. 4983 (or 646-654- 
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4500). To learn more about GIA Career Fair, call 800-421- 
7250, ext. 7337 (or 760-603-7337). 


FIPP 2002. The 12th International Gemstones Show and 
14th Open Air Precious Stones Show will take place 
August 14-17 in Tedfilo Otoni, Minas Gerais, Brazil. 
Attendees will have the opportunity to participate in semi- 
nars and excursions to local gem mines. Visit 
www.geabrasil.com or e-mail geabr@uai.com.br. 


IMA2002. On September 1-6, the 18th General Meeting 
of the International Mineralogical Association will take 
place in Edinburgh, Scotland. Scientific sessions will 
include “Gem Materials” and “Cathodoluminescence 
Microscopy Applied to Gemstones and Other Minerals.” 
Visit http://www.minersoc.org/IMA2002 or e-mail 
info@minersoc.org. 


Colorado gems. On September 7-10, a symposium titled 
“Gemstone Deposits of Colorado and the Rocky 
Mountain Region” will take place at the Colorado School 
of Mines in Golden, Colorado. Lectures and field trips will 
cover the mineralogy, geology, and field occurrence of gem 
and crystal deposits in this region. This symposium pre- 
cedes the Denver Gem and Mineral Show (September 
13-15); the theme of this year’s show is “Gemstones of 
Colorado.” Contact Dr. Peter Modreski at 303-236-5639 or 
e-mail pmodreski@usgs.gov. 


AGTA Spectrum Awards competition. AGTA’s Spectrum 
Awards recognize outstanding jewelry designs from the 
U.S. and Canada that feature natural-color gemstones and 
cultured pearls. They also include a Cutting Edge competi- 
tion to honor the lapidary arts. The deadline for entering 
the 2003 competition is September 27, 2002. Winning 
entries will be displayed at the 2003 AGTA GemFairs in 
Tucson and Las Vegas (in connection with the JCK Show). 
For entry forms and more information, visit www.agta.org 
or call 800-972-1162. 


For regular updates from the world of Gems & Gemology, visit our website at: 
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www.gia.edu/gandg/ 
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The Dr. Edward J. Giibelin 
Most Valuable Article Award 


2002, Dr. Edward J. Gtibelin Most Valuable Article Award, as 
voted by the journal’s readers. Our special thanks to the 
many G&G readers who participated in this year’s voting. 


@ Yn00 @) Gemology is pleased to announce the winners of the 


The first-place article was “Modeling the Appearance of the Round 
Brilliant Cut Diamond: An Analysis of Fire, and More About 
Brilliance” (Fall 2001), which presented the latest results of GIA’s 
research on the interaction of light with colorless round brilliant cut 
diamonds of various proportions. Receiving second place was “The 
Current Status of Chinese Freshwater Pearls” (Summer 2001), a 
report on the latest culturing techniques being used at Chinese pearl 
farms. Third place was awarded to “Discovery and Mining of the 
Argyle Diamond Deposit, Australia” (Spring 2001), which examined 
the development of the world’s largest diamond mine by volume. 


The authors of these three articles will share cash prizes of $2,000, 
$1,000, and $500, respectively. Following are photographs and brief 
biographies of the winning authors. 


Congratulations also to Francisco Brooks-Church of San Francisco, 
California, whose name was drawn from the many entries to win a 
five-year subscription to Gems & Gemology. 


First Place 


Modeling the Appearance of the Round Brilliant Cut Diamond: 

An Analysis of Fire, and More About Brilliance 

Ilene M. Reinitz, Mary L. Johnson, T. Scott Hemphill, Al M. Gilbertson, 
Ron H. Geurts, Barak D. Green, and James E. Shigley 


Ilene Reinitz is manager of Research and Development at the GIA 
Gem Trade Laboratory in New York and an editor of G#G’s Gem 
Trade Lab Notes (GTLN) section. Dr. Reinitz, who holds a Ph.D. in 
geochemistry from Yale University, has written numerous articles 
for G#G and other publications. Mary Johnson, manager of Research 
and Development at the GIA Gem Trade Laboratory in Carlsbad, is 
also an editor of the GTLN section and a frequent contributor to the 
journal. Dr. Johnson received her Ph.D. in mineralogy and crystallog- 
raphy from Harvard University. Scott Hemphill, a GIA research asso- 
ciate, has been programming computers for more than 30 years. Mr. 


Most VALUABLE ARTICLE AWARD Gems & GEMOLOGY 


Ilene M. Reinitz Mary L. Johnson 


Shigeru Akamatsu 


Li Tajima Zansheng 


Hemphill holds a B.Sc. in engineering and an M.Sc. in computer sci- 
ence from the California Institute of Technology. Al Gilbertson is a 
research associate with GIA Research in Carlsbad. A noted gemolo- 
gist and appraiser, Mr. Gilbertson has published several articles on 
diamond cut and clarity. Ron Geurts is Research and Development 
manager at GIA in Antwerp, Belgium. Mr. Geurts has 27 years of 
experience in diamond grading and the development of grading 
instruments and techniques. Barak Green is a technical writer for 
GIA Research in Carlsbad. Mr. Green holds a master’s degree in 
anthropology from the University of California, San Diego, where he 
currently teaches writing and rhetorical analysis. James Shigley, who 
holds a Ph.D. in geology from Stanford University, is director of GIA 
Research in Carlsbad. This marks his sixth Most Valuable Article 
first-place award. 


Second Place 


The Current Status of Chinese Freshwater Cultured Pearls 
Shigeru Akamatsu, Li Tajima Zansheng, Thomas M. Moses, and 
Kenneth Scarratt 


Shigeru Akamatsu is former manager of the Pearl Research 
Laboratory and currently general manager of the Sales Promotion 
Department, K. Mikimoto & Co. Ltd. A graduate of the Tokyo 
University of Fisheries, he is vice-president of the CIBJO Pearl 
Commission. Li Tajima Zansheng is president of Stream Co., 
Tokyo and Hong Kong. Mr. Li, a graduate of Yokohama National 
University, began dealing Chinese freshwater cultured pearls in 
1986. Thomas Moses is vice president of Identification Services at 
the GIA Gem Trade Laboratory in New York. Mr. Moses, who 
attended Bowling Green University in Ohio, is also an editor of the 
GTLN section. Kenneth Scarratt is laboratory director at the 
AGTA Gemological Testing Center in New York. A member of 
the Gems #& Gemology Editorial Review Board, Mr. Scarratt is one 
of the very few to have been entrusted with examining the British 
Crown Jewels. 


Third Place 


Discovery and Mining of the Argyle Diamond Deposit, Australia 
James E. Shigley, John Chapman, and Robyn K. Ellison 


James Shigley is profiled in the first-place entry. John Chapman is an 
independent diamond scientist in Perth, Australia. Mr. Chapman, 
who has a bachelor’s degree in physics, has spent the past 15 years in 
the diamond industry doing geological assessments, economic analy- 
ses, and gemological research. Robyn Ellison is a senior business ana- 
lyst with Argyle Diamonds in Perth, Australia. With an MBA from 
the University of Western Australia and an extensive background in 
the diamond industry, she has been closely involved in the strategy 
and planning of Argyle’s marketing initiatives for the last 10 years. 
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The following 25 questions are based on information 
from the four 2001 issues of Gems & Gemology. Refer 
to the feature articles and “Notes and New Tech- 
niques” in those issues to find the single best answer 
for each question; then mark your choice on the 
response card provided in this issue. (Sorry, no photo- 
copies or facsimiles will be accepted; contact the 
Subscriptions Department—dortiz@gia.edu—if you 
wish to purchase additional copies of this issue.) Mail 
the card so that we receive it no later than Monday, 
August 5, 2002. Please include your name and 
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address. All entries will be acknowledged with a letter 
and an answer key after the due date. 


Score 75% or better, and you will receive a GIA 
Continuing Education Certificate. If you are a member of 
the GIA Alumni Association, you will earn 10 Carat 
Points toward GIA’s Alumni Circle of Achievement. (Be 
sure to include your GIA Alumni membership number on 
your answer card and submit your Carat card for credit.) 
Earn a perfect score, and your name will also be featured 
in the Fall 2002 issue of Gems & Gemology. Good luck! 


1. The most common method of pro- will deliver maximum perfor- A. Fe 
ducing or enhancing color in South mance ina single round bril- B. Mn 
Sea “golden” cultured pearls involves liant. C. Ca 
A. irradiation. C. Smaller table size increases D. Al 
B. high pressure and high tem- results for both. ; ; 
perature. D. Facet size was found to have 6. Which of the following was [were] 
C. a chemical or organic dye. little effect. found to have a significant effect on 


Ps pibacning: 4. Ammolite is 
2. Australia’s Argyle diamond mine is 
a major source for 
A. exceptionally large diamonds. 
B. brown and pink diamonds. 
C. vivid blue diamonds. 
D. well-formed cubic rough 
that is easily polished. 


A. amineral with the composi- 
tion CaCO, that is found in 
metamorphic rocks. 

B. a trade name for the irides- 
cent nacreous layer of certain 
fossil ammonites. 7. One historical source of inspiration 

C. being formed today in 
mollusks found in the Pacific 
and Indian Oceans. 


the amount of fire produced by a 
round brilliant diamond? 

A. Culet size 

B. Girdle thickness 

C. Lower-girdle facet length 

D. Both A and B, taken together 


for the works of North American gem 
cutters has been the era, in 
which gem carvings and glass were 


3. Considering fire and brilliance _ D. identical in all respects to included in pieces of fine jewelry. 
together for round-brilliant cut dia- fnearidescent shell miaicial A. Edwardian 
monds, cutters should remember: called lumachelle: B. Art Nouveau 
A. There are many sets of propor- C. Art Deco 
tions that will yield average to 5. The bright orange color of gem D. Victorian 


above average results for both. 
B. It is possible to determine a 
single set of proportions that 
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spessartine from Ramona (San 
Diego County, California) is achiev- 
able only with low contents. 
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The best explanation for the irides- 
cence of Ammolite is 
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A. interference. 

diffraction. 

C. the incorporation of chro- 
mophores during formation. 

D. diffusion treatment of the 
rough material after it has 
been mined. 


2 


9. Indications that the asterism in a pol- 
ished gem has been artificially creat- 
ed might include 

A. an unusual number of rays 
in the star. 

B. an unnatural appearance of 
the rays in the star. 

C. a gem variety that rarely dis- 
plays asterism. 

D. all of the above. 


10. Argyle diamonds are found in 
A. eclogitic kimberlite. 
B. peridotitic kimberlite. 
C. olivine lamproite. 
D. lamprophyre. 


11. The greatest production of gem- 
quality “Paraiba” tourmaline from the 
Sao José de Batalha mine occurred in 

A. 1982-1983. 
B. 1990-1991. 
C. 1998-1999. 
D. 2000. 


12. The most diagnostic chemical ele- 
ments for identifying synthetic red 
beryl are 

A. Vand Cr. 

B. Cuand Zn. 
C. Mn and Fe. 
D. Co and Ni. 


13. The vast majority of diamonds from 
Australia’s Argyle mine are polished in 
A. Antwerp. 
B. Israel. 
C. India. 
D. Thailand. 


14. Fire in a round brilliant diamond is 
A. the same as dispersion. 
B. the result of dispersion. 
C. the amount of light emanat- 
ing from the crown. 
D. the result of diffusion. 


15. Although there is no universally 


accepted definition, the term malaya 
is generally used for garnets that are 
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pink to pinkish orange, composed 
primarily of 
A. spessartine-almandine. 
B. intermediate pyrope- 
almandine. 
C. intermediate pyrope- 
spessartine. 
D. low-Fe, low-Cr pyrope. 


16. A characteristic feature of hydrother- 
mal synthetic red beryl is the pres- 
ence of ____-related absorption 
bands between 4200 and 3200 cm". 

A. iron 

B. titanium 

C. cobalt 

D. water 

17. As used in the article, “Paraiba” 
tourmaline is a trade term that 

A. may not be applied to a 
cuprian tourmaline with 
more than 2 wt.% CuO. 

B. may be applied to any tour- 
maline, regardless of geo- 
graphic origin, that contains 
0.1-2.0 wt.% CuO. 

C. may only be applied to a 
tourmaline that contains at 
least 0.1 wt.% CuO and comes 
from Brazil’s Paraiba State. 

D. applies to any elbaite from 
Brazil’s Paraiba State regard- 
less of color and CuO content. 


18. Since the late 1990s, spessartine 
production from Ramona, California, 
has been overshadowed by fine 
material from 

A. Madagascar and Tanzania. 
B. Namibia and Nigeria. 

C. Colombia and Canada. 

D. Afghanistan and Pakistan. 


19. Ammolite currently is fashioned 
primarily into 
A. stabilized solids. 
B. free-form naturals. 
C. assembled stones (triplets). 
D. assembled stones (doublets). 


20. To achieve the best luster and color, 
Chinese pearl culturers typically 
A. culture mussels that are at 
least 5 years old. 
B. insert pieces of tissue into 
the posterior mantle lobe of 
the H. cumingi mussel. 
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C. insert pieces of mantle tissue 
from the Akoya oyster. 

D. use beads fashioned from 
Wax. 


21. Spessartine from Ramona, California 
A. is characterized by abundant 
inclusions of fine apatite 

crystals. 

B. may have linear clouds and 
inclusions of albite and 
columbite. 

C. has R.I. and S.G. values that 
distinguish it from other peg- 
matite gem spessartines 
worldwide. 

D. is impossible to distinguish 
from Mexican fire opal of the 
same color. 


22. Since the early 1980s, deposits of 
the relatively rare gem mineral jere- 
mejevite have been reported in 
each of the following localities 
except 

A. Namibia. 

B. the Eifel region of Germany. 
C. Madagascar. 

D. Tajikistan. 


23. The following characteristic(s) are 
indicative of natural yellow color in 
South Sea cultured pearls from 
Pinctada maxima: 

A. absorption in the UV region 
between 330 and 385 nm. 

B. brown fluorescence to long- 
wave UV radiation. 

C. very light blue fluorescence 
to long-wave UV radiation. 

D. both A and B. 


24. Inclusions of provide 
unequivocal evidence that a pale 
purplish pink pyrope is from Italy’s 
Dora Maira Massif 

A. ellenbergerite 
B. dolomite 

C. wollastonite 
D. tinaksite 


25. For more than 70 years, has 
formed the backbone of pear! iden- 
tification. 

A. Raman spectrometry 

B. infrared spectroscopy 

C. proton-induced X-ray emis- 
sion [PIXE] analysis 

D. X-radiography 
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Book REVIEWS 


Christie’s Guide to Jewellery 


By Sarah Hue-Williams, 160 pp., 
illus., publ. by Assouline Publishing, 
New York, 2002. US$18.95 


This book derives its impetus from 
the myriad questions that Christie’s 
jewelry specialists have fielded over 
the years from clients, consigners, and 
the curious public. The implied ques- 
tions are answered in a nontechnical, 
user-friendly manner. The introducto- 
ry chapter, “What to Look for in a 
Jewel,” is particularly useful. It breaks 
the jewel down into components of 
intrinsic value, quality of materials, 
design, signature, provenance, condi- 
tion, and that elusive “Factor X—the 
overall appreciation of the beauty of a 
jewel . . . influenced by individual sen- 
timent and style.” The individual 
knows best how much he or she val- 
ues a particular piece, which is some- 
thing the retailer should always keep 
in mind. 

The second chapter, which travels 
in time from Georgian to contempo- 
rary eras, is richly accentuated with 
emblematic photographs of jewelry 
and their famous (and infamous) 
wearers. The second half of the book 
concentrates essentially on the Big 
Four—diamond, ruby, sapphire, and 
emerald. Rich in tidbits, this chapter 
will add the “romance” to any jewel- 
er’s sales technique. 

Surprisingly, there are only four 
modest pages on Christie’s consider- 
able 200+ year history, which demon- 
strates the intent of the book: to dis- 
cuss jewels and jewelry, not the firm. 
This compact book could serve as a 
primer for those who wish to start an 
estate jewelry department but are 
clueless as to eras, motifs, designs, and 
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— 200? 


styles. Clearly the book is not meant 
to be a gemological text or an in-depth 
look at estate jewelry. Rather, this 
overview is a great start toward prop- 
erly evaluating estate materials, one 
that encourages readers to investigate 
further on their own. 
GAIL BRETT LEVINE 
Publisher, Auction Market Resource 
Rego Park, New York 


The Theory & Practice of 
Goldsmithing 


By Erhard Brepohl, 536 pp., illus., 
publ. by Brynmorgen Press, St. 
Portland, ME, 2001. US$70.00* 


The enormous effort involved in bring- 
ing this text from its original German- 
language version to the English trans- 
lation is a testament to its quality and 
worth. Dr. Brepohl’s original version 
was published in 1964, in what was 
then East Germany. The text 
remained primarily behind the Iron 
Curtain until after the Berlin Wall fell 
in 1989. It was during this time that 
Dr. Brepohl revised and expanded the 
text, and then Charles Lewton-Brain 
and Tim McCreight—renowned gold- 
smiths and authors in their own 
right—obtained the rights to translate 
the book into English. After 10 years, 
the translation was completed, and Dr. 
Brepohl’s knowledge became available 
to the English-speaking world. 

The Theory & Practice of Gold- 
smithing is a thorough survey of the 
entire goldsmithing field. It gives very 
technical explanations for the basic 
tools of the trade, using wonderful 
illustrations, chemical formulas, and 
physics equations. Advanced tech- 
niques also are covered in detail, with 
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EDITORS 


Susan B. Johnson 
Jana E. Miyahira-Smith 


step-by-step instruction and explana- 
tions for how and why the different 
techniques work. 

This text is intended for intermedi- 
ate to advanced goldsmiths. Although 
the discussion starts with the basics, it 
quickly advances in complexity. A jew- 
eler with a solid understanding of 
bench skills will learn many new tricks 
of the trade, but a novice may have 
some difficulty understanding the 
information. So often, the true mean- 
ing of a text is lost in the translation. In 
this case, however, the translation from 
German to English was well executed, 
and the text is easily read and under- 
stood. The writing style is deliberate, 
organized, and flows well from one 
topic to the next. 

Dr. Brepohl begins with the char- 
acteristics of the metals used in the 
industry. He explains how metals 
bend, deform, harden, and react to 
heat and chemicals. The topics pro- 
ceed in complexity and difficulty 
through hand skills and tools to pro- 
duction techniques such as casting 
and die striking. There are particular- 
ly good chapters on hinges, catches, 
and findings. I was enthralled by the 
superb diagrams and technical draw- 
ings. I suspect that many jewelers will 
be inspired, as I was, to make their 
own versions of these projects. 
However, some of the charts, graphs, 


*This book is available for purchase 
through the GIA Bookstore, 5345 
Armada Drive, Carlsbad, CA 92008. 
Telephone: (800) 421-7250, ext. 
4200; outside the U.S. (760) 603- 
4200. Fax: (760) 603-4266. 
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and equations can be difficult to 
understand unless you have an engi- 
neering or physics background. 

The book is of sturdy construction 
and will hold up well to heavy use as 
a reference guide. It is an excellent 
investment for any goldsmith’s shop. 

MARK MAXWELL 

Gemological Institute of America 

Carlsbad, California 


Fabergé Eggs: 
A Retrospective Encyclopedia 


By Will Lowes and Christel 
McCanless, 286 pp., illus., publ. by 
Scarecrow Press Inc., Lanham, MD, 
2001. US$65.00 


“Companion” books, which illumi- 
nate and explain the background of 
great art, music, and literature, have 
been a welcome tradition for at least 
the last century. The authors of this 
book are lifelong devotees of famed 
jeweler Peter Carl Fabergé’s objets 
d’art. They have created an excellent 
companion to Fabergé’s works, one 
that will be a major resource for 
decades to come. 

The decorative Easter eggs that the 
House of Fabergé created for the Rus- 
sian imperial family between 1885 and 
1917 represent the pinnacle of Fabergé 
craftsmanship and have become the 
stuff of legends, sought after by some 
of the world’s wealthiest collectors. 
Less well known is that Fabergé also 
created a number of major eggs for 
other wealthy clients. All are dis- 
cussed in this work. 

The introduction explains the 
authors’ methods in presenting the 
history of each of the 66 Fabergé eggs, 
including some for which current 
whereabouts are unknown or that are 
unavailable for public viewing. It also 
provides brief biographies of recog- 
nized Fabergé scholars. 

The first chapter takes advantage 
of the recently opened Russian ar- 
chives to offer new research on Czar- 
inas Marie and Alexandra Fedorovna, 
for whom Fabergé created many of his 
most exquisite eggs. The chapter 
describes how Fabergé walked a tight- 
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rope trying to please the mercurial 
members of the Russian Imperial fam- 
ily. First there was the brusque, com- 
manding Czar Alexander II and the 
witty, outgoing Czarina Marie. They 
were followed, on Alexander's death 
in 1894, by the equivocating and easi- 
ly dominated Nicholas II and his 
aloof, shy Czarina Alexandra. To com- 
plicate matters, Alexandra and her 
mother-in-law had an extremely diffi- 
cult relationship, and “a negative 
word from either of them would have 
surely ended [Fabergé’s] commis- 
sions.” The chapter also gives short 
summaries of the meanings behind 
the themes of the famous eggs, as well 
as a brief, well-written account of the 
tragic fates of Nicholas and 
Alexandra. A subchapter titled “Let 
the Sales Begin” recounts the intrigue 
and mystery that surrounded these 
treasures after the fall of the regime, 
and offers conjecture on the fates of 
the eggs that have been lost. 

The main body of the work dis- 
cusses chronologically, and in detail, 
the 66 eggs. Listed are the workmaster 
who supervised construction and the 
hallmarks, materials, and dimensions 
of each. Additional information in- 
cludes background notes, provenance, 
exhibitions, and published references. 
The descriptions go into considerable 
detail about the outside decorations, 
the “surprises” inside each egg, and 
the stand. In writing the background 
for each of the eggs, the authors 
attempt to “humanize” them by relat- 
ing stories about their creation and 
presentation. 

The provenance section records all 
the known owners, including sales 
venues and prices paid. The exhibi- 
tions section cites all the public show- 
ings, and the references list major per- 
tinent books and articles on each egg. 
The final chapter, “Who’s Who in the 
House of Fabergé,” lists all the leading 
designers and workers employed by 
Carl Fabergé as well as showing and 
explaining all the hallmarks found on 
the eggs. 

Appendices detail the auction of 16 
of the eggs and the exhibitions from 
1900 to 1997. A glossary explains tech- 
nical and French expressions used in 
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the descriptions and—valuable for a 
gemologically oriented audience—cor- 
rect names for materials that had been 
misidentified in the past. (For instance, 
bowenite used in three of the eggs was 
often described as pale jade.) 

There are color photos of 26 eggs 
in the middle of the book, but it is 
unfortunate that the photos could not 
have been placed with the descrip- 
tions of the appropriate egg. Including 
page references for photos would have 
been very helpful to the reader. 

The most complete collections of 
Fabergé eggs are on view at the Forbes 
Magazine Collection in New York, 
and the Kremlin Armory Museum in 
Moscow. This book will serve as an 
excellent guide for those lucky enough 
to see the exhibits of these exquisite, 
intricate works of art, and as an invalu- 
able resource for anyone researching 
the eggs or the House of Fabergé. 

RUSSELL SHOR 

Gemological Institute of America 

Carlsbad, California 


Colored Gemstones: The 
Antoinette Matlins Buying Guide 
By Antoinette Matlins, 180 pp., 
illus., publ. by Gemstone Press, 
Woodstock, VT, 2001. US$16.95* 


Diamonds: The Antoinette 
Matlins Buying Guide 

By Antoinette Matlins, 184 pp., 
illus., publ. by Gemstone Press, 
Woodstock, VT, 2001. US$16.95* 


To really appreciate the value of these 
books, think back to the way things 
were before such buying guides exist- 
ed. Most books on gems either covered 
jewelry history or gemology. Little or 
no information was available on how 
to make an intelligent buying deci- 
sion. For the most part, consumers had 
to rely on the knowledge and experi- 
ence of their favorite jeweler. Many of 
today’s consumers want more infor- 
mation and more options, and they are 
willing to spend the time and money 
needed for that purpose. To answer 
critical buying questions, it takes an 
author who has been immersed in the 
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jewelry business, has seen the full 
range of material, and is able to share 
those experiences in a thorough yet 
easy-to-read manner. Antoinette Mat- 
lins has managed to do just that 
with her Colored Gemstones and 
Diamonds buying guides. 

Colored Gemstones starts out 
with the lore and romance of colored 
stones, including various charts for 
birthstones, zodiac stones, and anni- 
versary stones. From there you get a 
practical lesson in examining a stone 
and the four C’s of colored stone value. 
Next are examples of various colored 
stone laboratory reports, followed by 
an important chapter on synthesis and 
treatment. A seven-page chart lists the 
types of treatment for each gem, along 
with their frequency, stability, care 
required, and comments. A separate 
chapter titled “Fraud and Misrepre- 
sentation in Colored Gems” exposes 
some of the deceptive practices and 
terminology used in the trade. 

The chapter “Buying Colored 
Gems” presents color options and 
comparative price lists to help the read- 
er make an informed choice. This is 
followed by 50 pages of information on 
every major colored gem from alexan- 
drite to zoisite, which is supported by a 
16-page center section with more than 
100 full-color photos. Additional chap- 
ters cover subjects that range from 
choosing a reputable jeweler to the care 
and cleaning of gems. 

Ms. Matlins’s Diamonds buying 
guide handles everything from early 
lore and history to the latest informa- 
tion on diamond cut and treatments. 
Cut is presented in two chapters on 
shape and proportions, and is also an 
important part of a third chapter, on 
diamond grading reports. The author 
offers information on early cuts and 
classic shapes, as well as new cuts such 
as Gabrielle, Spirit Sun, and Context. 
She not only discusses the concept of 
“ideal proportions,” but she also shows 
how the various percentages, angles, 
and other cutting factors affect beauty 
and value. 

Diamond color is addressed in two 
chapters. The first one covers GIA’s D- 
to-Z color grading system, as well as 
how fluorescence can affect beauty and 
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value. The second chapter deals with 
fancy-color and treated-color diamonds. 

The subject of treatments appears 
at appropriate times throughout the 
book, with information about such 
enhancements as fracture filling, laser 
drilling, and HPHT. The author also 
discusses their effect on value and the 
importance of disclosure. Additional 
chapters include coverage of clarity, 
carat weight, and choosing a setting; 
“Important Information Before & 
After You Buy”; and the selection of a 
reputable jeweler. 

Although these informative buying 
guides are aimed at the retail consumer, 
they are also useful for anyone in the 
business of colored stones or diamonds. 

DOUGLAS KENNEDY 

Gemological Institute of America 

Carlsbad, California 


MEDIA REVIEW 


The Gem Hunter in Afghanistan, an 
Epo-film production, Bristol, England, 
2002. 52 minutes, available in VHS 
and DVD formats. US$29.95. “A 
journey to visit the oldest mine in the 
world” is how this exciting video doc- 
umentary describes its storyline. 
Featuring Gary Bowersox, an Amerti- 
can gem dealer who has traveled to 
central Asia for decades, The Gem 
Hunter in Afghanistan is a profession- 
ally produced travelogue of his clan- 
destine entry into northern Afghani- 
stan during the summer of 2001 to 
visit the region’s 7,000-year-old lapis 
lazuli mines. 

Beginning in the Pakistani gem 
trading city of Peshawar, Bowersox 
negotiates the intricacies of local gem 
buying customs, with a monologue 
that is at times quite profound. His 
own voice alternates with that of a 
professional narrator quite effectively 
throughout the film. 

With his trusty sidekick Khudai 
dealing with the obstacles of third 
world travel, Bowersox and the film 
crew head north in a minibus into the 
Hindu Kush Mountains, maneuver- 
ing through washed-out roads and 
avoiding police checkpoints. The 
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excellent soundtrack accompanying 
the journey is at times suspenseful, at 
times dramatic, but never obtrusive. 
Along the way, one is treated to the 
rich panoply of cultures that com- 
prise the population at this crossroads 
of the ancient world. 

At the end of the road, they switch 
to horseback and begin the three-day 
trek across the rugged mountains, 
sleeping in caves, and into the back 
door of Afghanistan. The terrain is 
bare, the frigid air is almost palpable, 
and the views are breathtaking. 

Using cinematic dissolves, the 
scenes become ethereal as the party 
crosses paths with the ghosts of explor- 
ers from millennia past—Marco Polo 
and the armies of Alexander the Great. 
They are all traveling along the Silk 
Road, the legendary trail between 
Europe and China, over which trade 
has flowed for centuries—gems, spices, 
and now guns. 

Deeper into Afghanistan, they 
reach the first villages; here, except for 
the ubiquitous Toyota pickups, the 
people are still living in the Middle 
Ages. Farther on, a side trip to the 
Panjshir Valley in search of emeralds 
begins with a poignant clip of the late 
Ahmed Shah Massoud, then the leader 
of the Northern Alliance, talking about 
the bright future of his country, the one 
he fought for but never saw. (Massoud 
was assassinated shortly before the 
attacks of September 11.) Remnants of 
the Russian incursion in the form of 
unexploded Soviet bombs litter the 
landscape, providing blasting powder 
for the industrious gem miners. 

The tale comes to a close as they 
finally reach the lapis mines, with 
Bowersox pondering the fate of this 
nation with such a troubled past. 
Little did anyone know what lay just 
months ahead. 

From this gemologist’s perspec- 
tive, one shortcoming is that there are 
so few gems seen in a story set in an 
area so rich in gemstones. But this is 
well compensated for by the insight- 
ful portrait offered of this rarely seen 
part of the world. 

CHARLES I. CARMONA 
Guild Laboratories, Inc. 
Los Angeles, California 
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Figure A is a cabochon-cut red garnet. The red almandite 
embedded in gray mica schist (B) is typical of the garnets from 
Fort Wrangell, Alaska, a locality important as a source of well- 
developed garnet crystals but not of gem material. The crystal 
illustrated is a dodecahedron modified by the trapezohedron, a 
common crystal habit of garnet. 


At (C) and (D) the beautiful green demantoid variety of 
andradite is shown. This mineral has the strongest dispersion 
(fire) of any natural gem, exceeding even that of diamond, and 
its high index of refraction makes it a stone whose brilliance 
compares favorably with that of zircon. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Cultured pearls and colour-changed cultured pearls: Raman 
spectra. L. Li and Z. Chen, Journal of Gemmology, Vol. 
27, No. 8, 2001, pp. 449-455. 


Raman spectra were obtained from natural- and treated-color 
(ie., dyed and irradiated) Chinese freshwater cultured pearls, as 
well as Tahitian cultured pearls. The spectra were useful in 
identifying the dyed cultured pearls, but not the irradiated cul- 
tured pearls. Chemical analyses (by atomic absorption for 16 
elements) of four of the Chinese samples (white, orange, purple, 
and dyed dark purple) showed no characteristic variations. 
Compared to the Chinese samples, chemical analysis of one 
Tahitian cultured pearl showed a distinctly lower Mn content 
(1 ppm vs. 241-643 ppm) and possibly elevated contents of Na, 
Sr, and Fe. WMM 


Research on relationship between colour and Raman spectrum 
of freshwater cultured pearl. Y. Gao and B. Zhang, Journal 
of Gems and Gemmology, Vol. 3, No. 3, 2001, pp. 17-20 
[in Chinese with English abstract]. 


The Raman spectra of 500 natural-color freshwater cultured 
pearls from Zhuji, in Zhejiang Province, were studied to deter- 
mine the cause of their color variations. The samples were 
divided into several color groups: white, light yellow-white, 
light yellow, yellow, light pink, pink, light purple, dark purple, 
and purple-black. 

The Raman spectra of the organic components in all the cul- 
tured pearls were similar. However, the intensities of the 
Raman scattering peaks attributable to the organic components 
varied with color. The intensities of these peaks relative to 
those of aragonite were quantified with the ratio R = S1/S2, 
where S1 is the integrated area from 1165 cm~ to 1095 cm7! 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 

Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
© 2002 Gemological Institute of America 
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(representative of the organic components), and S2 is the 
integrated area from 1095 cm~! to 1070 cm“! (representa- 
tive of aragonite). The R value increased with the dark- 
ness of the color. For example, white cultured pearls had 
R~0.06, while purple-black samples had R~12.73. 
Therefore, organic components play a significant role in 
the color of these freshwater cultured pearls. TL 


Study on the composition and structure of pearls. L. Y. Shi 
and S. G. Guo, Journal of East China University of 
Science and Technology, Vol. 27, No. 2, 2001, pp. 
205-210 [in Chinese with English abstract]. 


Fifty freshwater cultured pearls from Zhejiang Province, 
China, were divided into eight groups on the basis of their 
luster and color, and all samples were studied by optical 
microscopy, X-ray diffraction, and scanning electron 
microscopy. The cultured pearls consisted of aragonite 
with small amounts of water and organic components; no 
calcite was found. In those samples with good luster, the 
aragonite crystals had a uniform size of about 2 um and 
occurred in typical polygonal plate-like forms in regular- 
ly stacked layers. However, in those with poor luster, the 
aragonite crystals varied from plate-like to grain-like, and 
their size ranged from sub-micron to several microns. 
They also contained many tiny pores among the arago- 
nite crystals, which are a major cause of the poor luster in 
those cultured pearls. These results are similar to those 
reported for Akoya cultured pearls. TL 


Farming and processing fine quality, large, round fresh- 
water pearls. B. Pan and Z. Wen, Modern Fisheries 
Information, Vol. 17, No. 2, 2002, pp. 15-17 [in 
Chinese]. 

With the increasing popularity of fine-quality large, round 

Chinese freshwater cultured pearls, bead-nucleation tech- 

nology has been developing rapidly in China. However, 

there is little information on this new technology in the 
public domain. These authors—experienced researchers 
at the Freshwater Fisheries Research Center in the 

Chinese Academy of Fisheries Science, Wuxi—attempt 

to remedy this situation by briefly reviewing the current 

status of bead nucleation technology in Chinese freshwa- 
ter cultured pearls. 

There are two types of bead nucleation procedures 
currently being used: the normal (one-stage) approach and 
anew two-stage operation. The one-stage procedure is the 
same as that described in the article “The current status 
of Chinese freshwater cultured pearls,” by S. Akamatsu 
et al. (Summer 2001 Gems & Gemology, pp. 96-113). 
Three- to five-year-old mussels, typically 15-18 cm, are 
used. The best seasons for implantation are between 
September and November or between March and May. 

The two-stage procedure is an experimental tech- 
nique called the “cultured pearl cell solution method,” 
which is currently the subject of active research at sever- 
al institutions in China. Based on modern bio-engineer- 
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ing technology, it involves the production of a special 
solution that contains a very high concentration of pearl 
cells (derived from the mantle tissue of a pearl-producing 
mussel). The bead nucleus is first immersed in this solu- 
tion for an unspecified period (first stage], and sometime 
later (second stage) it is inserted into a pocket in the man- 
tle lobe of a mussel without the piece of mantle tissue 
that is used in the typical one-stage bead-nucleation oper- 
ation. Although large, round cultured pearls can be pro- 
duced with this technology, the cost is significantly high- 
er than that of the normal nucleation procedure. 

Few details of the new procedure are given, but the 
authors express confidence that this technology will be a 
significant breakthrough in the bead nucleation of 
Chinese freshwater cultured pearls. TE, 


Fibrous nanoinclusions in massive rose quartz: HRTEM 
and AEM investigations. C. Ma, J. S. Goreva, and G. 
R. Rossman, American Mineralogist, Vol. 87, 2002, 
pp. 269-276. 


In an earlier study (abstracted in the Winter 2001 Gems 
& Gemology, p. 348), these same authors found that pink 
nanofibers (<1 um wide) were the cause of the pink col- 
oration in massive rose quartz from 29 world localities. 
Although the fibers had many similarities to 
dumortierite (including X-ray diffraction pattern and 
pleochroism), their exact nature remained elusive. This 
article is a continuation of the earlier study; for this 
report, the authors used advanced techniques such as 
HRTEM (high-resolution transmission electron micros- 
copy) and analytical electron microscopy (AEM) on sam- 
ples of massive rose quartz from California, South 
Dakota, Brazil, Madagascar, and Namibia to determine 
precisely the mineralogical, crystallographic, and chemi- 
cal characteristics of the fibers. 

The authors determined that the nanofibers in all 
samples are related to dumortierite, but there are distinct 
differences. Compared to dumortierite, the fibers con- 
tained a greater amount of Fe substituting for Al in the 
M1 lattice sites. The pink coloration of the fibers results 
from intervalence charge transfer between Fe?* and Ti** 
in the M1 site. TL 


Fluid inclusions in emerald from the Jos complex (central 
Nigeria). Y. Vapnik and I. Moroz, Schweizerische 
Mineralogische und Petrographische Mitteilungen, 
Vol. 80, No. 2, 2000, pp. 117-129. 

The fluid inclusions in three emeralds from small miaro- 

litic cavities in the Jos granitoid ring complex were stud- 

ied. The crystals ranged from bluish green to yellowish 
green, and had eye-visible color zoning. Small multiphase 
inclusions were found in the central part of the crystals, 
whereas large multiphase inclusions were present in the 
outer areas. Halite, as well as calcite + Mg-calcite + arag- 
onite, were the daughter phases identified in 20 multi- 
phase inclusions by Raman analysis. Also present were 
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volatile-rich inclusions that were mainly composed of 
CO, and water. The authors infer that the conditions dur- 
ing the early and intermediate growth stages of the emer- 
alds were T~400°-450°C and P~0.2-0.3 kbar. The fluid 
compositions and the daughter phases can be used to sep- 
arate Nigerian emeralds from those mined in Colombia. 
KSM 


Geochemistry of agates: A trace element and stable iso- 
tope study. J. Gétze, M. Tichomirowa, H. Fuchs, J. 
Pilot, and Z. D. Sharp, Chemical Geology, Vol. 175, 
No. 3-4, 2001, pp. 523-541. 


Agate samples from 18 world localities—representing 
Precambrian to Recent volcanic rocks of diverse compo- 
sition—were studied to provide information on their gen- 
esis and origin. In general, most trace elements in agates 
showed variations comparable to those of their various 
parent rocks. Elevated concentrations of certain pigment- 
ing elements (e.g., Mn, Co, Cr, As) were commonly found 
in dispersed micro-inclusions (e.g., fine-grained iron 
oxides). The trace-element signatures suggest that agate 
is formed by circulating fluids during syn- and post-vol- 
canic alteration of the host rocks. 

Oxygen isotope compositions (8!°O +16.4%o to +33.4%o) 
varied with locality; heavier 6'8O concentrations were 
characteristic of agates from acidic volcanic rocks. 
Significant variations (up to 10%o) within single agate 
samples may be explained by kinetic effects during iso- 
tope fractionation (e.g., the formation of agate from a non- 
crystalline precursor}, or by mixing processes involving 
meteoric and magmatic fluids. The temperature of agate 
formation varies from about 50° to 250°C, depending on 
the composition of the fluids. TL 


Geology of the amber-bearing deposits of the Greater 
Antilles. M. A. Iturralde-Vinent, Caribbean Journal 
of Science, Vol. 37, No. 3-4, 2001, pp. 141-167. 

Detailed geologic descriptions are presented of the rocks 
that host and surround the amber deposits of the Domini- 
can Republic and nearby countries. Commercial amber 
production (including unique blue amber from the El 
Cacao mine) is derived solely from the upper portions of 
the Yanigua and La Toca Formations in the Dominican 
Republic. Only trace occurrences of amber are known in 
Puerto Rico, Jamaica, and Haiti; no amber has been found 
to date in Cuba. Amber is virtually always associated 

with lignite (low-grade coal), except possibly in Jamaica. 
The Yanigua and La Toca Formations consist of amber- 
bearing lignite in discontinuous beds with carbonaceous 
clays, sandstone, thin shale beds, and thick basal conglom- 
erates. Using paleontological data, the author dated the 
amber-bearing occurrences as Early to Middle Miocene 
(~16 million years ago), and reconstructed the paleo-envi- 
ronments during formation of Dominican Republic amber. 
The author proposes that the creation and deposition 
of amber in the Dominican Republic began with an abun- 
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dance of Hymenaea protera (the extinct resin-producing 
tree from which Dominican amber is derived). Environ- 
mental conditions (namely, a warm, humid climate) that 
induce resin production from the trees were required, fol- 
lowed by rapid burial of the resin (so it was protected from 
weathering). Diagenesis (chemical and physical modifica- 
tions) of the resin into amber during burial was the final 
step. The possibility exists that commercially exploitable 
amber will be found in rocks of Early to Middle Miocene 
age in other locations within the Antilles. No gemological 
or production data are presented. Keith A. Mychaluk 


Mass mortalities of Japanese pearl oyster in Uwa Sea, 
Ehime in 1997-1999. T. Morizane et al., Fish Pathol- 
ogy, Vol. 36, No. 4, 2001, pp. 207-216 [in Japanese 
with English abstract]. 


Since 1996, mass mortalities of the Japanese pearl oyster 
Pinctada fucata martensii have occurred in western 
Japan. The deaths are accompanied by a reddish brown 
discoloration of the tissues, particularly the adductor 
muscle. To investigate the cause of the mortalities, from 
1997 to 1999 the authors studied the entire culturing 
process, as well as environmental factors, in the Uwa Sea. 
Farmed and experimentally cultured pearl oysters were 
monitored, and histopathological examinations were per- 
formed. 

The tissue discoloration appeared first in oysters from 
the southern part of the Uwa Sea, which experienced high 
temperatures in June, and then extended to all the cul- 
turing areas from August to November. Death occurred 
approximately one month after the appearance of the dis- 
coloration. As water temperature declined in October and 
November, the mortalities tended to decrease. Thus, the 
disease is highly dependent on water temperature. Low 
water temperatures during the previous winter appeared 
to suppress the occurrence of the disease in the following 
growing season, whereas high temperatures accelerated 
its occurrence and severity. TL 


An overview of China’s pearl industry. H. Xie and L. Li, 
Australian Gemmologist, Vol. 21, No. 3, 2001, pp. 
120-123. 

In China, pearls were used as ornaments as early as 

770-476 BC. The Chinese were the first to cultivate 

pearls, some 900 years ago. Freshwater cultured pearls 

were popular during the Qing Dynasty, between 1644 and 

1912, but pearl farming had disappeared by the end of that 

era. Modern pearl cultivation began in the 1950s to 1960s 

and accelerated in the 1990s. The freshwater cultured 
pearl farms are mainly in Zhejiang Province, while salt- 
water pearl culturing is widely distributed in the coastal 
areas of Guangxi and Guangdong Provinces, as well as 

Hainan Island. During the 1990s, annual production of 

cultured pearls reached ~1,000 tons, of which 20 tons were 

cultured in saltwater. Prospects for the Chinese pearl cul- 
turing industry are discussed. RAH 
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DIAMONDS 


Brine inclusions in diamonds: A new upper mantle fluid. 
E. S. Izraeli, J. W. Harris, and O. Navon, Earth and 
Planetary Science Letters, Vol. 187, No. 3-4, 2001, 
pp. 323-332. 


Micro-inclusions in cloudy diamonds from the Koffie- 
fontein kimberlite pipe, South Africa, were found to con- 
sist of three main types: silicates, carbonates, and brine. 
The silicates were either eclogitic or peridotitic, and both 
affiliations were associated with the carbonates and brine. 
The brine composition ranges were: water 30-42 wt.%; 
chlorine 19-22 wt.%; sodium and potassium 14-17 wt.%; 
Fe-Ca-Mg carbonates 22-25 wt.%; and silica 3-4 wt.%. 
These brines are different from previously described fluids 
trapped in fibrous diamonds, mainly in their high chlorine 
and low silica contents. 

The close association of a carbon (carbonate)-bearing 
brine, silicate minerals, and diamond suggests that such 
brines are important to diamond growth in both eclogitic 
and peridotitic environments. The similarity of brine 
compositions in both environments may indicate that 
diamonds of both suites grew in a single event. Further, it 
is suggested that highly concentrated brine promoted dia- 
mond growth in the upper mantle. Diamonds with a high 
concentration of brine inclusions, as in these cloudy sam- 
ples, are uncommon. Their scarcity suggests that brine is 
trapped only under unique growth conditions. AAL 


Defects in coloured natural diamonds. F. De Weerdt and 
J. Van Royen, Diamond and Related Materials, 
Vol. 10, No. 3-7, March—July 2001, pp. 474-479. 


Characterization of natural fancy-color (pink, “canary,” 
chameleon, Australian blue-gray-violet, and certain Cape 
yellow) gem-quality diamonds with UV-Vis-NIR, FTIR, 
and EDXRF spectroscopy, as well as topographic short- 
wave UV radiation, showed that diamonds of different col- 
ors share similar properties. The brown and pink diamonds 
exhibited signs of plastic deformation, and the color of each 
was correlated to the deformation planes. Pink coloration 
resulted from two broad absorption bands—one with a 
maximum at 550 nm, and the other with a maximum in 
the ultraviolet region that extended into the visible spec- 
trum. The brown diamonds displayed similar UV-Vis-NIR 
spectra, but had an additional absorption band in the 
infrared region at approximately 4150 cm-!. Cooling a pink 
diamond to 77 K or irradiating it with short-wave UV radi- 
ation altered the broad absorption band centered at 550 
nm, resulting in a more brownish appearance. This sug- 
gests that both a charge-transfer effect and plastic deforma- 
tion may be responsible for the pink color. 

At room temperature, the “canary” diamonds were 
bright yellow, whereas the chameleon diamonds appeared 
grayish “olive” green. Both types luminesced yellow to 
long-wave UV and red when exposed to blue light (450 nm). 
The “canary” diamonds exhibited several sharp absorption 
lines between 500 and 800 nm, but the nature of the defects 
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responsible for this absorption profile is not known. When 
heated to 250°C, cooled to 77 K, or exposed to short-wave 
UV, the chameleon diamonds turned bright yellow. Spectral 
analysis pointed to the existence of an energy-transfer 
effect, which is evidenced by changes in the broad absorp- 
tion band responsible for the “olive” green color. 

The Australian blue-gray-violet diamonds and some 
of the Cape yellow diamonds showed similar absorption 
lines between 700 and 1020 nm. The samples tested were 
type Ia with large concentrations of infrared-active hydro- 
gen. Both color groups luminesced yellow to long-wave 
UV. The blue-gray-violet diamonds also phosphoresced, 
indicating energy-transfer effects. The authors suggest 
that a possible mechanism for this energy transfer may be 
the high concentration of hydrogen pinning the Fermi 
level. They also acknowledge that the influence of hydro- 
gen on the Fermi level is still under investigation. SW 


Diamonds from the Espinhago Range (Minas Gerais, 
Brazil) and their redistribution through the geology 
record. M. L. S. C. Chaves, J. Karfunkel, A. Hoppe, 
and D. B. Hoover, Journal of South American Earth 
Sciences, Vol. 14, No. 3, 2001, pp. 277-289. 


Geologic and gemological evidence support the concept 
that diamond-bearing alluvial deposits presently found in 
Brazil’s Espinhaco Range experienced several generations 
of extensive fluvial transport from a distant, unknown, 
primary source. 

Geologic studies recognize three distinct periods in the 
history of these diamonds. The first was a Precambrian 
magmatic event (>1.75 billion years [By]) in east-central 
Brazil, during which the diamonds were emplaced in the 
crust. During the second period (~1.75-1.70 By), the dia- 
monds were eroded from their primary rocks and deposited 
in the Espinhaco basin, where several episodes of reworking 
occurred. Evidence for this includes the presence of dia- 
monds in conglomerates of this age and the absence of cer- 
tain diamond indicator minerals such as Cr-pyrope and 
chromite (extensive transport is required for the destruction 
of these minerals). During the third period, over the past 
~550 million years, several more episodes of reworking 
occurred. Recent river systems have reworked all the earli- 
er sources to produce economic gravels in some places. 

Gemological data detailing the quality and concentra- 
tion of diamonds from the Espinhago Range also support a 
long transport history. Although the crystals are small 
(averaging 0.20—0.30 ct), their quality is higher than dia- 
monds recovered directly from a primary deposit. Fluvial 
reworking and redistribution is a very efficient natural 
sorting process that preferentially destroys weaker and 
more included crystals. LT 


New old miners. G. Roskin, Jewelers’ Circular Keystone, 
Vol. 172, No. 6, June 2001, pp. 78, 81, 82, 84. 
Significant amounts of good-quality reproductions of 
antique-cut diamonds are currently entering the market, 
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and some are being sold without disclosure as genuine 
“old cut” stones. Some of these “new old cuts” can be 
recognized as such because they are cut for maximum 
weight retention, not beauty or attractive symmetry. For 
example, these stones have thick girdles that may be 
faceted, whereas the genuine cuts usually have thin, 
knife-edged frosted girdles. Further, the newer stones gen- 
erally have smaller culets, and are likely to be shallower 
than old-cut diamonds. Original “Asscher cut” diamonds 
can be identified by larger facets that are less symmetri- 
cal than modern ones. Jewelers who sell the old-cut repro- 
ductions must be sure to properly disclose them to their 
customers. KSM 


Optics may hold key to derailing contraband diamond 
trade. S. Redfearn, Optics and Photonics News, Vol. 
13, No. 2, February 2002, pp. 20-22. 
It is estimated that “conflict” diamonds (i.e., those that 
have been used to finance rebel uprisings or terrorist 
groups in Africa) constitute about 4% by value of the dia- 
mond market worldwide. At present, no reliable scientif- 
ic method exists to identify such diamonds, but two 
avenues of research involving optical instruments may 
prove helpful. 

Prof. George Rossman, of the California Institute of 
Technology in Pasadena, California, is studying soil and 
clay contaminants on the surface of diamonds using a 
mass spectrometer. Because these surface materials could 
be characteristic of certain countries, it is hoped that they 
will provide information about a diamond’s geographic 
origin. The Royal Canadian Mounted Police is attempt- 
ing to analyze internal impurities in diamonds using a 
spectrometer in conjunction with laser ablation; they also 
hope to identify impurities that will be characteristic of a 
specific geographic region. Although each approach has 
its challenges, the fundamental barrier to the success of 
both methods lies in the absence of a reliable database of 
conflict diamonds to use for comparison. Without accu- 
rate analytical technologies to identify conflict diamonds, 
the diamond industry and law enforcement agencies will 
have to continue to rely on secure transportation and doc- 
umentation to keep these diamonds from entering the 
market. DD 


Superdeep diamonds from the Juina area, Mato Grosso 
State, Brazil. F V. Kaminsky, O. D. Zakharchenko, 
R. Davies, W. L. Griffith, G. K. Khachatryan-Blinova, 
and A. A. Shiryaev, Contributions to Mineralogy 
and Petrology, Vol. 140, No. 6, 2001, pp. 734-753. 
Alluvial diamonds from the Juina area in western Brazil 
were characterized in terms of their morphology, syn- 
genetic mineral inclusions, carbon isotopes, and nitrogen 
contents. Like other Brazilian diamonds, they showed a 
predominance of rounded dodecahedral crystals. However, 
their mineral inclusions were unique, being dominated by 
ultrahigh pressure (“superdeep”} phases. Ferropericlase was 
the dominant inclusion; it coexisted with ilmenite, Cr-Ti 
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spinel, a phase with the major-element composition of 
olivine, and SiO,. Ca-Si-perovskite inclusions coexisted 
with titanite, “olivine,” and native Ni. Neither Cr-pyrope 
or Mg-chromite was found. The spinel inclusions were low 
in Cr and Mg, and high in Ti. Most of the ilmenite inclu- 
sions had low Mg, and some had very high Mn (up to 11.5 
wt.% MnO). 

This suite of inclusions is consistent with the deriva- 
tion of most of the diamonds from depths near 670 km, 
and it adds ilmenite and relatively low-Cr, high-Ti spinel 
to the known phases of the superdeep paragenesis. These 
diamonds have a narrow range of 8!°C (-7.8 to —2.5%b], 
low nitrogen contents, and a predominant aggregated B 
center. These observations have practical consequences 
for diamond exploration; specifically, they suggest that 
“indicator minerals” associated with superdeep dia- 
monds may not conform to traditional models (e.g., there 
may be no high-Cr pyropes). RAH 


The United States of America: A cornerstone of the world 
gem diamond industry in the 20th century. A. A. 
Levinson and F. A. Cook, Geoscience Canada, Vol. 
28, No. 3, September 2001, pp. 113-118. 


This article traces the development of the U.S. consumer 
market for gem diamonds from the mid-19th century, 
starting with the “diamond culture” that began develop- 
ing after the Civil War. By the end of that century, declared 
imports of all gem diamonds, rough and polished, had 
reached a “considerable $17 million.” Even at that time, 
America’s economic situation had a profound influence 
on the world diamond market: The steep depression of 
1893 caused De Beers to halve its mine production. 

The percentage of world consumption of gem dia- 
monds sold in the U.S. during the 20th century is pre- 
sented. (Note that the authors distinguish between weight 
and value from 1975 to 1999, but could not for the period 
from 1906 to 1975.) Between 1914 and 1961, American 
consumers accounted for 75%-—80% of world gem dia- 
mond sales, after which America’s market share began 
declining and Japanese sales began rising. 

By 1980, Japan had become the second major diamond- 
consuming nation (defined by the authors as a market that 
consumes at least 10% of the world’s diamond supply by 
weight or value for a consecutive period of 10 years). 
Between 1988 and 1995, the Japanese slightly exceeded 
American diamond consumption (by value) during sever- 
al of those years, with each country generally accounting 
for between 31% and 33% of the world market. Japanese 
consumption began declining in 1996 because of the coun- 
try’s economic downturn, but there was a corresponding 
rise in American consumption. Currently, the U.S. and 
Japan consume a combined 60%-70% of world gem dia- 
mond production by both value and weight. 

The article concludes that throughout the 20th cen- 
tury, the world gem diamond industry has depended 
largely on a single consumer market: the United States. 
As new diamond mines are brought into production in 
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the 21st century, consideration must be given to the abil- 
ities of the market—especially the U.S. and, to a lesser 
extent, Japan—to absorb these additional diamonds. 

RS 


GEM LOCALITIES 


Australian trade buoyed by new ruby and sapphire deposits. 
J. Henricus. Jewellery News Asia, No. 210, February 
2002, pp. 82, 84, 86, 88, 90. 


Using modern geoscience and satellite-mapping tech- 
niques, geologists have located new, high-grade sapphire 
deposits in Australia with particular success in the Kew 
Valley and the Eastern Feeder Valley, both in the Kings 
Plains Creek sapphire field of northeastern New South 
Wales. These new deposits could support sapphire min- 
ing for up to 20 years. The Eastern Feeder Valley contains 
an estimated 1.5 million cubic meters of sapphire gravels 
with an estimated 200 million carats of salable rough. 
New deposits with good-quality sapphires have also been 
found at Lava Plains, in northern Queensland. 

Despite recent decreases in production by some com- 
panies, the Australian corundum industry as a whole is 
optimistic because of the new finds. More Australian 
companies are starting to market their higher-quality 
stones independently, rather than sell their entire pro- 
duction in rough form to cutting centers, particularly 
Thailand. At least one major mining company has its pro- 
duction cut at its own factory in Bangkok and is selling 
polished directly to the trade. JEM-S 


The chemical composition of Burma jadeite ore and its 
significance. J. Yang, Kuangwu Yanshi (Journal of 
Mineralogy and Petrology), Vol. 21, No. 4, 2001, pp. 
28-30 [in Chinese with English abstract]. 

The results of electron-microprobe analyses for jadeite 

from Myanmar (Burma) are reported, and the color-pro- 

ducing mechanisms are discussed. The characteristic 
assemblages of selected trace elements (Cr, V, Co, Ni, Cu, 

Sn, Pb) and rare-earth elements (La, Ce, Sm, Eu, Yb, Lu) 

indicate that the jadeite was derived from serpentinized 

peridotite. This conclusion should help in prospecting for 
jadeite. RAH 


Textures and genesis of jadeite ore from Burma. J. Yang 
and Z. Wang, Journal of Chengdu University of 
Technology, Vol. 28, No. 4, 2001, pp. 363-365 [in 
Chinese with English abstract]. 

Fluid inclusions in over 100 thin sections of various tex- 

tural types of jadeite from Myanmar were studied. The 

inclusions were two-phase (liquid-gas), and the salinity of 
the fluids ranged from 7.4%-8.3%. The fluid inclusion 
data suggested that the jadeite formed at temperatures of 
200°-350° C and pressures of 500-800 MPa. The rare- 
earth element europium occurred mainly in the form of 

Eu**, which suggests that reducing conditions existed dur- 

ing jadeite formation. TL 
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La collezione di gemme del Vicentino al Museo Civico 
“G. Zannato” in Montecchio Maggiore (Vicenza) 
[Gems from the Vicenza area in the collection of the 
Museo Civico “G. Zannato” of Montecchio 
Maggiore (Vicenza)|. M. Boscardin, Museologia 
Scientifica, Vol. 16, No. 1, 2000, pp. 51-60 [in Italian 
with English abstract]. 


A collection of some 500 samples, including faceted and 
cabochon gems, and polished or engraved ornamental 
stones, has been assembled in this museum in Vicenza, 
northeastern Italy. Prominence is given to “enhydros” (a 
variety of chalcedony in which entrapped water can be 
seen in the polished face, also termed “Vicenza drop”), 
and to specimens of xonotlite and johannsenite (gems 
peculiar to the Vicenza district). RAH 


Formation of the Denchai gem sapphires, northern 
Thailand: Evidence from mineral chemistry and 
fluid/melt inclusion characteristics. P. Limtrakun, 
K. Zaw, C. G. Ryan, and T. P. Mernagh, Miner- 
alogical Magazine, Vol. 65, No. 6, 2001, pp. 
725-735. 


The Denchai gem sapphire deposits in Phrae Province, 
northern Thailand, are closely associated with late 
Cenozoic alkaline basaltic rocks. The sapphires occur in 
placer deposits in paleo-channels at shallow depths. 
Electron-microprobe analyses gave 0.32—1.98 wt.% Fe,O,, 
0.01-0.23 wt.% TiO,, <0.01 wt.% Cr,O,, 0.01-0.03 wt.% 
Ga,O,, and <0.03 wt.% V,O.. 

Three types of primary fluid/melt inclusions were rec- 
ognized. Type I are CO,-rich inclusions with three phases 
(liquid H,O, liquid CO,, and vapor), with the vapor phase 
comprising 10-15 vol.%. Type II are polyphase inclusions 
(vapor+liquid+solid) with a fluid bubble (20-30 vol.%), 
an aqueous phase (10-15 vol.%), and several solid phases. 
Type III are silicate-melt inclusions of vapor bubbles, sili- 
cate glass, and solid phases. PIXE analyses revealed high K 
(~4 wt.%) and Ca (~0.5 wt.%J, Ti (~1 wt.%), Fe (~2 wt.%], 
Mn (~0.1 wt.%), and V (<0.03 wt.%), in addition to Rb (~70 
ppm) and Zr (~200 ppm) in the silicate glass. The Ga,O, 
contents and Cr,O,/Ga,O, values (<1) of the sapphires 
favor their formation by magmatic processes. The pres- 
ence of CO,-rich fluids and high K in the silicate melt 
inclusions link the origin of these sapphires to CO,-rich 
alkaline magmatism. RAH 


Sri Lanka gem industry: Past, present and future. P. G. R. 
Dharmaratne, Gemmologie: Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 50, No. 4, 2001, 
pp. 199-206. 

Sri Lanka has long been a major source of gemstones, and 

over the past century its gem trade has become one of the 

island’s leading industries. Laws governing the leasing 
and mining of lands, and regulating the gem trade and its 
exports, have evolved over time to nurture a growing, sus- 
tainable trade. In recent years, new gem discoveries in tra- 
ditionally productive areas have dwindled, and explo- 
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ration has shifted to new alluvial areas previously con- 
sidered off-limits, such as plantations and forest pre- 
serves. 

Sri Lanka has made a significant effort to protect its 
lands without hampering the island’s economic develop- 
ment. Use of most machinery such as bulldozers and 
backhoes is now prohibited, and a percentage of money 
collected from land leases is designated for reclamation. 
To expand the gem industry, the government has offered 
tax benefits to members of the trade, import and export 
barriers have been lowered, and exploration for primary 
(rather than alluvial) gem deposits has been encouraged. 
Through legislative incentives, Sri Lanka hopes to offer a 
diverse array of gems and jewelry to the trade’s interna- 
tional buyers, and to provide a stable market that will be 
attractive to foreign investors. The article contains inter- 
esting statistics (number of licensed gem miners, dealers, 
and lapidaries, and the value of gem and jewelry exports) 
for the decade 1991-2000. DD 


INSTRUMENTS AND TECHNIQUES 


Brandt proportion loupe. T. Linton, A. Cumming, N. 
Masson, and B. Sweeney, Australian Gemmologist, 
Vol. 21, No. 4, 2001, pp. 161-164. 
Rapid sight methods for assessing diamond-cut proportions 
at 10x magnification are based on the capacity of a partic- 
ular cut to provide a symmetrical pattern of reflections 
from the table and crown facets in the pavilion facets. The 
visibility of this pattern of light-to-dark reflections can be 
enhanced by viewing these reflections as red-enhanced 
images. This paper represents an evaluation by a commit- 
tee of the Gemmological Association of Australia of a 
Triplet Proportion Loupe produced by Selwyn Brandt of 
The House of Jewellery (Sydney, Australia) that produces 
such red-enhanced images. It uses a modified 10x loupe 
that creates red reflections of the table and crown facets in 
the pavilion facets of diamond and so makes interpretation 
of rapid sight methods for assessing the quality of a dia- 
mond cut considerably easier to achieve. RAH 


Dispersion measurement with the gemmologist’s refrac- 
tometer—Part 1. D. B. Hoover and T. Linton, 
Australian Gemmologist, Vol. 20, No. 4, 2000, pp. 
506-516. 

This paper reviews the history of the critical-angle refrac- 

tometer, which may be used to measure dispersion, and 

the use of dispersion by gemologists. The theory behind 
the calibration of the critical-angle refractometer to mea- 
sure dispersion is developed. RAH 


Dispersion measurement with the gemmologist’s refracto- 
meter—Part 2. D. B. Hoover and T. Linton, Aus- 
tralian Gemmologist, Vol. 21, No. 4, 2001, pp. 
150-160. 

Details are given of the procedures used by the authors to 

obtain an empirical calibration of two commercial criti- 
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cal-angle refractometers. This involves selection of light 
sources, linearization of dispersion curves by the 
Sellmeier equation, and details of the measurement 
process. Problems are recognized with values given in the 
literature for the dispersion of many gem materials. It is 
suggested that a thorough reexamination of gemstone dis- 
persion data is needed. RAH 


JEWELRY RETAILING 


Going, going...gone! Moving merchandise on Internet 
auction sites. A. DeMarco, Jewelers’ Circular 
Keystone, Vol. 172, No. 12, December 2001, pp. 76, 
78, 80, 81. 

Retail jewelers who once had to scrap jewelry that went 

unsold over a long period of time have found success 

offering it on the Internet auction site eBay. David 

Jewelers of Erie, Pennsylvania, reported that its online 

sales increased 50% since opening on eBay because it has 

developed a national clientele. Most of its eBay sales are 
inexpensive gold items that had been in stock for several 
months. Zales also sells through eBay in its “Zales Value 

Vault,” which features inexpensive pieces. 

Some gem dealers have closed their offices to sell 
their merchandise through eBay. Davidoff Jewelry of New 
York offers wedding and engagement rings to consumers 
exclusively through the auction site. At $20 per listing, 
the cost runs up to $20,000 a month. 

eBay reported that 40%-50% of its jewelry business is 
conducted by independent jewelers working through the 
site, with another 15%-20% conducted by liquidators 
and mass merchandisers. The sales mix of jewelry-relat- 
ed items on eBay is 25% jewelry and 5%-10% watches 
and gemstones. The remainder is jewelry supplies, fix- 
tures, and “raw materials” of all types. Other Internet 
auction sites are gaining popularity as well. 

RS 


Virtually gone. I. Solotaroff, Modern Jeweler, Vol. 100, 
No. 11, November—December 2001, pp. 43-44, 46, 
47, 49. 


After rapid growth in 1999, online sellers of diamonds and 
diamond jewelry faded by the end of the following year. 
While brick-and-mortar jewelers and many diamond deal- 
ers reviled the upstart businesses, celebration over the 
demise of online diamond selling is premature. Several 
survivors, including Blue Nile and Diamond.com, have 
“gotten their numbers in line” and are expecting profits 
this year with anticipated sales of $50 million and $30 
million, respectively. Blue Nile reported its first profits in 
August 2001, one of the first for any jewelry e-tailer. 
Diamond.com reported that their loose diamond sales 
average $4,000-$5,000. 

An anonymous jewelry manufacturer quoted in a 
Seattle Times report cited in this article said that Blue 
Nile was “the second- or third-largest U.S. buyer of certi- 
fied diamonds” (presumably behind Tiffany and Wal- 
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Mart), with 1% of U.S. bridal sales. The article also 
claimed that Blue Nile’s sales were three times that of its 
nearest online competitor, with repeats and referrals 
accounting for 40% of its business. Blue Nile, which orig- 
inally targeted male buyers, is now gaining female cus- 
tomers who have received Blue Nile products as gifts. 
RS 


PRECIOUS METALS 


Coloured carat golds for investment casting. D. Zito, 

Gold Technology, No. 31, Spring 2001, pp. 35-42. 
This article reports on testing of 18K yellow gold alloys 
with the additions of minor amounts of zinc (Zn), silicon 
(Si), cobalt (Co), and iridium (Ir), individually (for Zn) and 
in combination, for practical performance in investment 
casting. The goal was to maximize alloy castability. In 
addition to alloy composition, the shape of the casts was 
varied. 

The addition of Zn, Si, and Co to 18 K yellow gold pro- 
duced very slight color differences, but the addition of Ir 
resulted in a more desirable brightness to the metal. The 
grain size of an alloy was increased with the addition of 
Zn and decreased with Ir; a finer grain size improves the 
appearance and workability of the gold. 

Vickers hardness evaluations of cast alloys showed 
only minor differences, with the exception of the Si-Co 
alloy, which is 5% harder. Age-hardening treatment 
increased hardness by 75% when compared to cast alloys. 
Greater hardness is desirable due to easier finishing and an 
improved outcome. Tensile tests found that Zn- and Ir- 
containing alloys were more reliable and better for casting. 
Si-bearing alloys performed best in deoxidation tests. With 
the scanning electron microscope, polished surfaces 
showed reduced pore size (gas porosity) in the alloys con- 
taining Zn+Ir, Zn+Si+Co, and Zn+Si+Ir. 

The author concluded that 18K yellow gold alloys con- 
taining suitable elements perform better in the invest- 
ment casting process. The preparation of these alloys 
should be done by metallurgical experts. PT 


SYNTHETICS AND SIMULANTS 


Jadeite and resin doublet—D-jade and its identification. C. 
M. Ou Yang and S. K. Fan, Journal of the Gem- 
mological Association of Hong Kong, Vol. 22, 2001, 
pp. 14-16. 

Jadeite and materials that simulate it with a deep color 

and low transparency are sometimes cut thin (~1 mm) to 

improve their transparency. These materials may also be 

“base-dug,” or cut thicker and then hollowed out from 

the back. Even with this procedure, the thinness can cre- 

ate durability problems so the hollow is filled with resin. 

The result is a jadeite-and-resin doublet. The most popu- 

lar material used to make the doublets is “dry green” 

(Ganqing]), which is not true jadeite but predominantly 

the mineral kosmochlor. Another common starting 
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material is “Hte Long Sein” jadeite. It is important to rec- 
ognize that the doublets consist of only 10%-20% jadeite 
(or other gem material); the balance is resin. 

The authors feel that the jadeite-and-resin doublets 
should be called “D-jade” (“D” for doublet) to differenti- 
ate them from “A-jade,” “B-jade,” and “base-dug” jade. 
The identification of “D-jade” that is unmounted or in an 
open-back bezel setting can be done fairly easily, by not- 
ing the presence of transparent resin (with its resinous 
luster) on the base, measuring specific gravity (much 
lower then jadeite, floats in 2.88 heavy liquid), or obtain- 
ing an infrared spectrum (the epoxy resin differs from “B- 
jade” resin). For a set stone, this doublet can be recog- 
nized by illuminating the stone from the top and looking 
for scattering or reflections of the light in the underlying 
resin. JS 


TREATMENTS 


Heat treatments of Tanzania ruby as monitored by ESR 
spectroscopy. P. Winotai, T. Wichan, I. M. Tang, and 
J. Yaokulbodee, International Journal of Modern 
Physics B, Vol. 14, No. 16, 2000, pp. 1693-1700. 


In Thailand, heat treaters enhance the appearance of 
slightly bluish rubies from Umba, Tanzania, by removing 
the blue color; clarity is also improved in the process. The 
ideal conditions under which this is accomplished were 
determined experimentally. Samples weighing 2-3 ct 
were heated at a rate of 4°C per minute, in an oxygen 
atmosphere. They were held at 1,200°, 1,300°, 1,400°, 
1,500°, and 1,600°C for periods of 12 hours, and then 
cooled at 5°C per minute to room temperature. 

ESR (electron spin resonance) spectrometry showed 
that the Fe**/Cr** ratio increased almost linearly with 
increasing temperature, indicating that Fe?* was being 
converted to Fe**; this change resulted in a decrease in the 
blue color as the influence of Cr as a red chromophore 
became dominant. X-ray diffraction analysis showed a 
sharp decrease in the c/a (axial) ratio of the crystal struc- 
ture at 1,200°C; this also contributed to a decrease in the 
blue color. Evaluation of the samples with the CIE L*a*b* 
color index showed that the most intense red occurred in 
those heated to 1,300°C. The authors concluded that the 
best temperature for removing the blue component of 
Umba ruby, and improving its clarity, is 1,300°C. KSM 


Optimization of heat treatments of African green sap- 
phires. P. Winotai, S. Saiseng, and T. Sudyoadsuk, 
Modern Physics Letters B, Vol. 15, No. 20, 2001, pp. 
873-882. 

The green color in corundum is caused by Fe** (or some- 

times a high Fe**/Ti** ratio). Yellow is commonly caused 

by Fe** (or Ni** to give a golden color). This article gives 
details of the optimum heat treatment developed for 
changing the color of sapphires from Umba, Tanzania, 
from green to yellow. The treatment involves the oxida- 
tion of Fe** to Fe**; the effects of other trace chromophores 
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(e.g., Ti, V, and Cu) are ignored as they are generally very 
low in abundance (<0.2.%). 

The heating process took place in an oxygen atmos- 
phere. X-ray diffraction studies showed the smallest c/a 
ratio of the crystal structure after heating to 1,200°C, 
which was confirmed by a shift in the visible-range emis- 
sion spectra towards shorter wavelengths. ESR spectrom- 
etry showed that the amount of Fe’* converted to Fe** in 
the heated samples increased linearly with temperature. 
An evaluation of the samples with the CIE L*a*b* color 
index confirmed that the change from green to an opti- 
mum yellowish green color occurred at 1,300°C. At high- 
er temperatures, the color became bluish green. 

Alethea Inns 


Identification of GE POL™ diamonds. E. Fritsch, J.-P. 

Chalain, and H. Hanni, Australian Gemmologist, 

Vol. 21, No. 4, 2001, pp. 172-177. 
GE POL diamonds are brownish type Ia diamonds that 
have been decolorized by an undisclosed high pressure-high 
temperature process. These color-enhanced diamonds can 
be identified by a laser-inscription (“GE POL”) on their gir- 
dle and transparency to short-wave UV, they also may show 
weak to moderately intense cross-hatched graining, gener- 
alized haziness, etched surface-reaching cleavages, and rare 
mineral inclusions surrounded by discoid stress fractures. 
Using Raman photoluminescence spectrometry, the inten- 
sity of the nitrogen-vacancy (N-V) centers that absorb or 
emit light at 637 and 575 nm, respectively, give a 637/575 
nm ratio greater than 2.5, whereas for untreated stones this 
ratio is less than 1.6. The full width at half maximum 
(FWHM) of the 637 nm band is higher in GE POL diamonds 
than in natural-color type Ila diamonds. 

RAH 


MISCELLANEOUS 


Apparatus and method for grading, testing, and identifying 
gemstones. L. K. Aggarwal, U.S. Patent No. 
6,239,867 B1, May 29, 2001. 

This patent, assigned to Imagestatistics Inc. of Phila- 

delphia, Pennsylvania, describes a method and associated 

apparatus for the standardized grading of gemstones. The 

system gauges the spectral response of a gemstone using a 

plurality of light sources, or multispectral imaging. The 

sources are not clearly identified but include both laser 
and white light, and both visible and invisible spectra are 
generated; various filters are required. The data generated 

(pixel data sets) are entered into a processor that contains 

a database obtained from reference specimens. The patent 

claims that the system is capable of identifying and grad- 

ing a gemstone, as well as assessing its aesthetic and/or 
monetary value. 

To achieve standard grading, the system is said to mea- 
sure many physical properties (including brilliance, fluo- 
rescence, color, and flaws), as well as gemological attrib- 
utes such as proportions. Yet no examples are presented of 
gemstones that have been graded by this system and com- 
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pared with results obtained by conventional methods in a 
gemological laboratory. AAL 


Investment demand for gold up 17%, jewellery down 10%. 
Jewellery News Asia, No. 208, December 2001, p. 34. 


The World Gold Council reported that demand for gold as 
an investment surged to 106 tonnes during the third quar- 
ter of 2001, an increase of 17% over the same period in 
2000. The September 11 terrorist attacks were cited as the 
chief reason. The major investment buyers were located in 
Japan, South Korea, Vietnam, Malaysia, and the U.S. 

However, global demand for gold jewelry declined 10% 
from the same period in 2000, to 649 tonnes of gold. This 
resulted in a net 7% decrease in gold consumption for the 
third quarter, as investment demand failed to offset the 
decline in jewelry demand. Demand for gold as an invest- 
ment in Japan rose 91% from the previous year, while gold 
jewelry sales declined 7%. Jewelry demand in India, the 
world’s largest gold-consuming market, declined 17%, 
while jewelry demand in the U.S. fell 2%. 

RS 


Shades of meaning: How does a gem’s color emotionally 
impact the buyer? S. Wade, Colored Stone, Vol. 14, 
No. 6, 2001, pp. 38-41. 


How does the color of a gem affect the buyer emotionally? 
What does a person feel when they see red? The answers 
to such questions are found in psychological studies that 
are uncovering deep links between our personalities and 
colors, proving that our psyches associate certain colors 
with certain emotions. Many of us are affected or react in 
the same manner when we see certain colors. We associ- 
ate colors such as red and orange with passionate emo- 
tions that create a sense of appreciation or romanticism. 
Blue and green, on the other hand, are associated with 
calming effects or a sense of relaxation. The Institute for 
Color Research says 60%-70% of all purchase decisions 
are based solely on color. 

Many people have an immediate emotional connec- 
tion to metal and jewels. Mixing a warm metal (gold) with 
a warm stone (ruby), or a cooler metal (silver or platinum) 
with a blue, purple, or green stone, creates an “instinctive 
acceptance.” Instead of asking clients their favorite color, 
the salesperson should find out what color makes them 
happy, or which color makes them think “T’d like to wear 
that.” Studies have also shown that certain personality 
types prefer certain colors. Introverts favor blue, while 
extroverts tend to prefer red. 

It remains to be seen whether future research will 
uncover further connections between our personalities 
and colors. For now, we do know that color is all about 
feeling. One has to feel good about wearing a stone of a cer- 
tain color. Michelle Walden 
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Box A: UNDERSTANDING THE RELATIONSHIP OF PINK AND “RED” 
DIAMONDS IN GIA’S COLOR GRADING SYSTEM 


Diamonds described as predominantly red are among 
the most intriguing and highly valued gems in the 
world, both because of the richness of their color and 
their extreme rarity (figure A-1). Trade and public 
recognition of red diamonds expanded greatly follow- 
ing the record $926,316-per-carat price paid for a 0.95 
ct purplish red diamond (known as the Hancock Red) 
at a Christie’s auction in New York in 1987 (Kane, 
1987; Federman, 1992). A decade later, in 1997, 
Christie’s Geneva offered a 1.75 ct diamond crystal 
that was described by GIA GTL as purplish red (figure 
A-2). Typically, rough diamonds are not offered at auc- 
tion, because the outcome of their color appearance 
after cutting would still be in question. Nonetheless, 
diamonds described as being predominantly red are so 
rare that it was feasible in this instance. At auction, 
this 1.75 ct crystal sold for $805,000 (we do not know 
if it was subsequently faceted). The staff of the GIA 
Gem Trade Laboratory first examined this diamond 
crystal 20 years earlier, when they confirmed its natu- 
ral color. As recently as December 2001, Phillips (New 
York) sold a 1.92 ct Fancy red diamond for approxi- 
mately $860,000 per carat, the second highest per- 
carat price paid at auction for a gemstone. 


Figure A-1. This 5.11 ct Fancy red shield shape is an 
example of this rare color in diamonds. In the experi- 
ence of the GIA Gem Trade Laboratory, and as seen in 
table A-1, most of the diamonds described as predomi- 
nantly red are “cooler” in appearance and termed pur- 
plish red. This diamond, which is “red” without any 
modifier, is quite unusual. Courtesy of William 
Goldberg Diamond Corp.; photo by Elizabeth Schrader. 
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Although occasional reports have been pub- 
lished, very few red diamonds have been document- 
ed in detail (see, e.g., Kane, 1987). Table A-1, which 
lists diamonds in the public domain that have been 
given a “red” color description by GIA GTL since 
the sale of the Hancock Red in 1987, gives some per- 
spective on the rarity of predominantly red dia- 
monds (as we have done throughout this article, we 
refer here to diamonds for which the predominant 
color appears red: orangy red, red, purplish red, pur- 
ple-red, brownish red, and brown-red). 

There are two aspects of the GIA Gem Trade 
Laboratory’s colored diamond color grading system 
that, when combined, describe a diamond’s color 
appearance. One is the fancy grade, which represents 
regions of the combined effect of tone and saturation 
on the face-up appearance of a colored diamond. The 
other is the color description, which locates the hue 
range and, at times, more specific areas within the 
fancy grade. For example, within the grade range of 
Fancy Deep (which describes diamonds that are mod- 
erate to dark in tone and moderate to strong in satu- 
ration) are areas described as pink, brownish pink, 


TABLE A-1. “Red” diamonds in the public domain 
documented by GIA.@ 


Year last 
Weight Shape Color grade Featured by® examined by 
(ct) GIA GTL 
5.11 Shield Fancy red William Goldberg 1997 
1.92 Rectangle Fancy red Phillip’s New York 2001 
1.78 Ova Fancy purplish red Argyle Tender 1997 
1.75 Rough Purplish red° Christie's Geneva 1997 
1.12 Square Fancy purplish red Christie’s Geneva 2001 
1.06 Ova Fancy purplish red Argyle Tender 1998 
1.00 Pear Fancy purplish red Christie’s New York 1997 
0.95 Round Fancy purplish red Christie’s New York 1987 
0.75 Rectangle Fancy purplish red Christie’s Geneva 1998 
0.73 Rectangle Fancy red Christie's Hong Kong 2001 
0.59 Ova Fancy purplish red Christie’s Hong Kong 2000 
0.54 Emerald Fancy purplish red Argyle Tender 1998 
0.42 Emerald Fancy purplish red Argyle Tender 1997 
0.41 Round Fancy purplish red Christie’s New York 2001 
0.25 Ova Fancy red Christie’s New York 1996 


8While many people in the industry may describe a diamond as red, the 

lack of a systematic approach to that determination makes such state- 
ments difficult to substantiate. Because of this, the table presents only GIA- 
documented red diamonds in the public domain. Not all diamonds graded 
red by GIA are included in this table because of client confidentiality. 
’Company that has promoted or otherwise placed the information in the 
public domain. 

°Rough diamonds are not given “Fancy grades”; rather they are only given 
a color description. 
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Printed in England. 


Crystals of pyrope are shown at (A) and a cut specimen with 
the typical “garnet” color is shown at (D). The paler and more 
purplish rhodolite is shown as a cut stone (B). Hessonite, a 
yellowish-brown variety of grossularite, is shown at (C) as a cut 
stone, and in the form of rough material at (F). Gem-quality 
spessartite (E) is often a yellow-brown color resembling closely the 
hessonite variety of grossularite. Rough spessartite is shown at (G). 


PLATE VIE 


Figure A-2. “Red” diamonds are so rare that this 1.75 
ct purplish red crystal sold at the Christie’s Geneva 
November 1997 auction for $805,000. Courtesy of 
Christie’s. 


brown-pink, and pink-brown. A Fancy Deep pink dia- 
mond is located in the moderate to lighter toned, 
more saturated portion of the Fancy Deep range, 
whereas Fancy Deep pink-brown diamonds are in the 
darker, weaker portion of the range. 

This relationship of fancy grade and color descrip- 
tions in GIA’s system is also consistent with the 
term red. In our experience to date, diamonds de- 
scribed as red or reddish occur in a limited range of 
tone and saturation. Consequently, we have applied 
only one fancy grade thus far: “Fancy.” Since the 
range of color depth in which red diamonds are 
known is not wide, additional fancy grades have not 
been required. 

As with the transition from one grade to the next 
for pink diamonds, the transition in appearance 
between pink and red is smooth (figure A-3). The 
majority of diamonds described as red to date tend to 
cluster near the pink/red description boundary (in the 
GIA GTL system, the typical transition is between 
either Fancy Deep or Fancy Vivid “pink” and Fancy 
“red’’). As is the case throughout the system, dia- 
monds near a boundary may have a similar appear- 
ance yet be described differently. While the appear- 
ance difference between pink and red may be subtle 
at times, the tone and saturation of color that results 
in the face-up appearance associated with red is sel- 
dom encountered. 

A special problem with red diamonds is that few 
people in the trade ever have the opportunity to see 
significant quantities of them. Just as for pink dia- 
monds, a red “determination” requires the use of 
consistent methodology and comparison to known 
references. Without examples readily available in the 
market, opinions can vary greatly regarding what a 
“red” diamond should look like. Dealers impas- 
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sioned about the prospect of having a diamond of this 
color often believe that moderately dark, moderately 
strong pinks are red because they lack points of refer- 
ence. Alternatively, some dealers feel diamonds that 
are described as red are too pale because they don’t 
look like rubies; although “red” diamonds represent 
the strongest, darkest color appearances in their hue 
range, they may not look like other “red” gemstones. 
Or, only having seen a purplish red diamond, a dealer 
may incorrectly feel that a warmer red is “brownish” 
(similar situations also have been encountered with 
warmer pink diamonds). In the GIA GTL system, the 
appearance associated with the description “red” 
should be and is related to diamond, not other gems, 
so the color appearance of red in diamond may be 
very different from red in garnet, ruby, or spinel. 

From the limited number of predominantly red 
diamonds seen by GIA, it appears their cause of color 
is the same broad 550 nm absorption band, with an 
associated band at 390 nm, that is found in the spec- 
tra of pink diamonds, except that in red diamonds it is 
considerably stronger. Our observations over the last 
several years have not revealed any distinctive gemo- 
logical features associated with diamonds described as 
red as compared to their pink counterparts. 


Figure A-3. This illustration reproduces the darker, 
most saturated (lower right) area of the pink grid in 
the fold-out chart accompanying this article. The 
transition in color appearance between diamonds 
described as “pink” and “red” is smooth, if often 
subtle. Nevertheless, the tone and saturation neces- 
sary to yield a face-up color appearance described as 
predominantly red is rarely encountered. 


Fancy Vivid 


Fancy Deep 
Pink 


Fancy Red 
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spectrometer (6000-400 cm7!) at room temperature. 
Diamond type was determined by one or more meth- 
ods, including absorption spectra (by use of the prism 
spectroscope or an infrared spectrometer), short-wave 
UV transparency, and photoluminescence (PL) spec- 
troscopy using a Renishaw laser Raman spectrome- 
ter. It should be mentioned that these two type cate- 
gories (I and II) are not completely distinct (i.e., there 


Figure 7. These two pie charts illustrate the distri- 
bution of the 1,166 type I and 324 type II pink dia- 
monds in the sample by several weight categories. 
Note that type II pink diamonds tend to be larger 

than their type I counterparts. 


WEIGHT 


TYPE | 


5.00-9.99 ct 
A% 10.00+ ct 


1% 


3.00-4.99 ct 
3% 


1.00-2.99 ct <0.99 ct 
37% 55% 


TyPE Il 


10.00+ ct 


5.00-9.99ct 3% 
9% 


3.00-4.99 ct 


1 %o 
si <0.99 ct 


26% 


1.00-2.99 ct 
49% 
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Figure 8. As indicated in figure 7, type II pink dia- 
monds tend to be larger than type I pinks. This 
unusually large (50.08 ct) Fancy orangy pink dia- 
mond is a type II. Courtesy of Julius Klein 
Diamonds, Inc.; photo by Elizabeth Schrader. 


is no strict boundary between them). As the nitrogen 
content decreases, the two types become less easy to 
distinguish. Historically, the type II category was 
defined simply by the lack of nitrogen-related fea- 
tures in the infrared spectrum of a diamond (Robert- 
son et al., 1934). With the increased sensitivity of 
newer infrared spectrometers, weak nitrogen-related 
spectral features can be detected more easily. 
Consequently, the number of diamonds considered 
type II has tended to decline (for a discussion of dia- 
mond type, see Fritsch and Scarratt, 1992). 


DATA ANALYSIS AND RESULTS 


Diamond Type. Of the 1,490 diamonds examined for 
this study, 1,166 were type I and 324 were type IL. 


Weight. Twelve percent of our type II samples were 
5 ct or larger, whereas only 5% of our type I dia- 
monds were in this category (see figure 7). This is 
consistent with observations made over the years 
that large diamonds (in colors other than yellow) 
frequently are type II (see figure 8). 


Color Appearance. The three diagrams in the fold- 
out chart illustrate the wide range of color appear- 
ances associated with pink diamonds at three posi- 
tions on the hue circle (i.e., purplish red, red, and 
orangy red). Each diagram shows the lighter, less- 
saturated colors in the upper left, and the darker, 
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FANCY GRADE 


OVERALL 

Eaney Figure 10. The colors of pink diamonds transition 

Vivid Faint i 
Fancy A% 8% Very smoothly from one hue to the next. The diamonds 
Deep / Light shown here illustrate four of the more typical hue 
10% 5% appearances encountered in this study. The 0.28 ct 

Light marquise on the left is Fancy Intense purple-pink, 
~ Ga the 0.41 ct round brilliant is Fancy Intense purplish 


owes pink, the 0.48 ct emerald cut next to it is Fancy 
19% Intense pink, and the 0.33 ct rectangular diamond 

on the far right is Fancy Intense orangy pink. Photo 

Falioy by Jennifer Vaccaro and Elizabeth Schrader. 

Light 

10% 


more-saturated colors toward the lower right. The 
transitions among hue, tone, and saturation for pink 
diamonds are relatively smooth, with subtle differ- 
ences in appearance typically encountered between 
neighboring colors. Understanding the appearances 
of pink diamonds is challenging because they occur 
in such a wide range of hues (again, see figure 5). 
This is very different from the situation of, for 
example, blue diamonds (King et al., 1998), where 
the hue range is very limited. 


GIA GTL Fancy Grade Terminology. The 1,490 
study samples covered all of the GIA GTL fancy 
grades except Fancy Dark. For pink diamonds, this 
color grade usually is dominated by brown (and 
therefore typically results in descriptions of pink- 
brown, pinkish brown, or brown). Figure 9 shows 


Tree Il how the 1,490 diamonds fell into the remaining 
Fancy eight grade categories used by GIA GTL. 
Fancy Vivid 


Fancy Deep 2% 
Intense 2% 
8% 


Hue. There is a smooth gradation from one hue to 
the next in pink diamonds (figure 10). While there 


ea Very was complete overlap of the color ranges for both 
i > oe. types I and II in the study samples, type I pink dia- 
Light 
23% 


Figure 9. These pie charts illustrate the percentages 
of the 1,490 pink diamonds studied in each of the 
GIA GTL fancy grade categories. Note that a higher 
percentage of type I pink diamonds (1,166 samples) 
were found in the more saturated grade ranges of 
Fancy Deep, Fancy Intense, and Fancy Vivid. 
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CLARITY GRADE 


OVERALL 


Flawless or 
Internally Flawless 
7% 


TYPE I 


Flawless or 
Internally Flawless 


7% 


Type Il 


Flawless or 
Internally Flawless 
9% 
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monds more commonly exhibit “cooler” hues (i.e., 
toward purple}, whereas type II pink diamonds more 
commonly occur in the “warmer” hue ranges (i.e., 
toward orange). Of the 324 type II diamonds, 42% 
were in the warmer hues (with descriptions such as 
brownish orangy pink, brown-pink, and orangy 
pink), whereas of the 1,166 type I diamonds, only 
29% were in that range. 


Tone and Saturation. The tone and saturation ranges 
of pink diamonds can vary greatly depending on 
their hue (again, see figure 6). As illustrated in figure 
9, 66% of the 1,490 diamonds fell into the four 
stronger-saturation and darker-tone categories 
(Fancy, Fancy Intense, Fancy Deep, and Fancy 
Vivid). It was interesting to note that this group 
encompassed 73% of the 1,166 type I diamonds but 
only 38% of the 324 type II diamonds. Based on the 
samples in our study (and our experience in gener- 
al), type I pink diamonds are almost twice as likely 
as their type II counterparts to be stronger and dark- 
er in color. Type II pink diamonds are generally 
lighter in tone, although they vary in saturation 
from very weak to moderately strong. 


Microscopic Examination. Clarity. Pink diamonds 
tend to be included, as is reflected in their clarity 
grades (figure 11). Of the 691 diamonds examined for 
clarity, only 7% were in the Flawless or Internally 
Flawless (FL/IF) grades, whereas almost half (49%) 
were in the Slightly Included (SI) or Included (I) 
grades. Overall, the most common clarity grade 
range was SI (35%). However, 56% of the 488 type I 
diamonds in this group had the lower clarity grades 
(SI and I), compared to only 32% of the 203 type I 
diamonds. Thus, on average, type II pink diamonds 
receive higher clarity grades (FL/IF, VVS, and VS) 
than type I pink diamonds. 


Inclusions. Pink diamonds may exhibit fractures or 
cleavages as well as mineral inclusions. The internal 
features observed in our study samples were typical 
of those generally seen in other included diamonds. 
Dark, opaque graphite spots (figure 12, left) or pin- 
point inclusions were more common in the type II 


Figure 11. These pie charts illustrate the breakdown 
by clarity grade for the 691 pink diamonds exam- 
ined for this characteristic, overall and by type. 
Note that the (203) type II samples were generally 
higher in clarity than the (488) type I samples. 
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pink diamonds than in the type I pinks (similar- 
appearing inclusions have been observed in blue dia- 
monds; see King et al., 1998). In our study sample, 
the type I pink diamonds more often contained min- 
eral inclusions such as garnet and pyroxene (figure 
12, right), or anhedral crystals of diamond. 


PINK DIAMONDS 


<2) Figure 12. The mineral inclusions 
z in the pink diamonds studied 
were typical of those generally 
seen in other diamonds. Left: Type 
II pinks were more likely to have 
dark, opaque graphite spots. Right: 
This type I diamond contains 
inclusions of garnet and pyroxene. 
Photomicrographs by Thomas H. 
Gelb and John I. Koivula; magni- 
fied 50x and 15x, respectively). 


Graining. Both internal and surface graining are fre- 
quently seen in pink diamonds. The photomicro- 
graphs in figure 13 illustrate some common forms 
of this graining. Surface graining typically appears as 
linear patterns that cross facet junctions (figure 
13A). If the linear pattern is extensive and reflects 


Figure 13. Surface and internal graining were 
common features in the pink diamonds studied 
for clarity. Surface graining (A) appears as a line 
or lines crossing facet junctions; when there are 
numerous lines, as seen here at 23x magnifica- 
tion, the clarity grade may be affected. Internal 
graining can appear in a number of different 
forms: as internal reflective planes (B, magnified 
10x), as parallel whitish bands (C, magnified 
20x), and as an overall whitish haze (D, magni- 
fied 10x). Photomicrographs by Vincent J. Cracco. 
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Figure 14. Color zoning may appear as thin, discrete, 
parallel bands. In this 2.12 ct oval brilliant, very nar- 
row color zones are visible in the girdle, paralleling 
the table facet. The orientation of such bands may 
affect the face-up color appearance. Photomicrograph 
by Vincent J. Cracco; magnified 20x. 


around the diamond when it is viewed in the face- 
up position, it can lower the clarity grade. Even if 
there are only a few surface lines, they are noted in 
the “Comments” section of the grading report for 
identification purposes. 

Internal planar graining that reaches the surface is 
sometimes seen as reflective sheets that may appear 
colorless, pink, or brown (figure 13B); such graining 
may impact both the clarity grade and the color 
description. The presence of both pink and brown 


Figure 15. This pink diamond displays bright interfer- 
ence colors in a mosaic pattern when it is observed 
with magnification between crossed polarizing filters. 
This anomalous birefringence is evidence that the 
diamond was subjected to plastic deformation while 
it was in the earth. Photomicrograph by Vincent J. 
Cracco; magnified 23x. 
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colors of graining in the same diamond is uncom- 
mon, but we have observed it on several occasions. 
This graining can occur in one or more planes orient- 
ed along octahedral {111} directions. 

In addition to surface lines and reflective planes, 
internal graining also can appear as whitish bands 
(figure 13C), or as an overall hazy appearance (fig- 
ure 13D). When observed with magnification, this 
haziness may appear cottony, wispy, or silky, and 
can impart a shimmer- or rain-like quality that 
may affect the transparency and clarity grade of the 
diamond. 

Among our study samples, the type I pink dia- 
monds were more likely to have surface grain lines 
and reflective internal planes. In contrast, graining 
in the type II samples was more likely to appear as 
an overall haze with varying degrees of transparency 
rather than as distinct bands. 


Color Zoning. Color zoning was noted in 46% of the 
diamonds examined. This zoning most often ap- 
peared as discrete, parallel bands of darker pink color 
or alternating pink and colorless areas (again, see fig- 
ure 4). Less commonly, color zoning was seen as an 
indistinct distribution of color. Zoning was noted 
more often in those pink diamonds that displayed a 
greater depth of color; it is likely the darker color 
contributed to making the distinction between col- 
ored and colorless, or differently colored, areas more 
visible. As mentioned previously, the type I pink dia- 
monds in our study were more likely to display 
stronger, darker colors. Therefore, it was not surpris- 
ing to find color zoning observed in 65% of our type 
I samples, but in only 12% of the type I diamonds 
examined. In the more intensely colored type I dia- 
monds, we observed the pink coloration as broad 
bands oriented parallel to the internal graining. In 
some samples, the color zoning occurred as thin, dis- 
crete bands (figure 14) that appeared either pink or 
brown depending on the direction of the illumina- 
tion. In type II diamonds, banding may be present 
but is much less obvious. 


Anomalous Birefringence (Strain). As noted above, 
pink diamonds may be subject to plastic deforma- 
tion in the earth. The resulting strain pattern can be 
seen when crossed polarizing filters are used (figure 
15). These patterns may parallel the orientation of 
the pink color zoning, but more typically they are 
seen as a mosaic arrangement of bright interference 
colors that change as the diamond is tilted during 
observation. 
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Ultraviolet Fluorescence. In our sample, 1,363 pink 
diamonds of both types were examined for fluores- 
cence to short- and long-wave UV radiation. We 
found that 79% showed either no reaction or a faint 
reaction to short-wave UV (SWUV}), whereas approx- 
imately 20% exhibited medium fluorescence, and 
only 1% exhibited strong fluorescence (figure 16). 
When exposed to long-wave UV (LWUV}, 44% 


Figure 16. In general, the pink diamonds examined 
for fluorescence (1,363 samples) showed a stronger 
reaction to long-wave UV radiation than to short- 
wave UV. This same pattern was consistent for 
both the type I and type II diamonds, although 
type I pink diamonds tended to have a stronger 
reaction (medium to strong) to long-wave UV than 
their type II counterparts (faint to medium). 
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exhibited no or a faint reaction and 56% displayed 
medium to strong fluorescence. 

More than half of the type I pink diamonds 
exhibited a medium to strong reaction to LWUV, 
most commonly blue in color. The same samples 
exhibited no or only a faint reaction to SWUV, usu- 
ally blue or yellow. 

Most of the type II pink diamonds exhibited faint 
to medium fluorescence to LWUV, usually blue; 
84% showed only a faint (usually blue) or no reaction 
to SWUV. It has been our experience that increasing 
the duration of SWUV exposure by a number of sec- 
onds tends to strengthen the intensity of the fluores- 
cence reaction (to a level similar to the LWUV reac- 
tion). On occasion, type II pink diamonds display 
medium-to-strong orange fluorescence to both kinds 
of UV radiation (Anderson, 1960; Scarratt, 1987; and 
our own observations). These diamonds commonly 
exhibited a 575 nm absorption line at room tempera- 
ture (seen with a desk-model spectroscope) and an 
adjacent emission line on the low energy side. 

In some diamonds, the fluorescence reaction 
appeared “transparent,” whereas in others it appeared 
cloudy, turbid, or chalky. The type I pink diamonds 
more frequently appeared chalky to both LWUV and 
SWUV, whereas their type II counterparts usually did 
not exhibit a chalky appearance. 


Infrared/Visible Spectra. Figures 17A and 17B depict 
typical infrared spectra of a type I and type II pink 
diamond, respectively. These are consistent with the 
spectra observed for diamonds in this study. 
Absorption features in the one-phonon region 
(between 1000 and 1400 cm!) indicate the presence 
of nitrogen in a diamond (Fritsch and Scarratt, 1992). 
As mentioned above, as the nitrogen concentration 
decreases, the one-phonon absorption decreases. 
When this absorption is not detectable, the diamond 
is by definition type IL. 

The dominant feature in the visible spectra of 
pink diamonds is a broad absorption band centered 
around 550 nm (figures 17C and 17D) that, as men- 
tioned above, is responsible for the color in most pink 
diamonds (Collins, 1982). Typically, the 550 nm 
absorption band occurs together with a band at 390 
nm (Collins, 1982). This applies to both type II and 
type I diamonds, although in the case of type I dia- 
monds (figure 17C), the 390 nm band is superim- 
posed on the N8 center. Further evidence that the 
550 and 390 nm bands are linked is that they in- 
crease or decrease together in response to ther- 
mochromic or photochromic (heat- or light-related) 


Gems & GEMOLOGY SUMMER 2002 141 


effects (C. Welbourn, pers. comm., 2002). 

In addition to absorptions at 550 and 390 nm, the 
visible spectra of many pink diamonds contain an 
absorption line at 415 nm. This feature is due to the 
N83 center (Collins, 1982). In type I pink diamonds, 
the N3 center overlaps the 390 nm absorption band, 
and is typically accompanied by an increase in 
absorption toward the ultraviolet. The N3 center in 
type II diamonds is generally very weak to nonexis- 
tent due to the low nitrogen content; consequently, 
the 390 nm absorption may be clearly observed in 
the spectrum (figure 17D). 

In type I diamonds, in addition to the 415 nm 


line, we occasionally noted absorption bands at 494 
and 503 nm (associated with the H3 color center 
[Collins, 1982]}. 


DISCUSSION 


Color Relationships. GIA GTL color descriptions 
for pink diamonds depend on variations in hue, 
tone, and/or saturation. The subtle differences that 
can occur in these three color attributes, indepen- 
dently or in combination, add to the complexity of 
consistently determining the fancy color grade or 
description of pink diamonds. For example: 


Figure 17. Spectra A and B depict typical infrared spectra of type I and type II pink diamonds. Absorption 
between 1000 cm-! and 1400 cm~! approximates the concentration of nitrogen in a diamond, and in turn 

determines the diamond type. Spectra C and D represent typical visible spectra of type I and type II pink 
diamonds. Both these spectra exhibit broad absorption at 550 nm; however, type I diamonds show strong 
absorption at 415 nm, whereas in type II diamonds the 415 nm absorption is absent or very weak. 
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e “Warmer” (i.e., orangy) pink diamonds may be 
confused with brownish pink if color is not 
compared to color references using consistent 
observation methodology (figure 18). It is not 
uncommon for observers who see a “warmer” 
color appearance to associate it with low satu- 
ration (i.e., with the terms brownish or brown) 
instead of with a certain hue. Relatively strong 
warmer color appearances, such as orangy 
pink, can be incorrectly valued if their color is 
not analyzed properly. 


“Cooler” {i.e., purplish) pink diamonds often 
appear weaker than warmer pinks of similar 
tone and saturation (figure 19), as has been 


Figure 18. When evaluating the appearance of a col- 
ored diamond, it is necessary to compare the stone 
in question to known color references. If this is not 
done, it is difficult to judge correctly what 
attribute(s) are affecting appearance. “Warm” -color 
pink diamonds are often considered weaker (i.e., 
browner) unless they are compared to graded-brown- 
ish/brown diamonds. On the top, a pink diamond 
(left) is shown next to an orangy pink diamond. In 
this comparison, it is easy to misinterpret the orangy 
pink color appearance as brownish. On the bottom, 
the same orangy pink diamond (now on the left) is 
placed next to a brownish pink marquise—and the 
difference in color appearance is apparent. Photos by 
Elizabeth Schrader and Don Mengason. 
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Figure 19. Pink diamonds with a noticeable purple 
component to their color may appear less saturated 
if compared to a pink diamond of warmer color. For 
example, the two diamonds seen here are consid- 
ered to be of similar saturation in the GIA grading 
system. To the inexperienced observer, however, 
the cooler pink of the marquise on the left might 
appear weaker than the warmer pink of the heart 
shape on the right. Photos by Elizabeth Schrader. 


noted in color studies for other materials 
(Albers, 1975). Again, if such diamonds are not 
analyzed using consistent methodology and 
comparison to known references, such colors 
may be graded lower for strength. 


It is important to remember that all of these fac- 
tors (hue, tone, and saturation) are a continuum in 
color space. The GIA grading system has estab- 
lished boundaries for groups of diamonds represent- 
ing a range of tones and saturations of color within 
this continuum. For different hues, the tone and sat- 
uration boundaries will differ because of the natural 
range in which that color occurs (e.g., just as blue 
occurs in a narrower range of saturation than yellow 
[see again, King et al., 1998], pink occurs in a slight- 
ly narrower range than orangy pink). The fancy 
grade and color description boundaries gradate sub- 
tly around the hue circle (King et al., 1994). As a 
result, for each hue (e.g., red [pink] or orangy red 
lorangy pink], the range of tones and saturation may 
differ from one fancy grade to another. That is, as 
illustrated in figure 20, a pink diamond that falls 
within the Fancy Intense grade range may be simi- 
lar in tone and saturation to an orangy pink dia- 
mond in the Fancy range. 


Clarity. The primary importance of color in the val- 
uation of colored diamonds is clearly supported 
with pink diamonds. As shown in figure 11, over 
half (56%) of the sample diamonds were of SI or I 
clarity grades, yet dealers indicate that this grading 
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Fancy 
Intense 


darker TONE lighter 


aspect is of secondary importance to that of color in 
determining the value of a pink diamond (M. 
Kirschenbaum, pers. comm., 2002). 

Type II diamonds have been noted to be of high- 
er clarity than type I diamonds (Scarratt, 1987). This 
observation was supported by our study, as 68% of 
the type II pink diamonds in our sample group were 
FL/IF, VVS, or VS. 


Graining and Color Zoning. As mentioned previ- 
ously, the graining and color zoning in type I pink 
diamonds often occurs in discrete bands. The num- 
ber of planes and their intensity of color affect the 
overall depth (i.e., the combination of tone and satu- 


Figure 20. Because differ- 
ent hues encompass dif- 
NUE ferent ranges of tone and 
saturation, it is not 
uncommon to encounter 
two diamonds of similar 
tone and saturation but 
different fancy grades, as 
seen here for these two— 
Fancy Intense pink and 
Fancy orangy pink—dia- 
monds. The chart shows a 
section in color space, 
with different fancy 
grades for the red (pink) 
and orangy red (orangy 
pink) hues denoted by 
three-dimensional 
“boxes.” Photos by 
Elizabeth Schrader. 


“tong, 


ration) of color in a pink diamond (which is the 
basis for judging face-up color appearance; see King 
et al., 1994). In our sample, we found a direct corre- 
lation between more intense or more numerous 
banded colored graining (that is appropriately ori- 
ented) and a stronger face-up color appearance. 


Manufacturing. Many of the concerns manufactur- 
ers have when working with pink diamonds are 
similar to those discussed previously for blue dia- 
monds (King et al., 1998). To achieve the best face- 
up color appearance, diamond cutters often use 
French culets and half-moon facets on the pavilion 
around the girdle (Watermeyer, 1991). These tech- 


Figure 21. When pink diamonds are manufactured, the potential difference in color appearance between 
the rough and the faceted gem can be dramatic. This series show the original cleaved rough (left), the gem 
being cut from this rough at an interim stage in the faceting process (17.39 ct; middle), and the final 12.74 
ct Fancy Vivid orangy pink diamond (right). Courtesy of Jacques Mouw; photos by Elizabeth Schrader. 
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In the period between the death 
of Alexander and the Roman con- 
quest, great changes were seen in the 
work produced by Greek goldsmiths. 
During this time new gem materials, 
including the Syrian garnet of deep 
red-purple color, made their appear- 
ance. The softness of the new stone 
made it immediately popular with 
the medieval engraver and he used 
its convex top for engraving figures 
and portraits. These “carbuncles” 
were of good size and set in rings of 
hollow shells instead of bands of 
gold. 

Early popularity of the garnet no 
doubt ean*be attributed to the fact 
that although exhibiting extreme 
toughness, the mineral is relatively 
soft and could be easily polished with 
emery (hardness of 9) which the an- 
cients obtained. from Naxos Island. 

The term “carbuncle” is used by 
Agricola in “Natura Fossilium,” 
written in 1545, and he states that 
the Latins derived the name Carbun- 
culus from carbo, meaning little coal. 
The same stone, according to this 
writer, was called Anthracitidas by 
Theophrastus, or Acthracia by the 
Greeks. Both names come from the 
Greek root anthrax, meaning coal. 
No doubt the fiery red glow of the 
garnet was responsible for this 
nomenclature. 

As with most gemstones, the an- 
cients credited the garnet with po- 
tent powers and medicinal qualities. 
It was believed to cure inflammatory 
diseases, to reduce fever, and even 
to have a calming effect on quarrels. 
It was often worn as an amulet 
against accidents in travel. Believing 
its glowing light would inflict a more 
deadly wound, the Asiatics are said 
to have used the garnet as a bullet. 

The garnet is the birthstone for 
January and the talismanie gem for 
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May. It is called the emblem of faith, 
truth, and grace and is said to denote 
constancy and fidelity. By losing its 
color and splendor it is claimed the 
garnet warns its wearer of impend- 
ing disaster. 

During the Victorian era garnets 
were usually mounted in low carat 
gold and principally in many clus- 
ters of small faceted stones. One of 
the most popular gems of that pe- 
riod, their durability has permitted 
Victorian jewels fashioned of gar- 
nets to be in constant use since that 
time. , 

Jewelers’ customers should be very 
much interested in garnets, for what 
other transparent stone excepting 
tourmaline could so lavishly supply 
the demand for color choice in emer- 
ald-green, deep red, delicate shades 
of pale rose, red, purple, cinnamon, 
yellowish-red, amber, brown, and 
pale green in all their varying ‘in- 
tensities? It is only in the blue sec- 
tion of the color wheel that the gar- 
net is unknown. In addition to this 
wide range of color, the garnet also 
shows the intriguing phenomenon of 
asterism. 


Garnets appeal especially to those 
persons who desire a durable and 
beautiful gem at a reasonably low 
price; also to those who wish to make 
a selection from a wide range of col- 
ors. One of the principal selling 
points for the garnet is its resist- 
ance to fracture. All species, with 
the exception of andradite, are above 
quartz in hardness, and all species 
are extremely tough. Because they 
can be repolished readily with a nor- 
mal loss in weight, they are extreme- 
ly good buys. 

Despite the common belief in its 
prolificacy, the garnet in good size 
and fine color is a rarity, and not 

(Continued on Page 479) 


niques help cutters achieve the strongest face-up 
color with an even distribution. 

As mentioned above, color zoning in pink dia- 
monds can affect the intensity of color. When such 
zones are present, their orientation relative to the 
table during cutting is critical to obtaining the best 
face-up appearance for a given facet arrangement. 

One important distinction in the manufacture of 
pink diamonds is the change in color appearance 
that can occur during the cutting process. Manu- 
facturers have reported observing a range of changes 
during the polishing process. When hot from the 
polishing wheel, some pink diamonds may appear 
weaker (closer to colorless) than their stable color. 
Immediately on cooling, the same diamonds may 
appear stronger than their stable color. This color 
change is temporary, and the diamonds do not 
retain the stronger pink color. Input energy (from 
heat due to the friction created by the rotating pol- 
ishing wheel) produces these changes (M. Witriol, 
pers. comm., 2002). 

As is often the case with colored diamond rough, 
the change in color appearance from the original 
rough to the faceted diamond can be significant. 
Figure 21 shows the transition in appearance of a 
diamond that when finished was graded Fancy 
Vivid orangy pink. 


Spectroscopy. The broad region of absorption cen- 
tered at about 550 nm is due to a color center of 
unknown structure along slip planes in a pink dia- 
mond (Raal, 1958; Collins, 1982; Fritsch, 1998). The 
broad band at 550 nm is always accompanied by a 
band at about 390 nm (again, see figure 17C and D). 
Shigley and Fritsch (1993) presented a comparison of 
the visible spectra of three diamonds (red-brown, pur- 
plish red, and purplish pink) to illustrate the presence 
of the same 550 nm absorption band in differing 
intensity in each spectrum. In our sample, we also 
noted the increasing strength of the 550 nm absorp- 
tion band with greater depth of the pink-to-red color. 


SUMMARY AND CONCLUSIONS 

The beauty and relative rarity of pink diamonds 
have made them highly valued and desired through 
the centuries. Although they have been recovered 
from a number of localities around the world, his- 
torically their production has been quite sporadic. 
Only in the past 20 years has one source, the Argyle 
mine in Australia, produced a consistent supply of 
pink diamonds, which has given these special gem- 
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Figure 22. With the discovery of the Argyle mine in 
Western Australia, pink diamonds have become 
more available and gained broader commercial 
importance. As illustrated here, pink diamond 
melee and even larger single stones have estab- 
lished a special niche in the gem and jewelry indus- 
try. The Fancy orangy pink diamond in the ring 
weighs 1.15 ct; whereas the cross, dangle earrings, 
and brooch are set with a total weight in pink dia- 
monds of 0.38 ct, 1.14 ct, and 1.43 ct, respectively. 
Courtesy of Alan Friedman Co., Beverly Hills, 
California; photo © Harold & Erica Van Pelt. 


stones broader commercial importance in the jewel- 
ry marketplace (figure 22). 

This report is based on the largest sample of pink 
diamonds published to date. With regard to the two 
types in which pink diamonds occur, I and IL, this 
study confirmed that while the gemological charac- 
teristics associated with pink diamonds in these 
two categories may overlap, in the majority of cases 
there are some general differences in color appear- 
ance, clarity, and graining. 
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A key goal of this study was to illustrate aspects 
of the color grading of pink diamonds, which span a 
wide range of color hues, tones, and saturations. 
Again, this large sample confirmed the broader 


ABOUT THE AUTHORS 


Mr. King is laboratory projects officer, Mr. Gelb is staff 
gemologist, and Mr. Hall is analytical equipment supervisor at 
the GIA Gem Trade Laboratory (GTL) in New York. Dr. 
Shigley is director of GIA Research, and Mr. Guhin is grading 
lab manager at GIA GTL, in Carlsbad, California. 


ACKNOWLEDGMENTS: The authors thank Thomas M. 
Moses, vice-president of Identification Services at GIA GTL in 
New York, for his comments and suggestions. Akira Hyatt, 
staff gemologist at GIA GTL in New York, assisted in the 
selection of images and determining their color relationship. 
Kim Cino, administrative director of GIA GTL in Carlsbad, 


REFERENCES 


Albers J. (1975) Interaction of Color. Yale University Press, New 
Haven, CT. 

Anderson B.W. (1960) Luminescence of a large pink diamond. 
Journal of Gemmology, Vol. 7, No. 6, pp. 216-220. 

Argyle diamond’s pink diamond tender 1985-1996 (1997) 
Australian Gemmologist, Vol. 19, No. 10, pp. 415-418. 

Balfour I. (1982) Famous diamonds of the world: The 
“Williamson Pink” diamond. Indiaqua, Vol. 33, No. 3, pp. 
125-128. 

Balfour I. (2000) Famous Diamonds. Christie, Manson & Woods 
Ltd., London. 

Ball S.H. (1934) Fancies—Notes on colored diamonds. Gems # 
Gemology, Vol. 1, No. 11, pp. 309-311. 

Blauer E. (2000) Are you blue or in the pink: Colored diamonds at 
auction. Rapaport Diamond Report, Vol. 23, No. 16, pp. 97-98. 

Cassedanne J. (1989) Diamonds in Brazil. Mineralogical Record, 
Vol. 20, No. 5, pp. 325-336. 

Chapman J., Browne G., Sechos B. (1996) The typical gemological 
characteristics of Argyle diamonds. Australian Gemmologist, 
Vol. 19, No. 8, pp. 339-346. 

Chapman J., Humble P. (1991) The causes of color in Argyle pink 
and champagne diamonds. In A.S. Keller, Ed., Proceedings of 
the International Gemological Symposium, Gemological 
Institute of America, Santa Monica, CA, p. 159. 

Chapman J.G., Noble CJ. (1999) Studies of the pink and blue col- 
oration in Argyle diamonds. Gems e&) Gemology: Proceedings 
of the 3rd International Gemological Symposium, Vol. 35, 
No. 3, pp. 156-157. 

Collins A.T. (1982) Colour centers in diamond. Journal of 
Gemmology, Vol. 18, No. 1, pp. 37-75. 

Crowningshield G.R. (1959) Highlights at the Gem Trade Lab in 
New York. Gems & Gemology, Vol. 9, No. 12, p. 360. 

Crowningshield G.R. (1960) Developments and highlights at the 
Gem Trade Lab in New York: Pink diamond. Gems & 


146 PINK DIAMONDS 


range of tones and saturations in some hue cate- 
gories, and the importance of using consistent 
observation methodology and established color ref- 
erences in the color grading of colored diamonds. 


assisted with the Horizon computer management system 
retrieval of data on pink diamonds. Kim Rockwell, staff gemol- 
ogist in GIA GTL Identification in Carlsbad, and David Kondo, 
staff gemologist in GIA GTL Identification in New York, collect- 
ed visible spectra on a selection of pink diamonds. Wuyi 
Wang, research scientist in GIA GTL Identification in New 
York, offered comments on the spectra. Elizabeth Schrader, 
digital imaging operator at GIA GTL in New York, pho- 
tographed and created composite illustrations of many of the 
diamonds in this article. Martin Kirschenbaum of M. Kirschen- 
baum Trading, Lewis Wolf of Lewis Wolf Trading, Mates 
Witriol, and Christopher M. Welbourn of De Beers DTC 
Research Centre provided insights and helpful information. 


Gemology, Vol. 10, No. 3, p. 74. 

Crowningshield G.R., Reinitz I. (1995) Gem Trade Lab Notes: 
Treated-color pink diamond. Gems &) Gemology, Vol. 31, No. 
2, pp. 121-122. 

Federman D. (1992) The Hancock red diamond: Per-carat cham- 
pion. Modern Jeweler, Vol. 91, No. 4, p. 34. 

Fritsch E. (1998) The nature of color in diamonds. In G. E. 
Harlow, Ed., The Nature of Diamonds, Cambridge University 
Press, Cambridge, UK, pp. 23-77. 

Fritsch E., Scarratt K. (1992) Natural-color nonconductive gray- 
to-blue diamonds. Gems &) Gemology, Vol. 28, No. 1, pp. 
35-42. 

GIA Diamond Dictionary (1993) Gemological Institute of 
America, Santa Monica, CA. 

Harris H. (1994) Fancy-Color Diamonds. Fancoldi Registered 
Trust, Liechtenstein, 184 pp. 

Hart M. (2000) Brazil’s diamond enigma. Rapaport Diamond 
Report, Vol. 23, No. 16, pp. 103, 105. 

Henry J.A. (1979) Pink diamonds. Lapidary Journal, Vol. 33, No. 
1, pp. 35, 40, 53-54. 

Hofer S.C. (1985) Pink diamonds from Australia. Gems & 
Gemology, Vol. 21, No. 3, pp. 147-155. 

Hofer S.C. (1998) Collecting and Classifying Colored Diamonds: 
An Illustrated Study of the Aurora Collection. Ashland Press, 
New York, 742 pp. 

Jackson J.A., Ed. (1997) Glossary of Geology, 4th ed., American 
Geological Institute, Alexandria, VA. 

Kammerling R.C., Crowningshield R., Reinitz L, Fritsch E. (1995) 
Separating natural pinks from their treated counterparts. 
Diamond World Review, No. 88, pp. 86-89. 

Kane R.E. (1987) Three notable fancy-color diamonds: Purplish 
red, purple-pink, and reddish purple. Gems & Gemology, Vol. 
23, No. 2, pp. 90-95. 

King J.M., Moses T.M., Shigley J-E., Liu Y. (1994) Color grading of 
colored diamonds at the GIA Gem Trade Laboratory. Gems &# 


GEMS & GEMOLOGY SUMMER 2002 


Gemology, Vol. 30, No. 4, pp. 220-242. 

King J.M., Doyle E., Reinitz I. (1996) Gem Trade Lab Notes: A 
suite of treated-color pink-to-purple diamonds. Gems & 
Gemology, Vol. 32, No. 3, pp. 207-208. 

King J.M., Moses T.M., Shigley J.E., Welbourn C.M., Lawson 
S.C., Cooper M. (1998) Characterizing natural-color type IIb 
blue diamonds. Gems #& Gemology, Vol. 34, No. 4, pp. 
246-268. 

Koivula J.I., Tannous M. (2001) Gem Trade Lab Notes: 
Diamond—with pseudo-dichroism. Gems & Gemology, Vol. 
37, No. 1, pp. 59-60. 

Liddicoat R.T. Jr. (1987) Handbook of Gem Identification, 12th 
ed. Gemological Institute of America, Santa Monica, CA. 

Liu Y., Shigley J., Moses T., Reinitz I. (1998) The alexandrite 
effect of the Tavernier diamond caused by fluorescence under 
daylight. Color Research and Application, Vol. 23, No. 5, pp. 
323-327. 

Michelle A. (2001) In the pink. Rapaport Diamond Report, Vol. 
24, No. 29, p. 47. 

Moses T.M., Reinitz I., Fritsch E., Shigley J.E. (1993) Two treated- 
color synthetic red diamonds seen in the trade. Gems & 
Gemology, Vol. 29, No. 3, pp. 182-190. 

Orlov Y.L. (1977) The Mineralogy of the Diamond. Wiley 
Interscience, New York, pp. 128-131. 

Pink diamond gift to H.R.H. Princess Elizabeth (1948) Gems & 
Gemology, Vol. 6, No. 4, p. 119. 

Raal E.A. (1958) A new absorption band in diamond and its likely 
cause. Proceedings of the Physical Society of London, Vol. 71, 
No. 401, pp. 846-847. 

Reinitz I., Moses T. (1998) Gem Trade Lab Notes: Diamond— 


GIA PINK DIAMOND 
COLOR CHART 


To purchase a laminated copy of the 
GIA PINK DIAMOND COLOR CHART 
in this issue, contact the 
GEMS & GEMOLOGY subscriptions 
department at (800) 421-7250, 
ext. 7142 or (760) 603-4000, 
ext. 7142 or dortiz@gia.edu. 


PINK DIAMONDS 


Color treated from orangy yellow to reddish purple. Gems &) 
Gemology, Vol. 34, No. 3, pp. 213-214. 

Robertson R., Fox J.J., Martin A.E. (1934) Two types of diamond. 
Philosophical Transactions of the Royal Society of London, 
Series A, Vol. 232, pp. 463-535. 

Roskin G. (2001a) A (very expensive) pink souvenir. Jewelers’ 
Circular Keystone, Vol. 172, No. 12, p. 32. 

Roskin G. (2001b) Pink diamonds. Jewelers’ Circular Keystone, 
Vol. 172, No. 12, pp. 57-58. 

Scarratt K. (1987) Notes from the Laboratory—10. Journal of 
Gemmology, Vol. 20, No. 6, pp. 358-361. 

Shigley J.E., Chapman J., Ellison R.K. (2001) Discovery and min- 
ing of the Argyle diamond deposit, Australia. Gems & 
Gemology, Vol. 37, No. 1, pp. 26-41. 

Shigley J.E., Fritsch E. (1993) A notable red-brown diamond. 
Journal of Gemmology, Vol. 23, No. 5, pp. 259-266. 

Svisero D.P., Meyer H.O.A., Haralyi N.LE., Hasui Y. (1984) Some 
notes on the geology of some Brazilian kimberlites. Journal of 
Geology, Vol. 92, pp. 331-338. 

Van Bockstael M. (1998) On chameleon diamonds. Jewellery 
News Asia, No. 164, pp. 144, 146. 

Van Royen J. (1995) UV-induced colour change in pink dia- 
monds. Antwerp Facets, 1994 Annual Report, March, pp. 
21-24. 

Watermeyer B. (1991) Diamond Cutting: A Complete Guide to 
Diamond Processing, 4th ed. Basil Watermeyer, Parkhurst, 
Johannesburg, South Africa. 

Webster R. (1994) Gems: Their Sources, Descriptions, and 
Identification, 5th ed. Revised by P.G. Read, Butterworth- 
Heinemann, Oxford, UK. 


GEMS & GEMOLOGY SUMMER 2002 147 


Notes & NEW TECHNIQUES 


NEW CHROMIUM- AND 
VANADIUM-BEARING GARNETS FROM 
TRANOROA, MADAGASCAR 


By Karl Schmetzer, Thomas Hainschwang, Heinz-Jtirgen Bernhardt, and Lore Kiefert 


Pyrope-spessartine garnets from Tranoroa, in south- 
ern Madagascar, contain appreciable Cr and some- 
what lower V contents. Although these elements are 
responsible for the color-change behavior of similar 
garnets from the nearby Bekily area, the Tranoroa 
samples show only a slight change in color appear- 
ance from day or fluorescent light (brownish purple- 
red) to incandescent light (purplish red). Charac- 
teristic internal features in the Tranoroa garnets 
include networks of rutile needles and strain patterns 
caused by anomalous double refraction. Additional 
inclusions are graphite, quartz, negative crystals, 
apatite, zircon, and monazite. One Cr-bearing spes- 
sartine from the same area is also described. 


em-quality pyrope-spessartine garnets have 

been known from Tanzania and Sri Lanka 

since the late 1970s. Recently, two important 
varieties of these intermediate garnets have come 
from the Bekily area in southern Madagascar. Pink to 
pinkish orange Bekily material with variable iron con- 
tents but almost no vanadium or chromium has been 
called “malaya” garnet in the trade (Schmetzer et al., 
2.001). Bekily garnets with variable amounts of vana- 
dium and lesser chromium generally show a distinct 
color change between day (or fluorescent) light and 
incandescent light. These color-change pyrope-spes- 
sartine garnets have been subdivided into several 
groups or types according to the different colors 
observed under variable illumination (see Schmetzer 
and Bernhardt, 1999; Krzemnicki et al., 2001). 
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In June 2001, we obtained a parcel of about 30 
faceted garnets from southern Madagascar with 
unusual coloration (see, e.g., figure 1). According to 
our supplier, these garnets had been mined recently 
from a new area near Tranoroa, about 60 km south- 
west of Bekily (figure 2). We do not know the 
amount of this material that has been mined to 
date. Both the Tranoroa and Bekily localities belong 
to a region formed by several metamorphic belts 
consisting of high-grade metamorphic rocks of 
Precambrian age (Windley et al., 1994). More infor- 
mation on the geology, mining, and production of 
garnets from the Bekily area can be found in 
Schmetzer et al. (2001). 

The present study was undertaken to character- 
ize these new garnets, which differ from those pre- 
viously described from Madagascar with regard to 
their color and color behavior. 


MATERIALS AND METHODS 


For this study we selected seven samples, which 
ranged from 1.52 to 4.77 ct (see, e.g., figure 1), from 
the parcel of about 30 faceted garnets. Six were 
brownish purple-red in daylight and represented the 
majority of the samples. We also studied one 
brownish orange garnet from the same parcel (see 
box A). From several other parcels totaling more 
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Figure 1. Chemical analysis of these pyrope-spessartine garnets from Tranoroa, Madagascar—shown 
here in fluorescent light (left) and incandescent light (right)—revealed appreciable amounts of Cr and V. 
However, they do not show the distinct color change in daylight and incandescent light that is observed 
in pyrope-spessartines from the nearby deposit at Bekily. The samples weigh 4.77, 3.26, and 2.81 ct. 


Photos by Maha Tannous. 


than 400 garnets from Bekily, we chose about 50 
Cr- and V-bearing samples for chemical analysis. 
From these samples, we selected three representa- 
tive stones for comparison of their color appearance 
and composition with the Tranoroa garnets. 

The seven Tranoroa samples were tested by 
standard gemological methods for refractive index, 
fluorescence to long- and short-wave ultraviolet 
radiation, and specific gravity. We examined the 
samples for inclusions and internal structural prop- 
erties using various microscopes and lighting condi- 
tions, both with and without immersion in methy- 
lene iodide. In addition, we identified solid inclu- 
sions by laser Raman microspectrometry using a 
Renishaw 1000 system. 

For all these Tranoroa samples, we recorded 
spectra in the UV-visible range with a Leitz-Unicam 
SP 800 spectrophotometer as well as with an 
Adamas Advantage SAS 2000 spectrophotometer. 
To determine quantitative chemical composition, 
we used a Cameca Camebax SX 50 electron micro- 
probe, with traverses of 10 point analyses each, 
measured across the tables of the faceted stones. 
The same instrument was used to analyze the three 
garnets from Bekily. 


RESULTS 

The results for the six brownish purple-red Trano- 
roa samples are listed in table 1 and discussed 
below. The results for the three Bekily samples are 
included in table 1 for comparison. 


NOTES AND NEW TECHNIQUES 


Visual Appearance and Gemological Properties. All 
samples revealed a homogeneous brownish purple- 
red color in day or fluorescent light and were pur- 


Figure 2. The garnets described here were mined 
recently near Tranoroa, which is located about 60 
km southwest of the Bekily garnet deposits in 
southern Madagascar. 
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BOx A: A CHROMIUM-BEARING SPESSARTINE 


Figure A-1. As seen in day or fluorescent light (left) and incandescent light (right), the color appearance of this 2.84 ct Cr- 
bearing Tranoroa spessartine (sample G, see table 1) is distinctly different from the 1.03 ct V- and Cr-free Madagascar 
spessartine (0.02 wt.% V,O3, 0.02 wt.% Ct,O3, 39.34 wt.% MnO, and 2.29 wt.% FeO). Photos by Maha Tannous. 


Within the parcel of brownish purple-red garnets from 
Tranoroa, we observed one sample that appeared brown- 
ish orange in day or fluorescent light and reddish orange 
in incandescent light (figure A-1). Physical and chemical 
properties of this garnet (sample G) are given in table 1. 
This garnet showed distinctly higher R.I. and S.G. 
values than the other six samples. Microprobe analysis 
revealed that it was different in composition from the 
other six garnets, with only about 5 mol.% pyrope and 
a relatively high spessartine value of just over 88 mol.% 
(again, see table 1). The almandine content was rather 
small, and chromium (1.01 wt.% Cr,O,) was again 
more abundant than vanadium (0.32 wt.% V,O,). The 
sample was inert to long- and short-wave UV radiation. 
The color behavior of this sample, as compared to 
that of typical spessartine (again, see figure A-1), was 


Figure A-2. The absorption bands observed in the 
spectrum of the Tranoroa spessartine (sample G) 
are consistent with those of Cr-bearing pyrope- 
spessartines. The bands are due to chromium, 
manganese, and iron (see figure 3 in the main text). 
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undoubtedly associated with its high Cr content. The 
absorption spectrum (figure A-2) was similar to that of 
the Cr-bearing intermediate pyrope-spessartines from 
the same area. The spectrum revealed a dominant 
chromium absorption in the yellow region and weak 
iron absorption bands. Consistent with the distinctly 
higher Mn content of the sample, the absorption bands 
of manganese were stronger, and thus the absorption 
minimum in the blue-green to violet range was less 
pronounced than in the intermediate pyrope-spessar- 
tine samples from Tranoroa. This difference in trans- 
parency in the blue-green to violet region is responsible 
for the differences in color in daylight and incandescent 
light observed in the two types of Tranoroa garnets. 

Microscopically, the spessartine sample was free of 
rutile needles or other mineral inclusions. With crossed 
polarizers, we observed a mosaic-like pattern that 
showed high-order interference colors (figure A-3). 

The garnet from Tranoroa is, to the best of our 
knowledge, the first chromium-bearing spessartine 
described as a faceted gemstone. 


Figure A-3. Microscopic examination of the 
Tranoroa spessartine revealed high-order interfer- 
ence colors in an irregular mosaic-like structure and 
strain pattern. Photomicrograph by K. Schmetzer; 
immersion, crossed polarizers, magnified 400. 
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plish red in incandescent light (again, see figure 1). spessartine solid-solution series. These R.I. and S.G. 


Refractive indices for the six samples were found to values are within the ranges found for malaya gar- 
vary within a small range, from 1.768 to 1.773 (table nets from the same region, although they are higher 
1). Likewise, the specific gravity values fell between than the average values recorded for the samples 
3.95 and 3.97, which indicates a narrow range of described in Schmetzer et al. (2001). All garnets were 
chemical composition within the pyrope-almandine- inert to both long- and short-wave UV radiation. 


TABLE 1. Physical and chemical properties of pyrope-spessartine garnets from Tranoroa and Bekily, Madagascar. 


Tranoroa Bekily 
Property A B C D E F G X Y Z 
Weight (ct) 4.77 1.86 3.26 2.81 2.02 1.52 2.84 0.67 0.90 0.78 
Color 
Day or Brownish purple-red Brownish — Grayish Slightly Bluish 
fluorescent light orange green reddish green- 
purple gray 
Incandescent Purplish red Reddish — Grayish Strongly Pinkish 
light orange purple reddish purple 
purple 
Refractive index 1.768 1.768 1.769 1.770 1.770 1.7783 1.808 1.750 1.752 1.755 
Specific gravity 3.95 3.96 3.95 3.96 3.97 3.97 4.15 3.82 3.83 3.86 
Microprobe 
analyses (wt.%)@ 
SiO, 38.70 37.67 38.82 38.41 37.91 37.88 35.81 40.62 40.83 39.66 
TiO, 0.05 0.08 0.04 0.07 0.12 0.16 0.33 0.05 0.07 0.05 
Al,O, 21.98 21.75 22.00 21.69 21.46 21.33 20.24 22.92 22.91 22.50 
Cr,0, 0.67 0.69 0.68 0.71 (746) 0.75 1.01 a 0.53 ORS: 
V,O0. 0.38 0.41 0.35 0.43 0.51 0.58 0.32 0.58 0.56 0.67 
FeO 2.57 2.60 2:59 2.54 2.67 2.32 1.13 1.50 3.69 1.71 
MnO 23.60 23.41 23.44 23.68 24.02 25.00 37.80 15.52 14.27 16.98 
MgO 10.25 10.26 10.24 9.90 9.68 8.40 1.59 14.18 16.10 14.07 
CaO 1.42 1.42 1.42 1.60 1.62 2.50 0.80 5.09 2.02 3.40 
Total 99.62 98.29 99.55 99.03 98.72 98.94 99.04 100.56 100.98 99.19 
Cations® 
Si 2.967 2.934 2.975 2.968 2.951 2.959 2.950 2.979 2.972 2.965 
Ti 0.003 0.004 0.002 0.004 0.007 0.009 0.020 0.003 0.004 0.003 
Al 1.986 1.997 1.987 1.976 1.969 1.964 1.965 1.981 1.965 1.982 
Cr 0.044 0.043 0.044 0.043 0.046 0.046 0.066 0.006 0.031 0.009 
Vv 0.023 0.026 0.022 0.027 0.032 0.037 0.021 0.034 0.033 0.040 
Fe 0.165 0.170 0.163 0.190 0.174 0.152 0.078 0.092 0.224 0.107 
Mn 1.532 1.544 1.622 1.550 1.583 1.654 2.637 0.964 0.879 1.075 
Mg 1.172 1.195 1.170 1.140 1.123 0.978 0.195 1.551 1.746 1.568 
Ca 0.117 0.119 0.177 0.133 0.135 0.209 0.017 0.400 0.157 0.272 
Mol.% end-members 
Pyrope 39.35 39.46 39.37 37.84 37.35 32.68 4.68 51.58 58.08 51.89 
Spessartine 51.31 50.99 51.04 51.44 52.50 55.26 88.46 32.06 29.24 35.57 
Almandine 5.53 5.61 5.48 6.31 5.77 5.08 2.62 3.06 7.45 3.54 
Grossular 0.80 0.59 0.87 0.99 0.67 2.92 = 11.32 2.06 6.59 
Goldmanite 1.12 1.26 1.07 1.32 1.56 1.81 1.02 1.68 1.63 1.99 
Uvarovite 2.00 2.08 2.00 2.10 2.25 2.25 1.36 0.30 1.53 0.42 
Knorringite — — — — — _— 1.864 — — — 


a Average composition of 10 analyses each; all samples were relatively homogeneous in composition. 

© Total iron as FeO. 

© Calculated on the basis of 12 oxygens. 

7 Because CaO was smaller than necessary to account for all the chromium and vanadium as uvarovite and goldmanite, the residual 
chromium in this 

sample was assigned to the Mg-Cr end member, knorringite [Mg,Cr,(SiO,,).]. 
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Figure 3. This absorption spectrum of a representa- 
tive brownish purple-red garnet from Tranoroa 
(sample E) shows features that are consistent with 
a chromium-bearing intermediate pyrope-spessar- 
tine. The bands labeled are due to Cr* (571, 688 
nm), V** (571 nm), Mn?* (459, 483, 525 nm), and 
Fe?* (459, 503, 525 nm). 


Chemical Properties. The garnets were members 
of the pyrope-almandine-spessartine solid-solution 
series, with 33-39 mol.% pyrope and 51-55 
mol.% spessartine (table 1). Almandine percent- 
ages varied only between 5 and 7 mol.% for these 
six samples, with smaller percentages of grossular 
(0.6-3 mol.%). All samples contained more 
chromium than vanadium: 0.67-0.75 wt.% Cr,O, 
(~2 mol.% uvarovite) and 0.35-0.58 wt.% V,O, 
(1-2 mol.% goldmanite). 

Calculations of Fe2* and Fe*+ for a garnet com- 


Figure 5. In two of the Tranoroa pyrope-spessartine garnets, growth planes were seen to form angles 
of 132° (left) or 147° (right), which are typical for the trapezohedron {211} in the cubic system. Both 
photomicrographs taken with immersion, magnified 50<. The inset shows an idealized drawing 
(clinographic projection) of a crystal composed of {211} faces. 
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Figure 4. This pyrope-spessartine shows anomalous 
double refraction and strain parallel to growth 
planes that were determined as the trapezohedron 
{211}. Photomicrograph by K. Schmetzer; immer- 
sion, crossed polarizers, magnified 200. 


position with 12 oxygens suggested that Fe** is 
either not present or present in only a very small 
amount (<0.01 Fe*+ atoms per formula unit). This 
indicates little or no andradite component in the 
samples. 

In summary, all samples contained more 
chromium than vanadium. They were intermediate 
pyrope-spessartine garnets with greater amounts of 
spessartine than pyrope. 


Spectroscopic Properties. The absorption spectra of 
all six samples consisted of a strong broad absorp- 
tion band centered at 571 nm; weak bands at 459, 
483, 503, 525, and 688 nm; and an absorption edge 
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Figure 6. All of the pyrope-spessartine study sam- 
ples revealed dense, three-dimensional networks 
of oriented rutile needles. Photomicrograph by 

K. Schmetzer; immersion, crossed polarizers, 
magnified 400. 


near 440 nm with an almost continuous strong 
absorption below 440 nm (figure 3). 


Features Observed with the Microscope. As illus- 
trated and described for the non-color-change 
pyrope-spessartines from Bekily (Schmetzer et al., 
2001), all of the Tranoroa samples revealed strong 
anomalous double refraction (ADR) when exam- 
ined with crossed polarizers (figure 4). In two sam- 
ples, this ADR was also seen parallel to growth 
planes of the trapezohedron {211}, which forms 
pairs of faces with two characteristic angles of 132° 
and 147° (figure 5). The trapezohedron (figure 5, 
inset) is one of the two most common forms 
observed in garnet crystals (the other is the dodeca- 


Figure 8. This negative crystal in a pyrope-spessar- 
tine represents the garnet morphology. The faces 
are probably also the trapezohedron {211}. 
Photomicrograph by L. Kiefert; magnified 2000. 
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Figure 7. As with the Bekily garnets examined ear- 
lier, some of the Tranoroa pyrope-spessartines also 
contained tabular graphite crystals. Photomicro- 
graph by L. Kiefert; magnified 1000. 


hedron {110}). Two of these garnets also showed a 
swirl-like pattern of growth inhomogeneities. 

Also as described and illustrated in Schmetzer 
et al. (2001) for Bekily garnets, all six Tranoroa 
samples revealed a three-dimensional network of 
oriented rutile needles (figure 6), and some con- 
tained numerous other inclusions, which were 
identified by laser Raman microspectrometry: 
irregularly shaped graphite platelets (figure 7) and 
fragments of quartz crystals; negative crystals 
reflecting the external garnet morphology (figure 8); 
prismatic apatite crystals, sometimes with slightly 
rounded edges; and small zircon crystals with ten- 
sion cracks. In one of the garnets, we found an 
irregularly shaped monazite crystal (figure 9). 


Figure 9. One of the garnet samples contained this 
irregularly shaped monazite crystal. Photomicro- 
graph by L. Kiefert; magnified 1000. 
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Figure 10. Chemical differences (table 1) are responsible for the different colors shown by the pyrope- 
spessartines from Tranoroa as compared to pyrope-spessartines from Bekily in day or fluorescent light 
(left) and incandescent light (right). From left to right: sample E, 2.02 ct from Tranoroa, with Cr>V; sam- 
ple X, 0.67 ct from Bekily, with V>Cr; sample Y, 0.90 ct from Bekily, with V~Cr; and sample Z, 0.78 ct 
from Bekily, with V>Cr. Photos by Maha Tannous. 


DISCUSSION 


Absorption Spectra. The strong band at 571 nm in the 
absorption spectra of the Tranoroa samples is 
assigned to Cr**, because a Cr** absorption band in an 
almost identical position has been reported in pyropes 
with high chromium contents (Amthauer, 1976). A 
chromium absorption maximum at this wavelength 
also has been found in alexandrite-like intermediate 
pyrope-spessartine garnets with higher Cr than V con- 
tents (Schmetzer and Ottemann, 1979, Schmetzer et 
al., 1980). In the latter type of garnet, however, the 
V** absorption band is located in the same spectral 
range (Schmetzer and Ottemann, 1979; Manson and 
Stockton, 1984; Schmetzer and Bernhardt, 1999, 
Krzemnicki et al., 2001). As a result of this overlap, 
the absorption bands of chromium and vanadium 
cannot be separated in intermediate pyrope-spessar- 
tine garnets. Rather, they have a combined effect that 
strengthens the absorption in this region of the spec- 
trum. The weak absorption band at 688 nm is also 
caused by Cr** and is commonly observed in various 
Cr-bearing garnets (Amthauer, 1976). 

The four remaining absorption bands are assigned 
to Fe** and/or Mn?* as follows: 459 nm = Fe + Mn, 
483 nm = Mn, 503 nm = Fe, and 525 nm = Fe + Mn. 
A detailed discussion of this assignment appears in 
Schmetzer et al. (2001). The almost continuous 
absorption below 440 nm is caused by several man- 
ganese absorption bands. 


Chemical Composition and Color Appearance. The 
brownish purple-red garnets from Tranoroa are inter- 
mediate members of the pyrope-spessartine series. 
All samples contained greater amounts of chromium 
than vanadium. Although the Tranoroa garnets did 
show a perceptible difference in appearance between 
daylight and incandescent light, these samples did 
not show the distinct change in hue seen in the 
Bekily color-change garnets. (Note that “color 
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change” terminology is not well defined and will be 
interpreted differently by different viewers and orga- 
nizations. Because the Tranoroa samples showed a 
distinct change in color appearance but not from one 
hue to another, we are not referring to them as 
“color change” in this article. Some laboratories and 
other members of the trade might describe these 
samples as showing a “color shift.) Color-change 
garnets with more Cr than V have been known from 
Tanzania and Sri Lanka for decades (Schmetzer and 
Ottemann, 1979; Schmetzer et al., 1980; Stockton, 
1982; Manson and Stockton, 1984). However, the 
color-change pyrope-spessartines examined to date 
from Bekily, Madagascar, typically contain more 
vanadium than chromium (Schmetzer and 
Bernhardt, 1999; Krzemnicki et al., 2001; see also fig- 
ure 10 and table 1). Only six of the 50 color-change 
Bekily samples analyzed had almost the same 
amount of vanadium as chromium (again see, figure 
10 and table 1). 

Color change in pyrope-spessartine garnets is a 
complex function of the relative amounts of color- 
causing transition metals (i.e., V, Cr, Mn, and Fe). 
Colorimetric data have been applied to explain the 
various changes in color appearance in different 
lighting environments for garnets and other gem 
materials (Schmetzer et al., 1980; Liu et al., 1999, 
Krzemnicki et al., 2001). The Tranoroa samples 
have absorption characteristics that are similar to 
the V>Cr-bearing color-change garnets from Bekily, 
which have an absorption maximum in the yellow 
region at 571 nm and two areas of transparency in 
the red and in the blue-green to violet regions (see 
Schmetzer and Bernhardt, 1999). However, in the 
Cr>V-bearing samples from Tranoroa, the trans- 
parency in the blue-green to violet region is dis- 
tinctly smaller. This gives rise to the difference in 
color behavior of the Cr- and V-bearing garnets 
from Bekily and Tranoroa. It is evident that an 
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Jewels of the Russian 
Diamond F'und 


by 


ALEXANDER E. FERSMAN + 
PART IV 


History of the Large “Ruby” 

The King of Bohemia, Rudolph II, 
had a notable collection of precious 
stones. Among them was a red 
“ruby” the size of a chicken egg. The 
king received this stone as an inheri- 
tance from his sister, widow of the 
French king, Charles II. 

After the death of the Bohemian 
queen, the stone was taken to Stock- 
holm, and in 1777 Gustav-Adolph TI 
presented it to Catherine the Great 
during his visit to St. Petersburg. 
Boecius de Boot, Jeweler of the Bo- 
hemian Court, gives its value as at 
least. 60,000 ducats. Its weight was 
255% earats. It was kept with the 
Diamond Fund collection in the Rus- 
sian Winter Palace from 1777 to 
1914. [The Diamond Fund jewels 
were transferred from St. Peters- 
burg to Moscow during the first 
World War.] 

In 1922, while inspecting the Dia- 
mond Fund collection, I studied and 
described this stone thoroughly. 
(See Figure 1.) Evidently of Indian 
workmanship, it resembles a bunch 
of grapes. It is not of clear water, 
and not immensely valuable, but very 
beautiful. 

Mr. Aminov, Professor of Min- 
eralogy at Stockholm, studied the 
model of this stone made in 1748, and 
determined that the specific gravity 
of the original stone should be about 
three, which does not correspond to 
the specific gravity of ruby. The ap- 
pearance, color and specific gravity 
led us to conclude that it is not a 
“ruby” at all, but rubellite; in other 


{ Translated by Marie Pavlovna Warner. 


words, it was pink tourmaline. 
The Blue Stone of Pamir 

The bright blue lazurit of Afghan 
has been the basis for legends down 
all the recorded length of history. 
By way of caravan it reached far 
Egypt, China, Rome and Byzantium. 
Through Afghan and Bukhar mer- 
chants the Russian tzars bought the 
beautiful blue pieces, which were 
much preferred to the spotty lazurit 
from the shores of Lake Baikal. 

Up to the present the blue Afghan 
stone is inimitable. However, for a 
long time in Middle Asia, legends 
repeated that somewhere in the 
heights of Pamir there was a stone 
called “lazuard’” by the Persians. 

In 1930 an expedition of Soviet 
geologists started out to find this 
Pamir lazurit. The way was excep- 
tionally difficult. Having ascended 


Fig. 1—Pink tourmaline (rubellite) 
representing a fruit. Mounted in a 
pin. Natural size. 


increase in manganese in intermediate pyrope-spes- 
sartine garnets causes an increase in the intensity 
of the manganese absorption bands and a reduction 
in transparency in the blue-green to violet spectral 
range (again, see figure 3), thus decreasing the blue 
color component and increasing the orange. 


CONCLUSION 


The new pyrope-spessartine garnets from Tranoroa 
have a brownish purple-red color not seen thus far in 
the nearby Bekily material. Despite their appreciable 
Cr and V contents, they do not show the distinct 
color change from daylight to incandescent light 
observed in the Bekily material. This is mainly due 
to their relatively high Mn contents, which reduce 
their transparency in the blue-green to violet range. 


Garnets from both Tranoroa and Bekily formed in 
high-grade metamorphic Precambrian rocks. 
Differences in the composition of the host rocks are 
the most likely source of variations in the chemical 
properties and color appearance of these garnets. 
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UPDATE ON THE IDENTIFICATION 
OF TREATED “GOLDEN” 
SOUTH SEA CULTURED PEARLS 


By Shane Elen 


Most of the “golden” South Sea cultured pearls in a 
single strand were found to exhibit unusual brownish 
orange fluorescence to long-wave UV radiation and 
atypical absorption features at 405 nm and 558 nm. 
On the basis of these features and visual examination, 
33 of the 35 cultured pearls were identified as color 
treated. This study demonstrates how atypical absorp- 
tion features, particularly in the blue region of the 
spectrum, can be used to positively identify color treat- 
ment, even in the presence of the 330-385 nm UV 
absorption feature characteristic of natural-color “gold- 
en” pearls from the Pinctada maxima mollusk. 


he identification of treated “golden” South 

Sea cultured pearls has relied primarily on 

observations made with the gemological 
microscope. Unusual fluorescence to long-wave 
ultraviolet radiation often has been used as support- 
ing evidence. When present, color concentrations in 
nacre defects or around drill holes can be used to 
positively identify treated color. Ongoing investiga- 
tion at GIA Research has shown that some types of 
color treatment might be identified by the presence 
of atypical absorption features in the visible region 
of the reflectance spectrum. 

The present study centers on the examination 
of a strand of 35 “golden” South Sea cultured pearls 
(11-14 mm in diameter] that were submitted to the 
GIA Gem Trade Laboratory for an identification 
report earlier this year. The pearls exhibited quite 
uniform yellow coloration (figure 1), but standard 
gemological testing revealed evidence of treatment. 
In keeping with our pearl research program, these 
cultured pearls were examined further in an attempt 
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to determine the identifying characteristics of this 
treatment method. Particular attention was paid to 
spectra in the UV-visible range. 


BACKGROUND 


Recently, UV-Vis reflectance spectroscopy was used 
to help distinguish natural-color “golden” cultured 
pearls from those reportedly treated using heat (Elen, 
2001). The application of this “heat” treatment 
method to undrilled pearls was unlike the more com- 
mon dyeing method encountered by gemologists, 
which typically is applied after drilling, often result- 
ing in a characteristic concentration of color in the 
drill hole. Evidence of the “heat” treatment method 
in undrilled pearls occasionally could be detected by 
observing an unusual color concentration in surface 
defects, or was indicated by the atypical fluorescence. 

However, testing of known natural-color samples 
has revealed that both yellow shell nacre and natu- 
ral-color “golden” cultured pearls from the Pinctada 
maxima mollusk exhibit broad absorption from 330 
to 460 nm (Elen, 2001). This absorption was found to 
consist of two features, one in the UV region from 
330 to 385 nm and a weaker one in the blue region 
of the visible spectrum from 385 to 460 nm. Closer 
examination of these features showed absorption 
maxima between 350 and 365 nm and from 420 to 
435 nm. The strength of both these absorption fea- 
tures increased with increasing saturation of the yel- 
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Figure 1. This strand of 
loosely strung, predom- 
inantly treated-color 
“golden” South Sea 
cultured pearls (11 to 
14 mm in diameter) 
was characterized in 
this study. Photo by 
Maha Tannous. 


low color (figure 2). It was concluded that the 
absence of the UV absorption feature in “golden” 
cultured pearls indicated treated color, regardless of 
the treatment method used. However, given that 
numerous chemicals and dyes are available to pro- 
duce yellow coloration (see Green, 1990), it also was 
noted that the presence of the absorption features in 
the UV and blue regions of the spectrum could not 
be used with certainty to indicate natural color. This 
article demonstrates how atypical absorption fea- 
tures in these regions extend the application of UV- 
Vis spectroscopy for the identification of treated 
“golden” South Sea cultured pearls. 


MATERIALS AND METHODS 


All 35 cultured pearls in the strand were examined 
with a standard gemological microscope equipped 
with fiber-optic lighting. Although it is difficult to 
inspect the drill holes of a knotted strand of cul- 
tured pearls for evidence of color concentrations, 
this particular strand was strung temporarily, so rel- 
atively few (four) of the cultured pearls were knot- 
ted tightly in place. Therefore, the others could be 
separated easily for inspection of the drill holes. 

The fluorescence reaction was tested in a dark- 
ened room using a UVP model B100 AP long-wave 
UV lamp. UV-Vis reflectance spectra were obtained 
for all 35 samples with a Hitachi 4001 UV-Vis spec- 
trophotometer. Energy-dispersive X-ray fluores- 
cence (EDXRF) analysis was performed with a 
Thermo Noran Spectrace 5000 EDXRF spectrome- 
ter for four samples chosen on the basis of their 
reaction to long-wave UV: two that exhibited strong 
brownish orange fluorescence and two that dis- 
played greenish yellow fluorescence. 


NOTES AND NEW TECHNIQUES 


RESULTS 


Visual Appearance. All 35 cultured pearls in the 
strand were yellow with uniform color distribution 
and exhibited a good color match to one another 
(again, see figure 1). 

For those cultured pearls that were loose on the 
strand, microscopic examination with fiber-optic 
lighting revealed an unusual color distribution 
within the drill holes of the vast majority of the 
samples (figure 3). The color appeared to be more 
saturated at the surface of the nacre and to decrease 
in intensity with depth into the drill hole. 

In reflected light, faint color concentrations were 
noted in small surface defects on several of the cul- 
tured pearls, and these were accompanied by a 
“blotchy” appearance of the color when observed in 
transmitted light. Two of the cultured pearls revealed 
an orange residue around their drill holes, and 
another revealed an orange residue concentrated in 
a large pit adjacent to the drill hole. 


Fluorescence and UV-Vis Reflectance Spectra. 
Twenty-seven of the 35 cultured pearls revealed 
brownish orange fluorescence to long-wave UV radia- 
tion. All of these samples also showed a distinct 
absorption feature at 405 nm and a weaker one at 558 
nm (figure 4). The strength of the absorption at 558 
nm appeared proportional to the absorption at 405 
nm. Six other samples showed greenish orangy yellow 
fluorescence and revealed only a weak 405 nm absorp- 
tion feature. The remaining two samples exhibited 
greenish yellow fluorescence and absorption in the 
blue region centered at 430 nm (figure 4), which are 
both characteristic of “golden” cultured pearls from P. 
maxima. No color concentrations were evident in the 
drill holes of these two samples. 
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All 35 samples exhibited absorption between 
355 and 365 nm in the UV region of the spectrum; 
in all but 10 of the samples, the UV absorption was 
stronger than the absorption in the blue region. Of 
the exceptions, six exhibited strong brownish 
orange fluorescence and the remaining four fluo- 
resced brownish orange with moderate intensity. In 
addition, six other samples showed noticeably patchy 
fluorescence in which different areas exhibited dis- 
tinct regions of greenish orangy yellow and brown- 
ish orange fluorescence. 


EDXRF Chemical Analysis. EDXRF analysis 
revealed the presence of calcium, strontium, and 
sulfur in all four samples tested. 


DISCUSSION 


In our experience, the relatively saturated color at the 
surface of the nacre, which gradually became lighter 
as one looked deeper into the drill hole, suggests that 
the cultured pearls exhibiting this feature were color 
treated prior to drilling. Had color treatment been 
applied after drilling, it most likely would appear to 
color the nacre uniformly within the drill hole, or to 
be concentrated at the conchiolin layer between the 
nucleus and the nacre (Gauthier and Lasnier, 1990). 
Although the observation of both a color con- 
centration inside the drill hole and unusual fluores- 
cence often can indicate color treatment, detection 


Figure 2. These reflectance spectra of six light yellow 
to orangy yellow cultured pearls from the P. maxima 
oyster show absorption features that are characteristic 
of natural color. These features are located in the UV 
region between 350 and 365 nm, and in the blue 
region from 420 to 435 nm. Adapted from Elen (2001). 
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Figure 3. In many of the cultured pearls, the color 
appeared to be concentrated near the surface when 
viewed down the drill hole. Such concentrations of 
color in pearls are good indicators of treatment. 
Photomicrograph by John Koivula; magnified 5. 


requires both experience and the appropriate light- 
ing environment (such as the proper orientation of 
the fiber-optic light for examination of the drill 
hole, and a dark room for fluorescence testing). In 
some cases, these observations can be quite diffi- 
cult to interpret and are thus subjective criteria. In 
other cases, such as cultured pearls that are 
undrilled, post mounted, or tightly strung, it may 
not be possible to inspect inside the drill hole. In all 
these situations, UV-Vis reflectance spectroscopy is 
especially important because it provides objective 
data in the form of a spectrum. Often, color treat- 
ment can be identified conclusively only by com- 
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paring the data from a variety of these tests. 

For all the cultured pearls in the strand exam- 
ined for this study, the absorption from 355 to 365 
nm was similar to that observed in the UV region of 
natural-color “golden” cultured pearls (Elen, 2001). 
However, 10 of the samples exhibited stronger 
absorption in the blue than in the UV region, which 
is not characteristic of natural yellow color in P. 
maxima (again, see figure 3). In these 10 samples, 
the brownish orange fluorescence was generally 
quite strong. However, there was not a consistent 
correlation between the strength of the 405 nm 
absorption and the intensity of the brownish orange 
fluorescence. Nevertheless, all 33 samples that 
showed either the unusual brownish orange or 
greenish orangy yellow fluorescence also had an 
absorption feature at 405 nm. This, in conjunction 
with the color concentration, indicates that this par- 
ticular color treatment uses a chemical or dye in 
which absorption in the blue region at 405 nm is 
responsible for the yellow coloration. Absorption at 
405 nm and 558 nm, and the brownish orange fluo- 
rescence, are not characteristic of natural-color 
“golden” cultured pearls from the gold-lipped oyster 
P. maxima (Elen, 2001). 

Different yellow dyes and chemicals may have 
distinctly different absorption features in the blue 
region of the visible spectrum (e.g., Thiazol Yellow 
G and Mordant Yellow 12 [Green, 1990]. They also 
may exhibit additional absorption features in the 
UV as well as other regions of the spectrum (Green, 
1990). When present, these absorption features can 
be used to identify color treatment. 

No difference was observed in the EDXRF analy- 
ses for the treated samples compared to those of 
natural-color cultured pearls tested previously (see 
Elen, 2001). Organic compounds cannot be detected 
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by this technique, and sodium (a relatively light ele- 
ment) can only be detected when present in high 
concentration; no sodium was detected in the four 
samples analyzed. This suggests that the treatment 
involved the use of organic chemicals or dyes, or 
inorganic chemicals composed of light elements 
such as sodium salts. 


CONCLUSION 


All but two of the cultured pearls tested in this 
study were found to have been color treated prior to 
drilling. However, the treatment process used for 
these pearls appears to be different from the “heat” 
treatment method reported in an earlier study (see 
Elen, 2001). Evidence of treatment consisted of a 
surface color concentration noted in the drill hole, 
color concentrations in nacre defects, unusual 
brownish orange fluorescence to long-wave UV radi- 
ation, and the presence of atypical (for natural-color 
“golden” cultured pearls) absorption features at 405 
and 558 nm in the UV-Vis reflectance spectrum. 

In the absence of conclusive visual indicators, a 
variety of treatment methods for producing “gold- 
en” color in South Sea cultured pearls may be 
detected by atypical absorption features in the visi- 
ble region of their reflectance spectrum. When sev- 
eral cultured pearls on a strand exhibit matching 
absorption features, particularly in the blue region 
of the spectrum, and these are not typical of natu- 
ral-color “golden” cultured pearls, then treatment is 
indicated for those samples. However, as more data 
are obtained on natural-color “golden” cultured 
pearls, it is likely that we will see an occasional 
anomalous absorption feature. Therefore, the detec- 
tion of unusual absorption features in a single cul- 
tured pearl should be evaluated with caution. 
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AURICHALCITE 


Occasionally we receive items for 
identification that none of our staff 
members can recall ever seeing in the 
lab. Such was the case with a combi- 
nation pendant and brooch that had a 
banded white and greenish blue oval 
cabochon mounted as the center 
stone. The 29.50 x 18.10 mm cabo- 
chon was set in yellow metal and sur- 
rounded by square and round cabo- 
chon-cut blue moonstones (figure 1). 
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The central cabochon had a very 
distinctive appearance: semi-translu- 
cent to opaque with a fibrous botry- 
oidal structure that was somewhat 
reminiscent of malachite. The bright 
greenish blue color was typical of 
minerals that are colored by traces of 
copper. We obtained spot R.I. readings 
of 1.63-1.75, which exhibited what is 
known as a “carbonate blink” on the 
refractometer. The stone effervesced 
to a small drop of dilute HCl acid 
applied to the back, which proved 


Figure 1. Advanced testing proved that the unusual center stone (29.50 
x 18.10 mm) in this combination brooch and pendant was aurichalcite. 
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that the material was a carbonate. 
Gemological testing was limited 
because the stone was mounted and 
mostly opaque. Aggregate carbonates 
can be difficult to identify in any 
case, so more-advanced testing was 
necessary. 

Energy-dispersive X-ray fluores- 
cence (EDXRF] spectroscopy revealed 
mostly zinc and copper, with a trace 
amount of lead (carbon and oxygen 
are below the detection limits of 
this instrument). X-ray diffraction 
analysis produced a pattern that 
closely matched both aurichalcite 
[(Zn,Cu),(CO,),(OH),] and hydro- 
zincite [Zn,(CO,),(OH),]. The rela- 
tively high copper content of this 
cabochon proved that the material 
was aurichalcite. 

This is indeed the first example 
of aurichalcite set in jewelry that we 
can recall seeing in the laboratory. 
Aurichalcite is quite soft (1-2 on the 
Mohs scale) and somewhat fragile. 
This was illustrated by the fact that 
the cabochon had been repaired; that 
is, a small piece on the top had been 
reattached with glue. SFM 


Editor's note: The initials at the end of each item 
identify the editor(s) or contributing editor(s) 
who provided that item. Full names are given for 
other GIA Gem Trade Laboratory contributors. 
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Figure 2. After HPHT treatment, this type Ia diamond (1.07 ct) changed 
from brown to green-yellow. 


DIAMOND 


Another Commercial U.S. Facility 
Offers HPHT Annealing 


It recently came to our attention that 
another U.S. facility is offering high- 
pressure, high-temperature (HPHT) 
annealing of diamonds to improve 
their color. Phoenix Crystal Corp. of 
Ann Arbor, Michigan, an industrial 
supplier of diamond abrasives and 
cutting tools, is commercially treat- 
ing gem diamonds using a standard 
belt-type press. 

Dr. Robert Frushour, president of 
Phoenix Crystal Corp., has informed 
us that his facility has both decol- 


orized brown type Ila diamonds and 
produced a range of colors in type I 
diamonds. Figure 2 shows a 1.07 ct 
type Ia diamond before and after 
HPHT annealing at this facility. 
Similar to other samples with compa- 
rable properties, this one illustrates 
the predictable color enhancement 
from brown to green-yellow (see, e.g., 
I. M. Reinitz et al., “Identification of 
HPHT-treated yellow to green dia- 
monds,” Summer 2000 Gems & 
Gemology, pp. 128-137). Figure 3 
shows the mid- and near-infrared 
absorption spectra of the 1.07 ct dia- 
mond before and after treatment. The 
presence of the H2 absorption feature 


at 10,126 cm=! (approximately 987 
nm) in the near-infrared spectrum is 
indicative of similarly annealed type I 
diamonds, as are the graphitized 
“feathers” seen with a gemological 
microscope. Some variations were 
also observed in the mid-infrared 
range. 

According to Dr. Frushour, the 
normal annealing temperature used at 
their facility is generally above 
1800°C, with pressure in the range of 
5 to 6 GPa. The diamonds annealed 
range from under 1 ct to over 10 ct. 
Phoenix Crystal Corp. is not market- 
ing diamonds processed at its facility, 
but is offering the HPHT service to 
the trade. We do not know the exact 
number of commercial HPHT anneal- 
ing facilities in the U.S., but we sus- 
pect that it is very small. 

Wuyi Wang 


Challenges in Recognizing a 
Color Attribute’s Effect on 
Color Grading Fancy Colors 


GIA fancy grades for colored dia- 
monds represent a range of appear- 
ances based on the combination of a 
color’s attributes (hue, tone, and satu- 
ration). If a diamond is located near 
the boundary of its grade range, sub- 
tle differences between it and another 


Figure 3. Absorption spectra in the near- and mid-infrared range of the diamond shown in figure 2, before 
and after treatment, provide evidence of HPHT annealing. 
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Figure 4. These three diamonds (1.03-2.80 ct) are in the same hue range 
and of approximately the same saturation. The differences in appear- 
ance are due to variations in tone (i.e., relative lightness or darkness), 
all of which are within the range that would be described in GIA’s col- 
ored diamond color grading system as Fancy Vivid yellow-orange. 


diamond in one or more of these 
attributes can result in different 
grades. For example, in this section of 
the last issue (Spring 2002 GTLN, p. 
80), we reported on two blue dia- 
monds that had such a result based 
on their difference in tone (lightness 
to darkness). However, there are also 
situations in which recognizable dif- 
ferences in an attribute may not 
affect the grade because the different 
appearances occur within the estab- 
lished range (i.e., if the range of differ- 
ences does not cross a boundary, the 
grade will be the same). 

Even in situations where a grade 
is not affected, understanding which 
attribute is causing an appearance 
difference is important because it is 
not uncommon for a difference in 
one attribute to be confused with 
that in another. As a result, some 
observers interpret differences in an 
attribute, such as tone, as a differ- 
ence in saturation or hue. If, for 
example, two diamonds of different 
tone were both Fancy yellow and the 
difference was confused with satura- 
tion, they might be thought of as 
Fancy and Fancy Intense; if hue, the 
perception might be yellow and 
orangy yellow. Consistent evalua- 
tions are very difficult without a sys- 
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tematic approach, using references of 
known location in color space (such 
as diamonds with established loca- 
tions in grade ranges), and they 
require a familiarity with the way 
colors change with different 
attributes that can only be attained 
by observing considerable numbers 
and varieties of colored diamonds. 

A group of colored diamonds 
recently submitted to the East Coast 
laboratory highlights the challenges 
of identifying the cause of appear- 
ance differences without a consis- 
tent approach and awareness of how 
colors change. The three diamonds 
in figure 4 appear slightly different 
in hue and saturation, which could 
lead one to believe they are of differ- 
ent fancy grades and hues. When 
observed under controlled condi- 
tions with known references, how- 
ever, all were found to be in the 
same hue range and of the same 
approximate saturation. The per- 
ceived differences are due to differ- 
ences in tone within an area of the 
GIA color space that does not cross a 
grade or hue boundary. In this case, 
all three diamonds received the 
same color grade and description: 
Fancy Vivid yellow-orange. 

John M. King 
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Diamond “Pearl” Necklace 


The 1990s saw increasing interest in 
antique-cut diamonds such as brio- 
lettes, rondelles, and rose, old 
European and old mine cuts. Due to 
their old-fashioned look, diamond 
beads have also enjoyed a dramatic 
rise in popularity, even though they 
are “without historic precedent” (E. 
Misiorowski, “Jewelry of the 1990s,” 
Winter 2000 Gems &) Gemology, pp. 
398-417). 

It was, therefore, not surprising 
last spring when the East Coast lab 
received a double-strand necklace of 
diamond “pearls” for determination 
of color origin (see figure 5). These 
spherical diamond beads, first seen by 
one of our staff members as a com- 
mercial product at the 1997 Tucson 
gem shows, owe their shape to a com- 
bination of physical and chemical 
processes. Ground to rough rounds, 
they acquire their shiny polish by 
selective dissolution as they “cook” 
in sodium carbonate in an inert atmo- 
sphere at approximately 800°C 
(“Diamond ‘pearls’,” Spring 1997 
Gem News, pp. 60-61). 

The two strands consisted of 
numerous variously colored round dia- 
mond beads graduated in size from 
approximately 1.75 to 10.00 mm. The 
client had requested that we test the 
origin for each color represented in the 
necklace. As a result, we randomly 
selected and tested a total of five beads: 
yellow, dark gray, reddish brown, 
black, and near colorless. These sam- 
ple beads ranged in diaphaneity from 
transparent to opaque. All had refrac- 
tive indices that were over-the-limit 
(OTL) of the standard refractometer 
and had a hardness greater than 9 on 
the Mohs scale. Only the transparent, 
near-colorless bead showed a spectrum 
with the desk-model spectroscope—a 
415 nm line. 

The dark gray and black beads 
were inert to both long- and short- 
wave UV. The yellow bead fluoresced 
weak orange to long-wave and very 
weak orange to short-wave UV. The 
reddish brown bead fluoresced patchy 
medium-to-strong blue to long-wave 
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Internal Laser Drilling Update 


In the Summer 2000 issue of Gems & 
Gemology, S. McClure et al. docu- 
mented a new laser treatment (“A 
new lasering technique for diamond,” 
pp. 138-146). The purpose of this 
treatment, as with typical laser drill 
holes, is to provide a path for acid 
solutions to bleach dark, totally inter- 
nal inclusions. By focusing a laser 
beam on or near such an inclusion, 
the technician creates feathers (cleav- 
ages} or enlarges existing ones so that 
they extend to the surface of the 
faceted diamond. Within the feathers 
one can see irregular lines or channels 
that have been left behind by the 
laser. These channels are typically 
black or white (figure 6), with a sug- 
ary or frosted appearance. Occasion- 
ally, we see larger areas that contain 
numerous small feathers in a step- 
like progression to the surface. These 
also may have a white, sugary look 
(figure 7). In all three of these exam- 
ples, the treatment is fairly obvious 
when the diamond is examined with 
magnification. 


Figure 5. This double-strand necklace of graduated diamond “pearls” Since the 2000 article, we have 
was sent to the East Coast lab for determination of color origin. The seen many variations in the appear- 
beads ranged from approximately 1.75 to 10.00 mm. ance of this internal laser drilling. 


and patchy medium orangy yellow to 
short-wave UV. Blue fluorescence was 
seen in the near-colorless bead in 
medium and weak strengths with 
long- and short-wave UV, respectively. 
Magnification, with the help of fiber- 
optic lighting, revealed numerous 
feathers and fractures in each bead. 
The dark gray bead also contained 
many whitish clouds of pinpoint 
inclusions. The reddish brown bead 
owed its color to orangy red iron stain- 
ing in many of its surface-reaching 
fractures. The black bead contained 
numerous dark crystals and pinpoints. 

In summary, standard gemological 
testing revealed a combination of 
properties and features that both 
proved the identity of the beads as 
diamond and confirmed that the col- 
ors in all five beads were of natural 
origin. Wendi Mayerson 


164 GEM TRADE LAB NOTES 


Figure 6. Laser drilling channels typically are black or white. Left—a nest 
of black channels in the center of the image is surrounded by a barely visi- 
ble transparent feather, also created by the laser. Right—the white chan- 
nels may appear sugary or frosted. Magnified 63x and 45x, respectively. 
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Figure 7. Internal laser drilling 
can create a series of small step- 
like feathers that connect an 
inclusion to the surface of the 
diamond, often leaving behind a 
white area with a sugary texture 
in the center of the feathers. 
Magnified 37x. 


Recently, in our laboratories on both 
coasts, we have encountered a num- 
ber of feathers that have small, white, 
disk-like areas with irregular outlines 
and a sugary texture, rather than the 
channels described above (figure 8). 
These disk-like features are located in 
the same areas of the fractures where 
we would expect to see the more 
obvious irregular channels. The 
“disks” are visible when one looks 
perpendicular to the plane of the 
feather, but they are practically invisi- 
ble when the viewing direction is 
more parallel to the feather. 

The fact that we have seen these 
unusual features in a large number of 
diamonds clearly indicates that they 
are being created by design. These 
disk-like characteristics are more dif- 
ficult to recognize than the irregular 
channels noted earlier in these laser- 
induced feathers, which makes this 
treatment more challenging to detect. 
It is, therefore, very important to use 
high magnification and various light 
sources to check all surface-reaching 
fractures that extend from totally 
internal inclusions. 

Vincent Cracco and 
Halina Kaban 


Figure 8. These two images show examples of the disk-like characteris- 
tics created by internal laser drilling that have recently become very 
common. These disks may be small and nondescript (left, at 63x mag- 
nification) or larger and still show some evidence of irregular channels 
within them (right, at 40x magnification). 
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Figure 9. This 3.58 ct heart- 
shaped diamond was graded Very 
Light pink in a standard labora- 
tory viewing environment. When 
exposed to short-wave UV radia- 
tion, however, it became F color. 
Its appearance with standard 
lighting provided no clue to its 
unusual luminescence behavior. 


Unusual “Pink” 


Some diamonds display a change of 
color when exposed to light or heat. 
The most frequently encountered dia- 
monds exhibiting this phenomenon 
are chameleon diamonds, which 
change from yellow to yellowish 
green or green when exposed to light 
after storage in the dark. Gentle heat- 
ing of this type of diamond produces a 
temporary bright yellow color. In 
addition, some Argyle pink diamonds 
have been observed to change from 
pink to brownish pink or brown when 
exposed to ultraviolet radiation. In 
both cases, the color change is tempo- 
rary, with the diamond quickly 
returning to a stable color state once 
it is removed from the environment 
that produces the temporary color. 
Recently a 3.58 ct Internally 
Flawless type Ila diamond was sub- 
mitted to the West Coast lab for 
investigation of its color-change phe- 
nomenon. When examined in the 
lab’s standard viewing environment, 
this particular diamond was given a 
color grade of Very Light pink (figure 
9). When it was exposed to short- 
wave UV radiation, however, the gem 
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over 3,500 meters, the expedition had 
to leave its horses and continue on 
foot along one of the rivers which 
had the name of Liadjuar-Dara, 
which means “River of Lazurit.” 

When the expedition [Fersman 
was a member] reached 5,000 meters, 
we found there a great glacier field 
covered by immense stones, fallen 
from the adjacent steep wall of 
marble and gneiss. And in this snow- 
white marble were veins and nests 
of lazurit; some bright blue, some 
delicately blue with beautiful pas- 
sages into violet and green tints. 
Thus the Soviet scientists found the 
birthplace of real dark-blue lazurit. 

Altho geologists discovered the 
Pamir stone for science, the natives 
knew of it before. A guide comment- 
ed that he had heard of it from his 
father, and that in 1914 he, with 
others, tried to reach the place but 
all contracted “tutek,” mountain sick- 
ness, and turned back. 

This Pamir region of white marble 
produces other native stones. From 
mines at the mouth of the Kuga-Lial 
River, the East for a thousand years 
has been getting its red stones — 
bright rubies and pinkish-red spinels, 
called “lal.” 

Even at present the lazurit from 
Pamir is superior to that from the 
mines at Sliudianka in the Trans- 
Baikal region, and leaves far behind 
that found in the snowy heights of 
the Chilean Andes where, in the 
province of Kokimbo, American com- 
panies have tried to mine a pale blue 
lazurit. 

Pamir lazurit surpasses even that 
from the old mines of Afghanistan, 
whose approach was punishable by 
déath and where miners were chained 
for life, as the stone was considered 
sacred and belonged. only to the 
Emir. ; 

Among the noted samples of lazur- 


it in the collection of precious stones 
of the Mineralogical Museum of the 
Academy of Sciences was a blue 
lazurit elephant. We found it by ac- 
cident, during the Revolution, in the 
Fabergee store on Morskaia Street, 
St. Petersburg. We brought our ‘find 
to the museum, studied it.in detail, 
measured it, assigned it a number, 
and placed it on exhibit. 

The elephant was remarkable. It 
was cut rather roughly by the meth- 
od used by the Kishlaks, a mountain 
tribe of Afghanistan and India, but 
some fine artisan of the polishing 
shop had used this primitive cutting 
advantageously. Most striking was 
the lazurit itself, a monolith of 
bright blue, except for the head of 
the elephant, where a few small crys- 
tals of pyrite glistened. In place of 
eyes there were, in accordance with 
Indian practice, two small “dia- 
monds” cut from rock crystal. 

The elephant was in the museum 
for many years until —this is what 
happened: : 

In the spring of 1928 the Emir of 
Afghan, Ammanula-khan, was re- 
turning from Europe through the 
USSR. He was feted as an organizer 
of new Afghanistan. The Academy 
of Sciences showed him the ancient 
Arabian manuscripts concerning Af- 
ghanistan and the Russian jewels. 
We placed the stones in a brilliantly 
lighted room, on velvet, arranged ac- 
cording to Newton’s scale of colors. 
The exhibit impressed Amanulla- 
khan tremendously. As a son of the 
East and a connoisseur of colored 
stones, he was enraptured. He. paid 
greatest attention to the table of 
lazurit; especially to our elephant. 
This he held in his hands a long time, 
tenderly caressing its back, his eyes 
bright and talking rapidly in Afghan 
to his attendants. 

“What do you think?” I asked my 


Figure 10. GE has started commercial production of synthetic jadeite in a 
range of colors and qualities. The samples shown here weigh 1.54—4.06 ct. 


changed to an F color. The pink could 
be restored by exposure to either long- 
wave UV or daylight. 

In contrast to the above-men- 
tioned more common “chameleon” 
change in color, this diamond showed 
no change during or immediately 
after storage in the dark. Thus, the 
diamond remained pink if it was 
stored as a pink diamond or colorless 
if it was stored as a colorless dia- 
mond. The pink color “returned” 
slowly after exposure to long-wave 
UV radiation or daylight. 

Note that, in addition to produc- 
ing a strong orange fluorescence when 
exposed to long- or short-wave UV 
radiation (which is typical for some 
type Ila pink diamonds), the 3.58 ct 
diamond also exhibited orangy red 
fluorescence to the wavelengths of 
blue light. Depending on the initial 
diamond color, the excitation wave- 
length, exposure duration, and num- 
ber of exposures, up to four different 
phosphorescence states were observed 
in this diamond: 


1. Diamond color “pink”: medium 
orange phosphorescence lasting 3 
to 15 seconds 

2. Diamond color changing from 
“pink” to “near colorless”: no 
phosphorescence 

3. Diamond color “near colorless”: 
strong greenish blue phosphores- 
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cence lasting 2 to 60 minutes or 
more 

4. Diamond color changing from 
“near colorless” to “pink”: weak 
orange phosphorescence lasting 1 
to 2, seconds, changing to moderate 
greenish blue phosphorescence 
lasting 5 to 30 seconds 


Although the observation of phos- 
phorescence typically requires a dark- 
room environment, the strong green- 
ish blue phosphorescence was visible 
for quite some time even in dim light 
under certain exposure conditions. 

This is one of the very rare color- 
change “pink” diamonds in which 


Figure 11. The finest green GE 
synthetic jadeite, such as this 6.11 
ct cabochon, has an appearance 
very similar to “Imperial” jade. 
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the illumination history of the dia- 
mond can produce different fluores- 
cence and phosphorescence phenome- 
na and result in different color states. 
For these types of diamond, a careful 
neutralization of the temporary phe- 
nomenon is necessary before a final 
color grade can be determined. A 
more detailed report on the unusual 
properties of this particular diamond 
is currently underway. 

Shane Elen and Ronnie Geurts 


High-Quality 
SYNTHETIC JADEITE 
from General Electric 


General Electric (GE) Gem Tech- 
nology has developed a proprietary 
process for manufacturing synthetic 
jadeite. GE shared a small number of 
early production samples with the 
GIA Gem Trade Laboratory. The 
samples ranged in color and quality 
(figure 10), but the finest green mate- 
rial rivaled “Imperial” jade in appear- 
ance (see figure 11). Although GE has 
not yet released details about the new 
technology, a GE spokesperson did 
tell us that it is achieved in a high- 
pressure environment. 

The gemological properties of the 
small number of samples we have 
tested to date overlap those of natural 
jadeite. For example, the 6.11 ct cabo- 
chon (13.60 x 12.00 x 4.00 mm) shown 
in figure 11 had a refractive index of 
1.66, measured on the flat base, and a 
specific gravity of 3.34, determined 
hydrostatically. Using a desk-model 
spectroscope, we observed a 437 nm 
line along with three strong chrome 
lines at approximately 630, 655, and 
690 nm. We are currently analyzing 
the results of additional spectroscopic 
testing, as we work with GE to deter- 
mine identification criteria for this 
new product. 

GE research on jadeite synthesis 
extends back 20 years (see, e.g., R. C. 
Devries and J. F. Fleischer, “Synthesis 
of jadeite for jewelry,” Symposium 
Proceedings of the Materials Research 
Society, Vol. 22, 1984, pp. 203-207; 
and K. Nassau and J. E. Shigley, “A 
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Figure 12. These two sapphires (2.74 and 2.23 ct) were submitted to the 
laboratory together. The lighter one (left) showed evidence of standard 
diffusion treatment with titanium. The darker stone was colored by a 
very shallow surface layer that contained cobalt. 


study of the General Electric synthetic 
jadeite,” Spring 1987 Gems w&W 
Gemology, pp. 27-35). GE plans to 
publish a detailed article on the char- 
acteristics of this new material in the 
next several months. TM. 


Cobalt-“ Diffused” SAPPHIRE 


Since the introduction of diffusion- 
treated blue sapphire in the early 


Figure 13. When the cobalt- 
colored sapphire was immersed 
in methylene iodide and exam- 
ined with magnification in dif- 
fused light, irregularities in the 
color were evident. Note the 
light-colored spots and paler 
facet junctions. 
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1980s, many articles have been 
written about such stones and their 
identification (see, e.g., RE. Kane et al., 
“The identification of blue diffusion- 
treated sapphires,” Summer 1990 
Gems & Gemology, pp. 115-133). 
The blue color was produced by diffus- 
ing titanium into the surface of the 
sapphire. 

About the time the aforemen- 
tioned article was published, we were 
also shown some experimental sap- 
phires in which cobalt was used 
instead of titanium as the diffusing 
agent. This produced a vibrant blue 
color, but the color layer was so thin 
that no real penetration of the corun- 
dum could be seen at 60x magnifica- 
tion. In the years that followed, we 
never saw this product sold on the 
market. 

A short time ago, two blue sap- 
phires (2.23 and 2.74 ct) were submit- 
ted to the West Coast laboratory for 
identification (figure 12). The 2.74 ct 
sapphire was easily proved to be diffu- 
sion treated, as it possessed the char- 
acteristics typical of this process: high 
relief in methylene iodide, concentra- 
tions of color at facet junctions, and 
patchy coloration. 

The 2.23 ct sapphire, however, 
was much different. The color of this 
stone was darker and more saturated 
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than the first. The refractive index 
was over the limits of the refractome- 
ter, and the desk-model spectroscope 
showed three broad bands that are 
typically associated with cobalt. 
Microscopic examination did not 
reveal any inclusions. However, there 
were numerous spots of lighter color 
on the surface, and some facet junc- 
tions appeared paler than the sur- 
rounding facets (figure 13). 

Because the refractive index of this 
stone was so high, we used the laser 
Raman microspectrometer to deter- 
mine its identity. The Raman spec- 
trum matched that of sapphire. With 
EDXRF, we then determined that 
there was a very high concentration of 
cobalt at the surface of the stone. 

It was clear that the high cobalt 
concentration at the surface was the 
cause of the extremely high R.I. read- 
ings. We have encountered this 
before, particularly with red diffu- 
sion-treated corundum that has very 
high concentrations of chromium at 
the surface and, more recently, with 
blue-to-green topaz that derives its 
color from a cobalt-rich surface layer 
(see, e.g., S. F. McClure and C. P. 
Smith, “Gemstone enhancement and 
detection in the 1990s,” Winter 2000 
Gems & Gemology, pp. 336-359). 
The blue-to-green treated topaz is 
often referred to in the trade as “dif- 
fusion-treated,” even though it has 
not been proved that diffusion is 
actually taking place. 

As with the topaz, the depth of 
the blue surface coloration on the 
2.23 ct sapphire could not be seen. 
The layer was obviously very shallow, 
with even small chips and scratches 
penetrating through to the colorless 
core. Thus, we could not be certain 
whether the color of the sapphire was 
due to diffusion treatment, or the 
product of some other type of surface 
reaction with the cobalt. 

The submission of this cobalt-col- 
ored sapphire to the laboratory raises 
some questions about whether this 
material has now entered the market- 
place. Since we saw only the one 
stone, we do not know the answer at 
this time. SFM 
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Figure 14. Advanced testing 
revealed that these three beads 
(each approximately 14.00 x 10.00 x 
5.00 mm) were fashioned from the 
rare gem material schlossmacherite. 


SCHLOSSMACHERITE, 
Yellow-Green Beads 


In early 2002, staff members in the 
West Coast laboratory were chal- 
lenged to identify several opaque yel- 
low-green beads that had been submit- 
ted for analysis. The material had 
been represented as variscite, an 
essentially colorless aluminum phos- 
phate that appears green-blue when 
iron and chromium are present. 
Green-blue variscite is often used as 
an ornamental stone, or dyed and sold 
as a substitute for turquoise. 


Because these beads were an 
unusual yellow-green (see, e.g., figure 
14), our client had questioned their 
identity as variscite. The lenticular 
beads, which measured approximately 
14.00 x 10.00 x 5.00 mm, were evenly 
colored and appeared to have been 
fashioned from the same piece of 
material. A few beads also showed 
some prominent darker green “veins.” 
When we examined the beads with a 
microscope at standard 10x magnifica- 
tion, we noticed that the material had 
a fine-grained, almost colloidal-appear- 
ing structure. We also observed that 
the darker-appearing “veins” were 
actually a finer-grained phase of this 
material. Despite the poor polish, we 
were able to determine a vague spot 
refractive index reading of 1.57. The 
specific gravity was measured at 2.35. 
The beads did not show an absorption 
spectrum or any reaction to long- or 
short-wave ultraviolet radiation. Since 
these properties are not within the 
reported range for variscite, we turned 
to advanced testing methods to identi- 
fy the beads. 

With the client’s permission, Dino 
DeGhionno performed an X-ray pow- 
der diffraction analysis and deter- 
mined that the beads had been fash- 


ioned from schlossmacherite, a sul- 
fate-arsenate member of the beudan- 
tite group. To confirm the identity of 
this rare material, Sam Muhlmeister 
performed EDXRF qualitative chemi- 
cal analysis. The analyses revealed 
that the material primarily contained 
aluminum, sulfur, and arsenic, as well 
as calcium, copper, and other minor 
trace elements, which substantiated 
the identification as schlossmacherite. 

This rare mineral was named after 
the dean of German gemology, Prof. 
Dr. Karl Schlossmacher. Originally 
found in Guanaco (Chile), it was first 
introduced by K. Schmetzer and H. 
Bank in 1979 (Zeitschrift der Deutsch- 
en Gemmologischen Gesellschaft, 
Vol. 28, No. 3, pp. 131-133) and de- 
scribed as a new mineral in 1980 by K. 
Schmetzer et al. (Neues Jahrbuch ftir 
Mineralogie Monatshefte, Vol. 1980, 
No. 5, pp. 215-222). KNH 
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GEM NEWS International 


CONFERENCE REPORTS 


AGU meeting examines diamond provenance. A session 
on “Determining Diamond Provenance” was held at the 
American Geophysical Union’s Spring 2002 semiannual 
meeting, which took place May 28-31 in Washington, 
D.C. The session was prompted by concerns over identify- 
ing “conflict” diamonds after they have been removed 
from their source area. Dr. Stephen Haggerty of the 
University of Massachusetts, Amherst, began with an 
overview of the problems associated with determining the 
geographic origin of gem diamonds. The contributor of 
this entry, director of research for GIA, discussed technical 
challenges for determining “country of origin” by analyti- 
cal methods—for example, the lack of a representative col- 
lection of diamonds from known primary and secondary 
deposits to establish if there are characteristics unique to 
each deposit. Since determining country of origin by ana- 
lytical means appears to be impossible at this time, the 
jewelry industry has recommended procedures to track 
diamonds from legitimate sources so as to exclude illegiti- 
mate diamonds from conflict countries. Dr. Larry Taylor 
of the University of Tennessee, Knoxville, also described 
the need for a more thorough scientific study of larger col- 
lections of diamonds from major deposits to establish if 
certain features (such as inclusions and isotopic data) pro- 
vide evidence of geographic source. 

Dr. Peter Deines of Pennsylvania State University, 
University Park, presented carbon isotope and inclusion 
chemical data on diamonds from kimberlite pipes in 
Botswana and South Africa, and demonstrated that while 
diamonds from different kimberlites can be geochemically 
distinct, they may show complex variability within single 
samples or among different ones. He concluded that there 
was no simple diagnostic pattern of geochemical features 
that could link his diamond samples unambiguously to a 
particular kimberlite. Dr. Pierre Cartigny of the Labora- 
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toire de Geochimie des Isotopes Stables, Paris, studied dia- 
monds from the Panda kimberlite in Canada, and conclud- 
ed that nitrogen and carbon isotopic data could not be used 
to distinguish them from other sources. Dr. Erik Hauri of 
the Carnegie Institution of Washington (D.C.) demonstrat- 
ed how variations in nitrogen and carbon isotopes—as well 
as a complex cathodoluminescence zoning pattern—in a 
diamond crystal from the Mir kimberlite in Russia provid- 
ed evidence of a complicated growth history. Such varia- 
tions within a single crystal illustrate the difficulties of 
using geochemical data to establish diamond provenance. 
Dr. Nikolai Sobolev of the Institute of Mineralogy and 
Petrography, Russian Academy of Sciences, Novosibirsk, 
illustrated how the prevalence of chromite as mineral 


Figure 1. The sulfur isotope compositions of sulfide 
inclusions—such as the one shown here in a rough 
diamond—may help determine the geographic source 
of diamonds, when combined with other information. 
Photomicrograph by John I. Koivula; magnified 10e. 
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inclusions in Yakutian diamonds can provide evidence of 
their geographic origin. Dr. Jeffrey Harris of the 
University of Glasgow, U.K., showed how variations in 
shape, color, and surface features also offer a potential 
means of establishing geographic source. However, the 
absence of similar data on conflict diamonds is a major 
drawback to validating this approach. Dr. Steven Shirey, 
also of the Carnegie Institution of Washington, described 
how establishing the ages of diamonds using radiometric 
methods does not appear to hold potential for establishing 
provenance due to overlap in diamond ages from various 
deposits. Dr. James Farquhar of the University of 
Maryland, College Park, studied sulfur isotope composi- 
tions of sulfide inclusions (see figure 1) in diamonds from 
Orapa, Botswana, as an alternate means of elucidating 
their geologic history. When combined with other infor- 
mation, this might help determine the source of dia- 
monds. Dr. Eva Anckar of the University of Cape Town, 
South Africa, presented results of a multivariate analysis 
of diamonds—incorporating nitrogen content and aggrega- 
tion, hydrogen content, infrared spectra, color, shape, size, 
surface features, and cathodoluminescence patterns—to 
show that this statistical approach has the potential to 
differentiate among diamond sources. 

Overall, these presentations demonstrated that some 
analytical techniques hold promise for distinguishing dia- 
monds from particular deposits, but further work is needed 
on a more complete collection of diamonds from all major 
sources to fully establish the validity of these techniques. 

JES 


GSA meeting reports on Western U.S. gem occurrences. 
The 54th Annual Meeting of the Rocky Mountain Section 
of the Geological Society of America took place May 7-9 
at Southern Utah University in Cedar City, Utah. The 
meeting included a session on “Gemstone and 
Semiprecious Minerals and Host Rocks in the Western 
United States.” Peter Modreski of the U.S. Geological 
Survey, Denver, Colorado, outlined the gem occurrences 
in Colorado, which include deposits of pegmatite minerals 
(aquamarine [figure 2], smoky quartz, topaz, and ama- 
zonite feldspar}, as well as diamond, peridot, turquoise, 
lapis lazuli, and rhodochrosite. W. Dan Hausel of the 
Wyoming State Geological Survey, Laramie, summarized 
gem and mineral localities in that state. Historically, 
nephrite jade and various agates and jaspers have been the 
most important gem materials, but sapphires and iolite 
were found recently. In a separate presentation, he 
described new kimberlite discoveries in the Iron Mountain 
district in southeastern Wyoming. 

Richard Berg of the Montana Bureau of Mines and 
Geology, Butte, discussed probable sources of Montana’s 
large alluvial sapphire deposits. Preservation of delicate sur- 
face features that formed during magmatic transport, and 
the absence of internal conchoidal fracturing, indicate that 
the sapphires were transported only a short distance from 
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Figure 2. Colorado is the source of several gem mate- 
rials, including this aquamarine from Mt. Antero in 
the Sawatch Range. The faceted stones range from 
3.50 to 18.95 ct. Courtesy of the Denver Museum of 
Nature and Science; photo by Jack Thompson. 


their original host rock. The lack of rock fragments on the 
sapphires, and the fact that more than 100 years of sapphire 
mining has failed to reveal the primary host rock, suggest 
that the original bedrock was friable and easily eroded, so it 
would not leave surface outcrops. Dr. Jeffrey Keith of 
Brigham Young University (BYU), Provo, Utah, described a 
rare occurrence of emeralds (not of gem quality) in a black, 
organic-rich shale in the Uinta Mountains in northern 
Utah, and pointed out the geologic similarities to the 
famous emerald deposits in Colombia. In the same area is 
an extensive occurrence of massive, fibrous, translucent 
brownish yellow calcite that is carved for ornamental pur- 
poses. Presentations on the deposits and genesis of red beryl 
in the Wah Wah and Thomas Mountains in Utah were 


Editor’s note: Bylines are provided for contributing edi- 
tors and outside contributors; items without bylines 
were prepared by the section editor or other G&G 
staff. All contributions should be sent to Brendan Laurs 
atblaurs@gia.edu (e-mail), 760-603-4595 (fax), or GIA, 
5845 Armada Drive, Carlsbad, CA 92008. 
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given by Timothy Thompson and Jean Baker, also from 
BYU. At both localities, red beryl is a post-magmatic min- 
eral that occurs in fractures within rhyolite host rock. 
Crystallization of red beryl probably resulted from the reac- 
tion of beryllium- and fluoride-rich vapors with groundwa- 
ter in the fractures. JES 


Report from the 3rd World Diamond Conference, 
Vancouver. On June 17 and 18, 2002, this conference attract- 
ed approximately 450 diamond exploration company execu- 
tives, as well as investors, government officials, mining geol- 
ogists and engineers, and diamond dealers. As was the case 
with the previous conferences (see, e.g., Fall 2001 GNI sec- 
tion, pp. 222-225), Chaim Even-Zohar was the moderator. 
The conference program was well rounded, but was domi- 
nated by two topics: (1) Canada as a major player in the 
world diamond scene, and (2) “conflict” diamonds. 


Figure 3. More than 50 companies are currently 
exploring for diamonds in Quebec, which is the 
most recent exploration region in Canada (i.e., 
since 1996). Six diamond-bearing kimberlites have 
been found in the Otish Mountains area since late 
2001. A diamondiferous kimberlite dike was found 
in the Wemindji area in early 2002, and a system of 
diamond-bearing ultramafic dikes was discovered 
in 1996 in the Torngat Mountains. Diamond indica- 
tor minerals are being investigated in glacial 
deposits in several other regions of the province. 
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Canada. In 2001, Canada produced about 3.5 million carats 
of diamonds, all from the Ekati mine in the Northwest 
Territories (NWT). The diamonds were mined from both 
the Panda pipe and the newly opened Misery pipe, and rep- 
resent about 3% of the world’s supply by weight and 6% by 
value. Within one year, these figures are expected to 
increase to perhaps 10% in both categories when the 
Diavik mine (which has diamonds of overall lower quality 
than Ekati) starts production. The status of several Cana- 
dian diamond projects at various stages of evaluation and 
development (mainly in the NWT, Nunavut, and Saskatch- 
ewan) was also discussed, as were exploration programs in 
new regions. Currently, the most exciting activities in 
Canada, in which more than 50 companies are involved, 
are taking place in Quebec. Diamonds are now known 
from three new areas in this province (figure 3), and geolo- 
gists have found encouraging diamond-indicator-mineral 
“trains” in others. Elsewhere in Canada, exploration con- 
tinues at a feverish pace (e.g., in the North Slave geological 
province, also known as the Coronation Gulf area), and has 
resulted in the discovery of several new diamond-bearing 
kimberlites. 

Inevitably, additional mines will be developed in 
Canada, which is a preferred country for diamond explo- 
ration and mining because of its good infrastructure and 
political, social, and economic stability, as well as favorable 
geologic factors. In fact, it is estimated that currently 50% 
of the diamond exploration monies budgeted worldwide are 
spent in Canada. The main requirements for diamond min- 
ing companies, as stipulated by all levels of Canadian gov- 
ernment, are: (1) respect for the environment and local 
(indigenous) cultures; and (2) creation of meaningful oppor- 
tunities for Canadian workers—for example, in diamond 
cutting as well as mining. 


Conflict Diamonds. The future of the Kimberley Process 
(to certify locality of origin for diamonds as they move 
through the trade from the source to the retailer, so that 
conflict diamonds will be excluded from the marketplace) 
is not yet assured, because it has not been ratified by sever- 
al of the approximately 30 countries necessary for its suc- 
cess; at press time, for example, it had not yet passed the 
U.S. Senate. However, the unrest that initially generated 
the issue—that is, civil wars in certain African countries— 
appears to be improving naturally. With political stability 
on the horizon for both Angola and Sierra Leone, and with 
signs of improvement in the Democratic Republic of 
Congo, the proportion of conflict diamonds may be as low 
as 1.5% of the total world rough diamond production 
(compared to as much as 4% two years ago). 

Several conference participants expressed concerns 
about the practicality of the Kimberley Process. Some 
maintained that two factors are critical to the success of 
the initiative: (1) Control of the diamonds by authorized 
persons must be achieved at the point of extraction from 
the ground, and (2) uncertified stones must not be allowed 
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Figure 4. These round modified brilliants (0.50-0.76 ct) have unusual faceting arrangements. The two on the left 
have 100 facets, and those on the right, 73 facets. Courtesy of Rosy Blue International; photo by Maha Tannous. 


to enter the legitimate stream. Nevertheless, the industry 
overwhelmingly supports the Kimberley Process, both for 
its humanitarian aspects and to safeguard the integrity of 
the market. Further, enforcement measures of the 
Kimberley Process may forestall any future attempts to use 
diamonds for inappropriate purposes. 


Special Award. The conference ended with a fitting trib- 

ute to Charles E. Fipke, who was presented with the first 

“Diamond Pioneer of Canada” award for being instrumen- 
tal in finding the Lac de Gras kimberlite field in 1990. 

A. A. Levinson 

University of Calgary, Alberta, Canada 

levinson@geo.ucalgary.ca 


DIAMONDS 
New round diamond cuts. Rosy Blue International 
(Antwerp, Belgium) recently showed GIA researchers sever- 
al examples of two unusual round modified brilliant cuts 
that provide additional perspective on the relationship 
between cut and the face-up appearance of a faceted dia- 
mond (figure 4). The faceting arrangements of these dia- 
monds create an interesting pattern of contrasting light and 
dark areas in the face-up diamond. Over the preceding sever- 
al months, we had begun to focus some of our diamond cut 
research efforts on the patterns displayed by round brilliants 
of various proportions, and how the properties of these pat- 
terns can affect human perception of a diamond’s brilliance. 
Therefore, we were pleased to have the opportunity to 
examine these diamonds, to see how changes in the number 
and arrangements of facets could affect face-up appearance. 
A standard round brilliant has 58 facets: 33 on the crown 
and 25 on the pavilion (including a culet but excluding gir- 
dle facets), with eight-fold symmetry around a central axis. 
As illustrated in figure 5, one of these new cuts has the 
usual facet types on the crown but with nine-fold symme- 
try, which produces 37 crown facets. The pavilion has 63 
facets, also with nine-fold symmetry, for a total of 100 facets 
(excluding a culet or any girdle facets). The nine pavilion 
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mains are each split into three facets, two trapezoids, and an 
elongated hexagon. Two more trapezoids plus two small tri- 
angular facets substitute for each of the nine pairs of lower- 
girdle facets. Both the nine-fold symmetry and the division 
of the pavilion into many facets with small angular differ- 
ences among them contribute to the distinctive appearance 
of this cut. 

The other round modified brilliant cut, named the 
“Aster” cut, has 73 facets (again, see figure 5). The crown 


Figure 5. These faceting diagrams for the 100-facet 
and Aster (73-facet) cuts display the complexity of 
these designs. The many small facets demand preci- 
sion cutting to achieve the desired optical effects. 
Courtesy of Rosy Blue International. 
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Figure 6. In an environment that emphasizes con- 
trast, these diamonds show patterns with many 
small bright spots (some are circled), contributing to 
their scintillation. The images on the left and center 
are of the 100-facet round modified brilliants, 
whereas the one on the right is of a 73-facet round. 
Courtesy of Rosy Blue International; composite 
photo by Al Gilbertson. 


is standard, but 16 facets have been added to the pavilion 
as eight additional pavilion mains (extending about three- 
fourths of the way to the girdle) and eight triangular facets 
above them (which break into the lower-girdle facets). 

Figure 6 shows two of the 100-facet round modified 
brilliants and one of the 73-facet rounds photographed in an 
environment that emphasizes the contrast pattern of a 
faceted diamond in the face-up position. In the two 100- 
facet diamonds, the nine short, hexagonal facets that radi- 
ate from the culet create nine bright reflections under the 
center of the table, like a nine-petalled flower. At the same 
time, the pairs of trapezoidal facets beyond them are seen 
as nine dark reflections of these pavilion “mains” distribut- 
ed under the bezel facets of the crown. The 73-facet design 
shows 16 distinct reflections of both the full and partial 
pavilion mains, while the eight triangular facets above the 
partial mains create an effect similar to that of a French tip 
on a fancy shape at eight spots around the girdle. 

The size and distribution of spots of bright white and 
black in these patterns is significant. The movement of 
such spots when the diamond, light source, or observer 
moves is an important factor in scintillation (i.e., flashes 
of light seen through the crown as the diamond moves 
relative to the light source and observer), and the contrast 
they produce can affect human perception of overall 
brightness. For the 100-facet design, the specific distribu- 
tion of these spots depends strongly on the precision of 
the pavilion faceting. We noted marked variations in this 
appearance aspect among the eight examples of this 
faceting style we examined, and we mentioned these dif- 
ferences to the client. By repolishing two of the samples 
(one of them more than once}, cutters at Rosy Blue suc- 
ceeded in making the pattern appear more uniform. These 
observations showed again the importance of precise cut- 
ting to achieve the desired result from a complicated 
faceting design. 

Tom Moses and Ilene Reinitz 
GIA Gem Trade Laboratory, New York 
tmoses@gia.edu 
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COLORED STONES AND 
ORGANIC MATERIALS 


Benitoite recovery and cutting: Significant progress. Since 
March 2001, the Benitoite Gem mine in San Benito 
County, California, has been worked on a seasonal basis 
(generally from March to May, when water is available) by 
Benitoite Mining Inc., Golden, Colorado (see Spring 2001 
GNI section, p. 68). During the 2001 season, the company 
focused on mining gem and specimen material from the 
lode and evaluating the best way to recover gem rough 
(including small fragments discarded by previous activi- 
ties) from the eluvial deposit, mine dumps, and other 
unconsolidated material. In 2002, mining focused mainly 
on gem rough. By the time the 2002 season ended in early 
June, some important strides had been made in both 
recovery and cutting. 

According to company president Bryan Lees, a new pro- 
cessing plant—with a capacity of 150 tons of material per 
day—began operation in April 2002 (figure 7). The plant 
uses a system of vibrating screens combined with high- 
pressure washing. First, the ore is dumped in a hopper and 
the boulders are removed; next, any fragments over *44 
inch (1.9 cm) are sprayed by water jets and directed to a 
conveyer belt for hand-picking of potential mineral speci- 
mens. The remaining washed and screened material is sent 
through a jig system. Two large jigs catch pieces over 5432 
inch (4 mm), while smaller fractions pass down into their 
hutch compartments. This hutch material is dewatered 
and sent to a smaller jig, which catches pieces down to 2 
mm. By comparison, fragments smaller than 3 mm were 
rejected during previous mining activities. The benitoite 
concentrate—including gem, near-gem, and nongem mate- 
rial—is removed from the jigs each day. 

Experiments were done to test whether X-rays could 
be used to automate the concentration process (as is done 
in diamond mines], but benitoite’s strong fluorescence to 
X-rays resulted in an unacceptably large amount of con- 
taminants being allowed into the concentrate because the 
system was over-activated. Also, the technique could not 
discern between gem- and nongem material. 

However, Mr. Lees indicated that another technique 
has revolutionized the processing of the concentrate: mag- 
netic separation. Since benitoite is the only material in the 
concentrate that contains iron, 100% of the gems can be 
separated by this technique. In addition, this method has 
proved useful in separating much of the near-gem and 
nongem benitoite from the facetable fraction. Experiments 
to date have shown that 400 pounds (181 kg) of concen- 
trate can be processed in just two hours. Mr. Lees feels 
that magnetic separation could be applied successfully to 
other gem minerals as well. 

Cutting and marketing are being handled by Iteco Inc. 
of Powell, Ohio. Iteco president Paul Cory stated that 
approximately 1,000 carats of melee have been faceted 
during the last year, in full round brilliants ranging from 
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Figure 7. This new process- 
ing plant was installed at 
the Benitoite Gem mine in 
spring 2002. Material is 
dumped into the hopper (far 
left) and proceeds up the 
conveyer belt to a wash- 
ing/screening apparatus (top 
right). Mineral specimens 
larger than 344 inch (1.9 
cm) are hand picked from 
the conveyor belt on the far 
right. Smaller material is 
sent through a jig system, 
which is partially visible 
(tan-colored box) below the 
screening apparatus. 
Benitoite concentrate, 
down to 2 mm, is removed 
from the jigs each day. 
Photo by Bryan Lees. 


1.5 to 4 mm in diameter. Based on the critical angle of 
benitoite (34.7°), all of the stones are faceted in a consis- 
tent set of proportions to yield the best face-up appear- 
ance. A range of color, from colorless to deep violetish 
blue, is available (figure 8). Most of the material is a medi- 
um violetish blue, with near-colorless and deep violetish 
blue each accounting for about 10% of the volume. Since 
all the melee was faceted from rough found during the 
2001 season—derived mostly from the mine dumps— 
future production may show a different color distribution 
as various parts of the deposit are mined. Dichroism is 
taken into account when orienting larger rough to yield 
the best color, but the melee stones are not cut in any par- 
ticular orientation. So far, the largest stone cut from the 
2001 production weighed 3.55 ct, and several other stones 
exceeding 3 ct also were produced. Although Benitoite 
Mining sells many of the stones loose, it is presently 
seeking partnerships with jewelry manufacturers and 
developing its own line. 

Depending on demand and mining activity, Mr. Lees 
expects the mine to produce commercial quantities of beni- 
toite for approximately 5-10 years. Specimen material will 
remain an important part of the production, as there appears 
to be more in-situ lode material than originally anticipated. 
Mining of both loose material and the lode deposit will 
occur concurrently during the next several field seasons. 


Cassiterite from Viloco, Bolivia. Faceted cassiterite is rare. 
Although Nigeria, Russia, and China produce limited 
quantities, the only locality producing significant amounts 
of gem rough is the Viloco mine, near Araca in La Paz 
Department, Bolivia. 

Cassiterite is tin oxide, SnO,, that is typically brown 
to black due to iron impurities. Cassiterite from Viloco 
forms as druses of highly lustrous crystals that are consid- 
ered by collectors to be among the finest examples of the 
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mineral species (figure 9). They too are usually brown to 
black, but very rarely the crystals are color zoned brown 
and light yellowish brown; the latter color is concentrated 
near the surface. The cut gems are most commonly light 
yellowish brown, but some bicolored brown and yellowish 
brown stones have also been faceted (figure 10). As part of 
a German foreign aid project, the Viloco miners have been 
instructed to separate out top-quality gem- and specimen- 
grade cassiterite rather than process it as ore. The gem- 
stones are cut in Bolivia and marketed overseas. During a 
2001 trip to Bolivia, this contributor saw hundreds of 
carats of faceted Viloco cassiterite. 

According to R. Webster’s Gems (5th ed., rev. by P. G. 


Figure 8. Benitoite melee is now being faceted in 
full round brilliants with a consistent set of propor- 
tions. A range of colors is available, as shown here 
(0.07 ct each). Courtesy of Benitoite Mining Inc. 
and Iteco Inc.; photo by Robert Weldon. 
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Figure 9. This 9 < 7 cm specimen with numerous 
partially transparent cassiterite crystals is from the 
Viloco mine in Bolivia. Photo by Jaroslav Hyrsl. 


Read, Butterworth-Heinemann, London, 1994), cassiterite 
is uniaxial with very high refractive indices—n,=2.003, 
n,=2.101—which are well over the limit of a standard 
refractometer. It also has very high dispersion (0.071, near- 
ly twice that of diamond) and a hardness of 6.5 on the 
Mohs scale. Cassiterite has an extremely high specific 
gravity of about 7, so loose stones are easy to recognize by 
their heft. It shows no features with a hand spectroscope 
and is inert to UV radiation. 

Due to its high birefringence (0.098), cassiterite is often 
faceted with the table perpendicular to the optic axis (simi- 
lar to synthetic moissanite), so the facet edges do not 
appear blurred. Although near-colorless cassiterite is rare, 
it could be easily confused with synthetic moissanite. Like 
synthetic moissanite, it has high thermal conductivity, so 


Figure 11. Tourmaline needles occur as inclusions 
in some cassiterites from Viloco. Photo- 
micrograph by John I. Koivula; magnified 20. 
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Figure 10. Faceted cassiterite from Viloco is typically 
light brownish yellow, although bicolored stones— 

similar to the oval on the far right—also are cut. The 
center stone weighs 11.77 ct; photo by Jaroslav Hyrsl. 


it tests positive for “diamond” on conventional diamond 
testers. Cassiterite is electrically conductive, so it also will 
test positive for “moissanite” on some of the new synthet- 
ic moissanite testers. The best way to distinguish the two 
materials when set in jewelry is by microscopic examina- 
tion of their inclusions. Parallel white or silvery needles 
are typical for synthetic moissanite, whereas virtually all 
cassiterites contain veils of two-phase inclusions. 
Cassiterite from Viloco also occasionally contains tourma- 
line needles (figure 11; probably dravite), as confirmed by 
X-ray diffraction analysis. 
Jaroslav Hyrsl 
Kolin, Czech Republic 
hyrsl@kuryr.cz 


Emerald with feldspar matrix from Brazil. While in Minas 
Gerais in summer 2001, this contributor encountered sig- 
nificant quantities of a new type of fashioned emerald 
from the Nova Era area. These cabochons consisted of 
irregular intergrowths of semitransparent emerald in a 
white matrix (figure 12). Only rarely were euhedral emer- 
ald crystals (i.e., with hexagonal cross sections) seen in the 
cabochons. Most of the white material showed well-devel- 
oped cleavage, and X-ray diffraction analysis of one sample 
proved it was plagioclase (most probably andesine). Quartz 
was present only sporadically in the matrix, as small color- 
less grains without cleavage. Rough pieces of the emerald 
rock were surrounded by dark mica, probably phlogopite. 
Some of the polished stones also contained dark greenish 
brown flakes of mica. The specific gravity of five represen- 
tative cabochons ranged from 2.67 to 2.74; it increased 
only slightly with emerald content. The emerald in the 
cabochons was inert to long- and short-wave UV radiation, 
and showed no reaction to the Chelsea filter. 

A similar emerald matrix material is known from the 
Big Crabtree mine in North Carolina (see Summer 1993 
Gem News, p. 132). In contrast to the new Brazilian 
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comrades, ‘Should we present the 
elephant to him?” 

From a scientific point of view it 
was not of great value to us, so I 
offered this piece of Afghan stone 
to Amanulla-khan as a remembrance 
of our museum. He firmly refused it, 
saying that he could not accept such 
a sacrifice from me, the director of 
the museum, even though I told him 
we generally collected only uncut 
stones and hinted that it would be 
agreeable to us if he could help us 
obtain some ores and stones from 
Afghanistan. 

My words did not reach him. He 
continued to caress the blue ele- 
phant. Suddenly, with a swift motion 
and without turning around, he 
passed it over his shoulder to his 
adjutant, who hid it quickly. As if 
nothing had occurred Amanulla con- 
tinued to examine the exhibit, pass- 
ing from the blue lazurit to the green 
nephrit and yellow amber. I cannot 
conceal, however, that I was sorry 
to give up our elephant. 

Sad to say, although Ama- 
nulla gave permission for a 
Russian scientific expedition 
to enter Afghanistan to ex- 
amine the mines at Badakh- 
shan and the lazurit mines at 
Firgama, when the expedition 
arrived the authorities post- 
poned the visit to the mines. 
Meantime a revolution 
against Amanulla-khan start- 
ed and the expedition turned 
back home. 

What happened to our ele- 
phant? We are not sure. 
Upon. his return, Amanulla- 
khan transferred all his pres- 
ents to his summer palace at 
Faizabad. We learned later 
from newspaper notices that 
the palace burned and every- 


thing was stolen. But the blue color 
of lazurit does not suffer from fire 
and sometimes becomes brighter. 
Since the elephant was cut from one 
piece it could not easily be broken. 
It may have been spirited away to 
some wild settlement. Or perhaps 
some Mohammedan took it to a min- 
aret, where it rests among other 
treasures of the East. This is all we 
know of the fate of the blue ele- 
phant. 
The Emerald of Iakov Ivanovich 
Kakovin 

One of the largest in the world, the 
history of this emerald is especially 
interesting, as it is known from first 
to last. In 1831 Mr. Kakovin, director 
of the Ekaterinburg cutting works, 
informed the government that he had 
discovered some emeralds. Those 
mined at Sretensk were especially 
notable, large and of bright color. In 
1834 Mr. Kakovin received a very 
large emerald from these mines 
weighing more than 2226 grams. One 
side of this stone was polished by na- 


Fig. 2—Brooch bearing a yellowish-green beryl (nat- 
ural size). Part of the Russianw Diamond Fund. 


material, however, the North Carolina cabochons con- 

tained well-formed emerald crystals in a granular quartz- 
feldspar matrix. 

Jaroslav Hyrsl 

Kolin, Czech Republic 

hyrsl@kuryr.cz 


Sunstone feldspar from Tanzania. At the 2002 Tucson 
gems shows, Abe Suleman of Tuckman Mines and 
Minerals Ltd., Arusha, Tanzania, showed GwG editors a 
7.88 ct sunstone from a new deposit in Tanzania (figure 13). 
He reported that the mining area covers several square kilo- 
meters in the vicinity of the village of Engare Naibor, 
northwest of Arusha, near the border with Kenya. The area, 
which is occupied predominantly by members of the 
Masaai tribe, is semi-arid and hilly. The feldspar reportedly 
is found in dolomitic layers, with mica schist and traces of 
calcite. The miners have dug several pits up to 4-5 m deep. 

Production is inconsistent and hampered by the 
remoteness of the locality. Both faceted stones and cabo- 
chons (figure 14) are produced. The polished stones com- 
monly attain weights up to 10 ct, although Mr. Suleman 
has cut cabochons as large as 125 ct. 

The 7.88 ct sunstone, which was donated to GIA by 
Abe and Anisa Suleman, was examined by Elizabeth 
Quinn of the GIA Gem Trade Laboratory in Carlsbad. The 
modified round brilliant was light grayish green with 
numerous eye-visible iridescent orange platelets (figures 15 
and 16). Refractive indices of the stone were 1.537 and 
1.547, and the specific gravity was 2.64; these properties are 
consistent with oligoclase feldspar. The orange inclusions 


Figure 12. These cabochons (here, up to 16 mm 
long) have been fashioned from irregular inter- 
growths of emerald and plagioclase found in Minas 
Gerais, Brazil. Photo by J. Hyrsl. 


Figure 13. This 7.88 ct sunstone, from a new locali- 
ty in Tanzania, contains conspicuous iridescent 
orange inclusions that were identified as hematite. 
Courtesy of Abe and Anisa Suleman; photo by 
Maha Tannous. 


were identified as hematite on the basis of laser Raman 
microspectrometry by GNI editor Brendan Laurs. Several 
near-colorless needles were identified as an amphibole, 
probably anthophyllite (again, see figure 15], also by Raman 
analysis. In addition, microscopic examination revealed 
lamellar twin planes and a fracture. 


Figure 14. Abundant hematite platelets—some 
showing iridescence—are visible in this 20.81 ct 
cabochon of sunstone from Tanzania. Courtesy of 
Michael Randall, Gem Reflections, San Anselmo, 
California; photo by Robert Weldon. 
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Figure 15. The inclusion scene in the 7.88 ct sun- 
stone consists of orange platelets of hematite and 
near-colorless needles of anthophyllite. Photo- 
micrograph by John I. Koivula; magnified 100. 


Update on Namibian demantoid garnet. At the 2002 
Tucson shows, Chris Johnston, owner of Johnston- 
Namibia C.C. of Omaruru, Namibia, showed the GWG 
editors some attractive jewelry set with well-cut deman- 
toid garnet in calibrated sizes (figure 17). To supplement 
the Fall 1997 (pp. 222-223) Gem News item on this mate- 
rial, Mr. Johnston provided the following information. 
Demantoid from Namibia has been known since at 
least the 1930s, but the deposit lay idle until rediscovered by 
the gem trade in 1997. The mines are located in the Erongo 
Mountains area of west-central Namibia, between Omaruru 


Figure 17. The Namibian demantoid in this 18K 
yellow/white gold jewelry was mined recently and 
cut to calibrated sizes ranging from 3 to 5 mm in 
diameter. Courtesy of Chris Johnston; photo by 
Maha Tannous. 
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Figure 16. The iridescence displayed by the 
hematite inclusions in the 7.88 ct sunstone was par- 
ticularly pronounced when a fiber-optic light was 
used in conjunction with the shadowing technique. 
Photomicrograph by John I. Koivula; magnified 
15. 


and the small desert town of Usakos. The garnet is hosted 
by skarns (metamorphosed carbonate rocks) that are near 
the contacts with granitic rocks. Only near-surface, small- 
scale mining of these primary deposits has been done to 
date, with limited mechanized equipment. Most of the min- 
ing has taken place on Farm Tubussis off the Okombahe- 
Usakos road, near the small Damara village of Tubussis. 
Besides informal mining activities, currently there is one 
active mechanized operation, which markets the stones 
through Gem Demantoid Inc. of Bangkok, Thailand. 

Mr. Johnston estimates the total current production 
of demantoid at about 8 kg per month, of which 2 kg is 
gem quality, mostly in the 0.3-1 gram range. About 15% 
of the gem rough is top green color (i.e., without too 
much yellow/brown). Most of the cut goods he has sold 
range from 3 to 5 mm in diameter, in round, trillion, and 
oval shapes. He believes the market strength of this 
niche material is in melee and as accents in Art Deco- 
and Art Nouveau-style jewelry. 


Unusual kyanite from Brazil. Brazil is one of the main 
sources of gem-quality kyanite. During the last few years, 
large quantities of kyanite crystals (some with facetable 
portions) were mined from the vicinity of Vitoria de 
Conquista in Bahia. The crystals can approach 10 cm long, 
and very rarely they exhibit unusual shapes that result 
from natural deformation (figure 18). The faceted stones 
typically range up to about 5 ct, although attractive gems 
over 50 ct have been cut. The crystals can show both blue 
and green areas; generally a strip of blue is seen along their 
length. A few bicolored stones have been faceted. 

One of us (JH) observed some interesting inclusions in 
recently acquired green and bluish green kyanite from 
Brazil (probably also from the Vitoria de Conquista area). In 
two stones, light brown to orange-brown inclusions up to 
approximately 1 mm in diameter were identified as garnet 
by Raman analysis at GIA in Carlsbad (figure 19); it was 
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not possible to establish the particular species. Associated 
with garnet in one sample were green tourmaline and irreg- 
ular masses of colorless quartz, also identified by Raman 
analysis (figure 20). Flat, black crystals with a metallic lus- 
ter were probably ilmenite. 

The two samples with garnet inclusions were light yel- 
low-green, with greenish yellow and bluish green 
pleochroism. Both stones had refractive indices of n, = 
1.718, ng = 1.727, and n, = 1.734, yielding a birefringence of 
0.016; both were biaxial negative. (Note that ng was found 
by rotating the stones on the refractometer to find the 
direction of maximum birefringence [n_], and then rotating 
the polarizing filter.) Specific gravity values were 3.67 and 
3.69; both stones were inert to UV radiation. 

Jaroslav Hyrsl (hyrsl@kuryr.cz) 
and John I. Koivula 
GIA Gem Trade Laboratory, Carlsbad 


South Sea cultured pearls with broken beads. The Gtbelin 
Gem Lab recently examined a single-strand necklace com- 
posed of 25 South Sea cultured pearls (figure 21). When X- 
rayed, several of the pearls seen on the x-radiograph were 
revealed to contain beads with a series of dark lines. The 
owners later mentioned that those particular cultured 
pearls were very difficult to drill, with several drill bits 
broken in the process. 

At the CIBJO conference held in Munich, Germany, 
last March, Shigeru Akamatsu of K. Mikimoto & Co. Ltd. 
(Tokyo, Japan) announced that a new type of bead was 
being used to nucleate larger South Sea cultured pearls. 
These beads were fashioned from the shell of the giant 
clam (Tridacna gigas). He indicated that massive amounts 
of this abundant shell material were being used to pro- 
duce large-diameter beads (i.e., 8+ mm), which are report- 
edly manufactured at Chinese factories on Hainan Island 


Figure 18. These kyanite crystals from Brazil were 
deformed by natural forces. Portions of the crystals 
are transparent enough to be faceted. The largest 
crystal here is 5 cm long; photo by Jaroslav Hyrsl. 
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Figure 19. Garnet forms conspicuous inclusions in 
these Brazilian kyanites (largest, 9.62 ct). Photo by 
Jaroslav Hyrsl. 


(S. Akamatsu, pers. comm., July 2002). It is difficult to 
obtain large-diameter beads from the Mississippi freshwa- 
ter mollusks that are typically used for South Sea cultured 
pearls because of their size. Mr. Akamatsu noted, howev- 
er, that the beads derived from giant clam shells have an 
inherent problem: They tend to break during the drilling 
process. 

This necklace contains the first examples seen by the 
Giibelin lab of large South Sea cultured pearls with broken 
beads. It is not known what effect these broken beads may 
have on the long-term durability of the cultured pearls. 
With the large quantities of these beads that are reportedly 
being used, it can be expected that more such cultured 
pearls will be encountered in the future. 

CPS and Christian Dunaigre 
Gitibelin Gem Lab 
Lucerne, Switzerland 


Figure 20. An unusual inclusion assemblage of 
orange-brown garnet, colorless quartz, and green 
tourmaline is present in this kyanite from Brazil. 
Photomicrograph by John I. Koivula; magnified 15x. 
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Some developments in freshwater cultured and “keshi” 
pearls. At the AGTA show in Tucson last February, this 
contributor noticed some eye-catching freshwater cultured 
pearls. Betty Sue King of King’s Ransom (Sausalito, 
California) had some of the popular cross-shaped tissue- 
nucleated cultured pearls in dramatic strands that were 


Figure 22. Strung together, these cross-shaped tissue- 
nucleated cultured pearls resemble a crown of 
thorns, and are marketed as “spikes.” Their dimen- 
sions average approximately 45 < 25 mm. Courtesy 
of King’s Ransom; photo by Maha Tannous. 
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Figure 21. This necklace of South Sea cultured pearls 
(16.25-19.40 mm) contained several broken shell 
beads. The X-radiograph clearly shows a series of paral- 
lel breaks in two of the beads. In one of these, the 
breaks are visible as a series of sharp lines because they 
are parallel to the viewing direction; in the other, the 
breaks appear as elliptical areas because they are 
inclined to the viewing direction. These cultured pearls 
apparently contain a new type of bead, made with the 
shell of the giant clam. Photo by Franzisca Imfeld. 


aptly marketed as “spikes” (figure 22). The individual 
crosses averaged approximately 45 < 25 mm, and were 
available in white, pink to orangy pink, grayish pink to 
purple, and multicolored, as well as dyed “silver”-gray to 
black. Ms. King indicated that naturally colored cultured 
pearls are used to produce the dyed colors, since they 
accept the dye better than the white ones. Although large 
amounts of low- to medium-quality material are on the 
market, the higher-quality cultured pearls—with smooth 
surfaces, even luster, and perpendicular cross members— 
are available only in limited quantities. 

Ms. King also had pink Chinese freshwater cultured 
pearls that were nucleated with square-to-rectangular 
shell preforms. They measured approximately 25-20 
mm on a side, with rounded corners. Their surfaces var- 
ied from smooth to wavy or welted, with high luster and 
very high orient. 

Distinctive shapes of freshwater “keshi” pearls were 
seen at Adachi America Corp., Los Angeles (figure 23). The 
pink to light purple “butterfly keshi” resembled two thick 
flakes or “wings” attached at the edges. A similar-appear- 
ing white product was named “snowflake keshi.” Other 
names include “keshi twins” and “flowering keshi.” 
Another freshwater keshi product, which Sayoko Adachi 
called “puka pearls,” took the form of wavy, wafer-thin 
disks, which were available in natural cream to brown, 
brownish green to greenish brown, and pink. In strands, 
they resembled a puka shell necklace. Both the butterfly 
and “puka” products, which measured about 11 mm in 
longest dimension, are non-nucleated by-products of the 
freshwater pearl culturing industry in Shanghai, China; 
they result from spontaneous growth after a harvest of tis- 
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sue-nucleated cultured pearls. An Adachi representative 

reported that due to the popularity of the “puka” material, 
pearl farmers are now attempting to nucleate this shape. 

Cheryl Wentzell 

GIA Gem Trade Laboratory, Carlsbad 

cwentzell@gia.edu 


New sapphire locality in Afghanistan. At the 2002 Tucson 
shows, Dudley Blauwet of Dudley Blauwet Gems, 
Louisville, Colorado, showed GNI editor Brendan Laurs 
two sapphires (0.40 and 0.72 ct; figure 24) that were report- 
edly mined from Medan Khar, in Vardak Province west of 
Kabul. Small-scale mining of the deposit started in late 
October 2001. During a trip to Pakistan in June 2002, Mr. 
Blauwet learned that at least 2 kg of rough had been pro- 
duced. Approximately 1,000 carats have been cut so far, 
with the largest stones reaching approximately 2 ct. 
Almost all of the faceted stones were being sold into the 
local market in Peshawar. 

Examination of the two sapphires by Elizabeth Quinn 
at the GIA Gem Trade Laboratory in Carlsbad yielded the 
following properties: Color—dark blue to very dark blue; 
pleochroism—blue and bluish green; R.I.—n,=1.772, 
n,=1.764; birefringence—0.008; S.G.—3.98, 4.03; inert to 
long- and short-wave UV radiation; and iron absorption 
bands at approximately 450, 460, and 470 nm seen with 
the desk-model spectroscope. These properties are consis- 
tent with those typically found in blue sapphires. 
Microscopic examination revealed lamellar twin planes, 
needles, clouds, feathers, “fingerprints,” and straight (pla- 
nar) color zoning. No evidence of heat treatment was 
seen. 


Elbaite-liddicoatite tourmaline from Vietnam. In the pro- 
cess of researching potential liddicoatite localities for the 
Spring 2002 G&G article on this tourmaline (see D. M. 
Dirlam et al., “Liddicoatite tourmaline from Anjana- 
bonoina, Madagascar,” pp. 28-53), one of these contribu- 
tors (BL) borrowed an attractive slice of Vietnamese tour- 
maline from the collection of William Larson of Fallbrook, 
California. The slice showed the red trigonal star that is so 
commonly seen in liddicoatite-elbaite from Madagascar 
(figure 25), and electron-microprobe analysis of the red area 
by one of these contributors (WS) confirmed the presence of 
liddicoatite (see table A-1 of the Dirlam et al. article). Since 
descriptions of gem-quality tourmaline from Vietnam are 
scarce in the literature, this GNI report will describe the 
sample in more detail. 

As seen in figure 25, the slice was complexly zoned 
with an overall yellowish green rim and pink-to-red core, 
which is typical of “watermelon” tourmaline. Portions of 
the sample showed “aggregate”-type color zoning (see F. 
Benesch, Der Turmalin, Verlag Urachhaus, Stuttgart, 
Germany, 1990), but the most conspicuous feature was 
the red trigonal star mentioned above. Refractive indices 
of a representative portion of the red area were n,=1.647 
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Figure 23. These freshwater “keshi” pearls have dis- 
tinctive butterfly and puka shell shapes. The “but- 
terfly” cultured pearls are approximately 11 mm in 
longest dimension. Courtesy of Adachi America 
Corp.; photo by Maha Tannous. 


and n,=1.625 (birefringence 0.022); by comparison, R.I. 
readings of the pink area yielded n,=1.641 and n,=1.623 
(birefringence 0.018), and the yellowish green rim had 
n,,=1.640 and n,=1.620 (birefringence 0.020). As mentioned 
in the Dirlam et al. article, the measurement of birefrin- 
gence on tourmaline slices cut perpendicular to the c-axis 
may be related to biaxial domains within the crystal. 
When the slice was viewed parallel to the c-axis with a 
polariscope, anomalous double refraction was prevalent. 
The pink-to-red tourmaline was inert to long- and 
short-wave UV radiation, whereas the yellowish green 
rim showed weak yellow-green fluorescence to short- 
wave UV. Microscopic examination revealed a network of 


Figure 24. These two sapphires (0.40 and 0.72 ct) were 
reportedly mined from a new locality in Afghanistan, 
west of Kabul in Vardak Province. Courtesy of 
Dudley Blauwet Gems; photo by Maha Tannous. 
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Figure 25. This tourmaline slice from Vietnam (5.5 © 
4.1 cm) resembles liddicoatite from Madagascar, but 
was found to consist mainly of Ca-rich elbaite. 
Courtesy of William Larson; photo by Maha Tannous. 


abundant partially healed fractures, as well as growth 
structures (or “graining”) in directions parallel to the 
color zoning. Solid inclusions consisted of two white 
equant crystals that resembled albite, and a minute spher- 
ical brown particle. 

The slice was analyzed by electron microprobe along 
two traverses: one starting in the core and following the 
dominant red zone to the yellowish green rim, and the 
other perpendicular to this (from rim to rim). Of 29 points 
that yielded quantitative data, one analysis—in the red 
zone, approximately halfway between the core and rim— 
corresponded to liddicoatite, with Ca/(Ca+Na} = 0.51. The 
other analyses revealed Ca-rich elbaite, with Ca/(Ca+Na) = 
0.34—0.48. There were no systematic correlations between 
Ca content and color. However, the chromophoric ele- 
ments Mn, Fe, and Ti did vary with color, as expected. 
Average values (in wt.%)} were: Red = 0.12, FeO, 1.91 MnO, 
and 0.04 TiO,; pink = 0.23 FeO, 0.91 MnO, 0.03 TiO,; and 
yellowish green = 0.53 FeO, 0.44 MnO, 0.07 TiO,. No 
other chromophoric elements (i.e., Cr, V, or Cu) were 
detected. 

BL and 
William “Skip” Simmons and Alexander Falster 
University of New Orleans, Louisiana 


Green zoisite reappears. Gem-quality green zoisite from 
the Merelani area in Tanzania reappeared at the 2002 
Tucson gem shows this year after a 10-year hiatus (figure 
26). This unusual color variety of zoisite was first discov- 
ered in Tanzania in 1991. Like some emeralds, it derives 
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its color from trace amounts of chromium and vanadium 
(see N. R. Barot and E. W. Boehm, “Gem-quality green 
zoisite,” Spring 1992, Gems #& Gemology, pp. 4-15). As 
described by Barot and Boehm, “pure” green zoisite does 
not respond to heat treatment, whereas bluish green and 
yellowish or brownish green material typically will 
become a more saturated “steel” blue or greenish blue 
when subjected to temperatures above 600°C. 

According to Tom Schneider (of Thomas M. Schneider, 
San Diego, California), several kilograms of green to bluish 
green rough became available just before the 2002, Tucson 
show. Most of the rough weighed approximately 1 gram 
and yielded cut stones of 2. ct or less. No new production 
has entered the market since then, although miners are 
again quite active in the Merelani region. 

Aside from the original 1991 find and this most recent 
production from Merelani, this contributor knows of only 
one other discovery of green zoisite—in Pakistan in the 
early 1990s—which produced less than half a kilogram of 
rough and some attractive crystals (see Winter 1992 Gem 
News, pp. 275-276). 

Also at this year’s Tucson shows, zoisite rough exhibit- 
ing combinations of colors that may be seen in this gem 
material—green, blue, purple, and even pink—appeared 
more prevalent than in previous years (see, e.g., Spring 


Figure 26. This 12.33 ct bluish green zoisite from 
the recent production at Merelani, Tanzania, was 
fashioned from a 32 ct piece of rough by Meg Berry. 
The characteristic distinct pleochroism of zoisite is 
quite evident. Courtesy of JOEB Enterprises and 
Pala International (Fallbrook, California); photo by 
Maha Tannous. 
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Figure 27. These three cabochons (up to 1.5 ct) were 
identified as massive fuchsite. This material has 
been sold as emerald in India. Courtesy of 
Shyamala Fernandes; photo by H. A. Hanni. 


1993 Gem News, pp. 61 and 63). This material was sold as 
“Mardi Gras tanzanite” by some dealers. 

Edward Boehm 

Joeb Enterprises, Solana Beach, California 

Joebgem@aol.com 


SYNTHETICS AND SIMULANTS 


Massive fuchsite imitations of emerald. Recently 
Shyamala Fernandes of the Gem Testing Laboratory in 
Jaipur, India, asked this contributor for assistance with 
identifying three translucent green cabochons (figure 27) 
that are representative of material that is sometimes sold 
as emerald in that country. Certain aspects of their appear- 
ance were quite unlike emerald, however: A granular to 
flaky structure was visible with magnification, and the 


Figure 28. Microscopic examination of the massive 
fuchsite revealed an aggregate of crystals in differ- 
ent orientations, resulting in various tones of green. 
Photomicrograph by H. A. Haénni; magnified 500. 


GEM NEWS INTERNATIONAL 


Figure 29. A green rim of higher saturation is visible 
through the polished base of this massive fuchsite 
cabochon (5.5 mm in diameter). The stone was prob- 
ably treated with green oil. Photo by H. A. Hanni. 


material appeared to be composed of more than one min- 
eral that showed different tones of green (figure 28). 

The specific gravity of the cabochons (measured 
together, due to their rather small size) was 2.89, and their 
refractive index was 1.58 (approximate value only, due to 
the shape of the cabochons and their polycrystalline struc- 
ture). Since these results were not satisfactory for identifi- 
cation, the samples were studied by advanced techniques. 

Raman analysis of five spots that showed various tones 
of green identified only muscovite. To investigate the cause 
of the green color, the samples were analyzed by EDXRF 
spectrometry, which revealed major amounts of Si, Al, and 
K, and minor amounts of Ca, Rb, Sr, Fe, and Cr. The pres- 
ence of Cr was consistent with the green color of this mica, 
which we identified as the fuchsite variety. The texture of 
the mineral aggregate, with the strongly pleochroic crystals 
in various orientations, caused the appearance of different 
tones of green (again, see figure 28). The cabochons also 
contained rare orange and white grains, which were identi- 
fied by Raman analysis as rutile and dolomite, respectively. 

Examination of the flat polished base of one of the 
cabochons revealed a rim of higher green saturation (figure 
29), which suggests that green Joban oil was present. FTIR 
spectroscopy confirmed the presence of an oil. 

Fuchsite is typically found included in quartz (aven- 
turine}, but less commonly it forms in nearly monominer- 
alic aggregates. A similar material—verdite—is a metamor- 
phic rock that is composed of fuchsite and traces of rutile; 
it was originally found in South Africa (J. A. Jackson, Ed., 
Glossary of Geology, 4th ed., American Geological 
Institute, Alexandria, Virginia, 1997, p. 699). Similar fuch- 
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Figure 30. These two flux-grown synthetic rubies (7.61 
and 4.49 ct) had an unusual combination of proper- 
ties, including trace-element contents that have not 
been recorded previously. Photo by H. Hanni. 


site-rich ornamental rocks have since been found in several 
world localities (see R. Webster, Gems, 5th ed., rev. by P. 
G. Read, Butterworth-Heinemann, Oxford, England, 1994, 
p. 383). The origin of the material used to fashion these par- 
ticular cabochons is unknown. HAH 


Unusual synthetic rubies. Recently, the SSEF and Gtibelin 
laboratories examined three unusual synthetic rubies 
weighing 3.21, 4.49, and 7.61 ct (see, e.g., figure 30). With 
magnification, all showed flux remnants along healed fis- 
sures (figure 31) as well as linear trails of pinpoint inclu- 
sions (figure 32). An analysis of the internal growth struc- 
tures revealed dominant bipyramidal and rhombohedral 


Figure 31. This partially healed fracture contains 
a network of flux inclusions that is typical of 
those seen in most flux-grown synthetic rubies. 
Fracturing of the flux remnants gives them an 
appearance similar to crazing. Photomicrograph 
by Christopher P. Smith; magnified 300. 
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growth planes n-r-n. In addition, one of the stones also had 
incomplete twin planes along the positive rhombohedron r 
{1011}. Semi-quantitative chemical analysis by EDXRF 
revealed 0.54-0.92 wt.% Cr,O,, 0.06-0.11 wt.% Fe,O,, 
and 0.01-0.03 wt.% Ga,O,. Titanium and vanadium were 
at or below detection limits. In addition to these elements, 
traces of zirconium (0.02-0.03 wt.% ZrO,) also were mea- 
sured, which did not relate to inclusions visible with a 
standard gemological microscope. No other heavy ele- 
ments were detected. 

The presence of the flux remnants, together with the 
internal growth structures and trace-element concentra- 
tions, confirmed that these three stones were flux-grown 
synthetic rubies. However, the combination of these charac- 
teristics is not wholly consistent with the features seen in 
the more familiar flux-grown synthetic rubies. Similar 
forms of pinpoint stringers, commonly referred to as “rain,” 
are generally associated with the Kashan product, and may 
be encountered in some flux-grown synthetic rubies from 
other producers such as Douros. The dominant n-r-n growth 
structures are typical of flux-grown synthetic rubies from a 
variety of producers, such as Ramaura, Douros, and Kashan. 
Nevertheless, zirconium has not been recorded in any com- 
mercial flux-grown synthetic rubies (i.e., by Chatham, 
Douros, Kashan, Knischka, or Ramaura, or in the experi- 
mental flux-grown synthetic rubies by Gilson). Zirconium 
has been recorded on occasion in natural rubies, but it 
always coincided with zircon crystals located at or just 
below the surface of the area being analyzed. In addition, the 
presence of iron and gallium, combined with the lack of 
titanium and vanadium, is uncommon in various flux- 
grown synthetic rubies. Heavy elements such as lead or 
tungsten, which would be expected in the synthetic rubies 


Figure 32. Very fine, parallel to subparallel stringers 
of pinpoints also were visible in the unusual flux- 
grown synthetic rubies. Photomicrograph by 
Christopher P. Smith; magnified 18. 
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Figure 33. This 45.45 ct rutile with man-made aster- 
ism shows an 11-rayed asymmetric star with incom- 
plete arms. Some of the arms also are split at the 
outer region of the cabochon. The star is sharp, but 
the stone appears fuzzy because the camera is 
focused below the cabochon’s curved upper surface. 
Photo by M. Glas. 


from Chatham, Douros, or Ramaura, were not detected. 

Only once before, in October 2001, has the Giibelin 
Gem Lab encountered a synthetic flux-grown ruby that 
contained Zr. The other properties and characteristics of 
that stone were also similar to the three samples described 
here. Since it is difficult to explain how Zr would be incor- 
porated into the corundum structure, we presume that it 
was related to the presence of submicroscopic particles in 
those four synthetic ruby samples. 

It is unclear at this time whether these synthetic rubies 
represent a new product. Regardless, the identification of 
these unusual synthetics is easily accomplished through 
careful observation of the flux inclusions with a loupe or 
microscope. Chemical analysis will also reveal traces of zir- 
conium, as well as distinctive trace-element patterns. 

CPS 
Lore Kiefert, SSEF 
Dietmar Schwarz, Gtibelin Gem Lab 


TREATMENTS 


Another identification criterion for imitation asterism pro- 
duced by surface scratching. Oriented, man-made scratch- 
es on the upper surface of cabochons have recently been 
described as the cause of fake asterism in several gem vari- 
eties (see articles by S. F. McClure and J. I. Koivula, 
Summer 2001 Gems # Gemology, pp. 124-128; and K. 
Schmetzer and M. P. Steinbach, Journal of Gemmology, 
Vol. 28, No. 1, 2002, pp. 41-42). This man-made asterism 
can be easily recognized by several factors: the absence of 
oriented, needle-like inclusions; the presence of oriented 
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Figure 34. This eae Cae. slightly translucent 
tourmaline (13.14 ct) with man-made asterism dis- 
plays a 12-rayed, asymmetric star with additional 
“satellite” lines in the center of the sample. As in 
figure 33, the stone appears fuzzy (and the star 
sharp) because the camera is focused below the 
upper surface of the cabochon. Photo by M. Glas. 


scratches on the surface; incomplete arms on the stars; 
irregular splitting or misoriented “satellite” arms; some- 
what curved or asymmetric rays; and/or extra rays or a 
number that is inconsistent with the symmetry of the 
mineral. These observations suggest the cabochons are 
scratched using a non-automatic (manual) production pro- 
cess without complex equipment. Most probably, the 
technique is similar to that described in 1950 by R. S. 
Mukai in U.S. Patent 2,511,510 (see K. Schmetzer, 
“Production of fake asterism,” Journal of Gemmology, 
Vol. 28, No. 2, 2002, pp. 109-110). 

While photographing some of these cabochons, we 
noticed another factor that also might be helpful for identi- 
fying the man-made asterism: The stars appeared sharpest 
when the camera was focused below the curved upper sur- 
face of the cabochons (figures 33 and 34). We noted this 
characteristic in all seven of the cabochons that were avail- 
able to us (i.e., three rutiles, two pyrope-almandine garnets, 
and two tourmalines). In contrast, cabochons with natural 
asterism—such as ruby, sapphire, garnet, quartz, or spinel 
that contain oriented needle- or rod-like inclusions—have 
stars that appear sharpest when the camera is focused 
above the curved upper surface. These differences in aster- 
ism also can be readily seen with the gemological micro- 
scope. This technique is particularly helpful in examining 
very dark or opaque samples in which the asterism-causing 
inclusions may be difficult to see, as well as for gems (such 
as quartz) that commonly contain needles too small to 
observe with the gemological microscope. 

KS and 
Maximilian Glas 
Starnberg, Germany 
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Figure 35. This 9.84 ct irradiated fluorite appears 
deep blue in daylight-equivalent fluorescent light 
(as shown here) and purple in incandescent light. 
Photo by Maha Tannous. 


Irradiated color-change fluorite. At the Tucson 2002 
AGTA show, this contributor noticed a small group of 
attractive irradiated blue fluorites at the booth of MCM 
Gems, Middletown, Ohio. The rough was reportedly 
obtained from the Tres Barras mine in Minas Gerais, 
Brazil, and was light yellow before gamma irradiation. 
This material was observed to show a color-change: deep 
blue in daylight-equivalent fluorescent light and purple 
in incandescent light. 

Standard gemological testing of a 9.84 ct oval modified 
brilliant (figure 35) yielded the following properties, which 
are consistent with fluorite: R.I—1.431, $.G.—3.19, inert 
to long- and short-wave UV radiation, moderate anoma- 
lous double refraction, 570 nm band observed with a desk- 
model spectroscope, and a red appearance with a Chelsea 
filter. Microscopic examination revealed numerous two- 
phase inclusions, a few cleavage fractures, and patchy blue 
color concentrations. No fade testing was conducted. 
However, the color appeared stable in several pieces that 
were on display for the duration of the show. 

The irradiation of fluorite has been performed for many 
years, but it is interesting to find irradiated fluorite with 
an attractive blue color and a color change. 

Elizabeth Quinn 
GIA Gem Trade Laboratory, Carlsbad 
elizabeth. quinn@gia.edu 


ANNOUNCEMENTS 


Now available: extraLapis English. Selected issues of the 
popular German periodical extraLapis are being translated 
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into English and published by Lapis International LLC, 
East Hampton, Connecticut. Issue 1, “Madagascar,” was 
published in 2001, and Issue 2, “Emeralds of the World,” 
has just been released. Call 860-257-1512, fax 860-267- 
7225, or visit www.lapisint.com. 


Conferences 

Natural Glasses. Scheduled to be held in Lyon, France, on 
August 29-31, this fourth international congress will 
include presentations on materials such as obsidian, 
fulgurite, Libyan desert glass, meteorite glasses, and 
others. Call 33-04-7243-1037, fax 33-04-7243-1261, or 
e-mail natglasses.info@adm.univ-lyon1.fr, or visit http:// 
natglasses.univ-lyon1 fr. 


Diamond 2002. The 13th European Conference on 
Diamond, Diamond-like Materials, Carbon Nanotubes, 
Nitrides & Silicon Carbide will take place September 8-13 
at the Granada Conference and Exhibition Centre, 
Granada, Spain. Sessions will cover diamond growth, opti- 
cal properties, and mechanical applications and properties 
of diamond and other superhard materials. Visit 
http://www.diamond-conference.com, or contact Gill 
Heaton at diamond@heaton-connexion.co.uk, 44-0-1865- 
373625 (phone), 44-0-1865-375855 (fax). 


Hong Kong Jewellery and Watch Fair. To be held 
September 25-29 at the Hong Kong Convention and 
Exhibition Centre in Wanchai, this show will feature 
educational seminars from leading gemological laborato- 
ries, as well as auctions of fine South Sea and Tahitian 
cultured pearls September 22-27. For more information, 
visit http://www.jewellery-net-asia.com. 


Exhibits 

Pearls exhibit at the Field Museum. The comprehensive 
Pearls exhibition that debuted at the American Museum 
of Natural History in New York (see Winter 2001 GNI 
section, pp. 341-342) is now at Chicago’s Field Museum 
until January 5, 2003. A weekly lecture series will comple- 
ment the exhibit. Visit http://www.fmnh.org/pearls. 


Diamond exhibition in Antwerp. The Antwerp 
Diamond Council (HRD) will present the exhibition 
“Living Diamonds—Fauna and Flora in Diamond 
Jewellery Until 1960” October 10—November 10 at the 
new Diamond Museum of Antwerp. The exhibition will 
illustrate animal and plant motifs in diamond jewelry 
from leading auction houses, jewelers, museums, and pri- 
vate collectors. Visit www.diamonds.be/hotnews, e-mail 
info@diamant.provant.be, or call 32-03-202-4890. 
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ture, very clear and transparent in 
places. He fell in love with this stone 
and others and decided not to send 
them to the tzar’s court. He hid them 
under his bed and in the corners of 
his house. But rumors of his avarice 
soon leaked out. St. Petersburg sent 
out a commission, which discovered 
his treasures. Kakovin committed 
suicide. : 

The report of the commission 
reads: 

“Among these stones there is one 
of the best quality—a very grassy 
color. This is the most precious, sur- 
passing the emerald which was in 
the crown of Julius Caesar.” 

The stones wére packed and sent 
off to St. Petersburg, accompanied 
by a young cutter named Permikin. 
Mr. Permikin brought the stones to 
the director of the Department of 
Appenage, Hofmeister Lev Aleksee- 
vich Perovsky. Mr. Perovsky had 
a valuable collection of his own. 
These emeralds were added to it and 
for a second time the great emerald 
was delayed on its way to the Court. 

I could not find out how Prince 
Kochubey was able to purchase the 
Perovsky collection, but this he did. 

In any event, wishing to preserve 
his large collection (which contained 
the Kakovin emerald), he trans- 
ferred it to his heirs on his estate 
Dikanka in the province of Poltava. 
Years passed and there were peasant 
disorders. The estate was burned 
and the collection strewn in the gar- 
den and pond. It was difficult to re- 
assemble them, but finally three 
quarters of the collection was re- 
stored, including the emerald of 
Kakovin. 

The son of Prince Kochubey then 
took the collection to Kiev where a 
catalog was made and published. 
But the young prince did not wish 


GEMS & GEMOLOGY 


to sell the collection in Russia. He 
took it to Vienna, exhibited it and 
offered it for sale to the largest 
museums of Europe and America. 
But we, the Russian scientists, could 
not bear the idea of losing it to for- 
eign countries. In the name of the 
Academy of Sciences, the late acade- 
mician, V. I. Vernadsky, brought the 
matter to the attention of the State 
Duma. Vernadsky and myself were 
sent to Vienna for examination and 
appraisal of the collection. It proved 
to be very expensive. The Kakovin 
emerald alone was appraised by the 
jewelers at fifty thousand Austrian 
guldens, and the whole collection was 
worth over one hundred and fifty 
thousand golden rubles. 


After much red tape, Tzar Nich- 
olas II signed an order for the pur- 
chase of the entire collection. Prof. 
V. I. Krjijanovsky came to Vienna, 
carefully packed all the valuables, 
and sent them to St. Petersburg. The 
cases were brought to the old mu- 
seum, where it was discovered that 
two cases had been stolen enroute. 
With trembling hands we started to 
check the contents. To our_relief, it 
was the less valuable stones which 
were lost. 

Acceptance of the collection by the 
Academy of Sciences, represented by 
V. I. Vernadsky, A. P. Karpinsky 
and F. N. Chernyshev, was a mo- 
ment of great solemnity. So to the 
mineralogical museum of the Aca- 
demy of Sciences came the famous 
emerald of Iakov Ivanovich Kakovin, 
the largest in the world, weighing 
2,226 grams. In 1935 this emerald, 
together with the Academy, was 
transferred to Moscow, to the halls 
of the Orlovsky menage. During the 
German invasion the stone was tem- 
porarily returned to the Urals, but 
since victory it is again in Moscow. 


TBSkdksY 


GIA appreciates gifts to the museum collection, as well as stones, library materials, and other 
non-cash assets to be used in GIA’s educational and research activities. These contributions help GIA 
setve the gem and jewelry industry worldwide while offering donors significant philanthropic and 
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If you are interested in making a donation, and receiving tax deduction information, please call 
Patricia Syvrud at (800) 421-7250, ext. 4432. From outside the US., call (760) 603-4432, fax (760) 603-4199. 


THANK YOU, DONORS 


GEMS & GEMOLOGY 


SUMMER 2002 


187 


Book REVIEWS 


D009 


Diamond Ring Buying 
Guide, 6th Ed. 


By Renée Newman, 160 pp., illus., 
publ. by International Jewelry 
Publications, Los Angeles, CA, 
2002. US$17.95* 


This is another fine update in a series 
of books that are useful to both the 
jewelry industry and consumers. This 
sixth edition is current on recent 
changes in the diamond industry, par- 
ticularly in its discussion of diamond 
treatments. It provides explanations of 
HPHT, fracture filling, laser drilling, 
coatings, and irradiation, with infor- 
mation on how to detect them. 

Chapter 6, “Judging Cut Quality,” 
deals with the thorniest issue in the 
diamond world in a nontechnical fash- 
ion. With generous photo examples, 
one can easily view the differences 
between a good cut and an inexact cut. 
A comparison of the AGS, GIA, and 
HRD proportion-grading standards 
illustrates the dilemma created by the 
lack of a unified standard. However, 
the chapter ends with a very practical 
section on “Judging Cut with the Eye 
Instead of with Numbers.” 

Newman makes the gemological 
data easy to understand for novice and 
veteran alike. The terminology is not 
confusing, but rather clear and con- 
cise, with a writing style that is spare 
and factual. This book could be used 
as a training manual for your sales 
staff, or as a gift for those favored and 
inquisitive customers. 

For the consumer, everything is 
there, so that the book serves as a 
checklist for the purchase, mounting, 
and care of a diamond. The photos are 
excellent, and there are plenty of 
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uncomplicated illustrations to drive 
home the verbal points. The Diamond 
Ring Buying Guide is an entire course 
on judging diamonds in 156 pages of 
well-organized information. 
GAIL BRETT LEVINE 
Publisher, Auction Market Resource 
Rego Park, New York 


Tiaras: Past and Present 


By Geoffrey Munn, 128 pp., illus., 
publ. by VYA Publications, 
London, 2002. US$22.50* 


Today when you think jewelry, you 
rarely think “tiara.” But as Geoffrey 
Munn points out in this excellent 
book, for much of history tiaras have 
been essential parts of jewelry ensem- 
bles for women of wealth. Since the 
development of the art of gold- 
smithing in ancient times, writes 
Munn, tiaras have been associated 
with “privilege and ostentation.” 

In this exceptionally well-illustrat- 
ed work, Munn follows the history of 
tiaras, starting with early Greek and 
Roman use of flower and leaf head 
wreaths, through the incorporation of 
tiaras into the traditional costume of 
Russian women and their use as the 
traditional adornment of brides. Tiaras 
were embraced by European nobility 
in the 18th and 19th centuries, and 
were the mark of married women at 
society functions. Although the use of 
tiaras fell by the wayside in the more 
casual and democratic 20th century, 
modern designers are reintroducing 
the tiara with a contemporary flair and 
unusual materials. 

Keith Davey’s superb photos clear- 
ly show the workmanship, design, and 
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Jana E. Miyahira-Smith 


gemstones of these remarkable pieces. 
The tiara photos are complemented 
by remarkable portraits, ancient and 
modern, of the owners wearing their 
pieces, as well as by original render- 
ings of tiaras produced by well-known 
jewelry houses such as Boucheron, E. 
Wolff & Company, and Fabergé. 

One has to go to great lengths to 
find anything even mildly critical to 
say about Tiaras: Past and Present. 
The only passage I found slow in this 
immensely readable and fascinating 
book was the complex and somewhat 
confusing (to an American) enumera- 
tion of which tiaras were owned by 
which members of the British and 
European royalty in the 20th century 
(in the chapter “At Court”). However, 
such a listing is invaluable to jewelry 
historians researching specific pieces. 
And the stories about these individual 
women, often found in the picture 
captions, are delightful. 

As Munn shows, tiaras are a win- 
dow into cultural history, and they 
act as a lens through which we see the 
development of jewelry art itself. 
Tiaras: Past and Present is a worth- 
while addition to the libraries of art 
and jewelry historians for its personal 
sketches and documentation of many 
pieces. It is also sure to fascinate jew- 
elers and gemologists with breathtak- 
ing designs and gemstones. Taken all 


“This book is available for jpur- 
chase through the GIA Bookstore, 
5345 Armada Drive, Carlsbad, CA 
92008. Telephone: (800) 421-7250, 
ext. 4200; outside the U.S. (760) 
603-4200. Fax: (760) 603-4266. 
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together, the book creates in the read- 
er a true appreciation of what Munn 
calls the “noblest and most flattering 
of jewels.” 


SHARON ELAINE THOMPSON 
Salem, Oregon 


Diamond Stories: Enduring 


Change on 47th Street 

By Renee Rose Shield, 234 pp., 
illus., publ. by Cornell University 
Press, Ithaca, NY, 2002. US$29.95 


The author, an accomplished cultural 
anthropologist, is a niece and cousin 
of several New York diamantaires. In 
researching this book, she spent more 
than 14 years talking with diamond 
people in their offices and in the New 
York Diamond Dealers Club. The re- 
sult is an intimate and very personal 
look at the closed world of the Jewish 
diamond brokers, from the philosoph- 
ical humor that peppers much of their 
conversation to the ways in which the 
strict religious practices of the ultra- 
orthodox and Hasidim are integrated 
into their business dealings. 

The book is divided into seven 
chapters. The first four describe in 
detail the business world of the bro- 
kers, who generally act as go-betweens 
for large manufacturers and dealers. 
Theirs is a highly competitive arena— 
many subsist on small commissions 
for each transaction—filled with ritu- 
als, customs, and rules. 

In this first part, the author 
attempts to establish the perspective 
of New York Jewish life and the city’s 
thriving diamond community within 
the diamond industry as a whole. The 
author offers a brief history of the dia- 
mond industry, a now somewhat out- 
of-date discussion of De Beers’s role, 
and a look at key issues that affect the 
diamond market, including a brief 
review of the conflict diamond issues, 
balanced with a discussion of the pros- 
perity that diamonds bring to some 
countries. 

The author then discusses the 
atmosphere in the DDC and the deal- 
ers’ offices, often through her personal 
experiences with family members in 
the business. She uses a number of 
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anecdotes and vignettes to demon- 
strate how traders look at diamonds 
and deal with one another as well as 
with a female “stranger” in their 
midst. She uses fictitious names to 
preserve her subjects’ privacy. 

The middle of the book offers a 
detailed look at diamond trading rules 
and customs, from the haggling over 
price to the sealing of the diamond in 
a cachet (small envelope) until the 
buyer says “Mahzal” and offers his 
handshake. Within this simple proce- 
dure are time-honored rules. One can- 
not, for example, show the diamond 
to another buyer after it has been 
“cacheted.” One broker was roundly 
criticized for his practice of making 
high counteroffers to one dealer, then 
turning around and selling to some- 
one else for a much lower premium 
before the first buyer actually refused 
the deal. 

The author discusses in detail how 
GIA diamond grading reports and the 
Rapaport Report price lists have revo- 
lutionized the industry. As might be 
expected, the “old guard” brokers 
complained that price lists and 
“certs” have removed the human fac- 
tor from the diamond business, but 
the author makes the counter-argu- 
ment that they have helped level the 
playing field and broaden consumer 
confidence, such that sales are proba- 
bly higher as a result. 

The final part of the book discuss- 
es the changes taking place in the 
New York industry: Women are mak- 
ing slow inroads into the diamond 
trade, and the network of orthodox 
and Hasidic brokers is declining as a 
majority of the business now goes to 
big players who rarely use the DDC or 
brokers. Change comes slowly inside 
the club, partly because so many 
elderly members do not want to retire. 
One dealer in his nineties, who still 
visited the club every day, told the 
author that he did not want “to 
become bored or lazy” and still loved 
his work after all the years. 

The author does tend to bound 
abruptly from subject to subject, mak- 
ing the book difficult to follow at 
times. Moreover, it is in anetherworld 
between an academic anthropological 
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study and a book written for a popular 
audience. The author does expressly 
state the boundaries of her study (the 
ultraorthodox Jews and Hasidim for 
whom the DDC is a center of their 
business life), but it seems that a book 
on New York’s diamond community 
that is intended for a general audience 
should at least acknowledge the large 
number of Indian dealers and the 
growing number of Asians who have 
become integral to the industry. 
Nevertheless, Diamond Stories is 
the best view of the cloistered world 
of New York’s Jewish diamond com- 
munity that anyone has ever set down 
in print. The author captures the trad- 
ing environment, the negotiation ritu- 
als, and the sardonic wit and “folk- 
lore” with a sympathetic insider’s 
view and without the stereotypes and 
clichés to which others have fallen 
prey. Throughout the book, she 
relates how diamond dealers admon- 
ished her to “get the tone right.” That 
she has done very well. 
RUSSELL SHOR 
Gemological Institute of America 
Carlsbad, California 


Perlen 


By Elisabeth Strack, 696 pp., illus., 
publ. by Rtihle-Diebener-Verlag, 
Stuttgart, Germany, 2000 (in 
German). € 66.00 


Originally published in 1982, with this 
revised and updated edition Perlen has 
grown into one of the most compre- 
hensive textbooks on pearls. The first 
half of the book is devoted to an in- 
depth discussion of the occurrences, 
formation, distribution, and evaluation 
of natural pearls. The opening chapters 
cover the history of the pearl and the 
important role it has played through- 
out the centuries. The next chapters 
provide an extensive review of the tax- 
onomy and biology of all pearl-forming 
mollusks and their occurrences (orga- 
nized by region). These are followed by 
a description of the physical and optical 
properties of pearls and their evalua- 
tion on today’s market. A complete 
account of the most famous pearls con- 
cludes the first part of the book. 
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The second part starts with a 
detailed history of the culturing 
process. Over the course of the next 12 
chapters, the author elaborates with 
the same thoroughness on cultured 
pearls, assembled cultured pearls, and 
imitation pearls. Again, occurrences, 
formation, evaluation, and distribu- 
tion are discussed by region. A brief 
chapter focuses on the physical and 
optical properties of cultured pearls, 
followed by a description of the count- 
less imitation pearls. The remaining 
chapters deal with the various tech- 
niques developed to identify the differ- 
ent types of pearls encountered on 
today’s market. A chapter on the care 
of pearls concludes the book. 

The comprehensive bibliography 
at the end of each chapter further 
underscores the value of this publica- 
tion. This new edition represents a 
major contribution to the literature on 
pearls and is essential in any gemolog- 
ical library. Although written in 
German, an English language version 
will be available in the near future. 

KARIN N. HURWIT 

Gemological Institute of America 

Carlsbad, California 


Diamonds: In the Heart of the 
Earth, in the Heart of Stars, at 


the Heart of Power 

By Hubert Bari and Violaine 
Sautter, Eds., 351 pp., illus., publ. 
by Vilo International, Editions 
Adam Biro, Paris, 2001. US$60.00 


To understand diamonds is to under- 
stand the structure and history of the 
Earth itself. That premise is the cor- 
nerstone for this book. 

The 2001 exhibit for which this 
served as a catalogue debuted at the 
French National History Museum in 
Paris, itself a monument to mineralo- 
gy. The book’s 15 contributors reflect 
the museum’s scholarly tradition 
across a range of disciplines that 
includes archivists, curators, gemolo- 
gists, geologists, historians, acade- 
mics, and researchers from astro- 
physics to industrial diamond science. 

The book succeeds in capturing 
the enormous, perhaps unequaled, 
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scope of the exhibit. Whether culled 
from ancient civilizations, modern- 
day sirens, or meteoric dust, the beau- 
tifully portrayed diamonds in this 
book mark and illuminate the global 
history of rulers, adventurers, art, sci- 
ence, religion, human passions—and 
of the Earth itself. 

Chapters are organized to reflect 
the many lives of diamonds, from jew- 
els to tools and from the reaches of 
intergalactic space to the depths of dia- 
mond mines and the Earth’s core. A 
few technical chapters deliver concise 
synopses of topics such as diamond 
grading, synthetics, and the evolution 
of diamond cuts. Other chapters 
explore diamond’s sacred nature in the 
world’s religions, magnificently illus- 
trated by a treasure trove of rare man- 
uscripts, religious texts, and lapidaries. 
Diamond's regal stature at the heart of 
power is examined in chapters that 
chronicle the gem’s unique role in civ- 
ilizations around the world and across 
centuries, best illustrated in the 
accounts of the diamonds of mahara- 
jahs, mughals, and monarchs. 

Crisp, high-quality photographs 
deliver a visual feast of famed as well 
as rarely seen gems, along with pre- 
cious artifacts such as a handwritten 
copy of the Diamond Sutra, one of the 
most important texts in Buddhism. 
De Beers’s contributions include 
important photodocumentation of the 
history of modern mining as well as 
the company’s collection of unusual 
crystals. Artful photographic images 
of some of the world’s most revered 
diamonds are accompanied by en- 
lightening text and a refreshingly 
unencumbered layout. Color is used 
tastefully and with striking fidelity to 
the gems still sparkling in this review- 
er’s memory. Where appropriate, 
superb diagrams, tables, and render- 
ings provide further explication and 
add visual interest for the reader. 

In addition to featuring an un- 
precedented collection of many of the 
most important diamonds in history, 
Diamonds provides a rare glimpse of 
some of the most dazzling jewelry ever 
created. Beyond the gathering of such 
major jewels as the Incomparable, the 
Star of South Africa, the Nassak, both 


Gems & GEMOLOGY 


Sancys, and the uncut Dutoitspan, 
readers are treated to seldom-seen 
pieces from the houses of Mouawad, 
Tiffany, and Cartier. A sampling of 
these other notables includes the 69.68 
ct Excelsior I, set in a fabulous 
bracelet, and the 287.42 ct Tiffany dia- 
mond crowned by a Schlumberger set- 
ting. Contemporary masterpieces, if 
somewhat whimsical, include Cartier 
alligator brooches and a pair of Cartier 
diamond-and-rock-crystal bracelets 
worn by Gloria Swanson. 

Michael Hing’s translation is com- 
petent, if occasionally quaint. The very 
minor stylistic deficiencies seen with 
multi-authored books—the staccato- 
like flow of an occasional chapter, an 
author’s excessive fondness for excla- 
mation—are quibbles beneath the 
book’s ambitious scope and triumphs. 
Although limited to 50 terms, the glos- 
sary still manages to capture the 
essence of diamond. Lacking an index 
(the book’s single noteworthy flaw), 
the reader has no choice but to redis- 
cover the exhibit’s magic by flipping 
one breathtaking page after another. 

For any jeweler, historian, gemolo- 
gist, or diamond devotee, this afford- 
ably priced catalogue will provide a 
lasting treasure from which to learn 
and savor the wonder and magnifi- 
cence that is diamond. 


MATILDE PARENTE, G.G. 
Rancho Mirage, California 


The Jewels of Jean 
Schlumberger 


By Chantal Bizot, Marie-Noél De 
Gary, and Evelyne Possémé, trans- 
lated by Alexandra Bonfante- 
Warren, 157 pp., illus., publ. by 
Harry N. Abrams, New York, 2001. 
US$39.95* 


Originally published in French, this 
book served as the catalogue for 
the 1995-1996 exhibit “A Diamond 
in the City, Jean Schlumberger 
1907-1987, Jewelry and Objects,” 
which was held at the Musée des 
Arts Décoratifs in Paris. The book 
also serves as a visual testament to 
the creative genius of one of the 20th 
century’s greatest jewelry designers. 
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Schlumberger’s designs were often 
inspired by flora and fauna, which is 
evident in the many photographs and 
original design sketches printed through- 
out the book. The first nine chapters 
divide Schlumberger’s work into loose 
categories such as “Sea,” which fea- 
tures fanciful sea creatures; “Flowers 
and Fruit,” which highlights jewelry 
and other objects inspired by plant life; 
and “Wings,” which features brooches 
of feathers and wings. Light on text, 
these chapters are a delight to flip 
through. Each page leaves the reader 
wondering what wonderful jewel or 
object of great beauty lies on the next. 
Most of the items featured were creat- 
ed during Schlumberger’s long and 
illustrious tenure with Tiffany & Co. 

Following these chapters are 
three sections, each written by one of 
the three authors, in which the 
author gives her own interpretation of 
Schlumberger’s designs and some 
insight into his inspirations and influ- 
ences. The book finishes with a 
chronology of Schlumberger’s life, a 
catalogue of the exhibit, and a bibliog- 
raphy. Beautiful and satisfying, this 
book is a “must have” for anyone who 
appreciates creative and fanciful 
design. 

JANA E. MIYAHIRA-SMITH 

Gemological Institute of America 

Carlsbad, California 


OTHER BOOKS RECEIVED 


Glossary of Obsolete Mineral Names. 
By Peter Bayliss, 235 pp., publ. by The 
Mineralogical Record Inc., Tucson, 
AZ, 2000. US$32.00. Three years ago, 
Dr. Anthony Kampf published a 
glowing review of J. de Fourestier’s 
Glossary of Mineral Synonyms (Gems 
# Gemology, Summer 1999, pp. 
158-159), referring to it as “an essen- 
tial reference.” He pointed out that 
this compilation of about 35,000 
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entries of mineral and gem synonyms, 
variety names, names for synthetics, 
and trade terms that have been used 
throughout history was a marvelous 
resource for collectors, curators, 
researchers, and others in the gem 
trade. Now available is another ex- 
tremely valuable book, which covers 
the same ground with approximately 
32,000 entries. 

Professor Bayliss’s book (like de 
Fourestier’s) is based on strict adher- 
ence to the rules of modern miner- 
alogical nomenclature, which allow 
only one name to be applied to a min- 
eral species; variations based on 
color, or physical or chemical proper- 
ties, are relegated to “obsolete” sta- 
tus. Therefore, the “obsolete” terms 
ruby, sapphire, amethyst, rubellite, 
hyacinth, and a great number of 
other common and rare gemological 
terms, which have been placed in the 
mineralogical rubbish bin, are 
included here. This volume, in con- 
trast to that of de Fourestier, gives a 
reference for every entry, which is of 
great value for those desiring to 
research a term further. 

A very detailed comparison of both 
books by Dr. J. A. Mandarino (Cana- 
dian Mineralogist, Vol. 38, 2000, pp. 
768-771) showed that there are differ- 
ences in the categorization of some 
obsolete terms by the two authors, 
and, not unexpectedly given the mag- 
nitude of these compilations, certain 
rare terms are found in one but not in 
the other. In agreement with Dr. 
Mandarino, I recommend both glos- 
saries to gemologists. Fortunately, 
both are very reasonably priced. 
Considering the staggering effort that 
goes into such compilations, it is 
extremely unlikely that another com- 
petitor will surface within the next 
few decades and render the present 
glossaries obsolete. 

A.A. LEVINSON 
University of Calgary 
Calgary, Alberta, Canada 
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Modern Gemmology, 


SSEF Tutorials 1 & 2 

By SSEF Swiss Gemmological 
Institute, www.ssef.ch, Basel, 
Switzerland, 2001. Available in PC 
or Mac format. US $150 each/$250 
for both. 


These two CD-ROM tutorials contain 
a wide and interesting variety of top- 
ics from diamond grading to synthetic 
gems. The first CD contains four sep- 
arate presentations: (1) natural, syn- 
thetic, and imitation diamonds and 
diamond treatments; (2) the identifi- 
cation of emerald treatments; (3) 
pearls; and (4) ruby. The second CD 
continues with presentations on four 
different topics: (1) synthetic gem 
materials, (2) diamond grading at the 
SSEF Swiss Gemmological Institute, 
(3) gem treatments, and (4) determina- 
tion of locality of origin for corundum. 

The information on the CDs is 
presented in slideshow form, with 
still images and accompanying text. 
Especially interesting for this review- 
er was the ruby discussion on the first 
CD, which goes into considerable 
depth on the process of “healing” fis- 
sures and fractures with heat treat- 
ment. Macro- and microphotographs 
supplement the information in both 
tutorials. 

Individuals using the GIA Dia- 
mond Grading system should keep in 
mind that the diamond grading sys- 
tem discussed on the second CD is 
that of CIBJO, so there are noticeable 
differences in terminology and tech- 
nique. A few grammatical errors are 
present in both CDs, but they are not 
distracting and they do not interfere 
with the delivery of information. 
Both of these tutorials contain infor- 
mation that is timely and useful for 
the gemologist. 


JANA E. MIYAHIRA-SMITH 
Gemological Institute of America 
Carlsbad, California 
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COLORED STONES AND 
ORGANIC MATERIALS 


Akoya pearl culture in China. W. O’Connor and A. Wang, World 
Aquaculture, Vol. 32, No. 3, September 2001, pp. 18-20. 


Harvesting of saltwater pearls in China extends back to 200 BC, 
but only in the last 30-40 years have cultured saltwater pearls 
been farmed there. Production is mostly from the Akoya pearl 
oyster Pinctada imbricata and is limited to the southern 
provinces of Guangxi, Guangdong, and Hainan, which have suit- 
able water temperature. The first private saltwater cultured pearl 
farms were established in 1986. Production grew rapidly, and by 
1995 it reached ~15 tons/year. Production subsequently reached 
~20 tons/year, but recently it has decreased in both quality and 
quantity due to several factors (e.g., environmental degradation). 

This article provides details of the Chinese Akoya pearl cul- 
turing and farming processes, which have many similarities to 
those used in the production of freshwater cultured pearls. 
Unfortunately, the industry now faces a number of serious infra- 
structure and environmental challenges. The existing farms are 
aging, and there is little capital available for improvements in 
facilities or techniques. Efforts to increase production have caused 
overcrowding and a further reduction in the quality of the cul- 
tured pearls. JEC 


Conjuring blue magic. T. Redgrave, Readers Digest (New 
Zealand), Vol. 158, No. 950, June 2001, pp. 40-48. 


Cultured mabe pearls from the abalone species Haliotis iris (paua 
in the Maori language), which are unique to New Zealand, were 
introduced to the world markets a decade ago. Highly acclaimed 
for their iridescent colors, they commonly show vivid blues, 
greens, and purples. They are produced in five farms (one land- 
based}, located about 60 km east of Christchurch. Details of the 
operations at one farm are presented, including the gathering of 
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paua, nucleation with a piece of plastic, harvesting after 
two years, grading the mabe, and finally fashioning them 
into jewelry. 

Currently, 44,000 New Zealand cultured mabe pearls 
(6-20 mm) are harvested annually; production is expected 
to reach 100,000 a year by 2005. The great challenge is to 
produce cultured whole (spherical) pearls from paua, 
something that has been attempted for decades without 
success. Michelle Walden 


Culturing blister pearls in abalones. P. V. Fankboner, 
Canadian Gemmologist, 2002, Vol. 23, No. 1, pp. 
10-21. 


The author discusses the process involved in producing 
gem-quality blister pearls in abalones. Abalones should be 
kept near their normal environmental temperature range 
when removed from seawater for drilling and implanta- 
tion. A semi-spherical nucleus (composed of any of a num- 
ber of materials, such as plastic or mother-of-pearl) is 
tightly secured to the portion of the shell’s inner surface 
that features the highest quality of shell nacre. This site is 
usually the most inaccessible, but it can be reached with 
the use of a diamond-core drill. Great care must be taken, 
however, since the curved surface of the shell could cause 
the drill to grab and bounce off. 

Conchiolin is secreted around the base of the nucleus 
within several weeks of implantation. Nacre forms at the 
outer borders of the conchiolin foundation and then 
grows inward toward the nucleus. Last to be covered with 
new nacre is the top of the nucleus. Since the nucleus is 
repeatedly covered by new layers of conchiolin and nacre, 
the challenge is for the grower to remove the pearl at a 
point just prior to the formation of a new layer of conchi- 
olin. A 0.37 mm minimum thickness of new nacre is nec- 
essary to achieve a pearlescent quality. Finishing of the 
blister pearl requires cutting it away from the abalone’s 
shell and backing it with mother-of-pearl. MT 


Digging deep. S. Pecover, Australian Jeweller, October 
2001, pp. 30-31. 

Geologist and gemologist Simon Pecover has formulated a 
geologic model to explain the formation of common opal 
in sedimentary rocks of the Great Australian Basin. It is 
hoped that this model will help uncover more opal 
deposits by providing an understanding of the relationship 
between fault structures and opal veins. 

A dynamic process is envisioned, one that involves rapid 
precipitation of opal in fault-generated hydraulic extension 
fractures (i.e., spaces in the rock forced apart by water under 
pressure) by warm-to-hot waters that are supersaturated 
with silica. Tectonic processes are thought to be responsible 
for the formation of faults and associated breccia pipes. 
These form pathways for the silica-laden fluids, which move 
upward through the rock mass under hydraulic pressure. 
Opal deposition and vein formation occur at sites of lower 
pressure in fissures opened up by the faulting. Hence, the 
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model is based on a direct genetic relationship between 
faults and vein opal deposits in the near-surface sedimenta- 
ry rocks of the Great Australian Basin. MT 


Edelsteine der Feldspatgruppe [Gemstones of the feldspar 
group]. U. Henn, Gemmologie: Zeitschrift der Deut- 
schen Gemmologischen Gesellschaft, Vol. 50, No. 4, 
2001, pp. 179-192 [in German with English abstract]. 


This article provides a comprehensive and clearly struc- 
tured description of the feldspar family. The basic miner- 
alogical and gemological properties of each gem variety 
are described, and the varieties are assigned to the appro- 
priate feldspar species. In addition, information is given on 
the geographic sources of gem-quality feldspar, the color 
treatment of labradorite, imitations, and methods for the 
identification of feldspar minerals. Although this article 
does not contain much new information, it does give a 
well-organized overview of this rather complicated miner- 
al family and is a valuable reference. RT 


Edelsteine aus Sambia—Teil 3: Amethyst [Gemstones 
from Zambia—Part 3: Amethyst]. C. C. Milisenda, 
V. Malango, and K. C. Taupitz, Gemmologie: Zeit- 
schrift der Deutschen Gemmologischen Gesell- 
schaft, Vol. 50, No. 3, 2001, pp. 137-152. 
Zambia is an important source of high-quality amethyst. 
Commercial exploitation started in 1959 in the Kalomo- 
Mapatizya field. Since then, hundreds of occurrences have 
been found in an area of approximately 750 km?. However, 
only an area of about 15 < 2-3 km, which contains the 
richest deposits, is being worked intensively. The deposits 
formed about 200 million years ago, after the extrusion of 
the Batoka Plateau Basalt, and can be divided into two 
basic types. Type 1 deposits form long quartz veins (up to 
2,000 m), but are only 10-60 cm wide. They contain most 
of the high-grade amethyst. Type 2 deposits are called 
“stockworks” (large rock masses that contain many small 
irregular veins and lenses of quartz and amethyst}, these 
generally produce lower-quality amethyst. 

On average, only 5 kg of “high-grade” amethyst (fac- 
etable and good cabochon quality) and 35 kg of “low-grade” 
amethyst (suitable for beads) are recovered from each ton of 
ore. Production is from many small-scale open-pit mines. 
The potential of the amethyst deposits appears to be sub- 
stantial, but underground mining is recommended to 
ensure more profitable operations. Gemological aspects of 
this material are presented, and it is noted that heat treat- 
ment of Zambian amethyst does not produce citrine but 
only greenish colors of little economic value. RT 


Gemmology of abalone shell and analysis on the origin of 
its iridescence. L. Li and J. Zhang, Journal of Gems 
and Gemmology, Vol. 3, No. 2, 2001, pp. 1-5 [in 
Chinese with English abstract]. 

The gemological properties and cause of iridescence in 

abalone shells (Haliotis iris) from New Zealand were inves- 
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tigated mainly by polarization microscopy and scanning 
electron microscopy. The gemological properties were 
compared to those obtained from nacre layers of both salt- 
water and freshwater cultured pearls from China. 

The density of the abalone shell (2.61) was lower than 
that of most of the mollusks used to produce saltwater and 
freshwater cultured pearls (general range: 2.68-2.74). The 
chemical composition and crystal structure of the abalone 
shells were very close to those of the nacre layers of the 
Chinese saltwater cultured pearls. However, the abalone 
shells contained more K, Na, Mg, and Sr and less Mn than 
was found in the Chinese freshwater cultured pearls. In 
the abalone shells, aragonite occurs as minute (0.15-30 
um) spheres associated with interstitial voids. The 
arrangement and size of these tiny spheres are similar to 
those of the silica spheres found in opal. Therefore, the 
authors conclude that iridescence in the abalone shell 
from New Zealand most probably results from the diffrac- 
tion of light from layers of minute aragonite spheres, anal- 
ogous to the cause of iridescence in opal. TL 


Investigation of manganese in salt- and freshwater pearls. 
D. Habermann, A. Banerjee, J. Meijer, and A. 
Stephan, Nuclear Instruments and Methods in 
Physics Research B, Vol. 181, 2001, pp. 739-743. 

Several advanced analytical techniques were used to study 

Chinese freshwater tissue-nucleated cultured pearls, nat- 

ural freshwater pearls from the Mississippi River, and nat- 

ural saltwater pearls from the Persian Gulf and the South 

Pacific. Thin sections of these samples were analyzed by 

micro-PIXE, as well as by cathodoluminescence micros- 

copy and spectroscopy; sawn half-samples were used for 
electron spin resonance measurements. 

The various pearls could be distinguished by their 
manganese contents, cathodoluminescence features, and 
the relative abundance of aragonite and calcite. The 
Chinese freshwater tissue-nucleated cultured pearls con- 
tained domains (regions in the crystal structure) of calcite 
that emit orange Mn?* cathodoluminescence; these char- 
acteristics are almost absent from Mississippi River nat- 
ural freshwater pearls. The freshwater samples contained 
relatively high concentrations of Mn (up to 1,100 ppm) 
compared to the saltwater pearls (<1 ppm). MT 


Smaragde der Welt (Emeralds of the World). extraLapis, 
No. 21, 2001, 96 pp. 

This issue in the extraLapis series is devoted to emeralds 
(an earlier issue of extraLapis, No. 1 of 1991, also featured 
this mineral). The volume starts with the story of “The 
Ring of Polykrates,” first told by early Greek historian 
Herodotus. Then, C. Behmenburg discusses the origin of 
the words emerald and beryl, and their history and uses. 

R. Hochleitner reviews the mineralogy of beryl and its 
varieties, including trapiche and cat’s-eye emeralds. D. 
Schwarz, G. Giuliani, G. Grundmann, and M. Glas discuss 
the main theories on the formation of natural emeralds 
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(presenting geochemical, petrological, and tectonic data in 
support of each one) and the resulting types of emerald 
deposits. A comprehensive list (compiled by Grundmann) 
is presented of emerald deposits worldwide, including sev- 
eral small occurrences such as Val Vigezzo in the Italian 
Alps and the recently discovered Finlayson Lake deposit in 
Canada. This is followed by detailed descriptions of impor- 
tant emerald deposits in Colombia (mainly Coscuez}, 
Brazil, and Asia (by Schwarz and Giuliani), as well as Africa 
and Madagascar (by J. Kanis). This section also includes 
comments by Schwarz on the difficulty of obtaining accu- 
rate emerald production data from the mines. 

The remaining articles primarily address gemological 
topics. Schwarz discusses the origin of color, chemical 
composition, types of inclusions, and determination of 
locality of origin using, as examples, emeralds from Jos 
(Nigeria), Malyshevo (Russia), Swat (Pakistan), Santa 
Terezinha de Goias (Brazil), and the Cordillera Oriental 
(Colombia). K. Schmetzer and Schwarz consider the prob- 
lem of distinguishing between emerald and other green 
beryls. They maintain that “emeralds are yellowish green, 
green or bluish green natural or synthetic beryls whose 
absorption spectra show distinct chrome and/or vanadium 
bands in the red and blue-violet area of the spectrum.” L. 
Kiefert reviews the controversial matter of fracture filling 
and its implications, and Schmetzer traces the history of 
the various emerald synthesis techniques and explains 
how synthetic emeralds are identified. The volume con- 
cludes with discussions by M. Zachovay on how emeralds 
are priced and by K. Fischer on the emerald cut. 

As usual, this edition of extraLapis contains numerous 
diagrams and sketches and is lavishly illustrated, includ- 
ing a fascinating photograph of small snail shells from 
Colombia fossilized by—believe it or not—emerald. 

RT 


Supply and demand. Australian Jeweller, October 2001, 
pp. 24-25, 29. 


The Australian opal industry, which produces 95% of the 
world’s opal supply, is currently facing a number of prob- 
lems. Production has decreased by about 50% since 1992, 
while mining costs have doubled and only a few new 
fields have been discovered. Because of taxation issues, 
some miners have engaged in a cash economy, further 
reducing the opal’s value. Ironically, opal prices have not 
increased along with the diminished supply because there 
have been fewer buyers. This combination of factors has 
resulted in a weak and fragmented industry, but now the 
opal community (led by the Australian Jewellery and 
Gemstone Industry Council and the government) is work- 
ing together to reverse the trend. 

The reduction in supply has been the catalyst for 
extensive research on the genesis of opal. Solving the mys- 
tery of the geologic process of opal formation and deposi- 
tion is an important step in resolving the supply crisis. 
Once an increased supply is assured, an increase in 
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demand will certainly follow. Although cracking and craz- 
ing affect a small percentage of Australian opal, education 
should help alleviate their negative impact. 

Anh Nguyen 


DIAMONDS 


Diamonds: Forever or for good? The economic impact of 
diamonds in southern Africa. R. Hazleton. 
Occasional Paper No. 3 of Partnership Africa 
Canada’s Diamonds and Human Security Project, 
2002. Available at www.partnershipafricacanada.org. 
and Mazal U’Bracha, No. 145, May 2002, pp. 20-56 
(passim). 

The furor over “conflict diamonds,” which have pro- 

longed wars in Angola, Sierra Leone, and the Democratic 

Republic of the Congo, also has highlighted the positive 

role that diamonds play in the development of Botswana, 

Namibia, and South Africa. This paper analyzes that role 

and how it relates to De Beers. 

Botswana, the world’s largest diamond producer by 
value, earned US$1.9 billion (~33% of GDP) from dia- 
mond mining operations that produced 24.65 million 
carats (Mct) in 2000. These operations are run by 
Debswana, a 50—50 venture between De Beers and the 
federal government. Ultimately, the Botswana govern- 
ment receives 70% of the profits from additional taxes and 
royalties. Although 85% of the country’s foreign revenues 
are derived from diamonds, efforts to generate employ- 
ment and added value though diamond cutting have met 
with only modest success. Nevertheless, as a result of dia- 
mond mining, and a stable and responsible government, 
Botswana has achieved a higher average annual growth 
rate (9.2%) than any other country in the world over the 
past 30 years. Mr. Hazleton notes that not all have bene- 
fited from this prosperity, however, with a third of the 
country subsisting on less than $1 per day. 

Namibia also has a 50-50 venture with De Beers, 
Namdeb, which controls the declining shoreline deposits 
and is predominant in offshore diamond mining. Presently, 
Namdeb is the country’s largest taxpayer and foreign 
exchange generator, as well as its second-largest employer. 
Namdeb produced 1.3 Mct worth US$409 million—or 
80% of Namibia’s diamond output—in 2000. Diamonds 
constitute 13% of GDP. The fact that Namibia’s diamond 
production is much smaller than Botswana’s and its 
onshore deposits are close to depletion, raises the prospect 
of high unemployment among miners in the future. 

South African society is still attempting to redress the 
income disparities remaining from its apartheid system: 
53% of the population continues to live in “third world” 
conditions. Life expectancy has declined, largely because 
of the high incidence of AIDS. The country is the world’s 
third-largest diamond producer by value (obtained from 
~11 Mct), but diamonds account for <1% of both the GDP 
and total government revenues; however, they constitute 
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8% of the total value of exports. Similarly, diamonds 
account for <0.1% of the country’s labor force. This year, 
anew set of regulations giving the state much greater con- 
trol over resources and giving advantage to local cutting 
operations will be introduced into its parliament. 

The paper concludes that diamonds do play an impor- 
tant and positive role in the economic growth of these 
three countries, though their benefits are not without 
controversy and are subject to some reforms. RS 


Diamonds: The real story. A. Cockburn, National 
Geographic, Vol. 201, No. 3, March 2002, pp. 2-35. 


This cover story is a beautifully photographed, if some- 
what long and tortuous, account of the diamond world, 
both the beneficial and the bad. 

The article opens with a tale of a diamond buyer in 
Lunda Sul, Angola, describing how he evaluates rough dia- 
monds and how they are hard-won by garimpeiros (diggers) 
from the red clay of the mining area nearby. From there, 
the story brings in De Beers and describes the diamond 
industry as (p. 12) an “intricate and close-knit worldwide 
diamond network that operates in some respects on a vast 
industrial scale [De Beers’s mines] and in others like a 
medieval guild.” The author reports that 120 million carats 
were mined worldwide last year, with a value of $7 billion. 

The vast industrial scale includes one of the world’s 
largest diamond mines, Jwaneng, operated by De Beers in 
Botswana. De Beers maintains security so tight that 
workers (and visitors as well) are not allowed to reach 
down and touch the ground. Although De Beers now has 
a number of competitors, the company is still living with 
U.S. anti-trust litigation and the accusations that it 
manipulates diamond prices to an artificially high level. 

The next section follows the trail of the 265.82 ct dia- 
mond found in 2000 near Mbuji Mayi (the “diamond cap- 
ital” of the Democratic Republic of the Congo}, from the 
machinations of a local dealer, Alphonse Ngoyi Kasanji, to 
a dealer in Tel Aviv, weaving in then-ruler Laurent 
Kabila’s quest for money to pay for an offensive against the 
rebels. The diamond ultimately went to New York dealer 
William Goldberg for $8 million, less than half of Kasanji’s 
original asking price. 

The article also focuses on the brutal civil wars in 
Africa, and how diamonds have played a role in sustaining 
them. The war in Sierra Leone, with its excessive cruelty, 
comes under particular scrutiny. Global Witness, a British- 
based non-governmental organization, first brought the 
problem to light in 1998, eventually forcing De Beers and 
the rest of the diamond industry to confront the problem. 

The last section of the article moves to India, with its 
history of diamond lore dating back several millennia. 
Starting from a group of Jains just 40 years ago, modern 
India has developed the world’s largest diamond cutting 
industry. India’s industry is built on a cheap labor force that 
is able to polish economically many diamonds that would 
otherwise have been classified as industrials. RS 
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A discussion on the origin of irregular shapes of type II 
diamonds. I. Sunagawa, Journal of Gemmology, 
Vol. 27, No. 7, 2001, pp. 417-425. 


Type II rough diamonds characteristically have irregular or 
flattened shapes and do not show crystallographic faces, 
whereas type I rough diamonds normally have octahedral 
or rounded dodecahedral morphologies. Although the type 
II diamonds originally had shapes similar to those of type 
I diamonds, they were fractured during ascent from great 
depths within the Earth. While both types experience sim- 
ilar amounts of stress during their transport to the surface, 
the absence of nitrogen from type II diamonds makes them 
physically weaker than type I diamonds. The irregular 
shape of type II diamonds correlates to a large proportion of 
fancy-cut stones. This explains why many of the diamonds 
subjected to General Electric’s high pressure/high temper- 
ature color enhancement process are cut in fancy shapes. 
AAL 


Of judgment and cunning work. Conflict diamonds and 
the implications for Canada. I. Smillie, Inter- 
national Journal, Vol. 56, No. 4, Autumn 2001, pp. 
579-594. 

Diamond traders cared little about the geographic origin 

of their stones until the conflict diamond issue surfaced 

in the late 1990s. While the news media picked up on this 
story, the diamond industry devised a system to require 
diamond producers to certify rough diamonds at their 
source and to insure they come from legitimate channels. 

Also, Congressmen Tony Hall and Frank Woolf intro- 

duced the Clean Diamonds Act, which would require 

such certificates on any diamond imported into the U.S. 

At a meeting in Kimberley, South Africa, in May 2000, 
representatives from diamond producing, processing, and 
consuming nations convened to adopt a workable certifi- 
cation system, which became known as the Kimberley 
Process. However, the Kimberley Process has been com- 
promised by delays, inaction, and the shortcomings of the 
proposals themselves, which nongovernmental organiza- 
tions (NGOs) believe are inadequate to stop traffic in con- 
flict diamonds. 

For Canada, a new major diamond producer, such 
inadequate regulation can create opportunities for crimi- 
nals to launder conflict goods through the “clean” 
Canadian pipeline. The article concludes by urging the 
Canadian parliament to adopt legislation similar to the 
Clean Diamonds Act proposed in the U.S. RS 


Morphology of diamonds as a possible indicator of their 
genesis. M. D. Evdokimov, M. Y. Ladygina, and A. 
R. Nesterov, Neues Jahrbuch ftir Mineralogie, 
Abhandlungen, Vol. 176, No. 2, 2001, pp. 153-177. 
This article summarizes the basic arguments in the 200- 
year-old scientific debate as to whether a relationship exists 
between the morphology of diamond crystals (i.e., flat vs. 
rounded faces) and the conditions under which they crys- 
tallized (i.e, a growth vs. dissolution environment, and 
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whether both took place in a liquid environment). Any the- 
ory must explain a disparate group of observations, such as 
the formation of flat-faced crystals in eclogites, the occur- 
rence of morphological features such as polygonal pits and 
microlamellar textures, and the formation of rounded forms 
(dodecahedroids, octahedroids, and hexahedroids). 

Based mainly on the works of A. A. Kukharenko and 
his macroscopic classification of growth forms, dissolu- 
tion forms, and regeneration forms, the authors attempt to 
establish differences between the morphology of inferred 
growth and dissolution features on a submicroscopic level 
by examining over 1,300 crystals with a scanning electron 
microscope. They give detailed descriptions of four exem- 
plary crystals and their morphological features. From this, 
they conclude that it still is not possible to answer two 
fundamental questions: which processes are responsible 
for the occurrence of rounded forms, and whether flat- 
faced or rounded forms are primary. However, they are 
able to demonstrate that certain morphological features 
can be attributed to growth or dissolution. The surface 
morphology also provides evidence that diamond forma- 
tion processes can be quite complex and are influenced 
not only by heat and pressure, but also by other factors 
such as carbon from external sources (methane) and cyclic 
changes of growth and dissolution. RT 


Nitrogen distribution in diamonds from the kimberlite 
pipe No. 50 at Fuxian in eastern China: A CL and 
FTIR study. E-X. Lu, M-H. Chen, J.-R. Di, and J.-P. 
Zheng, Physics and Chemistry of the Earth. Part A: 
Solid Earth and Geodesy, Vol. 26, No. 9-10, 2001, 
pp. 773-780. 


Cathodoluminescence (CL) and FTIR spectroscopy were 
used to study the internal structure, variable nitrogen con- 
tents, and nitrogen aggregation states in diamonds from 
Fuxian, Liaoning Province, China. Single-stage growth, 
multi-stage complex growth, and a rare agate-like structure 
were identified; most of the diamonds showed complex 
growth histories. Diamonds with bright blue CL had higher 
nitrogen contents than those with dark green or green-blue 
CL. One diamond, a 0.26 ct brown octahedron with evi- 
dence of at least four growth stages, had nitrogen contents 
varying from 244 to 679 ppm. Sharp increases and decreases 
of nitrogen at the growth-stage boundaries imply different 
conditions during crystallization. Before 1.3-1.4 billion 
years, unstable conditions produced a rapid rate of growth, 
whereas after that time stable conditions corresponded to a 
slower growth rate and enhanced fluid activity. RAH 


GEM LOCALITIES 


“Desert Ebony.” Ein grofer schwarzer Opal aus dem 
Virgin Valley, Nevada (“Desert Ebony.” A large 
black opal from Virgin Valley, Nevada). P. C. Huber, 
Lapis, Vol. 27, No. 1, 2002, pp. 21-23 [in German]. 

Virgin Valley, the most important opal deposit in the United 

States, is located in a very remote desert region of Nevada. 
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PART III—RESULTS 


Editor’s Note: For figure numbers 
under Figure No. 15, see two preced- 
ing issues of Gems & Gemology. 
Off-Centre X-Ray Diffraction of 
Natural and Cultured Pearls 
Off-centre X-ray diffraction photo- 
graphs of natural pearls, therefore, 
may be expected to show such rec- 


P-4b-2. P-46-3 2-466 


Fig. 15 
tangular patterns. To illustrate this 
point, the natural pearl employed for 
the photographs reproduced in Fig- 
ure 15 was displaced by 1 mm., 2 
mm., and 3 mm., respectively, along 
a line at right angles to the X-ray 
beam from the centred: position in 
which pattern P-46-2, Figure 15, was 
obtained. The corresponding diffrac- 
tion patterns, P-46-5, P-46-6, and 
P-46-7, Figure 16, given in these set- 
tings, clearly show the change in the 
diffraction effects from the halo 
(P-46-2, Figure 15) when the beam 
was passed through the centre of 
the pearl, through distorted rectan- 
gular patterns (P-46-5, P-46-6, Fig- 
ure 16) to an almost ideal rectangu- 
lar pattern (P-46-7, Figure 16) as 
the direction of the beam approached 
within about 1.5 mm. of the surface 
of the pearl along a line through its 


centre and perpendicular to the X- 
ray beam. This corresponds to the 
displacement from A to B, represent- 
ed in Figure 14. Thus, although a 
rectangular pattern is indicative of 
the cultured origin of a pearl if the 
X-ray beam passes through the cen- 
tre of the specimen, it does not im- 
mediately permit distinction between 
a cultured and a natural pear! if the 
direction of the beam is appreciably 
off-centre. 

Fortunately, the difference between 
the radial distribution of the pseudo- 
hexagonal axes of the crystals in the 
natural pearl and their parallel ar- 
rangement in the mother-of-pearl 
core of the cultured pearl permits 
experimental separation of the two 


‘types. Thus, in Figure 17, a natural 


pearl and a cultured pearl are shown 
diagrammatically at A. The direc- 
tions of the pseudo-hexagonal axes 
are indicated by the radial lines in 
the former and by the parallel ver- 
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tical lines in the latter and the geo- 
metric centre is shown as a black 
dot. The horizontal mother-of-pearl 
layers in the core of the cultured 


About 1.5 million years ago, huge conifer forests were cov- 
ered by volcanic ashes and tuffs and subsequently petrified, 
partly as gem-quality opal. Several commercial mines oper- 
ate in the area, but for a moderate fee amateur collectors can 
also search for opals. The author describes his trip to Virgin 
Valley, the landscape, the natural history of the area, living 
and mining conditions, and his own gem-digging activities. 
At the Rainbow Ridge mine, he found a large (1,700 ct} black 
opal, which he named “Desert Ebony.” RT 


Elba. extraLapis No. 20, 2001, 96 pp. [in German]. 


This issue in the special extraLapis series was written by 
Dr. Federico Pezzotta, and is based on the book Minerali 
dell’isola d’Elba [Minerals of the Island of Elba] (P. Orlandi 
and F. Pezzotta, Edizioni Novecento Grafico, Bergamo, Italy, 
1996). Along with historical and geologic information, and 
mineralogical data on over 200 species, the book provides 
detailed descriptions of the island’s two main products: ores 
of copper and iron, and gem minerals. The ore deposits 
along the eastern coast of Elba have been exploited since at 
least the 6th century BC; they are famous for their magnif- 
icent pyrite and hematite crystals. The gem minerals are 
found in pegmatites (“filoni”) of the Monte Capanne plu- 
tonic intrusion. These contain tourmaline, beryls (goshen- 
ite, aquamarine, morganite], spessartine, topaz, apatite, 
petalite, and hambergite. The gem minerals form beautiful 
crystals but are mostly rather small; the largest known 
morganite is 5 cm across, and the largest tourmaline is <10 
cm. Although treasured by collectors of crystal specimens, 
most are heavily included and seldom faceted. 

Elba is the largest tourmaline occurrence in Europe. 
The tourmalines occur in a wide range of colors, the typi- 
cal variety being color-zoned elbaite with black termina- 
tions. Most of the tourmalines are schorl or elbaite, but 
there is also dravite, foitite, and rossmanite, often as zones 
within the same crystal. While most specimens on the 
market and in collections originated from such famous old 
pegmatites as Catri, Fonte del Prete, Grotta d’Oggi, San 
Piero, or San Silvestro, recent research and collecting 
activities have shown that there are still a large number of 
potentially gem-bearing “filoni” to be discovered. RT 


A fluid inclusion study of an amethyst deposit in the 
Cretaceous Kyongsang Basin, South Korea. K. H. 
Yang, S. H. Yun, and J. D. Lee, Mineralogical 
Magazine, Vol. 65, No. 4, 2001, pp. 477-487. 

Fluid inclusions in high-quality amethysts and colorless 
quartz from granitic rocks at Eonyang, Korea, were studied 
to determine the geologic conditions under which they 
formed. Three types of inclusions are recognized. Type I are 
liquid-rich, low-salinity inclusions that contain a liquid- 
vapor mixture with or without daughter minerals (e.g., cal- 
cite) but no halite. Type II inclusions are liquid-rich and 
contain halite, calcite, and various opaque minerals; based 
on petrographic evidence, these formed after Type I and 
before Type III inclusions. Type III inclusions contain liquid 
and gaseous CO, (>50 vol.%}, but no solids. 
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The colorless quartz formed first, under reducing con- 
ditions (corroborated by the presence of pyrite, which 
contains Fe?*), at T~600°C and P=1.0-1.5 kbar. Amethyst 
formed later, under oxidizing conditions (corroborated by 
the presence of hematite, with Fe**), at T=280°-400°C 
and P~1 kbar. During the crystallization of the amethyst, 
Fe** was incorporated into the quartz structure, which 
resulted in the formation of color centers. KSM 


Gem-bearing basaltic volcanism, Barrington, New South 
Wales: Cenozoic evolution, based on basalt K-Ar 
ages and zircon fission track and U-Pb isotope dat- 
ing. F. L. Sutherland and C. M. Fanning, Australian 
Journal of Earth Sciences, Vol. 48, No. 2, 2001, pp. 
221-237. 


Gem-quality sapphire, ruby, and zircon are found in 
drainages of the Barrington volcano, 100 km north-north- 
east of Newcastle, New South Wales, Australia. This arti- 
cle integrates new age data with previously published 
information on the geologic history of the volcano and 
the origin of the gems. The volcano was formed by mul- 
tiple basaltic eruptions that occurred intermittently 
between 59 and 4—5 million years (My) ago. The volcan- 
ism evolved in stages as the lithosphere overran a series 
of magmatic plumes. 

The gem-bearing eruptions, associated with quieter 
eruptive periods, occurred at 57, 43, 38, 28, and 5—4 My. Two 
main periods of zircon crystallization occurred between 
60-50 My and 46-45 My. Zircon and sapphire are attributed 
to crystallization from minor felsic melts (igneous origin, 
indicated by corrosive etching) derived from incipient melt- 
ing of amphibole-enriched mantle rock. Ruby is believed to 
have formed from metamorphosed ultramafic bodies at 
depth. Based on structural and seismic studies of the mantle 
under eastern Australia, which is characterized by a subdued 
thermal profile, there is little prospect of further gem-bearing 
eruptions in this area in the future. KSM 


Mineral and fluid inclusion study of emeralds from the 
Lake Manyara and Sumbawanga deposits, Tanzania. 
I. Moroz, Y. Vapnik, I. Eliezri, and M. Roth, Journal 
of African Earth Sciences, Vol. 33, No. 2, 2001, pp. 
377-390. 
The solid and fluid inclusions in emeralds from two 
Tanzanian deposits, Lake Manyara and Sumbawanga, were 
studied to determine the mineralogy of the solids, the 
chemical nature of the liquids and gases, and the pressure 
and temperature conditions under which the emeralds 
formed. Microthermometry and laser Raman microspec- 
trometry were the primary techniques employed. 
Magnesite, Mg-calcite, aragonite, dolomite, calcite, 
nahcolite, quartz, and chrysoberyl were identified in emer- 
alds from Lake Manyara; the fluids were carbonate-rich 
and contained ~6 wt.% NaCl. Phenakite, euclase, bertran- 
dite, and helvite were identified in emeralds from 
Sumbawanga; the fluids were CaCl,-rich, and contained up 
to 17 wt.% NaCl. 
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The inclusion data suggest the Lake Manyara emeralds 
formed at temperatures of 370°-470°C and pressures of 3-7 
kbar. The Sumbawanga emeralds formed at lower tempera- 
tures and pressures: 220°-300°C and 0.7-3.0 kbar. LT 


Primary deposits in Sri Lanka will reinvigorate trade, gem 

sector notes. J. Henricus, Jewellery News Asia, No. 

206, October 2001, pp. 55-56, 58-60. 
Gem production in Sri Lanka has declined in recent years as 
the traditional alluvial (secondary) deposits have been 
depleted and new alluvial deposits become increasingly dif- 
ficult to find. Yet this trend may be reversed as new in-situ 
(primary) gem deposits are being discovered with the help of 
modern satellite technology in areas not previously known 
to have gem occurrences. These primary deposits reported- 
ly are hosted by skarns (carbonate rocks, such as limestone, 
affected by contact metamorphism accompanied by the 
introduction of additional elements). One of the new areas, 
near Kataragama in the extreme southeastern part of the 
island, is mainly producing blue sapphires, some of fine 
quality, along with other gems (including yellow and 
orange-pink sapphire, garnet, and red spinel). Although 
well-formed crystals have been found, they typically con- 
tain abundant inclusions and cracks. Both traditional hand 
methods and mechanized mining are being used, with care- 
ful attention to environmental matters. JEC 


Quaternary geology and sapphire deposits from the Bo 
Phloi gem field, Kanchanaburi Province, Western 
Thailand. M. Choowong, Journal of Asian Earth 
Sciences, Vol. 20, No. 2, 2002, pp. 119-125. 

Sedimentological analysis of the sapphire-bearing gravels 
of the Bo Phloi District (30 km north of Kanchanaburi, 
Thailand) was conducted in an attempt to understand the 
paleo-environment of sapphire deposition. From the exam- 
ination of test pits excavated specifically for this purpose, 
and open-cuts created by sapphire miners, the author was 
able to construct stratigraphic sequences of the sediments 
for three deposits within the Bo Phloi district. 

Essentially, each sequence begins with basalt or weath- 
ered basalt at the base, grading upward into sapphire-bearing 
coarse gravel and then into successively finer sediments 
toward the top. At the Ban Chong Dan deposit, this 
sequence is approximately 10 m thick. The author con- 
cludes that the sediments are channel-fill deposits laid down 
by a braided river, where sapphires (along with spinel) were 
eroded from the underlying basalts and then redeposited 
within the coarser gravels of the channel. No gemological or 
production data are provided. Keith A. Mychaluk 


Der Sarawak-Bernstein (Amber in Sarawak). T. Thiele- 
mann, A. Arleth, M. Arleth, D. Johari, E. Ong, and 
D. Kelter, Zeitschrift fiir Angewandte Geologie, 
Vol. 47, No. 3/4, 2001, pp. 212-217 [in German 
with English abstract]. 

In 1987, one of the world’s largest amber deposits was dis- 

covered in the Merit Pila open-pit coal mine in Sarawak 
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(Borneo), Malaysia. From an annual production of around 
150,000 tonnes of subbituminous coal comes 3,000-7,500 
tonnes of amber. The amber and the coal are the remains 
of tropical deciduous trees (Dipterocarpaceae} and occur in 
the Miocene Nyalau Formation. 

The amber is found as irregular, often loaf-like, pieces 
within the coal seams—frequently in circular groups (i.e., 
around the bases of the former trees). Much of the mater- 
ial shows distinct flow structures. The color is dark 
(brown to black), and only smaller pieces are translucent 
and yellow to brown. The amber shows intense blue fluo- 
rescence and only rarely contains fossil inclusions (cen- 
tipedes, spiders, and various insects). Unlike Baltic amber, 
the material from Sarawak is soluble in turpentine and 
benzine and melts above 200°C. Malaysian artists, who 
previously had worked only in wood, are now carving 
objects in amber. RT 


Tanzanite production to start at Merelani. H. Raats, SA 
Mining, January 2002, pp. 16-18. 

Based on new geologic findings at its Merelani tanzanite 
project in northern Tanzania, African Gem Resources 
(Afgem) is implementing a revised mine plan. Core drilling 
has established that the ore body extends to a depth of at 
least 300 m, and the company is currently developing three 
state-of-the-art mining shafts to recover the ore from these 
depths; the shafts are expected to be completed between 
July and December 2002. The plan also includes a new ore 
extraction method. When completed and in operation, 
which is expected to be in the latter part of 2002, Afgem 
believes that its tanzanite project will be the world’s most 
modern colored stone mining facility. 

The company has tanzanite cutting and polishing facil- 
ities in Johannesburg and Bangkok, but it plans to develop 
similar facilities in Tanzania. It will market the top quali- 
ty of its polished production (about 10% of the volume} 
under the brand name “Tanzanite Foundation.” MT 


Ti-Fe mineral inclusions in star sapphires from Thailand. 
S. Saminpanya, Australian Gemmologist, Vol. 21, 
No. 3, 2001, pp. 125-128. 
An examination of exsolved needles and mineral inclusions 
in star sapphires from Bang Kacha [also spelled Bang-kha- 
cha], Chanthaburi Province, Thailand, was conducted using 
electron microprobe and wavelength-dispersive spectrome- 
try with the techniques of element mapping and spot analy- 
ses. Rather than being rutile or hematite, as previously 
reported, the exsolved “needles” consisted of a mineral of 
the ilmenite-hematite series, ilmenite, or a spinel; other 
opaque inclusions were magnetite-hercynite. RAH 


Zwiolitstrahliger Sternsaphir aus Bang-kha-cha, Thailand 
(Twelve-rayed star sapphire from Bang-kha-cha, 
Thailand). K. Schmetzer and M. Glas, Lapis, Vol. 
26, No. 11, 2001, pp. 40-42, 54 [in German]. 

After a brief overview of some basic facts concerning 

asterism, the characteristics of black star sapphires from 
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Thailand are described. As in star corundums from other 
sources, these stars were found to be diffraction phenom- 
ena created by needles or lamellae of rutile or hematite- 
ilmenite. These inclusions can be oriented either parallel 
or perpendicular to the second-order prism faces. 
Six-rayed star sapphires from Bang-kha-cha [also 
spelled Bang Kacha] show bluish white or, less common- 
ly, “golden” yellow stars. The bluish white stars are 
caused by Ti-bearing hematite (as are similar black stars 
from Australia), whereas the nature of the mineral(s) form- 
ing the yellow stars is unknown. In the bluish white stars, 
the band of light (chatoyancy) can be oriented both paral- 
lel and perpendicular to the second-order prisms, but they 
are always parallel to these prisms in the yellow stars. 
Rarely, both colors of stars are combined in the same 
specimen and form 12-rayed star sapphires. The authors 
studied nine such sapphires and found that the bluish 
white stars were always oriented perpendicular to the 
prism faces, whereas the yellow stars were parallel to 
these faces. The article is illustrated with four excellent 
photographs and two diagrams, which make the rather 
complicated phenomena easily understandable. RT 


INSTRUMENTS AND TECHNIQUES 


Complex pearl identification: New possibilities of the X- 
ray methods. O. Y. Yakushin, M. L. Osipov, and E. 
V. Kozorezov, Gemological Bulletin, Publication of 
the Gemological Society of Russia, No. 1, 2001, pp. 
11-14. 
This article advocates that X-ray computed microtomogra- 
phy analysis offers a faster, and more reliable and versatile, 
technique for investigating the precise nature of pearls than 
is available with current X-ray methods. According to the 
authors, X-ray microtomography can differentiate natural 
from cultured pearls or imitations, determine the thick- 
ness of the nacre, and recognize the location, size, and 
other characteristics of the nucleus of both bead- and tis- 
sue-nucleated cultured pearls. It can also analyze pearls 
that are mounted in jewelry. The microtomographical 
“picture” of the interior of a pearl is sufficiently distinctive 
to enable its use to identify specific pearls, especially those 
that are particularly large or otherwise unique. 
Vladislav Dombrovskiy 


EPR and optical spectroscopy of impurities in two syn- 
thetic beryls. J.-M. Gaite, V. V. Izotov, S. I. Nikitin, 
and S. Y. Prosvirnin, Applied Magnetic Resonance, 
Vol. 20, No. 3, 2001, pp. 307-315. 

Two hydrothermal synthetic beryls, purple and blue-green 

in color, were studied with electron paramagnetic reso- 

nance (EPR) spectroscopy and optical spectroscopy to 
determine the origin of the colors. The purple specimen 

contained (in wt.%): Mn = 0.1, Fe = 0.31, and Cu = 1.55. 

The blue-green specimen contained (in wt.%): Mn = 0.003, 

Fe = 1.26, and Cu = 1.51. The valence states of these ele- 

ments and their positions in the beryl structure were 
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determined, and local properties of the paramagnetic 
impurities were identified. Detailed analysis of the EPR 
spectra (both before and after annealing) and data from 
optical absorption spectra show that in these synthetic 
beryls, the blue-green color is caused by Cu”* and the pur- 
ple is due to Mn**. Alethea Inns 


Non-destructive NIR-FT-Raman analyses in practice. Part 
Il. Analyses of “jumping” crystals, photosensitive 
crystals and gems. G. N. Andreev, B. Schrader, R. 
Boese, P. Rademacher, and L. von Cranach, Fresenius 
Journal of Analytical Chemistry, 2001, Vol. 371, pp. 
1018-1022. 


This article explores the benefits of near-infrared Fourier- 
transform (NIR FT) Raman spectroscopy, as compared to 
classical Raman spectroscopy, which uses excitation in 
the visible range of the spectrum with a focused beam. FT- 
Raman spectroscopy has been used previously for the 
investigation of organic gems (e.g., corals, pearls, ivory, 
and amber) because it avoids potential problems with 
overheating in the focal range. This article presents some 
applications of this technique to inorganic gems (e.g., the 
distinctions between diamond and synthetic moissanite 
or cubic zirconia). The authors also demonstrate the cor- 
relation between FT-Raman spectra and diamond clarity. 

Alethea Inns 


Raman spectroscopy—An introduction. M. I. Garland 
and T. L. Haslett, Canadian Gemmologist, Vol. 22, 
No. 2, 2001, pp. 46-61. 


This article introduces two nondestructive, high-resolu- 
tion spectroscopy techniques, infrared (IR) and Raman, 
that are increasingly important in gemology, with a com- 
parison of the uses and advantages of each. IR measures 
the absorption of infrared light by the sample, whereas 
Raman spectroscopy measures the diffraction of visible 
light. So that the reader can more fully understand IR and 
Raman spectroscopy, the authors include a section on 
molecular behavior and crystalline vibrations, and 
describe some basic aspects of the instrumentation for 
both techniques. 

IR spectra are collected by a ratio known as the IR 
transmission spectrum (the relationship between the light 
intensity as it passes through the material and the original 
light intensity with no material present). Because the 
absorption pattern is specific to the molecular structure 
for a particular material, databases of reference spectra can 
be compiled. Raman spectra are collected by exciting the 
material, which then produces elastically scattered light, 
known as Rayleigh, and inelastically scattered light, 
known as Raman. Filtering out the Rayleigh scattering, 
one is left with the Raman shift characteristic of that 
material. 

Raman spectroscopy is used in gemology primarily for 
the identification of inclusions, epoxy and other fillers, 
and the gem material itself. The identification of solid and 
fluid inclusions, especially those just a few microns in 
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size, can be essential for the determination of the geo- 
graphic or natural/synthetic origin of a gem. 

IR spectroscopy, although effective because of the large 
database of reference spectra that is available, has a few 
drawbacks. In particular, it becomes problematic with 
weak IR absorption—when small signals are difficult to 
observe due to “background noise”—whereas Raman can 
more easily read lower-energy vibrations. However, fluo- 
rescence can flood the detectors, thus scrambling the 
Raman signals. Also, until recently reference databases of 
Raman spectra did not exist, and a lack of a high-intensity 
monochromatic light source prevented the early use of 
Raman spectroscopy. With the invention of lasers, the 
pragmatic monochromatic light source was improved. 
Coupled with other developments, Raman spectroscopy 
has become less expensive, easier to use, and a standard 
technique for many gemological laboratories. JS 


JEWELRY RETAILING 


Consumers’ product evaluation: A study of the primary 
evaluative criteria in the precious jewellery market 
in the UK. A. Jamal and M. Goode, Journal of 
Consumer Behaviour, Vol. 1, No. 2, 2001, pp. 
140-155. 


When purchasing “precious” jewelry products, con- 
sumers in the United Kingdom generally preferred sub- 
jective attributes such as design, quality of materials, 
workmanship, and comfort. However, those consumers 
with a higher degree of sophistication also regarded objec- 
tive criteria such as country of origin, brand name, infor- 
mation provided, and variety as very important. 

This article reports the results of a mail survey taken to 
determine the nature and type of evaluation criteria used 
by an individual while purchasing a piece of “precious” 
jewelry. It is based on a questionnaire sent to 500 individu- 
als on the mailing lists of three retail jewelers in the UK. 
There were 117 responses: 87% were from women, 80% of 
whom were between the ages of 25-54 and 60% of whom 
were married. 

As a group, the respondents chose subjective attribut- 
es—namely, quality of materials, design, and workman- 
ship—as the three most important factors in evaluating 
jewelry. Price, an objective criterion, was deemed less 
important than any of these factors, and the objective cri- 
teria of brand name and country of origin were nearly last. 
Consumers with a low degree of brand consciousness rated 
durability and comfort much more highly than the group 
at large. However, more sophisticated consumers—those 
with high brand consciousness and product knowledge— 
rated brand name, information, country of origin, and vari- 
ety of styles more highly. 

The study concludes that jewelry brand managers 
can develop products and strategies geared to audiences 
with differing degrees of sophistication and knowledge. 

RS 
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SYNTHETICS AND SIMULANTS 


Gemological characterization of gem-quality synthetic 
diamonds manufactured in Russia. Y. B. Shelemen- 
tev, O. Y. Gorbenko, and G. V. Saparin, Gemo- 
logical Bulletin, Publication of the Gemological 
Society of Russia, No. 1, 2001, pp. 4—9 [in Russian 
with English abstract]. 

The authors studied 12 gem-quality Russian synthetic dia- 

monds—some rough crystals and some polished, and in a 

variety of colors (brown, yellow, blue, and colorless)—to 

determine the best methods for distinguishing these syn- 
thetics from their natural counterparts. Conventional 
gemological and instrumental methods (e.g., evaluation of 
shape, color, color distribution, short- and long-wave 
luminescence, and magnetic properties) do not always 
yield unequivocal results, in which case more sophisticat- 
ed instrumental methods such as infrared absorption spec- 
troscopy and colored and spectral cathodoluminescence 

(CL) must be employed. Especially valuable is CL, since 

the color, intensity, and surface distribution of cathodolu- 

minescence are proven diagnostic features for distinguish- 
ing natural from synthetic diamonds. 
Vladislav Dombrovskiy 


Growth and characteristics of some new varieties of 
coloured quartz single crystals. V. S. Balitsky, I. B. 
Makhina, E. A. Marina, G. R. Rossman, T. Lu, and 
J. E. Shigley, High Pressure Research, Vol. 20, 2001, 
pp. 219-227. 


Growth conditions for producing four new varieties of syn- 
thetic quartz in single crystals are described. Two of these 
synthetic varieties are very rare in nature: ametrine (bi-col- 
ored amethyst-citrine), and low-temperature phosphorous- 
bearing pink quartz. Two varieties have no natural counter- 
parts: high-temperature Ni-bearing synthetic pink-violet 
quartz, and low-temperature Cu-bearing synthetic “golden” 
pink quartz that resembles aventurine. With the exception 
of the high-temperature Ni-bearing variety, all currently are 
grown in small quantities for use in the jewelry industry. 
The growth temperature for the synthetic ametrine 
(which requires the presence of iron as Fe** in the solution) 
is slightly higher (300°-370°C) than for both of the low- 
temperature pink quartz varieties (220°-320°C), but signif- 
icantly lower than the Ni-variety (650°-780°C). The syn- 
thetic ametrine requires higher pressures (1.2—1.5 kb) and 
forms larger crystals (0.5—4.0 kg) than the other three vari- 
eties (pressures generally <0.3 kb; crystals 0.02-0.15 kg). 
The synthetic ametrine is grown from traditional alkaline 
solutions, whereas the others are grown from nontradi- 
tional fluoride solutions. The Ni-bearing synthetic pink- 
violet quartz is grown as high-temperature B-quartz, but on 
cooling it converts to o-quartz. Details are given of addi- 
tional conditions and variables required for the growth of 
these synthetic colored quartz crystals (e.g., temperature 
gradients, nature of seed plates, radiation dosage, and 
growth rates). Alethea Inns 
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Growth of the world’s largest sapphire crystals. C. P. 
Khattak and F. Schmid, Journal of Crystal Growth, 
Vol. 225, No. 2-4, 2001, pp. 572-579. 


Commercial crystal growth processes require a tempera- 
ture gradient built into the heat zone. However, a large 
temperature gradient can cause defects during crystal 
growth and subject the crystal to high stress during cool- 
ing. To grow large synthetic sapphire crystals with high 
purity for high-technology applications, in 1970 one of the 
authors (FS) and a colleague at the U.S. Army Materials and 
Mechanics Research Center (AMMRC) developed a new 
technique for growing synthetic crystals from a melt— 
called the heat exchange method (HEM). After 30 years of 
improvements in the technique, AMMRC has synthesized 
the world’s largest sapphire crystal (color not specified), a 
boule that weighs 65 kg and is 34 cm in diameter. 

In the HEM furnace, there are no built-in temperature 
gradients (a feature of other crystal-growth processes, 
such as Czochralski), so the crucible, seed crystal, molten 
charge, and boule are in the same heat zone and there is 
no movement of heat element, crucible, or crystal by the 
heat exchanger. As a result, large crystals can be grown 
without cracks and other defects. The high purity is 
achieved because of volatilization and segregation of the 
impurities during crystal growth. 

The sapphire boules display excellent symmetry and 
uniformity. They are cylindrical in profile with a flat sur- 
face on top, and they exhibit continuous high transparency 
from the ultraviolet, through the visible, to the mid-wave- 
length infrared 3-5 micrometers band. A schematic dia- 
gram is presented of the HEM furnace. Efforts are under 
way to produce 50 cm diameter sapphire boules. TL 


Synthetic moissanite from Russia. L. Kiefert, K. Schmet- 
zer, and H. Hanni, Journal of Gemmology, Vol. 27, 
No. 8, 2001, pp. 471-481. 
The gemological, chemical, and spectroscopic properties 
of five faceted (round brilliant) yellow, green (2), bluish 
green, and bluish brown synthetic moissanites grown in 
Russia are described. The samples were created by the 
seeded growth of SiC by sublimation from the vapor 
phase, known as the modified Lely technique. Four of the 
samples crystallized as the 6H SiC polytype (the same 
polytype as the colorless synthetic moissanite grown in 
the United States}; the bluish brown sample had the 4H 
polytype. The samples were all single crystals without any 
admixture of different polytypes. 

Unlike the colorless faceted synthetic moissanite 
available commercially from the United States, in none of 
these Russian samples was the c-axis oriented perpendic- 
ular to the table facet. This difference in orientation was 
evident in the orientation of the inclusions (mainly elon- 
gated tubes), which were subparallel to the table. The 
authors attribute the different colors of these synthetic 
mMoissanites to varying amounts of nitrogen in the crystal 
structure. Established techniques for separating colorless 
synthetic moissanites from colorless diamonds, such as 
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the doubling of facet junctions, also can be applied in sep- 
arating these colored synthetic moissanites from colored 
diamonds. WMM 


TREATMENTS 


Change of luminescence character of Ib diamonds with 
HPHT treatment. H. Kanda and X. Jia, Diamond 
and Related Materials, Vol. 10, Nos. 9-10, 2001, 
pp. 1665-1669. 


Luminescence properties of synthetic diamonds grown in 
a pure iron solvent-catalyst were investigated before and 
after HPHT treatment. Cathodoluminescence (CL) and 
photoluminescence (PL) spectra provide new insights 
into as-grown crystal characteristics as well as changes in 
optically active centers due to heat treatment, nitrogen 
concentration, and strain. 

CL intensities varied between sectors of the as-grown 
crystal samples. Subsequent HPHT treatment (6 GPa, 
1800°—2000°C, 5 hours) of the as-grown crystals resulted 
in dramatic changes in the CL spectra, although lumines- 
cence intensities remained sector dependent. All bands 
recorded in the pre-heated crystals disappeared and addi- 
tional bands appeared, including N3, H3, 575 nm, and a 
broad band centered around 430 nm (Band A). Analysis of 
the PL spectra confirmed that the N3 band was stronger in 
{111} sectors; H3 and 575 nm bands were stronger in {113} 
sectors. Mapping also revealed that the ratio of the zero- 
phonon peaks of the H3 and 575 nm bands remained con- 
stant throughout the crystal, which suggests a similar for- 
mation process. 

The treated crystals displayed striated luminescence 
patterns. This may be related to plastic deformation 
resulting from HPHT treatment because striations are par- 
allel to <110> directions. Also, luminescence was stronger 
around the periphery of the crystals where deformation 
was larger, which indicates that plastic deformation 
enhances CL intensity. SW 


A new screening system for detecting HPHT-treated natur- 
al diamonds. K. Schmetzer, Goldschmiede Zeitung, 
Vol. 100, No. 5, 2002, p. 88 [in German]. 
A Liechtenstein company (Gersan Establishment) has 
applied for an international patent (publication No. WO 
02/06797A1; published January 24, 2002) for an instru- 
ment capable of detecting HPHT-treated diamonds. The 
inventor is S. C. Lawson of the De Beers DTC Research 
Centre in Maidenhead, England. This article gives a 
detailed description of the instrument and the theory of its 
operation, based on disclosures and claims in the patent 
application. For example, the instrument contains two dif- 
ferent lasers (532 and 655 nm) and two spectrometers. 
Photoluminescence is measured at liquid nitrogen tem- 
perature, and a microprocessor determines whether or not 
the diamond has been treated based on the relative inten- 
sities of certain emission lines. The instrument is 
portable, and because an analysis takes only 15-20 sec- 
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onds, it is capable of screening a large number of samples. 
The instrument can also distinguish between natural and 
synthetic diamonds, and can recognize diamonds that 
have been subjected to irradiation. 

Exactly how this instrument can be used in the trade 
is not discussed. Nor is there any indication as to whether 
it is, or will be, commercially available. [Editor’s note: 
This instrument should not be confused with two earli- 
er De Beers instruments, the DiamondSure™ and 
DiamondView™ (see Gems & Gemology, Fall 1996, pp. 
156-169), which are designed only to distinguish natur- 
al from synthetic diamonds.] AAL 


Ruby heat treatment and fracture repair. H. Hanni, Jew- 
ellery News Asia, No. 207, November 2001, pp. 
75-76. 

The heat treatment of ruby in a controlled atmosphere, or 
with the addition of a flux, has three possible objectives: 
(1) to improve or change the original color (which is depen- 
dent on the oxidizing or reducing nature of the heating 
atmosphere if iron provides the color transition); (2) to 
increase transparency or clarity (e.g., by dissolving rutile 
silk); and (3) to increase mechanical stability (by artificial- 
ly healing fractures with the flux). Details of the proce- 
dures used, such as the chemical nature (borates and fluo- 
rides) of the fluxes and methods by which the enhance- 
ments may be recognized (e.g., microscopic study of char- 
acteristic flux residues and gas bubbles), are outlined and 
photomicrographs of treated fissures are provided. 

In gemological reports from the SSEF Swiss Gemmolo- 
gical Institute, of which the author is director, heat-treated 
rubies are identified as such. In the case of a heat-treated 
ruby in which a glassy residue has been identified, the 
report would note: “With indications of thermal enhance- 
ment and artificial glassy residues in fissures.” The treat- 
ment is also quantified with the terms minor, moderate, or 
significant. JEM-S 


MISCELLANEOUS 


John J. Kennedy, JCK’s Person of the Year. W. G. Shuster, 
Jewelers’ Circular Keystone, Vol. 172, No. 12, De- 
cember 2001, pp. 60-62, 65. 

Since 1993, the jewelry industry has seen a sharp drop in 

murders and other violent crimes, increased prosecution 

of criminals who prey on traveling salespeople, more fed- 
eral funding for the FBI's fight against thieves, and greater 
security and crime prevention information for jewelers 
and law enforcement officials. Much of the credit for 
these achievements goes to John J. Kennedy, who became 
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president of the Jewelers Security Alliance (JSA) that year. 
Under Kennedy, the JSA has been particularly effective in 
five areas: 


¢ Forging closer ties with law enforcement agencies 

to raise awareness of the industry and its needs. 

This includes a special task force within the FBI 

and Los Angeles Police Department to help thwart 

South American gangs involved in the theft of 

gems and jewelry. 

Political lobbying for tougher action against vio- 

lent criminals. 

e An intensive media campaign to increase aware- 
ness of the severity of crimes against the jewelry 
industry. Jewelry theft losses average close to 
$300,000, while the average loss from a bank rob- 
bery is $3,000. 

e Expanding crime prevention information in the 

form of alerts and bulletins. These include a 

Manual of Jewelry Security published in 1995, a 

security products directory, and an annual statisti- 

cal report on crimes against the industry. 

Technological improvements that can disseminate 

alerts and other important information instanta- 

neously. 


JSA membership has grown 118% since 1993, to near- 
ly 19,000 in 2001. RS 


A supply chain gem. D. L. Andrews, ID Systems, Vol. 21, 
No. 6, 2001, pp. 32-35. 


Shane Co., a diamond retailer and e-tailer, is using supply 
chain management software from ScanData Systems to 
track, ship, and secure its products with 100% accuracy. 

Each product undergoes a quality control check before 
reaching inventory. If it passes inspection, it is either 
assigned to an outgoing order or marked as available and 
put in stock; if not, it is returned to the manufacturer. 
Digital photos of the products are taken, and images are 
associated with product records for further quality assur- 
ance. Orders are reviewed for product availability and 
processed accordingly. If items are not available, the orders 
go on automatic hold. Completed orders are audited and 
invoices printed. ScanData sends billing authorization 
data, telling the system the items have been shipped and 
billed. A shipping label is generated, and electronic ship- 
ment data are conveyed to carriers. The system generates 
inventory status data and order status messages through- 
out the day to keep inventory levels updated. At the end 
of each business day, mass inventory is taken of the mer- 
chandise, which is placed on mobile racks and then stored 
in a vault. MT 
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FEATURE ARTICLE 


208 Diamonds in Canada 

cegiosn> B.A. Kjarsgaard and A. A. Levinson 

This article chronicles the history of Canadian diamond exploration, with 
particular attention given to key discoveries in the 1990s. Also described 


are the production, sales, and marketing of these diamonds, as well as 
Canada’s growing impact on the world diamond market. 


NOTES AND New TECHNIQUES 
240 "Diffusion Ruby" Proves to be Synthetic Ruby Overgrowth 
on Natural Corundum 
Christopher P. Smith 
A study describing the gemological characteristics that distinguish a 


new commercial product marketed as “Diffusion Ruby” from red lattice 
diffusion—treated corundum as well as from natural rubies. 


pg. 235 


REGULAR FEATURES 


250 Gem Trade Lab Notes 


¢ Bromellite ¢ Charoite inclusions in a quartz-feldspar rock ¢ Altered vs. natural 
inclusions in fancy-color diamonds ¢ Diamond with “compact disc” inclusion 
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The Liddicoat Legacy 


he world of gemology lost a giant 

when GIA chairman and G&G 
editor-in-chief Richard T. Liddicoat 
passed away July 23, at the age of 84, 
after battling a lengthy illness. Widely 
respected as the “Father of Modern 
Gemology,” Mr. Liddicoat leaves 
behind thousands of admirers and an 
unparalleled level of achievement. 


In the several weeks since Mr. 
Liddicoat’s passing, much has been 
written about his origins in Michigan, 
his hiring by GIA founder Robert M. 
Shipley in 1940, his unsurpassed con- 
tributions to gemological education 
and integrity as president of GIA, and 
his premier role in the development 
of GIA’s internationally recognized 
diamond grading system. In addition 
to his myriad accomplishments, any one of which would have 
left an indelible mark on the gem and jewelry industry, for 
more than 50 years—from 1952 until his death—this World 
War II Navy veteran stood at the helm of Gems & Gemology. 


Over the decades, Mr. Liddicoat contributed dozens of 
groundbreaking feature articles, along with editorials, book 
reviews, and reports for the “Highlights at the Gem Trade 
Lab” column (which later became the Gem Trade Lab Notes 
section). In recent years, he preferred to stay behind the 
scenes, offering advice and direction. Although bedridden 
for the last few months of his life, he continued his involve- 
ment with the journal, evaluating articles, helping choose 
reviewers, and advising on editorial policy. 


His most important contribution, though, was his unwavering 
support of the journal's efforts to promote gemology as a sci- 
entific discipline. In the more than 22 years that | worked with 
Richard Liddicoat on Gems & Gemology, he was steadfast in 
his backing of the peer-review system and his promotion of 
new developments in technology and instrumentation, as 
increasingly sophisticated treatments and synthetics required 
new identification methods, and as continued prospecting 
brought more (and even new) gem materials from previously 
unknown sources. Ever the educator, he recognized the 
importance of quality information to the practicing gemologist 
in the 21st century. 


| found both peace and pleasure in our conversations during 
the last few weeks of his life. He wanted to know all about the 
upcoming issues, delighted in the idea of G&C’s first fold-out 
chart (the Summer 2002 GIA Pink Diamond Color Chart), and 
was fervent in his desire to thank everyone connected with the 
special Spring 2002 “RTL” issue. But this very humble man 
was also concerned about his legacy. How would he be 


EDITORIAL 


remembered? What had he truly left 
behind in a life that spanned more 
than eight decades and a career that 
encompassed more than six of them? 
It was a privilege to remind him of 
the organization he had built, the 
many people he had guided, the 
dozens of awards he had received. 


Yet | think he revealed his most mean- 
ingful bequest in a conversation we 
had a few days before he passed 
away. | had called to say hello, and he 
asked what | was doing. | told him I’d 
been editing the Gemological 
Abstracts section, which had to go into 
print the next day. “It’s not the most 
pleasant way to spend a beautiful 
Sunday afternoon, Mr. Liddicoat, but 
somebody has to do it, right?” | asked. 


“Yes, Alice,” he replied very quietly. “Somebody has to do 
it right.” 


That is the legacy Richard T. Liddicoat has left G&G, GIA, 
and the gem and jewelry industry: The standards, the 
resources, and the passion to do it right. 


W ith Mr. Liddicoat’s passing, there also has been a pass- 
ing of the torch at Gems & Gemology. At the request of 
G&G publisher (and GIA president) Bill Boyajian, | am hon- 
ored to assume the title of editor-in-chief of Gems & 
Gemology. Brendan Laurs has been promoted to editor of the 
journal, and Stuart Overlin assumes the title of associate edi- 
tor. All of us will be operating with the able assistance of our 
new managing editor, Thomas Overton. Also new on the 
masthead, Dr. James Shigley takes on the responsibilities of 
contributing editor in recognition of his very prolific two 
decades writing for G&G. 


GIA received hundreds of condolences from around the 
world on the occasion of Mr. Liddicoat’s passing. We are 
pleased to share some of these with you on the next two 
pages. For more on the long, rich career of Richard T. 
Liddicoat, please see the article by Dona Dirlam and coau- 
thors in the Spring 2002 issue of Gems & Gemology. 


Alice S. Keller, Editor-in-Chief 
akeller@gia.edu 
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Mr. Liddicoat made huge contributions 
toward the creation and development 
of gemology in Russia. We will always 
remember our Friend and Teacher. 


Dr. Vladimir S, Balitsky 

~ 4 Institute of Experimental Mineralogy 
Russian Academy of Sciences 
Chernogolovka) Russia 


It is rare that one has the privilege, as we 
had, to know a truly great person, whose 
actions and contributions change the lives 
of those around him for the better. Such 
was Mr. Liddicoat. As the “Father of 
Modern Gemology,” his innovations in 
gemological and business education, his 
leadership of GIA in various capacities for 
60-plus years, and the example he set as 
an ethical,,professional gemologist, educa- 
tor, authoreadministrator, and researcher 
havevaltered and uplifted the world’s jew- 
elry and gem industries and changed for 
the better the lives of their customers. . . + 
The legacy of this humble scholar and 
great gemologist will continue to influence 
and affect gemological education and 
research throughout the world for 
uncountable generations to come: 


William George Shuster 
se a Senior Editor 

B ewelers Circular Keystone 
Halboro, Pennsylvania 
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A man who definitely proved that “nice guys can finish first.” 
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pearl are not represented in the dia- 
gram. The X-ray beam in diagram A 
is to be imagined as passing through 
the centre of each pearl in a direction 
normal to the plane of the figure; 
its trace (exaggerated) is represent- 
ed by the small circle around the 
centre. The plane of the flat photo- 
graphic film is parallel to the plane 
of the diagram and its edges are ver- 
tical and horizontal respectively. In 
other words, the diagrams have been 
drawn as though the eye were view- 
ing the pearl from the X-ray tube 
along the direction of the X-ray 
beam. In the setting represented at 
A in Figure 17, the diffraction pat- 
tern from the natural pearl will be 
of the hexagonal, or halo type, as in 
Figures 15 and 18, whereas that 
from cultured pearl will be rectangu- 
lar with the trace of the pseudo- 
hexagonal axis vertical as in Figure 
19, P-42-28 to P-42-31, inclusive. 
Now, if the natural pearl be dis- 


BH & B: 
OG © D: 


Fig. 17 


placed horizontally in the plane of 
Figure 17 to the position represented 
at B, a rectangular pattern with the 
trace of the pseudo-hexagonal axis 
horizontal as explained in connection 
with Figure 14 is to be expected. A 
similar displacement of the cultured 
pearl to the position represented at 
B (Figure 17), however, should have 
no effect on its diffraction pattern; 
ie., the trace of the pseudo-hexag- 
onal axis should remain vertical. 

If the natural pear] in the off-cen- 
tre position represented at B in Fig- 


ure 17 be rotated about an axis 
through its centre and parallel to the 
X-ray beam (normal to the plane of 
the diagram) to a position such as C 
(Figure 17) there should be no 


P-5-3 P-S-4 
P-i4-1 P-14-2 


Fig. 18 
change in its rectangular pattern. 
This follows from the fact that the 
pseudo-hexagonal axes are distrib- 
uted radially so that for any rotation 
of the pearl about an axis through 
its centre, as represented at C in 


Fig. 19 


) 


had known Richard as a friend 
for over fifty years. In my early 
days in gemology, Basil 
Anderson and Robert Webster 
were my English colleagues.and 
even mentorsyand | am pleased 
to say that | felt that Dick 
Liddicoat played similar roles 
from your side of the Atlantic. 


Alan Jobbins 
Surrey, England 


Those of us in the diamond industry are eternally grateful for his work 
onithe methodology of evaluating diamonds that led to today’s stan- 
dard. Indeed, he will be remembered for his impact on so many 
aspects of the business, in particular his,influence on bringing integri- 
ty and superior ethics'to the gem and jewelry industry. 


name for coming generations, 


Yuri Rebrik 
Director General 
ktistal! 
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Mr. Liddicoat’s lifelong devotion to gemology:made him. an unattain- 
able example for all in our diamond oa incl , 


or 


Werat the DTC are deeply saddened to hear'the news 
that Richard Liddicoatpassed away. . . . He wasitruly 
an outstanding individual and made an enormous con- 
tribution both to the GIA and also the diamond and 
jewelry industry. His Visionand. integrity were valued 
by generations of ~ particularly at the 
DIC ane amongst our clients. 

Gary M. Ralfe 


Diamond Trading Company 
London, England 


We can’t thank him too much for 
all that we in the diamond trade 
owe him. We have affeetion, 
admiration, and respect for him, 
for his remarkable personality, 
sincere academic and profession- 
al attitude to gemology, and his 
profound. knowledgesof the field. 


Hidetaka Kato and Hisao’Kato 
Kashikey Co., Ltd. 
fn Tokyowjapan 


Vartkess Knadjian 
Backes & Strauss 
Antwerp, Belgium 
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DIAMONDS IN CANADA 


By B. A. Kjarsgaard and A. A. Levinson 


A newcomer (since 1998) as a supplier of rough diamonds to the world market, Canada is 
currently the seventh most important diamond producer by weight and fifth by value. This 
article chronicles the history of the exploration for, and discovery of, primary diamond 
deposits throughout Canada (538 kimberlites are currently reported), with particular emphasis 
on the important kimberlite pipes in the Northwest Territories. Typically, these pipes are small 
but have high diamond grades. Sales of the rough diamonds, and the fledgling cutting and 
polishing industry in Canada, are described, along with branding initiatives and the marketing 
strategies of the producers. Canada will become an increasingly significant supplier of rough 
diamonds as prolific new mines start production, and this will have a growing impact on the 


world diamond industry. 


vast majority of diamonds came from kimber- 

lite pipes and alluvial deposits in just a few 
countries in southern and western Africa, with 
minor contributions of alluvial diamonds from else- 
where, mainly South America (Janse, 1995a, 1996). 
This changed when diamonds were found in kim- 
berlite or lamproite occurrences on other continents 
and elsewhere in Africa. The most important of 
these new discoveries resulted in major new produc- 
tion in Russia (then the Soviet Union) in the 1960s, 
Botswana in the 1970s, and Australia in the 1980s 
(Levinson et al., 1992). Since the 1990s, the spotlight 
has been on Canada, and Canadian diamonds 
promise to play an ever-greater role in the world 
market (figure 1). 

This article provides a synopsis of the history of 
Canadian diamond exploration in the first 60 years 
of the 20" century, followed by a comprehensive 
review of diamond exploration and discoveries in 
Canada since the 1960s. Special attention is given to 
the key events and discoveries in the 1990s, starting 
with the Lac de Gras area in the Northwest 
Territories (NWT), followed by Alberta, Saskatch- 
ewan, Ontario, and, finally, Quebec. Nothing has yet 
matched the excitement of the opening of Canada’s 
first diamond mine, the Ekati Diamond Mine™, in 
1998, but a number of other projects are either at the 


F or the first 60 years of the 20th century, the 
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construction stage (the Diavik project) or in 
advanced stages of evaluation or development (Snap 
Lake, Gahcho Kué, Jericho, and Victor). We will also 
examine diamondiferous kimberlites, such as those 
in Saskatchewan and Alberta, that have significant 
potential. In total, approximately 538 kimberlites are 
now known throughout Canada (figure 2; predomi- 
nantly in the NWT), over 50% of which contain dia- 
monds. Ninety percent of these have been found in 
the last decade. 

The unusual characteristics of the Lac de Gras 
kimberlites (such as their small size but high dia- 
mond grades) are compared with those of producing 
kimberlites worldwide. The current and anticipated 
contributions of rough diamonds from Canada’s 
mines to the world supply are discussed, as are the 
manufacturing and marketing (including branding) 
of Canadian diamonds. Note that a glossary is pro- 
vided on page 212; terms defined therein are shown 
in italics the first time they appear in the text. 

This review is based on, and limited by, the infor- 
mation available from recognized sources, mainly the 
open literature, including public statements from 


See end of article for About the Authors and Acknowledgments. 
GEMS & GEMOLOGY, Vol. 38, No. 3, pp. 208-238. 
© 2002 Gemological Institute of America 


GEMS & GEMOLOGY FALL 2002 


Figure 1. The first 
Canadian diamonds to 
enter the world market 

came from the Ekati 
Diamond Mine™, which 
opened in 1998 after 
decades of exploration by 
various companies and 
individuals. Each of the 
Ekati diamonds in the 
rings weighs approxi- 
mately 1 ct, and the 
loose Ekati diamond 
weighs 1.29 ct; the dia- 
monds in the earrings are 
each 0.10 ct. Courtesy of 
BHP Billiton Diamonds 
Inc.; photo © GIA and 
Harold & Erica Van Pelt. 


exploration groups. However, much information is 
unpublished, veiled in the secrecy of mining compa- 
ny files. For example, De Beers! divulged in 1999 that 
since it started exploring in Canada in the early 
1960s, it had discovered more than 170 kimberlites 
(some with joint-venture partners] in 11 different 
regions (Beardmore-Gray, 1999), no information has 
been made public on most of these kimberlites or the 
specific regions. While it is impossible to estimate 
what other information has not been revealed, we 
believe that we have omitted no major discoveries. 


BACKGROUND 


The possibility of diamonds occurring in Canada 
was raised over a century ago by Professor W. H. 
Hobbs (1899), who was the first person to make a 
convincing argument that diamonds in the Great 
Lakes states were transported by glaciers from a spe- 
cific region in Canada (the James Bay Lowland; fig- 
ure 3). Isolated discoveries of diamonds were report- 
ed in the eastern U.S. (e.g., North Carolina) as early 
as the 1840s, but diamonds found in the Great 
Lakes states from 1876 onward are the only ones of 


' The Canadian exploration arm of De Beers Consolidated Mines Ltd. 
has operated, since 1960, under a variety of corporate names: Hard 
Metals Canada Ltd., Canadian Rock Co. Ltd., Diapros Canada Ltd., 
Monopros Ltd., and most recently De Beers Canada Exploration Inc. 
Similarly, Rio Tinto plc. and their wholly owned subsidiaries have 
explored for diamonds in Canada under different names, including 
Kennecott Canada Ltd., over the years. 
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significance from a Canadian perspective. 
Nevertheless, serious diamond exploration did not 
begin until the 1960s, and major kimberlite discov- 
eries were not made until the 1980s. Why did it 
take so long to discover kimberlite pipes in Canada 
if they are actually relatively abundant? The answer 
is twofold: logistical and glacial. 

Logistical factors include the remoteness and 
inaccessibility of some of the most favorable geolog- 
ic areas (e.g., Archean cratonic rocks in the NWT, 
Nunavut, northern Ontario, and Quebec; again, see 
figure 2). Further, large portions of these areas con- 
sist of small, shallow lakes on which floatplanes 
cannot land as they routinely do in other parts of 
Canada. Finally, the climate limits the field season 
for regional exploration to only five months 
(May—September) or less. These factors have made 
exploration in much of Canada challenging and 
expensive. Diamond exploration was also hampered 
by the effects of glaciation (e.g., the deposition of 
glacial drift) until indicator mineral transport in 
glacial materials was understood. Essential aspects 
of glaciation, as they apply to diamond exploration 
in Canada, are presented in box A. 


1900-1959: SIX DECADES OF 
CONTEMPLATION AND INACTIVITY 

In the 60 years following the publication of the 
Hobbs (1899) article, many additional diamond dis- 
coveries in glacial drift were reported in the Great 
Lakes states (e.g., Blatchley, 1903; Hausel, 1995), 
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Figure 2. Canadian kimberlites, and other rocks that are sometimes associated with diamonds, are shown here 
with the major geological terranes. Diamonds have been confirmed at all the kimberlite localities except nos. 20 
and 22. Various intermediate to ultrabasic (nonkimberlitic) rocks mentioned in the text are also shown; all 
except nos. 33 and 34 contain diamonds. Localities: (1) North Baffin Island; (2) Brodeur Peninsula; (3) Somerset 
Island; (4) Victoria Island; (5) Darnley Bay; (6) Kikerk Lake (Coronation Gulf); (7) Contwoyto Lake; (8) Ranch 
Lake; (9) Lac de Gras; (10) Snare Lakes; (11) Carp Lake; (12) Snap Lake; (13) Gahcho Kué (Kennady Lake); 

(14) Dry Bones Bay; (15) Birch Mountains; (16) Buffalo Hills; (17) Mountain Lake ultrabasic pipes; (18) Cross; 
(19) Fort a la Corne; (20) Snow Lake—Wekusko; (21) Akluilak minette dike; (22) Rankin Inlet; (23) Kyle Lake; 
(24) Attawapiskat; (25) Wawa ultrabasic dikes and volcanic rocks; (26) Kirkland Lake; (27) Lake Timiskaming; 
(28) Ie Bizard alndite; (29) “Indicator lake”; (30) Otish Mountains; (31) Wemindji; (32) Torngat Mountains ail- 
likite dikes; (33) Saglek aillikite dikes; (34) Aillik Bay aillikite dikes; (35) Mountain diatreme alkali basalt. All 
these localities are mentioned in the text except for nos. 1, 2, 5, 20, and 22 (which are listed in table 3), and nos. 
21, 33, and 34 (which are of minor importance and are not mentioned in the text or tables). Specific localities are 
cited in the text as, e.g., “figure 2 [26],” with the locality number in brackets. 


mostly in Indiana and Illinois, for a total of 81 by 
1967 (Gunn, 1968). During this time, however, little 
was written about diamonds or their primary 
sources in Canada. For this period (1900-1959), we 
found only 11 publications (excluding a few newspa- 
per and other unsubstantiated reports) that bear 
directly on the subject: seven articles (Blue, 1900; 
Blatchley, 1903; Bell, 1906; Satterly, 1949, Field, 
1949 and 1950, which are essentially identical and 
considered one source; Meen, 1950; and Douglas and 
MacGregor, 1952), two abstracts (Farrington, 1908; 
Kunz, 1931), and two minor entries of about 65 
words each (Kunz, 1906, 1913). At the same time, 
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diamond exploration activities in Canada also were 
limited (table 1). 

Blue (1900) suggested that the diamonds might 
originate from carbonaceous slates in northern 
Ontario (e.g., in the Sudbury area). Blatchley (1903) 
and Kunz (1931) were favorably inclined toward two 
Canadian sources for the Great Lakes diamonds: the 
James Bay area and the north shore of Lake Superior 
(figure 3). Bell (1906) favored multiple sources in the 
Lake Superior-Lake Huron region, but rejected the 
James Bay Lowland because of the great distance 
from the diamond occurrences. Farrington (1908) 
proposed, without specifics, the general region of 


GEMS & GEMOLOGY FALL 2002 


oO Limit of last 
‘glacial advance 


a Limit of Pleistocene 


\ : . 
—! glaciation nhs 12 
wapiskal . 
Postulated path of e 2 Wemindji 
diamond travel o 
(glacial transport path) o 
% Known diamond occurrence % 


in glacial deposit 
Bi No glacial deposits 


QUEBEC 
ONTARIO 


| Kirkland 
® Lake 


Lake 
_ Ellen» 


WISCONSIN 
(16) 


—_—et, 
{ 
A ‘4 / 
° ) 
! = = 
—_ i 
7 4 200 km 
0 ‘200 mites 


Figure 3. Early evidence of possible diamond-bearing 
kimberlites in Canada was provided by the discovery 
of isolated diamonds in glacial deposits in the Great 
Lakes states of the U.S. This map shows the limit of 
Pleistocene glaciation and the last glacial advance, 
the number of known diamond occurrences in each 
state (in parentheses), and the paths that the dia- 
monds may have taken from their presumed source(s) 
in the James Bay Lowland. Also indicated is the loca- 
tion of the first authenticated diamond found (in 
1971) in glacial deposits in eastern Canada (near 
Timmins): the 0.255 ct Jarvi diamond. The kimber- 
lites at Lake Ellen, Michigan, have been suggested, 
but never confirmed, as a possible source of the dia- 
monds in the Great Lakes states. After Hobbs (1899), 
Brummer (1978, 1984), and Levinson et al. (1992). 
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Lake Superior as the only source. Although Satterly 
(1949) never mentioned the word diamond, he 
included the first reported occurrence of kimberlite 
in Canada: two thin dikes (the largest 6 inches [15 
cm] wide) that were intersected during drilling for 
gold in Michaud Township, near Kirkland Lake, 
Ontario, in 1946 (figure 2 [26]). 

Field (1949, 1950) reviewed publications of the 
previous half-century and was enthusiastic about the 
possibility of diamonds occurring in Canada but 
offered no new insights. Meen (1950) observed that 
all the major diamond-bearing kimberlites known at 
that time (i.e., those in South Africa) were associated 
with rocks of Precambrian age. As much of Canada 
is underlain by rocks of similar ancient age, he rec- 
ommended exploration for diamonds in those areas. 
Nevertheless, in the 1950s most Canadian mining 
companies and academics believed that economic 
diamond deposits could be found only in southern 
Africa (e.g., Duval et al., 1996). 

There are brief reports of diamonds being sought, 
unsuccessfully, by survey parties during construc- 
tion of the Transcontinental Railroad, immediately 
north of the Great Lakes (Kunz, 1906), in northern 
Quebec near Matagami Lake (Kunz, 1913), and in 
what turned out to be a meteorite crater in the 
Ungava region of northern Quebec (Meen, 1950). 
Also during these first 60+ years, diamonds were 
periodically reported from various parts of Canada. 
However, all were misidentifications, unsubstanti- 
ated because of poor documentation, or of doubtful 
authenticity (including probable fraud). These 
reported discoveries are not considered further in 
this article, but are listed in the Gems &) Gemology 
Data Depository (http://www.gia.edu/gand 
geDataDepository.cfm). 

Douglas and MacGregor (1952) recounted, in 
detail, an unsuccessful attempt in 1910 by five 
prospectors to find diamonds in the Nottaway River 
area, Quebec, near James Bay. To the best of our 
knowledge, this is the only recorded, apparently 
creditable, attempt before 1960 at field exploration 
specifically for diamonds. 

By the mid-1950s, however, the foundation was 
being laid for systematic diamond exploration pro- 
grams in the succeeding decades as a few aca- 
demics—as well as geologists and engineers 
employed by mining companies—expressed inter- 
est in Canada’s diamond potential. Notably, in 
1956 P. V. Freeman (then a Ph.D. candidate at 
McGill University) suggested that sampling eskers 
[see box A] would yield results similar to those 
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GLOSSARY 


aeromagnetic survey An airborne geophysical survey 
using a towed sensor that can detect magnetic 
anomalies; these anomalies may indicate the pres- 
ence of kimberlite. 


Archean The earlier (i-e., prior to 2.5 billion years 
ago) of two great divisions of Precambrian time; 
the earliest eon of geologic time. 


cratons Large, ancient, stable portions of the earth’s 
crust (continental nuclei) in which all commercial 
diamond-bearing kimberlites have been found. 


diatreme A pipe (conduit) filled with angular vol- 
canic fragments that was formed by a gaseous 
explosion. Many of the diamond-bearing kimber- 
lites at the type locality in Kimberley, South 
Africa, are diatremes. 


dike A tabular igneous intrusion that cuts across the 
structure or bedding of pre-existing rock. On rare 
occasions (as at Snap Lake, NWT), economic kim- 
berlites will occur as dikes. 


esker A long, narrow, sinuous ridge composed of 
glacial drift (typically sand and gravel) deposited 
by subglacial streams. 


exploration grade The grade (ct/tonne) of a deposit 
estimated from a relatively small bulk sample and 
subject to revision with additional sampling 
before mining is initiated. 


exploration stone value The value of rough diamonds 
(US$/ct) from a deposit estimated from <5,000 
carats of diamonds and subject to revision with 
additional sampling before mining is initiated. 


glacial drift A general term for all material transport- 
ed and deposited by or from a glacier or by run- 
ning water emanating from a glacier. 


glacial till Unsorted rock materials (e.g., clay, sand, 
gravel) transported and deposited by a glacier, 
without reworking by meltwater. 


obtained from stream sediments, which are very 
effective for mineral exploration in nonglaciated 
areas (Brummer et al., 1992a). A few years later, in 
1960, De Beers signaled its interest in Canada 
when it rehired Canadian geologist Dr. Mousseau 
Tremblay, who had left the company only the year 
before to return to Canada (Duval et al., 1996). Dr. 
Tremblay had several years of diamond exploration 
experience in East Africa, including the area around 
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indicator minerals Minerals geologically associated 
with diamonds (e.g., Cr-rich pyrope garnet, Cr- 
spinel), but significantly more abundant, which 
can be used as proxies to locate a primary source 
of diamonds. 


mafic An igneous rock composed chiefly of one or 
more iron- and magnesium-based minerals; such 
rocks are generally dark colored. On rare occa- 
sions (as at Wawa, Ontario), mafic rocks will 
contain diamonds but so far they have not been 
economic. 


microdiamond A rough diamond that is <0.5 mm (in 
some definitions <1.0 mm) in diameter; usage of 
this term varies, and in some cases the diameter 
applies to only one dimension whereas in others it 
applies to all dimensions. 


modeled grade The grade (ct/tonne) of a deposit esti- 
mated from a relatively small sample based on 
statistical methods using micro- and macro-dia- 
mond size counts (see, e.g., Rombouts, 1999). 


modeled stone value The value of rough diamonds 
(US$/ct) from a deposit estimated from a relative- 
ly small sample, based on statistical methods 
using values from micro- and macro-diamond 
counts (see, e.g., Rombouts, 1999). 


pipe Cylindrical or carrot-shaped structure that is 
filled with any one of several types of kimberlite 
(e.g., hypabyssal, diatreme, resedimented). 


ramp-up The time and/or process required to bring 
mine production to full capacity. 


sill A tabular igneous intrusion that parallels the 
bedding or foliation of the host rock. 


ultrabasic An igneous rock, such as kimberlite or 
lamproite, having a very low silica (<45% SiO,) 
content. 


the Williamson (Mwadui) mine in Tanganyika 
(now Tanzania). 


1960-1969: SERIOUS DIAMOND 
EXPLORATION BEGINS 

This decade ushered in the modern era of diamond 
exploration in Canada, with the sudden appearance 
of several diamond exploration programs by two 
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companies in particular: Selco Exploration Co. 
(the Canadian subsidiary of Selection Trust, a British 
company) and De Beers (South Africa). Both compa- 
nies were experienced diamond explorers internation- 
ally, but were new to North America. In addition, 
studies related to diamond exploration were undertak- 
en by various federal and provincial geological sur- 
veys. These early projects attempted to evaluate 
large areas, with spotty results, as described below. 


Northeastern Ontario: James Bay Lowland. Initial 
efforts to find diamonds in Canada were concentrat- 
ed in the James Bay Lowland of northern Ontario, an 
area that is extremely difficult to explore because of 
the abundant bogs, uninterrupted glacial cover, and 
poor drainage (figure 4). Selco and De Beers found 
kimberlite indicator minerals (including pyrope gar- 
net) at 20 locations over a large area (~10,000 km”), 
but no kimberlite or diamonds (Brummer, 1978). 
Work by the Ontario Department of Mines in 1966 
(Brown et al., 1967) also confirmed the presence of 
indicator minerals (Kong et al., 1999). The activities 
of all three groups supported the suggestion of Hobbs 
(1899) that the James Bay Lowland might be the 
source of the Great Lakes diamonds. 


Northeastern Ontario: Kirkland Lake-Lake Timis- 
kaming. In the early 1960s, De Beers followed a trail 
of indicator minerals in an esker (and glacial till) to 
the Guigues pipe (Lake Timiskaming area; figure 2 
[27]) in Quebec. This was the first kimberlite pipe 
found as a result of geologic exploration rather than 
by accident. However, the absence of diamonds in a 
multi-tonne sample of glacial material immediately 
“down-ice” of the kimberlite precluded drilling or 
sampling the kimberlite itself (M. Tremblay, pers. 
comm., 1998). Early exploration in the Kirkland 
Lake-Lake Timiskaming area of Ontario (and adja- 
cent parts of Quebec) was at least in part due to the 
1946 discovery of thin kimberlite dikes in a gold 
mine near Kirkland Lake (Satterly, 1949). In addi- 
tion, government-funded studies in this area in the 
early to mid-1960s demonstrated the validity of 
esker sampling for kimberlite indicator minerals 
(Lee, 1965; Lee and Lawrence, 1968). 


Ile Bizard, Quebec. Attention soon shifted to Ile 
Bizard, an island in the St. Lawrence River, 14 km 
west of Montreal (figure 2 [28]). Several intrusions 
there were first described by Harvie (1910) as alndites 
(a rare rock macroscopically similar to kimberlite, but 
not known to contain economic diamond deposits). 
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TABLE 1. Milestones in the history of diamond 
discoveries in Canada. 


Year Milestone Reference 

1899 First documented suggestion that diamonds Hobbs (1899) 
occur in Canada 

1946 First Canadian kimberlites (two thin dikes) Satterly (1949) 
found near Kirkland Lake, Ontario 

1956 The use of eskers as a sampling medium in Brummer et al. 
glacial terrain first suggested by P. V. Freeman  (1992a) 

1957 Information on using indicator minerals for Davidson (1957) 
regional diamond exploration (pioneered in 
Russia) first available in English 

1960 De Beers signals interest in diamond exploration Duval et al. (1996) 
in Canada with the recruitment of geologist 
Dr. Mousseau Tremblay 

1960 First modern diamond exploration project in Brummer (1978) 
Canada (by Selco) begins in the James Bay 
Lowland 

1961 First regional heavy mineral survey across Brummer (1978) 
Canada initiated by De Beers 

Early First kimberlite pipe (Guigues in Quebec) . Tremblay (pers. 

1960s —— discovered by geological exploration, rather comm., 1998) 
than by accident, in the Lake Timiskaming 
area 

1964 The Munro esker (Kirkland Lake, Ontario) study Lee (1965); Lee 
is the first to publicly demonstrate the value of + and Lawrence (1968) 
eskers in diamond exploration in Canada 

1968 First diamonds (10 minute) recovered from a Brummer (1978, 
primary source in Canada, at lle Bizard, Quebec 1984 

1971 The Jarvi diamond (0.255 ct, found near Brummer (1978, 
Timmins, Ontario) is the first authenticated dia- 1984 
mond to be discovered in glacial drift in Canada 

1973 The first kimberlite field in Canada, the itchell and Fritz 
Somerset Island field, is recognized (1973) 

1976 Exploration begins in the Cordillera; the Cross _ Pell (1987) 
diatreme in British Columbia is recognized as 
kimberlite 

1979 Otish Mountains (“Indicator lake”) kimberlite Gehrisch et al. (1979) 
discovered in Quebec 

1981- Charles E. Fipke and Stewart L. Blusson explore — Fipke et al. (1995b): 

1982 the Mountain diatreme and Blackwater Lake Krajick (2001) 
areas of NWT 

1981- umerous kimberlites discovered by De Beers Sage (1996) 

1984 in the Kirkland Lake area (Ontario), establishing 
the Kirkland Lake kimberlite field 

1983 Fipke incorporates Dia Met Minerals to explore See text 
for diamonds 

1987 First kimberlite found in Saskatchewan, at Lehnert-Thiel et al. 
Sturgeon Lake; discovery of the FortalaCorne (1992) 
kimberlite field announced in 1989 

1988 The Attawapiskat kimberlite field (James Bay Kong et al. (1999) 
Lowland, Ontario) discovered by De Beers 

1989 Fipke and Blusson arrive in Lac de Gras (NWT) _ Fipke et al. (1995b); 
and begin to stake claims Krajick (2001); see 

text 

1991 Diamond-bearing kimberlite discovered at See tex’ 
“Point lake” in the Lac de Gras area 

1997 First kimberlite discovered in Alberta, in the J. A. Carlson et al. 
Buffalo Hills (1999) 

1998 The Ekati Diamond Mine in NWT officially See text 
opens with mining of the Panda kimberlite 

1999 Government approval received to start con- See text 
struction of the Diavik mine; diamond produc- 
tion scheduled to begin in early 2003 
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Box A. GLACIATION AND DIAMOND INDICATOR MINERALS 


Glaciation. During the Pleistocene epoch (1.6 million 
to 10,000 years ago), the time of the Ice Age, glaciers 
periodically covered up to 95% of Canada. As the 
glaciers advanced, they eroded the earth’s surface, 
often transporting and scattering the abraded materi- 
al (including the occasional diamond) many hun- 
dreds of kilometers from its source. Eventually, this 
material was deposited as glacial drift. Glacial drift in 
Canada may reach more than 300 m (~1,000 feet) in 
thickness over buried valleys, but usually it is much 
shallower and in some places it is absent. 

Kimberlite is generally softer than granite and 
other igneous and metamorphic rocks that are typi- 
cal of the Precambrian Shield areas into which it is 
emplaced. Therefore it may be preferentially eroded, 
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Figure A-1. The sinuous ridge shown here is an esker 
at Exeter Lake, NWT, located about 20 km north- 
west of the Ekati mine. This photo (looking east) was 
taken in 1955 in conjunction with a geological inves- 
tigation of its heavy mineral content (Folinsbee, 
1955), near the location that was sampled three 
decades later by C. E. Fipke. This esker can be traced 
for ~515 km (~320 miles); at this location, it is up to 
24 m (~80 feet) above lake level and 150 m wide in 
places. Photo courtesy of the Geological Survey of 
Canada; supplied by R. E. Folinsbee. 


De Beers acquired an option on the property in 1967. 
In 1968, the Pain de Sucre (“Sugar Loaf”) occurrence 
yielded 10 minute diamonds weighing a total of 
0.0605 ct (the largest, 0.0244 ct [2.44 points]}, from a 
29 cubic yard [22 m3] sample, which showed that the 
intrusions had no commercial potential. Nevertheless, 
these are the first authenticated diamonds recovered 
from a primary source of any type in Canada (for 
details of these occurrences, see Brummer, 1978, 1984, 
Raeside and Helmstaedt, 1982; and Mitchell, 1983). 
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sometimes deeply, by glaciers. Today, the resulting 
depressions are often occupied by lakes and swamps. 
This explains why numerous kimberlites are under 
lakes in certain parts of Canada, a possibility first 
mentioned by Meen (1950) and confirmed by the 
major kimberlite discoveries in the Lac de Gras area 
starting in 1991. Since kimberlites are not typically 
seen on the surface in Canada, diamond prospecting 
is based on the premise that indicator minerals and 
kimberlite boulders in glacial drift can be traced 
back to their primary source (see, e.g., McClenaghan 
et al., 2001). 

Eskers are particularly important for prospecting 
in a glaciated area. These long (up to 500 km if gaps 
are included), narrow, sinuous ridges are composed of 
glacial drift that was deposited from subglacial 
streams (figure A-1). Geologists have traced diamond 
indicator minerals for great distances in eskers to 
locate numerous kimberlites (initially in Ontario, 
but later in the NWT). 


Diamond Indicator Minerals. Diamonds are extreme- 
ly rare, even in economic deposits (usually <1 
ct/tonne of kimberlite). However, certain other min- 
erals geologically associated with diamonds (e.g., Cr- 
rich pyrope garnet, Cr-spinel) are usually far more 
abundant (figure A-2). These diamond indicator min- 
erals can therefore be used to locate the primary 
source of diamonds (figure A-3). The concept was ini- 
tially used in the 1870s in South Africa on a local 
scale when the association of pyrope with diamond 
was first recognized (see Janse, 1996, for a summary of 
this topic). The great diamond discoveries in Yakutia 
(Russia) in the 1950s were achieved by large-scale 
sampling of stream sediments for indicator minerals 
(mainly pyrope; Davidson, 1957; Smith, 1960). In 
1956, P. V. Freeman was the first on record to suggest 
that eskers could be used for sampling in diamond 
exploration. In Canada, glacial till, eskers, and stream 
sediments are sampled for indicator minerals. 


Central and Western Canada. Starting in 1961, De Beers 
undertook systematic indicator mineral sampling of 
glacial materials and stream sediments from the 
foothills of the Rocky Mountains (in Alberta) east to the 
Appalachian region (in Quebec} and from the U.S. bor- 
der north to 54° latitude (Brummer, 1978; M. Tremblay, 
pers. comm., 1998). Lehnert-Thiel et al. (1992) indicate 
that De Beers found diamond indicator minerals in 
southeast Saskatchewan in 1963. There is no further 
published information on the results of this project. 
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Many of the indicator minerals occur in various 
rock types in addition to kimberlite, so the recogni- 
tion of those associated with diamonds requires train- 
ing and experience. Initially, they were recognized by 
the characteristic colors (e.g., deep red or purplish red 
for pyrope, and “emerald” green for chrome diopside) 
of the grains. Later, in the 1950s and ‘60s, careful 
measurements of physical (e.g., RI. and S.G.) or crys- 
tallographic (unit cell dimensions) properties became 
diagnostic. Starting in the early 1970s, the electron 
microprobe became the instrument of choice for ana- 
lyzing the chemical composition of the small grains 
(see, e.g., Gurney and Switzer, 1973). 

Today, there are classification schemes for all the 
important indicator minerals, based on their chem- 
istry, that are capable of empirically predicting 
whether or not a specific grain could have originated 
from a diamondiferous kimberlite. The methods of 


Figure A-2. Several indicator minerals are used to 
explore for kimberlites in Canada. These include, 
from top to bottom: Cr-pyrope garnet, eclogitic gar- 
net, Cr-spinel, olivine, picroilmenite, Ti-pyrope gar- 
net, and Cr-diopside. Photo by Penny R. Maki-Scott, 
Saskatchewan Research Council. 


1970-1979: FEW AND 
DISAPPOINTING DISCOVERIES 


As the 1970s unfolded, exploration activity began 
to shift away from Ontario, mainly to the north 
and west. At the same time, interest from aca- 
demics increased with, for example, the detailed 
study of kimberlites on Somerset Island in the 
Arctic archipelago (e.g., Mitchell and Fritz, 1973). 
Nevertheless, activities during this decade would 
eventually lead to the discovery and operation of 
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diamond indicator mineral sample collection, analy- 
sis, and interpretation have become widely dissemi- 
nated (see, e.g., Fipke et al., 1995a; McClenaghan and 
Kjarsgaard, 2001), although the finer points of inter- 
pretation are proprietary. 
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Figure A-3. In 1984-87, De Beers used indicator 
mineral sampling (assisted by airborne geophysical 
surveys) in the James Bay Lowland of northern 
Ontario to locate diamondiferous kimberlites in the 
Attawapiskat River area. The indicator-mineral dis- 
persion patterns for chromite, chrome diopside, 
pyrope garnet, and ilmenite are shown here. 
Dispersion of the ilmenite grains is detectable more 
than 300 km from the kimberlite source, whereas 
chromite and chrome diopside yield much smaller 
dispersion halos closer to the source because they 
are more easily weathered. The indicator minerals 
were collected from streams that were eroding 
glacial deposits (after Kong et al., 1999). 


Canada’s first diamond mine, in the Northwest 
Territories. 


The Jarvi Diamond (Eastern Ontario). In late 1971, a 
0.255 ct diamond was found by Reno Jarvi while 
sampling an esker near Timmins, Ontario (Brummer, 
1978, 1984; again, see figure 3). Its primary source has 
never been located, but this was the first authenticat- 
ed diamond to be found in glacial drift in Canada— 
almost a century after the 1876 discovery of the first 
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Figure 4. The James Bay Lowland is characterized by 
flat topography (the result of deposition of glacial drift), 
abundant bogs, uninterrupted glacial cover, and poor 
drainage. Such conditions make exploration problem- 
atic because of difficult access and limited sampling 
media. This photo was taken near the Attawapiskat 
kimberlite field in July 1984 by L. H. Thorleifson. 


diamond found in glacial material in the Great Lakes 
states (Hobbs, 1899). Recovery of the Jarvi diamond 
on the “down-ice” path taken by glaciers from the 
James Bay Lowland helped maintain interest in 
northeastern Ontario. It also gave further importance 
to sampling eskers. 


Northeastern Ontario: James Bay Lowland. The 
Ontario government encouraged diamond explo- 
ration in this region by conducting extensive recon- 
naissance surveys, which revealed various areas with 
unusual concentrations of diamond indicator miner- 
als. These areas overlapped those explored by indus- 
try in the 1960s (Wolfe et al., 1975; Brummer, 1978). 


Northeastern Ontario: Kirkland Lake. In 1978, the 
innovative Kirkland Lake Initiatives Program (KLIP) 
started. The Ontario government supported this 
four-year project to stimulate exploration and min- 
ing for gold, base metals, and diamonds (summarized 
by Brummer et al., 1992a; Sage, 1993). Maps were 
published of areas with anomalous concentrations of 
diamond indicator minerals and geophysical (e.g., 
aeromagnetic) anomalies, starting in 1979. These 
data helped stimulate the mining companies to 
renew exploration for diamonds in the early 1980s. 


Somerset Island. Originally described in the early 
1960s as “ultrabasic igneous breccias” (Blackadar 
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and Christie, 1963), rocks on Somerset Island (figure 
2. [3]) were later identified as kimberlites by Mitchell 
and Fritz (1973); this is the first kimberlite field? dis- 
covered in Canada. Because there is no forest or 
glacial drift cover in this area, the kimberlites are rel- 
atively easy to recognize by the contrast of their dark 
color against the pale-hued carbonate host rocks (fig- 
ure 5). Although 19 kimberlites were located 
(Brummer, 1978), bulk sampling of the main Batty 
pipe yielded only five small diamonds and indicated 
an uneconomic grade of 0.01 ct per tonne (Kjars- 
gaard, 1996). 


Quebec. In 1979, Uranerz Exploration and Mining 
Ltd. drill tested an aeromagnetic anomaly at 
“Indicator lake,” Otish Mountains, in central 
Quebec (figure 2 [29]) during a uranium exploration 
program. Drill holes penetrated a kimberlite 
(Gehrisch et al., 1979), the first in Quebec, but 
beyond this little is known. 


Cordillera Region (Eastern British Columbia and 
Western NWT). Exploration for diamonds in the 
Cordillera began in 1976 when a Cominco Ltd. field 
party recognized that an igneous breccia first noted 
by Hovdebo (1957) was a kimberlite. It is now 
known as the Cross diatreme (figure 2. [18]). This ini- 
tiated an exploration rush from 1977 to 1980 that 
was funded, in part, by two major companies new to 
diamond exploration in Canada: Superior Oil Co. 
and Falconbridge Nickel Ltd. Within a few years, 
these and other companies had discovered many 
intrusions with broadly kimberlitic affinities (~40 in 
southeastern British Columbia alone) in five clus- 
ters,” stretching ~2,000 km (~1,200 miles) in a north- 
northwest direction to the Mountain diatreme (fig- 
ure 2. [35]; figure 6) in the Mackenzie Mountains, 
NWT (Ijewliw and Pell, 1996). Microdiamonds (<0.5 
mm) have been reported in several of the Cordillera 
intrusions (Godwin and Price, 1986; Ijewliw and 
Pell, 1996), but to date none of the intrusions has 
proved economic. Nevertheless, the Cross diatreme 
was the only true kimberlite (Pell, 1987; Hall et al., 
1989, Fipke et al., 1995a, table 4) found in the 
Canadian Cordillera until the early 1990s. Notably, 


* Kimberlite typically occurs as small (almost always <1,000 m diame- 
ter; ~80 ha) bodies of variable shape, that are usually grouped together 
in small clusters. A number of clusters within an area constitute a kim- 
berlite field. Several fields comprise a kimberlite province (e.g., the 
Slave province). Kimberlites in clusters and fields are all about the 
same age, but this is not always the case for kimberlites in provinces. 
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Figure 17, the particular axes that 
happen to be in the path of the X-ray 
beam will still be horizontal. 

On the other hand, the parallel 
alignment of the pseudo-hexagonal 
axes in mother-of-pear! should result 
in a rotation of the rectangular pat- 
tern in the same sense (clockwise or 
anticlockwise) and to the same de- 
gree as any similar rotation of a 
cultured pearl from a position such 
as that represented at B in Figure 
17 to one such as that at C. 

Finally, if the natural pearl in the 
off-centre position at B, Figure 17, 
be displaced in a straight line ver- 
tically upwards as represented at D 
(or downwards) the rectangular 
pattern should rotate clockwise (or 
anticlockwise) through an angle de- 
termined by the magnitude of the 
displacement, since in the new posi- 
tion the pseudo-hexagonal axes in 
the path of the beam are no longer 
horizontal. In the case of the cul- 
tured pearl, however, a similar ver- 
tical displacement from the position 
represented at B, Figure 17, to that 
represented at D, should have no 
effect on the orientation of the rec- 
tangular pattern. 

Corresponding diagrams for a cul- 
tured pearl when the X-ray beam 
passes through the specimen below 
the geometric centre are shown in 
Figure 20. As in the previous set of 
diagrams (Figure 17) the small 
circle represents the trace of the X- 
ray beam and the black dot indicates 
the geometric centre of the pearl. 
In its initial position, A, a rectan- 
gular pattern with the trace of the 
pseudo - hexagonal axis vertical 
should be obtained from the speci- 
men. No change in the appearance 
or the orientation of the pattern 
should occur if the pearl be given a 
horizontal displacement to a position 


corresponding to B, Figure 20. If 
the pearl in the off-centre position 
represented at B be rotated (for ex- 
ample, anticlockwise) about an axis 
coinciding with the initial position of 
the X-ray beam, the geometric centre 


Fig. 20 


circle 
shown in diagram C, Figure 20, and 
the upper end of the greater diam- 


rotates around the dotted 


eter passing through the centre 
traces the large broken circle. In 
spite of the eccentricity of rotation 
of the pearl, however, the pseudo- 
hexagonal axes in the path of the 
beam rotate in the same direction 
and to the same degree as the pearl. 

Finally, if the pearl be displaced 
vertically (upwards, for example) 
from the setting represented at B, 
Figure 20, to one corresponding to 
diagram D, Figure 20, there should 
be no change in the rectangular pat- 
tern or in its orientation on the film. 
Thus, the diffraction patterns from 
a cultured pearl should be the same 
for each of the displacements rela- 
tive to the X-ray beam represented 
in Figures 17 and 20, regardless of 
whether the X-ray beam passes ini- 
tially through the geometric centre 
of the pearl (as at A, Figure 14) or 
vertically below (or above) the cen- 
tre (as at A, Figure 20). 


In connection with the X-ray diffraction 
photographs reproduced in this and preced- 
ing Parts I and II, it should be noted that 
much of the detail clearly visible in the orig- 
inal negatives is lost in the process of mak- 
ing a positive print on film, printing on 
paper from this, making a cut for reproduc- 
tion and finally printing. This is due in part 
to the extreme range of blackening repre- 
sented in X-ray diffraction photographs, Fur- 
thermore, X-ray negatives are examined by 
transmitted light, whereas the reproductions 
are examined by refleeted light. Thus details 
elearly shown in the original negatives may 


however, the Mountain diatreme alkali basalt was a 
significant factor in the sequence of events that led 
to the discovery of the Lac de Gras kimberlite field. 


1980-1989: PERSEVERANCE 
BEGINS TO PAY OFF 


The 1980s opened with the most prominent explo- 
ration in Ontario, and with clear signs that diamond 
exploration was spreading throughout the country. 
Furthermore, mining companies recognized that a 
major problem had hindered their Canadian activi- 
ties to date: Diamond experts with experience from 
other countries (e.g., in southern Africa, Australia) 
did not necessarily have a strong background in 
glacial geology. As a result, some had undertaken 
sampling programs in Canada without knowing the 
nature of the glacial materials being sampled (e.g., 
eskers, till). This resulted in a limited understand- 
ing of how far the glacial materials had been trans- 
ported. In the 1980s, improved airborne geophysical 
surveys and the geological knowledge of glacial 
deposits, combined with sampling for diamond indi- 
cator minerals, led to many significant discoveries 
(again, see table 1). 


Northeastern Ontario: James Bay Lowland. From 
1979 to 1982, Selco, joined by Esso Minerals Canada 
in 1982, explored part of the James Bay Lowland 
north of Hearst, Ontario. They used airborne mag- 
netic reconnaissance surveying to delineate poten- 
tial kimberlite bodies, followed by more detailed 
ground geophysical surveying (Janse et al., 1989, 
Reed and Sinclair, 1991). Although the 45 alndite 
bodies identified were of no economic interest, this 
represents the first large-scale geophysical survey in 
Canada to find a field of “kimberlite-like” pipes. 

In 1984, De Beers started an annual regional sur- 
vey program north of the area explored by Selco and 
Esso in the James Bay Lowland. The combination of 
stream sediment sampling for indicator minerals 
(see box A, figure A-3) and airborne magnetic sur- 
veys led them to the Attawapiskat River area (Kong 
et al., 1999; figure 2 [24]). Drilling in 1988 and 1989 
confirmed 16 kimberlites, ranging from 0.4-15 ha 
(1-37 acres), 15 of which contained diamonds. 


Northeastern Ontario: Kirkland Lake. In the Lake 
Timiskaming area, De Beers drill tested the 
Guigues pipe (previously identified in the 1960s but 
not drilled) in 1981 and the Bucke pipe in 1983. 
Also in 1983, De Beers drill tested the A-4, AM-47, 
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Figure 5. The Batty kimberlite is part of the Somerset 
Island kimberlite field (figure 2 [3]), the first kimberlite 
field discovered in Canada. In the foreground are five 
smaller satellite pipes, with the main Batty pipe in the 
background. The dark kimberlites stand out in con- 
trast to the light-colored carbonate host rocks where 
they are exposed at the surface of this nonglaciated 
area. Photo taken in July 1990 by B. A. Kjarsgaard. 


and B-30 kimberlite pipes in the Kirkland Lake kim- 
berlite field. In 1984, De Beers drilled the Morrisette 
Creek kimberlite, bringing to six the number of 
kimberlite pipes it had discovered in the Kirkland 
Lake/Lake Timiskaming area. For the first time, a 
major kimberlite field was discovered by design by a 


Figure 6. The Mountain diatreme (dark color; ~850 m 
across) is an alkali basalt in which some microdia- 
monds were reported. Located in the Mackenzie 
Mountains of the Northwest Territories, this diatreme 
was the starting point for the exploration path that 
eventually led to the discovery of the Lac de Gras 
kimberlite field. Photo taken in June 1979, looking 
south, by A. E. Oldershaw. 
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diamond exploration company. Additional kimber- 
lites were found in this area by Falconbridge in 1984 
and 1987, Homestake in 1987, and Lac Minerals in 
1987 (Sage, 1996). However, the diamonds recov- 
ered were small (the largest 0.17 ct), and the best 
grade reported for any kimberlite was 0.02 ct per 
tonne (Brummer et al., 1992b). 


Saskatchewan. Diamond exploration in Saskatche- 
wan started in 1987, when De Beers discovered dia- 
mondiferous kimberlite at Sturgeon Lake, about 40 
km northwest of Prince Albert (Gent 1992a,b). 
Subsequent drilling, however, revealed that the 
kimberlite was a large glacially transported block 
(200 x 125 x 40 m). The few diamonds it contained 
were not economically significant (grade <0.01 
ct/tonne; Scott Smith et al., 1996). 

The De Beers activity prompted numerous com- 
panies to stake and evaluate claims in other parts of 
Saskatchewan (Lehnert-Theil et al., 1992). Most 
notable were joint-venture partners Uranerz Explo- 
ration and Mining Ltd. and Cameco Corp., both pri- 
marily uranium-mining companies. In 1988, they 
staked ground in the Fort 4 la Come area, about 50 
km east of Prince Albert (figure 2 [19]), based princi- 
pally on regional geophysical maps published by the 
Geological Survey of Canada from 1967 to 1969 
(Lehnert-Theil et al., 1992; Gent, 1992b). In late 
1989, Uranerz and Cameco announced the discovery 
of seven kimberlite pipes, the first of many an- 
nouncements over the next few years that would 
reveal that the Fort a la Corne kimberlite field is one 
of the largest in the world. Strnad (1991) noted that 
this find, based on the use of published government 
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~~ e Figure 7. Geologists 
Charles E. Fipke (left) 
and Dr. Stewart L. 
Blusson (right) are cred- 
ited with discovering the 
first kimberlite in the 
Lac de Gras field, NWT. 
Photos courtesy of BHP 
Billiton Diamonds Inc. 


aeromagnetic maps, represented the least expensive, 
fastest, and most productive approach ever applied 
to the discovery of a major kimberlite field. 


Cordillera Region (and Eastward to Lac de Gras, 
NWT). When Superior Oil and Falconbridge Ltd. 
started exploration in the Cordillera in 1979, they 
did so in collaboration with Charles E. Fipke (figure 
7, left) operating as C. F. Minerals Research Ltd. The 
exploration was directed by Hugo Dummett 
(Superior Oil). Dr. Stewart L. Blusson (figure 7, right), 
a long-time acquaintance of Fipke, assisted with 
sampling between 1981 and 1983 (Fipke et al., 
1995b). In late summer 1982, Fipke and Blusson 
sampled, in secrecy, in the vicinity of Blackwater 
Lake (figure 8) after Dummett learned that De Beers 
had claims in that area. Fipke and Blusson made the 
important observation that the glacial tills in the 
Blackwater Lake area contained debris that suggest- 
ed a source from rocks of the Precambrian Shield to 
the east. This was the beginning of the exploration 
that ultimately led to the discovery of the Lac de 
Gras kimberlite field. 

By 1982, however, both Falconbridge and Supe- 
rior had ceased exploration for diamonds in Canada. 
They transferred their assets (e.g., claims near 
Mountain diatreme and the Blackwater Lake data) to 
Fipke and Blusson, who then formed a 50-50 dia- 
mond exploration partnership known as the Black- 
water Group. Without financial support from 
Falconbridge and Superior, however, they were 
unable to fund expensive exploration in the field and 
advanced instrumentation in the laboratory. In 1983, 
Fipke formed Dia Met Minerals Ltd., which went 
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public in 1984, to finance additional sample collec- 
tion and analytical activities. Blusson worked close- 
ly with Fipke on conceptual, planning, and tactical 
aspects of the exploration and retained his financial 
interest in future discoveries. 

For the rest of the decade, Fipke and Blusson 
explored eastward from Blackwater Lake into the 
“Barren Lands,” the name given to the vast (roughly 
500,000 sq. mi. [1.3 million km/7}), bleak, remote 
areas of northern Canada. The Barren Lands charac- 
teristically have few trees but numerous lakes and 
bare rock that is variably covered with a veneer of 
glacial deposits. In 1983, Fipke and Blusson discoy- 
ered that the regional sampling procedures (i.e., 
obtaining indicator minerals primarily from stream 
sediment samples) that they had used previously in 
areas such as the Cordillera were ineffective in the 
region north of Lac la Martre. This is because the 
Barren Lands contain too many lakes and too few 
rivers, in an immature drainage network. The fateful 
decision was then made to sample the eskers shown 
on Quaternary geology maps published by the 
Geological Survey of Canada. By 1985, float plane— 
and helicopter-supported esker (and also till) sam- 
pling had taken them to Aberdeen Lake, far to the 
east of the Slave craton (again, see figure 8). 

Interpretation of the results through 1985 showed 
that several highly anomalous indicator-mineral 
samples were abundant immediately north of Lac de 
Gras. One such sample contained ~10,000 indicator 


Figure 8. This map shows the prospecting route, and 
major geographic locations mentioned in the text, 
that Fipke and Blusson took from the Blackwater 
Lake east to the Lac de Gras kimberlite field and 
beyond, in the Barren Lands, NWT. After Fipke et 
al. (1995b). 


DIAMONDS IN CANADA 


minerals (combined pyrope, chrome diopside, and 
ilmenite; Krajick, 2001). Significantly, there were 
few such anomalous samples east of Lac de Gras. 
This suggested the source area had been located. 
Following extensive sampling, in 1989 Dia Met 
Minerals (usually under the name of others) began to 
stake claims in the Lac de Gras area that totaled 
nearly 350,000 ha by 1995 (Fipke et al., 1995b). All 
the while, Fipke and Blusson were only one step 
ahead of other diamond exploration programs, 
including those of De Beers and Selco. Further 
details of the exploration activities that led to Dia 
Met’s discovery of the Lac de Gras kimberlite field 
can be found in Fipke et al. (1995b), Duval et al. 
(1996), Boyd (1998), “The Ekati Diamond Mine” 
(1998), Frolick (1999), and especially Krajick (2001). 


1990-2002: SUCCESS AT LAST 


The 1990s will be remembered as the decade in 
which exploration activity led to the discovery of a 
great number of diamond-bearing kimberlites in 
Canada. These discoveries were made throughout 
the country, particularly in the NWT and Nunavut 
(a territory created from the NWT on April 1, 1999), 
but also in Ontario, Saskatchewan, Quebec, and 
Alberta. The world-class Ekati Diamond Mine™ 
opened in 1998, with the Diavik mine slated to 
begin production in early 2003 (figure 9). Several 
other projects are currently at an advanced explo- 
ration, feasibility, or permitting stage. 


The Ekati Diamond Mine, Lac de Gras. In 1990, on 
the shore of a small lake called “Point lake” (a name 
chosen specifically to confuse other diamond explor- 
ers, as the real Point Lake lies 200 km to the north- 
west}, Dia Met took a sample that yielded numerous 
indicator minerals with compositions indicating a 
diamondiferous kimberlite source (Fipke et al., 
1995b). In September of that year, BHP formed a 
joint venture with Dia Met, Fipke, and Blusson—the 
NWT Diamonds Project—to explore, develop, and 
mine in the NWT. The agreement called for BHP to 
fund the diamond exploration program and, by 
spending up to US$500 million on future mine con- 
struction costs on behalf of the consortium, BHP 
would earn 51% of equity in the project; the remain- 
ing equity would be Dia Met 29%, Fipke 10%, and 
Blusson 10%. The diamond exploration industry 
worldwide was startled because of the large amount 
of money involved, which valued the future mine, if 
any, at more than US$1 billion. (Note that through- 
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Figure 9. Numerous kimberlites are found within 
the Slave craton. Four important kimberlite fields in 
the craton are shown here: Central (or Lac de Gras, 
with the Ekati and Diavik mines), Southeast (with 
the Snap Lake and Gahcho Kué projects), 
Southwest, and North (with the Jericho project). 


out the balance of this article, dollar amounts are 
given in U.S. dollars unless otherwise indicated as 
Canadian dollars [Can$].) BHP also retained the 
responsibility to market future diamond production. 
Dia Met (under the supervision of Fipke) continued 
to manage the exploration project until July 1993 (J. 
A. Carlson, pers. comm., 2002). 


In May 1991, BHP conducted geophysical surveys 
around and over “Point lake.” That September, the 
joint venture drilled from the shore of “Point lake” 
and intersected kimberlite under the lake. Two 
months later, Dia Met announced this discovery and 
released the diamond recovery results (81 diamonds 
consisting of 65 microdiamonds and 16 macrodia- 
monds, from 59 kg of kimberlite; “The Ekati 
Diamond Mine,” 1998). This announcement trig- 
gered one of the greatest staking rushes the world 
has ever experienced. By the end of 1992, at least 50 
companies had staked almost 8 million hectares in 
the NWT (Levinson et al., 1992). Almost simultane- 
ously, the methods of diamond exploration that 
were instrumental in finding the “Point lake” kim- 
berlite (geophysical surveys, and the recognition and 
significance of kimberlite indicator minerals, com- 
bined with the use of eskers and tills for sampling) 
became widely known. By 1994, more than 80% of 
the Slave craton (~20,000,000 ha or 200,000 km?) had 
been staked by over 100 companies (Pell, 1994). 

In early 1992, bulk sampling of the “Point lake” 
kimberlite yielded a diamond content of 0.63 
ct/tonne and a stone value of <$40/ct, which ren- 
dered this pipe subeconomic (Fipke et al., 1995b; 
“The Ekati Diamond Mine,” 1998). That same year, 
however, nine additional kimberlites were discov- 
ered in the Lac de Gras area, including the Fox and 
Koala pipes (now in the current Ekati mine plan). 
The Panda and Misery pipes (currently in produc- 
tion; see figure 10) were discovered in 1993. By the 
end of 1994, a total of 39 kimberlites were known in 
the Lac de Gras area, most of which were under 
lakes (Carlson et al., 1995). At the same time, Fipke 
et al. (1995b) reported that all but one of these 39 
kimberlites were diamond bearing. 

By late 1993, it was clear that several kimberlites 
at Lac de Gras were probably economic, including 
the Fox (16.4 million tonnes of kimberlite; grade 0.3 
ct/tonne; $129/ct) and Koala (12.1 million tonnes of 
kimberlite; grade varies from 0.9 [pit] to 1.5 [under- 
ground] ct/tonne; $138/ct) pipes (Kjarsgaard et al., 
2.002). Starting in 1993, the joint-venture partners 


Figure 10. The Lac de Gras area contains the most important Canadian diamond deposits recognized so far. 
The locations of the economic pipes at the Ekati and Diavik mines are shown. The Panda pit (top, looking 
south, taken in August 2001) is the first of several economic pipes that will come into production sequential- 
ly over the life of the Ekati mine. In the immediate background, pre-stripping of the Koala pit can be seen. 
The development of the Misery pit is shown in the center photo, taken in August 2001. Both photos and the 
map are courtesy of BHP Billiton Diamonds Inc. At the Diavik mine (bottom, looking northwest, taken in 
September 2002), a retaining dike system has been constructed in the area surrounding the A-154N and 
A-154S pipes. Most of the water has been pumped out. Photo courtesy of Diavik Diamond Mines Inc. 
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Figure 11. Shown here in winter 1998, diamond 
mining at Ekati’s Panda pit is done with large 
excavators and trucks. The truck in the back- 

ground can carry 240 tonnes of rock. Courtesy of 
BHP Billiton Diamonds Inc. 


went through what at the time was “the most 
exhaustive environmental, economic and social 
review in the history of Canadian mining” (“The 
Ekati Diamond Mine,” 1998, p. 26), because the kim- 
berlites are located in one of the most pristine and 
ecologically sensitive areas of Canada. Approval for 
the project was received in July 1996, after a review 
process involving many agencies, including the feder- 
al Department of Indian and Northern Affairs, the 
Government of the Northwest Territories, and four 
aboriginal groups. Construction of the mine began in 
January 1997. In September of that year, the NWT 
Diamonds Project was officially renamed the Ekati 
Diamond Mine, which today is trademarked. Ekati is 
the indigenous name for Lac de Gras, both of which 
mean fat lake. It refers to the abundant light-colored 
pegmatite stringers, veins, and dikes that cross-cut 
granites around the shores of the lake, like white fat 
running through caribou meat. 

Construction of the Ekati mine was an amazing 
engineering and logistical feat in view of the numer- 
ous challenges presented by the remoteness of the 
area, the lack of permanent roads (a 475 km ice road 
is available from Yellowknife for only 8-10 weeks 
from mid-January to mid-April), the lack of other 
types of infrastructure (e.g., electricity), and the 
harsh climate (temperatures can drop to —50°C in 
the winter months). Yet, construction of a process- 
ing plant and supporting facilities, as well as prepara- 
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tion of the first kimberlite (figure 11), were complet- 
ed on schedule in 21 months. Further, from the ini- 
tial discovery of diamonds at “Point lake” in late 
1991 through the feasibility studies and environ- 
mental approvals, it was only seven years to the offi- 
cial opening of the Ekati mine on October 14, 1998. 
This is a remarkable achievement. The mine 
employs about 680 people; 79% are residents of the 
NWT and 40% are aboriginal (Williams and Carlson, 
2001). 

The Ekati mine was located originally on a land 
lease of 10,960 ha, which has since been extended to 
344,000 ha. It cost about $700 million to construct. 
The Panda pipe was the first kimberlite mined (for 
details, see Johnson and Koivula, 1998; Krajick, 2001). 
In 1999, the first year of full production, this world- 
class mine produced 2.4 million carats (Mct) of rough 
diamonds worth $408 million (table 2). This made 
Canada the world’s seventh largest diamond- 
producing country in terms of both weight and value. 
Ekati’s Panda pipe was the world’s fourth most valu- 
able diamond mine (Rombouts, 2000), exceeded that 
year only by Jwaneng (Botswana), Udachnaya (Russia), 
and Argyle (Australia). A variety of cuts and colors of 
polished diamonds from Ekati are shown in figure 12. 

Throughout this period, the Ekati group contin- 
ued to explore for additional kimberlite pipes in its 
claim area. By the end of 2001, they had identified a 
total of 146 pipes (table 3). Reserves at the start of 
mining were 72. Mct of rough diamonds and 66 mil- 
lion tonnes of kimberlite (average grade 1.09 
ct/tonne}, from several pipes (Johnson and Koivula, 
1998, Gonzales et al., 2000). Current reserves are 52.8 
Mct of rough diamonds from 58.2, million tonnes of 
kimberlite (average grade of 0.91 ct/tonne}, from six 
pipes (BHP Billiton 2002 Annual Report). Initially, 


TABLE 2. Diamond production from the Ekati 


Diamond Mine,1998—2001 .@ 
Production 1998 1999 2000 2001 
Carats 203,000 2,428,783 2,435,036 3,685,171 
Total value 

Can$ 40,775,000 606,254,000 624,949,000 846,925,000 

US$ 27,482,350 408,008,940 429482350 531,022,000 
Value per carat 

Can$ 201 250 257 230 

US$ 135 168 173 144 


4 Source of data: Natural Resources Canada: 
www.nrcan.gc.ca/mms/efab/mmsd; 2001 figures are preliminary. 
Conversion rates for Can$ to US$: 1998 = 0.674; 1999 = 0.673; 
2000 = 0.673; 2001 = 0.627. 
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Figure 12. These diamonds from the Panda pit show a 
representative color range of diamonds produced at the 
Ekati mine. Courtesy of BHP Billiton Diamonds Inc. 


Ekati held permits to mine the Panda, Koala, Misery, 
and Fox kimberlites. In December 1998, the compa- 
ny applied for additional permits to develop the 
Sable, Pigeon, and Beartooth pipes (Markovic, 1999). 
Resources identified to date will enable the mine to 
operate until at least 2016. In May 2001, BHP (now 
BHP Billiton) acquired Dia Met, raising its ownership 
in the Ekati Diamond Mine to 80%. Fipke and 
Blusson each retains 10% interest. Currently, the 
mine is producing from both the Panda and Misery 
pipes. There is underground production from a test 
mine at the Koala North pipe, and pre-stripping has 
begun at the Koala pipe (again, see figure 10), which 
will soon be the next major feed source (Janse, 2002). 


The Diavik Project, Lac de Gras. Aber Resources Ltd. 
was one of the first companies to start staking claims 
in the Lac de Gras area in November 1991, shortly 
after Dia Met announced its success at “Point lake.” 
This small Canadian exploration company staked 
claims south and east of the “Point lake” discovery 
and adjacent to the original Dia Met (now Ekati) 
claims (again, see figures 9 and 10). In June 1992, Rio 
Tinto agreed to finance Aber’s exploration in 
exchange for the right to earn a 60% interest in cer- 
tain Aber claims. That same year, Aber discovered 
eight kimberlites. The four most important kimber- 
lites discovered by Aber (A-154 South, A-154 North, 
A-418, and A-21, which would constitute the future 
Diavik mine) were found in 1994 and 1995 in the 
shallow waters of Lac de Gras. In November 1996, 
Aber and Rio Tinto formed the Diavik Diamonds 
Project, a joint venture of Diavik Diamond Mines 
Inc. (60%; wholly owned by Rio Tinto) and Aber 
Diamond Mines Ltd. (40%; wholly owned by Aber 
Diamond Corp. [formerly Aber Resources Ltd.]}. 
Diavik Diamond Mines is the manager of the 
project. Each participant retained the right to mar- 
ket its respective share of the diamond production 
independently. 
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Between 1994 and 1996, evaluation of the kim- 
berlite grade and diamond value revealed that a 
mine was viable. When in full operation, the mine 
will produce approximately 6 million carats (Mct) 
annually for about 20 years, with an average value 


TABLE 3. Number of kimberlites reported in Canada, 
as of September 2002. 


Location Number 
NWT and Nunavut 
Central Slave Craton (Lac de Gras, NWT) 

Ekati claim area 146 

Diavik claim area 58 

De Beers (Hardy Lake) 20 

Others 23 
Southeast Slave (NWT) 

Snap Lake, Gahcho Kué, others 14 
Southwest Slave (NWT) 

Carp Lake, Dry Bones Bay, others 15 
Far Northwest Slave (NWT) 

Darnley Bay 10 
North Slave (Nunavut) 

Jericho and Coronation Gulf area 23 
Victoria Island (NWT and Nunavut) 

De Beers, others 17 
Total for Slave Craton 326 
Churchill Craton (Nunavut) 

Somerset Island 20 

North Baffin Island and Brodeur Peninsula 5 

Rankin Inlet 3 
Total for Churchill Craton Pz) 

TOTAL for NWT and Nunavut 354 


Other Parts of Canada 


Alberta 

Buffalo Hills 36 

Birch Mountains 8 
Saskatchewan 

Fort a la Corne 74 
Ontario 

Kirkland Lake 14 

Lake Timiskaming 12 

Attawapiskat 19 

Kyle Lake 5 
Quebec 

Lake Timiskaming 3 

Otish Mountains 7 

Wemindji 1 
Manitoba 

Snow Lake—Wekusko 1 
British Columbia 

Cross, others 4 
TOTAL for other parts of Canada 184 
GRAND TOTAL for Canada 5384 


8The number of kimberlites should be considered a minimum 
because it is not required that companies report their kimberlite dis- 
coveries. 
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of $63/ct (table 4; based on 2000 valuation esti- 
mates). The Diavik kimberlites, like most in the 
Slave craton, are small (<3 ha), but their grades of ~4 
ct/tonne (range 3.0—5.2 ct/tonne) are three to four 
times higher than those in most other major pro- 
ducing mines (Burgess, 2001; Kjarsgaard et al., 
2002). Thus, when the Diavik mine is in full produc- 
tion, it will have the highest ore value (~$252/tonne 
[$63 x 4]) of any primary diamond mine in the 
world. This is particularly true for the A-154 South 
pipe, which averages 5.2. ct/tonne of diamonds val- 
ued at $79/ct (for a total ore value of $410/tonne). 

After extremely detailed examination of the 
environmental aspects of the proposed $830 million 
mine, Diavik obtained permits and licenses to 
begin construction in November 1999 (“Diamond 
Facts 2000/01,” 2001). Since the kimberlites lie 
under the shallow waters of Lac de Gras, a reten- 
tion dike system is required to mine them (again, 
see figure 10). During 2000-02, construction of the 
mine has proceeded ahead of schedule (figure 13). 
The mine plan calls for a two-year ramp-up period, 
starting in early 2003, before full production is 
achieved. Some of the stones recovered during the 
evaluation stage already have been cut and set in 
fine jewelry (figure 14). 


Other Advanced Projects in NWT and Nunavut. 
Both industry and government (e.g., Paget, 1999) 
agree that three projects in the NWT and 
Nunavut—Snap Lake, Gahcho Kué, and Jericho— 
are at an advanced stage of evaluation or develop- 
ment and may have the potential to become mines 
(table 4). However, actual construction of another 
mine has not yet begun. 


Snap Lake Project. Indicator minerals in glacial till, 
as well as kimberlite boulders, were identified from 
the Snap Lake area (figures 2 [12] and 9) in 1995-96 
by a joint venture between Winspear Resources (ini- 
tially 57.3%, subsequently 67.76%) and Aber 
Resources Ltd. (initially 42.7%, subsequently 
32.24%). In 1997, an outcrop of the diamond-bearing 
kimberlite dike, covered by a thin layer of till, was 
located on the west shore of Snap Lake. Subsequent 
sampling showed it to be potentially economic (table 
4). The kimberlite, a shallow-dipping dike averaging 
2.5 m thick, covers an area of 2.5 km? (Turner and 
McConnell, 2001). 

Snap Lake would be the first entirely under- 
ground diamond mine in Canada, and as such will 
have a much smaller “footprint” than an open-pit 
mine; moreover, it is land based. It would also be 


TABLE 4. Diamond mines under construction and advanced diamond projects? in Canada. 


Project name Location Owner Reserves Comments References 
Under construction 
Diavik NWT Diavik Diamond Mines 25.6 million tonnes of kimber- — Production expected in early www.diavik.ca, 
(60%, Rio Tinto) and lite with ~4 ct/tonne (102 Mct) 2003; estimated to produce www.aber.ca 
Aber Diamond Mines at $63/ct ~6 Mct/yr when in full 
(40%, Aber Diamond Corp.) production 
Advanced projects 
Snap Lake NWT De Beers (100%) 22.8 million tonnes of kimber- — Kimberlite dike 2.5 m thick Turner and McConnell 
lite with ~2.0 ct/tonne (~45 Mct) delineated over area 2.5 x 2.5 km; (2001), Laurs (2001), 
at ~$100/ct production scheduled to begin in — Natural Resources 
2006 Canada (2002) 
Gahcho Kué (Kennady NWT De Beers (51%), Hearne: 6.86 million tonnes of + Deposit is subeconomic www.mountainprovince.com 
Lake)—Hearne and Mountain Province (44.1%), kimberlite with 1.71 ct/tonne (by ~15%) at present 
5034 kimberlites Camphor Ventures (4.9%) 11.7 Mct) at ~$63/ct 
5034: 12.5 million tonnes of 
kimberlite at 1.64 ct/tonne 
~21 Mct) at $65/ct 
Jericho Nunavut Tahera (100%); Rio Tinto 2.5 million tonnes of kimber- Kimberlite grade and diamond www.tahera.com 
has various options including lite with ~1.2 ct/tonne (3 Mct) value are satisfactory, but 
62.5% ownership at ~$80/ct reserves are problematic 
Victor Attawapiskat, De Beers (100%) 36.2 million tonnes of kimber- — Most advanced project outside www.debeerscanada.com, 
Ontario ite valued at $94/tonne; of NWT Robertson (2002f), 
older reports indicate grade of Wood (2002) 
0.32 ct/tonne 
a Advanced diamond projects are those at the evaluation or development stage. All values are in U.S. dollars. 
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the first diamond mine in the world to begin with 
an underground operation and not with an open pit. 
In 2000-01, De Beers acquired the property. It has 
since applied for regulatory approval to develop the 
mine (figure 15), with production scheduled to 
begin in 2006 (Laurs, 2001). 


Gahcho Kué (Kennady Lake) Project. In 1995-96, a 
joint venture between Mountain Province Resources 
(now Mountain Province Diamonds) at 90% and 
Camphor Ventures at 10% discovered several kim- 
berlites in the Kennady Lake area (figures 2 [13] and 
9). In 1997, the property was optioned to De Beers, 
which can earn up to 60% interest by taking the pro- 
ject to commercial production, currently it has 51%. 
Eight diamondiferous kimberlites and several dikes 
and sills have been found on the property to date. 
The two most valuable kimberlites, Hearne and 
5034, at present do not have the combined reserves 
and ore values (table 4) needed for economic devel- 
opment. However, De Beers continues to bulk sam- 
ple these two pipes because some large (~10 ct; figure 
16) stones have been recovered and because their 
grade and ore value is close to the economic thresh- 
old. De Beers is also exploring for other kimberlites 
in the area (www.mountainprovince.com). 


Jericho Project. Joint-venture partners Lytton 
Minerals and New Indigo Resources discovered the 
Jericho kimberlite pipe (JD/OD-1; 1.2 ha) in 1994 in 
what is now part of the Contwoyto Lake kimberlite 
field (figures 2 [7] and 9). In 1999, these companies 
merged to form Tahera Corp. As reported on the 
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Figure 13. This aerial 
view of the Diavik mine 
was taken in September 
2002. The large (11 story) 
building in the center is 
the processing facility, 
where diamonds will be 
separated from the kim- 
berlite host rock. The 
building to the lower right 
serves as the mainte- 
nance and administration 
center. In the lower left is 
the permanent accommo- 
dations facility, and 
above it (with the smoke 
stacks) is the power plant. 
Photo by Jiri Hermann; 
courtesy of Diavik 
Diamond Mines Inc. 


Tahera Web site (www.tahera.com), the deposit has 
yielded large stones (5-25 ct, including one 23.89 ct 
piece of gem-quality rough. Feasibility studies indi- 
cate that this kimberlite could produce a total of 3 
Mct of diamonds (table 4) over eight years. 

The economics of a mine based solely on the 
resources of the small JD/OD-1 pipe alone are 
marginal. However, they could be improved consid- 
erably with the discovery of additional resource ton- 
nage, which is possible since the area contains other 


Figure 14. Diamonds from the Diavik project (here, the 
larger stone is approximately 1 ct) have been set into 
attractive gold jewelry. Courtesy of Diavik Diamond 
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kimberlites (Janse, 2002). On the assumption that 
additional economic kimberlites will be found, 
Tahera is seeking regulatory approval for the devel- 
opment of the Jericho diamond mine. Rio Tinto, cur- 
rently a joint-venture partner with Tahera, is the 
operator of the project and has certain valuable 
options with regard to the property (e.g., the right to 
market all production for the first five years). If 
Jericho is developed, it will be the first diamond 
mine in Nunavut. 


Other Activities in NWT and Nunavut. As of 
September, 2002, at least 354 kimberlites were 
known in the NWT and Nunavut (table 3), several of 
which (in addition to the three advanced projects dis- 
cussed above) are currently being evaluated. In view 
of this volume of discoveries, and the number of 
properties or fields in various stages of exploration 
and development within the Archean Slave craton, 
we can briefly mention only a few here. 

De Beers discovered more than 40 kimberlites in 
the central and southern parts of the Slave craton 
during the diamond exploration boom of the 1990s, 
although the precise discovery dates have not been 
released. In addition to the eight kimberlites found 
to date in the Gahcho Kué area, these include 20 in 
the Hardy Lake area of the Lac de Gras field (35 km 
northeast of the Ekati mine; McKinlay et al., 1998), 
as well as four in the Carp Lake area and five in the 
Snare Lakes area (figures 2 [10/11] and 9; J. A. 
Armstrong, pers. comm., 2002). 

In the northern part of the Slave province, De 
Beers discovered four kimberlites between 
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Figure 15. This image of 
the Snap Lake project, 
looking southwest, was 
taken in October 2001. 
The rock pile on the left 
rear is an ore stockpile, 
and the green building is 
the processing plant. The 
white buildings house 
offices and accommoda- 
tions. The portal to the 
underground workings is 
located just to the left 
foreground of the pro- 
cessing plant, near the 
elongate orange contain- 
er. Courtesy of De Beers 
Canada. 


Contwoyto Lake (Jericho area) and the Coronation 
Gulf on the Arctic coast in the mid-1990s (figure 9; J. 
A. Armstrong, pers. comm., 2002). As geologists real- 
ized the diamond potential of this area, the entire 
region was staked, and exploration by Ashton, Rio 
Tinto, and many other companies laid the ground- 
work for additional kimberlite discoveries (Janse, 
2001, 2002). At least 10 more kimberlites have been 
identified. Ashton found several diamondiferous 
pipes (e.g., Artemesia and Potentilla) near Kikerk 
Lake (figures 2 [6] and 9), but their grades turned out 
to be low (<0.2 ct/tonne). High expectations are now 
held for the diamondiferous Anuri and Anuri East 
pipes (about half way between Jericho and Kikerk 
Lake) found in 2001 by the Rio Tinto and Tahera 
joint venture, but their economic potential remains 
to be determined. Nevertheless, indicator minerals 
abound in the area and enthusiasm remains high for 
its diamond potential (Robertson, 2002b). 

On Victoria Island (also part of the Slave craton; 
figure 2 [4]}, exploration by De Beers and other com- 
panies has led to the discovery of 12 kimberlite 
pipes, half of which contain diamonds; De Beers 
withdrew from the area at the end of 1999 
(Robertson, 2002e). With renewed interest in the 
northern part of the Slave craton, exploration on 
Victoria Island has also been re-invigorated, with 
five new diamondiferous kimberlites reported in 
2002, (Robertson, 2002e). 

The Ranch Lake pipe (figures 2. [8] and 9), which 
is the northernmost extension of the Lac de Gras 
kimberlite field, was discovered in 1993 by Tahera. 
Although this large kimberlite (12.5 ha, atypical for 
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Fellowships Awarded 


Word has recently been received 
from the Gemological Association of 
Great Britain that Lester Benson 
and William Collison, C.G., both 
presently of the G.I.A. staff, have 
passed the Preliminary and Diploma 
examinations qualifying them for 
the title of Fellow of that Associa- 
tion. Their election as Fellows is 
scheduled for November 13th. In- 
cluding these two, only nine men in 
the United States and Canada are 
privileged to use the title F.G.A. 


Pearloscope 
(Continued from Page 463) 

as accurate as the radiographic 
method of pearl testing. However, 
candling cannot be considered a re- 
liable process for a single pearl, 
though it is of value as a basis for a 
preliminary opinion as to the char- 
acter of a necklace. Any question- 
able pearl may be removed from the 
strand and tested by the more ac- 
curate endoscopie methods. For ex- 
ample, assume that a_ necklace, 
upon candling, shows evidence that 
all kut a few pearls are cultured; 
those not showing such evidence are 
then removed frem the necklace and 
tested on the needles. If testing en- 
doscopically then proves that these 
few are cultured, it is safe to assume 
that the entire necklace is cultured, 
and it is not necessary to test each 
pearl individually. 


Maintenance of Equipment 
The lenses in the substage con- 
denser should be cleaned carefully 
whenever they show any dulling. 
Also, the mirror in the head of the 


light tower should be rubbed bright 
occasionally. A drop of #10 oil 
should be applied to each moving 
part twice a year. 

For good results, it is essential 
that the needles be kept very clean. 
The shank and the lower mirror are 
easily cleaned by pumping U.S.P. 
alcohol through the needle with a 
hypodermic syringe. (Denatured al- 
cohol will leave an oily film and 
should not be used.) The upper mir- 
ror should be lapped bright whenever 
it ceases to give a good image. This 
is done by first lapping on a stone, 
followed by polishing on a fine-grain 
chamois flat with a small amount of 
finely powdered jewelers’ rouge. 

The substage lamp may be replaced 
by turning the instrument on its side 
and inserting a new bulb in the 
socket. To remove the tower lamp, it 
is necessary to remove the slip ring 
from the bottom of the tube and slide 
the lamp socket out by pulling the 
wire. The socket should be replaced 
in approximately the original posi- 
tion, but its exact location is not 
critical. 


the Lac de Gras field) is diamond bearing (0.2 
ct/tonne; Janse, 2002), it was deemed uneconomic. 
It is currently being re-examined by BHP Billiton 
(www.tahera.com). 


Activities Elsewhere in Canada. Alberta. Before 1990, 
a few diamond discoveries were reported from various 
locations in glacial tills and alluvial materials in 
Alberta (Morton et al., 1993; Dufresne et al., 1996), 
but none was substantiated. Consequently, the indus- 
try was startled when in early 1991 it learned that De 
Beers had staked 680,000 ha in the Peace River region 
of Alberta (Levinson et al., 1992). This was more than 
1% of the total area of the province (66.1 million ha). 
The impetus for the staking was what are now called 
the Mountain Lake ultrabasic pipes (Leckie et al., 
1997; figure 2 [17]). These pipes were later determined 
to be only weakly diamondiferous and, therefore, 
uneconomic. 

Massive staking by numerous companies ensued 
almost immediately after the De Beers activities 
became general knowledge (the so-called first Alberta 
staking rush). During 1992 alone, about one-third of 
the province (22.4 million ha; Dufresne et al., 1996) 
was staked for diamond exploration; this rose to 
more than 50% by early 1994 (Kjarsgaard, 1997], pri- 
marily in western and southern Alberta. Extensive 
indicator mineral surveys in stream sediments and 
tills were conducted throughout the province, but no 
kimberlites or other diamond-bearing rocks were 
found in the early to mid-1990s. By 1995, Alberta’s 
luster as a diamond exploration area had diminished 
greatly; only about 1.6 million ha were staked that 
year (B. Hudson, pers. comm., 2002). Subsequently, 
De Beers (and many other companies) relinquished 
their claims, and the lands reverted to the Alberta 
government. 

Alberta is an important producer of oil and gas, 
and geophysical (mainly seismic and aeromagnetic] 
surveys are routinely conducted as part of such 
exploration programs. In 1995, Alberta Energy Co. 
Ltd. (now merged into EnCana) acquired high- 
resolution geophysical data for parts of northern 
Alberta. These data revealed unusual features that 
bore no relation to petroleum deposits, and were 
interpreted as potentially related to kimberlite 
intrusions. This information was made available to 
Ashton, and in October 1996 Ashton formed a joint 
venture with Alberta Energy (42.5%) and Pure Gold 
Resources (15%), which staked large areas in the 
Buffalo Hills region (figure 2 [16]). Drilling of the 
anomalies started in January 1997, and by early 
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Figure 16. This parcel of rough diamonds was recov- 

ered from Gahcho Kué (5034 pipe). The largest stone 
weighs 9.9 ct and is of good gem quality. Courtesy of 
Mountain Province Diamonds Inc. 


March 11 kimberlites had been found. This set off 
Alberta’s second staking rush, with 37.2 million ha 
(372,000 km?) staked in 1997 alone (B. Hudson, pers. 
comm., 2002). Claim staking by about 30 compa- 
nies, including De Beers and Rio Tinto (Natural 
Resources Canada, 2000), occurred in the northern 
and central parts of the province. Rio Tinto subse- 
quently discovered the Birch Mountains kimberlite 
field (figure 2 [15]), but withdrew from the area 
when it proved uneconomic. 

By early 1999, Ashton had outlined the Buffalo 
Hills kimberlite field, which included 32 (now 36; 
table 3) kimberlites, about 60% of which contained 
diamonds. S. M. Carlson et al. (1999) provide geolog- 
ic details of this area, including descriptions of the 
kimberlites and the diamonds recovered. Some of 
these kimberlites are large (up to 45 ha), and some 
of the diamonds are of good quality and weigh up to 
1.3 ct. Nevertheless, as the 1990s came to a close 
the Buffalo Hills kimberlite field was generally 
thought to be subeconomic, although Ashton and 
others continued to explore in the area. 

After 10 years of disappointments in Alberta, there 
were great expectations when Ashton found the K252 
kimberlite in the Buffalo Hills in 2000. The grade of 
this pipe (0.54 ct/tonne) and the quality of its dia- 
monds (figure 17) were the best so far discovered in 
the province. However, in early 2002 Ashton 
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announced that the pipe was too small for further 
consideration. Also in early 2002, BHP Billiton 
acquired options in the Calling Lake region, about 
150 km southeast of the Buffalo Hills area (Robertson, 
2002a). The Calling Lake tills abound with indicator 
minerals (e.g., garnets), for which a source has yet to 
be identified. This activity has attracted the attention 
of other diamond exploration companies, which 
ensures that exploration for diamonds in Alberta will 
continue for the foreseeable future. 


Saskatchewan. Following the 1989 confirmation of 
seven kimberlite pipes in the Fort a la Corne area 
(figure 2 [19]), joint-venture partners Uranerz and 
Cameco drilled 12 additional kimberlites by 1991 
(Lehnert-Thiel et al., 1992). In 1992, after De Beers 
joined the joint venture, a major drilling program 
resulted in the confirmation of 20 new kimberlites 
in 1992-93 and established that a high percentage 
were diamondiferous. The addition of Kensington 
Resources to the joint venture in 1995 led to further 
drilling, and the identification of an additional 31 
kimberlites by 1997 (69 of the original 71 geophysi- 
cal targets outlined in 1989 proved to be kimber- 
lites). Four additional kimberlites have been found 
by other companies. The pipes range from 2.7 to 184 
ha and contain from 3 to 675 million tonnes of kim- 
berlite; some are extraordinarily large by world stan- 
dards (Robertson, 2002g). 

Diamonds have been recovered from more than 
half of the Fort a la Corne kimberlites, and close to 


Figure 17. These rough diamonds were selected from a 
12.54 ct parcel recovered from a 22.8 tonne bulk sam- 
ple at the K252 pipe in the Buffalo Hills, Alberta. The 
largest stone in the upper left is 2.9 mm long. Courtesy 
of Ashton Mining of Canada. 
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70% of them are gem quality (Jellicoe et al., 1998). 
Exploration and modeled grades range from <0.01 
to about 0.3 ct/tonne. A significant problem hinder- 
ing evaluation of the Fort 4 la Corne kimberlites is 
that they are overlain by up to 100 m of glacial till 
and unconsolidated sediments, which makes it 
more difficult and expensive to obtain the appropri- 
ate large samples. 

In 2000, De Beers carried out an in-depth re- 
source evaluation at Fort 4 la Corne, which was fol- 
lowed by a mini-bulk sampling program on two 
high-priority bodies (141 and 122). A larger mini- 
bulk sample was taken from body 141 in 2001, with 
an exploration grade of ~0.05 ct/tonne, modeled 
grade of 0.08-0.19 ct/tonne, and modeled stone 
value of $148/ct (www.kensington-resources.com; 
Robertson, 2002g; Janse, 2002). Also in early 2000, 
Shore Gold started an extensive core drill program at 
its diamondiferous Star kimberlite. Recent mini- 
bulk sample results are similar to those for body 141 
(www.shoregold.com) and have led to plans for bulk 
sampling. Like 141, the Star kimberlite is extremely 
large (estimated >500 million tonnes). 


Ontario. For most of the 1990s, events in the NWT 
eclipsed diamond activities in Ontario. Nevertheless, 
in 1995, microdiamonds were found in a mafic dike 
exposed in a road cut along the Trans Canada 
Highway, 35 km north of Wawa (figure 2 [25]; 
Thomas and Gleason, 2000). Subsequent work by 
several small companies (e.g., Spider Resources) 
located additional dikes over a wider area. The dia- 
monds, although abundant in places, are small, with 
the largest found 0.1 ct (Janse, 2001). As exploration 
activity increased in 2000-02, an extensive area of 
Archean diamond-bearing volcanic rocks was discov- 
ered in the immediate region of the mafic dikes. 
These unusual volcanic rocks are currently being 
sampled by exploration companies Pele Mountain 
Resources and Band-Ore, with assistance from De 
Beers and Rio Tinto, respectively, to determine their 
economic potential (Robertson, 2002c). 

Elsewhere in Ontario, five diamond-bearing kim- 
berlites have been found in the Kyle Lake area of 
the James Bay Lowland (Janse, 1995b; figure 2. [23]), 
but the one with the best grade is too deeply buried 
to be considered economic at this time. In the adja- 
cent Attawapiskat kimberlite field (figure 2 [24]}, 
evaluation of the Victor kimberlite began in 1998. 
The Victor kimberlite comprises two pipes that co- 
alesce at the present surface with an area of ~15 ha. 
With a quoted ore value of $94/tonne (Robertson, 


GEMS & GEMOLOGY FALL 2002 


2002f), Victor has the potential to host Canada’s 
first diamond mine outside the NWT (table 4). 
However, it is in a remote area, the grade is highly 
variable, and the geology is complex (Wood, 2002). 


Quebec. Several ultrabasic dikes (up to 3 m wide} 
were discovered in 1991 outcropping on cliff faces 
in the Torngat region of northern Quebec (figure 2 
[32]). In 1999, Twin Mining determined that three 
of the dikes contained diamonds. Subsequent explo- 
ration found another set of dikes about 10 km to the 
southwest (Moorhead et al., 2000). Some can be 
traced for ~37 km (Janse, 2002). At present little 
work is being done in the area and the dikes are 
considered uneconomic. However, at least 50 com- 
panies are currently exploring in Quebec. By mid- 
2002, seven diamond-bearing kimberlites had been 
found by partners Ashton Mining and SOQUEM in 
the Otish Mountains (figure 2 [30]), thus defining a 
new kimberlite field (Robertson, 2002d). A diamon- 
diferous kimberlite dike was found in early 2002 by 
Majescor Resources at Wemindji, in the Quebec 
side of the James Bay Lowland (figure 2 [31)). 


Other Jurisdictions. Since 1990, limited diamond 
exploration has been conducted in British Columbia, 
the Yukon Territory, Labrador, and Manitoba (see, 
e.g., Natural Resources Canada, 2000}, but with no 
success to date. Nevertheless, in the entire country 
only the three Maritime provinces (Nova Scotia, 
New Brunswick, and Prince Edward Island) did not 
have any diamond exploration activity. 


ECONOMIC ATTRIBUTES OF 
CANADIAN DIAMOND DEPOSITS 


Diamond Exploration and Infrastructure. Diamond 
exploration in Canada has been ongoing for four 
decades, and in recent years virtually all major dia- 
mond exploration companies have had a significant 
presence there. For example, in 2001 De Beers spent 
40% of its $73 million global exploration budget in 
Canada (Robertson, 2002f), whereas BHP Billiton 
spends 25% of its total exploration budget on dia- 
monds, most of which is in Canada (Janse, 2002). As 
of the end of September 2002, 538 kimberlites had 
been discovered (table 3), about 90% in the last 
decade. More than half of the Canadian kimberlites 
are diamondiferous, which far exceeds the world 
average of about 20% (A. J. A. Janse, pers. comm., 
2002). Historically, only about 1% (i.e., about 50) of 
the world’s kimberlites have been economic. In 
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Canada, however, the percentage is significantly 
higher, especially in Lac de Gras where 12 (~5%) of 
the 247 kimberlites are economic. 

During the 1990s, approximately Can$900 mil- 
lion was spent on diamond exploration and deposit 
evaluation in Canada (Natural Resources Canada, 
2000, 2002), and more than twice that amount on 
the construction of the Ekati and Diavik mines. 
Exploration reached its peak in 1994-96, when 
about 150 companies were involved and about 
200,000 km? in the Lac de Gras area were staked 
(Duval et al., 1996). During this period, an average of 
Can$146 million was spent annually for diamond 
exploration, with 88% of that spent in the NWT. By 
1997-99, only about 50 exploration companies were 
active in Canada, with expenditures down to an 
average of Can$113 million annually. Of this, 79% 
was spent in the NWT, but Alberta and Ontario 
received relatively more exploration attention. 
Preliminary data for 2000 and 2001 indicate that an 
average of Can$98 million was spent annually on 
diamond exploration, of which 67% was spent in 
NWT and Nunavut, with significant increases in 
Ontario and Quebec relative to the rest of the coun- 
try (Natural Resources Canada, 2000, 2.002). 


Economic Parameters of the Lac de Gras Kimberlites 
in a Worldwide Context. The small size of most of 
the Lac de Gras kimberlite pipes, as compared to 
economic diamond mines elsewhere in the world, is 
evident from figure 18. Eight of nine Lac de Gras 
kimberlites (selected from the Ekati and Diavik 
mine plans) are 5 ha or less, significantly smaller 
than active diamond mines elsewhere, which are all 
>10 ha in size. However, five of these nine Lac de 
Gras kimberlites (Misery and four Diavik pipes) have 
exceptional diamond ore grades (3.0-5.2. ct/tonne; 
Kjarsgaard et al., 2002) as compared to other active 
diamond mines (figure 19). The only kimberlite that 
had a higher grade (variably reported as 6 ct/tonne by 
Janse, 1993, and 11 ct/tonne by Duval et al., 1996) is 
the mined-out Internationalaya pipe in Russia. 
There is a wide variation in the average stone 
value (quality) for the individual Lac de Gras kim- 
berlite pipes. Ekati’s currently mined Panda pipe 
has an average stone value of ~$170 per carat (table 
2). From exploration parcels, BHP Billiton has 
reported average exploration stone values of >$100 
per carat for the Koala and Fox pipes, which are 
clearly in the upper echelon of stone values from 
active worldwide mines (figure 20). It is because of 
the combination of very high grades coupled with 
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Figure 18. In general, the surface area of kimberlite 
pipes in Canada’s Lac de Gras area (green) is much 
smaller than that of the other pipes worldwide that 
are being mined actively (blue). Data sources: Ekati— 
J. A. Carlson (pers. comm., 2002); Diavik—Graham et 
al. (1999); Udachnaya, Jubileynaya, and Argyle— 
Janse (1993); southern African—Janse (1996). 


high stone value that the Panda pipe has a mine ore 
value of >$150/tonne (figure 21), higher than the 
Jwaneng ($138/tonne) and Udachnaya ($112/tonne) 
kimberlites. Further, the exploration ore value for 
the A-154S and A-418 kimberlites also exceeds 
$150/tonne. In summary, the Lac de Gras pipes 
tend to be smaller, low-tonnage bodies that may 
have exceptionally high diamond grades, coupled 
with quite variable (moderate to high) stone values. 
Thus far, development of the Ekati and Diavik 
mines in the Lac de Gras field has been economical- 
ly viable only because each encompasses multiple 
small pipes that are close together and provide suffi- 
cient tonnage for a 15-20 year mine life. 


Contribution of Canadian Rough Diamonds to 
World Supply. From 1999 (the first year of full pro- 
duction at the Ekati mine) to 2001, total world 
annual production increased from ~110 Mct in both 
1999 and 2000, to ~119 Mct in 2001. This produc- 
tion was valued at $7.2 billion in 1999 and ~$7.9 
billion in both 2000 and 2001 (Rombouts, 2.000, 


230 DIAMONDS IN CANADA 


ORE GRADE 


o 
Ss ee ee ee ee ee ee 


= er Le eee 


a es ee ee ee eee ee eee 


GRADE (ct/tonne) 


es 
— Se oe 
= 


ie a 


1 


4 
A-154N 


DEPOSIT 


Figure 19. Relative to other worldwide kimberlites 
being mined actively (blue), many of the Lac de Gras 
kimberlites (green) have high diamond ore grades. 
The ore grade for Panda and Misery is shown in dark 
green, because they are being mined actively. Other 
Canadian pipes are shown in light green, since their 
data are based on exploration grade. Data sources: 
Ekati—Kjarsgaard et al. (2002); Diavik— 
www.diavik.ca; Udachnaya, Jubileynaya, Catoca, 
and Argyle—Rombouts, (2002); others—De Beers 
Consolidated Mines (2001). 


2001, 2002). Thus, the average value per carat of 
world production varied between $71/ct and $66/ct 
in the period 1999-2001. The ~2.4 Mct produced 
from Ekati’s Panda pipe in 1999 and 2000, at 
~$170/ct, had an annual total value of ~$415 mil- 
lion (table 2). This was about 2% by weight and 5% 
by value of world production. 

The Panda pipe, however, is approaching the end 
of its open-pit mine life, so the Ekati mine will soon 
draw ore from several kimberlite pipes with different 
grades and values per carat. The production numbers 
will change as these new pipes are brought on 
stream. In 2001, a larger number of carats (~3.7 Mct)} 
was produced from Ekati with a lower value per carat 
(~$144) compared to the two previous years. This was 
caused by drawing ore not only from the Panda pipe, 
but also from the Misery pipe, which, according to 
BHP’s 2000 Annual Report, has a higher diamond 
grade (3.3 ct/tonne, only stones >1.5 mm) but a lower 
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Figure 20. A wide variation in average rough diamond 
value is shown for the Lac de Gras kimberlites. Colors 
as in figure 19, and data sources as per figure 18. 


value per carat ($34). Production of rough in 2002 is 
expected to reach ~4 Mct due to a greater contribu- 
tion of ore from the higher-grade Misery pipe 
(Kjarsgaard et al., 2002). 

When the Diavik mine reaches full production, 
by late 2003 or early 2004, about 6 Mct per year will 
be added to world production at an average value of 
~$63/ct (Kjarsgaard et al., 2002). In the first 10 years 
of production, Diavik is expected to produce about 
$475 million annually, because of the relatively high 
value ($79/ct} of the diamonds from the A-154 South 
pipe. This is expected to drop to <$375 million per 
year when production is primarily from the other 
three pipes. Primary diamond deposits (such as the 
A-154 South kimberlite) that produce such large 
amounts of diamonds are rare. Currently only six 
such mines worldwide produce more than 3 Mct per 
year: Argyle (Australia), Orapa and Jwaneng 
(Botswana), Udachnaya and Jubileynaya (Russia), and 
Venetia (South Africa). 

By the end of this decade, new production may 
also be coming from at least one of the several 
advanced projects listed in table 4. Moreover, the 
original (1997) Ekati mine plan anticipated that the 
current daily processing of 9,000 tonnes of ore would 
be doubled to 18,000 tonnes beginning in 2008 
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Figure 21. Some of the Lac de Gras kimberlites are 
inferred to have higher ore values (determined by dia- 
mond grade multiplied by average diamond value) 
than other active worldwide diamond mines. Colors 
as in figure 19, and data sources as per figure 18. 


(Johnson and Koivula, 1998; Kjarsgaard et al., 2002). 

Table 5 lists the contribution of the world’s eight 
most important countries to rough diamond produc- 
tion by weight and value for 2001 (Rombouts, 2002). 
In 2001, Canada was the world’s seventh rough dia- 
mond producer by weight and fifth by value. By the 
end of 2003 (or at least in 2004), Canada’s annual 
production from two mines (Ekati and Diavik) is 
expected to be ~10 Mct valued at ~$1 billion, thus 
elevating Canada to the world’s sixth most impor- 
tant rough diamond producer by weight and fourth 
by value (8% and 10%, respectively), just slightly 
behind South Africa in both categories. 


SELLING, CUTTING, AND BRANDING 

OF CANADIAN DIAMONDS 

Sales. In May 1998, BHP (now BHP Billiton) Dia- 
monds Inc. was appointed sales representative for the 
Ekati mine for five years. Sales commenced in 
January 1999 through the BHP Diamonds Inc. sales 
office in Antwerp, Belgium. A sorting and valuation 
facility, located near the Yellowknife airport, opened 
in February 1999. The facilities are used for cleaning, 
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TABLE 5. Production of rough diamonds by weight 
and value worldwide in 2001.4 


Value of produc- Unit value 


Country Galas tion (US$) (USS/ct) 
Botswana 26,416,000 2,193,870,000 83 
Australia 26,070,000 293,700,000 14 
Russia 20,500,000 1,650,000,000 80 
Democratic Republic 19,637,000 496,310,000 25 
of Congo 

South Africa 11,301,000 1,144,655,000 101 


Angola 5,871,000 803,145,000 137 
Canada 3,685,000 530,640,000° 144 
Namibia 1,502,000 322,340,000 215 
All others 3,749,000 450,400,000 120 
World total 118,731,000 7,885,060,000 66 


@ From Rombouts (2002). 


® Value of production for Canada differs slightly from that presented 
in table 2 because of variations in the factor used to convert 
Canadian to U.S. dollars. 


sizing, and basic sorting of the rough diamonds, as 
well as for the division of product for various market- 
ing channels, government valuation, and sales to 
NWT manufacturers. Rough diamonds from the 
Ekati mine are valued before export so that royalties 
(14% of the price received for the diamonds minus 
permitted expenses) can be estimated and paid to the 
federal government when the diamonds are sold. 

The current marketing program for Ekati dia- 
monds involves sales through three separate chan- 
nels. Approximately 10% by value, in specific sizes 
and qualities, is sold to three cutting and polishing 
factories operating in the NWT. Based on a three-year 
agreement that became effective in January 2000, 
35% of the run-of-mine production has been sold to 
the De Beers Diamond Trading Company (formerly 
Central Selling Organisation). The remaining 55% is 
sold through the Antwerp office to international 
manufacturers and traders. Currently, most of the 
sales from the Antwerp office are made in broad 
assortments to a limited number of regular cus- 
tomers on a five-week cycle. Remaining sales are 
made in smaller, more specific assortments to dealers 
and manufacturers on a nonregular basis. 

In September 2002, BHP Billiton announced 
that it would not renew the marketing arrange- 
ment with De Beers after the final 2002 shipment 
of rough diamonds. BHP Billiton will now sell 
90% of its production to international manufac- 
turers and traders through its Antwerp office. It 
will use the share previously sold to De Beers to 
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pursue value-added opportunities. 

Diamonds from the Diavik mine will be sorted 
and valued in a separate facility at Yellowknife, and 
will follow different routes to the cutting centers. 
After the production is divided in Yellowknife, Rio 
Tinto’s portion (60% of the total) will be sold 
through a facility in Antwerp, whereas Aber’s por- 
tion (40%) will be sold out of a rough diamond sort- 
ing facility in Toronto. Most significant is that Aber 
has a marketing arrangement with Tiffany & Co. 
(which also, at 14.9%, is Aber’s largest shareholder), 
whereby Aber will supply Tiffany with a minimum 
of $50 million of rough diamonds in certain specific 
categories for a 10-year period. The remainder of 
Aber’s share of the Diavik production (possibly up 
to $170 million) will go to an Antwerp-based mar- 
keting joint venture between Aber and Antwerp 
diamantaire and manufacturer Overseas Diamonds 
N.V., for placement in the diamond markets and 
cutting centers. However, entry into jewelry manu- 
facturing at a later date is not excluded (Aber 
Diamond Corp., 2002). 


Cutting Diamonds in the NWT. The Government of 
the Northwest Territories (GNWT), the aboriginal 
people, and the federal government of Canada are 
committed not only to developing diamond mines 
with due regard to the environment and indigenous 
cultures, but also to adding value to the diamonds 
within Canada (Paget, 1999). These value-added 
opportunities include cutting and polishing, jewelry 
manufacturing, and tourist-related activities (Dia- 
mond Facts 2000/01,” 2001), which have been initiat- 
ed primarily by the GNWT. Although BHP Billiton 
has agreed to provide up to 10% by value of Ekati’s 
production to three NWT manufacturers (Paget, 
1999), currently only a 7% allocation is used (Janse, 
2002). Based on a “memorandum of understanding” 
between the GNWT and Diavik Diamond Mines, a 
supply of rough diamonds from forthcoming Diavik 
production also will be manufactured in the NWT 
(“Diamond Facts 2000/01,” 2001). An in-depth 
review of the NWT cutting and polishing industry 
can be found in Smillie (2002). 

One cutting and polishing facility (Sirius Dia- 
monds Ltd.; figure 22) opened in 1999, and two oth- 
ers (Deton’Cho Diamonds Inc. and Arslanian 
Cutting Works NWT Ltd.) opened in 2000. 
Manufacturers are attracted to Yellowknife by the 
very generous financial and other incentives offered 
by the government to companies that create jobs 
there (for details, see Even-Zohar, 2001; Smillie, 
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2002). By world standards these cutting facilities are 
small, currently employing a total of 60-80 people. 
They specialize in producing faceted diamonds from 
30 points to 1 carat (see, e.g., figure 23). In view of 
the high labor and related manufacturing costs in 
Canada relative to most other cutting centers, the 
diamond rough given to the Yellowknife factories is 
typically of a higher quality. It has been projected 
that, in five years, 200 cutters in these three factories 
will process some 5,000 carats of rough per month 
(Even-Zohar, 2001). Tiffany is currently constructing 
a manufacturing facility in Yellowknife, where it 
intends to cut one-quarter of its share of diamonds 
from the Diavik mine (Robinson, 2002). Diamonds 
mined in Canada are popular, and premiums of up to 
20% have been reported (Even-Zohar, 2001). This 
has led to the serious suggestion (Waytiuk, 2001) 
that retailers add to the established “4 Cs” a fifth 
“C’—"Canadian.” 


Branding Canadian Diamonds. Although Argyle 
marketed “Champagne” and “Cognac” diamonds in 
the early 1990s, and some manufacturers considered 
branding as an option to offset shrinking profits in 
the mid-1990s (Scriven, 1997), the branding of dia- 
monds did not become a significant marketing tool 
until the late 1990s. By that time, though, many dia- 
mond brands had been introduced, frequently with 
price premiums of up to 15%. Drucker (2000) lists 
22, different brands, many with laser-inscribed gir- 
dles and/or certificates, almost all of which are based 
on specific cuts or shapes. Under a pilot program 
that started in 1999, De Beers provided loose brand- 
ed “De Beers” diamonds to a retail chain in England 
(Sielaff, 1999). Brand naming an otherwise generic 
product, such as diamond, is a proven way of entic- 
ing customers, as evidenced by the success of other 
luxury goods such as watches and clothing (Scriven, 
1997). The brand name implies quality, distinctive- 
ness, prestige, and confidence. 

Canadian diamonds are unique in that they are 
the only diamonds that are branded on the basis of 
origin. Because of the “conflict diamond” issue in 
recent years, origin has become an important con- 
sideration. In 1999, Sirius Diamonds became the 
first to market diamonds as being mined and cut in 
Canada. Their “branded” diamonds are laser- 
inscribed with a polar bear and a serial number, and 
come with a certificate. Soon other brands, identi- 
fied with a snowflake, maple leaf, beaver, or other 
logos representative of Canada, entered the market 
(see, e.g., figure 24). 


DIAMONDS IN CANADA 


Figure 22. These diamond polishers are working at 
Sirius Diamonds in Yellowknife, NWT. Sirius was the 
first cutting facility to open in Canada’s Far North, to 
manufacture diamonds from the Ekati mine. Photo © 
Tim Atherton, 2000. 


The Government of the NWT introduced a pro- 
gram to certify branded diamonds as being mined, cut, 
and polished in the Northwest Territories. The pro- 
gram, the only one of its kind in the world, has a strict 
monitoring system that follows the diamond from 


Figure 23. The diamond-cutting factories in Yellow- 
knife typically produce diamonds ranging from 30 
points to one carat. The stones shown here were fash- 
ioned by Sirius Diamonds; photo © Roy Tanami/Ursus. 
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mine to factory (in Yellowknife). Since November 
2000, Canadian Arctic™ diamonds have come with a 
certificate signed by the Premier of the NWT attest- 
ing to their authenticity (“Diamond Facts 2000/01,” 
2001). Other examples of NWT-branded diamonds 
include the Loon™ diamond in Canada, and the 
Tundra™ and Canadia™ diamonds in the USS. 


EFFECTS OF CANADIAN GOODS 
ON THE DIAMOND PIPELINE 


Since it was established in 1935, the De Beers Cen- 
tral Selling Organisation (CSO) has played a key role 
in maintaining stability in the diamond market 
through the allocation of rough diamonds to the 
cutting centers (i.e., the single-channel marketing 
system). For most of this period, there were relative- 
ly few major producers, and they were amenable to 
selling their rough diamonds through the CSO. 
However, the influx of rough diamonds from vari- 
ous sources over the period 1991-96, and the mar- 
keting of Argyle (Australia) diamonds independent- 
ly from De Beers starting in 1996, has put a severe 
strain on the De Beers pipeline (Sevdermish et al., 
1998). In July 2000, De Beers formally announced 
that it would end its efforts to control world dia- 
mond supply (see, e.g., Boyajian, 2000). Nicholas 
Oppenheimer (2002, p. 30) subsequently acknowl- 
edged that the Canadian diamond discoveries con- 
tributed to this monumental decision: “As new 
sources of supply opened up—particularly in 
Canada—it became evident that that role could not 
be sustained.” In 2001, De Beers’s share of the rough 
diamond market slipped to 57% from its historical 
~80% (Even-Zohar, 2002). 

With De Beers’s changed role, all rough diamond 


producers are now competing for market share. 
Strategies are being developed to cope with the new 
competition. The one preferred by current and 
prospective Canadian producers is vertical integra- 
tion (a supply chain) from the mine to the retail 
consumer, that is, a Canadian pipeline. Even-Zohar 
(1999, p. 35) predicted, “Ultimately, competitive 
dominance will only be achieved by an entire sup- 
ply chain. Competition battles will be fought supply 
chain against supply chain.” 

Ekati has a multi-faceted approach to its distinc- 
tive pipeline. Not only does it sell to the manufac- 
turers mentioned above, but it also sells a small per- 
centage as branded and certified “Made in Canada” 
diamonds, laser-inscribed with a maple leaf logo, 
through a limited number of primarily Canadian 
retailers (polishing is done by contract manufactur- 
ers). BHP Billiton, the majority owner of the mine, 
also sells polished (“Aurias’”) diamonds over the 
Internet (“Ekati to ‘brand’ its diamonds,” 2001). 


CONCLUSIONS 


The first 60 years after Hobbs (1899) suggested the 
likelihood that diamonds would be found in 
Ontario saw no organized diamond exploration, in 
part because of the logistical difficulties of working 
in those parts of the Canadian sub-Arctic and 
Arctic that contained the most favorable geologic 
terrain. Exploration formally started in 1960, and 
activity expanded through the 1980s into extreme- 
ly remote areas. Starting in the 1980s, new scientif- 
ic concepts, mainly those involving airborne geo- 
physical surveys, glacial geology, and the use of 
indicator minerals, were incorporated into many of 
the exploration programs. 


Figure 24, Unlike most other diamonds, Canadian diamonds are typically branded to show their country of origin. 
Many organizations brand their Canadian diamonds by inscribing logos such as the polar bear (Sirius Diamonds) 
on the left, or a maple leaf and the name of the retailer (center, Henry Birks & Sons), or the name of the mine (far 
right), usually in combination with a registration number. Photomicrographs by Mitchell Moore; magnified (left to 
right) 55x, 30x, and 50x. 
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The breakthrough came in 1991, when diamond- 
bearing kimberlite was discovered at “Point lake.” 
Since this discovery, Canada has become a focal 
point for much of the world’s diamond exploration. 
Geologists have benefited from significant advances 
in technological methods, with the result that 538 
kimberlites, over half of which are diamondiferous, 
are now known throughout the country; 90% have 
been discovered in the last decade. New discoveries 
continue to be announced, albeit at a slower rate 
than in recent years. 

Canada’s first diamond mine, Ekati, began pro- 
duction in late 1998. After Canada’s second mine, 
Diavik, reaches full production (possibly in late 
2003), annual rough diamond production from the 
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Figure 25. Canadian dia- 
monds are now being 
featured by jewelry 
designers and retailers. 
The center diamonds in 
these three rings have all 
been inscribed with the 
Sirius polar bear logo. 
The center diamonds 
are, from left to right, 
0.81, 0.42, and 0.51 ct; 
all are set in 18K yellow 
and white gold or (far 
right) platinum. Photo 
© 2002 Peter Kangas 
Jewellers Ltd. 


two mines will be ~10 Mct valued at ~$1 billion. 
This will rank Canada as the sixth most impor- 
tant producer in the world by weight and fourth 
by value. It appears likely that additional mines 
(e.g., Snap Lake, Gahcho Kué) will be in produc- 
tion by the end of this decade (barring unforeseen 
economic or other events). Canada has added a 
new level of competition to other segments of the 
diamond business, ranging from the cutting and 
polishing of higher-value stones, to branding, to 
the retailing of “Canadian diamonds” in fine jew- 
elry (figure 25). As these aspects of the Canadian 
diamond industry continue to evolve, Canada will 
play an increasingly important role in the world 
diamond market. 
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GEMOLOGICAL DIGESTS 


Mexican Black Opal 


Mexico has long been famed 
among gem connoisseurs for its 
“water opal.’ Due to its rarity this 
stone does not compare with the 
Australian opal and is chiefly of in- 
terest as a collector's item. Even 
less known, however, is a variety of 
black opal from Mexico, which the 
writer obtained on a recent visit. 

The Mexican black opal is a true 
opaque black, containing abundant, 
though slightly subdued, fire; it is 
free of the matrix which character- 
izes the Australian variety. Due to 
its novelty, the value of this Mexi- 
can opal has not been definitely es- 
tablished. 

Everyone who handles opal can 
tell tales of the stone’s sensitivity 
to heat and dryness; opals some- 
times crack or break with seemingly 
little cause other than their innate 
perversity. Yet the Mexican black 
opal is actually raised to a red heat 
by the native lapidaries in order to 
improve its brilliance, without the 
stone suffering damage. 

When first taken from the ground, 
the opal is a creamy white color and 
shows relatively little fire. In order 
to darken it and bring out its latent 
fire, the Mexican lapidary employs 
the following process which the au- 
thor was privileged to observe 
closely. 

Process for Baking 


(1) The rough opal is cut into 
finished, polished stones and from 
among these are selected those suit- 
able for baking. In order to with- 


stand baking without breaking, a 
stone must be opaque in appearance, 
as opposed to the glassy or trans- 
lucent color usually associated with 
opals. Such opaque stones are usual- 
ly a trifle porous as well. The ability 
to choose correctly comes only with 
practice. 

(2) A very fine-grained baking 
earth is compounded by mixing dust 
from the opal-cutting operations 
with finely pulverized fertilizer. This 
causes the earth to have cohesion; 
it resembles in texture the molding 
sand used in fine silver casting. 

(3) The opals and the baking 
earth are spread in the patio early 
in the morning and allowed to re- 
main in the sun until mid-afternoon. 
This drives off excess moisture and 
warms both opals and earth evenly. 

(4) A small (1 pint) spherical 
earthenware pot is half filled with 
the warm baking earth and evenly 
tamped. The opals are placed on top 
of this layer, then the pot is filled 
with the remainder of the earth and 
again tightly tamped. It is impor- 
tant that the tamping be thorough, 
otherwise the opals will heat un- 
even'y and may break. 

(5) The lapidary now places the 
pot deen in a bed of hot charcoal, 
on which the family supper is usual- 
ly cooking, and goes off for a short 
siesta or to the near-by church to 
offer a prayer for the health of his 
black-opals-to-be; the cooking of 
opals is not so certain a thing as 
to cause one to lightly spurn di- 
vine assistance. 
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Notes & NEW TECHNIQUES 


“DIFFUSION RUBY” PROVES TO BE 
SYNTHETIC RUBY OVERGROWTH ON 
NATURAL CORUNDUM 


By Christopher P. Smith 


A relatively new production of red corundum, 
reportedly from Bangkok, has been offered for 
sale in recent years. Although the producers 
claimed that these stones were red diffusion-treat- 
ed corundum (i.e., a shallow coloration induced 
by the lattice diffusion of chromium), the surface 
layer is actually a synthetic ruby overgrowth on 
natural colorless to near-colorless corundum. The 
overgrowth layer, after recutting, typically ranged 
from <0.1 to 0.3 mm thick. This material can be 
distinguished from red lattice diffusion—treated 
corundum by the presence of a boundary plane 
and two different types of inclusion features: those 
that occur in the natural corundum core and 
those present only in the synthetic overgrowth. 
This product demonstrates that as treatment tech- 
niques continue to evolve, the distinction 
between natural, treated, and synthetic corundum 
may become increasingly difficult to define. 


relatively new product seen occasionally at 

gem shows since 1998 has been marketed as 

“Diffusion Ruby” (figure 1). When the 
author examined several specimens of this strongly 
colored red corundum, it became clear that the shal- 
low red coloration was not the result of a diffusion 
treatment—that is, the diffusion of chromium into 
the lattice of the host corundum (lattice diffusion) 
to induce a shallow red color layer at the surface of 
an otherwise pale or near-colorless sapphire. Rather, 
it was an overgrowth of synthetic ruby on top of 
colorless to near-colorless natural corundum. A 
similar product was grown experimentally by J. 
Lechleitner of Innsbruck, Austria, in the early 1980s 
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(Bank, 1983; Schmetzer and Bank, 1988); however, 
this material was never produced in commercial 
quantities. The present article describes the gemo- 
logical characteristics that will distinguish this new 
commercial product from red lattice diffusion—treat- 
ed corundum as well as from natural rubies. 


MATERIALS AND METHODS 


In the course of conversations with vendors who 
were selling stones labeled as “Diffusion Ruby,” the 
author made a cursory examination of approximate- 
ly 50 specimens, macroscopically and with a 10x 
loupe. Eleven faceted samples were selected from 
two of the vendors as those best representing the 
various characteristics observed in the larger group. 
They ranged from 0.80 to 1.84 ct (see, e.g., figure 1). 
One of these vendors indicated that his supplier was 
the originator of the treatment, which was done in 
Bangkok (J. Boyle, pers. comm., 1998). 

Three of the samples were subsequently repol- 
ished to permit analysis of the surface layer and the 
main body of the stones. One sample was recut and 
repolished into a 2 mm slice, to produce parallel 
windows that bisected the stone along its length, 
whereas the other two samples were repolished at 
one end of each stone to more clearly differentiate 
the natural core from the synthetic outer layer. 
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All tests were conducted on all 11 samples. 
Standard gemological instrumentation was used to 
record the refractive indices, birefringence, optic 
character, pleochroism, and optical absorption spec- 
tra (desk-model spectroscope). Refractive index 
readings were taken on the table and pavilion facets. 
Specific gravity was determined hydrostatically. A 
binocular microscope, incorporating fiber-optic and 
other lighting techniques, was used to document 
the microscopic features. Color zoning and internal 
growth structures were analyzed with a horizontal 
microscope, a specially designed stoneholder, and a 
mini-goniometer attached to one of the oculars on 
the microscope, employing the methods described 
by Schmetzer (1986), Kiefert and Schmetzer (1991), 
and Smith (1996). Laser Raman microspectrometry 
was performed using a Renishaw Raman System 
2000 equipped with an argon-ion laser. Semi-quan- 
titative to qualitative chemical analyses were 
taken on both table and pavilion facets by means of 
energy-dispersive X-ray fluorescence (EDXRF) spec- 
troscopy performed on a Spectrace TN5000 system, 
using a program specially developed for the analy- 
sis of corundum. Infrared spectra in the region 
between 7000 and 400 cm! were taken with a Pye- 
Unicam FTIR spectrometer using a diffuse re- 
flectance unit. 


RESULTS 


Visual Appearance. When viewed face up with the 
unaided eye, all samples displayed a saturated red 
color (again, see figure 1]. The color appeared rela- 
tively homogeneous, although closer inspection 
revealed that it was slightly uneven or patchy in 
some of the samples. 

In contrast, when the samples were viewed face 
down (particularly over a white background, such as 
a piece of paper), all but two displayed uneven or 
patchy color distribution that correlated to the facet 
arrangement of the stones (see, e.g., figure 2). 

The three samples that were repolished clearly 
revealed a saturated red coloration that was con- 
fined to a shallow surface-related layer, whereas the 
main body of the stone beneath this color layer was 
essentially colorless (figure 3). 


Gemological Characteristics. The pleochroism, bire- 
fringence, optic character, and specific gravity of all 
samples were consistent with corundum in general 
(see, e.g., Webster, 1983; Hurlbut and Kammerling, 
1991; Hughes, 1996). 
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Figure 1. These strongly saturated red stones were 
marketed as “Diffusion Ruby.” However, gemologi- 
cal testing revealed that they are actually the result 
of a synthetic ruby overgrowth onto colorless to near- 
colorless natural sapphire. These six samples 
(0.80-1.12 ct) are part of the group studied in detail 
for this report. Photo by Maha Tannous. 


A few samples displayed typical corundum RI. 
readings from the table facet (i.e., n, = 1.760-1.761, 
n, = 1.768-1.770), although the readings were less 
distinct than normal. Rather unexpectedly, most of 
the readings revealed an R.I. that was over the lim- 


Figure 2. When viewed face down, most of the synthetic- 
overgrowth corundum samples readily showed uneven 
coloration between adjacent facets. The degree of visibil- 
ity, however, was very dependent on the thickness of the 
overgrowth layer. Photo by Maha Tannous. 
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Figure 3. To better observe the overgrowth layer and 
the core, a 0.86 ct sample was recut and repolished 
into a 2-mm-thick slice along the center of the length 
(approximately 6.5 mm). The colorless core of the 
natural “host” and the deeply saturated red synthetic 
overgrowth layer are clearly evident. Inset: With 
higher magnification, the sharp, distinct boundary 
between the colorless core and the saturated red 
outer layer is readily seen. Magnified 40x. 


its (OTL) of a standard refractometer (>1.81). All 
readings taken on the pavilion facets were OTL. 
The RII. of the colorless “core” region in the recut 
and repolished thin slice revealed normal corundum 
readings of n,=1.760 and n,=1.768. 

The absorption spectra of all samples were typi- 
cal of ruby, both natural and synthetic (see, e.g., 
Liddicoat, 1989), and ranged from weak to very 
strong. In addition, all the samples were inert to 
faint red when exposed to long-wave UV radiation. 
One stone also displayed faint orange fluorescent 
zones that were confined to the interior of the 
stone. All stones were inert to short-wave UV. 


Figure 5. Many indentations or cavities at the sur- 
face of these stones extended the full depth of the 
overgrowth layer, down to but not beyond the 
boundary with the natural corundum. Typically, the 
walls of these indentations displayed a stepped mort- 
phology consistent with the formation of many 
small external crystal faces. Magnified 50x. 
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Figure 4. On several of the samples, areas of the origi- 
nal “skin” of the synthetic overgrowth layer remained 
at the surface. In reflected light, the surface topogra- 
phy of these areas shows characteristics of crystal 
growth, as opposed to the surface etching that would 
be expected for true red lattice diffusion—-treated 
corundum. Magnified 28x. 


Microscopic Features. Surface Features. Several of 
the samples retained areas of the original surface of 
the outer layer (see, e.g., figure 4), which had not 
been removed during repolishing. The contours of 
these areas were smooth and slightly undulating, as 
well as stepped with series of small, planar surfaces 
that resembled the development of multiple crystal 
faces. Also noted were several indentations or cavi- 
ties, the walls of which revealed similar stepped pla- 
nar surfaces (figure 5). These indentations were 
highly concentrated in some areas; they occasional- 
ly extended the full depth of the shallow outer 
layer, but never into the interior region. 


Color Zoning and Internal Growth Features. The 
patchy color concentrations between adjacent facets 


Figure 6. The uneven distribution of color was easily 
seen when the samples were immersed (here, in 
methylene iodide) and viewed with a diffused trans- 
mitted light source. Photo by Maha Tannous. 
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Figure 7. Within the overgrowth layer could be seen a 
distinctly mottled or roiled texture, which was related 
to the irregular growth formation. Magnified 38x. 


seen in some samples with the unaided eye were 
even more apparent with magnification, especially 
with a diffused light source (using a standard diffuser 
plate or even a piece of tissue paper). With immer- 
sion (e.g., in methylene iodide) over a diffused light 
source, all samples clearly displayed uneven color 
concentrations between adjacent facets and facet 
edges (see, e.g., figure 6). In the three repolished sam- 
ples, the demarcation between the saturated red sur- 
face-related layer and the colorless zone beneath it 
was even more dramatic (again, see figure 3). 

In all samples, the red coloration halted dramati- 
cally at a boundary plane visible just below the sur- 
face. The “bleeding” of color between outer and 
inner regions that is typical of blue and red lattice 
diffusion-treated corundum (see, e.g., Kane et al., 
1990; McClure et al., 1993; Hughes, 1996) was not 
evident in any of the samples. One sample also 
revealed a yellow-to-orange color zone confined to 
one area of its interior. 

Other observations made more readily with 
immersion included irregular “roiled” or striated 
growth features within the shallow surface layer (fig- 
ure 7). In contrast, the interiors of the stones showed 
subtle to prominent planar and angular sequences of 
internal growth structures composed of the basal 
pinacoid c {0001}, positive rhombohedron r {1011}, and 
combinations of various di-pyramidal growth planes. 
These features are typical of natural corundum. 

Another distinctive feature visible with immer- 
sion—an image reminiscent of a series of steep 
mountainside contours (figure 8)—was created by 
the combination of the external surface of the syn- 
thetic overgrowth layer, the subsurface of the natu- 
ral core, and the areas where the boundary plane 
intercepted the external surface. The author had not 
previously encountered such a feature in natural, 
diffusion-treated, or synthetic ruby. 


NOTES AND NEW TECHNIQUES 


Figure 8. A unique characteristic noted with immer- 
sion and transmitted light in all the samples was an 
image that resembled a series of steep mountainside 
contours. Magnified 15x. 


Inclusions. During microscopic examination, it 
became obvious that there were two different sets 
of inclusions in each sample, separated by the 
boundary plane. One set was concentrated along the 
boundary and within the thin outer layer; the other 
was present only in the interior of the gem. 

The most significant inclusion features occurred 
at the boundary, which typically was accompanied 
by a high concentration of unidentified inclusions 
that were present in generally parallel, linear forma- 
tions (figure 9). In some areas, these inclusions 
changed orientation but remained aligned with one 


Figure 9. A high concentration of aligned inclusions 
occurred during the initial deposition of the synthetic 
overgrowth. As a result, these inclusions clearly 
demarcated the boundary between the host gemstone 
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Figure 10. On the left, the table, bezel, and star facet arrangement of the faceted natural corundum core is clear- 


ly visible just below the surface of this 0.95 ct sample. Also note the two surface areas devoid of aligned inclu- 
sions, where entire portions of the overgrowth layer have been polished away. On the right, this same area 
viewed with reflected light clearly shows that the external facet arrangement of the synthetic overgrowth layer 
(i.e., the surface of the stone) does not correspond to that of the natural corundum core. Magnified 32x. 


another. The various angles created by the abrupt 
changes in orientation were not consistent within 
individual samples or between samples in this 
study; nor did they correlate to angles related to the 
formation of internal growth structures (see, e.g., 
Smith, 1996). Furthermore, geometric outlines 
resembling bezel, star, upper-girdle facets, and pavil- 
ion step facets were seen below the surface, where 
the aligned inclusions at the boundary plane 
changed directions (figure 10). 

As a result of repolishing, the planar boundary 
did not occur at a uniform depth beneath every 
facet. In some areas of each sample, the red outer 
layer was less than 0.1 mm thick, whereas in other 
areas it was as much as 0.3 mm thick. In several of 
the samples, this boundary and the associated con- 
centration of inclusions intercepted the surface of 
the stone (areas where repolishing had completely 
removed portions of the outer layer). 

Turbid bluish white clouds could be seen through- 
out the outer layer, as well as along or just beneath 
the boundary, within the host sapphire plane. 
Sometimes these clouds were homogeneous in tex- 
ture; other times they were distinctly mottled and 
uneven. Also observed in the outer layer were 
numerous pinpoint inclusions (figure 11). 

A variety of inclusion features in the interior 
regions of the samples extended to, but not beyond, 
the boundary plane (figure 12). In addition, all sam- 
ples showed evidence of high-temperature thermal 
alteration. These included altered remnants of rutile 
needles, platelets, and stringer formations, as well 
as apparently unaltered needle, platelet, and stringer 
formations of presumably hematite or ilmenite. 
Small crystalline inclusions, as well as series of neg- 
ative crystals, were accompanied by altered and/or 
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induced stress fractures. Most samples contained 
naturally occurring healed fractures, which further 
revealed evidence of thermal alteration. 


Raman Analysis. Raman spectra of two repolished 
stones, taken specifically to analyze only the strong- 
ly colored outer layer above the boundary plane and 
the interior region of the samples, confirmed that in 
both areas the material was corundum, with Raman 
peaks located at 750, 577, and 419 cm! (see, e.g., 
Hanni et al., 1996; Williams et al., 1997). 


Chemical Analysis. EDXRF revealed a significant 
variability in the chromium (Cr,O,) concentrations 
(from less than 0.01 or “not detected” to 12.8 wt.%) 
recorded from the table facet as well as from different 
sides of the pavilion on individual samples and from 
one sample to another. Analyses taken on facets 
where the shallow outer layer was present revealed 
4.0-12.8 wt.% Cr,O,. A rough general correlation 
could be made between the thickness of the outer 
layer and the Cr concentration (i.e., thinner layer, 
lower relative Cr concentration—thicker layer, higher 
relative Cr concentration). Chemical analyses taken 
on the interior regions of the repolished samples, 
as well as on facets of other samples where the 
outer layer had been removed by repolishing, did not 
reveal any detectable Cr. None of the analyses taken 
on the outer layers detected any sodium or heavy 
elements such as lead, platinum, tungsten, bismuth, 
molybdenum, or the like. 


Infrared Spectroscopy. All of the spectra revealed 
the absorption characteristics of corundum between 
approximately 1500 and 300 cm! (see, e.g., Smith, 
1995). No other absorption bands relating to struc- 
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tural OH groups or other foreign mineral phases 
were seen. 


DISCUSSION 


Raman analysis proved that the outer layer of high- 
ly saturated red color was corundum (i.e., ruby). The 
synthetic origin of this outer layer/overgrowth was 
determined by the presence of a distinct boundary 
plane, as well as by the inclusion features that were 
confined to the boundary and the shallow layer out- 
side this boundary. The inclusion features observed 
within the interior region of the stones provided 
clear evidence of the natural origin of the corundum 
core (see, e.g., Giibelin and Koivula, 1986). The con- 
centration of inclusions along the boundary plane 
revealing the outlines of crown and pavilion facets 
confirmed that the natural corundum used as the 
starting material was faceted. 

Synthetic overgrowth on a natural seed is not 
new to gemology. Probably the best-known com- 
mercial product involved the growth of synthetic 
emerald onto a natural beryl host, first achieved by 
Lechleitner in 1959 (see, e.g., Giibelin, 1960-61; 
Bank, 1976; Schmetzer et al., 1981). However, 
Lechleitner also experimented with the same 
approach on corundum. For a review of the features 
noted for those samples, the reader is referred to 
Schmetzer and Bank (1988). In this well-illustrated 
article, the authors describe samples where 
Lechleitner had grown synthetic ruby on top of nat- 
ural “pale to even colourless corundum seeds. . . .” 
(p. 97). In many respects, the features described in 


Figure 11. Turbid bluish white clouds confined to the 
overgrowth layer commonly displayed a distinctly 
mottled texture. Also note the multitude of pinpoint 
inclusions that were typically present throughout the 
overgrowth layer. Magnified 25x. 
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that paper are consistent with those observed in the 
present study. These include the presence of a sharp 
boundary between the natural corundum “seeds” 
and the synthetic ruby overgrowth, as well as two 
types of inclusions (i.e., those of the natural corun- 
dum seed and those of the synthetic ruby over- 
growth]. 

However, there are some differences in the spe- 
cific inclusion features noted for the synthetic ruby 
overgrowth. Schmetzer and Bank describe needle- 
like and doubly refractive inclusions, which were 
not observed in the present samples. Conversely, 
their article did not mention the presence of inclu- 
sions aligned along the boundary and turbid clouds 
within the overgrowth layers, which were typical 
of the present samples. The authors noted similar 
internal growth structures associated with the nat- 
ural corundum host, but not the seemingly unique 
patterns observed with immersion, such as those 
that resembled a steep mountainside or the roiled 
appearance. The latter is somewhat similar to the 
internal growth features seen in hydrothermally 
grown synthetic rubies (see, e.g., Peretti and 
Smith, 1993), but closer inspection revealed dis- 
tinct differences. 

Although Schmetzer and Bank did not mention 
the chromium concentrations of their samples, they 
did detect molybdenum, which proves that 
Lechleitner was using a commercial flux method to 
grow the synthetic ruby layer. Molybdenum or 
other elements typical of commercial flux-growth 


Figure 12. This 0.80 ct sample was repolished to illus- 
trate clearly how this naturally occurring healed frac- 
ture in the core extends up to, but not beyond, the 
boundary with the synthetic ruby overgrowth. Also note 
the sharp color demarcation between the essentially col- 
orless natural corundum core and the deeply saturated 
synthetic ruby overgrowth layer. Magnified 25x. 
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processes for synthetic rubies were not detected in 
the present study. 

Although the present author was informed by 
one of the suppliers that the producer insisted these 
stones were “diffusion treated” and not a synthetic 
ruby overgrowth (J. Boyles, pers. comm., 1998), 
there is not sufficient information to determine the 
source of the overgrowth. It could have been pro- 
duced by a commercial flux-growth process that 
used a flux involving elements that could not be 
detected by EDXRF (such as lithium). The absence 


TABLE 1. Separation of red lattice diffusion-treated 
corundum from corundum with a synthetic ruby overgrowth. 


Synthetic ruby overgrowth Red lattice diffusion treatment? 


nert to short-wave UV radiation Chalky bluish white to yellowish 
white short-wave UV fluores- 


cence, confined to the surface 


Remnants of the outer “skin” of | Whitish inclusions along the 
he overgrowth layer, which surface resulting from damage 
reveal traits characteristic of due to the treatment 

crystal growth 

ndentations at the surface 
revealing characteristics of crystal surface, accompanied by 
morphology; do not extend concentrations of diffused 
beyond the boundary color 

A boundary plane at or just below No boundary plane 

the surface 

Two sets of inclusions: (1) in the Inclusions typical of natural 
natural corundum core, and (2) in corundum that may extend from 
the synthetic overgrowth the interior to the surface 

A high concentration of inclusions Nothing similar 

aligned along the boundary plane, 
often highlighting the facet arrange- 
ment of the host gemstone 
Pinpoint inclusions that are con- Nothing similar 
fined to a shallow depth and do 
not extend past the boundary 
plane 
Bluish white turbidity that is con- Nothing similar 

fined to a shallow depth and 

extends only to the boundary 

plane or just beneath it 

A shallow red coloration that has A shallow red coloration that 
a sharp and distinct planar border “bleeds” at the edges 
between the overgrowth layer and 

the interior of the gemstone 

Irregular or striated growth struc- Nothing similar 

tures within the overgrowth layer 

An image of steep mountainside Nothing similar 

“contours” visible with immersion 

at the surface/contact plane of 

the host gemstone with the 

overgrowth 


Etch pits and voids at the 


@ From McClure et al. (1993). 
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of structurally bonded OH groups in the infrared 
spectrum precludes production of the synthetic 
overgrowth layer by any commercial hydrothermal, 
flame-fusion, Czochralski, or floating-zone synthet- 
ic growth method. 

Alternatively, the layer could have been produced 
unintentionally in the course of an attempt at true 
lattice diffusion treatment that used an aluminum- 
based flux. Such a flux (containing significant 
amounts of Cr) is proposed, because the faceted sur- 
face of the core natural corundum did not show any 
evidence of the surface dissolution that would have 
been needed to supply the alumina necessary for the 
volume of synthetic ruby that was subsequently 
grown. Nevertheless, we do know that when heat- 
treatment techniques are used in combination with 
chemical additives (fluxes), processes similar to those 
that take place during the growth of synthetic rubies 
and/or sapphires may also occur. For example, as part 
of an ongoing research project into the heat treat- 
ment of corundum, the Gibelin Gem Lab heated 
natural rubies with a commercially available alu- 
minum-silicate flux to try to heal fractures. This 
experiment resulted in the unexpected growth of a 
significant amount of synthetic corundum on the 
surface of the rubies heated with that particular flux. 
Recently, evidence of the deposition of synthetic 
materials, including corundum, was detected on the 
surface of samples of the “new” beryllium lattice dif- 
fusion-treated corundum, which also is produced in 
Thailand (see, e.g., http://www.agta.org/consumer/ 
gtclab/treatedsappsO1.htm and Gem Trade Lab 
Notes, this issue, pp. 255-256). 

At first glance, the patchy color concentrations 
of this material are consistent with its representa- 
tion as “Diffusion Ruby.” In fact, red lattice diffu- 
sion-treated corundum (as reported by McClure et 
al., 1993) and stones with a thin synthetic ruby 
overgrowth may have several traits and properties 
in common. These include: 


e Shallow color concentration confined to the 
near-surface 

e A patchy or uneven coloration, following the 
facet arrangement, viewed both with the unaid- 
ed eye and with magnification over diffused 
light or, more markedly, with immersion 

¢ OTL refractometer readings {i.e., >1.81)} 

e Elevated chromium concentrations 


e Evidence of high-temperature alteration of 
inclusions 
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However, on close inspection, a number of fea- 
tures will readily separate true red lattice diffusion— 
treated corundum from stones that owe their col- 
oration to a thin overgrowth of synthetic ruby on top 
of natural corundum seeds (table 1). 

Probably the single most diagnostic feature of 
the synthetic overgrowth is the aligned concentra- 
tion of inclusions at the contact plane of the natural 
corundum core and the overgrowth layer. The loca- 
tion, orientation, and visual appearance of these 
aligned inclusions clearly demonstrates that they 
formed during the initial deposition of synthetic 
ruby, along the original polishing directions of the 
faceted natural “host.” Repolishing/faceting of the 
stones after deposition of the synthetic overgrowth 
layer typically results in a non-uniform thickness of 
that layer and even its complete removal in some 
areas. In all of the samples examined to date, the 
facet arrangement of the core natural corundum 
was visible below the surface layer and did not cor- 
respond to the facet arrangement at the surface of 
the overgrowth (again, see figure 10). 

The thickness (or absence) of the overgrowth 
layer had a significant effect on the properties record- 
ed for these samples. On facets where the synthetic 
overgrowth was no longer present, normal R.I. read- 
ings for corundum were recorded. On facets where 
the overgrowth was very thin (less than approxi- 
mately 0.1 mm], the edges of the refractive indices 
were rather “fuzzy,” as compared to the “sharp” 
edges normally observed. The facets with thicker 
overgrowth layers always displayed OTL RI. read- 
ings. Elevated R.I. readings are consistent with 
corundum that contains higher than normal “trace 
element” concentrations (see, e.g., Webster, 1983; 
Peretti et al., 1995). And when chromium is signifi- 
cantly higher (as noted in red lattice diffusion—treated 
samples; McClure et. al., 1993), >1.81 readings also 
have been recorded previously. 

Colorless to near-colorless natural sapphires were 
used as the “seeds” for this treatment, because they 
typically lack the trace-element concentrations nec- 
essary to impart color as a result of heat treatment. It 
is particularly important that the natural starting 
material contain low relative concentrations of tita- 


nium and iron so the host will not develop a distinct 
blue coloration during the heating process, thus pro- 
ducing an overall purple coloration once the synthet- 
ic ruby overgrowth is added. The orange color con- 
centration in the interior of one sample is attributed 
to trapped-hole color centers associated with natural- 
ly occurring magnesium (Mg”*) that were created dur- 
ing the heating/overgrowth process (see, e.g., Emmett 
and Douthit, 1993). 


CONCLUSIONS 


Red lattice diffusion-treated corundum was intro- 
duced in the early 1990s, so this author was not sur- 
prised when gems were being offered as “Diffusion 
Ruby” by a variety of gem dealers over the past few 
years. Indeed, there are a number of similarities 
between true red lattice diffusion—treated corundum 
and the samples offered as “Diffusion Ruby.” These 
consist of patchy color concentrations from one 
facet to the next, high chromium concentrations, 
and OTL refractive index readings. However, these 
synthetic ruby overgrowths are readily distin- 
guished by several traits, which include the pres- 
ence of a boundary plane at the interface of the nat- 
ural corundum core and the synthetic ruby over- 
growth layer located just below (or sometimes 
reaching) the surface of the stone, as well as differ- 
ent inclusion features in the synthetic overgrowth 
layer as compared to the natural corundum seed. In 
addition, the synthetic overgrowth is inert to short- 
wave UV radiation. 

Although synthetic ruby overgrowths on natural 
corundum were produced experimentally some 20 
years ago, the description of colorless to near-color- 
less natural sapphires with a thin layer of synthetic 
ruby overgrowth seems particularly timely today 
when one considers the controversy surrounding the 
deposition of synthetic corundum in the course of 
the new beryllium lattice-diffusion treatment of 
corundum. As treatment techniques that incorporate 
fluxes in conjunction with high temperatures contin- 
ue to develop and evolve, the distinction between 
natural, treated, and synthetic corundum may 
become increasingly difficult. 
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(6) Approximately 20 minutes 
after placing the pot in the char- 
coal, the lapidary removes the ves- 
sel, which by now is a bright cherry 
red; a blue flame may play around 
the mouth of the pit due to the emis- 
sion of gas by organic material in 
the baking earth. 

(7) The pot of opals is allowed 
to cool indoors until the following 
morning, when the earth is uncere- 
moniously dumped into an ordinary 
kitchen strainer and the opals sifted 
out. This process is not devoid of 
interest, as it may reveal a batch 
of fine stones or only a heap of 
worthless fragments. The baking 
has turned the earth as black as 
soot and destroyed its cohesiveness. 
It is used only once. 

The process which causes the 
opals to darken is not clearly under- 
stood and would be an interesting 
subject for study.’ The explanation 
is probably to be found in the re- 
duction of carbon within the stone; 
but whether the carbon was original- 
ly present within the stone or 
whether it is introduced by the or- 
ganic vapors is not known, 

The fact that these opals with- 
stand such intense heat with rela- 
tively little breakage and show a 
marked inerease in brilliance is of 
considerable interest. It would seem 
that the play of colors so typical of 
opal is, in this stone at least, inde- 
pendent of casual water content in 
the stone’s interstices and due en- 
tirely to the optical configuration of 
the opal proper. It would be inter- 
esting to determine the water con- 
tent of these opals before and after 
heating. —Dan E. Mayers 
‘Subsequent to writing the above, the author 
discovered that the blackening of the opals 
described was only ‘“‘skin-deep.” the stone 
turning white once more on being repolished. 
This shows rather conclusively that the color- 


ing is caused merely by the deposition of soot 
in the pores of the stone near its surface. 


Notes on Cutting and 
Polishing Scheelite 


Scheelite is difficult to polish, which 
indicates that it has a high melting 
point. This, combined with a high 
coefficient of expansion, makes high 
pressure and lap-speed in polishing 
impossible, This drawback to its use 
as a gem is partially offset by its 
high dispersion and strong double 
refraction. 

J have obtained interesting results 
in cutting and polishing a white 
scheelite reported to have come from 
southern California, 

Polishing was, at first, difficult. 
Under a high-speed felt buff the 
material heated and shattered badly. 
An excellent polish was eventually 
obtained on cabochon forms with very 
fine levigated alumina on a hard felt 
buff, wet, with the slowest speed on 
a jeweler’s polishing motor. 

Flat surface polishing in a. bril- 
Hant-cut scheclite presents a much 
more difficult problem. An excellent 
example of brilliant-cut scheelite was 
fashioned for me by Mr. A. Esposi- 
ter, of Larchmont, New York, who 
roughed out the piece to the approxi- 
mate proportions for a full cut bril- 
liant of about the size of a 3- or 
4-carat diamond, 

In polishing it, with a view to ob- 
taining a maximum amount of total 
reflection, Mr. Espositer tried every- 
thing—-even to a very fine levigated 
diamond dust-~without being able to 
arrive at anything which would give 
it a fine polish without cracking it, 
so that it still appears a bit milky. 

If any method could be found to 
give colorless, brilliant-cut scheelite 
a high polish, a most lively brilliant 
would result. Though not of sufficient 
durability for use in jewelry, such 
a stone would make a fine museum 
piece. —Frank B. Wade 
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Gem Trade LAB NOTES 


BROMELLITE 


Occasionally we are fortunate to re- 
ceive for identification faceted exam- 
ples of minerals that are seldom if 
ever seen fashioned as gemstones. 
The West Coast laboratory had such 
an opportunity when three transpar- 
ent colorless stones weighing 0.68, 
1.92, and 2.80 ct (figure 1) were sub- 
mitted by Dunil Palitha Gunasekera 
of Ratnapura, Sri Lanka. He suspected 
these stones to be johachidolite, a rare 
borate mineral first described as a cut 
gem by R. Harding et al. in 1999 
(Journal of Gemmology, Vol. 26, No. 
5, pp. 324-329). 


} 
|GIA 
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However, the results of gemologi- 
cal testing did not match the proper- 
ties given for the johachidolite 
described in the above article (R.L.= 
1.717-1.724, S.G.=3.45). Instead, test- 
ing showed R.L’s of 1.718-1.732 and 
an S.G. of 3.01-3.03. The stones were 
inert to long-wave ultraviolet (UV) 
radiation, showed only a very weak 
yellow reaction to short-wave UV, 
and no absorption bands were visible 
in the desk-model spectroscope. 
These properties did not match any 
gem material with which we were 
familiar. 

The mystery deepened when 
energy-dispersive X-ray fluorescence 


Figure 1. These three transparent colorless stones (0.68, 1.92, and 2.80 
ct) are believed to be the first reported faceted specimens of the miner- 
al bromellite. 
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Figure 2. This 5.84 ct synthetic BeO 
crystal was grown experimentally in 
Russia. 


(EDXRF) analysis of the 2.80 ct sam- 
ple failed to detect any elements at 
all. While our EDXRF spectrometers 
are sensitive only to the elements 
sodium and higher on the periodic 
table, this was the first time we 
could recall that the instrument did 
not detect any elements within a 
crystalline sample. GIA research 
gemologist Shane Elen, on hearing of 
these results and having just read the 
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inclusions were present in both sam- 
ples of synthetic bromellite exam- 
ined for this study. Magnified 40x. 


chapter on synthetic gemstones in J. 
E. Arem’s Color Encyclopedia of 
Gemstones (2nd ed., 1987, Van 
Nostrand Reinhold, New York), sug- 
gested BeO as a possible chemical 
makeup. Arem mentions that color- 
less BeO crystals, with the mineral 
name bromellite, have been grown 
synthetically. 

We then turned to an X-ray pow- 
der diffraction database, limiting our 
search to inorganic minerals with an 
S.G. of 2.92-3.12 and eliminating 
many of the elements detectable by 
EDXRF. The search provided a list of 
three possibilities (with formulas as 
indicated in the database): sidwillite 
[MoO,*2H,O], hydroxylbastnasite 
[Nd(CO,}(OH)], and bromellite 
[BeO]. We eliminated the first two 
minerals because neither Mo nor Nd 
was detected in the chemical analy- 
sis, and the R.I.’s of both are dis- 
tinctly different from those we had 
recorded. Published values for 
bromellite, however, almost exactly 
fit the R.I. and S.G. of the samples in 
question. The identification was 
confirmed when Raman spectra of 
the samples yielded a good match 
for bromellite from the Renishaw 
Raman database. 

Since none of us had ever heard 
of bromellite being fashioned as a 
gemstone, and a search of the gemo- 
logical literature did not reveal any 
mention of this mineral being cut 
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Figure 4. All of the faceted bromel- 
lites revealed groups of transparent 
colorless irregular crystals similar to 
that shown here in the 0.68 ct sam- 
ple. Magnified 40x. 


and polished, we next addressed the 
question of the natural or synthetic 
origin of these three samples. 
Synthetic bromellite has been grown 
for nearly four decades (see, e.g., 
H. W. Newkirk and D. K. Smith, 
“Crystal growth, morphology and 
twinning of synthetic macrocrystals 
and microcrystals of bromellite,” 
Acta Crystallographica, Vol. 16, Pt. 
13, 1963, p. 142). One of the authors 
(SFM) located two crystals of BeO 
that were represented as having been 
grown experimentally in Russia. The 
Raman spectra obtained on one of 
the crystals (figure 2) matched the 
spectra of the faceted stones. 
However, these crystals still had 
remnants of the wires from which 
they were suspended in their growth 
environment, as well as large, white, 
irregular inclusions that were proba- 
bly flux trapped during growth (fig- 
ure 3). These inclusions should be 
easily recognizable as proof of syn- 
thetic origin in a faceted stone. 

In contrast, the internal features 
of the three stones submitted to the 
lab included planes of liquid inclu- 
sions, transparent colorless irregular 
crystals (figure 4), transparent yellow 
rounded crystals (figure 5), and 
numerous thin needles (figure 6). 
The nature of these inclusions, plus 
the obvious difference from those 
seen in the known synthetics, was 
sufficient to prove the natural origin 
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Figure 5. Also present in all of the 
faceted bromellites were several 
transparent rounded yellow crys- 
tals surrounded by haloes. 
Magnified 40x. 


of these bromellites. According to 
R. V. Gaines et al. (Dana’s New 
Mineralogy, 8th ed., John Wiley & 
Sons, New York, 1997, p. 211), 
bromellite has been recovered from 
skarns in Sweden and Texas, from 
the emerald mines in the Ural 
Mountains of Russia, and from 
unspecified rocks in Norway. 

We believe these three stones are 
the first reported examples of faceted 
gem-quality bromellite. For future 
reference, table 1 lists the properties 
of this new gem material. 

SFM and Sam Muhlmeister 


Figure 6. Numerous thin needles, 
which did not display any partic- 
ular orientation within the 
stones, were seen in all the 
faceted bromellites and helped 
confirm their origin as natural. 
Magnified 29x. 


FALL 2002 251 


- TABLE 1. Properties of bromeliite. 


Property Characteristic 
Color White® or colorless 
Luster Vitreous® 
Hardness 0 

Cleavage {1010} perfect; 


{0001} good# 
n,=1.718, n,=1.732 
0.014 

Hexagonal? 
Uniaxial positive 


Refractive indices 
Birefringence 
Crystal system 
Optic character 
UV fluorescence 
Long-wave 
Short-wave 
Absorption spectrum 
Specific gravity 
Inclusions 


Inert® 

Inert to weak yellow® 
No features seen 
3.01-3.03 

Planes of liquid inclu- 
sions, transparent col- 
orless irregular crys- 
tals, transparent yellow 
rounded crystals, 
numerous thin needles 


4From Gaines et al. (1997). 

‘For bromellite from Norway, Gaines et al. 
(1997) reported white fluorescence to short- 
wave UV, whereas yellowish white fiuores- 
cence to both short- and long-wave UV was 
reported by A. O. Larsen et al. (“Bromellite 
from syenite pegmatite, southern Oslo region, 
Norway,” Canadian Mineralogist, Vol. 25, No. 
8, 1987, pp. 425-428). 


CHAROITE Inclusions 

In a Quartz-Feldspar Rock 

In the Winter 2001 Lab Notes section 
(p. 318), we reported on the examina- 
tion of an interesting 292.14 ct cabo- 
chon of charoite with tinaksite that 
was submitted to the West Coast lab- 
oratory by gemologist Leon M. Agee 
of Agee Lapidary in Deer Park, 
Washington. More recently, Mr. Agee 
sent another “charoite” cabochon for 
examination, which turned out to be 
just as interesting as the previous 
gem. This new cabochon weighed 
73.55 ct and measured 39.12, x 2.7.56 x 
7.20 mm (figure 7). 

Although for the most part the 
cabochon resembled charoite in 
appearance, the gemological proper- 
ties were consistent with quartz, not 
charoite. Examination with magnifi- 
cation and testing with laser Raman 
microspectrometry revealed that the 
cabochon consisted primarily of a 
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mixture of transparent to semitrans- 
parent near-colorless quartz and, to a 
much lesser extent, feldspar. Within 
this host matrix, numerous lavender- 
colored inclusions were identified as 
charoite by Raman analysis. These 
inclusions primarily took the form of 
dense curved and twisted bundles of 
fibers and fine sprays of needles, but 
some individual fibers were also 
noted. Where the inclusions were 
particularly dense, the charoite gave 
the host quartz/feldspar a pleasing 
lavender color. Where the inclusions 
were finely disseminated, they made 
the host slightly translucent but did 
not add any appreciable color. This is 
the first time we have encountered 
charoite as a recognizable inclusion 
in another gem material. 

JIK and Maha Tannous 


DIAMOND 


Altered vs. Natural Inclusions 

in Fancy-Color Diamonds 
Characterizing gemological features 
has always been critical in determin- 
ing the origin of color in a diamond. 
With the increased use of high pres- 


sure/high temperature (HPHT) tech- 
nology to change the color of dia- 
mond, this endeavor has become 
even more important. The intense 
heat and pressure generated by this 
treatment may alter internal charac- 
teristics, thus leaving clues for the 
gemologist. Yet interpretation of 
these clues can be very challenging, 
as evidenced by two diamonds 
recently submitted to the East Coast 
laboratory for origin-of-color reports. 

The 3.38 ct Fancy Intense blue 
marquise and 1.20 ct Fancy Vivid 
orange-yellow pear shape exhibited 
very similar inclusions that looked 
suspiciously like those often found 
in HPHT-annealed stones (see, e.g., 
T. M. Moses et al., “Observations on 
GE-processed diamonds: A photo- 
graphic record,” Fall 1999 Gems & 
Gemology, pp. 14-22; and I. M. 
Reinitz et al., “Identification of 
HPHT-treated yellow to green dia- 
monds,” Summer 2000 Gems & 
Gemology, pp. 128-137). In figure 8, 
the blue diamond displays a large, 
flat, apparently graphitized inclusion 
surrounded by a colorless halo. 
Similarly, in figure 9, the yellow dia- 
mond also has a large, flat inclusion 


Figure 7. Consisting primarily of quartz and, to a much lesser extent, 
feldspar, this 73.55 ct cabochon was decorated internally with fibrous 
bundles and fine sprays of charoite. 
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Figure 8. The tension halo in this 
3.38 ct blue diamond appears 
similar to inclusions seen in 
HPHT-annealed diamonds. 
However, the smooth, shiny 
appearance of the halo suggests 
that the color in this diamond is 
natural, as was confirmed by 
spectroscopy. Magnified 45x. 


that appears to be graphitized, with 
a colorless halo surrounding it. 

After further examination, we 
noted subtle but significant differ- 
ences between these two inclusions 
and their associated tension halos. 
The halo in the blue diamond was 
quite flat with little or no relief. The 
halo in the yellow diamond appeared 
to undulate as it went around the 
dark center. Also, the surface of the 
halo in the blue diamond was very 
shiny in reflected light, whereas the 
surface of its counterpart in the yel- 
low diamond revealed a less reflec- 
tive, sugary appearance. 

Black inclusions are relatively 
common in natural-color type IIb 
blue diamonds (see J. M. King et al., 
“Characterizing natural-color type 
IIb blue diamonds,” Winter 1998 
Gems & Gemology, pp. 246-268). 
They are less common in natural- 
color yellow diamonds, but they are 
not unknown. Tension haloes can 
form naturally around inclusions in 
any diamond. 

The conditions of HPHT anneal- 
ing also can create tension haloes 
around existing inclusions while stim- 
ulating graphite formation along the 
crystal faces of those inclusions. The 
result may be a large, flat inclusion 
with a dark center, which is surround- 
ed by a transparent/translucent halo. 
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Figure 9. The tension halo in this 
1.20 ct orange-yellow diamond 
appears similar to the one in fig- 
ure 8. In this case, however, the 
sugary texture and undulating 
nature of the halo suggests that 
this diamond has been exposed 
to an HPHT process, which was 
confirmed by spectroscopic 
analysis. Magnified 45x. 


However, there are subtle differ- 
ences in tension haloes produced nat- 
urally and those resulting from 
HPHT processing. This led us to sus- 
pect that the orange-yellow diamond 
had in fact been color enhanced by 
HPHT annealing, while the blue one 
had not. Because the HPHT process 
subjects a diamond to intense heat 
and pressure for a relatively short 
period of time, the damage it often 
causes to existing features may be 
severe. From our experience, the sug- 
ary texture and undulating nature of 
the tension halo in the orange-yellow 
pear shape suggested that this dia- 
mond was subjected to a rapid change 
in heat and pressure, whereas the 
smooth, shiny appearance of the halo 
in the blue diamond indicated that it 
was caused by a slower, natural pro- 
cess. Spectroscopic analysis con- 
firmed the observations we had made 
with magnification: The blue dia- 
mond had not been HPHT annealed, 
and the orange-yellow diamond had. 
These examples further validate the 
need for both careful gemological 
observations and advanced analytical 
testing to arrive at a correct origin-of- 
color determination. 

Thomas Gelb and 
Matthew Hall 
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With “Compact Disc” Inclusion 


During the process of clarity grading 
a diamond, graders will occasionally 
come across inclusions that are rem- 
iniscent of some familiar object that 
adds interest to the diamond even if 
it also lowers the clarity grade of the 
host. Such was the case when a near- 
colorless 0.97 ct round brilliant was 
submitted to the West Coast labora- 
tory for a diamond grading report. 

The dark portion of the inclusion 
observed in this diamond was too 
deep to be identified by Raman anal- 
ysis. Through the microscope, how- 
ever, and in darkfield illumination, 
the inclusion appeared to be com- 
posed of an opaque dark gray to 
black graphite and/or sulfide center 
that was surrounded by an almost 
perfectly circular cleavage disk. 

When the inclusion was exam- 
ined at a slight angle to its plane 
with a fiber-optic illuminator, the 
cleavage disk took on a reflective, 
silvery appearance, with what looked 
like numerous fine lines arranged in 
a relatively uniform pattern around 
the dark center. These grooves 
appeared to be minute steps in the 
primary cleavage plane. They were 
probably extensions of the other 
three directions of octahedral cleav- 
age that is typical of diamond. 

When the fiber-optic illuminator 
was placed in one specific position, as 
shown in figure 10, the light scattered 


Figure 10. Extending from a dark 
inclusion in a near-colorless dia- 
mond, this cleavage disk takes on 
the appearance of a compact disc 
when it is illuminated with a 
fiber-optic light. Magnified 20x. 
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and reflected by the grooves on the 
cleavage disk formed a distinct radial 
pattern, with the “flares” varying 
from silvery white to a slightly grayish 
blue. To those who viewed the unusu- 
al feature, this created the illusion of 
light reflecting from a compact disc. 
JIK and Maha Tannous 


HEMIMORPHITE, 


A Rarely Encountered 

Gem Material 

At first look, the medium-tone, 
intensely colored greenish blue oval 
cabochon shown in figure 11 remind- 
ed us of high-quality turquoise or 
possibly chalcedony. The principal 
refractive indices, measured on the 
base of the 9.80 ct cabochon, were 
approximately 1.613-1.635. These 
quickly ruled out chalcedony, but 
not turquoise. However, the specific 
gravity (determined hydrostatically) 
was approximately 3.45, significant- 
ly higher than turquoise. 

The cabochon was inert to both 
long- and short-wave UV fluores- 
cence, and no absorption lines were 
visible with a desk-model spectro- 
scope. The combination of properties 
indicated that the cabochon might be 
hemimorphite [Zn,Si,O,(OH),-H,O]. 
To confirm this identification, we 
turned to the advanced techniques of 


Figure 11. This 9.80 ct oval cabo- 
chon (12.90 x 11.00 x 7.50 mm) 
was identified as hemimorphite, 
which is seen only rarely as a 
fashioned gem. 
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laser Raman microspectrometry and 
qualitative chemical analysis using 
EDXRF spectrometry. With Raman 
analysis, we observed a strong peak 
at 932 cm™!, a moderate peak at 682 
cm!, and relatively weak peaks at 
333, 404, and 455 cm! this spec- 
trum matched well that of our refer- 
ence sample of hemimorphite. As a 
further confirmation, EDXRF analy- 
sis showed silicon and zinc in high 
concentrations (along with lower 
amounts of copper, sodium, and 
lead). Hemimorphite is a common 
mineral in the oxidized zone of zinc- 
bearing mineral deposits. However, 
we have encountered gems fashioned 
from hemimorphite only rarely in the 
laboratory. 

For the most part, these observa- 
tions are consistent with those 
reported for hemimorphite in the 
Spring 1998 Lab Notes section (pp. 
44-45). Unlike the hemimorphite 
cabochon reported by R. T. Liddicoat 
in the Winter 1971-72 Lab section 
(pp. 383-384), the current cabochon 
did not show distinctive agate-like 
banding and it had a more fibrous 
structure, similar to the cabochon 
and rough sample reported in 1998. 

TM and Wuyi Wang 


SAPPHIRE 
Bulk or Lattice Diffusion Treated 


Over the last several months, there 
has been extensive discussion and 
research related to the color-enhanced 
yellow and orange-to-orangy pink sap- 
phires that have been treated mainly 
in Thailand. The cause of color in 
these stones has been a major focus of 
the investigation. 

A few key characteristics have 
been observed in many of the samples 
examined to date, both by GIA and by 
other laboratories throughout the 
world. The first is that the yellow-to- 
orange color produced by this treat- 
ment generally does not penetrate 
completely through the stone, but is 
confined to varying depths relative to 
the outline of the original facets. The 
second, observed in a smaller number 
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Figure 12. When immersed in 
methylene iodide, this nearly 20 
ct sapphire shows an orangy yel- 
low layer of color following the 
outline of the facets, which indi- 
cates that it was subjected to a 
bulk-diffusion process. 


of cases, is that there has been recrys- 
tallization or new crystal growth on 
the surface or just below the surface. 
The third characteristic, observed in 
samples that have been sectioned and 
analyzed by sophisticated techniques, 
is the presence of beryllium in higher 
concentrations near the surface, or 
corresponding to the depth of the 
treated color layer. 

A large stone submitted for an 
identification report in the East Coast 
laboratory demonstrated how these 
characteristics could be used to iden- 
tify this new treatment, which scien- 
tifically is referred to as bulk or lat- 
tice diffusion. The orangy yellow cut- 
cornered rectangular mixed cut mea- 
sured 14.85 x 12.61 x 10.71 mm and 
weighed almost 20 ct. The gemologi- 
cal properties recorded were consis- 
tent with sapphire. Examination with 
a desk-model spectroscope did not 
reveal any sharp absorption features. 
However, the stone fluoresced weak 
orange to long-wave UV radiation, 
and a moderately chalky but very 
weak patchy yellow to short-wave 
UV, which is consistent with heat 
treatment. Preliminary inspection of 
this exceptionally clean stone with 
magnification revealed only a few 
small chips around the girdle and no 
diagnostic inclusions to indicate if 


FALL 2002 


the stone was natural or synthetic. 
However, when the stone was exam- 
ined while immersed in methylene 
iodide, a clear demarcation could be 
seen between a near-colorless core 
and an orangy yellow zone that fol- 
lowed the outline of the faceted sap- 
phire (figure 12). This was the feature 
that indicated the sapphire had been 
subjected to a bulk-diffusion process. 

From dozens of past (destructive) 
chemical analyses, we have con- 
firmed the presence of beryllium in 
the yellow-to-orange color layer of 
the bulk diffusion-treated sapphires. 
Previously, beryllium alone was not 
known to act as a chromophore; it 
was believed to be interacting with 
elements/defects intrinsic to the sap- 
phire to produce the yellow-to-orange 
color. However, Dr. John Emmett of 
Crystal Chemistry in Brush Prairie, 
Washington, reports that recent 
experiments have demonstrated that 
beryllium, diffused into the stone in 
an oxygen atmosphere, can in fact 
cause color on its own (see http: 
//www.agta.org/consumer/gtclab/tre 
atedsapps04.htm). 

Although we found compelling 
evidence that this sapphire had been 
subjected to a bulk-diffusion process, 
we still had to prove its origin—natu- 
ral or synthetic. The absence of Plato 
lines suggested it was not a melt-pro- 
cess synthetic. Observation of the 
stone with magnification in diffused 
illumination revealed a weak straight, 
parallel growth structure under the 
table, which is consistent with natu- 
ral sapphire. Chemical analysis using 
EDXRF showed, as expected, large 
amounts of Al with lesser amounts of 
Fe and Ti and a significant quantity of 
Ga. The relatively high amounts of 
gallium and titanium are also indica- 
tive of natural origin. TM. 


Bulk Diffusion—Treated Sapphire 
with Synthetic Overgrowth 

Not all of the discussion concerning 
bulk diffusion of yellow coloration 
into sapphire has revolved around the 
source of color. At the extreme tem- 
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Figure 13. Much of the synthetic corundum growth on the surface of bulk- 
diffused sapphires is in the form of randomly oriented clusters of crystals, 
here seen with polarized light. Magnified 20x. 


peratures required for this treatment, 
many other changes can take place. 
One of these is the partial dissolution 
of the corundum in the crucible (and 
potentially of the walls of the alumi- 
na crucible itself) through contact 
with fluxes, which can create an envi- 
ronment where synthetic corundum 
grows on the surface of stones on 
cooling. During our research on this 
new treatment, we have seen many 
examples of corundum “redeposi- 
tion” on treated rough and preformed 
samples, often as groups of minute 
flat hexagonal platelets. Most of this 
synthetic corundum is removed when 
the stones are finished, but we have 
seen a number of examples—most 
commonly the treated yellow sap- 
phires—where some of this material 
was left on the polished stone. Ken 
Scarratt, of the AGTA Gemological 
Testing Center, first published his 
observations on this phenomenon 
April 19, 2002, on the AGTA Web 
site (http://www.agta.org). 

The examples we have seen of syn- 
thetic growth on bulk-diffused sap- 
phires have been quite different from 
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past cases where the synthetic over- 
growth has been intentional, such as 
with Lechleitner synthetic overgrowth 
on beryl or corundum. In those gem 
materials, the crystallographic orienta- 
tion of the overgrowth has been con- 
sistent with the orientation of the base 
material. Synthetic corundum growth 
on the bulk-diffused sapphires is 
entirely random in orientation and 
tends to form clusters of tiny crystals 
(figure 13). After the stones are pol- 
ished, this random orientation mani- 
fests itself in two ways that make 
identification of the presence of syn- 
thetic material relatively easy. 

The first of these is the appear- 
ance of the overgrowth in a micro- 
scope. With darkfield illumination, 
these areas look roiled, somewhat 
like areas of graining, although they 
are much more isolated than one 
would expect for natural graining. 
With transmitted light, however, it 
is possible to see the edges of many 
of the individual crystals within this 
roiled zone (figure 14, left). 

The second manifestation is the 
reaction of the areas of overgrowth to 
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Figure 14. On finished stones, the synthetic corundum growth may show up as roiled areas, with some crystal 
faces becoming visible in transmitted light (left). When viewed in cross-polarized light (right), the individual 
crystals of synthetic corundum may become visible as bright areas against a dark background due to differ- 
ences in their orientation. Both images magnified 40x. 


cross-polarized light. Because the syn- 
thetic crystals are randomly oriented, 
their directions of extinction should 
be different from one another, as well 
as from the host material. With prop- 
er orientation (which may require 
changing the position of the Polaroid 
plates or the stone), and with the host 
stone in the dark position, many of 
the synthetic crystals will be in their 
light position, which can be seen easi- 
ly in the microscope (figure 14, right). 
To help meet this identification 
challenge, gemologists must be aware 
of the possible presence of a synthetic 
overgrowth and know what it looks 
like. However, with increasing trade 
awareness of the overgrowth, the cut- 
ters of these stones will probably 
make every effort to remove all the 
synthetic material after treatment. 
SFM 


Synthetic Sapphire Treated 

by “Traditional” Bulk Diffusion 
with Transition Elements 
Coincidentally, only a few days after 
the West Coast lab received the 
orangy yellow bulk-diffused sapphire 
described above, a client submitted 
the earring shown in figure 15 for an 
identification report. Routine gemo- 
logical testing indicated that the cen- 
ter stone was a sapphire. Like the 
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orangy yellow sapphire, however, 
this one was free of any readily appar- 
ent inclusions—even with high 
magnification. It revealed only 
“wear” marks—small chips and abra- 
sions. It did not show any absorp- 
tion features with a desk-model 
spectroscope. There was no visible 


Figure 15. The 8.00 x 6.20 x 3.80 
mm blue stone in the center of 
this yellow-metal cluster earring 
set with “old cut” diamonds 
proved to be a bulk-diffused syn- 
thetic sapphire. 
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reaction to long-wave UV radiation, 
and the reaction to short-wave UV 
was a moderately strong chalky yel- 
low or white. This type of short-wave 
reaction in a sapphire suggests that 
it has been heat treated or, in the 
case of a blue sapphire, that it may be 
synthetic. 


Figure 16. As seen with immer- 
sion and the earring viewed from 
the back, the shallow and patchy 
blue coloration, plus the “outlin- 
ing” of the facet junctions, serves 
as proof that the blue color in the 
synthetic sapphire was produced 
by bulk diffusion. 
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When the earring was immersed 
in methylene iodide, the true identity 
of the blue stone became clear. The 
patchy, shallow blue coloration and 
the concentration of color along facet 
junctions (or “outlining”; see figure 
16) indicated that this stone owed its 
blue color to a diffusion (now referred 
to as “bulk diffusion”) process. (For a 
review of these characteristics, see R. 
E. Kane et al., “The identification of 
blue diffusion-treated sapphires,” 
Summer 1990 Gems & Gemology, pp. 
115-133.) As the stone was moved 
and inspected in several positions, we 
observed an even more interesting fea- 
ture: Subtle curved blue color banding 
extended across its width. This con- 
firmed that it was a bulk-diffused syn- 
thetic sapphire. The pale blue of the 
curved banding suggests that this was 
the color of the starting material. 

The process of bulk diffusion is 
not new; in fact, patents for this pro- 
cedure (held by Union Carbide) date 
back to the mid-1970s. Typically, 
the blue color in such treated sap- 
phires is created by the diffusion of 
titanium. As noted in the earlier 
entries, however, we currently are 
seeing the diffusion of new, light ele- 
ments into the crystal lattice of 
corundum. Depending on the ele- 
ments diffused, the chemistry of the 
host, and several other variables, the 
resulting color and properties of the 
treated corundum may vary widely. 
This is creating a significant chal- 
lenge for the corundum market. 

Given the identification of the 
center stone, we were surprised to see 
that the surrounding diamonds were 
fashioned in Old European, older 
Swiss, and single cuts, which are 
indicative of a period jewelry piece. 
Although we can never be certain 
that such a piece of jewelry is an origi- 
nal period piece or a modern repro- 
duction, it added to the intrigue of the 
identification. If it was an original 
period piece, the setting obviously 
would predate the availability of bulk- 
diffused corundum. This makes one 
wonder what center stone may have 
been set in the earring originally or 
even what kind of stone is in the 
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Figure 17. It is readily apparent that no effort was made to remove the sur- 
face evidence of high-temperature heat treatment from this 0.95 ct yellow 
sapphire. Shadowed fiber-optic illumination brings out even small details 
on the badly damaged table facet. Magnified 10x. 


other earring (which was not submit- 
ted for identification). TM 


Sapphire with Surface 
Evidence of Heat Treatment 
The West Coast laboratory recently 
had the opportunity to study an inter- 
esting heat-treated stone that was 
purchased in Bangkok from a parcel of 
commercial sapphires by Lab Notes 
co-editor Tom Moses. As determined 
by standard gem identification tech- 
niques, the 0.95 ct light yellow pear- 
shaped mixed cut (8.34 x 5.29 x 2.77 
mm) was a natural sapphire. 
Examination with a gemological 
microscope and a fiber-optic illumi- 
nator revealed small, light-scattering 
particles in distinct angular forma- 
tion within the stone. The facets 
were covered with numerous solidi- 
fied droplets of a transparent material 
that had a Mohs hardness of approxi- 
mately 6 and appeared to be amor- 
phous. The table facet in particular 
revealed obvious surface evidence of 
high-temperature treatment. As 
shown in figure 17, flow lines and 
ridges in the surface layer on the 
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table were clearly visible with shad- 
owed fiber-optic illumination. Laser 
Raman microspectrometry con- 
firmed that the host was a sapphire 
and the thick, amorphous-looking 
patches and droplets of residue were 
a glass. The pattern formed by the 
glass residue suggests that the table 
of this sapphire was in contact with 

another surface during treatment. 
Identification of heat treatment in 
this instance was made relatively easy 
by the complete lack of re-polishing of 
the sapphire. Although such obvious 
evidence is rarely encountered, since 
most heat-treated sapphires are pol- 
ished after treatment, occasionally 
remnants of the surface layer will 
remain on unpolished areas of the 

stone and aid in the identification. 
JIK and Maha Tannous 
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GEM NEWS International 


DIAMONDS 


Australia’s Ellendale diamond mine opens. On June 24, 
2002, the Kimberley Diamond Company (KDC) started 
production on its Ellendale 9 lamproite pipe. Ellendale is 


Figure 1. The Ellendale mine in Western Australia 
opened in June 2002. Here, an excavator is used to 
load overburden into a truck from the first mining 
bench at the Ellendale 9 lamproite pipe. Photo cour- 
tesy of Kimberley Diamond Co. 
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Australia’s third active diamond mine; Argyle and Merlin, 
opened in 1983 and 1999, respectively, are currently oper- 
ated by Rio Tinto. The Ellendale field encompasses at least 
60 lamproite pipes; more than a third of these are on prop- 
erty leased by KDC. The mine (figure 1) is located on a flat, 
sandy plain along the southwestern periphery of Western 
Australia’s Kimberley region, 140 km (87 miles) east of 
Derby. The lamproites erupted only ~20 million years ago, 
which makes them the youngest commercially diamondif- 
erous pipes known (see A. L. Jaques et al., “The age of the 
diamond bearing pipes and associated leucite lamproites of 
the West Kimberley region, Western Australia,” BMR 
Journal of Geology and Geophysics, Vol. 9, No. 1, 1984, 
pp. 1-7). 

A well-furnished camp built on-site currently houses 80 
people involved in the mining (by open pit) and processing 


Figure 2. These gem-quality diamond crystals (approx- 
imately 0.3-0.5 ct) were mined from the Ellendale 9 
pipe. Note the characteristic rounded shape of the 
crystals. Photo courtesy of Kimberley Diamond Co. 
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BOOK REVIEW 


Two Recent Aids to Gem Identification 
reviewed by 


RALPH J. HOLMES 


Gem Testing by B. W. Anderson 
(4th Edition), Heywood & Company, 
London, 1947, 224 pages, (17s. 6d.), 
and Handbook of Gem Identification 
by Richard T. Liddicoat, Gemological 
Institute of America, Los Angeles, 
1947, 283 pages ($4.50). 

Two. new books designed to aid the 
jeweler in the identification of gem 
materials by modern scientific meth- 
ods have appeared during the sum- 
mer. The authors are’ both well- 
known gemologists. B. W. Anderson 
is Director of the Precious Stone 
laboratory of the London Chamber 
of Commerce. R. T. Liddicoat is Di- 
rector of Education of the Gemolog- 
ical Institute of America. Anderson’s 
book is a revised and considerably 
augmented edition of one first pub- 
lished in 1942, whereas Liddicoat’s 
is a first edition. 

These are practical handbooks 
whose scope is limited to a treatment 
of the essential features of gem test- 
ing instruments and detailed in- 
structions required by the jeweler 
when identifying gems with the aid 
of such devices. The two books are 
designed to serve the same purpose 
and have much in common, but the 
presentation is radically different. 
Neither book presents a systematic 
description of gem materials. Such 
descriptions are to be found in 
Smith’s Gemstones and Kraus’ Gems 
and Gem. Materials. 

It is in the section dealing with 
the identification of the various gem 


materials that the two books differ 
markedly in presentation. Anderson 
takes each important gem stone and 
shows in detail how it can be distin- 
guished from other materials that 
might be confused with it. Liddicoat, 
on the other hand, devotes individual 
chapters to stones of a particular 
color, the most obvious property . of 
any gem material. If a green trans- 
parent stone is in question, one need 
only consult the chapter dealing with 
“ereen transparent stones.” At the 
beginning of this chapter he will find 
a list of natural and artificial gem 
materials known to occur in that 
color. Following the procedure out- 
lined in that chapter he will, by a 
process of systematic elimination, 
arrive at the identity of the stone. 
The treatment is certainly one that 
will meet with wide approval and 
should make the book especially use- 
ful as a laboratory manual for use 
in courses in gem identification. 

One of the outstanding features of 
Anderson’s book is the extended dis- 
cussion of the application of the 
spectroscope to gem identification, a 
gem testing method that has not been 
sufficiently appreciated in America. 
An instructive color plate showing 
the characteristic absorption spectra 
of a group of important. gem stones 
accompanies this discussion. 

The numerous excellent photomi- 


‘crographs in Liddicoat’s book illus- 


trating characteristic inclusions in 
natural and artificial gem materials 


of the ore. The ore grade from the first two months of pro- 
duction is 15 carats per 100 tonnes. A gem-quality diamond 
of 7.64 ct was found in the first two weeks of production, 
and in mid-September an 11.4 ct gem was recovered. Gem- 
quality diamonds weighing 6.9, 7.9, 8.0, and 9.5 ct were 
found during the 2000/2001 evaluation stage, which indi- 
cates that this mine will produce many 5+ ct stones. 

Estimates call for the production of 60,000 carats in the 
first full year of production (July 1, 2002 to June 30, 2003). 
The first sale, in June 2002, of 4,552 carats recovered during 
exploration and evaluation generated US$99/ct. Most of 
these diamonds, which were sold to David Lapa of Overseas 
Diamonds in Antwerp, derived from Ellendale pipe 4, which 
has a higher grade but lower quality than pipe 9. The latest 
sale (on August 30, 2002) to the same buyer of 4,320 carats 
from the first mine production of pipe 9 (see, e.g., figure 2) 
had an average value of US$133/ct. These results confirm 
and slightly exceed estimates made in the mining feasibility 
study by Snowden Mining Associates of Perth. Snowden’s 
study projected two stages of production that would sustain 
a mining operation of 4-5 million tonnes (yielding 400,000 
to 500,000 carats) per year for 10 years. 

KDC purchased the Ellendale prospect from Rio Tinto 
for Aus$23.25 million in October 2001 after a protracted 
legal action. A payment of Aus$2,. million was made when 
the purchasing agreement was signed, and the remainder is 
to be paid in four installments over three years. Feasibility 
studies have shown that these payments are well within 
the economic parameters of the mining operation. After 
three years the mine should be virtually debt-free. 

A. J. A. “Bram” Janse (archon@space.net.au) 
Archon Exploration Pty. Ltd. 
Carine, Western Australia 


COLORED STONES AND 
ORGANIC MATERIALS 
Aquamarine and spessartine from Tanzania. In April 2002, 
Dr. Horst Krupp (Fire Gems, La Costa, California) showed 
the G&G editors some rough and cut gems that were rep- 
resentative of new production from Tanzania. 

An eluvial deposit in the Songea area has produced 
attractive crystals of aquamarine within the past year. Dr. 


Editor’s note: Bylines are provided for contributing editors 
and outside contributors; items without bylines were pre- 
pared by the section editor or other G&G staff. All contri- 
butions should be sent to Brendan Laurs at blaurs@gia.edu 
(e-mail), 760-603-4595 (fax), or GIA, 5345 Armada Drive, 
Carlsbad, CA 92008. 
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Figure 3. Songea, Tanzania, is the source of these 
unheated beryl crystals (over 80 grams) and this heat- 
ed cut aquamarine (32 ct). Courtesy of Horst Krupp; 
photo by Maha Tannous. 


Krupp estimated that 1,000 kg of rough has been recovered, 
in a range of colors (figure 3); most was sent to Germany for 
cutting. Crystals up to 800 g have been found, yielding 
faceted stones as large as 200 ct. The rough typically does 
not have any eye-visible inclusions, and the vast majority 
of material is heated to remove the green color component. 
Reportedly, the deposit is now worked out. 

In central Tanzania, mining for spessartine in the 
Iringa region has accelerated recently. Although produc- 
tion remains sporadic, these recent activities have yielded 
several kilograms of rough, in sizes up to 25 grams. As can 
be seen in figure 4, the material shows a rather even con- 
sistency of color. 


Figure 4. These spessartines (approximately 6-8 ct 
faceted) were recently mined in central Tanzania. 
Courtesy of Horst Krupp; photo by Maha Tannous. 
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Brown beryl from Mozambique. At the Tucson gem show 
last February, Intergeoresource of Sofia, Bulgaria, offered 
“black beryl” from the Conco mine in the famous Alto 
Ligonha pegmatite region of Mozambique. The dark brown, 
tumble-polished pebbles ranged from <1 ct to almost 10 ct; 
this contributor obtained two samples for examination and 
determination of the source of the unusual color. 

When viewed with 10x magnification, the material 
was seen to consist of very light blue aquamarine with 
black inclusions that lay in planes perpendicular to the 
optic axis and were surrounded by brown “clouds” of color 
(figure 5). At 40x magnification, the inclusions appeared to 
be typical skeletal ilmenites, as well as ilmenite needles 
oriented in three directions at 120° from one another. 
Although too small to analyze by laser Raman microspec- 
trometry, skeletal ilmenite inclusions are well known in 
beryl (see, e.g., E. J. Gtibelin and J. I. Koivula, Photoatlas of 
Inclusions in Gemstones, ABC Edition, Zurich, Switzerland, 
1986, p. 240 ), and have been documented together with 
rutile needles in a brown beryl from Brazil showing aster- 
ism (W. F. Eppler, “Notes on asterism... ,” Journal of 
Gemmology, Vol. 6, No. 5, 1958, pp. 195-212). 

The darkest part of one sample showed a schiller effect 
due to these oriented inclusions, but no asterism. When 
viewed perpendicular to the optic axis, the beryl appeared 
strongly color zoned, with numerous extremely thin, very 
dark brown lamellae in an otherwise light blue back- 
ground (again, see figure 5). These lamellae were correlated 
to the planar orientation of the skeletal ilmenites and asso- 
ciated brown halos. When the samples were tilted and 
observed with a rotating polarizer, the brown color showed 
strong pleochroism (light and dark brown); it was darkest 
with the light polarized perpendicular to the optic axis. 
The brown halos surrounding the included crystals sug- 
gested that the color might be related to the elements in 
the inclusions: iron and titanium. 

Prior to Eppler (1958), brown beryl from Brazil was 
described by J. Sinkankas (“Some freaks and rarities 
among gemstones,” Fall 1955 Gems & Gemology, pp. 
197-202) and E. H. Rutland (“An unusual brown beryl,” 
The Gemmologist, Vol. 25, No. 304, 1956, pp. 191-192). 
More recently, a brown beryl was described in the Winter 
1999 Lab Notes section (p. 202). The new material from 


Figure 5. When this brown 
beryl was viewed parallel to 
the optic axis, skeletal 
ilmenite inclusions with 
brown halos could be seen 
(left; magnified 30x). Perpen- 
dicular to the optic axis, sev- 
eral thin, very dark brown 
lamellae were visible (right; 
magnified 40x). Photo- 
micrographs by E. Fritsch. 
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Mozambique and the brown beryl described in the Winter 
1999 Lab Note share many properties (i.e., color, pleochro- 
ism, and lamellar color zoning). The color of that sample 
was attributed to dense layers of brown inclusions along 
lamellar “twin” planes, although to this contributor’s 
knowledge twinning in beryl is unknown. 

The absorption spectra of brown beryl from Brazil were 
studied by C. J. Cristino (Utilisation des techniques de 
laboratoire de gemmologie sur quelques gemmes brésili- 
ennes,” Diplome d’Universite de Gemmologie, University 
of Nantes, France, 2001). To better ascertain the origin of 
color in the Mozambique brown beryls, this contributor 
obtained optical absorption spectra using a Unicam UV4 
spectrophotometer. The brown beryls from both Mozam- 
bique and Brazil show a progressive increase in absorption 
from the red to the ultraviolet region, with no other signif- 
icant absorption features. When the spectrum of an essen- 
tially colorless area is subtracted from that of a brown area 
(with both spectra taken in the same crystallographic ori- 
entation from a parallel-window sample}, part of a very 
broad band appears in the blue and violet region. (The 
short-wave side of this band is extremely difficult to 
resolve due to the subtraction of two almost vertical 
curves.) The very broad nature of the band and the strong 
pleochroism with which it is associated both suggest a 
charge-transfer phenomenon (see S. M. Mattson and G. R. 
Rossman, “Identifying characteristics of charge transfer 
transitions in minerals,” Physics and Chemistry of 
Minerals, Vol. 14, 1987, pp. 94-99). 

Qualitative chemical analyses of the very light blue 
and brown areas were obtained with a JEOL 5800 scanning 
electron microscope equipped with a PGT energy-disper- 
sive secondary X-ray detector. The spot size resolvable by 
this technique is about 1 um, and the analyses were done 
on the broader lamellae (i.e., about 10 pm in thickness). 
Both the light blue and brown areas showed identical con- 
tents of all elements, including iron, within the detection 
limits. A titanium peak was seen using a long counting 
time (i-e., 1,000 seconds), but this element was present in 
concentrations below the detection limit (i.e., about 1,000 
ppm) for our analytical routine. 

One hypothesis for the origin of the brown color that is 
consistent with all of the results mentioned above is 
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Fe**-Ti* charge transfer (Cristino, 2001). This mechanism 
typically gives a brown color in most minerals (e.g., dravite 
tourmaline) except corundum and kyanite, and only 
extremely low concentrations of Ti are needed. An alter- 
nate explanation would be absorption caused by molecular 
clusters or submicroscopic inclusions of ilmenite, which 
might still give rise to pleochroism. These hypotheses 
may also apply to some rare examples of pleochroic brown 
sillimanite (G. Rossman, pers. comm., 2002). A detailed 
investigation using a transmission electron microscope 
might determine the true coloration mechanism, but this 
is well beyond the scope of the present study. EF 


Yellowish green and green chrysobery! from Ilakaka, 
Madagascar. Recently we encountered one yellowish green 
and one green chrysoberyl (figure 6) in two parcels of 
faceted yellow chrysoberyls that originated from the large 
Ilakaka mining area in southern Madagascar. Although 
greenish yellow to yellowish green chrysoberyl from 
Ilakaka has been mentioned in the literature (see Summer 
1999 Gem News, p. 150, and C. C. Milisenda et al., “New 
gemstone occurrences in the south-west of Madagascar,” 
Journal of Gemmology, Vol. 27, 2001, pp. 385-394), the 
properties of these gems have not been published. It was 
particularly interesting for us to evaluate the cause of color 
in these stones. 

According to information from knowledgeable gem 
traders in Madagascar, yellowish green to green chrysoberyl 
is rare at Ilakaka, and typically only small stones are found. 
No distinct color change was observed for either stone; the 
color was yellowish green or green in daylight and some- 
what grayish green in incandescent light. The pleochroism 
in daylight was yellowish green to bluish green. The R.I. 
values of the yellowish green stone were 1.740—1.750, and 
of the green stone, 1.740-1.748 (birefringence 0.010 and 
0.008, respectively). These R.I.’s are somewhat lower than 


TABLE 1. Physical and chemical properties of two yellow- 
ish green and green chrysoberyls from llakaka, Madagascar. 


Property Yellowish green Green 

Weight 0.59 ct 0.63 ct 

Refractive indices 1.740-1.750 1.740-1.748 

Specific gravity 3.70 3.71 

Microprobe analyses 

(wt.%)* 
Al,O3 78.83 78.74 
TiO, 0.04 0.10 
VO, 0.02 0.05 
Cr,0, 0.06 0.12 
Fe,0,° 1.07 1.04 
MnO 0.01 0.01 


a Average composition of 10 analyses each. 
© Total iron as Fe,O3. 


GEM NEWS INTERNATIONAL 


Figure 6. Yellow chrysoberyI from Iakaka, 
Madagascar (as seen on the right, 0.42 and 0.37 ct), is 
typically colored by iron. The yellowish green and 
green chrysoberyls on the left (0.59 and 0.63 ct), 
which are also from Iakaka, owe their color to addi- 
tional traces of Cr and V. Photo by Maha Tannous. 


those commonly reported for chrysoberyl in the literature 
(1.75-1.76; see R. Webster, Gems, 5" ed., revised by P. 
Read, Butterworth-Heinemann, Oxford, England, 1994, pp. 
134-135). The S.G. values of 3.70 and 3.71, obtained by the 
hydrostatic method, are within the range normally record- 
ed for chrysoberyl. Microscopic examination revealed 
growth structures, but no mineral inclusions were observed 
in either sample. 

Chemical analyses by electron microprobe (table 1) 
showed traces of vanadium and chromium (with twice as 
much V and Cr in the green sample}, as well as iron con- 
tents of approximately 1 wt.% Fe,O3. 

Absorption spectroscopy in the UV-Vis range revealed 
the normal absorption spectrum of Fe** in chrysobery] (i.e., 
absorption bands at 377 and 440 nm), superimposed by 
weak, broad absorption bands of Cr** (centered at approxi- 
mately 426 and 571 nm). 

These data indicate that the samples have composi- 
tions intermediate between those of yellow chrysoberyl 
and alexandrite. The Cr and V contents are sufficient to 
cause a yellowish green or green color (instead of the pure 
yellow iron-related coloration of Cr- and V-free 
chrysoberyl}, but not high enough to produce the distinct 
color change characteristic of alexandrite. es 

Thomas Hainschwang 

Gemlab Gemological Laboratory 
Ruggell, Liechtenstein 

Heinz-Jtirgen Bernhardt 

Ruhr University, Bochum, Germany 


“Tashmarine”: Diopside from Central Asia. Columbia 
Gem House {CGH} of Vancouver, Washington, introduced 
“Tashmarine” at the June 2002 JCK show in Las Vegas. 
This yellowish green diopside is sourced from Central Asia, 
near the borders of China, Kazakhstan, and Uzbekistan. 
According to CGH president Eric Braunwart and cutting 
manager Bart Curren, CGH initially purchased 50 kg of 
rough that was mined in 2001, and has subsequently nego- 
tiated an agreement with the miner to purchase his entire 
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production. So far, two additional shipments weighing a 
total of about 45 kg have been obtained. Most of the rough 
is heavily included and must be trimmed extensively in 
preparation for cutting. The final yield in cut stones has 
averaged only about 3% from the original rough. 

Five faceted stones and three crystals were loaned to 
GIA by CGH. The crystals, which contained some fac- 
etable areas, were well formed with shiny faces (except for 
some light etching, particularly on the terminations). 
These large crystals (up to 11.8 x 3.6 x 2.5 cm) appeared 
very similar to the somewhat smaller diopsides from 
China that were described in the Summer 1989 Gem 
News (pp. 111-112). Examination of the cut stones 
(1.57-25.16 ct; figure 7) by one of us (EQ) showed the fol- 
lowing properties: color—light yellowish green to yellow- 
ish green, with weak or no pleochroism; R.I.— 
1.667-1.692, or 1.693 (birefringence 0.025-0.026), S.G.— 
3.29; Chelsea filter reaction—yellow-green; inert to long- 
and short-wave UV radiation; and an absorption line at 
440 nm, with additional lines at 490, 505, and 550 nm in 
larger samples, visible with the desk-model spectroscope. 
These properties are consistent with those reported for 
diopside by R. Webster (Gems, 5‘ ed., revised by P. Read, 
Butterworth-Heinemann, Oxford, England, 1994, pp. 
330-331), except that the R.I. values in that publication 
are slightly higher (1.675-1.701). Three of the five stones 
were free of inclusions. One sample contained a feather 
and pinpoint inclusions, and another had a minute miner- 
al inclusion. Moderate doubling of the facet junctions was 
visible in all samples. 


Figure 7. Yellowish green diopside from central Asia 
is being marketed as “Tashmarine.” The gems shown 
here range up to 25.16 ct; the largest stone displays 
concave facets. Courtesy of Columbia Gem House; 
photo by Maha Tannous. 
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Total reserves are unknown, but Mr. Braunwart expects 
the deposit will produce about 20 kg of rough per month. 
The largest crystal acquired so far weighed 1,160 grams. 
Attractive cut goods are available in sizes up to 35 ct, 
although most range from 2 to 8 ct. Stones less than 3 ct 
are generally cut with flat facets, with most larger stones 
cut using concave facets. Mr. Braunwart reported that the 
hardness of Tashmarine is 5.5 to 6.0 on the Mohs scale, and 
it handles “much like tanzanite” in jewelry manufacturing 
and wear. He added that the material has a very narrow 
range of color, and does not respond to heat treatment. 
CGH claims that Tashmarine has not been subjected to 
any treatments to enhance color or clarity. 

Russell Shor 
GIA, Carlsbad 
russell.shor@gia.edu 


Elizabeth Quinn 
GIA Gem Trade Laboratory, Carlsbad 


Carved emeralds from the Malagana archeological site in 
Colombia. A collection of emeralds, which includes 15 
carved beads and one natural crystal that are reportedly of 
pre-Columbian origin, were shown to GIA by Ugo 
Bagnato. The beads are all carved in a similar primitive 
style that resembles the example seen in the Winter 1994 
Lab Notes section (pp. 264-265). All are drilled (including 
the crystal), and one contains an open hoop of yellow 
metal (see, e.g., figure 8). 

According to Mr. Bagnato, who obtained the collection 
about nine years ago, the pieces came from an important 
archeological site that was discovered in a large sugar cane 
field called Malagana, near the village of El Bolo in the 
township of Palmira, which is located northeast of Cali in 
western Colombia’s Cauca Valley (see also S. Archila, Los 
Tesoros de los Sefiores de Malagana, Museo del Oro, 
Banco de la Republica, Bogota, Colombia, 1996, 95 pp.). He 
obtained the stones about three months after the site was 
discovered by a farmer who found a piece of gold while 
plowing the field with a tractor. Soon after the discovery, 
thousands of guaqueros (“grave robbers’”}—young and old, 
male and female, of many cultures—began frenzied dig- 
ging at the ancient tomb site. Thousands of rectangular 
holes were sunk within a few months. The largest excava- 
tion (about 50 m wide) was located near the center of the 
field, and in it were found the best artifacts. The chaotic 
situation was monitored by police and military personnel, 
and the government eventually closed the area, but not 
before most of the scientific context of this unique archeo- 
logical discovery was destroyed. In late 1994, archeolo- 
gists, anthropologists, and other scientists were finally 
able to begin organized excavation of what remained of the 
Malagana site. 

Most of the artifacts recovered from Malagana consist- 
ed of gold, pottery, and quartz; carnelian and green jasper 
beads also were found, in addition to the carved emeralds 
(which were relatively rare, according to Mr. Bagnato). The 
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age of the treasures is thought to fall anywhere from the 
4b century BC to the 274 century AD. Based on their carv- 
ing style, Mr. Bagnato believes that the emerald beads orig- 
inated from the Tairona culture of the Sierra Nevada de 
Santa Marta mountains in northern Colombia. 

A gemological examination of the five carved samples 
in figure 8 (4.81-32.66 ct) was performed by one of us 
(EQ). The following characteristics were recorded: color— 
slightly bluish green; R.I.—n,=1.580-1.581 and 
n,=1.572-1.573 for three samples with flat polished sur- 
faces, and 1.57 for the other two samples by the spot 
method, Chelsea filter reaction—red; inert to long- and 
short-wave UV radiation, except for weak yellow fluores- 
cence to long-wave UV in some fractures in four of the 
stones; and typical chromium absorption lines in the 
desk-model spectroscope. Microscopic examination 
revealed two- and three-phase inclusions, fractures (some 
containing a colorless or whitish substance), partially 
healed fractures, and color zoning. These characteristics 
are consistent with those of Colombian emeralds. The 
four samples exhibiting yellow fluorescence in some frac- 
tures also showed evidence of clarity enhancement when 
viewed with the microscope. 

This collection of carved emerald beads is noteworthy 
for the number of pieces, as well as for the fine quality of 
several of the emeralds. The clarity enhancement could 
have been performed by the dealers who sold the stones, 
so the presence of a filler does not preclude their reported 
pre-Columbian origin. It is interesting to note that there 
are no known emerald deposits in the Cauca Valley region; 
the famed deposits at Muzo and Chivor lie more than 300 
km to the northeast. For additional information on the 
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Figure 8. These five 
carved beads (4.81- 
32.66 ct) and one nat- 
ural crystal of emer- 
ald were reportedly 
recovered from an 
important archeologi- 
cal site at Malagana, 
near Cali, Colombia. 
Photo © Harold #& 
Erica Van Pelt. 


Malagana site, see: W. Bray et al., “The Malagana chief- 
dom, a new discovery in the Cauca Valley of southwestern 
Colombia,” in A. J. Labbé, Ed., Shamans, Gods, and 
Mythic Beasts: Colombian Gold and Ceramics in 
Antiquity, American Federation of Arts (New York) and 
University of Washington Press, 1998, pp. 121-154; and W. 
Bray, “Malagana and the goldworking tradition of south- 
west Colombia,” in C. McEwan, Ed., Precolumbian Gold: 
Technology, Style and Iconography, British Museum 
Press, London, 2000, pp. 94-111. 

BML and Elizabeth Quinn 


Hemimorphite from Congo. According to Hussain 
Rezayee and Sherry Shafa of Pearl Gem LA, Los Angeles, 
in March-April 2002 bright blue, gem-quality hemimor- 
phite was found about 200 km from Brazzaville in south- 
ern Congo. Mr. Rezayee reported that specimens from this 
new locality attain weights of 10-20 kg, but only small 
portions are suitable for cutting cabochons. Unfortunately 
there has been no additional production of high-quality 
material for several months, due to armed conflict 
between rebels and government forces in the area. 

Two freeform cabochons were loaned to GIA for exami- 
nation. The samples weighed 50.65 and 114.96 ct (see, e.g., 
figure 9), and the following properties (listed for each stone 
in that order) were determined by one of us (EQ): color— 
mottled blue, and banded blue and white; pleochroism— 
none; diaphaneity—translucent; aggregate reaction with 
the polariscope; R.I.—1.61 and 1.62, by the spot method 
(neither piece showed a birefringence “blink,” as would be 
expected for smithsonite),; $.G.—3.41 and 3.34; inert or 
weak bluish white to long-wave, and weak greenish blue 
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Figure 9. This 114.96 ct hemimorphite was mined from 
anew locality in southern Congo. Note the botryoidal 
structure showing through the polished surface. 
Courtesy of Pearl Gem LA; photo by Maha Tannous. 


fluorescence to short-wave UV radiation; and no spectrum 
seen with the desk-model spectroscope. Both samples dis- 
played a fibrous banded structure and fractures when 
observed with the microscope, and the larger cabochon also 
showed a botryoidal structure. This larger piece also 
showed evidence of a filler in some of the fractures and cav- 
ities. Although many of these properties are similar to 
those reported for hemimorphite in the Lab Notes section 
(see Spring 1998, pp. 44-45, and p. 254 of this issue], the 


Figure 10. In the Erongo Mountains of central 
Namibia, fine, gem-quality crystals of jeremejevite 
were mined in 2001 from cavities found above steep 
granite slopes (beyond the area shown to the upper 
right). Photo by Georg Gebhard. 
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S.G. of the larger, banded stone is rather low. Also, the flu- 
orescence noted in this hemimorphite was not present in 
the other sample. These anomalous characteristics are 
probably due to the filling substance that was present. 
With its bright color and potential for interesting pat- 
terns, the Congo hemimorphite could provide an interest- 
ing design element for unusual jewelry pieces. However, 
future production of the material from this politically 
unstable area remains uncertain. 
BML and Elizabeth Quinn 


Jeremejevite from the Erongo Mountains, Namibia. In 
March 2001, attractive gemmy crystals of an intense blue 
color and a high luster were found in a small miarolitic cav- 
ity in granite on the eastern side of the Erongo ring com- 
plex in central Namibia (figure 10). Cavities within this 
area of the Erongo Mountains have been the source of high- 
quality crystals of aquamarine, black tourmaline, and other 
minerals since 1999 (see GNI entry on pp. 266-268 of this 
issue and G. Gebhard, Minerals from the Erongo 
Mountains, Namibia, CD-ROM, January 2002, GG 
Publishing, Grofenseifen, Germany, ggpublishing@t- 
online.de). The intense blue crystals were found on the 
Ameib Farm, near the common borders with the Davib Ost 
and Brabant Farms, at coordinates 21°45’27”S, 
015°35’00”E. The crystals were initially believed to be 
beryl and, due to their relatively small size (<1 cm long], 
little effort was devoted to finding more. However, this 
contributor, suspecting they might be a rare mineral, sub- 
mitted some to Dr. Jochen Schltiter at Hamburg University 
for examination. X-ray powder diffraction proved that they 
were jeremejevite. 

Requests to the local miners for more of this material 
soon resulted in the recovery of a few hundred crystals of 
various colors, but mostly colorless (see G. Gebhard and 
J. Brunner, “Jeremejevite from Ameib, Erongo, 
Namibia—A new and probably the best find ever made,” 
http://www.mineralnews.de/New_finds/Jeremejevite/ 
jeremejevite.html, posted May 2001). By the time produc- 
tion ceased in July 2001, several additional pipe-like cavi- 
ties in the vicinity had yielded between 3,000 and 3,500 
crystals, of which 50% were colorless or near colorless and 
measured up to 1 cm long and 0.1 cm wide. A small por- 
tion (about 500) measured 1-3 cm long, and very few 
attained sizes up to 5 cm. This contributor knows of fewer 
than 10 crystals that reached 5-7 cm. 

The colored crystals varied from pale yellow to many 
shades of blue, to violet (see, e.g., figure 11). The last color 
was the least common, in crystals up to 4 cm; the “sky” 
blue or saturated blue crystals reached up to 7 cm long 
and 13 g in weight. Although many had surface markings 
that suggested they were originally intergrown with one 
another, very few were found in clusters or attached to 
their feldspar/quartz matrix; almost all were recovered as 
loose single crystals. They ranged from needle-like to 
columnar; most were highly transparent, but the cutting 
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material was limited by the typically small diameter of 
the crystals (<3 mm). 

Nevertheless, the jeremejevites from the Erongo 
Mountains are prized for the fine gemstones that have 
been cut (figure 12). This contributor estimates that only 
about 1% of the faceted stones exceed 1 ct. A few (proba- 
bly less than 10 stones) range up to 5 ct. The largest cut 
stone, at almost 13 ct, is truly exceptional (figure 13). 

Three faceted jeremejevites (0.48, 0.62, and 0.80 ct) 
were supplied to GIA for examination. Elizabeth Quinn at 
the GIA Gem Trade Laboratory in Carlsbad determined the 
following characteristics: color—very light blue to blue, 
with slightly darker blue bands visible in the lighter stones; 
pleochroism—moderate to strong, in blue to near-colorless 
hues; R.I.—1.639-1.640 and 1.648-1.649 (birefringence 
0.009); S.G.—3.29-3.32; inert to long- and short-wave UV 
radiation; and no features seen with the desk-model spec- 
troscope. Magnification revealed partially healed fractures 
and “fingerprints,” as well as mineral inclusions. These 
characteristics are consistent with those reported by K. 
Scarratt et al. (“Jeremejevite: A gemological update,” Fall 
2001 Gems and Gemology, pp. 206-211). 

Two jeremejevite crystals, one colorless and the other 
blue, were submitted to Dr. Schliiter and colleagues at 
Hamburg University for electron microprobe analysis. The 
data showed the Al and F contents expected for jeremeje- 
vite, and no trace elements were detected. However, using 
energy-dispersive X-ray fluorescence (EDXRF) spec- 
troscopy, a technique that is more sensitive to trace ele- 
ments, Dr. George Rossman (California Institute of 
Technology, Pasadena) has confirmed the presence of iron 
in blue jeremejevite from the Erongo Mountains; he feels 
that the color is caused by Fe?*—Fe** intervalence charge 
transfer (G. Rossman, pers. comm., 2002). 

The spectacular jeremejevite finds in the Erongo 
Mountains have supplied some of the world’s largest and 


Figure 11. These transparent crystals (up to 4.6 cm 
long) of jeremejevite from the Erongo Mountains 
show a variety of colors, including pale yellow, blue 
to greenish blue, and violet. Photo by Georg Gebhard. 


Hine 
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Figure 12. The violet color of these crystals (2.7 and 
3.3 cm long) is rare in jeremejevite from the Erongo 
Mountains. More commonly, the material ranges 
from colorless to blue (usually with color banding), 
as shown by these relatively large faceted stones 
(2.92-4.10 ct). Courtesy of Georg Gebhard; photo 
by Maha Tannous. 


finest single crystals, as well as some of the best faceted 

stones in terms of size and quality. The deposit now appears 

exhausted; despite further mining and exploration in the area, 
there has been no significant production since July 2001. 

Georg Gebhard (gtcgg@t-online.de) 

Grofsenseifen, Germany 


New morganite mine in Madagascar. At the June 2002 JCK 
show in Las Vegas, Tom Cushman of Allerton Cushman & 
Co., Sun Valley, Idaho, had some attractive morganites from 
a new find in Madagascar. The facet rough was derived from 
large, fractured crystals that came from a pegmatite in the 
Fianarantsoa district of south-central Madagascar, in the 
Ambositra area. Mr. Cushman has obtained about 3.5 kg of 
rough, and the stones are typically faceted in sizes ranging 
from 6 x 4 to 8 x 6 mm (ie., approximately 0.4-1.2 ct, 
although he has seen gems up to 9 ct). He estimates that 
several hundred carats have been faceted. The color is fairly 


Figure 13. At 12.92 ct, this is the largest faceted jere- 
mejevite from the Erongo Mountains that is known 
to this contributor. Faceted by Helmut Schdfer, 
Walter Bohrer Co., Idar-Oberstein, Germany; photo 
by Georg Gebhard. 
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Figure 14, These three morganites (3.34—4.19 ct) were 
obtained recently from a new pegmatite mine near 
Ambositra in south-central Madagascar. Courtesy of 
Allerton Cushman & Co.; photo by Maha Tannous. 


consistent, resembling saturated rose quartz. Most of the 
material is “peach” colored when mined, and turns pink 
after exposure to sunlight for a few hours or days. According 
to Federico Pezzotta (Museo Civico di Storia Naturale, 
Milan, Italy), the “pinking” is also done in Madagascar by 
brief exposure to an alcohol flame. 

Three of the morganites (3.34-4.19 ct; figure 14) were 
loaned to GIA for examination, and the following proper- 
ties were determined by one of us (EQ): color—light pink, 
slightly purplish and orangy pink; R.L—n,=1.586-1.587 
and n,=1.578-1.579 (birefringence—0.008); S.G.—2.75; 
inert to long-wave and very weak chalky green fluores- 
cence to short-wave UV radiation; and no absorption fea- 
tures observed with the desk-model spectroscope. 
Microscopic examination revealed needles, fractures, “fin- 
gerprints,” and pinpoint inclusions. 


Figure 15. The color of these unheated aquamarines 
(3.14 and 3.53 ct) is representative of the finest mate- 
trial from the Erongo Mountains of Namibia. Courtesy 
of Chris Johnston; photo by Maha Tannous. 
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Although Mr. Cushman was not aware of any clarity 
enhancements, the fractures showed low relief, and some 
contained air bubbles, indicating the presence of a filling 
substance. On returning to Madagascar in July-August 
2002, he learned that some of the material is placed in a 
dilute honey solution by local dealers, to improve the 
appearance of the rough. There is also a possibility that 
cutting oil entered some of the fractures during the initial 
processing of the rough. 

Mr. Cushman helped direct mining activities when he 
visited the deposit in August, and is optimistic that the 
pegmatite will yield more gem-quality morganite. Due to 
the recent political and logistical problems in Madagascar, 
however, access to the area is difficult. 

BML and Elizabeth Quinn 


Update on some Namibian gem localities. In conjunction 
with his attendance at a geological conference in Namibia 
in July 2002 (see GNI report on pp. 273-274), GNI editor 
Brendan Laurs visited some granitic pegmatite—hosted 
gem deposits in central Namibia. Most were seen on a pre- 
meeting field trip led by Drs. G. I. C. Schneider (Geological 
Survey of Namibia, Windhoek) and J. A. Kinnaird and Paul 
Nex (University of the Witwatersrand, Johannesburg, 
South Africa). 

The deposits of topaz and aquamarine at Klein Spitz- 
koppe (see article by B. Cairncross et al. in the Summer 
1998 issue of G&G, pp. 114-125) were visited first. The 
gem crystals formed in miarolitic cavities (i.e., open 
“pockets”) within Early Cretaceous granites and associat- 
ed pegmatites. These granites are similar in age to those in 
the Erongo Mountains, but are significantly younger than 
other pegmatitic gem deposits in Namibia, which are of 
late Pan-African age (approximately 520 million years old). 
Local people continue to mine both primary and sec- 
ondary deposits around Klein Spitzkoppe, although most 
have left the area for Erongo. 


Figure 16. The Usakos pegmatite near Usakos, 
Namibia, is being actively mined for gem tourmaline 
in a large open pit. Photo by Brendan M. Laurs. 
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According to Chris Johnston (Johnston-Namibia C.C., 
Omaruru, Namibia), about 300-400 people are working 
the Erongo deposits. For the past four years, miarolitic cavi- 
ties in granites and pegmatites on the northern side of the 
Erongo igneous complex have yielded attractive, occasion- 
ally world-class crystal specimens of aquamarine, black 
tourmaline, smoky quartz, feldspars, fluorite, and other 
minerals (see S. Jahn and U. Bahmann, “Die Miarolen im 
Erongo-Granit. . . ,” Mineralien-Welt, Vol. 11, No. 6, 2000, 
pp. 42-56). More recently, in March 2001, a significant find 
of gem-quality jeremejevite was made in the area (see sepa- 
rate GNI entry in this issue and W. E. Wilson et al., 
“Jeremejevite from Namibia,” Mineralogical Record, Vol. 
33, 2002, pp. 289-301, abstracted in this issue). Most of the 
Erongo crystals are sold as mineral specimens, although 
some attractive aquamarines (see figure 15) and jeremeje- 
vites have been faceted. Much of the production initially 
came from near-surface cavities, but now the miners must 
dig 4—5 m to reach productive areas and they do not have 
access to explosives. A few use pneumatic hammers or 
heavy-duty electric hammer drills, but most dig by hand, 
working in small groups. An abundance of Erongo material 
was being sold along the road to Klein Spitzkoppe, together 
with minerals from elsewhere in Namibia. 

The Usakos tourmaline mine (figure 16), located a few 
kilometers southwest of the town of Usakos, is being 
actively worked by Jo-Hannes Brunner and partners. They 
purchased the property from Rochelle Mansfield, daughter 
of well-known Namibian gem and mineral dealer Sid 
Pieters, in late 2000—shortly after a rich pocket of gemmy 
greenish blue tourmaline was found (see, e.g., photo in 
Winter 2000 G&G, p. 322). A team of six miners is enlarg- 
ing the open pit by drilling and blasting; debris is removed 
using a front-end loader. Over the past two years, numer- 
ous small cavities have yielded gem tourmaline in a wide 
range of colors (figure 17, top). However, finding the cavi- 
ties in the large pegmatite has proved difficult due to their 
irregular distribution, as well as the lack of recognizable 
mineralogical or textural zoning that can be used to indi- 
cate probable areas of mineralization. According to Mr. 
Brunner, approximately 300 kg of tourmaline (mostly 
green to blue-green) has been recovered since his group 
began mining the deposit, but only a small percentage was 
gem quality. Most of the tourmaline is heated before cut- 
ting to brighten the colors. Also, when heated up to 700°C, 
some of the blue-green tourmalines become an attractive 
light green. All of the colors achieved with heat treatment 
have also been found naturally at the mine. 

One of Namibia’s most important gem tourmaline 
deposits is Neu Schwaben in the Karibib area, which pro- 
duced large quantities of clean, attractive stones in bright 
blue-to-green colors during 1996-1997 (figure 17, center; 
see also Spring 1997 Gem News, pp. 66-67). Since then, 
organized mining has been hampered by social and politi- 
cal problems. Currently there are approximately 200 local 
miners working the primary and alluvial deposits associat- 
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Figure 17. Tourmaline from Namibia comes in a 
range of colors, even from a single mine. These photos 
show the representative color range of tourmalines 
from the Usakos mine (top, approximately 0.50 ct 
each), Neu Schwaben (center, approximately 0.40 ct 
each), and Omapyo (bottom, 0.60-1.10 ct). Nearly all 
of the tourmalines have been heated to lighten their 
tone or remove a brown hue. Courtesy of Jo-Hannes 
Brunner (top) and Chris Johnston (center and bot- 
tom); photos by Maha Tannous. 


ed with the large pegmatite. Production has been small 
and sporadic, due to the difficult working conditions and 
disorganized mining. A cooperative initiative under con- 
sideration would grant legitimate title of the mining rights 
to a nonprofit trust formed on behalf of the independent 
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Figure 18. These matrix opals (up to 21 x 18 mm) are 
from Piaui State in Brazil. Photo by Jaroslav Hyrsl. 


diggers. The mining license is expected to be granted by 
the end of 2002. 

The Otjua pegmatite in the Karibib area became 
famous during the period 1985-1990, when a 45-m-deep 
cavity excavated by the present mine owner (Hannes 
Kleynhans) yielded enormous clusters of smoky quartz 
(see Fall 1989 Gem News, p. 180). Specimens from the 
mine, including a quartz cluster weighing 14.1 tonnes and 
faceted tourmalines in a variety of colors, are on display at 
the Kristall Galerie museum in Swakopmund. 

Many decorative mineral specimens from this mine 
were sold in the U.S. during the early 1990s by Bryan Lees 
(Collectors Edge, Golden, Colorado). Mr. Lees (pers. 
comm., 2002) reported that gem tourmaline was recovered 


Figure 19. White matrix opal from Piaut, Brazil, is 
treated to black to enhance the play-of-color. The 
bottom-center stone is 16 x 10 mm; photo by 
Jaroslav Hyrsl. 
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from the pegmatite “pockets” and large quantities of 
melee-sized rough (ranging from green to purple to red, in 
particular) also were extracted from tourmaline in the 
crystallized wall rock of the pocket zones. 

The pegmatite has been mined in an elongate open cut 
and shallow tunnels, and measures up to 40 m wide and at 
least 100 m long. It dips moderately to steeply northward, 
and has intruded along the contact between marble (to the 
north) and a dark-colored, fine-grained metamorphic rock 
(to the south). According to Mr. Kleynhans, the large quartz 
crystal “cave” was found at the western end of the open 
pit, whereas the eastern end subsequently produced about 
120 small cavities that contained smoky quartz and/or 
light green tourmaline. At the time of our visit, there had 
been no mining activity at Otjua since January 2001, main- 
ly due to disputes over the mineral rights. However, Mr. 
Kleynhans reports that these problems are now resolved, 
and he has resumed mining of the pegmatite. 

Significant quantities of gem tourmaline also have 
been recovered from several pegmatites that collectively 
are referred to as the Omapyo mine (originally called the 
Chandler mine}, located approximately 35 km southeast of 
Omarturu. The pegmatites are hosted by fine-grained mica 
schists, dip moderately southeast, and range up to ~4 m 
thick. According to Chris Johnston, the property was 
claimed in the 1980s by Gawie Cloete, who worked it 
intermittently for about 10 years, hitting one particularly 
profitable pocket in the early 1990s. The property later 
changed hands and eventually fell under the control of the 
Namibian government. Over the past three years, a gov- 
ernment-funded company known as the Development 
Brigade Corp. worked one of the pegmatites, and another 
pit was dug nearby by John Alcott, an independent miner 
based in Karibib. Mr. Johnston estimates the total produc- 
tion over the past 20 years at about 50 kg of good gem 
tourmaline. This mining area has produced a particularly 
wide range of hues, including some unusual colors (figure 
17, bottom). Although currently inactive, Omapyo has the 
potential to produce significant tourmalines in the future. 


Some interesting new opals from Brazil. For years, Piaui 
State in northern Brazil has been a source of white opal, 
often with a pronounced layered texture. Matrix opal has 
been produced there less commonly (see Gem News, 
Spring 1994, p. 52, and Spring 1999, p. 53), and in July 2001 
this contributor obtained some polished natural-color 
Piaui opal with matrix in Brazil (figure 18). Although some 
pieces resemble a doublet when viewed from the side, they 
can easily be distinguished by the irregular boundary 
between the opal and its matrix. The host rock is gray to 
light brown sandstone, and is quite distinctive from the 
darker, finer-grained ironstone matrix associated with 
boulder opal from Queensland, Australia. 

Piaui is also the source of white matrix opal that is 
treated to black by an undisclosed process to enhance the 
play-of-color (figure 19). The material is locally referred to 
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add considerably to the book’s use- 
fulness. A knowledge of character- 
istic inclusions and internal struc- 
tural features is essential in discrim- 
inating between synthetics and their 
genuine equivalents. 

Both the subject matter and pres- 
entation differ sufficiently so that 


the two books are to a certain degree 
supplementary and both should find 
a place on the book shelf of every 
jeweler and gemologist. 

(Note—Gem Testing may be ordered from 
the publisher, Heywood & Co., Drury House, 
Russell St., Drury Lane, London W.C. 2, 


England, or as an accommodation from the 
G.I.A. book department, for $4.50 a copy.) 


Linde Stars 
(Continued from Page 454) 
Refractive Index 

An attempt was made to deter- 
mine the refractive index on the re- 
fractometer, but the backs were too 
rough and too curved to permit this. 
The low relief of the stones when im- 
mersed in methylene iodide (n= 
1.738) suggests an index in the vi- 
cinity of range proper for corundum. 

Physical Properties 

The specific gravity of both stones 
was determined. Since both were 
large (red—12.15 carats and blue 
10.8 carats) accurate determina- 
tions could be easily made. The 
values obtained were as follows: 
Red stone 4.011; blue stone 4.004. 
This is in good agreement with the 
value for natural corundum which 
is usually given as 3.9—4.1. 

When hardness points were used 
on the backs of the stones it was 
found that the 8 pencil had no effect, 
whereas the 9 pencil produced a 
scratch. 

Means of Distinguishing Synthetic 
from Natural Star Corundum | 

The synthetic “Linde Stars” can 
be distinguished from natural star 
rubies and sapphires by attention to 
the following: 

I—-Indications (not proof) of syn- 
thetic origin: 

A—Unnatural color and dichro- 

ism, especially in the case of 
the red stones. 


B—Unusual strength of the star. 

C—Unusually sharp definition of 
the star. 

D—Asymmetry of the star [2 of 
the 6 rays (opposite pair) 
shorter than the other four 

rays]. 

E—Unusually perfect alignment 
of the rays. 

F—Exceptionally close packing of 
needle-like inclusions when 
viewed under the microscope. 


II—Proof of synthetic origin 

A—Belted appearance of stone 
(observation that needle-like 
inclusions are restricted to a 
superficial layer. conforming 
in a general way to the upper 
contour of the stone.) 

B—Spherical bubbles. 

C-—Curved color bands. 


Conclusion 


The data secured on the optical 
and physical properties would seem 
to establish that the material consti- 
tuting these star stones is corundum. 
In common with their natural coun- 
terparts, they owe their asterism to 
the presence of crystallographically 
oriented needle-like inclusions, pres- 
ent in three sets intersecting each 
other at angles of 60°. 

However, at this point the simi- 
larity ends. In natural star corun- 
dum, the needle-like inclusions are 
more or less uniformly distributed 


>, 


Figure 20. Attractive cat’s-eye opal recently became 
available in Brazil. The center stone weighs 2.37 ct; 
photo by Jaroslav Hyrsl. 


as “queimado” (“burned”) and looks very similar to the 
treated matrix opal from Andamooka, South Australia, 
described by G. Brown (“Treated Andamooka matrix 
opal,” Summer 1991 Gems #& Gemology, pp. 100-106). 
Concentrations of black color between the grains, easily 
seen with a loupe, readily identify this material as treated. 
During a recent (July 2002) trip to Brazil, this contributor 
noted that thousands of these treated opals were available. 
Cat’s-eye opal from northern Bahia State (see Spring 
1994 Gem News, p. 52) is typically of low quality. 
However, much better-quality material, reportedly from 
the same locality, appeared on the Brazilian market in July 
2001. This new opal is semitransparent and has a yellow 
to “honey” brown color and a sharp eye (figure 20). In 
2001, stones exceeding 5 ct were available, and the best 
pieces were comparable to those from Tanzania (see 
Summer 1998 Gem News, pp. 138-140). This contributor 
saw a few hundred carats in Brazil in 2002. 
Jaroslav Hyrsl (hyrsl@kuryr.cz) 
Kolin, Czech Republic 


Bicolored spessartine from Brazil. Natural garnets often are 
chemically zoned, but color zoning in gem-quality garnets is 
uncommon. There are only a few examples of gem garnets 
with color zoning in the literature (see, e.g., Gem News, 
Winter 1990, pp. 303-304, and Fall 1997, pp. 224-225]. 

Five bicolored orange and orangy brown garnets were 
purchased in Brazil in July 2001 by one of these contribu- 
tors (JH). They ranged from 0.96 to 5.61 ct (see, e.g., figure 
21). According to the cutter, they were mined from the 
famous Galilea pegmatite region near Governador 
Valadares. This area has long produced orange to reddish 
brown spessartines, but these five samples are the only 
bicolored Galilea garnets this contributor has seen. 

The diaphaneity of the five samples varied according to 
the color, from transparent (the orange zones) to translu- 
cent (the orangy brown portions). Specific gravity values 
ranged from 4.10 to 4.25. As with the garnets in the Gem 
News items cited above, the refractive index varied slight- 
ly within each of the five samples, from about 1.80 in the 
orange area to about 1.81 in the orangy brown zone, as 
measured with a Gemeter reflectometer (Sarasota 
Instruments). With a handheld spectroscope, the orange 
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Figure 21. These bicolored spessartines from Brazil 
(up to 5.61 ct) show distinct orange and orangy brown 
portions. Photo by J. Hyrsl. 


zone in each sample showed a typical spessartine spec- 
trum (of weak intensity), while the orangy brown portions 
were too dark to obtain a spectrum. The two color zones 
also showed differences when examined with magnifica- 
tion. In the orange part the color was homogeneous, but 
swirl-like growth features were evident as well as (in 
places) a granular structure, sometimes with black grain 
boundaries. The orangy brown area was itself color zoned, 
with rounded areas of darker color; it also contained veils 
of two-phase (liquid and gas) inclusions and jagged, saw- 
blade-like growth structures. Near the boundary between 
the orange and orangy brown zones in all five samples 
were numerous euhedral to rounded, strongly anisotropic 
crystals (figure 22). 

To better understand the nature of the zoning, we stud- 
ied a 0.96 ct rectangular cut stone in detail. We obtained 
chemical analyses using an energy-dispersive PGT detec- 
tor coupled with a JEOL 5800 scanning electron micro- 


Figure 22. Elongated two-phase inclusions and 
anisotropic rounded crystals are present in the orangy 
brown part of this bicolored spessartine. 
Photomicrograph by J. Hyrsl; field of view is 3.5 mm. 
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Figure 23. Gem-quality pink/yellow spodumene was 
recovered from Laghman Province, Afghanistan, in 
October 2001. The crystal shown here weighs 734 grams, 
and the faceted stones weigh 226.95 and 168.80 ct. 
Courtesy of Dudley Blauwet Gems; photo by Jeff Scovil. 


scope, and UV-Vis absorption spectra using a Unicam UV4 
spectrophotometer. We found a higher iron content in the 
orangy brown zone than in the orange part (1.3 vs. 0.8 
atomic % Fe, the other components being nearly con- 
stant}, but it was difficult to measure accurately due to 
interference in the detection of Fe and Mn with this tech- 
nique. However, the only difference between the two col- 
ored portions in their visible-range absorption spectra was 
a gradually increasing continuum from the near-infrared 
toward the UV region; the typical spessartine spectrum 
was superimposed over this continuum in the orangy 
brown portion, whereas the continuum was absent in the 
lighter orange zone. (An almandine component was not 
obvious in either portion.) It is well known that this 
increasing continuum is due to Fe**-Ti** charge transfer 
(see R. K. Moore and W. B. White, “Intervalence electron 
transfer effects in the spectra of the melanite garnets,” 
American Mineralogist, Vol. 56, 1971, pp. 826-840). 
Titanium was below the detection limit of our instrument 
(about 1,000 ppm) in both parts of the stone, but the Ti 
concentrations necessary for the charge transfer are much 
less than 1,000 ppm. The color zoning caused by this 
charge transfer may be explained by variations in iron con- 
centration, a zonation in titanium concentration that we 
could not measure, or a combination of both. 

EF and Jaroslav Hyrsl 


Pink/yellow spodumene from Afghanistan. For nearly 
three decades, large, well-formed crystals and attractive 
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faceted stones of spodumene from Afghanistan have been 
coveted by gem and mineral collectors. The crystals are 
commonly blue-violet or green when mined, and turn 
pink after brief exposure to sunlight (see G. W. Bowersox, 
“A status report on gemstones from Afghanistan,” Winter 
1985 Gems & Gemology, pp. 192-204). Gems cut from 
Afghan spodumene (as from other localities) are most 
commonly of the pink variety, kunzite. However, signifi- 
cant amounts of large bicolored pink/yellow spodumene 
crystals were produced last year, which yielded some 
interesting faceted gems (figure 23). According to Dudley 
Blauwet (Dudley Blauwet Gems, Louisville, Colorado), the 
find occurred in October 2001, at a pegmatite near 
Khauraz in Laghman Province. He obtained 14 kg of mate- 
rial, about half of which was gem quality. Several large 
stones have been cut; the largest faceted so far by Mr. 
Blauwet weighs 243.15 ct. 

Gemological properties were obtained by one of us 
(EQ) on two faceted spodumenes that Mr. Blauwet donated 
to GIA. These oval modified brilliants weigh 45.31 and 
205.02 ct; the smaller one has a light orangy brown face-up 
appearance that results from the combination of yellow 
and pink hues, and the larger one is greenish yellow. Both 
show weak to moderate pleochroism—light brownish 
pink and light brown-orange in the smaller sample, and 
yellowish brown and greenish yellow in the larger stone. 
The R.I. values recorded were 1.660-1.676 and 
1.661-1.677, respectively, both yielding a birefringence of 
0.016. The stones showed weak to moderate orange fluo- 
rescence to long-wave UV radiation, and were inert to 
short-wave UV. Both also showed a single absorption band 
at 438 nm when examined with a desk-model spectro- 
scope. Microscopic examination revealed a twin plane and 
needle-like tubes in the small stone, and the same internal 
features in the large stone along with “fingerprints,” three- 
phase inclusions, and crystals that were transparent, bire- 
fringent, and appeared near colorless to pale brown. The 
properties of these stones are generally consistent with 
those listed for kunzite by Bowersox (1985) and for spo- 
dumene in general by R. Webster (Gems, 5‘ ed., revised by 
P. Read, Butterworth-Heinemann, Oxford, England, 1994, 
pp. 186-187). 

On one occasion, yellow spodumene submitted to the 
GIA Gem Trade Laboratory was radioactive due to irradia- 
tion with neutrons (G. R. Rossman and Y. Qiu, 
“Radioactive irradiated spodumene,” Summer 1982. Gems 
& Gemology, pp. 87-89). Testing of the present samples 
with a Geiger counter revealed no evidence of radioactivity. 

BML and Elizabeth Quinn 


SYNTHETICS AND SIMULANTS 

Some glass imitations encountered in Namibia. While in 
central Namibia in July 2002, GNI editor Brendan Laurs 
encountered two examples of imitation gem rough (figure 
24). Both subsequently were confirmed as glass by Phil 
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Figure 24. These glass imitations of amethyst (3.9 x 
2.3 cm) and tourmaline (2.5 x 0.7 cm) were recently 
encountered in Namibia. Photo by Maha Tannous. 


Owens of the GIA Gem Trade Laboratory in Carlsbad, 
using Fourier transfer infrared (FTIR) spectroscopy. 

In Karibib, a local dealer had a small parcel of rough 
amethyst that was reportedly from the Platveld area in 
Namibia. One piece was noticeably larger and more trans- 
parent than the others, although the color was typical for 
amethyst. Examination with 10x magnification revealed 
several gas bubbles, one of which was also noticeable to 
the unaided eye. Swirled growth zoning could also be seen, 
along with a partially healed fracture. The dealer obtained 
the material from an associate in Karibib, apparently with- 
out knowing that the parcel contained a fake. 

In Omaruru, gem and mineral dealer Chris Johnston 
(Johnston-Namibia C.C.) had a glass imitation of a tour- 
maline crystal that was obtained from local dealers. The 
dark bluish green color was typical of tourmaline that is 
mined in the Karibib area. The shape of the “crystal” also 
was convincing, and the surfaces were partially rounded to 
give an abraded appearance. However, the striations that 
are typical of tourmaline were absent, and close inspection 
revealed that some of the edges were not quite parallel. 
The imitation also had a lighter heft than would be 
expected for tourmaline, and felt “warmer” to the touch 
than a natural stone. Microscopic examination revealed 
several minute gas bubbles and curved growth zoning, 
which are typical of glass. 

Although convincing at first sight, both imitations could 
be easily identified in the field by careful observation of 
their surface and internal features with 10x magnification. 


Plastic and steel pearl imitations. During the Basel World 
Watch & Jewellery Show in April 2002, the SSEF Swiss 
Gemmological Institute received three parcels of predomi- 
nantly small brownish gray to dark gray and pink “pearls” 
for testing (some of which are shown in figure 25). The 548 
samples were all undrilled, and ranged from approximately 
2 to 12 mm in diameter. They were round to button 
shaped, drop shaped, and baroque. At first glance, all 
looked quite convincing. However, when they were 
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immersed in carbon tetrachloride for X-radiography, two 
black, slightly baroque samples (each approximately 3 mm 
in diameter) were seen to float, which indicated they were 
imitations. When examined with a gemological micro- 
scope, these two samples revealed a slightly uneven, gran- 
ular surface. They also appeared to be very soft, as evi- 
denced by the fact that when tested with a needle on an 
inconspicuous spot, the surface was indented. A hot point 
applied to the surface produced a typical smell of burned 
plastic. On the basis of these characteristics, these 
“pearls” were identified as black plastic. 

X-radiographs revealed a second pair of imitations in 
the same parcel. Both were perfectly round (4.75 mm in 
diameter) and showed complete absorption of X-rays. 
Microscopic examination of these silvery gray spheres 
revealed small brownish spots on their surface, but not 
the suture lines that are commonly seen on natural or 
cultured pearls. Also, each weighed approximately 2.20 
ct, which is about three times greater than genuine pearls 
of similar dimension. Qualitative chemical analysis with 
EDXRF spectrometry revealed only iron with a trace of 
titanium. On the basis of these combined characteristics, 
these spheres were identified as steel. All of the other 
samples in the parcel revealed features characteristic of 
natural (i.e., not cultured) pearls in the X-radiographs. 

Although the SSEF laboratory has seen plastic imita- 
tion pearls on occasion, these are the first steel imitations 
that we have encountered. 

Michael S. Krzemnicki (gemlab@ssef.ch) 
SSEF Swiss Gemmological Institute 
Basel, Switzerland 


Figure 25. The samples on the left are representative 
of three parcels of natural pearls obtained by SSEF 
for identification last April. In one of the parcels 
were the two black samples in the middle (~3 mm 
each, which proved to be plastic imitations) and the 
two silvery gray spheres (4.75 mm each) on the 
tight, which are made of steel. Photo by Michael S. 
Krzemnicki; © SSEF Swiss Gemmological Institute. 
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MISCELLANEOUS 


Gem cutting factories in Namibia. While visiting Namibia 
for a geological conference in July 2002 (see GNI report on 
pp. 273), GNI editor Brendan Laurs visited two diamond 
cutting factories in Windhoek. These visits were arranged 
by Kennedy Hamutenya, who is the diamond commission- 
er at Namibia’s Ministry of Mines and Energy. According 
to Mr. Hamutenya, there are currently five diamond cut- 
ting factories in Namibia. The first one—Namgem 
Diamond Manufacturing Co., a subsidiary of Namdeb 
Diamond Corp.—opened in August 1998 in Okahandja 
(about 70 km north of Windhoek). There are three factories 
in Windhoek: NamCot Diamonds, Hardstone Processing, 
and Nam Diamonds Inc. Another diamond cutting opera- 
tion, run by the Russian company Mars Investment 
Holding, is located in Walvis Bay on the central coast. 

At NamCot Diamonds, general manager Eyal Laybel 
explained that the factory was opened by Steinmetz 
Diamond Group, a DTC sightholder. Cutting operations 
began in May 2001, and the facility officially opened in 
October 2001. All of the workers are local Namibians who 
have completed the company’s intensive training program. 
At the time of the site visit, there were 56 diamond polish- 
ers working with plans to expand to 80 polishers (for a total 
of 120 employees). State-of-the-art equipment is used, 
including customized bruting machines and a computerized 
proportion analyzer. Mr. Laybel is happy with the results, 
and indicated that 1+ ct diamonds are now routinely being 
cut by some workers in the factory (figure 26). 

The Nam Diamonds factory, which is operated by Pro 
Diamonds Manufacturing (Pty) Ltd. in Windhoek, is 
Namibia’s newest diamond cutting and jewelry manufactur- 
ing center; it officially opened in July 2002. The facility cost 
US$1.8 million and employs 40 people, and will expand to 


Figure 26, At the NamCot factory in Windhoek, 
Namibia, diamond cutter Ipangelwa Gelasius (left) rou- 
tinely facets 1+ ct diamonds. Photo by Brendan M. Laurs. 
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70-80 employees as training is completed. Chief executive 
officer Andrew Clocanas indicated that labor costs in 
Namibia are comparable to the middle range of Asian wages. 
He explained that with the support of the Namibian govern- 
ment, the company plans to cut diamonds and colored 
stones, design and manufacture a diverse jewelry line, and 
develop an “indigenous branding concept.” Diamonds from 
Namibia and elsewhere will be cut at the Windhoek facility, 
and Mr. Clocanas expects that initially 5,000-10,000 carats 
of diamonds will be faceted each month. Namibian colored 
stones—such as tourmaline, aquamarine, and garnet—will 
be faceted in a new factory located in Karibib (165 km north- 
west of Windhoek). This facility, referred to as Progem, will 
initially employ approximately 15-20 workers; the number 
is scalable based on training and market demand. A modern 
casting facility at the Windhoek factory will have the capaci- 
ty to manufacture 1,000—2,000 pieces of jewelry per month 
in yellow and white gold. 

In the near future, plans call for a major diamond man- 
ufacturing company to open a much larger cutting factory 
in Windhoek, which is slated to employ 500 workers. 
Clearly, diamond manufacturers are very interested in tak- 
ing advantage of the savings offered by Namibia’s tax-free 
EPZ (Export Processing Zone) program, which was activat- 
ed in 1996. The resulting employment opportunities for 
Namibians are also contributing to the economic develop- 
ment of the country. 


CONFERENCE REPORTS 


Gemstone Deposits of Colorado and the Rocky Mountain 
Region. More than 100 people attended this educational 
symposium, which was held at the Colorado School of 
Mines in Golden on September 7-10, 2002. The event was 
sponsored by several organizations, including the Colorado 
chapter of the Friends of Mineralogy, the Colorado School 
of Mines Geology Museum, the Denver Museum of 
Nature and Science, and the U.S. Geological Survey. 
Presentations by 22, speakers occurred over two days, and 
field trips over the next two days included a visit to the 
Kelsey Lake diamond mine in the State Line district along 
the Colorado-Wyoming border. 

Dr. Jack Murphy of the Denver Museum of Nature and 
Science explained the development of a Colorado gem and 
mineral database and locality map, which will employ GIS 
(Geographic Information System) software and include list- 
ings for aquamarine, topaz, diamond, amethyst, turquoise, 
and lapis lazuli. Bryan Lees of Sweet Home Rhodo Inc. in 
Golden reported on exploration activities for gem-quality 
rhodochrosite at the Sweet Home Mine near Alma, 
Colorado; geologic mapping, structural analysis, and geo- 
chemical data (As/Sb ratios) have all proved useful. Howard 
Coopersmith of the Great Western Diamond Company in 
Fort Collins, Colorado, reviewed the discovery (in 1987) and 
current status of the Kelsey Lake diamond mine. Although 
not currently in operation, the mine has yielded some large 
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stones (e.g., 28.2 and 28.3 ct) since production began in 
1996. Dan Kile of the U.S. Geological Survey in Boulder, 
Colorado, discussed the formation of agate “thunder eggs” 
from Del Norte, Colorado. The “plume” and “moss” struc- 
tures probably resulted from the rhythmic precipitation of 
Fe- and Mn-compounds within a colloidal silica suspension 
that subsequently crystallized to form concentrically band- 
ed chalcedony. Dr. Peter Modreski of the U.S. Geological 
Survey in Denver reviewed the occurrences of topaz and 
turquoise in Colorado. The most important localities for 
topaz are in the Pikes Peak batholith, whereas turquoise is 
produced from the Florence mine at Cripple Creek. 
Colorado peridot localities were reviewed by John Rhoads of 
D&J Rare Gems Ltd. in Salida, Colorado. The faceted peri- 
dot is attractive, but small: Most stones weigh less than 1 
ct, and the largest is 2.47 ct. Tom Michalski of the U.S. 
Geological Survey in Denver described four localities for 
gem-quality amethyst within Colorado; the best gem mate- 
rial has come from calcite-rich veins at the Amethyst 
Queen mine in Mesa County. 

Efforts to discover the source of the major deposits of 
alluvial sapphires in Montana were discussed by Dr. 
Richard Berg of the Montana Bureau of Mines and Geology 
in Butte. Although their origin is still under debate, the 
sapphires were probably derived from Tertiary volcanic 
rocks. David Baker (Little Belt Consulting Services, 
Monarch, Montana) and Dr. Lee Groat (University of 
British Columbia, Canada) proposed that sapphires from 
Yogo Gulch, Montana, formed due to contact metamor- 
phism between magma and metasedimentary host rock in 
the lower crust. Leigh Freeman, a consultant in Evergreen, 
Colorado, reported that 1,900 carats of sapphires were 
faceted in 2001 from the Vortex mine near Yogo Gulch; as 
of July 2002, 2,500 carats had been cut and an additional 
1,500 carats were anticipated by the year’s end. W. Dan 
Hausel of the Wyoming State Geological Survey in 
Laramie summarized historical and newly discovered 
occurrences of gems in that state, which include nephrite 
jade, diamond, iolite, and sapphire. He also described the 
infamous 1872 hoax in which prominent individuals 
invested significant money in a false occurrence of dia- 
monds in northwestern Colorado (ironically, however, in 
the vicinity of diamonds found along the Colorado- 
Wyoming border a century later). 

Dr. James Shigley of GIA Research described the for- 
mation of gem-quality red beryl in the Wah Wah 
Mountains of southwestern Utah. The beryl formed in 
fractures within the 22-million-year-old altered rhyolite, 
probably as a result of the interaction between magmatic 
fluids, groundwater, and preexisting minerals. Michael 
Gray of Coast-to-Coast Rare Stones in Missoula, Montana, 
provided a summary of the largest faceted colored stones 
that are known from localities in the Rocky Mountain 
region, such as a 111.42 ct aquamarine from the Sawtooth 
Mountains, Idaho. David Wilson of Precious Gems and 
Jewelry in Colorado Springs discussed the mining of “sun- 
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stone” plagioclase feldspar near Plush, Oregon, which 
owes its schiller to tiny copper inclusions. 

JES and 

Michael Gray 

Coast-to-Coast Rare Stones 

Missoula, Montana 


Gemological reports at Namibian geological conference. 
The 11 Symposium of the International Association on 
the Genesis of Ore Deposits was presented together with 
the Geological Society of South Africa’s biennial 
Geocongress meeting in Windhoek, Namibia, on July 
22-26. Nearly 400 delegates from 44 countries were pre- 
sent, and approximately 240 presentations were given. GNI 
editor Brendan Laurs attended the conference, and supplied 
this report on presentations of gemological significance. 

Dr. I. J. Basson (University of Cape Town, South Africa] 
and coauthors examined the structural controls of kimberlite 
emplacement in Southern Africa. They correlated the peak of 
kimberlite emplacement in this region—which occurred dur- 
ing the Cretaceous Period, from 124 to 83 million years (My) 
ago—to several factors, including accelerated plate motion, 
above-normal mantle convection and temperatures, and 
alignment of minerals in the mantle. R. J. Jacob (University 
of Glasgow, U.K.) and co-workers studied alluvial diamond 
deposits in the lower 250 km of the Orange River (between 
South Africa and Namibia). Most of the diamonds were 
deposited in bedrock trap sites or in stationary areas of turbu- 
lence within Miocene age (17.5-19 My] gravels. 

Marine diamonds are found in a variety of depositional 
settings, and L. Apollus (Namdeb Diamond Corp., 
Windhoek) and colleagues studied their distribution in 
pocket beach gravels about 100 km north of the present 
Orange River delta. Relatively higher diamond grades were 
found at the northern end of the beach, where the north- 
ward-directed wave energy was concentrated against a 
rocky headland. In the shallow marine environment, C. M. 
August (Namdeb Diamond Corp., Windhoek) and co-work- 
ers described how two sophisticated geophysical tech- 
niques are used to distinguish potentially diamond-bearing 
gravels on the seafloor: Side-scan sonar generates detailed 
elevation maps of the seafloor and another technique called 
“chirp sub-bottom profiling” provides data on subsurface 
features (down to 10 m). These techniques have also been 
used further offshore, as described by R. Gray (De Beers 
Marine, Cape Town, South Africa), to locate what is proba- 
bly the former Orange River delta. The geophysical data 
suggest the ancient delta is located 20 km north and 15 km 
offshore of the present river mouth, at water depths ranging 
from 90 to 120 m; the sedimentary deposits consist of con- 
glomerates and diamondiferous gravels that are partially 
covered by recent sands. 

Colored stone presentations focused mainly on gems 
derived from granitic pegmatites. Dr. J. A. Kinnaird 
(University of the Witswatersrand, Johannesburg, South 
Africa) provided a status report on the development of gem 
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Figure 27. In Somaliland, emeralds are mined from small pits, such as this one at Simodi (left). Some attractive emer- 


ald crystals have been found in that country (right). Gem miners and dealers in Somaliland have recently benefited 
from training in gem identification and proper small-scale mining techniques. Photos by J. A. Kinnaird. 


deposits in Somaliland. Aquamarine and emerald (figure 27) 
are being mined at several localities in an east-west trending 
belt parallel to the Gulf of Aden, and the country also con- 
tains significant deposits of opal and garnets. Dr. C. Preinfalk 
(University of Munich, Germany) and coauthors evaluated 
the mineralization potential of gem-bearing granitic peg- 
matites in Minas Gerais, Brazil. Trace-element data from K- 
feldspar and muscovite samples indicate that the Aracguai and 
Safira districts contain the most geochemically evolved peg- 
matites, as well as those showing the widest range of evolu- 
tion; these districts host important deposits of gem tourma- 
line, beryl, and spodumene. Dr. V. Bermanec (University of 
Zagreb, Croatia) and colleagues studied dark blue, gem-quali- 
ty apatite from Bahia, Brazil. The apatite samples are radioac- 
tive, due to the presence of uranium- and thorium-bearing 
oxides in microfractures. In separate presentations, Dr. I. 
Haapala and S. Frindt (University of Helsinki, Finland) provid- 
ed new data on the evolution of the Gross- and Klein 
Spitzkoppe granitic intrusions in central Namibia. Gem-qual- 
ity topaz and aquamarine formed in miarolitic cavities within 
the late-stage portions of the intrusions, which are character- 
ized by pegmatite or greisen textures. Dr. B. M. Shmakin 
(Institute of Geochemistry, Irkutsk, Russia) proposed that rare 
minerals (e.g., of arsenic, bismuth, and antimony) found in 
several types of granitic pegmatites result from extreme con- 
centration of certain elements during closed-system crystal- 
lization—that is, while isolated from chemical exchange with 
host rocks and the surrounding pegmatite. 


ANNOUNCEMENTS 


Yearly updates to the G&G “Twenty Year” Index. The 
online author and subject indexes (http://www.gia.edu/ 
gandg/indices.cfm), which start with Spring 1981, have 
now been updated to include items from the 2001 issues of 
Gems & Gemology. Future online updates of the index are 
planned for the first quarter of each year. 
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Visit Gems &) Gemology in Tucson. Meet the editors and 
take advantage of special offers on subscriptions and back 
issues at the G&G booth in the Galleria section (middle 
floor) of the Tucson Convention Center during the AGTA 
show February 5-10, 2003, and at the Tucson Gem & 
Mineral Society (TGMS} show February 13-16. A limited 
number of recently acquired out-of-print issues will also 
be available. For more information, contact subscriptions 
manager Debbie Ortiz at dortiz@gia.edu. 

GIA Education’s traveling Extension classes will offer 
hands-on training in Tucson with Gem Identification 
(February 3-7) and Advanced Gemology (February 8). To 
enroll, call 800-421-7250, ext. 4001. Outside the U.S. and 
Canada, call 760-603-4001. GIA will also present two free 
seminars on February 9, Business for Jewelers and a GIA 
Research Update. 

The GIA Alumni Association will host a Dance Party 
in Tucson on February 7, featuring a silent auction, an 
industry awards presentation, and a live auction. Included 
in the live auction will be a poster of the Spring 2002 cover 
of GwG, signed by Richard Liddicoat and a complete set of 
Gems & Gemology issues from 1981 to the present, 
donated by a former GIA employee. To reserve tickets, call 
760-603-4204 or e-mail events@gia.edu. 

The theme of this year’s TGMS show is “Gems and 
Minerals of the Andes Mountains,” which will be the 
topic of a one-day symposium on February 15. For more 
information, visit www.tgms.org. 


New map of Russian gem resources. The Russian State 
Museum of Gems (also known as the Samotzvety 
Museum) in Moscow published a Map of Deposits of 
Gemstones of Russia and Adjacent States 1:7,000,000 in 
2000. The large (130 x 90 cm), full-color geologic map 
shows the locations for 130 gem and paleontological mate- 
rials in the former Soviet Union. Accompanying the map is 
a 19-page booklet that contains explanatory notes and a 
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listing of the 380 deposits indicated on the map. The map 
is available for US$50.00 by contacting the Museum’s 
director, Dr. Anvar Yusipov, at samotzvety@mail.cnt.ru; 
fax 7-095-197-6763. 


Conferences 

Australian Diamond Conference. Scheduled to be held 
December 2-3, 2002 in Perth, Western Australia, this con- 
ference will include presentations by diamond producers 
and marketers in Australia and elsewhere. A pre-confer- 
ence excursion (November 29-December 1) will visit the 
Argyle and Ellendale diamond mines. Contact Brooke 
Boardman at 61-8-9321-0355 (phone) or e-mail 
brooke@louthean.com.au. 


ICA Congress. The 2003 International Colored Gemstone 
Association (ICA) Congress will occur in Jaipur, India, 
January 4-10, 2003. In addition to presentations and panel 
discussions on myriad colored stone topics, a tour of Sri 
Lankan gem mines has been organized for January 10-15. 
Visit www.icaindia.net. 


Exhibits 

GIA Museum exhibits in Carlsbad. “Best of the Best,” an 
exhibition of award-winning jewelry from industry associa- 
tion competitions, will be displayed in the Rotunda Gallery 
November 10, 2002, through May 2003. Winning pieces 
from the AGTA-sponsored Spectrum and Cutting Edge 
Awards, as well as the Diamond Information Center—-spon- 
sored Diamonds Today and Diamonds of Distinction 
awards, will be among those on exhibit. For further infor- 
mation, contact Alexander Angelle at 800-421-7250, ext. 
4112 (or 760-603-4112), or e-mail alex.angelle@gia.edu. 


Events at the Carnegie Museum of Natural History. On 
November 22-24, 2002, the fifth annual Carnegie Gem & 
Mineral Show will be held at this museum in Pittsburgh, 
Pennsylvania; it will include a special emerald exhibit 
from the Houston Museum of Natural Science. In addi- 
tion, the exhibition Fascinating Fakes will run through 
December 8, 2002; it features nearly 20 examples of min- 
eral specimens that have been altered to deceive the buyer 
and thus increase their apparent value. This exhibit is free 
with museum admission; call 412-622-3131, or visit 
www.carmegiemuseums.org/emnh. 


Gems at the Bowers Museum extended. “Gems! The Art 
and Nature of Precious Stones” (announced in Winter 2001 
Gems &) Gemology, p. 342) has been held over until January 
5, 2003. Visit www.bowers.org or call 714-567-3600. 
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ERRATA 


1. In the Winter 2001 Lab Note “Sapphires with Diffusion- 
Induced Stars” (pp. 324-325), the orientation of the stars 
to the color banding was incorrectly described in the 
text, as well as in the drawing of figure 21. On p. 325, 
the second sentence in the main paragraph in the center 
column should read (changes in italics): “Because color 
zoning is also related to the hexagonal crystal structure, 
the rays of rutile-caused stars are most commonly per- 
pendicular to the six sides of the hexagon created by the 
growth/color zoning (see figure 21); if the stars are creat- 
ed by ilmenite or hematite platelets, the rays point to 
the corners of the hexagon and are parallel to the color 
banding.” The next sentence should read: “For stars 
caused by rutile, even if only one section of zoning is 
visible (as seen in the smaller of the two cabochons) two 
of the star’s six rays would still be perpendicular to the 
visible banding.” The last sentence of the caption to fig- 
ure 21 should read: “Note that two of the six rays of a 
rutile star are always perpendicular to the color zon- 
ing.” A corrected version of figure 21 is shown below. 
Gems & Gemology thanks Dr. Karl Schmetzer for 
bringing this error to our attention. 


Ke 


2. In the Spring 2002, GNI entry on etch features in beryl 


and quartz (pp. 102-103), Falk Burger of Los Alamos, 
New Mexico should have been acknowledged as the 
lapidary who polished the pieces shown in figures 26 
and 2.7. We apologize for this omission. 


3. In figure 10 of the Summer 2002 article on garnets from 


Tranoroa, Madagascar, by K. Schmetzer et al. (p. 154), 
samples Y and Z were inadvertently transposed. The 
pyrope-spessartines are actually positioned, from left to 
right: Samples E (Tranoroa, Cr>V), X (Bekily, V>Cr], Z 
(Bekily, V>Cr}, and Y (Bekily, V~Cr). 
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CHALLENGE Ti oe 


This year, 255 dedicated readers participated in the 2002 GEMS & GEMOLOGY Challenge. Entries arrived 
from all corners of the world, as readers tested their knowledge on the questions listed in the Spring 2002 
issue. Those who earned a score of 75% or better received a GIA Continuing Education Certificate recog- 
nizing their achievement. The participants who scored a perfect 100% are listed below. Congratulations! 


AUSTRALIA Berala, New South Wales: Barbara Wodecki. Coogee, Western Australia: Helen Judith Haddy. Maleny, Queensland: Erwin 
Stadelmann. Slacks Creek, Queensland: Ken Hunter BELGIUM Diegem: Guy Lalous. Diksmuide: Honoré Loeters. Hemiksem: Daniel De 
Maeght. Overijse: Margrethe Gram-Jensen. Ruiselede: Lucette Nols BRAZIL Rio de Janeiro: Luiz Angelo. Sao Paulo: Ana Flavia 
Pantalena CANADA Bobcaygeon, Ontario: David R. Lindsay. Calgary, Alberta: Janusz J. Meier, Sharon L. Paige. Etobicoke, Ontario: 
David N. Carabott. Kingston, Ontario: Brian Randolph Smith. Laval, Québec: Monique Savard. Montreal, Québec: Marie-France Rosiak. 
St. Catharines, Ontario: Alice J. Christianson. Toronto, Ontario: Ken Miller, David Reuben. Vancouver, British Columbia: Michael 
Cavanagh, Eva B. Nilsson. Winnipeg, Manitoba: Alyson Raynard ENGLAND London: Rosemary Ross. Tenterden, Kent: Linda Bateley 

FINLAND Oulu: Petri Tuovinen FRANCE Paris: Marie-France Chateau GERMANY Nurnberg: Herbig Klaus INDIA Shimla: 
Deepak Bagai INDONESIA Jakarta: Warli Latumena ITALY Ferrara: Sonia Franzolin. Malnate, Varese: Tralli Gabriele. Porto 
Azzurro, Livorno: Diego Giuseppe Trainini. Valenza: Rossella Conti. Vicenza: Fabio D'Amico, Francesca Zen NETHERLANDS 
Rotterdam: E. van Velzen. Wassenaar: Jane M. Orsak PARAGUAY Asuncion: Viviana Stiegwardt PORTUGAL Figueira, Algarve: 
Johanne Jack SCOTLAND Edinburgh: James Heatlie SPAIN Playa P. Farnals, Valencia: Monika Bergel Becker. Madrid: Shahrazad 
Krewi de Urquijo SWEDEN /Jiirfilla: Thomas Larsson SWITZERLAND Rodersdorf: Heinz Kniess. Zollikon: Adrian Meister. Ziirich: 
Eva Mettler THAILAND Bangkok: Zin Win Mon ZIMBABWE Harare: Lesley Faye Marsh UNITED STATES Arizona Sun City: 
Anita R. Wilde. Tucson: Dave Arens, Luella Dykhuis, Molly K. Knox. California Burlingame: Sandra MacKenzie-Graham. Burney: 
Willard C. Brown. Carlsbad: Michael T. Evans, Elaine Ferrari-Santhon, Brian Genstel, Martin Harmon, Alethea Inns, Mark Johnson, 
Doug Kennedy, Jan Lombardi, Roxana J. Lucas, Diane Saito, Abba Steinfeld, Jim Viall, Michael Wobby, Philip G. York, Marisa 
Zachovay. Coronado: Allen P. Salgado. Fremont: Ying Ying Chow. Hercules: Ana Tom. Los Angeles: Veronica Clark-Hudson. Los Gatos: 
G. Donald Eberlein. Marina Del Rey: Veronika Riedel. Mill Valley: Susan Bickford. Rancho Cucamonga: Sandy MacLeane. Redwood City: 
Starla Turner. San Diego: Joseph St. Eliyas. San Jose: Wendy Bilodeau. San Rafael: Robert A. Seltzer. Seal Beach: Barr L. Doty. Colorado 
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SS. 

Re) oe 
Answers (See pp. 109-110 of the Spring 2002 issue for the girestions): (1) c, (2) b, (3) a, (4) b, (5) a, (6) c, (7) b, (8) a, (9) d 
(10) c, (11) b, (12) d, (13) c, (14) b, (15) c, (16) d, (17) c, (18) b, (19) c, (20) b, (21) b, (22) c, (23) withdrawn, (24) a, (25) d 
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From Mine to Mistress: 
Corporate Strategies and 
Government Policies in the 
International Diamond Industry 


By Chaim Even-Zohar, 555 pp., 
publ. by Mining Journal Books Ltd., 
Edenbridge, England. US$495.00 


More and more, governments and cor- 
porations around the world are focus- 
ing on the diamond industry, for a 
whole host of reasons: New deposits 
are being discovered in places not tra- 
ditionally associated with diamond 
production, demand for diamonds is 
growing, and unscrupulous people 
have been using them as a form of 
international currency. 

The author, who has worked in the 
industry for 30 years, produced this 
book as a “one-stop” reference to guide 
policymakers and corporate executives 
who have little previous knowledge of 
the industry through what appears to 
be a mysterious, jumbled process. This 
helps explain the price of this volume. 

The book is divided into four main 
sections. The first offers an extensive 
overview of the workings of the dia- 
mond pipeline. It begins with an 
account of the development of the dia- 
mond industry in the 18th and 19th 
centuries, including government 
attempts to control new discoveries in 
Brazil and South Africa. It then traces 
the rise of De Beers and its struggle to 
contain and control diamond produc- 
tion during World War II, which led to 
the U.S. Justice Department's long-run- 
ning anti-trust action. The subsections 
that follow provide a general look at 
how the industry is organized, how De 
Beers and others market rough dia- 
monds, the economics of each stage of 
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the diamond pipeline, and the role of De 
Beers’s Diamond Trading Company and 
others in controlling prices. The section 
concludes with a lengthy realpolitik 
look at the conflict diamond issue. 

The second section is devoted to 
diamond producers. It opens with an 
overview of world diamond produc- 
tion, and then offers an in-depth anal- 
ysis of the political and economic 
forces that affect diamond mining in 
each producing country. In Botswana, 
for example, the author examines the 
partnership between the government 
and De Beers, and looks into the con- 
troversial practice of setting up local 
diamond polishing operations to boost 
employment. The government wants 
such operations to add value to its dia- 
monds, while De Beers argues that 
such facilities are too far removed 
from the mainstream to market their 
polished goods profitably. 

Some nonproducing countries 
play a vital downstream role in the 
diamond industry. The third section 
examines the forces that impact the 
major diamond-processing centers 
(labor costs, government policies and 
assistance to polishing firms, and pro- 
ductivity and banking issues). As with 
the producers, the author examines 
each country in turn, assessing 
strengths and weaknesses and offering 
an outlook for the future. 

The final section considers global 
issues that affect the diamond trade: 
political and legal restraints (such as 
the De Beers anti-trust case}, the brand- 
ing revolution that has brought new 
marketing initiatives and diamond cuts 
to the trade; and the complicated world 
of diamond financing. 

Appendices offer documents, 
such as the official framework for dia- 
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EDITORS 


Susan B. Johnson 
Jana E. Miyahira-Smith 


mond origin certification drawn up by 
the Kimberley Process, and glossaries 
of specialized terms dealing with key 
issues affecting the trade today. 

Some of the information pub- 
lished in this book has appeared piece- 
meal in the author’s and other trade 
publications, but much of it is new. 
Moreover, all of the information is pre- 
sented with a greater depth and under- 
standing than any other source current- 
ly available. While there is some redun- 
dancy of topics between sections, the 
information is generally concise, well- 
organized, and very easy to access. 

Beyond the wealth of information 
it contains, the book’s greatest asset is 
its apparent objectivity. Today, as gov- 
emmments attempt to deal with conflict 
diamonds, fiscal matters affecting the 
industry (such as the Patriot Act}, and 
a burgeoning trade, numerous groups 
are offering policy advice tailored to 
furthering their own agendas and 
viewpoints. Until this book was com- 
pleted, there was little objective infor- 
mation to guide policymakers. 

The price will, of course, deter 
the casual browser and the hobbyist. 
However, this book is a “must have” 
for any organization, government, or 
corporation that has a stake in the 
diamond industry. 


RUSSELL SHOR 
Gemological Institute of America 
Carlsbad, California 


*This book is available for purchase 
through the GIA Bookstore, 5345 
Armada Drive, Carlsbad, CA 92008. 
Telephone: (800) 421-7250, ext. 
4200; outside the U.S. (760) 603- 
4200. Fax: (760) 603-4266. 


FALL 2002 277 


Light & Stone: Highlights from 
the Scott Gem Collection 


Photography by Harold and Erica 
Van Pelt, commentary by Peter C. 
Keller and Michael M. Scott, publ. 
by the Bowers Museum of Cultural 
Art, Santa Ana, California, 2002. 
US$25.00* (softbound) 


This new book offers highlights of an 
extraordinary collection, that of 
Michael M. Scott, past president of 
Apple Computer, Inc. Noted gemolo- 
gist and author Peter C. Keller calls it 
“arguably the most important gem 
collection in the United States.” In 
the foreword, Keller enthuses about 
the diversity of gems, gem artistry, 
and minerals. The highlights of the 
book are breathtaking, encompassing 
fancy-color and colorless diamonds, 
as well as important colored gems. 
Among the treasures: a 400 ct faceted 
golden sapphire, a heart-stopping 
1,730 ct ruby crystal from Mogok, 
and a 242 ct faceted tanzanite (per- 
haps the largest ever cut). Glyptic arts 
and metalsmithing are also celebrat- 
ed. The last section features the 
works of Seattle-based silversmith 
John Marshall, as well as noted Idar- 
Oberstein sculptors Gunter Petry, 
Gerd Dreher, and Bernd Munsteiner. 

The Scott collection is brought to 
light through the eyes, lenses, and pho- 
tographic expertise of Harold and Erica 
Van Pelt, the world-renowned hus- 
band-and-wife team of gem and miner- 
al photographers. Their genius graces 
almost every page, not only recording 
the beauty of the specimens, but also 
interpreting them in such a way that 
defines how the pieces should be 
looked at. Bravo! The book exhibits the 
treasures well, too, with its oversize (10 
x 14 inch) format, which lends itself to 
the stunning use of more than 70 Van 
Pelt images, many of them occupying a 
full page or two-page spreads. 

Mr. Scott dedicates a page of the 
book to addressing would-be gem and 
mineral collectors, advising them on 
how to build a collection by starting 
with small specimens, and focusing 
on a single species or even a particu- 
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lar shape within that species. “My 
goal has been to collect quality and 
beauty .. . and for the collection to 
tell the emotional story of the impact 
of colors,” he writes. Readers of this 
book will readily see that this goal 
has been largely accomplished. 

The book covers many of the main 
gem species and varieties, though 
there are some notable exceptions. For 
example, spinel, chrysoberyl, feldspars, 
and pearls are absent (except as side 
stones). Nor does the book include 
many ornamental gems, such as 
jadeite or lapis lazuli. This suggests the 
possibility that Mr. Scott has not yet 
reached his goals with regard to those 
gems, or that a sequel is planned. 
Finally, it is hard to know whether the 
book is considered a text or a partial 
catalogue. While there is a quasi-table 
of contents, there are no page numbers 
to which it can refer. An index to the 
various gem materials and artists rep- 
resented also would have been a nice 
addition. 

For those lucky enough to peruse 
the book, those points are minor 
details. After examining the cover and 
turning a few pages, the viewer will 
be lost in the scope of the collection, 
the beauty of the photography, and 
the technical perfection of the jewelry 
and glyptic arts. 

ROBERT WELDON, G.G. 
Professional Jeweler Magazine 
Philadelphia, Pennsylvania 


Gemstones Quality and Value, 
Volume 2 


By Yasukazu Suwa, 144 pp., illus., 
publ. by Sekai Bunka Publishing 
Inc., Tokyo, (2nd ed., English trans- 
lation) 2002. US$95.00* 


How much time, money, and effort 
would it take to “learn the colored 
stone business”? You would need to 
be able to recognize the different qual- 
ities in which the various gems occur, 
how they vary in price, and the rela- 
tive rarity of different sizes and colors. 
You would also need to keep copious 
notes, and color-reference photographs 
would be invaluable. In this one book, 
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the author offers an excellent refer- 
ence for such information on 22 of the 
more important gem materials and 
four cuts/shapes of diamond. It is 
information that normally would be 
difficult, expensive, and time consum- 
ing to acquire. 

The book features four-page entries 
on cat’s-eye chrysoberyl, citrine; fancy 
blue, pink, and yellow diamonds; 
Zambian emerald; iolite; boulder and 
Mexican opal; Mogok, Mong-Hsu, and 
star ruby; fancy-color, Sri Lankan, and 
star sapphire; red spinel; tsavorite; 
Imperial topaz; bicolored tourmaline; 
blue zircon; amber; pink coral; and 
emerald-cut, marquise-cut, pear, and 
princess-cut diamonds. For most of 
these items, there is a Quality Scale 
grid with five “beauty” grades and 
seven tones on the two axes. 
Numerous color illustrations of repre- 
sentative gems are provided for these 
grids. In most cases, these are the best 
visual representations of gemstone 
quality ranges I have ever seen. An 
additional chart shows which of these 
examples fall within one of three 
grades: gem quality, jewelry quality, 
or accessory quality. Also discussed are 
how prices vary between particular 
weights or grades. Where appropriate 
for a specific gem material, the 
subjects of treatment and origin are 
covered in a clear and conscientious 
manner. 

A chapter on value covers the 
impact of factors such as country of 
origin, treatments, beauty, tone, 
defects, and size on the value of a 
gem. Value comparison charts are 
provided for 42 gem materials, 
including gems featured in Volume 1. 
They show relative values for the 
three quality ranges and three carat 
weights, but they are not meant to be 
used as a price list. 

The color printing is excellent, 
and the scope and depth of material 
covered is amazing. Nothing can 
replace trade experience, but I believe 
this book would benefit anyone in the 
gem and jewelry business. 


DOUGLAS KENNEDY 
Gemological Institute of America 
Carlsbad, California 
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vertically throughout the stone, At 
least they are not restricted to a 
particular zone‘ or layer, especially 
one conforming more or less to the 
surface of the cut stone. In these 
new synthetics, the needle-like in- 
clusions seem to be restricted to a 
comparatively narrow zone more or 


less concentric with the upper curved 
surface of the cabochon cut stone. | 

In the light of this, some*may 
raise the question as to whether 
these artificial star stones are in the 
strictest sense the synthetic equiva- 
lent of natural star rubies and nat- 
ural star sapphires. 


The Garnet 


(Continued from Page 466) 


necessarily the 
many suppose. 


inexpensive stone 

Most expensive of the garnet 
group is the brilliant green deman- 
toid. The finest of these are found in 
the Ural Mountains of Russia and 
are, in large sizes, rare. They are 
sometimes incorrectly called olivine, 
the mineral name for peridot, but the 
demantoid is much more rare, more 
costly, and has greater fire than 
olivine. The name “demantoid” comes 
from the Greek and means ‘“dia- 
mond-like,” which is justified by the 
adamantine luster and the high dis- 
persion of the stone. In finer quali- 
ties, the green demantoid often ap- 
proaches the depth of color of the 
emerald but is much more brilliant 


and has a higher dispersion, not to” 
mention its greater durability. It is 
interesting to note that the deman- 
toid in over one-carat size will com- 
mand a higher price per carat than 
a star sapphire of comparable qual- 
ity and size. In small sizes it is occa- 
sionally seen as calibre in channel 
settings. 

In the trade the garnet will be 
found in cabochon (sometimes hol- 
low back); brilliant cut; emerald 
cut; rose eut. (especially in antique 
jewelry); and engraved or carved. 
Because of its wide variety of colors 
and appearance, the garnet is often 
mistaken for other gems; however, 
no imitations are made except glass 
or garnet and glass doublets, and 
few of these. The so-called “synthet- 
ie garnet” is usually a synthetic 
spinel. 


GIFTS TO THE INSTITUTE 


Recently Jack Klecka, in. the dia- 
mond department of J. R. Wood & 
Sons, Inc., New York City, presented 
the Institute with a 1987 edition of 
The Gemmologist’s Pocket Compen- 
dium, by Robert Webster, F.G.A. 

From Robert Webster himself a 
copy of the 1947 revision of this 
book, much enlarged and carefully 
illustrated, has just been received. 
The two books are a useful pair in 
the Institute library, containing an 
excellent glossary and plates of. syn- 
thetic and natural gems in addition 


to practical tables and reference 
data. } 

The Institute recently received a 
beautifully made miniature urn with 
cover, turned from Whitby Jet and 
embossed with gold. This urn is ap- 
proximately one inch high and three- 
eighths of an inch in diameter. It 
was made by Mr. Frederick W. Hos- 
bach of Penn Valley, Narberth, 
Pennsylvania. It will be added to the 
permanent collection of gems at the 
Institute’s headquarters in Los An- 
geles. 


Murzinka: Alabashka 
Pegmatite Field 


By Valentina I. Popova, Vladimir A. 
Popov, and Alexander A. Kanonerov, 
illus., 136 pp., Vol. 5 of the Mineral- 
ogical Almanac series, publ. by 
Ocean Pictures Ltd., Russia, 2002. 
US$39.95 (softbound) 


The Murzinka mining region in the 
Ural Mountains of Russia is best 
known for its production of fine min- 
eral specimens, including beryl and 
topaz. Historically, specimens from 
the region have been labeled simply 
“Murzinka,” even though the most 
important mines are located in the 
Alabashka field of granitic peg- 
matites. This book, Volume 5 of 
Mineralogical Almanac, surpasses its 
predecessors with a complete and 
updated description of the Alabashka 
pegmatites. Matching the superb pho- 
tography and print quality is detailed 
content written by dedicated experts 
in the field. 

The Introduction provides a brief 
overview of the region, with maps 
showing the locations of mines and a 
table that covers 12 of the Alabashka 
veins and the minerals they have 
yielded. Chapter 2, provides an excel- 
lent summary of past and recent 
exploration and mining activities. 
From the well-chosen citations, it is 
clear that the authors have spent con- 
siderable time searching the litera- 
ture, especially old archives. The next 
chapter offers a brief but excellent 
geologic review, including a simpli- 
fied geologic map of the region. This 
is followed by an up-to-date presenta- 
tion on eight of the most important 
granitic pegmatites of the Alabashka 
field. 

The fifth and final chapter, 
Mineralogy, is the most extensive. It 
is richly illustrated with photos of 
beautiful crystals, showing a selection 
of the various morphologies, etched 
crystals, and somewhat rare species. 
Each mineral species is thoroughly 
analyzed as to occurrence, size, and 
paragenesis. (The authors have made 
a major effort to describe crystal 
forms of topaz.) 
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The book concludes with a 
Russian-to-English glossary of words 
related to Alabashka and a references 
section. The book would have bene- 
fited from some additional references, 
as well as production figures. Aside 
from these items and a few minor 
mistakes in the text, it is difficult to 
find fault with this publication. 

In short, this is an excellent vol- 
ume, the best ever written on the 
Alabashka pegmatite field. It is highly 
recommended for anyone interested 
in mineralogy or geology, and it is an 
absolute must for anyone seriously 
interested in classical deposits, Rus- 
sian mineralogy, or pegmatites. 

PETER LYCKBERG 
Sweden/Luxembourg 


Gemstones and Other 
Unique Minerals and Rocks 
of Wyoming: A Field Guide 
for Collectors 


By W. Dan Hausel and Wayne M. 
Sutherland, illus., 268 pp., Bulletin 
71, Wyoming State Geological 
Survey, Laramie, 2000. US$20.00 
(softbound) 


This book is intended as a guide to 
the gem minerals and related rock 
occurrences in Wyoming for the 
gemologist, mineral collector, or rock 
hound who has some mineralogy and 
geology background. 

The book covers 38 general mate- 
rials, many of which are broken into 
more specific categories. For instance, 
the heading “Ore Minerals” actually 
comprises 45 different minerals, and 
“Quartz” covers both crystalline and 
cryptocrystalline varieties, which this 
state has in abundance. Most of the 
general headings include numerous 
localities, probably more than could 
be explored in many years. 

The book is rich in useful profes- 
sional maps, rather than the hand- 
drawn kind found in so many other 
field guides. (Where a map is not sup- 
plied, the appropriate U.S. Geological 
Survey topographic map or geologic 
map is recommended for the given 
occurrences.) As a textbook on miner- 
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als and gems, however, it is somewhat 
lacking. The ore minerals are given 
only brief descriptions; yet, oddly, the 
statement that certain copper ores 
“will partially replace a weathered 
rock hammer with native copper 
when the hammer is rubbed into the 
mineral wetted with dilute hydrochlo- 
ric acid” is made four times. Some of 
the gemological descriptions contain 
outdated information, or in some 
instances are simply in error. For 
example, in one case the authors cite 
as a reference two classic works by 
Max Bauer that were translated into 
English in the early 20th century. 
Such early works describe gems that 
are highly valued by today’s stan- 
dards—such as alexandrite, black opal, 
and demantoid garnet—as merely 
“semi-precious.” Also, even though 
the authors correctly state that there 
is no jadeite jade in Wyoming, they 
claim that “Imperial” jade (a trade des- 
ignation for the finest green jadeite) 
has been found there. Other examples 
include: The pyro- and piezoelectric 
properties of tourmaline are attributed 
to topaz; quartz crystals are reported 
to be terminated by a pyramid or 
bipyramids (quartz actually is termi- 
nated by two rhombohedra); and iolite 
is wrongly reported to be uniaxial 
rather than biaxial. 

In addition, table 3 lists some 
gem-quality diamonds collected from 
the Wyoming side of the State Line 
district. It is not clear if the informa- 
tion given is for rough specimens or 
fashioned gems. The grading terms, 
taken from Bruton (1976) do not 
exactly correlate to the GIA system; 
for instance, VVS is defined as top 
grade, flawless. 

Gemstones of Wyoming does a 
good job at its primary purpose, that is, 
to list and locate the gem materials 
that can be found in that state. 
However, it is less reliable as a descrip- 
tion of the materials themselves. 
Nevertheless, for those who want to 
do some serious collecting in the 
Cowboy State, this is the book to use. 

MICHAEL EVANS 


Gemological Institute of America 
Carlsbad, California 
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COLORED STONES AND 
ORGANIC MATERIALS 


Characterization of beryl (aquamarine variety) by Méssbauer 
spectroscopy. R. R. Viana, G. M. da Costa, E. De Grave, 
H. Jordt-Evangelista, and W. B. Stern, Physics and 
Chemistry of Minerals, Vol. 29, No. 1, 2002, pp. 78-86. 
Five aquamarine samples were analyzed by Méssbauer spec- 
troscopy to find a correlation between their dark blue to green- 
ish blue colors and the locations of iron atoms in the beryl 
structure. An asymmetric Fe?* doublet was observed in the 
spectra of all samples at room temperature. The asymmetry is 
related to a relaxation process involving Fe** ions and water 
molecules in structural channels. At higher temperatures, the 
spectra indicated at least two Fe** components. At very low 
temperatures, the spectra of a deep blue specimen showed that 
Fe?* was in structural channels. Fe?* also occupied octahedral 
and tetrahedral sites, whereas Fe** was only located in the octa- 
hedral site. The authors conclude that the color of green-to-blue 
beryls is determined by the relative proportions of Fe** in the 
octahedral sites and of Fe?* in the channels. Thus, deep blue 
beryls have little Fe**, whereas greener beryls have more octahe- 
dral Fe** or less channel Fe?*. Al 


The enhancement techniques of pearls. G. Shouguo and S. 
Lingyum, Journal of the Gemmological Association of 
Hong Kong, Vol. 22, 2001, pp. 32-36. 

This article gives a short but very informative overview of sev- 

eral techniques used to enhance the appearance and value of 

Chinese freshwater and saltwater cultured pearls. Details are 

given of the procedures used for dyeing, bleaching, polishing, 

and adding luster to cultured pearls by immersing them in 
chemicals. 


This section is designed to provide as complete a record as practi- 
cal of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 


Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
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Of particular interest are the many chemical formula- 
tions and “recipes” for cultured pearl enhancement, as well 
as the temperatures at which the enhancements are per- 
formed and the length of time they must remain in the var- 
ious solutions. For example, one bleach solution is identi- 
fied as hydrogen peroxide + chloroform + 3-ethanol-amine + 
12-alkyl sodium sulfate + Britton-Robison buffer solvent. 
The concentration of hydrogen peroxide is usually 
2%-4%, and the recommended bleaching temperature is 
30°-35°C. The bleaching time for light-colored cultured 
pearls is two to three days, but at least 10 days are required 
for dark-colored varieties. Twelve illustrations comple- 
ment the text and show how the pearls are harvested, sort- 
ed, and subjected to some of the treatments. ET 


Five centuries of Mexican pearls. D. M. Moreno and E. A. 
Castillo, Australian Gemmologist, Vol. 21, No. 5, 
2002, pp. 190-201. 

The history of the Mexican pearl industry in the Gulf of 

California, on Mexico’s Pacific Coast, is reviewed. Details 

are given of the development of the pearl-culturing indus- 

try responsible for creating the Sea of Cortez™ bead-nucle- 
ated cultured pearl. The history of cultured pearls world- 
wide is described, and the pervasive influence of the 

Japanese pearl-culturing industry is outlined. Innovative 

Mexican methods used to produce loose (whole) cultured 

pearls from the indigenous rainbow-lipped pearl oyster 

(Pteria sterna) are described, together with the unique fea- 

tures of the pearls cultured in this bivalve. The farming is 

claimed to have a positive environmental impact on the 

Gulf of California. RAH 


Iridescence of a shell of the abalone Haliotis rufescens 
caused by diffraction. Y. Liu, K. N. Hurwit, and J. E. 
Shigley, Journal of Gemmology, Vol. 28, No. 1, 
2002, pp. 1-5. 

The strong iridescence observed in the shell of the abalone 
Haliotis rufescens is a result of the diffraction of light by 
microscopic aragonite tiles that are arranged in a statistical- 
ly regular pattern. This specific tile structure serves as a 
two-dimensional reflection grating. However, the irides- 
cence found in bivalve mollusk shells (e.g., from mussels 
and oysters) results from a finer-scale micro-groove struc- 
ture that serves as a single reflection grating. The irides- 
cence caused by this structure in bivalve shells is direction- 
al and cannot be observed along the groove direction, 
whereas that from the two-dimensional structure can be 
observed in any direction. This difference partially explains 
the more subtle colors observed in bivalve shells compared 
to the brilliant hues seen in abalone shell. JEC 


Lapis lazuli—Eigenschaften und Vorkommen, Imitationen 
und kiinstliche Eigenschaftsverinderungen [Lapis 
lazuli—Properties and occurrences, imitations and 
treatments]. U. Henn and C. Braun, Gemmologie: 
Zeitschrift der Deutschen Gemmologischen Gesell- 
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schaft, Vol. 50, No. 2, 2001, pp. 95-108 [in German 

with English abstract]. 
Lapis lazuli, one of the oldest gem materials used in jewelry, 
is revered for its deep blue color. It is an aggregate (a rock) 
mainly composed of lazurite, but additional minerals such 
as diopside, calcite, and pyrite are usually present. 
Commercially important mines are located in Afghanistan, 
Chile, and Russia. Because lapis lazuli is such an important 
gem, it has several imitations, both natural (e.g., sodalite) 
and man-made (e.g., “Gilson synthetic lapis” and certain 
ceramic materials). Some of the imitations cannot be distin- 
guished from the natural material by macroscopic appear- 
ance alone. This article summarizes the distinguishing 
properties of natural lapis lazuli and its imitations. 

When unset, natural lapis lazuli may be identified by 
refractive index and/or specific gravity measurements, fol- 
lowed by a microscopic study. When set in jewelry or fash- 
ioned as an objet d’art, a sample must undergo additional 
or advanced testing, such as infrared spectroscopy. 

Claudia S. D’Andrea 


DIAMONDS 


Growth habit of needle crystals in coats of coated dia- 
monds. N. Shimobayashi and M. Kitamura, Journal 
of Mineralogical and Petrological Sciences (Japan), 
Vol. 96, No. 5, 2001, pp. 188-196. 

In coated diamonds from the Democratic Republic of 

Congo (Zaire), the coatings were found to consist of an 

aggregate of acicular diamond crystals over an octahedral 

single-crystal core. The tips of the acicular crystals in the 
coatings are bounded by curved {100} faces (or cuboids) 
with small {111} (octahedral) faces, showing a distinct sec- 
tor zoning in cathodoluminescence brightness. This char- 

acteristic form of the acicular crystals is interpreted to be a 

result of the co-precipitation of inclusions, and of rapid 

growth controlled by kinetic roughening of the octahedral 
faces and kinetic smoothing of the cuboid faces. RAH 


In praise of diamond fluorescence. R. B. Drucker, 
Jewelers’ Circular Keystone, Vol. 173, No. 5, 2002, 
pp. 124-130. 
Until 20 years ago, diamond fluorescence was regarded as 
an asset, in that it was the origin of the color term blue- 
white. Although this term was banned by the Federal 
Trade Commission in 1938, fluorescent diamonds still 
traded at a premium. That changed in the late 1970s, 
when buyers in the Far East began rejecting strongly fluo- 
rescent stones, especially in the top colors. Since then, flu- 
orescent diamonds have traded at a discount, currently 
3%-6% for the more strongly fluorescent blue varieties. A 
recent study (see Winter 1997 Gems #&) Gemology, pp. 
244-259) noted fluorescence in 35% of diamonds. Of 
those that fluoresced, 62% were medium to very strong; 
and of those, 97% were blue. 
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This article emphasizes that blue fluorescence in a col- 
orless diamond can, in many cases, make the diamond 
appear to be better in overall color appearance than it actu- 
ally is. Therefore, the discount compared to nonfluores- 
cent diamonds is unjustified (except in the case of “over- 
blues” and stones with yellow fluorescence}. The author 
believes that retailers have missed many opportunities to 
promote the positive aspects of diamond fluorescence and 
have lost sales because of negative or poor information 
about fluorescence. RS 


Indicator mineral and geochemical methods for diamond 
exploration in glaciated terrain in Canada. M. B. Mc- 
Clenaghan and B. A. Kjarsgaard. In M. B. McClen- 
aghan et al., Eds., Drift Exploration in Glaciated 
Terrain, Geological Society of London, Special 
Publication No. 185, 2001, pp. 83-123. 

Kimberlites are the primary focus of diamond exploration in 
Canada, but the search for these rocks is complicated by the 
effects of glaciation. Glaciers have eroded kimberlite pipes 
and obscured their presence with the deposition of glacial 
drift. This article summarizes the current exploration tech- 
niques in glaciated areas, which are based primarily on dia- 
mond indicator minerals and till geochemistry. 

Kimberlites are mineralogically and chemically distinct 
point sources that may yield distinctive indicator-mineral 
(mainly pyrope, Mg-ilmenite, Cr-diopside, and Cr-spinel] 
dispersion trains, or chemical-element (e.g., Ni, Cr, Ba, Co, 
Sr, Rb, Nb) signatures in glacial tills. Indicator minerals 
may be traced for long distances (up to several hundred 
kilometers) to their potentially diamond-bearing source. 
Similarly, chemical analysis of tills may be effective, espe- 
cially if there is a good contrast in the abundance of 
pathfinder elements between the till and surrounding rock 
masses. With both exploration methods, an understanding 
of ice flow history in the area is essential. The till-geo- 
chemistry technique is gaining popularity, because it is sig- 
nificantly cheaper than indicator-mineral analysis and can 
be performed quickly. Numerous examples are given of 
recent successes using both techniques in various parts of 
Canada. AAL 


GEM LOCALITIES 


After the fall. G. Austin, Colored Stone, Vol. 15, No. 2, 
2002, pp. 34-35. 
Since the 1865 discovery of alluvial sapphires in western 
Montana, numerous attempts have been made to exploit 
them. American Gem Corporation (AGC), which went 
public in 1994, experienced the most recent, and perhaps 
the most spectacular, failure because of low sales and high 
operating costs. In early 2001, Digital Gem Corp. (the post- 
1999 name of AGC) sold its remaining inventory of 6-8 
million carats of rough sapphires, along with an undis- 
closed amount of cut sapphires and jewelry inventory, to 
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Fine Gems International (FGI) of Helena, Montana. Other 
assets of the original AGC operations (e.g., the heat treat- 
ing facilities, and the mine and processing facilities at 
Rock Creek) were sold separately to others. 

FGI, which has a large stock of precision-cut, calibrated 
sapphires mostly in the 2-5 mm size categories, hopes to 
finally bring Montana sapphires to the mainstream market 
by developing new lines with manufacturers and designers. 
Among those is gem cutter Glenn Lehrer, designer of the 
Torus Ring™ cut (a carved doughnut shape}, who is selling 
Torus Ring-cut sapphires through Stuller Inc., a volume 
jewelry supplier. MT 


Compositions and formation conditions of fluid inclu- 
sions in emerald from the Maria deposit (Mozam- 
bique). Y. Vapnik and I. Moroz, Mineralogical 
Magazine, Vol. 66, No. 1, 2002, pp. 201-213. 

Fluid inclusions in emerald and quartz from the Maria 

hydrothermal vein deposit, which cuts Precambrian ultra- 

basic rocks, were studied using microthermometric and 

Raman microprobe techniques. Inclusions in the emeralds 

contained fluids in the Na-Ca-Mg-(HCO,}] —(CO,) —Cl 

H,O system that were saturated in carbonic acid brines. 

Nahcolite (NaHCO,) was the main daughter phase; other 

daughter minerals included Mg-calcite, magnesite, calcite, 

and aragonite. Zones of fluid inclusions with numerous 
birefringent solid phases were typical of emeralds from the 

Maria deposit. The probable conditions of emerald growth 

are 400°-500°C at 3-5 kbar. RAH 


Corundum/spinel reaction textures in carbonate-origin 
rocks, Sri Lanka. M. D. P. L. Francis and P. G. R. 
Dharmaratne, Australian Gemmologist, Vol. 21, No. 
5, 2002, pp. 211-214. 

Crystals of corundum with a spinel crust are common in 

marble of the Highland Complex in central Sri Lanka. The 

authors suggest that the spinel was formed by a reaction 

between phlogopite and corundum to give spinel and K- 

feldspar. A complete transformation is illustrated between 

hexagonal crystals of corundum and the development of 
an irregular spinel rim, eventually leaving a ragged core of 
corundum and finally yielding a crystal of spinel. 

RAH 


Cuprian elbaite from the Batalha mine, Paraiba, Brazil. W. E. 
Wilson, Mineralogical Record, Vol. 33, March—April 
2002, pp. 127-137. 
Cuprian elbaite, known in the gem trade as “Paraiba” 
tourmaline, was discovered in pegmatite veins at the 
Batalha mine in northeastern Brazil in 1988. The presence 
of relatively high concentrations of copper (up to 2.3 wt.% 
CuO), and to a lesser degree manganese, results in a range 
of extraordinary colors. Particularly prized are the unusual- 
ly bright and rich “turquoise’-blue specimens. Heat treat- 
ment is commonly used to enhance the color of as-mined 
material. Most crystals recovered are shattered and/or 
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heavily etched, and thus of poor gem quality. Nearly all 
good crystals are small (1-3 cm in size}, but few survive for 
mineral collectors due to the high market value for the 
faceted stones ($20,000 per carat in some cases]. CT 


Found in the Guatemalan wilds, jade lode as big as Rhode 
Island. W. J. Broad, New York Times, May 22, 2002, 
pp. Al, Al0. 

The first significant modern discovery of the source of 

jadeite used by pre-Columbian and more recent civiliza- 

tions (e.g., Olmec, Mayan, Aztec) in Mesoamerica was 
made in 1974 in Guatemala’s Motagua River valley [see 

Summer 1990 Gems &) Gemology, pp. 134-141]. However, 

most of this material is opaque and dull colored, and does 

not resemble the translucent and colorful “Olmec” blue 
and blue-green jadeite found in many carved jadeite arti- 
facts produced by the ancient civilizations. 

Recently, an important in situ deposit of remarkably 
translucent blue and blue-green jadeite was found that 
resembles the jadeite used in ancient times. The occur- 
rence is in a mountainous region, approximately the size of 
Rhode Island, which straddles the Motagua River. The dis- 
covery is, in part, a result of the devastating floods of 1998, 
which caused landslides that exposed old veins and washed 
jadeite boulders (some of which are described as “bus- 
sized”) into river beds. AAL 


Jeremejevite from Namibia. W. E. Wilson, C. L. Johnston, 
and E. R. Swoboda, Mineralogical Record, Vol. 33, 
No. 4, 2002, pp. 289-301. 
In 1973, jeremejevite was discovered in pegmatites at 
“Mile 72” (also known as the Cape Cross locality), north 
of Swakopmund, Namibia. This article relates details of 
the discovery, presents mineralogical and gemological 
properties of the jeremejevite, and describes initial mining 
activities from 1973 to 1976. A small number of crystals 
were recovered, ranging from colorless to “cornflower” 
blue; some were acquired by major museums (e.g., the 
Smithsonian Institution). In 1999, a new consortium 
mined the deposit using modern equipment, but they 
recovered only ~300 crystals, mostly colorless to yellow. 
The area has since been backfilled according to reclama- 
tion requirements. 

More recently (since March 2001), fine, lustrous crys- 
tals of jeremejevite have been recovered from pegmatites in 
the Erongo Mountains [about 180 km east of Mile 72; see 
GNI entry in this issue]. Mining there has been hindered by 
restricted access and lack of water. MT 


Les nouvelles mines de La Pita (Colombie), 1ére partie 
[The new mines of La Pita (Colombia), part 1]. J.-C. 
Michelou, Revue de Gemmologie, No. 143, 2001, 
pp. 9-13. Les nouvelles mines d’émeraude de La Pita 
(Colombie), 2e partie [The new emerald mines of La 
Pita (Colombia), part 2]. E. Fritsch, B. Rondeau, F. 
Notari, J.-C. Michelou, B. Devouard, J.-J. Peucat, J.-P. 


GEMOLOGICAL ABSTRACTS 


Chalain, Y. Lulzac, D. de Narvaez, and C. Arboleda, 

Revue de Gemmologie, No. 144, 2002, pp. 13-21 [in 

French with English abstract]. 
These two articles are part of a series on the emeralds of 
Colombia. Part 1 describes the history and geology of the 
La Pita mines, which are situated between Muzo and 
Coscuez. From rather modest beginnings in the 19th centu- 
ry and frequent changes of ownership, La Pita has become 
the most important source of emeralds in Colombia. Since 
May 1999, it has accounted for about 65% of the country’s 
emerald production. 

Part 2, describes the geology and mineralogy of La Pita 
in more detail—not surprisingly, both are very similar to 
what is seen at Muzo and Coscuez—and concentrates on 
the gemological properties of the emeralds. Crystals can be 
as large as 10 cm (4 inches); generally, they are prismatic 
with a wide range of minor prism and pyramidal faces, 
sometimes in combinations that are characteristic for the 
occurrence. The specific gravity, optical properties, and 
inclusions are typical for Colombian emeralds. Although 
the overall chemical composition also is consistent with 
Colombian emeralds, the marked predominance of V over 
Cr together with very low Rb contents and typical Mg val- 
ues appear to be characteristic of La Pita emeralds. RT 


Madagascar. A Mineral and Gemstone Paradise. extraLapis 
English, No. 1, 2001. 

The popular German extraLapis series now has an Ameri- 

can counterpart, extraLapis English. The first publication 

in this new series is an English translation (with updated 

text) of the 1999 Madagascar issue (No. 17) that was writ- 

ten by Federico Pezzotta. 

The issue starts with an historic overview beginning 
with the settlement of Madagascar by 18 ethnic groups 
who migrated from Malaysia and Indonesia about 2,000 
years ago. Following an eventful history, in 1960 the island 
peacefully transformed from a French colony to an inde- 
pendent republic. Although a traveler named Flancourt 
mentioned the occurrence of various gems on the island in 
1658, systematic mineral exploration and organized mining 
started only in the 20th century. The breakthrough is 
marked by Alfred Lacroix’s classic 1912 treatise on the 
mineralogy of Madagascar. Since then, however, gem min- 
ing and trading in this country have been challenged by 
poor infrastructure and at times political instability. 

The bulk of the issue is dedicated to a discussion of the 
geology and mineralogy of Madagascar, and the enumera- 
tion and description of important deposits and their miner- 
als. Along with skarns, which contain important ore 
deposits (gold) and corundum occurrences, Madagascar is 
famous for its pegmatites and alpine veins, which are the 
sources of a wide range of gem minerals (including rare 
gem classics such as liddicoatite, yellow orthoclase, 
sphene, and rhodizite-londonite). The volume ends with a 
description of the hydrothermal deposits of quartz varieties 
(including amethyst scepters, rock crystal, and star rose 
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quartz), and of ancient sediments that contain not only the 
famous blue celestite geodes, but also important gem-bear- 
ing placer deposits (e.g., lakaka). The issue is lavishly illus- 
trated, like its German counterpart, and includes geologic 
and location maps of the pegmatite districts, along with 
lists of minerals and mineral occurrences. RT 


Emeralds of the World. extraLapis English, No. 2, 2002. 

This second issue in the extraLapis English series is a 
translation of the recent emerald issue (No. 2.1, 2001) of the 
German extraLapis series [see Summer 2002 Gemological 
Abstracts, p. 194], and was edited by the late John 
Sinkankas. With the interests of a wider international audi- 
ence in mind, some changes have been made. Noteworthy 
are the addition of: (1) an article on North Carolina emer- 
alds (by M. Wise); (2) another perspective (by L. Conklin) on 
the problem of defining the term emerald (to accompany 
the original article on this subject by D. Schwarz and K. 
Schmetzer),; and (3) a discussion of “The Four R’s of 
Mineral Specimen Enhancement” (Reinforcement, Repair, 
Restoration, and Reconstruction) by M. L. Wilson. RT 


Piteiras, Brasilien: Erfolgreiche Smaragdsuche mit mod- 
ernsten Methoden (Piteiras, Brazil: Successful emer- 
ald prospecting with state-of-the-art methods). J. 
Kanis, Lapis, Vol. 27, No. 3, 2002, pp. 13-18 and 50 
[in German]. 
The Piteiras property may become an important source of 
emerald in Brazil, yielding both cabochon and fine-quality 
facetable material. Unlike other gem occurrences that were 
discovered by garimpeiros using trial-and-error methods, 
this deposit was found by systematic geologic research and 
modern prospecting techniques. After Seahawk Minerals 
Ltd. acquired the land in May 1998, the company initiated 
an exploration program that included geologic mapping, 
trenching, and the geochemical analysis of 925 soil sam- 
ples. Then, 45 core holes were drilled which outlined an 
emerald-bearing zone measuring 800 x 200 m. Preliminary 
mining activities started in September 2001. 

The Piteiras property is situated directly between the 
Belmont and Capoeirana emerald mines. At all three 
deposits, the emeralds are found in a “blackwall zone” (phl- 
ogopite/biotite schist). Occasionally, they are concentrated 
in “shoots,” where the crystals have the best color and can 
be quite large (the longest crystal found so far was 22 cm; 
an 18 x 9 cm crystal weighed 2.8 kg). The chemical compo- 
sition and gemological characteristics of the Piteiras emer- 
alds are very similar to those from the neighboring 
Belmont and Capoeirana mines. RT 


Red beryl company goes belly up. G. Austin, Colored 
Stone, Vol. 15, No. 2, 2002, pp. 14-15. 

Large-scale mining for red beryl in Utah’s Wah Wah 

Mountains ceased in 2001 after a seemingly promising 

future. From 1992 to 1996, Kennecott Exploration Co. 

conducted detailed geologic mapping, core drilling, and 
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bulk sampling; ultimately, however, they concluded that 
the deposit was not economically viable. Subsequently, 
during 1997-98, Utah-based Gemstone Mining Inc. (GMI) 
conducted additional exploration (e.g., drilling and under- 
ground sampling) and evaluation of the faceted stones. 
Their results were favorable (especially the yield of cut 
stones per ton of ore), and GMI began large-scale open-pit 
mining in December 1998. The production was sold to 
Red Emerald Ltd. (REL), a related company (both were 
formed by Amelia Investments Ltd., headquartered in 
Gibraltar, U.K.) that was responsible for cutting and sales. 
Despite activities by several marketing specialists to 
promote red beryl, REL experienced financial problems. Its 
management was blamed for bad decisions, such as turning 
down contracts with a television shopping network and a 
major jewelry supply company, which would have provid- 
ed greater exposure for the rare gem. In June 2001, a board 
member decided not to make a $2.5 million payment that 
was due to the claim owners, which led to the cessation of 
all mining and marketing activities by GMI and REL. 
Subsequently, equipment was sold off, and the property 
was reclaimed, as required by the state of Utah. The fate of 
approximately 6,000 carats of faceted red beryl remains 
uncertain, as does the future of the deposit. MT 


Rubis trapiches de Mong Hsu, Myanmar [Trapiche Rubies 
from Mong Hsu, Myanmar]. V. Garnier, D. Ohnen- 
stetter, G. Giuliani, and D. Schwarz, Revue de 
Gemmologie, No. 144, 2002, pp. 5-12 [in French 
with English abstract]. 

After a comparison of the geologic occurrences of trapiche 
emerald and trapiche ruby, and a discussion of the various 
theories proposed for their formation, this article presents 
the results of an investigation of the chemical composi- 
tions, and the solid and fluid inclusions, of six trapiche 
rubies from Mong Hsu. The study used advanced analyti- 
cal techniques such as energy- and wavelength-dispersive 
spectrometry and “cold” cathodoluminescence. 

The authors identify 12 minerals not previously report- 
ed as inclusions in trapiche rubies or as components of 
their skeletal “arms.” The rubies show a chemical zona- 
tion that can be linked to variations in the chemical com- 
position of the growth fluid. The chromium content, in 
particular, appears to be related to variations in the circula- 
tion of metasomatic fluids rich in REE (rare-earth element) 
fluorides. RT 


Star garnets and star garnet cat’s-eyes from Ambaton- 
drazaka, Madagascar. K. Schmetzer, H. J. Bernhardt, 
and L. Kiefert, Journal of Gemmology, Vol. 28, No. 
1, 2002, pp. 13-23. 

Star garnets (some that also show chatoyancy) from Amba- 

tondrazaka, Madagascar, are described with particular 

attention to the orientation of the ray-causing, acicular 

(needle-like) inclusions. The garnets are members of the 

almandite-spessartine series (70-73 mol.% and 18-21 
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mol.%, respectively), with appreciable (7-9 mol %) pyrope 
and minor (1-2 mol %) grossular and andradite. 

Raman analysis indicates that the asterism is caused by 
oriented rutile needles, a common occurrence in garnets. 
The four- and six- rayed stars (which may appear in the 
same specimen) are seen when viewed perpendicular to the 
dodecahedral and octahedral faces, respectively. Oriented 
sillimanite lamellae were identified in the samples with 
chatoyancy. WMM 


Star garnets from Ilakaka, Madagascar. K. Schmetzer and 
H.-J. Bernhardt, Australian Gemmologist, Vol. 21, 
No. 5, 2002, pp. 202-206. 
Mineralogical and gemological properties are given for 
three cabochons of six- and/or four-rayed star garnets from 
the Ilakaka area of Madagascar. Compositionally they are 
almandine-pyrope; electron microprobe analysis of one 
sample yielded Alm. ,3Pyrj) gsSPe, »¢Gr07 36, and measured 
RI. and S.G. values were 1.773 and 3.96, respectively. The 
asterism is caused by a dense network of acicular inclu- 
sions oriented parallel to the two-fold or three-fold axes of 
the cubic garnet host. RAH 


INSTRUMENTS AND TECHNIQUES 


Gemchecker™ Professional valuation & appraisal module: 
G.A.A. Instrument Evaluation Committee Report. 
T. Linton and K. Frazer, Australian Gemmologist, 
Vol. 21, No. 5, 2002, pp. 215-218. 
The Gemchecker™ Professional (Pro) is a computerized sys- 
tem for the management of gems and jewelry, from the 
identification of their components to the assignment of 
value, and also for stock control. Clients appreciate a clear, 
unambiguous presentation of information used in appraisals, 
even though they may have little appreciation of the com- 
plexities involved. The Gemchecker Pro provides a modular 
system to facilitate valuations, with components that are 
flexible, both in purchase and application; valuers only need 
to buy those modules appropriate to their particular business 
operation. Once the modules are in place, their function and 
operation is controlled by “pull-down” menus that allow 
rapid selection of functions. Examples are given for the valu- 
ation of loose diamonds, opals, and pearls. The system is 
most useful when several valuers are linked by a high-speed 
computer network. RAH 


Observation des émeraudes traitées en luminescence U- 
VISIO® [Investigation of treated emeralds by the U- 
VISIO® luminescence method]. F. Notari, C. Grobon, 
and E. Fritsch, Revue de Gemmologie, No. 144, 
2002, pp. 27-31 [in French with English abstract and 
figure captions]. 

Synthetic resins (typically epoxy) that have been used to 

treat emeralds have turned out to be less stable than original- 

ly believed (e.g., they change color, lose clarity). Therefore, 
such resins are sometimes removed and replaced by cedar- 
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wood oil. So that the emeralds can be accurately described 
on reports, it is desirable to determine the nature and quan- 
tity of resin residues they contain. 

The presence of residues can be detected by micros- 
copy, infrared spectroscopy, and Raman microspectrome- 
try, but these techniques cannot accurately determine the 
nature and quantity of the resins. Such characteristics can 
be determined by U-VISIO®, an advanced luminescence 
analysis technique. The analytical procedures, as well as 
the performance of this method, are explained and illustrat- 
ed with numerous photomicrographs. RT 


JEWELRY HISTORY 


Dogali, January 1887: An engraved sapphire by Giorgio 
Antonio Girardet for a Castellani brooch. L. P.-B. 
Stefanelli, The Burlington Magazine, Vol. 144, No. 
1191, 2002, pp. 354-356. 

In 1917, a brooch-pendant produced by the Roman gold- 

smith Castellani entered the collection of London’s Victoria 

and Albert Museum. Manufactured in 1887 or 1888, the 9.4 

x 5.2 cm brooch derives its form from a 17th century 

German prototype and contains a large heart-shaped sap- 

phire engraved by Girardet to commemorate the tragic 1887 

massacre of 500 Italian soldiers at Dogali in Ethiopia. The 

intaglio engraved on the sapphire’s convex surface is richly 
populated with uniformed soldiers in battle, a mirror image 
of the central part of a print by Pogliaghi. CT 


The Ottoman Treasury. E. Bilirgen and S. Murat, Arts of 
Asia, Vol. 31, No. 6, 2001, pp. 54-67. 

The Fatih Kiosk at the Topkapi Palace in Istanbul houses 
the Ottoman Imperial Treasury and became a museum in 
1924. Gold and jeweled objects, primarily from the 16th to 
19th centuries, are stored and exhibited at the museum. 
The collection was expanded over the centuries as sultans 
added heirlooms on their ascensions, made purchases with 
both private and public funds, and accumulated the spoils 
of war. Gifts from foreign ambassadors and other rulers, as 
well as from artists and craftsmen, also augmented it. The 
museum now protects the priceless offerings left over time 
at the tomb of Muhammad in Medina. 

Numerous items are of special interest to gemologists: 
the 86 ct pear-shaped, rose-cut Kasikci diamond, the Nadir 
Shah Throne studded with emeralds, rubies, and pearls; 
magnificent aigrettes, most of which are from the 18th cen- 
tury; jeweled figurines, trophies, and snuff and cigarette 
boxes; and 16th century gold and jade book bindings that are 
set with emeralds, diamonds, turquoise, and other gem- 
stones. CT 


Stories in precious stones. J. Zapata, Art e&) Antiques, Vol. 
25, No. 5, 2002, pp. 70-75. 

As prominent collectors (such as B. A. von Rothschild and 

J. P. Morgan) amassed important collections of Renaissance 

jewelry in the 19th century, jewelers of the time adapted 
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the original 16th century designs to satisfy public demand 
for similar pieces; this resulted in the Renaissance Revival 
style. The style is pictorial or even allegorical in nature, 
using pearls, colored gemstones, and enamel in artistic 
combinations rather than being dominated by large gem- 
stones. The pleasing design motifs are easily understand- 
able and today appeal to a sophisticated audience. 
Collectors interested in jewelry from the 16th century 
can buy 19th century Renaissance Revival jewelry instead. 
Sought-after 19th century designers include Giuliano, 
Falize, and Vasters, while contemporary designers of 
Renaissance style jewelry include Bucellati and Lantuch. 
CT 


JEWELRY RETAILING 


State of the jewelry industry. F. Costanza, National Jeweler, 

Vol. 96, No. 17, September, 1, 2002, pp. 50-52, 54, 56. 
Retail jewelry sales in the U.S. have declined for two con- 
secutive years, 2000 and 2001, after large gains in the 
1990s. More significantly, jewelry sales as “share of wallet” 
declined 0.1% (in 2001 compared to 2000) as other big tick- 
et items gained. 

Total retail jewelry sales in the U.S. jumped from $24.5 
billion in 1989 to $42.9 billion in 1999, before falling back to 
$40.6 billion last year. Citing the Jewelers of America (JA) 
Cost of Doing Business survey, the article notes that loose 
diamonds (15.1% of total sales) and diamond jewelry (32.4% 
of total sales) continue their overwhelming dominance of 
retailers’ business. The next highest category was karat gold 
jewelry (11.1%), followed by colored stones (9.3%). 

According to the JA survey, retailers’ gross margins 
have remained relatively steady over the past decade. Last 
year’s average was 49.3%, slightly higher than 2000 
(47.4%]. Margins were lowest at the high-ticket stores. 
Independent high-end jewelers reported an average margin 
of 45.6%, while mid-range independents and chain jewelers 
reported average margins of 50.2% and 50.7%, respectively. 
Designer and custom jewelers reported the highest average 
margin at 59%. 

The survey, citing a report from Ken Gassman of 
Davenport Associates, forecasts strong U.S. jewelry sales 
increases in the near future: $42.3 billion this year, rising to 
$51.5 billion in 2005. RS 


SYNTHETICS AND SIMULANTS 


Growth of piezoelectric quartz crystals of large dimension 
on seeds parallel to the (1011) face and lengthened 
along the Y-axis. I. B. Evseeva, V. E. Khadji, and P. 
P. Chvanski, High Pressure Research, Vol. 20, 2001, 
pp. 211-218. 

Colorless synthetic quartz crystals have been grown in 

large quantities for decades, primarily for their piezoelec- 

tric properties, using well-developed hydrothermal tech- 
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nologies. The seed plates used to grow the crystals are usu- 
ally cut parallel to the basal face {0001} and elongated in 
the direction of either the hexagonal prism [1010] or the 
trigonal prism [1120]. 

Details are given of a new growth technique that pro- 
duces large piezoelectric quartz crystals using seed plates 
cut parallel to the negative rhombohedron face {1011} and 
elongated along either the X- or Y-axis. The method requires 
hydrothermal solutions of sodium hydroxide (4%) and sodi- 
um carbonate (7%) with the admixture of lithium nitride. 
The temperature of crystallization is 330°-410°C, with pres- 
sures up to 150 MPa; growth rates range from 0.45 to 0.65 
mm /day. These crystals are described as rx- or ry’-crystals in 
Russia, and have been grown in sizes up to 410 mm and 120 
mm along Y- and X-axes, respectively. This technology 
could be applied to the synthesis of amethyst crystals. TL 


The growth of sapphire single crystals. A. Golubovic, S. 
Nikolic, S. Djuric, and A. Valcic, Journal of the 
Serbian Chemical Society, 2001, Vol. 66, No. 6, pp. 
411-418. 

The optimum conditions for growing electronic-grade 
crystals of colorless sapphire by the Czochralski (pulling) 
technique in iridium crucibles, in both an air and argon 
atmosphere, were determined theoretically and confirmed 
experimentally. The hydrodynamic condition of the melt 
is critical and is controlled by convection of three types: 
forced convection caused by the rotation of the crystal 
and/or the crucible, buoyancy-driven free convection, and 
thermocapillary surface convection. These variables were 
considered in the theoretical calculations. 

The best-quality synthetic sapphire crystals were 
obtained when the crystal rotation speed was 20 rpm, the 
pulling rate was 3.5 mm/hour, and the cooling rate after 
crystal growth was about 50 K/hour. The argon atmosphere 
was not suitable because it resulted in the formation of 
light-scattering particles (a variant of Al,O,) within the 
crystals. Growth in an air atmosphere yielded good crystals 
when the temperature was less than 1,300 K. Above this 
temperature, oxidation of iridium from the crucible result- 
ed in the formation of iridium oxide (IrO,), which convert- 
ed to metallic iridium that became incorporated into the 
growing crystal. PL 


Historical review of quartz crystal growth. F. Iwasaki and 
H. Iwasaki, Journal of Crystal Growth, Vol. 
237-239, Part 1, 2002, pp. 820-827. 

The history of the synthesis of quartz crystals is reviewed, 

and three stages are recognized: 


1. The basic work was performed in the late 19‘ and early 
20" centuries by European mineralogists and chemists 
who investigated growth conditions of quartz. The first 
major results were obtained in 1909 by Dr. G. Spezia 
(Turin University, Italy), who grew synthetic quartz on 
seed crystals in hydrothermal solutions. However, the 
crystals were small and the growth rate was slow. 
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2. During World War II, larger quartz crystals were synthe- 
sized and used for industrial and military purposes (e.g., 
oscillators) in Germany and England. In both countries 
they were grown hydrothermally by the isothermal 
method based on the difference in the solubilities 
between fused quartz as a nutrient and crystalline quartz 
as a seed. 


3. The modern quartz growth industry developed in 1949, 
when it was recognized in England that quartz crystals 
could be grown hydrothermally by the temperature gra- 
dient method (a variation of Spezia’s technique) using 
crushed quartz as a nutrient. Since then, synthetic 
quartz has been mass-produced by various hydrothermal 
methods in the U.S., Russia, and Japan; the seed type 
chosen is especially important in commercial produc- 
tion processes. Various color varieties of synthetic 
quartz seen in the gem trade today are grown primarily 
in Russia using specialized hydrothermal techniques 
developed in the last decade. TL 


Inclusions related to catalyst and medium for transmitting 
pressure in diamond single crystals grown at high 
temperature and high pressure from the Fe-C sys- 
tem. L. Yin, M. Li, Z. Hao, and J. Zhang, Journal of 
Physics D: Applied Physics, Vol. 34, No. 12, 2001, 
pp. L57-L60. 

Single-crystal synthetic diamonds are most often grown from 
solution in a metal catalyst-carbon system at high pressure 
and high temperature (HPHT). Graphite is used as a carbon 
source, the transformation of graphite to diamond is accom- 
plished with a molten catalyst (Fe or Ni or Co), and pyrophyl- 
lite (a hydrated aluminum silicate mineral) is used as a medi- 
um for transmitting pressure. This process gives rise to the 
formation of inclusions in the synthetic diamonds in a num- 
ber of ways: (1) by the reaction of liquid iron with diamond or 
graphite, (2) by the reaction of liquid iron with the element 
components of pyrophyllite, or (3) by the reaction of the dia- 
mond or graphite with silicon from pyrophyllite. 

The inclusions in small (~0.6 mm) crystals of synthetic 
diamond were studied by transmission electron microscopy, 
energy-dispersive X-ray spectrometry, and electron diffrac- 
tion techniques. Four types of inclusions were identified: 
Fe,C (orthorhombic), FeSi, (orthorhombic), SiO, (hexago- 
nal), and SiC (cubic). Knowledge of these inclusions is 
important since their nature and abundance can affect hard- 
ness, thermal conductivity, optical absorption, and other 
properties of the synthetic diamonds. KSM 


Ladder-shaped hydrothermal growth of color [sic] corun- 
dum crystals. Z. Chen, J. Zheng, C. Zhang, H. Huo, 
W. Zhou, and H. Shen, Journal of Synthetic Crystals, 
Vol. 31, No. 1, 2002, pp. 18-21 [in Chinese with 
English abstract]. 

Researchers in Guilin, China, have developed a new type of 

autoclave for the hydrothermal growth of synthetic corun- 
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dum. This autoclave has a growth ladder (made of gold 
wires) capable of accommodating six to 10 seed crystals 
simultaneously. The crystal growth zone of the autoclave is 
300 mm long and has a temperature gradient of 0.27°C/cm. 
The temperature in the growth zone is 505°-515°C, and in 
the dissolution zone is 550°-580°C. The pressure is about 
1,500-—2,000 atmospheres. 

Various colors of synthetic corundum (red, pink, yellow 
to orange-yellow, yellowish green, brownish red, and 
“white”)} have been grown successfully by the addition of 
different dopants (e.g., Cr?*, V**, Mn+, Co**, Ni?*, Ni3*). The 
concentrations of these impurities in the growth environ- 
ment are controlled by the diameters of openings in the 
capsules containing them. Good-quality synthetic corun- 
dum crystals of 30 x 25 x 10 mm (60-90 ct) are obtained in 
seven to 10 days. TL 


Moissanite: Genesis, synthesis, and identification. E. 
Melnikov et al., Gemological Bulletin (Gemological 
Society of Russia], No. 1 (4), 2002, pp. 9-15. 

This article reviews the history, multiple uses, synthesis, 

and identification of synthetic moissanite (SiC), from its 

accidental synthesis in 1893 through its current use as a 

gem material. It also reviews the worldwide occurrences of 

natural moissanite (which is rare and not of gem quality) 
and its various crystallographic types. 

The gemological properties of synthetic moissanite are 
emphasized, with particular attention to the traditional 
methods that can be used to separate it from diamond, these 
include specific gravity (3.32; diamond is 3.52), inclusions, 
and recognition of optic character. The most common 
inclusions, which are characteristic of both colored and col- 
orless synthetic moissanite produced in Russia and the U.S., 
are growth channels. Small black graphite inclusions and 
combinations of inclusions (mineral + channel or negative 
crystal + channel) are sometimes observed as well. The easi- 
est to observe and most reliable feature for distinguishing 
synthetic moissanite from diamond is the doubling of the 
facet junctions due to the anisotropic optic nature of the 6H 
polytype that is currently used in jewelry. Advanced (spec- 
troscopic) techniques for identification also are discussed. 
Synthetic moissanite has strong absorption bands with 
maxima near 420-430, 480, and 840-870 nm. VD 


TREATMENTS 


Beobachtungen an hitzebehandeltem Rubin mit kiin- 
stlicher Rissheilung [Observations on heat-treated 
ruby with artificially healed fissures]. H. A. Hanni, 
Gemmologie: Zeitschrift der Deutschen Gemmolo- 
gischen Gesellschaft, Vol. 50, No. 3, 2001, pp. 
123-136 [in German with English abstract]. 

This article provides a comprehensive review of the char- 

acteristic features of the fracture fillings and healed frac- 

tures in rubies that result when fluxes are used in conjunc- 


GEMS & GEMOLOGY FALL 2002 287 


tion with heat treatment. Heat treatments designed to 
heal fissures in rubies involve the use of a variety of syn- 
thetic or natural fluxes (e.g., lithium tetraborate or borax). 
During heat treatment, the flux forms a melt that spreads 
over the surface of the stone and is drawn into fissures and 
cavities. On cooling, the flux crystallizes and the fissures 
are healed. The flux may remain amorphous and glassy, 
but very often devitrification products are formed. 

The results of this flux-assisted heat treatment are not 
only healed fissures with the appearance of natural “‘finger- 
prints,” but also residual portions of the flux material 
(“glass”) that occur as fine droplets, channels, or thin films 
in the fissures. Depending on the amounts of such “glassy” 
residues in a ruby, the degree of enhancement can be cate- 
gorized as minor, moderate, or significant/prominent. 

Claudia S. D’Andrea 


Changing diamond colour. V. G. Vins, Gemological 
Bulletin (Gemological Society of Russia), No. 3, 
2001, pp. 19-30. 

This paper discusses the changes that can be made in the 

color of gem diamonds by both high-pressure, high-tem- 

perature (HPHT) treatment, and by BHT treatment (a com- 
bination of irradiation with 3 MeV electrons, followed by 
annealing at about 1,230°C). It examines the hypothesis 
that HPHT treatment removes brown color from type Ila 
diamonds by reducing plastic deformation in the crystal, 

and the alternative proposed by Smith et al. (Fall 2000 

Gems & Gemology, pp. 192-215) that some other color- 

causing defect(s) located along the deformation planes 

is(are) destroyed by the treatment. 

The results of several experiments, not previously pub- 
lished in English, are presented. In the 1970s, Russian 
researchers created a brown color in originally colorless dia- 
monds by plastically deforming them in the laboratory. In 
other experiments, annealing of brown diamonds at about 
1,530°C—which is sufficient to break down the N-related 
color-causing defects in diamond (such as the H3, H4, and 
N-V centers}—did not change their color. Further evidence 
directly indicates that HPHT treatment reduces deforma- 
tion: The intrinsic Raman peak for diamond (at 1332 cm) 
narrows considerably after treatment, and the diamond 
becomes less resistant to mechanical abrasion (due to a 
reduction in the dislocation density in the crystal). 

Visible and infrared spectra are presented for different 
types of diamond following HPHT treatment, and they are 
interpreted with respect to the changes among the various 
N-bearing defects (both color-causing and IR-absorbing). An 
IR band at 3107 cm“, associated with hydrogen, was creat- 
ed or increased in most of the type Ia samples as a result of 
the HPHT treatment. Further experiments on gray type Ia 
diamonds (relatively rich in hydrogen) showed large increas- 
es in this peak and other hydrogen-related absorptions, and 
other changes leading to a “straw yellow” color. 

BHT treatment was applied to both type Ia and type Ila 
diamonds. Originally near-colorless type Ia diamonds were 
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blue after irradiation, but turned a faint grayish brown, 
rather than colorless, after the annealing. Type Ia diamonds 
were greenish blue after irradiation, and either yellow-green 
(about 80%) or red after the annealing. The author reported 
a strong, broad band at 470 nm in the yellow-green dia- 
monds that appeared after the irradiation and grew appre- 
ciably on annealing, as well as spectral features previously 
presented in the literature. Diamonds that turned red from 
this treatment contained nitrogen in A aggregates, but not 
in platelets. In all of these type Ia samples, the treatment 
substantially reduced brown components of the color. 

Ilene Reinitz 


Color changing in synthetic diamonds: Influence of 
growth conditions. V. Vins, Gemological Bulletin 
(Gemological Society of Russia), No. 1 (4), 2002, pp. 
28-36 [in Russian with English abstract] 

This article complements the study of natural diamonds 

[see previous abstract] subjected to HPHT and BHT treat- 

ments with similar experiments on cut synthetic diamonds 

(type 1b) grown in the ranges of 1,350°-1,390°C to 

1,650°-1,740°C. The same experimental and interpretative 

procedures, the latter based primarily on optical spec- 
troscopy, were used. Transformations of optically active 
crystal lattice centers were confirmed and explained on the 
basis of the nature and chemical composition of the princi- 
pal impurities (mainly nitrogen), structural defects, and the 
variable growth rates and temperature ranges. VD 


Color modification in HPHT-annealed diamonds. C. P. 
Smith, Rapaport Diamond Report, Vol. 25, No. 17, 
May 3, 2002, pp. 48-50. 
In April 1999, Lazare Kaplan International and General 
Electric introduced a new color-modification process that 
successfully alters the color of certain diamonds. It was 
eventually determined that the process initially involved 
the application of high pressure, high temperature (HPHT) 
technology to remove the brown color in type Ila diamonds, 
leaving them colorless to near-colorless. Subsequently, 
HPHT treatment of some type Ila stones produced a pink 
color, and some type IIb diamonds have become blue. Type 
Ia diamonds can show orange, yellow, and yellow-green col- 
ors following HPHT treatment; occasionally dark brown- 
purple and gray are produced. Color changes resulting from 
the HPHT treatment are due to a reconfiguration of the 
atomic arrangement of the lattice. 

It is expected that increasing numbers of HPHT-treated 
diamonds (both natural and synthetic) will become avail- 
able in a variety of colors, as they are currently being pro- 
duced in at least five countries (U.S., Russia, Ireland, Israel, 
and China). The features that can be used to identify HPHT 
treatment are very dependent on the type and color of the 
diamond being analyzed; important or questionable dia- 
monds should be sent to a laboratory with the appropriate 
equipment and experience. MT 
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High-temperature annealing of colour centres in diamond. 
A. T. Collins, in Y. Tzeng et al., Eds., Proceedings of 
the Sixth Applied Diamond Conference/Second 
Frontier Carbon Technology Joint Conference 
(ADC/FCT), Auburn, Alabama, August 6-10, 2001, 
pp. 223-231. 

This paper presents spectral data for irradiated and annealed 

diamonds, and discusses the changes to their colors and 

nitrogen-bearing defects produced by various annealing con- 
ditions. Synthetic type Ib and natural type Ia diamonds 

(with both A and B aggregates) were irradiated at 2 MeV 

with either electrons or neutrons to create an abundance of 

vacancies. Then, some samples were heated repeatedly at 
successively higher temperatures, from 1,000°C to 1,600°C 
in an inert atmosphere, while others were subjected to 

HPHT treatment (about 2,300°C and 5-6 GPa). Spectra 

were obtained from the mid-infrared to the visible range, 

and presented in pairs (before and after treatment) to illus- 
trate features relating to changes in N aggregation and in the 
concentration of various color-causing centers. 

Annealing of type Ia diamonds without high pressure 
caused significant development of H2 centers, and reduced 
continuum absorption in the same spectral region as the 
peaks of the H3 center, changing the color from “orange/ 
yellow” to “yellow/green.” The same treatment applied to 
synthetic type Ib diamonds produced weaker peaks for the 
H2 and H3 centers, and a strong peak at 1.945 eV (637 nm) 
that colors the diamond pink; the infrared spectra for these 
samples showed increasing aggregation of N (that is, some 
development of A aggregates) as well. HPHT treatment 
also affects the aggregation state of N, causing aggregates to 
break apart and release single N atoms. 

This spectral information, along with the author’s previ- 
ous work, illustrates the successive creation and destruction 
of a series of N-bearing defects with increasing annealing 
temperature. The final products (both in terms of the defects 
and the colors they produce) depend on the temperature and 
duration of annealing, as well as on the initial N-aggregation 
state of the diamond. Attempts to fit spectral data to rate 
equations for the formation and breakdown of these centers 
support the idea that HPHT treatment is a non-equilibrium 
process. In particular, aggregates of N break apart rapidly 
during such treatment (i.e., more quickly than they can 
form new defects with migrating vacancies). Thus, at the 
highest temperatures of HPHT treatment, all previous N- 
bearing defects and color centers are broken down, and the 
remaining cause of color is single-substitutional N from the 
disaggregation process. Ilene Reinitz 


Hochdruck-Hochtemperatur-Behandlung natiirlicher 
Diamanten [High temperature-high pressure treat- 
ment of natural diamonds]. K. Schmetzer, Gold- 
schmiede Zeitung, Vol. 100, No. 1, January 2002, p. 
92, [in German]. 

On October 4, 2001, De Beers Industrial Diamonds (Pty) 

filed three patent applications on transforming the color of 
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brown or gray type II diamonds by high pressure, high tem- 
perature (HPHT) annealing. The following transformations 
are described: brown type Ila stones to pink (according to 
WO 01/72404A1), gray type Ilb stones to blue (according to 
WO 01/72405A1), and brown type Ila stones to colorless 
(according to WO 01/72406A1). The various temperature 
and pressure conditions, time required for the conversions, 
and other experimental details are also presented. 

De Beers stated that it intends for these to be “protec- 
tive patents,” and it will not produce HPHT-treated dia- 
monds for commercial purposes. The author notes that in 
the international search report for all three De Beers appli- 
cations, four previously published HPHT literature refer- 
ences and three previously published patent documents 
were cited [see Gems &) Gemology, Fall 2001, pp. 257-258, 
for one such patent application by General Electric] that 
seem to preclude the success of these applications. Thus, it 
remains to be seen if De Beers will be able to fulfill its “pro- 
tective patent” objective. AAL 


LRM spectrum characteristic of filled glass in heat-treat- 
ment [sic] rubies. B. Xi, R. Xu, H. Gao, and X. Guan, 
Journal of Gems and Gemmology, Vol. 3, No. 4, 
2001, pp. 5-7 [in Chinese with English abstract]. 

Natural rubies are usually enhanced by heat treatment in a 
flux, and secondary glasses may be formed that then remain 
in the gems. These fluxes are commonly similar in appear- 
ance to glass inclusions found in flux-grown synthetic 
rubies. To differentiate between these two types of glasses, 
the chemical compositions and structural characteristics of 
both types were determined using electron microprobe and 
laser Raman microspectrometry (LRM) techniques. 

Four types of glasses were found in the heat-treated nat- 
ural rubies: sodic aluminosilicate glass, Na-P-Al glass, B- 
Na-Al glass, and aluminosilicate glass. Chemically, these 
glasses are significantly different from flux inclusions 
found in synthetic rubies. They differ not only in major ele- 
ments, but also in trace elements. For example, Pb, W, Mo, 
and Bi present in synthetic rubies were not detectable in 
the glasses. The Raman spectra of the two materials also 
are distinct. TL 


Research on radiation-induced color change of white 
topaz. Y. Wang and Y. Gu, Radiation Physics and 
Chemistry, Vol. 63, Nos. 3-6, 2002, pp. 223-225. 

A new method of turning white topaz blue is described 

that uses a 3-5 MeV scanning electron beam from a linear 

accelerator, in conjunction with a cooling device to mini- 
mize cracking of the topaz. Following irradiation, samples 
are heated to 180°-280°C to stabilize the blue color. 

Although the color is stable in sunlight, it can be removed 

by heating to temperatures >450°C. 

Electron-beam irradiation has a shorter processing time 
than fast-neutron radiation (since there is no residual 
radioactivity). One major drawback is that this technique is 
not suitable for larger (over 14 x 16 mm) samples. Al 
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Crimestoppers. C. Langford, Canadian Diamonds, Spring 
2002, pp. 36-38, 40. 
The Royal Canadian Mounted Police (RCMP) formed a 
three-member Diamond Protection Service (DPS) in 2001 in 
response to criminal potential associated with Canada’s 
emerging diamond industry. The team determined that 
criminal interests, though not yet established or organized, 
were keenly aware of Canada’s diamond potential, and the 
DPS decided their best defense was a good offense. Con- 
sulting with police forces and industry professionals world- 
wide, they learned about the nature of diamond crime in 
order to recognize emergent patterns at home. The DPS 
believes that partnership with all phases of the industry and 
various Canadian and international intelligence services 
will enable their success. They have educated other divi- 
sions of the RCMP about diamond crime and have created 
proactive policing policies aimed at prevention. CT 


The discreet tycoon. R. Weldon, Professional Jeweler, Vol. 
5, No. 1, 2002, pp. 20-22, 26; Lev Leviev’s Angolan 
connection. R. Weldon, Professional Jeweler, Vol. 5, 
No. 2, 2002, pp. 19-21. 

This two-part article provides details of a long interview 
with Lev Leviev, chairman of the Israel-based diamond 
company LLD (reportedly the world’s top-ranking dia- 
mond manufacturer by value). The first part describes how 
Leviev, a quiet, self-effacing man, achieved sales of $2 bil- 
lion in 2000, divided equally between rough and polished, 
by developing his own diamond sources, as well as open- 
ing polishing operations in several Russian cities. The 
extent of his operations makes him a serious competitor 
to De Beers. 

Leviev entered the diamond business at 16 and became 
one of De Beers’s youngest sightholders a decade later. By 
1986, his exports exceeded $23 million. By 1994, they were 
10 times that amount. A big turning point came in 1992, 
when, with a rabbi’s blessing, he began doing business in 
Russia. That was just after the fall of the Soviet Union 
when opportunities—and risks—abounded. He eventually 
relinquished his De Beers sight and diversified into a num- 
ber of businesses, including real estate. 

The second part of Weldon’s report deals with Leviev’s 
Angolan operations. In October 1999, De Beers stopped buy- 
ing diamonds from Angola out of concern that some may 
have come from UNITA, the rebel group engaged in a long 
civil war with the government. Early in 2000, the Angolan 
government reorganized its diamond mining and marketing 
agencies into a single company called the Angola Selling 
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Corp. (Ascorp). The government owns half of Ascorp; 
Leviev and an Antwerp company, Omega Diamonds, own 
the other half. 

As a result of this move, Leviev was named sole sales 
agent for Angola’s diamonds. While he wouldn’t reveal 
how he obtained that marketing deal, he did say that the 
government has profited greatly from it, as tax revenues 
rose from $10 million to $60 million in two years. Leviev is 
certain that no diamond sold by Ascorp comes from con- 
flict origins, but he does acknowledge that stones are still 
smuggled out of the country illegally. Leviev is also diversi- 
fying into other countries, buying an offshore operation in 
Namibia and prospecting in Botswana. He is also looking at 
various diamond projects in Canada. RS 


India in-depth. C. Even-Zohar, Mazal U’Bracha Diamonds, 

Vol. 16, No. 139, November 2001, pp. 49-68 passim. 
The modern diamond-cutting industry in India began in 
the mid-1960s, with inexperienced cutters using primitive 
equipment and polishing a small amount (~5%) of the 
world’s production, much of which was of poor quality 
[see Spring 1998 Gems & Gemology, pp. 4-23, for a histo- 
ry of the Indian cutting industry from 1966-96]. Since 
then, India’s contribution to diamond manufacturing has 
risen enormously, and it now cuts and polishes the largest 
share of the world’s diamonds: 55% by value, 80% by 
weight, and 90% by the number of stones polished (~850 
million; average size is 2.3 points). This is achieved by 
~750,000 highly trained cutters who are well paid (by local 
standards; currently $120-$150/month). Well-cut dia- 
monds are produced with modern equipment, and are sold 
worldwide by ~7,000 diamond exporters. This “made in 
India” success story has been achieved, in part, because of 
an enlightened government strategy that is supportive of 
export-led growth. 

This article contains a wealth of information on the 
current state of the Indian diamond industry. The topics 
range from an analysis of the geographic sources of the 
imported supply of rough (essentially all is imported), 
through government policies (e.g., the requirements for 
obtaining import licenses), to the role of some 50 banks 
that finance the industry (the current domestic indebted- 
ness of the industry is ~$1.7 billion). Of particular interest 
to gemologists are data on productivity (e.g., workers aver- 
age four 2.5 point, or ten 1.0 point stones/day), and the 
average production costs for each polished stone (e.g., $0.50 
for a 1.5-3.0 point stone, and $1.00 for a 15 point stone). 
Local sales of polished diamonds have grown considerably 
in recent years, making the domestic Indian diamond mar- 
ket one of the fastest growing in the world. AAL 
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FEATURE ARTICLES 
294 Chart of Commercially Available Gem Treatments 
=» —— Christopher P. Smith and Shane F. McClure 


Provides a comprehensive, easy-to-use reference to the most common 
gem enhancements on the market today and their detectability. 


301 Gemesis Laboratory-Created Diamonds 
James E. Shigley, Reza Abbaschian, and Carter Clarke 
A study of the jewelry-quality yellow synthetic diamonds being grown 
on acommercial scale by Gemesis Corp. of Sarasota, Florida. 
310 Legal Protection for Proprietary Diamond Cuts 
Thomas W. Overton 
A guide to the protection of diamond cut designs through trademarks 


and patents. Includes a history of diamond cut patents and a review of 
proprietary designs currently in the marketplace. 


326 Rhodizite-Londonite from the Antsongombato Pegmatite, 
Central Madagascar 


Brendan M. Laurs, Federico Pezzotta, William B. (Skip) Simmons, 
Alexander U. Falster, and Sam Muhimeister 


Describes the history, geology, mining, and gemological characteristics 
of gem-quality rhodizite-londonite from its only known source. 
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LETTERS 


Kudos for the G&G Twenty Year Index 


I would like to thank GwG for its online Twenty Year 
Index (1981-2000) of articles, Gem News items, and Lab 
Notes. I just used this valuable resource once again to find 
the answer to another gem mystery. The ability to search 
and find pertinent articles with relative ease makes my life 
much simpler—and I’m sure I’m not alone in this senti- 
ment. I have one client who is always sending me “unusu- 
al” items to identify and certify. GWG is my “secret 
weapon.” My clients are always amazed that someone in 
Boise, Idaho—of all places—actually knows what’s hap- 
pening in the maelstrom we lovingly call the gem and jew- 
elry industry. 

The online index will be an even greater asset once it 
can be updated to add the references from each issue of the 
journal as it’s published. As an ardent fan of GWG, I 
would, of course, love to have it all... right now. 
(Actually, something like streaming “real-time” updates 
would be heaven.) There are plenty of us out here in the 
trenches who rely on this information. Without G#@G, my 
appraisal/identification practice would be consummately 
harder. I do hope that you realize what a tremendous 
resource you provide to the trade. 

Thanks from a grateful subscriber! 

Sharon Wakefield, G.G. 
Northwest Gem Lab 
Boise, Idaho 


Reply: We thank Sharon for her kind letter, and we are 
pleased to announce that the online version of the Twenty 
Year Index (go to www.gia.edu/gandg, then click on 
“G&G Indexes”) has been updated through the 2002 vol- 
ume year. Although time constraints currently prevent us 
from updating the online index with each issue, we will 
continue to update it on an annual basis, to coincide with 
the publication of each Winter issue. 
Brendan Laurs 
Editor, Gems & Gemology 


Hornbill “Ivory” Identification Questionable 


I have several observations on the “Hombill ‘Ivory’” entry 
in the Winter 2001 Lab Notes section (p. 323). I feel what 
you have described is a misidentification, and I will give 
you my reasons. 


LETTERS 


Since the early 1990s, I have specialized in ivory identi- 
fication (the nondestructive testing of ivory and its look- 
alikes). I co-founded the International Ivory Society (IIS) in 
1996. In late November 2001, the owner of the bead, also a 
member of the IIS, sent it to me for examination (with two 
other beads of similar composition). It was accompanied 
by a GIA Gem Trade Laboratory report that I assume was 
prepared concurrently with the Lab Notes entry. The 
owner did not think the bead was hornbill “ivory” and 
wanted my opinion. 

The helmeted hornbill has a solid tombstone-shaped 
casque (the large protuberance covering a portion of the head 
and beak) that may be up to approximately 3” x 2” x 1” in 
size. It is a yellowish material with a unique thin brown- 
ish-red coating on the top and two sides. I have compared 
this bead to hornbill examples in my collection, including a 
full skull of the bird, and there is no way that it could be 
hornbill “ivory.” It has entirely too much red for its size, 
and the swirled structure is not found in hornbill. If a bead 
were cut from hombill “ivory,” the finish would have been 
smooth all over and not—as described—with fibrous areas. 
Of all of the horbill “ivory” that I have examined, none 
shows this marbled appearance, nor do I or other ivory 
experts I have consulted believe it is capable of doing so. 
Such material is always opaque and only thin sections are 
translucent. The “carmine” color is usually limited to iso- 
lated small areas and certainly does not appear on all sides 
of a piece as seen in this bead. 

The “burnt hair” odor that emanates when the bead is 
touched with a thermal reaction tester is the same in any 
object made of keratin, and could be mistaken for the faint 
dentine (ivory) odor experienced in a mammal tooth or 
tusk. The refractive index reading is of no help, as all 
“organics” have similar R.I.’s of about 1.54. Without a 
good polish, a good reading can rarely be obtained in any 
case. Further, there is no mention of any testing for dye. I 
don’t see how GIA could have made a positive identifica- 
tion from the information given in this entry. 

After much research, contemplation, and consultation 
with other ivory experts, such as Eliot Landau and Dennis 
Caselli (a dentist and IS member], I have come to the con- 
clusion that the bead is carved from an abnormal growth 
area in the pulp cavity of a mammal tooth or tusk that has 
been dyed with cochineal (a red dye). Similar objects, a 
type of Japanese ojime bead, are known as kibatama. An 
example quite similar to this bead can be seen in the 
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Spring 1987 issue of Ornament magazine (see R. K. Liu, 
“Material in ancient and ethnic jewelry from past issues,” 
Vol. 10, No. 3, pp. 30-35; this article also has a photo of a 
hornbill bead, and both are reproduced in figure 1). These 
anomalies form in the pulp cavity as a rapid buildup of 
nodule-like secondary dentine, possibly caused by an irri- 
tant. I have seen this condition in both sperm whale and 
elephant ivory, and I am sure that it could form in the pulp 
cavity of any mammal tooth or tusk. 
William R. “Bobby” Mann, G.G., P.G. 
Temple Hills, Maryland 
mannivorymann@aol.com 


Reply: We thank Mr. Mann for his thoughtful comments 
regarding the Winter 2001 Lab Note entry on the purported 
horbill “ivory” bead. After careful review of our observa- 
tions and the literature on hornbill ivory, as well as discus- 
sion with outside experts, we have come to realize that we 
did not have sufficient evidence to prove conclusively that 
the bead had been carved from the casque of a hornbill. 
Therefore, the GIA Gem Trade Laboratory is issuing a new 
report to our client indicating that the exact origin of the 


bead remains uncertain. As a matter of clarification, our 
standard gemological tests did not reveal any evidence of 
dye. Although another alternative is that this is a dentine 
or similar material, we were unable to confirm Mr. Mann’s 
identification. Again, we appreciate Mr. Mann’s bringing 
his observations to our attention. 


Karin N. Hurwit 
GIA Gem Trade Laboratory, Carlsbad 


Figure 1. On the left is a kibatama ojime bead carved 
from a mammal tooth; on the right is a hornbill 
“ivory” ojime. Photos by Robert K. Liu; courtesy of 
and © 1977 Omament magazine. 


IN MEMORIAM 
Charles W. (“Chuck”) Fryer (1928-2003) 


Gems & Gemology mourns the loss of distinguished 
gemologist Chuck Fryer, who passed away January 3 in 
Los Angeles at the age of 74. A highly respected leader in 
the GIA Gem Trade Laboratory, Chuck was a beloved 
member of the G#G family for more than 20 years. 

Chuck joined GIA in 1966 and served 
for 14 years as director of the GIA Gem 
Trade Laboratory, first in Los Angeles and 
then in Santa Monica, before retiring as 
director of gem identification in 1993. 

A native of Missouri, Chuck had a life- 
long interest in gems and minerals. After 
completing his service in the U.S. Army in 
1952, he relocated to San Diego, California, 
and enrolled in GIA through home study. 
He earned his Graduate Gemologist diplo- 
ma from GIA in 1963 and received his 
F.G.A. diploma (with distinction) the same 
year. He attended San Diego City College 
from 1963 to 1966 while managing a local 
business that sold jewelers’ supplies, lapidary equipment, 
and gems. As a charter member and president of the San 
Diego Gemological Society during those years, Chuck pre- 
sented lectures and helped spread gemology in the area. 

Throughout his 27-year career with GIA, Chuck Fryer 
was recognized as one of the world’s most knowledgeable 
gemologists. His articles on gem identification appeared 
in Gems & Gemology, Journal of Gemmology, and 
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Jewelers’ Circular-Keystone. In fact, he co-authored two 
past winners of the Gems & Gemology Most Valuable 
Article Award: “A Simple Procedure to Separate Natural 
from Synthetic Amethyst on the Basis of Twinning” (Fall 
1986) and “The Characteristics and Identification of Filled 
Diamonds” (Summer 1989). A noted 
speaker, Chuck also appeared as an expert 
witness in court cases throughout the 
United States. 

In addition to his 17 years as editor of the 
Gem Trade Lab Notes section (from 1981 to 
1997) and 22 years as a member of the 
Editorial Review Board, Chuck performed 
an invaluable service the last several years 
as a consultant to GWG. He meticulously 
read the page proofs of every issue before it 
went to press, using his experience and 
expertise to catch the errors that reviewers, 
authors, and other editors had overlooked. 

Chuck was a man of many pursuits. In 
addition to being an accomplished lapidary, he enjoyed 
travel, sailing, and golf. 

Chuck Fryer is survived by his wife, Jan; his daughter, 
Kahlee Brighton; three sons, Michael, Russell, and Fraser 
Macfarlane; and six grandchildren. Chuck leaves behind 
countless friends in the field of gemology, which he served 
so brilliantly for more than four decades. We will miss 
him deeply. 
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CHART OF COMMERCIALLY 
AVAILABLE GEM TREATMENTS 


Christopher P. Smith and Shane F. McClure 


This chart combines a comprehensive listing of the commercially available treatments for the 
most commonly used gem materials with an indication of the current status of their detectabili- 
ty. Designed as a supplement to “Gemstone Enhancement and Detection in the 1990s,” from 
the Winter 2000 issue of Gems & Gemology, this chart makes the key information available in 


an easy-to-use reference tool. 


or many centuries, a wide variety of techniques 

have been used to improve the appearance of 

gems. Early treatments typically involved chang- 
ing the perceived color of stones through simple 
methods such as dyeing, painting, or backing them 
with a thin layer of foil. However, as time progressed, 
so did the sophistication of gem treatments. Today, 
there exist a vast array of methods to modify the 
appearance and/or properties of most gem materials 
(see figure 1), from rudimentary procedures such as 
dyeing to “high-tech” processes such as the high 
pressure/high temperature annealing of diamonds 
(Hall and Moses, 2.001a,b). 

Although many of the most common treatments 
can be identified with basic gemological training, 
experience, and equipment, more and more of the 
treatments entering the marketplace can only be 
detected with sophisticated analytical instruments 
and highly specialized expertise. It is also important 
that the gem and jewelry trade recognize that not all 
treatments are currently detectable. This is typical- 
ly because of the nature of the treatment or the gem 
material, or a combination of the two. There are 
also treatments that are detectable in some cases 
and not in others. 

This chart has been compiled to summarize the 
full range of treatments that may be encountered in 
the most common gem materials. Mentioned for 
each gem material are the changes that typically take 
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place, as well as the treatment’s current detectability. 

A comprehensive discussion of the various treat- 
ments encountered in the gem and jewelry trade 
was provided in McClure and Smith (2000). This 
chart is intended to complement that original publi- 
cation by condensing the information found therein 
into a more concise, easy-to-use reference tool. For 
more specific information regarding the detection or 
development of certain treatments, the reader is 
referred to that article. Note, however, that the 
chart also includes information relating to new 
treatments that have emerged in the last two years. 
References to these additional treatments, as dis- 
cussed below, are provided at the end of this article. 
References listed in McClure and Smith (2000) will 
not be repeated here. 


CHART CONTENTS 


Although almost any gem material can be treated in 
some fashion, in general there are relatively few types 
of treatments. The following classifications, listed at 
the top of the chart, represent the most frequently 
encountered treatments in the gem and jewelry trade 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 38, No. 4, pp. 294-300. 
© 2002 Gemological Institute of America 
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Figure 1. Many methods are 
now used to enhance gems. 
Illustrated here are, from 
left to right, starting at the 
top: (row 1) 5.66 ct clarity- 
enhanced emerald, 10.60 ct 
heated amber, 3.44 ct plas- 
tic-impregnated opal; (row 
2) 4.48 ct “diffusion-treat- 
ed” topaz, 2.51 ct irradiated 
pink tourmaline, 2.14 ct Ti- 
diffused sapphire; (row 3) 
3.73 ct coated pink topaz, 
0.92 ct thermally enhanced 
tanzanite, 1.29 ct Be-dif- 
fused yellow sapphire, 0.94 
ct Be-diffused pink sapphire; 
(row 4) 1.03 ct clarity- 
enhanced diamond, 2.06 ct 
thermally enhanced ruby, 
0.77 ct Be-diffused ruby. 
Photo © GIA and Harold & 
Erica Van Pelt. 


today. Also addressed here and at the top of the chart 
are key methods of detecting these treatments. 


Dyeing. This treatment consists of the introduction 
of a colored substance into gem materials that have 
either a porous structure (such as agate or turquoise} 
or surface-reaching fractures (such as quartz or 
corundum], to modify their color appearance. 


Detection: In most gem materials, dyeing is readily 
detectable with magnification, sometimes in combi- 
nation with a diffused light source. Concentrations of 
color are often present along surface-reaching frac- 
tures or within areas of a porous structure. In some 
instances, gems may be dyed to hues that do not 
exist in nature, which alone proves the presence of 
dye (such as with agate). However, in some gem 
materials that are structurally porous (such as coral, 
jade, or turquoise), dyeing may not always be 
detectable. For other gem materials (such as gray to 
black or “golden” pearls) more advanced analytical 
techniques such as energy-dispersive X-ray fluores- 
cence (EDXRF), UV-Vis-NIR, or Raman spectrometry 
may be necessary (Elen, 2001, 2002). In addition, dye- 
ing of some gem materials may be detectable with 
certain dyes and undetectable with others. For exam- 
ple, dyed green jadeite usually can be detected with a 
handheld spectroscope. However, most other colors 
of dyed jadeite, such as lavender, black, brown, and 
yellow, may not be detectable at all. 
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Chemical Bleaching. This treatment involves the 
use of chemicals to lighten or whiten the color of 
some gem materials, as well as to remove unwanted 
or uneven coloration. 


Detection: Typically this form of enhancement is 
not detectable, even though it is commonly applied 
to several gem materials, such as coral, ivory, jade, 
and pearls. One exception to this general rule is 
jadeite, where the effects of the bleaching process on 
the granular structure of the jade may be detected 
with magnification. 


Surface Coating. This treatment may have a variety 
of desired results, depending on the material that is 
applied. These include: (A) the application of a col- 
ored substance to all or part of the surface of a gem 
to induce or modify the color appearance; (B) the 
application of a metallic substance to produce iri- 
descence on the surface; (C) coating with a wax or 
plastic to improve the surface luster or durability of 
the gem. 


Detection: Surface coatings are most readily identi- 
fied with magnification, by the presence of features 
such as scratches, areas at facet junctions where the 
coatings have been worn off, and tiny bubbles 
trapped in the coating. Metallic/iridescent coatings 
are readily recognized because the appearance they 
create does not occur naturally. 
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Figure 2. When rubies or sapphires are exposed to high temperatures, especially in the presence of a flux, syn- 
thetic corundum may be deposited on the surface of the gems. As shown on the left (magnified 33x), platelets of 
synthetic corundum have formed on the surface of a rough sapphire that has been treated by a Be-diffusion pro- 
cess. On the right (magnified 40x), small platelets of synthetic corundum can be seen lining the bottom of a 
glass-filled cavity in a Mong Hsu ruby. Photomicrographs by Shane F. McClure. 


Impregnation. In this treatment, voids within a 
porous gem material are filled with a wax or poly- 
mer to improve the gem’s durability, luster, trans- 
parency, or color appearance. 


Detection: Typically, wax impregnation may be 
detected with the use of a “hot point” and magnifi- 
cation. Infrared or Raman spectrometry will readily 
identify polymer as well as wax impregnation. 


Thermal Enhancement. Heat is applied to many 
gem materials to modify their color and/or clarity. 
Some gems may need only “low temperature” (e.g., 
less than 1,000°C) heating to achieve the desired 
results, while others require higher temperatures. In 
addition, some gem varieties (such as ruby and sap- 
phire) may be exposed to either low- or high-tem- 
perature heating, and other gems (such as diamond) 
may be exposed to high pressure in conjunction 
with high temperature (HPHT). 

For the vast majority of the gem materials treat- 
ed in this manner, the application of heat is intend- 
ed to improve their color. In the case of rubies and 
sapphires, heat is also applied to improve their 
transparency by dissolving rutile inclusions. In addi- 
tion, corundum may be heated to facilitate the heal- 
ing of fractures, either with or without chemical 
additives (“The Gtibelin Gem Lab introduces . . . ,” 
2000). Another effect of exposing rubies or sapphires 
to high temperatures, particularly when a flux is 
used, is the deposition of synthetic corundum on 
the surface of the gems (McClure, 2002; “Further 
characterization ... ,”” 2002; see figure 2). The heat- 
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ing process also often leads to the production of 
glass-like materials that can fill cavities and surface- 
reaching fractures in some rubies. 


Detection: In corundum, heating is routinely detect- 
ed by the presence of thermally altered inclusions 
(such as strongly altered crystals or healed fractures} 
or modified color concentrations (such as the spotty 
coloration of some heated blue sapphires), which are 
observed with magnification. For certain gems (such 
as some ruby, sapphire, or pink topaz), ultraviolet flu- 
orescence may also provide an indication of thermal 
enhancement. However, there are still a number of 
gems (such as quartz, tourmaline, and tanzanite 
[zoisite]], where the color is modified homogeneously 
and there are few inclusion features present to indi- 
cate exposure to elevated temperatures. The heat 
treatment of such gems is typically undetectable or 
in some instances requires more advanced analytical 
techniques (such as UV-Vis-NIR or Raman spectrom- 
etry). Additionally, there are some gem species (such 
as corundum or diamond) where the detection of 
heating is possible in most cases, but not in all. 


Diffusion Treatment. Today, we understand more 
fully that virtually all types of thermal enhancement 
involve some form of diffusion. The term diffusion 
refers to the movement of atoms or defects within 
the crystal lattice of a gem. The movement of pre- 
existing atoms is what makes thermal enhancement 
work (this phenomenon is referred to as internal dif- 
fusion). Diffusion treatment refers to the introduc- 
tion of color-causing atoms from an outside source 
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that then enter and move through the gem. When 
this movement is only at the surface, it is referred to 
as surface diffusion. If the movement is into the 
body of the stone, whether it is shallow or permeates 
the entire gem, it is properly called bulk or lattice 
diffusion (Emmett and Douthit, 2002b). It is impor- 
tant to note here that the historical use of the term 
surface diffusion in gemology is incorrect (Kizilyalli 
et al., 1999). 

Many elements may be diffused into the lattice 
of a gem from an external source in order to pro- 
duce color or create asterism. These include light 
elements such as beryllium (Be), or elements fur- 
ther down the periodic table such as titanium or 
chromium. 


Detection: When heavier elements are diffused into 
a gemstone from an external source, the treatment 
is readily detected with magnification and immer- 
sion by the very shallow color penetration that 
results, as well as—with EDXRF or scanning elec- 
tron microscopy-energy-dispersive spectrometry 
(SEM-EDS}—by the elevated concentrations of the 
diffused elements. 

When light elements are used, the treatment 
may be less readily detectable, since the penetration 
of the diffused color may extend homogeneously 
throughout the stone and the color-causing elements 
may not be revealed by standard chemical analysis. 

If the induced color does not permeate the entire 
stone, then the fact that it is surface related may be 
observable with magnification and immersion, pro- 
viding a clear indication of diffusion treatment 
(Moses, 2002). Also, because the diffusion of some 
light elements into corundum requires extremely 
high temperatures, inclusions in stones subjected to 


this form of treatment show much greater damage 
than is seen in stones exposed to lower tempera- 
tures (figure 3). 

Elevated concentrations of some color-causing 
elements lighter than the transitional elements, 
such as calcium, can be detected with routine chem- 
ical analysis (e.g., EDXRF); SEM-EDS can extend this 
capability down to boron. However, lighter elements 
such as Be or lithium can be detected only with 
more sensitive, less readily available analytical tech- 
niques such as laser ablation-inductively coupled 
plasma—mass spectrometry (LA-ICP-MS) or sec- 
ondary ion mass spectrometry (SIMS), as described 
in McClure et al. (2002b). 


Irradiation. The color of many gem materials can be 
altered by exposing them to various forms of radia- 
tion, such as electrons, gamma rays, or neutrons. 
The radiation can cause defects in the crystal lat- 
tice, called color centers. The resultant coloration 
may be shallow or extend throughout the gemstone, 
and in some cases it is unstable to heat and/or light 
(McClure et al., 2001). 


Detection: This form of treatment is difficult or 
impossible to identify in most gems. In those situa- 
tions where it can be detected, more advanced tech- 
niques (such as UV-Vis-NIR or Raman photolumi- 
nescence spectrometry) are usually required. 
However, this treatment can be detected in some 
gem materials without these advanced techniques, 
such as in diamonds that have colors not seen in 
natural stones, or that display characteristic color 
concentrations because they have been exposed to 
specific sources of radiation (fast electrons, radium 
salts, or a cyclotron reactor), as illustrated in figure 4. 


Figure 3. The new Be-diffusion process exposes corundum to such high temperatures that extreme changes occur 
in the inclusions, such as: (left) partial recrystallization of melted inclusions, (center) completely melted inclu- 
sions that contain gas bubbles, and (right) large spherical blue halos around rutile crystals. Photomicrographs by 
Shane F. McClure (left and center, magnified 40x) and John I. Koivula (right, magnified 25x). 
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Figure 4. The color zoning characteristic of cyclotron 
irradiation in diamond follows the crown facets at a 
shallow depth below the surface of the stone. Photo- 
micrograph by Robert E. Kane; magnified 40x. 


Clarity Enhancement. This treatment involves 
introducing a liquid, semi-solid, or solid sub- 
stance (such as oil, wax, resin, polymer, or glass) 
into surface-reaching fractures to reduce their visi- 
bility, thereby improving the apparent clarity of the 
gem. It is important to note that this treatment can 
be applied to almost any gem material; the chart 
lists only those gems in which this treatment is 
most commonly encountered. 


Detection: Clarity enhancement usually is readily 
detectable with magnification and a little experi- 
ence. However, when the refractive index of the 
filler is close to that of the host gem, and a large 
number of other types of inherent inclusions are 
present, detection may require closer scrutiny of the 
sample in a variety of viewing directions. In many 
instances, a “flash effect” is noted when the stone is 
viewed in a direction roughly parallel to a filled frac- 
ture. Gas bubbles trapped in an incompletely filled 
fracture or flow structures within the filler are also 
commonly observed. 


Other Treatments. There are some treatments that 
are more or less individualized for certain gems. 
Examples include: “reconstructed” amber, in which 
smaller pieces of amber are combined to form larger 
pieces; laser drilling of diamonds, whereby a laser is 
used to create a path from a black inclusion to the 
surface of the diamond, which then serves as a con- 
duit for chemical bleaching to “whiten” the inclu- 
sion; and a proprietary treatment to reduce the 
porosity and sometimes enhance the color of 
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turquoise, known as the “Zachery treatment.” 

In this chart, the term staining (as used with 
ivory) is applied to describe the introduction or aug- 
mentation of an artistic design, as opposed to dyeing, 
which is used when the “body color” of a gem mate- 
rial has been altered. It must also be kept in mind 
that two or more types of treatment may be com- 
bined to create a result different from that produced 
by any of the techniques used alone. One example is 
the use of irradiation followed by heating to further 
modify color in diamond and topaz. 


CHART ORGANIZATION 


As stated above, this chart details the commercially 
available treatments that are applied to the most 
common types of gem materials. The upper one- 
third summarizes the most frequently encountered 
treatment classifications, as described in the first 
part of this article, including general comments 
relating to their detection, three images accompany 
each treatment type, illustrating the treatment 
results or visible clues to its detection. In the lower 
two-thirds of the chart, the individual gem materials 
are organized in five columns alphabetically from 
the upper left to the lower right. Gems are presented 
under their species or group name, as opposed to the 
variety, because many treatments alter the variety 
classification. Also included are amber, Ammolite, 
coral, ivory, and pearl. 

Listed for each gem material are the types of 
treatments most often applied, with a brief descrip- 
tion of the purpose or result of the treatment. It is 
important to note that the same type of treatment 
may achieve a wide range of results. Therefore, the 
chart presents only the most typical results for a 
particular treatment type. 

At the end of each description is a letter code 
that indicates the current detectability for the spe- 
cific type of treatment: 


(D) — Those treatments that are routinely 
detectable using visual observation and/or standard 
gemological instrumentation. 

(D+) — Those treatments that are detectable but 
require advanced analytical techniques that typi- 
cally are not available to most gemologists. 

(NAD} — Those treatments that are not always 
detectable. Depending on the type of gem material 
and the recorded properties, it is not always possible 
to detect some treatments in all cases. 

(ND) — Those treatments that currently are not 
detectable. 
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In most cases, treatment types vary in terms of their 
detectability, both from one gem material to another 
and even among varieties within a gem material. 
Depending on the intended results, certain treatments 
may be more readily detected than others. For this 
reason, more than one detection code may be noted 
under an individual gem material and/or treatment 
type. One such example is Diamond/Irradiation, 
where three detection codes are indicated. This is 
because, depending on the type of radiation used, 
irradiated diamonds may be readily detectable (D), 
detectable but only with more advanced analytical 
techniques (D+), or even currently not detectable 
(ND). The identification of a treatment depends 
heavily on the gem material being treated, the type 
of treatment applied, and the properties that result 
after treatment. 

Macro photographs, including some “before-and- 
after” treatment images, and photomicrographs of 
identifying features accompany most entries. These 
images are designated by letters for the top section 
and numbers for the bottom section. They are refer- 
enced by these letters and numbers to the specific 
treatment or gem material to which they apply. 

This chart does not present all treatments or 
treatment results that are possible for any particular 
gem material. There are some gem materials that 
have been treated experimentally by a variety of 
means, but are not commercially available. There 
are also instances where the end result of a com- 
mercially available treatment may be atypical and 
rarely seen (see, e.g., figure 5). Although some basic 
guidelines concerning the identification of the most 
readily detectable types of treatments are provided, 
this chart is not intended to summarize all the cri- 
teria that are currently applied to detect all the vari- 
ous gem materials and accompanying treatments 
described herein. For further information on the 
identification of such treatments and the instru- 
mentation used, the reader is referred to McClure 
and Smith (2000), as well as (for the newer treat- 
ments) to the references given in this article. 


COMMENTS ON DISCLOSURE 


Although this article is not intended to delve into 
the many aspects of proper disclosure of gem treat- 
ments, it is prudent that a few comments be made. 
Gems that have been manipulated in one fashion or 
another to modify or enhance their appearance are 
now a permanent part of our industry. In some 
cases, treatment has become so commonplace that 
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Figure 5. Irradiated black diamonds typically appear 
very dark green with a strong light source. However, 
we have on occasion seen treated black diamonds that 
were actually very dark orange, resulting from the 
annealing of irradiated, very dark green stones. Photo- 
micrograph by Shane F. McClure; magnified 40x. 


the enhanced gem is more available in the market- 
place than its nonenhanced equivalent (e.g., tanzan- 
ite, aquamarine, and citrine). Additionally, in some 
instances it was only through the application of a 
particular treatment that generally “more attrac- 
tive” gems became available to the trade and con- 
sumers than would have been possible without the 
treatment (e.g., rubies and emeralds). 

We also do not intend to suggest which treat- 
ments should be considered “acceptable” or “not 
acceptable.” We believe that every type of gem 
material, untreated as well as treated, has a place in 
the gem and jewelry market. However, it is abso- 
lutely essential that all parties within the produc- 
ing, wholesale, and retail sectors of the jewelry trade 
recognize that disclosure is vital to the welfare of 
the industry. Therefore, they must continually edu- 
cate themselves on the availability, results, and 
identification of such treatments so that they can in 
turn properly inform their customers. 


CONCLUSION 


The topic of gemstone treatments, and their detec- 
tion and disclosure, continues to be one of the 
most important issues facing our industry. Indeed, 
since our summary of gemstone treatments of the 
1990s was published in the Winter 2000 issue, two 
major new treatment techniques with far-reaching 
implications for the gem and jewelry industry 
reached the market: new developments in the laser 
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treatment of diamonds (Cracco and Kaban, 2002), 
and diffusion of beryllium into sapphire (McClure 
et al., 2002a, b; “Orange-pink sapphire...,” 2002; 
Emmett and Douthit, 2002a,b). Other new treat- 
ments continue to emerge, such as synthetic ruby 
overgrowth on natural corundum (Smith, 2002). 
Before gem dealers or jewelry retailers can adopt a 
policy of proper disclosure, they must first educate 
themselves about the multitude of gem materials 
and treatments that are currently commercially 
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GEMESIS LABORATORY-CREATED 
DIAMONDS 


By James E. Shigley, Reza Abbaschian, and Carter Clarke 


High-quality yellow, orange-yellow, and yellow-orange laboratory-created type Ib diamond crys- 
tals up to 3.5 ct are being produced commercially by the Gemesis Corp. of Sarasota, Florida. In 
some samples, color zoning (yellow and narrower colorless zones) and a weak UV fluorescence 
pattern (a small green cross-shaped zone combined with an overall weak orange luminescence) 
provide means of identification; when present, metallic inclusions also indicate laboratory 
growth. Some samples lack these diagnostic visual features, but all of these Gemesis synthetic 
diamonds can be identified by advanced instrumentation such as the De Beers DiamondView 
luminescence imaging system and EDXRF chemical analysis. 


monds being produced for jewelry purposes, 

and the potential for their misidentification, 
have concerned members of the jewelry trade since 
General Electric produced the first synthetic dia- 
monds in 1954 (Strong and Wentorf, 1991). Such 
apprehensions have overshadowed the fact that 
only a very small number of gem-quality synthetic 
diamonds have entered the marketplace (approxi- 
mately 1,000 carats annually). In spite of their limit- 
ed availability, synthetic diamonds have been stud- 
ied extensively, and the means to distinguish them 
from natural diamonds have been widely publicized 
(see, e.g., Crowningshield, 1971; Koivula and Fryer, 
1984; Shigley et al., 1993a,b, 1995). To date, large- 
scale commercial production of synthetic diamonds 
for jewelry use has not been fully achieved. 

This situation is beginning to change with the 
expansion of production capacity for high-quality yel- 
low laboratory-grown diamonds by the Gemesis 
Corp. (figure 1). Using “BARS” diamond-growth 
equipment and expert Russian technicians, and with 
technical assistance from scientists and engineers at 
the University of Florida, this company redesigned 
the growth apparatus, commercialized the produc- 
tion process, and established a pilot plant in 
Gainesville, Florida. To accommodate expansion 


he possibility of high-quality synthetic dia- 
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plans, the company has constructed a new 30,000 
square foot (2,788 m7) production facility in Sarasota, 
Florida. Over the next few years, this facility could be 
expanded to include more than 300 “BARS” units. 
This article describes efforts by Gemesis to grow 
commercial quantities of 2.5-3.5 ct yellow synthetic 
diamond crystals with consistent color, quality, and 
yield (see also Attrino, 1999; Lerner, 2002). The com- 
pany’s goal is to achieve a production level at which 
90% of their crystals are suitable for manufacturing 
as polished gems of 1 ct or larger. At present, there 
are no plans to produce crystals that would cut small- 
er or melee-size (<0.20 ct) material. Marketing efforts 
have initially focused on selected jewelry manufac- 
turers and retailers, and the company advocates com- 
plete disclosure to jewelers and consumers. 
Although development of equipment that will 
grow even larger sizes is under consideration, as are 
efforts to grow colorless and blue synthetic dia- 
monds on a commercial scale, this article will focus 
on the yellow (including orange-yellow and yellow- 
orange) crystals now being grown by Gemesis, and 
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the means by which they can be identified with 
standard gemological techniques and, if necessary, 
advanced instrumentation. 


“BARS” GROWTH OF SYNTHETIC DIAMONDS 


Gemesis technicians use a redesigned and re-engi- 
neered split-sphere (“BARS”) apparatus, as illustrat- 
ed in figure 2 (for information on this equipment, 
see Palyanov et al., 1990, 1997, 1998; and Shigley et 
al., 1993b). With this type of apparatus, pressure is 
applied to the growth chamber (which measures 
approximately 2.5 cm on a side) by a series of anvils 
machined from carbide steel and composites. An 
inner set of six anvils, positioned perpendicular to 
the sides of a cube, surrounds the growth chamber. 
An outer set of eight anvils, positioned perpendicu- 
lar to the sides of an octahedron, surrounds the 
inner set. This entire multi-anvil arrangement is 
housed within two hemispherical steel castings 
(which are hinged to allow access to the anvils and 
growth chamber; thus the name “split sphere”). 
Two large steel clamps keep these castings together. 
Pressure is applied hydraulically against the curved 
outer surfaces of the eight anvils. A graphite ele- 
ment is used to heat the chamber. 

Typical diamond growth conditions with this 
equipment are pressures of 5.0 to 6.5 Gigapascals 
(GPa, equal to 50 to 65 kilobars) and temperatures of 
1,350° to 1,800°C. Various transition metals (such as 
iron, nickel, and cobalt) provide a solvent and cata- 
lyst medium. Growth takes place on a tiny seed crys- 
tal, which can be either natural or synthetic dia- 
mond. The orientation of the seed determines the 
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Figure 1. These five labo- 
ratory-created diamonds 
(0.80 to 1.25 ct) are rep- 
resentative of the mate- 
rial now being produced 
commercially by the 
Gemesis Corp. Photo by 
Elizabeth Schrader. 


shape and geometry of the grown crystal. There is a 
small but important difference in temperature 
between the top of the growth chamber (the “hotter” 
end, where the carbon source material is located) and 
the bottom (the “cooler” end, where the seed crystal 
is located). This difference provides the driving force 
for diamond crystallization (hence, the growth 
method is called the “temperature gradient” tech- 
nique; see Strong and Chrenko, 1971, Strong and 
Wentorf, 1971; Wentorf, 1971). Powdered graphite 
dissolves in the molten metal solvent in the hotter 
portion of the chamber; the carbon atoms move 
through the solvent under the influence of the tem- 
perature gradient and crystallize as a single diamond 
crystal on the seed in the “cooler” part of the cham- 
ber. Powdered diamond also can be used as a carbon 
source material. 


PRODUCTION AT GEMESIS 


Currently, Gemesis has 23 “BARS” units in opera- 
tion; an additional four units are dedicated for 
research purposes at the University of Florida. 
Although using the same fundamental design as the 
original Russian-made units, Gemesis scientists and 
engineers have modified the growth equipment in 
several important ways to comply with American 
engineering standards and improve its functioning. 
The redesigned equipment has greater longevity and 
is more easily manufactured, operated, and main- 
tained than the original units. The equipment also is 
relatively safe to operate, with little possibility that 
catastrophic failure of the pressure vessel could 
cause danger to operating personnel. The redesign 
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recognizes that one key to the commercial growth of 
gem-quality synthetic diamonds, in addition to the 
purity, consistency, and geometries of the starting 
materials, is careful computer monitoring of both 
temperature and pressure conditions to insure that 
steady growth conditions are maintained. Another 
innovation is a new mechanism to open and close 
the hemispherical castings, permitting easier sample 
loading and unloading. Eight patent disclosures have 
been filed with the University of Florida’s Office of 
Technology Licensing, and have been transferred to 
Gemesis. Gemesis currently protects its intellectual 
property through trade secrets and selective disclo- 
sures, and it may seek patent protection on several 
proprietary aspects of its technology. 

With this modified equipment, it takes approxi- 
mately 80 hours to produce a single synthetic dia- 
mond crystal up to 3.5 ct. The depth of yellow 
color, as well as the shape, symmetry, and clarity of 
the crystals, can be controlled to some extent. 
Some multiple crystals have been grown experi- 
mentally in a single chamber during a 36-hour 
growth cycle, although the volume of the chamber 
means that these crystals must be smaller (about 
0.6 ct each for four crystals in the chamber, and 
about 0.35 ct each for eight crystals). 

Gemesis also has grown a limited number of 
blue and colorless synthetic diamond crystals, but it 
has not finalized plans for commercial production of 
this material. Also under consideration is the design 


Figure 2. This modified “BARS” growth apparatus, 
shown here in a partly opened configuration, is of the 
type used by Gemesis to grow synthetic diamonds. 
Photo by Tom Moses. 
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of equipment with a larger growth chamber in order 
to produce crystals up to 15 ct. Since 2000, approxi- 
mately 4,000 carats have been grown, with the pre- 
sent capacity being around 550 carats per month. 


MARKETING PLANS 


In 2002, the company sold a limited quantity of both 
rough and polished yellow synthetic diamonds to a 
small number of manufacturers and retailers for use 
in jewelry. Future sales will be directed toward addi- 
tional selected manufacturers and retailers. Prices 
vary depending on cutting style, color, and appear- 
ance. An external laser inscription and an internal 
mark are being considered as practical means of 
clearly disclosing the laboratory-grown identity of 
the material. In addition, each crystal will have a 
certificate of origin issued by an independent labora- 
tory. At present, Gemesis has no plans to manufac- 
ture jewelry or use their growth equipment for the 
high-pressure/high-temperature treatment of their 
product or other diamonds to modify their color. 
Again, the company goal is to produce high-clarity 
laboratory-grown diamonds in several categories of 
yellow color in a consistent size and quantity that 
could be “made to order” for jewelry applications. 

With commercial production now occurring at 
the expanded facility in Sarasota, and based on the 
success of initial sales, the company plans to install 
an additional 16 growth units per month beginning 
in mid-2003. This would result in approximately 
300 units within two years in the present produc- 
tion facility, which has been designed to facilitate 
expansion to twice its current space if warranted. 
The company’s close relationship with scientists at 
the University of Florida is an important part of its 
business plan. The current research emphasis is on 
optimizing growth conditions for blue diamonds 
and, eventually, colorless diamonds. 


MATERIALS AND METHODS 


We examined a total of 30 Gemesis laboratory- 
grown diamonds (six yellow, 11 orange-yellow, and 
13 yellow-orange) that are representative of the prod- 
uct now being sold. These included five orange- 
yellow and yellow-orange crystals (1.81—2.47 ct) and 
25 faceted samples (0.68—1.34 ct). Standard gemolog- 
ical properties were measured for these samples, and 
internal features were observed with a gemological 
microscope. Reactions to ultraviolet radiation were 
viewed in a darkened room with four-watt long- 
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wave (366 nm] and short-wave (254 nm) Ultraviolet 
Products lamps. Absorption spectra were observed 
with a desk-model Beck prism spectroscope. 

Faceted samples of each of the three colors were 
selected for testing with advanced instrumentation. 
A Thermo Spectronic Unicam UV500 spectropho- 
tometer was used to record absorption spectra of 16 
samples held in a cryogenic cell cooled by liquid 
nitrogen over the range of 250-850 nm with a reso- 
lution of 0.1 nm. Absorption spectra in the mid- 
infrared range (6000-400 cm~) and the near-infrared 
range (10,500—4000 cm=!) were recorded for 15 sam- 
ples at room temperature with a Nexus 670 Fourier- 
transform infrared (FTIR) spectrometer. In the mid- 
infrared range, the resolution was set to 1.0 cm. In 
the near-infrared, the resolution was 4.0 cm!. 

Photoluminescence spectra were recorded for 13 
samples with a Renishaw 1000 Raman microspec- 
trometer over a range of 520-870 nm using a 514.5 


Figure 4. The Gemesis synthetic diamonds are faceted 
to maximize color through the crown facets, minimize 
the visibility of any small metallic inclusions, and 
retain maximum weight. These four faceted samples 
(0.85 to 1.34 ct) represent the range of colors produced. 
Photo by Maha Tannous. 
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Figure 3. The 2.17 ct crystal 
on the left shows the cuboc- 
tahedral form typical of most 
synthetic diamonds grown by 
the temperature gradient 
technique. On the right, the 
four-fold arrangement of col- 
orless growth sectors (and 
several dark metallic inclu- 
sions) can be seen in this 1.81 
ct crystal. Photomicrographs 
by James Shigley; magnified 
15x (left) and 25x (right). 


nm Argon laser operating at an initial power of 20 
mW. Five summed scans were accumulated for a 
better signal-to-noise ratio; the samples were held in 
a cryogenic cell cooled by liquid nitrogen. 

Qualitative chemical analyses of 19 rough and 
cut samples were obtained by energy-dispersive X- 
ray fluorescence (EDXRF) with either of two instru- 
ments. One was a Thermo-Noran Omicron system 
operating at accelerating voltages of 25 and 35 kV, 
with beam currents between 0.06 and 0.08 mA. The 
other was a Kevex Spectrace QuanX system operat- 
ing at an accelerating voltage of 20 kV and a beam 
current of 0.30 mA. (The two sets of conditions used 
for the Omicron system were chosen to broaden the 
range of elements that could be detected.) 

The cathodoluminescence reaction of one 
faceted yellow sample was observed with a 
Luminoscope ELM-3R cathodoluminescence (CL) 
unit operating at 10-15 kV and 0.5-1.0 mA. Similar 
reactions for 12 other faceted samples were 
observed with the De Beers DiamondView™ deep- 
UV luminescence imaging system (Welbourn et al., 
1996). 


RESULTS AND DISCUSSION 


Visual Appearance. The five crystals exhibited the 
cuboctahedral forms typical of synthetic diamonds 
grown by the temperature gradient technique. 
These crystals were nearly equant in dimension (fig- 
ure 3}, or were slightly distorted in shape (i.e., 
unequally developed or missing crystal faces, irregu- 
lar surfaces, etc.) as a result of minor changes in 
conditions during a growth run. The 25 faceted 
samples varied from yellow-orange through orange- 
yellow to yellow; they were high in saturation and 
moderate in tone (corresponding to “Fancy Vivid” 
in the terminology used for natural-color diamonds; 
see figures 1 and 4). 


Clarity. In general, the faceted samples were of good 
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Figure 5. Small metallic inclusions were observed in 10 of the 30 Gemesis laboratory-grown diamonds, three of 
which are illustrated here. Note in the center image that a small area also shows part of the original crystal sur- 
face. The metallic inclusion on the right, seen in direct view and by reflection in two facets, has an equant 
shape with flat surfaces. Photomicrographs by James Shigley; magnified 75x. 


clarity and relatively free of inclusions in compari- 
son to other synthetic diamonds that we have exam- 
ined. Equivalent clarity grades of the test samples 
would be in the VS to SI range. Ten of the faceted 
samples did exhibit small, opaque metallic inclu- 
sions visible with 10x magnification (figure 5), and 
the majority of the samples exhibited a cloud-like 
arrangement of very tiny, dispersed pinpoint inclu- 
sions (figure 6). A few samples displayed remnants of 
the original crystal surface that was not removed 
during polishing (figure 5, center). 


Other Features Seen with Magnification. Although 
it is not readily apparent in all samples, the most 
common feature seen with magnification was color 


Figure 6. Most of the faceted Gemesis synthetic dia- 
monds displayed tiny pinpoint inclusions in a dis- 
persed, cloud-like pattern that differs from the 
arrangement of pinpoint inclusions seen in natural 
type Ib yellow diamonds. Photomicrograph by Shane 
McClure; magnified 20x 
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zoning. When most of the polished samples were 
examined through the pavilion facets, larger yel- 
low zones were seen to be separated by narrower 
colorless zones (figure 7). On occasion, this color 
zoning could even be seen through the crown 
facets. In two of the faceted samples, no colorless 
zones were evident. During manufacturing, efforts 
are made to reduce the visibility of these colorless 
zones through the crown facets by the choice of 
cut shape and facet arrangement. It is also possible 
to minimize this zoning by modifying the growth 
conditions. 

No seed crystal was evident in any of the crys- 
tals; only a remnant of the imprint of the seed was 
visible on their bases. Typically the seed breaks 
away when the crystal is removed from the growth 
chamber. 


Luminescence. In general, the samples displayed 
weaker long- or short-wave UV fluorescence than 
other synthetic diamonds GIA has examined; 10 
were inert. In those that did fluoresce, the reaction 
was weak or very weak orange to both UV wave- 
lengths. No difference in fluorescence intensity 
was noted between long- and short-wave UV in 11 
of the samples that did fluoresce; in the remaining 
nine samples, the short-wave reaction was either 
slightly weaker or slightly stronger in intensity as 
compared to long-wave. In some samples (10 in 
long-wave and 15 in short-wave UV], a small green 
cross-shaped pattern was superimposed on the 
weak orange luminescence (figure 8). In two of the 
crystals, this cross-shaped pattern appeared near 
the center of the base where the seed had been 
located. Similar but more intense cross-shaped 
luminescence patterns could be seen in all of the 
samples examined by the Luminoscope CL unit 
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(figure 9) and the De Beers DiamondView (e.g., 
figure 10). None of the samples exhibited any phos- 
phorescence to standard UV lamps, or any lumines- 
cence when they were illuminated with a strong 
light source from the desk-model spectroscope. 


Visible Spectra. Using a prism spectroscope and 
transmitted light, we could not see any sharp 
absorption bands in the spectra of any of the 30 
synthetic diamonds tested. There was, however, a 
gradual increase in absorption toward the blue end 
of the spectrum. 


Figure 8. This 0.93 ct yellow Gemesis sample exhibits 
green luminescence in a cross-shaped pattern when 
exposed to long-wave UV radiation. Photography of 
this luminescence required an extended exposure 
time of several minutes due to its weak intensity. 
This fluorescence pattern is characteristic of many 
synthetic diamonds and has never been observed in 
natural stones. Photo by Shane Elen. 
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Figure 7. The narrow 
colorless zones in these 
two polished yellow 
Gemesis synthetic dia- 
monds (0.80 and 0.88 ct) 
are diagnostic of their 
growth in a laboratory. 
Photomicrographs by 
James Shigley; magni- 
fied 25x (left) and 75x 
(right). 


Information Obtained from Advanced Instru- 
mentation. Based on their infrared spectra, all of the 
synthetic diamonds were type Ib (several exhibited 
a weak feature at 1284 cm™! due to the aggregated 
“A” form of nitrogen [a N-N pair]; see Wilks and 
Wilks, 1994, pp. 68-70). There were no significant 
differences in the visible spectra of the samples test- 
ed that could be directly correlated to the small dif- 
ferences in their hues (i.e., yellow, orange-yellow, or 
yellow-orange). These spectra displayed increasing 
absorption toward the ultraviolet beginning at 
about 500 nm; no sharp absorption bands were 
noted. This kind of spectrum is typical of type Ib 
diamonds (natural or synthetic), which contain 
nitrogen, predominantly as dispersed single atoms 
(see Wilks and Wilks, 1994, pp. 70-73). 


Figure 9. When exposed to a beam of electrons in a 
vacuum chamber, this 1.30 ct yellow Gemesis synthet- 
ic diamond displayed a green, cross-shaped cathodolu- 
minescence pattern. Photo by Sam Muhlmeister. 


WINTER 2002 


GEMS & GEMOLOGY 


Figure 10. These two views 
in different orientations 
show the zoned lumines- 
cence pattern of a 1.30 ct 
Gemesis synthetic diamond 
as recorded with a De Beers 
DiamondView lumines- 
cence imaging system. 
Observation of this kind of 
pattern confirms that the 
sample is laboratory grown. 
Photos by Shane Elen. 


For purposes of this discussion, the additional 
spectral and chemical information is organized 
according to the three hue categories. 


Yellow. The two yellow samples on which photolu- 
minescence (PL) spectra were taken all exhibited a 
single band at 1332.5 cm=!, which is the first-order 
and characteristic Raman peak for diamonds (Wilks 
and Wilks, 1994, pp. 66-67); sharp peaks at 637 and 
747 nm were also seen in one sample. Three of the 
four analyzed by EDXRF displayed no X-ray emis- 
sion peaks, while one exhibited peaks due to nickel 
and iron. Such elements are derived from the sol- 
vent material used for crystal growth by the temper- 
ature gradient technique, and small amounts are 
sometimes retained within the synthetic diamond 
as metallic inclusions or as tiny particles. Similar 
results have been obtained by this analytical 
method for other synthetic diamonds (particularly 
those that contain visible metal inclusions; see, e.g., 
Shigley et al., 1993b). Although iron has been found 
in natural diamonds (as an iron sulfide or oxide 
mineral), and as such may not be helpful for identi- 
fication purposes, the presence of nickel in a dia- 
mond is considered proof of laboratory growth. 


Orange-Yellow. The following sharp (s) or broad (b) 
emission peaks were noted in one or more of the six 
orange-yellow samples on which PL spectra were 
taken: 543 (s), 566 (s), 573 (b), 581 (s), 614 (b), 637 (s), 
672 (b), 701 (s), and 747 (s) nm (see, e.g., figure 11). 
Many of these peaks are thought to be due to nick- 
el-nitrogen, cobalt-nitrogen, or nitrogen-vacancy 
complexes in the diamond crystal structure (Collins 
and Stanley, 1985; Lawson and Kanda, 1993a,b; 
Lawson et al., 1996). Two of the seven samples ana- 
lyzed by EDXRF displayed no X-ray emission peaks, 
while the remaining five samples exhibited peaks 
due to nickel, iron, and/or cobalt. Again, the pres- 
ence of nickel or cobalt is considered proof that a 
diamond is synthetic. 


GEMESIS LABORATORY-CREATED DIAMONDS 


Yellow-Orange. The following sharp or broad peaks 
were noted in one or more of the PL spectra for the 
five yellow-orange samples tested: 547 (s), 575 (s), 
581 (s}, 599 (s), 604 (s), 623 (s), 637 (s), 639 (s), 694 (s}, 
701 (s), 727 (s), 747 (s), 753 (s), 776 (s), 794 (s), and 805 
(s) nm (again, see figure 11). Of the six samples ana- 
lyzed by EDXRF, the spectra of three displayed no X- 
ray emission peaks, while the spectra of the other 
three exhibited peaks due to nickel, iron, or cobalt. 


Figure 11. The photoluminescence spectra of all the 
Gemesis synthetic diamonds tested exhibit the sharp 
1332.5 cm™! Raman peak that is characteristic of dia- 
mond, as well as several PL peaks. The peak at 566 in the 
orange-yellow sample (top) is due to the presence of cobalt, 
and is evidence of its synthetic origin. The PL spectrum of 
the yellow-orange synthetic diamond (bottom) displays a 
different set of peaks, with the ones at 727, 747, and 753 
nm (due to nickel) providing evidence of synthetic origin. 


PHOTOLUMINESCENCE SPECTRA 


1332.5 cm 


Orange-yellow 
synthetic diamond 


520 570 620 670 720 


INTENSITY 


Yellow-orange 
synthetic diamond 


$20 570 620 670 720 


WAVELENGTH (nm) 
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Charles M. 
Parkhurst Jr, 
author of the ar- 
ticle (page 486) 
about the use of 
the Leveridge 
gauge for calculat- 
ing the recut size 
of diamonds, 
speaks from ex- 
tensive practical 
experience. He 
has recently spent 
almost two years with Donavan and 
Seamans, in Los Angeles, selling, grad- 
ing diamonds, appraising and designing, 
and a*year with the Los Angeles ap- 
praiser and gem merchant Walter Herz. 
He is at present in business for himself, 
and has just concluded a term as Presi- 
dent of the Southern California. Guild 
of the American Gem Society. 

His educational background included 
an art major in the Framingham (Mas- 
sachusetts) Public Schools, two scholar- 
ships in the Massachusetts School of 
Art, and extensive study of the art of 
steel and copper engraving and chasing 
under William Reynolds of Attleboro, 
Massachusetts. During the war he en- 
listed as a private, advancing to the 
rank of First Lieutenant in Intelligence. 


Edward R. Swo- 
boda, author of the 
article about Bra- 
zilianite, has open- 
ed a number of 
gem mines in 
South America, in- 
cluding the one in 
which this most re- 


cently-discovered gemstone was found. 
He has lately returned from South 
America to his native California after 
a trip through Minas Geraes and Espi- 
ritu Santo, in the course of which he 
acquired a notable collection of rare 
gems and minerals and a stock of cut 
stones. é 

He has spent much of the period 
since 1939 in Brazil. After his arrival 
there he was for a year and a half at- 
tached to an expedition which went into 
the Matto Grosso jungle for the pur- 
pose of acquiring birds and animals 
for the National Museum in Washing- 
ton. Later, he was a member of the 
U.S. Geological Survey which did min- 
eralogical, geological and topographical 
work concerning strategic minerals in 
South America. 


Richard T. Lid- 
dicoat Jr., author 
of the brief article 
about the newest 
synthetic, Rutile, 
and of the discus- 
sion of the dia- 
mond with the vis- 
ible included crys- 
tal which was ° 
studied at the Gem- 
ological Institute of 
America, is Direc- 
tor of Education of that organization. 
Education is a hereditary trade in the 
Liddicoat family: Richard T. Liddi- 
coat Sr. is Professor of Engineering 
in the University of Michigan, where 
his son took his B.S. in geology, his 
M.S. in mineralogy, and assisted in the 
Department of Mineralogy until he 
came to the G.I.A. in 1940. 

(Continued on Next Page) 


Figure 12. This 1.76 ct yellow Gemesis laboratory- 
grown diamond, set in a ring with colorless natural 
diamonds (1.10 ct total weight), is one example of 
the use of this material in fine jewelry. Photo by 
Elizabeth Schrader. 


MEANS OF IDENTIFICATION 


Shigley et al. (1995) summarized the gemological 
methods of distinguishing natural and synthetic 
diamonds. On the basis of their examination of yel- 
low synthetic diamonds from Russia, Shigley et al. 
(1993b), Scarratt et al. (1994), and Sosso (1995) iden- 
tified their diagnostic features as a cuboctahedral 
crystal shape and striated or dendritic crystal sur- 
face features; crystallographically oriented color 
zoning; planar or angular graining (along growth- 
sector boundaries); patterns of yellow or greenish 
yellow luminescence of varying intensity that cor- 
respond to the patterns of color zoning; and opaque 
metallic, small black triangular, or tiny pinpoint 
inclusions. Additional distinguishing features can 
be obtained by visible, infrared, and PL spec- 
troscopy; by fluorescence imaging techniques such 
as cathodoluminescence and the De Beers 
DiamondView; and by chemical analysis to detect 
nickel or cobalt. 

In comparison to synthetic diamonds that GIA 
researchers or others examined previously, the 
Gemesis material exhibits fewer distinctive visual 
gemological features. Their yellow/colorless zon- 
ing, metallic inclusions, and weak cross-shaped flu- 
orescence patterns are all diagnostic of synthetic 
diamonds. In addition, their color is more saturated 
than that of most natural type Ia yellow diamonds 
(although it can resemble that of natural and other 
synthetic type Ib diamonds). The cathodolumines- 
cence and De Beers DiamondView luminescence 
images of the Gemesis samples are unique to syn- 
thetic diamonds. Although the visible and infrared 
spectra were not useful for identification purposes, 
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photoluminescence spectra revealed weak spectral 
emission peaks due to nickel or cobalt that are 
indicative of synthetic origin. The laboratory- 
grown character of this material could be detected 
by the presence of nickel or cobalt in the EDXRF 
spectra. However, the absence of these trace ele- 
ments does not necessarily mean that a particular 
sample is natural, since two yellow, two orange- 
yellow, and three yellow-orange specimens lacked 
these indicators. 


EXPERIMENTAL SYNTHETIC DIAMONDS 


Gemesis scientists have also grown other kinds of 
synthetic diamonds on an experimental basis, 
although the company has not finalized plans to 
produce them commercially at this time. In addi- 
tion to the group of 30 commercial samples we 
examined, we also documented the following exper- 
imental specimens: 


1. A colorless type Ia 0.20 ct round brilliant, which 
did not exhibit any X-ray emission peaks in its 
EDXRF spectrum, and had only a weak fluores- 
cence to short-wave UV radiation, but did display 
persistent greenish blue phosphorescence (lasting 
more than 1 minute) after exposure to short-wave 
UV. This phosphorescence is a key identifying 
feature of colorless synthetic diamonds. 

2. A bluish green irradiated type Ia 0.42 ct round 
brilliant, which exhibited an X-ray emission 
peak due to iron anda GRI radiation band at 741 
nm in its absorption spectrum. 

3. A blue type IIb 0.55 ct crystal, which exhibited 
X-ray emission peaks due to iron and cobalt. 

4. A green irradiated type IaA 0.65 ct rectangular 
cut, and a yellow-green type IaA 0.42 ct square 
cut, both of which displayed facet-related color 
zoning typical of treated colored diamonds that 
have been irradiated with electrons or other 
charged particles. The 0.65 ct sample also exhib- 
ited an X-ray emission peak due to iron. 


CONCLUSIONS 


High-quality yellow laboratory-grown diamonds 
produced by the Gemesis Corp. represent one of the 
first commercially available sources of this material 
specifically for use in the gem and jewelry trade. 
The company is focusing its marketing approach on 
the sale of rough and polished stones to jewelry 
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manufacturers (figure 12) and retailers. There are no 
current plans for the company to produce finished 
jewelry. 

Gemesis is making every effort to prevent the 
misrepresentation of their laboratory-grown dia- 
monds, and is cooperating with the jewelry industry 
to provide appropriate identification markings, labo- 
ratory certification reports, and factual promotional 
material. These steps are important since there is 
no inexpensive testing meter available to quickly 
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distinguish all natural from synthetic yellow dia- 
monds. The best gemological clues to detecting 
Gemesis laboratory-created yellow diamonds are 
color zoning and/or metallic inclusions (as seen 
with a gemological microscope), and their patterns 
of UV fluorescence. Since these visual indicators 
may be absent, confirmation of the identity of a 
Gemesis synthetic diamond may require testing at a 
gemological laboratory with the appropriate 
advanced instrumentation. 
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LEGAL PROTECTION FOR PROPRIETARY 
DIAMOND CUTS 


By Thomas W. Overton 


Despite the rapid profusion of new branded and proprietary diamond cuts in recent years, con- 
siderable confusion exists in the trade about the important differences between trademarks and 
patents. Proprietary brand names can be protected by trademark registration (typically noted by 
a registration [®] symbol next to the brand name), while proprietary designs or products can be 
protected by patents. Both methods have important limitations, and the recent history of cut 
designs reflects the importance of protecting a valuable diamond cut. A study of the proprietary 
designs currently in the marketplace revealed a preference for trademark protection over 
patents, though many designs appeared to have no patent or trademark registration. A list of 
recent proprietary designs is given in the Appendix. 


sion in the number of proprietary diamond cuts 

available on the market (Drucker, 2000; 
Misiorowski, 2000; see figure 1). Much of this expan- 
sion has come in the last few years, concurrent with 
radical changes in the diamond pipeline, widespread 
reliance on standardized price lists, advances in dia- 
mond cutting technology (see Caspi, 1997), and 
falling profit margins throughout the industry. The 
challenges—and opportunities—of this changing 
market have led diamond manufacturers to seek new 
ways to distinguish their polished products and add 
recoverable value to their inventory (Scriven, 1997, 
Shor, 2001; Even-Zohar, 2002). Although new cut 
designs are frequent subjects of press releases and 
short news items in industry publications (see, e.g., 
Johnson and Koivula, 2000; Moses and Reinitz, 2002, 
“Who's who . . .,”” 2002), little attention has been paid 
to the legal methods required to protect these valu- 
able designs. This article attempts to bridge this gap 
by first looking at the legal protections available in 
the United States and internationally, and then 
examining the legal status of many of the proprietary 
cut designs currently in the marketplace. 


he past few decades have seen a rapid expan- 
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LEGAL PROTECTION FOR DIAMOND CUT 
DESIGN IN THE UNITED STATES 


At the outset, any treatment of the subject must rec- 
ognize that “branding” tends to mean different 
things to different people (see Even-Zohar, 2002). 
Thus, a distinction needs to be made between pro- 
tecting a diamond cut design and merely protecting 
the brand name for it. Unfortunately, whether in 
spite of, or because of, the recent proliferation of new 
designs, considerable confusion exists in the dia- 
mond trade about the differences between patents 
and trademarks (registered and unregistered)— 
assuming the subject receives any attention at all. At 
GIA’s Third International Gemological Symposium 
in 1999, panel discussions addressed both Diamond 
Cut and Branding; yet the reports of these discus- 
sions made no mention of the issue of intellectual 
property protection (Even-Zohar, 1999, Sielaff, 1999). 
The trade press often complicates matters by using 
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Figure 1. New proprietary 
diamond cut designs such 
as these have become 
increasingly popular in 
recent years. Shown from 
left to right are a 1.74 ct 
Lucére® cut, a 3.23 ct 
Royal Asscher® cut, a 0.51 
ct Asprey® cut, a 2.12 ct 
Eternal® cut, and a 0.94 ct 
radiant cut. The Eternal 
and Royal Asscher cuts 
are patented designs; the 
radiant design was once 
patented, but the patent 
has expired. Photo by 
Maha Tannous. 


the terms patent and trademark incorrectly or inter- 
changeably. One article on diamond branding, for 
example, asserts that “Trademarking . . . involves 
patenting of an idea” (Scriven, 1997), which is 
incorrect on at least three different levels (one can 
neither patent nor trademark a mere idea). 

Confusion in this area is understandable, given 
the fact that “intellectual property” is actually a 
legal fiction; that is, it is “property” that exists only 
because rights to certain forms of human expression 
have evolved from centuries of case history or have 
been specifically created by statute. As such, they 
differ fundamentally from traditional property 
rights derived from possession of a piece of land or a 
physical object. Very generally, “intellectual proper- 
ty” means a set of rights, derived from statute 
and/or case law, that delineate the usage and owner- 
ship of specific, well-defined expression created by 
human intellect. Patents and trademarks are both 
forms of intellectual property. 

For a diamond manufacturer seeking to protect a 
new cut design, as well as for a jeweler or gemolo- 
gist seeking to make sense of the plethora of new 
products on the market, the distinctions between 
trademark and patent are important and should not 
be glossed over, as their respective intent, scope, 
duration, and durability differ in many significant 
ways. This discussion focuses initially on United 
States law; international law is addressed in the 
next section. 


Trademarks. A trademark is a word, phrase, logo, or 


other graphic design intended to identify the source 
of a product or service in a specific industry. The 
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origins of the basic concept are lost in antiquity, but 
the idea of a formal government registration scheme 
did not evolve until the 19th century. Federal trade- 
mark registration in the U.S. was first established 
by the Trade-Mark Act of 1881. The Act has been 
revised repeatedly since then, and trademark regis- 
tration in the U.S. is currently governed by Title 15, 
Sections 1051-1129, of the United States Code 
(information in this section is drawn from there 
unless otherwise noted). 

In the U.S., trademarks may be registered with 
the U.S. Patent and Trademark Office (USPTO), but 
need not be. Continued and consistent use is enough 
to establish a mark in the marketplace. Gems #& 
Gemology, for example, has been the name used by 
GIA to identify this journal since 1934, but it has 
only been a registered trademark since 1999. 

Unregistered, or “common law,” marks can dis- 
play a trademark symbol (™) but not a registration 
symbol (®). (See Title 15, Section 1111; note, howey- 
er, that certain state and local laws may govern the 
use of the ™ symbol as well.) Ownership of a mark is 
not dependent on registration; rather, it depends on 
the use of the mark in commerce. However, registra- 
tion conveys a number of important benefits, among 
them a legal presumption of ownership, distinctive- 
ness, and trade usage that any opposing party would 
have to overcome with competent evidence should 
the trademark owner ever need to sue for unautho- 
rized usage or other infringement of the mark. 

The assistance of an attorney is not required to 
secure a federal trademark registration, though it can 
help. Registrations are reviewed by the USPTO to 
determine if the mark is too descriptive or generic, 
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or if it conflicts with existing registered marks. 
However, identical or nearly identical trademarks 
can be employed for different purposes if there is no 
likelihood of confusion. Although the minutiae of 
the classification system are beyond the scope of this 
article, trademarks are grouped into different classes 
depending on their intended use (see Code of Federal 
Regulations Title 37, Section 6.1, for full definitions 
of the current classes). For example, the term 
CrissCut is a registered trademark (class 14; the class 
for most sorts of jewelry and related items) for the 
patented diamond design created by Christopher 
Slowinski (Slowinski, 1997). The same term, howev- 
er, has also been trademarked (class 29) by Lamb- 
Weston Inc., for a particular type of French-fried 
potatoes (Lamb-Weston, 2002). Because there is little 
danger of confusing the two usages, CrissCut fries 
and CrissCut diamonds can both exist in the same 
economy without creating trademark problems. (If 
you want to determine if someone else has regis- 
tered a trademark you want to use, you can search 
for it with the USPTO’s Trademark Electronic 
Search Service [http://tess.uspto.gov].] 

Both common law marks and registered marks 
have important limitations. The rights to both types 
may be lost or considered abandoned if they are not 
used or if they are not defended when infringed. The 
owner of a registered mark also must file periodic 
affidavits of continued use with the USPTO (on the 
fifth anniversary after registration and on every sub- 
sequent 10-year anniversary thereafter) or the regis- 
tration will be cancelled. 

Further information about registering a 
trademark can be obtained from the USPTO Web site 
(http://www.uspto.gov/web/offices/tac/doc/basic}. 


Patents. A patent is the grant of a right to prevent 
others from making, using, selling, or importing an 
invention for a set period of time, which varies 
depending on the type of patent (information in this 
section is drawn from Title 35, Sections 100-376, of 
the United States Code unless otherwise noted). 
Unlike trademarks, which existed (and still exist) at 
common law, patents are solely a creation of statute. 
They exist only when they are issued by the USPTO. 

A patent may be obtained for any “new and use- 
ful process, machine, manufacture, or composition 
of matter, or any new and useful improvement 
thereof... .” (Title 35, Section 101). The invention 
need not be a physical object; in fact, the very first 
U.S. patent, issued in 1790, was for a method of 
making potash, a common component of agricul- 
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tural fertilizers (Hopkins, 1790). However, the 
invention must be new (i.e., not something previ- 
ously invented), “non-obvious” (meaning a genuine 
innovation), useful, and original to the inventor 
making the application (Title 35, Sections 101-108). 

Patent prosecution (the legal term for securing a 
patent) can be an arduous process. The services of 
an experienced patent attorney are usually required, 
as poorly prepared applications can significantly 
limit the scope of a patent (if they are not rejected 
outright). The application must pass a review by 
USPTO examiners, and multiple revisions are typi- 
cally necessary before the patent issues. The delay 
between filing and issue is normally several years, 
and can extend a decade or longer if competing 
inventors contest the application. An invention can 
be referred to as “patent pending” during the period 
between filing and issue. For utility patents (dis- 
cussed below}, protection is retroactive to the date 
of filing if the patent ultimately is issued. 

A patent is a form of property, which means that 
it can be sold, licensed, given away, or abandoned 
like any other sort of personal property. It is impor- 
tant to understand, however, that patent rights are 
exclusionary; that is, they are rights to exclude oth- 
ers from making use of an invention. Whether the 
inventor may manufacture or market a particular 
invention is another matter entirely, one that is 
subject to other existing laws. 

Patents are time-dependent. Any use, sale, or 
publication of the invention (by anyone, not just the 
inventor) more than one year prior to application 
generally will prevent the issue of a patent. If an 
inventor intends to patent his invention, the appli- 
cation should be made before any disclosure or 
commercial use is made of it. (It is possible to gain 
an additional one-year grace period by filing what is 
known as a “provisional” application, but this is a 
process fraught with some pitfalls. The complexi- 
ties of provisional applications—which are many 
and varied—are matters to be discussed with one’s 
attorney.} 

Unlike a trademark, a patented invention need not 
be sold, manufactured, or used in any way for the 
patent to persist. Thus, “protective patents,” in which 
someone patents a device or process simply to prevent 
competitors from using it—without any intention of 
using it him or herself—are permitted. De Beers, for 
example, has employed protective patents in an 
attempt to prevent the use of certain treatment and 
synthesis processes (De Beers Industrial Diamonds et 
al., 2001a—c; Schmetzer, 2002). 
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There are two main types of patents, utility and 
design, each with somewhat different protections 
(there is also a third type, not relevant here, for 
plants). 


Utility Patents. A utility patent protects the con- 
struction of an invention, how it works, or how it 
is used. As such, the application must provide a 
carefully detailed and specific description of the 
nature of the invention and what it does if protec- 
tion is to be adequate. For diamond cut designs, 
this means providing precise geometric descrip- 
tions of the facet arrangements. As an illustration 
of just how much detail is required, here is the first 
sentence of the 13-page utility patent for Tiffany’s 
Lucida cut (Greeff, 2002a): 


A cut cornered mixed cut gemstone, comprising a gir- 
dle, a crown above said girdle and a pavilion below said 
girdle, said crown comprising a width and length 
formed by two pairs of opposing crown sides and four 
crown corners, each crown side and corner having a 
length along the girdle, said corner length being sub- 
stantially less than said side length, said crown also 
comprising at least two steps, including a first step 
from the girdle to a crown break, and a second step 
from the crown break to a table break, said crown 
break defined by lines parallel with said girdle, said 
crown also having a substantially flat table, said table 
having one facet having four sides and four corners 
defined by lines parallel with said girdle, said pavilion 
having a bottom and comprising a substantially cen- 
trally located culet at the bottom of the pavilion, said 
pavilion also comprising two pairs of opposing pavilion 
sides and four pavilion corners defined by eight rib 
lines extending from the girdle to the culet, wherein 
each rib line extends in a substantially straight line 
when viewed from the bottom of the pavilion. 


Obviously, such a description can only be pre- 
pared by an experienced cutter working in partner- 
ship with a qualified patent lawyer. 

A utility patent application—and its contents— 
are confidential for the first 18 months after filing. 
The inventor may publicize the design before these 
18 months are up (though there are few reasons for 
doing so}, but the USPTO will not release any infor- 
mation about it. After 18 months, the USPTO pub- 
lishes the application for public comment unless the 
inventor certifies that he or she will not seek to 
patent the invention outside the U.S. All this means 
that the details of the invention become public 
knowledge well before the patent is actually issued. 
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ABSTRACT 
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(21) Appl. No.: 10/083,279 

(22) Filed: Feb, 25, 2002 
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Figure 2. This is the first page of the published patent 
application for a 122-facet proprietary diamond design 
created by Robert J. Wueste (“Inventor”) of 
Oceanside, California. As “Assignee,” Samuel Aaron 
Inc. of New York has been assigned rights to the 
design, should the patent be granted. This application 
is a follow-up to a “provisional” application, which is 
discussed in the text. “Publication Classification” 
lists the patent classes, also discussed in the text. The 
numbers in parentheses refer to internal USPTO 
codes for each category of information. 


Published applications can be obtained from the 
USPTO (the easiest method is through the USPTO 
Patent Full-Text and Full-Page Image Databases at 
http://www.uspto.gov/patft). A portion of a pub- 
lished application for a diamond cut patent is shown 
in figure 2. 

While the information in a published patent 
application is not protected (yet), and nothing stops a 
competitor from using it to his or her advantage, 
caution is still advised. Should the patent issue, pro- 
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Publication Classification 


B28D 5/00; A44C 17/00 
verevereeeree 63/32; 125/30.01 


A brilliant-cut gemstone having a pavilion, girdle, and 
crown is disclosed. The pavilion of the gemstone has 56 
facets: specifically, 8 lower diamond-shaped facets, 16 
middle kite-shaped facets, and 32 upper triangular facets. 
The girdle and table may be formed of one or more facets. 
In one preferred embodiment, the total number of crown 
facets (excluding the table) is 56, making a total of 114 
facets (including the table). In another preferred embodi- 
(60) Provisional application No. 60/271,241, filed on Feb, ment, the total number of crown facets (excluding the table) 
23, 2001. is 64, making a total of 122 facets (including the table). 


U.S. Patent 


Sep. 24, 2002 Sheet 5 of 5 US D463,315 S 


Figure 5 Figure 6 


Figure 3. This portion of the design patent applica- 
tion for Tiffany’s Lucida® cut shows a precise dia- 
gram of the design. 


tection is retroactive to the date of filing, and the 
patent holder can then collect a fee from any party 
that has made use of the invention. These amounts 
can be substantial in cases where there are long 
delays between filing and issue (K. Schmetzer, pers. 
comm., 2002). In general, a patent ought to be issued 
(or denied) within three years of application. Should 
the USPTO’s decision take longer than three years, 
the term of the patent will be extended for as long as 
the delay lasts, provided that the inventor has been 
reasonably diligent in prosecuting the application. 

For utility patents applied for after June 8, 1995, 
protection extends for 20 years from the date the 
application was filed. For earlier patents, the term is 
either 20 years from filing or 17 years from the date 
of issue, whichever is greater. 


Design Patents. A design patent protects any “new, 
original and ornamental design for an article of man- 
ufacture,” for a period of 14 years from the date of 
issue (Title 35, Section 171). A design patent protects 
only the ornamental appearance of the invention 
and not any of its functional, structural, or utilitari- 
an elements. Design patent applications tend to be 
fairly simple, as all that is necessary is a comprehen- 
sive graphic depiction of the design; detailed descrip- 
tions are not required. A portion of the design patent 
for Tiffany’s Lucida cut is shown in figure 3 (Greeff, 
2.002b). In general, it is easier to obtain a design 
patent than a utility patent, and design patent appli- 
cations are not published as utility patents are 
(though the patent itself is, once issued). 

Note that, as Tiffany has done for the Lucida cut, 
it is entirely permissible to apply for and receive two 
different patents—one for design and one for func- 
tion—for what is essentially one invention, as long 
as the design and function are not easily separable. 
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Modern diamond cut patents often exist in tandem: 
a design patent for the appearance of the finished 
diamond, and a utility patent for the way it trans- 
mits light and creates brilliance. 

The interrelationship between patent and trade- 
mark is important. One may register trademarks for 
designs that cannot be patented, and one may 
secure a patent for one’s design only to see its trade- 
mark protection lost (e.g., from failure to defend the 
name or failure to file the required affidavits) after it 
is already on the market. The existence of one is no 
guarantee of obtaining—or retaining—the other. 

Like trademarks, patents have classifications. 
Gemstone design patents are classified as D11/89 
and/or D11/90; gemstone utility patents as 63/32 
(knowing these classes makes searching for patents 
in the USPTO database much easier). 

Table 1 summarizes some of the more important 
distinctions between trademarks and the two types 
of patents for a diamond cut design. Further informa- 
tion on U.S. patent applications can be obtained 
from the USPTO (http://www.uspto.gov/web/patents/ 
howtopat.htm). 


Other Potential Means of Protection. “Intellectual 
property” encompasses not just patent and trade- 
mark but also copyright, trade dress, and trade 
secret. While there have been historical attempts to 


TABLE 1. Distinctions between trademarks, utility 
patents, and design patents for a diamond cut design.@ 
Trademark 


Utility patent Design patent 


Protects brand name Protects how cut transmits Protects ornamental 

of cut light and creates brilliance, appearance of cut 

fire, and scintillation 

Same name can be used Exclusive to patent holder Exclusive to patent holder 
in different industries 
Name need not be regis- Patent must be filed for © Patent must be filed for 
ered if used in commerce and issued by USPTO and issued by USPTO 
ame can be registered Patent application must be Patent application must be 


ong after first use filed within one year of __ filed within one year of 
irst use or public disclo- first use or public disclo- 
sure of cut design sure of cut design 


Name must be usedin Design need not be used, Design need not be used, 
commerce after registration sold, or manufactured sold, or manufactured 
Duration indefinite if affi- 20 year duration from date 14 year duration from date 
davits of continued use of filing (or 17 years from of issue 


are timely filed issue for patents applied 
or prior to June 8, 1995, 
if this is longer) 
Class 14 Class 63/32 Classes D11/89 and/or 
D11/90 


4Sources: Code of Federal Regulations Title 37; U.S. Code Titles 15 and 35. 
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use these other methods to protect diamond and 
jewelry designs, in general they have not been very 
effective (R. Shor, pers. comm., 2002). Copyright 
protects “original works of authorship” including 
“sculptural works” (Title 17, Section 102). While 
one can argue that a diamond cut is a “sculptural 
work,” a certain minimum amount of creative 
expression is required. Without going into too much 
detail, the U.S. federal courts have required more 
original artistic expression than exists in a diamond 
cut design, though not in a piece of jewelry (see 
Hazard, 2001, pp. 2-7 to 2-10, for a general discus- 
sion of this issue). 

Trade dress is a form of unfair competition law. 
It protects the total, overall impression created by a 
product or its packaging, that is, the size, shape, 
color, texture, or graphics—at the most basic level, 
the “look” and image of a product or its packaging 
in the consumer’s mind (Jassin and Schechter, 
2000). Trade dress can be registered with the 
USPTO as trademarks are, as long as it is nonfunc- 
tional and the product has acquired a secondary 
meaning. A line of jewelry and its packaging, such 
as Tiffany’s famous blue box, might constitute pro- 
tectable trade dress, though there are examples, 
such as designer David Yurman’s attempts to pro- 
tect his cable-themed designs, where the courts 
have rejected such claims (Donahue, 2001; 
Kekahbah, 2000). A diamond cut alone, however, 
does not qualify as trade dress. 

Trade secret is, straightforwardly enough, the 
means by which one protects internal, proprietary 
trade knowledge. If the creation of a proprietary dia- 
mond design requires an original, specialized manu- 
facturing process, that process could be considered a 
trade secret. The process must, however, remain 
secret. If it can be readily ascertained through legal 
means by persons who can obtain economic value 
from it, it is not protectable as a trade secret (see 
Uniform Trade Secrets Act, Section 1[4]). A diamond 
cut design, given that its facet arrangement is obvi- 
ous to any trained observer, would not qualify as a 
trade secret. 


INTERNATIONAL PROTECTION OF 
DIAMOND CUT DESIGN 


The discussion thus far has focused on United 
States law, but in an industry as global as the dia- 
mond trade, manufacturers must also be aware of 
laws in other countries. A full discussion of the 
complexities of international patent and trademark 
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conventions is beyond the scope of this article, but 
some important elements can be noted. 

There is currently no single “international” 
patent or trademark registration that would be valid 
throughout the world. One must still secure protec- 
tion in each country where it is desired, but an 
increasing number of methods are available to sim- 
plify this process. An international, non-governmen- 
tal agency known as the World Intellectual Property 
Organization (WIPO), headquartered in Geneva, 
administers a body of treaties designed to harmonize 
international treatment and protection of intellectu- 
al property. About 90% of the world’s countries are 
members of WIPO (a full list can be found at 
http://www.wipo.int/members/members). This har- 
monizing process is a dynamic and ongoing one, and 
the ultimate goal of uniform treatment for patents 
and trademarks is still some distance off (WIPO, 
2001). However, the so-called Madrid Protocol on 
the international registration of trademarks and the 
Patent Cooperation Treaty (PCT), both of which are 
discussed below, offer some hope for a more orga- 
nized future. 


Trademarks. As noted above, trademark protection 
typically ends at a country’s borders, and a U.S. 
trademark owner must file individual registrations 
in all countries where protection is desired (except 
within the European Union [EU], as discussed 
below). Not all countries have trademark registra- 
tion schemes but, in general, filing for registration in 
a WIPO member country will relate back to the U.S. 
filing date provided it occurs within six months of 
the U.S. filing (Paris Convention, 1979). With some 
luck, this frustrating situation may soon be seeing 
its last days. 

The Madrid Protocol is the latest installment in a 
process that began in 1891, it attempts to set up a 
unified international system for registration of trade- 
marks (Prahl, 2002; WIPO, 2002b). WIPO has been 
working hard to advance worldwide acceptance of 
this protocol, but thus far only 56 countries are mem- 
bers. The U.S. is a notable non-member, though, as of 
late 2002, ratification was pending before the U.S. 
Senate (and is expected by most observers). The 
Madrid Protocol does have some important differ- 
ences from U.S. law; among them are the absence of 
a requirement of initial use and a narrower definition 
of what constitutes similarity for conflicting trade- 
marks. Further information can be obtained from the 
WIPO (http://www.wipo.int/madrid/en). 

Nearly all of the European nations are party to 
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Figure 4. The earliest U.S. patent for a gemstone cut is 
this 1890 design by J. G. C. Cottier. 


the Madrid Protocol, but registration throughout the 
EU can also be accomplished by a single trademark 
filing known as a Community Trademark (CTM). 
The CTM is a specially designed registration that 
exists separately from individual country trade- 
marks, and it creates rights that cover all 15 EU 
nations. Further information on the CTM can be 
obtained from the Office for Harmonization in the 
Internal Market (Trademarks and Designs}, known 
as OHIM, at http://oami.eu.int/en. 


Utility Patents. A diamond manufacturer cannot, 
yet, secure a utility patent through the WIPO, but it 
is possible to begin the application process in multi- 
ple countries by filing a Patent Cooperation Treaty 
(PCT) application with the USPTO, a foreign patent 
office, or the WIPO (WIPO, 2002.a). Once the applica- 
tion is filed, the manufacturer has up to 30 months 
to proceed with local patent prosecution in the 
countries selected on the application. This is a sig- 
nificant benefit because, among other reasons, a crit- 
ical difference exists between U.S. and Japanese and 
European patent law. In the United States, patents 
are issued to the first inventor. If two inventors 
claim the same invention, the USPTO will examine 
the relevant evidence (notes, data, correspondence, 
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publications, etc.) to determine who first created the 
invention. In Japan and Europe, however, there 
exists what is often called “a race to the patent 
office”: Whoever files first will normally get the 
patent, regardless of the date of invention. 

Like the Madrid Protocol, a PCT application can 
avoid a lot of problems with inventions intended for 
an international market (such as a diamond cut), but 
the process has its own unique procedures and 
requirements, some of which vary depending on the 
countries selected. Nearly all major world countries 
are PCT-participating states (Namibia, Botswana, and 
Thailand are important exceptions for the gem trade). 
Further information on PCT applications can be 
obtained from WIPO (http://www.wipo.int/pct/en], 
the USPTO (http://www.uspto.gov/web/offices/pac/ 
dapps/pct), and the European Patent Office 
(http://www.european-patent-office.org/ap_gd/part_2/ 
index_pdf_e.htm). 

In addition to what is available through the PCT, 
most of Europe has had a uniform utility patent sys- 
tem under the auspices of the European Patent 
Office (EPO) since 1977 (Norway and Poland are the 
main exceptions). Like Community Trademarks, an 
EPO patent does not replace national patents; the 
same invention can have both an EPO patent and 
patents from, say, Germany and France. 


Design Patents. First, it is important to realize that 
design patents tend to get different treatment—some- 
times very different treatment—outside the United 
States than they do inside. Among other things, there 
is no international design patent scheme comparable 
to the PCT, though there are some regional processes. 
In the EU, the protection scheme for industrial 
designs resembles U.S. copyright rules almost as 
much as it does U.S. patent rules (see Spencer, 2002). 
Under a regime adopted in 2002, even unregistered 
designs are automatically protected for a term of 
three years after the design is first made available to 
the public. Beginning in January 2003, registered 
designs are protected for five years, with protection 
renewable in five-year increments up to 25 years. 
While this is 11 years longer than the term of a U.S. 
design patent, the protection is not quite as strong. 
For example, a very important difference exists in 
what constitutes infringement: Unlike U.S. patent 
law (but similar to “fair use” provisions in U.S. 
copyright law; see Title 17, Section 107), a registered 
Community Design is not protected from private, 
noncommercial use or reasonable educational use. 
As with CTMs and EPO patents, a Community 
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Design is a community-wide patent, and can co- 
exist with a national design patent. Further infor- 
mation can be obtained from the OHIM, which 
administers Community Designs in addition to 
Community Trademarks. 


A BRIEF HISTORY OF PATENTED 
DIAMOND CUTS 


The general evolution of modern diamond cuts is 
covered exhaustively in Bruton (1970) and Tillander 
(1995), among many other authorities, and need not 
be repeated here. Unfortunately, these references, 
while otherwise authoritative, typically pay little or 
no attention to the issue of intellectual property 
protection. 

The very first U.S. patent for a gemstone design 
was issued to J. G. C. Cottier of New York City on 
July 22, 1890, for a rather odd triangular cut (figure 
4). One must wonder at the sort of jewelry setting 
for which this design might have been intended. 

The next few years would see the issuance of a 
small flurry of cut patents. The year 1902 saw three 
patents, the first to David C. Townsend, also of 
New York City (figure 5, top}, and the second and 
third to Ernest Schenck, a Belgian cutter living in 
New Jersey (figure 5, bottom), for cuts that bear a 
strong resemblance to the Jubilee cut (figure 5, 
inset), named in honor of the 60th anniversary of 
British Queen Victoria’s coronation in 1897, her 
Diamond Jubilee (Schenck, 1902a,b; Townsend, 
1902, Tillander, 1995). History does not record the 
motivations behind Townsend’s or Schenck’s 
respective designs, but there are likely some paral- 
lels between these two cuts and the recent prolifera- 
tion of designs for modified round brilliants. 

Perhaps the first diamond manufacturer to con- 
ceive the idea of associating a diamond cut with a 
specific manufacturer was master cutter Joseph 
Asscher, who was well known around the turn of 
the 20th century for having cut the Cullinan dia- 
mond, the largest rough diamond in history (Bruton, 
1970). Asscher secured a patent for his step-cut 
square, which became known as the Asscher cut, in 
1902. The Asscher cut was recently updated by the 
Royal Asscher Co. of Amsterdam. The new cut has 
been patented and trademarked as the Royal 
Asscher cut (again, see figure 1). 

Many other recent designs can likewise find 
antecedents in earlier patents. A 1903 cut patented 
by three members of the famous Tolkowsky family 
is a strikingly modern hexagonal design (figure 6, 
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Figure 5. These three round designs by David C. 
Townsend (top) and Ernest Schenk (bottom, left and 
right) received patents in 1902 despite their similart- 
ties to the earlier Jubilee cut (inset), which was named 
for Queen Victoria’s Diamond Jubilee in 1897. 


left) that would be right at home alongside cuts cre- 
ated by their descendant Gabi (figure 6, top). A 1941 
patent for a step-cut rectangle with a cross-shaped 
pavilion (figure 7, left), also issued to Ernest Schenck, 
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His career with the Institute was 
interrupted by the War. He spent three 
years in the Navy as an ensign and 
Lt. (j.g.), studying meteorology at the 
California Institute of Technology and 
then serving as a meteorologist on air- 
craft carriers in the South Pacific and 
at Pearl Harbor until his return to 
civilian life, and to the Institute early 


in 1946. 


Lelande Quick, author of the article 
about gem grinding, is the founder, 
owner and editor of the Lapidary Jour- 
nal and one of the founders of the Los 
Angeles Lapidary Society, the first such 
group to be organized in the United 
States. 


Dr. William H. 
Barnes, the fourth 
and concluding in- 
stallment of whose 
article “Pearl Iden- 
tification by X-ray 
Diffraction” ap- 
pears in this issue, 
has recently re- 
signed from the 
staff of McGill 
University, Mont- 
real, to become a 
Senior Research Officer in the Radiology 
Section of the Division of Physics at 
the National Research Council, Ottawa. 
He is in charge of a laboratory devoted 
to research in X-ray diffraction, elec- 
tron diffraction and electron microscopy. 


Mark Chance 
Bandy, Ph.D., au- 
thor of the articles 
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and History, is a 
native of lowa, 
with a bachelor’s 
degree from Drake 
University, the de- 
grees of Hngineer 
of Mines and Mas- 
ter of Science in Geology from Colum- 
bia, and a doctorate in mineralogy from 
Harvard. : 

Dr, Bandy, except for a year’s period, 
has spent much of his working life in 
Mexico and South America. He fune- 
tioned variously as petrographer and 
geologist for firms which included the 
Huasteca Petroleum Company and the 
Bethlehem Steel Corporation, and spent 
some considerable time collecting miner- 
als for Harvard University and the 
Smithsonian Institution. He came to 
the Institute in October 1947, after 
eleven years with the Patino interests 
which supply some 50% of Bolivia’s 
total tin production, first as geologist 
for the Patino Mines and Enterprises 
Consolidated (Inc.) at Llallagua in Bo- 
livia, and later as manager of the Boli- 
vian Tin and Tungsten Mines Corpo- 
ration in Huanuni. 

His translation of Agricola’s 
Natura Fossilium is now being pre- 
pared for publication, 
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has elements that are similar to Basil Watermeyer’s 
Barion cuts of the 1970s (figure 7, right; Schenck, 
1941; Watermeyer, 1974). 

Other cut elements that are now ubiquitous were 
once protected by patent. The polished girdle was 
the subject of yet another patent by Ernest Schenck 
in 1906 (figure 8), while the faceted girdle (see figure 


2227 


Figure 7. This 1941 
design (left), also by 
Ernest Schenk, has 
some similarities to 
Basil Watermeyer’s 
design for this Barion 
cut (right), which he 
patented in 1974. 
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Figure 6. The FireRose cut (above), created by Gabi 
Tolkowsky for De Beers, strongly resembles a cut 
patented by members of the Tolkowsky family (left) 
almost a century earlier, in 1903. FireRose image 

© De Beers Group. 


9) was patented in 1944 by Edward Goldstein of 
Brookline, Massachusetts. All of these patents, lest 
the reader now be gripped by concerns of patent 
infringement, have long since expired. 

Although these early patents are of some histori- 
cal interest, for the most part they were aberrations. 
Of the approximately 300 U.S. patents (design and 
utility) ever issued for gem cut designs, all but a 
handful have been issued since 1975. Until that 
time, patenting a cut, even a highly successful one, 
was unusual. The source of this change in attitudes 
can be traced in the saga of the two most popular 
fancy cuts of the 1970s: Leon Finker’s Trillion and 
Henry Grossbard’s Radiant. 
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Figure 8. This drawing from Ernest Schenk’s 1906 
patent shows his design for a polished girdle. 


Finker introduced his triangular brilliant design 
(figure 10, left) in the mid-1960s, but he (initially) 
neither tried to register the name nor apply for a 
patent, despite the popularity of his cut. About the 
same time, Grossbard began developing his inno- 
vative mixed cut (figure 10, right), but he, unlike 
Finker, patented his design and registered the 
brand name before putting it on the market 
(Grossbard, 1977). 

Both manufacturers had profitable designs, but 
only Grossbard had complete control over his. By 
the time Finker—perhaps inspired by Grossbard— 
finally tried to protect his cut in the late 1970s, it 
had become so popular that consumers and jewel- 
ers alike were calling any triangular diamond a 
“trillion.” Finker got his patent (Finker and Finker, 
1978), but he was unable to register the trademark. 
A federal judge in New York ultimately ruled that 
the word was too close to “trilliant,” which was 
then also in common usage (Geolat, 1991, Sielaff, 
1991). Finker spent over a decade (and a great deal 
of money) trying to recapture the name through 
his advertising, but people throughout the trade 
continued using the term generically. In 1991, 
Finker finally conceded defeat (Sielaff, 1991). He 
registered a new name, “Trielle” (“Trillion 
Diamond Co... .,” 1991), but by this point his 
patent on the original trillion design had almost 
expired. Grossbard’s Radiant patent was soon to 
expire as well, but he had enjoyed almost two 
decades of a plum position in the market: having 
both patent and trademark protection for a highly 
popular design. 

Henry Grossbard was certainly not the first per- 
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Figure 9. Edward Goldstein patented this design for a 
faceted girdle in 1946. 


son to patent a notable cut design, even in the mod- 
ern era (see, e.g., Huisman and Huisman, 1966; 
Polakiewicz, 1973; Watermeyer, 1974), but he is 
rightly credited with awakening the trade to the 
importance of protecting one’s rights to a valuable 
cut. Indeed, there were more cut patents issued in 
2002. alone than in all the years before Grossbard 
patented the Radiant. 


THE CURRENT STATUS OF 

PROPRIETARY CUTS IN THE MARKET 

Scope. In late 2002, the author conducted a compre- 
hensive search of the trade literature, USPTO, EPO, 
and WIPO patent and trademark databases, and the 
Internet to compile a list of as many proprietary 
cuts placed on the market in the past three decades 


Figure 10. Leon Finker’s Trillion and Henry Grossbard’s 
Radiant cuts were two of the most important propri- 
etary cuts of the 1970s. Grossbard patented his design 
and registered the brand name, but Finker’s failure to do 
the same contributed to his loss of control over both the 
name and the design. The trillion-cut diamond weighs 
1.25 ct; the radiant, 2.83 ct. Photo by Maha Tannous. 
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as possible, and to determine their status as patent- 
ed and/or trademarked property. No distinctions 
were made for popularity, even though some cuts 
included in the study are now unlikely to be seen 
anywhere but in estate pieces. However, branded 
fancy cuts that have entered the public domain 
through manufacturer choice (such as the De 
Beers/Tolkowsky Flower cuts] or the passage of 
time (as with Grossbard’s Radiant and Water- 
meyer’s Barion) were not considered. 

The research also did not include every active 
U.S. gemstone patent, since many more cut 
patents exist than could be matched to known 
branded products. Rather, it was limited to cuts 
that the author was able to confirm have been 
placed on the market. (Several diamond manufac- 
turers, notably Ambar Diamonds of Los Angeles and 
M. Fabrikant & Sons of New York, hold half a dozen 
or more patents for cuts that apparently are not yet 
being sold [Ambar, 1998a-g, 1999; Freilich, 
2000a-—d]. Some of these may be protective patents 
intended to deter unauthorized modifications of an 
established, patented design such as Ambar’s 
Quadrillion.) 

The research was further restricted to cuts 
intended for diamonds; patents that described cuts 
for colored stones or ornamental crystal were not 
included. In some cases, it was not clear whether the 
cut was designed for a specific stone, and the inclu- 
sion or exclusion thereof reflected the author's judg- 
ment based on the specific language of the patent 
records or other references describing a cut’s usage as 
a diamond design. 

A total of 81 proprietary cuts were identified. A 
complete list of the specific cuts, their manufactur- 
ers and descriptions, and their individual patent and 
trademark status, is given in Appendix 1. 


Methods. Trademark status was based on records 
returned with the USPTO’s Trademark Electronic 
Search Service, the WIPO’s Madrid Express Database 
(http://www.wipo.int/madrid/en}, and OHIM’s 
Community Trade Mark Consultation Service 
(http://oami.eu.int/search/trademark/la/en_tm_ 
search.cfm)}. Patent status was based on records 
returned from searches of the USPTO’s Patent Full- 
Text and Full-Page Image Database and the EPO’s 
esp@cenet search service (http://ep.espacenet.com). 
(The WIPO maintains a database of PCT applications 
[http://ipdl-wipo.int], but it is currently unofficial and 
for test purposes only.} 

Not all cuts reported as patented in reliable lit- 


320 PROPRIETARY DIAMOND CUTS 


erature could be located in the USPTO and EPO 
databases (for example, Diamco’s Cushette cut is 
described in a Rapaport Diamond Report piece as 
being patented [“Cushette Cut,” 2002], but the 
author could not locate any such records; the 
application may have been filed under a different 
name or may simply be pending); such cuts are 
described as “probable” in the Results below. 
Some brand names had registrations that have 
since been cancelled or abandoned; these were 
counted with the never-registered names, since the 
legal effect is the same. 


Results. The research revealed varying attitudes 
about protecting cut designs. Only a minority of the 
cuts are known to be protected by both patent and 
registered trademark (20/81), with four more—all 
trademarked—probably patented [i.e., reported in 
the literature as patented, but not appearing in any 
of the databases). A similar number (25/81) have 
registered trademarks but no patents, which reflects 
at least some intent to protect the design (this 
includes two trademarked cuts for which the 
patents have expired). Less easy to understand are 
the nine cuts (plus three probables) that have 
patents but unregistered trademarks (though such 
registrations may well be pending). Finally, 20 of 
the 81 cuts appear to be unprotected by either 
patent or registered trademark. 


DISCUSSION 


While there does not appear to be a strong trend 
toward patenting designs (at most, 36 of the 81 cuts 
had patents, and the actual number is probably 
lower), the manufacturer names that accompany the 
patented cuts (e.g., Tiffany, Tolkowsky, Goldberg, 
Schachter) are significant. Whether these manufac- 
turers are the vanguard of a trend, or the patented 
status of their cuts simply reflects the greater 
resources they can bring to protecting a design, is a 
matter for future attention. It is worth noting, how- 
ever, that of the 29 cuts for which full patent data 
could be obtained, a large majority (21/29) have been 
patented in the last four years, and all but one have 
been patented in the last 10 years. Patenting a cut 
may not (yet} be the rule, but the pace of it is clearly 
accelerating. 

A stronger trend toward registering trademarks 
was apparent, with 49 of the 81 cuts having regis- 
tered brand names. From this, it is clear that the 
trade views protection of a brand name as more 
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important than protection of a cut design. This 
trend is more significant when the following issue 
is considered. 

Because the intent of this study was to deter- 
mine the treatment of designs that could be patent- 
ed, it did not focus on branded versions of the tradi- 
tional 57/58-facet round brilliant. However, the 
trend toward branding round brilliants is at least as 
strong as any trend toward branding new cuts. 
Modern Jeweler’s most recent annual survey of dia- 
mond branding, for example, lists 23 “ideal’-cut 
brand names alone (see “Who’s who...,” 2002), of 
which 15 were registered trademarks. 

These results are consistent with attitudes 
reported in the trade literature. Many manufactur- 
ers take the position that a trademark alone (even 
an unregistered one} is enough to establish a cut in 
the market and protect it from unauthorized dupli- 
cation (see, e.g., Scriven, 1997; Shor, 1997). The 
weaker interest in patents reflected in the study is 
mirrored by frequent trade concerns—which have 
some validity—that patent protections can be evad- 
ed by making minor changes in a duplicated design 
(R. Shor, pers. comm., 2002). Nor is it difficult to 
find manufacturers willing to dismiss the idea of 
intellectual property protection altogether, reason- 
ing that quality of the polished diamond alone is 
enough to establish a brand in the mind of the con- 
sumer (Scriven, 1997). 

In the days when the product was more impor- 
tant than the brand name, such attitudes could 
probably be excused. As diamond branding becomes 
more and more important, however, protecting 
one’s brand (by all available methods) evolves from 
a matter of personal preference to one of survival. 
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Appendix 1: Proprietary/patented diamond cuts.? 


Name Description Patent? ® Trademark? Inventor/owner References 
Amity 29-facet square No Emdico, London Emdico, 2002 
Ashoka 62-facet modified antique cushion 2002 Yes William Goldberg, New York “The Ashoka cut,” 1999; Goldberg, 2002 
Asprey 61-facet cushion Yes Gabriel Tolkowsky/Asprey, “Asprey cut,” 2002 
London 
Aster 73-facet modified round brilliant Yes Rosy Blue Int'l, Antwerp Moses and Reinitz, 2002 
Baguillion Brilliant-cut baguette No Yes Baguette World, Los Angeles GIA Diamond Dictionary, 1993; “Baguillion,” 
1998; “Who's who...,” 2002 
Barocut Rectangular modified brilliant 2001 Yes Baroka Creations, New York Rokah, 2001 
Baroness Octagonal modified brilliant No Yes Raphaeli Stschik, Israel Geolat, 1991; Koivula and Kammeriing, 
1991b; GIA Diamond Dictionary, 1993 
Buddha 56-facet "Buddha"-shaped + No J. Korn & Partners, Antwerp Johnson and Koivula, 1996; “Buddha cut,” 
modified brilliant 1998 
Butterfly Butterfly shaped 2000 No Guy Couture/Papillion Couture, 2000; “Branded diamonds,” 
Gemme, Montreal 2002 
Centillion 100-facet modified round brilliant Expired Yes Jules Polakiewicz Polakiewicz, 1973 
Century Cut 66-, 74-, or 90-facet modified + Yes C. Kirk Root Designs, C. Kirk Root Designs, 2002 
round brilliant Austin, Texas 
Context Cut Octahedral modern point 1995 Yes Freiesleben, Antwerp Freiesleben, 1995; Kammerling et al., 1995 
CrissCut 77-facet modified emerald, triangular 1998 Yes Christopher Slowinski, Slowinski, 1998; Misiorowski, 2000; 
pavilion facets New York “Who's who...,” 2002 
Crossfor 46-facet modified square brilliant 2000 No Crossfor Diamond Co., Japan Dobashi, 2000; “Branded diamonds,” 2002 
Cubicle Cut 9-facet square No August Mayer, Germany “Optical illusion...,” 2002 
Cushette Brilliant-cut cushion + Yes Diamco, New York “Cushette cut,” 2002; “Who's who...,” 2002 
Dene Rose Modified rose cut No No Unknown/NWT, Canada “Diamond Facts 2000/01,” 2001 
Diallenium 96-facet modified round brilliant No Orion Diamond, New York “Branded diamonds,” 2002 
Diamond Star 66-76 facet five-pointed star 1996 No Fancoldi, Switzerland Koivula et al., 1993a; Harris and Harris, 1996 
Dream 69-facet modified princess 2002 Yes Hearts on Fire, Boston “Branded diamonds,” 2002; Rothman, 2002 
Duchess 45-facet hexagonal modified marquise No Yes Raphaeli Stschik, Israel Geolat, 1991; Koivula and Kammeriing, 
1991b; GIA Diamond Dictionary, 1993 
Elara 61- or 65-facet square modified + Yes Elara Diamonds, New York Geolat, 1991; Koivula et al., 1993b; 
(formerly Flanders) brilliant “Branded diamonds,” 2002 
Emdi 41-facet octagonal No Emdico, London Emdico, 2002 
Empress 64-facet heptagonal modified pear No Yes Raphaeli Stschik, Israel Koivula and Kammerling, 1991b; GIA 
Diamond Dictionary, 1993 
Escada 97-facet dodecagon 2002 Yes Pluczenik, Antwerp Escada cut, 2001; Stern, 2002 
Eternal 81-facet modified round brilliant 1999 Yes Gabriel Tolkowsky/Garrard, Tolkowsky, 1999; Drucker, 2000 
London 
Fire and Ice Ideal “Ideal’-cut princess Yes? Sirius Diamonds, Vancouver “Sirus introduces...,” 2002 
Gabrielle 105-facet modified round brilliant 2002 No® Gabriel Tolkowsky/ Tolkowsky, 2002; “Who's who...,” 2002 
/Suberi Bros., New York 
Gordon's 78-facet sunburst pattern modified Yes Zale Corp., Irving, Texas Beres, 2002 
Diamond round brilliant 
Grace 65-facet shield Yes Raphaeli Stschik, Israel “Grace Cut,” 1999 
Happyeight Brilliant Octagonal modified brilliant No! Kuwayama, Antwerp Kuwayama, 2002 
Heera 49-facet modified round brilliant No Emdico, London Emdico, 2002 
Highlight 73-facet modified round brilliant + No Diadenza, Antwerp Diadenza, 2003 
J.C. Millennium 16-sided 89-facet modified Yes J.C. Millennium Diamonds, Drucker, 2000; “Who's who...,” 2002 
round brilliant Antwerp 
Jubilant Crown Modified round brilliant, 16 extra 2001 Yes Edwin Bruce Cutshall, Cutshall, 2001; “Introducing the patented 
crown facets Virginia Jubilant Crown diamond,” 2002 
Juliette Half-oval brilliant No No Mark Silverstein, New York “Who’s who...,” 2002 
King 86-facet modified round brilliant No No King Diamond Cutters, GIA Diamond Dictionary, 1993 
New York 
Leo 65-facet modified round brilliant 1999 Yes Leo Schachter Diamonds, Namdar et al., 1999; “Branded diamonds,” 
New York 2002 
Lily Cut Flower-shaped, four "petals," 1997 Yes Lili Diamonds, Israel “New Lily Cut ...,” 1997; Siman-Tov et al., 
square table, 65 facets 1997; “Who's who...,” 2002 
Linz Modified princess Yes Zale Corp, Irving, Texas Beres, 2002 
Lion Modern rose-cut round brilliant No® Paul De Maere, Antwerp “Table-less diamond...,” 2002 
Lucére (American) 65-facet modified princess Yes Emest Slotar Inc., Chicago “Who's who...,” 2002 
Lucére (European) As Lucére (American), with 16 extra Yes Emest Slotar Inc., Chicago “Who's who...,” 2002 
crown and 4 extra pavilion facets 
Lucida 50-facet cut-comered princess 2002 Yes Tiffany & Co., New York “Branded diamonds,” 2002; Greeff, 2002 a, b 
Magna 102-facet modified round brilliant No No Unknown GIA Diamond Dictionary, 1993 
Marquise Dream Hexagonal modified marquise No Michael Schlacter/Maico Geolat, 1991; Koivula and Kammering, 


Diamond, New York 


1991a 
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Name Description Patent® @ Trademark° nventor/owner References 
Millennial Sunrise 43-facet, 7-table oval No USA Studs, New York Drucker, 2000 
Millennium Modified emerald with faceted table No Harrod’s Diamonds, London “Modified emerald cut...,” 1998 
New Century 101-facet modified round brilliant 1999 No Michael Parker, Honolulu Parker, 1999 
Noble 29-facet step-cut kite No Doron Isaak, Beverly Hills “Who's who...,” 2002 
Octillion Octagonal modified brilliant 2001 Yes M. Fabrikant & Sons, Tumer and Courtney, 2001 
New York 
Octus 56-facet octahedron 2000 Yes Bunz, Germany Bunz, 2000 
Oval Dream Octagonal modified oval Yes Michael Schlacter/ Geolat, 1991; Koivula and Kammeriing, 
Maico Diamond, New York  1991a 
Pear Dream Heptagonal modified pear Yes Michael Schlacter/ Geolat, 1991; Koivula and Kammeriing, 
Maico Diamond, New York 1991a 
Petar Square modified brilliant No Petar’s Jewelry, Ontario, “Controversy...,” 1989 
Canada 
Phoenix 85- to 89-facet modified round brilliant Yes Kristal/Phoenix Diamond, “Who’s who...,” 2002 
New York 
Princette 48-facet princess-cut baguette Yes Mark Silverstein, New York “Princette,” 1998; “Who's who...,” 2002 
Quadtillion (new) Modified princess 2000 Yes Ambar Diamonds, Ambar, 2000; “Branded diamonds,” 2002 
Los Angeles 
Queen of Hearts Square modified brilliant Yes Horowitz & Atlass, New York — Weldon, 2002 
Queen’s Cut 60-facet modified oval brilliant 1996 Yes Henry Grossbard Grossbard, 1996 
Radiant Cut-cornered, rectangular/square 1985 No Henry Grossbard Grossbard, 1985; “Who’s who...,” 2002 
(modified) modified brilliant 
Regent 12-sided modified round brilliant Yes Horowitz & Atlass, New York = Weldon, 2002 
Royal Asscher 74-facet modern Asscher 2002 Yes Royal Asscher Diamond “The Royal Asscher cut,” 2001; 
(step-cut square) Co., Amsterdam Asscher, 2002 
Royal Brilliant 82 82-facet modified round brilliant + Yes Royal Brilliant Co. “Who's who...,” 1997 
RoyalCrest Checkerboard crown, step-cut 1996 Yes Merit Diamond Corp., Kaplan, 1996; “Who’s who...,” 2002 
rectangular New York 
Scottish Modified round brilliant showing No Alison and Roy Murray, “Scottish cut,” 2000 
St. Andrew’s Cross on pavilion Durham, Scotland 
Shiva 89-facet modified round brilliant No Emdico, London Emdico, 2002 
SkyStar Flower-shaped, four pointed “petals” 1998 Nos Lili Diamonds, Israel Siman-Tov et al., 1998 
Spirit of Flanders 80-facet modified round brilliant Yes Diamwag, Antwerp “Branded diamonds,” 2002 
Spirit Sun Triangular-facet dual-pavilion round 1997 Yes Freiesleben, Antwerp Kammerling et al., 1995; Freiesleben, 1997 
Spring Rectangular modified brilliant No Whiteflash, Houston, Texas Weldon, 2002 
StarBurst 95- to 110-facet rectangular Yes Louis Glick & Co., New York Geolat, 1991; “Who’s who...,” 2002 
modified brilliant 
Torus Doughnut-shaped round 1998 No Glenn W. Lehrer, Lehrer, 1998 
San Rafael, CA 
Trapeze 48-facet brilliant-cut baguette 1994 No Stephen Baker (Schlomo Federman, 1991; Bachar, 1994 
Bachar), New York 
Trielle 50-facet triangular modified Expired Yes Trillion Diamond Co., Finker and Finker, 1978; “Who’s who...,” 
brillian New Yori 2002 
Trilliant 44-facet triangular modified brilliant No No? Henry Meyer, New York Geolat, 1991; “Who’s who...,” 2002 
Tycoon Rectangular, 9-facet crown, 2002 Yes Tycoon, Los Angeles Johnson and Koivula, 2000; Kejejian, 2002; 
step-cut pavilion “Who's who...,” 2002 
Ultimate 64-facet baguette + Nof Stephen Baker, New York “The Ultimate cut...,” 2003 
Victorian Octagonal step cut Yes ABA Diamond Corp., “Victorian cut,” 2002 
New Yori 
Zales Diamond Octagonal modified brilliant No Yes Zale Corp., Irving, Texas “Branded diamonds,” 2002 
Zoé Cut 100-facet modified round brilliant 2001 Yes Gabriel Tolkowsky/ Tolkowsky, 2001; “Who’s who...,” 2002 


Suberi Bros., New York 


@Because this table is limited to designs that could be patented, it does not include branded versions of the traditional 57/58-facet round brilliant. It is 
also limited to cuts patented since 1970 and to cuts that have not yet entered the public domain (whether through the passage of time or manufac- 


turer choice). 


Years given are the effective date of the patent, if any. A plus sign (+) means the author believes the cut is patented, based on reference(s) listed, but could 
not confirm that fact by searching U.S. patent records. A blank line means the author believes the cut is not patented, based on patent searches and ref- 
erence(s) listed, but could not confirm that fact through other research. Patent data are as of October 2002. See References for specific patent numbers. 


°Trademark registration data as of October 2002. “Yes” entries include active applications in addition to registrations. Entries marked “no” include 
expired, cancelled, and abandoned marks in addition to marks never registered. 


"The trademark held by Sirius is actually “Arctic Fire and Ice Diamonds.” “Fire & Ice” is held by another party. 
®Manufacturer claims a registration, but USPTO records show it as abandoned. 
‘Manufacturer claims a registration, but no records were returned from USPTO or WIPO databases. 


2The term is registered by Bulova for watches, but not for a diamond cut. 
"The term is registered by Henry Meyer & Co. as part of a logo but not for a diamond cut. 
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RHODIZITE-LONDONITE FROM THE 
ANTSONGOMBATO PEGMATITE, 
CENTRAL MADAGASCAR 


By Brendan M. Laurs, Federico Pezzotta, William B. (Skip) Simmons, 
Alexander U. Falster, and Sam Muhlmeister 


Londonite was approved as a new mineral species in 1999. This rare aluminum-beryllium 
borate is the cesium-rich analogue of rhodizite; the two end members can be separated only 
through quantitative chemical analysis. The only known source of gem-quality londonite is the 
Antsongombato pegmatite in central Madagascar, from which at least 300 carats of rhodizite- 
londonite have been faceted. The gemstones are colorless to greenish yellow, with an R.I. range 
of 1.689-1.691, S.G. of 3.34—3.42, and yellowish green fluorescence to short-wave UV. 
Internal features include partially healed fractures and conspicuous growth zoning that typically 
correlates to areas of anomalous birefringence. Some near-colorless rhodizite-londonite from 
Antsongombato has been irradiated to greenish yellow or yellow using X-rays. Both natural- 
color and irradiated rhodizite-londonite will fade on prolonged exposure to sunlight. 


(K,Cs)AI1,Be,(B,Be),,O,,—that is known only 

from three countries: Russia (Rose, 1834, 1836), 
Madagascar (Lacroix, 1910, 1922; Duparc et al., 1911), 
and the U.S. (Falster and Simmons, 1989). Recently a 
cesium (Cs)-rich analogue of rhodizite was recog- 
nized and named londonite after Dr. David London at 
the University of Oklahoma, in honor of his contri- 
butions to the study of granitic pegmatites. Lon- 
donite was approved by the International Mineral- 
ogical Association’s Commission on New Minerals 
and Mineral Names in 1999, and described in the lit- 
erature two years later (Simmons et al., 2001). So far, 
londonite has been identified only at three pegmatite 
mines in Madagascar, but gem-quality rhodizite-lon- 
donite is known from just one deposit: the 
Antsongombato pegmatite in the Betafo region. 
Approximately 300 carats of near-colorless to green- 
ish yellow rhodizite-londonite gemstones (see figures 
1 and 2) have been faceted since mining began in 
October 1998. The attractive appearance and signifi- 
cant hardness (8 on the Mohs scale; Simmons et al., 
2001) of the gemstones make them appropriate for 
jewelry use (again, see figure 1). 


R hodizite is a rare aluminum-beryllium borate— 
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This article reports on the history, geology, and 
mining—as well as the gemological characteristics— 
of rhodizite-londonite from Antsongombato. One of 
the authors (FP), who has had extensive first-hand 
experience with the deposit since 1998, is responsi- 
ble for much of the unattributed information on the 
history, mining, and production of the gem material. 
Since gems with a saturated yellow color are more 
desirable for jewelry use than pale-colored material, 
two of the authors (WBS and FP} collaborated on a 
simple irradiation procedure that is also reported in 
this article. Note that quantitative chemical analysis 
is required to differentiate between rhodizite and 
londonite (as with, for example, elbaite and liddi- 
coatite tourmaline}: When cesium (Cs) is the domi- 
nant alkali element present, the mineral is lon- 
donite; when potassium (K) is more abundant, the 
species is rhodizite. Therefore, we will refer to the 
material as rhodizite-londonite where the species 
has not been determined chemically. 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 38, No. 4, pp. 326-339. 
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Figure 1. Although rare in gem quality, a significant 
amount of facet-grade rhodizite-londonite was 
recently recovered from Antsongombato, Madagas- 
car. This ring by Massimo Novaga features a natural- 
color rhodizite-londonite that weighs 1.18 ct. Photo 
by R. Appiani; Pyramide Co. collection. 


HISTORY 


Although rhodizite has been known as a mineral 
species for almost 170 years (Rose, 1834), it was not 
described from Madagascar until much later (Duparc 
et al., 1910). Today, Madagascar is the only known 
source of gem-quality rhodizite and londonite. Lacroix 
(1922) reported colorless to yellow or pale green crys- 
tals of rhodizite up to 2 mm wide from the Sahatany 
Valley (about 35 km east of Antsongombato; figure 3). 
Mining at the Manjaka pegmatite in the Sahatany 
Valley during the 1920s is believed to have resulted in 
some small yellow rhodizites from which stones up 
to half a carat were faceted. According to local gem 
dealers, in the 1960s a small quantity of rhodizites up 
to 2. ct were faceted from colorless to yellow rough 
obtained from Antsongombato. 

The Antsongombato pegmatites have been 
known since the early 20th century. Duparc et al. 
(1910) made the first description of the locality, one 
of 12 tourmaline mines in a series of pegmatites 
that were worked by French colonists. Attractive 
gem-quality red tourmaline was mined from mas- 
sive quartz in the core of the pegmatites or, rarely, 
from miarolitic cavities. According to local gem 
traders, these mines and the village of Antson- 
gombato were abandoned, probably in the early 
1930s, for unknown reasons; therefore, they do not 
appear on the geologic map of the area published in 
1954 by French geologist A. Emberger. 

Behier (1960) specifically mentioned rhodizite 
from Antsongombato, as well as from two additional 
localities: Ambalalehifotsy (central Madagascar) and 
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Figure 2. At 2.02 ct, this is one of the finest examples of 
faceted natural color rhodizite-londonite seen by the 
authors. Such material is known only from the 
Antsongombato pegmatite in central Madagascar. 
Photo by R. Appiani; Riccardo Caprilli collection. 


Anjahamiary (southern Madagascar). In 1964-65, a 
French colonist organized mining for rhodizite min- 
eral specimens at Antsongombato. Some good speci- 
mens were recovered, including a particularly fine, 
large (about 7 cm across}, and vitreous pale yellow 
crystal of rhodizite-londonite that is in the collection 
of the Museum of the School of Mines in Paris. 
According to local dealers, Antsongombato was 
worked for red tourmaline for a short period in 1978, 
until the mine was abandoned due to flooding. 

During recent field studies (1995—present) of peg- 
matites in central Madagascar, one of the authors 
(FP) visited the rhodizite locations mentioned in the 
literature (i.e., Lacroix, 1910, 1922; Boulanger, 1958; 
Behier, 1960; Lefevre and Thomas, 1998) and helped 
discover several new occurrences (Pezzotta et al., 
1998, Falster et al., 1999; Pezzotta, 2001). 
Antsongombato was recognized as having the best 
potential. In October 1998, investigations by FP 
revealed a new system of pegmatitic dikes at 
Antsongombato that were locally mineralized with 
red tourmaline and yellow Cs-rich rhodizite (later 
identified as londonite). Mining of one of these peg- 
matites, referred to as the Antsongombato Gem 
mine, was quickly organized by the Malagasy com- 
pany “Pyramide” of Antananarivo. The recovered 
specimens included a number of well-formed, gem- 
quality yellow crystals of rhodizite-londonite associ- 
ated with red tourmaline and blue apatite. 

Mining activities stopped in October 2000 after 
approximately 40 m of the main pegmatite had 
been penetrated. In January 2001, Pyramide Co. 
ceased all activities in the area. At the same time, in 
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Rutile Synthesis 


Creates New Gem Material 


RICHARD T. LIDDICOAT, JR. 
Director of Education, Gemological Institute of America 


A substance which, for all practical 
purposes, is a new gem material has 
been produced by the recent synthesis 
of rutile The new synthetic is a 
development of the Linde Air Products 
Company and the Titanium Division of 
the National Lead Company. 

The production of a gem was un- 
doubtedly. not the principal purpose of 
the research which led to this new 
synthesis. Rutile crystallizes in the tet- 
ragonal system, and is one of the tri- 
morphic forms of titanium oxide. Ti- 
tanium oxide is widely used as an 
opacity pigment in paint. Rutile oc- 
curs in’ nature, but in the natural 
mineral iron is almost always present. 
The complete separation of the titanium 
oxide from the accompanying iron oxide 
is a problem which the chemist has 
found almost impossible to solve. . Be- 
cause of the iron, which gives titanium 
oxide either a red or blue color and 
which usually renders it nearly opaque, 
transparent rutile is almost unknown in 
nature. It is, in fact, so rare that 
faceted gems are collectors’ items. 
Opaque rutile is not sufficiently attrac- 
tive to be used as a gem. 

Transparent rutile is something else 
again. Gemologists have watched 
for it hopefully for years because of 
its unusual properties. Its refractive 
indices (w 2.62, e 2.90) are well above 
those of diamond (2.417); its disper- 
sion is considerably greater even than 
that of demantoid garnet; further, its 


birefringence (.28) tops even that of 
calcite (.172). [These properties make it 
scintillant beyond any material known.] 
Unfortunately, it is soft—6-6%4 (Moh’s 
scale) in its natural form. However, 
even softer materials have been suc- 
cessfully used as jewelry, and what 
may be done with this brilliant gem 
substance is limited only by the creative 
imagination of the jewelry industry. 


Fig. 1. 


rutile under 


The strong birefringence of synthetic 
10x in dark-field illumination. 


So far, a colorless synthetic has not 
been successfully manufactured; the 
finest transparent material has been a 
clear light yellow. Reds, browns and 
blues have also been produced—and 
the blue, so rare in natural rutile, offers 
particularly interesting possibilities. 

(Continued on page 504) 


MADAGASCAR 


collaboration with local Malagasy people, one of the 
authors (FP) assumed ownership of a series of claims 
in the Antsetsindrano-Andrembesoa area, including 
the one containing the Antsongombato Gem mine. 
Under this ownership arrangement, several local 
miners (including many former Pyramide Co. work- 
ers) currently are prospecting and undertaking 
small-scale mining of a series of pegmatites that 
contain rare minerals. 


Figure 3. Rhodizite-londonite is known from just three 
localities (in red), all in central Madagascar. Gem-qual- 
ity material is known only from Antsongombato. 
Other pegmatites at Ampanivana and Antandrokomby 
yield pale-colored crystals that are not transparent 
enough for faceting. Gem-quality rhodizite (but no lon- 
donite) was recently found at a pegmatite near 
Tetezantsio. Modified from Simmons et al. (2001). 
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Londonite has also been documented from peg- 
matites at Ampanivana (15 km to the south) and 
Antandrokomby (40 km southeast}, but no gem- 
quality material has been found at either locality 
thus far (Nizamoff et al., 2000; Simmons et al., 
2001). Facetable rhodizite was discovered at Tete- 
zantsio (12 km east of Antsongombato) in October 
2000, but no londonite has been documented from 
this locality either (Levinson et al., 2001; Superchi 
et al., 2001). 


LOCATION AND ACCESS 


The Antsongombato area is located in the Betafo 
region in Madagascar’s central highlands (again, see 
figure 3), 4 km east-southeast of the village of 
Antsetsindrano. The Antsongombato pegmatite is 
situated on the north side of Manentoakoho Moun- 
tain, at an elevation of 1,500—1,600 m (figure 4). 
Access is via a rough, unpaved road that requires a 
four-wheel-drive vehicle and takes about 8-10 
hours from Antsirabe. The road is not passable dur- 
ing the rainy season (from late November to early 
May). The rest of the year the area is typically dry. 
Security is a problem because bandits operate 
throughout the region. 


GEOLOGY 


Central Madagascar is characterized by a tectonic 
unit known as the Itremo thrust sheet (see, e.g., 
Collins, 2000). Formed by rocks of the Itremo Group, 
it has a lower unit of gneiss and an upper unit of 
quartzites, schists, and marbles (Fernandez et al., 
2001). Both units are locally intruded by the peg- 
matites, which probably formed via fractional crys- 
tallization of granitic plutons emplaced at relatively 
shallow depths (Pezzotta and Franchi, 1997). 

The Antsongombato region is underlain by 
crystalline basement rocks of the upper unit of the 
Itremo Group. The mining area consists of white- 
to-gray dolomitic marbles and a system of peg- 
matite dikes that are exposed over a distance of 
about 1 km. Individual pegmatites can exceed 500 
m in length; typically a few tenths of a meter 
thick, locally they can reach over 6 m. Large, gem- 
quality crystals of rhodizite-londonite have been 
produced from only one dike (figure 5), which mea- 
sures 10-60 cm thick and is about 400 m long 
(Demartin et al., 2001). Rhodizite-londonite occurs 
in other pegmatites in the area, but in smaller, 
lower-quality crystals. 
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The pegmatites consist of gray K-feldspar, 
white to smoky quartz, white albite, polychrome 
tourmaline, colorless to pink or green spodumene, 
and a variety of accessory minerals (see Simmons 
et al., 2001). Micas are absent except in rare areas. 
The rhodizite-londonite crystals are concentrated 
in the more chemically evolved portions of the 
dikes (with green and red tourmaline). Miarolitic 
cavities are scarce, and rarely exceed a few cen- 
timeters in diameter. Although some well-formed 


Figure 5. At 
Antsongombato, gem- 
quality rhodizite-lon- 
donite was mined from 
a rather narrow (up to 60 
cm thick) pegmatite 
dike by simple hand- 
digging. A portion of the 
pegmatite is visible as 
the steeply dipping dike 
in the right foreground. 
Photo by Federico 
Pezzotta, April 1999. 
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Figure 4. The Antson- 
gombato Gem mine 
consists of a series of 
small cuts on the north 
side of Manentoakoho 
Mountain, at an eleva- 
tion of 1,500—-1,600 m. 
Photo by Federico 
Pezzotta, April 1999. 


crystals of rhodizite-londonite are found with red 
tourmaline in these pockets, most are “frozen” 
within other minerals near the center of the peg- 
matites. Mining activities have shown that the 
mineralization is concentrated in coarse-grained 
“columns” along the dip of the pegmatite. Within 
these zones, some of the best gem-quality 
rhodizite-londonite crystals have been found in 
masses (up to 10+ cm across) composed of fine- 
grained pollucite and spodumene. 
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Figure 6. Well-formed crystals of rhodizite-londonite 
have been recovered from Antsongombato in relative- 
ly large sizes. This exceptional 6.5-cm-wide crystal is 
shown on a matrix consisting of K-feldspar, albite, 
and bicolored tourmaline. Photo by Luciano Spezia; 
Pyramide Co. collection. 


MINING 


Because of the difficult access to the locality, the 
shape of the deposit, and its limited production, 
mining activities have been restricted to hand exca- 
vation (again, see figure 5). Organized mining for 
gem and mineral specimens of rhodizite-londonite 
began in late 1998, when about 40 miners (orga- 


Figure 7. Twenty-two 
faceted samples of natu- 
ral-color rhodizite-lon- 
donite (0.09-0.54 ct) 
were gemologically 
characterized for this 
study. They show the 
range of color that is 
typically exhibited by 
the Antsongombato 
material. Photo by 
Maha Tannous. 
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nized in groups of eight) dug several pits into miner- 
alized areas of the pegmatite. The work proceeded 
carefully to remove the valuable mineral specimens 
with as little damage as possible. Using pry bars 
along natural cracks in the rock, the marble host 
rock was removed first, and then the pegmatites 
were excavated; no explosives were used. Barren 
portions of the dike were left in place to provide sta- 
bility for the excavation. Mining was discontinued 
during the rainy season. 

At the time activities ceased in January 2001, a 
total of nine mineralized areas had been worked to 
depths of 35-40 m. In some areas, the mineraliza- 
tion ended at this point; in others, flooding and col- 
lapse of some of the pits made continued mining 
very dangerous. Furthermore, the very hard nature of 
the unweathered rock at depth would make contin- 
ued mining difficult. There has been no further min- 
ing activity since the deposit was closed, although 
small amounts of material are periodically released 
into the market from stock owned by Pyramide Co. 


PRODUCTION AND DISTRIBUTION 


Most of the gem material and fine mineral speci- 
mens were mined from February 1999 to September 
2000. Specimens from this production debuted at 
the 2000 Tucson gem shows, where their high qual- 
ity and rumored identity as a new mineral created 
excitement (Moore, 2000). Up to January 2001, the 
mine yielded several hundred grams of rough gem- 
quality rhodizite-londonite, from which more than 
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300 carats of faceted gems were obtained. Some 
were cut in Madagascar, while higher-quality mate- 
rial was sent to Italy for faceting. Most of the gem- 
stones range from 0.5 to 1 ct, although approximate- 
ly one dozen 1-2 ct stones were faceted. Gemstones 
exceeding 2. ct are extremely rare, and typically con- 
tain abundant inclusions. The majority of the gem- 
stones are moderate to pale greenish yellow; approx- 
imately 20% are very pale to near colorless, and less 
than 15% are saturated greenish yellow. At present, 
faceted material is sold to gem dealers and collec- 
tors by the French venture Polychrome France. 
Mineral specimens are distributed by the Italian 
dealer Lino Caserini. Several fine mineral speci- 
mens (see, e.g., figure 6) have been sold to major 
European and U.S. museums. 


DESCRIPTION OF THE ROUGH 


The rhodizite-londonite crystals from Antsongom- 
bato form equant modified dodecahedra that typi- 
cally measure up to 1 cm, with exceptional speci- 
mens up to 6-7 cm. The dominant dodecahedral 
{110} faces are modified by deltoid dodecahedral 
{221}, tristetrahedral {211}, and tetrahedral {111} 
faces and rare cubic {100} faces (Simmons et al., 
2001). A few crystals display only tetrahedral faces 
and some are perfect octahedra due to combined 
positive and negative tetrahedral faces. Such pseu- 
do-octahedral crystals display deep striations along 
the edges. 

Based on the experience of FP, the crystals range 
from colorless to deep yellow; larger ones are com- 
monly color zoned with increasing saturation from 
core to rim. Facetable portions are present mainly 
near the rim of the largest crystals, although the 
best gems have been cut from smaller crystals (up 
to 1 cm). 


MATERIALS AND METHODS 


We examined 22, faceted samples (0.09-0.54 ct; fig- 
ure 7) and nine crystal fragments (0.24—2.86 ct; see, 
e.g., figure 8) of natural-color rhodizite-londonite, as 
well as 24 faceted stones (0.06—2.42 ct) that were 
irradiated by WS (see, e.g., figure 9). These originally 
near-colorless samples were irradiated to greenish 
yellow or yellow in a Scintag XDS 2000 X-ray 
diffraction unit for 24 hours, at 35kV/15mA using 
CuK, radiation. 

With the exception of specific gravity, standard 
gemological properties were obtained on all samples. 
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Figure 8. These four crystal fragments (up to 2.86 ct) of 
natural-color rhodizite-londonite were part of the 
sample base for this study. Photo by Maha Tannous. 


A Duplex II refractometer with a near-sodium equiv- 
alent light source was used for refractive index read- 
ings. Specific gravity was determined by the hydro- 
static method (for the 43 samples that weighed >0.20 
ct), and a desk-model spectroscope was used to 
observe absorption spectra. Reaction to ultraviolet 
radiation was viewed with four-watt long- and short- 
wave UV lamps. Internal features were studied with 
a standard gemological microscope. Anomalous bire- 
fringence was observed with the microscope, and 
also with a polariscope. 

Advanced testing was performed on selected 
faceted samples that were representative of the full 
color range shown by natural- and treated-color 
rhodizite-londonite. The three natural-color sam- 
ples ranged from near colorless to a moderately sat- 
urated greenish yellow (0.27, 0.10, and 0.30 ct, 
respectively), and the two of treated color were a 


Figure 9. The two stones on the left (0.28 and 0.30 ct) 
show the range of color seen in natural-color 
rhodizite-londonite, whereas the two stones on the 
right (0.28 and 0.39 ct) are representative of material 
that has been irradiated. Photo by Maha Tannous. 
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moderately saturated greenish yellow (0.28 ct) and 
yellow (0.39 ct). At GIA in Carlsbad, qualitative 
chemical analysis of four of these samples was per- 
formed with a Kevex Omicron energy-dispersive X- 
ray fluorescence (EDXRF) spectrometer, using a 200 
second live time and two sets of analytical condi- 
tions to maximize detection of the elements Na 
through Fe. For two samples (0.30 and 0.39 ct), con- 
ditions were also optimized for the detection of 
rare-earth elements. The other two samples (0.10 
and 0.28 ct) also were analyzed with a Tracor Xray 
Spectrace 5000 EDXRF spectrometer, using a 200 
second live time with instrument parameters opti- 
mized for light elements and rare-earth elements. 
UV-Vis-NIR absorption spectra of these four 
samples were obtained in the region 250-1000 nm 
with a Hitachi U4001 spectrophotometer. Fourier- 
transform infrared (FTIR) transmission spectrome- 
try was performed on all five samples using a 


Nicolet Magna 760 instrument. Spectra were col- 
lected from 6000 to 400 cm”! at a resolution of 4 
cm!. Raman spectra were obtained in the range of 
2000-100 cm=! with a Renishaw 2000 Ramascope 
laser Raman microspectrometer on the dodecahe- 
dral and tetrahedral faces of a natural-color crystal 
fragment, and on specific spots of the 0.10, 0.28, and 
0.39 faceted samples that were known to be lon- 
donite or rhodizite from chemical analyses (see 
below). Mineral inclusions in selected samples (both 
faceted and rough) also were analyzed by Raman 
microspectrometry. 

At the University of New Orleans, an Amray 
1820 SEM, operated at 25 kV accelerating voltage, 
was used to generate backscattered electron images 
of eight faceted samples (including the five described 
above); these images were subsequently colorized to 
enhance visibility of the differences in atomic 
weight (and thus Cs content) across the table of each 


TABLE 1. Properties of rhodizite-londonite from Antsongombato, Madagascar.? 


Composition 
Color 


Morphology 


Weight of faceted stones 
Refractive index 


Specific gravity 


Hardness 
Luster 
Cleavage/fracture 


UV fluorescence 
Short-wave (253.7 nm) 
Long-wave (365 nm) 


Internal features 


Optic character 


Raman spectra 
UV-Vis-NIR spectra 


FTIR spectra 


Fade testing in sunlight 


(K,Cs)AI,Be,(B,Be),,.0.,; rhodizite is K-dominant and londonite is Cs-dominant 

Natural color: Near colorless to greenish yellow with moderate saturation 

Treated color (irradiated): Greenish yellow to yellow with moderate to strong saturation 

Isometric (cubic) system; crystals are equant with dominant dodecahedral {110} faces modified by 
deltoid dodecahedral {221}, tristetrahedral {211}, and tetrahedral {111} faces and rare cubic {100} faces> 
0.5—1 ct are typical, 1-2 ct are rare, and >2 ct are extremely rare 

1.689-1.691; most were 1.690 

1.693+0.001 (measured with Cargille oils) 

3.34-3.42 

3.34 (measured with a Berman balance) or 3.42 (calculated)° 

gb 

Vitreous® 

No cleavage or parting; fracture is conchoidal® 


Very weak to moderate yellowish green 

Inert to weak yellowish green 

Partially healed fractures with “fingerprint,” stringer-like, and “spiderweb” arrays of one- and two-phase 
inclusions; growth zoning (with a parallel planar, swirled, or roiled appearance) and associated anom- 
alous birefringence; conchoidal fractures; feathers; needles and/or tubes; rare mineral inclusions (albite, 
columbite, pollucite, and chambersite; apatite, tourmaline, and quartz have been seen in rough gem material) 
Isotropic, commonly with anomalous birefringence in parallel planar, cross-hatched, patchy, and 

irregular, complex zones, or showing a subtle cloud-like appearance 

Main peaks at 470 and 430 cm; smaller peaks at 857, 803, 651, 544, and 294 cm™ 

Gradually increasing absorption below approximately 550 nm (greenish yellow and yellow samples) or 470 
nm (near colorless sample), and cutoff below 300 nm; no features seen with the desk-model spectroscope 
Complete absorption between approximately 3600 and 3150 cm” and below ~2400 cm-'. Peaks 

at 5235 (with a shoulder at 5145), 4740, 4555, 4410, and 4130 cm” were present in all samples, 

and minor peaks at 4025 and 3910 cm“ were recorded in some stones. 

Natural color: Slight fading after two weeks, noticeable fading after three weeks, and near colorless 

after one month 

Treated color (irradiated): Slight fading after one week, noticeable fading after nine days, and near 
colorless after three weeks 


a Arem (1987) reported that the dispersion of rhodizite is 0.018; this property was not determined for samples in this study. 


© Reported by Simmons et al. (2001). 
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stone. Quantitative chemical analyses of these sam- 
ples were obtained using an ARL-SEMQ electron 
microprobe with 15 kV (for sodium) and 25 kV accel- 
erating voltages, 15 nA beam current, and 3 um 
beam diameter. Analyses were calibrated with natu- 
ral mineral and synthetic compound standards, and 
a ZAF correction procedure was applied to the data. 
Generally five spots were analyzed on each sample. 
For samples showing discrete variations in Cs (as 
revealed in the backscattered electron images}, anal- 
yses were obtained in areas representative of the 
highest and lowest Cs content. Where possible, sur- 
face-reaching inclusions were identified by electron 
microprobe analysis. 

Fade-testing experiments were performed by 
placing one natural- and one treated-color sample 
(moderately saturated greenish yellow and yellow, 


respectively) in a south-facing window in Carlsbad, 
California in November-December 2002. Samples 
of the same starting colors were kept in a darkened 
drawer for daily comparison to the test samples. 


RESULTS 


The results for general gemological properties, 
including internal features and spectra, are provided 
in table 1. The chemical and physical properties of 
selected samples are reported in table 2. 


Visual Appearance. The natural-color samples (both 
rough and faceted) ranged from near colorless (one 
sample) to a slightly greenish yellow of moderate 
saturation, and the irradiated samples ranged from 
greenish yellow to yellow of moderate to strong sat- 
uration; both showed light tone (again, see figure 9). 


TABLE 2. Chemical and physical properties of eight faceted rhodizite-londonite samples (natural and treated color) 


from Antsongombato, Madagascar.* 


Property 0.27 ct 0.18 ct 0.10 ct 0.30 ct 0.28 ct 0.32 ct 0.07 ct 0.39 ct 

Color Near cls Pale gY Mod gY Mod gY Mod Y Mod gY Mod gY Mod-str Y 
Color origin Natural Natural Natural Natural Treated Treated Treated Treated 

Rl. 1.690 1.690 1.69 1.691 1.690 1.690 1.69 1.690 

S.G. 3.36 nd nd 3.39 3.39 3.34 nd 3.41 

Mineral Rhodizite Rhodizite Londonite Rhodizite Londonite Rhodizite Londonite Rhodizite Rhodizite Londonite 
Oxides (wt.%) 

Si0, bd bdl bdl bdl bdl bdl bdl bdl 0.04 bdl 
B,0, calc 48.18 49.53 47.89 48.22 48.51 48.31 48.17 48.16 47.86 46.76 
Al,0. 25.93 26.92 25.73 25.87 25.99 26.00 25.97 25.88 25.70 25.29 
BeO calc 15.73 16.17 15.64 15.75 15.84 15.78 15.73 15.73 15.64 15.27 
Na,0 0.08 0.14 0.10 0.16 0.23 0.04 0.02 0.17 0.09 bdl 
K,0 2.63 2.28 1.57 2.34 2.02 2.51 1.89 2.31 2.56 1.46 
Rb,0 1.27 1.14 1.63 2.00 2.20 1.27 1.78 1.24 1.71 1.59 
Cs,0 5.35 4.59 8.15 5.43 6.21 5.97 6.64 6.23 5.12 7.56 
Total 99.17 100.77 100.71 99.77 101.00 99.88 100.20 99.72 98.72 97.89 
Cations per 28 oxygens 

Si bdl bdl bdl bdl bdl bdl bdl bdl 0.006 bdl 

B 11.000 11.000 11.000 11.000 11.000 11.000 11.000 11.000 10.994 11.000 
Be 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 5.000 
Al 4.042 4.082 4.035 4.030 4.024 4.042 4.050 4.037 4.033 4.056 
Na 0.021 0.035 0.026 0.041 0.059 0.010 0.005 0.044 0.022 bdl 

K 0.444 0.374 0.267 0.395 0.339 0.422 0.319 0.390 0.435 0.254 
Rb 0.108 0.094 0.139 0.170 0.186 0.108 0.151 0.105 0.146 0.139 
Cs 0302 0.252 0.462 0306 = 0.348 038803750382 0.200 0.439 
Sum of alkalis? 0.875 0.755 0.894 0.912 0.932 0.876 0.850 0.891 0.893 0.832 


4 Abbreviations: bal=below detection limits, cls=colorless, gY=greenish yellow, mod=moderate, nd=not determined, s/=slightly, str=strong, Y=yellow. Samples 
with two analyses showed areas with high and low Cs content in backscattered electron images, whereas those with only one analysis appeared to be more 
uniform in composition. All data by electron microprobe (average of five analyses, in general), with B and Be calculated by stoichiometry: B + Si = 11.000 apfu 
(atoms per formula unit) ancl Be = 5.000. Note that some columns may not add up exactly as shown, due to rounding. Detection limits (wt.%, calculated at 99% 


confidence levels) for Na,O and SiO, were 0.018; not detected were CaO (0.008), Fe,O,, (0.006), MgO (0.071), MnO (0.018), and TiO, (0.018). 


Alkalis are Na, K, Rb, and Cs. The apparent shortfall in this site, which should add up to 1.000, may be due to vacancies. However there is some 


uncertainty about this, since ZAF corrections for boron and beryllium could not be applied in the data reduction program. 
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Figure 10. “Fingerprints” (left; 
magnified 25x) were the most 
common inclusion seen in the 
rhodizite-londonite. Partially 
healed fractures also took the 


No color zoning was evident in any of the faceted or 
rough samples. The faceted stones were eye-clean to 
moderately included, and the rough ranged from 
semitransparent to transparent. Smooth crystal 
faces were present on all of the rough samples, 
which permitted the measurement of R.I. readings. 
The dominant dodecahedral {110} faces showed sub- 
tle striations, whereas smaller tetrahedral {111} 
modifying faces were smooth. 


Physical Properties. R.I. values ranged from 1.689 
to 1.691, but most samples (both natural- and treat- 
ed-color) yielded 1.690. A few of the samples (par- 
ticularly those of small size) showed nebulous R.L.’s 
that could only be determined as 1.69. Only three 
samples (all treated) yielded the 1.689 value, and 
the 1.691 value was obtained for seven of the treat- 
ed and one of the natural-color stones. The eight 
samples that were chemically analyzed showed no 
relation between R.I. value and composition (all 
were 1.690 [or 1.69], except for one sample with 
zones of both rhodizite and londonite that yielded 
1.691). 

S.G. ranged from 3.34—3.42, although most val- 
ues clustered around 3.37. There was no systematic 


Figure 11. Long, very thin needles (probably tubes) 
were seen in a few of the rhodizite-londonite samples. 
Photomicrograph by John I. Koivula; magnified 20x. 
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form of subparallel stringers 
(right, magnified 15x) that 
resemble the step-like con- 
choidal fractures seen in some 
samples. Photomicrographs 
by John I. Koivula. 


correlation between the S.G. values and composition 
(table 2), color, color origin, or size of the samples, or 
between rough and cut stones. All samples fluo- 
resced yellowish green (very weak to moderate 
intensity) to short-wave UV radiation. Most were 
inert to long-wave UV, although a few (of both natu- 
ral- and treated-color) fluoresced very weak to weak 
yellowish green. No features were seen with the 
desk-model spectroscope. The irradiated samples 
showed the same properties as the natural-color 
stones. 


Internal Features. There were no differences in the 
internal features of the natural- and treated-color 
samples. When viewed with the microscope, the 
most common inclusions were partially healed frac- 
tures composed of one- and two-phase fluid-gas 
inclusions. They commonly resembled “finger- 
prints” (both wavy and flat planar), although planes 
of stringer-like fluid inclusions in subparallel or “spi- 
derweb” arrangements were also seen in many of 
the samples (see, e.g., figure 10). The subparallel 
arrangement of these stringers mimicked the step- 
like conchoidal fractures noted in several of the sam- 
ples. Small feathers were present in a few samples. 

In two faceted stones, minute needles were seen 
along partially healed fractures, and another two 
samples contained tubes with flat cross-sections. 
Long, very thin needles (probably tubes) were also 
seen in a few of the stones (figure 11). Some 
appeared locally discontinuous, as if intermittently 
filled with fluid. In one crystal, these needles were 
abundant and oriented perpendicular to some crys- 
tal faces. Abundant needle-like inclusions with a 
similar appearance are locally present in other min- 
erals from Antsongombato (i.e., quartz and tourma- 
line) from the same cavities in which the rhodizite- 
londonite occurs. In some cases, these microscopic 
tubes are filled with a fibrous white to pale brown 
mineral. Powder X-ray diffraction analysis of this 
mineral, as well as of the “needles” hosted in 
quartz, showed the presence of montmorillonite 
(unpublished data of FP). 
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Figure 12. Mineral inclusions 
were seen in only two of the 
faceted rhodizite-londonites. 
One sample contained sever- 
al colorless chambersite and 
tiny brownish red columbite 
inclusions (left). The cham- 
bersite inclusions were high- 
ly birefringent (right). 
Photomicrographs by John I. 
Koivula; magnified 25x. 


Figure 13. Strong planar 
growth patterns were visi- 
ble with plane-polarized 
light in some of the 
rhodizite-londonites (left). 
When viewed with cross- 
polarized light, the growth 
patterns displayed anoma- 
lous birefringence (right). 
Photomicrographs by John 
I. Koivula; magnified 15x. 


Mineral inclusions were rare. One faceted sample 
contained stout, euhedral, brownish red prisms iden- 
tified as columbite by both Raman and electron- 
microprobe analyses (figure 12). Several colorless, 
subhedral birefringent inclusions (some surface- 
reaching) in this sample were identified as chamber- 
site (Mn,B,O,,Cl) by a combination of Raman and 
electron-microprobe analyses. Three minute color- 
less inclusions just under the surface of a crystal 
fragment were identified as albite with Raman anal- 
ysis. A minute, colorless inclusion that reached the 
surface of one faceted sample was confirmed as pol- 
lucite by the electron microprobe. Other inclusions 
observed could not be identified due to their position 
and/or small size. These included a minute, color- 
less crystal with high relief and tiny colorless inclu- 
sions along a partially healed fracture. Blue apatite, 
pale pink tourmaline, and quartz have been noted in 
rough rhodizite-londonite from Antsongombato by 
some of the authors (FP, WBS, and AUF), but so far 
these inclusions have not been confirmed in faceted 
stones. 

Growth patterns were seen in most samples, 
and ranged from subtle to very prominent. Isolated 
or multiple parallel planar features were most 
common (figure 13), although roiled, swirled, and 
angular patterns were seen in a few samples. One 
sample contained a series of triangular growth 
zones (figure 14). The growth zoning typically cor- 
related to similar patterns of anomalous birefrin- 
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gence when viewed with cross-polarized light 
(again, see figure 13). This birefringence was obvi- 
ous in all but four samples, and commonly formed 
striking patterns—parallel planar, cross-hatched, 
patchy, and irregular, complex zones—or more 
subtle clouds. The anomalous birefringence was 
directional in some samples, where it was visible 
only in specific orientations. With the polariscope, 
patchy, cloud-like, and planar patterns of anoma- 
lous birefringence were observed in most samples, 
but these appeared much less obvious than when 
viewed with the microscope. 


Figure 14. Viewed though the table of this 0.28 ct 
rhodizite, a series of triangular growth zones are illu- 
minated by light reflected from the pavilion facets. 
Photomicrograph by John I. Koivula; magnified 20x. 
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Chemical Composition. All eight of the Antson- 
gombato samples analyzed by electron microprobe 
were remarkably similar in composition (see table 
2), except for significant variations in cesium 
(4.59-8.15 wt.% Cs,O) and minor differences in 
potassium (1.46-2.63 wt.% K,O), rubidium 
(1.14-2.20 wt.% Rb,O), and sodium (<0.02-0.23 
wt.% Na,O). Most samples consisted only of 
rhodizite or rhodizite + londonite (figure 15). To 
determine the particular species present, the cations 
for Cs, K, and Rb that were calculated from the elec- 
tron microprobe data must be normalized to show 
their relative abundance in the alkali site. These 
data are conveniently evaluated by plotting the nor- 
malized values on a ternary diagram. 

To evaluate the compositional heterogeneity of 
the samples before analysis, we viewed the table 
facet of each sample in backscattered electron (BSE) 
mode using the SEM. This imaging technique con- 
trasts differences in average atomic number; since 
Cs is considerably heavier than K (and Rb), compo- 
sitions corresponding to londonite show slightly 
lighter tones than those of rhodizite in standard 


Rb 


Rhodizite 


0.39 
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black-and-white BSE images. To improve contrast, 
the BSE images in figure 16 have been colorized. 
Striking heterogeneity was revealed in some sam- 
ples, as elongate or patchy zones that are separated 
by sharp boundaries. One sample displayed a subtle, 
gradual chemical zonation within each zone (again, 
see figure 16). There was no correlation between 
color and composition in the samples analyzed. 
None of the electron microprobe analyses 
revealed any Ca, Fe, Mg, Mn, or Ti. EDXRF spec- 
trometry showed major Al, K, and Cs, as well as a 
small amount of Rb, as expected. Traces of Mn and 
Zn were detected by EDXRF in a 0.10 ct greenish yel- 
low sample. No rare-earth elements were detected. 


Raman Analysis. A Raman spectrum of a rhodizite- 
londonite crystal showed principal Raman peaks at 
470 and 430 cm“, and smaller peaks at 857, 803, 
651, 544, and 294 cm~!. There were no Raman spec- 
tral features seen above 857 cm7!. Analyses taken on 
dodecahedral and tetrahedral faces yielded identical 
spectra. The Raman spectra of three faceted samples 
of known composition also displayed the peaks at 
470, 430, and 294 cm7!, however, the other peaks 
were often not present. No consistent differences in 
the Raman spectra were evident between the 
rhodizite and londonite areas in these samples. 


Figure 15. As indicated in this 
ternary diagram, electron-micro- 
probe analyses of eight faceted 
samples from Antsongombato 
revealed that two were londonite, 
four were rhodizite, and two con- 
tained both londonite and rhodizite 
compositions. The carat weights for 
each sample analyzed are shown. 
The Rb-dominant field is not 
labeled, because stones of this com- 
position have not been recorded. 
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Figure 16. These backscattered electron (BSE) images of two rhodizite-londonite samples were generated with 
the electron microprobe to reveal compositional zoning (i.e., differences in overall atomic number). The stan- 
dard BSE image on the left shows the table of a 0.07 ct round brilliant; lighter tones indicate heavier overall 
atomic weight (i.e., more Cs). Note the subtle tonal differences in diagonal zones, which are seen more easily in 
the colorized image in the center. The image in the center also shows subtle gradual zonation within each zone. 
The colorized BSE image on the right reveals the complex patchy compositional zoning on the table of a 0.30 ct 
sample. In both colorized images, yellow = rhodizite and orange = londonite. The minute yellow or green-blue 


spots correspond to pits on the surface of the samples. 


UV-Vis-NIR Spectrometry. No sharp absorption fea- 
tures were recorded in any of the four samples ana- 
lyzed. The near-colorless sample exhibited a slight, 
gradually increasing absorption below approximately 
470 nm, and a cutoff below 300 nm. The absorption 
spectra for the natural- and treated-color greenish yel- 
low and yellow stones were indistinguishable from 
one another, and showed a strong absorption band 
starting below about 550 nm, with a local maximum 
at approximately 355 nm. A cutoff below 300 nm was 
also present in the greenish yellow and yellow stones. 


FTIR Spectrometry. All five samples showed com- 
plete absorption between approximately 3600 and 
3150 cm! and below approximately 2400 cm!. Peaks 
at 5235 (with a shoulder at 5145), 4740, 4555, 4410, 
4130, and 4025 cm! were present in all the spectra. 
The relative strength of the peaks at 4555 and 4410 
cm! and at 4130 and 4025 cm! varied from sample 
to sample. Although the bulk composition of these 
samples was not determined quantitatively, surface 
variations in their Cs:K ratio were known from BSE 
images and electron microprobe analyses. Accord- 
ingly, a londonite sample showed a slightly stronger 
4410 cm7! peak compared to the 4555 cm! peak, and 
the opposite was shown by a rhodizite sample. 
Except for one sample (0.30 ct) of intermediate 
rhodizite-londonite composition, four samples dis- 
played a minor peak at 3910 cm". A peak at 4025 
cm! was present in two samples of intermediate 
composition, and in the londonite sample. However, 
this peak was missing in the rhodizite sample. 
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Fade Testing. After one week of exposure to sunlight 
(on four sunny and three cloudy days), slight fading 
was seen in the treated-color sample; this sample 
was noticeably faded after nine days, and became 
near colorless after three weeks (figure 17). Slight 
fading of the natural-color sample was noticed after 
two weeks of exposure. This sample became notice- 
ably faded after three weeks, and still retained some 
color after one month (again, see figure 17). 


DISCUSSION 


Our results indicate that rhodizite and londonite 
have overlapping gemological properties, and these 
mineral species cannot be separated without quanti- 
tative chemical analysis. FTIR spectroscopy may pro- 
vide some clues, but further research is necessary. 
The physical properties obtained in this study are 
consistent with those of rhodizite and londonite that 
have been reported in the literature (e.g., Webster, 
1994, Gaines et al., 1997; Simmons et al., 2001), 
although a slightly higher R.I. range was measured by 
Simmons et al. (2001). It was not possible to conclu- 
sively separate treated-color stones from those of nat- 
ural color by any of the methods used in the current 
study. Although there were slight differences in their 
RI. values (i.e., a greater variation shown by the treat- 
ed-color stones}, these were not distinct enough to 
aid in the identification of color origin. 

According to our research, mineral inclusions 
are not common in faceted rhodizite-londonite. 
Those identified in this study are typical of the 
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Estimating the Weight 
of Reeut Diamonds 
By Use of the Leveridge Gauge 


by 


CHARLES PARKHURST 


The ability to use the Leveridge 
gauge to estimate the weight of a re- 
cut diamond is a skill which is invalu- 
able to either jeweler or gemologist. 
It is not a difficult skill to acquire, 
and its possession may prove of great 
service. 

How great a service the jeweler may 
well discover by forming the habit of 
noticing how many diamonds are worn 
cut in the old European style, the Old 
Mine cut, or improperly cut by modern 
methods. It is interesting to consider, 
too, how often the owners of inherited 
diamonds feel great sentiment toward 
these treasured gems, yet are reluctant 
to wear them with their antique cut 
and in their wnfashionable settings. 
Very often they can be shown how, 
through the diamond cutter’s skill, their 
gems can be transformed and given 
new beauty and an increase in value 
greater than the recutting cost. 

The process of 
estimating what an 
old-cut stone will 
weigh when recut 
is not difficult. 
With littl or no 
practice, any jewel- 
er can do this with 
confidence. With 
experience, it is 
possible to judge 
the approximate 
size of the custom- 
er’s gem after re- 
cutting. 


The Leveridge Gauge 


Once this art is acquired, the simplest 
way of dramatizing to the customer the 
potential beauty of his gem when recut 
and its appearance when mounted is to 
bring out from the “loose goods” a 
modern stone which approximates the 
size the stone will be after recutting 
and then to work with it in the mount- 
ings. 

The Old Mine cut lends itself most 
readily to recutting, since it can he al- 
tered to modern proportioning without 
great loss of weight. 

The jeweler needs three facts in 
order to determine the desirability of 
recutting an Old Mine cut. These three 
are: (1) the present weight (2) the 
weight after recutting to the correct 
modern proportions (3) the cost of 
recutting. 

The weight of the stone is easily 
estimated by using the Leveridge Gauge, 
or by weighing if the stone is not 
mounted. The cost 
is determined by 
calling on the near- 
est cutter, who will 
probably have a set 
price per carat for 
recutting stones of 
any given type of 
Once this 
price is learned, the 
formula for ap- 
proximating cost 
is, of course, very 
simple. 


The 


cut. 


Leveridge 


») 


Figure 17. Before prolonged exposure to sunlight, these samples of rhodizite-londonite (a natural-color 1.44 ct 
rough, and an irradiated 0.29 ct faceted stone) were greenish yellow and yellow, as shown on the left. The 
treated-color stone became near colorless after three weeks, whereas the natural-color sample still retained 
some color after one month of exposure in a south-facing window (right image). Photos by Maha Tannous. 


granitic pegmatite environment, with the exception 
of chambersite. This is the first time chambersite 
has been documented from any granitic pegmatite. 

Early chemical analyses for Madagascar rhodizite 
were reported by both Lacroix (1910) and Duparc et 
al. (1911). For decades, there was considerable confu- 
sion over the chemical formula (see Frondel and Ito, 
1965, as well as discussions by Pring et al., 1986, and 
Simmons et al., 2001). One reason for the confusion 
may be the difficulty of obtaining analyses of boron 
and beryllium. 

The most Cs-enriched composition measured in 
our samples, 8.15 wt.% Cs,O, approaches the high- 
est value (8.37 wt.%) obtained thus far for londonite 
(from Antandrokomby, Madagascar; Simmons et al., 
2001). However, the traces of Fe, Mn, and Ca in lon- 
donite from that locality were not detected in our 
samples from Antsongombato. As shown in figure 
16, backscattered electron (BSE) images are effective 
for revealing chemical zoning in rhodizite-londonite 
from Antsongombato. Simmons et al. (2001) also 
documented Cs-enriched areas that showed feath- 
ery, oscillatory, and stringer-like shapes in rhodizite- 
londonite from other pegmatites found in central 
Madagascar. 

The visible spectra do not yield any specific 
information on the origin of the yellow color. The 
color of rhodizite-londonite is most likely related 
to defects in the crystal structure, which appear to 
be light sensitive (Simmons et al. 2001). This was 
corroborated by the fade-testing experiments in 
this study. In addition, rhodizite-londonite collect- 
ed from the mine dumps at Antsongombato was 
colorless on the side exposed to the sun, and a dark- 
er yellow on the unexposed bottom surfaces. 
Radiation-induced color centers may be responsible 
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for the color, as suggested by the change in hue 
from exposure to X-rays (Dr. G. Rossman, pers. 
comm., 2002). However, the fade testing performed 
for this study clearly showed that these color cen- 
ters are somewhat less stable in the laboratory-irra- 
diated stones. 

The Raman spectra showed no consistent differ- 
ences between rhodizite and londonite, regardless of 
whether the spectra were obtained from different 
portions of the same stone or from different stones. 

Although the FTIR spectra showed some varia- 
tions according to composition, their use for sepa- 
rating londonite from rhodizite remains inconclu- 
sive. This is due to the small number of samples 
examined, as well as to the lack of quantitative data 
on their bulk composition; such data would be 
required for comparison with the FTIR spectra since 
they were obtained with transmission geometry. 
However, our preliminary results suggest that fur- 
ther work on using FTIR spectroscopy for separating 
rhodizite and londonite could be worthwhile. 


CONCLUSION 


Londonite is a new gem mineral that occurs in a 
solid-solution series with rhodizite. The Antson- 
gombato pegmatite in central Madagascar is the 
only known source of gem-quality rhodizite-lon- 
donite; more than 300 carats have been faceted 
since 1998. The gem rough was recovered during 
mining of the pegmatite for mineral specimens of 
yellow rhodizite-londonite and red tourmaline. Its 
attractive appearance and significant hardness (8 on 
the Mohs scale) make rhodizite-londonite a desir- 
able gemstone for collectors who can find this 
scarce material in the gem trade. Note, though, 
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that both natural-color and irradiated rhodizite-lon- 
donite will fade on prolonged exposure to sunlight, 
so the stones should not be worn or displayed in 
lighting conditions that will promote fading. 

Future production will be limited by the difficult 
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access and small size of the deposit. Since the peg- 
matite that has yielded all of the recently mined gem 
material appears exhausted, exploration for addition- 
al gem pegmatites in the Antsongombato area will be 
necessary before significant production can resume. 
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Gem Trade LAB NOTES 


“Piranha” AGATE 


The West Coast laboratory recently 
examined a well-polished oval cabo- 
chon of attractively patterned agate. 
This 17.02 ct cabochon showed an 
unusual “eye” structure that was 
equally interesting in appearance on 
both the dome and base (figure 1), 
although it differed in color between 
the two sides. While most so-called 
eye agates display a single circular- 
to-semicircular multi-layered struc- 


GIA 
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tural pattern around a central acicu- 
lar inclusion, in this particular piece 
a well-matched pair of “eyes” had 
been more-or-less centered in the 
host during fashioning. 

The agate from which this 31- 
mm-long cabochon was fashioned was 
recovered from the Piranha River in 
Ecuador, hence the name “Piranha” 
agate. Agates from this locality are 
commonly colored red-brown, orange, 
yellow, and black by iron compounds, 
with the patterns set off against a 


Figure 1. This colorful 31-mm-long “Piranha” agate from Ecuador shows 
an interesting double-eye pattern on both its dome (left) and base (right), 
although the “eyes” are dramatically different. 
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background of translucent bluish 
white to white chalcedony. A display 
of these agates at the Tucson gem 
show in February 2002 showed similar 
colors and patterns. Raman analysis of 
the agate examined in our laboratory 
identified hematite and goethite as 
possible mineral colorants in both the 
black and orange areas, although the 
characteristic peaks were weak and 
poorly defined. 

Another interesting feature of this 
agate was the way it was cut. Even 
though the cabochon was only 3.69 
mm thick, the steep angle of the 
“eye” tube structure created an illu- 
sion of much greater depth (again, see 
figure 1). We do not know if this was 
intentional. None of the Piranha 
agates displayed in Tucson showed 
this pseudo-depth illusion. 

While agates are one of the most 
common gem materials, beautifully 
patterned examples are unusual, and 
those suitable for jewelry applications 
are much rarer. Since no two patterns 
are ever the same, agates such as this 
one could be used by an imaginative 
designer to create a very distinctive 
piece of jewelry. 

JIK and Maha Tannous 


Editor's note: The initials at the end of each item 
identify the editor(s) or contributing editor(s) 
who provided that item. Full names are given for 
other GIA Gem Trade Laboratory contributors. 
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Surface-Treated AMBER 

In the Winter 2000 issue of Gems & 
Gemology (“Gemstone enhancement 
and detection in the ’90s,” pp. 
336-359), S. F. McClure and C. P. 
Smith reported on surface-enhanced 
amber in which a shallow dark brown 
surface layer is produced by con- 
trolled heating (figure 2). We have 
found that this treatment actually 
results in a wide range of colors, from 
brownish yellow to dark red-brown 
(see, e.g., figure 3, left). In numerous 
samples that have come through the 
lab, we have seen that the heating 
physically alters the surface of the 
amber and, thus, some of its gemolog- 
ical properties. In fact, the properties 
of some samples of this treated amber 
are closer to those reported for plastic 
than amber, which makes the identi- 
fication a challenge. 

We have noted that the refractive 
index of the surface-enhanced amber 
increases with the depth of color: 
that is, the darker the color of the 
surface layer, the higher the R.I. We 
have recorded a range of spot R.I.’s 
for this treated amber, with the high- 
est being 1.60 for the darkest red- 
brown material. This is a significant 
deviation from the 1.54 R.I. charac- 
teristic of untreated amber. 

We have also noticed an inverse 
relationship between the darkness of 
the enhanced color and the material’s 
reaction to ultraviolet (UV) radiation: 
the darker the surface color, the 
lower the intensity of fluorescence. 
The surface enhancement tends to 
quench the strong chalky yellow 
and/or blue fluorescence characteris- 
tic of amber in long- and (weaker) 
short-wave UV (figure 3, right). The 
darkest treated material we have test- 
ed typically was inert or had only 
very weak brownish orange fluores- 
cence to both wavelengths. 

An amber bead necklace recently 
submitted to the West Coast labora- 
tory for identification provided addi- 
tional information. The beads 
showed a range of colors, including 
yellow, yellow-orange, orange-brown, 
and dark red-brown. The client was 
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Figure 2. The thin dark brown surface layer that originally covered this 
cabochon (39.25 x 25.70 x 9.05 mm) has been polished off the top, so it 
occurs only on the back (see inset). This allowed the carver to cut flowers 
into the pale yellow body of the piece so they would stand out against the 
remaining dark brown surface layer that was created by controlled heating. 


particularly interested in the darkest 
beads, since their properties were 
quite different from those that have 
been reported for amber. We noted in 
all but the yellow beads that the 
varying depths of color correlated to 
the variations in refractive index and 


fluorescence that we had noted in 
other samples of treated amber, as 
described above. 

Since the properties at the surface 
of this treated material are not consis- 
tent with those reported for amber, 
how do we identify it? Specific gravity 


Figure 3. Some surface-enhanced amber appears orangy brown in standard 
illumination, as evident in this 25-mm-diameter hololith. With exposure to 
long-wave UV radiation (right), a weak brownish orange fluorescence, 
atypical of amber, is seen on most of the hololith; the strong chalky blue 
fluorescence commonly seen in amber is visible only in the small area 
where the surface layer has been polished off. The R.I. of the dark surface 
was 1.59, and that of the underlying yellow material was 1.54. 
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is useful for loose samples, as we have 
observed no difference in the S.G. 
recorded for loose treated and untreat- 
ed material. In both cases it is around 
1.08, which is significantly lower than 
the S.G. of most plastics used as amber 
imitations. Another consistent proper- 
ty is amber’s odor when touched with 
a thermal reaction tester. Treated or 
untreated, amber will emit a resinous 
odor, as opposed to the typical acrid 
odor of most plastics. Nevertheless, 
this identification can be especially 
tricky when the material is mounted 
in jewelry. 

To learn more about this surface- 
treated amber, we acquired five sam- 
ples for research purposes and polished 
through their dark surface layers. In all 
cases, this layer was extremely thin, 
and the underlying material was very 
pale yellow—much paler than the typ- 
ical color of untreated amber. Changes 
in RL. and fluorescence occurred only 
at the darker, heat-induced surface; 
the underlying amber retained the 
usual properties. Removal of the sur- 
face layer is obviously destructive and 
therefore not feasible in most cases. 
However, the difference in fluores- 
cence may sometimes be viewed at 
small chips around drill holes or on 
girdle edges. Observation of this differ- 
ence between surface and internal flu- 
orescence can be a useful aid to identi- 
fication, since plastic imitations 
would not react in this way. 

We previously reported on amber 
with similar surface-related color- 
ation that faded on exposure to light 
(see Summer 1993 Lab Notes, pp. 
122-123). That report did not note 
any variances in refractive index, 
although it did mention an unusual 
orange fluorescence. We did not test 
the samples mentioned above for 
color stability. 

The conclusion on GIA Gem 
Trade Laboratory reports for this 
material is accompanied by the fol- 
lowing comment: “The color of this 
amber is primarily confined to a shal- 
low surface layer that has been artifi- 
cially induced by heat treatment. 
Such color may fade.” 

Elizabeth Quinn and SFM 
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Unusual CERAMIC 

Gem Simulant 

Laboratory gemology is not always 
concerned with the identification of 
treatments and natural-versus-synthet- 
ic determinations. Occasionally, we 
have the distinct privilege of examin- 
ing items that are downright baffling. 
A good example from the recent past 
was an iridescent piece of hard plastic 
that its owner believed was an opal. 
The micro- and macro-structure, tex- 
ture on the broken surface, and curva- 
ture of this specimen made us suspect 
that it was a fragment from a bowling 
ball. Recently, the West Coast labora- 
tory examined an unpolished hemi- 
spherical “cabochon” of dense white 
material that a pearl distributor had 
submitted for identification. 

This hemisphere was opaque (fig- 
ure 4) with a sawn back; closer exami- 
nation revealed two parallel mold 
marks extending diagonally across the 
dome. It weighed 125.39 ct and mea- 
sured approximately 20 mm in diame- 
ter. We could not take a refractive 
index reading because of the lack of a 
polished surface. 

No visible spectrum was observed 
in surface-reflected light through a 
prism spectroscope. When exposed to 
long-wave UV radiation, the item 
showed a moderate, somewhat mot- 
tled brownish red luminescence, 
while the reaction to short-wave UV 
was pink rather than red and much 


Figure 4. Represented as a pearl, 
this 20 mm opaque white “cabo- 
chon” was identified as a molded 
form of ceramic. 
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weaker. Hydrostatic specific gravity 
was calculated, from an average of 
three readings, as 3.57. 

With magnification, the two par- 
allel mold seams were clearly visible, 
as were saw marks on the base. In 
addition, small, dull, conchoidal frac- 
tures were evident around the edge of 
the base, and the material itself 
revealed a very fine granular texture, 
reminiscent of a ceramic, such as 
porcelain that would be used in vari- 
ous common bathroom fixtures. This 
was clearly a manufactured product 
and not a pearl. 

Since we are not often called on to 
identify ceramic materials, we per- 
formed energy-dispersive X-ray fluo- 
rescence analysis to complete the 
examination. This showed the pres- 
ence of aluminum, barium, calcium, 
gallium, iron, strontium, and titani- 
um, with Al, Ga, and Sr being domi- 
nant. Laser Raman microspectrome- 
try showed a broad curve, as would be 
expected for an amorphous substance 
such as a glass, but no sharp peaks. 

JIK, KNH, and Sam Muhlmeister 
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More Bulk Diffusion— 

Rubies and Orange Sapphire 

In the Fall 2002 Lab Notes (pp. 254- 
255), we described an orangy yellow 
sapphire that had been subjected to 
bulk (also called lattice) diffusion with 
beryllium. Bulk or lattice diffusion is 
defined as “a diffusion process which 
takes place through the bulk lattice of 
the crystal and excludes such mecha- 
nisms as short circuit diffusion along 
dislocations, grain boundary diffusion, 
and surface diffusion” (Kizilyalli et al., 
“Definitions of terms for diffusion in 
the solid state,” Pure and Applied 
Chemistry, Vol. 71, No. 7, 1999, pp. 
1307-1325). In terms of this corundum 
treatment, the orange component of 
the color is a result of beryllium diffu- 
sion into the bulk lattice of the crystal, 
which creates a Be concentration gra- 
dient, as opposed to Be diffusion with- 
in grain boundaries or on the surface. 
We continue to investigate the range 
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Figure 5. The color in this 0.63 ct 
oval mixed-cut ruby was pro- 
duced by bulk diffusion treat- 
ment with beryllium. 


of corundum that has been subjected 
to this diffusion treatment and the 
color changes that result. 

Figure 5 shows an attractive oval 
mixed-cut ruby with clear evidence 
of heat treatment that was submitted 
to the East Coast laboratory for rou- 
tine testing. Although we were not 
able to identify the exact nature of 
the inclusions, the stress fractures 
emanating from them—as well as the 
partial healing of these and other 
fractures—indicated that the heating 
conditions were extreme (see figure 
6). Examination of the stone while it 
was immersed in methylene iodide 
revealed what appeared to be a very 
shallow orange rim or other form of 
color concentration near the ends of 
the sample, but we could not conclu- 
sively determine if this was the case. 
Immersion observations also revealed 
a few small areas on the surface that 
showed differences in luster, which 
indicated that a glass-like residue had 
filled shallow cavities during the 
heating process. 

Suspicious that this ruby might 
have been subjected to a diffusion 
treatment comparable to that more 
commonly seen in orange-pink and 
yellow sapphires, we performed 
chemical analysis using secondary ion 
mass spectrometry (SIMS). As previ- 
ously described (see, e.g., Spring 2002 
Gem News International, pp. 86-90), 
this method allows for the detection 
of trace amounts of light elements to 
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the level of parts per million (ppm). 
The SIMS analysis confirmed our ini- 
tial concern: The concentration of Be 
at the surface of this stone was about 
11 ppm. Based on our previous analy- 
ses, this is much higher than the Be 
concentrations in either natural, 
untreated sapphires (typically less 
than 1 ppm) or those heated by tradi- 
tional methods, and it is within the 
concentration range that would pro- 
duce an orange rim and alter the 
intrinsic color of the ruby. We are not 
certain what the starting material 
looked like, but we suspect that it 
was purplish and much darker. 

About a week after the previous 
stone was submitted for testing, we 
received a second natural ruby of 
approximately the same color. As 
with the previous stone, this ruby dis- 
played evidence of heating. In this 
case, the evidence consisted of dust- 
like rutile surrounded by color con- 
centrations indicative of internal diffu- 
sion, which had been dissolved, and 
also healed “fingerprints.” Exami- 


Figure 6. Stress fractures and par- 
tially healed “halos” surrounding 
included crystals in the ruby 
shown in figure 5 provide clear 
evidence that the stone was sub- 
jected to extremely high tempera- 
tures. Magnified 63x. 
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Figure 7. This 2.78 ct oval mixed- 
cut ruby appears to have been 
treated by the same method as 
the ruby shown in figure 5. 


nation in immersion clearly revealed a 
rim of orange color that followed the 
facet outline. Such color zoning 
proved that this stone also had been 
subjected to lattice diffusion treat- 
ment. The ruby illustrated in figure 7 
was treated in a similar manner. 
These examples of orangy red ruby are 
typical of what we have begun to asso- 
ciate with this type of Be diffusion. 

Most recently, Yoshiko Doi, presi- 
dent of GIA Japan, sent us an orange 
sapphire that was clearly heated and 
in fact had not been repolished after 
its removal from the crucible (figure 
8). Microscopic examination showed 
the corroded surface one would expect 
for a heated sapphire, but it also 
revealed numerous areas of new crys- 
tal growth. Such recrystallization is 
often seen in rubies and sapphires that 
are subjected to high temperatures 
with fluxing agents (see, e.g., Fall 2002 
Lab Notes, pp. 255-256), but we were 
surprised at the extent of the new 
crystal growth. Although most of the 
new crystals were similar in habit to 
tabular corundum (figure 9), we turned 
to chemical analysis to positively 
identify them. 

One of the contributors (MH) col- 
laborated with researchers at the 
Laboratory for Mineral Deposits 
Research at the University of Mary- 
land, where the stone was examined 
with a JEOL JXA-8900R electron 
microprobe with imaging capabilities 
(figure 10). Chemical analysis of the 


WINTER 2002 343 


Figure 8. The unpolished surface 
of this 0.48 ct orange sapphire dis- 
played obvious signs of heat 
treatment. 


tabular regrown crystals by energy-dis- 
persive spectrometry (EDS) indicated 
that they were corundum. It appears 
that the extremely high temperatures 
being used, combined with fluxes, 
essentially dissolve part of the surface 
of the corundum, this serves as a feed 
source for new corundum growth that 
develops during cooling. SIMS analy- 
sis of the unpolished surface revealed 
a Be concentration of 99 ppm, far 
higher than that seen in repolished 
sapphires that were apparently treated 


Figure 9. Microscopic examina- 
tion (at 45x) of the sapphire in fig- 
ure 8 revealed tabular crystal 
regrowth after extreme heating. 


by the same method. This high Be 
concentration confirms that Be was 
diffused into the sample during the 
annealing process. 

Thus far, we have confirmed Be 
lattice diffusion as the cause of color 
in pinkish orange, orange, orangy 
red, and yellow sapphires, as well as 
in ruby. This treatment is indeed 
being used to produce a very wide 
range of colors in corundum. 

TMM, Matthew Hall, 
and Wuyi Wang 


Figure 10. These secondary electron (left) and backscattered electron 
(right) images of the treated sapphire in figure 8 clearly show the tabular 
habit of the newly grown crystals. EDS chemical analysis indicated that 
these crystals are corundum. The bright spots in the image on the right are 
remnants of silver powder used for SIMS analysis. The scale bar is 100 um. 
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DIAMOND 
With Internal Inscriptions 


Diamond inscriptions are typically 
created by lasering characters on the 
girdle surface. Recently, though, the 
East Coast lab has seen three inscrip- 
tions that were totally within the inte- 
rior of the diamond. Two different 
methods appear to be responsible. 

The first two diamonds had charac- 
teristics similar to those caused by 
internal laser drilling, as documented 
by S. McClure et al. (“A new lasering 
technique for diamond,” Summer 
2000 Gems & Gemology, pp. 138- 
146). It is possible that the technology 
described in that article was a collater- 
al effect of early experiments to place 
internal inscriptions in diamonds. The 
inscription in figure 11 was placed on 
an internal fracture. The black letters 
“NE” are clearly visible. The other 
small internal fractures in the same 
area have black lines extending along 
their length. These black lines are typi- 
cal of those associated with fractures 
created during the internal laser 
drilling process. It appears that the 
black lines on this fracture were con- 
trolled to create the letters. 

Figure 12 shows a similar internal 
inscription. In this case, the number 
“9” is inscribed on a small fracture 
present in this 2.14 ct oval brilliant. 

The inscription “31107345” in the 
third stone, a 1.01 ct rectangular mod- 
ified brilliant, was also totally inter- 
nal, but had a much different appear- 
ance (figure 13). We believe ion 
implantation is responsible for this 
second type of inscription, because it 
is not associated with any inclusions. 
This is a method (also known as dop- 
ing) whereby ions (charged atoms) are 
introduced into a solid through their 
high kinetic energy (see R. Kalish and 
S. Prawer, “Ion implantation of dia- 
mond and diamond films,” in M. A. 
Prelas, G. Popovici, and L. K. Bigelow, 
Eds., Handbook of Industrial 
Diamonds and Films, Marcel Dekker 
Inc., New York, 1998, pp. 945-982). 
By bombarding the diamond with 
atoms of either argon or boron, one 
can make “marks” inside the stone. 
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Figure 11. This 0.57 ct diamond 
contains a series of internal 
fractures with black lines, typi- 
cal of those created by a recent- 
ly documented internal laser 
drilling process. One of these 
fractures, located just behind 
the prominent, surface-reaching 
feather, has the letters “NE” 
inscribed on it. Magnified 63x. 


The marks are actually slight defor- 
mations in the crystal lattice that scat- 
ter light, and thus they tend to show 
up as thin white lines. Note that the 
depth of the inscription is uniform, 
and that it is suspended a uniform dis- 
tance below the surface (i.e., a few 
tenths of a millimeter). This can be 
achieved by controlling the energy of a 
beam of ions of a particular size. 

It is possible that these three inter- 
nal inscriptions were done for trial pur- 
poses, since we have seen only a limit- 
ed number of them to date. However, 
given the apparent high degree of con- 
trol in the internal lasering process, we 
believe such inscriptions may become 
more common. Internal inscriptions 
would have one benefit over the typi- 
cal surface inscription in that they 
would be extremely difficult to 
remove. However, creating fractures in 
a diamond or printing letters below the 
surface would amount to adding inclu- 
sions to a stone, which could have a 
direct effect on the clarity grade. 

Joshua Sheby and Vincent Cracco 


Two Large GLASS 
Imitation Jade Carvings 


It has been said that imitation is the 
sincerest form of flattery, and given 
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Figure 12. This internal fracture 
has the number “2” inscribed on 
it. Magnified 63x. 


the high value of jade, it is not surpris- 
ing that it is so frequently imitated. 
Over the years, many jade imitations 
have been reported in both Lab Notes 
(see, e.g., Fall 1983, pp. 173-174; 
Summer 1996, p. 123; Summer 2001, 
p. 133) and Gem News (Winter 1990, 
p. 309; Summer 1995, p. 137). Most of 
these items were small—loose cabo- 
chons or carvings set in jewelry. 

This past fall, however, one client 
sent the East Coast laboratory two 
large carvings for identification: one 
approximately 35.00 x 14.00 x 9.00 cm 
(see figure 14), and the other approxi- 
mately 50.00 x 16.00 x 8.00 cm. Each 
was packed in a padded box that was 
ornately decorated. The client told us 
the two carvings recently had been 
purchased together in Asia as jadeite 
jade for a large amount of money. 

Both items were a semi-translu- 
cent to opaque very light grayish green, 
and both appeared to be carved from 
the same material (the results of their 
testing were identical). The polish was 
poor, and the refractive indices were in 
the low 1.50s. The objects fluoresced 
very weak yellow to long-wave UV 
radiation, and weak to medium yellow 
to short-wave UV. Close examination 
revealed no crystalline structure and a 
few tiny conchoidal chipped areas that 
displayed vitreous luster. Horizontal 
illumination with a pinpoint fiber- 
optic light showed small but eye-visi- 
ble round and elongated gas bubbles 
throughout both items, along with the 
switled flow lines that are commonly 
seen in glass. This narrowed the identi- 
fication to glass or plastic. Testing 
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Figure 13. A mirror reflection is 
proof that this inscription in a 
1.01 ct diamond is totally inter- 
nal. Ion implantation is thought 
to be responsible for the inscrip- 
tion. Magnified 63x. 


with hardness points on inconspicuous 
areas demonstrated that the material 
had a Mohs hardness greater than 5, 
thereby eliminating plastic. Both were 


Figure 14. This large figurine (35 x 
14x 9 cm), purchased in Asia as 
jadeite jade, was identified as man- 
ufactured glass. 
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identified as “Glass, a manufactured 
product.” 

In this era of new treatments and 
ever-increasing synthetics, these 
carved items should serve as a remin- 
der that some of the oldest and least 
expensive imitations are still being 
offered, and gemologists should not 
dismiss such possibilities because of 
the apparent age or simplicity of the 
piece. 

Wendi M. Mayerson and KNH 


JADEITE 


Bleached, Impregnated, and Dyed, 
with Unusual Inclusions 

A translucent, variegated green bangle 
bracelet was recently submitted to the 
East Coast lab for identification. 
Standard gemological testing proved 
the bangle to be dyed jadeite jade: an 
RI. of 1.66, a 437 nm line and 650 nm 
“dye-band” visible with the desk- 
model spectroscope, an aggregate 
structure, and color concentrations 
along grain boundaries. Reflected light 
in combination with magnification 
revealed an unusual surface texture, 
the result of preferential erosion of 
certain grains during the “bleaching” 
process commonly associated with “B 
jade” (see, e.g., Winter 1994 Lab 
Notes, pp. 266-267). The randomly 
oriented interlocking grains of jadeite 
become visible as the acid-soluble 


Figure 15. With reflected light 
and magnification (here, 50x), the 
differences in luster between the 
jadeite grains and the filled chan- 
nels and small cavities surround- 
ing them can be seen. 
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Figure 17. Several of the “golden” yellow cultured pearls in this graduated 
strand (12-15 mm) proved to be enhanced. 


minerals that lay between them are 
removed, creating narrow outlines 
around the grains and small cavities 
between them. These channels and 
cavities are then filled with either a 
polymer or a wax. Reflected light and 
magnification also revealed the differ- 
ences in luster between the jadeite 
grains and the filled channels and 
small cavities (figure 15), which indi- 
cates that this bracelet was indeed 
impregnated. The fact that the bangle 
fluoresced a medium mottled greenish 
yellow to long-wave UV radiation, and 
a very weak mottled yellow to short- 


Figure 16. The dark violetish 
blue inclusions seen “floating” in 
the filler are visible indications 
that this jadeite bangle bracelet 
has been treated. Here, they 
appear black due to the lighting 
conditions. Magnified 300x. 
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wave UV, further indicated impregna- 
tion (see Spring 1995 Lab Notes, p. 55). 

All jadeite submitted to the GIA 
Gem Trade Laboratory is checked for 
impregnation via infrared spec- 
troscopy. Such testing confirmed that 
this bracelet was impregnated, and it 
was officially identified as “dyed and 
impregnated jadeite jade.” Although 
infrared spectroscopy is currently the 
most efficient method to prove 
impregnation (see E. Fritsch et al., 
“Identification of bleached and poly- 
mer-impregnated jadeite,” Fall 1992 
Gems & Gemology, pp. 176-187), its 
use is generally restricted to laborato- 
ries or large companies due to the 
high cost of the instrument. There- 
fore, when visible indications are pre- 
sent, they are extremely helpful for 
the practicing gemologist. 

Such was the case with our bangle 
bracelet. Not only did the visual clues 
mentioned above serve as useful indi- 
cators of treatment, but when the ban- 
gle was viewed in combined transmit- 
ted and reflected light with the added 
strength of a fiber-optic light, several 
dark inclusions could also be seen 
“floating” in a lower-luster (filled) area 
(figure 16). These were reminiscent of 
the tiny green spherules and gas bub- 
bles discovered in the polymer of a ban- 
gle bracelet examined earlier (Spring 
1999 Lab Notes, pp. 44-45). What 
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made these new inclusions so unusual 
was the fact that, although the bracelet 
was dyed green, these inclusions were 
dark violetish blue and found in only 
two small areas of the filler. Even 
though we could not determine their 
identity, they are another good visible 
indication that the bracelet was treated. 
Siau Fung Yeung and 

Wendi M. Mayerson 


CULTURED PEARLS 


With Treated Yellow Color 
For the past several months, the East 
and West Coast laboratories have seen 
an increasing number of strands of 
“golden” yellow pearls submitted for 
identification. These graduated 
strands all featured fairly large (12-15 
mm) yellow pearls that were well 
matched in color and luster. X-radiog- 
raphy, reaction to long-wave UV radia- 
tion, and visual inspection readily 
identified the majority as cultured 
pearls of natural color. However, a few 
cultured pearls in one necklace (figure 
17) had characteristics that ultimately 
proved their color was enhanced. 
Routine visual inspection revealed 
that some of the cultured pearls had 
peculiar opaque white non-nacreous 
areas on the surface. A few of these 
growth features actually represented 
depressions in the nacre, some with a 


a FREE laminated gem 
treatments chart PLUS a 


three-year subscription to 


EMS & 
EMOLOGY 


GEM TRADE LAB NOTES 


See card between pages 
368 & 369 for ballot 


Figure 18. The red spots in these different types of growth marks seen on 
“golden” cultured pearls indicate treated color. Although here, because of 
the lighting conditions used, the growth marks appear yellow, they were 
actually white. Magnified 15x. 


central opening. While examining 
these cultured pearls with long-wave 
UV to determine the origin of color, 
we noticed that the greater part of the 
surface area fluoresced yellow-green, 
but the nonnacreous areas fluoresced 
yellowish white and their centers were 
inert. Examination of these areas with 
strong overhead illumination at 15x 
magnification revealed isolated bright 
red spots (see figure 18). One such 
growth mark also showed a small 
opening in the nacre that had a bright 
red rim. Since this type of spotty red 
coloration does not occur naturally in 
yellow pearls, we believe it must have 
been the result of treatment. 

This is not the first time we have 
seen such evidence of color enhance- 


ment in yellow cultured pearls. This 
contributor recalls having noticed 
similar features in known treated 
yellow cultured pearls at least five 
years ago, just as “golden” pearls 
were gaining in popularity. The pres- 
ence of such characteristics allows 
the practicing gemologist to conclu- 
sively identify treated color in yel- 
low cultured pearls. KNH 
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gauge and weight estimator, illustrated 
herewith, is the simplest and most ac- 
curate instrument to use in obtaining 
the first figure if the stone is mounted 
and the second figure—that is, the 
weight when cut to correct modern 
proportions. This gauge, designed in 
1926 by Athos D. Leveridge of New 
York, is standard equipment through- 
out the gem and jewelry field. 

For the weight after recutting, it is 
necessary, using this gauge, only to get 
the depth from culet to table, and the 
smallest diameter of the girdle. What 
the weight will be after recutting to 
correct modern proportions is readily 
calculated, since the correct depth after 
recutting is 60% of the girdle diameter. 
Therefore, the narrowest girdle dia- 
meter of the stone in its present form 
will be the diameter of the stone after 
recutting, and the depth after recutting 
will be 60% of the same figure. The 
potential loss of weight may of course 
be arrived at by subtracting the estim- 
ated weight as shown on the gauge 
table from the present weight. 

Figure 1 shows top 
and side views of an 
Old Mine cut. Notice 
\ that the girdle of the 
\ J} Old Mine cut has a 
cushion-shaped out- 

= line. Measurements 
ss should be made with 
the Leveridge gauge 
to determine the smal- 
b ‘ lest diameter. To do 
this, take the measure- 
ments as indicated on 
the diagram by A-A’ and B-B'. One 
of these measurements usually will be 
smaller than the other. The smaller 
will be the final diameter of the recut 
brilliant, which will have a circular 
girdle. The depth of the recut stone 
will be 60% of this figure. Suppose, 
for example, that the measurement from 
A-A’ is 5.0 millimeters.and the depth 


Fig. 1 


is 3.25 millimeters. Turn the Leveridge 
gauge tables and find the table for a 
diameter of 5.0 millimeters, since 5.0 
is the smallest diameter. 60% of this 
figure (3.0 millimeters) is determined 
by taking 60% of 5.0. Assuming the 
girdle will have a medium thickness, 
we see that the weight of the stone after 
recutting will be halfway between, .43 
and .50 carats. ‘We can assume that 
the weight of the stone after recutting 
will be about .47 to .48 carats. Its 
weight before cutting would have been 
about .52 to .53 carats. 

An old-style European cut has a cir- 
cular girdle but like the Old Mine cut 
a depth above and below the girdle 
considerably greater than the correct 
proportion for the 
modern brilliant. 
_ Viewed parallel to the 
girdle, its appearance 
is the same as that of 
the Old Mine cut. 

(Figure la.) Deter- 
mination of propor- 
tion in this case is 
done in exactly the 
same way as with an 
Old Mine cut except 
that several readings are taken around 
the girdle to make sure that the smallest 
diameter is determined. This is done 
because many early European style dia- 
monds have girdles which are consider- 
ably out of round. The recut diamond 
will have a circular girdle with a 
diameter equal to the smallest diameter 
of the original stone. Otherwise the 
calculations are exactly the same. 

The Old Mine cut and the heavy 
early European brilliant cut are the 
outmoded styles most frequently en- 
countered by the jeweler and those for 
which the demand for recutting is fairly 
extensive. The recutting of emerald 
cuts or square cuts is of course no 
problem, since they were originally cut 
tor size and weight rather than for bril- 
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DIAMONDS 


Kimberley Process ratified. After more than two years of 
legal and diplomatic maneuvering, 53 nations approved the 
Kimberley Process at a meeting in Interlaken, Switzerland, 
on November 5, 2002. The Kimberley Process is a system 
of controls on diamond imports and exports that is 
designed to reduce the trade in illicit and conflict dia- 
monds. Forty-eight nations, including all major diamond 
producers and manufacturing centers, implemented the 
controls January 1, 2003. Five other nations that participat- 
ed in the process, including the Czech Republic, Japan, and 
Sri Lanka, will implement controls later this year. 

Under the Kimberley Process, which was developed by 
the diamond industry and backed by the United Nations, all 
exports of rough diamonds must be sealed in tamper-proof 
containers and certified by the local government that they 
come from legitimate sources. The paperwork must accom- 
pany the diamonds all the way though the manufacturing 
and sales (wholesale and retail) chain. Participating coun- 
tries will no longer permit imports of diamonds that do not 
carry such paperwork. For more information on the details 
of the process, visit www.worlddiamondcouncil.com. 

In the United States, the Diamond Manufacturers and 
Importers Association of America, in cooperation with 
U.S. government agencies and shipping companies, has 
established the Rough Diamond Export Mechanism for 
monitoring the flow of all diamonds exported from the 
country. European Union member countries and Canada 
have set up similar organizations. 

The Jewelers of America has also advised its 11,000 
member retailers that each time a diamond changes 
hands, the seller must attest to its legitimacy by means of 
a warranty stating the stone “has been purchased from 
sources not involved in funding conflict and in compliance 
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with United Nations resolutions.” The JA also urged 
members to require all of their diamond suppliers to offer 
this warranty on every invoice, and to retain the paper- 
work for five years. 

De Beers’s director of public and corporate affairs, 
Rory More O’Ferrall, told sightholders at a December 
2002 meeting that, even though the conflicts have ended 
in Angola and Sierra Leone (the original targets of the 
Kimberley Process), the industry must remain commit- 
ted to ending trade in conflict and illicit diamonds. “First 
there is still a civil war and appalling human suffering in 
the Democratic Republic of the Congo. Second, we must 
accept that many governments and civil society groups 
are looking beyond conflicts to address the possibility 
that illicit diamonds are used to facilitate money laun- 
dering and, more significantly, terrorism. While no evi- 
dence of this whatsoever has been produced, the very fact 
that diamonds could be misused in this way is enough to 
ensure that governments insist on a better-regulated 
industry.” 

Russell Shor (russell.shor@gia.edu) 
GIA, Carlsbad 


Editor's note: Bylines are provided for contributing editors 
and outside contributors; items without bylines were pre- 
pared by the section editor or other G&G staff. All contribu- 
tions should be sent to Brendan Laurs at blaurs@gia.edu 
(e-mail), 760-603-4595 (fax), or GIA, 5345 Armada Drive, 
Carlsbad, CA 92008. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Alexandrite from Mananjary, Madagascar. Emerald pro- 
duction from the Mananjary region of eastern Madagascar 
started in the early 1960s. Numerous emerald finds led to 
mining activities that continue on a small scale (see D. 
Schwarz and J. Kanis, “Emeralds from Africa,” in G. 
Giuliani et al., Eds., extraLapis English No. 2: Emeralds of 
the World, 2002, pp. 52-59). 

More recently, small quantities of alexandrite have 
been mined from the Mananjary area. The alexandrite 
deposit has been known for about 4 years, and is located 
south of Mananjary, between Mananjary and Farafangana 
(F. Pezzotta, pers. comm., 2002). According to A. 
Leuenberger (pers. comm., 2002), several hundred grams of 
rough material (though little of gem quality) were avail- 
able from the area in 1999. 

This contributor recently obtained one loose twinned 
crystal and one hand specimen of an alexandrite-bearing 
rock for examination. These samples were purchased by 
an intermediary from a local dealer. The rock specimen, 
about 6 x 4 cm, was a typical biotite-phlogopite schist that 
showed two alexandrite crystals on the surface, with some 
smaller crystals almost completely covered by the matrix. 
Colorless to white minerals in the host rock were identi- 
fied as quartz and feldspar by Raman analysis. One of the 
two larger crystals, about 1 cm in largest dimension, was 
broken. The other crystal (figure 1), of similar size, showed 
a thick tabular habit with dominant pinacoids b {010}, 
somewhat smaller pinacoids a {100} and prisms i {011}, and 
subordinate prisms s {120} and dipyramids o {111}. The a 
pinacoid was striated parallel to the c-axis. 

The loose crystal weighed 70.74 ct and had a thick 
columnar habit with dimensions of about 18 x 16 x 21 
mm (figure 2). It was twinned across (031) and showed the 
typical parallel striations of chrysoberyl on the a and a’ 


J 
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j » a + 
Figure 1. Shown here in incandescent light, this partial- 
ly transparent alexandrite crystal (approximately 1 cm 
wide) on biotite-phlogopite-quartz-feldspar matrix was 
reportedly recovered from the Mananjary area of east- 
ern Madagascar, which is well-known as a source of 
emeralds; photo by M. Glas. The crystal drawing shows 
the faces present on this thick tabular single crystal. 


{100} pinacoids. The faces listed above for the untwinned 
crystal were also present, but with smaller o dipyramids. 
The crystal showed some transparent areas from which 
small gems could be faceted. The b {010} pinacoids 
revealed a milky white area in part of the crystal that 
could be cut en cabochon to show chatoyancy. R.L’s mea- 
sured on a natural b face were 1.744—-1.753. This crystal 
also contained inclusions of biotite-phlogopite mica 
platelets. 

The Mananjary alexandrite samples examined by this 
contributor were intense bluish green in daylight with a 
color change to reddish or grayish purple in incandescent 
light (again, see figure 2). Although production figures are 
not known at this time, these specimens show that there 
is future potential for faceted and cat’s-eye alexandrite 
from the Mananjary area. KS 


Figure 2. Alexandrite from the Mananjary area shows a distinct color change, from bluish green in day or fluo- 
rescent light (left) to reddish or grayish purple in incandescent light (right), as seen in this 70.74 ct specimen. 
The crystal is twinned by reflection across the prism (031) and reveals the striations characteristic of 
chrysobery1 on the a and a’ {100} faces of the twin. Photo by Maha Tannous; color corrected to show appeart- 
ance in fluorescent light. The crystal drawing indicates the faces present on this thick columnar twin; the loca- 
tion of the twin boundary is shown by arrows. 
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Figure 3. Gem-quality color-change apatite was recently produced from a pegmatite in Kazakhstan. The 3.5- 
cm-long crystal and 2.37 ct faceted stone shown here are pinkish orange in incandescent light (left) and 
greenish yellow in fluorescent light (right). Photos by Jaroslav Hyrsl. 


Color-change apatite from Kazakhstan. Apatite is a fairly 
common gem material, known from many localities in a 
variety of colors. Until now, however, color-change apatite 
has been documented only in synthetic form; it changes 
from purple-pink in incandescent light to violetish blue in 
fluorescent light (see Spring 2001 Lab Notes, p. 57). The 
Akzhailyau (or Akdzhalau) pegmatite in eastern Kazakhstan 
recently produced gem-quality apatite that shows a distinct 
color change. The well-formed crystals range up to about 5 
cm in length, and are dominated by faces of the hexagonal 
prism and basal pinacoid. They are typically recovered as 
loose single crystals, but a few specimens have been mined 
with the apatite attached to a feldspar matrix or intergrown 
with dark smoky quartz crystals. Many crystals have large 
clean areas that are suitable for faceting gemstones over 10 
ct. However, little of the material has been faceted, as the 
well-formed crystals are valuable as mineral specimens. 

For this study, two crystals and 10 cut stones up to 
2.37 ct were examined. In incandescent light, the crystals 


Figure 4. The San Pedro 
mine in the Chivor 
region of Colombia is 
being worked by mech- 
anized methods in an 
open cut. Photo cour- 
tesy of Kirk Bandy. 
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appeared pinkish orange and the cut stones were very pale 
pinkish orange to almost colorless. It was interesting to 
note two different color appearances in day and fluorescent 
light. In daylight, both crystals and cut stones were light 
brown, but in the fluorescent light used for diamond grad- 
ing, both appeared greenish yellow (figure 3). Although 
uncommon, hue changes have been documented previous- 
ly between daylight and daylight-equivalent fluorescent 
light in other gem materials (Y. Liu et al., “A colorimetric 
study of the alexandrite effect in gemstones,” Journal of 
Gemmology, Vol. 26, No. 6, 1999, pp. 371-385). 

The refractive indices of all samples were 1.631—1.634, 
with an unusually low birefringence of 0.003. The samples 
were uniaxial negative, and specific gravity values of 
3.23-3.26 were obtained by the hydrostatic method. The 
apatite fluoresced pink to both long- and short-wave UV 
radiation, with stronger fluorescence to short-wave UV. 
Pleochroism was very weak (i.e., almost undetectable). 
When examined with a microscope, some stones revealed 
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abundant two- and three-phase inclusions with an 
anisotropic solid phase. Tiny unidentified red crystals also 
were observed in some stones. The absorption spectrum 
seen with a hand spectroscope was a typical “didymium” 
type, identical to yellow apatite from Durango, Mexico (see, 
e.g., R. Webster, Gems, 5th ed., revised by P. G. Read, 
Butterworth-Heinemann, Oxford, 1994, pp. 315-316). 
However, the spectral lines seen in the Kazakhstan apatite 
were much sharper than those in a Mexican sample of the 
same thickness. This indicates that the apatite from 
Kazakhstan has a much higher concentration of rare-earth 
elements (REEs). This composition is consistent with the 
material’s color-change behavior, which is also seen in other 
REE-containing minerals such as remondite and monazite. 
A recent description of the Akzhailyau apatite indicat- 
ed that the pink color fades on exposure to sunlight (see T. 
Moore, “Tucson show 2002,” Mineralogical Record, Vol. 
33, No. 3, p. 274). The color stability of the 12 samples 
examined was not tested by this contributor. 
Jaroslav Hyrsl (hyrsl@kuryr.cz) 
Kolin, Czech Republic 


New emerald find from the Chivor region, Colombia. 
Recently, Colombian Emeralds Direct of Wichita, Kansas, 
provided this contributor with six pieces of gem-quality 
emerald ranging from 1.5 to 30 ct, and two faceted emer- 
alds weighing 1.02 and 3.81 ct, from a reactivated mine in 
the Chivor region (figure 4). The deposit is being worked 
by Sociedad Minera San Pedro in an open pit and associat- 
ed tunnels. From material personally examined and photos 
of rough taken at the mine site (e.g., figure 5), this contrib- 
utor estimates that approximately 3,000 carats of rough 
has been mined since May 2002. 

The gemological properties of the two faceted stones (see 
figure 6) were consistent with those for Colombian emeralds: 
R.1I—1.570 or 1.571 to 1.577, S.G.—2.65 and 2.70, and inert 
or very weak red fluorescence to long-wave UV radiation (as 
determined by the GIA Gem Trade Laboratory). The inclu- 
sions were also typical of those found in emeralds from 
Colombia. Observations by this contributor showed that 
both stones contained growth tubes and multi-phase inclu- 
sions that were not well defined, as well as colorless subhe- 
dral crystals (probably albite). The larger faceted gem also 
showed a roiled effect. The rough contained the same inclu- 
sions as the cut stones, with the addition of euhedral pyrite 
crystals on the surface and within several of the pieces. Two 
of the crystals had small areas with white calcite matrix on 
the surface, also typical for Colombian emeralds. 

This contributor has seen about 200 carats of faceted 
gems, mostly in the lighter, more commercial color range 
similar to the 1.02 ct stone shown in figure 6; the 3.81 ct 
stone in that figure shows the saturated green color repre- 
sentative of the best-quality material from the mine. Most 
of the emeralds had relatively few fractures and therefore 
do not need clarity enhancement. 

Rudy Wobito, of Wobito Gems in Ontario, Canada, 
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Figure 5. Weighing approximately 2,000 carats, this 
parcel contains some of the better-quality emeralds 
that were recently mined from the Chivor region. 
Photo courtesy of Kirk Bandy. 


has faceted a number of stones from this new material 
with good results. He reports that he recently cut a parcel 
of rough weighing 185.80 carats that resulted in 13 gems 
with a finished total weight of 44.58 carats. Included were 
an 11.34 ct medium green gem from a 50 ct piece of rough 
and a 9.07 ct finished gem from a 30 ct piece of rough. 
The range of color and good clarity of these emeralds 
should contribute to several different levels of the market. 
Edward Boehm (joebgem@aol.com) 

JOEB Enterprises 

Solana Beach, California 


Figure 6. These emeralds are representative of recent 
production from a reactivated mine in the Chivor 
region of Colombia. The saturated green 3.81 ct stone 
was examined by the GIA Gem Trade Laboratory and 
found to contain no evidence of clarity enhancement. 
The lighter green 1.02 ct sample shows the typical 
color of most of the faceted material obtained from the 
recent production. Photo by Maha Tannous. 
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Figure 7. This large boulder of Guatemalan jadeite, 
estimated to weigh 340 tons, marks the discovery 
site of the “Olmec Imperial” material. The boulder 
contains 2-5 cm wide veins of green Olmec 
Imperial jadeite in a matrix of dark green, almost 
opaque jadeite. Smaller boulders containing the 
“New Blue” jadeite lie along the same creek. In 
total, the boulders are estimated to contain about 
3,000 tons of jadeite. Photo by John Cleary. 
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Figure 8. This boulder of New Blue jadeite is cross-cut 
by a vein of bluish green Olmec Imperial jadeite. 
Photo by John Cleary. 


Important discovery of jadeite in Guatemala. Guatemala 
has been the focus of significant media attention since the 
recent announcement of a “jade lode as big as Rhode Island” 
(see W. J. Broad, “Found in the Guatemalan wilds...,”” New 
York Times, May 22, 2002, pp. Al, Al0). This discovery is 
particularly significant because one of the new areas con- 
tains several large boulders of jadeite with narrow bands of 
bluish green and greenish blue that are jewelry quality (fig- 
ures 7 and 8). Local jade hunters discovered the boulders in 
the mid-1990s, in rugged terrain about 40 km west of 
Chiquimula (figure 9). The significance of the discovery was 
recognized more recently, following the exposure of new 
jadeite outcrops and alluvial boulders by torrential rains that 
accompanied Hurricane Mitch in October 1998. 
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These contributors have been involved in field explo- 
ration for Guatemalan jadeite with Ventana Mining Co. 
since January 2001. The discovery area reported by the 
New York Times lies in the Motagua river valley about 
80 km northeast of Guatemala City (figure 9). All of the 
jade deposits known in Guatemala are found within or 
near the Motagua fault zone (MFZ), an east-west-trend- 
ing boundary between the North American and 
Caribbean tectonic plates; this area is active today as a 
zone of left-lateral faults. Along and adjacent to this 
zone, numerous sheared serpentinite bodies are present 
in an area 10-40 km wide and 100 km long (again, see 
figure 9). Jadeite occurs within the serpentinites as veins, 
lenses, and pods a few meters wide and up to tens, or 
even hundreds, of meters long. These primary jadeite 
bodies are the sources of the alluvial boulders found 
throughout the region. The jadeite is thought to have 
crystallized directly from a hydrous fluid at pressures of 
5-12 kbar and temperatures of 200°-450°C (V. B. Sisson 
et al., “Jadeitite and eclogite occurrences along the 
Motagua Suture Zone, Guatemala,” Programme with 
Abstracts, 18th General Meeting of the International 
Mineralogical Association, Edinburgh, Scotland, 
September 1-6, 2002, pp. 221-222). 

The recent finds of bluish green jadeite are similar to 
the type associated with royalty in the Olmec culture. As 
such, these contributors describe this new material as 
“Olmec Imperial” jadeite (figure 10). It has also been called 
the local term in Spanish for “green vein” in the field. 
From an examination of 12 polished samples, we noted 
that this material shows a significantly darker tone in 
reflected light compared to its appearance in transmitted 
light, and was translucent up to a thickness of 5 mm. Spot 
RI. values were 1.65 to 1.68 and the S.G. (determined 
hydrostatically) ranged from 3.27 to 3.34. 

A different material (see figure 11), termed “New Blue” 
jadeite by these contributors has been found for the first 
time in the field. This bluish green to greenish blue jadeite 
is called various names by local prospectors, including the 
terms in Spanish for “celestial blue” and “window blue.” 
This material is entirely different from the “Olmec Blue” 
jade (a green jadeite, typically of low saturation) previously 
described in the gemological and archaeological literature 
(see, e.g., R. Seitz et al., ““Olmec Blue’ and formative jade 
sources: New discoveries in Guatemala,” Antiquity, Vol. 
75, 2001, pp. 687-688). 

Dr. Robert Coleman of Stanford University has con- 
firmed from petrographic and geochemical analysis that 
the New Blue material is 95% jadeite with small amounts 
of phengite mica, sphene, albite, and zircon (pers. comm., 
2002). This is consistent with our examination of five pol- 
ished samples, which yielded S.G. values from 3.32 to 3.34 
and R.L’s of 1.66 to 1.68. The material was translucent up 
to a thickness of 12 mm. The samples were dark bluish 
green in reflected light, and medium-light bluish green to 
greenish blue in transmitted light. The blue color compo- 
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Figure 10. Olmec Imperial jadeite (here, 1.89-5.51 ct) 
is strongly saturated bluish green in transmitted 
light. Courtesy of Ventana Mining Co.; photo by 
Maha Tannous. 


nent is due to Fe?t—Ti** intervalence charge transfer, 
whereas the green is produced through Fe** and Fe** 
absorptions (G. Harlow, pers. comm., 2002). 

Recovery of both the Olmec Imperial and the New 
Blue jadeite by local jade hunters has historically been 
only from creek beds and alluvial terrace deposits down- 
stream of the giant boulders. The local jade hunters sell 
most of their rough to the several jewelry manufacturers 
in Antigua, Guatemala. These manufacturers sell almost 
all of their jewelry to the local tourist trade. 

John G. Cleary and 

William R. Rohtert 
(william.rohtert@ventanamining.com) 
Ventana Mining Company, Reno, Nevada 


Figure 11. These cabochons (4.01-15.05 ct) show the 
typical bluish green to greenish blue color of the New 
Blue jadeite. Courtesy of Ventana Mining Co.; photo 
by Maha Tannous. 
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Figure 12. This 1.66 ct very light yellow cut-cornered, 
rectangular step cut purchased in Madagascar was 
identified as milarite. Photo by A. Cossard. 


Faceted milarite with unusual inclusions. A 1.66 ct very 
light yellow cut-cornered, rectangular step cut (figure 12) 
was purchased in Madagascar by Richard Lejeune, of 
Charleville-Méziére, France. The stone was assumed to be 
of Madagascar origin, but the seller did not know its identi- 
ty, so it was brought to this contributor for identification. 
The R.I. was 1.53 and the S.G. was 2.53. The stone was 
isotropic on the refractometer, regardless of the facet select- 
ed for measurement. When examined between crossed 
polarizers, the stone showed a band of second-order inter- 
ference colors (blue to yellow) along its length. With long- 
wave UV radiation, the stone fluoresced a medium, slightly 
chalky green, followed by weak phosphorescence in the 
same color for 30 seconds to one minute. With short-wave 
UV, it fluoresced a medium whitish green followed by 
long-lasting greenish phosphorescence (i.e., for about three 
to five minutes). It was not a thermal conductor and was 
not magnetic. Based on the perfect isotropy on the refrac- 
tometer, the R.L, the S.G., and the interference colors 
between crossed polarizers, the logical conclusion would be 
pseudocubic apophyllite. However, the color of the stone, 
as well as the absence of the common iridescent cleavages 


Figure 14, This water-worn spinel crystal from the 
Tunduru area in Tanzania has a very unusual dodec- 
ahedral shape. Approximately 6 mm across, it weighs 
1.87 ct. Photo by H. A. Hanni. 
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Figure 13. The milarite shown in figure 12 is filled 
with unusual very thin, elongate inclusions, which 
locally appear interrupted. Photomicrograph by 
Emmanuel Fritsch; magnified 7x. 


of apophyllite, made that conclusion doubtful. 

A Raman spectrum was obtained using a Bruker 
RFS100 FT laser Raman spectrometer, with a resolution of 
4 cm™!. The most intense peak was at about 480 cm, 
with weaker ones at about 1123, 538, and 130 cm™!, a 
strongly orientation-dependent feature at 288 cm~!, and 
minor peaks at 835, 383, 350, 324, and 161 cm”!. This 
spectrum closely corresponds to the milarite reference in 
the database of the gemology laboratory at the University 
of Nantes. The reference spectrum for apophyllite is com- 
pletely different, with main Raman peaks at about 1060, 
664, 585, 433, and 211 cm. These results were very sur- 
prising, as the few milarites measured previously by Yves 
Lulzac from Nantes always had two distinct R.I.’s, even if 
the birefringence was weak (about 0.003-—0.004). 

Milarite (KCa,AlBe,Si,,O3,°0.5H,O) is a hexagonal min- 
eral belonging to the osumilite group. To confirm the identi- 
fication, quantitative chemical analyses of the stone were 
performed with a JEOL 5800LV scanning electron micro- 
scope (SEM) equipped with a PGT (Princeton Gamma Tech} 
energy-dispersive IMIX-PTS detector. The chemical compo- 


Figure 15. Spinel typically crystallizes as simple octa- 
hedra, as shown by these two examples from Mogok, 
Myanmar (left) and Pelmadulla, Sri Lanka (right). 
Each crystal measures approximately 6 mm across; 
photo by H. A. Hanni. 
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sition was (in wt.%): 4.72 ALO,, 71.73 SiO,, 4.89 K,O, and 
11.18 CaO, for a total of 92.52 wt.% (beryllium and hydro- 
gen cannot be detected with this system). This compares 
favorably with the analysis published by C. Palache (“On 
the presence of beryllium in milarite,” American 
Mineralogist, Vol. 16, No. 10, 1931, pp. 469-470). 

The most striking characteristic of this stone was its 
inclusions (figure 13). The stone was filled with randomly 
oriented, thread-like inclusions that were about 1 pm or less 
wide and typically 1-2 mm long. Their cross-section 
seemed somewhat rectangular. Under certain lighting con- 
ditions, some appeared as interrupted lines, although they 
were continuous. Attempts to identify these inclusions by 
Raman analysis gave no spectra other than milarite. 
Therefore, the inclusions were either too small to be identi- 
fied by this method, or they were empty tubes. This contrib- 
utor could not find any surface-reaching inclusions to study 
with the SEM, so their true nature remains a mystery. EF 


Spinel crystal with an unusual shape. The SSEF Swiss 
Gemmological Institute received a parcel of rough stones 
from Tunduru, Tanzania, that contained a water-worn 
light violet crystal of dodecahedral shape (figure 14). From 
its shape and color, one might expect this crystal to be a 
color-change garnet; however, the stone showed no color 
change. One face had been polished to facilitate a refrac- 
tive index reading, which was 1.718. Between crossed 
polarizing filters, the crystal showed no double refraction. 
Specific gravity (measured hydrostatically) was 3.56. From 
all these observations, we identified the mineral as spinel, 
which was further confirmed by Raman analysis. EDXRF 
spectroscopy showed Mg and Al as main constituents, 
with traces of Fe, Ti, Mn, Zn, and Ga. 

All of these properties were consistent with spinel, 
except for the crystal’s shape. According to mineralogy ref- 
erence books (see, e.g., W. L. Roberts et al., Encyclopedia 
of Minerals, 2nd ed., 1990, Van Nostrand Reinhold, New 
York), crystals of spinel are usually octahedral (figure 15), 
but in rare cases they may form cubes or dodecahedra. If 
routine gemological properties are not taken, spinel crys- 
tals such as this one might easily be mistaken for garnet. 

HAH 


More tourmaline from Warner Springs, California. The 
Winter 2001 GNI section (pp. 338-339) reported on a 
remarkable discovery of large, well-formed pink tourmaline 
crystals from the Cryo-Genie mine in north-central San 
Diego Country. The showpiece specimen from that find, a 
25-cm-long (after repair) crystal of tourmaline on quartz, 
was purchased by the Los Angeles County Museum of 
Natural History. 

A new gem pocket was discovered in August- 
September 2002 by mine owners Dana and Ken 
Gochenour, mine engineer Jim Clanin, and partner Dave 
Kalamas. The deposit has continued to be mined on a 
small-scale basis, via drilling and blasting tunnels into the 
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Figure 16. At 18.1 cm long, this bicolored, doubly ter- 
minated tourmaline is representative of some of the 
fine-quality crystals that were found in August- 
September 2002 at the Cryo-Genie mine near Warner 
Springs, California. Photo © Jeff Scovil. 


pegmatite. The lower drift was extended approximately 4 
m into barren pegmatite to reach an area lying down-dip of 
the large pocket found in October 2001. There, small cavi- 
ties containing pencils of gemmy, bluish green tourma- 
lines led the miners to two clay-rich areas that joined 
together into a large pocket measuring approximately 2.2 x 
1.2 x 1 m. Numerous matrix specimens of translucent to 
transparent smoky quartz on cleavelandite feldspar were 
recovered from the sticky reddish brown clay. Less com- 
mon, but more spectacular, were large (up to about 30 cm 
long), well-formed crystals of pink and bicolored pink- 
green tourmaline (see, e.g., figure 16). Several of the 
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Figure 17. These Nigerian tourmalines (3.43-9.65 ct) 
illustrate the color variety of some of the samples 
that were chemically analyzed and identified as 
elbaite and/or liddicoatite. Rossmanite also was 
found in portions of two of the stones (the 3.69 ct tri- 
colored emerald cut in the lower center and the 7.50 
ct pink/green cushion cut to the upper right). 
Courtesy of Pala International and Barker & Co.; 
photo © Harold & Erica Van Pelt. 


crystals were doubly terminated, with flared pinacoidal ter- 
minations similar to those reported in the Winter 2001 
GNI item. GNI editor Brendan Laurs witnessed the 
removal of one such tourmaline that was broken by natu- 
ral forces into several pieces. The miners were careful to 
excavate all of the pocket contents so that the broken 
pieces of such crystals could be reconstructed. Portions of 
the largest crystal found were broken beyond repair, but 
gem-quality pink material in its interior is expected to 
yield several hundred carats of faceted stones and cabo- 
chons. In addition, 50 bluish green stones ranging up to 
about 1 ct have been cut. The polished goods will be sold 
individually and set in custom jewelry. 
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Faceted rossmanite and other tourmalines from Nigeria. 
Recent chemical analyses have shown the occurrence of lid- 
dicoatite in faceted stones and slices of Nigerian tourmaline 
that were produced in the late 1990s (see Gem News 
International, Summer 2001, pp. 152-153, and Fall 2001, pp. 
240-241; “Liddicoatite tourmaline from Anjanabonoina, 
Madagascar,” D. Dirlam et al., Spring 2002, pp. 28-53; and 
the G&G Data Depository at www.gia.edu/pdfs/table2..xls). 
Over the past several months, we have had the opportunity 
to analyze many additional faceted samples of tourmaline 
from the Ibadan area in western Nigeria. 

A comprehensive color suite containing 100 stones 
with a total weight of 565 carats was loaned to GIA by Bill 
Larson (Pala International, Fallbrook, California) and Bill 
Barker (Barker & Co., Scottsdale, Arizona). This collection 
was assembled from rough that was produced during 
1998-2000. Fifty of the stones that were representative of 
the entire color range were chosen for electron microprobe 
analysis at the University of New Orleans; some of these 
are shown in figure 17. The face-up colors ranged from 
pinkish orange to pink to purplish red, red-orange, pale yel- 
low to yellowish green and dark green, bluish green, gray- 
ish blue, and near colorless. Some of these hues resulted 
from the combination of two different colors (e.g., pink and 
green) in stones that were cut so that the table was not per- 
pendicular to the color boundary. Seven distinctly bicol- 
ored or tricolored stones with pink to red, green, greenish 


Xsite vacancy 


Na 


Figure 18. Electron microprobe analyses of 100 Nigerian 
tourmalines of various colors show that they were predom- 
inantly elbaite and liddicoatite; note also the two analyses 
of rossmanite. The color of each data point roughly approx- 
imates the color of the area analyzed. There is no correla- 
tion between X-site occupancy and color. 
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blue, bluish gray, and near-colorless zones also were ana- 
lyzed. Generally, five analyses were obtained from each 
stone, or from each major color zone in the multicolored 
samples. 

The data summarized in figure 18 represent averages of 
each stone or color zone analyzed, and show that approxi- 
mately half the analyses correspond to elbaite and half to 
liddicoatite compositions. We were pleasantly surprised to 
discover that two analyses fell within the rossmanite field, 
making this the first time we have documented this rare 
tourmaline species in faceted stones. Rossmanite, named 
in honor of California Institute of Technology professor 
(and GWG Editorial Review Board member) George 
Rossman, was recognized as a new lithium-aluminum 
tourmaline species in 1998, and is characterized by an ele- 
mental vacancy in the X site (see Fall 1998 Gem News, p. 
230). A few faceted examples of rossmanite (in colorless to 
pale pink) are also known from the island of Elba, Italy (F. 
Pezzotta, pers. comm., 2003). 

As documented previously by Dirlam et al. (2002), the 
analyses showed no systematic correlation between color 
and X-site occupancy; that is, there was no correlation of 
color with the identification of the material as elbaite, lid- 
dicoatite, or rossmanite. The two samples containing ross- 
manite (again, see figure 17) were analyzed in more detail 
to better define the distribution of this species. Rossmanite 
was detected in some analyses of the green portion of a 3.69 
ct tricolored (green-near colorless-pink) emerald cut, and 
liddicoatite was found in both the green and pink portions 
of this stone. The other sample containing rossmanite (in a 
pink area) was a 7.50 ct pink/green cushion that consisted 
mostly of elbaite. In both cases, the analyses fell fairly close 
to the border of the rossmanite field (again, see figure 18). 

Some additional samples of Nigerian tourmaline from 
the Ibadan area—showing unusual coloration—were 
loaned by Mark Kaufman (Kaufman Enterprises, San Diego, 
California). Included were three particolored rectangular 
step cuts (1.39-1.70 ct) and two particolored crystals from 
the same parcel, as well as a bright orange 7.85 ct elongate 
cushion accompanied by a piece of rough of identical color 
(see, e.g., figure 19). Electron microprobe analysis of the 
orange rough showed that it was elbaite with 4.92 wt.% 
MnO and 0.42 wt.% TiO,; iron was below the detection 
limit of 0.016 wt.% FeO. All three of the particolored 
stones were liddicoatite, with the exception of one area 
with an elbaite analysis that fell very close to the liddicoat- 
ite field. Interestingly, the color zones in this tourmaline 
were oriented perpendicular to the c-axis, rather than being 
parallel to a pyramidal direction as is the case with liddi- 
coatite from Madagascar. The colors of these five Nigerian 
liddicoatites also were less pronounced and showed a nar- 
rower range of hues (in colorless to pink, yellowish green, 
or bluish green) than their Malagasy counterparts. 

BML 
William “Skip” Simmons and Alexander Falster 
University of New Orleans, Louisiana 
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Figure 19. These particolored tourmalines (1.39-1.70 
ct faceted, as well as 5.82 and 10.06 ct crystals) from 
Nigeria show color zoning perpendicular to the c-axis. 
Chemical analysis of the faceted stones proved that 
they were liddicoatite (with the exception of one area 
that gave an elbaite analysis). The bright orange color 
of the 7.85 ct Nigerian sample in the inset is unusual 
for tourmaline. Chemical analysis of a rough sample 
of identical color showed an elbaite composition with 
appreciable amounts of manganese, traces of titani- 
um, and no detectable iron. Courtesy of Mark 
Kaufman; photos by Maha Tannous. 


Uvite tourmaline from Afghanistan. Beautiful gem tourma- 
lines have been commercially available from Afghanistan 
for nearly three decades, typically in pink, green, and blue 
hues. Available chemical analyses indicate that these tour- 
malines are of the elbaite species (see, e.g., R. Leckebusch, 
“Chemical composition and colour of tourmaline from 
Darae Pich (Nuristan, Afghanistan),” Neues Jahrbuch fiir 
Mineralogie, Abhandlungen, Vol. 13, 1978, pp. 53-70). 

In July 2002, Sir-Faraz (“Farooq”) Hashmi of Intimate 
Gems, Jamaica, New York, sent GIA some brownish orange 
samples from Afghanistan that were tentatively identified 
as either tourmaline or bastnasite. Included in this donation 
were two faceted stones (0.59 and 1.46 ct) that were cut for 
our research by John Bailey (Klamath Falls, Oregon), several 
loose crystals, and two specimens of the brownish orange 
crystals in a white, talc-like matrix (figure 20). Mr. Hashmi 
was told by Gaus-ud-din, an Afghan partner, that the mate- 
rial was mined from the “Wata Poore” area in Konar 
Province. Reportedly a few dozen kilograms of the material 
has been mined, although production has slowed in recent 
months due to the unrest in the region. 

The crystals were equant and lacked the striations on 
their prism faces that are typically seen on tourmaline from 
Afghanistan and elsewhere, and the mineralogy of the 
matrix material indicated that it was not derived from a 
granitic pegmatite. Nevertheless, standard gemological 
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liancy, and since the original cut con- 
formed in general to the shape of the 
rough. Many existing emerald cuts, it 
is true, can be somewhat enhanced in 
beauty by recutting, but in general the 
loss of weight seldom warrants the ex- 
pense nor is the value of the stone en- 
hanced enough to warrant ‘it. 

Other poorly-cut diamonds, notably 
those which are shallow or spread, can 
be greatly improved in appearance by 
recutting, but the loss of weight is so 
great that few customers care to have 
them altered. 

However, there is some occasional 
demand, and it is well to be able to 
make the calculation. 

In these spread or shallow stones, the 
depth is considerably less than 60% 
of the girdle diameter. If a stone looks 
much too shallow, measure the girdle 
diameter in two or three places and then 
determine the depth of the stone from 
table to culet. If the depth is consider- 
ably less than 60%, 
= the stone can be recut 
< Te > by reducing the girdle 
diameter and holding 
the depth constant. 

The diameter after 
recutting is deter- 
mined by calculating 
the girdle diameter, 
ae and reducing it until 

the depth measures 
60% of it. In other words, where 
the depth is to be kept unchanged and 
the girdle diameter reduced, the follow- 
ing equation may be used to determine 
the new girdle diameter, where X repre- 
sents the girdle diameter after recutting: 


10 
X=—times the depth measurement. 
6 


3 


g 


To take an example—A stone has a 
girdle diameter before recutting of 6.0 
millimeters and.a depth of 3.0 milli- 
meters. Since the depth is only 50% of 


4. the girdle diameter, 
a x and should equal 60%, 
—. —S the girdle must be cut 
s “ down to make the pro- 

& ? portion correct. 
? Substituting in the 
Fig. 4 equation the figures 
obtained by measur- 

ing: 
X (the girdle diameter after re- 
10 


cutting )==— times 3. 


Since the depth in this case is already 
established, and is 3.0 millimeters, the 
girdle must be cut until 3.0 millimeters 
is 60% of its width. The new girdle 
diameter, therefore, will be 5.0 milli- 
meters. Thus, a stone which originally 
was about .70 carats will, be cut until 
it measures 47 to .48 carats, a consider- 
able (.225 carat) weight loss. The loss 
of weight is obviously much greater 
than in a recutting of an Old Mine cut 
because the entire girdle diameter must 
be reduced, but the resulting propor- 
tions—the depth equalling 60% of the 
girdle diameter—are those which bring 
out the maximum fire and brilliancy of 
which the stone is capable. 

Diamonds similar to those shown in 
the last two figures require greater skill 
on the part of the user of the Leveridge 
gauge, since it is necessary for him to 
determine, in addition to the girdle 
diameter, the rough measurements of 
the proportions above and below the 
girdle. The American-cut brilliant has 
a proportion above the girdle of 16.2% 
of the girdle diameter. The proportion 
below the girdle is 43.1%. The correct 
angle from the girdle plane to the pavi- 
lion facets is roughly 41°, In recutting 
the stone the cutter will use this angle 
(see Figure 3). This means that in a 
stone which is cut too deeply, the re- 
cutting will take the form shown in 
Figure 4. A stone which is too deep 
above the girdle will take the form 


Figure 20. These samples of brownish orange uvite 
tourmaline were reportedly mined from Kunar 
Province, Afghanistan. The equant, well-formed crys- 
tals are found in a soft, white, talc-like matrix. The 
two cut stones weigh 0.59 and 1.46 ct. Courtesy of 
Intimate Gems; photo by Maha Tannous. 


properties obtained on the two faceted stones indicated that 
they were tourmaline (i-e., uniaxial negative optic character, 
R.1I—1.620-1.641, birefringence—0.021, and S.G.—2..99 and 
3.04). Microscopic examination revealed abundant mineral 
inclusions of colorless to white, anhedral, birefringent 
particles; partially healed fractures; and “feathers.” A few 
dark brown (nearly black), transparent inclusions also 
were present. The stones were inert to long-wave UV, and 
showed a chalky greenish orange fluorescence of moder- 
ate intensity to short-wave UV radiation. 

To better characterize these unusual tourmalines, one 
of the crystals was analyzed by electron microprobe at the 
University of New Orleans. The sample proved to be 
uvite, a Ca-Mg tourmaline that is uncommon in facetable 
quality. The six analyses revealed a rather homogeneous 
composition, with an appreciable dravite component (as 
shown by the presence of 1.35 wt.% Na,O). In addition, 
the analyses showed an average of 1.14 wt.% TiO,, 0.06 


Figure 21. The sliced agate 
“nodule” on the left (10-12 
cm in diameter) was recently 
purchased at a mine in Tibet. 
On the right, the assembled 
nature of the specimen is 
revealed. A thin slice (5 mm) 
of agate was backed by pink 
tissue paper, and embedded 
in a layer of clay adjacent to 
the rock matrix. Photos 

by Roger K. Pabian. 
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wt.% FeO, and 0.50 wt.% F. Polarized visible-range spec- 

troscopy of one sample showed that the brownish orange 

color is due to a combination of Fe?*-Ti** intervalence 
charge transfer and Fe** (G. Rossman, pers. comm., 2003). 

BML 

William “Skip” Simmons and Alexander Falster 

University of New Orleans, Louisiana 


SYNTHETICS AND SIMULANTS 


An assembled agate “nodule.” This contributor was 
recently shown an unusual agate that was reportedly pur- 
chased in 2002 at an agate mine near Lhasa, Tibet (figure 
21). After the owner returned to the U.S., he noticed that 
the agate slab had separated from its matrix, revealing its 
assembled nature. 

The thin slab of translucent agate was backed with 
pink tissue paper and attached to a piece of granitic rock 
(probably rhyolite). A clay “bezel” had been built up 
around the slice. The slice was apparently polished after it 
was assembled, since there were traces of what appeared 
to be chrome oxide in the porous areas of the agate and the 
matrix. The green color of this polishing residue resembled 
that shown by celadonite, a clay-like mineral that com- 
monly forms in association with agate nodules. 

This contributor has been involved with research on 
agates for about 40 years (see http://csd.unl.edu/csd/programs/ 
agateres.html), and has never seen such a specimen before. 
Considering the poor quality of the agate slice, it is surpris- 
ing that someone would take so much time to forge the 
specimen. This does point out, however, that buyers should 
exercise caution even when purchasing the most inexpen- 
sive stones. It is conceivable that forgers might assemble 
such stones from slices of finer agates such as those from 
northern Mexico, which can command high prices. 

Roger K. Pabian (rpabian1@unl.edu) 
University of Nebraska, Lincoln 


A glowing manufactured gem. At the 2002 Tucson gem 
show, this contributor encountered a unique new manufac- 
tured material that was represented as “Nightglow Stone.” 


WINTER 2002 


GEMS & GEMOLOGY 


The faceted samples had a greenish yellow body color and 
were translucent with a rather low luster. Some contained 
small black inclusions. Their most distinctive feature was 
a persistent, very strong green phosphorescence that 
occurred even after brief exposure to light (figure 22). 
According to the dealer, the material was produced by a 
company in China. These characteristics are consistent 
with the “Qinglong Luminescent Gem” reported by N. Shi 
and Q. Hao (“A new material for artificial stone... ,” 
China Gems, Vol. 10, No. 3, 2001, p. 24). The dealer ‘inch 
cated that the chemical composition was SrAl,O, plus 
boron, dysprosium (Dy), and europium (Eu) antes 

This contributor purchased two faceted samples and 
borrowed two additional ones for examination. The 1.40- 
2.15 ct samples contained various amounts of black impu- 
rities. For safety reasons, they were checked for radioactivi- 
ty with a Geiger counter; none was radioactive. Then, 
phosphorescence was checked by exposing one of the sam- 
ples to a strong fiber-optic light for 10 minutes and placing 
it in a dark safe. Amazingly, it still showed a weak green 
glow after 14 hours in darkness. 

Standard gemological examination and hardness test- 
ing using hardness points (on three samples) gave the fol- 
lowing properties: R.I. (average)—1.655, optic character— 
isotropic, S.G.—3.46-3.55, and hardness—5.5-6. When 
exposed to both long- and short-wave UV radiation, the 
material exhibited a strong yellowish green fluorescence, 
and a strong and persistent green phosphorescence. 

Microscopic observation revealed that the material 
was granular and inhomogeneous. High magnification (up 
to approximately 800x) was used to resolve the individual 
grains in reflected light (figure 23). The microstructure 
suggested that the material was not grown by convention- 
al methods, but was produced by sintering; this process 
was also mentioned by Shi and Hao (2001). In sintering, a 
granular or powdered substance is solidified through the 
application of heat and pressure. 

Visible-near infrared spectra were recorded for three of 
the four samples in a range of 400-1000 nm. Several 
absorption peaks between 750 and 915 nm were present. 
The position and appearance of these absorptions indicated 
that they were caused by rare-earth elements. The phos- 
phorescence spectrum of one sample showed a broad emis- 
sion band with its maximum intensity at 524 nm. 

Photoluminescence spectroscopy of two samples was 
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Figure 22. Marketed as 
“Nightglow Stone,” this 
new greenish yellow 
manufactured gem (left, 
1.40 ct) displays partic- 
ularly strong, long-last- 
ing phosphorescence 
(right). Photos by T. 
Hainschwang. 


performed using a Raman spectrometer equipped with a 
532 nm laser. Several peaks between 650 and 735 nm were 
present, with a dominant peak at 693.5 nm. These peaks 
are similar to those shown by corundum, which are due to 
traces of Cr. Thus, rather low concentrations of Cr appear 
to be present in this manufactured material. 

FTIR spectra of three samples were recorded in the 
range of 7800-350 cm™!. Weak OH-related peaks were 
detected at about 6200 cm™ and between 3500 and 2100 
cm!, similar to the features seen in some glasses due to 
hydration. However, reflectance FTIR spectra of two sam- 
ples revealed several sharp peaks between 1000 and 350 
cm! (figure 24), which are indicative of an aggregate-like 
crystalline structure rather than a glass. 

Semi-quantitative chemical analysis of one sample was 
then performed using a Zeiss SEM-EDX system. The imag- 
ing capabilities of the scanning electron microscope revealed 
the individual grains and the presence of several different 
phases (figure 2.5). In addition, in backscattered electron (BSE) 
images such as this, the quantity of electrons backscattered 
from a given surface is proportional to the mean atomic 
number of the material. Thus, the light-colored areas in fig- 
ure 25 contain the heaviest elements, while those of darker 
color have the lightest atomic weight. Six point analyses (2 


Figure 23. At high magnification (here, 200x), the 
individual grains constituting the luminescent mate- 
rial become visible. Photo by T. Hainschwang; 
reflected light. 
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Figure 24. The reflectance FTIR spectra show obvious 
differences between glass and the phosphorescent 
material. The sharp peaks are indicative of an aggre- 
gate-like crystalline structure, rather than a glass. 


uum diameter) were performed to investigate all of the appar- 
ent phases present. All of the elements in the composition 
stated by the dealer were verified except boron, which can- 
not be analyzed by this instrument. Analysis of the light 


Figure 25. This BSE-SEM image (1,000x) of the phos- 
phorescent material reveals the presence of several 
phases, as light and dark areas corresponding to over- 
all atomic weight. Light tones correspond to heavy 
elements, and dark tones indicate light elements. 
Specific areas that were chemically analyzed are 
labeled (see text). 
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areas (e.g., EDX 1 in figure 25) revealed Pb, Cr, and Sb. The 
black impurities (as seen in standard viewing conditions) had 
unusually high contents of Eu and Dy, and appear to be 
unmelted or exsolved additives of the rare-earth dopant. 
Some grains (mottled light and dark gray in the BSE-SEM 
images) had a high content of Zn; the origin and role of this 
impurity is unclear. 

The majority of grains analyzed (e.g., EDX 2, 3, and 4 in 
figure 25) showed only Sr and Al in various proportions, rep- 
resenting around 90% of the ingredients detected. The color 
of these grains in the SEM images directly relate to the ratio 
of Sr to Al: the lighter the tone, the higher the Sr content. 

The Nightglow Stone appears to be produced by a sin- 
tering process with a ceramic phosphor (doped with rare 
earths) as the main ingredient. This contributor has 
learned that a crystalline powder of SrAl,O, (strontium 
aluminate) doped with Eu?* and Dy** has been produced 
(mainly in China and Japan) by the floating-zone tech- 
nique. This so-called ceramic phosphor is greenish yellow, 
nontransparent, and exhibits a very long lasting green 
phosphorescence, so it appears likely that it forms the 
main ingredient in these manufactured gems. The addi- 
tion of boron (a fluxing agent) may help transform the non- 
transparent powder into a translucent glassy substance 
during the heating process. The role of Cr, Pb, and Sb is 
unclear, but they may represent impurities in the ceramic 
or part of a flux involved in the production process. 

Thomas Hainschwang (gemlab@adon.li) 
Gemlab Gemological Laboratory 
Vaduz, Principality of Liechtenstein 


“Rainbow Calsilica.” At the June 2002 mineral show in 
Saint Marie aux Mines in France, we saw a beautifully col- 
ored necklace consisting of polished pieces of a fine- 
grained, banded opaque material called “Rainbow 
Calsilica.” We purchased two samples of similar material 
for examination, 46.11 and 36.14 ct (figure 26). The dealer 
claimed that the material came from the U.S. and had been 
around for several years. He supplied a photo of the “mine” 
showing a thin, near-vertical vein of colored material, as 
well as a letter of authenticity from a private laboratory 
based in Arizona. This letter stated that the Rainbow 
Calsilica was composed of microcrystalline calcite, with 
the amorphous clay mineral allophane as the binding mate- 
rial; the pigmentation was associated with the allophane. 
The U.S. distributor of this material told these contributors 
that it was believed to have come from Chihuahua, 
Mexico. The color was reportedly the result of a “copper 
push” that cross-cuts rhyolite. 

Macroscopically, the material showed irregular bands 
of blue, green, light yellowish green, yellow, orangy yel- 
low, white, black, and reddish brown, and somewhat 
resembled the brightly colored sands found in bottles in 
curio shops. The width of the bands ranged from 0.1 to 2.7 
mm, with variations not only between the bands, but also 
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Figure 26. These two pieces of “Rainbow Calsilica” 
weigh 46.11 and 36.14 ct. The larger sample is 35.6 
mm long. Photo by Lore Kiefert. 


within a given band. In places, rounded “droplets” with 
the same granular texture as the surrounding bands, but of 
a different color, were present. 

The S.G. values of the samples (measured hydrostati- 
cally) were 1.88 and 1.92. The fluorescence depended on 
the intensity of the color. When exposed to long-wave UV 
radiation, white bands fluoresced white, light green and 
light blue bands fluoresced a weaker white, and brown and 
black bands were inert. A similar, but weaker, result was 
observed with short-wave UV. 

With the gemological microscope, we were able to dis- 
tinguish broken, irregularly shaped, and sometimes rhom- 
bic white grains in all of the colored bands. Also present 
were grains of various colors (figure 2.7), the quantities and 
proportions of which corresponded to the overall color and 
intensity of each layer. Blue bands contained dark blue 
grains and, in some cases, thin layers of concentrated color 
(figure 28), along with white grains and a colorless bonding 
material. The green bands contained yellow as well as blue 
pigments. Occasionally, we observed a transparent band of 
a soft plastic-like material, sometimes with bubbles, 
between the colored bands and in irregular patches (again, 
see figure 28). Bands and other areas that appeared black to 
the unaided eye were dark grayish green with 50x magnifi- 
cation, and showed a multitude of different-colored grains, 
transparent plastic-like areas, and pigments. 

EDXRE analyses with a Tracor Spectrace 5000 energy- 
dispersive X-ray fluorescence spectrometer showed that Ca 
was the major constituent (approximately 80%-—90%) in 
two randomly chosen bands, as well as in representative 
layers of various colors (i.e., blue, green, reddish brown, and 
black). Minor constituents were Si, Ba, and Fe (similar val- 
ues in all samples). In addition, there was approximately 
1%-2% Sr in the blue, brown, and green bands. A black 
band contained over 13% Sr. Traces of Mg, Al, P, S, Cl, Mn, 
Cu, Zn, and As were detected in various amounts, with no 
obvious correlation to color. 

Analysis with a Renishaw Raman System 1000 
microspectrometer showed that the white grains were cal- 
cite. This mineral was also a major constituent of the fine- 
grained groundmass. Analysis of two red layers showed the 
presence of hematite, which was consistent with the color 
of these bands. Celestine (SrSO,) was identified in the black 
areas, and is likely the cause of the high Sr content mea- 


GEM NEWS INTERNATIONAL 


Figure 27. White grains of various sizes are present in 
all of the color layers of the Rainbow Calsilica, 
together with smaller grains of blue, green, yellow, 
and other colors. Photomicrograph by Lore Kiefert; 
magnified 50x. 


sured with EDXRF. Raman analysis of concentrated blue 
areas within blue layers gave the strongest peaks above 
1300 cm! (figure 29, left), which suggests that this material 
is organic. When this Raman spectrum was compared to 
those of 20th century blue artists’ pigments, the material 
was identified as a copper phthalocyanine pigment called 
PB15 (again, see figure 29], a synthetic pigment that was 
developed in the 1930s. Similarly, the light greenish yellow 


Figure 28. A thin layer of concentrated blue color is 
visible in this view of the Rainbow Calsilica, as are 
areas of yellow pigment and a clear plastic-like mate- 
rial; the arrow points to a bubble. Photomicrograph 
by Lore Kiefert; magnified 100x. 
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Figure 29. The Raman spectrum of the blue pigment in Rainbow Calsilica is identical to that of the blue cop- 
per phthalocyanine pigment PB15 (left), and the spectrum of the yellow pigment matches that of the yellow 


mono-azo pigment PY1 (Hansa Yellow; right). 


areas contained the yellow mono-azo pigment PY1 (or 
Hansa Yellow; see figure 29, right). The other colored bands 
contained one or both of these pigments to produce the cor- 
responding color. For more on the Raman spectral charac- 
teristics of artists’ pigments, see P. Vandenabeele et al., 
“Raman spectroscopy of azo-pigments used in art,” Journal 
of Raman Spectroscopy, Vol. 31, 2000, pp. 509-517. 

Infrared spectra of the colorless areas and layers were 
taken with a Phillips PU9800 FTIR spectrometer. The 
spectra revealed features similar to paraffin wax, together 
with some additional, unidentified absorption bands. 
Raman analysis also showed peaks that are consistent with 
paraffin, with the major bands at 2928 and 2868 cm". 
Additional peaks were observed at 1444, 1462, and 1732 
cm! (paraffin), as well as at 1279, 1306, and 1352, cmr! (due 
to unknown phases). Despite the spectral similarities to 
paraffin, the material was more elastic and it appears that 
the substance is an aliphatic polymer or a paraffin deriva- 
tive mixed with other compounds unknown to us. 

Our examination of the two Rainbow Calsilica samples 
proves that this is a manufactured material. Specifically, the 
presence of synthetic pigments and of a paraffin-like sub- 
stance precludes a natural origin. The latter substance has 
apparently been used to stabilize the material; samples that 
lack this polymer reportedly separate easily along some of the 
color layers (S. F. McClure, pers. comm., 2002). Our samples 
appear to have been made of pulverized carbonate rock that 
was mixed with pigments and stabilized with a polymer. 

Lore Kiefert (gemlab@ssef.ch) 
SSEF Swiss Gemmological Institute, Basel 
Peter Vandenabeele, Ghent University 
Ghent, Belgium 
Jorg Hanni, Basel 
Note: PV is grateful to the Flanders (FWO-Vlaanderen) 
fund for supporting his postdoctoral fellowship on Raman 
spectroscopy. 
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TREATMENTS 


Heat treatment experiments on faceted amber. Since the 
1990s, several reports have described the effect of heat on 
the properties of amber (see, e.g., Summer 1993 Lab Notes, 
pp. 122-123; P. Hutchins and G. Browne, “New amber 
treatment,” Australian Gemmologist, Vol. 19, No. 7, 
1996, p. 302; and the Lab Notes entry on pp. 341-342 of 
this issue). These studies have documented a darkening of 
color with corresponding increases in R.I. values due to 
heat treatment, as well as orange fluorescence to long- 
wave UV radiation and tiny gas bubbles just below the sur- 
face. Additional studies were recently performed by this 
contributor on samples of faceted amber, so that detailed 
R.I. measurements could be obtained. 

The six samples of faceted Baltic amber ranged from 3.2 
to 13.8 ct. All were the same pale yellow color before the 
heating experiments, and infrared spectroscopy confirmed 
that they were amber. One of the stones was retained for 
reference, and the other five were heated for up to 48 hours 
at temperatures up to 200°C in a nitrogen atmosphere. 

With increasing duration and temperature of heating, 
the color of the samples changed from pale yellow to 
orange to dark brown (see figure 30 and table 1). 

A systematic increase in R.I. was measured in the dark- 
er colors, and some of the readings showed anomalous opti- 
cal behavior. The untreated sample showed an RL. value of 
1.54, which is typical for amber. The highest R.I. value, at 
1.62, was recorded for the darkest sample. Sample 2 
showed double lines, and sample 4 showed more than 10 
lines in the refractometer between 1.54 and 1.59 (figure 31). 
Samples 3 and 4 yielded multiple R.I.’s, but only when the 
stones were rotated; the R.I. variations appeared to corre- 
late to unevenness of color. If only the polarizer was rotat- 
ed, the R.I. of those samples remained constant, as expect- 
ed for a singly refractive material 

To investigate the extent of the color penetration, sam- 
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ples 4 and 6 were cut in half. In both cases, a thin layer (i-e., 
less than 1 mm) of brown color was present near the sur- 
face; this layer was much darker in sample 6. Below this 
layer, each stone showed the original pale yellow color. The 
core of each sample yielded the expected RI. value of 1.54. 

In this contributor’s experience, many of the so-called 
sun-spangled ambers, as well as ambers with an orange 
hue that have become increasingly popular in the market, 
have R.I. values ranging up to 1.555. This is consistent 
with the use of a heating process. 

It is reasonable to infer that the organic structure of 
amber is modified by heat treatment. However, the exact 
mechanism by which the color, R.I., and other properties 
are changed still requires further research. 

Morley Sheng-Hong Chang 
(perfectgem2000@pchome.com.tw) 
Perfect Jewelry Co., Taichung, Taiwan 


An update on Be-diffused corundum. Over the past year, 
GIA has published several items on the gemological proper- 
ties and chemical composition of the yellow to orange to 
orangy pink and orangy red corundum (figure 32) that is 
being produced in Thailand by treating sapphires from dif- 
ferent localities (see Spring 2002 Gem News International, 
pp. 86-90; Fall 2002 Lab Notes, pp. 254-255 and pp. 255- 
256; and the GIA Insider [www.gia.edu/wd_349.htm] on 
January 28, February 15, May 3, and November 1, 2002). 
The elevated beryllium concentration and its close rela- 
tionship to the depth of color penetration in these sapphires 
demonstrated that diffusion of Be into the crystal lattice of 


TABLE 1. Properties of unheated and heat-treated amber.? 


Sample Color Long-wave UV Ril. Comments 
no. fluorescence 
1 Pale yellow Dull greenish 1.54 Unheated reference sample 
yellow 
2 Pale orangy Yellowish orange 1.54-1.55 — Double lines in the 
yellow refractometer 
3 Yellow-orange Orange 1.54-1.56 Range in R.I. values ob- 
tained only when sample 
was rotated 
4 Orange Bright orange 1.54-1.59 More than 10 lines seen in 
the refractometer within this 
range; range in R.I. values 
obtained only when sample 
was rotated 
5 Brownish Brownish orange 1.60 Abundant tiny gas bubbles 
orange present just below the 
surface 
6 Dark brown Dark orange 1.62 Abundant tiny gas bubbles 
present just below the 


surface 


@ Note that specific gravity ranged from 1.07 to 1.09, with no systematic 
variation according to color. Samples were heated in a nitrogen atmosphere. 
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Figure 30. With increasing temperature and heating 
time, the color of these amber samples (left to right, 
samples 1 to 6 in table 1) changed from yellow to 
orange to dark brown. The reference sample on the 
far left has not been heat treated. Samples 4 and 6 
were cut in half for testing purposes. The samples 
range from 3.2 to 13.8 ct. Photo by Morley Chang. 


the sapphire could be the main cause of the color change. 
As part of our ongoing research into this treatment, GIA 
has had additional chemical analyses performed. These 
new data have not only supplemented the information we 
had on this treatment, but they also have led us to reevalu- 
ate some of the earlier analyses. 

Due to insufficient calibration standards, a large uncer- 
tainty was associated with the previously published con- 
centrations of Fe and Be obtained through SIMS analysis 
(see www.gia.edu/pdfs/table2.pdf and Spring 2002 Gem 
News International, pp. 86-90). As we indicated at that 
time, the uncertainty of the Be concentration, for example, 
could be as high as +200%. This was because the SIMS 
facility that provided the analyses did not have established 
corundum standards for these elements. In our efforts to 
improve the accuracy of analysis, we worked with the facil- 
ity to create new corundum standards for Fe and Be by 
means of ion implantation. Using the new standards, we 


Figure 31. More than 10 lines were visible in the refrac- 
tometer between 1.54 and 1.59 for heat-treated amber 
sample 4, Photo by Morley Chang. 
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Figure 32. These sapphires were treated by Be diffu- 
sion. Shown are a yellow (sample 45035, 1.22 ct) and 
an orangy red sapphire (sample 45033, 1.54 ct pear 
shape) that were treated in Thailand, as well as an 
orange sapphire (sample 48717, 0.86 ct) and ruby 
(sample 48878, 2.78 ct) that were treated by an 
unknown source. See table 2 for the chemical analy- 
ses of these samples. Photo by Elizabeth Schrader. 


recalculated the concentration of Fe and Be in the previous 
analyses. We also reanalyzed several of the samples we had 
tested earlier (see table 2). Note that, in a few samples, Ti 
concentrations are not available because of technical prob- 
lems with the original analyses. Also, Si concentrations 
were measured in some of our most recent analyses only. 
The recalculated SIMS data indicate that although the 
concentrations of Fe and Be have changed, the relative rela- 
tionships between the values remain the same; that is, in 
those sapphires that show clear color zonation from rim to 
center, the abundance of Be in the rim is still approximately 
10 times greater than in the center. An analysis of the origi- 
nal (not repolished) surface of treated orange sapphire no. 
48413 revealed that the Be concentration was as high as 99 
parts per million (ppm). In some samples, Be had diffused 
through the entire crystal, so no color zoning was observed. 
We also conducted additional before-and-after experiments 
(samples 45493-45494) for which, as done previously for 
samples 45002 and 45031, we had an untreated natural pink 
sapphire from Madagascar sawn in half, and then had one 
half treated in Thailand using the same method as for the 
other treated sapphires. In both sets of samples, the treated 
halves showed a greater Be concentration than the untreat- 
ed halves. Compared to the other elements analyzed, the Be 
concentrations showed the largest and most consistent 
changes caused by the treatment. The much smaller varia- 
tions in the other elements could be due to chemical hetero- 
geneity within the samples on a micrometer scale, the high- 
temperature diffusion process itself, and/or surface contami- 
nation introduced in the sample preparation for analysis. 
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Recent experiments have demonstrated that diffusion 
of about 10 ppm Be could create strong coloration in very 
pure originally colorless synthetic corundum (J. L. Emmett, 
pers. comm., 2002). We have also seen that the lattice diffu- 
sion of Be may not necessarily lead to color change in all 
natural sapphires. For example, a significant concentration 
of Be (11 ppm) was detected at the rim of one pink sapphire 
(sample 45082) that showed no apparent change in color 
after the treatment. In addition, as reported earlier, high 
concentrations of Be (recalculated to 73-113 ppm) were 
detected in a crucible we obtained in Thailand that had 
been used for the treatment. 

The Be concentrations in natural, untreated corundum 
samples that we have analyzed were typically below 1.0 
ppm. In most cases, diffusion of trace amounts of Be into 
the lattice of a corundum sample at high temperature sig- 
nificantly changed its color appearance. To date, we have 
seen end products that are yellow, orange, orangy red, or 
even red, depending on the properties of the original 
corundum and the conditions of the treatment. 

On the basis of all these data and observations, we 
believe that our previously published findings and conclu- 
sions about the importance of Be diffusion in this new sap- 
phire treatment process continue to be valid. 

Wuyi Wang (wuyi.wang@gia.edu) and Barak Green 

GIA Gem Trade Laboratory, New York and Carlsbad 


Orange topaz with synthetic hematite coating. Recently, 
the SSEF Swiss Gemmological Institute received for testing 
two bright orange stones that were represented as topaz. A 
6.97 ct stone was donated by Peter Groenenboom of the 
Amsterdams Edelsteen Laboratorium in Arnhem 
(Netherlands), and a 2.95 ct topaz (figure 33) was submitted 
by another client; both parties reported that such stones 
have been offered recently in Nigeria. The following gemo- 
logical properties, obtained on both stones, confirmed that 
they were topaz: biaxial, R.I—1.610-1.619, birefringence— 
0.009, S.G.—3.53, and inert to long- and short-wave UV 
radiation. However, their bright orange color, which is com- 
parable to spessartine garnet, is unusual for topaz. 

Microscopic examination of both stones revealed a 
bluish green iridescence on the pavilion facets. Careful 
inspection using brightfield illumination also showed 
small, colorless chips along the pavilion facet edges (figure 
34) and some colorless scratches on the pavilion facets. 
These features indicated the presence of a coating. Pink, 
orange, and red coatings on topaz have been attributed to a 
sputter-coating process (see Summer 1998 Gem News, pp. 
143-144), the color layers deposited by that process could 
easily be scratched and removed. 

However, the coating on these stones could not be 
scratched with a needle. This is the first time that orange- 
coated topaz with a hard and rather stable coating has been 
reported. In addition, the spotty appearance typical of 
sputter coatings was not observed on these two stones. 

EDXREF chemical analyses of the pavilion surfaces of 
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TABLE 2. Trace-element composition of corundum and a crucible determined by SIMS (in pom weight).? 


Sample — Color Color Analytical Na Mg K Ca Ti Cr Fe Ga Si Be Description 
zonation —_ position 


39402 Orange Yes Rim 0.04 132 0.05 1.55 na 975 1831 89.8 na 6.41 F apoB 
Midpoint 006 128 0.04 126 na 797 1409 597 na 061 Pen He Gait am 
Pink Center 0.04 920 0.02 0.81 na 664 1276 49.9 na 0.62 
39403 Orange Yes Rim 0.37 126 056 1.80 123 333 1697 111 na 10.6 Treated in Thailand; ground and 
Pink Center 0.02 129 OC CS 2G eel) 1714 114 na 0.59 polished through the center 
49185 Orange Yes Rim 0.47 151 O6emc US a Common 863 67.9 78.6 6.99 Treated in Thailand; ground and 
Pink Center 0.09 150 0.05 2.73 170 142 803. 61.6 52.4 0.68 polished through the center 
39404 Orange Yes Rim 3.46 146 4.24 7.98 na 697 2062 137 na 10.5 F Sana 
Midpoint A © 278 Slides tio) “tar cae ibs) eso na goed, RUN TEN goa 
Pink Center 0.59 723 0.74 118 na 333 1179 «57.2 ~na 062 ? 9 
45033  Orangyred No Rim 0.24 933 027 1140 ma 1798 2958 665 na 8.44 Treated in Thailand; ground and 
Orangy red Center 031 909 035 095 na 1809 2882 646 na 7.21 polished through the center 
45032 Orange No Rim 0.58 106 1.18 218 na 1705 2107 123 na 6.78 Treated in Thailand; ground and 
Orange Center 180 966 4.75 150 na 1363 1660 829 na 10.8 polished through the center 
48430 Orange Yes Surface 0.06 567 O11 0.71 628 379 2312 121 na 7.92 Unknown source 
48413 Orange Yes Surface 6.37 180 shit) oho Sle} Si 429 97.7 ma 99.0 Unknown source, treated stone; 
not repolished 
48717 Orange Yes Surface 0.65 508 0.85 0.73 56.4 244 1320 112 60.0 12.2 Unknown source 
48882 Orange Yes Surface 0.05 115 0.08 095 187 138 362 27.3 11.9 6.45 Unknown source 
45493 Orange Yes Surface 2.48 159 1.28 266 211 1987 Sil i 7.93 Half treated in Thailand; repolished 
45494 Pink No Surface 0.70 198 0.23 2.70 282 2361 430 174 na 0.64 Untreated half 
45002 Orange Yes Surface 0.60 151 0.91 186 ma 1121.6 509 125 na 5.29 Half treated in Thailand; repolished 
45031 Pink No Surface 0.04 125 0.04 122 na 744 420 774 na 0.53 Untreated half 
45082 Pink No Rim 0.45 256 0.25 3.49 359 2702 955 176 na 11.0 ; cane 
Pink Center (es 27 sm sess fo) cir iby ie Une ree 
Pink Center 0.43 228 0.41 3.31 328 2661 909 166 na 0.61 
45035 Yellow No Rim 0.07 301 0.09 0.44 102 10.5 9493 188 na 9.05 Treated in Thailand; ground and 
Yellow Center 0.03 293 0.07 042 540 233 9199 187 na 7.19 polished through the center 
45490 ‘Yellow No Rim 0.04 6.18 0.02 0.22 46.9 9.94 4069 115 na 10.8 — Treated in Thailand; ground and 
Yellow Center 0.03 141 0.02 024 371 100 4122 160 na 1.38 polished through the center 
45491 Yellow Yes Rim 0.19 662 0.06 1.16 20.1 3.71 683 93.9 na 9.52 Treated in Thailand; ground and 
Pale yellow Center 014 576 0.03 080 141 055 531 66.0 na 0.82 polished through the center 
48415 Red Yes Surface 049 755 046 1.05 110 10387 6613 182 na 11.0 Unknown source 
48878 Red Yes Surface 0.13 1009 0.15 11.0 1231 8380 4766 109 220 8.71 Unknown source 
45100 Crucible White inner 66.9 943 Soi) 0) na 289 1154 83.8 na 113 
ss Crucible that had been used fi 
Crucible Blue inner 215 00726 imme 203010 mirage 04 amen | ami 1G eI en eeu eu Deen Scie 
area this type of treatment in Thailand 
Crucible Convex outer 117 2217 9.71 702 na 138 858 75.9 na 105 
surface 


@ Yellow rows correspond to previous analyses that were recalculated against new Be and Fe standards. Analyses highlighted in blue were obtained 
more recently, with all elements calibrated against new standards. Rows in darker yellow and darker blue refer to samples that were analyzed both 
before and after treatment. Abbreviation: na=not analyzed. 


both samples revealed high concentrations of iron. Raman topaz. It appears, then, that the orange color of these sam- 
spectra of the coated surfaces revealed distinct hematite ples is derived from a thin coating of microcrystalline 
peaks, in addition to peaks corresponding to the underlying hematite applied to the pavilion surfaces. To our knowl- 
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Figure 33. The orange color of this 2.95 ct topaz is 
caused by a thin coating of synthetic hematite 
applied to the pavilion. Photo by Michael S. 
Krzemnicki; © SSEF Swiss Gemmological Institute. 


edge, this is the first time that synthetic hematite has been 
used as a coating on a gemstone. 

This investigation reinforces the importance of careful- 
ly inspecting faceted gems from all angles. Analysis of 
only the crown of these stones with standard or advanced 
techniques would not have revealed their true nature. 

Although the surface coating of topaz has been known 
for quite some time, such stones are often sold as “diffu- 
sion” treated. The two coated samples reported here 
showed no evidence of diffusion into the stone. 

Michael S. Krzemnicki (gemlab@ssef.ch) 
SSEF Swiss Gemmological Institute 


CONFERENCE REPORTS 

Diamond presentations at the annual Australian Diamond 
Conference. Attendance at the annual Australian Diamond 
Conference, held in Perth on December 2-3, 2002, was just 
over 200, down from last year’s 240 (see Winter 2001 Gem 
News, pp. 333-334). There were 2.6 presentations and a con- 
cluding panel discussion. The few non-Australian presen- 
ters included Susan Shabangu of the Ministry of Minerals 
and Energy, Johannesburg, South Africa, and Nirupa Bhatt 
of Rio Tinto Diamonds, Mumbai, India. Ms. Shabangu 
emphasized that the new South African mining law will 
give the indigenous people more control over mining their 
resources without nationalizing the industry. Ms. Bhatt dis- 
cussed the enormous growth of the Indian diamond cutting 
and polishing industry, which now employs over one mil- 
lion people. Its success is due to the abundance of low-value 
rough produced by Australia’s Argyle mine, the low cost of 
competent labor in India, and the marketing efforts of the 
Indo-Argyle Diamond Council. 

Following the opening address by Ewen Tyler of Striker 
Resources, Perth, John Hughes of De Beers Consolidated 
Mines, Johannesburg, said that De Beers was committed to 
continuing diamond prospecting in Australia where, in 
2002, it spent 8% of its global US$40 million exploration 
budget. Carl Pearson of Econunit, London, discussed the 
importance of branding to promote diamonds and stated 
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Figure 34. Minute colorless chips are visible along the 
edges of the pavilion facets on this coated topaz. 
Photomicrograph by Michael S. Krzemnicki, magni- 
fied 35x; © SSEF Swiss Gemmological Institute. 


that the diamond industry must increase its advertising 
budget, which is approximately one tenth of the ad budgets 
for other luxury goods such as watches. Mike Mitchell of 
Rio Tinto Diamonds, Perth, emphasized complete account- 
ability “from cradle to grave” in all aspects of prospecting 
and mine development, awareness of socio-economic and 
environmental impacts on the region and its indigenous 
people, and involvement in downstream marketing. 

Many speakers reported on the results and progress of 
their respective companies, the most important being Miles 
Kennedy, David Jones, Nick Yiannopoulis, and Peter 
Danchin of Kimberley Diamond Co., Perth, who were happy 
to announce that the Ellendale diamond mine has a higher 
grade (as reflected by current mining activities of 15 ct/100 
tonnes) and value per carat (as indicated by the latest sales in 
Antwerp of US$155/ct) than predicted by the feasibility 
study (see, e.g., Fall 2002 Gem News, pp. 258-259). Max 
Cozijn and Linda Tompkins of Elkedra Diamonds, Perth, 
reported on the discovery of numerous chromites of possible 
kimberlitic origin in Australia’s Northern Territory. 
According to a subsequent company news release, the loam 
samples from which many of these chromites were recov- 
ered occurred in a 2.5-km-diameter ring-shaped structure. 
Karl Simich of Namakwa Diamonds, Perth, presented 
results of their bulk sampling of uplifted beaches on the 
coast of Namaqualand, South Africa; the production was 
better than the expected economic grade of 10 carats per 100 
tonnes. Phil Crab of Thundelarra Exploration, Perth, 
announced the discovery of four new small kimberlite pipes, 
south of the large 20 ha (noneconomic) Aries pipe in the 
Kimberley Plateau of Western Australia. Tom Reddicliffe of 
Striker Resources, Perth, reported an unexpectedly high 
grade of 225 carats per 100 tonnes from a 183 tonne bulk 
sample taken from the Seppelt 2 pipe, located in the north- 
ern part of the Kimberley Plateau of Western Australia. 
Plans to drill for a deeply buried (up to 280 m) large kimber- 
lite pipe beneath the Springfield Basin in South Australia 
were discussed by Kevin Wills of Flinders Diamonds, Perth. 

Several speakers gave presentations on new exploration 
methods. Richard Russell, consulting geomorphologist to 
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Mt. Burgess Mining, Perth, showed that ground gravity 
methods had a greater success in outlining kimberlite pipes 
buried under Kalahari sands in northeast Namibia than 
ground magnetic surveys or other geophysical methods. 
Stefan Schwank of Bauer Maschinen, based in Schroben- 
hausen, Germany, illustrated how large-diameter (up to 3 
m; see, e.g., figure 35) drill rigs are now being used to: (1) 
evaluate dump material at kimberlite mines, such as 
Koffiefontein and Jagersfontein in South Africa; (2) sample 
kimberlite at the Ellendale mine in Western Australia; and 
(3) recover ocean floor sediments off the coast of Namibia. 
He also described their potential for the actual mining of 
kimberlite from barges in deep open pits that have become 
flooded with water. Phil Harman of Gravity Capital, 
Melbourne, discussed the advantages of BHP’s new Falcon™ 
airborne gravity method in finding kimberlite pipes. Gravity 
Capital will apply this method at their joint-venture proper- 
ties, interpret the data, select prospective ground, and drill 
the targets to evaluate the prospects for a 50-50 equity. 
Nick Lockett, diamond exploration consultant in Perth, dis- 
cussed the interpretation of satellite images and aerial pho- 
tographs for locating primary diamond deposits in lateritic 
and glaciated terrain. Kevin Dardis of Fluor Australia, Perth, 
spoke about bringing online the new Combined Treatment 
Plant of De Beers mines in Kimberley, South Africa, which 
was designed especially to treat clay-rich material from old 
waste dumps and from the Dutoitspan mine. 

Other presentations included one by Tracey Rogers of 
Australia’s Northern Territory geological survey, based in 
Darwin, about developing geoscientific datasets for diamond 
explorers that can be downloaded free of charge; and by Garry 
Holloway of Diamond-Cut Inc., Melbourne, who emphasized 
that the “fourth C,” cut, is the “Cinderella of the valuing pro- 
cess” and an increasingly important factor in the retail trade. 
He described a simple, small instrument that jewelry stores 
can use to help illustrate cut quality for their customers. 

The mood of the conference attendees was subdued, 
but guardedly optimistic that the economic downturn was 
over and conditions were slowly improving. This is 
demonstrated by the current high number of exploration 
samples submitted to Australian laboratories for indicator 
mineral processing. 

A. J. A. “Bram” Janse (archon@space.net.au) 
Archon Exploration Pty. Ltd. 
Carine, Western Australia 


Antwerp Diamond Conference. On October 7-8, 2002, 
some 400 participants from major diamond producing, pro- 
cessing, and consuming nations assembled in Antwerp for a 
conference on international diamond policies and strategies. 
Speakers included key government and mining company 
executives from South Africa, Namibia, Botswana, 
Australia, Canada, and Russia; industry bankers; and dia- 
mond manufacturers. In addition, the president of Bot- 
swana, Festus Mogae, and former U.S. vice-president Al 
Gore addressed the gathering. 
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Figure 35. Shown at an on-shore marine diamond 
deposit in Namibia, this 100-ton rotary drilling rig 
employs a 2.5-m-diameter bucket, which has a capac- 
ity of 5 m? or 10 tons and can reach depths to 115 m. 
Courtesy of Bauer Maschinen. 


The program, moderated by Chaim Even-Zohar (Tacy 
Ltd., Tel Aviv, Israel) focused on four main challenges of 
marketing new diamond production: 


1. Expansion of production from new sources: This will 
inevitably lead to greater competition among producers 
and possible excess of supply over demand. 

2. Advancing technology: In diamond exploration, more 
effective exploration methods will accelerate new 
discoveries. In diamond processing, new treatments 
will be developed to improve a diamond's appearance. 

3. Greater scrutiny by the public, government, news 
media, and bankers: This includes an awareness of con- 
flict diamonds, international finance, and a greater need 
to know the backgrounds of business partners. 

4. Increased marketing and branding: This will be neces- 
sary to expand sales of diamond jewelry and to main- 
tain quality assurance. 


On the first two points, mining company executives dis- 
cussed ongoing exploration efforts that will likely increase 
diamond production in the coming decades. Gordon 
Gilchrist of Rio Tinto, London, predicted that the world 
supply of rough diamonds will increase from US$7.5 billion 
in 2002 to $9 billion in 2007. Robert Boyd of Ashton Mining 
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shown in Figure 5. In other words, in 
the first case the girdle diameter will 
remain the same; in the second it will 
need to be reduced. Diamonds which 
are too deep, thick or heavy below the 
girdle are frequently encountered in the 
trade. They are considered less brilliant 
than perfectly cut stones. They can, 
however, be recut inexpensively without 
great loss of weight. If a stone is cor- 
rectly proportioned above the girdle but 
too heavy below, determine the smallest 
girdle diameter and proceed as in the 
case of the first illustration, the Old 
Mine cut. 

Obviously, none of these calculations 
present any particular difficulties ex- 


cept possibly the rarely necessary de- 
termination of the weight after recut- 
ting of a shallow or spread stone. The 
few problems they offer are well worth 
the little time and effort necessary for 
their solution, since there is no more 
genuine service which 
\. a jeweler can offer to 
* his clientele. It is very 
satisfying to see the 
customer’s pleasure 
when a stone, which 
was lifeless and with- 
out luster, is returned to him cut to 
show its liveliest possible radiance and 
in a modern form which he can take 
more pride in wearing. 


Fig. 5 


Exhibit of Gold 
at Cleveland Museum 


The Cellini Siren, shown in the ac- 
companying photograph, is one of the 
many fine examples of workmanship in 
an “Exhibition of Gold” on view until 


January 11th, 1948, at the Cleveland 
Museum of Art. 


Of interest to jeweler and gemologist 
are the many pieces involving gems. 
These include not only jewelry but reli- 
gious pieces, weapons and other items. 
Objects on display date from: early 
Egyptian, Mycenean and Etruscan pe- 
riods to far more recent times. This 
unusual display includes rare articles on 
loan from twenty-eight other museums 
and private collectors. 

The Siren, the reputed work of Ben- 
venuto Cellini, has been the successive 
property of the Medici prince for whom 
it was designed, the Indian Mughal 
emperor to whom he presented it and 
the Rothschild family, who purchased 
it after its seizure during the Indian 
Mutiny. The torso is a single baroque 
pearl. It is shown through the courtesy 
of Duveen Brothers, Inc. 


Cellini Siren 
Courtesy, Cleveland Museum of Art 


Co., Vancouver, noted that mining companies are spending 
$200 million annually on diamond exploration, 41% of this 
in North America. Valery Kalitin of Alrosa, Moscow, 
reported that his company has identified a number of new 
diamondiferous areas in Russia and will begin sampling 
next year. Offshore of Namibia, Namdeb (a joint venture 
between De Beers and the Namibian government) and 
Namco are using new technologies to extract diamonds 
from the seabed much more efficiently. Greg Walker of 
Namco, Windhoek, Namibia, said that as many as 3 billion 
carats could be lying offshore, scattered along the 1,400- 
mile-long Namibian coastline. 

The conflict diamond issue has generated negative press 
and attention from Non-Governmental Organizations over 
the past two years. De Beers Chairman Nicky Oppenheimer 
congratulated the diamond industry on its efforts to stop such 
diamonds from entering the legitimate trade; however, the 
reputation of the industry is still at stake. He noted that dia- 
monds can be a major contributing force to the economies of 
producing countries, if the governments offer a “secure, trans- 
parent, and predictable legislative environment.” He singled 
out Botswana as an example of a nation that has used its dia- 
mond wealth to create prosperity. Botswana president Festus 
Mogae elaborated, telling the audience that his country’s pros- 
perity is rooted in the rule of law, and stating that his govern- 
ment is committed to the Kimberley Process of certifying the 
origins of rough diamonds. Al Gore, who addressed the clos- 
ing dinner, declared that the conflict diamond issue was 
“largely a thing of the past” and congratulated the industry on 
its efforts to greatly reduce trade in such diamonds. 

Governments are also demanding greater financial 
accountability from the industry, in the wake of allegations 
that money launderers and terrorists have used gems to 
finance their activities. Paul Goris of the Antwerp Diamond 
Bank, Belgium, stressed that bankers will more closely mon- 
itor their clients’ businesses, requiring increased disclosure 
about their partners. Jim Antoine of the Government of the 
Northwest Territories, Canada, noted that diamond mining 
companies have a responsibility to protect the environments 
in which they operate and to ensure that development of 
natural resources benefits the people living in affected areas. 

Most of the speakers agreed that diamond branding was 
still a new and largely untried concept. Gareth Penny of De 
Beers, London, told the audience that branding need not be 
limited to a product, but could also include service and the 
store selling the product. A brand, he said, must mean 
something to the consumer in terms of quality assurance, 
trust, and service. It must also be based on consumer needs. 
He showed how the three-stone ring promotion redressed 
an old concept into a new idea and captured 1% of the dia- 
mond jewelry market in 2001 and 3%-4% in 2002—with a 
goal of attaining 10% in the future. 

Other producers focused on increasing diamond sales 
through strategic partnerships. Aber Resources, for exam- 
ple, entered into an equity arrangement with Tiffany & 
Co., because a significant percentage of production from 
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Diavik is very high quality. Matt Manson of Aber, 
Toronto, said that his company believes that growth of 
brands will drive future demand in the diamond market, 
but also that its best strategy is to partner with existing 
diamond jewelry and luxury goods houses. 

China is the fastest growing retail diamond jewelry 
market. Du Gong-pu of the Shanghai Diamond Exchange, 
Shanghai, reported that in June 2002, the Chinese govern- 
ment enacted a new import taxation policy that removes 
all taxes and duties on polished and rough diamonds except 
at the retail sales level. Finished diamond jewelry imports 
are still subject to a tariff of 30%-35% plus a 17% value- 
added tax. The aim, he said, is to provide business opportu- 
nities for major diamond manufacturing operations to pro- 
duce diamonds and diamond jewelry for domestic sale and 
re-export. Diamond polishing and jewelry manufacturing 
operations are concentrated in three areas: Guangdong 
Province, with 12,000 workers; Shandong Province, with 
5,000 workers; and Shanghai, with 200 workers. Monthly 
wages average $100 to $200. In 2001, China imported 3.28 
million carats of rough diamonds, valued at $623 million. 

Russell Shor (russell.shor@gia.edu) 
GIA, Carlsbad 


Antwerp Gem Conference. On November 10-11, 2002, more 
than 100 people attended this conference, organized by the 
HRD—Institute of Gemmology. The keynote speaker, 
Joanna Hardy of Sotheby’s Jewellery Department in London, 
offered pointers for evaluating estate jewelry, including the 
paramount importance of provenance. Dr. Jeff Van Royen, of 
the Antwerp Diamond High Council, reviewed the develop- 
ment and identification of HPHT-treated diamonds, and 
reported that a Russian-manufactured “BARS” apparatus has 
been installed near Antwerp for use by HRD researchers. Dr. 
A. H. Rankin of Kingston University, London, described how 
Raman analysis and LA-ICP-MS can be used to “fingerprint” 
gems as to their locality or natural/synthetic origin. 
LA-ICP-MS is a very sensitive technique, but it is also 
expensive and current databases are lacking. Dr. Lore Kiefert 
of the SSEF Swiss Gemmological Institute, Basel, reviewed 
the fillers used in emerald and ruby, which can be identified 
with magnification or (for emeralds) with IR spectroscopy or 
Raman analysis. 

Dr. Emmanuel Fritsch of the University of Nantes, 
France, reported on various aspects of opal structure, includ- 
ing the differences between opals with and without play-of- 
color; the latter tend to have the most organized structure 
and the most perfect “spheres” of silica. Vincent de Jaegher, 
of Vincent de Jaegher S.A. in Verviers, Belgium, reviewed 
several methods of pearl identification, including the use of 
X-rays (to separate natural from cultured pearls), high-power 
magnification (i.e., 100x—200x, to separate genuine products 
from imitations), UV fluorescence (to identify bleaching), 
and SEM (to help identify treated black and polished pearls). 
Dr. Dirk Van Dyke of the University of Antwerp explained 
the usefulness of (nondestructive) X-ray microtomography 
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in observing inclusions and fissures in diamonds to help 
with cutting. John I. Koivula of the GIA Gem Trade 
Laboratory in Carlsbad concluded the conference with a 
description of the special tools (e.g., fiber-optic illuminators 
and various filters such as the first-order red compensator) 
and techniques (e.g., shadowing} he uses for effective gemo- 
logical photomicrography. 
Alice S. Keller (akeller@gia.edu) and 
John I. Koivula, GIA Carlsbad 


ANNOUNCEMENTS 

Beryllium: A known carcinogen. The National Institute of 
Environmental Health Services published the 10th edition 
of its biennial Report on Carcinogens in December 2002. 
Beryllium was upgraded from a “reasonably anticipated” 
to a “known” human carcinogen, and jewelers were 
among the workers listed who should take precautions to 
avoid exposure to beryllium-containing dust. To see the 
report, visit http://ehp.niehs.nih.gov/roc/toc10.html. 


Conferences 

PDAC 2003. The Prospectors and Developers Association 
of Canada convention will take place March 9-12 in 
Toronto. Diamonds will be featured in the technical pro- 
gram and reviewed in a “Commodities and Market 
Outlook” session. A pre-meeting short course on diamond 
exploration using kimberlite indicator minerals will be 
held March 8. Visit www.pdac.ca/pdac/conv, phone 416- 
362-1969, fax 416-362-0101, or e-mail info@pdac.ca. 


Basel 2003. The World Watch, Clock, and Jewellery Show 
will be held April 3-10 in Basel, Switzerland. GIA will 
host GemFest Basel 2003 from 4:00 to 6:00 p.m. Saturday, 
April 5. Open to the public, it will highlight trends in 
fancy-color diamonds and present the latest discoveries 
from the GIA Gem Trade Laboratory. During the show, 
Gems & Gemology editor-in-chief Alice Keller will be 
available at the GIA Booth in Hall 2, Stand W23. Visit 
www.baselshow.com or call 800-357-5570. 


Moscow gemology colloquium. The 6th International 
Conference New Ideas in Earth Sciences will take place 
April 8-22, 2003, in Moscow, and will feature a section on 
gemology. Contact GIA Moscow at gigia@rol.ru, 70-95- 
433-5566 (phone), or 70-95-438-1504 (fax). 


Gems and industrial minerals. The 39th Annual Conference 
on the Geology of Industrial Minerals will occur May 18-24, 
2003, in Reno, Nevada. Included in the program will be the 
session “Gemstones and Mineral Collectibles.” Visit 
www.nbmg.unr.edu/imf or e-mail tgarside@unr.edu. 


GAC-MAC-SEG meeting. The Geological Association of 
Canada, Mineralogical Association of Canada, and Society 
of Economic Geologists will host this large geosciences 
conference May 25-28, 2003, in Vancouver, Canada. 
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Special sessions on gem materials and Canadian diamonds 
will be offered. Visit www.vancouver2003.com, phone 
604-681-5226, fax 604-681-2503, or e-mail vancou- 
ver2003@nrcan.gc.ca. 


Maine pegmatite workshop. Gem-bearing granitic peg- 
matites will be included in field studies from May 31 to 
June 2, 2003 that will be offered by pegmatite experts from 
the University of New Orleans and a local geologist and 
pegmatite miner. Visit http://homepage.mac.com/rasprague/ 
PegShop or e-mail rasprague@mac.com. 


Kimberlite conference. The 8th International Kimberlite 
Conference will take place June 22-27, 2003, in Victoria, 
Canada. Topics will cover kimberlite geology and eco- 
nomics, diamonds, target area selection, and diamond explo- 
ration. Visit www.venuewest.com/8ikc, phone 604-681- 
5226, fax 604-681-2503, or e-mail 8ikc@venuewest.com. 


IN MEMORIAM 


Prof. Dr. Pieter C. Zwaan, 1928-2002. Gems & Gemology 
author and noted gemologist P. C. Zwaan passed away 
November 7, 2002. Dr. Zwaan was awarded a Ph.D. in 
geology from the University of Leiden, The Netherlands, in 
1955. At the National Museum of Natural History (former- 
ly National Museum of Geology and Mineralogy) in 
Leiden, he acted as both mineral curator (1951-1993) and 
director (1979-1988). For several years, he was also a gemol- 
ogy instructor for the FGA diploma course at the School of 
Gold- and Silversmiths in Schoonhoven, the Netherlands, 
and a professor of gemology at the University of Leiden. For 
more than four decades, he directed the Netherlands 
Gemmological Laboratory in Leiden. He was an invited 
speaker at many international geological and gemological 
conferences, and led numerous field trips to gem localities 
in Asia, Brazil, and South Africa. He authored 149 articles 
on mineralogy and/or gemology, including two articles on 
Sri Lanka’s gems in the Summer 1982 (pp. 62-71) and 
Winter 1996 (pp. 262-269) issues of GWG. 


ERRATUM 


In the Spring 2002 Dirlam et al. article on liddicoatite (pp. 
28-53), there were some inaccuracies in references to 
Russian publications. First, the reference listed as Shmakin 
and Makagon (1999) should have been shown as: 


Zagorsky V.Ye., Peretyazhko LS., Shmakin B.M. (1999) 
Miarolitic Pegmatites. Volume 3 of B. M. Shmakin and 
V. M. Makagon, Eds., Granitic Pegmatites, Nauka— 
Siberian Publishing Firm RAS, Novosibirsk, Russia. 


Also, in the reference to “Zagorosky et al. (1989),” the 
correct spellings of the author names are Zagorsky and 
Shiryaeva. We thank Dr. Victor Ye. Zagorsky of the 
Siberian Branch of the Russian Academy of Sciences, 
Irkutsk, Russia, for bringing these errors to our attention. 
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The Master Jewelers 


By A. Kenneth Snowman, Ed., 262 
pp., illus., publ. by Thames & 
Hudson Inc., New York, 2002. 
US$29.95* 


This book showcases the artists’ par- 
adise that blossomed across Europe 
from Paris to St. Petersburg during the 
mid-to-late 19th century and the 
bejeweled splendors created in the 
20th century. As impressionist paint- 
ers splashed canvases with flashes of 
light extracted from oils, a remarkable 
group of master jewelers that included 
Vever and Lalique gave birth to time- 
less jeweled art. 

Fifteen extraordinary jewelers are 
portrayed in as many chapters, each 
written by an expert and, in the case of 
Boucheron, the artist’s descendant. 
Despite differences in style and 
emphasis, the authors create historical 
vignettes that evoke the tenor of the 
times, framing the creations each mas- 
ter jeweler brought to life in the con- 
text of influential, if unseen, forces. 

Along with the three noted above, 
the maestros include Castellani and 
Giuliano, Fontenay, Hancock, Falize, 
Fabergé, Tillander, Fouquet, Tiffany, 
Cartier, Van Cleef & Arpels, Verdura, 
and Bulgari. The text is replete with 
anecdotes and remarkable details that 
capture the artists’ struggles and com- 
petitions against a backdrop of socio- 
cultural and political change. Readers 
may marvel at the image of a Punjabi 
Maharajah arriving at Boucheron’s 
Paris store in 1927 with 40 servants, 
20 dancing girls, and six caskets of dia- 
monds, emeralds, pearls, rubies, and 
sapphires of incomparable beauty. The 
author gives a breathtaking descrip- 
tion of this bounty, destined for trans- 
formation into tiaras, aigrettes, belts, 
and necklaces. 

Supporting the text are exceptional 
illustrations—337 in all, 251 in color— 
exhibiting the works themselves inter- 
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spersed with original sketches of 
designs and early photographs of the 
houses. Readers are treated to glimpses 
of rarely seen pieces from private col- 
lections, many showcased in their orig- 
inal boxes, all magnificently captured 
by crisp photographs that allow each 
piece to whisper or shout for itself. 

The publisher continues its tradi- 
tion of quality production with the use 
of sturdy, fine paper and superb print- 
ing. The large (12 x 9 inch) soft-covered 
format allows readers a near-tactile 
experience with jewels and objets d'art 
of staggering artistic achievement. 

Uneven pacing slightly mars this 
multi-authored text. Occasional edito- 
rial lapses allow descent into extrane- 
ous detail, and an obtrusive plug for 
one house’s perfume may catch read- 
ers by surprise. In addition, while 
authors such as Ralph Esmerian may 
need no introduction, the absence of 
author biosketches leaves the curious 
reader unsatisfied. The index is ser- 
viceable though incomplete. 

Still, these minor flaws hardly 
diminish the monumental achieve- 
ment of this historical and artistic 
tour de force. Serious gemologists, art 
and jewelry historians, students of 
decorative arts and fashion, appraisers, 
antique dealers, collectors, and cura- 
tors will be awed by the tome’s trea- 
sures and its celebration of enduring 
genius. 

MATILDE PARENTE, G.G. 
Rancho Mirage, California 


20th Century Jewelry: 
The Complete Source Book 


By John Peacock, 144 pp., illus., 
publ. by Thames & Hudson Inc., 
New York, 2002. US$34.95* 


This colorful, beautifully illustrated 
book depicts jewelry forms and fash- 
ion of the 20th century. It is divided 
into five parts, each covering two 
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EDITORS 


Susan B. Johnson 
Jana E. Miyahira-Smith 


decades. Within each 20-year period, 
the jewelry is categorized into “ear- 
rings,” “rings,” “brooches,” and the 
like. Numbered line drawings follow 
each chapter, and accompanying leg- 
ends identify the jewelry, its materi- 
als, the date and (for some) the jeweler 
who inspired the piece. 

Mr. Peacock indicates that the 
book is directed toward the designer, 
student, enthusiast, and nonspecialist. 
Unfortunately, the author fails to 
grasp jewelry in the context of the 
20th century, and the book contains a 
good deal of misinformation. The 
statement that diamond jewelry was 
never worn in the daytime until the 
1980s is false. One need only look at 
fashion magazines of the 1950s to see 
diamonds and gemstones, set in yel- 
low gold, adorning fashionable women 
prior to the cocktail hour. 

Another example is a reference to 
the 1930s as having “more feminine 
jewelry,” an assertion that negates the 
move toward modernism following 
the Depression. Indeed, the most fem- 
inine jewelry in history dates to the 
Edwardian era at the onset of the 20th 
century, and the book’s most effective 
drawings depict those pieces. Least 
effective are illustrations from the 
1930s. Static and flat, they reveal only 
half the story of late 1930s jewelry, 
which was asymmetrical, large, and 
bold. 

By isolating the different types of 
jewelry, the book lacks continuity and 
flow. More importantly, there is no 
sense of cohesiveness regarding “the 
total jewelry style” of the decade. Last, 
the layout is cumbersome. Because 
the line drawings and legends are sep- 
arated, one constantly finds oneself 
going back and forth. 

The author, an accomplished fash- 
ion illustrator, falls short of producing 
a book for serious jewelry students. If 
anything, it is a rich compendium of 
illustrations for those who seek to cre- 
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ate reproductions, precisely because of 
the fine drawings. 

JOYCE JONAS 

President Emeritus 

American Society of Jewelry Historians 


Louis Comfort Tiffany 
at Tiffany & Co. 


By John Loring, 255 pp., illus., publ. 
by Harry N. Abrams, New York, 
2002. US$60.00* 


John Loring, the design director of 
Tiffany & Co., has invited us to exam- 
ine Tiffany style and history through 
his several books. The latest, which 
discusses the life and inspirations of 
Louis Comfort Tiffany, is another fine 
example worthy of exploration. 

In his introduction, Loring explains 
how the influence of Louis Comfort 
Tiffany became obscured in recent his- 
tory. Even within Tiffany & Co. itself, 
his legacy was all but forgotten in the 
wake of new design visions of the 1940s 
and ‘50s. Not until the 1980s, during 
preparation for Tiffany & Co.’s 150th 
anniversary, was he acknowledged as a 
major force in the company’s design 
direction during the early 20th century. 

The son of company founder 
Charles Lewis Tiffany, Louis Comfort 
has been noted mainly for his innova- 
tive glass designs, which are widely 
collected today. However, he was also 
prolific in the use of bronze, ceramics, 
mosaics, and enamels for desk sets, 
jewelry boxes, clocks, and other deco- 
rative objects. His jewelry designs were 
deeply influenced by silversmith 


Edward C. Moore and gemologist 
George Frederick Kunz. Indeed, Kunz 
provided Tiffany’s with gems unusual 
to the period, such as fire opal, Maine 
tourmaline, and demantoid garnet. All 
were used to great success. 

The book is divided into chapters 
that specifically examine Louis Com- 
fort Tiffany’s jewels, enamels, glass, 
pottery, and other precious objects. It 
is lavishly illustrated with photographs 
and original design sketches, many 
from the Tiffany & Co. archives. 
Beautiful to look at and very interest- 
ing to read, this book is a welcome 
addition to the library of any lover of 
jewels or the decorative arts. 

JANA E. MIYAHIRA-SMITH 

Gemological Institute of America 

Carlsbad, California 


OTHER BOOKS RECEIVED 


The Love of Stones. By Tobias Hill, 396 
pp., publ. by Picador USA, New York, 
2001, US$25.00. This beautifully craft- 
ed novel combines action and human 
drama to tell the story of a spectacular 
15th century jewel, The Three Breth- 
ren (a medieval clasp named for its 
three 70 ct spinels}, that is destined for 
glory among the crown jewels of 
England. 

British poet Tobias Hill’s tale of 
lapidary intrigue unfolds around three 
characters, separated by centuries but 
all intimately bound to the elusive 
jewel. Using inventive parallel plots, 
Hill seamlessly transports readers 
from modern times to the 19th centu- 
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ry and earlier, offering glimpses of gem 
enthusiasts Jean-Baptiste Tavernier 
and the young Queen Victoria, among 
others, as the jewel changes owner- 
ship—and transforms the lives of 
those who possess it. 

The book’s present-day protagonist 
is gem dealer Katharine Sterne, who is 
consumed by her quest to find the 
Brethren. Traveling alone, Sterne is 
undeterred by peril and a host of unco- 
operative characters, as she forges ahead 
on her low-budget quest across Turkey, 
then to London, and eventually to a 
remote Japanese village. Hill links 
Katharine’s adventures to the tale of 
two brothers, Salman, an apprenticed 
lapidary, and Daniel, a gem merchant. 
The brothers flee their wretched lives in 
19th century Baghdad to seek fortunes 
in pre-industrial London, a city polar- 
ized by extremes of rags and riches. 

Their struggles lend a palpable 
humanity to this novel’s many plot 
twists, as Hill transports readers from 
one century to another. Circles and 
riddles converge as civilizations, 
rulers, and commoners fade in and 
out. Jewels—and the love of them— 
reflect, refract, circle back and endure. 

This novel is a refreshing break 
from the frequently overwrought heist- 
and-caper fiction that features gems. 
Though some of Hill’s off-the-mark 
gemological musings may prompt 
knowing readers to blink, his writing is 
richly evocative. The riveting narrative 
will appeal to all readers who share a 
passion for stones, as well as those who 
enjoy fast-paced historical drama. 


MATILDE PARENTE, G.G. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Amber: The organic gemstone. J. B. Lambert and G. O. Poinar 
Jr., Accounts of Chemical Research, Vol. 35, No. 8, 
2002, pp. 628-636. 

Amber is a fossilized form of terpenoid plant resin, the sticky 
substance produced by plants all over the globe. Diterpenoid 
resins, produced by conifers and angiosperms, are prone to 
polymerization and are the predominant source of amber used 
for cultural purposes (including gems). Triterpenoid resins, 
produced by broad-leaved trees, are nonpolymerizing and used 
as varnish resins or for incense. This study applied solid-state 
18C nuclear magnetic resonance (NMR) spectroscopy to sever- 
al hundred samples in order to characterize modern resins, fos- 
sil resins of known geological provenance, and archeological 
materials. 

Diterpenoid and triterpenoid samples were distinguished 
on the basis of their *C NMR spectra, as were changes in 
spectra according to age, presumably as a result of polymeriza- 
tion or degradation. Four major groupings of fossil resins were 
recognized. Group A resins spanned the globe in Cretaceous 
time and relate to the modern genus Agathis in New Zealand 
and Australia. Group B resins were widespread in Tertiary 
times from India to North America but are not related to spe- 
cific modern plants. Group C resins, the Baltic amber group, 
were localized in Europe in Tertiary time but do not corre- 
spond to modern genera. Group D resins are found in the 
Americas and Africa and are closely related to the modern 
genus Hymenaea. Thus, '3C NMR spectra can be used to 
determine the general provenance of archeological materials 
provided a sufficient sample (>30 mg) and an extensive NMR 
spectra database are available. CT 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 

Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
© 2002 Gemological Institute of America 


GEMS & GEMOLOGY WINTER 2002 


A study of amber and copal samples using FT-Raman spec- 
troscopy. R. H. Brody, H. G. M. Edwards, and A. M. 
Pollard, Spectrochimica Acta, Part A, Vol. 57, No. 6, 
2001, pp. 1325-1338. 

FT-Raman spectra were obtained from 28 amber and copal 

samples from various geographic sources (Poland, northern 

Germany, Prussia, England, Dominican Republic, East 

Africa, Mexico, Lebanon, Burma, and Borneo). The majori- 

ty of the fossil resins could be related to modern resins 

containing diterpenoid components with predominantly 
labdane skeletons; only the sample from Borneo contained 
triterpenoid components. Differences in the spectra of 
samples containing diterpenoids relate to variations in 
sample maturity rather than geographic origin; however, 
the degree of maturation could be used in some cases as an 
indicator of possible geographic origin. The authors sug- 
gest that infrared spectroscopy is more useful than FT- 

Raman spectroscopy for the identification of the geograph- 

ic sources of amber and copal. CT 


Minerals explained 36. Turquoise. R. J. King, Geology 
Today, Vol. 18, No. 3, 2002, pp. 110-114. 

Turquoise mining dates to 3200 BC in the Sinai Peninsula 
and 2100 BC in Persia (Iran). In the southwestern U.S., 
turquoise has been mined since about 200 BC. While its 
etymology is complicated, the name turquoise was proba- 
bly derived from the 16th century French turquois for 
Turkish, as Persian turquoise (the finest quality) was 
brought to Europe after having been purchased by Vene- 
tian merchants in Turkish bazaars. 

Turquoise is essentially a supergene mineral produced 
by the percolation of meteoric water through aluminum- 
rich rocks in the presence of copper, usually in an arid 
environment. Turquoise is blue in the presence of copper 
without iron; the presence of iron adds a greenish hue. 
Dehydration leads to a loss of color, but, in general, 
turquoise is considered a stable mineral. Minerals com- 
monly mistaken for turquoise include chrysocolla, faust- 
ite, lazulite, malachite, and variscite. Widespread falsifica- 
tion and stabilization of turquoise, primarily because of a 
shortage of good gem material, have prompted New 
Mexico to regulate the nomenclature according to the 
terms natural, stabilized, heated, reconstructed, and imi- 
tation. Protecting turquoise from the effects of soap, deter- 
gent, body oils, heat, and prolonged exposure to light will 
insure its well-being. CT 


Spectroscopy of natural silica-rich glasses. E. Faulques, E. 
Fritsch, and M. Ostroumov, Journal of Mineralogical 
and Petrological Sciences (Japan), Vol. 96, No. 3, 
2001, pp. 120-128. 

Eleven silica-rich natural glasses (e.g., obsidian, Libyan 

Desert glass [LDG], Darwin glass [DG], and tektites such as 

moldavite and australite) and one synthetic silica glass 

were studied by three spectroscopic techniques (optical, 

infrared, and Raman) to determine their structural and 
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related characteristics. 

The IR spectra are strongly dependent on silica (SiO,) 
content. Thus, a doublet at 1259 and 1122 cm™ in LDG 
(95% SiO,) is shifted to 1220 and 1097 cmc! in a tektite 
(73% SiO,). Other IR absorptions suggest that LDG con- 
tains more water than moldavite. Raman spectra of LDG, 
DG, and the synthetic glass are almost identical (showing 
a typical doublet at 490-440 cm“), whereas tektites and 
obsidian have similar broad Raman bands centered 
around 1600 and 1000 cm=! due to substitution of metals 
for silicon. Micro-Raman spectrometry techniques have 
identified gas bubbles (most of which are voids) and 
lechatelierite (naturally fused amorphous silica) in tek- 
tites, and small white inclusions of cristobalite in LDG. 
Optical (Vis/NIR) spectra of tektites show a strong absorp- 
tion band at 1100 nm attributed to Fe**. Obsidian and 
other glasses (except tektites) show sharp bands at 1380 
and 2210-2250 nm, which represent water. KSM 


DIAMONDS 


An alternative interpretation of lower mantle mineral 
associations in diamonds. L. Liu, Contributions to 
Mineralogy and Petrology, Vol. 144, No. 1, 2002, 
pp. 16-21. 

Diamonds containing inclusions of ferropericlase [(Mg, 
Fe)O] and certain silicates (e.g., Fe-containing enstatite 
[(Mg,Fe)SiO,]) are generally believed to be derived from 
deep within the Earth’s lower mantle (the zone 670—2,900 
km below the surface). These inclusions are also believed 
to represent the nature of the rocks and minerals—for 
example, “(Mg,Fe)SiO,-perovskite,” the most abundant 
mineral phase in the lower mantle—and their reactions in 
that area of ultrahigh pressure. This has important impli- 
cations for various mechanisms and processes operating 
within the Earth, among them, how diamonds reach the 
surface from such great depths. 

On the basis of the observed ratio between ferroperi- 
clase and enstatite inclusions in diamonds, the FeO con- 
tent of the ferropericlase, and a re-interpretation of pub- 
lished experimental data, the author concludes that most 
of these minerals entrapped in diamonds do not represent 
the nature of rocks in the deep parts of the lower mantle. 
Although these mineral inclusions do form in the lower 
mantle, they do so at shallower depths than previously 
estimated and by different reactions; the decomposition 
of ferromagnesite |[(Mg,Fe)CO,] to yield diamond + fer- 
ropericlase + oxygen is one that is considered particularly 
important. AAL 


The current situation of China diamond processing indus- 
try. A. Zhang, China Gems, Vol. 10, No. 3, 2001, 
pp. 14-17. 

“Made in China” is becoming synonymous with excel- 

lence in cutting and polishing diamonds. The Chinese 
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diamond-cutting industry has made tremendous progress 
in skill and craftsmanship since it began in the 1980s. 
Initially, diamond manufacturing factories were set up 
throughout the country, but the 70 major factories in 
operation today, which employ more than 15,000 work- 
ers, are located in Guangdong and Shandong Provinces, 
and in Shanghai. These factories are joint ventures 
between Chinese and foreign investors, or are entirely for- 
eign or state owned, they produce polished diamonds val- 
ued at US$700 million annually. 

As the largest consumer market for diamond jewelry 
in China, and a major diamond-cutting center, Shanghai 
holds a pivotal position in the Chinese jewelry industry. 
Thus, in 2000 the first diamond exchange in China was 
organized in Shanghai. The year 2000 also saw the estab- 
lishment of the China Diamond Cutters Association; one 
of their objectives is to help cutters win government sup- 
port and incentives that will enable the Chinese dia- 
mond-cutting industry to compete internationally. 

Details are also presented on the number of employees 
and the annual polished output in each of the major cut- 
ting centers, the automated production equipment intro- 
duced to reduce costs, and which countries have invested 
in the Chinese diamond manufacturing industry. MW 


A highly unusual, 7.34 ct., Fancy Vivid purple diamond. 
T. M. Moses, J. M. King, W. Wang, and J. E. Shigley, 
Journal of Gemmology, Vol. 28, No. 1, 2002, pp. 
7-12. 

The gemological properties of a 7.34 ct modified heart- 

shaped “Fancy Vivid” purple diamond are described. 

Diamonds with a saturated, pure purple color are extreme- 

ly rare and few have been gemologically documented. 

Those purple diamonds that are recorded are generally 

small and pale in color, with a pink component. 

When the diamond was examined face-up with mag- 
nification, the purple color appeared evenly distributed. 
However, when examined in other orientations, this dia- 
mond exhibited distinct purple color zones confined to 
parallel graining planes, similar to that often observed in 
brown, brown-pink, and pink to red diamonds. These col- 
ors are believed to arise from plastic deformation while 
the diamonds were still in the Earth’s mantle. 

The diamond exhibited unevenly distributed, weak to 
moderate yellow fluorescence to long-wave UV radiation 
(and very weak yellow to short-wave UV). Its visible spec- 
trum contained a broad absorption band centered at about 
550 nm, as well as increasing absorption below 450 nm. 
Infrared spectroscopy showed it to be type IaA with a rela- 
tively high amount of nitrogen and very little hydrogen. 
Its GIA clarity grade was I1. JEC 


Man vs. machine. C. Langford, Canadian Diamonds, Fall 
2002, pp. 34-38. 

The fledgling Canadian diamond-cutting industry, cen- 

tered in Yellowknife, Northwest Territories (NWT), is 
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struggling with high business costs, limited skilled labor, 
and the need to increase production volumes. Even with 
the counteracting competitive advantages of guaranteed 
access to appropriate rough and the marketing advantage 
of “Canadian diamonds,” the Yellowknife-based cutting 
industry is calling on technology to make it truly viable. 
Advanced cutting technology is being used to reduce 
costs, improve quality, increase yield, and soften the 
demands on the skills of Canadian workers—many of 
whom are relatively new to the field. 

Arslanian Cutting Works NWT, a subsidiary of Antwerp- 
based diamond trading and manufacturing company Rosy 
Blue, is typical of the three NWT cutting operations in its 
rapid move toward greater automation. It now has auto- 
mated laser sawing, bruting, and blocking machines that 
are particularly applicable to the more labor-intensive com- 
ponents of the polishing process. As a result, Arslanian, 
along with the other NWT cutting operations, is poised for 
increased production at competitive costs. AAL 


Multiple origins of alluvial diamonds from New South 
Wales, Australia. R. M. Davies, S. Y. O'Reilly, and 
W. L. Griffin, Economic Geology, Vol. 97, No. 1, 
2002, pp. 109-123. 
The origin of alluvial diamond deposits in eastern Aus- 
tralia is an enigma, because no kimberlites or lamproites 
are known in the region and none of the usual diamond 
indicator minerals has been found in association with 
these diamonds. However, new studies have divided these 
diamonds into two distinct groups (A and B), which the 
authors suggest originate from separate sources and are 
formed by different geologic processes. 

Group A diamonds are similar to those found in kim- 
berlites and lamproites globally; they formed, convention- 
ally, at two different times (3.4 and 2.1 billion years ago) in 
Archean and Proterozoic mantle sources. This classifica- 
tion is based on the similarities in their crystal form, inter- 
nal growth features, mineral inclusions, and carbon iso- 
topic (8!°C) composition to diamonds found in primary 
deposits worldwide. Nevertheless, the age and location of 
the primary host rocks for these diamonds remains elusive; 
multiple sources have been posed as possibilities, ranging 
from eroded Precambrian kimberlites and lamproites in 
eastern Australia to similar rock types in Antarctica. 

Group B diamonds are unlike any others known 
worldwide in their combination of external and internal 
physical characteristics, mineral inclusions, and carbon 
isotopic composition. Such features are best explained by 
their having formed, unconventionally, more recently 
(ages between 320 and 220 million years ago are suggest- 
ed) in a subduction zone environment. This coincides 
with the arc-continent collision that resulted in the devel- 
opment of the New England fold belt in eastern Australia. 
The diamonds were subsequently brought to the surface 
by magmas (type not specified) that formed during this 
same event. AAL 
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Recent developments in marine diamond mining. R. H. T. 
Garnett, Marine Georesources and Geotechnology, 
Vol. 20, No. 2, 2002, pp. 137-159. 
Total output of diamonds from marine sources off the 
Namibian coast now exceeds 800,000 carats annually, 
surpassing onshore production in that country. More than 
95% of the recovered marine diamonds are of gem quali- 
ty, most weighing between 0.1 and 1.0 ct. While Namdeb 
Diamond Corp. (owned equally by the Namibian govern- 
ment and De Beers Centenary since 1994) is the major 
producer, junior public companies are also highly produc- 
tive. Recovery of diamonds from the ocean, the most dif- 
ficult form of placer mining, is much like a combination 
of mining and farming, as it is dependent on both weather 
and sea conditions. 

Current equipment for marine mining has been suc- 
cessfully borrowed from other industries (e.g., placer gold 
mining). The grade (ct/m? of gravel}, seabed condition, 
water depth, and proximity to the coastline dictate the 
mining system that is employed. Major performance risks 
are effectively limited to: recovered grade, mining rate, 
system availability, and projected life of the reserves. 
Advantages of marine mining include: immunity to 
potentially disruptive onshore events; working sites that 
can be changed easily; simple tailings disposal as long as 
environmental requirements are observed; assignment of 
capital expenditures to transportable vessels and on-board 
assets that retain a reasonable liquidation value; and the 
fact that most costs are related directly to the mining 
operation and not to infrastructure maintenance. CT 


GEM LOCALITIES 


Ar-Ar ages in phlogopites from marble-hosted ruby deposits 
in northern Vietnam: Evidence for Cenozoic ruby 
formation. V. Garnier et al., Chemical Geology, Vol. 
188, Nos. 1-2, 2002, pp. 33-49. 

Radiometric age dating (*°Ar/*’Ar) was used to determine 

the ages of phlogopites and other micas in the marble- 

hosted ruby deposits at Yen Bai, Luc Yen, and Quy Chau 
in northern Vietnam. On the basis of these data and cer- 
tain assumptions, the authors conclude that the rubies 
probably formed 40-35 million years ago. Further system- 
atic dating of this nature may provide information about 
the timing of the continental collision and Cenozoic tec- 
tonics that caused the formation of these ruby deposits. 
CT 


The Barra de Salinas pegmatites, Minas Gerais, Brazil. F. 
M. Bastos, Mineralogical Record, Vol. 33, No. 3, 
2002, pp. 209-216. 

The Barra de Salinas mines, in an area that is one of the 

world’s largest and most famous producers of gem beryl 

and tourmaline, exploit several granitic pegmatites cover- 
ing 1,500 ha (3,700 acres) in northeastern Minas Gerais. 


GEMOLOGICAL ABSTRACTS 


Although reportedly first discovered around 1880, mining 
did not begin until 1942. Production was especially high 
between 1975 and 1984 when, for example, one mine 
(Vieirinho) produced 20 kg of superb rubellite, and another 
(Salto) produced six tons of pale aquamarine and cat’s-eye 
tourmaline in just one year (1983). The pegmatites vary in 
size and mineralogical composition. Some contain mostly 
beryl, whereas others are predominantly tourmaline bear- 
ing. Minor gem species include blue topaz, garnet, and pur- 
ple spodumene (kunzite). Mica, quartz, and feldspar are 
always associated with the gem minerals; most of the 
feldspar has decomposed to chalky white kaolinite. 

The beryl is usually pink (morganite),; pale blue aqua- 
marine is less common. The tourmaline ranges from 
black to pink-red, blue, green, brown, and colorless. The 
Vieirinho pegmatite produced 50 kg of multicolored 
“watermelon” tourmaline from a single pocket. Many 
species of tourmaline (e.g., elbaite, liddicoatite, schorl, 
uvite, and dravite) have reportedly been identified. In 
some cases, both the beryl and the tourmaline can be 
color enhanced by heat treatment (e.g., brown tourmaline 
can become a beautiful “rose” red at 250°-400°C). The 
mines currently employ about 30 workers, and there is 
still great potential for future production. MT 


Discovery of jadeite-jade in Guatemala confirmed by non- 
destructive Raman microscopy. F. Gendron, D. C. 
Smith, and A. Gendron-Badou, Journal of Archaeo- 
logical Science, Vol. 29, No. 8, 2002, pp. 837-851. 

In 1996, a small (3.5 x 2.5 x 1.5 cm) bluish green pebble 

was discovered in Rio El Tambor, a tributary of the 

Motagua River in Guatemala. The Motagua River valley 

is believed to be the main source of jadeite for pre- 

Columbian and more recent Mesoamerican jade artifacts. 

This pebble is composed predominantly (97%) of jadeite 

with minor amounts of rutile and titanite; quartz occurs 

as minute inclusions in the jadeite. 

The authors suggest that this specimen has great 
archaeological and geological significance because: (1) it is 
the first specimen of jadeite to be found on the south side 
of the Motagua River (at least in recorded times), and (2) its 
mineralogical composition differs from any previously dis- 
covered specimen in Guatemala. Thus, the in situ source 
of this specimen, presumed to be on the south side of the 
Motagua River, has the potential to be the source of jadeite 
used in some Mesoamerican artifacts for which precise 
raw material counterparts have not been found. [Editor’s 
note: The devastating floods of 1998 in Guatemala result- 
ed in the discovery of new jadeite occurrences on both 
sides of the Motagua River; see the Gem News Inter- 
national entry on pp. 352-353 of this issue.] CT 


Gem mining and sustainable environmental management 
in Sri Lanka. P. G. R. Dharmaratne, Journal of 
Gemmology, Vol. 28, No. 3, 2002, pp. 153-161. 

Three methods of mining secondary gem deposits in Sri 
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Lanka are described. The open-pit method is used for 
mining deposits on or near the surface, and the shaft and 
tunnel method is used for mining deeper deposits. River 
dredging is used to mine placer deposits at the bottom of 
shallow rivers. Each method produces its own type of 
environmental degradation (e.g., damage to the vegetation 
cover or river banks). 

Since 1972, the government has exercised control, 
including licensing, of the mining industry. To minimize 
environmental damage, regulations place restrictions on 
the type of mining that can be done in certain areas and 
call for the mandatory restoration of mined-out lands. 
Most damage (e.g., unfilled pits, soil heaps, and pollution 
of the waterways) occurs as the result of illicit mining. 
Specific legislation has been enacted to minimize the 
amount of such mining, but the nature of such opera- 
tions, and the number of people involved, prevent its 
complete eradication. Lands damaged by illicit mining 
are, to some extent, being restored. WMM 


Montana sapphires and speculation on their origin. R. B. 
Berg and J. P. Dahy, in P. W. Scott and C. M. Bristow, 
Eds., Industrial Minerals and Extractive Industry 
Geology, Geological Society of London, 2002, pp. 
199-204. 
Montana contains vast quantities of alluvial sapphires, 
but discovery of their primary host rocks has been surpris- 
ingly limited. Consequently, the origin of these sapphires 
is poorly understood. By studying xenoliths that occur 
within sapphire-bearing intrusive igneous rocks at Yogo 
Gulch and at a lesser-known locality at French Bar, near 
Helena, the authors present a hypothesis for the origin of 
all alluvial sapphire deposits in the state (including those 
at Rock Creek [Gem Mountain] and Dry Cottonwood 
Creek). 

Xenoliths, some corundum-bearing, with lithologies 
similar to Precambrian basement rocks found in south- 
west Montana, have been identified in both the Yogo 
Gulch and French Bar (Cretaceous- or Tertiary-age) intru- 
sives. Since corundum is found in the Precambrian base- 
ment in much of southwest Montana, the authors pro- 
pose that similar rocks must exist underneath Yogo 
Gulch and French Bar. The magmatic intrusions at each 
locality must have incorporated large amounts of the 
corundum-bearing basement rocks during their initial rise 
toward the surface. The magma then naturally “heat 
treated” the corundum into gem-quality sapphire as the 
corundum-bearing xenoliths underwent partial assimila- 
tion. The sapphire-bearing intrusive rocks have since 
been completely eroded away (with the exception of Yogo 
Gulch and French Bar), creating the large alluvial deposits 
known today. KAM 


Natural and heat-treated corundum from Chimwadzulu 


Hill, Malawi: Genetic significance of zircon clusters 
and diaspore-bearing inclusions. A. H. Rankin, 
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Journal of Gemmology, Vol. 28, No. 2, 2002, pp. 

65-75. 
Laser Raman microspectrometry was used to identify the 
inclusions in gem-quality rubies and other natural-color 
and heat-treated corundums from the eluvial soils of 
Chimwadzulu Hill, southern Malawi. Predominant were 
clusters of zircon crystals and planar groupings of multi- 
phase diaspore-CO, inclusions; tiny rutile needles and a 
single large amphibole inclusion also were identified. 
Although the inclusion assemblage may help distinguish 
Chimwadzulu corundums from those of other areas, 
these inclusions are not unique to this locality. The over- 
all inclusion characteristics suggest the corundum formed 
in a metamorphic/hydrothermal environment, rather 
than in a magmatic host. 

During heat treatment, the diaspore-CO, inclusions 
were destroyed. Diaspore converted to corundum and water; 
the latter and CO, were driven out through microfractures. 
The heat-induced microfractures also developed as “feath- 
ers” around the zircons. CT 


A note on chocolate-brown opal associated with volcanic 
rocks in Somaliland. J. A. Kinnaird, Journal of Gem- 
mology, Vol. 28, No. 2, 2002, pp. 81-84. 

Precious opal from Somaliland comes from the Qabri 

Bahar area, near Jodha, close to the border with Ethiopia 

and Djibouti. Although similar to Ethiopian opals (from 

Shewa Province, 300 km to the west) in size, color, nodu- 

lar appearance, trace-element chemistry, and origin (felsic 

volcanic rock of Miocene age), the Somaliland brown 
opals are the only ones reported to have intense play-of- 
color. Common opal has been found in a broad range of 
other colors, ranging from white to yellow, orange, and 
red. Diaphaneity ranges from transparent to translucent. 
These opals have been on the market since the late 
1990s. At present, the nodules are collected from the sur- 
face; no mining pits have yet been developed. Less than 
half of the nodules contain gem-quality opal, and only 
about 5% show a good play-of-color. WMM 


Petrology of jadeite-bearing serpentinized peridotite and 
its country rocks from northwestern Myanmar 
(Burma). G. H. Shi, W. Y. Cui, J. Liu, and H. X. Yu, 
Acta Petrologica Sinica, Vol. 17, No. 3, 2001, pp. 
483-490 [in Chinese with English abstract]. 

The jadeite region, or Jade Tract, of Myanmar is character- 

ized by bodies of serpentinized peridotite that are predom- 

inantly derived from chromite-bearing dunite (a rock 
composed almost entirely of olivine). Metamorphic rocks 
peripheral to the dunite include blueschist, amphibolite, 
marble, and quartzite. The blueschist formed at a high 
pressure (greater than 0.8-1.0 GPa), and the amphibolite 
formed at a relatively low temperature (about 520°C). 

These and other data (e.g., the existence of three-phase 

inclusions in the jadeite) suggest that the jadeite region of 

Myanmar formed within a high- or ultrahigh-pressure, 
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low-temperature metamorphic belt. 

The occurrence of high-quality jadeite is thought to 
relate to: the presence of ultramafic (peridotitic) host 
rocks of which chromite-bearing dunite is the most favor- 
able; various schists, or other high-pressure, low-tempera- 
ture metamorphic rocks peripheral to the ultramafic host 
rock; and proximity to a subduction or collision zone (to 
supply the fluids necessary for the formation of the 
jadeite). TL 
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Combined external-beam PIXE and p-Raman characteri- 
sation of garnets used in Merovingian jewellery. T. 
Calligaro, S. Colinart, J.-P. Poirot, and C. Sudres, 
Nuclear Instruments and Methods in Physics 
Research B, Vol. 189, Nos. 1-4, 2002, pp. 320-327. 

A unique collection of 12 jewels that cover most of the 

Merovingian period (5th to 7th centuries) was discovered 

in the 1950s during excavations of a necropolis in the 

basement of the Saint-Denis Basilica, near Paris. These 

“cloisonné” style artifacts, which were widespread in 

Europe during the Dark Ages, contain 369 thin and pol- 

ished slices of red garnet set in geometric gold or bronze 

settings. The authors characterized these garnets nonde- 
structively by means of their major-element and trace-ele- 
ment contents (by PIXE analysis) and inclusions (by 

Raman microspectrometry). Archaeological objectives 

were to determine the provenance of the garnets and gem 

trade routes of the Dark Ages. 

Ten of the jewels contained almandines, which origi- 
nated from two sources based on their distinctive abun- 
dances of Ca, Mg, and Y. One jewel contained pyropes, also 
from two sources (based on the presence and absence of 
Cr), while the garnets in one jewel were composed of inter- 
mediate almandine-pyrope (i.e., rhodolite) with chemical 
characteristics indicative of just one source. Eight different 
mineral inclusions (rutile, ilmenite, quartz, calcite, apatite, 
zircon, monazite, and graphite) were identified in 
almandines from one of the two sources, in contrast to 
only three (rutile, apatite, and monazite) from the other 
source; no mineral inclusions were reported in the pyrope 
and rhodolite garnets. The authors suggest that the 
almandines came from two different localities in India, 
whereas the pyrope (both sources) originated from Bohemia 
(Czech Republic}, and the rhodolite came from Sri Lanka. 

CT 


The Wernher Collection. M. C. McLaughlin, Jewelers’ 

Circular Keystone, Vol. 173, No. 12, 2002, pp. 86-89. 
The largest collection of medieval and renaissance jewel- 
ry in the United Kingdom, amassed by one of the 
founders of De Beers, has gone on permanent display in 
London. Sir Julius Wernher, born in Germany in 1850, 
went to work in Kimberley, South Africa, in the early 
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1870s as the representative for the diamond merchant 
firm of Jules Porgés. Wernher took control of Porgés’s firm 
in 1884, eventually allying with Cecil Rhodes in his quest 
to take control of the Kimberley diamond mines. In 1888, 
Rhodes formed De Beers Consolidated Mines, naming 
Wernher as a lifetime governor. 

Wernher assembled his jewelry collection between 
1890 and 1905, along with a number of Old Master paint- 
ings and objets d’art. The collection remained in the fam- 
ily estate until the summer of 2002, when it went on pub- 
lic display at Ranger House, an 18th century mansion in 
Greenwich Park, London. Most of the jewelry is from the 
Spanish Renaissance and consists of pendants set with 
opals, pearls, rubies, sapphires, and diamonds. The exhibi- 
tion was arranged by English Heritage, an advisory com- 
mission on preserving historical pieces, which has the 
collection on a 125-year loan. RS 


JEWELRY MANUFACTURING 


The art of concave faceting. S. Prosper, Canadian Gem- 
mologist, Vol. 23, No. 2, 2002, pp. 56-59. 

The concave faceting or OMF (optically magnified facet) 

machine has been in use for more than a decade. Invented 

by Douglas L. Hoffman and patented in 1990, the OMF 

machine is currently manufactured by his son, Zane D. 

Hoffman. 

Concave facets on the pavilion of a stone act as inter- 
nal convex mirrors, reflecting light rays from more direc- 
tions than a flat faceted stone, thus increasing brilliance 
and scintillation. The rough material should be transpar- 
ent and relatively inclusion free. Color bands, pleochro- 
ism, and high birefringence are factors to be considered, 
and light-colored gems typically yield better results than 
darker ones. Decreased yield (by 20%-25% weight) and 
increased production costs result in generally higher per- 
carat prices than for comparable conventionally faceted 
stones. CT 


Sound advice: Using ultrasonic technology to carve gem- 
stones in quantity. S. C. Shank, American Jewelry 
Manufacturer, Vol. 47, No. 1, 2002, pp. 29-34. 

Duplication, by freehand, of an existing gemstone carving 
almost invariably leads to variances among the stones. 
However, ultrasonic cutting technology allows mass pro- 
duction of customized carved gemstones. This process 
uses sound waves to vibrate a hard cutting tool in con- 
junction with an abrasive slurry. The ultrasonic machine 
converts electrical energy into mechanical energy, ampli- 
fying it by the use of sound (it is not to be confused with 
ultrasonic cleaning equipment). 

The first step in ultrasonic cutting technology is 
fashioning an original model. This model can be made 
from almost any material (e.g., wax, metal, or stone), 
but it should be at least 0.5 mm thick so that it is less 
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Gem-Grinding Hobby Attracts Many 


Growth of the Amateur Lapidary Movement an Asset 
to Reputable Jewelers 


by 


LELANDE QUICK 
Editor of “The Lapidary Journal,’ Hollywood, California 


It has been roughly estimated that 
some ten million persons in the United 
States are interested in collecting semi- 
precious stones. That would mean one 
out of every fifteen persons is a gem 
collector. Doubtless it is as impossible 
to guess the correct number of gem 
collectors as to guess the correct num- 
ber of stamp collectors, but there is 
certainly much evidence to indicate that 
despite frequent misinformation Ameri- 
cans are not nearly so ignorant about 
gems as they were a generation ago; 
indeed impressive numbers of people 
are so fascinated by the study of gem- 
stones and their decorative possibilities 
chat gem, mineralogical and lapidary 
societies are springing up all over. 

Twenty years ago there were rela- 
tively few amateur gem cutters, or 
lapidaries, in the country—only a few 
dozen competent men—but the work of 
these individuals has so stirred the 
imagination of others that thousands of 
amateurs now meet regularly to discuss 
gem materials, gem cutting and gem 
lore. 

One such person is William Pitts, 
who has been called the “Dean of the 
Lapidaries.” Mr. Pitts is Honorary 
Curator of Gems and Minerals at the 
California Academy of Sciences, San 
Francisco. For forty years he has 
traveled over the country getting people 
in every state interested in gem cutting 
as a hobby and art form. His own 
handiwork is on display in nearly every 
important museum in the land. 


Perhaps the greatest stimulus to the 
amateur lapidary movement in the 
United States has come from J. Harry 
Howard, of Greenville, South Carolina, 
whose “Handbook for the Amateur 
Lapidary” has become a “bible” for 
would-be gem cutters seeking to solve 
the mysteries of the art. Mr. Howard’s 
interest dates back to 1927 when he 
first found. a fine bit of red jasper 
and began to wonder how it would look 
as a cabochon. In pursuit of informa- 
tion on the proper way to cut and polish 
this gemstone, Mr. Howard became a 
real enthusiast and student of the whole 
field of gemology. It was after publi- 
cation of his pamphlet on The Working 
of Semi-Precious. Stones, in 1931, that 
the influx into the rapidly multiplying 
amateur groups began. 

In September of 1932 Rocks and 
Minerals, a magazine for the amateur 
mineralogist and collector, established 
a lapidary department under Mr. How- 
ard’s supervision, and this he conducted 
for some years. It is still being con- 
tinued. By early 1947 interest had de- 
veloped to the point that The Lapidary 
Journal, a new national monthly maga- 
zine. especially for amateur gem cut- 
ters and jewelry makers, began publica- 
tion in Hollywood, California. The 
appearance of such a magazine in the 
West is only natural, as the growth 
of amateur groups has been most rapid 
in this area where there are such quan- 
tities of inexpensive gem material avail- 
able for the amateur to gather—jasper 


susceptible to cracking during manufacture. The second 
step involves making the cutting tool, which is an exact 
reverse image of the desired stone. This is accomplished 
by taking a wax impression of the model and then mak- 
ing a metal casting of the impression (stellite steel, a 
Ni-Cr-Co alloy, is recommended). Before the actual 
fashioning (the third step) of the gem, the rough must 
be sawn and ground into slabs. Although this step can 
be time consuming, it is effective in reducing cutting 
time and increasing tool life, and it results in a better 
carving. The fashioned pieces are then sanded, and both 
high-polish and matte finishes can be employed. JS 


SYNTHETICS AND SIMULANTS 


Channel constituents in synthetic beryl: Ammonium. R. 
I. Mashkovtsev and V. P. Solntsev, Physics and 
Chemistry of Minerals, Vol. 29, No. 1, 2002, pp. 
65-71. 

The infrared and electron paramagnetic resonance (EPR) 

spectra of c-axis channel constituents in beryls synthe- 

sized hydrothermally in the presence of NH,Cl were 
investigated to determine the forms of the ammonium 
ion incorporated into this structural site. Three commer- 
cially available hydrothermal synthetic beryls (Biron, 

Regency, and Tairus), as well as several synthetic beryls 

grown experimentally in Russia, were used in the study. 

The results were compared to natural beryl from the Ural 

Mountains of Russia. 

IR spectra show bands assigned to the NH, molecule 
and NH; ion. EPR spectra after gamma irradiation 
showed that the NH} (I) radical can be generated from 
both the NH; ion and from the NH, molecule. After heat- 
ing at room temperature, the NHj (II) radical replaces the 
NH (I) radical. Al 


A comparison between a flux grown synthetic ruby and an 
untreated natural ruby. J. M. Duroc-Danner, Journal 
of Gemmology, Vol. 28, No. 3, 2002, pp. 137-142. 
Synthetic rubies grown by the flux method (which are far 
less common than the widely produced Verneuil flame- 
fusion or Czochralski crystal-pulled synthetics) may con- 
tain inclusions that appear similar to those found in some 
untreated natural rubies. In this particular case, however, 
the separation was fairly easy because the most obvious 
signs of flux synthesis (e.g., unmelted flux residue and 
trigonal and hexagonal platinum platelets) were present 
in the flux-grown ruby. Had these inclusions been exclud- 
ed during the cutting process, the separation would have 
been more difficult, especially since flux synthetic rubies 
may contain parallel color zones with straight and angu- 
lar growth features, as observed in most natural corun- 
dum. All of the inclusions in each stone examined are 
described, as well as the part each played in the identifica- 
tion process. WMM 
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TREATMENTS 


De Beers’ research yields HPHT’s secrets. C. Welbourn 
and D. Fisher, Rapaport Diamond Report, Vol. 25, 
No. 17, 2002, pp. 44-45. 
The introduction of color-improved high pressure/high 
temperature (HPHT)-treated diamonds in March 1999 
prompted major gemological laboratories in Europe and 
the U.S. to initiate research for detection of the treatment. 
Techniques used include UV-Vis and IR absorption spec- 
troscopy, as well as laser-excited photoluminescence (PL) 
spectroscopy. Carried out at cryogenic temperature, the 
PL technique is especially valuable for investigating type 
II diamonds—which are prime candidates for decoloriza- 
tion by HPHT treatment. De Beers, through the Gem 
Defensive Programme supported by the Diamond Trading 
Company (DTC) Research Centre, is assisting laboratories 
by developing prototypes of practical instruments to deal 
with the challenges (both current and anticipated) of iden- 
tifying this treatment. Although the identification equip- 
ment currently in use can distinguish the vast majority of 
HPHT-treated diamonds, there are always a small num- 
ber of stones for which the identification is uncertain. 

De Beers offers the following practical advice to the 
trade. Colorless and near-colorless diamonds should be 
checked to see if they are transparent to UV radiation and, 
therefore, likely to be type II diamonds amenable to 
HPHT treatment; such diamonds should be referred to a 
suitably equipped gemological laboratory. Those that are 
opaque to UV radiation will be type I and unlikely to have 
been HPHT treated. All fancy yellow, greenish yellow, 
pink, and blue diamonds should be sent to a qualified lab- 
oratory for evaluation. The DTC suggests that, ultimate- 
ly, the only option for UV-transparent type II diamonds 
(which are actually uncommon) is requiring a written 
declaration from the supplier that the diamonds are natu- 
ral and untreated. The same applies to the fancy-color dia- 
monds mentioned above. MT 


MISCELLANEOUS 


Birth of a birthstone. R. Weldon, Professional Jeweler, 
Vol. 5, No. 12, 2002, p. 33. 
Tanzanite has been named the third birthstone for 
December (with turquoise and zircon). Key industry orga- 
nizations, including the American Gem Trade Association 
(AGTA), International Colored Stone Association (ICA), 
and the Jewelers of America (JA) signed on to the proposal, 
making tanzanite the first gem to be added to the birth- 
stone list since 1912. The JA added the information to its 
gemstone information leaflets, and the AGTA placed full- 
page announcements in Town & Country and In Style 
magazines. AGTA executive director Douglas K. Hucker 
said that tanzanite is the second most popular colored 
gemstone in the U.S., behind sapphire. RS 
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In Honor of Dr. Edward J. Gubelin 


“Very few people realize that in these jewels they have the presence 

of natural monuments of a past that reaches back many thousands of 
years prior... . To those who are able to explore their secrets, precious 
stones relate a story as interesting as that of the huge pyramids erected by 
the Pharaohs at Memphis, and it would seem that their sublime internal 
spheres might best be called, ‘The Fingerprints of God.’” 


Edward J. Gtibelin, 


Inclusions as a Means of Gemstone Identification, 1953 


hen Edward J. Giibelin first 
peered through a micro- 
scope as a young man, 


inclusions in gems were generally con- 
sidered disagreeable “flaws” or “imper- 
fections.” Today, however, gemolo- 
gists almost instinctively recognize the 
diagnostic importance and natural 
beauty of inclusions. This evolution in 
itself is a tribute to Dr. Gtibelin’s 
remarkable career. 


Having recently reached the venerable 
age of 90, Dr. Giibelin is one of the 
world’s most honored gemologists. A 
prolific lecturer and writer, he has 
numerous books and more than 150 
research papers to his credit. An 
intrepid adventurer, he has traveled the 
globe to explore the world’s most 
important gem sources. 


Dr. Guibelin’s journey began in Lucerne, Switzerland. Born 
into a watchmaking family, he decided to pursue a career in 
gemology in the 1930s, soon after his father established the 
first privately owned Swiss gemological laboratory (in 
Lucerne). He studied at the universities of Zurich and 
Vienna, earning a Ph.D. in mineralogy at the latter in 1938. 
It was during the 1936-37 winter term in Vienna, while 
studying under Prof. Hermann Michel, that he first learned 
to distinguish inclusions and appreciate their significance to 
the identification of gemstones. 


After obtaining his doctorate, Dr. Gtibelin became one of the 
first resident students at GIA in Los Angeles—later he would 

be elected the Institute’s first Research Member—and earned 
a Certified Gemologist diploma in 1939. That same year, Dr. 


EDITORIAL 


Gubelin returned to Switzerland to 
help run the family business. 


His ongoing research into gem inclu- 
sions led to a series of articles written 
for Gems & Gemology during the 
1940s. GIA founder Robert M. 
Shipley Sr. encouraged him to go 
even farther and put together a book 
on the subject of inclusions. Dr. 
Gibelin decided to postpone publica- 
tion of this work until he could incor- 
porate the latest discoveries, such as 
on new synthetic gem materials. 


In January 1953, more than a decade 
after he began work on it, Inclusions as 
a Means of Gemstone Identification 
was published. This volume presented 
the first systematic classification of 
inclusions in diamonds, colored stones, 
and synthetic gem materials. With 
more than 250 photographs, it demonstrated how inclusions 
could help reveal the identity and source of gems. Inclusions 
became a classic, changing the face of modern gemology. 


Dr. Gtibelin continued to contribute in a variety of areas, 
with the 1963 film “Mogok, the Valley of Rubies” and 
books such as Internal World of Gemstones (1974) and The 
Color Treasury of Gemstones (1975). In 1986, he collabo- 
rated with John Koivula on the Photoatlas of Inclusions in 
Gemstones, which is still considered the most important 
contemporary book on the subject. One of his most widely 
seen contributions is the informative “World Map of Gem 
Deposits,” published in 1988, which can be found on the 
walls of jewelry stores and gemological laboratories alike. 
Most recently, in 2000, he published the comprehensive, 
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beautifully illustrated Gemstones: Symbols of Beauty and These photomicrographs by Dr. Edward Giibelin illus- 


Power, with Franz-Xaver Erni. trate the superb techniques he has demonstrated over 
more than six decades. At the top, Dr. Giibelin reveals 
Today, Dr. Giibelin remains an active figure in the gemo- a euhedral apatite crystal in a ruby from Mogok (mag- 
logical community. He is a regular presenter at meetings of nified 50x). The central image shows an accumulation 
the Swiss Gemmological of confetti-like fluid films on basal planes in a green 
Society, sharing gems from beryl from Madagascar (magnified 66x). On the bot- 
E.J.Gubelin J. Koivula his incomparable collec- tom, stretched air bubbles mimic natural inclusions in 
‘fon andl slices of Ihis lest this glass imitation of aquamarine (magnified 25x). 


down his travel somewhat, 
XS he still appears at confer- 
ences and lectures on 
occasion. Fluent in five 
languages, he maintains an 
active correspondence 
with colleagues around the 
world from his home in 
Lucerne. Since 1997, he 
has generously sponsored 
Gems & Gemology’s annu- 
al Most Valuable Article Award (see page 65-66). And he 
continues to work daily on Volume 2 of the world- 
renowned Photoatlas. 


PHOTOATLAS [iteaninaneee 
= e 


| will always be grateful for Dr. Gubelin’s support of a 
young, unknown editor more than two decades ago, when 
he supplied the lead article in the first issue of the “new” 
Gems & Gemology. That Spring 1981 article, “Zabargad: 
The Ancient Peridot Island in the Red Sea,” is still the classic 
reference on this historic locality. In the many years since 
then, | have been privileged to visit with Dr. Giibelin on sev- 
eral occasions and to glimpse part of his fascinating collec- 
tion. Like others in the gemological community, | treasure 
every beautifully scripted letter | receive from him, and find 
his warmth, enthusiasm, and charm unequalled. 


All of the articles in this issue reflect areas of passion for Dr. 
Gubelin: new gem materials—poudretteite and grandi- 
dierite—and photomicrography. The article by John Koivula 
in particular was written especially as a gift to the gemologi- 
cal community in honor of his long-time friend and collabo- 
rator. With this issue, we wish Dr. Edward J. Gubelin a 
happy 90th birthday, and we thank him for his lifelong con- 
tribution to the beauty and knowledge of gemology. 


hae. 
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Alice S. Keller, Editor-in-Chief 
akeller@gia.edu 
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PHOTOMICROGRAPHY 
FOR GEMOLOGISTS 


By John I. Koivula 


Just because you don’t see it, doesn’t mean it isn’t there. 


Many areas in the jewelry industry—education, gemological research, lecturing, publication, 
and laboratory and inventory documentation, to name a few—either require or benefit from 
high-quality photomicrography. This article reviews the basic requirements of gemological pho- 
tomicrography and introduces new techniques, advances, and discoveries in the field. Proper 
illumination is critical to obtaining the best possible photomicrographs of gemological subjects, 
as is the cleanliness of the photomicroscope and the area around it. Equally as important is an 
understanding of the features one sees and the role they might play in the identification process. 


This article is dedicated to Dr. Edward J. Guibelin, one of the great pioneers of gemological 
photomicrography and the first gemologist to truly appreciate the unparalleled beauty of gems 


in nature’s microcosm. 


ithout photomicrography, gemology as 
we know it would be virtually nonexis- 
tent. The photomicrographer explores 
the surfaces and interiors of gems with a micro- 
scope, and prepares images that record and convey 
information that is normally hidden from view. 
Today, nearly all professional gemological 
researchers take and publish their own photomicro- 
graphs. When researchers report the identifying fea- 
tures of new synthetics, treatments, and natural 
gems from new geographic localities, they include 
photomicrographs that are instrumental to the jew- 
eler/gemologist in identifying these new materials. 
One needs only to look through issues of Gems & 
Gemology, or any of the other various international 
gemological journals, to see how dependent gemolo- 
gy has become on these illustrations of the micro- 
scopic features of gems. Via the printed page, these 
photomicrographs instantly update the reader. 
Although the basics of photographing through a 
microscope are easily learned and applied (see, e.g., 
“Photomicrography...,”” 1986-87), high-quality pho- 
tomicrography is an art-science that is never fully 
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mastered. It only continues to improve over time 
with much practice, great patience, and at least 
some imagination. A gemological photomicrogra- 
pher must understand a subject in order to bring out 
or highlight any significant details, and to know 
how the subject will appear on film. That is the sci- 
ence (figure 1). Artistry, however, requires that 
those details be presented in an eye-pleasing photo- 
graph, since along with durability and rarity, beauty 
is one of the primary virtues of any “gem” (figure 2). 

It is neither possible nor feasible to own every 
beautiful or scientifically interesting gem encoun- 
tered. With the ability to take photomicrographs, 
however, one can document any notable or educa- 
tional micro-features. Over time, it is possible to 
create a visual media library that can be used as a 
reference and documentation source in gem identi- 


See end of article for About the Authors and Acknowledgments. 
Note that all photomicrographs are by the author. 
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fication situations. Such a library also can be 
employed as an independent image resource for lec- 
tures and other presentations, and, in the case of 
certain beautiful photos (figure 3), even as an inspi- 
rational form of aesthetically pleasing natural art. 

In the pursuit of photomicrography, the cleanli- 
ness and stability of the microscope are critical, and 
the effects of light on the subject inclusion must be 
fully understood in order to determine what 
method(s) of illumination will yield the most useful 
photographic image. In addition, specialized tech- 
niques can save film and time while producing top- 
quality photomicrographs. Although some of these 
techniques are usually mastered only through 
decades of experience, it is never too late to start 
learning and refining what you already know. This 
article discusses these various factors and tech- 
niques, such as the importance of a properly pre- 
pared microscope and photographic subject, as well 
as the control of vibrations and the factor of time 
itself. It also examines several methods of illumina- 
tion adaptable to a standard gemological microscope. 
It is intended not only to introduce readers to gemo- 
logical photomicrography, but also to show them 
the possibilities offered by this always interesting 
and often beautiful realm. 


PROPER TERMINOLOGY 

The terms photomicrography and microphotogra- 
phy do not mean the same thing and are not inter- 
changeable. The scientifically correct term for taking 
pictures through a microscope is photomicrography 
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Figure 1. This decrepita- 
tion halo surrounding a 
fluid inclusion in a natu- 
ral, untreated Thai ruby 
was captured on film 
using a combination of 
darkfield and fiber-optic 
illumination. A Polaroid 
analyzer was also used 
to eliminate image dou- 
bling, thereby providing 
a sharper photo. 
Magnified 45x. 


(Bradbury et al., 1989), which has longstanding 
precedence (“Photomicrograph . . .,” 1887). The 
images produced are properly called photomicro- 
graphs or simply photographs. Microphotography is 
the technique used to reduce a macroscopic image to 
one that is too small to be resolved by the unaided 
eye. For example, microphotography is used in the 
production of microfilm, where the contents of 
entire newspapers are reduced to very tiny pho- 
tographs. These images are called microphotographs 
or, in sequence, microfilms. 


DIGITAL VERSUS FILM 


All of the images published in this article were pro- 
duced from 35 mm professional film (with ASA’s 
ranging from 64 to 160). While some gemologists 
may consider digital photomicrography more “up 
to date,” in my experience the color saturation and 
resolution obtained on the best digital cameras is 
not yet as good as can be obtained using a fine- 
grained professional film. While photomicrographic 
images obtained from a digital camera may look 
excellent, if the same subject is photographed on 
professional film, and two images are placed side- 
by-side, the superiority of the film image then 
becomes obvious. The quality of scanners today is 
such that you still can obtain a better digital image 
by scanning a slide than if you use digital photomi- 
crography directly. While there is virtually no 
doubt that digital photomicrography will someday 
surpass and probably replace film, this has not yet 
occurred. 
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SOME REQUIREMENTS 


There are three primary steps to effective examina- 
tion of the external and internal microscopic charac- 
teristics of any gem. The first is found in a sound sci- 
entific and gemological knowledge of the subject. 
The second is found in the quality of the micro- 
scope’s optics, while the third is linked to illumina- 
tion techniques. 

As the first step, the photomicrographer must 
have a sound working knowledge of inclusions in 
gems and how they react to various forms of illumi- 
nation. This knowledge can be gained by reading the 
technical literature, both journals such as Gems & 
Gemology and Journal of Gemmology, and books 
such as The Photoatlas of Inclusions in Gemstones 
(Giibelin and Koivula, 1986). 

The second step is obtaining the best optics, and 
there really is no substitute for high quality. With 
optics, you more-or-less get exactly what you pay for. 
While there might be a premium for certain well- 
known brand names, if you choose to spend as little 
as possible on a photomicroscope, then your talent 
will quickly surpass your microscope’s usefulness, 
you will quickly outgrow that microscope, and you 
will never achieve the results you are after. A used 
photomicroscope with excellent optics is much better 
than a brand new one with an inferior optical system. 

The third step is understanding the various illu- 
mination techniques that are available to both best 
visualize the microscopic feature and best capture it 
in a photograph. This is discussed in detail below. 
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There are also a number of other concerns that 
are intrinsic to the process of photomicrography. 
How can vibrations be reduced or eliminated? How 
can exposure time be controlled or reduced? What is 
the best way to clean the equipment and the stones 
to be photographed? And so on. What follows is a 
review of some of these important considerations 
for photographing inclusions and other features 
through a microscope, to ensure the most positive 
experience and the best possible images. 


VIBRATION CONTROL 


Vibration problems are one of the greatest threats to 
good photomicrographs. It is, therefore, critical that 
the photomicrographic unit be protected from 
unavoidable room vibrations during the entire expo- 
sure cycle. Optical isolation benches and air flotation 
tables have been designed for this specific purpose, 
but the high cost of such tables (typically several 
thousand dollars for one 3 x 3 feet [approximately 1 
m?]) is prohibitive for most photomicrographers. 
Making your own vibration control stage is the logi- 
cal alternative, and doing so can be relatively easy. 
First, if at all possible, find a ground floor or base- 
ment location for your photomicroscope, preferably a 
thick concrete slab that has been poured directly over 
firm soil or bedrock and covered with a firm finish 
flooring material such as vinyl or vinyl composition 
tile. Avoid floating floors and areas subject to fre- 
quent harsh vibrations (such as near a manufacturing 


Figure 2. Photomicro- 
graphic images can be 
either soft or bold. A 
combination of shadow- 
ing to bring out the 
vibrant colors and fiber- 
optic illumination to 
highlight the pseudo- 
vegetation was used to 
create this soft, imagina- 
tive “Aurora Borealis” 
in a dendritic iris agate 
carved by Falk Burger. 
Magnified 4x. 
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Figure 3. Polarized light 
and fiber-optic illumi- 
nation combine to form 
this bold rainy moun- 
tain scene in a quartz 
faceted by Leon Agee. 
The patterned colors are 
caused by Brazil-law 
twinning, while light 
reflecting from rutile 
needles produces the 
“wind-driven rain.” 
Magnified 5x. 


area or a workshop). Then place a soft layer of dense, 
short-pile carpeting or rubber matting of a neutral 
color in the immediate area around the photo space 
in case something is dropped accidentally. The photo 
room itself need not be large (5 x 6 feet will work), 
but it should be capable of near-total darkness. 

Once the photo room has been chosen, start 
with a hard, sturdy, thick-surfaced table as a prima- 
ry base for your microscope, camera, and lighting 
equipment. To build an anti-vibration “sandwich,” 
place a rubber cushion that is larger than the base of 
your microscope and about !/4 inch (6.4 mm] thick 
on the table. On top of that put a !/4—!/2 inch (6-12 
mm) thick steel plate of the same dimensions as the 
rubber cushion, and then position a rubber cushion 
similar to the first over the steel plate. Last, place a 
1-3 inch (approximately 2.5-7.5 cm) thick granite 
(or similar hard rock) slab on the top cushion, which 
then holds the photomicrographic unit. This set-up 
eliminates vibrations for virtually all magnifications 
below about 100-150x (Koivula, 1981), although it 
is still important to avoid touching the table or any 
of the equipment during the actual exposure. 


MODERN EQUIPMENT 


Since there is no substitute for good optics, you 
should expect to spend several thousand dollars to 
properly equip a gemological photomicroscope. 
Obviously the most costly piece of equipment is the 
microscope itself, followed by the camera and the 
fiber-optic illuminators. As shown in figure 4, there 
are two bifurcated illuminators in the set-up I use, 
which gives a total of four controllable light pipes, 
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two on each side of the microscope. This set-up is 
highly recommended for its versatility. The fiber- 
optic illuminators can be purchased through manu- 
facturers such as Dolan Jenner, Nikon, or Zeiss, or 
from distributors such as GIA Gem Instruments or 
Edmund Scientific. 

The Internet is a great place to start in your 
search for a photomicroscope. All of the major man- 
ufacturers of high-quality optical equipment have 
Web sites that show the full range of their products, 
as well as ancillary equipment useful to the pho- 
tomicrographer. There are also some excellent Web 
sites that list used microscopes for sale from all of 
the major manufacturers. Many of these have been 
very well maintained, with optics in excellent “as 
new” condition. 

Currently, no one manufacturer produces an all- 
inclusive, ideal photomicroscope for gemology. 
Such set-ups evolve over time, typically user-assem- 
bled hybrids with components designed to handle 
specific gemological photo situations. For example, 
the gemological photomicroscope set-up pictured in 
figure 4 has evolved around a basic, but no longer 
manufactured, Nikon SMZ-10 zoom stereo trinocu- 
lar photomicroscope with a built-in double iris 
diaphragm for depth-of-field control. It rests on a 
GIA Gem Instruments custom-made base with a 
built-in darkfield-transmitted light system that 
incorporates a 150-watt quartz halogen light source. 
The base itself is mounted to a large steel plate for 
added stability, and the post that holds the micro- 
scope to the base is 10 inches (about 25 cm) longer 
than a normal post, which allows much larger spec- 
imens to be examined and photographed. 
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Figure 4. Housed in a sturdy protective cabinet, the 
author’s gemological photomicrographic system uses 
a trinocular arrangement so that the camera remains 
in place when the system is being used as a binocular 
microscope. Note that this custom-made darkfield 
and transmitted light system uses two fiber-optic illu- 
minators (with a white film canister diffuser on the 
wand that is lit), but it is also easily set up for applica- 
tions with polarized light, shadowing, and ultraviolet 
illumination. Photo by Maha Tannous. 


As noted in the article “Photomicrography: A 
‘how-to’ for today’s jeweler-gemologist” (1986-1987), 
you can get good, usable photomicrographs by pur- 
chasing a camera-to-microscope adaptor that will 
allow you to mount a 35 mm single-lens-reflex cam- 
era on virtually any binocular microscope. 
Ultimately, you determine how far you go with 
gemological photomicrography. When putting 
together a gemological photomicrographic system, it 
is most important to remember that there is no sub- 
stitute for high-quality optics, and proper illumina- 
tion is critical. 


TIME, EXPOSURE TIME, AND FILM 


Forget film cost and developing. Your time is the 
single most valuable asset you invest when practic- 
ing photomicrography. You should use it, and use it 
wisely. Take the time to clean the subject, position 
the stone, and select the correct illumination and 
adjust it appropriately. As you are beginning work 
in this area, the more time you spend on a photo, 
the fewer mistakes you will make. As you become 
more experienced, you will need less time, but it 
will always be your most important commodity. 
Another time consideration in photomicrogra- 
phy is exposure time. While time may be a friend 
during sample preparation and set-up, with expo- 
sure time, shorter is always better. Long exposure 
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times not only can increase the risk of vibration 
problems, but they also can affect the quality of the 
color captured by the film. 

Exposure time is dictated by the speed of the film 
you use and the amount of light reaching the film. 
While it might be tempting to choose a faster film, it 
is normally better to increase the lighting on the 
subject, when possible. Slower films use smaller 
chemical grains to capture the image; exposure 
times are longer but images are much sharper. Faster 
films use larger grains that capture images more 
quickly, but, in general, such larger grains produce 
grainier photos. If a photograph is to be enlarged in 
any significant degree, as is usually the case with 
gemological photomicrographs, the sharpness of the 
recorded image is an important consideration. It is 
particularly critical with 35 mm transparencies, 
because of the smaller format. Likewise, for the 
same reasons, higher film speed equates to a lower 
quality of color. Between low-speed, fine-grain 64 
ASA tungsten professional film and higher-speed, 
larger-grain 400 ASA film, you will see an obvious 
difference in image sharpness, color saturation, and 
overall richness of the photograph. 


STARTING CLEAN 

There is no substitute for cleanliness in photomicrog- 
raphy. Oily or greasy smudges on your lenses will pro- 
duce fuzzy, blurred images, making it virtually impos- 
sible to obtain proper focus. Dirt particles block light 


Figure 5. Items for cleaning optical equipment as well 
as gems, such as compressed air, a camel’s-hair blow- 
er brush, cleaning fluids, a gem cloth, and lens paper, 
should always be kept close at hand while doing 
gemological photomicrography. Photo by Maha 
Tannous. 
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WINTER, 


1947 491 


‘in all colors, fine moss agate, petrified 


woods, tourmaline, etc. 

In Los Angeles County alone, it has 
been conservatively estimated that there 
are some twenty thousand persons who 
own gem-cutting equipment. The Los 
Angeles Lapidary Society was formed 
in 1940 and grew so rapidly that its 
total membership has been limited to 
two hundred in order to insure the ut- 
most benefit to individual members. 
Qualifications demand the presence of 
members at a reasonable percentage of 
monthly meetings, participation in at 
least one of the ten field trips made 
annually in search of gem material, and 
each member must cut and exhibit at 
least five polished stones a year. 

The first public showitig of the work 
of this Los Angeles organization oc- 
curred in 1942. Its success was so 
astounding that the Los Angeles County 
Museum of History, Science and Art 
invited the Society to arrange a major 
exhibition, which has since become an 
annual event and now enjoys a prefer- 
red location in the main art gallery, 
where it remains on display for a full 
month. In 1946 no less than eighty 
thousand persons went to see it—more 
than have turned out, before or since, 
for any other museum event. No 1947 
exhibit has been held. It has been deli- 
berately bypassed in favor of a still 
more sophisticated display scheduled 
to be held in the early months of 1948. 

The formation of new mineralogical 
societies is continuing at a rapid pace. 
These organizations usually style them- 
selves “mineral and gem” societies, and 
their activities invariably include gem 
grinding, which is also taught as a 
special subject in evening classes for 
adults in many cities. 

Lapidary societies, as such, have also 
been formed and their members are 
becoming highly proficient jewelry 
makers as one activity leads to another. 


During the war period the ability of 
these amateurs to grind gems helped 
to overcome one of the most severe 
industrial bottlenecks. In Southern 
California, where so many of them 
happened ‘to be anyway, they were given 
unexpected invitations by the govern- 
ment to enter the large war plants and 
help. cut quartz crystals and synthetic 
gems for radar and instrument panels 
on airplanes and sea equipment. Simul- 
taneously many amateurs were develop- 
ing their own machinery in home shops 
and the equipment now in use is often 
far ahead of the lapidary equipment to 
be found in many professional shops. 

Should the jeweler or professional 
gem cutter become alarmed about this 
situation? Certainly not. The smartest 
thing to do is to get behind the amateur 
gem-grinding movement locally and 
earn the goodwill of these society mem- 
bers—they are potent advertising! Just 
as the amateur cabinetmaker, building 
a bookcase in his home workshop, ac- 
quires a greater appreciation for the 
fine furniture offered by local mer- 
chants, and buys from the most reput- 
able among them with an eye for sound- 
ness and detail, so the amateur gem 
cutter, after cutting an agate or facet- 
ing a tourmaline, has a better apprecia- 
tion of good workmanship and invari- 
ably visits a reputable jeweler to pur- 
chase his finer gemstones. 

One such jeweler in Los Angeles, 
wholly unaware of the source, has 
profited enormously from the writer’s 
goodwill, for instance. He would not 
recognize me if I went into his estab- 
lishment, but I have recommended him 
frequently, over a period of years, to 
persons seeking dependable information 
on gemstones. 

Some critics forget that the man or 
woman (about one-third of the mem- 
bers in the mineral and gem societies 
are women) who becomes an amateur 

(Continued on page 503) 


and can create dark artifacts or spots on photographs. 
Your camera, microscope, lenses, and other associated 
components (again, see figure 4), are precision instru- 
ments that should be treated with respect and care. 
They should be covered and stored safely when not in 
use, and you should never smoke, eat, or drink around 
them or any other optical equipment. 

Even with proper precautions, however, lenses 
and other photographic equipment will still become 
dirty through normal use. When this occurs, cleaning 
requires proper procedures and equipment (figure 5). 
A quick “dry wipe” will damage a lens’s coating and 
almost guarantees a scratched surface. Cleaning 
should begin with a blast of compressed air to 
remove all loose dirt particles. Any stubborn dust can 
be loosened with a soft camel’s-hair brush, followed 
by another dose of compressed air. Fingerprints, nose 
prints, and any other greasy smudges can be removed 
with any of the standard quick-evaporating lens 
cleaners together with a lint-free lens tissue. 

Dust and grease on your photographic subject will 
cause the same problems they cause on your lenses, 
so cleaning here is just as important. Even tiny dust 
particles on a gem can show up as bright hot spots or 
dark artifacts on the developed film, depending on 
how the subject was illuminated and the nature and 
diaphaneity of the “dust” itself. Oily smudges and 
fingerprints on the surface of the subject will dimin- 
ish clarity and distort the view of a gem’s interior. 
While wiping the stone with a clean, lint-free gem 
cloth is often sufficient, very oily or dirty subjects 
should be cleaned with water or a mild detergent, fol- 
lowed by a lens tissue to clean the surface. Special 
care should be taken first, however, to ensure that 
hard particulate matter is not stuck to the surface; 
wiping such a stone could result in scratching, since 
the cloth or tissue will serve as a carrier for any 
small, hard particles. Initial examination at about 
5-10¥ with fiber-optic lighting should reveal any 
such material. 

While care should be taken during the cleaning 
of any gem material, the softer the gem material the 
more cautious one should be. For example, a ruby 
with a Mohs hardness of 9 is much less susceptible 
to scratching than is a faceted fluorite with a Mohs 
hardness of 4. While both can be scratched, it is 
considerably more difficult to damage the ruby. 

Dust can still settle on or be attracted to your sub- 
ject even after cleaning, especially if you are working 
with troublesome dust gatherers such as tourmaline. 
Pyroelectric gem materials can attract new dust, 
especially when warmed by the illuminators com- 
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monly used in photomicrography. It is particularly 
important to constantly check for newly arrived dust 
with such stones. As when cleaning your lenses, 
canned air and a camel’s-hair blower brush are useful, 
if carefully handled, a fine-point needle probe can also 
be used to remove small dust particles. The tools you 
use for routine cleaning of lenses and gemological 
subjects should be kept nearby while you work. It is 
also important to check your subject through the 
camera or microscope before each and every exposure 
to be sure an unwanted dust particle has not settled 
in the field of view, or to be sure that neither the 
lighting nor the subject has shifted position. 


ILLUMINATION TECHNIQUES 
FOR PHOTOMICROGRAPHY 


The very first “rule” of photomicrography is: 
Without proper illumination, you never know 
what you're missing. A broad collection of pho- 
tomicrographic lighting accessories that greatly 
expand the usefulness of a gemological darkfield 
microscope are shown in figure 6 and described in 
the sections below. 

While sometimes a single illumination technique 
will be sufficient, more often than not two or more 
techniques are needed to produce a high-quality 
gemological photomicrograph. Today, these meth- 


Figure 6. This collection of lighting accessories would 
be found in any complete gemological photomicro- 
graphic laboratory. Shown here are a single-wand 
fiber-optic illuminator; a pinpoint fiber-optic illumi- 
nator with two end attachments; two Polaroid plates 
and a first-order red compensator; a white diffusing 
plate; two iris diaphragms for shadowing; two modi- 
fied film cans and two black paper strips for hot spot 
control; and a shallow glass evaporating dish for par- 
tial immersion if needed. Photo by Maha Tannous. 
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ods include fiber-optic, pinpoint, light “painting,” 
and darkfield illumination, as well as transmitted, 
diffused transmitted, and polarized light. Among the 
tools that can be used to maximize the effectiveness 
of the different illuminants are the first-order red 
compensator and shadowing. For special situations, 
photomicrographs may be taken using an ultraviolet 
unit or with the stone in immersion. 

When the first Gems &) Gemology article on 
“Photographing Inclusions” was published 
(Koivula, 1981), darkfield illumination was consid- 
ered the most useful illumination technique in 
gemological microscopy. Over the last two decades, 
that designation has shifted, and fiber-optic illumi- 
nation is now considered to be the single most use- 
ful form of lighting in gemology for photomicrogra- 
phy as well as gem identification. Certainly, dark- 


Figure 7. This highly diagnostic “zebra stripe” fracture 
pattern in natural “iris” amethyst shows vibrant irides- 
cent colors in fiber-optic illumination. Magnified 2x. 
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Figure 8. Fiber-optic illumination was used to high- 
light the surface of this pyrite crystal in fluorite, bring- 
ing out growth details that otherwise would be diffi- 
cult to see. Magnified 10x. 


field illumination still has its place, especially in 
diamond clarity grading. Where photomicrography 
is concerned, however, fiber-optic illumination is 
without peer, and so we will start there. 


Fiber-optic Illumination. The use of fiber-optic illu- 
mination in gemology was first introduced in the 
late 1970s and in Gems &) Gemology a few years 
later (Koivula, 1981). A fiber-optic light is not only 
effective in obtaining a specific effect or viewing a 
specific feature, but it is also versatile, in that the 


Figure 9. Opaque gems, which look essentially black 
in darkfield, usually respond well to fiber-optic illumi- 
nation. Pyrite, chalcocite, and quartz are all present in 
the webbing of this untreated spider-web turquoise. 
Magnified 10x. 


SPRING 2003 


GEMS & GEMOLOGY 


Figure 10. Fiber-optic illu- 
mination reveals the rain- 
like stringers of flux parti- 
cles in a Kashan synthetic 
ruby (left). In darkfield 
conditions, without fiber- 
optic illumination, the 
flux “rain” in the same 
Kashan synthetic ruby is 
no longer visible (right). 
Magnified 15x. 


object can be illuminated from virtually any angle 
(again, see figure 4). 

Transparent, translucent, and opaque gems all 
respond well to fiber-optic lighting. The results can 
be both beautiful and informative. Fractures, cleav- 
ages, and ultra-thin fluid inclusions become deco- 
rated with vibrant iridescent colors (figure 7). 
Interfaces surrounding included crystals show 
details of growth that otherwise elude observation 
(figure 8), while reflecting back facets return light to 
the observer's eye, seemingly magnifying the inten- 
sity and the richness of color. Opaque gems, which 
look essentially black in darkfield, often show 
startling patterns and/or variations of color when 
explored with fiber-optic illumination (figure 9; 
“Fiber optic illumination. . .,” 1988). 

Today, it doesn’t seem possible for anyone on 
the technical side of the gem industry to get along 
without a fiber-optic illumination system for their 
microscope. And, indeed, some microscope sys- 
tems have such a system built in. At the micro- 
scopic level, there are internal characteristics in 
gems that you just cannot see without this form of 
illumination. One example is the so-called “rain” 
trails of tiny flux particles that are characteristic of 
Kashan synthetic rubies (figure 10, left), which 
often go undetected in darkfield alone (figure 10, 
right). Another startlingly clear example of the 
inadequacy of darkfield illumination was recently 
published in Gems & Gemology (Koivula and 
Tannous, 2001, p. 58). In this example, a beautiful 
stellate cloud of pinpoint inclusions in diamond 
was only visible in its diamond host with fiber- 
optic illumination. 

Fiber optics also can be used to examine the sur- 
faces of both rough and faceted gems for irregulari- 
ties. These might include surface growth or etch 
features, surface-reaching cracks, or polishing lines. 
Scanning the surface of the stone with a fiber-optic 
wand is of tremendous value in the photomicrogra- 
phy of important details on the surfaces of gems and 
related materials, particularly in the detection of 
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some surface treatments, such as the oiling of emer- 
alds, fracture filling of diamonds, and coatings as on 
Aqua Aura quartz (figure 11). 

If the light is too harsh, or produces too much 
glare, fiber-optic illumination can be controlled by 
placing a translucent white diffusing filter over the 
end of the light pipe. From experience, I have found 
that a translucent white film canister makes a great 
diffuser: Simply punch a hole in the lid and push 
the film canister over the end of the light pipe 
(again, see figure 4). 

Over the years, other forms of fiber-optic illumi- 
nation have been adopted for use in gemology. Two 
particularly important ones are pinpoint illumina- 
tion and light painting. 


Pinpoint Illumination. As its name suggests, pin- 
point illumination is ideally suited for getting light 
into tight or difficult places. Pinpoint illumination 
(Koivula, 1982a) employs a long, very flexible light 
pipe with interchangeable straight and curved tips of 
various diameters down to a millimeter (again, see 
figure 6). An adaptor can be used to convert a stan- 
dard fiber-optic light source to a pinpoint illuminator. 


Figure 11. Details of the gold coating on the surface of 
an Aqua Aura quartz are clearly visible with shad- 
owed fiber-optic illumination. Magnified 5x. 
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With pinpoint illumination, it is possible to highlight 
specific regions in or on a gem (figure 12, left) that 
might otherwise go unnoticed (figure 12, right), or 
quickly locate very small inclusions. It is also possi- 
ble to effectively illuminate mounted stones no mat- 
ter how complex the mounting; even those in closed- 
back settings are easily examined using this tech- 
nique. Pinpoint fiber-optic illumination is perhaps 
the most versatile form of ancillary lighting available 
for gemologists concerned with gem identification or 
evaluation. 


Light Painting. Light painting is a variant of pinpoint 
fiber-optic illumination. As with all techniques, it 
takes some practice to use effectively. It is also a 
technique that will often surprise you with its 
results, and it probably never can be fully mastered. 
In light painting, you use a pinpoint fiber-optic wand 
just as an artist uses a paint brush, in that you keep 
the wand moving and “stroke” the subject with 


Figure 13. This image showing a comet-like sprig of 
rutile in quartz was created by light painting using a 
pinpoint fiber-optic illuminator. Magnified 10x. 
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Figure 12. Pinpoint fiber- 
optic illumination clearly 
shows the rupture craters on 
the surface of a high-temper- 
ature heat-treated ruby 
(left). Without the pinpoint 
illuminator to highlight the 
surface, using only darkfield, 
the surface damage on the 
heat-treated ruby is not visi- 
ble (right). Magnified 12x. 


light from various angles during the exposure cycle. 
It usually works best on transparent subjects, with 
the light directed either from below or from the side 
(figure 13), since the use of light painting from over- 
head angles will often result in hot spots. It is a sup- 
plementary technique to other forms of illumination 
such as darkfield and transmitted lighting, and can 
be helpful in reducing exposure times in low-light 
situations such as those encountered when using 
polarized or ultraviolet illumination. 


Darkfield Illumination. Darkfield illumination, the 
method used internationally in diamond grading, is 
the “workhorse” of lighting techniques, the one 
most gemologists use for colored stones as well as 
diamonds. Most jewelers and appraisers rely almost 
entirely on darkfield illumination in their gemologi- 
cal work with a microscope. The primary reasons 
for this are twofold: Darkfield illumination as mar- 
ried to the gemological microscope is what is 
taught, and darkfield illumination is what is sold as 
the “built-in” illumination system on today’s 
advanced gemological microscopes. 

Even though it has been surpassed by fiber-optic 
illumination for gem identification and photomi- 
crography, darkfield still remains an important illu- 
mination technique for all gemological applications, 
including the routine observation and photography 
of inclusions. 

With the darkfield technique, whereby light 
transmitted from below is reflected around the sides 
of an opaque light shield by a mirror-like reflector 
(as illustrated in Koivula, 1981), only light that is 
scattered or reflected by the inclusions is seen 
through the microscope and captured on film. The 
inclusion subjects appear relatively bright against a 
dark background (figure 14, left). However, if dark- 
field is the only method employed, significant 
details may be missed, as shown in figure 14, 
right—the same image taken with shadowing (see 
below) in addition to darkfield. Darkfield lighting is 
most applicable to the study of transparent-to- 
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Figure 14. Darkfield illumi- 
nation is designed to show 
inclusions brightly against a 
dark background. On the 
left, a white solid in a man- 
ufactured glass is clearly 
revealed. If shadowing is 
also used (right), the flow 
lines in the glass surround- 
ing the white solid can be 
seen as well. Magnified 30x. 


translucent included crystals, small fluid inclusions, 
and partially healed fissures (figure 15). 

While darkfield is an excellent method for light- 
ing the interior of diamonds for commercial grading, 
it is not the only method that should be applied to 
diamonds for comprehensive gemological investiga- 
tion, because it frequently does not reveal all the 
details. However, when coupled with fiber-optic 
illumination, a darkfield system is an excellent 
choice for most gemological applications. 


Transmitted Light. Sometimes referred to as transil- 
lumination, lightfield, or brightfield, direct (undif- 
fused) transmitted light is produced by allowing light 
to pass directly up through the gem into the micro- 
scope system by removing the darkfield light shield 
(Koivula, 1981). Because so much of the detail nor- 
mally seen with fiber-optic or darkfield illumination 
is lost in direct, undiffused transmitted light—darkly 
colored or opaque included crystals and fine growth 
features, for example, are virtually washed out—this 
method is of limited use. However, some details that 


Figure 15. Darkfield lighting is used to study transpar- 
ent-to-translucent included crystals, small fluid inclu- 
sions, and partially healed cracks, all of which are 
illustrated in this image of a spessartine garnet in 
quartz. Magnified 3x. 
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are not visible with either darkfield or fiber-optic 
illumination, such as voids and fluid chambers, 
often stand out readily in a beam of direct transmit- 
ted light. Large negative crystals (figure 16) and fluid 
inclusions are very easily examined. Color zoning 
(figure 17) is also easily observed and photographed, 
as are some large, flat, transparent to translucent 
mineral inclusions (figure 18). 

Direct, undiffused transmitted light has other 
advantages as well. Exposure times are at their 
shortest, and small dust particles on the surface of 
the host gem rarely show up on film, since the 
quantity of light washing around them tends to can- 
cel their ability to interfere with light transmission. 


Diffused Transmitted Light. Transmitted light is 
more useful when it is diffused by adding a translu- 
cent white filter between the light source and the 
subject. With such a filter, strong reflections and 
glare are essentially eliminated and an evenly illu- 
minated image results. 

There are basically two different ways to diffuse 
transmitted light. The first and most commonly 
used method utilizes a flat plate of translucent 


Figure 16. Transmitted light was used to illuminate 
this relatively large negative crystal in an amethyst 
from Mexico. Magnified 10x. 
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Figure 17. Elaborate color zoning in a cross-section of 
tourmaline is easily observed and photographed using 
transmitted light. Magnified 4x. 


white glass or plastic that is placed over the light 
well of the microscope, just below the subject. 
High-quality diffuser plates specifically designed to 
fit in the opening over the well of the microscope 
are manufactured and sold for this purpose (again, 
see figure 6). 

“Tenting,” the second method, is achieved by 
enveloping the subject from below and on all sides 
with a custom-made light diffuser so that only dif- 
fused light enters the stone. So-called custom-made 
diffusers ideally suited for this purpose are easier to 
manufacture than it might seem. A little imagina- 
tion, a sharp knife or razor blade, and some empty 
translucent white plastic 35 mm film canisters are 
all that is needed, the same type previously recom- 
mended for use on the ends of fiber-optic illumina- 
tors to diffuse their light. 

Diffused transmitted light is an excellent way to 


Figure 18. Using transmitted light, three generations 
of mica—green, colorless, and brown—are readily 
imaged in their Brazilian quartz host. Magnified 5x. 


e 7! ee d 
Figure 19. Diffused transmitted light is an excellent 
way to observe color in transparent-to-translucent 
mineral inclusions. The green color of this fluorite 
inclusion in topaz is clearly seen with this technique. 
Magnified 7x. 


observe color in transparent-to-translucent mineral 
inclusions in both faceted (figure 19) and rough 
stones. With the addition of a polarizing analyzer 
over the objective lens, above the subject, it also 
becomes relatively easy to check for pleochroism in 
colorful crystal inclusions. Diffused transmitted 
light, particularly tenting, also makes even relative- 
ly subtle color zoning easy to observe and photo- 
graph (figure 20). 


Polarized Light. Despite its great utility in gemolo- 
gy, polarized light microscopy is often neglected by 
gemologists, who consider it solely a mineralogist’s 
tool (McCrone et al., 1979). Many important gem 


Figure 20. Tenting, a form of diffused transmitted 
light, was used to resolve the relatively subtle 
“umbrella effect” color zoning that proves that this 
diamond has been cyclotron irradiated and heat 
treated. Magnified 20x. 


14 PHOTOMICROGRAPHY FOR GEMOLOGISTS 


GEMS & GEMOLOGY SPRING 2003 


Figure 21. Internal 
strain around this tiny 
zircon crystal in a Sri 
Lankan spinel is made 
visible using polarized 
light. Magnified 60x. 


features need polarized light for clear viewing, 
among them internal strain around included crys- 
tals (figure 21), crystal-intergrowth induced strain, 
optically active twinning, and optic figures. 
Included crystals of a doubly refractive material that 
otherwise show very low relief are easily seen in 
polarized light (figure 22). Especially for those 
employing this technique for the first time, the 
world of polarized light microscopy can be both 
startling and beautiful. 

Temporarily converting a gemological micro- 


scope with transmitted light capabilities to a polar- 
izing microscope is a very simple process. The only 
requirement is a pair of polarizing plates that can be 
placed above and below the gem subject (Koivula, 
1981). However, while unprotected plastic sheet fil- 
ters, with their fine scratches and slightly warped 
surfaces, may be adequate for routine examinations, 
photomicrography requires polarizing filters of good 
optical quality. 

With the microscope’s darkfield light shield 
removed for direct transmission of light, one plate, 


Figure 22. If they are doubly refractive, mineral inclusions of very low relief will stand out readily when polar- 
ized light is used. The quartz crystal in this golden beryl (heliodor) shows low relief in transmitted light (left), 
because the refractive index of the inclusion is near that of the host. The mica inclusions in the included quartz 
crystal are more visible because they are darker. In polarized light (right), the quartz inclusion lights up with 
interference colors that make it clearly visible in the beryl host. Magnified 10x. 
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Figure 23. The first-order red compensator not only dramatically reduces the exposure times required to photo- 
graph with polarized light, but it creates some very pleasing images as well. This sequence shows epigenetic 
hematite radial concretions lining a fracture in quartz. The photomicrograph on the left was taken in direct 
transmitted light, with an exposure time of only 0.94 seconds. The center image, taken in polarized light, 
reveals extinction crosses in all the hematite concretions, thus showing their radial crystalline structure. The 
exposure time was 45.31 seconds. When the same internal scene was photographed in polarized light with a 
first-order red compensator (right), the extinction crosses are again present in all the hematite concretions, but 
the background of the quartz host has become brighter and more colorful. This was achieved with an exposure 


time of only 5.72 seconds. Magnified 12x. 


called the polarizer, should be placed over the light 
port and under the gem subject. The other plate, 
called the analyzer, should be placed above the gem 
subject just below the microscope’s objectives. 
Unlike a polariscope, where the analyzer is rotated 
and the polarizer remains fixed, in this set-up both 
plates can be rotated. In addition, if the polarizer is 
removed and the analyzer is rotated, images of 
inclusions in such strongly birefringent gems as 
peridot or zircon can be captured easily by clearing 
the otherwise strongly doubled image. 

However, because the polarizing plates filter out 
much of the light passing through them, exposure 
times can be exceedingly long. This can be dealt 
with by using fiber-optic illumination as a supple- 
mental source of light, or by the addition of a first- 
order red compensator in the light path. 


First-Order Red Compensator. In most cases where 
low levels of light might require extremely long 
exposure times (e.g., due to the use of polarizers), a 
filter known as a first-order red compensator will 
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dramatically reduce the time required, thereby 
diminishing the effects of vibrations on photomicro- 
graphs (Koivula, 1984). In addition, this filter will 
intensify low-order, dull, interference, or strain col- 
ors, making them much more vibrant. 

Unlike what its name might imply, the first- 
order red compensator is not a red-colored filter. 
Instead, it is a virtually colorless laminated plastic 
plate that is inserted in the light path between the 
polarizer and the subject. When used in this fashion, 
it imparts a bright magenta color to the blackness, 
hence the name. 

The use of a first-order red compensator in gemo- 
logical photomicrography not only reduces exposure 
times dramatically, but it also creates some very 
pleasing images, as evident in these photomicro- 
graphs of epigenetic hematite concretions lining a 
fracture in quartz taken in direct transmitted light, 
in polarized light, and with a first-order red compen- 
sator in position (figure 2.3). In addition, this filter is 
particularly useful in revealing specific features for 
both gem identification and subsequent photomi- 
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crography. For example, it can be used to enhance 
strain colors and patterns, which is helpful in the 
separation of diamond from substitutes such as syn- 
thetic cubic zirconia and yttrium aluminum garnet. 


Shadowing. If you have ever seen curved striae in a 
flame-fusion synthetic ruby, then you have used 
shadowing. Your microscope was probably set in 
darkfield mode, but it was not darkfield that made 
the striae visible. The basic principle behind the 
shadowing technique involves direct interference 
with the passage of light from the microscope light 
well, up through the subject, and into the microscope 
lenses. This interference causes the light to be 
diffracted and scattered at the edge of an opaque light 
shield inserted into the light path below the subject. 
As a result, light is transmitted into certain portions 
of the subject, while other areas appear to be dark- 
ened or shadowed (Koivula, 1982b). The desired effect 
is to increase contrast between the host and any 
inclusions or growth characteristics that might be 
present. If properly done, the invisible may become 
visible, and the results can be quite dramatic. 

This light interference can be accomplished in a 
number of ways. The easiest method of shadowing 
is simply to “stop down” the iris diaphragm over 
the microscope’s light well. Such a diaphragm is 
built into most gemological microscopes, so it is 
easily adapted to shadowing. While looking through 
the microscope, as the shadow edge approaches and 
the subject descends into darkness, you will see 
greater contrast in the image at the edge of the shad- 
ow (figure 24). Since shadowing is somewhat direc- 
tionally dependent, more dramatic results can be 
obtained through experimentation with a variety of 
opaque light shields that can be inserted into the 
light path below the subject at various angles. 

Shadowing is also useful to achieve greater con- 
trast when examining surfaces with a fiber-optic 
illuminator. Contrasting color filters can be inserted 


Figure 24. In darkfield illu- 
mination (left), the interior 
of this Seiko floating-zone 
refined synthetic ruby shows 
only a hint of its internal 
structure. With the shadow- 
ing technique (right), there is 
a dramatic change in the vis- 
ibility of its roiled internal 
structure. Magnified 15x. 
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or partially inserted into the light path to highlight 
specific features. This is relatively easy to do. 

First, set up the illuminator so that the surface 
being examined is reflecting brightly through the 
microscope. Then either slowly move the illumina- 
tor so that a shadow begins to appear on the sur- 
face, or insert an opaque light shield in front of the 
illuminator to partially block the light. At the edge 
of the shadow caused by either of these two meth- 
ods, the contrast of any surface irregularities—such 
as polishing draglines extending from surface- 
reaching cracks, or surface etch or growth fea- 
tures—will be visibly increased. It is amazing how 
much detail can be revealed by this simple tech- 
nique. It is also distressing to realize how much 
visual information can be missed if the technique 
is never used. 


Ultraviolet Iumination. I am going to start this sec- 
tion by pointing out that ultraviolet light is danger- 
ous to your vision! If you are going to attempt ultra- 
violet photomicrography you must wear eye protec- 
tion at all times. While I have taken photomicro- 
graphs using short-wave UV, I generally try to avoid 
this, since the potential risk increases as wavelength 
decreases. In my opinion, while long-wave UV also 
is questionable, it is preferable to short-wave UV. 

With that said, ultraviolet light does have a 
small role in photomicrography and inclusion 
research (Koivula, 1981). For example, certain gem 
materials, such as quartz or fluorite, are transparent 
to ultraviolet wavelengths, but inclusions of organic 
fluids and fluorescent solids will be seen to glow 
under the influence of the ultraviolet radiation (fig- 
ure 25). Structural features in some materials, such 
as the highly diagnostic isometric patterns in syn- 
thetic diamonds (see, e.g., Shigley et al., 1995), also 
can be viewed and photographed using an ultravio- 
let lamp. Other UV effects on specific minerals are 
described by Robbins (1994). 
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Figure 25. A combina- 
tion of darkfield and 
fiber-optic illumination 
(left) reveals great 
detail in these calcite 
crystals “impaled” on a 
rutile needle in 
Brazilian quartz. With 
long-wave UV radia- 
tion (right), a distinc- 
tive blue luminescence 
is now evident, which 
indicates that natural 
petroleum is lining the 
surfaces of the calcite 
crystals and rutile nee- 
dle. Magnified 20x. 


Because of the low light generated by the UV 
lamp, ultraviolet photomicrography often requires 
excessively long exposure times. As with polarized 
light, supplemental fiber-optic illumination also can 
be used here to shorten the exposure time as long as 
it does not overpower the desired effects of the 
ultraviolet radiation in the photomicrograph. 

To make double-sure that the message of danger 
is clear, let me state—once again—that when using 
ultraviolet illumination in gem testing you should 
take extreme care to protect your eyes from either 
direct or reflected exposure to the ultraviolet radia- 
tion. This is particularly true of short-wave UV. 
There are filters, glasses, and goggles made specifi- 
cally for the purpose of UV eye protection. If you 
have a situation that requires such photomicrogra- 
phy, be sure to use at least one of these protective 
devices at all times. 


Immersion. Total immersion in a liquid such as 
methylene iodide is useful for certain gem identifi- 
cation purposes (see, e.g., “Immersion...,” 1988-89). 
Indeed, many gemologists have published effective 
photomicrographs of features seen with total 
immersion that are important in the identification 
of treatments, synthetics, and locality of origin in 
particular (see, e.g., Kane et al., 1990; McClure et al., 
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1993; Schmetzer, 1996; Smith, 1996). Nevertheless, 
I continue to believe, as I stated in 1981, that total 
immersion in a dense, heavy liquid has no place in 
photomicrography; the results achieved by the 
authors listed above using total immersion could 
also have been obtained using much less liquid 
through the technique of partial immersion. In 
keeping with this belief, none of the photomicro- 
graphs shown in this article were taken using total 
immersion. 

In photomicrography, the quality of the image is 
lowered with every lens or other optically dense 
medium that is placed between the film plane and 
the subject (Koivula, 1981). Even today, the most 
commonly used immersion liquids are malodorous, 
toxic organic compounds that typically are colored 
and very dense. The most popular among these is 
the specific gravity liquid methylene iodide. 

Not only are such liquids difficult (and poten- 
tially dangerous) to work with, but they often are 
light-sensitive; as a result, they may darken after 
brief exposure to strong lighting. In addition, filters 
must be used to remove microscopic dust particles 
that commonly contaminate the liquids, or they 
will appear through the microscope as “floaters” 
that constantly move in and out of focus. Another 
problem for the photomicrographer is that these 
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Although it is generally believed that 
small crystals of diamond occur in larg- 
er crystals, they seldom can be seen. 
Many authorities believe that included 
crystals in random orientation are the 
cause of the abnormal hardness of many 
diamonds, especially those from Borneo. 

It was therefore of great interest 
to the Gemological Institute to have the 
opportunity, through the courtesy of 
L. & M. Kahn Co., of New York City, 
of studying an unusual octahedron of 
diamond in which a large included octa- 
hedron was’ plainly visible. There are 
several features of this crystal which 
are notable. 

The crystal weighs 7.25 carats and 
shows plane octahedral faces with typi- 
cal triangular depressions and rounded 
edges (Fig. 1). The form of round- 
ing suggests that it is due to oscillatory 


Figure 1 


combination of the octahedron and te- 
trahexahedron. The crystal is com- 
pletely developed and of almost perfect 
proportions. 

The included octahedron is visible be- 
cause of a faint dusting of some light 
to dark brown material over almost all 
the crystal faces. In a few areas this 


Figure 2 


coating is relatively thick and shows 
lines which. could be imagined as due 
to brushing with stiff bristles and in 
other places it resembles an arborescent 
growth. As shown in Fig. 2, approx- 
imately one-fourth of the crystal is 
missing. This surface which is rounded 
and not a crystal plane is difficult to ob- 
serve except through reference to the 
edges of the crystal planes of the octa- 
hedron. It is obviously smooth and il- 
lustrates the difficulty of observing an 
included crystal of diamond in diamond 
if there are no surface phenomena. 

In Fig. 2,.the contact surface of the 
non-crystal plane of the inclusion ap- 
pears to be very rough and jagged. 
This roughness is an optical illusion 
caused by strain fractures which have 
developed around three sides of this 
surface of the inclusion. These frac- 
tures or strains have developed only at 
this point and at no other place on the 
crystal. 

Careful study showed no pitting on 
the surface of the inclusion. Some of 
the faces are not plane but show step 
growth. These steps are sharp and the 
lines of junction between the areas of 


‘+y 


Figure 26. These three photos were all taken in an evaporating dish using partial immersion with methylene 
iodide and diffused transmitted light. On the left, one of the 4.2 mm bulk-diffused Madagascar sapphires shows 
the yellow rim indicative of beryllium treatment, whereas the other reveals alteration of the originally pink 
hexagonal zoning to orange and yellow. The center image details irregular spotty coloration on the surface of a 
7.1-mm-long bulk-diffused blue sapphire cabochon. And the image on the right shows structurally aligned, 
internally diffused blue “ink spots” in an 8.6-mm-long heat-treated sapphire from Rock Creek, Montana. 


dense liquids tend to have convection currents 
that may appear as heat wave-like swirls in the 
microscope and thus distort the photographed 
image. 

Moreover, the color of the liquid usually inter- 
feres with the color of the subject matter; brown 
emeralds and rubies come to mind. The use of 
immersion to reduce facet reflections is particularly 
disturbing, as not only can such reflections add to 
the effectiveness of the photomicrograph, but the 
benefits to the image are usually outweighed by the 
reduction in quality that inevitably results from the 
use of an optically dense colored liquid and total 
immersion. 

When immersion seems necessary or advanta- 
geous—and there are times when it is, such as in 
the detection of bulk “surface” diffusion in faceted 
sapphires (figure 26, left) or cabochons (figure 26, 
center), or in the examination of some sapphires for 
evidence of heat treatment (figure 26, right)—a 
modified immersion technique, in place of total 
immersion, can be very effective. This technique 
employs only a few drops of a refractive index liq- 
uid, such as a Cargille liquid, or a specific gravity 
liquid such as methylene iodide. The small amount 
of liquid is placed at the center of a small glass evap- 
orating dish (again, see figure 6), which is positioned 
over the well of the microscope. The gem is dipped 
into the liquid, and, as the liquid wets the back 
facets of the stone, the distracting reflections from 
them seem to almost disappear, allowing a much 
clearer view of the gem’s interior. The top of the 
stone also can be wetted simultaneously with the 
same liquid, as described below in the “Quick 
Polish” technique. 

Partial immersion has several advantages over 
total immersion. Only a very small amount of liq- 
uid is needed, so the effects of the liquid’s color and 
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density currents on image quality are minimized. In 
addition, clean up is very easy, and the strong odors 
that are so prevalent during total immersion are 
greatly reduced. 


QUICK POLISH 


Sometimes, whether one is dealing with a rough 
crystal, a water-worn stone, a soft gem, or just a 
badly worn gemstone, the surface of the subject 
may be too scratched or poorly polished to allow a 
clear image of the interior (figure 27, left). Rather 
than taking the drastic—and destructive—step of 
(re)polishing the material, a modified immersion 
technique known as a “quick polish” can work very 
effectively. Simply by spreading on the stone a 
small drop of refractive index fluid with an R.I. 
close to that of the gem material, the scratches and 
other interfering surface characteristics can be made 
effectively transparent, allowing a clear view of the 
gem’s interior (figure 27, right). 

Unlike total (or even partial) immersion, this 
method uses so little R.I. fluid that any effects on 
image quality (such as fluid color and density cur- 
rents} are negligible, and clean up and the unpleas- 
ant odors of R.I. fluid are minimized. In addition, it 
allows back-facet reflection where necessary to 
highlight inclusions. Finally, regardless of the 
stone’s surface condition, this method can aid in 
locating (and photographing) optic figures in 
anisotropic gemstones, without having to resort to 
total immersion. 


CONTROLLING HOT SPOTS 

“Hot spots” are areas of such intense brightness 
that it is impossible to balance the lighting for pho- 
tography. When hot spots are present, the image 
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produced of the desired area will either be too dark 
or “burned out” (i.e., over-exposed) from the bright- 
ness. Neither is desirable. In such situations, it is 
important to eliminate the effect of hot spots by 
learning to control them. 

There are basically two methods for controlling 
hot spots. The first is illustrated in figure 28. In the 
image on the left in figure 28, a hot spot is visible in 
the form of a bright, distracting facet reflection. In 
the image on the right, the hot spot is gone. To 
eliminate the hot spot, the stone was rotated or tilt- 
ed slightly, causing the reflection to disappear. This 
method is not always successful, though, as the 
movement of the stone often causes other hot spots 
to appear. 

The second and more effective method of con- 
trolling hot spots is based on the recognition that if 
you see a hot spot in your field of view, it has to be 
caused by one of your light sources. If the 360° dark- 
field light ring is causing the problem, you know 
that the hot spot has to be produced somewhere 
around that ring of light. To block the hot spot, sim- 
ply take a thin strip of opaque black paper (about 
half an inch [1.25 cm] wide) and bend it so a section 
can hang over the edge of the light well to block a 
portion of the light from the microscope’s darkfield 
light ring. Then, while looking through the micro- 
scope, just move the opaque paper strip around the 
ring until the hot spot disappears (figure 29). Using 
this method, you do not have to move the stone at 
all. Compare figure 28 (left) to figure 29 and you will 
see that, with the exception of the hot spot reflec- 
tion from the facet in figure 28, the position of the 
inclusions is identical. 


The same means of hot spot control can be 
used on a fiber-optic illuminator, if that is the 
cause of the hot spot in the field of view. This can 
be done by sliding an opaque light shield in front 
of the fiber-optic light source so it blocks half of 
the light coming from the light pipe. Then, while 
looking through the microscope, slowly rotate the 
light shield. At some point in the 360° degree rota- 
tion of the light shield in front of the light pipe, 
the hot spot will disappear, or at least be greatly 
reduced in intensity. A simple fiber-optic light 
shield for blocking hot spots can be manufactured 
from a film canister. There are two types you can 
construct (figure 30). The translucent white light 
shield provides diffused fiber-optic illumination, 
while the one constructed from an opaque black 
film canister provides intense direct fiber-optic 
illumination. 


Angle of Illumination. Just because you see some- 
thing when a gemological subject is illuminated 
from one direction does not mean that you won’t 
see an entirely different scene if you illuminate it 
from another direction. This is dramatically illus- 
trated by the fern-like pattern in an opal from Virgin 
Valley, Nevada, that is shown in figure 31. In one 
orientation of the fiber-optic light, the main body of 
the opal is a pale blue-green while the fern pattern is 
dark gray to black. By simply moving the light to 
the opposite side of the opal, the fern pattern now 
appears vivid green while the surrounding opal has 
darkened considerably. 

A slightly less dramatic but equally important illus- 
tration of proper illumination angle in gemology and 


Figure 27. Holding a soldier and a worker termite captive, this copal from Madagascar is badly scratched, which drasti- 
cally affects the quality of the image (left). However, spreading a droplet of sesame oil (R.I. 1.47) over the surface creates 
a “quick polish” on the copal, so the termites can be photographed clearly (right). Magnified 5x. 
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Figure 28. A facet-reflection “hot spot” distracts from the calcite and rutile inclusions in quartz visible in the 
photo on the left. By slightly tilting the quartz, the hot spot is eliminated (right). This does not always work, 
however, as the movement often causes new hot spots to appear in other areas of the stone. Notice also that 
the two images are no longer an exact match in the positioning of the inclusions. Magnified 15x. 


Figure 30. Simple light shields for blocking hot spots 
produced by fiber-optic illuminators can be manufac- 
tured from plastic film canisters. The translucent 
white light shield provides diffused fiber-optic illumi- 
nation, while the one constructed from an opaque 
black film canister provides intense direct fiber-optic 
lighting. Photo by Maha Tannous. 


Figure 29. An even more effective method of control- 
ling hot spots is to block the light source rather than 
moving the subject. This is done by placing a thin 
strip of opaque black paper in front of the area of the 
light that is producing the hot spot. Compare this 
image to the one on the left in figure 28 (with the hot 
spot): The position of the inclusions in this photo is an 
exact match. Magnified 15x. 


photomicrography is found in the sequence shown in 
figure 32. In this sequence, the angle of illumination is 
changed by moving the stone, rather than the light 
source. In the image on the left, a filled crack in an 
emerald is virtually invisible in darkfield illumination 
when viewed parallel to its plane. As the stone is tilted 
slightly, the air trapped inside the filler becomes visible | 
(center image). Tilting the stone only a little further 
causes the reflection from the trapped air in the filled X 
crack to virtually disappear again (image on the right). 
There is only a shallow angle of clear visibility in the 
detection of this filled crack, which shows that angle of 
illumination is very important. = - 
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Figure 31. This pair of photomicrographs dramatically illustrates how important angle of illumination can be. 
In the fiber-optic image on the left, the fern-like pattern in an opal from Virgin Valley, Nevada, is dark while the 
main body of the opal is a pale blue-green. By simply moving the fiber-optic light to the opposite side of the opal 
(right), the fern pattern now appears as a vivid green while the surrounding opal is dark. Magnified 4x. 


Focus and Problem Detection. If illumination is 
handled properly, then the best possible focus, cou- 
pled with the maximum depth of field, will usually 
give the best photomicrograph. An example of a 
photomicrograph with the main subjects clearly in 
focus is shown in figure 33 (left), a group of blue 
apatite inclusions in quartz. 

If an image appears to be poorly focused, and is 
not as sharp as you expected it to be, it is impor- 
tant to identify whether the problem is a question 
of focus or vibration. If it is a focus problem, then 
some areas within the photograph will be in sharp 
focus, even if your desired subject is not (see, e.g., 
figure 33, center). If it is a vibration problem, then 
there will be no sharply focused areas in the 
image and all edges and details will appear blurred 
(figure 33, right). 


CONCLUSION 
Just because you don’t see it, doesn’t mean it isn’t 
there. 

This short sentence is an excellent summation 
of why proper illumination is so important to 
gemology in general and photomicrography in par- 
ticular. For the photomicrographer interested in pro- 
ducing high-quality gemological images, there are 
no short cuts where illumination is concerned. 
Properly identified and catalogued (recording, for 
example, the magnification, lighting techniques 
employed, type of gem, origin locality if known, the 
identity of the inclusion, and how the identity was 
established), photomicrographs can help the gemol- 
ogist in the routine identification of gems and 
whether they are natural, treated, synthetic, or imi- 
tation. They can even help “fingerprint” a specific 


Figure 32. Another illustration of the importance of illumination angle is found in this darkfield sequence of 
three photomicrographs, each of which represents a slight tilting of the emerald relative to the light. In the 
image on the left, a filled crack is virtually invisible when viewed parallel to its plane. In the center view, as 
the stone is slightly tilted the air trapped inside the filler becomes visible, revealing the presence of the filling 
itself. Tilting the emerald only a little further causes the reflection from the trapped air in the filled 


crack to virtually disappear again. Magnified 15x. 
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Figure 33. This well-focused photomicrograph (left) shows a cluster of light blue apatite inclusions clearly in 


focus in their host quartz. In the center image, the apatite inclusions are not in focus, but some of the back- 
ground clearly is. This must, therefore, be a focus problem. In the view of the same scene on the far right, noth- 
ing is in focus. Therefore, this is probably a vibration problem. Magnified 25x. 


stone, providing extremely valuable proof of prove- 
nance should legal problems arise. 

That the photomicrograph may also be beautiful 
is an added benefit. 

The three most important factors to remember 
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POUDRETITEITE: 
A RARE GEM SPECIES FROM THE MOGOK VALLEY 


By Christopher P. Smith, George Bosshart, Stefan Graeser, Henry Hanni, Detlef Gunther, 
Kathrin Hametner, and Edward J. Gubelin 


In 2000, an unfamiliar gemstone was purchased in 
Mogok. It subsequently proved to be the rare 
borosilicate poudretteite, a mineral that previously 
had been identified only as tiny crystals from Mont 
Saint-Hilaire, Quebec, Canada. This article presents 
a complete gemological description of this unique 
gemstone and furthers the characterization of this 
mineral by advanced spectroscopic and chemical 
analytical techniques. 


Myanmar (Burma) is a region rich in history, 

tradition, lore, and gems. Myanmar is com- 
monly referred to as the world’s premier source of 
ruby, sapphire, spinel, peridot, and jadeite. In addition, 
the Mogok Stone Tract plays host to a wide range of 
other notable gem species and varieties, including 
amethyst, andalusite, danburite, garnet, goshenite, 
scapolite, topaz, tourmaline, and zircon. It has also 
produced a number of very rare gems, such as sin- 
halite, colorless chrysobery]l, taaffeite, and painite (see, 
e.g., Kammerling et al., 1994; Themelis, 2000). 

In November 2000, an Italian dealer buying gems 
in Mogok was shown a 3 ct faceted gemstone (figure 
1) that the local gem merchant/gemologist could not 
identify (F. Barlocher, pers. comm., 2000). This gem- 
stone was subsequently submitted to the Gibelin 
Gem Lab for examination and identification. On the 
basis of the results given in this article, it proved to 
be the first documented gem-quality specimen of 
poudretteite, a mineral that has been reported previ- 
ously from only one source in the province of 
Quebec, Canada (Grice et al., 1987), and only in 


he Mogok Valley in the Shan State of upper 
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small numbers and sizes (see below). These results 
were also given to R. Schliissel, who subsequently 
included poudretteite in his book on Mogok 
(Schliissel, 2002). This extremely rare sample per- 
mits the first comprehensive gemological descrip- 
tion of this material and expansion of the body of 
analytical data for this mineral by a variety of tech- 
niques that had not been used previously. 


BACKGROUND 

The first description of the mineral poudretteite was 
published by Grice et al. (1987), with additional orig- 
inal data subsequently provided by Hawthorne and 
Grice (1990). Just seven crystals were discovered at 
Mont Saint-Hilaire, Rouville County, Quebec, 
Canada, during the mid-1960s. However, these spec- 
imens were not recognized and registered as a new 
mineral until July 1986 (J. Grice, pers. comm., 2001). 
The mineral was named after the Poudrette family, 
who owned and operated the Carriére R. Poudrette, 
the quarry on Mont Saint-Hilaire that produced the 
crystals. Until now, these were the only specimens 
of poudretteite known to exist. 

Grice et al. (1987) reported that the poudretteite 
occurred in marble xenoliths within a nepheline 
syenite breccia, associated with pectolite, apophyl- 
lite, and minor aegirine. The crystals were found to 
be KNa,B,Si,,O3, and were described as colorless to 
very pale pink, roughly equidimensional, deeply 
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etched, barrel-shaped hexagonal prisms measuring 
up to 5 mm in longest dimension. 

Poudretteite was referred to as a new member of 
the “osumilite group” by Grice et al. (1987); osumil- 
ite itself was first described in 1956. Because milar- 
ite (described in 1870) is the prototype mineral for 
the large structural group that includes osumilite, 
for historical reasons some came to prefer the term 
milarite group (e.g., Hawthorne and Grice, 1990; 
Hawthorne et al., 1991). Yet Clark (1993) and 
Mandarino (1999) continued to use the term osum- 
ilite group. Inasmuch as both group names are cur- 
rently used in the mineralogical literature, and until 
there is unanimity in mineralogical terminology, 
we will refer to poudretteite as belonging to the 
osumilite/milarite group. 

There are 17 minerals in the osumilite/milarite 
group (Mandarino, 1999). Of these, only sugilite is 
familiar to most gemologists (see, e.g., Shigley et al., 
1987). Sogdianite, another mineral in this group, has 
also been encountered, though rarely, in gem quali- 
ty (Bank et al., 1978; Dillmann, 1978). 


ANALYTICAL METHODS 


We used standard gemological techniques to record 
the refractive indices (with a sodium vapor lamp], 
birefringence, optic character, pleochroism, specific 
gravity (by the hydrostatic method), absorption spec- 
tra (with a desk-model spectroscope), and reaction to 
long- and short- wave ultraviolet radiation (with a 
combination 365 nm and 254 nm lamp). The internal 
features were studied with binocular microscopes 
and fiber-optic and other illumination techniques. To 
analyze the internal growth structures, we used a 
horizontal microscope, a specially designed stone 
holder, and a mini-goniometer contained in one of 
the oculars of the microscope, employing the meth- 
ods described by Kiefert and Schmetzer (1991) and 
Smith (1996). 

Identification of the gemstone as poudretteite 
was done by X-ray diffraction analysis, performed 
with a Debye-Scherrer camera that was 90 mm in 
diameter and used FeK radiation. Film shrinkage 
was corrected using a quartz standard. The powder 
pattern was indexed applying the program by Benoit 
(1987), and lattice parameters were refined after 
Holland and Redfern (1997). 

To record the UV, visible, and near-infrared ab- 
sorption spectra (200-2500 nm), we used a Perkin 
Elmer Lambda 19 dual-beam spectrometer, equipped 
with beam condensers and polarizers (Polaroid 


NOTES AND NEW TECHNIQUES 


Figure 1. This extremely rare 3.00 ct poudretteite was 
recovered recently from the Mogok Valley of upper 
Myanmar. Previously, only small crystals of poudret- 
teite had been found during the 1960s in the Mont 
Saint-Hilaire syenite complex of Quebec. Photo by 
Phillip Hitz. 


HNP'B filters for the 270-820 nm range, and a cal- 
cite polarizer with a goniometer scale for the 
820-2500 nm range). The region from 200 to 270 nm 
was recorded in unpolarized light. For the 200-820 
nm range, the spectra were run at a speed of 1 
nm/sec and with a spectral slit width of 0.5 nm. For 
the 820-2500 nm range, the scan speed was 
increased to 2, nm/sec with a slit width automatical- 
ly adjusted to the recorded signal intensity. 

We also used two other methods for infrared 
spectrometry. First, a minute scraping of powder 
from the gemstone (<0.001 ct) was admixed to >100 
parts of dry KBr salt, ground together in an alumina 
mortar, evacuated, and pressed to form a transparent 
pellet 5 mm in diameter. We collected the mid- 
infrared spectrum of the pellet using a dispersive 
Perkin Elmer 883 spectrometer in the region 
between 4000 and 250 cm=!, thus connecting the 
end of the near-infrared region at 2500 nm (4000 cm! 
is equivalent to 2500 nm). Second, we analyzed the 3 
ct gemstone itself in the 7000-400 cm"! region with 
a Pye-Unicam 9624 Fourier-transform infrared 
(FTIR) spectrometer and a Specac 5x beam con- 
denser, recording 200 scans at 4 cm! resolution. In 
the absence of polarization accessories, mid-infrared 
spectra were taken in beam directions oriented near- 
ly parallel (||) and perpendicular (7} to the optic axis 
of the gemstone. The two methods were used 
because gemstones measuring several millimeters in 
thickness, when recorded in the transmission mode 
(e.g., with a beam condenser), show total absorption 
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below about 2000 cm! but very strongly enhanced 
absorption characteristics above 2000 cm=!, whereas 
the KBr pellet will produce spectra in the region 
below 2000 cm! (the fingerprinting region) but very 
little detail above that. The reason for this is the 
extreme difference in optical path length of the IR 
beam through the pulverized sample in a KBr pellet 
(on the order of 1 ttm) and through the bulk of a gem- 
stone (here 6—7 mm). 

Raman analysis was conducted with a Renishaw 
2000 Raman microspectrometer equipped with a heli- 
um/cadmium laser (excitation at 325 nm) and an 
argon-ion laser (excitation at 514.5 nm). In the 
absence of polarization accessories, Raman spectra 
were taken in beam directions oriented nearly parallel 
and perpendicular to the optic axis of the gemstone. 

Quantitative chemical composition was deter- 
mined by laser ablation—-inductively coupled plas- 
ma-mass spectrometry (LA-ICP-MS), which is capa- 
ble of measuring major, minor, and trace elements 
(see, e.g., Longerich et al., 1996; Giinther and Hein- 
rich, 1999). LA-ICP-MS analyses were taken a total 
of four times, with five ablations (i.e., few-nanogram 
samples) taken each time for a statistical result. The 
level of detection that this technique permits is on 
the order of less than 1 ppm, which makes it much 
more sensitive than some of the more traditional 
energy-dispersive chemical analyses techniques, 
such as SEM-EDS or EDXRF. In addition, a much 
wider range of elements may be detected than is 
possible by these other techniques. 


TABLE 1. Gemological properties of poudretteite. 


Property Mogok Mont Saint-Hilaire? 
Weight 3.00 ct Not reported (tiny crystals) 
Color Purple-pink Colorless to very pale pink 


Hardness (Mohs scale) Not tested Approximately 5 

Refractive index ny = 1.511, n, = 1.532 n, = 1.516, n, = 1.532 

Birefringence 0.021 0.016 

Optic character Uniaxial positive Uniaxial positive 

Specific gravity 2.527 2.511 (measured) 
2.53 (calculated) 


Strong; saturated purple- Not described 
pink parallel to the c-axis 
(o-ray); near-colorless to 
pale brown perpendicular 
to the c-axis (e-ray) 
UV fluorescence Inert Inert 

Visible absorption No distinct lines; a faint, Not described 
spectrum broad band centered al 
approximately 530 nm 


Pleochroism 


From Grice (1987). 
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Figure 2. A healed fissure that traverses one side of 
this extraordinary gemstone consists of equidimen- 
sional-to-oblong liquid and liquid-gas inclusions in a 
parallel formation. Photomicrograph by C. P. Smith; 
magnified 28x. 


RESULTS 


Gemological Characteristics. General Description. 
The gemstone weighs 3.00 ct and is fashioned into a 
cushion shape, with a brilliant-cut crown and a 
step-cut pavilion. Its measurements are 7.97x 7.91 
x 8.62 mm. Face-up, it displays a saturated purple- 
pink hue (again, see figure 1). However, when the 
stone is tilted in certain directions, the color 
appears much less intense (refer to Pleochroism in 
table 1, and Color Zoning below). 


Physical Properties. In table 1, the physical proper- 
ties are compared to the data previously reported for 
poudretteite from Quebec. We found no significant 
differences in the properties of this gem material as 


Figure 3. Just below the surface of the stone, oblong 
and angular negative crystals in the healed fissure are 
associated with a series of small, parallel fissures. 
Photomicrograph by C. P. Smith, magnified 32x . 
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Figure 4. The innermost extension of the healed fis- 
sure is delineated by a narrow channel. Clearly evi- 
dent in this image is the irregular outline and very 
coarse surface texture of this channel, which is filled 
with an orange-brown epigenetic material. 
Photomicrograph by C. P. Smith; magnified 30x. 


compared to those reported for poudretteite from 
Mont Saint-Hilaire. 


Inclusions. The specimen is transparent and gem 
quality, with only a few inclusions present. One side 
of the gem is traversed by a healed fissure within 
which are equidimensional-to-oblong liquid or liq- 
uid-gas inclusions (figure 2). Just below the surface, 
this healed fissure also contains a series of oblong 
and angular negative crystals that are associated with 
a series of small fissures all oriented parallel to one 
another (figure 3). The innermost extension of the 
healed fissure is delineated by a long, irregular, 
coarsely textured etch channel that has been filled 


Figure 6. A few coarse aggregates of small, color- 
less-to-white crystals in the poudretteite were 
identified as feldspar. Photomicrograph by C. P. 
Smith; magnified 70x. 
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Figure 5. Very fine growth tubes were also noted in the 
poudretteite. Here a needle-like growth tube appears 
doubled as a result of birefringence. Photomicrograph 
by C. P. Smith; magnified 32x. 


with an opaque orange-brown material (figure 4). 
Also present are a few needle-like growth tubes (fig- 
ure 5) and small aggregates of pinpoint inclusions. A 
few coarse aggregates of larger crystals (figure 6) were 
identified as feldspar by Raman analysis. 


Internal Growth Structures and Color Zoning. When 
immersed in a near-colorless oil mixture (R.I. ~ 1.51), 
the poudretteite showed distinct color zoning and 
growth features parallel to the optic axis (figure 7). An 


Figure 7. Distinct color zoning and subtle growth struc- 
tures were noted in the faceted poudretteite. As evi- 
dent here in immersion, one stage of the crystal growth 
is characterized by an intense coloration, with no sig- 
nificant growth structures visible, whereas the outer 
stages beyond this intense coloration show less uni- 
form, weaker color zoning and more developed growth 
structures parallel to the prism faces. The irregular out- 
line of the intense color zone corresponds to a period in 
which the original crystal experienced heavy etching. 
Photomicrograph by C. P. Smith; magnified 7x. 
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UV-VIS-NIR ABSORPTION SPECTRA 


SS 8 eray 


ABSORPTION COEFFICIENT (cm*) 


Es el Fae) Eh eee a 7 
800 1000 1200 T1400 T1600 T y800 000 "200 | 2400 


WAVELENGTH (nm) 


Figure 8. For the “ordinary ray,” the UV-Vis-NIR 
spectrum of the 3 ct poudretteite exhibits a strong 
and broad absorption band centered at approxi- 
mately 530 nm and a sharp peak at 1903.8 nm, 
accompanied by weak sidebands. In the “extraordi- 
nary ray” spectrum, these features are completely 
absent. The dominant absorption band centered at 
530 nm in the green region of the visible spectrum is 
responsible for the intense purple-pink color of the 
poudretteite. In contrast, the weak absorption slope 
in the visible region (from 380 to 760 nm) of the e- 
ray spectrum causes a nearly colorless to pale brown 
hue in that direction. 


intense purple-pink color concentration was present 
in approximately two-thirds of the stone. No signifi- 
cant growth structures were visible in this highly 
saturated region. The boundary of this color zone 
was very irregular but distinct, in that it was closely 
paralleled by a very narrow, essentially colorless 
zone. The area of growth adjacent to that zone con- 
sisted of a series of planar and angular growth struc- 
tures that did not repeat the irregular contours of 
the other two growth zones. These growth planes 
were oriented parallel to prism faces and consisted 
of alternating near-colorless and pale purple-pink 
bands. No twinning or other growth structures were 
observed. 


X-ray Crystallography. A powder diffraction analy- 
sis resulted in a distinct pattern of 29 clearly 
resolved X-ray reflections. The three dominant 
“lines” are at 5.12, 3.26, and 2.82 A. The complete 
X-ray powder diffraction pattern is virtually identi- 
cal to the type material from Quebec. The unit-cell 
parameters were refined to be a = 10.245 (2) Aandc 
= 13.466 (5) A. 
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Advanced Analytical Techniques. UV-Vis-NIR 
Spectroscopy. The polarized optical absorption spec- 
tra of the poudretteite (figure 8) revealed a very 
strong, wide band centered at approximately 530 
nm for the “ordinary ray” (light vibration perpendic- 
ular to the optic axis). In contrast, the “extraordi- 
nary ray” (light vibration parallel to the optic axis) 
showed no 530 nm band but an absorption continu- 
um gradually decreasing from the UV region to the 
NIR. The 530 nm band is the main color-causing 
absorption in the visible range of the spectrum. In 
the near-infrared region (750-2500 nm), we recorded 
a sharp absorption structure consisting of four 
bands, with the main band located at 1903.8 nm 
and very weak side bands at 1898, 1909, and 1911 
nm for the ordinary ray. The extraordinary ray did 
not show any absorption bands in this area. As a 
result of these different absorption behaviors, the 
poudretteite displays strong dichroism. 

In the UV region, the poudretteite specimen 
revealed an unfamiliar degree of transparency 
below 300 nm. Even at 200 nm, the poudretteite 


Figure 9. The mid-infrared spectrum of a microsample 
(<0.001 ct) of poudretteite in a KBr pellet shows the 
characteristic pattern of poudretteite. The spectral 
region of approximately 3700-2300 cnt was correct- 
ed for artifacts due to water adsorbed by the KBr pel- 
let and an organic impurity. In the inset, the spectra 
were recorded with a beam direction parallel and per- 
pendicular to the optic axis of the faceted sample, and 
show a single absorption band A and the series of 
bands B, C, and D. The 3659 and 3585 cm bands are 
the only ones to exhibit anisotropic behavior and sug- 
gest OH stretching modes. 
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different elevation are parallel to the 
octahedron. One such line is shown in 
Fig. 2 on the right. The included crys- 
tal is not as perfectly proportioned as 
the enclosing crystal and does not show 
as much rounding. It is not in crystal- 
lographic orientation with the enclosing 
crystal, Figs. 2 and 4. 


This crystal offers many features 
which present fundamental problems. 
Why is one portion of the included 
crystal missing? It may have been 
dissolved in the enclosing crystal and 
the smooth rounded surface supports 
this possibility. But if one advances 
this idea some explanation must be 
offered for the solution of only this 
particular portion of the crystal. This 
rounded surface may represent a point 
of attachment of the crystal during 
growth. Diamond crystals usually show 
no evidence of being attached to any 
support during growth and it is general- 
lv accepted that they grew freely in a 
fluid medium. If the crystal was at- 
tached to some other substance what 


Figure 3 


has happened to the support? The ab- 
sence of the brown coating on this 
surface supports either theory. How- 
ever, if the solution theory is accepted 
one would expect to find the brown 
coating material in the body of the en- 
closing crystal, a feature which was not 
observed. 


Figure 4 


The series of strain areas around the 
edge of the non-crystal plane surface 
presents another problem. Why did 
they develop at this point and why on 
only three sides? Obviously they have 
developed since the formation of the 
enclosing crystal. If they are due to 
the difference in orientation between the 
included and enclosing crystals, we must 
explain why they do not occur at other 
points on the surface. Why are there 
no strain fractures at any of the apices 
of the octahedron? 

Fig. 5 was taken looking down on 
the apex of the enclosing crystal and 
shows the included crystal in all four 
octahedral faces, a graphic illustration 
of the refractive power of the diamond. 
This unusual and interesting crystal is 


presented to the reader as a problem 


whose solution must be a matter of 
personal experience and prejudice. 


Figure 5 
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Figure 10. Raman spectra taken with 514 nm Iaser exci- 
tation showed variations in the relative intensities of 
the three dominant bands present, as well as in some 
subordinate bands. The dominant peaks for the spec- 
trum taken with the beam direction parallel to the c- 
axis are at 490, 552, and 317 cm; a broad, overlying 
photoluminescence band centered at about 1500-1600 
cnr! masks some of the weaker Raman bands. These 
weaker bands are clearly seen in the spectrum taken 
perpendicular to the c-axis, which has dominant peaks 
at 490, 552, and 1176 cnr. 


only reached a moderate absorption level but not 
total absorption. 


Mid-Infrared Spectroscopy. The mid-infrared spec- 
trum of poudretteite recorded for the KBr pellet 
revealed eight dominant bands, as labeled in figure 
9, as well as several weaker bands. 

Mid-infrared spectra also were recorded for the 3 
ct gem with its optic axis oriented as closely parallel 
and then perpendicular to the infrared beam as possi- 
ble. Figure 9 (inset) shows the 4000-2400 cm7! 
region, which is a continuation of the spectra pre- 
sented in figure 8. A single absorption band and 
three series of bands were recorded in both spectra, 
located at (A) 3940 cm~!, (B) 3659, 3630, 3585, 3512 
cm, (C) 3455, 3380, 3265, 3175, 3080, 2975, 2890, 
2777 cm, and (D) 2535, 2435 cm-!. The intensity of 
the bands A, C, and D did not reveal any dependence 
on the direction of the transmitted IR beam. In con- 
trast, the bands at 3659 and 3585 cm! in group B 
exhibited a pronounced anisotropy. 


Raman Analysis. In general, the same Raman peaks 
were present in both spectra recorded with the two 
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Figure 11. Raman spectra taken with 325 nm laser exci- 
tation also showed a change in the relative intensities 
of the dominant and subordinate bands, with domi- 
nant peaks at 552, 1176, and 696 cnr with the beam 
direction parallel to the c-axis and at 1176, 490, and 
§52 cm perpendicular to c. 


lasers. However, their relative intensities varied and, in 
the case of the spectrum taken with the Ar-ion laser 
parallel to the c-axis, some Raman bands were masked 
by a dominant overlying photoluminescence band. 

The Raman bands recorded at ambient tempera- 
ture with the Ar-ion laser are illustrated in figure 
10. The three dominant bands (in descending order 
of intensity) are: 490, 552, and 317 cm" ||c and 490, 
552, and 1176 cm™! 1c. The Raman bands recorded 
with the He/Cd laser are illustrated in figure 11. 
The three dominant bands are 552, 1176, and 696 
cm! ||c and 1176, 490, and 552 cm"! Le. 


Chemical Analysis. Of the four analyses taken, two 
were performed in the highly saturated region and 
two in the colorless to near-colorless region. 
Statistically, all analyses were highly consistent 
with regard to major elements: SiO, (78.99 wt.%), 
B,O, (10.53-11.03 wt.%], Na,O (6.20-6.53 wt.%)J, 
and K,O (3.45-4.09 wt.%). These major-element 
concentrations are in good agreement with the data 
obtained by Grice et al. (1987): SiO, (77.7 wt.%}, 
B,O, (11.4 wt.%], Na,O (6.2 wt.%), K,O (5.2 wt.%]. 
In addition, more than 30 other elements were mea- 
sured (ranging from Li to U). Of these, 21 trace ele- 
ments were detected at the ppm (parts per million) 
level. Two of these trace elements displayed a con- 
sistently higher concentration in the saturated 
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region as compared to the near-colorless one: Li (14 
ppm and 9-10 ppm, respectively) and Mn (49-52 
ppm and 16-21 ppm). Others revealed an opposite 
correlation: Ca (32-55 ppm and 79-132 ppm, 
respectively), Rb (83-86 ppm and 112-114 ppm], 
and Cs (8 ppm and 9-10 ppm). Be, Mg, Al, Ti, V, Cr, 
Fe, Ni, Cu, Zn, Ga, Sr, Zr, Sn, Pb, and Bi revealed a 
high degree of variability but no apparent correla- 
tion between the different color regions. 


DISCUSSION AND SUMMARY 


It is likely that few gemologists will ever encounter 
a faceted poudretteite. The combination of refrac- 
tive indices and specific gravity will readily sepa- 
rate it from amethyst, which is probably the only 
major commercially available gem material that it 
might be confused with. However, the visual 
appearance/color of poudretteite is also significant- 
ly different from that of amethyst. Poudretteite 
might also be confused with sugilite, some of 
which is translucent (as opposed to the typically 
encountered opaque material) and has been pol- 
ished en cabochon and even rarely faceted (Shigley 
et al., 1987). Although the color of these two mate- 
rials is more similar, poudretteite is a transparent 
mineral, while sugilite is, even in its best quality, 
translucent. In addition, the refractive index 
(approximately 1.60) and specific gravity (ranging 
from 2.74 to 2.80) of sugilite are significantly higher 
than that of poudretteite. 

The main color-causing absorption centered at 
530 nm is not yet fully understood and requires fur- 
ther analytical investigation. However, we can dis- 
cuss potential mechanisms based on the trace-ele- 
ment composition. Manganese is the primary 
color-causing element of the similarly colored 
member of the osumilite/milarite group, sugilite, 
which has a dominant broad absorption band at 
approximately 556 nm (see, e.g., Shigley et al., 
1987). It is not surprising that there was consider- 
able variation in Mn concentration between the 
near-colorless and highly saturated areas of the 
poudretteite (averaging 16-21 ppm and 49-52, ppm, 
respectively, although this is surprisingly low for so 
intense a color). Substitution of cations by divalent 
and trivalent transition metal ions is the most fre- 
quent cause of color in silicates. Manganese (as 
Mn** or Mn**) is a common cause of pink to red 
and purple coloration in a variety of other gem- 
quality silicate minerals, such as red beryl and 
tourmaline, as well as the carbonate rhodochrosite 
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(see, e.g., Fritsch and Rossman, 1987, 1988). 
However, other trace elements or possibly color 
centers may also have an influence in producing 
the intense purple coloration. 

The intensity of the group B peaks in the mid- 
infrared region (again, see figure 9 inset) differ when 
recorded parallel and perpendicular to the optic axis. 
This indicates that the 3659 and 3585 cm"! bands 
are anisotropic. These bands suggest OH stretching. 
In addition, the 1635 cm" band indicates H,O bend- 
ing, and the band structure centered at 1903.8 nm 
(5253 cm7!) represents the combination of these 
stretching and bending modes (E. Libowitzky, pers. 
comm., 2003). Within poudretteite, H,O molecules 
are likely to be positioned in the channels of the 
ring silicate structure. 

As would be expected for a uniaxial mineral, the 
Raman spectra of poudretteite are polarized parallel 
and perpendicular to the c-axis. This includes a 
change in the relative intensities of the three domi- 
nant bands, as well as variations in several subordi- 
nate bands. In addition, depending on which laser 
was used to obtain the Raman signal, distinct differ- 
ences in the three dominant peaks were identified 
when measurements were taken parallel to the c- 
axis direction, whereas only slight variations in rela- 
tive peak intensities were noted for the measure- 
ments taken perpendicular to the c-axis. 

The chemical composition determined by LA- 
ICP-MS for the study sample is in good agreement 
with previous chemical data reported by Grice et al. 
(1987). However, the list of elements has been sig- 
nificantly extended by several trace elements pre- 
sent at concentrations as low as 1 ppm. 

Not unlike the unique alkali gabbro-syenite 
geology of the Mont Saint-Hilaire region, the com- 
plex geology of the Mogok Stone Tract has also pro- 
duced a special environment for the prolific growth 
of minerals of sufficient size and transparency that 
they can be considered gem quality. Contact and 
regional metamorphism in the Mogok area is well 
known for providing the geologic environment for 
rare gems to form (e.g., painite), and the region plays 
host to a wide variety of gem materials, including 
many silicates. 


CONCLUSION 


Gemologists continue to be excited by the discovery 
of minerals that have never before been seen in a 
transparency and size suitable for faceting (see, e.g., 
McClure, 2002; Schmetzer et al., 2003). When such 


GEMS & GEMOLOGY SPRING 2003 


rarities are encountered, they present unique oppor- 
tunities to expand the science of gemology and min- 
eralogy. Such is the case with the recent identifica- 
tion of the faceted 3.00 ct intense purple-pink speci- 
men of poudretteite from Myanmar. Prior to this 
find, the seven crystals of poudretteite known to 
exist were small, pale in color, and came from a sin- 
gle quarry in Quebec, Canada, during the 1960s. 
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The data obtained during this study are in agree- 
ment with those documented by past researchers for 
poudretteite from Canada. In addition to confirming 
the standard physical/gemological properties of this 
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tral characterization and chemical composition. 
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THE FIRST TRANSPARENT FACETED 
GRANDIDIERITE, FROM SRI LANKA 


By Karl Schmetzer, Murray Burford, Lore Kiefert, and Heinz-Jiirgen Bernhardt 


Gemological, chemical, and spectroscopic proper- 
ties are presented for the first known transparent 
faceted grandidierite. This jewelry-quality 0.29 ct 
stone was fashioned from rough reportedly found in 
the Kolonne area of Sri Lanka. The greenish blue 
borosilicate has refractive indices of 1.583 to 1.622, 
which correlate to a low iron content of 1.71 wt.% 
FeO and readily separate it from the gem material 
closest in properties, lazulite. 


randidierite, a magnesium-aluminum 
borosilicate, MgA1,BSiO,, is mentioned only 
rarely as a “possible” blue gemstone 
(Ostwald, 1964), although the existence of faceted 
stones has been reported occasionally in the gemo- 
logical literature (see, e.g., Mitchell, 1977). However, 
the samples available to date as faceted stones or 
cabochons, all originating from southern Madagascar, 
are opaque—never transparent—or at best translu- 
cent (Arem, 1987). This article describes the first 
transparent faceted grandidierite, which is also the 
first faceted grandidierite reported from Sri Lanka. 
Grandidierite occurs in pegmatites, contact meta- 
morphic rocks (hornfelses), and high-grade (granulite 
facies) metamorphic rocks; worldwide about 40 local- 
ities are known (Grew, 1996). Grandidierite was first 
discovered in a pegmatitic environment at Andra- 
homana near Taolanaro (formerly Fort Dauphin) in 
southeastern Madagascar (Lacroix, 1902, 1904). The 
orthorhombic mineral was named by Lacroix after 
Alfred Grandidier, one of the French explorers of 
Madagascar. Lacroix described the nontransparent 
material as both massive (1902) and forming crystals 
as long as 8 cm (1904). The color of grandidierite from 
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different localities is described as blue, greenish blue, 
blue-green, and bluish green. 

The Kolonne area of Sri Lanka, which is located 
approximately 8 km south-southeast of Rakwana, 
near Ratnapura, has become known for some rare 
gem materials such as sapphirine (Harding and Zoysa, 
1990), olivine with a high iron content (Burford and 
Gunasekera, 2000), and—most recently—the Ca-Mg- 
Al borosilicate serendibite (Schmetzer et al., 2002). In 
2000 while in Ratnapura, one of the authors (MB) 
purchased the grandidierite described in this article, 
reportedly from the Kolonne area, as an 0.85 ct crys- 
tal fragment. After faceting, the rough yielded a 0.29 
ct greenish blue transparent gemstone (figure 1). 

The Sri Lankan seller offered the rough gem (on 
the basis of its color) as a “possible serendibite.” 
The original flat, tabular crystal did not appear to be 
water worn. Probably it was mined from a primary 
deposit, as is the case for most sapphirine from 
high-grade metamorphic host rocks in the Kolonne 
area (see again Harding and Zoysa, 1990). Based on 
some initial testing, the owner believed that the 
stone might be the rare gem mineral grandidierite 
and sent it to the senior author (KS) for additional 
tests and confirmation. 


MATERIALS AND METHODS 


The faceted grandidierite was tested by standard 
gemological methods for refractive indices, optic 
character, specific gravity, and fluorescence to long- 
and short-wave ultraviolet radiation, as well as the 
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spectrum seen with a handheld spectroscope. We 
also used standard microscopic techniques to exam- 
ine the internal features under different lighting con- 
ditions, both with and without immersion liquids. 
After some experimentation with the immersion 
microscope, we were able to orient the sample in 
such a way that, when it was rotated, we could 
observe the interference figures along both optic 
axes. This enabled direct measurement of the 2V 
angle and determination of the orientation of the 
indicatrix within the cut gemstone, especially rela- 
tive to the table facet, which was necessary for the 
determination of maximum pleochroism. 

To confirm the identification indicated by the 
gemological properties, we scraped a minute amount 
of material from the girdle to conduct X-ray powder 
diffraction analysis with a Gandolfi camera. Given 
the rarity of this material, we also examined the 
powder pattern of a known non-gem-quality sample 
from Madagascar to ensure the accuracy of the pat- 
tern in the data base. To further characterize the 
sample, we performed quantitative chemical analy- 
sis using a Cameca Camebax SX 50 electron micro- 
probe to obtain 15 point analyses from a traverse 
across the table of the gemstone. 

In addition, polarized UV-Vis (300-800 nm) 
absorption spectra were recorded using a Cary 500 
Scan spectrophotometer. Infrared spectroscopy was 
performed with a PU 9800 Fourier-transform infra- 
red (FTIR) spectrophotometer using a diffuse 
reflectance device. In addition, we analyzed the sam- 
ple and its solid inclusion by laser Raman 
microspectrometry using a Renishaw 1000 system. 


RESULTS 


Gemological Properties. The gemological properties 
of the 0.29 ct faceted sample (table 1) were consis- 
tent with grandidierite. Unlike most known grandi- 
dierites, however, this greenish blue stone was trans- 
parent with only a few inclusions. On the basis of 
interference figures, the optic axes were found to be 
at inclinations of about 5° and 20°, respectively, to 
the girdle of the stone. Consequently, with the 
known orientation of the indicatrix in grandidierite 
(a = X, b= Z, c = Y], it was established that the table 
is roughly parallel to the crystallographic (010) plane. 
Given this established orientation, the pleochroic 
colors of both X (greenish blue) and Y (very pale yel- 
low, almost colorless) can be observed in a view per- 
pendicular to the table facet, while the Z color (blue- 
green) is visible parallel to the table of the stone (that 
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Figure 1. This 0.29 ct grandidierite is the first known 
transparent faceted sample of this material and the 
first gem-quality sample from Sri Lanka. Photo by 
Maha Tannous. 


is, along the girdle). The measured optic axis angle 
2V , is in good agreement with the value we calculat- 
ed from the measured refractive indices. 


TABLE 1. Gemological properties of the 0.29 ct 
transparent faceted grandidierite from Sri Lanka. 


Property 


Weight 
Size 
Clarity 


Color 

Pleochroism (strong) 
Xx 
Y 
Z 


Refractive indices 


Birefringence 
Optic character 
Optic axis angle 
2V,, (meas.) 
2V,, (calc.) 
Specific gravity 
UV fluorescence 
long-wave 
short-wave 


Handheld spectroscope 
Microscopic features 


Description 


0.29 ct 

4.82 x 4.63 x 2.23 mm 
Transparent 

Greenish blue 


Greenish blue 
Very pale yellow, almost colorless 
Blue-green 


1.583 + 0.002 
1.620 + 0.002 
1.622 + 0.002 
0.039 

Biaxial negative 
25° + 3° 
25.7° 

2.96 + 0.02 
Inert 

Inert 


Line at 479 nm 

Parallel growth planes in two 
directions; needle-like channel, 
partly filled with polycrystalline, 
birefringent matter; small fractures 
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Figure 2. This needle-like channel in the faceted gran- 
didierite from Sri Lanka is filled with a polycrystalline 
material. Unfortunately, there was not a sufficient 
amount of this polycrystalline material to identify it 
by Raman analysis. Note also, to the left, one of two 
fractures seen in the stone. Photomicrograph by H. A. 
Hanni; magnified 40x. 


Features Observed with the Microscope. The sam- 
ple revealed two series of parallel growth planes, but 
no distinct color zoning was associated with this 
growth pattern. The grandidierite was slightly 
included: One needle-like channel, partly filled with 
a polycrystalline birefringent material (figure 2), was 
observed, as were two unhealed fractures (see, e.g., 
figure 2). Raman analysis provided no identification 
for the polycrystalline material. 


X-ray Diffraction Analysis. The X-ray powder 
diffraction pattern of the faceted stone was consis- 
tent with the published pattern for grandidierite 
(see, e.g., McKie, 1965) and the pattern of our own 
control sample from Madagascar. 


Chemical Composition. The electron microprobe 
results are averaged in table 2; no chemical zoning 
was evident from the 15 points analyzed. Only 1.71 
wt.% FeO (average) was measured, and traces of 
chromium also were present. 


Spectroscopic Properties. UV-Visible. Due to the 
crystallographic orientation of the faceted grandi- 
dierite, we could record polarized spectra only per- 
pendicular to the table facet. With this orientation, 
we obtained spectra parallel to X (greenish blue) and 
Y (very pale yellow}, as illustrated in figure 3. The 
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spectrum parallel to X reveals a strong absorption 
band in the red at about 737 nm and an increasing 
absorption from the greenish blue minimum to the 
UV range. The Y spectrum consists of an increasing 
absorption from the red to the blue and ultraviolet 
range. In both spectra, as labeled in figure 3, several 
small absorption bands are found in the visible and 
ultraviolet range, with the most distinctive band at 
479 nm in the Y spectrum, which also can be seen 
with a handheld spectroscope. 


Infrared and Raman. The nonpolarized infrared spec- 
trum showed several absorption maxima in the 
4000-2000 cm range (figure 4). Below 2000 cm, the 
general absorption was too strong to record a spec- 
trum of usable quality. The Raman spectrum consist- 
ed of numerous lines in the 200-1200 cm”! range, the 
strongest of which occurred at 492, 659, 717, 868, 952, 
982, and 993 cm (figure 5). 


DISCUSSION 


The chemical composition of our faceted sample 
from Sri Lanka is consistent with the theoretical 


TABLE 2. Chemical composition of a gem-quality 
grandidierite from Sri Lanka. 


Oxides (wt.%)? 


SiO, 20.20 
TiO, 0.01 
Al,Ox 52.64 
B,O,? 11.91 
Cr,0, 0.07 
VO. 0.01 
FeO° 1.71 
MnO 0.03 
MgO 12.85 
CaO 0.01 
Total 99.44 
Cations per 9 oxygens 
Si 0.983 
Ti — 
Al 8.017 
B 1.000 
Cr 0.002 
V —, 
Fe 0.070 
Mn 0.001 
Mg 0.932 
Ca 0.001 


@ Electron microprobe analysis, average of 15 point analyses. 
© Calculated for B = 1.000, according to the theoretical formula 
MgAI,BSIO,. 

© Total iron as FeO. 
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formula for grandidierite, MgAl,BSiO, or (Mg, 
Fe**JAI,BSiO,. The analytical data for this sample 
(again see table 2), as has been reported for translu- 
cent low-iron-bearing grandidierite from 
Madagascar (see table 3), indicate some replacement 
of magnesium by iron. In this mineral, only smaller 
fractions of its iron content are found as Fe”* in Al 
sites, with minor Fe** also present in the Mg and/or 
Al sites (Stephenson and Moore, 1968; Seifert and 
Olesch, 1977; Qiu et al., 1990; Farges, 2001; Wilke 
et al., 2001). 

The refractive indices of grandidierite and 
ominelite (Fe’*, Mg)A1,BSiO,—the recently described 
Fe analogue of grandidierite (Hiroi et al., 2002)—are 
closely related to the iron content; with increasing 
Fe, the R.I. also increases (table 3). With increasing 
iron values, specific gravity in grandidierite also 
increases, from 2.91 to 2.99 (Olesch and Seifert, 


Figure 3. Absorption spectra of the grandidierite in the 
UV-Vis range parallel to X (greenish blue) and Y (very 
pale yellow) show a strongly polarized absorption band 
in the red and several other weak absorption bands. 
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Figure 4. The nonpolarized infrared spectrum of the 
grandidierite shows numerous bands that are charac- 
teristic of this mineral. 


1976). The properties of our faceted sample fit within 
this trend. 

The material described by Lacroix was relatively 
rich in iron (with FeO above 10 wt.%) and had 
refractive indices of n, 1.6018 and n, 1.6385. 
Grandidierite samples from other localities in 
southern Madagascar, on the other hand, had lower 
iron contents (1-5 wt.% FeO) and, accordingly, 
lower refractive indices of n, 1.580-1.590 and n, 
1.620-1.629 (McKie, 1965; von Knorring et al., 
1969; Black, 1970). These data are more consistent 
with the values mentioned for the semitransparent 
gem material reported to date (Mitchell, 1977; 
Arem, 1987; see also Farges, 2001). 


Figure 5. The Raman spectrum of the transparent 
grandidierite from Sri Lanka also revealed several 
bands that appear to be characteristic of this rare 
gem material. 
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The pleochroism of grandidierite is described in 
numerous papers (see, e.g., the references cited in 
table 3) as X = blue, greenish blue, or blue-green; Y = 
colorless; and Z = greenish blue, blue-green, or 
green. The pleochroism of our faceted sample is 
consistent with this general description, except that 
Y, which is colorless in thin section, appears pale 
yellow in thicker samples such as ours. 

Rossman and Taran (2001) described polarized 
absorption spectra in the visible-to-infrared range for 
grandidierite from Metroka, Madagascar, that con- 
tained 1.10 wt.% FeO. Four strongly polarized absorp- 
tion bands in the visible and near-infrared regions 
were measured and assigned to Fe”* in five-fold mag- 
nesium coordination. Two of the three spectra illus- 
trated in that article are identical to the two spectra 
recorded on our Sri Lankan sample: Our X spectrum 
(greenish blue) is identical to the a spectrum, and our 
Y spectrum (slightly yellowish) is identical to the g 
spectrum in the article cited. (According to G. Ross- 
man [pers. comm., 2002], the labels for b and g were 
inadvertently transposed in that article; thus, our Y 
spectrum is identical to the spectrum he and Taran 
recorded for b. Corrected spectra appear at http://min- 
erals.gps.caltech.edu/files/visible/grandidierite.} 

No detailed assignment of the smaller absorp- 
tion bands was possible, but as discussed above they 
most likely are caused by Fe** or Fe** in the Mg 
and/or Al sites of the grandidierite structure. 

Infrared spectra in the 1500-400 cm"! range for 


grandidierite were described by von Knorring et al. 
(1969) and Povarennykh (1970). At present, howev- 
er, no detailed interpretation of our spectra in the 
4000-2000 cm" range is available, although there is 
always the possibility of impurities in the stone and 
small amounts of water in the structure. 

The strongest lines in our Raman spectrum 
resemble the most characteristic lines in the Raman 
spectrum pictured by Maestrati (1989) for a grandi- 
dierite sample from Madagascar, but no detailed 
assignment of Raman bands was performed in that 
article. However, reference to both types of spectra, 
infrared and Raman, may be helpful for the identifi- 
cation of grandidierite. 

There is almost no gem material known to date 
that might be mistaken for grandidierite. The clos- 
est—in terms of color, optical properties, and specif- 
ic gravity—is low-iron-bearing lazulite, but this gem 
material always has somewhat higher refractive 
indices, with n, above 1.600. 

The Kolonne area in Sri Lanka is known to con- 
tain high-grade metamorphic rocks (Harding and 
Zoysa, 1990). Serendibite was also recently described 
from Kolonne as a new gem material (Schmetzer et 
al., 2002), and is another mineral typically formed in 
high-grade (granulite facies) metamorphic rocks. 
Previously, these two boron-bearing silicates were 
found in the same geographic area at only three 
localities (two in the U.S. and one in Madagascar: 
Grew et al., 1990, 1991; Nicollet, 1990). However, 


TABLE 3. Refractive indices and iron content of grandidierite and ominelite from 


various localities.@ 


Locality ny, ny n,  (ntny+n,)/3° FeO° Reference 
(wt.%) 

Synthetic nr nr nr 1.603 6) Olesch and Seifert (1976) 
Fort Dauphin, Madagascar 1.580 1.619 1.620 1.606 1.0 von Knorring et al. (1969) 
Vohiboly, Madagascar 1.587 1.618 1.622 1.609 1.1 Black (1970) 
Kolonne, Sri Lanka 1.583 1.620 1.622 1.608 sera This study 
Sakatelo, Madagascar 1.590 1.618 1.623 1.610 3.59 cKie (1965) 
Cuvier Island, New Zealand 1.590 1.624 1.628 1.614 A7 Black (1970) 
Ampamatoa, Madagascar 1.590 1.626 1.629 1.615 5.0 Black (1970) 
Cuvier Island, New Zealand 1.593 1.628 1.633 1.618 6.7 Black (1970) 
Rhodesia nr nr nr 1.622 6.93 Olesch and Seffert (1976); 

Seifert and Olesch (1977) 
Mt. Amiata, Italy 1.5982 1.6290 1.6346 1.621 7.75 Van Bergen (1980) 
Andrahomana, Madagascar 1.6018 1.63860 1.63885 1.625 10.80 Lacroix (1904) 
Tenkawa, Japan 1.631 1.654 1.656 1.647 19.37 — Hiroi et al. (2002) 


@ All data are for grandidierite, (Mog, 


Fe?)AI,BSIO,, except Hiroi et al. (2002) for ominelite, (Fe®*, Mg)Al,BSIO,, 


the Fe analogue of grandidierite. Abbreviation: nr = not reported. 
© Calculated average refractive index; see also Olesch and Seifert (1976). 


© Total iron calculated as FeO. 
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the two minerals occur together in the same rock at 
only one locality (Adirondack Mountains, Russell, 
New York; Grew et al., 1990). 


CONCLUSION 


The first known transparent faceted grandidierite, 
reportedly from the Kolonne area of Sri Lanka, is 
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characterized with regard to gemological, chemical, 
and spectroscopic properties. The relatively low 
refractive indices (1.583—1.622) are related to the rela- 
tively low iron content of the sample (1.71 wt.% 
FeO). Previously, only semitransparent material from 
Madagascar had been described in gemological publi- 
cations. With the data presented, this material is 
readily identifiable by standard gemological methods. 
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Gem Trade 


LAB NOTES 
ee 


DIAMOND 
With Fracture Filling to Alter Color 


The two nonpermanent diamond 
enhancements seen most often in the 
laboratory are surface coating and 
fracture filling. Surface coating is used 
to improve or alter the color of a gem. 
One particularly noteworthy example 
we reported on years ago was a 10.88 
ct light yellow emerald-cut diamond 
that was coated with pink fingernail 
polish so it could masquerade as a 
natural-color pink diamond that had 
been stolen (see Summer 1983 Lab 
Notes, pp. 112-113). While fracture 
filling is used to improve apparent 
clarity, in some instances it will have 


Figure 1. This 0.20 ct “pink” dia- 
mond shows uneven color distri- 
bution. With strong direct light- 
ing (inset), the pink hue seems to 
be confined to the two eye-visible 
fractures, whereas the rest of the 
stone appears to be near colorless. 
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the additional effect of improving 
color appearance. For example, in the 
Winter 1997 Lab Notes (pp. 2942.95), 
we reported on a 1.39 ct Fancy In- 
tense pink square emerald cut that 
had been fracture filled several times, 
which reduced the “whiteness” of the 
fractures and resulted in a more satu- 
rated color appearance. However, we 
had not seen a diamond that was frac- 
ture filled for the sole purpose of alter- 
ing its color—with no attempt to 
improve apparent clarity—until the 
0.20 ct “pink” round brilliant shown 
in figure 1 was submitted to the East 
Coast laboratory for origin of color 
and identification. 

An unusual, uneven color distri- 
bution was first noticed during color 
grading. While it is not uncommon 
for pink diamonds to have uneven 
color distribution (see J. M. King et 
al., “Characterization and grading of 
natural-color pink diamonds,” 
Summer 2002 Gems & Gemology, 
pp. 128-147), in this particular dia- 
mond it appeared that the pink color 
was confined to the eye-visible frac- 
tures, whereas the rest of the dia- 
mond was near colorless (again, see 
figure 1). Magnification revealed that 
the pink color was in fact strictly con- 
fined to the fractures, with areas of 
concentrated color in a fluid-like pat- 
tern or “beads” (figure 2). This appear- 
ance, not unlike that seen in some 
clarity-enhanced diamonds, suggested 
that the diamond was filled with a 
fluid that subsequently hardened. 

However, there apparently had 
been no effort to enhance clarity in 
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Figure 2. The pink coloring agent 
is not fully absorbed into the 
feather and has formed small 
“beaded” areas of concentrated 
pink color. Such beaded areas are 
often seen in clarity-enhanced 
diamonds. Magnified 45x. 


this diamond, as the fractures re- 
mained quite obvious, with very high 
relief. The low refractive index of the 
filling material, along with its inher- 
ent color, suggested that it was not 
designed to match the refractive 
index of diamond. There also was no 
flash effect, as is commonly seen in 
clarity-enhanced diamonds. We can 
only assume that this filling was done 
solely to change the color of the dia- 
mond. Unfortunately, we were unable 
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Brazilianite — Its Original Source 
by 
EDWARD R. SWOBODA 


New gem minerals are hardly daily 
discoveries. The stone Brazilianite, 
transparent, vivid yellowish-green, glas- 
sy and brilliant, found in the rugged 
jungle-covered mountains of Minas 
Geraes in 1942, was the first to be 
added to the list of known gems in 
almost thirty-five years. To the chem- 
ist, it is hydrous sodium aluminum phos- 
phate. To the layman, it is spectacular, 
and merits wider acquaintance. 

The original discovery was made 
when some farmers, clearing off a hilly 
slope to plant rice, uncovered several 
pieces of semi-transparent yellow-green 
stone. Following the float material up 
a canyon, they came upon the pegmatite 
which was its source. For a few months 
they worked the deposit intermittently, 
but since they found no market for the 
unknown gem, and since they found 
little of the stone of better quality, their 
efforts seemed hardly worth making. 

A few months later, one of their 
specimens fell into the hands of a gem 
buyer who periodically made trips 
through that part of Minas Geraes in 
search of rough gem material. He, 
thinking that the mineral was chryso- 
beryl, which at first glance it resembles, 
went about staking a claim on the prop- 
erty. Still under this false impression, 
he began mining operations to extract 
gem material for cutting purposes. Many 
beautiful crystal specimens must have 
been taken out during the four months 
that he was mining. Little of it, how- 
ever, remains. With the exception of 
a mere handful of crystallized speci- 
mens which were adorning the tables 
of his friends, and a few small loose 
crystals which he showed to the writer, 


all of the material was broken up to 
clean the portions which would give 
flawless stones. None of these was very 
large, When they were sent for lapida- 
tion, and it was discovered that the 
material was much softer than chryso- 
beryl and that easy cleavage made it 
difficult for the lapidaries to cut, aN 
owner became discouraged and discon- 
tinued his mining operations. 

On the southern slope where Bra- 
zilianite was discovered are two peg- 
matites, only a few yards apart and 
almost at right angles to each other, 
intruding in the mica schist. The lower 
pegmatite, which is about a yard in 
thickness, was worked at a point where 
it crosses a little stream. Some fine 
crystallized pieces were scratched out 
of weathered pegmatite, but due to cave- 
ins from the steep bank and the diffi- 
culty of underground waters, work was 
discontinued at this point. 

The mine contains a variety of inter- 
esting minerals. The upper pegmatite 
is on a steep slope and about fifty yards 
above the one crossing the stream. It 
is nearly vertical, and about a yard and 
one-half thick. It is composed of an 
outside zone of massive feldspar and 
mica which grades into an intermediate 
zone of massive quartz. The Brazilian- 
ite crystals are found in small mica- 
filled cavities on the edge of the quartz 
and almost to the edge of the schist on 
the hanging wall. These cavities or 
pockets contain also crystallized albite, 
slender blue-green apatite crystals, beryl 
crystals, and some as-yet-unidentified 
minerals—one a dark blue material re- 
sembling lazulite, and another a mala- 
chite-green in acicular crystals. Many 
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to identify the substance in the frac- 
tures. Following our practice of not 
issuing grading reports on filled dia- 
monds, we returned the diamond to 
the client with an identification 
report declaring the treatment. 
Siau Fung Yeung and 
Thomas Gelb 


Intensely Colored Type Ila, 

with Substantial Nitrogen— 

Related Defects 

It is widely accepted that type Ila dia- 
monds contain little if any nitrogen 
impurities. These diamonds are gen- 
erally near colorless to colorless, or 
they are brown to pink, possibly due 
to plastic deformation. If a type Ila 
diamond is a color other than brown, 
the color is usually low in saturation. 
The East Coast laboratory recently 
examined two intensely colored type 
Ila diamonds (see figure 3), both of 
which displayed a substantial amount 
of nitrogen-related defects in the visi- 
ble spectrum, but showed essentially 
no nitrogen-related absorption in the 
mid-infrared region. 

A working definition of type II dia- 
monds are those that do not show any 
appreciable absorption in the mid- 
infrared range from 1400 to 800 cm+ 
when their spectra are plotted to give 
a maximum reading of 15 cm? in 
absorption coefficient (J. Wilks and E. 
Wilks, Properties and Applications of 
Diamond, Butterworth-Heinemann, 
Oxford, 1994, pp. 76-77). On this 
scale, the limit of detection is ~0.1 cm™ 
| which corresponds to a nitrogen 
concentration of 1-2 parts per million 
(ppm). 

In nature, after being incorporated 
during diamond growth, the nitrogen 
impurities in most diamonds go 
through a complex aggregation process 
that involves both the isolated nitro- 
gen atoms as well as other point 
defects such as vacancies. As a result, a 
large variety of nitrogen-related point 
defects and extended defects are possi- 
ble; however, not all of them are 
infrared active (i.e., a diamond may 
contain nitrogen-bearing defects, but 
not display any absorption features in 


GEM TRADE LAB NOTES 


Figure 3. These two intensely colored type Ila diamonds revealed unusual 
spectroscopic properties. The HPHT-annealed diamond on the left weighs 
1.15 ct and was color graded Fancy Intense green-yellow. The natural- 
color diamond on the right weighs 4.15 ct and was color graded Fancy 


Vivid pinkish orange. 


the mid-infrared range). Such defects 
include N3 (three nitrogen atoms 
around a vacancy), H3 (two nitrogen 
atoms plus a vacancy), H4 (four nitro- 
gen atoms plus two vacancies}, and N- 
V (one nitrogen atom plus a vacancy) 
centers. While it is theoretically possi- 
ble that a type Ila diamond could con- 
tain enough IR-inactive nitrogen to sig- 
nificantly affect its color appearance, 
no such diamond has been recognized 
thus far, to the best of our knowledge. 
The two diamonds studied here could 
help provide additional information on 
type and color of diamond. 

The first diamond (figure 3, left) 
was a 1.15 ct pear-shaped brilliant cut 
that had been subjected to high pres- 
sure/high temperature (HPHT) 
annealing. It was color graded Fancy 
Intense green-yellow. This diamond 
was also a “green transmitter,” that 
is, it showed very strong green lumi- 
nescence to visible light. Diamonds 
that are HPHT annealed to this color 
typically are type Ia (see, e.g., I. M. 
Reinitz et al., “Identification of 
HPHT-treated yellow to green dia- 
monds,” Summer 2000 Gems & 
Gemology, pp. 128-137). However, 
the infrared absorption spectrum of 
this diamond (figure 4, top) showed 
only a very weak absorption peak at 
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1344 cm! from isolated nitrogen 
(0.01 cm~! in absorption coefficient). 
This corresponds to approximately 
0.25 ppm of nitrogen, which fulfills 
the criterion for a type Ila diamond. In 
addition, the UV-Vis absorption spec- 
trum (figure 5, top) showed a strong 
N3 absorption at 415 nm, and a 
strong H3 absorption at 503 nm with 
its side band centered around 470 nm. 
Both N3 and H3 are nitrogen-related 
defects. A relatively strong and broad 
absorption around 270 nm due to iso- 
lated nitrogen, and some sharp peaks 
related to H3 (364, 369, 374 nm) and 
isolated nitrogen (271 nm), were also 
observed. 

A second type Ila diamond (figure 
3, right), submitted shortly after the 
first, revealed similar infrared spectro- 
scopic properties. However, this Fancy 
Vivid pinkish orange diamond, which 
weighed 4.15 ct, proved to be natural 
color. This cushion-shaped modified 
brilliant was one of the more strongly 
colored diamonds in this hue that the 
GIA laboratory has examined. This 
diamond showed no nitrogen-related 
absorption in the mid-infrared range 
(figure 4, bottom), which is consistent 
with the definition of type IIa. 
However, the UV-Vis absorption spec- 
trum did reveal some unusual features 
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Figure 4. The infrared absorption spectra of the two intensely colored dia- 
monds show no evident absorption in the 1400-800 cm range, so both 
diamonds are type Ia. The 1344 cm“ peak is shown in the inset. The 
absorption coefficient in the inset was calculated using the two-phonon 


absorption band of the diamond. 


(figure 5, bottom): strong absorption 
by N-V centers at 637 nm and 575 
nm, moderate absorption by H3 (503 
nm) and H4 (496 nm), and a weak 
absorption by N3. A weak but broad 
band around 270 nm, due to trace 
amounts of isolated nitrogen, also was 


detected. Obviously the concentration 
of isolated nitrogen was above the 
detection limit of the infrared spec- 
trometer. The most outstanding fea- 
ture was a strong, broad absorption 
band centered at 507 nm, which we 
believe was the side band of the 


Figure 5. The UV-Vis absorption spectra of the two type Ila diamonds 
show strong absorption of N3 and H3 nitrogen-related defects in the green- 
yellow diamond, and a broad and strong band at 507 nm, plus H4, H3, 
575 nm, and 637 nm peaks, in the pinkish orange diamond. 
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vibronic 575 nm center. 

Strong H3 and H4 absorptions, in 
particular those detectable by UV-Vis 
spectroscopy, usually do not occur in 
a type Ila diamond. N3 and N-V cen- 
ters occur in some type Ila diamonds, 
but generally they are very weak. In 
addition, these N-bearing defects in 
type Ila diamond usually do not affect 
the body color. The green-yellow dia- 
mond is unusual because its N3 and 
H3 defects are so strong that they sig- 
nificantly affect the color appearance. 
The green hue is mainly caused by 
luminescence of the H3 center, which 
absorbs blue and violet and emits 
green light. Unfortunately, we do not 
have spectra on this stone before it 
was HPHT-processed. Nevertheless, 
it is reasonable to speculate that the 
original diamond may have contained 
some A form nitrogen (i.e., pairs of 
nitrogen atoms) that combined with 
vacancies during HPHT treatment to 
create H3 centers. Furthermore, some 
of the A centers may have disaggre- 
gated to isolated nitrogen during the 
HPHT annealing, while the N3 
defects mostly survived the treat- 
ment. An HPHT-annealed diamond 
with these spectroscopic properties is 
quite rare. 

In the pinkish orange diamond, 
the broad 507 nm side band to the 575 
nm vibronic center is comparable to 
the ~550 nm broad band that is re- 
sponsible for brown, pink, red, and 
purple coloration in some diamonds. 
With a shift in this broad absorption 
to higher energy, a pinkish orange col- 
oration results. The strong 637 nm 
absorption and its side band at 
580-620 nm could also contribute to 
the pink color to some extent. In 
terms of color origin, it is very rare to 
attribute an intense color to the 575 
nm center in natural diamond (E. 
Fritsch, “The nature of color in dia- 
monds,” in G. E. Harlow, Ed., The 
Nature of Diamonds, Cambridge 
University Press, 1998, pp. 23-47). 
Since both stones are faceted, we do 
not know the exact path length 
through the stone during the UV-visi- 
ble spectroscopic analysis. For this rea- 
son, the concentration of nitrogen in 
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these infrared-inactive defects could 
not be quantitatively determined. 

Most diamonds that possess 
nitrogen-related point defects in the 
visible region typically show appre- 
ciable nitrogen-related absorption 
between 1400 and 800 cm? in the 
mid-infrared. However, in this rare 
case, both of these intensely colored 
diamonds are type IIa. These dia- 
monds not only show interesting 
spectroscopic features, but they also 
reinforce the need to carefully docu- 
ment both natural- and treated-color 
diamonds to better understand the 
range of characteristics that may 
occur in each. 

Wuyi Wang, Matt Hall, and TMM 


With Unusual Overgrowth 

Within the earth’s mantle, it is not 
uncommon for diamond with differ- 
ent physical and chemical features to 
grow over a pre-existing diamond 
crystal. Such diamonds have been dis- 
covered in mines all over the world. 
Typically, the overgrowth layer and 
the pre-existing crystal are both crys- 
tallographically and spatially continu- 
ous, although there is usually a sharp, 
clear boundary between a heavily 
included overgrowth layer and a gem- 
quality inner portion (see, e.g., O. 
Navon et al., “Mantle-derived fluids 
in diamond micro-inclusions,” 
Nature, Vol. 335, 1988, pp. 784-789). 
Recently Marc Verboven, of GIA in 
Antwerp, brought a special diamond 
of this type to our attention (figure 6). 
This diamond displayed these two 
episodes of growth; however, the 
overgrowth layer and the inner core 
were not continuous. Instead, for the 
most part they were separated by a 
distance of 0.5-1.0 mm. 

The diamond was originally 
cubic in shape, about 8 mm on each 
side. Both {100} and {110} faces were 
well developed, similar to the cuboid 
diamonds commonly found in Zaire. 
Diamonds of such low quality and 
reasonably large size are commonly 
used to “open up” new and refur- 
bished polishing discs, or to prepare 
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Figure 6. This milky white cuboid 
diamond, about 8 mm on each 
side, cleaved along the {111} face 
and exposed an interesting core 
while it was being used to “open 
up” a polishing disc. 


the discs for polishing when new grit 
is applied. This stone cleaved along 
the {111} direction while being used 
to open up a disc, thereby exposing 
the interesting core. As shown in fig- 
ures 6 and 7, the inner core and the 
outer overgrowth layer were not in 
direct contact, and the surface of the 
interior was covered by a dark brown 
material, very likely Fe-rich oxides. 

After we removed the dark brown 
material by boiling the sample in sul- 
furic acid, careful microscopic obser- 
vation revealed that the core diamond 
was octahedral in shape, with round- 
ed edges. It was transparent, and con- 
tained a colorless macro inclusion 
(very likely olivine or enstatite) simi- 
lar to inclusions seen in most “regu- 
lar” rough diamonds. The surface of 
the core octahedron was pristine, 
showing many growth pits with flat 
ends. The overgrowth layer seems to 
have protected it from magmatic dis- 
solution during transportation from 
the mantle to the earth’s surface. In 
contrast, the overgrowth layer was 
milky white and contained numerous 
tiny inclusions, with evidence of dis- 
solution on the surface. 

Observation of the margin 
between the core and the overgrowth 
layer revealed regrowth connecting 
the octahedral core to the overgrowth 
on the {111} faces. This regrowth 
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Figure 7. After the dark brown 
material at the interfaces was 
removed by boiling the diamond 
in acid, it became clear that the 
inner core was an octahedral dia- 
mond crystal, most of which was 
spatially separated from the over- 
growth layer. Analyses showed 
that the inner core and the outside 
overgrowth have very different 
physical and chemical properties. 


served as a frame that supported the 
overgrowth layer during its forma- 
tion. It is reasonable to assume that 
the margin was originally occupied by 
Fe-bearing mantle minerals (such as 
olivine). The components of these 
minerals (except for the postulated Fe- 
rich oxide) could have been removed 
by subsequent alteration at the earth’s 
surface. As shown in figure 7, the 
{111} face of the core diamond is par- 
allel to the {111} cleavage face of the 
overgrowth layer, indicating that the 
two parts of the crystal are crystallo- 
graphically continuous. Spectroscopic 
analyses showed that the diamond 
contains substantial amounts of 
nitrogen, and the microscopic inclu- 
sions in the overgrowth layer are rich 
in H,O and calcite. They also re- 
vealed that the inner core contains 
many more point and extended 
defects than the overgrowth layer, 
which supports formation of the dia- 
mond by two separate processes. 
Further study of this special crys- 
tal may supply some important infor- 
mation about the environment and 
growth of diamond. 
Wuyi Wang and TMM 
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Figure 8. This beautiful mineral specimen was identified as consisting of 
light greenish blue euclase crystals (largest approximately 13.20 x 9.40 x 
4.00 mm), near-colorless to white feldspar, and pink apatite. 


EUCLASE Specimen, 
with Apatite and Feldspar 
Generally, the laboratory is asked to 
identify fashioned stones for use in 
jewelry, as well as carvings and small 
statues. We were quite interested, 
therefore, to receive the mineral 
specimen shown in figure 8 at the 
East Coast lab. Reported to be from a 
mine in Brazil, it was submitted for 
identification of its transparent light 
greenish blue crystals. 

These crystals were numerous 
and well formed, with natural stria- 
tions along their length. They pro- 
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truded from a base of transparent to 
semi-transparent near-colorless to 
white crystals. Similar white crystals 
also formed a small cluster at the top 
of the specimen. Three small, trans- 
parent, light pink crystals were pre- 
sent as well, with one prominently 
visible in figure 8. 

At first glance, the greenish blue 
color suggested that these crystals 
were aquamarine, but closer examina- 
tion revealed that the crystals were 
monoclinic, not hexagonal like beryl. 
Standard gemological testing (a spot 
R.I. reading of approximately 1.65, 
double refraction detected via polar- 
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iscope, pleochroism, and lack of fluo- 
rescence to UV radiation) indicated 
that these crystals were euclase. This 
identification was confirmed by 
Raman analysis. Euclase is often 
described as “having a pale aquama- 
rine color” (see, e.g., R. Webster, 
Gems: Their Sources, Descriptions 
and Identification, 5th ed., Butter- 
worth-Heinemann, London, 1994, p. 
336), and material of this color is 
known to originate from the Brazilian 
state of Minas Gerais. 

The same client also submitted a 
transparent to semi-transparent light 
pink crystal measuring approximately 
15.65 x 19.60 x 7.70 mm, which 
reportedly was from the same deposit. 
This crystal was identified via stan- 
dard gemological testing as apatite 
(R.I. of 1.630-1.634, S.G. of 3.21, uni- 
axial, a 580 nm doublet and a 520 nm 
line in the desk-model spectroscope, 
and weak—moderate and moderate flu- 
orescence to long- and short-wave UV, 
respectively). The specimen contained 
liquid fingerprints and numerous two- 
phase (fluid and gas) inclusions. 
Although Brazil is a known source of 
apatite, references in the literature 
(see, e.g., R. Webster, cited above, and 
R. T. Liddicoat, Jr., Handbook of Gem 
Identification, 12th ed., GIA, Santa 
Monica, 1989, p. 173) most often 
describe it as blue, yellow, green, or 
violet, rather than pink. 

Once this identification was 
made, our curiosity was piqued to see 
if the light pink crystals on the 
euclase specimen were also apatite. 
Although their size and placement 
made standard gemological testing 
impossible, Raman analysis proved 
that they were indeed apatite. Raman 
also identified the near-colorless to 
white crystals as feldspar. The associ- 
ation of euclase, apatite, and feldspar 
is consistent with a pegmatitic origin. 

Wendi M. Mayerson 


“Cherry Quartz” GLASS Imitation 

Walking by the many bead vendors at 
the Tucson gem shows this past 
February, this contributor could not 
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Figure 9. This strand of approximately 8-mm-long “cherry quartz” beads, 
purchased at one of the Tucson gem shows, proved to be a manufactured 
glass product. 


help but notice large quantities of a 
transparent to translucent pink materi- 
al that was reminiscent of strawberry 
quartz. Offered in various sizes and 
shapes, these beads appeared to be very 
popular and were selling rapidly. 

On closer inspection with the 
naked eye, however, the material did 
not appear to be strawberry quartz 
after all. The vendor stated that it was 
“cherry quartz.” When asked what 
that was, he explained that it was heat- 
treated quartz from China. The same 
claim was repeated by numerous other 
vendors elsewhere in the city. This 
somewhat unusual treatment and 
provenance connected with a hereto- 
fore-unknown gem material prompted 


Figure 10. Planes of spherical gas 
bubbles and irregular pink and 
colorless banding were clearly 
visible in this glass bead. 
Magnified 15x. 


a 
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inspection with a loupe. Immediately 
visible were numerous spherical gas 
bubbles, which suggested that the 
material was not quartz at all, but 
rather some kind of glass. 

A strand of these beads was pur- 
chased and brought back to the West 
Coast laboratory for closer inspection 
(figure 9). Microscopic examination 
revealed not only arrays of spherical 
gas bubbles, which were often 
arranged in planes, but also irregular 
parallel colorless to dark pink bands 
(figure 10) and clouds of a somewhat 
reflective “copper”-colored material 
(figure 11). Gemological testing 
showed the material to be singly 
refractive with an R.I. of 1.460, an 


Figure 11. Somewhat reflective 
“copper” -colored clouds of 
unknown composition were also 
common in these glass beads. 
Magnified 15x. 


Fa 
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S.G. of 2.18, and a varied reaction to 
UV radiation, ranging from inert to 
moderate orange in long-wave, and 
from weak to moderate greenish blue 
or weak to very strong yellow in 
short-wave. All of these properties 
confirmed the identification of these 
beads as glass. 

Glass imitations of gems date to 
antiquity, but in a day and age where 
the focus is on full disclosure, it is 
unfortunate that this type of misrepre- 
sentation continues to occur. SFM 


Cat’s-eye OPAL 
Most cat’s-eye opal seen on the mar- 
ket is a fibrous material that does 
not exhibit play-of-color. The cause 
of the cat’s-eye in such opals is the 
same as for many other chatoyant 
gems: reflection of light from the 
densely packed parallel fibers. 
However, opal occasionally dis- 
plays chatoyancy that is somewhat 
different in nature and appearance. 
Some opals will exhibit a cat’s-eye 
composed entirely of play-of-color, 
which often seems to be caused by a 
closely spaced lamellar structure 
within the opal. This phenomenon is 
not common, and the stones typically 
show a weakly developed or indistinct 
eye (see, e.g., Winter 1990 Gem News, 
p. 304). Fine examples that show a 
strong chatoyant band made of play- 
of-color are much rarer, but just such a 
stone (figure 12) was recently submit- 


Figure 12. This unusual 4.59 ct 
cat’s-eye opal displayed rainbow- 
colored chatoyancy when viewed 
in the right orientation. 
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ted for examination to the West Coast 
laboratory by Kerry Massari of St. 
Petersburg, Florida. 

This 4.59 ct oval cabochon was 
translucent and had a gray body color; 
the back of the stone was gray com- 
mon opal (“potch”), which is often 
seen in opals from Australia. The 
gemological properties were typical 
for opal. 

One of the most interesting 
things about this opal, in addition to 
the strength of the eye, was the fact 
that in the right position the eye dis- 
played a full range of spectral colors, 
in effect showing a rainbow across 
the top of the stone. 

SFM 


“Blue” QUARTZ 

Color in most gems is caused by chro- 
mophoric elements that are either a 
necessary part of the gem’s chemical 
composition, as with peridot and 
turquoise (idiochromatic gems), or 
not essential to the identity of the 
mineral, as with corundum and beryl 
(allochromatic gems). However, some 
gem materials gain apparent color 
from the presence of inclusions. 
Examples are the reddish orange color 
of some sunstone feldspars and so- 
called bloodshot iolite, which is 
attributed to the presence of ultra- 
thin inclusions of red hematite, or the 
dark brown color of some star beryls 
and brown-to-black star sapphires, 
which results from numerous tiny, 
skeletal gray-brown ilmenite inclu- 
sions. While these inclusion-colored 
gems are relatively common, others, 
such as natural blue quartz, are much 
more unusual. 

As thus far reported, blue color in 
natural quartz has always been the 
result of inclusions; ajoite, chryso- 
colla, dumortierite, elbaite, lazulite, 
and papagoite have all been identi- 
fied as causes of such a color appear- 
ance. Of these, dumortierite is by far 
the most common. Blue elbaite tour- 
maline, also known as indicolite, is 
rarely encountered, as the vast 
majority of tourmaline inclusions in 
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Figure 13. The blue color in both the 30.58 mm crystal group and the pol- 
ished cabochons of rock crystal quartz (21.76 and 6.96 ct) is caused by 


inclusions of indicolite. 


quartz are black to very dark brown. 
Two well-polished grayish blue 
cabochons from Minas Gerais, Brazil, 
were recently sent for examination to 
the West Coast laboratory by gem 
dealer Elaine Rohrbach of Pittstown, 
New Jersey. They were easily identi- 
fied as quartz by their refractive 
index and the presence of a uniaxial 
“Dull’s-eye” optic figure. As shown in 
figure 13, the larger was a 21.76 ct 
oval cabochon (19.50 x 14.89 x 10.19 
mm), while the smaller was a 6.96 ct 
round gem (11.66-11.83 x 6.64 mm). 
Magnification revealed that the 
blue color came from numerous thick- 
to-thin, randomly scattered, euhedral 
fibers and rods of what appeared to be 
indicolite (figure 14). These inclusions 
showed strong dichroism, from virtu- 
ally colorless to dark blue (depending 
on the thickness of each), which 
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was also indicative of indicolite. 

As a confirmatory test, Raman 
analysis was used to support the 
optical identification. The reference 


Figure 14. Thick to thin in diame- 
ter, and randomly scattered, 
these deep grayish blue indicolite 
inclusions are responsible for the 
apparent blue color of their 
quartz host. Magnified 10x. 
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standard for this test was a sample of 
indicolite-colored blue quartz crys- 
tals from the Morro Redondo mine, 
near Aracuai, Minas Gerais (again, 
see figure 13). Studying gems colored 
by inclusions is always interesting, 
particularly so when the inclusion- 
host combination is both beautiful 
and unusual. 

JIK and Maha Tannous 


RUBY, Heat Treated with a 

Large Glass-Filled Cavity 

The purplish red gemstone shown in 
figure 15 was submitted to the West 
Coast laboratory by a client who had 
purchased it as a natural ruby. While 
examining the stone with a micro- 
scope, however, the client noticed 
prominent gas bubbles and inclusions 
that he described as “fingerprints.” 
Because the appearance of those 
inclusions was quite different from 
what he had encountered previously 
in unheated or heat-treated rubies, he 
asked us to verify that the stone was 
natural and, if enhanced, determine 
the type of treatment. 

Standard gemological tests con- 
firmed that the 2.50 ct stone was 
indeed natural corundum. When we 
examined the ruby with 10x magnifi- 
cation, we recognized immediately— 
from the altered appearance of 
numerous inclusions—that the stone 
had been subjected to heat treatment. 
The ruby showed a series of fractures 
that had all been partially healed; 
such healed fractures often resemble 
the fingerprint-like inclusions found 
in unheated natural gems. However, 
we also noticed some opaque dark 
brown rounded particles. Those parti- 
cles were remnants of crystals that 
had exploded and the pieces subse- 
quently melted down into rounded 
“balls” due to the thermal treatment 
(see figure 16). 

Deep in the pavilion, around the 
culet, we also saw a series of large gas 
bubbles. Focusing on these bubbles 
from the pavilion, we could see that 
they were confined to an area very 
close to the surface. Further examina- 
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Figure 15. This 2.50 ct ruby con- 
tained a glass-filled cavity large 
enough to yield a separate R.I. 
value and to entail the loss of a 
significant amount of weight if 
the stone was recut to remove it. 


tion with overhead illumination 
revealed very fine separations in 
three of the pavilion facets adjacent 
to the culet and a distinct difference 
in luster in those facets (see, e.g., fig- 
ure 17). This area of lower luster was 
large enough that we were able to 
obtain a single R.I. reading of 1.51, 
which indicates that it was not 
corundum but rather a type of glass. 
We advised our client that this ruby 
had undergone heat treatment and 
also had been surface repaired with a 
foreign material. 

Over the course of the last two 
decades, we have reported on a num- 
ber of rubies with evidence of foreign 
“fillers” both on the surface and in 
surface-reaching fractures (see, e.g., 
Fall 1984 Gem News, pp. 174-175; 
R. E. Kane, “Natural rubies with 
glass-filled cavities,” Winter 1984 
Gems & Gemology, pp. 187-199; 
and Fall 2000 Lab Notes, pp. 
257-259). Only on a few occasions 
have we encountered filled cavities 
large enough to measure the RI. We 
also determined that if this stone 
was recut to remove the cavity, it 
would likely lose significant weight 
and a “size”; that is, it would be less 
than 2 ct. While such fillings are less 
prevalent today than they were a 
decade ago, one still needs to be care- 
ful to inspect the surfaces of rubies 
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Figure 16. Seen here at 15x mag- 
nification are remnants of explod- 
ed crystals (brown “balls”), por- 
tions of healed fractures, and 
large gas bubbles—proof that the 
ruby shown in figure 15 had 
undergone heat treatment and 
glass filling. 


for such a treatment. In this case, 
too, someone viewing the stone 
through the table could have inter- 
preted the gas bubbles as indicating 
that it was a melt synthetic. 

KNH and TM 


Figure. 17. Seen here in reflected 
light, distinct differences in luster 
separate the corundum and the 
glass filling on this pavilion facet; 
note also the gas bubbles in the 
filled area on the lower right. 
Magnified 15x. 
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Figure 18. This 1.79 ct green 
metamict zircon shows striking 
play-of-color that changes as the 
gem or light source is moved. 


Play-of-Color ZIRCON 

Green metamict zircons from Sri 
Lanka are relatively well known in 
the gem trade, and compared to other 
colors of zircon they are also relative- 
ly common. Occasionally, however, 
we do see less typical, phenomenal 
green metamict zircons. For the most 
part, these show sparkling aventures- 
cence, which is caused by the pres- 
ence of tiny discoid fractures that 
develop during their metamict break- 
down (see E. J. Gtibelin, Internal 
World of Gemstones: Documents 
from Space and Time, ABC Edition, 
Zurich, 1979, p. 193). 

Very recently, the West Coast lab- 
oratory had the opportunity to exam- 
ine another, even more unusual type 
of phenomenal metamict green zir- 


Figure 19. The extremely fine 
lamellar structure of the metam- 
ict zircon in figure 18 is responsi- 
ble for its unusual play-of-color. 
Magnified 30x. 


con, which was also submitted by 
gem dealer Elaine Rohrbach, who 
provided the blue quartz described 
above. This oval double cabochon 
weighed 1.79 ct and measured 8.07 x 
5.02 x 4.11 mm. It was identified as 
zircon by its absorption spectrum, 
“over-the-limits” refractive index, 
and specific gravity. What made this 
gem stand out was that in both sun 
and incandescent light it showed a 
bright play-of-color (figure 18), very 
similar to what one would expect to 
see in transparent crystal opal. As 
also seen with opal, when the gem 
and/or the light source was moved, 
the play-of-color pattern changed. 
Even with fluorescent lighting, the 
colorful effect was still visible, 


although—just as with opal—it was 
much more subdued. 

Observation with a gemological 
microscope revealed that an extreme- 
ly fine lamellar structure (figure 19) 
was responsible for the bright spectral 
color phenomenon. The structure 
appeared to act as a diffraction grating, 
breaking the entering white light into 
its component colors. The zircon’s 
high transparency and general absence 
of light-blocking inclusions also great- 
ly added to its fascinating appearance. 

In the past, we have seen only two 
other zircons that showed such inter- 
esting color effects. The first was a 
faceted green Sri Lankan zircon 
described as iridescent in the Spring 
1990 Gem News section (p. 108). The 
cause of this phenomenon was also 
stated to be structural, but the colors 
observed were much more subtle 
than the play-of-color seen in the pre- 
sent sample. The second stone, 
described in the Summer 1997 Lab 
Notes section (p. 141), was a very 
dark brown cabochon that showed 
patches of red and green “play-of- 
color” of unknown cause. 

Note that play-of-color is a light- 
interference phenomenon that is not 
by definition confined to opal. 
Nevertheless, this is the first zircon 
we have seen that clearly showed the 
cause of its bright play-of-color. 

JIK and Maha Tannous 
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For regular updates from the world of GEMS & GEMOLOGY, visit our website at: 


www.gia.edu/gandg 


46 GEM TRADE LAB NOTES 


GEMS & GEMOLOGY 


SPRING 2003 


The information you need... at a glance! 


LAMINATED 
REFERENCE 
CHARTS 


Gemovocical INSTITUTE OF AMERICA 


yy Major Wortp Gem Propucinc ReGions 


Perfect 


for 
Home or 


Office 
Use! 


GIA Pik Diamonn Cotor CHART Pr 


* & | i | Rp 
Nationwide Aa @ 3 Bei 
pipiens es ue we he «@ ee ag) 8 
utside the U.S. ca = . 7. we 
760-603-4000, ext. 7142 Fe + Ome eas 
or fax 760-603-4595 bed. 2386 apes 
os oe * §28 cme 
“a =8 * « = & 
www.gia.edu oe «8 see Bas 
While Supplies Last. ae 
| 4 , 
L D oF y j ‘A vy Uy Domestic International 
: Gem Localities Map $14.00 $18.00 ei any a et $24 
WMIOTE ($31 outside the U.S.) 
Or /V lOr i Gem Treatments Chart 14.00 18.00 all three for $34 
& af Pink Diamond Color Chart 14.00 18.00 ($44 outside the U.S.) 
ATIC Jaa ¥ | 4 
tA that f= For California deliveries, please add appropriate sales tax. For Canada deliveries, add 7% GST. 


The Quarterly Journal That Lasts A Lifetime F EMS 


EDITOR 
Brendan M. Laurs (blaurs@gia.edu) 


CONTRIBUTING EDITORS 

Emmanuel Fritsch, IMN, University of 
Nantes, France (fritsch@cnrs-imn.fr) 
Henry A. Hanni, SSEF, Basel, Switzerland 
(gemlab @ssef.ch) 


Kenneth V. G. Scarratt, AGTA Gemological Testing 
Center, New York (kscarratt@email.msn.com) 


Karl Schmetzer, Petershausen, Germany 
(schmetzerkarl@ hotmail.com) 

James E. Shigley, GIA Research, 
Carlsbad, California (jshigley @gia.edu) 


Christopher P. Smith, Guibelin Gem Lab Ltd., 
Lucerne, Switzerland (cpsggl2 @hotmail.com) 


In January-February 2003, the gem and mineral shows in 
Tucson, Arizona, bustled with activity despite the slow 
U.S. economy. Although this year revealed fewer novel 
gem materials or new localities than previously, there 
were still numerous interesting items on display. 
Among the highlights was a 44.11 ct intense greenish 
blue tourmaline that was reportedly from the Sao José da 
Batalha mine in Paraiba, Brazil (figure 1). This may be 
the largest faceted tourmaline from this famous deposit. 
Of great curiosity was an unusual 18K white gold ring 
set with calibrated princess-cut jeremejevites from 


Figure 1. This 44.11 ct tourmaline is reportedly from 
Paraiba, Brazil. Courtesy of Sergio Martins, Stone 
World, Sao Paulo, Brazil; photo by Robert Weldon. 
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Namibia (see Fall 2002 Gem News International, pp. 
264-265), in a range of color from near colorless through 
shades of blue and violet (figure 2). Another unique piece 
was shown to us by Edward Johnson of GIA London: a 
tie pin fashioned into a horse head that made creative 
use of an unusually shaped diamond crystal (figure 3). 
Additional items are described in more detail below, and 
others will appear in the Summer 2003 GNI section. 
Ge&G thanks our many friends who shared material 
with us this year. 


Figure 2. The calibrated jeremejevites (2.5 and 3 mm) 
in this ring are from the Erongo Mountains of Namibia. 
Courtesy of Chris Johnston, Johnston-Namibia C.C., 
Omaruru, Namibia; photo by Robert Weldon. 
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fine specimens of Brazilianite were un- 
covered in- these upper workings, but 
they were also shattered in the extrac- 
tion of clean gem material. These upper 
workings were abandoned when it was 
found that this mineral would not serve 
for lapidation. : 

The finest cut stones of Brazilianite 
were obtained by Dr. Frederick H. 
Pough, Curator of Geology and Miner- 
alogy, American Museum of Natural 
History, from material which he ob- 
tained on one of his trips to Brazil. A 
few other cut Brazilianites were ob- 
tained by the writer from material 
mined from the pegmatite after he 
acquired the Brazilianite property. 


Correction 


GEMS AND GEMOLOGY is in 


receipt of a letter from Mr. H. Paul 
Juergens, C.G., of Juergens & Ander- 
son, Chicago, in which he questions Dr. 
William Foshag’s statement, in his ar- 
ticle on the cultured pearl industry in 
Japan in the summer assue, to the effect 
that for pearl nuclet, small beads about 
the size of buckshot were used. 
Dr. Foshag’s reply follows. 


Mr. Paul Juergens has called my 
attention to the misleading use of the 
term “size of a buckshot” referring to 
the size of the nuclei used in cultured 
pearls. I used this term as one of a 
familiar object about the size of many 
of the nuclei. I was probably influenced 
in the use of this term by the fact that 
the nuclei being used at the time of my 
visit were about this size. 

As Mr. Juergens remarked, larger 
nuclei are used for larger-sized pearls, 
the resultant thickness of nacre on 3 to 
4 year old pearls being about 1% milli- 
meter. Since the mollusk usually can- 
not survive the introduction of a large 


nucleus, these larger “seeds” ate ap- 
parently seldom used. Presumably only 
the larger, more robust individuals are 
inoculated with large nuclei. Mr. Juer- 
gens is quite right in stating that the 
size of the nuclei are about 1 millimeter 
smaller in diameter than the final pearl. 
—W. F. Foshag. 


Gifts to The Institute 


Robert I. Olsen, of Olsen & Ebann, 
Chicago, has recently presented the In- 
stitute with a number of stones to be 
used for educational purposes. These 
include two beautifully-carved cuvettes, 
a sapphire, a tourmaline, a fancy citrine, 
several synthetics and imitations, and 
broken diamonds in varying shades. 


Gem Mines Reopened 
Near San Diego 


According to a bulletin published by 
the Division of Natural Resources, 
Department of Agriculture, San Diego 
County, California, new interest in gem 
mining has resulted in that district 
from a recent geological survey of the 
San Diego Pegmatites. ; 

As an outgrowth of this survey, and 
its resultant increase of interest, the 
Department states that a group of seven 
mines have been sold recently in the 
Pala area. These mines, whichs have 
been comparatively idle in recent years, 
were in the early years of the century 
good producers of tourmaline, beryl and 
kunzite. 

In the Aguanga Mountain Area an- 
other mine, which was once a good pro- 
ducer of topaz, but idle for many years, 
has been sold. It is the intention of the 
new owners of these mines to bring 
them into commercial production im- 
mediately. 


Figure 3. The natural diamond crystal (1.5 cm long) in 
this tie pin, which was manufactured by Manfred Wild 
of Idar-Oberstein, bears an uncanny resemblance to a 
horse head. Courtesy of Andreas Guhr, Mineralien 
Zentrum, Germany; photo by Maha Tannous. 


COLORED STONES AND 
ORGANIC MATERIALS 


Dyed “landscape” agate. At the AGTA show, William 
Heher of Rare Earth Mining Co., Trumbull, Connecticut, 
had some distinctive landscape agate. The agates showed 
attractive scenes (figure 4), portions of which were created 
using a proprietary process to add new colors. 
Approximately 600 pieces were available, in sizes from 12 x 
20 mm to over 50 mm. Mr. Heher reported that he pur- 
chased the starting material from two old collections in 
Idar-Oberstein that had been mined years ago in Brazil. Blue 
colors were created with cobalt salts, and the greens with 
copper sulfates and other chemicals. The natural landscapes 
in the agates are sometimes enhanced by heat to improve 
their appearance (e.g., to improve saturation or change the 
color from yellow to more reddish hues), depending on the 
amount of iron staining and the starting color. 
Thomas W. Overton (tom.overton@gia.edu) 
GIA, Carlsbad 


Carved Brazilian bicolored beryl and Nigerian tourmaline. At 
the AGTA show, gem carver Michael M. Dyber of Rumney, 
New Hampshire, displayed a collection of carved bicolored 


Editor's note: Interested contributors should send information to 
Brendan Laurs at blaurs@gia.edu (e-mail), 760-603-4595 (fax), 
or GIA, 53845 Armada Drive, Carlsbad, CA 92008. Any original 
photos will be returned after consideration or publication. 
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Figure 4. The scenes in these “landscape” agate cabo- 

chons (23 mm long) were enhanced by the addition of 
cobalt salts to create areas of blue “sky.” Courtesy of 

William Heher; photo by Maha Tannous. 


beryl from Minas Gerais, Brazil, titled “Optic Art” (see, e.g., 
figure 5). This collection was created from a parcel of 25 crys- 
tals weighing a total of 666 grams, which he purchased from 
Haissam Elawar, K. Elawar Ltd., Minas Gerais. According to 
Mr. Elawar, the beryl was mined in 1998 from a pegmatite at 
the Sao Joao mine near Padre Paraiso, Minas Gerais. The pro- 
duction included an unusual variety of beryl colors, from yel- 
low to green to blue. Of the approximately 40 kg of bicolored 
crystals, about half were gem quality. 

Bicolored beryl, mostly from Minas Gerais, has been 
reported in the past (see, e.g., Winter 1985 Lab Notes, p. 
232; Winter 1986 Gem News, p. 246; and A. R. Kampf and 
C. A Francis, “Beryl gem nodules from the Bananal mine, 
Minas Gerais, Brazil,” Spring 1989 Gems &) Gemology, pp. 
25-29) but facet-grade material is uncommon, and most of 


Figure 5. Unusual bicolored beryls from Minas Gerais 
have been fashioned into attractive gem carvings. 
Shown here are a 67.50 ct aquamarine/green beryl 
carving and a 261.1 ct (11.1 x 3.75 cm) bicolored 
beryl crystal from Brazil. Photo © Sena Dyber, 2008. 
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the reported discoveries have been morganite/aquamarine 
or a combination of colorless beryl (goshenite) with another 
variety. Aquamarine/green beryl and green beryl/heliodor 
combinations such as those from the Sao Jodo mine appear 
to be considerably rarer. Rains in 2000 collapsed some of 
the tunnels, but Mr. Elawar reported that there have been 
recent attempts to reopen this mine, so more of this mate- 
rial may become available in the future. 

Also on display at Mr. Dyber’s booth was a carving he 
called “Pink Snowflake,” an 89.40 ct Nigerian tourmaline 
that showed a remarkable optic effect. Viewed through 
the table (figure 6, left), this carving created a snowflake- 
like illusion of numerous small tubes intersecting 
throughout the piece. When viewed from the back (figure 
6, right), the true nature became apparent: Only three 1- 
mm wide tubes had been drilled into the stone, and care- 
ful alignment of the tubes and facets created the illusion 
of many more. The even dimensions and frosted polish of 
the tubes, called “Luminaires” (see Spring 1999 Gem 
News, pp. 57-58) were achieved through a proprietary 


Figure 7. In mid- 
November 2002, an usual 
Cs- “beryl” showing a 
deep purplish pink color 
was found at this mine, 
located near the village of 
Mandrosonoro in central 
Madagascar. The under- 
ground workings are 
located to the lower left 
of the photo. Photo by 
Laurent Thomas. 
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Figure 6. Careful arrange- 
ment of facets and tubes in 
this 89.40 ct carved 
Nigerian tourmaline pro- 
duces a clever optical illu- 
sion. In the face-up view 
(left), facet reflections create 
the appearance of dozens of 
internal tubes; from the 
back (right), the true nature 
of the carving—a mere three 
tubes—is seen. Courtesy of 
Michael Dyber; photos by 
Maha Tannous. 


process that Mr. Dyber developed after years of research 
and experimentation. 
Thomas W. Overton 


A new saturated purplish pink Cs-“beryl” from Madagascar: 
Preliminary analyses. One of the most exciting materials to 
debut at Tucson this year was deep purplish pink “beryl” 
from a new find in Madagascar. In addition to its color, this 
material was particularly interesting because it showed 
anomalous properties for beryl (e.g., higher refractive indices 
than previously known), which were attributed to very high 
concentrations of cesium (Cs). The primary suppliers were 
Polychrome (Laurent Thomas, Chambray-les-Tours, 
France}, Le Minéral Brut (Denis Gravier and Fabrice Danet, 
Saint-Jean-le-Vieux, France), and MJ3 Inc. (Marc Jobin, New 
York). The material was sold as “red beryl,” “raspberyl,” 
and “hot pink-red beryl.” Combined, these dealers had 
about 5 kg of rough and a small number of faceted stones 
and cabochons at Tucson, although additional pieces were 
cut during the show. The largest supplier of rough was Mr. 
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Thomas, who had approximately 0.5 kg for cutting faceted 
gemstones or cat’s-eye cabochons, 2 kg that were carving 
quality, and 1 kg of crystal specimens. The material is 
referred to here as “beryl” in quotation marks, because 
work is still in progress to determine its mineralogical iden- 
tity (see below). 

GIA was first notified about this unusual new material 
by Tom Cushman (Allerton Cushman & Co., Sun Valley, 
Idaho), who obtained a crystal during a buying trip to 
Madagascar in December 2002, and subsequently donated 
it for research. According to Dr. Federico Pezzotta (Natural 
History Museum, Milan, Italy) and Mr. Thomas, both of 
whom were in Madagascar during the discovery, the deep 
pink “beryl” was mined in mid-November 2002 from a 
pegmatite located a few kilometers south of the village of 
Mandrosonoro, which is 140 km by dirt road west of 
Ambatofinandrahana in central Madagascar (figure 7). Mr. 
Thomas visited the mine soon after the pocket was discov- 
ered, but he had to flee the area when he drew gunfire. It is 
not surprising that foreigners are not welcome there, since 
Mandrosonoro is considered to be among the most danger- 
ous areas in Madagascar. 

The almost vertical pegmatite, which measures about 
4—6 m thick and over 200 m long, was originally explored 
by French colonists for tourmaline. Recent mining by 
local people resulted in the discovery of the pink “beryl” 
about 6 m below the surface. It was recovered from a sin- 
gle large pocket containing mostly smoky quartz, multi- 
colored tourmaline, and pink or yellow-green spodumene; 
amazonite, cleavelandite (albite), lepidolite, and danburite 
also were found in this pocket. 

The “beryl” has been seen to occur in three different 
morphologies: (1) large flattened masses (up to 8 cm in 
diameter) of irregular shape that grew interstitially to 
other minerals in the pocket; (2) well-formed tabular 
hexagonal crystals up to 6-7 cm in diameter, occasionally 
in aggregates (figure 8); and (3) euhedral, small (up to a few 


Figure 8. Well-formed tabular crystals and aggregates 
of pink Cs-“beryl” (here, up to 3 cm) created excite- 
ment at the 2003 Tucson gem shows. Courtesy of 
Stuart Wilensky and Irv Brown; photo © Jeff Scovil. 


millimeters in diameter], tabular-to-elongate crystals on 
the faces of large tourmaline crystals. The unusual elon- 
gate crystals formed by parallel intergrowth of numerous 
tabular crystals. 

According to Dr. Pezzotta, the production of deep pink 
“beryl” amounted to 40 kg of crystals and fragments of 
variable quality, and many tens of kilograms of low-quality 
fragments and deeply corroded crystals. Gemmy portions 
in crystals are rare and very limited in size, so faceted 
stones are typically small and/or contain eye-visible inclu- 
sions (figure 9, left). Some of the material is of carving qual- 
ity, and a small proportion contains microscopic tubes par- 
allel to the c-axis in sufficient abundance to yield attractive 
chatoyant gems (figure 9, right). The color is similar to pink 
tourmaline, and in fact one piece of tourmaline was discov- 
ered in a parcel of samples that GIA obtained for research. 


Figure 9. Faceted examples of the Cs-“beryl” are uncommon, since much of the rough is heavily included. 
The samples on the left (0.89-1.02 ct, courtesy of Mark Kaufman) show characteristic growth tubes, frac- 
tures, and fluid inclusions. The cabochons on the right show attractive chatoyancy; they are courtesy of 
Mark Kaufman (1.84 ct) and Herb Obodda (4.11 ct). Photos by Maha Tannous. 
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Six samples were gemologically characterized by con- 
tributors SFM and EPQ: two faceted stones (0.89 and 1.02 
ct}, two cat’s-eye cabochons (1.84 and 4.11 ct), one crystal 
specimen (7.5 grams}, and one partially polished crystal 
fragment (1.64 ct). The properties are reported in table 1. 
The RI. and S.G. values are significantly higher than those re- 
ported for morganite (e.g., n,=1.578-1.600, n,=1.572-1.592, 
and S.G.= 2.80—2.90; R. Webster, Gems, 5th ed., revised by 
P. Read, Butterworth-Heinemann, Oxford, England, 1994, 
p. 128), as well as other beryl varieties. In addition, mor- 
ganite has no characteristic absorption spectrum (Webster, 
1994). Although the dealers who supplied the samples 
were not aware of any clarity enhancement, all samples 
showed fractures of low relief, some of which contained 
air bubbles that contracted when exposed to a thermal 
reaction tester, indicating the presence of a filling sub- 
stance. Subsequently we learned from Dudley Blauwet 
(Dudley Blauwet Gems, Louisville, Colorado) that all of 
the purplish pink “beryl” rough he had purchased was 
oiled by the local Madagascar dealers. He reported that the 
oiling enables them to see into the rough more easily 
(because of the slight etching on most of the crystal sur- 
faces), and it appears to be done with mineral oil that is 
manually applied rather than pressure injected. 

On a separate crystal (5 mm in diameter; figure 10) that 
was donated by Mr. Thomas to the University of New 
Orleans, WBS obtained refractive indices of n,=1.616 and 
n,=1.608 by immersion in Cargille oils (in white light, Na 
corrected]. A measured density of 2.97 was obtained with a 
Berman density balance, and a calculated density of 3.012 
was obtained using unit-cell dimensions (from powder X- 
ray diffraction analysis) and the average chemical composi- 
tion of the core (from electron microprobe analysis; see 
below). The relatively low density of this sample, com- 
pared to those examined above, is probably due to the 
presence of numerous fluid inclusions. 

Preliminary chemical analyses of two samples with ener- 
gy-dispersive spectrometry (performed by Dr. Alessandro 
Guastoni of the Natural History Museum, Milan) revealed 
high concentrations of Cs, with the strongest enrichment in 
the rims of the crystals. Quantitative chemical analysis with 
an electron microprobe at the University of New Orleans 
was performed by WBS and AUF on the 5-mm-diameter 
crystal mentioned above. This sample had a purplish pink 
core and a pale pinkish orange rim that were separated by a 
sharp boundary (again, see figure 10). Several point analyses 
of a slice taken perpendicular to the c-axis revealed an aver- 
age of 13.57 wt.% Cs,O in the core and 15.33 wt.% Cs,O in 
the rim (table 2). This is significantly more Cs than previous- 
ly reported in beryl (11.3 wt.% Cs,O in morganite from 
Antsirabe, Madagascar; see H. T. Evans and M. E. Mrose, 
“Crystal chemical studies of cesium beryl,” Program # 
Abstracts, Geological Society of America Annual Meeting, 
San Francisco, 1966, p. 63). Minor amounts of Rb, Na, and K 
also were detected. Inductively coupled plasma (ICP) analysis 
of a portion of the crystal showed 2.16 wt.% Li,O. The water 
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content, obtained by the LOI (loss on ignition) method, is 
1.72, wt.%. Some of the water, as well as the 0.30 wt.% B,O; 
measured by ICP, is attributed to the presence of abundant 
fluid inclusions. 

Structural refinement of four samples by FCH showed 
that the Cs resides (and is dominant) in the 2a site in the 
channel of the mineral’s structure. Cs substitutes for a 
vacancy in the channel, and electroneutrality is main- 
tained by an accompanying substitution of Li for Be at the 
tetrahedrally coordinated beryllium site. Minor Na occu- 
pies the 2b channel site. The end-member composition 
could therefore be represented as Cs[Be,LiJAI,Si,O,,. As 
such, this interesting gem material has been submitted to 
the International Mineralogical Association as a new 
mineral of the beryl group (along with beryl, bazzite, and 
stoppaniite). 

Vis-NIR spectroscopy by GRR showed bands centered at 
494 and 563 nm when the beam was polarized perpendicu- 
lar to the c-axis (figure 11). The maximum transmission was 
seen near 630 nm (orangy red) and 400 nm (deep violet), 
which provided the pink-orange color in this direction. 
When the polarization was parallel to the c-axis, the spec- 
trum was dominated by a band centered at 572 nm. 
Transmissions in the red and blue-to-violet regions of the 
spectrum combined to produce the purplish pink color for 
light polarized in this direction. These absorption character- 
istics are consistent with Mn** and are similar to the spectra 
of pink beryls that have been interpreted in terms of Mn** 
(see A. N. Platonov et al., “On two colour types of Mn**- 
bearing beryls,” Zeitschrift der Deutschen Gemmolo- 
gischen Gesellschaft, Vol. 38, 1989, pp. 147-154). 


TABLE 1. Properties of six samples of purplish pink 
Cs-“beryl” from Madagascar. 


Property Description 

Color Purplish pink with moderate dichroism: 
pink-orange (w ray) and purplish pink to 
pinkish purple (€ ray) 

Rl. n =1.616-1.617, n,=1.608; 
spot reading = 1.61 (cabochons) 

Birefringence 0.008—0.009 


Optic character Uniaxial negative, with two samples 
showing anomalous biaxial optics, 


possibly due to strain 


S.G. 3.04-3.14, with most values near 3.10 
Chelsea filter reaction Orangy pink to pink 
UV fluorescence Inert to long- and short-wave UV radiation 


Absorption spectra With the desk-model spectroscope, all 
samples showed an absorption band at 
approximately 485-500 nm, and five 
samples showed weak lines at 465 and 
477 nm and a weak band at 550-580 nm 
Growth tubes, fractures, “fingerprints,” 
and fluid inclusions; two samples con- 
tained low-relief, birefringent inclusions 


Internal features 
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In heating experiments by GRR, crystal fragments heat- 
ed at 250°C and 350°C for two hours maintained their color. 
A fragment heated at 450°C for 2, hours suffered near total 
loss of color. The sample regained nearly all its pink color 
upon irradiation with 6 megarads of Cs-137 gamma rays. 
This sensitivity to heating and irradiation suggests that the 
color is caused by radiation-induced color centers involving 
Mn**. However, the color and optical spectrum of the new 
Cs-“beryl” are different from those of the red beryl from 
Utah, which is also colored by Mn** (Platonov et al., 1989). 

Raman spectrometry of the Cs-“beryl” showed shifts in 
some peak positions and intensities when compared to 
morganite and near-colorless beryl from Brazil. Likewise, 
some of the bands in the infrared spectrum were shifted in 
comparison to morganite and near-colorless beryl. The 
powder X-ray diffraction pattern was unique, with missing 
peaks and slight shifts in peak positions, as compared to 
the beryl pattern. Evans and Mrose (1966) also documented 
intensity differences in the X-ray diffraction patterns of Cs- 
rich beryl. Likewise, Cs has been shown to increase R.I. 
values (P.Cerny and F. C. Hawthorne, “Refractive indices 


TABLE 2. Chemical analyses of a Cs-“beryl” from 
Mandrosonoro, Madagascar, with a purplish pink core 
and a pale pinkish orange rim. 


Chemical composition Core Rim 


Oxide (wt.%) 


SiO, 56.52 55.99 
Al,O3 15.60 15.68 
Sc,03 0.03 0.03 
BeO calc 8.05 7.99 
MnO 0.09 0.06 
Li,O# 2.16 2.16 
Na,O 0.52 0.46 
K,O 0.15 0.03 
Rb,O 0.76 0.68 
Cs,O 13.57 15.33 
H,0# 1.72 1.72 
Total 99.17 100.13 
lons® 
Si 6.050 6.024 
Al 1.968 1.988 
Sc 0.003 0.003 
Be 2.070 2.065 
Mn 0.008 0.006 
Li 0.930 0.935 
Na 0.107 0.097 
K 0.021 0.004 
Rb 0.052 0.047 
Cs 0.619 0.708 


@ Except for Li and H,O (one bulk analysis each, by ICP and LOI, respective- 
ly), data represent averages of nine analyses of the core and eight analyses 
of the rim, by electron microprobe. Below detection limits (in wt.%) were 
TiO, (0.002), FeO (0.02), MgO (0.01), and CaO (0.07). 

© Calculated per 18 oxygens (water excluded, Be+Li=3). 
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Figure 10. This crystal of Cs-“beryl” displays a pale 
pinkish orange overgrowth over a purplish pink core. 
Electron-microprobe analyses showed slightly more 
Cs in the rim. Courtesy of Laurent Thomas; photo by 
W. Simmons. 


versus alkali contents in beryl: General limitations and 
applications to some pegmatitic types,” Canadian Mineral- 
ogist, Vol. 14, 1976, pp. 491-497). Since Cs is a relatively 
heavy element, high concentrations of it would also be 
expected to increase S.G. values, as recorded in the samples 
we examined. Further information on this Cs-“beryl” is 
being prepared by these researchers for publication in the 
mineralogical and gemological literature. 


Figure 11. Vis-NIR spectra of a 5.08-mm_-thick slice of 
Cs- “beryl” were dominated by bands centered at 494 
and 563 nm when polarized perpendicular (1) to the 
c-axis, and a band centered at 572 nm when polar- 
ized parallel (\\) to c. The difference in these absorp- 
tions accounts for the moderate dichroism in purplish 
pink (e ray) and pink-orange ( ray). 
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Figure 12. Bill Larson (left) and Nicolai Kuznetsov 
examine some of the demantoid rough that was 
recently recovered from the Kladovka mine in 
Russia’s Ural Mountains. Photo © Jeff Scovil. 


Figure 13. These rough nodules (up to 4+ 
grams) and faceted stones (3.31 and 4.21 ct) 
show the range of color of demantoid from the 
Kladovka mine. Photo © Jeff Scovil. 
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A new find of demantoid at a historic site in Kladovka, 
Russia. At the AGTA show, Bill Larson of Pala Inter- 
national, Fallbrook, California, had large quantities of 
rough and fine cut demantoid garnets from a recently 
rediscovered primary deposit in the historic Sissertsk dis- 
trict in the Ural Mountains (figure 12). The Kladovka 
mine is located about 10 km from the city of Kladovka, 
which is a two-hour drive south of Ekaterinburg. In the 
past, primary deposits in this area produced mostly min- 
eral specimens, while nearby placers yielded significant 
amounts of gem rough (W. R. Phillips and A. S. Talantsev, 
“Russian demantoid, czar of the garnet family,” Summer 
1996 Gems e& Gemology, pp. 100-111). 

Mr. Larson and his partner, Nicolai Kuznetsov of 
Moscow-based Stone Flower Co., helped fund an 
Ekaterinburg team of prospectors who began exploring the 
area in May 2002 after researching the historic localities of 
this czarist gem, first discovered in Russia in the mid-19th 
century. By July 2002, the prospectors were on the verge of 
abandoning their search in the heavily forested area when 
they rediscovered an old mining pit and exposed a “vein” 
containing demantoid. The garnets formed rounded nod- 
ules and aggregates along this vertical horizon in the 
sheared serpentinite host rock, which varied from a few 
centimeters up to 50 cm wide. 

According to Mr. Larson, Pala International has 
obtained 8.3 kg of rough of variable color, from yellowish or 
brownish green to bright green. Approximately 600 grams 
is of top cutting grade. A significant portion will cut stones 
exceeding 1 ct each; however, gems over three carats (see, 
e.g., figure 13) are very rare. The largest gem faceted so far 
weighed 6.71 ct. “Horsetail” inclusions are present in some 
of the material. 
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The demantoid was produced from a pit measuring 
about 500 x 200 m and up to 12 m deep, which was exca- 
vated from the low hillside using backhoes and manual 
labor. A pump is used to remove water from the pit. The 
mining season lasts just four to six months, and as many 
as six miners worked the pit this past summer. 
Depending on the weather, this year’s season should 
start in May. 

Mr. Larson indicated that unlike the demantoid from 
the Karkodino mine (also in the Ural Mountains}—much 
of which is treated by a simple heating process to remove 
the brownish color component—the material from 
Kladovka has not been treated in any way. For more infor- 
mation on the Kladovka demantoid, visit the Web site 
www.palagems.com/demantoid_garnet.htm. 

BML 


Fire opal from Juniper Ridge, Oregon. At the GLDA show, 
Terry Clark and Don Buford of Dust Devil Mining Co., 
Cloverdale, Oregon, showed one of these contributors 
(BML) some attractive faceted fire opal from the Juniper 
Ridge deposit in southern Oregon. The samples were pro- 
vided to them by Ken Newnham of Klamath Falls, 
Oregon, who is one of the claim owners. The diggings (fig- 
ure 14) are located on the border of Klamath and Lake 
Counties, south of Quartz Mountain, at an elevation of 
about 6,000 feet (1,830 m). 

According the Mr. Newnham, who has worked the 
deposit since the late 1990s, the opal forms as seams and 
nodules within a volcanic host rock (figure 15). The 
largest nodule found so far weighed about 12 pounds (5.4 
kg), and fist-size pieces are common (figure 16). 
Transparent colors range from very light “lemon” yellow 


Figure 15. The Juniper Ridge fire opal commonly 
forms large nodules in the volcanic host rock. Photo 
by Ken Newnham. 


Estwing? 
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Figure 14. At Juniper Ridge, in southern Oregon, fire 
opal is mined from a shallow pit. Here, fee diggers 
are extracting opal with simple hand tools. Photo by 
Ken Newnham. 


to a saturated brownish orange, and translucent-to-opaque 
material is white to brown and black. The distribution by 
diaphaneity is 32% opaque, 40% cabochon grade, 20% 
“commercial” facet grade, and 8% fine facet grade. Some 
of the material contains attractive dendritic inclusions. 
Not until 2002, when about 1,000 pounds (454 kg) of 


Figure 16. Fist-size pieces of fire opal are common at 
Juniper Ridge. Photo by Ken Newnham. 
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Figure 17. These fire opals (1.39—-5.48 ct) 

show the range of color of transparent material 
from the Juniper Ridge deposit. Courtesy of 
John Bailey; photo by Maha Tannous. 


rough fire opal were recovered, did the mine prove to be a 
commercial source. Most of this material was produced 
via fee digging (again, see figure 14), and Mr. Newnham 
estimates that the mine owners and fee-dig patrons have 
faceted about 1,000 stones and cut a few hundred cabo- 
chons over the past two years. 

To date, most of the mining has been done with hand 
tools and jackhammers. The mine owners plan to use an 
excavator during the upcoming mining season, which typ- 
ically runs from June to October. Mr. Newnham reported 
that crazing of the opal is not problematic, but as a precau- 
tion the rough is cut into pieces and “cured” for at least 
one year in the dry atmosphere of Klamath Falls before it 


Figure 18. This “Diamond in a Pearl™” pendant and 
the matching earrings were created from black fresh- 
water cultured pearls (8-9 mm in diameter), each set 
with diamonds weighing 0.04 ct that are mounted in 
14K white gold. Photo by Maha Tannous. 
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is fashioned. A damp cloth or damp sand is positioned 
nearby to buffer the drying process. The material is not 
treated in any way. 

Mr. Newnham and his colleague John Bailey (also of 
Klamath Falls) donated several rough and faceted sam- 
ples of the fire opal to GIA. Six faceted stones (figure 17), 
which weighed from 1.39 to 5.48 ct and represented the 
range of color from this locality, were selected for gemo- 
logical examination by one of us (EPQ). The following 
properties were obtained: color—reddish brown-orange, 
brownish orange, and brownish yellow; R.I—1.459 to 
1.462; singly refractive with weak to strong anomalous 
double refraction; S.G.—2.15 to 2.18; the brownish yel- 
low opals were inert to long-wave and had only a very 
weak chalky green fluorescence to short-wave UV radia- 
tion, and all the other samples were inert to both wave- 
lengths. Microscopic examination revealed a hazy 
appearance, fluid inclusions, crystals (near colorless and 
birefringent), a flow-like structure, and color zoning. Two 
of the stones contained interesting black opaque plume- 
like dendrites. 

BML and 

Elizabeth P. Quinn 

GIA Gem Trade Laboratory 
Carlsbad, California 


Cultured pearls with diamond insets. Jewelry designer 
Chi H. Galatea of San Dimas, California, has developed a 
new procedure for setting small diamonds into cultured 
pearls (figure 18). The “Diamond in a Pearl™” jewelry 
(patent pending) was shown at the Galatea booth at the 
AGTA show. The process involves setting small (up to 
0.20 ct) diamonds into a drilled hole in a cultured pearl 
using a gold or platinum sleeve. Both freshwater and 
Tahitian cultured pearls are used. Some of the Tahitian 
cultured pearls are further enhanced by carving into fanci- 
ful designs. The resulting gems have been used for rings, 
earrings, and pendants. 

Thomas W. Overton 


Effect of cutting on the appearance of spinel. At the AGTA 
show, David Clay Zava of Zava Master-Cut Gems, 
Fallbrook, California, had a parcel of 13 red spinels that 
were all cut from a single piece of rough. The waterworn 
crystal weighed approximately 300 grams and was mined 
from He An, Vietnam. Although fractured, it appeared to 
be of homogenous color before cutting. The faceted stones 
ranged from 1.41 to 7.94 ct, with a total weight of 59.25 
carats. The shapes included pear, shield, cushion, oval, tril- 
lion, round, rectangle, and parallelogram. 

As seen in figure 19, the stones show some significant 
variations in color and overall face-up appearance. This 
suite provides an interesting example of what a single, 
homogeneous spinel crystal can produce when various 
faceting shapes are used for the different sizes. 

BML 
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INSTRUMENTS AND TECHNIQUES 


Gemewizard™ gem communication and trading software. 
This new computer program was unveiled at the 
International Colored Gemstone Association (ICA) 
Congress in January 2003; hands-on demonstrations were 
later provided in Tucson by Gemewizard Ltd. (Ramat Gan, 
Israel) and Stuller Inc. (Lafayette, Louisiana) at the GJX and 
AGTA shows, respectively. Developed by Menahem 
Sevdermish of Advanced Quality (Ramat Gan}, this 
patent-pending system is designed to assist jewelers and 
gem dealers in communicating gem colors, managing their 
inventories of gemstones, and special ordering loose dia- 
monds and colored stones for their customers. It is being 
distributed in the U.S. by Stuller Inc. 

Mr. Sevdermish reported that Gemewizard’s gem color 
communication scheme is based on the colored stone 
grading system taught in GIA’s Graduate Gemology pro- 
gram, and was developed from a database of more than 
11,000 digital gem images. It is capable of displaying 1,296 
gem colors and nearly 20,000 recreated gem images, direct- 
ly on a laptop or desktop computer screen. Although the 
developers recognize that colors may appear different from 
one monitor to the next, they feel that newer LCD moni- 
tors (developed over the last two years) provide good con- 
sistency of color across most computers. 

According to the company’s Web site (www.gemewiz- 
ard.com), the program can operate in two different modes: 
Gememode for colored stones (see figure 20) and Diamond 
Mode for diamonds. Gememode has two separate color 
selection systems. Using the first, Gemesquare (see figure 
21), users can specify hue, tone, saturation, and shape from 
“sliding rulers,” and then search for these parameters 
among gems in their inventory or the inventories of vari- 
ous suppliers. Using Base Square (Stuller Square in the 
USS.), users can display the color spectrum of gemstones 
available in a supplier’s inventory. Base Square can adjust 
pricing to reflect a jeweler’s markup. Information on indi- 
vidual stones can be called up as needed, including mea- 
surements, quality of cut, and an image of the actual stone, 
in addition to gem lore that can assist in the selling process. 

Diamond Mode allows the selection of diamonds with 
various combinations of the “4 Cs.” The user can also search 
based on the presence of a report from a specific laboratory. 

The program is intended to serve as a merchandising 
and marketing tool at the point of sale or over the Internet, 
allowing users to integrate their own inventories with 
those of their suppliers for display to customers. Pricing 
can be shown per carat or per stone. Also available is a 
gem and diamond market price guide based on actual 
wholesale transactions. Although the program is a stand- 
alone system capable of performing most activities with- 
out being connected to the Internet, current inventory and 
pricing information can be automatically updated each day 
over an Internet connection. 

According to Mr. Sevdermish, four versions of 
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Figure 19. These spinels from Vietnam (1.41-7.94 ct) 
were all cut from the same piece of rough. The differ- 
ences in appearance are due to variations in the size 
and shape of the faceted gems. Courtesy of Zava 
Master-Cut Gems; photo by Robert Weldon. 


Gemewizard will become available. The Jeweler’s Pro, 
intended to be used by retailers, is currently being 
released. The Dealer’s Pro, intended for colored stone and 
diamond dealers, will include enhanced inventory-man- 
agement capabilities, and is scheduled to be released by 
the end of April 2003. These Pro versions will be sold only 
to members of the trade; a monthly subscription from the 
Gemewizard Support Center will give the user access to 
updated price lists, inventory information, upgrades, 
enhancements, proprietary gem color rulers, and new pro- 
gram functions. The Education version, set for release in 


Figure 20. Using Gemewizard’s color selection sys- 
tems, gem dealers and retailers can search for colored 
stones in their own and their suppliers’ inventories. 
The software can be used to specify gem properties and 
display color options. Courtesy of Gemewizard Ltd. 
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June 2003, will be tailored to students in gemology. This 
version will have an enhanced tutorial and gemological 
section, but with fewer trading capabilities (e.g., it cannot 
trade gems over the Internet). Finally, the Lab version, 
scheduled for release in July-August 2003, is planned to 
offer a more comprehensive and detailed color system. 
Thomas W. Overton and BML 


CONFERENCE REPORTS 


AGTA corundum panel. On February 7, the American 
Gem Trade Association hosted the panel session 
“Beryllium Diffusion Coloration of Sapphire—A Summary 
of Recent Research,” which was moderated by Kenneth 
Scarratt of the AGTA Gemological Testing Center, New 
York. The panel focused on the controversial bulk diffu- 
sion treatment of corundum. 

Richard Hughes, of Pala International, Fallbrook, 
California, recounted the history of the beryllium treat- 
ment controversy, saying that dealers and laboratories in 
the U.S. became suspicious in fall 2001, when large quan- 
tities of orange corundum appeared on the market. He 
added that some of these treated goods had already been 
sold in Japan undetected. 

Dr. Dietmar Schwarz, of the Gtibelin Gem Lab, 
Lucerne, Switzerland, announced that bulk diffusion-treat- 
ed blue sapphires have now entered the gem trade. These 
stones are particularly challenging to identify because the 
diffusion-induced color penetrates the entire stone. The 
blue color, he said, can resemble that of fine Sri Lankan 
sapphires. Dr. Schwarz also reported that the treaters are 
now trying many other types of additives, such as lithi- 
um, to create various colors, and warned that the diffi- 
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Figure 21. The 
Gemesquare function 
provides a comprehen- 
sive color communica- 
tion system that allows 
users to specify tone 
and saturation for 36 
possible hues. The color 
nomenclature is based 
on the colored stone 
grading system taught 
at GIA. Courtesy of 
Gemewizard Ltd. 


cult-to-detect blue material could undermine the market 
for sapphires. 

Tom Moses, of the GIA Gem Trade Laboratory in New 
York, reported that bulk-diffused rubies have also appeared 
on the market. Clues to this new treatment process 
include the unusual color (resembling red spinel], the pres- 
ence of inclusions that have been significantly altered by 
the treatment process, and—most importantly—by a shal- 
low orange color zone along the outline of the stone. 

Mr. Moses stressed that the terms bulk or lattice diffu- 
sion had been established long before this corundum came 
to market at the end of 2001. “Labs did not invent these 
terms. They simply are the scientific terms used to 
describe the process.” 

Dr. John Emmett, of Crystal Chemistry, Brush Prairie, 
Washington, said that currently the only reliable test to 
identify bulk diffusion treatment in those sapphires where 
the treatment penetrates the entire stone is chemical anal- 
ysis using methods such as secondary ion mass spectrome- 
try (SIMS). If beryllium or other elements not found in nat- 
ural corundum are detected, this proves that the stone has 
been diffusion treated. While this test is 100% accurate, it 
is too expensive—at least $500 per stone, Mr. Scarratt 
pointed out—to be practical for the general run of com- 
mercial material. 

Mr. Scarratt also noted that some of the corundum is 
subjected to a second heat treatment after the bulk diffu- 
sion process, which helps create the attractive blue color. 
He reported that treaters now have access to very sophisti- 
cated furnaces for heating stones, which can tightly con- 
trol the temperatures to better regulate the treatment pro- 
cess. He also pointed out that some of the treated corun- 
dum shows traces of a synthetic overgrowth that formed 
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The pypeonal System 


MARK C. tatoy, Ph.D. 
Director of Research, Gemological Institute of America 


The hexagonal system has always 
been of special interest because of the 
presence of three horizontal axes in- 
stead of two as in all other systems. In 
addition to this unique feature, the 
system is the only one which some 
writers treat as two systems and most 
writers treat in two divisions, the nor- 
mal and rhombohedral divisions. The 
principal difference between these two 
divisions is the six-fold symmetry of 
minerals in the normal division and the 
three-fold symmetry of minerals in the 
rhombohedral division. 

The normal division includes only 
three of the more important gemstones, 
beryl, including aquamarine and emer- 
ald, benitoite and apatite. The rhom- 
bohedral division or system is the most 
important of all systems to the gemolo- 
gist. Included among the common and 
uncommon gem minerals in this division 
are the ruby and sapphire, the many 
hues of tourmaline, the numerous crys- 
talline and = cryptocrystalline quartz 
minerals and the less common gem 
minerals such as smithsonite, phena- 
kite, calcite and hematite. 

The most common forms in the nor- 
mal division are the prism, base and 
pyramid while the most common forms 
in the rhombohedral division are the 
rhombohedron and prism. If the hori- 
zontal crystal axes occur at the junc- 
tion between two prism faces the prism, 
pyramid, etc. are said to be of the first 
order and if they occur in the middle 
of the face the forms are said to be 
of the second order. A somewhat simi- 
lar relationship of the rhombohedrons 
are known as positive and negative 
forms. 


Typical crystals of the hexagonal 
system are shown on Plates VIII and 
IX. It is to be noted that all crystals 
on Plate VIII belong to the rhombo- 
hedral division while the emerald crys- 
tals on Plate IX belong to the normal 
division. 

The crystal of citrine quartz (A) 
shows a second crystal on the side in 
the position of parallel growth. Quartz 
belongs to the rhombohedral division 
and the crystal shows prisms of. the 
first order and both positive and nega- 
tive rhombohedrons. Three of the 
rhombohedral. forms, which resemble 
pyramids, are larger than the others. 
In quartz these larger faces are usually 
the positive form. 

A second quartz crystal (C) is 5 ates 
shown on the plate to illustrate a habit 
which is most commonly encountered 
in igneous rocks. This habit is usually 
called bi-pyramidal and is a character- 
istic habit of the sapphire. It is usually 
impossible to distinguish which of the 
rhombohedral faces in these crystals is 
positive or negative. Crystals of this 
type often have a narrow line of prism 
faces around the girdle. When these 
crystals occur scattered through an 
igneous rock they present an appearance 
not unlike that of diamonds in matrix. 

The tourmaline crystal (B) shows 
two faces in the prism zone and two 
termination forms. Many gem varieties 
of tourmaline crystals are highly com- 
plex although the crystals of black 
schor! are usually simple. The faces 
in the prism zone are often deeply 
striated and distinct faces are difficult 
to recognize. These crystals usually dis- 
play a trigonal cross section which indi- 
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during the high-temperature heating process. 

Shane McClure, of the GIA Gem Trade Laboratory in 
Carlsbad, told the audience that it is “unacceptable” for 
treaters to try to legitimize a new treatment process by 
attempting to pass it unnoticed through laboratories. “Even 
if they do get through at first, we will find out eventually.” 

Terry Coldham, of Sapphex, Sydney, Australia, said 
that the treaters were experts in particular types of corun- 
dum, and could process rough in such a way as to make 
detection of the treatment very difficult. 

At a press conference held the next day, Douglas 
Hucker, of AGTA, Dallas, Texas, reported that the Jewelers 
of America, Jewelers Vigilance Committee, American Gem 
Society, and AGTA were issuing a five-point communiqué 
regarding this treatment. This communiqué (1) confirmed 
that the corundum is being subjected to a bulk/lattice diffu- 
sion treatment that creates new colors or alters existing 
colors; (2) maintained that this treatment must be disclosed 
at all levels of the trade, per Federal Trade Commission 
Guidelines and industry practices; (3) warned that recutting 
some of the treated stones could affect their color; (4) rec- 
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DIAMONDS 


European Commission approves the De Beers Supplier of 
Choice initiative. The European Commission (EC) grant- 
ed formal approval of the De Beers Diamond Trading 
Company’s (DTC) Supplier of Choice initiative on 
January 16, 2003. This confers a legal stamp of approval 
on De Beers’s marketing and distribution system for 
rough diamonds. 

However, the EC registered an objection to the DTC’s 
five-year agreement with Alrosa, Russia’s principal dia- 
mond mining and marketing operation, to sell $800 mil- 
lion worth of rough diamonds on the Russians’ behalf. 

The DTC has begun preparing for the formal imple- 
mentation of the Supplier of Choice initiative in July 2003. 
It is surveying current and potential clients to determine 
their distribution and marketing programs, especially with 
the view of having them commit more funds and 
resources toward helping downstream retailers and jewelry 
manufacturers increase diamond sales. Clients are also 
required to sign a series of “Best Practice Principles,” 
which ban trading in conflict diamonds altogether and 
trading in treated diamonds without proper disclosure. 

Once the questionnaires are completed, the DTC will 
assess each client’s position in the market, effectiveness in 
serving that market, and ability to increase diamond sales. 
The company will use that information to determine 
future diamond allocations for existing clients, to possibly 
drop some clients from its active list, and to appoint new 
clients now on the potentials list. The DTC must give six 
months’ notice to clients it drops from its active list. In 
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ommended that buyers consider establishing written ven- 
dor agreements stipulating terms of disclosure; and (5) 
affirmed that U.S. laboratories would continue efforts to 
identify the treatment, support the trade, and protect the 
consumer. 

The following week, the Chanthaburi Gem & Jewelry 
Association (CGA), comprised of some of the biggest play- 
ers in heat treatment, agreed to disclose the use of berylli- 
um to enhance the color of some types of corundum. The 
action was welcomed by the gem trade worldwide. The 60 
association members present unanimously agreed that: 


e Chrysoberyl is being intentionally added to the crucible 
during the new heat treatment as a source of beryllium 
to enhance color in corundum. 


e All association members are obligated to disclose and 
differentiate the new treatment to customers. The CGA 
agreed to add the code letter “A” to invoices of such 
treated material. 


Russell Shor (russell.shor@gia.edu) 
GIA, Carlsbad 


turn, the DTC agrees to tailor diamond allocations more 
closely to clients’ actual needs. 

Disputes between clients and the DTC will be handled 
by an ombudsman, appointed by the DTC and approved 
by the EC. If no agreement is reached within 25 days, the 
matter will be determined by arbitration in London. 

The EC objected to the DTC agreement with Russia 
because the DTC’s 50% share of Russian production would 
enable the company “to maintain its dominant share of the 
diamond market.” Russia and De Beers have begun talks to 
alter their marketing agreement to address EC objections. In 
this regard, Idex Magazine and Russian press sources say that 
the DTC would scale down its Russian purchases by 25%. 

Russell Shor 


A type IaB diamond showing a “tatami” strain pattern. 
The SSEF Swiss Gemmological Institute recently exam- 
ined an unusual type IaB diamond. During the initial grad- 
ing process, observation of this colorless 3.54 ct stone with 
the SSEF Diamond Spotter revealed that it was transparent 
to short-wave UV radiation. UV transparency is character- 
istic of both type II and type IaB diamonds. While type I 
diamonds do not contain enough nitrogen to be detectable 
with an infrared spectrometer, type IaB diamonds contain 
a variable concentration of nitrogen atoms (clustered in so- 
called B aggregates), with a major infrared absorption cen- 
tered at 1175 cm'!. FTIR spectroscopy of this diamond 
confirmed that it was type IaB with a low nitrogen concen- 
tration—less than 10 ppm. This nitrogen estimate was 
determined from the absorption coefficient value at 1282 
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Figure 22. In cross-polarized light, a tatami strain pat- 
tern was observed in this 3.54 ct type IaB diamond 
with a low nitrogen concentration. Photomicrograph by 
J.-P. Chalain, © SSEF. 


cm (see S. R. Boyd et al., “Infrared absorption by the B 
nitrogen aggregate in diamond,” Philosophical Magazine 
B, Vol. 72, No. 3, 1995, pp. 351-361). 

Microscopic observation of the diamond between 
crossed polarizing filters showed a crosshatched or “tata- 
mi” strain pattern (figure 22). This pattern was described 
by R. E. Kane more than two decades ago (“The elusive 
nature of graining in gem quality diamonds,” Summer 
1980 Gems & Gemology, pp. 294-314). More recently, T. 
M. Moses et al. documented this particular strain pattern 
in a large population of HPHT-treated diamonds 
(“Observation of GE-processed diamonds: A photographic 
record,” Fall 1999 Gems & Gemology, pp. 14-22). In a 
subsequent article, C. P. Smith et al. underlined that the 
tatami pattern is not necessarily indicative of HPHT treat- 
ment (“GE POL diamonds: Before and after,” Fall 2000 
Gems & Gemology, pp. 192-215). 

Like colorless type II diamonds, colorless type IaB dia- 
monds may be HPHT treated (see B. Deljanin and E. 
Fritsch, “Another diamond type is susceptible to HPHT: 
Rare type IaB diamonds are targeted,” Professional Jeweler, 
October 2001, pp. 26-29). Therefore, before grading the dia- 
mond, low-temperature analysis (at approximately -120°C) 
was performed to establish the origin of its color. UV-Vis 
spectroscopy showed features typical of type IaB diamonds: 
total absorption at 225 nm and a triplet absorption feature 
with two major peaks at 230 and 236 nm. Photo- 
luminescence spectrometry, together with the data collect- 
ed in the infrared and UV-Vis regions, proved the diamond 
to be naturally colorless. 

The continuous, three-dimensional propagation of 
strain through a diamond crystal is hampered by the pres- 
ence of nitrogen (see Chapter 3 of R. Berman, Ed., Physical 
Properties of Diamond, Clarendon Press, Oxford, 1965). 
Thus, most type II diamonds, with almost no nitrogen, 
show “tatami” strain, which extends throughout the sam- 
ple with approximately the same magnitude in all direc- 


60 GEM NEWS INTERNATIONAL 


tions. In contrast, type Ia diamonds usually show banded 
strain, with one direction strongly dominating the strain 
distribution. The 3.54 ct diamond reported here had 
enough nitrogen to show that it is grouped in B aggregates 
(as evidenced by the FTIR spectrum), but not enough to dis- 
turb the strain distribution significantly, if at all (as shown 
by the tatami pattern). Moreover, in the past SSEF exam- 
ined a type IaAB diamond that showed both a weak tatami 
strain pattern and a slight short-wave UV transparency (as 
seen with the SSEF Diamond Spotter). From the FTIR spec- 
trum, the total nitrogen content was estimated at 14 ppm. 
Therefore, that type IaAB diamond also contained very lit- 
tle nitrogen and likewise showed a tatami strain pattern. 
Jean-Pierre Chalain (gemlab@ssef.ch) 
SSEF Swiss Gemmological Institute 
Basel, Switzerland 


COLORED STONES 
AND ORGANIC MATERIALS 


Poldervaartite from South Africa. Poldervaartite, a very rare 
Ca-Mn-silicate, was described as a new mineral from the 
Wessels mine in South Africa nearly a decade ago (Y. Dai et 
al., “Poldervaartite, Ca(Cay .Mny .)(Si0,OH)(OH) . . .,” 
American Mineralogist, Vol. 78, 1993, pp. 1082-1087). 
Few examples were known until recently, when approxi- 
mately 5,000 specimens were recovered during the mining 
of manganese ore at the nearby N’Chwaning II mine, from 
October 2001 to February 2002 (B. Cairncross and J. 
Gutzmer, “Spektakularer Neufund. . . ,” Lapis, Vol. 27, 
No. 5, 2002, pp. 30-34). No additional specimens have 
been found since then. In the vast majority of specimens, 
the poldervaartite occurs as druses of “creamy” white 
opaque crystals. The best poldervaartite specimens form 
ball-like aggregates of “amber” yellow, pink, or nearly red 
crystals on a dark brown matrix; the translucent-to-semi- 
transparent material can yield interesting, if rare, cut gems 
(figure 23). 

Six faceted stones (0.57—6.06 ct, all cut from one spheri- 
cal aggregate) were examined for this study. They showed a 
distinct color change—brownish yellow in day light, pink- 
ish orange in fluorescent light, and orange in incandescent 
light—with very weak pleochroism. The smaller stones 
(under 1 ct) were semitransparent, whereas the larger 
stones were translucent (again, see figure 23). They were 
biaxial, with measured refractive indices of 1.670-1.690. 
However, considerably lower R.I.’s—n,=1.634, n,=1.640, 
and n,=1.656—were given by Dai et al. (1993). Specific 
gravity, measured hydrostatically, was 3.03-3.12; this 
range is much higher than the original description (2.91). In 
a polariscope, these samples had the appearance typical of 
anisotropic aggregates, due to the fibrous structure of the 
spheres. All of the stones fluoresced deep red to short-wave 
UV radiation, but were inert to long-wave UV. No absorp- 
tion lines were observed with a hand-held spectroscope. 

Because the R.L. and S.G. values of this material were 
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Figure 23. Poldervaartite from the N’Chwaning II 
mine in South Africa forms attractive spherical aggre- 
gates (here, up to 2.1 cm in diameter); photo by Jeff 
Scovil. A small number of translucent to semitrans- 
parent gems have been cut from this material, as 
shown in the inset (6.06 and 0.78 ct). Inset photo by 
Jaroslav Hyrsl; daylight-equivalent illumination. 


ene 3 © 


somewhat different from the reported values, one of the 
faceted samples was analyzed further by Dr. William B. 
(Skip) Simmons at the University of New Orleans. 
EDXRF spectrometry showed a composition that was 
consistent with poldervaartite, and powder X-ray diffrac- 


Figure 24. The 58.00 ct 
faceted quartz on the left 
contains some unusual 
eye-visible inclusions 
that proved to be tri- 
phylite. On the right, 
note the cleavage breaks 
perpendicular to the 
length of this 8 mm long 
triphylite inclusion. 
Photos by Jaroslav Hyrsl. 
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tion yielded a pattern that was very similar to the refer- 
ence spectrum for this mineral. 

Because of its low hardness (5 on the Mohs scale), it is 
unlikely that much of this material will be faceted, espe- 
cially since high-quality poldervaartite specimens are 
prized by collectors. However, the attractive color, distinct 
color change, and fluorescence of poldervaartite make it a 
very interesting collector’s gemstone. 

Jaroslav Hyrs!l (hyrsl@kuryr.cz) 
Kolin, Czech Republic 


Triphylite inclusions in quartz from Brazil. Phosphates are 
quite common in many granitic pegmatites, but only 
rarely do they form eye-visible inclusions in quartz. 
Recently J. Koivula described large (up to 10.5 mm long) 
mica-like inclusions of lithiophilite in quartz (see 
“Unusual inclusions in quartz,” Australian Gemmologist, 
Vol. 20, No. 11, 2000, pp. 481-482). The locality was given 
as Madagascar, but this contributor knows of similar 
material from Brazil. Other phosphates that have been 
found in quartz include blue lazulite (Madagascar) and 
apatite and triploidite (Brazil). 

Four samples of faceted quartz with some unusual 
inclusions were purchased by this contributor in Brazil in 
July 2002 (see, e.g., figure 24). The samples contained 
sharp, elongated crystals up to 8 mm long and about 1 mm 
wide. These crystals were pointed on one end, but flat on 
the other, and had a lozenge-shaped cross-section. They 
appeared colorless, but when viewed down the c-axis they 
were pale green in daylight and red-brown in incandescent 
light. The inclusions had good cleavage perpendicular to 
their length. 

One crystal near the surface was removed and analyzed 
by X-ray diffraction. Surprisingly, it proved to be a member 
of the triphylite (LiFePO,|-lithiophilite (LiMnPO,) series, 
but closer to triphylite. This is the first occurrence of tri- 
phylite in quartz known to this contributor. Gem-quality 
triphylite (see, e.g., Fall 1988 Lab Notes, p. 174) is known 
from several pegmatites in the vicinity of Galiléia (east of 
Governador Valadares) in Minas Gerais, Brazil. Rough 
material found about three years ago at the Cigana mine 
near Galiléia yielded about 500 carats of faceted triphylite 
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in sizes up to approximately 10 ct; these stones were 
greenish brown in day and fluorescent light but appeared 
red in incandescent light. The quartz sample reported here 
may have come from the same region. 

Jaroslav Hyrsl 


SYNTHETICS AND SIMULANTS 


LifeGem synthetic diamonds. Synthetic diamonds created 
from the remains of a deceased loved one have been 
offered since May 2002 by LifeGem of Elk Grove Village, 
Illinois. This patent-pending product is intended as a more 
personal and individualized memorial than traditional 
burial and cremation methods, and is available for both 
people and pets. 

The production process requires that the remains be 
cremated at a funeral home equipped with LifeGem’s pro- 
prietary technology, which collects organic carbon normal- 
ly lost in cremation. According to the LifeGem Web site 
(www.inylifegem.com), about halfway through the stan- 
dard cremation process, the carbonized matter is captured 
in a unique “carbon curing” container. Typically, enough 
carbon can be collected from the average human body to 
make at least ten 1 ct synthetic diamonds. The carbon is 
purified and converted to graphite, although traces of many 
elements found in the body (particularly boron) are not 
entirely removed during the purification. 

Diamond synthesis is carried out by Lucent Diamonds 
of Lakewood, Colorado, which has the worldwide exclusive 
production rights. This company has grown synthetic dia- 
monds (formerly sold as Ultimate Created Diamonds) for 


Figure 25. This 0.23 ct LifeGem synthetic diamond 
was grown using purified carbon that was derived 
from human remains during cremation. Courtesy of 
LifeGem; photo by Maha Tannous. 
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several years (see Spring 1999 Gem News, pp. 47-48). 
According to Lucent Diamonds president Alex Grizenko, 
the synthesis process uses presses designed by a team of sci- 
entists in Russia, and employs the temperature gradient 
method using a flux solution of iron alloys. Synthesis 
occurs in the range 5.0-6.0 GPa and 1,600-2,000°C. 
Because of the presence of trace amounts of boron in the 
recovered carbon, the synthetic diamonds are type IIb. 
Currently, faceted sizes up to 1 ct with a light to medium 
blue color are being produced. 

LifeGem and Lucent Diamonds are constructing a pro- 
duction facility outside of Denver, Colorado, that is sched- 
uled to open in 2004. This center will have 15 presses in 
its first phase, with plans to expand significantly over the 
next several years. 

Permission was obtained from family members for GIA 
to examine two LifeGem synthetic diamonds (see, e.g., fig- 
ure 25). According to Shane McClure at the GIA Gem 
Trade Laboratory in Carlsbad, these blue type Ib samples, 
0.23 and 0.25 ct, had properties that were consistent with 
those reported for other synthetic blue diamonds (see, e.g., 
M.-L. T. Rooney et al., “De Beers near colorless-to-blue 
experimental gem-quality synthetic diamonds,” Spring 
1993 Gems & Gemology, pp. 38-45; Spring 2000 Lab 
Notes, p. 62). Both contained metallic inclusions (from the 
solvent) and were attracted to a magnet. EDXRF spectrom- 
etry of the 0.23 ct sample by senior research associate Sam 
Muhlmeister showed only traces of iron (boron cannot be 
detected with our instrument). At the present time, the 
Laboratory does not know of any nondestructive method to 
identify the source of the carbon in synthetic diamonds. 

BML and Thomas W. Overton 


CONFERENCE REPORTS 


SME 2003 annual meeting. A session on “Diamonds and 
Other Gem Minerals” was part of the technical program of 
the 2003 Annual Meeting of the Society of Mining, 
Metallurgy, and Exploration (SME), which was held in 
Cincinnati, Ohio, from February 24 to 26. Howard 
Coopersmith of Great Western Diamond Company, Fort 
Collins, Colorado, began the session with a review of 
numerous diamond exploration projects ongoing in both 
Canada and the U.S. Although North America contains 
the largest area of diamond potential in the world, this 
continent was largely overlooked by geologists until 
recently. Diamonds from Canadian mines that are either 
in operation or in the final stages of development will soon 
represent over 10% of the world’s production. Dr. Roger 
Mitchell of Lakehead University, Thunder Bay, Ontario, 
Canada, described in general terms the geology of lam- 
proite diamond deposits in Australia, India, and the US., 
and discussed in more detail the evaluation of potentially 
diamondiferous lamproites adjacent to the famous Prairie 
Creek (or Crater of Diamonds) deposit in the Murfreesboro 
District of Arkansas. This GNI contributor discussed the 
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importance of accurate gem identification and complete 
information disclosure for ensuring consumer confidence 
in the gem marketplace. Also described were some current 
challenges in the identification of diamonds and other 
gemstones, with particular focus on how gemologists rec- 
ognize synthetic and treated diamonds and simulants. 
Kimberley Scully of SGS Lakefield Research Ltd., 
Lakefield, Ontario, discussed the importance of quality 
assurance for mineral testing laboratories that support dia- 
mond exploration efforts. Such attention to detail will 
minimize the possibility of mineral contaminants or the 
loss of crucial grains of indicator minerals from a collected 
sample, which could cause a diamond area under investi- 
gation to be mistakenly overvalued or not recognized. In 
the final presentation, Leigh Freeman of Downing Teal 
Inc., Denver, Colorado, described current operations to 
recover and market blue sapphires from the famous Yogo 
Gulch deposit in Montana, which is the largest in situ 
source of sapphires in the Western Hemisphere. Since its 
discovery just over a century ago, this deposit has pro- 
duced more than 20 million carats of blue sapphires, of 
which more than 3 million carats were gem quality. The 
strong attendance (75+) at this session reflects the interest 
of mining geologists in the occurrence and exploitation of 
gem deposits. JES 


ANNOUNCEMENTS 


AGTA Spectrum Awards competition. The AGTA 
Spectrum Awards recognize outstanding natural-color 
gemstone and cultured pearl jewelry designs from North 
America, as well as achievements in the lapidary arts. The 
deadline for entering this year’s competition is September 
22,. Winning entries will be displayed and award recipients 
honored at the 2004 AGTA GemFair in Tucson and the 
2004 JCK GemFair in Las Vegas. As there have been 
changes in the Cutting Edge Awards for the lapidary arts, 
entrants are urged to review the new guidelines on the 
AGTA web site. For entry forms and more information, 
visit www.agta.org or call 800-972-1162. 


Exhibits 

GIA Museum exhibits in Carlsbad. “From the Vault,” an 
exhibition of notable gifts to the GIA collection, will be 
displayed in the Rotunda Gallery May 5—November 5, 
2003. In the Tasaki Gallery, the exhibit “Opal and the 
Dinosaur—Discover the Link” featuring opalized fossils 
and other opal from Australia concludes May 17. The 
Gallery will reopen with “All Natural, Organically 
Grown—Gems from Plants and Animals,” from July 7 
through June 2004, and will feature pearls, shell, amber, 
ivory, jet, tortoise shell, and coral. Educational displays 
will cover how these materials form, where they are 
found, and how they have been used in jewelry, as well as 
related environmental and endangered-species issues. 
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Contact Alexander Angelle at 800-421-7250, ext. 4112 (or 
760-603-4112), or e-mail alex.angelle@gia.edu. 


Gems at the Bowers Museum extended—again. The highly 
popular run of “Gems! The Art and Nature of Precious 
Stones” at the Bowers Museum in Santa Ana, California 
(announced in Winter 2001 Gems &) Gemology, p. 342), has 
been held over, to August 31, 2003. Visit www.bowers.org 
or call 714-567-3600. 


Fabergé at the Walters Art Museum. “The Fabergé 
Menagerie,” featuring more than 100 miniature animal 
sculptures created by the firm of Carl Fabergé from various 
gem materials, will be on display at the Walters Art 
Museum, Baltimore, Maryland, through July 27, 2003. 
Visit www.thewalters.org, call 410-547-9000, or e-mail 
info@thewalters.org. 


Conferences 

CIM Montreal 2003. This mining conference and exhibi- 
tion will take place May 4-7, 2003, in Montreal, Canada. 
The technical program will include sessions on Canadian 
diamonds and rare-element mineralization in granitic peg- 
matites. There will also be a workshop on diamond explo- 
ration. Visit www.cim.org/MCE/montreal2003. 


GIA GemFests 2003. Save the date for these informative 
sessions at the following locations: Italy—Vicenza Fair, 
June 8; Thailand—Bangkok Gems and Jewelry Fair, 
September 11; Hong Kong—Hong Kong Jewellery and 
Watch Fair, September 20; U.S.—Dallas Fine Jewelry Show, 
Texas, September 20. Contact Jan Tilton at jtilton@gia.edu. 


Field Symposium in Urumdi. Titled “Paleozoic Geo- 
dynamic Processes and Metallogeny of Chinese Altay and 
Tianshan,” this meeting will be held August 9-21, 2003, in 
northern Xinjiang, China. Included in the 11-day field excur- 
sion will be a visit to the Keketuohai No. 3 pegmatite, a 
source of gem-quality tourmaline and aquamarine. Visit 
www.nhm.ac.uk/mineralogy/cercams/activities/2nd%20 
Circular%20Final.doc or e-mail jingwenmao@263.net. 


13th V. M. Goldschmidt Conference. Held in Kurashiki, 
Japan, September 7-12, 2003, this conference will host a 
symposium titled “Geochemistry of diamond, a window to 
the deep earth,” featuring recent progress on the mineralo- 
gy of diamond and its inclusions, HPHT experiments to 
investigate diamond formation, and the isotopic geochem- 
istry and physical properties of diamond. Fax 81-3-3263- 
7537, visit www.ics-inc.co.jp/gold2003, or e-mail 
gold2003@ics-inc.co.jp. 


JCK Show - Las Vegas. Held at the Sands Expo & 
Convention Center May 30-June 3, this international gem 
and jewelry trade show will also host a comprehensive 
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educational program beginning May 28. Scheduled semi- 
nars will cover sales and marketing strategies, industry 
trends, and developments in gemology. To register or for 
further information, call 800-257-3626 or 203-840-5684, or 
visit http://jck.expoplanner.com/vegas.html. 

The AGTA GemFair, Cultured Pearl & Jewelry 
Pavilion will be held as part of JCK Las Vegas from May 29 
to June 2 at the Venetian Hotel. AGTA will be offering 
educational seminars and gemological testing. For more 
information or to register, call 800-972-1162 or visit 
www.agta.org/consumer/tradeshows/jckvegas.htm. 


Faceters Symposium 2003. Held in Ventura, California, 
June 6-8, this conference will feature speakers on various 
aspects of gem faceting and a three-level faceting competi- 
tion. For information, contact Glenn Klein at 


glennklein@yahoo.com. 


Jewelry 2003: Honoring the Sataloffs. The 24th Annual 
Antique & Period Jewelry and Gemstone Conference will 
be held July 12-17 in Hempstead, New York. The program 
will cover such topics as hands-on jewelry examination 
techniques, methods of construction, understanding mate- 
rials used throughout history, and the constantly changing 
marketplace. Jewelry collectors Ruth and Dr. Joe Sataloff, 
founders of the original Antique Jewelry Course in Orono, 
Maine, will also be honored. Visit www.jewelrycamp.org, 
call 212-535-2479, or e-mail jwlrycamp@aol.com. 


FIPP 2003. The 13th International Gemstones Show will take 
place August 19-22 in Tedfilo Otoni, Minas Gerais, Brazil. 
Seminars and excursions to local gem mines will be offered. 
Visit www.geabrasil.com or e-mail geabr@geabrasil.com. 


Diamond 2003. The 14th European Conference on 
Diamond, Diamond-like Materials, Carbon Nanotubes, 
Nitrides & Silicon Carbide will take place September 7-12 
in Salzburg, Austria. Sessions will include diamond 
growth, optical properties, and mechanical applications 
and properties of diamond and other superhard materials. 
Contact April Williams at 44-0-1865-843089 (phone}, 44-0- 
1865-843958 (fax), e-mail a.williams@elsevier.com, or visit 
www.diamond-conference.com. 


Figure 27. On the left 
(magnified 33x), platelets of 
synthetic corundum formed 

on the surface of a sapphire 
treated by a Be-diffusion 
process. On the right (40x), 
small platelets of synthetic 
corundum line the bottom 
of a glass-filled cavity in a 
Mong Hsu ruby. Photomicro- 
graphs by Shane F. McClure. 
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Figure 26. On the left is a kibatama ojime bead 
carved from a mammal tooth; on the right is a horn- 
bill “ivory” ojime. Photos by Robert K. Liu; courtesy 
of and © 1977 Ornament magazine. 


ERRATA 


1. In the Letters section of the Winter 2002 issue (p. 292), 
the photos of the hornbill ivory and kibatama mammal 
tooth ojime were inadvertently transposed (corrected in 
figure 26). Gems e) Gemology regrets the error. 


2. In the Winter 2002 issue, the entry for the Zoé Diamond 
Cut™ in the appendix to “Legal Protection for Proprietary 
Diamond Cut” (p. 323) incorrectly indicated that owner- 
ship of the design was shared between Gabi Tolkowsky 
and Suberi Brothers. In fact, the design and name are 
wholly owned by Mr. Tolkowsky, and the stones are cut 
exclusively by Mr. Tolkowsky’s company in Antwerp. 
Gems & Gemology thanks Mr. Tolkowsky for bringing 
this to our attention. 

Elsewhere in the appendix, the entry for the Elara cut 
diamond describes the design as “probably patented.” 
The patent for this design is in fact J. D’Haene, 
Gemstone, U.S. patent D338,851, issued August 31, 
1993. Gems e) Gemology thanks Howard B. Rockman of 
Chicago, Illinois, for the information. 

Last, U.S. adoption of the Madrid Protocol, discussed 
on pp. 315-316, was signed into law by President Bush 
in November 2002. The changes will be implemented by 
the U.S. Patent and Trademark Office over the next year. 


3. Also in the Winter 2002 issue, on p. 296 of the article 
“Chart of Commercially Available Gem Treatments,” 
the two photomicrographs in figure 2, were inadvertently 
transposed (see corrected placement in figure 27). Gems 
&) Gemology regrets the error. 


re 
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The Dr. Edward J. Gubelin 
MOST VALUABLE ARTICLE AWARD 


especially pleased to announce the winners of this year’s Dr. 
Edward J. Gtibelin Most Valuable Article Award. We extend our 
sincerest thanks to all the subscribers who participated in the voting. 


| n an issue where we are honoring the award’s namesake, we are 


The first-place article was “Chart of Commercially Available Gem 
Treatments” (Winter 2002), which provided a comprehensive guide to 
the most frequently encountered treatments in the industry. 
Receiving second place was “Characterization and Grading of 
Natural-Color Pink Diamonds” (Summer 2002), a study of almost 
1,500 pink diamonds examined in the GIA Gem Trade Laboratory. 
Third place was awarded to “Diamonds in Canada” (Fall 2002), an in- 
depth review of exploration, mining, and production in one of the 
industry’s most exciting new sources. 


The authors of these three articles will share cash prizes of $2,000, 
$1,000, and $500, respectively. Following are photographs and brief 
biographies of the winning authors. 


Congratulations also to John Fuhrbach of Amarillo, Texas, whose ballot 
was drawn from the many entries to win a three-year subscription to 
Gems & Gemology and a laminated Gem Treatments Chart. 


@ FIRST PLACE 


CHART OF COMMERCIALLY AVAILABLE GEM TREATMENTS 
Christopher P. Smith and Shane F. McClure 


Christopher Smith is director of the Gtibelin Gem Lab Ltd. in Lucerne, 
Switzerland. A prolific author, Mr. Smith is also a member of the 
Gems & Gemology Editorial Review Board and a contributing editor of | 
the journal’s Gem News International section. Shane McClure is direc- | yr 
tor of West Coast Identification Services at the GIA Gem Laboratory in 
Carlsbad. With over 20 years of laboratory experience, Mr. McClure is 

well known for his articles on gem identification. He is also an editor 

of the Gem Trade Lab Notes section. 
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John M. King 


@ SECOND PLACE 


CHARACTERIZATION AND GRADING OF 
NATURAL-COLOR PINK DIAMONDS 


John M. King, James E. Shigley, Scott S. Guhin, 
Thomas H. Gelb, and Matthew Hall 


John King is laboratory projects officer at the GIA Gem Trade 
Laboratory in New York. Mr. King received his Master of Fine Arts 
degree from Hunter College, City University of New York. With over 
20 years of laboratory experience, he frequently lectures on colored dia- 
monds and laboratory grading procedures. James Shigley is director of 
research at GIA in Carlsbad. Prior to joining the Institute in 1982, Dr. 
Shigley received his bachelor’s degree in geology from the University of 
California, Berkeley, and his doctorate in geology from Stanford 
University. He is the author of numerous articles on diamonds and 
other gemstones, contributing editor of G&G, and a well-known 
speaker on gemological topics. Scott Guhin is manager of GIA’s West 
Coast Grading Laboratory in Carlsbad. Mr. Guhin came to GIA in 1990 
with an extensive background in retail jewelry. He holds a bachelor’s 
degree in art from San Diego State University. Thomas Gelb is a staff 
gemologist at the GIA Gem Trade Laboratory in New York. A graduate 
of the University of Massachusetts, Mr. Gelb has 10 years’ experience 
in diamond grading and gem identification. Matthew Hall is the super- 
visor of analytical equipment for GIA Research and Identification in 
New York. He holds a bachelor’s degree in geology from Frankin and 
Marshall College and a master’s in geology and geochemistry from the 
University of Maryland. 


@ THIRD PLACE 


DIAMONDS IN CANADA 
B. A. Kjarsgaard and A. A. Levinson 


Bruce Kjarsgaard is a research scientist in the Mineral Resources 
Division of the Geological Survey of Canada in Ottawa. Dr. Kjarsgaard 
received his bachelor’s degree in earth science from the University of 
Guelph and his Ph.D. in geology from the University of Manchester. 
Alfred A. Levinson is professor emeritus in the Department of Geology 
and Geophysics at the University of Calgary. Dr. Levinson, who has 
written and edited a number of books in geochemistry, serves on the 
GwG Editorial Review Board and as editor of the journal’s Gemological 
Abstracts section. He holds a Ph.D. in mineralogy from the University 
of Michigan. 
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phallen Js 03 


The following 25 questions are based on information 
from the four 2002 issues of Gems & Gemology. Refer 
to the feature articles and “Notes and New Techniques” 
in those issues to find the single best answer for each 
question; then mark your choice on the response card 
provided in this issue. (Sorry, no photocopies or facsimi- 
les will be accepted; contact the Subscriptions 
Department—dortiz@gia.edu—if you wish to purchase 
additional copies of this issue.) Mail the card so that we 
receive it no later than Monday, August 4, 2003. Please 
include your name and address. All entries will be 


Richard Liddicoat’s 


acknowledged with a letter and an answer key after the 
due date. 


Score 75% or better, and you will receive a GIA 
Continuing Education Certificate. If you are a member 
of the GIA Alumni Association, you will earn 10 Carat 
Points toward GIA’s Circle of Achievement. (Be sure to 
include your GIA Alumni membership number on your 
answer card and submit your Carat card for credit.) Earn 
a perfect score, and your name will also be featured in 
the Fall 2003 issue of Gems & Gemology. Good luck! 


5. The coloration of natural-color 


1. Economic diamond deposits dis- Bs 


covered in Canada thus far have 
generally been 
A. high in ore grade and large 


in size. A. Diamond Dictionary 
B. low in ore grade but large B. Handbook of Gem 

in size, Identification 
C. low in ore grade and small C. Jewelers’ Manual 

in size. D. Jewelers Pocket Reference 6. 
D. high in ore grade but small Book 

in size. 


2. Dyeing of gem materials 

A. cannot be detected in some 
materials or with certain 
dyes. 

B. can always be detected 
with magnification. 

C. can always be detected 
with EDXRF, UV-Vis-NIR, 
or Raman analysis. 

D. always mimics hues that 
occur in nature. 
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is one of the most widely used 
textbooks ever published in 
gemology. 


Of the two types of hand-held 
spectroscopes available, the 
advantage of the prism spectro- 


scope over the diffraction-grating 7. 


spectroscope is its 

A. portability. 

B. even distribution of the visi- 
ble color range. 

C. greater availability of pub- 
lished spectra. 

D. clearer absorption lines in 
the red region. 
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yellow rhodizite-londonite is 
A. stable. 
B. unstable to heat. 
C. unstable to sunlight. 
D. less stable than irradiated 
yellow rhodizite-londonite. 


The principal source of liddicoat- 
ite tourmaline is 

A. Brazil. 

B. Madagascar. 

C. Mozambique. 

D. California. 


The grant of a right to prevent 
others from making, using, sell- 
ing, or importing an invention, 
such as a diamond cut design, is 
known as a 

A. trademark. 

B. patent. 

C. trade secret. 

D. copyright. 
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Type II pink diamonds tend to be 
than type | pink diamonds. 
A. more heavily included 
B. less heavily included 
C. deeper in color 
D. more strongly color zoned 


Diamonds such as the Star of the 
South are classified as type Ila 
based on the relative absence of 
-related features in the 

infrared region of the spectrum. 

A. argon 

B. boron 

C. hydrogen 

D. nitrogen 


. All of the yellow Gemesis labora- 


tory-created diamonds examined 

proved to be type ___ diamonds, 

based on their infrared spectra. 
A. la 


B. laB 
C. Ib 
D. Ila 


. An absorption feature at 700 nm 


can be used to help separate yellow 
cultured pearls of the Pinctada mar- 
garitifera oyster from those pro- 
duced in the South Seas by the 

A. Pinctada maxima. 

B. Pinctada fucata martensii. 

C. Pteria sterna. 

D. Haliotis iris. 


. The optical properties and specific 


gravity of serendibite completely 
overlap with those of 

A. zoisite. 

B. diopside. 

C. sapphire. 

D. spinel. 


. A record $926,316-per-carat price 


was paid for a diamond at 
auction in 1987. 

A. Fancy blue 

B. Fancy pink 

C. Fancy purplish red 


D. Fancy Deep red 


. The brownish purple-red garnets 


from Tranoroa, Madagascar, are 
members of the series. 
A. malaia 
B. andradite-grossular 
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C. grossular-hydrogrossular 
D. pyrope-spessartine 


15. Early diamond exploration in 


Canada was frustrated by misun- 
derstandings about 

A. permafrost. 

B. glacial geology. 

C. local culture. 

D. kimberlite genesis. 


16. Synthetic ruby overgrowth on nat- 


ural corundum can best be distin- 
guished from red diffusion treat- 
ment by 
A. aligned inclusions along a 
boundary plane. 
B. surface morphology of the 
corundum crystal. 
C. chalky white X-ray fluores- 
cence. 
D. EDXRF chemical analysis. 


17. Irradiation of gem materials 


A. generally is not detectable. 

B. sometimes can be detected 
with advanced techniques 
such as EDXRF or SEM-EDS 
chemical analysis. 

C. sometimes can be detected 
with microscopic examination 
or advanced techniques such 
as UV-Vis-NIR or Raman photo- 
luminescence spectrometry 

D. both A and C. 


18. Working in conjunction with the 


University of Florida, Gemesis has 
developed a synthetic diamond 
growth process based on a modifi- 
cation of the 
A. floating zone method used 
in Japan. 
B. BARS apparatus used in 
Russia. 
C. BARS apparatus used in 
Japan. 
D. HPHT process developed in 
Russia. 


19. To reveal the beautiful color zon- 


ing of multicolored liddicoatite, 
most of this material is fashioned 
as 

A. cabochons. 

B. step cuts. 


GEMS & GEMOLOGY 


C. polished slices. 
D. freeform polished stones. 


20. Once a diamond manufacturer 


21. 


22. 


23. 


24, 


25. 


has registered its brand name as a 
trademark, that trademark 
A. is permanent. 
B. must be used in commerce 
to remain in force. 
C. need not be used in com- 
merce to remain in force. 
D. prevents anyone else from 
using the brand name in com- 
merce. 


Londonite was recognized as a 
mineral in 

A. 1834. 

B. 1910. 

C. 1934. 

D. 1999. 


When methylene iodide is not 
available as an immersion medi- 
um in the field, one author recom- 
mends the use of water or even 

A. olive oil. 

B. alcohol. 

C. saturated salt solution. 

D. acetone. 


Atypical absorption features, par- 
ticularly in the ____ region of the 
spectrum, can be used to identify 
color treatment in “golden” South 
Sea cultured pearls. 

A. red 

B. yellow 

C. orange 

D. blue 


The Star of the South, a historic 
128 ct diamond, was discovered 
in 1853 in 

A. Brazil. 

B. South Africa. 

C. German SW Africa (Namibia). 

D. Australia. 


The best method for separating red 
diffusion treatment from a synthetic 
overgrowth on natural corundum is 
A. Raman spectrometry. 
B. microscopic examination. 
C. EDXRF chemical analysis. 
D. infrared spectroscopy. 
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CRYSTALS: HEXAGONAL SYSTEM 


This plate illustrates four interesting forms of the hex- 
agonal system. The mineral at (A) is mimetite, a tri-pyra- 
midal form of the hexagonal system, from Johanngeorgen- 
stadt, Saxony. (B) and (D) are two characteristic forms of 
beryl, both from Nerchinsk, Siberia. (C) is an excellent 
doubly terminated apatite crystal from Sludianka River, 
Siberia. Specimens from the collection of British Museum 

(Natural History), London. 


PLATE VIII 


Reproduced by permission of the Trustees of the British Museuin 


Printed in England. 
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Elizabeth Taylor: 
My Love Affair with Jewelry 


By Elizabeth Taylor, 239 pp., illus., 
publ. by Simon & Schuster, New 
York, 2002. US$39.95* 


Elizabeth Taylor is a living legend, and 
her magnificent jewels are almost as 
legendary. As the head of Christie’s 
Jewelry Department, Francois Curiel, 
says in his introduction, “Elizabeth 
Taylor’s name is synonymous with 
jewels. .. .” Immensely entertaining, 
this book will appeal to a wide range 
of audiences. Jewelry and gem lovers 
will enjoy the book because it features 
numerous pieces of exceptional quali- 
ty from famous design houses such as 
Boucheron, Bulgari, Cartier, Chopard, 
Tiffany & Co., and Van Cleef & 
Arpels. Taylor fans will enjoy the 
amusing anecdotes that accompany 
many of the jewels (including the 
famous story of the puppy and the 
pearl), and history buffs will appreciate 
the descriptions of historically impor- 
tant jewelry in her collection, among 
them the Taj Mahal diamond and the 
pearl known as La Peregrina. Her 
knowledge of the provenances behind 
these items is quite impressive. 

The text contains both the expect- 
ed—chapters on jewelry given to her 
by husbands Michael Todd and 
Richard Burton—and the unexpected: 
a chapter devoted to her collection of 
charm bracelets and another high- 
lighting her animal-themed jewels. 
The book is filled with top-notch pho- 
tographs of Ms. Taylor’s jewelry as 
well as photos that document her 
amazing career, many of which show 
her wearing jewelry featured in the 
book. Also included is an index of 
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jewelry with detailed descriptions of 
each item. 

Beautiful and interesting, this 
book belongs on almost anyone’s “to 
read” list. 

JANA E. MIYAHIRA-SMITH 

Gemological Institute of America 

Carlsbad, California 


Cameos: Old and New, 3rd Ed. 


By Anna M. Miller, 274 pp., illus., 
publ. by Gemstone Press, 
Woodstock, VT, 2002. $19.95* 


One might think that a third edition 
on the same topic would be redun- 
dant—not so with Cameos. Whether 
contemporary or antique, cameos are 
among the most sentimental and eas- 
ily recognizable jewelry items. Yet 
they are often the least understood. 
Did you ever wonder why the 
woman in that classical profile was 
wearing a winged helmet? Or why 
cherubs wear two types of wings— 
butterfly and angel? The story behind 
cameos is incomplete without the 
symbolism, myths, historical events, 
and legends, but this work lays it all 
out in an uncomplicated manner. A 
source of confusion for many is the 
overlapping Greek and Roman influ- 
ences (e.g., the Greek god Eros and his 
Roman counterpart Cupid), but the 
chart on Greek and Roman divinities 
sorts it out, with a list of mythologi- 
cal figures frequently found on 
cameos, including 20 other pairings. 
One of the important new sections 
in this edition is “Estimating Cameo 
Value: Quality Ranking Cameos,” 
information that should be in the 
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EDITORS 


Susan B. Johnson 
Jana E. Miyahira-Smith 
Stuart Overlin 


notebook of every auction jewelry spe- 
cialist and independent appraiser. To 
determine the quality of a cameo, the 
jewelry consultant must combine 
research with hands-on examination. 
Basic elements such as composition, 
design, craftsmanship, subject, materi- 
al, signature, and authentication are 
used as a guide to determine quality 
rankings. While this valuation process 
may sound complex, the clear expla- 
nations make it easy to follow. 

A new section on buying and sell- 
ing offers many pieces of solid advice. 
The one that resonated most for this 
reviewer was that collectors and deal- 
ers should compile their own price 
guide of auction sales results, which 
should include notes about conditions 
that might have affected the final 
sales price, such as location, time of 
year, weather, holidays, and publicity. 

Anna Miller’s considerable exper- 
tise in cameos expands the wealth of 
information provided by this afford- 
able third edition. It will prove very 
valuable even to those who have read 
the previous two. 

GAIL BRETT LEVINE, G.G. 
Publisher, Auction Market Resource 
Rego Park, New York 


Beryllium-Treated 

Rubies and Sapphires 

By Ted Themelis, 48 pp., illus., 
publ. by Gemlab Inc. (e-mail: 
ted@themelis.com), Bangkok, 2003. 
US$20.00. 


Gemologist Ted Themelis has written 
a very timely and informative booklet 
on the controversial subject of berylli- 
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um-diffused sapphire. Ever since 
stones treated by this new method 
were first recognized by Ken Scarratt 
of the AGTA Gemological Testing 
Center in January 2002, the sapphire 
community has been in turmoil trying 
to understand the process and define it 
for the trade. Initially, Thai processors 
denied that beryllium was responsible 
for the color enhancements, arguing 
that so many different colors could 
not be caused by a single element. 
Subsequently, the use of beryllium 
was proved to be true, and the process 
is now disclosed by the Chanthaburi 
Gem and Jewelry Association. 

However, very few people in the 
colored stone community have had a 
chance to actually see what happens 
to a wide variety of sapphires when 
subjected to beryllium diffusion. It is 
in exploring this subject that 
Themelis’s booklet is of significant 
value. The great majority of the more 
than 129 color photographs illustrate 
various types of corundum that have 
been treated by beryllium diffusion. It 
is in these photos that the value lies, 
more so than in the text. The photos 
clearly show the many different colors 
produced in various starting materials 
by diffusion of the single element 
beryllium. 

It should be stated that this is not 
a technical work, in that no attempt 
is made to explain the physical pro- 
cesses involved in the treatment. Nor 
does it attempt to recognize other 
work being conducted contemporane- 
ously, and its representation of the 
history of understanding and duplicat- 
ing this new Thai process is less than 
global. Its strength (and weakness) lies 
in the fact that it simply documents, 
with numerous color photographs, 
one man’s experiments with berylli- 
um diffusion into a wide variety of 
corundum samples. 

I would recommend this booklet 
to anyone dealing in ruby and sap- 
phire, as it clearly shows those types 
and colors of sapphire that should 
receive close scrutiny. 

JOHN L. EMMETT 
Crystal Chemistry 
Brush Prairie, Washington 
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Jewelry & Gems at Auction 


By Antoinette Matlins, 309 pp., 
illus., publ. by Gemstone Press, 
Woodstock, VT, 2002. US$19.95* 


This is the seventh in a series of con- 
sumer-friendly books by Ms. Matlins. 
The gem and jewelry auction is an 
event that can cause great intimida- 
tion and yet offers great possibilities 
for both buyer and seller. The pages of 
this book are sprinkled with numer- 
ous firsthand experiences, both the 
positive and the disappointing. 

With an in-depth discussion of the 
various layers of auction procedure and 
what to expect, Ms. Matlins addresses 
the contrasts between the traditional 
auction gallery and the modern 
Internet auction, including opportuni- 
ties and risks alike. She recommends a 
two-step approach to using any auc- 
tion venue: (1) learn the auction pro- 
cess, and (2) acquire a useful knowl- 
edge of gemstones. To help with the 
first step, she not only explains basic 
auction terminology in terms a layper- 
son can understand, but she also 
devotes an enormous number of pages 
to describing the intricate relationship 
between the pre-sale estimate and the 
reserve, how this affects sold vs. not- 
sold pieces, and ultimately the impact 
on auction house revenue and profits. 

The mantra echoed throughout is 
do not bid on any major gem or piece 
of jewelry unless you have seen the 
item. While this is not easily accom- 
plished on the Internet, Ms. Matlins 
explains that it can be done by 
employing the services of a “Gemolo- 
gist Consultant” (as Ms. Matlins refers 
to this individual) for confirmation and 
verification of Internet purchases. 
Gemologist Consultants can help the 
online buyer or seller avoid costly mis- 
takes, teach good-better-best in gem- 
stones and jewelry, and confirm lab 
documentation. Concerns about on- 
site auction gallery condition reports, 
catalog descriptions, catalog photos, 
and laboratory reports can be addressed 
by an experienced Gemologist Con- 
sultant as well. Becoming a Gemolo- 
gist Consultant is a great career move 
for gemologist appraisers. 
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Ms. Matlins also provides criteria 
for selecting a credentialed appraiser 
and contact information on appraisal 
organizations. In this regard, it would 
have been helpful to have Web site 
addresses listed, because many of these 
organizations have their member direc- 
tories online. It also was unfortunate 
that an important appraisal organiza- 
tion (the International Society of 
Appraisers), as well as two prominent 
gem laboratories (the International 
Gemological Institute and the 
European Gemological Laboratory), 
were left out of the listing. 

The book includes excellent pho- 
tos of some extraordinary items of 
antique and contemporary jewelry, 
complete with final hammer price, 
gallery, and location. Regrettably, 
there are no dates of sale, which 
would have been useful as time-in- 
place valuations. 

Online and onsite auctions are not 
for the faint of heart, but Ms. Matlins’s 
book provides common-sense sugges- 
tions and clear steps one should take to 
minimize risks and maximize success. 


GAIL BRETT LEVINE, G.G. 


Gemstone Buying Guide, 2nd Ed. 


By Renee Newman, 156 pp., illus., 
publ. by International Jewelry 
Publications, Los Angeles, 2003 
US$19.95* 


Is it a reference manual for gemolo- 
gists, a source of product knowledge for 
jewelry salespeople, or a guidebook for 
gemstone buyers? In many respects, 
this book is a combination of all three. 

With almost 280 color photos and 
dozens of line drawings and charts, 
the author shows us the variety of 
gems and gem-set jewelry available in 
the market today. From common and 
inexpensive stones to one-of-a-kind 
designer pieces, the reader will see a 
full range of items to appeal to most 
tastes and budgets. 

The book begins with a 10-page 
preview of the most important gem 
materials covered and the factors that 
affect price. The remaining chapters 
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discuss cutting styles; color; judging 
clarity, transparency, and cut quality; 
evaluating stars and cat’s-eyes; treat- 
ments; synthetics; deceptive practices; 
and caring for gems. The author cov- 
ers these subjects in a clear and easy- 
to-understand manner, although a few 
line drawings and photos are either 
mislabeled or ambiguously labeled. 
The author provides detailed 
descriptions for over 100 trade names 
and varieties, many of which are illus- 
trated in color. The written descriptions 
often include information on history, 
lore, sources, appearance of fine quali- 
ties, and retail price ranges. There are 
gem property charts for each species, 
with optical properties, physical proper- 
ties, care tips, and treatments. 
Gemologists, jewelry salespeople, 
and gemstone buyers would all benefit 


by adding this book to their libraries. 


DOUGLAS KENNEDY 
Gemological Institute of America 
Carlsbad, California 


Mogok, Myanmar 


By Roland Schliissel, 280 pp., illus., 
publ. by Christian Weise Verlag, 
Munich, 2002 (in German). € 100.00 


This is not simply a book about Mogok 
and rubies. Nor is it just a travel 
account. Instead, it is a combination of 
both—and more. The author, a gem 
expert with the Swiss retailer Bucherer, 
takes the reader from his arrival at 
Yangon (Rangoon), to Mandalay, and 
finally Mogok, combining the descrip- 
tion of his adventures with plenty of 
background color and information. 

The opening chapter provides a 
general introduction to the geography 
of Myanmar, its history, its role as a 
melting pot of cultures, and its civi- 
lization, which is deeply rooted in 
Buddhism. Throughout, Schltissel 
stresses the importance of gems (espe- 
cially rubies and jadeite) in Myanmar 
society, from the gem trade that goes 
on across the country to the Gem 
Emporium in the capital. 

Next is a history and description of 
Mogok itself, its cocktail of peoples, the 
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mining activities, and the customs and 
procedures that control the gem trade. 
The author carries the reader through 
his visits to several ruby mines and his 
difficult and delicate negotiations to 
acquire some exceptional rubies. 

From the fourth chapter on, the 
gemological aspect of the book pre- 
vails over the “touristic.” Chapter 4 
mainly details the geologic setting of 
Myanmar in general and Mogok in 
particular. The collision of the Indian 
and Eurasian plates created several 
microplates, with subsequent regional 
metamorphism causing the enormous 
profusion of gems in the Mogok Stone 
Tract. This chapter also includes a 
description of other gem varieties 
found in Mogok, including danburite 
and some absolute rarities: painite, 
johachidolite, periclase, and thorite. 

A chapter on the gemology of ruby 
and sapphire describes the gemologi- 
cal properties of corundums from 
Mogok, with a special focus on inclu- 
sions and treatments. It also discusses 
certificates and pricing. 

Next, the author traces the gem 
trade routes from ancient times to the 
present. He then discusses the charac- 
teristics, symbolic value, and meaning 
of colors (especially terms such as 
pigeon blood red, cornflower blue, and 
padparadscha), rubies and sapphires 
in auctions, star sapphires and rubies, 
the role of spinels and peridots, and 
quality criteria for gems. He also 
describes the provenance of some 
important and historic rubies and sap- 
phires (including the 1,734 ct “Sun of 
Mogok” ruby crystal). 

The final chapter is dedicated to 
corundum cutting and its challenges, 
as well as the creation of jewelry. 
Here, the author allows himself some 
(pardonable) promotion for Bucherer’s 
“Mogok Collections.” 

This volume, which is written 
mainly for the general reader, con- 
cludes with a nine-page glossary of 
gemological terms and Burmese 
expressions, and two pages of refer- 
ences. It contains a number of inter- 
esting maps, lists, and other graphical 
illustrations, as well as some stunning 
photographs of people and pagodas, 
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pits and painites, peridots and pre- 
cious rubies, mostly taken by the 
author. In short, the volume is sheer 
beauty combined with thorough infor- 
mation—a lot of fun to leaf through 
and to read. 
ROLF TATJE 
Duisburg, Germany 


Crystals: Their Growth, 
Morphology, and Imperfections 


By Ichiro Sunagawa, 304 pp., illus., 
publ. by Kyoritsu Publications Corp., 
Tokyo, 2003 (in Japanese). ¥7,500 


The many forms in which crystals can 
occur raise many questions, even for 
experienced mineralogists and gemol- 
ogists. Why does a mineral show a 
particular crystal habit? How do the 
internal imperfections form? What is 
the relationship of these imperfections 
to the crystal morphology and growth 
mechanism? 

With this book, world-renowned 
mineralogist, gemologist, and crystal- 
growth scientist Prof. Ichiro Sunagawa 
provides answers to these and other 
questions related to crystals. The 14 
chapters are divided into two parts: 
The first describes the fundamentals 
of crystal morphology, crystal growth 
theory, and lattice defects; the second 
addresses how these fundamentals 
apply to different gem minerals, in 
particular diamond, quartz, pyrite, and 
calcite. For example, the quartz chap- 
ter describes formation mechanisms 
of various silica minerals with differ- 
ent imperfections, such as twins, 
growth bands, and dislocations. The 
pyrite and calcite chapter summarizes 
variations in the crystal habit of these 
minerals, while the final chapter dis- 
cusses the biomineralization origin of 
several crystals such as apatite, cal- 
cite, and magnetite. 

This insightful book represents a 
summary of the author's 50 years of 
studies in mineralogy, gemology, and 
crystal growth. 

TAJIN LU 

Gemological Institute of America 

Carlsbad, California 
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COLORED STONES AND 
ORGANIC MATERIALS 


Aquamarin & Co. extraLapis, No. 23, 2002 [in German]. 

This issue is dedicated to all beryls except emerald. It begins 
with etymological discussions by C. Behmenburg and M. Glas 
on the word beryl] and other words derived from it, such as the 
German Brille (eyeglasses) and the French briller (to shine). 
These authors then discuss Nikolaus von Kues’s De beryllo, 
wherein beryl is described as “shining, white, and transpar- 
ent.” This and other considerations lead to the conclusion 
that eyeglasses possibly were not made of beryl, as was often 
claimed, but other materials, most likely rock crystal. 

R. Hochleitner and K. Schmetzer briefly outline the miner- 
alogy and crystallography of beryl and describe its varieties— 
goshenite, aquamarine, heliodor, morganite, emerald, and red 
beryl. This is followed by R. Hochleitner’s 23-page summary 
of beryl occurrences worldwide. 

The beryl and bazzite (the scandium analog of beryl) occur- 
rences of the Alps, which are rare specialties for rock hunters, 
are described by S. Weif. J. Kanis relates the story of the 
Baboon Hill mine in Zimbabwe, which produced small, but 
fine, golden beryls (up to 12 ct), and E. Petsch and K. Schmetzer 
describe the aquamarine occurrence at Marijao, Madagascar, 
which yielded 28 aquamarine crystals that weighed more than 
100 kg each. The “Beryll-Galerie” contains 17 pages of stun- 
ning photographs of outstanding beryl specimens. 

The volume concludes with three articles on various topics: 
K. Schmetzer on synthetic beryls, especially hydrothermal syn- 
thetics from Russia; K. E. Wild and K. Schmetzer on gem beryls, 
including market and pricing trends; and M. Huber on the use 
of beryllium in science and technology. As is customary for the 
extraLapis series, this volume is lavishly illustrated. RT 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the G&G editors 
and the reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 


Requests for reprints of articles abstracted must be addressed to 
the author or jublisher of the original maternal. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way refiect the position of Gems & Gemology or GIA. 
© 2003 Gemological Institute of America 
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Cathode-luminescence texture of jadeite jade and its 
gemological significance. Y. Zhou, Journal of Gems 
and Gemmology, Vol. 4, No. 3, 2002, pp. 31-35 [in 
Chinese with English abstract]. 

The textures of jadeite from Myanmar have been exten- 

sively studied by polarized microscopy of thin sections. 

In this article, jadeite textures are described based on 

images obtained by cathodoluminescence microscopy. 

Five distinct types of textures were identified: crystal- 

loblastic, zonal, cataclastic, metasomatic, and artificially 

treated. 

The crystalloblastic texture is characterized by clear 
grains of varying sizes. The zonal texture shows regular- 
(near rectangular or diamond shaped) or irregular-shaped 
zones with different luminescence colors; these zones may 
relate to variations in the distribution of impurities within 
the jadeite. The cataclastic texture displays recrystalliza- 
tion features developed during certain geologic processes, 
such as those that mechanically deform rock. The metaso- 
matic texture is characterized by mineral replacement fea- 
tures (e.g., jadeite grains that are partly replaced by albite). 
The artificially treated texture, as seen in “B-jade,” has 
net-like micro-fractures with or without filling materials. 

TL 


Manganese accommodation in fossilised mastodon ivory 
and heat-induced colour transformation: Evidence 
by EXAFS. I. Reiche, G. Morin, C. Brouder, V. A. 
Solé, P.-E. Petit, C. Vignaud, T. Calligaro, and M. 
Menu, European Journal of Mineralogy, Vol. 14, 
No. 6, 2002, pp. 1069-1073. 
The color of odontolite, or bone turquoise, a “turquoise”- 
blue heat-treated mastodon ivory or bone, can be ascribed 
to traces of Mn** (220-650 ppm Mn) in a tetrahedral envi- 
ronment of four oxygen atoms in an apatite matrix. 
Extended X-ray absorption fine structure (EXAFS) con- 
firmed the presence of Mn?*, Mn**, or Mn** before, and 
Mn** after, thermal treatment of fossilized ivory. 
RAH 


Microstructural studies on cultured saltwater pearls from 
Fangcheng, Guangxi. B. Kong, J. Zou, J. Cheng, and 
Y. Liao, Journal of Guilin Institute of Technology, 
Vol. 22, No. 2, 2002, pp. 119-122 [in Chinese with 
English abstract]. 
Chinese Akoya cultured pearls produced in Fangcheng, 
Guangxi Province, have been classified into three types 
based on optical microscopy, scanning electron 
microscopy, and X-ray diffraction studies of their internal 
structures: (1) nacre with a layered structure, (2) prismatic 
layered structure, and (3) complex layered structure. 
About 55%—60% are of the first type; percentages are not 
given for the other types. 
The nacre with a layered structure consists mainly of 
minute (3-5 um long, 2-3 um wide, 0.3-0.5 um thick) 
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aragonite platelets with hexagonal or irregular forms. 
These platelets are cemented together by conchiolin (in 
layers 0.015—0.1 mm thick) and overlap, giving rise to a 
regular array of concentric layers. The prismatic layered 
structure is located very close to a nucleus and composed 
mainly of relatively large (0.02—-0.1 mm long, 0.02-0.04 
mm wide} calcite crystals with a prismatic habit. These 
calcite crystals, also cemented with conchiolin (in layers 
0.2-10 um thick), are either in a parallel arrangement or 
in radial lines. The complex layered structure is found in 
low-quality cultured pearls and is usually a mixture of 
crystallites with irregular forms, water, gas, and other 
materials. The exact nature of this material is unclear. 

TL 


On the problem of dispersed bunsenite (NiO) in chryso- 
prase. K. Dyrek, Z. Sojka, W. Zabinski, and F. 
Bozon-Verduraz, Mineralogia Polonica, Vol. 32, No. 
2, 2001, pp. 3-8. 

UV-Vis-NIR spectroscopy of chrysoprase of differing crys- 

tallinity is interpreted as confirming that the Ni?* ions are 

grafted to the finely crystalline SiO, matrix in extra- 
framework positions of distorted octahedral symmetry. 

The coordination sphere of Ni** ions, being partly formed 

by water molecules, is labile and easily affected by ther- 

mal treatment. The green color of the chrysoprase is 
determined by absorption in the red (654 nm) and blue 

(389 nm) regions of the visible spectrum. The presence of 

dispersed bunsenite in the samples studied has been ruled 

out because of the absence of the corresponding charge- 
transfer band. RAH 


The origin of colour of chrysoprase from Szklary (Poland) 
and Sarykul Boldy (Kazakhstan). M. Sachanbinski, J. 
Janeczek, A. Platonov, and F. J. M. Rietmeijer, 
Neues Jahrbuch fiir Mineralogie, Abhandlungen, 
Vol. 177, No. 1, 2001, pp. 61-76. 

Chrysoprase samples from two major sources, Szklary in 

southwestern Poland (the “type” locality) and Sarykul 

Boldy in Kazakhstan, were studied by electron micros- 

copy and optical and infrared (IR) spectroscopy to deter- 

mine the origin of the unique green color. The results 
show that the color originates from nano-size inclusions 
of layer-silicates—nickel-bearing kerolite (a variety of 
talc) and pimelite (a variety of serpentine?). Bunsenite 

(NiO) was not detected in these samples, and therefore it 

cannot be the coloring agent as was previously suggested 

in the literature. 

The presence of mineral inclusions containing Fe** 
ions causes a yellowish hue. Light scattering on microde- 
fects (e.g., silica globules, minute mineral inclusions, gas- 
liquid inclusions) in the chalcedony matrix causes a 
bluish hue. IR spectroscopy indicates that there is no rela- 
tionship between the degree of crystallinity and the inten- 
sity of the green color. KSM 
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DIAMONDS 


Coesite inclusions in rounded diamonds from placers of the 
northeastern Siberian Platform. A. L. Ragozin, V. S. 
Shatsky, G. M. Rylov, and S. V. Goryainov, Doklady 
Earth Sciences, Vol. 384, No. 4, 2002, pp. 385-389. 

Rounded dark gray to black diamonds with characteristic 

inclusions are typical of placers in the northeastern 

Siberian Platform. Known kimberlites in the area are 

either barren or poorly diamondiferous, and the morphol- 

ogy and inclusions of diamonds from the known pipes dif- 
fer markedly from those in the placers. 

The dark colors of the diamonds are attributed to abun- 
dant fluid inclusions with the walls coated by a “graphite- 
type carbon.” Some inclusions contained both CO, and 
hydrocarbons, suggesting that the crystallizing solutions 
were oversaturated with respect to carbon. The nitrogen 
content of the diamonds ranged from 929 to 2,243 ppm; 
the N aggregation state was high. Colorless euhedral crys- 
tals of coesite (a high-pressure form of quartz) also were 
detected in the diamonds, which constrains their origin to 
an eclogitic source (confirmed by 5'°C isotopic data from 
the diamonds). All factors considered, these alluvial 
Siberian diamonds probably formed in carbon-containing 
subducted crustal rocks. They remained in the upper man- 
tle for a long time after crystallization before being 
brought to the surface by an unspecified mechanism at an 
unknown location. AAL 


Crystal morphology as an indicator of redox conditions of 
natural diamond dissolution at the mantle PT 
parameters. A. F. Khokhryakov, Y. N. Pal’yanov, 
and N. V. Sobolev, Doklady Earth Sciences, Vol. 
385, No. 5, 2002, pp. 534-537. 

Small (0.3-0.8 mm), flat-faced octahedral diamonds from 
the Udachnaya kimberlite pipe in Russia were subjected 
to a wide range of reducing and oxidizing (redox) condi- 
tions, in the presence of a C-O-H fluid of variable compo- 
sition, at a pressure of 5.7 GPa and a temperature of 
1,400°C. The object was to investigate the effect of such 
conditions, which simulate those in the earth’s mantle, 
on the dissolution morphology of natural diamonds. 

With these experimental conditions, three principal 
forms of diamond dissolution developed. In the most 
oxidizing environment (Na,O, melt with Fe,O,), trisoc- 
tahedroids with curved faces were formed, with normal- 
ly triangular etch pits present on the {111} faces. In mod- 
erately oxidizing conditions (Na,CO, melt with H,O), 
diamond dissolution developed along ditrigonal layers 
with the formation of inversely oriented etch pits on the 
{111} faces. Highly reducing conditions (MgO melt with 
titanium) resulted in the formation of flat-faced trisocta- 
hedrons that were sculptured by striations parallel to 
[011] and very low-angle triangular etch pits on the octa- 
hedral faces. These results show how redox conditions 
in the earth’s upper mantle may control some of the 
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morphological characteristics of diamonds, via their 
interaction with melts and fluids within the diamond 
stability field. AAL 


Industrial diamonds gather strength. E. J. Lerner, Industrial 
Physicist, Vol. 8, No. 4, 2002, pp. 8-11. 

Diamond has the highest atomic density (i.e., number of 
atoms per unit volume) of any known substance, leading to 
its hard and chemically inert nature as well as to its high 
RI. (2.42). Its short and extremely strong bonds make it an 
excellent insulator and thermal conductor, as well as a 
semi-conductor (under certain conditions). Diamond is 
transparent to a wide range of the electromagnetic spec- 
trum, from ultraviolet to microwaves. These remarkable 
properties have been harnessed by industry for many pur- 
poses, and have encouraged the manufacture of high-quali- 
ty synthetic diamonds, including some for the gem trade. 

Diamonds were first synthesized by Sweden’s ASEA 
and General Electric in the mid-1950s using massive 
(1,000 ton) presses to generate the required high pressures 
and temperatures. Since then, the process has become 
faster and more economic due to the efforts of Russian and 
American researchers; for example, current presses are 
about the size of a washing machine. Numerous sources 
are now producing large gem-quality synthetic stones. For 
example, one Florida-based firm is synthesizing and selling 
rough yellow synthetic diamonds up to 3 ct that are grown 
in about four days. It is uncertain what impact increased 
production of gem-quality synthetic diamonds will have 
on the market for natural diamonds. 

Low-pressure techniques yield chemical-vapor-deposi- 
tion (CVD) diamond films. These techniques are progress- 
ing rapidly as researchers improve film quality and 
increase growth rate. The article describes a wide range of 
industrial applications for CVD films. CT 


Laser-aided separation of diamonds. S. E. Avdeev et al., 
Proceedings of the International Society for Optical 
Engineering, Vol. 4900, No. 2, 2002, pp. 946-951. 

The separation of diamonds from ore has been achieved 

with X-ray luminescence, laser luminescence, and photoab- 

sorption techniques. Among the drawbacks of the first two 
methods is the possible loss of high-quality stones, since 
many such diamonds do not luminesce. Photoabsorption is 
somewhat inefficient in separating diamonds from ore 
where there are significant differences in the color and size 
of the diamonds. These authors propose a new, efficient, 
low-cost technology for separating diamonds from ore using 
the specific characteristics of Rayleigh and Raman light 
scattering in a two-stage separator. In the first stage (based 
on Rayleigh scattering), all transparent minerals in the ore 
are concentrated. In the second stage (based on Raman scat- 
tering), the diamonds are concentrated. MT 


Mining at any cost. E. Blauer, New York Diamonds, January 
2003, pp. 40-47. 
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De Beers’s diamond mines in South Africa’s Namaqualand 
are nearing the end of their production, after more than 70 
years of operation. De Beers, however, is bringing in new 
equipment to extend the life of these mines by several 
years. The key: digging deeper. 

Namaqualand’s alluvial diamond deposits are found 
over a large area centered around the cities of Kleinzee and 
Koingnaas. Last year, 800,000 carats of high-quality dia- 
monds were produced from De Beers’s Namaqualand 
mines, but the fact that they account for only 1.5% of the 
company’s total production while requiring 10% of its 
work force meant that the operation would have become 
uneconomic by 2006. However, closing the mining opera- 
tions would have laid off more than 2,000 people, affecting 
8,000 additional dependants in a desolate area where there 
is no other industry. 

The plan to extend the mine life is based on reworking 
previously mined areas at much deeper levels. Until recent- 
ly, De Beers’s drilling equipment could work down to 40 m, 
and all estimates of mine life were calculated using that 
limit. However, new equipment allows excavation to 110 m, 
where an estimated reserve of 41 million carats was identi- 
fied in 2002. De Beers’s concession covers 444 km?, and min- 
ing is expected to continue until at least 2008. RS 


Regolith and diamond deposits around Tortiya, Ivory 
Coast, West Africa. R. M. Teeuw, Catena, Vol. 46, 
No. 1-2, 2002, pp. 111-127. 
The placer (i.e., alluvial) diamond deposits in the Tortiya 
area of the Ivory Coast are in a region that has experienced 
prolonged and extensive weathering and erosion under 
humid tropical conditions. This has resulted in the forma- 
tion of a regolith (loose, unconsolidated surficial materials 
resting on bedrock) that consists primarily of laterite (“fer- 
ricrete”) with minor bauxite. Sedimentological studies (e.g., 
gravel petrology and particle size distribution) of the 
regolith were undertaken to better understand the process- 
es of both regolith formation and diamond concentration 
under such climatic conditions. 

Two concentrations of placer diamonds are recognized. 
The bulk of the diamonds (0.2—2.5 mm) come from collu- 
vial placers <10 m thick of probable Quaternary age 
(between 1.6 million years and the present) that were 
formed by re-concentration of earlier (exact age not known) 
placer deposits lower in the regolith sequence. The richest 
deposits occur toward the base of ferruginized (iron-con- 
taining) mudflows. Regolith-forming processes included 
the transfer of clays and iron-oxide minerals, quartz disinte- 
gration, and colluvial inputs. Diamond concentration was 
influenced by fluvial and mudflow processes, slope wash, 
desiccation cracks, and ferricrete dissolution. CT 


Tectonic controls on kimberlite location, southern Africa. 
S. Vearncombe and J. R. Vearncombe, Journal of 
Structural Geology, Vol. 24, No. 10, 2002, pp. 
1619-1625. 
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The correlation between diamond-bearing kimberlites and 
Archean cratons is well established worldwide. However, 
the relationship between the location of the kimberlites and 
major structures on the Archean cratons is controversial, yet 
of great exploration significance. This article considers the 
ascent paths of southern African kimberlite magmas from 
mantle depths (>150 km) to the surface. It relates their spa- 
tial distribution to the “crustal architecture” (i.e., the geome- 
try of major geologic boundaries, including faults, within the 
crust) in an attempt to find the link between kimberlite loca- 
tion and major geologic structures. The spatial distribution is 
analyzed geometrically using computer software (SpaDiS™). 
The results of the spatial analysis show that kimber- 
lites are located in corridors that are parallel to, but not 
within, prominent shear zones and crustal faults. These 
kimberlite corridors occur within domains (i.e., specific 
areas) with relatively homogeneous, strong crustal rocks 
that are capable of maintaining the very high CO, pres- 
sures necessary for rapid emplacement. AAL 
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Gem and rare-element pegmatites of southern California. 
J. Fisher, Mineralogical Record, Vol. 33, No. 5, 
2002, pp. 363-407. 

Pegmatite mining in southern California throughout the 
20th century has yielded a wealth of gem and mineral 
specimens for the collector, museums, and the academic 
community. The mines were most active between 1902 
and 1912 and from the late 1950s to the early 1990s. Fine 
specimens of elbaite, kunzite, morganite, and other peg- 
matite minerals from this area can be found in both public 
and private collections worldwide. The study of these peg- 
matites has produced a wealth of scientific information 
and contributed greatly to the current understanding of 
how and why complex granitic pegmatites form. 

Mining activities are slow at present because of the 
depletion of the near-surface portions of many productive 
pegmatites. Thus, the cost of future mining will increase 
dramatically because exploitation must occur at much 
deeper levels. Mining also faces environmental regulation 
and property ownership issues, especially on Native 
American tribal lands; in addition, encroaching human 
development, particularly in the Ramona area, presents 
problems. If some of these issues are resolved, then mines 
such as the Stewart, White Queen, and Little Three have 
the potential to produce a large number of specimens. If 
gem prices increase, then the Himalaya, Pala Chief, and 
Tourmaline Queen, which have been extensively mined in 
the past, could be re-opened on a commercial scale. 
Although future prospects for pegmatite mining in southern 
California may seem limited, the province is considered one 
of the most productive and well-studied gem and rare-ele- 
ment pegmatite regions in the world, surpassed only by 
those of Brazil and Afghanistan. MT 
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Gemmological study of corundum from Madagascar. J. 
Shida, Australian Gemmologist, Vol. 21, No. 6, 
2002, pp. 247-252. 

Techniques and observations by which Madagascar rubies 

and sapphires can be distinguished from similar stones 

from other localities worldwide are described. Methods for 
discriminating between natural-color and heat-treated 

Madagascar corundum are also presented. The usefulness 

of argon-ion laser tomography in these discriminatory 

tests is stressed. Padparadscha sapphires from Madagascar 
may have zircon inclusions that are altered by heat treat- 
ment. The resulting changes in their Raman spectra allow 
this treatment to be readily identified. RAH 


Infrared microspectrometric characterizations and thermo- 
luminescent properties from natural quartz slices. T. 
Hashimoto, Y. Yanagawa, and T. Yamaguchi, 
Bunseki Kagaku, Vol. 51, No. 7, 2002, pp. 527-532, 
[in Japanese with English abstract]. 

Infrared spectroscopy of thin (0.5 mm) slices of natural 

quartz crystals from Brazil and Madagascar were used to 

investigate the relationships between blue thermolumi- 
nescence (BTL), OH impurities, Al-hole centers, and 
gamma-ray irradiation. Infrared absorption spectra were 
obtained in the range 3,800-2,800 cm’! under varying con- 
ditions (e.g., room temperature, liquid-nitrogen tempera- 
ture, following irradiation with Co). BTL was observed 
between 80 and 320°C. A proportional relationship was 
found between the intensity of the BTL and Al impurities. 

In the Brazilian quartz, there was a relatively homoge- 

neous distribution of Al-OH and BTL, whereas in the 

Madagascar quartz heterogeneous growth patterns of Al- 

OH and Li-dependent Al-OH impurity contents were 

found. The Al-hole centers are influenced by active hydro- 

gen radicals. These results suggest that mobile hydrogen 
atoms or hydrogen radicals, produced from the radiolysis 
of the Al-OH, could operate as a quencher of Al-hole cen- 
ters for radiation-induced phenomena in quartz. TL 


Louisiana opal. G. Brown, Australian Gemmologist, Vol. 
21, No. 6, 2002, pp. 244-246. 
Louisiana opal is a light- to dark-colored sandstone 
cemented by opal, some of which shows play-of-color. It 
occurs in central western Louisiana but has not been 
mined since the early 1990s. Access to the deposit (the 
Hidden Fire mine) is no longer possible, as it lies in a 
commercial pine forest. RAH 


Mexican gem opals: Nano- and micro-structure, origin of 
colour, comparison with other common opals of gem- 
mological significance. E. Fritsch, M. Ostrooumoy, B. 
Rondeau, A. Barreau, D. Albertini, A.-M. Marie, B. 
Lasnier, and J. Wery, Australian Gemmologist, Vol. 
21, No. 6, 2002, pp. 230-233. 

The elementary building blocks of volcanic opals, mostly 

Mexican examples, are shown to be small silica grains, 
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~20-40 nm in diameter. They often occur grouped as fibers 
or as blades in lepispheres (micron-sized spheroidal bodies). 
The body color of these Mexican opals is generally 
attributable to inclusions, sometimes submicroscopic. 
Orange-to-brown Mexican fire opal, in particular, is colored 
by nanometer-size fibers of an iron-bearing compound. 
RAH 


Mined in America. G. Roskin, JCK, Vol. 174, No. 2, 2003, 
pp. 110-119. 

While most gems are generally regarded as coming from 
exotic locales, the U.S. and Canada quietly produce many 
varieties, often of very high quality. This report, catego- 
rized by gemstone type, begins with diamond, recounting 
the operations in Canada’s Northwest Territories as well 
as in Arkansas’s Crater of Diamonds National Park. 
Examples of colored stones follow. 

Sapphires have been mined in Montana for many 
years, though mainly in smaller (2-6 mm) sizes; the blue 
sapphires from Yogo Gulch are not heat enhanced. 
Emerald from Hiddenite, North Carolina, can be of high 
quality, but production remains limited. Beautiful red 
beryl is mined in Utah, whereas morganite is produced in 
Maine and California. Various types of garnet (spessartine, 
andradite/demantoid, pyrope) are mined in Arizona, as is 
peridot. Red chrome pyrope garnets produced there have 
“super saturated” colors. Tourmaline is mined in 
California (mostly pink) and Maine (blue and green). Pink 
tourmaline from California is often irradiated to enhance 
the color. Turquoise is produced in Arizona and New 
Mexico, with the Sleeping Beauty mine in the former 
state noted for some of the world’s finest material. North 
America also boasts gem-quality occurrences of ama- 
zonite, Ammolite, benitoite, fossil ivory, jade (mostly 
nephrite}, obsidian, and numerous varieties of quartz. 

Columbia Gem House, of Vancouver, Washington, is 
spearheading an effort to promote American gemstones. 
The past year has seen a rise in interest in domestically 
mined gems, but consumers need assurances that both 
the stone and the jewelry are produced in the U.S. RS 


Mineralogical and geochemical study of the Regal Ridge 
emerald showing, southeastern Yukon. L. A. Groat et 
al., Canadian Mineralogist, Vol. 40, 2002, pp. 
1313-1338. 

In 1998, emerald and green beryl were discovered at Regal 

Ridge, Finlayson Lake district, Yukon Territory, in both 

float and outcrop. A small quantity of the emeralds have 

been faceted and cut en cabochon (up to ~0.1 ct and ~2 ct, 
respectively). Although small, the faceted stones have 
excellent clarity and color with no zonation. 

Emerald formed where quartz veins (0.5—-1.0 m wide] 
cut mica-rich layers in schist. These veins are surrounded 
by extensive concentrations of dark tourmaline that host 
most of the emerald and green beryl; only rarely do they 
occur in the quartz veins. Cr (average 3,208 ppm) is the 
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predominant chromophore of the emeralds. The authors 
suggest that crystallization occurred ~109 million years 
ago, at temperatures of ~365-498°C and pressures of 
1.0-2.5 kbar, and at depths of 3.0-7.7 km. 

The Regal Ridge occurrence is in metamorphosed vol- 
canic rocks near a contact with a granite pluton. The close 
proximity of the granite suggests that it is the source of 
the Be; the Cr comes from the schist. Additional explo- 
ration work (e.g., trenching and bulk sampling) will be 
required to determine the economic potential of the occur- 
rence, and whether this could become Canada’s first emer- 
ald mine. AAL 


Mineralogy, age, and fluid geochemistry of the Rila emer- 
ald deposit, Bulgaria. P. Alexandrov, G. Giuliani, 
and J. L. Zimmermann, Economic Geology, Vol. 96, 
No. 6, 2001, pp. 1469-1476. 
Emerald occurs in association with the Rila granitic peg- 
matite (20 m long and 2.5 m wide) in southwestern 
Bulgaria. The pegmatite contains coarse-grained plagio- 
clase (with or without quartz), columbite, native bismuth, 
and molybdenite, and is located at the contact between 
biotite gneiss and talc schist of Precambrian age. Emerald 
crystals (up to 6 mm wide and 15 mm long) formed with- 
in the metasomatic zone between the pegmatite and talc 
schist; associated minerals include phlogopite, tremolite, 
and chlorite. The chromophore, Cr, was likely derived 
from the associated metamorphosed mafic or ultramafic 
(e.g., talc schist) rocks. 

Two types of fluid inclusions (in the H,O-CO,-NaCl 
system) have been identified in the emeralds. Primary (type 
1) inclusions are CO,-bearing aqueous inclusions, which 
occur as either negative crystals or long thin tubes, oriented 
parallel to the c-axis. Both two-phase (CO, liquid + H,O liq- 
uid) or three-phase (CO, liquid + H,O liquid + vapor) vari- 
eties are found. Secondary (type 2) inclusions form along 
healed fractures. They are typically CO,-bearing aqueous 
inclusions, but they also may be two- or three-phase inclu- 
sions with 40%-50% vapor. Both type 1 and type 2. inclu- 
sions may contain solid inclusions (e.g., phlogopite). KSM 


Natural amethyst from the Caxarai mine, Brazil, with a 
spectrum containing an absorption peak at 3543 
em'!. H. Kitawaki, Journal of Gemmology, Vol. 28, 
No. 2, 2002, pp. 101-108. 
Natural amethyst from the Caxarai mine, Rondénia State, 
Brazil, has several unusual features that distinguish it from 
amethyst of other localities. The color zoning is unusual in 
that the z {0111} sectors have deeper color than the r {1011} 
sectors, and the dark and light purple banding in the z sec- 
tors is quite distinct. One of the pleochroic colors is often a 
strong bluish purple that is frequently associated with syn- 
thetic amethyst. 
Amethyst from the Caxarai mine also shows very little 
Brazil-law twinning, and what is present resembles the 
conically shaped zones currently associated with synthetic 
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amethyst. Most significant is that amethyst from this mine 
has an infrared absorption peak at 3543 cm, which is con- 
sidered the most diagnostic characteristic of synthetic 
amethyst. Thus, the above features so closely resemble 
those of synthetic amethyst that natural material from the 
Caxarai mine may be misidentified as synthetic unless 
thorough investigations are made. Inclusions, when pre- 
sent, remain the key to separating natural from synthetic 
amethyst. WMM 


Occurrence and genesis of thunder eggs containing plume 
and moss agate from the Del Norte area, Saguache 
County, Colorado. D. E. Kile, Rocks & Minerals, 
Vol. 77, No. 4, 2002, pp. 252-268. 

This article provides a comprehensive and carefully docu- 

mented review of the history, occurrence, internal and 

external characteristics, mineralogy, and genesis of thun- 
der eggs. These spherical nodules are typically 4-6 inches 

(~10-15 cm) in diameter, and filled primarily with chal- 

cedony, and in some cases with colorful agate exhibiting 

three-dimensional banding and “plume” (feather-like) 
structures and “moss” inclusions. They are found 
throughout the western U.S., where they weather out of 
high-silica extrusive rocks (rhyolites and welded tuffs). 

They are particularly well known from Oregon, but 

emphasis in this article is on the exceptionally beautiful 

thunder eggs found near Del Norte, Colorado. 

Various theories have been proposed for the origin of 
thunder eggs, each of which has contested components. 
Any theory must explain five particular characteristics. 
First, they are found only in rhyolites (or welded tuffs) of 
Tertiary or younger age and usually in a single strati- 
graphic horizon at each locality. Second, they have a rhyo- 
lite shell that has a higher silica content than does the 
host rhyolite. Third, they have a central cavity for which 
the origin is particularly contentious (an “expansion 
mechanism” from an initial vapor bubble is most widely 
accepted). Fourth, a mechanism is needed for the deposi- 
tion of chalcedony in the central cavity (the favored 
mechanism is silica-rich, late-stage hydrothermal solu- 
tions derived from the host rock, transportation by 
groundwater, and crystallization under low temperature 
and pressure conditions). Last, the formation of the plume 
and moss inclusions within the agate, from the cavity 
walls inward, is problematic; for example, even the nature 
of the silica solutions (whether a gel or a nonviscous silica 
solution) is not presently known. AAL 


The pegmatites of the Nova Era-Itabira-Ferros pegmatite 
district and the emerald mineralisation of Capoeirana 
and Belmont (Minas Gerais, Brazil): Geochemistry 
and Rb-Sr dating. C. Preinfalk, Y. Kostitsyn, and G. 
Morteani, Journal of South American Earth Sciences, 
Vol. 14, No. 8, 2002, pp. 867-887. 

The authors studied rocks (mainly granitic gneiss, and 

pegmatites with and without emeralds) and minerals (e.g., 
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various micas, feldspar) from localities in and around the 
emerald deposits of Capoeirana and Belmont, as well as in 
the Nova Era-Itabira-Ferros pegmatite district. Age dating 
and chemical analysis for both major and trace elements 
were performed to relate emerald genesis to igneous and 
metamorphic events in the area. Two generations of 
emerald formation are recognized. The main formation 
(as at Belmont and Capoeirana) occurred 1.9 million years 
(My) ago in schists, associated with a high-grade meta- 
morphic event that was accompanied by the introduction 
of Be-rich pegmatites that interacted with Cr-bearing 
ultrabasic rocks. The second, represented by unmetamor- 
phosed pegmatites (only some of which are emerald-bear- 
ing) primarily in the Nova Era-Itabira-Ferros pegmatite 
district, occurred about 477 My ago. 

Trace-element plots of Cs vs. K/Rb from K-feldspars 
and muscovite were used to differentiate between emer- 
ald-bearing and emerald-barren pegmatites; however, the 
technique gave misleading results in some cases. No data 
on the quality or gemological properties of the emeralds, 
or production data, are presented. KAM 


Spectroscopic properties of Méng Hsu ruby. S. Siripaisarn- 
pipat, T. Pattharakorn, S. Pattharakorn, S. Sanguan- 
ruang, N. Koonsaeng, S. Achiwawanich, M. Promsurin, 
and P. Hanmungthum, Australian Gemmologist, Vol. 
21, No. 6, 2002, pp. 236-241. 

The spectroscopic examination of 140 Méng Hsu rubies in 

the 200-1100 nm region showed no significant changes 

that could be attributed to heat treatment. All spectra 
showed a fluorescence peak at 693 nm. In the infrared spec- 
tra of those rubies that had been heat treated, the peaks at 

2000-1900 cm! disappeared, and a series of sharp peaks 

replaced the broad band at 3500-3200 cm. RAH 


Successful application of ground-penetrating radar in the 
exploration of gem tourmaline pegmatites of south- 
ern California. J. E. Patterson and F. A. Cook, 
Geophysical Prospecting, Vol. 50, No. 2, 2002, pp. 
107-117. 

Ground-penetrating radar (GPR), a technique usually asso- 

ciated with archaeology and engineering, was successfully 

used to locate gem-bearing zones within pegmatite at the 

Himalaya mine, Mesa Grande district, southern California. 

Images were obtained showing cavity geometry and loca- 

tion, which enabled more accurate placement of mining 

explosives, thus minimizing blasting damage to the fragile 
gem crystals. 

Mining activities in pegmatites in this area are often 
guided by the assumptions that most gem-bearing pockets 
will have a specific shape (flattened bladder-like spaces) par- 
allel to dike contacts, and that specific mineralogical 
changes occur in the vicinity of the pockets (e.g., the occur- 
rence of pods of fine-grained lepidolite or schorl crystals 
that flare toward the center of the dike}; the mineralogical 
changes can be used as indicators that a potentially produc- 
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tive zone is being approached. In many areas, however, the 
indicators are either nonexistent or too subtle, and the 
pocket may be missed. When GPR data are properly record- 
ed and processed, and calibrated with geologic information 
under appropriate conditions, resolution of features (pock- 
ets and vugs) as small as a few centimeters within ~2 m, or 
tens of centimeters within ~5 m, of a wall surface may be 
achieved. It is also possible to determine if the pocket is air- 
filled or clay-filled. The re-examination by GPR of peg- 
matites that are no longer being mined is justified based on 
these positive findings. ET 


INSTRUMENTS AND TECHNIQUES 


Inclusions in gemstones: Their cathodoluminescence (CL) 
and CL spectra. J. Ponahlo, Journal of Gemmology, 
Vol. 28, No. 2, 2002, pp. 85-100. 
Rapid, nondestructive cold-cathode (which is distinct from 
the more common “hot-cathode”) cathodoluminescence 
(CL) microscopy and microspectrophotometry techniques 
were used to study 10 gem samples (topaz, garnet, kyanite, 
tourmaline, kornerupine, plagioclase, calcite, dolomite, 
and two spinels) containing a variety of inclusions (apatite, 
dolomite, quartz, fluorite, rutile, diopside, zircon, ruby, 
albite, and pargasite) with different degrees of lumines- 
cence. Even small colorless inclusions that may otherwise 
escape detection, such as apatite, fluorite, or diopside, can 
easily be detected if they luminesce strongly. 

CL spectra of both host gems and inclusions (which 
must intersect the facet surface of the host for CL testing) 
and photomicrographs are presented to support several 
basic conclusions: (1) Host and inclusions are most easily 
studied when the CL of each is strong and distinctly col- 
ored or when the host is less luminescent than the inclu- 
sion; (2) should strong luminescence of the host mask 
strong luminescence of an inclusion, CL microspectropho- 
tometry is recommended; and (3) should the host lumi- 
nesce or remain inert while the inclusion is inert, the spec- 
tral range up to 950 nm should be searched for CL bands, as 
the bands may have shifted into the near infrared. CT 


Light emitting diodes as light sources in portable gemmolog- 
ical instruments. C. Lamarre, Journal of Gemmology, 
Vol. 28, No. 3, 2002, pp. 169-174. 
Luminescence from light-emitting diodes (LEDs; i.e., 
solid-state lamps capable of emitting light from the ultra- 
violet [370 nm] to the near infrared [950 nm]) is being 
used as an alternative light source for incandescent bulbs 
in portable gem instruments. Although LEDs have been 
available since the 1960s, only in the past decade have 
technical advances enabled these devices to display 
bright, full colors in broad daylight. The current genera- 
tion of LEDs has many other advantages. They are small 
and durable, have low power consumption and are heat 
resistant, and their lifespan exceeds 100,000 hours. 
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EMERALD 


The deep green chromium -bearing variety of beryl (em- 
erald) is shown in the characteristic matrices in which it 
occurs at two of its principal localities: in calcite veins tra- 
versing a black slaty shale, Muzo, Colombia (B); and in 
foliated gray mica schist from the Uralian deposits (D). 
The simple prismatic habit of the hexagonal crystals of this 
mineral, as well as the extensive internal fracturing so fre- 
quently observed in emerald rough, are well shown in (A). 
Specimens from the collection of British Museum (Natural 
History), London. 


IPG ES 


Reproduced by permission of the Trustees of the British Museum 
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A yellow 590 nm (near-monochromatic) and a white 
LED used as light sources for a refractometer and a polar- 
iscope, respectively, are shown to yield excellent results 
and are superior to incandescent light bulbs. A blue 472 nm 
light source was successfully used with a red filter to 
observe red fluorescence in a chromium-bearing gem. LEDs 
are available that produce white light similar to that pro- 
duced by a fluorescent tube. This is accomplished with a 
blue LED coated with YAG, which is fluorescent; the blue 
emission stimulates the YAG coating to produce fluores- 
cent white light. MW 


Measurement of small birefringence in sapphire and 
quartz plates. D. H. Goldstein, L. L. Deibler, and B. 
B. Wang, Proceedings of SPIE—The International 
Society for Optical Engineering, July 9-11, 2002, 
Seattle, Washington, Vol. 4819, pp. 20-27. 
Laser polarimetry measurements were made of the low- 
level birefringence, and the crystallographic dependence 
of the birefringence, in plates of synthetic sapphire and 
quartz. Two different systems, Mueller and Exicor, were 
used. The light source in both was an He-Ne gas laser 
with a wavelength of 632.8 nm. 

Anomalous birefringence was observed in the samples 
by both optical instruments, even though none was expect- 
ed on theoretical grounds. It is postulated that this may be 
due to the quality of the synthetic crystals and the manu- 
facturing process. These instruments do not currently have 
any direct gemological application for the study of faceted 
gemstones; however, the Mueller instrument has potential 
value in obtaining quantitative measurements of low-level 
birefringence in gem materials. TL 


JEWELRY MANUFACTURING 


A model approach. G. Todd, American Jewelry Manu- 
facturer, Vol. 47, No. 8, 2002, pp. 31-36. 
A model maker works within the limits of casting to pro- 
duce a model that both looks like the intended design and 
is useful for production purposes. Whether models are 
directly fabricated, cast, or a blend of both, shrinkage from 
the master model to the finished piece usually ranges 
from 6% to 12%. Shrinkage varies because of the type of 
mold, wax, and metal used; the temperatures of the mold 
and metal; and the method of casting. It is particularly 
important to allow for additional shrinkage in those mod- 
els designed for stones to be set with tight tolerances, or 
those expected to seat stones of a specific size or weight. 
A bright polish lengthens the lifetime of a mold by 
protecting it from tearing and memory loss, as the reduc- 
tion in surface resistance that accompanies a bright polish 
allows easy release of distortion-free patterns from the 
mold. Surface finishes (e.g., matte) need not be present 
when the pattern is made, as they can be added during the 
finishing process. Outside dimensions are reduced during 
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polishing, so extremities and interior corners should be 
made slightly thicker to compensate for uneven metal 
removal. Most model makers prefer the greater control 
metal offers for executing detail; however, a skilled carver 
can place 90%-95% of the detail in wax and the remain- 
der in metal, thus completing the master more quickly. 
Using white gold rather than sterling silver (the most pop- 
ular metal for molds) increases the cost of a master but 
proves more cost effective over time as the expense of 
repair is negligible. CT 


JEWELRY RETAILING 


The dish on the newest diamond diva: A chat with 
Reema Pachachi, creative director of De Beers LV. 
B. Kasha, Modern Jeweler, Vol. 101, No. 11, 2002, 
pp. 9-10. 
Reema Pachachi is the chief jewelry designer for the new 
De Beers LV (venture between De Beers and Louis Vuitton 
Moet Hennessy) retail operation, which opened in London 
in December 2002. The Circle Collection she created for 
De Beers LV draws cues from today’s lifestyles and fash- 
ions, instead of looking to the past. Her ambition is “to 
make classics of the future.” She believes that most jewel- 
ry on the market today has no relevance to what women 
are wearing. The design should also reflect the “uplifting 
experience” of buying and wearing jewelry. This, she says, 
is what will set De Beers LV apart from other competitors 
in the luxury jewelry market. RS 


Friedman’s targets 3000 stores using strip center strategy. 
G. A. Beres, National Jeweler, Vol. 97, No. 4, 
February 16, 2003, pp. 1, 33. 

Friedman’s Jewelers, a Savannah, Georgia-based chain of 

660 stores, the third largest retail jeweler in the U.S., is 

considering an aggressive expansion by opening stores in 

strip mall centers near Wal-Mart outlets. 

While most retail jewelry chains locate their stores in 
major shopping malls, two-thirds of the Friedman’s stores 
are located in strip centers and experience significantly 
lower costs and higher returns on sales than its mall oper- 
ations. Statistics show that retail sales have shifted “dra- 
matically” from mall-based department stores to discount 
stores and other mass merchants. Wal-Mart has 1,700 
stores in the 20 states in which Friedman’s operates and 
900 stores in other states, representing an additional 2,600 
potential locations. “Following Wal-Mart” is compatible 
with Friedman’s policy of targeting “value-conscious” 
consumers. In the past decade, Friedman’s has seen a 10- 
fold expansion by opening 60—90 stores a year. RS 


The pretenders. J. Heebner, JCK, Vol. 174, No. 2, 2003, pp. 
98-102. 

The Jewelers Security Alliance (JSA), reporting an increase 

in the number of jewelry store robberies by criminals 
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using impersonation as a distraction, has compiled exam- 
ples of this tactic. 

One robbery attempt cited was in Lebanon, 
Pennsylvania, during Halloween 2001, in which a man 
entered the store wearing a clown costume with full make- 
up. A sales associate became suspicious and asked the man 
for his ID. The man left, but returned a few minutes later 
and tried to smash one of the showcases. Another incident in 
Williamsville, New York, is described where a man, posing 
as a utility company meter reader, gained access to the store 
and robbed it. Other incidents around the world are recount- 
ed where robbers have posed as Saudi royalty and ministers. 

Suspicious signs and activities include: outfits that hide 
faces, persons checking exits and security cameras, cus- 
tomers who want to avoid touching counters for fear of 
leaving fingerprints, inappropriate questions about opening 
and closing hours, and excessive talk that may be a ruse to 
distract jewelers. The JSA advises retailers to challenge 
anyone who looks suspicious by asking for ID. RS 


SYNTHETICS AND SIMULANTS 


Growth rate of high-quality large diamond crystals. H. 
Sumiya, N. Toda, and S. Satoh, Journal of Crystal 
Growth, Vol. 237-239, No. 2, 2002, pp. 1281-1285. 

The most effective way to grow large synthetic diamond 

crystals is to use the temperature gradient method under 

high pressure and high temperature. In this article, scien- 
tists from the Itami Research Laboratories of Sumitomo 

Electric Industries report the use of an improved modifi- 

cation of the temperature gradient technique to success- 

fully grow at much higher growth rates large (7-8 ct, or 
about 10 mm across), colorless, type Ila synthetic dia- 
mond crystals with no visible inclusions. A growth rate of 

6-7 mg/hour (in 100 hours, a 3.0-3.5 ct synthetic dia- 

mond would be grown) was achieved by the prolonged 

maintenance of a high-precision temperature control 

(with less than +5°C deviation), along with a selection of 

appropriate solvent metals (iron and cobalt) and other 

additives (titanium and copper). James E. Shigley 


Imaging Ni segregation in synthetic diamond using ionolu- 
minescence (IL) and particle induced X-ray emission 
(PIXE). A. A. Bettio, C. G. Ryan, D. N. Jamieson, and 
S. Prawer, Nuclear Instruments and Methods in 
Physics Research B, Vol. 181, No. 1-4, 2001, pp. 
225-230. 

The spatial distribution of impurities incorporated during 

the growth of two synthetic diamonds using a nickel cata- 

lyst were imaged and measured by ionoluminescence (IL; 

performed with a nuclear microprobe) and particle- 

induced X-ray emission (PIXE) spectroscopy. Distinct 
growth patterns were observed in the four corner regions 

(i.e., the <111> growth sectors) of both samples. The 

growth sectors contained Ni in concentrations ranging 
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from a few ppm to ~25 ppm. This study showed that for 
the analysis of optically active Ni impurities in synthetic 
diamond, IL is significantly more sensitive than PIXE. 
However, the former technique is only effective in detect- 
ing optically active impurities. Al 


New imitation gemstones from Australia. G. Brown and 
T. Linton, Australian Gemmologist, Vol. 21, No. 7, 
2002, pp. 283-287. 

Brisbane (Australia)-based Australian Crystallization 

Technology (Pty) Ltd. has begun commercial production of 

a range of visually effective semitranslucent-to-opaque imi- 

tations of jadeite, chrysoprase, and turquoise, as well as 

transparent colorless to attractively colored ornamental 
materials. These simulants are manufactured by a propri- 
etary process that produces “supercooled siliceous melts of 
specific compositions.” The manufacturer uses “a con- 
trolled crystal growth process involving the nucleation of 
complex metal oxide crystals within a prepared base materi- 
al (melt) of chrysoprase and other proprietary ingredients in 
a powdered form.” The workability of the simulants resem- 
bles that of their natural counterparts. The materials display 
the classic features of supercooled melts (e.g., spherical gas 
bubbles, masses of undissolved additives), which make it 
easy to identify them as imitations. Gemological properties 
of 20 of these imitations are presented. CT 


Recent observations of composite stones. U. Henn, 
Australian Gemmologist, Vol. 21, No. 6, 2002, pp. 
253-257. 

Five types of composite (assembled) stones are currently 

encountered in Germany: 


1. Doublets and triplets used as simulants of classical gems 
such as diamond, emerald, ruby, and sapphire. Classified 
within this type are numerous varieties of soudé (triplet 
with a layer of colored glass) stones; one German com- 
pany manufactures soudé stones in 2.5 different colors to 
imitate tanzanite, aquamarine, peridot, etc. 

2. Doublets and triplets as simulants of gems with 
trendy colors and/or new gem materials (e.g., doublets 
with a crown of colorless tourmaline and a “neon”- 
blue glass pavilion to simulate Paraiba tourmaline). 

3. Composite stones manufactured to protect soft gem 
materials with a hard protective cover (e.g., a slice of 
Ammolite protected by a dome of colorless glass or 
synthetic spinel). 

4. Composite stones designed to cover gem materials that 
generally occur in thin layers (e.g., opal doublets and 
triplets). 

5. Composite stones in which the gem material is attrac- 
tive only in thin layers (e.g., a doublet consisting of a 
thin crystal section of zoned tourmaline backed by 
colorless glass). 


Unusual composite stones include: a crown of beryl 


GEMS & GEMOLOGY SPRING 2003 


and a pavilion of chalcedony to simulate cat’s-eye aqua- 
marine; and doublets manufactured by cementing a rock 
crystal crown to an orthoclase feldspar pavilion to imitate 
the adularescence of moonstone. MT 


Research on the growth habit of hydrothermal emerald 
crystal. Z. Chen, J. Zheg, W. Zhong, and H. Shen, 
Journal of Synthetic Crystals, Vol. 31, No. 2, 2002, 
pp. 94-98 [in Chinese with English abstract]. 

The results of a study on the variables (e.g., growth rate, 

shape, and orientation of seed crystals) that determine the 

morphology of hydrothermal synthetic emerald crystals 
grown by a major producer in Guilin, China, are reported. 

Spherical (6 mm diameter) and platy seed crystals cut 

from natural beryl crystals were used, and the syntheses 

were conducted at 500-600°C and 1.5-2.0 kbar in an 
autoclave for periods of 3, 6, and 9 days. The hydrother- 
mal solutions contained Al(OH), (16%-19%), SiO, 

(63%-67%), Cr,O, (1%-3%), and BeO (13%-15%). 

Spherical seed crystals were used to determine the devel- 

opment sequence of the various crystal faces during crys- 

tal growth, while platy seed crystals with various orienta- 
tions were used to obtain synthetic emerald crystals that 
gave the highest yield of gem-quality material. 

All the crystal faces that occur on natural emerald crys- 
tals were observed on the hydrothermal synthetic emerald 
crystals (e.g., prisms m {1010} and a {1120}, and basal faces c 
{0001}). Also observed were t {5051} dipyramidal faces, 
which are not found on natural emerald crystals. The 
growth rates of the m and a prism faces were very similar. 
The growth rates of three dipyramidal faces decreased in a 
sequence of u {2021} > s {1121} > p {1011}. The basal faces c 
were always present during the growth process. The growth 
rates of the main faces increased in the sequence m — c > p 
>a->s—u. The highest yield (23%-26%) of gem-quality 
material was obtained when platy seed plates were inclined 
20°-2.5° to the c-axis of the synthetic crystals. Both platy 
and columnar synthetic emerald crystals were grown. TL 


A review of developments in shaped crystal growth of 
sapphire by the Stepanov and related techniques. P. 
I. Antonov and V. N. Kurlov, Progress in Crystal 
Growth and Characterization of Materials, Vol. 44, 
No. 2, 2002, pp. 63-122. 
The Stepanov method is a specialized technique for grow- 
ing crystals from a melt. Compared to other melt process- 
es, such as the Czochralski or “pulling” method, its major 
advantage is that the shape (cross-section) of a crystal can 
be gradually changed during growth. The basic requirement 
is that a melt column with a defined shape be formed, 
which is accomplished with the aid of a special “shaper.” 
Liquid melt columns with various shapes can be made by 
properly applying a high-frequency electromagnetic field. 
Since the initial work by Stepanov in 1938, progress in 
developing the method has proceeded along two lines: (1) 
development of technology for producing single crystals of a 
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desired shape, and (2) understanding the physical phenomena 
involved in the formation of the shaped crystals. Synthetic 
sapphire crystals with various defined shapes, primarily for 
industrial use, have been successfully grown using this tech- 
nique. For example, synthetic sapphire tubes up to 85 mm in 
diameter and ribbons 120 mm wide have been grown and 
used for their optical properties. Sapphire rods with various 
shapes have also been grown. Microvoids and gas bubbles are 
the main defects found in such crystals. FE 


Solubility of emerald in H,SO, aqueous solution under 
hydrothermal conditions. Z. Chen, G. Zhang, H. 
Shen, and C. Huang, Journal of Crystal Growth, 
Vol. 244, No. 3-4, 2002, pp. 339-341. 

Hydrothermal synthetic emeralds have been grown tradi- 

tionally from NH,F, NH,OH, NH,CIl, and HCI solutions. 

This article reports the growth of good-quality synthetic 

emerald crystals from 1.1 mol H,SO, solutions, using syn- 

thetic emerald seed crystals. Experimental conditions are: 

T=500-600°C; P=1.5-2.0 kbar; autoclaves ~60% full. 

These temperatures and pressures are relatively low com- 

pared to those used in growing synthetic emeralds from 

an HC] solution. CT 


Some aspects of precious opal synthesis. S. V. Filin, A. I. 
Puzynin, and V. N. Samoilov, Australian Gemmo- 
logist, Vol. 21, No. 7, 2002, pp. 278-282. 

The development of the method and the basic steps 

involved in synthesizing pure silica opal at the Center for 

Applied Research in Dubna, Russia, are outlined. This pro- 

cess involves four stages: (1) synthesis of monodisperse par- 

ticles of silica in alcohol-based sols; (2) precipitation of a 

“raw” opal precursor by spontaneous sedimentation or cen- 

trifuging; (3) drying of the precursor opal to remove liquid 

from its pores; and (4) filling these pores with silica gel, and 
then sintering the samples at 825°C. The physical, chemi- 
cal, and gemological properties of synthetic opal produced 
by this method are reported as identical to those of natural 

opal. The total time involved in the synthesis is around 10 

months, which the authors compare to that of Gilson (12+ 

months) and Chatham (about 18 months). RAH 


TREATMENTS 


Black diamond treatment by “internal” graphitization. F. 
Notari, Revue de Gemmologie, No. 145/146, 2002, 
pp. 42-60 [in French with English abstract]. 

In the last three years, large quantities of treated black dia- 

monds (with their color resulting from internal graphitiza- 

tion) have appeared on the market. The graphitization is 
induced in four ways, all of which require the application 
of heat to low-quality diamonds that have a large number 
of fractures and cavities, so the heat-induced graphites can 
be isolated from oxygen. Two of the methods apply heat to 
rough and cut diamonds under various conditions of pres- 
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sure and environment. In the third method, small cut 
stones develop graphitic products as a result of the high 
temperatures induced during fashioning. The fourth 
method subjects larger diamonds to ion beam techniques, 
usually accompanied by heating. All these processes may 
produce glassy deposits in fractures and cavities on the dia- 
monds, as well as synthetic carbons, frequently as films, on 
the surface. 

These treatments can be identified by conventional 
microscopy combined with strong lighting or lumines- 
cence. Raman spectrometry is helpful in identifying the 
different types of carbon in these diamonds. Diamonds 
with graphite on the surface can be recognized with the 
aid of a thermal-type diamond tester. MT 


Change of colour produced in natural brown diamonds by 
HPHT-processing. V. G. Vins, Proceedings of the 
Russian Mineralogical Society, Vol. 131, No. 4, 
2002, pp. 111-117 [in Russian with English abstract]. 

The change in color produced by high pressure-high tem- 

perature (HPHT) processing of natural brown diamonds at 

5.0-6.0 GPa and 2,100-2,300 K has been investigated by 
absorption spectroscopy in the UV, visible, and IR ranges. 

Such treatment of type Ila brown diamonds makes them 

colorless, but occasionally they acquire a light pink color. 

Type Ia brown diamonds change to bright yellow-green of 

various tints. The depth of color, as well as the relative 

strength of the yellow and green hues, depends on the 
absorption intensity of N3, H4, H3, and H2 nitrogen- 
vacancy centers formed during the HPHT treatment. It is 
concluded that annealing of plastic deformation takes 
place during the HPHT treatment and thus the density of 
dislocations decreases. The energy activating the disloca- 
tion movement via plastic deformation is 6.4 eV. Models 
of the color-center transformations are discussed, and color 
photos of diamonds faceted after HPHT processing are pre- 
sented. RAH 


Change of colour produced in synthetic diamonds by 
b HT-processing. V. Vins, Gemological Bulletin 
(Gemological Society of Russia), No. 5, 2002, pp. 
26-32. 

Changes in types Ila and Ib, and subtypes IaB and IbA, syn- 
thetic diamonds on b HT-processing (exposure to fast-elec- 
tron irradiation and subsequent high-temperature anneal- 
ing) are described. Some observations about synthetic dia- 
monds subjected to this treatment include: A lower growth 
rate results in fewer impurity defects; synthetic diamonds 
grown at various temperatures display different optically 
active defects, including color centers; an increase in 
growth temperature results in a gradual change of the syn- 
thetic diamond type (Ib — IaB > IbA => IaA) and sharp 
color zoning in the synthetic diamond crystal; 
nitrogen-nickel-vacancy defect formation (and sometimes 
resultant photoluminescence) may be induced in synthetic 
diamonds by HPHT processing. 
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[Editor’s note: An earlier paper on BHT-processing of 
natural diamonds by the same author, including details of 
the process, was abstracted in Fall 2002 Gems &) Gemology, 
p. 288.| CT 


Investigation of radiation-induced yellow color in tourma- 
line by magnetic resonance. K. Krambrock, M. V. B. 
Pinheiro, S. M. Medeiros, K. J. Guedes, S. Schweizer, 
and J.-M. Spaeth, Nuclear Instruments and Methods 
in Physics Research B, Vol. 191, No. 1-4, 2002, pp. 
241-245. 

The cause of the yellow color produced by y-irradiation of 

colorless Li-bearing tourmaline (elbaite) from Minas 

Gerais, Brazil, was determined by electron paramagnetic 

resonance (EPR) and electron nuclear double resonance 

(ENDOR) techniques. 

Two paramagnetic centers (I and II) are present. Center 

II is identified as an H® electron trap. The identification of 

center I is not as direct and is proposed to be an AlI-O—Al 

hole trap. Both centers are stable up to 250°C. It is suggest- 
ed that the O' hole trap is responsible for the yellow color, 
with an optical absorption band centered around 3.4 eV and 

a tail extending into the visible range of the spectrum. AI 


MISCELLANEOUS 


Closing the gender gap. R. Bates, /CK, Vol. 173, No. 8, 2002, 
pp. 65-66. 

It is ironic that even though most of the products of the 
jewelry trade are bought and worn by women, the industry 
is dominated by men. However, this is changing. Women 
have a large and growing presence in certain sectors of the 
industry, namely retail, design and fashion, and public rela- 
tions. Conversely, men dominate the watch, gemstone, and 
manufacturing sectors, and there is relatively little female 
involvement in the diamond trade, which is the most tradi- 
tion-bound branch of the industry. 

Much of the credit for the increased visibility and 
advancement of women in the jewelry trade deservedly 
goes to the Women’s Jewelry Association (WJA). It was 
organized in the early 1980s mainly to give women a place 
to network but also as a response, in part, to the fact that 
other organizations in the industry were male dominated. 
WJA has since grown to more than 1,000 members and 
now welcomes men as full-fledged members. 

Even with recent advances, some feel that the trade is 
still significantly behind the times when it comes to gender 
equality. But the once-homogenous (i.e., overwhelmingly 
male) industry is moving inexorably forward with respect 
to gender issues. Recent demographics show that more 
women are interested in entering the trade than men; for 
example, 60% of the resident students at GIA are women. 
Eventually this will result in a closing of the gender gap, as 
it has in many other industries and professions where abili- 
ty and performance are the main criteria for success. 

AAL 
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BERYLLIUM DIFFUSION OF 
RUBY AND SAPPHIRE 


John L. Emmett, Kenneth Scarratt, Shane F. McClure, Thomas Moses, Troy R. Douthit, Richard Hughes, 


Steven Novak, James E. Shigley, Wuyi Wang, Owen Bordelon, and Robert E. Kane 


Over the past two years, the heat treatment of corundum involving lattice diffusion of beryllium (Be) 
at temperatures over 1800°C has become a major issue in the gem trade. Although initially only 
orange to orangy pink (“padparadscha’-like) sapphires were seen, it is now known that a full range of 
corundum colors, including yellow and blue as well as ruby, have been produced or altered by this 
treatment. An extension of the current understanding of the causes of color in corundum is presented 
to help explain the color modifications induced by Be diffusion. Empirical support is provided by Be- 
diffusion experiments conducted on corundum from various geographic sources. Examination of 
hundreds of rough and faceted Be-diffused sapphires revealed that standard gemological testing will 
identify many of these treated corundums, although in some instances costly chemical analysis by 
mass spectrometry is required. Potential new methods are being investigated to provide additional 
identification aids, as major laboratories develop special nomenclature for describing this treatment. 


arly in 2002, it became apparent that corundum 

treated by a new technique in Thailand had 

been filtering into the marketplace unan- 

ced, particularly in Japan. It was subsequently 
learned that these stones had been traded for at least 
six months prior to this discovery, perhaps longer. 
The first announcement of this situation—an alert 
issued by the American Gem Trade Association 
(AGTA) on January 8, 2002—prompted substantial 
activity in gemological laboratories worldwide. 
Quite rapidly it was demonstrated that this new pro- 
cess involved diffusion of the light element berylli- 
um (Be) into a wide variety of corundum types to 
alter their color. 

The diffusion of beryllium into corundum cre- 
ates yellow, orange, or brown color components. 
The effectiveness of this process in turning pale-col- 
ored or nearly colorless corundum into vibrant yel- 
lows and oranges is dramatic. No less dramatic is 
the alteration of pink sapphire to a “padparadscha” 
appearance or a vivid orange, as well as the conver- 
sion of bluish rubies to a fine red color. It also can 
reduce the amount of blue in dark blue sapphires, 
rendering them a more attractive color (figure 1). 
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Our initial interpretation—that this color alter- 
ation was caused solely by the diffusion of berylli- 
um into the stone in an oxidizing atmosphere—was 
denied by those involved with the treatment pro- 
cess, and was questioned by other gemologists. 
Their arguments hinged primarily on observations 
that apparently similar starting materials could 
emerge from this process as a variety of colors, or 
completely unchanged. We believe that those obser- 
vations are correct, but their interpretation is not. 
To understand the unusual behavior of beryllium in 
this material, we will have to examine far more 
closely the origin of color in corundum. 

In addition to their changes in color, these stones 
exhibit many other features—both internal and on 
the surface—that indicate very high-temperature heat 
treatment and/or long periods of treatment. Taken 
together, these features indicate that a new treatment 
regime has been introduced into the jewelry trade. 


See end of article for About the Authors and Acknowledgments. 
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We start this discourse with a short historical 
discussion of corundum heat treatment and the 
connection of this new treatment to previous pro- 
cesses. That is followed by a summary of recent 
progress on beryllium diffusion. Next we delve 
deeply into the causes of color in corundum, 
extending the current understanding, to elucidate 
how a minute amount of this light element can 
cause such a variety of dramatic color alterations. 
To this end, we performed a series of Be diffusion 
experiments in one of our laboratories. We also 
studied a large number of Be diffusion-treated sap- 
phires (some, both before and after treatment), 
untreated sapphires, and sapphires treated only by 
heat, using a variety of gemological and analytical 
methods. On the basis of the examinations and 
testing conducted, we present criteria for determin- 
ing if stones have been Be diffused—some are quite 
simple, and some require advanced analytical 
instrumentation. 

Finally, we note that this new treatment process 
has caused gemological laboratories to re-evaluate 
their thinking about corundum treatments in gener- 
al, and the manner in which the treated stones 
should be described on laboratory reports and other 
documents in particular. Current descriptive lan- 
guage used on reports issued by the AGTA 
Gemological Testing Center and the GIA Gem 
Laboratory is presented. 

Before we proceed, let us take a moment to 
explain the nomenclature that we will use in this 
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Figure 1. The berylli- 
um diffusion process 
can affect many colors 
of corundum, includ- 
ing ruby and blue sap- 
phire. The Be-diffused 
stones shown here 
range from 0.40 to 5.05 
ct. Photo by Harold & 
Erica Van Pelt. 


article. The original diffusion process in which 
titanium was diffused from the outside of a piece 
of corundum into the bulk of the stone, producing 
a blue layer under the surface, was called “surface 
diffusion” by some gemologists (see, e.g., Hughes, 
1997, pp. 121-124). However, the term surface dif- 
fusion is used in many other disciplines to mean a 
process by which a material moves over a surface, 
rather than through the surface into the interior. 
As recommended by the International Union of 
Pure and Applied Chemistry (Kizilyalli et al., 
1999), the scientifically correct term for the pro- 
cess by which a foreign material moves into and 
through a solid is lattice diffusion, previously 
referred to in the scientific literature as bulk diffu- 
sion. For the purposes of this article, we will use 
the term Jattice diffusion or (in its shortened form) 
diffusion to describe this process. 


BACKGROUND 


Corundum has been heat treated with moderate 
color improvement since antiquity. However, 
today’s modern heat-treatment techniques pro- 
duce dramatic results when compared with the 
subtle changes of the past. The historic turning 
point was the discovery, apparently in the 1960s 
(see Crowningshield, 1966, 1970; Beesley, 1982), 
that the translucent milky white to yellow to 
brown and bluish white sapphire from Sri Lanka, 
known as geuda, could be transformed to a fine 
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transparent blue by atmosphere-controlled high- 
temperature heating. This discovery was made 
possible by the availability of simple furnaces 
capable of reaching temperatures in the =1500°C 
range. The striking color change in the geuda 
material was caused by the dissolution of rutile 
inclusions in the stone, and by the inward diffu- 
sion of hydrogen from the reducing atmosphere. 
The importance of hydrogen diffusion was not rec- 
ognized until much later (Emmett and Douthit, 
1993). Eventually, tons of previously worthless 
geuda corundum were converted to marketable 
transparent blue sapphire. 

The benefits of this process with geuda sapphire 
led to successful experimentation with many types 
and colors of sapphire (e.g., Crowningshield and 
Nassau, 1981; Keller, 1982; Themelis, 1992, Emmett 
and Douthit, 1993) as well as off-color ruby. As a 
result, the vast majority of rubies and sapphires trad- 
ed today have been heat treated. 

Initially these gems entered the market without 
any form of disclosure. By the time buyers did learn 
they were treated, the stocks of gem merchants 
were full of stones with color created by a high-heat 
process. In the mid-1980s, international regulatory 
bodies such as CIBJO decided that, because the heat 
treatment of sapphire was a “traditional trade prac- 
tice,” such a treatment need not be declared in the 
course of trade. The concept that turning unattrac- 
tive corundum into a gem by heating it in an atmo- 
sphere-controlled furnace should be regarded as 
“traditional” was questionable from the outset, but 
the situation had reached a stage where something 
had to be done to allow trading to continue. Thus, 
the heat-treated geuda sapphires were placed in the 
same category as the far milder historic corundum 
heat treatments. 

Diffusion-treated corundum first appeared on 
the world market in the late 1970s (Crowning- 
shield, 1979]. This process marked a radical depar- 
ture from all earlier corundum heat treatment in 
that it produced a thin outer layer of saturated blue 
coloration in otherwise colorless or pale-colored 
sapphire by diffusing titanium into the stone from 
the outside. As such, it represented the first success- 
ful attempt to add color to sapphire from an exter- 
nal source. The technology was developed by Union 
Carbide Corp. and then sold to Golay Buchel. 
Eventually, treaters in Thailand also used this pro- 
cess (Kane et al., 1990; Hughes, 1991a,b). Nearly all 
sapphires produced by this method were blue, but a 
few orange stones also were seen (Scarratt, 1983). In 
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1993, GIA researchers reported on the experimental 
production of red “diffusion-treated” corundum 
(McClure et al., 1993). 

In October 2001, Australian gemologist Terry 
Coldham informed one of the authors that a treater 
in Chanthaburi, Thailand, had developed a new 
method to transform bluish red Songea (Tanzania) 
stones to a fine orange to red-orange (Coldham, 
2002; Hughes, 2002). Shortly thereafter, several 
other sources confirmed this information. The 
stones were to be marketed under a variety of new 
color names, such as “Sunset Sapphire” (“Treated 
Songea sapphires . . . ,” 2002). 

During a visit to Bangkok in November/ 
December 2001, another author saw the new treat- 
ed orange sapphires in the gem market, as well as a 
large volume of orangy pink treated stones similar 
in color to traditional “padparadscha” sapphires. 
He later obtained samples for study. When staff 
members at the AGTA Gemological Testing 
Center (AGTA-GTC) examined these samples in 
New York, they found that all showed evidence of 
exposure to a high-temperature treatment (Scarratt, 
2002a). When these stones were immersed in 
methylene iodide, many displayed unusual yellow- 
to-orange rims surrounding pink cores, which sug- 
gested that a yellow colorant was being diffused 
into pink sapphire. 

On December 28, 2001, Ken Scarratt reported 
his observations to Richard Hughes, who then 
examined faceted sapphires just purchased in 
Bangkok by Pala International. He found yellow-to- 
orange rims on most pieces (see, e.g., figure 2). In 
early January 2002, AGTA and Pala International 
issued Internet warnings to their extensive mailing 
lists (Scarratt, 2002b). 

Initially, the cause of these yellow-to-orange 
rims surrounding pink cores (with the overall 
color of the gems being orange to pinkish orange) 
was unknown. One of the authors (JLE) suggested 
in January that the features resulted from lattice 
diffusion of light elements, producing what are 
called “trapped-hole color centers” in the crystal 
lattice of the corundum. While the color produced 
and the elements added were different, the process 
was essentially identical to that used more than a 
decade earlier to produce a blue rim on sapphire 
by the diffusion of titanium. However, gemolo- 
gists at Bangkok’s Gem Research Swisslab (GRS) 
and the Gem and Jewelry Institute of Thailand 
(GIT) suggested that the color enhancement in 
this orange to orangy pink corundum was due to a 
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Figure 2. Most of the Be-diffused stones seen early on, 
particularly in the pink-orange color range, showed 
distinct yellow-to-orange surface-conformal layers 
when viewed in immersion. Photomicrograph by 
Shane F. McClure; magnified 10x. 


change in the oxidation state of iron brought 
about by simple heat treatment (GIT, 2002; 
Proust, 2002; Weldon, 2002). 

At the same time the orange color rims were 
observed, other unusual features were seen in these 
stones. Significant overgrowths of synthetic corun- 
dum were noted on rough stones (Scarratt, 2002b). 
In addition, remnants of these synthetic over- 
growths were seen in stones re-cut and polished, 
raising the issue of what portion of the faceted 
stone was natural (McClure, 2002a). These fea- 
tures, plus unusual inclusion damage, suggested 
that an entirely new form of heat treatment had 
been initiated in Thailand. 

Toward the end of January 2002, the GIA Gem 
Laboratory engaged one of the authors (SN) to ana- 
lyze the treated stones using secondary ion mass 
spectrometry (SIMS, see Box A]. During the AGTA- 
sponsored Gemstone Industry and Laboratory 
Conference held in Tucson in early February 2002, 
another of the authors presented the SIMS data, 
which showed that not only did these stones con- 
tain beryllium, but there also was a direct correla- 
tion between the depth of color penetration and the 
depth of Be penetration (McClure et al., 2002). At 
the time, no standards for chemically analyzing the 
amount of beryllium in sapphire were available, and 
thus the absolute magnitude of the Be concentra- 
tion was incorrect in these data (Wang and Green, 
2.0024); however, the relationship between berylli- 
um content and the color-altered zone was very 
clear. Specifically, the concentration of Be decreased 
from the edge toward the center of suspected treat- 
ed orangy pink sapphires, and the highest Be con- 
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centrations occurred in the yellow-to-orange sur- 
face-related color zones. These results, combined 
with the surface-conformal nature of the rims, 
proved that beryllium had been diffused into the 
stones from an external source for the purpose of 
creating the observed color. 

Following the discovery that Be was the element 
being diffused into the sapphires, two of the authors 
began a series of experiments designed to replicate 
the treatment being used in Thailand (see “Beryl- 
lium Diffusion into Corundum: Process and 
Results” section below). They guessed that the Thai 
treaters would use chrysoberyl, since it was com- 
monly recovered with pink sapphire in Madagascar. 
Therefore, they heated Madagascar sapphires in the 
presence of crushed chrysoberyl (BeAL,O,) to provide 
the beryllium, and found they could produce all the 
color modifications seen with the Thai treatment 
(Emmett and Douthit, 2002a). Simultaneously, sci- 
entists at D. Swarovski in Wattens, Austria, were 
carrying out similar experiments (McClure, 2002b). 
By May 2002, both the Swarovski and Emmett/ 
Douthit teams had independently reproduced the 
results of the Thai process. 

After the 2002, Tucson Show, many gemologists 
began studying this material, which was available in 
abundance. On May 4, 2002, a meeting was held in 
Carlsbad, attended by several of the present authors, 
Dr. George Rossman of the California Institute of 
Technology, and representatives of the SSEF Swiss 
Gemmological Institute and the Gemological 
Institute of Thailand. At this meeting, the results of 
GIA and AGTA studies and those of Emmett and 
Douthit were presented and debated. Subsequently, 
many contributions to the understanding of these 
stones have appeared in the literature (Coldham, 
2002; Hanni, 2002; Hanni and Pettke, 2002; Pisutha- 
Arnond et al., 2002; Qi et al., 2002; Peretti and 
Gunther, 2002, Fritsch et al., 2003). 

On February 7, 2003, at the Tucson Show, AGTA 
held a panel discussion on this new process; presen- 
tations were given by several of the present authors 
and others (Shor, 2003). While Thai processors and 
dealers were still denying that the sapphires were 
being treated by Be diffusion (“Thailand . . . ,” 2002), 
the information presented by this panel was indis- 
putable. Don Kogen, president of Thaigem.com, 
attended this and other Tucson meetings on Be dif- 
fusion as the representative of the Chanthaburi Gem 
and Jewelry Association (CGA). He vowed to return 
to his CGA colleagues with this information to help 
resolve the situation. 
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cates the trigonal character of the 
mineral and serves as a means of identi- 
fication. When crystals are found 
doubly terminated they show a different 
arrangement of the faces on the two 
terminations and are therefore said to 
be hemimorphic (half-form). When 
speaking of gem tourmalines one usually 
thinks of the magnificent bi-colored and 
transparent crystals from Pala, Cali- 
fornia and Madagascar and seldom 
thinks of the black schorl as being a 
variety noted for its beauty. Neverthe- 
less the crystals of schorl from Pierre- 
pont,-New York, are true gems without 
the necessity of additional fashioning. 

The most spectacular specimens of 
uncut gem minerals usually found in 
museums are species of hexagonal min- 
erals, the beryls, tourmalines, quartz, 
calcites and apatites. In studying crys- 
tals of minerals belonging to this system 
it is often easy to confuse them with 
certain orthorhombic and tetragonal 


crystals since the three systems may 
produce elongated crystals with more 
or less cylindrical outline. The hex- 
agonal crystals may be identified by a 
careful study of the prism faces. 

The silicate minerals in the normal 
division do not show perfect cleavages 
as a rule, while most of the rhombo- 
hedral minerals show perfect cleavages. 
Most carbonate minerals that do not 
contain water have perfect rhombche- 
dral cleavage while all other carbonates 
of this type lack a perfect cleavage. 
All natural elements crystallize in the 
isometric or rhombohedral systems with 
the exception of sulphur and those be- 
longing to the rhombohedral division 
show perfect cleavages. Obviously, 
cleavage is a distinctive feature of most 
minerals belonging to this division. 
Corundum and hematite, both rhombo- 
hedral minerals, are type examples of 
parting and tourmaline and quartz are 
type examples of piezoelectricity. 


The Emerald in Fable and History 


The emerald occupies a rather unique 
position in the history of precious 
stones. It has been the gemstone most 
appreciated by the cultured few of each 
age and lacks the background of vio- 
lence and intrigue associated with the 
diamond with its cold, hard beauty. 
It is. particularly appropriate that this 
gem with its fine green color should 
be chosen as the birthstone for May 
to symbolize the beauty and promise 
of ‘Nature in the Spring of each year. 
It is equally appropriate that the gem 
is chosen in hagiology to symbolize 
faith, faith in adversity, kindness and 
goodness. What other gem could be 
more symbolic? 

The name is of uncertain origin but 
apparently has come down in its present 


form through French corruptions of the 
Greek and Latin name smaragdus. The 
ancient Greek and Latin writers un- 
doubtedly included a number of green 
minerals under this name but the true 
emerald was well known to them. Some 
authorities question the translation of 
the Hebrew name used by Moses as 
emerald, but Egyptian rulers had been 
buried with emeralds among their prized 
possessions for centuries before the time 
of Moses and this gemstone must have 
been known to him. 

As is well known, the emerald was 
the first of the more valuable gems 
to be mined on a systematic scale. The 
famous mines of Cleopatra were essen- 
tially worked out in ancient times and 
during the Middle Ages emeralds were 
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Box A: SIMS ANALYSIS 


SIMS (secondary ion mass spectrometry) allows us to 
measure the trace-element concentrations in gems 
down to ppm (parts per million), a capability never 
before needed by gemologists. SIMS is one of two com- 
mercially available techniques that can measure a wide 
range of elements down to ppm levels or below—the 
other is LA-ICP-MS (laser ablation—-inductively coupled 
plasma-—mass spectrometry}—without requiring special 
preparation or significant damage to the gem. It is the 
remarkable color alteration produced by as little as 10 
ppma of beryllium in ruby and sapphire that has forced 
us to embrace such sophisticated analytical instrumen- 
tation. Embracing it has not been easy, as SIMS instru- 
ments cost $750,000-—$2,000,000 each and LA-ICP-MS 
is more than $400,000, well beyond the financial capa- 
bility of most gemological laboratories. Thus, gem labs 
typically send samples to major analytical laboratories, 
recognizing that the cost of a single SIMS analysis can 
be several hundred dollars. 

The first commercial SIMS instrument was devel- 
oped to analyze the moon rocks brought back by the 
Apollo astronauts in 1969, and the technique has been 
used by mineralogists and petrologists ever since. Today 
SIMS is also indispensable to the semiconductor indus- 
try for analysis of semiconductor wafers. SIMS operates 
by focusing a beam of oxygen ions onto the sample in a 
vacuum chamber. Ions of the sample material are 
knocked off the surface of the sample by the oxygen ion 
beam and drawn into a mass spectrometer, which then 
sorts the ions according to their atomic weight and 
charge. Once sorted, the ions are counted, and the 
counts are converted into a quantitative analysis of the 
sample (for more information, see Hervig, 2002). Figure 
A-1 shows a SIMS instrument in operation. 

As material (ions) must be removed from the stone, 
an important question is how much damage is done to 
the gem during this kind of analysis. The oxygen ion 
beam itself is very small, and is scanned over a square 
150 by 150 pm in area, with material removed to a 
depth of about 200 nm. This shallow depression on a 
polished gemstone is nearly impossible to see with the 
unaided eye, but can be observed with a gemological 
microscope if light is reflected off the surface at certain 


Figure A-2. The ruby in these images was 
tested with SIMS and then examined at 
25x magnification. In standard darkfield 
illumination, no mark is visible (left). 
With reflected light, however, the mark 
left behind by the SIMS instrument can be 
seen (right). The mark is only visible with 
careful illumination. It would be extreme- 
ly difficult to find with a hand loupe. 
Photomicrographs by Shane F. McClure. 
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Figure A-1. Shown here is a SIMS instrument in use at 
Evans East. This PHI 6600, manufactured by Physical 
Electronics, employs a quadrupole mass spectrometer 
to detect and sort ions from the corundum sample. 


angles (figure A-2). Although generally unnecessary, a 
light polishing can remove this very small depression. 

As with all sophisticated analytical instruments, 
achieving accurate calibration is a primary issue for 
SIMS. Having a calibration standard made out of the 
same type of material as the one being analyzed is by far 
the best method. (Standards made from other materials 
can, at best, provide relative concentrations.) One of the 
authors (SN) has prepared synthetic sapphire standards 
for the analyses reported in this article, by ion implanta- 
tion. Widely used in the semiconductor industry, this 
technique can place a broad variety of elements into sap- 
phire with a concentration accuracy of a few percent or 
better (Leta and Morrison, 1980). Thus, we can achieve 
an overall measurement accuracy of better than 25%— 
an impressive level when one considers that we are try- 
ing to measure only 5 to 50 atoms out of a million. 

LA-ICP-MS has also been used successfully for 
this purpose by other researchers. SIMS was chosen 
for our research because several authors had experi- 
ence with this instrument in detecting light elements 
in corundum. 
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Shortly thereafter, on February 20, 2003, the 
Chanthaburi Gem and Jewelry Association issued 
a press release (CGA, 2003) in which they reported 
that their members had been introducing berylli- 
um into corundum by adding chrysoberyl to the 
crucibles in which the stones were heated. They 
further stated that these Be-diffused stones would 
now be sold separately from other heat-treated 
corundum. 

The Be-diffusion process is, without question, 
the most broadly applicable artificial coloration of 
natural corundum ever achieved (see figures 1 and 
3). Analyses have indicated that the beryllium con- 
centration in the diffused region is only about 10 
to 35 parts per million atomic (ppma!) or 4.4 to 
15.5 ppmw (see table 1 for a comparison of ppma 
to ppmw for selected elements). That such minute 
concentrations of a foreign element could result in 
such a wide variety of colors and color modifica- 
tions in corundum is truly unique. To understand 
how this occurs, we need to examine the causes of 
color in corundum much more closely than gemol- 
ogists have done in the past. Much of the informa- 
tion in the following section has appeared in the 
scientific literature over the past 40 years, or is the 
result of studies by one of the authors (JLE) over 
the past 15 years. 


COLOR IN CORUNDUM 


The range of color in natural corundum is very 
extensive, with nearly all colors being represented 
(figure 4). Pure corundum is comprised only of 
aluminum and oxygen, and is colorless. Moreover, 
its spectrum exhibits no absorption (i.e., the mate- 
rial is transparent) from 160 nm in the ultraviolet 
to 5000 nm in the infrared. Gem corundum owes 
its many colors to impurities (typically trace ele- 
ments) that have replaced aluminum in the crys- 
tal lattice. These impurities can be the direct 
cause of color, or they can chemically interact 
with one another to cause color, or to modify the 
strength (saturation) of a color. For the purpose of 


' The more commonly used units for trace-element analyses are 
ppmw (parts per million by weight), usually written as ppm. One ppm 
means that there is one microgram of impurity in one gram of crystal. 
In this article we choose to use the units ppma (parts per million atom- 
ic) to state trace-element concentrations. One ppma means that there 
is one trace-element atom for each million atoms (for corundum, i.e., 
400,000 Al atoms + 600,000 O atoms). These units are chosen 
because it is the concentration of trace elements that determines how 
they chemically interact, not their relative weights. 
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Figure 3. The Be-diffusion process is capable of causing 
dramatic changes in the color of corundum, such as 
altering pink sapphire (left, before treatment) to pink- 
orange (right, after treatment). The samples weigh 
approximately 1 ct each; photo by Sriurai Scarratt. 


this section, we will limit the discussion to col- 
orants of natural corundum and will ignore the 
additional colorants used in the production of syn- 
thetic corundum. 

The causes of color in corundum are manifold 
and have been addressed in many publications. A 
good general review is provided by Fritsch and 
Rossman (1987, 1988); Hager (2001) recently 
reviewed the colors of corundum extensively in the 
context of heat treatment. The basic causes of color 
(also referred to as chromophores) are well known: 
Cr** produces pale pink through deep red as concen- 
trations increase, Fe** produces a pale yellow, Fe**- 
Ti* pairs produce blue, and less well recognized 
Mg?*-trapped-hole pairs are responsible for yellow to 


TABLE 1. Comparison of ppma and ppmw for 
selected elements.@ 


Element ppma ppmw 
Beryllium 1.000 0.442 
Sodium 1.000 1.128 
Magnesium 1.000 1.192 
Silicon 1.000 1.378 
Potassium 1.000 1.919 
Calcium 1.000 1.996 
Titanium 1.000 2.349 
Chromium 1.000 2.550 
lron 1.000 2.739 
Gallium 1.000 3.420 

@Calculated as: 


ppma = (molecular weight of AlO.)/5 « pomw 
(atomic weight of the element) 
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Figure 4. Non-diffused corundum (here, approximately 
0.40 ct each), whether natural or heat treated, comes 
in a wide variety of colors. Courtesy of Fine Gems 
International; photo by Harold and Erica Van Pelt. 


orangy yellow (Kvapil et al., 1973; Schmetzer, 1981; 
Schmetzer et al., 1983; Boiko et al., 1987; Emmett 
and Douthit, 1993; Hager, 1993). A much wider 
range of colors is produced by combinations of these 
primary chromophores. For example, green is 
caused by Fe** yellow plus Fe?*-Ti* blue. Purple or 
violet is a combination of Cr**+ red with Fe*+-Ti** 
blue, and orange can be a combination of the Mg”*- 
trapped-hole yellow plus the Cr** pink. 

While these causes of color are understood in 
very general terms, a more detailed understand- 
ing is required to determine the impact of adding 
beryllium to the already complex set of natural 
trace elements in corundum. In addition, we 
must understand the chemical interactions that 
occur among the various trace elements within 
the corundum crystal lattice. Although most of 
us are more familiar with chemical interactions 
in liquids than in solids, the latter nonetheless 
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occur during the growth of the corundum crystal 
in nature and during its heat treatment at high 
temperatures. 

First, we must note that there are two general 
classes of impurities in the corundum lattice: (1) 
those such as Cr** that have the same chemical 
valence [i.e., a positive charge of three) as Al** and 
are termed isovalent; and (2) those such as Mg”* or 
Ti** with a valence different from that of the Al** 
they replace—termed aliovalent. The most com- 
mon impurities in corundum are (by valence): 


+1—Hydrogen (H) 
+2—Magnesium (Mg} 
+2—Iron (Fe) 
+3—Iron (Fe) 
+3—Chromium (Cr]} 
+4—Titanium (Ti) 
+4—Silicon (Si) 


Unfortunately, we know of no complete trace- 
element analyses (that is, down to the parts per mil- 
lion atomic—ppma—level) in the literature for any 
natural corundum sample. Yet, as we shall see, as 
little as 5 to 10 ppma of an impurity can have a sub- 
stantial impact on the color of corundum. 


Isovalent Ions. Cr** by itself in corundum produces 
a red coloration—from pale pink through deep red, 
depending on its concentration (McClure, 1962; fig- 
ure 5). The quantitative relationship between the 
strength of the optical absorption and the concen- 
tration of chromium is well known, primarily 
because it has been carefully studied for ruby laser 
design (Dodd et al., 1964; Nelson and Sturge, 1965). 

Fe** in corundum at high concentration (> 2,500 
ppma) produces a weak yellow coloration 
(McClure, 1962; Eigenmann et al., 1972, figure 6). 
The relationship between the strength of the 
absorption and the Fe** concentration is not nearly 
as well understood as that of Cr**. The weak broad 
bands at 540, 700, and 1050 nm, and the narrow 
peak at 388 nm, have been assigned to single Fe** 
ions, while the narrow peaks at 377 and 450 nm 
have been tentatively assigned to Fe**-Fe** pairs on 
the nearest-neighbor lattice sites (Ferguson and 
Fielding, 1971, 1972; Krebs and Maisch, 1971). 
However, this does not preclude the existence of a 
higher-order cluster with additional ions or other 
point defects. A quantitative relationship between 
the strength of each of these iron-absorption fea- 
tures and iron concentration has not been com- 
pletely established. 
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Charge Compensation. The field known as defect 
chemistry provides a very useful framework for 
studying charge-compensation mechanisms at 
trace-element concentrations and the chemical 
interactions among trace elements (Kr6éger, 1974; 
Kingery et al., 1976; Chiang et al., 1997; Smyth, 
2000). In this context a “defect” refers to any devi- 
ation from a perfect lattice. Thus impurities, ion 
vacancies, interstitial ions, and free electrons or 
(electron) holes are defects. To help explain the 
impact of diffusion treatment, we will review here 
a few principles of defect chemistry as it relates to 
corundum. 

In discussing corundum coloration, it simplifies 
matters somewhat if we think about the charge of 
an ion relative to the charge of a perfect lattice. In 
defect chemistry, ions with excess positive charge 
(e.g., Ti* in Al,O,) are termed donors, because they 
must “give up” an extra electron to enter the 
corundum lattice. Similarly, ions with a relative 
charge of -1 are termed acceptors, because they 
must “accept” an electron from some other ion in 
the lattice. Ti+ (for example) has one extra positive 
charge than the Al* ion it can replace in corun- 
dum, so we say that its relative charge is +1. Mg”* 
has one less positive charge than the Al** it can 
replace, so we say that its relative charge is -1. If 
both magnesium (relative charge -1) and titanium 
(+1) are incorporated together, they will tend to 
attract each other and co-locate at adjacent or near- 
by sites in the atomic lattice, thereby balancing 
their charges. Acceptor or donor properties can also 
be ascribed to other point defects in the corundum 
lattice. Thus, oxygen vacancies (relative charge +2) 
and aluminum interstitials (+3) are donors, while 
oxygen interstitials (-2) and aluminum vacancies 
(-3) are acceptors. 

A crystal must be electrically neutral, which 
means that the sum of all the relative positive 
charges and electron holes equals the sum of the 
relative negative charges and free electrons. 
Consequently, when an ion with a valence of more 
or less than +3 replaces Al, the excess or deficiency 
of electrical charge must be compensated in some 
way so that the average positive charge still is +3. 
There are several ways charge compensation can 
occur. During growth of corundum at low temper- 
ature, pairs of ions, one with a valence of +4 and 
one with a valence of +2, could be incorporated 
near each other in a crystal. The total charge of the 
pair, +6, is the same as the two Al ions they would 
replace. Thus the crystal remains electrically neu- 
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Figure 5. These synthetic rubies and sapphires are col- 
ored only by chromium. As the concentration of 
chromium increases (left to right), so does the satura- 
tion of the red. The spectrum shows chromium 
absorption in corundum. The samples weigh approxi- 
mately 2.5 ct each; photo by Sriurai Scarratt. 


tral. Vacancies (atoms missing from lattice sites) 
and interstitial ions (atoms located between lattice 
sites) can also charge compensate trace elements. 


Figure 6. The 1.10 ct Australian sapphire on the left is 
unusual in that its color results only from a high con- 
centration of iron. The 1.40 ct heat-treated Sri Lankan 
sapphire on the right is colored by Mg?*-trapped-hole 
centers. Iron causes pale yellow in sapphire primarily 
by absorption of Fe*-Fe** pairs as shown in this spec- 
trum. The narrow peak at 388 nm and the broad 
bands at 540, 700, and 1050 nm are attributed to Fe*, 
while the narrow peaks at 377 and 450 nm are 
attributed to Fe**-Fe* pairs. Photo by Maha Tannous. 


UV-Vis-NIR ABSORPTION SPECTRUM 


RELATIVE ABSORBANCE 
iL 


T pS SS a el 
200 300 400 500 600 700 800 900 1000 1100 


WAVELENGTH (nm) 


Gems & GEMOLOGY SUMMER 2003 91 


For example, an oxygen vacancy can charge com- 
pensate two divalent (+2) ions, and an oxygen 
interstitial can charge compensate two tetravalent 
(+4) ions. Likewise, an aluminum (Al**) vacancy 
can charge compensate three tetravalent ions, and 
an aluminum interstitial ion can charge compen- 
sate three divalent ions. In special cases, a free 
electron (relative charge -1) can charge compen- 
sate a tetravalent ion; or an electron hole (relative 
charge +1, hereafter simply called a hole) can com- 
pensate a divalent ion. (A hole in corundum can be 
viewed as an oxygen ion carrying a charge of -1 
rather than —2.) 

The way aliovalent ions are charge compensat- 
ed can be a large factor in determining the color of 
corundum. As noted above, when an aliovalent ion 
such as Ti** is incorporated into a corundum crystal 
during growth, it can (in principle) be charge com- 
pensated by a divalent ion such as Mg**, or by an 
aluminum vacancy, or by an oxygen interstitial ion. 
However, it takes far less thermal energy to incor- 
porate a divalent ion than to produce an aluminum 
vacancy or an oxygen interstitial ion. Corundum 
growth in nature takes place at temperatures from 
250°C to 1400°C, depending on the growth environ- 
ment (G. Rossman, pers. comm., 2003). At these 
temperatures, it is far more likely that Ti will be 
charge compensated by a divalent ion (e.g., Mg?* or 
Fe**), assuming one is available in the growth medi- 
um, than by a vacancy or an interstitial ion. 
However, when corundum is grown in the laborato- 
ry at temperatures near its melting point (~2045°C), 
or is heat treated at high temperatures, charge com- 
pensation by vacancies, interstitial ions, holes, or 
electrons becomes more probable. 


Aliovalent Ions. Fe** in corundum is an acceptor 
(Dutt and Kréger, 1975; Koripella and Kréger, 
1986). When not associated with other impurity 
ions, it produces little or no coloration. Its major 
absorption bands are expected to be located in the 
near-infrared portion of the spectrum but have not 
been observed. In corundum with a relatively high 
iron concentration, Fe* often is found paired with 
Fe**, leading to the creation of an intervalence 
charge-transfer ([VCT) absorption (Burns, 1981; 
Nassau, 1983; Fritsch and Rossman, 1987) cen- 
tered at 875 nm (Krebs and Maisch, 1971; Smith 
and Strens, 1976). This band is very broad, with 
the short-wavelength edge extending into the red 
region of the spectrum, thereby producing a weak 
gray-blue coloration. Because this absorption fea- 


92 BERYLLIUM DIFFUSION OF RUBY AND SAPPHIRE 


ture is rarely seen in crystals that do not contain 
titanium, it is sometimes difficult to evaluate 
how much of the blue coloration is contributed by 
this band (as opposed to that contributed by the 
Fe?*-Ti* pairs). Fe?* also can be charge compensat- 
ed by tetravalent donor ions (e.g., Si** or Ti**) 
forming donor-acceptor pairs; by hydrogen, which 
is also a donor; or, in the absence of either of these 
options, by an oxygen vacancy or an aluminum 
interstitial ion. 

Mg** in corundum is also an acceptor (Mohapatra 
and Kréger, 1977; Wang et al., 1983). It can be charge 
compensated by tetravalent donor impurities (e.g., 
Si* or Ti**) or, in their absence, by an oxygen 
vacancy or a hole. Charge compensation by an oxy- 
gen vacancy can occur when the crystal grows in 
reducing conditions, or is heat treated in a reducing 
atmosphere (Emmett and Douthit, 1993). When 
corundum is grown or heat treated in oxidizing 
conditions, charge compensation of Mg** appears 
to be by holes. The Mg”*-induced trapped hole (an 
O! ion in the lattice) absorbs light very strongly in 
the blue region of the spectrum (figure 7), which 
leads to a yellow to orangy yellow color in natural 
sapphire. In high-purity synthetic sapphire contain- 
ing only Mg”*, the color is a violet-brown. The dif- 
ference between these two colors is caused by the 
location of the trapped hole in the lattice. In the 
latter case, the hole is trapped close to the Mg”* 
ion. However, in natural sapphires, which contain 


Figure 7. The absorption spectrum of the Mg?* trapped 
hole, as seen here in synthetic corundum, produces 
the strong yellow to orangy yellow color in some natu- 
ral sapphires that are heat treated without beryllium. 
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a variety of other impurities, the hole would prefer- 
entially associate with Cr** if available, or with Fe** 
in the absence of Cr**, leading to an altered absorp- 
tion spectrum. As we shall see, in corundum Be** 
behaves much like Mg?*. The heat-treated yellow 
sapphires of Sri Lanka and the natural-color or heat- 
treated yellow portions of the sapphires from Rock 
Creek, Montana, are both colored by the Mg?*- 
trapped-hole mechanism. As shown in figure 6, the 
weak yellow produced by Fe** and the orangy yellow 
of the Mg**-induced trapped hole differ greatly in 
appearance. At this point we should note that the 
Mg?*-related absorption center may be more com- 
plex than a simple Mg?*-induced trapped hole. Hager 
(1996) has shown that the addition of iron increases 
the absorption strength of the trapped hole in syn- 
thetic sapphire. The details of this interaction 
remain to be elucidated. 

One of the unusual properties of the Mg?*- 
trapped-hole coloration in corundum is its sensitivi- 
ty to oxygen partial pressure (oxygen concentration 
in the furnace atmosphere; Mohapatra and Kroger, 
1977; Wang et al., 1983; Emmett and Douthit, 
1993). If corundum containing Mg”* is heat treated 
in pure oxygen, the color saturation is maximized. If 
that stone is then re-heated at an oxygen partial 
pressure of 10° atmospheres (atm), the color satura- 
tion is greatly reduced. This very strong relationship 
between color saturation and oxygen partial pres- 
sure is not observed with other chromophores in 
corundum, such as Cr**, Fe**, and Fe**-Ti*. 

Silicon, a common trace element and (as Si**) a 
donor in corundum (Lee and Kréger, 1985), pro- 
duces no coloration but poses some unique issues. 
All of the other impurities discussed so far normal- 
ly occupy octahedral sites (i.e., a site surrounded 
by six oxygen atoms) in corundum and in many 
other minerals. Si almost always occurs in a tetra- 
hedral site (surrounded by four oxygen atoms) in 
minerals, although there are no tetrahedral cation 
sites in the corundum lattice. So far, we do not 
know whether Si occupies an octahedral site in 
natural corundum, or forms as micro- or nano- 
sized crystals of some simple aluminosilicate min- 
eral embedded in the corundum crystal. We do 
know, however, that in Si-containing synthetic 
corundum that has been heated to high tempera- 
ture and cooled rapidly (that is, compared to geo- 
logic cool-down times], at least a portion of the sil- 
icon is located on octahedral aluminum sites (Lee 
and Kréger, 1985). If Si actually occupies an alu- 
minum site, it will be “active”; that is, it will take 
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Figure 8. These magnificent blue sapphires (weighing 
approximately 2—4 ct) owe their color primarily to 
Fe?*-Ti* pairs. Courtesy of Gordon Bleck; photo by 
Maha Tannous. 


part in the charge-compensation process as a 
donor. If it is part of a nano-crystal of another min- 
eral phase, it will not. Since we are primarily con- 
cerned here with corundum that has been heat 
treated for tens to hundreds of hours at a very high 
temperature during the Be-diffusion process, we 
will make the assumption that low concentrations 
of naturally occurring silicon (i.e., <100 ppma) are 
in solution on Al** sites. Proving this conjecture 
will require additional studies. We may eventually 
find that only a portion of the silicon is active. 

Fe**-Ti* acceptor-donor pairs, located on near- 
est-neighbor Al sites in corundum, produce the 
strong blue color that we normally associate with 
sapphire (figure 8), resulting from strong absorp- 
tions at 580 and 700 nm. Figure 9 shows the Fe**- 
Ti** absorption spectrum of a synthetic sapphire 
sample containing only Fe and Ti impurities at 
color-significant concentrations. This IVCT absorp- 
tion feature in corundum was first explained by 
Townsend (1968). More recent studies indicate that 
the actual defect cluster may contain other ions 
and point defects in addition to single iron and tita- 
nium ions (Moon and Phillips, 1994). 

The relative effectiveness of each of these trace 
elements, or trace-element pairs, in coloring corun- 
dum varies widely. Considering the color satura- 
tion in a 2. ct stone, in the course of earlier research 
we observed the following: 2,500 ppma Fe** will 
produce a weak yellow color; 1,000 ppma Cr** will 
produce a strong pink-red; 50 ppma of Fe**-Ti** 
pairs will produce a very deep blue; and, finally, 15 
ppma of Mg?*-hole pairs will produce a strong 
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Figure 9. This is the absorption spectrum of Fe?*-Ti** 
pairs in synthetic sapphire containing only iron and 
titanium. 


orangy yellow (figure 10). Thus, to understand the 
color of corundum, we must be able to analyze for 
these elements, and those that interact with them, 
down to the level of a few ppma, which is usually 
not possible, particularly for lighter elements, with 
energy-dispersive X-ray fluorescence (EDXRF) spec- 
troscopy or electron microprobe analysis. To mea- 


Figure 10. The effectiveness of trace elements in color- 
ing corundum varies widely. These samples illustrate 
the effects of ~3,000 ppma Fe** (1.10 ct natural yellow 
sapphire in center), ~1,000 ppma Cr** (193.58 ct syn- 
thetic ruby rod at top), ~50 ppma Fe**-Ti* pairs (2.54 ct 
blue synthetic sapphire wafer in center), ~20 ppma 
Mg?* (40.04 ct purplish brown synthetic sapphire disc 
in lower left), and ~25 ppma Cr** with ~25 ppma Mg** 
(large orange boule on right). Photo by Maha Tannous. 
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sure both light and heavy elements in corundum at 
such low levels, we have found it necessary to use 
SIMS or LA-ICP-MS (again, see Box A). 


Interactions Among Elements. Natural corundum 
typically contains most of the elements listed 
above at some concentration levels, and most of 
these impurities will interact with each other to 
affect the color. Because of the higher energy 
required to incorporate aliovalent ions into the 
crystal lattice, the isovalent ions of Fe** and/or Cr** 
usually are incorporated at much higher concentra- 
tions (when they are available in the growth envi- 
ronment). Thus, for most corundum, the Fe con- 
centration usually exceeds, by at least one order of 
magnitude, the concentrations of Ti, Si, or Mg (as 
well as other trace elements of less significance). 

It is well known that, in the case of natural sap- 
phire, there is little or no correlation between the 
concentrations of iron and titanium and the satura- 
tion of blue coloration. This is perhaps the most 
obvious indication that the interaction among 
impurities is as important as the presence of the 
impurities themselves in determining corundum 
color (Hager, 1992, 1993, 2001; Emmett and 
Douthit, 1993). With defect chemistry, we can 
describe chemical reactions in solids in a way that 
is directly analogous to what is done for chemical 
reactions in liquids or gases (Pauling, 1956). Thus, 
once we know the relative positions of the donor 
and acceptor energy levels for corundum (see Box B}, 
we can predict how the impurities will chemically 
interact (Smyth, 2000). For many of the impurities 
in corundum with which we are concerned, the rel- 
evant energy levels have been determined by F. A. 
Kréger and his co-workers; an extensive compila- 
tion is contained in Kréger (1984) and its references. 

From the defect chemical reactions and energy- 
level positions, we can formulate a series of rules 
about impurity interactions. These rules will not 
be valid for all concentration levels or all tempera- 
tures. They become less valid as concentrations of 
key elements (such as Mg and Ti) exceed ~100 
ppma or at temperatures substantially above room 
temperature. A correct formulation requires solv- 
ing the equilibrium chemical defect reactions for 
all of the impurities simultaneously, which is 
beyond the scope of this article. However, the fol- 
lowing rules are useful for a wide variety of situa- 
tions and, more importantly, will serve to illustrate 
the types of chemical reactions that occur among 
impurities in corundum: 
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e When Fe, Ti, and Mg are present, Ti will charge 
compensate Mg before Fe. 


e When Fe, Si, and Mg are present, Si will charge com- 
pensate Mg before Fe. 


e When both Ti and Si are present with Fe and Mg, Ti 
will charge compensate both Mg and Fe before Si 
will charge compensate Mg and Fe. 


e When the concentration of Mg exceeds the sum of 
the concentrations of Si and Ti, Mg will be charge 
compensated by oxygen vacancies if the corundum 
formed or later was heat treated at low oxygen par- 
tial pressures. If it was formed or heat treated at high 
oxygen partial pressures, the Mg will be charge com- 
pensated by a trapped hole. 


A simple example excluding silicon (Hager, 
2.001) will illustrate how these rules can be applied. 
In all of the examples given here, we assume an Fe 
concentration substantially greater than the con- 
centration of Ti, Si, Mg, and Be, as this is typical of 
natural sapphire. Suppose we have an iron-contain- 
ing sapphire with 60 ppma Ti“. If this stone grew or 
was heat treated in a reducing environment, all 60 
ppma Ti** would form Fe?'-Ti** pairs, so the stone 
would be deep blue. Another stone with exactly the 
same iron and titanium content but also with 40 
ppma Mg?** would be a lighter blue, since 40 ppma 
of the Ti** charge compensates the Mg”* leaving 
only 20 ppma of Ti** to form Fe*-Ti* pairs. 

Now consider that the magnesium concentra- 
tion of our stone is 60 ppma. All 60 ppma of the Ti** 
must charge compensate the 60 ppma Mg”*, leaving 
none to form Fe”*-Ti* pairs. Thus, if the stone has 
only a few hundred ppma of iron, it is nearly color- 
less; with more iron, it would be pale yellow or 
greenish yellow. 

To push our example one step further, suppose 
that the magnesium content is even higher, at 75 
ppma. Now there is 15 ppma excess Mg”* that is not 
charge compensated by Ti‘. If this stone formed or 
was treated at low oxygen partial pressures, it will 
be nearly colorless or pale yellow, depending on its 
iron concentration (as for the 60 ppma Mg** case). 
This is because at low oxygen partial pressures, the 
charge compensation is by oxygen vacancies. 
However, high oxygen partial pressure would result 
in a strong orangy yellow color (figure 11), due to 
charge compensation of the 15 ppma excess Mg** by 
holes forming the trapped-hole color center. 

Using square brackets (such as [Mg]] to denote 
concentrations, we have summarized these interac- 
tions for iron-containing sapphire in table 2. 
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Figure 11. This strong orangy yellow color zone in a 
heat-treated Montana sapphire is caused by the pres- 
ence of Mg? trapped-hole centers. Photomicrograph 
by Shane F. McClure; immersion, magnified 10x. 


Aspects of this relationship between Fe, Ti, and 
Mg have been discussed previously (Hager, 1992, 
2001; Emmett and Douthit, 1993). Hager (1993, 
2001) represented the charge compensation of tita- 
nium by magnesium as MgTiO, (that is, Ti and Mg 
form a cluster occupying two nearest neighbor Al 
sites). While this is certainly possible, it is not at all 
necessary. The charge compensation of these two 
ions only requires that they be in the same general 
region of the lattice. 

The Mg, Fe, Ti relationship described (Hager, 
1992, 1993, 2001; Emmett and Douthit, 1993) is 
unfortunately an oversimplified model for natural 
corundum. The actual trace-element chemistry of 
natural corundum is often far more complex. For 


TABLE 2. Relative trace-element concentrations 
and color in iron-bearing corundum. 


Composition® Color 

[Ti4*] >> [Mg?*] Very dark blue under reducing conditions 

[Ti**] > [Mg?*] Blue under reducing conditions 

[Ti4*] = [Mg**] Nearly colorless or iron colored (pale yellow 
to greenish yellow) under oxidizing or 
reducing conditions 

[Mg?*] > [Ti**] Nearly colorless or iron colored (pale yellow 


to greenish yellow) under reducing condi- 
tions; strong yellow to orangy yellow under 
oxidizing conditions 


@Key to symbols: 
> “greater than” (approximately 5-25 ppma excess) 
>> “much greater than” (approximately 25-100 ppma excess) 
= nearly equal to 
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BOX B: UNDERSTANDING TRACE-ELEMENT INTERACTIONS IN CORUNDUM 


There are several different ways to picture interactions 
(chemical reactions) among ions in solids. One of 
these, known as the band model (Bube, 1992; Smyth, 
2000), has been exceedingly effective in describing 
semiconductors. Surprisingly, it has also proved very 
effective in describing materials like corundum, where 
all constituents other than aluminum and oxygen are 
at a concentration of 1% or far less. Figure B-1 shows a 
band-model energy-level diagram of corundum and 
some of its trace elements. In this model, the energy of 
an electron (in electron volts) is plotted on the vertical 
axis. The extent of the horizontal axis is meant to 
imply only that the corundum energy levels are the 
same everywhere in the crystal. The lowest energy 
level on this plot is known as the valence band, 
because it contains all the valence electrons of corun- 
dum. The uppermost energy level is called the con- 
duction band, because if it contained a lot of electrons, 
the solid would conduct electricity. In corundum, the 
conduction band is empty at room temperature, 
which is why pure corundum is an excellent electrical 
insulator. The region between the valence band and 
the conduction band is called the band gap or forbid- 
den band, which has a width of approximately 9 elec- 
tron volts in corundum. In pure corundum, the ener- 
gy-level diagram consists of only the valence band and 
the conduction band. 

When trace elements (impurities) are added to 
corundum, they can form discrete energy levels that 
are often in the band gap. These energy levels are 
shown here as short lines to indicate they are local- 
ized around the impurity ion. To understand how 
these ions interact with one another, we need to 
know their positions relative to each other; their 
absolute positions in the band gap are of somewhat 
lesser importance. There is an agreed-upon conven- 
tion by which the ions are labeled: Donor ions, such 
as titanium (see “Color in Corundum” section), are 
labeled with their charge before donating their elec- 
tron, while acceptors are labeled with their charge 
after accepting the electron. 

If we place magnesium into the corundum lattice 
on an aluminum site replacing an aluminum ion, it 
must have an overall charge of +3 (like Als*) for the 
crystal to remain electrically neutral. But we know 
that the charge on Mg is +2. One method to accom- 
modate this discrepancy is to create a hole (a missing 
electron) in the valence band near the Mg”* ion. This 
type of charge compensation only occurs in highly 
oxidizing environments. Since the relative charge of 
a hole is +1, the hole plus the Mg” ion makes a total 
charge of +3 to satisfy the Al** site requirement. It is 
this Mg?*-hole pair that absorbs light, giving rise to 
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the yellow and brown hues in Mg-containing corun- 
dum. Physically, the hole corresponds to one of the 
oxygen ions near the magnesium having a charge of 
-1 rather than the normal charge —-2. A more struc- 
tural way of looking at this situation is to observe 
that an Al?*-O* group has been replaced by an Mg”*- 
O! group having the same total charge of +1. 

If titanium, a donor, were introduced into other- 
wise high-purity corundum, its preferred valence 
would be +3, and thus it would meet the charge 
requirements of the Al** site. What happens if both Ti 
and Mg are in a corundum crystal in the same 
amounts? The Ti** electron donor level is far above 
the Mg acceptor level, so an electron is transferred 
from Ti** (which becomes Ti**) to the Mg?*-hole pair 
(which becomes just Mg?*). The electron and the hole 
combine, or annihilate each other, to refill the 
valence band or, physically, the O!- near the Mg** 
becomes O* as is normal. In this energy-level dia- 
gram, electrons move (fall) down to positions of lower 
energy. This interaction can also be pictured from the 
point of view of the hole rather than the electron. In 
that perspective, the hole is transferred from the 
Mg**-hole pair to the Ti**, resulting in Mg”* and Ti** 
exactly as before. Also in this energy-level diagram, 
holes fall up. It doesn’t matter which view is used 
since they are both the same, but usually we use the 
electron point of view if there are excess donors and 
the hole point of view if there are excess acceptors. 

We now see a little more clearly what charge 
compensation is, and how it takes place. By this 
mechanism of donor-acceptor electron (or hole) trans- 
fer, the two ions charge compensate each other as +2 
and +4, adding to +6, which is the charge of the two 
Al** ions they replace. This electron transfer only 
occurs because the Ti donor level is far above the Mg 
acceptor level and electrons always move down to the 
lowest available energy level. If the acceptor level was 
above the donor level, it would not occur. The Mg?*- 
Ti* pair does not absorb light in the visible region of 
the spectrum, so its formation does not produce color 
in corundum. However, other pairs absorb light 
strongly and lead to strong coloration. Figure B-2A 
shows the formation of a pair between the Ti** donor 
and the Fe?*-hole acceptor, where the Ti** becomes 
Ti* and the Fe?*-hole pair becomes just Fe*. This 
donor-acceptor transfer creates the Fe?*-Ti** pair 
responsible for the blue coloration in sapphire. 

The Ti** donor level lies far above all acceptor 
levels in corundum, and thus will always transfer 
its electron (becoming Ti**) to some acceptor 
impurity if one is available. This is one of the rea- 
sons why the Ti** absorption spectrum is never 
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Figure B-1. In this energy-level diagram of impurities 
in corundum, trivalent donor ions are shown on the 
left, with divalent acceptor ions on the right. A 
charge-compensating donor-acceptor pair can form 
when the donor level is above the acceptor level. 
There is no significance to the lateral positions of the 
energy levels; the vertical positions are absolute, 
measured from the top of the valence band. Data 
from Kroger (1984) and references therein. 


observed in natural corundum. 

Now if there are two donors at different levels 
and a single acceptor, the highest donor will preferen- 
tially charge compensate the acceptor. If the two 
donor energy levels are close together, they will both 
take part in charge compensation of the acceptor. 
The same situation occurs in reverse if there are two 
acceptors and a single donor. That is, the lowest 
acceptor preferentially charge compensates the donor 
unless they are both close together (see figure B-2). 

Silicon in corundum is a little more complex (see 
discussion in “Color in Corundum” section). In natu- 
ral unheated corundum, silicon probably exists as 
broadly distributed nano- or micro-crystals of a silicate 
mineral. However, when the host corundum crystal is 
heat treated at a high temperature for a long time, all 
or part of the silicon will enter the corundum lattice in 
solution, replacing aluminum and producing the 
donor states shown in figure B-1 (Lee and Kréger, 
1985). Si**-Mg?* pairs do not add color. Si**-transition 
metal pairs in corundum have not been studied. 

There are no published data on the position of the 
Be acceptor level. However, because the oxygen par- 
tial pressure dependence on the strength of the Be?*- 
hole pair absorption is very similar to that of the 
Mg?*-hole pair, as is the absorption spectrum itself, 
the energy levels must be fairly close to each other. 
For the examples in this article, we have assumed 
they are at the same level. 

Now we can see the origin of the rules we have 
stated in the “Color in Corundum” section. If [Ti** + 
Si**] > [Mg?* + Be**], there are more than enough 
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Figure B-2. In A, the Ti* donor exchanges an electron 
with the Fe**-hole acceptor, thus producing the Fe**- 
Ti* pair responsible for blue in sapphire. In B, when 
beryllium is diffused into A, the Be**-hole acceptor 
presents a more attractive site (lower energy) for the 
Ti* donor electron than Fe**, causing the electron to 
be transferred to the Be?*-hole acceptor (or the Be- 
induced hole is transferred to the Fe**). The transfer 
results in Fe** becoming Fe*, eliminating the Fe?*-Ti* 
pair and the blue color. The Be**-Ti* pair formed does 
not absorb light in the visible region of the spectrum 
and thus does not contribute color to the sapphire. 


donor electrons to annihilate all trapped holes associ- 
ated with Be?* and Mg”*, and thus the yellow col- 
oration cannot form. Likewise, if [Mg?* + Be?*] > 
[Ti**+ Si**] there are excess Mg?* or Be* trapped-hole 
pairs to cause the yellow coloration. 

We can also see why the absorption spectrum of 
Be in high-purity corundum is different from that in 
Cr-containing corundum. In pure synthetic corun- 
dum, the Be-induced trapped hole is near the Be?* ion, 
producing an orangy brown. However, if Cr** (a donor) 
is also present, the Be-induced hole is transferred to 
the Cr** (holes fall up), producing a Cr** trapped-hole 
pair and, thus, the characteristic orangy yellow col- 
oration. (The Cr** trapped-hole pair could combine to 
form Cr**, but much more work is needed to deter- 
mine if it does.) The Fe** donor state is below that of 
the Cr°** donor state, so if both ions are present the Be- 
induced hole again pairs with Cr**, producing orangy 
yellow. In corundum without Cr** (or where Cr** is 
less than the excess holes available), holes would pair 
with the Fe** to produce an Fe** trapped-hole pair (or 
perhaps Fe**). The Fe** trapped-hole pair may be 
responsible for the unusual “Post-it” yellow color 
observed in some Be-diffused sapphire. Additional 
research involving Be diffusion into sapphire with 
only iron as an impurity will be required to elucidate 
this matter. By examining the relative energy-level 
positions of other donor and acceptor ions, however, 
we can deduce how they will interact. 
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seldom or never encountered except in 
pieces of old jewelry. The gem was 
so uncommon at the close of the Middle 
Ages that few people had ever seen 
one and gems of fine quality were al- 
most legendary.. When the Conquista- 
dores spread over the New World they 
were surprised to find large quantities 
of a green mineral in the hands of 
the natives of Mexico and Peru. Prob- 
ably much of the so-called emerald 
brought back by Cortez from. Mexico 
was either jade or some other green 
mineral. It is unfortunate that Pizarro 
and his followers discovered quantities 
of emeralds in the hands of the natives 
of Peru. These are reported to have 
been of such size as to tax the credulity 
of these ignorant men. They readily 
accepted the story that genuine emeralds 
would withstand the blows of a hammer 
and destroyed much of the treasure. 
But even with this destruction, after 
the conquests of Peru and’ Mexico the 
emerald became less rare in Europe 
and appreciation of the gem was re- 
vived. With varying fortune, the 
Spaniards located a number of emerald 
deposits in Colombia during the six- 
teenth century and these have been 
worked intermittently since then. In 
1830 emeralds were discovered in the 
Ural Mountains and there has been a 
continuous although declining produc- 
tion from this source. 

Emeralds have been found in various 
other localities but they are of inferior 
quality, in general, and no deposit has 
ever equalled in average quality the 
gems from Colombia. In any locality 
where gem quality beryl is found there 
is always the chance of finding some of 
a deep green color, but this seldom, 
if ever, equals the deep velvet green of 
the finest quality Colombian gems. In 
fact, gems of perfect color are so rare 
that this has never become a popular 
gemstone. Because of the softness of 
the gem and the relative abundance 


in Egypt and Asia Minor prior to and 
during the early centuries of the Chris- 
tian Era, the stone was a favorite 
medium for the engraver’s art. It has 
always been highly esteemed by the 
Mohammedans since green is the sacred 
color of the Prophet, and hence it has 
been the ideal stone for engrav- 
ing texts from the Koran. There are 
numerous examples of this art. From 
time to time cut stones appear on the 
market from Middle Eastern sources 
with engraved inscriptions. 

There are a number of crystals and 
cut stones of notable size. Probably 
the most famous is the crystal belonging 
to the Duke of Devonshire which is 
two inches high and weighs over eight 
ounces. There are a number of gems 
of fine quality which are reported as 
weighing from seventy-five to one hun- 
dred carats or more. Since emerald is 
a variety of beryl and this species occurs 
in all tones and intensities of green 
from the finest velvet-like deep green 
to colorless one must accept many iden- 
tifications in the literature with some 
skepticism. A gem which would pass 
as finest emerald a thousand years ago 
would probably be graded as light green 
beryl today. 

Due to the scarcity of this gem during 
the Middle Ages and even in the An- 
cient World, a number of men became 
proficient in producing glass imitations. 
Many of these were accepted as emer- 
alds for centuries. Although these 
would be readily detected today, they 
were preserved for centuries as objects 
of priceless value. 

It is said that gem cutters of Europe 
are accustomed to keep an emerald on 
their work benches so they may look 
at it to relax their nerves and soothe 
their -eyes after severe strain. The 
so-called emerald which Nero was sup- 
posed to have used to soothe his eyes 
while watching gladiatorial contests was 
probably a green glass, since emeralds 


example, adding silicon, a common trace element 
in corundum assuming that it is fully active, the 
condition for the formation of the trapped-hole 
color center changes from [Mg”*] > [Ti**] to [Mg”*] > 
[Ti** + Si**], so more magnesium is needed to 
observe the yellow trapped-hole color. Zr** (zirco- 
nium) can be expected to react chemically in ways 
similar to Ti** and Si**. Likewise, Ca?* (calcium) 
and Ba** (barium) will react similarly to Mg”*. The 
problem becomes substantially more complex 
when we consider the possible roles of other tran- 
sition metal impurities such as vanadium (V)}, 
manganese (Mn}, cobalt (Co), and nickel (Ni), each 
of which can potentially exist in multiple valence 
states. V and Mn could exist in corundum in 2+, 
3+, or 4+ valence states; thus, they could be either 
donors or acceptors, or both. As donors, they could 
suppress the formation of trapped-hole color cen- 
ters by forming donor-acceptor pairs with excess 
divalent ions. As acceptors, they would enhance 
the formation of trapped-hole color centers by 
forming donor-acceptor pairs with excess tetrava- 
lent ions. Ni and Co could act as acceptors, 
enhancing the probability of trapped-hole color 
center formation. Enhancing trapped-hole forma- 
tion increases the yellow color component, while 
reducing trapped hole formation reduces the yel- 
low component. 

Vanadium is commonly observed in Cr-con- 
taining corundum (Hanni and Pettke, 2002; Peretti 
and Ginther, 2002), and Mn is often seen in trace- 
element analyses of corundum. There appears to 
be no information in the literature on Ni and Co 


TABLE 3. Trace elements other than Fe, Mg, Ti, and Cr 
that could impact the color of corundum. 


Valence 
+1 +2 +3 +4 

Hydrogen Beryllium Vanadium Carbon 
Lithium Calcium Manganese Silicon 
Sodium Vanadium Cobalt Manganese 
Copper Manganese Nickel Germanium 
Silver Cobalt Zirconium 

Nickel Tin 

Copper Lead 

Zinc Vanadium 

Cadmium 

Tin 

Barium 

Lead 
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Figure 12. Variations in trace-element concentrations 
create the color zoning typically seen in many natural 
sapphires, such as the orange and pink zones shown 
here, which makes accurate chemical analysis very 
laborious. Photomicrograph by Shane F. McClure; 
immersion, magnified 10x. 


concentrations in natural corundum. It is impor- 
tant to note that, in discussing these additional 
trace elements, we are not referring to concentra- 
tions high enough to contribute color on their own 
part. We are referring to concentrations in the 
range of 1 to 30 ppma, where they might play a sig- 
nificant role in the charge-compensation relation- 
ships among ions. Table 3 lists additional trace ele- 
ments that could potentially impact the color of 
corundum if they were in solid solution, whether 
naturally occurring or from a diffusion process. 
Several appear in two or three columns, because 
they can potentially assume two or three valences. 
Thus, a quantitatively accurate analysis of the 
color of a ruby or sapphire would, in principle, 
require a complete trace-element analysis down to 
a level of a few ppma. Much additional trace-ele- 
ment data on a wide variety of natural corundum, 
as well as additional diffusion experiments, will be 
needed before we fully understand which of these 
ions may be important. Inasmuch as most natural 
corundum exhibits color zoning (figure 12), and 
thus zoning of trace-element concentrations, such 
an analysis would indeed be time consuming. 
Fortunately, we can understand the main features 
of how the addition of beryllium alters the color of 
most types of corundum by considering only the 
short list of trace elements presented earlier: Fe, 
Cr, Ti, Si, Mg, and perhaps V. 


Color Modifications Associated with Beryllium 
Diffusion. Now that we have an idea of how differ- 
ent elements interact in corundum, we can turn to 
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Figure 13. Many of the 
off-color sapphires from 
Songea that do not 
improve with standard 
heat treatment (left) will 
turn a strong orangy yel- 
low after Be diffusion 
(right). This stone 
weighs 0.50 ct; photos 
by Elizabeth Schrader. 


the specific case of beryllium and the color modifi- 
cations caused by the diffusion of beryllium into 
natural corundum. As noted earlier, the presence of 
Be has been established in the color-altered layer of 
sapphires heat treated in Thailand by the “new” 
method (McClure et al., 2002; Wang and Green, 
2.002a,b), at concentrations well above those mea- 
sured in unaltered regions. When beryllium is added 
to corundum by diffusion, there is another layer of 
complexity in color determination, because the 
beryllium concentration is not always spatially uni- 
form throughout the stone (see Appendix). The final 
color may be some combination of the remaining 
core of original color plus the Be-altered outer color. 
We will return to this point later, and for the pre- 
sent consider only Be-induced color modifications 
resulting from a uniform beryllium concentration. 

Drawing on our earlier studies (Emmett and 
Douthit, 1993) of Mg-induced trapped holes in 
corundum and subsequent research, our working 
hypothesis was that Be** would position itself in 
the corundum lattice by replacing an aluminum 
ion, thus becoming an acceptor (again, see Box B). 
As such, it would act much like Mg**, trapping 
holes and producing a strong yellow coloration 
under exactly the same conditions. However, given 
the very small size of Be’*, we thought that its solu- 
bility in corundum would be lower than that of 
Mg. From experimental measurements on Be-dif- 
fused corundum (Hanni and Pettke, 2002; McClure 
et al., 2002; Peretti and Giinther, 2002; Wang and 
Green, 2002a,b; see also the “Beryllium Diffusion 
into Corundum: Process and Results” section 
below), it appears that concentrations of diffused 
beryllium range from about 10 to 30 ppma, and 
that 10 to 15 ppma can produce a strong yellow col- 
oration. In many ways, then, the effect of diffusing 
beryllium into corundum is similar to that of 
increasing the magnesium concentration. Thus, we 
can add the following to our list of rules: 
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e Ti** will preferentially charge compensate Be?* 
before Fe?*. 


¢ The condition for the formation of a yellow trapped- 
hole color center in an oxidizing atmosphere 
becomes [Mg”* + Be?*] > [Ti** + Si**]. 


With these simplified rules, we can predict most 
of the color modifications that will result from 
beryllium diffusion. First, let us examine the light 
green and light blue sapphires typical of Songea 
(Tanzania), the Montana alluvial deposits, and the 
pale-colored or colorless sapphire that results from 
heat treating some Sri Lankan geuda. In such 
stones, we have the condition that [Ti** + Si**] = 
[Mg?*] (that is, donor impurities are slightly greater 
than or about equal to acceptor impurities). The 
addition of beryllium as an acceptor changes the 
concentration relationship to [Mg* + Be?*] > [Ti** + 
Si**|—so there is an excess of acceptor impurities. In 
a reducing atmosphere, the excess acceptor impuri- 
ties (Mg**, Be?*) will be charge compensated by oxy- 
gen vacancies and thus produce no color. However, 
in an oxygen atmosphere, excess Mg”* and Be?* will 
trap holes, producing a strong yellow to orangy yel- 
low coloration (figure 13). This is the reason that 
beryllium diffusion of corundum must always be 
carried out in a highly oxidizing atmosphere. In the 
cases of Montana alluvial sapphire, Sri Lankan sap- 
phire, and Sri Lankan geuda, there are many stones 
with [Mg”*] > [Ti* + Si**] that are nearly colorless or 
pale yellow as a result of slightly reducing condi- 
tions during formation. When these stones are heat 
treated in an oxidizing atmosphere, strong yellow 
colors will be produced. When beryllium is diffused 
into these stones so that [Mg?* + Be**] >> [Ti** + 
Si*'], a very saturated orange will result. 

Some of the first Be-diffused stones studied in the 
U.S. were pink/orange combinations, the result of 
processing pink sapphires from Madagascar. Pink 
Madagascar sapphire contains Cr** far in excess of 
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Figure 14. When Be-induced yellow color is added to 
the natural pink color of some Madagascar sapphires, 
a bright orange is produced, as can be seen in this 0.51 
ct pink sapphire that was cut in half with one half 
then being Be diffused. Photomicrograph by Shane F. 
McClure; magnified 10x. 


the added beryllium concentrations, so the Cr** con- 
centration is largely unaffected by heat treatment. 
Thus, we can apply our previous rules for Fe-con- 
taining corundum to corundum that also contains 
Cr, taking into consideration the original Cr-pink 
body color. For example, when Be is diffused in an 
oxidizing atmosphere into a pink Madagascar sap- 
phire where [Ti** + Si**] = [Mg**], the chemistry 
changes to [Mg?* + Be2*] > [Ti** + Si*], which shifts 
the stone from donor- to acceptor-dominated; the 
resulting trapped holes produce a yellow coloration. 
When this yellow coloration permeates most or all 
of the original pink sapphire, an orange stone results 
(figure 14). 

Some of the pink stones do not change color 
with Be diffusion. In that case, we have [Ti** + Si**] 
>> [Mg?*], which becomes [Ti** + Si**] > [Mg?* + Be?*] 
from the Be diffusion; the material remains donor- 
dominated, does not trap holes, and does not 
become orange (figure 15). Earlier it was discussed 
that other transition elements may also play a role 
as donors or acceptors. As previously noted, the 
pink Madagascar sapphires contain 5 to 20 ppma of 
vanadium. If V acts as a donor in these stones, 
which we would expect, it could also play a role in 
suppressing the formation of trapped-hole color cen- 
ters. Substantial additional analytical work and 
careful optical spectroscopy will be required to 
resolve these issues. 

We also need to understand the impact of Be dif- 
fusion into blue sapphire. As noted previously, dark 
blue natural sapphire results from the condition 
[Ti**] >> [Mg?*]. (Note again that we are assuming 
an iron concentration far in excess of the Ti** con- 


100 BERYLLIUM DIFFUSION OF RUBY AND SAPPHIRE 


Figure 15. These two pink preforms (the larger weighs 
0.77 ct) were reportedly subjected to the Be-diffusion 

process 10 times in Thailand, yet they did not change 
color. Photo by Maha Tannous. 


centration.) If Be is diffused into such stones, the 
condition becomes [Ti**] > [Mg** + Be**], and the 
stone is still blue but much reduced in color satura- 
tion. Thus, it is possible to render unacceptably 
dark blue sapphire into marketable blue colors. 

It is interesting to note that the earlier diffu- 
sion process—of titanium into otherwise colorless 
or pale-colored sapphire (see, e.g., Kane et al., 
1990}—is just the reverse of the process previously 
described. The sapphire typically used in the blue 
diffusion process is the very pale yellow, pale 
blue, pale pink, or completely colorless material 
that results from the unsuccessful heat treatment 
of some Sri Lankan geuda. For this material, we 
can presume the condition [Mg?*] ~ [Ti** + Si**], 
since it did not turn blue or yellow from the ini- 
tial heat-treatment process. Note that it also con- 
tains iron. When titanium is diffused into the 
stone, the condition in the diffusion layer shifts to 


Figure 16. A dark blue color layer is formed near the 
surface when Ti is diffused into sapphire. This 1.3-mm- 
thick section was sawn from a 1.45 ct stone, and 
shows a Ti diffusion-induced layer of blue color that is 
0.4 mm deep. Photo by Shane F. McClure; immersion. 
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Figure 17. Depending on the duration of the Be-diffusion process, the induced color layer can penetrate to any 
depth, including throughout the stone. This figure shows examples of shallow (left), moderate (center), and deep 
(right) penetration. Photomicrographs by Shane F. McClure; immersion, magnified 10x. 


[Ti** + Si**] >>> [Mg?*]; that is, it becomes donor 
dominated, and a very dark blue layer is formed 
(figure 16). Since titanium has a much greater sol- 
ubility in corundum than does beryllium, the 
final condition is [Ti** + Si**] >>> [Mg**], rather 
than [Ti** + Si**] > [Mg?*]. Nevertheless, it 
becomes clear that the mechanisms behind the Ti 
blue-diffusion process and the Be-diffusion process 
are essentially the same. 

The foregoing discussion addressed the color 
modifications in various types of corundum 
assuming that the added Be is essentially uniform- 
ly diffused throughout the stone. We now need to 
consider the effect of non-uniform diffusion of 
beryllium into a natural-color stone that has 
essentially uniform natural coloration, such as the 
orangy pink (padparadscha-like) sapphires in which 
the final color appearance is produced by diffusing 
a layer of yellow into an originally pink stone. 
Depending on the duration of the diffusion pro- 
cess, the depth of penetration can vary from a few 
tenths of a millimeter to the full thickness of the 
stone (see the Appendix and figure 17). 

As a hypothetical example, suppose we start 
with a 2 ct pink Madagascar sapphire, and exam- 
ine how the color could alter with diffusion time. 
It can be assumed that we are dealing with a stone 
where [Be*+ + Mg?*] > [Ti** + Si**], and thus the Be- 
diffused areas will exhibit added yellow coloration 
from the trapped-hole color centers that form dur- 
ing the diffusion process. From our experiments 
(see the Appendix), we know that the diffusion 
depth for this type of material is about 2 mm in 40 
hours at 1800°C. If the diffusion is conducted for 
one hour, the penetration depth will be roughly 
0.35 mm; the pink overall color of the stone will 
be slightly modified in the direction of a padparad- 
scha color. In 10 hours, the penetration will be 
about 1 mm and the stone will be the orangy pink 
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of a good padparadscha. Further increasing the dif- 
fusion time, and thus the depth to which the Be 
penetrates, will successively yield pinkish orange, 
orange, and finally a very saturated deep orange 
coloration as the beryllium penetrates the entire 
stone (figure 18). 

Ruby is another important example of color 
modification with diffusion depth. Many of the 
rubies from Songea and Madagascar contain sub- 
stantial iron and titanium, and thus have a strong 
blue hue component as a result of Fe?*-Ti** pairs. 
As discussed previously, Be diffusion in an oxidiz- 
ing atmosphere shifts the equilibrium from [Ti** + 
Si**] > [Mg*] to [Mg?* + Be?*] > [Ti** + Si**], so the 
blue component becomes yellow. If these stones 
are Be diffused all the way through, the entire blue 
component is replaced with yellow, and the stone 
becomes a very strong orange. However, if the Be 
diffusion only penetrates into the stone a relatively 
short distance, the yellow surface layer will visual- 
ly cancel out or offset the bluish core. Thus, the 


Figure 18. The depth of the Be-diffusion layer directly 
affects face-up color. The stone on the far left has a 
very shallow diffusion layer. Moving right, each stone 
has a progressively deeper layer, making each more 
orange than the last. These stones weigh 0.80-1.89 ct; 
photo by Maha Tannous. 
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Figure 19. Be diffusion can produce good ruby colors 
(center, 5.05 ct) from strongly purplish or brownish 
red stones from some localities that typically do not 
respond to standard heat treatment, such as the 
small stones from Songea in this image. Photo by 
Maha Tannous. 


appearance will be a good ruby red. In this way, 
many attractive red rubies can be produced from 
stones with a strong purple component (figure 19). 

In principle, these stones can be detected easily 
by observing the yellow rim in immersion. 
However, it is conceptually possible to create the 
same visual effect without producing a yellow sur- 
face-conformal layer. After processing such rubies 
with full Be penetration, so they turn orange, we 
can reduce saturation of the yellow trapped-hole 
color component by heating the stones at a lower 
oxygen partial pressure. Reducing the oxygen par- 
tial pressure will reduce the yellow coloration. 
Thus, by “tuning” the oxygen partial pressure in a 
heat-treatment process that takes place after the Be- 
diffusion process, an optimal ruby color may be 
achieved. This full-depth diffusion followed by an 
oxygen partial pressure post-process could also be 
used with our pink sapphire above to achieve pad- 
paradscha coloration without a visible diffusion 
layer. Unfortunately, rubies and padparadscha-col- 
ored sapphires produced by this two-step method 
will be more difficult to detect. 

It is also useful to consider the color modifica- 
tions resulting from partial Be diffusion into a blue 
sapphire where [Ti**] > [Mg2*]. As we have already 
discussed, uniform Be diffusion into such stones 
converts them from blue to yellow. However, a 
green overall color appearance results when the 
inward diffusion of beryllium converts only the out- 
ermost layer from blue to yellow. If this green stone 
were to be heat treated subsequently in a reducing 
atmosphere, it would be blue with a colorless outer 
layer (figure 20). 


102 BERYLLIUM DIFFUSION OF RUBY AND SAPPHIRE 


BERYLLIUM DIFFUSION INTO 
CORUNDUM: PROCESS AND RESULTS 


Over the course of the last year and a half, the authors 
have conducted numerous experiments into both the 
Be-diffusion treatment of corundum and the charac- 
teristics of rubies and sapphires that have been treated 
by this method. This first section describes those 
experiments conducted primarily to explain the 
nature of beryllium diffusion and how it affects corun- 
dum. The following section reports on the examina- 
tion of known Be-diffused corundum samples, as well 
as natural-color and heat-treated stones, to establish 
criteria by which rubies and sapphires treated by this 
new diffusion process can be identified. 

The extensive set of experiments in this first sec- 
tion were initiated to understand and then replicate 
Thai results, to study the diffusion rates, and to deter- 
mine just how broadly applicable this new process 
was to a wide variety of different types of corundum. 
By conducting these experiments in the laboratory, 
we could fully control all aspects of the process and 
not have to guess the treatment conditions (which 
has been the case with stones processed in Thailand). 


Materials and Methods 


Corundum Samples. For the Be-diffusion experi- 
ments, we selected samples from large lots of 


Figure 20. Partial Be diffusion of a blue sapphire fol- 
lowed by heating in a reducing atmosphere can create 
a colorless layer around the outside of an otherwise 
blue stone, in effect lightening the overall color. 
Photomicrograph by Shane F. McClure; immersion, 
magnified 27x. 
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rough sapphire that were mined from several dif- 
ferent localities, including Australia, Madagascar, 
Tanzania, and Montana, as detailed in table 4. In 
general, we preferred to use small pieces (s 0.5 ct) 
to assure that we could diffuse beryllium com- 
pletely through the samples in 50 hours or less; 
however, we also conducted experiments on larger 
individual pieces to measure diffusion depths. 
Many of the samples listed in table 4 are from 
large, carefully collected mine-run parcels from 
the deposits indicated, and thus they contain a 
wide range of stone sizes. From these lots we 
selected samples primarily on the basis of size, 
while endeavoring to maintain representative 
color and clarity. 

For spectroscopic experiments on Be-diffused 
Thai-processed sapphire, we obtained a variety of 
samples (15 pieces) in Bangkok that ranged from 
0.25 ct to 2.1 ct. According to the treaters, they 
were comprised of both Songea pale green and blue 
sapphire that had been processed to a vivid yellow, 
and Madagascar pink sapphire processed to pad- 
paradscha and saturated orange colors. As much as 
possible, samples were chosen with the c-axis per- 
pendicular to the table facet to facilitate obtaining 
absorption spectra that included the ordinary ray 
(o-ray) optical direction. On these 15 samples, the 


culet was ground off parallel to the table and pol- 
ished to produce wafers from 0.5 to 1.8 mm thick. 
Samples with similar geometry were also prepared 
from rough material produced in our diffusion 
experiments, or from rough pieces prior to diffu- 
sion treatment. Samples polished before diffusion 
treatment required repolishing after diffusion 
treatment. In total, about 30 samples were pre- 
pared and studied. 

In addition to the natural sapphire samples 
described in table 4, four types of high-purity syn- 
thetic corundum were also used for the Be-diffu- 
sion experiments and spectroscopic testing (see 
table 5). These samples were prepared as polished 
wafers prior to Be diffusion, and repolished after- 
ward. In all cases the c-axis was perpendicular to 
the polished face. We have not tested low-purity 
gem-grade Verneuil-grown sapphire. 


Applying Beryllium Compounds. To apply berylli- 
um to the surfaces of the corundum samples for 
diffusion, we used both molten fluxes (Emmett, 
1999) and dry powders as carriers for Be-containing 
compounds. (A flux in this context is a high-tem- 
perature solvent for inorganic compounds.) While it 
is common knowledge that Thai heat treaters 
employ fluxes in many processes, the actual formu- 


TABLE 4. Rough corundum samples used for Be-diffusion treatment experiments. 


Origin Color 

King’s Plain, New South Basaltic dark blue, transparent 
Wales, Australia to opaque 

Subera Area C, Queensland, Basaltic dark blue, transparent 
Australia to opaque 


Yellowish green 
Wutu Township, Shandong Basaltic dark blue 
Province, China 
Antsiranana, Madagascar Basaltic dark blue, dark green 
llakaka, Madagascar “Pink” sapphire 


Dana Bar, Missouri River, Pale green, pale blue 


Montana 
Dry Cottonwood Creek, Very pale green, very pale 
Montana yellowish green 


Rock Creek, Montana 
Yogo Gulch, Montana 
Sri Lanka 

Songea, Tanzania 


Pale blue, pale yellowish green 
Medium blue, violet 
“Colorless” heat-treated geuda? 


Pale blue, pale yellowish green 
Ruby, ranging from bluish red 
to brownish red 


Umba, Tanzania A wide variety 


Lot size Avg. stone size Source 
10 kg 0.3-0.5 ct Great Northern Mining 
10 kg 0.3-0.5 ct Great Northern Mining 
0.3-0.8 ct 
1 kg ~0.3 ct (large crystals Diversified Mineral Resources 
sliced for wafers) 
250g 0.3-0.6 ct Budsol Co., Hargem Ltd. 
350 g 0.4-1.0 ct Wobito Brothers, Allerton 
Cushman & Co., Paul Wild 
1 kg 1.5 ct American Gem Corp. 

10 kg 0.7 ct American Gem Corp. 

10 kg 0.7 ct American Gem Corp. 
200 g 0.2 ct American Gem Corp. 
100g 0.3-1.0 ct Paul Wild 
600 g 0.3-1.2 ct American Gem Corp. 
600 g 3ct Nafco Gems, Paul Wild 


@This parcel of “pink” sapphires showed a range of pink color saturation, and also included some violetish pink, pale yellow, pale blue, and colorless pieces. 
©The sapphires in this parcel ranged from colorless to very pale blue, pink, or yellow, after heat treatment in an oxidizing or reducing atmosphere. 
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lations are closely guarded trade secrets. Rather 
than attempt to find out actual Thai formulas, we 
chose to formulate our own from calcium borate, 
calcium phosphate, sodium phosphate, or a sodium 
feldspar (a silicate mineral}. To each main flux 
component we added small amounts of Al,O, and 
ZrO, to raise the flux viscosity at high tempera- 
tures. To these fluxes we then added ~4% natural 
chrysoberyl that had been finely powdered. 
Chrysoberyl, BeAl,O,, is 7.1% Be or 19.7% by 
weight BeO. 

These flux mixtures were blended with water or 
alcohol containing a binder until they reached the 
consistency of a heavy paint. For water mixtures, 
Varethane™ or methocel was used as a binder. 
(Methocel is a modified cellulose ether used as a 
binder in many industrial applications.) For alcohol 
mixtures, orange shellac was used as a binder. Little 
consistent difference was noted among the binders. 
The rough stones were dipped into the flux paint 
mixture and then allowed to dry. Polished corun- 
dum wafers were hand painted on both sides with 
the mixtures. 

Dry powders, that is, mixtures of a carrier and 
a beryllium compound, do not melt and flow like 
a flux. The dry powders used were very high puri- 
ty Al,O, containing either 4% powdered 
chrysoberyl or 0.8% very high purity BeO. We 
also used a mixture containing 2.65% BeO. Two 
application methods were employed. First, we 
completely buried the corundum samples in the 
powder mixture, in an alumina crucible. This is 
the original technique developed by Union 
Carbide Corp. (Carr and Nisevich, 1975, 1976, 
1977). It works very well from the point of view of 


diffusion uniformity, but sintering of the powder 
to a fairly solid mass made sample recovery labo- 
rious. In the second method, the powder was 
mixed to the consistency of a paint, just as was 
done for the fluxes, and applied to rough stones 
and polished wafers as previously described. This 
latter process makes sample recovery very easy 


but does not always result in completely uniform 
diffusion. 


Heat Treatment. Heat-treatment experiments 
were conducted with an electrically heated furnace 
manufactured by Thermal Technology of Santa 
Rosa, California (figure 21). The modified type- 
1000A furnace uses a graphite heating element and 
graphite insulation, and is capable of operation at 
2500°C (which far exceeds the 2045°C melting 
point of corundum). For controlled atmosphere 
operation, the furnace separates the heating ele- 
ment from the sapphires with a muffle tube made 
from Coors 99.8% Al,O, ceramic. This ceramic 
muffle tube becomes very soft at temperatures 
over 1800°C, and it can collapse if it becomes too 
hot. This limits the temperature for the long runs 
typical of beryllium diffusion to 1800 to 1850°C. 
The sapphires are placed inside the muffle tube 
where any type of process gas can flow over them. 
A more detailed description of this equipment and 
how it is used can be found in Emmett and 
Douthit (1993). 

For the heat-treatment experiments described 
below, the process gas used was pure oxygen. This 
choice was made because, as discussed earlier, the 
trapped-hole coloration is sensitive to oxygen par- 
tial pressure, and is maximized in 100% oxygen. 


TABLE 5. SIMS analyses of synthetic corundum showing the low levels of Fe, Ti, and 


Cr (non-ruby) in ppma.? 


Samples? Na K Be Mg Ca Cr Fe Ga Ti 
SS1, SG Czochralski-grown 0.48 0.07 1.46 O16 0.02 08 0.04 3.1 1.27 
synthetic sapphire 

SS8, CSI Hemlite grade heat 0.39 014 134 083 0.04 025 0.03 094 1.98 
exchanger method-grown 

synthetic sapphire 

SS3, SG Czochralski-grown 0.18 0.02 1.57 0.05 0.02 316 0.04 1.8 2.14 
light red synthetic ruby 

SS18, SG Czochralski-grown 0.23 0.04 1.57 1.27 0.04 2580 O13 7.5 2.00 


dark red synthetic ruby 


4Data taken before Be diffusion except sample SS8 which was measured after. 


© SG: Saint-Gobain Crystals and Detectors, 750 S. 32nd St., Washougal, WA 986771. 
CSI: Crystal Systems Inc., 27 Congress St., Salem, MA, 01970. 
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The coated sapphires were placed in shallow 
alumina crucibles made from Coors 99.8% Al,O, 
ceramic. When the stones were embedded in a dry 
powder, deeper Coors crucibles were used. 
Depending on the number of stones in a sample lot, 
up to 12 separate experiments could be run in the 
furnace at the same time. For these experiments, 
temperatures of 1780°C or 1800°C were chosen. 
Run times from 25 to 100 hours at temperature 
were chosen, with 33 hours being typical. 


Spectroscopy. The ultraviolet-visible and near- 
infrared (UV-Vis-NIR) spectra were recorded for 
the range 200-1100 nm at room temperature using 
a Hitachi U-2000 spectrophotometer. More than 
60 spectra were collected on natural and synthetic 
Be-diffused sapphire wafers. For those natural sap- 
phire samples where the color was not spatially 
uniform, reproducible spectra were assured by the 
method described by Emmett and Douthit (1993). 
Spectra were recorded only for the o-ray (Ec). 

There are three feasible methods for determin- 
ing trapped-hole spectra. In all cases we refer to 
these methods as producing differential spectra. 
First, the spectra can be taken in the Be-diffused 
layer and in the center of the stone where berylli- 
um has not penetrated. If the spectrum from the 
unaltered portion of the sample is subtracted 
from that from the Be-diffused region, the 
trapped-hole spectrum will result. This method 
works well with synthetic sapphire and ruby, 
where dopant concentrations are spatially uni- 
form, but it leads to inaccurate results on natural 
corundum samples, which are rarely uniform in 
chemistry. 

The second method is to take one spectrum 
before Be diffusion and another after. If the before 
spectrum is subtracted from the after spectrum, an 
accurate trapped-hole spectrum results. This tech- 
nique works very well on uniform synthetic 
corundum samples, and on natural samples if great 
care is taken to assure both measurements are 
taken through exactly the same place in the sam- 
ple (Emmett and Douthit, 1993). 

The third method, for use on a sample already 
diffused, is to take two spectra on the sample equi- 
librated at two different oxygen partial pressures. 
As noted previously, the strength of the trapped- 
hole absorption spectrum is very sensitive to oxy- 
gen partial pressure. From a practical point of 
view, the spectrum is taken on the Be-diffused 
sample as received. Then the sample is heated to 
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Figure 21. Most of the Be-diffusion experiments 
described in this article were conducted using an 
electrically heated furnace. Photo courtesy of 
Thermal Technology Inc. 


1650°C for a few hours in an oxygen partial pres- 
sure of 10-° atm, cooled, and the spectrum is taken 
again. If the after spectrum is subtracted from the 
as-received spectrum, the spectrum of the trapped- 
hole center results. This works well on synthetic 
corundum samples, and on natural corundum 
samples if great care is taken to position the sam- 
ple as described above. Heating for a few hours at 
1650°C has little impact on a sample that has been 
heated for a few tens to hundreds of hours at tem- 
peratures of 1800°C or above. For the work 
described here, the second or third method was 
used on all samples, as the first method proved to 
be too inaccurate. 


Chemistry. Secondary ion mass spectrometry with 
element-in-sapphire standards (again, see SIMS 
Box A) was used at Evans East to determine Be and 
other trace-element concentrations in some of the 
natural Be-diffused wafer samples used for absorp- 
tion spectroscopy, and in some of the synthetic 
samples before and/or after Be-diffusion treatment. 
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Results and Discussion 

Identification of the Be-Induced Trapped Hole. In 
April 2002, we initiated a set of experiments to 
determine the origin of the color induced by Be dif- 
fusion. We believed that we were observing 
trapped-hole-center absorption, similar to that 
observed much earlier in both natural and synthet- 
ic corundum (Mohapatra and Kréger, 1977; Wang et 
al., 1983; Emmett and Douthit, 1993; Hager, 1993). 
Because holes only form in corundum under highly 
oxidizing conditions, the concentrations of Mg- or 
Be-hole pairs are very sensitive to the oxygen par- 
tial pressure at which they are equilibrated in the 
furnace. An orange sapphire Be-diffused in 
Thailand from pink Madagascar starting material 
was chosen for the first experiment. Figure 22 
shows the results. At an oxygen partial pressure of 
10-? atm (1% oxygen, 1 atm total pressure}, the Be- 
induced coloration has been reduced by about one 
half. This extreme sensitivity is not typical of the 
spectra of single ions in corundum. 

From this experiment, we can also determine 
the absorption spectrum of this Be-induced col- 
oration. By taking the differential spectrum of the 
figure 22 spectra, we obtain the result in figure 23, 
which is the absorption spectrum of the Be-induced 
coloration in this sapphire. Note that it is quite 
similar to the Mg*- trapped hole pair spectrum pre- 


Figure 22. These absorption spectra were taken of a 
pink sapphire that was Be diffused, both as received 
and after a portion of the Be-induced coloration was 
removed by equilibrating the stone at a lower (10° 
atm) oxygen partial pressure. 


UV-Vis-NIR ABSORPTION SPECTRA 


7 Elc 
oO 1.074 
> 4 
< | 
4 A 
9 | As received 
[==] / B 
< 05-4 
4] After 1650°C, pO, = 10% atm, 3 hours 
oT T T T T T T T T T T T T T T T T T 1 
200 300 400 500 600 700 800 900 1000 1100 
WAVELENGTH (nm) 
106 BERYLLIUM DIFFUSION OF RUBY AND SAPPHIRE 


sented in figure 7. These two pieces of data, taken 
together and compared with the well-studied 
example of the Mg?*-trapped hole pair, form the 
basis of our identification of the Be-induced col- 
oration as arising from Be-induced trapped-hole for- 
mation. These spectral changes are reversible. 
When the sample was then equilibrated at an oxy- 
gen partial pressure of 1 atm, the original absorp- 
tion spectrum was restored. Subsequently, we test- 
ed a wide variety of sapphire samples from different 
locations over a wider range of oxygen partial pres- 
sures and temperatures with very similar results. In 
each case, the predominant 460 nm absorption 
band appeared and showed the same oxygen partial 
pressure dependence (see “Absorption Spectra” sec- 
tion below). Additional confirmatory evidence of 
the induced trapped hole nature of these spectra 
would be the change of the spectra with tempera- 
ture. It is known that such spectra broaden to the 
low-energy side when the stones are heated several 
hundred degrees above room temperature. Data 
that tend to confirm this are shown in the 
“Gemological Testing and Identification” section, 
but additional studies would be useful. 


Be-Diffusion Experiments. The next task was to dif- 
fuse beryllium into sapphire under controlled condi- 
tions to study the effects. Since the inception of this 
project, we have conducted 17 furnace runs devoted 
to beryllium-diffusion experiments, using different 
samples, carriers, and application methods, at tem- 


Figure 23. The absorption shown here represents the 
difference (B—A) of the two spectra shown in figure 22. 
Because the chromium spectrum is unchanged by re- 
equilibration of the stone at a lower oxygen partial 
pressure, this differential spectrum shows the absorp- 
tion associated with the beryllium-induced coloration. 
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TABLE 6. Selected beryllium-diffused corundum experiments. 


Experiment Samples No. of pieces Carrier Application method Tap: ine 
1 Madagascar pink ig ; F 
Sri Lanka near colorless Fetes eng ral 800 ae 
heat-treated geuda 8 
2 adagascar pink 6 Calcium borate flux a ; 
Sri Lanka colorless + 4% chrysoberyl alnt 800 25 
heat-treated geuda 9 
3 adagascar pink 8 F 
Sri Lanka colorless Soe eee os Paint 1800 25 
heat-treated geuda i 
4 adagascar pink 6 i 
Sri Lanka colorless He bret : nee wen ao 
heat-treated geuda 4 
5 adagascar pink 10 9 
ei oe as e ase Se 7 chrysobey! Embedded in powder 1780 100 
heat-treated geuda 10 
6 adagascar pink 3 
King’s Plain blue 3 
Dry Cottonwood Creek 3 
er ; Al,O, + 0.8% BeO Embedded in powder 1780 33 
powder 
Songea ruby 3 
Songea blue-green 3 
Sri Lanka colorless 
heat-treated geuda 3 
SS8 synthetic sapphire 1 
i SS1 synthetic sapphire 1 
adedeseai ins ALO, + 2% MgO Embedded in powder 1780 100 
Sri Lanka colorless powder 
heat-treated geuda 6 
Rock Creek 5 
8 Madagascar pink 3 
King’s Plain blue 3 
Dry Cottonwood Creek 3 
Subera 3 
Roche Oneek _ Al,O, powder Embedded in powder 1780 33 
Songea ruby 3 
Songea blue-green 3 
Sri Lanka colorless 3 
heat-treated geuda 
SS8 synthetic sapphire 1 
©) Songea blues, greens, 314 Al,O, + 2.65% BeO Paint 1800 33 
and ruby powder 
10 King’s Plain 363 Al,O, + 2.65% BeO Paint 1800 33 
powder 
lal Rock Creek 146 Al,O, + 2.65% BeO Paint 1800 33 
12 llakaka, Madagascar 150 Al,O, + 2.65% BeO Paint 1800 33 
powder 
kc} Shandong, China— 1 Al,O, + 2.65% BeO Paint 1800 33 
very dark blue wafer powder 
14 Synthetic ruby wafer 2 Al,O3 + 2.65% BeO Paint 1800 33 
powder 


peratures from 1780°C to 1800°C and treatment 
times of 25, 33, and (in two cases where the samples 
were embedded in powder) 100 hours. In each of the 
17 runs, from 1 to 14 separate experiments were 
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conducted for a total of 105 individual experiments. 
A subset of the 105 experiments is presented in 
table 6. In addition, another 21 furnace runs, for a 
total of 53 individual experiments, were conducted 
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of such size would be too badly flawed 
to serve in this fashion. 

Of the many fables regarding this 
gem, two are of interest. Until modern 
times there was a belief that-the sight 
of an emerald would blind a serpent. 
This myth has come down. to us from 
the Hebrews and it has been given the 
dignity of various “scientific tests,” one 
experimenter having held a cut gem 
before a poisonous viper and watched 
its eyes melt from their sockets as the 
reptile sank to the ground in a coma. 
Another myth concerns the ability of 
the gem to color and lighten the air 
or water around it. The most famous 
variation of this theme is the story 
told by Pliny regarding the emeralds 
which were placed in the eyes of the 
statue of a lion on the island of Cyprus. 
These stones shone with such brilliance 


WINTER, 1947 


oe es 
— 

as to frighten all the “tunny fish” from 

that vicinity. 

Freedom from flaws is a quality 
demanded of all gems, yet the emerald, 
almost never found without numerous 
flaws, ranks nevertheless as one of the 
most precious of gems. Since the mass 
mind sees only its flaws and fails to 
appreciate the magnificence of its color, 
it can only be appreciated by a few 
and has never become a popular gem. 
To the person of culture, the true gentle 
man or woman, its unique color is a 
constant delight and its flaws are as 
the flaws of friends who are appreciated 
for their fine qualities and not dis- 
carded for their shortcomings. To 
these cultured few, the emerald serves 
as an unconscious mirror of their own 
beauty of character. 


—M.C. B. 


Ownership of Sancy Diamond in Question 


A question has arisen as to the present 
ownership of the famous Great Sancy 
Diamond. Lady Astor stated not long 
ago. that it was in the possession of 
her husband, Viscount Astor. However, 
a letter has lately been received by the 
Gemological Institute of America from 
the secretary of the Maharajadhiraj of 
Patiala, in India, saying that His High- 
ness is the owner of the diamond. 

There are two historic diamonds, the 
Great and Little Sancy, both named for 
the French collector Nicholas Harlai, 
Seigneur de Sancy, who was at one 


time French Ambassador at the Otto- 
man Court. Because of the similarity 
of their names, there has been confu- 
sion at other times as to the ownership 
of the two stones. The Great Sancy 
weighs 54 carats, the Little Sancy 34. 
In order to establish the present owner- 
ship, the Gemological Institute has writ- 
ten to both Lady Astor and to the 
Maharajadhiraj of Patiala asking them 
the weights of their respective stones. 

Their replies, when received, will be 
reported in these pages. 


~ 


Figure 24. Experiments 1-4 in this study were able 
to reproduce every color and color layer that we 
had observed in the Be-diffused samples processed 
in Thailand. Some of those colors are shown by 
these corundum samples (0.4—2.1 ct). Photo by 
Maha Tannous. 


to produce differential spectra, and to study oxygen 
partial pressure dependence of the trapped-hole 
absorption spectra. As first reported in Emmett and 
Douthit (2002a), experiments 1 through 4 repro- 
duced the full range of colors and diffusion-layer 
phenomenology that we had observed in the Thai- 
processed stones (see, e.g., figure 24). The stones 
showing color modification exhibited the typical 
surface-conformal color layer with a thickness of 
roughly 1.4 mm. A few of the pink Madagascar 
stones did not change color. As discussed previous- 
ly, this lack of color modification can be attributed 
to the chemistry of the specific sapphire, where 
[Ti** + Si**] > [Mg?* + Be?*] or, more completely, [the 
total of all donors] > [Mg?* + Be?*]. With the excep- 
tion of the silicate (sodium-feldspar) flux, there were 
few or no discernable differences in the apparent 
effectiveness of the fluxes. The corundum samples 
in the silicate flux showed little or no color modifi- 
cation, and thus silicate fluxes were not pursued 
further. 

During this same time period, there was a large 
amount of disinformation coming from Thailand to 
the effect that neither beryllium nor chrysoberyl 
was involved in the new treatment process, and 
that these dramatic color modifications were the 
result of naturally occurring impurities. As a direct 
consequence, a more extensive set of experiments 
was undertaken to significantly narrow the possi- 
bilities (Emmett and Douthit, 2002b). 

The next experiment (No. 5) was designed to 
eliminate any possible effect from the flux itself. 


108 BERYLLIUM DIFFUSION OF RUBY AND SAPPHIRE 


To accomplish this, ground natural chrysoberyl 
was mixed with high-purity reagent-grade Al,O, 
powder. Another set of stones was packed in this 
powder mixture in high-purity alumina crucibles 
and heat-treated. The longer time for this experi- 
ment (100 hours vs. 25 hours for experiments 1-4) 
was chosen to assure that we could diffuse com- 
pletely through some of the smaller stones. The 
results of this experiment, in terms of induced col- 
oration, were just like the flux diffusion experi- 
ments, with the additional fact that the smaller 
stones were diffused, and thus colored, completely 
through. Again, a few of the pink Madagascar sap- 
phires did not show any color alteration. 

Natural chrysoberyl is not a high-purity materi- 
al containing just BeO and AI,O,. It can contain 
significant quantities of iron, chromium, and/or a 
variety of other elements. Since we had no low- 
level trace-element analyses on natural 
chrysoberyl, it was at least conceptually feasible 
that trace-element impurities in the chrysoberyl 
could be responsible for the induced coloration in 
corundum. To address that possibility, high-purity 
reagent-grade BeO powder was procured, and mix- 
tures were made with the high-purity Al,O, pow- 
der and used in experiment 6. A wide variety of 
representative sapphires were then heated for 33 
hours at 1780°C. The results of these experiments 
were the same as the earlier experiments using 
chrysoberyl (that is, all the orangy pink, orange, 
orangy yellow, and yellow colors were produced). 
Again, some of the pink Madagascar sapphires 
remained unchanged in color. 

We also wished to evaluate the possible role of 
magnesium. As discussed earlier, if [Mg?*] > [Ti** + 
Si**], the trapped-hole yellow coloration will form 
when corundum is heat treated in an oxygen atmo- 
sphere. It is at least possible that Thai fluxes could 
contain some Mg compounds, which might diffuse 
into the corundum causing the yellow trapped-hole 
coloration. To determine if magnesium diffusion 
could be a factor in the Thai process, we added 2% 
MgO into the high-purity Al,O, powder in experi- 
ment 7. Even after heating for 100 hours, there was 
no induced coloration in the stones. This result 
was consistent with what we would expect, since 
the diffusion rate of magnesium into sapphire is 
very low, and an MgAI,O, (spinel) layer forms 
rapidly at the interface between the sapphire and 
the powder. 

As a final check, we conducted a “null” experi- 
ment (No. 8). We embedded a group of test sam- 
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ples from several different localities in high-purity 
Al,O, powder with no other additives, and 
replaced the entire inside ceramic surface of the 
furnace to assure no beryllium contamination 
from previous experiments. These samples were 
again heat treated for 33 hours at 1780°C. In this 
case, there were no substantive color modifica- 
tions at all. 

To determine the diffusion rate of beryllium, 
we sectioned several of the larger stones from the 
various experiments described above, so we could 
measure the thickness of the diffusion layer. From 
these measurements, the chemical diffusion coeffi- 
cient was determined to be roughly 10-’ cm?/sec 
(see Appendix}. While this is a rather crude mea- 
surement, we note that this diffusion coefficient is 
about 100 that of hydrogen in corundum (El-Aiat 
and Kréger, 1982), and about 100 times that of tita- 
nium (our measurements) in corundum, at the 
same temperature. Also noted were minor varia- 
tions in diffusion depth for different stones pro- 
cessed for the same duration at the same tempera- 
ture. The variation of diffusion rate with impurity 
concentration is well known for diffusion mea- 
surements in solids. 

To further understand the role of Be”* in corun- 
dum, we diffused Be into colorless, very high-puri- 
ty synthetic sapphire and high-purity synthetic 
ruby, with Fe contents on the order of 0.1 ppma or 


Figure 25. These two high-purity synthetic sapphire 
samples were Be diffused in the experiments 
described in the text. The cube was Czochralski 
grown by Union Carbide Corp., while the cylinder (14 
mm in diameter) was grown by Crystal Systems Inc. 
using the heat exchanger method. The concentration 
of beryllium in these samples is approximately 14 
ppma, which illustrates that beryllium is a very strong 
colorant in sapphire. Photo by Maha Tannous. 
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less and titanium contents of only about 2 ppma. 
Table 5 shows the low concentrations of Fe, Ti, 
and for the sapphire samples, Cr. These high-puri- 
ty materials were chosen in an attempt to ensure 
that existing impurities in these materials could 
not cause any significant coloration. Beryllium dif- 
fusion into these types of materials resulted in 
concentrations ranging from 13 to 35 ppma. Figure 
25 shows samples of both the Czochralski-grown 
and heat exchanger method (HEM)-grown synthet- 
ic sapphire after beryllium diffusion (for informa- 
tion on HEM, see Khattak and Schmid, 1984; 
Khattak et al., 1986). Both samples exhibit a strong 
orangy brown diffusion layer. Clearly, 10 to 30 
ppma beryllium is a very strong chromophore in 
both natural and synthetic corundum, and there is 
no question that beryllium diffused into corun- 
dum in an oxygen atmosphere is the single 
causative agent of these color modifications. 

After completing the experiments above, we 
were curious as to just how universal this Be- 
induced color modification might be. Using a com- 
bination of aluminum oxide and 2.65% BeO pow- 
der mixed as a paint, we performed Be-diffusion 
experiments on a wide variety of natural corundum 
samples (again, see table 4). All of these experi- 
ments were run at 1800°C for 33 hours. The color 
alteration produced is evident in these before-and- 
after pictures of mine-run sapphire and ruby from 
Songea, Tanzania (experiment 9, figure 26); Rock 
Creek, Montana (experiment 11, figure 27); King’s 
Plain, Australia (experiment 10, figure 28); and 
Tlakaka, Madagascar (experiment 12, figure 29). 
Using the same procedure as for experiments 9 
through 12, we obtained similar results with sap- 
phire from Dry Cottonwood Creek and Eldorado 
Bar, Montana; Subera, Australia; Shandong, China; 
and Umba, Tanzania. While this list is not exhaus- 
tive of sapphire deposits by any means, it does 
imply broad applicability of the Be-diffusion pro- 
cess. Many additional photographs of the colors 
produced by Be diffusion into corundum are shown 
in Themelis (2003). 

The reason that beryllium diffusion modifies 
the color of most corundum can be easily under- 
stood. Gem corundum usually is not strongly col- 
ored, which means that the net concentration of 
either Fe*-Ti* pairs or Mg**-hole pairs is not large. 
Consequently, reducing the effective concentra- 
tion of Fe”*-Ti** pairs or increasing the effective 
concentration of Mg** by diffusing in 10 to 30 
ppma beryllium, has a strong impact on color. 
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Figure 26. These two groups of different colors of sapphire rough (top, 0.5—1.2 ct; and bottom, 0.8-2.5 ct), from 
Songea, Tanzania, are shown before (left) and after (right) Be diffusion by the authors. Photos by J. Emmett. 


Experiments on Blue Sapphire. From our analysis 
of the impact of beryllium diffusion on very dark 
blue sapphires where [Ti**] >> [Mg?*], we find that 
beryllium diffusion should produce the condition 
[Ti**] > [Mg?* + Be**], substantially reducing the 
blue color saturation. To test this point (experi- 
ment 13), we cut a very thin (0.9 mm) wafer of 
extremely dark blue sapphire from a Shandong 
crystal (figure 30A)}. Figure 30B shows the same 


wafer after Be diffusion in an oxygen atmosphere. 
The lighter blue areas have been rendered either 
colorless or pale yellow by the mechanisms previ- 
ously discussed, and the remaining blue areas are 
much less saturated. After subsequent normal heat 
treatment in a reducing atmosphere (figure 30C), 
the yellow areas have been rendered essentially 
colorless, while the previously colorless or pale 
blue areas in figure 30B are a more saturated blue. 


Figure 27. Rough sapphire from Rock Creek, Montana, also responded well to Be diffusion, as seen in these images 
before (left) and after (right) Be-diffusion treatment. These samples weigh 0.4—1.4 ct. Photos by J. Emmett. 


@ 
« 
> a | 


110 BERYLLIUM DIFFUSION OF RUBY AND SAPPHIRE GEMS & GEMOLOGY 


SUMMER 2003 


Figure 28. Significant color alteration was also seen in this parcel of rough sapphire from King’s Plain, NSW, 
Australia (average 0.3-0.5 ct), shown here before (left) and after (right) Be-diffusion treatment. Photos by J. Emmett. 


Overall the blue areas are now far less saturated 
than in the wafer before treatment. Thus, a simple 
process for turning some types of very dark-blue 
sapphire into a much lighter blue is to diffuse 
beryllium into the crystal, followed by a standard 
reduction heat-treatment process. This process can 
be conducted in 30 to 60 hours on pieces of rough 
sapphire sufficient to cut 2 ct faceted stones. 
Given the efficacy of this two-step processing, it is 
recommended that high-value blue sapphires also 
be tested for Be-diffusion treatment. 


Absorption Spectra. Figure 31 shows the differen- 
tial absorption spectrum of a Be-diffused high-puri- 
ty synthetic sapphire (sample SS8 in table 5) and a 
similar spectrum of an orange Madagascar sapphire 
that was Be diffused in Thailand from originally 
pink material (sample TD-1). While these two spec- 
tra both show strong absorption in the blue region, 
there are significant differences. The absorption 
peak of the SS8 synthetic sapphire is centered at 
420 nm, while that of the natural sapphire is at 


460 nm. In addition, the SS8 material exhibits a 
weak broad band centered at about 700 nm. To 
gain some insight into these differences, we dif- 
fused beryllium into two synthetic rubies (SS3 and 
SS18) that contained different levels of chromium 
but otherwise were of very high purity. The differ- 
ential absorption spectra of both were essentially 
the same (see, e.g., figure 31). 

Comparing the Be-diffused SS3 differential 
spectrum with that of the Be-diffused natural sap- 
phire (TD-1), we note that both show peaks at 380 
nm and 460 nm, and neither shows the 700 nm 
peak. The 460 nm peaks are essentially identical, 
while the 380 peaks exhibit different amplitudes. 
It thus appears that the spectral differences 
between the SS8 synthetic sapphire and the sam- 
ple TD-1 natural sapphire are associated with the 
presence of chromium. In high-purity Be-contain- 
ing synthetic sapphire, the trapped hole is associ- 
ated with the beryllium ion. However, in sapphire 
containing chromium in addition to beryllium, 
the Be-induced trapped hole will preferentially 


Figure 29. Rough sapphire from Iakaka, Madagascar (average 0.4-1.0 ct), also showed dramatic color differences, 
as evident in this material before (left) and after (right) Be-diffusion treatment. Photos by J. Emmett. 
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Figure 30. This thin wafer (0.9 x 16 mm) was cut from an extremely dark blue sapphire crystal from Shandong, China. 
It is illuminated from below so that the color is apparent. The wafer in its untreated state is on the far left (A). After Be 
diffusion in an oxygen atmosphere (B), most of the blue color has been removed or greatly lightened and a small 
amount of yellow color has appeared. Subsequent standard reduction heat treatment removed the yellow color and 
slightly increased the saturation of the blue (C). The blue color has now effectively been lightened by this process. 


Photos by J. Emmett. 


associate with the Cr** ion (again, see Box B). 
Thus, the differential absorption spectrum in this 
case is that of a trapped hole near a Cr** ion, not 
that of a trapped hole near an Mg”* ion, a result 
we anticipated in the “Color in Corundum” sec- 
tion. There are two possibilities for the origin of 
this spectrum. First, we could be observing the 
spectrum of a Cr**-trapped hole pair. Second, we 
could be observing the spectrum of Cr** resulting 
from combining the hole and the Cr** ion. 
Determining which of these possibilities is cor- 
rect will require significant additional research. 

In sapphire that does not contain chromium, but 
does contain Fe**, beryllium-induced trapped holes 
will preferentially associate with Fe** rather than 


Figure 31. This figure shows the beryllium- 
induced absorption from sample TD-1 (a Thai 
Be-diffused pink Madagascar sapphire), sample 
SS3 (a Be-diffused synthetic ruby), and sample SS8 
(a high-purity synthetic sapphire grown by the 
heat-exchanger method). The absorption spectrum 
of the Cr-containing samples differs significantly 
from that of SS8, because the beryllium-induced 
trapped hole interacts with the chromium. 
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Be”*. The resulting absorption spectrum again can 
be a Fe**-trapped hole pair, or the spectrum of Fe**. 
We would expect the absorption spectrum from the 
hole association with Cr** to differ somewhat from 
the spectrum of the association with Fe**. However, 
all the natural sapphires for which we have both 
SIMS data and careful differential spectroscopy con- 
tain chromium at 210 ppma. Thus it is understand- 
able why all exhibit the 460 nm absorption if it is 
indeed associated with a Cr**-hole pair. To test this 
hypothesis, we need to diffuse Be into sapphire con- 
taining iron, but not containing chromium at more 
than a few ppma. There are two possibilities for 
obtaining such material. First, it may be possible to 
find such stones among the “colorless” heat-treated 
Sri Lanka geuda. Second, a high-purity iron-doped 
synthetic sapphire could be grown. We are working 
with a number of colleagues to pursue both 
approaches. Be diffusing such material should allow 
us to unambiguously observe the Fe*+-hole pair 
spectrum, and thus resolve remaining color issues. 


GEMOLOGICAL TESTING 
AND IDENTIFICATION 


It is essential that the role of the diffused Be in 
corundum be understood before any identification 
techniques, whether simple or complex, are pro- 
posed. The foregoing provides that foundation. The 
experiments described below were conducted to 
characterize Be diffusion-treated ruby and sapphire, 
and to provide possible identification criteria. 


Materials and Methods 


Samples. The number of samples (898) examined 
for the gemological identification portion of this 
study is necessarily quite large, to examine as 
many of the effects of the Be-diffusion process as 
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possible, and yet there are stones from some 
geographic areas, and in some color combinations, 
that remain to be studied. 

From the 898 samples, 285 were known to be 
beryllium diffused, 178 were used for before-and- 
after experiments, and 435 were not diffused. 
Approximately half were faceted. The known-dif- 
fused samples were either acquired as such direct- 
ly from treaters or dealers in Thailand, were 
proved to be Be diffused through chemical analysis 
or characteristic color zoning, or were treated by 
us. These samples were yellow, pink to orange to 
red, blue, purple, green, and colorless; they came 
from Madagascar (Ilakaka and unspecified 
deposits), Montana, Tanzania (Songea and Umba}, 
and unknown localities. 

The samples that were obtained for the before- 
and-after experiments were either colorless or 
showed the following colors before treatment: light 
yellow, yellowish orange, pink, brownish red, blue, 
purple, green, brown, and gray, with some multi- 
colored. These samples were sourced from 
Australia (Lava Plains), Laos, Montana, Madagascar 
(Ilakaka, northern, and unspecified deposits], Sri 
Lanka, Tanzania (Songea and Umba}, Thailand 
(Kanchanaburi and unspecified deposits), Vietnam 
(Lam Dong, Quy Chau, and unspecified deposits), 
and unknown localities. 

The samples that were not Be diffused were 
colorless to yellow to orange, pink to purple to 
red, blue to green, brown, gray, and mixed pale 
colors; both natural-color and standard heat-treat- 
ed stones were represented. Specific information 
on the sample population and the tests to which 
they were subjected can be found in the Be-diffu- 
sion samples table in the G#G Data Depository 
(http://www.gia.edu/gemsandgemology, click on 
“Ge&G Data Depository”). 


Standard Gemological Testing. Routine gem test- 
ing was performed on a portion of the samples 
examined for this study, although not all samples 
were studied by all methods (again, see the Be-dif- 
fusion samples table in the GWG Data 
Depository]. The tests included determination of 
refractive index, specific gravity by the hydrostatic 
method, and pleochroism, as well as observing 
absorption spectra from desk-model spectroscopes 
and the reaction to ultraviolet radiation. 

Since color distribution was anticipated to be 
the most important identification criterion, we 
examined virtually all samples with a gemological 
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Figure 32. This Be-diffused sapphire is shown in an 
immersion cell filled with methylene iodide; a diffus- 
er plate was placed between the light source and the 
cell. In conjunction with a horizontal microscope, this 
was one of the methods used to examine the stones in 
this study. Photo by Ken Scarratt. 


microscope, using various types of lighting and 
immersion techniques. 

Our equipment included a horizontal binocular 
microscope configured with an immersion cell (fig- 
ure 32), and upright microscopes with both a stan- 
dard immersion cell and specially prepared, 
grooved, translucent white plastic trays. In all 
cases, the samples were immersed in methylene 
iodide (di-iodomethane, R.I.=1.74). (Other immer- 
sion fluids, such as water or baby oil, may be used, 
but their lower refractive indices render them less 
effective.) IIlumination of the sample with diffused 
white light greatly facilitated the observation of 
color gradients. Low magnification (10x) was used 
to search for surface-conformal color zoning, 
whereas higher magnification (up to 63x) was used 
to examine internal and surface features. 


UV-Vis-NIR Spectroscopy. The UV-Vis-NIR spec- 
tra at room and liquid-nitrogen temperatures were 
recorded for the range 190-900 nm using Unicam 
UV500 and Hitachi U-2000 instruments. Spectra for 
natural, heated, and Be diffusion—-treated stones— 
both faceted and in the form of polished wafers— 
were recorded in the direction of the o-ray (Ec). 


Infrared Spectroscopy. The infrared spectra of 
selected samples (including natural, heated, and 
Be-diffusion treated of various colors) were record- 
ed in the range of 6000-400 cm~! using Fourier- 
transform infrared (FTIR) spectrometers (Nicolet 
560 and 760, Nexus 670, and Avitar) and various 
accessories (beam condenser, diffuse reflectance 
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Figure 33. Not all sapphires treated with beryllium 
have an intense color, as this 14.38 ct Be-diffused sap- 
phire illustrates. It has a medium tone very similar to 
that of some natural-color sapphires. It is interesting 
to note that the thin orange layer present in this stone 
is visible even without immersion, which is not usual- 
ly the case. Photo by Maha Tannous. 


[DRIFTS], and attenuated total reflectance [ATR]). 
We employed an MCT-B detector and a KBr beam 
splitter, using various resolutions (from 0.5 to 4.0 
cm7!), to observe the O-H region and other spec- 
tral areas of interest. 


Raman Spectroscopy. Raman spectra were gath- 
ered using a laser Raman microspectrometer 
(Renishaw 1000 system) at both room and liquid 
nitrogen temperatures, with an argon-ion laser pro- 
viding excitation at 514.5 nm. We used this tech- 
nique to determine whether any Raman peaks 
were induced or changed as a result of Be diffusion, 
as well as to identify surface-reaching fluxes, syn- 
thetic overgrowths, and crystal inclusions. 


Chemistry. Chemical analysis by energy-dispersive 
X-ray fluorescence (EDXRF) was performed on an 


Figure 34. A wafer cut 
from this 0.83 ct Viet- 
namese pink sapphire 
(before treatment, left) 
was Be diffused for this 
study (right). There was no 
observable change in color 
(the white material is 
residual flux). Photos by 
Elizabeth Schrader. 
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EDAX DX 95 and a Spectrace QuanX. The full 
range of elements within the detection limits of 
these instruments was surveyed (from sodium 
through the heavier elements). This technique was 
primarily used early in the study of these new dif- 
fused materials to see if there were any elements 
peculiar to this treatment that were detectable by 
these instruments (see, e.g., McClure et al., 2002). 
This did not prove to be the case, showing that this 
testing technique is not useful for this purpose. 

To search for light elements in the diffused 
layer, we also used SIMS analysis at Evans East 
(again, see Box A). Since February 2002, we have 
submitted 62. rubies and sapphires to SIMS analysis 
with 153 separate analyses. Samples were selected 
from stones known to have been treated in 
Thailand by beryllium diffusion; stones treated to 
specific parameters by two of the authors; stones 
that were known to be untreated; and stones that 
were submitted by clients for examination and lab- 
oratory reports. 


Results and Discussion 


Visual Appearance. We observed that many of 
the colors produced by Be-diffusion treatment are 
very saturated, particularly those in the pink- 
orange, yellow, and orange ranges (again, see fig- 
ure 1). These colors have never been common in 
natural corundum, even among typical heat-treat- 
ed sapphires. The availability of large quantities of 
such colors in one place, as several of the authors 
have seen in Thailand, would immediately sug- 
gest that they have been treated by this new tech- 
nique. When a single stone is examined, however, 
color alone is not diagnostic, as natural and heat- 
treated sapphires and rubies exist in all the colors 
seen in Be-diffused corundum (see Box C and 
chart figure C-31). Note, too, that not all sap- 
phires treated with Be diffusion produce such 


GEMS & GEMOLOGY 


SUMMER 2003 


vibrant, saturated colors (figure 33). In fact, as dis- 
cussed in the “Color in Corundum” section, some 
stones do not change color at all, even though 
SIMS analysis shows that beryllium has penetrat- 
ed them (figure 34). In addition, as described earli- 
er, this new treatment can lessen the intensity of 
color in some dark blue sapphires. 


Optical and Physical Properties. The refractive 
index, birefringence, pleochroism, and specific 
gravity of our samples did not vary significantly 
from those properties recorded for other types of 
natural or treated corundum. This is consistent 
with the very low concentration of beryllium that 
has been detected in the diffused stones (see table 
7). The Be diffusion-treated stones had a broad 
range of reactions to UV radiation, from inert to 
strong, and the fluorescence colors varied from 


orange to reddish orange. This probably is due to 
the wide variety of corundum being subjected to 
this treatment. However, we did notice a some- 
what higher-than-expected occurrence of moder- 
ate-to-strong orange fluorescence to long-wave UV 
in the pink-orange stones. This reaction was by no 
means consistent, and in our experience it is not 
uncommon in non-diffused stones of the same 
color. Consequently, it cannot be considered a use- 
ful identification clue. 

Most of the diffused stones we tested, particular- 
ly those in the yellow-to-orange range, showed 
weak-to-strong 450 nm iron-related absorption in 
the desk-model spectroscope. All the samples with 
a pink or red component, as well as some orange 
stones, also showed Cr absorption in the red region 
of the spectrum (692 and 694 nm). The Fe-related 
absorption was stronger than expected for some of 


TABLE 7. Representative trace-element compositions of corundum by SIMS (ppma).2 


Sample no. Color Notes Be Na? Mg Si Ke Ti Cr Fe Ga Geographic source 
Untreated 
48718 Red WAS 2.04 45.2 38.4 0.63 3834 4300 6.55 62.9 Mong Hsu, Myanmar 
49081 Green 1.46 0.12 80.3 17.8 0.03 63.2 90.1 1461 16.1 Montana, U.S. 
49081 Orange 1.46 0.20 76.1 16.1 0.04 63.0 80.7 1358 = 13.0 Montana, U.S. 
49089 Yellow 1.48 3.96 35.8 17.7 0.17 29.1 461 2646 39.7 Unknown 
49089 Blue 1.52 0.16 9.20 18.2 0.03 120 2.57 1998 29.6 Unknown 
49102 Pink 1.42 0.10 28.5 40.3 0.07 742 1061 8.91 18.4 Vietnam 
Before / after Be-diffusion treatment 
49106 Yellowish Before 1.24 0.07 56.8 22a 0.04 40.1 237 2496 20.7 ~ Songea, Tanzania 
brown 
49106T Orange After 17.4 0.54 43.9 15.4 0.41 280m 222 1610 28.8 Songea, Tanzania 
45031 Pink Before 1.20 0.04 105 na 0.02 na 292 15S! S2247 Unknown 
45002 Pinkish After ie 0.13 109 na 0.09 na 822 145 25.4 Unknown 
orange 
45494 Pink Before 1.44 0.62 167 na 0.12 121 928 ists! syle Unknown 
45493 Pinkish After 18.0 2.20 134 na 0.67 89.9 781 115 33.6 Unknown 
orange 
Be diffusion-treated samples 
45033 Orangy Center 16.4 0.28 76.5 na 0.18 na 712 1056 + 19.0 Unknown 
red 
45033 Orangy Edge 19.2 0.21 78.5 na 0.14 na 707 1083 «19.5 Unknown 
red 
45490 Yellow Center 3.14 0.03 11.8 na 0.01 15.8 3.93 1509 46.9 Unknown 
45490 Yellow Edge 24.5 0.04 5.20 na 0.01 20.0 3.91 1490 33.8 Unknown 
48415 Red 25.1 0.43 64.0 na 0.24 47.4 4118 2441 53.8 Unknown 


8na = not analyzed. Accuracy of Be and Fe is +10-20%; Ga, Mg, Si, Ti, Cr, Na, and K is about 30%. A complete listing of the 
analyses performed for this study can be found in the G&G Data Depository (www.gia.edu/GemsandGemology, click on “G&G Data Depository”). 


© High concentrations of Na and K in some analyses could be due to surface contamination. 
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Figure 35. A wide variation in the penetration depths of 
surface-conformal color layers can be seen in this group 
of faceted Be-diffused sapphires (0.51-1.92 ct), immersed 
in methylene iodide. Photo by Maha Tannous. 


the colors tested. We believe this absorption is relat- 
ed to the starting material used for Be diffusion, 
rather than to the treatment itself. It must be 
emphasized, however, that this observation is in no 
way diagnostic of Be diffusion, as many natural yel- 
low or orange sapphires show similar absorption. 


Color Distribution. Beryllium diffusion came to the 
attention of gemologists and the trade after yellow- 
to-orange three-dimensional surface-conformal lay- 
ers were seen on faceted orangy pink padparadscha- 
like sapphires (McClure et al., 2002; Scarratt 
2.002.a,b). We have never observed—either in the 


Figure 37. Many different combinations of Be-diffused 
colors are possible. Some, as in this 1.51 ct purple and 
orange briolette with an orange surface-conformal 
layer, are very unusual. Photomicrograph by Shane F. 
McClure; immersion, magnified 10x. 


116 BERYLLIUM DIFFUSION OF RUBY AND SAPPHIRE 


Le ai 


Figure 36. The vast majority of predominantly red Be- 
diffused samples we examined showed a relatively 
thin, surface-conformal layer of orange color. The layer 
in this 5.05 ct stone is somewhat uneven, which sug- 
gests that it was recut after treatment. Photomicro- 
graph by Shane F. McClure; immersion, magnified 10x. 


course of this study or in our many years of experi- 
ence—such a three-dimensional layer of color paral- 
leling the surface of a natural-color polished gem- 
stone. To the best of our knowledge, it can only be 
caused by a diffusion treatment. 

Therefore, careful observation of color distribu- 
tion became critical to this investigation. Exami- 


Figure 38. Natural color zoning in corundum does not 
conform to the faceted shape of the stone. Instead, it 
follows the structure of the corundum crystal, creating 
angular zones and parallel bands, as can be seen in this 
group of non-diffused rubies and sapphires (0.14—1.29 
ct). Photo by Maha Tannous; in immersion. 
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Figure 39. A Be-diffused stone will not always have a complete surface-conformal layer of color, which could cause 
confusion with natural color zoning. We had the diffused piece of rough on the left cut into the 1.74 ct stone in the 
center. As can be seen with immersion on the right, the orange diffusion layer was evident only as concentrations 
just under the surface along the edges of the table and one side of the pavilion, and not all the way around the stone. 
Left and center photos by Maha Tannous; photomicrograph on the right by Shane F. McClure, magnified 10x. 


nation of the Be-diffused samples in our study with 
magnification and immersion revealed that all of 
the fashioned orangy pink and pinkish orange sam- 
ples showed color zones that related directly to the 
faceted shape of the stone (see, e.g., figure 35]. In 
some, this zone penetrated as much as 80% of the 
stone (again, see figure 17 right and chart figure C- 
1); those stones with the deepest penetration 
appeared most orange. The vast majority of the pre- 
dominantly red faceted samples also showed 
orange surface-conformal color zones (figure 36). 
The few blue Be-diffused sapphires we have exam- 
ined all showed a thin, colorless surface-conformal 
layer overlaying typical blue hexagonal zoning. 
However, most of the Be-diffused yellow and 
orange samples were colored throughout, with less 
than 10% showing a layer of surface-conformal 
color. Sapphires of other colors, such as green and 


Figure 40. Occasionally Be-diffused corundum shows 
both surface-conformal color layers and natural color 
zones that correspond to the crystal structure, as seen 
in this 1.29 ct briolette. Photomicrograph by Shane F. 
McClure; immersion, magnified 10x. 
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purple, typically revealed orange or yellow surface- 
conformal layers overlying purple, green, or blue 
central colors (figure 37). 

The color distribution in an untreated sap- 
phire, or even in a sapphire that has been heated 
by standard methods, generally will follow the 
trigonal crystal structure of corundum. Stones cut 
from such crystals may show angular or straight 
color banding that conforms to the corundum’s 
crystal morphology and related trace-element dis- 
tribution, rather than to the shape of the faceted 
stone (figure 38). In addition, some natural-color 
stones are faceted to use isolated zones of color in 
a way that results in an unusual color distribution 
(e.g., a dark blue zone located in the culet of an 
otherwise colorless stone or, in the case of a pad- 
paradscha sapphire, an orange zone retained along 
one edge to produce the optimum color). 
Although we have never observed a natural color 
zone that conformed to the faceted surface of the 
polished stone, a Be-diffused piece of pink or red 
rough also might be cut in such a way that the 
orange color component does not conform to the 
facets of the finished stone, but rather merely 
forms a concentration of orange, for example, 
along one or several edges (figure 39). The gemolo- 
gist must develop a keen sense for color distribu- 
tions that are not completely surface conformal, 
which will indicate that further testing (such as 
SIMS) is needed. Therefore, any near-surface con- 
centration of yellow or orange color should be 
viewed with suspicion. 

In several of our samples, the surface-conformal 
color layer was present in conjunction with natu- 
ral angular or banded color zones; these even over- 
lapped one another in some cases. In such 
instances, the two types of zoning were easily dis- 
tinguished and the relationship of color to faceted 
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GEMOLOGICAL DIGESTS 


Diamond Synthesis 
Attempted at Harvard 


The most recent attempt to synthesize 
diamond was made at Harvard Univer- 
sity, Cambridge, Massachusetts, by Dr. 
P. W. Bridgman, Professor of Physics. 
Although greater pressure and tem- 
perature conditions were attained than 
in any previous attempts, the experi- 
ment was unsuccessful. 

Professor Bridgman is world-famous 
as a physicist who has investigated the 
nature of many materials at extremely 
high pressure. Using apparatus of his 
own design, he has been able to reach 
pressures greater than any other worker 
in this field of physics. Therefore, Pro- 
fessor Bridgman’s laboratory at Har- 
vard was the logical place for an attack 
on the problem of diamond synthesis. 
The apparatus necessary for these ex- 
periments was too costly to be supported 
by the University, and financial aid was 
given by the General Electric, Carbo- 
rundum, and Norton companies. 

A goal was set for apparatus that 
would produce a pressure of 30,000 
kilograms per square centimeter (ap- 
proximately 412,500 pounds per square 
inch) on a sample 114x2 inches in size, 
at a temperature of 2000°C (3600F). 
Pressure was produced by a 1000-ton 
press of standard -commercial make. 
The specimen holder was of steel having 
an external diameter of 36 inches. Heat 
was applied in two different ways.- In 
the earlier experiments, the specimen 
(graphite) was heated externally, then 
quickly pushed into the specimen holder 
and the pressure rapidly applied. The 
interval from the time heating was 


stopped until full pressure was attained 
was approximately 7 seconds. 

In later experiments, heat was applied 
internally by imbedding the graphite in 
a special type of thermite. Pressure 
was then applied to the cold specimen. 
When a. pressure of about 15,000 kilo- 
grams per square centimeter was 
reached, the thermite ignited and raised 
the temperature of the graphite to the 
desired value, and full pressure was 
attained in an additional fraction of a 
second. Thus maximum pressure and 
temperature were reached simultane- 
ously. Pressure was maintained at a 
maximum while the contents slowly 
cooled to room temperature. 

Numerous runs were made under 
various conditions but in no case was 
any diamond formed. In an experiment, 
three %%-carat seed diamonds were 
placed in the graphite, with the result 
that the diamonds were themselves 
partially altered to graphite—G. S. 

Abstracted from “An experimental 
contribution to the problem of diamond 
synthesis,” by P. W. Bridgman. The 
Journal of Chemical Physics, vol. 15, 
No. 2 (Feb. 1947). 


1946 Gem Production 


The following excerpis have been 
taken from a report by Sydney H. 
Ball; appearing in Minerals Yearbook, 
1946, published by the Bureau of Mines 
of the United States Department of the 
Interior. 


The lapidary industry, professional 
and amateur, in the Western States 


Figure 41. Undamaged zircon inclusions in Madagascar 
sapphires typically appear as small transparent sub- 
hedral (rounded) crystal grains. Photomicrograph by 
Shane F. McClure; magnified 40x. 


shape proved that a color-causing element had 
been diffused into the stone from an external 
source (figure 40 and chart figure C-4). 


Magnification. Inasmuch as standard gemological 
tests, other than the observation of a surface-confor- 
mal color layer, have not provided proof of Be diffu- 
sion, we believed that other evidence obtained from 
microscopic examination could be critical to identi- 
fication. We cannot stress strongly enough that the 
findings represented here indicate changes in inclu- 
sions that have occurred due to exposure to extreme 
heat—heat higher than is typical for what we refer 
to as standard heat treatment (i.e., above 1780°C). 
While actual temperature data from Thai treaters is 
unavailable, we have observed alterations in inclu- 
sions that we rarely see with standard heat treat- 
ment. Such evidence cannot unequivocally prove 
beryllium diffusion. However, these types of fea- 


Figure 42. At high tempera- 
tures, zircon inclusions 
become significantly 
altered. Typically, they are 
transformed into opaque 
irregular masses, often with 
a crackled appearance and 
a gas bubble in the middle. 
Photomicrographs by Ken 
Scarratt; magnified 40x. 
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tures, considered together with the other evidence 
outlined in this article, can provide a strong indica- 
tion that a stone has been Be-diffusion treated. 


Included Crystals. Almost all of the Madagascar 
samples contained small crystals of zircon, which 
is very common in corundum from that locality 
(see, e.g., Schmetzer, 1999). In all the Be-diffused 
samples that contained zircon inclusions, we 
found that those inclusions were always signifi- 
cantly altered. What were once transparent sub- 
hedral crystals (rounded grains, as shown in fig- 
ure 41) were transformed into opaque white irreg- 
ularly shaped masses, often with a crackled 
appearance and a gas bubble in the center (figure 
42, and chart figure C-7). We have seldom seen 
the destruction of zircon inclusions in sapphires 
that have been subjected to typical heat treat- 
ments, regardless of their locality of origin. The 
fact that all such inclusions in Be-diffused stones 
are significantly altered is important. It means 
that the temperatures being used for Be diffusion 
are significantly higher than those used for stan- 
dard heat treatment. Therefore, if zircon crystals 
appear to be unaltered, it is unlikely that the sap- 
phire host has been subjected to the high temper- 
atures typically used for Be diffusion (Butterman 
and Foster, 1967). 

Figure 43 shows the Raman spectra of (A) a zir- 
con inclusion inside a natural pink sapphire and (B) 
a zircon in the same sapphire after Be-diffusion 
treatment. Spectrum A has strong Raman scatter- 
ing at 1018, 983, 441, 364, 224, and 200 cm~!. In 
spectrum B, all these peaks are gone, which indi- 
cates that a phase transformation has occurred. It is 
very likely that the peaks at 192, and 181 cm7! are 
from ZrO, (baddeleyite). None of the other peaks 
matched any minerals in our database that could 
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Figure 43. Shown here are the Raman spectra of (A) a 
zircon inclusion inside a natural pink sapphire, and 
(B) a similar inclusion in the same sapphire after Be- 
diffusion treatment. Due to partial melting and reac- 
tion with the surrounding corundum, the zircon in the 
Be-diffused sample was transformed to ZrO, (badde- 
leyite) and an Al,O,-SiO,-rich glass. 


crystallize from the partial melt (such as quartz, 
tridymite, cristobalite, or mullite). These results 
indicate that the partial melt was cooled rapidly, 
and the zircon inclusion eventually transformed 
into ZrO, and an Al,O,-SiO,-rich glass, following 
the Be-diffusion treatment. These findings are in 
agreement with those recently published by 
Rankin and Edwards (2003), who provide an in- 
depth discussion of what happens to zircon crystals 
at such high temperatures (see also Butterman and 
Foster, 1967). 

Note that the melt created by these highly 
altered inclusions often flows into the surround- 
ing strain haloes. As it cools within the halo, it 
forms the phases mentioned above and creates 
crossing fern-like structures that are reminiscent 
of the structure of devitrified glass (see chart fig- 
ure C-10). These recrystallized haloes were seen 
in many of the Be-diffused stones, but they were 
particularly common in the orange, yellow, and 
pink-orange samples. A Raman spectrum of the 
substance within the halo exactly matched spec- 
trum B in figure 43, indicating that it, too, was 
caused by the destruction of zircon. 

Other types of crystals were seen in many of the 
samples tested, but in all cases they were damaged 
or significantly altered by the treatment, and in 
most cases they were visually unidentifiable, 
shapeless white masses (see chart figure C-28]. We 
also saw numerous instances of large gas bubbles 
that were trapped in internal cavities filled with 
what appeared to be a transparent glass (figure 44). 
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Figure 44. These former mineral inclusions were 
reduced to a glass-like melt containing gas bubbles 
after the host sapphire was Be-diffusion treated. 
Photomicrograph by Ken Scarratt; magnified 40x. 


Internal Diffusion. We saw evidence of internal lat- 
tice diffusion (i.e., the diffusion of a color-causing 
agent from an inclusion into the surrounding stone; 
Koivula, 1987) in many of our study samples, par- 
ticularly in the orange, yellow, and red colors. This 
phenomenon generally occurs in association with 
rutile (TiO,), and is extremely common in blue sap- 
phires that have undergone standard heat treat- 
ment. At high temperature, rutile inclusions break 
down and release Ti, which diffuses into the struc- 
ture of the corundum, reacts with existing Fe, and 
produces a localized blue coloration (see chart fig- 
ures C-17 and C-18). 

In many of the untreated Songea rubies and 
sapphires we examined, the rutile inclusions 
were in the form of euhedral crystals. In untreat- 
ed stones from Madagascar, they appeared most- 
ly as needles or clouds of fine, dust-like parti- 
cles, as are commonly seen in corundum sam- 
ples from many other localities. However, all of 
the Be-diffused stones from Songea in this study 
that contained rutile crystals showed a typical 
internal diffusion pattern consisting of a hexago- 
nal or irregularly shaped crystal surrounded by a 
spherical blue halo (figure 45). The blue color 
contrasted sharply with the yellow, orange, or 
orangy red bodycolor of the stones. Some of the 
areas of spotty blue coloration created by rutile 
silk in Be-diffused stones from Madagascar still 
contained a visible pinpoint inclusion (chart fig- 
ure C-19). 

The important observation is that although inter- 
nal diffusion is quite common in heat-treated blue 
sapphire, it is not at all common in yellow, orange, 
and red corundum. While it is true that yellow 
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Box C: A PRACTICAL GUIDE TO RECOGNIZING BERYLLIUM-DIFFUSED RUBIES AND SAPPHIRES 


The most critical issue for gemologists and the gem trade 
is how to separate these treated stones from natural-color 
corundum and corundum that has been heated by “stan- 
dard” methods, without the addition of external ele- 
ments. Although our research has shown that all the Be- 
diffused stones can be identified by mass spectroscopy, 
especially SIMS analysis, this technique is expensive and 
time consuming. However, we have found many other, 
more readily obtainable clues that provide either proof or 
strong indication of Be-diffusion treatment. 

This box and the accompanying chart summarize 
the clues a gemologist can use to help determine if a 
sapphire or ruby has—or has not—been subjected to Be 
diffusion. While we believe these indicators to be com- 
mon to all colors of Be-diffused corundum, to date we 
have not examined a sufficient number of Be-diffused 
blue sapphires to draw general conclusions about them. 
Observations requiring magnification are best seen with 
a gemological microscope. All numbers in parentheses 
refer to images on the chart. 


DIAGNOSTIC EVIDENCE 


Color Zoning — The only diagnostic evidence of Be-diffu- 
sion treatment immediately available to the gemologist 
is the presence of a color zone that conforms to the exter- 
nal faceted shape of the stone. This color zone may be 
seen in all types of Be diffusion-treated corundum and 
can penetrate to any depth, including throughout the 
gem (figure C-1). The Be-diffused conformal zone is yel- 
low, orange, or occasionally colorless (C-2). It surrounds 
central cores that are either colorless or some other color, 
most often pink or red (C-3). It also may be seen to over- 
lay natural zoning (C-4). Observation of this feature 
requires the use of immersion, with methylene iodide 
(what gemologists call 3.32 liquid) the best medium. 


HIGHLY INDICATIVE EVIDENCE 


The features in this section do not prove that a stone has 
been Be-diffusion treated. However, they do prove that it 
was subjected to very high temperatures (i.e., higher than 
those typically used for the standard heat treatment of 
corundum) and are a strong indication that Be-diffusion 
treatment may have occurred. Therefore, observation of 
one or more of the following features in a ruby or sap- 
phire means that the color origin is highly suspect. 


Highly Altered Zircon Inclusions — Zircon crystals in 
corundum usually survive standard heat treatment, 
retaining their initial appearance as small transparent 
angular or rounded grains (C-5). The extreme alteration of 
such crystals to white, formless masses (C-6}—often con- 
taining a gas bubble (C-7)—is an excellent indicator that 
the stone has been exposed to very high temperatures. 


Internal Recrystallization — Several forms of internal re- 
crystallization occur as a result of the extreme tempera- 
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tures used in Be-diffusion treatment. One of these 
relates to the zircon inclusions mentioned above. 
Discoid fractures around zircon crystals are commonly 
created during normal heat treatment as the crystal 
expands, even when the inclusion itself is not damaged 
(C-8); the circular fractures around zircons and other 
crystals are often glassy and reflective (C-9). Such frac- 
tures also often occur around zircon crystals during Be- 
diffusion treatment. However, as the zircon is destroyed, 
the resulting fluid melts and flows into the planar frac- 
tures of the discoid. Then, as the stone cools, the melt 
partially recrystallizes, leaving a characteristic appear- 
ance that we had not seen in sapphires prior to this new 
treatment: a plane of transparent material interwoven 
with fern-like patterns reminiscent of the structure seen 
in devitrified glass (C-10), occasionally displaying irides- 
cent colors (C-11). The discoids also may contain areas 
healed by the regrowth of corundum (C-12), and near 
their center is always a white mass (usually with a gas 
bubble) that used to be a zircon crystal (C-13). 

The second type of recrystallization involves the 
mineral boehmite. Recrystallized corundum in the 
channels left behind by destroyed boehmite inclusions 
often has a characteristic “roiled” appearance (C-14), 
particularly in transmitted light. These now-filled chan- 
nels often contain voids that may be spherical (C-15) or 
have a bone-like shape (C-16). 


Internal Diffusion — Internal lattice diffusion around 
rutile crystals and “silk” is very common in heat-treated 
blue sapphires. This typically manifests itself as roughly 
spherical blue haloes around the crystals (C-17) and spotty 
blue coloration where the rutile “silk” used to be (C-18). 
In our experience, however, this phenomenon is extreme- 
ly rare in rubies and yellow-to-orange sapphires (C-19) 
since these stones are heated in an oxidizing atmosphere 
that usually removes blue color. Its presence in these col- 
ors can be considered a direct result of exposure to high 
temperatures. However, since yellow sapphires from 
some localities (such as Montana) are routinely heated— 
but not diffused—at temperatures high enough to cause 
some spotty blue coloration, these characteristics indicate 
the possibility—but not proof—of Be diffusion. 


Synthetic Overgrowth — Synthetic corundum can grow in 
any high-temperature treatment environment. However, 
the appearance of synthetic overgrowth on faceted Be-dif- 
fused rubies and sapphires is different from any we have 
seen before. Specifically, remnants of synthetic over- 
growth occasionally have been seen in surface-reaching 
cavities as tiny platelets, but not covering entire facets. 
Although this synthetic material is often removed during 
finishing, portions remain on the surfaces of some stones, 
particularly those that are yellow to orangy red, providing 
an important clue to the use of high heat. 

The synthetic crystals that grow during Be-diffusion 
treatment are often randomly oriented, tend to be platy 
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and hexagonal in shape (C-20}, and are much larger and 
far more numerous than any typically found on stones 
heat treated by standard methods. When they grow 
together, they form a solid layer that often looks like an 
aggregation of irregular blocks (C-21), sometimes with 
tiny voids between them and cloud-like inclusions 
along the crystal interfaces (C-22). This tends to create a 
roiled appearance in the surface layer (C-23). While this 
usually can be seen with darkfield illumination, it is 
even more readily visible with transmitted light (C-24). 
Cross-polarized light also helps reveal such features, due 
to the randomness of the crystal growth. Since the ori- 
entation of many of the synthetic crystals is different 
from that of the natural host, in crossed polarizers they 
may appear light while the host material is dark (C-25). 

We have recently noted increased synthetic growth 
on the surfaces of a number of Mong Hsu rubies, some- 
times lining cavities and sometimes having the same 
appearance as that found on Be-diffused stones (C-26). 
The cavities exhibited linings of tiny hexagonal platelets 
and were often filled with glass residues. This indicates 
that some of these stones are now being treated at higher 
temperatures than were typically used before. However, 
we have not seen this type of growth in yellow and 
orange heat-treated sapphire that has not been subjected 
to Be-diffusion treatment. 


Other Inclusions — Other unidentifiable severely dam- 
aged crystals that do not appear to have been zircons 
have been noted in some Be-diffused corundum (C-27). 
Although the original form of these white, shapeless 
masses is unrecognizable, the sheer amount of damage 
(C-28) is clear evidence of exposure to extreme tempera- 
tures. This is also true of internal cavities that are now 
filled with a transparent glass-like material containing 
spherical gas bubbles (C-29). 


EVIDENCE THAT IS NOT INDICATIVE 


Some features of Be-diffused corundum overlap too 
much with corundum that has not been treated by this 
process to help in identification, although they may sug- 
gest that a stone is suspect. 


Color — The colors produced by Be diffusion are often 
very saturated and “unnatural” (C-30). Yet all of the col- 
ors produced by Be diffusion can occur naturally or as a 
result of standard heat treatment (C-31). Thus, for any 
individual stone, color by itself does not indicate Be dif- 
fusion, but it can be a reason for further testing. 

Be diffusion produces colors in rubies that are often 
a slightly orangy red, or occasionally even pure red (fig- 
ure C-32). These colors mimic many iron-rich rubies 
that are found in Africa and elsewhere. 


Healed Fractures — Artificial healing of fractures clearly 
occurs during the Be-diffusion process (C-33). However, 
it also commonly occurs during the heating of rubies, 
particularly from Mong Hsu. Therefore, it cannot be 
used to identify the presence of Be diffusion. 
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Dissolution — Dissolution of the surface is very common 
on Be-diffused stones. Surfaces that have not been repol- 
ished often have a melted appearance (C-34). However, 
this is a common feature on most corundums that have 
been heated at high temperatures, particularly when 
fluxes are used, so it is not distinctive of Be diffusion. 


INDICATIONS OF NO EXPOSURE 
TO VERY HIGH TEMPERATURES 


The presence of these inclusions proves that the stone 
has not been exposed to high heat and therefore could 
not be Be diffused. 


CO, Inclusions — Internal “voids” that contain water and 
a bubble of carbon dioxide (CO,) are quite common in 
sapphires from some localities, particularly Sri Lanka (C- 
35). Because CO, expands when heated, these inclusions 
cannot survive the very high temperatures necessary for 
Be diffusion. Therefore, the presence of undamaged 
inclusions would prove that a stone has not been Be-dif- 
fusion treated. 

Internal voids filled with other liquids will also not 
survive high-temperature heat treatment. The presence 
of undamaged liquid-filled voids of any kind proves that 
no Be treatment has occurred (C-36). 


Included Crystals — As discussed above, the presence of 
undamaged zircon crystals in a sapphire is a good indica- 
tion that Be diffusion treatment has not taken place. 
Likewise, in our experience, it is unlikely that any crys- 
talline inclusion could survive the temperatures 
required for Be diffusion without being significantly 
altered. Therefore, the presence of transparent, angular, 
or rounded solid grains of any mineral would be an 
excellent indication that Be diffusion has not taken 
place (C-37 and 38). 


Rutile Needles — Needle-like inclusions of rutile, often 
referred to as “silk,” are common in corundum from 
many localities. These needles usually survive the 
lower-temperature heat treatments that are performed 
on some sapphires. However, they typically do not sur- 
vive the higher-temperature treatments to which most 
blue sapphires and rubies are subjected, including the 
very high temperatures necessary for Be-diffusion treat- 
ment. The presence of unaltered rutile needles means 
that a stone has not been exposed to this (or any other) 
high-temperature treatment (C-39). 


SEND IT TO A LABORATORY 


What if you have a sapphire that is colored throughout 
and does not show any of the indications listed above? 
These are the most difficult situations. We recom- 
mend that you send it to a qualified gemological labo- 
ratory and have its chemistry analyzed by the tech- 
niques mentioned in this article. We will continue to 
investigate alternative methods to identify this treat- 
ment process. 
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Figure 45. All the Be-diffused sapphires in this study 

that contained rutile crystals exhibited blue internal 
diffusion haloes around those crystals, which is very 

unusual in yellow and orange sapphires. Photomicro- 
graph by Ken Scarratt; magnified 20x. 


sapphire from some localities (e.g., Montana) is 
routinely heated to temperatures high enough 
(without adding chemicals) to cause such spotty 
blue coloration, this phenomenon is seen only 
rarely in heat-treated stones. Its presence does not 
unequivocally prove beryllium diffusion, but it 
does provide solid evidence of exposure to very 
high temperatures. 


Flux-Assisted Synthetic Growth. During flux- 
assisted heat treatment (with or without diffusion), 
material from the surface of the corundum (as well 
as the alumina crucible and the boehmite inclu- 
sions} will dissolve to some degree into the molten 
flux (which may itself contain alumina). On cool- 
ing, the flux becomes supersaturated in alumina 
and crystallizes out onto the nearest convenient 
surface, often on the stones themselves (figure 46 
and chart figure C-20). 

We noted synthetic corundum overgrowth 
(identified by Raman spectroscopy and micro- 
probe) on the surfaces of some of the yellow, 
orange, and orangy red Be diffusion-treated sam- 
ples in this study. The overgrowth was particularly 
obvious on rough or preformed samples and often 
remained after the stones were recut following 
processing. The extent of this overgrowth ranged 
from single small areas (usually around the girdle) 
to numerous large areas covering 10-20% of the 
stone’s surface. The typical appearance of this 
overgrowth is depicted in figure 47 (McClure, 
2002a; Scarratt, 2002a; Moses et al., 2002). The 
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Figure 46. Large areas of platy synthetic corundum 
crystals were present on the surface of some Be-dif- 
fused samples examined for this study. Photomicro- 
graph by Shane F. McClure; magnified 20x. 


“blocky” texture may be observed even at low- 
power (10x) magnification with transmitted light, 
but it may be missed if only reflected light is used 
to examine the specimen. 

Pre-existing fractures in corundum—as well as 
those created during Be diffusion—and boehmite 
channels are often sealed, or “healed,” by the same 
process. The molten flux enters the fracture or 
channel, and the surfaces of the fracture or chan- 
nel dissolve into the flux, where the dissolved 
material is held in solution until the temperature 
is reduced. On cooling, the alumina then crystal- 
lizes out of the flux onto the walls of the fracture 
or channel, sealing it while at the same time trap- 
ping residues such as gas bubbles, flux remains, 
and glass. This “flux-assisted healing” of fractures 
was well documented in rubies even before the 


Figure 47. Blocky synthetic overgrowth produced dur- 
ing the Be-diffusion process was still present on the 
surface of some treated stones, even after repolishing. 
Photomicrograph by Ken Scarratt; transmitted light, 
magnified 30x. 
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introduction of the new Be-diffusion treatment 
(Hanni, 2001). 

In the Be-diffused stones, the artificially healed 
fractures (figure 48) often resembled the “finger- 
prints” or “feathers” seen in flux- or hydrothermal- 
ly grown synthetic rubies and sapphires. A “roiled” 
appearance could be seen within the healed 
boehmite channels, which were aligned with edges 
of intersecting parting planes. These tubes often 
contained high-relief internal cavities that varied 
from spherical to a “dog bone” shape (see chart fig- 
ures C-15 and C-16). 

These observations are not surprising, as the 
conditions and equipment used to heat treat or lat- 
tice diffuse elements into corundum closely resem- 
ble those used for corundum synthesis, except that 
the production of flux-grown synthetic corundum 
involves lower temperatures (around 1300°C) and 
the use of platinum crucibles rather than alumina 
ones (Nassau, 1980). 


UV-Vis-NIR Spectroscopy. As discussed earlier, 
UV-Vis-NIR spectroscopy was used to confirm the 
trapped-hole nature of color in these Be-diffused 
stones, but we have not found it useful as an 
identification method. We have examined the UV 
and visible-range absorption spectra of dozens of 
samples, both at room temperature and at liquid- 
nitrogen temperature, but have failed to find a Be- 
diffusion identification criterion. The difficulty is 
that there appears to be little difference in the 
spectra of trapped holes caused by naturally occur- 
ring magnesium and those induced by beryllium 
diffusion. This method is therefore of no use in the 
identification of Be-diffusion treatment. 


Infrared Spectroscopy. Much natural corundum 
contains detectable quantities of hydrogen, which 
can be present in several forms (Rossman, 1988). 
Hydrogen can bond with oxygen in the lattice to 
form O-H, resulting in sharp absorption bands at 
3367, 3310, 3233, and 3185 cm! (Beran, 1991). 
Hydrogen can also exist in corundum as H,O, lead- 
ing to a broad absorption band at ~3400 cm7!. It 
can also be present as water within fluid inclu- 
sions, and, finally, it can exist as a component of 
an included solid phase, such as diaspore (Smith, 
1995), which is one of the hydroxides of alu- 
minum. Since corundum is transparent from the 
UV region to 2000 cm7! (5000 nm) in the infrared, 
even trace amounts of hydrogen are detectable 
using infrared spectroscopy. Some of the variations 
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Figure 48. Healed fractures such as these were seen in 
many of the Be-diffused corundum samples we 
examined. They often appeared similar to those 
found in flux- or hydrothermally grown synthetic 
rubies and sapphires. Photomicrograph by Shane F. 
McClure; magnified 25x. 


observed in the IR spectra of natural sapphires are 
shown in figure 49. 

During the course of this study, we collected IR 
spectra on 50 Be-diffused sapphires. In none of these 
spectra did we observe hydrogen-related features. 
This result was expected, since hydrogen rapidly 
diffuses out of corundum at high temperatures (e.g., 
1800°C) in a hydrogen-free atmosphere (i.e., the oxy- 
gen atmosphere used for Be diffusion). An example 
of this effect is illustrated in figure 50. The blue 
spectrum shows the O-H absorption of a natural 


Figure 49. The O-H infrared absorptions in sapphire 
may vary in appearance, as illustrated by the selection 
of five spectra shown here. The top four spectra are 
derived from heat-treated blue sapphires, and the bot- 
tom spectrum is from an unheated yellow sapphire. 
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pink sapphire from Vietnam. After Be diffusion at 
1800°C for 33 hours in an oxygen atmosphere (red 
spectrum), the O-H absorption features have entire- 
ly disappeared. Figure 51 shows the H,O absorption 
band (Rossman, 1988) in a natural light yellow sap- 
phire of unknown origin (blue spectrum). After the 
same Be diffusion parameters noted above, the H,O 
absorption features are absent (red spectrum). 

As shown earlier, some types of dark blue 
basaltic sapphire can be greatly lightened by a two- 
step process of Be diffusion followed by normal 
heat treatment in a reducing environment. 
Because the reduction heat treatment is carried 
out in an atmosphere that contains hydrogen, the 
hydrogen will diffuse back into the crystal and 
appear in the absorption spectrum as O-H, with 
the absorption features enumerated above. Thus, 
an attractive blue Be-diffused sapphire could 
exhibit the O-H absorption features of a natural- 
color sapphire or one that has been heat treated 
without diffusion. Consequently, the presence of 
O-H absorption features in a blue stone is not evi- 
dence that it has not been Be diffused. This is only 
an issue in blue sapphire, since heat treatment of a 
yellow or orange stone in a reducing atmosphere 
will remove the Be-induced color. 

Our data show that a ruby or a yellow, orange, 
or orange-pink sapphire that has undergone Be dif- 
fusion contains no structurally bonded hydrogen 
and little if any molecular water. However, this 
tells us only that the stones have been heated in 


Figure 50. The infrared spectrum of a natural-color 
pink sapphire from Vietnam containing hydrogen as 
O-H (blue) shows strong absorption bands at 3367, 
3310, 3233, and 3185 cm-'. After Be diffusion at 
1800°C for 33 hours in an oxidizing atmosphere, these 
hydrogen-related bands were eliminated (red). 
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an oxidizing atmosphere, the same atmosphere 
required for Be-diffusion treatment. It does not 
necessarily mean that Be diffusion is involved. 
Still, it can be a helpful piece of data when com- 
bined with other factors. 


Raman Spectroscopy. No additional peaks were 
discovered and no changes in the normal corun- 
dum spectrum were observed in specimens ana- 
lyzed before and after Be diffusion treatment. 

Raman analysis also proved that the over- 
growth seen on some of the samples was indeed 
(synthetic) corundum. An unexpected result was 
the identification of a tiny grain of material on the 
surface of one stone as synthetic cubic zirconia, 
the feed source of which may have been a zircon 
inclusion or a flux additive. 


Chemistry. EDXRF spectra on stones that were not 
re-polished following Be diffusion consistently 
revealed the presence of both Ca and Zr, elements 
that are not typically found in corundum. The Zr 
may be related to exposed zircon inclusions or to 
zircons that were accidentally included in the heat- 
treatment process. The Ca may indicate that calci- 
um borate is a component of the flux mixture (see 
“Beryllium Diffusion into Corundum: Process and 
Results” section). 


Figure 51. This infrared spectrum of a natural-color 
yellow sapphire from an unknown source (blue) shows 
a broad absorption band centered at about 3300 to 
3400 cm! that is indicative of molecular water (H,O), 
possibly contained in the stone as an inclusion. After 
Be diffusion at 1800°C for 33 hours in an oxidizing 
atmosphere, this H,O-related absorption was 
removed (red). 
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Figure 52. Titanium-diffused sapphires often show 
patchy surface coloration in immersion, caused by the 
shallow penetration depth of Ti. This is not seen in Be- 
diffused corundum. Photo by Shane F. McClure. 


SIMS analysis readily identified the presence of 
beryllium at the surface of all the samples of Be- 
diffused rubies and sapphires analyzed. Table 7 
shows representative analyses” of a variety of our 
corundum samples (with full analyses given in the 
data depository SIMS table). When there is no Be 
in the stone, the SIMS analysis indicates about 1.5 
ppma because of interference from aluminum 
ions. This sets the lower limit of what can be 
measured, and thus a measurement of 5 ppma or 
more gives high confidence that a stone contains 
beryllium. The Be concentration for this process 
ranges from approximately 10 to 35 ppma. 
Consequently, our data confirmed that very little 
Be is needed to affect the color of corundum. If 
measurements are much below 10 ppma, the 


°The very first analyses were conducted and published (McClure et 
al., 2002) without the benefit of a Be-in-sapphire analytical standard 
with which to calibrate the SIMS equipment. Those analyses indicated 
a Be content roughly 10 times higher than we now know to be cor- 
rect. An accurate Be-in-sapphire standard was then prepared by one 
of the authors (SN) and analyzed at Evans East, which allowed the pre- 
vious data to be recalculated (see, e.g., Wang and Green, 2002a). 
Although the precise concentrations changed for all the samples 
reported, the ratio of beryllium content between known treated stones 
and known natural-color stones remained the same. Thus, the original 
correlation of elevated Be content to color modification in treated 
stones was correct, though the absolute Be concentration was not. 
Since April 2002, all analyses have been run with the Be-in-sapphire 
standard. All other elements in the table are also calibrated by ele- 
ment-in-sapphire standards. 
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Figure 53. The facet junctions of this 1.77 ct Ti-dif- 
fused sapphire appear darker blue when seen in 
immersion. This phenomenon is not seen in Be-dif- 
fused corundum. Photo by Shane F. McClure. 


sample should be re-measured on another facet. 
Overall, these analyses demonstrate a clear corre- 
lation between color modification and elevated Be 
content. 


Comparison to Ti Diffusion Treatment 

There are definite differences in diagnostic fea- 
tures between sapphires that have been diffusion 
treated with titanium (see, e.g., Kane et al., 1990) 
and those that have been diffused with beryllium. 
In the earlier diffusion-treated stones, the color- 
causing elements (mainly Ti to produce blue) had 
limited penetration into the surface of the treated 
stone (again, see figure 16). However, Be diffuses 
much faster than Ti (see Appendix], so the depth 
of the color layer produced can vary greatly, even 
extending throughout the stone. 

Ti-diffused corundum will typically show 
patchy surface coloration with immersion (figure 
52), since the very shallow color layer is often cut 
through during repolishing. Immersion will also 
reveal color concentrations at facet junctions and 
high relief (figure 53), as well as “bleeding” of color 
into the stone from the surfaces of cavities, frac- 
tures, and fingerprints (figure 54). None of these 
features has been seen in stones that have been dif- 
fused with Be. In contrast, the layer of color con- 
forming to the outside shape of the stone is usually 
not visible in faceted Ti-diffused sapphires, even 
with immersion. However, this surface-conformal 
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Figure 54. “Bleeding” of color into surface-reaching 
fractures and cavities is often visible in sapphires that 
have been diffused with Ti. This was not seen in any 
of the Be-diffused samples examined in this study. 
Photomicrograph by John Koivula; magnified 15x. 


layer is easily visible—when present—in stones 
that have been Be diffused (figure 55). 


WHERE DO WE GO FROM HERE? 


We have been investigating other nontraditional 
methods of Be detection with the goal of develop- 
ing a low-cost screening methodology for these 
treated stones. We have no solution yet, but out- 


Figure 55. The actual surface-conformal color zone 
that is produced by Ti diffusion is usually not visi- 
ble, even in immersion, as seen with the stone on 
the right in this image. This is distinctly different 
from the Be-diffused stones, in which the surface- 
related color layer (if present) is often easily seen 
with immersion (left). Photomicrograph by Shane 
F. McClure; magnified 10x. 
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line below a number of possibilities that are being 
studied. We hope that this discussion will stimu- 
late gemologists around the world to focus their 
creative talents on this problem. 


Electrical Conductivity. Magnesium at 15-40 
ppma in corundum gives rise to measurable electri- 
cal conductivity as the temperature is raised mod- 
erately above room temperature (Ramirez et al., 
2001; Tardio et al., 2001a,b,c). A similar effect 
should be produced by beryllium. The trapped 
holes induced by Mg?* (and potentially by Be"), 
which are responsible for color formation in corun- 
dum, also give rise to electrical conductivity when 
the stones are heated. One of the authors (OB) per- 
formed initial experiments on a Be-diffused cube of 
Czochralski-grown sapphire using electrically con- 
ductive epoxy for electrodes. Be-diffused synthetic 
sapphire was chosen to eliminate possible interfer- 
ence with other impurities. Measurable conductivi- 
ty was achieved at about 160°C over a range of 500 
to 3,000 volts, similar to what was observed by 
Tardio et al. (2001a,c). 

Measurements were then made on two natural 
faceted sapphires—a 1.6 ct Be-diffused yellow, and 
a 5.46 ct heat-treated but not Be-diffused yellow. 
The Be-diffused sample showed conductivity of 
two to three orders of magnitude higher than the 
non-Be-diffused sapphire, providing some indica- 
tion that this method has potential. 

There are many issues that will have to be 
addressed before the value of this technique can be 
determined. It will be necessary to prove that the 
conductivity measured is a bulk conductivity and 
not surface conductivity that would only be depen- 
dent on stone finish and the size of the stone. A 
practical method of applying electrical contacts 
will have to be developed. A significant amount of 
data will have to be acquired on the effects of 
geometry and beryllium concentration to prove 
that Be can be identified independently from natu- 
rally occurring Mg, and to delineate regions of 
validity and regions of uncertainty. In principle, 
though, it is a technique that could be automated. 


Low-Temperature Heating. During discussions of 
the Be-diffusion problem with Thomas R. 
Anthony of General Electric Co. (pers. comm., 
2.002), he suggested that the Be-induced color mod- 
ification may not be stable at temperatures in the 
range of 400°-600°C. It is known that the absorp- 
tion due to the Fe**-Ti* pair is substantially 
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Figure 56. These photos show a Be-diffused sapphire on 
the left (0.95 ct) and three non-diffused (Fe-colored) 
sapphires on the right (0.28-0.33 ct). Note that at about 
400°C, the Be-diffused sapphire took on a distinct 
brown coloration, whereas the natural sapphires did 
not show any change. Photos by Wuyi Wang. 


reduced at temperatures of 500°C and above, and 
the Be-induced trapped-hole coloration could 
exhibit similar, useful color alterations with tem- 
perature. These “thermochromic” effects are a 
common property of minerals. With increasing 
temperature, absorption bands become broader and 
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shift to a lower energy (i.e., higher wavelength). 

The Be trapped-hole center causes selective 
absorption from 600 nm to the high-energy side, pro- 
ducing additional yellow coloration. However, color 
appearance varies depending on the color center 
involved, so this yellow color differs in tone from 
that typically caused by Fe in natural corundum. 
Because of the different natures of these two absorb- 
ing centers (Burns, 1993), they could react differently 
to heat. Therefore, heating Be-diffused sapphires and 
natural sapphires with similar (or even identical) col- 
ors could reveal a temperature range within which 
the colors of treated and untreated corundum tem- 
porarily become very different, possibly yielding a 
useful method of identification. 

To test this idea, a natural colorless corundum 
was Be diffused at 1800°C for 33 hours at a high 
oxygen partial pressure. It turned intense yellow 
due to formation of Be trapped-hole centers. It was 
then heated to 600°C with three other natural yel- 
low sapphires colored by Fe. The Be-diffused yellow 
sapphire began to exhibit a strong brown coloration 
starting at about 400°C (figure 56). Figure 57 shows 
the changes in its absorption spectrum over the 
range from room temperature to 600°C. The shift 
in coloration from yellow to brown is a result of 
the increasing absorption in the red region of the 
spectrum. The original color was restored after 
cooling. The three naturally Fe-colored sapphires 
showed no visual changes in color when heated. 


Figure 57. The absorption spectrum of the Be-dif- 
fused yellow sapphire in figure 56 changed as the 
temperature increased. The increased absorption in 
the red at high temperature is responsible for the 
brown coloration. 
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GEMOLOUGICAL DIGESTS 


continues to expand. In consequence, 
production of gem stones may have sky- 
rocketed from an estimated value (at 
the source) of $40,000 in 1945 to some 
$325,000 in 1946. 

Jade, followed by agate, turquoise, 
and then variscite, were the most im- 
portant gem stones produced. ‘Wyo- 
ming led, followed by Oregon, Alaska 
and Washington. Nephrite occurs as 
float and pebbles in the Kobuk River 
region, Alaska, also in place in the Jade 
and Cosmos Hills. The principal pro- 
ducer and fabricator shipped 1334 tons 
in the summer of 1946, and a Fairbanks 
trader 100 pounds. Wyoming increased 
its production of nephrite from the 
Lander region, and at least one new 
occurrence of_jade in place is reported. 
Most of the material is of more or less 
the quality of New Zealand jade. 

After jade, agate and related quartz 
minerals were the most important gem 
stones produced. Where virtually all of 
the float has been collected, underground 
work has been started in several dis- 
tricts, a condition permitted by the 
higher price paid for the raw material. 
From a single pocket near Post, Ore- 
gon, $8,000 worth of agate was re- 
covered in 3 days, including a single 
mass weighing 186 pounds, which was 
sold for $1,000. Idaho’s production of 
moss agate increased in 1946. Gordon 
Brower of San Luis Obispo, California, 
produced about a ton of moss agate 
worth $6,000. Considerable plume agate 
was produced in south central Colorado. 
Red jasper was mined near Hot 
Springs, Sierra County, N. Mex. A 
new source of dendritic chalcedony was 
discovered during the year near Fort 
County, N. Mex. 


Cumniings, Luna 


Charles E. Hill reports finding a new 
agate locality in Yavapai County, Ariz. 
Agate nodules, weathering from lavas 
in Trans-Pecos, Tex., were collected in 
quantity. Arizona produced some agate. 
The number of lapidary shops in Utah 
has grown remarkably during the year 
and several new deposits of agate have 
been discovered. So much material is 
being shipped to other States that the 
Mineralogical Society of Utah is pre- 
paring a bill to prohibit non-residents 
from shipping these minerals in quan- 
tity beyond the State boundaries. 

In value, turquoise was probably the 
third most important American gem- 
stone produced. The Nevada Turquoise 
Co., of Mina, Mineral County, is said 
to have produced turquoise valued at 
more than $20,000. The Pedro claim 
of the Copper Canyon Mining Co. pro- 
duced perhaps nearly as much. Rough 
turquoise was recovered by the Castle 
Dome Copper Co., Inc. The King tur- 
quoise mine at Manassa, Conejos Coun- 
ty, Colo., produced 2,000 pounds worth 
$30,000. A “composite turquoise” (small 
fragments of Arizona turquoise in a 
matrix of black cement) is on the mar- 
ket. Los Cerillos, N. Mex., produced 
a little turquoise, largely by local labor 
near the mine. It was sold to lapidaries 
in the vicinity. The United Indian 
Traders Association has set up stand- 
ards for hand-made Navajo and Pueblo 
jewelry and is prepared to license its 
mark. 

Utah continues to produce some va- 
riscite. Some geophysical work was 
done in the vicinity of the Murfrees- 
boro, Ark., diamandiferous pipes. The 
main company is again in litigation. 
Some 40 years ago a few small, allu- 


More than 30 pinkish orange Be-diffused sap- 
phires also were tested for visual color change on 
heating, and all exhibited a strong brown col- 
oration at ~500°C. Hughes (1987b, 1988) noted 
that heat-treated yellow sapphires from Sri Lanka 
(Mg** trapped-hole coloration) shift to a darker, 
browner color when heated to moderate tempera- 
tures. Thus it remains to be determined if this 
heating process can distinguish the yellow Be- 
induced coloration from the yellow Mg-induced 
coloration of heat-treated yellow sapphire. 

It is important to note that this procedure also 
requires several caveats, and may not apply across 
the full range of colors and types of corundum 
being treated by the new diffusion process. 
However, if applicable, it may provide a means to 
rapidly identify large groups of treated sapphires— 
both loose and mounted in jewelry, since the tem- 
perature range being used would not affect the met- 
als used in jewelry. 


Luminescence to Ultraviolet Radiation. Recent 
work outlined in Fritsch et al. (2003) has noted dif- 
ferences in luminescence to ultraviolet radiation 
that may provide helpful indications for identifying 
Be-diffusion treatment, particularly using a special- 
ized microscope for viewing this property that was 
designed by Franck Notari of GemTechLab in 
Geneva. Junko Shida, of the Gemmological 
Association of All Japan, recently presented useful 
fluorescence observations to members of the 
Laboratory Manual Harmonization Committee 
that she and her staff had made when examining 
Be-diffused corundum using laser tomography. 
They found that, with this technique, the Be-dif- 
fused areas fluoresced a distinctive orange (J. Shida, 
pers. comm., 2003). 


DURABILITY AND STABILITY 
OF THE TREATMENT 


One of the first questions most jewelers and 
gemologists ask about a gemstone enhancement 
is: Is the process permanent and stable when sub- 
jected to typical jewelry cleaning and repair proce- 
dures? To address this question, we tested three 
faceted Be diffusion-treated orange to pinkish 
orange sapphires (all of which had been treated in 
Thailand) to determine the durability and stability 
of this process under a wide range of conditions to 
which sapphires might be subjected during jewelry 
manufacturing or routine cleaning and repair. The 
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samples used were: (1) a 1.12 ct medium dark 
pinkish orange oval mixed-cut, (2) a 0.43 ct dark 
orange oval mixed-cut, and (3) a 0.83 ct intense 
reddish orange princess cut. All three sapphires 
were mounted in 14k gold rings (the first in a four- 
prong white head, the second in a six-prong yellow 
head, and the third in a four-prong yellow head) 
before the durability testing began. Details on the 
tests used and the results observed are provided in 
the durability table of the G#G Data Depository 
(http://www.gia.edu/GemsandGemology). 

Given the low concentrations of Be required to 
change the color of corundum, we did not expect 
these diffused stones to behave any differently 
from natural-color or heat-treated samples. 
Indeed, Be-diffusion treatment did not appear to 
have any impact on the durability or stability of 
the three samples tested when exposed to routine 
cleaning and jewelry repair procedures. Neither 
ultrasonic nor steam cleaning produced any dam- 
age in the treated stones, which were examined 
with magnification both before and after the 
cleaning procedure. 

In addition, these three Be-diffused stones 
showed little or no surface etching as a result of 
retipping. However, it is well known that the use 
of borax-containing chemicals (both fire coat and 
flux) contributes to moderate to severe surface 
etching of corundum, so other researchers may 
find different results using a different flux or high- 
er temperatures. The best way to avoid this poten- 
tial problem is to unmount the stone for any 
repair procedure that would expose it to heat. 

If etching due to exposure to borax-containing 
compounds is severe enough, the stone might 
have to be repolished. Of particular importance 
for diffusion-treated stones with shallow color 
layers is the fact that repolishing or recutting 
could remove some or all of the diffused layer, 
resulting in a significant change in the appearance 
of the stone (figure 58). This precaution is espe- 
cially pertinent to Be diffusion-treated stones in 
the orangy pink color range, which may have a 
shallow color penetration. Therefore, we recom- 
mend great caution in repolishing or recutting Be 
diffusion-treated stones. 


LABORATORY NOMENCLATURE AND 

TRADE DISCLOSURE RECOMMENDATIONS 
As with other gem treatments, a clear declaration 
of the lattice diffusion process is necessary, 
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Figure 58. To illustrate the consequences of recutting incompletely Be-diffused stones, we took one of these two 
closely matched treated sapphires and had it recut as if it had been chipped and needed significant repair. The 

0.71 ct stone on the right side of the pair was recut to 0.40 ct, and clearly has lost most of its orange component. 
Photos by Maha Tannous. 


whether Be or Ti is involved, to insure trade stabil- 
ity and to maintain consumer confidence in gems. 
In the case of the two gemological laboratories rep- 
resented by authors of this article, GIA and AGTA, 
laboratory reports indicate the exposure of a gem 
to a treatment process such as lattice diffusion, 
and note if synthetic corundum is present on the 
surface. This is consistent with the nomenclature 
adopted by the Laboratory Manual Harmonization 
Committee (LMHC], of which our two labs are 
members. For lattice diffusion, the LMHC conclu- 
sion states that the stone shows: ”. . . indications 
of heating, color induced by lattice diffusion from 
an external source.” For the flux-assisted healing 
of fractures, a quantitative descriptor (such as 
minor, moderate or significant) is applied, as is 
commonly used for heat-treated rubies. 

It is also important that synthetic overgrowths 
on corundum are properly characterized and 
declared on laboratory reports. The reasons for this 
closely parallel those for clearly describing the fill- 
ing of cavities and fractures with glass on reports 
and, as a consequence, within the industry (Kane, 
1984, Scarratt and Harding, 1984, Scarratt et al., 
1986; Hughes, 1987a; Scarratt, 1988, 2000; “Glass 
filled rubies... ,” 1994, “Glass filling... ,” 1994, 
Robinson, 1995). Specifically, synthetic over- 
growths created during the Be-diffusion process: 
(1) are created artificially and, therefore, are unnat- 
ural additions to the stone; and (2) unnaturally 
increase the weight of a finished stone by both 
adding the weight of the synthetic material and 
allowing a larger stone to be cut than would other- 
wise be possible. 

Gem dealers and retailers often need more 
descriptive terminology to communicate with the 
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consumer. In some instances, one could say that 
beryllium was introduced into the stone to create 
colors that are otherwise very rare in nature. A 
simple and accurate description might be “artifi- 
cially colored with beryllium.” Additional disclo- 
sure information is needed for those stones where 
repolishing may affect the color or where synthetic 
material may be present on the surface. 


SUMMARY AND CONCLUSIONS 


We have shown that the “new process” from 
Thailand is the diffusion of beryllium into ruby and 
sapphire at very high temperatures in an oxygen 
atmosphere. Unlike the much older titanium diffu- 
sion process, which produced a thin blue layer 
under the surface, Be diffusion can penetrate 
deeply, sometimes coloring the entire volume of 
the stone. We have shown that beryllium diffused 
into corundum, at high temperature, is the sole 
cause of the color modifications observed. A wide 
variety of colors are produced by this process, 
depending on how the Be trapped-hole pair inter- 
acts with the internal chemistry of the stone. Thus 
far, the colors produced or modified by this process 
are predominantly yellow, yellowish orange, 
orangy pink to pinkish orange, orange, and orange- 
red to red (ruby). Many are very attractive, and have 
excellent commercial potential (figure 59). We have 
also shown that some types of dark blue basaltic 
sapphire can be lightened very significantly by Be 
diffusion. Thus, the majority of sapphire colors in 
the marketplace could potentially be products of 
the Be-diffusion process. 

However, color modifications are not the only 
important consequences of this process. We have 
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noted significant amounts of synthetic corundum 
overgrowth on many of these stones, much of 
which may remain after re-cutting. Some faceted 
stones have shown 10-20% of the surface cov- 
ered with this synthetic material, raising ques- 
tions concerning just how “natural” such a stone 
is. In addition, fractures and boehmite channels 
are often sealed or “healed” by this process 

Identification of Be diffusion—processed stones 
ranges from very simple observations to quite 
complex chemical analyses. Standard gemologi- 
cal properties are not changed by Be diffusion, 
nor does the durability of the stone appear to be 
affected. If the diffusion layer penetrates only a 
portion of the radius of the stone, it may be seen 
easily by immersion in a high R.I. liquid with 
diffuse background illumination. Observation of 
a three-dimensional surface-conformal color 
layer is considered proof that the stone has been 
diffused. If there is only a portion of a color layer, 
however, because the stone was recut or original- 
ly diffused in the rough, care must be taken not 
to confuse Be-diffusion treatment with natural 
color zoning. 

In some sapphires, diffusion fully penetrates 
the stone—and identification becomes substan- 
tially more difficult. However, the inclusion scene 
may provide important indicators of the high heat 
required for Be-diffusion treatment. Careful exam- 
ination with magnification and diffuse reflected 
light may reveal synthetic growth on surfaces and 
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Figure 59. As shown by 
this attractive jewelry, 
Be-diffused sapphires 
clearly have significant 
commercial potential, as 
long as they are properly 
disclosed. Photo by 
Myriam Naftule 
Whitney; courtesy of 
Nafco Gems. 


in healed fractures and channels. Highly altered 
zircon inclusions are also indicative of the very 
high temperatures used in this process, as is the 
replacement of boehmite with synthetic material. 
Internal diffusion, in the form of blue halos 
around rutile crystals in yellow and red corun- 
dum, is another important indicator. Although 
these features do not prove Be diffusion, they do 
indicate that the stone should be subjected to 
additional testing. 

SIMS and LA-ICP-MS can both unequivocally 
identify the presence of beryllium in color-alter- 
ing concentrations (5-30 ppma). While these are 
expensive tests, they are necessary for potentially 
high-value stones that do not exhibit a surface- 
conformal color layer. 

As a part of the study of this process we have 
decided to replace the term surface diffusion, 
which has been used by gemologists and some 
laboratories for years, with lattice diffusion to be 
consistent with the usage in other scientific disci- 
plines. In their official reports, both the GIA labo- 
ratory and AGTA-GTC describe Ti- and Be-dif- 
fused stones with the wording “. . . indications of 
heating, color induced by lattice diffusion from an 
external source.” Thus, both the earlier titanium 
blue diffusion and the new beryllium diffusion are 
described the same way, as they are exactly the 
same process, just different diffusing elements. 

The implications of Be diffusion to the entire 
gem community (from miner to consumer) are 
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quite far reaching. It appears that virtually any 
color of ruby and sapphire can be reproduced by 
the Be-diffusion process. Transparent corundum 
actually is a common commodity. Only corun- 
dum in attractive colors and color saturation lev- 
els is rare. There are large deposits of sapphire 
that can produce large stones in unmarketable 
colors. Conventional heat treatment can 
improve only a very small percentage of such 
material. However, it appears that much, if not 
most, of this material can be Be diffused to pro- 
duce attractive colors (figure 60). We have 
observed that Be diffusion beneficially affects 
50-95% of mine run material, not just a small 
portion. Thus, if we cannot develop a simple 
low-cost detection method, gem sapphire will 
become as common as blue topaz, supply will 
exceed demand, and prices will fall radically, 
damaging the entire gem trade. Today, there is no 
simple, low-cost alternative to SIMS or LA-ICP- 
MS, but we are working on the problem and strong- 
ly encourage others to do so as well. 

Technology will always advance, and attempting 
to slow or stop it is as rewarding as trying to sweep 
back the sea with a broom. However, as a commu- 
nity we need to come together to understand each 
new process as it is developed, and bring it to the 
gem market with full disclosure, allowing an 
informed marketplace to determine value. Only in 
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APPENDIX: WHAT IS DIFFUSIONZ 


The motion of atoms through solids is fundamental 
to our technological society. The heat treatment and 
case hardening of steels, the doping of semiconduc- 
tors for integrated circuits, and the production of pad- 
paradscha-like colored sapphires from pink ones all 
rely on the transport of atoms through solids. The 
mechanism by which atoms or ions move through 
solids is known as diffusion. 

How actually does an atom move through a 
solid that is, after all, solid? It turns out that even 
the most perfect crystal has places in its lattice 
where atoms are missing. These holes are termed 
“vacancies.” In the case of corundum, which is 
made up of aluminum and oxygen atoms, even the 
most perfect crystal sample will have missing alu- 
minum and oxygen atoms, and the higher the tem- 
perature the more missing atoms there will be. A 
foreign ion can move through solid corundum by 
jumping from one vacancy to the next. Since the 
vacancies are randomly distributed, the diffusing 
ion will “random walk” through the crystal, some- 
times moving forward or back, up or down, or right 
or left. Averaged over a large number of jumps, the 
ion always moves away from regions of high con- 
centration of diffusing ions to regions of low con- 
centration. Jumping requires energy, which is sup- 
plied by heat, so an ion makes more jumps per sec- 
ond at high temperatures than at low temperatures. 
Thus, diffusion rates increase dramatically with 
temperature due to the increase in the number of 
both vacancies and jumps per second. 

All types of heat treatment of corundum involve 
some type of diffusion process. It is the movement of 
preexisting ions that makes heat treatment work. For 
example, the dissolution of rutile needles into the 
host corundum crystal is simply titanium diffusing 
into corundum (and aluminum diffusing into rutile) 
at high temperature. In this case, the diffusion 
involves ions that are already in the host corundum 
(Koivula, 1987). In this article, however, we are pri- 
marily concerned with the diffusion of a foreign ele- 
ment (Be) into corundum from an outside source. 
Thus, diffusion is the physical process, and diffusion 
treatment—the term we use to describe the enhance- 
ment method in this article—refers to artificially col- 
oring a gem. 

How fast does diffusion occur? In corundum it 
depends on the size (ionic radius) of the diffusing ion 
relative to the size of the vacancy, the ionic charge of 
the diffusing ions, the temperature during treatment, 
and a variety of other less important factors. Because 
of the “random walk” nature of diffusion, the depth 
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of penetration does not increase linearly with time. 
Rather, it increases with the square root of time. 
This means that if the penetration depth of a given 
ion at a given temperature is 1.0 mm in one hour, it 
will be 3.16 mm in 10 hours, and 10 mm in 100 
hours. Thus at a particular temperature we can say 
that the diffusion depth x (in cm) is related to time by 


x =VDt 


where D is the diffusion coefficient in units of 
cm?/sec, and t is the time in seconds over which the 
diffusion is conducted. The diffusion coefficient D is 
a measure of the ease with which an ion moves 
through the corundum lattice. At 1750°C, for exam- 
ple, the diffusion coefficients for the following ions 
are approximately: Ht ~10>, Be?* ~10-’, Ti** ~10~, 
and Cr** ~10-!8 cm?/sec. Diffusion coefficients 
increase exponentially with temperature. 

Figure Ap-1 shows the concentration profiles at 
three different times for beryllium (assuming D = 
10-’ cm?/sec at 1750°C). The shape of these curves 
is typical of the diffusion process. If we wish to fully 
saturate a stone with a foreign ion, we need to 
know how long it will require. Figure Ap-2 is a plot 
of the average concentration in a spherical sample 
as a function of time t, the diffusion coefficient D, 
and the diameter d, of the stone. Continuing our 
example, if we assume D to be 10~’ cm?/sec, then it 
will require 97 hours to completely saturate a 5- 
mm-diameter spherical sample of corundum, but 
75% of complete saturation can be achieved in 
about 16 hours, which is one-sixth of the time for 
complete saturation. 

What determines the magnitude of the diffu- 
sion coefficients, which, as we have noted, can 
vary over many orders of magnitude from element 
to element? At a given temperature, aliovalent 
ions (see “Color in Corundum” section) exhibit 
diffusion coefficients in relatively pure corundum 
that are between 1,000 and 10,000 times those of 
isovalent ions. As discussed above, a diffusing ion 
requires vacancies into which to jump in order to 
move. In pure corundum, or corundum containing 
only isovalent impurities, vacancies occur only 
from heating the lattice. These thermally induced 
vacancies exist only in extremely low concentra- 
tions, even at very high temperatures. Thus the 
diffusion of isovalent ions is very slow. In con- 
trast, aliovalent ions make their own vacancies 
and do not have to rely on thermally induced 
vacancies. This is due to the fact that aliovalent 
ions must be charge compensated to dissolve into 
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Figure Ap-1. The depth of beryllium diffusion into sap- 
phire is shown here calculated for three different pro- 
cessing times—1 hour, 10 hours, 100 hours. Diffusion 
depth does not increase linearly with time, but with 
the square root of time. 


the corundum lattice (see “Color in Corundum” 
section). In diffusion situations, this charge com- 
pensation is usually accomplished by the forma- 
tion of vacancies. For example, to place three Ti** 
ions in the corundum lattice requires the forma- 
tion of one aluminum vacancy to charge compen- 
sate them. At any measurable Ti** concentration, 
therefore, the concentrations of these vacancies 
exceeds by orders of magnitude the concentration 
of thermally induced vacancies. Thus the aliova- 
lent ion can diffuse orders of magnitude faster 
than isovalent ions. 

Ion size, or the effective “radius” of an ion, has a 
strong effect on the diffusion coefficient. The effec- 
tive radius (Shannon, 1976) of the Al** site in corun- 
dum is 53 picometers (1 pm = 10- meters). Be?* on 
this site, at 45 pm, is much smaller. Mg”* on this 
site, at 72 pm, is much larger. Ando (1987) deter- 
mined that the diffusion coefficient of Mg?* in sap- 
phire—at low concentrations and at 1800°C—is 
about 2.5 x 10-!° cm?/sec. Our estimate of the Be?* 
diffusion coefficient (see “Beryllium Diffusion into 
Corundum: Process and Results” section) at the 
same temperature, based on the depth of the color 
boundary, is roughly 10-’ cm?/sec—400 times greater 
than that of Mg?*. Recently there has been concern 
in the gemological community about the possibility 
that boron or lithium might be diffused into sapphire 
(see, e.g., Shor, 2003). Diffusion coefficients for B** 
and Lit in corundum have not been measured, but 
boron is both isovalent and very small (27 pm), so its 
diffusion coefficient is hard to estimate but is expect- 
ed to be smaller than that of titanium or magnesium 
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% SATURATION 


Figure Ap-2. This diagram shows the time required to 
saturate, by diffusion, a sphere of material of diameter 
din cm. D is the diffusion coefficient in units of 
cm?/sec, and t is the diffusion time in seconds. Note 
that to achieve 100% saturation requires approximate- 
ly six times as long as to achieve 75% saturation. An 
example of how to use this graph is as follows: Suppose 
that we wish to determine the degree of Be saturation 
(and thus color saturation) that will be achieved in a 5- 
mm_-diameter sapphire that we will Be diffuse for 25 
hours at 1750°C. Thus d= 5 mm (or 0.5 cm), t = 25 
hours (or 90,000 seconds), and D = 10~’ cm?/sec (or 
0.0000001 cm?/sec). Putting these numbers into the 
relation on the horizontal axis, 2VDé/d, we get 0.375. A 
value of 0.375 on the horizontal axis corresponds to 
about 85% saturation. Note that the curve is very gen- 
eral in that it applies to any ion at any temperature dif- 
fusing into any spherical host, as long as the diffusion 
coefficient is known at the temperature of interest. 


because it is isovalent. Thus Be** would diffuse much 
more slowly than Be**. Lithium is both large (76 pm; 
very close to the size of Mg?*) and aliovalent and 
could be expected to diffuse somewhat like magne- 
sium or titanium. 

In most diffusion situations, the concentration 
of the diffusing ion is much higher in the flux or 
other carrier outside the crystal, than just inside the 
crystal. The concentration just inside the crystal is 
not determined by the concentration outside, but 
by the solubility of the foreign ion in corundum. 
The solubility of foreign ions in corundum also 
increases with temperature. Solubilities vary wide- 
ly; for example, at 1750°C, titanium solubility is a 
several hundred ppma while that of beryllium is a 
few tens of ppma. 

A good overall reference on diffusion is Borg and 
Dienes (1988). 
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AN IMPORTANT EXHIBITION 
OF SEVEN RARE GEM DIAMONDS 


John M. King and James E. Shigley 


From late June to mid-September 2003, seven 
important gem diamonds went on temporary pub- 
lic display at the Smithsonian Institution in 
Washington, DC, in an exhibit titled “The 
Splendor of Diamonds.” These diamonds, one 
colorless and six colored, are some of the rarest in 
the world: the 203.04 ct D-color De Beers 
Millennium Star, the 101.29 ct Fancy Vivid yel- 
low Allnatt, the 59.60 ct Fancy Vivid pink 
Steinmetz Pink, the 27.64 ct Fancy Vivid blue 
Heart of Eternity, the 5.54 ct Fancy Vivid orange 
Pumpkin, the 5.51 ct Fancy Deep blue-green 
Ocean Dream, and the 5.11 ct Fancy red 
Moussaieff Red. This article provides background 
information on these spectacular diamonds and a 
record of some of the gemological observations 
obtained during their quality grading by GIA. 


rom June 27 through September 15, 2003, “The 
Splendor of Diamonds,” a collection of unique 
gem diamonds, is on temporary display at the 
ational Museum of Natural History (NMNH) at 
the Smithsonian Institution in Washington, DC (see 
figure 1). This museum is the home of the U.S. 
national gemstone collection, and is where the 
famous 45.52 ct blue Hope diamond has resided 
since its donation by Harry Winston in 1958. Since 
its renovation in 1997, the Harry Winston Gallery 
in the Janet Annenberg Hooker Hall of Geology, 
Gems, and Minerals has been one of the most popu- 
lar sites in the museum. Typically around two to 
three million people visit this hall every summer (J. 
E. Post, pers. comm., 2003). 
On only one other occasion has another impor- 
tant diamond been displayed in the same room, 
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this was the historic 41 ct Dresden green diamond, 
which was exhibited on a rare loan from the Green 
Vaults in Dresden, Germany, in October 2000 
(“Harry Winston .. .,” 2000). The exhibition of 
these seven diamonds in the same setting attests to 
the rarity of this special collection. “The Splendor 
of Diamonds” at the NMNH includes the 203.04 ct 
colorless De Beers Millennium Star as well as six 
exceptional diamonds that represent some of the 
rarest of naturally occurring colors. On the initia- 
tive of GIA representatives and with the sponsor- 
ship of the Steinmetz Group, the seven diamonds 
were brought together from private collections 
throughout the world. Each is unique in its combi- 
nation of size, color, and quality. 

Over the years, GIA staff members have exam- 
ined many important gemstones as part of our labo- 
ratory grading services and for research purposes. 
These opportunities have allowed us to characterize 
and document the gemological properties of a num- 
ber of unique diamonds in public and private collec- 
tions that would otherwise not be available for 
gemological study. Fryer and Koivula (1986, p. 102), 
in their account of the examination of four impor- 
tant gemstones on public display for a limited time 
(the Star of Bombay sapphire, the Portuguese dia- 
mond, and the Marie Antoinette diamond earrings], 
concluded with this statement: “We hope that our 
examinations will provide a more complete record 
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Figure 1. This collection of extraordinary gem diamonds is on temporary display at the National Museum of Natural 
History at the Smithsonian Institution in Washington, DC, during Summer 2003. Counter-clockwise from center, the 
203.04 ct De Beers Millennium Star (courtesy of De Beers LV), the 59.60 ct Fancy Vivid pink Steinmetz Pink (courtesy 
of Steinmetz Group), the 27.64 ct Fancy Vivid blue Heart of Eternity (courtesy of a private collector), the 5.54 ct Fancy 
Vivid orange Pumpkin (courtesy of Harry Winston Inc.), the 5.11 ct Fancy red Moussaieff Red (courtesy of House of 
Moussaieff), the 5.51 ct Fancy Deep blue-green Ocean Dream (courtesy of Cora Diamond Corp.), and the 101.29 ct 
Fancy Vivid yellow Allnatt (courtesy of SIBA Corp.). Photo by Chip Clark, courtesy of the Smithsonian Institution. 


on these stones for future researchers, and that the 
opportunity will become available to provide simi- 
lar reports on other named pieces as we seek to 
learn more about these touchstones of gemology.” 
Since then, Gems & Gemology has published 
gemological reports on the Hope Diamond 
(Crowningshield, 1989), the Dresden Green (Kane et 
al., 1990), and, most recently, the 128 ct Star of the 
South (Smith and Bosshart, 2002). The information 
on the seven diamonds discussed here represents a 
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continuation of this kind of documentation for 
gemologists and the public. 

GIA has issued Diamond Grading or Colored 
Diamond Grading Reports on all seven of these dia- 
monds. Understanding the importance of the dia- 
monds requires an understanding of their grading, 
inasmuch as all are extraordinary for their size in 
their color grades. Colorless to light yellow dia- 
monds are color graded against a set of “master color 
comparison diamonds,” and their color grade is 
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GEMOULOGICAL DIGESTS 


vial diamonds were reported to have 
been recovered at a gold placer near 
McCall, Idaho. Late in 1946 that ground 
was leased and some development work 
started. A considerable amount of 
“flowering” obsidian was mined in Utah. 
In Arizona some “marekanite” was pro- 
duced. This is a semi-transparent smoky 
glass nodule occurring in obsidian. 
Kelley and Branson describe small Ter- 
tiary pegmatite masses on the west 
slope of the Black Range, Grant County, 
N. Mex. The pegmatite consists largely 
of quartz and sanidine; the latter, which 
occurs in fair-sized masses, “displays 
blue and white opalescence, giving rise 
to a moonstone of commercial quality.” 
The Barton Mines Corp., North Creek, 
Warren County, N.Y., sells some of its 
garnets to lapidaries. Valley and Adams 
Counties, Idaho, have garnet deposits. 
In the extreme southeastern part of 
Utah, pyrope of good color, some over 
a half inch in diameter, occur in gold 
placers. 

Other gem stones produced in small 
amounts in 1946 include agatized wood 
(Ariz. and N. Mex.); alabaster (S. 
Dak.) ; amethyst (Utah); aquamarine 
(Deep Creek, Utah and San Diego, 
Calif.) ; kunzite (San Diego) ; kyanite 
(Upson County, Ga.); opal (Ida.); 
opalized wood (central Wash.) ; pipe- 
stone (Pipestone, Minn.) ; rock crystal 
(Crystal Mt., Ark.) ; -rose quartz. (S. 
Dak.) ; staurolite (Cherokee County, 
Ga.); topaz (Tarryall Mts., Colo. and 
Topaz Mt., Utah); and tourmaline 
(San Diego, Calif, and Mt. Apatite, 
Me). . 


The Term 


“Semi-Precious” 

(Reprinted from the Journal of Gem- 
mology, Vol. 1, No. 4, October, 1947.) 

In connection with the Gemological 
Institute of America’s recommendation 
that the term “semi-precious” should 
no longer be used, it is interesting to 
quote from the Retail Jewellers’ Course 
of the National Association of Great 
Britain: “The term ‘semi-precious’ is 
often used in the jewellery trade to 
describe those gemstones that remain 
after diamond, ruby, sapphire and emer- 
ald have been grouped as ‘precious.’ 
It is not a fair division and not even 
logical. It is true that in many cases 
there is a drop in prices per carat 
after the ‘precious’ varieties named due 
mainly to the fact that other gemstones 
are often found in too great quantity, 
but this fact should not allow the jewel- 
ler to prejudice public interest (or even 
his own) in lesser known gemstones, 
some of which are very beautiful. 

“The term ‘semi-precious’, being open 
to misunderstanding, should be discon- 
tinued, and all real stones referred to 


yoy 


as ‘gems’ or ‘gemstones’. 


Spinel Formulas 
Available 


Detailed formulas for the manufac- 
ture of synthetic spinels are now avail- 
able in a report, PB-78652, on the 
German synthetic stone industry, now 
obtainable from the Office of Technical 
Services, Department of Commerce, at 
$1.25 a copy. 


expressed as a set of letters from “D” to “Z” accord- 
ing to the grading system established by GIA in the 
early 1950s. For diamonds in the standard colorless 
to light yellow or brown range, those that are “most 
colorless” (“D” in the GIA system], like the De 
Beers Millennium Star, are not common and are typ- 
ically valued much higher than the next grade. 

For colored diamonds, the color grade is by far 
the most important factor in their value. They are 
graded using a series of “Fancy” grade terms that 
refer to a three-dimensional color space. Those dia- 
monds in the “end grades” of Fancy Intense, Fancy 
Deep, and Fancy Vivid are the most strongly colored 
and valued. For more information, please see the 
articles by King et al. (1994, 1998, 2002) which elab- 
orate on GIA’s fancy-color diamond grading system. 

The following takes a brief look at the known 
history of each of these special diamonds and sum- 
marizes the gemological observations made during 
grading by GIA. 


THE DE BEERS MILLENNIUM STAR 


In the early 1990s, an unnamed miner in an alluvial 
digging in the Mbuji-Mayi district of Zaire (now the 
Democratic Republic of Congo) discovered a 777 ct 
piece of rough (figure 2), the sixth largest “colorless” 
gem-quality diamond ever found (Balfour, 2000). De 
Beers purchased the large crystal fragment on 
the open market. Following three years 
of study, planning, and work by the 
Steinmetz Group on three conti- 
nents, the original crystal was 
divided into three parts. The 
largest diamond cut from 
this crystal was a 203.04 
ct, 54-facet pear-shaped 
brilliant measuring 50.06 
x 36.56 x 18.54 mm. De 
Beers called it the De 
Beers Millennium Star. 

In late 1999, the “De 
Beers Millennium 
Jewels” exhibit was 
unveiled at the Millen- 
nium Dome in London. 
This unique collection of 
diamonds was assembled to 
mark the passing of the mil- 
lennium, an event De Beers 
had anticipated since purchasing 
the enormous piece of rough years 
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Figure 2. Shown here is the 777 ct piece of rough from 
which the 203.04 ct De Beers Millennium Star was 
cut. Courtesy of Steinmetz Group. 


earlier (Balfour, 2000). The centerpiece of 

this collection was the De Beers 

Millennium Star; all would soon be 

the focus of one the most flam- 

boyant robbery attempts in 
modern history (see below). 

When graded by GIA in 

1997, the De Beers Millen- 

nium Star was noted to be 

“D” color and Flawless (no 

internal or surface clarity 

characteristics were seen 

using a binocular micro- 

scope and a fully corrected 

10x loupe). It exhibits 

excellent polish and sym- 

metry, and it has no fluores- 

cent reaction when exposed 

to long-wave ultraviolet (UV) 

radiation. Large, colorless rough 

crystals with few or no mineral 

inclusions are usually type Ila dia- 

monds (see Fritsch and Scarratt, 1992, 


GEMS & GEMOLOGY SUMMER 2003 


for more information on diamond types); the labo- 
ratory confirmed that the De Beers Millennium 
Star is a type Ia. 


THE ALLNATT 


This strongly colored yellow diamond is thought 
to have originated from the De Beers mine in 
South Africa, which produced a number of large 
yellow diamond crystals during its early years of 
production (Balfour, 2000). It is named for its 
former owner, Major Alfred Ernest Allnatt, a 
British soldier, sportsman, art patron, and noted 
philanthropist who purchased the diamond in 
the early 1950s. 

Originally the Allnatt weighed 102.07 ct and 
was graded Fancy Intense yellow when it was pur- 
chased at the Christie’s Geneva May 1996 auction 
(for a total price of US$3,043,496). Subsequently, 
the Allnatt was re-cut in a successful attempt to 
intensify the color appearance. When graded again 
by GIA in 2000, it weighed 

101.29 ct and was classified as 
Fancy Vivid yellow. The clarity 
grade was VS,. 

The Allnatt, a type Ia dia- 
mond, is a round-cornered 
square modified brilliant that 
measures 24.44 x 23.74 x 21.60 
mm. Its shape and cutting style 
are classic examples of those 
used in the early 20th century 

to retain maximum weight from 
well-formed octahedral rough crystals. Its shape is 
also probably influenced by the fact that its manu- 
facture pre-dates the use of sawing. Therefore, the 
diamond naturally retains a closer relationship to 
the shape of the original piece of rough. It has steep 
crown and pavilion angles and a small table. In the 
case of this diamond, these proportions act to 
intensify the color appearance. When examined by 
GIA, the Allnatt also was noted to have good polish 
and good symmetry. When exposed to UV radia- 
tion, it exhibited weak blue long-wave fluores- 
cence, and weak orangy yellow short-wave fluores- 
cence, both common reactions in many yellow dia- 
monds (Moses, 1997). 

Yellow color in diamond may result from the 
presence of small amounts of nitrogen occurring 
either as single atoms or as aggregates of a few 
atoms at carbon sites in the atomic lattice. The 
cause of the strong yellow color in this diamond is 
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due to aggregated nitrogen in triples (clusters of 
three atoms, called the N3 center), which is known 
in traditional gemological terminology as the 
“cape” absorption series (GIA Diamond Dictionary, 
1993). Among colored diamonds, yellow and brown 
are the most common colors, but natural-color dia- 
monds of this size with this strength of yellow are 
extremely rare. This is one of the largest strongly 
colored yellow diamonds ever seen in the 

GIA Gem Laboratory. 


THE STEINMETZ PINK 

Both intriguing and highly val- 
ued, pink diamonds have been 
treasured for many hundreds of 
years. Adding to this allure are 
the few famous pink diamonds 
with rich histories—such as the 
approximately 60 ct Nur-Ul-Ain, plundered from 
Delhi in 1739; the 28.15 ct Agra, believed to have 
belonged to the first Mogul Emperor Babur in the 
15th century; or the 20.53 ct Hortensia, stolen 
from the French Royal Treasury during the French 
Revolution (GIA Diamond Dictionary, 1993; Bari 
and Sautter, 2001; King et al., 2002). Pink dia- 
monds were encountered only sporadically until 
the discovery of the Argyle mine in the 1980s. 
While some of the small quantities of Argyle pink 
diamonds recovered thus far occur in very strong 
colors, these characteristically type Ia diamonds 
seldom exceed one carat and are often highly 
included (Shigley et al., 2001). Type Ila pink dia- 
monds occur in larger sizes, but they are not com- 
monly encountered with strong color (King et al., 
2002). Therefore, a saturated-color pink diamond 
of this size is almost unprecedented. 

The approximately 100 ct rough from which the 
Steinmetz Pink was cut was recovered from a mine 
in southern Africa (Moody, 2003), and the 59.60 ct 
oval-shaped mixed cut diamond was cut over a peri- 
od of almost two years by the Steinmetz Group. It 
was only revealed to the public—around the neck of 
model Helena Christensen—in May 2.003 at its 
unveiling in Monaco. 

The cause of color in pink (and red) diamonds is 
what scientists call a color center—a microscopic 
imperfection at the atomic level that, in the case 
of pink diamonds, is thought to be the result of 
plastic deformation of the diamond’s atomic lat- 
tice (Harlow, 1998; King et al., 2002). When graded 
in 2001 by GIA, the Steinmetz Pink was classified 
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as Fancy Vivid pink and Internally Flawless. It 
measures 26.93 x 20.64 x 13.68 mm, and displays 
very good polish and symmetry. When exposed to 
long-wave UV, it exhibited weak blue fluorescence 
and, to short-wave, very weak blue 
fluorescence. To date, it is the 
largest Fancy Vivid pink dia- 
mond graded by GIA. 


THE HEART OF ETERNITY 


As part of the Millennium 
Jewels display at London’s 
Millennium Dome, De Beers 
also assembled an extraordinary 
group of 11 blue diamonds, with a 
total weight of 118 carats, known as the 
Midnight Collection (Balfour, 2000). Like the majori- 
ty of blue diamonds in recent times, all of these 
blues were recovered from the Premier mine in 
South Africa; all 11 were also manufactured by the 
Steinmetz Group (see figure 3). The largest diamond 
in this collection was the 27.64 ct Fancy Vivid blue 
Heart of Eternity (Balfour, 2000). 

Despite the enormous security surrounding 
these diamonds (including a special reinforced con- 
crete viewing vault and 24-hour remote surveil- 
lance), this priceless display proved to be too great a 
temptation to a gang of jewel thieves. On the morn- 
ing of November 7, 2000, in a scene reminiscent of 
a James Bond movie, the gang crashed a stolen 
earthmover into the Millennium Dome, through 
the outer security and up to the vault, lobbing 


Figure 3. Shown here with several other rough 
crystals is the sawn rough from which the 
Heart of Eternity was cut (second from left). 
Photo by John King. 
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smoke bombs and firing nail guns as they went. 
They planned to seize the diamonds and escape in a 
waiting speedboat down the Thames River. 
Fortunately for De Beers, Scotland Yard had learned 
of the plan months beforehand and surrounded the 
Millennium Jewels display with more than 100 
elite undercover officers on the morning of the 
attempted robbery. When the gang entered the 
vault, they were trapped and swiftly arrested; the 
diamonds themselves had previously been replaced 
with replicas. The would-be thieves received sen- 
tences ranging from five to 18 years in prison (see 
Hopkins and Branigan, 2000; “Gang... ,” 2001; 
Branigan, 2002). 

The Heart of Eternity diamond was graded by 
GIA in 1999. It is the largest Fancy Vivid blue dia- 
mond GIA has graded to date. Blue diamonds such 
as the Heart of Eternity are very rare in nature (King 
et al., 1998); those with a very strong color such as 
this one are even more so. 

The Heart of Eternity is cut as a heart-shaped 
modified brilliant measuring 19.25 x 21.76 x 11.43 
mm. It exhibits very good polish and good sym- 
metry. When exposed to ultraviolet radiation, it 
was inert to long-wave UV, but very weak red to 
short-wave UV. Similar to the Hope diamond 
(Crowningshield, 1989), when the exposure to 
short-wave UV was discontinued, the diamond 
continued to emit strong red phosphorescence 
lasting for approximately 15 seconds. When exam- 
ined with magnification, it exhibited small 
included crystals, pinpoint inclusions, and inter- 
nal graining. Its clarity grade is VS,. Color zoning 
was also observed, appearing as narrow parallel 
bands of colorless and blue areas. Strategically 
locating color zoning during the manufacturing 
process is important to obtain the most saturated, 
even, face-up color appearance; this was done 
quite successfully in the Heart of Eternity. As is 
typical of natural-color type IIb blue diamonds, 
the Heart of Eternity is electrically conductive. 
This behavior is the result of small amounts of 
boron in the diamond’s atomic structure, which 
substitutes for carbon, giving rise to the blue color 
as well as the conductivity. 

In addition to the rare assemblage of the seven 
diamonds in this exhibition, “The Splendor of 
Diamonds” also offers an extraordinary opportunity 
to see three large, strongly colored blue diamonds in 
close proximity. In the same gallery, the famous 
Hope (its color grade updated in 1996) is a Fancy 
Deep grayish blue; nearby in the gem collection is 
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the 30.62 ct Blue Heart, which was graded Fancy 
Deep blue (King et al., 1998). While all are of rela- 
tively similar tone, subtle differences in saturation 
account for the differences in color grade. 


THE PUMPKIN DIAMOND 


Diamonds in the orange hue range are typically 
dark toned and weak to moderate in saturation. 
This generally results in a brown or brownish 
color appearance; an unmodified orange appear- 
ance is extremely rare (King and Moses, 1997). 
Many diamonds in the orange hue range are type 
Ib, but the Pumpkin was found to be type Ia (King 
and Moses, 1997). 

The Pumpkin diamond was discovered in 
South Africa in the mid-1990s, and the rough is 
reported to have appeared predominantly brown 
with only a hint of orange (W. 

Goldberg, pers. comm., 1997). After 

cutting, however, this 5.54 ct 
gemstone displayed a pure, 
strongly saturated orange hue. 
When purchased by Harry 
Winston Inc. at auction in 
October 1998, its striking color and 
the date of the sale—the day before 
Halloween—led the company to dub it 
the Pumpkin (Auction report, 1997). It was loaned 
to actress Halle Berry for the 2002 Academy 
Awards, the night she won the “Oscar” for Best 
Actress, the first African-American ever so hon- 
ored (“The splendor . . . ,” 2003). 

The Pumpkin diamond is fashioned as a cushion- 
shaped modified brilliant and measures 9.88 x 9.85 x 
7.04 mm. The diamond was graded by GIA in 1997 
as Fancy Vivid orange. It is one of the largest dia- 
monds of this color ever examined by GIA. As has 
often been observed in diamonds in this hue range, 
the Pumpkin diamond displays cloud-like and nee- 
dle-like inclusions as well as crystals. It exhibits very 


NOTES AND NEW TECHNIQUES 


Figure 4. Shown here are 
two preform stages in 
the cutting of the 11.17 
ct rough from which the 
5.51 ct Fancy Deep blue- 
green Ocean Dream was 
fashioned. Photo by 
Elizabeth Schrader. 


good polish and good symmetry. When exposed to 
ultraviolet radiation, the diamond emitted moderate 
orange fluorescence to long-wave UV, and weak-to- 
moderate orange fluorescence to short-wave UV. 
When the UV lamp was turned off, observers noted a 
weak yellow phosphorescence. Because of the type 
of reports requested by the clients, clarity grades 
were not provided for the Pumpkin, Ocean Dream, 
and Moussaieff Red diamonds. 


THE OCEAN DREAM 


The 11.17 ct rough from which this diamond was 
manufactured was recovered in central Africa in 
2002. The crystal was polished into a 5.51 ct modi- 
fied triangular brilliant in New York by Cora 
Diamond Corp.; it was dubbed the 
Ocean Dream because of its deep, 
saturated blue-green color. 

Because large, natural-color 
diamonds with this coloration 
are extremely rare, most in the 
diamond industry associate 
them with artificial treatment 
(i.e., irradiation). Not only is such 
naturally occurring color highly 
unusual, but it is virtually never seen in dia- 
monds this large. 

Natural blue-green to green color in diamonds 
is the result of exposure to radiation in the earth 
and the subsequent formation of radiation- 
induced color centers. In nature, such radiation is 
typically alpha or beta; the limited penetrating 
ability of these particles is the reason most rough 
“green” diamonds have only a thin “skin” of color 
(Kane et al., 1990). A saturated body color can 
only be produced by high-energy penetrating radi- 
ation such as gamma or neutron, and in nature 
such sources are very rare, though they are easily 
produced in a nuclear reactor (Ashbaugh, 1989). 
Furthermore, these colors tend to be unstable to 
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heat. For a diamond to acquire a saturated green 
or blue-green body color in nature, it must remain 
close to a gamma or neutron source for thousands 
if not millions of years without being exposed to 
excessive heat (Ashbaugh, 1989, Kane et al., 1990). 
It is this very rare set of conditions that makes a 
diamond like the Ocean Dream almost unique. 

Determining the cause of blue-green color— 
natural or altered—is challenging, as both situa- 
tions produce similar gemological features (Kane 
et al., 1990). In addition, important identification 
criteria may be lost during the process of faceting 
the diamond, because of the shallowness of the 
green surface layer typically produced by natural 
radiation exposure (see Crowningshield, 1963). 
Determination that the color of the Ocean Dream 
was natural was aided by numerous examinations 
of the diamond throughout the cutting process 
from rough crystal until it was finished (see figure 
4). Its origin was confirmed by microscopic exami- 
nation of gemological features such as color zon- 
ing, as well as various spectroscopic results com- 
pared to data from smaller blue-green diamonds of 
known natural color. 

When graded by GIA in 2003, this type Ia dia- 
mond was classified as Fancy Deep blue-green. It 
measured 11.49 x 11.47 x 6.47 mm. When exposed 
to long-wave UV, the Ocean Dream showed a mod- 
erate blue reaction. Its reaction to short-wave UV 

was a weak yellow. 


THE MOUSSAIEFF RED 


Few gem diamonds that could be 
described as predominantly red 
have ever been documented in the 
jewelry industry. They are so rare 
that less than two decades ago, 

Kane (1987) could report that the GIA 
Gem Laboratory had never graded a dia- 
mond with an unmodified “red” hue. As recently 
as 2002, King et al. listed only four Fancy red dia- 
monds in the public domain, one of which was the 
Moussaieff Red. 

Awareness of red diamonds expanded greatly fol- 
lowing the 1987 public auction of the 0.95 ct 
“Hancock Red” (a purplish red stone) for a record 
$926,316-per-carat price (Kane, 1987). While the 
Moussaieff Red, a 5.11 ct modified triangular bril- 
liant, may not seem large in comparison to the 
other gemstones in this collection, for a diamond of 
this color it is astounding—no other Fancy red dia- 
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mond reported to date approaches even half its size. 
To have such a color in a diamond of this size is 
truly unprecedented. As discussed above and by 
King et al. (2002), the cause of color in pink and red 
diamonds is believed to arise from color centers cre- 
ated by plastic deformation. 

The Moussaieff Red was fashioned from a 13.90 
ct crystal that a Brazilian farmer recovered from an 
alluvial deposit during the mid-1990s (W. Goldberg, 
pers. comm., 1997). The finished stone was manu- 
factured by the William Goldberg Diamond Corp. 
in New York, and measures 11.02 x 10.57 x 6.06 
mm. When examined under a UV lamp, it emitted 
moderate-to-strong blue long-wave UV fluores- 
cence, and weak blue short-wave UV fluorescence. 
The Moussaieff Red was found to be a type Ia dia- 
mond, and at the time of grading in 1997, it was 
noted to be the largest Fancy red diamond ever doc- 
umented by GIA. 


CONCLUSION 


Members of the public have a unique chance to 
view a collection of superb gem diamonds at the 
Smithsonian’s National Museum of Natural 
History in Washington, DC, from June 27 through 
September 15, 2003. The “Splendor of Diamonds” 
exhibit brings together seven diamonds that are 
each outstanding examples in terms of their color, 
quality, and size. Examination of these diamonds 
allowed GIA to record important information for 
the science of gemology. 

It is difficult to explain to a public audience 
just how rare the gems in this special collection 
actually are. In nature, it is challenging for geolo- 
gists to find diamond-bearing rocks, and all but a 
few occurrences lack sufficient high-quality dia- 
monds to make them economically feasible to 
exploit. Even at productive mines, recovery of dia- 
monds is tremendously expensive, and in most 
instances the number of crystals suitable for man- 
ufacturing as gemstones is very limited. Larger 
diamonds that are completely colorless or highly 
colored, such as the seven in this exhibit, are so 
unusual that even the majority of experienced dia- 
mond dealers and collectors will never have the 
chance to handle them. Large colored diamonds 
with colors like these described in this article are 
uncommon even for GIA to encounter. For most 
gemologists, as for members of the public, this is 
a once-in-a-lifetime opportunity to see and enjoy 
these “touchstones” of gemology. 
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CHRYSOBERYL, Non-phenomenal 
Vanadium-Bearing 
Recently, the East Coast laboratory 
received a 4.29 ct transparent highly 
saturated green oval mixed-cut stone 
for identification (figure 1). The 
client, Atlantic Gem Corp. of New 
York, believed the stone to be 
chrysoberyl. Synthetic non-phenom- 
enal chrysoberyl of this color was ref- 
erenced as early as 1994 (Fall 1994 
Gem News, p. 200), and was known 
to be colored by vanadium by the 
authors of a Fall 1996 Gem News 
item (pp. 215-216) prior to their iden- 
tifying a similarly colored natural 
material with the same chromo- 
phore. We have seen few examples of 
this natural material in the lab since 
then. 

Standard gemological testing 
proved that the stone was chryso- 


Figure 1. This 4.29 ct chrysoberyl 
gets its highly saturated color 
from vanadium. 
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beryl, with properties very similar to 
those of the natural non-phenomenal 
green chrysoberyls studied in 1996: 
R.I. = 1.740-1.749; birefringence = 
0.009; S.G. (determined hydrostatical- 
ly) = 3.69; inert to both long- and 
short-wave UV; strong blue-green/yel- 
low pleochroism; and a 440 nm cut- 
off in a desk-model spectroscope. The 
stone’s only inclusion was a small, 
very shallow fracture near the culet. 
While it did show some straight 
growth zoning, this was merely an 
indication of natural origin, not proof. 
EDXREF spectroscopy revealed Al, 
V, Fe, Ga, and Sn, but no Ti or Cr. 
Previously studied Russian hydro- 
thermal synthetic non-phenomenal 
chrysoberyl contained significant 
concentrations of V and Cr, but no 
appreciable Fe, Ga, or Sn (Fall 1996 
Gem News, pp. 215-216); thus, the 
composition of the present sample is 
consistent with a natural origin. It is 
always a pleasure to see a large natu- 
ral stone with such vivid color and 
high clarity. 
Wendi M. Mayerson 


Brown-Yellow DIAMONDS 
with an “Amber Center” and 
Pink Lamellae 


Color in diamond is caused by defects 
that have selective absorption within 
the visible range and/or a tail of an 
absorption band that extends into the 
visible range. The ~480 nm band 
(known as the amber center) com- 
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monly causes a pleasing yellow- 
orange coloration, while the ~550 nm 
band results in an attractive pink. 
These broad absorption bands are dis- 
tinct from many other defects in dia- 
mond because of their coupling 
between electronic and vibrational 
transitions. This coupling is so strong 
that the zero-phonon line is too weak 
to be detected, with the result that 
the side band broadens into a single 
band. The East Coast laboratory 
recently examined two unusual dia- 
monds that displayed not only a 
strong ~480 nm band, but also pink 
lamellae that are caused by a ~550 
nm band (see E. Fritsch, “The nature 
of color in diamonds,” in G.E. 
Harlow, Ed., The Nature of 
Diamonds, Cambridge University 
Press, 1998, pp. 23-47). The color of 
these stones appeared to be influ- 
enced primarily by the amber center, 
resulting in a less attractive, predomi- 
nantly brown-yellow bodycolor. 

The two diamonds (1.02, and 2.03 
ct) were fashioned as marquise bril- 
liants (figure 2). The smaller one 
(11.24 x 5.28 x 2.99 mm) was graded 
Fancy Deep brown-yellow, and the 
larger (14.98 x 6.16 x 3.75 mm) was 
graded Fancy Dark brown-yellow. 


Editor's note: The initials at the end of each item 
identify the editor(s) or contributing editor(s) 
who provided that item. Full names are given for 
other GIA Gem Laboratory contributors. 
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Figure 2. These two natural-color brown-yellow diamonds (1.02 and 2.03 
ct) have an unusual combination of defects. 


Both were type IaA, with relatively 
low concentrations of nitrogen and 
moderately high levels of hydrogen 
impurities. The smaller diamond 
showed a moderately chalky, strong 
orangy yellow fluorescence to long- 
wave ultraviolet radiation, and mod- 
erate yellow fluorescence and phos- 
phorescence (lasting for more than 
30 seconds) to short-wave UV. The 
same fluorescence and phosphores- 
cence features were also observed in 
the larger diamond, except for small 
portions that showed a blue reaction 
to long-wave UV. We did not observe 
any mineral inclusions with the 
gemological microscope. An out- 
standing feature of the larger dia- 
mond was the presence of strong par- 
allel pink lamellae in about half the 
stone (figure 3). Weak pink lamellae 
were seen at one tip of the smaller 
stone. Most of these gemological fea- 
tures are comparable to natural yel- 
low-orange diamonds that have an 


Figure 3. The 2.03 ct brown-yel- 
low diamond contained parallel 
pink lamellae in about half the 

stone. Magnified 60x. 
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amber center, and the blue fluores- 
cence to long-wave UV is common 
in pink diamonds. 

UV-Vis spectroscopy of both dia- 
monds showed two strong, broad 
absorption bands at 370 and 480 nm 
(figure 4). In addition, relatively 
weak absorption bands at 415 (N3) 
and 426 nm were also detected. A 
~550 nm band related to the pink 
lamellae is not evident in figure 4, 
due to overlap with the tail of the 
480 nm band. The combination of 
these individual bands led to a gradu- 
al increase in absorption from ~600 
nm to the higher energy side, result- 
ing in the brown-yellow coloration. 

The defects responsible for the 


480 and 550 nm absorption bands are 
not known. The occurrence of pink 
lamellae in a yellow stone and also 
of two vibronic centers without a 
zero-phonon line within the same 
diamond is very unusual. There are 
no reported cases of these absorp- 
tions having been created by any sort 
of treatment in either natural or syn- 
thetic diamonds. Based on this and 
the other gemological and spectro- 
scopic features, the evidence was 
compelling that the color in these 
two diamonds was natural. 

Wuyi Wang and TMM 


GARNET, Color-Change Grossular- 
Andradite from Mali 
Grossular-andradite garnets from 
Mali have become a familiar addition 
to the gem market (see, e.g., M. L. 
Johnson et al., “Gem-quality grossu- 
lar-andradite: A new garnet from 
Mali,” Fall 1995 Gems & Gemology, 
pp. 152-166). Recently, the West 
Coast laboratory received a particular- 
ly unusual specimen, with an appear- 
ance and color change that mimicked 
alexandrite from Sri Lanka (described 
by R. Webster in Gems, 5th ed., 


Figure 4. An unusual combination of absorption bands in the UV-Vis region 
produced the brown-yellow coloration in both the 1.02 and 2.03 ct diamonds. 
(Incident light passed through girdle of 5.28 mm in maximum dimension.) 
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Figure 5. This 1.79 ct grossular-andradite garnet from Mali showed a color 
change from grayish green in fluorescent light (left) to brown in incandes- 


cent light (right). 


Butterworth-Heinemann, Oxford, 
1994, pp. 137-138). The 1.79 ct (6.78 x 
6.72 x 5.20 mm) stone was dark in 
tone, changing from grayish green in 
fluorescent light to brown in incan- 
descent light (see figure 5). It was rela- 
tively free of inclusions except for 
three small partially healed fractures 
that reached the surface in one cor- 
ner. One of these “fingerprints” had a 
coarse appearance typical of similar 
inclusions in alexandrite. Although 
one might easily confuse this unusual 
gemstone with its better-known look- 
alike, the gemological properties read- 
ily separated this material from 
alexandrite and other gems. 

The stone was singly refractive, 
displaying the “snake bands” of 
anomalous double refraction. The 
RI. was 1.770 and the S.G. (measured 
hydrostatically) was 3.66, both prop- 
erties that are consistent with other 
grossular-andradite garnets from 
Mali. It exhibited yellowish green 
and brownish green color zones with 
associated straight, parallel growth 
zones that, when examined between 
crossed polarizers, had the layered 
appearance also typical of garnets 
from this locality. The absorption 
spectrum was similar to that of an 
andradite garnet, with total absorp- 
tion below approximately 450 nm 
and an additional band at about 590 
nm. There was no luminescence to 
long- or short-wave UV radiation. 

Because this stone was the first of 
its kind seen in the laboratory, we per- 
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formed Fourier-transform infrared 
(FTIR) and Raman spectroscopy to 
confirm its identity. FTIR revealed a 
spectrum consistent with other gar- 
nets on file. Although color-change 
garnets are usually of the pyrope-spes- 
sartine series (see Fall 1998 Gem 
News, pp. 222-223), the Raman spec- 
trum was consistent with the spectra 
of grossular and demantoid (andradite]} 
in our database rather than those of 
pyrope or spessartine. This, along with 
the absorption spectrum in the desk- 
model spectroscope, helped identify 
this stone as a grossular-andradite. We 
later learned that the stone was indeed 
sold to the client as a grossular-andra- 
dite garnet from Mali. 

Cheryl Y. Wentzell 


GLASS 
Imitation of Tsavorite Garnet 


A few months ago, the West Coast 
laboratory was asked to identify the 
attractive green oval mixed cut 
shown in figure 6. This 12 ct item 
was remarkably well cut and showed 
fairly high dispersion. At first glance, 
it reminded us of the intense yellow- 
ish green tsavorite garnets that are 
mined in East Africa. Standard 
gemological tests (R.I. = 1.74, singly 
refractive; weak anomalous birefrin- 
gence; and S.G. = 3.66, determined 
hydrostatically) seemed to verify our 
initial assumption. In addition, the 
sample did not show any inclusions. 
All these properties strongly suggest- 
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ed that it was indeed the tsavorite 
variety of grossular garnet. 

However, when viewed with a 
handheld spectroscope, the sample 
showed a general absorption around 
500 nm, which is not usually seen in 
tsavorite garnet. It was inert to long- 
wave ultraviolet radiation, but it flu- 
oresced strong chalky yellow to 
short-wave UV. This reaction proved 
that it was not a garnet (garnets are 
inert to both long- and short-wave 
UV). Indeed, strong chalky fluores- 
cence to short-wave UV radiation is 
often a characteristic of manufac- 
tured products such as glass. 
Additional testing was needed. 

Senior research associate Sam 
Muhlmeister performed Raman spec- 
troscopy and EDXRF chemical analy- 
sis to further characterize this mate- 
rial. The peaks obtained on the 
Raman matched those for glass. 
EDXRF revealed silicon and zirconi- 
um as major elements and the fol- 
lowing trace elements: zinc, stron- 
tium, and the rare-earth elements 
yttrium and lanthanum. The rare- 
earth elements were undoubtedly 
responsible for the green coloration. 
While we have seen many glass imi- 
tations of popular gemstones, such 
high-property glass is seldom 
encountered in the laboratory. 

KNH 


“Planetarium” 


Figure 6. Although it appeared at 
first to be a tsavorite garnet, this 

12 ct oval mixed cut proved to be 
an unusual glass imitation. 
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“Planetarium” 


Manufactured glass is the oldest and 
most common of all gem substitutes. 
Because it has been used in so many 
decorative ways over the centuries, 
glass is frequently encountered by 
gemologists as a gem imitation. 
However, occasionally some particular- 
ly interesting glass items are submitted 
to the GIA Gem Laboratory, such as 
the partially devitrified “pupurine” 
glass cabochon described in the 
Summer 2000 Lab Notes (pp. 157-158). 

Not all manufactured glass 
“gems” are intended to mimic natu- 
ral stones; some are fashioned as 
interesting art objects. Martin 
Guptill, a Graduate Gemologist and 
lapidary from Canyon Country, 
California, recently sent one such 
piece of faceted glass to the West 
Coast laboratory for examination. 

The item, which weighed 2.7.73 ct 
and measured 14.21 x 14.41 x 10.32 
mm, was intense yellow and transpar- 
ent (figure 7). Immediately apparent 
under the table facet were two spheri- 
cal inclusions that measured approxi- 
mately 2.8 and 1.5 mm in diameter. 

Standard gemological testing 
quickly proved that it was glass. The 
material was over the limits of the 
refractometer, but its polariscope 
reaction proved that it was singly 
refractive. Examination with a desk- 
model spectroscope using transmit- 
ted light showed general absorption 
in the blue region from approximate- 
ly 439 nm downward. No other 
absorption features were present. The 
specific gravity, determined hydro- 
statically, was 6.58. The sample was 
inert to UV radiation. 

With magnification, we saw that 
the positioning of the opaque spheri- 
cal inclusions resembled a planet 
with an orbiting moon, giving the 
overall look of a miniature planetari- 
um. The inclusions had an interesting 
crenulated surface texture, and 
appeared to take on the bodycolor of 
their host, suggesting that they were 
probably white (figure 8). While the 
inclusions were too deep to analyze 
by Raman spectroscopy, Mr. Guptill 
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Figure 7. Two spherical inclu- 
sions, a “planet” and its “moon,” 
highlight the interior of this 
27.73 ct faceted piece of manu- 
factured glass. 


had submitted some of the original 
rough glass with the faceted gem; in 
some areas, a white crystalline crust 
had formed on the edges as a result of 
devitrification. The Raman spectrum 
obtained from this white crust 
matched that of cristobalite, so it was 
extrapolated that the inclusions 
might also be cristobalite. 

To complete the description of 
this material, EDXRF analysis was 
performed by senior research associ- 
ate Sam Muhlmeister. This analysis 
showed the presence of silicon 
together with lead and a minor 
amount of calcium. 

JIK and Maha Tannous 


GUATEMALAN JADE 

with Lawsonite Inclusions 

A slab of Guatemalan jade was pro- 
vided to the West Coast laboratory for 
examination of its interesting “root 
beer”-colored inclusions, which had 
yet to be identified. The sample came 
from Ventana Mining Company in 
Los Altos, California, through Pala 
International in Fallbrook, California. 
To prepare it for examination, Leon 
Agee of Agee Lapidary in Deer Park, 
Washington, cut and polished the slab 
into an 87.84 ct disk that measured 
33.19 x 33.80 x 7.24 mm (figure 9). 
During lapidary preparation, the 


GEMS & GEMOLOGY 


Figure 8. Products of devitrifica- 
tion, the two spherical inclusions 
in this manufactured glass are 
most likely cristobalite. 
Magnified 5x. 


inclusions were exposed on the sur- 
face and well polished. 

With magnification, the reddish 
brown transparent-to-translucent 
inclusions showed numerous cracks 
that appeared to be associated with 
cleavage planes. The inclusions were 
relatively large, and because they 
were not undercut during polishing, 
we were able to obtain a refractive 
index reading from them in the range 
of 1.66-1.68. The inclusions were 
also inert to both long- and short- 
wave UV radiation. A small frag- 
ment obtained from one of the inclu- 
sions yielded a specific gravity by the 
sink-float method (i.e., in heavy liq- 
uids) of approximately 3.1. 

Raman analysis of the inclusions 
gave a strong pattern that could not 


Figure 9. This 87.84 ct polished 
disk of Guatemalan jade con- 
tains reddish brown inclusions of 
lawsonite. 
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WINTER, 1947 503 


Footnote On Linde Stars 

It is probable that. the inclusions 
which produce the asterism of Linde 
synthetic corundum stars are confined 
to a surface layer % mm. or more in 
depth. This appears from an examina- 
tion of two cut cabochons at the G.I.A. 
laboratory. 

An examination of the new synthetic 
star corundum made by the Linde Air 
Products Company shows that two of 
the cut cabochons show asterism pro- 
duced by needle-like inclusions distribu- 
ted throughout the surface. 

From this distribution, it appears that 
the usual corundum boules are first 
oriented and then roughed out to cabo- 
chon form before the inclusions which 
cause the star are incorporated. 

It seems probable that inclusions are 
incorporated by remelting the surface 
either in the Verneuil oven or by the 
Linde flame polishing process. The 
resulting surface recrystallizes as an 
integral part of the cabochon. If this 
surmise is correct, and it would seem 
to be further borne out by Ralph J. 
Holmes’ article on the Stars in the 
Fall issue of Gems anp GEMoLOGY, it 
might account for the fact that no rough 
synthetic star corundum is available. 

—R.T.L. 


“Cave Pearls” 


In a cave in Wisconsin and in a mine 
in Idaho, “cave pearls” have been found 
recently (Northwestern Jeweler, Dec., 
1946; Journal of Geology, Jan, 1945). 

“Cave pearls” are pisolites (round 
concretions about the size of a pea) and 
are of inorganic origin. Pisolites 
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are formed by the accretion of con- 
centric layers of calcium carbonate and 
a nucleus, the nucleus being generally 
a grain of sand or small rock fragment. 
Pisolites are very common, but become 
“cave pearls” only under special condi- 
tions of formation where they grow un- 
attached in a cavity in the floor of a 
cave, and are given a high polish by 
agitation due to dripping water. 


GS. 


Certified Gemologist 


Awards Announced 

The American Gem Society takes 
pleasure in announcing the award of the 
title of Certified Gemologist to the 
following: C. Noble Lednum, of Cam- 
bridge, Maryland, and E. M. Allen, of 
Birks-Ellis-Ryrie Ltd., of Toronto, 
Ontario, in August; Murray S. Sauv- 
age, of V. T. Eaton Co., Ltd., Toronto 
in September, and Edward F. Wright, 
of Wright, Kay & Co., Detroit, in Oc- 
tober. 


Gem Grinding Hobby 


(Continued from Page 491) 
gem grinder immediately becomes a 


gem “authority” to an admiring circle 
of friends. The goodwill of half a 
dozen. such individuals, may often be 
worth more financially, in my opinion, 
than much of the jeweler’s advertising. 

The hobby of gem grinding in the 
United States, where people have more 
leisure time than anywhere else in the 
world, is important to the commercial 
jeweler and serious thought should be 
given it as a force for good in his busi- 
ness. It’ is something to be encour- 


_ aged; not feared. 


a 


Figure 10. This 0.36 ct black opal cabochon from Virgin Valley, Nevada, 
shows a distinct play-of-color eye across its dome (left). When a second 
light source is brought near, two play-of-color bands are clearly visible 
(right). If the stone is rotated between the lights, the bands will merge 
together and then split again, so the eye appears to open and close. 


diffraction analysis performed by 
Identification Services manager Dino 
DeGhionno produced a pattern that 
matched the mineral lawsonite, an 
orthorhombic calcium aluminum sil- 
icate hydroxide hydrate. The RI. and 
S.G. previously obtained also sup- 
ported this identification. Lawsonite 
is a metamorphic mineral that is 
common in low-temperature, high- 
pressure settings, in which it may be 
stable with jadeite. It is usually color- 
less, white to gray, or sometimes pale 
blue. The reddish brown “root beer” 
color is unusual. This is the first time 
we have encountered the mineral 
lawsonite in any form in the GIA 
Gem Laboratory. 

JIK and Maha Tannous 


Chatoyant OPAL 

with Eye that “Opens and Closes” 
While most of the opals seen in the 
GIA Gem Laboratory show typical 
play-of-color patterns, on occasion 
we encounter some atypical exam- 
ples. One such relatively rare pat- 
tern, as reported in the Spring 2003 
Lab Notes (pp. 43-44), appeared as a 
spectral band of chatoyancy across 
the dome of an otherwise gray opal 
cabochon. More recently, gem dealer 
and gemologist Elaine Rohrbach of 
Pittstown, New Jersey, sent the 
West Coast laboratory a cat’s-eye 
opal cabochon in which the play-of- 
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color chatoyancy was even more 
unusual. 

This 0.36 ct oval cabochon (6.09 
mm long)—from Virgin Valley, 
Nevada—had an opaque black body- 
color with a bright vitreous luster. Its 
gemological properties were typical 
for natural opal. It showed a single, 
distinct, vibrant, and somewhat 
jagged thin band of color extending 
across the length of the dome (figure 
10, left). Magnification showed that 
this band was due to the presence of a 
very finely layered or lamellar struc- 
ture. The band was clearly visible in 
any form of white-light illumination, 
including fluorescent lighting. 

Aside from the rarity of such a 
stone, its most interesting feature was 
that the play-of-color eye “opened 
and closed” when a second light 
source was brought near and the 
stone was slowly rotated. This result- 
ed in two chatoyant bands positioned 
more-or-less parallel to each other 
(figure 10, right) that would merge 
into one band, and then split again 
into two separate bands as the stone 
was turned between the two light 
sources. 

The opening and closing of the 
eye in chatoyant gems is a relatively 
well-known secondary phenomenon 
in stones where the chatoyancy is 
caused by parallel bundles of acicular 
inclusions. However, our literature 
search could find no prior reference 
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to this phenomenon in other play-of- 
color cat’s-eye opals. Therefore, this 
appears to be the first report of such 
an occurrence. 

JIK and Maha Tannous 


Imitation PEARLS, Variously Colored, 
with Iridescent Appearance 

Recently a friend of the laboratory 
sent us some variously colored imita- 
tion pearls for examination. The deal- 
er was told by his supplier that these 
imitation pearls were fashioned from 
crushed mother-of-pearl that had 
been reconstituted and shaped into 
large beads up to 15 mm in diameter. 
Since our client believed that these 
beads represented a new variety of 
imitation pearls, he wanted to share 
this information with us and other 
interested readers. 

Figure 11 shows a uniform strand 
with 29 imitation pearls in all the col- 
ors that reportedly are available: pink, 
yellow, gray, and purplish brown. All 
these “pearls” had a high metallic- 
appearing luster and were approxi- 
mately 14 mm in diameter. To the 
unaided eye, they were very similar 
in appearance to large Chinese fresh- 
water cultured pearls. With magnifi- 
cation, however, they were easily 
identified as simulants. 

Close examination with standard 
10x magnification showed that the 
surface of these beads consisted of 
small opaque pink and green parti- 
cles in an unidentified substance that 
had been applied in parallel layers. 
This distribution produced an almost 
iridescent effect. In addition, this 
material was fairly soft and could 
easily be indented with the tip of a 
metal probe. There were also some 
smaller areas where the surface 
material had been removed, exposing 
a dull layer that did not show any iri- 
descent-like effect. With strong 
oblique fiber-optic illumination, the 
banded structure of the underlying 
material became visible. The surface 
layer on these “pearls” was quite 
unlike that found in natural or cul- 
tured pearls, which typically shows 
suture lines formed by the overlap- 
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Figure 11. Although similar in appearance to Chinese freshwater cultured 
pearls, these approximately 14 mm imitation pearls are easily identified 


with magnification. 


ping aragonite crystals in the nacre 
layer. Raman analysis identified the 
cores of the imitation pearls as arago- 
nite, which gave them the right 
“heft,” unlike the lighter weight of 
some imitations with plastic or glass 
centers. 
While these beads may indeed be 
a new variety of imitation pearls (we 
had not seen this material previously 
in the lab), they can be easily distin- 
guished from either natural or cul- 
tured pearls by observation of the 
surface with magnification. 
Thomas Gelb and KNH 


SAPPHIRE/Synthetic Color- 
Change Sapphire Doublets 


Assembled stones have been used to 
simulate valuable gems since at least 
the days of the Roman Empire (R. 
Webster, Gems, 5th ed., Butterworth- 
Heinemann, Oxford, 1994). Although 
their popularity dimmed with the 
advent of synthetic corundum and 
synthetic spinel in the early 20th cen- 
tury, they still turn up in jewelry 
today for several reasons. Some 
remain in circulation within estate 
jewelry pieces, while others are used 
as a less expensive alternative to 
newer synthetics (e.g., a synthetic 


Figure 12. These sapphire/synthetic sapphire doublets (1.73 and 2.29 ct) 
showed a change-of-color from greenish blue in daylight-equivalent illu- 
mination (left) to reddish purple in incandescent light (right). The color 
change comes solely from the synthetic color-change sapphires that form 


the pavilions. 
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spinel triplet imitating an emerald is 
much less costly than a flux-grown 
synthetic emerald). Fragile gems such 
as opal and Ammolite can be given 
added durability through combination 
with tougher materials, and, of course, 
many are created for the sole purpose 
of deception. 

Such is the case with corundum 
doublets. Usually consisting of either a 
synthetic ruby or synthetic sapphire 
pavilion, they are almost always topped 
with a natural green sapphire crown. 
The material in the pavilion dominates 
the face-up color, so the green of the 
crown is not apparent. Unlike garnet- 
and-glass doublets, in which the harder 
garnet “cap” protects the softer glass, 
the natural sapphire crown is used sole- 
ly for the deceptive value of its inclu- 
sions and other natural features. They 
are particularly deceiving if the doublet 
is bezel set to hide the separation plane 
at the girdle (see, e.g., Winter 1987 Lab 
Notes, p. 233). 

The East Coast laboratory recently 
encountered two unusual corundum 
doublets weighing approximately 1.73 
and 2.29 ct. Standard gemological test- 
ing proved that both doublets had the 
typical natural green sapphire crowns, 
but curiously both also had synthetic 
sapphire pavilions that showed a color 
change. When viewed in the face-up 
position, they appeared greenish blue 
in daylight-equivalent illumination 
and reddish purple in incandescent 
light (figure 12). In profile view with 
diffused transmitted light, their 
assembly was easy to see, as was 


Figure 13. In profile, with diffused 

transmitted light, both parts of the 
doublet become evident, as do the 
curved color bands in the synthet- 

ic color-change sapphire pavilion. 
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curved color banding in the synthetic 
pavilions (figure 13). Face-up, howev- 
er, this banding was obscured by the 
straight blue banding in the natural 
sapphire crowns. It should be noted 
that the curved color banding seen 
here is unusual, as synthetic color- 
change sapphires usually contain only 
curved striae (i.e., structure lines) 
without color banding. Proof of syn- 
thesis was provided both by the typi- 
cal synthetic sapphire indicators seen 
with magnification (gas bubbles and 
curved growth features) and a spec- 
trum taken on the pavilions with a 
desk-model spectroscope that revealed 
chrome lines and a 474 nm line. The 
pavilions also showed the UV fluores- 
cence (medium strong orange to long- 
wave and medium orange to short- 
wave) typical of synthetic color- 
change sapphires, while the natural 
green sapphire crowns were inert to 
both long- and short-wave UV. 

With the increasing popularity of 
color-change stones such as alexan- 
drite and garnet, these doublets 
should serve as yet another reminder 
that no matter how old or simple, 
imitations are still very much a part 
of the 21st century gem market. 

Wendi M. Mayerson 


Unusual “Red” SPINEL 
In the Spring 2003 Lab Notes (pp. 
44-45), we reported on blue quartz 
that had gained its apparent color 
from the presence of numerous thin- 
to-thick, randomly oriented indicolite 
rods and fibers. We recently encoun- 
tered another instance of inclusion- 
caused color when gemologist Kusum 
S. Naotunne of Ratnapura, Sri Lanka, 
sent a well-polished dark orangy red 
cabochon (figure 14) to the West 
Coast laboratory for examination. 
The cabochon, which reportedly 
was from Okkampitiya, Sri Lanka, 
was easily identified as spinel by its 
1.73 spot refractive index, 3.60 hydro- 
static specific gravity, and isotropic 
nature. It weighed 1.68 ct, measured 
6.78 x 5.98 x 4.44 mm, and showed a 
distinctive silvery red schiller, togeth- 
er with weak asterism in sunlight or 
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Figure 14. The dark orangy red 
color of this 1.68 ct spinel cabo- 
chon is caused by crystallographi- 
cally oriented sheets and plates of 
hematite. Notice the silvery 
schiller that highlights the dome 
of the cabochon. 


overhead incident illumination. 
Magnification revealed that the 
bodycolor of the spinel was actually a 
pale purplish pink; the orangy red 
color apparent to the unaided eye was 
due to the presence of numerous 
ultra-thin sheets and plates of what 
appeared to be an iron compound, 
possibly hematite (a-Fe,O,—trigonal) 
or its dimorph, maghemite (y-Fe,O,— 
isometric). The inclusions showed a 
precise orientation along octahedral 
planes (figure 15), which suggested 
that these color-causing zones might 
be the result of exsolution in their 
spinel host after it formed. 
Dichroism, from dark red to 


Figure 15. Precise orientation 
along octahedral planes suggests 
that these color-causing sheets of 
hematite might be the result of 
exsolution in their Sri Lankan 
spinel host. Magnified 10x. 
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orangy red (depending on the thick- 
ness and orientation of the inclusion), 
was indicative of hematite and not 
maghemite, which is isometric and 
shows no dichroism. No magnetic 
attraction was detected when the 
cabochon was tested with a magnet, 
which also suggested hematite over 
maghemite. 

The visible absorption spectrum of 
the spinel cabochon matched the spec- 
trum shown by ultra-thin deep red 
specular hematite flakes. There was 
complete general absorption in the 
deep blue and overall weak absorption 
through the yellow-orange, causing 
the upper blue through the orange 
region to appear dull, and clearly pass- 
ing only the red region. Since this was 
the first spinel of this type that we had 
encountered, we used Raman analysis 
to confirm the optical and physical 
identification of the inclusions as 
hematite. 

Other examples of orangy red 
color caused by inclusions of ultra- 
thin platelets and flakes of specular 
hematite are found in some rock crys- 
tal quartz gems, sunstone feldspars 
not colored by copper, and “blood- 
shot” iolite from India. Sri Lankan 
spinel can now be added to this list. 

JIK and Maha Tannous 


TANZANITE, Diffusion Treated? 
Heat treatment is routinely used to 
enhance the color of vanadium-bearing 
zoisite [Ca,Al,Si,O,,(OH)] to purplish 
blue or blue. However, the ongoing 
concern about the diffusion treatment 
of sapphire with beryllium (see article 
on pp. 84-135 of this issue) has raised 
concems about diffusion treatment of 
other gem materials. In late 2002, 
InterColor Fine Stones, New York, 
submitted two tanzanites that were 
represented to them as being treated 
by a similar method of “heat with a 
coating to make it darker in color.” 
Both stones were deep purplish 
blue. One was a 4.19 ct oval mixed 
cut, and the other was a 2.51 ct trian- 
gular shape. No evidence of fractures 
or inclusions was seen with the gemo- 
logical microscope. In contrast to 
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Figure 16. To investigate possible 
diffusion treatment, a 4.19 ct 
tanzanite was sawn through the 
center. The area close to the culet 
(marked by the dashed line) was 
lighter in color than the rest of 
the stone. The solid red line indi- 
cates the location of electron 
microprobe analyses. 


many of the bulk/lattice-diffused sap- 
phires that GIA has examined, they 
showed no clear surface-conformal 
color zonation while they were 


immersed in methylene iodide. With 
the client’s permission, the oval stone 
was sliced through the center (figure 
16) to facilitate chemical analysis by 
electron microprobe and LA-ICP-MS. 
Examination of the profile showed 
that the area near the culet was slight- 
ly lighter than the rest of the stone, 
and a straight and sharp color bound- 
ary was observed with immersion. 
Although these observations did 
not suggest the presence of a diffusion 
treatment, electron microprobe analy- 
sis was performed to further charac- 
terize the oval sample. In total, 36 
point analyses of the following ele- 
ments were taken across the 5.8-mm- 
long profile shown in figure 16: Si, Ti, 
Al, Cr, Fe, Mn, Mg, Ca, Na, K, Ni, 
Co, and V. To increase the instru- 
ment detection limit, counting time 
for the minor/trace elements was 
extended to 200 seconds. The major 
elements (Ca, Al, and Si) were mea- 
sured in the amounts expected for 
tanzanite. The only detectable trace 
element was V; all the others were 
below or near the instrument detec- 


Figure 17. Some variation in V,O, content was detected by the electron 
microprobe. Within about 1.0 mm of the stone’s culet, the vanadium con- 
tent was relatively lower than in the rest of the stone. This is contrary to 
the result expected for diffusion treatment. 
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tion limit. The V,O, content varied 
from 0.13 to 0.26 wt.%, which is typi- 
cal for tanzanite. The lowest concen- 
trations of V were measured in the 
lighter-colored area near the culet (fig- 
ure 17). Contents of Cr, which may 
cause green coloration in zoisite, were 
very low (0.01-0.03 wt.% Cr,O,) and 
close to the instrument detection 
limit. Trace-element distribution was 
determined using LA-ICP-MS. It not 
only confirmed the V distribution 
found with the electron microprobe, 
but it also revealed similar distribu- 
tion patterns for Ti, Cr, Mn, Fe, Ga, 
Pb, U, and rare-earth elements. The B 
and Be contents were below instru- 
ment detection limits. 

It has been suggested that small 
amounts of V may cause the purplish 
blue color of tanzanite (C. S. Hurlbut 
Jr., “Gem zoisite from Tanzania,” 
American Mineralogist, Vol. 54, 1969, 
pp. 702-709). This is consistent with 
the variations in V content measured 
in the color-zoned oval gemstone. 
However, a lattice-diffusion process 
involving V would lead to higher con- 
centrations of this element at the rim, 
not lower as in the analyses performed 
near the culet. The color distribution 
in this sample, as well as the sharp and 
straight color boundary that did not 
follow the outline of the stone, indi- 
cate that the color zoning and vanadi- 
um heterogeneity are related to crystal 
growth rather than lattice diffusion. 

It is also important to note that, as 
a hydroxyl-bearing mineral, tanzanite 
would not be stable at a very high 
temperature, which is essential for V 
or any other chemical impurities 
(except H) to diffuse at a reasonably 
fast rate. Although neither of the two 
stones described here showed evi- 
dence of chemical diffusion, the GIA 
Gem Laboratory will continue to 
monitor this situation. 

Wuyi Wang 


PHOTO CREDITS 
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DIAMONDS 
“Additional” facets and their effect on scintillation. The 
face-up appearance of diamonds is usually described by 
three key attributes—brightness, fire, and scintillation. 
However, what is not as well understood is the contribu- 
tion of each of these characteristics to an overall pleasing 
face-up mosaic appearance. 

While it is generally agreed that a diamond should be 
bright—that is, have a significant amount of white light 


Figure 1. This Cento-cut diamond (0.74 ct) is an 
example of a 100-facet design that shows a pleasing 
scintillation effect. Courtesy of Rosy Blue Inc.; photo 
by Elizabeth Schrader. 
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return—to be considered desirable, the amount of fire 
and scintillation necessary for a diamond to qualify as 
“high performing” is less well defined. While fire con- 
sists of the single appearance aspect of colored light exit- 
ing the crown of a diamond, we are finding that scintilla- 
tion is composed of several different appearance aspects. 
One of these consists of the flashes of light that change 
as the diamond, observer, or light source move in rela- 
tion to one another. Another is related to the patterns of 
bright and dark areas seen in the diamond when it is 
observed face-up. In diffused light, one sees these con- 
trasting patterns created by the facets breaking up the 
total light exiting the crown. Although these patterns 
can reduce the total amount of white light returned to 
the observer, we have found that they may, in some 
cases, increase the overall desirability of a diamond. This 
pattern effect is directly related to the number of facets, 
their size and shape, their interrelated angles, and the 


Figure 2. The Cento design incorporates additional 
facets on the pavilion which act to increase the 
observable scintillation of the diamond. Courtesy 
of Rosy Blue Inc. 
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quality of their placement on the diamond (i.e., symme- 
try). 

The 100-facet round modified brilliant shown in figure 
1, known as the Cento cut and created by Rosy Blue Inc., 
exhibits some of these performance characteristics. The 
scintillation effect displays a pleasing symmetrical pattern 
with a good balance of contrasting bright and dark areas. 
This scintillation results from the faceting angles and facet 
arrangement used in this cut design (see figure 2). 

In our extensive experience with computer modeling 
at GIA, we have found it challenging to compare the 
appearance aspects of brightness, fire, and scintillation of 
standard round brilliants to that of other modified faceting 
styles. Often these modified styles create unique face-up 
appearances that highlight different desirable aspects. In 
the case of the Cento cut, we observed increased scintilla- 
tion due to the ability of the additional facets to “break 
up” the overall brightness pattern of the diamonds. 

These observations reinforce our overall research find- 
ings that every facet matters when assessing the overall 
appearance of a diamond, therefore, no diamond should be 
judged solely by one attribute alone (see T. S. Hemphill et 
al., Fall 1998 Gems #@ Gemology, pp. 158-183; I. M. 
Reinitz et al., Fall 2001 Gems # Gemology, pp. 174-197). 
Our observations also indicate that modifications of the 
traditional round brilliant design can have a great impact 
on scintillation effects, specifically on the light and dark 
patterns and specular reflectance that are observed. In 
many cases, the additional facets result in more pro- 
nounced scintillation than is typically encountered with a 
standard round brilliant cut. 

Tom Moses 
GIA Gem Laboratory, New York 


Ron Geurts 
TT Consulting, Antwerp 


COLORED STONES AND 
ORGANIC MATERIALS 
“Alphabet” agates from Indonesia. At the 2003 Tucson 
gem show, New Era Gems of Grass Valley, California, had 
four complete sets of Indonesian agate cabochons with 
patterns resembling letters of the Roman alphabet. The 
agates are typically off-white with orange to orangy brown 
markings (figure 3). According to general manager Jim 
Steelman, New Era Gems received their first complete set 
in mid-2002, from an Indonesian friend who had been col- 
lecting the agates for 15-20 years. Some letters such as 
“Q” and “R” proved difficult to obtain, so it took the col- 
lector three years to complete the alphabets from his col- 
lection. One set of numerals was also assembled, with “8” 
and “5” being the most difficult to find. Most common are 
simple cross patterns. 

Mr. Steelman indicated that the cabochons are cut 
from large pieces of agate that contain Fe-stained 
microfractures in a variety of patterns. To produce the var- 
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Figure 3. Agate cabochons from Indonesia have been 
fashioned with patterns resembling every letter in the 
Roman alphabet, as well as numbers and other 
forms. The patterns are reportedly caused by iron 
staining along microfractures. Courtesy of New Era 
Gems; photo by Maha Tannous. 


ious letters and numerals, the cutter creatively fashions 
the cabochons so they intersect the iron-stained patterns 
with the desired effect. Both ovals and rounds are shaped 
in sizes that typically range from 10 to 14 mm. The most 
attractive sets use cabochons that are well matched in size 
and markings. Although he did not know total production, 
Mtr. Steelman estimated that it probably ranges from a few 
hundred cabochons per year of the letters or other figures, 
to a few thousand annually of the crosses. 

A collection of these agate cabochons was donated to 
GIA in June 1999 by Ben Hoo of Ben’s International 
Gemological Center in Singapore. Included are several that 
mimic various letters and numbers, as well as patterns 
that resemble Asian characters, a turkey, and abstract 
forms. Mr. Hoo told this contributor that the agates are 
found on the island of Java, in three main areas: (1) 
Jampangkulon—approximately 50 km southwest of 
Sukabumi in western Java; (2) Garut—approximately 50 
km southeast of Bandung, also in western Java; and (3) 
Prambanan—approximately 60 km northwest of 
Yogyakarta in central Java. Agates from the first two loca- 
tions are mostly sold in Jakarta, and those from the third 
area go mainly to Surabaya. In addition, many of the big 
cities have agate centers where the polished agates are 
sold. In Indonesia, the agates are worn principally by men. 
Patterns that resemble the 12 zodiac signs are expensive, 
but the most highly prized are those that mimic a dragon. 

BML 


Editor’s note: Interested contributors should send information 
to Brendan Laurs at blaurs@gia.edu (e-mail), 760-603-4595 
(fax), or GIA, 5345 Armada Drive, Carlsbad, CA 92008. 
Any original photos will be returned after consideration or 
publication. 
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Figure 4. These cat’s-eye beryl cabochons (24.78 and 
23.67 ct) were purchased as quartz in Brazil. Photo by 
Jaroslav Hyrsl. 


Unusual cat’s-eye beryl from Brazil. Cat’s-eye beryl is not 
uncommon, but two cabochons (24.78 and 23.67 ct; figure 
4) purchased by this contributor in Brazil in 2001 proved 
very unusual. Although sold as quartz, their identity as 
beryl was established by a spot R.I. of 1.57 and an S.G. of 
2.80 (measured hydrostatically). The samples were inert to 
long- and short-wave UV radiation, and no features were 
visible with a hand spectroscope. Both showed strong aven- 
turescence due to abundant reddish brown inclusions ori- 
ented along a hexagonal prism, parallel to the c-axis. These 
inclusions were also responsible for the chatoyancy oriented 
perpendicular to the c-axis. With magnification (figure 5), 
the shape of these inclusions varied from pseudohexagonal 
to elongate, and their appearance suggested they were 
hematite. In addition, the aventurescence caused weak 
asterism, with two rays present in addition to the two domi- 
nant rays that corresponded to the chatoyancy. These beryl 
samples were noteworthy not only for their aventurescence 
and asterism, but also for the fact that their chatoyancy was 
caused by mineral inclusions, rather than hollow tubes. 
Jaroslav Hyrsl (hyrsl@kuryr.cz) 
Kolin, Czech Republic 


Magnetic corundum. These contributors recently were 
presented with a dark brownish red sample of star corun- 
dum, which had the amazing property of being strongly 
attracted to a common magnet (figure 6). The specimen 
weighed 17.9 grams and was polished on one end, where it 
exhibited weak asterism. According to the owner, it was 
found in India. 

The sample had a very high S.G. of 4.2 (determined 
hydrostatically; corundum is typically 3.99-4.00), and a 
spot R.I. of ~1.77 was measured on the polished end. 
Microscopic observation revealed black surface-reaching 
inclusions; in reflected light, they exhibited a metallic lus- 
ter that contrasted with the vitreous luster of the host 
corundum. Also present was an area surrounding the core 
of the sample that showed a slightly different luster. The 
magnetism was stronger on the rim, but also very notice- 
able on the polished part of the core. 

To determine the cause of the magnetism and to iden- 


154 GEM News INTERNATIONAL 


Figure 5. Oriented inclusions (probably hematite) 
were responsible for the chatoyancy shown by the 
beryls in figure 4. Photomicrograph by Jaroslav Hyrsl; 
magnified 9x. 


tify these inclusions, we studied the stone with a scanning 
electron microscope (SEM). First we used magnification in 
backscattered electron (BSE) mode to observe differences 
in atomic weight. Figure 7 shows the polished face of the 
crystal, looking down the c-axis. The inclusions appear 
bright white against the host corundum, due to their rela- 
tively high atomic weight. The mottled light gray rim of 
the sample also contrasts with the corundum core. Closer 
examination of the rim showed that it consists of several 
phases (figure 8}. 

Using the EDX (energy-dispersive X-ray spectroscopy) 
capabilities of the SEM, we performed semi-quantitative 
chemical analysis on seven specific portions of the speci- 


Figure 6. This unusual 17.9 gram corundum specimen 
was strongly magnetic; it is shown here with a mag- 
net (the metallic sphere). Photo by T. Hainschwang. 
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men: (1) the host corundum, (2-3) two selected inclusions, 
(4) a large area of the rim, and (5-7) three areas of the rim 
that appeared light gray, medium gray, and dark gray in BSE 
mode. The host corundum was Al,O,, as expected, with 
minor amounts of Fe. The various areas of the rim showed 
different amounts of Fe, Cr, Ti, Mn, Mg, Zn, O, and some 
Al. Chemical analysis of the two inclusions identified them 
as members of the hematite-ilmenite series, with the for- 
mulas Fe,O, and FeTiO,. Since minerals of this series are 
usually rather weakly magnetic, we suspected that the sam- 
ple might also contain minerals of the magnetite-ulvéspinel 
(Fe,0,-Fe,TiO,) series. Analysis of the rim area revealed 
that the lightest area was mainly hematite (Fe,O,), and the 
medium gray area consisted of a mixed form of spinel with 
a possible formula of (Fe,Mg,Mn,Zn,)Al,O,. The analyzed 
“spinel area” mainly contained Fe and Mg (in equal propor- 
tions), and thus can be called a pleonaste—a mix of spinel 
(MgAL,O,) and hercynite (FeAl,O,)—with minor galaxite 
(MnALO,) and gahnite (ZnA1,O,). The darkest phase of the 
rim was identified as corundum. Interestingly, the seven 
point analyses did not identify members of the magnetite- 
ulvéspinel series in this specimen. If indeed these strongly 
magnetic minerals are not present, then the strength of the 
magnetism in this sample is very surprising. None of the 
identified oxide minerals (hematite, ilmenite, and pleonaste) 
normally exhibits such strong magnetism. 

The formation of the rim is rather unclear; one possi- 


Figure 7. This backscattered electron image of the 
polished part of the specimen in figure 5 shows a core 
area of corundum (gray) with inclusions of much 
higher atomic weight (bright white); the mottled light 
gray rim is of intermediate atomic weight overall. 
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bility might be that fluctuations in late-stage growth con- 

ditions led to the formation of iron-rich spinel in addition 

to corundum; the hematite could have been formed as a 

result of the exsolution of Fe from either the corundum or 

the pleonaste. 

Reviewing the above findings, we propose the follow- 

ing possible explanations for this magnetism: 

e Heating of hematite may strengthen the magnetism of 
this mineral. 

e Ilmenite with rather strong magnetism has been de- 
scribed in the mineralogical literature. 

¢ The Fe,O, may exist in another state, called gamma-Fe,O, 
or maghemite, and this iron oxide is magnetic. It can be 
formed by oxidation of magnetite and by other conver- 
sion processes from various iron-containing minerals (see 
http://www.geo.arizona.edu/Paleomag/book/chap02..pdf). 
Since hematite has the same chemical makeup, hematite 
and maghemite cannot be distinguished from one anoth- 
er by EDX. 


The last possible explanation could be that we simply 
missed identifying the minerals of the magnetite-ulvéspinel 
series in our seven point analyses. 

Thomas Hainschwang (gemlab@adon.Ii) 
Gemlab Gemological Laboratory 
Vaduz, Principality of Liechtenstein 
Wolfgang Keutschegger 

Ivoclar, SEM facility 

Schaan, Principality of Liechtenstein 


Figure 8. Close examination of the rim of the speci- 
men in backscattered electron mode shows that sev- 
eral phases are present. 
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Figure 9. This 1,372.10 ct fluorite, faceted by Maria 
Atkinson, was mined in northern Pakistan. Photo by 
Jeff Scovil; © Terra 2003. 


Large pink fluorite from Pakistan. At the 2003 Tucson 
gem show, David Atkinson of Terra in Sedona, Arizona, 
displayed a large and impressive deep pink fluorite from 
Nagar, Northern Areas, Pakistan (figure 9). The rough, 
which weighed approximately 7 kg, was found during the 
2001 mining season. At 1,372.10 ct, this faceted stone was 
more than twice the weight of the 673.14 ct pink fluorite 
from Pakistan that appeared at the Tucson show in 1993 
(see Spring 1993 Gem News, p. 56). It may represent the 
largest pink fluorite that has ever been faceted. 

BML 


Crystals of color-change garnet from Bekily, Madagascar. 
Rough pyrope-spessartine garnets from Bekily, southern 
Madagascar, normally are found only as irregularly shaped 
fragments without crystal faces. Therefore, when examin- 
ing two parcels of rough that were purchased in 
Madagascar by a German dealer in 2002, this contributor 
was surprised to see several perfectly terminated, transpar- 
ent color-change garnet crystals (see, e.g., figure 10). These 
crystals were blue-green or yellowish green in daylight, and 
purple, purplish pink, or pink in incandescent light (see K. 
Schmetzer and H.-J. Bernhardt, “Garnets from Madagascar 
with a color change of blue-green to purple,” Winter 1999 
Gems &) Gemology, pp. 196-201). The samples showed the 
trapezohedron {211} as the dominant crystal form and sub- 
ordinate dodecahedra {110}. This is precisely the crystal 
habit proposed by a previous study of the internal growth 
structures in pyrope-spessartine garnets from Bekily (see K. 
Schmetzer et al., “Pink to pinkish orange Malaya garnets 
from Bekily, Madagascar,” Winter 2001 Gems & Gemolo- 
gy, pp. 296-308). KS 


The Lion Cut for colored stones and diamonds. Diamex 


Inc. of New York recently shared with these contributors 
several examples of Lion Cut gemstones. Developed by 
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Paul C. A. de Maere in 1999, this design combines the tra- 
ditional rose cut with the modern brilliant. In contrast to 
the flat table of a brilliant-cut stone, the table of the Lion 
Cut is composed of eight facets angled toward a low peak 
in the center of the crown, the “crown culet.” The exam- 
ples we saw included round, oval, and pear shapes made 
from diamond, ruby, and pink tourmaline. This cut has 
been applied to a wide variety of gems, including sapphire, 
emerald, aquamarine, quartz, peridot, and kunzite. 

The Lion Cut has some noteworthy effects on face-up 
appearance. In colored gems, for example, it substantially 
strengthens the face-up color. This effect was put to excel- 
lent use in the pink tourmaline in figure 11, where the cut 
transformed a rather weak bodycolor into a saturated, 
evenly displayed face-up color. In the near-colorless dia- 
monds we examined, it produced a pronounced and inter- 
esting scintillation pattern. This pattern was composed of 
triangles—which became lighter or darker as the stone, 
observer, or light source was moved—arranged around the 
crown culet. 

There are two Lion Cut variations for a round shape, 
each named for particular elements of the scintillation pat- 
tern. The Lion Cut Brilliant Cross has the star facets ori- 
ented above the pavilion mains, and produces a “brilliant 
cross” in the center of the pattern. A treated-color blue 
diamond that we examined was cut in this style, but the 
color of the gem competed with the display of scintilla- 
tion. The other variation is the Lion Cut Brilliant Star, in 
which the crown is rotated with respect to the pavilion, 
placing each star facet over the center of a lower-girdle 
facet. Display of these and other elements of the scintilla- 
tion pattern requires that the multiple facets replacing the 


Figure 10. These color-change garnet crystals from 
Bekily, Madagascar (about 4-5 mm in diameter), 
show dominant trapezohedra {211} and subordinate 
dodecahedra {110}. An idealized crystal drawing 
(clinographic projection) is provided for comparison. 
Photo by Maha Tannous; incandescent light. 
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Figure 11. The gemstones in these three rings utilize 
the Lion Cut, developed and manufactured by Paul 
C. A. de Maere of Ghent. The diamond weighs 1.54 
ct, the ruby 1.22 ct, and the tourmaline 1.50 ct. 
Courtesy of Diamex Inc.; photo by Maha Tannous. 


table be well centered over the pavilion facets and culet. 
Mr. de Maere is both producing and marketing Lion Cut 
gems from his office in Ghent, Belgium. So far, diamonds of 
this cut have ranged from 0.01 to 5.00 ct. Twelve fancy 
shapes have been cut from both diamonds and colored gem- 
stones: rectangle, cut-corner rectangle and square, pear, mar- 
quise, heart, oval, cushion, kite, octagon, triangle, and 
shield. Lion Cut gems are being distributed by Handsetters 
& Verhaere BVBA of Antwerp (diamonds), and W. Con- 

stantin Wild & Co. of Idar-Oberstein (colored stones). 

Ilene Reinitz (ireinitz@gia.edu) 
and Tom Moses 
GIA Gem Laboratory, New York 


Tale of a swallowed Tahitian cultured pearl. In January 
2003, Kay Kostelny of Coffin & Trout Jewelers, Chandler, 
Arizona, told Gems «&) Gemology about a customer whose 
Tahitian cultured pearl earring was swallowed by a dog. 
The earring was reportedly in the dog’s digestive tract for 
two days before it passed on the third day. Although the 
earring was structurally undamaged, the cultured pearl 
underwent some noticeable changes (figure 12). 

Ms. Kostelny kindly loaned both earrings to GIA, and 
reported that the cultured pearls were previously closely 
matched in terms of size, color, and luster. The most 
obvious difference after the incident was the size: The 
swallowed sample measured 7.90 mm, whereas the other 
one was 9.20 mm in diameter. The nacre appeared to be 
evenly dissolved from the swallowed sample. The color of 
that cultured pearl was noticeably darker and less green. 
However, it still retained a high luster. Nevertheless, 
because the cultured pearls were no longer well matched, 
the customer decided to have Ms. Kostelny replace the 
swallowed sample with another Tahitian cultured pearl. 
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An interesting comparison to this swallowed cultured 
pearl can be drawn with the ancient practice of “cleaning” 
pearls by feeding them to chickens (see K. Nassau and A.E. 
Hanson, “The pearl in the chicken: Pearl recipes in Papyrus 
Holmiensis,” Winter 1985 Gems # Gemology, pp. 
224-231). In that article, Dr. Nassau performed his own 
experiments by feeding soiled Japanese Akoya cultured 
pearls to chickens, and found that under certain conditions 
“this represents a valid way of cleaning a pearl by removing 
a thin layer from the surface while maintaining an excellent 
surface quality” (p. 227). Indeed, the swallowed Tahitian 
cultured pearl also retained an attractive luster. BML 


Trapiche rubies displaying asterism. Trapiche rubies are 
composed of six translucent-to-transparent ruby sections 
that are delineated by “arms” of translucent-to-opaque 
material, resulting in a fixed six-rayed “star.” Such rubies 
have been reported from both Mong Hsu, Myanmar (see 
K. Schmetzer et al., Winter 1996 Gems #& Gemology, pp. 
242-250; Summer 2000 Gem News, pp. 168-169; and V. 
Garnier et al., “Rubis trapiches de Mong Hsu, Myan- 
mar,” Revue de Gemmologie, No. 144, 2002, pp. 5-12) 
and Yen Bai Province, Vietnam (see Fall 1998 Gem 
News, p. 225). The arms in the Mong Hsu material 
reportedly consist of ruby and solid, liquid, and two- 
phase inclusions, with the solid inclusions composed of 
calcite and dolomite; micas reportedly form the “star” in 
the Vietnamese material. 

At the Pueblo Inn during the February 2003 Tucson 
shows, David Burton of Burton’s Gems & Opals, Anaheim, 
California, had five heat-treated cabochons of trapiche 
ruby that also showed asterism. According to Mr. Burton, 
such material has been found only in Mong Hsu. We 


Figure 12. The Tahitian cultured pearl earring on the 
left was swallowed by a dog. Although the size and 
color no longer match the cultured pearl in the other 
earring, it still displays a high luster. Courtesy of 
Coffin & Trout Jewelers; photo by Don Mengason. 
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Rutile Synthesis 
(Continued from Page 485) 


The National Lead Company has been 
manufacturing the material in large 
sizes, and both that company and Linde 
Air Products have apparently been pro- 
ducing it in boules similar to the form 
in which corundum is synthesized. So 
far, production has undoubtedly been 
primarily experimental, but apparently 
at least one of the companies is planning 


Fig. 2. Pronounced streaked effect in syn- 
thetic rutile (under 30x in dark-field 
illumination). _ 
to increase production as rapidly as 

possible. 

Two faceted rutile specimens were 
examined recently in the laboratory of 
the Institute. This new synthetic mate- 
rial makes a most spectacular addition 
to gem materials. Its most striking 
feature is its immense dispersion which 
gives it an appearance in sunlight com- 
parable only to an impossibly brilliant 
opal. Stone 1 was a 1.88 carat light 
yellow stone, poorly cut and polished, 
which resembled a “cape” or “light 
yellow” diamond under artificial light. 
Stone 2, of 1.10 carats, was a light blue 
in color. It could be likened to a pale 
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zircon, except for the greater disper- 
sion and brilliancy it exhibited, despite 
its poor make. 

Stone 1 had a specific gravity of 
4.264; stone 2 of 4.258. The specific 
gravity of natural rutile is given by 
Dana as 4.18 to 4.25 for varieties with 
little iron oxide. 

The birefringence of synthetic rutile 
is enormous. Double images of an 
inclusion no more than 1 mm. below the 
table of the yellow stone appear to be 
about one-tenth of the width of the 
table apart. (See Figure 1.) 

No attempt was made to measure the 
refractive indices of the dispersion. of 
the new synthetic. Values for these 
properties will be included in a later 
report, when a larger number of stones 
can be examined. Some of the inclu- 
sions which appeared in the two stones 
examined were similar to those found 
in synthetic corundum and_ synthetic 
spinel. Gas bubbles were apparent, 
spherical in the smaller sizes. Larger 
gas bubbles were not perfectly spheri- 
cal. One of the two stones gave a 
streaked appearance under magnifica- 
tion. The streaks were roughly parallel. 

Little difficulty will be encountered in 
the identification of synthetic rutile be- 
cause of the enormous birefringence 
and strong dispersion in a stone at 
least as brilliant to the eye as diamond. 
There seems to be little doubt that 
synthetic rutile will become important 
in the jewelry trade. 


Kraus-Slawson Book 
In New Edition 


Of interest to all gemologists is a 
newly-published Fifth Edition of Gems 
and Gem Materials, by Edward H. 
Kraus and Chester B. Slawson (Mc- 
Graw-Hill, $5.50), with improved for- 
mat and valuable additions which in- 
clude expansion of the chapter on Inclu- 
sions and many additional illustrations. 


Figure 13. Asterism is displayed by this unusual 0.49 
ct trapiche ruby, reportedly from Mong Hsu, 
Myanmar. Photo by Maha Tannous. 


examined a 0.49 ct sample (figure 13) that was acquired by 
one of these contributors (EQ). It had a spot R.I. of 1.77 and 
a specific gravity (measured hydrostatically) of 3.86; the 
latter is slightly lower than the values previously reported 
for trapiche rubies. The sample displayed a typical ruby 
(chromium) absorption spectrum when viewed with a 
desk-model spectroscope. It fluoresced moderate to strong 
red to long-wave and weak chalky red to short-wave UV 
radiation. Viewing the sample with magnification and a 
UV lamp revealed that the fixed arms fluoresced a very 
weak chalky yellow to long-wave UV only. (However, this 
effect was nearly overpowered by the fluorescence of the 
surrounding ruby.) Magnification also revealed fine silk, 
hexagonal growth zoning, numerous fingerprints, growth 
tubes, and cavities. 

EDXRF analysis of one of the ruby sections revealed 
traces of K, Ca, Ti, V, Cr, Fe, and Ga. Another analysis of 
the top of the dome where the arms of the fixed star came 
together showed significantly more Ca and Ti, and less K 
and Fe, than the ruby section. The bottom of the sample 
(the only part tested in this way) effervesced slowly to 10% 
HCl, mainly along the fixed arms, indicating the presence 
of a carbonate mineral. Unfortunately, it was not possible 
to confirm the identity of the mineral(s) in those arms by 
Raman spectroscopy, due to the strong fluorescence of the 
sample. 

The two stars in this asteriated trapiche ruby were cre- 
ated independently by different types of inclusions. It has 
been suggested (in the above-referenced articles) that the 
fixed arms of the Mong Hsu trapiche rubies are primary 
inclusions. The asterism is created by fine silk, however, 
which is secondary and crystallizes as the corundum cools. 

Sam Muhlmeister (smeister@gia.edu) 
and Elizabeth Quinn 
GIA Gem Laboratory, Carlsbad 


158 GEM NEWS INTERNATIONAL 


Cat’s-eye scapolite from Tanzania. At the 2003 Tucson 
AGTA GemFair, Gregory Krichel of Michael Couch and 
Associates, West Des Moines, Iowa, had some interesting 
cat’s-eye scapolite. According to Mr. Krichel, the rough 
was purchased in Dar es Salaam, but was reportedly 
mined from a new primary deposit in central Tanzania— 
specifically in the Dodoma-Morogoro area. Unlike the 
yellow cat’s-eye scapolite that previously came from this 
region (see D. M. Dirlam et al., “Gem wealth of Tan- 
zania,” Summer 1992 Gems & Gemology, pp. 80-102), or 
the better-known fibrous semi-transparent pink cat’s-eye 
material from Myanmar, this new scapolite was brown to 
reddish brown. Mr. Krichel purchased about 200 kg of the 
rough and said that there was substantially more avail- 
able. Most of the available cabochons measured approxi- 
mately 10 x 12 mm (or ~5.5 ct). 

Scapolite is actually a mineral group formed by a solid 
solution between marialite (3NaAIlSi,O,¢NaCl) and meion- 
ite (3CaAL,Si,O,*CaCO,). Although not well known in the 
gem trade, colorless and yellow cat’s-eye scapolite from 
Tanzania was studied in detail in the early 1980s (see G. 
Graziani and E. Gtbelin, “Observations on some scapolites 
of central Tanzania,” Journal of Gemmology, Vol. 17, No. 
6, 1981, pp. 395-405; G. Graziani et al., “Observations on 
some scapolites of central Tanzania: Further investiga- 
tions,” Journal of Gemmology, Vol. 18, No. 5, 1983, pp. 
379-381). Similar material with a reddish brown bodycolor 
due to inclusions was reportedly found in Kenya in 1984 
(Spring 1984 Lab Notes, pp. 49-50). 

One of these contributors (WM) borrowed two cabo- 
chons (5.42 and 5.57 ct; figure 14) from Mr. Krichel, for 
comparison with the scapolite studied in the early 1980s. 
One sample had a reddish brown bodycolor of variable sat- 
uration and a slightly less sharp eye, due to its irregularly 
distributed inclusions. The other cabochon was brown and 
had a distinct, sharp eye. With a loupe and a penlight, black 
and orangy red fine needles could be seen as the cause of 
the chatoyancy. Magnification and darkfield illumination 
revealed that the area between the inclusions was actually 
colorless; the reddish brown cabochon contained more of 
the orangy red inclusions than the brown one. These find- 
ings indicated that the inclusions caused not only the cha- 
toyancy, but the bodycolor as well. The spot R.I. measured 
on the dome of both cabochons was 1.57, while the flat pol- 
ished bases each yielded 1.560-1.585 (birefringence = 
0.025). This is very similar to the colorless scapolite tested 
by Graziani and Gtibelin in 1981 (R.L = 1.556-1.582, bire- 
fringence = 0.026). The S.G. of both cabochons was 2.75, 
measured hydrostatically. This too is similar to the previ- 
ously studied stones (S.G. = 2.71 and 2.72). Since R.I. and 
S.G. increase with increasing Ca content, these results indi- 
cate that the stones were likely closer to the meionite end 
of the series (C. Klein and C. Hurlbut, Manual of Mineral- 
ogy, John Wiley & Sons, New York, 1993, p. 548). 

Like the material studied in the early 1980s, the cha- 
toyancy in this scapolite was caused by iron-rich minerals, 
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Figure 14. These chatoyant cabochons (5.42 and 
5.57 ct) were identified as Na-rich meionite, an 
intermediate composition in the scapolite series. 
Photo by Elizabeth Schrader. 


however, the exact minerals were different. Graziani et al. 
(1983) found pyrrhotite, lepidocrocite, and maghemite, 
whereas (using Raman spectroscopy) we identified the red- 
dish orange inclusions in our samples as hematite and the 
black inclusions as magnetite. Both of these minerals were 
present in three forms: as fine needles, elongated platelets, 
and small flat dendrites (see figure 15). 

The Raman spectrum of each stone matched the refer- 
ence spectrum for scapolite, and the powder X-ray diffrac- 
tion patterns matched that of “mizzonite,” an intermedi- 
ate composition near the meionite end of the series (i-e., a 
Na-rich meionite). EDXRF chemical analysis also yielded 
results consistent with a Na-rich meionite. 

With such large quantities available and the recent 
increase in demand for phenomenal gems, more of this 
material could be encountered in the market in the near 
future. 

Wendi M. Mayerson (wmayerson@gia.edu) 
GIA Gem Laboratory, New York 


Shane Elen and Philip Owens 
GIA Gem Laboratory, Carlsbad 


Miscellany from Tucson. While large and expensive gems 
are always pleasing to see, some of the most fascinating 
items at the 2003 Tucson shows fell into one or more of 
three different categories: (1) notable materials, (2) unusual 
gems (often with special lapidary treatment to bring out 
their character), and (3) gems with interesting and/or edu- 
cational inclusions. 


Notable Materials. Kevin Lane Smith, a lapidary and jew- 
elry designer in Tucson, had a form of rhyolitic matrix 
opal that had been fashioned into small drilled ovoid 
beads. Each rhyolite bead contained a single gas pocket 
filled with opal that showed intense play-of-color (figure 
16). A limited quantity of this material was discovered in 
2002 at a new locality in Magdalena, Mexico. Because they 
were pre-drilled, these beads could be easily used creative- 
ly for simple but interesting jewelry in a number of differ- 
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Figure 15. The color zoning in this cat’s-eye scapolite 
is due to a greater abundance of hematite inclusions 
in the reddish brown part of the cabochon. The gray 
area contains mostly magnetite inclusions. Both min- 
erals are present as needles, elongated platelets, and 
dendrites. Photomicrograph by Wendi Mayerson; 
magnified 50x. 


ent ways, from single drops on a neck chain to pairs of 
unusual earrings. 

Uwe Barfuss, managing director of Queensland Opal 
Mines Pty. Ltd., Cunnamulla, Queensland, informed one 
of us (JIK) that in late 2002 his company had purchased 
the Hart’s Range ruby mine in Australia’s Northern 
Territory, located northeast of Alice Springs (see R. 
Scambary, “Australia adds rubies to its mineral riches,” 
Fall 1979 Gems #& Gemology, pp. 220-221). The deposit 
has been worked intermittently since about 1978. Since 
mining resumed in late 2002, the production has consist- 
ed of translucent to semi-opaque tabular hexagonal crys- 
tals with a pleasing red color, and elongate crystals of pale 


Figure 16. This rhyolite and opal bead (14.6 x 7.4 
mm) is from a new find of opals in Magdalena, 
Mexico. Photo by Maha Tannous. 
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Figure 17. Recent mining at the Harts Range ruby 
mine in Australia is producing ruby crystals like 
those shown here. The largest crystal is 25 mm long, 
while the small tabular ruby in the right foreground, 
with the hexagonal growth hillock, weighs 1.44 ct. 
Photo by Maha Tannous. 


color that are coated by the gneiss host rock (figure 17). 
The tabular crystals make excellent mineral specimens 
for collectors, while cabochons can be cut from the elon- 
gate crystals. Queensland Opal Mines is currently looking 
for a chemical and/or mechanical way to remove the 
micaceous gneiss matrix from the larger crystals without 
damaging the underlying ruby. 

Another interesting find was an unusual 8.36 ct mul- 
tiple spinel twin (figure 18) from Mogok, Myanmar, 
which belonged to Mark Smith of Thai Lanka Trading 
Ltd., Bangkok, Thailand. The transparent-to-translucent 
twinned crystal, which measured 13.28 mm on its 
longest dimension, was intense red and displayed rela- 


Figure 18. This 8.36 ct spinel crystal from Mogok, 
Myanmar, shows an unusual cyclic twinned habit. 
Photo by Maha Tannous. 
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Figure 19. Looking like a jagged iceberg, the cav- 
ernous etch pits in this 40.6 x 31.4 mm polished topaz 
add considerable interest to their host. Photo by 
Maha Tannous. 


tively sharp crystal faces, which suggests that it was 
mined from a primary deposit or had not been transport- 
ed far from its original source-rock. While Burmese red 
spinel is not rare, it usually occurs as single crystals of 
octahedral habit; twins normally consist of two individu- 
al octahedrons joined according to the spinel law. 
Goldschmidt (1923) shows only one drawing that depicts 
a somewhat similar cyclically twinned spinel crystal (see 
V. Goldschmidt, Atlas der Krystallformen, 1923, Vol. 8, 
table 48, figure 26). This is the first time that we have 
seen a multiple twin of this nature. 


Unusual Gems. Falk Burger of Hard Works in Los Alamos, 
New Mexico, had two unique gems on display: a 139.08 ct 
deeply etched colorless topaz from Brazil that looked like 
it had captured an iceberg during crystallization (figure 19); 
and a 27.75 ct elongated cushion-shaped cabochon of 
hypersthene, thought to be from Sri Lanka, which showed 
remarkable lamellar twin-related optical effects. As this 
stone or the light source above it was moved, bold bands of 
“golden” brown color shifted dramatically across the sur- 
face (figure 20). 

Kevin Lane Smith showed these contributors a large 
“anyolite” (ruby in zoisite) pendant from the Longido 
mine in Tanzania (figure 21). This cabochon measured 
60.59 mm in its longest dimension, and contained a hexag- 
onal crystal of ruby that was artistically framed by the 
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Figure 20. The lamellar 
twinning in this 33.35- 
mm_-long cabochon of 
hypersthene is visible as 
bright reflective bands 
that change in reflectance 
as the light and/or stone 
are moved. Photos by 
Maha Tannous. 


green zoisite and black hornblende matrix rock. While 
anyolite from Tanzania is not particularly unusual, this 
example was exceptional because of the size, perfection, 
placement, and reflective nature of the ruby crystal, which 
resulted from light bouncing off lamellar twin planes that 
were at or near the surface of the polished ruby. 

In addition to the Harts Range ruby crystals discussed 
above, Uwe Barfuss also had a wide variety of Australian 
opals for sale. Some of these were of the type known as 
Yowah nuts, and one split pair showed a unique mirror- 
image pair of “mushroom” shapes in the opposing halves 
(figure 22). 


Interesting Inclusions. Because it can take a relatively long 
time to identify some inclusions, this year’s finds will 
probably stimulate and nurture our inclusion research for 


Figure 21. Although “anyolite” from Tanzania is not 
particularly unusual, this example is exceptional 
because of the size (60.59 mm long), perfection, place- 
ment, and reflective nature of the ruby crystal. Photo 
by Maha Tannous. 
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several years. A few of the inclusion surprises found so far 
are mentioned here. Stalks and fibers of astrophyllite in 
quartz from Kola, Russia (figure 23), and bright yellow 
crystals of helvite in quartz from Hunan Province, China 
(figure 24), were obtained from Dr. Jaroslav Hyrsl of the 
Czech Republic. Dr. Hyrsl identified the inclusions using 
Raman spectroscopy and powder X-ray diffraction analy- 
sis. Orange spessartine and opaque black ilmenite (both 
identified by Raman spectroscopy) were present in a 
faceted rose quartz from Rakwana, Sri Lanka (figure 25), 
that was obtained from gemologist Kusum S. Naotunne of 
Ratnapura. An incredible, complex, multiphase primary 
fluid inclusion in a colorless beryl crystal from Teofilo 
Otoni in Minas Gerais, Brazil, contained countless tiny 
spherical to subspherical “daughter crystals” of an 
unknown nature (figure 26). This sample was obtained 
from Luciana Barbosa, of the Gemological Center in Belo 

Horizonte, Minas Gerais, Brazil. 
John I. Koivula (jkoivula@gia.edu) and Maha Tannous 
GIA Gem Trade Laboratory, Carlsbad 


SYNTHETICS AND SIMULANTS 


Cubic zirconia briolettes. At the AGTA show in Tucson 
this year, Anil Dholakia of Anil B. Dholakia Inc., Franklin, 


Figure 22. This matched pair of 16-mm-long Yowah 
opals displays a virtually identical pair of mushroom 
images on the opposing halves. Photo by Maha 
Tannous. 
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TAB A) Ee See aN 
Figure 23. Stalks and fibers of astrophyllite decorate 
the interior of an 83.53 ct quartz cabochon from Kola, 
Russia. Photomicrograph by John I. Koivula, in cross- 
polarized light; magnified 10x. 


North Carolina, had strands of cubic zirconia briolettes in 
seven colors: purple, blue, red, green, pink, lavender, and 
colorless (figure 27). This contributor had not previously 
heard of CZ cut in this fashion. 


Figure 24. Bright yellow crystals of helvite are 
enclosed in quartz from Hunan Province, China. 
Photomicrograph by John I. Koivula; magnified 15x. 
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Figure 25. This 7.28 ct faceted rose quartz from 
Rakwana, Sri Lanka, hosts inclusions of spessartine 
and ilmenite. Photo by Maha Tannous. 


Cubic zirconia has been used to imitate diamond since 
its introduction in the early 1970s. It is available in nearly 
every shape and facet arrangement, and has even imitated 
diamond rough. It was therefore not surprising to see these 
briolettes, since this cut has become so popular recently. 
Mt. Dholakia told this contributor that he has also cut CZ 
into beads and rondelles, although they do not show the 
dispersion seen in the briolettes. The briolettes are cut to 
order in Trichinapalli, a city in southern India where sev- 


Figure 26. A colorless beryl from Teéfilo Otoni in 
Minas Gerais, Brazil, contains a complex multiphase 
primary fluid inclusion that holds numerous tiny 
spherical to subspherical “daughter crystals” of an 
unknown nature. Photomicrograph by John I. 
Koivula, in cross-polarized light; magnified 5x. 
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eral thousand people are employed in cutting synthetic 
and imitation gems. 

Cubic zirconia is no threat to any natural gem market, 
as it can be identified by basic gemological examination. 
Since its specific gravity is almost twice that of diamond 
(5.80 vs. 3.52), heft alone can provide a strong indication; 
combined with differences in hardness and fluorescence, 
the identity is easily revealed (see, e.g., Lab Notes: Fall 
1982, p. 169; Winter 1988, p. 241; and Fall 1996, p. 205; 
and Spring 1994 Gem News, p. 47). 

With the price of diamond briolettes being out of reach 
for most people, CZ briolettes may offer an attractive 
alternative. 

Wendi M. Mayerson (wmayerson@gia.edu) 
GIA Gem Laboratory, New York 


A bicolored synthetic diamond. Blue coloration in synthet- 
ic diamond is created by adding boron to the growth cell; 
this boron doping frequently results in blue and near-color- 
less zones. However, the coloration of the synthetic dia- 
mond crystal reported here is quite unusual, and has not 
been seen before by these contributors: It was bicolored, 
with areas of blue and yellow (figure 28). Due to mixing of 
the colors, the stone appeared green when viewed in cer- 
tain directions. 

The 0.33 ct crystal was grown by a typical high pres- 
sure/high temperature process from an Fe-Co-C system at 
the Institute for Superhard Materials in Kiev, Ukraine, by 
Dr. S. A. Ivakhnenko; according to him, boron was intro- 
duced into the press accidentally. The synthetic diamond 
had a distorted cuboctahedral shape, and the blue color 
was distributed as cubic areas and rather irregular patches. 
Thus, some blue zones seemed to be confined to the cubic 
{100} sectors, while others did not appear to correspond to 
any crystallographic direction. 

Microscopic examination revealed elongate metallic 
inclusions, due to which the synthetic diamond was rather 
strongly attracted by a common magnet, cubic growth fea- 
tures were seen on the surface. The synthetic diamond 
exhibited strong, irregularly distributed green lumines- 
cence to short-wave UV radiation, with a persistent phos- 
phorescence lasting more than two minutes; the blue sec- 
tors appeared to luminesce more strongly than the yellow 
ones. The crystal was inert to long-wave UV. 

As expected, testing for electrical conductivity revealed 
that the blue zones conducted electricity while the yellow 
zones did not. 

To investigate the cause of color, we recorded infrared 
spectra on several different areas of the crystal, in the 
range of 7200-400 cm~!, with a Perkin-Elmer Spectrum 
BXII FTIR-spectrometer. We then measured photolumi- 
nescence (PL) spectra from 533 to 794 nm with an 
SAS2000 Raman spectrometer at cryogenic temperature 
(77 K), and Vis/NIR spectra (400-1000 nm) with an 
SAS2000 spectrophotometer at room temperature. 

We were unable to obtain IR spectra for each color sep- 
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Figure 27. These seven strands of colored briolettes 
(approximately 10 x § cm and 12 x 6 cm) were reported- 
ly fashioned from cubic zirconia. Courtesy of Anil B. 
Dholakia Inc.; photo by Maha Tannous. 


arately, so the different areas showed only slight varia- 
tions, and were mainly characterized by boron-induced 
absorptions at 4080, 3710, 2928, 2802, 2455, and 1290 cm"! 
(figure 29). In addition, we recorded a weak sharp peak at 
1344 cm, a rather strong sharp feature at 1332 cm~!, a 
shoulder at 1135 cm=!, and peaks at 1046 and 950 cm". 
The features at 1344 and 1135 cm! can be attributed to 
single-substitutional nitrogen (N°), and the peaks at 1332, 
1046, and 950 cm”! are ascribed to N* (see S. C. Lawson et 
al., “On the existence of positively charged single-substitu- 


Figure 28. This 0.33 ct bicolored synthetic diamond 
crystal exhibits both blue and yellow zones. Photo by 
T. Hainschwang. 
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Figure 29. The IR spectrum of the synthetic diamond 
in figure 28 is mainly characterized by boron-induced 
absorptions. The inset shows the one-phonon area in 
more detail. 


tional nitrogen in diamond,” Journal of Physics: 
Condensed Matter, Vol. 10, No. 27, 1998, pp. 6171-6180). 

The low-temperature PL spectrum showed a first- 
order Raman peak (at 573 nm) and a sharp, weaker peak at 
694 nm (figure 30); this emission has recently been 
assigned to submicroscopic inclusions of synthetic ruby 
in synthetic diamonds (K. Ilakoubovskii and G. J. 
Adriaenssens, “Comment on ‘Evidence for a Fe-related 
defect centre in diamond,’” Journal of Physics: 
Condensed Matter, Vol. 14, No. 21, 2002, pp. 5459-5460) 
and relates to the Cr** emission of ruby. 

The low-temperature Vis/NIR spectrum showed a rise 
in transmission up to about 540 nm and then a gradual 


Figure 30. The low-temperature PL spectrum of the 
bicolored synthetic diamond exhibits a first-order 
Raman peak (at 573 nm) and the 694 nm peak that is 
probably due to microinclusions of synthetic ruby. 
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decrease in transmission to 1000 nm; this spectrum is not 
indicative for the unusual coloration of this diamond. 

The blue and yellow coloration in this synthetic dia- 
mond is apparently due to a combination of boron and sin- 
gle-nitrogen defects. Although traces of nitrogen appear to 
be present in nearly all boron-containing diamonds, the 
presence of boron and relatively high amounts of nitrogen 
in the same stone is rather unusual. Normally, weak fea- 
tures due to N* and extremely weak absorptions due to N° 
can be found in natural diamonds. Synthetic blue dia- 
monds sometimes show stronger N° peaks, but we have 
not yet seen them as defined as in this sample. Since nitro- 
gen acts as an electron donor in diamond and boron as an 
electron acceptor, nitrogen will “neutralize” the effect of 
boron (H. Kanda and S. C. Lawson, “Growth temperature 
effects of impurities in HP/HT diamonds,” Industrial 
Diamond Review, Vol. 2, 1995, pp. 56-61). Therefore, the 
dominant impurity will determine color and conductivity. 
The nitrogen:boron ratio is dependent on crystallographic 
orientation. Both prefer the octahedral {111} sectors, but 
nitrogen has a stronger affinity; boron is the major imputri- 
ty in the cubic {100} and/or dodecahedral {110} sectors (R. 
C. Burns et al., “Growth-sector dependence of optical fea- 
tures in large synthetic diamonds,” Journal of Crystal 
Growth, Vol. 104, 1990, pp. 257-279). 

It has been shown that fluctuations in growth tempera- 
ture can cause changes in the color of synthetic diamonds 
during growth (again, see Kanda and Lawson, 1995). This 
temperature-dependent variation of color from yellow to 
blue can only occur when a flux is used without a nitrogen 
getter (e.g., Ti, Zr, or Al). Under these conditions, both sin- 
gle nitrogen and boron can be incorporated into a synthetic 
diamond as substitutional atoms, and depending on the 
ratio of N and B, some areas are yellow, while others are 
blue. The bicolored crystal described here, which apparent- 
ly was grown without a nitrogen getter, probably experi- 
enced these temperature fluctuations. 

Thomas Hainschwang (gemlab@adon.li) 
Gemlab Gemological Laboratory 
Vaduz, Principality of Liechtenstein 
Andrey Katrusha 

Institute for Superhard Materials 

Kiev, Ukraine 


ANNOUNCEMENTS 


Digital geologic map of Madagascar. In May 2003, Go 
Spatial Limited launched a detailed vector geological map 
of Madagascar for use with Geographic Information 
System (GIS) software. The map was digitized from the 
1:1,000,000-scale geological map compiled in 1964 by 
Henri Besairie. The original French version has been trans- 
lated into English, and re-projected to geographic (lati- 
tude/longitude) coordinates. The various data “layers” 
include general geology, mineral deposits, structure, and 
annotation; other layers such as roads, railroads, towns, 
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and hydrologic systems have been added to the data from 
the company’s standard vector base map products. For 
more information, visit www.gospatial.com or e-mail 
info@gospatial.com. 


Thailand gem adventure. The GIA Alumni Association is 
hosting a gem tour of Thailand from August 30 to 
September 12, 2003. The group will tour gem-cutting and 
manufacturing facilities in Bangkok as well as regional 
mines and gem centers. Also included are admission to 
the Bangkok Gems & Jewelry Fair and a visit to GIA 
Thailand. Call Sandy Kemp at 800-922-5027 or e-mail 
trafacil@aol.com. 


AGTA Spectrum Awards competition. The AGTA 
Spectrum Awards, celebrating their 20th anniversary this 
year, recognize outstanding colored gemstone and cultured 
pearl jewelry designs from North America, as well as 
achievements in the lapidary arts. Winning entries will be 
displayed and award recipients honored at the 2004 AGTA 
GemFairs in Tucson and Las Vegas. The entry deadline is 
September 22; the competition will be held in New York 
City during October. For entry forms and more informa- 
tion, visit www.agta.org or call 800-972-1162. 


Conferences 


Jewellery World Expo 2003. Held in Toronto, Canada, on 
August 10-12, this show will feature several seminars on 
the current state of the diamond industry, jewelry illustra- 
tion and rendering, and prevention of identification theft 
and diamond switching. Visit www.jewelleryexpo.ca or 
call 888-322-7333. 


GIA GemFest USA. Held in conjunction with the Dallas 
Fine Jewelry Show in Dallas, Texas, on Saturday, 
September 20, 2003, GemFest USA will feature presenta- 
tions on jewelry retailing and merchandising from the GIA 
School of Business, as well as the latest findings from the 
GIA Gem Laboratory. Also offered will be a Student Lab 
and alumni reception. Admission is free but pre-registra- 
tion is required for the Student Lab; call 760-603-4001 or 
800-421-7250, ext. 4001. For more information, visit 
www.gia.edu/alumni or www.midasshow.com. 


IGC postponed. The International Gemmological 
Conference, which was planned for this September 24-30 
in Wuhan, China, has been postponed until September 
2004 due to concern over the SARS outbreak. 


Training courses in heat treating corundum. In October 
2003, a one-week class in Bangkok, Thailand, will be 
taught by Ted Themelis to give participants hands-on 
experience with heat treating ruby and sapphire. Both tra- 
ditional and beryllium processes will be covered. Tuition 
is $1,200 per person, with a maximum of five students. 
Visit www.themelis.com/Products-6-Training.htm or e- 
mail gemlab@themelis.com. 
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Geophysical exploration for diamonds. The South African 
Geophysical Association is hosting its 8th Biennial 
Technical Meeting and Exhibition on October 7-10, 2003, 
at Pilanesberg National Park, South Africa. Diamonds are 
one of the conference themes, and a post-meeting field trip 
will visit the Premier mine on October 11. Visit 
www.sagaonline.co.za/2003conference, fax 2.7-12-362- 
5285, or e-mail ronelle.ce@up.ac.za. 


Diamonds—From Source to Use. This colloquium will 
take place October 29-30, 2003, in Randburg (near 
Johannesburg), South Africa. Topics to be covered include 
the geology of diamond deposits, mining and recovery, the 
history of diamonds, applications in industry and technol- 
ogy, and global and South African perspectives on the jew- 
elry industry. Visit www.saimm.co.za, fax 27-11-838-5923, 
or e-mail sam@saimm.co.za. 


HRD diamond marketing conference. Following last year’s 
conference on international diamond politics, the Antwerp 
Diamond High Council (HRD) will be holding a confer- 
ence on diamond marketing and branding on November 3 
and 4, 2003. Further information will be available as the 
dates approach; visit www.diamonds.be/hotnews. 


SEG diamond and kimberlite course. The Society of 
Economic Geologists is holding a one-day course on dia- 
mond exploration and kimberlite geology at the 
University of Laval, Quebec, on November 24, 2003. The 
course will take place in conjunction with Québec 
Exploration 2008, and includes both lectures and hands-on 
sessions. Visit www.quebecexploration.qc.ca or e-mail 


chbochud@ggl.ulaval.ca. 


Exhibits 


Enamels at the Newark Museum. “Capturing the Sublime: 
The Enamels of Marilyn Druin” will be on display until 
December 31, 2003, at the Newark Museum in Newark, 
New Jersey. This memorial exhibition will feature over 30 
pieces of her work, spanning three decades. Visit 
www.newarkmuseum.org/pages/exhibit/index.htm#Druin 
or call 973-596-6550. 


Art Deco at the Royal Ontario Museum. “Art Deco 
1910-1939,” a traveling exhibit of more than 250 examples of 
early 20th century design, will be featured at the Royal 
Ontario Museum, Toronto, from September 20, 2003, through 
January 4, 2004. Visit www.rom.on.ca/explore/future.php or 
call 416-586-5549. 


Tourmaline at Mineralientage Miinchen. This year’s 
Munich gem show will take place from October 31 to 
November 2, and will feature an exhibit on multicolored 
tourmaline slices. A jewelry design competition also will 
be showcased. Visit www.mineralientage.com or e-mail 
info@mineralientage.de. 
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GIA appreciates gifts to its permanent collection, as well as stones, library materials, and other 


non-cash assets to be used in GIA’s educational and research activities. These contributions help GIA further its 


public service mission while offering donors significant philanthropic 


benefits. We extend sincere thanks to all 2002 contributors. 


$100,000 OR HIGHER 
Banks International Gemology, Inc. 
Daniel & Bo Banks 
KCB Natural Pearls 
(K. C. Bell, G.G.) 
Chatham Created Gems, Inc. 
(Thomas H. Chatham) 
J.O. Crystal Company, Inc. 
(Judith Osmer) 
William & Jeanne Larson 
Kurt Nassau, Ph.D. 
Art Sexauer 
Ambaji Shinde 
D. Swarovski & Co. 
(Helmut Swarovski) 


$50,000 To $99,999 
Robert & Marlene Anderson 


Roben & Vergie Hagobian 
Michael J. Kazanjian 
R. Schwager 


$10,000 To $49,999 
Anonymous 
Aaland Diamond Company 
American Gem Trade Association 
German Ayubi 
Rick Canino 
Dust Devil Mining Co. 
Susan G. Goldstein, G.G. 
Korite International 
Mayfield's Inc. 
Stephen M. Neely, M.D. 
Mona Lee Nesseth, G.G. 
Pala International, Inc. 
Fred & Carol Seeman 
Star Ring, Inc. 


$5,000 TO $9,999 
Anonymous 
Bear Essentials Co. 
Jerry Bearman 
Capalion Enterprises 
Charles H. Fox 
Harpaz Gem & Pearl, Inc. 
Ben Jen Hoo, G.G. 
Gerald Stockton 
USAA Alliance Services Co. 
Mary E. Wurst, Gemologist, A.J.P. 
Helen Zara 


$2,500 To $4,999 
Anonymous (3) 
David M. Baker, G.G., C.G.A 
Dudley Blauwet 
China Pearl 
Lance Davidson 
Estate of James R. McShane 
Robert J. Flude, III 
Laura Hastings 
Jewelmer International Corporation 
Linda Koenig, G.G. 
Rudolph W. Kopf 
Oliver & Mo Martindale 
Bromley Mayer 
Moriarty's Gem Art 
Elaine C. Rohrbach, Gemologist 
Sean L. Trickett 
Herb Walters 


$1000 To $2,499 
Anonymous 
Cosmo Altobelli, G.G., C.G.A 
The Altobelli Jewelers, Inc. 
Kirk & Brad Bandy 
Barker & Co. 


Robert Bell 
Gordon Bleck 
Mark Castagnoli 
George R. Kaplan 
Paul A. Krause 
Gail Brett Levine, G.G. 
Gerald L. Manning 
McCormack & Puryear Jewelers 
Martin Rapaport 
Ramiro M. Rivero 
Muriel Roston 
Sterling Turquoise 


$500 To $999 
Richard Ashley 
Irmgard Blum, G.G. 
Edgar Cambure, G.G. 
Edward Chase 
Gems By Ivan, Inc. 
Jeff Gurecky 
Farooq Hashmi 
Mary L. Johnson, Ph.D. 
Johnston-Namibia C.C. 
Herbert Mair 
Fernando Cisar Onofri 
Bill Pinch 
Douglas Rountree 
Scheherazade Jewelers 
Lewis & Alice Silverberg 
Doris Wright 


UNDER $500 
Anonymous (5) 
Gerald A. Alvarado, G.G. 
Arthur L. Anderson 
Auction Market Resource 
Patrick B. Ball, G.G. 
Boutique Art Designs 


Kenneth S. Brown 
Patricia A. Doolittle 
Catherine B. Enomoto 
Charlene Fischman, G.G. 
Jesse Fisher 
Si & Ann Frazier 
Barry Friedman 
Hershel M. Graubart, G.G. 
Richard Heckle 
Syed Iftikhar Hussain 
Dr. Jaroslav Hyrsl 
Stephen E. Ingraham 
A. J. A. Janse, Ph.D. 
Robert W. Jones 
Joseph's Jewelers 
Samir-Pierre Kanaan 
Robert E. Kane, G.G. 
Alice S. Keller 
Haleem Khan 
Kathryn Kimmel 
Koblenz & Co. Estate Jewelry 
Brendan M. Laurs, G.G. 
Manfred Lehrl 
Jack Lowell (Colorado Gem) 
Peter Lyckberg 
Joe Meyer 
David Olson 
Renato & Adriana Pagano 
William L. Pankey 
Charlotte Preston 
Nicholas Rochester 
Ralph Shapiro 
Russell B. Shor 
Marjorie J. Sinkankas 
Rolf Tatje 
Treasures of the Earth, Inc. 
Ventana Mining Co. L.L.C. 
Eva L. Weber, M.D. 
Albert Zakin 
Chen Zhonghui 


GIA needs donations that vary in nature. Examples are signed pieces of historical jewelry, natural untreated and treated stones, 
synthetics and simulants, rare gemological books, and equipment and instruments for ongoing research support. If you ate inter- 
ested in making a donation and receiving tax deduction information, please call Patricia Syvrud at (800) 421-7250, ext. 4432. 
From outside the U.S., call (760) 603-4432, fax (760) 603-4199. 
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Book REVIEWS 


FE 


Krystallos—Brazil: 
Gem-Crystals in Design 


By Sonia Fonseca and Norman M. 

Rodi, Eds., 178 pp., illus., publ. by 

Terra das Artes Editora, Sado Paolo, 
Brazil, 2002. US$120.00 


Krystallos is an imaginative produc- 
tion that lovers of gem tomes may 
treasure as much for the experience as 
for its visuals and editorial content. 
The book’s 16!/2 x 12 inch (42 x 30.5 
cm) size is the first clue its creators 
were thinking big and were embold- 
ened to go over-the-top. 

From the very first page, the book 
demands participation from the read- 
er. Wrapping text is used to recapitu- 
late a jeweler’s design, a cutter’s form, 
or the magic of nature’s crystal shapes. 
Thereafter, artists’ drawings trace 
design elements from creative spark to 
inspired experimentation, culminat- 
ing in the finished pieces captured in 
superb photographs. Next, page cut- 
outs invite the curious as readers 
uncover and discover for themselves 
the Brazilian gem bounty that exalted 
explorers and continues to enthrall 
the world. This book is distinguished 
from other works featuring extraordi- 
nary photography by its elevation of 
visual photographic images into the 
experiential. Treated papers shaped to 
evoke crystals and mineral specimens 
unfold to invite touch and inspire 
wonder. Smooth surfaces commingle 
with rough to create an interactive 
encounter beyond two dimensions. 
The heavy paper stock, rich color, and 
sewn binding contribute added quality 
to a richly sensual experience. 

The featured pieces are no less 
inventive. Soaring crystals and vivid 
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cut stones exemplify the spectacular 
trail of more familiar—but no less 
extraordinary—Brazilian gems. An 
aquamarine specimen suggests a 
horse’s head and torso struggling to 
emerge from its stony confines while 
simultaneously appearing to melt off 
the page. Regal portrayals of Imperial 
topaz crystals validate the ancient 
Greek designation of krystallos, their 
word for transparent ice thought to 
have hardened into what we recog- 
nize today as a crystal. 

The inventive layout uses English 
translations to mirror the Portuguese 
text in a bilingual format arranged to 
inform and underscore a design’s 
essence. Speaking through their de- 
signs (and, sometimes, in their own 
words), the 16 artists herald an emerg- 
ing Brazilian presence unconstrained 
by European traditions. Some design- 
ers incorporate native elements such 
as seeds and straw into their work. 
The German and Scandinavian design 
influences are like the book’s few 
translucent pages, which allow light to 
pass through yet cast a distinctive 
beauty all their own. As one example, 
Ruth Grieco’s tourmaline crystal cross 
is a stunning interpretation of a famil- 
iar motif taken to another level. 

Editorial collaborators Fonseca and 
Rodi, the latter a graduate gemologist, 
have combined their talents with 
those of gifted photographers, lapi- 
daries, jewelry artists, and book design- 
ers to celebrate Brazil’s gem landscape 
and proclaim pride in their cultural 
heritage. Though the book requires 
more head-turning, effort, and reading 
space than most, jewelry designers, 
gemologists, gem and mineral collec- 
tors, and all who seek the unique and 
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EDITORS 

Susan B. Johnson 

Jana E. Miyahira-Smith 
Stuart Overlin 


extraordinary will find ample reward 
in the realm of Krystallos. 

MATILDE PARENTE 

Rancho Mirage, California 


The Fabergé Menagerie 


Organized by the Walters Art 
Museum, Baltimore, MD, in coopera- 
tion with the Fabergé Arts Founda- 
tion, Washington, DC, 192 pp., illus., 
publ. by Philip Wilson Publishers, 
London, 2003. US$25.00* 


In 1900, railroad magnate Henry 
Walters cruised the Baltic Sea on his 
yacht. In St. Petersburg, he was taken to 
visit the House of Fabergé, where he 
made the first of many purchases. In so 
doing, he became one of Fabergé’s first 
American clients. Walters’s collection 
of Fabergé animal carvings lies at the 
heart of an exhibition that was on dis- 
play at the Walters Art Museum from 
February 13 through July 27, 2003. 
Created to accompany the exhibi- 
tion, this book contains a wealth of 
information on the House of Fabergé 
and the amazing objects produced in 
its workshops. Starting with a histori- 
cal overview of the firm, the book then 
moves into a chapter devoted to 
Fabergé’s clients and some of the mag- 
nificent items made especially for 
them. Notable in these chapters are 
the amazing Easter eggs created for the 
Russian czars. Also included is a dis- 
cussion of gem and jewelry arts in 
Russia during the 17th through the 
19th centuries. The catalog of the exhi- 
bition follows, with each item beauti- 
fully photographed. Interestingly, the 
exhibition begins with pieces that can 
be viewed as precursors to Fabergé’s 
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BOOK REVIEW 


The Mystery of the Pearl, by J. Bolman. (170 pp. 
38 plates, 19 figures, 1 map.) E. J. Brill, Leyden, 1941. 


In his “Mystery of the Pearl,” Mr. 
Bolman has covered the subject with 
great thoroughness from all possible 
viewpoints. The results of his writings 
have appeared in a very handsome 
quarto, printed on high quality paper, 
with 188 fine photographs and a large 
map showing locations of the principal 
pearl fisheries of the world. 

To a large extent, the contents of 
the “Mystery of the Pearl” are a com- 
pilation and summary of the voluminous 
literature on this gem. Part of the 
material presented, however, appears to 
be the result of original research. 

New material of particular interest 
is presented on pages 83 and 84, where 
a method is described for improving the 
color of pearls by irradiating with 
infra-red rays. According to the author, 
a permanent change in color from 
brownish-yellow to a very light yellow 
was brought about by alternately wrap- 
ping the pearls in cotton soaked in a 


solution of sodium chloride, and then 


exposing them to infra-red rays. The 
color change was brought about by six 
days of radiation, alternating with six 
days of soaking. The color was not 
bettered by further treatment. 

Another subject of special interest is 
covered in Chapter IX. Tables by 
Riedl are reproduced in which figures 
are given for the thickness of the 
mother-of-pearl layers and rate of 
growth of pearls. The mother-of-pearl 
layers range in thickness from 0.06 to 
0.8 millimeters, and the average rate 
of formation of the mother-of-pearl 
layers is approximately 0.05 millimeters 
per year. 

In the introduction, after a discussion 


of the origin of the word “pearl,” Mr. 


Bolman delves into the early history of 
man’s knowledge of pearls. One of the 
first records known of the mention of 
the word “pearl” was by Theophrastus 
(372-287 B.C.). Mr. Bolman points 
out, however, that the scientific study of 
pearls is not yet one hundred years old. 

The first part of the book describes 
in great detail the pearl-producing mol- 
lusks, the marine Lamellibranchiata 
(Bivalves), the Gastropod (Snails) and 
the Unionidae (fresh-water mussels). 
Included here is a description of the 
localities inhabited by the various spe- 
cies, and of the types of. pearls found 
in each species. This section is followed 
by a detailed description of the shell of 
many of the principal pearl-bearing 
species. There are also several sketches 
showing the shell .structure as seen 
under the microscope. 

In Chapter III is discussed the dif- 
ferent places within the mollusk where 
the pearls are formed. In order to make 
this matter more understandable, it is 
preceded by a description of the struc- 
ture of the body of the mollusk with 
respect to the position of the body in 
the shell. According to the places in 
which the pearls form, they are classi- 
fied into four large groups: (1) shell- 
pearls and blisters, (2) free-pearls, (3) 
muscle-pearls, (4) hem-pearls. 

Part Il of the book (Chapters IV 
through X) deals first with the sub- 
ject of origin of the pearl-sac and the 
underlying causes of pearl formation. 
This is followed by a lengthy descrip- 
tion of the types of nuclei that have 
been found in pearls. The nuclei are 
of various types and origin, and are 


work as well as a collection of Japanese 
netsuke, the tiny animal carvings once 
used as belt toggles. The influence of 
these items can be seen in many of the 
Fabergé pieces. Well written and beau- 
tifully presented, this book can be 
enjoyed by anyone, even those who did 
not have the good fortune to visit the 

exhibition. 
JANA E. MIYAHIRA-SMITH 
Gemological Institute of America 
Carlsbad, California 


The Great Book of Amber 


By Elzbieta Mierzwinska, photos by 
Marek Zak, 160 pp., distrib. in the U.S., 
Canada, and Australia by Amber#1, 
San Francisco, CA, 2002. US$45.00 


From the moment you see the cover, 
with its gallant hippocampi (horses 
with serpent-like tails), you'll know 
this is no ordinary book about amber. 
While amber’s scientific value as a 
window into the past is well known, 
its value as a material of fine art is 
often overlooked, and few museum 
collections have exhibits devoted 
entirely to amber. Malbork Castle in 
Poland, once home to the Teutonic 
Knights and now a renowned muse- 
um, features a huge assemblage of rare 
amber ornaments known as the Mal- 
bork Amber Collection. The 2,000+ 
items, which started out as lumps of 
ancient tree resin, have been artistical- 
ly transformed into caskets, altars, 
sculpted figures, folk art, and other 
objects in shades of off-white, yellow, 
brown, and orange. These items, along 
with unusual specimens in their natu- 
ral state, are featured in the more than 
150 beautiful color images accompa- 
nied by a historical timeline. Written 
by the senior custodian of the exhibit, 
this book explains the creation of 
ancient amber forests, details the 
development of amber artistry in the 
Baltic region, and displays amber 
objects dating from Neolithic to con- 
temporary times. 

Unfortunately, the book suffers 
somewhat from Polish-to-English 
translation problems. The organiza- 
tion is also odd (it lacks both a table 
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of contents and an index), and the text 
layout makes the book difficult to 
read in spots. Explanatory details are 
sometimes lacking in discussions of 
the featured pieces. Nevertheless, my 
overall impression of this book is pos- 
itive. It is of a good size, and the 
materials are high quality. The infor- 
mation is very interesting, and some 
of the scenic and scientific illustra- 
tions dating from as early as the 1500s 
are quite impressive. My personal 
favorite was of men in boats “fishing” 
for amber in the sea. 

The writer’s stated purpose is to 
further the knowledge and love of 
amber in Poland and throughout the 
world; in this she has succeeded. 
Amber collectors, historians, and 
European travelers will find this book 
of great interest. Much like the ancient 
resin that protected the trees from 
invaders and preserved the insects for 
later study, this book serves well to 
preserve and protect the works of mas- 
ter amber craftsmen throughout time. 

MARY MATHEWS 

Gemological Institute of America 

Carlsbad, California 


The Rings Book 


By Jinks McGrath, 128 pp., illus., 
publ. by Krause Publications, Iola, 
WI, 2003. US$24.95* 


This book describes the basics of ring 
making, although it is most appropri- 
ate for the intermediate jeweler. Ms. 
McGrath assumes that the reader has 
a practical knowledge of the essential 
techniques of jewelry making, as she 
does not cover the specifics of solder- 
ing, filing, sanding, and the like. 
Project based, the book is divided into 
four major sections: building shanks, 
mounting, setting, and finishing. In 
addition, there is a gallery of contem- 
porary rings, a glossary of terms, and a 
list of suppliers. 

In the first section, on the building 
of shanks, the projects proceed logical- 
ly from the simple to the complex. 
The first project is the simple band, 
which is followed by a half-round ring, 
a double-banded ring, hollow rings, 
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tension-set rings, and so on—a dozen 
rings in all. Carving wax, enameling, 
anticlastic raising, fusing, and textur- 
ing are covered. The discussion of each 
ring is preceded by a list of requisite 
supplies and contains various tips. 
There are numerous clear photographs, 
and the text is understandable and 
concise. The second section describes 
the construction of mounts and con- 
tains effective diagrams and useful for- 
mulas. Various styles and shapes of 
bezels are discussed, as well as how to 
fabricate a claw mount. Each mount is 
made to be soldered to the rings fabri- 
cated in section one. The third section 
deals with the actual setting of stones 
into the mounts; bezel, gypsy, and 
bead setting are covered. The final sec- 
tion deals very briefly with finishing 
issues: polishing, matte finishes, siz- 
ing, and the like. 

While there is useful information 
in this book, at 128 pages (including 
the photo gallery) it is far too brief to 
adequately cover all of the subjects 
addressed. In general, the sections on 
shanks and mounts are useful, but 
those on setting and finishing could be 
much expanded. 

STEVE WORKMAN 

Gemological Institute of America 

Carlsbad, California 


OTHER BOOKS RECEIVED 


The Ultimate Orient: Philippine South 
Sea Pearls. Photography by Scott 
Tuason, 175 pp., publ. by Jewelmer 
International Corp., Makati City, 
Philippines, 2001, US$65.00. E-mail: 
sales@jewelmer.com. This book is a 
striking collection of images captured 
by award-winning underwater photog- 
rapher Scott Tuason. More than 160 
photos follow the journey of the 
Philippine South Sea cultured pearl 
from the Pinctada maxima oyster to 
finished jewelry. Also shown are 
Philippine pearl farm seascapes and 
colorful images of marine life. 
STUART D. OVERLIN 
Gemological Institute of America 
Carlsbad, California 


SUMMER 2003 


Gemological ABSTRACTS 


T2005, 


€DITOR 


A. A. Levinson 
University of Calgary 
Calgary, Alberta, Canada 


REVIELU BOARD 
Jo Ellen Cole 
Vista, California 


Claudia D’Andrea 
GIA Gem Laboratory, Carlsbad 


Vladislav Dombrovskiy 
GIA Gem Laboratory, Carlsbad 


R. A. Howie 
Royal Holloway, University of London 


Alethea Inns 
GIA Gem Laboratory, Carlsbad 


Taijin Lu 
GIA Research, Carlsbad 


Wendi M. Mayerson 
GIA Gem Laboratory, New York 


Jana E. Miyahira-Smith 
GIA Education, Carlsbad 


Kyaw Soe Moe 
GIA Gem Laboratory, Carlsbad 


Keith A. Mychaluk 
Calgary, Alberta, Canada 


Joshua Sheby 
GIA Gem Laboratory, New York 


Russell Shor 
GIA, Carlsbad 


Maha Tannous 
GIA Gem Laboratory, Carlsbad 


Rolf Tatje 
Duisburg University, Germany 


Christina Taylor 
GIA Gem Laboratory, Carlsbad 


Lila Taylor 
Santa Cruz, California 


Sharon Wakefield 
Northwest Gem Lab, Boise, Idaho 


Michelle Walden 
GIA Gem Laboratory, Carlsbad 


GEMOLOGICAL ABSTRACTS 


COLORED STONES AND 
ORGANIC MATERIALS 


Agate: A study of ageing. T. Moxon, European Journal of 
Mineralogy, Vol. 14, No. 6, 2002, pp. 1109-1118. 
The degree of crystallinity {i.e., crystallite size) of agates from 
11 locations on five continents was determined by powder X- 
ray diffraction analysis. These agates formed within vesicles 
(gas cavities) in volcanic rocks; the ages of these rocks were 
obtained from the literature. The author found a strong corre- 
lation between agate crystallinity and age of the host rocks. 
Over geologic time, ageing allows the crystallite size to 
increase. Accordingly, the determination of agate crystallite 
size should allow an estimation of the approximate age of the 
host rock, which can be used to differentiate known agate 
deposits (since each has a unique age). The same correlation 
was deduced between agate density and age of the host rock. 
These conclusions have several potential applications. For 
example, an agate “artifact” purchased in Idar-Oberstein was 
shown most likely to have originated from Brazil rather than 
Germany on the basis of its degree of crystallinity and density. 
However, for this technique to become an accepted gemological 
tool, a large database with crystallinity and age data for volcanic 
agates and their associated host rocks, from many localities 
worldwide, must be developed. This method is not currently 
applicable to agates occurring in sedimentary rocks. KAM 


Bright prospects for pearl culture in India! A. K. Sonkar, 
Infofish International, January 2003, pp. 13-16. 

In southern India, two species of freshwater mollusk 

(Lamellidens marginalis and L. corrianus) that commonly occur 

together in lakes and ponds are suitable for the production of 

spherical cultured pearls. In the Indian Ocean, the Andaman 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 

Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 
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and Nicobar Islands are a source of the black-lipped pearl 
oyster P. margaritifera. Although no sites with a dense oys- 
ter population have been identified in these waters, hatch- 
ery techniques have been successfully developed. A project 
to produce high-quality cultured pearls is awaiting environ- 
mental approval from the Andaman Islands administration. 
India also has produced bead nuclei 8-22. mm in diameter 
from several indigenous mollusk species (e.g., the green 
turbo shell and the helmet shell). CT 


Chinese Akoya—A tough road to a bright future. M. 
Wong, Jewellery News Asia, No. 217, September 
2002, pp. 104-115 passim. 

The main production and processing centers for Akoya 

cultured pearls in southern China are in Guangdong 

Province (~60%) and Guangxi Province (~40%). Both 

production and price have declined in recent years. The 

decline in production is due, in part, to an increase in 
the mortality rate of seeded oysters (from 30% to 

50-70%), with an additional 10-20% mortality if 

typhoons occur. Mortality is attributed to: (1) ocean pol- 

lution from pesticides and high-density farming; (2) 

weak oyster species because those from hatcheries are 

repeatedly inbred, which increases the occurrence of 
genetic disease; (3) insertion of large (7 mm or larger) 
nuclei that are frequently expelled and cause weaker 
oysters to die; and (4) heavy rains, which can cause 
intolerable decreases in salinity. Decline in production 

is also related, in part, to continually falling prices and a 

sluggish global market that has forced farmers to operate 

below cost; 90% of the producers suffered losses in the 
past two years. 

The prediction for 2003 is that the price for Chinese 
Akoya cultured pearls will rise to approximately 
US$1,100/kg, primarily because of a decline in Akoya pro- 
duction in both China and Japan. Increased education 
about improved farming techniques and proactive govern- 
ment support regarding ocean planning, density control, 
and species research (e.g., crossbreeding of oysters) will be 
needed for industry growth. Japanese companies are being 
encouraged to cultivate and process Akoya cultured pearls 
in southern China; their investment could revitalize the 
Chinese industry. Both price and production of Chinese 
Akoya cultured pearls are expected to rise in 2004. 

CT 


Colour in quartz: From atomic substitutions to nanoinclu- 
sions. P. Vasconcelos, B. Cohen, and N. Calos, 
Australian Gemmologist, Vol. 21, No. 8, 2002, p. 278. 

This brief review of the causes of color in quartz maintains 

that color intensity is directly proportional to Fe content. 

Furthermore, analytical results indicate that the 

untwinned z-sectors in amethyst have higher Fe contents 

than the twinned r-sectors, which is opposite to the distri- 
bution posed by other researchers. 
In chrysoprase from Marlborough, Queensland, the 
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color may be due not to nanoinclusions of willemseite (a 
Ni-talc), as previously suggested in the literature, but to 
“pimelite,” a poorly ordered talc mineral. RAH 


Experimental production of half pearls from tropical 
abalone Haliotis varia (Linn.) at Mandapam. A. C. 
C. Victor, B. Ignatius, and I. Jagadis, Marine Fisheries 
Information Service, Technical & Extension Series, 
No. 170, 2001, pp. 9-10. 
In 1897, Louis Boutan pioneered the experimental growth 
of blister and semi-spherical cultured pearls in abalone. 
Others refined this technology, and in the 1950s Dr. Kan 
Uno produced “hemispherical” cultured pearls from sever- 
al abalone species. Currently, there is no commercial pro- 
duction of spherical cultured abalone pearls, but cultured 
blister pearls are grown in many countries. 

In the late 1990s, the Central Marine Fisheries 
Research Institute’s regional center in Mandapam, India, 
developed a method for the production of cultured blister 
pearls from the tropical abalone Haliotis varia. Extreme 
care is taken to avoid trauma, shock, or injury to the 
abalones during nucleation, after which they are suspend- 
ed in box-type cages in the ocean, fed seaweed (Ulva sp.) 
bi-weekly, and observed monthly for nacre coating. The 
cultured blister pearls are harvested after four months; 
about 40% have a good nacre coating. CT 


Is the pearl’s rarity under threat? M. Wong, Jewellery 

News Asia, No. 224, April 2003, pp. 32-33. 
The world cultured pearl production in 2002 totaled about 
558 tonnes, composed of Chinese freshwater (500 tonnes}, 
Akoya (42.5 tonnes}, black (11 tonnes), and South Sea (4.5 
tonnes). Their combined value was $535 million. These 
figures show declines of 21% in tonnage and 30% in value 
from the “boom year” of 2000. The biggest decline (23% 
in tonnage and 60% in value) came in the Chinese fresh- 
water product. Akoya production increased an estimated 
10%, while black and South Sea cultured pearl production 
remained relatively constant in tonnage but declined sig- 
nificantly in value. In the case of Chinese freshwater cul- 
tured pearls, top-quality goods—perfectly round with good 
color—represent only a tiny fraction of the production, 
much less than 1%. Other categories have higher propor- 
tions of good-quality pearls—half are medium or high 
quality in shape and color. 

Although prices have fallen, cultured pearls will retain 
their preciousness because such declines make it uneco- 
nomical for many producers to continue operating, thus 
better matching supply to demand. The article concludes 
that there will always be demand for cultured pearls, 
based on a long tradition of preciousness, and that in good 
economic times demand often exceeds supply. RS 


Pioneer on hatchery technology shares views on pearling. 
J. Henricus, Jewellery News Asia, No. 218, October 
2002, pp. 34-38. 
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Australia-based Pearl Oyster Propagators Pty. Ltd. (POP) 
has pioneered hatchery and cultivation technology since 
1989. Innovations include stock enhancement or selective 
breeding to produce mantle tissue that influences the 
color and surface of South Sea cultured pearls. The com- 
pany considers its greatest achievement to be the reliable 
and routine cultivation of large numbers of Pinctada 
maxima oysters for the commercial production of South 
Sea cultured pearls. POP typically achieves 97% or more 
saleable product from a harvest of hatchery-produced oys- 
ters, with the cultured pearls averaging about 0.78 
momme (2.93 grams) each. 

POP is involved in pearling in Australia, Indonesia, 
and Thailand, where it has designed and built hatcheries 
and farm-based camps, generally working with compa- 
nies that are expanding or moving to hatchery produc- 
tion. Preliminary research in mantle-tissue selection 
with respect to factors affecting cultured pearl color 
indicates: (1) the graft may be more important than the 
host in determining the white/“silver” coloration; (2) 
some yellow and “golden” colors are not determined 
solely by the graft tissue, but instead they appear to be 
influenced by a combination of the donor tissue, host 
oyster, and marine environment; and (3) careful selec- 
tion of mantle tissue from oysters with strong gold- 
lipped characteristics helps ensure the production of 
“golden” cultured pearls. 

CT 


Zuchtperlen vom Golf von Kalifornien, Mexiko (Cultured 
pearls from the Gulf of California, Mexico). L. 
Kiefert, Gemmologie: Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 51, No. 2-3, 
2002, pp. 121-132 [in German with English 
abstract]. 

Historically, the Gulf of California was famous for its 

splendid natural black pearls, but these became scarce at 

the beginning of the 20th century. Since then, several 
attempts have been made—with varying degrees of suc- 
cess—to culture pearls in this area. Today cultured black 
spherical and mabe pearls are produced in a number of 

farms. One such farm at Guaymas, which first started as a 

university research project, is described along with an 

account of the current status of pearl culture in the Gulf of 

California. Typical properties of these cultured pearls are 

presented. RT 


DIAMONDS 


Conflict of interests or interests in conflict? Diamonds 
and war in the DRC. I. Samset, Review of African 
Political Economy, No. 93/94, 2002, pp. 463-480. 

War has been raging within the Democratic Republic of 

the Congo (DRC) since August 1998. From 1998 to 1999, 

official diamond exports declined 40%; this decline was 
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even sharper in 2000. During the latter part of 1998, the 
armies of Rwanda and Uganda, aided by insurgent 
Congolese, occupied vast sections of the country’s east- 
ern provinces. These countries have no indigenous dia- 
mond production, yet rough diamond exports from 
Uganda were $1.44 million in 1998, $1.81 million in 
1999, and $1.26 million from January to October 2000. 
Exports from Rwanda rose from nearly nil in 1998 to 
$1.79 million in January-October 2000. 

Both countries have drawn important economic bene- 
fits from diamonds taken from the DRC areas, through re- 
exportation fees, barter, and taxes. They have thus devel- 
oped vital stakes in the continuation of conflict in the 
eastern portion of the DRC. Elsewhere in the country, for- 
mer DRC president Laurent Kabila granted lucrative dia- 
mond mining concessions to Zimbabwe in exchange for 
that country’s help in fending off the Ugandan-Rwandan 
backed rebels. The Zimbabwean venture, Operation 
Sovereign Legitimacy, won the right to two of the DRC’s 
richest diamond deposits, Tshibwe and Senga Senga. 
These revenues have helped shore up Zimbabwean ruler 
Robert Mugabe’s Zanu-PF party. 

Within the DRC, the diamond-trading industry 
acquired more economic power than (then) President 
Kabila. This article cites an incident in which the head of 
the Congolese Diamond Federation (FCD), Ngoyi Kasanji, 
was arrested by Kabila’s security forces as he brought a 
266 ct diamond to the city of Kinshasa. The guards seized 
the stone, but Kabila was unable to sell it because the 
FCD and others instructed buyers not to buy it from him. 
Kabila eventually returned the stone to Kasanji who sold 
it to an Israeli dealer. 

The article concludes that Uganda, Rwanda, and 
Zimbabwe, having gained control over part of the DRC’s 
resources, have an economic interest in perpetuating their 
exploitation by prolonging the conflict. RS 


Diamond genesis, seismic structure, and evolution of the 
Kaapvaal-Zimbabwe craton. S. B. Shirey, J. W. 
Harris, S. H. Richardson, M. J. Fouch, D. E. James, 
P. Cartigny, P. Deines, and F. Viljoen, Science, Vol. 
297, No. 5587, 2002, pp. 1683-1686. 

The Kaapvaal-Zimbabwe craton (mainly underlying 

South Africa and Botswana-Zimbabwe) of southern 

Africa has been the world’s major source of diamonds 

since the 1870s. However, diamonds from various parts 

of the craton differ in many respects, such as age, origin, 
nitrogen contents, carbon isotope ratios, and types of 
inclusions. This article reports the results of two decades 

of geologic and mineralogic studies on more than 4,000 

diamonds from the major diamond deposits in this cra- 

ton, as well as geophysical studies (i.e., seismic imaging} 
of the lithospheric mantle. It then relates diamond for- 
mation and characteristics to the creation, assembly, and 
subsequent modification of the craton. 

The lithospheric mantle beneath the Kaapvaal- 
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Zimbabwe craton shows variations in the seismic P- 
wave velocity at depths within the diamond stability 
field that correlate to differences in the composition of 
diamonds and their inclusions. Middle Archean (~3.2 By 
[billion years] ago) mantle depletion events initiated cra- 
ton keel formation and early harzburgite-type diamond 
formation. Late Archean (2.9 By) accretionary events 
involving an oceanic lithospheric component (i.e., sub- 
duction) stabilized the craton and contributed to a 
younger generation of eclogitic diamonds. Subsequent 
Proterozoic tectonic and magmatic events (2 By) altered 
the composition of the continental lithosphere and added 
new lherzolitic and eclogitic diamonds. Thus, diamond 
formation in the Kaapvaal-Zimbabwe craton is episodic 
rather than continuous, with a time gap of ~300 million 
years (My) between the two Archean diamond formation 
events and a further gap of 900 My for the formation of 
the Proterozoic diamonds. These multiple generations of 
diamonds have characteristic properties. The diamonds 
were carried by kimberlites to the surface significantly 
later, between 1,600 and 65 My ago. AAL 


Diavik diamond mine: Gems spill forth from Lac de Gras. 
H. Ednie, CIM Bulletin, Vol. 96, No. 1068, 2003, pp. 
13-26. 

Canada’s second diamond mine, Diavik, consists of four 

kimberlite pipes that are about 55 million years old. 

Diamond production began in late 2002, and the mine is 

currently ramping-up to full production that is expected 

by 2004 to reach ~7 million carats annually for perhaps 

20 years. The mine is a joint venture between Diavik 

Diamond Mines Inc. [Rio Tinto] (60%) and Aber 

Diamond Mines Ltd. (40%). The operation, ~300 km 

northeast of Yellowknife in the Lac de Gras region of the 

Northwest Territories, is in an extremely remote and 

inhospitable location, which made mine construction 

extremely difficult. This was further complicated by the 
fact that all of the pipes are under the shallow waters of 

a large lake. 

This article presents a summary of all aspects of the 
Diavik project (except the initial exploration and econom- 
ic evaluation of the pipes). Particular emphasis is on: the 
engineering aspects of constructing the water-retention 
dikes that isolate the kimberlites from the lake, thus 
enabling the pipes to be mined by open-pit methods; min- 
ing techniques that are challenged by the very abrasive 
host rock (i.e., granite) of the kimberlites; extracting the 
diamonds from the ore (i.e., crushing the kimberlite and 
then extracting the diamonds with a dense medium [fer- 
rosilicon]); commitment to responsible operation (i.e., 
attention to the environment in matters such as wildlife 
habitat and water quality); and serving the surrounding 
community (e.g., a commitment to employ northerners 
and to ongoing employee training). An advisory board of 
aboriginal, company, and government representatives 
meets periodically to review environmental and other 
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issues. Diavik is a true success story when it comes to 
cooperation, partnerships, and involvement with local 
communities. CT 


I Diamanti a Roma. L. Oggioni and R. Appiani, Rivista 

Mineralogia Italiana, Vol. 27, No. 1, 2003, pp. 6-15. 
An account is given of an exceptional diamond exhibition 
held in Rome in 2002. It is illustrated by 20 color pho- 
tographs, including those of the 616 ct rough diamond 
from the Dutoitspan mine at Kimberley, and the following 
faceted stones: the 101.27 ct “Dawn of the Millennium,” 
the light blue “Idol’s Eye” (70 ct) from Golconda, a 10.57 
ct “rose” diamond, the “amber’”-colored 61.50 ct “Tiger 
Eye” from the Vaal River near Kimberley (recently 
remounted by Cartier in an aigrette], and the 60.19 ct 
Mouawad-Mondera diamond. RAH 


The Kimberley Process: Conflict diamonds, WTO obliga- 
tions and the universality debate. T. M. Price, 
Minnesota Journal of Global Trade, Vol. 12. No. 1, 
2003, pp. 1-69. 

This article traces the background of the wars in Angola, 

Sierra Leone, and the Democratic Republic of the 

Congo, and the legal framework for the rough-diamond 

certification scheme designed to end traffic in diamonds 

that sustained these conflicts—that is, the Kimberley 

Process (KP). 

The KP mandates that each participating diamond- 
producing nation provide certification for all diamonds 
it exports from legitimate sources. Importing nations 
must require the certificates before allowing the ship- 
ments to enter the country. All certificates must carry 
the same information, including the total carat weight 
of the parcel, quality characteristics of the diamonds, 
value, and identification of both exporter and importer. 
Importing diamonds without such certification could 
result in legal sanctions. Enactment of KP initiatives, 
especially in the U.S., is essential, as the U.S. imported 
$800 million in rough diamonds in 2000, much of which 
was re-exported elsewhere. 

One potential obstacle to implementing the require- 
ments of the Kimberley Process was the World Trade 
Organization (WTO}), which bans discriminatory trade 
practices. However, the author argues that the WTO is 
not the proper overseer for such a regulatory enforcement 
scheme and that it would be a mistake to allow a narrow 
interpretation of its rules to prevent action against securi- 
ty threats, environmental concerns, and humanitarian 
crises. [Abstracter’s note: The WTO recently ruled that 
the KP was not a violation.] 

The author believes that the KP certification scheme 
is not a fail-safe guarantee against the trade of conflict 
diamonds. Monitors will have to keep track of statistics 
from each participating country and be alert to anoma- 
lies. Ultimately, the KP can work only to the extent that 
each country vigorously enforces the ban on conflict dia- 
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monds at its own borders; it does not have the force of 
international law. 

However, the KP regulations could help promote eco- 
nomic stability within diamond producing nations, thus 
allowing legitimate governments to establish adequate 
control over their diamond resources. This will enable 
them to reap benefits from tax revenues and remove the 
incentive for rebels to wage war to control diamond areas. 

RS 


Les Diamants. Du coeur de la terre au coeur du pouvoir 
(Diamonds. From the heart of the earth into the 
heart of power). Pour la Science—Dossier, 
April-June 2002, 120 pp. [in French]. 

This entire issue of the French edition of Scientific 

American was inspired by, and closely reflects, the dia- 

mond exhibition of (almost) the same name in Paris in 

2001. It is divided into a foreword (A Diamond World) and 

four main sections of approximately equal size: Natural 

Diamonds, Diamonds as a Material, Gem Diamonds, and 

The Symbolism and Political Importance of Diamonds. 

Thirty-three authors have contributed 24 articles to this 

volume. 

In the Natural Diamonds section, two articles give a 
clear and concise description of the formation of dia- 
monds in the (upper) mantle and their transport to the 
surface, answering such questions as: What can diamonds 
and their inclusions tell us about the structure of the 
Earth or the growth conditions and age of diamonds? This 
is followed by articles on: a new (non-kimberlite or lam- 
proite) type of diamond occurrence in French Guyana; the 
history of diamond exploration and mining in Canada, 
and the role of inclusions and crystal forms/surfaces in 
divulging the growth history of diamonds, including the 
puzzling characteristics that distinguish microdiamonds 
(<0.5 mm) from “normal” diamonds. Perhaps the most 
fascinating article in the volume is one on the discoveries 
made by astronomers. Not only are there xenon-contain- 
ing nanodiamonds in meteorites that are older than the 
solar system, which probably came from supernovae, but 
nanodiamonds may also be major constituents of inter- 
stellar dust, possibly as clouds around giant stars grown 
by processes similar to chemical vapor deposition (CVD). 

The Diamonds as a Material section reflects the 
diverse applications of diamonds in modern technology— 
they are no longer for just cutting and drilling. Two arti- 
cles describe the history and modern synthesis of dia- 
monds by “traditional” high pressure/high temperature 
procedures, as well as diamond films produced by CVD. 
Another investigates the surface of type II diamonds using 
tunnel microscopy. The remaining articles in this section 
describe a wide range of applications of diamonds in an 
equally wide range of fields, including their uses as semi- 
conductors, UV laser diodes, detectors for specific 
molecules, storage devices for DNA strings, optical win- 
dows for lasers, laser lancets in eye surgery, and even in 
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cell phones and flat screens. 

The Gem Diamonds section gives a comprehensive 
survey of the all-important gemological aspects. These 
include the present and future role of synthetic diamonds 
in jewelry, the numerous diamond imitations (from glass 
to synthetic moissanite}, treatments (laser drilling, frac- 
ture filling, HPHT), the colors of diamonds and their ori- 
gins, and the criteria used for the classification of color- 
less diamonds. While these articles do not offer much 
new insight for the professional, they may well serve as 
an introduction for beginners in gemology. 

The final section (The Symbolism and Political 
Importance of Diamonds) contains three articles. One 
analyzes how in recent years the diamond syndicate faced 
new competitors (e.g., the Argyle mine and Russia) yet 
managed to maintain control over much of the market. 
The second tells the well-known stories of the Hope and 
Koh-I-Noor diamonds (the photo on page 111 definitely 
does not show the old Koh-I-Noor cut, as stated in the 
caption) but missed the opportunity to relate the story of 
some of the newer large diamonds (e.g., the Centenary 
and the Incomparable). The final article discusses the role 
of diamonds in religion, philosophy, politics, and 
medicine, and is adapted from H. Bari and V. Sautter, Eds. 
(2001) Diamants. Au Coeur de la Terre, au Coeur des 
Etoiles, au Coeur du Pouvoir, Jeddah, Paris. 

The volume is beautifully illustrated and contains 
much updated and well-organized information. 

RT 


A note on diamond incidence in Wairagarh area, 
Garhchiroli District, Maharashtra. K. Sashidharan, 
A. K. Mohanty, and A. Gupta, Journal of the 
Geological Society of India, Vol. 59, No. 3, 2002, 
pp. 265-268. 
A single octahedral crystal (0.15 ct) of gem-quality dia- 
mond with a light green tint was found in a highly 
deformed conglomerate in the Wairagarh area of central 
India. The mining of this Early Proterozoic conglomerate 
for diamonds dates back to the 1400s, but this is the first 
diamond to be reported from the area in over a century. 
This discovery adds encouragement to the current search 
for diamond deposits in the Wairagarh area. 
RAH 


Optical characterization of natural Argyle diamonds. K. 
Iakoubovskii and G. J. Adriaenssens, Diamond and 
Related Materials, Vol. 11, No. 1, 2002, pp. 125-131. 

This article details results of optical absorption and photo- 

luminescence (PL) studies of the defect centers in dia- 

monds from Australia’s Argyle mine, including the rare 
pinks, greens, and blue-grays. These investigations indi- 
cate that: (1) a common feature of Argyle diamonds is the 

presence of optically active hydrogen and nickel atoms; (2) 

there is a direct correlation between the intensity of the 

3107 cm! hydrogen-related peak and nitrogen concentra- 
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tion; (3) the correlation between the 3107 cm™! peak and 
nitrogen concentration is not sensitive to the form of the 
nitrogen (i.e, NH,, NH,, and N, gases may have been 
sources of nitrogen during diamond growth); (4) many 
Argyle diamonds were naturally irradiated (with alpha par- 
ticles) below 600°C, resulting in the green to green-gray 
crystals; and (5) the uniqueness of Argyle’s blue diamonds 
results from the high hydrogen content, a low concentra- 
tion of tri-nitrogen complexes, and a high concentration of 
the two- and four-nitrogen defects. SW 


GEM LOCALITIES 


Australian sedimentary opal—Why is Australia unique? 
D. Horton, Australian Gemmologist, Vol. 21, No. 
8, 2002, pp. 287-294. 
The sedimentary opal deposits of central Australia, which 
currently produce about 95% of the world’s play-of-color 
opal, occur along flat-lying layers within 30 m of the 
Earth’s surface and are a product of a unique set of geologic 
events. Between about 122 and 91 million years (My) ago, 
the area was covered by an epicontinental sea and the sedi- 
ments being deposited there were derived from volcanic 
rocks and were organic-rich; these form the host rocks for 
the opal deposits. 

Following their exposure at the surface due to the low- 
ered sea level, the host rocks were subjected to prolonged 
subtropical weathering until about 40 My. During this 
period, the water table was close to the surface and was 
acidic, releasing Si and Fe from weathering of the host 
rocks. The climate then became more arid, the water 
table lowered, and the groundwater became alkaline. Mild 
folding of the rocks at 24 My gave rise to subtle long- 
wavelength surface folds that facilitated both lateral and 
vertical migration of the Si released earlier. Opal was pre- 
served in the weathered profiles beneath the crests of 
developing surface folds as the water table lowered; 
siliceous cap rocks discouraged erosion. Geologists 
believe that the volume of opal produced in the past 150 
years in Australia is only a minute fraction of the amount 
yet to be discovered. RAH 


Edelsteinbergbau im Festgestein: Zwei Beispiele aus 
Pakistan (Gemstone mining in solid rocks: Two 
examples from Pakistan). H. C. Einfalt, Gemmologie: 
Zeitschrift der Deutschen Gemmologischen Gesell- 
schaft, Vol. 51, No. 4, 2002, pp. 153-170 [in German 
with English abstract]. 

A comparative description is given of the Katlang/Shomzo 

topaz mine and the Gujar Killi emerald mine, both in 

northern Pakistan. They are believed to be geologically 
linked, and their origins are related to the collision of the 

Indian and Asian plates. After an overview of their geology 

and mineralogy, and especially of the formation of the 

topaz and emerald, there is a summary of the mining his- 
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tory and activities, production processes, and future 
prospects for these gem deposits. The former government- 
owned Gemstone Corporation of Pakistan has ceased min- 
ing these deposits, and the new private owners have 
encountered problems that have resulted in production 
delays. Nevertheless, there seems to be good potential at 
least for the Gujar Killi deposit. RT 


Gem-quality spessartine-grossular garnet of intermediate 
composition from Madagascar. K. Schmetzer and 
H-J. Bernhardt, Journal of Gemmology, Vol. 28, No. 
4, 2002, pp. 235-239. 
In the course of conducting a study comparing the chemi- 
cal and spectroscopic properties of pyrope-spessartine 
(Malaya) garnets from Bekily, Madagascar, with those of 
spessartines from various parts of Madagascar, the authors 
discovered an unusual spessartine-grossular garnet. This 
light yellowish orange gemstone weighed 0.42 ct and was 
found to consist of 49 mol.% spessartine, 41 mol.% 
grossular, 5 mol.% almandine, and 5 mol.% pyrope. 
Although the color and absorption spectrum were similar 
to that of low iron-bearing spessartine, this garnet can be 
separated from spessartine, as well as from the orange vari- 
ety of grossular (hessonite), by its S.G. (3.97) and R.I. 
(1.770). Separating it from intermediate members of the 
pyrope-almandine and pyrope-spessartine series is accom- 
plished on the basis of color and spectroscopic features. In 
the future, if other intermediate garnets in the spessartine- 
grossular series are found, particularly if they contain dif- 
ferent trace-element contents, an overlap of gemological 
features could occur. WMM 


Londonit aus Madagaskar—Eine neue Mineralart (Lon- 
donite from Madagascar—A new mineral species). F. 
Pezzotta, V. Diella, and F. Demartin, Lapis, Vol. 28, 
No. 2, 2003, pp. 35-38, 50 [in German]. 

This article offers some additional information to supple- 

ment the article on londonite published by B. M. Laurs et 

al. in the Winter 2002 issue of Gems & Gemology (pp. 

326-339}. While the G#G article focuses on the descrip- 

tion of the gemological properties, this article mainly pre- 

sents chemical analyses obtained to establish the proper- 
ties of the rhodizite-londonite solid-solution series. 
RT 


Mineralogical and geochemical studies on the different 
types of turquoise from Maanshan area, east China. 
X.-Y. Yang, Y.-F. Zheng, X.-M. Yang, X. Liu, and K. 
Wang, Neues Jahrbuch ftir Mineralogie, Monatshefte, 
No. 3, 2008, pp. 97-112. 
Turquoise is found in veins and clefts within altered vol- 
canic rocks of the Maanshan area in Anhui Province, 
China. It varies from “sky” blue to bluish green, and usu- 
ally forms massive or botryoidal aggregates. Chemical 
analyses show that it belongs to the turquoise-chalco- 
siderite series, with some substitution of Al by Fe**. IR 
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spectra are presented. The Mohs hardness was calculated 
at 3.23-3.56, which is low for turquoise (perhaps due to its 
small grain size or alteration); the hardness of turquoise is 
generally 5-6. Normalized rare-earth-element patterns of 
three different types of turquoise from the area show a 
small negative europium (Eu) anomaly, which suggests 
that they all have the same genetic source. RAH 


Mintabie opal drilling program. J. Gum, MESA Journal, 
Vol. 26, July 2002, pp. 26-27. 
A concerted effort is being made, using the most modern 
exploration methods, to find additional opal reserves in 
and around Mintabie, South Australia. In 2001, a drilling 
program was conducted in which 135 rotary auger holes 
were drilled within the Mintabie Sandstone; the majority 
reached the target depth of 18.29 m (the nominal maxi- 
mum depth of mining in the Mintabie area). This and pre- 
vious drilling indicate two parallel zones of potentially 
opal-bearing sandstone lying northwest-southeast. Further 
drilling indicated significant areas of opal-hosting sand- 
stone along the southern border of the area, a direction 
which could be expanded. Geophysical techniques 
employed include downhole logging tools from which use- 
ful gamma and neutron porosity logs have been obtained, 
as well as airborne surveys from which digital terrain 
models and total magnetic intensity images have been gen- 
erated, which correlate well with the drilling results. 
Exploration is ongoing and encouraging. CT 


Seltenheiten aus Mogok, Myanmar (Rarities from Mogok, 
Myanmar). R. Schliiessel, C. C. Milisenda, and F. 
Barlocher, Gemmologie: Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 51, No. 4, 2002, 
pp. 185-190 [in German with English abstract]. 

Gemological and other properties are given for three rare 

gems recently discovered in Mogok: poudretteite 

(KNa,B,Si,,O,9), periclase (MgO), and thorite (ThSiO,). A 

3 ct faceted violet poudretteite had a density of 2.53 g/cm? 

and refractive indices of n, = 1.511 and n, = 1.532, with a 

maximum birefringence of 0.021. The rough was mined 

from marble. [Editor’s note: See Spring 2003 Gems & 

Gemology, pp. 24-31, for a full report on this stone.| A per- 

iclase cabochon weighed 27.81 ct; it has a refractive index 

of 1.738 and density of 3.61 g/cm%. Its numerous liquid 
inclusions gave the stone adularescence. A 14.69 ct thorite 
cabochon had a refractive index of 1.79 and a density of 

6.59 g/cm’. However, these readings were not sufficient to 

identify the stone. Because this mineral is metamict, it 

could not be identified by Raman spectroscopy (or other 

techniques that require the stone to be crystalline), and a 

chemical analysis was necessary to determine that it was a 

thorium silicate. CD 


Update of Australia’s gemstone and pearl resources. G. 


Brown, Australian Gemmologist, Vol. 21, No. 8, 
2002, pp. 273-277. 
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Australia is the world’s largest producer, by volume, of dia- 
mond, play-of-color opal, white South Sea cultured pearls, 
and chrysoprase. Its sapphire production is declining, and 
the large resources of nephrite are under-utilized. A status 
report is given on these products, with comments on 
changes affecting the economics of these industries. The 
limited exploration for further additional gem resources 
needs encouragement (e.g., from all levels of government), 
but is overshadowed by the search for such commodities 
as gold, iron ore, coal, and oil. RAH 


JEWELRY HISTORY 


Bergkristalle als f'unkelnde Meisterwerke der Kunst (Rock 
crystals as glittering masterpieces of art). G. 
Kandutsch, Lapis, Vol. 28, No. 3, 2003, pp. 31-38 [in 
German]. 

This article traces the art of cutting bowls, vases, and 

other artistic objects from rock crystal, from early 

Oriental cultures to the courts of Europe in the 16th cen- 

tury. The focus is on the masterpieces of the Miseroni 

and Saracchi families of Milan. The source of the rock 
crystal raw material is also addressed, recent research 

(e.g., analysis of fluid inclusions) has made it possible to 

infer the geographic origin of the rock crystal quartz used 

for some objects. Photographs of several outstanding 
pieces from the Vienna Museum of Art History accompa- 
ny the text. RT 


Forward to the past. E. Blauer, New York Diamonds, Vol. 
75, March 2003, pp. 54-58. 

Antique diamonds were in little demand until three-to- 
four years ago. Previously, the two primary reasons for 
acquiring antique diamonds was as replacement stones for 
antique jewelry and for recutting to a more contemporary 
look. With the weight loss and the risk of color change 
involved in recutting, and the rarity of stones of good 
color, diamond dealers showed little interest. However, 
the demand for antique stones began to grow as more 
retail jewelers began to handle estate jewelry. Then design- 
ers of modern jewelry began using older stones. 
Eventually, changing tastes and the individuality of the 
stones themselves caused the surge in popularity seen 
today. Demand began to outpace supply, and manufactur- 
ers were soon reproducing antique cuts. As such reproduc- 
tions have become more common, profitability for retail 
jewelers has increased due to the new and distinctive mar- 
ket that has developed. 

Distinguishing between original and modern 
“antique” diamonds can be achieved without great diffi- 
culty. Most originals are of a lower color (those of H color 
or better are rare) and clarity (e.g., chipped girdles) than 
modern stones. Genuine antique diamonds with fancy 
colors are especially rare and expensive. However, the 
originality and individuality of the antique cuts, even 
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those that are modern reproductions, has opened a new 
market for both clients and jewelers. 
Ronald Stumman 


Roman wheel-cut engraving, dyeing and painting micro- 
quartz gemstones. A. Rosenfeld and M. Dvorachek, 
Journal of Archaeological Science, Vol. 30, No. 2, 
2003, pp. 227-238. 

Eight samples of engraved carnelian and banded agate from 

the eastern Roman Empire were studied to determine the 

engraving techniques used by early Roman lapidaries. 

Detailed descriptions and photos are presented, together 

with the results of scanning electron microscopy (SEM) 

and energy-dispersive spectrometry (EDS). The samples, 

which range in maximum dimension from 12 to 20 mm, 

show a typical variety of Roman iconographic motifs 

(deities, animals, and equestrians) and shapes (mainly oval 

and cabochon). They were randomly chosen from a private 

collection and were most probably produced for mass con- 
sumption in Israel from the 1st to the 4th centuries AD. 
The engraving techniques were typical of the period, 
as the gems were fashioned with iron, bronze, and brass 
drill wheel rotational lathes using abrasive polishing 
agents (corundum, emery, and possibly diamond) and 
lubricant materials (tin, lead, barite) in conjunction with 
water, oil, or waxy pastes. Some of these techniques are 
still in use today. Many of the samples were decorated 
with calcium carbonate and barite (as white pigments), as 
well as gold and silver, to emphasize pictorial elements. 

One sample was representative of a heat-treatment tech- 

nique whereby carnelian was burned with calcium car- 

bonate (limestone) to create a hard white material that 

was much desired by the Romans. Another was a 

hematite imitation created by painting the stone’s surface 

with an iron oxide mixed with what was probably a bone 
glue of calcium, phosphorus, and carbon. CT 
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Development of concave faceting of gemstones. A. D. 
Morgan, Journal of Gemmology, Vol. 28, No. 4, 
2002, pp. 193-209. 

Early work in the concave faceting of both diamond and 
colored stones dates back over a century. This faceting 
style may enhance the overall brilliance and beauty of a 
stone, due to the cylindrically concave lenslets and convex 
mirror surfaces. Incident ray paths diverge and produce 
elongated streaks of light instead of plane reflections of the 
light source. A resurgence of interest in this cutting style 
has resulted in a high demand for the work of American 
concave faceters for custom jewelry. 

Commercial equipment for cutting concave facets is 
now available. Cutting machines discussed in detail 
include the OMF Faceter, Facetron Special Cut, Algar, 
and Morgan. Equipment should be rigidly constructed 
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with facilities for microadjustment of related compo- 
nents. It is considered an advantage for the cutting cylin- 
ders to oscillate along the cylindrical axis to avoid forma- 
tion of wear grooves on the cylinders. CT 


SYNTHETICS AND SIMULANTS 


Eine neue Opalsynthese aus Russland (A new type of 
synthetic opal from Russia). C. C. Milisenda, Gem- 
mologie: Zeitschrift der Deutschen Gemmolo- 
gischen Gesellschaft, Vol. 51, No. 2-3, 2002, pp. 
115-120 [in German with English abstract]. 

Four new types of synthetic opals from the Scientific 

Centre for Applied Research, Russia, are described. They 

basically represent different stages of development. Types 

1 and 2 are comparable to Gilson synthetic opals. Type 3 

resembles natural white opal, but is virtually free of water 

and organic compounds. Type 4 shows almost all the fea- 
tures characteristic of natural opal, including H,O spectral 
bands around 7000 and 5200 cm!, and absorption related 
to SiOH groups at 4500 cm~!. This synthetic not only 
looks realistic, but even behaves like natural opal during 
cutting. However, it can be separated from natural opal by 
the “lizard skin” structure that is also seen in other syn- 
thetic opals. RT 


50th Anniversary of first successful diamond synthesis. R. 
Caveney, Industrial Diamond Review, Vol. 2003, 
No. 1, pp. 13-15. 
After a brief review of earlier unsuccessful attempts to 
synthesize diamond, an account is given of the successful 
experiment by the Swedish company ASEA on February 
15, 1953. Iron carbide and graphite were used with ther- 
mite (a source of intense heat). The latter was activated by 
an electric pulse sent through a wire between the anvils in 
a spherical pressure intensifier (the Quintus press). The 
crystals were confirmed as diamond by X-ray diffraction. 
The yields in the successful runs were 20-50 crystals, 
from 0.1 to 0.5 mm in size; they had irregular faces and 
most were transparent and colorless, but a few were green, 
yellow, or gray. RAH 


Hydrothermal growth of emerald laser crystals. Z. Chen, 
G. Zhang, C. Huang, and H. Shen, Journal of 
Inorganic Materials, Vol. 17, No. 6, 2002, pp. 
1129-1134 [in Chinese with English abstract]. 

This article gives details of a technique used in China for 

growing hydrothermal synthetic emerald crystals that 

have applications to laser technology, as well as being a 

source of synthetic gems. 

The autoclaves are 700 mm long and 38 mm in diam- 
eter; they are divided into a lower nutrient zone and an 
upper crystal growth zone, separated by a thermal insula- 
tion layer. The nutrient zone contains Al,O, (16-19%), 
SiO, (pure quartz, 65-67%), Cr,O, (1-3%), BeO 
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(13-15%), and sulfuric acid. “Quartz-seed stack-up struc- 
ture” technology is employed, where three gold wire bas- 
kets filled with 2-5 mm colorless synthetic quartz grains 
and two seed plates of synthetic beryl (held at the bottom 
of each basket with metal wires) are stacked within the 
growth zone. The growth temperature is in the range of 
500-600°C, and pressure is about 150-200 MPa. 

After 10-15 days, six high-quality synthetic emerald 
crystals are obtained. Plates (25-35 x 20-25 x 7-16 mm] 
are then cut from these crystals. Infrared spectra of the 
crystals, which are similar to those obtained from 
hydrothermal synthetic emeralds grown in other coun- 
tries, show three characteristic absorption peaks (at 5448 
5274, and 5109 cm!) that distinguish them from natural 
emeralds. TL 


Influence of silicates upon the growth of synthetic diamond 
crystals. A. A. Chepurov, V. M. Sonin, and A. I. 
Chepurov, Proceedings of the Russian Mineralogical 
Society, Vol. 131, No. 1, 2002, pp. 107-110 [in 
Russian with English abstract]. 

The growth of synthetic diamond crystals at 5.5 GPa and 

1500°C in the system Fe-Ni-C was performed with the 

aid of silicate components (natural olivine and basalt) up 
to 20 wt.%. The introduction of >5% silicates leads to 
changes in the morphology of the synthetic diamond crys- 
tals, manifested in the loss of morphological stability by 
the {111} faces, with triangular hillocks with step-like lat- 
eral surfaces becoming transformed into sub-individuals. 

In doing so, the initial single crystal is eventually trans- 

formed into a parallel aggregate. In the growth process, the 

synthetic diamond crystals accept the inclusion of silicate 
phases, with local concentrations screening off growth and 
stopping it entirely at >20% silicate content. RAH 


Research and development of high-quality gemstone crys- 
tals grown by hydrothermal method. W. Zhou, C. 
Zhang, Z. Chen, G. Zhang, and H. Shen, Journal of 
Synthetic Crystals, Vol. 31, No. 5, 2002, pp. 
509-515 [in Chinese with English abstract]. 

More than 20 synthetic gem materials have been successful- 

ly produced using hydrothermal techniques, mainly in 

Russia and China. In China, the National Engineering 

Techniques Center of Research on the Special Mineral 

Material, in Guilin, is a leader in this area. It is currently 

focusing on producing high-quality crystals of hydrothermal 

synthetic corundum (ruby and sapphire) and synthetic beryl, 
both in many colors. This article compares the similarities 
and differences of gem-quality hydrothermal synthetic 
corundum and synthetic beryl produced in Guilin with 
those produced elsewhere, mainly in Russia by Tairus. 
Tairus hydrothermal synthetic corundum crystals are 

grown at a higher temperature (620°C) and pressure (2 

kbar) than those grown in Guilin (450-570°C, 1.5-1.8 

kbar). At Tairus the seed plate is cut either parallel to the 

(1010) face (and the c-axis), or parallel to the (1011) face 
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(inclined to the c-axis by 32°). At Guilin, the seed plate is 
always parallel to the hexagonal dipyramid (1123) face. 
The dopants Cr**, Ni?*, Ni**, and Cu**, either individually 
or in various combinations, are used to impart the various 
colors (14 are listed in this article) in the Guilin-grown 
synthetic corundum. 

For growing synthetic beryl crystals, the orientation of 
the seed plate and the composition of the hydrothermal 
solution are critical. Compared to its natural counterpart, 
hydrothermal synthetic red beryl contains a higher con- 
centration of CoO (~0.30 wt.% vs. not detected) and a 
lower concentration of combined Ti, Mn, and Fe. Other 
chromophores used to obtain the various colors in 
hydrothermal synthetic beryl are Cr**, Mn?*, Mn**, Mn**, 
Fe**, Fe**, Cu**, and V**. A comparison of the gemological 
properties of hydrothermal synthetic colored beryl crys- 
tals from four producers (in Japan, Australia, and two in 
Russia) are presented. 

In 2002, about 15 kg of hydrothermal synthetic col- 
ored corundum and 1.5 kg of hydrothermal synthetic col- 
ored beryl were produced in China. TL 


Spectroscopic features due to Ni-related defects in HPHT 
synthetic diamonds. A. Yelisseyev, V. Nadolinny, B. 
Feigelson, and Yu. Babich, International Journal of 
Modern Physics B, Vol. 16, No. 6/7, 2002, pp. 
900-905. 

Nickel atoms in high-pressure/high-temperature (HPHT) 

diamonds occur not only as substitutional (Ni,) and 

interstitial (Ni,) forms but also as nickel-nitrogen (Ni-N) 
complexes or defects (designated as NEI, NE2, etc.). 

These defects contain various numbers of nitrogen 

atoms—for example, there are two in NEI, three in NE2 

and NE8, and four in NE8. To study the photolumines- 
cence (PL) characteristics of the Ni-N defects as related 
to the annealing temperature, the authors grew synthetic 
diamonds up to 1.00 ct at 1550 K and 5.5 GPa in Ni-Fe-C 
and Fe-C systems with a split-sphere apparatus. About 

100 natural diamonds with yellow-green PL from 

Yakutian deposits were also studied. Electron spin reso- 

nance spectroscopy was used to establish the sequence of 

Ni-defect transformations as temperature increases. 

Nickel is present mainly as Ni, before annealing. After 
annealing at 1950 K, Ni,, NE4, NE1, and NE2+NE3 occur 
in approximately the following amounts: 10, 15, 60, and 

15%, respectively. After annealing at 2350 K, the propor- 

tions change to 2-3, 0, 20, and 60%, respectively. The 

remaining Ni occurs in more complicated NE8 and NE9 
defects. The ultraviolet-excited PL shows no signal before 
annealing. After annealing at high temperatures, it shows 

a strong yellow-green emission that is most intense at 

2350 K. KSM 


Verneuil synthetic sapphire showing an iron absorption 
spectrum. J. M. Duroc-Danner, Journal of 
Gemmology, Vol. 28, No. 4, 2002, pp. 227-230. 
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classified as follows: (1) Conchiolin- 
nucleus, (2) Nucleus of organic matter, 
(3) Nucleus of inorganic: origin, (4) 
Secondary nucleus, (5) Pearls without 
a nucleus. A number of excellent pho- 
tomicrographs of the various types of 
nuclei accompany this section, 

In Chapter IV Mr. Bolman points 
out that pearls are formed of different 
sorts of layers, identical to the sub- 
stances making up the shell of the mol- 
lusk, and that the color and kinds of 
layers depend in many cases upon the 
place in which the pearl is formed with- 
in the mollusk. Chapter VI is a further 
amplification of this subject, in which 
pearls are classified according to their 
structure. The classification used is: 
(1) Conchiolin-pearls; (2) Nacre- 
pearls; (3) Calcite-prism-pearls; (4) 
Aragonite-prism-pearls; (5) Pearls of 
translucent layers; (6) Pearls of com- 
posite structure. 

The general characteristics of pearls, 
including chemical composition, hard- 
ness, density, color and luster, are the 
subject of Chapter VII. Of special 
interest here are chemical analyses of 
various parts of the shell, and a com- 
parison of these analyses to those of 
different types of pearls. 

In Chapter IX the decay and loss 
of color of pearls is considered. De- 
terioration of pearls is attributed to 
loss of water and decay of the organic 
matter (conchiolin). Methods of alter- 
ing the color are also described, such as 
lacquering, irradiating with ultra-violet 
or infra-red rays, and bleaching. 


Chapter X is a detailed description 
of the world’s principal pearl fisheries, 
subdivided into marine and fresh water 
localities. The important regions des- 
cribed are the Persian Gulf, Ceylon, 
the Red Sea, Australia, America, and 
Europe. Production figures and values 
are included. 

Part III is devoted to cultured pearls, 
describing fully the development of 


methods of production from earliest 
times to present-day techniques. 

Methods of distinguishing between 
natural and cultured pearls are covered 
in greatdetail. The tests described are: 
(1) density, (2) surface structure, (3) 
magnetic field, (4) fluorescence, (5) 
testing nucleus in the drill hole, (6) x- 
rays and Laue photographs, and (7) 
beaming through the pearl. 

The supplement includes a discussion 
of Tridacna pearls, fossil pearls, and 
vegetable pearls. There is also a glos- 
sary of 172 entries of the terminology 
used in describing pearls. Finally, and 
one of the most valuable features of 
the volume, is an exhaustive biblio- 
graphy of pearl literature, in which 130 
separate references are listed. 


George Switzer, Ph.D. 


New Editions 

Lately appearing in new editions are 
5000 Years of Gems & Jewelry, by 
Frances Rogers and Alice Beard, J. B. 
Lippincott Company, Philadelphia and 
New York, publishers ($3.75) and 
Jewelers Pocket Reference Book, by 
Robert M. Shipley, Gemological Insti- 
tute of America, Los Angeles, publish- 
ers ($2.75). 

There have been no important addi- 
tions to the Rogers and Beard work, 
but it remains interesting and valuable, 
written in terms which appeal to the 
layman without previous background in 


the field of gemology and fully iflus- 


trated with line drawings by the authors 
and with sixteen half-tone illustrations. 

Shipley’s Pocket Book, now in its 
second edition, contains a newly-added 
section including descriptions of syn- 


thetic stones and listing their current.” 


J 


trade names, and has other valuable 
additions including tables of mark-ups 
on sales, additions to the glossary, up- 
to-date maps showing gemstone produc- 
tion areas, and a chapter on precious 
and semi-precious stones. 


A 7.02 ct blue oval brilliant-cut synthetic sapphire was 
found in a parcel of heat-treated natural sapphires. 
Although the stone shows some classic signs of its syn- 
thetic origin (e.g., curved color banding, minute gas bub- 
bles, and Plato lines), it also contains some features nor- 
mally associated with heat-treated natural sapphires 
(e.g., an iron line seen at 450 nm with a hand-held spec- 
troscope, internal diffusion of color around pinpoints, 
glass filling in two small surface-reaching fractures near 
the girdle, and chalky green fluorescence to short-wave 
UV radiation). 

The author surmises that the pinpoint inclusions 
originally contained unhomogenized trace element (Fe 
and Ti)-containing powder, which, due to the high-tem- 
perature formation of Verneuil synthetic sapphires, 
interacted and created the intervalence charge transfer 
(Fe?* — Ti**) responsible for the 450 nm line normally 
seen in natural sapphire. Because of its absorption spec- 
trum, the stone was mistaken as natural and placed in a 
parcel of sapphires that were subjected to heat treatment 
(and glass filling). WMM 


TREATMENTS 


Eine neue Diffusionsbehandlung liefert orangefarbene und 
gelbe Saphire (A new diffusion treatment supplies 
orange and yellow sapphires). H. A. Hanni and T. 
Pettke, Gemmologie: Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 51, No. 4, 2002, 
pp. 137-152 [in German with English abstract]. 

Since 2001, large amounts of treated orange to yellow and 
“padparadscha’-like sapphires have appeared in the gem 
trade. The rough material mainly came from Songea 
(Tanzania) and Ilakaka (Madagascar). About 150 of these 
stones were examined with several methods. The results 
showed that the stones were not only heat treated, but 
also diffusion-treated with beryllium (Be). The diffusion- 
induced color may extend as much as several millimeters 
into the stone (which, when small, means the entire 
stone). Unlike traditional diffusion treatment, the Be diffu- 
sion may not be undetectable by viewing the color distri- 
bution in immersion. 

The Be content in corundum is normally less than ~1 
ppm. However, this new Be diffused corundum typically 
contains 10-15 ppm beryllium. The original trace-ele- 
ment contents of the natural material strongly influence 
the outcome of the diffusion treatment. This new type of 
diffusion-treated sapphire has raised concerns about the 
identification of such stones and the terminology used to 
describe them. RT 


Falsche ‘Sternsteine’: Manipulationen an Edelsteinen zur 
Erzeugung oder Intensivierung von Asterismus (Fake 
éstar stones’: Manipulations of gemstones to create 
or enhance asterism). K. Schmetzer and M. Glas, 
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Lapis, Vol. 28, No. 1, 2003, pp. 22-24, 37-41, 58 [in 

German]. 
This article offers a comprehensive overview of the meth- 
ods that have been used to imitate or enhance asterism. 
These comprise: the creation of doublets and triplets with 
parts of natural stones showing asterism; the use of metal 
plates or foils engraved with patterns of parallel and inter- 
secting striations; the engraving of striations into the back 
of cabochon layers of doublets and triplets; surface diffu- 
sion of natural and synthetic corundum; and the use of 
light-conducting fibers. While all of these possibilities may 
be applied occasionally to gems such as corundum, spinel, 
or garnet, artificial asterism recently has been found in 
stones in which this phenomenon is not known to occur 
naturally (e.g., tourmaline and amethyst). Sometimes the 
artificial asterism consists of “impossible” stars (e.g., with 
five or eleven arms). RT 


A note on two star stones. R. R. Harding, Journal of 
Gemmology, Vol. 28, No. 4, 2002, pp. 231-234. 

Two unrelated star stones are described. The first was a 
16.57 ct opaque cabochon that displayed a strong 13-rayed 
star when lit with a single light source. The asymmetrical 
nature of the rays, as well as the fact that their odd num- 
ber varied with the angle of illumination, indicated the 
star was not natural. Close examination revealed that it 
was caused by minute, closely spaced parallel grooves on 
the cabochon surface. The cabochon was found to consist 
of two rutile-group minerals, one occurring as the host and 
the other as oriented inclusions (or exsolution lamellae). 
Chemically, the host and its oriented inclusions were 
nearly identical except that the inclusions contained up to 
8% tungsten. 

The second star stone was an unusual, large (51.4 x 43 
x 13.8 mm) colorless beryl crystal from Brazil; asterism in 
beryls is very rare. The stone had numerous crystal faces 
(basal pinacoids and first-order prisms dominate], which 
were sufficiently smooth to allow a clear view of the 
internal features. In this case, the six-rayed star was creat- 
ed by three bands of minute inclusions, crossing mutually 
at angles of 60°, that were aligned in the basal plane per- 
pendicular to the first-order prism faces. WMM 


The processing and heat treatment of Subera (Queensland) 
sapphire rough. M. Maxwell, Australian Gem- 
mologist, Vol. 21, No. 8, 2002, pp. 279-286. 

Heat-treatment experiments were undertaken on lower- 

quality rough sapphires from the Subera deposit (one of 

Australia’s largest sapphire mines). The sapphires were 

heated at lower temperatures and for a shorter period of 

time than normally done for corundum, but these experi- 
ments failed to enhance their color, quality, and value. 

Almost as many stones lost value after the treatment as 

gained value. It is concluded that an efficient, money-sav- 

ing bulk heat treatment of Subera rough is not feasible. 
RAH 
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G. Robert Crowningshield: 


A Giant among Gemologists 


ne of my first intro- 
ductions to gemolog- 
ical greatness came 


in the late 1970s at an 
American Gem Society 
Conclave. | was relatively 
new to GIA and gemology, 
but eager to learn as much 
as | could. Phil Minsky, a 
longtime officer of AGS, 
described Richard 
Liddicoat, Bob 
Crowningshield, and Bert 
Krashes to me as “giants in 
the industry.” They were the 
ones | should look to for 
guidance, the footsteps | 
should follow. | never forgot 
his words as | worked with 
all three men over the years. 
All were, indeed, giants in 
the gem and jewelry indus- 
try, each in his own unique 
way. And it was the tall, thin, unassuming yet always pol- 
ished gentleman, Bob Crowningshield, who dominated 
gemological research at the Institute. 


The article on G. Robert Crowningshield in this issue high- 
lights a remarkable gemological career that has spanned 
some 55 years. The contributions described in this article 
illustrate what Minsky was referring to when he used the 
word giants. Minsky knew GIA almost from its infancy, and 
he understood the contributions that this humble man had 
already made to our field. 


Having just published a book on the history of GIA, 
authored by JCK senior editor Bill Shuster, | can attest to 
the singular greatness that Robert Crowningshield embod- 
ies. Bob’s role in the development of the science of gemol- 
ogy is legendary, but equally important is his contribution 
to the emergence of gemology as a respected profession. 
Bob was one of the many men who came to GIA and 
gemology right after World War II and ultimately propelled 
the Institute and gemological science to greater heights 
than ever before. He helped take gemology from a periph- 
eral curiosity to an integral part of a jeweler’s business. 


Like many of the Institute’s early gemologists—Robert M. 
Shipley, Robert Shipley Jr., Liddicoat, Lester Benson, and 


EDITORIAL 


Krashes—Bob Crowning- 
shield was as comfortable in 
front of a classroom as 
behind a microscope (or 
spectroscope). But his interest 
in sharing what he knew 
went well beyond teaching 
GIA students or lecturing at 
AGS Conclaves. Bob has pro- 
duced an incredible body of 
published work over the 
decades—much of it in 
Gems & Gemology—includ- 
ing landmark articles on his 
discoveries and more than 
1,000 entries in our popular 
Lab Notes section alone. 


Arguably, with his entire 
laboratory career in the 
center of the New York 
trade, he has seen and 
identified more gems of 
beauty and uniqueness than anyone before him, and 
likely anyone after him. For Bob Crowningshield has 
been a practicing gemologist throughout his career, 
never tiring of the challenge of identifying gem materi- 
als, never losing his interest in scientific inquiry and dis- 
covery, and never ceasing to share what he has learned 
with other gemologists, jewelers, and students alike. 


As the authors declare in their article, it is impossible to 
overstate the contributions that Bob Crowningshield has 
made to GIA and to the industry. For Bob, though, from the 
beginning, it was only about establishing gemology as a 
positive force for the professional jeweler—never about 
making a name for himself or becoming a legend in his 
own right. Perhaps this is the greatest lesson we can learn 
from Bob Crowningshield: Doing a job well, with integrity 
and virtue, is the mark of true greatness. A giant among 
gemologists, Bob Crowningshield has left an indelible mark 
on GIA and on gemology. 


CTT Tee 


William E. Boyajian, President 
Gemological Institute of America 
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LETTERS 


Gabrielle Trademark Not Abandoned 


I wish to thank you for your recent article listing existing 
diamond brands (T. W. Overton, Winter 2002, pp. 310-32). 
Such a condensed reference manual will serve many in our 
industry in navigating the maze of branded diamonds in 
existence today. 

However, I must point out some mischaracterizations 
in this article. While it is true that Suberi Brothers Inc. has 
abandoned its application for U.S. trademark registration 
for the name Gabrielle, the article failed to state that it 
continues to use the mark in connection with its dia- 
monds and has done so since 1997, which gives it uninter- 
rupted rights of ownership. The term abandoned in trade- 
mark law is a term of art having a meaning distinct from 
conventional meaning, and does not mean that a mark is 
no longer in use or is no longer protected. It merely means 
that a company chose not to act on a pending application 
for registration with the U.S. Patent and Trademark 
Office. Thus, use of the word abandoned without further 
explanation can be misleading and lead to damage to those 
to whom the mark is attributed. 

In addition, Gabrielle diamonds are available in all 
eight traditional shapes, not simply rounds. Suberi 
Brothers is also the owner of the trademarks Empress Cut, 
Baroness Cut, and The Royal Cuts. 

Marvin Markman 
Suberi Brothers Inc. 
New York 


Reply: We thank Mr. Markman for his thoughts and the 
additional information. He is correct that the term aban- 
doned refers only to the trademark registration process 
and not to ownership or use of the trademark. As stated in 
the article, ownership of a mark depends on its use in 
commerce, not registration with the USPTO. It was not 
our intention to imply that Suberi Brothers has abandoned 
use of the Gabrielle mark. Gems #) Gemology regrets any 
misunderstandings that may have occurred. 
Thomas W. Overton 
Managing Editor, Gems & Gemology 


LETTERS 


Black Freshwater Pearls Must Be Treated Color 


Your journal does a great service for the industry in pro- 
viding so much in-depth information on a variety of 
subjects. We are not all experts in every aspect of the 
field of gemology, and the knowledge I have gained 
from your publication has helped me expand my hori- 
zons in many ways. 

However, I noticed something in the Spring 2003 
Gem News International item “Cultured pearls with dia- 
mond insets” (p. 56) that should be brought to your 
attention. Nowhere in the figure caption does it mention 
that these pearls have been dyed or treated in another 
fashion to make them black, or that black is not their 
natural color. To the best of my knowledge, there are no 
natural-color black freshwater cultured pearls. In the 
text, the freshwater pearl is discussed alongside Tahitian 
pearls, and this may mislead readers into thinking that 
“black freshwater pearls” are in the same category as 
Tahitians and natural in color. 

Also, black pearls are being produced in areas other 
than Tahiti, such as the Cook Islands, so it is important 
not to refer to the pearls by an assumed locality. Rather 
than use the term Tahitian, it is preferable to refer to 
them as black South Sea cultured pearls. 

Avi Raz 
AwWZ Pearls 
Los Angeles 


Reply: Mr. Raz is correct that the earrings pictured are 
not natural color. Although Gems #Gemology typical- 
ly does not indicate every instance where a material 
illustrated is treated unless it is germane to the accom- 
panying text, we can understand his concern in this 
instance and thank him for giving us the opportunity to 
remind our readers that, to the best of our knowledge as 
well, freshwater cultured pearls do not occur naturally 
in black. 
Alice S. Keller 
Editor-in-Chief, Gems & Gemology 
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G. ROBERT CROWNINGSHIELD: 
A LEGENDARY GEMOLOGIST 


Thomas M. Moses and James E. Shigley 


During his more than 50 years of involvement with the GIA Gem Laboratory, G. Robert (Bob) 
Crowningshield has made many significant contributions to the study of gems and the science 
of gemology. These include fundamental advances in the understanding and identification of 


treated and synthetic diamonds; of colored stones such as tanzanite, amethyst, “padparadscha 


u” 


sapphire, and heat-treated corundum; and of natural and cultured pearls. In the early 1950s, 
Crowningshield demonstrated the value of new equipment in gem testing, in particular the 
spectroscope. He also helped develop and teach the GIA diamond grading system, now the 
standard worldwide. Along the way, he shared his wealth of practical experience in hundreds 
of articles, lectures, and industry presentations. All of these achievements helped lay the foun- 


dation of modern gemological research. 


uch of gemology as we know it today can 

be traced to the work of just a few individ- 

uals, mainly in Europe and the United 
States, who pioneered the modern study of gem 
materials in the 1930s, ‘40s, and '50s. This group 
includes G. F. Herbert Smith, Robert Shipley, 
Robert Shipley Jr., Basil Anderson, Dr. Edward 
Gtibelin, Prof. Karl Schlossmacher, Richard Liddi- 
coat, Robert Webster, Lester Benson, Prof. Her- 
mann Bank, and Alan Jobbins. Their work involved 
not only the examination and classification of nat- 
ural gems, but also the expanding study of treated, 
synthetic, and imitation gem materials, and the 
development of new methods and equipment for 
gem identification and quality grading. Prominent 
in this small group is G. Robert Crowningshield 
(figure 1), who joined GIA in 1947 and subsequent- 
ly became one of the original staff members of the 
GIA Gem Trade Laboratory, which was formally 
established in 1949. 

October 29, 2002, marked Crowningshield’s 
55th anniversary with the Institute. In the course 
of his laboratory career, he arguably tested more 
colored stones and pearls and analyzed more dia- 
monds than anyone else during that period. 
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Throughout his tenure in the laboratory, he has 
brought keen observational and analytical skills, 
as well as a phenomenal memory, to the identifi- 
cation of a broad variety of gem materials. He has 
shared the results of his work with thousands of 
GIA students and members of the trade through 
his presentations and published articles. Since 
1958, he has co-authored (and served as contribut- 
ing editor for) the popular “Lab Notes” section of 
Gems & Gemology, where in more than 1,000 
entries he reported on interesting items encoun- 
tered in the GIA laboratory. As a tribute by col- 
leagues who have been fortunate to work along- 
side him, the present article highlights some of 
Crowningshield’s many contributions to gemolo- 
gy, and provides a bibliography of his published 
articles, to which readers are directed for informa- 
tion on the many discoveries and developments 
discussed below. 


See end of article for About the Authors and Acknowledgments. 
GEMS & GEMOLOGY, Vol. 38, No. 3, pp. 184-199. 
© 2003 Gemological Institute of America 
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Figure 1. For more 

than 50 years, G. Robert 
Crowningshield has 
devoted his life to the 
study of gems and shar- 
ing this information 
with members of the 
jewelry industry. During 
this time, he has made 
important contributions 
to gem identification 
and grading, instrument 
development, and 
gemological education. 
Photo by Howard 
Wechsler, © GIA. 


BACKGROUND 


George Robert (Bob) Crowningshield was born on 
June 16, 1919, in Colorado Springs, Colorado. In 
1927, his parents moved Bob and his three siblings 
to San Diego, California, where an early interest in 
gemstones was further sparked by visits to the 
famous gem pegmatites in San Diego County. He 
attended high school in Spring Valley, California, 
and in 1942 received a Bachelor of Arts degree in nat- 
ural science from San Diego State College (now San 
Diego State University]. There, he also developed an 
interest in drawing as a “way to train myself to pay 
close attention to things.” He would later put this 
skill to great use in his gemological career. 

During World War II, from 1942 to 1945, Crown- 
ingshield served with the U.S. Navy. As a way to 


G. ROBERT CROWNINGSHIELD 


pass long hours at sea, he read books on gemstones. 
He began purchasing gems during port visits to 
Australia, India, and Ceylon (now Sri Lanka), and 
even designed gold settings for the gems that he and 
others had bought. Toward the end of the war, a 
chance encounter during one of these port visits led 
him to the Gemological Institute of America. 
Crowningshield’s budding interest had made 
him the ship’s unofficial authority on gems, an 
adviser to shipmates who went shopping for stones 
when in port. One of these was the ship’s captain, 
who needed a gift to take home to his wife (figure 
2). Crowningshield, the ship’s navigator, suggested 
an unscheduled stop in Ceylon to purchase some 
star sapphires. When the ship pulled into the port of 
Colombo—“the captain told [the Navy] we were 
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Figure 2. Crowningshield first learned about GIA’s 
gemology program while serving in the U.S. Navy dur- 
ing World War II. Here, the young navigator (left) is 
shown with the captain (center) whose desire to pur- 
chase star sapphires for his wife took the ship to 
Colombo and led to Crowningshield’s chance meeting 
with GIA student Sardha Ratnavira. 


low on provisions,” Crowningshield recalled—the 
two of them went shopping along the docks. At one 
of the stores, they encountered a young man named 
Sardha Ratnavira, who had attended GIA before the 
war. Impressed with Crowningshield’s interest in 


Figure 3. In this 1949 photo, Bob Crowningshield 
(right) and Richard Liddicoat (center) join another 
colleague in testing gemstones at the original 

GIA facility in New York. 
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gems, Ratnavira recommended that he look into 
studying at the Institute. Ratnavira’s suggestion 
“planted the seed in my mind that I should go 
there,” said Crowningshield years later. “Gradually, 
it dawned on me that there was a career in the 
knowledge of gemstones” (Shuster, 2003). 

Following his discharge from the Navy as a lieu- 
tenant, and with financial aid from the GI Bill, 
Crowningshield enrolled in the GIA education pro- 
gram and soon earned his diploma. While still a stu- 
dent, his gemological talents came to the attention 
of Robert Shipley and Richard Liddicoat, and Shipley 
personally recruited him as an instructor. As 
Liddicoat later recalled, “Bob already stood out as 
one of the top students in his class—a natural at 
gemology.” Crowningshield joined the GIA staff on 
August 29, 1947, and later that year completed the 
course requirements for his Diploma in Gemmology 
(FGA—Fellow of the Gemmological Association), 
with distinction, from the Gemmological Associ- 
ation of Great Britain. 

In August of 1948, Shipley sent Crowningshield 
with Dr. Mark Bandy to organize a GIA office in 
New York City and conduct Institute training 
there. When Dr. Bandy unexpectedly resigned at the 
end of the year to run the Paris office of the U.S. 
Atomic Energy Commission, Shipley sent Liddicoat 
to lead GIA’s new East Coast operation, with 
Crowningshield remaining as his assistant. At the 
time, they performed only limited gem identifica- 
tion activities—primarily colored stone identifica- 
tion and pearl testing—and the GIA laboratory was 
barely noticed by the jewelry industry. 

That began to change in 1949, when GIA pur- 
chased Gem Trade Laboratories Inc., a facility 
established in 1940 by New York gem and pearl 
dealers. When the head and founder, Dr. A. E. 
Alexander, left to become a buyer for Tiffany & 
Co., sponsors of this predominantly pearl-testing 
laboratory approached GIA to take it over. On 
October 13, 1949, GIA formally acquired Gem 
Trade Laboratories Inc., and the merged facility 
was renamed the Gem Trade Laboratory of the 
Gemological Institute of America. At the time, the 
facility was no more than one large room with a 
small staff (figure 3). When Liddicoat returned to 
Los Angeles the following year, Crowningshield 
became director of the GIA Gem Trade Laboratory 
in New York, a position he would hold until 1977, 
when he was named its vice president. 

More than 50 years of working in the laboratory 
gave Crowningshield an unparalleled opportunity to 
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examine tens of thousands of gemstones of all 
kinds. In fact, only a little more than 10 years after 
the East Coast laboratory was formed, its staff 
members were examining over 100,000 diamonds, 
colored stones, and pearls annually (see “The new 
Eastern headquarters. . . ,” 1960). Passionate about 
the mysteries that surrounded natural, treated, and 
synthetic gem materials, Crowningshield embraced 
gemological research as an important component of 
laboratory work, and in the process made a number 
of important contributions to gemology. 


MASTER OF THE SPECTROSCOPE 


Although Crowningshield was as astute in the use of 
the gemological microscope as any of the world’s 
most renowned gemologists (figure 4), perhaps the 
most significant advance associated with him is the 
use of the spectroscope in gem identification (again, 
see figure 1). Although not the first to see its potential 
in gemology, he was arguably the most successful in 
applying it to this new science, sharing the informa- 
tion it provided with the gemological community. 

One day in 1950, Crowningshield and his colleague 
Bert Krashes were trying, unsuccessfully, to master a 
recently acquired Beck diffraction-grating spectroscope 
when Hans Myhre—a Norwegian gemologist and 
wholesale jeweler—stopped by. Recognizing their 
dilemma, Myhre placed a garnet in front of the instru- 
ment and calmly showed them how to view the spec- 
trum. Crowningshield was fascinated, and within a 
short time he became one of the masters of the spec- 
troscope for gem identification. Just as important, he 
made it his mission to record the spectrum of every 
gem variety that came through the lab—ausing a sten- 
cil, charcoal dust, cotton swabs, erasers, a cotton rag, 
and pencils to mimic the subtle spectral features he 
saw in the instrument. Through months of painstak- 
ing work, often on weekends when the building hous- 
ing the laboratory was unheated, he created a collec- 
tion of realistic, hand-drawn spectra of a wide variety 
of gemstones. He recorded them in a notebook along 
with other properties of the gem, so he could make 
correlations. This ability to make correlations and, as a 
result, new discoveries, was one of Crowningshield’s 
greatest assets as a gemologist. 

His collection of drawings, one of the earliest 
databases of the visible spectra of gem materials, was 
first published as 114 black-and-white plates in the 
sixth edition (1962) of Richard T. Liddicoat’s Hand- 
book of Gem Identification (see, e.g., figure 5). 
Crowningshield documented nearly every transpar- 
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Figure 4. During his several decades in the laboratory, 
Bob Crowningshield used the microscope for many of 
his discoveries. This photograph, taken in the 1950s, 
shows him using an early-version Diamondscope, a 
binocular gemological microscope with lightfield and 
darkfield illumination that had been developed by 
GIA in the 1930s and ‘40s. 


ent colored stone he had studied in the laboratory. 
These illustrations in Liddicoat’s widely used text- 
book, combined with an earlier description that 
Crowningshield wrote in a 1957 Gems &) Gemology 
article (in which he also included examples of his 
spectra], made the spectroscope a more practical gem 
identification tool for trained gemologists. In less 
than 10 years, largely as a result of his efforts, the 
spectroscope went from a rarely used specialist’s 
instrument to one of the practicing gemologist’s 
most important gem identification tools. And it 
would prove essential to the development that 
cemented both Crowningshield’s reputation and that 
of the Gem Trade Laboratory. 


A WIZARD IN GEM IDENTIFICATION 

The Clue to Color Origin in Yellow Diamonds. 
Beginning in the early 1950s, commercial amounts of 
irradiated colored diamonds began to appear in the 
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U.S. market. It became critically important to devel- 
op new methods to detect these treated diamonds, 
which had been irradiated by nuclear bombardment 
from radioactive materials (mainly radium bromide) 
or by exposure to radiation in a cyclotron or a nuclear 
reactor (figure 6). Gemologists had already learned 
that the so-called radium-treated diamonds could be 
detected by their autoexposure of photographic film 
due to residual radioactivity (“Radium-treated dia- 
monds,” 1938), whereas most cyclotron-treated dia- 
monds exhibited facet-related color zoning that was 
visible with magnification (Pough and Schulke, 
1951). However, diamonds irradiated in a reactor (and 
then possibly heat treated to produce additional 
changes in color) did not leave any signature on pho- 
tographic film, and displayed even coloration when 
examined with a loupe or microscope: This treat- 
ment appeared to be undetectable. Concerned jewel- 
ers and diamond dealers pressured GIA to find a 
means of identification, but the laboratory staff had 
little success until a watershed event in January 1956. 

That month, the laboratory was asked to deter- 
mine the origin of color of a 19 ct yellow diamond. 
“Tt was the biggest one we had ever seen,” Crowning- 
shield said later, “and it offered the best opportuni- 
ty to see if there was something about this dia- 
mond’s color that was due to treatment” (Shuster, 
2.003). 


Figure 5. Shown here are two of the spectra Crowning- 
shield provided for the sixth edition of Liddicoat’s 
Handbook of Gem Identification, published in 1962. 
The top spectrum is of an irradiated and annealed yel- 
low diamond (with a 5920 A [592 nm] line); the bot- 
tom one is of an untreated yellow diamond (with a 
Cape spectrum, lines at 4150, 4530, and 4780 A). 
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Figure 6. The detection of treatment in irradiated yel- 
low diamonds such as these was a major challenge in 
the early 1950s. 


Crowningshield had already used the spectro- 
scope to examine a number of yellow diamonds that 
were known to be reactor irradiated and annealed, 
and he had observed no differences in their absorp- 
tion. He even brought in an old projector and used 
its strong light beam to read the spectra more easily, 
but still saw no differences. He continued to believe, 
though, that if such a treatment could alter the color 
in the diamond, it might also alter its absorption 
spectrum. Because of the greater absorption of visi- 
ble light in a larger stone, there was a greater chance 
that any possible discrepancy in the spectrum would 
be evident. When he examined the 19 ct diamond 
with the spectroscope, Crowning-shield was both 
surprised and excited to see a faint line just below 
600 nm (again, see figure 5). He had never seen this 
feature in a yellow diamond; nor had it been report- 
ed to occur in the absorption spectrum of any dia- 
mond, regardless of color. 

He wanted to show the feature to Bert Krashes, 
but Krashes had just gone to lunch. By the time he 
returned only a short while later, the line was gone. 
Crowningshield stood there, puzzled, until the 
answer suddenly came to him: The diamond had 
been heated by the light from the viewing projector, 
and the heat had caused the line to disappear. He 
knew he had to cool the stone, but there were few 
options in the early 1950s. “Suddenly, I had an idea,” 
Crowningshield recounted to journalist Bill Shuster 
years later (Shuster, 2003). “I ran downstairs to a 
local candy shop on the corner which sold ice cream 
and bought a piece of dry ice.” He quickly climbed 
the five flights of stairs to the laboratory, put the dia- 
mond on the ice to cool, and then looked at it in the 
spectroscope: The line again was visible. And 
Crowningshield had his solution. Years later, he 
often mentioned that he drew strange looks from 
people on the street when they saw “smoke” ema- 
nating from the dry ice in his briefcase. 

The principle of cooling diamonds to extremely 
low temperatures to get the best resolution of their 
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L. C. Eichner Releases 
Experimental 


Refractometer Model 


Built-in Light Source Featured in 


New Instrument 


At last the built-in light source— 
which every refractometer maker seems 
to have considered and rejected—is to 
be made available to those with whom 
its advantages outweigh its disadvant- 
ages, A, 

The Eichner refractometer, which, it 
has recently developed, will shortly be 
perfected and placed on the market, is 
the first American-made refractometer 
to incorporate a light. It has a battery- 
operated built-in light source. The in- 
strument, at the present time, is still 
in a developmental stage. The optical 
system has not been perfected, although 
it is possible to get refractive index 
quality readings when a stone is on one 
position on the hemisphere. The experi- 
mental model has a scale which is very 
small and difficult to read. 

There are certain disadvantages to 
a built-in light source within a refracto- 
meter. It makes its use with a mono- 
chromatic lamp—an exceedingly useful 
accessory—a very difficult project. If 
an extremely small battery lamp is used, 
as in the Ejichner, the battery deteri- 
orates in a short time and must be re- 
placed. Even in the G.I.A. laboratory, 
where the refractometer is probably 
used more frequently than in any 
jewelry firm, it was found that the 
trouble of changing batteries was a 
disadvantage for most users who prefer 
a smaller size and prefer daylight, a 
substage lamp or a gooseneck lamp to 
be entirely inadequate. 

If a light in a refractometer is de- 
signed to utilize a standard supply, the 
instrument must also be large to avoid 
damage due to excessive heat. In ad- 
dition, foreign power supplies are often 
such that the instrument couldn’t be 
used on foreign buying trips. No elec- 
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trical supply is available in many gem 
producing areas. 

On the other hand there are advan- 
tages to the refractometer with a built- 
in light. It can be used in dark corners 
where no light is available, while other 
refractometers should for best results 
be set on a table or showcase in daylight 
or near any lamp. Although readings 
can be obtained by simply pointing the 
ordinary refractometer in the direction 
of any good light, the best results are 
obtained by using the especially accurate 
monochromatic lamp or the inexpensive 
substage lamp, a less compact affair 
than if the lamp is part of the refracto- 
meter. 

The experimental model indicates that 
the Eichner Company will probably be 
able to make their instrument an efficient 
and valuable refractometer with a few 
minor changes. The present design in- 
cludes a revolving hemisphere and an 
unusually clever construction which per- 
mits rapid disassembly for cleaning or 
battery replacement. Present indications 
are that the instrument will be the least 
expensive refractometer with a rotating 
hemisphere available to the American 
jeweler. We are awaiting with interest 
the production model of the new Eichner 
instrument. When the instrument is 
available, it will be announced in 
Gems AND GEMmotocy.—M.E.C. 


spectra is still used by gemologists today, albeit with 
more sophisticated techniques. 

Crowningshield knew, however, that nothing 
could be proved by a single observation in a single 
stone, so he returned the diamond to the client with 
a statement to the effect that the origin of the color 
was “undetermined”—and immediately embarked 
on a landmark study of the absorption spectra in nat- 
ural and irradiated yellow diamonds. “Before we 
announced anything,” he said later, “we had to be 
sure that what we had was foolproof” (Shuster, 2003). 

Over a period of about 10 months, Crowning- 
shield and his colleagues set out to obtain as many 
known natural- and treated-color yellow diamonds 
as possible. It was the most intensive test of a theory 
ever attempted in gemology to this point, and it 
helped to institute the rigorous analysis common in 
contemporary gemological research (Shuster, 2003). 
To this end, New York diamond dealer Theodore 
Moed loaned his entire stock of known treated and 
untreated diamonds for examination. Additional dia- 
monds that were unequivocally natural color were 
found in the collections of the American Museum of 
Natural History and Tiffany & Co., among others. 
Also tested were hundreds of pieces of non-gem yel- 
low rough that was so inappropriate for the jewelry 
industry that treatment was extremely unlikely. 

Ultimately, Crowningshield and his colleagues 
examined the spectra of more than 10,000 yellow 
diamonds. His studies, which were published in the 
Winter 1957-1958 issue of Gems &) Gemology, con- 
firmed that the absorption line at 5920 A (592 nm, 
later redesignated to occur at 595 nm when the spec- 
tra were recorded with a spectrophotometer) was 
indeed a diagnostic feature of laboratory-irradiated 
and annealed yellow diamonds. The trade was 
ecstatic, and soon it became essential for any yellow 
diamond of significance to have a laboratory report. 
More importantly, perhaps, wrote Modern Jeweler's 
David Federman almost 40 years later (1995, p. 26), 
this discovery “elevate[d] gemology from an academ- 
ic pursuit to a key means of strategic defense in the 
jewelry industry. Seen in this way, 592 didn’t just 
mark a point on the spectrum. It marked a turning 
point in the history of gemology.” 


Early Work in Colored Stones and Pearls. Crowning- 
shield also pioneered other methods of gem examina- 
tion and identification. Using a procedure initially 
developed by fellow staff member Lester Benson 
(1948), he refined a method for measuring the RI. of 
cabochon-cut gems that he described in a 1949 GWG 
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Figure 7. Crowningshield provided one of the earliest 
reports on the “sweating” of wax-treated turquoise 
when exposed to a hot point in a 1959 “Highlights at 
the Gem Trade Lab in New York,” a precursor to 
today’s Lab Notes section. Photomicrograph by Shane 
F. McClure; magnified 23x. 


article. In 1951, decades before it became more popu- 
larized by Alan Hodgkinson (1995), Crowningshield 
pioneered the development of simple visual tech- 
niques to determine important optical properties by 
holding the gem close to the eye and looking 
through the table facet. As we can attest, it is amaz- 
ing to actually resolve an optic figure of a gemstone 
using your eye as the condensing lens. 

Between 1958 and 1960, Crowningshield investi- 
gated a wide variety of treated and synthetic gem 
materials. His discoveries and observations (e.g., as 
published in the “Lab Notes” listed in table 1 and 
his bibliography) included: the “sweating” reaction 
of wax-treated turquoise to a hot point (figure 7), the 
recognition of sugar-acid treatment of porous opal, 
spectroscopic studies of diamonds and their origin 
of color, the identification of synthetic rutile (a dia- 
mond simulant), and a study of flux-grown synthet- 
ic emerald. 

The laboratory that GIA acquired in the fall of 
1949 had been set up in 1940 primarily for testing 
pearls, and Bob Crowningshield continued its tradi- 
tion of pearl research throughout his long career. As 
early as 1951, he participated in the development and 
installation of a new X-ray system, which was opti- 
mized for taking radiographs of the internal structure 
of natural and cultured pearls (figure 8; see Benson, 
1951-1952). In 1961, Crowningshield reported on 
natural-color black pearls, to confirm by visual and 
spectroscopic methods that they had not been treated 
(also see Benson, 1960). A little over a decade later, in 
the mid-1970s, cultured black pearls were beginning 
to be produced in Tahiti (figure 9), but there was 
widespread doubt in the trade that their color was 
natural. Pearl dealer Salvador Assael supplied 
Crowningshield with hundreds of the new cultured 
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TABLE 1. Selected entries from the "Lab Notes" column by G. R. Crowningshield.' 
Entry Comments Vol. No. ssue? Page(s) 
Treated turquoise Dyed, oiled, surface treatments too often seen in the trade 9 8 W 1958-1959 229 
Treated yellow, red, green diamonds Increasing numbers submitted for identification 9 9 Sp 1959 268 
Imitations for jade Increasing variety of examples seen in the trade 9 9 Sp 1959 269 
Natural-color blue diamonds Electrical conductivity tester designed and built 9 10 Su 1959 291 
Cream-rosé baroque pearls Freshwater cultured pearls from Lake Biwa, Japan 9 10 Su 1959 292 
Coated diamond Coating substance detected on pavilion surface only 9 10 Su 1959 292-293 
Brownish yellow diamond Green in daylight, reverts to brownish yellow in dark 9 10 Su 1959 293 
Treated yellow sapphires Unstable yellow color in sunlight; stability testing needed 9 10 Su 1959 294 
Black treated opal Surface color due to carbon treatment lost during repolishing 9 11 F 1959 343 
Pink diamond Turns brown to X-rays; reverts to pink with gentle heating 9 12 W 1959-1960 360 
Cultured pearls with pink dye Pink dye stains visible in drill hole and on silk thread 9 12 W 1959-1960 361 
Treated blue diamonds Originally light brown and off-color based on spectra 9 12 W 1959-1960 361, 377 
Hope diamond Testing at Smithsonian with new conductivity tester 10 1 Sp 1960 10 
Synthetic emerald First time seen with visible platinum inclusions 10 Su 1960 61 
Radium-treated green diamond Blotchy green surface color, slightly radioactive 10 3 F 1960 69-70 
Dyed cultured rosé pearls Evidence of dye to produce overtone effect 10 4 W 1960-1961 114 
Intense natural-color yellow diamond Cape spectrum with yellow fluorescence 10 6 Su 1961 184-185 
Cultured blister (mabe) pearls Description of characteristics 10 7 F 1961 216-219 
Pearl alteration experiments Testing of damage by vinegar and spray cologne 10 7 F 1961 222-223 
Radium-treated diamonds Green color; autoradiograph produced on X-ray film 10 8 W 1961-1962 242 
Diamond doublets in jewelry Diamonds mounted with synthetic sapphire or spinel backs 10 10 Su 1962 305-306 
Turquoise imitations Reconstituted by compression of components 10 11 F 1962 336 
Gray type IIb diamond Electrically conductive, blue UV phosphorescence 10 11 F 1962 341 
Cyclotron-irradiated diamond Unusual pale green with a facet-related color zone 11 1 Sp 1963 26 
Lavender-dyed jadeite With pink UV fluorescence and a dye spectrum 11 3 F 1963 82 
Surface-treated amber Painted surface areas lacked expected UV fluorescence 1 3 F 1963 87 
Rare cat's-eyes Pink scapolite and green chrome diopside 1 4 W 1963-1964 104 
Treated jadeite bead necklace Dyed and plastic coated with incorrect measured R.I. value 1 6 Su 1964 182 
Emeralds from Brazil Not colored by chromium; name based on color appearance 1 8 W 1964-1965 244 
Famous diamond 43.38 ct Nassak diamond submitted for examination 1 8 W 1964-1965 245 
Pink conch pearl Description of appearance 11 9 Sp 1965 270 
Color-change sapphire Similar to alexandrite in terms of color appearance change 1 10 Su 1965 310 
Surface-treated diamonds With painted surfaces 1 10 Su 1965 310-311 
Button-shaped abalone pearls With red and green colors 1 11 F 1965 333 
Natural-color dark green diamond Green bodycolor with brown radiation stains 1 12 W 1965-1966 362 
Colored diamond ring With blue, red and green natural-color diamonds 1 12 W 1965-1966 362 
Famous ruby 138.7 ct Rosser Reves ruby loaned for examination 11 12 W 1965-1966 366 
Freshwater cultured pearls Round, well selected, from Lake Biwa, Japan 12 1 Sp 1966 20 
Hydrothermal synthetic rubies Description of inclusions and other properties 12 3 F 1966 68-70 
Cyclotron-irradiated green diamond Umbrella effect color zoning as evidence of treatment 12 3 F 1966 72 
Blue zoisite crystals (tanzanite) First gemological description 12 iG F 1967 201-204 
Tanzanian garnets Variety of orange-brown almandine-pyrope garnets 13 1 Sp 1969 15-16 
Treated turquoise Plastic impregnated and dyed to improve appearance 13 4 W 1969-1970 118 
Laser drilling of diamonds First description of tapering channel to bleach dark inclusion 13 if F 1970 224-226 
Treated pink diamonds Description of distinctive properties 13 12 W 1971-1972 380 
Maxixe blue bery! Report on the material and its absorption spectrum 14 4 W 1972-1973 111-112 
Gilson synthetic opal Description of materia 14 6 Su 1973 175-177 
Yellow conch pearl Examination of a rare-color conch pearl 14 8 W 1973-1974 235 
Taaffeite Large grayish violet cut stone 14 10 Su 1974 298-299 
Cubic zirconia Characterization of a new diamond imitation 15 5 Sp 1976 154-155 
Cultured black pearls Description of natural-color cultured black pearls from Tahiti 15 12 W 1977-1978 365 
Diffusion-treated blue sapphires Report on surface-related color treatment 18 3 F 1982 173 
Dyed black cultured pearls Description of distinctive properties 26 4 W 1990 286-297 
Diffusion-treated blue star sapphire Description of color and asterism produced by diffusion 27 1 Sp 1991 44-45 
Fancy-color diamonds Note on characteristic inclusions 30 1 Sp 1994 41-42 


'This column began as an article titled “New and unusual gem materials encountered in the Institute's Gem Trade Laboratories” in the Summer 1957 issue of Gems & Gemology (Vol. 9, No. 2). It 
then appeared under the title “Highlights at the Gem Trade Lab in New York” beginning in the Winter 1958-1959 issue (Vol. 9, No. 8). The name was changed to “Developments and Highlights 
at the Gem Trade Lab in New York” (and/or Los Angeles) in the Summer 1960 issue (Vol. 10, No. 2). It was changed again to “Developments and Highlights in GIA's Lab in New York” (and/or 
Los Angeles) in the Fall 1969 issue (Vol. 13, No. 3). With the Spring 1981 issue (Vol. 17, No. 1), it became “Gem Trade Lab Notes,” and has been “Lab Notes” since the Spring 2003 issue. 
Issue abbreviations: So=Spring, Su=Summer, F=Fall, W=Winter 
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black pearls for examination, and provided him with 
information on the culturing techniques. Following 
intensive study and consultation with GIA officials, 
the Gem Trade Laboratory decided to issue identifi- 
cation reports stating that the gems were natural- 
color cultured pearls. Assael recently said (pers. 
comm., 2003), “Thanks to this report . . . the top jew- 
elers of the world accepted this pearl as being a natu- 
ral color. I owe Bob Crowningshield a great deal.” 

Crowningshield began investigating tissue-nucle- 
ated freshwater cultured pearls in 1962, and showed 
that they, too, could be identified through X-radiog- 
raphy (also see Benson, 1951-1952). He examined 
both green and lavender dyed jadeite the following 
year, and proved that the presence of dye concentra- 
tions in surface-reaching fractures was a definitive 
criterion for recognizing many stones treated in this 
manner (figure 10). 

In the late 1960s, a sensational new gem variety of 
zoisite came onto the jewelry market. Tiffany & Co. 
named it tanzanite after its country of origin (figure 
11). Crowningshield and Richard Liddicoat published 
one of the first descriptive reports on this new gem 
material in a 1968 issue of Lapidary Journal. In 1970, 
Crowningshield wrote one of the first descriptions of 
a color-change garnet from East Africa. 

At about that time, he began developing a rela- 


Figure 8. From its beginning, pearl testing has been 
a major function of the GIA laboratory. Crowning- 
shield is shown here with the lab’s “new” X-ray 
equipment (installed in late 1951), arranging a 
group of pearls on the photographic film cassette 
before exposing them to the X-ray beam to produce 
the radiograph that will determine if they are natu- 
ral or cultured. 
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Figure 9. Largely because of Crowningshield’s ground- 
breaking work on natural- and treated-color black 
pearls, jewelers were able to trade confidently in the 
natural-color Tahitian black cultured pearls that first 
entered the market in the mid-1970s. This strand of 
black cultured pearls (12-16 mm) is courtesy of 
Buccellati. Photo by Robert Weldon, © GIA. 


tionship with Dr. Kurt Nassau, a well-known sci- 
entist at Bell Laboratories in Murray Hill, New 
Jersey, who had an interest in gem materials. Late 
in 1972, the laboratory staff was shown some dark 
blue beryl that Crowningshield and Nassau were 
able to confirm as having the same properties as 
the so-called Maxixe beryl, a material first found in 
1917 in Brazil that faded on exposure to sunlight 
(also see Nassau and Wood, 1973). Nassau later 
recalled that Crowningshield drew the spectrum of 
this material so precisely that the many fine lines 


Figure 10. As Crowningshield reported more than 40 
years ago, color concentrations in the surface-reach- 
ing cracks of jadeite jade are proof that the piece has 
been dyed. Photomicrograph by John I. Koivula; 
magnified 5x. 
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Figure 11. In 1968, Bob Crowningshield and Richard 
Liddicoat published one of the earliest descriptions of 
tanzanite, the new purplish blue zoisite. 

Photo © Harold and Erica Van Pelt. 


and his assessment of their location corresponded 
very closely with the results obtained from the same 
samples on the sophisticated recording spectropho- 
tometer at Bell Labs. 


Laser Drilling of Diamonds and the First Jewelry- 
Quality Synthetic Diamonds. Crowningshield also 
remained on the cutting edge of diamond research. 


Figure 12. Crowningshield reported on the laser 
drilling of diamonds as early as 1970. The laser drill 
holes serve as a conduit from a diamond’s surface to 
dark mineral inclusions, which are then lightened or 
removed by acid treatment. Photomicrograph by John 
L. Koivula; magnified 10x. 
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Figure 13. The synthetic diamonds shown here 
(0.29-0.78 ct) are among those GE produced experi- 
mentally in the 1970s. Photo by Robert Weldon, © GIA. 


In the 1960s, a secretive process was developed by 
which a laser was used to burn a tiny hole into a 
diamond down to a dark inclusion (figure 12). Acids 
were then introduced through this open channel to 
dissolve or bleach the inclusion. The first reports on 
this new “laser drilling” process were presented by 
Crowningshield as Lab Notes in the Fall 1970 and 
Winter 1971-1972 issues of Gems &) Gemology. In 
fact, while attending a gemological conference in 
Europe, Bob was asked to divert his return trip to 
London and share his observations on the new laser 
treatment with De Beers. 

Meanwhile, in 1970 General Electric announced 
their production of the first synthetic diamond crys- 
tals suitable for faceting (see, e.g., figure 13). GE scien- 
tists, who had worked with Crowningshield and 
Richard Liddicoat in the mid-1950s following the 
company’s announcement of the first industrial syn- 
thetic diamonds, flew Crowningshield to their head- 
quarters in Schenectady to examine the new gem syn- 
thetics they had grown. They loaned several samples 
to GIA for study, and Crowningshield’s 1971 article in 
Gems &) Gemology provided the first gemological 
description of this new material (figure 14). Many of 
the identification criteria for synthetic diamonds dis- 
cussed in that article, such as color zoning, metallic 
inclusions, and uneven patterns of UV fluorescence, 
are still in use today to distinguish synthetic dia- 
monds produced by a variety of manufacturers. 


Later Research on Colored Stones. Crowning- 
shield’s important work in colored stones continued 
well into the next decade. In the early 1980s, corun- 
dum treated by heating and diffusion techniques 
became more prevalent in the marketplace, thus 
necessitating a means of detection. In response, 
Crowningshield wrote two articles with Kurt 
Nassau on the detection of heat and diffusion treat- 
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ment in natural and synthetic sapphires. 

Of continuing importance, however, was the 
characterization of natural stones. In a comprehen- 
sive Spring 1983 Gems & Gemology article, he 
described the color appearance of—and proper 
nomenclature for—orangy pink to pinkish orange 
“padparadscha” sapphires (figure 15). This article is 
still considered by many to be the best explanation of 
the color of this rare natural corundum. 

Crowningshield also spearheaded a 1986 article, 
with Dr. Comelius Hurlbut and C. W. (Chuck) Fryer, 
that discussed the separation of natural from synthet- 
ic amethyst on the basis of the presence of Brazil-law 
twinning in the former (figure 16). While this criteri- 
on has been subverted by the availability of twinned 
synthetic amethyst, at the time it offered a practical 
means for gemologists to identify this important col- 
ored stone. Crowningshield was very concerned 
about the impact on the trade of natural and synthet- 
ic stones being mixed together in a single parcel 
without a clear-cut method to separate them. 


Figure 14. In a Summer 1971 Gems & Gemology arti- 
cle, Crowningshield provided the first gemological 
description of the new GE jewelry-quality synthetic 
diamonds. 
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Figure 15. Crowningshield was passionate about 
the rare “padparadscha” sapphire, such as this 3.13 
ct stone from Montana, and his 1983 article is a 
classic on the origin of this trade name and the def- 
inition of the color. Courtesy of M. Bielenberg; 
photo © GIA and Tino Hammid. 


On occasion, Crowningshield was called on to 
examine gem materials of particular historic interest. 
In 1989, he described the quality grading of the 45.52 
ct Hope diamond by members of the GIA laboratory 
staff, who were given a special opportunity to exam- 
ine this famous gemstone at the Smithsonian 
Institution in Washington, DC. In the early 1990s, 
gem dealer Benjamin Zucker proposed to William 
Voelkle, the head of the Morgan Library in New York, 
that someone conduct a gemological examination of 
its early medieval Weingarten and Lindau Gospels, 
which were “illuminated” (hand-illustrated) manu- 
scripts with gem-encrusted covers (figure 17). 
Although the manuscripts themselves had been stud- 


Figure 16. This image from a 1986 report by 
Crowningshield, Hurlbut, and Fryer clearly shows the 
difference between the twinned natural (oval) and 
untwinned synthetic (emerald cut) amethyst then 
available in the trade. Photo by David Hargett. 
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Figure 17. Crowningshield was one of three gemologists asked to identify the gemstones on the covers of the 
medieval Weingarten (left) and Lindau Gospels. Courtesy of the Pierpont Morgan Library/Art Resource NY. 


ied extensively, the gems on the covers had never 
been identified or authenticated. Voelkle immediately 
invited GIA to conduct the examination. Over the 
course of five or six visits to the Morgan Library, 
Crowningshield, Zucker, and one of the present 
authors (TM) examined the book covers. The chal- 
lenge was handling the rather large manuscripts and 
the hand-wrought gold covers, into which the stones 
had been set with finely made bezels. They had to 
take the instruments to the stones rather than vice 
versa. To get a refractive index, for example, they 
placed the refractometer upside down on the stone 
and used mirrors to take the readings (employing 
some of the methods that Crowningshield had out- 
lined in his 1949 article). Ultimately, they were able 
to conclude that all of the stones—primarily rubies 
and sapphires, with some amethysts, citrines, chal- 
cedonies, and garnets—were natural. As Zucker 
recalled in a 2003 interview: 


Here was the best of all worlds: a great religious 
gospel, the stones embedded in this medieval 
book cover, the finest example of 12th century 
goldsmithing, and Bob Crowningshield looking 
at this stone and saying: “Tom [Moses], look at 
this. Isn’t this interesting? Look at that inclusion. 
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This came from Ceylon.” And here are these 
gemstones that had come in the 12th century 
from Ceylon by boat or across the land route 
through Alexandria to Western Europe and then 
were set in this medieval book cover. . . . 1 would 
say millennia came together in this very room. 


Notes from the Laboratory. Many of Crowning- 
shield’s most notable contributions arrived in the 
form of short reports published in what is now the 
Lab Notes section of Gems &) Gemology. One of the 
journal’s most enduring and popular features, where 
unusual and interesting gem materials are briefly 
described, was inaugurated by Crowningshield with a 
1957 GwG article titled “New or Unusual Gem 
Materials Encountered in the Institute’s Gem Trade 
Laboratories.” 

“One of the many joys of being associated with 
the Laboratories of the Gemological Institute of 
America,” he said in his 1957 introduction, “is 
identifying unexpected gem materials that may 
heretofore not have been widely reported, if at all.” 
Over the next four decades, he wrote more than 
1,000 entries on gem materials of all kinds (again, 
see table 1). These entries typically included why a 
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particular gem material was of interest at the time, 
its distinctive gemological properties, and what 
steps were required for its identification. In review- 
ing these Lab Notes, one is amazed at the variety of 
gem identification dilemmas Crowningshield and 
his colleagues—such as Richard Liddicoat, Lester 
Benson, and Chuck Fryer—faced. It is also surpris- 
ing to realize that Crowningshield was one of the 
first to successfully address many of these chal- 
lenges—often before they became more serious 
problems in the trade—and that his gem-testing 
work frequently preceded that of others. 

In addition to his many contributions to Gems 
@#) Gemology, Crowningshield also wrote regular 
columns in The Loupe from the late 1940s through 
1958, titled variously “Overheard in Manhattan,” 
“Overheard in the G.I.A. Lab,” and “Through the 
Lens at the Gem Trade Lab in New York.” 


CO-DEVELOPER OF THE 
DIAMOND GRADING SYSTEM 
During the early 1950s, Crowningshield was deeply 
involved with Richard Liddicoat, Bert Krashes, and 
others at GIA in the development of a quality-grad- 
ing system for polished diamonds. Prior to that time, 
there were many systems and terminologies being 
used within the trade to describe the qualities of dia- 
monds, most of which were inconsistent and unsci- 
entific. Beginning in the 1930s, experts at GIA 
worked to develop effective grading procedures, 
equipment such as the DiamondLite (this was ini- 
tially called the Diamolite), the Diamondscope, the 
Gemolite (see, e.g., “New diamond grading equip- 
ment,” 1937; Shipley and Liddicoat, 1941; Wiss, 
1946; Collison, 1947), an electronic colorimeter for 
measuring diamond color (Shipley, 1958), reference 
standards (diamond “master stones”), and a formal 
system of nomenclature to describe the color and clar- 
ity of diamonds that were colorless to light yellow. 
Not only did Crowningshield help develop what 
would come to be known as the GIA Diamond 
Grading System, but in the spring of 1953, and 
through one-week traveling classes beginning in 
1955, he helped teach the first GIA education 
courses (“Diamond Grading and Evaluation”) on 
this system (figure 18). As journalist and GIA histo- 
rian Bill Shuster reflected half a century later (pers. 
comm., 2,003): 


Just with the traveling classrooms alone, 
Crowningshield, Krashes, and the other GIA pio- 
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neers helped establish the diamond grading sys- 
tem with jewelers across America by taking it 
directly to them. This is what really helped stabi- 
lize and make the system important. Because 
they [the jewelers] could see right there, sitting in 
some little town near Atlanta, Georgia, or some 
hamlet up in Canada near Toronto, what the 
gem experts were talking about. 


Although the system was initially intended sim- 
ply as an evaluation procedure for use by GIA stu- 
dents and graduates, within a short time students 
and members of the trade were asking the GIA 
instructors to help grade their diamonds in order to 
provide an independent assessment of the quality. 
As Bert Krashes—who retired as a vice president of 
the laboratory in 1987—tecalled: 


When students returned home and graded their 
own diamonds, they frequently encountered 
challenging grading situations. As part of our ser- 
vice to them, we agreed to check their findings. 
We used diagrams of the various cuts of dia- 
monds, on which we noted the position of inclu- 
sions as well as our grading of the stone. After 
word of our grading system attained some noto- 
riety, we were asked to produce a more formal 
report, and that is how our diamond grading 
report was born. 


The first formal GIA diamond grading reports 
were issued in 1955. Because of Crowningshield’s 


Figure 18. In the 1950s, Crowningshield was one of 
the original instructors in GIA’s traveling classes to 
teach the Institute’s new diamond grading system. 
Crowningshield is shown here with a September 1957 
class in Indianapolis, Indiana. 
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Figure 19. Crowningshield was an important contribu- 
tor to the color grading system for colored diamonds. 
Reproduced here is a section of the color grid for 
Fancy blue diamonds (King et al., 1998). 


prominence in teaching the system, he was regard- 
ed as one of its foremost practitioners (Federman, 
1995). Even so, trade acceptance of the system took 
years of effort by Crowningshield and others, with 
dealers and jewelers only gradually recognizing its 
benefits. As Bert Krashes explained, “Little by little, 
jewelers both here and abroad found that our reports 
helped them sell diamonds. At first, Bob and I 
would each grade a diamond independently, then 
compare our findings. Eventually, this led to the 
establishment of the repeatable parameters we sub- 
sequently used in grading.” 

As the reports became more important, GIA some- 
times encountered dealers who were unhappy with 
the grades their diamonds received—and were not shy 
about telling Crowningshield and Krashes what they 
thought. In a 2003 interview, diamond dealer William 
Goldberg commented, “Even way back then, I 
remember that Bob said ‘No matter what—we’re 
friends. You're a good guy, but [the diamond’s grade] is 
what it is, and we’re not going to change it because 
we play tennis together or have known each other for 
30 years.’ To me, that [integrity] is very crucial. If I 
had a certificate, and Bob Crowningshield’s or Bert 
Krashes’ names were on it, that always represented to 
me the essence of what GIA is all about.” 

Crowningshield was also directly involved in 
establishing and refining the system of color termi- 
nology that Gem Trade Laboratory staff used to 
describe colored diamonds. The appearance of treated- 
color diamonds in the 1950s helped create greater 
interest in natural-color diamonds. In addition to 
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seeking origin-of-color reports, clients also brought in 
yellow diamonds to see if they were an unusual cate- 
gory referred to as “canaries.” This required the devel- 
opment of procedures to visually assess diamond col- 
oration, as well as references to mark color descrip- 
tion boundaries. From the very beginning, Crowning- 
shield was involved with establishing the boundary 
between the Z color grade (light yellow) and the 
Fancy yellow category, working with other GIA staff 
members as well as prominent colored diamond deal- 
ers of that era, such as Arthur Reik and Sidney 
DeYoung. Later refinements to this nomenclature 
system (see King et al., 1994, 1998, 2002) included 
concepts that had been developed decades earlier by 
Crowningshield and his colleagues (figure 19). 


ALWAYS THE EDUCATOR 


Crowningshield was involved in teaching gemology 
to Institute students and other members of the jewel- 
ry trade from his first weeks at GIA. Over a period of 
42, years starting in 1951, he was also a popular 
speaker at the annual educational meetings of the 
American Gem Society (figures 20 and 21); see the 
Gems & Gemology data depository for a list of his 
presentations and other contributions at these AGS 
Conclaves [http://www.gia.edu/gemsandgemolo 

click on “GWG Data Depository”]. Written ver- 


Figure 20. For more than four decades, Bob 
Crowningshield was a popular speaker at the 
annual AGS Conclaves. 
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sions of the majority of these presentations can be 
found in the AGS Guilds magazine. Crowning- 
shield also presented at several of the biannual 
International Gemmological Conferences as well as 
to other industry groups, such as GIA Alumni and 
trade associations. 

In addition to his gemological reports, Crowning- 
shield published many notable articles on general 
subjects of interest to the trade. In a two-part 1953 
piece, he discussed several principles for the market- 
ing of colored stone jewelry as accessories to current 
fashions. He wrote about a practical procedure, pub- 
lished in 1958 both in Gems & Gemology and the 
Journal of Gemmology, for documenting the extent 
of physical damage or inherent flaws in polished 
gemstones. This article arose from the work done by 
laboratory staff to ascertain damage to client gems, 
often in cases involving insurance claims. A 1963 
article that described the care of gem materials dur- 
ing the manufacture, repair, display, and wearing of 
jewelry was also based on his examination of dam- 
aged gems that had been submitted to the lab. 

An important teaching point in GIA education 
classes is for students to learn the correct definitions 
and usage of a number of gemological terms. In 1960, 
Crowningshield coauthored the first edition of the 
GIA Diamond Dictionary, which provided these 
gemological terms when no other suitable dictionary 
was available. Crowningshield’s last published article 
appeared in 1995, a study on separating natural from 
treated pink diamonds that he wrote with several 
GIA colleagues for Diamond World Review. 

Crowningshield’s outreach also included the 
general public, with interviews about gems and jew- 
elry on radio in the 1950s (figure 22) and television 
programs such as the RCA Jewelry Show in 1964. 


PROFESSIONAL RECOGNITION 


During his long career, Bob Crowningshield has been 
the recipient of a number of professional recognitions. 
A Certified Gemologist of the American Gem Society 
since 1948, in 1983 he was awarded AGS’s Robert M. 
Shipley Award for outstanding service to the jewelry 
industry. In 1991, GIA established the G. Robert 
Crowningshield Gemological Research Laboratory as 
the Institute’s focal point for research work on gem 
identification. In 1995, he received the 12th annual 
Lifetime Achievement Award from Modern Jeweler 
magazine. Crowningshield is an honorary director of 
the Canadian Gemmological Association and a recipi- 
ent of the Accredited Gemologists Association’s 
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Figure 21. Bob Crowningshield, Eunice Miles, 
Glenn Nord, Richard Liddicoat, and Bert Krashes 
participate in a gemological panel at the 1965 
AGS Conclave in Chicago. Each of these individu- 
als played a key role in educating the industry. 


Antonio C. Bonnano Award for Excellence in Gemol- 
ogy. Most recently, this year he was honored with the 
AGS Lifetime Achievement Award (figure 23) and 
was inducted into GIA’s League of Honor. 

In a 1995 article describing the Lifetime 
Achievement Award from Modern Jeweler, David 
Federman explained why Crowningshield was so 
well respected throughout the industry and the 
research community: 


As the Sufi mystics say, “Duty is greater than 
God.” And Crowningshield is the rare exemplar 
of that aphorism. No wonder he is among the 
most revered teachers and practitioners of 
gemology in the post-war era. And because of his 
legendary dedication to his profession, he has 


Figure 22. Because of his gemological expertise, 
Bob Crowningshield was often asked to speak to 
the public about gems, as in this NBC radio inter- 
view in the 1950s. 
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Figure 23. In July 2003, AGS presented Crowning- 
shield with a Lifetime Achievement Award for his 
“indelible and beneficial impact on the jewelry 
industry through outstanding scientific and educa- 
tional contributions.” He is shown here with AGS 
President-elect Bill Sites (left) and AGS President Bill 
Farmer Jr. (right). Photo courtesy of AGS. 


emerged as perhaps the most distinguished advo- 
cate of gemology’s daily relevance and sentinel 
significance to the trade at large—excelling at all 
the services for which the Gemological Institute 
of America is known: teaching, research, dia- 
mond grading, and gem identification. 


CONCLUSION 


It would be impossible to overstate G. Robert 
Crowningshield’s contributions to GIA and the jew- 
elry industry. In the early years of the Gem Trade 
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Laboratory in New York, he worked closely with 
two other well-recognized individuals, Bert Krashes 
and Eunice Miles, to build the day-to-day business of 
the laboratory. Most importantly, though, as stated 
in the published announcement for the 2003 AGS 
Lifetime Achievement Award, “G. Robert 
Crowningshield has made an indelible and beneficial 
impact on the jewelry industry through outstanding 
scientific and educational contributions toward the 
advancement and understanding of gemology.” 

Leaders of the jewelry industry and others who 
have worked with him over many years would 
describe him as a gentleman—hard working yet 
caring and always courteous; debonair yet self- 
effacing; as ethical as he is enthusiastic; and not 
only intelligent, but also knowledgeable, gifted 
with a photographic and encyclopedic memory. He 
has always been committed to GIA’s mission, 
which—in the words of his longtime friend and col- 
league Bert Krashes—is to “teach the truth about 
gemstones, and to counsel jewelers that they do the 
same when they are dealing with their customers.” 
Although Crowningshield has received widespread 
recognition for his accomplishments, the most 
important one is the respect that his colleagues 
continue to hold for him as one of the greatest 
gemologists the world has ever known, and an indi- 
vidual who has dedicated his life to the study and 
understanding of gems. 

Up until recent years, Crowningshield continued 
to go to the New York lab on a regular basis. Even 
today, in the Upper West Side Manhattan brown- 
stone that has been his home for more than 50 
years, he enjoys visits from old friends and col- 
leagues and remains fascinated by the rapid changes 
in the gemological landscape. He still amazes us 
with occasional flashes of his vast recall of gemolog- 
ical information and remains an inspiration to 
many at GIA and throughout the international 
gemological community. 
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Pear! Identification by X-Ray Diffraction 


Mappin's Gemmological Laboratories, Montreal 
WILLIAM H. BARNES, M.Sc., Ph.D. 


Associate Professor of Chemistry, McGill University 
PART IV — RESULTS and SUMMARY 
Off-Centre X-Ray Diffraction of Natural and Cultured Pearls 


Eprror’s Nore: For figure numbers 
under Figure No. 21, see previous three 
issues of Gems & Gemology. 


Experimental verification of these de- 
ductions is presented in Figure 21. By 
means of preliminary X-ray diffraction 
photographs the setting of the cultured 
pearl employed for Figures 5, 6, 7, and 
8 was adjusted until the pseudo-hex- 
agonal axes of the core were vertical. 
For pattern P-42-35, Figure 21, the X- 
ray beam passed through the pearl 
slightly below the centre, as represented 
at A, Figure 20. The pearl was 
displaced 2.5 mm. horizontally to a 
position corresponding to B, Figure 
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20, and pattern P-42-36 was obtained. 
Rotation of the pearl through 22.5° 
to a setting similar to that shown at 
C, Figure 20, but clockwise, resulted 
in the corresponding rotation of the pat- 


tern exhibited in P-42-37. The pearl 
was then returned to the setting in 
which it gave pattern P-42-36 (position 
B, Figure 20) and was displaced 1.5 
mm. vertically upwards to a position 
corresponding to D, Figure 20. 

The diffraction pattern, P-42-38, ob- 
tained in this setting, however, is dis- 
appointing. Its ambiguity may be due 
to either (or both) of two causes; ir- 
regularity of the laminations of the 
mother-of-pearl core or inclusion in 
the path of the beam in the inner sec- 
tions of the nacre covering of the pearl. 
As shown at D in Figure 20, the com- 
bination of a horizontal and a vertical 
displacement of the pearl may bring 
the direction of the X-ray beam very 
close to the surface layers of the speci- 
men. 

It should, of course, be noted that 
appreciable departure from plane par- 
alldism of the mother-of-pearl layers 
of real cultured pearls will result in 
some deviation from strict adherence to 
the ideal behaviour deduced from Fi- 
gures 17 and 20 for a geometrically 
perfect specimen. This has been pointed 
out previously in connection with the 
patterns P-43-24 to P-42-27, Figure 7, 
obtained from a cultured pearl, and in 
a discussion of patterns P-44-4 to 
P-44-8, given by a mother-of-pearl 
bead. 

That the irregularity in a particular 
specimen may be more marked in cer- 
tain directions than in others is evident 
from the fact that the same cultured 
pearl was employed for the patterns, 
P-42-24 to P-42-27, referred to in the 
foregoing sentence as for P-42-31, Fi- 
gure 19, and the sequence P-42-35 to 
P-42-37, Figure 21, in which no appreci- 
able departure from the expected pat- 
terns occurs. 

Although the patterns from an ideal 
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AN INVESTIGATION INTO THE 
CAUSE OF COLOR IN NATURAL BLACK 
DIAMONDS FROM SIBERIA 


Sergey V. Titkov, Nikolay G. Zudin, Anatoliy |. Gorshkov, 
Anatoliy V. Sivtsov, and Larisa O. Magazina 


Black and dark gray diamonds from Siberia, 
Russia, were studied by analytical scanning and 
transmission electron microscopy. Their color is 
caused by the presence of dark inclusions. Unlike 
some previous reports on black diamonds in 
which the dark inclusions were primarily graphite, 
the Siberian samples with the most intense black 
color contained predominantly magnetite inclu- 
sions, while the dark gray diamonds most com- 
monly contained inclusions of hematite and native 
iron. Moreover, the black diamonds studied exhib- 
ited anomalously high magnetic susceptibility, 
which may serve as one criterion for determining 
the natural origin of black color. 


atural diamonds occur in almost all colors 
N (Orlov, 1977; Hofer, 1998). Most colors— 

including brown, pink, red, orange, yellow, 
green, blue, and violet—are caused by defects in the 
diamond’s crystal structure, most commonly nitro- 
gen and boron impurities, vacancies, and disloca- 
tions (Collins, 1982; Fritsch and Rossman, 1988). In 
contrast, black and gray colors in untreated natural 
diamonds are due to the presence of mineral inclu- 
sions rather than structural defects. 

Strange as it may seem, the nature of these 
inclusions has not been studied in detail, although 
high-quality faceted black diamonds have attracted 
considerable interest in the marketplace (see, e.g., 
Gruosi, 1999; figure 1). Data on mineral inclusions 
in black diamonds available in the gemological lit- 
erature are based mainly on examination with the 
optical microscope. Black inclusions clearly seen 


200 NOTES AND NEW TECHNIQUES 


with an optical microscope have been described 
previously as graphite (see, e.g., Kammerling et al., 
1990). Orlov (1977) suggested that finely dispersed 
graphite microparticles also occur in those black 
diamonds in which individual inclusions could 
not be seen with the optical microscope. 

Although very rare, facetable black diamonds 
are found in primary kimberlite and secondary 
alluvial deposits worldwide. Such diamonds are 
mined in Siberia, eastern Russia, mainly from the 
Mir kimberlite pipe. A number of companies, such 
as Rony Carob Ltd. (Moscow), V. N. Almaz LLC 
(New Jersey), and V. B. International Corp. (New 
York), cut black diamonds from Siberia for use in 
jewelry (see, e.g., figures 2, and 3). 

The aim of this article is to document the iden- 
tification of mineral inclusions in black and near- 
black diamonds from Siberian deposits using ana- 
lytical scanning and transmission electron 
microscopy methods. In our previous work 
(Gorshkov et al., 2000; Titkov et al., 2001; and ref- 
erences therein), we used these techniques to 
investigate microinclusions in polycrystalline dia- 
mond aggregates (bort and carbonado) from various 
deposits. That data expanded our knowledge of 
inclusions in natural diamonds, and demonstrated 
their mineralogical diversity. In particular, we 
found that native metals—including common Fe 
and rare Cr, Ni, Ag, Au, Cu, Ti, and Fe-Cr, Fe-Ni, 
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Ag-Au alloys—occur widely as inclusions in natu- 
ral polycrystalline diamonds. It is noteworthy that 
some of these metals, most often Ni and Fe, are 
used as fluxes in diamond synthesis, and synthetic 
crystals often contain them as inclusions 
(Muncke, 1979). 


MATERIALS AND METHODS 


We studied four rough black diamonds (samples 
1-3 and 6), and two rough nearly black or dark gray 
diamonds (samples 4 and 5), from which polished 
brilliants could be manufactured. Samples 1-5 
were recovered from the kimberlites of western 
Yakutia and weighed 13-25 ct each; sample 6, 1.8 
ct, came from the Anabar placer deposit in north- 
ern Yakutia. 

All six diamonds were examined with an 
Olympus BX51 optical microscope, and photomi- 
crographs were taken using a MIN-8 microscope 
with a Pentax-MZ5N camera. 

The six diamonds were then studied with ana- 
lytical electron microscopy (Wenk et al., 1995; 
Shindo and Oikawa, 2002), and the inclusions 
were identified by their chemical composition and 
structural parameters. Investigations were per- 
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Figure 1. Black dia- 
monds have become 
increasingly popular in 
modern jewelry such as 
this brooch, which con- 
tains 992 black dia- 
monds (total weight 
54.50 ct) and 170 color- 
less diamonds (total 
weight 1.90 ct). The cen- 
ter diamond weighs 2.51 
ct. Courtesy of Chanel 
Fine Jewelry, from the 
Collection Privée. 


formed using a JEOL JEM-100C transmission elec- 
tron microscope (TEM) equipped with a goniome- 
ter and a Kevex 5100 energy-dispersive X-ray spec- 
trometer, allowing the detection of elements from 
Na to U. We also used a JEOL JSM-5300 scanning 
electron microscope (SEM) equipped with an 
Oxford LINK ISIS energy-dispersive X-ray spec- 
trometer, which permitted detection of elements 
from Be to U (including, most significantly, oxy- 
gen). With these two instruments, we obtained 
information on micromorphological features (from 
SEM backscattered electron images and TEM 
images), line and volume structural defects (from 
TEM images), structural parameters (from select- 
ed-area electron diffraction patterns obtained using 
the TEM), and chemical compositions (from ener- 
gy-dispersive spectra) of inclusions as small as a 
fraction of a micron. Box A provides more informa- 
tion on analytical electron microscopy. 

In preparation for analysis, each sample was 
crushed after being wrapped in a special thick 
paper to avoid contamination. In large fragments, 
quantitative energy-dispersive analysis of inclu- 
sions was performed by SEM on polished surfaces, 
and semi-quantitative analysis was performed on 
rough, unpolished surfaces that were quite flat and 
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BOX A: ANALYTICAL ELECTRON MICROSCOPY 


Analytical electron microscopy is the combination of 
transmission or scanning electron microscopy (TEM 
or SEM) with energy-dispersive X-ray spectroscopy 
(EDS). It is one of the most powerful tools available 
for characterizing the solid-state substances that 
occur as micron-sized inclusions in minerals. 

The electron microscope uses a beam of acceler- 
ated electrons instead of visible light (as in an optical 
microscope). Electron microscopy provides for mag- 
nifications of more than 500,000x, and a spatial reso- 
lution of 3 angstroms (or 3 x 10-!° m}, because the 
wavelength of an electron beam is about four orders 
of magnitude shorter than that of visible light. 

In TEM, the electron beam is focused by a mag- 
netic lens through a specimen that is thin enough 
to be transparent to the beam. In image mode, it 
provides electron micrographs that reveal various 
defects (dislocations, misoriented microblocks, 
microtwins, etc.) in a specimen. In diffraction 
mode, the instrument generates selected-area elec- 
tron diffraction patterns, calculation of which 
reveals structural characteristics. The general prin- 
ciple behind electron diffraction patterns is similar 
to that of X-ray diffraction patterns. Analysis of 
these patterns is very complicated, because pub- 
lished lattice parameters obtained with this tech- 
nique are quite rare in the mineralogical literature, 
and absent from the gemological literature. The 
analysis and calculation of electron diffraction pat- 
terns are discussed in Hirsch et al. (1977). 

Electron diffraction patterns may be of two 
types: point and ring. Point diffraction patterns are 
formed if the sample studied is a perfect single crys- 
tal, with each point corresponding to the reflection 
from a specific set of atomic planes in the lattice. 
Ring diffraction patterns are produced by polycrys- 
talline aggregates, with each ring corresponding to a 
certain reflection from many microblocks, or grains, 
in various orientations (i.e., a ring consists of many 
points, each of which corresponds to one misorient- 
ed block). Discrete-ring diffraction patterns may 
arise if microblocks in the aggregate have a pre- 
ferred orientation, or if the aggregate is character- 
ized by a certain texture. 

Some important limitations of the TEM tech- 
nique in gemology are that the sample must be very 
thin (ie., it must be crushed to a powder or chemi- 
cally etched), and the area analyzed is only about 1 
mm in diameter. 

In a scanning electron microscope (see, e.g., figure 
A-1), images are recorded using secondary and 
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backscattered electrons reflected from a sample sur- 
face. SEM provides information on micromorpholo- 
gy, grain and pore sizes, sample homogeneity, the 
relationship between different phases, and the like. 

For both TEM and SEM, the interaction of the 
electron beam with a sample produces characteris- 
tic X-ray radiation. Measuring the intensities of 
these X-rays with energy-dispersive detectors (the 
basis of EDS) reveals the chemical composition of 
the sample. 

In summary, analytical electron microscopy 
provides unique information on micromorphologi- 
cal features (from SEM images and TEM images), 
line and volume structural defects (from TEM 
images), structural parameters (from electron 
diffraction patterns obtained using the TEM), and 
chemical composition (from EDS) of samples as 
small as a fraction of a micron. For more informa- 
tion on analytical electron microscopy, see Wenk 
et al. (1995), Shindo and Oikawa (2002), and refer- 
ences therein. 

Facilities equipped with SEM+EDS and 
TEM+EDS instruments can be found at some uni- 
versities or research centers, particularly those spe- 
cializing in materials science, chemistry, physics, or 
geology. The approximate costs of these instru- 
ments are typically: SEM, $100,000—$300,000; 
TEM, $500,000-$1,000,000; and EDS detector, 
$70,000-$300,000. 


Figure A-1. The scanning electron microscope used 
for this study was equipped with an energy-disper- 
sive X-ray spectrometer, for analysis of elements 
ranging from Be to U. Photo by M. K. Sukhanov. 
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Figure 2. These two faceted diamonds are from the 
Siberian deposits in Russia, which were also the 
source of the samples examined for this study. The 
hexagon-shaped stone measures approximately 8.4 
mm in diameter. Photo by M. A. Bogomolov. 


oriented nearly perpendicular to the electron 
beam. These samples were carbon coated to dis- 
perse electrostatic charge in the SEM. For TEM 
analysis, the crushed diamond powder was placed 
into a test tube with distilled water, and treated 
ultrasonically to obtain micron-size particles. 
Drops of this suspension were placed onto a copper 
grid with an electron-transparent film and dried 
under a lamp. In each suspension sample, about 
100-200 particles were analyzed, and for each par- 
ticle, a TEM image, an electron diffraction pattern, 
and an energy-dispersive spectrum were obtained. 
The relative abundance of various types of inclu- 
sions was estimated based on the frequency of 
their presence in the suspension sample. 

The magnetic susceptibility of the largest frag- 
ments of the six samples was analyzed with a 
Kappabridge KLY-2 magnetometer. Box B provides 
information on magnetic susceptibility. 
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Figure 3. The dark gray and black diamonds in these 
brooches came from Siberia. The length of the brooch 
on the right is 6.8 cm. Courtesy of Rony Carob Ltd.; 
photo by M. A. Bogomolov. 


RESULTS 


Samples 1—5 were irregular rounded diamonds (see, 
e.g., figure 4). Examination with an optical micro- 
scope showed that they consisted of polycrystalline 
aggregates of intergrown grains from 0.5 to 5.0 mm 
in size, with parallel striations. Some of their sur- 
faces showed characteristic post-growth dissolution 
features (e.g., block sculpture, ditrigonal striations, 
etc.; see Orlov, 1977). Sample 6 was a rounded, dis- 
torted crystal with octahedral habit that also dis- 
played dissolution features (block- and drop-like 
hillocks; see Orlov, 1977). All six diamonds were 


Figure 4. These two 
rough polycrystalline 
diamonds were among 
the six studied to deter- 
mine their cause of 
color. Shown are sample 
2 (left, 25.26 ct) and 
sample 5 (right, 22.36 
ct). Photos by M. A. 
Bogomolov. 
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Box B: MAGNETIC SUSCEPTIBILITY OF MINERALS 


All substances, including minerals, possess magnetic 
properties to some degree. These properties may be 
characterized by magnetic susceptibility, as well as by 
magnetization, magnetic permeability, magnetic 
structure, and the like. Magnetic susceptibility (x) is a 
physical value that characterizes the relationship 
between the induced magnetization of a substance 
and a magnetic field applied. Volume magnetic sus- 
ceptibility is defined by the ratio of the magnetization 
per unit volume of a substance to the strength of the 
magnetic field applied. For most practical purposes, 
specific magnetic susceptibility is expressed—that is, 
the volume of magnetic susceptibility calculated per 
kilogram of the material (in units of m*4kg). For fer- 
romagnetic (e.g., native Fe and Ni), ferrimagnetic (e.g., 
magnetite, chromite), and paramagnetic (e.g., garnet, 
mica, tourmaline) minerals, magnetic susceptibility is 
positive. Its value reaches the order of 10° for the first 


almost opaque, due to a combination of numerous 
inclusions and microfractures. 


Inclusions. Examination of the six samples using an 
optical microscope revealed large numbers of very 
small dark inclusions (figure 5), the apparent cause 
of the black or dark gray color. To the unaided eye, 
these inclusions generally appeared to be evenly dis- 
tributed throughout the sample. However, examina- 
tion with the optical microscope revealed that they 
typically formed clusters or linear boundaries 
between individual diamond grains, where a great 


Figure 5. Examination with an optical microscope 
revealed numerous black inclusions in the sample 
diamonds. Photomicrograph by M. A. Bogomolov, 
oblique illumination; the field of view is 2 mm. 


=_ 
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two groups, but is only about 10°-10° for the last. 
For diamagnetic minerals (e.g., diamond, quartz, 
feldspar), magnetic susceptibility is negative, being on 
the order of 10-10”. 

Magnetic susceptibility may be measured with a 
special magnetometer, called a y-meter (or kappa 
meter). In this device, a tube containing the material 
under examination is suspended from the arm of a 
balance between the poles of an electromagnet. 
When the magnetic field is activated, it will produce 
a certain amount of downward magnetic force, 
which is measured by the weight necessary to com- 
pensate for it. From the value of the downward mag- 
netic force and the strength of the magnetic field 
applied, the magnetic susceptibility of the mineral 
can be calculated. 

For more information on magnetic susceptibility, 
see O’Reilly (1984). 


number of microfractures also occurred. 

Both SEM and TEM images revealed that the 
inclusions were diverse in size, ranging from 0.1 to 
100 pm. Most consisted of magnetite, hematite, and 
native iron, which were identified by their chemical 
composition as obtained with energy-dispersive 
spectroscopy and by their structural parameters as 
calculated from TEM electron diffraction patterns. 


Magnetite. Magnetite (Fe?*Fe}*O,) was identified in 
five of the six diamonds (samples 1-3, 5, and 6}, and 
was predominant in the two samples that showed the 
darkest black color (1 and 2). SEM backscattered elec- 
tron images (see, e.g., figure 6, left) revealed that mag- 
netite inclusions occurred as both individual irregular 
grains (1-4 ym) and clusters of these grains, in the dia- 
monds themselves and along microfractures. Energy- 
dispersive spectra of these inclusions usually indicat- 
ed the presence of only Fe and O (figure 6, right], as 
would be expected for magnetite. Some grains from 
sample 6 contained Mn impurities (about 8 wt.%}. 

In TEM images obtained from suspension sam- 
ples, the magnetite appeared as irregular particles 
with varying degrees of perfection [i.e., single crystal 
vs. polycrystalline aggregates; see figure 7, left). The 
electron diffraction patterns of most of the mag- 
netite particles showed a series of discrete ring 
reflections (figure 7, right), which is characteristic of 
a polycrystalline aggregate with preferred orientation 
of grains, in sizes smaller than 1 um. For some of the 
magnetite particles, the diffraction patterns exhibit- 
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Figure 6. An SEM backscattered electron image (left) of the broken surface of one of the black diamonds studied 
revealed that magnetite inclusions (bright white spots) occurred as both individual grains and clusters in the 
diamond matrix (dark area). The energy-dispersive spectrum of such inclusions (right) typically indicated the 
presence of only Fe and O. The carbon (C) is from the carbon coating on the sample. 


ed continuous ring reflections (characteristic of poly- 
crystalline aggregates with random grain orientation) 
and point reflections (characteristic of single crys- 
tals). Processing of these patterns yielded diffraction 
characteristics typical of the magnetite structure. 


Hematite. In the two dark gray diamonds (samples 4 
and 5), hematite (Fe,O,) inclusions were predomi- 
nant. SEM images revealed that the hematite inclu- 
sions usually formed scale-like particles (figure 8, 
left). Energy-dispersive spectra of these particles 
showed peaks for Fe and O, and rarely a weak peak 
related to Mg impurities (figure 8, right). TEM 
images revealed that the particles were actually sin- 
gle crystals (figure 9, left) that showed point reflec- 
tions in the diffraction patterns (figure 9, right); they 
also formed rounded polycrystalline aggregates (fig- 
ure 10, left) that gave a discrete-ring type of diffrac- 
tion pattern (figure 10, right). 


Metallic Elements. Inclusions of native iron were 
detected in all six samples, but they were less abun- 
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dant than the inclusions of Fe oxides. The native 
iron formed individual isometric grains and clusters 
(figure 11, left); most were essentially free of impuri- 
ties (figure 11, right), though some showed minor 
Cr, Mn, Ni, and/or Cu. In TEM images, native Fe 
was seen as irregular particles (figure 12, left). Their 
electron diffraction patterns yielded a series of dis- 
crete ring reflections (figure 12, right). 

In addition to native Fe, sample 1 contained 
inclusions of native Cu, sample 2, exhibited inclu- 
sions of an Fe,,Cry, alloy, and sample 3 displayed 
inclusions of native Ag and native Zn. 


Other Dark Mineral Phases. Inclusions of an exotic 
phase consisting of Cu (55-65 wt.%), Sn (7-16 wt.%), 
Ni (4-8 wt.%)], and O were found in samples 1 and 2. 
This mineral filled cracks in the black diamonds and, 
in some cases, formed irregular grains. Analysis of the 
elemental distribution within these inclusions— 
which was obtained using characteristic X-ray radia- 
tion of Cu, Sn, Ni, and O—indicated that it was quite 
homogeneous, rather than a mixture of several phases. 


Figure 7. This TEM image (left) 
of a suspension sample from a 
black diamond shows that 
most of the magnetite inclu- 
sions consist of irregular aggre- 
gates. The electron diffraction 
pattern (right) of this grain 
shows a series of discrete ring 


reflections, which is characteris- 
tic of a polycrystalline aggregate 
with preferred orientation of the 
grains. The diffraction reflec- 
tions of the corresponding lat- 
tice planes have been indexed. 
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Figure 8. Hematite inclusions, which were most common in the dark gray diamonds, usually occurred as scale- 
like particles, as shown by the bright white grains in this SEM image (left). The energy-dispersive spectrum of 
the hematite (right) showed peaks for Fe and O and, rarely, Mg. The Al peak is due to interference, and the C 


peak corresponds to the carbon coating. 


Electron diffraction patterns of this phase showed a 
series of discrete ring reflections, consistent with a 
polycrystalline structure. Processing of these electron 
diffraction patterns revealed structural characteristics 
that, combined with the chemical composition, have 
not been reported previously to our knowledge. 

In sample 1, small quantities of the sulfide miner- 
als chalcocite (Cu,S) and pyrite (Fe,S) were detected. 

Graphite inclusions were extremely rare in our 
samples. A few scale-like graphite particles were 
found, but only in samples 1 and 3. 


Non-black Inclusions. A minor amount of Fe- 
hydroxide minerals formed inclusions in samples 1, 
2, and 6. Calculation of their structural parameters 
from electron diffraction patterns identified some 
as goethite (rhombic modification of FeO-OH) and 
others as akaganéite (tetragonal modification of 
FeO-OH). 

Inclusions that apparently were not related to 
the black coloring of the diamonds were also found 
in the samples. Most of the diamonds contained 
inclusions of chrysotile (Mg,[Si,O.]OH), which 


Q.3 Jum 


Figure 9. Single-crystal 
particles of hematite (as 
shown in a TEM image, 

left) produced point elec- 
tron diffraction patterns 

(right). The (001)* index 

shows the general orien- 

tation of the particle. 
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filled microfractures and microcavities. Also detect- 
ed were common calcite (CaCO,) and dolomite 
([Ca,Mg|CO,], as well as rare olivine ([Mg,Fe]Si,O,), 
anhydrite (CaSO,), fluorite (CaF,), halite (NaCl), 
cuprite (CuO), quartz (SiO,), feldspars, and some 
other minerals. Most of these have been previously 
identified as inclusions in diamond (see Harris, 
1992; Gorshkov et al., 2000; Titkov et al., 2001). 


Magnetic Susceptibility. The measured specific 
magnetic susceptibility of the dark gray and black 
diamonds varied over a wide range, from —0.6 x 10-8 
m?/kg to +36 x 10-° m3/kg. (By comparison, pure 
diamond has a specific magnetic susceptibility of 
-0.62 x 10° m°/kg; Novikov, 1993.) The maxi- 
mum magnetic susceptibility was measured in 
sample 1, which also had the darkest black color. 
However, the relationship between the depth 
of black color and magnetic susceptibility was 
not straightforward, because our measurements of 
the volume magnetic susceptibility were influ- 
enced by all of the various mineral inclusions in a 
sample. 
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DISCUSSION 


Our results suggest that the color of the black and 
dark gray diamonds studied was caused primarily by 
inclusions of magnetite, hematite, and native Fe. 
Inclusions of Cu-based oxides detected in some sam- 
ples also may have contributed to the black color of 
these diamonds. In samples of the darkest color, mag- 
netite was the most common inclusion. In the dark 
gray diamonds, inclusions of hematite and native Fe 
were predominant. Further detailed studies of black 
diamonds from other localities are required to deter- 
mine whether the presence of magnetite, hematite, 
and native Fe inclusions are merely a characteristic 
feature of black and dark gray diamonds from Siberia, 
or if they are typical of all such diamonds worldwide. 
Nevertheless, magnetite has been reported as abun- 
dant inclusions in some dark gray diamond aggre- 
gates from African deposits (Jeynes, 1978). 

In previous studies, magnetite was observed as 
isolated inclusions in single crystals of transparent 
diamond (Prinz et al., 1975; Harris, 1992). Its syn- 
genetic character (i.e., formed at the same time) 
with diamond was established on the basis of 


Figure 10. Polycrystalline 
aggregates of hematite 
(shown in a TEM image, 
left) produced a discrete- 
ring type of electron 
diffraction pattern (right). 


observations that the inclusions were completely 
isolated in diamond and were not accompanied by 
fractures; furthermore, they showed growth steps 
characteristic of the host diamond (Prinz et al., 
1975). Inclusions of native Fe, as well as other 
native metals, are rather widespread in polycrys- 
talline and translucent diamonds from various 
deposits worldwide (Gorshkov et al., 2000; Titkov 
et al., 2001; and references therein), so their appear- 
ance in the samples studied was not unexpected. 
Graphite, commonly presumed to be the cause 
of black color in diamonds, was detected in very 
small amounts in only two of our samples, so it 
cannot be responsible for their coloring. Sulfide 
minerals also were very rare, and so they did not 
have a significant impact on the color of our sam- 
ples. It should be noted that in transparent single- 
crystal diamonds, dark sulfides are common (Harris, 
1992), but so far they have not been documented in 
large enough quantities to cause dark gray or black 
coloration. Sulfides were absent in the opaque sin- 
gle-crystal black diamond studied here (sample 6). 
The inclusions of magnetite, hematite, and 


Figure 11. Most native-iron inclusions (bright white in the SEM image on the left) were essentially free of impu- 
tities, as shown by the energy-dispersive spectrum on the right. The Al peak is due to interference, and the C 
peak corresponds to the carbon coating. 
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native Fe apparently contributed to the unusual 
magnetic properties of the diamonds studied. The 
wide range of values we measured was probably due 
to the variable content of magnetic inclusions, and 
to the presence of numerous inclusions of other 
minerals. In previous work (Jeynes, 1978), diamond 
polycrystalline aggregates (e.g., bort) that could be 
separated from other diamonds by an electromagnet 
were referred to as stewartite. 

The unusual magnetic properties of these natural- 
color black diamonds may be useful in separating 
them from their artificially colored counterparts. 
Black may be produced by irradiation with neutrons 
or gamma rays in a nuclear reactor (Collins, 1982), by 
ion implantation in a linear accelerator (Moses et al., 
2000), and by heating in a vacuum to cause internal 
graphitization (Notari, 2002). None of these processes 
induces magnetism, and the relatively inclusion-free 
natural diamonds that are irradiated to produce a 
black color are not magnetic. Therefore, magnetic 
properties could provide an important criterion for 
identifying natural black coloration. It is important to 
note that anomalously high magnetic susceptibility 
is also characteristic of synthetic diamonds grown 
from Fe melts and containing metallic flux inclu- 
sions (Novikov, 1993). One magnetic synthetic 
“black” diamond was described by Reinitz (1999), 
but its color was actually very dark blue, caused by 
abundant boron impurities rather than inclusions. 

It is interesting to speculate that the weak mag- 
netism of these natural black diamonds may be 
responsible for the positive health benefits ascribed 
to black diamonds in ancient times. 

The inclusions in natural black and dark gray 
diamonds are also interesting when we consider the 
genesis of these diamonds in the earth. The widely 
accepted hypothesis is that most gem-quality dia- 
monds crystallized from silicate mantle melts (of 
eclogite and peridotite compositions) at a depth of 


Figure 12. In TEM 
images (e.g., on the left), 
native Fe often appeared 

as irregular particles. 
Their electron diffrac- 
tion patterns (e.g., right) 
gave a series of discrete 
ring reflections. 
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about 150 km, and then were carried to the surface 
by kimberlite or lamproite magma (Orlov, 1977; 
Kirkley et al., 1991; Harris, 1992). According to this 
theory, the occurrence of the inclusions revealed in 
our samples may be explained only as a result of 
post-growth formation within fractures in the host 
diamonds. However, most of the black inclusions 
were entirely surrounded by the diamond matrix, 
indicating that they were incorporated into the host 
diamonds during growth. Previous work has also 
established that magnetite and native-iron inclu- 
sions in diamond can be syngenetic (Prinz et al., 
1975; Harris, 1992; Gorshkov et al., 2000; Titkov et 
al., 2001). Furthermore, these black inclusions were 
abundant in our samples, while inclusions of sili- 
cate minerals that are typical of mantle rocks (e.g., 
garnet, olivine, pyroxene) were nearly absent— 
despite the fact that silicate inclusions should be 
present in polycrystalline diamonds if they actually 
crystallized from silicate melts. 

The abundance of magnetite, hematite, and 
native-iron inclusions in the diamonds that we stud- 
ied might be better explained by another mechanism 
of diamond formation. This hypothesis assumes that 
diamond crystallized as a result of the injection of 
deep-derived hydrocarbon-bearing fluids into more- 
oxidized rocks of the lithosphere and their subse- 
quent interaction (Taylor and Green, 1989, Navon, 
2000). Most of the inclusions in our samples, in par- 
ticular native Fe and magnetite, might be products 
of redox (oxidation-reduction) interactions between 
hydrocarbon fluids and lithospheric rocks (eclogite 
and peridotite). In the process of these interactions, 
the redox potential could change dynamically, caus- 
ing the formation of inclusions representing very dif- 
ferent redox conditions, for native metals on the one 
hand and for oxide and carbonate minerals on the 
other. Understanding the occurrence of these inclu- 
sions requires further detailed study. 
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WINTER, 


cultured pearl, as deduced from Figures 
17 and 20, should be the same for a 
given displacement of the specimen re- 
gardless of whether the X-ray beam 
passes initially through or above (or 
below) the geometric centre, the radial 
structure of natural pearl affects the 
orientation of the patterns from such 
a specimen when the X-ray beam passes 
above (or below) its geometric centre. 

Thus in Figure 22, A represents the 
same relative position of pearl and 
X-ray beam as that shown at A, Figure 
17, except that the trace of the X-ray 
beam in Figure 22 is below the geo- 
metric centre. If this vertically off- 
centre displacement is not very great, 
the pseudo-hexagonal axes of most of 
the crystals in the path of the X-ray 


“| 


= 


A B 


Figure 22 


beam will still be in almost the same 
direction as that of the beam. The path 
of the beam through the pearl can 
readily be visualized by reference to 
Figure 14, and considering the beam at 
A to be moved slightly to the right or 
left of its centred trace while remaining 
parallel thereto. Under such conditions 
there will be little or no distortion of 
the hexagonal, or halo, diffraction pat- 
tern. 

Now, if the pearl be displaced hori- 
zontally from position A, Figure 22, 
to that represented at B, Figure 22, the 
rectangular pattern should be obtained 
(as: explained with reference to Figure 
14) but the trace of the pseudo-hexa- 
gonal axis will no longer be horizontal 
(as for the corresponding setting, B, 
of the natural pearl in Figure 17) but 
will be inclined at angle “a” to the 
horizontal. As is evident from diagram 
B, Figure 22, the angle “a” will depend 
on the horizontal displacement (x) and 
on the distance (y) that the centre of 
the pearl is above (or below) a hori- 
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zontal line through the trace of the 
X-ray beam. 

Starting with the pearl in the off- 
centre position represented at B in 
Figure 22, subsequent rotation or ver- 
tical translation should result in changes 
in the orientation of the diffraction pat- 
tern that may be predicted from Figure 
23. In this figure, the directions of all 
pseudo-hexagonal axes have been omit- 
ted except for the one passing through 
the trace of the X-ray beam (indicated 
by the small circle as in the previous 
diagrams) and the one that is horizon- 
tal. The latter is shown as a broken 
line. It should be remembered that the 
former (shown as a full line passing 
through the centre of the pearl and the 
trace of the X-ray beam) determines 
the orientation of the rectangular dif- 
fraction pattern on the film. Diagram 
A of Figure 23 corresponds to diagram 
B of Figure 22. If the pearl in the off- 
centre position represented in these two 
diagrams be rotated about an axis cor- 
responding to the initial direction of 
the beam (i.e. the centre of the small 
circle in diagram A, Figure 22) the 
geometric centre of the pearl will trace 
the small dotted circle shown in A, 
Figure 23, and the upper end of the 
vertical diameter will move around the 
large broken circle. If the rotation be 
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anticlockwise, the angle “a” will de- 
crease, becoming zero when the angle 
of rotation becomes 90°, as represented 
at B, Figure 23, and will then increase 
again to the same maximum value “a” 
on the opposite side of a horizontal line 
as the angle of rotation increases to 
180° as shown at C, Figure 23. It 
will be seen by examination of diagram 
A, Boand C, Figure 23, that the same 
effect will be achieved by rotating the 
pearl in a clockwise direction. Thus, 
in the case illustrated in Figure 17, 
where the beam in position A passes 
through the centre of the natural pearl, 
a horizontal displacement to B should 
produce a rectangular pattern with a 
horizontal trace of the pseudo-hexagon- 
al axis. In the example shown in 


SUMMARY AND CONCLUSION 


Black diamonds, cut and rough, continue to gain pop- 
ularity in contemporary jewelry (figure 13). Yet there 
has been little detailed research to date on the cause 
of color in these unusual gems. This investigation by 
analytical electron microscopy has shown that the 
coloring of the black and dark gray diamonds studied 
was caused primarily by the presence of inclusions of 
magnetite, hematite, and native Fe. The diamonds 
with the darkest black color contained predominant- 
ly magnetite inclusions, while the dark gray samples 
most commonly contained inclusions of hematite 
and native Fe. These mineral inclusions are responsi- 
ble for the anomalously high magnetic susceptibility 
of our samples, which may prove to be of value as a 
criterion for the natural origin of black color. 


Figure 13. Even rough black diamonds have found a niche 
in contemporary jewelry. This ring, set with a 5.8 ct black 
diamond, is designed by and courtesy of Pam Keyser. 
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OBTAINING U.S. COPYRIGHT 
REGISTRATION FOR THE 
ELARA SQUARE CUT-CORNERED 
BRILLIANT DIAMOND 


Howard B. Rockman 


In 2000, the U.S. Copyright Office granted what is 
believed to be the first copyright registration cover- 
ing a gemstone design. Previously, the Copyright 
Office maintained that cut designs lacked artistic or 
sculptural authorship, and that gemstone faceting 
was a non-copyrightable array of common geomet- 
rical shapes in a three-dimensional object. The 
application to obtain copyright registration for the 
Elara—a square cut-cornered brilliant diamond 
design—was initially rejected on similar grounds. 
However, the position of the copyright examiner 
was successfully appealed to the highest level of 
the Copyright Office, which ultimately decided that 
copyright registration for the Elara cut was appro- 
priate. This experience shows that there may be a 
new intellectual property vehicle available for 
manufacturers to protect proprietary cut designs. 


recent Gems e& Gemology article (Overton, 

2002) stated that U.S. federal courts require 

more original artistic expression to establish 
a copyright than exists in diamond cut designs. 
While court decisions may presently indicate that 
gemstone designs are not copyrightable, the U.S. 
Copyright Office recently issued copyright registra- 
tion No. VA-1-104-147 (effective June 29, 2000) for 
the Elara square cut-cornered brilliant diamond cut 
(figure 1), produced and marketed by Kuwayama 
Europe of Antwerp, Belgium, and its U.S. affiliate, 
Elara Diamond U.S.A. According to the U.S. 
Register of Copyrights, the Elara diamond cut is the 
first gemstone design the Copyright Office has ever 
registered (M. Peters, pers. comm., Nov. 6, 2001). 
This article summarizes the background and history 
of the Elara copyright registration process. 
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THE COPYRIGHT REGISTRATION PROCESS 


U.S. copyright law protects works of “authorship” 
such as books and movies, as well as sculptures, 
computer programs, photographs, and myriad addi- 
tional media that continually develop as art and 
technology advance (see U.S. Code, Title 17; infor- 
mation in this article is drawn from that source). 
The copyright holder has the exclusive right to con- 
trol reproduction of the expression embodied in his 
or her artistic creation after it has been fixed in a tan- 
gible medium such as the print in a book, the images 
on a reel of film, or the electronic pattern on a com- 
puter disc, CD, or DVD. This includes control over 
copying of the work, the preparation of derivative 
works, distribution of copies to the public, public 
performance, and public display. Only the copyright 
holder can sell or license these rights to other per- 
sons or entities. The term of a copyright begins at 
the moment of fixation in a “tangible medium of 
expression” and currently runs for the life of the 
author plus 70 years. In the case of “works for hire” 
(those created by employees for their employers or 
by outside authors working under a written con- 
tract), it runs for a total of 95 years. 

When considering a work comprised of several ele- 
ments, such as the facets of a gemstone design, the 
existence of copyright rests on the originality inherent 
in the coordination or arrangement of those specific 
elements that, in total, comprise the new design. 
While individual components may not be protected 
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Figure 1. The Elara diamond is the first diamond cut 
design to be awarded a U.S. copyright registration. 
Courtesy of Elara Diamond Corp. 


by copyright, such protection may be triggered by the 
particular way in which the underlying elements 
combine to arrive at the finished design. It is the origi- 
nality of arrangement that determines whether or not 
it is eligible for copyright protection. In other words, 
while the squares, triangles, and parallelograms that 
make up a gemstone facet design may not be individ- 
ually protectable by copyright, an original and innova- 
tive arrangement of them may be protectable. 

At any time during the term of a copyright, the 
copyright owner may seek federal registration of his 
or her claim by applying to the U.S. Copyright Office, 
paying the designated fee, and depositing a specimen 
of the work with the application. A copyright exam- 
iner will review the application to ensure that it cov- 
ers a work that is indeed copyrightable subject matter 
under the law. If all requirements are correctly set 
forth in the application, and the submitted specimen 
establishes that the work constitutes copyrightable 
subject matter, a Certificate of Registration is issued. 
If the examiner makes a negative finding on any of 
these issues, registration is refused. This refusal may 
be appealed to a first level and, if necessary, to a sec- 
ond, higher level within the Copyright Office. 

One can hold and own (and transfer and license) a 
copyright without obtaining registration for it, but a 
copyright owner must obtain federal registration 
before taking action to enforce the copyright against 
an infringer. However, an infringement action can be 
brought if a copyright registration application has 
been filed but refused, as long as a copy of the 
infringement complaint is furnished to the Copy- 
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Figure 2. This facet diagram shows the top view of the 
design of the Elara cut as registered with the U.S. 
Copyright Office. 


right Office. In addition, the timing of the registra- 
tion application after first publication affects the 
type of damages that may be recovered. In most for- 
eign countries, there is no comparable registration 
system; thus, no prior registration is required to 
enforce a copyright outside the U.S. 


FIRST APPLICATION FOR REGISTRATION 
OF THE ELARA DIAMOND AND FIRST APPEAL 


The copyright registration procedure for the Elara 
diamond began on June 29, 2000, when an applica- 
tion (with photos) was filed on behalf of Kuwayama 
Europe, covering a gemstone design (see figure 2) 
then known as the Flanders Brilliant (since changed 
to Elara). 

The Copyright Office initially rejected the appli- 
cation (J. H. Ashley, pers. comm., Nov. 13, 2000) 
and repeated its refusal to register following a 
request for reconsideration (the first appeal; V. 
Giroux, pers. comm., May 25, 2001). It stated that 
the diamond design lacked the artistic or sculptural 
authorship necessary to support a copyright registra- 
tion, and based its conclusions on several factors. 

First, the examiner believed that the subject of 
registration was the process of faceting the gem, and 
ideas, concepts, and processes that may be embod- 
ied in a work are not subject to copyright protection 
(see U.S. Code title 17, section 102[b]). 

Second, to meet the originality requirement for 
copyright registration, a work must possess more 
than a de minimis level of creativity. The examiner 
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held that, as discussed above, copyright law does not 
protect familiar geometric shapes or patterns, nor 
minor variations of them (see Code of Federal 
Regulations, title 37, section 202.1), and that it was 
normal procedure to refuse registration for gem- 
stones when the faceting may be perceived to be a 
combination of standard or common geometrical 
shapes in three-dimensional form. 

Third, the Copyright Office analyzed the design 
for copyrightability in two ways. First, the top, bot- 
tom, front, and side views were treated as separate 
designs. Second, the entire gemstone was consid- 
ered as a whole entity. The examiner found insuffi- 
cient originality in either of these analyses, stating 
that the overall arrangement of the facets, taken 
individually or as a unified whole, did not consti- 
tute a copyrightable work. 

Fourth, the Copyright Office stated that while a 
work may be unique and distinctive, while consid- 
erable time, effort, and expense may have gone into 
its creation, or while it may be commercially valu- 
able or successful, these facts do not in themselves 
establish original artistic authorship (V. Giroux, 
pers. comm., May 25, 2001). 


THE SECOND APPEAL 


Prior to receiving the action and comments of the 
copyright examiner, the creator of the design, Johan 
d’Haene of Antwerp, had explained to the author the 
precise steps he took to create the Elara cut. His ulti- 
mate aim was to incorporate into a square cut-cornered 
diamond shape as many of the optical qualities of the 
round brilliant as possible. Based on this information, 
the author judged that sufficient creativity and author- 
ship existed in the design to support a second appeal in 
an effort to reverse the decision of the copyright exam- 
iner. On August 1, 2001, the author submitted a 
response and request for reconsideration of the refusal 
to register the copyright claim in this design. 

The appeal was based on two grounds. First, it 
maintained that the Elara cut possessed sufficient 
creative authorship in the origination of its design. 
Second, it confirmed that registration was not being 
sought to cover the process by which the facets 
were applied to the rough diamond. Instead, the 
author argued that the steps taken in extrapolating 
the standard round brilliant to the Elara design con- 
stituted acts of sculptural authorship. 

The appeal began by describing the basics of the 
round brilliant cut, as described in Tolkowsky 
(1919), for maximizing brilliance and fire. As a foun- 
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dation for the creativity and authorship behind the 
Elara design, the author’s brief set forth Mr. 
d’Haene’s extensive experience with De Beers and 
the Diamond High Council (HRD) in Antwerp. 
During the 1980s, while a partner of a Belgian com- 
pany engaged in selecting and buying diamonds for 
the Japanese market, he saw the need to design new 
diamond cuts for Japanese tastes, one of which 
involved the concept of “squaring the circle.” 

In creating this design, certain crown facet lines 
were extended outside of the original circle and con- 
nected to form a new, square outline with cut cor- 
ners, the pattern repeating itself for each quadrant of 
the crown. The final cut evolved from trial and error 
through several different designs. The results of Mr. 
d’Haene’s design efforts are shown in figure 2. 


ARGUING THE APPEAL 


In pressing the appeal, we argued that each step in 
the creation of the Elara cut was the result of artis- 
tic design efforts, including personal independent 
creative thoughts that led to certain facet arrange- 
ments. We established that design, in this particular 
case, went far beyond the level of creativity required 
to support copyright registration. We also specifical- 
ly pointed out that the final design was motivated 
in substantial part by an attempt to create an origi- 
nal work that would convey a visual impression 
that had not been seen before. Moreover, it would 
present a markedly different visual image compared 
to other diamond designs on the market at that 
time. We also argued that the design retained a sig- 
nificant degree of the brilliance that can be pro- 
duced by the round brilliant cut. 

The description of the specific design steps also 
supported our contention that the design was not 
based on a familiar geometric shape, but a combina- 
tion of facet shapes in a specific, complex arrangement 
providing the finished design with its unique charac- 
ter. We argued that the creative expression embodied 
in the design was capable of standing alone as an inde- 
pendent copyrightable work, and not an agglomera- 
tion of several standard forms or shapes with minor 
linear or spatial variations. We specifically pointed out 
to the Copyright Office that the design comprised 
originality of facet coordination and arrangement, 
whereby the shape and position of each facet in the 
total design coordinated with other facet shapes and 
positions to provide an eye-catching attractive design. 

The requisite authorship for copyright registra- 
tion was shown to be the particular steps taken in 
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the extrapolation of the round brilliant to the 
square brilliant design, as a result of the effort and 
thought of Mr. d’/Haene. We argued that the totali- 
ty of the subject diamond design, considered as a 
whole, produces an aesthetic effect and appearance 
that conveys to the viewer the beauty of design. 


THE DECISION 


On November 6, 2001 (M. Peters, pers. comm.), the 
Register of Copyrights responded to our appeal as 
follows: 


After careful consideration, the Copyright Office 
Board of Appeals has decided to register the 
Flanders Brilliant (ELARA) diamond. The registra- 
tion is only for the three-dimensional faceted 
stone because of the complexity of the overall 
sculptural configuration. We rarely see such com- 
plexity in gemstones used in jewelry design, and 
we cannot recall previously making such a regis- 
tration. The registration of course does not cover 
any aspect of the faceting process. 


In its letter, the Copyright Office also noted that 
courts have held that copyright protection in this 
type of work may be limited, particularly where 
the copyrightable work comprises a unique combi- 
nation and arrangement of otherwise un-copy- 
rightable elements in the particular design. This 
means that copyright protection only extends to 
the design as a whole; others may freely use the 
individual, un-copyrightable, elements to come up 
with a new gemstone design having a different 
overall design and appearance. 


CONCLUSION 


It remains to be seen whether the Copyright Office’s 
determination that certain gemstone designs embody- 
ing acts of creative authorship are copyrightable sub- 
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ject matter will be followed by the U.S. federal 
courts, which have the inherent power to overturn 
such decisions. And since this is the first gem design 
to be registered, it is also unclear where the courts 
will draw the line on infringement, that is, how close 
competitors may come to a copyrighted gem design 
without infringing on the copyright. Another unan- 
swered issue is the degree to which published, and 
thus copyrighted, collections of faceting diagrams for 
hobbyists provide protection for the designs therein. 

Gemstone designers hoping to apply for copy- 
right registration for a new design should record the 
mental, geometric, artistic, and analytical processes 
leading to the final design in order to support a con- 
clusion of creative and artistic authorship. It would 
probably be helpful to retain all preliminary drafts 
of sketches, drawings, and calculations prepared 
during the design process, should it be necessary to 
respond to a denial of registration based on a lack of 
creative authorship. An applicant must also be able 
to describe how his or her new design differs from 
existing gemstone designs. 

The copyright registration that was obtained by 
Kuwayama Europe n.v. and Elara Diamond USA, 
provides its owners with the ability to prevent others 
from copying the Elara diamond design in their own 
gemstone products. (Although the Elara design 
patent is currently being challenged in a U‘S. federal 
court case [see “Elara diamond design patent invali- 
dated. . . ,” 2003], this case has no bearing on the 
validity of the copyright.) Kuwayama believes that it 
fully understands the limitations of the copyright 
protection afforded by its registration. Nevertheless, 
the copyright registration obtained on the Elara cut is 
a pioneering example of how creative authorship, 
originality, and creativity can combine to produce a 
gemstone design that meets the requirements of the 
U.S. copyright laws to support copyright registration. 
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Dyed Black CHALCEDONY 


Relatively common opaque black 
materials may provide challenging 
identifications because of their sur- 
face condition, their shape, or the way 
they are set in a piece of jewelry. The 
West Coast laboratory was recently 
asked to identify the black carved 
material in the pendant shown in fig- 


ure 1. This black hololith had been 
inset with numerous transparent 
near-colorless round brilliants in 
white metal mountings and was fur- 
ther embellished with a row of what 
appeared to be small pearls around its 
periphery. The black material was 
unpolished and showed a dull luster. 
It was obvious that only limited stan- 


Figure 1. The carved black hololith (14.70 x 4.10 x 2.90 mm) in this attrac- 
tive pendant proved to be dyed black chalcedony. 
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dard gemological testing could be per- 
formed on such a piece. 

Our initial examination with a 
microscope showed that the black 
material was homogeneous. We also 
noticed a few dull conchoidal frac- 
tures. A detailed examination with 
intense fiber-optic illumination 
revealed that the black-appearing 
hololith actually was dark brown in 
color, and there were indications of a 
layered structure. Using hardness 
points in an inconspicuous place, we 
estimated the Mohs hardness to be 
approximately 6. Next, we attempted 
to obtain a refractive index reading by 
carefully placing the back of the 
hololith on the refractometer in a 
small area where the white metal 
mountings were less obstructive; the 
result was a vague reading in the 
mid-1.5s. 

On the basis of these properties, 
we determined that the hololith had 
been carved out of chalcedony. To 
support this conclusion, we analyzed 
the material with the Raman spec- 
trometer. The presence of two dis- 
tinct peaks, one at 1600 cm“! and the 
other centered at 461 cm_!, identified 
the black material as chalcedony and 


Editor's note: The initials at the end of each item 
identify the editor(s) or contributing editor(s) 
who provided that item. Full names are given for 
other GIA Gem Laboratory contributors. 
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indicated the presence of a car- 
bonized compound (sugar). In addi- 
tion, infrared spectroscopy showed 
two peaks at approximately 2235 and 
2133 cm™!, which—our research has 
found—indicate that the color is the 
result of treatment by sugar and acid 
(and/or heat). This material is typical- 
ly known in the trade as black onyx. 
KNH, JIK, Dino DeGhionno, 
and Philip Owens 


Some Unusual Type II DIAMONDS 
In contrast to the more common type 
Ia diamonds, type Ia diamonds are rel- 
atively pure, containing little (if any) 
nitrogen impurities. By definition, 
type IIb diamonds contain traces of 
boron (usually less than 1.0 ppm}, but 
the overall concentration of impuri- 
ties in type IIb diamonds is typically 
even less than in type Ila diamonds. 
Because of their high purity, type I 
diamonds (both Ia and IIb) display 
fairly consistent luminescence fea- 
tures in comparison to type Ia dia- 
monds. Natural type IIa diamonds 
may show a weak-to-moderate blue 
fluorescence to long-wave UV radia- 
tion, and weak blue or yellow fluores- 
cence to short-wave UV; they rarely 
phosphoresce. The vast majority of 
type Ib diamonds show no observable 
fluorescence to either long- or short- 
wave UV radiation. Of the small num- 
ber that do show a readily observable 
fluorescence, the reaction is a weak 
yellow, chalky blue, or, rarely, red to 
either wavelength. Type Ib diamonds 
also commonly phosphoresce to short- 
wave UV radiation, showing yellow, 
chalky blue, or red or orangy red. 

The East Coast laboratory recent- 
ly examined one type IIa (1.53 ct) and 
two type IIb diamonds (5.69 and 
42.05 ct; figure 2) that displayed 
unusual luminescence features and 
photoluminescence spectra, which 
suggest a new type of lattice defect in 
diamond. All three diamonds were 
apparently submitted by coincidence, 
within a narrow time frame, from 
two different clients. The smaller 
type IIb diamond, fashioned as a 
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Figure 2. These type IIb diamonds (5.69 and 42.05 ct) showed unusual 
luminescence features and photoluminescence spectra. 


cushion brilliant, was graded Fancy 
grayish blue. The larger type IIb dia- 
mond, reportedly from southern 
Africa, was only partially faceted (and 
thus not graded). It showed strong 
blue coloration, and was partially 
covered by natural resorbed surfaces. 
Unlike most type Ib diamonds that 
show luminescence, these two dia- 
monds fluoresced weak orange to 
long-wave UV, and moderate to 
strong yellow (with a very strong 
blue phosphorescence—lasting more 
than 60 seconds) to short-wave UV 
(figure 3). The same luminescence 
features also were observed in the 
type Ila diamond, which was a D- 
color pear-shaped brilliant. The two 
faceted diamonds were free of inclu- 
sions when examined with the gemo- 
logical microscope, up to 60x. Our 
preliminary examination of the larger 
type Ib blue diamond did not reveal 
any inclusions. No indications of any 
coating or overgrowth in these three 
diamonds were observed. 

Nearly identical photolumines- 
cence spectra were recorded from the 
three diamonds with 514.5 nm laser 
excitation using a Raman spectrome- 
ter at liquid nitrogen temperatures. 
We recorded more than 20 sharp emis- 
sion lines in the visible-infrared range, 
which in our experience is very 
unusual for type II diamonds. Six 
point analyses performed on randomly 
selected spots on the type Ila diamond 
yielded no observable differences in 
peak position or relative intensity. 
This observation also was confirmed 
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for the two type Ib diamonds. In gen- 
eral, the emission lines could be divid- 
ed into two groups according to their 
positions. Eight sharp lines occurred 
in a narrow region of 725-745 nm, 
with the four strongest lines at 727.2, 
729.2, 734.8, and 736.9 nm. A total of 
19 sharp emission lines occurred in 
the region 768-791 nm, with the four 
strongest lines at 770.1, 774.4, 781.5, 
and 782.8 nm. This kind of emission 
spectrum is quite distinct from the 
vibronic optical centers that usually 
occur in diamond, which each con- 
sists of a sharp zero-phonon line and a 
broad side band at the lower energy 
side. Interestingly, when photolumi- 
nescence spectra were recorded using 


Figure 3. As shown here for the 
5.69 ct stone, the type IIb blue 
diamonds displayed very strong 
blue phosphorescence to short- 
wave UV that lasted more than 
60 seconds. 
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red laser excitation (632.8 nm], the 
second group of emission lines was 
absent. 

Many of these emission lines, 
such as those at 780-800 nm, have 
not been reported in the literature 
previously; however, the line at 727.2 
nm is very close to the well-studied 
727.0 nm emission in type Ib syn- 
thetic diamonds grown in high pres- 
sure/high temperature conditions, 
which is attributed to Ni-related 
defects (see, e.g., S. C. Lawson et al., 
“Spectroscopic study of cobalt-relat- 
ed optical centers in synthetic dia- 
mond,” Journal of Applied Physics, 
Vol. 79, 1996, pp. 4348-4357). The 
emission line at 736.9 nm is slightly 
but clearly shifted away from the Si- 
related defect at 737.5 nm seen in 
many synthetic diamonds grown by 
chemical vapor deposition. Con- 
sidering that these three diamonds 
were all type II, and all showed the 
unique multi-emission lines in a nar- 
row region, it is unlikely that they 
could contain any detectable Ni or Si 
impurities. EDXRF analysis of the 
5.69 ct blue diamond confirmed that 
there was no detectable chemical 
impurity above sodium. Because 
these emission lines were nearly 
identical in the type Ila and IIb dia- 
monds, a direct relationship of the 
defect(s) to boron or a boron/nitrogen 
complex could also be ruled out. 

The physics of the defect(s) 
responsible for these emission lines 
remains unclear, but it is reasonable 
to assume that more than one defect 
was involved based on the reactions 
of those emission lines to different 
laser wavelengths. It is also reason- 
able to assume that the defect(s) con- 
tributed to the uncommon reactions 
of these diamonds to UV radiation. 
Based on their spectroscopic data and 
gemological features, we are confi- 
dent that these diamonds have not 
been HPHT treated. To the best of 
our knowledge, there is no published 
report that irradiation or ion implan- 
tation could produce the unusual 
spectroscopic features either. 

Wuyi Wang, Matthew Hall, 
Christopher P. Smith, and TM 
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Figure 4. This 6.34 ct colorless 
leadhillite may be the only 
faceted specimen of this 
unusual mineral. 


A Faceted LEADHILLITE 

The West Coast laboratory recently 
had the opportunity to examine a 
very rare 6.34 ct faceted leadhillite. 
According to Cynthia Renée, of 
Cynthia Renée Co. in Fallbrook, 
California, this stone was faceted 
from a specimen featured in John 
Barlow’s The F. John Barlow Mineral 
Collection (Sanco Publishing, Apple- 
ton, WI, 1996). In the book, the speci- 
men (reportedly from Tsumeb, 
Namibia) was described as having 
“large areas of ‘flawless’ material,” 
and it was speculated that it could be 
cut into “the only known faceted gem 
leadhillite” (p. 303). Leadhillite— 
Pb,(SO,)(CO,;),(OH),—is typically 
found as small-to-microscopic tabular 
pseudohexagonal crystals, but it can 
also be massive and granular. Usually, 
the material is transparent to translu- 
cent, and it may be colorless to white, 
gray, yellow, or pale green. It is 
named for the district in Scotland 
where it was first discovered (R. 
Gaines et al., Dana’s New Mineralogy, 
8th ed., John Wiley & Sons, New York, 
1997, p. 520). Since leadhillite is 
extremely soft (2.1/2 to 3 on the Mohs 
scale) and has perfect cleavage in one 
direction (001), with indistinct cleav- 
age in another (100), faceting it would 
be quite a challenge. 

The stone we examined was a 
transparent, colorless, modified oval 
step cut with moderate dispersion (fig- 
ure 4). Because the R.I. of leadhillite 
(1.87-2.01) is over the limits of a stan- 
dard refractometer, and the hemicylin- 
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der (with a hardness of 4), could poten- 
tially scratch the stone, we opted not to 
attempt to determine the refractive 
index. The specific gravity (measured 
hydrostatically) was 6.53, which match- 
es published values for leadhillite. This 
stone displayed only very weak violet 
fluorescence to both long- and short- 
wave UV radiation. Microscopic exami- 
nation revealed “fingerprints,” fractures, 
twinning, cleavage planes, growth 
tubes, and strong doubling. 

Since our standard gemological 
examination was limited by the nature 
of the material, we found it necessary 
to perform more-advanced testing. 
Unfortunately, Raman analysis was of 
little help to us in this identification 
because, due to its rarity, leadhillite 
was not in our database. However, the 
stone did yield a good spectrum, which 
will be used for future reference. The 
pattern produced by X-ray powder 
diffraction of a minute sample (taken 
with the client’s permission) contained 
several strong lines that matched both 
leadhillite and susannite (a polymorph 
of leadhillite). 

To help distinguish between lead- 
hillite and susannite, we had to closely 
observe the optic figures. Leadhillite is 
biaxial with a small 2V angle (formed 
by the separation between optic axes 
in biaxial materials, which is evi- 
denced by the relationship between 
the two optic figures when the stone is 
viewed between crossed polarizing fil- 
ters]. Susannite is typically uniaxial, 
but can be slightly biaxial with a 2V 
angle of up to 3°. In the polariscope, 
the optic figures revealed that the 
stone had a 2V angle of at least 10°, 
which effectively eliminated the possi- 
bility of susannite. On the basis of this 
and the other findings, we concluded 
that the stone was indeed leadhillite. 

Elizabeth P. Quinn 


PEARLS 
Cultured Pearl Mystery 


A small lot of 12 undrilled white 
pearls that recently came into the 
East Coast laboratory were unlike 
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any we have seen before. The pearls 
were symmetrical, primarily off- 
rounds and oval button shapes, and 
ranged from approximately 6 to 8 
mm in diameter (figure 5). They all 
showed a very high luster and fine 
orient, but their most remarkable 
feature was the transparency of the 
nacre layer. This particular quality, 
known among pearl connoisseurs as 
“water,” is not often encountered. 
An X-radiograph revealed evidence of 
growth structures associated with 
tissue and/or bead nucleation, which 
proved that the pearls were cultured. 
Testing for luminescence to X-rays 
produced no reaction in any of the 
cultured pearls, which indicated that 
they were of saltwater origin. 
However, it remains a mystery as 
to which mollusk produced these 
cultured pearls. To our knowledge, 
the only species that shows this 
nacre transparency in white pearls is 
the black-winged pearl oyster Pteria 
penguin. However, this pearl oyster 
is used primarily to produce the top 
portion of a cultured mabe pearl 
assemblage (see, e.g., R. Crowning- 
shield, “Cultured 3/4 blister pearls,” 
Spring 1982 Gems #& Gemology, p. 
38). We would welcome information 
from our readers on whether this oys- 
ter is now also being used to culture 
whole pearls. 
KNH 


Treated-Color “Golden” 
South Sea Cultured Pearl 
The 12.7 mm undrilled orangy yel- 
low cultured pearl shown in figure 6 
was submitted to the West Coast lab- 
oratory for testing. The owner was 
suspicious that the intense orangy 
yellow color might not be natural. 
Indication of color treatment was 
observed during an initial low-power 
microscopic inspection with fiber- 
optic lighting. Although the color 
appeared even to the unaided eye, 
magnification revealed a faint patchi- 
ness: Spots of more intense color dis- 
tributed over the surface produced a 
subtle “leopard skin” appearance. 
Subsequent exposure to long-wave 


LAB NOTES 


Figure 5. These cultured pearls of unknown origin (approximately 6-8 
mm) displayed unusual transparency of their nacre layer. 


UV radiation produced a strong, 
slightly uneven, light greenish yellow 
fluorescence, with a slightly orangy 
overtone in some areas. This is 
uncharacteristic for natural-color 
strong orangy yellow cultured pearls 
from the Pinctada maxima. However, 
a strong light greenish yellow fluores- 
cence is typical for light yellow natu- 
ral-color P. maxima cultured pearls, 
and the orangy component of the 
fluorescence is indicative of color 
treatment. 

As part of an ongoing study into 
the identification of treated color in 
cultured pearls, the sample was then 
characterized by UV-visible spec- 
troscopy. The UV-Vis spectrum exhib- 
ited a prominent broad absorption at 
456 nm, which was unlike any previ- 
ous UV-Vis feature obtained for natu- 
ral- or treated-color “golden” cultured 
pearls. The UV absorption between 
330 and 385 nm, characteristic of nat- 
ural yellow color, was absent. 

Analysis by energy-dispersive X- 
ray fluorescence (EDXRF) spec- 
troscopy showed that, in addition to 
calcium and strontium, iron and 
trace amounts of sulfur were also pre- 
sent. While Ca and Sr are inherent to 
the chemistry of nacre, and it is not 
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uncommon to find traces of sulfur in 
P. maxima shells or cultured pearls, 
the presence of iron is not consistent 
with natural color. 

In some cases, color treatment 
can be detected by Raman analysis. 
However, no spectral signature was 
observed for this sample, as the 
Raman signal was masked by the 
strong fluorescence. 

All of these findings are inconsis- 
tent with natural-color “golden” 
South Sea cultured pearls. We believe 


Figure 6. The color of this 12.7 
mm “golden” cultured pearl is 
due to treatment. 
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that these characteristics represent a 
distinctive type of treatment that is 
being applied to produce the “gold- 
en” color. Unlike many color treat- 
ments, which can be difficult to 
detect, this one exhibits a suspicious 
long-wave UV fluorescence and is 
readily identifiable by magnification, 
UV-Vis spectroscopy, and EDXRF. 
Shane Elen and CYW 


QUARTZ 
Crystal with “Lizard” Inclusion 

Gems and gem-mineral objects that 
appear to contain small animals or 
other unusual but recognizable 
forms are always popular because 
they serve to stimulate the observ- 
er’s imagination. When such features 
are highlighted by lapidaries and jew- 
elry designers, they often result in 


Figure 7. This 51-mm_-long partially 
polished phantom quartz crystal 
contains the likeness of a tiny 
green lizard with an angular dark 
head that can be seen perched on 
top of the brown phantom. 
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Figure 8. Raman analysis of similar inclusions revealed that the 1-cm-long 


” 


“lizard’s 
anatase crystal. 


interesting fashioned items and one- 
of-a-kind pieces of jewelry. A recent 
example of this seen in the lab was a 
pseudo-“lizard” in a partially pol- 
ished crystal from the famous phan- 
tom quartz locality near Buenopolis, 
Minas Gerais, Brazil. The specimen 
was obtained from Kevin Lane Smith 
of Tucson, Arizona. Mr. Smith had 
polished a clear flat window to offer 
the best possible view of the inclu- 
sion scene. 

The 51-mm-long quartz crystal 
was a very light smoky brown (figure 
7). It contained a phantom composed 
primarily of altered brown chlorite 
that had the appearance of a mound 
of dirt or brown rock. While such 
phantoms are well known from this 
locality, what made this one unique 
was the 1-cm-long bimineralic 
“lizard” sitting on the tip of the 
phantom, the “body and tail” of 
which appeared to be composed of 
green chlorite, with an angular dark 
submetallic gray “head” formed by 
what looked like a single anatase 
crystal (figure 8). 

The “lizard” was too deep in the 
host for Raman analysis, but inclu- 
sions similar to both of these miner- 
als were exposed on the surface at 
the base of the crystal. The Raman 
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body and tail are composed of chlorite, while its head is an 


spectra of these exposed inclusions 
confirmed that the green mineral 
was chlorite, possibly clinochlore, 
while the crystal that resembled a 
lizard’s head was anatase. Chlorite is 
relatively common in quartz, but 
anatase is not. While these analyti- 
cal results might take away some of 
the “magic” of this unusual inclu- 
sion construct, the pursuit of the 
solution to a mystery offers its own 
rewards. 

JIK and Maha Tannous 


Unusual Mottled Pink 

Two faceted mottled pink and color- 
less quartz gems were submitted to 
the West Coast laboratory by 
Luciana Barbosa, of the Gemological 
Center in Belo Horizonte, Minas 
Gerais, Brazil. The rough from 
which the two stones were cut was 
reported to have come from the 
Aracuai region of Minas Gerais. This 
is the same locality that produced 
the distinctly color-zoned pink and 
colorless quartz that was reported in 
the Fall 1993 Lab Notes section (pp. 
203-204). Magnification revealed 
that the earlier sample derived its 
fairly uniform pink face-up color 
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Figures 22 and 23, where the beam in 
position A, Figure 22, passes through 
the pearl below its centre, a horizontal 
displacement to B, Figure 22 (i.e. to 
A, Figure 23) also should produce a 
rectangular pattern, but with the pseu- 
do-hexagonal axis inclined at an angle 
“a” to the horizontal. 

Rotation of the natural pearl in the 
first case (C, Figure 17) should have 
no effect on the orientation of the pat- 
tern (i.e., the pseudo-hexagonal axis re- 
mains horizontal), while in the second 
case (B and C, Figure 23) a corres- 
ponding rotation should result in a 
change in the orientation of the pattern 
(i.e, in the angle between the pseudo- 
hexagonal axis and a horizontal line.) 

Finally, if the pearl in a position 
corresponding to A, Figure 23, be given 
a vertical displacement (z) upwards as 
represented at D, Figure 23, the angle 
between the trace of the pseudo-hex- 
agonal axis and a horizontal line will 
be increased to an angle “b,” so that 
tan b=(y+z)/x. If the vertical dis- 
placement were in the opposite direction 
(downwards in diagram D, Figure 23) 
then tan b== (y—z)/x and the pattern 
should be rotated in the opposite direc- 
tion, with the angle between the trace 
of the pseudo-hexagonal axis and a 
horizontal line first decreasing to zero, 
and then increasing, depending on the 
relative magnitudes of y and z. The ob- 
served effect; namely, rotation of the 
pattern following a vertical displace- 
ment, therefore, should be the same as 
that of the natural pearl described in 
the previous case (diagram D, Figure 
17) except that the magnitude of the 
rotation would be affected by the initial 
vertical displacement of the pearl. 

The X-ray diffraction patterns given 
by a natural pearl (i.e, that employed 
for Figures 9 and 16) under the con- 
ditions represented diagrammatically in 
Figures 22 and 23, are reproduced in 
Figure 24. With the X-ray beam pas- 
sing through the pearl slightly below 
the geometric centre (as represented at 
A, Figure 22) the normal “natural 
pearl” pattern (in this case, a combina- 
tion of hexagonal and halo types) 
shown in P-46-10 was obtained. The 
pearl was displaced 2.5 mm. horizontally 
(as represented at B, Figure 22, and 
A, Figure 23) and gave the rectangular 
pattern P-46-11 in which the trace of 
the pseudo-hexagonal axis is rotated 
approximately 7° clockwise from a 
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horizontal line. The vertical distance 
(y) between the direction of the X-ray 


_ . 
P-46-10 P-46-11 
> eo 
P-46-12 P-46-13 
Figure 24 


beam and the geometric centre of the 
beam in the initial setting, . therefore, 
must have been approximately 0.3 mm. 
The pearl then was rotated. through 
an angle of 22.5° about an axis coincid- 
ing with the original path of the beam 
to a position between those represented 
at A and B, respectively, in Figure 23, 
and it will be observed that the inclina- 
tion of the trace of the pseudo-hex- 
agonal axis to the horizontal has been 
reduced slightly in the resulting pattern 
P-46-12. The pearl was restored to 
the position in which pattern P-46-11 
was obtained (corresponding to dia- 
gram A, Figure 23) and it was then 
displaced 1.5 mm. vertically upwards, as 
represented at D, Figure 23. The expec- 
ted clockwise increase in the angle be- 
tween the trace of the pseudo-hexagonal 
axis and a horizontal line through 
the centre of the pattern is clearly 
shown in the resulting pattern P-46-13. 
Due to the small size and diffuse nature 
of the patterns, exact measurement of 
the angles involved is not possible, but 
they are of the same order of magni- 
tude as those predicted from a geome- 
trical consideration of the experimental 
displacements. 


Summary and Conclusions 


From the practical point of view of 
the routine examination of pearls by 


) 


Figure 9. These two faceted examples of pink and colorless quartz (0.98 
and 2.67 ct) have an unusual mottled color distribution. 


from sharply defined parallel bands 
of intense pink color in an otherwise 
colorless stone. The gems examined 
recently had uneven coloration that 
was obvious even to the unaided eye 
(see figure 9). The smaller, 0.98 ct, 
stone was a trapezoidal step cut; the 
larger, 2.67 ct, stone was a triangular 
step cut. 

Using standard gemological test- 
ing, we first confirmed the identifica- 
tion of these stones as quartz. This 
was a straightforward procedure 
with—almost—no anomalies or sur- 
prises. The exception was the distri- 
bution of color seen with magnifica- 
tion, as shown in figure 10; we had 
never before seen a roiled appearance 
such as this in quartz of any color. 

For comparison with the quartz 
reported in 1993 (which contained, 
and was probably colored by, iron), 
we performed EDXRF qualitative 
chemistry on the 2.67 ct stone, since 
it was the more saturated of the two. 
Just as with the earlier gem, this test- 
ing revealed the expected abundant 
silicon, as well as iron as the only 
trace element. This chemistry gave 
further support to the strong possibil- 
ity that these two gems did in fact 
come from the same deposit near 
Aracuai that produced the sharply 
zoned stone examined earlier. 
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JIK, Maha Tannous, 
and Sam Muhlmeister 


QUARTZITE Dyed to Imitate Ruby 

“If you wish to make a ruby from 
Crystal...” is the beginning of a 
“recipe” for dyeing colorless quartz to 
simulate ruby that dates back to at 
least 400 A.D. (see K. Nassau, “The 
early history of gemstone treatments,” 
Spring 1984 Gems # Gemology, pp. 
22-33). Many of the basic methods 
and principles used to treat gems have 
actually been in practice for thousands 
of years, with written accounts dating 
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Figure 10. At 10x magnification, the 
roiled appearance of the coloration 
in the unusual mottled quartzes 
shown in figure 9 could be seen. 


back almost two millennia. Never- 
theless, only occasionally do we en- 
counter these early treatments in the 
laboratory. 

Recently, the East Coast laboratory 
received a yellow metal necklace with 
29 variously shaped semitransparent 
purplish pink to purplish red beads (fig- 
ure 11), which ranged from approxi- 
mately 8.05 x 5.90 x 4.00 mm to 5.80 x 
5.25 x 3.90 mm. At first glance, the 
beads resembled fine ruby or pink sap- 
phire, but closer examination with dif- 
fused transmitted light pointed in a 
very different direction (figure 12). 
Magnification revealed that each bead 
was riddled with tiny concentrations 
of purplish red dye around and 
between the grains of this aggregate 
material, as well as in surface-reaching 
fractures. The beads fluoresced a mot- 
tled medium-strong to very weak 
orange to long-wave UV radiation, and 


Figure 11. The 29 beads in this necklace are quartzite that has been dyed 
to imitate ruby (left). The dye fluoresces orange to long-wave UV radia- 
tion (right). The fluorescing dye can sometimes be seen defining the grain 
boundaries and/or other surface-reaching fractures it fills. 
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Figure 12. With diffused lighting, dye concentrations can be seen in this 
bead even without magnification (left). The dye concentrations in this 
aggregate are found in the spaces between and around the individual 
quartz grains, as well as in small surface-reaching fractures and fissures 
within the grains, as seen here at 120x (right). 


only slightly weaker to short-wave UV 
(again, see figure 11). Such fluorescence 
has been noted previously in purple 
and red dye used to color quartz in 
conjunction with quench crackling 
(see Lab Notes, Spring 1996, pp. 49-50; 
Fall 1997, pp. 216-217). However, 
these beads did not have to be quench- 
crackled to accept the dye, due to the 
aggregate nature of the material. 

No chromium or iron lines were 
visible in the desk-model spectroscope, 
as should have been seen if these beads 
were ruby. However, there was a fea- 
ture that might have fooled inexperi- 
enced gemologists—an absorption 
band with a maximum at about 570 
nm and a “shoulder” at an average of 
approximately 530 nm. A similar band 
was reported by K. Schmetzer et al. in 
a study of corundum dyed to simulate 
ruby (“Dyed natural corundum as a 
ruby imitation,” Summer 1992, Gems 
# Gemology, pp. 112-115). The 
authors concluded that the absorption 
band of the dye, which mimics the 
major chromium absorption band in 
ruby (at about 550 nm), was probably 
the cause of the convincing color in 
the imitation. 

The beads we tested gave spot 
refractive index readings of 1.54. 
Since they also showed an aggregate 
reaction in the polariscope, and no 
optic figure could be found, they 
were identified as quartzite, a crys- 
talline to microcrystalline rock con- 
sisting primarily of quartz. 

Although we don’t regularly see 
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dyed quartz in the laboratory, this 
necklace serves as a reminder, once 
again, that some of the oldest and sim- 
plest gem treatments practiced by 
ancient alchemists are still being used 
today. 

Wendi M. Mayerson 


Unusual Inclusions in a 
Beryllium-Diffused SAPPHIRE 
The West Coast laboratory recently 
examined an interesting 4.75 ct light 
yellow cut-cornered rectangular bril- 
liant that gemological testing proved 
to be a beryllium-diffused natural 
sapphire (figure 13). 

The refractive indices were 
1.761-1.769, and no visible-light spec- 


Figure 13. This 4.75 ct light yel- 
low sapphire proved to be berylli- 
um diffused. 
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trum was observable through the 
spectroscope. When the stone was 
exposed to long-wave ultraviolet radi- 
ation, a moderate-to-strong orange 
luminescence was seen; to short-wave 
UV, it fluoresced a moderate chalky 
reddish orange with a slightly bluish 
white overcast. All of these properties 
are consistent with yellow sapphire. 

Microscopic examination revealed 
straight growth zoning and a small 
partially healed fracture (“fingerprint”) 
inclusion. In addition, immersion in 
methylene iodide showed a yellow 
surface-conformal color zone around a 
colorless center, which proved that 
the stone had been lattice diffusion 
treated (see, e.g., J. L. Emmett et al., 
“Beryllium diffusion of ruby and sap- 
phire,” Summer 2003 Gems & 
Gemology, pp. 84-135). 

However, as shown in figure 14, 
this stone also contained numerous 
very unusual ribbon-like semicircles 
composed of minute white particles 
and what looked like stringers of tiny 
bubbles. We had never encountered 
this type of inclusion in any corundum, 
natural or synthetic. Since most inclu- 
sions are adversely affected by high- 
temperature heat treatment, we inter- 
preted these to be a result of the heat 
treatment this sapphire had undergone 
during the lattice-diffusion process. 

JIK, KNH, and Maha Tannous 


Figure 14. These unusual ribbon- 
like semicircles observed in the 
4.75 ct yellow sapphire are made 
up of minute white particles and 
what appear to be bubbles. 
Magnified 40x. 
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STICHTITE Flowers 

The West Coast laboratory recently 
examined an interesting 6.97 ct cush- 
ion-shaped polished double cabochon 
that was submitted for identification 
together with three small rough 
slabs, each of which had one polished 
face. The semi-translucent to opaque 
cabochon, which measured 16.30 x 
12.17 x 4.97 mm, showed a mottled 
texture and very slightly pinkish pur- 
ple color (figure 15). The three slabs 
were identical to the cabochon in 
color, diaphaneity, and texture. 

We first used standard testing to 
acquire the basic gemological proper- 
ties. The refractive index obtained 
from a flat polished surface on one of 
the slabs was 1.52-1.55; specific grav- 
ity for the cabochon (determined 
hydrostatically) was 2.13. A typical 
chromium absorption spectrum, 
showing three lines in the red region, 
was observed with the desk-model 
spectroscope on all four samples. All 
of the samples were inert to both 
long- and short-wave UV radiation. 

As seen in figure 16, microscopic 
examination revealed an almost oolitic 
structure composed of numerous pink- 
ish purple, circular to ovoid, platy floral 
masses, some of which had tiny 
opaque black grains at their centers. 
The cabochon and slabs were all slight- 
ly attracted to a magnet, which we 
attributed to the presence of the tiny 
black mineral grains. We surmised that 
these grains might be either chromite 
or hematite, although chromite was 
the first choice because of the chromi- 
um spectrum shown by the material. 
Since all of the visible mineral grains 
seemed to be at the centers of the pink- 
ish purple “flowers,” we speculated 
that these grains formed the nucleus 
for growth of the purple mineral. 

One of the slabs was tested with a 
minute droplet of hydrochloric acid, 
and it showed a weak carbonate effer- 
vescence that was clearly visible 
through the microscope. When a 
thermal reaction tester was touched 
to the edge of one of the slabs, the 
mineral lost its pinkish purple color 
and decrepitated to brown particles, 
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Figure 15. This 6.97 ct cabochon 
proved to be the ornamental gem 
material stichtite. 


which suggested that it might be 
hydrated as part of its chemistry. 

The gemological properties and 
general appearance of the samples 
served to identify them as stichtite, 
a rather unusual massive gem mate- 
rial with the chemical formula 
Mg,Cr,(CO;)(OH),, © 4H,O. Since 
we rarely see such material, we 
decided that advanced testing should 
be done to get a full documentation 
for our records. The additional tests 
performed included X-ray powder 
diffraction and EDXRF of one of the 
samples, as well as Raman spec- 
troscopy on both the material itself 
and the tiny black grains. 

X-ray powder diffraction showed a 
structural match that fit stichtite bet- 
ter than its dimorph, barbertonite; the 
gemological properties also supported 
this distinction. EDXRF gave a quali- 
tative composition that was consis- 
tent for both stichtite and barber- 
tonite, with Mg and Cr as the two 
major elements. Raman analysis gave 
us a good standard pattern for 
stichtite, and identified the tiny black 
grains as chromite. 

Gem-quality stichtite has been 
found in Australia, Canada, and South 
Africa. It occurs in serpentine rocks in 
association with chromite; this associa- 
tion fits well with the data we obtained 
from these samples. Although it is 
unusual, such stichtite has been previ- 
ously described in Gems & Gemology, 
by R. Webster (“Stichtite, an ornamen- 
tal stone,” Spring 1955, pp. 149-150, 
156), and more recently in the 
Australian Gemmologist, by R. S. 
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Figure 16. These “flowers” of 
stichtite appear to have nucleated 
around minute opaque black crys- 
tals of chromite. Magnified 25x. 


Bottrill and G. Brown (“Rare Australian 

gemstones: Stichtite,” Vol. 20, No. 9, 
2000, pp. 391-393). 

JIK, Dino DeGhionno, 

Philip Owens, Sam Muhlmeister, 

KNH, and Maha Tannous 


Addendum: Cat’s-eye OPAL 
In the Summer 2003 Lab Notes (p. 
148), we reported on a chatoyant opal 
with an eye that “opened and closed,” 
much as cat’s-eye chrysoberyl and 
many other chatoyant materials do 
when viewed under two light 
sources. This phenomenon had 
apparently not been reported before 
in those rare cat’s-eye opals with eyes 
composed entirely of play-of-color. 
Note, however, that the 4.59 ct 
cat’s-eye opal reported in the Spring 
2003 Lab Notes (pp. 43-44) also dis- 
played this phenomenon. Since the 
focus of that report was on the fact 
that the stone showed a strong cat’s- 
eye composed of play-of-color, with a 
full range of spectral colors when it 
was viewed in the right position, we 
neglected to report that the eye also 
opened and closed. SFM 
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DIAMONDS 


Australia’s largest diamond crystal found at Merlin. In 
March 2002, a 104.73 ct gem-quality rough diamond (fig- 
ure 1) was recovered from the Gareth pipe at the Merlin 
project in Australia’s Northern Territory (see Summer 
1999 Gem News International, pp. 143-144). This piece of 
rough, which was only recently announced to the public, 
measures 38.22 x 26.20 x 16.32, mm, and is the largest dia- 
mond ever reported from Australia. 

The Merlin project is situated on land owned by the 
Garrawa and Gurdanjii clans of Australian aboriginal peo- 
ples. As such, these clans have bestowed the name for the 
diamond—"Jungiila Bunajina,” which translates to “Star 
Meteorite Dreaming Stone.” 


Figure 1. This 104.73 ct diamond, recovered from the 
Merlin project in March 2002, is reportedly the largest 
ever found in Australia. Courtesy of Argyle Diamonds. 
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Since it was purchased in November 2000 from 
Ashton Mining Ltd., the Merlin property has been 100% 
owned by Rio Tinto Ltd. and operated by Argyle 
Diamonds (Perth, Australia). More than 400,000 carats of 
rough diamonds were recovered from the beginning of 
trial mining in 1998 until late May 2003, when activities 
were discontinued because the deposit did not meet the 
scale and revenue parameters required by Rio Tinto. 
Argyle estimates that the large crystal can be cut into a 
pear-shaped stone of 30-35 ct, plus another four or five 
smaller diamonds. 

Thomas W. Overton 


Update on diamond mining and exploration in the Slave 
Province, NWT, and northern Alberta, Canada. This con- 
tributor joined a field trip held June 14-21, 2003, in connec- 
tion with the 8th International Kimberlite Conference in 
Victoria, British Colombia (see Conference Reports below), 
and collected information on several Canadian diamond 
deposits. The itinerary included properties in several stages 
of development, from exploration to full production: 
Mountain Lake and Buffalo Hills in Alberta; and Snap Lake, 
Diavik, and Ekati in the Northwest Territories (NWT). The 
trip leaders were Dr. John Armstrong of the C. S. Lord 
Northern Geoscience Centre in Yellowknife, Roy Eccles of 
the Alberta Geological Survey in Edmonton, and Dr. Herbert 
Helmstaedt of Queen’s University, Kingston, Ontario. 
Participants received a publication that contains more infor- 
mation on the deposits described below (B. A. Kjarsgaard, 
Ed., VIlIth International Kimberlite Conference, Slave 
Province and Northern Alberta Field Trip Guidebook, June 
2003, Geological Survey of Canada, Ottawa). The informa- 
tion provided here updates the comprehensive article in the 
Fall 2002, issue of Gems e&) Gemology (B. A. Kjarsgaard and 
A. A. Levinson, “Diamonds in Canada,” pp. 208-238). 
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Figure 2. The Koala kimberlite at Ekati is visible as the dark-colored rock in the center of the open pit. Each bench 
is about 30 m high. Photo by Mary L. Johnson, June 2003. 


Ekati. Access to BHP’s Ekati mine is solely by air except 
for six to eight weeks during the winter, when an ice road 
is maintained over the frozen ground and lakes. About 800 
people currently work at the mine. There are at least 168 
kimberlites on the property, and exploration is not yet 
complete. So far, the exploitable kimberlites include Panda 
(now mostly mined out), Koala, Koala North, Misery, Fox, 
Sable, Pigeon, and Beartooth. Current diamond production 
is about 90% from Koala and 10% from Misery. 

Construction and mining at Ekati follow strict envi- 
ronmental guidelines. Dams and thermo-siphons (see 
Diavik section, below) surround the mine pits, since these 
areas were formerly occupied by lakes or embayments. 
Twenty-eight lakes have been drained so far, although 
most of these have been very small. The mine’s impact on 
wildlife (i.e., fish, mammals, and birds) continues to be 
closely monitored. 

The 3 hectare (ha) Panda pipe was the first to be 
exploited (ore grade 1.1 ct/tonne}, and is no longer being 
mined. The open pit is 1 km across and about 300 m deep. 
About 8,000—10,000 tonnes of ore remain in the pit, under 
about 3 m of water, and will be recovered at some point in 
the future with underground techniques. 

At the Koala pipe (figure 2), the ore grade is 1 ct/tonne 
(at $96/ct), with a current size cutoff of 3 mm (that is, 
material smaller than 3 mm is not recovered in the mining 
process). The top of this deposit is being mined as an open 
pit, but plans are to go underground when the 220 m level 
is reached (levels are designated relative to sea level). At 


Editor's note: Interested contributors should send information 
and illustrations to Brendan Laurs at blaurs@gia.edu (e-mail), 
760-603-4595 (fax), or GIA, 53845 Armada Drive, Carlsbad, 
CA 92008. Original photos will be returned after considera- 
tion or publication. 
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the 300 m bench currently being mined, the ore grade was 
about 1.5 ct/tonne, and the pipe was about 4.5 ha in size. 
Koala North is a small (0.5 ha) pipe between Panda and 
Koala that is ready to be mined with underground tech- 
niques. 

Misery is the southernmost exploited site at Ekati, 
about 28 km by road from the main plant and 7 km by air 
from the Diavik mine. The road to Misery goes over a nar- 
row bridge, so relatively small (70 tonne) trucks must be 
used to haul the ore. These deliver 2,000 tonnes/day to the 
main plant. Nine diamondiferous bodies (pipes and sills) are 
present at Misery. The southernmost body, at 1 ct/tonne, is 
not economic. The average grade at Misery is 3-4 ct/tonne, 
but the diamonds are only valued at about $35/ct. 

Fox is a large (17 ha) pipe with ore grades of 0.4 ct/tonne, 
and total reserves of 6.6 million carats (Mct). It will take 
about three years to remove the overburden before extrac- 
tion can begin. The expected mining life of the Fox pipe is 
about seven years. 

Grease tables are used for recovery at Ekati, since some 
of the diamonds are graphite coated and do not fluoresce 
sufficiently to X-rays. The feed procedures must be adjusted 
for each pipe. About 30,000 tonnes of ore are stockpiled in 
towers at the processing plant, so diamond recovery can 
continue even when severe weather prevents mining. 
Within five years, Ekati should be drawing ore from seven 
pipes for processing. Each pipe has a distinct range of sizes 
and qualities, which will enable a consistent range of goods. 


Diavik. As with Ekati, access to the Diavik mine is main- 
ly by air, with a winter road open for a short season. 
Diavik is owned 40% by Aber Diamond Corporation and 
60% by Diavik Diamond Mines Inc. (DDMI), which is 
wholly owned by Rio Tinto. There are about 500 employ- 
ees and contractors on site. The claim area is 146,000 
ha, and is covered by up to 30 m of glacial till. The kim- 
berlite pipes are small, averaging 0.9-1.6 ha. There are 
63 known kimberlites on the property, of which 35 
have produced at least one diamond, 26 have under- 
gone bulk (or similar) testing, and four are economic: 
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AI54N, A154S, A418, and A21. By 2015, all four pipes 
are expected to be in production, and the operation is 
expected to have a 20-year life span. Remediation should 
be complete by 2025. 

All four of the kimberlites were situated under about 
10 m of water, making a dam necessary for open-pit min- 
ing. This boundary dam is kept frozen (and structurally 
stable) using liquid-CO, thermo-siphons, which withdraw 
heat from the base of the dam. Including its foundations, 
the dam is up to 30 m deep. As with Ekati, environmental 
protection is critical at Diavik. 

Reserves are 22.1 million tonnes (Mt) of ore at approxi- 
mately 4 ct/tonne (for a total of 87.3 Mct) from open-pit 
mining, and 5.0 Mt of ore at 3.9 ct/tonne (19.5 Mct) from 
underground mining, totaling 106.7 Mct. The largest dia- 
mond found so far weighed 102.58 ct, but was not gemmy. 
The mine cost C$1.3 billion to construct, and operation 
costs are C$170 million per year. About 70% of costs are 
paid to northern (NWT, Nunavut, or Yukon) suppliers, and 
about 40% of the value of mining accrues to governments 
as royalties and taxes. 

The A154S open pit has reached the 370 m level (figure 
3). A154N is being stripped of its overburden (up to 25 m 
of till) in preparation for mining. The tops of the kimber- 
lites are extensively weathered, and the upper half-meter 
is often mixed with till material. 

The processing plant (figure 4) recovers 16,100 carats/day 
on average, using X-ray sorting for the final diamond separa- 
tion. Grease tables are used to audit diamond recovery. 

The first diamonds from Diavik were delivered in 
January 2003. Production is divided between the part- 


Figure 3. At Diavik’s A154S pit, two orange cranes 
pump explosives into the 370-m-level bench. The 
dark rock in the foreground is diamondiferous 
kimberlite. Photo by Mary L. Johnson. 
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Figure 4. The high-angle conveyor belts in the top of 
this image carry diamond ore to the gravitational sep- 
arators at the Diavik processing plant. The ore cannot 
be seen because it is covered by a second rubber belt. 
Photo by Mary L. Johnson. 


ners in Yellowknife: DDMI’s 60% goes to Rio Tinto 
Diamonds NV in Antwerp, while Aber’s 40% goes to 
the open market in Toronto, with some committed to 
Tiffany & Co. The rough is split into 11 lots by dia- 
mond weight. Aber gets four lots, DDMI gets six lots, 
and diamonds in the largest-stone lot (10+ ct) are indi- 
vidually bid on by both partners. The first production— 
42,619 carats averaging $96/ct was brought to market in 
April 2003. 


Snap Lake. The main kimberlite body at Snap Lake, on 
average, is a 3.7-m-thick dike (figure 5) that dips about 15° 
to the east under the surface of the lake, and extends about 
3-4 km down dip. Another diamondiferous kimberlite 
body (CL-186), which has not been evaluated, is a blind 
pipe (i-e., it does not reach the surface]. As mining at Snap 
Lake will be underground, the site footprint (i.e., the devel- 
oped area of the mine site) is projected to be only 550 ha, 
compared to 3,500 ha at Ekati and 1,800 ha at Diavik. The 
deposit is currently in “maintenance mode,” waiting for 
final permitting, which could allow mine development to 
start as early as December 2003. 
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Grades were estimated from 6,000-tonne bulk samples 
in two locations, which gave very consistent results. 
Approximately 12,000 carats were extracted, valued at 
about $90/ct. The largest diamond found so far (though 
not gem quality) was about 50 ct. Plans are to remove ore 
by the room-and-pillar method and move it via 40-tonne 
trucks to an underground primary crusher. The kimberlite 
ore grade is 218 ct/100 tonnes, and the mined ore grade 
(ie., containing host rock that must be removed with the 
kimberlite) is expected to be 150 ct/100 tonnes. Mining 
should produce 3,000 carats/day. Two cross-cut levels 
have been started: the 320 m level (120 m below the sur- 
face of the lake) in 2000, and the 280 m level in 2001. 


Buffalo Hills. The Ashton/Pure Gold/Encana mine camp 
is in the middle of a large natural gas field, about 40 km 
northwest of the town of Red Earth Creek in north-central 
Alberta, and is accessible by dirt roads. So far, 37 kimber- 
lites have been discovered in this field, of which 24 are dia- 
mondiferous, but the area has not yet proved economic for 
diamond mining. The “core area” for prospecting is about 
400,000 ha. 

Exploration of this deposit has been previously de- 
scribed (see, e.g., Summer 1998 Gem News, pp. 134-135). 
Individual kimberlites are small (as at Lac de Gras), and 
the glaciation history of the region is quite complex, so 
heavy-mineral-concentration techniques are useful for 
regional exploration but not for finding individual ore bod- 
ies. Therefore, much of the exploration has been per- 
formed using geophysical techniques. Presently, time- 
domain electromagnetic surveying is the geophysical 
method in use. 

Four kimberlites are the most promising: K5, K6, K14, 
and K252. K5 is a lateral body covering about 40 ha. The K6 
kimberlite covers about 15 ha, and is composed of at least 
two separate pipes. The best diamond found so far was a 
0.76 ct yellow diamond from K6. K252 is adjacent to K6, 
and is buried under about 70-80 m of glacial deposits. This 
small (2, ha) kimberlite has a grade of 0.55 ct/tonne, with a 
0.94 ct diamond being the largest recovered. At K14, fur- 
ther to the north, a 500 tonne drill-core sample contained 
18 carats (counting microdiamonds; 11.7 carats without). 


Mountain Lake. This diamond area is located about 75 km 
northeast of Grande Prairie in northwestern Alberta, on 
the Peace River drainage. The Mountain Lake ultramafic 
bodies were extensively investigated by Monopros (now 
De Beers Canada) in the late 1980s. In 2000, they allowed 
the mineral permit to expire, and this claim was re-staked 
by New Claymore Resources Inc. It is not currently con- 
sidered to be economic. 

There are two pipes, Mountain Lake North and 
Mountain Lake South; they are not typical kimberlite, 
and their poor state of preservation makes characteriza- 
tion difficult. Although a few minute diamonds were 
found here, the indicator-mineral suite is also not typical, 
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Figure 5. The diamondiferous kimberlite dike at 
Snap Lake averages only a few meters thick. Here, 
Dr. Melissa Kirkley, De Beers Canada Exploration, 
points out a xenolith in the dike; the upper contact of 
the dike with the host rock is at the level of her 

head. Photo by Mary L. Johnson. 


lacking, for instance, chrome spinels with diamond-inclu- 
sion compositions and G10 garnets. 

Mary L. Johnson 

GIA Research, Carlsbad 


Profile Cut diamonds. The Profile Cut was first introduced 
in October 1961 by Arpad and Peter Nagy of Diamond 
Polishing Works, London. It is one of the most unusual 
proprietary cuts to be marketed in the past half century. 
Recently, this contributor learned that several new shapes 
are being produced and the faceting is being done with 
new techniques for better consistency (see, e.g., figure 6). 
The process for creating the Profile Cut evolved from 
Arpad Nagy’s patented method originally developed for 
diamond-tipped tools used for dressing industrial grinding 
wheels (see E. Bruton, Diamonds, 1st ed., Chilton Book 
Co., Radnor, Pennsylvania, 1970). Using flat gem-quality 
rough, and sometimes even leftover cleavage fragments, a 
series of grooves are cut into the base of the stone, each 
with a 41° angle. These grooves are designed to maximize 
the surface area of the stone in relation to its weight. The 
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Figure 6. These Profile Cut diamonds (0.03-0.95 ct) repre- 
sent one of the most unusual proprietary cuts to be mar- 
keted in the past half century. Photo by Maha Tannous. 


depth of the grooves is standardized according to the thick- 
ness of the plates. 

The technique for smoothing the grooves was not 
revealed in patents of the period. Even the heart-shaped 
diamonds produced at the time had fully curved polished 
incisions, as opposed to the unpolished faceted grooves in 
general current production. 

Hearts, squares, and rectangles are produced mostly in 
standardized dimensional sizes, utilizing jig-type dops, 
while the new contemporary shapes are created using cus- 
tom-made dops. 

Maha Tannous 
GIA Gem Laboratory, Carlsbad 


COLORED STONES AND 
ORGANIC MATERIALS 


An alexandrite-emerald intergrowth. This contributor 
recently encountered several stones that were presented as 
alexandrite-emerald intergrowths. These cabochons and 


Figure 7. The alexan- 
drite portion of this 
12.17 ct intergrowth 
with emerald shows a 
distinct color change 
from daylight (left) to 
incandescent light 
(right). Photos by T. 
Hainschwang. 
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polished slabs were translucent to partially transparent, 
and ranged from 6 to 25 ct. According to the owner, the 
material was found in Russia a few years ago. In daylight, 
the stones all appeared a relatively homogeneous bluish 
green. In incandescent light, certain areas of each stone 
appeared reddish purple, while the remaining portions 
stayed bluish green. 

One 12.17 ct triangular cabochon (figure 7) was studied 
in more detail. About 80% of the stone exhibited a very 
distinct color change, while the remaining 20% was non- 
phenomenal bluish green. The refractive index, deter- 
mined by the spot method, was ~1.75 for the color-chang- 
ing portion and ~1.58 for the nonphenomenal area. The 
color-changing portion exhibited a weak-to-moderate red 
luminescence to long-wave UV radiation, as well as a faint 
yellow emission along the fractures. With short-wave UV 
radiation, the red luminescence was rather faint, causing 
the yellow emission along the fractures to appear more 
distinct. The nonphenomenal portion was inert to both 
wavelengths. The yellow fluorescence indicated that a for- 
eign substance was present in the fractures. 

Reflectance infrared spectroscopy, performed on a 
Perkin-Elmer Spectrum BXII FTIR spectrometer, con- 
firmed the identity of the color-changing portion as 
alexandrite and of the nonphenomenal area as emerald. In 
transmission mode, both portions displayed strong absorp- 
tion between 3100 and 2800 cm~!, corresponding to the 
significant presence of hydrocarbons. This suggested that 
the sample had been oiled to enhance its appearance. 
Indeed, microscopic observation revealed dendritic pat- 
terns with the appearance of dried oil in the numerous 
fractures. These findings also explain the yellow lumines- 
cence along the fractures of the cabochon, such fluores- 
cence is common for oils and resins. The transmission 
infrared spectra also showed prominent water-related 
absorption features, proving natural origin. 

Two other cabochons were intergrowths of alexandrite, 
emerald, and phenakite. The phenakite was visible as a 
narrow white zone around one edge of each of these sam- 
ples, and was identified by infrared spectroscopy in both 
transmission and reflectance modes. However, in these 
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samples the color change of the alexandrite was very 
weak, and therefore not nearly as attractive as in the sam- 
ple described above. 

The association of chrysoberyl (BeA1,O,), beryl 
(Be,Al,[Si,O,,]), and phenakite (Be,SiO,) within emerald 
deposits of the Ural Mountains in Russia was mentioned by 
A. F. Lashovenkov and V. I. Zhernakov (“An update on the 
Ural emerald mines,” Summer 1995 Gems & Gemology, 
pp. 106-113). Indeed, intergrowths of alexandrite, emerald, 
and sometimes phenakite are occasionally found within or 
near desilicated pegmatites, and their relative abundance 
may be explained by variations in the temperature and com- 
position (particularly in the amount of silica) within the 
growth environment (see M. D. Barton, “Phase equilibria 
and thermodynamic properties of minerals in the BeO- 
AI,O,-SiO,-H,O [BASH] system, with petrologic applica- 
tions,” American Mineralogist, Vol. 71, 1986, pp. 227-300). 
Such intergrowths have also been produced synthetically by 
Russian researchers (see http://library.iem.ac.ru/exper/v6_2/ 
mineral.html). In nature, however, attractive intergrowths 
of these minerals are rare, and it is even more unusual to 
find them together in polished stones, since they tend to 
break apart during the shaping process. 

Thomas Hainschwang (gemlab@adon.li) 
Gemlab Gemological Laboratory 
Vaduz, Principality of Liechtenstein 


Amethyst from Nigeria. Over the past three years, Nigeria 
has produced some attractive amethyst (figure 8). This 
material was first brought to these contributors’ attention 
at the 2002 Tucson gem show by Jack Lowell (Colorado 
Gem & Mineral Co., Tempe, Arizona). As of August 2003, 
Mr. Lowell had obtained approximately 20 kg of rough. He 
estimated that about 1% by weight was facetable; the 
remainder will be marketed as crystals for collectors or 
polished into carvings and cabochons. So far, stones up to 
24.87 ct have been faceted from this production. 
According to Charles Dunkwu, a sales manager with 


Figure 8. The Taraba State in eastern Nigeria is the 
source of this amethyst. The crystal is 8.9 cm long, 
and the faceted stones range from 2.17 to 16.85 ct. 
Photo by Jack Lowell. 


Gos Resources Nigeria, in Lagos, the amethyst was first 
mined in April 2000. The deposit is located in the eastern 
part of the country, about 40 km south of Jalingo, which is 
the capital city of Taraba State. Mining is done by local 
people in a communal fashion, using only hand tools. 
Digging takes place during the wet season (generally April 
to October), since the ground is too hard when it is dry. 
Approximately 50 miners are active in an area of about 8 
km, working in shallow pits that typically do not exceed 
1.5 m deep. He estimated the monthly production at 
120-150 kg of rough, with the largest pieces ranging up to 
1.5 kg. Much of the amethyst shows an attractive deep 
purple color. 

A parcel of 12 stones, ranging from light to dark purple, 
was examined by one of us (JIK) for inclusions (figure 9). 
Common were singular to abundant needle-like crystals 
that were identified by Raman analysis as hematite. Thin, 


Figure 9. The most common inclusions observed in the Nigerian amethyst examined were deep red needles 
of hematite (left, magnified 10x). Thin plates of hematite also were seen occasionally (center, magnified 
20x). The primary fluid inclusion on the right (magnified 15x) contains liquid and gaseous carbon dioxide, 
as shown by cooling and heating experiments. A “tail” of hematite extends from the base of this fluid inclu- 
sion. Photomicrographs by John I. Koivula. 
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Figure 10. Hiddenite from a new find in North 
Carolina is notable for its relatively large size and high 
quality. The faceted stones weigh 1.16 and 5.58 ct, and 

the crystal is 3.7 cm long. Courtesy of Terry Ledford 
and W. Renn Adams; photo by Maha Tannous. 


platy inclusions of hematite (also identified by Raman anal- 
ysis), sometimes with a skeletal or saw-blade appearance, 
were observed in some samples. Primary fluid inclusions 
were less common. Cooling and heating experiments on 
one such inclusion (figure 9, right) showed that the fluids 
have the homogenization temperature of liquid-gaseous car- 
bon dioxide (i.e., 31.2°C), indicating that both the liquid and 
gas phases are composed of CO,, which was undoubtedly a 
fluid carrier of the amethyst’s growth nutrients. 

BML 


John I. Koivula 
GIA Gem Laboratory, Carlsbad 


New hiddenite discovery in historic North Carolina loca- 
tion. At the August 2003 East Coast Gem, Mineral, and 
Fossil Show in Springfield, Massachusetts, Terry Ledford 
(Mountain Gems and Minerals, Little Switzerland, North 
Carolina) debuted a significant new find of attractive, rela- 
tively large crystals of hiddenite from North Carolina. The 
crystals were recovered in April and May 2003 from the 
Adams Farm near the town of Hiddenite. Previously known 
as the Warren Farm, this locality is the original source of 
hiddenite, which was discovered in the mid-1870s (J. L. 
Smith, “Hiddenite, an emerald-green variety of spo- 
dumene,” American Journal of Science, Vol. 21, 1881, pp. 
128-130). The property has been worked intermittently. It 
was opened to the public on a fee-dig basis from the early to 
mid-1970s, and then remained idle. Mr. Ledford and his 
partner, W. Renn Adams (the property owner), began 
prospecting on the farm in 2001. The men soon found a few 
crystals of hiddenite, but it took another two years of dig- 
ging before they made the latest, much larger discovery. 

Mr. Ledford told one of us (BML) that the hiddenite 
was recovered at approximately 4.5 m depth, in a decom- 
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posed vein within the weathered metamorphic host rocks. 
The associated minerals were amethyst, rutile, monazite, 
black tourmaline, and a few small emeralds. He estimated 
that during this two-month period they recovered about 
1,200 crystals of hiddenite, ranging from a few millimeters 
to 9.0 x 1.0 cm in dimension. Their average size was 
2.0—2.5 cm long and 0.5—-0.6 cm wide. Nearly all the crys- 
tals were etched, as is common for hiddenite, and approxi- 
mately 5% were facetable. Mr. Ledford and Mr. Adams 
have selected approximately 60 pieces that they predict 
will cut 1+ ct stones. The largest stone they have faceted 
to date weighs 5.58 ct. They loaned this elongated emerald 
cut, as well as a 1.16 ct round brilliant and a color-zoned 
hiddenite crystal, to GIA for testing (figure 10). 

Examination of the two faceted stones by one of us 
(EPQ) showed the following properties (information for the 
5.58 ct stone is reported before the 1.16 ct sample where 
there was a difference]: color—weak to moderate yellowish 
green and moderate green; pleochroism—weak to moder- 
ate, in yellowish green and bluish green; R.I—1.660-1.676 
and 1.661-1.677; birefringence—0.016; S.G.—3.20 and 3.21; 
Chelsea filter reaction—pink, fluorescence—inert to both 
long- and short-wave UV radiation; and an absorption band 
at 440 nm and a line at 670 nm visible with the desk-model 
spectroscope. The above observations correlate to the typi- 
cal values for hiddenite found in gemological reference 
books (see, e.g., R. Webster, Gems, 5th ed., Butterworth- 
Heinemann, 1994, pp. 186-188). Microscopic examination 
revealed “fingerprints,” straight and angular transparent 
growth zoning, faint yellowish green color zoning (in the 
5.58 ct stone), cleavage fractures, twin planes, and etch 
tubes. The fractures in the 1.16 ct hiddenite displayed evi- 
dence of clarity enhancement. 

Energy-dispersive X-ray fluorescence (EDXRF) spec- 
troscopy of all three samples showed the expected major 


Figure 11. Polarized UV-Vis-NIR absorption spectra 

(shifted vertically for comparison) are shown here for 
the dark portion of the hiddenite crystal. Most of the 
absorption features are related to Fe**, Fe**, and Cr**. 
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the X-ray diffraction method, the pre- 
sent. investigation leads to the following 
conclusions. 

Since conch and fresh-water pearls 
give diffraction patterns identical with 
those obtained from natural (oriental) 
pearls, and since fresh-water specimens 
also, on occasion, may yield patterns 
identical with those from cultured 
pearls, it is first necessary to eliminate 
conch and fresh-water pearls on the 
basis of other properties such as den- 
sitv, surface texture and orient. 

To distinguish between the natural 
and the cultured pearl, the specimen, if 
mounted, should preferably be removed 
from its setting, since the ideal method 
of examination by X-ray diffraction 
technique involves directing the X-ray 
beam through the centre of the pearl. 
If the pearl is cultured, one X-ray dif- 
fraction photograph, is sufficient to ob- 
tain the characteristic rectangular 
(fibre) pattern. If a hexagonal or halo 
pattern appears, a second photograph 
with the X-ray beam again passing 
through the centre of the pearl but in 
a direction at right angles to the first 
will show the rectangular pattern if the 
pearl is cultured, but another of the 
hexagonal, or halo, type if the pearl is 
a natural one. In cases where ambi- 
guous patterns are obtained, the process 
of taking two diffraction photographs 
with the beam through the centre of 
the pearl along each of two directions at 
right angles should be repeated. Dis- 
torted patterns, sometimes recognizable 
as probably rectangular, are encountered 
more frequently with cultured than with 
natural pearls, and are due to lack of 
regularity among the internal Jamina- 
tions of the specimen. In the case of 
the cultured pearl, it is usually possible 
bv trial and error to locate a direction 
along which the X-ray beam gives rise 
to a good rectangular pattern. In fact, 
if all attempts to obtain a definitely 
rectangular pattern from a given pearl 
when the X-ray beam passes through 
its centre are unsuccessful, the speci- 
men almost certainly is a natural one. 

Tf the pearl cannot be removed from 
its mount, it probably will be impossible 
to direct the X-ray beam through the 
centre of the specimen. By fluoroscopic 
examination of the piece of jewelry,.the 
depth to which the mounting pin pene- 
trates the pearl can be determined. If 
the pearl is relatively large, a series of 
two or three X-ray diffraction photo- 
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graphs can be taken, the first with the 
X-ray beam passing through the pearl 
as closely as possible to its centre, and 
the second and third at increasing dis- 
tances from the centre. For these tests, 
the pearl should not be rotated but 
simply be moved from one position to 
the next along a line through its centre 
and perpendicular to the direction of 
the X-ray beam. If each of the suc- 
cessive patterns so obtained is perfectly 
(or almost perfectly) rectangular, the 
pearl probably is a cultured one. If 
they show a progressive change from 
very distorted to almost perfectly rect- 
angular patterns as the distance between 
the centre of the specimen and the. X- 
ray beam is increased, the pearl prob- 
ablv is a natural one. 

The following procedure may be em- 
ployed to test the conclusions reached 
as a result of the foregoing test or 
may be applied directly to a pearl that 
is too small, or in which the pin pene- 
trates too far to permit a sequence of 
diffraction photographs at increasing 
distances between the centre of the pearl 
and the X-ray beam. 

The pearl (cultured or natural) in an 
off-centre position with respect to the 
X-ray beam gives a rectangular pattern. 
If the pearl, in this position, is rotated 
through an angle (20° or 30°) about 
an axis through its centre and parallel 
to the direction of the X-ray beam, 
the rectangular diffraction pattern ob- 
tained in the new position will be ro- 
tated through a corresponding angle in 
the case of a cultured pearl, but its 
orientation on the film will be un- 
changed in the case of a natural pearl. 

If, instead of a rotation, the pearl 
is given a vertical displacement (assum- 
ing that the X-ray beam and the line 
perpendicular to the beam through the 
centre of the pearl are horizontal), the 
orientation® of the rectangular pattern 
on the film will be unchanged in the 
case of a cultured pearl but will be 
rotated (clockwise for an upward dis- 
placement; anticlockwise for a down- 
ward displacement) through an angle, 
the tangent of which will be propor- 
tional to the magnitude of the displace- 
merit, in the case of a natural pearl. 

Thus, rotation of the pearl in an off- 
centre position has no effect on the 
rectangular pattern if the pearl is a 
natural one but rotates it if the pearl 
is cultured; whereas a vertical displace- 
ment rotates the pattern if the pearl is 


elements Al and Si. The 1.16 ct stone contained traces of 
K, Ca, V, Cr, and Fe. Also, Ca, Ti, V, Cr, Fe, and Ga were 
detected in the 5.58 ct sample and in the light green por- 
tion of the crystal. The darker green area of the crystal 
contained the same elements, except that Ca and Ti were 
not detected. This area of the crystal contained approxi- 
mately five times more chromium than the light green 
portion, and approximately three times more chromium 
than either faceted sample. 

Polarized UV-Vis-NIR absorption spectra (figure 11) of 
the 5.58 ct stone and the crystal showed features consistent 
with coloration due to Cr**, Fe**, and Fe* (F. C. Haw- 
thorne, Ed., Reviews in Mineralogy, Vol. 18: Spectroscopic 
Methods in Mineralogy and Geology, Mineralogical 
Society of America, Washington, DC, pp. 218-223). 
Specifically, bands were recorded at 369 (Fe**), 380 (Fe**), 
430 (Cr**), 431 (Fe**), 437 (Fe**), 510, 620 (Cr?*), 689 (Cr**), 
1060 (Fe?*), and 1650 nm. The 431, 437, and 689 nm bands 
correlate to the absorptions seen at 440 and 670 nm with 
the desk-model spectroscope (wavelength differences can 
be attributed to the lower accuracy of the latter instru- 
ment). The intensity of the Cr- and Fe-related bands also 
were consistent with the relative concentrations of these 
elements detected by EDXRF. 

Mtr. Ledford reported that more vegetation will need to 
be cleared from the mining claim before significant further 
prospecting can occur. Therefore, it is not likely that addi- 
tional hiddenite will be recovered from this site in the near 
future. 

BML 


Elizabeth P. Quinn, GIA Gem Laboratory, Carlsbad 
Sam Muhlmeister, GIA Research, Carlsbad 


Edward Boehm, JOEB Enterprises, 
Solana Beach, California 


Update on sapphires, pezzottaite, and other gems from 
Madagascar. In July 2003, this contributor visited the 
Ilakaka area, as well as the pink cesium-beryl (pezzottaite) 
mine near Ambatovita, to obtain first-hand information on 
the gem production and geology at those localities. 


Takaka area. Tom Cushman (Allerton Cushman & Co., 
Sun Valley, Idaho) guided the Iakaka portion, and we were 
joined by Edward Boehm (JOEB Enterprises, Solana Beach, 
California). We flew from Antananarivo to Tulear on the 
southwest coast, and drove three hours to the gem-trading 
town of Sakaraha, and then an additional hour to Ilakaka 
(all on the partially paved Route Nationale 7). For the past 
several years, Ilakaka has become well known as a source 
of fine sapphires and related gem materials. In the last two 
to three years, additional discoveries have significantly 
expanded the mining activities, making this one of the 
largest sapphire deposits in the world. All of the mining 
areas are hosted by the Isalo Formation, in sediments that 
were originally deposited into the Morondava basin. The 
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main producing localities are found in the Ilakaka- 
Sakaraha region and in another district near Bezaha (along 
the Onilahy River), 118 air-km southwest of Ilakaka. 
Another area that is rumored to produce similar gems is 
located 350 km north of Ilakaka, in west-central 
Madagascar. Called Miandravaso, this area is also under- 
lain by the Isalo Formation, but it remains unclear 
whether significant deposits have been found there. 

The main trading areas for the gems from this region 
are still Ilakaka and Sakaraha, which have maintained 
their “Wild West” atmosphere. Security remains a prob- 
lem, as robberies are common, a gunfight occurred in 
Ilakaka during the first night of our visit. Most of the buy- 
ers in Ilakaka and Sakaraha are Sri Lankan, with Thais 
comprising a minor percentage; there are only a few 
European traders. Interviews with gem traders there 
revealed that production had decreased significantly since 
Madagascar’s political crisis last year, to perhaps 60% of 
former levels (see “Madagascar split halts gem trade,” 
Colored Stone, Vol. 15, No. 4, p. 6). Stones traded in 
Ilakaka are being produced from several areas, most of 
which are within 40 km of the town; these include 
Sakalama, Ampasimamitaka, Vohimena, Bekily (not the 
garnet location), and Manombo Voavoa. Stones from the 
Bezaha district are traded in Sakaraha. 

We visited the Manombo Voavoa deposit, located 38 
km west of Ilakaka, which has been mined since February 
2003. Approximately 500 miners were active in the gem- 
rush atmosphere, and the area appeared to be growing— 
with new temporary shelters being constructed along the 
highway. Dozens of shallow pits were concentrated on the 
south bank of the Andongoza River (figure 12). Some of 
these pits had 1-m-diameter shafts, reportedly reaching 
20-30 m deep, that were accessed by primitive windlass 
systems. This mining method was also seen in the old 
workings at Ilakaka (figure 13), and was apparently new to 
this area of Madagascar since Mr. Cushman’s previous 
visit in early 2002. The gem-bearing gravel was washed in 
the river, and the stones were removed from the sieves by 
hand. During our visit, we saw only small sapphires and 
other waterworn gems (typically less than 1.5 ct; figure 
14), but they occurred in a wide range of fancy colors, as 
well as blue. 


Other sapphire localities. We also learned of several 
recently discovered areas that are reportedly being mined 
for sapphires. A mechanized operation will soon exploit a 
new deposit on the volcanic island of Nosy Be, located off 
the northwest coast. Gem-quality reddish orange zircon is 
also found in association with the blue to greenish blue 
sapphires. Small quantities of predominantly blue sap- 
phires are produced from the Andilamena region in north- 
ern-central Madagascar, at Amboasary, Andrebabe, and 
Fenerive Est. An alluvial deposit in the Manatenina area 
near the southeastern coast is reportedly producing blue 
sapphires that are similar to those from Andranondambo. 
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Figure 12. Sapphires are being mined from several 
deposits in the Ilakaka region of southern Mada- 
gascar. At Manombo Voavoa, dozens of pits were 
seen on the south bank of the Andongoza River. The 
dirt mounds in the foreground are from test pits; the 
location of the river is marked by the large trees. 
Photo by Brendan Laurs. 


Pezzottaite mine. In September 2003, the International 
Mineralogical Association approved a proposal submitted 
by two independent groups of scientists (from North 
America and Switzerland) to designate the pink Cs-beryl 
from Ambatovita, Madagascar, as a new mineral of the 
beryl group. It has been named pezzottaite after Dr. 


Figure 14. This parcel of sapphire, ruby, and 
chrysoberyl (0.48-1.33 ct) was mined in July 2003 
from the new Manombo Voavoa deposit in the 
Takaka area. The sapphires occur in a variety of col- 
ors; the three chrysoberyls are the yellow-green stones 
of various tones in the lower right and far left. Photo 
by Maha Tannous. 
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Figure 13. Narrow shafts in the Ilakaka region, some 
reaching 20-30 m deep, are accessed by primitive 
windlass systems. The miner sits inside a cloth bag, 
which is also used to raise the gem-bearing gravel to 
the surface. Photo by Brendan Laurs. 


Federico Pezzotta (Museo Civico di Storia Naturale, Milan, 
Italy), in recognition of his contributions to the mineralogy 
of Madagascar. Dr. Pezzotta guided this contributor on a 
five-day expedition to the mine, which is located about 140 
air-km southwest of Antsirabe (see Spring 2003 GNI sec- 
tion, pp. 50-54). Mining of the pegmatite for pezzottaite 


Figure 15. Some of the bright pink Cs-bery1 (pezzottaite) 
that debuted at the 2003 Tucson shows was mined 
from this tunnel in a pegmatite near Ambatovita, 
Madagascar. The miner is sitting on material that col- 
lapsed from the roof after the tunnel was expanded; 
photo by Brendan Laurs. The cat’s-eye pezzottaite 
cabochon in the inset weighs 2.92 ct; courtesy of Mark 
Kaufman, photo by Maha Tannous. 
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(and tourmaline) continues, but at a slower pace than in 
earlier months. Approximately 20 people were working the 
mine, which they refer to as “Sakavalana.” Information 
provided by the miners, as well as our observations of the 
surface and underground workings, indicated that all the 
pezzottaite produced to date came from a limited area 
within a single granitic pegmatite (figure 15). The majority 
of the gem-bearing zone appears to have been mined out, 
and the remaining areas are difficult to work with the hand 
tools available. Small amounts of pezzottaite were avail- 
able at the mine, as well as elsewhere in Madagascar, but 
the material shown to us was of low quality. 


Other gem finds. A significant find of tsavorite occurred in 
July 2003, within the area near Edjeda in southern 
Madagascar that has been known to produce this garnet (see 
Winter 1999 Gem News, p. 218). Several kilograms of small 
pieces of gem rough were reportedly produced. In the Bekily 
area, an additional primary deposit of color-change garnet 
has yielded a small amount of 1+ gram rough, but without 
the vivid color change shown by some of the material 
mined previously from this area. Small quantities of grossu- 
lar garnet (R.I.=1.740), ranging from yellowish green to yel- 
low-orange to pale orange-red, were available from a new 
skarn deposit in the Antsongombato region of central 
Madagascar (figure 16). Due to the brecciated nature of the 
rock, the faceted stones typically range up to just 1.5 ct. 
Also in the Antsongombato area, attractive crystals of 
dark red tourmaline are being mined by a group headed by 
Dr. Pezzotta. Further south, in Fianarantsoa State of cen- 
tral Madagascar, at least two pegmatites are being mined 
for carving-quality multicolored tourmaline; small quanti- 
ties of faceting-quality material are found there as well. 
BML 


Update on mining and marketing gems in Mogok, Myanmar. 
This contributor had an opportunity to obtain updated 
information on gem mining and trading in the Mogok 
Valley during a two-week visit to Myanmar (Burma) in 
January 2003. The local gem miners and traders continue 
to face hardships because of increased military control of 
the main mines and depreciation of the Burmese currency, 
which has increased fuel and equipment costs. In addition, 
many Mogok miners reportedly have moved to Mong Hsu 
(for ruby) and Hpakan (for jadeite), due to the difficulty of 
finding stones in Mogok. 

Nevertheless, ruby and sapphire continue to be mined 
from both eluvial and primary deposits. The hard-rock 
mines exploit corundum-bearing marble (figure 17). Most of 
the work is done in eluvial workings, which consist of open 
pits (figures 18-20) or shafts that are supported by wooden 
framing called “sets.” The sets are generally separated by 
approximately 2, m, and the miners dig out roughly one set 
per day. The shafts are typically worked by hand (and some- 
times dynamite). This contributor visited one such pit that 
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Figure 16. A new skarn deposit in the Antsongombato 
region of central Madagascar produced these grossu- 
lar garnets. The faceted stones weigh 0.71 and 0.835 ct. 
Photo by Maha Tannous. 


was reportedly 30-45 m deep, although the depth could not 
be confirmed because only surface visits were allowed. In 
areas near water, large open pits employ powerful water 
cannons. The resulting slurry is pumped into sieves, and the 
gems are hand-picked from the concentrates. 

Mining concessions are granted only by the Burmese 
government, for a three-year period, although they are 
sometimes renewable. All construction is strictly con- 
trolled—even digging something as simple as a latrine 
requires official authorization. However, illegal mining 
remains a problem, and is sometimes done through the 
floors of private homes. 

Where lighting equipment exists and the gem pro- 
duction is likely to justify the fuel costs for the diesel 


Figure 17. At Kyauk Sar Hill in Mogok, Myanmar, 
miners hoist ruby-bearing marble from a deep under- 
ground mine. Photo by O. Galibert. 
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Figure 18. Rubies are recovered from this large pit at 
the Phau Htoke Khan mine, near Spider Hill in 
Mogok. The structure in the left center is a headframe 
used to raise material from the bottom of the pit. 
Photo by O. Galibert. 


generators, the mines may operate up to 24 hours a day 
in multiple shifts. Mine workers in Mogok usually eat 
and sleep on site, with dormitory-type accommodations 
as the rule. The miners are paid either a full cash salary 
or a reduced salary plus a share of their finds. However, 


Figure 20. Workers at the Phau Htoke Khan mine 
carry boulders out of the pit. The plastic sheeting 
helps keep mud off their backs. Photo by O. Galibert. 
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Figure 19. Pools created by water cannons in the pit 
require the use of pumps at Mogok’s Phau Htoke 
Khan mine. Photo by O. Galibert. 


as in other locations, stone theft by the miners is a per- 
petual problem; most commonly, they hide stones in 
their mouths or swallow them. Nevertheless, the work- 
ers are closely supervised, and the country’s strict legal 
system greatly discourages theft. 

The law requires that all stones be submitted to the 
local office of the Ministry of Mines within 24 hours of 
recovery. An official group of seven locally elected apprais- 
ers meet twice a week to appraise the submitted goods. 
After paying a tax of 20%, the owner can sell most goods 
at the government auction, called the Emporium, or on 
the open market. An additional 10% tax must be paid on 
the sale price. Exceptional stones can only be sold at the 
Emporium (see Winter 1993 Gem News, pp. 285-286). 
Naturally, the heavy taxes encourage smuggling. 

Several gem markets operate around Mogok. Pan Chan 
(or “flower”) is the largest. The price of a trading space 
varies daily, but a single table may cost around $1 (extra for 
an umbrella). Le U Quarter and Min Ta Dar markets are 
only for rough stones; the latter is also almost exclusively 
for female dealers, who are mostly of Nepalese origin (figure 
21). Many of the stones being traded are not even of polish- 
ing quality, but are used to make so-called “stone paintings” 
(collages of tiny stones set into a frame}, some of which can 
be quite stunning. Other markets include Cinema and Pan 
Ma, which deal in both rough and cut stones. The social 
aspects of gem trading are critical in Mogok, and they often 
appear to be as important as the actual buying and selling. 

Western notions of per-carat pricing do not exist in 
Mogok gem markets; stones are usually sold by the piece 
or parcel, rather than by weight. In addition, government 
regulations prohibit foreign visitors from making any pur- 
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chase above $30. According to William Larson (Pala 
International, Fallbrook, California), this is because Mogok 
dealers at these markets are not officially licensed for for- 
eign export, and the $30 limit is what the government 
deems acceptable as a tourist purchase (i.e., noncommer- 
cial). This contributor also believes that the intent is to 
prevent disruption of the local market through inflation 
caused by foreign buyers. 

On July 28, 2003, the Burmese Freedom and Democ- 
racy Act of 2003 (H.R. 2330) took effect, banning the 
importation into the U.S. of any article that is produced, 
mined, manufactured, grown, or assembled in Myanmar. 
This obviously covers all Burmese gems, jewelry, and min- 
eral specimens. It is illegal to import such materials, even 
if they come into the U.S. from another country such as 
Thailand or Hong Kong. For more information, see 
www.theorator.com/bills108/hr2330.html. 

Olivier Galibert (evyeog@attglobal.net) 
Eye Company Ltd., Hong Kong 


“Star” obsidian. While obsidian can show interesting and 
sometimes very colorful reflected-light phenomena such as 
aventurescence, chatoyancy, and iridescence, asterism is not 
generally associated with volcanic glass. These contributors 
were therefore intrigued on hearing of a volcanic glass from 
the Jemez Mountains in New Mexico that was referred to as 
“star obsidian.” Nancy Attaway of Sandia Park, New 
Mexico, sent two examples of this material to GIA for exam- 
ination: a transparent 6.28 ct dark brown modified round 
brilliant (figure 22), and a 72.43 ct nodule of similarly colored 
rough (i.e., an “Apache tear”) with one unpolished flat. 

An initial examination showed that the material did not, 
in fact, display any asterism. Instead, when illuminated at an 
angle from above, it showed an interesting bright reflective 
aventurescence, which was visible on both the table of the 
faceted stone and across the unpolished flat of the nodule 
after it was covered with a thin layer of sesame oil. 

The gemological properties of the faceted stone were 
consistent with obsidian and confirmed that it was a natu- 
ral volcanic glass. The refractive index was 1.489; specific 
gravity (determined hydrostatically) was 2.35. Both sam- 
ples were inert to long- and short-wave UV radiation, and 
neither showed a useful spectrum when examined with a 
desk-model spectroscope. Only very slight strain was visi- 
ble when they were examined in cross-polarized light, 
which also revealed numerous tiny inclusions of birefrin- 
gent crystallites. 

With magnification, most of these platelets appeared 
hexagonal, but some were triangular. They showed bright 
silvery blue-gray reflections (figure 23, left) and were clear- 
ly the source of the aventurescence. Diffused transmitted 
light revealed that many of the inclusions were transpar- 
ent to semitransparent; some were red-orange (figure 23, 
center), while others were dark gray-brown. These inclu- 
sions were identified by Raman analysis as, respectively, 
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Figure 21, At the Min Ta Dar market in Mogok, the 
dealers are mostly Nepalese women who sell rough 
stones. Photo by O. Galibert. 


hematite and ilmenite. As seen in surface-reflected light 
(figure 23, left) and by shadowing (figure 23, right), some of 
the hexagonal platelets also appeared to have a spoked, 
trapiche-like structural pattern, which made them look a 
little like snowflakes or stars. 

Although we believe this is the first mention of this 
type of aventurescent obsidian in Gems &) Gemology, it is 
not a recent or new discovery, having been reported by 
M. O. Murphy in Lapidary Journal in 1963 (“Star studded 
Jemez,” Vol. 17, No. 1, pp. 366-375). 


Figure 22. These three aventurescent obsidians— 
weighing 1.85, 4.11, and 6.28 ct—were all cut from 
“Apache tears” from the Jemez Mountains in New 
Mexico. Photo by Maha Tannous. 
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Figure 23. In reflected light (left, magnified 20x), the aventurescence-causing inclusions in the obsidian 
appear silvery blue-gray. Diffused transmitted light (center, magnified 20x) shows that many of the inclu- 
sions in the aventurescent obsidian have a red-orange color. At higher magnification (right, magnified 80x), 
both red-orange and dark gray-brown platelets were visible; these were identified as hematite and ilmenite, 
respectively. Note the trapiche-like spoked appearance of some of the inclusions in the left and right images. 
Photomicrographs by John I. Koivula. 


One of these contributors (JIK) obtained several rough 
pieces of this obsidian from Dr. Frederick Pough (Reno, 
Nevada} and Al Huebler (Rio Rancho, New Mexico). From 
these, two stones were faceted by Leon Agee of Agee 
Lapidary in Deer Park, Washington. These additional sam- 
ples (again, see figure 22) weighed 1.85 and 4.11 ct, and 
showed identical optical and physical properties to the 
6.28 ct gem that initiated this examination. Although this 
material would be more correctly referred to as aventures- 
cent obsidian, because of the appearance of the inclusions 
it is known in the trade as “star obsidian” or “starred 
Apache tear obsidian.” 

John I. Koivula (jkoivula@gia.edu) and Maha Tannous 
GIA Gem Laboratory, Carlsbad 


An unusual star quartz. A 380 ct star quartz cabochon 
with an unusual greenish yellow color (figure 24) was sub- 
mitted to the SSEF laboratory by Grafgem (Winterthur, 
Switzerland) for identification. The client was concerned 


Figure 24, This 380 ct “lemon quartz” shows a six- 
rayed star. Although the gem proved natural, the origin 
of its color is unknown. Photo by H. A. Haénni, © SSEF. 


that the sample might be synthetic. 

Microscopic investigation of the cabochon showed two 
different forms of inclusions. One set of long, thin parallel 
needles was present in three directions within a plane that 
was perpendicular to the optic axis (figure 25). The other 
set consisted of short, flat, and sometimes nearly hexagonal 
inclusions that were inclined to the long needles, relative 
to the optic axis. The star was formed exclusively by the 
long needles. Due to the small size of the inclusions, none 
could be identified by Raman spectroscopy. 

Inclusions of microscopic to submicroscopic rutile nee- 
dles in numerous orientations have been known in quartz 
for many years (see, e.g., V. Goldschmidt and R. Brauns, 
“Uber Lichtkreise und Lichtknoten an Kristallkugeln,” 
Neues Jahrbuch ftir Mineralogie, Geologie und 
Paldontologie, Vol. 31, 1911, pp. 220-242). In addition, sub- 
microscopic sillimanite needles have been identified by 
electron diffraction in six-rayed asteriated quartz from Sri 
Lanka (M. Weibel et al., “Sternsaphir und Sternquarz,” 


Figure 25. In reflected light, a network of thin needles 
(probably rutile) can be seen producing the asterism in 
this quartz cabochon. Photo by H. A. Hanni, © SSEF. 
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Schweizerische Mineralogische und Petrographische 
Mitteilungen, Vol. 60, 1980, pp. 133-136). The Summer 
1984 Lab Notes section (pp. 110-111) also documented sev- 
eral large multi-star quartzes, one weighing over 100 ct, 
with asterism that may have been caused by sillimanite. 
Several other types of needles, among them dumortierite 
and hematite, have also been mentioned in the literature as 
inclusions in quartz. Recently, the orientation of inclusions 
(identity not specified) in multi-star quartzes from Sri 
Lanka was described (K. Schmetzer and M. Glas “Multi- 
star quartzes from Sri Lanka,” Journal of Gemmology, Vol. 
28, No. 6, 2003, pp. 321-332). Synthetic star quartz has not 
yet been reported. 

Based on the orientation of the inclusions, as well as on 
the presence of Ti in the 380 ct stone (detected by EDXRF 
spectroscopy), both types of needles were most likely rutile, 
which would indicate a natural origin. This origin was con- 
firmed by FTIR spectroscopy, which showed the typical 
bands for natural quartz: 3596, 3539, 3482, 3378, 3308, and 
3197 cm! (see P. Zecchini and M. Smaali, “Identification 
de l’origine naturelle ou artificielle des quartz,” Revue de 
Gemmologie, No. 138/139, 1999, pp. 74-83). In particular, 
three of these bands (3596, 3482, and 3378 cm!) exist only 
in natural quartz, so this gem could not be synthetic. 

The appearance of this cabochon was reminiscent of 
“lemon quartz” from Brazil, which usually owes its color 
to a combination of irradiation and heat treatment (see K. 
Schmetzer, “Methods for the distinction of natural and 
synthetic citrine and prasiolite,” Journal of Gemmology, 
Vol. 21, No. 6, 1989, pp. 368-391). Yellowish green and 
brownish yellow star quartzes are well known from Sri 
Lanka and Brazil, in sizes up to 800 ct, and irradiation of 
such material was performed as far back as the 1960s (K. 
Schmetzer, pers. comm., 2003). 

Lore Kiefert (gemlab@ssef.ch) 
SSEF Swiss Gemmological Institute, Basel 


Star sunstone from Tanzania. The feldspar group shows 
more different types of phenomena than any other gem. 
Adularescence, asterism, aventurescence, chatoyancy, iri- 
descence, labradorescence, and schiller are all known to 
occur in feldspars, and fine examples of any of these are 
always interesting to study gemologically. In rare instances, 
feldspars may show multiple phenomena. 

Recently, these contributors separately received sev- 
eral interesting reddish brown samples showing asterism 
that were represented as feldspar from Tanzania (see, e.g., 
figure 26). The three stones submitted to the SSEF labora- 
tory consisted of two cabochons and one piece of rough, 
all with eye-visible platy inclusions. With fiber-optic 
lighting, the cabochons displayed a four-rayed star; a 
strong but somewhat fuzzy cat’s-eye intersected the 
other, less prominent ray at an angle slightly off 90°. The 
specific gravity of the samples we examined was 2.60, 
and the R.I.’s (taken on a polished surface on the rough) 
were 1.522 and 1.528. The EDXRF spectra showed Si, Al, 
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Figure 26. To the unaided eye, this 14.77 ct feldspar 
cabochon shows strong asterism, as well as aven- 
turescence. Photo by Maha Tannous. 


and K, with very little Na. These data are in agreement 
with a potassium feldspar. 

The four-rayed star was apparently produced by flaky to 
acicular inclusions (figure 27) aligned in two directions. The 
major set of parallel inclusions (probably hematite) consist- 
ed of elongate flakes, while the secondary set was formed by 
very fine needles (figure 28). The two sets of inclusions 
intersected at a slightly oblique angle, which is in agree- 
ment with the monoclinic or triclinic nature of the feldspar. 


Figure 27. The numerous hematite inclusions in the 
cabochon shown in figure 26 are responsible for the 
strong, reflective iridescence that is also visible in 
this feldspar when examined microscopically with 
fiber-optic illumination. Photomicrograph by Shane 
F. McClure; magnified 10x. 
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Figure 28. At higher magnification (35x), the inclu- 
sions in this feldspar can be seen to consist of both 
flakes and fine needles. Photomicrograph by H. A. 

Hanni, © SSEF. 


The sample examined in the GIA Gem Laboratory 
was an attractive, translucent cabochon from Kiran 
Malhotra of K&K International in Falls Church, Virginia. 
Like the material described above, this 14.77 ct stone 
showed a very distinct, bright “golden” brownish yellow 
four-rayed star (again, see figure 26). The asterism was 
clearly visible in either direct sunlight or with a point 
source of illumination. Additionally, iridescence and a 
strong “silvery” light blue adularescence could be seen 
close to the girdle edge, aligned along the strongest ray of 
the star. The latter phenomena suggested that the stone 
was orthoclase feldspar. This was confirmed by EDXRF 
analysis (performed by senior research associate Sam 
Muhlmeister in the GIA Gem Laboratory), which showed 
abundant K and no Ca. 

Gemological testing confirmed that the 14.77 ct cabo- 
chon was feldspar. A spot refractive index of 1.53 was 
obtained from the polished dome of the cabochon, and a 
specific gravity of 2.59 was measured by the hydrostatic 
method. The stone was inert to both long- and short-wave 
UV radiation. It did not show any useful spectrum when 
examined with a desk-model spectroscope, although a 
strong general absorption in the blue region was noted, 
probably due to the inclusions. 

Numerous elongated thin platelets of deep orangy red 
hematite, as confirmed by Raman analysis, were visible 
with the microscope in the 14.77 ct cabochon as densely 
packed, precisely oriented parallel layers (again, see figure 
27). These inclusions were responsible for the asterism and 
the apparent red-brown body color of the host, as well as 
for the aventurescence and iridescence seen when the 
stone was illuminated from above with a fiber-optic light 
source. The multiple phenomena displayed by this 
feldspar made it quite unusual. 

HAH 


John I. Koivula and Maha Tannous 
GIA Gem Laboratory, Carlsbad 
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Figure 29. This 13.90 ct cat’s-eye topaz from Myanmar 
shows a very sharp eye. Photo by Maha Tannous. 


More curiosities from Tucson 2003. Mark Smith of Thai 
Lanka Trading Ltd., in Bangkok, Thailand, loaned these 
contributors a beautiful 13.90 ct cat’s-eye topaz (figure 29) 
from Myanmar for gemological examination. Testing con- 


Figure 30. This 1,062.32 ct polished Brazilian rutilat- 
ed quartz crystal contains a lenticular metallic-look- 
ing inclusion that is possibly a carbonate such as cal- 
cite, dolomite, or siderite. Photo by Maha Tannous. 


FALL 2003 


GEMS & GEMOLOGY 


Figure 31. As seen here in two 
orientations (left and right), 
the 13-mm_-long lenticular 
metallic-looking inclusion in 
the specimen shown in figure 
30 has the general appear- 
ance of a flying saucer. 
Photos by John I. Koivula. 


firmed that it was indeed topaz, with all the attributes of a 
very fine cat’s-eye. It was semi-transparent with a very 
sharp chatoyant band; the “eye” opened and closed dra- 
matically when it was examined between two pinpoint 
light sources; and it showed a pleasing “milk and honey” 
effect when a light was directed at the side, parallel to the 
length of the acicular etch tubes. These reflective tubes 
caused the chatoyancy, and were so fine that they were 
virtually invisible without magnification. They were gen- 
erally of a very constant diameter, which is unusual in 
topaz. Although cat’s-eye topaz was described previously 
in the Summer 1990 Gem News (p. 164), this gem was 
superior to that stone in overall quality and larger by more 
than 10 carats. It is also interesting to note that this is only 
the second cat’s-eye topaz that we have examined. 

At 1,062 ct and measuring 6.8. x 5.1 x 4.6 cm, the pol- 
ished rutilated quartz crystal shown in figure 30 was much 
too large to be worn as a jewelry item. It was, however, an 
interesting natural art object because of the unusual inclu- 
sion scene within it. In addition to the randomly scattered, 
curved, and twisted rutile needles, a large lenticular metal- 
lic-looking inclusion also was prominently displayed. 


Figure 32. The unusual appearance of this 6.63 ct 
trapiche emerald, which resembles the head of an 
insect or space alien, was created by polishing a por- 
tion of a crystal that was cut at an angle to the length 
instead of perpendicular as is typically done. Photo 
by Maha Tannous. 
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With close examination, this disk-shaped inclusion 
appeared to be a carbonate of some type (figure 31). 
Carbonate inclusions of a similar shape, although much 
smaller than this 13 mm disk, have been previously iden- 
tified variously as calcite, dolomite, and siderite in quartz 
crystals from near Buenopolis in Minas Gerais, Brazil. 
Buenopolis was the source of the original quartz crystal 
from which Leon M. Agee (Agee Lapidary, Deer Park, 
Washington) cut this object. Because this inclusion resem- 
bles a flying saucer, the quartz specimen has been given 
the name “Roswell,” after the town in New Mexico that 
gained notoriety in 1947 as the reputed crash site of a fly- 
ing saucer. 

In a similar theme, Elaine Rohrbach of Gem Fare in 
Pittstown, New Jersey, had a small number of oddly cut 
trapiche emeralds from the Chivor mine in Colombia. The 
cutting style caused these stones to resemble the heads of 
insects, specifically the praying mantis—or perhaps the 
heads of very small “space aliens.” This appearance was 
created by cutting through the trapiche crystals at an angle 
to their length, instead of directly across them, perpendic- 
ular to their length. Two dark portions of the trapiche 
spokes were positioned at opposite sides of the cabochons 
after they were shaped and polished into their “alien” 
form. At 6.63 ct, and measuring 12.81 mm across, the 
example shown in figure 32 could be used by a designer to 
create a fun and interesting piece of jewelry. 

John I. Koivula (jkoivula@gia.edu) and Maha Tannous 
GIA Gem Laboratory, Carlsbad 


SYNTHETICS AND SIMULANTS 


Chemical vapor deposition (CVD): A new source of gem- 
quality laboratory-created diamond. High pressure is nor- 
mally essential for the formation of gem-quality dia- 
monds, whether in the earth’s interior or in the laborato- 
ry. However, growth of synthetic diamond by chemical 
vapor deposition (CVD) techniques, which do not require 
high pressure, is drawing increased attention worldwide. 
CVD involves the occurrence of a gas-phase chemical 
reaction above a solid substrate, using a hydrocarbon gas, 
typically methane, in an excess of hydrogen (see, e.g., J. E. 
Butler and R. L. Woodin, “Thin film diamond growth 
mechanisms,” Philosophical Transactions A, Vol. 342, 
1993, pp. 209-224). The silicon or diamond substrate is 
maintained at a temperature of 730-1130°C, and a reac- 
tion causes carbon to be deposited on the surface as a 
synthetic diamond film. The thickness of the film 
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Figure 33. These three laboratory-grown diamonds 
(weighing 0.28, 0.14, and 0.31 ct from left to right) 
were produced by chemical vapor deposition. 
Courtesy of Apollo Diamond Inc.; photo 

by Elizabeth Schrader. 


increases layer by layer as a function of time. CVD syn- 
thetic diamond has shown great potential for industrial 
applications in thermal management, cutting tools, 
optics, and electronic devices. The possible use of CVD 
to coat gemstones with polycrystalline synthetic dia- 
mond was discussed by E. Fritsch et al. (“A preliminary 
gemological study of synthetic diamond thin films,” 
Summer 1989 Gems & Gemology, pp. 84-90), but until 
recently, the technique has not seen much use in the 
gem industry due to the difficulty of growing single crys- 
tals that are large and thick enough to be faceted. This 
may now be changing. 

Using a patented CVD process (U.S. patent no. 
6,582,513), Apollo Diamond Inc. of Boston, Massachusetts, 
has successfully grown facetable laboratory-created dia- 
monds. Six crystals (0.34—0.87 ct) and seven faceted sam- 
ples (0.14-1.11 ct; see, e.g., figure 33) were submitted to the 
GIA Gem Laboratory for examination. The faceted CVD 
laboratory-grown diamonds ranged from faint brown to 
dark brown. Clarity was equivalent to VS, to SI,; some 
small and irregularly shaped gray-black inclusions were 
observed in some samples, due to deposition of diamond- 
like carbon or graphite (as suggested by Raman spec- 
troscopy). Characteristic strain patterns were observed (i.e., 
dark gray bands), which were different from those seen in 
most natural diamonds. Also, since no flux is employed in 
the growth process, the metallic inclusions typically seen 
in synthetic diamonds grown by HPHT processes are not 
present in CVD laboratory-grown diamonds. Some of the 
samples fluoresced a very weak yellow-orange to long- 
wave, and a weak to moderate yellow-orange to short- 
wave, UV radiation. The other samples were inert to UV 
radiation. In addition, three samples (two rough and one 
faceted) that still contained portions of the HPHT-grown 
synthetic diamond substrate fluoresced a strong green-yel- 
low to short-wave UV in those areas. As a characteristic 
feature, some of the CVD synthetic diamonds displayed 
strong red to orangy red fluorescence while exposed to 
high-energy UV radiation in the De Beers DiamondView 
imaging system. 
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Infrared absorption spectra showed that the CVD labo- 
ratory-created diamonds were type Ila, and some contained 
trace amounts of isolated nitrogen (i.e., with an absorption 
coefficient of 0.05-0.13 cm! at 1344 cm"). A weak H- 
related absorption at 3123 cm (with an absorption coeffi- 
cient of 0.01—0.06 cm!) was observed in almost all sam- 
ples in the mid-infrared range. In the ultraviolet to visible 
range, most samples displayed a smooth spectrum with a 
gradual increase in absorption toward lower wavelengths 
(higher energy) starting at about 500 nm. In general, the 
stronger brown coloration corresponded to a greater 
increase in this absorption. 

Distinct absorption features were recorded in the spec- 
tra of a few samples. These included a broad band at 
around 270 nm and two sharp absorption lines at 268 and 
271 nm, that all were related to the traces of isolated nitro- 
gen. Weak but sharp lines at 419, 447, 625, and 637 nm, 
together with a broad band around 520 nm, also were 
detected. The 637 nm peak is caused by an N-V center. A 
weak absorption line at 737 nm, due to trace silicon impu- 
rities, also was observed in some samples. 

In all samples, photoluminescence spectra suggested 
the presence of N-V centers, as indicated by very strong 
emission peaks at 575 and 637 nm. Also observed was a 
relatively strong photoluminescence emission at 737 nm 
due to trace impurities of silicon. Such impurities rarely 
occur in natural or HPHT-grown synthetic diamonds. 

The CVD laboratory-created diamond crystals typical- 
ly showed a tabular form, which is very different from that 
of both natural rough and HPHT-grown synthetic dia- 


Figure 34. This very light brown 0.87 ct CVD Iaborato- 
ry-grown diamond crystal has a dark rim that is com- 
posed of diamond-like carbon or graphite. Courtesy of 
Apollo Diamond Inc.; photo by Elizabeth Schrader. 
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a natural one but has no effect on it 
if the pearl is cultured. Furthermore, 
the trace of the pseudo-hexagonal axis 
in the rectangular pattern from the 
natural pearl coincides with the trace 
of the plane containing the geometric 
centre of the pearl and the direction of 
the X-ray beam (i.e, horizontal if the 
pearl is mounted with its centre in the 
path of the X-ray beam and is then 
displaced horizontally along a line per- 
pendicular to the beam). 

On the other hand, the trace of the 
pseudo-hexagonal axis in the rectangu- 
lar pattern from the cultured pearl 
depends on the orientation of the 
mother-of-pearl core with respect to 
the X-ray beam and is thus independent 
of the line through the centre of the 
pearl at right angles to the X-ray beam. 
For this reason, if the X-ray beam 
passes through the pearl slightly below 
(or above) a horizontal line through 
its centre, no effect on the patterns 
from a cultured pearl is observed, 
whereas, in the case of a natural pearl, 
a slight rotation of the pattern occurs 
when the pearl is rotated and an ex- 
aggetated, or diminished, rotation of 
the pattern takes place when the pearl 
is displaced vertically. 


Since imperfection of the internal 
structure affects the regularity of the 
patterns obtained from certain speci- 
mens; particularly in the case of cul- 
tured pearls; it may be necessary to 
repeat some of these tests with different 
initial settings of the pearl with respect 
to the X-ray beam before full confi- 
dence-in the results for a particular 
pearl is felt. 


As mentioned previously, the present 
paper has been concerned solely with 
the identification of pearls by the X-ray 
diffraction method. This does not mean 
that the technique of X-radiographic 
examination is not appreciated. The 
advantage of the radiographic method 
lies in the large number of pearls that 
may be photographed simultaneously 
and in the relatively short exposure 
times required. It suffers, however, 
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from the fact that positive identifica- 
tion of a pearl as “natural” depends 
essentially on negative evidence; name- 
ly, the absence of a line of demarcation 
in the radiograph between core and 
outer layers. On the other hand, the 
diffraction method provides positive 
evidence for both natural and cultured 
specimens. Unfortunately, it requires 
an individual examination of each pearl 
and exposure times for the photographs 
are much longer. Thus, the ideal pro- 
cedure for the routine identification of 
pearls as ‘natural’ or “cultured” is to 
radiograph them first, identify from the 
radiograph any that are at all ambi- 
guous, and finally examine each of these 
individually by the diffraction method. 

In conclusion, it may be emphasized 
that in many cases (particularly those 
to which the endoscope cannot be ap- 
plied), X-ray methods provide the 
surest and often the only means of dis- 
tinguishing between the natural and the 
cultured pearl without damage to the 
specimen. 
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mond crystals. The crystals may also approach a cubic 
form when the CVD overgrowth is thick enough (figure 
34). Some samples had a dark rim, which was formed by 
the deposition of diamond-like carbon or graphite, as sug- 
gested by Raman analysis. 

According to Apollo, gem-quality crystals weighing up 
to 3 ct could become available in the near future in small 
numbers. Apollo is cooperating closely with the GIA Gem 
Laboratory to ensure that these CVD laboratory-grown 
diamonds are correctly identified before being introduced 
into the market. Gemological and spectroscopic studies of 
additional samples will be reported in a future article. 

Wuyi Wang (wwang@gia.edu), 
Matthew Hall, and Thomas M. Moses 
GIA Gem Laboratory, New York 


James E. Shigley 
GIA Research, Carlsbad 


“Mermaid Crystal,” an opal simulant. Azotic Coating 
Technology Inc. (ACT) of Rochester, Minnesota, intro- 
duced a manufactured opal simulant called “Mermaid 
Crystal” at the 2003 Tucson gem show. It was brought to 
this contributor’s attention by Renato Rossi of Rossi Gem 
Evaluation & Match, also of Rochester. This patent-pend- 
ing material is available in a number of colors, with either 
pinfire or broadflash “play-of-color.” According to ACT, 
Mermaid Crystal “is made from a special type of crystal 
glass with dichroic flakes floating inside.” The individual 
flakes are composed of “alternating layers of silica and zir- 
conia, each only one quarter of the thickness of a wave of 
light.” The material is available in colorless (i.e., water 
opal simulant), white, black, and blue bodycolors. 

Mr. Rossi donated several samples to the GIA collec- 
tion: five colorless (two rough pieces, one cabochon, and 
two faceted], five white (three rough pieces and two cabo- 
chons), one blue piece of rough, one black cabochon, and 
one black piece of rough (see, e.g., figure 35). The samples 
weighed 25.25-57.11 ct (rough), 15.79-19.61 ct (cabo- 
chons), and 3.31 and 9.46 ct (faceted). 

Examination with a gemological microscope and the 
unaided eye revealed that all of the simulants were con- 
structed of up to seven alternating layers—varying in 
thickness from approximately 0.5 to 4 mm—of colorless 
transparent glass and translucent-to-opaque glass, some 
containing colored flakes of various sizes and shapes. 
When the sample was rocked back and forth, the color of 
the flakes was somewhat dependent on the angle of view, 
as seen in natural play-of-color opal. However, the color of 
the flakes was not as sensitive to the viewing angle, nor 
did the flakes appear to change shape or size when rocked 
and tilted, as is the case with play-of-color patches in natu- 
ral opal. The flakes were yellow, pink, blue, “lilac,” pur- 
ple, green, and orange. Their colors were apparently caused 
by interference phenomena when light partially reflected 
off the microlayers in the flakes. The blue and black pieces 
had opaque bases (of the same color), as did one of the 


GEM NEWS INTERNATIONAL 


Figure 35. “Mermaid Crystal” is a new manufactured 
opal simulant that is available with either pinfire or 
broadflash “play-of-color.” The cabochons shown 
here range from 15.79 to 19.61 ct. Courtesy of Renato 
Rossi; photo by Maha Tannous. 


white pieces of rough. No glue lines were visible in any of 
the samples. Flow lines and numerous gas bubbles, some 
visible to the naked eye, were present in all samples. ACT 
reportedly has improved the manufacturing process to 
reduce the visibility of the gas bubbles. 

The face-up diaphaneity of the samples varied from 
transparent (for the water opal simulant) to translucent or 
opaque for the other samples. Specific gravity, determined 
hydrostatically for four samples (a colorless emerald cut, as 
well as colorless, black, and white cabochons}, varied from 
2.48 to 2.50, which is in the low range for manufactured 
glass. In addition, four samples had the following refractive 
indices: 1.521 for a faceted water opal simulant, 1.518 for 
the flat polished base of a cabochoned water opal simulant, 
and 1.52 spot readings for the domes of both white and 
black cabochons. All the samples were inert to long-wave 
UV radiation, except for two pieces of rough that showed 
small patches of yellow or white fluorescence. Short-wave 
UV radiation produced even or uneven moderate to moder- 
ately strong yellow fluorescence. No chalky fluorescence or 
phosphorescence was noted in any of the samples. Infrared 
and EDXRF spectroscopy of one of the “white” opal simu- 
lants yielded results that were consistent with a silica glass. 

Sam Muhlmeister (smeister@gia.edu) 
GIA Research, Carlsbad 


Synthetic spinel with unusual inclusions. A 5.99 ct blue 
oval brilliant (figure 36) was submitted to the SSEF labora- 
tory for identification. Its bright color, as well as its red 
fluorescence to long-wave UV radiation, raised suspicion 
that it could be synthetic. A synthetic origin also was 
supported by strong anomalous birefringence seen with a 
polariscope. The refractive index was 1.727, which is typi- 
cal for synthetic spinel. However, the specific gravity 
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Figure 36. This 5.99 ct blue synthetic spinel contained 
unusual inclusions. Photo by L. Kiefert, © SSEF. 


(determined hydrostatically) was 3.61, which is more con- 
sistent with natural spinel than its synthetic counterpart. 
In addition, oriented inclusions were observed with the 
microscope, which are somewhat unusual in synthetic 
spinel. The inclusions consisted of parallel elongated cavi- 
ties in two directions, intersecting at approximately 135° 
(figure 37). 

Similar gas inclusions, arranged in hexagonal arrays 
(i.e., intersecting at 120°), have been previously docu- 
mented in blue flame-fusion synthetic spinel (see E. J. 
Gtbelin and J. I. Koivula, Photoatlas of Inclusions in 
Gemstones, ABC Edition, Zurich, p. 514). In addition, our 
sample contained rounded negative crystals with hexago- 
nal growth lines (again, see figure 37), which also were 
pictured by Giibelin and Koivula (p. 514) in blue flame- 
fusion synthetic spinel. As pointed out by those authors, 
such features serve as an important reminder that syn- 
thetic stones can have natural-appearing inclusions. 
EDXRE analysis revealed that cobalt was the cause of the 
blue color in this synthetic spinel. 

Lore Kiefert (gemlab@ssef.ch) 
SSEF Swiss Gemological Laboratory 
Basel, Switzerland 


TREATMENTS 


HPHT-processed diamonds from Korea. [jin Diamond 
Co. Ltd., of Seoul, Korea, is the world’s third largest pro- 
ducer of synthetic diamonds for industrial applications. 
At the July 2003 JA Show in New York, Iljin introduced 
their HPHT-treated natural diamonds to the trade 
through the Nouv company (figure 38). The diamonds 
are reportedly treated at temperatures of approximately 
2000°C and pressures of 60 kbar. 

This contributor visited the Iljin factory in March 
2003, and subsequently Iljin sent 167 faceted HPHT-pro- 
cessed diamonds to EGL USA’s laboratories in Vancouver 
and New York for evaluation and certification. According 
to EGL USA’s policy, each diamond was laser inscribed to 
indicate that it was HPHT treated. The diamonds weighed 
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Figure 37. Elongated cavities in the synthetic spinel 
were oriented in two directions, at approximately 
135° to one another. Also present were rounded nega- 
tive crystals. Photomicrograph by H. A. Hdnni, 

© SSEF; magnified 50x. 


0.21—1.80 ct, and ranged from Fancy Intense yellow-orange 
to Fancy Vivid yellow-green (figure 39, left). About 60% of 
the stones were round brilliants, and the fancy shapes 
included princess cuts, rectangular step cuts, and various 
brilliants (i.e., oval, pear, and modified octagonal shapes). 
Clarity ranged from VVS, to I,, with most VS, to SI, (fig- 
ure 39, right). Microscopic observation revealed inclusions 
that were typical of HPHT-treated diamonds in approxi- 
mately 50% of the stones studied, including graphitized 
feathers and stress fractures around mineral inclusions 
(see, e.g., T. M. Moses et al., “Observations on GE-pro- 
cessed diamonds: A photographic record,” Fall 1999 Gems 
& Gemology, pp. 14-22). 

Infrared spectroscopy indicated that all of the dia- 
monds were type Ia, although Iljin has also processed near- 
colorless type Ila diamonds on an experimental basis. 
Most of the diamonds showed a moderate amount of 
nitrogen, with B aggregates dominant over A aggregates. 
The majority (87%) of the diamonds exhibited typical 
HPHT absorption features in the visible spectrum at 415, 
497, 503, and 986 nm (see B. Deljanin and G. E. Sherman, 
Changing the Color of Diamonds: The High Pressure High 
Temperature Process Explained, Techniques and 
Identification, EGL USA Press, New York, 2000, 12 pp.). 

The diamonds that did not show such absorption lines 
did show other indications of HPHT treatment, such as 
mid-infrared absorption due to single nitrogen at 1344 cm“! 
(see A. T. Collins et al., “Colour changes produced in natu- 
ral brown diamonds by high-pressure, high-temperature 
treatment,” Diamond and Related Materials, Vol. 9, No. 
2, 2000, pp. 113-122). In addition, fluorescence varied 
from inert to strong for both long- and short-wave UV radi- 
ation, with a blue to green to yellow reaction to long-wave 
and (for the majority of the diamonds) greenish yellow to 
short-wave UV. The long-wave fluorescence was typically 
stronger than for short-wave. Green transmission (i.e., 
luminescence excited by visible light) was concentrated in 
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the yellow graining in most of the diamonds. 

In general, the gemological properties of the Iljin 
HPHT-treated natural diamonds appear to be similar to 
those from Russia, the U.S., and Europe (see E. Fritsch and 
B. Deljanin, “Les diamants de type I traités a HPHT: 
Novatek, General Electric, Russes et Suédois,” Revue de 
Gemmologie, Vol. 141/142, 2001, pp. 54-58). The presence 
of brown graining in the diamonds before treatment was 
likely due to nanometer-size domains of disordered (per- 
haps even amorphous) carbon. It appears that during HPHT 
treatment, these zones recrystallized as diamond, liberating 
vacancies. The green color component seen in many of the 
stones we examined was apparently produced when vacan- 
cies, either preexisting or created during the annealing of 
the amorphous carbon zones, combined with the A aggre- 
gates to form H2 (986 nm) and H3 (503 nm) centers. 

Branko Deljanin (branko@eglcanada.ca) 
and Elena Semenets 
EGL USA’s Canadian Operation, Vancouver, B.C. 


Sharrie Woodring, Nick Del Re, and Dusan Simic 
EGL USA Research Department, New York 


Tourmaline with an iridescent coating. Although irides- 
cent coatings have been applied for years to topaz and 
quartz (see review by S. F. McClure and C. P. Smith, 
“Gemstone enhancement and detection in the 1990s,” 
Winter 2000 Gems & Gemology, pp. 336-359), little has 
been published about their use on other colored stones. 
Therefore, GIA was interested in examining several sam- 


Figure 38. Ijin Diamond Co. is producing a range of 
colors through the HPHT treatment of type Ia dia- 
monds (here, 0.4—2.0 ct). Photo © Robert Weldon/ 
Professional Jeweler. 


ples of coated tourmaline that were donated by John 
Patrick (El Sobrante, California). Faced with a stock of 
near-colorless tourmaline from Nigeria that was not readi- 
ly marketable because of its pale color, Mr. Patrick sup- 
plied the stones to Azotic Coating Technology Inc. (ACT) 
of Rochester, Minnesota. Azotic produced a variety of sur- 
face colors, apparently by using different “recipes” for the 


Figure 39. Most of the HPHT-treated Iljin diamonds ranged from yellow-green to greenish yellow (left). 


The clarity of most samples ranged from VS, to SI, (right). 
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Figure 40. These tourmalines (0.33-2.47 ct) have an 
iridescent coating on the pavilion of the faceted 
stones and on the domed surface of the cabochon. 
The coating produces flashes of iridescent colors, 
which can be seen face up in the faceted stones and 
as concentric rainbow colors on the cabochon. 
Courtesy of John Patrick; photo by Maha Tannous. 


iridescent coatings. According to company president Ron 
Kearnes, Azotic can produce more than 2.80 different col- 
ors, using patented (or patent pending) coating technology. 
These have been applied to topaz, beryl, synthetic cubic 
zirconia, sapphire, tourmaline, quartz, and various types of 
glass, which are being marketed by Azotic as “surface- 
enhanced designer gemstones.” 

Seven of the coated tourmalines were examined by 
one of us (EPQ): six faceted and one cabochon, ranging 
from 0.33 to 2.47 ct (figure 40). The colors included 
brownish orange, greenish blue, purplish pink, grayish 
purple, greenish yellow, and orange, with several of the 
stones displaying iridescent flashes. The R.I. values were 
n,=1.640-1.642 and n,=1.624—-1.627; the cabochon yield- 
ed a spot reading of 1.63. Birefringence was 0.014—0.016. 
Specific gravity, determined hydrostatically, was 
3.06-3.09. The stones were inert to both long- and short- 
wave UV radiation, and no absorption features were 
observed with the desk-model spectroscope. Only the 
purplish pink stone had a weak pink reaction to a 
Chelsea filter. Microscopic examination revealed inclu- 
sions of transparent colorless crystals, needles, “finger- 
prints,” and fractures. 

All the stones had an iridescent coating with a sub- 
metallic luster, which was confined to the pavilion 
facets of the faceted stones and to the domed surface of 
the cabochon. The coating on the purplish pink stone 
was spotty and was not quite as lustrous or iridescent 
as on the others. This, along with the Chelsea filter 
reaction, suggested that this stone was coated by a dif- 
ferent method from that used for the other samples 
(e.g., sputtering). The R.I.’s reported above were taken 
from areas where the coating was absent (i.e., from the 
table of the faceted stones and from the base of the 
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cabochon). Most of the coated surfaces did not register 
an RI. on a standard refractometer. One of the stones 
did show a very vague reading around 1.70, and the pur- 
plish pink stone displayed a shadow edge around 1.63 
and another edge at about 1.77. Since the R.I. values of 
tourmaline and topaz may overlap, this new coated 
tourmaline could potentially be misidentified as topaz, 
which is more commonly coated. Careful examination 
of the optic character, birefringence, and S.G. will sepa- 
rate the two gem materials. 
Elizabeth P. Quinn 
GIA Gem Laboratory, Carlsbad 
BML 


MISCELLANEOUS 
Heat treatment and gem cutting facility in Madagascar. 
While in Madagascar in July 2003, this contributor visited 
an ambitious heat-treatment and gem-cutting facility in 
Antananarivo. Operated by an Italian father-and-son team, 
Antonio and Guiseppe Pocobelli of Magic Stone 
Madagascar, the facility initially opened in December 
1999. Recently, they have expanded from 16 to 30 gem 
cutters (see, e.g., figure 41), who are being trained by an 
expert lapidary from Sri Lanka. Custom-designed 
machines enable the stones to pass through the entire pre- 
forming, cutting, and polishing procedure using the same 
stone holder. They are working only with Madagascar 
gems, mostly sapphires from Ilakaka, but also rubies from 
Andilamena and Vatomandry. After preforming and any 
heating that may be necessary to enhance the color/clarity 
of the corundum, the stones are sorted according to seven 
color grades and three clarities. 

For stones weighing less than 1 ct, once the cutting 


Figure 41. At the recently expanded facility owned by 
Magic Stone Madagascar, sapphires and rubies from 
that country are being cut using customized equip- 
ment. Photo by Brendan Laurs. 
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Figure 42. This is one of five furnaces used by Magic 
Stone Madagascar to heat treat corundum. Photo by 
Brendan Laurs. 


team is fully trained, Magic Stone plans to generate 20,000 
preforms/day that will be polished in China. In addition, 
they plan to produce up to 2,000 carats/month of 1+ ct 
faceted stones at their facility, which will be marketed pri- 
marily in the U.S. Strict quality control and production 
standards are maintained at the Madagascar facility by a 
computerized tracking system that monitors each step of 
the cutting process. 

Magic Stone has purchased or independently developed 
five units for heat treating Madagascar corundum (see, €.g., 
figure 42), the company uses a variety of temperatures and 
atmospheres (but not Be diffusion treatment), depending on 
the characteristics of the material and its locality. 
Eventually, the team plans to cut calibrated tsavorite and 
color-change garnets as well. Considering the underdevel- 
oped nature of the gem-cutting industry in Madagascar, this 
small but ambitious operation provides a good example of 
value-added activities and vertical integration in this gem- 
rich country. 

BML 
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Plans for a gemological institute in Madagascar. The govern- 
ment of Madagascar has undertaken an ambitious initiative 
to improve the capacity and operating environment of the 
gem industry in that country. This plan is part of a larger 
project, to be financed by the World Bank with the assis- 
tance of the U.S. Agency for International Development 
(USAID), that is called PGRM (Projet de Gouvernance sur 
les Resources Minerales, or Mineral Resources Governance 
Project; see http://www4.worldbank.org/sprojects/ 
Project.asp?pid=P076245). The project will be overseen by 
the nation’s Ministry of Energy and Mines. It has several 
components, including: a Gemological Institute of 
Madagascar (Institute de Gemmologie de Madagascar, 
IGM), a gemstone exchange in Antananarivo, a “One-stop 
Shop” to expedite mineral exports, and a system of micro- 
financing for artisanal miners. In addition, the initiative 
will sponsor geologic mapping and geophysical surveys of 
selected areas with high mineral potential. 

Tom Cushman (tom-igm@wanadoo.mg) has been 
selected to be the international consultant in charge of 
creating and coordinating the development of the IGM 
project. For the past 12 years, he has been a frequent visi- 
tor to Madagascar in his capacity as a gem dealer. The 
country intends to create the first internationally recog- 
nized gemological institution in the African region, 
which is envisioned to offer three primary services: 


1. Instruction in Gemology. Students will be trained for 
employment in the private sector (e.g., stone buying and 
selling, banking, appraisal, and consulting), in education 
(e.g., working as instructors at the IGM in Antananarivo 
or in satellite offices in other Madagascar cities), or in 
government administration (e.g., in the Mines Depart- 
ment, customs, or the One-stop Shop). As a first step, the 
IGM has scheduled a GIA extension course in gem iden- 
tification for December 2003 in Antananarivo. 


2. Instruction in Lapidary Arts. Experts from within and 
outside Madagascar will teach gem cutting to interna- 
tional standards, with the goal of raising the quality of 
Malagasy cutting and its acceptability in the world 
marketplace. In addition to increasing local employ- 
ment, this value-added activity should enhance prof- 
itability in the mineral sector and make Madagascar a 
more desirable destination for foreign buyers. 


3. Laboratory Services. A laboratory capable of issuing 
internationally recognized certificates will increase 
buyer confidence in gems available in Madagascar. 


The IGM is scheduled to commence its own instruc- 
tion and laboratory services in 2004. Its success will 
depend on input and cooperation from all elements of the 
mineral sector in Madagascar. Mr. Cushman welcomes 
the comments and assistance of persons interested in 
improving the quality and profitability of the gem industry 
in that country. 

BML 
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CONFERENCE REPORTS 


Gem presentations at the GAC-MAC-SEG meeting. On 
May 26-28, 2003, the Geological Association of 
Canada, Mineralogical Association of Canada, and 
Society of Economic Geologists hosted a geoscience 
meeting in Vancouver, British Columbia, Canada. The 
conference featured special sessions on diamonds and 
colored stones, and was attended by this contributor. 
Some of the new gem-related information presented at 
this meeting is highlighted here. Searchable abstracts of 
all the poster and oral presentations are available at 
http://gac.esd.mun.ca/gac_2003/search_abs/program.htm. 

The diamond presentations focused mainly on 
Canadian localities. Unfortunately, there was only a mod- 
est amount of new data reported, with most presenters 
offering reviews of the exploration and mining of various 
properties. L. P. Boyer of the University of British 
Columbia, Vancouver, and coauthors reported that 36 
kimberlites have been found in the Buffalo Hills province 
of Alberta; diamonds have been recovered from 24 of 
them. B. C. Jellicoe of Kensington Resources, Saskatoon, 
Saskatchewan, and coauthors summarized diamond 
exploration activities in Saskatchewan’s Fort 4 la Corne 
kimberlite field, which have involved a variety of geo- 
physical and drilling techniques; the Star kimberlite is 
being bulk-sampled by Shore Gold, with the goal of 
obtaining at least 3,000 carats from up to 25,000 tonnes of 
kimberlite. R. Boyd of Ashton Mining of Canada, 
Vancouver, British Columbia, and coauthors reported that 
eight diamondiferous kimberlites (known as the Renard 
cluster) have been found on Foxtrot property in the Otish 
Mountains region of Quebec. A 0.92 ct diamond was 
recovered from a 609 kg bulk sample at the Renard 6 kim- 
berlite. N. S. Lefebvre of the University of British 
Columbia and coauthors examined the unusual geology of 
diamond-bearing alkali volcaniclastic rocks at Wawa, 
Ontario; from a bulk sample weighing 4,080.5 kg, 22,235 
diamonds (presumably micro-sized) were recovered. In 
addition to the Canadian diamond localities, 69 alluvial 
diamonds from Juina, Brazil, were characterized by P. C. 
Hayman (University of British Columbia) and coauthors, 
who confirmed previous research suggesting that the dia- 
monds likely originated from great depths (i.e., >410 km, 
in the lower mantle or transition zone). 

Significant progress has been made on diamond explo- 
ration techniques using geophysics and indicator minerals. 
Dr. H. Helmstaedt of Queen’s University, Kingston, 
Ontario, proposed that the assessment of the diamond 
potential of a craton should involve a complete examina- 
tion of the physical (craton size, shape, and boundaries}, 
geophysical, and geologic parameters, so that the tectonic 
history can be reconstructed and the major geologic events 
can be evaluated according to their possible influence on 
the preservation or destruction of a potentially diamondif- 
erous Archean lithosphere. Dr. A. G. Jones of the 
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Geological Survey of Canada, Ottawa, Ontario, discovered 
a geophysical anomaly under the Lac de Gras kimberlite 
field by using deep-probing electromagnetic surveys (i.e., 
natural-source magnetotellurics); this technique could be 
used to explore other areas of the Canadian Shield for dia- 
monds. Dr. P. T. C. Hammer and colleagues from the 
University of British Columbia described the successful 
application of seismic reflection techniques for imaging the 
Snap Lake kimberlite dike, at depths of 60-1,300 m and 
over a lateral distance of 5,700 m. These results demon- 
strate the potential of using seismic methods for the explo- 
ration, subsurface mapping, and detailed imaging of kim- 
berlite dikes. Dr. T. E. McCandless of Ashton Mining of 
Canada presented work he did with H. T. Dummett 
(deceased) on two compositional trends of chromite indica- 
tor minerals; conditions that are conducive to diamond sta- 
bility occur when Fe is mostly in the ferrous state, indicat- 
ing a lower oxygen fugacity. Dr. R. L. Flemming and M. A. 
Hollis of the University of Western Ontario, London, 
Ontario, analyzed garnets by X-ray microdiffraction and 
found that the peak positions for diamond-indicating G10 
garnets were shifted (due to a smaller d-spacing) when com- 
pared to eclogitic and crustal garnets that are not affiliated 
with diamonds. Their microdiffraction technique, there- 
fore, offers another potential tool for evaluating garnets as 
diamond indicator minerals. 

Colored stone presentations included much new infor- 
mation about Canadian sources, as well as other localities 
worldwide. Dr. L. A. Groat of the University of British 
Columbia summarized new Canadian occurrences for 
emerald (Regal Ridge in Yukon Territory—figure 43, 
Lened in Northwest Territories [NWT], and Taylor in 
Ontario), aquamarine (southeastern British Columbia), and 


Figure 43. These emeralds were recovered from the 
Regal Ridge deposit in Canada’s Yukon Territory. 
The upright prism in the center measures 1.5 x 0.6 cm 
and weighs 2.44 g. Courtesy of True North Gems; 
photo © Stephen J. Krasemann. 
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tourmaline (the O’Grady batholith in NWT). H. L. Neufeld 
of the University of British Columbia and coauthors char- 
acterized the geology of the Regal Ridge emerald deposit, 
and reported highlights of the 2002 field season; these 
included the discovery of new mineralized zones to the 
west and southwest of the original showing, and the recov- 
ery of 65 kg of emerald-bearing concentrate from a 120 
tonne bulk sample. Dr. D. C. Murphy of the Yukon 
Geological Survey in Whitehorse and coauthors observed 
that mid-Cretaceous granite and mafic/ultramafic rocks 
are locally juxtaposed in the Regal Ridge area, and else- 
where throughout the Yukon Territory, providing numer- 
ous targets for emerald exploration. Dr. D. D. Marshall of 
Simon Fraser University, Burnaby, British Columbia, and 
coauthors reported that quartz-carbonate-emerald veins at 
the Lened locality formed by contact metamorphism 
between a granitic pluton and sedimentary rocks (i.e., 
black shales). H. Falck of the Northern Geoscience Centre, 
Yellowknife, NWT, and coauthors used a portable gamma- 
ray spectrometer to identify favorable conduits for emerald 
mineralization at the Lened property. 

Dr. G. Giuliani of the Centre de Recherches Pétro- 
graphiques et Géochimiques, Nancy, France, and coau- 
thors studied the Monte Santo emerald deposits in 
Tocantins, Brazil; they found that emeralds are found both 
in desilicated pegmatitic/aplitic dikes and in biotite-rich 
altered rocks developed at the contact with the amphibo- 
lite host rocks. Dr. M. A. Wise of the Smithsonian 
Institution, Washington, D.C., and coauthor described the 
emerald- and hiddenite-bearing vein assemblages at the 
Rist property in Hiddenite, North Carolina. While hidden- 
ite formed in simple veins containing calcite, emerald 
occurred with more complex assemblages of rutile, 
siderite, quartz, graphite, and chabazite. 

Dr. G. Giuliani and coauthors presented isotopic and 
inclusion studies of Vietnamese rubies and pink sapphires 
from Luc Yen and Yen Bai (in Yen Bai Province) and Quy 
Chau (in Vinh Province). While corundum from the for- 
mer province is known to have been derived from 
Cambrian metasediments (i.e., marbles), rubies from Quy 
Chau are found only in placers; their marble-derived affili- 
ation was ascertained from fluid inclusion and oxygen iso- 
topic evidence. V. Garnier of the Centre de Recherches 
Pétrographiques et Géochimiques, Nancy, and coauthors 
assembled age data of Asian marble-hosted ruby deposits, 
and found a direct link with Cenozoic mountain-building 
events during the collision of the Indian and Asian plates. 

Dr. D. W. Baker of Little Belt Consulting Services, 
Monarch, Montana, and coauthors presented evidence that 
the sapphire deposit at Yogo Gulch, Montana, formed as a 
result of three plate-tectonic events that led to the volcan- 
ism of low-volume, CO,-rich magmas that originated from 
the asthenosphere. Dr. M. I. Garland of London, Ontario, 
traced the alluvial sapphires from western Montana to 
metamorphic rocks that were eroded from the area near the 
Bitterroot lobe of the Idaho batholith. These rocks were 
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Figure 44. Amethyst from Thunder Bay, Ontario, 
fades with prolonged exposure to sunlight, but the 
color can be restored by X-ray irradiation. This color 
behavior is quite common for amethyst. The particu- 
larly fine example of Thunder Bay amethyst shown 
here is from the Panorama mine, and weighs 5.92 ct. 
Courtesy of Brad Wilson. 


uplifted to the surface by early Tertiary time, and subse- 
quently eroded; Quaternary reworking of the sapphire-bear- 
ing sediments formed the present-day placer deposits. 

In other presentations on colored stones, Dr. D. 
Ohnenstetter of the Centre de Recherches Pétrographiques 
et Géochimiques, Nancy, and coauthors correlated the for- 
mation of trapiche textures in Colombian emeralds and 
Vietnamese rubies with carbonate-shale-evaporite—bearing 
metasedimentary formations. A. M. Cade and colleagues 
from the University of Western Ontario studied the origin 
of color in blue and green lapis lazuli from Baffin Island, 
Nunavut, Canada. Oxidation appears to influence color, 
since the blue lazurite contained relatively more sulfide 
and the green lazurite contained more sulfate. Dr. S. A. 
Kissin of Lakehead University, Thunder Bay, Ontario, 
found that amethyst from Thunder Bay (see, e.g., figure 44) 
progressively lost color with sunlight exposure (i.e., as 
examined at intervals of two months, six months, and one 
year); the amethyst color could be restored by X-ray irradi- 
ation. This contributor and colleagues confirmed that end- 
member species of elbaite-liddicoatite and rhodizite-lon- 
donite cannot be separated by practical gemological meth- 
ods. Instead, electron-microprobe analysis of polished sam- 
ples is necessary, and these analyses frequently reveal fine- 
scale chemical zoning of the two species in each series. 

BML 


8th International Kimberlite Conference. This confer- 
ence, held approximately every four years, is the most 
important professional meeting dealing with the occur- 
rence and genesis of diamonds. This year it was held in 
Victoria, British Columbia, Canada, on June 22-27, and 
was attended by these contributors. About 275 presenta- 
tions (both oral and poster) were delivered, and 590 
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Figure 45. These gem-quality diamond crystals, 
which were photographed on a colorful piece of kim- 
berlite, are from Canada’s Ekati mine. Courtesy of 
BHP Billiton Diamonds. 


attendees registered for the meeting. Given the recent 
prospecting rush and resulting diamond finds in Canada 
(figure 45), many of the presentations focused on those 
deposits. Overall, this conference marked a shift in opin- 
ion that many kimberlite magmas could be generated 
from melted crustal rocks arising along ancient subduc- 
tion zones, rather than being derived solely from mag- 
mas originating deeper in the mantle. These ancient 
subduction zones may be found along the edges of cra- 
tons, or in “suture zones”—areas where rocks of differ- 
ent types are juxtaposed—within cratons. 

Here we summarize the results of presentations that 
might hold the most interest for G#G readers. Extended 
abstracts are available on CD-ROM from the Mineralogical 


Society of America (business@minsocam.org), and confer- 
ence proceedings will be published in two future issues of 
Lithos, a mineralogy and petrology journal. 

Because of concern over—and international sanctions 
on trade in—diamonds that are being mined to fund con- 
flicts in a number of African countries, identifying sources 
of diamonds has become an important quest in the scien- 
tific community. Eva Anckar of the University of Cape 
Town, South Africa, and coauthors described possible 
techniques for fingerprinting run-of-mine parcels of dia- 
monds. Multivariate statistical analyses employing 
infrared spectra, size distributions, and physical character- 
istics proved useful for this identification, based on parcels 
of 1-2 mm rough diamonds available from three primary 
deposits in South Africa and Canada. Ms. Anckar pointed 
out the need for samples of known “conflict diamonds” 
for their database. 

Dr. Lawrence Taylor of the University of Tennessee, 
Knoxville, and coauthors discussed criteria for establishing 
the syngenesis of diamonds and their inclusions. 
Inclusions can be protogenetic (have formed prior to the 
diamond; figure 46, right), syngenetic (have formed at the 
same time as the diamond host; figure 46, left), or epige- 
netic (e.g., due to post-growth alteration). Protogenetic 
inclusions have their own morphologies, while the shape 
of syngenetic inclusions is influenced by the host dia- 
mond. The once-widespread assumption that most inclu- 
sions in diamond are syngenetic with their host is now 
seriously questioned. 

Dr. Larry Heamon of the University of Alberta, 
Edmonton, Canada, and Dr. Bruce Kjarsgaard of the 
Geological Survey of Canada, Ottawa, discussed the tem- 
poral evolution of North American kimberlites (figure 47). 


Figure 46. On the left (magnified 35x), the stepped triangular development of this purplish pink pyrope inclu- 
sion in a peridotitic diamond from Siberia reveals the syngenetic influence of the host diamond. On the 
right, the shape and seemingly random orientation of the pyrope and olivine inclusions in this 4.60 mm 
peridotitic diamond macle suggest that they are protogenetic. Strain is revealed using polarized light. 
Photomicrographs by John I. Koivula. 
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Figure 47. Age relationships 
between North American 
kimberlites and related 
rocks are shown in this 
map. Yellow names refer to 
kimberlite clusters or 
fields, whereas black labels 
indicate individual kimber- 
lite bodies. Circles repre- f 
sent kimberlites, triangles a 
refer to lamproites, and a 

rectangles indicate other f 
kimberlite-like units such 
as olivine melilitite or lam- \ 
prophyre. Black symbols 
refer to Middle Proterozoic 
kimberlites, and white 
symbols indicate unknown 
age. Modified from L. M. 
Heaman and B. A. Kjars- 
gaard, “The temporal evo- 
lution of North American 
kimberlites,” 8th Inter- 
national Kimberlite 
Conference Extended 
Abstracts CD-ROM, #0099, 
Victoria, B.C., Canada, 
June 22-27, 2003. 


Precise dates for kimberlites help constrain the origin and 
triggering mechanisms of kimberlite magmatism, show 
temporal patterns of diamond deposits, and help with dia- 
mond prospecting. Suggested kimberlite production mech- 
anisms include decarbonation of subducted oceanic crust 
(from which we would expect corridors of kimberlite mag- 
matism parallel to subduction zones), or crystallization 
from small-volume melts associated with mantle plumes 
(from which we would expect narrow corridors showing 
ages in progression}. Examining U-Pb ages from per- 
ovskite, an accessory mineral in kimberlite, Drs. Heamon 
and Kjarsgaard found that kimberlites tend to become 
younger from east to west across North America (early 
Cambrian in the northeast; Jurassic in the east; Cretaceous 
in a central belt; and mixed ages, from 48-615 million 
years [My], in a Western belt). Grant Lockhart of BHP 
Billiton Diamonds and coauthors indicated that of the five 
kimberlite fields known in the Slave Province, the Lac de 
Gras field is the youngest. 

Dr. Tom Nowicki of Mineral Services Canada, 
Vancouver, and coauthors reviewed the geology at Ekati. 
Most of the kimberlite pipes are about 3 hectares (ha) in 
area and 400 m in depth. One exception is the Fox pipe, 
which covers 17 ha and is about 1 km deep. Darren Dyck 
of BHP Billiton Diamonds and coauthors explained dia- 
mond resource and reserve estimation at the same 
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deposit. As of June 2003, 25% of the kimberlites at Ekati 
had been sampled, and the resource was 10 pipes with 114 
million tonnes of ore at 1.3 ct '4tonne (range 0.1—-5); the 
reserve (i.e., the amount that can be mined economically 
with high certainty) was half this amount. Dr. John 
Gurney of Mineral Services, Pinelands, South Africa, and 
coauthors described the characteristics of bulk samples of 
Ekati diamonds, based on their examination of about 
32,000 diamonds from 13 kimberlites. They typically 
formed octahedra (including macles) and dodecahedra; 
sometimes formed cubes, fibrous cubes, and cuboctahe- 
dra; and mainly were white and brown (rarely yellow). 
Different clusters of pipes showed different population 
trends. Dr. Robert Creaser of the University of Alberta, 
Edmonton, and coauthors examined Rb-Sr ages for phlo- 
gopite megacrysts from 27 kimberlites at Ekati. The peri- 
od between 51 and 53 million years ago was the most pro- 
ductive for diamond emplacement. 

Kimberley Webb of De Beers Canada Exploration, 
Vancouver, and coauthors discussed the geology of the 
Victor claim in Attawapiskat, Ontario. The kimberlite bod- 
ies are mainly pyroclastic and lack diatreme roots. Adrian 
Berryman of De Beers Canada Exploration, Toronto, and 
coauthors described the geology of the Fort a la Corne 
deposit in Saskatchewan, where about 70 kimberlites (60% 
diamondiferous) have been found. Roy Eccles of the Alberta 
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Geological Survey, Edmonton, Canada, and colleagues 
described the petrogenesis of late Cretaceous diamondifer- 
ous rocks (Mountain Lake, Buffalo Hills, Birch Mountain) 
in Alberta. These bodies are mostly small, from less than 1 
to 48 ha. 

Several presentations covered African kimberlites. The 
geology of the Mwadui kimberlite in Tanzania was 
described by Dr. Johann Stiefenhofer of the De Beers 
Geoscience Centre, Johannesburg, South Africa, and coau- 
thor. This represents the largest diamondiferous kimberlite 
ever mined, and it exhibits an almost perfectly preserved 
example of a crater-fill deposit (i.e., erupted material that 
fell back into the volcano’s crater). Dr. Stephan Kurszlaukis 
(also of the De Beers Geoscience Centre) and coauthor 
explained that the Venetia kimberlite pipes in South Africa 
formed along preexisting faults and fractures in the host 
rocks as the result of several violent volcanic phases sepa- 
rated by periods of relative inactivity. Clare Appleyard of 
De Beers Geoscience Centre and coauthors explained that 
eclogitic diamonds from the Finsch mine in South Africa 
show a wide range of nitrogen contents, but they found no 
type Ila diamonds (i.e., those without any detectable nitro- 
gen). The inclusions in these diamonds are consistent with 
eclogite formation from a subducted slab protolith (“par- 
ent” rock). Dr. Pierre Cartigny of the Institut de Physique 
de Globe, Paris, and coauthors concluded that reaction of 
subducted material with fluids (metasomatism) could be 
responsible for the formation of Namibian diamonds. 

Many other speakers also presented evidence that some 
diamonds form through mantle metasomatism. Dr. 
Thomas Stachel of the University of Alberta and coauthors 
examined trace elements—especially rare earths and 
chromium—in garnet inclusions in diamonds from the 
Birim River, Ghana. The trace-element patterns can be 
explained if both silicate melts and oxidizing “CHO” (car- 
bon/hydrogen/oxygen) fluids, from down-going crustal 
slabs, were involved in the garnet genesis. Dr. Jeffrey Harris 
of the University of Glasgow presented his group’s work on 
some unusual inclusions in small (2-4 mm) Namibian dia- 
monds. This suite of inclusions and the formation of the 
host diamonds could be explained by a peridotitic source 
that had undergone “extensive carbonation.” Dr. Ray 
Burgess of the University of Manchester, United Kingdom, 
and co-authors discussed the different *°Ar-*°Ar ages of 
clinopyroxene inclusions in Venetia (South Africa) and 
Orapa (Botswana) eclogitic diamonds. They suggested that 
the Orapa diamonds are significantly older (990 My) than 
the host kimberlite (eruption age about 93 My), but that 
some of the Venetia diamonds are about the same age as 
their host kimberlite (about 520 My). According to Dr. 
Dorrit Jacob of the University of Greifswald, Germany, 
trace-element and isotopic evidence suggests that mantle 
eclogites may have been formed from seawater-altered, 
subducted oceanic crust. 

Dr. Oded Navon, of the Hebrew University, Jerusalem, 
and colleagues provided a review of what has been learned 
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from fluid inclusions in diamonds. Most diamonds precipi- 
tated from fluids, and some trapped these fluids in micro- 
inclusions (e.g., in “clouds”). Four types of fluids are seen: 
a potassium chloride brine; a carbonatitic melt containing 
Mg, Ca, and Fe; a hydrous silicic melt containing Si and 
Al; and a sulfide melt. Previous work has shown that dia- 
monds can be grown from a carbonatite melt; carbon iso- 
topic data are also consistent with some diamonds grow- 
ing from this source in nature. 

Dr. Catherine McCammon of the University of 
Bayreuth, Germany, and coauthor discussed mantle oxygen 
fugacity and diamond formation. Oxygen fugacity (a mea- 
sure of how oxidizing the system is) changes phase rela- 
tions and compositions of melts and fluids, and affects the 
stability of diamond. Oxidizing conditions can stabilize fer- 
ropericlase, a diamond inclusion mineral that otherwise 
requires mid- to lower-mantle pressure to form. Therefore, 
diamonds with syngenetic ferropericlase inclusions did not 
necessarily form at deep levels (e.g., the lower mantle), as 
has been suggested by previous workers. Dr. Gerhard Brey, 
of the University of Frankfurt, Germany, and coauthors 
also examined the stability of ferropericlase coexisting with 
other inclusions in diamonds. Very high pressure is not 
needed for ferropericlase-bearing inclusion suites from Sao 
Luis, Brazil, and many from Kankan, Guinea. 

Dr. Mahesh Anand of the University of Tennessee, 
Knoxville, and colleagues dissected eclogite nodules from 
the Udachnaya pipe in Yakutia, Russia. They found that 
some diamonds occur along linear features in the nodules 
and that diamonds occur in and around altered clinopyrox- 
ene. Dr. Stephen Haggerty of Florida International 
University, Miami, described kimberlite-type rocks in the 
Dharwar craton, India. Currently, the only primary dia- 
mond mine is Majhgawan, in the Bundelkhand craton, 
which produces several tens of thousands of carats per year 
from 10 ct/100 tonnes of ore. 

The 9th International Kimberlite Conference will be 
held in Hyderabad, India, in October 2006. 

Mary L. Johnson and James E. Shigley 
GIA Research, Carlsbad 


ANNOUNCEMENTS 

John I. Koivula wins AGS Liddicoat journalism award for 
Ge G article. GIA chief research gemologist (and Gems & 
Gemology contributing editor) John I. Koivula has received 
the American Gem Society’s Richard T. Liddicoat 
Journalism Award in the Jewelry Industry/Trade Reporting 
division for his Spring 2003 Gems e& Gemology article 
“Photomicrography for Gemologists.” This award was 
developed in remembrance of GIA Chairman Richard T. 
Liddicoat, to honor journalists who have made exceptional 
contributions to the understanding of gemology, as well as 
the ideals of ethics, education, and consumer protection. 
The award was presented at AGS’s Circle of Distinction 
Dinner on July 29, 2003, during the JA New York Show. 
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Also honored at this event was longtime G#G con- 
tributor G. Robert Crowningshield, who received the 2003 
AGS Lifetime Achievement Award. 


Visit Gems &) Gemology in Tucson. Meet the editors and 
take advantage of special offers on subscriptions and back 
issues at the G#G booth in the Galleria section (middle 
floor) of the Tucson Convention Center during the AGTA 
show, February 4-9, 2004. 

GIA Education’s traveling Extension classes will offer 
hands-on training in Tucson with “Diamond Grading” 
(February 2-6) and “Advanced Gemology” (February 7). To 
enroll, call 800-421-7250, ext. 4001. Outside the U.S. and 
Canada, call 760-603-4001. GIA will also present two free 
seminars on Sunday, February 8, a “Gems & Gemology 
2003 Recap” and “Business for Jewelers.” 

The GIA Alumni Association will host a dance party in 
Tucson on February 6, featuring a silent auction, an indus- 
try awards presentation, and a live auction. To reserve tick- 
ets, call 760-603-4204 or e-mail events@gia.edu. 

The theme of this year’s Tucson Gem & Mineral Show 
(February 12-15) is gold, which will be the topic of a one- 
day symposium on February 14. For more information, 
visit www.tgms.org. 


Conferences 

Québec Exploration 2003. This conference, which will take 
place November 24-27, 2003, in Québec City, Canada, will 
feature a session on “Early-stage Assessment of Kimberlites 
Using Indicator Minerals, Petrography and Microdiamonds.” 
A November 24 workshop called “Diamonds and 
Kimberlites” will provide an opportunity for hands-on exam- 
ination of kimberlite samples, indicator minerals, and dia- 
monds. Visit www.quebecexploration.qc.ca, e-mail 
info@QuebecExploration.qe.ca, or call 418-627-6392. 


Gems at the MRS Fall Meeting. On December 1-5, 2003, 
the Materials Research Society will convene in Boston, 
Massachusetts. The meeting will include a symposium 
titled “The Science of Gem Materials.” For more informa- 
tion, visit www.mrs.org/meetings/fall2003/symp_ii.html, 
e-mail info@mrs.org, or call 724-779-3003. 


The information 
you need... 
at a glance! 


Beryllium Diffusion Chart 
Gem Treatments Chart 
Pink Diamond Color Chart 
Gem Localities Map 


GEM NEWS INTERNATIONAL 


Nationwide 800-421-7250, ext. 7142 
Outside the U.S. call 760-603-4000, ext. 7142 or fax 760-603-4595 


PDAC 2004. The 2004 Prospectors and Developers 
Association of Canada international convention on March 
7-10, 2004, will include a special session on diamonds that 
will consider the use of microdiamonds in exploration, pro- 
ject development, and diamond recovery methods. In addi- 
tion, an update on diamond resource/evaluation methods 
will be provided. For more information, visit www.pdac.ca, 
e-mail info@pdac.ca, or call 416-362-1969. 


Exhibits 

Chanel Collection Privée. The Chanel 2003 “Collection 
Privée,” a 150-piece fine jewelry collection, will be on dis- 
play beginning in November at the Chanel Fine Jewelry 
boutique in New York City (733 Madison Avenue). 
Among the themes represented will be reproductions of 
original Chanel jewelry from the 1930s. In 2004, the col- 
lection will travel to Chanel boutiques in Beverly Hills, 
California; Honolulu, Hawaii; and Palm Beach, Florida. 
Contact Amy Horowitz at amy.horowitz@chanelusa.com 
or 212-715-4747. 


Treasures of ancient Egypt at the New Orleans Museum of 
Art. “The Quest for Immortality,” the first exhibition of 
artifacts from the Egyptian national collection to tour the 
U.S. since the Tutankhamen exhibition during the 1980s, 
will be on display at the New Orleans Museum of Art 
from October 19, 2003 through February 25, 2004. Among 
the many items to be exhibited are gold and jeweled funer- 
al relics from the royal tombs at Tanis, as well as a com- 
plete reconstruction of the tomb of Thutmose III, who 
ruled Egypt during the 15th century BC. For more informa- 
tion, visit www.noma.org or call (504) 488-2631. 


ERRATUM 


On p. 146 of the Summer 2.003 issue, the fluorescence 
description provided in the Lab Note on the glass imita- 
tion of tsavorite garnet should have read, “Garnets are 
usually inert to short-wave UV radiation, but some tsa- 
vorites may fluoresce weak reddish orange to long-wave 
UV.” Gems & Gemology thanks Dr. Jaroslav Hyrsl for 
bringing this error to our attention. 
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CHALLENGE WINNERS 


This year, 292 dedicated readers participated in the 2003 GEMS & GEMOLOGY Challenge. Entries arrived 
from all corners of the world, as readers tested their knowledge on the questions listed in the Spring 2003 
issue. Those who earned a score of 75% or better received a GIA Continuing Education Certificate recog- 
nizing their achievement. The participants who scored a perfect 100% are listed below. Congratulations! 


AUSTRALIA Coogee, Western Australia: Helen Judith Haddy. Slacks Creek, Queensland: Ken Hunter. South Australia: Barbara 
Wodecki AUSTRIA Vienna: Eberhard Layr BELGIUM Diegem: Lalous Guy. Ghent: Jan Loyens. Hemiksem: Daniel De Maeght. 
Overijse: Margrethe Gram-Jensen. Tervuren: Vibeke Thur. Wezembeek-Oppem: Brigitte Revol MacDonald — BRAZIL Rio de Janeiro: 
Luiz Angelo. Sro Paulo: Ana Flavia Pantalena CANADA Bobcaygeon, Ontario: David Lindsay. Calgary, Alberta: Diane L. Koke. 
Kingston, Ontario: Brian Randolph Smith. Montreal, Quebec: Marie-France Rosiak. Ottawa, Ontario: Jane Orsak. St. Catharine's, 
Ontario: Alice Christianson. Vancouver, British Columbia: Michael Cavanagh. Winnipeg, Manitoba: Alyson Raynard CROATIA 
Zagreb: Sandra Crkvenac CYPRUS Nicosia: George Stephanides ENGLAND Tenterden, Kent: Linda Anne Bateley FINLAND 
Oulu: Petri Tuovinen FRANCE Marseille: Vincent Perrier. Paris: Pierre-Henri Boissavy, Marie-France Chateau GEORGIA Tbilisi: 
Maia Karosanidze GERMANY Seddiner See: Andriy Katrusha INDIA Shimla, Himachal Pradesh: Deepak Bagai INDONESIA 
Jakarta: Warli Latumena ITALY Ferrara: Sonia Franzolin. Padova: Marco Maso. Rome: Claudio Cardella JAPAN Nishikyo-ku, 
Kyoto: Takuma Koyanagi LITHUANIA Vilnius: Saulius Fokas THE NETHERLANDS Rotterdam: E. Van Velzen PARAGUAY 
Asunciyn: Viviana Steigwardt PHILLIPPINES Mandaluyong, Manila: Mark Velayo PORTUGAL Figueira Algarve: Johanne Jack 
SCOTLAND Edinburgh: Ewen Taylor SPAIN Valencia: Monika Bergel. Vitoria: Ignacio Borras Torra SWEDEN Jarfalla: 
Thomas Larsson SWITZERLAND Bern: Michael Hpgi. Rodersdorf: Heinz Kniess. Zollikon: Adrian Meister. Zurich: Eva Mettler 
UNITED ARAB EMIRATES Dubai: lamze Salukvadze UNITED STATES Arizona Chandler: LaVerne Larson. Cottonwood: Glenn 
Shaffer. Tucson: Dave Arens, Molly Knox. California Burlingame: Sandra MacKenzie-Graham. Burney: Willard Brown. Carlsbad: 
Jason Darley, Michael T. Evans, Brian Genstel, Bruce Honer, Alethea Inns, Mark Johnson, Bradley Payne, Judith Shechter-Lankford, 
Abba Steinfeld, Thorsten Strom, Jim Viall, Lynn Viall, Michael Wobby, Phil York. Lake Forest: Shawn Anne Shannon. Los Angeles: 
Veronica Clark-Hudson. Marina Del Rey: Veronika Reidel. Mill Valley: Susan Bickford. Oroville: Susan Barch. Rancho Cucamonga: 
Sandy Macleane. San Jose: Wendy Bilodeau. Colorado Aurora: Ronda Gunnett. Colorado Springs: Barbara Maffei. Golden: Sally 
Armitage. Littleton: Charles Allen. Florida Clearwater: Tim Schuler. Deland: Sue Angevine Guess. Satellite Beach: Consuelo 
Schnaderbeck. Sun City Center: Jeanne Naish. Tampa: R. Fred Ingram. Vero Beach: Lisa Perino. Georgia Atlanta: Ella Golden. 
Tifton: Margaret Hodson. Hawaii Hanalei: Nancy Blanton. Makawao: Alison Fahland. Illinois Bethany: Richard Gallagher. Chicago: 
Heidi Handers. Danvers: Anne Blumer. Elgin: Jerry Long. Northbrook: Frank Pintz. Peoria: John Fitzgerald. Indiana Carmel: Mark 
Ferreira. Indianapolis: Mary Wright. Maryland Baltimore: Alissa Ann Leverock. Darnestown: Ron Suddendorf. Gaithersburg: Marvin 
Wambua. Parkville: Monica Denning. Patuxent River: Pamela Dee Stair. South Freeport: Arthur Spellissy. Massachusetts Braintree: 
Alan Howarth. Brookline: Martin Haske. Fitchburg: Jessica Rafuse. Lynnfield: John Caruso. Uxbridge: Bernard Stachura. Michigan 
Linden: Mary Mason. Paw Paw: Ellen Fillingham. St. joseph: Nicole Hull. Minnesota Rochester: Renato Rossi. Missouri Perry: Bruce 
Elmer. Nevada Reno: Allen Salgado, Terence Terras. New Jersey Fort Lee: Lioudmila Tretiakova. Union: Thans Anne Lump. New 
Mexico Santa Fe: Leon Weiner. New York Hawthorne: Lorraine Bennett. New York: Duncan Andrews, Dan Campbell, Fran 
Greder, Wendi Mayerson, Anna Shumate. Rye: Gregory Cunningham. North Carolina Advance: Blair Tredwell. Candler: Christian 
Richart. Creedmoor: Jennifer Jeffreys-Chen. Durham: Kyle Hain. Kernersville: Jean A. Marr. Manteo: Eileen Alexanian. Ohio Athens: 
Colette Harrington. Cuyahoga Falls: Catherine Lee. Dayton: Michael Williams. Toledo: Mary Jensen. Oregon Cottage Grove: 
Lyndeth Esgar. Medford: Julia Ann Horton. Portland: Mark Smith. Pennsylvania Belle Vernon: Linda Horrell. Schuylkill Haven: Janet 
Steinmetz. Yardley: Peter Stadelmeier. Rhode Island Hope Valley: Sarah Horst. South Carolina Sumter: James Markides, Kimberley 
Richards. Tennessee Germantown: Charles L. Rose. Knoxville: Tim Thompson. Millington: James Butcher. Texas Corpus Christi: 
Warren Rees. Diana: Linda Stacey. Flower Mound: Elizabeth Roach. Harker Heights: Amanda Perry (Eberhart). Houston: Dee T. 
Stodghill. Katy: Christine Schnaderbeck. Vermont Williamstown: Jean M. Lennox. Virginia Falls Church: Stacy Mozingo. Herndon: 
Lisa Marsh-Vetter. Kilmarnock: Mary Helne. Reston: Bethany Carter. Washington Ferndale: Candi Gerard. LacgyalOljt Vivian. 
a 


Poulsbo: Ruth Jorgensen. Seattle: Thomas Estervog, A. Samsavar. Wisconsin Mequon: Kathleen Molter i 


a 
Answers (see pp. 67-68 of the Spring 2003 issue for the questions): 1 (d), 2 (a), 
9 (d), 10 (c), 11 (a), 12 (a), 13 (©), 14 (d), 15 (b), 16 (a), 17 (d), 18 (b), 19 (©), 20 (b), 21 
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Book REVIEWS 


S005 


The Eras of the Diamond 


By Jules Roger Sauer, publ. by 
Amsterdam Sauer, Rio de Janeiro, 
Brazil, 2003, price available on 
request. E-mail: julessauer@amster- 
damsauer.com. 


The author is an elder statesman of 
the gem trade who began cutting dia- 
monds in Belo Horizonte, Brazil, in 
1941. In this beautifully illustrated 
book, Mr. Sauer pays tribute to the 
rich lore of diamonds with a nontech- 
nical approach by someone who has 
sincerely loved them through the 
years. 

The early chapters focus on the 
lore of gemstones and ancient myths 
surrounding rough diamonds (such as 
one 1243 lapidary work that postulat- 
ed that brown diamonds were male, 
and female diamonds were “white 
and beautiful of color like crystal”). 
These chapters also include sections 
on the formation of diamonds and 
principal deposits worldwide 

The second section, on gem cut- 
ting, features an analysis and history 
of cutting and grading gem diamonds. 
It offers interesting details on how the 
art has changed over the centuries, 
from the European table cuts of the 
16th century to the many contempo- 
rary cuts. 

Indian diamonds, of course, played 
the predominant role in the early 
trade. They are mentioned in Sanskrit 
texts as old as 3,500 years, though 
some of these early references may 
actually have been to other gem- 
stones. A millennium later, diamonds 
were actively traded along the leg- 
endary Silk Route—westward 
through Afghanistan, Persia, Syria, 
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and Turkey, and finally from Con- 
stantinople to Rome, as well as east- 
ward to China. 

The author vividly describes India’s 
ancient citadel of Golconda, which was 
the center of the diamond world during 
the 16th and 17th centuries. Merchants 
gathered there to buy and trade gem- 
stones. Among the famous diamonds 
to come from that region are the 45.52 
ct Hope, the 787.5 ct Great Moghul, 
and the 440 ct Nizam. 

At the heart of the book are the 
chapters on Brazil, which supplanted 
India’s dominance after diamonds 
were discovered there in the early 
18th century by gold prospectors 
(who did not recognize those crystals 
as objects of value). The book de- 
scribes how the ensuing diamond 
rush overwhelmed European gem 
markets for a time. The book also 
provides a portrait of the garimpeiros, 
the independent diggers who form the 
backbone of the Brazilian diamond 
industry. It describes the different 
diamond-producing regions of the 
country, recounting stories of how 
famous Brazilian diamonds, such as 
the 726.8 ct Presidente Vargas, were 
unearthed. This stone was recovered 
from the Santo Antonio River in 
Minas Gerais in 1938 by two such 
garimpeiros, who sold it to a dealer 
for $56,000. The diamond eventually 
found its way to Harry Winston, who 
reportedly paid $600,000 for it. At the 
end of this section is a table listing 
the notable diamonds found in the 
country. 

The author reviews other produc- 
ing countries and offers a chapter on 
De Beers’s role in the market. Unfor- 
tunately, much of the information in 
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that chapter is quite outdated. The 
closing chapters feature reports on the 
growing popularity of colored dia- 
monds, notes on synthetics and treat- 
ments, and an update on prospecting 
efforts in Brazil. 

The author does not delve into 
great detail in this book, but does 
offer an attractive overview of dia- 
mond production and an insider’s 
look at Brazil’s diamond production— 
which many authors ignore. For that, 
it’s worth a read. 

RUSSELL SHOR 

Gemological Institute of America 

Carlsbad, California 


Jadeite Jade, A Stone & 
A Culture 


By Chiu Mei Ou Yang, 184 pp., 
illus., publ. by the Hong Kong 
Institute of Gemmology, 2003. 
US$45.00 


A notice in the book’s preface should 
prepare readers for what is to come. 
The author writes, “Although this 
book has been edited and corrected 
many times, this book may still con- 
tain some typing mistakes and/or 
there may be missing phrases.” 
Indeed, this new book in English is 
littered with hundreds of typos, miss- 
ing letters, and misspellings that 
make careful reading a chore. There 
are even two such errors in the short 
dedication: “grestest teachers” and 
“This book is dedicate to them.” 
There are a number of interesting 
new photographs of contemporary 
pieces and a very useful selection of 
photographs showing some of the 
many materials carved in China and 
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sold as jadeite. Unfortunately, the edu- 
cational value to readers of seeing the 
many imitations is muted by the 
author’s use of potentially confusing 
trade names, such as Serpentine 
“jade,” Aventurine “jade,” Australian 
“jade,” and even Green Grossular 
Garnet “jade.” 

Although China’s relationship 
with nephrite jade (the original Stone 
of Heaven) has spanned more than 
5,000 years, many in modern-day 
China seem to believe that only 
jadeite jade is historic, valuable, and 
worthy of reverence. This book does 
little to correct such misconceptions. 
Also, instead of the usually accepted 
story of China’s introduction to 
jadeite in the 1780s with the arrival of 
some colorful material as part of a 
new trade pact, the author describes 
Chinese traders discovering jadeite 
pebbles inside Burma—with no histor- 
ical evidence provided to support this 
theory. 

It is interesting to read how the 
Chinese classify different types of 
jadeite cobbles and boulders from sec- 
ondary deposits. Western dealers and 
buyers rarely encounter such colorful 
terms as “New Mine Skinless Stone,” 
“Mountain Stone,” “Surface Water 
Stone,” “River Stone,” or “Surface 
Stone,” so the author’s descriptions 
here may be helpful. 

The author calls dyeing “artificial 
treatments” and attributes the in- 
creased prevalence of treated jade to a 
growing population of better-paid 
consumers. I believe she is referring 
to the population of China. She writes 
on p. 98, “With the rapid growth of 
populations and the improvement of 
economic living standards, people are 
increasingly in pursuit of a better cul- 
tural living standard too. A result has 
been, a growing demand for the 
enhancement of the beauty of jadeite 
jade ornaments, for either enjoyment 
or appraisal.” I believe the author is 
much too kind to those who dye 
jadeite, usually without disclosure. In 
most cases, gem materials are treated 
primarily to increase their potential 
sale value, and such is undoubtedly 
the case with dyed jadeite. 
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Nevertheless, the section on treat- 
ments is well done and should help 
buyers better understand how jadeite 
is enhanced today. In my experience, 
the treatments are many and disclo- 
sures are few, so this could be the 
book’s most useful chapter. It certain- 
ly should help buyers know what to 
look for and show specialists how to 
detect various jadeite treatments. 

As a final comment, although 
there is some useful information in 
this book, it deserves a better presenta- 
tion. Before another edition, the entire 
text should be edited, typographic and 
grammatical errors removed, and the 
whole book reviewed by a qualified 
English text editor. It would be very 
difficult to recommend this English 
version in its current state. 


FRED WARD 
Bethesda, Maryland 


Pegmatology: Pegmatite 
Mineralogy, Petrology and 
Petrogenesis 


By William “Skip” Simmons, Karen L. 
Webber, Alexander U. Falster, and 
James W. Niamoff, 176 pp., illus., 
publ. by Rubellite Press, New 
Orleans, LA, 2003. US$47.50 


“Pegmatites are among the most fas- 
cinating of all igneous rock types.” So 
say the authors of this welcome tome, 
and I—having spent my entire profes- 
sional career intrigued by these dra- 
matic deposits—could not agree 
more. Pegmatites are characterized, at 
least in part, by very coarse crystalline 
texture; indeed, some of the largest 
crystals known have been found in 
pegmatites. Some types of pegmatites 
also contain a diverse suite of rare 
minerals, including gem materials 
such as tourmaline, aquamarine, kun- 
zite, topaz, and spessartine. 

There have been many recent 
advances in the scientific understand- 
ing of pegmatites, but this is the first 
contemporary book on the topic. To 
gain a reasonable perspective on the 
nature of pegmatites, it was hereto- 
fore necessary to comb the geologic 
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literature for relevant scientific 
papers, assimilate all the information, 
weigh the interpretations of a variety 
of researchers, and integrate it all into 
a cohesive package. The authors of 
Pegmatology have done all that, and 
the result is an authoritative and very 
readable publication. 

This book grew out of a guidebook 
written for the Maine Pegmatite 
Workshop, first held in May 2002. In 
the authors’ words, “This book is not 
intended for the professional mineral- 
ogist or petrologist, but does contain a 
sufficiently comprehensive coverage 
that the serious reader can develop a 
thorough understanding of pegmatite 
mineralogy and genesis.” In recogni- 
tion of their intended audience, name- 
ly miners and serious mineral collec- 
tors interested in learning more about 
pegmatites, the authors have endeav- 
ored to limit scientific jargon to that 
necessary to explain clearly the miner- 
alogical and geologic concepts and 
processes. In general, they have suc- 
ceeded well, although readers with lit- 
tle or no background in geology and 
mineralogy will probably find them- 
selves a bit lost at times. At the other 
extreme, the authors’ disclaimer 
notwithstanding, professional miner- 
alogists and petrologists will find this 
book a great place to start getting up 
to speed on recent advances in the 
study of pegmatites. 

Chapter one provides a brief 
overview of what a pegmatite is and 
how pegmatites are classified. Chapter 
two explains key geologic and miner- 
alogical concepts (e.g., plate tectonics, 
the composition of the earth’s crust, 
the atomic structure of minerals, and 
the rock cycle) that are essential to the 
subsequent explanation of pegmatite 
formation. Chapters three through 
eight take the reader through the gen- 
esis of pegmatites: magmatic differen- 
tiation, origin of magmas, plate tec- 
tonic setting for magma generation, 
granite to pegmatite, zonation of peg- 
matites, and pocket formation. 

Chapter nine, by far the book’s 
largest, is titled Pegmatite Mineralogy. 
It describes the most important and/or 
scientifically significant pegmatite 
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minerals. The descriptions, for the 
most part, focus on those aspects of 
the minerals that pertain to their 
occurrence in pegmatites. Although 
the treatment is very uneven, with 
some minerals or mineral groups 
receiving much more attention than 
others, this approach was followed 
because of the special insights that 
certain minerals provide. Still, it does 
seem a bit lopsided to devote 18 pages 
to the tourmaline group and just one 
paragraph to topaz. 

The last six chapters pick up 
where the first eight left off. They 
cover classification of pegmatites, 
pocket indicators, volatiles in peg- 
matites, cooling and crystallization of 
pegmatites, petrogenic indicators, and 
geophysical and geochemical explo- 
ration methods. I must admit that I 
don’t quite understand the rationale 
for separating the last six chapters 
from the first eight (with the mineral 
descriptions in between). After read- 
ing the first eight chapters, I thought 
there were a few aspects of pegmatite 
formation that the authors had 
neglected. Of course, I came across 
these later in the book, but not until I 
had spent some time worrying about 
why they hadn’t been addressed. 
Perhaps the authors would consider 
placing the Pegmatite Mineralogy 
chapter last in subsequent editions. 

The book concludes with a list of 
references and an appendix. I some- 
times skip right to the reference list to 
get a quick gauge of how thorough, 
comprehensive, and authoritative a 
publication is; Pegmatology passed 
this test with flying colors. The 
appendix includes several pages on 
basic crystallography, a periodic table, 
a list of elements with crustal abun- 
dances, and a diagram showing 
igneous rock classification. The 
authors apparently found these 
resources useful while teaching the 
pegmatite workshop. Two additions 
that I would recommend in future edi- 
tions are an index and a glossary of 
terms. 

I have a few final words concern- 
ing the overall presentation. First, 
except for a few typos, the text is 
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remarkably error free. Second, the text 
is liberally illustrated with well-cho- 
sen photos, diagrams, and tables; how- 
ever, the overall quality of these illus- 
trations could be much better. Last, 
little is said of the fascinating history 
of pegmatite study, and the addition of 
a chapter on this topic would add fla- 
vor to the book and put the modern 
studies into better context. 

This book may not be for every- 
one, but certainly anyone with an 
interest in pegmatites and the won- 
derful diversity of minerals and gems 
that come from these remarkable 
deposits should not be without it. 

ANTHONY R. KAMPF 
Natural History Museum of 
Los Angeles County 

Los Angeles, California 


OTHER BOOKS RECEIVED 


At the Bench: An Illustrated Guide to 
Working with Gold & Silver. By 
Gregg Todd and Greg Gilman, 116 
pp., illus., publ. by MJSA/AJM Press, 
Providence, RI, 2002, US$28.50.* 
More than a guide to working with 
these two metals, At the Bench is an 
essential resource for every bench 
jeweler. The 8.5 x 11 in. soft cover 
begins with a section on Bench 
Preparation and Practices that covers 
critical safety matters, discusses prop- 
er tools and accessories, and offers 
suggestions to maximize workflow. 
The next chapter addresses take-in 
procedures, giving useful tips about 
visual inspection and communication 
between jeweler and customer. 

The bulk of the book provides 
comprehensive instruction on a range 
of repair and fabrication processes, 
from basics like dovetail sizing and 
pavé setting to more complex tasks 
like fabricating silver filigree and 
repoussé. More than 200 detailed pho- 
tos accompany the step-by-step direc- 
tions. A chapter on The Do’s and 
Don’ts for Polishing Success gives 
necessary attention to one of the 
bench jeweler’s least desirable tasks. 
The book closes with a section called 
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Bench Resources that highlights some 

of the industry’s leading suppliers and 
educators. 

ANGELA LOCKHART 

Gemological Institute of America 

Carlsbad, California 


Auction Market Resource, June 2003, 
Vol. 10, No. 1. Publ. by Gail Brett 
Levine, P.O. Box 7683, Rego Park, NY 
11374-7683. Tel: 718-897-7305. 
Available by subscription: $195.00 in 
the U.S., $250.00 elsewhere. E-mail: 
76766.614@compuserve.com. Since 
1994, Auction Market Resource has 
compiled data on jewelry items sold at 
major national and international auc- 
tions. This subscription-based guide is 
published semi-annually (June and 
December), and an adjunct pay-for- 
information website is available at 
www.AuctionMarketResource.com. 
The June 2003 edition includes nearly 
550 listings of antique to modern jew- 
elry and watches sold by more than a 
dozen leading auction houses between 
May 2002 and April 2003. Each listing 
provides a black-and-white photo of 
the piece plus detailed auction data. 
Specially featured in this edition is an 
expanded section on watches. This 
section contains brief, independently 
written articles on watch appraisals, 
American railroad pocket watches, 
hand engraving on jewelry and watch- 
es, and buying watches at auction 


online. 


JANA E. MIYAHIRA-SMITH 
Gemological Institute of America 
Carlsbad, California 


*This book is available for purchase 
through the GIA Bookstore, 5345 
Armada Drive, Carlsbad, CA 
92008. Telephone: (800) 421-7250, 
ext. 4200; outside the U.S. (760) 
603-4200. Fax: (760) 603-4266. 
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COLORED STONES AND 
ORGANIC MATERIALS 


The effect of co-cultivation on the pearl yield of Pinctada 

martensi [sic] (Dumker). M. Wu, S. K. K. Mak, X. Zhang, 

and P.-Y. Qian, Aquaculture, Vol. 221, 2003, pp. 347-356. 
This study investigated the effect of the co-cultivation (i.e., 
involving both animal and plant species) of the pearl oyster P. 
martensii in the presence of the red alga Kappaphycus 
alvarezii on the production rate and quality of saltwater cul- 
tured pearls in Hainan Province, China. Production rate was 
determined by nucleus retention, and quality was judged by 
the thickness and number of nacre layers. 

Survival and nucleus retention rates were very similar under 
both mono-culture (involving the oyster only) and co-culture 
conditions. However, co-culture conditions produced a consis- 
tently higher yield of premium- to medium-quality cultured 
pearls with thicker and more homogenous nacre. This and previ- 
ous studies suggest environmental factors (e.g., pH and concen- 
trations of O,, CO,, and N in the seawater] have a significant 
influence on the biomineralization process of nacre growth. 

Algae can consume CO, and N waste products that are 
released by oysters, while releasing O,, thus creating a favor- 
able environment for calcification. Bio-fouling (by bacteria, 
shell inhabitants, or parasites) was less problematic under co- 
cultivation conditions, as evidenced by the surfaces of co-cul- 
tivated oysters, which were consistently much cleaner than 
the mono-cultured oysters. The co-culture system was also 
favorable for the growth of the red algae, which is potentially 
an important revenue source for pearl farmers. The positive 
long-term environmental and economic aspects of the co-cul- 
ture method could apply to the Southeast Asian and South 
Pacific regions as well. CT 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. 
Articles are selected for abstracting solely at the discretion of 
the section editor and his reviewers, and space limitations may 
require that we include only those articles that we feel will be 
of greatest interest to our readership. 
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Freshwater pearl culture technology development in 
India. K. Janakiram, Journal of Applied Aqua- 
culture, Vol. 13, No. 3/4, 2003, pp. 341-349. 

India is developing the technology and expertise to cul- 

ture freshwater pearls. Several common freshwater mus- 

sels have been identified as important species suitable for 
cultured pearl production: the pond mussel Lamellidens 
marginalis, the paddy field mussel L. corrianus, and the 
riverine mussel Parreysia corrugata. The mussels are fed 
prepared and natural diets such as finely powdered rice 
bran and peanut oil cake, cultured green algae, and blue 
algae. Nuclei implantation procedures being perfected 
include mantle-cavity and mantle-tissue implantations 

(60-70% success rate for each) and gonad implantation 

(25-30% success rate). Shell beads of 26 mm, obtained 

mostly from Japan, are used for mantle-cavity implanta- 

tion. The pond culture phase is normally 12 months. 
CT 


Production and grow-out of the black-lip pearl oyster 
Pinctada margaritifera. I. Lane, C. Oengpepa, and J. 
Bell, Aquaculture Asia, Vol. 8, No. 1, 2003, pp. 5-7. 
Pacific Ocean countries such as Fiji, Tonga, Marshall 
Islands, and Solomon Islands are attempting to develop a 
black cultured pearl industry owing to the success of this 
activity in French Polynesia, where it generated $200 mil- 
lion in export earnings in 2000. This article outlines the 
methods being used in these countries to collect and grow 
the black-lipped pearl oyster, P. margaritifera, prelimi- 
nary to black pearl farming. A major consideration is that 
a farm must have enough oysters (~5,000—10,000) to 
attract a technician to perform the seeding operation. 
Wild spat collection is the least expensive and sim- 
plest method to obtain juvenile black-lipped pearl oysters, 
but if they are scarce, hatchery spat production—though 
more difficult and costly—can be used to produce a large 
number of juveniles. Spat enter into the juvenile grow-out 
phase at 5 mm in length; they are transferred to the main 
grow-out system when the shells reach 50-60 mm. The 
oysters are nucleated with a shell bead and a graft of man- 
tle tissue when they reach 90-120 mm in length. The 
density of the oysters in each system is reduced as they 
grow, and a four- to six-week cleaning cycle is maintained 
throughout the 18-24 months that it takes to produce the 
cultured pearls. Oysters that produce a good-quality cul- 
tured pearl may be reseeded. CT 


Quality grading method of China sea-cultured pearls on 
the basis of fuzzy evaluation. B. Kong, J. Zou, J. 
Chen, and Y. Liao, Journal of Guilin Institute of 
Technology, Vol. 23, No. 1, 2003, pp. 60-64 [in 
Chinese with English abstract]. 

Grading systems or models for determining the quality of 

Akoya cultured pearls have been investigated by gemolo- 

gists and jewelers for several decades. Most are based 

mainly on descriptive comparisons of several important 
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characteristics, but the use of these systems or models by 
the jewelry industry has been limited. In this article, the 
authors attempt to use mathematical techniques to devel- 
op a quantitative model for grading the quality of Chinese 
Akoya cultured pearls. 

The model contains three hierarchies, six conditions, 
and 12 factors. The three hierarchies (“target quality 
layer,” “conditional layer,” and “factor layer”) are the 
basis of the model. The conditional layer, for example, 
consists of six characteristics: color, size, shape, surface 
defects, luster, and thickness of the nacre layer. The 12 
factors are: body color, surface color, transparency, mini- 
mum diameter, difference between the maximum and 
minimum diameters, symmetry, type of surface defects, 
area and number of the surface defects, quality of the lus- 
ter, crystallinity, mineral type of the nacre layer, and mea- 
sured or estimated thickness of the nacre layer. These 
conditions and factors are calculated into different 
“weighting indices.” Finally, these indices are mathemat- 
ically calculated using “fuzzy logic” evaluation tech- 
niques. As a result, Chinese Akoya cultured pearls can be 
classified into five grades: extraordinary [sic] fine, first, 
second, third, and fourth. TL 


X-ray diffraction study of nacre in shell of Hyriopsis 
cumingii [sic] (Lea). G. Zhang, X. Xie, S. Qi, and P. 
Hu, Journal of Mineral Petrology, Vol. 22, No. 4, 
2002, pp. 8-11 [in Chinese with English abstract]. 
The nacre layer of a shell or pearl consists mainly of arago- 
nite crystals with some organic components. The struc- 
tural characteristics of the nacre layer give rise not only to 
beautiful colors, including iridescence, but also to its 
mechanical properties. Using X-ray diffraction techniques, 
the authors studied nacre from H. cumingi, the major 
source of Chinese freshwater cultured pearls. Two pre- 
ferred crystallographic orientations of aragonite crystals in 
the nacre layer were found. In the first the [001] axes were 
perpendicular to the nacre layer, whereas in the second the 
[012] axes were normal to the nacre layer; the latter type of 
orientation had not been previously reported in the litera- 
ture. Overall, the preferred orientation of the aragonite 
crystals varied considerably throughout the nacre layer of 
H. cumingi shells, which accounted for the variable 
mechanical characteristics exhibited by this layer. 
TL 
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Characters [sic] of brown spot [sic] on diamond from 
Hunan Province and its implication. M. Yang and 
Y. Gao, Journal of Gems and Gemmology, Vol. 4, 
No. 4, 2002, pp. 15-19 [in Chinese with English 
abstract]. 

Many of the diamond crystals from the alluvial deposit at 

Yuanjiang, Hunan Province, China, have brown (and also 
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yellow or black) spots on their surface. The spots range in 
size from 10 to 200 um, penetrate 20-50 ym, and usually 
have sharp boundaries. 

The brown spots appear dark in cathodoluminescence 
images of the diamonds. Raman spectra of the spots have 
weak peaks at 1636.4, 1631.4, 1493.4, and 1444.6 cm“, 
while the characteristic diamond peak at 1332 cm=! is 
shifted toward a lower wavenumber. These features indi- 
cate damage to the diamond crystal structure. The 
authors conclude that the brown spots are caused by radi- 
ation from naturally radioactive mineral(s) in the alluvial 
environment. TL 


Diamond economics of the Prairie Creek lamproite, 
Murfreesboro, AR, USA. D. P. Dunn, Ore Geology 
Reviews, Vol. 22, No. 3/4, 2003, pp. 251-262. 

Although discovered in 1906, and commercially mined 

intermittently until 1931, the true economic potential (i.e., 

grade of the ore and value of the diamonds) of the Prairie 

Creek lamproite was never determined. To evaluate the 

potential of this occurrence as a commercial mine, the 

Arkansas State Parks Commission conducted a two-fold 

assessment of the lamproite, which since 1972 has been 

administered under the Crater of Diamonds State Park. 

Phase 1, conducted in 1990, identified and mapped the 

main rock types. Phase 2, completed in 1997, tested the 

rock types for their in situ diamond contents. The diamond 
grades were determined from 600 tonne bulk samples col- 

lected from 14 trenches throughout the lamproite, about 3 

m below the naturally enriched surface overburden. 

The four main rock types and their diamond contents 
are: (1) hypabyssal olivine lamproite with insignificant dia- 
mond content; (2) epiclastic sediments barren of diamond; 
(3) phlogopite-rich tuff with an average diamond grade of 
0.11 ct/100 tonnes; and (4) olivine-rich lapilli tuff, the 
majority of which has a diamond grade of 1.1 ct/100 
tonnes. The value of the stones averaged $12.30/ct. The 
diamond content is insufficient to warrant large-scale com- 
mercial mining. However, some park areas hold promise 
for further tourist development. Tourists currently recover 
approximately 500 diamonds (totaling nearly 50 carats) 
annually from the naturally enriched surface layer. 
Calculations show that the diamondiferous tuffs have 
undergone <50 m of erosion, liberating ~93,000 carats of 
diamonds. Of these, ~58,000 carats were contained in the 
enriched surface deposit and about half (i.e., ~29,000 carats) 
remain, ~35,000 carats are believed to occur in eluvial and 
alluvial deposits adjacent to the existing tourist area. CT 


Evolution of growth sectors in natural diamond crystals as 
revealed by cathodoluminescence topography. S. V. 
Titkov, G. V. Saparin, and S. K. Obyden, Geology of 
Ore Deposits, Vol. 44, No. 5, 2002, pp. 350-360. 

Diamond crystals can have a complex growth history in 

the earth. Polished plates cut from 180 diamond crystals 

from Yakutia were studied by both optical and scanning 
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electron microscopy to investigate this history. When 
exposed to a beam of electrons, many diamonds exhibit 
cathodoluminescence, and the spatial pattern of this 
luminescence provides an important means of elucidating 
changes in crystal form as the diamonds grew. 

Most of the diamonds exhibited a change in the devel- 
opment of octahedral {111} and cubic {100} faces during 
their growth. Within the majority of the crystals, the 
authors found the following evolution in growth form: 
cube > cube + octahedron — octahedron. Cubic sectors 
tend to grow out of existence, so the shape of most natu- 
ral diamonds is dominated by octahedral faces. In rare 
instances, cubic growth follows octahedral growth, but 
the resulting cube faces are imperfect and contain numer- 
ous inclusions. The authors suggest that temperature was 
the main factor in controlling the development of various 
growth sectors in the diamonds. JES 


An infrared investigation of inclusion-bearing diamonds 
from the Venetia kimberlite, Northern Province, 
South Africa: Implications for diamonds from cra- 
ton-margin settings. K. S. Viljoen, Contributions to 
Mineralogy and Petrology, Vol. 144, No. 1, 2002, 
pp. 98-108. 

The 533-million-year-old Venetia kimberlite cluster lies 

within the Limpopo Mobile Belt at the junction of the 

Kaapvaal and Zimbabwe cratons in southern Africa. This 

location is geologically somewhat anomalous given the 

general correlation of diamondiferous kimberlites with 
old stable cratons. This infrared spectroscopy study of 
approximately 200 inclusion-bearing diamonds from the 

Venetia mine provides data on nitrogen content and nitro- 

gen aggregation state—the latter information can reveal 

something of the conditions in the earth’s mantle subse- 
quent to diamond crystallization. 

The diamonds exhibited a wide range of nitrogen con- 
tents, with significant heterogeneity. The nitrogen aggre- 
gation state also varied from almost pure type IaA dia- 
monds (poorly aggregated nitrogen) to pure type IaB dia- 
mond (highly aggregated nitrogen), with the majority of 
the studied diamonds falling in the latter category. The 
unusually aggregated nature of the nitrogen in most of the 
diamonds is interpreted to result from the ambient man- 
tle residence temperatures, which are concluded to be 
higher than those of most other kimberlites in the interi- 
or of the Kaapvaal craton. The diamonds displayed com- 
paratively low levels of degradation of nitrogen platelets, 
suggesting that they experienced limited deformation (as 
compared, e.g., to the typical brown diamonds from the 
Argyle mine in Australia). The author suggests that the 
apparently consistent association of diamonds possessing 
unusually aggregated nitrogen with kimberlites (or lam- 
proites) intruded into craton margins or adjacent mobile 
belts may provide a means for recognizing the contributo- 
ry sources of diamonds in alluvial deposits through the 
characteristics of their infrared spectra. JES 
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World diamond deposits. A. P. Akimov and A. S. 
Marfunin, Gemological Bulletin (Gemological 
Society of Russia), No. 5, 2002, pp. 51-56 [in 
Russian]. 

A map of World Diamond Deposits (scale 1:25,000,000) 

was published in September 2001. It shows almost 400 

localities, of all sizes and levels of importance, in which 

diamonds are known or mined. The deposits are classified 
into five economic and eight geologic (genetic) types that 
are clearly designated (with numbers and symbols) on the 
map. The deposits are also listed in a supplementary 
table. The economic significance of each of the eight dif- 
ferent geologic types is presented. VD 
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Characterization of beryl (aquamarine variety) from peg- 
matites of Minas Gerais, Brazil. R. R. Viana, H. 
Jordt-Evangelista, G. Magela da Costa, and W. B. 
Stern, Physics and Chemistry of Minerals, Vol. 29, 
2002, pp. 668-679. 

Eight samples of aquamarine from four pegmatites in the 
Governador Valadares and Aracuai regions of Minas 
Gerais were characterized by several techniques to better 
understand the variations in physical properties with 
chemical composition and crystal structure. Many 
cations can be incorporated into the beryl structure either 
in tetrahedral or octahedral sites, or in structural channels 
parallel to the c-axis. Several properties are influenced by 
these cation substitutions, and by the presence of water 
and alkali elements in the channel sites. 

Based on chemical composition data, a negative corre- 
lation was found between aluminum content and the 
sum of (Fe? + Fe*+ + Mg?*) in octahedral sites. A positive 
correlation was found between total alkali elements in 
channel sites and refractive indices. No correlation was 
noted between specific gravity and the type or amount of 
cations in channel sites or in octahedral or tetrahedral 
sites. A contraction in the c and a unit-cell parameters 
occurred with increasing temperature (for measurements 
made up to about 1000°C). Evaluation of infrared spectra 
revealed a weak negative correlation between the 1200 
cm! band position and the amount of water in the type II 
position in the channels. Visible spectra are related to the 
color of the beryl, and the authors attribute spectral fea- 
tures in the eight aquamarine samples to the following 
causes: 370 and 420 nm bands—octahedral Fe**; a broad 
diffuse region of absorption from about 450 to 700 nm 
(maximum near 600 nm}—Fe?* in channel sites; and a 
broad absorption centered at 800 nm—octahedral Fe?*. 
The color of each of these beryls is believed to be dictated 
by the proportions of Fe*+ in the octahedral sites and of 
Fe?* in the channel sites. Deep blue samples have little 
Fe*+, whereas greener samples have more Fe* or less 
channel-site Fe?". JES 
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Chrysoberyl, beryl and zincian spinel mineralization in 
granulite-facies Archaean rocks at Dowerin, 
Western Australia. P. J. Downes and A. W. R. Bevan, 
Mineralogical Magazine, Vol. 66, No. 6, 2002, pp. 
985-1002. 

Small amounts of gem chrysoberyl (including the variety 

alexandrite}, beryl, and zinc-rich (hercynite) spinel are 

found in metamorphic rocks near Dowerin, about 150 km 
northeast of Perth. These rocks are part of the Yilgarn cra- 
ton of Archaean age (2.6 billion years ago). Mineralization 
occurs in a plagioclase-quartz-biotite-garnet gneiss, and 
near cross-cutting, subvertical to vertical, tourmaline-pla- 
gioclase veins associated with bodies of amphibole-mica 
schist. Crystals of chrysoberyl are found embedded in 
almandine or plagioclase, and are closely intergrown with 
biotite and/or hercynite in the host gneiss. Beryl occurs in 
trace amounts between crystals of chrysoberyl, plagio- 

clase, and almandine. Workings presently comprise a 3.5- 

m-deep pit and two adjacent trenches that expose only a 

small volume of rock within the soil profile. The poor 

exposure and deeply weathered condition of the rocks 
limit geologic mapping and make the interpretation of 
field relations difficult. 

Textural and mineral chemistry evidence suggests 
that the chrysoberyl and zincian spinel formed during 
granulite-facies regional metamorphism, and probably 
pre-dated the formation of the tourmaline-plagioclase 
veins during the same metamorphic event. Be, B, and Zn 
required for the gem minerals may have been released by 
reactions involving aluminous sedimentary rocks during 
the regional metamorphism. The deposit is unusual geo- 
logically because of the formation of the Be-B-Zn miner- 
als at high metamorphic grade. JES 


Edelsteine aus dem Gebiet nérdlich von Araguai (Minas 
Gerais, Brasilien): Vorkommen, Eigenschaften und 
Behandlungsmethoden [Gemstones from the region 
north of Aracuai (Minas Gerais, Brazil): Occurrences, 
characteristics and treatment possibilities]. J. Kar- 
funkel, J. Quéméneur, K. Krambrock, M. Pinheiro, G. 
O. Dias, and R. Wegner, Gemmologie: Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 51, 
No. 4, 2002, pp. 171-183 [in German with English 
abstract]. 

This article provides a summary of the geologic character- 
istics of the area between the cities of Aracuai and Itinga 
in northeastern Minas Gerais. For more than a century, 
occurrences of the following gems have been known: tour- 
maline (red, green, blue, multicolored), beryl (colorless, 
blue, pink, yellow), spodumene (colorless, yellow, green), 
quartz (rock crystal, smoky, citrine), amblygonite, petalite, 
and andalusite. 

Most of these gems have been mined from granitic 
pegmatites (e.g., Urubu, Maxixe, and Cachoeira), all of 
which are located in the Oriental Pegmatite Province, 
which lies north of the Piaui River in eastern Brazil. 
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Treatments, such as gamma irradiation and heating, and 
their positive effect on colorless and light-colored gem 
materials are discussed. Such treatments are considered 
key to increased gem availability and trading in this 
region in the future. CD 


Geology, geochemistry and Ar—Ar geochronology of the 
Nangimali ruby deposit, Nanga Parbat Himalaya 
(Azad Kashmir, Pakistan). A. Pécher, G. Giuliani, V. 
Garnier, H. Maluski, A. B. Kausar, R. H. Malik, and 
H. R. Muntaz, Journal of Asian Earth Sciences, Vol. 
21, No. 3, 2002, pp. 265-282. 

Ruby was found in the Nangimali area in 1979. The 

deposit outcrops in the Shontar Valley in the southern part 

of the Nanga Parbat massif, a large north-south trending 
body of metamorphic rocks at the northwestern end of the 

Himalayas. In this area, gneisses, amphibolites, and mar- 

bles form large synclinal structures that are exposed on 

mountain ridges. Ruby mineralization, found over an area 
of about 1.8 x 0.5 km, occurs within a narrow zone of the 
rock sequence in small (0.1-2 cm thick) veins that cut 
across dolomitic marbles and carbonate-bearing bands. 

Associated minerals in these veins include pyrite, phlogo- 

pite, rutile, margarite, pargasite, and carbonate. 

Ruby crystals can range up to about 40 grams, their 
color varies from pinkish red to deep red (~20% of the pro- 
duction). Mining between 1990 and 1994 yielded about 70 
kg of rough ruby per year. Geochemical data suggest that 
mobilization of aluminum and chromium in the marbles 
by metamorphic fluids could form the ruby deposit along 
preferential zones within the rock sequence. Argon-argon 
age dating gives a minimum age of ruby formation of 16 
million years ago. JES 


Green nephrite jade from Canada. L. Mi, Journal of Gems 
and Gemmology, Vol. 5, No. 1, 2003, pp. 10-13 [in 
Chinese with English abstract]. 

Green nephrites from Canada (locality not specified but 

presumably British Columbia) and China (Hetian and 

Xingjiang) were found to have different textural and 

physical properties (e.g., luster and transparency). 

Canadian nephrite samples consisted mainly of tremo- 

lite, with minor amounts of actinolite, diopside, epidote, 

clinozoisite, magnetite, and pyrite. Of the five textures 
observed in Canadian nephrite, the most common was 
fibrous crystalloblastic, with fiber widths in the range of 
0.005-0.020 mm. Variations in the mineral components, 
texture, luster, and appearance determine the quality of 

Canadian nephrite. Chinese nephrite jade was similar in 

many respects, but the fibers, also with a fibrous crystal- 

loblastic texture, were commonly less than 0.001 mm in 
width; this results in a typical waxy luster and character- 
istic feeling to the touch. TL 


Optical and MGssbauer study of Brazilian emeralds. G. C. B. 
Braga, V. K. Garg, A. C. de Oliveira, J. A. Freitas Jr., E. 
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Kuzmann, and R. Garg, Physica Status Solidii, Vol. 

A194, No. 1, 2002, pp. 36-46. 
Gem-quality emeralds from two localities in Brazil— 
Campos Verdes in Goids State and Salinhas in Bahia 
State—were characterized by photoluminescence and 
Mossbauer spectroscopy techniques, X-ray diffraction, 
electron microprobe analysis, and optical methods. The 
relative amounts of chromium, iron, and vanadium influ- 
ence the color and other properties of emeralds from differ- 
ent sources. Results obtained from this study indicate that 
Fe** and Fe** substitute in both the octahedral aluminum 
and tetrahedral beryllium sites in the crystal structure. 
Their distribution between the two sites is suggested to be 
characteristic of the source location. JES 


Sangu garnet deposit, Eastern Province, Zambia. A. V. 
Seifert and S. Vrana, Bulletin of the Czech Geological 
Survey, Vol. 78, No. 1, 2003, pp. 3-8. 

The geology, petrology, and mineralogy of the gem-quality 

pyrope-almandine garnet deposit at Sangu, in the Lundazi 

District of Zambia, are described. The garnets occur in pla- 

gioclase segregation veins confined to mafic granulite, as 

nodules up to 10 cm in diameter. The garnet consists 

mainly of pyrope (46-47 mol%) and almandine (39-40 

mol%), with grossular (9-10 mol%) and andradite (2-3 

mol%) components. R.I. varies from 1.760 to 1.763, and 

S.G. ranges from 3.87 to 3.94. 

The garnet is characterized by abundant minute acicu- 
lar rutile crystals oriented in two directions; they intersect 
at ~60°. However, the mineral appears notably free of inclu- 
sions when viewed with the unaided eye or a 10x loupe. 
The color is strong red to brownish red and is best observed 
in faceted stones 2. ct or smaller, as larger stones appear too 
dark. Mine production primarily consists of fractured 
pieces weighing 0.5-2 grams. The authors estimate present 
annual production may reach 400-500 kg, of which only 
up to 5% is facetable; most is cut in India. CT 


The Santa Terezinha-—Campos Verdes emerald district, 
central Brazil: Structural and Sm-Nd data to con- 
strain the tectonic evolution of the Neoproterozoic 
Brasilia belt. L. J. H. D’el-Rey Silva and L. de Souza 
Barros Neto, Journal of South American Earth 
Sciences, Vol. 15, No. 6, 2002, pp. 693-708. 

The Santa Terezinha-Campos Verdes emerald district was 

discovered in 1982 in the state of Goids in central Brazil. 

Emeralds are recovered from talc schists that are included 

in the Santa Terezinha sequence of Middle Proterozoic-age 

metavolcanic-sedimentary rocks (approximately 1.5 billion 
years old). This study focused on the geology and geologic 
history of this particular area relative to the regional geolo- 
gy of this portion of Brazil. The area was affected by three 
events of ductile deformation during greenschist facies 
metamorphism associated with the Brasiliano orogeny 
(about 640-520 million years ago). The Santa Terezinha 
rock sequence is interpreted as being the record of a 
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Proterozoic-age sedimentary basin located between a mag- 
matic arc to the west and the margin of a continental plate 
to the east. JES 


Sapphires: The central Queensland gemfields. P. Moran and 
N. Rains, Australian Geographic, July-September, 
No. 67, 2002, pp. 56-71. 
This article describes the colorful people, culture, and his- 
tory of the Central Queensland Gemfields (CQG}, a 9,300 
ha area in Australia composed of four townships, one of 
which is Anakie, where thousands meet annually to cele- 
brate the sapphire industry (Gemfest). Geologists believe 
the sapphires of the CQG formed in the earth’s mantle 
between 20 and 200 million years (My) ago and were 
brought to the surface (along with zircon, spinel, and gar- 
net) as a result of volcanic activity approximately 15-65 
My ago. The sapphires were released from their basalt 
hosts by weathering, transported across the landscape by 
ancient streams, and concentrated in layers of gravel 
known as wash. This wash, mined intermittently since 
the 1880s, is now commercially mined by both hand and 
modern machines. Certain wash areas are reserved for 
mineral collectors. 

The majority of the sapphires found in the CQG are 
medium-to-dark blue in color; prized finds are yellow, 
green, or particolored. In 2000-2001, the official value of 
Australian exports of rough sapphire was at least $9 mil- 
lion, with $3.6 million attributed to the CQG. Until 
1988, Australia produced about 70% by volume of the 
world’s sapphires. Currently, Australia’s contribution has 
been reduced to <20% (due to competition from other 
sources, mainly Madagascar, Tanzania, and Nigeria), 
about half of which comes from the CQG. CT 


The topaz-bearing rhyolites from the San Luis Potosi area 
(Mexico): Characteristics of the lava and growth 
conditions of topaz. J. L. Leroy, R. Rodriguez-Rios, 
and S. Dewonck, Bulletin de la Société Géologique 
de France, Vol. 173, No. 6, 2002, pp. 579-588. 

In Mexico, topaz-bearing rhyolites mainly occur in the San 

Luis Potosi area as domes related to Tertiary tectonism. 

Three of these domes in the San Luis Potosi volcanic field 

were selected for study based on characteristics (e.g., size) 

of the topaz crystals they contained. Crystals were com- 
pared with respect to their growth environment, habit, 
color, chemical composition, and electron paramagnetic 
resonance characteristics. The study was undertaken to 
investigate the crystallization conditions of the lava and 
causes of color in the topaz (i.e., colorless and “amber’”). 
The lavas comprising all three domes are high-silica, 
high-alkali rhyolites that are enriched in fluorine and cer- 
tain lithophile elements (e.g., Rb, Cs, Ta, U, Th), with mag- 
matic minerals including sanidine, quartz, oligoclase, and 
annite. Topaz, hematite, and quartz are vapor-phase 
minerals that occur in voids and fractures. Two basic rela- 
tionships between crystallization conditions and color 
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were determined. Colorless topaz crystallized above 500°C 
from fluids enriched in elements leached from the lavas, 
whereas “amber”-colored topaz crystallized below 500°C 
from fluids richer in volatile elements (e.g., arsenic). Al 


Trace-element contents and cathodoluminescence of 
“trapiche” rubies from Mong Hsu, Myanmar 
(Burma): Geological significance. V. Garnier, D. 
Ohnenstetter, G. Giuliani, P. Blanc, and D. Schwarz, 
Mineralogy and Petrology, Vol. 76, No. 3-4, 2002, 
pp. 179-193. 

Mong Hsu rubies with the characteristic trapiche growth 

sectors and skeletal arms are occasionally sold in Burmese 

and Thai gem markets. However, they have never been 
observed in situ in primary deposits. To determine if any 
relationship exists with the more common type of Mong 

Hsu rubies, six small (4-6 mm in diameter) trapiche rubies 

were studied by scanning electron microscopy, electron 

microprobe, and cathodoluminescence techniques. The 
results were then compared with those obtained from the 
common type of Mong Hsu rubies that are marble hosted. 
The results showed that: (1) Cr and V are the main chro- 
mophores in both types of rubies; (2) both ruby types contain 
the same solid inclusions (e.g., calcite, dolomite, rutile, mica, 
and diaspore}; (3) the presence of bastndsite in the trapiche 
rubies and fluorite in the “normal” rubies indicates they 
both crystallized from F-bearing solutions; and (4) the trace- 
element contents are similar in both types of rubies. Thus, 
these chemical and mineralogical similarities indicate that 
both Mong Hsu ruby types are genetically related and that 
they crystallized in the same geologic (marble-type) environ- 
ment, which is distinct from that of the rubies and sapphires 
hosted in the basalts of Southeast Asia. CT 


INSTRUMENTS AND TECHNIQUES 


Diamond potential estimation based on kimberlite major 
element chemistry. V. B. Vasilenko, N. N. Zinchuk, 
V. O. Krasavchikov, L. G. Kuznetsova, V. V. 
Khlestov, and N. I. Volkova, Journal of Geochemical 
Exploration, Vol. 76, No. 2, 2002, pp. 93-112. 
Based on a study of samples from Yakutia, a statistical 
method has been developed that will predict diamond 
grade (in carats per 10 tons) using major-element chem- 
istry data obtained from the host kimberlite. The kimber- 
lite sample, weighing on the order of one ton, needs to be 
rather uniform (i.e., xenoliths must be removed). From 25 
to 30 samples are randomly collected for X-ray fluores- 
cence chemical analysis. By means of correlation analysis, 
the chemical composition data are subdivided into a num- 
ber of groups. Regression analysis is then carried out 
between mean major-element oxide concentrations of 
each group and the corresponding predicted average dia- 
mond content values. The authors suggest that their 
method allows a kimberlite sample to be placed into one 
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of three grade categories (corresponding to a deposit that is 
highly, moderately, and slightly diamondiferous) with an 
approximately 90% certainty. JES 


Nondestructive identification of pearls. Y. Gan, and W. 
Cui, Acta Scientiarum Naturalium, Universitatis 
Pekinensis, Vol. 38, No. 3, 2002, pp. 400-403 [in 
Chinese]. 

The near-infrared spectra (4,000-650 cm”) of six varieties 

of natural and cultured black and gray pearls, mostly 

Chinese freshwater, were studied to develop nondestruc- 

tive criteria by which gamma-irradiation and dye treat- 

ments can be identified. A weak absorption peak at 1472 

cm! was found in all but one of the treated (both irradiated 

and dyed) samples; thus, this peak could be useful for sepa- 
rating treated black pearls from their untreated counter- 
parts. In two gamma ray-irradiated samples, one cultured 
saltwater and the other freshwater, the protein-related 
peaks (1650 and 1100 cm~!) were relatively weak, suggest- 
ing that gamma-ray irradiation damages the protein com- 
ponents in the pearls. If this observation is substantiated, it 
may be useful in identifying irradiated specimens. TL 


Nontraditional genetic classification of gem corundum 
deposits. E. P. Melnikov, A. V. Vasiliev, and M. A. 
Victorov, Gemological Bulletin (Gemological 
Society of Russia), No. 5, 2002, pp. 7-18 [in Russian 
with English abstract]. 

Based on mineralogic and geologic research on corundum 

occurrences in Russia, and published data on corundum 

localities occurring elsewhere, it is emphasized that 
regional metamorphism of different rock types (e.g., mar- 
ble, gneiss) is the major factor controlling the formation of 
corundum deposits and determining the quality of the 
gems they contain. The chemical and physical properties 
of the metamorphic host rocks ultimately determine the 
characteristics of gem corundum. The sapphires from 
Kashmir and rubies from Myanmar, which formed in 
metamorphic environments, are cited as examples. The 
superb gems from these deposits had the appropriate chro- 
mophoric elements available during their formation, under 
the proper metamorphic conditions. Characteristic miner- 
al inclusions are considered indicative of specific genetic 
types of corundum, and, for alluvial stones, the inclusions 
can be used to infer the origin of the gem corundum. Gem 

corundums originating from other geologic sources (e.g., 

igneous or metasomatic) are likely to be of lower quality 

than those of metamorphic origin. VD 
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Roman intaglio gemstones from Aelia Capitolina. O. 
Peleg, Palestine Exploration Quarterly, Vol. 135, 
No. 1, 2003, pp. 54-69. 


A dozen Roman engraved gemstones (intaglios) recovered 
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at the foot of the southern and western enclosure walls of 
Jerusalem’s Temple Mount are described in detail. The 
pieces date from the first century BC to the third century 
AD. For the most part, the carvings are of fine quality and 
unique, exhibiting labor-intensive and therefore expensive 
work, probably cut to order for the wealthy. The gem- 
stones represented are banded agate, carnelian, jasper, 
onyx, and Nicolo paste (glass representing onyx). The 
diverse figures depicted are gods, goddesses, heroes, ani- 
mals, and religious symbols. Some of the images are one of 
a kind and therefore have broadened our understanding of 
ancient times. CT 


JEWELRY RETAILING 


Why, what, where & when. Jewelry.com finds out. [dex 

Magazine, Vol. 18, No. 159, July 2003, pp. 76-79. 
Jewelry.com, an online marketer of diamonds and dia- 
mond jewelry, surveyed 6,000 jewelry consumers (68% 
female, 32% male} to determine buying habits and prefer- 
ences. Among the findings were that 95% of women have 
purchased jewelry for themselves; 17% said they typically 
spent $200 to $499 on each purchase; 5% responded that 
they typically spent between $500 and $999; while 2% 
typically spent over $1,000. The remaining 67% spent 
under $200. 

The survey found that 97% of men and 95% of women 
give jewelry as gifts, with 42% of men and 46% of women 
buying jewelry more than twice yearly. Nearly half the 
men who said they planned to buy a diamond anniversary 
ring said they planned to spend over $1,000, with 25% of 
those men indicating they would top $2,500. Of the men 
planning to buy an engagement ring within a year, 26.2% 
noted they would spend over $2,500, and 12.1% were will- 
ing to go over $5,000. 

National retail jewelry chains remain the most popular 
jewelry shopping destinations for both men and women, 
with 28.8% of consumers saying they “usually buy” from 
these operations. Another 16.7% said they usually buy 
from local independent jewelers, 18.6% from discounters, 
12.6% from mass merchandisers, 8.5% from department 
stores, 1.6% from club stores, and 1% from luxury retailers. 
(The article did not state where the remaining 12.2% of 
respondents shopped.) RS 


SYNTHETICS AND SIMULANTS 


Channel structures observed in natural diamonds and 
synthetic moissanite and synthetic quartz. T. Lu, 
J. E. Shigley, and J. I. Koivula, Proceedings of SPIE 
[Society of Photo-Optical Instrumentation 
Engineers], Vol. 4779, 2002, pp. 125-131. 

This article compares the distinguishing features among 

channel structures (open tubes) in natural diamonds, pol- 
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ished synthetic moissanite, and chemically etched syn- 
thetic colorless quartz. It describes the microstructures of 
the channels, internal imperfections in growth patterns, 
and the relationship between the channels and various lat- 
tice defects. The channels in all three materials were com- 
pared on the basis of their appearance (similar), associated 
defects (different), visibility under various illumination 
conditions (similar), and possible formation mechanisms 
(different, although they all appear to be related to disloca- 
tions). These results may aid in accurate gem identifica- 
tion, particularly in distinguishing between some natural 
and synthetic gem materials. CT 


The diamond wars have begun. J. Davis, Wired, September 
2003, pp. 96-105, 145-146. 

Two companies are poised to aggressively market synthetic 
diamonds in the U.S. Gemesis, a Florida-based firm headed 
by retired army officer Carter Clarke, uses Russian-built 
diamond presses to manufacture yellow synthetic dia- 
monds by high heat/high pressure methods. Apollo 
Diamond, a Boston-based company, claims it can create 
gem-quality material using the chemical vapor deposition 
(CVD) method. 

Gemesis started in 1996 by importing Russian 
machines and technicians to Florida. The company spent 
four years upgrading and refining the technology to pro- 
duce attractive synthetic diamonds. Gemesis plans to call 
them “cultured” and is banking on the belief that many 
consumers will choose a larger, attractive synthetic dia- 
mond over a smaller natural diamond. 

While Gemesis discloses the nature of its product, and 
detection equipment can identify synthetics, the vast 
majority of smaller stones could slip through the system 
because secondary suppliers might not disclose the true 
origin of the Gemesis diamonds, and such stones rarely go 
through laboratories. 

Apollo Diamond’s founder, Robert Linares, a researcher 
in semiconductor materials, claims he has discovered a 
“sweet spot” that allows him to grow gem-quality, color- 
less synthetic diamonds by the CVD process. The “sweet 
spot” is the exact combination of gas composition, temper- 
ature, and pressure that creates single crystals instead of 
the polycrystalline aggregates that are typical of the CVD 
process. The article claims that CVD-grown synthetic dia- 
monds have no inclusions and thus are much more diffi- 
cult to detect than other synthetics. The company is cur- 
rently producing 10 mm “wafers” but predicts it will 
achieve crystals an inch square by year’s end at a produc- 
tion cost of about $5/ct. [Editor’s note: See the Gem News 
International section in this issue for more information 
about Apollo CVD synthetic diamonds. | RS 


Maybe mabe. R. Weldon, Professional Jeweler, Vol. 5, No. 
9, 2002, pp. 38-40. 

A mabe cultured pearl is formed by introducing a piece of 

mother-of-pearl into the tissue next to the shell of a mol- 
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lusk. When covered with nacre, the resulting cultured 
pearl is cut from the shell. Recently, it has been discovered 
that assembled fake mabe pearls (e.g., with plastic caps) 
were released into the U.S. market. Magnification is essen- 
tial for separating fake from genuine mabes by observing 
such features as shape and color, and by looking at their 
backs. Fake mabes are mostly uniform in all characteris- 
tics (shape, color, and outline), whereas real mabes, for the 
most part, are irregular. Air bubbles or ripples around the 
junction with the backs are indicative of fake mabes. Last, 
fake mabes have plastic backs whereas real ones have 
mother-of-pearl backs. JS 


Modeling natural diamond generation in high-pressure 
chambers. S. V. Digonskii and N. N. Shatagin, 
Moscow University Geology Bulletin, Vol. 57, No. 
1, 2002, pp. 49-51. 

Synthetic diamond formation at high temperatures and 

pressures is often thought to be the result of carbon crys- 

tallizing from a metal solution under the influence of a 

temperature gradient. Based on their analysis of growth 

conditions, the authors suggest that the very rapid heating 
produces a situation where gasification of the source mate- 
rials takes place in the closed-volume growth chamber. 

Diamonds are thought to then crystallize from this 

gaseous phase, rather than from the metal solution itself. 

The authors conclude that their analysis is consistent with 

the views of some geologists who explain the genesis of 

natural diamonds in kimberlites by gas-phase crystalliza- 
tion in relatively near-surface conditions. JES 


Open channels in near-colourless synthetic moissanite. 
T. Lu, J. E. Shigley, and J. I. Koivula. Journal of 
Gemmology, Vol. 28, No. 3, 2002, pp. 129-135. 

Introduced to the jewelry market as a near-colorless dia- 
mond substitute in 1997, synthetic moissanite initially 
caused jewelers a great deal of concern. Many of its physi- 
cal properties are similar to those of diamond, but its dou- 
ble refraction, specific gravity, and distinctive inclusions 
enable trained gemologists to separate synthetic moissan- 
ite with simple testing instruments. 

Some of the most common and noticeable inclusions 
found in low-clarity synthetic moissanite are subparallel 
needle-like open channels. These channels usually have a 
hexagonal outline and are elongated in a direction parallel 
to the optic axis of the host crystal. They can either reach 
the surface or terminate against other internal inclusions 
or defects. Their appearance differs from similar features 
that are rarely observed in natural diamonds. The chan- 
nels are believed to result from the relaxation of strain 
around enlarged screw dislocations generated during 
growth. The authors also believe that channels in both 
synthetic moissanite and natural diamond are formed in 
association with dislocations but by different processes 
and, therefore, appear different under magnification. 

JEC 
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Synthetic coral. Coral or imitation? A. V. Fedorov, 
Gemological Bulletin (Gemological Society of 
Russia), No. 5, 2002, pp. 62—63 [in Russian]. 

The structural pattern of specimens apparently intended 

to simulate coral aroused suspicion and were subsequently 

tested by various techniques. Density varied from 2.09 to 

2.24 g/cm. Only one RI. of 1.63 could be measured. X-ray 

diffraction yielded a pattern for barite (BaSO,), although 

microscopic study showed that the material consisted of 
two phases. The “veining” in the samples was probably 
composed of an amorphous plastic and, therefore, would 
not be detected by X-ray diffraction. Imitation coral has 
been known, and available in the trade, for decades, and 
careful attention to the structural pattern is the first step 
in distinguishing natural coral from imitations. [Editor’s 
note: An imitation coral consisting of barium sulfate with 
a plastic-type binder was described in the Summer 1990 
Lab Notes, pp. 153-154.| VD 


TREATMENTS 


Coloration of natural beryl by iron ion implantation. R. I. 
Khaibullin, O. N. Lopatin, F. G. Vagizov, V. V. 
Bazarov, A. I. Bakhtin, I. B. Khaibullin, and B. 
Aktas, Nuclear Instruments and Methods in 
Physics Research B, Vol. 206, 2003, pp. 277-281. 

Natural colorless beryl from the Ural Mountains, when 

implanted with 40 KeV iron ions at room temperature, 

became dark gray, but was subsequently changed to yellow 

or yellow-orange by thermal annealing. Ion fluences (i.e., 

the number of ions traversing a unit area per unit of time) 

used were in the range of 0.5-1.5 x 1017 ions/cm?. The 
samples became slightly less transparent after ion bom- 
bardment, and became darker gray at higher fluence lev- 
els—both effects are thought to result from radiation dam- 
age to the crystal structure of the beryl. The thermal 
annealing was carried out in oxygen at 600°C for 30 min- 
utes; the more yellow-orange coloration was found in dark- 
er gray samples subjected to higher fluence levels. The sim- 
ilarity in visible spectra between natural yellow beryl and 
the implanted samples suggests that their absorption in the 
blue-violet region (which increases in the treated samples 
implanted with greater numbers of iron ions) is due to the 
same oxygen-iron charge-transfer mechanism. JES 


The influence of pressure on high-pressure, high-tempera- 
ture annealing of type Ia diamond. F. De Weerdt 
and A. T. Collins, Diamond and Related Materials, 
Vol. 12, 200, pp. 507-510. 

The authors exploit current laboratory high pressure/high 

temperature (HPHT) annealing techniques to investigate 

the kinetics of point-defect dissociations in diamond. This 
article details initial studies coupled with results of prior 
investigations to determine the influence of pressure on the 
dissociation rate of A centers (two nearest-neighbor nitro- 
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gen atoms) to C centers (single-substitutional nitrogen 
atoms). 

Results indicate that the dissociation of A centers into 
C centers is dependent on both temperature and pressure 
during HPHT annealing. For example, at 2300°C, the dis- 
sociation rate is approximately 10 times greater when a 
pressure of 5-6 GPa is used instead of 8.5 GPa. Additional 
experiments are underway to provide more detailed analy- 
sis of the influence of pressure on the dissociation of 
nitrogen aggregates. SW 


A model of HPHT color enhancement mechanism in nat- 
ural gray diamonds. V. G. Vins and O. V. Kononov, 
Diamond and Related Materials, Vol. 12, 2003, pp. 
542-545. 

Six natural gray diamonds were investigated before and 
after HPHT processing. Ultraviolet, visible, and infrared 
spectra were recorded pre- and post-processing in a “split- 
sphere” type apparatus. Two samples were processed at 
each of three temperature/pressure regimes: 1800 + 50°C 
and 6.0 GPa; 1950 + 50°C and 6.5 GPa; and 2100 + 50°C 
and 7.0 GPa. 

Natural gray diamonds owe their color to numerous 
microscopic graphite inclusions. [Editor’s note: See the 
article by S. V. Titkov et al. in this issue about black dia- 
monds colored by inclusions other than graphite.] Pre-pro- 
cessing absorption spectra indicated the presence of A cen- 
ters, N3 centers, and CH groups in all test samples; the 
CH groups were trapped at the edge face of graphite crys- 
tals and were the source of the hydrogen in the samples. In 
addition to the gray coloration, some samples also dis- 
played greenish, yellowish, or brownish hues, which were 
not associated with any peculiar absorption features. 
HPHT processing changed all samples to a yellow color 
(the gray component was removed), with a dramatic 
increase in the 2.988 eV absorption (N3 centers) and the 
appearance of hydrogen-related absorption bands in the IR 
region. 

The authors posit that these changes result from poly- 
morphic transformation of the graphite inclusions into 
diamond and the concomitant transition of hydrogen 
atoms (in the CH groups) from graphite to diamond. The 
proposed mechanism for this transformation is: 

1. Under conditions exceeding the diamond-graphite 
equilibrium line, the C-H bonds are split. 

2. Hydrogen atoms diffuse to the nearest structural 
defects in the diamond lattice with uncompensated nega- 
tive charges. 

3. Loss of hydrogen from the surface of graphite inclu- 
sions weakens interatomic bonds, resulting in carbon 
atoms at the edge splitting from the graphite matrix. 

4. Depending on the character of the graphite-dia- 
mond fusion boundaries, free carbon atoms diffuse and 
become trapped at vacancies, dislocations, or along inter- 
nal or external surfaces of the diamond crystal. 

SW 
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Tomorrow’s Challenge: 


CVD Synthetic Diamonds 


ost gemologists know that 
General Electric Co. created 
the first industrial-quality 


synthetic diamonds in 1955. What 
many gemologists don’t know is that 
the production of polycrystalline thin 
films of synthetic diamond actually 
predates this, beginning in 1952. For 
decades, chemical vapor deposition 
(CVD) polycrystalline synthetic dia- 
mond has been grown over sub- 
strates and used in a variety of indus- 
trial products. 


The lead article in this issue of 

Gems & Gemology describes the 

creation of single-crystal synthetic 

diamonds grown by Apollo Diamond Inc. using a CVD 
process. At first glance, this doesn’t seem so alarming. After 
all, gem-quality synthetic diamonds grown by the classic 
“belt” and BARS (high pressure/high temperature) tech- 
niques have been around for decades, and have been 
available commercially (although in very small quantities 
and sizes and, for the most part, in yellow colors) since the 
mid-1980’s. Put simply, however, CVD-grown synthetic 
diamond generally is a purer product than commercial syn- 
thetic diamonds created by high pressure/high temperature 
techniques, and the CVD synthetics typically fall on the 
D-to-Z scale or are “brownies.” In addition, in most cases 
sophisticated analytical equipment must be used to conclu- 
sively identify the material. After Apollo Diamond begins 
commercial production of CVD synthetic diamond in 
2004, it will be vital for every practicing gemologist to 
understand the challenges that the material may pose to 
identification. 


The producer has stated that, initially, 5,000—10,000 carats of 
faceted CVD synthetic diamond will be available. Most of 
these goods will be quarters and thirds, but by the end of 
2004, stones as large as a full carat may be on the market. 
While larger sizes typically will be identified in a qualified 
laboratory, the fact that most diamonds under a carat are not 
sold with grading reports is cause for concern. The producers 
are unequivocal about their insistence on proper disclosure, 
and all indications to GIA certainly support that premise. But 
could these goods later be “salted” into parcels of natural dia- 
monds by unscrupulous hands, fully intending to deceive 
their customers? Undoubtedly. 


EDITORIAL 


Let us all remember that there is 
nothing inherently wrong with lab- 
oratory-grown products, provided 
they are properly disclosed at each 
stage of the distribution pipeline. 
Ultimately, though, the case for 
synthetic diamonds will not be 
played out in the trade per se, but 
rather in the marketplace and in 
the mind of the consumer. We all 
know that consumer confidence is 
the key to the success of the dia- 
mond industry. Anything that 
shakes that confidence will shake 
the market and, inevitably, the 
industry itself. 


The good news about synthetic diamonds is that, for the last 
two decades, we have stayed well ahead of the learning 
curve for identifying them, and | see no reason why this 
can’t continue. For much of this time, experts have debated 
whether diamonds grown synthetically would become com- 
mercially available in sizes, quantities, and prices that could 
fuel consumer demand for the product. The jury may still be 
out on these issues. However, it is inevitable, given the 
technology available today, that the right level of investment 
and the right long-term commitment to the product will 
result in commercially viable gem synthetic diamonds. 
Indeed, the time for readiness appears to be now. 


So what have we learned about synthetic diamonds over 
the past half century? We know that, while technology 
will provide the innovation necessary to create new and 
interesting products, this same technology will help fuel 
the identification of these products as well. Gemological 
research laboratories are making every 
effort to keep up with this technology, 
challenging as it may be, and to do every- 
thing they can to protect the public by 
properly identifying and disclosing gem- 
quality synthetic diamonds. 


. ad c- 
William E. Boyajian, President 
Gemological Institute of America 
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GEM-QUALITY SYNTHETIC DIAMONDS 


GROWN BY A CHEMICAL VAPOR 
DEPOSITION (CVD) METHOD 


Wuyi Wang, Thomas Moses, Robert C. Linares, James E. Shigley, 
Matthew Hall, and James E. Butler 


Brown-to-gray and near-colorless single-crystal type lla synthetic diamonds grown using a chemi- 
cal vapor deposition (CVD) technique by Apollo Diamond Inc. have gemological properties that 
are distinct from those of both natural diamonds and HPHT-grown synthetic gem diamonds. The 
tabular crystals typically range up to 1 ct or more and a few millimeters thick, and consist of an 
overgrowth on a natural or synthetic diamond substrate. Faceted CVD synthetic diamond usually 
cannot be separated from natural diamond with standard gemological techniques; although when 
portions of the substrate are still present, an experienced gemologist may be able to recognize dif- 
ferences in luminescence or color between the overgrowth and substrate. In all cases, however, 
the CVD synthetic diamonds examined to date could be identified in a gemological laboratory by 
the combination of a strong orangy red fluorescence seen with the De Beers DiamondView deep- 
ultraviolet imaging system, a characteristic anomalous birefringence (strain) pattern, and distinctive 
features in their infrared absorption spectra (e.g., at 3123 cm~') and photoluminescence spectra 


(strong 575 and 637 nm emissions, a doublet at 596 and 597 nm, and a line at 737 nm). 


pollo Diamond Inc. of Boston, Massa- 

chusetts, has succeeded in growing facetable, 

single-crystal type Ila synthetic diamonds 
using a patented chemical vapor deposition (CVD) 
technique (Linares and Doering, 1999, 2003). For 
characterization of this material, the company has 
provided a number of brown-to-gray and near-color- 
less gem-quality crystals and faceted samples, which 
represent what is intended to become a commercial 
product for use in high-technology applications as 
well as for jewelry purposes (figure 1). Because of the 
growth conditions and mechanisms used, the gemo- 
logical properties of these CVD-produced synthetic 
diamonds differ from those of both natural diamonds 
and synthetic diamonds grown at high pressures and 
temperatures. For the same reasons, the brown col- 
oration of CVD synthetic diamonds may not react in 
the same way, or as efficiently, as most natural type 


268 


CVD SYNTHETIC DIAMONDS 


Ila brown diamonds, which can be decolorized at 
high pressure and high temperature (see box A). 
Preliminary notes on GIA’s examination of some of 
these Apollo samples were published by Wang et al. 
(2003) and appeared in the August 8, 2003 issue of 
the GIA Insider (GIA’s electronic newsletter: 
http://www.gia.edu/newsroom/issue/2798/1842/ 
insider_newsletter_details.cfm#3]. Spectroscopic 
analysis of an Apollo CVD synthetic diamond also 
was performed recently by other researchers 
(Deljanin et al., 2003). The purpose of the present 
article is to provide a more complete description of 
this material and its identifying features. 


See end of article for About the Authors and Acknowledgments. 
GEMS & GEMOLOGY, Vol. 39, No. 4, pp. 268-283. 
© 2003 Gemological Institute of America 
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Figure 1. This jewelry is set 
with CVD synthetic dia- 
monds from Apollo Diamond 
Inc. The pendant contains an 
HPHT-annealed 0.2 ct CVD 
synthetic diamond with a 
color equivalent to “K” on 
the GIA diamond grading 
scale (sample no. 57687). The 
0.31 ct sample (no. 56924) in 
the ring on the left is equiva- 
lent to Fancy Dark brown in 
color. The Fancy Light brown 
0.45 ct CVD synthetic dia- 
mond (no. 57688) in the ring 
on the right was HPHT 
annealed, but no change in 
color was observed (see box 
A). Composite of photos by 
Elizabeth Schrader. 


BACKGROUND 

Synthetic diamonds have been produced by the high 
pressure/high temperature (HPHT) technique since 
1955, with the growth of crystals of a size and quality 
suitable for jewelry first announced in 1970 
(Crowningshield, 1971; Burns and Davies, 1992). 
HPHT-grown synthetic diamonds have distinctive 
physical features, such as a cuboctahedral crystal 
form and a related arrangement of internal growth 
sectors, as a result of growth at high pressures and 
temperatures from a molten metal or metal alloy 
flux/catalyst. The crystals produced in this manner 
typically weigh 1-3 ct; when faceted for jewelry use, 
they occasionally exceed 1 ct. The vast majority of 
crystals are yellow, although limited numbers of blue 
and colorless synthetic diamonds have also been pro- 
duced (other colors, such as pink or red, are the result 
of post-growth treatment of material that is yellow as 
grown). Shigley et al. (1995) summarized the distinc- 
tive gemological properties of both colored and color- 
less HPHT-grown synthetic diamonds. 

A diamond crystal, which is composed solely of 
carbon atoms, has a structure in which each carbon 
atom is symmetrically surrounded by four other car- 
bon atoms. Because of this structure, diamond has 
unique physical and chemical properties that make it 
highly desirable for a wide range of applications (see, 
e.g., Field, 1992; Davies, 1994; Spear and Dismukes, 
1994, Wilks and Wilks, 1994). Specifically, diamond: 

e Is the hardest known natural material 
e Is the best thermal conductor of any material 


near room temperature 
e Has the lowest coefficient of thermal expansion 
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e Is resistant to heat, acids, and radiation 

¢ Is a good electrical insulator, but can be doped 
to act as a semiconductor 

e Is transparent to visible and almost all infrared 
radiation 


Given these many notable properties, it is hardly 
surprising that diamond not only is the most impor- 
tant gem material, but it also has extensive industri- 
al applications in thermal management, cutting 
tools, wear-resistant coatings, optical components, 
and possibly semiconductor electronic devices. An 
increasing proportion of these applications use syn- 
thetic diamond. The resulting demand has, in turn, 
supported active research and development pro- 
grams on synthetic diamond growth worldwide. 

Most of the techniques currently used to produce 
gem-quality synthetic diamond employ high pres- 
sures and temperatures—similar to those under 
which diamonds form in nature—to transform ele- 
mental carbon into diamond. Recently, however, the 
growth of gem-quality synthetic diamond by one of 
several new chemical vapor deposition (CVD) tech- 
niques, which do not require high pressure, is draw- 
ing increased attention worldwide (Hunter and 
Paparella, 2003). In contrast to the conventional 
HPHT synthesis process, CVD techniques involve 
gas-phase chemical reactions that deposit layers of a 
synthetic diamond film on a solid substrate (Butler 
and Woodin, 1993; Davis, 1993; Spear and 
Dismukes, 1994—-see figure 2). If a natural diamond 
or a synthetic diamond is used as the substrate, sin- 
gle-crystal CVD diamond can be produced; however, 
if another material (such as silicon) is used, com- 
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Box A: PRELIMINARY NOTE ON CHANGING THE COLOR OF 
CVD-GROWN SYNTHETIC DIAMONDS BY HPHT ANNEALING 


The as-grown CVD synthetic diamond samples 
examined for this study were type Ila, and for the 
most part their color varied from light to dark brown. 
It is now well-known in the jewelry industry that the 
brown coloration of natural type Ia diamond can be 
changed to near-colorless or colorless by annealing at 
high pressures and temperatures. Therefore, we con- 
ducted a preliminary study to determine whether 
HPHT treatment could lighten the brown color of 
some of our samples, and also to determine any 
gemological and spectroscopic variations related to 
HPHT annealing. 

Three samples were selected for HPHT treatment 
at pressure and temperature conditions initially in 
the graphite-stable region (similar to those common- 
ly used in HPHT treatment; see, e.g., De Beers 
Industrial Diamonds et al., 2001) using a belt-type 
press. After annealing, only one sample showed a 
clear improvement in color. 

In one instance (sample no. 57608), the color 
changed from Fancy Dark brown to Fancy black 
(figure A-1). In the second sample (no. 57688), the 


monly polycrystalline CVD diamond is created. 

The first successful, reproducible growth of syn- 
thetic diamond as a thin film was achieved by W. 
G. Eversole in 1952, using a CVD technique (Angus, 
1994, p. 21; it is interesting to note that this event 
predated General Electric’s 1955 announcement 
that its researchers had created single-crystal syn- 
thetic diamonds). Goodwin and Butler (1997) 
reviewed the important features of the growth envi- 
ronment and critical aspects of the growth process. 
As illustrated in figure 2, the CVD method involves 
bringing together the needed gaseous reagents—typ- 
ically a small amount of methane (CH,) in hydrogen 
(H,}~in a chamber with a substrate. A reaction 
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Fancy Light brown color did not show any percepti- 
ble change after treatment. When this second sam- 
ple was annealed again at a temperature and pres- 
sure in the “diamond-stable region,” there was still 
no improvement in its color (figure A-2). The third 
sample was cut into two pieces, with the as-grown 
portion (no. 58768) retained as a control while the 
other portion was HPHT annealed. The color 
changed from brown to light gray (figure A-3) after 
HPHT annealing. Significant color improvement 
after HPHT annealing was also observed in sample 
no. 57687 (see table 1 and figure 1) by one author 
(RCL); unfortunately this sample was not color 
graded or analyzed before HPHT annealing. 
Although our HPHT-treatment experiments 
were limited, they do indicate that, unlike natural 
type Ila diamonds reported to date, different CVD 
synthetic diamonds will react differently to HPHT 
treatment, with no improvement in some cases. 
This can perhaps be explained by the fact that the 
cause of color in natural brown diamonds is different 
from that in these CVD-grown synthetic diamonds. 


Figure A-1. The color of this 1.11 
ct faceted CVD-grown synthetic 
diamond (no. 57608) changed 
from Fancy Dark brown as- 
grown (left) to Fancy black (right) 
after HPHT annealing in the 
graphite-stable region. The sam- 
ple broke into two pieces after 
treatment, and now exhibits dis- 
solution features along its edges. 
Photos by Elizabeth Schrader. 


among these components is initiated at high tem- 
peratures and low pressures (between 10 milliTorr 
[0.0000013 atm] and 1 atm). The reactants, prod- 
ucts, and reactive species are transported through- 
out the chamber by diffusion and convection. Over 
the substrate surface, various reactions (adsorption, 
diffusion, and desorption) occur among the chemi- 
cal species, leading to the deposition of synthetic 
diamond and, ultimately, the growth of a continu- 
ous layer of synthetic diamond. A number of varia- 
tions of the CVD growth technique have been 
developed (see, e.g., Spear and Dismukes, 1994}, and 
it is now possible to grow a colorless, high-purity, 
single-crystal layer of material to a thickness of a 
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Harvard Gem Collection 


by 


CHARLES PALACHE, Ph. D. 


Prof. Mineralogy Emeritus, Harvard University 


HE Harvard University Mineral 

Collection has been in existence 
since 1784, but it is improbable that dur- 
ing its first hundred years there was 
contained in it any specimens worthy of 
the name of gems. The beginning of the 
gem collection was the Acquisition of 
the Hamlin Collection of tourmalines 
from Mt. Mica, near Paris Hill 
Maine, in 1892. The negotiations for 
the purchase of. these specimens were 
carried through by George F. Kunz, 
gem expert for Tiffany & Company of 
New York, on behalf of James A. Gar- 
land of New York City. There were 
a large number of specimens, among 
them several of the gem-worthy crys- 
tals described and figured in Hamlin’s 
book on Mount Mica published in 1895, 
and a few cut tour- 
malines of fine 
quality. At about 
the same time with 
the Hamlin tour- 
malines, Mr. Gar- 
land presented the 
University with a 
number of uncut 
gem minerals and 
a few cut stones. 
These included a 
magnificent 82- 
carat octahedron 
of yellow diamond 
from Kimberly, a 
blue topaz and sev- 


in 


SPRING, 1948 


Smoky quartz and microcline in 
crystal aggregate. 


eral aquamarines and golden beryl from 
Russia, a large mass of Australian opal, 
and a fire opal from Mexico. The cut 
stones were blue topazes. These minerals 
were first exhibited in 1895 in two cases 
in the gallery of the Mineralogical Mu- 
seum and remained the only important 
gems in the Harvard Collection until the 
acquisition in 1913 of the mineral collec- 
tion of A. F. Holden. In this collection 
there were no cut stones, but the tourma- 
lines from Pala, California were among 
the finest ever obtained there. There 
were cross sections and a large crystal of 
tourmaline from Madagascar, then just 
coming onto the market, and two superb 
kunzite crystals from California. 

The receipt by the University of Mr. 
Holden’s large endowment fund for the 
Department: of 
Mineralogy, which 
took place in 1922, 
marked the begin- 
ning of any attempt 
at Harvard to real- 
ly form a gem col- 
lection. It was my 
endeavor, as cura- 
tor of the collec- 
tion, to gradually 
acquire worthy 
representative spec- 
imens of all the 
important gem 
minerals from var- 


tous localities in 


The brown color of type Ila natural diamonds is 
generally thought to result from the diamonds’ hav- 
ing been subjected over geologic time to high stress- 
es deep in the earth’s mantle, resulting in plastic 
deformation (see, e.g., Wilks and Wilks, 1994). This 
deformation produces an atomic-level defect (i.e., an 
internal extended defect) by moving carbon atoms 
slightly away from their normal positions in the dia- 
mond lattice. HPHT treatment can remove brown 
coloration related to this defect in natural type Ia 
diamonds, and this is the basis of the diamond 
decolorization process announced in 1999 by scien- 
tists at General Electric Co. (see, e.g., Fisher and 
Spits, 2000). 

In contrast, the brown color in the type Ia CVD- 
grown samples from Apollo Diamond Inc. results 
from precipitation of non-diamond carbon and/or 
internal extended defects such as dislocations. It 
appears that these defects in CVD synthetic dia- 
monds do not react to HPHT annealing in the same 
way as plastic deformation in natural diamonds, and 
thus they do not always produce similar decoloriza- 
tion. This may help explain the diversified results 
we observed. 

It should be noted that the HPHT annealing 
strongly affected some other defects in the CVD- 
grown diamonds. The H-related absorptions in the 
mid- and near-infrared regions described in the pres- 


few millimeters on a diamond substrate. 

Recent successes in the coating of relatively large 
surface areas (up to 100 cm? or more) with a continu- 
ous layer of diamond have created a whole new 
range of potential applications for polycrystalline 
CVD synthetic diamond products in other industries 
(see, e.g., Ravi, 1994). More than a decade ago, 
Fritsch et al. (1989) discussed some possible uses of 
this technique to coat gemstones with polycrys- 
talline CVD synthetic diamond. So far, however, the 
application of CVD growth in the jewelry industry 
has remained negligible due to the problem of coat- 
ing a polished gem with a synthetic diamond layer of 
sufficient thickness and the difficulty of growing sin- 
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Figure A-2. As grown, this 
0.45 ct CVD synthetic dia- 
mond (no. 57688) was light 
brown (left). After HPHT 
annealing, first at the 
graphite-stable region and 
then at the diamond-stable 
region, the sample showed 
virtually no change in color 
(right). Photos by Wuyi Wang. 


ent article disappeared entirely after treatment. 
However, little variation was detected in the Si- 
related emission lines. In addition, the hardness of 
the CVD diamond seems to have been enhanced by 
the treatment, as gauged by the cutter during re-pol- 
ishing (M. Witriol, pers. comm., 2003). Further 
experimental work is needed to explore the potential 
for HPHT treatment of CVD-grown synthetic dia- 
monds to remove their brown color, and to identify 
these HPHT-treated CVD synthetic diamonds. 


Figure A-3. A CVD synthetic diamond crystal 
was sawn in two, and the 0.18 ct as-grown por- 
tion on the left (no. 58768) was retained as a con- 
trol sample while the 0.36 ct portion on the right 
was HPHT annealed. The brown as-grown sam- 
ple became light gray after HPHT annealing. 
Photo by Wuyi Wang. 


|e 


gle diamond crystals of a sufficient size and thick- 
ness to be faceted. This situation has now changed. 
In the first quarter of 2004, Apollo Diamond Inc. 
will start commercial production of CVD synthetic 
diamonds for jewelry use. Brown to near-colorless 
type Ila crystals up to 1 ct or more are anticipated, 
with some experimental production of colorless type 
Ila and blue type Ib synthetic diamonds scheduled 
to start in 2005. A total annual production of 
5,000—10,000 carats of faceted synthetic diamonds is 
planned initially, with expanded production in the 
future. Faceted samples will be mainly 0.25-0.33 ct, 
but they could reach 1 ct in mid-2004. Apollo 
Diamond Inc. is negotiating with a wide range of 
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jewelry industry distributors to develop possible 
marketing relationships, and the products will be 
sold with proper disclosure. 


MATERIALS AND METHODS 

A total of 13 CVD-grown synthetic diamonds were 
provided by one of the authors (RCL) for this study 
(see table 1). These samples are representative of the 
material currently produced by Apollo. Eight of the 
samples were crystals, and five were faceted. (Two of 
the crystals were subsequently faceted, and these 
faceted samples also were examined.) The largest 
crystal weighed 0.87 ct, and the largest faceted sam- 
ple weighed 1.11 ct. Substrates and poor-quality exte- 
rior portions of some as-grown crystals were removed 
using a laser before examination in this study. 

The visual features of the studied samples were 
observed with a gemological microscope. Reactions 
to ultraviolet radiation were checked in a darkened 
room with conventional four-watt long-wave (366 


nm) and short-wave (254 nm) lamps, and also with 
the De Beers DiamondView deep-ultraviolet (<230 
nm) imaging system (Welbourn et al., 1996). The 
faceted samples were examined by experienced dia- 
mond graders and given color and clarity descrip- 
tions equivalent to those used in the GIA diamond 
grading system. 

Many of the studied samples were characterized 
by various spectrometric methods (again, see table 
1). Certain data on some samples could not be 
obtained due to time constraints. Infrared absorp- 
tion spectra were recorded on all samples in the 
mid-infrared range (6000-400 cm=') and nine sam- 
ples (four crystals and five faceted) in the near- 
infrared range (11,000-4000 cm™') at room tempera- 
ture with a Thermo-Nicolet Nexus 670 Fourier- 
transform infrared (FTIR) spectrometer, with a reso- 
lution of 1 cm"! for the mid-infrared range and 4 
cm"! for the near-infrared range. A total of 1,024 
scans per spectrum were collected to improve the 
signal-to-noise ratio. A KBr beam splitter was used 


Reactants 


Figure 2. This schematic 


H2+ CH, diagram shows the com- 
plex chemical reactions 
and transport processes 
that occur during the 
CVD growth of diamond 

Activation layers on a substrate 
sien (modified after Butler 
pate oH and Woodin, 1993). 
Gaseous Processes 
CHsg+H - CH3 + He 


Flaw and Reaction 


Diffusion 
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for the mid-infrared range, and a quartz beam split- 
ter for the near-infrared range. A 6x beam condenser 
focused the incident beam on the sample. For com- 
parison purposes and for calculation of absorption 
coefficients, each infrared spectrum was normalized 
according to its absorption in the two-phonon 
region (2664-1500 cm!). 

A Thermo-Spectronic Unicam UV500 spec- 
trophotometer was used to record absorption spectra 
on eleven samples (eight crystals and three faceted) 
over the range 250-850 nm with a sampling interval 
of 0.1 nm. For these analyses, the samples were held 
in a cryogenic cell cooled by liquid nitrogen. 
Photoluminescence spectra were recorded on all 
samples with a Raman Renishaw 1000 microspec- 
trometer using two different lasers. The range 
520-900 nm was recorded using an Argon-ion laser 
providing excitation at 514.5 nm operating at an ini- 
tial power of 40 mW, while a He-Ne laser (632.8 nm) 
was used to record the range 650-850 nm in order to 
obtain better emission intensity and spectral resolu- 
tion for some specific point defects. The samples 
were again held in a cryogenic cell cooled by liquid 
nitrogen. For all photoluminescence spectra, five 
scans were accumulated to achieve a better signal-to- 
noise ratio. Raman spectroscopy also was employed 
to identify some inclusions at room temperature. 


RESULTS AND DISCUSSION 


The characteristics of the CVD-grown synthetic 
diamond crystals and faceted samples are reported 
in table 1 and discussed below. 


Crystals. CVD-grown diamond crystals from Apollo 
Diamond Inc. are very different in appearance from 
natural diamonds, as well as from traditional HPHT- 
grown synthetic diamonds; this is due to the dramat- 
ic differences in their formation environments and 
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Figure 3. Due to the dramatic differences in their for- 
mation environments and growth mechanisms, CVD 
synthetic diamond crystals differ in appearance from 
natural diamonds, as well as from traditional HPHT- 
grown synthetic diamonds. HPHT synthetic diamonds 
(left) usually show well-developed {111} and {100} 
faces, and the flat surfaces have characteristic growth 
features. CVD-grown diamond crystals (center, no. 
48922) usually have a tabular form, and {111} and 
{110} are poorly developed. Natural diamond crystals 
(right) may occur in any of several shapes that are very 
different from those of either CVD or HPHT synthetic 
diamonds. The octahedron is a very common form. 
Many natural diamonds display resorption features on 
their surfaces. Photo by Elizabeth Schrader. 


growth mechanisms (figure 3). Five of the eight crys- 
tals showed evidence of a substrate. In four of these, 
the substrate was type Ib HPHT synthetic diamond; 
in the fifth, it was CVD synthetic diamond. On the 
remaining three crystals, this substrate appeared to 
have been entirely removed. Without the substrate, 
the crystals were transparent with a light brown or 
gray to near-colorless appearance. 

The crystal form of a CVD synthetic diamond 
is dependent on the conditions under which it is 
grown. As is typical of the material Apollo 
Diamond has grown to date, our crystals exhibited 
a tabular shape with two near-parallel surfaces 
(which correspond to cubic {100} crystal faces; see 
figure 4). In addition, small but distinct octahedral 
{111} and dodecahedral {110} faces were present on 


Figure 4. These CVD-grown synthetic 
diamond crystals illustrate the typi- 
N cal tabular shape of this material. 
The crystal on the left (no. 48921a) 
} weighs 0.34 ct, while the one on the 
- right (no. 56923) weighs 0.57 ct. The 
large, flat upper faces on both are the 
growth surfaces where new diamond 
material crystallized by chemical 
vapor deposition at high tempera- 
tures but low pressures. Photos by 
Elizabeth Schrader. 
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TABLE 1. Characteristics of Apollo Diamond Inc. CVD-grown synthetic 


diamonds, listed by GIA sample number. 


Property 48922 56923 57595 57597 58060 58768° 48921a 
Weight (ct) 0.50 0.57 0.57 0.37 0.40 0.18 0.34 
Description Crystal Crystal Crystal Crystal Crystal Crystal Crystal 
Shape Tabular Tabular Tabular Tabular Tabular Tabular Tabular 
Dimensions (mm) 5.6x4.5x 1.5 8.5 x 8.2 x 0.6 71x71x08 6.1x6.4x 0.6 5.0x4.5x 1.4 3.6 x 2.9x 1.1 49x 37x13 
Substrate Type Ib HPHT None Type Ib HPHT Type Ib HPHT Type Ib HPHT None None 
synthetic diamond synthetic diamond synthetic diamond synthetic diamond 
Color Light brown Light brown Light brown Very light brown Light gray Brown Light brown 
Clarity nd nd nd nd nd nd nd 
Fluorescence: 
Long-wave UV Inert Inert nert Inert Inert Inert Very weak orange 
Short-wave UV —- Very weak orange- Very weak (color — Strong, chalky Strong, chalky Tiny region of chalky Inert Weak orange 
yellow (chalky) uncertain) green-yellow due  green-yellowdue — green-yellow due to 
0 type Ib synthetic to type Ib synthetic type Ib synthetic 
diamond substrate diamond substrate, diamond substrate, 
only ata small corner only ata small corner 
DiamondView Orangy red Orangy red Pink to orange Orangy red Orangy red Orangy red nd 
luminescence +greenish yellow 
from substrate) 
Infrared spectra 1344 1344 1344 1344 d 
(cm) 3123 3123 3123 3123 3123 3123 
nd 8753, 7354, 6856, 8753, 7354, 6856, 8753, 7354, 6856, 8753, 7354, 6856, nd 
6425, 5564 group + 6425, 5564 group 6425, 5564 group 6425, 5564 group 
of features of features of features of features 
UV-Vis-NIR spectra Broad 270 band Broad 270 band Broad 270 band Broad 270 band 
(nm) Increasing absorp- Increasing absorp- Increasing absorp- ‘Increasing absorp- _— Increasing absorp- _— Increasing absorp- _ Increasing absorp- 
tion below 500 tion below 500 tion below 500 tion below 500 tion below 500 tion below 500 tion below 500 
Broad feature Broad feature Broad feature Broad feature 
centered at 520 centered at 520 centered at 520 centered at 520 
268, 271 268, 271 268, 271 271 
591, 596 591 591, 596 591, 596 591, 596 591, 596 591, 596 
Photoluminescence 575 5/5 oS) 5/5 os 5/5 oS) 
spectra (nm) 637 637 637 637 637 637 637 


596-597 doublet 
737 
543, 546, 589 


596-597 doublet 
HSM 

534, 543, 563, 
589, 591, 592 


596-597 doublet 
737 

543, 563, 591, 
592, 604 


596-597 doublet 
737 

543, 563, 588, 
591, 592, 604 


596-597 doublet 
737 
543 


596-597 doublet 
73/4 
543, 559 


596-597 doublet 
ill 
543, 545, 546 


4 nd = not determined. 


° HPHT annealed by Apollo Diamond Inc. Examined after treatment only. 


© HPHT annealed for this study. Properties for pretreated material only are listed. 


7 Very weak in intensity, detected only by using 632.8 nm laser excitation. 


one of the eight crystals. In several cases, these 
faces around the edges of the examined crystals 
had been removed from the samples. 

Figure 5 illustrates a CVD diamond grown on a 
substrate of type Ib HPHT synthetic diamond. 
Because of the trace amounts of isolated nitrogen 
impurity in the substrate, this crystal appeared 
slightly yellow (although the CVD-grown portion is 
light brown as viewed from the side}. A sharp 
boundary between the two portions of the crystal 
was visible to the unaided eye. When the sample 
was observed from the side with a strong ultraviolet 
radiation source (De Beers DiamondView), the two 
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layers could be clearly distinguished due to their dif- 
ferent luminescence (figure 6). Although the sub- 
strate in this sample was eye visible, in some 
instances it is very thin (less than 100 um) and thus 
hardly detectable even with an optical microscope. 
However, even when a sample with such a thin 
substrate was observed with a DiamondView, it 
showed the strong green-yellow fluorescence and 
growth-sector pattern characteristic of HPHT syn- 
thetic diamonds (figure 7). 

Figure 8 shows the growth of CVD synthetic dia- 
mond on a CVD synthetic diamond substrate. 
Initially, high-quality synthetic diamond was 
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48921b 49806a 49806b 45441 56924 57608° 57687° 57688° 
0.14 0.87 0.28 0.23 0.31 qa ~0.2 0.45 
Faceted from 48921a Crystal Faceted from 49806a Faceted Faceted Faceted Faceted Faceted 
Cut-corner rectangu- Tabular Square modified  Pear-shaped Cut-corner square Kite modified Round brilliant Portrait cut 
lar modified brilliant brilliant brilliant modified brilliant —_ brilliant 
40x18x3.6 nd 3.6 x 3.5 x 2.5 nd 41x38x25 6.7 x68 x 2.2 nd 76x 3.9x 1.2 
None Type lla CVD None None None Type Ib HPHT None None 
synthetic diamond synthetic diamond 
Fancy Light pinkish Near-colorless Fancy brownish Fancy brown Fancy Dark brown Fancy Dark brown _ K (faint brown) Fancy Light brown 
brown yellow 
VS, nd VS, nd Sl, Sl, Sl, Sl, 
Very weak orange Very weak orange- Very weak orange- nd Inert Inert Very weak orange Very weak yellow 
yellow yellow 
Weak orange Moderate orange- Moderate orange- nd Moderate chalky Tiny region of chalky Moderate yellowish Very weak orange 
yellow yellow orange-yellow green-yellow due to green 
type Ib synthetic dia- 
mond substrate, only 
at a small corner 
Orangy red Orangy red Orangy red nd Orangy red Orangy red nd Orangy red 
nd 1344 nd 1344 1344 1344 
3123 3123 3123 3123 3029 3123 
nd 8753, 7354, 6856, 8753, 7354, 6856, 8753, 7354, 6856, 8753, 7354, 6856, 
6425, 5564 group 6425, 5564 group 6425, 5564 group 6425, 5564 group 
of features of features of features of features 
nd nd Broad 270 band Broad 270 band nd Broad 270 band 
nd Increasing absorp- Increasing absorp- Increasing absorp- Increasing absorp- 
tion below 500 tion below 500 tion below 500 tion below 500 
Broad feature Broad feature 
centered at 520 centered at 520 
268, 271 268, 271 271 
419, 447, 625, 637 301, 305, 447, 625, 
637, 653 
591, 596 591, 596 591, 596 591, 596 
737 737 737 737 
575 575 nd 575 575 575 575 575 
637 637 637 637 637 637 637 
596-597 doublet © 596-597 doublet 596-597 doublet © 596-597 doublet 596 596-597 doublet 
737 737 737 737 737 737 737 
543, 545, 546 543, 563, 589, 591, 543 543, 563, 591,592 543 5327533035) 543, 546, 563 


592 


543, 544, 546, 764, 
765, 792 


deposited on the substrate. After this initial precipita- 
tion, the growth process tended to deposit a grayish 
black phase—best described as “non-diamond car- 
bon”—around the edges of the crystal, which is 
removed during faceting. However, with this sub- 


Figure 5. Depending on the intended application, 
synthetic diamond can be grown on various sub- 
strate materials by the CVD process. This 0.50 ct 
light brown CVD synthetic diamond (no. 48922) was 
produced on a substrate of yellow HPHT synthetic 


diamond. Photo by Elizabeth Schrader. 
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Figure 6. The two layers in the sample shown in fig- 
ure 5 exhibit different reactions to UV radiation 
when observed with the De Beers DiamondView 
imaging system (CVD-grown diamond on the left 
and HPHT synthetic diamond substrate on the 
right). Photo by Wuyi Wang. 


strate the synthetic diamond overgrowth is relatively 
thick (here, 2.5 mm). The substrate and the over- 
growth appear to be continuous—no physical bound- 
ary between them could be seen with an optical 
microscope up to 100x magnification. 


Faceted Gems. All of the faceted samples were cut 
to optimize the yield from the tabular crystals (see, 
e.g., figure 9). In general, they displayed an evenly 
distributed brown coloration, which varied from 
faint to Fancy Dark brown; one was near-colorless. 
The near-colorless crystal (no. 49806a) became 
Fancy brownish yellow (no. 49806b) after faceting. It 
is likely that this change in color was due to the 
heat of the faceting process, much the same way 
natural rough or a partially polished diamond will 
change color in the course of faceting. Unlike some 
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Figure 7. Although what remains of the HPHT syn- 
thetic diamond substrate on this 0.57 ct CVD crys- 
tal (no. 57595) is so thin it is almost undetectable 
with an optical microscope, the DiamondView 
reveals the strong green-yellow fluorescence and 
growth-sector pattern typical of HPHT synthetic 
diamond. Photo by Wuyi Wang. 


natural and HPHT-grown synthetic colored dia- 
monds, no graining or color zoning was seen in the 
CVD samples when they were examined with mag- 
nification through the table facet. However, when 
observed through the girdle (which is perpendicular 
to the growth direction of the tabular crystals), at 
least one sample displayed more than five faint 
brown planes oriented parallel to {100} (figure 10). 
These represent short disruptions or changes in 
deposition, such as a fluctuation in temperature. 

We believe that these brown planes reflect the 
deposition of relatively more non-diamond carbon 
and/or the presence of internal extended defects 
such as dislocations. This is different from the band- 
ed coloration seen in natural brown diamonds, 
which is due to plastic deformation of the diamond 


Figure 8. In this 0.87 ct sample (no. 
49806a), shown here from two dif- 
ferent views, near-colorless CVD 
synthetic diamond has been 
grown over a CVD substrate, 
resulting in a much thicker crystal 
than would have been produced 
with an HPHT synthetic diamond 
substrate. Note the precipitation of 
graphite and non-diamond carbon 
around the crystal that gives rise 
to the dark gray to black rim. 
Photos by Elizabeth Schrader. 
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Figure 9. As these samples illustrate (left, no. 48921b at 0.14 ct; right, no. 49806b at 0.28 ct), the CVD-grown dia- 
monds were faceted to get the best yield from the tabular crystals. The sample on the right, which was equivalent 
to Fancy brownish yellow, was cut from a near-colorless crystal (see table 1). It is likely that the color changed dur- 
ing faceting, as has been known to occur with natural diamonds. Photos by Elizabeth Schrader. 


while in the earth. In the CVD material, the brown 
planes seem to be narrow, and they exhibit a sharp- 
er boundary, than the slip bands typically seen in 
natural brown diamonds (e.g., Fritsch, 1998). The 
overall brown color of the material, like the brown 
planes mentioned above, could be attributed to the 
presence of non-diamond carbon and/or internal 
extended defects such as dislocations. 

Relative to the GIA diamond grading system, the 
samples ranged in clarity from VS, to SI,. We 
observed only a few small inclusions—they were 


Figure 10. When viewed perpendicular to the growth 
direction and the table facet {100}, this CVD-grown 
diamond (here, no. 57688) exhibited brown graining 
parallel to {100}. Photomicrograph by Wuyi Wang; 
magnified 30x. 


opaque and irregularly shaped, possibly due to depo- 
sition of non-diamond carbon (figure 11). In addition, 
tiny pinpoints were common in many samples, and 
these were principally responsible for each sample’s 
resulting clarity grade (figure 12). Since no metal 
flux/catalyst is used in the CVD growth process, the 
metallic inclusions that commonly occur in HPHT- 


Figure 11. On occasion, CVD-grown synthetic dia- 
monds (here, no. 49806b) display small, opaque, irreg- 
ular inclusions that are thought to be particles of non- 
diamond carbon on the basis of Raman spectroscopy. 
Opaque inclusions in natural or HPHT synthetic dia- 
monds might look similar in appearance, so these 
non-diamond carbon inclusions may be of little diag- 
nostic value for identification purposes. Photo- 
micrograph by Wuyi Wang; magnified 15x. 
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Figure 12. Pinpoint inclusions of uncertain identity 
were seen in some of the CVD-grown diamonds (here, 
no. 57688). Photomicrograph by Christopher P. Smith; 
magnified 30x. 


grown synthetic diamonds are absent in the Apollo 
material. In rare cases, small fractures were seen. 

Anomalous birefringence, a typical feature of dia- 
mond, is formed due to residual internal strain. All 
the CVD-grown synthetic diamonds examined in 
this study displayed cross-hatched bands of low- 
order interference colors (when viewed through the 
table facet perpendicular to the {100} face}, probably 
due to an uneven rate of deposition in growth. 
Although the table-facet orientation in a natural dia- 
mond varies according to the shape of the rough, the 
strain pattern is typically a much more well-defined 
cross-hatch pattern with higher-order interference 
colors, especially in type Ila diamonds. We also saw 
small, localized strain areas with relatively higher 
interference colors surrounding tiny defect centers as 
well as small inclusions or fractures in some of our 
samples (see, e.g., figure 13). Observation of such 
strain patterns could be considered as a strong indi- 
cation of CVD-grown synthetic diamond. 


Luminescence. As detailed in table 1, the reaction 
to ultraviolet radiation emitted by a standard gemo- 
logical UV lamp varied among all the samples we 
examined. Eight were inert to long-wave UV, and 
the balance of those tested fluoresced a very weak 
orange, orange-yellow, or yellow. However, all 
except one (no. 58768) of the as-grown CVD sam- 
ples tested showed some reaction to short-wave 
UV, ranging from very weak to moderate in orange 
to orange-yellow. In those samples where some 
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HPHT-synthetic diamond substrate remained, the 
substrate fluoresced more strongly, with a chalky 
green-yellow color (figure 14). In general, no phos- 
phoresce was observed. 

A characteristic feature seen in nine of the 10 
CVD-grown diamonds tested is a strong orangy red 
fluorescence when they were exposed to high-energy 
UV radiation in the DiamondView imaging system 
(figure 15). In our experience, this fluorescence is 
related to the emission from N-V centers (mainly 
575 nm) and is very rare in natural type Ila dia- 
monds. Note that, depending on its size, a remnant 
of HPHT synthetic diamond substrate in a faceted 
CVD diamond could have a strong impact on the 
DiamondView fluorescence image. In sample no. 
57595, for example, the HPHT synthetic diamond 
substrate covers the whole {100} face, so it could 
entirely shield the emission from the CVD-grown 
diamond if the UV radiation hit the {100} face direct- 


Figure 13. This crystal (no. 57595), measuring 7.1 mm 
across, displays the characteristic strain pattern of a 
CVD-grown diamond when viewed perpendicular to a 
cubic crystal face {100}. Photo by Wuyi Wang; crossed 
polarizers. 
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ly. When the CVD side was faced to the UV radia- 
tion, pink to orange fluorescence was observed. 


Spectroscopy. Infrared. The infrared absorption 
spectra shown in figure 16 are representative of the 
as-grown CVD synthetic diamonds examined. Most 
samples displayed little absorption around the one- 
phonon region (<1332 cm=!, again, see table 1). 
Eight samples displayed a very weak absorption 
peak at 1344 cm~!, demonstrating the presence of 
trace amounts of isolated nitrogen impurity (typical 
of type Ib diamond). 

Analysis of those diamonds that did not have an 
HPHT synthetic diamond substrate, or of selected 
regions where the substrates had been removed, 
showed that the strongest absorption at 1344 cm! 
corresponded to an absorption coefficient of 0.14 
cm! (no. 56924), and the second highest was 0.06 
cm-!. No absorption at 1344 cm7! was detected in 
four samples. These observations indicate that the 
nitrogen concentration differs from sample to sam- 
ple, and thus the purity of CVD synthetic diamond 
depends on the specific conditions under which it 
was grown. Using the calibration of Lawson et al. 
(1998), we see that the highest concentration of iso- 
lated nitrogen in the studied CVD diamonds should 
be less than 5 ppm. 

Based on a working definition of diamond types 
(Wilks and Wilks, 1994, pp. 75-77), all the CVD 
samples we examined were type Ila. Traces of 
hydrogen also were detected in 11 samples, as a 
sharp absorption peak at 3123 cm! with full width 
at the half maximum (FWHM) varying from 3.58 to 
1.81 cm! (figure 17; also see Zaitzev, 2001, p. 32) 
and an absorption coefficient ranging from 0.08 to 
0.01 cm". In all the as-grown CVD synthetic dia- 
monds examined, only one sample (no. 56923}, 
which was light brown, did not show this H-related 


Figure 15. The CVD-grown 
diamonds examined during 
this study displayed a 
strong orangy red fluores- 
cence when they were 
exposed to UV radiation in 
the De Beers DiamondView 
imaging system. The sam- 
ple on the left is no. 48921b 
(0.14 ct); on the right is 
sample no. 49806b (0.28 ct). 
Photos by Wuyi Wang. 
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Figure 14. The CVD synthetic diamond portion of 
this 1.11 ct faceted sample (no. 57608) is inert to 
short-wave UV radiation, but the small area of 
HPHT-synthetic diamond substrate that remained 
after cutting fluoresces a strong green-yellow color. 
Photo by Elizabeth Schrader. 


absorption. The fact that the strongest 3123 cm™! 
absorption was observed in Fancy Dark brown sam- 
ple no. 56924 does not necessarily mean the col- 
oration is due to hydrogen, since the color may be 
due to non-diamond carbon and/or internal extend- 
ed defects while coincidentally more hydrogen was 
captured during growth. Hydrogen is a common 
impurity in natural diamond; however, the posi- 
tion of the fundamental C-H stretching vibration 
is almost always at 3107 cm". 

In the near-infrared region (again, see figure 16}, 
one or more distinct absorptions of unknown origin 
were observed at 8753, 7354, 6856, 6425, and 5564 
cm! in all eight as-grown CVD synthetic diamonds 
analyzed, with the one at 7354 cm™! commonly 
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Figure 16. These infrared absorption spectra (left, sample no. 57608; right, no. 49806a) are typical of those recorded 
from the as-grown CVD synthetic diamonds. All samples examined were type Ila, but a few contained trace amounts 
of an isolated nitrogen impurity (at concentrations of less than 5 ppm, with most less than 1.0 ppm). Absorption bands 
at 8753, 7354, 6856, 6425, and 5564 cnr! were observed in all tested as-grown CVD synthetic diamonds. 


showing the strongest intensity. In two samples 
(nos. 57595 and 57597), the peak at 6856 cm™! was 
the strongest absorption in the near-infrared region. 
These absorptions in the NIR range have been 
attributed to hydrogen impurities in as-grown CVD 
diamond (Fuchs et al., 1995a,b). 


UV-Vis-NIR. Most of the samples tested displayed a 
smooth, gradual increase in absorption from about 
500 nm toward the blue end of the spectrum. In 
general, the stronger brown coloration corresponded 
to an increase in this absorption. 

A few of the samples also showed distinct 
absorption lines (again, see table 1). For example, 
the spectrum of a dark brown CVD synthetic dia- 
mond (see figure 18, sample no. 57608) exhibited a 
broad band around 270 nm and two sharp absorp- 
tion lines at 268 and 271 nm, all of which are relat- 
ed to traces of isolated nitrogen (Zaitsev, 2001, pp. 
342-344). Weak but sharp lines at 447, 591, 596, 
625, 637, 653, and 737 nm were also detected in this 
sample. In addition, a broad band around 520 nm 
occurred in two other samples. Among the tested 
samples, the FWHM of the 271 nm absorption peak 
varied from 0.60 to 0.85 nm. 

Weak absorptions at 591 nm and/or 596 nm 
were detected in 11 samples. These two peaks were 
relatively broad, with a FWHM around 3 nm. The 
FWHM of absorptions at 447 nm and 625 nm is 
generally less than 1.0 nm. Also as described in 
Zaitsev (2001, pp. 197-203), the 637 nm peak is 
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caused by the nitrogen-vacancy (N-V center). 
Causes of the other peaks remain unknown, but 
some of them could be related to traces of hydrogen 
in the lattice. A weak absorption line at 737 nm, 
due to traces of silicon (Zaitzev, 2001, pp. 174-181), 
was observed in four samples. 


Photoluminescence (PL). Despite a large variation in 
coloration, all the as-grown CVD synthetic dia- 


Figure 17. This expanded portion of the infrared spec- 
trum from sample no. 56924 shows a weak absorption 
at 3123 cm due to hydrogen as an impurity in the 
crystal lattice. This sample had the strongest absorp- 
tion at 3123 cnr! of all those tested. 
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their natural condition and various colors 
and to place alongside of these cut gems 
of a size and quality as good as our funds 
would permit. New window cases on the 
main floor of the Museum gave oppor- 
tunity to exhibit the new acquisitions in 
a worthy manner. While few large cut 
stones are to be found there, many of the 
gem crystals are noteworthy. 

The main portion of the floor of the 
exhibition room is given over to the dis- 
play of mineral specimens arranged sys- 
tematically according to the chemical 
classification of minerals. Some repre- 
sentatives of the gem minerals are to: be 


Finely banded malachite 
from Harvard Collection. 


found in their proper places in this ex- 
hibit, but the finest of them are displayed 
in the window cases on both sides of the 
room. Let us consider some of the gems 
one would see if one were to enter the 
main room. and turn left to examine the 
specimens in the window cases. 

In the first case (No. 106) are two 
rubies, still in the white calcite matrix in 
which they formed. Although not spec- 
tacular, they are unusual for most rubies 
are broken from the matrix when they 
are found. These are from Burma. 
There are also two isolated Burma ruby 
crystals, the larger of which weighs 635 


carats. There are 15 cut sapphires that 
the gemologist on close examination 
would not find to be of the highest qual- 
ity, but they show well the range in color 
from deep blue to colorless. Others are 
pink, green, blue, and yellow ranging in 
size from 3 to 100 carats. This same case 
contains several cut chrysoberyls, many 
variously colored zircons, andalusite, and 
peridot. The largest cut peridot of a 
deep green color weighs 23 carats. 


The second case (No. 107) is devoted 
to topaz and exhibits mostly uncut crys- 
tals. The largest specimen is a Brazilian 
crystal which weighs 43 pounds ‘and is 
composed of colorless topaz of gem qual- 
ity. Another crystal also from Brazil is 
8% inches long and 1%4 inches wide and 
while containing many flaws has the am- 
ber color usually associated with gem 
topaz. The cut stones are mostly color- 
less but there are pink, green, yellow, and 
blue representatives. The largest weighs 
105 carats. 


In the third case (No. 109) are cut 


Harvard Collection’s Smithso- 
nite stalactite. 
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monds in this study showed similar PL spectra 
(again, see table 1 and also figure 19). When a green 
514.5 nm laser was employed, the CVD samples dis- 
played strong N-V emission lines at 575 and 637 nm. 
The relative intensities of these two lines varied, but 
in general the 575 nm was more intense. All but one 
of the samples also showed a doublet at 596 and 597 
nm, the cause of which is uncertain. Although these 
two peaks may not be observable at room tempera- 
ture, they are very sharp, with a FWHM of 0.30-0.38 
nm and 0.28—0.37 nm, respectively. 

All samples tested also had a moderately strong 
737 nm emission line—actually, a doublet peak at 
736.5 and 736.9 nm—due to the incorporation of 
trace amounts of silicon during growth. The 
FWHM of this peak varied from 0.91 to 1.04 nm. 
This peak could be very useful for identification of 
CVD-grown diamonds because it usually does not 
occur in natural diamonds or HPHT-grown syn- 
thetic diamonds (see, e.g., Zaitzev, 2001). 

The He-Ne red laser at 632.8 nm is extremely 
efficient in exciting the silicon peak in diamond. For 
instance, in sample no. 58768, the concentration of 
Si is so low that no 737 nm emission could be 


Figure 18. As was representative of the CVD synthetic 
diamonds examined, this UV-Vis-NIR absorption 
spectrum (from sample no. 57608) exhibited a broad 
band around 270 nm and two sharp absorption lines 
at 268 and 271 nm, all of which are related to trace 
isolated nitrogen. Weak but sharp lines at 625, 637, 
653, and 737 nm were detected. Also evident were 
two relatively broad absorptions at 591 and 596 nm. 
The absorption at 737 nm is due to a trace amount of 
silicon. Note that a region of the sample without any 
HPHT synthetic diamond substrate was selected for 
spectroscopic analysis using a metal mask. 
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Figure 19. These representative photoluminescence 
spectra (here, from sample 4892 1a) display strong 
emissions from the N-V center at 575 and 637 nm, 
and also the sharp 596/597 nm doublet. The 737 nm 
emission is particularly sensitive to excitation by the 
632.8 nm red laser. 


detected when using the 514.5 nm laser. Weak but 
distinct 737 nm emission was confirmed in this 
sample by using the 632.8 nm laser. In addition to 
these strong emission lines, relatively weak lines at 
543, 546, 559, 563, 588, 589, 591, 592, and 604 nm 
were also observed in some of the samples. In one 
case (no. 57597), the emission at 563 nm was as 
strong as the first-order diamond Raman peak. 
Assignment of these emission lines generally has 
not yet been determined. 


IDENTIFICATION 

When they become available in the marketplace, 
CVD synthetic diamonds are likely to be difficult 
for a jeweler/gemologist to identify, since there are 
few diagnostic features that can be determined 
with standard gemological equipment. A brown 
coloration, the shallow depth of a cut stone, and 
the characteristic strain pattern of this CVD-grown 
material may provide clues in some cases. In the 
laboratory, the strong orangy red luminescence 
seen with the DiamondView is generally the best 
visual clue to a CVD sample’s identity. However, 
conclusive identification requires the use of 
advanced spectroscopic methods. All the Apollo 
samples examined are type Ila diamonds, although 
some showed an infrared absorption feature at 1344 
cm! due to trace amounts of isolated nitrogen. The 
two PL peaks related to the N-V center at 575 and 
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637 nm have been reported in HPHT-treated dia- 
monds (see, e.g., Fisher and Spits, 2000), but in the 
CVD samples examined for this study, the intensi- 
ties of both peaks were much stronger. A doublet at 
596-597 nm, which has never been reported in nat- 
ural diamond, was recorded in the PL spectra of 
almost all the samples tested. Finally, the infrared 
absorption due to hydrogen (mainly at 3123 cm") 
and the spectroscopic features due to silicon (at 737 
nm) appear to be unique to these CVD-grown syn- 
thetic diamonds. 


CONCLUSION 


Gem-quality synthetic diamonds grown by Apollo 
Diamond Inc. represent some of the first examples 
of single-crystal material produced by the CVD pro- 
cess that is intended for the jewelry trade. Although 
production is limited at present, plans call for larger- 
scale manufacturing of crystals weighing up to 3 ct 
in the near future. Faceted pieces of this material do 
not exhibit most of the characteristic features 
shown by HPHT-grown synthetic diamonds (such 
as pronounced color and fluorescence zoning, or 
metal inclusions), although they do have a distinc- 
tive strain pattern. Strong orangy red luminescence 
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PEZZOTTAITE FROM AMBATOVITA, 
MADAGASCAR: A NEW GEM MINERAL 


Brendan M. Laurs, William B. (Skip) Simmons, George R. Rossman, Elizabeth P. Quinn, Shane F. McClure, Adi Peretti, 
Thomas Armbruster, Frank C. Hawthorne, Alexander U. Falster, Detlef Giinther, Mark A. Cooper, and Bernard Grobéty 


Pezzottaite, ideally Cs(Be,Li)AI,Si,O,,, is a new gem mineral that is the Cs,Li-rich member of the 
beryl group. It was discovered in November 2002 in a granitic pegmatite near Ambatovita in cen- 
tral Madagascar. Only a few dozen kilograms of gem rough were mined, and the deposit appears 
nearly exhausted. The limited number of transparent faceted stones and cat’s-eye cabochons that 
have been cut usually show a deep purplish pink color. Pezzottaite is distinguished from beryl by 
its higher refractive indices (typically n,==1.615—1.619 and n,=1.607—1.610) and specific gravity 
values (typically 3.09-3.11). In addition, the new mineral’s infrared and Raman spectra, as well 
as its X-ray diffraction pattern, are distinctive, while the visible spectrum recorded with the spec- 
trophotometer is similar to that of morganite. The color is probably caused by radiation-induced 


color centers involving Mn?*. 


cesium-rich “beryl” from Ambatovita, 

Madagascar, created excitement among gem 
collectors and connoisseurs due to its deep purplish 
pink color (figure 1) and the attractive chatoyancy 
displayed by some of the material. Although it was 
sold during and after the Tucson gem shows as 
“raspberyl,” “red beryl,” “pink beryl,” “hot pink- 
red beryl,” and especially “raspberry beryl,” subse- 
quent examinations (see, e.g., Simmons et al., 2003) 
revealed properties that were anomalous for beryl 
and were associated with very high concentrations 
of cesium (Cs). In September 2003, the Inter- 
national Mineralogical Association approved the 
name pezzottaite (pe-z6-ta-ite) for this new species 
of the beryl group. It is named after Dr. Federico 
Pezzotta (Natural History Museum, Milan, Italy), 
who was among the first to investigate this new 
mineral, in recognition of his scientific contribu- 
tions to the mineralogy of Madagascar (Hawthorne 
et al., 2003). 

With the addition of pezzottaite—ideally 
Cs(Be,LiJAL,Si,O,,—the beryl group consists of four 
members. The other three (all hexagonal) are: beryl 
(Be,Al,Si,O,,; Aurisicchio et al., 1988), bazzite 


B eginning with the 2003 Tucson gem shows, 
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(Be,Sc,Si,O,.; Armbruster et al., 1995), and stoppaniite 
(Be ,Fe,Si,O,,; Ferraris et al., 1998; Della Ventura et 
al., 2000). Pezzottaite, which is rhombohedral, is 
not a Cs-rich beryl but rather a new mineral species 
that is closely related to beryl. Another mineral, 
indialite ([Al,SiJMg,[AI,Si,]O,,; Meagher and Gibbs, 
1977), is also sometimes included in the beryl 
group. Of these, only beryl and pezzottaite have 
been found in gem quality. (Note: In this article, 
“beryl” refers to the mineral species, rather than the 
group, unless otherwise specified.) 

Pezzottaite has been confirmed from just one 
deposit in Madagascar, the Sakavalana granitic peg- 
matite located near Ambatovita in a remote area of 
the central highlands. In addition to material from 
this locality, a sample of Cs-rich “morganite” from 
Afghanistan described by Hanni and Krzemnicki 
(2003) has now been recognized as pezzottaite (H. 
Hanni, pers. comm., 2003). Observations of the 
crystal morphology of pezzottaite from Madagascar 
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Figure 1. Pezzottaite, a 
new gem mineral from 
Madagascar, is a 

Cs, Li-rich member of 
the beryl group. Small 
quantities have been cut 
into attractive faceted 
stones and cat’s-eye 
cabochons (here, 
1.01-6.26 and 3.05 ct, 
respectively). These are 
some of the samples 
used for this study. 
Photo by Robert 
Weldon, © GIA; cour- 
tesy of Tom Cushman. 


were presented by Warin and Jacques (2003), and 
the chemical composition was investigated by 
Abduriyim and Kitawaki (2003). This article pro- 
vides information on the history, geology, composi- 
tion, and properties of pezzottaite, as a follow-up to 
the initial description of the material provided by 
Simmons et al. (2003). A separate article that will 
formally describe the new mineral (Hawthorne et 
al., in preparation) and will be submitted to the 
Mineralogical Record. 


HISTORY 


As recounted by Dr. Pezzotta (pers. comm., 2003), 
mining of the Sakavalana pegmatite (for tourmaline) 
by French colonists began in the 1940s. Sub- 
sequently, intermittent digging by local people with 
hand tools occasionally produced tourmaline and 
other minerals. In mid-November 2002, the local 
miners discovered a large crystal-bearing cavity that 
contained multicolored tourmaline prisms of carv- 
ing or slabbing quality, as well as gem-quality spo- 
dumene crystals in green, blue, and purple hues. 
The production eventually reached the capital city 
of Antananarivo, where it was seen by gem dealer 
Laurent Thomas in early December 2002. He 
noticed some unusual deep pink crystals with a 
color that resembled tourmaline but with a mor- 
phology similar to tabular morganite. Mr. Thomas 
measured a refractive index of 1.619 on a shiny 
pinacoidal face on one of these crystals. Recognizing 
that this was too high for beryl, he sent samples to 
Dr. Pezzotta in Italy. 

Preliminary chemical analyses of two samples 
with energy-dispersive X-ray spectrometry (by Dr. 
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Alessandro Guastoni of the Natural History 
Museum, Milan) revealed very high concentrations 
of Cs, and calculation of the unit-cell parameters (by 
Dr. Franco Demartin of the University of Milan) 
yielded data consistent with a beryl-like mineral 
with extreme Cs enrichment. After the 2003 
Tucson gem shows, the customs department of 
Madagascar temporarily froze the export of the 
material due to confusion over its identity and 
the rumor that it might be a new mineral. 
Subsequent studies proved that it was, indeed, a 
new mineral (see, e.g., Laurs, 2003; “Newly discov- 
ered beryl . . . ,” 2003). 

Some of the initial production was mistakenly 
sold in Madagascar as tourmaline (F. Pezzotta, pers. 
comm., 2003). Soon, rumors that it represented a 
new source of red beryl (such as that from Utah) 
spurred local traders to call it “bixbite,” after the 
outdated trade term for such material. Due to the 
excitement of the discovery and strong demand, 
dealers frequently have encountered exorbitant 
prices for gem rough and crystal specimens, even in 
Madagascar. 


LOCATION AND ACCESS 

Dr. Pezzotta guided the senior author to the mine 
in July 2003. It is located about 140 air-km (87 
miles) southwest of Antsirabe, in central 
Madagascar (figure 2). Paved roads lead from 
Antsirabe to Ambatofinandrahana, a distance of 
approximately 160 km that requires about six 
hours of driving time. From there, a rough dirt 
track proceeds approximately 140 km to the town 
of Mandrosonoro, and then another 25 km to the 
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Figure 2. The pezzottaite deposit is located in central 
Madagascar, about 140 air-km southwest of 
Antsirabe and 130 km northwest of Fianarantsoa. 
From Antsirabe, a paved road leads south to 
Ambositra and west to Ambatofinandrahana, fol- 
lowed by a rough dirt track that passes through 
Amborompotsy and Mandrosonoro. The pegmatite is 
hosted by marbles, on the limb of a syncline that is 
composed mainly of quartzitic gneisses of the 
Vohimena Group. Geology from Chantraine (1966). 


mine. The assistance of local guides was necessary 
for both navigational and safety reasons. This drive 
usually takes about 14 hours, although we encoun- 
tered considerable delays due to multiple vehicular 
breakdowns caused by the rough terrain (figure 3). 
Our excursion was undertaken in “ideal” condi- 
tions during the dry season; the road is hazardous 
to impassible during the rainy season, from 
December to April. 
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The mine is situated on a low hill (figure 4), at 
coordinates 20° 44.78’ S and 46° 04.45’ E and an 
elevation of 920 m (3,020 feet). It is located a few 
kilometers northwest of the village of Ambatovita 
and southwest of the village of Ankosira, both of 
which lie along the Manambaroa River. Most of 
the miners live on-site, in several huts above the 
workings (figure 5). 


GEOLOGY 


The Sakavalana pegmatite, which hosts the pez- 
zottaite, is located in the northern part of the 
famous Ampandramaika-Malakialina pegmatite 
district, one of many areas in central Madagascar 
that have produced gem minerals (see Pezzotta, 
2001). A brief review of the regional geology of 
these pegmatites was provided by Dirlam et al. 
(2002). The geology of the Mandrosonoro- 
Ambatovita area was described and mapped by 
Chantraine (1966). The Sakavalana pegmatite is 
hosted by impure marbles that Chantraine (1966) 
assigned to the Vohimena Group, on the eastern 
limb of a synform that is composed mainly of 
quartzitic gneisses (again, see figure 2). This 
amphibolite-grade metasedimentary sequence is 
surrounded mostly by deformed granites. 
Pegmatites occur sparingly in the synform, but are 
much more abundant within mica schists that 
form the upper facies of the Vohimena Group, 
about 20 km to the west. This area (Malakialina) 


Figure 3. Mechanical breakdowns were common 
because of the rough terrain, which required the use of 
a high-clearance four-wheel-drive vehicle. Photo by 
Brendan Laurs. 
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once was the most important producer of industri- 
al beryl in Madagascar (Pezzotta, 2001). 

Pezzottaite occurs at Sakavalana within a “mixed 
feature” granitic pegmatite—that is, one that has 
characteristics of both the LCT (lithium, cesium, 
and tantalum) and NYF (niobium, yttrium, and fluo- 
rine) families of the Rare-Element and Miarolitic 
classes (see Cerny, 1991). The pegmatite (figure 6) is 
a subvertical dike that measures at least 4-6 m wide 
and more than 200 m long. The outer portion con- 
sists mostly of K-feldspar, quartz, plagioclase, and 
black mica, whereas the core zone consists of K- 
feldspar (green amazonite; figure 7), zoned crystals of 
black and purple mica, and smoky quartz, with 
traces of albite (bladed “cleavelandite” aggregates], 
danburite, zircon, and Nb-Ta oxides. In places, black 
tourmaline is intergrown with these minerals in the 
core zone, along with minor beryl, spessartine, and 
spodumene. Crystal-lined cavities are also locally 
present in the core zone, and they contain the core- 
zone minerals as well as pezzottaite in places. The 
paragenetic relations of the pocket minerals indicate 
that pezzottaite crystallized from the fluids in the 
cavities as late-stage crystals. Observations of 
numerous mineral samples by Dr. Pezzotta and 
some of the authors indicate that post-crystallization 
fluids caused etching or extensive corrosion on 
many of the pezzottaite crystals. 

The main pezzottaite find occurred about 6 m 
below the surface, within a large cavity that may 
have measured up to 3.0 x 3.0 x 1.2 m. Below this 
pocket was a zone containing numerous vugs with 
smaller crystals of pezzottaite. All the pezzottaite 
produced to date came from this rather limited 
area within the pegmatite. 


MINING AND PRODUCTION 


The mine area consists of pits, shafts, and open 
cuts that explore at least one steeply south-dipping 
pegmatite dike. These workings were probably dug 
only with hand tools, although bulldozers avail- 
able in the early days of mining may have been 
used. Illumination in the underground workings is 
by candlelight, and logs are used as crude scaffold- 
ing near the opening of the deepest shafts (approxi- 
mately 30 m). Flooding is a problem in the lower- 
most shaft (which produced only tourmaline). The 
underground workings where the pezzottaite was 
mined (see, e.g., figure 8) consist of two small 
rooms, which are accessed from above and below 
by tunnels that are several meters long. 
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Figure 4. In this view (looking southwest) of the pez- 
zottaite mining area, on the left are some of the min- 
ers’ huts and on the right is a small open cut that has 
been worked for multicolored tourmaline since the 
1940s. Photo by Brendan Laurs. 


In the rush that followed the original find, 
approximately 120 people (including 60 miners and 
their families) lived at the deposit. Most of them 
left the area in April 2003 due to lack of produc- 
tion. As of July 2003, only about 20 people were 
actively working the pegmatite. Most of the pez- 
zottaite-bearing zone appeared to have been mined 


Figure 5. At the pezzottaite mine, most of the miners 
live on-site in several huts above the workings. One of 
the entrances to the pezzottaite-bearing part of the peg- 
matite is visible on the lower right (without a signifi- 
cant mine dump below it). Photo by Brendan Laurs. 
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Figure 6. The Sakavalana pegmatite is visible in this 
open cut as the light-colored dike on the left. The 
miners are standing in front of a 13-m-deep shaft that 
produced multicolored tourmaline crystals. The 
entrance to a separate tunnel that leads upward to 
the pezzottaite workings is visible behind the man on 
the far left. The green color of portions of the peg- 
matite and mine dump is due to the presence of ama- 
zonite feldspar. Photo by Brendan Laurs. 


out, and the remaining areas were difficult to work 
with the hand tools available. Small amounts of 
pezzottaite were available at the mine, as well as 
elsewhere in Madagascar, but the material shown 


Figure 7. The core zone of the pegmatite is marked by 
concentrations of green amazonite. Note also the 
large crystals of black tourmaline above the miner. 
Photo by Brendan Laurs. 


¥ 
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Figure 8. Numerous pezzottaite-bearing vugs were 
mined from this area, using simple hand tools and 
candlelight. Fractures in the pegmatite are coated 
by iron-stained clay, which obscures observation of 
the mineralogy and also causes stability problems 
in the ceiling, resulting in unsafe conditions. Photo 
by Brendan Laurs. 


to us was of low quality. After another visit to the 
mine in November 2003, Dr. Pezzotta reported that 
the underground workings were in poor condition 
due to rockfalls and backfill generated by contin- 


Figure 9. This pezzottaite specimen has been cleaned 
of dirt and clay, but otherwise shows the appearance 
as recovered from the mine. The pezzottaite crystal 
measures 3.6 cm in diameter, and is associated with 
“cleavelandite” feldspar (bladed albite, here partially 
covered with Mn-oxides) and quartz. Courtesy of 
Federico Pezzotta; photo by Brendan Laurs. 
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ued mining activities. Apparently this work pro- 
duced little (if any) additional pezzottaite. 

According to Dr. Pezzotta (pers. comm., 2003), 
the main pezzottaite pocket produced a total of 
about 700 kg of smoky quartz (in crystals up to 50 
kg), 280 kg of tourmaline (multicolored, with a 
black “skin’”), >40 kg of pezzottaite (see, e.g., figure 
9), and 25 kg of transparent spodumene (see, e.g., fig- 
ure 10). The three largest tourmaline crystals 
weighed 15, 25, and 50 kg, and reportedly were pur- 
chased by a Korean dealer for carving purposes. The 
pezzottaite was recovered as crystals, fragments, 
and masses typically weighing a few grams, and 
rarely up to 1,000 grams. In addition to the 40 kg 
mentioned above, there were many tens of kilo- 
grams of low-quality fragments and deeply corroded 
crystals. Pieces of gem-quality pezzottaite are rare 
and typically small (less than 1-2 grams). Much of 
the gem material is of carving quality only, 
although some contains abundant tubes oriented 
parallel to the c-axis that produce attractive chatoy- 
ancy in cabochons. One gem dealer estimated that 
perhaps 10% of the rough will produce the cat’s-eye 
effect when cut (“Rare pink-red beryl. . . ,” 2003). 

The total amount of pezzottaite produced so far 
from the pegmatite is difficult to estimate. According 
to dealers Fabrice Danet, Denis Gravier, Dudley 
Blauwet, and Mark Kaufman (pers. comms., 2003), 
the total production may range up to 150 kg, with no 
more than 25% containing areas that could yield 
cabochons and faceted stones. Rarest of all are attrac- 
tive specimen-quality crystals (see, e.g., figure 11). 
Most of the production was sold in Antananarivo in 
December 2002-February 2003, to European and 
American dealers. Additional smaller, lower-quality 
parcels were sold until September 2003. It is not clear 
how much of this material came from the original 
find, and how much resulted from later mining. 
African, Japanese, Thai, and Indian traders also 
bought the material directly in Madagascar or 
through local buyers. The largest transparent faceted 
pezzottaite of good quality known to the authors 
weighs approximately 11.31 ct, and the largest good- 
quality cat’s-eye cabochon is 17.36 ct (see figure 12). 
Examples of other large pezzottaite gems seen at the 
GIA and GRS laboratories include faceted stones 
weighing 5.27, 6.26, and 10.07 ct, and cat’s-eye cabo- 
chons weighing 7.98, 8.78, and 8.85 ct. 

As of November 2003, Dr. Pezzotta reported 
there was practically no material available in the 
mine area, and only small, lower-quality material 
could be found in Antsirabe and Antananarivo. 
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Figure 10. Fine crystals of spodumene, some bicol- 
ored in violet and yellow as shown here (24.9 cm 
long), were recovered from the same pocket with 
pezzottaite (here, 4.9 x 3.1 cm). Courtesy of Brian 
Cook (pezzottaite) and the Brooke Collection (spo- 
dumene); photo by Maha Tannous. 


MATERIALS AND METHODS 


The samples and analytical techniques used in this 
study are summarized in table 1. Gemological 
properties were obtained on 19 samples (see, e.g., 
figure 1) using standard gemological instruments. 


Figure 11. Attractive crystals of pezzottaite are 
relatively rare, particularly on matrix. This speci- 
men measures 4.7 x 4.2 cm, and consists of bright 
pink pezzottaite, feldspar, smoky quartz, and 
black tourmaline. GIA Collection no. 30118; 
photo by R. Appiani. 
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Figure 12. At 17.36 ct, this is the largest good-quality 
cat’s-eye pezzottaite known to the authors. Courtesy 
of KK International; photo by Maha Tannous. 


Internal features were examined with a gemologi- 
cal microscope, and absorption spectra were 
observed with a desk-model Beck prism spectro- 
scope. The documentation of additional samples 
examined by one of the authors (AP) will be pub- 
lished in a separate article; these results are in gen- 
eral agreement with those obtained at GIA. 

To test for color stability, one sample was sawn 
into four parts. Heating and irradiation experiments 
were conducted on three parts, while the other one 
was retained as a control. 

Quantitative chemical analysis by electron 
microprobe was performed on 11 pezzottaite sam- 
ples from which a total of 49 point analyses were 
obtained. Nearly all of these analyses were done on 
fragments that were donated for research; two of the 
gemstones mentioned above that could be borrowed 
long enough for chemical analysis also were ana- 
lyzed. Analyses were obtained using an ARL-SEMQ 
electron microprobe with 15 kV (for sodium) and 25 
kV accelerating voltages, 15 nA beam current, and 3 
um beam diameter. The measurements were cali- 
brated with natural mineral and synthetic com- 
pound standards, and a ZAF correction procedure 
was applied to the data. Morphological observations 
of eight etched crystals also were performed. 

Quantitative chemical analysis by laser abla- 
tion-inductively coupled plasma—mass spectrome- 
try (LA-ICP-MS} using a GeoLas 193 nm excimer 
laser in combination with an Elan 6100 ICP-DRC 
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(dynamic reaction cell) mass spectrometer was car- 
ried out on one sample. The water content of two 
additional fragments was determined by measuring 
the weight lost after heating them to 900°C. In addi- 
tion, the lithium contents were measured in two 
other samples using an ARL 3520 AES inductively 
coupled plasma spectrometer. 

Visible-near infrared spectra of pezzottaite and, 
for comparison, morganite and red beryl were 
obtained using a custom-built diode array spectrom- 
eter consisting of a tungsten-halogen source coupled 
to a microscope spectrometer. The detector, a 1025 
element silicon diode array, was attached to a grat- 
ing optical spectrograph that received its signal 
through fiber optics from the microscope. 

Infrared spectra of pezzottaite, morganite, and 
red beryl were collected with a SensIR DuraScope 
diamond window attenuated total reflectance (ATR) 
apparatus. Spectra were obtained from a 0.1-mm- 
diameter area of finely powdered sample and were 
referenced to a blank window. These spectra closely 
resemble those obtained with the use of KBr pellets, 
but are considerably more convenient to obtain. 

Raman spectra of pezzottaite, aquamarine, mor- 
ganite, and red beryl were obtained with a 
Renishaw 1000 microRaman system. Spectra were 
generated with both a 514.5 nm argon-ion laser and 
a 782, nm laser diode. Similar spectra were obtained 
with both lasers, although less fluorescence was 
excited with the 782 nm laser. In no case, however, 
did the fluorescence hinder the measurement. All 
spectra were obtained with a depolarizer positioned 
before the samples, in orientations both parallel and 
perpendicular to the c-axis. The sloping baseline in 
the spectra was corrected using a built-in Grams 
software function and normalized to the intensity 
of the ~684 cm"! band. 

Powder X-ray diffraction analyses of pezzottaite 
and aquamarine were performed using a Scintag 
instrument with an accelerating voltage of 35 kV 
and a beam current of 15 mA. 


RESULTS 


Crystal Forms and Visual Appearance. Rough. The 
pezzottaite crystals showed hexagonal symmetry 
and consisted of three main forms in various 
degrees of prominence: the pinacoid c {0001}, pyra- 
mid d {1012}, and prism m {1010} (figures 13 and 14). 
Although not present on our samples, small second- 
order pyramid and prism faces have been document- 
ed (Warin and Jacques, 2003). The samples showed 
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and uncut varieties of quartz. Of the cut 
stones, amethyst predominates with 20 
stones, the outstanding one a rich purple 
183 carat brilliant from Siberia. Various 
depths of color of citrine are shown in 10 
cut stones, the largest — 135 carats —- is 
from Brazil. Smoky quartz crystals and 
cut stones are also shown. One of the 
most striking specimens in this case is a 
rutilated quartz crystal about four inches 
high and three inches across. 

In the fourth case (No. 110) there 
is only one specimen. This is from Brazil 
where it formed a portion of the lining 
of a large cavity. It is three feet long, 
1% feet wide, and covered with amethyst 
crystals. 

In the next case (No. 111) is mostly 
uncut rose quartz and opal. The most 
interesting of these specimens is a rose 
quartz ball about two inches in diameter 
which shows a striking asterism. Here 
also are the Australian opal and Mexican 
fire opal that were among the first gems 
to come to the Harvard Collection. 

Case No. 113 displays two types of 
gems. Here are.shown 17 boules of syn- 
thetic corundum and spinel, and stones 
that have been cut from other boules of 


the same color. Some of the crypto- 
crystalline varieties of quartz such as 
chrysoprase, carnelian, heliotrope, chal- 
cedony, and agate are also shown together 
with cut and carved pieces of these min- 
erals. 

In the seventh and last case along the 
east windows (No. 112) are several of 
the gem minerals of lesser value such as 
turquoise, varisite, prehnite, malachite, 
lapis lazuli, crocidolite (tiger eye) smith- 
sonite, and chrysocola. 

Directly across the room in the first 
case under the west windows (No. 114) 
is an exhibit of tourmaline. Gem crys- 
tals and cut stones of many colors from 
Ceylon, Southwest Africa, Brazil, Russia, 
and Madagascar are displayed. Most 
striking are six transparent slices cut 
from a large crystal from Madagascar 
which show triangular markings outlined 
in different colors. 

The next case (No. 115) under the 
west windows contains more tourmaline 
crystals and cut stones. Among them are 
specimens from the Hamlin Collection 
from Mt. Mica, Maine and the famous 
Hamlin necklace. This necklace, set with 

(Continued on page 23) 


At the left, rutilated quartz crystal, four inches 
high, and below, an unusually large, well-formed 
diamond octahedron. 


SPRING, 1948 


TABLE 1. Samples of pezzottaite from Ambatovita, Madagascar, and other samples 


analyzed for this study. 


Samples (pezzottaite unless 


otherwise noted) Method of analysis Analyzed at:' Notes 
19 total, all purplish pink: Gemological characterization: R.I., S.G.2, GIA Two of the faceted stones 
10 faceted (0.89—-6.26 ct) optic character, Chelsea filter reaction, (1.18 and 3.42 ct) were 
7 cabochons (1.16—8.78 ct) UV fluorescence, absorption spectros- analyzed by electron micro- 
1 crystal (7.5 grams) copy, and microscopic examination probe at UNO. 
1 partially polished fragment (1.64 ct) 
4 purplish pink fragments (~2 mm), Color stability: One fragment held as Caltech Another piece of this sample 
derived from one crystal a control, one fragment irradiated but was also used for ATRIR 
not heated, and two fragments heated spectroscopy. 
in air for 2 hours at different temper- 
atures: 250, 350, and 450°C. The 
450°C sample was irradiated by 6 
Mrads of Cs-137 gamma rays, at 0.9 
Mrads per day 
11 total, all purplish pink: Chemical analysis by electron UNO R.I. values were obtained at 
3 faceted (0.31, 1.18, and 3.42 ct) microprobe (total of 49 point UNO on the fragment with the 
6 polished fragments analyses) lowest Cs content. Polished 
1 polished plate (5.08 mm thick) plate also used for Vis-NIR 
1 sliced crystal spectroscopy. 
8 purplish pink etched crystals Morphological observations UNO 
(0.15-1 g) 
2 fragments (~300 mg each) Loss on ignition (for H0) UNO 
2 samples (275.6 and 21.0 mg) Inductively coupled plasma spec- UNO 
trometry (for Li) 
1 purplish pink fragment (~1 ct) Laser ablation—inductively ETH R.|. values and density (mea- 
coupled plasma—mass spectrometry sured by a Berman balance) 
(LA-ICP-MS) were obtained at GRS 
Swisslab on this fragment, 
which had the highest Cs con- 
tent measured in this study. 
1 purplish pink polished plate Visible-NIR spectroscopy? Caltech Spectrum reported in Simmons 
(5.08 mm thick) et al. (2003). 
1 polished plate of pale pink Same sample was used for 
morganite, Brazil (1.97 g) Raman spectroscopy. 
1 polished plate of red beryl, Same sample was used for 
Wah Wah Mts., Utah (0.38 g) Raman spectroscopy. 
1 polished plate of red beryl, 
Thomas Range, Utah 
1 purplish pink powdered Attenuated total reflectance Caltech 
sample (ATR) IR spectroscopy 
1 powdered sample of pale From the same sample used 
pink morganite, Brazil for Vis-NIR and Raman. 
1 powdered sample of red 
beryl, Wah Wah Mts., Utah 
2 purplish pink polished plates Raman spectroscopy Caltech 
(6.9 and 0.4 mg) 
1 polished plate of pale pink 
morganite, Brazil (1.97 g) 
1 polished plate of red beryl, 
Wah Wah Mts., Utah (0.38 g) 
1 polished plate of pale blue aqua- 
marine, Minas Gerais, Brazil (0.38 g) 
1 purplish pink powdered sample X-ray powder diffraction UNO 


(~80 mg) 
1 powdered sample of pale blue aqua- 
marine, Erongo Mts., Namibia (~80 mg) 


1 Abbreviations: Caltech = California Institute of Technology, ETH = Eidgendssische Technische Hochschule, 


UNO = University of New Orleans. 


? Note that the S.G. value of the partially polished fragment was not included, owing to inconsistent results that 


were probably due to trapped air bubbles within surface irregularities. 
3 Spectra were obtained at approximately 1.5 nm _ resolution. 
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varying degrees of etching and corrosion, with resid- 
ual light-colored spongy masses present along the 
prism areas of some crystals. The underlying vitre- 
ous surfaces (seen where the spongy masses broke 
off or were entirely removed by corrosion) common- 
ly showed a series of microsteps in reflected light. 
Warin and Jacques (2003) interpreted these surfaces 
as resulting from the original crystal growth, rather 
than corrosion, but this interpretation is not sup- 
ported by our observations. 

Besides the spongy corroded areas mentioned 
above, all of the samples were purplish pink. 
Dichroism (described below) was not readily seen 
when observing our samples with the unaided eye 
(due to their relatively small size}, but it is quite obvi- 
ous in larger samples (see, e.g., figures 14 and 15). 


Polished. The polished stones we examined were 
transparent to translucent, deep purplish pink, and 
evenly colored with no eye-visible color zoning 
(again, see figure 1). They displayed moderate to 
strong dichroism: pinkish orange to pink-orange 
when viewed down the c-axis (w ray) and purplish 
pink to pink-purple perpendicular to the c-axis. In 
some larger stones, depending on how they were cut 
relative to the optic axis, the pink-orange pleochro- 
ism could be observed with the unaided eye. 


GEMOLOGICAL CHARACTERISTICS 


Physical and Optical Properties. The results of 
gemological testing are summarized in table 2. The 
refractive indices of the faceted stones generally 


Figure 13. This idealized diagram shows the promi- 
nent faces of pezzottaite crystals, which consist of c 
{0001}, d {1012}, and m {1010} forms. The drawing 
was generated using Kristall2000 software that was 
developed by Klaus Schilling. 


292 PEZZOTTAITE FROM MADAGASCAR 


Figure 14. This well-formed crystal of pezzottaite (4.1 
cm tall) exhibits a large pinacoid and subordinate 
pyramid faces. The small prism faces are not visible in 
this orientation, looking down the c-axis. Note the 
slightly pink-orange color that is typically seen down 
this axis. Corrosion resulted in the linear etch features 
on the crystal and the spongy matrix material that is 
stained brown by iron oxides. Courtesy of Dudley 
Blauwet Gems; photo © Jeff Scovil. 


were n, = 1.615-1.619 and n, = 1.607-1.610 (birefrin- 
gence 0.008-0.009), with the cabochons giving a spot 
reading of 1.61. As expected, the R.I. values of the 
fragment with the lowest Cs content (as analyzed by 
electron microprobe) were somewhat lower than 
those obtained on the faceted stones, at n, = 1.612 
and n, = 1.601. The samples yielded S.G. values of 
3.09-3.14. Although the S.G. values of our cabo- 
chons were not significantly influenced by the pres- 
ence of growth tubes, it would not be surprising to 
obtain a lower S.G. for samples containing large 
numbers of them. 

Pezzottaite is uniaxial negative, although sever- 
al samples were anomalously biaxial in their optic 
figures, where the “brushes” were seen to come 
together and move apart slightly as a stone was 
rotated around the optic axis. This effect was most 
likely due to strain, which was visible in some of 
the samples when viewed parallel to the optic axis 
between crossed polarizing filters. The samples 
appeared faint orangy pink to pink-orange when 
viewed through a Chelsea color filter with a dif- 
fused light source; too strong a light source over- 
powered the reaction and the stone appeared yel- 
low-green. All samples were inert to long- and 
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short-wave UV radiation, although one sample did 
fluoresce a weak chalky yellow in the fractures, 
which indicated the presence of a filling material. 
All samples displayed oriented absorption spec- 
tra with the desk-model spectroscope. When the 
spectrum was viewed with the stone parallel to the 
c-axis (down the optic axis), diffuse lines were visi- 
ble at 465 and 477 nm, along with a band at approx- 


TABLE 2. Properties of pezzottaite from Madagascar. 


Property 


Color 


Diaphaneity 
Ril. 


Birefringence 
Optic character 


S.G. 


Chelsea filter reaction 
UV fluorescence 
Spectroscope spectra 


Internal features 


Description 


e Purplish pink 
e Moderate to strong dichroism: pinkish 
orange to pink-orange (@ ray) and pur- 
plish pink to pink-purple (e ray) 
Transparent to translucent 
en, = 1.615-1.619, n, = 1.607-1.610 
(faceted stones); spot reading = 1.61 
(cabochons) 
en, = 1.612, n, = 1.601 for polished 
frag- 
ment with the lowest Cs content 
en, = 1.620, n, = 1.611 for polished 
frag- 
ment with the highest Cs content 
0.008-0.009 
Uniaxial negative, with several samples 
showing anomalously biaxial optics 
Typically 3.09-3.11, with faceted 
stones—3.09-3.14, cat’s-eye cabochons— 
3.09-3.11, and crystal—3.09 
Faint orangy pink to pink-orange 
Inert to long- and short-wave UV radiation? 
e Viewed parallel to optic axis: diffuse lines 
at 465 and 477 nm plus a band at 
485-500 nm 
e Viewed perpendicular to optic axis: 
bands at approximately 485-500 nm 
and 550-580 nm 
Growth tubes, fractures, “fingerprints,” and 
fluid inclusions (and, rarely, noticeable two- 
phase inclusions); transparent, near-color- 
less, low-relief birefringent crystals; trans- 
parent, grayish green tourmaline 
crystals; strain; rare color zoning 


@Weak chalky yellow fluorescence in fractures of one sample sug- 
gested the presence of a filling. 
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Figure 15. Pleochro- 
ism in purplish pink 
and pink-orange is 
clearly visible in this 
large piece of pezzot- 
taite, which measures 
4.9 x 3.1 cm. Photos 
by Maha Tannous. 


imately 485-500 nm. In some samples, these three 
features converged into a single broad absorption 
band. When viewed perpendicular to the c-axis, 
bands at approximately 485-500 and 550-580 nm 
were visible. In all other orientations, combina- 
tions of the above-listed absorption features were 
observed with varying intensities. 


Internal Features. All of the 19 samples we exam- 
ined contained numerous fine growth tubes (figure 
16) oriented parallel to the c-axis. When abundant, 
these tubes are responsible for the chatoyancy seen 
in cat’s-eye pezzottaite. Some of these tubes had 
negative crystal “flare outs” along their length (fig- 
ure 17). These features are indicative of an abrupt 
change in the growth environment (i.e., slower 
growth, J. I. Koivula, pers. comm., 2003). The inten- 
sity of strain seen between crossed polarizers 
seemed to increase with the number of growth 
tubes. Fractures, “fingerprints,” and fluid inclusions 
also were present in all of the samples. Some of the 
samples contained transparent, near-colorless, low- 


Figure 16. All of the pezzottaite samples examined 
contained numerous fine growth tubes oriented par- 
allel to the c-axis. Some of the tubes shown here can 
be seen emanating from included crystals (identified 
as tourmaline). Photomicrograph by John I. Koivula; 
magnified 15x. 
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Figure 17. Negative crystal “flare outs” were some- 
times seen along growth tubes in pezzottaite. Note the 
bipyrimidal form of these minute negative crystals. 
Photomicrograph by John I. Koivula; magnified 40x. 


relief birefringent crystals, which could not be iden- 
tified due to their small size and their position with- 
in the stones. A few samples contained transparent, 
grayish green, birefringent crystals that were identi- 
fied (by Raman analysis) as tourmaline (figure 18). 
One sample contained obvious two-phase fluid and 
gas inclusions. This sample also showed color zon- 
ing, but we observed no notable growth or color 
zoning in the other samples. 

Although the dealers who supplied the samples 
were not aware of any clarity enhancement, many of 


Figure 18. Raman analysis identified the grayish green 
inclusions in this pezzottaite as tourmaline. 
Photomicrograph by John I. Koivula; magnified 15x. 
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the samples showed fractures of low relief, some of 
which contained air bubbles that contracted when 
exposed to a thermal reaction tester, indicating the 
presence of a filling substance. Subsequently, we 
learned from Dudley Blauwet (pers. comm., 2,003) 
that all of the pezzottaite rough he has purchased 
was oiled by the local Madagascar dealers. He report- 
ed that the oiling enables them to see into the rough 
easier (because of the slight etching on most of the 
crystal surfaces). While this may be true, pezzottaite, 
like many gem materials that tend to be fractured, 
can easily be clarity enhanced with oil or resin to 
improve its appearance. 


Heating and Irradiation Experiments. When heated at 
450°C, a purplish pink fragment of pezzottaite suf- 
fered a near-total loss of color, although no effect was 
noted at lower temperatures. The sample regained 
nearly all of its purplish pink color on irradiation 
with gamma rays. 


CHEMISTRY 


The highest Cs content was obtained on the sample 
analyzed by LA-ICP-MS: 18.23 wt.% Cs,O (table 3). 
The 11 samples analyzed by electron microprobe 
had cesium contents ranging from 11.23 to 15.13 
wt.% Cs,O (again, see table 3). A similar range also 
was obtained from four samples analyzed by elec- 
tron microprobe at the University of Manitoba by 
one of the authors (FCH; unpublished data). 
Calculations of Cs ions per formula unit yielded 
0.504 to 0.833. 

Minor amounts of Rb and Na were also mea- 
sured in all samples. Manganese, the chromophoric 
element in pink beryl, ranged up to 0.19 wt.% MnO, 
with the average being 0.11 wt.%. Mg, K, Sc, Ti, and 
Fe were either below the detection limit or present 
only in trace amounts in some samples. Many other 
elements were looked for, but not detected (see foot- 
note to table 3). To view all 49 electron microprobe 
analyses, see table 1 in the Gems e&) Gemology Data 
Depository at www.gia.edu/gemsandgemology. 


SPECTROSCOPY 


Vis-NIR. With the beam oriented down the c-axis 
(or ELc), the Vis-NIR absorption spectrum of pur- 
plish pink pezzottaite is dominated by a band cen- 
tered at 494 nm, with a distinct shoulder at 476 
nm (figure 19). A second absorption band at 563 
nm appears in the same polarization, along with a 
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TABLE 3. Chemical analyses of pezzottaite from Ambato- 
vita, Madagascar, by LA-ICP-MS and electron microprobe.* 


LA-ICP-MS Electron microprobe? 
Lowest Cs° Highest Cs¢? Average® 
Oxide (wt.%) 
SiO, 54.58 57.01 56.27 56.77 
TiO, 0.01 bdl bd bdl 
Al,O, 16.88 16.69 16.11 15.99 
Sc,O, nd 0.05 0.01 0.03 
BeO 8.14 8.25 8.09 8.14 
FeO 0.02 bdl bd bdl 
nO 0.02 0.18 0.11 0.11 
CaO 0.22 bdl bd bdl 
Li,O 2.12 2.16 2.16 2.16 
Na,O 0.46 0.43 0.26 0.41 
K,O 0.14 0.08 0.10 0.11 
Rb,O 0.44 0.78 0.77 0.85 
Cs,0 18.23 11.23 15.13 13.55 
HO nd 172 1.72 17 
Total 101.26 98.58 100.74 99.84 
lons per 18 oxygens, anhydrous basis 
Si 5.860 6.001 6.004 6.030 
Ti 0.001 0.000 0.000 0.000 
Al 0.139 0.000 0.000 0.000 
tet. 6.000 6.001 6.004 6.030 
Be 2.098 2.086 2.073 2.077 
Li 0.917 0.914 0.927 0.923 
Be+Li 3.016 3.000 3.000 3.000 
Al 1.996 2.070 2.026 2.000 
Caf 0.025 0.000 0.000 0.000 
Sc nd 0.005 0.001 0.002 
n 0.002 0.016 0.010 0.010 
Fe?* 0.001 0.000 0.000 0.000 
oct. 2.024 2.091 2.037 2.012 
Na 0.095 0.087 0.054 0.085 
K 0.019 0.011 0.014 0.015 
Rb 0.030 0.053 0.052 0.058 
Cs 0.833 0.504 0.688 0.617 
channel 0.977 0.655 0.808 0.775 


@ Abbreviations: nd = not determined, bal = below detection limit. 
© For the electron microprobe data, values for lithium (by ICP) and 
water (by LO) were measured for two samples (Simmons et al., 
2003). The measured Li,O value was then used as the best approx- 
imation for calculating beryllium (Be+Li = 3) and the other ions per 
formula unit for all samples analyzed. The H,O value is considered 
anomalously high due to the presence of microscopic tubules that 
are filled with an aqueous fluid (consistent with the granitic peg- 
matite environment). The low analytical totals (as calculated without 
water) are attributed to the abundance of these fluid-rich inclusions. 
Crystal structure refinement of a sample by FCH indicated only 0.28 
wt.% H,O in the channels. The following were analyzed by electron 
microprobe but were below the detection limits (shown in wt.%): 
MgO (0.01), TiO, (0.002), FeO (0.02), CaO (0.07). In addition, the 
following were checked for (scanned), but not detected: Cr,O, 
(0.03), Bi,O, (0.03), VO, (0.03), PbO (0.01), ZnO (0.08), BaO 
(0.03), Cl (0.04), F (0.05). 

° Fragment of a jourplish pink sample. 

? Polished plate used for Vis-NIR spectroscopy reported’ in 
Simmons et al. (2008). 

® Average of 49 analyses of 11 samples. 

’ Ca is assumed present in the octahedral site, but it may occur 
elsewhere in the beryl structure. 
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broad band that is centered at 820 nm in the near- 
infrared region. The maximum transmission 
occurs near 630 nm (orange-red) and in the low- 
400 nm range (deep violet), which provides the 
pinkish orange pleochroic color in this direction. 
When the beam is oriented perpendicular to the c- 
axis (i.e., Ellc), the spectrum is dominated by a 
band centered at 572 nm. A weak absorption band 
in the near-infrared region is also present at 820 
nm. Transmission in the other regions of the spec- 
trum combine to produce a purplish pink color for 
light polarized in this direction. 


Other Methods. The infrared and Raman spectra, as 
well as X-ray diffraction patterns, of pezzottaite are 
briefly described here, and can be viewed in the 
Gems &) Gemology Data Depository. 

The ATR infrared spectrum generally resembled 
that of beryl (i.e., morganite and red beryl], with 
some shifts in wavenumbers and relative intensi- 
ties. The most prominent differences were evident 
at higher wavenumbers; the absorption in the 
1400-1100 cm~! region occurs at a much higher 
wavenumber in pezzottaite than in the other min- 
erals. The absorption in the region from about 1200 
to 800 cm”! correlates to various Si-O and Be-O 
bands (Hofmeister et al., 1987). 

The characteristic feature of the pezzottaite 
Raman spectrum was the 1100 cm"! band, which 
has not been observed in the spectra of other pink 
or red beryls or pale aquamarine. This band was 
present in Raman spectra obtained from both the 
(0001) and the IIc face. 

In the X-ray diffraction pattern of pezzottaite, 
some important peaks typical of beryl were absent 
or very much weaker in intensity. Indexing of 
these patterns indicated that the affected peaks 
corresponded principally to h00 type reflections. 


DISCUSSION 


Cs in Beryl and Pezzottaite. Alkali beryls contain- 
ing Cs have been informally referred to in the litera- 
ture by some mineralogists as vorobievite—com- 
monly for the pink Li-Cs variety—and rosterite— 
typically for the near-colorless Na-Li type (Beus, 
1966; see also Zambonini and Caglioti, 1928; 
Rossovskiy, 1981). Morganite is the most common 
term used to refer to gem-quality pink beryl; this 
color variety commonly contains Cs. The amount 
of Cs (and other alkalis) that is incorporated into 
beryl has been correlated to the local abundance of 
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Vis-NIR ABSORPTION SPECTRA 
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Figure 19. Representative polarized Vis-NIR spectra are 
shown here for a 5.08-mm-thick slice of pezzottaite 
(top), a 10.79-mm-thick slice of morganite from Brazil 
(middle), and a 0.72-mm-thick slice of red beryl from 
the Thomas Range, Utah (bottom). The pezzottaite is 
dominated by bands centered at 494 and 563 nm 
when the beam is oriented down the c-axis (or ELc), 
and a band centered at 572 nm when the beam is ori- 
ented perpendicular to the c-axis (i.e., E\lc). The differ- 
ence in these absorptions accounts for pezzottaite’s 
moderate dichroism in purplish pink and pink-orange. 
The morganite shows similar absorptions that are 
shifted somewhat and not as intense. This relatively 
thick sample also shows overtones of the water absorp- 
tion near 957 nm. The red bery! shows intense absorp- 
tions centered at 527 and 559 nm; the minimal differ- 
ence between the two red beryl spectra corresponds to 
the lack of noticeable pleochroism in this material. 


such elements in the growth environment (Cerny, 
1975). The alkalis reside in the channel site, and are 
accommodated into the beryl structure through 
coupled substitutions (see box A). 
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The concentrations of the alkali elements Cs, Rb, 
and Li have been measured in beryl from a variety of 
geologic environments (Staatz et al., 1965). The 
greatest amounts of these elements have been found 
in beryl from the inner zones of granitic pegmatites, 
since this is where such elements—which are 
incompatible with common pegmatite minerals 
such as quartz and feldspar—are concentrated during 
crystallization (Beus, 1966;Cerny, 1975; Zagorsky et 
al., 1999, Cerny et al., 2003). Geochemically, peg- 
matitic beryl samples with the highest Cs contents 
generally also show low values of Na/Li. Typically, 
high-Cs beryls range up to 4 wt.% Cs,O, although 
there are a few notable exceptions (table 4). At 11.3 
wt.% Cs,O, it is probable that the Madagascar sam- 
ple studied by Evans and Mrose (1966) was pezzot- 
taite. Furthermore, Cerny (1972) reported that 
minute crystals of late hydrothermal beryl from the 
Tanco pegmatite had R.I. values exceeding those 
reported by Evans and Mrose (1966). Although they 
were not chemically analyzed, and specific R.I. val- 
ues were not reported, these crystals also may have 
corresponded to pezzottaite. 

According to Dr. H. A. Hanni (pers. comm., 
2003), the Afghanistan sample with 9.70 wt.% 
Cs,O reported by Hanni and Krzemnicki (2003) is 
actually pezzottaite (based on its unit-cell dimen- 
sions). Therefore, this sample has the lowest Cs 
content found in pezzottaite so far. The highest con- 
centration of Cs measured in pezzottaite was 
obtained on samples from Madagascar by 
Abduriyim and Kitawaki (2003), who measured 
19.76-21.33 wt.% Cs,O by X-ray fluorescence spec- 
troscopy and up to 23.37 wt.% Cs,O by LA-ICP-MS. 

Early studies showed a strong relationship 
between alkali content and refractive indices (as well 
as specific gravity] in beryl from Madagascar (see, e.g., 
Ford, 1910; Lacroix and Rengade, 1911; Lacroix, 
1912). More recently, the relationship between com- 
position and optical/physical properties was docu- 
mented in beryl from several localities (reviewed by 
Deer et al., 1997). 

Cerny and Hawthorne (1976) pointed out that fac- 
tors in addition to alkali content can influence RI. 
values, so a simple mathematical relationship 
between them is impossible to generalize. This is 
shown by the high R.I. values reported for Cs-rich 
beryl in the literature (table 4). (Note that the high 
properties of the Arizona sample were attributed to 
enriched contents of both Fe [4.69 wt.% “oxides” | 
and Cs.) Since Cs is a relatively heavy element, sig- 
nificant concentrations of it would be expected to 
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BOX A: STRUCTURE OF BERYL AND PEZZOTTAITE, 
AND DEFINITION OF THE MINERAL 


How is Cs (a relatively large ion) incorporated into 
the beryl structure? This mechanism was studied by 
Hawthorne and Cerny (1977), and examined in more 
detail (particularly for lithium) by Sherriff et al. 
(1991). A useful review of beryl crystal chemistry was 
provided by Cerny (2002), and the current consensus 
was summarized by Cerny et al. (2003, p. 1006): 
“lithium substitutes for Be?* in the tetrahedra linking 
the six-membered Si,O,, rings, with the charge bal- 
ance assured by Na‘ and Cs* in the channels passing 
through the centers of the vertically stacked rings. 
Sodium is accommodated in the centers of the indi- 
vidual rings of [silicate] tetrahedra, but the larger Cs* 
is located halfway between these centers” along the 
c-axis. The increase in charge caused by the incorpo- 
ration of alkalis into the channel is compensated by 
replacement of Be by Li at a tetrahedral site. 
Pezzottaite, ideally Cs(Be,LiJAI,Si,O,,, is not 


raise S.G. values as well. By comparison to the val- 
ues reported in table 4, the theoretical specific gravi- 
ty of beryl that has been calculated using X-ray 
diffraction measurements is 2.661 (Deer et al., 1997). 


Origin of Color. An early study by Wood and 
Nassau (1968) attributed the color of morganite to 
Mn” and that of red beryl to Mn**, an assignment 
that Schmetzer et al. (1974) reiterated. Platonov et 
al. (1989) re-examined the spectra of manganese- 
containing beryls and concluded that Mn** is 


isostructural with beryl, ideally Be,A1,Si,Oj.. 
However, the arrangement of the atoms in each 
structure is very similar, so the structures can be 
considered as very closely related. In beryl, the three 
Be atoms indicated in the formula occupy three 
symmetrically related positions. In pezzottaite, 
these three positions are occupied in an ordered 
fashion by Be,Li rather than Be, (as in beryl). Thus, 
these positions in pezzottaite are no longer related 
by symmetry, so the symmetry of the mineral must 
change. As a result, pezzottaite differs from other 
members of the beryl group by having a different 
symmetry (rhombohedral rather than hexagonal) 
and a larger unit cell. 

Further studies are needed to characterize the 
dividing line between pezzottaite and Cs-rich beryl, 
which is influenced by factors such as composition 
(Be-Li ordering), symmetry, and unit cell dimensions. 


responsible for the color of both red beryl and mor- 
ganite. Likewise, Solntsev and Bukin (1997) con- 
cluded that the pink morganite from Mozambique 
is colored by Mn** (specifically, d-d transitions in 
Mn** in the aluminum site). 

In the visible range of the spectrum, the most 
significant difference between pezzottaite and mor- 
ganite is the overall greater absorption intensity of 
pezzottaite, corresponding to its deeper color (figure 
19). In fact, the spectra of the pezzottaites we stud- 
ied have 5.3 times greater absorbance per centime- 


TABLE 4. Properties of high-Cs beryls and pezzottaite.® 


Wt.% 

Description Cs,0 ny Ne S.G. Reference 

“Bluish” beryl from Arizona 6.68 1.608 1.599 2.92 Schaller et al. (1962) 

Beryl from Tanco, Bernic Lake 7.16 nr nr nr Cerny (1972) 

district, Canada 

Morganite from Madagascar 7.52 nr nr nr Cabell and Smales 
(1957) 

Pezzottaite from Afghanistan 9.70 1.604 1.598 2.91 Hanni and 
Krzemnicki (2003) 

Pezzottaite from Madagascar 11.28 1.612 1.601 nd This study (lowest 
Cs) 

“Cesium beryl” from Antsirabe 11.3 1.608 1.601 3.01 Evans and Mrose 

area, Madagascar (1966) 

Pezzottaite from Madagascar 18.23 1.620 1.611 3.09 This study (highest 
Cs) 


a nr = not reported, nd = not determined 
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Figure 20. As seen in the photo on the left, cat’s-eye pink to 


urmaline (left stone, 9.59 ct) is very similar in appear- 


ance to pezzottaite (right stone, 8.78 ct). However, they can be readily separated by their pleochroism, which is 
stronger in pezzottaite. This effect can be seen in the center and right photos, which were taken through a polariz- 
ing filter at different orientations. The pezzottaite is courtesy of William Pinch and the tourmaline is from the GIA 


Collection (no. 5738); photos by Maha Tannous. 


ter than the one for morganite presented in 
Platonov et al. (1989). The spectrum of our morgan- 
ite was similar to the Platonov et al. data, but was a 
factor of 10 less intense. While the spectrum of red 
beryl (again, see figure 19) shows absorption bands 
at generally the same wavelengths, their intensity 
distribution is distinct. The stability of the color of 
red beryl at high temperatures suggests that its 
color is not due to irradiation, and thus leads to the 
speculation that manganese in red beryl was origi- 
nally present as Mn** during crystallization. In con- 
trast, the instability of the manganese-derived color 
in morganite and pezzottaite at modest tempera- 
tures leads to the speculation that these gems origi- 
nally formed containing Mn*, but became pink as a 
result of exposure to natural ionizing radiation after 
crystallization. The presence of such radiation in 
the Sakavalana pegmatite is demonstrated by the 
common association of smoky quartz with morgan- 
ite and pezzottaite in the gem-bearing cavities; the 
radiation may be derived from radioactive trace 
minerals or the isotope “°K in K-feldspars. 

Previous studies (Nassau, 1984) have shown that 
some pink beryls, when decolorized by heat, regain 
their color upon irradiation with X-rays or gamma rays. 
This is consistent with our results for pezzottaite, and 
the sensitivity to heating and irradiation supports our 
proposal that the color of pezzottaite is caused by radia- 
tion-induced color centers involving Mn**. 

It may be tempting to correlate the pink color of 
pezzottaite (as well as high-Cs morganite) with 
cesium, but this element has been ruled out as a 
chromophore in beryl (Ristic and Eichoff, 1955; 
Sinkankas, 1981). Although Cs-rich beryls do com- 
monly have a pink color, this is probably due to the 
simple fact that Cs and Mn follow each other geo- 
chemically toward the end of crystallization in 
granitic pegmatites (see Cerny et al., 1985). Thus, it 
is likely that both Cs and Mn will be present during 
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the crystallization of beryl (or pezzottaite) in peg- 
matite pockets. 


Identification. The identification of pezzottaite 
should be straightforward once the gemologist is 
familiar with its properties and a flat surface for an 
RI. reading is available. The optical and physical 
properties of pezzottaite are distinct, particularly 
when compared to the varieties of beryl that it 
resembles—morganite and red beryl. 

All of the samples of pezzottaite we examined 
were purplish pink. Although they varied some- 
what in tone and saturation, their color was never 
the same as typical red beryl from Utah or its syn- 
thetic counterpart. This fact alone should prevent 
any confusion with these materials. In addition, the 
RI. and S.G. values of pezzottaite are significantly 
higher than those of red beryl, for which the typical 
published values are n, = 1.568-1.572, n, = 
1.564-1.569, and S.G. = 2.66-2.70 for natural mate- 
rial (Shigley and Foord, 1984), and n, = 1.576-1.580, 
n, = 1.569-1.573, and S.G. = 2.67-2.70 for the syn- 
thetic counterpart (Shigley et al., 2001). So far, pez- 
zottaite has not been synthesized in the laboratory; 
the highest cesium content in synthetic beryl 
known to these authors is 2.39 wt.% Cs,O 
(Shatskiy et al., 1981). 

Some morganite may have a color similar to pez- 
zottaite. However, the two can easily be separated 
gemologically by the distinctly lower R.I. and S.G. 
values of morganite (typically with R.I values of n, = 
1.572-1.592 and n, = 1.578-1.600, and S.G. = 
2.71-2.90; Arem, 1987). Compared to pezzottaite, 
even high-Cs beryls have lower values (e.g., general- 
ized by Schaller et al., 1962, as n, = 1.599, n, = 1.590, 
and S.G. ~ 2.86). 

The color of pezzottaite is almost the same as 
some tourmaline (figure 20, left). Pink tourmaline 
presents a more significant identification challenge 
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than do other beryls, particularly since many of the 
finest examples of pezzottaite are cat’s-eyes. When 
encountering a pink cat’s-eye, the gemologist is 
likely to think of tourmaline, since there are few 
other materials of this color that show chatoyancy. 
The refractive index of a pezzottaite cabochon mea- 
sured by the spot method will read ~ 1.61, which is 
very close to the 1.62 that one would expect from 
tourmaline. Microscopically, the inclusions in pez- 
zottaite also resemble those in tourmaline, being 
mostly parallel acicular tubes and planes of liquid 
inclusions. Even if the equipment is available for 
measuring the S.G. hydrostatically, the value will 
fall into the range of tourmaline (typically 3.01-3.06 
for pink to red material [Arem, 1987]). 

So, how does one separate these two materials? 
A faceted stone should not pose a problem, since an 
accurate refractive index measurement will clearly 
separate the two gem minerals. If a gemologist is 
good at taking spot R.I. readings, a value of 1.61 
should be enough to warrant closer inspection. The 
pleochroism in pezzottaite is more pronounced 
than in pink tourmaline (figure 20, center and right). 
The purplish pink and pink-orange pleochroic direc- 
tions also are different for these two materials, and 
their visibility in a sample will depend on the orien- 
tation of the polarizer. The best way to check the 
pleochroism would be to compare an unknown 
sample with a known piece of pink tourmaline. A 
desktop spectroscope can also be very useful, since 
the two minerals have distinctly different spectra; 
pink to red tourmaline typically shows narrow lines 
at 450 and 458 nm, and a broad region of absorption 
that is centered at ~ 525 nm (Webster, 1994). Of 
course, the best way to avoid misidentifying a pez- 
zottaite cat’s-eye as tourmaline is to be aware of the 
existence of this new mineral. 


Additional Comparisons to Morganite and Utah 
Red Beryl. The chemical compositions of pezzot- 
taite, morganite, and red beryl are distinct. Besides 
being virtually anhydrous, red beryl contains much 
higher amounts of Fe, Ti, Mn, and other trace ele- 


ments (Shigley et al., 2003; see also table 2 in the 


Gw#G Data Depository). Morganite shows ranges of 


Fe, Ti, and Mn similar to those of pezzottaite, 
although the latter may contain significantly more 
Mn (typically <0.05 wt.% in morganite, vs. an aver- 
age for this study of 0.11 wt.% MnO in pezzottaite). 

Differences between pezzottaite and beryl in the 
infrared and Raman spectra, as well as in X-ray 
diffraction patterns (again, see Data Depository], 
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Figure 21. Although considered a collector’s stone 
due to its rarity, pezzottaite has been set into some 
attractive jewelry. This gold ring, containing a 5.25 ct 
pezzottaite, was created by Francis Bonnet of 
Polychrome France Co., Chambray-lés-Tours. 
Courtesy of Laurent Thomas. 


appear distinctive and therefore provide additional 
criteria for separating the two minerals. What is not 
known at this time is how these properties vary 
with Cs content, and if beryls with intermediate 
levels of Cs can be distinguished from pezzottaite 
on the basis of these techniques. 

Although these authors do not have first-hand 
experience with mounting pezzottaite in jewelry, 
the material is expected to behave similar to beryl in 
normal manufacturing, wear, and care conditions. 


CONCLUSION 


Due to its high Cs and Li contents and a structure 
that shows differences from beryl, pezzottaite has 
now been recognized as the fourth mineral of the 
beryl group. Unlike most new mineral species iden- 
tified in recent years, pezzottaite was found as rela- 
tively large, well-formed crystals and fragments, and 
some of the rough proved suitable for cutting attrac- 
tive gems (figure 21). The enriched Cs content gives 
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rise to some of its properties, which permit a 
straightforward separation from beryl and other 
pink gem minerals, except for cabochons of pink 
tourmaline, which can be identified by their dichro- 
ism and absorption spectra. 

Significant amounts of gem-quality pezzottaite 
thus far have been found only at the Sakavalana 
pegmatite in a remote area of central Madagascar. 
Although the pegmatite has been mined since the 
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1940s for tourmaline, pezzottaite was not recov- 
ered there until mid-November 2002. The mineral- 
ized area has been mostly mined out by artisanal 
methods, so any future production of pezzottaite 
will depend on the use of mechanized mining and 
systematic exploration of the deposit. With the 
recognition of this material as a new gem mineral, 
it is also possible that it will be identified in other 
granitic pegmatites. 
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Gem Weposits 
of Southern California 


by 


RICHARD H. JAHNS, Ph.D. 


N a warm June day nearly 76 years 

ago, Henry Hamilton was picking 
his way along the brushy southeastern 
slope of Thomas Mountain in the 
Coahuila district of southern California’s 
Riverside County. As he crossed a small 
gullied area, he noticed several rough 
mineral fragments of attractive pink and 
green color. Carefully tracing the occur- 
rence of this loose “float” material to its 
source higher on the hill, he encountered 
a ledge of light gray rock in which a few 
irregular cavities were lined with crystals 
of quartz and other minerals. Among 
these others were beautifully transparent 
pencil-like crystals of red, pink, green, and 
blue color. These constituted the first 
California discovery of gem tourmaline, 
a material that already had been mined in 
eastern parts of the United States. 


A little mining was done at the new 
locality, and some excellent gems were 
obtained. As the interest of other men 
was quickened by Hamilton’s success, ad- 
ditional deposits were soon discovered in 
the same general area, but it was not 
until nearly 20 years later that any im- 
portant find was announced. This, in an 
area 24 miles to the southwest, was an 
occurrence of tourmaline with large 
quantities of the lithium-bearing mica, 
lepidolite. The deposit was exposed on 
a hill slope immediately north of the little 
mission town of Pala, on the San Luis 
Rey River. In addition to large quantities 
of lithium minerals, it yielded numerous 


specimens of lilac-colored lepidolite with 
coarse sprays of deep pink tourmaline. 
These found favor in museums and col- 
lections the world over. 


The greatest discovery of all was made 
still later, in 1898, when several blue, 
green, and red crystals of tourmaline 
were shown to cowboys by Indians living 
near Mesa Grande. The source of this 
material was found to lie on a high 
wooded slope south of the San Luis Rey 
River and about 11 miles south of Palo- 
mar Mountain. This ledge became the 
site of the world-famous Himalaya Mine, 
the greatest producer of gem tourmaline 
in North America. 


Tourmaline was not the only mineral 
involved in a series of spectacular dis- 
coveries made during the period 1902- 
1905. Frederick M. Sickler, while work- 


Diagrammatic cross section showing 
distribution of the gem-bearing 
“pocket zone” and the other rock 
types characteristic of many South- 
ern California pegmatite dikes. 
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RED BERYL FROM UTAH: 
A REVIEW AND UPDATE 


James E. Shigley, Timothy J. Thompson, and Jeffrey D. Keith 


There is only one known commercial occurrence of gem-quality red beryl in the world: the Ruby 
Violet (or Red Beryl) mine in the Wah Wah Mountains of Beaver County, Utah. The beryl is 
found mostly along fractures (often clay-filled) in a topaz rhyolite. It crystallized as a vapor-phase 
mineral from the reaction between rhyolite-derived gases, vapors originating from heated ground- 
waters, and preexisting minerals and volcanic glass in the rhyolite. Production of red beryl over 
the past 25 years is estimated to be more than 60,000 carats, of which about 10% was facetable. 
Exploration and evaluation programs undertaken by two mining companies from 1994 to 2001, 
combined with field studies by some of the authors and others, have resulted in a greater under- 
standing of the geology of the Ruby Violet deposit and the potential for productive areas beyond 


the current mine site. 


described the spectacular gem-quality red 
beryl (figure 1) found at the Ruby Violet mine 
in the Wah Wah Mountains of southwestern Utah 
(see also Ream, 1979; Sinkankas, 1976, 1997). Since 
that time, this material has remained one of the 
rarest color varieties of gem beryl, with its increased 
recognition and acceptance in the marketplace being 
offset by the continued limited scale of production. 
Although gem beryls are common in granitic peg- 
matites (i.e., aquamarine, morganite, heliodor, and 
goshenite) and in certain metamorphic and metasedi- 
mentary rocks (emerald), their occurrence in rhyo- 
lites is unusual. Conversely, rhyolites occasionally 
contain crystals of quartz, topaz, and garnet in litho- 
physal (gas) cavities, or opal as veins or cavity fillings. 
Besides the Ruby Violet mine, several other 
occurrences of red beryl (all in rhyolites) are known, 
but none has produced significant quantities of 
facet-grade material. These include: Utah— 
Wildhorse Spring, Topaz Valley, and Starvation 
Canyon, all in the Thomas Range, Juab County 
(Staatz and Carr, 1964; Ream, 1979; Sinkankas, 
1981; Montgomery, 1982; Christiansen et al., 1986; 
Wilson, 1995; Foord, 1996; Baker et al., 1996), New 


wo decades ago, Shigley and Foord (1984) 
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Mexico—Beryllium Virgin prospect in Paramount 
Canyon, Black Range, Sierra County (Kimbler and 
Haynes, 1980; Sinkankas, 1981, 1997; Foord, 1996; 
Voynick, 1997), and East Grants Ridge, Cibola 
County (Voynick, 1997); and Mexico—San Luis 
Potosi (Ream, 1979). 

Red beryl was initially called “bixbite” (Eppler, 
1912), but this name never attained widespread 
usage—in part because of its confusion with 
bixbyite [(Mn,Fe),O,], a mineral species that also 
happens to occur in topaz rhyolites in Utah in asso- 
ciation with red beryl. More recently, some have 
attempted to market the gem as “red emerald” to 
enhance its status among consumers by calling 
attention to its relation to emerald (see, e.g., 
Spendlove, 1992; Weldon, 1999; Genis, 2000; 
Pesheck, 2000). Although this controversial termi- 
nology violates generally accepted gemological 
nomenclature, it has added to the public’s recogni- 
tion of red beryl (Roskin, 1998). 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 39, No. 4, pp. 302-313. 
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During the past decade, field studies of the Ruby 
Violet mine have provided new insights into the 
geologic conditions of red beryl formation (see, e.g., 
Keith et al., 1994, Christiansen et al., 1997). In addi- 
tion, systematic exploration and sampling by two 
different mining companies (Kennecott Exploration 
Co. and Gemstone Mining Inc.) provided estimates 
of red beryl distribution and ore grade at the deposit. 
The present article reviews this new information on 
the geology of the Ruby Violet red beryl occurrence 
and the activities of these two mining companies. 
Also included is a brief gemological update on this 
unique American gemstone. 


GEOGRAPHIC SETTING 


Although red beryl was first reported nearly a centu- 
ry ago—from the Thomas Range, at a locality about 
90 miles (145 km) north of the Ruby Violet mine 
(Hillebrand, 1905), it was discovered along the east- 
ern flank of the Wah Wah Mountains in the late 
1950s (Sinkankas, 1976). The Ruby Violet mine is 
situated approximately 40 km (25 miles) west- 
southwest of the town of Milford and is accessible 
for much of the year by paved and dirt roads (figures 
2, and 3). The entrance to the property is secured by 
locked gates. Local elevations vary from 2,042 to 
2,165 m (6,700 to 7,100 feet) above sea level. 
Average temperatures range from 38°C (100°F) in 
the summer to —12°C (10°F) in the winter. The area 
is uninhabited and has few landmarks. This portion 
of Utah lies within the “Basin and Range” physio- 
graphic province, which takes its name from the 
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Figure 1. Red beryl from 
the Wah Wah Mountains 
of Utah is among the rarest 
varieties of gem beryl, and 
crystals suitable for 
faceting have been found so 
far only at one locality. 
These crystals (3.5 and 2.2 
grams) are from a collection 
that was donated to GIA 
by Rex Harris and Michael 
and Tina Nielson of Red 
Beryl Inc., Delta, Utah; the 
rings (the largest red beryl 
is 0.54 ct, set with a 0.54 ct 
emerald) are courtesy of 
Equatorian Imports, Dallas, 
| Texas. Photo © Harold and 
| Erica Van Pelt. 


alternating parallel mountain ranges and valleys 
that dominate the topography. 


GEOLOGY AND GENESIS 


Geology. Topaz rhyolites of Cenozoic age are widely 
distributed across the western U.S. and Mexico. They 
are characteristically enriched in fluorine, and also 
contain elements such as Li, Rb, Cs, U, Th, and Be 
(Burt et al., 1982; Christiansen et al., 1983). The 
Thomas Range rhyolite, recognized as a source of 
topaz for over a century (Ream, 1979; Wilson, 1995), 
is located adjacent to Spor Mountain, the world’s 
largest economic source of beryllium (Shawe, 1968; 
Christiansen et al., 1984; Barton and Young, 2002). 
At that deposit, the ore consists of disseminated 
bertrandite—Be,Si,O,(OH),—and fluorite (CaF,) in a 
water-deposited rhyolitic tuff (Lindsey, 1977). The 
geochemical association of beryllium and fluorine in 
some ore deposits has long been recognized, with flu- 
orine bonding with—and acting to transport—berylli- 
um as Be-F complexes in magmatic and hydrother- 
mal systems (Ringwood, 1955; Levinson, 1962). 
Rocks that predated the rhyolite and other vol- 
canic rocks in the Wah Wah Mountains consist of 
Paleozoic and Mesozoic sediments that were 
deposited on Proterozoic crystalline basement 
rocks, and then were folded and thrust-faulted 
eastward during the Cretaceous-age Sevier 
Orogeny (Best et al., 1987; Keith et al., 1994). 
Volcanism in this part of Utah began during the 
middle Tertiary Period, about 34 million years 
(My) ago. Beginning about 23 My ago, extensional 
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l=] Quaternary sediments 

{0} Steamboat Mtn. formation rhyolite lava flows (11-13 My) 
HB Blawn Wash formation rhyolite lava flows (18-22 My) 
{) Tertiary-Paleozoic rocks 

R Mining area 


Figure 2. This simplified geologic map shows the 
location of the red beryl deposit on the eastern flank 
of the Wah Wah Mountains in southwestern Utah 
(approximately equal distances from both Salt Lake 
City, Utah, and Las Vegas, Nevada), as well as the 
general geology of the area. Both the Blawn Wash 
and Steamboat Mountain formations represent 
Cenozoic-age rhyolitic lava flows that occurred at 
several locations in this portion of Utah. Modified 
from Keith et al. (1994). 


Figure 3. This view, looking westward, shows the 
Ruby Violet mine site in the mid-1990s, at the 
height of exploration activity. Since then, the site 
has been partially reclaimed, with most of the pits 
filled in to recreate the original shape of the hill- 
side. Note that a dirt road leads directly to the site. 
Photo courtesy of William Rohtert. 
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(pulling apart) tectonism produced large, regional 
faults and associated volcanism in the area. The 
volcanism generated small-volume andesitic and 
rhyolitic domes, subvolcanic intrusions, and lava 
flows—including the red beryl-bearing rhyolite 
flow at the Ruby Violet deposit. 

The red beryl forms hexagonal crystals that are 
hosted by a flow-banded, porphyritic, topaz rhyo- 
lite (figure 4). This light gray rock contains occa- 
sional crystals (phenocrysts) of alkali feldspar, 
quartz, and minor biotite mica in a fine-grained 
groundmass of these same minerals along with 
volcanic glass. At the mine site, this rock is 
exposed over an area of about 9 km”, although por- 
tions may lie concealed beneath geologically 
younger rocks (Keith et al., 1994). The rhyolite 
forms part of the Blawn Wash formation (Abbott et 
al., 1983). 

At the mine site, red beryl has been found with- 
in an area measuring 900 x 1,900 m, where the host 
rhyolite shows an unusual amount of argillic (clay) 
hydrothermal alteration (as compared to other 
topaz rhyolites; Keith et al., 1994). The more min- 
eralized section of the deposit (figure 5) occupies a 
50 x 850 m area that is currently exposed over an 
elevation range of about 90 m. This zone appears to 
lie within the central portion of the rhyolite flow 
(figure 6), which exhibits more prominent flow 
banding and phenocrysts (Keith et al., 1994). 

The gem-grade red beryl mineralization occurs 
along or near discontinuous, near-vertical fractures 
that formed as a result of the cooling and contrac- 
tion of the rhyolitic lava (figures 7 and 8). Not all 
fractures, or all portions of the same fracture, con- 
tain beryl. Within a productive fracture, the red 
beryl often occurs in locally dense concentrations 
of crystals that can extend over vertical distances of 
several meters and horizontal distances of 30 m or 
more. White (kaolinite) and brown (smectite-illite) 
clays, locally stained yellow-brown or black, fill 
many fractures, and often mark concentrations of 
red beryl crystals. The clay-filled fractures are also 
known to contain other vapor-phase minerals such 
as bixbyite, manganese-containing hematite, 
tridymite, cristobalite, and (rarely) topaz. 

The walls of most of the beryl-bearing fractures 
have been altered to kaolinite over a width of sever- 
al centimeters (Keith et al., 1994; Thompson et al., 
submitted). Some productive fractures lack clay 
alteration, possibly because they were sealed by the 
deposition of silica minerals (quartz, cristobalite, 
tridymite], oxide minerals (bixbyite and hematite], 
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Figure 4. This simplified geo- 
logic map shows the location 
of the Ruby Violet mine with- 
in the rhyolite flow. Following 
its eruption, the lava is 
thought to have flowed south- 
westward through a valley, 
where it crystallized. Red 
beryl mineralization is locally 
concentrated along sets of 
near-vertical fractures that are 
oriented approximately paral- 
lel or perpendicular to the 
sides of this valley. These frac- 
tures resulted from the cooling 
and contraction of the solidi- 
fying rhyolite lava. Modified 
from Keith et al. (1994). 


and alkali feldspar, which prevented the entry of 
fluids that produced the wallrock alteration. In 
addition, some red beryl crystals appear to have 
grown within the clay-altered rhyolite adjacent to 
the mineralized fractures; these may have formed 
along very narrow fractures that were subsequently 
obscured by mineral growth or alteration. In con- 
trast to the typical occurrence of crystals of topaz 
and garnet in other topaz rhyolites, the red beryl is 
not found in lithophysal (gas) cavities. 


Genesis of the Host Rhyolite and the Red Beryl. 
According to Keith et al. (1994) and Christiansen et 
al. (1997), after eruption the molten rhyolite flowed 
into a valley, where it solidified (again, see figure 4). 
The fractures that formed during cooling acted as 
conduits for the escape of gases released by the 
solidifying lava, as well as points of entry for surface 
waters into the flow (again, see figure 6). 


Figure 5. In this mineralized section of the Ruby 
Violet mine, a number of discontinuous, near-verti- 
cal fractures are exposed in the rhyolite host rock. 
The rhyolite is excavated with earth-moving equip- 
ment and hand tools to expose productive areas for 
red beryl! that occur along these fractures. Mine 
owner Rex Harris is shown for scale; photo cour- 
tesy of William Rohtert, taken in 1995. 
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Keith et al. (1994) proposed that the beryllium 
necessary to form the red beryl was derived from 
the host rhyolite, from which it was mobilized as 
Be-F complexes within a favorable geochemical 
environment (see also Wood, 1992). Average whole- 
rock Be concentrations in the rhyolite range up to 
about 25 ppm—similar to Be values found in other 
topaz rhyolites (Christiansen et al., 1986). Even at 
only 25 ppm, there is sufficient Be in the rhyolite to 
crystallize the red beryl along fractures (for compari- 
Figure 6. This cross section of the rhyolite lava flow is son, the organic black shales at Muzo Colombia, 
inferred from geologic field studies conducted at the thought to be the source of beryllium for the emer- 
Ruby Violet mine. The erupting lava flowed upward ald deposits, have an average Be concentration of 
and outward from the vent of the volcano; as it nive205 Ott tal, 1994). B ilies. 
cooled, conditions were achieved to allow for red ah es sage eee ee Lema 
heey] no form alone frachites: Modified from tion was enhanced by the very low Ca contents of 
Thompson (2002). the host rhyolite (<0.01—0.18 wt.% CaO, compared 
to about 0.5-0.9 wt.% for other topaz rhyolites; see 
Keith et al., 1994). This would allow the fluorine 
released from the cooling rhyolite to bond with and 


Figure 7. Typically, the red beryl crystals are locally transport beryllium, rather than being removed by 
concentrated along brown-stained, clay-filled frac- the crystallization of fluorite. 

tures within the host rhyolite. Here, Rex Harris uses According to Keith et al. (1994) and Christiansen 
hand tools to carefully open up promising sections of et al. (1997), red beryl crystallized when high-tem- 


the fractures. Photo courtesy of William Rohtert. 


PDE 


perature fluorine-rich gases (released from the cool- 
ing rhyolite) mixed with vapors from heated waters 
(derived from sediments trapped beneath the flow) 
to produce a low-density, supercritical fluid that 
reacted with the rhyolite along fractures (figure 9). 
At certain depths within the flow, red beryl formed 
where Be-F complexes in the supercritical fluid 


Figure 8. This red beryl crystal (just above the index 
finger) was found partly embedded in the rhyolite, 
along a clay-filled fracture. Crystals can range up to 
about 5 cm long, but 90% of those suitable for faceting 
are less than 1 cm. Photo courtesy of Rex Harris. 
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chemically reacted with rhyolitic glass, alkali 
feldspar, and Fe-Mn oxide minerals (bixbyite) along 
the fractures, primarily as a replacement of alkali 
feldspar (see also Aurisicchio et al., 1990; Barton and 
Young, 2002).* As temperatures continued to drop, 
subsequent reactions produced an acidic aqueous 
fluid that caused clay alteration along the fractures 
and within portions of the rhyolite. The absence of 
clay minerals as inclusions within the red beryl sup- 
ports the theory that beryl formation occurred 
before the clay alteration. Therefore, the beryl 
formed at temperatures below the crystallization of 
rhyolite magma (i.e., <650°C), but above those of 
clay alteration (200-—300°C). 


HISTORY AND MINING 


Lamar Hodges discovered red beryl in the Wah 
Wah Mountains in 1958, while prospecting 
(unsuccessfully) for uranium; his family worked 
the deposit, then known as the Violet Claims 1-8, 
as a hobby for the next 18 years (Barlow, 1979; 
Christensen and Austin, 1999; Garber, 2003). In 
1976, the Harris family of Delta, Utah, purchased 
mining rights to the property. Over the next 18 
years, the Rex and Ed Harris families and their 
partners worked the deposit on a more regular 
basis, usually for about 60 days per year, mainly 
in the spring and fall. Most of the mining then (as 
in recent years) took place in three open pits 
(lower, middle, and upper), with removal of ore 


* According to Keith et al. (1994) and Christiansen et al. (1997), the 
nearly anhydrous red beryl crystallized from supercritical fluid that 
contained some water, but the activity of water in the fluid is thought 
to have been very low (i.e., only slightly higher than its activity in the 
rhyolite). Where water was absent in the flow, red beryl formation did 
not occur. The chemical reaction that formed red beryl consumed 
water and produced hydrofluoric acid, the principal agent of the clay 
alteration, as well as soluble fluorides. 


Figure 9. These diagrams depict the inferred sequence 
of events leading to the crystallization of red beryl and 
alteration of the host rhyolite. Shrinkage fractures in 
the cooling rhyolite provided channels for the upward 
release of supercritical fluids containing beryllium-flu- 
oride complexes (A). These fluids interacted with pre- 
existing minerals and rhyolitic glass, resulting in the 
formation of red beryl crystals along the fractures (B). 
Subsequently, acidic aqueous fluids caused clay alter- 
ation in the rhyolite and etched some of the beryl! 
crystals (C). Modified from Keith et al. (1994). 
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ultimately reaching depths of about 20 m below 
the surface. Most of the gem-quality red beryl 
recovered to date has come from the lower pit, 
where red beryl-containing fractures occur every 
few meters (Keith et al., 1994). Mining has 
involved limited blasting to break up the host 
rock, the use of earth-moving equipment (backhoe 
and bulldozer) to clear access to productive areas, 
and digging with hand tools to locate and remove 
the beryl crystals from the fractures. According to 
Rex Harris (pers. comm., 2003), from 1976 to 1994 
the deposit yielded about 0.5 carat of facetable red 
beryl per ton of ore, with at least 2,000 tons of ore 
extracted each year. Until 1994, the Harris family 
remained the single primary source of red beryl 
that could be marketed for faceting purposes or as 
mineral specimens. 

On the basis of the recognized gem value of red 
beryl, and the geologic potential of the deposit iden- 
tified through reconnaissance geologic mapping, in 
March 1994 Kennecott Exploration Co. (KEC) 
entered into a three-year lease with the Harris fami- 
ly, with the option to purchase the mine and sur- 
rounding claims as well as exploration rights 
(Verbin, 1994). Their intention was to determine 
whether sufficient red beryl reserves existed in the 
deposit and, if improved gem recovery was feasible, 
to allow the mine to be worked economically on a 
larger scale. KEC planned to quarry the mineralized 
rhyolite, crush the rock to a minimum size, and 
then chemically dissolve it to recover the red beryl 
crystals. Over the next three years, Kennecott con- 
ducted an extensive program of geologic mapping, 
core drilling, and bulk sampling. 

According to an unpublished 1996 report by 
KEC project leader William Rohtert, nearly 3,962 
m (13,000 feet) of core was recovered from 56 drill 
holes to investigate the subsurface geology of the 
deposit. In November 1995, KEC began an under- 
ground bulk-sampling program to confirm the 
extent of the deposit identified by core drilling, 
calculate the potential ore grade, and test the effec- 
tiveness of mechanized mining. In all, they 
removed nearly 11,000 tonnes of rock from almost 
600 m of tunnels. This work resulted in a more 
complete understanding of the distribution and 
geologic controls of the red beryl mineralization. 
Proven and probable reserves were subsequently 
estimated to be over 1,000,000 tons of ore with a 
rough gem grade of 0.25 gram (1.25 ct) of beryl per 
ton (and locally up to 5 grams per ton). At a 
faceting yield of 10% (W. Rohtert, pers. comm., 
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2003), this would equate to 0.125 ct of faceted red 
beryl per ton of ore. Geologic and geophysical sur- 
veys suggested at least five additional exploration 
targets in the immediate area. 

A proprietary method (“caustic fusion”) to 
chemically dissolve the rhyolite and liberate the red 
beryl crystals was developed for KEC by the techni- 
cal staff of Lakefield Research in Lakefield, Ontario, 
Canada, but it proved uneconomic compared to 
hand-picking crystals from the crushed ore. KEC 
also built a preliminary crushing plant capable of 
processing 10 tons of ore per hour near Cedar City 
(40 km from the site). Ore was crushed to two dif- 
ferent feed sizes, and then passed by conveyor belt 
through a recovery room where it was hand-picked 
for red beryl crystals. The material was then hand- 
sorted into three categories: non-gem, near-gem 
(with less than 50% of a crystal being facet quality), 
and gem (with more than 50% facet quality). The 
beryl concentrate was cleaned and then re-sorted by 
professional gemologists to more accurately catego- 
rize facetable crystals by size, color, and quality. 
The rough was faceted in Thailand (and in Bogota, 
Colombia, for some melee-size material), and then 
the polished goods were sorted by size, color, and 
clarity by gemologists at KEC’s Salt Lake City 
offices. Unfortunately, production figures for this 
period remain proprietary. 

Despite the technical successes of KEC’s Ruby 
Violet exploration program, internal corporate poli- 
tics and downsizing at RTZ (the parent company) 
led to the disbanding of Kennecott’s colored gem- 
stone initiative at the end of 1996, and the company 
decided to divest the property. 

In March 1997, Utah-based Gemstone Mining 
Inc. (GMI)—the U.S. subsidiary of Gibraltar-based 
Amelia Investments Ltd.—purchased from the 
Harris family a one-year extension of the lease 
option, also to evaluate the feasibility of mining 
red beryl on a large scale (Lurie, 1997; Genis, 
2000; Austin, 2002). In addition, GMI acquired all 
cut and uncut gem material that Kennecott had 
produced; their scientific, production, and market- 
ing data; and the processing plant. Gem material 
from this stockpile and from further mining was 
then sold by GMI to a Gibraltar-based company, 
Red Emerald Ltd. (REL), for faceting, marketing, 
and sales. A third company, Canada-based Red 
Emerald Resources (formerly Neary Resources), 
provided investment funds for both companies in 
exchange for a portion of the profits. Later, addi- 
tional funding was provided by another investor. 
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GMI performed further investigations of the 
geology and ore grade of the deposit, which includ- 
ed geologic mapping, core drilling, and bulk sam- 
pling. Favorable results prompted GMI to apply for 
a large-mine permit from state authorities. In 
December 1998, the option agreement was restruc- 
tured, and GMI made a down payment to the 
Harris family to purchase the mine, agreeing to a 
payment schedule for the balance. At the same 
time, they began to work the deposit (which they 
referred to as the Red Emerald mine; Pesheck, 
2000) using open-pit methods. 

In June 2001, however, GMI did not make a 
scheduled payment to the Harris family, causing 
the mining contract to go into default. The U.S. 
Bureau of Land Management took control of the 
property on behalf of the Harrises, and GMI and 
REL ceased all mining and production activities. In 
August 2001, as required by state law as part of the 
large-mine permit, GMI began reclamation of the 
mine site. This action involved filling most of the 
open pits, hauling away waste rock, restoring 
much of the land surface to its original topogra- 
phy, covering the site with topsoil, seeding, and 
removing all structures. Efforts are underway to 
sell the remaining gem material obtained by GMI 
to pay investors and other costs (D. Merz, pers. 
comm., 2003). 

The Harris family recently regained complete 
ownership of the mine, in accordance with the 
terms of the GMI purchase agreement, and they 
intend to resume small mining operations until a 
new purchaser is found for the property (R. Harris, 
pers. comm., 2003). 


PRODUCTION AND DISTRIBUTION 


A recent assessment of the gem material in posses- 
sion of the Harris family listed over 1,600 carats of 
faceted stones and 56,000 carats of mixed-grade 
crystals, of which about 10% were suitable for cut- 
ting. The quantity of material held at the time by 
GM{ has not been made public. 

Red beryl is sold as both mineral specimens and 
faceted gemstones, as well as set in jewelry. The 
average weight of cut stones has been about 0.20 ct, 
with approximately 10% of the gemstone produc- 
tion exceeding 1 ct. To date, the largest faceted red 
beryl weighs 4.5 ct. 

For the most part, the material has been market- 
ed in the U.S. and Japan. Small cut goods have been 
used primarily in custom jewelry, while larger 
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Figure 10. Red beryl crystals from the Ruby Violet 
mine display a simple prismatic morphology (domi- 
nated by basal pinacoid and prism faces) that is typi- 
cal of most beryl. Shown here are two intergrown 
crystals (up to 2.1 cm long). Courtesy of Rex Harris; 
photo © Jeff Scovil. 


faceted stones have been sold loose to collectors or 
incorporated into exquisite jewelry pieces (similar 
to those on the cover of this issue of Gems & 
Gemology). 


PHYSICAL AND GEMOLOGICAL PROPERTIES 


Crystals of red beryl (figure 10) usually occur as 
simple hexagonal prisms that are well formed and 
are terminated by flat or, less commonly, stepped 
basal pinacoid faces (Foord, 1996). They range up 
to more than 2, cm wide and 5 cm long. However, 
90% of the gem-quality crystals are less than 1 cm 
in length. They are elongated parallel to the c- 
axis, with length:width ratios of approximately 
4:1 or greater. Some crystals exhibit evidence of 
breakage and rehealing. Doubly terminated and 
multiple crystals have also been encountered (see 
again figures 1 and 10). 

Shigley and Foord (1984) summarized the gemo- 
logical properties of red beryl. A literature review 
revealed similar, but slightly expanded ranges for 
refractive indices (n, = 1.560-1.570 and n, = 
1.567-1.572) and specific gravity (2.65-2.72), but no 
other differences in gemological properties (see 
Nassau and Wood, 1968; Schmetzer et al., 1974; 
Miley, 1980-1981; Bank and Bank, 1982; Flamini 
et al., 1983; Hosaka et al., 1993; Harding, 1995). 
These include the pleochroism (e = purplish red, w 
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Figure 11. Some crystals of red beryl from the Ruby 
Violet mine exhibit sector zoning, as shown here in 
these two samples. In the 0.28 ct polished crystal 
section on top, the zoning appears as a triangular 
orangy red interior portion that is surrounded by 
purplish red. The 0.97 ct crystal on the bottom grew 
in opposite directions from a central starting point, 
so it displays this same color zoning as two triangu- 
lar portions that form an hourglass pattern. Photos 
by James Shigley. 
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= orange-red to red], lack of ultraviolet fluores- 
cence, inclusions (described below), and an absorp- 
tion spectrum displaying a weak 430 nm band plus 
strong broad bands centered at 500 and 570 nm. 

As documented by Shigley and Foord (1984) and 
shown in figure 11, some red beryl] crystals are 
color zoned with a central cone- or hourglass- 
shaped area of orange-red surrounded by purplish- 
red material. The color of faceted stones may vary 
according to where they were cut in relation to 
these zones, and is also influenced by the mineral’s 
dichroism (figure 12). As a result of both factors, 
gemstones cut with the table facet oriented parallel 
to the c-axis typically appear red or purplish red. 
Conversely, those cut with the table facet oriented 
perpendicular to the c-axis tend to appear more 
orangy red. For maximum yield, the former often 
are usually given a rectangular shape, while the lat- 
ter are round or oval. 

Almost all red beryl crystals contain fractures 
and solid, fluid, or fluid-and-gas inclusions, often in 
such abundance that portions of many crystals are 
translucent or even opaque. Secondary fluid inclu- 
sions occur in isolation or along partially healed 
fractures (“fingerprints”; figure 13). Fractures some- 
times mark the boundaries of the internal color 
zoning. Hexagonal growth zoning can be seen in 
some cut stones viewed in a direction parallel to 
the c-axis (figure 14). Mineral inclusions consist of 
colorless to white quartz and feldspar, and black 
grains of hematite or bixbyite (Shigley and Foord, 
1984; Aurisicchio et al., 1990). One stone revealed 
an unusual spray of needle-like tubes that were 
filled with what is probably goethite (figure 15). 

Chemically, red beryl is characterized by rela- 
tively high levels of Fe and Mn (generally 1-2 and 
0.1-0.3 wt.% oxides, respectively), low contents of 
alkali elements (<0.4 wt.% Na,O and <0.2 wt.% 
K,O), and the near-total absence of water (Nassau 
and Wood, 1968; Shigley and Foord, 1984; Hosaka 
et al., 1993). Platonov et al. (1989) attributed the 
colors of both red beryl and pink morganite to 
Mn**, and suggested that this ion occupies differ- 
ent sites in the crystal structure of these two beryl 
varieties. Dr. G. Rossman (pers. comm., 2003) 
speculates that the Mn** was incorporated into red 
beryl during crystallization, whereas in morganite 
and pezzottaite (Hanni and Krzemnicki, 2003; 
Simmons et al., 2003; Laurs et al., 2003) it was pro- 
duced from the oxidation of Mn?* due to exposure 
to natural ionizing radiation after the minerals 
had crystallized in granitic pegmatites. 
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“Pay streak” in Pala | 
Chief mine northeast of 
Pala. Crystals of spodu- 
mene (white) are embed- 
ded in a matrix of clay 
and quartz (dark gray). 
Some of the spodumene 
crystals contain material §% 
of gem quality. 


ing a lepidolite deposit a short distance 
northeast of Pala, encountered numerous 
transparent masses of a mineral colored 
in delicate tints of pink, lavender, lilac, 
and blue-green. These were subsequently 
identified asa rare, remarkably clear 
variety of the lithium-bearing mineral 
spodumene. The pinkish to lilac-colored 
types were given the name kunzite, in 
honor of Dr, G. F. Kunz, who first 
identified them in his capacity as mineral- 
ogist for Tiffany and Company of New 
York. Kunzite thus is one of California’s 
own minerals. 

Additional spodumene deposits soon 
were discovered in the Pala area, and 
mining for this mineral, tourmaline, and 
lepidolite led to recognition and recovery 
of fine transparent quartz crystals and a 
beautiful pink to deep peach-colored 
variety of beryl. The aqtiamarine and 
emerald varieties of beryl were well 
known at the time, but this type was new, 
and was named morganite in honor of 
the noted financier. Such beryl also was 
encountered during mining in the Mesa 
Grande and Rincon districts. 

Tourmaline was found on the slopes 
of Aguanga Mountain, near Palomar 
Mountain; at several places in the Mesa 
Grande area; near the town of Ramona; 
and at numerous other localities during 
subsequent years. Colorless to blue topaz, 
some of it in large, perfect crystals, was 
discovered at several Aguanga Mountain 


and Ramona localities, and subsequent 
mining yielded stones of quality equal 


to that of the best material obtained 
from Brazil. In addition the essonite, 
or hyacinth variety of garnet was found 
in the Ramona deposits, chiefly as honey- 
colored to orange-red transparent crys- 
tals. It also occurs in the Mesa Grande 
area; in the vicinity of Jacumba, far 
to the south near the Mexican boundary; 
and at several intervening localities. 

The locations of the principal gem- 
producing areas of southern California 
are all in the province of the so-called 
Peninsular Ranges, a series of ridges 
and. mountains. that extends southward 
from the edge of the Los Angeles Basin. 
This great highland mass separates the 
Salton-Imperial depression on the east 
from the coastal areas on the west, and 
also forms the “backbone” of much of 
Baja California. It is characterized by 
medium-to coarse-grained igneous rocks 
that range widely in composition. 

All the gem materials and minerals 
occur in pegmatite, a. granitic rock 
characterized by extreme coarseness 
of grain. The pegmatite ordinarily forms 
dikes, and these tabular masses range in 
thickness from less than an inch to 100 
feet or more. In most places the peg- 
matite is surrounded by other, less 
coarse-grained igneous rocks of more 
basic composition. In most areas the dikes 
trend north to north-northeast and dip 
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Figure 12. Faceted red beryl] exhibits colors from orangy red to red to purplish red, as a result of color zoning pres- 
ent in many of the gem crystals and beryl’s dichroism. The stones shown on the left (0.78-1.39 ct) are from a col- 
lection that was donated to GIA by Rex Harris and Michael and Tina Nielson of Red Beryl Inc., Delta, Utah. 
Those on the right weigh 0.22-1.09 ct, and are courtesy of Dominique Merz. Photos by Maha Tannous. 


Red beryl is not treated by heating or irradia- 
tion. Furthermore, because it is nearly anhy- 
drous, it can be heated to temperatures that 
could damage emerald or other beryls, as might 
accidentally happen during jewelry repair (R. 
Harris, pers. comm., 2002). Since much of the 
material is naturally fractured, crystals and 
faceted stones are commonly treated with color- 
less substances such as paraffin wax, Opticon, 
cedarwood oil, and Canada balsam to improve 
their apparent clarity. However, most clarity treat- 
ment done today uses Arthur Groom’s Gematrat 
epoxy resin filler (R. Harris, pers. comm., 2003; see 
also Weldon, 1998). 


Figure 13. “Fingerprint” inclusions such as the one 
shown here are typical of red beryl. Photomicrograph 
by James Shigley; magnified 20x. 


The gemological properties of red beryl distin- 
guish it from other natural red gems such as ruby, 
garnet, spinel, zircon, and tourmaline, all of which 
have higher refractive indices and other significant 
differences. Beginning in the mid-1990s, a 
hydrothermal synthetic red beryl from Russia 
became commercially available. However, it can 
be readily separated from its natural counterpart 
on the basis of its crystal shape, inclusions and 
other internal features, absorption spectra, and 
chemical composition (Henn and Milisenda, 1999, 
Shigley et al., 2001; Fumagalli et al., 2003). 


Figure 14. This 1.02 ct orangy red round brilliant 
exhibited hexagonal growth zoning when viewed 
down the c-axis. Photomicrograph by James Shigley; 
magnified 10x. 
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Figure 15. An unusual spray of needle-like tubes 
formed an interesting inclusion in this red beryl. 
These tubes are filled with an alteration mineral that 
is probably goethite, based on its Raman spectrum. 
Photomicrograph by John I. Koivula; magnified 40x. 
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CONCLUSION 


The formation of gem-quality red beryl at the Ruby 
Violet mine resulted from a unique set of geologic 
conditions that occurred within a cooling rhyolite 
flow due to the reaction along fractures of magma- 
derived gases, groundwater, and preexisting minerals 
and volcanic glass in the host rhyolite. Over the past 
decade, significant projects were undertaken by two 
mining companies to investigate the potential for 
large-scale production of red beryl. While this large- 
scale mining has not continued, these efforts con- 
tributed to an increased knowledge of the deposit 
and recognition of red beryl in the gem trade. At the 
present time, gem material and mineral specimens 
are being sold from the inventory of the Harris fami- 
ly, as well as from the GMI stockpile. With the 
potential of the deposit not fully exploited, further 
work at the Ruby Violet mine is expected to begin 
again in the near future. 
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Chrysocolla “Owl” AGATE 

Agates and other varieties of chal- 
cedony are fascinating because their 
patterns vary so widely. While trans- 
parent single-crystal gems are much 
more uniform, chalcedony is one of 
nature’s less-structured “painter’s 
palettes,” from which some quite 
imaginative jewelry and other decora- 
tive objects can be created. Among 
agates, some of the more interesting 
are the so-called eye agates, which 
develop as circular-to-semicircular 


concentrically layered agate through 
the cyclic deposition of chalcedony 
around a central acicular inclusion 
composed of some foreign substance, 
usually a mineral. 

Recently, the West Coast labora- 
tory had the opportunity to examine a 
well-polished bevel-edged oval plate 
of attractively patterned eye agate, 
which measured approximately 2.1.3 x 
14.8 x 4.3 mm and weighed 12.71 ct. 
As shown in figure 1, the gem dis- 
played a double “eye” structure of 


Figure 1. This striking 21.3-mm-long Arizona “eye” agate shows an inter- 
esting double-eye pattern that could be set in a unique owl-themed brooch. 
Note the concentric formational banding of the agate around the chryso- 


colla-centered “eyes.” Magnified 5x. 
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blue chrysocolla (identified by Raman 
analysis), with each eye individually 
surrounded by concentric bands of 
clear, near-colorless, and white agate. 
These in turn were surrounded by 
densely packed and interlocked 
macroscopic white-to-colorless quartz 
crystals that somewhat resembled 
white feathers. 

This distinctive piece was cut by 
Leon M. Agee of Agee Lapidary, Deer 
Park, Washington, from an inexpen- 
sive scrap of material that reportedly 
was from the Ray copper mine in 
Pinal County, Arizona. This locality 
is well-known among gem and min- 
eral collectors for its magnificent 
specimens of chrysocolla in chal- 
cedony. 

In the past we have encountered 
and documented other agates show- 
ing pleasing and interesting patterns 
(see, e.g., Gem News: Summer 1998, 
pp. 136-137, and Winter 1999, p. 210; 
Lab Notes, Winter 2002, p. 340). 
With a little imagination, it is not 
hard to see how this piece could be 
featured as the “all knowing” eyes in 
a one-of-a-kind snowy owl brooch. 

JIK and Maha Tannous 


Editor's note: The initials at the end of each item 
identify the editor(s) or contributing editor(s) 
who provided that item. Full names are given for 
other GIA Gem Laboratory contributors. 
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Figure 2. This dark brown area 
on a polished coral bead appears 
to be where a form of conchiolin 
coral was intersected and over- 
grown by red calcareous coral. 
Magnified 5x. 


Interesting Red CORAL 

While gems such as diamonds, rubies, 
sapphires, and emeralds are frequently 
submitted for identification, only occa- 
sionally do we see specimens fashioned 
from conchiolin or calcareous coral. 
Recently, an interesting necklace com- 
posed of what were believed to be red 
calcareous coral beads was submitted 
to the West Coast laboratory to deter- 
mine if the beads were natural coral 
and whether they had been dyed. 

Since calcareous coral has a well- 
known characteristic structure that 
is visible even with low magnifica- 
tion, it is relatively simple to identify 
this form of red coral and separate it 
from its various substitutes, such as 
dyed massive calcite, Gilson simulat- 
ed coral, plastic, or glass. As is gener- 
ally the practice, one bead in the 
necklace was randomly selected for 
gemological testing. Although exami- 
nation with magnification easily 
proved it to be calcareous coral, there 
was still the question of whether it 
had been dyed or was natural color. 

To determine if the bead had been 
dyed, we used the gemological micro- 
scope to examine the surface and the 
drill hole for signs of dye concentra- 
tion or other color irregularities. 
During this search, we observed two 
interesting and unusual structural 
features on the surface of the pol- 
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Figure 3. Surrounded by red 
coral, this white-to-light pink 
zone marks where a smaller 
branch of protruding coral was 
removed from the main mass 
during fashioning. Magnified 5x. 


ished bead. One of these features was 
a dark brown, off-round area of more 
or less concentric rings that looked 
quite literally like a cross section cut 
through a tree branch (figure 2). 
Testing with a hot point yielded an 
odor consistent with that of burning 
hair or a similar organic. From the 
shape of the feature and its reaction 
to heat, we suspect that it resulted 
when a branch of conchiolin coral 
was intersected and overgrown by the 
red calcareous coral. 

The other surface characteristic 
was a web- or flower-shaped white-to- 
light pink zone (figure 3) that showed 
where a smaller branch of protruding 
coral had been polished off the main 
mass during fashioning of the bead. 
Since no dye was detected in either of 
these surface features or anywhere 
else on the bead, we concluded that 
the color was natural as well. 

JIK and Maha Tannous 


Coated DIAMONDS 

A number of new diamond treatments 
have appeared in the last decade. 
Between fracture filling and high pres- 
sure/high temperature (HPHT) treat- 
ment, one sometimes forgets about 
the older, once-popular treatment of 
diamond coating. This practice was 
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discussed by early GIA gemologist 
Eunice Miles in her groundbreaking 
article, “Diamond-coating techniques 
and methods of detection,” in the 
Winter 1962-63 issue of Gems & 
Gemology (pp. 355-364). 

Diamonds may be coated to deep- 
en their color (in the case of fancy 
colors) or to diminish the amount of 
apparent color (in the D-Z range). 
Since the majority of gem diamonds 
are type Ia, with varying degrees of 
yellow due to nitrogen impurities, 
historically the most common coat- 
ing technique has been to paint a 
thin blue film on diamonds of a near- 
colorless or lower color grade. This 
type of coating is typically confined 
to the crown and pavilion facets close 
to and on the girdle edge, though it 
can completely cover the diamond’s 
surface. Since blue and yellow are 
complimentary colors, they appear to 
cancel each other out to produce a 
more colorless appearance. (Ever 
wonder why the flutes in most parcel 
papers are light blue?) It has been 
almost 20 years since a Lab Note ona 
coated diamond was last published 
(see Summer 1984 Lab Notes, p. 107). 
While, as then, it is true that only a 
few coated diamonds are submitted 
to the lab each year, the practice has 
not completely disappeared. 

Recently, two round brilliant dia- 
monds (1.09 and 3.03 ct) were submit- 
ted, by separate clients, to the East 
Coast laboratory. In the course of grad- 
ing, the presence of a coating in the 
form of pale blue spots was observed 
while the diamonds were being exam- 
ined with magnification. Figure 4 
shows the coating on the 3.03 ct stone, 
which displays what Eunice Miles 
reported in 1962 as a faint blue “flux” 
that is characteristic of this treatment. 
Although GIA does not grade coated 
diamonds, for the purposes of this 
report we determined that the color of 
the smaller stone was equivalent to 
the “Q-R” range, while the larger 
appeared to be “M.” In many 
instances, the lab has observed this 
treatment with diamonds in the near- 
colorless range, but over the years staff 
members have seen it applied to dia- 
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Figure 4. Seen here on the bezel 
and upper girdle facets of this 
3.03 ct round brilliant diamond, 
multiple blue spots are indicative 
of a coating. Magnified 33x. 


monds with color grades through light 
yellow. Another clue to this type of 
treatment is often a “grayish” overall 
body color evident when these stones 
are observed table-down in a standard 
color grading environment. 

Upon detection of the treatment, 
these two diamonds were returned to 
the clients to remove the coating before 
grading could continue. Since they 
were not resubmitted as of this writing, 
we do not know their true colors. 


Joshua Sheby 


EMERALD 

Natural, with Abundant 

Nail-head Spicules 

Separation of natural and synthetic 
gems frequently requires a variety of 
techniques, although observation of 
internal features is often sufficient to 
make a conclusive identification. For 
example, curved striae or curved 
color banding and large gas bubbles 
quickly reveal flame-fusion synthet- 
ic corundum. In some instances, 
however, synthetics may have inclu- 
sions that resemble those found in 
natural stones. 
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The West Coast laboratory recent- 
ly received for identification a 9.69 x 
9.47 x 6.30 mm green ring-set gem. 
The refractive index, specific gravity, 
fluorescence, and spectra matched 
those of natural or synthetic emerald. 
When examined with magnification, 
however, the sample revealed a large 
number of what appeared to be nail- 
head spicules in several parallel planes 
(figure 5). Nail-head spicules are com- 
monly associated with hydrothermal- 
ly grown synthetic emeralds, but they 
can also occur in natural stones (see 
Spring 1992, Lab Notes, pp. 54-55). 
They are formed when a small piece 
of material is deposited on the surface 
of the growing crystal, and a tapered 
void is created as the crystal continues 
to grow past the inclusion. In synthet- 
ic emeralds, the solid material is usu- 
ally phenakite, beryl, chrysoberyl, or 
gold (the last is derived from the vessel 
in which the emerald is grown). In 
this emerald, the crystals at the base 
of the tapered void were flat platelets 
that were not easily resolved, and the 
voids were liquid two-phase inclu- 
sions with a gas bubble. 

Because the appearance of the 
nail-head spicules in this particular 
specimen was inconclusive, we asked 
senior research associate Sam 
Muhlmeister to perform energy-dis- 
persive X-ray fluorescence (EDXRF) 
analysis to test for the presence of 


Figure 5. Nail-head spicules, a 
common feature in hydrothermal 
synthetic emeralds, are also seen 
in natural emeralds, as shown 
here. Magnified 22x. 
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nickel. In Russian hydrothermally 
grown synthetic emeralds, NiO is 
found in greater concentrations than 
is known in natural emeralds. Our 
test results showed the presence of a 
trace amount of nickel that was more 
consistent with that found in natural 
emeralds (H. W. Schrader, “Contri- 
butions to the study of the distinction 
of natural and synthetic emeralds,” 
Journal of Gemmology, Vol. 18, pp. 
530-543). Infrared spectroscopy also 
did not show any of the peaks that are 
considered diagnostic of synthetic 
emerald. Nevertheless, these tests, 
too, were inconclusive. Ultimately, 
the determination of natural vs. syn- 
thetic was made based on the refrac- 
tive indices and the presence of skele- 
tal platelets of ilmenite (figure 6). 

Hydrothermally grown synthetic 
emeralds usually have R.I. values 
very similar to those of natural emer- 
alds, particularly those from Colom- 
bia, although they generally do not 
exceed an upper limit of 1.585. The 
R.L’s of this stone were 1.584—-1.590, 
which is consistent with an emerald 
of natural origin. 

Ilmenite is found more common- 
ly in aquamarine as opaque black to 
dark brown dendritic or skeletal 
platelets, but it has not been observed 
in synthetic emeralds. The ilmenite 
in this emerald was visually identi- 


Figure 6. The presence of these 
skeletal platelets of ilmenite 
helped prove the emerald’s natu- 
ral origin. The white appearance 
of some of the inclusions is due to 
light reflecting off them. 
Magnified 40x. 
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fied by chief research gemologist 
John Koivula through its distinctive 
skeletal or snowflake-like structure. 
These two pieces of evidence were 
enough to conclude that this emerald 
was indeed a natural stone. 

Kimberly Rockwell 


With Strong Dichroism 

An unusually colored transparent 
bluish green pear-shaped gem (figure 7) 
recently arrived at the West Coast lab- 
oratory for identification from the pri- 
vate collection of Dale Dubin. The 
stone was reportedly a beryl that had 
been mined from Paraiso do Norte, 
Goias State, Brazil. The client inquired 
as to whether the stone was indeed a 
beryl and, if so, whether the strong 
blue color component would prevent it 
from being classified as an emerald. 

The 1.12 ct stone (8.52 x 6.44 x 
4.04 mm) was moderately to heavily 
included, with numerous internal 
characteristics typical of emerald. 
Fourier-transform infrared (FTIR) and 
Raman spectroscopy both revealed 
spectra that were consistent with 
those of emeralds we have on file. 
There was no luminescence to long- 
or short-wave UV radiation, and the 
stone displayed a uniaxial optic figure 
in the polariscope. 

Additional examination and test- 
ing revealed several unusual character- 
istics. The R.I.’s (~ 1.595-1.601) and 
S.G. (~ 2.76, by the hydrostatic 


Figure 7. This 1.12 ct bluish green 
emerald, reportedly from Brazil, 
displayed several unusual gem 
properties. 
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Figure 8. The dichroism of the emerald in figure 7 was unusually strong 
and distinct, with a very saturated blue component. 


method) were both high compared to 
other Brazilian emeralds we have seen. 
These high properties are more typical 
of emeralds from African countries 
such as Zambia (R. Webster, Gems, 
5th ed., Butterworth-Heinemann, 
London, 1994, pp. 117-118). 

However, the most unusual quali- 
ty of this stone was its strong and dis- 
tinct dichroism, of medium yellowish 
green and vivid blue (figure 8). The 
absorption spectrum as seen with a 
desk-model spectroscope revealed 
chrome lines typical of emerald and a 
427 nm line typical of aquamarine, 
indicating the presence of iron as a 
coloring agent in addition to chromi- 
um. This seemed to explain the pres- 
ence of both the green and blue com- 
ponents of the color. 

In an attempt to confirm the ele- 
mental coloring agents, Sam Muhl- 
meister performed EDXREF analysis as 
well as UV-Vis spectroscopy. Trace 
elements revealed by EDXRF were V, 
Cr, Fe, and Rb. UV-Vis analysis cor- 
roborated the presence of Cr and sig- 
nificant amounts of Fe. This, along 
with the 427 nm line visible in the 
desk-model spectroscope, led us to 
conclude that iron was responsible, at 
least in part, for the strong blue com- 
ponent of the color. 

Several properties confirmed that 
the material was indeed beryl, and 
the predominantly green color of the 
stone was sufficient to classify it as 
an emerald. The owner stated that he 
had seen a few other similar stones 
from his supplier, but none as blue as 
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this one. Indeed, this emerald dis- 
played perhaps the most intensely 
saturated blue dichroic color compo- 
nent we at the laboratory had ever 
seen in a Brazilian emerald. 

CYW 


High-R.I. GLASS 

Imitation of Tanzanite 

Glass has long been used to imitate a 
wide variety of gem materials. In 
recent years, we have seen an 
increased amount of blue to violet 
glass being used to simulate the very 
popular gem tanzanite (see, e.g., L. 
Kiefert and S. T. Schmidt, “Some tan- 
zanite imitations,” Winter 1996 
Gems & Gemology, pp. 270-276). As 
shown in figure 9, the West Coast 


Figure 9. The high R.I. of this 5.42 
ct violetish blue specimen of 
manufactured glass, very close to 
that of tanzanite, could lead to a 
misidentification. 
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laboratory recently received a 5.42 ct 
transparent violetish blue oval modi- 
fied brilliant for identification. The 
specimen, submitted to us by 
Martinek’s Jewelers of Traverse City, 
Michigan, was brought to them by 
one of their customers, who had pur- 
chased it in Mexico as tanzanite. 
Upon recording the gemological prop- 
erties, we could see how a quick 
examination could lead to a misiden- 
tification. 

The most interesting characteris- 
tic of this material was its high 
refractive index, which was very 
close to that of tanzanite. We record- 
ed a single R.I. of 1.700, which is the 
high value for tanzanite (1.690- 
1.700). The glass imitations of tan- 
zanite we have examined in the past 
have seldom had refractive index 
readings that exceeded 1.66. The fact 
that the specimen was singly refrac- 
tive (with weak anomalous double 
refraction) was the main distinguish- 
ing property separating it from tan- 


zanite, and this also meant that it 
lacked tanzanite’s characteristic 
pleochroism. Additional features of 
the stone included a specific gravity 
of 4.11; weak blue fluorescence to 
long-wave UV radiation, and weak- 
to-moderate chalky yellow and blue 
fluorescence to short-wave UV; and 
weak bands seen at approximately 
500 and 600 nm with a desk-model 
spectroscope. The stone was fairly 
free of inclusions, and magnification 
revealed only a few pinpoints. 

Both FTIR and Raman spec- 
troscopy provided spectra similar to 
those previously recorded for manu- 
factured glass, which confirmed the 
identification. EDXRF analysis by 
Sam Muhlmeister showed silicon as 
a major constituent with numerous 
trace elements, including calcium, 
zinc, strontium, barium, zirconium, 
antimony, and lanthanum. 

The important point with an imi- 
tation such as this is one that we 
continue to mention on a regular 


Figure 10. This antique brooch showcases a very rare clam “pearl” that 
measured approximately 20 mm in diameter. 
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basis: Always use all the available 
information in making an identifica- 
tion. A quick R.I. reading coupled 
with the violetish blue color could 
easily lead to the wrong conclusion. 
However, if tanzanite is suspected, 
the characteristically strong pleo- 
chroism should be readily detectable 
if the material is genuine. 

Elizabeth Quinn 


Large Clam “PEARL” 
An antique brooch received in the 
East Coast laboratory generated great 
interest among our staff members. It 
showcased a single large clam 
“pearl” that was bezel set in a yellow 
and white metal mounting and sur- 
rounded by a single row of brilliant 
old mine and old European cut dia- 
monds (figure 10). The almost round 
button-shaped mottled purple-and- 
white clam “pearl” measured 
approximately 20 mm in diamester 
and showed a prominent alveolar 
(honeycomb) growth pattern readily 
visible with the naked eye. This dis- 
tinct growth structure is predomi- 
nantly found in such concretions as 
clam pearls. On closer scrutiny, we 
noticed another feature commonly 
found in other non-nacreous pearls: 
Each individual honeycomb cell also 
displayed a microstructure similar in 
appearance to the flame-like struc- 
ture that characterizes so many con- 
cretions from various mollusks. 
Even though this microstructure was 
only moderately developed, it still 
produced a sheen-like effect in those 
areas where the surface was still 
smooth and had not been slightly 
worn off over time. Such a remark- 
able non-nacreous “pearl’””—with an 
alveolar structure and a flame-like 
microstructure—is indeed rare. G. F. 
Kunz and C. H. Stevenson report in 
The Book of the Pearl (Dover 
Publications, New York, 1908) that 
the common hard clam Venus mer- 
cenaria from the Atlantic Coast of 
the U.S. can, on rare occasions, pro- 
duce such large “pearls.” 

KNH 
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Figure 11. These five sapphires, 3.07-9.22 ct, all have the unusual color 
zoning associated with what may represent a “new” treatment. 


Blue SAPPHIRES with 

Unusual Color Zoning 

A possible new treatment for blue 
sapphires has begun raising questions 
throughout the industry. The appear- 
ance of this treatment has already 
been reported on the Internet and in a 
few trade publications (see, e.g., K. 
Scarratt, “A review of preliminary 
data on heated blue sapphires with an 
unusual color distribution—A work 
in progress,” http://www.agta.org/ 
consumer/news/20031112gemstone- 


Figure 12. Sapphires subjected to 
this treatment typically have a 
dark blue central zone that is sep- 
arated from a paler outer zone by 
curved edges, as can be seen in 
this 6.55 ct stone at 10x magnifi- 
cation with immersion. 


update.htm, Nov. 12, 2003; D. 
Federman, “Blue devils,” Modern 
Jeweler, November 2003, p. 9). 

The concern with these stones, 
which typically are an attractive blue 
(figure 11), focuses on the presence of 
unnatural color zoning, which con- 
sists of a dark blue central zone with 
curved irregular edges that is sur- 
rounded by a light blue to near-color- 
less zone (figure 12). The pale outer 
zone varies dramatically in depth and 
does not conform to the outside sur- 
face of the faceted stone. Rather, it 


Figure 13. Be-diffused blue sap- 
phires also typically have blue 
cores, but the pale rims are sur- 
face conformal, and the blue 
color bands in the core end 
abruptly at the outer rim. 
Immersion, magnified 40x. 


appears to conform to the surface of 
the original rough. This feature has 
been seen primarily in sapphires of 
Sri Lankan and Madagascar origin 
that show evidence of exposure to 
high temperatures. 

The GIA laboratory has examined 
dozens of these treated sapphires 
since they were first noticed on the 
market in the beginning of this year. 
When this zoning was first observed, 
it had so many characteristics similar 
to those seen in some Be-diffused blue 
sapphires that we expected it to be, in 
fact, the result of Be diffusion. We 
have seen several known Be-diffused 
stones with surface-conformal color- 
less rims surrounding blue cores, at 
times with blue color bands ending 
abruptly in a scalloped pattern (figure 
13). Although the pale (near-colorless 
to light blue) rims around the new 
sapphires tended to be significantly 
deeper and usually did not conform to 
the faceted shape of the stone, the 
similarities were nonetheless striking. 

To date, however, no significant 
amounts of beryllium have been 
found in these suspicious stones. 
Closer inspection of the zoning 
revealed other interesting distinctions 
from known Be-diffused corundums. 

When viewed in certain direc- 
tions, many of these sapphires 
showed a scalloped appearance at the 
interface between the darker center 
and the lighter rim (figure 14). This 


Figure 14. Note the scalloped edge 
characteristically seen at the inter- 
face of the darker core and paler 
rim in these “new” treated sap- 
phires. Immersion, magnified 10x. 
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Figure 15. In many of these treat- 
ed sapphires, when observed from 
certain orientations, the interface 
between the light and dark areas 
was marked by a colorless line all 
along the dark core. Immersion, 
magnified 12x. 


scalloped edge seemed to be directly 
related to the tone of the color band- 
ing: The pale rim extended deeper 
into the lighter blue bands of the core 
than into the darker bands. This 
seemed to suggest that, as with Be 
diffusion, the depth of penetration of 
this treatment is dependent on the 
inherent chemistry of the stone. 

The color banding of these stones 
often did not simply disappear at the 
light/dark interface. Rather, this 
interface usually manifested itself as 
a very narrow, colorless line extend- 
ing all the way around the darker 
blue core (figure 15). In many exam- 
ples, the color banding abruptly 
became much lighter on the other 
side of this line, and appeared dis- 
tinctly curved (figure 16), but contin- 
ued on, making the outer area light 
blue rather than colorless. 

As stated earlier, the depth of this 
outer portion varied considerably 
from stone to stone. It sometimes 
encompassed the majority of the sap- 
phire, leaving an area of darker color 
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Figure 16. Often the color 
bands in the possibly new 
treated sapphires do not end at 
the light blue or near-colorless 
rim, but rather get abruptly 
lighter and appear curved. 
Immersion, magnified 10x. 


that represented only 25-30% of the 
whole (figure 17). 

The exact nature of this treatment, 
as well as its specific effect on the 
stones treated, is still not understood. 


Figure 17. In some samples, such 
as this 4.80 ct sapphire, the light 
area encompassed most of the 
stone. This sapphire, the center 
one in the back row of figure 11, 
was also lighter than those we 
examined that had a smaller light 
area. Immersion, magnified 10x. 
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One theory that has received consider- 
able attention involves the partial dis- 
solution of the original sapphire dur- 
ing this “new” heating process and 
subsequent regrowth (i.e., of synthetic 
sapphire) over the remaining, original 
stone. To investigate this new treat- 
ment further, in mid-December GIA 
researchers Christopher P. Smith and 
Matthew Hall traveled to Sri Lanka, 
where they attended experiments by 
Tennakoon Punsiri of Punsiri Gems, 
the man who developed this process. 
The heat treatment procedure (which 
is proprietary to Mr. Punsiri) had a dra- 
matic effect on the color of most of 
the samples they had treated during 
their visit (figure 18), and initial obser- 
vation suggested that the unusual 
color concentrations indicated above 
were produced in more than two- 
thirds of them. 

On the basis of detailed micro- 
scopic examination of the samples 
after treatment, Smith and Hall con- 
cluded unequivocally that no syn- 
thetic sapphire growth had taken 
place. Furthermore, they did not wit- 
ness the use of any fluxing agents 
during the heating experiments, and 
no evidence of flux was present on or 
around the samples brought back to 
the U.S. for additional analyses. To 
further our understanding of this 


Figure 18. This 9.74 ct sample 
(approximately 16.1 x 10.3 x 6.3 
mm) was sawn in two prior to the 
heat treatment experiment, and 
the half on the left was retained 
as a control. Note the dramatic 
change in color in the half on the 
right following treatment. 
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Leonora S. Reno, secretary of 
the Division of the Geological 


Sciences, admires three giant 
crystal fragments of gem spodu- 
mene. The largest ones are two 
very remarkable specimens from 
the collection of T. W. Warner, 
Pasadena. 


westerly at gentle to moderate angles, 
Although they consist chiefly of graphic 
granite, a peculiarly regular intergrowth 
of quartz in microcline feldspar, careful 
examination discloses numerous varia- 
tions in their composition and_ internal 
structure. 

Many of the pegmatite masses are very 
regular in thickness and attitude, and 
most of them contain little or no gem 
material. Others are “two-ply” features, 
with upper parts of graphic granite and 
lower parts of a strikingly layered, much 
finer-grained rock that consists mainly 
of sugary albite feldspar with garnet, 
black tourmaline, or both minerals. The 
latter has been termed “line rock,” owing 
to the. appearance of its many thin, sub- 
parallel garnet—or tourmaline—rich lay- 
ers on-thost outcrop surfaces. A little 
of this material has been used as an 
ornamental stone, but none of it has 
yielded gems. 

In the central part of some dikes, com- 
monly along or near contacts between 
“tine rock” and overlying graphic granite, 
is the so-called “pocket zone,” “pay 
streak,” “clay layer,” or “ gem _ strip.” 
Ordinarily this is an irregular series of 


tabular or pod-like masses that are rich 
in quartz. Associated with the quartz are 
albite, microline, and orthoclase feldspars, 
muscovite, and lepidolite micas, tourma- 
line of various colors, beryl, and rarer 
minerals, These masses generally are 
surrounded by pegmatite rich in musco- 
vite and coarse prisms of black :tourma- 
line. 

Some well formed quartz crystals 
weighing 100 pounds or more have been 
encountered during mining, although few 
gem crystals of quartz or other minerals 
exceed six inches in maximum dimension. 
The gem material of best quality is found 
embedded in a pink to pinkish brown clay, 
which is thus regarded by miners and 
prospectors as a very favorable indica- 
tion of “pay stones.” Some of the gem 
crystals are loose in the clay, some are 
attached to other minerals that line the 
clay-filled “pockets,” and a few are 
wholly or almost wholly embedded in 
solid pegmatite. 

Most of the pegmatites that contain 
gem tourmaline, topaz, garnet, or beryl 
are 5 to 20 feet thick, although there 
is little systematic relation between thick- 
ness and gem content. Indeed, the famous 
Himalaya pegmatite, in the Mesa Grande 
district, was only one to five feet thick 
where richest in gem minerals. There is 
a definite relation, on the other hand, 
between the occurrence of kunzite and 
the local thickness of spodumene-bearing 
pegmatite dikes. Such dikes characteris- 
tically thicken and thin, or “pinch” and 
“swell,” as traced along their outcrops. 
The central part of each bulge or 
“swelling” is commonly marked by a 
pod-like mass of quartz or of quartz with 
long, thin, lath-like crystals of spodu- 
mene. 

The spodumene is opaque. and white 
to pinkish in color, and much has been 
thoroughly decomposed to a clay-like 
substance. Inside some of the crystals, 
however, are fragments of clear kunzite, 
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Figure 19. This sequence of photomicrographs shows two resin-filled cavities on the pavilion of a Sri Lankan 
spinel under different lighting conditions. In the left and center images—taken with darkfield and surface- 
reflected fiber-optic illumination, respectively—excess filler on the surface and its relationship to the filled cavi- 
ties is evident. The image on the far right clearly shows the largest apatite-shaped cavity as well as the gas bub- 
bles in the fillers in both pits. Magnified 10x. 


treatment, a cooperative effort 
between GIA researchers, colleagues 
from other laboratories, and outside 
experts has brought full resources to 
bear on this problem. We will contin- 
ue to report significant developments 
as they occur. 

SFM 


SPINEL with Filled Cavities 
While the filling of cavities and sur- 
face-reaching fissures in emerald, ruby, 
and sapphire with resin or glass is rela- 
tively common and always suspected 
by gemologists, this type of treatment 
is virtually unknown in spinel. During 
a buying trip to Sri Lanka, gemologist 
Mark Smith of Thai Lanka Trading 
Ltd., Bangkok, encountered an oval 
mixed-cut spinel that appeared to have 
been treated in this manner. A cursory 
field examination with a 10x hand 
loupe revealed the presence of several 
rounded crystal inclusions, as well as 
two pits on the pavilion that obviously 
had been filled. 

Routine gemological testing of 
this transparent 4.79 ct stone at the 


West Coast laboratory confirmed the 
identification as spinel. Examination 
with a gemological microscope and a 
fiber-optic illuminator also confirmed 
the presence of several slightly round- 
ed (corroded) near-colorless transpar- 
ent-to-translucent mineral inclusions, 
which had the general morphology of 
those that have previously been iden- 
tified as apatite in Sri Lankan spinel. 
In addition, the two cavities clearly 
visible on the pavilion apparently had 
been filled after polishing, since no 
attempt had been made to clean the 
excess filler from the surface (see fig- 
ure 19, left and center). Both pits con- 
tained gas bubbles in the filler, and 
the largest of the two (as shown in fig- 
ure 19, right) had the general shape of 
an apatite crystal, so we suspect that 
the pits were created when some of 
the mineral inclusions were plucked 
out during faceting. 

Since spinel is a very durable gem 
material with a high melting temper- 
ature, some form of glass filling was 
suspected, as this type of treatment is 
frequently encountered for pits and 
surface-reaching cracks in rubies and 
sapphires. Micro-hardness and inden- 


tation testing, however, revealed that 
the filler was much softer than glass. 
When a small spot of the filler was 
tested with a thermal reaction tester 
(hot point), the immediate reaction 
and odor produced were similar to 
what would be expected for some 
type of clear-drying organic resin. 

In this instance, the identifica- 
tion of these resin-filled cavities 
was made relatively easy by the 
presence of the gas bubbles and the 
complete lack of repolishing to 
remove the excess filler. Such obvi- 
ous surface evidence is rarely 
encountered even in stones that are 
routinely filled, such as rubies and 
sapphires, since they are commonly 
repolished after treatment. This is 
the first spinel we have seen treated 
in such a manner. 

JIK and Maha Tannous 
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DIAMONDS 


A comparison of three historic blue diamonds. This sum- 
mer’s “Splendor of Diamonds” exhibition at the 
Smithsonian Institution in Washington, D.C., presented a 
unique opportunity for the public to view seven of the 
world’s rarest diamonds (see, e.g., J. M. King and J. E. 
Shigley, “An important exhibition of seven rare gem dia- 
monds,” Summer 2003 Gems e& Gemology, pp. 136-143). 
The closing of the exhibition brought another opportuni- 
ty—for the contributors of this entry to compare the prop- 
erties of three of the largest documented strongly colored 
blue diamonds. Two of these diamonds, the 45.52, ct Hope 
and the 30.62 ct Blue Heart, are part of the Smithsonian’s 
permanent collection; the third, the 27.64 ct Heart of 
Eternity, was part of the special exhibit (figure 1). 
Arrangements were made to remove the Hope and the 
Blue Heart from their mountings and to allow the con- 
tributors one evening to examine and test them in con- 
junction with the Heart of Eternity prior to its being 
returned to its owner. 

GIA has graded all three diamonds since the 1995 
introduction of enhancements to its colored diamond 
color grading system (see J. M. King et al., “Color grad- 
ing of colored diamonds in the GIA Gem Trade 
Laboratory,” Winter 1994 Gems # Gemology, pp. 
220-242). The Hope diamond was described as Fancy 
Deep grayish blue in an updated grading performed in 
1996; the Blue Heart was graded Fancy Deep blue in 
1997, and the Heart of Eternity was graded Fancy Vivid 
blue in 1999. Given the different color descriptions for 
each of these diamonds, this was a special chance to see 
how the color appearances related to the terms defined 
by the grading system. 

In GIA’s system, fancy-grade terminology is used to 
describe a range of the combined effect of tone (the light- 
ness to darkness of a color) and saturation (the strength 
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or purity of a color). For blue diamonds, for example, 
Fancy Deep describes those of medium to dark tone and 
moderate to strong saturation. Fancy Vivid describes 
those that are medium to dark in tone and strong to very 
strong in saturation. These fancy-grade ranges are further 
divided by color terms such as blue, blue-gray, or bluish 
gray to refine the location of the color appearance. 
“Cooler” colors, such as blue, appear more grayish or 
gray as they become darker in tone and/or weaker in sat- 
uration, and modifiers of grayish or gray are used in the 
color description to reflect this aspect. When the color 
space for blue diamonds was discussed by J. M. King et 
al. (“Characterizing natural-color type IIb blue dia- 
monds,” Winter 1998 Gems & Gemology, pp. 246-268), 
the authors noted that the range of saturation in which 
blue diamonds occur is relatively compressed. This 
means the appearance differences between color terms 
can be more subtle than similar terms for other colors. 
From the report descriptions, one would expect these 
three diamonds to have similar tone (with small varia- 
tions) and subtle differences in saturation. The Hope, 
which has been described as “steely” in appearance, is 
less saturated than the other two. The Heart of Eternity 
has the strongest color, with the Blue Heart falling 
between them. The Heart of Eternity’s color is strong 


Editor's note: Interested contributors should send information 
and illustrations to Brendan Laurs at blaurs@gia.edu (e-mail), 
760-603-4595 (fax), or GIA, 5345 Armada Drive, Carlsbad, 
CA 92008. Original photos will be returned after considera- 
tion or publication. 
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enough for it to merit a different grade range (i.e., Fancy 
Vivid). Figure 2. shows the relationship of these three dia- 
monds on a section of a tone/saturation grid. 

This occasion also presented a chance to view the 
unique phosphorescence associated with some natural- 
color type IIb blue diamonds. Type IIb blue diamonds 
that phosphoresce do so almost solely in response to 
short-wave UV radiation and do not react to long-wave. 
King et al. (1998) noted that three-quarters of the blue 
diamonds that phosphoresced showed a very weak to 
weak reaction. The most common color was a chalky 
blue to green, with rare red or orangy red reactions. The 


Figure 1. Shown here from 
left to right, the 30.62 ct 
Blue Heart, the 45.52 ct 
Hope, and the 27.64 ct 
Heart of Eternity are three 
of the largest strongly col- 
ored blue diamonds that 
have been documented 
gemologically. To encoun- 
ter one such diamond is 
extremely rare, and to 
have an opportunity to 
observe all three together 
was a unique experience. 
Photo by Shane McClure. 


Hope diamond’s strong red phosphorescence to short- 
wave UV radiation has been described a number of times 
(and is illustrated in R. Crowningshield, “Grading the 
Hope diamond,” Gems & Gemology, Summer 1989, p. 
93), so it was interesting to note a similar reaction in the 
Heart of Eternity. When the UV source was turned off, 
both diamonds showed a similar intensity of phosphores- 
cence; however, while the Hope’s could be observed for 
more than a minute, the Heart of Eternity’s faded rather 
quickly. In addition, the Hope’s reaction was a slightly 
warmer red than that of the Heart of Eternity. The Blue 
Heart exhibited a more typical, very subtle white to 


Figure 2. The three blue diamonds described here are placed on a portion of a tone/saturation grid to illustrate 
their relationship in color space. All are relatively similar in tone (lightness to darkness) but differ in saturation 
(the strength or purity of the color). The Hope is the least saturated, the Heart of Eternity is the most saturated, and 
the Blue Heart is between them in saturation and slightly lighter in tone. 
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Figure 3. While the cutting of each diamond is 
approached individually, a general difference in cut- 
ting philosophy is seen here in the profile view of the 
two heart-shaped diamonds. The Blue Heart (left) 
was cut in the early part of the 20th century and the 
Heart of Eternity (right) was cut in the 1990s. The 
two faceting approaches result in different face-up 
appearances. Photo by Shane McClure. 


chalky blue reaction that also faded quickly. There is no 
known explanation for why two of these diamonds show 
such a dramatic reaction and the third does not. 

The differences in cutting philosophy between the 
two heart-shaped diamonds also were intriguing (figure 3). 
Smithsonian records indicate that the Blue Heart was cut 
in the early part of the 20th century; we know that the 
Heart of Eternity was cut in the 1990s. Bearing in mind 
that each piece of rough is approached individually to 
achieve the best weight retention, color, clarity, and cut, 
there are still distinct differences in style between the 
two. The culet on the Blue Heart is near the center of the 
diamond, and is surrounded by radiating facets similar to 
how sapphires are cut. The edges between facets are sharp 


Figure 4. The infrared 
spectrum of the Hope dia- 
mond shows features that 
are consistent with boron- 

induced blue color and 
type IIb diamonds in gen- 
eral (see text). Note that 
portions of some bands in 
the 3800-1600 cm“ region 
were actually off the scale 
of the spectrometer. 
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and well-defined, which often results in more brilliance in 
the face-up position (see again figure 1). The Heart of 
Eternity has a French culet (four pavilion mains) and a 
number of relatively large flat facets on the pavilion near 
the girdle. The angle between adjacent facets is rather 
shallow in a number of areas on the pavilion, making 
these facets appear less distinct. These cutting aspects 
help deepen and intensify the face-up color appearance of 
the Heart of Eternity. 

These contributors also performed infrared spec- 
troscopy on all three diamonds. The Hope has a large 
culet facet, and the infrared beam entered through the 
table and passed out the culet, for a path length of 12 mm 
through the diamond (assuming no internal reflections). 
The Blue Heart has a small culet that is subparallel to the 
table (11.9 mm in this dimension); thus, the infrared 
beam was aimed directly through these two facets. The 
Heart of Eternity does not have a culet facet, so the spec- 
trum was taken across the width of the heart, with a 
beam path length of approximately 20 mm (again, assum- 
ing no internal reflections). 

Mid-infrared spectra (8000-400 cm~!) were obtained 
with a Bio-Rad Excalibur Fourier-transform infrared 
spectrometer using a KBr beam splitter and DTGS detec- 
tor at 4 cm"! resolution. The infrared spectrum of the 
Hope diamond is shown in figure 4. The absorption 
characteristics of the Blue Heart and the Heart of 
Eternity were essentially identical to that of the Hope 
diamond, but due to lower transmission of light through 
these samples the spectra were of lower quality. 

There are two principal causes for the absorption 
features in this energy range: lattice vibrations of the 
diamond and electronic transitions due to substitution 
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of boron into the diamond structure. The lattice vibra- 
tions appear from 4000 to 1200 cm, and consist of the 
transverse optic (TO) mode, the Raman-active mode, 
and bands in the second- and third-phonon regions 
(King et al., 1998). The broad absorbance that results 
from substitution of small amounts of boron for carbon 
in the diamond structure starts roughly at 3000 cm! 
and extends into the near-infrared and red region in the 
visible spectrum, it is the cause of the blue color (see 
S.D. Smith and W. Taylor, “Optical phonon effects in 
the infra-red spectrum of acceptor centres in semicon- 
ducting diamond,” Proceedings of the Physical Society, 
London, Vol. 79, 1962, pp. 1142-1153; I. G. Austin and 
R. Wolfe, “Electrical and optical properties of a semi- 
conducting diamond,” Proceedings of the Physical 
Society, Vol. 69B, No. 3, 2003, pp. 329-338). As report- 
ed by Smith and Taylor (1962), the other absorption fea- 
tures seen in figure 4 are due to boron-related electronic 
transitions (2928, 2799, and 2460 cm!) and the combi- 
nation modes of the boron transitions and lattice vibra- 
tions (5404, 5041, 4097, and 3726 cm7!). The spectra of 
all three blue diamonds lacked any detectable nitrogen 
bands in the 1400-1000 cm"! region, consistent with 
the definition of type II diamonds. 

To our knowledge, this is the first mid-infrared 
spectrum obtained on the Hope diamond; it shows fea- 
tures consistent with the presence of boron as the 
cause of the blue coloration and its categorization as a 
type IIb diamond. 

John M. King (jking@gia.edu) 
GIA Gem Laboratory, New York 


Elizabeth A. Johnson and Jeffrey E. Post 
Smithsonian Institution, Washington, D.C. 


A natural yellow diamond with nickel-related optical 
centers. A Fancy Light yellow 2.95 ct round brilliant dia- 
mond was recently submitted to the SSEF Swiss 
Gemmological Institute for color authenticity determi- 
nation (figure 5). In the course of standard testing, we 
noticed the presence in its UV-visible spectrum of clear 
nickel-related optical centers, which are usually encoun- 
tered in flux-grown synthetic diamond. Further spectro- 
scopic analysis, as described below, in combination with 
the growth patterns, proved that this Ni-containing dia- 
mond was natural and not a synthetic. Although the 
presence of nickel in natural diamonds has been previ- 
ously documented (C. J. Noble et al., “Electron paramag- 
netic resonance investigations of nickel defects in natu- 
ral diamonds,” Journal of Physics: Condensed Matter, 
Vol. 10, 1998, pp. 11781-11793), we are not aware of any 
previous mention of this in the gemological literature. 
Microscopic observation of this diamond revealed 
several small black-to-brown inclusions of unknown ori- 
gin. Numerous swirl-like patterns were visible with 
darkfield illumination, and were more distinct when 
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crossed polarizers were used. With long-wave UV radia- 
tion, the stone showed a strong “lemon” yellow reac- 
tion, which was mostly even except for a few weaker 
zones close to the culet. The short-wave UV reaction 
was similar in color though weaker in intensity. No 
magnetic test was performed. 

The infrared spectrum showed a strong platelet-relat- 
ed peak (higher than the two-phonon zone) and a large 
and saturated absorption band between 1300 and 1050 
cm-!, These features are typical for type Ia diamonds that 
contain significant concentrations of nitrogen. Several 
characteristic peaks in both the one- and three-phonon 
zones indicated that the diamond also contained a mod- 
erate concentration of hydrogen. This is consistent with 
its yellow UV fluorescence. If we consider both the pres- 
ence of a well-defined 1010 cm™! peak and the absence of 
the 484 cm7! peak, it is reasonable to assume that the 
majority of nitrogen was present as B aggregates. 

The UV-Vis absorption spectrum, recorded at approxi- 
mately -120°C, showed a strong N3 center, with an 
absorption coefficient of 2.0 cm7! at 415.2 nm. A series of 
weak peaks (343.6, 347.3, 360.3, 363.5, and 366.9 nm) 
were recorded that so far have been described only in syn- 
thetic diamonds (J. E. Field, The Properties of Natural and 
Synthetic Diamond, Academic Press, London, 1992). Also 
present was another series of weak peaks (467.9, 473.0, 
477.5, and 546.7 nm) that have been previously attributed 
to nickel- and nitrogen-related absorptions in annealed 
type Ib synthetic diamonds (J. E. Shigley et al., “The 
gemological properties of Russian gem-quality synthetic 
yellow diamonds,” Winter 1993 Gems &) Gemology, pp. 
228-248). In addition, a weak peak was recorded at 793.3 


Figure 5. This 2.95 ct Fancy Light yellow natural dia- 
mond was found to contain Ni-related absorption 
features in the UV-visible region that have previously 
been associated only with synthetic diamonds. Photo 
by M. Krzemnicki, © SSEF. 
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Figure 6. This De Beers DiamondView image of the 
Fancy Light yellow diamond with Ni-N-related opti- 
cal centers shows irregular patterns of blue fluores- 
cence, indicative of natural origin. Photo by J.-P. 
Chalain, © SSEF. 


nm (with an absorption coefficient of 0.1 cm~'), which is 
commonly observed in both natural and synthetic nickel- 
containing diamonds and is almost certainly due to a 
nickel-nitrogen complex (D. Fisher, pers. comm., 2003). 

The Raman photoluminescence spectrum of this dia- 
mond, recorded at approximately —120°C with a 514.5 nm 
(green) laser, showed two peaks of moderate intensity at 
640.5 and 693.9 nm, and a very strong peak at 700.5 nm. 
This last peak is usually seen in natural type Ia diamonds. 
None of the Raman photoluminescence peaks could be 
ascribed to Ni-related optical centers. 

Notwithstanding the features seen in the UV-Vis 
spectrum, the natural origin of this diamond was support- 
ed by many properties, the first of which was the presence 
of irregular growth patterns. A DiamondView image (fig- 
ure 6) revealed blue fluorescence with irregular patterns 
close to the culet and no phosphorescence (a synthetic 
diamond would have displayed regular cubo-octahedral 
growth patterns, as shown in C. M. Welbourn et al., “De 
Beers natural versus synthetic diamond verification 
instruments,” Fall 1996 Gems #@ Gemology, pp. 
156-169). The high concentration of nitrogen, especially 
in the form of B aggregates, the presence of a high platelet 
peak, and a strong N3 center are also valuable indications 
for natural diamond. 

In conclusion, examination of this interesting diamond 
allowed us to observe, for the first time, Ni-related defects 
in a natural diamond by means of UV-visible absorption 
spectroscopy. The natural origin of the diamond’s color 
was proven by the absence of any coating, as well as the 
lack of any spectroscopic features indicative of HPHT 
treatment or irradiation and annealing. 

This contributor is grateful to Dr. D. Fisher for provid- 
ing constructive comments. 

].-P. Chalain (gemlab@ssef.ch) 
SSEF Swiss Gemmological Institute, Basel 
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COLORED STONES AND 

ORGANIC MATERIALS 

Gem-quality afghanite. While on a gem-buying expedi- 
tion in Peshawar, Pakistan, Dudley Blauwet, a gem dealer 
from Louisville, Colorado, obtained five cabochons and an 
excellent crystal specimen of afghanite. The stones were 
said to have come from Kiran, Kokcha Valley, Badakh- 
shan Province, Afghanistan. Although in the past these 
contributors have seen a few afghanite crystals at various 
gem and mineral shows, we had never seen gems fash- 
ioned from this rare mineral, so for us this was a first 
opportunity to examine polished samples of afghanite. A 
member of the cancrinite group, the chemical formula of 
afghanite is (Na,Ca,K),(Si,Al),,0,,(SO,,Cl,CO,)- H,O. It 
has a hardness of 5142-6 on the Mohs scale. 

The crystal measured 23.0 < 14.5 mm and was partially 
embedded in white calcite matrix (figure 7). Although we 
could not find it reported in the literature, an interesting 
feature of afghanite that should prove useful in its identifi- 
cation is its strong, bright orange fluorescence to long- 
wave UV radiation (see, e.g., figure 8), which we also 
observed in all five cabochons. All of the samples were 
inert to short-wave UV radiation, and no phosphorescence 
was observed in either case. 

The five cabochons (ranging from 2.87 to 7.25 ct) yield- 
ed refractive index readings of 1.52, which, given that 
these are spot readings, is consistent with published R.I. 
values for afghanite (n, = 1.522-1.528, n, = 1.528-1.533; R. 
V. Gaines et al., Dana’s New Mineralogy, John Wiley & 
Sons, New York, 1997, p. 1634). The hydrostatic specific 
gravity ranged from 2.52 to 2.56, with one cabochon giving 
a 2.60 value. The S.G. value reported in the literature is 
2.55—2.65 (Gaines et al., 1997), and the slightly low reading 
of some of the samples is probably due to variable 
amounts of lazurite inclusions, which were present in all 
of our samples. In addition, inclusions of calcite and pyrite 
were identified with Raman analysis in some of the sam- 
ples. In the previously published descriptions of afghanite, 
no mention was made of any inclusions. 

To the unaided eye, the samples appeared translucent 
light blue; the mineral is described in the literature as 
“bluish” to colorless (Gaines et al., 1997). All the pol- 
ished cabochons we examined contained numerous 
intense blue inclusions of lazurite that certainly added 
color to their host. As shown in figure 9, the lazurite 
inclusions also gave the polished cabochons a speckled 
appearance. With magnification, the irregularly shaped 
lazurite inclusions stood out in high relief due to their 
color (figure 10), while the (essentially colorless) calcite 
inclusions were much harder to see. It is not clear how 
much of the blue color in these afghanites is derived 
from the deep blue inclusions, and how much is actually 
intrinsic to the mineral. 

John I. Koivula (jkoivula@gia.edu) and Maha Tannous 

GIA Gem Laboratory, Carlsbad 
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Figure 7. This 23-mm-long crystal of afghanite on cal- 
cite is from Badakhshan Province, Afghanistan. GIA 
Collection no. 30110; photo by Maha Tannous. 


Blue beryl discovery in Canada. In August 2003, an unusu- 
ally dark blue beryl was discovered in Canada’s Yukon 
Territory by Bill Wengzynowski (Archer Cathro & 
Associates, Vancouver, British Columbia; figure 11) and 
one of these contributors (LAG). Mr. Wengzynowski also is 
credited with the 1998 discovery of the Regal Ridge emer- 
ald deposit in the Yukon Territory, which is ~100 km east- 
southeast of the blue beryl occurrence. These efforts were 
financed by True North Gems Inc. of Vancouver. The new 
gem is noteworthy for its dark blue color and strong dichro- 
ism, and is being referred to as “True Blue” beryl. 

One of the contributors (WRR) visited the True Blue 


Figure 9. These three cabochons of afghanite (2.87, 
3.00, and 3.26 ct) are speckled with inclusions of 
lazurite. Courtesy of Dudley Blauwet; photo by 
Maha Tannous. 
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Figure 8. On exposure to long-wave UV radiation, the 
afghanite crystal in figure 7 fluoresced a strong, bright 
orange. Photo by Maha Tannous. 


property shortly after it was discovered. The beryl occurs 
in a swarm of closely spaced quartz-carbonate-tourmaline 
veins (figure 12) that cut a Mississippian-age (320 million 
years) fluorite-bearing syenite stock. The veins range from 
0.5 to 20 cm thick, and locally comprise up to 30% of the 
rock overall. The vein zone measures 700 x 200 m in out- 
crop at the surface, and is exposed over an elevation range 
of 100 m. Within this area, more than 100 individual 
occurrences of the beryl have been found on the surface. 

In September 2003, True North Gems Inc. hand col- 
lected 65 kg of samples from outcrop in the vein zone, 


Figure 10. With magnification, the irregular shape of 
the lazurite inclusions is apparent. These inclusions 
are at least partially responsible for the light blue 
color of their afghanite host. Photomicrograph by 
John I. Koivula; magnified 15x. 


> 
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Figure 11. In August 2008, dark blue beryl was discov- 
ered in a remote area in the Yukon Territory of 
Canada. Here, that same month, Bill Wengzynowski 
uses a diamond saw to remove a beryl-bearing sample 
from a boulder at the deposit. Photo by Lee Groat. 


which contained 57.9 grams of blue beryl. Individual crys- 
tals ranged up to 38 mm long and 11 mm in diameter. Five 
stones have been faceted thus far (figure 13): two elongated 
emerald cuts (0.82 and 0.79 ct) and three round brilliants 
(0.06-0.11 ct). Prior to cutting, the pieces of rough were 
stabilized with Epo-Tek 301 epoxy. The stones were resin- 
impregnated again after preforming, and then once more, if 
needed, after faceting. The hue is maintained at exception- 


Figure 13. Gemological properties were obtained 
on these samples of the dark blue beryl! (0.06-0.82 
ct). Courtesy of True North Gems Inc.; photo by 
Maha Tannous. 
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Figure 12. The dark blue beryl is hosted by veins 
containing quartz-carbonate-tourmaline assem- 
blages. The bars on the ruler are millimeters; photo 
by David Turner. 


ally small sizes for aquamarine (e.g., in the 1 mm round 
brilliants). The main constraints on the size of the stones 
faceted to date are the abundant fractures present in the 
material gathered from the surface, and the typically small 
diameter of the crystals. 

The five faceted samples were examined by one of us 
(EPQ) at GIA, and the following properties were obtained: 
color—dark grayish greenish blue, with strong dichroic col- 
ors of deep blue to violetish blue and pale greenish blue to 
near colorless; diaphaneity—semitransparent to translu- 
cent; R.I—n,=1.597-1.601, n,=1.589-1.594; birefringence— 
0.008-0.009; S.G. of the two larger stones (measured hydro- 
statically)—2.78 and 2.79; Chelsea color filter reaction— 
none; fluorescence—inert to long- and short-wave UV radi- 
ation; and only general absorption to approximately 430 
nm was observed with the desk-model spectroscope. 

Microscopic examination revealed that all five samples 
were fairly heavily included, which significantly affected 
their transparency. Internal features included fractures, 
“fingerprints,” growth tubes, two-phase fluid-and-gas 
inclusions, transparent near-colorless quartz crystals (iden- 
tified with Raman spectroscopy), and evidence of clarity 
enhancement; one stone had parallel planar clouds. One of 
the small stones had a surface-reaching inclusion that was 
surrounded by a thin layer of a dark brown submetallic 
material. With Raman analysis, the interior portion was 
identified as a carbonate (probably siderite) and the sur- 
rounding material was identified as pyrrhotite. 

Seven fragments of the beryl, ranging from deep blue 
to medium blue, were chemically analyzed by electron 
microprobe by one of us (LAG) at the University of British 
Columbia. These samples showed relatively high iron 
contents, ranging from 1.54 to 5.81 wt.% FeO. The high- 
est Fe content was found in the darkest blue sample, and 
surpasses the highest value for Fe in beryl that these con- 
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tributors are aware of: 4.69 wt.% Fe oxides for a “bluish” 
beryl from Arizona (W. T. Schaller et al., “An unusual 
beryl from Arizona,” American Mineralogist, Vol. 47, 
1962, pp. 672-699). The analyses also showed relatively 
high concentrations of Na and Mg, and traces of K, Ca, Sc, 
Ti, V, Cr, Mn, and Cs. 

Polarized Vis-NIR absorption spectra (figure 14) of a 
deep blue, 0.68-mm-thick sample were recorded at the 
California Institute of Technology by GRR. The spectrum 
taken with light polarized parallel to the c-axis was domi- 
nated by a strong, wide band centered at about 850 nm. 
With light polarized perpendicular to the c-axis, this band 
was weak. The difference in absorption between these 
two orientations accounts for the strong dichroism shown 
by this beryl. The spectroscopic features indicate that iron 
is the chromophore responsible for the blue color. 

There are two distinct varieties of blue beryl: aquamarine 
and Maxixe. In the material studied here, we observed that 
the lighter pleochroic color (pale greenish blue to near color- 
less) was carried on the ordinary ray (viewed with polarized 
light down the optic axis.) This is typical of aquamarine and 
not of the deep blue Maxixe beryl, where the colors are 
reversed and carried on opposite rays. Aquamarine some- 
times has a spectrum that is visible (but not pronounced) 
with a desk-model spectroscope, comprising a line at 427 nm 
and occasionally a weak band at 456 nm, whereas Maxixe 
beryl typically has a series of six bands between 550 and 695 
nm. None of the lines commonly seen in Maxixe beryl were 
found in the five faceted samples, but the general absorption 
to 430 nm may be due to the aquamarine 427 nm band 
(related to iron). The R.L’s recorded for this material were a 
bit higher than those previously recorded for aquamarine (n, 


Figure 14, The Vis-NIR absorption spectra of the dark 
blue beryl are strongly polarized. When the beam was 
polarized parallel to the c-axis, the spectrum was 
dominated by a strong, wide band at about 850 nm. 
Relatively little absorption was recorded when the 
beam was polarized perpendicular to the c-axis. 
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= 1.572-1.590 and n, = 1.567-1.583), whereas the S.G. values 

of the two samples tested fell within the reported range for 

aquamarine, 2.66—2.80 (R. Webster, Gems, Butterworth- 
Heinemann, Oxford, England, 1994, p. 124). 

William R. Rohtert (william.rohtert@gte.net) 

Hermosa Beach, California 

Elizabeth P. Quinn 

GIA Gem Laboratory, Carlsbad 

Lee A. Groat 

University of British Columbia 

Vancouver, British Columbia, Canada 

George R. Rossman 

California Institute of Technology 

Pasadena, California 


Gem-quality corundum from Colombia: Localities and 
inclusions. Although Colombia is well-known for produc- 
ing fine emeralds, for years the country has also been a 
modest producer of ruby and sapphire (see, e.g., P. C. 
Keller et al., “Sapphire from the Mercaderes-Rio Mayo 
area, Cauca, Colombia,” Spring 1985 Gems # Gemology, 
pp. 20-25, and the Fall 2000 Gem News section, p. 268). 
The gem corundum has been mined from alluvial 
deposits on both sides of the Rio Mayo, which forms part 
of the border between the departments of Cauca and 
Narino. This contributor recently completed a detailed 
study of rubies and sapphires from four mining areas in 
Colombia, which included 41 polished stones and nearly 
2,800 pieces of rough obtained from several sources (see J. 
M. Duroc-Danner, “A study of Colombian corundum,” 
Diploéme d’Université de Gemmologie, University of 
Nantes, France, 2002, 217 pp.). Among these samples, 
some of which are shown in figure 15, were rubies (eight 
polished and one minute piece of rough) and sapphires of 
various colors (including multicolored and change-of- 
color stones). Following is a brief summary of these 


Figure 15. This 6.24 ct ruby cabochon, 2.58 ct oval 
multicolored sapphire (pale blue, gray, and pink), and 
2.19 ct marquise sapphire from Colombia formed part 
of the study samples. Photo by J.-M. Duroc-Danner. 
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Colombian localities and inclusions identified in the 
gem-quality corundum studied. 

All of the corundum deposits reported to date are locat- 
ed in southwestern Colombia, in four principal regions of 
three departments—Cauca, Narifio, and Caqueta (figure 16): 


1. Cauca—Near the village of Mercaderes (at Quebrada 
Senegetas, La Maria ranch, Rio Sangandinga), close to 
the village of Sombrerillo and hamlet of Sombrerillos 
(at Quebrada del Rubi and Quebrada Limoncito), and in 
the region of Arboledas village (at Quebrada Las 
Canadas, Quebrada Paloverde, Quebrada Honda, 
Quebrada Monserrate, Quebrada Monteoscuro, and 
Alto La Canada). 

2. Along the border of the Cauca and Narifo 
Departments—Together with garnet and amethyst in 
the Rio Mayo. 

3. Narifio—At San Pablo (about 20 km northwest of the 
Donia Juana volcano) and near Pasto (8 km east of the 
Galeras volcano). 

4. Caquetéa—From sands of the Rio Platoyaco, a tributary 
of the Rio Caqueta. 
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Figure 16. In southwest- 
ern Colombia, ruby and 
sapphire are mined from 
four principal regions 
within the Cauca, 
ye Narifio, and Caquetd 
ails Departments. Caquetd is 
located just east of the 
map area shown. After 
Keller et al. (1985). 


HUILA 


Although production figures are not available, most of 
the corundum appears to have come from Quebrada del 
Rubi, Quebrada Paloverde, Quebrada Honda, Quebrada 
Monserrate, and Quebrada Monteoscuro. Due to the polit- 
ical instability and guerrilla activities in the region, there 
are no organized mining activities. Rather, the material is 
collected by local people using artisanal methods. 

In both the rough and faceted corundum samples, vari- 
ous inclusions were observed with the microscope and 
identified using Raman spectroscopy. Zircon was common; 
it typically occurred as doubly terminated colorless crystals 
(figure 17), with or without tension fractures. Occasionally 
seen were dark, opaque zircon inclusions with associated 
tension cracks. Rutile formed black or dark brown to red 
doubly terminated crystals that sometimes showed twin- 
ning. Some stones contained small, densely woven nests 
composed of very short needles that were probably also 
rutile; these appeared similar to those found in corundum 
from Myanmar. Boehmite also was common, typically 
occurring as white needles lying at the junction of inter- 
secting twin planes; polysynthetic twinning was present in 
nearly all of the rough corundum examined. Boehmite also 
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which appear to represent those parts of 
the crystals that escaped alteration. The 
proportion of clear material is rather 
high in the crystals nearest the centers 
of the largest pegmatite bulges, and a 
very few laths are entirely unaltered. 
Gem crystals of this type are known to 
reach thicknesses of two inches and 
lengths of nearly a foot, but unfortu- 
nately are exceedingly rare. 

The mining of pegmatite gems in 
Southern California reached its peak dur- 
ing the decade 1902-1912, when material 
valued at more than $1,500,000 was mar- 
keted. Tourmaline, which represented 
most of the output, was graded on the 
basis of size, color, transparency, and 
freedom from bubbles, inclusions, and 
other imperfections. Nearly all the gem 
crystals are shaped like a short lead pen- 
cil, with diameters of most ranging from 
one-eighth inch to four inches or more. 
They are characteristically hexagonal, 
with flat or nearly flat terminations. A 
wide variety of colors has been found but 
red, pink, salmon, green, dark blue, and 
black are most widespread. Many crys- 
tals are bi-colored or multi-colored with 
sharp or gradual changes from one. end 
to the other or from the interior outward. 
Some crystals with pink interiors and 
green rims are known as “watermelon” 
tourmaline. 

Most transparent crystals of high 
quality were cut into gems, which com- 
manded prices of $2 to $10 per carat. 
Current prices are somewhat higher than 
this. Much pink material of slightly 
inferior grade was sold to Chinese mar- 
kets, where it was highly prized as carv- 
ing material. Thousands of crystals, 
representing a wide range of quality and 
size, also were marketed as specimens 
in all parts of the world. So much tour- 
maline was sold during the “golden 
decade” of mining, however, that the 
market collapsed shortly before World 
War I, and only during recent years has 


it shown signs of recovery. 

During World War II a little tourma- 
line of deep green and blue color was 
sold from the Pala district. This repre- 
sented material left over-from previous 
production, and was used.-because of its 
piezoelectric properties. The current de- 
mand for such material, as well as for 
gem stock of highest quality, far exceeds 
the present available domestic supply. 

The rough crystals of kunzite are blade 
—or lath-shaped, and nearly all are 
deeply striated and grooved. Most are 
small, with lengths of two inches or less, 
but some nearly a foot long and weighing 
24 ounces or more have been recovered 
during mining. The limiting factor for 
size of top-quality cut stones is the thick- 
ness of the source crystal, as the deepest 
colors are obtained only when the stones 
are viewed parallel to the long axis of 
the crystal. The mineral is a very diffi- 
cult one to prepare as a gem, owing to 
its two directions of perfect cleavage and 
hence its tendency to break near the edges 
during cutting. However, it yields stones 
of exceptional beauty. 

Current prices for facet-cut stones of 
this high quality range from $2 to more 
than $25 per carat, depending chiefly 
upon the nature and depth of their color. 
Kunzite is so rare that it also has con- 
siderable. value: as a- specimen “material. 
It has been. mined sporadically during 
recent years in the Pala district, and 
three mines are being reopened for sys- 
tematic operation at the present time. 


Colorless to blue topaz has been mined 
chiefly from deposits near Ramona and 
on Aguanga Mountain. It has found a 
ready market, commanding prices of $5 
to $15 per carat in the form of facet-cut 
stones. Much specimen material has been 
sold as well. j 

Quartz, garnet, and both aquamarine 
and pink to salmon-colored varieties of 
beryl represent only a small proportion 

(Continued on page 28) 
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Figure 17. Zircon inclusions were common in the 
Colombian corundum, and often formed doubly ter- 
minated, colorless crystals. Photomicrograph by J.-M. 
Duroc-Danner; magnified 40x. 


was seen as coarse needles intersecting in three directions, 
similar to those found in Thai rubies, and as fine white nee- 
dles in a scaffold-like arrangement, as observed in some 
East African corundum. Pinpoint inclusions (zircon, rutile, 
and apatite, among others) were present in many of the 
stones. Larger apatite inclusions were seen in some sam- 
ples, and plagioclase feldspar occurred in abundance in one 
specimen. 

In addition to mineral inclusions, partially healed frac- 
tures and internal stress fractures were occasionally 
observed, as were a few “fingerprints,” some of which 
were similar to those encountered in Sri Lankan sapphires. 
Pseudohexagonal growth zoning was visible as distinct 
cloud-like zones in a few samples (figure 18). Many of the 
stones were color zoned, particularly with pronounced 
areas of yellow color. 

Consistent with the gemological properties, the chemi- 
cal composition and spectroscopy (UV-Vis and FTIR) of the 
samples demonstrated that most of the corundum was of 
basaltic origin. However, a small number had characteris- 
tics that were consistent with a non-basaltic source. Since 
many of the characteristics shown by the Colombian 
corundum overlap those from other world localities, they 
could not be separated according to geographic origin. 

Jean-Marie Duroc-Danner (durocdanner@bluewin.ch) 

Gemgrading, Geneva, Switzerland 


Figure 19. Strong 
dichroism is evident in 
this emerald, which 
reportedly is from a new 
locality in Madagascar. 
Photomicrographs by 
John I. Koivula; magni- 
fied 12x. 
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Figure 18. Pseudohexagonal growth zoning is clearly 
visible in this 6.24 ct Colombian ruby. Photomicro- 
graph by J.-M. Duroc-Danner; magnified 12x. 


Emeralds from Madagascar with strong blue/green dichro- 
ism. M. Guillet, a mineral dealer from St. Nazaire, France, 
brought to this contributor’s attention a new production 
of emeralds from Madagascar (the exact locality was not 
disclosed to him). Most of the over 200 carat parcel was 
composed of small, commercial quality, fairly included 
polished stones up to about 2. ct. 

Gemological properties were obtained on five of the 
emeralds. The R.I. values were 1.585-1.592, specific gravi- 
ty (determined hydrostatically) was 2.75, and the stones 
displayed a uniaxial negative optic figure. All were inert to 
ultraviolet radiation, and showed no reaction to the 
Chelsea filter. Most remarkable was their very strong 
dichroism: from yellowish green to dark “aquamarine” 
blue (figure 19). The relatively high RL and S.G. values are 
reminiscent of emeralds from Zimbabwe and Zambia, 
whereas the strong blue/green dichroism was previously 
found only in Nigerian emeralds (see H. A. Hanni, 
“Considérations terminologiques au subjet des émeraudes 
du Nigéria de couleur bleu-vert,” Revue de Gemmologie, 
No. 113, 1992, pp. 2-4). 

Editor’s note: An emerald represented as originating in 
Goias State, Brazil, that shows a noticeably blue color 
component is reported in the Lab Notes section of this 
issue (p. 317). 


EF 
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Figure 20. At the Lily mine in Peru, blue opal is 
mined from underground workings, where it forms in 
association with calcite, chalcedony, quartz, and 
chalcotrichite. Carbide lamps are used for lighting 
the tunnels, as shown by mine owner Felix Rocha. 
Courtesy of Roxanne Kremer. 


Peruvian blue opal. Small quantities of attractive blue opal 
from the Andes Mountains of Peru have been seen in the 
gem trade for years (see Summer 1991 Gem News, pp. 
120-121, and Spring 1994 Lab Notes, pp. 43-44). Recently 
we were provided with a notable sample and updated 
information on mining and production of this opal from 
Roxanne Kremer of Collectors Co., Rosemead, California, 
who visited Peru in November 2003. Ms. Kremer reported 
that there are two principal sources of blue opal in Peru: 
the Acari and Lily mines. The Acari mine, located in the 
department of Arequipa, has been worked for two decades. 


Figure 21. This 17.58 ct blue opal reportedly is an 
example of the finest material produced from the Lily 
mine in Peru. Courtesy of Roxanne Kremer; photo by 
Maha Tannous. 
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The Lily mine, in the department of Ica, has produced blue 
opal for approximately 10 years. 

According to Ms. Kremer’s sources at the Lily mine, 
about 10 tonnes of opal are produced there every 2-3 
months, but only 1-2 kg are gem quality. The blue opal 
forms in association with calcite, chalcedony, quartz, and 
chalcotrichite (a variety of cuprite), and is mined from 
underground workings (figure 20) with small charges of 
dynamite. Although pieces of blue rough up to 100 kg 
have been recovered, only small areas have the purity and 
color that are appropriate for jewelry use. The low-grade 
material is carved in China and Hong Kong, while the 
gem-quality opal is polished locally in Peru. 

Ms. Kremer loaned an attractive 17.58 ct polished 
freeform opal (figure 21) from the Lily mine to GIA for 
examination. The following gemological properties were 
obtained by one of us (EPQ): color—slightly mottled, 
greenish blue; diaphaneity—semitransparent to translu- 
cent; R.I—1.45 by the spot method; $.G.—2.11; Chelsea 
filter reaction—none; luminescence—very weak bluish 
green fluorescence to long- and short-wave UV (with a 
slightly stronger reaction to the former) and no phospho- 
rescence. With the desk-model spectroscope, only a cutoff 
was observed at around 650 nm. Microscopic examina- 
tion revealed yellowish brown and wispy white clouds, 
small yellowish orange crystals, small dark metallic- 
appearing crystals (possibly hematite), and transparent 
near-colorless crystals (probably quartz). The properties of 
this sample were consistent with those reported in the 
Gems # Gemology entries listed above for similar blue 
opal from Peru. 

Elizabeth P. Quinn (equinn@gia.edu) 
GIA Gem Laboratory, Carlsbad 
oBML 


Some interesting pearls from the North American West 
Coast. Although they are not common on the retail mar- 
ket, occasionally in the GIA Gem Laboratory we see natu- 
ral and cultured pearls from North America, such as those 
from the Pteria sterna and Pinctada mazatlanica oysters 
in Mexico’s Gulf of California, as well as the natural and 
cultured freshwater pearls from the Unionidae mussels of 
Tennessee, Mississippi, Texas, Ohio, and other states. We 
also are fortunate to see natural abalone pearls from the 
coast of North America. These currently originate pre- 
dominantly from the green abalone (Haliotis fulgens) and 
the pink abalone (H. corrugata). Occasionally, pearls from 
the red abalone (H. rufescens) and the black abalone (H. 
cracherodii) are seen, but they are usually from older col- 
lections as these abalones have become more scarce and 
are no longer fished commercially. 

Jeremy Norris of Oasis Pearl in Albion, California, 
recently loaned GIA some of his rare-pearl inventory for 
examination. These included two pen shell pearls (one 
brown and one black) from the Pacific coast of Baja 
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Figure 22. These pen shell pearls (7.6 x 7.1 x 4.8 mm 
and 7.3 x 6.7 x 6.0 mm) originate from the Pacific coast 
of Baja California, Mexico. Photo by C. D. Mengason. 


California, Mexico, as well as two unusual abalone pearls 
and a nacreous pearl from a turban snail. 

The pen shell pearls (figure 22), which probably came 
from Atrina maura or Pinna rugosa, had an interesting 
nacre structure when viewed with magnification. Instead 
of the usual overlapping platelets with a stepped appear- 
ance, the nacre appeared as a network of tiny shallow elon- 
gated rectangular “webs.” The different appearance of the 
nacre in pen shell pearls from the Pinna species has been 
explained by the fact it is not constructed of concentric 
layers of nacre, but rather of numerous small prisms 
arranged around the center (see J. Taburiaux, Pearls: Their 
Origin, Treatment & Identification, 1985, Chilton Book 
Co., Radnor, Pennsylvania). Unfortunately, the structure 
was too subtle to show clearly on a photograph. 

Each of the abalone pearls was unusual in shape and 
appearance (figure 23). The nearly round shape of the 29.37 
ct freely formed pearl (18.4 x 17.7 x 17.4 mm) was notable, 
since abalones’ strong muscular bodies typically deform 
pearls into baroque shapes as they grow. To obtain a nearly 
round abalone pearl is quite rare. 


Figure 23. These abalone pearls (40.13 and 29.37 ct) 
were unusual in shape, appearance, and growth struc- 
ture. Photo by Maha Tannous. 


The 40.13 ct abalone pearl (23.5 x 19.9 x 18.0 mm) was 
very unusual in that part of it had extruded through to the 
outside of the abalone shell during growth. External shell 
material was deposited on this end, creating a series of red 
ridges. The ridges were non-nacreous, and a band of irregu- 
larly arranged structural patches formed at the junction 
between the ridges and the nacre. The red ridges imparted 
an intriguing appearance, calling to mind a sea anemone or 
other natural creature. X-radiographs of both abalone 
pearls revealed that the nearly round pearl was partially 
hollow, and the ridged pearl was nearly solid. 

One of the most interesting items provided by Mr. 
Norris was a 19.80 ct nacreous turban snail pearl (22.9 x 
16.1 x 10.9 mm; figure 24), which was presumed to be 
from the wavy turban, Astraea undosa. It was the first 
such pearl this contributor had examined closely. The 
pearl was off-white, with high luster and orient, and exhib- 
ited striking iridescent colors similar to those seen in 
some North American freshwater pearls. The structure 
displayed an undulating wave-like pattern. The nacre was 
very smooth, resembling that of abalone. In numerous 


Figure 24, This 19.80 ct nacreous pearl (shown here in two views) originated from a turban snail. Photos by 
Maha Tannous. 
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Figure 25. These two polished crystals of “platinum 
quartz” from Curvelo, Minas Gerais, Brazil, weigh 
222.26 and 94.73 ct. The inclusions are composed of 
rutile and brookite. Photo by Maha Tannous. 


areas on the pearl, the nacre was so smooth and glassy that 

it appeared to have a polished “wet” appearance; Mr. 

Norris said that this appearance and high luster was natu- 
ral for this turban snail pearl. 

Cheryl Wentzell (cwentzell@gia.edu) 

GIA Gem Laboratory, Carlsbad 


“Platinum quartz.” Over the past several years, we have 
seen examples of rough and polished rock crystal and pale 
smoky quartz crystals, as well as polished free-form pieces 


Figure 26. As identified by Raman analysis, slender 
needles of rutile are clearly visible extending from the 
underlying central crystal of brookite in this “plat- 
inum quartz” from Brazil. Photomicrograph by John 
I. Koivula; magnified 5x. 


334 GEM NEWS INTERNATIONAL 


of quartz, that contain inclusions of silvery reflective rutile 
needles. The rutile inclusions in these pieces, all from 
Brazil, grow from and are oriented on light brown elongat- 
ed blades of brookite, another titanium-oxide mineral. 

Shortly after this material entered the marketplace, 
one of the present contributors (JIK) obtained a few speci- 
mens (see, e.g., figure 25) for photomicrography and inclu- 
sion analysis from Luciana Barbosa, of the Gemological 
Center in Belo Horizonte, Minas Gerais, Brazil, and two 
lapidaries/jewelry designers—Falk Burger of Los Alamos, 
New Mexico, and Kevin Lane Smith of Tucson, Arizona. 
Although the inclusion study was completed, the results 
were never published. 

Then, at a recent jewelry trade show in New York, 
James Shigley, GIA director of Research (and Gems & 
Gemology and GNI contributing editor), spoke with a sup- 
plier of the material, Ricardo Viana of Belo Horizonte, 
Brazil. Mr. Viana was marketing the material as “platinum 
quartz.” He subsequently sent several specimens to Dr. 
Shigley, which were then provided to these contributors 
for gemological examination. Mr. Viana also informed us 
that the quartz reportedly is from Curvelo, in Minas 
Gerais. At about the same time, an additional sample of 
the material was provided by David Epstein of Precious 
Resources Ltda. in Te6filo Otoni, Brazil. 

The inclusions in both the older and newer samples 
looked virtually identical in morphology, having a feath- 
ery to insectile appearance, and Raman analysis proved 
that they were indeed the same materials (rutile and 
brookite). 

With magnification, the inclusions generally appeared as 
blades of light brown or tan brookite from which numerous 
slender silvery rutile crystals extended in more-or-less paral- 
lel arrangements. As shown in figure 26, in some samples 
the central blade of brookite was still apparent, while in oth- 
ers the rutile was so dense that the brookite nucleus could 
no longer be seen. More rarely, the brookite blades were 
clearly visible with only a sparse number of rutile fibers 
extending from them (figure 27). In these few samples, the 
precise orientation of the rutile on the brookite suggested 
that the rutile had grown epitaxially on the substrate. Since 
brookite is a lower-temperature form of titanium oxide 
(rutile is the higher-temperature variant}, the presence of the 
associated oriented rutile suggests that as the inclusions 
(which are protogenetic to the host quartz) developed, the 
temperature increased so that rutile was preferred. 

John I. Koivula and Maha Tannous 


Some rare faceted gem materials. This contributor recent- 
ly had the opportunity to examine specimens of three gem 
materials that are very rarely seen in faceted form: chlorar- 
gyrite, stolzite, and sulfoborite. 


Chlorargyrite. Faceted silver minerals are perhaps the 
rarest of all collector gems (see figure 28). By far the most 
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beautiful of them is deep red proustite, trigonal Ag,AsS,, 
which has been found as facetable crystals in Germany 
and the Czech Republic, among other locations. 
However, the best specimens are from Chanarcillo, Chile, 
and faceted stones from this locality have been seen in 
sizes up to 55.48 ct (Patricia Gray, pers. comm., 2003). 
Much less interesting is pyrargyrite, trigonal Ag,SbS,, 
which is usually red only in transmitted light; the best 
facetable crystals come from Colquechaca, Bolivia. Both 
proustite and pyrargyrite are light sensitive and should be 
kept in darkness. 

Chlorargyrite (cubic AgCl) is quite common in many 
silver deposits as small cubes or grains. This contributor 
recently examined seven faceted stones (see example in 
figure 28) up to 10 ct that were cut from a single 1-cm- 
thick vein of massive translucent chlorargyrite. The 7 x 5 
cm specimen came from Chanarcillo, and was probably 
found in the mid-19th century (R. B. Cook, “Famous min- 
eral localities: Chanarcillo, Chile,” Mineralogical Record, 
Vol. 10, No. 4, 1979, pp. 197-204). Cutting and polishing 
were very difficult because of chlorargyrite’s very low 
hardness of 2 on the Mohs scale. The material also proved 
to be highly corrosive: The wheel used to facet the stones 
became so badly corroded it was useless a few days after 
cutting. 

The faceted chlorargyrites were “creamy” yellow in 
color and had a waxy luster. According to the literature, 
the R.I. of chlorargyrite is 2.07 (R.V. Gaines et al., Dana’s 
New Mineralogy, John Wiley & Sons, New York, 1997, 
pp. 377-378). Specific gravity, measured hydrostatically, 
was 5.55. The stones examined showed anomalous inter- 
ference colors under crossed polarizers, had no reaction to 
UV radiation, and displayed no visible spectrum in a 
handheld spectroscope. Because chlorargyrite is light sen- 
sitive (becoming darker with exposure to light), the stones 
should be kept in darkness. 

Other silver-bearing minerals have been polished into 
gems, as well. Boleite, an Ag-Cu-Pb-chloride from Boleo, 
Mexico, may be faceted into small dark blue stones, and 
native silver embedded in calcite (e.g., from Canada and 
the Czech Republic) can be cut into cabochons. 


Stolzite. Another extremely rare gem is stolzite, PbWO, 
(figure 29). It is known only from a few localities; J. E. 
Arem mentions a few tiny bright orange faceted stones 
from Broken Hill, New South Wales, Australia (Color 
Encyclopedia of Gemstones, 1987, Van Nostrand 
Reinhold, New York, p. 181). It has also been grown syn- 
thetically for industrial applications at Turnov, Czech 
Republic (again, see figure 29). By far the best-known 
stolzite crystals were found between 1987 and 1991 in the 
Sainte Lucie mine in southern France (see S. Weiss, 
“Stolzit aus Sainte Lucie, Frankreich: Die gréssten und 
besten Kristalle der Welt,” Lapis, Vol. 27, No. 1, 2002, pp. 
17-20; see also figure 30). These yellow-to-orange tabular 
crystals measured up to 8 cm across. Many of them had a 
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Figure 27. The precise orientation of rutile needles 

from the brown blade of brookite is apparent in this 
unusual example of “platinum quartz” from Brazil. 
Photomicrograph by John I. Koivula; magnified 10x. 


semitransparent core that corresponded chemically to 
pure stolzite. The core was covered, sandwich-like, by 
almost opaque yellow layers of Mo-rich stolzite (i.e., con- 
taining a wulfenite component). 

According to Gaines et al. (1997, pp. 1000-1001), the 
Mohs hardness of stolzite is 2.5-3, and the refractive index 
is very high: 2.18-2.27. The three faceted stolzites from 


Figure 28. These faceted silver minerals are among 
the rarest of collector stones. Shown here, from left to 
right, are a 5.22 ct proustite from Germany, a 9.45 ct 
chlorargyrite from Chile, and a 2.17 ct pyrargyrite 
from Bolivia. Photo by J. Hyrsl. 
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Figure 29. The 3.84 ct faceted yellow stolzite shown 
here is from the Sainte Lucie mine in France; the 56.49 
ct near-colorless round brilliant is a synthetic stolzite 
grown in the Czech Republic. Photo by J. Hyrsl. 


France examined by this contributor (0.76-3.84 ct) had a 
specific gravity of 8.23-8.32 (measured hydrostatically). 
The stones exhibited yellow fluorescence to short-wave 
UV radiation, and were inert to long-wave UV. They also 
showed two thin lines in the yellow region of the spec- 
trum when viewed with a handheld spectroscope, and had 
a negative optic character. 


Sulfoborite. Many rare minerals, especially sulfates and 
borates, are found at the Inder borate deposit on the north 
shore of the Caspian Sea in western Kazakhstan (I. V. 
Pekov and D. V. Abramov, “Boron deposit of the Inder and 
its minerals,” World of Stones, Vol. 1, 1993, pp. 23-30). 
Small faceted examples of preobrazhenskite and kaliborite 
from Inder were described in the Summer 1995 Gem 
News section (pp. 129-130); the gérgeyite in that entry 
was most likely from Inder as well. 

Sulfoborite, Mg,B,(SO,)(OH),(OH,F),, has been found at 
Inder in several forms. The most beautiful are very rare 
prismatic water-clear crystals that are similar in shape to 
topaz and have been known to reach 5 cm long. This con- 
tributor obtained five faceted stones (0.10-1.27 ct) and sev- 
eral crystals of sulfoborite (see, e.g., figure 31). Their mea- 
sured refractive indices were 1.532—1.550, as compared to 
published values of 1.527-1.552 (Gaines et al., 1997, p. 
566). Specific gravity, measured hydrostatically, was 
2.44—-2.46. The stones were inert to UV radiation, and no 
absorption lines were observed with a handheld spectro- 
scope. The Mohs hardness was 4-4.5. 

In addition to gérgeyite, preobrazhenskite, kaliborite, 
and sulfoborite, many other rare minerals have been found 
at Inder, some of them in transparent crystals suitable for 
faceting, especially hydroboracite, pinnoite, inyoite, and 
inderborite. 

Jaroslav Hyrsl (hyrsl@kuryr.cz) 
Kolin, Czech Republic 
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Figure 30. This well-formed 2.5 cm stolzite crystal 
was found at the Sainte Lucie Mine, France. Photo 
by J. Hyrsl. 


Large scapolite from Tanzania. Gem-quality yellow scapo- 
lite has been known for years from the Mpwapwa area 
near Dodoma, Tanzania (see G. Graziani et al., 
“Observations on some scapolites of central Tanzania,” 
Journal of Gemmology, Vol. 18, No. 5, 1983, pp. 379-381). 
Recently, a scapolite from this locality produced a stone 
that was notable for both its size and color. At 147.62 ct, 
the exceptionally clean cushion cut was a deep “golden” 
orange (figure 32). According to David Atkinson (of Terra, 
in Sedona, Arizona), who brought the stone to this contrib- 
utor’s attention, the rough was probably mined in the 
early 1990s, at the same time abundant smaller sizes also 
were available. He indicated that most scapolite crystals 
from Mpwapwa form elongated prisms (usually less than 
2.5 cm in diameter). For maximum yield, stones usually 
are cut with their tables parallel to the c-axis, resulting in 
a “straw” yellow color. However, the scapolite shown in 
figure 32, was faceted from a 580 ct crystal cross section 
with a diameter of more than 6 cm. As a result, the cutter 


Figure 31. The Inder borate deposit in Kazakhstan is 
a source of many rare minerals, such as these sulfo- 
borites. The faceted stone in the center is 1.27 ct. 
Photo by J. Hyrsl. 
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Figure 32. This 147.62 ct scapolite from Tanzania, 
faceted by Maria Atkinson, shows an unusually 
attractive deep “golden” orange color that results 
from cutting the stone with the table perpendicular to 
the c-axis. Photo by Jeff Scovil, © Terra, 2003. 


could orient the stone to take advantage of the deeply col- 
ored c-axis direction. BML 


Update on tanzanite mining by AFGEM. Since the discov- 
ery of tanzanite in the Merelani Hills of Tanzania in 1967, 
recovery of this attractive violet-blue gem (figure 33) has 
been subject to erratic production and resulting price fluc- 
tuations, due largely to informal mining using primitive 
methods. Several mining accidents over the past few years 
have claimed the lives of numerous workers (see, e.g., 
Summer 1998 Gem News, p. 145). Fortunately, the recent 
introduction of modern mining methods in one portion of 
the deposit has helped stabilize production. Since 1999, 
African Gem Resources Ltd. (AFGEM) of Johannesburg, 
South Africa, has been solely developing Block C of the 
tanzanite claims. Block C is the largest of the three main 
blocks covering an area of 8 km?; Blocks B and D are divid- 
ed into 50 < 50 m plots and mined informally. Block A is 
roughly 2, km? and is mined by a Tanzanian individual. 

As at the other claim blocks, extraction of tanzanite at 
Block C has historically been similar to artisanal mining 
of colored gem minerals at other primary deposits, with 
local miners braving dangerous conditions to extract the 
gem material as quickly and cheaply as possible. With 
these techniques, mine shafts are typically narrow, steep, 
and poorly ventilated—and the use of explosives releases 
noxious fumes that have proved deadly to the miners. 

The new, mechanized operation at Block C is operated 
by AFGEM Tanzania, and is designed to maintain a high 
level of efficiency and safety. The miners work in large (2 
© 3 m) shafts with extensive roof bolting and timber sup- 
port, as well as meshed concrete where necessary. All of 
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the working faces are properly ventilated, and the miners 
are required to wear appropriate safety equipment. 
Although water is used during drilling to reduce dust, the 
use of underground channels, water collection pits, and 
large pumps minimizes the risk of flooding. Emergency 
equipment is provided in each shaft, and a well-equipped 
emergency clinic is available on site (although there have 
been no serious injuries to date). The miners are provided 
room and board in modern accommodations, with elec- 
tricity supplied by a connection to the national grid, and 
back-up generators are available in the event of a power 
failure. The mine was in a developmental phase until the 
first quarter of 2003 and therefore has only recently begun 
regular production of tanzanite. 

There are five active shafts on the property, known as 
JW, Main, Delta, CT, and Bravo. The most consistent pro- 
duction has come from the JW shaft, while the biggest 
finds have come from the Bravo shaft, where in July 2002 
exquisite collector-quality crystals were extracted (some as 
large as 600 to 800 grams). In the six months leading up to 
September 30, 2003, 12,311 tonnes of ore were extracted, 
which yielded 812,526 carats of gem-quality tanzanite. 
Thus, the ore grade during this period averaged 66 
carats/tonne of mixed-quality gem material (classified into 
A, B, and C grades, based on transparency, color before 
heating, and size). 

Underground blasting is strictly controlled. In tanzan- 
ite-rich zones, the larger visible crystals (known as “face 
pickings”) are removed by hand, and the remaining mate- 
rial is processed via dense media separation (DMS). Ore is 
removed from the shaft by both fixed-rail and monorope 


Figure 33. Tanzanite (here, 62.97 ct) has enjoyed strong 
demand in the gem trade, but has been subject to errat- 
ic production and resulting price fluctuations. Recent 
developments in the mining, recovery, and marketing 
of tanzanite from the Block C portion of the deposit are 
helping to stabilize the production of this material. 
Courtesy of H. Krupp; photo by Maha Tannous. 
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Figure 34, This customized processing plant has 
been converted by AFGEM from a former graphite 
plant to extract tanzanite. This photo, taken from 
the dense media separation area, shows a network 

of conveyor belts that eventually routes material to 
the sort house (far right), where it is hand-picked 
under stringent security measures. Photo by Reyno 
and Claire Scheepers. 


systems. In the latter, the ore is placed into 10 kg sacks 
that are hooked to a cable which runs the full length of the 
tunnel. This automated cable moves the material slowly 
and continuously to the surface. The ore is then stored in 
large bins and discharged directly onto dump trucks for 
transport to the DMS plant (figure 34), which is situated 4 
km from the mine at the source of the water supply 
(derived from an underground river). Once processed, the 
heavy fraction containing tanzanite is routed to a high- 
security sort house for hand picking. The tanzanite rough 
is either cut by in-house lapidaries or sold directly to large 
global customers (mostly cutters and dealers). The faceted 


tanzanite is heated on-site in a temperature-controlled 
kiln, whereas the rough is sold without being heat treated. 

AFGEM Tanzania operates a continuous in-house 
training program whereby the locals are taught gem cut- 
ting by skilled professionals. One of the lapidary facilities 
(employing five cutters) is located in the processing plant, 
directly opposite the sort house, and a larger facility (with 
15 full-time cutters) is situated at AFGEM’s headquarters 
in Johannesburg. 

Preventing stone theft remains a challenge. AFGEM 
Tanzania’s mine employs stringent security systems and 
procedures in all producing areas and at shaft entrances, as 
well as at the plant, sort-house, and lapidary facility. An X- 
ray body scanning system, which will be the first of its 
kind in Tanzania, has been specifically developed for the 
mine and will be operational by early 2004. 

The mine operates in compliance with an environmen- 
tal impact study done in 1999. AFGEM is in the process of 
a multi-year environmental rehabilitation project, repair- 
ing much of the preexisting damage to the local landscape. 
Most of the ditches, open pits, and small tunnels dug by 
informal diggers have been filled in and are being replanted 
with indigenous flora. 

AFGEM has created an ambitious grading and certifica- 
tion program for tanzanite. Each gemstone produced is 
evaluated using a proprietary grading system (according to 
cut, carat weight, color, and clarity) developed in conjunc- 
tion with Independent Colored Stone Laboratories 
(Johannesburg), and is sold with a certificate of origin and 
authenticity issued by the Tanzanite Foundation. 
Although this system is currently used exclusively by 
AFGEM, steps are being taken to include tanzanite from 
all producers in this program. 

Reyno and Claire Scheepers (rsc@sun.ac.za) 
Gemstone Research Centre 
University of Stellenbosch, South Africa 


Figure 35. Fiberglass 
imitation cat’s-eyes 
from China are avail- 
able in many colors. 
Photo by A. Cossard. 
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Figure 36. Some of the Chinese fiberglass cabochons 
provide a realistic imitation of cat’s-eye chrysoberyl. 
Photo by A. Cossard. 


SYNTHETICS AND SIMULANTS 


Chatoyant glass cabochons from China. Since at least the 
early 1990s, fiberglass imitation cat’s-eyes from China 
have been very common in the market. They are available 
in many colors (figure 35), some providing good imitations 
of cat’s-eye chrysoberyl (various shades of yellow-brown in 
particular; see, e.g., figure 36). Even tricolor pieces have 
been developed (red-white-green and green-red-blue). They 
can be fashioned as cabochons or beads, but they may have 
other forms as well (e.g., for personal seals). 

This contributor recently examined 30 of these 
Chinese imitation cat’s-eyes, in both oval cabochons (rang- 
ing from approximately 8 x 6 x 2. mm to 18 x 10 x 4 mm} 
and spherical beads (10 mm in diameter). The R.I. and S.G. 
(obtained by the hydrostatic method) values varied slightly 
according to color, as listed in table 1. These values are 
well within those commonly observed for glass gem imita- 
tions, which in this contributor’s experience range from 
about 1.46 to 1.70 in R.L, and from 2.3 to 4.2 in S.G. 

Microscopic observation revealed that this material was 
indeed composed of parallel glass fibers. The fibers were not 
always straight, but rather were often slightly bent. In some 
samples, fractures and black spots of an undetermined 
nature made these imitations look more like natural gems. 

The internal arrangement of fibers was easily visible 
with a Jeol 5800LV scanning electron microscope (SEM; 
see figure 37). Individual fibers were about 10 um across, 
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Figure 37. This scanning electron micrograph of a glass 
imitation cat’s-eye from China clearly shows the bun- 
dled grouping of internal fibers. Colored fibers show up 
in this image as darker gray. The field of view is 200 
um; each individual fiber is about 10 um across. 


with an approximately hexagonal cross section. An 
unidentified material, which looked black in the electron 
micrographs, appeared to cement the fibers together. The 
fibers were bunched in larger, roughly hexagonal units, 
about 120-150 um wide, that were divided by rather 
straight black outlines. In each bunch, a small number of 
fibers (about 5 out of 90-100) were distinctly darker, and it 
is likely that these provided the color to the overall mate- 
rial. In some of the samples examined, the grouping of 
fibers was much less orderly, and they showed a more nat- 
ural-looking cat’s eye. 

Qualitative microanalysis using the SEM’s Princeton 
Gamma Tech energy-dispersive IMIX-PTS detector 
revealed the chemical composition of the glasses used, 
which are typical of “crystal”-type glass, that is, silicate 
glasses with Pb and K. Also detected were small amounts 
of Na and Ba, and traces of Al. The fibers themselves had 
a similar composition. However, the colored fibers were 
systematically poorer in Pb and richer in K than the non- 
colored ones, and it is possible that they contained a col- 
oring agent as well (see below). The cementing material 


TABLE 1. R.!. and S.G. values of Chinese fiberglass 
imitation cat’s-eyes. 


Color Rl. S.G. 
Orangy red 1.52 2.65 
Blue-green 1.53 2.84 
“Cobalt” blue 1.56 2.99 
Light blue 1.56 3.14 
Violetish brown 1.57 3.12 
Gray 1.5% 3.14 
White 1.57 3.18 
Dark green 1.58 3.20 
Pink 1.58 3.20 
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was very poor in Pb and richer in Na, Al, and K than regu- 
lar fibers; all fibers had a more elevated but still modest 
amount of Ba. 

In some cases, microanalysis revealed transition 
metal(s) in the color-bearing fibers. Black was associated 
with traces of Mn; green with Cu, Cr, and/or Fe; yellow to 
orange to brown with Fe; and bright blue with Co. For 
other colors, such as pink and red, there was no additional 
transition element, but rather more lead and zinc, which 
are not classically associated with such colors. 

Raman spectroscopy, obtained on a Bruker RFS100 
Fourier transform spectrometer, demonstrated the amor- 
phous nature of the material. The spectrum consisted of 
essentially two broad bands at about 800 and 290 cm. 
The width of the bands (at almost 200 cmr!) is typical of 
amorphous materials such as glasses. This glass is appar- 
ently anhydrous, as no broad band was observed on the 
spectrum at about 3500 cm7!. 

The identification of these chatoyant glass cabochons 
is straightforward, by observing their appearance with the 
unaided eye (i.e., unnatural chatoyancy and unusual color 
in some cases) and the gemological microscope (the pres- 
ence of parallel glass fibers). EF 


New synthetic opal varieties. Kyocera Corp. of Kyoto, 
Japan, has been manufacturing synthetic opals since the 
early 1980s. They recently provided the GIA Gem 
Laboratory with examples of their new line of synthetic 
opals, which, in addition to black and white, includes 


Figure 38. These eight cabochons (2.41-2.68 ct) are 
examples of the new synthetic opals being produced 
by Kyocera. The company has been producing the 
black and white synthetic material since the 1980s, 
but it recently introduced semitransparent varieties, 
including “fire” and “jelly” synthetic opals. Courtesy 
of Kyocera Corp.; photo by Maha Tannous. 
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“fire” and “jelly” varieties that are significantly more trans- 
parent than most other non-impregnated synthetic opals. 

Eight oval double cabochons (two of each type; figure 
38) were provided, ranging from 2.41 to 2.68 ct. 
Gemological properties were collected on one sample of 
each variety, as follows: color—white, near-colorless, 
orange, and black, with all samples displaying play-of- 
color; diaphaneity—semitransparent (orange and near- 
colorless cabochons), semitransparent to translucent 
(white), or translucent to semitranslucent (black); optic 
character—singly refractive with weak to moderate 
anomalous double refraction; refractive index—spot read- 
ings of 1.46 to 1.47; hydrostatic specific gravity— 
2.22—2,.2.7; and no reaction to the Chelsea filter. The white 
and near-colorless cabochons fluoresced very weak to 
weak chalky blue (slightly stronger to short-wave UV), the 
orange cabochon luminesced very weak red (also slightly 
stronger to short-wave UV), and the black cabochon was 
inert to both long- and short-wave UV; none of the sam- 
ples exhibited phosphorescence. When viewed with a 
desk-model spectroscope, all samples had a band at 550 
nm and a line at 580 nm. Three of the four exhibited a 
band at 500 nm, whereas the orange cabochon showed 
only general absorption to 500 nm. In addition, lines at 
600 and 620 nm were noted for the near-colorless and 
black cabochons, respectively. With the microscope, all 
samples showed the “chicken-wire” or “snake-skin” pat- 
tern and columnar structure that are typical of most syn- 
thetic opals. 

According to Kyocera, these samples were not polymer 
impregnated, and this was supported by FTIR spec- 
troscopy. None of the polymer-related absorption features 
documented in some other synthetic opals produced by 
Kyocera (as described in the Summer 1995 Gem News, pp. 
137-138) were found in any of the four samples. The 
absence of polymers was further supported by the higher 
S.G. values measured for these samples (2.22—2.27), as 
compared to those recorded for the earlier polymer- 
impregnated material (1.88—1.91). 

Overall, the gemological properties of these synthetic 
opals were very close to those expected for natural opal. 
However, the identification of the material is not difficult 
due to the presence of distinctive growth features typical 
of many laboratory-grown opals. 

Elizabeth P. Quinn 


Plastic imitations of a walrus tusk and a sperm whale 
tooth. Recently, the SSEF Swiss Gemmological Institute 
received for testing two specimens that appeared to be 
some sort of teeth. The larger one (about 40 cm and 665 
grams) strongly resembled a walrus tusk, while the small- 
er one (about 16 cm and 390 grams) looked like a sperm 
whale tooth (figure 39), complete with aging striations and 
accumulated dirt. Both items were carved with motifs of 
historical sailing vessels and whaling, with the inscrip- 
tions “Ship Sachen 1856-59” on the larger item and “The 
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Formation of bemstones 


by CORNELIUS S. HURLBUT, JR., Ph.D. 


A talk given at A. G. S. Conclave in Washington, D.C. 


HE subject, “The Formation of 

Gemstones,” is a large one, almost 
as large as “The Formation of Minerals,” 
for if we were to group the minerals 
according to the manner in which they 
were formed we would find some gem 
minerals in each group. In this respect 
gems are like gold, they are where you 
find them. There are certain places, how- 
ever, where there.is a concentration of 
gems and if one were to prospect for 
them he could be guided by the geology 
to search in certain places. 


GEMS IN IGNEOUS ROCKS 

Much’ of the rock that makes up the 
crust of the earth is known as igneous 
rock; that is, it has crystallized from a 
hot molten magma, and the minerals that 
make it up are the common ones such as 
quartz, feldspar, and mica. In some of 
these rocks, however, other minerals have 
formed in perfect enough crystals to be 
of gem quality. They, like feldspar and 
mica, aré:. considered as rock-forming 


Igneous Rock—slowly cooling 
—-showing the granular aggre- 
gate structure. 


minerals. For example, the diamond in 
the diamond pipes of Africa is scattered 
uniformly through the rock and in this 
case must be considered a rock-forming 
mineral, although the percentage of 
diamond is small, about one volume of 
diamond to forty million volumes of rock. 
In other places, zircon and garnet have 
crystallized from a molten magma in 
large enough and clear enough crystals 
to be used as gems. One of the most 
interesting examples of a gem being 
found as a rock-forming mineral is sap- 
phire at Yogo Gulch, Montana.. Here 
sapphires are uniformly scattered through 
a dike of igneous rock. The material 
from which this rock crystallized was 
forced into a crack in the earth’s crust 
several miles long, from 10 to 20 feet 
wide and of undetermined depth. Sap- 
phires have been extracted from the rock 
all along the surface and at one place 
mining had extended to a depth of 200 
feet when operations were abandoned 
in 1929, 

One of the most interesting types of 
igneous rock is found in pegmatite dikes. 
These. dikes and the gem minerals as- 
sociated with them are considered later. 


GEMS IN METAMORPHIC ROCKS 

When a rock is once formed, it does 
not always remain in its initial condition 
but changes take place due to deep burial 
within the earth’s crust and to the high 
temperatures that obtain there. Such 
changes give rise to metamorphic rocks. 
In these rocks the percentages of the 
various chemical elements are not greatly 
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bark Veronica” and “all in a days work” on the smaller 
item. They were reportedly part of a collection of several 
similar looking items, including elephant ivory. 

By comparing the specimens with an authentic sperm 
whale tooth (figure 40), doubts about their identity imme- 
diately arose. The “pulp cavities” at the ends of both 
specimens showed no roots where they would have 
attached to the jawbone of a walrus or a sperm whale. 
Patterns such as cross-hatches, concentric lines, and dots, 
all of which are typical for ivory or teeth (see M. 
Campbell-Pedersen, Gem and Ornamental Materials of 
Organic Origin, Butterworth-Heinemann, Oxford, UK, 
2003), also were not present. Even more suspicious, a bro- 
ken fragment of the “walrus tusk” showed a perfect con- 
choidal fracture, which was interrupted by a layer of 
crushed material and several air bubbles (figure 41). 
Conchoidal fractures are typical for some homogeneous 
and amorphous substances like plastic, but not for organ- 
ic substances, which show structured fracture planes with 
internal patterns. 

Gemological testing quickly confirmed that both 
objects were plastic. Contact with a hot point produced a 
distinct acrid plastic smell. Testing with a hydrostatic bal- 
ance revealed a specific gravity of 1.26, which is distinctly 
lower than the S.G. of walrus tusks and sperm whale teeth 
(typically 1.85). 

The plastic imitations were further analyzed chemical- 
ly (EDXRF), structurally (FTIR and Raman spectroscopy), 
and microscopically (SEM), and the results were compared 
with those of sperm whale teeth, ivory, and plastics. The 
main constituents of plastic (carbon, oxygen, and hydrogen) 
cannot be analyzed by EDXRF; however, these analyses did 
reveal information about the coloring agent of the plastic in 
both samples. With titanium dominant over other transi- 
tion metals (Mn, Fe, Co) as well as Si, K, Ca, S, Cl, the 


Figure 40. Comparison with an authentic sperm 
whale tooth (left) raised doubts about the identity of 
the carved plastic imitation (right). Photo by H. A. 
Hanni, © SSEF. 
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Figure 39. These specimens, resembling a walrus tusk 
(top, ~40 cm long) and a sperm whale tooth (bottom, 
~16 cm long) proved to be plastic imitations. Photo 
by M. S. Krzemnicki, © SSEF. 


agent is probably titanium-white, a well-known dye. 

In the authentic sperm whale tooth, Ca, P, and some 
Fe were found, which are the main constituents of teeth. 
Ca also was detected in the “walrus tusk” imitation, 
apparently due to the layer of crushed material mentioned 
above, which proved to be calcite (see below). This con- 
tributor suspects that the crushed calcite was added to the 
plastic to produce a density and a chemical signal some- 
how similar to those of natural teeth. 

FTIR analyses (by Marco Nagelin, von Roll Isola, 
Switzerland) on the laboratory-created items were distinct- 
ly different from those of the sperm whale tooth, showing 
a typical polyester (unsaturated isophthalate) fingerprint 
with peaks at 3061, 3027, 2925, and 2853 cm7!. Raman 


Figure 41. A broken fragment of the plastic “walrus 
tusk” showed conchoidal fractures, air bubbles, and 
a layer of crushed calcite crystals, proving its manu- 
factured nature. Photo by H. A. Hanni, © SSEF. 
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plastic 


500 um 


spectroscopy (using an argon laser at 514 nm) was carried 
out on the layer of crushed material within the plastic 
items. These revealed peaks at 1097, 300, and 174 cm", 
typical for carbonates (calcite to magnesite series). 
Together with the presence of Ca detected by EDXRF, this 
crushed material was identified as calcite. FTIR measure- 
ments on the plastic confirmed the presence of water 
molecules (peaks at 5284, 5250, 3471, and 3225 cm”?). 

SEM micrographs were taken to compare the surface 
structures of the plastic items with those of teeth. Figure 
42, shows the fracture surfaces of the plastic “walrus tusk” 
(left) and ivory (center). The plastic imitations showed con- 
choidal fracture planes with step-like patterns, but no inter- 
nal structures. In contrast, ivory (and sperm whale tooth) 
has a rather irregular splintery fracture. As seen under high- 
er magnification (figure 42, right), the microstructure of 
ivory consists of a regular pattern of hollow channels. 
Similar structures are found in other types of teeth. 

By careful observation and testing using standard 
gemological methods, the experienced gemologist will eas- 
ily identify these plastic imitations, although their visual 
appearance can be quite convincing. 

Michael S. Krzemnicki (gemlab@ssef.ch) 
SSEF Swiss Gemmological Institute 
Basel, Switzerland 


CONFERENCE REPORTS 


Antwerp Diamond Conference. The second annual 
Antwerp Diamond Conference was held November 3-4, 
2003. The primary theme was marketing and branding of 
diamonds; however, many speakers also addressed the 
broader problems of industry finance and distribution. 
They agreed that the diamond industry is in the process of 
unprecedented change, which will forever alter the ways it 
does business and inevitably cause a spate of mergers and 
consolidations. 

Maurice Tempelsman, chairman of Lazare Kaplan 
International, New York, told the audience of some 500 
that the changes instigated since the De Beers Diamond 
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Figure 42. SEM micro- 
graphs demonstrate the 
obvious differences 
between the conchoidal 
fracture of the plastic 
“walrus tusk” (left) and 
the irregular splintery 
fracture (middle) and 
porous microstructure 
(right) in ivory (ele- 
phant tusk). Magnified 
50x (left and center), 
250x (right); © SEM lab- 
oratory, University of 
Basel, Switzerland. 


Trading Company (DTC) abandoned its traditional custo- 
dianship of the market have increased risk throughout the 
diamond pipeline. Yet, the ability of the industry to deal 
with such risks has “not yet been tested.” The DTC, he 
said, essentially sold off its well-capitalized, non-debt- 
financed diamond stockpile to its clients, many of whom 
financed their purchases by increasing debt as they piled 
up inventory. These firms have compounded their prob- 
lems by making “imprudent” deals with retailers that 
include very long payment terms and memo purchases. 
Retail margins for diamond jewelry have been shrinking, 
he added, leading to decreased profitability. 

Peter Gross, vice president of the International 
Diamond & Jewelry Group of ABN AMRO Bank, Antwerp, 
said that the industry is in an unhealthy situation, with 
rough diamond prices rising due to manufacturers’ desire to 
keep their operations going, while at the same time pol- 
ished diamond inventories—and the debts that finance 
them—have also been increasing. He explained that the 
industry suffers from an excess manufacturing capacity 
that will eventually cause some cutting operations to shut 
down or merge with other companies. “The quality of 
industry bank debt has declined in the past year,” he said. 
“Companies must now focus more on driving sales instead 
of getting supplies.” 

Gareth Penny, DTC sales and marketing manager in 
London, emphasized that effective marketing and brand- 
ing of diamond jewelry is the best way to break out of the 
discount trap that is sapping margins. In presenting the 
principles of branding, he showed examples of diamond 
jewelry advertisements featuring cluttered arrays of pieces 
with discount prices splashed throughout. He contrasted 
that with a Gucci advertisement showing a stylish woman 
enjoying a new handbag. “Who in the world discounts 
Gucci?” he asked, adding that even some U.S. mass mer- 
chandisers are starting to get the message that diamond 
jewelry should be advertised like a luxury product. 

Paul Goris, vice president of Antwerp Diamond Bank, 
stressed that marketing programs require “big money,” so 
only the largest, best-capitalized firms will be able to fund 
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their own branding initiatives. He expressed concern that 
other companies, even fairly large DTC sightholders, will 
draw funds from their business operations that would nor- 
mally go to maintaining inventories and use them for mar- 
keting activities that may not have a swift return. He also 
stressed that marketing and branding initiatives must be 
based on solidly researched customer need and be profes- 
sionally executed. 

Pierre Gurdjian, a specialist for the business consulting 
firm McKinsey & Co., Antwerp, told the audience that 
major consolidations are inevitable in the diamond indus- 
try, because many firms will not be able to sustain the 
high costs of marketing and branding activities without 
taking on partners or merging with larger players. He 
noted that of the more than 100 new diamond cuts intro- 
duced in the past few years, only about five are truly dis- 
tinctive with any consumer recognition. Branded diamond 
jewelry lines have even less consumer recognition, and 
thus for the most part their advertising campaigns “are not 
a sustainable platform for sales growth.” At the same 
time, he noted that mass retailers are “trampling” their 
diamond suppliers, forcing diamond manufacturers to give 
very favorable terms while luxury companies are faced 
with declining margins. The skills to carry out effective 
branding strategies are currently lacking in the diamond 
industry, Mr. Gurdjian said, so diamond manufacturers 
must look to other fashion and retail industries to make 
them work 

Danny Horowitz, president of IDH, an Antwerp-based 
rough diamond dealer, questioned whether diamonds could 
ever be properly branded since they are inherently a generic 
product. He noted that even in Japan, where consumers are 
the most brand-conscious, there is “branding fatigue.” The 
branding initiatives, he added, have thus far failed to allevi- 
ate the current inventory overhang in the market. Instead, 
they have brought increases in industry debt that are caus- 
ing liquidity problems throughout the pipeline. 

Maxim Shkadov, first deputy director general of 
Krystall Smolensk, a diamond cutting operation in 
Smolensk, Russia, told the audience that his firm plans to 
promote Russia’s tradition of well-cut diamonds as a 
brand, adding that its 2003 sales of polished were running 
3.3% ahead of 2002’s total of $250 million. He added that 
the domestic Russian diamond market grew 49% in the 
past two years, thanks in part to the country’s newly 
wealthy, who respond strongly to the company’s advertis- 
ing slogan, “Measure your success in carats.” 

Other producers, represented by Nigel Jones (general 
manager of marketing, Rio Tinto’s Diamond Product 
Group), Graham Nicholls (manager of branding operations, 
BHP Billiton Diamonds Inc.), and Stephen Lussier (execu- 
tive director of marketing, DTC), presented their own dia- 
mond branding strategies. Mr. Jones, whose company owns 
majority shares in Australia’s Argyle mine and Canada’s 
Diavik mine, says its brand will provide assurances to con- 
sumers that its operations adhere to First World standards 
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and include high business ethics. Mr. Nicholls noted that 
BHP’s CanadaMark emphasizes the Canadian origin of dia- 
monds from its Ekati mine. Mr. Lussier stressed that the 
diamond branding revolution “is irreversible” and essential 
to increasing diamond jewelry sales. 

Hidetaka Kato, chairman of Kashikey Co. Ltd., Tokyo, 
described his company’s current campaign to brand a line 
of brown diamond jewelry. Aimed at the casual-wear mar- 
ket for women’s self-purchase, the program carries the tag 
line “free and easy” and promotes a product line that did 
not exist before in Japan. 

Nadja Swarovski, vice president of international com- 
munications with D. Swarovski & Co., Wattens, Austria, 
outlined her company’s strategy for introducing a brand of 
luxury crystal aimed at the fashion accessories market, and 
Isabelle Guichet of Van Cleef & Arpels, Paris, told how this 
well-established high-market jewelry house was pursuing 
younger buyers while keeping its signature identity. 

Bernie Sensale, senior vice president of marketing 
with Zale Corp., Irving, Texas, said that all marketing 
decisions must be based on understanding consumers’ 
decisions. He predicted that the bridal market will grow 
an estimated 14% over the next three years and stressed 
that 78% of all first-time brides in the U.S. receive a dia- 
mond engagement ring. 

Former U.S. president Bill Clinton, in his keynote 
address, praised the diamond industry for its initiatives in 
ending the trade in conflict stones through the Kimberley 
Process. “The industry has put aside traditional differ- 
ences for its common interests, and is working to end 
problems such as AIDS in Africa and conflict diamonds.” 
He added that it is well worth the money spent to combat 
these problems, because they ultimately bring a more sta- 
ble, peaceful world based on shared values, benefits and 
interests. 

Russell Shor (russell.shor@gia.edu) 
GIA Senior Industry Analyst 


Rapaport International Diamond Conference. On October 
20, 2003, the first Rapaport International Diamond 
Conference was held in New York City, with a standing- 
room-only crowd of more than 250. The conference was 
dominated by two controversial issues: a growing shortage 
of rough diamonds and the entry of synthetic diamonds 
into the consumer market. 

Moshe Leviev, managing director of LLD, Ramat Gan, 
Israel, indicated that shortages of rough diamonds over 20 
points, especially high-quality goods, will be a dominant 
factor for the next decade. He added that there will be no 
major new diamond mines coming on line for five to eight 
years at minimum, so shortages will get worse as demand 
rises. Mr. Leviev stressed that the De Beers DTC’s 
Supplier of Choice initiative, which requires sightholders 
to fund costly marketing and advertising campaigns to 
increase diamond jewelry sales, will take their toll on dia- 
mond manufacturers. “The market cannot support 130 
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different diamond brands, so we are likely to see many 
companies bankrupted by high costs.” 

Dilip Mehta, chairman of Rosy Blue, Antwerp, noted 
that the industry is entering an era of fundamental 
change, from an excess of supply over demand, to the 
reverse. “We've seen how rising demand helped De Beers 
liquidate nearly all its buffer stocks of diamonds, and 
assuming that demand keeps rising, production will not 
be able to keep up.” Mr. Mehta warned that prices for dia- 
monds will rise significantly in coming years, beyond the 
point where retailers and suppliers will be able to absorb 
them. S. Lynn Diamond, executive director of the 
Diamond Promotion Service, New York, said that the 
DTC has set a growth target of 50% in worldwide dia- 
mond jewelry sales—$84 billion—by the decade’s end. 
Ken Gassman, director of research, Rapaport Group, New 
York, added that it is apparent that most of this growth 
will come from price increases, not rising unit sales, 
because of supply shortages. 

Elliott Tannenbaum, manager of Schachter-Namdar, 
Israel, said that the shortages in quality rough diamonds 
will ultimately lead to a major reorganization of the indus- 
try, with major retailers and diamond suppliers vertically 
integrating. “By 2010, we will see suppliers taking major 
stakes in retail jewelers. By 2028, we will see a situation 
like the oil companies, where a few major players have 
operations integrated from mining to retail. Retailers not 
attached to major suppliers may have difficulty finding 
supplies.” Martin Rapaport, publisher of Rapaport 
Diamond Report, New York, stressed that future retail 
competition will be geared more to marketing and brand- 
ing initiatives, than to price. “In short, strategy will be 
more important than skill.” 

However, Peter Gross, vice president of the Inter- 
national Diamond & Jewelry Group of ABN AMRO 
Bank, Antwerp, said that the future is less worrisome 
than the current industry debt and inventory situation. 
He maintained that an excess manufacturing supply is 
causing the current climb in rough prices, even as large 
quantities of polished are still sitting in dealers’ safes. 
“The rising cost of rough and lengthening credit terms 
of U.S. retailers have contributed to a very sharp rise in 
industry debt during the past year.” Further, he indicat- 
ed that increases in the cost of rough and in the invento- 
ry of polished stock are squeezing profitability from the 
industry. He asserted that diamond manufacturers must 
rein in the ever-lengthening credit terms demanded by 
retailers. 

Synthetic diamonds from Gemesis Corp. of Sarasota, 
Florida (figure 43), and Apollo Diamond Inc., Boston, 
Massachusetts, were the other main subject of discussion. 
Ed Bridge, president of Ben Bridge Jeweler, Seattle, said 
that increasing numbers of synthetics and treated gems in 
the market are a challenge to retailers, adding that disclo- 
sure of such goods is necessary to maintain consumer 
confidence. Carter Clarke (chairman, Gemesis) and 
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Figure 43. Synthetic diamonds are being set into fine- 
quality jewelry, as shown by this tennis bracelet set 
with colorless natural and yellow Gemesis created 
diamonds, set in 18K gold. The bracelet contains 
10.62 carats of created diamonds and 3.99 carats of 
natural diamonds. Courtesy of Gemesis Corp. 


Bryant Linares (president, Apollo) both promised “full dis- 
closure down the line” for all their products, including 
laser inscriptions identifying them as lab-created dia- 
monds. Both also stressed that their products are designed 
to fill a consumer desire for high-quality diamonds at 
affordable prices. Mr. Clarke said his products will be 
priced similarly to G-color, VS-clarity diamonds of com- 
parable weight; Mr. Linares said that Apollo had not yet 
determined prices for their products. However, Terry 
Burman, CEO of Signet Group, London, believed that the 
prices consumers will pay for synthetic goods cuts off far 
below manufacturer expectations. “We've found little 
consumer interest above $500.” 

William E. Boyajian, president of GIA, stressed that 
there is a legitimate place in the industry for synthetic and 
treated gems, provided they are disclosed. However, he 
added, there are rogue treaters who refuse to disclose treat- 
ments. The consequences of non-disclosure can be major, 
he noted, citing the damage to the emerald market caused 
by new filling practices, the collapse in prices for berylli- 
um-diffused corundum, and the “volatile” reaction of the 
trade to HPHT-treated diamonds. 

Russell Shor 
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ANNOUNCEMENTS 


2004 AGTA Cutting Edge Award winners. The winners of 
the 2004 American Gem Trade Association Spectrum and 
Cutting Edge Awards were announced November 17 in 
New York City. The competition was held October 
31-November 2, 2003, and a total of 564 submissions in 
all categories were considered. 

The winners of the Cutting Edge Awards were, by divi- 
sion: Classic Gemstone: Allen Kleiman, A. Kleiman & 
Co., Boulder, CO; All Other Faceted Gemstones: Ben Kho, 
Kho International Ltd., Decatur, GA; Phenomenal 
Gemstones: Jeffrey Bilgore, Jeffrey Bilgore LLC, New York; 
Faceting: John Dyer, Precious Gemstones Co., Eau Claire, 
WI, Carving: Dalan Hargrave, Gemstarz, Spring Branch, 
TX; Combination: Andrew Gulij, Gemfix, Big Bear City, 
CA; Pairs and Suites: Matt Casteen, Raleigh, NC; Objects 
of Art: Ralph Wobito, Wobito Gems Ltd., Stouffville, 
Ontario, Canada. 

Winning entries will be displayed during the 2004 
AGTA GemFair Tucson, February 4-9, 2004. 


Professional Jeweler’s Stone of the Year. Starting in 2004, 
Professional Jeweler will select a Stone of the Year to be 
featured in the magazine’s January issue. The stone will be 
chosen according to its contemporary importance in the 
gem trade and will be covered in a feature article with 
abundant photos showing its diversity of appearance, a 
pricing guide, and a fashion section. The initiative is 
designed to create excitement about colored stones. The 
2004 Stone of the Year is sapphire (figure 44). 


Afghanistan/Pakistan gem tour. In August-September 2004, 
Gary Bowersox of GeoVision Inc., Honolulu, Hawaii, will 
lead a three-week tour to colored gem deposits and market- 
places in Pakistan and Afghanistan. Visit www.gems- 
afghan.com/guidedtours.htm. 


Conferences 

PDAC 2004. The Prospectors and Developers Association 
of Canada convention will take place March 7-10 in 
Toronto. Diamonds will be featured in a session called 
“Diamonds: Rooting Around for Carats,” and also in pre- 
sentations on geophysics and legal issues. The guest pro- 
gram will include a jewelry-making workshop. Visit 
www.pdac.ca/pdac/conv. 


ICNDST-9 in Tokyo. The 9th International Conference of 
New Diamond Science and Technology will be held at 
Waseda University in Tokyo, Japan, March 26-29, 2004. 
Among the topics covered will be growth of diamond and 
diamond-like materials, as well as diamond processing and 
characterization. Visit www2.convention.co.jp/ICNDST-9. 


BASELWORLD 2004. The BASELWORLD show will be 
held April 15-22 in Basel, Switzerland. GIA will host 
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Figure 44. Professional Jeweler’s Stone of the Year for 
2004 is sapphire. This assortment, ranging from 
approximately 3 to 8.59 ct, illustrates the diversity of 
color shown by natural-color sapphires from various 
sources. Courtesy of James Alger Co. Inc.; photo by 
Robert Weldon/Professional Jeweler. 


GemFest Basel on April 17, 4-6 pm at the Basel 
Convention Center, Hall Montreal. The program will 
include an update from the GIA Gem Laboratory, as well 
as an “Update on GIA’s Diamond Cut Research.” The 
event will conclude with a panel discussion, and be fol- 
lowed by a reception. During the show, Gems & 
Gemology editor-in-chief Alice Keller will be available at 
the GIA Booth in Hall 2, Stand W23. Visit 
www.baselshow.com. 


GAC-MAC joint annual meeting. On May 12-14, 2004, in 
St. Catherines, Ontario, Canada, the Geological Association 
of Canada and the Mineralogical Association of Canada will 
co-host a conference that will include special sessions titled 
“Kimberlites and Diamonds: New Discoveries and New 
Developments” and “Rare Element Geochemistry and Ore 
Deposits.” The latter session will include a short course and 
field trip to visit granitic pegmatites in Ontario, Canada. 
Visit www.stcatharines2004.ca. 


GAA conference. The 58th Annual Federal Conference 
and Seminar of the Gemmological Association of 
Australia will take place May 13-16, 2004, in Perth, 
Australia. Visit www.gem.org.au. 


Santa Fe Symposium. On May 23-26, 2004, in 
Albuquerque, New Mexico, this symposium will offer 
technical information on jewelry manufacturing proce- 
dures. Visit www.santafesymposium.org. 
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20th Colloquium of African Geology. Gemstones and 
small-scale mining will be among the topics covered in a 
seminar on “Earth Resources and Sustainable Develop- 
ment of Africa” at this conference in Orléans, France, June 
2-7, 2004. Visit http://cag20.brgm.fr. 


GEORAMAN 2004. This conference will take place June 
6-11, at the University of Hawaii Manoa Campus in 
Honolulu. Applications of Raman spectroscopy to the iden- 
tification of gem materials and minerals in ancient arts and 
archaeology will be among the wide range of topics cov- 
ered. Visit www.soest.hawaii.edu/GEORAMAN2004. 


Geoscience Africa 2004. Hosted by the University of the 
Witwatersrand in Johannesburg, South Africa, July 12-16, 
this conference will feature a symposium titled 
“Kimberlites, Diamonds and Mantle Petrology.” Field 
trips to the Cullinan diamond mine and alluvial diamond 
deposits along the Orange River will be offered. Visit 
www.wits.ac.za/geoscienceafrica. 


International Geological Congress. The 32nd Session of 
the International Geological Congress will be held August 
20-28, 2004, in Florence, Italy. Symposia are planned that 
will cover gem materials, inclusions in minerals, and min- 
eral spectroscopy. Visit www.32igc.org/default1.htm. 


Gems of Pacific continental margins. The International 
Association on the Genesis of Ore Deposits will host a 
symposium titled “Gem Deposits Associated with the 
Pacific Continental Margins” at the Interim IAGOD 
Conference on Metallogeny of the Pacific Northwest: 
Tectonics, Magmatism & Metallogeny of Active 
Continental Margins. The conference will take place 
September 11-19, 2004, in Vladivostok, Russia. Visit 
www fegi.ru/IAGOD. 


Diamond 2004. A review of the latest scientific and tech- 
nological aspects of natural and synthetic diamond (as well 
as related materials) will take place at the 15th European 


Conference on Diamond, Diamond-Like Materials, 
Carbon Nanotubes, Nitrides & Silicon Carbide, September 
12-17, in Riva del Garda, Italy. Visit www.diamond-con- 
ference.com. 


ICAM 2004 in Brazil. The 2004 International Congress on 
Applied Mineralogy will be held in Aguas de Lindoa, Brazil, 
September 19-22, and will include a special session on gem 
materials. Pre- and post-conference field trips will tour col- 
ored gemstone and diamond deposits in the Ouro Preto and 
Diamantina areas, as well as agate and amethyst mines in 
Rio Grande do Sul State. Visit www.icam2004.org. 


Exhibits 


Turquoise at the San Diego Museum of Man. “The 
Turquoise Path/El Camino Turquesa: The Story of 
Turquoise in the Native American Southwest” will be on 
display at the Museum of Man in San Diego, California, 
through April 2004. The exhibit examines turquoise jewel- 
ry-making techniques and showcases the unique histori- 
cal, social, cultural, and economic significance of this gem 
material. Visit www.museumofman.org. 


Jade at The Field Museum. The newly renovated “Hall of 
Jade” will return to permanent exhibition at The Field 
Museum in Chicago beginning March 12, 2004. Featuring 
a collection of nearly 500 jade artifacts, the display 
explores the gem as a cultural symbol of prosperity, power, 
and virtue in China for more than 8,000 years. Visit 
www fieldmuseum.org. 


ERRATUM 


The list of 2003 G@G Challenge Winners in the Fall 2003 
issue (p. 251) contained two errors. Veronika Riedel’s 
name was misspelled, and Arthur Spellissy, of South 
Freeport, Maine, was mistakenly placed in the list of win- 
ners for Maryland. Gems # Gemology apologizes for the 
errors. 


2003 MANUSCRIPT REVIEWERS 


GEMS & GEMOLOGY requires that all articles undergo a peer review process in which each manuscript is evaluated by at least three experts 
in the field. This process is vital to the accuracy and readability of the published article, but it is also time consuming for the reviewer. 
Because members of our Editorial Review Board cannot have expertise in every area, we sometimes call on others in our community to 
share their intellect and insight. In addition to the members of our Editorial Review Board, we extend a heartfelt thanks to the following 


individuals who reviewed manuscripts for G&G in 2003: 


Dr. Curt W. Beck Ms. Cecilia Gardner 
Mr. George Bosshart Mr. Al Gilbertson 
Ms. Dona Dirlam Dr. Gaston Giuliani 
Mr. Richard Fassler Mr. John Kim 
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Dr. Frank C. Hawthorne 
Ms. Karin Hurwit 

Mr. Bert Krashes 

Ms. Terri Ottaway 


Mr. Russell Shor 
Dr. Chris Welbourn 
Mr. Benjamin Zucker 
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Tiffany Flora & Fauna 


By John Loring, 256 pp., two vols., 
illus., publ. by Harry N. Abrams, 
New York, 2003. US$50.00* 


John Loring has done it again. Tiffany 
Flora & Fauna is a beautiful two-vol- 
ume set showcasing the best of Tiffany 
& Co.'s jewelry and objets d’art. The 
first book features Tiffany flora. Loring 
notes Tiffany’s unofficial motto, 
“Mother Nature is the best designer,” 
and clearly she has been the inspira- 
tion for countless Tiffany pieces. In 
fact, Edward C. Moore, Tiffany’s head 
designer in the late 1800s, established 
one of the first design schools in the 
U.S., where he would often have stu- 
dents create studies of botanical speci- 
mens in pencil and watercolor. Moore 
himself was strongly influenced by 
Asian prints, and many of his original 
designs featured peonies, irises, and 
patterns reminiscent of Japanese and 
Persian art. In later years, one of his 
students, Paulding Farnham, was high- 
ly successful in designing enameled 
floral jewels, particularly orchids, for 
Tiffany. Several of Farnham’s orchid 
brooches are featured in the pages of 
this book. 

Of course, the use of botanical ele- 
ments was not confined to jewelry. 
Tiffany glass and silver also featured 
amazingly realistic flowers and fruits. 
Most notable is the Louis Comfort 
Tiffany—designed glass screen called 
“Three Seasons,” which was dis- 
played at the 1900 Paris Exposition. 

The second book focuses on fauna 
in Tiffany designs. Tiffany & Co. jew- 
elry has always featured animals of all 
kinds. Indeed, their contemporary 
“Nature” collection includes butter- 
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flies, salamanders, dragonflies, birds, 
turtles, and frogs in diamond-pavéed 
platinum. Especially pleasing in the 
fauna volume are the fanciful crea- 
tures designed by Jean Schlumberger, 
Donald Clafin, and Elsa Peretti. 

Both volumes contain design 
sketches from the Tiffany archives. 
Loring also includes examples of 
Audubon paintings, Asian prints, and 
botanical photographs that served as 
inspiration for some Tiffany designers. 
The photos in both volumes are simply 
magnificent, making the books a visual 
delight. In these pages, it’s easy to see 
why Tiffany & Co. has maintained its 
position as one of the world’s most 
popular retailers of fine jewelry and 
luxury objects for more than a century. 


JANA E. MIYAHIRA-SMITH 
Gemological Institute of America 
Carlsbad, California 


Burma Ruby: A History of 
Mogok’s Rubies from Antiquity 
to the Present 


By S. K. Samuels, 254 pp., illus., 
publ. by S.K.S. Enterprises, Tucson, 
AZ, 2003. US$45.00 


The author, a native of Burma, has 
used his wealth of personal experience 
in compiling this book. Dr. Samuels 
lived under the British rule of Burma 
and, later, its occupation by the 
Japanese during World War II. After the 
war, he earned a medical degree from 
the University of Rangoon and traveled 
around the Mogok district. In 1960, he 
emigrated to the U.S., and did not 
return to Burma (now Myanmar) until 
more than 20 years later. 
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In Burma Ruby, Dr. Samuels looks 
at the Mogok mines from the local 
perspective, in contrast to the occiden- 
tal histories put together by the “noble 
enterprise” of colonialism. He tells 
much of this history via anecdotes and 
personal communications, using a 
variety of unique Burmese sources as 
well as more traditional references. 

In the first chapter, “Lure of the 
Ruby,” one of the author’s major 
points is that many references to ruby 
in antiquity fail to note the actual 
sources of the material. He concludes 
that, since Sri Lankan rubies are pre- 
dominantly pink, many rubies in the 
ancient European references might be 
from Mogok. Unfortunately, this 
deduction ignores the fact that some 
Sri Lankan rubies are decidedly red; he 
also does not take into account any of 
the African localities, which produce 
rubies of very similar look to Mogok. 
As one can imagine, attempting to 
document anecdotes covering 1,000 
years of history is no easy task. 

The second chapter is a concise nat- 
ural history of the geography, climate, 
topography, and geology of Myanmar, as 
well as the ethnic and linguistic groups 
that make up the complicated land of 
the ruby. The next 80 pages deal with 
the history of Burma leading up to and 
through World War I, again relying on 
local Burmese legends and histories, 


*This book is available for purchase 
through the GIA Bookstore, 5345 
Armada Drive, Carlsbad, CA 92008. 
Telephone: (800) 421-7250, ext. 
4200; outside the U.S. (760) 603- 
4200. Fax: (760) 603-4266. 
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prefacing them with this statement: 
“Not much credence can be given to 
such stories, but they do suggest that 
rubies and other precious gems were 
known, valued, and used by inhabitants 
of the country for a long time.” 

The following chapter, “Devel- 
oping the Post-War Gem Trade,” first 
describes the escalating political and 
economic problems leading up to the 
March 1962 military coup and beyond. 
It then looks at development of the 
Myanmar Gems Corporation and the 
auctions held by the Union of Myan- 
mar Economic Holdings Limited. 

In the “Stone Tract” chapter, the 
author discusses the Mogok area itself, 
covering the geography, geology, and 
mines. Briefly mentioned are the 
Mong Hsu mines, which today pro- 
duce most of the world’s rubies (albeit, 
treated). At the end of the chapter, he 
discusses rubies and their classifica- 
tion, as well as the sapphires of Burma. 

Next is a section of unnumbered 
pages with 33 color plates. Most are 
original photos by the author, and all 
have interesting gemological themes, 
including pictures of the palaces, King 
Thibaw’s ruby-encrusted slippers, and 
a flawless sapphire of approximately 
20 ct, offered for $100,000 in 2002 by 
a private party. The tragedy is the 
poor color reproduction. Fortunately, 
the black-and-white photos through- 
out the book are of better quality. 

In “Properties of Burmese Rubies 
and Sapphires,” Dr. Samuels mixes 
gemology with emphasis on local cus- 
toms. For instance, he mentions that 
the color of ruby is due to impurities 
such as chromium, but then goes on 
to discuss the term pigeon’s blood. 
He is accurate in commenting that, 
while such terms are relics of the 
past, they carry a certain romanticism 
that is very important to gemstones. 

The chapter titled “Smuggling, 
Heat Treatment, and Provenance of 
Burma Rubies” presents some amus- 
ing stories, including how the 496.5 ct 
SLORC ruby (named for the country’s 
State Law and Order Restoration 
Committee) came to be spirited out of 
the country and back again. Heat 
treatment and provenance are dis- 
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cussed briefly, but not from a scientif- 
ic standpoint. The chapter ends with a 
list of five local gem labs that do ori- 
gin reports, along with addresses. 

“The Gem Trade in Modern 
Burma” covers the economic struc- 
ture of Burma, exchange-rate issues, 
and the country’s poor economic per- 
formance of the last decade. The 
author also covers the annual gem 
emporium, but only in general terms 
(mostly just in table form), without 
any photos or depictions of specifics. 

“Buying Gems in Burma” includes 
a short history of Rangoon, plus the ins 
and outs of trying to buy at the MGE 
auction or at Rangoon’s Gems 
Museum. Dr. Samuels gives a rather 
simplistic summation of three of the 
C’s (color, clarity, and cut), plus pre- 
cautions to take when buying. 

Following the author’s closing 
remarks are various appendices, espe- 
cially of interest for Burma-philes. 
There is also a somewhat limited bib- 
liography. One major flaw of the 
book, given the breadth of issues it 
covers, is that it lacks an index. 

All in all, while there is some 
interesting information here, the 
book would have benefited greatly 
from better editing and production. 


WILLIAM LARSON 
Pala International 
Fallbrook, California 


Gems from the East and West: 
The Doris Duke Jewelry Collection 


By Janet Zapata, Ulysses Dietz, and 
Zette Emmons, 120 pp., illus., publ. 
by the Doris Duke Charitable Foun- 
dation, New York, 2003. US$27.50 
www.newportrestoration.com/ 
jewelryexhibit.html 


When American Tobacco Company 
and Duke Power magnate James B. 
Duke died in 1925, he left his fortune 
to his only child, Doris. At the tender 
age of 12, she became the richest girl in 
America. Years after her death in 1993, 
the heiress remains an enigmatic fig- 
ure, despite many biographies and 
notwithstanding a family legacy of 
achievement in education and charity. 
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Among her many passions, Doris 
Duke was undeniably fond of jewelry. 
This catalog, the Doris Duke Chari- 
table Foundation’s third publication 
about her collections, represents a col- 
laborative effort by jewelry historian 
Janet Zapata, the Newark Museum’s 
curator of decorative arts Ulysses 
Dietz, and Indian jewelry scholar Zette 
Emmons. Organized to reflect Duke’s 
heritage and the evolution of her per- 
sonal style, it memorializes the one- 
time touring exhibit of her collection 
and illustrates a rarefied segment of 
American society—a stratum populat- 
ed by persons whose lives were defined 
by unabashed wealth and privilege. 

Two essays set the stage. The first 
describes the Duke family; the second 
recounts events in Doris Duke’s life 
that lend meaning to the collection. 
For example, Duke’s yearlong honey- 
moon around the world at age 22 is 
described as the sentinel event that 
ignited a lifelong passion for Indian, 
Southeast Asian, and Islamic arts. 

The first 110 images capture the 
collection’s more significant pieces, 
which benefit from larger pho- 
tographs and more extensive narrative 
than the 200-plus pieces that were 
not included in the exhibit. Period 
photos of the Duke family and estates 
mark the passage from Gilded Age 
gentility to the acquisitive reaches of 
the family’s 20th century prosperity. 

Heirloom cameos and carved coral 
demiparures of Civil War-era neoclas- 
sicism give rise to the belle époque 
jewelry favored by Doris’s mother. 
Cartier’s 1908 platinum festoon neck- 
lace, said to be one of the most opu- 
lent of its time in the New World (and 
set with diamonds provided by J. B. 
Duke), symbolizes the young nation’s 
rising economic status, celebrating its 
emerging royalty rooted in railroads, 
oil, tobacco, and ore. 

Doris Duke’s personal jewelry is 
described as an “unintentional collec- 
tion.” Aside from her Indian and 
Asian pieces, no unifying theme 
emerges. The design houses of Cartier 
and Van Cleef & Arpels are well rep- 
resented in Duke’s earlier years, when 
she favored classical glamour. Later, 
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flamboyant pieces from Verdura and 
David Webb suggest the collector’s 
greater comfort with extravagant flair 
and independence. 

Above all, the mystical beauty of 
Indian and Southeast Asian jewelry 
held sway over Duke. Dramatic pieces 
from her Asian travels and acquisi- 
tions include hand ornaments as well 
as ruby and emerald necklaces that 
reveal a passion for exotica and regalia. 

Sketches and diagrams enhance 
the book’s multi-sourced photogra- 
phy. Archival images of the Duke 
estates and the few photos of the 
reclusive Duke wearing her jewelry 
add context to the compilation. 

The Duke collection is scheduled 
to go to auction at Christie’s New York 
in the spring of 2004. Those fortunate 
enough to have viewed the 2003 exhib- 
it will savor Gilded Age and modern 
glamour as well as Asian treasures. 
The catalog also offers ample content 
for jewelry designers and historians, 
collectors, curators, appraisers, auction 
house associates, and admirers of 
Eastern arts. 


MATILDE PARENTE, G.G. 
Indian Wells, California 


Minerals of the World 


By Ole Johnsen, 439 pp., illus., publ. 
by Princeton University Press, 
Princeton, NJ, 2002. US$49.50 


This good-looking field guide was writ- 
ten by well-known mineralogist Ole 
Johnsen of the University of Copen- 
hagen. It is divided into three parts: 
“Mineralogy & Crystallography,” 
“Mineral Descriptions,” and “Tables.” 
The first part covers “What is a miner- 
al?” as well as crystal geometry, the 
seven crystal systems, formation and 
growth, and the chemical, physical, and 
optical properties of crystals. In the sec- 
ond part, minerals are listed according 
to their chemical families, such as car- 
bonates, native elements, and the like; 
the silicates are subdivided into 
cyclosilicates, tectosilicates, and others. 
The tables in the third part cover com- 
mon minerals and their properties, 
with one table for minerals with metal- 


350 BOOK REVIEWS 


lic or submetallic luster and a second 
for those that are nonmetallic. There is 
also a periodic table of the elements. 
The book concludes with a glossary 
and an index. 

The softcover edition is well bound 
and uses good paper stock. It is bigger 
than most field guides, which makes it 
harder to pack, but you wouldn’t want 
to ruin it in the field in any event. The 
inside boasts more than 600 color pho- 
tos and diagrams. Most of the images 
show good examples of the more than 
500 minerals included and are helpful 
in identification. The color rendition is 
better than in other books of similar 
import. The crystal and atomic dia- 
grams are quite effective in creating an 
understandable visual image. 

A book with the (somewhat 
overused) title Minerals of the World 
should give a balanced representation 
of all important minerals and their 
prime localities. This guide is unusual- 
ly rich in minerals and localities for 
Scandinavian countries, especially 
Norway. However, many will appreci- 
ate their inclusion here, as they are 
often given scant coverage in other 
works. Because nearly all specimens 
depicted are part of the Geological 
Museum of the University of Copen- 
hagen—and the author admits his bias 
in the preface—the selections in this 
book are understandable. 

Some errors, mostly minor, were 
noted. A few involved incorrect or 
misspelled localities. For instance, 
Stirling was used for Sterling Hill, 
New Jersey, and the Sterling mine in 
Antwerp, New York. On page 233, the 
text correctly states that lazulite 
comes from the Yukon, but it places 
the Yukon in the U.S. rather than 
Canada. There are also errors of a tech- 
nical nature, mostly gemological. The 
purple of amethyst quartz is not due to 
iron alone but to iron in unison with 
radiation-induced color centers. The 
term fire opal does not properly apply 
to opal with intense play of red or 
orange but rather to opal that has a red, 
orange, or yellow body color—with or 
without play of color. The orthoclase 
in figure 567 does not show labradores- 
cence but rather adularescence. 
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There are also some notable omis- 
sions. For example, important localities 
for titanite (sphene, not an obsolete 
name as this book states)—such as 
Brazil, Madagascar, and Pakistan— 
were not included. There is no men- 
tion of Afghanistan or Pakistan as 
sources of tourmaline, and the species 
liddicoatite is somehow omitted. 
Afghanistan, Madagascar, and North 
Carolina are not mentioned as spo- 
dumene localities. There are important 
amber sources besides the Baltic. The 
Maori of New Zealand are indeed well 
known for their carvings of nephrite, 
but the author inexplicably fails to 
touch on far more important Chinese 
nephrite carvings. Of jadeite jade, one 
of the rarest and most valuable of all 
gems in its finest qualities, the author 
says merely that it “is a highly appreci- 
ated material for carving.” 

Despite these negatives, Minerals 
of the World has a tremendous 
amount to offer. On a mineralogical 
level, this is a fine introductory work, 
especially since it was written to 
show minerals and their properties 
that can be seen by the unaided eye or 
with a loupe. Those who appreciate 
minerals in general or want to learn 
more about the minerals of Norway, 
Greenland, and other countries in that 
part of the world will especially enjoy 
this book. 


MICHAEL T. EVANS, G.G. 
Gemological Institute of America 
Carlsbad, California 


OTHER BOOKS RECEIVED 


Cultured Pearl: Charm of the Pearl. By 
Shigeru Akamatsu, 179 pp., illus., 
publ. by Shinju Shinnbun Co., Tokyo, 
2003 (in Japanese). 3,800¥. Fax: (+81) 
03-3834-6493. The author is a well- 
known veteran of the pearl industry, 
having served with K. Mikimoto & 
Co. for decades. In this book, he sur- 
veys the spectrum of cultured pearls, 
covering the history of the pearl (natu- 
ral and cultured), the science of the 
pearl, the pearl culturing process, qual- 
ity standards, and more. 


STUART OVERLIN 
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COLORED STONES AND 
ORGANIC MATERIALS 


Classification of amber based on thermal analysis. E. Ragazzi, 
G. Roghi, A. Giaretta, and P. Gianolla, Thermochimica 
Acta, Vol. 404, No. 1/2, 2003, pp. 43-54. 

It is difficult to determine the chronological age of fossil resins 

by chemical analysis alone, because amber samples of the same 

geologic age may have experienced different chemical reactions 
and temperatures during their fossilization. This study was 
undertaken to evaluate the possibility of classifying ambers by 
thermal analysis techniques. Thermal analysis involves the 
detection of small changes in the weight of a sample as it is 
subjected to controlled heating. Two methods—thermogravi- 
metric (TG) and differential thermogravimetric (DTG) analy- 
ses—were used for 13 amber samples of various ages (present 
day to Triassic, 225 million years ago) and eight geographic ori- 
gins. Using the DTG method, all samples exhibited a main 
weight-loss event at about 400°C, but the exact temperature 
varied according to age (i.e., the temperature increased linearly 
with age). The results suggest that thermal analysis provides an 
additional way to characterize fossil resins. JES 


Death and taxes: The case of the depletion of pearl oyster beds in 
sixteenth century Venezuela. A. Romero, Conservation 
Biology, Vol. 17, No. 4, 2003, pp. 1013-1023. 

Commercial pearling began off the coast of what is today 

Venezuela when Christopher Columbus brought a number of 

pearls back to Spain from his third voyage to the New World in 

1498. From 1508 to 1520, large numbers of Lucayan Indians 

from the Bahamas were taken by Spanish settlers to Cubagua, 

an island off the Venezuelan coast, to work as pearl divers. The 

Lucayans were prized for their deep-diving skills. By 1518, so 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 


Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
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different from those in the original rocks, 
but a rearrangement has taken place 
destroying some of the old minerals and 
giving rise to new ones. Thus in some 
metamorphic rocks garnets, andalusite, 
and staurolite are found abundantly. In 
a schist (a type of metamorphic rock) 
in the Ural Mountains, much of the finest 
beryl (emerald) and chrysoberyl (alex- 
andrite) have been found. From a marble 
in Burma, have come many superb rubies 
and gem spinels. A highly prized speci- 
men in any mineral collection is a Burma 
ruby still partly embedded in the white 
marble in which it grew. 


GEMS IN VEINS IN GEODES 

In addition to occurring as rock-form- 
ing minerals, gems are found in veins 
where well-formed crystals have grown 
into open spaces. Water-rich solutions 
carrying some dissolved mineral matter 
may move through cracks in the. rocks 
and, due to changes in temperature and 
pressure, will deposit some of the dis- 
solved mineral matter. Since crystals 
formed in this way are attached to the 
walls and grow outward into open spaces, 
they are not interfered with by others. 
As a-result they frequently are beautifully 
formed specimens showing many crystal 
faces. Most of the gem quartz, whether 
it is rock crystal, amethyst, or smoky 
quartz, is found in veins which formed 


in this way. 
If a more or less spherical cavity exists 
in a rock, solutions passing slowly 


through it may deposit crystals of min- 
erals which grow inward from the wall. 
Ii growth continues for a long time, these 
crystals will eventually meet at the center 
and interfere with one another. Such 
cavities not completely filled are called 
geodes. One of the commonest occur- 
rences of amethyst is in beautiful crystals 
lining the walls of geodes. If for some 
reason the solutions do not. deposit well- 
formed crystals of quartz (amethyst) but 
lay’ down concentric colored layers of the 


Pegmatite—showing characteris- 
tically large crystals. 


same mineral in fine-grained aggregates, 
agate results. 


SECONDARY GEM DEPOSITS 

After a gem mineral has been formed, 
it may be weathered from the rock: in 
which it grew and moved from its place 
of origin. All rocks including those in 
which the gems occur are broken up by 
weathering processes and their consti- 
tuent minerals are either dissolved and 
carried away in solution or washed down 
the slopes into the neighboring streams. 
If a mineral is soft, it will be com- 
pletely disintegrated in this process but, 
if it is hard, as most gems are, it will 
not be broken up but merely rounded by 
the abrasive action of other minerals in 
the stream bed. 

To form a concentration in a stream 
bed the minerals must have in addition 
to a high hardness a high specific 
gravity, that is, higher than the average, 
which is about 2.65. These heavier min- 
erals will work their way down through 
the sand and the gravel to the bottom 
of the stream bed, where they may 
accumulate. 

Another property necessary for such 
accumulation is chemical stability. Some 
minerals react with water and with the 
oxygen and carbon dioxide of the air to 
form powdery, soft materials. A mineral 
would not be considered a gem unless it 
has chemical stability. Thus, most gem 
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many Lucayans had been forced from the Bahamas that 
the islands were left nearly deserted. The divers worked 
six per boat, dawn to dusk. In one or two weeks, each boat 
would typically harvest some 35,000 oysters from depths 
of 15-22 m. 

In 1515, the Spanish government began keeping precise 
tax records and recording pearl production from the area. 
That year saw the equivalent of 100 kg of pearls harvested. 
Production increased greatly after 1520, when the Spanish 
military established a fort at Cubagua to secure the 
pearling area and the town of Nueva Cadiz. Harvesting of 
oysters increased dramatically over the next several years, 
peaking at 1,650 kg in 1527. Production, however, fell off 
just as sharply afterward. To revive it, Spanish King 
Charles V approved the use of dredges to work the pearl 
beds. By 1531, depletion of the oyster beds was well under- 
way. Production had fallen to about one-third of the peak, 
causing the local administration to place severe restric- 
tions on pearling activities. This is possibly the first 
attempt at conservation in modern history. Nevertheless, 
by 1539 the oyster beds were almost totally decimated and 
fewer than 50 people remained on the island; in 1543, the 
once-thriving colony was abandoned. Eventually, the habi- 
tat that had been dominated by the Pinctada imbricata 
pearl oyster was taken over by the stronger, non-pearl- 
bearing turkey-wing mussel Arca zebra. RS 


Time-resolved luminescence of Cr** in topaz AL,SiO,(OH,F),. 
M. Gaft, L. Nagli, R. Reisfeld, G. Panczer, and M. 
Brestel, Journal of Luminescence, Vol. 102-103, 2003, 
pp. 349-356. 

This article reports the study of various luminescence cen- 

ters in natural topaz crystals (two colorless, four yellow, 

and one orange) using laser-induced time-resolved lumi- 
nescence spectroscopy. With this method, various lumi- 
nescence centers in minerals can be detected according to 
their unique decay times. In the colored samples with ele- 
vated Cr contents, the study showed evidence of Cr** and 

Cr-Cr pair centers. Radiation-induced centers also were 

discerned in a yellow sample and determined to be ther- 

mally unstable; these centers could possibly be related to 

Mn** and/or V** impurities. Al 


DIAMONDS 


Diamond-bearing dykes. M. Marx, Rough Diamond Review, 
No. 1, June 2003, pp. 21-24. 
Diamonds are usually mined from primary kimberlite (or 
lamproite) pipes or from secondary deposits along rivers, 
beach terraces, or the sea bed. Although rare, dike deposits 
can also be important. Kimberlite dikes are found on all 
continents, but currently only four dike mines, all in 
South Africa, are in production. One of these is the 
Messina mine, where diamond-bearing kimberlite is being 
extracted at ~700 m below the surface. When the Snap 
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Lake mine in Canada comes into production in a few 
years, dikes may produce ~1.5 to 2.0 million carats per 
year (~1.5% of the world’s supply of diamonds). 

A dike network represents the deep root zone of a vol- 
canic event that can be associated with the formation of a 
diamond-bearing pipe. If a pipe is completely eroded, the 
underlying dikes may remain along with their diamonds 
and indicator minerals (e.g., pyrope, Cr-diopside). However, 
kimberlite dikes are difficult to find because they are typi- 
cally weathered, frequently buried beneath sand or other 
types of cover, and have relatively small surface expres- 
sions. Although they may form linear features up to several 
km in length, they are also very narrow (often <1 m). 
Underground mining—mostly by the “shrinkage stoping” 
method—is more efficient than open-pit mining because 
dikes are narrow and near vertical, so the latter would 
require excessive stripping ratios. CT 


Getting the most out of our diamonds: Namibia, De Beers 
and the arrival of Lev Leviev. M. Boer and R. 
Sherbourne, Institute of Public Policy Research, 
Briefing Paper No. 20, September 2003, 20 pp., 
www. ippr.org.na. 

Although its diamond production is relatively small in 

volume (1.7 million carats in 2002), Namibia is the world’s 

sixth largest producer by value, at $472 million in 2002. 

The average value of Namibian diamonds is ~$280 per 

carat, nearly twice that of the next highest value producer 

(Angola). De Beers and predecessors have controlled 

Namibia’s diamond production for over 80 years, but new 

players in the diamond market may offer the country a 

better return on its resources. The future of Namibia’s dia- 

mond production lies in the seabeds just offshore. 

Currently over half (55% in 2002) of the country’s output 

is extracted offshore. The government is also trying to 

encourage diamond cutting to increase employment. 

However, labor costs are not competitive with low-wage 

nations like China and India. 

The Namibian government and De Beers together mine 
and manage the vast majority of the country’s diamond 
resources through a 50-50 corporation called Namdeb. 
Namdeb, however, issues no public reports, so it is difficult 
to ascertain whether the government is getting the most 
out of its diamonds. An alternative may be offered by Lev 
Leviev, an Israeli industrialist who has already opened a 
diamond-cutting operation there. He became involved in 
Namibia’s diamonds through an interest in the financially 
troubled Namco Corp., which formerly operated an off- 
shore mining concession. Namibia has done well through 
its partnership with De Beers, and Leviev remains a rela- 
tively new, unknown competitor. RS 


A guide to rough diamond classifications. Rough 
Diamond Review, No. 1, June 2003, pp. 9-12. 

The classification of diamond rough provides a framework 

for valuing and trading stones. For gem diamonds, the De 
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Beers Central Selling Organisation (CSO) uses several 
value-classifying factors: estimated yield (the weight of the 
polished product as a percentage of the rough weight), pro- 
cessing costs, and quality (i.e., size, color, and clarity fac- 
tors). Traders and manufacturers have developed their own 
categories to describe and value rough diamonds. 
However, all classifications are based on four commonly 
recognized terms and descriptors: 


e Size: Most smaller stones are screened and assigned to 

a sieve size or class, based on either the DTC (De 

Beers) or Antwerp (Christensen) sieve-size classifica- 

tion. Stones above 0.66 ct are weighed individually, as 

accuracy of weight is critical to valuation. 

Quality: Quality is judged with back-lighting. The 

quantity, position, nature, and severity of inclusions 

dictate a stone’s quality. Diamond qualities are broadly 
grouped into one of the following classifications: Gem, 

Near Gem, Rejections, and Industrial (or Bort). Sub- 

categories also have been established (i.e., first, second, 

third, and fourth qualities). 

° Type: Type primarily encompasses shape, which also 
reflects a relationship with yield and the manufactur- 
ing processes required. The six principal types are saw- 
ables, makeables, macles, flats, chips, and clivage. 


Color: Color is judged by placing rough diamonds on a 
white surface without any back-lighting. The color of 
most diamonds falls in the range of colorless to yellow 
or colorless to brown; other color terms include white, 
light brown, Cape, and fancy. Each group has subcate- 
gories. 


In general, all diamond deposits contain most of the 
quality and type categories in varying proportions, but not 
all color groups. Industrial diamonds are classified differ- 
ently. CT 


Indicator mineral and till geochemical dispersal patterns 
associated with the Ranch Lake kimberlite, Lac de 
Gras region, NWT, Canada. M. B. McClenaghan, B. 
C. Ward, I. M. Kjarsgaard, B. A. Kjarsgaard, D. E. 
Kerr, and L. A. Dredge, Geochemistry: Exploration, 
Environment, Analysis, Vol. 2, No. 4, 2002, pp. 
299-320. 
Diamond indicator minerals in glacial till collected around 
the large (12.4 ha; 31 acres) Ranch Lake kimberlite in the 
Lac de Gras region, NWT, Canada, define a spectacular 
dispersal train according to the length (70 km), narrow 
(“ribbon”) shape, and abundance of indicator minerals 
(thousands of mineral grains in a 10 kg till sample). Cr- 
diopside and pyrope are the most abundant indicator min- 
erals, while chromite is less abundant, and Mg-ilmenite is 
rare; most indicator minerals occur in the 0.25-0.50 mm 
fraction of the till. At its head, the train is 500 m wide and 
gradually widens to 2. km at 20 km down-ice. The lateral 
edges of the train are sharply defined by the presence or 
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absence of the indicator minerals in the till. Patterns for 
Cr-diopside and pyrope abundances are similar, and con- 
centrations reach their highest levels 15-20 km down-ice. 
The location of these high concentrations is unusual, 
because most studies indicate that the highest concentra- 
tions of indicator minerals in till occur immediately 
down-ice from the kimberlite, after which there is a gradu- 
al decrease due to dilution. The great length of the disper- 
sal train suggests it was formed by a single ice flow event. 
Not all kimberlites in the Lac de Gras region have 
indicator mineral dispersal trains, and of those that do, 
few are as well developed or as well preserved as that at 
Ranch Lake. Nevertheless, the use of till dispersal pat- 
terns is popular for diamond exploration in the glaciated 
terrains of Canada because of the effectiveness, versatility 
(both regional- and local-scale surveys), and relatively low 
cost. AAL 


Laser processing of diamonds. J. Chapman, Rough 
Diamond Review, No. 1, June 2003, pp. 25-28. 
Modern diamond factories have replaced traditional hand- 
fashioning of diamonds with laser systems that can per- 
form many steps in the cutting process with precision. The 
capital expenditure for a laser system specifically designed 
to process diamonds is high (US$60,000-100,000), but there 
are numerous benefits, including high throughput rates, 
unattended operation, short training periods compared to 
traditional techniques, and insensitivity to crystal orienta- 
tions. Most systems used for diamond processing employ a 
YAG laser with a beam diameter of 1-4 mm emitting at an 
infrared wavelength. The systems are supported by custom 

software for sawing, kerfing, bruting, and inscribing. 

The advantages of lasers in each stage of the fashion- 
ing process are indisputable. For example, sawing with 
lasers can be achieved in any crystal direction, and brut- 
ing with lasers requires half the time of traditional bruti- 
ng. However, there are occasional disadvantages. For 
example, during laser sawing diamonds may crack, espe- 
cially those that are internally stressed, such as brown or 
pink stones. Additionally, after laser bruting, the girdle is 
sometimes slightly tapered and thus is unsuitable for the 
dops used in automatic polishing machines. In the future, 
the industry may adopt ultraviolet lasers, which recently 
have seen major developments in manufacture and relia- 
bility. UV lasers have the advantage of ablating (i.e., 
removing) diamond by a process of atomic disassociation 
rather than by thermal vaporization. This could decrease 
sawing weight loss to the range of 1-2%, compared to the 
4-5% seen with current laser technology. CT 


Morphology of diamond crystals from the Bingara Range, 
northern New South Wales, Australia. J. D. Hollis, 
Australian Gemmologist, Vol. 21, No. 9, 2003, pp. 
350-359. 

The crystal morphology of 300 small (average 0.13 ct) 

euhedral diamonds selected from over 8,700 crystals from 
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Mesozoic gravels at the Monte Christo prospect, Bingara, 
New South Wales, reflects progressive chemical corrosion 
of primary forms. Etching and resorption features, which 
in some cases result from a loss of more than 50% of the 
original size of the diamonds, were acquired during com- 
plex formational and eruption events. Many of the forms 
(illustrated in numerous line drawings) are those typical of 
kimberlitic and lamproitic diamonds worldwide, but some 
unusual features also are described. Some give evidence of 
their probable eruption histories in an unorthodox mobile- 
belt setting, far removed from cratons. RAH 


The pressures and temperatures of formation of diamond 
based on thermobarometry of chromian diopside 
inclusions. P. Nimis, Canadian Mineralogist, Vol. 
40, 2002, pp. 871-884. 

Mineral inclusions in diamond have been used to estimate 
the pressure and temperature conditions of diamond for- 
mation in the earth’s mantle. In most instances, this esti- 
mate requires that data be obtained from at least two syn- 
genetic mineral phases in equilibrium. Finding diamonds 
with appropriate inclusion pairs is difficult, and there are 
additional challenges in collecting and interpreting the 
compositional data. In this article, the author uses a ther- 
mobarometry method that relies on just one inclusion 
phase (chromian diopside, a clinopyroxene), and he pre- 
sents an analysis of published electron-microprobe data for 
more than 100 clinopyroxene inclusions in diamonds from 
worldwide occurrences. The results of this analysis appear 
to be consistent with estimates of mantle temperatures 
and pressures determined by other methods. 

Use of this clinopyroxene thermobarometer may also 
have implications for diamond exploration strategies, since 
mantle-derived pyroxene recovered as an indicator mineral 
can be analyzed to see if there is evidence of a thermal or 
metasomatic event that occurred in the mantle which 
would have led to a resorption of diamond (thus indicating 
an unlikely target for diamond potential). JES 


Sierra Leone diamond sector financial constraints study. 
Prepared by Management Systems International 
under U.S. Agency for International Development 
Cooperative Agreement 636-A-003-00003, June 
2003, 52 pp., www.peacediamonds.org (click on 
“Links and Publications”). 

Harnessing Sierra Leone’s diamond wealth to benefit its 

citizens has been an elusive goal for three-quarters of a 

century. The country’s diamond deposits, generally rich in 

larger, high-quality goods, are found in easily looted allu- 
vial pockets spread across a wide swath of the nation. 

What is more problematic, nearly all the nation’s com- 

merce—especially diamonds—has been controlled by a 

coterie of Lebanese traders. And, tragically, the rebel group 

RUF used diamonds to help fund a brutal civil war that 

ended in 2002. Last year, an estimated US$300-320 mil- 

lion in diamonds were extracted from Sierra Leone, with 
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85-90% of that total either smuggled out or “legally” 
exported at grossly understated values to avoid taxes. 

The U.S. Agency for International Development and 
the U.K. Department for International Development, in 
cooperation with the government of Sierra Leone, non- 
governmental organizations, and local officials, are trying 
to overhaul the country’s diamond production to finally 
accomplish more equitable distribution of its diamond 
wealth. This study, conducted by Chaim Even-Zohar 
(Tacy Ltd. Consultants, Ramat Gan, Israel), offers a set of 
solutions on how to tackle the massive hemorrhaging of 
diamonds and cash from Sierra Leone. 


Problems: 

1. The diamond areas are still unregulated. An estimated 
300,000 diggers have returned to the alluvial fields, 
thwarting any efforts at control. 

2. Many of these diggers are debt-bonded to local dealers 
and exporters, who acquire these diamonds for a frac- 
tion of their sales value. 

3. Virtually all diamond business is conducted in cash, 
and money laundering occurs on a massive scale. 

4. The small groups of exporters and dealers who control 
an estimated 80% of the trade all sell to affiliates in 
Antwerp, Switzerland, Dubai, or other markets. These 
groups also squeeze out competition and keep local 
prices artificially low, resulting in huge profits from 
sales in diamond centers. 

5. The government is ill-equipped to deal with managing 
its diamond resources, and its banking system remains 
in a shambles. 


Recommendations: 

1. Invite major players (De Beers, Rio Tinto, etc.) to serve 
as marketing alternates to the local cartels that control 
most exports. This would promote competition and 
help protect small miners. Local cartels could not 
intimidate large multinationals. 

2. Reform finance and credit systems to bring in capital 
and end the debt-bondage system that has existed for 
years. These reforms must be backed by large banks to 
ensure compliance and resist local pressures to main- 
tain the status quo. 

3. Establish paper trails on cash transactions to reduce 
the potential for money laundering. 


4. Train locals in diamond valuation. 


The report also reviews the history of Sierra Leone dia- 
mond production. RS 


The significance of mineral inclusions in large diamonds 
from Yakutia, Russia. L. A. Taylor, M. Anand, P. 
Promprated, C. Floss, and N. V. Sobolev, American 
Mineralogist, Vol. 88, No. 5-6, 2003, pp. 912-920. 

It is generally accepted that mineral inclusions in dia- 

monds are syngenetic (i.e., formed contemporaneously and 


GEMS & GEMOLOGY WINTER 2003 


under the same conditions of temperature and pressure, 
and from the same genesis) with their diamond hosts. On 
the basis of this premise, these inclusions are considered 
pristine, as they have presumably been isolated since their 
encapsulation. Among the several applications of this con- 
cept is the assumption that the inclusions and their host 
diamonds are identical in age. 

However, this article seriously questions the syngenet- 
ic relationship between diamonds and these inclusions, 
based on the interpretation of inclusion chemical data 
obtained with electron and ion microprobes. The inclu- 
sions used in this study, primarily garnets of harzburgitic 
paragenesis, were obtained from large (10-200 ct) dia- 
monds from three kimberlites (Udachnaya, Mir, and 
Aikhal) in Yakutia. The most striking chemical feature of 
the garnet composition is the distribution pattern of their 
rare-earth elements, which is sinusoidal. These patterns 
are obtained from all harzburgitic garnets worldwide, both 
within and independent of diamonds, and are indicative of 
a complex origin for the garnets, including partial melting 
and metasomatic enrichment. Such events are believed to 
have occurred prior to their encapsulation in diamond. 
This result is taken as proof that basically all harzburgitic 
garnet inclusions are nonsyngenetic with their diamond 
hosts. If confirmed, these results may have significant 
ramifications for current concepts relative to conditions 
and age of diamond formation. AAL 


X-ray diamond recovery techniques. A. Clegg, Rough 
Diamond Review, No. 1, June 2008, pp. 14-17. 
Diamond has physical and chemical properties that permit 
several potentially successful recovery techniques. These 
properties include a hardness of 10, a non-magnetic and 
hydrophobic nature (i.e., will not be wetted by water and 
will stick to grease), and a reasonably high specific gravity 
(3.52). Historically, this enabled recovery based on the use 
of grease tables and belts, and heavy-media separation. 
However, these methods were not suited to the arctic cli- 
mates of the former Soviet Union where, starting in 1958, 
X-ray sorting machines were developed based on the fact 
that most diamonds will fluoresce when exposed to X-rays. 
Thus, when crushed rock or gravel containing diamonds 
passes through an X-ray beam, the diamonds can be detect- 

ed by their fluorescence and subsequently recovered. 

The first Soviet X-ray sorters were extremely crude 
and hazardous by today’s standards (e.g., operators would 
hand pick any fluorescing particle off a belt and be 
exposed to the high-energy X-rays). Later automated pro- 
cesses improved not only in safety but also in security. 
Currently, the diamonds are separated from ore by a puff 
of compressed air (activated by a light-sensitive photo- 
multiplier tube) that blows the diamond into a collection 
chamber. Modern diamond X-ray sorters are tailored for 
the type of ore being processed (e.g., small-sized stones, 
large tonnages, wet or dry ore}, with recovery of over 98% 
of the diamonds. CT 


GEMOLOGICAL ABSTRACTS 


GEM LOCALITIES 


CO,-H,S—COS-S,-AlO(OH)-bearing fluid inclusions in 
ruby from marble-hosted deposits in Luc Yen area, 
North Vietnam. G. Giuliani, J. Dubessy, D. Banks, 
H. Q. Vinh, T. Lhomme, J. Pironon, V. Garnier, P. 
T. Trinh, P. V. Long, D. Ohnenstetter, and D. 
Schwarz, Chemical Geology, Vol. 194, No. 1-3, 
2003, pp. 167-185. 

Gem-quality rubies have been mined in the Luc Yen area 
of Vietnam since 1987. They are found in primary 
deposits hosted by Cambrian-age metasediments, or in 
associated placer deposits. In the former, ruby occurs in 
marble lenses interlayered with amphibolites within gar- 
net-mica schists and gneisses. Typical associated minerals 
include phlogopite, dravite, graphite, pyrite, margarite, 
and calcite. These and other minerals can occur as inclu- 
sions in the rubies. 

Twenty-five representative rubies were selected for 
fluid-inclusion analysis using microthermometry, Raman 
and infrared spectroscopy, and chemical analysis tech- 
niques. Primary and secondary fluid inclusions provided 
evidence of CO,—H,S—COS-S,—AlO(OH)-bearing fluids 
containing daughter minerals such as native sulfur and 
diaspore, but little water. The ruby is inferred to have 
grown from a CO,-rich and water-poor fluid that was at 
equilibrium with Na-Ca-Cl salts (in the form of evaporitic 
minerals). Aluminum was transported in this fluid at high 
temperatures and pressures (thought to be on the order of 
500-600°C and 3-5 kbar) to form the ruby. There is no 
evidence that corundum mineralization involved the 
magmatic rocks exposed in the area. Ruby crystallized 
within the marble, which acted as a closed system. 

JES 


Geology of an amber locality in the Hukawng Valley, 
northern Myanmar. R. D. Cruickshank and K. Ko, 
Journal of Asian Earth Sciences, Vol. 21, No. 5, 
2003, pp. 441-455. 

Amber (“burmite”) from the Hukawng Valley in northern 

Myanmar has been known since at least the lst century 

AD. It is currently being produced from Noije Bum, a hill 

located about 20 km southwest of the town of Tanai. This 

hill was first documented as a locality for amber in 1836, 

and it has remained the principal source in the country 

since that time. The two authors visited the site in April 

2001. Based on geologic and fossil evidence, the rocks 

hosting the amber are Cretaceous in age (as opposed to a 

Tertiary age inferred by geologists who visited the locality 

between 1892 and 1930). The amber is found along one 

horizon (about 1 m thick) in a series of steeply dipping 
clastic sedimentary rocks. The deposit is being worked 
from an open pit by a small group of miners using manual 
methods. 

The amber occurs as small discoid-shaped clasts rang- 
ing up to several centimeters in diameter. The clasts are 
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oriented parallel to the bedding of the host rocks. There is 
little evidence that the shape of the amber clasts has been 
modified due to transport from another location. The 
amber is typically reddish brown, with various shades of 
yellow, orange, and red also occurring. These colors range 
from light to dark, and the material can vary from trans- 
parent to opaque. Insect fossils are found in the amber, 
but most are microscopic in size. The amber is thought to 
have been deposited along with fine clastic sediments 
along the floors and banks of tidal channels in a near- 
shore marine environment. JES 


Genesis and gemmology of sapphires from the Neza- 
metnoye deposit, Primorye region, Russia. A. Khan- 
chuk, B. Zalishchak, V. Pakhomova, E. Odari- 
chenko, and V. Sapin, Australian Gemmologist, Vol. 
21, No. 9, 2003, pp. 369-375. 

Research into inclusions in sapphires from a placer deposit 

at Nezametnoye in the Russian Far East is reported, 

together with a study on the heavy accessory minerals in 
the underlying gold-bearing granite porphyries. Other min- 
erals found with the sapphires include zircon and spinel. 

This is the only deposit of gem-quality corundum, spinel, 

and zircon presently known in Russia. 

The sapphire inclusions were identified as columbite, 
albite, zircon, Zn-bearing hercynite, rutile, and glass. 
Based on the compositions of these inclusions and on the 
unusual occurrence of corundum as an accessory in the 
granite porphyries, it is concluded that the placer sap- 
phires originated from rare-metal pegmatites, greisens, 
and metasomatic rocks associated with the widespread 
Mesozoic granitic bodies in the area. RAH 


Horse-tail inclusions in demantoid garnet from Val 
Malenco, Italy. P. W. O. Hoskin, R. H. Grapes, H. 
Catchpole, and J. Klaudius, Journal of Gemmology, 
Vol. 28, No. 6, 2003, pp. 333-336. 

Gem-quality demantoid garnets from the Malenco Valley, 

northern Italy, may contain fibrous hair-like inclusions. 

These inclusions were assumed to be byssolite (tremolite- 

actinolite) asbestos by analogy with Russian demantoids. 

However, X-ray powder diffraction analysis of the matrix 

material in which the garnets are found, as well as elec- 

tron-microprobe analysis of the inclusions themselves, 
showed that both the matrix material and the fibrous 
inclusions are chrysotile (asbestiform serpentine). 

Optical examination of the chrysotile inclusions in 
transmitted light revealed that they have a light green to 
brown color. Although the authors confirmed the presence 
of chromium (0.03-0.84 wt.% Cr,O,) in their garnets—the 
primary cause of color in demantoid—they found no corre- 
lation between the intensity of the green color and Cr,O, 
abundance. Instead, they believe that the color variations 
are related to the relative abundance of the green-brown 
chrysotile inclusions. WMM 


356 GEMOLOGICAL ABSTRACTS 


Iron-rich chrysoberyl from Kalanga Hill, Muyombe 
District, north-eastern Zambia. V.Z4éek and S. 
Vrana, Neues Jahrbuch ftir Mineralogie Monat- 
shefte, No. 12, 2002, pp. 529-540. 

Abundant chrysoberyl has been found in a granitic peg- 

matite dike near the Zambia/Malawi border at the base of 

Kalanga Hill (6 km northeast of Muyombe). The pegmatite 

has sharp contacts against the granulite host rock. The 

dike has a roughly N-S strike, and is at least 30 m long and 

30-50 cm wide. It is symmetrically zoned and consists 

mainly of quartz, feldspar, muscovite, and beryl. Accessory 

minerals include rutile, ixiolite, samarskite, microlite, and 
zircon. 

Chrysoberyl is found in the intermediate zones, or 
adjacent to the quartz core, of the pegmatite. It forms 
either translucent yellow-green to green euhedral crystals 
up to 3 cm long, or slightly larger intergrown aggregates. 
Some crystals exhibit typical pseudohexagonal twinning. 
Electron-microprobe analyses show that the chrysoberyl 
has high iron concentrations (3.16-6.25 wt.% Fe,O,). 
Values are given for the unit-cell parameters and the mea- 
sured density (3.72 g/cm’), but typical gemological proper- 
ties (e.g., R.L) are lacking. Data are presented to compare 
the chemical composition of this material with that of 
samples from other sources. At this locality, the authors 
propose that the chrysoberyl formed by reactions involv- 
ing feldspar and beryl, or muscovite and beryl. JES 


A new chrome chalcedony occurrence from Western 
Australia. M. J. Willing and S. M. Stocklmayer, 
Journal of Gemmology, Vol. 28, No. 5, 2003, pp. 
265-279. 

Chrome chalcedony, an ornamental rock first discovered 
in 1955 in Zimbabwe (where it is known commercially as 
mtorolite), has been found in the Newman area of Western 
Australia. The color, attributed to chromium (~0.24 wt.% 
Cr,O,), is a fairly uniform deep green (grading to brown 
when traversed by later quartz veinlets), but a banded tex- 
ture and variations in the green color can be seen with 
transmitted light. This translucent material differs from 
chrysoprase in two ways: (1) Ni is the chromophore in the 
latter; and (2) chrysoprase occurs as late-stage fracture fill- 
ings, whereas this chrome chalcedony occurs as masses 
representing the silicification of serpentine. 

The chemical composition is predominantly SiO, 
(95.01 wt.%), with minor amounts of Al, Fe, Mg, Cr, and 
H,O and traces of Mn and Ni (e.g., 0.01 wt.% NiO). 
Quartz and traces of talc and moganite (a metastable silica 
polymorph) were identified in the chrome chalcedony by 
X-ray diffraction methods. The microcrystalline ground- 
mass is composed (90%) of individual silica grains about 
0.02 mm in diameter; localized rosettes and micro-fans of 
radiating chalcedony about 0.5 mm in diameter also occur. 
Some opaque magnetite grains with the margins altered to 
hematite occur as inclusions. Gemological properties are 
within the range characteristic of chalcedony: R.I. = 1.539, 
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S.G. = 2.57, H = ~7, intense red under the Chelsea filter, 
and inert to long- and short-wave UV radiation. The UV- 
Vis, NIR, and Raman spectroscopic characteristics of this 
material are documented. KSM 


Origin of a dolomite-related jade deposit at Chuncheon, 
Korea. T-F. Yui and S-T. Kwon, Economic Geology, 
Vol. 97, No. 3, 2002, pp. 593-601. 
Nephrite jade deposits may be divided into those associat- 
ed with serpentinites and those associated with dolomitic 
rocks. Although most occurrences are hosted by serpen- 
tinites, the more significant deposits in terms of ore ton- 
nage occur in the latter. The Chuncheon deposit, located 
in the north-central portion of the Republic of Korea, rep- 
resents one of the largest deposits of nephrite jade in the 
world, with estimated reserves of 300,000 tonnes of ore, 
one-quarter of which is considered to be gem-quality. This 
study was undertaken to better understand the conditions 
of formation of nephrite in dolomitic rocks. 

At the Chuncheon location, nephrite occurs in 
Precambrian dolomitic marble and amphibolite schist 
that were intruded by a late Triassic-age granite. The 
nephrite is found in lenses up to 1 m thick and several 
meters in length along the contact between the marble 
and the schist. It displays a waxy luster and ranges from 
greenish gray to yellowish green. The nephrite, along 
with chlorite and several calcium silicate minerals (i.e., 
diopside, grossular, tremolite), are products of the 
hydrothermal alteration of the dolomitic marble. 

The authors present oxygen and carbon stable-isotope 
data for samples of dolomite and silicate minerals from 
the deposit and associated country rocks. Based on these 
data and field observations, they suggest that the nephrite 
formed as the result of a metasomatic reaction involving 
fluid circulation at the contact between the marble and 
the schist. Formation of the deposit postdated late 
Triassic regional metamorphism of the area. The fluid 
involved in the metasomatism was of meteoric origin, 
and its regional circulation may have been induced by the 
intrusion of the nearby granite. The authors compare the 
geology and genesis of this deposit with that of the ser- 
pentinite-related Fengtien nephrite occurrence in Taiwan. 

JES 


Pink sapphire from southern Kerala, S. India: Implications 
on India-Madagascar correlation within Gondwana 
assembly. M. Santosh, R. Katori, S. Yoshikura, S. 
Higashi, and A. K. Salim, Gondwana Research, Vol. 
5, No. 4, 2002, pp. 894-901. 

Southern Kerala and the adjacent state of Tamil Nadu are 

historically important regions for gem production in south- 

ern India. A wide variety of gems—including beryl, 
chrysoberyl, corundum, garnet, quartz, spinel, topaz, and 
zircon—are found in primary deposits (mainly in peg- 
matites emplaced in granulite facies metamorphic rocks), 
or in associated alluvial deposits. Pink sapphire is found at 
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Melankode near Balaramapuram, and at Rose Mala near 
Tenmala. Electron-microprobe data indicate that the pink 
sapphire is nearly pure Al,O, (98.43-99.48 wt.%). Cr,O, 
and FeO are each present in amounts up to 0.12 wt.%. 
Abundant CO,-rich fluid inclusions occur in the sapphires. 

The estimated temperatures of formation of the 
Melankode pegmatite are in the 650—750°C range. The 
crystallization age of the pegmatite (based on U-Pb and 
Pb-Pb dating of gem zircons) has been calculated by oth- 
ers to be about 513 million years (My), whereas granulite- 
facies metamorphism in the same region is dated at about 
540 My. Thus, pegmatite emplacement postdated the 
main period of granulite metamorphism. Both the peg- 
matite formation and regional metamorphism occurred 
during the Pan-African Orogeny (a geologic event begin- 
ning about 600 My that led to the assembly of the 
Gondwana supercontinent). 

Pink sapphires from these two Indian deposits are 
similar to material from a number of localities in south- 
ern Madagascar (Betroka, Ilakaka, Andranondambo)}, as 
well as from the Ratnapura district in Sri Lanka. These 
occurrences are cited by the authors as additional evi- 
dence for the juxtaposition of southern Madagascar, Sri 
Lanka, and southern India when these areas were brought 
together as part of Gondwana. Gem deposits in all three 
areas are within or closely proximal to a regional shear 
zone that extended at the time across Madagascar, south- 
ern India, and Sri Lanka, and terminated in Antarctica. 

JES 


Pressure, temperature and fluid conditions during emer- 
ald precipitation, southeastern Yukon, Canada: 
Fluid inclusion and stable isotope evidence. D. 
Marshall, L. Groat, G. Giuliani, D. Murphy, D. 
Mattey, T. S. Ercit, M. A. Wise, W. Wengzynowski, 
and W. D. Eaton, Chemical Geology, Vol. 194, No. 
1-3, 2003, pp. 187-199. 

In 1998, emeralds were discovered at the Crown showing, 

located 7 km north of Fire Lake in southeastern Yukon. At 

this site, emerald mineralization occurs within muscovite- 
tourmaline alteration zones (up to 1.5 m thick) adjacent to 
quartz-tourmaline veins that crosscut metavolcanic rocks 
of Devonian-Mississippian age. Eight distinct emerald 
zones within a few hundred square meters have been 
mapped on the property. The emerald crystals reach 4 cm 
in length; they are of good color with up to 7,816 ppm 
chromium. They contain abundant fluid inclusions, most- 
ly along healed fractures, and some mineral inclusions 

(including tourmaline, calcite, quartz, zircon, scheelite, 

and sulfide minerals). 

Analysis of the primary fluid inclusions (and using sta- 
ble-isotope data) suggests that emerald precipitation took 
place from H,O-CO,-CH, (+ N,, H,S)-bearing saline 
brines at temperatures of 365-498°C and pressures of 
700-2,250 bars (corresponding to burial depths of 2 to 7 
km). Emerald deposits are generally formed when geologic 
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conditions bring together Cr and Be. At this site, Cr is 
thought to have originated locally from mafic and ultra- 
mafic rocks during hydrothermal alteration, while Be is 
most likely derived from a nearby (within 600 m) granite 
intrusion of Cretaceous age. JES 


Some lesser known Australian opals. G. Browne, 
Gemmologie: Zeitschrift der Deutschen Gemmolo- 
gischen Gesellschaft, Vol. 51, No. 2-3, 2002, pp. 
97-106. 

Australia produces a range of lesser-known opals, of 

minor economic significance, that display properties and 

features of interest to gemologists and collectors. A selec- 
tion of six such opals is described in this article. (1) Opal 

“pineapples” are found rarely, and only in the White 

Cliffs opal field, western New South Wales (NSW). They 

are pineapple-shaped opal pseudomorphs after an uniden- 

tified precursor that consisted of radiating clusters of 
monoclinic crystals. (2) Volcanic opal with play-of-color 
occurs as cavity fillings in amygdaloidal basalts, or as nod- 
ules in associated soils, near Tintenbar, northeastern 
NSW; this opal tends to craze. (3) Opal with and without 
play-of-color occurs as veinlets in metamorphic rocks 
near Coolgardie, Western Australia (WA). Although 
mined on a small scale in the 1960s, very little is known 
about this deposit or its opal. (4) Matrix opal, “cream” to 
gray in color, is found at Andamooka, South Australia, 
where it impregnates and partly replaces limestone cob- 
bles and boulders. (5) Opal-infiltrated “thunder eggs” 
occur in the Upper Tweed River valley, northeastern 

NSW. In addition to play-of-color opal, the thunder eggs 

may be filled with common opal and chalcedony. (6) 

Facetable common opal of note occurs in two localities: 

“Sun” opal from Minyon Falls, NSW, is transparent and 

yellow to “amber” in color; the best specimens of yellow- 

ish green to brown “siliciophite” (opalized chrysotile 
asbestos) are found at Lionel, WA. MWF 


Spectroscopic studies of spessartine from Brazilian peg- 
matites. S. G. Eeckhout, C. Castafieda, A. C. M. 
Ferreira, A. C. S. Sabioni, E. de Grave, and D. C. L. 
Vasconcelos, American Mineralogist, Vol. 87, No. 
10, 2002, pp. 1297-1306. 

Méssbauer and FTIR spectra were acquired for spessartine- 

almandine garnets collected from three granitic peg- 

matites in Brazil to provide further information on garnet 
crystal chemistry. The garnets were sampled from the 
complex zoned Alto Mirador dike near Acari in Rio 

Grande do Norte, and simple zoned dikes at two localities 

in Minas Gerais—Escondido near Conselheiro Pena, and 

Poaia near Sao José da Safira. The garnets from these two 

kinds of pegmatites displayed different chemical composi- 

tions in terms of Fe, Mg, and Ca contents. For the Alto 

Mirador samples, both Fe?* and Fe** were found to be pre- 

sent. A comparable Fe?*/Fe** ratio for all the samples from 

this pegmatite implies they formed under similar condi- 
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tions. In contrast, no Fe** was detected in the garnets col- 
lected from the two simple pegmatites. These chemical 
differences were attributed to different magmas that pro- 
duced the pegmatites. 

Although absorptions due to molecular H,O were not 
present in the infrared spectra of any of the garnet samples, 
several features due to hydroxyl (OH) were detected. The 
authors concluded that hydrogen incorporation in these 
garnets resulted from the substitution of (O,H,)* for 
(SiO,)*. JES 


INSTRUMENTS AND TECHNIQUES 


Cathodoluminescence of diamonds. W. Taylor, Rough 
Diamond Review, No. 1, June 2003, pp. 38-42. 
Diamond emits visible light of various wavelengths when 
bombarded with a beam of electrons; this is known as 
cathodoluminescence (CL). CL is of practical importance 
in the study of both natural and synthetic diamonds, as it 
provides insight into their growth history and reveals radi- 
ation damage, lattice deformations, and impurity distribu- 
tions. The two basic types of instrumentation used for 
viewing CL are the luminoscope (an attachment for an 
optical microscope) and the electron microscope. A spec- 
trophotometer may be added to record spectra as a func- 
tion of wavelength. Such spectral information is essential 
for determining the optical centers responsible for CL 
emissions. Photoluminescence (PL) spectroscopy using a 
Raman microspectrometer can provide equivalent infor- 
mation. CL imagery and CL or PL spectroscopy have been 
used to document more than 100 luminescence bands and 
optical centers in diamond. At present, satisfactory expla- 
nations exist for only a handful of those detected; these 
include explanations for CL emissions associated with 
synthetic growth, radiation damage, nitrogen-related opti- 
cal centers, and platelets. CT 


A compilation of infrared absorption spectra of some spe- 
cific gemstones as an aid to their identification. S. 
Fernandes, M. Khan, and G. Choudhary, Australian 
Gemmologist, Vol. 21, No. 9, 2003, pp. 361-367. 

A compilation is presented of infrared absorption spectra 

for specific gemstones, all of which appear similar in color 

but otherwise display distinct properties. Using the trans- 
mission mode of an FTIR spectrometer, the authors 
recorded spectra for some 25 samples of each gem species 
examined, bearing in mind the variation in properties to be 
expected in anisotropic gem minerals with orientation. 

The aim is to provide “fingerprint” absorption patterns 

that allow gemstones of a similar color to be distinguished 

from one another (and, in some cases, natural stones from 
synthetics). Tables are presented with the characteristic IR 
spectra for blue, green, yellow, red, and colorless stones. 

No attempt is made to specify the causes for the various 

absorption bands. RAH 
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Identification of B jade by Raman spectroscopy. E. Zu, D. 
Chen, and P. Zhang, Spectroscopy and Spectral 
Analysis, Vol. 23, No. 1, 2003, pp. 64-66 [in Chinese 
with English abstract]. 

Infrared absorption spectroscopy is one of the most widely 

used methods for identifying polymer-impregnated jadeite 

(B-jade). However, with this technique it is difficult to 

locate the exact areas within a stone that contain the 

impregnated materials. These authors used Raman spec- 
troscopy to overcome this deficiency inherent in the IR 
technique. 

Four types of filling materials (paraffin wax, paraffin 
oil, AB [acrylate-epoxy] glue, and epoxy resins) in 
bleached and polymer-impregnated jadeites were identi- 
fied using Raman spectroscopy. Their characteristic peaks 
were located in two ranges: 1700-1100 cm™! and 
3100-2800 cm-!. The four strongest peaks of both the AB 
glue and epoxy resins are related to phenyl. The 1609 and 
1116 cm! peaks are assigned to the C-C stretching mode, 
while the peaks at 3069 and 1189 cm”! are attributed to 
the C-H in-plane bending mode and C-H stretching mode, 
respectively. Paraffin wax and paraffin oils displayed 
strong peaks at 2882 and 3848 cm_!, respectively. TL 
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Mineralogy and alteration of Chinese archaic jade arti- 
facts. H.-H. Tsien and J.-N. Fang, Western Pacific 
Earth Sciences, Vol. 2, No. 3, 2002, pp. 239-250. 

Archaic tremolite jade artifacts unearthed from various 

cultural sites in China show very different sedimentary 

structures and textures. On jade artifacts that suffered 
alteration due to weathering, powder X-ray diffraction pat- 
terns of whitened zones and unaltered regions are identi- 
cal, suggesting that the alteration did not change the min- 
eral composition. However, scanning electron microscopy 
shows that in unaltered areas the microstructure is com- 
pact and formed of platy crystals, whereas the whitened 
areas are porous and formed of acicular crystals. The 
authors attribute the alteration to degradation or aggrading 
crystallization in wet or humid conditions. RAH 


JEWELRY RETAILING 


He turned web site in the rough into online jewel. B. 
Acohido, USA Today, October 20, 2003, p. 5B. 
This article profiles Mark Vadon, founder and CEO of Blue 
Nile, the Internet diamond and jewelry retailer. In 1999, 
Vadon was a consumer products consultant at Bain & Co. 
when he visited a retail jeweler to buy a diamond engage- 
ment ring. He wanted information about diamonds, but 
the retailer advised him to buy a diamond that “spoke” to 
him. After checking for diamond information on the 
Internet, he forged a deal with a small outfit then known 


GEMOLOGICAL ABSTRACTS 


as internetdiamonds.com. At the height of the “dot.com” 
boom, he raised $57 million to transform the small com- 
pany into Blue Nile. 

His marketing strategy: aim at men, keep profit mar- 
gins low, and provide lots of information “to make the 
consumer comfortable.” He now claims an inventory of 
30,000 certified diamonds and offers a choice of 70 
engagement ring settings. Blue Nile, still privately held, 
passed its fifth profitable quarter in August 2003, and will 
record an estimated $125 million in sales for the year, a 
74% increase over 2.002. RS 


SYNTHETICS AND SIMULANTS 


Natural versus hydrothermal synthetic Russian red beryl: 
Chemical composition and spectroscopic measure- 
ments. M. Fumagalli, L. Prosperi, A. Pavese, and S. 
Bordiga, Journal of Gemmology, Vol. 28, No. 5, 
2003, pp. 291-301. 

Six hydrothermal synthetic red beryls produced in Russia 
were compared to two natural specimens from Utah to 
determine the most reliable chemical-physical parameters 
to distinguish them. The results of standard gemological 
testing on all eight samples indicated that R.I., S.G., and 
fluorescence are not diagnostic. However, magnification 
revealed that inhomogeneous growth structures, described 
as “angular” or “chevron-like,” only occurred in the syn- 
thetic samples and therefore are diagnostic. The synthetics 
also had much stronger pleochroism. 

Chemical analysis was also useful for separating syn- 
thetic from natural red beryl. The former will likely con- 
tain Co, whereas the latter will contain characteristic 
(and generally higher) amounts of K, Na, Mn, Cs, and Zn. 
Infrared spectroscopy revealed a significant presence of 
water in synthetic red beryl. Raman spectroscopy showed 
additional peaks above 2000 cm”! in the synthetics com- 
pared to the natural specimens, as well as a broad hump 
over the interval 3500-1500 cm”! that is attributed to sig- 
nificant fluorescence of synthetic red beryl to the 1064 
nm laser. WMM 


A note on sky-blue glass with needle-like inclusions. J. M. 
Duroc-Danner, Journal of Gemmology, Vol. 28, No. 
5, 2003, pp. 280-282. 
A convincing glass imitation is described that weighed 
2.44 ct and was “sky” blue. The sample had a vitreous lus- 
ter, with R.I. = 1.593 and S.G. = 3.28. The absorption spec- 
trum showed a band at 400-420 nm, with three fine lines 
at 640, 660, and 670 nm. It fluoresced a strong chalky 
greenish yellow to short-wave and a moderate orange to 
long-wave UV radiation. Except for the blue color, these 
properties are similar to those of ekanite (which is typical- 
ly green). Further testing revealed no radioactivity; ekanite 
is typically strongly radioactive. 
The sample contained numerous needle-like inclu- 
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sions intersecting in different planes and a few pinpoint 
inclusions. Careful examination revealed that the needles 
were most probably hollow canals similar to those used 
in fiber optics; this characteristic could easily be mistaken 
as natural on quick inspection. 

The physical and optical properties are consistent with 
those of leaded glass, which was confirmed by EDXRF 
analysis (Si, Pb, K, and Ca were the main constituents). It 
was concluded that this glass simulant with its needle-like 
inclusions was deliberately cut to fool a potential buyer 
into thinking that it was a natural gem. CT 


TREATMENTS 


Behavior of Brazilian Imperial topaz at high temperature. 
A. C. S. Sabioni, G. M. da Costa, J. M. Dereppe, C. 
Moreaux, and C. M. Ferreira, Journal of Gemmology, 
Vol. 28, No. 5, 2003, pp. 283-290. 

The effect of heat treatment on the structure and composi- 

tion of orange Imperial topaz from the Capaéo mine, Ouro 

Preto, Brazil, is reported. To insure consistency, the stud- 

ied samples were taken from a single large crystal. The 

samples were subjected to a range of temperatures 

(O-1,400°C) for varying lengths of time (1-23 hours). 

Variations in structure were detected by X-ray diffraction, 

and the abundances of H and F were measured by nuclear 

magnetic resonance. 

The results showed that the samples were structurally 
and chemically stable below 1,000°C, although optical 
properties did change; on heating, the orange color 
changed to pink at approximately 600°C and then became 
colorless at 900°C due to destruction of the color centers. 
Above 1,100°C, the topaz began to change both chemical- 
ly, by losing H, F (and some Si}, and structurally. At 
approximately 1,300°C, it was completely transformed to 
opaque white mullite (Al,Si,O,,). WMM 


MISCELLANEOUS 


The billionaire who cracked De Beers. P. Berman and L. 

Goldman, Forbes, September 15, 2003, pp. 109-116. 
Lev Leviev is a Russian émigré living in Israel who has 
built the world’s largest diamond business outside of the 
De Beers Diamond Trading Company (DTC). In recent 
years, he has challenged De Beers’s exclusive marketing 
deals in Russia and Angola, and shaken the traditional 
structure of the diamond business. 

Leviev was born in Tashkent, Uzbekistan, to a family 
that defied the communist ban on religion by following 
the Chabad-Lubavitch movement of Judaism. His family 
emigrated to Israel in 1971. Six years later, Leviev opened 
his own cutting factory and, avoiding the speculative 
boom in diamonds that gripped the market shortly there- 
after, managed to weather the crisis of 1981-82 in good 
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shape. Leviev became a DTC sightholder in 1987, and two 
years later was invited by Russia’s state-run diamond oper- 
ation to set up diamond-cutting operations. 

Leviev kept his connections to Russia’s diamond hier- 
archy and cultivated relationships with top government 
officials including Mikhail Gorbachev, Boris Yeltsin, and 
Vladimir Putin. By 1995, Leviev had managed to secure 
supplies of rough from Gokhran, the country’s diamond 
stockpile. This resulted in De Beers ending his sight. 
Leviev was believed to be the major conduit through 
which the Russian government sold off much of its stock- 
pile (estimated to be as much as $12 billion) in the mid- 
1990s. Leviev also moved into civil-war-torn Angola after 
De Beers stopped buying there because the government 
could not certify the legitimate origins of its diamonds, 
and then moved on to offshore mining operations in 
Namibia. After building his diamond business interna- 
tionally, Leviev has since entered real estate develop- 
ment, and has engaged in numerous philanthropic activi- 
ties in his native country and Israel. RS 


Birefringence vs. double refraction divergence. R. Cartier, 
Journal of Gemmology, Vol. 28, No. 4, 2002, pp. 
223-226. 

The author discusses a terminology problem often 

encountered in gemology, but not always recognized: use 

of the phrase “double refraction” (or “DR’’) when the con- 
cept of birefringence is actually what is intended. The lat- 
ter is a property of a medium that has two simultaneous 
differing optical densities that result in two distinct refrac- 
tive indices (i.e., different velocities for light traveling in 
the medium). As a quantifiable property, it has come to 
mean the numerical difference between two measured 
refractive index readings for the same wavelength of light. 

In contrast, refraction is the behavior of light when it goes 

from one medium into another and changes its direction 

of travel. This change in direction is not only dependent 
on the refractive index value(s), but also on the angle of 
incidence of the light. 

The author presents a summary table for uniaxial and 
biaxial materials for normal-incident light traveling paral- 
lel, perpendicular, or at some intermediate angle to the 
optic axis (or axes), and indicates when both the birefrin- 
gence and what he terms the “double refraction diver- 
gence” are negligible, intermediate, or maximum. He pro- 
poses that the contraction “BI” be used for birefringence, 
and “DD” be used for double refraction divergence. He 
also recommends that the use of “DR” for double refrac- 
tion be discontinued, because for too long it has been con- 
fused with birefringence. JES 


Doubling of images in gemstones. D. B. Sturman and M. E. 
Back, Journal of Gemmology, Vol. 28, No. 4, 2002, 
pp. 210-222. 

Doubling of images (e.g., facet junctions) is a phenomenon 

that is seen in some anisotropic gemstones and can down- 
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grade their appearance. This article presents an analysis of 
this doubling effect for both uniaxial and biaxial gem miner- 
als, for instances when light exiting the gemstone is parallel, 
perpendicular, or at some intermediate angle to the miner- 
al’s optic axis (or axes). Maximum doubling occurs when 
the exiting light travels at an angle of about 45° to the optic 
axis (as a result of this light being split into two component 
rays with different refractive indices, vibration directions, 
and directions of travel). The visual extent of doubling 
increases with the angular separation of the two component 
rays and thus the size of the gemstone. Diagrams are pre- 
sented which allow the maximum possible separation of 
images to be determined for particular minerals, and for the 
effect of the angle between the optic axis and a line perpen- 
dicular to the table facet. The mathematical basis of these 
diagrams is presented in two appendices. JES 


“Hot money” and daring consumption in a northern 
Malagasy sapphire-mining town. A. Walsh, American 
Ethnologist, Vol. 30, No. 2, 2003, pp. 290-305. 

Sapphire deposits were found near the town of Ambon- 
dromifehy in northern Madagascar in 1996. Within two 
years, the sleepy village of 400 was transformed into a 
boom town of about 14,000. Lured by the prospect of easy 
money from sapphire digging, many young men flocked to 
the town, causing the boom-town plague of crime, disease, 
and inflated living costs. What separates Ambondromifehy 
from some other boom towns is that miners tend to work 
for themselves instead of for companies or claim holders. 

Some three-fourths of the town’s inhabitants are min- 
ers, who dig pits in the soil and scour cave bottoms 
(where sediments were trapped) for sapphires. Since the 
deposits have no adequate water source, the miners must 
carry their diggings in sacks to an area near the town for 
sieving. More-experienced miners often help newcomers 
with details such as where to dig, how to negotiate prices, 
and how to avoid the local police. This is in keeping with 
Malagasy hospitality traditions. Miners also rely on divin- 
ers to reveal digging sites, and avoid certain “medicines” 
that might repel sapphires. 

Because few miners consider making Ambondromifehy 
their permanent home, the town remains a jumble of 
makeshift buildings. Miners who don’t spend their money 
on flashy consumables send it back to their families, leav- 
ing no local investment in wells, houses, or cattle. RS 


Jurisdiction over offshore diamond mining. L. E. Moller. 
Journal of Energy & Natural Resources Law, Vol. 
21, No. 2, 2003, pp. 168-185. 

This article reviews the various laws under which the gov- 

ernment of Namibia controls the mining of diamonds off 

its coast. While the government exerts full mineral rights 

over deposits within its territorial waters, a potential prob- 
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lem may arise with mining vessels that are registered 
under some other national flag, especially South Africa, 
where most of the mining ships are registered. In addition, 
Article 73 of the UN Convention, which allows states to 
exercise jurisdiction over fishing vessels in their waters, 
does not specifically cover mining and exploration ships. 
However, other Articles of the UN Convention (56, 77, 80, 
and 81) grant Namibia the sovereign right to all explo- 
ration activities, jurisdiction over resources within its ter- 
ritorial waters, and the sole right to authorize exploration 
and mining within those waters. Finally, there is no 
agreed-upon maritime boundary between Namibia and 
South Africa. 

Namibia’s Minerals Act and Diamond Act allow its 
courts to try any offense committed in its territorial 
waters, but the country does not have adequate law 
enforcement and monitoring facilities to check diamond- 
mining vessels. 

The study recommends that the government cooper- 
ate more closely with South Africa for mutual assistance 
in monitoring mining activities and that it thoroughly 
review its law enforcement activities to safeguard its 
national interests, in view of its UN-sanctioned rights. 

RS 


Safeguarding rough diamonds. R. Corfield, Rough 

Diamond Review, No. 1, June 2003, pp. 32, 35-37. 
Theft and trafficking in stolen diamonds is known as Illicit 
Diamond Buying (I.D.B.), and it occurs almost anywhere 
diamonds are mined or processed. The United Nations esti- 
mates 15% of the rough (non-conflict) diamond trade is 
I.D.B. The extent of theft at the mining stage is difficult to 
establish, because there is no way to determine what quan- 
tity of diamonds should have been recovered. Thefts also 
occur at all stages of diamond processing and may involve 
individuals ranging from plant maintenance workers to 
polishers and sorters. Many sophisticated methods have 
been used to steal diamonds; these include using carrier 
pigeons and hiding the rough in self-inflicted wounds. 
Collusive thefts are the most serious in terms of losses; 
these can involve people from security guards to those in 
senior level and accounting positions, and can involve 
changing records and altering production data. 

The approach to security by diamond producers must 
be multidisciplinary, and must involve senior manage- 
ment to implement a proactive and technically focused 
program that recognizes unusual employee behavior and 
temptation. Practical solutions include automation, 
which provides less human contact at the mining and 
processing stages, and reliable audits of all phases of plant 
operations. Exchanging information with other mine pro- 
ducers, and legislation that favors security measures, can 
also be helpful in curbing thefts. Ron Stumman 
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minerals by virtue of the properties that 
make them gems tend to accumulate 
in this way. This type of accumulation 
is known as placer. Many of the best 
gems reaching the markets of the United 
States have been found in such placers 
in the stream beds of Burma, India, and 
Brazil. A. few of the gems found in 
placers are diamond, tourmaline, chryso- 
beryl, beryl, ruby, sapphire, and topaz. It 
is probably safe to say that since man first 
used minerals for gem purposes, only a 
smali percentage has not come from 
placer deposits. 


OF WHAT ARE GEMS MADE? 

If we were to analyze the rocks of 
the earth’s crust to a depth of several 
miles, we would find about eight chemi- 
cal elements were present in abundance 
and the remaining 84, out of a total of 
92, were present in only small amounts. 
Among these the most common are oxy- 
gen and aluminum, the two elements 
which combine to give rubies and sap- 
phires. Also we would find the chemical 
ingredients of garnet, andalusite, stauro- 
lite, peridot, jadeite, nephrite, spinel, and 
others. 

It is not a scarcity, then, of the chemi- 
cal constituents that brings about a 
scarcity of these gems, but a scarcity of 
the conditions necessary for their for- 
mation. One of the best examples is 
quartz, made up of silicon and oxygen. 
Quartz is an abundant mineral, but quartz 
of gem quality is comparatively rare. 
Perhaps a more striking example is that 
of diamond. There are millions of tons 
of nearly pure carbon in the many coal 
beds throughout the world, millions of 
tons more of carbon in the limestones 
that underlie so much of the United 
States, and yet in only a very few places 
has this carbon encountered the right 
conditions so that diamond will crys- 
tallize. 

PEGMATITES AND GEMS 
As we have just seen, the proper con- 


ditions as Ce] as the necessary chemical 
elements must exist for the formation of 
a gem mineral. In certain places and 
under certain conditions rare elements 
are found under the proper conditions 
to form unusual minerals. An example 
of this is the pegmatites. Here a con- 
centration of rare elements exists that 
gives rise to minerals such as beryl, topaz, 
chrysoberyl, spodumene, and tourmaline. 

To understand what a pegmatite is 
and the manner of concentration of these 
elements requires a knowledge of the 
formation of the igneous rocks. Let us 
assume there is a large volume of hot 
molten rock deep within the earth’s crust. 
It is made up of those chemical elements 
from which quartz, feldspar, and mica 
(common minerals of a granite) will 
eventually crystallize. In addition to 
these common elements, there are traces 
of rarer ones and some volatile consti- 
tuents, particularly water. As the magma 
begins to cool and crystallize the chemi- 
cal elements will be extracted. from it 
that go to make up the common minerals, 
leaving behind in the still molten part 
the rare elements and the volatiles. As 
crystallization proceeds,this concentration 
of the rarer elements gets greater and 
greater so that when the rock is almost 
solidified there remains a highly fluid 
liquid portion containing most of the rare 
elements that originally existed through- 
out the whole mass. Perhaps due to the 
pressure of the solutions themselves or be- 
cause of a cracking in the earth’s crust, 
these fluid solutions will be forced up- 
ward into cooler surroundings. Crystal- 
lization will take place but here, and 
because of the fluid nature of the mate- 
rial, large crystals will form. These 
crystals will be made up for the most 
part of the common minerals, and large 
crystals of quartz, feldspar, and mica 
will form, 

In addition, if there has been a con- 


(Continued on page 24) 
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hen GIA founder Robert M. Shipley released the first 
Wis of Gems & Gemology in January 1934, his 

aim, stated on the first of 32 loose-leaf pages, was to 
“increase the gem merchant's knowledge and ability in order 
that he may protect more thoroughly his customers’ best inter- 
ests.” Though not the first gemological publication to appear— 
Great Britain’s The Gemmologist began in 1931—G&G was 
introduced at a time when such information was desperately 
needed. For the most part, jewelry trade magazines of the day 
did not delve into gemology, and many jewelers and dealers 
knew very little about the gems they were handling. 


Although its early staff was perennially low on budget and 
manpower, G&G was fortunate to enjoy contributions from 
some of the world’s most distinguished gemologists and miner- 
alogists. Such legends as Basil Anderson, Sydney Ball, Dr. 
Edward Gubelin, Dr. Edward Kraus, Dr. Karl Schlossmacher, 
Robert Webster, and Shipley himself, regularly wrote for the 
journal during its first two decades. That torch eventually was 
passed to G. Robert Crowningshield, Richard Liddicoat, Dr. 
Kurt Nassau, and Dr. John Sinkankas, among others, and today 
it rests in a number of equally capable hands worldwide. 


So, despite the many changes in cosmetics and content over the 
years, the scientific tradition built by the likes of Shipley and 
Liddicoat continues. In this 285" issue (for those of you doing 
the math, G&G was bimonthly rather than quarterly during its 
first two years), our contributors represent gemological research 
from around the world—the United Kingdom, Switzerland, 
Germany, Mexico, and the U.S.—and report on a range of 
meaningful topics. In the lead article, Dr. Philip Martineau and 


EDITORIAL 


Celebrates Its 
70‘ Anniversary 


with Recognition by ISI 


his colleagues from the De Beers DTC 
Research Centre present the results of their 
study of more than a thousand synthetic dia- 
monds grown by chemical vapor deposition 
(CVD), and the properties that differentiate 
them from natural diamonds. Drs. Roland 
Diehl and Nikolaus Herres describe an X-ray 
topographic method for “fingerprinting” a cut 
diamond so that its identity may be confirmed 
later in the event of loss or theft (or even recut- 
ting), while Dr. Lore Kiefert and co-authors 
shed light on the new cultured pearls from 
Mexico’s Gulf of California. These feature arti- 
cles are well complemented by the regular 
Lab Notes and Gem News International sec- 
tions, and much more. 


As we celebrate our 70" anniversary, | am 

delighted to announce another significant 
milestone. Gems & Gemology has been accepted into the 
database of the Institute for Scientific Information. ISI 
(www. isinet.com) is widely recognized as the premier database 
of scientific publications, and its print and online resources are 
used by libraries and researchers worldwide. This nomination 
provides G&G with a mark of recognition within the scientific 
community for publishing quality research. Just as important, it 
raises the visibility and stature of gemology as a scientific disci- 
pline, since G&G is the first gemological journal to be included 
in the ISI database. We are very grateful to the authors and 
reviewers who wrote letters to ISI on behalf of G&G, and to 
those whose contributions over the years have made the jour- 
nal a vital component of the scientific literature. 


Gems & Gemology will be included in the following ISI 
media, beginning with last year’s Spring issue (Vol. 39, No. 1, 
2003): Current Contents—Physical, Chemical & Earth 
Sciences; Science Citation Index—Expanded, including the 
Web of Science; and ISI’s current awareness alerting services. 


ISI’s recognition is a fitting tribute to gemology, a science 
that—like G&G—has come a long way in the last 70 years. 


Alice S. Keller 
Editor-in-Chief 
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IDENTIFICATION OF SYNTHETIC 
DIAMOND GROWN USING CHEMICAL 
VAPOR DEPOSITION (CVD) 


Philip M. Martineau, Simon C. Lawson, Andy J. Taylor, 
Samantha J. Quinn, David J. F. Evans, and Michael J. Crowder 


Studies carried out at the DTC Research Centre have shown that single-crystal CVD synthetic dia- 
mond is clearly distinguishable from natural diamond. This article presents information about the 
CVD process, the history of its development, the different kinds of CVD synthetic diamond mate- 
rial that can be produced, and properties that differentiate them from natural diamond. The 
authors studied more than a thousand CVD synthetic diamond samples that were grown for 
research purposes using a range of different process conditions. Absorption, photoluminescence, 
and cathodoluminescence spectra of these CVD synthetic diamond samples showed a range of 
different impurity-related features not seen in natural diamond. Photoluminescence imaging is 
also useful in identifying CVD synthetic diamond, and X-ray topography may give supportive evi- 
dence. The effectiveness of the Diamond Trading Company Diamond Verification Instruments for 
identifying CVD synthetic diamond is also described. 


encountered by the gem trade, but until recent- 

ly attention has focused almost exclusively on 
the kind produced by exposing carbon-containing 
solids to high pressures and temperatures (HPHT- 
grown synthetic diamond; see, e.g., Shigley et al., 
1986, 1987). For many years, however, scientists 
have known that it is also possible to synthesize 
diamond at low pressures from carbon-containing 
gases, using chemical vapor deposition (CVD) tech- 
niques. Although the gem trade has been relatively 
unaware of CVD, over the last two decades this 
method of diamond synthesis has been the subject 
of intense worldwide research because of the many 
potential technological applications of CVD syn- 
thetic diamond material. 

Apollo Diamond Inc. of Boston, Massachusetts, 
has spent many years developing CVD synthetic 
diamond material for use in technological applica- 
tions and jewelry. In August 2003, this company 
announced plans to begin selling limited quantities 


coun diamond has occasionally been 
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of faceted material starting in the fourth quarter of 
2008 (Pridy, 2003). 

Butler et al. (2002) presented analytical results for 
one faceted sample of single-crystal CVD synthetic 
diamond produced by Apollo Diamond. Preliminary 
notes on examination of several Apollo samples 
appeared in the Gem News International section of 
the Fall 2003 issue of this journal. Then, in the Winter 
2003 issue, Wang et al. gave a thorough description of 
the results of their study of 13 samples provided by 
Apollo Diamond, offering useful indicators to aid 
identification of CVD synthetic diamond of the kind 
proposed for commercial jewelry production. 

Since the late-1980s, the Diamond Trading 
Company, a De Beers Group company, has carried 
out proactive research to investigate the implications 
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Figure 1. These faceted wgte=eeettnns 
CVD synthetics Fa 
(0.21—-1.04 ct) range 
from colorless to 
brown. Diamond 
Trading Company 
faceted CVD synthet- 
ics are not commer- 
cially available; they 
have been produced 
solely for research and 
education. Photo by 
M. Crowder. 


of CVD diamond synthesis for the gem trade. The 
purpose of this research has been to develop under- 
standing of the properties of CVD synthetic diamond, 
so that an effective and practical methodology for dis- 
tinguishing it from natural diamond could be devel- 
oped ahead of the marketing of CVD synthetics for 
jewelry by companies such as Apollo Diamond. As 
part of these experiments, faceted stones have been 
produced from some of the synthetic diamond sam- 
ples (see, e.g., figure 1). As with HPHT-grown syn- 
thetic diamond, scientists at the DTC Research 
Centre in Maidenhead (UK) have developed an 
advanced understanding of the growth and properties 
of CVD synthetic diamond. Information from this 
research program can now be disseminated to help 
the gem trade in the identification of material of the 
kind being commercially produced. 

The aim of the present article is to provide 
gemologists with a broader understanding of the 
CVD process, the history of its development, the 
different kinds of CVD synthetic diamond material 
that can be produced, and the properties that differ- 
entiate them from natural diamond. Information is 
presented that will further help gemologists identify 
the kind of CVD synthetic diamond that is being 
offered commercially, including the use of Diamond 
Verification Instruments that have been developed 
by the Diamond Trading Company. 


CVD DIAMOND SYNTHESIS 

In contrast to the more widely known HPHT-grown 
synthetic diamond, CVD synthetic diamond is pro- 
duced at low pressures, typically in the region of 
one-tenth of atmospheric pressure, from carbon-con- 
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taining gases such as methane (see, e.g., Bachmann, 
1998; Goodwin and Butler, 1998). This method of 
synthesis involves breaking up gas molecules into 
reactive species from which diamond can be grown. 
This can be done in a number of ways, resulting in a 
family of related growth techniques. 

In perhaps the most common CVD method, the 
gas molecules (usually methane and hydrogen) are 
broken apart in a high-temperature plasma generat- 
ed using microwaves in a reactor of the kind shown 
schematically in figure 2. Grotjohn and Asmussen 
(2002) described this method—microwave plasma- 
assisted CVD—in a recent review. Yehoda (2002), 
Wolden (2002), and Heberlein and Ohtake (2002) 
have reviewed other techniques that involve the use 
of a hot filament, flame, or plasma jet. 

CVD synthetic diamond is generally grown on a 
substrate held at a temperature in the region of 
800-1000°C. For many industrial applications, sili- 
con or metal substrates are used and the material 
grown is polycrystalline, because multiple crystals 
nucleate with different crystallographic orientations 
in different positions on the substrate (see, e.g., Wild 
et al., 1993). It is extremely difficult to polish such 
material into anything resembling a traditional 
gemstone. A single-crystal diamond substrate can, 
however, be used as a template for further single- 
crystal growth in which synthetic diamond grows 
with the same crystallographic orientation every- 
where on the substrate. This is termed homoepi- 
taxy. If grown to a great enough thickness, CVD 
synthetic diamond produced in this way can be pol- 
ished into faceted stones for jewelry applications. 

HPHT diamond synthesis is typically carried out 
at temperatures and pressures (in the region of 
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Figure 2. This schematic diagram depicts a 
microwave CVD reactor of the kind used to grow 
CVD synthetic diamond. The molecules of the start- 
ing gases, usually methane and hydrogen, are dissoci- 
ated in a plasma that is generated using microwaves. 
The chemical species created react at the surface of 
seed crystals (substrates) mounted at the base of the 
reactor to form CVD diamond material. The diame- 
ter of the usable growth area may range between 
approximately 2 and 20 cm. 


1400°C and 55 kbar) at which diamond is the most 
stable form of carbon. Under the low-pressure condi- 
tions used in CVD synthesis, diamond is metastable. 
This means that it does not spontaneously convert 
to graphite, although steps must be taken to prevent 
graphite from forming. Standard CVD processes use 
a hydrogen-rich gas mixture, and the atomic hydro- 
gen generated in the CVD process has an important 
role in suppressing the formation of graphite (see, 
e.g., Goodwin and Butler, 1998). 


HISTORICAL BACKGROUND 


In 1952, William Eversole, of U.S.-based Union 
Carbide Corp., demonstrated homoepitaxial growth 
of diamond at low pressures from a carbon-contain- 
ing gas (Kiffler, 1956; Eversole, 1962a,b; Angus, 
2002). This predates the synthesis of diamond at 
high pressures and high temperatures (in February 
1953) at ASEA in Sweden (see, e.g., Davies, 1984) 
and (in December 1954) at General Electric Co. in 
the U.S. (Bundy et al., 1955). Eversole is therefore 
believed to have been the first person to synthesize 
diamond by any method. 

The CVD growth rates, however, were initially 
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extremely low, and there was considerable skepti- 
cism that they could ever be increased enough to 
make the process commercially viable. Russian 
research into low-pressure diamond synthesis, initi- 
ated in 1956, led to higher growth rates and demon- 
strated that CVD synthetic diamond could be nucle- 
ated on materials other than diamond (Angus, 2002). 

In the early 1980s, a major breakthrough was 
made in Japan. Matsumoto et al. (1982a,b}, 
researchers at the National Institute for Research in 
Inorganic Materials (NIRIM), reported CVD synthet- 
ic diamond growth rates of over 1 um/hour (1 ym = 
0.001 um). This development led to worldwide inter- 
est in CVD synthesis, stimulated by the various 
potential industrial applications of CVD synthetic 
diamond that many scientists believed to be within 
reach, exploiting diamond's superlative optical, 
mechanical, thermal, and electronic properties. 

In the late 1980s, Element Six (then the De Beers 
Industrial Diamond Division) started research into 
CVD diamond synthesis and rapidly became a lead- 
er in the field (Valentine et al., 1994; Wort et al., 
1994, Sussmann et al., 1994; Coe and Sussmann, 
2000), with a substantial portfolio of polycrystalline 
CVD synthetic diamond industrial products (see, 
e.g., figure 3). Since the late 1980s, the Diamond 
Trading Company has made good use of these capa- 
bilities to explore the significance of CVD synthetic 
diamond for the gem trade. Today, through contract 
research, it continues to use the growth expertise of 
Element Six in its Consumer Confidence Technical 
Research Program. 

Although the increased growth rates demonstrated 
at NIRIM represented an important breakthrough for 
the production of the relatively thin diamond layers 
necessary for some industrial applications, production 
of faceted CVD synthetics for jewelry required growth 
of thick layers of single-crystal diamond material. A 
0.5 ct round brilliant has a depth of over 3 mm and, at 
1 pm/hour, a CVD layer of this thickness would take 
almost 18 weeks to grow. Production of thick single- 
crystal CVD synthetic diamond was therefore still 
hindered by the low growth rates. 

Importantly, there was also a tendency for any- 
thing but very thin layers to crack during growth, and 
some researchers found that the overgrowth often 
contained rogue crystallites (see, e.g., Tsuno et al., 
1994). Some people believed these problems and the 
low growth rates made CVD synthesis an impracti- 
cal route for production of single-crystal material 
thick enough for jewelry applications. Initially, dis- 
cussion of CVD synthetic diamond in the gem trade 
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was limited to possible coating of polished natural 
stones to affect their color. For example, boron-doped 
CVD synthetic diamond coatings can add a blue 
color. Surface finish is, however, badly affected and 
such coated diamond is easily detected (Fritsch et al., 
1989). In the 1990s, E. Fritsch reported on the use of 
polycrystalline diamond to produce novel kinds of 
jewelry (Johnson and Koivula, 1997), distinct from 
single-crystal diamond jewelry. 

Most research into single-crystal CVD synthetic 
diamond has involved very thin layers, usually less 
than 0.1 mm. Beginning in the early 1990s, howev- 
er, a number of research groups published studies of 
the growth of somewhat thicker CVD synthetic dia- 
mond. For example, researchers at Nijmegen 
University, the Netherlands, reported flame and hot 
filament growth of layers up to 0.5 mm thick 
(Janssen et al., 1990, 1991; Schermer et al., 1994, 
1996). In the U.S., Crystallume (Landstrass et al., 
1993; Plano et al., 1994) used microwave CVD to 
produce layers of similar thickness, and Badzian and 
Badzian (1993) described a layer of single-crystal 
synthetic diamond that was 1.2. mm thick. 

More recently, Linares and Doering (1999) and 
Yan et al. (2002) described the properties of layers of 
single-crystal CVD synthetic diamond, and—as 


Figure 3. The polycrystalline CVD synthetic diamond 
optical window shown here was manufactured by 
Element Six and has a thickness of 0.68 mm. 
Polycrystalline material has a range of technical uses, 
but it is extremely difficult to polish into anything 
resembling a traditional gemstone. Photo courtesy of 
Element Six Ltd. 
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noted above—both Butler et al. (2002) and Wang et 
al. (2003) presented results of investigations of 
faceted material produced by Apollo Diamond. 
Isberg et al. (2002) reported measurements on sin- 
gle-crystal CVD synthetic diamond produced by 
Element Six that indicated dramatic improvements 
in the electronic properties, suggesting that this 
material may have a future in electronic devices. 
For the remainder of this article, the term CVD syn- 
thetic diamond should be understood to refer to 
single-crystal CVD synthetic diamond. 


MATERIALS AND METHODS 


Materials. There are many process variables that 
can influence the properties of the CVD material 
produced. Over the last 15 years, researchers at 
Element Six have varied the growth process in 
many different ways to gain a general understanding 
of the relationship between growth conditions and 
material properties. The results reported here have 
been gathered from studies of over a thousand CVD 
synthetic diamond samples grown by Element Six 
since the early 1990s as part of the Diamond 
Trading Company’s proactive research program 
aimed at identifying methods to distinguish CVD 
synthetics from natural diamond. This research has 
focused on developing an understanding of how 
growth conditions affect the properties of the mate- 
rial produced, particularly those that can be useful 
for identifying CVD synthetic diamond. 

The single-crystal CVD synthetic samples for 
which results are presented here were grown on sin- 
gle-crystal diamond substrates (predominantly 
HPHT-grown synthetics) processed into plates with 
the dominant faces being within a few degrees of a 
cube {100} plane. They may be divided into four cate- 
gories. First, several hundred samples were grown 
with nitrogen added to the growth process; for many 
of these, the nitrogen concentration in the process 
gases was altered during growth to investigate the 
effect of such changes. Approximately 50 of these N- 
doped samples, which were predominantly brown, 
were given high pressure/high temperature treat- 
ments in a belt-type press, under diamond stable 
conditions, to investigate the effect on their color 
and other properties. Samples belonging to the third 
category were grown with small concentrations of 
diborane (B,H,), a source of boron, added to the 
growth gases in order to produce boron-doped mate- 
rial. The focus of our research has been on looking 
for any weaknesses in detection methodologies, and 
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Figure 4. High-purity CVD material is colorless, as illustrated by the 0.44 ct (D-SI,) rose cut and 0.82 ct (E-VVS,) 
round brilliant shown here (left and center), but it is technically more difficult to grow than brown material, such 
as the 0.85 ct pinkish brown (VVS,) round brilliant on the right. For relatively thin layers of CVD synthetic dia- 
mond, flat cuts give the highest yield, but the ability to grow thicker layers makes brilliant cuts more feasible. 


Photos by M. Crowder and P. Martineau. 


we have therefore moved our process in directions 
that remove potential detection features. Thus, for 
the final category of samples, strenuous efforts were 
made to eliminate all sources of nitrogen and boron 
impurities from the growth process to produce color- 
less CVD material of high purity. We believe that 
categorizing the material we have grown in terms of 
impurities will bring out the most relevant informa- 
tion for gemologists. 

Various samples were processed in three princi- 
pal ways. More than 200 samples were polished as 
free-standing CVD plates from which the substrate 
was removed. Approximately 200 polished cross- 
sectional slices through CVD layers and their sub- 
strates were also produced. Twenty-seven samples 
were faceted in order to test proposed detection 


Figure 5. This 1.03 ct Fancy Deep blue square-cut 
CVD synthetic (VS, clarity, type IIb) was grown 
with diborane added to the process gases. Photo 
by M. Crowder. 
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methods, give information on the grades that are 
achievable for various kinds of CVD synthetic 
material, and help educate gemologists. The faceted 
samples ranged from 0.21 to 2.64 ct and, with the 
exception of those produced from boron-doped CVD 
material, from colorless to dark brown (see, e.g., fig- 
ures 1 and 4). B-doped faceted samples ranged from 
light blue to intense blue (see, e.g., figure 5). 


Methods. Birefringence microscopy was carried out 
for all the free-standing plates and cross-sectional 
slices with a Wild M420 microscope equipped with 
a pair of polarizers. 

X-ray topographs (Lang et al., 1992) were record- 
ed, with a 0.25 mm slit width, on Ilford L4 nuclear 
emulsion using Mo Ka, radiation (wavelength: 
0.070926 nm) from a Marconi GX20 rotating anode 
X-ray generator. With this wavelength, use of the 
<533> reflection allowed diamond samples to be set 
up so that the plane sampled by the X-ray beam was 
very close to a cube {100} plane. It also allowed 
topographs to be recorded with relatively little pro- 
jection distortion because, at 81.37°, 20 for the Bragg 
condition was fairly close to 90°. We recorded X-ray 


TABLE 1.Laser and spectrometer systems used in Raman 
and photoluminescence studies of CVD synthetic diamond. 


Wavelength Laser Spectrometer system 

325 nm HeCd (60 mW) JY Horiba Labram 
Raman system 

488 nm and Ar ion (800 mW) Spex 1404 

514 nm 

633 nm HeNe (27 mW) JY Horiba Labram 
Raman system 

785 nm NIR diode (25 mW) Renishaw 1000 


Raman system 
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topographs for approximately 150 CVD synthetic 
diamond samples (both faceted and unfaceted). Of 
these, approximately a hundred were nitrogen- 
doped, 20 were boron-doped, and 30 were of high 
purity. We recorded X-ray topographs in such a way 
that the beam sampled a cross-sectional slice 
through the CVD layer and its substrate, using the 
<533> X-ray reflection. We also obtained <533> X- 
ray section topographs parallel and perpendicular to 
the growth direction for faceted synthetic samples. 
Absorption spectra were recorded for almost all 
the free-standing plates and many of the cross-sec- 
tional slices. Perkin Elmer Lambda 9 and Lambda 
19 spectrometers were used to record absorption 
spectra in the ultraviolet, visible, and near-infrared 
regions of the spectrum. A Nicolet Magna-IR 750 
FTIR spectrometer was used to cover the range 
between 11,000 cm~ and 400 cm7!. 
Photoluminescence and Raman spectra were 
recorded for five different laser excitation wave- 
lengths (table 1). At each wavelength of excitation, 
at least 10 samples were investigated for each of the 
four categories of CVD synthetic diamond material 
mentioned above. Observations of luminescence 
excited by ultraviolet radiation were made for all of 
the faceted stones in a darkened room using con- 
ventional long-wave (365 nm) and short-wave (254 
nm) Ultraviolet Products lamps. 
Cathodoluminescence (CL) topographs were 
recorded using a CLmk4 (Cambridge Image Tech- 
nology Ltd.) and a Wild M420 microscope equipped 
with a digital camera. CL spectra were recorded using 
a Cambridge Instruments 336 SEM equipped with an 
Oxford Instruments MonoCL spectrometer. For each 
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Figure 6. The Diamond 
Trading Company’s 
Diamond Verification 
Instruments are effec- 
tive for identifying both 
HPHT-grown and CVD 
synthetics. From left to 
right, this picture shows 
the DiamondSure, 
DiamondView, and 
DiamondPLus instru- 
ments. Photo by C. 
Alderman. 


of the four categories of CVD synthetic diamond 
material mentioned above, at least 10 samples were 
investigated using CL topography and spectroscopy. 

All of the faceted stones were tested on all three 
Diamond Trading Company Diamond Verification 
Instruments (figure 6). Earlier versions of Diamond- 
Sure and DiamondView, which were developed for 
identification of HPHT-grown synthetics, were 
described in a Gems &) Gemology article by Wel- 
bourn et al. (1996) and are in use in gemological lab- 
oratories worldwide. These instruments have now 
been significantly improved and are commercially 
available from GIA Instruments UK Ltd. A third 
instrument, DiamondPLus, has been developed to 
help with the detection of HPHT-treated type II dia- 
mond (Welbourn and Williams, 2002). 

DiamondSure is a compact instrument that pro- 
duces a “Pass” or “Refer” result on the basis of an 
absorbance measurement across the visible and ultra- 
violet regions of the spectrum. “Pass” indicates that 
the stone is a natural diamond that requires no fur- 
ther testing. “Refer” means that further testing is 
required to determine whether the stone is synthetic 
or natural. Tests on more than 300,000 natural dia- 
monds and several hundred HPHT-grown synthetic 
diamonds have indicated that DiamondSure refers 
only 1-2% of natural diamonds, but it refers all 
HPHT-grown synthetics. 

Photoluminescence (PL) images were recorded 
with a DiamondView that has been improved in a 
number of ways that will be detailed in a future arti- 
cle. This instrument exposes polished stones to short- 
wave UV radiation and records a digital image of the 
resulting surface luminescence. It may also be used to 
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Figure 7. These photomicrographs of a free-standing tabular plate of CVD synthetic diamond (1.06 mm thick) were 
recorded with crossed-polarizers in a viewing direction parallel (left) and perpendicular (right) to the growth direc- 
tion. The optical path lengths were 1.06 mm and 4.02 mm, respectively. The regions of anomalous birefringence 
run through the sample in a direction parallel to the growth direction. Such birefringence is believed to result when 
bundles of dislocations nucleate at or near the interface with the substrate and propagate in the growth direction 
as the layer grows. Photos by A. Taylor. 


record phosphorescence images. The DiamondView 
was used to investigate the spatial distribution of both 
PL and phosphorescence for all but a small number of 
the samples produced for this study. 

The new DiamondPLus is a compact instrument 
designed to make high-sensitivity, low-temperature 
photoluminescence measurements on polished 
stones immersed in liquid nitrogen. It contains two 
solid-state lasers and two miniature spectrometers. 
Each measurement takes about 20 seconds, and a 
result is then displayed on the screen. 


RESULTS 


Most of our results are presented under headings of the 
four main categories of CVD synthetic diamond mate- 
rial that we investigated. We start, however, with two 
general sections. The first describes results relating to 
gemological features that we observed using 
microscopy in some samples from each of the four 
varieties of material. It is important to stress, however, 
that many of the samples we investigated showed 
none of these features. The second summarizes results 
from X-ray topography studies in which characteristic 
contrast features were seen for all the samples in all 
four categories that we investigated. 


General Gemological Features. Birefringence. The 
samples of CVD synthetic diamond we investigated 
often showed characteristic birefringence features. 
The photomicrographs in figure 7 show views of a 
free-standing plate of CVD synthetic diamond, with 
six cube {100} faces, seen with crossed polarizers 
from perpendicular directions. Characteristic bire- 
fringence features showing higher-order colors can 
be seen in the micrograph recorded with the view- 
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ing direction parallel to the growth direction. The 
strongest birefringence occurs with this viewing 
direction even though it gives the shortest path 
length. From the cross-sectional view, it can be seen 
that the corresponding regions of strain run all the 
way through the sample along the growth direction. 


Figure 8. In this X-ray section topograph of a 2-mm- 
thick layer of CVD synthetic diamond on a type Ib 
HPHT-grown synthetic substrate, a cross-sectional 
slice parallel to the growth direction has been sam- 
pled. The columnar texture is caused by dislocations 
and is typical of CVD synthetic diamond, but it is not 
always seen in such an extreme form. The interface 
between the substrate and the CVD layer is clearly 
evident from the abrupt change in contrast. Features 
such as these in X-ray topographs may be used as evi- 
dence to support identification. 
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Something of 
Collections and Collectors 


By ELSIE RUFF, F.G.A. 


HEN a very small child produces 

three or four bus tickets, with 
the injunction “Don’t tear these up, I’m 
collecting” the interested parent begins 
to question the source of this new trait. 
Every child, apparently, falls prey to the 
collecting habit at some period or the 
other and may carry it on into adult 
years. Observation leads one to suspect 
that collecting, like other characteristics, 
though often emulative, is almost as often 
original. To find two of a kind, with 
slight distinctions, suggests three, and 
four, and so on. 

The use of jade makes an interesting 
point. Far removed (in those days) from 
all possible contact with each other, neo- 
lithic man discovered jade in various 
parts of the world and proceeded to 
fashion it for his own use as implements. 
The tendency of the researcher is to 
start retracing a tribe’s migration from 
one country to the other, thereby hoping 
to account for the 
strange similarities of 
conduct and then, con- 
fronted by disturbing 
gaps of time, to attri- 
bute that which can- 
not be deduced to some 
sort of race memory. 

Experience of such 
research usually weak- 
ens, if not weans, the 
common ancestor 
theme and forces one 
to conclude that the 
human mind works in 
much the same 
gtooves, regardless of 


race or geographical position. For even 
if one traces something back to a common 
ancestor, it still had to be thought up by 
this ancestor, and he was probably no 
more original than anybody else. 

Perhaps only one brought up in an 
outrageously lonely outpost of civiliza- 
tion could today claim originality in the 
matter-of gemstone collecting. But the 
fact that children do, apparently, think 
up the idea of collecting (anything) for 
themselves, in itself tells us that it is 
a very, very ancient trait, something that 
has been called “the collecting instinct 
of the community.” Primitive man un- 
doubtedly collected, maybe with different 
motives. Perhaps the small accumula- 
tions of gemstones that have come down 
to us from time to time were more col- 
lections than gemstones for their own 
sake. 

Writing of collecting a little while 
back, an English commentator deplores 


From a collection at the 
Cleveland Museum of Art 
is this chiselled gold 
frarne set with a minia- 
ture of Napoleon I, sur- 
rounded by diamonds, 
and signed “Isabey, 
1810.” 


SPRING, 1948 
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Crystallographic Orientation. We have found that, 
in CVD processes, growth on octahedral {111} faces 
is problematic because there is a tendency for twins 
to form. Regions of samples that contained one or 
more twins were difficult to polish, had a tendency 
to crack, and were generally of lower optical quali- 
ty. Most of the CVD synthetic diamond material 
that we investigated was grown on substrates with 
faces in near-cubic orientation, and octahedral 
growth faces had a tendency to form at the four cor- 
ners. The resulting four regions of lower-quality dia- 
mond often limited the yield and clarity grade of 
faceted stones. Cracks, graphitic inclusions, or poor 
surface finish were sometimes seen in one or more 
of the four positions, typically near the girdle. 


Layers with Different Colors. In many of the samples 
we investigated, we observed layers with different 
colors. When present, such layers were easily seen in 
cross-sectional slices or free-standing plates with pol- 
ished faces. They were more difficult to discern for 
faceted CVD synthetic stones. In our experience, lay- 
ers with different brown colors were most common 
but, for samples doped with boron, we also observed 
layers with different blue colors. For the most part, 
such layers formed parallel to the plane presented by 
the substrate, with deviations near the edges result- 
ing from the formation of additional growth faces. 


Figure 9. The columnar texture is also evident in this 
X-ray section topograph of a faceted CVD synthetic 
(girdle diameter 5.5 mm), in which a cross-sectional 
slice parallel to the growth direction was sampled by 
the X-ray beam. 


Inclusions. We observed inclusions in only a few of 
our samples. In those rare cases, for the most part 
they appeared as groups of pinpoint inclusions 
lying in planes parallel to the interface between the 
CVD layer and the substrate on which it was 
grown. On the basis of Raman scattering, these pin- 
point inclusions could generally be associated with 
non-diamond carbon. 


X-ray Topography. X-ray topographs for samples 
from each of the four categories of CVD synthetic 
diamond material showed striking similarities, and 
the results are therefore reported together here. 
Cross-sectional topographs through a CVD layer 
and its substrate showed contrast features similar to 
those seen in figure 8, but not generally in such an 
extreme form. A change in contrast relating to the 
position of the interface between the substrate and 
the CVD layer was clearly visible. All the cross-sec- 
tional topographs recorded parallel to the growth 
direction showed contrast streaks similar to those 
observed in figure 9. Within each of the four cate- 
gories of samples, the plan-view topographs 
revealed different kinds of contrast, ranging from 
the type of features seen in figure 10 to a more poor- 
ly defined cross-hatch pattern. 


Figure 10. In this X-ray section topograph of the 
faceted CVD synthetic shown in figure 9, the X-ray 
beam sampled a plan-view slice through the girdle 
and perpendicular to the growth direction. The dark 
spots are believed to be caused by bundles of disloca- 
tions aligned close to perpendicular to the plane sam- 
pled by the X-ray beam. 
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UV-Vis ABSORPTION SPECTRA 
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Figure 11. Absorption spectrum A, of an initially 
brown layer of nitrogen-doped CVD synthetic dia- 
mond, is typical of the spectra recorded at room tem- 
perature for this material. It shows broad features at 
270 nm and approximately 365 and 520 nm. After an 
HPHT treatment that removed the brown color from 
this same specimen, the spectrum (B) shows no evi- 
dence of the features at about 365 and 520 nm. 


Samples Grown with Added Nitrogen. After 
removal of their substrates, samples grown with 
added nitrogen were found to range from faint 
brown to dark brown (or black in extreme cases). 
For a given sample thickness, there was a strong 
correlation between the nitrogen concentration in 
the process gases and the saturation of the brown 
color. Moreover, when the nitrogen concentration 
in the process gases was changed during a growth 
run, examination of polished cross-sections pro- 
duced from the samples grown showed that layers 
with different brown colors resulted, as described 
above. For most of the samples that we investigat- 
ed, no nitrogen-related absorption could be detected 
in the one-phonon region of the infrared spectrum 
and the material was therefore classified as type II 
(for details of diamond classification by type, see 
Shigley et al., 1986). In rare cases, absorption fea- 
tures were observed at 1344 cm7! and 1130 cm"!, 
indicating the presence of isolated nitrogen atoms 
(see, for example, Clark et al., 1992). In these rare 
cases, the material was classified as type Ib. 
UV-visible absorption spectrum A in figure 11 
was recorded at room temperature for a typical 
free-standing plate of CVD synthetic diamond 
grown with nitrogen added to the gas mixture. 
Broad features may be seen at 270 nm and approxi- 
mately 365 and 520 nm. In addition to these, there 
is a general rise in absorption coefficient toward 
shorter wavelengths. Table 2 lists features that we 
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have observed in the optical absorption spectra of 
samples grown with added nitrogen. Many of these 
lines have been reported previously for samples 
produced by Apollo Diamond (Butler et al., 2002; 
Wang et al., 2003). However, we observed an addi- 
tional absorption feature at 3323 cm~ in the spec- 
tra of dark brown samples that was not reported by 
either of the above studies. 

Figure 12 shows the photoluminescence spec- 
trum of a brown CVD synthetic diamond sample 
excited at liquid nitrogen temperature with a 514 
nm Argon ion laser. It exhibits PL systems with 
zero-phonon lines at 575 and 637 nm that were pre- 
sent in the spectra of all the nitrogen-doped samples 
we investigated. It also shows a pair of sharp lines at 
596 and 597 nm that we have observed only for 
nitrogen-doped samples. Samples grown early in our 
research program showed a line at 737 nm (also 
reported for Apollo Diamond’s CVD synthetic mate- 
rial [Wang et al., 2003]}, but this feature was absent 
from the spectra of samples grown more recently. 

Spectrum A in figure 13 is the PL spectrum of an 
as-grown nitrogen-doped CVD synthetic diamond 
sample excited using a 325 nm HeCd laser at 77 K. It 
shows lines at 467, 533, and 575 nm. The 533 nm and 
575 nm lines were observed for all nitrogen-doped 


Figure 12. This photoluminescence spectrum of a nitro- 
gen-doped CVD synthetic diamond sample, excited at 
77 K with 514 nm argon ion laser radiation, shows zero- 
phonon lines at 575 and 637 nm. The spectrum also 
contains a pair of lines at 596 and 597 nm. First report- 
ed by Wang et al. (2003), to the best of our knowledge 
these two lines have never been detected for natural 
diamond or HPHT-grown synthetic diamond. 
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TABLE 2. Common features observed in the spectra of some as-grown and HPHT-treated nitrogen-doped 
CVD synthetic diamond.2© 


Feature Method Notes/comments 

270 nm UV-Vis-NIR absorption spectroscopy Associated with isolated nitrogen; also seen in type lb HPHT-grow syn- 

thetic diamond and in some HPHT-treated type Ila natural diamond. 
Ramp UV-Vis-NIR absorption spectroscopy Gradual rise in absorbance toward shorter wavelengths. Seen across the 
UV, visible, and NIR regions of the spectrum. Removed by HPHT trement. 
A similar rise is sometimes seen in type lla natural diamond. 

3865 nm UV-Vis-NIR absorption spectroscopy Broad band not seen in natural diamond or HPHT-grown synthetic dimond. 
Removed by HPHT treatment. 

3889 nm PL spectroscopy (825 nm excitation) Removed by HPHT treatment. Also seen in some HPHT-grown synthetic 
and CL spectroscopy diamond and in radiation-damaged N-containing diamond. 

415 nm CL and PL spectroscopy HPHT-treated CVD synthetic diamond. N3 center associated with nitrogen; 
(825 nm excitation) also observed in natural diamond. 

451-459 nm PL spectroscopy (825 nm excitation) Observed only in HPHT-treated CVD synthetic diamond. 

series of lines 

467 nm PL spectroscopy (325 nm excitation) and Not seen in natural or HPHT-grown synthetic diamond; removed by HPHT 
CL spectroscopy treatment. 

503 nm PL spectroscopy (825 nm excitation) HPHT-treated CVD synthetic diamond. H3 center associated with nitrogen; 

also observed in some natural diamond and HPHT-grown synthetic diamond. 

520 nm UV-Vis-NIR absorption spectroscopy Broad band not seen in natura diamond or HPHT-grown synthetic dimond. 

Removed by HPHT treatment. 

533 nm PL spectroscopy (325 nm excitation) and Not seen in natural or HPHT-grown synthetic diamond. Removed or sub- 
CL spectroscopy stantially reduced by HPHT treatment. 

575 nm PL spectroscopy (325, 488, and 514 nm NV° center; reduced but still readily detectable after HPHT treatment. 
excitations) and CL spectroscopy Also seen in some HPHT-grown synthetic diamond and some natural 

type lla diamond. 

596 nm UV-Vis-NIR absorption spectroscopy Observed in absorption spectra of some brown CVD synthetic diamond 
and not seen in natural diamond. Removed by HPHT treatment. Line- 
width comparison indicates that this has a different origin from the 596 
nm PL line. 

596/597 nm PL spectroscopy (488 and 514 nm Narrow PL lines not seen in natural or HPHT-grown synthetic diamond. 

doublet excitations) Not observed after HPHT treatment. 

625 nm UV-Vis-NIR absorption spectroscopy Observed in some brown CVD synthetic diamond and not seen in natural 

or HPHT-grown diamond. Removed by HPHT treatment. 

637 nm UV-Vis-NIR absorption spectroscopy and NV- center; seen in absorption and PL spectra of some natural and 
PL spectroscopy (488 and 514 nm HPHT-grown synthetic diamond. 
excitations) 

737 nm UV-Vis-NIR absorption spectroscopy and Si-related; not seen in more recently grown (Element Six) samples of CVD 
PL spectroscopy (488, 514, & 683 nm synthetic diamond, and not seen in natural diamond; seen in HPHT-grown 
excitations) synthetic diamond when silicon is deliberately added to the growth capsule. 

Not removed by HPHT treatment. 

8753, 7354, FTIR (or NIR) absorption spectroscopy H-related; not seen in natural or HPHT-grown synthetic diamond. Removed 

6856, 6524, by HPHT treatment. 

5564 cm-| 

3323 cm! FTIR absorption spectroscopy H-related; seen in some brown CVD synthetic diamond. Not seen in natural 

or HPHT-grown material. Removed by HPHT treatment. 

3123 cm FTIR absorption spectroscopy H-related; not seen in natural or HPHT-grown synthetic diamond. 

Removed by HPHT treatment. 
3107 cm"! FTIR absorption spectroscopy H-related. Appeared after HPHT treatment. Seen in some natural diamond. 
2800-3000 cm-' FTIR absorption spectroscopy C-H stretch vibrational modes (see, for example, Fuchs et al. [1995]); not 


1540 cm 


Raman/PL spectroscopy (785 nm excitation) 


seen in natural diamond and rarely seen in HPHT-grown synthetics.° 
Non-diamond carbon; removed by HPHT treatment. 


@None of these features is present in the spectra of all CVD synthetic diamond, and it is possible to grow CVD synthetic material that 
does not show any of these features. 
’More information on many of these spectroscopic features is given by Zaitsev (2001). 

CAll type lib diamond, whatever its origin, shows B-related lines at 2802 and 2928 cr. For a typical example, see King et al. (1998), p. 252. 


samples. The 467 nm line was observed for some, but 
not all, nitrogen-doped samples. When present in the 
PL spectrum of a sample, the lines at 467, 533, and 
575 nm were also observed in the cathodolumines- 
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cence spectrum. Table 2 also lists the PL features 

observed most commonly for the nitrogen-doped 

CVD synthetic diamond samples we studied. 
Cross-sectional slices through layers on HPHT- 
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Figure 13. These photoluminescence spectra, excited 
at 77 K using 325 nm HeCd lJaser radiation, were col- 
lected from an initially brown N-doped CVD synthet- 
ic diamond sample. Spectrum A, of the as-grown sam- 
ple, shows zero-phonon lines at 467 and 533 nm, 
which to the best of our knowledge have never been 
detected for natural or HPHT-grown synthetic dia- 
mond. These are also commonly seen in the cathodo- 
luminescence spectrum of CVD synthetic diamond. 
Spectrum B, recorded after HPHT treatment removed 
the sample’s brown color, shows H3 and N83 lumines- 
cence at 503 and 415 nm, respectively. It also shows a 
group of features between 451 and 459 nm that we 
believe have not been previously reported. 


grown type Ib substrates showed clear color zoning 
(see figure 14, left). Orange to orangy red lumines- 
cence was observed in the DiamondView images of 


all the nitrogen-doped samples that we investigated 
(see, e.g., figure 14, right]. In addition, all samples 
were observed to have striations (which run diago- 
nally in figure 14, right) that were seen most easily 
in cross-sectional slices. In some samples, the stria- 
tions were spaced too closely to be visible in the 
DiamondView images, but they were always evident 
in CL topographs recorded at higher magnification. 
The spacing between striations was fairly constant 
within a given sample, but it ranged from approxi- 
mately 0.001 mm to 0.2 mm between samples. 

The growth surface of nitrogen-doped samples 
invariably showed sequences of growth steps with 
terrace regions separated by inclined risers. There 
was a correspondence between the striation spacing 
for a given sample and the spacing between steps 
that formed on the growth surface during the CVD 
process. When traced to the growth surface, the stri- 
ations observed in cross-sectional slices were found 
to terminate at the risers and terraces of such 
growth steps. Figure 15 illustrates schematically 
how these striations are formed. 

Table 3 lists the weight, color, and clarity grades 
(as determined in our laboratory using the GIA grad- 
ing scales) and fluorescence to long- and short-wave 
UV of our 14 faceted nitrogen-doped CVD synthetics. 
All the samples tested with the DiamondSure gave a 
“Refer” result. In the DiamondView, all those tested 
showed orange to orangy red luminescence. In eight 
cases, striations were observed in the DiamondView 
images (figure 16). In all cases, the 575 and 637 nm 


Figure 14. Color zoning is obvious in this polished cross-sectional slice through a CVD synthetic diamond layer on its 
HPHT-grown synthetic substrate (left). Although predominantly yellowish green, the type Ib HPHT-grown substrate 
has two sectors with less color. The sample is 6 mm long, and CVD growth beyond the edges of the substrate has 
been removed. In a DiamondView image of the same slice (right), the CVD layer shows the orange to orangy red 
luminescence typically seen for N-doped samples, as well as the characteristic striations (the circular pattern is from 
the vacuum holder). These striations are a result of different uptake of defects on the risers and terraces of steps on the 


growth surface. Photos by A. Taylor. 
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Figure 15. This schematic diagram shows part of a 
CVD synthetic diamond layer polished to reveal 
cross-sectional views. It illustrates the early develop- 
ment of striations caused by differential uptake of 
impurity-related defects on the risers and terraces 
(here blue and gray, respectively) of surface steps. 


luminescence features were observed in PL spectra 
excited at 77 K with a 514 nm argon ion laser and 
were also detected by the DiamondPLus. 


Figure 16. The orange luminescence and striations 
were also seen in the faceted CVD synthetics, as evi- 
dent in this DiamondView image of a 0.85 ct CVD 
synthetic round brilliant. Photo by P. Martineau. 


HPHT-Treated CVD Synthetic Diamond. In all 
the cases investigated, UV-visible absorption spec- 
troscopy revealed that HPHT treatment of brown 
nitrogen-doped CVD synthetic diamond under 
diamond stable conditions reduced the overall 


TABLE 3. Weights, grades, and fluorescence reactions of 14 faceted nitrogen-doped 
CVD synthetic diamond samples (produced for research and education only). 


Sample Carat 


UV fluorescence 


; Cut Color Clarity 
number —_ weight Long-wave Short-wave 

N1 0.63 Round brilliant Brown l, Weak orange Weak orange 

N2 0.90 Round brilliant Fancy pinkish I, Orange Orange® 
brown 

N3 0.34 Square cut G VS, Weak orange Weak orange 

N4 0.50 Square cut H VS, Weak orange Weak orange 

N5 1.04 Square cut Fancy Dark Sl, Orange Orange? 
brown 

N6 1.10 Square cut Fancy Light VS, Orange Orange? 
pinkish brown 

N7 1.04 Square cut Fancy pinkish l, Orange Orange? 
brown 

N8 0.85 Round brilliant Fancy brownish VVS, Orange Orange® 
pink 

N9Q 0.50 Square cut Fancy Light VS, Orange Orange 
pinkish brown 

N10 0.38 Emerald cut Fancy Light VVS, Orange Orange 
pinkish brown 

N11 0.50 Round brilliant = Brown VS, Weak orange Weak orange* 

N12 0.55 Round brilliant Brown Sl, Weak orange Weak orange® 

N13 0.39 Princess cut Brown Sl, Weak orange Weak orange? 

N14 2.23 Rectangular Pinkish brown I, Orange Orange 

step cut 
4Striations were observed in DiamondView images of these samples. 
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Figure 17. These photographs illustrate how two N- 
doped CVD synthetic diamond samples that started 
as brown (top left, 3.06 x 2.06 x 0.86 mm?) and black 
(bottom left, 1.52 x 1.34 x 0.94 mm) responded to 
HPHT treatment (right). Photos by A. Taylor. 


absorption in the visible and ultraviolet regions of 
the spectrum. All of these samples showed a cor- 
responding reduction or change in color. Figure 17 
shows how HPHT treatment affected the color of 
two samples: one brown and the other black. 
After treatment, the brown sample was nearly col- 
orless and the black sample had become a pale 
greenish brown. 

We recorded UV-visible absorption spectra for 
the same region of a brown sample before and after 
HPHT treatment (again, see figure 11). Note that 
the broad features at approximately 365 nm and 
520 nm were removed by the treatment, and there 
was also a substantial reduction in the general rise 
in absorption toward shorter wavelengths. The 
shape of the post-treatment spectrum is very simi- 
lar to that for the absorption caused by a low con- 
centration of isolated nitrogen atoms. 

HPHT treatment of brown CVD synthetic sam- 
ples also caused a change in the hydrogen-related 
features in their infrared absorption spectra (again, 
see table 2). For example, it removed the hydrogen- 
related absorption lines in the near-infrared region 
of the spectrum and at 3123 cm7! and 3323 cml. In 
most cases, a hydrogen-related line at 3107 cm“!, 
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seen in the absorption spectra of some natural dia- 
monds (Woods and Collins, 1983), was observed 
after HPHT treatment. 

We also recorded Raman/photoluminescence 
spectra (at room temperature, with 785 nm excitation, 
figure 18) for the same region of a sample before and 
after HPHT treatment that substantially reduced the 
absorption in the visible and ultraviolet regions. The 
feature at approximately 1540 cm! in the spectrum 
recorded before treatment indicates the presence of 
non-diamond carbon. The spectrum of the post-treat- 
ment sample contains only the diamond Raman line 
and shows no evidence of non-diamond carbon. 

Figure 13 shows PL spectra for this sample as 
recorded at liquid nitrogen temperature with 325 
nm excitation before and after HPHT treatment. 
Although substantially reduced by the treatment, 
the 575 nm luminescence feature remained readily 
detectable. Other features in the initial spectrum, 
such as the line at 467 nm, were removed during 
annealing. The features at 503 nm and 415 nm are 
the H3 and N3 centers respectively (see, e.g., 
Zaitsev, 2001, pp. 262—2.72, and 320-323), which are 
very commonly observed in natural nitrogen-con- 
taining diamond. In addition, the post-treatment 
spectrum contains a series of lines in the 451-459 


Figure 18. The feature at approximately 1540 cm! 
that was present in the Raman spectrum of this 
brown N-doped CVD synthetic diamond sample 
before treatment (A) was completely absent (B) after 
HPHT treatment removed the brown color. These 
spectra were recorded at room temperature with 785 
nm excitation. 


RAMAN SPECTRA 
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nm region that we have only observed for HPHT- 
treated CVD synthetic diamond. In all cases where 
the starting material showed the 737 nm lumines- 
cence feature with 633 nm excitation, this was still 
readily detectable after HPHT treatment, as noted 
by Wang et al. (2003). We never observed the pair of 
lines at 596 and 597 nm for HPHT-treated samples. 
Whereas DiamondView images of as-grown sam- 
ples showed orangy red luminescence, the images 
recorded after annealing were dominated by green 
luminescence (see, e.g., figure 19). Striations similar 
to those observed in DiamondView images of as- 
grown material were still visible after treatment. 


Boron-Doped CVD Samples. All the CVD synthetic 
diamond samples grown from gas mixtures contain- 
ing diborane showed colors equivalent to a range 
from Fancy Light grayish blue to Fancy Deep blue 
(again, see figure 5). All had optical absorption prop- 
erties typical of type IIb diamond (see King et al., 
1998]. The color arose from boron-related absorp- 
tion extending into the visible part of the spectrum, 
with decreasing absorption from the red to the blue. 
None of the samples we examined showed any of 
the impurity-related [i.e., N, H, or Si) features we 
observed in the absorption or PL spectra of nitrogen- 
doped CVD synthetic diamond. 

As-grown samples exhibited octahedral {111} 
growth faces and, for any given sample, the result- 
ing {111} growth sectors showed a more intense 
blue color than {100} sectors formed above the cube 
{100} surface of the substrate. SIMS analysis of 
approximately 40 samples indicated that the con- 
centration of boron in the {100} sector ranged from 
a few parts per billion to a few parts per million. 


Figure 19. In this DiamondView image of a formerly 
brown 0.50 ct faceted CVD synthetic that has been 
made more colorless by HPHT annealing, the dom1- 
nant component of the luminescence is now green but 
growth striations indicative of CVD synthetic dia- 
mond are still clearly seen. Photo by P. Martineau. 


The weights, grades, and fluorescence properties 
(as obtained with a typical gemological UV lamp 
unit) of the five blue faceted stones we produced from 
CVD synthetic material are given in table 4. When 
tested with the DiamondSure, all were referred. 

When exposed to short-wave UV radiation in the 
DiamondView, all the boron-doped CVD synthetic 
diamond samples showed bright blue luminescence 
with some regions of light greenish blue lumines- 
cence. After such exposure, they showed blue phos- 
phorescence that decayed over a period ranging 
from a few seconds to several tens of seconds. 

DiamondView images of cross-sectional slices of 
as-grown boron-doped samples indicated that differ- 


TABLE 4. Weights, grades and fluorescence reactions of five faceted boron-doped 
CVD synthetic diamond samples (produced for research and education only). 


Sample Carat 


UV fluorescence 


‘ t | larit 
number weight i ai ae Long-wave Short-wave 
Bi 1.05 Round brilliant = Fancy Light VS, Inert Greenish blue, and blue 
grayish blue phosphorescence 
B2 1.53 Round brilliant Fancy Light blue IF Inert Greenish blue, and blue 
phosphorescence 
B3 1.85 Cushion cut Fancy Intense Sl, Inert Greenish blue, and blue 
blue phosphorescence 
B4 1.03 Square cut Fancy Deep blue VS, Inert Greenish blue, and blue 
phosphorescence 
Bd 2.64 Square cut Fancy Deep blue VS, Inert Greenish blue, and blue 
phosphorescence 
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ently oriented growth faces showed different lumi- 
nescence properties. The luminescence from the 
octahedral {111} and cube {100} growth faces was 
generally greenish blue and blue, respectively. 
These different luminescence properties conform to 
the edges and corners of the substrate, where the 
differently oriented growth faces started to form, 
just as HPHT-grown synthetics show growth sec- 
tors radiating from the seed (Welbourn et al., 1996). 

The final growth surface of all boron-doped sam- 
ples showed growth steps, shallow pits, or a combi- 
nation of both of these. DiamondView images of 
these surfaces revealed that the luminescence proper- 
ties (color and intensity) of these steps and pits were 
different from those of adjacent regions where the 
surface was flat. After the original growth surface was 
removed during the preparation of free-standing CVD 
plates, we imaged the polished surface in the 
DiamondView. In every case, a pattern of features 
closely resembling that of the original growth surface 
was observed. DiamondView images clearly delineat- 
ed the regions where growth had taken place on the 
differently oriented surfaces of steps and pits. 

In the samples that were faceted, the intersection 
of the polished surface with growth sector bound- 
aries showed up in DiamondView images. Jagged 
growth sector boundaries can be seen adjacent to the 
linear, step-related features in the upper two images 


Figure 20. The charac- 
teristic linear and bub- 
ble-like features seen 
in these DiamondView 
images of a 1.85 ct 
faceted boron-doped 
CVD synthetic relate 
to the effect of growth 
surface steps (high- 
lighted) and pits, 
respectively. Other fea- 
tures relate to growth 
sector boundaries. 
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of figure 20. The linear and bubble-like features also 
visible in figure 20 correspond to regions where 
growth has taken place on risers and in pits, respec- 
tively. We have never seen such features in 
DiamondView images of natural type Ib diamond; 
nor have they been reported in the literature. Similar 
features were observed in DiamondView images of 
all the boron-doped CVD synthetics we examined. 


CVD Samples Grown in the Absence of Impurities 
other than Hydrogen. Samples grown under condi- 
tions created by exhaustive efforts to remove all 
impurities other than hydrogen from the growth 
environment were investigated using the Diamond- 
View and cathodoluminescence topography. 
DiamondView and cathodoluminescence images of 
such samples showed only lines emitting blue lumi- 
nescence. It is well known that dislocations in dia- 
mond tend to produce blue luminescence when 
excited by an electron beam or short-wave UV radia- 
tion. (For natural diamond, Kiflawi and Lang [1976] 
have demonstrated a one-to-one correspondence of 
CL-emitting lines and dislocations mapped using X- 
ray topography.) We also studied these samples using 
absorption and photoluminescence spectroscopy. 
Apart from localized regions showing blue disloca- 
tion luminescence under short-wave ultraviolet 
excitation, we observed no spectroscopic features 
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associated with either impurities or extended defects 
in the crystal structure. 

When a polished high-purity CVD synthetic 
round brilliant was examined with the Diamond- 
View, none of the orange luminescence character- 
istic of the N-doped material was observed. Even 
when recorded with a long integration time on the 
instrument’s high-gain setting and with the aper- 
ture fully open, as in figure 21, the image is dark 
except where blue dislocation luminescence is 
seen from regions of high dislocation density. We 
did not observe arrays of dislocations in mosaic 
patterns or in slip bands, as are typically seen in 
type IIa natural diamond (Lang, 1979}, in any of 
the high-purity CVD synthetic diamond samples 
we investigated. Instead, the CL topographs and 
DiamondView images of high-purity CVD syn- 
thetic diamond showed blue dislocation lumines- 
cence as either individual or clustered streaks. 
Correlation of birefringence and luminescence 
images for free-standing plates showed that each 
region of anomalous birefringence was centered 
on a cluster of dislocations. Cross-sectional X-ray 
topographs showed contrast features similar to 
those seen in figure 9. 

Table 5 lists the grade equivalents and other rele- 
vant information for eight faceted stones produced 
from high-purity CVD synthetic diamond. When 
tested with the DiamondSure, all of these were 
referred. Examination with a DiamondView 
allowed them all to be identified as outlined above. 


DISCUSSION 


The Origin of Gemological Features. As a result of 
our experience with the CVD process and many dif- 
ferent samples of CVD synthetic diamond, we have 
built up a general understanding of the origin of 
gemological features that may help in the identifica- 
tion of CVD synthetic diamond. Our experience is 
that, while such features cannot be relied on for 
definitive identification of CVD synthetics, if pres- 
ent they can be important clues. The most common 
features were described at the beginning of the 
Results section: birefringence, crystallographic ori- 
entation, different-colored layers, and inclusions. 

In an HPHT synthesis process, growth proceeds 
outward from a small seed crystal that acts as a 
template for diamond formation (see, e.g., Welbourn 
et al., 1996). In the production of CVD synthetic 
diamond, the substrate serves the same purpose as a 
seed, but it generally has the form of a horizontally 
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Figure 21. DiamondView images of this 0.30 ct high- 
purity CVD synthetic round brilliant did not show 
orange luminescence. The blue luminescence 
emanates from bundles of dislocations in arrange- 
ments not seen in natural diamond. High-purity CVD 
synthetics of this kind are not initially expected to be 
produced commercially. Photo by P. Martineau. 


mounted diamond plate. The dominant faces of this 
plate have a chosen crystallographic orientation, 
often close to the cube orientation. Instead of grow- 
ing out from a central seed crystal, CVD synthetic 
diamond will therefore initially form with one dom- 
inant growth face, with smaller growth faces form- 
ing at its edges, as illustrated in figure 22. 

In CVD synthetic diamond that is of high enough 
quality to be polished for jewelry purposes, like the 
material studied for this article, we have found that 
dislocations are the dominant kind of extended 
defect. Understanding the nature of these disloca- 


TABLE 5. Weights and grades of eight faceted high- 
purity CVD synthetic diamond samples (produced for 
research and education only).@ 


Sample Carat Cut Color Clarity 
number — weight 

HP1 0.31 Round brilliant F I, 
HP2 0.30 Round brilliant E VS, 
HP3 0.44 Rose cut D Sl, 
HP4 0.30 Rose cut D VVS, 
HP5 0.21 Rose cut D Sl, 
HP6 0.50 Round brilliant G Sl, 
HP7 0.44 Round brilliant D/E VVS, 
HP8 0.82 Round brilliant E VVS, 


aAll were inert to long- and short-wave UV radiation. 
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tions not only provides clues useful to the identifica- 
tion of CVD synthetic diamond, but it also aids inter- 
pretation of the birefringence shown by this material. 

The results of cross-sectional X-ray topography 
suggest that dislocations tend to lie close to perpen- 
dicular to the growth surface and often originate at 
or near the interface between the CVD layer and its 
substrate. When a sample is viewed along the 
growth direction, dislocations will therefore tend to 
lie along the line of sight and, as a result, the effect 
of the strain field of the entire length of a particular 
dislocation is seen in one position in the field of 
view. This means that, when it is possible to view a 
sample along the growth direction using crossed 


Figure 22. These diagrams show the morphological 
development of single-crystal CVD synthetic diamond 
for one particular set of growth conditions, starting 
from a substrate with six faces in cubic orientation. 
Four octahedral growth faces form in the corners, but 
the major cube {100} growth faces are enlarged and 
cube {100} edge growth faces can also be seen. 
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polarizers, localized birefringence may be observed 
in positions relating to sources of dislocations. 
Bundles of dislocations originating from individual 
point sources at or near the interface with the sub- 
strate give rise to characteristic birefringence pat- 
terns, such as those in figure 7. Wang et al. (2008, p. 
278, figure 13) observed similar localized birefrin- 
gence features in the CVD synthetic diamond sam- 
ples they investigated. Such birefringence patterns 
are not generally seen in natural diamonds. 

In our experience, the table-to-culet axis of a pol- 
ished CVD synthetic stone will usually be almost 
parallel to the growth direction. Although it often 
will be impossible to observe birefringence with this 
viewing direction, it may be feasible for particularly 
flat cuts or when the culet is large. CVD synthetic 
diamond will generally have low birefringence com- 
pared to type Ila natural diamond, which is usually 
highly strained, as commented by Wang et al. (2003). 

We have often observed lower-quality growth on 
octahedral growth faces, leading to four regions of 
defective material when a CVD layer is formed on a 
substrate that has a dominant face with cubic orien- 
tation. For a faceted stone, four-fold symmetry in the 
distribution of regions of lower quality may therefore 
raise suspicions that the item is a CVD synthetic. 

We have found that it is relatively simple to 
change the composition of the gas mixture used 
during CVD growth. If this is done sequentially, a 
series of layers with different optical absorption or 
luminescence properties may be formed. In unstable 
processes, the growth conditions may temporarily 
change and this can lead to the formation of one or 
more growth event bands lying normal to the local 
growth direction. Wang et al. (2003, p. 277, figure 
10) found evidence of such banding in at least one of 
the samples they investigated and explained it in 
terms of changes in growth conditions. 

As CVD processes do not involve metal cata- 
lysts, CVD synthetic diamond does not generally 
contain metallic inclusions, but material grown 
using the hot filament technique may contain rem- 
nants of filament metals such as tungsten or tanta- 
lum. We have found that CVD synthetic diamond 
may contain inclusions of non-diamond carbon. 
When several inclusions have been incorporated at 
a given stage of the growth process, they will lie in a 
growth event band. 


X-ray Topography of CVD Synthetic Diamond. Black 
et al. (1995) reported plan-view X-ray topography 
results for thin free-standing samples of CVD syn- 
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the philatelist. He considers the object 
of his excitement ‘ unworthy of human 
dignity.” Further, he writes: “I know 
another man who collected jade. Few 
things are more satisfactory than a fine 
jade figure here and there; but to see 
three hundred pieces of jade arranged 
in glass cases seemed to suggest, not 
that the man liked or understood jade, 
but that he did not really know what 
jade figures were meant to be or mean.” 


With gemstone collecting there is some 
confusion. A gemstone collector is just 
that, pure and simple. He may, on occa- 
sion, use part of his collection for orna- 
mental purposes, but his main interest 
does not deviate. He does not collect 
jewelry. If, in order to obtain a parti- 
cular stone, he finds it necessary to buy 
a piece of jewelry, then he promptly 
disposes .of the setting; unless the bare 
setting has some significance where. the 
stone is concerned. Again, a woman who 
owns, and wears, a great amount of 
jewelry, is not necessarily a jewelry col- 
lector. In fact, she. seldom is. Her 
jewelry is for her ornamentation from 
which she derives pleasure on that ac- 
count. Yet it is no great step for the 
owner.of fine jewels to turn connoisseur 
and the connoisseur to turn collector. 


So in any study of gemstone collecting 
the bejeweled monarchs and dandies of 
early days must be outruled. When 
Henry VIII made his memorable ride 
to the Tower of London, he attached 
to his person a variety and quantity of 
gemstones wide enough in range for a 
practical gemology demonstration, but it 
was essentially ornamentation and riches 
and, from a modern point of view, propa- 
ganda. Edward I was an earlier monarch 
reputed to have had a great collection 
of gemstones, including diamonds, sap- 
phires, topazes, amethysts, carbuncles, 
garnets, and chalcedonies. Whether he 
can be classed as a collector is difficult 
to say. Certainly his period coincide 


® 


with a new race of collectors then em- 
bryonic. 

We must also outrule many a famous 
woman who, for love of 
for ornamentation, has sustained that 
spectacular streak we find throughout 
history. There was Agnes Sorel, in the 
semioffiicial capacity of mistress to a 
king, who did so much for diamonds that 
the Diamond Corporation should put her 
among their hierarchy. There was the 
Roman Lollia Paulina, according to Pliny, 
covered in emeralds of fabulous worth. 
Actually her emeralds were part of a 
collection handed down from her grand- 
father. In emerald display she must have 
challenged Cleopatra, déspite the fact that 
the Egyptian queen had a business interest 
in the emerald mines of her own country. 
Indeed, the Egyptians of that day were 
almost fanatical in their appreciation of 
the emerald, though not apparently with 
any magico-religious intent. More modern 
emerald admirers — and wearers — were 
Josephine, wife of the first Napoleon, 
and the Empress Eugenie, wife of the 
third. One would like to think of the 
Queen of Sheba as a collector, but her 
journey to Jerusalem, carrying gold and 
gemstones, was a diplomatic tribute in 
the manner of her day. 


gemstones or 


Gemstone collectors too would seem to 
be sharply divisible, according to the 
social conditions of their time. There 
was the primitive collection, a likely free- 
for-all, though with any great develop- 
ment of the tribe it would almost cer- 
tainly become the prerogative of chiefs 
or the socially favored. And there is 
the gemstone collector who is partly the 
product of a nation at its peak, when 
wealth, and luxury, and education, and 
leisure, and foreign travel or influence 
unite. The first civilized collectors, as 
opposed to the primitive, would seem to 
be the jade collectors of China. Old jade 
has always been important enough for 
charlatans to counterfeit. But hundreds 


GEMS & GEMOLOGY 


( 


" 


y 


thetic diamond. The layers investigated were of rela- 
tively low quality and only 70 to 80 um thick. Butler 
et al. (2002) presented a plan-view X-ray topograph of 
a thicker CVD sample grown by Apollo Diamond. It 
showed interesting cross-hatched contrast, but no 
cross-sectional topograph was presented. 

X-ray topography can be used to detect the inter- 
face between a CVD layer and its substrate (again, 
see figure 8). The V-shaped features above the inter- 
face suggest that dislocations nucleated at particular 
sites at or near the interface early in the growth pro- 
cess. In general, as a CVD layer grows, dislocations 
propagate in a direction almost perpendicular to the 
growth surface, leaving a record of the direction of 
growth. In our experience, X-ray topographs of natu- 
ral diamond do not show the columnar texture that 
we have observed for CVD synthetic diamond 
(again, see figures 8 and 9). We therefore believe that 
X-ray topography can give supporting evidence that 
may help identification of CVD synthetic diamond. 


Impurities in the CVD Process. In CVD processes, 
impurities can be eliminated or added in a con- 
trolled way to produce doped CVD synthetic dia- 
mond material for a range of different technical 
applications. This also means that it is possible to 
produce various kinds of CVD synthetics for jewel- 
ry, which differ in impurity-related properties such 
as color and spectroscopic features. Because many 
potential identification features are impurity relat- 
ed, we investigated four growth processes involving 
different concentrations of impurities with the aim 
of developing a broad identification methodology 
for CVD synthetic diamond. 

The results of our research indicate that, depend- 
ing on the growth process and the impurities pre- 
sent in the growth environment, nitrogen, boron, 
hydrogen, and silicon may be present in detectable 
concentrations in CVD synthetic diamond (see, e.g., 
table 2). Hydrogen plays an important role in the 
CVD process (see, e.g., Goodwin and Butler, 1998), 
and because it is typically the most abundant gas in 
the growth environment, it is likely to be found in 
the resulting material. Nitrogen and boron content 
may result from deliberate or accidental sources in 
the growth process (see, e.g., Muller-Sebert et al., 
1996; Locher et al., 1995), and silicon is often pre- 
sent as an unintentional impurity (see, e.g., Zaitsev, 
2001, pp. 174-181). In attempts to produce diamond 
with novel electronic properties, some researchers 
have experimented with doping CVD synthetic dia- 
mond with other impurities, such as phosphorus 
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and sulfur (see, e.g., Koizumi et al., 1998; Nishitani- 
Gamo et al., 2000). From a gemologist’s point of 
view, nitrogen, boron, hydrogen, and silicon are 
likely to remain the most common impurities. 


Samples Grown with Added Nitrogen. CVD syn- 
thetic diamond can be classified according to its 
impurity content in the same way as natural dia- 
mond and HPHT-grown synthetic diamond. It may 
be type Ila, type Ib, or type Ilb. When there is no 
boron present during growth, type Ila diamond will 
generally result, but in rare cases sufficient singly 
substitutional nitrogen may be incorporated for 
CVD synthetic diamond to be classified as type Ib. 

Our experience has indicated that nitrogen is dif- 
ficult to eliminate entirely from the growth envi- 
ronment. It may be present because of unintention- 
al leaking of air into a CVD reactor or because it is 
an impurity in gases used in the CVD process. It is 
incorporated into CVD synthetic diamond in vari- 
ous kinds of defects that give characteristic spectro- 
scopic signatures that can be useful as indicators of 
CVD synthetic diamond. It is known that even 
small concentrations of nitrogen in the starting gas 
can increase the growth rate (Muller-Sebert et al., 
1996}, and this may lead producers of CVD synthet- 
ic diamond to add nitrogen deliberately. 

In terms of concentration, isolated nitrogen was 
one of the dominant nitrogen-related defects in the 
nitrogen-doped CVD synthetic diamond samples 
that we investigated. This corresponds to an isolat- 
ed single nitrogen atom substituting for a carbon 
atom at a site in the diamond crystal with no other 
neighboring impurities or vacancies (missing carbon 
atoms}. This defect causes a monotonic rise in 
absorption from about 500 nm into the blue and 
ultraviolet regions of the spectrum, with a broad 
absorption feature at 270 nm (see, for example, 
Zaitsev, 2001, pp. 343-344). 

Wang et al. (2003) reported that many of the 
Apollo CVD synthetic diamond samples they inves- 
tigated showed lines at 8753, 7354, 6856, 6425, 
5564, and 3123 cm~!, which is consistent with what 
Butler et al. (2002) also reported for an Apollo sam- 
ple. These lines were identified as being hydrogen- 
related by Fuchs et al. (1995a,b). They can be con- 
sidered strong indicators of CVD synthetic dia- 
mond, because they have never been seen in any 
other kind of diamond. Note that we observed these 
lines only in the spectra of the as-grown CVD syn- 
thetic diamond samples doped with nitrogen. Like 
Wang et al. (2003), we found that they were 
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removed by HPHT treatment. 

The line we observed at 3323 cm™! for some dark 
brown samples was also identified as being hydro- 
gen-related by Fuchs et al. (1995a,b). Although it 
has been seen only in CVD synthetic diamond, it is 
not considered an important indicator because, even 
among nitrogen-doped samples, we observed it in 
relatively few cases and it, too, is removed by 
HPHT treatment. 

Some CVD synthetic diamond contains hydro- 
gen in paramagnetic defects that have been detected 
and characterized using electron paramagnetic reso- 
nance (EPR). Recent studies of nitrogen-doped sin- 
gle-crystal CVD synthetic diamond (Glover et al., 
2.003, 2004) have identified two such defects that 
have never been observed in other kinds of dia- 
mond. Both of these were found to be present in the 
faceted CVD synthetic (M. E. Newton, pers. comm., 
2004) investigated by Butler et al. (2002). 

The nitrogen-vacancy (N-V] center is a very 
important defect in CVD synthetic diamond. It con- 
sists of an isolated single nitrogen atom, again at a 
site normally occupied by a carbon atom, but with 
one of its nearest-neighbor carbon atoms missing. It 
occurs in two different charge states: neutral and 
negatively charged. The latter gives rise to the pho- 
toluminescence system with a zero-phonon line at 
637 nm (see, e.g., Zaitsev, 2001, pp. 197-203), and it 
is now generally believed that the neutral N-V cen- 
ter is responsible for the PL system with a zero- 
phonon line at 575 nm (Lawson et al., 1998). 
Together they cause the orange or orangy red lumi- 
nescence seen in DiamondView images of nitrogen- 
doped CVD synthetic diamond. Nitrogen-vacancy 
centers are responsible for the orange luminescence 
that was observed when the N-doped CVD synthetic 
diamond samples were exposed to UV radiation (254 
nm or 365 nm). Consequently, observation of pre- 
dominantly orange luminescence should therefore 
trigger gemologists to study a stone in more detail. 

The lines at 467 nm and 533 nm that we observed 
in the cathodoluminescence and PL spectra of nitro- 
gen-doped CVD synthetic diamond have only been 
seen for CVD synthetic diamond (Zaitsev, 2001, pp. 
245-2.46 and p. 300). We have shown, however, that 
HPHT treatment may remove them or substantially 
reduce their intensity. 

All the Apollo synthetic diamond samples tested 
by Wang et al. (2003), and the one examined by 
Butler et al. (2002), showed a moderately strong PL 
line at 737 nm. The 737 nm line has never been 
detected for natural diamond, and it has only been 
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found in the spectra of HPHT-grown synthetic dia- 
mond in cases where silicon was deliberately added 
to the starting materials (Clark et al., 1995). Much of 
the CVD synthetic material that we have studied, 
however, does not show the 737 nm feature, and 
therefore it should not be relied on too heavily for 
identification. The center responsible is known to be 
very stable and is not likely to be altered by HPHT 
treatment (Clark et al., 1995). 

The surface of CVD synthetic diamond has a ten- 
dency to show growth steps (van Enckevort et al., 
1995), and our results indicate that differential uptake 
of impurity-related defects on the risers and terraces of 
these steps is responsible for the striations observed in 
luminescence images of polished samples. We have 
never observed such striations in luminescence 
(including DiamondView] images of non-CVD sam- 
ples; nor have they been reported in the literature. 
The presence of such striations can, therefore, be con- 
sidered a strong indicator of CVD synthetic diamond. 


HPHT-Treated Nitrogen-Doped CVD Synthetic 
Diamond. It is now well known that the optical 
absorption properties of brown natural type Ila dia- 
mond can be changed by HPHT annealing (see, e.g., 
Fisher and Spits, 2000; Smith et al., 2000). Butler et 
al. (2003) reported that the brown color of CVD syn- 
thetic diamond can be reduced by HPHT annealing. 
Wang et al. (2003) reported results for HPHT anneal- 
ing of three samples of CVD synthetic diamond but 
did not observe a color change in every case. We 
noted different responses to HPHT treatment 
depending on the starting material, but in every case 
we did observe a distinct reduction in ultraviolet and 
visible absorption (and a corresponding color 
change), with the absorption spectra of treated sam- 
ples being dominated by absorption caused by isolat- 
ed nitrogen atoms. In our experience, low-nitrogen 
(type Ila/Ib) natural diamond containing predomi- 
nantly isolated nitrogen is extremely rare; the low 
concentrations of nitrogen atoms in type Ila natural 
diamond are generally in aggregated forms. 

Brown color in type Ila natural diamond is associ- 
ated with plastic deformation. We found no evidence 
that any of our brown CVD synthetic diamond sam- 
ples were plastically deformed. Raman spectroscopy 
indicated that, unlike most brown natural type Ila 
diamond, brown CVD synthetic diamond contains 
significant amounts of non-diamond carbon that 
likely contributes to the absorption spectrum. After 
HPHT treatment removes the color, the non-dia- 
mond carbon is no longer present, almost certainly 
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Figure 23. Blue luminescence and “mosaic” networks 
of polygonized dislocations are evident in this 
DiamondView image of a typical type Ha natural dia- 
mond. Such networks were not seen in any of the 
CVD samples investigated in this study. (Imaged 
area: 3.6 mm x 2.7 mm.) Photo by S. Lawson. 


because it has been converted to diamond. We can- 
not rule out the possibility that some of the UV-visi- 
ble absorption of brown CVD synthetic diamond 
samples is caused by hydrogen-related defects that 
are removed by HPHT treatment. 

It is clear from our results that HPHT annealing 
not only changes the absorption spectrum of brown 
CVD synthetic diamond, but it also affects the 
defects that contribute to PL spectra and images. 
Although some nitrogen-vacancy luminescence 
generally remains, DiamondView images of HPHT- 
treated nitrogen-doped CVD synthetic diamond 
samples tend to be dominated by green or green- 
blue luminescence with striations similar in form 
to those observed for the orange luminescence in as- 
grown samples. 


Boron-Doped CVD Synthetic Diamond. Diamond- 
View images of the B-doped CVD synthetic dia- 
mond samples we studied showed the effect of dif- 
ferential incorporation of boron on differently ori- 
ented surfaces that formed during growth. This 
gives rise to features we have never observed in 
DiamondView images of natural type IIb diamond 
samples. We believe that these will remain reliable 
for the identification of boron-doped CVD synthetic 
diamond. Type IIb natural diamond samples we 
have investigated show a mosaic pattern of disloca- 
tions similar to that seen for natural type Ila dia- 
mond. Lang (1979) and Hanley et al. (1977) have 
described observation of such arrays of dislocations 
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Figure 24, This DiamondView image of part of a 
plastically deformed natural type Ila diamond 
shows dislocations lying in slip bands, which were 
not seen in any of the CVD samples investigated in 
this study. (Imaged area: 3.6 mm x 2.7 mm.) Photo 
by P. Martineau. 


in cathodoluminescence topographs of type IIb nat- 
ural diamond. We have never observed such arrays 
of dislocations in B-doped synthetic diamond, 
whether CVD or HPHT-grown. 


High-Purity CVD Synthetic Diamond. Diamond- 
View images of type Ila natural diamond typically 
show a high density of streaks of blue lumines- 
cence. The corresponding dislocations or bundles of 
dislocations show a variety of different patterns. In 
the majority of type Ila natural diamonds, we have 
found that they form a fairly random “mosaic” pat- 
tern (figure 2.3). In plastically deformed type Ila nat- 
ural diamonds we have investigated, they tend to lie 
in slip bands on octahedral planes (figure 24). Some 
rare natural type Ila diamonds produce orange lumi- 
nescence of the kind shown by CVD synthetic dia- 
mond. In these rare cases, however, DiamondView 
images show underlying dislocation structures that 
are characteristic of natural type Ila diamond (figure 
2.5). We did not observe such arrays in any of the 
CVD synthetic diamond samples we studied, nor 
have they been reported in the literature to date. We 
therefore believe that, for type Ila diamond, the 
absence of such arrays of dislocations is a strong 
indicator of synthetic diamond. 

It is possible to produce high-purity CVD synthetic 
diamond that shows no detectable impurity-related 
luminescence. This is technically very difficult, and 
growth rates are significantly lower than for nitro- 
gen-doped CVD synthetic diamond. It is, therefore, 
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Figure 25. There are rare instances in which 
DiamondView images of a natural type Ila diamond 
will show orange luminescence throughout. In such 
cases, we have observed underlying networks of dis- 
locations of a kind that we have not seen for CVD 
synthetic diamond. (Imaged area: 3.6 mm x 2.7 mm.) 
Photo by S. Lawson. 


unlikely that CVD synthetics of this kind will be 
commercially produced in the immediate future. 
The absence of detectable impurity-related lumines- 
cence would be very unusual for natural diamond; 
thus, in combination with the absence of disloca- 
tions in the mosaic or slip band arrays found in natu- 
ral type Ila diamond, it would be a strong indicator 
of high-purity CVD synthetic diamond. 


IDENTIFICATION 


The key characterization results of this work are 
summarized in table 6. Nitrogen-doped CVD syn- 
thetic diamond shows a number of spectroscopic 
features not exhibited by either natural diamond or 
HPHT-grown synthetic diamond. When present, 
these are useful indicators of CVD synthetic materi- 
al. However, our results show that it is possible to 
grow high-purity or boron-doped CVD synthetic 
diamond samples that show none of these features. 
In addition, many of the features of N-doped materi- 
al can be removed by HPHT treatment. 

The Apollo Diamond samples provided to GIA 
for study contained low but significant concentra- 
tions of nitrogen. Their spectroscopic properties 
were almost identical to those we observed for sam- 
ples grown with nitrogen added to the process gas. 
In particular, they showed H-related absorption fea- 
tures, in the NIR (8753, 7354, 6856, 6425 and 5564 
cm!) and at 3123 cm“, which have never been 
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reported for natural diamond. We concur with 
Wang et al. (2003) that these features represent a 
strong indicator of CVD synthetic diamond. 

We also observed the 596/597 nm photolumi- 
nescence doublet reported by Wang et al. (2003), 
and this is another potentially useful indicator. 
One significant difference was that, whereas few 
of our samples showed the silicon-related 737 nm 
PL feature, Wang et al. (2003) observed this for 
every Apollo sample they investigated. This fea- 
ture has never, to our knowledge, been reported 
for natural diamond and is therefore another use- 
ful indicator. It should, however, be emphasized 
that the absence of the 737 nm feature from the 
spectra of our more recently grown samples sug- 
gests that it may eventually be absent for material 
from other sources. Thus, the 737 nm feature, the 
596/597 nm doublet, and the hydrogen-related 
absorption lines are useful only when present. 
Their absence is not a reliable indicator of natural 
or synthetic origin. 

Following post-growth HPHT treatment, nitro- 
gen-doped samples exhibited UV-visible absorption 
features that were caused predominantly by low 
concentrations of isolated nitrogen atoms. Low- 
nitrogen natural diamond containing predominant- 
ly isolated nitrogen (type Ila/Ib) is extremely rare. 
Our treated CVD synthetic diamond samples also 
showed green or green/blue luminescence accompa- 
nied by PL features in the region of 451-459 nm, 
with 325 nm excitation, that have not been 
observed in any other kind of diamond. 

Although the DiamondSure was originally 
developed to screen for HPHT-grown synthetics, it 
refers all type Ila stones. We therefore feel confident 
that it will refer the CVD synthetic diamond cur- 
rently being commercially produced, because Wang 
et al. (2003) have reported that it is type Ila. Some 
CVD synthetic diamond samples may contain high 
enough concentrations of isolated nitrogen to be 
classified as type Ib, but the DiamondSure also 
refers all type Ib stones. 

CVD synthetic diamond material of the kind 
that Apollo Diamond currently is producing com- 
mercially shows orangy red luminescence (Butler et 
al., 2002; Wang et al., 2003) from nitrogen-related 
defects that generate spectral lines at 575 nm and 
637 nm. This luminescence is clearly visible in 
DiamondView images and, when seen, should alert 
the user. In very rare cases, natural type Ila diamond 
may show orange luminescence. Identification of 
CVD material therefore requires the observation of 
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TABLE 6. The key characterization results for the four kinds of CVD synthetic diamond material studied. 


HPHT- annealed 


Property Nitrogen-doped nitrogen-doped Boron-doped High purity 
Color Faint brown Near-colorless or Fancy Light blue to Near-colorless or colorless 
to brown green-brown? Fancy Intense blue 
UV-visible absorption 270 nm 270 nm and associated Decreasing absorbance Intrinsic absorption only 
360 nm absorption from red to blue regions 
520 nm of spectrum 
624 nm 
637 nm 
737 nm 
IR absorption 87538, 7354, 3107 cm"! Boron-related Intrinsic absorption only 
6856, 6425, 
5564, 3328, 
3123 cm! 
Photoluminescence 467 nm 415 nm Broad luminescence Only intrinsic and dislocation 
spectroscopy 533 nm 451-480 nm region band in the blue region luminescence 
575 nm 503 nm of the spectrum 
596 nm 575 nm 
597 nm 637 nm 
637 nm 


DiamondView images Orange to orangy 


red with striations 


sometimes visible visible 
Cathodoluminescence 467 nm 415 nm 
spectroscopy 533 nm 503 nm 

575 nm 575 nm 
Cathodoluminescence Orange with Green or blue-green 
topography striations with striations 


X-ray topography 
(cross-sectional) 


Streaks nearly 
parallel to growth 


Streaks nearly 
parallel to growth 


Green to blue-green with Blue with characteristic 
striations sometimes 


Dark except for blue 
features relating to dislocation luminescence 
growth-surface morphology 
Broad CL band in the 
ue-green region of 

the spectrum 

Blue-green with features 
relating to surface 
morphology 

Streaks nearly 

parallel to growth 


Only intrinsic and dislocation 
luminescence 


[on 


Only intrinsic and dislocation 
luminescence 


Streaks nearly 
parallel to growth 


direction direction direction direction 
@These represent the results for the majority of samples tested. 
additional features indicative of CVD synthetic dia- CONCLUSIONS 


mond, such as the striations described earlier, or the 
absence of the dislocation networks found in type 
Ila natural diamond. 

Although DiamondPLus was primarily designed 
for rapid screening for HPHT-treated type II dia- 
monds, it will detect a range of spectroscopic fea- 
tures associated with CVD synthetic diamond of 
the kind currently being commercially produced. 
Wang et al. (2003) reported that all the Apollo 
Diamond samples they investigated showed 575, 
637, and 737 nm photoluminescence features. Based 
on this information, we are confident that 
DiamondPLus would give a “refer CVD” result for 
these samples. In our experience, the 737 nm fea- 
ture is not removed by HPHT annealing. 

In cases where doubt remains after a stone has 
been studied in a DiamondView and DiamondPLus, 
X-ray topography also can provide a useful indica- 
tion of the mode of growth. The directional contrast 
streaks of the kind that we have observed in cross- 
sectional topographs are a strong indicator of CVD 
synthetic diamond. 


IDENTIFICATION OF CVD SYNTHETIC DIAMOND 


Our research has shown that it is possible to pro- 
duce a variety of CVD synthetic diamond materi- 
als with differing properties. We have described 
the properties of nitrogen-doped, annealed nitro- 
gen-doped, boron-doped, and high-purity CVD syn- 
thetic diamond. Comparison of our results with 
those of Butler at al. (2002) and Wang et al. (2003) 
indicates that the Apollo Diamond samples they 
studied fit into the category we have called nitro- 
gen-doped. Such material shows a range of spectro- 
scopic features that can be used to identify it, as 
we summarized in the last section. 

Although there are useful gemological clues 
(such as observation of characteristic birefringence 
or orange fluorescence) and some CVD material 
shows spectroscopic features that are not observed 
for other kinds of diamond (such as the 737 nm 
photoluminescence feature or the H-related absorp- 
tion lines), our research has shown that these 
gemological and spectroscopic indicators cannot be 
relied on in all cases. 

Our results indicate that surface luminescence 
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images of the kind that can be generated using the 
DiamondView provide very useful information for 
identifying all the kinds of CVD synthetics that 
we have produced in our research, including those 
that show no gemological or spectroscopic indica- 
tors. Luminescence imaging is already used by the 
major gemological laboratories to study unusual 
stones, and the results of our research suggest that 
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CULTURED PEARLS FROM THE 
GULF OF CALIFORNIA, MEXICO 


Lore Kiefert, Douglas McLaurin Moreno, Enrique Arizmendi, 
Henry A. Hanni, and Shane Elen 


Black pearls have been found in Mexico’s Gulf of California since the area was settled more than 
2,000 years ago. Attempts at culturing pearls in this area have met with varying success over the past 
century. Today, a pearl farm in Guaymas is producing commercial quantities of mabe as well as 
bead-nucleated full-round cultured pearls from the indigenous pearl oyster Pteria sterna. This article 
provides an overview of the history of natural and cultured pearls from Mexico, describes pearl cul- 
turing at the Guaymas farm, and focuses on the properties of bead-nucleated cultured pearls from P. 
sterna. These cultured pearls have a brown or gray to dark gray bodycolor with various interference 
colors caused by the stacking of platy aragonite crystals and organic matter. One indication of their 
natural color (and their Mexican provenance) is a red fluorescence to long-wave UV radiation. 


is as fascinating as the pearls themselves (fig- 

ure 1) and has been described by various 
authors over the years (e.g., George, 1971; Carifo 
and Monteforte, 1995; Strack, 2001; McLaurin 
Moreno, 2002; McLaurin Moreno and Arizmendi 
Castillo, 2002). Therefore, only a brief historical 
summary, based on these sources, is given here. 

The first European to visit the “Sea of Pearls” 
(another name for the Gulf of California) was 
Captain Fortun Jiménez, a Spanish explorer sent by 
famed conquistador Hernan Cortés, who in 1533 
observed native people wearing large dark pearls. 
From that time until the early 20th century, the his- 
tory of Baja California was closely connected with 
the recovery of these pearls, which for decades were 
more important exports than gold, silver, or spices. 

For more than 300 years, European and Mexican 
entrepreneurs harvested fine dark natural pearls 
from the Gulf of California with rudimentary diving 
techniques. The introduction of the diving suit in 
the late 19th century made it possible to reach new 
pearl oyster beds at greater depths. Eventually, 
though, overfishing led to the total depletion of the 
beds and brought pearl fishing to a halt. 


7 he history of pearls from the Gulf of California 
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In 1903, Gast6n Vivés founded the first pearl 
farm on the Baja California peninsula in the bay of 
La Paz. The oysters and equipment were either con- 
fiscated or destroyed in July 1914, as a consequence 
of the Mexican Revolution. The company harvested 
approximately 1.5 million pearl oysters (Pinctada 
mazatlanica) in each of the last three years of its 
operation (Caceres-Martinez and Chavez-Villalba, 
1997), 9-11% of which yielded natural pearls. 

By the 1930s, the oyster beds in the Gulf of 
California had recovered sufficiently that pearls 
could again be found. However, these oysters were 
not P. mazatlanica but rather the rainbow-lipped 
Pteria sterna, which produced smaller pearls of 
unusual color. Then, in 1936, virtually all the oys- 
ters began inexplicably dying off, starting in the 
north. To protect the remaining beds, the Mexican 
government banned pearl fishing in 1939, but unfor- 
tunately this did not stop the death of the oysters. 
The die-offs would remain a mystery for another 
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three decades, until it was suggested that the con- 
struction of the Hoover Dam in early 1936 had held 
back enough of the Colorado River to deplete the 
nutrients flowing into the Gulf of California and 
greatly disturb its salinity (Alvarez-Borrego, 1983). In 
recent years, there have been only a few reports of 
natural pearls from this area (e.g., Crowningshield, 
1991, Hurwit, 1992; Wentzell, 1995}. 

Around 1966, two pearl farms in the Gulf of 
California began cultivating both P. mazatlanica 
and P. sterna with the aim of producing cultured 
pearls. However, it is only in the past 10 years that 
two commercial pearl farms have opened. The more 
significant of these, Perlas del Mar de Cortez (Pearls 
from the “Sea of Cortez,” as the gulf is also known), 
is located in Guaymas (see Ladra, 1998). This pearl 
farm has the larger production and is the more tech- 
nically advanced. To the best of our knowledge, it is 
the only facility in Latin America that cultures full- 
round pearls. One of the authors visited this farm in 
2000 (see Kiefert, 2002). With the assistance of two 
staff members (DMM and EA), we have prepared 
this description of the farm and, primarily, its full- 
round cultured pearls, as well as obtained new 
gemological and spectroscopic data that enable 
them to be distinguished from Tahitian and treated- 
color cultured pearls. This study concentrates on 
the full-round cultured pearls from P. sterna, since 
they are much more valuable than the mabe prod- 
uct and because P. mazatlanica production is cur- 
rently for research purposes only; cultured pearls 
from this oyster are not available commercially. 


CULTURED PEARLS FROM THE GULF OF CALIFORNIA 


Figure 1. Attractive 
cultured pearls are 
now commercially 
available from the 
Gulf of California. 
The cultured pearls 
shown here range 
from 9.5 to 10.5 mm 
in diameter. Courtesy 
of Colombia Gem 
House; photo © GIA 
and Harold & Erica 
Van Pelt. 


BACKGROUND OF THE 
SEA OF CORTEZ PEARL 


Pearl Oyster Biology. Pearl oysters are mollusks 
belonging to the family Pteriidae, which includes 
two genii capable of producing high-quality mother- 
of-pearl shell: Pinctada and Pteria. There are fewer 
than 40 species of pearl oysters worldwide (Shirai, 
1994), and of these just three are responsible for 
about 99.9% of the world’s production of saltwater 
cultured pearls: the Akoya (Pinctada fucata marten- 
sii or Pinctada imbricate), the black-lipped oyster 
Pinctada margaritifera, and the silver/gold-lipped 
oyster Pinctada maxima. Another saltwater oyster 
commonly used for commercial pearl production is 
the mabe-gai or penguin-wing oyster Pteria 
penguin, which is used solely for the production of 
mabe or half-round blister pearls. 

Pearl oysters have separate sexes (although any 
individual oyster may change sex, known as protan- 
dric hermaphrodism) and breed by external fertiliza- 
tion. Clouds of gametes, sperm, and eggs are released 
into the water, so fertilization occurs randomly. 
Once fertilization takes place, several free-swim- 
ming larval stages develop; eventually, the juvenile 
will settle on an appropriate hard substrate (rock, 
coral, or shell). This entire process takes 18-34 days 
depending on water temperature and other factors. 
Once the juveniles settle, growth is rapid. During 
the first year, an oyster can reach 7 cm in length. It 
takes 18-24 months for the oysters to reach 8.5-10 
cm, which is the desired size for pearl seeding 
(McLaurin Moreno and Arizmendi Castillo, 2002). 
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Figure 2. The Perlas del Mar de Cortez pearl farm in 
Guaymas, Sonora, is located on Bacochibampo Bay 
in the Gulf of California. 


Pearl oysters usually grow in colonies from the 
low-tide mark to depths of 20 m and attach them- 
selves to the substrate by a tuft of strong fibers 
(called the byssus). They feed by continuously fil- 
tering minute particles and organisms with their 


Figure 3. The pearl farm is situated on 

coastline owned by the campus of the Instituto 
Tecnologico y de Estudios Superiores de Monterrey 
(ITESM) in Guaymas. Buoys mark the location of 
“long lines,” from which the oyster cages are 
suspended. Photo by Lore Kiefert, © SSEF. 
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gills (branchia), which are adapted to both breath- 
ing and feeding (McLaurin Moreno and Arizmendi 
Castillo, 2002). 

Within the Gulf of California, there are two 
species of native pearl oysters: the Panamic black- 
lipped pearl oyster Madreperla (P. mazatlanica) and 
the rainbow-lipped pearl oyster or Concha Nacar (P. 
sterna). Both species inhabit the Sonora coastline as 
a part of their natural distribution, but both can also 
be found along Mexico’s Pacific coast, except that P. 
mazatlanica is not present on the western side of 
southern Baja California. P. mazatlanica can reach 
lengths of 20 cm, and has long been considered by 
many authors to be a variety or subspecies of P. 
margaritifera, the black-lipped oyster of the Indo- 
Pacific (Shirai and Sano, 1981). P. sterna can reach 
lengths of 16 cm, and has a more concave shell than 
either P. mazatlanica or P. margaritifera. The nacre 
of P. sterna has a more iridescent multicolored hue, 
with a metallic sheen unequalled by any other pearl 
oyster. It belongs to the “winged oyster” variety, 
thought by some (e.g., Shirai and Sano, 1981) to be 
unable to produce full-round (bead-nucleated) cul- 
tured pearls. While Perlas del Mar de Cortez has 
produced full-round cultured pearls from both oys- 
ter species, the commercial production is entirely 
from P. sterna, which yields richer and more varied 
colors than P. mazatlanica. 


Location and Access. The Perlas del Mar de Cortez 
farm is located in Bacochibampo Bay, some 8 km 
from the port town of Guaymas, Sonora (figure 2), 
on coastline owned by the Guaymas campus of the 
Instituto Tecnoldgico y de Estudios Superiores de 
Monterrey (ITESM; figure 3). This privately owned 
and operated technological university has campus- 
es across Mexico. Guaymas may be reached by air 
(a direct flight from Phoenix, Arizona); by land (a 
four-hour drive from Nogales, Arizona), or an eight- 
hour ferry ride from Santa Rosalia, on the Baja 
California peninsula. Once in Guaymas, any taxi 
can take the visitor to the university (known local- 
ly as “Tec de Monterrey”). The pearl farm is open 
to visitors, who may take a free tour of the facili- 
ties. Eight thousand visitors, most of them from 
the U.S., come every year. 

Bacochibampo Bay is a typical marine bay, with 
little influence of freshwater (consisting mainly of 
rainfall runoff). The bay has a diversity of ecological 
niches: sand, gravel, and rocky bottoms provide a 
rich environment. Most of the bay is shallow (aver- 
age depth 7 m), but near its mouth it deepens 
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of years ago the jade of earlier periods 
was being simulated for the benefit of 


collectors. As a result, the symbolism 
is so confused that present connoisseurs 
hardly dare hope to understand it. Ex- 
tant is a catalog of a magnificent col- 
lection once belonging to an emperor of 
the Sung dynasty. It was published in 
the 12th Century, a period when China 
was already sensitively aware that her 
great days of jade culture were over. 
Perhaps contemporary with these jade 
collections were the gemstone collections 
of India. Gemstones have for long been 
the insurance policy of that country, but 
the hoards were so fabulous and so rare 
that in no sense could they be disregarded 
as collections. One of the oldest of which 
there is record is attributed to the 
first Century B.C. and contained pearls, 
corals, beads of -sapphire, agate, and 
crystal. 

Ever since the Renaissance, when the 
modern museum originated, collectors 
have usually left their gemstones to these 
institutions, where all might see and 
enjoy and study. Before the day of the 
museum, however, there was the temple, 
performing in some sense a similar func- 
tion, for collectors bequeathed or pre- 
sented just such collections to the public 
via what was to them a sacred building. 
The word museum actually means a 
temple of the Muses. Aristotle is said 
to have owned a natural history collec- 
tion, some of which he acquired through 
the good graces and the travels of Alex- 
ander the Great. Possibly it was later 
housed in one of the Greek temples, 
where collections of paintings and statu- 
ary were common. 

Sandwiched between the period of the 
temple and that of the museum was what 
we call the Dark Ages, an interval of 
time the antithesis of conditions stimula- 
tive to gemstone collecting. It was during 
the 15th Century that the wealthy were 
once more publicly interested, turning 
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their attention to statuary, gemstones, 
manuscripts, and such like. One to col- 
lect objects of natural history was the 
“father of mineralogy,” Georg Agricola 
(1490-1555). 

It is significant that a collection of 
gemstones in classical days had a name 
to itself. Pliny tells us it was called by 
the “foreign” name of dactyliotheca, a 
Greek word meaning collection of finger 
rings. In naming the Roman gemstone 
collectors, Pliny speaks of the consecra- 
tion of a gemstone collection that had 
once belonged to Mithridates, King of 
Parthia (died 64 B.C.) and which seems 
to have been superior to any of. the 
Roman collections. The first Roman to 
possess himself of a dactyliotheca, ac- 
cording to Pliny, was Scaurus (died 88 
B.C.), the stepson of Sylla. For some 
time he alone enjoyed this distinction. 
Later, Julius Caesar, who has been called 
a “discriminating collector,’ and who 
added Scottish river pearls after his con- 
quest of Britain, consecrated no less than 
six dactyliothecae in the Temple of Venus 
Genetrix; and Marcellus, son of Octavia, 
presented one to the Temple of the Pala- 
tine Apollo. 


Gemstone collecting in ancient Rome 
has been described as a passionate pur- 
suit, the wealthy (men in this instance) 
vying with each other for fine specimens 
and paying enormous prices for them. 
The Romans, on the top of the world of 
their day, were in the favorable position 
of being able to import the luxuries they 
wanted.. Moreover, educated men were 
expected to have some knowledge of 
gemology. Among the collections, there- 
fore, was a great variety, particularly in 
engraved gemstones. Emeralds, topazes, 
beryls, amethysts, sapphires, carnelians, 
sardonyx, sards, chalcedonies, garnets, 
hyacinths, peridots, onyx, jaspers, were 
the most favored. And the shape of these 
gems was nearly always that of the ring 


(Continued on page 22) 


15 


abruptly (to 20 m), creating yet another marine 
environment. 

Because of the Gulf of California’s subtropical cli- 
mate, summer months (June to September) are usu- 
ally hot and dry, with an average water temperature 
of 29°C (84.2°F], a range of 27-32°C (80.6-89.6°E}, 
with considerable evaporation. Winter months are 
characterized by much cooler average water temper- 
atures of 19°C (66.2°F), with a range of 15—25°C 
(59-77°F), due primarily to the strong northwest 
winds that create upwelling along the Sonoran coast- 
line. This movement of cold, nutrient-rich water 
masses from the deep ocean to surface levels allows 
for the high production of chlorophyll, which is nec- 
essary for the survival of pearl oysters. 


Company Structure and Facilities. In 1993, ITESM 
researchers Sergio Farell, Manuel Nava, and two of 
the present authors (DMM and EA) began developing 
an economically and technically feasible pearl cul- 
ture methodology. This group subsequently was 
responsible for the first commercial harvest of cul- 
tured mabe pearls in North America (in 1995) and the 
production of the first bead-nucleated cultured pearls 
utilizing P. sterna. Increased funding from ITESM in 
1996 led to a project known as ITESM/Perlas de 
Guaymas, which served mainly to assist with pearl 
culture in Mexico and promote the resulting prod- 
ucts in the local and world markets. In 2.000, this 
branch of the aquaculture department was converted 
into a separate private company, Perlas del Mar de 
Cortez, which is still linked to the university. 

The pearl farm encompasses a lagoon of 2 
hectares (5 acres) for collecting spat and culturing 
the pearl oysters. A thatched-roof structure, or 
palapa, houses the land-based operations, and a 
small pearl-culture structure shelters the seeding 
operations and an X-ray apparatus. Pearl oyster pro- 
duction depends solely on juveniles gathered from 
“spat collectors” (mesh bags on which pearl oyster 
larvae settle) deployed within the bay. The abun- 
dance of pearl oyster larvae in Bacochibampo Bay is 
largely a result of the adult oysters in the pearl 
farm, since they are able to release their eggs and 
sperm directly into the sea where fertilization takes 
place. Thus a positive cycle develops where the 
more adult pearl oysters there are under culture, 
the more juveniles can be collected. Wild adult 
pearl oysters also contribute to larvae production 
but are never removed from the natural beds, since 
the 1939 Mexican federal fishing ban (mentioned 
above) remains in effect. 
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Figure 4. Juvenile P. sterna oysters are cultivated in 
various types of cages, according to their age. Photo 
by Lore Kiefert, © SSEF. 


The oysters are housed in various cages according 
to their age and size (figures 4 and 5), these are hung 
from buoy-supported surface “long-lines.” The cages 
are suspended at depths of 3-4 m. The largest num- 
ber of oysters being cultivated at any one time is 
approximately 250,000. At the time of this writing, 
there were no plans to expand the size of the opera- 
tion, although short-term plans are to increase the 
yield of cultured pearls, using the same number of 
oysters, through technical improvements. 

Pearl seeding operations take place from October 
to early March, when the water temperature is 
below 25°C. As many as five seeding technicians 
can work simultaneously, using nuclei made from 
the shells of Unionidae family freshwater mussels 
from the Tennessee River. 
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Figure 5. After bead nucleation, the oysters are sus- 
pended in flat cages. Photo by Lore Kiefert, © SSEF. 


Harvesting and Production. The results of the pearl 
culturing operation are unpredictable. There are no 
reliable methods to predetermine quality of the 
product, although Perlas del Mar de Guaymas uses 
two methods to monitor it. The first is X-ray exami- 
nation of all the oysters, eight weeks after implanta- 
tion. With this method, one can ensure that the 
oyster has not rejected the bead, and that the bead is 
located in the correct area of the animal’s body. 
Oysters not meeting these criteria are considered 
“rejects,” but they can be used to culture mabe 
pearls by opening the shell, pushing back the man- 
tle, and attaching a mabe implant with cyanoacry- 
late (“super glue”). The second method involves 
several random samplings in order to better evalu- 
ate the development of the cultured pearls. 
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There is only one harvest per year, which takes 
place 18-20 months after seeding, typically in June 
when the water temperature rises. While other pearl 
oysters are sometimes reseeded with a larger bead, 
P. sterna oysters are shucked (their flesh removed] 
at the first harvest. This is because reseeding is very 
difficult and the resulting cultured pearls are, 
although larger, not as lustrous or colorful (Nava et 
al., 2000). Natural pearls and “keshi” (beadless cul- 
tured pearls formed due to rejected beads or injured 
mantle tissue) are occasionally found; both are used 
in jewelry. The shell is fashioned into buttons, 
while the oyster meat is sold locally. 

P. sterna “keshi” are small (2-8 mm) and typi- 
cally have baroque shapes (figure 6). Natural pearls 
usually are caused by drill-worms and worm-cysts. 
These pearls tend to be smaller and rounder than 
the “keshi.” They can be distinguished during har- 
vest because most grow within a very thin and deli- 
cate pearl sac found in the oyster’s mantle. 
Typically, a half-dozen to a dozen good-quality nat- 
ural pearls are obtained yearly. 

The first dozen experimental full-round cultured 
pearls were shown during the February 1996 Tucson 
gem show. Since then, production has grown to 
about 4,000 cultured pearls per year, with improve- 
ments in size, shape, and surface quality evident 
each year. In the 2001 harvest, the average size was 
7.5 mm, and only 5% were round or near-round; the 
other 95% were baroque. By 2002, average size had 
increased to 8.9 mm and some 25% were round or 


Figure 6. A variety of shapes is seen in these 
“keshi” cultured pearls (up to 8 mm long) from 
the rainbow-lipped oyster P. sterna. Photo by 
Lore Kiefert, © SSEF. 
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Figure 7. These cultured pearls (9.0-11.5 mm in 
diameter) illustrate the range of colors and shapes 
that are commercially available from Mexico’s Gulf 
of California. Courtesy of Columbia Gem House; 
photo © GIA and Harold & Erica Van Pelt. 


near-round. Starting in 2005, production is expected 
to stabilize at 10,000 cultured pearls (10 kg) per year. 


Processing and Marketing of the Sea of Cortez 
Pearl. After harvesting, the full-round cultured 
pearls are placed in containers of fresh water, then 
drained and washed several times under running 
water. They are patted dry in a soft cotton towel 
and placed in a receptacle with mineral oil for 
about six hours, after which they are removed and 
blotted with a paper towel. 

Approximately half of the cultured pearl produc- 
tion is mounted in jewelry by Mexican artisans and 
sold at the farm site and other tourist destinations. 
The marketing of these cultured pearls is managed 
primarily by the producing company, but the main 
distributor in the U.S., Columbia Gem House 
(Vancouver, Washington], is becoming a leading par- 
ticipant. The main goal of the marketing effort is to 
highlight differences between Mexican and Tahitian 
black cultured pearls. The Mexican product exhibits 
a greater diversity of color (figure 7), and prevailing 
colors may vary from year to year. Future goals 
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include development of a stable price structure with 
wholesalers, while avoiding overproduction. 


MATERIAL AND METHODS 


For this study, 20 shells, 50 full-round cultured 
pearls (approximately 7-12 mm), and 11 “keshi” 
(4.5-8.3 mm long}, all from P. sterna and farmed by 
Perlas del Mar de Cortez, were examined at SSEF. 
Additionally, two P. sterna shells and three full- 
round cultured pearls from the same farm were 
studied at GIA for comparison (figure 8]. All of the 
samples tested were obtained in 2000. The samples 
consisted of various colors and qualities; 10-15% 
represented the commercial quality seen in the jew- 
elry trade, whereas the others were rejects due to 
thin nacre layers and surface blemishes. 

Forty-two of the full-round cultured pearls and 
10 of the “keshis” were X-rayed using a Hewlett- 
Packard X-ray unit and Agfa Industrex X-ray film. 
Specific gravity of 20 cultured pearls was deter- 
mined hydrostatically. All the cultured pearls were 
tested for reaction to both long- and short-wave UV 
radiation with a System Eickhorst UV lamp. 

Scanning electron microscopy of five shell sec- 
tions was performed at the University of Basel 


Figure 8. Three of the P. sterna cultured pearls shown 
here were analyzed at GIA (i.e., the “golden,” gray, 
and dark brown samples in the center, 6.7-8.2 mm 
in diameter). Note the similarity in their colors to 
portions of the P. sterna shell (GIA Collection no. 
30488). Photo by Maha Tannous. 
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Figure 9. When exposed to long-wave UV radiation, the Mexican cultured pearls (top row; 6.7—8.2 mm in diame- 
ter) typically showed a weak to distinct red fluorescence. In contrast, the Tahitian cultured pearls examined 
(bottom left and center) fluoresced bluish gray and slightly reddish brown, and the dyed Akoya cultured pearl 
(bottom right) was inert. Natural Mexican pearls have fluorescence reactions similar to their cultured counter- 


parts. Photos by Maha Tannous (left) and Shane Elen (right). 


(ZMB SEM laboratory) with a Philips ESEM XL 30 
FEG instrument, and the surface of one cultured 
pearl was imaged with the camera connected to a 
Raman microscope. 

Reflectance spectra of 12. cultured pearls and one 
piece of shell were acquired in the visible and UV 
range (between 290 and 800 nm) with a Hitachi 
U4001 spectrophotometer at SSEF. Three cultured 
pearls and one piece of shell were characterized at 
GIA with the same type of instrument; lumines- 
cence spectra were also collected at GIA with an 
SLM Aminco AB2 luminescence spectrometer, 
using 360 and 400 nm excitation. 

The chemical composition of six cultured pearls 
was determined qualitatively with a Tracor Spectrace 
5000 energy-dispersive X-ray fluorescence spectrome- 
ter (EDXRF) at SSEF. 

Raman spectra of six other cultured pearls and a 
piece of shell were recorded at SSEF with a Renishaw 
Raman System 1000 spectrometer, equipped with a 
CCD-Peltier detector and argon-ion laser (514 nm). 


RESULTS 


Physical Properties. The colors observed in the 
Mexican cultured pearls consisted of a brown or 
gray to dark gray bodycolor with overtones of vio- 
let, blue, yellow, and green, also called orient. The 
size of the cultured pearls depended mainly on the 
size of the implanted bead, and varied between 
approximately 7 and 11 mm. The larger samples 
often contained a cavity, occasionally with a loose 
bead. X-ray images showed the same pattern as for 
Akoya and other cultured pearls (Hanni, 1995, 
1997, 2002; Strack, 2001): The round bead, which 
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Figure 10. This drawing shows the succession of mate- 
rials (conchiolin, calcite prisms, aragonite platelets) 
that are deposited by the oyster’s mantle tissue. 
Within a particular location (as indicated by the 
boxes) the production of the various materials changes 
with the passage of time. Mother-of-pearl (aragonite 
platelets) is the last material to form. © SSEF, 2004. 
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on the left, most of the shell is composed of columnar calcite with subordinate tabular growth (aragonite). At 
higher magnification (center) the transition from columnar to tabular growth is plainly visible; the left side of 
the aragonite shows a more irregular growth pattern than the right side. The image on the right provides a 
closer look at the stacked aragonite “tiles” of the nacre, which are approximately 500 nm thick. 


usually appeared lighter in the image, was sur- 
rounded by a concentric, somewhat darker layer of 
nacre. Nacre thickness of the commercial-quality 
cultured pearls X-rayed at SSEF varied between 0.8 
and 1.2 mm. For the irregular and larger cultured 
pearls (semi-baroque or baroque}, a dark, mostly 
irregular layer was visible on the X-ray image 
between the bead and the nacre, which indicated 
either a cavity or a layer of organic material. 

For the most part, the “keshis” were baroque 
shaped and had a gray bodycolor with vivid overtones 
of violet, blue, yellow, and green. As with most 
“keshis,” the X-ray images of these samples frequent- 
ly showed an irregular cavity in the center, which 
was surrounded by a relatively thin layer of nacre. 

The full-round cultured pearls without a cavity 
had a specific gravity between 2.45 and 2.76, while 
the S.G.’s of those with a cavity were much lower, 
between 1.54 and 2.17. These values are below that 
of pure aragonite (2.94) and varied according to the 
presence of organic matter and/or cavities. 

The vast majority (about 95%) of the cultured 
pearls analyzed showed a weak to distinct red fluo- 
rescence to long-wave UV radiation (figure 9). 


Microstructure. Shell sections from P. sterna were 
used to study the construction of the strongly iri- 
descent nacre in a manner similar to that used 
later by Liu et al. (2003). SEM images revealed that 
the shell showed the same succession of CaCO, 
components from outside to inside as other 
Pinctada and Pteria shells (Wise, 1970, figure 10): 
Columnar calcite was overlain by tabular arago- 
nite (figure 11), and this was confirmed by Raman 
spectroscopy. A transition from columnar calcite 
to tabular aragonite also could be seen on the sur- 
face of the shell’s interior (figure 12), with the arag- 
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onite tiles initially deposited at the ends of the cal- 
cite columns. 

The microstructure of P. sterna nacre is shown 
in figure 11 (center and right). The average thick- 
ness of the aragonite tablets was 500 nm, which is 
comparable to the wavelength of green light. 

The scales of aragonite tiles that form the nacre 
surface of a cultured pearl are shown in figure 13. In 
places, the aragonite scales revealed spiral arrange- 
ments (figure 14). 


Reflectance Spectroscopy. The top spectrum in fig- 
ure 15 shows a typical UV-Vis reflectance spec- 
trum of the Mexican P. sterna cultured pearls. An 
absorption band appears at around 400-405 nm, 
which can be attributed to porphyrins (Britton, 


Figure 12. This SEM image of a P. sterna shell’s inner 
surface shows the polygonal pattern created by 
columnar calcite (upper left), which is overgrown by 
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Figure 13. The aragonite tiles shown in this SEM image 
of the surface of a cultured pearl are responsible for the 
gritty sensation when it is rubbed against a tooth. 


1983). This absorption is also present in black 
Tahitian cultured pearls (see bottom spectrum in 
figure 15). However, the distinctive absorption 
maximum at 700 nm in the Tahitian product is 
not present in the UV-Vis spectrum of Mexican 
cultured pearls. There are other more subtle differ- 
ences in these spectra, as well. 


Luminescence Spectrometry. Luminescence spec- 
trometry of a cultured pearl revealed a broad fluo- 
rescence feature at 618 nm and a weaker one at 678 
nm (figure 16). These features are the source of the 
red fluorescence, and are stronger than those record- 
ed in dark-colored P. margaritifera cultured pearls 
(Elen, 2001). In the latter, the weaker peak at 678 
nm is often not present (again, see figure 16). 


Chemical Composition. The chemical composition 
of the Mexican cultured pearls resembled that of 
other saltwater cultured pearls, with Ca as the main 
element and traces of Sr. The Mn content was 
below the detection limit of EDXRF analysis, which 
is expected for saltwater cultured pearls 
(Gutmannsbauer and Hanni, 1994). 


Raman Spectroscopy. Raman spectra of the P. ster- 
na shell and the cultured pearls showed a strong 
increase in fluorescence from 1000 cm7! toward 
higher wavenumbers, with aragonite bands at 210, 
705, and 1084 cm! that were weak due to the over- 
all high fluorescence of the samples. Between 1100 
and 1800 cm’! were several broad bands centered at 
approximately 1260, 1320, and 1565 cmz!, which 
are attributed to various types of organic matter 
such as conchiolin and porphyrin (figure 17, top). 
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Figure 14. Note the spiral patterns formed by the 
aragonite layers on the surface of this Mexican cul- 
tured pearl. Photomicrograph by Lore Kiefert, © 
SSEF; magnified 100x. 


The intensity of these bands increased with the 
intensity of the color. The Raman spectrum of a 
black Tahitian cultured pearl shows similar features 
(figure 17, bottom). 


Figure 15. The UV-Vis reflectance spectrum of a 
Tahitian P. margaritifera cultured pearl (bottom) 
shows a typical absorption feature at 700 nm, which 
was absent from the Mexican P. sterna cultured 
pearls studied (top). 
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DISCUSSION 


Cause of Color. A dark bodycolor in cultured pearls 
is produced by layers of conchiolin (and porphyrin) 
that are found between the layers of aragonite (cf. 
Wentzell, 1998). The iridescence has been attribut- 
ed to the microstructure (i.e., layering) of the arago- 
nite tiles and organic matter (Wada, 1981; Gauthier 
and Ajaques, 1989; Liu et al., 2003). The violet, blue, 
yellow, and green iridescent overtones seen in the 
Mexican cultured pearls are produced by interfer- 
ence, as light passes through and is reflected from 
the alternating thin layers of aragonite and conchi- 
olin (Fritsch and Rossman, 1988). The iridescent 
colors exhibited by our samples are very similar to 
those of natural pearls from the Gulf of California 
(Carifo and Monteforte, 1995) and, in some cases, 
comparable to the colors of natural abalone pearls 
(e.g., Wentzell, 1998). 

The calcite and aragonite constituents are pro- 
duced by the same external mantle tissue, but at dif- 
ferent times. This observation and explanation is in 
agreement with Lowenstam and Weiner (1989), 
Gutmannsbauer and Hanni (1994), and Hanni (2002). 
Figures 11 and 12 illustrate how the first aragonite 
tiles were deposited at the ends of the calcite 
columns. Scanning electron micrographs of the P. 
sterna shell sections revealed that the average thick- 
ness of an aragonite tablet was 0.5 um (or 500 nm}, 
which is comparable to the wavelength of green light. 
Thus, the layers are spaced appropriately to cause 


Figure 16. With 365 nm excitation, the luminescence 
spectrum of a typical P. sterna cultured pearl from 
Mexico shows features at 618 and 678 nm due to 
porphyrins. The luminescence spectrum of a typical 
P. margaritifera cultured pearl taken under similar 
conditions reveals a much weaker emission at 618 
nm and no evidence of the 678 nm feature. 
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interference phenomena and produce iridescence. The 
aragonite layers are mostly parallel, but there are also 
areas that are slightly irregular (figure 11). This wavy 
structure has been observed previously in abalone 
shells, which also show very strong iridescence 
(Hanni, 2002). It is therefore possible that this struc- 
ture may provide an additional cause of iridescence in 
shell and cultured pearl samples from P. sterna. 

As mentioned above, both the shells and the cul- 
tured pearls contained a certain amount of conchi- 
olin and porphyrin. Conchiolin is a fibrous protein, 
and porphyrins are naturally occurring tetrapyrrole 
pigments. While such organic network structures 
are essential for the formation of the individual arag- 
onite tiles, we could observe no traces of them in our 
SEM images. This is probably due to the high water 
content of this organic material, which dries out and 
shrinks when removed from the water. Porphyrin 
occurrence in mollusk shell can often be detected by 
a red, pink, or reddish brown fluorescence to long- 
wave UV radiation or blue light (Comfort, 1949), 
which also produces a fluorescence emission around 
620 nm (Miyoshi et al., 1987a,b). Similar red fluores- 
cence was documented in our samples. 

The presence of porphyrin and conchiolin was 
also evident in the Raman spectra of the cultured 
pearls, where several broad bands centered at 
approximately 1260, 1320, and 1565 cm™! can be 
observed. Reference spectra of one type of porphyrin 
(i.e., uroporphyrin) taken by one of the authors (SE) 


Figure 17. The similarity in the Raman spectra of 
Mexican cultured pearls (top) and black Tahitian 
cultured pearls (bottom) is the result of the presence 
of porphyrin as a coloring pigment in both. The 
spectra have been baseline-corrected to eliminate 
the fluorescent effect. 
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Figure 18. The cultured pearls produced in Mexico by 
the rainbow-lipped oyster P. sterna show brown or 
gray to dark gray bodycolors and attractive irides- 
cence. Interesting baroque shapes as well as spheri- 
cal products are available, as shown by these cul- 
tured pearls shown loose (up to 12.5 mm Jong) and in 
18K gold jewelry. Courtesy of Columbia Gem 

House; photo © GIA and Harold & Erica Van Pelt. 


contain these bands, but other organic materials 
also have such features in the same region. The 
bands attributed to organic matter increased with 
the intensity of the bodycolor. Porphyrin has been 
described as a coloring pigment in Tahitian cultured 
pearls from P. margaritifera (Gauthier and Ajaques, 
1989; Iwahashi and Akamatsu, 1994) as well as for 
P. sterna (S. Akamatsu, pers. comm., 2.003). This 
explains the similarity between the Raman spectra 
of these two varieties of cultured pearls (figure 17). 


Separation from Tahitian Cultured Pearls. The red 
long-wave fluorescence shown by the Mexican cul- 
tured pearls is not seen in Tahitian cultured pearls, 
which are typically inert to slightly reddish brown 
(Elen, 2002; figure 9). Porphyrins are among the 
most highly fluorescent compounds in nature 
(Guilbault, 1990), and according to Hurwit (1992, 
2000), red fluorescence is a characteristic feature of 
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pearls from the Gulf of California. 

Usually the presence of porphyrins also results 
in an intense absorption feature between 390 and 
425 nm, depending on the exact structure of the 
porphyrin present. This absorption is known as the 
B band, or Soret band, after its discoverer (Britton, 
1983). In the case of P. sterna from Mexico, it was 
observed that this absorption feature appears around 
400-405 nm, and exposure to this wavelength of 
light will produce strong fluorescence from the por- 
phyrin in the shell or cultured pearls. 

The most significant difference in the reflectance 
spectra of P. sterna and P. margaritifera is the 
absence of the 700 nm absorption feature for P. ster- 
na. This absorption is characteristic of P. margari- 
tifera (figure 15; see also Goebel and Dirlam, 1989, 
Iwahashi and Akamatsu, 1994; and Elen, 2002). 


Separation from Artificially Colored Black Pearls. 
Since the full-round cultured pearls from the Sea of 
Cortez are similar in size to Akoya cultured pearls 
and are also bead-nucleated (unlike black dyed or 
irradiated Chinese freshwater cultured pearls), it is 
important to identify their color authenticity. 
Attempts to produce black colors in Akoya cultured 
pearls with silver nitrate were undertaken as early 
as the 1930s in Japan (Strack, 2001). This treatment 
is still being done, although a number of other 
methods of artificial coloration have been developed 
(McClure and Smith, 2000; Strack, 2001). Silver 
nitrate treatment is relatively easy to detect, either 
through X-ray imaging, where a white line due to 
the absorption of X-rays by the silver nitrate is visi- 
ble between the bead and the nacre, or through X- 
ray fluorescence, where silver is detected. Another 
method of identifying silver nitrate treatment is 
Raman spectroscopy, which reveals a band at 240 
cm (Kiefert et al., 2001) that does not occur in 
black cultured pearls of natural color (see figure 17). 

Other treatments, such as irradiation or organic 
dye, are much harder to identify. One identification 
tool is the fluorescence to long-wave UV radiation. 
The red fluorescence typical of natural (Carifio and 
Monteforte, 1995) and cultured pearls from the Gulf 
of California is not seen in those artificially colored 
by organic dye or irradiation, which are either inert 
or display a weak white fluorescence. 


CONCLUSIONS 


As a commercial source of black cultured pearls, 
the Gulf of California is relatively unknown com- 
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pared to Tahiti. Natural pearls from the Gulf of 
California have been highly valued since the times 
of the Spanish conquerors, but they have been 
extremely rare for many decades. At the end of the 
1990s, pearl culturing in the Gulf of California 
achieved commercial status for the first time. The 
full-round cultured pearls from this area are pro- 
duced by the rainbow-lipped oyster P. sterna, and 
possess an attractive brown or gray to dark gray 
bodycolor with various overtones (figure 18). They 
are marketed directly through sales offices in 
Mexico and at the Tucson gem show; the main 
U.S. distributor is Columbia Gem House. Since 
these cultured pearls are similar in size to Akoya 
cultured pearls, which are often artificially colored 
black, it is important to know their distinguishing 
features. 

As in other dark-colored cultured pearls, the 
bodycolor of those from the Gulf of California is 
produced by layers of conchiolin (and porphyrin) 
between the layers of aragonite, while the various 
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hues and overtones are a product of light passing 
through and reflecting from alternating layers of 
aragonite and organic matter (mostly conchiolin, 
but also some porphyrin). Compared to black 
Tahitian cultured pearls, those from the Sea of 
Cortez have a wider variety of overtones, some- 
times similar to colors found in abalone pearls. 

The porphyrin present in the P. sterna cultured 
pearls produces a clearly visible red fluorescence 
when observed with long-wave UV radiation, while 
such strong red fluorescence is not observed in 
Tahitian cultured pearls. Another difference lies in 
the UV-Vis spectrum, with Tahitian cultured pearls 
exhibiting a strong absorption feature at 700 nm 
that is absent from Mexican cultured pearls. The 
presence of conchiolin and porphyrin may be 
detected with Raman spectroscopy, where bands 
between 1100 and 1800 cm7! can be observed. 
These bands, as well as the red fluorescence, are not 
present in the spectra of artificially colored cultured 
pearls and therefore are indicative of natural color. 
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HERE are seven classes of symmetry 

in the tetragonal system, All forms 
are referred to two horizontal axes (a1, 
ag) of equal length and a’ vertical axis 
(c) of variable length. The principal 
forms are the unit prism, pyramid; and 
base. Although all natural tetragonal 
crystals may show a base, they are 
usually terminated by pyramids. The crys- 
tals may show first and second order 
pyramids and prisms and third - forms 
known as ditetragonal pyramids and 
prisms. When the ratio of length of the 
horizontal and vertical axes approaches 
unity, the crystals may resemble isometric 
cubes of octahedra. The prismatic forms 
that may resemble cubes are distinguished 
by physical properties such as cleavage, 
striations, etc., which are consistent for 
the two basal directions or the four 
prisms but not for all faces as in the 
isometric system. The pyramidal faces 
are isosceles. triangles in the .tetragonal 
system and not equilateral triangles as 
in the isometric. 

Of the seven classes of possible sym- 
metry, natural crystals are known to 
occur in only five and gemstones are 
limited to two of these, the normal and 
pyramidal. 

The tetragonal system is relatively 
‘unimportant from the gemologist’s point 
of view. Only two gemstones of impor- 
tance crystallize in this system, zircon 
and idocrase, and only one gemstone of 
minor importance, scapolite. Scheelite, 
apophyllite, cassiterite, anatase or octa- 
hedrite and xenotime may be regarded as 


collectors’ items. Rutile, the latest min- 
eral to join the field of synthetics, crystal- 
lizes in this system; the natural gem- 
stones being collectors’ items. 

Unlike the gem minerals crystallizing 
in some of the other systems, valid gen- 
eralizations of physical properties cannot 
be made. All have cleavages of greater 
or less perfection and, with the exception 
of apophyllite and scapolite, have re- 
fractive indices higher than 1.70 and 
with these two exceptions, all have speci- 
fic gravities higher than 3.4, 

Only two gem minerals are shown on 
the accompanying plate. The apophyllite 
crystal shown at A is a rare blue color. 
This mineral occurs in many mines and 
areas of basic igneous rocks that have 
been poured out on the surface of the 
earth or intruded in thick sheets or dikes 
into the rocks near the surface. It is 
less common in acid igneous rocks. Crys- 
tals are sometimes cut as a collector's 
gem and may be found in light tones of 
pink, blue, green, yellow, and colorless. 
Here the crystal shows the unit first 
order pyramid, a base of small area and 
a prominent second order prism. The 
association of a first order pyramid and 
second order prism is characteristic of 
apophyllite, just as the association of the 
first order pyramid and first order prism 
is characteristic of zircon. Apophyllite 
has the peculiar optical property of being 
both positive and negative—an unique 
feature of idocrase as well. 

Scheelite, C, has appeared in faceted 
stones in recent years in the U. S. and 
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X-RAY FINGERPRINTING ROUTINE 
FOR CUT DIAMONDS 


Roland Diehl and Nikolaus Herres 


X-ray topography is a nondestructive technique that permits the visualization of internal 
defects in the crystal lattice of a gemstone, especially diamond, which is highly transparent to 
X-rays. This technique yields a unique “fingerprint” that is not altered by gem cutting or treat- 
ments such as irradiation and annealing. Although previously a complicated and time-con- 
suming procedure, this article presents a simplified X-ray topographic routine to fingerprint 
faceted diamonds. Using the table facet as a point of reference, the sample is crystallographi- 
cally oriented in a unique and reproducible way in front of the X-ray source so that only one 
topograph is necessary for fingerprinting. Should the diamond be retrieved after loss or theft, 
even after recutting or exposure to some forms of treatment, another topograph generated 
with the same routine could be used to confirm its identity unequivocally. 


iamonds, whether rough or cut (figure 1), 

are one of the most closely scrutinized com- 

modities in the world. Gemological labora- 
tories routinely evaluate the carat weight, color, 
clarity, and cut characteristics of faceted diamonds, 
and record them on a report that serves not only as 
a basis for the gem’s value, but also as a record that 
can help in the later identification of a stone. These 
identifying characteristics may be useful in the 
event of loss or theft, and for tracking diamonds 
that may be resubmitted to laboratories for regrad- 
ing. However, re-identification may become diffi- 
cult or impossible if the stone has undergone any of 
the following: 


¢ Re-cutting or re-polishing, which may cause sig- 
nificant deviations in a stone’s proportions and 
weight, or remove identifying marks such as 
laser inscriptions 

¢ Laser drilling, which can significantly change 
the clarity appearance and/or grade 

¢ Treatments to induce a change in color 


In the past decade, there have been various 
attempts to develop characterization methods that 
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render a faceted diamond uniquely identifiable. 
One method records the pattern of light reflected 
from the facets on a cylindrical sheet of film sur- 
rounding the stone. Such a scintillogram is indeed 
a “fingerprint,” but minor re-polishing will modify 
subsequent patterns obtained from the same stone 
(Wallner and Vanier, 1992). Another approach is to 
place a mark on the surface of a given stone that 
does not affect its clarity grade, but is clearly visi- 
ble under certain viewing conditions. As described 
in a recent patent (Smith, 1999], this type of feature 
can be generated by ion-beam milling to “uniquely 
identify the gemstone by a serial number or as a 
brand or quality mark.” However, the mark pene- 
trates only about 30 nm, so it can be easily polished 
away with just a tiny loss in weight. In at least one 
instance, laser inscriptions were polished off dia- 
monds that had been decolorized by high pres- 
sure/high temperature treatment (Moses et al., 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 40, No. 1, pp. 40-57. 
© 2004 Gemological Institute of America 


GEMS & GEMOLOGY SPRING 2004 


Figure 1. Diamond crystals 
show morphological features, 
such as sharp or resorbed 
crystal faces, that can be used 
to find the orientation of their 
crystal lattice. When faceted, 
the orientation of the crystal 
lattice relative to any facet 
can be described using X-ray 
topography. This technique 
also can be used to image 
various lattice defects, which 
form a unique “fingerprint” 
for each diamond. Clockwise 
from the 7.51 ct round bril- 
liant is a 15.98 ct octahedron, 
a 9.43 ct yellow crystal, 

and a 22.32 ct macle (GIA 
Collection nos. 8992, 11954, 
11952, and 11955, respective- 
ly). Photo by C. D. Mengason. 


1999). In the last few years, advanced methods of 
fingerprinting diamonds have been researched to 
support a global certification program to deal with 
conflict diamonds (see, e.g., Laurs, 2001). 

Most promising are X-ray methods, which can 
nondestructively portray the internal defects of a 
diamond’s crystal lattice (figure 2), and have already 
been used to prove that two diamonds were faceted 
from the same piece of rough (Sunagawa et al., 
1998). In this article, we present the concept of an 
alignment procedure using X-ray topography that 
routinely enables the unique and virtually un- 
changeable characterization of cut diamonds. We 
first described this concept, in German, in the late 
1990s (Diehl and Herres, 1997; 1998), it was based 
on the study of one piece of rough and three faceted 
diamonds (one of which was cut from the sample 
piece of rough), from which we collected approxi- 
mately 50 topographs. 

To explain the essentials of this concept here, 
we have provided some background on crystallogra- 
phy. The first section below describes how the indi- 
vidual faces of crystal forms are named. The next 
introduces the most important crystal forms of dia- 
mond and their symmetry, and the third explains 
the representation of a crystal’s orientation using a 
stereographic projection. Then, following an intro- 
duction to crystal lattice defects and some basics of 
X-ray diffraction, we explain how to visualize lattice 
defects using X-ray topography. Finally, we describe 
the simplified routine to orient a faceted diamond 
for fingerprinting. 
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BACKGROUND 


Directions and Faces in a Crystal Lattice. In princi- 
ple, a crystal is a periodic regular arrangement of 
atoms in three dimensions. This spatial arrange- 
ment of atoms is termed a crystal lattice. In dia- 
mond, these atoms are carbon. During crystal 
growth, atoms are deposited layer by layer on lattice 
planes, causing the crystal to grow as the lattice 
planes increase in area. When the crystal stops 
growing, the multitude of lattice planes forms the 
faces, edges, and comers of the crystal (figure 3). 

In crystallography, a system of axial coordinates 
is used to index the individual faces of a crystal so 
that it can be described completely. To achieve this, 
crystallographers denote the faces of a crystal form 
with numerals in parentheses called Miller indices. 
Crystal forms belonging to the cubic system—such 
as the cube, octahedron, and dodecahedron—are 
related to a perpendicular set of coordinate axes x, y, 
and z, with faces that intersect these axes at equal 
units a, b, and c (figure 4). The Miller indices (hkl) 
describe the position of a crystal face relative to the 
distance at which it intersects each of the coordi- 
nate axes. The index “h” refers to the x-axis, “k” to 
the y-axis, and “1” to the z-axis. 

Consider face A in figure 4, which intersects the 
x-axis at la and the y-axis at 1b, and is parallel to 
the z-axis (which means that it intersects the z-axis 
at infinity, oo). As calculations with infinite numbers 
are inconvenient, the axial intersections “1 1 0” are 
transformed to their reciprocal values to become 
“(110)” (read “one, one, zero”), which are the Miller 
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Figure 2. This X-ray topograph of a 0.63 ct round bril- 
liant diamond shows characteristic bundles of dislo- 
cation lines and other contrast features that originate 
from lattice defects. Some of the pavilion edges also 
are visible as straight lines. 


indices of crystal face A. Face B has the Miller 
indices (001), since it intersects the z-axis but not 
the x- or y-axes. Face C intersects all axes at the 
same relative distance, denoted (111). Face D, with 
its axial intersections of la, 2b, and 1!/2c, trans- 
forms to “1, !/2, and 2/3.” However, Miller indices 
are always expressed as whole numbers, so multi- 
plying by the common denominator (in this case 6} 
yields Miller indices for face D of (634). 

Face E intersects the “positive” x-axis, the “neg- 
ative” y-axis, and the “positive” z-axis, all at unity. 
Hence, the Miller indices of E are (111), read “one, 
bar one, one.” Face F intersects the axes at la, 2b, 
and —2c, with reciprocal values of 1, !/2 and —!/2, 
respectively. After multiplication with a factor of 2 
(again, the common denominator) to obtain inte- 
gers, this yields the Miller indices (211). 

The orientation of vectors within a crystal lattice 
is expressed within square brackets. The vector direc- 
tion is defined according to the coordinate axes, start- 
ing at their intersection point or origin. For example, 
[100] denotes the direction parallel to the x-axis, and 
[111] denotes a diagonal direction (go la along x, 1b 
along y, and 1c along z, and connect this point with 
the origin of the coordinate axes). In a cubic lattice, a 
vector given by [hkl] is perpendicular to the (hkl) 
plane. [For textbooks on crystallography, see, for 
example, Buerger (1967) and Borchardt-Ott (1997).] 
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Crystal Forms and Symmetry. An inherent property 
of regular crystal forms is their symmetry (figure 5). 
This is recognized by their congruence of shape 
when viewed from various directions. Thus, when 
viewed parallel to one of its three coordinate axes, a 
cube looks like a square (figure 6), the appearance of 
a square occurs six times (twice for each coordinate 
axis). This multiplicity is eight-fold for an octahe- 
dron and 12-fold for a dodecahedron. The crystal 
faces of these highly symmetric forms are described 
as “symmetrically equivalent,” and a single index 
can be used to express the form of the crystal as a 
whole. When this is done, the index is placed in 
braces, for example {100} for a cube. 

The cube, also known as a “hexahedron,” has six 
faces with Miller indices (100), (010), (001), (100), 
(010), and (001}—indicating that each face intersects 
only one of the coordinate axes, but is parallel to the 
remaining two axes. This ensemble of faces is sym- 
bolized by {100} for this crystal form. The octahe- 
dron—the crystal form of most diamonds—is repre- 
sented by {111}, since the axes are intersected at 
equal length by each of the eight faces. 

Each of the 12 faces of the dodecahedron inter- 
sects two of the axes at equal length and does not 


Figure 3. This schematic illustration shows a diamond 
octahedron in relation to the underlying crystal lat- 
tice. Such octahedra usually have a rounded appear- 
ance due to partial dissolution after crystal growth. 
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intersect the third axis. Hence the Miller index for 
this crystal form is {110}. The dodecahedron is 
another important crystal form of diamond; it is 
thought to form by post-growth resorption along 
the edges of an octahedron. 

Another way to express symmetry is to relate a 
crystal form to rotation around imaginary axes that 
run through the intersection point (or “origin”) of 
the coordinate axes. For a cube, there are three such 
perpendicular axes, each connecting the center of 
one square face to the center of the opposite face. 
With each complete rotation of the cube around one 
axis, there are four positions of congruence—that is, 
after each quarter-turn, the cube looks like it did in 
the previous position. This axis of four-fold symme- 
try is called a tetrad. A cube has three tetrads, 
which coincide with the three coordinate axes. 


Figure 5. The cubic system 
has the highest degree of 
symmetry of all the crystal 
systems. All three axes are 
perpendicular, and the unit 
distances a, b, and c are 
equal and therefore com- 
monly denoted a,, a,, and a, 
to indicate equality. Three 


common cubic forms are a; =a) =a, 
shown here. Diamond com- a=B=y=90° 
monly displays octahedral 
and dodecahedral forms. 
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Figure 4. Crystal 
2c x forms belonging to 
the cubic system 
(such as diamond) 
aa aaa or are related to a per- 
2a pendicular set of 
coordinate axes x, 
y, and z. Crystal 
Zz faces are described 
by Miller indices 
according to their 
intersection with 
these axes at unit 
distances of a, b, 
and c, respectively. 
y (See text for 
details.) 


An axis that connects two corners of a cube 
exhibits three positions of congruence after a full 
rotation of the cube. This three-fold symmetry axis 
is termed a triad. Since a cube has eight comers, it 
has four triads. 

An axis that connects the centers of opposite cube 
edges has two-fold symmetry. These are termed 
diads because congruence occurs after each half-turn. 
A total of six diads connect the 12 edges of a cube. 

Octahedra and dodecahedra exhibit the same 
axial symmetry as a cube. Tetrads connect the cor- 
ners of the octahedron, triads connect the centers of 
its opposing faces, and diads connect the centers of 
its edges. For the dodecahedron, tetrads connect the 
acute corners, triads connect the obtuse corners, 
and diads connect the centers of its faces. 

Complementing axial symmetry, mirror symme- 


Cube Octahedron Dodecahedron 
{100} {111} {110} 
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try relates two halves of a crystal form by a virtual 
plane termed a mirror plane. A total of nine mirror 
planes yield congruence of the cubic, octahedral, and 
dodecahedral crystal forms (again, see figure 6). 


Mapping of Orientations Using Stereographic 
Projection. Most facets of a cut diamond are not 
parallel to low-index crystal lattice planes such as 
{100} or {111}. Moreover, since the original crystal 
faces are no longer present on a faceted diamond, 
the orientation of the crystal lattice in relation to 
the cut gemstone is obscured. X-ray techniques 
may be used to find this orientation, thus reveal- 
ing the relationship between the polished facets, 
former crystal faces, lattice planes, and vectors in 
three-dimensional space. 

Imagine a round brilliant cut diamond with its 
culet pointing down and its table oriented horizon- 
tally near the center of a sphere, as shown in figure 
7. The vector perpendicular (or normal) to an arbi- 
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View parallel to [111] 
Three-fold symmetry) 


View parallel to [110] 
(Two-fold symmetry) 


m 


Figure 6. Depending 
| on the viewing ori- 
entation, a variety 
of shapes and sym- 
metries are apparent 

for these common 
cubic forms. The 
symmetry of these 
forms is shown 
according to mirror 
planes and rotation- 
al order (i.e., diad, 
triad, and tetrad for 
two-, three-, and 
four-fold rotational 


symmetry). 


trarily chosen low-index crystal face present on the 
original crystal, such as (111), will point from the 
center of the diamond to a point (or pole) on the 
sphere’s surface. The location of this point can be 
described using two coordinates: p—the polar dis- 
tance, expressed in degrees, relative to the “north 
pole” where the vertical diameter line intersects 
the sphere’s surface; and e—the azimuthal angle, 
measured in degrees along the horizontal diameter 
circle, starting at a point (“east pole”) on the right 
side where a horizontal diameter line hits the 
sphere’s surface. 

Projecting a pole from the sphere’s surface onto a 
horizontal plane that passes through the center of 
the sphere (as shown in figure 7) yields a two- 
dimensional representation of this crystal face, the 
position of which is given by polar distance p and 
azimuth @. Projecting other crystal features such as 
faces, directions of edges, and/or vectors and planes 
in the crystal lattice in a similar fashion results in a 
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stereographic projection of these elements. The 
stereographic projection has many useful properties 
and applications beyond the scope of this article (for 
more on stereographic projections see, e.g., McKie 
and McKie, 1974, and Borchardt-Ott, 1997). We use 
such projections to graphically depict the orienta- 
tion of a cut diamond (e.g., the diamond’s table 
facet) relative to its crystal lattice. 

In fact, it is possible to map the location of 
every facet of a cut diamond on a stereographic 
projection. Combined with knowledge of the rela- 
tionship to crystal vectors within this projection 
(as acquired, e.g., by X-ray diffraction methods), 
projecting all of the facets of a particular cut dia- 
mond relative to its crystal lattice yields a unique 
depiction of that stone. However, even a slight 
repolishing of the stone would destroy the integri- 
ty of the data. 

Figure 8 shows stereographic projections of {100}, 
{111}, and {110} faces; the axial symmetry at each 
crystal face pole is indicated by the shape of the 
symbols. The symmetry of a crystal is evident in 
these stereographic projections in much the same 
way as figure 6 shows this symmetry head-on. 
Owing to symmetry, a section of the cubic stereo- 
graphic projection that covers only !/24 of the area of 
the projection plane is sufficient to describe a partic- 
ular crystal form completely (the rest being possible 
to generate by symmetry operations], because both 
crystal form and crystal lattice have the same coor- 
dinate system. 

This section is called a “standard triangle,” 
denoted “t” in figure 8, which spans between poles 
generated by the normals to the neighboring faces 
(100), (111), and (110). The location of a pole (p,q) 
within the frame of the standard triangle allows one 
to identify the orientation of a particular facet (e.g., 
the table facet) of a diamond with respect to the 
crystal lattice. Thus, to fix the orientation of the 
diamond's table facet with respect to the crystal lat- 
tice, the analyst must first determine the location of 
the pole of the perpendicular T to that facet within 
the standard triangle. This is accomplished by 
means of X-rays diffracted by the crystal lattice of 
the diamond. The diffraction of X-rays by single 
crystals—whether faceted or not—to yield spatial 
resolution of peculiarities within the crystal is 
called X-ray topography (see below for details). In 
contrast, X-ray powder diffraction is used to identify 
mineral species based on their specific powder 
diffraction patterns, which arise from the spacing 
and other characteristics of their lattice planes. 
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Figure 7. This diagram shows the mechanics of a 
stereographic projection. The orientation of the dia- 
mond crystal lattice is schematically shown within 
a round brilliant with its table oriented horizontally. 
A vector perpendicular to a certain crystal face, such 
as (111), will intersect the sphere’s surface at a point 
called a pole. The location of the pole is described 
using two angular measurements, the polar distance 
p and the azimuthal angle 9. This pole is plotted on 
a stereographic projection by projecting its intersec- 
tion with the sphere onto a horizontal plane that 
passes through the sphere’s center. 


Figure 8. These stereographic projections show the 
major cubic system faces projected along [001], [111], 
and [110] directions. Also shown is the “standard tri- 
angle” t (see text). The axial symmetry at each crystal 
face pole is indicated by the shape of the symbols: 

m = tetrad [100], mw = triad [111], and § = diad [110]. 
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Figure 9. Crystal defects that extend over a relatively 
large portion of the crystal lattice are termed disloca- 
tions. Most common are edge and screw dislocations. 
An edge dislocation occurs when a lattice plane is 
displaced by “one step,” characterized by the dis- 
placement vector “b,” as shown on the right side of 
the figure. For a screw dislocation, two lattice blocks 
are displaced against each other by “one step,” again 
characterized by the displacement vector b, as shown 
on the left side. Both types of dislocations are accom- 
panied by strain, which is revealed by diffracted X- 
rays, since the diffraction condition is not satisfied in 
the strained region of the lattice. 


Figure 10. A stacking fault, shown here in a dia- 
mond lattice, occurs when one portion of a crystal 
has a different orientation from the rest of that 
crystal. This change in the stacking sequence of 
the lattice planes is often the cause of twinning. 
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CRYSTAL LATTICE DEFECTS 


As crystals grow layer by layer, this process almost 
never remains undisturbed. In reality, the regular 
spatial arrangement of atoms in a crystal lattice is 
locally perturbed by numerous defects of various 
kinds (Bohm, 1995; Kelly et al., 2000). Missing or 
additional atoms, atoms in wrong positions, or for- 
eign atoms not belonging to the chemical compo- 
sition of the crystal, are termed point defects or 
centers. Their presence is detected by physical or 
spectroscopic evidence. Due to lack of resolution, 
point defects cannot be detected by X-ray topogra- 
phy unless they cause regions of strain in the lat- 
tice around the defect. An even higher degree of 
disorder is caused by clusters of atoms of foreign 
phases or minerals, such as inclusions. Crystal lat- 
tice distortions that affect some local volume of 
the lattice are termed extended defects or disloca- 
tions. The most common types of extended defects 
are edge and screw dislocations (figure 9), which 
can be visualized by X-ray topography. 

This is also the case with another extended 
defect termed a stacking fault, which occurs when 
the stacking sequence of the lattice planes changes 
and part of the crystal has an orientation different 
from the rest (figure 10). A stacking fault is often 
the reason for twinning. 

When large blocks of the crystal lattice are tilted 
slightly with respect to one another, an extended 
defect termed a small-angle boundary (figure 11) 
results. Similar defects are growth sector bound- 
aries, which occur when portions of a crystal lattice 
growing along different respective lattice planes 
meet one another so as to generate a rough internal 
face, which often can be recognized on the crystal’s 
surface as a seam. X-ray topography can depict such 
internal lattice boundaries. 

The assemblage of internal extended lattice 
defects present is unique to any crystal. Hence, the 
lattice defect features of a particular diamond, 
rough or cut, render it unique. Most internal 
extended lattice defects are not visible in a gemo- 
logical microscope, but they can be depicted by 
directing X-rays at the diamond’s crystal lattice and 
recording the resulting diffraction pattern on X-ray 
sensitive film or with an electronic imaging device. 


X-RAY DIFFRACTION 

When X-rays are directed toward a crystal, they are 
diffracted; that is, part of the incident or “primary” 
X-ray beam is deflected into various directions by 
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Figure 11. This diagram of a small-angle boundary 
shows an array of dislocations spaced by an average 
distance D (which is on the order of 10 nm to 1 jum). 
The angle 0 between the two crystal regions typically 
measures between 0.01° and 1°. For each dislocation, 
the lattice planes are displaced by the distance “b.” 


virtue of the crystal lattice (Cullity, 1978). This is 
because both the crystal-lattice spacings and the 
wavelength of X-rays are on the order of 0.1 nm. If 
the primary X-ray beam is composed of many 
wavelengths (a polychromatic or “white” X-ray 
beam), the diffracted beams expose an X-ray sensi- 
tive film with a pattern that represents the sym- 
metry of the crystal lattice in the direction of the 
primary beam, a procedure called the Laue 
method. 

Each diffracted beam is generated by the reflec- 
tion of a small portion of the primary beam’s 
range of wavelengths from a set of parallel lattice 
planes within a crystal. However, this reflection 
does not occur for any angle of incidence, but only 
at certain “glancing angles” (i.e., the angle 
between the incident X-ray beam and the set of 
diffracting lattice planes). This condition—“Bragg 
reflection” or “diffraction condition’”—is given by 
the Bragg equation: 
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Incident Diffracted 
X-rays X-rays 
= A iF 


Figure 12. A monochromatic X-ray beam of wavelength 
i is diffracted by a set of lattice planes (hkl) according 
to their spacing d,,,. Different orders of X-ray diffrac- 
tion can occur at various Bragg angles 0, 9», etc., 
according to the integer n, which is defined by the dif- 
ference between the propagation lengths of the X-ray 
waves. Examples for n= 1 and n= 2 are shown here. 


nA = 2d,,s8in9 14 


where: n = order of diffraction 
X= X-ray wavelength 
dq = distance between lattice planes 
On = Bragg angle 


A polychromatic X-ray beam will produce many 
diffracted beams, each with a different wavelength 
and glancing angle. Therefore, many glancing angles 
are possible that satisfy the diffraction condition, 
thus generating a diffraction pattern. At a fixed glanc- 
ing angle 0, an X-ray beam with a specific wavelength 
x is diffracted according to the lattice plane spacing 
d,1 (figure 12). The diffracting set of lattice planes has 
Miller indices (hkl), so the corresponding X-ray reflec- 
tion is indexed hkl—without parentheses—and 
termed a Laue index. The resulting spot on the film 
is called a Laue spot (figure 13). The intensity of the 
diffracted X-ray beam is influenced by the lattice 
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Figure 13. A Laue pattern, which consists of Laue 
spots, is obtained when a polychromatic primary 
beam of X-rays is diffracted by a crystal’s lattice 
planes and recorded on X-ray sensitive film. In this 
“back-reflection” set-up, the film is oriented per- 
pendicular to the primary beam, between the X-ray 
source and the sample. The primary beam is 
directed through a central hole in the film. 


Figure 14. This diagram shows the diffraction 
geometry used for X-ray topography that was 
devised by Lang (1959). The crystal and recording 
medium are moved at the same time during the 
procedure, to record the spatial resolution of the 
lattice defect structure on the topograph. 
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defects present in the region of the crystal lattice 
causing the diffraction. Hence, a spot recorded on the 
film contains information on the lattice defects in 
the form of intensity modulations. 

Unfortunately, due to its limited spatial resolu- 
tion, the Laue method cannot record lattice defects 
in sufficient detail for fingerprinting (unless a syn- 
chrotron source is used to generate the incident X- 
rays; Rinaudo et al., 2001). However, the Laue 
method (using polychromatic X-rays) provides a 
convenient way to find directions of symmetry by 
which a given sample can be oriented relative to 
the incident primary X-ray beam. For example, a 
Laue image will show a pattern of spots arranged 
in fourfold symmetry when a tetrad is oriented 
parallel to the incident X-ray beam. Although the 
need to orient the sample may seem disadvanta- 
geous, in fact it helps reduce the otherwise count- 
less choices of angles at which to view the defects 
in a diamond. 

The situation is different when a monochromat- 
ic X-ray beam is used for diffraction, as in X-ray 
topography (described below). The “single-color” 
radiation composing this beam has a specific wave- 
length 2 (e.g., X-rays from a copper source have 
24=0.154 nm}, so the number of glancing angles 
under which “reflection” (diffraction) of the primary 
X-ray beam can occur is greatly reduced. The orien- 
tation of the crystal lattice relative to the incident 
X-ray beam must be carefully positioned to induce 
diffraction of the X-ray beam (i.e., to satisfy the 
Bragg equation). 

X-ray diffraction occurs when the glancing angle 
(0,) is such that the difference between the propaga- 
tion lengths of a set of parallel X-ray waves within 
the incident beam is an integer number “n” of wave- 
lengths also called the order of diffraction. The case 
for n = 1 is shown in the upper part of figure 12, 
where the difference in the propagation lengths 
between both waves is just one wavelength i. 
Diffraction also is observed at another glancing angle 
(9,), if n is a multiple of 1, such as 2—as shown in 
the lower part of figure 12, where the difference is 
2x. The corresponding Laue index is termed 2h 2k 21 
to indicate the second order of diffraction. Thus, 
although Miller indices always consist of base inte- 
gers, such as (110), higher-order reflections from the 
same set of lattice planes carry Laue indices such as 
22.0, 330, etc., from which can be derived the Bragg 
angle under which diffraction is observed. 

The X-rays most commonly employed in indus- 
trial laboratory diffraction experiments are generated 
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Figure 15. In the X- 
ray topographic 
apparatus used in 
this study, the dia- 
mond is held in the 
circular goniometer 
array (20 cm in 
diameter) in the top- 
center of the photo. 
The X-ray beam 
enters from the left, 
and the film is 
positioned on the 
right side of the 
goniometer. Photo 
by Nikolaus Herres. 


using copper (A=0.154 nm}, molybdenum (4=0.071 
nm), or silver targets (A=0.056 nm) in the X-ray 
tube. The shorter the wavelength i is, the more 
energetic the X-rays are, and the deeper they can 
penetrate a sample. 


X-RAY TOPOGRAPHY 


The method of applying X-rays to image crystal lat- 
tice defects with local resolution is called X-ray 
topography, and the image recorded on a photo- 
graphic plate is an X-ray topograph. X-ray topogra- 
phy of extended lattice defects in diamond was pio- 
neered by A. R. Lang and co-workers (see, e.g., 
Frank and Lang, 1965; Lang, 1978b, 1979; Lang et 
al., 1992). Since diamond is highly transparent to X- 
rays, X-ray topography is particularly suited to 
imaging its lattice defects. Topographs can be 
taken irrespective of the stone’s shape, and X-rays 
do not induce color change in a diamond. Hence, 
the method is nondestructive. 

To obtain the greatest amount of information, 
the specimen is exposed to monochromatic X-rays 
according to a method devised by Lang (1959; figures 
14 and 15). Slits are used to form the monochromat- 
ic X-ray beam into a ribbon-like shape some 10 um 
thick and equal in height to that of the sample. The 
diamond is oriented relative to the incident X-ray 
beam such that a desired set of lattice planes satis- 
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fies the Bragg condition. An oscillating mount is 
used to expose all portions of the sample to the inci- 
dent X-ray beam. 

The image generated by the diffracted beam is 
recorded on the photographic plate (or on a screen 
when employing an electronic imaging device with 
a charged-coupled detector [CCD]). This image 
shows the locally resolved intensity of the diffract- 
ed X-ray beam as modified by the defects in the 
portion of the crystal lattice that is analyzed. In 
theory and, so far, in practice, no two diamonds 
have identical sets of defects (just as no two people 
have identical fingerprints). An X-ray topograph, 
therefore, provides a fingerprint that is unique to 
each particular diamond. 

This is demonstrated by the X-ray topographs of a 
diamond crystal and the round brilliant cut from it 
(figure 16), and of a rough diamond that was cut first 
to a round brilliant, then recut to a smaller round 
brilliant, and ultimately recut again to a totally dif- 
ferent shape (figure 17). The unique appearance of 
the extended lattice defects is clearly preserved 
through the faceting and recutting processes. 
Similarly, such defects should remain identifiable in 
topographs of diamonds taken before and after 
HPHT processing (as shown by Smith et al., 2000). 

Diamonds with a low clarity grade will also 
show a large number of extended lattice defects, 
since fissures and inclusions locally destroy the 
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Several of the colors common to zircon are shown on this 
plate. Although they can be correctly referred to as orange 
zircon, green zircon, etc., some of the colors have variety 
names. The stones shown at (A) and (C) are Jacinths, both 
from Ceylon. (B) is a green zircon, A Jargoon is shown at 
(D) and a blue zircon at (E). The zircon crystal in syenite 
(F) from Russia and the twinned crystal (G) from a 
Canadian deposit are characteristic in appearance to rough 
stones before heat-treating. Specimens from the collection of 
British Museum (Natural History), London. 


Reproduced by permission of the Trustees of the British Museum 


Printed in England. 


Figure 16. These X-ray topographs were taken of a 1.67 ct rounded diamond octahedron and a 0.75 ct round bril- 
liant that was cut from it. Dislocations are seen as strong irregular lines originating from the center of the dia- 
monds. In the rough sample, shades of gray indicate areas of different lattice strain and minute misorientations 
(i.e., deviation from the diffraction condition); surface blemishes appear as dark spots. In the faceted sample, the 
generally darker area that is slightly off-center marks an area of higher X-ray absorption through the stone’s pavil- 
ion, which is the thickest part of the sample. Rough facet edges are visible as straight dark lines, and the location 
of the culet is shown with an arrow. The appearance of the dislocations in the two topographs differs somewhat 
because they would have been projected onto the film from different directions. 


integrity of the crystal lattice. If the lattice defects 
are too abundant, their interference will render a 
topographic image rather meaningless. Although 
the image could still provide a fingerprint, it is 
unlikely that a stone of such low commercial value 
would be submitted for this procedure. 

X-ray topography can also be used to identify 
natural vs. synthetic diamonds (see, e.g., Lang et al., 
1992; Sunagawa, 1995; Martineau et al., 2004). This 
could become significant in the future, as diamond 
synthesis techniques are refined to produce larger, 
high-quality stones with less evidence of a synthetic 
origin (e.g., inclusions and luminescence features). 


TYPICAL METHOD FOR 
GENERATING A TOPOGRAPH 


To record X-ray topographs, one needs a set-up 
similar to the one diagrammed in figure 14. The 
diamond is mounted on an adjustable specimen 
holder that allows for translation and rotation of 
the sample in front of the X-ray beam. Taking X- 
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ray topographs also requires proper choice of the 
Bragg reflection to be used for imaging. This selec- 
tion is made by practical considerations. First, the 
cross-section of the stone that is projected onto the 
film should be as large as possible to minimize 
superposition of defects; in the case of a round bril- 
liant, the projected image should thus be a circle. 
Second, the “diffracting power” of the selected set 
of lattice planes (i.e., the intensity of the diffracted 
X-ray beam) should be high, to reduce exposure 
time. In the case of diamond, Bragg reflections of 
the 220 type satisfy both conditions (Lang and 
Woods, 1976). 

The diamond is oriented according to the desired 
glancing angle 0,,, by using X-ray diffraction to 
locate an appropriate crystallographic reference vec- 
tor—such as a tetrad or diad. This reference vector 
can be found through the use of the sample holder, 
actually a goniometer, which has a number of cir- 
cles that rotate on independent axes. Figure 18 
shows a goniometer with five circles, denoted A 
through E. The desired reference vector is found by 
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Figure 17. This sequence of topographs was taken from the same diamond in rough, cut, and recut states. Topograph 
A was taken from a 2.31 ct half-octahedron, which was faceted into the 1.19 ct round brilliant shown in topograph 
B. A defect structure determined by growth sector boundaries shaped like a four-leaf clover is clearly visible, as is a 
small inclusion near the upper right edge (marked by an arrow). This stone was then slightly recut to 1.12 ct, which 
has a nearly identical topograph (C); note the difference in the surface features. The diamond was then completely 
recut to a 0.88 ct square shape (Sunflower Carré; topograph D), with the inclusion removed in the process. (The diag- 
onal linear feature near the center of topograph D corresponds to a scratch on the table facet.) Even after extensive 
recutting, the typical internal features in this diamond remain recognizable, linking it to the round brilliants as well 
as the original rough. The light and dark areas in topograph D are distributed somewhat differently due to the modi- 
fied absorption behavior of X-rays in the Sunflower cut. 


applying a search procedure with systematic rota- such as 220, 220, 220, and 220 eventually is located 
tional movements around the goniometer circles. A and then is precisely aligned using the X-ray detec- 
set of suitable symmetrically equivalent reflections tor mounted on circle E. 
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Figure 18. A five-circle goniometer was used to crys- 
tallographically align the diamonds prior to recording 
X-ray topographs. The five circles are preferably driven 
by computer-controlled motors. The diamond is 
attached in the center of the goniometer with its table 
facet perpendicular to the primary X-ray beam. The 
detector is used for adjusting, aligning, and measuring 
the reflecting position and the polar angles p and 9. To 
record a topograph, the detector is replaced by a cam- 
era or other imaging device. 


This search procedure can be executed manually 
or, more readily, via fully automatic computer con- 
trol with special software. In the end, the diamond 
is positioned so that a crystallographic reference 
vector such as a tetrad is oriented parallel to the 
goniometer’s A-axis (around which the A circle 
rotates). The detector is then removed and replaced 
with a photographic plate or imaging assembly to 
record a topographic image. 

Knowing the glancing angles of the 220-type Bragg 
reflections and now their positions, images using the 
four symmetrically equivalent Bragg reflections can 
be taken one at a time. Although they are taken of 
the same set of lattice defects, the topographs differ 
slightly because the defects have been projected onto 
the film from four different directions. Figure 16 
shows a topograph where the pavilion facet edges are 
clearly seen, with the culet off-center. 
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PAST LIMITATIONS OF THE TECHNIQUE 


The unique and hence unambiguous characterization 
of rough, partially cut, or fully cut gem diamonds by 
means of X-ray topography has been known for some 
years (Lang and Woods, 1976; Diehl, 1982; Sunagawa 
et al., 1998). Fingerprinting diamonds via X-ray topo- 
graphic images of their lattice defects has been used 
to relate cut diamonds to their parent rough (Lang, 
1975, 1978a, 1988; Lang and Woods, 1976; Sunagawa 
et al., 1998). So far, however, the method has not 
been applied systematically as a “passport” for indi- 
vidual fashioned diamonds, and the diamond trade 
has not yet seen widespread use of this fingerprinting 
technique, even for gem diamonds of high value. 
What are the reasons? 

One reason is simply the difficulty of obtaining a 
well-defined topograph from a faceted diamond. 
Directing the monochromatic X-ray beam perpen- 
dicular to the table facet will not necessarily yield a 
Bragg reflection, since it is unlikely that this arbi- 
trarily chosen orientation yields an angle 6 that sat- 
isfies the diffraction condition. Even if a glancing 
angle is found, the beam will not necessarily diffract 
in the direction of the photographic plate. 
Therefore, one first has to solve the problem of pre- 
cisely orienting the stone relative to the incident X- 
ray beam, which is done using X-ray diffraction and 
a goniometer. 

Moreover, due to the high crystallographic sym- 
metry of the diamond lattice, there are many sym- 
metrically equivalent Bragg reflections available to 
record an X-ray topograph. For example, there are 12 
symmetrically equivalent type 220 reflections that 
share the same value for d,,. and hence the Bragg 
angle 8,5). Thus, a complete characterization of a 
diamond requires the recording of at least 12 X-ray 
topographs (referred to as “mother topographs”) in 
order to provide indisputable proof of identity when 
compared to a single (“daughter”) topograph taken 
later for re-identification. 

It is important to remember that a single lattice 
defect within a given diamond can have a variable 
appearance when viewed from different directions, 
just as a car looks different when viewed from 
above, below, and the side. Although each of the 
symmetrically equivalent Bragg reflections has the 
same diffraction condition, each also has a different 
projection orientation, which will cause the corre- 
sponding topographs to look different. 

Even using the same Bragg reflection, the topo- 
graph projected along one direction may significant- 
ly differ from the topograph obtained in the reverse 
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direction, because of differences in the volume of the 
diamond that is penetrated by the X-rays. Imagine an 
extended lattice defect that penetrates the surface of 
the stone. The diffracted beam that carries the image 
through the volume of the stone will suffer from 
some absorption and scattering, so the projected 
image may appear somewhat blurred on the photo- 


Figure 19. The diagram on top shows an example of 
how the table facet cuts through a diamond’s crystal 
lattice. A line perpendicular to the table facet (T) 
forms angles with the three tetrads (axes of four-fold 
symmetry). Shown here is the tetrad that forms the 
smallest angle with T. The drawings below illustrate 
how octahedral diamond crystals are commonly 
sawn during preforming, in a direction that is approxt- 
mately parallel to a cube direction. 


Octahedral 
crystal form 
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graphic plate, and the low-contrast surface features 
may even become invisible. In the reverse direction, 
the defect image is generated just before the diffract- 
ed beam leaves the stone, so the image (and even the 
low-contrast surface features) will appear sharper on 
the photographic plate. So, using the Bragg reflection 
of type 220, 24 topographs may actually be needed to 
characterize a single diamond. 

The execution of this procedure would require 
highly trained personnel and considerable effort in 
labor and time, so that the corresponding costs 
would be prohibitive. This is why X-ray fingerprint- 
ing of gemstones, although highly desirable for 
property protection, has not yet become commer- 
cially viable. So far, X-ray fingerprinting of dia- 
monds, as well as other gem materials (Rinaudo et 
al., 2001), has remained a matter of research. 


EXECUTION OF THE SIMPLIFIED ROUTINE 


One way to make X-ray topography commercially 
viable would be to drastically reduce the number of 
mother topographs required to identify a faceted 
diamond. If the sample could be uniquely and repro- 
ducibly aligned in front of the X-ray source (e.g., rel- 
ative to the table facet}, only one mother topograph 
would be needed. This section describes such a pro- 
cedure, as developed and patented by us (see Diehl 
and Herres, 1997; 1998). We used the table (as the 
most prominent facet of a cut diamond) to begin the 
alignment. Using X-ray diffraction, we started with 
the table perpendicular to the primary X-ray beam, 
and searched for the tetrad forming the smallest 
angle with the perpendicular T to the table facet 
(figure 19). This is the first part of the routine to 
determine the orientation of the table facet relative 
to the diamond lattice. 

Many rough diamonds are octahedra or dodeca- 
hedra, which are sawn along a cube direction to 
yield a larger and a smaller rough diamond (again, 
see figure 19). The cross-sectional surfaces—which 
later become the table facets of the two gems—are 
thus nearly perpendicular to a tetrad of the diamond 
lattice. As a result, for many faceted diamonds, a 
tetrad is approximately perpendicular to the table 
facet (usually within 10°). 

When this closest tetrad is selected as the crystal- 
lographic reference vector for recording topographs, 
the plane of the faceted diamond's girdle is projected 
onto the X-ray topograph with minimum distortion 
so that the projected area and thus the information 
content of the topograph are maximized. If a tetrad is 
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Figure 20. The position of the pole belonging to the 
perpendicular to the table facet (T) can be represented 
by the stereographic projection of this pole within the 
standard triangle t. If the chosen reference direction is 
a tetrad, the azimuth and polar distances are @ 9, and 
Poop respectively. If the reference direction is a diad, 
they are Q149 ANd P4149. 


not found within a preset angular range, our auto- 
mated procedure will then look for a diad. Since, in 
most cases, the crystal vector closest to the perpen- 
dicular T to the table facet will be a tetrad, we will 
describe the alignment procedure for this orienta- 
tion. Figures 8 and 18 may help clarify the following 
description of the procedure we have developed. 

To search for the diffraction condition for the set 
of 001 lattice planes to which the tetrad is perpen- 
dicular, the specimen is placed in the center of the 
goniometer and systematically moved using circles 
Band C. The detector finds and optimizes the signal 
for the strong 004 reflecting position, so that a 
tetrad is aligned perpendicular to circle A. This 
tetrad indicates the direction of one of the cubic 
coordinate axes, which we arbitrarily assign as a, 
i.e., the vector [001] in the diamond lattice). 

The second part of the alignment routine uses 
the 220 Bragg reflection to establish a unique orien- 
tation of the stone for taking the X-ray topograph— 
that is, we find and set the azimuthal orientation 
(see below) necessary to start the imaging. Circles D 
and E are set to include the Bragg angle of the dia- 
mond 220 reflection. Circles B and C remain fixed 
at the positions found before. The sample is rotated 
using circle A in order to find and optimize the sig- 
nal for the 220-type reflecting positions. 

The stereographic projection on the left in figure 8 
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illustrates that we should be able to find four 220- 
type reflecting positions (corresponding to the four 
diads at the rim). We now single out one of these four 
symmetrically equivalent reflections by optimizing 
only the 220-type reflection position of the set of 110 
lattice planes, which has the perpendicular vector 
[110] that forms the smallest angle with T. We arbi- 
trarily refer to this Bragg reflection as “220,” and this 
is the one used to record the mother topograph. 

For diamonds cut from irregularly shaped rough, 
the table may be oriented quite differently from that 
of a gem derived from an octahedron or dodecahe- 
dron. This may lead to larger angles between T and 
the closest tetrad. In order to retain a large projected 
area of the stone (e.g., a circle in the case of a bril- 
liant}, it may be more practical to use a diad, instead 
of a tetrad, for the reference vector that is nearest to 
T. Since a tetrad has an angle of 45° with its neigh- 
boring diads, using a diad is advisable if the angle 
between T and the closest tetrad exceeds 22.5°. 

In either case, after the X-ray diffraction align- 
ment procedure is complete, the geometric relation- 
ship between T and the closest tetrad (or diad) is mea- 
sured in terms of two crystallographic angles, namely 
the azimuth 9 and the polar distance p (figure 20). 

Imagine, with the help of figure 7, that this 
tetrad or diad coincides with the vertical line 
through the center of the sphere. T will then form a 
pole somewhere on the surface of the sphere. By 
definition, the stereographic projection of this pole 
will be found in the standard triangle t displayed in 
figure 8 and enlarged in figure 20. 

As shown in the standard triangle of figure 20, the 
azimuth @,,, is the angle between two planes: the 
first defined by the tetrad and the diad, and the sec- 
ond containing the tetrad and T. The polar distance 
Poo, is the angle between the tetrad and T. When 
using a diad, the assignment of ¢,,,. and p,,, is done 
in a similar way. Common ranges for @ and p are 
0-45° and 0-22.5°, respectively. Using the goniome- 
ter and the X-ray detector, both angles can be record- 
ed with high precision (usually to better than !/10°). 

This alignment routine determines how to ori- 
ent a faceted diamond prior to taking the topograph. 
The two crystallographic angles—azimuth @ and 
polar distance p—uniquely define the position of 
the table facet with respect to the underlying dia- 
mond crystal lattice. 

Finally, the mother topograph is recorded by 
replacing the detector with the imaging device. 
Because the orientation is unique, only one mother 
topograph is required. In the event that the identity 
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of a diamond needs to be verified, the same routine 
is executed by reproducing both crystallographic 
angles to record the new topograph. If it is the same 
stone, the alignment angles should be equal within 
the goniometer’s tolerances (+0.2°), and the daugh- 
ter topograph will show unique features that are 
recognizable in the mother topograph (again, see fig- 
ures 16 and 17). 


DISCUSSION 


We have endeavored to present here a viable tech- 
nique, together with its underlying principles, to 
render X-ray fingerprinting a practical tool for the 
identification of individual cut diamonds. The tech- 
nique involves imaging the lattice defect structure 
of a faceted diamond under specific, well-defined, 
reproducible conditions. This is made possible by 
measuring the polar angles » and p. 


Figure 21. As illustrated here, a fingerprint generated 
by this X-ray topography routine could accompany a 
diamond grading certificate. The polar angles and X- 
ray topograph provide complementary information 
that is unique to a particular faceted diamond. 
(MoKa denotes the X-ray wavelength of highest 
intensity from a molybdenum target.) 


oo, = 18.35 (+ 0.05)1O 
Poo, = 7-85 (+ 0.05)KO 


220, MoKa 


X-RAY FINGERPRINTING FOR CUT DIAMONDS 


Polar Angles and p. The azimuth @ and polar dis- 
tance p are typically unique to every faceted dia- 
mond. Together, these two angles define the orien- 
tation of a specimen’s table facet with respect to its 
crystal lattice in terms of a reference direction 
(nearest tetrad or diad). Within the alignment toler- 
ances of the goniometer, both polar angles are 
reproducible and almost always unique. Therefore, 
although they are obtained as a “by-product” dur- 
ing the alignment procedure for taking topographs, 
the polar angles contribute further valuable infor- 
mation for fingerprinting a stone. Particularly in 
combination, the polar angles are highly character- 
istic in their own right. Being numerical values, 
they also may serve as searching parameters to 
quickly locate the potential mother topograph in a 
database. Using suitable software, the search can be 
performed automatically. 

It is important to note that the polar angles 
would become useless for fingerprinting if the incli- 
nation angle of the table facet relative to the dia- 
mond crystal lattice is modified significantly. 
However, this would occur only if there were some 
significant reshaping of the stone, as well as appre- 
ciable loss of weight. 


X-ray Topographs. The mother X-ray topograph pro- 
vides a unique, archivable diamond fingerprint. 
Such fingerprints reproduced on microfilm could 
become an integral part of a diamond report (e.g., as 
in figure 21), with a digital copy archived separately. 
Should a stone be recovered after loss or theft, its 
“fingerprint” could be compared to that of the 
mother topograph to confirm identity. 

Properly oriented, daughter and mother 
topographs from the same diamond will be identical 
with respect to the image characteristics stemming 
from internal defects. Even two diamonds cut from 
the same rough can clearly be differentiated, accord- 
ing to subtleties in their defect structure, as well as 
their polar angles. Complete reproduction of all 
details, such as polishing flaws and rough or dam- 
aged facet edges, would be achieved only if the dia- 
mond had not been repolished after the mother topo- 
graph was recorded. Significant recutting would be 
expected to remove some features of the fingerprint, 
while leaving the rest intact. If the table facet’s incli- 
nation angle is changed by only a few degrees, a 
daughter topograph will differ only slightly from the 
mother topograph. Extensive reshaping would com- 
plicate the identification, although it is still possible 
in principle (see, e.g., figure 17). In the worst-case 
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scenario, multiple (up to 24) X-ray daughter topo- 
graphs would be needed to prove that a diamond was 
recut from a particular stone. This also would 
require experience in interpreting the features visible 
on the topographs. Nevertheless, such effort would 
be worthwhile in exceptional cases. 

The exposure time is an important considera- 
tion, since it affects topographic contrast. If the 
recording conditions are identical, mother and 
daughter topographs will be identical. The exposure 
time depends on the flux of X-rays. Efforts should be 
made to standardize the X-ray flux according to 
sample size, orientation, and the like. 

In rare cases, a diamond’s topographic finger- 
print may not be diagnostic. For example, samples 
with a very low concentration of extended defects 
might yield only a few useful features. In contrast, 
diamonds with very high concentrations of defects 
could render X-ray topographs meaningless due to 
multiple superpositions of defects. In both cases, 
however, the polar angles might prove useful as 
identifiers. In unusual cases in which the reference 
direction is exactly perpendicular to the table facet, 
more than one mother topograph must be recorded. 
In such a case, a maximum of four topographs are 
needed if the reference direction is a tetrad, or a 
maximum of two for a diad. Nevertheless, only one 
daughter topograph will be needed for comparison. 

What is the size range of diamonds that can be 
fingerprinted by X-ray methods? So far, we have 
been unable to obtain large diamonds for testing 
this technique; the largest sample weighed 2.31 ct 
and was 5.1 mm in thickness (figure 17). The pene- 
tration depth of X-rays into diamond depends on 
the energy of the incident X-rays. From data on 
absorption and extinction of X-rays when interact- 
ing with matter (see, e.g., Wilson, 1992), we have 
derived some reasonable estimates for acceptable 
stone sizes. Employing X-rays from a copper target, 
diamonds with a thickness of up to 3 mm can be 
topographed. For molybdenum and silver radiation, 
the maximum thicknesses are estimated at 8 mm 
and 12 mm, respectively. For thicker samples, the 
defect contrast would become weaker due to 
increasing absorption, and even larger sizes would 
not be expected to show distinctive topographs due 
to the superposition of too many defects (unless the 
defect concentration is low}. Nevertheless, some 
fingerprinting of larger diamonds can be accom- 
plished by using their polar angles and also by 
observing topographic features near the edges 
where the thickness is reduced. 
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APPLICABILITY TO THE GEM TRADE 

To establish an X-ray topographic fingerprinting lab- 
oratory, a floor space of about 10 m? and the neces- 
sary means to run an X-ray generator (e.g., water 
cooling) are required. A minimum investment of 
approximately US$50,000 is envisaged, to purchase 
an X-ray generator with a stationary anode, a multi- 
axes goniometer with stepping motors, computer, 
printer, and the like. A darkroom for film processing 
is not needed, as digital X-ray imagers with high 
sensitivity and acceptable resolution have become 
available (see, e.g., www.photonic-science.|td.uk). 
This allows for short exposure times and the obser- 
vation of topographs while the sample is still posi- 
tioned in the goniometer. Costs for X-ray imaging 
systems are in the range of $15,000-$35,000, 
depending mainly on the size and resolution of the 
imaging chip. 

Software development costs for computer 
automation of the equipment and programming are 
estimated at $25,000. After a straightforward rou- 
tine has been implemented, it should take 6-20 
minutes to acquire each topograph. Operating 
expenses, outside of the space required, are relative- 
ly small, involving primarily water use (coolant), 
electricity, and salaries. Technical personnel need 
not have a scientific background because specific 
knowledge and expertise are incorporated into the 
software. 

The routine described here can be executed in 
any laboratory competent in X-ray crystallogra- 
phy. Such laboratories are found in many research 
institutes that are active in materials science, 
solid-state physics, crystal chemistry, and earth 
sciences. Since the investment costs are relatively 
high and a secure infrastructure is required, only 
major gem laboratories would be expected to con- 
sider this X-ray fingerprinting procedure. Ideally, 
these laboratories would develop a workable 
agreement to share their databases over the 
Internet. The pole angles could serve as searching 
parameters to quickly locate mother topographs 
in a database. 

The simplified routine for the X-ray diffrac- 
tive/topographic characterization of faceted dia- 
monds presented here considerably reduces the 
time, effort, and manpower needed for fingerprint- 
ing diamonds. The polar angle data and the mother 
topograph could make valuable additions to a dia- 
mond’s certificate, providing added confidence for 
both the jeweler and the consumer. 
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LAB NOTES 


Feathers in COPAL 

Like its much older relative amber, 
gem-quality copal can be quite inter- 
esting when it contains unusual or 
photogenic inclusions, because of its 
excellent preservative nature and typ- 
ically high degree of transparency. 
Recently, gem and mineral dealer 
Russell E. Behnke of Meriden, Con- 
necticut, sent the West Coast labora- 
tory a 41.59 ct freeform polished mass 
of fossil resin that measured approxi- 
mately 44.66 x 32.25 x 9.80 mm. The 
specimen had been mined, shaped, 
and polished in Boyaca, Colombia. 
Mr. Behnke wanted to know if it 
would be considered amber or the 
more recent fossil resin, copal. Both 


amber and copal have been reported 
from Colombia (see Summer 1993 
Gem News, pp. 135-136). 

The light brownish yellow sam- 
ple was transparent to translucent 
due to the presence of inclusions (fig- 
ure 1). The refractive index was 1.54, 
and the specific gravity (determined 
hydrostatically) was 1.03. While the 
S.G. was slightly low for a fossil 
resin, this was not too surprising 
considering the numerous gas bub- 
bles the piece contained. 

As expected for either amber or 
copal, no absorption spectrum was 
observed with a desk-model prism 
spectroscope. When the piece was 
exposed to long-wave UV radiation, 


Figure 1. This 41.59 ct freeform polished mass of copal resin from Boyacd, 
Colombia, contains bird feathers as inclusions. 
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we saw a moderate slightly chalky 
yellow fluorescence, while exposure 
to short-wave UV produced only a 
very weak yellow reaction. 

In addition to the gas bubbles and 
insects typically seen in such materi- 
al, magnification revealed a signifi- 
cant number of two-phase (liquid and 
gas) inclusions, some of which had 
moving gas phases. However, the 
most interesting inclusion, which 
was clearly visible even without mag- 
nification, was the upper portion of a 
bird’s flight feather (again, see figure 
1). Close examination with a gemo- 
logical microscope and polarized light 
showed the details of the well-pre- 
served feather as well as the presence 
of significant strain (figure 2). 

In addition to the large flight 
feather, two tiny feather fragments 
(figure 3) were also observed. As with 
most inclusions, these were clearly 
visible only through the microscope. 

Using magnification, we placed a 
tiny droplet of acetone on the edge of 
the specimen and allowed it to evap- 
orate. The acetone produced a minis- 
cule dull spot, and this spot proved to 
be sticky when it was lightly rubbed 
with the torn edge of a facial tissue. 
Such a reaction is indicative of copal, 
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Figure 2. Feathers occur only 
rarely as inclusions in natural 
fossil resins. This flight feather is 
well preserved in its copal resin 
host. The use of crossed polarizers 
reveals the significant strain in 
this specimen. Magnified 2x. 


since amber does not soften and get 
sticky in response to acetone. 
Therefore, through this microchemi- 
cal confirmatory test, we established 
that this fossil resin was copal rather 
than amber. 

John I. Koivula and Maha Tannous 


Rare Type Ila Pink DIAMOND, 
with Green Radiation Stains 

The color of some diamonds can be 
attributed to exposure to natural 
radiation. Green and brown radiation 
stains are occasionally observed on 
rough diamond surfaces or within 
fractures, but generally they do not 
contribute to the bodycolor of the 
diamond. Most of the diamonds in 
which such stains are seen are yel- 
low, brown, or green. Rarely, brown 
radiation stains have been observed 
in blue type IIb diamonds (Fall 1991 
Lab Notes, pp. 174-175). 
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Figure 3. Two tiny feather frag- 
ments were also discovered in the 
Colombian copal. Magnified 10x. 


Recently, we examined a large 
pink diamond with green radiation 
stains located mainly within fractures. 
While much of the formation of radia- 
tion stains is not completely under- 
stood, this observation indicates that 
natural irradiation can and does occur 
with all types of diamond, regardless 


Figure 4. This Faint pink 20.24 ct 
pear-shaped brilliant revealed 
many green radiation stains 
when examined with magnifica- 
tion. This is a rare feature in pink 
type Ia diamond, and it indi- 
cates that natural irradiation can 
occur in diamonds of all types. 
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of color and nitrogen/boron concentra- 
tions. 

The 20.24 ct pear-shaped brilliant 
cut (31.62 x 17.73 x 3.70 mm) in fig- 
ure 4 was color graded Faint pink. It 
fluoresced weak blue to both long- 
and short-wave UV radiation. No 
phosphorescence was observed. This 
stone had very few internal character- 
istics, but many fractures were pre- 
sent around the girdle. Though most 
were very shallow, a few larger ones 
penetrated as deep as 4 mm. Many 
small green radiation stains were visi- 
ble along these fractures (figure 5). It 
is believed that these stains are 
caused by radioactive isotopes trans- 
ported in fluids that enter surface- 
reaching fissures in the rough dia- 
mond (see, e.g., A.T. Collins, “Colour 
centres in diamond,” Journal of 
Gemmology, Vol. 18, No. 1, 1982, pp. 
37-75). 

The stains in this diamond gener- 
ally had well-defined boundaries. The 
radiation was not strong enough to 
affect the bodycolor of even this 
weakly colored pink stone, which 
was caused by a broad absorption 
around 550 nm. Spectroscopic analy- 
sis confirmed that this stone was type 
Ila, with extremely low concentra- 
tions of some point defects common 
in type Ila diamonds. While the com- 
bination of pink color and green radia- 
tion stains is rare, it represents proof 
that this stone was not HPHT treated. 
HPHT processing can create pink dia- 


Figure 5. The green radiation 
stains in this faint pink diamond 
generally have well-defined 
boundaries. Length of this image 
is about 4 mm. 
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CRYSTALS: TETRAGONAL SYSTEM 


The light blue crystal (A) is apophyllite. Because of its 
softness and lack of transparency it seldom is found in the 
jewelry trade, It is interesting to note that the optic sign of 
this mineral may be either positive or negative. The crystal 

= aggregate at (B) is wulfenite from Arizona. Another min- 
eral commonly found in Arizona is scheelite (C). The tor- 
berite (D) is from Gunnislake Mine, Cornwall and is orthor- 
hombic, not tetragonal. Specimens from the collection of 
British Museum (Natural History), London, 


Reproduced by permission of the Trustees of the British Museum 
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monds from brown ones, but the heat 
necessary to change the color of a 
type Ila diamond would also change 
the color of the radiation stains. 
Depending on the temperature used, 
the green stains could turn brown or 
perhaps even disappear entirely. 

Wuyi Wang and Thomas Gelb 


Two Yellow SYNTHETIC DIA- 
MONDS 

From the time they were first pro- 
duced, synthetic diamonds have 
been a source of concern for the gem 
and jewelry industry. With the 
release into the market of gem-quali- 
ty synthetic diamonds by Gemesis 
Corp. and other manufacturers, these 
concerns have grown considerably. 
In the Winter 2002 issue of Gems & 
Gemology (pp. 301-309), J. E. Shigley 
et al. described Gemesis yellow syn- 
thetic diamonds and the clues for 
their detection. Although identifica- 
tion may require advanced spectro- 
scopic or luminescence equipment 
that is only available in a well- 
equipped gemological laboratory, in 
many cases the trained gemologist 
can make the separation based on 
standard gemological clues, such as 
metallic inclusions and color zoning. 
Such was the case with two yellow 
brilliants that were submitted to the 
East Coast laboratory for grading. 

On examination with a micro- 
scope, both were immediately sus- 
pected of being synthetic. The first, a 
0.99 ct round brilliant, had a very 
unusual inclusion under the center of 
the table (figure 6). When viewed from 
various angles, this pyramid-shaped 
inclusion was seen to be very dark 
gray to black with rounded edges—in 
contrast to the pyramidal or octahe- 
dral inclusions that may be seen in 
natural diamonds, which typically are 
transparent or white with flat surfaces 
and sharp edges. On the basis of its 
appearance, we concluded that this 
somewhat globular inclusion was a 
remnant of metallic flux, which is not 
uncommon in synthetic diamonds 
grown by a high pressure/high temper- 
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Figure 6. The rounded edges on 
this large inclusion in the table of 
a 0.99 ct yellow round brilliant 
are indicative of synthetic origin. 


ature process. During this growth pro- 
cess, the carbon source is dissolved in 
a molten metal, or flux, typically com- 
posed of iron, nickel, and cobalt. This 
flux facilitates the movement of car- 
bon atoms toward a host seed crystal, 
where they are deposited to form a 
larger crystal. Sometimes pieces of the 
molten material are trapped inside the 
growing synthetic diamond as inclu- 
sions, taking on diamond’s octahedral 
crystal form while still exhibiting the 
melted appearance and rounded edges 
that are characteristic of a metallic 


Figure 8. The presence of metallic 
inclusions caused this 1.41 ct 
synthetic diamond to be attract- 
ed by a magnet, from which it is 
suspended here. Magnetic inclu- 
sions are very rare in natural yel- 
low diamonds. 


GEMS & GEMOLOGY 


Figure 7. The rounded form and 
protrusions of this surface-reach- 
ing inclusion, seen touching the 
crown of a 1.41 ct yellow square 
modified brilliant, are similar to 
those that have been reported in 
commercial synthetic diamonds. 
Magnified 63x. 


flux. 

The second sample, a 1.41 ct 
square modified brilliant, also had a 
black inclusion. In this instance, the 
inclusion reached the crown surface, 
and had been partially polished away. 
The remnant visible at the surface did 
not look so unusual, but the internal 
portion was globular in appearance, 
with rounded, elongated protrusions 


Figure 9. Color zoning, such as 
that visible through the pavilion 
of this 1.41 ct yellow square mod- 
ified brilliant, is a good indica- 
tion of synthetic origin. 
Magnified 10x. 
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penetrating a short distance into the 
diamond (figure 7). Again, such 
rounded black opaque inclusions are 
indicative of synthetic origin. As a 
further test, a strong magnet was used 
to verify that the inclusion was 
indeed metallic, as all three of the ele- 
ments typically used in the flux are 
usually magnetic (figure 8). Further 
observation of this synthetic diamond 
revealed color zoning (figure 9) and a 
cloud of minute pinpoint inclusions. 
Both of these characteristics are typi- 
cal of synthetic diamonds. We con- 
firmed the synthetic origin of these 
two samples with the De Beers 
DiamondView luminescence imaging 
system. 

Vincent Cracco and Joshua Sheby 


HERDERITE Update 

Herderite-hydroxyl-herderite 
[CaBePO,(F,OH)] is a phosphate min- 
eral series that can form excellent 
crystal specimens and, when suffi- 
ciently transparent, be faceted into 
attractive stones (with a Mohs hard- 
ness of 5-5!/2). In the Fall 1996 Lab 
Notes (p. 208), the West Coast labora- 
tory reported on an “extraordinarily 
large” 38.91 ct herderite. With only 
one other confirmed example of gem 
herderite found in the literature (P. J. 
Dunn and W. Wight, “Green gem 
herderite from Brazil,” Journal of 
Gemmology, Vol. 15, No. 1, 1976, pp. 
27-28), this member of the series his- 
torically has been considered quite 
rare. Since 1996, however, we have 
identified another five specimens of 
this gem material, ranging from 12.28 
to 161.09 ct. The most recent was in 
November 2003, when Solari and 
Huntington Jewelers of Park Ridge, 
Illinois, submitted the 78.35 ct 
herderite, shown in figure 10. The 
largest of the six stones, which mea- 
sured 57.9 x 27.4 x 17.1 mm, was sub- 
mitted in May 2002 by the 
Gemological Center in Belo Hori- 
zonte, Minas Gerais, Brazil. Given the 
rarity of this material, these samples 
provided a unique opportunity to 
study the properties of gem-quality 
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Figure 10. This 78.35 ct herderite (43.45 x 22.56 x 13.52 mm), reportedly 
from Minas Gerais, Brazil, is one of six large herderites examined by GIA 


since 1996, 


herderite. 

All six herderites, which were 
either pear shapes or emerald cuts, 
were yellowish green and had similar 
gemological properties. Magnifi- 
cation revealed strong doubling (due 
to birefringence that ranged from 
0.029 to 0.031) and only a few inter- 
nal features: pinpoint or needle-like 
inclusions that were isolated or in 
small clusters, as well as small two- 
phase inclusions, fractures, and 
coarse needles or growth tubes. 

The R.I. values were consistent 
in five of the six samples, with a = 
1.580 and y ranging from 1.609 to 
1.611. One sample had slightly lower 
values: a =1.578 and y = 1.607-1.608. 
Specific gravity was very constant for 
all samples, at approximately 3.04. 
Each stone showed a line at 580 or 
585 nm in the desk-model spectro- 
scope. Pleochroic colors were record- 
ed for four of the samples, the most 
common combination being yellow 
and yellowish green, with some 
reports of greenish yellow, green, or 
brownish green components. 

Herderite displays a characteristic 
luminescence to X-rays; this property 
was checked on two of the samples, 
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and both luminesced strong orange or 
yellow-orange with prolonged phos- 
phorescence. A property not found in 
the literature was the unusual lumi- 
nescence to transmitted light from a 
strong light source such as that of a 
fiber-optic light: weak to medium 
violet in three stones; the lumines- 
cence was very weak blue in the 
fourth stone tested for this feature. 
With all other properties being 
remarkably similar, it is interesting 
to note that the UV flourescence var- 
ied considerably from stone to stone. 
The long-wave UV fluorescence 
ranged in intensity from inert to 
weak; of the five samples that did flu- 
oresce, three displayed blue lumines- 
cence, one green-blue, and one violet. 
Moderate chalkiness was recorded in 
two instances. The short-wave UV 
fluorescence ranged from faint to 
weak, in the following colors: yellow, 
yellowish green, blue, greenish blue, 
green-blue, and violet. Weak to 
strong chalkiness was recorded for 
the same two samples as above. 
Energy-dispersive X-ray fluores- 
cence (EDXRF) analyses performed on 
four of the samples revealed Ca and 
P as major constituents in all, with 
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Mn, Pb, Sr, and Y as minor or trace 
elements. Fe was a trace or possible 
trace element in two of the samples. 

The end-member species of 
herderite-hydroxyl-herderite are dif- 
ferentiated by mineralogists accord- 
ing to the ratio of fluorine to hydrox- 
yl in the formula. Although these 
components are not detectable by 
routine analytical techniques found 
in most gemological laboratories, it is 
possible to estimate the composition 
of the herderite series by measuring 
the refractive indices, since the RI. 
values systematically decrease with 
increasing fluorine content (see P. B. 
Leavens et al., “Compositional and 
refractive index variations of the 
herderite-hydroxyl-herderite series,” 
American Mineralogist, Vol. 63, No. 
4, 1978, pp. 913-917). The fluorine 
content of the previously confirmed 
gem-quality herderite was deter- 
mined to be greater than its hydroxyl 
content (Dunn and Wight, 1976). 
Since the gemological properties of 
the six specimens we examined were 
consistent with this 5.90 ct Brazilian 
sample (R.I.’s of a = 1.581 and y = 
1.610, with just a slightly lower S.G. 
value—3.02 vs. 3.04), it can be con- 
cluded that the additional specimens 
also fall within the fluorine-rich 
herderite side of the series, and may 
be the only other examples of rare 
and fine gem-quality herderite report- 
ed in literature. 

Although Dunn and Wight (1976) 
did not provide any additional infor- 
mation on the locality of their 
herderite sample, two of the most sig- 
nificant deposits of large, well-formed 
crystals of hydroxyl-herderite in 
Brazil are the Virgem da Lapa and 
Golconda mines in Minas Gerais (P. J. 
Dunn et al., “Hydroxyl-herderite from 
Brazil and a guide to species nomen- 
clature for the herderite/hydroxyl- 
herderite series,” Mineralogical 
Record, Vol. 10, No. 1, 1979, pp. 
5-11). The owner of the 161.09 ct 
herderite reported that it was from 
Ouro Verde, Minas Gerais; the herder- 
ite shown in figure 10 is also reported- 
ly from Minas Gerais, although the 
specific locality is unknown. At the 
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4 


Figure 11. This 798.39 ct specimen was the largest opal doublet of such 


high quality ever seen in the laboratory. 


time of this writing, no source infor- 
mation about the other samples 
examined at GIA was available. 
Given the number of large herderites 
submitted to the laboratory since 
1996, it would be interesting to know 
whether the other stones also origi- 
nated from Minas Gerais, perhaps 
from the same deposit as the largest 
herderite reported here. 

CYW 


Large OPAL Doublet 
Recently, the West Coast laboratory 
had the opportunity to examine a 
large freeform opal doublet that was 
submitted by Christensen & Co. of 
South Australia. The doublet 
weighed 798.39 ct and measured 
~139.0 x 57.5 x 13.5 mm (figure 11). 
Because of its size (none of the staff 
could recall seeing a larger one of 
such quality), we had to exercise 
extra special care in our examination. 
The top portion of the doublet 
consisted of a thin transparent-to- 
semitransparent layer that showed 
play-of-color. The bottom portion 
consisted of a thicker translucent-to- 
opaque mottled brown-and-white 
layer that also displayed some play-of- 
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color. These two layers were joined 
by a black cement. Both top and bot- 
tom portions were reportedly from 
Andamooka, South Australia. 

We obtained a typical opal R-I. of 
1.46 from both the top and bottom 
layers, and an additional R.I. of 1.55 
from some spots on the backing. The 
opal portions of both layers fluo- 
resced a medium blue-white to long- 
wave ultraviolet radiation, with a 
weak blue-white reaction to short- 
wave UV. Both also displayed phos- 
phorescence of the same color and 
relative strength to long- and short- 
wave UV. 

Microscopic examination revealed 


Figure 12. At 10x magnification, 
the unusual circular structure of 
the oolitic opal backing was read- 
ily apparent. 
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that the top layer was indeed natural 
opal, while the backing material con- 
sisted partly of natural oolitic opal, 
which is characterized by an unusual 
circular structure (figure 12; see also 
Summer 1982 Lab Notes, pp. 
104-105). Magnification, along with 
the 1.55 R.I., indicated that there 
were also areas of quartz, probably 
chalcedony, in the backing material 
(see Spring 1986 Lab Notes, p. 50). 

It was obvious that great care had 
been taken to create such a piece. The 
opal top was fairly thin for its size and 
was not perfectly flat. It had been 
carved to follow the natural contours 
of the vein in which it formed, and 
the backing mimicked the contours 
of the top layer almost perfectly. 

Elizabeth P. Quinn 


Three Rutilated QUARTZ Cat’s- 
Eyes 

Rutilated quartz is a popular gem 
material. In lower qualities, it can be 
found in abundance at gem and min- 
eral shows, while good examples 
showing desirable features such as 
chatoyancy or starburst patterns of 
rutile are prized by collectors and 
jewelry designers. Three chatoyant 
rutilated quartz cabochons recently 
examined in the West Coast labora- 
tory were particularly interesting 
because of the different colors pre- 
sented in their eyes. 

As illustrated in figure 13, the 
reflective chatoyant colors shown by 
these cabochons were “silvery” gray, 
“golden” yellow, and “coppery” red. 
The 13.70 ct silvery chatoyant stone 
measured 14.47-14.96 x 8.91 mm, 
while the 10.46 ct yellow cat’s-eye 
measured 13.80-14.03 x 7.59 mm. 
Both stones were cut from Brazilian 
quartz by Falk Burger of Los Alamos, 
New Mexico. The silvery chatoyant 
cab was fashioned from material that 
has recently been sold as “platinum 
quartz” (see Winter 2003 Gem News 
International, p. 334). 

The 24.22 ct cabochon showing 
red chatoyancy (14.98-15.64 x 12.51 
mm) was cut by Kevin Lane Smith of 
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Figure 13. These rutilated quartz cabochons (10.46-24.22 ct) show three 
different colors of chatoyancy. 


Tucson, Arizona, from rutilated 
quartz said to have come from 
Madagascar. Rutile of this color is 
known to come from other sources 
as well, including Brazil and North 
Carolina. 

With magnification, the length- 
wise striations and tetragonal cross 
section typical of rutile were visible 
on the inclusions, as was rutile’s 
high luster compared to the sur- 
rounding quartz. Raman analysis 
confirmed that the chatoyancy-caus- 
ing inclusions in all three gems were 
rutile. 

While rutilated quartz showing a 
golden yellow color is relatively 
common, the silvery gray and cop- 
pery red colors are considerably more 
unusual. The presence of sufficient 
acicular rutile inclusions in parallel 
alignment and of a diameter suitable 
to produce chatoyancy in highly 
transparent quartz is even rarer in 
any color of rutile, but particularly 
so in gray and red. 

John I. Koivula and Maha Tannous 


SPURRITE 

Since there are actually very few nat- 
urally colored purple gem minerals, 
receipt in the West Coast laboratory 
of four translucent purple beads (see, 
e.g., figure 14) immediately raised 
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suspicions of dyed quartzite or car- 
bonate. However, when the beads 
were examined with magnification, 
they were found to be aggregates that 
contained numerous naturally col- 
ored, distinctly dichroic purple 
grains, which changed from a rich 
purple to very light purple or near 
colorless when the polarizer of the 
microscope was rotated. This identi- 
fication was to be a greater challenge 
than initially expected. 

We selected one of the beads 
(0.43 ct, 4.34-4.39 x 2.90 mm} for 
testing. With permission from the 
owner, Stephen Mauldin Stone Co. 
of Sandia Park, New Mexico, we 
exposed this bead to a minute 
amount of 10% HCl solution; it 
effervesced readily, indicating the 
presence of a carbonate. The purple 
grains displayed a higher resistance 
to the acid, while the interconnect- 
ing material was easily etched. 

On the refractometer, the sample 
displayed a birefringence blink from 
approximately 1.64 (a) to 1.68 (y). 
Some areas appeared to have a larger 
birefringence, while others gave a spot 
RI. value close to 1.50; however, these 
secondary values were indefinite. The 
average S.G., obtained hydrostatically, 
was close to 2.96 although values as 
low as 2.85 were also obtained 
because of the small size of the bead. 

The specimen displayed no visi- 
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ble spectrum and was inert to short- 
wave UV radiation. The long-wave 
UV luminescence was a faint 
“cobalt” blue. 

The area of purple grains that was 
isolated by the acid etching was 
scraped for X-ray powder diffraction 
analysis. The resultant pattern 
matched that for the mineral 
spurrite, which is an uncommon, 
usually massive, biaxial negative, 
monoclinic mineral with the chemi- 
cal composition Ca,(SiO,),(CO;) and 
a hardness of 5 on the Mohs scale 
(see, e.g., W. L. Roberts et al., Ency- 
clopedia of Minerals, 2nd ed., Van 
Nostrand Reinhold, New York, 1990, 
pp. 808-809). To further isolate indi- 
vidual components for testing, the 
bead was immersed in the dilute HCl 
solution for several hours. It effer- 
vesced readily, and most of the sam- 
ple dissolved, leaving a white pow- 


dery residue. A white substance that 
remained intact was also scraped for 
X-ray powder diffraction, yielding a 
pattern that matched that of a combi- 
nation of grossular and idocrase. 

EDXRF, performed on the bead 
by senior research associate Sam 
Muhlmeister prior to its dissolution 
in acid, revealed Si and Ca as the 
major elements present, with a trace 
of Fe. The primary constituents were 
consistent with spurrite, but the lack 
of Al suggested that neither grossular 
nor idocrase was present. Further 
analysis of numerous areas of this 
and an accompanying bead found Al 
in some areas, but not in many oth- 
ers. The relative amounts of Al could 
not be determined, and Mr. Muhl- 
meister believed that its variable 
presence was due to the inhomo- 
geneity of the material. 

Raman analysis of the purple 


Figure 14, Four purple beads that were reportedly from Guerrero State in 
southern Mexico proved to be rocks that consist primarily of spurrite plus 
additional minerals. Shown are two of the beads (0.85 ct total weight) 
along with a sample (19.02 ct) from GIA’s collection, reported to be 


spurrite from the southwestern U.S. 
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grains yielded distinct spectra that 
contained possible carbonate peaks, 
but they did not match any reference 
spectra in the database (which did 
not include spurrite). The spectra of 
areas between the purple grains 
matched those of several carbonates 
in the database. None of the areas 
tested yielded any matches for 
grossular or idocrase. 

The R.I. of this sample was con- 
sistent with that recorded for the 
mineral spurrite. The S.G. was slight- 
ly below but close to the value of 3.0 
reported in the literature. The pres- 
ence of a carbonate compound, the X- 
ray powder diffraction pattern, and 
the chemistry all confirmed that this 
material indeed consisted largely of 
spurrite. One of the X-ray diffraction 
patterns indicated the presence of 
additional minerals; however, since 
the identity of these minerals could 
not be confirmed by either EDXRF or 
Raman spectroscopy, it was neces- 
sary to conclude that the item was a 
rock consisting of spurrite and addi- 
tional minerals. Petrographic testing 
would be necessary to characterize 
this material further. 

In February 2001, the West Coast 
laboratory received a 7.19 ct partially 
polished piece of rough material that 
had similar properties to the afore- 
mentioned stones, and had a corre- 
sponding conclusion on the report. 
This entry’s author tested (less exten- 
sively) another purple aggregate that 
was purchased as spurrite for the GIA 
stone collection at the 1997 Tucson 
gem show; it too had enough of the 
same properties to indicate that it 
was indeed spurrite (or at least its 
dimorphous counterpart, paraspurrite 
[discussed below]), reportedly from a 
deposit in the southwestern U.S. 

To further compare these materi- 
als to each other and to the properties 
published in the literature for 
spurrite, cathodoluminescence was 
observed on two of the four beads as 
well as on the stone from the GIA 
collection. The published cathodolu- 
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minescence of spurrite is green (J. W. 
Anthony et al., Handbook of Mineral- 
ogy, Vol. Il, Silica, Silicates, Part 2, 
Mineral Data Publishing, Tucson, 
Arizona, 1995, p. 748); however, the 
two beads luminesced pinkish orange, 
and the stone from the GIA collection 
luminesced orange. Given that the 
spurrites seen in the lab were aggre- 
gates with other minerals, it is possi- 
ble that the additional components 
influenced the cathodoluminescence. 

Spurrite may be white, gray, pur- 
ple, or purple-gray, and is the product 
of low-pressure, high-temperature 
metamorphism along the contact 
between carbonate rock, most com- 
monly limestone, and mafic magma. 
The best-known source localities 
include northern Mexico and Ireland, 
but it also occurs in Scotland, the U.S. 
(Riverside County, California; Luna 
County, New Mexico; and Lewis and 
Clark, and Meagher counties, 
Montana}, Turkey, Israel, Japan, New 
Zealand, Siberia, and elsewhere in 
Russia (Anthony et al., 1995). The 
owner of the samples received for 
testing said they came from Guerrero 
State in southern Mexico, a location 
that was not reported in the author’s 
reference literature. 

Paraspurrite, a pseudomorph of 
spurrite, has an identical chemical 
composition, closely related crystal 
structure, and similar gemological 
properties to those of spurrite. It has 
been found in Inyo County, California 
(A. A. Colville and P. A. Colville, 
“Paraspurrite, a new polymorph to 
spurrite from Inyo Cou nty, Califor- 
nia,” American Mineralogist, Vol. 62, 
1977, pp. 1003-1005). The two miner- 
als may be distinguished by measure- 
ment of their unit-cell parameters. 
The X-ray powder diffraction patterns 
are similar, with paraspurrite exhibit- 
ing additional reflections and different 
line intensities in the pattern. Para- 
spurrite also has different associated 
minerals, which may be observed in 
thin section. 

In addition to the samples dis- 
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cussed in this entry, another spurrite 
was observed by GIA laboratory staff 
at the 1986 Tucson gem show (Summer 
1986 Gem News, pp. 114-115); howev- 
er, the four beads reported here repre- 
sent only the second instance that 
this material has been submitted by a 
client to the laboratory for identifica- 
tion. CYW 


Bicolored Cat’s-eye TOURMALINE 
Cat’s-eye tourmaline and bicolored 
tourmaline are well known to gemol- 
ogists. The bicolored gems are usual- 
ly faceted to display the component 
colors, or cut as polished slabs as in 
the case of green and red so-called 
watermelon tourmaline. Cat’s-eyes 
are always fashioned as cabochons to 
showcase the reflective nature of the 
chatoyancy-causing bundles of paral- 
lel growth tubes. However, it is 
unusual to have bicoloration and cha- 
toyancy together in the same stone. 

Just such a specimen was recently 
examined in the West Coast labora- 
tory. The 9.77 ct bicolored cat’s-eye 
tourmaline (16.84 x 11.16 x 5.71 mm) 
was cut by Falk Burger of Los 
Alamos, New Mexico. The rough 
material, which came from Brazil, 
was bicolored blue and green perpen- 
dicular to the length of the crystal. 

The cabochon was cut as a cush- 
ion shape with one end green and the 
other blue (figure 15). When it was 
tilted under a single point source of 
light, such as a fiber-optic illumina- 
tor, a single sharp eye was observed 
to drift back and forth across the 
stone, changing from blue to green 
depending on the portion of the 
stone in which it was observed. 
However, as shown in figure 15, 
when two light sources were used, a 
green eye and a blue eye could be 
seen simultaneously. 

Magnification revealed that the 
chatoyancy was caused by reflection 
from a combination of two micro-fea- 
tures. As expected, numerous fine 
growth tubes extending lengthwise in 
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Figure 15. This 9.77 ct Brazilian 
cat’s-eye tourmaline shows two 
different colors of chatoyancy at 
the same time when illuminated 
by two separate light sources. 


the cabochon were in large part 
responsible for the phenomenon. Also 
playing a part in the chatoyant effect, 
however, was a naturally striated 
unpolished base, which was the rough 
surface of the original tourmaline 
crystal. 

Over the years, we have seen 
numerous bicolored tourmalines as 
well as many cat’s-eye tourmalines. 
This is the first time, however, that we 
have seen these two varieties of tour- 
maline used so effectively in combina- 
tion to create a very unusual gem. 

John I. Koivula and Maha Tannous 


Erratum: Euclase Specimen 

Ms. Claudia Pifieros, the owner of the 
euclase specimen described in the 
Spring 2003 Lab Notes (p. 42), has 
informed us that the specimen was 
actually found in the course of explo- 
ration for emeralds in Pauna, Colom- 
bia (not in Brazil as was reported in 
that entry). Gems &) Gemology regrets 
the error. 


PHOTO CREDITS 

Maha Tannous—1, 11, 13, and 15; John |. 
Koivula—2, 3, and 12; Wuyi Wang—4 and 5; 
V. Cracco—6, 7, and 9; Elizabeth Schrader— 
8; C. D. Mengason—10 and 14. 
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The annual gem and mineral shows in Tucson, Arizona, 
showcased a spectacular variety of products. In addition to 
large quantities of common gems from traditional locali- 
ties, the shows remain an excellent source of rare and 
unusual items for the collector. One example was a spec- 
tacular suite of cat’s-eye tourmaline from Brazil that was 
brought to our attention by Michael Kazanjian of Kazan- 
jian Bros., Beverly Hills, California (figure 1). Although few 
new items debuted at this year’s show, we saw additional 
production of interesting materials from several sources, 
as well as some new developments in synthetic and treat- 
ed gems. Some of these items are described below, and 
others will be included in the upcoming Summer 2004 
GNI section. G@G thanks our many friends who shared 
information with us this year. 


COLORED STONES AND 
ORGANIC MATERIALS 


Yellow cat’s-eye beryl from Brazil. At the GJX show, 
Robert Van Wagoner of Maui Gems, Haiku, Hawaii, had 
a few cabochons of brownish yellow cat’s-eye beryl from 
Brazil (see, e.g., figure 2). Mr. Van Wagoner first sold this 
material at the June 2003 JCK show, but only recently 
did he obtain specific information on it. According to his 
source in Brazil, the material was mined from a peg- 
matite in the Padre Paraiso area, which is located 85 km 
north of Tedfilo Otoni in Minas Gerais State. Only a 
small amount of gem-quality rough was obtained, rang- 
ing from translucent to semitransparent. The cat’s-eye 
cabochons typically weigh 5 to 20 ct, although larger 
stones are believed to exist. Reportedly the yellow color 
in about 60% of the material was produced by irradiation 
in a linear accelerator. 
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Figure 1. This remarkable suite of cat’s-eye tourma- 
line (6.36—36.75 ct) is part of a larger collection of 
such stones, all from Brazil, that was purchased at 
one of the Tucson gem shows by Michael Kazanjian. 
Photo © GIA and Harold & Erica Van Pelt. 
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Some additional information was provided by Steve 
Perry of Steve Perry Gems, Davis, California, who also has 
sold these cat’s-eye beryls. His source indicated that a 
small amount of the material was mined in March 2003. 
Mr. Perry indicated that both “golden” beryl and aquama- 
rine are produced from this region. 

BML 


Update on demantoid and cat’s-eye demantoid from Iran. 
During the Tucson show, one of these contributors (MD) 
showed GIA personnel two cabochons of cat’s-eye 
demantoid from Kerman Province, southern Iran. Based 
on the experience of this contributor, who regularly visit- 
ed the deposit from early 2001 to November 2003, this 
report provides an update on the mining and production 
of the demantoid from this area, as well as the appear- 
ance of the chatoyant material. The gemological proper- 
ties and color range of this Iranian demantoid were 
described in the Spring 2002 Gem News International 
section (p. 96). 

The site is located at 28°19’N and 57°45’E, between the 
villages of Bagha Borch and Soghan, which lie approxi- 
mately 150 km south of the town of Jiroft. Travel from 
Tehran to Jiroft takes about 16 hours, although consider- 
able delays may be encountered along the highway, which 
is heavily patrolled to prevent drug smuggling. The jour- 
ney onward from Jiroft to the site requires three hours of 
driving on a rough road. 

The mining area (figure 3} is situated approximately 1,500 
m above sea level, and consists of several tunnels and small 
pits scattered across an area of approximately 500 m2. Mining 
is done by hand, mostly in December—March when the 
weather is cooler. The workings range from 2, to 8 m deep, 
and about 10 miners are active during the cool season. 

The demantoid crystals are hosted by regionally meta- 
morphosed asbestiform rocks. The garnets range from yel- 
lowish green to dark “emerald” green, and faceted stones 
are known up to 7 ct, although they typically weigh about 
0.7 ct. Round nodules up to three grams, mostly in dark 
green and orangy yellow, have also been found, as well as 
large, well-crystallized translucent specimens on the order 
of 5 cm in diameter. Approximately 20 kg of rough was ex- 
tracted during the 2003-2004 season. Of this, 1.5 
kg was facet-quality, with about 200 grams yielding stones 
of more than 2 ct in good color and clarity. 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu 
(e-mail), 760-603-4595 (fax), or GIA, 5345 Armada 
Drive, Carlsbad, CA 92008. Original photos will be 
returned after consideration or publication. 
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Figure 2. These brownish yellow cat’s-eye beryls from 
Brazil have sharp “eyes” and range from translucent 
(left, 15.17 ct) to semitransparent (right, 11.47 ct). 
Courtesy of Maui Gems; photo by Maha Tannous. 


Chatoyant demantoid from this area was first encoun- 
tered by one of these contributors (MD) in November 
2003. Approximately 35 grams of crystals and crystal frag- 
ments were collected, some of which were polished into 
cabochons of 5-10 ct (figure 4). A few chatoyant deman- 
toid crystals also were noted, such as the 41.73 ct speci- 
men in figure 4. The chatoyancy is caused mainly by 


Figure 3. Demantoid garnets from Iran have been 
mined in shallow workings such as this tunnel, 
which Makhmout Douman visited in November 
2003. Although this tunnel proved uneconomic, other 
workings on nearby hills have yielded significant 
quantities of the garnets. Photo by R. Sadeghi. 


—— er 
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Figure 4. Some of the Iranian demantoids are chatoy- 
ant, such as the 7.06 and 5.00 ct examples shown here. 
The 41.73 ct composite crystal also contains the cha- 
toyancy-causing fibers. Photo © GIA and Jeff Scovil. 


concentrations of parallel fibers (figure 5) that are, based 
on their appearance, possibly chrysotile or byssolite. 

Makhmout Douman (makhmout@arzawa.com) 

Arzawa Mineralogical Inc., New York 


Dona Dirlam 
Liddicoat Gemological Library, GIA, Carlsbad 


Figure 5. Parallel to semi-parallel fibers (possibly chry- 
sotile or byssolite), together with associated oriented 
micro-cracks, are responsible for the chatoyancy seen 
in some of the demantoid garnets from Iran. Photo- 
micrograph by John I. Koivula; magnified 20x. 
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Blue omphacite from Guatemala. A small number of 
rough and polished specimens of a new dark blue 
omphacite “jade” were displayed by Ventana Mining Co. 
(Los Altos, California) at the Pueblo Inn and by Leher 
Designs (San Rafael, California) at the GJX show and at the 
Westward Look Resort. Ideally (Ca,Na)(Mg,Al)Si,O,, 
omphacite is a member of the pyroxene group, and is com- 
posed of a solid solution of jadeite and calcic clinopyrox- 
ene (e.g., diopside) with subordinate aegirine. 

The material was first recovered by one of these con- 
tributors (WRR) in June 2008, and so far it has been found 
in a relatively restricted part of a claim held by Ventana 
Mining Co. The deposit is located in the Quebrada Seca 
area, near Carrizal Grande in Jalapa Department, 
Guatemala. (For information on recent jadeite discoveries 
in this area, see the Winter 2002 Gem News International, 
pp. 352-353.) The blue omphacite occurs as fine veins that 
cross-cut large alluvial boulders of greenish blue jadeite 
that were situated near outcrops consisting of blueschist, 
eclogite, and jadeite. Because the veins are rather narrow 
(i-e., from 2 to 20 mm thick), the material lends itself to 
small cabochons and carvings. 

Three of the four oval cabochons shown in figure 6 
were loaned to GIA for examination, and the following 
properties were determined by one of us (EPQ): color— 
mottled grayish greenish blue to mottled dark grayish 
greenish blue; diaphaneity—translucent; R.I—spot read- 
ings of 1.67 to 1.68; S.G.—3.33-3.41 (measured hydrostati- 
cally); no Chelsea filter reaction; fluorescence—inert to 
long- and short-wave UV radiation; and no absorption fea- 
tures were observed with the desk-model spectroscope. 
Microscopic examination revealed that the stones had an 
aggregate structure with a mottled granular texture, irregu- 
lar fractures, and nondescript white globular masses. In one 
of the cabochons, small transparent near-colorless crystals 
were observed. FTIR spectroscopy did not detect any poly- 
mer impregnation. Although not identified in these partic- 
ular cabochons, the blue omphacite from Guatemala has 
been reported to contain minor amounts of phengite and 
sphene, and traces of zircon, monazite, allanite, and rutile 
(G. E. Harlow, “Blue omphacite in jadeitites from 
Guatemala and Japan: Crystal chemistry and color origin,” 
Geological Society of America Annual Meeting, Seattle, 
Washington, November 2-5, 2003, http://gsa.confex.com/ 
gsa/2003AM/finalprogram/abstract_65497.htm). 

Electron-microprobe analyses of a fourth blue cabo- 
chon by one of us (GEH) revealed that it was composed 
predominantly of omphacite. Backscattered-electron 
imagery of the cabochon and of another blue vein sample 
(figure 7) showed strong compositional zoning within the 
individual omphacite grains. Expressed in terms of jadeite 
and diopside components, the average composition of the 
omphacite in the cabochon was Jd,,Di,, (range 
Jd59_g7Dig_go; see figure 8). The compositional range of 
another sample of the same type of blue omphacite was 
Jd, 77Di,, 47. In both cases, small amounts of hedenbergite 
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Figure 6. These cabochons (approximately 0.35 ct 
each) of blue omphacite show the distinctive color of 
this new material from Guatemala. Courtesy of 
Ventana Mining Co.; photo © Lee-Carraher 
Photography, San Francisco, California. 


and aegirine components also were present. In the cabo- 
chon, total iron (reported as FeO) averaged 1.23 wt.%, with 
a range of 0.4-1.9 wt.%; titanium averaged 0.29 wt.% 
TiO,, with a range of 0.03-1.5 wt.%. 

Vis-NIR spectroscopy of another sample of the blue 
omphacite by one of these contributors (GRR) showed a 
transmission window in the visible region centered near 


Figure 7. This backscattered-electron image is of a 
vein of blue omphacite cutting greenish blue jadeite. 
The omphacite is visible as the lighter area in the cen- 
ter, whereas the surrounding jadeite appears much 
darker. The minute bright spots are zircon grains, and 
the black spots are quartz. Note the compositional 
zonation shown by individual pyroxene grains of the 
omphacite; the lighter areas correspond to more Fe, 
and the darker areas have more Ti. 
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BLUE OMPHACITE COMPOSITION 


Acmite 


Diopside + 


Hedenbergite Jadeite 


Figure 8. The blue omphacite was composed of strongly 
zoned grains of the jadeite-diopside series, as revealed 
by electron microprobe analysis. 


500 nm (figure 9). This feature was defined by a sharp 
absorption band at 438 nm—superimposed on a tail that 
rises in intensity toward shorter wavelengths—and a broad- 
er band system that reaches its maximum at about 712 nm. 
The 438 nm feature arises from Fe**, and the broad band 
system correlates to the interaction of Fe’* and Fe**. The 
broad features at longer wavelengths arise from Fe?*. In 
contrast, a sample of green jadeite from Guatemala showed 
absorption bands due to Cr** that define the transmission 
window near 530 nm (again, see figure 9). The absorption 
was modified by features from both Fe** (sharp feature at 
438 nm) and broader features below 900 nm from Fe**. 

The absorption spectra show that the color of the green 
jadeite is due primarily to Cr°**, whereas the blue omphacite 
is colored by iron—at least in part. Since the depth of the 


Figure 9. These Vis-NIR absorption spectra show that 
the blue omphacite is dominated by iron-related fea- 
tures, whereas the green Guatemalan jadeite has 
absorptions related to chromium and subordinate iron. 
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these colorless gems, if cut with the 
proper proportions, have an adamantine 
lustré and brilliancy comparable to zircon 
and sphene. Unfortunately, the softness 
(45-5) and lack of dispersion will always 
limit them to collectors’ items. The 
crystal in the accompanying plate shows 
only the unit first order pyramid, a 
characteristic habit of the mineral. Wul- 
fenite, B, is closely related mineralogi- 
tally to scheelite. Transparent material 
suitable for faceting is unknown and, 
if found, its hardness of 2.5'to 3 would 
limit the gem to advanced collectors in 
spite of its adamantine luster and _ bril- 
liancy. Wulfenite crystals are character- 


The Z 


IRCON can be considered a new- 

comer among the gemstones of the 
western world. The mineral has been 
known, probably since before the time of 
Theophrastus but the gem is essentially 
oriental, Tracing its history back through 
the ages is particularly fascinating since 
the mineral has been known by many 
names and its modern name was only 
introduced by Werner in 1783, when he 
described crystals from Ceylon. It is 
believed by some that the ancient name 
“lyncurium” (amber) may have embraced 
brown zircon but this is doubtful. It is 
more probable that hyacinth and jacinth, 
which at first referred primarily to the 
amethyst and garnet, was given to the 
zircon and then later to the sapphire, 
spinel, etc. Zircon was also known as 
jargon or jargoon and this name has 
been preserved in the literature of today 
for the colorless variety. A number of 
names are found in the literature but 
these have been discarded, fortunately. 
The name zircon is of uncertain origin, 
but it is probably derived from the Per- 


istically tabular, often in very thin crys- 
tals less than 1/16” thick. Here the 
crystals show a large base and small 
pyramid and prismatic forms. 

The mineral torbernite, D, is a hydrous 
phosphate of copper and uranium. This 
is an example of a mineral which is 
pseudo-tetragonal. This was originally 
identified as a tetragonal mineral and it 
was only in recent years that it has been 
correctly classified as orthorhombic fol- 
lowing exhaustive X-ray studies. Tor- 
bernite crystals are usually tabular and 
occur in foliated mica-like aggregates as 
shown here. 


ircon 


sian “zargun,” meaning gold-colored. 

This plethora of names is not surpris~- 
ing when it is realized that zircon is 
actually a group of minerals which, even 
today, is poorly understood. ‘The group 
occurs naturally in a wide variety of 
colors which are readily altered and 
usually improved by heating. In spite of 
this wide variety of beautiful colors, 
zircon is not widely known and in view 
of its remarkable properties, it is prob- 
ably the least appreciated of all gems. 
Curiously enough, it is most widely 
known today in an unnatural hue of 
blue, which is a result of heating. The 
gem is actually a victim of rapacious 
exploitation. 

The zircon has been separated into 
three varieties known as low, inter- 
mediate, and high. The low variety is 
uncommon in nature, rarely seen in cut 
stones and is so designated because of 
its comparatively ‘low refractive index 
and specific gravity. It consists of amor- 
phous silica (SiO.) and clouds of crys- 

(Continued on page 27) 
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Figure 10. These cultured pearls (8.5-9 mm in diame- 
ter) were selected to show the range of color commer- 
cially available from southern Japan. Note how the 
colors of some of the cultured pearls resemble those 
seen in the shell of the P. margaritifera oyster in 
which they are cultured. Cultured pearls courtesy of 
AwWZ Pearls, and shell donated by AWZ Pearls and 
Tasaki Shinju Co. (GIA Collection no. 30484); photo 
by Maha Tannous. 


blue color showed a direct relation to titanium content in 
the samples analyzed, it appears that Ti** may also play a 
role in the coloration. The exact cause of the unusual blue 
color in this omphacite will remain unknown until further 
work is done to characterize the absorption features. 
Although blue omphacite also has been found in Japan 
and Canada (Harlow, 2003), this new Guatemalan 
omphacite represents the first occurrence of gem-quality 
material. 
George E. Harlow (gharlow@amnh.org) 
American Museum of Natural History 
New York 


Elizabeth P. Quinn 
GIA Gem Laboratory, Carlsbad 


George R. Rossman 
California Institute of Technology 
Pasadena, California 


William R. Rohtert 
Hermosa Beach, California 


Black cultured pearls from Japan. At the AGTA show, 
Avi Raz of A&Z Pearls, Los Angeles, had some recently 
harvested black cultured pearls from the southernmost 
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region of Japan. They were cultured in Pinctada margari- 
tifera oysters at farms owned by Tasaki Shinju Co. in the 
Oshima Straits, at Ikomo Bay, and at Yakiuchi Bay of the 
Amami Oshima Islands. The oysters are smaller than 
those from French Polynesia, as the Amami Oshima 
islands are at the northernmost habitat limit for this 
species (where colder waters slow the oysters’ growth and 
metabolism). 

According to Shodai Tasaki of Tasaki Shinju Co., the 
hatchery-bred oysters are nucleated at three to four years 
of age with small beads (i.e., 4.5-6.0 mm in diameter). 
Harvesting takes place after two to three years, in 
September—October. The cultured pearls are reportedly 
produced in a variety of colors, such as “peacock,” gray, 
“silver,” “gold,” and reddish purple, in sizes ranging from 
6 to 14 mm, with 7-8 mm being the most common. 
According to Japanese researchers, the relatively cold 
water results in a finer surface texture and superior luster, 
similar to Akoya cultured pearls. The first commercial 
harvest occurred in 1993; however, annual production is 
still less than 20,000 cultured pearls and a similar-sized 
crop is expected in September—October 2004. Due to their 
small size and high production cost, quantities of these 
black cultured pearls will likely remain limited. 

Mr. Raz loaned GIA 14 of the cultured pearls (8.5-9 
mm in diameter; see, e.g., figure 10). These samples 
were near-round to round, and one had been cut in half. 
The colors included light greenish yellow and light gray 
to dark gray, with overtones varying from weak to mod- 
erate reddish purple and green. Such variations in over- 
tone and color are typical of black cultured pearls from 
French Polynesia, and resemble those seen in shells 
from the host P. margaritifera oyster (again, see figure 
10). The nacre thickness of the sliced sample averaged 
1.5 mm (figure 11), with very slight variations. X-radiog- 
raphy of the other cultured pearls showed similar nacre 
thickness. UV-Vis reflectance spectra of these samples 
exhibited an absorption feature at 700 nm, which is 
characteristic of the P. margaritifera oyster. Other sig- 


Figure 11. The nacre thickness of this sliced black 
cultured pearl from Japan averaged 1.5 mm. Courtesy 
of AWZ Pearls; photo by Maha Tannous. 


GEMS & GEMOLOGY SPRING 2004 


nificant absorptions occurred at 405 and 495 nm. 

Fluorescence to long-wave UV radiation was also typical 

of this species, with the darker samples exhibiting a red- 
dish brown luminescence. 

Shane Elen (selen@gia.edu) 

GIA Research, Carlsbad 


New ruby production from Malawi. At the AGTA show, 
Columbia Gem House of Vancouver, Washington, had 
some recently produced untreated rubies and pinkish 
orange sapphires from Chimwadzulu Hill, Malawi. The 
deposit is located about 150 km southeast of the capital, 
Lilongwe, and only 5 km from the Mozambique border. 
Chimwadzulu Hill consists primarily of a metamorphosed 
ultramafic intrusive complex exposed over an area of about 
1 km”, and is surrounded by various Precambrian metasedi- 
mentary rocks. The corundum is found in deeply weath- 
ered iron-rich soil and is easily liberated by standard wash- 
ing processes. Because of the long winter rainy season, the 
mining period lasts from April to October. The mine was 
closed during the late 1980s and early 1990s before being 
reopened in 1994 by a U.K. company (for more on the his- 
tory and geology of this mine, see Spring 2000 Gem News, 
pp. 71-73). Since the beginning of 2003, systematic 
prospecting and an expansion in mining have significantly 
improved the quality and quantity of the production. 

According to Eric Braunwart, president of Columbia 
Gem House, there are approximately 70 people working at 
the mine. They have been producing up to 1 kg of cuttable 
ruby rough per month, yielding mostly small, calibrated 
gemstones up to 7/4 ct. There are a significant number of 
fine stones from 1 to 3 ct, but those above 3 ct are rare. 
The largest faceted ruby known from the deposit was a 16 
ct pinkish red heart-shaped gem. Since most of the materi- 
al being mined has no obvious rutile inclusions and is 
attractively colored, heat treatment is not necessary. 

Unlike earlier mining efforts, no facet-grade blue sap- 
phire has been recovered so far. Mr. Braunwart estimates 
that the mine will yield approximately 5 kg of cuttable 
rough per month of ruby and pinkish orange sapphire once 
a new processing plant, currently under construction, is 
built. He also predicts that almost half of the pinkish 
orange gems will grade “padparadscha” without the need 
for heat treatment. 

This contributor examined three of the rubies (1.50-3.78 
ct; figure 12). Selected to show the range of colors available, 
they were pinkish red, slightly orangy red, and purplish red, 
with obvious red to orangy red pleochroism. All contained 
boehmite along twinning planes, a typical inclusion scene in 
East African rubies. Microscopic examination also revealed 
short rutile needles and platelets in the largest stone. The 
refractive indices (1.762—1.770) obtained from the three sam- 
ples were also comparable to the properties reported in the 
literature for these rubies (see, e.g., U. Henn et al., “Red and 
orange corundum [ruby and padparadscha] from Malawi,” 
Journal of Gemmology, Vol. 22, No. 2, 1990, pp. 83-89). 
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Figure 12. These untreated rubies (1.50-3.78 ct) were 
recently mined from the Chimwadzulu Hill deposit 
in Malawi. Courtesy of Columbia Gem House; photo 
by Maha Tannous. 


Columbia Gem House and its jewelry-manufacturing 
subsidiary are marketing this untreated material as “Nyala 
ruby,” after the rare Nyala antelope that is native to the 
game reserve close to the mine. This product is being sold 
under the company’s “Fair Trade Gems” initiative, which 
was launched at this year’s Tucson gem show. This pro- 
gram supports a clean environment, employee-friendly 
policies, and complete product integrity from mine to mar- 
ket. The strict chain of custody also ensures non-treatment 
designations where appropriate, and eliminates the possible 
introduction of undisclosed treated gems or synthetics into 
the supply chain. To the benefit of locals in the Chimwad- 
zulu Hill area, the company has built a school and is pro- 
viding medical insurance for all mine personnel. 

Edward Boehm (joebgem@aol.com) 
JOEB Enterprises, Solana Beach, California 


Pink to pink-orange spinel from Tanzania. At the GJX 
show, Menahem Sevdermish of Advanced Quality, Ramat 
Gan, Israel, had some attractive spinel from a new find in 
the Mahenge region of south-central Tanzania. His stock 
consisted of about 2,000 carats of faceted stones (ranging up 
to 3 ct) and 1 kg of rough. According to Mr. Sevdermish, 
the new spinel discovery occurred in August 2003, 
although ruby and pink-to-red spinel have been mined 
from this area for several years (see Summer 1993 Gem 
News, pp. 136-137). Several kilograms of rough spinel were 
recovered, ranging from pink to pink-orange to brownish 
red. Most notable are the pink-orange stones, with a color 
similar to that of some “padparadscha” sapphires. He also 
indicated that the material is mined from alluvial and elu- 
vial deposits, and is not heated or subjected to any other 
forms of treatment. The rough typically consists of small 
octahedra or broken fragments that weigh 0.1-2 grams; less 
than 30% is facetable, and the remainder is bead- or cabo- 
chon-quality, in Mr. Sevdermish’s experience. 

Some of the rough has made its way to Asian markets. 
According to Scott Davies of American-Thai Trading 
(Bangkok), some dealers in Bangkok have been marketing 
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Figure 13. These spinels (0.68-2.28 ct) show the range 
of color of the new material being mined in the 
Mahenge region of Tanzania. Courtesy of Advanced 
Quality; photo by Maha Tannous. 


the faceted orange-pink stones as spinel from Vietnam’s 
Luc Yen region. Mr. Davies reported that the largest stone 
he has cut weighed 3.39 ct, and that stones containing eye- 
visible inclusions can make attractive rose cuts. 

Mr. Sevdermish loaned GIA six Mahenge spinels 
(0.68—2.28 ct) that were representative of the range of color 
for this material: purplish pink, pink, orangy pink, red- 
orange, and orangy red (figure 13). Gemological properties 
obtained by one of us (EPQ) showed refractive indices 
ranging from 1.710 to 1.712 and (hydrostatic) specific grav- 
ity values of 3.60-3.63. There was no birefringence or 
pleochroism, as expected for a singly refractive gem mate- 
rial, but all samples displayed weak anomalous double 
refraction when viewed between crossed polarizing filters. 
Long-wave UV radiation produced a red fluorescence, 
which ranged from weak to moderately strong for the vari- 
ous samples. With short-wave UV radiation, the orangy 
red to red-orange spinels were inert, but the three pink 
stones fluoresced very weak to weak orangy red. When 
examined with a desk-model spectroscope, all samples 
showed several absorption lines in the red region (typical 
of Cr**) and a weak band from 520 to 590 nm. Microscopic 
examination revealed that all of the spinels contained 
stringers of particles, three of them had clouds throughout, 
two had fractures, and one had a “fingerprint.” The stones 
did not exhibit any transmission luminescence, as has 
been documented previously for pink Tanzanian spinel 
(see the Summer 1990 Lab Notes, pp. 156-157). 

The properties of these stones are generally consistent 
with those listed for spinel by R. Webster (Gems, 5th ed., 
revised by P. Read, Butterworth-Heinemann, Oxford, 
England, 1994, pp. 142-145), although the R.I.’s recorded 
for these stones are just slightly lower. 

Elizabeth P. Quinn (equinn@gia.edu) 
GIA Gem Laboratory, Carlsbad 
BML 
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Large tsavorite and green grossular from Tanzania. At the 
GLDA show in the Radisson Hotel, Axel Henn of Idar- 
Oberstein, Germany, had several large examples of tsa- 
vorite and green grossular from the tanzanite deposit in 
Merelani, Tanzania. According to Mark and Eric Saul of 
Swala Gem Traders, Arusha, Tanzania, the garnets were 
recovered in three “pockets” from December 2,002 to 
February 2003. About 2.5 kg of rough tsavorite and green 
grossular were recovered as well-formed crystals (figure 14) 
and fragments. Many of the stones were relatively clean 
and of large size. The smaller stones were typically light 
green, while the larger ones were a vivid green. Where pre- 
sent, eye-visible inclusions consisted of “fingerprints” 
(mostly in smaller rough) and mineral inclusions (probably 
pyrite; in the larger pieces). 

The Sauls also reported that most of the production 
was purchased by only a few parties, with the majority 
sold in Idar-Oberstein and the remainder in Bangkok. In 
addition to one 100+ ct, one 50+ ct, and four 20+ ct faceted 
stones, they also cut and sold a half-dozen examples in the 
20-55 ct range and at least 10 weighing 10-20 ct. A few 
cabochons weighing 50-100 ct also were cut. 

Most of the rough purchased by Mr. Henn was faceted 
in August-November 2.003. The largest tsavorite he had in 
Tucson weighed 72 ct, although even larger ones have 
been faceted by his firm (e.g., 88 and 144 ct). 

Mr. Henn arranged for one of us (WMM) to examine an 


Figure 14. Fine crystals of tsavorite and green grossular 
were recovered from Merelani, Tanzania, from late 
2002 to February 2003. This specimen measures 
approximately 1.5 cm in diameter. From the collec- 
tion of F. Lietard; photo © Jeff Scovil. 
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88.03 ct tsavorite at the East Coast laboratory. This oval 
modified brilliant was a strongly saturated yellowish green 
(figure 15). The refractive index was 1.731 and specific gravi- 
ty was 3.60. No absorption features were visible with the 
desk-model spectroscope. Observation with the polariscope 
revealed anomalous double reaction, which is not uncom- 
mon in garnets. With magnification (up to 60x), the stone 
showed only some subtle straight, angular growth zoning. 
Although the R.I. value was within the accepted range for 
grossular—albeit slightly lower than the range given by R. 
Webster (Gems, 5th ed., p. 202) for material from East 
Africa—it was in a range that could overlap, in rare 
instances, with natural spinel. The green color was not at all 
typical for natural spinel with this R.I., but combined with 
the stone’s unusually large size and lack of inclusions, we 
performed Raman analysis to further confirm the stone’s 
identity as grossular. 

One particularly interesting aspect of this tsavorite was 
its UV fluorescence. Although the moderate orange long- 
wave UV fluorescence was not uncommon, when exposed 
to short-wave UV radiation the stone fluoresced a weak 
greenish yellow with straight, angular zones of weak-moder- 
ate orange, some of which corresponded to the growth zon- 
ing seen with the microscope. Even more unusual were two 
concentrically zoned “spots” of fluorescence. The stronger of 
these is shown in figure 16. Closer observation of this area 
with the De Beers DiamondView instrument (see figure 16, 
inset) revealed that the “spot” was not actually round, but 
was characterized by angular zones that corresponded to the 
growth zoning and the orange short-wave fluorescence. 

Coincidentally, in August 2003 Gems & Gemology 
was informed about similar unusual fluorescence charac- 
teristics in Tanzanian tsavorite by Kaushal P. Mehta, who 
is a laboratory gemologist in Bangkok. He reported that a 
65.72, ct sample fluoresced moderate orange to long-wave 
and moderate yellow to short-wave UV radiation. EDXRF 
spectroscopy yielded a composition that was typical for 
tsavorite. Mr. Mehta subsequently learned that tsavorite 
from the recent Tanzanian production commonly shows 
this unusual fluorescence. 

Wendi M. Mayerson (wmayerson@gia.edu) 
GIA Gem Trade Laboratory, Carlsbad 


BML 


SYNTHETICS AND SIMULANTS 


Color-change glass, imitating alexandrite. At the GALW 
show at the Holidome, House of Williams of Loveland, 
Colorado, had numerous faceted pieces of color-change 
glass. According to Michael Williams, this alexandrite imi- 
tation has been around for several years, and was trade- 
marked as “Zandrite” about three years ago. Although the 
material is not new, the lack of published technical infor- 
mation prompted this report. 

This contributor acquired a transparent 4.45 ct modi- 
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Figure 15. This 88.03 ct tsavorite provides a fine 
example of the notable size and transparency of the 
new material from Merelani. Courtesy of Henn 
GmbH; photo by Elizabeth Schrader. 


fied oval brilliant that had an attractive (almost pastel) 
color change. In sunlight and daylight-equivalent light 
sources, it was slightly bluish green (figure 17, left); in 
incandescent light, it was purplish pink (figure 17, right). 
The R.I. was 1.521, and the S.G. (taken hydrostatically) 
was 2.66. The sample displayed no birefringence or 
pleochroism, as expected of an amorphous material, 
although it did display weak anomalous double refraction. 
There was no reaction to the Chelsea filter, but the sam- 
ple fluoresced very weak bluish green to long-wave UV 


Figure 16. Unusual fluorescence behavior was shown 
by the 88.08 ct tsavorite, as evident here in short- 
wave UV radiation. When viewed in the De Beers 
DiamondView instrument, the fluorescent “spot” 
was seen to consist of angular zones (see inset). These 
patches corresponded to the growth zoning and the 
orange short-wave UV fluorescence of this feature. 
Photos by Elizabeth Schrader. 
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radiation (and was inert to short-wave UV). The material 
had a rare-earth spectrum, visible with the desk-model 
spectroscope, that consisted of strong absorption lines and 
bands at 435, 440-450, 465, 476, 480, 483, 510, 520-535, 
560-595, 600, and 660 nm, with weak lines at 500, 550, 
and 610 nm. EDXRF spectroscopy performed by senior 
research associate Sam Muhlmeister found Si, Na, K, Ca, 
Zn, and Nd. This composition, together with the visible 
spectrum, indicates that Nd is responsible for the col- 
oration; this is consistent with information that was sub- 
sequently provided by Mr. Williams. 

Elizabeth P. Quinn 


Figure 18. Commercial production of highly saturated 
green-yellow diamonds is being done with HPHT 
treatment, specifically to show a change in color 
appearance in different light sources. Due to strong 
green fluorescence from the H3 center, these dia- 
monds (here, 0.50-1.16 ct) appear greener in daylight- 
equivalent fluorescent light (top) than in incandes- 
cent light (bottom). Courtesy of Lucent Diamonds; 
photos by Elizabeth Schrader. 
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Figure 17. This 4.45 ct 
oval modified brilliant 
is color-change glass. In 
daylight-equivalent fluo- 
rescent light, the sample 
is a slightly bluish green 
(left). With incandescent 
light, the color changes 
to an attractive purplish 
pink (right). Photos by 
Maha Tannous. 


TREATMENTS 


Commercial production of HPHT-treated diamonds show- 
ing a color shift. More than half a dozen mechanisms are 
known to cause a green hue in naturally colored diamonds. 
These include irradiation, H2- and hydrogen-related absorp- 
tion, and chameleon behavior. However, “chartreuse,” or 
green-transmitter, diamonds are very different in terms of 
color origin, as their green color results not from a selective 
absorption, but from fluorescence that is related to the H3 
defect (zero-phonon line at 503 nm). The H3 system 
absorbs blue and violet light and emits green light that is 
slightly lower in energy. These diamonds, which appear 
predominantly yellow in incandescent light, can emit such 
strong green light in fluorescent or natural lighting condi- 
tions that in some cases this green transmission dominates 
the color of the diamond. I. Reinitz and T. Moses (Summer 
1997 Lab Notes, p. 136) pointed out that highly saturated 
combinations of yellow and luminescent green are quite 
rare in natural-color diamonds. A historical example is an 
intense greenish yellow 2.15 ct diamond that reportedly 
once belonged to Pedro II, the emperor of Brazil during the 
mid-19th century (see Spring 1997 Lab Notes, pp. 54-55). 

However, while rare in natural-color diamonds, this 
color-causing mechanism can routinely be produced in the 
laboratory by annealing certain brown diamonds at high 
pressure and high temperature (I. M. Reinitz et al., 
“Identification of HPHT-treated yellow to green dia- 
monds,” Summer 2000 Gems &) Gemology, pp. 128-137). 
At the 2004 Tucson gem show, Alex Grizenko of Lucent 
Diamonds, Lakewood, Colorado, informed these contribu- 
tors that his company has started commercial production 
of green-transmitter HPHT-treated diamonds, at approxi- 
mately 500 carats per month, to showcase the different 
hues these diamonds display in different lighting condi- 
tions (figure 18). They range from less than 1 ct to over 8 
ct. Both rough and faceted diamonds from Australia and 
Russia are being annealed to 2,100—2,500°C at elevated 
pressures. 

Spectroscopic analysis of 12 faceted samples (0.50-1.36 
ct) supplied by Mr. Grizenko revealed properties similar to 
those reported by Reinitz et al. (2000); all were type IaA/B 
and showed widely different amounts of nitrogen. A very 
strong H3 center and a relatively weak H2 were detected 
in all tested samples. 
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As the green color component is due to fluorescence of 
the H3 system, which absorbs blue and violet light, it fol- 
lows that the intensity of the green color varies according to 
the light source. Thus, these stones appear greener in natural 
daylight or blue-rich daylight-equivalent fluorescent light 
(which also contains some ultraviolet content) than in stan- 
dard incandescent or spot lighting (figure 18). The strength of 
the color shift varied significantly from sample to sample, as 
shown in the diamonds selected for figure 18. This variation 
in color appearance is very different from the well-known 
alexandrite effect, which is caused by selective absorption. 

Many factors in a diamond can affect H3 fluorescence. 
While the concentration of this defect largely determines 
the intensity of fluorescence, A-aggregates of nitrogen can 
significantly quench luminescence from H3 and N3 cen- 
ters, which may help explain the varying intensity of the 
green component from one HPHT-treated diamond to 
another. Nevertheless, this process makes what is a diffi- 
cult-to-obtain color—and color shift—in untreated natural 
diamonds available in a range of sizes and qualities in 
treated stones. 

Wuyi Wang (wuyi.wang@gia.edu) and Tom Moses 
GIA Gem Laboratory, New York 


CONFERENCE REPORT 


Accredited Gemologists Association conference. About 
100 people attended the AGA conference on synthetic dia- 
monds, held February 4 at the Marriott University Park 
hotel in Tucson. 

Tom Chatham of Chatham Created Gems, San 
Francisco, said that synthetic diamond production of all 
types (mostly industrial) totals about 600 million carats 
per year, but in general it is still cheaper to mine gem- 
quality diamonds than produce them synthetically. He 
told the audience that Chatham is working with an Asian 
manufacturer to produce about 400 carats monthly in four 
colors: pink, yellow, blue, and green. Most of the faceted 
goods weigh approximately 1 ct, although some are up to 
1.5 ct. Colorless synthetic diamonds are still too expensive 
to produce profitably, he said. 

Dr. Robert Linares of Apollo Diamond Co., Boston, out- 
lined the production of synthetic diamonds by chemical 
vapor deposition, and stressed that both the jewelry and 
high-technology industries require diamond of high purity 
and large size. Apollo will be expanding production by 
adding new equipment that can quadruple output. CVD 
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synthetic diamond, he said, is identical to natural diamond 
in structure. “It has the same four C’s, though CVD [syn- 
thetic] diamond is often clearer and harder.” 

Carlos Valeiras of Gemesis Corp., Sarasota, Florida, 
told the audience that his company has taken the BARS 
process of producing synthetic diamonds by HPHT “to the 
next level,” resulting in high quality and attractive color. 
He said that it takes 80-100 hours to grow 1 ct crystals 
and that the process is very difficult, “so it is unlikely 
there will be many producers coming into the market.” 
He announced that Gemesis was ready to expand its pro- 
duction to commercial quantities—the majority being 
equivalent to Fancy Intense yellow and Fancy Vivid 
orange, and faceted into princess and Asscher cuts. All of 
their synthetic diamonds over 0.25 ct will be laser 
inscribed, those over 1.0 ct will carry EGL grading reports. 

Alex Grizenko of Lucent Diamonds, Lakewood, 
Colorado, predicted that the future diamond market will 
consist of three segments: mined diamonds, synthetic dia- 
monds, and “restored” (treated) diamonds. He said that his 
company produces a variety of colors including reds, 
which are subjected to beta (electron) radiation and HPHT 
annealing. Lucent also has a partnership with LifeGem 
(Elk Grove, Illinois), which creates synthetic diamonds 
from human remains (see Spring 2003 Gem News Inter- 
national, p. 62). “This is certainly a specialty product, but 
one with great potential,” he said. 

Shane McClure of the GIA Gem Laboratory, Carlsbad, 
explained a number of common identification techniques 
for synthetic diamonds, including distinctive color zoning, 
metallic (flux) inclusions, and UV fluorescence patterns. 
Dr. Henry Hanni of the SSEF Swiss Gemmological 
Institute, Basel, noted that most synthetic diamonds are 
type Ib, though a small minority are type Ib, which are 
much more difficult to detect. They do, however, display 
the same growth patterns in the De Beers DiamondView 
instrument as are shown by type Ib synthetics. Branko 
Deljanin of EGL USA, Vancouver, Canada, reported that 
CVD synthetic diamonds can often be identified by weak 
yellow fluorescence to long-wave UV radiation and moder- 
ate to strong yellow-green fluorescence to short-wave UV. 
He added that they can also show a characteristic Raman 
photoluminescence peak at 575 nm, but for CVD material 
that has been subjected to HPHT annealing to remove 
brown color, a 637 nm peak can be diagnostic. 

Russell Shor (russell.shor@gia.edu) 
GIA, Carlsbad 


DIAMONDS 

Update on proprietary diamond cuts. An updated version 
of the chart of proprietary diamond cuts, which originally 
appeared in the Winter 2002 issue of Gems & Gemology 
(see T. W. Overton, “Legal protection for proprietary dia- 


GEM NEWS INTERNATIONAL 


mond cuts,” pp. 310-325), is now available in the Gems & 
Gemology Data Depository (www.gia.edu/pdfs/diamond_ 
cuts.pdf). Following is a brief summary of recent develop- 
ments in the legal protection of diamond cuts. 

Consistent with other major changes in the diamond 
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market, the trends identified by Overton (2002) have accel- 
erated in the last year. New branded cuts are being intro- 
duced every month (see, e.g., figure 19), and nearly all of 
them have been protected by trademark, patent, or both. 
Between January 2003 and January 2004, the U.S. Patent 
and Trademark Office (USPTO) issued 59 patents and pub- 
lished five applications for gemstone cuts (compared to 29 
patents from January 2000 to January 2001); this represents 
a 127% increase in just three years. 

The USS. officially joined the Madrid Protocol (see 
Overton, 2002) in November 2002. This allows U.S. trade- 
mark holders to enjoy trademark protection in any member 
country by filing an international registration application 
with the USPTO or WIPO (World Intellectual Property 
Organization). 

Beginning in January 2003, the European Community 
(EC) Office for Harmonization in the Internal Market 
began accepting design registrations (see Overton, 2002). 
This contributor is aware of a number of diamond cut 
designs that enjoy EC design protection (these are indicat- 
ed on the updated chart). The maximum 25-year term of 
an EC design registration, compared to the 14-year term of 
a US. design patent, makes this a protection method that 
should not be overlooked despite its limited geographic 
reach. 

There also may be protection available beyond that of 
traditional patent and trademark. At least one “main- 
stream” cut design, the Elara, is now protected by U.S. 
copyright registration (H. B. Rockman, “Obtaining U.S. 
copyright registration for the Elara square cut-cornered bril- 


Figure 19. The Solei cut, a modified round brilliant 
design created by Michael Schachter and Uri Peleg 
for Diamco of New York, was one of the new dia- 
mond cuts for which patents were issued in 2008. 
This drawing is taken from the patent application. 
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liant diamond,” Fall 2003 Gems & Gemology, pp. 
210-213). (Another design, the rather fanciful “Buddha” 
cut, also has copyright registration.) This should have man- 
ufacturers exploring copyright protection for their designs, 
given the much longer term of copyright (currently 95 
years for works-for-hire versus 14 or 20 years for a patent) 
and the much simpler application procedure. 

Last year also saw what this contributor believes to be 
the first lawsuit over a diamond cut patent. In August 
2003, a U.S. federal court in Chicago held the design patent 
for the Elara cut, owned by Kuwayama Europe and Elara 
Diamond USA, unenforceable as a result of a dispute with 
another manufacturer, National Diamond Syndicate. This 
lawsuit has been discussed in more detail in various trade 
publications (see V. Gomelsky, “Elara diamond design 
patent invalidated by court,” National Jeweler, Vol. 97, No. 
18, 2003, pp. 28, 30; I. Solotaroff, “Brand name: Chicago,” 
Modern Jeweler, Vol. 102, No. 11, 2003, pp. 42-44, 
105-107). 

Twenty-seven new cuts have been added to the chart. 
Of these, 20 are believed to be protected by patent (or 
pending applications), while an equal number have regis- 
tered trademarks. Thirteen are protected by both trade- 
mark registration and patent, six have registered trade- 
marks but no patents, and seven appear to have patents 
but unregistered trademarks. 

Although several cuts (which this contributor believes 
are obsolete) have been removed from the chart, and sever- 
al more (which this contributor believes are basically the 
same cut) were condensed into single entries, the number 
of identified cuts on the chart rose from 81 to 101. A 
strong trend toward patent protection is now apparent: 64 
of 101 are believed to be patented or patent pending. 
Somewhat less than half (42) enjoy both patent protection 
and trademark registration. (These numbers do not include 
the Elara, because of the court decision mentioned above.) 

It is safe to say that patent protection is now the rule 
rather than the exception, and the benefits afforded by 
patent and trademark are an increasingly important ele- 
ment of diamond branding. 

This contributor thanks the numerous diamond man- 
ufacturers who responded with information on their pro- 
prietary cuts. 

Thomas W. Overton (toverton@gia.edu) 
GIA, Carlsbad 


A diamond exhibiting a spectacular phantom. This con- 
tributor recently encountered a natural diamond exhibit- 
ing a spectacular phantom cloud of cuboid shape. The 
phantom was particularly visible when the 0.20 ct Fancy 
grayish greenish yellow diamond was viewed with dark- 
field illumination (figure 20). Phantom clouds are rarely 
seen in diamonds and are often indistinct, although some 
good examples were recorded by J. I. Koivula (The Micro 
World of Diamonds, Gemworld International, North- 
brook, Illinois, 2000). While phantoms are frequently 
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Figure 20. With darkfield illumination, this 0.20 ct 
diamond displays a most unusual phantom cloud. 
Photomicrograph by T. Hainschwang; magnified 20x. 


associated with an elevated hydrogen content, this is not 
always the case, as rare type Ib diamonds with high nitro- 
gen content may also exhibit such inclusions; some 
examples have been described by this contributor (T. 
Hainschwang, “Classification and color origin of brown 
diamonds,” Dipléme d’Université de Gemmologie, 
University of Nantes, France, 2003). 

Typically, these clouds exhibit a cuboid shape and are 
formed by very small particles of unknown nature. 
Depending on the viewing direction, such clouds may 
appear to have hexagonal symmetry (see, e.g., Gem Trade 
Lab Notes: Spring 1999, pp. 42-43, and Fall 2000, pp. 
255-256). In the diamond described here, the cloud dis- 
played numerous distinct layers with a cross-like feature 
in the center, forming an overall flower-like pattern. The 
cross-shaped parts of the cloud separate the octahedral sec- 
tors, whereas the “flower-petal” portions lie along dodeca- 


Vis-NIR TRANSMISSION SPECTRUM 


hedral directions (see W. Wang and W. Mayerson, 
“Symmetrical clouds in diamond—The hydrogen connec- 
tion,” Journal of Gemmology, Vol. 28, No. 3, pp. 143-152). 
The diamond exhibited homogeneous strong chalky blue 
fluorescence to long-wave UV radiation and medium 
chalky greenish blue fluorescence (and weak yellow phos- 
phorescence) to short-wave UV. 

FTIR spectroscopy performed on a Perkin-Elmer 
Spectrum BXII spectrometer revealed that this diamond 
was a type IaA/B with high nitrogen and hydrogen con- 
tents, and was thus typical for a diamond with phantom 
inclusions. In addition to showing hydrogen-related fea- 
tures (see E. Fritsch and K. Scarratt, “Gemmological prop- 
erties of type Ia diamonds with an unusually high hydro- 
gen content,” Journal of Gemmology, Vol. 23, No. 8, 1993, 
pp. 451-460), the spectrum included a triplet of peaks at 
1546, 1518, and 1500 cm~!; in the experience of the 
author this triplet is frequently observed in hydrogen-rich 
diamonds and thus also may be associated with this 
impurity. 

A Vis-NIR transmission spectrum was recorded using 
an SAS2000 spectrophotometer, with the stone immersed 
in liquid nitrogen. The low-temperature spectrum showed 
characteristic absorptions associated with high hydrogen 
and nitrogen contents, as well as nickel impurities (figure 
21; see K. Iakoubovskii and G. J. Adriaenssens, “Optical 
characterization of natural Argyle diamonds,” Diamond 
and Related Materials, Vol. 11, 2001, pp. 125-131). Some 
of the observed peaks (e.g., at 894 nm) have not yet been 
described in the literature. 

This contributor has found that many “straw” yellow 
to “olive” yellow diamonds with such spectra exhibit a 
chameleon-like color change when heated to approximate- 
ly 200°C (“Characterization of hydrogen rich diamonds 
from Argyle/Australia with Vis/NIR—and photolumines- 
cence—spectroscopy,”” www.gemlab.net/research1_1.htm). 
However, the color change is unlike that seen in typical 
chameleon diamonds, as it is mainly characterized by 
increases in saturation and in the green color component. 


Figure 21. The low-tem- 
\f perature Vis-NIR trans- 
450 mission spectrum of the 
0.20 ct diamond shows 
absorptions due to 
nitrogen (N3, N2), 
hydrogen, and nickel 
impurities. 
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Figure 22. This necklace of lustrous black beads 
proved to be black (horn) coral with a polymer coat- 
ing. Photo by H. A. Hénni, © SSEF. 


In this contributor’s experience, typical chameleon dia- 
monds show a more distinct change in color from “olive” 
to orangy yellow, and the Vis-NIR and FTIR spectra of such 
stones also are very different. Thus it appears that there are 
two different groups of diamonds exhibiting a chameleon 
effect—those with a more yellow stable color and those 
with an “olive” stable color. 

Based on its properties, the 0.20 ct diamond described 
here could potentially show chameleon behavior (i.e., 
with the more yellow stable color). However, this dia- 
mond did not change color when heated on a hot plate. 
This was not surprising since only a small percentage of 
such hydrogen-rich “yellow” diamonds exhibit the 
chameleon behavior. 

At first sight, this small diamond appeared to be just a 
commercial “olive” yellow diamond, but the microscope 
revealed an amazing internal treasure. 

Thomas Hainschwang (gemlab@adon.li) 
Gemlab Gemological Laboratory 
Vaduz, Principality of Liechtenstein 


COLORED STONES AND 
ORGANIC MATERIALS 


Black horn coral coated with artificial resin. A client 
recently submitted a black bead necklace to the SSEF 
Swiss Gemmological Institute for identification. He had 
purchased a number of these necklaces from a Chinese 
supplier, who represented them as black coral. He became 
concerned when testing by another lab indicated the mate- 
rial was plastic. 

The necklace contained 27 beads that measured 14 
mm in diameter (figure 22). The specific gravity (deter- 
mined hydrostatically on one bead) was 1.325, and the 
R.I. was approximately 1.56. Both of these values are con- 
sistent with those expected for black coral. 

Black coral (also called horn coral) typically shows 
characteristic curved growth lines and concentric cracks 
that are oriented parallel to the long axis of the branches. 
These features were not present in the beads of the neck- 
lace. However, scattered reddish brown reflections were 
apparent, as is typical for black coral, and linear arrays of 
tiny holes or spots were seen on some of the spheres. A 
dark gray surface color was seen with strong fiber-optic 
light, and minute bubbles were found sporadically. It 
became clear that instrumental analysis would be neces- 
sary for a proper identification. 

EDXRE spectroscopy of a few of the beads revealed 
characteristic elements for black coral: chlorine, bromine, 
and iodine. A Fourier-transform infrared spectrum of one 
of the beads was compared to a reference spectrum of 
black coral, and the peaks showed a full agreement. 
However, a Raman spectrum from the surface of one of 
the beads showed a 1605 cm peak, indicating the pres- 
ence of a polymer. 

We informed the client of our identification of the 
beads as black horn coral coated with an artificial sub- 
stance, and asked for permission to cut one of the beads in 
half. In cross-section, we could see the extent and result 
of the treatment (figure 23). A coating consisting of sever- 
al very thin layers covered the surface of the beads. 
Fissures and cracks were sealed by the artificial resinous 


Figure 23. In these cross- 


sections of a black coral bead, 
the outer portion of one of the 
characteristic cracks is filled by 
a polymer; note the trapped 
bubbles. In transmitted light 
(left), the polymer appears gray 
along the thin surface layer. In 
reflected light (right), the poly- 
mer and bubbles are even more 
apparent. Width of both photos 
is 3mm. Photos by H. A. 
Hanni, © SSEF. 
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substance, creating a very smooth appearance, which 
explained the lack of typical surface structures for black 
coral. This example demonstrates, once again, how only a 
combination of tests can safely identify the nature and 
treatment of gem materials. 

HAH 


Petroleum inclusions in quartz from Pakistan: A photo- 
essay. Hydrocarbon inclusions are quite fascinating, to the 
point that some gems are specifically cut with them for 
sale to collectors. Most fluid inclusions containing hydro- 
carbons, typically in quartz and fluorite, consist mainly of 
liquid natural petroleum and methane gas, sometimes 
with water as an immiscible liquid. Opaque black to dark 
brown translucent bituminous material may also be pres- 
ent, usually within the fluid inclusions as a solid daughter 
phase, but also as isolated solid inclusions within the host. 
Such bituminous organic solids are usually lumped under 
the general heading of asphaltite, the group name for solid 
bituminous hydrocarbons, unless a more specific analysis 
has been done. 

At the Munich gem and mineral show in October 
2002, Michael and Patricia Gray of Graystone Enterprises 
and Coast-to-Coast Rare Gems (Missoula, Montana} 
obtained a large parcel of more than 400 quartz crystals 
with fluid inclusions of natural petroleum that ranged 
from very light yellow (the smaller inclusions) through 
bright yellow to yellowish brown. Many of these fluid 
inclusions also contained dark brown to black solid phases 
of asphaltite. Asphaltite inclusions also were noted as 
solids within the quartz itself. All 400 quartz crystals were 
provided to these contributors for examination. Herb 
Obodda (H. Obodda, Short Hills, New Jersey) and Hussain 
Rezayee (All Access Co. Ltd., Bangkok) also loaned several 
similar crystals from this new find. 

Of the more than 400 specimens examined during this 
study, a representative sample of seven crystals ranging 
from 0.99 to 6.28 ct is shown in figure 24. Some of the 
crystals were of suitable quality for faceting (figure 25) 
although according to Mr. Gray, their heat sensitivity 
makes this somewhat difficult: If they get too hot, they are 
prone to cracking, which will subsequently drain any 
inclusions that rupture and breach the surface. 

Magnification revealed that the hydrocarbon fluid inclu- 
sions contained two different immiscible liquids: (1) a yel- 
low portion that was natural petroleum, and (2) a colorless 
aqueous fraction that was situated along some edges of the 
negative crystals. The gas bubbles were primarily methane, 
while one or more black asphaltite solid phase(s) were also 
present (figure 26, left). The odor of motor oil or kerosene 
was apparent when a crystal from this contributor’s collec- 
tion was cracked or crushed, and in the presence of a flame, 
the liquid and gas released were seen to be flammable. 

On exposure to long-wave UV radiation, the yellow 
petroleum in most of these fluid inclusions luminesced 
either bright yellow or bright blue (figure 26, right), 
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Figure 24. These seven quartz crystals (0.99-6.28 ct) 
all contain fluid inclusions composed of various 
hydrocarbons and water. They are representative of 
more than 400 Pakistani quartz crystals examined for 
this report. Photo by Maha Tannous. 


although orange was also observed in a few samples. Much 
weaker fluorescence, or no reaction, was seen with short- 
wave UV. No phosphorescence was noted in any of the 
samples examined. This characteristic luminescence is 
useful in the identification of natural petroleum-contain- 
ing fluid inclusions. 

As shown in figure 27, another curious identifying 
characteristic of the yellow liquid in these fluid inclusions 
is that when they were illuminated from the side with an 
incandescent fiber-optic light source, they showed a slight- 
ly bluish green to green transmission luminescence. 

During the examination of these quartz crystals, a few 


Figure 25. Measuring 16.75 mm long, this 9.23 ct 
quartz crystal shows the intriguing natural beauty of 
these petroleum-rich rock crystals from Pakistan. The 
2.33 ct faceted stone illustrates that gems can be cut 
from some of these crystals, although their sensitivity 
to heat requires great caution. Courtesy of Graystone 
Enterprises; photo by Maha Tannous. 
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INETEEN hundred years ago 

Pliny, that erudite old Roman, cor- 
rectly stated that the diamond is the 
hardest of all substances. But -he is 
scarcely correct in stating that if placed 
on an anvil and hit with a hammer, the 
hammer is shattered and the stone buries 
itself in the anvil. Nor is he correct 
where he states that before the stone can 
be broken it must be steeped in the blood 
of a freshly killed he-goat. The diamond, 
nevertheless, is more than four times as 
hard as the ruby and more than twice as 
hard as boron carbide, the hardest of all 
artificial substances. 

The first diamond, we infer, was found 
about 800 to 600 
B.C., by some Hin- 
doo wading a 
stream and being 
attracted by the fire 
of a colorless crys- 
tal. A Hindoo 
book, written early 
in the third century 
B.C, describes six 
varieties of dia- 
monds from as many Indian mines. Dia- 
monds reached Rome shortly before the 
time of Christ, and Pliny states that they 
were so unusual in his day that they were 
possessed “only by kings, and by but 
few of these.” 

Diamonds were rare in Europe until 
300 years ago and were distinctly a mas- 
culine ornament until the time of Agnes 
Sorel (1422-50 A.D.). In her day glam- 
our girls did not go to Hollywood but 


Tavernier 


18 


to the courts of kings. Her boy friend, 
Charles VII of France, gave her a dia- 
mond necklace, probably crudely cut 
which, she tells us, while uncomfortable, 
she wore out of love of her king. Many 
women since then have been willing to 
undergo similar tortures. 

Thanks to the mines of India and 
Borneo, diamonds became more common 
in Europe in the 17th century; still less 
rare in the 18th century—due to the 
Brazilian mines—and, today, we have an 
adequate supply from Africa. Were it 
not, however, for the extraordinary in- 
crease in the income of the world’s citi- 
zens, and the attainment of perfection in 
diamond cutting, the diamond would still 
be known only to kings. : 

The river alluvials of South Afric 
were found in 1867; the pipe mines in 
1870. Then followed a sequence of dis- 
coveries of important alluvial deposits ; 
the Belgian Congo in 1907; South West 
Africa in 1908; Angola in 1913; the 
Gold Coast in 1919; and Sierra Leone 
in 1930. 

But while the diamond rarely occurs 
in commercial deposits its occurrences 
as a mineral curiosity, even in our 
country, are many. It has been found 
in numerous places in the southeastern 
states, in California, and sparsely in other 
western states. In Arkansas is .a true 
pipe of the South Africa type, but ap- 
parently too poor to work. In the Middle 
West a number of fine stones have been 
found in the terminal glacial moraine. 
Therefore, somewhere east of Hudson 
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Figure 26. As shown on the left, the hydrocarbon inclusions in the Pakistani quartz crystals were observed to 
contain two immiscible liquids—a yellow portion (natural petroleum) and a colorless fraction (water) along 
some edges of the negative crystals. The gas bubbles are primarily methane. A black bituminous asphaltite 
solid phase also is present. When exposed to long-wave UV radiation, the petroleum in most of these fluid inclu- 
sions glows either bright yellow or (as shown on the right) bright blue, although orange also was observed in a 
few samples. This luminescence is characteristic of such fluid inclusions, and helps identify them. Photo- 
micrographs by John I. Koivula; magnified 5x. 


oddities also were noted. Four of them contained black 
bituminous material that moved freely within the 
petroleum. The most impressive of these was a 4.42 ct, 
12.59-mm-long crystal that contained a spherical globule of 
petroleum, half filled with tiny black asphaltite particles 
that moved freely (figure 28), coating the meniscus 
between the petroleum and the aqueous solution surround- 
ing it. The strangest inclusion, shown in figure 29, was a 
trigonal negative crystal that seemed to be lined with a 
brown bituminous film and small black blebs of asphaltite. 

The geographic locality of these crystals has been vari- 
ously represented as Baluchistan, Pakistan; Kandahar, 


Figure 27. Another curious identifying characteristic 
of yellow petroleum inclusions is that when they are 
illuminated with a white light fiber-optic source from 
the side, they show slightly bluish green transmission 
luminescence. Photomicrograph by John I. Koivula; 
magnified 5x. 


80 GEM NEWS INTERNATIONAL 


Afghanistan; or “somewhere in China.” Considering that 
Baluchistan is also known for the production of fluorite 
with oil-bearing fluid inclusions (A. H. Rankin et al., 
“Unusual, oil-bearing inclusions in fluorite from Baluchi- 
stan, Pakistan,” Mineralogical Magazine, Vol. 54, 1990, 
pp. 335-342), it would not be surprising if these quartz 
crystals came from that area, as well. The location of the 
petroleum-bearing quartz deposit was subsequently con- 
firmed as Baluchistan by Mr. Obodda, and also by Farooq 
Hashmi (Intimate Gems, Jamaica, New York), both of 

whom recently visited Pakistan. 
John I. Koivula (jkoivula@gia.edu) and Maha Tannous 
GIA Gem Laboratory, Carlsbad 


INSTRUMENTS AND TECHNIQUES 


New Swarovski triplet loupe. Swarovski Optik has been 
producing high-quality binoculars and telescopes for over 
50 years. Recently, they have expanded their product line 
with a newly developed loupe. As can be seen in figure 30, 
this loupe has a gray matte finished lens holder and a 
black housing, and is connected to an adjustable lanyard. 
The lens is an asymmetrical Taylor-Cook triplet 
(three optical elements) with 10x magnification. The 
design of this triplet results in a thinner and smaller lens 
system, resulting in a lighter overall weight (by approxi- 
mately 30%) compared to similar commercial loupes. 
The loupe has a field of view of 20 mm and a free working 
distance of 18.2 mm. The optical surfaces have a high- 
grade coating to avoid hindering reflections, and to 
improve chromatic neutrality and the hardness of the 
optical surface. For best performance, the loupe should be 
positioned 20 mm away from the subject and approxi- 
mately 15 mm away from the eye, depending on the eye- 
sight of the user. The view is unidirectional, the loupe 
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Figure 29. The strangest inclusion encountered in the 
hydrocarbon-included quartz crystals from Pakistan 
was this trigonal negative crystal that appeared to be 
lined with a brown bituminous film and randomly 
decorated with small black spots of asphalitite. 
Photomicrograph by John I. Koivula; magnified 10x. 


works best with the recessed grip toward the user. 

We have noticed that this loupe performs differently 
from traditional 10x triplet loupes. A ring covering the 
perimeter of the lens creates a slightly more limited field 
of view, but at the same time acts as an aperture creating a 
larger depth of view. As a result, the center of the image is 
sharper than in the traditional 10x triplet loupes, but the 
aperture design shields the periphery. Therefore, for opti- 
mal results the object being examined should be in the 
center of the field of view. This is a slight adjustment for 
those accustomed to other loupes, but is quite comfortable 
after a few minutes of use. The loupe is therefore very use- 
ful for observing inclusions, but the more limited view 
does not allow for clearly observing an entire stone if it is 
larger than 8-10 mm. 

Overall, this new loupe is a welcome tool for jewelers 
and gemologists, offering excellent optics and ergonomics. 

Tom Moses (tmoses@gia.edu) 
GIA Gem Laboratory, New York 


Ron Geurts 
T.T. Consulting N.V. 
Antwerp, Belgium 
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Figure 28. Four of the 
petroleum-containing 
quartz crystals had black 
bituminous material that 
was free to move within the 
petroleum. The movement 
of the bitumen is readily 
apparent in these photos of 
a 12.59-mm-long crystal. 
Photos by John I. Koivula. 


CONFERENCE REPORTS 


Diamond presentations at the Australian Diamond 
Conference. Approximately 200 people attended the annu- 
al Australian Diamond Conference, which was held in 
Perth on December 1-2, 2003, and comprised 28 presenta- 
tions and a concluding panel discussion. The mood of the 
conference attendees was buoyant and optimistic. 
Following the opening address by the Honorable Richard 
Court, former premier of Western Australia, James Picton, 
diamond analyst with W. H. Ireland, London, emphasized 
that if the predicted 4% annual rise in demand for dia- 
mond rough continues for the next decade, by 2012 there 


Figure 30. This newly developed 10x loupe from 
Swarovski Optik has several innovative features, 
including an ergonomic design and a much lighter 
lens. Photo by Elizabeth Schrader. 
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will be a shortfall of US$3.5 billion that cannot be met by 
the present rate of discovery. This will further increase the 
price of rough and fuel more diamond prospecting. Bill 
McKechnie of the De Beers Group, Johannesburg, South 
Africa, said that in 2004 De Beers plans to spend US$6.3 
million on diamond exploration in Australia, which is 
unchanged from 2003. This represents 8% of their world 
annual budget, versus 40% in Canada, 9% in South Africa, 
32% elsewhere in Africa, 7% in India, 2% in Russia, and 
2% elsewhere. He said that 2002 was a good year for rough 
sales and 2003 was very good. 

Veston Malango of the Ministry of Mines and Energy, 
Windhoek, Namibia, said that his government’s new min- 
ing act and mineral exploration policy was well received 
by the international mining community. A new NamGem 
diamond cutting factory, which is 100% owned by 
Namdeb, recently opened in Windhoek. Seven other pri- 
vately owned factories have opened since 1999. Ashok 
Damarapurshad of the Ministry of Minerals and Energy, 
Johannesburg, South Africa, said that the new mining act 
requiring incorporation of Black Economic Empowerment 
groups in every mining project was generally well 
received. At present there are 37 diamond mining opera- 
tions in South Africa, of which 16 are mining kimberlites, 
12 are alluvial, and seven are beach deposits. Of the kim- 
berlites, nine are pipes and seven are fissures. South 
African diamond production for 2003 is estimated at 10.1 
Mct (down from 2002, = 11.1 Mct}, worth US$950 million 
(up from 2002 = $900 million). 

Many speakers reported on the results and progress of 
their respective companies. David Jones and Peter 
Danchin of Kimberley Diamond Co., Perth, presented the 
latest news on the Ellendale diamond mine. First-year pro- 
duction (i.e., July 2002 through June 2003) was 51,819 
carats, at an average value of US$159/ct and an average ore 
grade of about 9 carats/100 tonnes (cpht) recovered from 
the western area of pipe 9. The mine produces a relatively 
high proportion of fancy yellows. Recent results from a 
bulk sample in the eastern area of pipe 9 indicated an aver- 
age grade of 9.25 cpht and an average size of 0.41 ct. The 
latest sale in Antwerp of last year’s production generated 
US$310/ct. Prospecting and ore reserve calculations were 
greatly improved by using the 2.5-m-diameter Bauer drill 
rig, which provides 10 tonne samples for each meter 
drilled. An in-ground value of US$450 million has been 
calculated for a mine life of 13 years. 

Colin Williams of Argyle Diamonds, Perth, indicated 
that alluvial operations at the Argyle mine ceased at the 
end of 2002, and the mine now produces about 30 Mct 
annually. All rough is sold direct to the market except for 
pinks, which are retained and sold as polished tenders. 
Argyle production by volume is 5% gem, 70% near gem, 
and 25% industrial; by color, 72% brown, 27% near color- 
less to light yellow, and <1% pink to red. Widening of the 
open pit by stepping back the west wall in 2000 has 
extended its life to 2007. An A$70 million study to be 
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completed in 2005 is investigating the feasibility of an 
underground mine, which would extend mine life to 2020 
at 5 million tonnes of ore per year and a diamond recovery 
at about half the current level. 

Tom Reddicliffe of Striker Resources, Perth, reported 
on the latest results from Seppelt 5 in North Kimberley, 
which is connected by a 2.5-km-long kimberlite dike to 
Seppelt 2. Both pipes yielded grades in excess of 200 cpht. 
Many diamonds exceeding 2 ct were recovered, the largest 
being 8.5 ct, near colorless, and gem quality. Investigations 
have begun into the feasibility of an open pit plus under- 
ground mine for Seppelt 2 and 5. Striker also has acquired 
the Merlin Orbit properties. These consist of six tene- 
ments totaling 1,800 km? surrounding the former Merlin 
diamond mine, which operated from 1998 to 2002 and is 
fully owned by Rio Tinto. The Merlin Orbit leases contain 
many promising targets resembling the known Merlin 
pipes, which were found by Mr. Reddicliffe when he was 
exploration manager for Ashton Mining. Striker also 
acquired a three-year usage of the Rio Tinto kimberlite 
indicator mineral database for nearly the entire Kimberley 
region. 

Several South African properties also were reviewed. 
Charles Mostert of Crown Diamonds, Perth, introduced 
this new diamond mining company, which was created 
through a merger of previous alluvial miner Majestic 
Resources (Australia) and Messina Investments (South 
Africa). Two operating fissure mines in South Africa, 
Messina and Star, produced 31,700 carats in 2002, of 
which 90% were gem quality. The Messina mine is locat- 
ed in the Bellsbank area, 80 km northwest of Kimberley, 
and the Star mine is located in Orange Free State near 
Welkom. A 52.51 ct gem-quality diamond was recovered 
from a Crown Diamonds mining operation in November 
2003. In the same month, Crown completed negotiations 
to purchase the Helam fissure mine in the western 
Transvaal region. Future plans include upgrading the pro- 
duction of all three mines to reach 250,000 carats/year by 
2006. Wolf Marx of Tawana Resources, Melbourne, dis- 
cussed their Daniel project (owned 30% by Tawana, which 
can earn up to 40%, the remainder owned by BHP), a 
buried alluvial channel 7 km long and 2 km wide, which is 
6 km down slope from the Finsch mine. It is estimated 
that about 1,400 m of the Finsch pipe has been eroded, 
with many of the diamonds transported through the 
Daniel channel. The bedrock is dolomite and contains 
many pot holes, which form ideal diamond repositories. 
Karl Simich of Namakwa Diamonds, West Perth, said that 
1% of an onshore diamond deposit on the Atlantic coast of 
Namaqualand has been estimated to contain 411,000 
carats with a value of $100/ct. Environmental plans were 
approved, and Namakwa may be the first diamond mining 
company to be granted a license under the new mining 
legislation in South Africa. 

Pamela Strand of Shear Minerals, Edmonton, Canada, 
gave a review of that company’s exploration in the Churchill 
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diamond project, located on the west side of Hudson Bay, 

where in two years’ fieldwork 18 kimberlites have been 

found, some of which are diamondiferous. Many other 

speakers discussed their exploration projects, but none of 
them had reached advanced stages. 

A. J. A. “Bram” Janse (archonexp!@iinet.net.au) 

Archon Exploration Pty. Ltd. 

Perth, Western Australia 


“Science of Gem Materials” session at the MRS meeting. 
In December 2008, for the first time, the large Materials 
Research Society meeting in Boston, Massachusetts, 
included a session on gem materials. Conference abstracts 
are available at www.mrs.org/meetings/fall2003/ 
program/AbstractBookIl.pdf, and summaries of some of the 
presentations from this two-day session are provided 
below. 

Dr. Jeffrey Post of the Smithsonian Institution, Wash- 
ington, D.C., described the U.S. national gem collection; 
notable pieces include the Blue Heart (30.62, ct) and Hope 
(45.52, ct) diamonds (see Winter 2003 Gem News Inter- 
national, pp. 322-325), a giant Brazilian topaz crystal 
(weighing approximately 50 kg}, and the 127 ct Portuguese 
diamond with very strong blue fluorescence. 

Dr. Reza Abbaschian of the University of Florida, 
Gainesville, and colleagues discussed recent progress in 
the growth of synthetic diamonds by Gemesis Corp. 
(Sarasota, Florida). Yellow crystals up to 3-3.5 ct are pro- 
duced routinely. The largest crystal grown to date weighed 
about 5 ct, which should cut a 3.5 ct synthetic diamond; 
10 ct crystals are reportedly possible. For near-colorless 
synthetic diamonds, slow growth is needed (less than 2 
mg/hour); a 1 ct crystal requires 100 hours to grow. By 
comparison, colored synthetic diamonds (e.g., yellow and 
blue) grow faster, at about 16 mg/hour. 

Branko Deljanin of EGL USA, Vancouver, Canada, and 
colleagues discussed the jewelry-quality synthetic dia- 
monds that Apollo Diamond Co. has grown using chemi- 
cal vapor deposition (CVD). Single-crystal synthetic dia- 
mond films 1-2, mm thick are grown on diamond seeds, 
and the films are then sawn off with a laser. Brown, “color- 
less,” and blue samples have been grown. They contain 
traces of nitrogen, hydrogen, and/or silicon, and are types 
Ila or Ib. CVD synthetic diamonds often show four growth 
sectors, and microscopic examination revealed inclusions 
parallel to the seed plate but no graining. In addition to 
their brown or orange cathodoluminescence, spectral char- 
acteristics were described. HPHT annealing of CVD syn- 
thetic diamond resulted in a near-colorless product with 
blue or violet cathodoluminescence and a stronger 637 nm 
than 575 nm photoluminescence (PL) peak. 

Matthew Hall of the GIA Gem Laboratory, New York, 
and colleagues discussed HPHT annealing of gray-blue 
type IIb diamonds. Through experiments, they found that 
annealing reduces the gray component of these diamonds 
and produces a blue color, sometimes at the Fancy Intense 
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Figure 31. A GIA laboratory study has shown that 
HPHT annealing of some type IIb diamonds can 
reduce the gray component and produce blue color, 
as illustrated by this approximately 0.65 ct diamond 
before (left) and after (right) HPHT treatment. Photos 
by Elizabeth Schrader. 


or Fancy Vivid level. (According to Mr. Hall, before HPHT 
annealing, some of the boron in such diamonds is compen- 
sated by hydrogen. The treatment process makes this 
boron available to cause absorption in the mid-IR to high- 
er-wavelength portion of the visible spectrum, producing 
the blue color.) Although the saturation of their color was 
altered by the treatment, their tone (lightness or darkness) 
did not change appreciably (figure 31). The diamonds show 
characteristic infrared and PL spectral features. 

This contributor (and colleagues) discussed GIA’s 
computer modeling of the appearance aspects of a faceted 
diamond. Several additional brightness and fire metrics 
have been developed for round brilliants (based on differ- 
ent assumptions about environments and observer condi- 
tions), and about 50,000 observations of actual diamonds 
have been performed to identify the metrics that best 
agreed with various observers’ perceptions of brightness 
and fire under standardized conditions. The patterns of 
light and dark seen in round brilliants were found to 
affect people’s decisions as to what makes a good-looking 
diamond; these pattern effects can also be calculated. 

Dr. Lee Groat of the University of British Columbia, 
Vancouver, and colleagues discussed gem bery] localities in 
Canada: emerald from Regal Ridge in the Yukon Territory 
(described in the Spring 2002 Gem News International 
[GNI], pp. 93-94}, dark blue aquamarine from the Yukon 
(see Winter 2003 GNI, pp. 327-329), and green beryl from 
Lened, just across the border in the Northwest Territories. 
The Lened skarn occurs in the vicinity of a tungsten mine 
and tin-tungsten deposit, as well as a spodumene-bearing 
pegmatite, but there is no granite exposed in the area. The 
green beryl is transparent but very pale, with crystals reach- 
ing 30 x 5 mm. It is colored by vanadium, not chromium, 
although some Fe** is also present as a chromophore. 

Dr. Alain Cheilletz of CNRS, Vandoeuvre-les-Nancy, 
France, and colleagues discussed the occurrence of deu- 
terium (a heavy isotope of hydrogen) in emeralds, and its 
use for determining emerald sources. With infrared spec- 
troscopy, they have developed a database for emeralds 
from 46 deposits. Dr. John Rakovan of Miami University, 
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Oxford, Ohio, discussed the role of surface structure in 
the incorporation of rare-earth elements in sector-zoned 
fluorite. For fluorite from Long Lake, New York, sector 
zoning shows up with irradiation. The blue color of some 
fluorite from Bingham, New Mexico, is unstable to sun- 
light. Margaret Broz of the University of Minnesota, 
Minneapolis, and co-authors discussed hardness and sur- 
face-contact properties of gems and minerals. Depth-sen- 
sitive indentation (DSI) behavior can be determined from 
measurements with Vickers and Berkovich devices; these 
produce measurements of hardness, toughness, stiffness, 
and bulk modulus. The Mohs hardness scale is nonlinear 
relative to the DSI hardness scale: Minerals with high 
Mohs values have much greater measured hardnesses 
than one would expect from the measured values of min- 
erals with lower Mohs values. Kenneth Scarratt of the 
AGTA Gemological Testing Center, New York, described 
different types of natural and cultured pearls (freshwater, 
saltwater, black, and “golden”) from various bivalve mol- 
lusks, as well as non-nacreous “pearls” (conch, melo, etc.) 
from gastropods. 

Dr. Laurence Galoisy of the University of Paris, 
France, and colleagues examined neolithic jewels con- 
taining variscite (AlPO,+2H,O) from Er-Grah and 
Luffagh (two sites in Brittany, France), both dating from 
4400-3900 BC. When compared to variscite from various 
other European sources, the best spectral match for the 
Luffagh jewel was nearby Pannecé, but for the Er-Grah 
piece, Sarrabus in Sicily was the best match. Con- 
sequently, it appears that trade routes covered a large 
area of southern Europe at the time. Vera Borisovna 
Kovalevskaia of the Institute of Archaeology, Moscow, 
traced gem trade routes to the Scythians and Samartians 
in the Caucasus, Central Asia, and eastern Europe during 
the first millennium AD. The gems included amber, 
topaz, emerald, agate, carnelian, jet, and lapis. Beads 
came from India via Iran and the Volga River to the 
steppes; gems and jewelry from Byzantium came via the 
Red Sea to Europe; and amber spread south and southeast 
from the Baltic. Locally cut beads can be distinguished 
from Indian-cut beads by differences in cutting styles and 
in the quality of the material. 

Drs. Peter Heaney and Donald Fisher, both of Penn 
State University, University Park, Pennsylvania, com- 
pared the chatoyant gems tiger’s-eye and pietersite. 
Tiger’s-eye quartz typically occurs as seams up to a few 
centimeters thick in banded iron formations; most is 
mined near Griquatown in South Africa. Although 
tiger’s-eye was formerly explained as quartz pseudo- 
morphs after crocidolite (riebeckite) asbestos fibers, in 
fact the quartz is granular and includes wisps of oxidized 
crocidolite; these parallel fibrous inclusions cause the 
chatoyancy. Pietersite is always brecciated; this quartz 
gem occurs as silicified nodules in limestone, near 
Windhoek, Namibia. Again, the quartz did not replace 
crocidolite; instead, the original siliceous material in 
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these nodules was fibrous chalcedony, occurring with 
hematite. The quartz replacement of chalcedony reorga- 
nized the hematite into segregations, and sodium meta- 
somatism caused hematite and chalcedony to react to 
form crocidolite (and granular quartz). 

Dr. Emmanuel Fritch of IMN, Nantes, France, and 
colleagues discussed the microstructure of play-of-color 
and common opals. Mineralogists distinguish opal-A 
(which is X-ray amorphous) from opal-CT (which shows 
cristobalite and/or tridymite lattice spacings in its X-ray 
diffraction pattern). Australian sedimentary opal-A owes 
its play-of-color to 200 nm array elements; this gem 
mainly consists of silica, with the holes between the 
intergrown spheres organized in an array. Volcanic-related 
opal-CT may not show play-of-color. Examples include 
fire opal (from Brazil, Kazakhstan, Mexico, and Ethiopia); 
pink opals showing fibrous opal microstructures and col- 
ored by palygorskite microfibers (from Peru and Mexico); 
opals with microscopic platelets; and those with “lepi- 
spheres”—resembling tiny gypsum roses—of cristobalite- 
like opal-CT. All these have spheroids of silica of about 
the same size, 20-40 nm. Dr. Orlin Velev of North 
Carolina State University, Raleigh, summarized the 
research his group has done on opal-structured materials. 
Controlled crystallization is necessary to create the opal 
microstructure. In their laboratory experiments, colloidal 
polymer spheres were “crystallized” in an organized fash- 
ion to create play-of-color; spheres 100-1000 nm in diam- 
eter resulted in play-of-color effects in materials such as 
plastic films, graphite, and gold. 

Mary L. Johnson (mary.johnson@gia.edu) 
GIA Gem Laboratory, Carlsbad 


Sinkankas tourmaline symposium. The 2nd Annual John 
Sinkankas Memorial Symposium was co-hosted by the 
San Diego Mineral & Gem Society and GIA on April 10, 
2004. The all-day event took place at GIA’s headquarters 
in Carlsbad, where approximately 120 attendees were 
treated to seven presentations on tourmaline. Each partic- 
ipant received an informative proceedings volume that 
contained excerpts of some of the presentations, selec- 
tions from previous publications on tourmaline, and a 
bibliography. 

After opening remarks by convener Roger Merk 
(Merk’s Jade, San Diego, California), Dr. William B. “Skip” 
Simmons of the University of New Orleans reviewed the 
complex chemical variations and the 14 currently recog- 
nized species of the tourmaline group, which are divided 
into alkali (e.g., elbaite}, calcic (e.g., liddicoatite), and X-site 
vacant (e.g., rossmanite) tourmalines. He then took the 
audience on a “virtual field trip” to the Transbaikalia 
Malkhanski pegmatites near Lake Baikal in Siberia, 
Russia. At the most important deposit, the Mokhovaya 
pegmatite, gem-quality tourmaline in a variety of colors 
has been systematically mined from a large open cut since 
the early 1990s. 
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Figure 32. Needle-like inclusions of tourmaline (prob- 
ably schorl) in this sample of quartz from Governador 
Valadares, Brazil, show brilliant interference colors 
between partially crossed polarizing filters. Photo- 
micrograph by John I. Koivula; magnified 5x. 


Si Frazier of El Cerrito, California, reviewed the com- 
mon crystal forms of tourmaline, provided simple dia- 
grams to illustrate the angular relationships between vari- 
ous pyramidal forms, and showed interesting examples of 
tourmaline inclusions in quartz. Jesse Fisher of UK 
Mining Ventures, San Francisco, summarized important 
tourmaline localities of the world. Some of the most sig- 
nificant producers of gem-quality tourmaline include 
Minas Gerais, Brazil (the Aracguai area and the region 
around Teofilo Otoni and Governador Valadares), eastern 
Afghanistan (e.g., the Paprok, Mawi, and Darre Pech areas), 
and southern California (e.g., the Himalaya and Tourma- 
line Queen mines). 

Meg Berry of Mega Gem, Fallbrook, California, provid- 
ed useful insights on faceting tourmaline. She emphasized 
the importance of polishing tourmaline lengthwise on the 
wheel to avoid stress fracturing, and explained how emer- 
ald cuts of bicolored stones and those with a “closed” (or 
dark-colored) c-axis should be faceted with steeply 
inclined ends (i.e., at least 75°). William Larson of Pala 
International, Fallbrook, California, then described some 
of the historic literature on tourmaline, including rare 
manuscripts dating back to the 18th century. 

John Koivula of the GIA Gem Laboratory in Carlsbad 
reviewed the inclusions and optical phenomena in gem- 
quality tourmaline. Growth tubes, negative crystals, vari- 
ous solid-liquid-gas assemblages, and distinctive color 
zoning may be found in tourmaline, whereas tourmaline 
has been documented as inclusions in minerals such as 
apatite, beryl, cassiterite, quartz (figure 32), pezzottaite, 
and topaz. The visibility of minute inclusions can be 
enhanced with certain lighting conditions, such as shad- 
owing, fiber-optic illumination, or the use of polarizing 
filters. 

Dr. George Rossman of the California Institute of 
Technology, Pasadena, gave the closing presentation, on 
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the coloration of tourmaline. The most common chro- 
mophores are Fe”*, Fe**+, Ti**, Mn**, and Mn*, although 
Cr**, V>*, and Cu”* can also cause color. Multiple col- 
oration mechanisms can be present in a single sample, and 
post-crystallization color modifications can occur through 
exposure to ionizing radiation (gamma rays) in the peg- 
matitic environment or laboratory (i.e., colorless Mn** 
converted to pink Mn**). 
The theme of next year’s Sinkankas symposium will 
be beryl. 
BML 


ANNOUNCEMENTS 


Dr. Henry A. Hanni receives AGA Bonanno Award. SSEF 
Swiss Gemmological Institute director (and GNI con- 
tributing editor) Dr. Henry A. Hanni has received the 
Accredited Gemologists Association’s Antonio C. 
Bonanno Award for Excellence in Gemology. This award 
recognizes people in the gemological field who have made 
significant contributions to the field or defended and 
upheld gemological standards in ways that benefit the gem 
and jewelry community. Dr. Hanni was honored for his 
nearly 30 years as a leading gemological researcher and 
educator, and his contributions to gem treatment report- 
ing standards. 


Dr. George R. Rossman receives Feynman Prize. Dr. 
George R. Rossman, professor of mineralogy at the 
California Institute of Technology in Pasadena and a long- 
time member of the G#G editorial review board, has been 
named the recipient of Caltech’s most prestigious teaching 
honor, the Feynman Prize for Excellence in Teaching. The 
award, given to an outstanding faculty member each year, 
recognizes “exceptional ability, creativity, and innovation 
in both laboratory and classroom instruction.” Dr. 
Rossman has taught mineralogy at Caltech for more than 
30 years. 


Conferences 

JCK Show—Las Vegas. Held at the Venetian Resort & 
Hotel on June 3-8, 2004, this show will also host a compre- 
hensive educational program beginning June 3. Scheduled 
seminars will cover industry trends, diamond sales and mar- 
keting strategies, legal issues for retailers and manufactur- 
ers, and developments in gemology. AGTA will also be 
offering seminars focusing on color and fashion on June 3 at 
the AGTA Pavilion. To register, call 800-257-3626 or 203- 
840-5684. Visit http://jckvegas2004.expoplanner.com. 


Jewelry Camp 2004. The 25th Annual Antique & Period 
Jewelry and Gemstone Conference will be held July 17-24 
at Hofstra University, Hempstead, New York. The pro- 
gram covers hands-on jewelry examination techniques, 
methods of construction, understanding materials used 
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throughout history, and the constantly changing market- 
place. Visit www.jewelrycamp.org, call 212-535-2479, or e- 
mail jwlrycamp@aol.com. 


Geoscience Africa 2004. Hosted by the University of the 
Witwatersrand in Johannesburg, South Africa, July 12-16, 
this conference will feature a symposium titled 
“Kimberlites, Diamonds and Mantle Petrology.” Field trips 
to the Premier diamond mine and alluvial diamond 
deposits along the Orange River will be offered. Visit 
www.wits.ac.za/geoscienceafrica. 


International Geological Congress. The 32nd Session of 
the International Geological Congress will take place 
August 20-28, 2004, in Florence, Italy. Symposia are 
planned that will cover such topics as gem materials, 
inclusions in minerals, and mineral spectroscopy. Visit 
www.32igc.org/default] htm. 


5th European Conference on Mineralogy and Spectros- 
copy. Held September 4-8, at the University of Vienna, 
Austria, this meeting will be held in conjunction with the 
6th European Mineralogical Union School on Spectro- 
scopic Methods in Mineralogy, which takes place from 
August 30 to September 8. Students will gain exposure to 
optical (UV-Vis-NIR) and luminescence spectroscopy, 
vibrational spectroscopy (Raman and infrared), Mossbauer 
spectroscopy, nuclear magnetic resonance spectroscopy 
(NMR), and X-ray absorption spectroscopy (XANES and 
EXAFS). Visit www.univie.ac.at/Mineralogie/ECMS2004 
and www.univie.ac.at/Mineralogie/EMU_School. 


Gems of Pacific continental margins. The International 
Association on the Genesis of Ore Deposits will host a sym- 
posium titled “Gem Deposits Associated with the Pacific 
Continental Margins” at the Interim IAGOD Conference 
on Metallogeny of the Pacific Northwest: Tectonics, 
Magmatism & Metallogeny of Active Continental Margins. 
The conference will take place September 11-19, in 
Vladivostok, Russia. Visit www.fegi.ru/IAGOD. 


Diamond 2004. A review of the latest scientific and tech- 
nological aspects of natural and synthetic diamond (as 
well as related materials) will take place at the 15th 
European Conference on Diamond, Diamond-like 
Materials, Carbon Nanotubes, Nitrides & Silicon Carbide, 
September 12-17, 2004, in Riva del Garda, Italy. Visit 
www.diamond-conference.com. 


ICAM 2004 in Brazil. The 2004 International Congress on 
Applied Mineralogy will be held in Aguas de Lindéa, 
Brazil, September 19-22, 2004, and will include a special 
session on gem materials. Pre- and post-conference field 
trips will tour colored gemstone and diamond deposits in 
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the Ouro Preto and Diamantina areas, as well as agate and 
amethyst mines in Rio Grande do Sul State. Visit 
www.icam2004.org. 


Hong Kong Jewellery & Watch Fair. Held at the Hong 
Kong Convention and Exhibition Centre on September 
19-22, this show will also host GIA GemFest Asia 2004 
on September 20, and an educational seminar given by 
the Gemmological Association of Hong Kong on Sep- 
tember 21, in addition to several jewelry design competi- 
tions. Visit http://www.jewellerynetasia.com/exhibitions/ 
default.asp?siteid=5 &lang=1. 


Exhibits 


GIA Museum exhibits in Carlsbad. Magic, Myths, and 
Minerals, a traveling exhibition of Chinese jades from the 
Smithsonian Institution’s Arthur M. Sackler Gallery, will 
be on display in GIA’s Museum Gallery, from May 24 to 
October 31, 2004. In addition, the exhibit All Natural, 
Organically Grown Gems will share the Museum Gallery 
space until October 31. New pieces continue to be added 
to From the Vault: Gifts to Our Collection, on view in the 
Rotunda through December 2004. Contact Alexander 
Angelle at 800-421-7250, ext. 4112 (or 760-603-4112), or e- 
mail alex.angelle@gia.edu. 


ERRATA 


1. Regarding the Summer 2001 Gem News International 
entry on “Canary” tourmaline (pp. 151-152), it has sub- 
sequently come to our attention that this material was 
produced from an existing deposit near the city of 
Chipata in Zambia, not far from the Malawi border (see, 
e.g., K. Schmetzer and H. Bank, “Intensive yellow tsi- 
laisite [manganese tourmaline] of gem quality from 
Zambia,” Journal of Gemmology, Vol. 14, No. 3, 1984, 
pp. 218-223). Tourmaline from this locality also has 
been incorrectly reported by suppliers as being from 
Tumbuka, Mozambique (see March 2001 Jewellery 
News Asia, p. 209), although more recent publications 
correctly refer to Zambia as the source (see April 2004 
Jewellery News Asia, pp. 128, 138, 140). 


2. The article “Gem-quality synthetic diamonds grown by 
a chemical vapor deposition (CVD) method” in the 
Winter 2003 issue contained an incorrect reference. The 
reference for De Beers Industrial Diamonds et al. (2001) 
should have been: 


Vagarali S.S., Webb S.W., Jackson W.E., Banholzer W.F., 
Anthony T.R., Kaplan G.R. (2003) High Pressure/High 
Temperature Production of Colorless and Fancy-colored 
Diamonds. U.S. patent application 20030143150, filed 
January 8. 


Gems e&) Gemology regrets the error. 
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Dr. Edward J. Gubelin 
MosT VALUABLE ARTICLE 


ems & Gemology is pleased to announce the winners of this year’s 

Dr. Edward J. Gitbelin Most Valuable Article Award, as voted by the 

journal’s readers. Our special thanks to the many GWG readers who 
participated in this year’s voting. 


The first-place article was “Beryllium Diffusion of Ruby and Sapphire” 
(Summer 2003), an in-depth report on Be-diffused corundum and the gemologi- 
cal and other tests that can help identify it. Receiving second place was “Gem- 
Quality Synthetic Diamonds Grown by a Chemical Vapor Deposition (CVD) 
Method” (Winter 2003), which presented a complete description and identifying 
characteristics of Apollo Diamond Inc.’s facetable, single-crystal type Ia CVD 
synthetic diamonds. Third place was awarded to “Photomicrography for 
Gemologists” (Spring 2003), which reviewed the fundamentals of gem photomi- 
crography and discussed the newest techniques in the field. 


The authors of these three articles will share cash prizes of $2,000, $1,000, and 
$500, respectively. Following are brief biographies of the winning authors. 


Congratulations also to Hector Nick Hernandez of San Antonio, Texas, whose 
ballot was drawn from the many entries to win a three-year subscription to 
Gems & Gemology and a copy of Legacy of Leadership: A History of the 
Gemological Institute of America. 


First Place 
BERYLLIUM DIFFUSION OF RUBY AND SAPPHIRE 


John L. Emmett, Kenneth Scarratt, Shane F. McClure, Thomas Moses, 
Troy R. Douthit, Richard Hughes, Steven Novak, James E. Shigley, Wuyi Wang, 
Owen Bordelon, and Robert E. Kane 


John L. Emmett received a bachelor’s degree in physics from the California 
Institute of Technology and a Ph.D. in physics from Stanford University. Dr. 
Emmett is a former associate director of the Lawrence Livermore National 
Laboratory and a co-founder of Crystal Chemistry. He consults on laser applica- 
tions, heat treatment, and other aspects of gemology. Kenneth Scarratt has 30 
years of experience as a laboratory gemologist. He is currently laboratory director 
for the AGTA Gemological Testing Center in New York City. Previously labora- 
tory director at AIGS in Bangkok and GAGTL in London, Mr. Scarratt has pub- 
lished extensively in gemological journals throughout the world. Shane F. 
McClure is director of Identification Services at the GIA Gem Laboratory in 
Carlsbad, California. Mr. McClure is well known for his articles on gem identifi- 
cation and is an editor of G@G’s Lab Notes section. Thomas Moses is vice presi- 
dent of Identification and Research at the GIA Gem Laboratory in New York. 
Mr. Moses, who attended Bowling Green University, is also an editor of the Lab 
Notes section and a member of the GWG Editorial Review Board. Troy R. 
Douthit (not pictured) is a principal of Crystal Chemistry in Los Altos, 


Most VALUABLE ARTICLE AWARD 
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Kenneth Scarratt 


Shane F. McClure Thomas Moses 


Steven Novak 


Richard Hughes 


James E. Shigley 


California. Richard W. Hughes is a leading authority on corundum and the 
author of Ruby & Sapphire. Mr. Hughes is webmaster at Pala International’s 
Palagems.com, and his writings can also be found on his personal Web site, 
Ruby-Sapphire.com. Steven Novak is manager of the Dynamic SIMS group at 
Evans East, East Windsor, New Jersey, a contract analytical laboratory specializ- 
ing in surface analysis. He has a bachelor’s degree from the University of 
Maryland, a master’s degree from Virginia Tech, and a Ph.D. from Stanford 
University, all in geology. James E. Shigley is director of GIA Research in 
Carlsbad. Dr. Shigley is the author of numerous articles on diamonds and other 
gemstones and is a contributing editor to GG. He received a bachelor’s degree 
in geology from the University of California, Berkeley, and a doctorate in geology 
from Stanford University. Wuyi Wang is a research scientist for GIA Research 
and Identification in New York. He holds a Ph.D. in geology from the Tsukuba 
University in Japan, and has considerable experience in studying diamond geo- 
chemistry. Owen Bordelon is a former captain in the U.S. Army Airborne 
Rangers and a pilot. He holds an M.A. in music theory and composition and a 
J.D. in law. Based in New Orleans, he designs and builds optical-electronic scien- 
tific instruments for the AGTA-GTC and other laboratories. Robert E. Kane is 
president and CEO of Fine Gems International in Helena, Montana, and a mem- 
ber of the G#G Editorial Review Board since 1981. With more than 25 years of 
gemological experience, Mr. Kane is well known for his many articles on dia- 
monds, colored stones, and gem identification. 


Second Place 


GEM-QUALITY SYNTHETIC DIAMONDS GROWN 
BY A CHEMICAL VAPOR DEPOSITION (CVD) METHOD 


Wuyi Wang, Thomas Moses, Robert C. Linares, James E. Shigley, 
Matthew Hall, and James E. Butler 


Wuyi Wang, Thomas Moses, and James Shigley are profiled in the first-place 
entry. Robert C. Linares (not pictured) is chairman of Apollo Diamond Inc. in 
Boston. A graduate of Fairleigh Dickinson (M.B.A.) and Rutgers University (Ph.D. 
in materials science), Dr. Linares has a long history of research in advanced semi- 
conductor and telecommunications technologies, with a more recent focus on 
creating products from synthetic diamond. Matthew Hall is supervisor of analyti- 
cal equipment at the GIA Gem Laboratory in New York. He holds a bachelor’s 
degree in geology from Franklin and Marshall College and a master’s in geology 
and geochemistry from the University of Maryland. James E. Butler is head of 
the Gas/Surface Dynamics Section of the Naval Research Laboratory in 
Washington, D.C. Dr. Butler has published over 190 papers in experimental 
chemical physics. He received a bachelor’s degree from MIT and a Ph.D. from 
The University of Chicago, both in chemical physics. 


Third Place 


PHOTOMICROGRAPHY FOR GEMOLOGISTS 


John |. Koivula 


John I. Koivula is chief research gemologist at the GIA Gem Laboratory in 
Carlsbad. A longtime contributor to G&G, Mr. Koivula is the author of 
MicroWorld of Diamonds and co-author of Photoatlas of Inclusions in 
Gemstones. He holds bachelor’s degrees in chemistry and mineralogy-geology 
from Eastern Washington State University. 
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The following 25 questions are based on information from the four 2003 issues of Gems & Gemology. Refer to the feature 
articles and “Notes and N ew Techniques” in those issues to find the single best answer for each question; then mark your 
choice on the response card provided in this issue. (Sorry, no photocopies or facsimiles will be accepted; contact the 
Subscriptions D epartment— dortiz@gia.edu— if you wish to purchase additional copies of this issue.) M ail the card so that we 
receive it no later than M onday, August 2, 2004. Please include your name and address. All entries will be acknowledged 
with a letter and an answer key after the due date. 


Score 75% or better, and you will receive a GIA Continuing Education Certificate. If you are a member of the GIA Alumni 
Association, you will earn 10 Carat Points toward GIA’s Alumni Circle of Achievement. (Be sure to include your GIA 
Alumni membership number on your answer card and submit your Carat card for credit.) Earn a perfect score, and your 
name also will be listed in the Fall 2004 issue of Gems & Gemology. Good luck! 


1. 


In rubies and sapphires for which a 
surface-conformal layer of color is 
notevident, __——s may provide 
an important indication of the high 
heat required for Be-diffusion treat- 
ment. 

A. specific gravity 

B. birefringence 

C. pleochroism 

D. inclusions 


One strong indication for CVD- 
grown synthetic diamonds that can 
be seen with standard gemological 
testing is the presence of 
A. cross-hatched bands of low- 
order interference colors. 
B. non-diamond carbon inclusions. 
C. metallic flux inclusions and 
negative crystals. 
D. chalky blue short-wave UV 
fluorescence. 


When doing polarized light pho- 
tomicrography, a filter that can dra- 
matically reduce exposure times 
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(thus diminishing the effects of 
vibration) and make dull, interfer- 
ence, or strain colors more vibrant 
is known asa 
A. custom-made light diffuser. 
B. translucent white filter. 
C. first-order red compensator. 
D. depth filter. 


4. The discovery for which Robert 
Crowningshield is perhaps best 
known is an identification method 
for irradiated yellow diamonds 
based on 

A. facet-related color zoning 
(often around the culet). 

B. 25920 Aline in the visible 
spectrum. 

C. autoexposure of photograph- 
ic film due to residual 
radioactivity. 

D. radiation stains. 


5. Although red beryl has been 
reported from a number of loca- 
tions, the only commercially 
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important occurrence is in 
A. Topaz Valley, Utah. 
B. Ambatovita, Madagascar. 
C. the Wah Wah Mountains, 
Utah. 
D. Mogok, Myanmar (Burma). 


. When a copyrighted work such as 


a gemstone design is comprised of 
individual, un-copyrightable ele- 
ments, 
A. copyright registration protects 
all elements of the design. 
B. others may freely use those 
individual elements to create 
a similar design. 
C. the copyright extends only to 
the design as a whole. 
D. the copyright may not be 
enforceable. 


. A study of black and dark gray dia- 


monds from Siberia determined 
that they were colored primarily by 
inclusions of magnetite, native 
iron, and 
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We print here the first part 
of a talk given by Dr. Ball at 
the 13th Conclave of the Ameri- 
can Gem Society, held in Wash- 
ington, D.C... The balance, 
covering dustrial diamonds, 
will appear in the next issue of 
Gems & GEMOLOGY. 


The King of Gems By SYDNEY H. BALL, Ph.D. 


Bay is a diamond-bearing lode containing 
fine gemstones. Is it commercial? Quien 
sabe, as the Mexicans say. 

The papers during the past year have 
been full of sensational tales of the Wil- 
liamson Mine in Tanganyika Territory. 
That British mandated African area has 
been producing a few stones for 33 years. 
Five years ago, after a long decline, pro- 
duction began to mount but Tanganyika 
is not today an important factor in the in- 
dustty. Whether it is to become such, 
time will tell. 

A word or two about certain of these 
fields. Spirits are said to own the Bor- 
nean diamond deposits and without their 
cooperation diamonds will not reward the 
miners. Medicine men are at hand to 
guarantee that cooperation. Their batting 
average is at least as good as that of 
the economists of today. When, a century 
ago, James Brooke, that astounding Eng- 


‘lishman who became the first white Sultan 


of Sarawek, was about to start up a 
diamond mine, his guide left at the pit 
a card with the following Chinese charac- 
ters: “Rajah Muda Hassim, James 
Brooke, and Hajji Ibrahim present their 
compliments to the spirit and request his 
permission to work at the mine.” 

South Africa for centuries had been 
a flop financially when in 1867 the bright 
eyes of a little boy, Erasmus Jacobs (he 
died only a year or two ago); the in- 
telligent curiosity of a Boer farmer, Van 
Niekirk; of a wandering Irish trader, 
O'Reilly; and the mineralogic knowledge 
of a modest man of science, Atherstone, 


made it—by the discovery of alluvial 
diamonds—into a prosperous dominion, 
our valued ally in both World Wars. 
For a time new discoveries were few, 
but in 1860 the “Star of Africa” turned 
up, a stone which, when cut, weighed 
45.5 carats. Many larger stones exist, 
but it is the most important diamond 
of all time for it 
turned a hopelessly 
poor country into 
a rich nation—for 
Kimberly fortunes 
transformed Rand 
prospects into the 
Witwatersrand 
gold mines of to- 
day. 

When diamonds were said to have been 
found in South Africa, important London 
financial houses sent a leading ~engineer, 
Gregory, out to investigate. He rightly 
found conditiens different from the 
Indian and Beazilian occurrences and 
therefore concluded that the diamonds 
were planted by real estate speculators 
who desired to sell their holdings. When 
a mining engineer errs, the public is 
without charity, and today, as you sip 
your “sun-downer” at the Kimberly Club, 
if you tell a tall story, you are “Gregor- 
izing.” i 

In 1870 the stolid Boer farmer, Dutoit, 
sitting idly before his cabin late one after- 
noon, saw a- diamond sparkling in its 
adobe walls. Soon he spotted 16 more, 
and the South African pipes, the world’s 
diamond E] Dorado, were a‘ reality—the 


Van Niekirk 
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A. hematite. 
B. graphite. 
C. chromite. 
D. ilmenite. 


8. In 2003, the International M ineralo- 
gical Association recognized pez- 
zottaite as a new member of the 
Pees: group. 

A. garnet 

B. beryl 

C. tourmaline 
D. spinel 


9. The largest Fancy red diamond 
graded by GIA as of 1997 is the 
A. Hancock Red. 
B. Moussaieff Red. 
C. Heart of Eternity. 
D. Millennium Star. 


10.0 clearly separates gem 
grandidierite from lazulite, the 
material otherwise closest in proper- 
ties. 

A. Refractive index 
B. Iron content 
C. Specific gravity 
D. Birefringence 


11. Prior to the recent identification of a 
3.00 ct specimen of poudretteite 
from Myanmar, only seven crystals 
of the material were known to exist, 
from a single quarry in 

A. Sri Lanka. 
B. Thailand. 
C. Brazil. 
D. Canada. 


12.Thetechnique of involves 

spreading on the gemstone a small 
drop of refractive index fluid with 
an R.I. close to that of the stone, so 
that scratches can be made effec- 
tively transparent. 

A. total immersion 

B. mirroring 

C. quick polishing 

D. shadowing 


13. In the earliest reported gem corundum 
diffusion process, was diffused 
into the stone, producing a thin blue 
outer layer. 
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A. iron 

B. titanium 
C. vanadium 
D. chromium 


14. In 1971, Robert Crowningshield 
published the first gemological 
description of 

A. synthetic diamonds. 

B. synthetic rutile. 

C. flux-grown synthetic emeralds. 
D. HPHT-treated diamonds. 


15. The brown color in some CVD- 
grown synthetic diamonds can be 
removed by 

A. laser drilling and skillful pol- 
ishing. 

B. HPHT annealing. 

C. fracture filling. 

D. electron irradiation and 
annealing. 


16. When faceted, the color of red 
beryl will vary depending on the 
Orientation of the table to the c-axis 
because of the gem’s 

A. large amount of inclusions. 

B. high refractive index and 
dispersion. 

C. dichroism. 

D. near-total absence of water in 

its chemical make-up. 


17. The only major commercially avail- 
able gem material that poudretteite 
would likely be confused with is 

A. alexandrite. 
B. amethyst. 
C. tourmaline. 
D. spinel. 


18. To register a gemstone design with 
the U.S. Copyright O ffice (USCO), 
the designer must 

A. file an application with the 
USCO. 

B. pay a fee. 

C. deposit a specimen of the 
design with the USCO. 

D. all of the above. 


19. Natural black diamonds from 
Siberia may be separated from arti- 
ficially colored black diamonds on 
the basis of 
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A. electrical conductivity. 
B. fluorescence. 

C. magnetic properties. 
D. thermal conductivity. 


20. Pezzottaite has thus far been 
reported from 
A. Madagascar. 
B. Myanmar (Burma). 
C. Afghanistan. 
D. both aandc 


21. Photomicrography using 
can be extremely dangerous to your 
eyes. 

A. ultraviolet illumination 
B. transmitted light 

C. polarized light 

D. darkfield illumination 


22. The first known transparent faceted 
grandidierite is from 
A. Madagascar. 
B. Vietnam. 
C. Sri Lanka. 
D. none of the above 


23. Conclusive identification of Apollo 
CVD synthetic diamonds requires 
the use of 

A. scanning electron 
microscopy. 

B. long-wave ultraviolet lumi- 
nescence. 

C. magnetism. 

D. advanced spectroscopic 
methods. 


24. Analyses have indicated that the 
beryllium concentration in the dif- 
fused region of Be-diffused sap- 
phiresis approximately 
parts per million atomic. 

A. 10 to 35 
B. 50to 75 
C. 135 to 160 
D. 175 to 200 


25. Natural blue-green to green color 
in diamonds such as the 5.51 ct 
Ocean Dream is due to 

A. exposure to radiation in the 
earth. 

B. a high hydrogen content. 

C. small amounts of nitrogen. 

D. plastic deformation of the 
diamond’s atomic lattice. 
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Pearl Buying Guide: How to 
Evaluate, Identify and Select 
Pearls & Pearl Jewelry 


By Renée Newman, 134 pp., illus., 
publ. by International Jewelry 
Publications, Los Angeles, 2004. 
US$19.95* 


The Pearl Buying Guide is a well- 
written, beautifully illustrated book 
designed to help retail customers, jew- 
elry designers, and store buyers who 
lack specialized knowledge make 
informed buying decisions about the 
various types of pearls and pearl jewel- 
ry available on the market today. 

Drawing heavily on the Gemolo- 
gical Institute of America’s pearl 
description system, it covers the stan- 
dard “price factors,” including size, 
shape, color, luster, and nacre quality. 
There is a good discussion of the differ- 
ences in price between, for example, 
South Sea, Tahitian black, and Chinese 
freshwater cultured pearls, as well as 
between full-round and mabe types. 
Particularly effective are the sections 
that help consumers evaluate the rela- 
tive importance of these various factors 
and come to decisions that reflect their 
own needs, as well as provide tips on 
evaluating the quality of information 
offered by retailers. Additional sections 
cover pearl jewelry, caring for pearls, 
and the gemology of pearls. 

Of considerable value to retail 
buyers will be the sections on cul- 
tured versus natural and imitation 
pearls as well as treatments. These 
are brief yet thorough, and could also 
form the basis for presentations to the 
public or sales training sessions. It is 
perhaps with the latter in mind that 
the author has included a section 
with quizzes for each chapter. 
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The book is distinguished by pho- 
tographs reflecting the range of both 
traditional and more unusual pearls 
available on the market today. The 
photos are abundant and well chosen, 
and the use of a coated stock con- 
tributes to the exceptional quality of 
the reproduction. 

I have only two complaints about 
the text: I found that the typeface and 
page layout made reading somewhat 
difficult, and the chapter presenting 
pearl history from the pearl’s perspec- 
tive was perhaps more clever as a con- 
cept than it really needed to be. 

Overall, the Pearl Buying Guide 
will be a valuable addition to the 
retailer or designer’s reference library. 
Consumers also will find this book a 
source of accurate and easy-to-under- 
stand information about a topic that 
has become increasingly complex in 
the last 10 years. 

LISA SCHOENING 

Gemological Institute of America 

Los Angeles 


Faszination Turmalin 


By Paul Rustemeyer, 309 pp., illus., 
publ. by Spektrum Akademischer- 
Verlag, Heidelberg, Germany, 2008 
(in German). € 99.95 


This book will delight the eyes of 
gemologists, crystallographers, collec- 
tors, and the art-loving general public 
alike. In it, the author provides a thor- 
ough description of the many differ- 
ent growth features, post-growth dis- 
solution or etch features, and causes 
of color in this fascinating and 
extraordinarily multicolored group of 
silicates, which are chemically and 
structurally some of the most com- 
plex of gem minerals. But the author’s 
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intended audience is not limited to 
scientists, as he avoids technical jar- 
gon. Aided by the clearly understand- 
able diagrams, any interested layper- 
son or collector will acquire an appre- 
ciation of the splendid diversity of 
forms and colors seen in tourmalines. 

After an introduction that includes 
surprising evidence that even com- 
mon “black” tourmalines are colorful 
in thin slices, the book goes on to 
cover the geologic origin and geo- 
graphic distribution of tourmaline. 
Next are the chemistry, atomic struc- 
ture, and physical and optical proper- 
ties of the species in the tourmaline 
group, as well as tourmaline crystal 
growth processes and crystal shapes. It 
is in chapter 5, though, that the author 
gets into the true purpose of his book: 
the fascinating inner world of tourma- 
line crystals, mostly as illustrated by 
slices viewed with transmitted light. 
Here we find an explanation for the 
famous and valuable “Mercedes stars” 
that are seen in some tourmaline 
slices. Subsequent chapters explore 
the effects of structural (crystal lattice) 
flaws on tourmaline growth, broken 
crystals “healed” by later growth, and 
growth interrupted by foreign parti- 
cles. Of special interest to gemologists 
is a section on the causes of chatoyan- 
cy in tourmaline. 

These topics may give the impres- 
sion of dry, technical subject matter. 
Yet, the phenomena being explained 
are expressed so much more colorfully 


*This book is available for purchase 
through the GIA Bookstore, 5345 
Armada Drive, Carlsbad, CA 
92008. Telephone: (800) 421-7250, 
ext. 4200; outside the U.S. (760) 
603-4200. Fax: (760) 603-4266. 
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in tourmaline than in other gem min- 
erals, and the relatively small amount 
of text is illustrated so profusely, that 
the reader will be aesthetically enter- 
tained while receiving a technical edu- 
cation. The book ends with a two-page 
list of references and a helpful index. 

The subject matter in the main 
part of the book is covered exhaus- 
tively, and it would be hard to find 
any fault with it, although I personal- 
ly would have liked to see at least one 
“watermelon” tourmaline depicted. 

Although this book is written in 
German, the vast majority of the pub- 
lication consists of color photos illus- 
trating various aspects of the internal 
and external structure of tourmalines. 
In combination with the numerous 
accompanying diagrams, the didactic 
intent of each photo becomes self- 
explanatory, even for the linguistical- 
ly challenged. The quality of the pho- 
tographic reproduction, paper, print- 
ing, and binding are all first rate. 

The author displays a profound 
knowledge and love of his subject, and 
readers will undoubtedly catch some 
of this passion themselves. Seldom 
does a book exhibit such a glorious 
interplay of art and science. Apart 
from enjoying the purely aesthetic 
pleasures of this book, gemologists 
who deal with tourmaline will find it 
of practical use in better understand- 
ing the complex internal aspects and 
growth features in this mineral group. 
Furthermore, creative jewelers may 
well find it a source of inspiration for 
expanding their ideas on what can be 
done with tourmalines. 


ALFREDO PETROV 
Peekskill, New York 


Flux-Enhanced Rubies 
and Sapphires 


By Ted Themelis, 48 pp., illus., publ. 
by Gemlab Inc., Bangkok, 2004. 
US$20.00 


Prolific gemstone author Ted Theme- 
lis has written yet another informative 
booklet, this time on the controversial 
topic of flux-enhancement heat treat- 
ing of rubies and sapphires. This treat- 
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ment is used to fill fractures and fis- 
sures in corundum to increase appar- 
ent clarity. It is the flux processing of 
Mong Hsu ruby that converts this low- 
grade material into gemstones. 

The booklet opens with a back- 
ground discussion, written partially in 
a question-and-answer format, that 
effectively serves to introduce the 
topic. This section is followed by one 
that explains fractures, fissures, and 
other defects and describes what flux- 
es do to these features. These two 
introductory sections place the topic 
in perspective. 

The next section of the booklet, 
“Fluxes and Additives,” attempts to 
explain the chemistry of this treat- 
ment but fails abysmally. If you have 
a background in inorganic chemistry 
it will amuse; if you don’t, it will con- 
fuse. For example, it says of alu- 
minum nitrate, “This chemical pro- 
duces oxygen at the anode and hydro- 
gen at the cathode,” which actually 
describes what happens when electric- 
ity is run through water. The termi- 
nology and formulas of the chemicals 
border on the bizarre: “anhydrous 
chromium CrO,” should be chromic 
anhydride CrO,; “aluminum fluorite” 
is used instead of aluminum fluoride; 
“chlorite” is routinely used for chlo- 
ride; and “alumina nitrate” could refer 
to aluminum nitrate, or maybe 
ammonium nitrate, or maybe some- 
thing else altogether. One particularly 
wonders, just what is an “alkali acid’? 
This section calls into question the 
chemical knowledge of the author, the 
editor, or both. Avoid it. 

However, Mr. Themelis does 
make an important contribution 
when he shows the results of the 
many experiments he has personally 
conducted over several years. The 
majority of the book photographically 
illustrates the results of flux process- 
ing applied to many different types of 
ruby and sapphire. It is unclear 
whether the changes in color shown 
are caused by the heat treatment tem- 
perature, the flux, or both, so it would 
have been helpful if some of the sam- 
ples also had been heat treated with- 
out flux for comparison. In most 
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cases, the clarity enhancements can 
be ascribed to the flux. The many 
photos effectively carry the topic 
quite independently of the text. The 
author champions the disclosure of 
flux processing, and indeed disclosure 
of all corundum processing, but realis- 
tically notes that it is rarely done. 
This book should be on every 
gemologist’s bookshelf, simply for the 
value of the “before and after” pic- 
tures of flux processing, which are 
unavailable anywhere else. 
JOHN L. EMMETT 
Crystal Chemistry 
Brush Prairie, Washington 


Tesouros de Arte e Devocao 
[Treasures of Art and Devotion] 


By Artur Goulart de Melo Borges, 
336 pp., illus., publ. by Fundagao 
Eugénio de Almeida, Evora, Portu- 
gal, 2004 (in Portuguese). # 40.00 


Tesouros de Arte e Devocdo (Trea- 
sures of Art and Devotion) is the col- 
orful catalog of the exhibition of the 
same name, the result of an ambitious 
project conducted by the Eugénio de 
Almeida Foundation to classify and 
inventory the artistic heritage of the 
Archdiocese of Evora, which was cre- 
ated in 1540 by Cardinal D. Henrique, 
son of King Manuel I of Portugal. This 
catalog also responds to the Vatican’s 
urgent need to study and safeguard the 
rich artistic and historical legacy of 
the church as a whole. Inside are 130 
of the most interesting religious arti- 
facts encountered during research per- 
formed in 2002, including paintings, 
sculptures, liturgical artifacts, vest- 
ments, and jewelry. 

Among the silver, gold, and gem- 
set pieces, there is special mention of 
altar service items such as chalices, 
pyxes, and monstrances (the latter two 
designed for storing and exhibiting the 
consecrated host, respectively), as well 
as altar crosses and holy images. 
There are also a significant number of 
costume jewelry pieces that feature 
votive paintings known as ex votos. 

As a note of interest, this reviewer 
examined these jewels and identified 
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an array of gem materials used in 
Portuguese jewelry, particularly in the 
18th century. Among them were 
greenish yellow chrysoberyl; ame- 
thyst; pinkish, Imperial, and yellow 
topaz; and a series of colorless gems 
(known commercially in Portugal as 
“minas novas”) typical of the period: 
rock crystal, topaz, and beryl. All the 
stones were set with a colorless or 
colored foil back, and doublets and 
colored pastes were also encountered. 
Diamonds play a distinguished part in 
the collection, cut in both in rose and 
old-mine styles reminiscent of 
Portugal’s diamond wealth during 
Brazil’s colonial era. 

Of particular interest is a rosary, 
dated from the 17th century, that holds 
paste “goldstone” beads and a dia- 
mond-set silver pendant with imitation 
pearls that correspond to the “Roman 
pearl” described in the literature. 

The exhibition and this illustrated 
catalog are a testimony to the strength 
and commitment of Evora’s Christian 
heritage. They provide valuable exam- 
ples of the quality of Portuguese sacred 
art from the 16th to 18th centuries. 

The book also includes a history of 
the archdiocese, the particular condi- 
tions that enabled the preservation of 
these items (namely their concealment 
during Napoleonic invasions in the 
early 19th century), and a section of 
bibliographic and documental sources. 

RUI GALOPIM DE CARVALHO 
Portuguese Gemological Laboratory 
Sintra, Portugal 


Glitter & Greed: The Secret 
World of the Diamond Cartel 


By Janine Roberts, 374 pp., illus., 
publ. by The Disinformation Co., 
New York, 2003. US$22.95 


Author Janine Roberts, the producer of 
a 1994 documentary called The Dia- 
mond Empire, is a seasoned reporter 
who has spent years tracking down 
diamond stories. Unfortunately, hers is 
a world of endless conspiracies and 
machinations that overwhelm what- 
ever legitimate, accurate information 
is presented in this book. 
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The work’s 18 chapters cover a mix 
of historical and contemporary sub- 
jects—including “In Bondage—The 
Child and Adult Cutters of India,” 
“How the Only US Diamond Mine 
Was Sabotaged,” “Diamonds for Hit- 
ler,” and “How Diamonds Were Made 
Rare”—that describe how De Beers (pri- 
marily) disenfranchised local tribal peo- 
ples, encouraged maltreatment of work- 
ers, and bullied every other potential 
player out of the rough diamond busi- 
ness. Regardless of a chapter’s stated 
topic, Roberts inevitably turns the sub- 
ject back into accounts of De Beers’s 
master manipulations and stories of 
attempts to expel her from various dia- 
mond operations in Africa and India, 
and to suppress her documentary. 

While these chapters contain a 
measure of truth, some information is 
long out of date. Take the issue of 
child labor in India, for example. Until 
the mid-to-late 1980s, many children 
did work in India’s diamond-cutting 
industry, particularly in the “infor- 
mal” cutting sector, where families 
often took contract work from large 
operations. But after pressure from sev- 
eral Indian firms, De Beers, and Argyle, 
the practice was nearly—albeit not 
completely—ended. A 1996 study 
commissioned by the Indian govern- 
ment, which was not mentioned by 
the author, pegged the total of dia- 
mond workers under age 15 at 3%. 
The author claims it is 16% and rising, 
repeating an unproven 1995 charge by 
the Belgian diamond workers’ union as 
her source. 

The book also contains a number 
of instances of sloppy writing. For 
example, in relating how CRA (now 
Rio Tinto} allegedly bullied aboriginal 
peoples off the area that would be 
developed into Australia’s Argyle 
mine, she claims that Ernest Oppen- 
heimer directed a “spring offensive” to 
secure De Beers’s control over market- 
ing Argyle’s diamonds. While De Beers 
certainly did employ tough business 
tactics in securing the Argyle contract 
in 1981, the policy was not led by 
Ernest Oppenheimer, who died in 
1957. On page 165, in a chapter dis- 
cussing synthetic diamonds, the 
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author refers to a proposed 1994 deal 
between General Electric Co. and 
“Zoroski” to market large, gem-quali- 
ty laboratory-created diamonds. The 
company she meant to refer to was D. 
Swarovski & Co. The meetings report- 
edly did take place, but GE could not 
produce clean, white synthetics cheap- 
ly enough to make the venture prof- 
itable. And later in that same chapter, 
she comes up with some funny sci- 
ence regarding diamond origins and a 
baffling quote she attributes to GIA 
that allegedly appeared in a 1987 issue 
of Diamond Intelligence Newsletter: 
“(Natural diamond cannot be distin- 
guished from polished [diamonds] . . . 
using loupe or microscope.” 

It is unfortunate that a talented 
reporter with the guts to chase down 
interesting stories undercuts her own 
work with mistakes, bias, and dia- 
tribes. On this basis, the book cannot 
be recommended except as a reflec- 
tion of the extreme distrust with 
which some people hold De Beers and 
the diamond industry. 

RUSSELL SHOR 

Gemological Institute of America 

Carlsbad, California 


OTHER BOOKS RECEIVED 


Minerals of Nevada. By Stephen B. 
Castor and Gregory C. Ferdock, 560 
pp., ilus., publ. by the University of 
Nevada Press, Reno, NV, 2003, 
US$75.00. This reference guide to Ne- 
vada’s mineral wealth was written for 
mineral and gem collectors, pros- 
pectors, and exploration geologists. 
The catalog of minerals lists the more 
than 840 that have been found in the 
state and the places where they occur. 
The variety and quality of these miner- 
als is illustrated in 102 color photos, 
most of them by noted photographer 
Jeff Scovil. Complementing the catalog 
is a series of essays on the history of 
mining in Nevada, its geology, and tips 
for collectors. Also included are an 
extensive bibliography and a foldout 
map of mining districts and important 
mineral occurrences. 


STUART OVERLIN 
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COLORED STONES AND 
ORGANIC MATERIALS 


Be-minerals: Synthesis, stability, and occurrence in metamor- 
phic rocks. G. Franz and G. Morteani, Chapter 13 in 
Beryllium: Mineralogy, Petrology, and Geochemistry, 
Vol. 50 of Reviews in Mineralogy and Geochemistry, 
2002, pp. 551-589. 

Metamorphic rocks and associated pegmatites are important 
sources for both major (e.g., beryl, chrysoberyl) and minor (e.g., 
phenakite) beryllium minerals used as gems. This exceptional- 
ly thorough review article on Be minerals in these rocks con- 
tains data of importance to gemologists in two areas: (1) the 
synthesis of Be gems; and (2) the occurrence of, and exploration 
for, natural Be gem materials. 

Be minerals, including those used for gems, have been syn- 
thesized since the mid-19th century in various simple (e.g., 
BeO-AL,O;) and more advanced (e.g., BeO-MgO-A1,0,-SiO,- 
H,O) systems by a variety of techniques (e.g., hydrothermal, 
flux, fusion, sintering). This article discusses the results of this 
experimental work and limitations of the various techniques, 
as well as the synthetic minerals formed under different experi- 
mental conditions (e.g., pressure and temperature) and their 
stability in various natural environments (e.g., in hydrous solu- 
tions). The authors report that synthetic Be minerals are cur- 
rently being manufactured, for both gem and industrial uses, by 
at least a dozen companies in five countries (France, U.S., 
Japan, Australia, and Russia). Russian production dominates 
the market, with about 500,000 carats of synthetic emeralds 
produced annually. 

The geologic settings and mineralogical characteristics of 
Be mineralization in regional metamorphic terrains and 
hydrothermal occurrences are varied. An overview is present- 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we fee! will be of greatest interest 
to our readership. 

Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 
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ed for the occurrence, origin, and geochemical characteris- 
tics of typical emerald, chrysoberyl and phenakite 
deposits—where a combined metasomatic-metamorphic 
process is important. Schist-type emerald deposits, which 
are known on all continents (except Antarctica], receive 
particular attention. Gradations exist between these Be 
deposits and those classified as hydrothermal. The 
Colombian emerald deposits are classified as “metamor- 
phic-hydrothermal” and are similarly discussed. 

Several avenues for future research and field data gath- 
ering are suggested. For example, the authors recommend 
that a comprehensive database be established that 
includes descriptions of associated minerals at Be occur- 
rences, along with the geologic setting (mainly the meta- 
morphic overprint, if any). Such information could go a 
long way toward better prediction of occurrences and the 
economic potential of Be mineral deposits. KAM 


New interpretation of the origin of tiger’s-eye. P. J. 
Heaney and D. M. Fisher, Geology, Vol. 31, No. 4, 
2003, pp. 323-326. 

The classic explanation for the origin of the chatoyancy in 

tiger’s-eye has been pseudomorphism (i.e., the replace- 

ment of one mineral by another with the retention of the 

earlier mineral’s shape). This was first proposed in 1873 

and has been adopted uncritically by contemporary miner- 

alogists and gemologists. Quartz was thought to replace 
preexisting fibrous crocidolite asbestos, and these quartz 
fibers were assumed to be the source of the chatoyancy. 

However, based on new crystallographic and textural stud- 

ies, this hypothesis is challenged. 

If crocidolite silicification occurs by a fiber-for-fiber 
substitution, then tiger’s-eye should be composed of the 
chalcedony variety of quartz—but this is not the case. 
These authors believe that the texture of tiger’s-eye is 
consistent with formation by a discontinuous crack-seal 
mechanism. This vein-filling process involves the crack- 
ing of a crocidolite-bearing host rock followed by the 
deposition of columnar quartz crystals from silica-saturat- 
ed fluids. Simultaneously, overgrowth on the pre-existing 
crocidolite grains occurs; these crocidolite overgrowths 
are subsequently encapsulated by the columnar quartz. 
Thus, fibrous crocidolite, and not quartz, is the cause of 
chatoyancy in tiger’s-eye. JEC 


Paraiba-Turmalin mit Inversfarbwechsel [Inverse color- 
change Paraiba tourmaline]. R. Schultz-Giittler, 
Gemmologie: Zeitschrift der Deutschen Gemmolo- 
gischen Gesellschaft, Vol. 52, No. 1, 2003, pp. 
25-30 [in German with English abstract]. 

Color-change gems commonly appear blue or green in day- 

light and violet to red in incandescent light. This article 

describes a color-change Paraiba tourmaline that is appar- 
ently the first and only known natural gem that exhibits 
an “inverse” color change. The 1.5 ct stone is “amethyst”’- 
colored in daylight and “steel” blue in incandescent light. 
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Until now, this kind of color change has only been report- 
ed for Nd-doped synthetic materials. However, UV-Vis 
spectroscopy did not reveal any absorptions related to Nd 
or other rare-earth elements, but only, as expected, those 
of Mn** (at 510 nm) and copper (at 688, 896, and 1440 nm). 
While the spectrum of this stone resembles that of a typi- 
cal Paraiba tourmaline, the intensity of the Mn** band at 
510 nm is much stronger. The author suggests that its 
peculiar color change is probably a function of the relative 
absorption intensities of manganese and copper. RT 


Peridot with new types of inclusions. S. V. Sokolov, S. A. 
Yarmishko, and A. V. Fedorov, Gemological Bulletin, 
No. 3, 2002, pp. 49-54 [in Russian with English 
abstract]. 
Gem-quality peridot is known from the Kovdor massif in 
the Kola Peninsula (Russia)], a large topographic and struc- 
tural feature composed of ultramafic alkaline rocks. The 
host rocks are magmatic, but they have undergone recrys- 
tallization as well as metasomatic and hydrothermal pro- 
cesses. The yellowish green peridot occurs in the center of 
large crystals of forsterite (Mg,SiO,; a member of the 
olivine group). Electron-microprobe analysis showed that 
the peridot contains 11.6-12.3% of the fayalite (Fe,SiO,) 
component. S.G. ranges from 3.32 to 3.39, and R.L values 
are a=1.654-1.656; B=1.669-1.672; y=1.689-1.690 (bire- 
fringence=0.034-0.035). Two types of inclusions were 
observed. At magnifications of 15—30x, crystallized multi- 
phase melt inclusions consisting of phlogopite, olivine, 
magnetite, shortite, dolomite, and bradleyite were docu- 
mented. At magnifications less than 15x, prismatic crys- 
tals of apatite and sometimes needles of amphibole could 
be seen. 

The Kovdor peridots were compared to those from the 
Kugla deposit, in the Krasnoyarsk district (Russia), which 
occurs in a massif with the same type of ultrabasic alka- 
line rocks. Similar melt inclusions (consisting of phlogo- 
pite, dolomite, calcite, magnetite, and Fe-Ni sulfides) 
were found in the Kugla peridots, but there were no 
apatite inclusions. The authors conclude that the inclu- 
sions found in peridots from different geologic occur- 
rences (e.g., kimberlites, basalts, and partially serpen- 
tinized ultramafic rocks) are distinctive, and therefore it is 
possible to determine the geologic origin of a peridot from 
its mineral inclusions. BMS 


Ruby and sapphire provinces [and belts] of the world. E. P. 
Melnikov and M. A. Viktorov, Gemological Bulletin, 
No. 3, 2002, pp. 18-25 [in Russian with English 
abstract]. 
Russian geologists have classified gem corundum deposits 
into 12 genetic types based on their worldwide geographic 
occurrence and the geology of these areas (e.g., tectonic 
features, igneous and metamorphic events, volcanism, 
rock types, ages of major rock units, and geologic origin of 
economic gem deposits) on global, regional, and local 
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scales. Three are “provinces” (covering hundreds of thou- 
sands to millions of square kilometers}: (1) Southeast Asia— 
China, Vietnam, Laos, Cambodia, Thailand; (2) South 
Asia—Myanmar, India, Nepal, Pakistan, Tajikistan, and (3) 
Karelia-Kola in Russia. Six are “belts,” which are smaller, 
and usually elongate with folded and faulted rocks; they 
are found in Australia, China, Russia (e.g., the Ural 
Mountains), East Africa (also including Madagascar and 
South Africa), West Africa, and Brazil. Three are “areas,” 
which are even smaller units (measured in thousands of 
square kilometers): Nigeria, Colombia, and the U.S. 
(North Carolina and Montana). 

All deposits described in this paper are grouped into 
“monogenic” and “polygenic” types. Monogenic deposits 
are magmatic, pegmatitic, or metasomatic, whereas poly- 
genetic deposits have a metamorphic or metamorphic- 
metasomatic origin. 

All 12 types of gem corundum deposits are described 
with details and, where possible, using a representative 
deposit. For example, historical data, a description of the 
corundum crystals, production figures, future economic 
potential, geologic origin, and a geologic cross-section are 
presented for the Koltashi deposit in the Urals, which is 
representative of the Ural belt. Such information is of 
practical value to anyone who is searching for gem corun- 
dum deposits. BMS 


DIAMONDS 


About mechanism of the fibrous structure appearing in 
cubic diamond crystals [sic]. V. M. Sonin, D. G. Bag- 
ryantsev, A. I. Chepurov, and J. M. Dereppe, 
Proceedings of the Russian Mineralogical Society, 
Vol. 132, Part 2, 2003, pp. 95-98 [in Russian with 
English abstract]. 

The growth of diamond crystals at high pressure in the Fe- 

Ni-C system was studied in terms of a temperature 

decrease of ~1-2°/sec. A morphological transformation in 

octahedral crystals occurred with the growth of numerous 
tiny cubic sub-individuals on their faces. This may repre- 
sent the formation mechanism of natural cubic diamond 
crystals with a fibrous structure, whereby sectors of cubic 
growth become enlarged while the octahedral growth sec- 
tors are declining. The main cause of this change in the 
growth mechanism is the sharp increase of supersatura- 
tion in the crystallization media provided by the falling 
temperature. RAH 


Assessing the diamond potential of kimberlites from dis- 
covery to evaluation bulk sampling. L. Rombouts, 
Mineralium Deposita, Vol. 38, No. 4, 2003, pp. 
496-504. 

The economic potential of a kimberlite must be correctly 

evaluated before diamond mining can begin. The evalua- 

tion procedure normally consists of four stages. Since 
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financial expenditures tend to increase by an order of mag- 
nitude at each successive stage, it is critical that the dia- 
mond potential be correctly appraised before a decision is 
made to proceed to the next stage. 

The first stage occurs even before individual kimber- 
lite bodies have been discovered, when the geochemistry 
of a suite of indicator minerals (in particular, that of the 
pyrope garnets) gives a rough idea of the diamond poten- 
tial of an area. In the next stage, when the kimberlite 
body has been found, a few hundred kilograms of the kim- 
berlite rock is sampled to recover sufficient numbers of 
microdiamonds to allow an extrapolation of the size dis- 
tribution of commercial-sized diamonds and a rough esti- 
mate of the diamond grade (expressed as carats per tonne 
of kimberlite) of the deposit. If the results of this stage are 
positive, a limited bulk sampling program (~200 tonnes of 
kimberlite) should be carried out in the third stage to 
determine the commercial-sized diamond grade. The goal 
of the fourth stage is to obtain a parcel containing ~1,000 
rough diamonds to estimate the average commercial 
value (expressed as US$ per carat) for the entire deposit. 
The evaluation of both the diamond grade and the com- 
mercial value can be supported by statistical analysis. 

JES 


Determination of the kinetic parameters of growth of a 
diamond crystal by its inner morphology. A. I. 
Glazov and N. V. Ezhak, Proceedings of the Russian 
Mineralogical Society, Vol. 132, No. 3, 2003, pp. 
80-83 [in Russian with English abstract]. 

The UV fluorescence patterns shown by diamond crystals 

reveal their zonal structure. In this study, changes in the 

relative growth rates of the cubic and octahedral faces 
could be visualized by observing the luminescence pat- 
terns in successive planes through a diamond crystal. 

Luminescence spectra provided information on the nature 

and distribution of impurities, which were found to influ- 

ence the changes in crystal habit. Such observations pro- 

vide insight into the physical and chemical history of a 

diamond's formation. RAH 


Polishing diamond—A matter of wear. Part I. J. Chapman, 
Rough Diamond Review, No. 2, September 2003, 
pp. 39-41. 
Polishing is the most labor intensive of the operations that 
transform a rough diamond into a faceted gem. It proceeds 
primarily by abrasion, in which atoms are successively 
torn away from a diamond’s surface. Understanding the 
abrasion mechanism and the factors that influence it pro- 
vide opportunities to reduce the faceting time. Of the sev- 
eral factors affecting abrasion, orientation of the diamond’s 
crystal axes relative to the polishing direction of a facet is 
the most critical, because there are significant variations 
in hardness in different crystal directions. Those directions 
along which a diamond can be polished are called the 
“grain.” This article discusses how to determine the grain, 
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and explains the meaning of the terms 2-point, 3-point, 
and 4-point planes used in diamond polishing, as well as 
the directional (i.e., greatly differing) cutting characteris- 
tics associated with each of these planes. MWF 


GEM LOCALITIES 


Edle Steine vom Dach der Welt [Precious stones from the 
roof of the world]. extraLapis, No. 24, 2003, 96 pp. 
[in German]. 
This issue of extraLapis covers the gem wealth of 
Afghanistan, Pakistan, and the Himalayas. Most of the 
contributions are written by Dr. Vera M. F. Hammer, cura- 
tor at the Museum of Natural History in Vienna. They 
deal with the history of gem production and trade in this 
region from the days of Alexander the Great to the present, 
more specifically, they describe the different types of gem 
deposits, their products, and production methods. The top- 
ics include: garnets (“Garnets instead of grenades”); peg- 
matite minerals (including tourmaline and topaz, but also 
rare minerals such as viitaniemiite); the aquamarine peg- 
matites of Nagar; deposits of sapphire, ruby, and spinel 
(Kashmir, Jegdalek, Hunza); lazurite/lapis lazuli and 
afghanite from Badakhshan; and (coauthored with Andreas 
Weerth) the minerals of the alpine-type fissures from the 
Tormig Valley of Pakistan. 

Other contributors include Herb Obodda, who gives 
an interesting report of his difficult travels into the 
Karakoram Mountains and to the bazaars of Kabul and 
Peshawar since 1972. Drs. Bernhard Grasemann and Erich 
Draganits describe how the Himalayas and their gem 
deposits were formed by the collision of the Indian sub- 
continent with Asia. Andreas Weerth and Michael Huber 
have compiled maps and a listing of the 100 most impor- 
tant mineral deposits in the region. 

While all articles—as usual for extraLapis—are lavish- 
ly illustrated, the centerpiece of the volume is a 20-page 
photo gallery of superb mineral and gem specimens rang- 
ing from afghanite to zoisite. Sheer beauty! RT 


Gem quality petalite from Myanmar (Burma). K. K. Win 
and T. Themelis, Australian Gemmologist, Vol. 21, 
No. 10, 2003, p. 409. 
A brief report is given of gem-quality, colorless crystals of 
petalite from a tourmaline-bearing pegmatite at Khet-chal, 
Molo District, Momeik, Shan State, Myanmar. They have 
refractive indices of a=1.505 and y=1.516, and a specific 
gravity of ~2.39. The expected faint absorption band 
around 454 nm was not detected, but a weak orange glow 
was observed with long-wave UV radiation. Water-worn 
pebbles of petalite also are found that display a characteris- 
tic waxy luster. RAH 


Lapis lazuli from Sar-e-Sang, Badakhshan, Afghanistan. 
W. Heflik and L. Natkaniec-Nowak, Gemmologie: 


GEMOLOGICAL ABSTRACTS 


Zeitschrift der Deutschen Gemmologischen Gesell- 

schaft, Vol. 52, No. 1, 2003, pp. 11-24. 
The famous lapis lazuli mines at Sar-e-Sang in northern 
Afghanistan are among the most ancient gem sources in 
the world, with mining extending back thousands of years. 
The present study was undertaken to reexamine material 
from this occurrence with several modern analytical tech- 
niques. Detailed observations using both optical and scan- 
ning electron microscopes revealed the complex mineralog- 
ical and structural nature of the rock. Chemical composi- 
tion obtained by EDXREF spectroscopy is presented for the 
rock’s constituents, including phlogopite, diopside, scapo- 
lite, lazurite, and pyrite. In addition, chemical analysis of 
major, minor, and trace elements was carried out using the 
electron microprobe, instrumental neutron activation anal- 
ysis, and ICP-MS techniques. The authors conclude that 
the Sar-e-Sang lapis lazuli is a product of contact metamor- 
phism that occurred in stages as the result of the intrusion 
of granitic rocks into weakly metamorphosed sediments 
(thought to be clays and carbonates). JES 


Precious corals in Hawaii: Discovery of a new bed and 
revised management measures for existing beds. R. 
W. Grigg, Marine Fisheries Review, Vol. 64, No. 1, 
2002, pp. 13-20. 
Precious corals were first discovered in the Hawaiian 
Islands in the early 1900s, but it was not until the 1960s 
that commercial quantities were found and exploited. 
However, the recovery of Hawaiian corals has experienced 
an on-and-off history since that time. The corals are found 
at depths of 380-475 m, necessitating the use of remote- 
controlled or submersible vehicles for their recovery. This 
article describes recent efforts, undertaken as part of an 
attempt to revive this fishery, to evaluate by deepwater sur- 
veys the occurrence of precious corals (pink, red, and “gold- 
en”) at two locations—the Makapuu bed off of the eastern 
coast of Oahu, and the Keahole Point bed along the western 
coast of the big island of Hawaii. A new bed, located on the 
Cross Seamount about 250 km south of Honolulu, also is 
described. The maximum sustained annual yield for pre- 
cious corals from the Hawaiian Islands is estimated to be 
about 1800 kg, an amount sufficient to supply a small local 
industry. However, several factors (weather constraints, 
deep recovery depths, and costs versus benefits of the legal- 
ly required selective coral harvesting) continue to limit the 


profitability of this fishery. JES 


Prospecting methods for coloured gemstone deposits in 
Kenya. C. Simonet and S. Okundi, African Journal 
of Science and Technology, Science and Engineering 
Series, Vol. 4, No. 1, 2003, pp. 44-55. 

In most countries, finding colored stone deposits is a large- 

ly primitive operation involving small groups of miners 

using simple methods, such as direct observation of gem 
minerals in rock outcrops or in river alluvium, and often 
mere luck. Such methods are slow, random, and not 
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always effective. Little use is made of either geologic infor- 
mation or modern prospecting techniques (i.e., systematic 
test pitting, geophysical and geochemical sampling, and 
remote sensing). In Kenya, because of the dryness of the 
region, it is particularly difficult to locate secondary (allu- 
vial) gem deposits. 

Currently, most gem occurrences in Kenya are prima- 
ry deposits of corundum, garnet, and tourmaline that 
occur in igneous or metamorphic rocks that may or may 
not be exposed at the ground surface. These occurrences 
typically occupy a small area (meters to tens or hundreds 
of meters), which is an important factor that determines 
the scale at which prospecting measurements or sampling 
should be undertaken. The authors discuss the potential 
benefits and drawbacks of several modern prospecting 
methods, and the record of their limited utilization in 
Kenya. They emphasize that the selection of the explo- 
ration method employed depends on the geologic charac- 
teristics of the particular deposit. The use of modern 
exploration techniques at the Kisoli deposit (in the Taita- 
Taveta district}—which has been mined for ruby, rhodo- 
lite, and tourmaline—is described. It is concluded that 
modern prospecting methods can greatly improve the 
likelihood for the discovery of minable gem deposits, both 
secondary (alluvial) and primary, in Kenya and other areas 
of East Africa. JES 


Sandawana set to increase emerald supply to market. F. 

Marsh, ICA Gazette, August 2003, pp. 12-13. 
For 45 years, Zimbabwe's Sandawana mines have been the 
source of highly prized, bright green, 1-4 mm emeralds, 
which have been marketed to the watch, jewelry, and lux- 
ury products industries. Currently, the mines produce 
15-20 kg of rough per month; 25,000 rough stones are 
sorted each day. Although production has been steady, a 
great increase in the availability of Sandawana emeralds is 
possible if a large stockpile of ore containing emeralds over 
8 mm is processed in the future. In addition, the separa- 
tion plant is being upgraded to increase production (from 
one to five tons of ore per hour). A modern cutting factory 
in Harare produces excellent-quality calibrated sizes, some 
as small as 0.05 ct. 

Recently, commercial quantities of tantalum (a valu- 
able metal used in the medical and electronics industries) 
have become available as a byproduct of the mining oper- 
ation at Sandawana, making it economically feasible to 
extract emerald-bearing ore at lower depths. There is also 
potential for mining both diamonds and platinum in the 
area, which—if this occurs—will significantly accelerate 
the development of the region. JS 


Trace elements in Thai gem corundums. S. Saminpanya, 
D. A. C. Manning, G. T. R. Droop, and C. M. B. 
Henderson, Journal of Gemmology, Vol. 28, No. 7, 
2003, pp. 399-415. 


To gain insight into their geologic origin, the authors 
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compared the trace-element compositions of gem corun- 
dums from several areas in Thailand and Laos to those 
from well-documented deposits throughout the world 
(e.g., Scotland, South Africa, and Zimbabwe). Analyses 
were performed by LA-ICP-MS and electron microprobe 
for 15 elements: V, Ni, Ga, Fe, Mn, Cr, La, Ti, Sn, Si, Y, 
Ta, Nb, W, and Cu. Altogether, analyses (including some 
from the literature) were obtained for 491 samples: 307 
from Thailand-Laos and 184 from the rest of the world. 
The most notable finding was that Thai gem corun- 
dums fall into two discrete populations with regard to gal- 
lium and chromium. The sapphires are rich in Ga (up to 
0.10 wt.% Ga,O,) and poor in Cr (<0.05 wt.% Cr,Os), 
whereas the situation for rubies is the reverse, as they are 
rich in Cr (up to 0.56 wt.% Cr,O,) and poor in Ga (<0.01 
wt.% Ga,O,). Using these and the remaining trace-ele- 
ment data, the authors concluded that the genesis of both 
sapphires and rubies in Thailand is related to metamor- 
phism. The fact that the rubies are high in Cr and poor in 
Ga suggests that they formed in a pre-existing metamor- 
phic rock of mafic composition. The Ga-rich and Cr-poor 
sapphires are believed to have formed in a syenitic meta- 
morphic rock that was metasomatized by a highly 
evolved fractionated magma. Both originated from 
sources at the base of the thick continental crust or in the 
upper mantle and were later carried to the surface in alka- 
li magmas that erupted as basalts. Rubies are always 
found with sapphires in Thailand but are dominant in the 
eastern part of the country, whereas sapphires are domi- 
nant in the west. WMM 


INSTRUMENTS AND TECHNIQUES 


Limitations of the pavilion depth rapid sight estimates 

method. G. Holloway, Australian Gemmologist, 

Vol. 21, No. 10, 2003, pp. 400-403. 
The “rapid sight” estimates method (see R. T. Liddicoat, 
Fall 1962 Gems & Gemology, pp. 323-335; and Winter 
1962-1963 Gems & Gemology, pp. 365-375) is com- 
monly used for estimating the pavilion depth of round 
brilliant cut diamonds. It is based on visually estimating 
the size of the table reflection relative to the actual table 
size; larger reflections indicate a deeper pavilion. This 
article reports that the method has the potential to mis- 
lead in certain cases. Specifically, pavilion depth is over- 
estimated when the table size is larger, and underesti- 
mated when the crown angle and girdle are steeper and 
thicker, respectively. The “nail-head” is the only round 
brilliant with proportions from which pavilion depth 
can be accurately predicted using the rapid sight esti- 
mates method. Examples are presented of round bril- 
liants with a range of proportion parameters (crown 
angles, table sizes, and girdle thicknesses) that support 
these conclusions; the maximum error in the pavilion 
depth in these examples was 2.6%. MWF 
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Out of the stone age: The impact of technology on the 
gem trade. D. A. Yonick, AJM, December 2.002, pp. 
41-47. 

Although it has been notoriously slow to change, the gem 

industry is now permeated by technology—from mining to 

marketing. This article presents examples of the progress. 

Diamond mining companies are leaders in applying 
technology and now evaluate and mine deposits with 
high-tech equipment and recovery systems, saving a lot of 
money in the process. Colored-stone mining companies 
have been slower to adapt technology, but Afgem, a verti- 
cally integrated South African company, provides an 
example of embracing modern technology at its tanzanite 
mines in Tanzania. As a result, it has achieved higher 
daily processing volumes and recovery with lower operat- 
ing costs. 

Gem-cutting technology based on computer software 
has demonstrated great potential in mass production. 
Golay and Swarovski, among others, have successfully 
used automated gem-cutting processes to facet cubic zir- 
conia and other synthetic gems, as well as natural stones, 
in a variety of shapes and sizes. Others have used technol- 
ogy for concave faceting. In the realm of gem enhance- 
ment, increasingly sophisticated techniques require 
gemologists and gem laboratories to use advanced analyti- 
cal methods to detect some treatments. These methods 
include LA-ICP-MS and SIMS, both of which require spe- 
cialized expertise. 

Companies are now able to market their products 
across the globe via the Internet with greatly reduced 
overheads, passing the savings on to the consumer. As 
Internet connections evolve, buyers will be able to see 
more 3-D images, as well as have the tools to judge a 
gem/’s appearance in various lighting environments, with 
different combinations of metals and stones. MT 


To the issue of polished diamond color determination [A 
comparison of color grading methods for faceted 
diamonds]. A. M. Bocharov and T. V. Shirokikh, 
Gemological Bulletin, No. 4, 2002, pp. 32-36 [in 
Russian with English abstract]. 

The authors report on the color grading of polished dia- 

monds, using synthetic standards (created by the Crystal 

Co. in Smolensk, Russia), both visually (with the aid of the 

CIELUV system) and with a spectrophotometer. The fac- 

tors that influenced color grading by each method were 

related to various parameters. 

Color grades obtained by visual determination were 
influenced by the nature of the light source, spectral char- 
acteristics of the paper on which the diamonds were 
placed, the quantity and range of standards, the physiolog- 
ical state of the observers, and the quality of the CIELUV 
system. Other factors influenced color grades obtained 
with a spectrophotometer. These included incident light 
reflected from the table back to the light source, the type 
and quality of the facets, and the nature and abundance of 
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inclusions. Further, the path length of the light through a 
faceted stone was significant, especially with fancy cuts. 
Several formulas are presented for determining colors, and 
their purity, in faceted diamonds, as well as the relation- 
ship between angles of incidence and resulting color. 

BMS 


Using XAFS, EDAX and AFM in comparative study of 
various natural and synthetic emeralds. P. Parikh, 
N. L. Saini, S. Dalela, D. M. Bhardwaj, S. Fernandes, 
R. P. Gupta, and D. B. Garg, Nuclear Instruments 
and Methods in Physics Research B, Vol. 499, 2003, 
pp. 489-493. 
This paper outlines a pilot study using X-ray absorption 
fine structure (XAFS) spectroscopy, energy-dispersive anal- 
ysis through X-ray (EDAX) spectroscopy, and atomic force 
microscopy (AFM) to distinguish between natural and syn- 
thetic (flux grown) emeralds. The natural emeralds studied 
were from Zambia, Brazil, and Zimbabwe. Measurements 
on all samples were performed on crystal faces parallel to 
the [0001] plane. 

XAFS spectroscopy yielded information on the valence 
of the Cr ion and distances between atoms within the 
crystal structure. Most of the Cr in the synthetic emerald 
was found in the octahedral site (as Cr**). EDAX measure- 
ments showed that variations in elemental composition 
existed on the (0001) surface in each crystal. Notable dif- 
ferences were found for Cr (higher in flux-grown synthetic 
emeralds) and Na and Mg (higher in natural emeralds but 
with significant variations among the samples). AFM 
determined the areal atomic density of the surface of the 
emeralds; it is much higher for the synthetic emeralds. 
The authors conclude that EDAX and AFM show promise 
for differentiating between synthetic and natural emeralds; 
they also acknowledge that the XAFS method is impracti- 
cal for the gem industry. Al 


JEWELRY RETAILING 


The biggest of them all. G. A. Beres, New York Diamonds, 
Vol. 77, July 2003, p. 36. 

Zale Corp. is the largest retail jewelry chain in the U.S., 
with 2,200 stores and $2.2 billion in annual sales. The 
company has announced a “return to its core roots” by 
strengthening its bridal program, which accounts for 
40-45% of its sales. Tied into its renewed emphasis on 
bridal pieces is a commitment to branded diamonds. The 
company has its own Zale Diamond solitaire program, a 
new and exclusive 73-facet Gordon’s Diamond Solitaire, 
and, in Canada, its People’s Diamond Solitaire, the latter 
featuring diamonds mined and cut in that country. Its up- 
market division, Bailey Banks & Biddle, offers the Linz 
Diamond, a modified princess cut. 

Zales requires vendors to adhere to strict quality con- 
trol standards, and to provide a substantial amount of 
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DeBeers Consolidated Mines, Ltd. 


iad 


THE DISCOVERERS: JULY, 1870 


instrument which made Cecil Rhodes and, 
through him, Rhodesia. 

There is an unimportant diamond field 
in Shan-Tung, China. The Chinese peas- 
ant and his habits are always interesting. 
Rains, he believes, produce diamonds, and 
after rains, the native, shod in straw 
sandals, walks over the fields. Naturally, 
the sharp-pointed diamonds stick in the 
sandals. These are then burned and the 
diamonds recovered from the ashes. (If 
there are any metallurgists present, I can 
assure you that the patent has expired 
on this process and you can use it as 
you see fit.) 

Up to the discovering of the South 
African pipes—old volcanoes filled with 
a dark-colored igneous rock—all diamonds 
had been recovered from stream gravels; 
that is, all mines were placers. Twenty- 
five years ago, however, the South Afri- 
can pipes were dominant in the industry. 
They since have lost their pride of place 
as to production to the alluvials farther 
north, but may regain it in 1949. 


N 


Most gem diamonds are small, but 
there is an exclusive club of producers 
of large stones. The old members were 
India, South Africa and the small Baga- 
gem district in Brazil. Sierra Leone was 
admitted two or three years ago. The 
club's admission committee is considering 
the application of Venezuela and Tangan- 
yika Territory. 


Remember that diamond mining is 
2,500 years old and that it employs some 
125,000 men. The all-time production has 
been a little over 78 tons, the chief con- 
tributors being the Union of South Africa 
and the Belgian Congo. Without inter- 
stices, this would form a cube nine feet 
on a side, but cut gemstones of one carat 
or more of good quality would form a 
cube but 2.5 feet on a side. Therefore, 
the woman who wears a one carat or 
larger solitaire is a stand-out, whether 
or not she belongs to the Daughters of 
the American Revolution, or the Colonial 
Dames. She owns an integral and an 
appreciable part of one of the world’s 
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merchandise on memo. The new push to branded goods is 
part of the company’s strategy to reduce its past reliance 
on clearance/promotional items and build sales volume. 
The company also plans to go more heavily into direct 
sourcing, further reducing its dealings with domestic sup- 
pliers, wholesalers, and importers. RS 


The next big thing. E. Blauer, New York Diamonds, Vol. 
77, Jaly 2003, pp. 24-30. 
The De Beers Diamond Trading Company (DTC) is putting 
substantial promotional resources behind the right-hand 
ring, a category of jewelry intended for a woman’s “non- 
designated” hand. Rings represent 28% of diamond jewelry 
sales, with an average price of $701. The potential market, 
according to DTC research, is an “unserved” niche of self- 
purchasing, mature women between 45 and 65 years old 
that, it is claimed, totals 77 million. The DTC sought 
designs that would set these products apart from other 
rings on the market, including “negative” (open) spaces, 
and a “vertical” orientation that runs parallel to the finger. 
The rings contain diamonds that weigh at least 20 points, 
and are being advertised in luxury, fashion, and epicurean 
magazines with the tag line, “Women of the world, raise 
your right hand.” RS 


Volume drives the market. G. A. Beres, New York Dia - 
monds, Vol. 77, July 2003, pp. 32-40. 

Major jewelry chains, department stores, discount stores, 

and TV shopping channels now have the greatest effect on 

the diamond market. These operations exert tremendous 

control over every part of the diamond jewelry pipeline. 

Their impact is felt most keenly in four areas: 


e Limiting the pricing power of suppliers. Volume retail- 
ers often dictate price points and demand that suppliers 
meet them. In addition, they have kept polished prices 
from rising, even though the price of rough has 
increased substantially. 


Driving supplies of certain categories of goods. When 
high-volume buyers lock into particular size, quality, 
and shape categories, these diamonds can become 
scarce. 


Forcing suppliers to offer favorable terms. This is 
accomplished by demanding memo programs, extend- 
ed payments, and liberal return privileges. 


Dictating diamond jewelry styles to the rest of the 
market. Major retailers heavily promote and stock such 
De Beers-backed favorites as the “Three Stone Ring.” 
Conversely, they focus so strongly on a few basic, heav- 
ily advertised items that innovation is often stifled. 


These volume retailers have achieved such power 
because diamond suppliers have acquiesced to their 
demands in exchange for huge orders. Suppliers who do 
try to toughen their terms generally find themselves los- 
ing business to others who will comply. RS 
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SYNTHETICS AND SIMULANTS 


Comparison of the color of synthetic polished diamonds 
with the concentration of basic diamond lattice 
impurity defects. M. S. Gorbatova and V. G. Vins, 
Gemological Bulletin, No. 4, 2002, pp. 29-31 [in 
Russian with English abstract]. 

A representative collection of 37 synthetic diamond crys- 
tals grown in the Ni-Fe-C system with a BARS apparatus 
were visually classified as yellow (16 samples), orange-yel- 
low (9), orange (8), and “lemon” yellow (4). They contained 
the following types of impurity defects: isolated nitrogen 
atoms in substitution positions, pairs of nitrogen atoms, 
and “732, nm” (nitrogen-nickel centers). Absorption spec- 
tra were measured in the range of 400-550 nm in order to 
determine the location of the so-called secondary band 
edge. 

Correlations were observed between color and the 
abundance of defects, between color and band edge, and 
between the latter and the abundance of defects. 
Although the correlations showed significant variance, 
the authors were able to draw certain conclusions. 

The color of the orange synthetic diamonds was most 
intense when the abundance of isolated nitrogen defects 
was highest and that of paired nitrogen defects was low- 
est. A shift of the band edge from 470 to 435 nm correlat- 
ed to a change of color from bright orange to “lemon” yel- 
low. In the majority of the orange synthetic diamonds, 
the 732 nm defect was absent, which deviates from 
results published previously by the second author. The 
orange color of these synthetic diamonds can be correlat- 
ed to a band edge of 470 nm. BMS 


Diamonds find a friend in the semiconductor sector. A. 
Eisenberg, New York Times, March 11, 2004, p. G5 
(www.nytimes.com/2004/03/11/technology/cir- 
cuits/11next.html). 


The production of synthetic diamonds by the chemical 
vapor deposition (CVD) method is spreading rapidly, partly 
in response to demand from high-tech industries, where 
the products have great potential for use as semiconduc- 
tors. Apollo Diamond Inc., of Boston, announced last year 
that it had developed a method to create large single-crys- 
tal synthetic diamonds using this low-pressure process. 
Researchers at the Carnegie Institution of Washington 
reported they too have succeeded in producing thick single 
crystals (about 5 mm thick and 10 mm wide} by the CVD 
process that are harder than natural diamonds. 

While researchers are now able to grow CVD dia- 
monds much more quickly and easily, they have not yet 
succeeded in turning them into usable semiconductors. 
The main difficulty is that pure synthetic diamonds are 
natural insulators and must be doped to improve their 
electrical properties. Doping with boron turns them into 
p-type (positive) semiconductors, but transistors and 
diodes also need n-type (negative) semiconductor materi- 
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al. The manufacture of n-type synthetic diamonds has 
proved elusive. The search continues for a doping agent 
that will integrate fully into the diamond structure and 
yield the requisite n-type behavior. RS 


Gemological properties of synthetic flux spinel. V. A. 
Deeva and Y. B. Shelementiev, Gemmological 
Bulletin, No. 3, 2002, pp. 9-17 [in Russian with 
English abstract]. 

The gemological properties of 21 crystals of flux-grown 

synthetic spinel, a relatively new product from the “Gold 

Triangular” Co. (Novosibirsk, Russia), were determined 

and compared to those of 22 natural spinel crystals from 

the Mogok area (Myanmar). Most of the samples were red 
or “rose,” although a few of the synthetic spinels were 
blue or violet. 

The morphology of both sets of crystals, as well as 
their specific gravities and optical properties, were identi- 
cal. Their inclusions, however, were distinctly different. 
Flux inclusions were observed in 13 of the synthetic 
spinels; platinum inclusions were identified in four. 
Fifteen of the natural spinels had inclusions consisting of 
apatite, graphite, carbonate, and opaque minerals, as well 
as gas-liquid inclusions, usually as negative crystals. 
Because about one-third of the samples did not contain 
inclusions of any kind, the samples also were studied by 
more advanced methods. 

The chemical compositions of all samples in the red 
and “rose” color range were essentially identical except 
for their Zn and V contents, both of which were higher in 
the natural spinels: ZnO = 0.12—0.42 wt.% vs. <0.02 
wt.% and V,O, = 0.12-0.29 wt.% vs. <0.05 wt.%. Blue 
synthetic spinels had distinctive contents of Fe, Co, and 
Ni. Differences also were observed in the absorption spec- 
tra, with a characteristic peak at 540 nm in the natural 
spinels and at 550 nm in the synthetic samples. The best 
method for distinguishing between the natural and syn- 
thetic spinels was photoluminescence spectroscopy. The 
identifying characteristics in the PL spectra between 670 
and 710 nm are explained by slight differences in crystal 
structure imperfections. BMS 


Oh, these imitations again! A. V. Fedorov, Gemological 
Bulletin, No. 4, 2002, pp. 37-38 [in Russian with 
English abstract]. 

Russian simulants of malachite, lapis lazuli, sugilite, 

rhodochrosite, and “blue tiger’s-eye” are described, along 

with simple methods by which they may be distinguished 
from their natural counterparts. 

The malachite simulant is made of a rock composed 
of gibbsite that has been artificially colored and com- 
pressed. It appears similar to malachite from the 
Democratic Republic of Congo, but under magnification 
it is easily recognized as a simulant by the absence of a 
silky texture. In addition, the S.G. of this simulant is low 
(1.92-1.93) compared to that of malachite (~3.95). 


GEMOLOGICAL ABSTRACTS 


Lapis lazuli and sugilite imitations are both made of 
artificially colored magnesite and look very similar to nat- 
ural stones. However, the color distribution is often 
uneven, with the coarse-grained areas or veinlets lighter 
colored and sometimes gray or even colorless. The S.G. of 
this simulant is 2.81-2.85, whereas lapis lazuli is ~2.75 
and sugilite is ~2.74. 

Some beads and pendants sold as rhodochrosite are 
actually a talc-calcite aggregate. Talc is the source of the 
pink color; Mn is not present in the calcite. The S.G. of 
this simulant is about 2.73; rhodochrosite’s is significant- 
ly higher (~3.60). 

Two rough specimens of a bluish gray, translucent 
synthetic material were sold as “rodusite” (a Russian 
trade name for silicified riebeckite asbestos, known in 
some places as “blue tiger’s-eye”). This simulant exhibit- 
ed melt features and was found to be synthetic forsterite 
(a Mg olivine). 

The author warns potential purchasers of inexpensive 
stones and jewelry to beware of imitations. Generally, 
visual inspection and S.G. determinations are sufficient to 
recognize simulants. The determination of R.I. and other 
optical properties is difficult because of the small grain 
size of these simulants and, in most cases, an absence of 
flat facets. BMS 


Research on hydrothermal aqueous solution adapted to 
grow emerald crystals. Z. Chen, W. Zhou, J. Zeng, 
H. Huo, and C. Zhang, Journal of Synthetic 
Crystals, Vol. 32, No. 3, 2003, pp. 267-271 [in 
Chinese with English abstract]. 
Various hydrothermal techniques for growing synthetic 
emerald crystals suitable for lasers (with potential to be 
used as gems} have been investigated extensively for sever- 
al decades. However, results have generally been disap- 
pointing, owing to the low optical quality and small size of 
the crystals. This study investigated three alkali and six 
acid hydrothermal solutions from which higher-quality 
crystals could possibly be grown. As a first step, the solu- 
bility of emerald was determined in each of the several 
potential solutions by measuring the weight loss of 
crushed synthetic emerald grains following treatment in 
an autoclave at various temperatures and pressures. 

All of the alkali solutions were found to be unsuitable 
for the growth of high-quality synthetic emerald crystals, 
owing to the ubiquitous presence of tiny synthetic quartz 
and phenakite (Be,SiO,) crystals that crystallize on their 
surfaces. Among the acid solutions, emerald had the high- 
est solubility in the H,SO, solution, followed by a mixed 
solution (H,SO, + [NH,],SO,). Based on these data, high- 
quality synthetic emerald crystals were hydrothermally 
grown from a 2.2N H,SO, solution at 500-600°C, and 
pressures of 152—202.6 MPa. The authors believe that 
most gem-quality hydrothermal synthetic emerald crys- 
tals are grown from similar acid solutions, although pub- 
lished data on such syntheses are lacking. TG 
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A busca pela cor perfeita. Diamantes coloridos artificial- 
mente ganham espaco no mercado [In search of the 
perfect color. Artificially colored diamonds gain 
market share]. Diamond News, No. 10, 2002, pp. 
5-9 [in Portuguese]. 

Koss Fancy Colored Diamonds uses radiation from an 

electron accelerator (rather than the better-known neu- 

tron bombardment], in some cases followed by annealing, 
to alter the color of natural diamonds. They produce col- 
ors such as blue, “sky” blue, green, “canary” yellow, 

“gold,” “cognac,” orange, and black that are stable and 

uniform. To address safety concerns, Koss submitted 

seven color-altered diamonds to the Israeli National 

Atomic Energy Commission’s Soreq Nuclear Research 

Center, which determined that these irradiated diamonds 

presented no sign of residual radiation that might present 

a health hazard. David Kondo 


MISCELLANEOUS 


Carats and sticks: Pursuing war and peace through the 
diamond trade. M. Kaplan, New York University 
Journal of International Law and Politics, Vol. 35, 
No. 3, 2003, pp. 559-617. 

This article provides a very detailed review of the civil 

wars in Angola, Sierra Leone, and the Democratic 

Republic of the Congo, which had been sustained by trade 

in diamonds. The author describes the developing theory 

that the majority of civil wars are fought, at least in Africa, 
over commodities, rather than because of ideological, reli- 
gious, or cultural differences. 

The article provides an exhaustive account of the 
Kimberley Process, in which rough diamonds are certified 
at the mine source or export origin to ensure that they 
proceed through legitimate channels and are not sold by 
agents of rebel groups to support conflicts. The author 
cites criticisms of the Kimberley Process from non-gov- 
ernmental organizations, such as Global Witness, which 
claim that the process is too dependent on the good faith 
of the industry and participating governments to be effec- 
tive. Further, many in the industry remain opposed to the 
concept of outside monitoring, and a number of govern- 
ments of diamond producing nations are too corrupt to be 
trusted to effectively certify the legitimate origins of their 
diamonds. 

The author argues that independent monitoring of dia- 
mond certification is the best method of ensuring that the 
Kimberley Process accomplishes its purpose of stopping 
the trade in conflict diamonds. Only then can diamonds 
be an agent for peace and development. RS 
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Co-option in Siberia: The case of diamonds and the 
Vilyuy Sakha. S. A. Crate, Polar Geography, No. 26, 
No. 4, 2002, pp. 289-307. 
This article examines how nuclear testing, mining (for dia- 
monds and other commodities such as oil and gold), and 
industrial development (e.g., construction of hydroelectric 
dams) have adversely affected the environment of Russia’s 
Sakha Republic and the lives of the Vilyuy Sakha people, 
non-Russians who for centuries have forged a subsistence 
living by raising horses and other livestock. 

The Sakha Republic, which is the source of nearly all 
of Russia’s diamond production, is twice the size of 
Alaska. Diamonds were discovered there in 1954. And 
like most other development projects of the Soviet era, no 
heed was paid to environmental consequences. Diamond 
mining activities have polluted the Vilyuy River with 
traces of thallium and other toxins. Thallium was part of 
a compound used to separate rough diamonds from the 
kimberlite ore. In addition, during the 1970s and 1980s, a 
series of 11 underground nuclear tests near the river basin 
killed off large tracts of forest and made the permafrost 
radioactive in the surrounding area. 

Several initiatives to clean up diamond operations and 
to reverse environmental damage were attempted. One 
was a 1993 joint venture between the Sakha government 
and Almazy-Rossii-Sakha (Alrosa) to fund remedial envi- 
ronmental programs for the Vilyuy region, including 
decontaminating the drinking water. Funding was sup- 
posed to be provided by taking 2% of the diamond rev- 
enues. The venture, Sakha-Almaz-Proinvest (SAPI), 
proved ineffective for a number of reasons, and eight years 
later it was folded into a government agency. However, 
that agency has yet to finance water purification systems 
to remove thallium and other chemicals from the drink- 
ing water. 

Another initiative, comprised of Vilyuy people, called 
the Vilyuy Committee, lobbied the press and government 
about the region’s environmental problems. One member, 
Pyotr Martinev, who had worked in the region’s diamond 
operations, spearheaded a drive to delay development of 
several newly discovered kimberlite pipes that were locat- 
ed near villages. Mr. Martinev demanded that the mining 
operators adopt environmentally safe extraction processes 
and fulfill their promise to dedicate a percentage of their 
revenues to Vilyuy inhabitants. However, he died of can- 
cer in 1997, and many original members of the Vilyuy 
Committee have been replaced by representatives of local 
industries. The author concludes with a suggestion that 
the Vilyuy may be able to obtain redress by allying and 
coordinating efforts with the Russian Association of 
Indigenous Peoples of the North (RAIPON)} to influence 
government and world opinion. RS 
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The Results of 
OUR FIRST READER SURVEY 


his spring, Gems & Gemology conducted a reader sur- 

vey, the first in the journal’s 70-year history. The purpose 

was to better understand our readership so we could 
ensure that G&G remains relevant to the needs and interests of 
its audience. More than 10,600 surveys were mailed to current 
and former subscribers as well as GIA alumni, and we received 
nearly 3,500 replies, including 42% of our current subscribers 
from all over the world (a truly amazing response rate). 


Before sharing the results, though, Id like to thank all the respon- 
dents for taking time to provide us with valuable feedback. We 
needed to hear from you, and you delivered for us. | also want to 
congratulate to Jonathan Ng (San Gabriel, California) and 
Colleen Ann Murtha-Stoff (Tucson, Arizona), whose survey cards 
were randomly drawn to win three-year subscriptions to G&G, 
and lifetime subscriber Roland Schluessel (San Francisco), who 
chose the $200 Gem Instruments gift certificate. 


Who Reads G&G? 

Fifty-nine percent of the G&G subscribers who responded are 
male, while 39% are female (2% did not reply to this question). 
The mean age is just under 52 years old. Nearly 60% have sub- 
scribed for more than five years. Seventy percent are employed 
in the gem and jewelry industry, most for 10 years or more. The 
G&G reader is affluent, with a mean annual income of $90,270. 
(We'd like to think that reading the journal has helped them 
reach—and maintain—this financial success.) 


Although the top occupation is retail 
jeweler, claimed by 38% of the 
respondents, our readers also include 
appraisers, jewelry designers, whole- 
salers, and lapidaries, as well as edu- 
cators, research scientists, and labo- 
ratory gemologists. We were pleased 
to see that, in many cases, each copy 
delivered is read by several people. 


ppers OF 


iN TERES, 


Colored stones are the primary area of interest for 45% of the 
subscribers, followed by diamonds at 28%. Identification 
techniques, synthetics/simulants, and treatments round out the 
top five interest categories. 


Taking Stock 

Satisfaction is high, with 87% of current readers being “Very 
Satisfied” with G&G. When combined with “Mostly Satisfied,” 
the total is 99%. Sixty-eight percent of the respondents identi- 
fied G&C’'s articles as their primary feature of interest, followed 
by the Lab Notes and Gem News International sections. 


Of those 13% who were not “Very Satisfied,” the chief concern 
was that the journal was too technical. However, this represent- 
ed less than 4% of our subscriber respondents and was men- 
tioned by less than 2% of the former subscribers as the reason 
they no longer subscribed (cost was the primary concern for this 
younger, less-affluent group, followed by the fact that they had 


We received a number of comments and suggestions with the 
survey responses, which we intend to explore in the months 
ahead. These include requests for better explanation of techni- 
cal terms and new analytical equipment, as well as an “Ask 
the Expert” feature and more short notes on current or histori- 
cal gemological developments. We will address specific ques- 
tions about G&G editorial practices in future Letters sections, 
so we can share the information with all readers. 


Among the comments were several compliments, which we 
hope match your experience as well: 


Having your publication in my home and waiting room is 
tremendous to my business. It’s educational and informa- 
tive even to the general public, which is also a reflection 
on me. 


| cannot begin to enumerate the useful and critical infor- 
mation Gems & Gemology has brought to me, but | am 
grateful and | do hope that you keep up the good work. 


Gems & Gemology is the most brilliantly conceived, best 
organized, and most beautifully executed magazine | 
have ever read. How do you consistently continue to 
produce so superbly? [Answer: A great staff and terrific 
contributors and reviewers. |] 


Looking Ahead 

Now that we’ve compiled the results, we want to use the infor- 
mation constructively. It is evident that our readers like what is 
being presented in G&G, and we appear to be meeting their 
needs. Yet it is critical to the future of gemology that we attract 
more younger, less-affluent readers. We need to encourage 
them to continually upgrade their knowledge of gemology— 
and we need to help them by keeping the cost as affordable as 
possible. We also want to see even more retailers embrace the 
information in G&G. As our managing editor Tom Overton 
points out in his lead article this issue, there are stringent legal 
requirements for disclosure in the United States. The retailer 
must first know his or her product and then be able to commu- 
nicate that information to the customer. We do not see the 
need to make any radical changes (a concern expressed by one 
long-time subscriber), but we will take these and the other 
results and recommendations into consideration as the journal 
continues to evolve. 


Of course, any time you have a suggestion or an opinion you'd 
like to share with us, there’s no need to wait until our next 
G&G reader survey—just e-mail us at gandg@gia.edu. Gems & 
Gemology is your journal, and we want to know what works— 
and what doesn’t—for you. 


Peller 


Alice S. Keller 


left the profession). 
Editor-in-Chief 
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LETTERS 


An Old Technique to Solve a New Problem? 


In the conclusion of the recent G#G article on beryllium- 
diffused ruby and sapphire (J. L. Emmett et al., Summer 
2003, pp. 84-131), the authors state that ‘Today, there is no 
simple, low-cost alternative to SIMS or LA-ICP-MS, but we 
are working on the problem and strongly encourage others to 
do so as well.” This writer believes that there does exist a 
low-cost plasma-based method that might reach the sensi- 
tivity required for detecting Be-diffused corundum, that is, 
about 5 ppma. It is a long-forgotten technique, whose instru- 
mentation seems to have been abandoned by those compa- 
nies who specialize in spectroscopy-based analytical devices. 

This technique employs a carbon arc emission spectro- 
scopic unit. Known as the Hilger Medium Quartz 
Spectrograph (HMQS), it was designed and manufactured 
by Adam Hilger Ltd., London, who abandoned its produc- 
tion in 1961. It was a remarkably successful analytical tool 
for the measurement of certain major, minor, and trace 
chemical elements. The plasma-excitation method used 
was a high-voltage AC condensed-spark emission from 
opposed specimen rods, unlike the DC carbon arc emission 
spectrographic method proposed here. 

The procedure for powder analysis was quite different 
from SIMS or LA-ICP-MS. The small amount of powder 
required, less than one milligram, was tightly pressed into a 
4.0 mm cylindrical cavity drilled in the centre of a 6.2-mm- 
diameter spectroscopically pure graphite rod. The speci- 
men-bearing electrode and the upper counter-electrode 
were secured on the clamping stand, and the pre-alignment 
optics arrangement was used to position the plasma col- 
umn’s cathode layer zone image onto the slit. The lenses 
were positioned by careful setting of the length of the slit 
(at a standardized slit width) so that only that part of the 
specimen’s plasma column near the cathode would be 
admitted to the HMQS. The importance of excluding other 
parts of the plasma, in particular the incandescent electrode 
tips, was that this narrow zone, called the “cathode layer” 
gave the greatest sensitivity of detection for trace elements. 

The slit shutter was opened and a pure carbon rod was 
touched to both electrodes to start the arc. When the scrap- 
ing from the specimen was completely vaporized and the 
entire spectral “burn” was recorded on a photographic plate, 
the shutter was closed. The actual burn period was deter- 
mined by observing sodium presence in the plasma; this was 
done by viewing the D-line spectrum by means of a direct- 
vision pocket spectroscope. When its intensity fell abruptly, 
the burn was completed and the shutter was closed. 


LETTERS 


After development, the photographic plate was insert- 
ed in a photographic microphotometer, so that the peak 
height of the strongest emission spectrum line of the test 
element could be measured. In the case of beryllium, a 
suitable neighboring aluminum spectral line peak would 
also be recorded. As the Al concentrations of all rubies and 
sapphires are virtually constant, the ratios of peak heights, 
h,,/h,, would be independent of exposure times. Thus a 
plot of h,,/h,, versus Be concentration in ppma would 
yield a working analytical linear graph. Variations in arc 
emission power during the entire specimen vaporization 
period would in no way affect the accuracy of the test 
analysis. The great virtue of photographically recording 
the period of the entire specimen vaporization is that all 
the Be-emitting photons would be integrated, along with 
those of the calibrating aluminum-emitting photons. 

The sample for analysis had to be obtained by mechan- 
ical means, but this can be done in a manner that is not 
likely to affect the gemstone's optical appearance. The 
writer’s experience with optical sampling of only the cath- 
ode layer zone of the DC carbon arc plasma indicated that 
no more than 0.005 ct of powder would be sufficient for 
successful analyses for many elements. 

While this method may appear to be rather complex and 
labor intensive, with some practice it is an astonishingly 
simple and rapid procedure. The writer believes that it could 
offer gem testing laboratories a lower-cost alternative to 
SIMS. It remains to be seen if this method can attain suffi- 
cient Be ppma sensitivity to establish whether or not a 
corundum gemstone has been treated by Be lattice diffusion. 

At the November 2003 Gem-A annual conference, the 
writer suggested to one of the speakers, Dr. Henry Hanni, 
director of the SSEF Swiss Gemmological Institute, that it 
might be useful to know if a commercially available 
instrument existed that made use of a UV spectrometer to 
monitor a plasma emission, instead of the expensive mass 
spectrometer of the LA-ICP-MS system. 

Dr. Hanni had already been investigating this area and 
was successful in locating such a device, the Laser-Induced 
Breakdown Spectrometer (LIBS), which costs only in the 
region of US$75,000. The unit does generate circular pits 
on the analyzed surface of a gemstone, e.g., the girdle. 
However, if properly focused, it does not appear to produce 
further damage. 


]. B. Nelson, Ph.D. 
Nelson Gemmological Instruments 
London 
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GEM TREATMENT DISCLOSURE 
AND U.S. LAW 


Thomas W. Overton 


In recent years, the obligation to fully disclose all gem treatments has changed from a mere ethi- 
cal responsibility to a legal one. The U.S. Federal Trade Commission Guides for the gem and jew- 
elry trade, which were fairly simple rules in the early 20th century, now require disclosure of any 
treatment to a gem material that substantially affects its value. In addition, all state deceptive trade 
practice regulations in the U.S. require that vendors not mislead customers as to the treatment sta- 
tus of gems they sell. Finally, vendors should also be aware that insufficient disclosure can subject 
them to substantial civil liability for fraud by nondisclosure. Several case studies demonstrate the 
serious risks involved in not complying with this body of rules and regulations. Suggestions for 


avoiding legal problems are provided. 


he treatment of gem materials to increase 

their value (figure 1) is by no means a recent 

phenomenon, nor is awareness among ethical 
vendors that some level of treatment disclosure is 
necessary. However, the very concept of disclosure, 
its methods, and its perceived scope have evolved 
significantly from early efforts in the first part of the 
20th century. In recent years, perhaps spurred on by 
public concerns over clarity enhancement of dia- 
monds and emeralds, and ever-more-sophisticated 
treatments such as beryllium diffusion of corun- 
dum, the gem and jewelry industry has directed an 
unprecedented degree of attention toward the idea 
that full disclosure of gem treatments is a necessi- 
ty at all levels of the trade, from the mine to the 
consumer. 

To that end, much has been written on the 
morals and methods of full disclosure (see, e.g., 
Hoefer, 1993; Kammerling and Moses, 1995; Genis, 
1998; Proust, 2001; Federman, 2002). What has 
often been lacking, however, is a true understanding 
that full disclosure is no longer just a matter of 
ethics; it has become a legal obligation in almost 
any transaction involving gem materials. Vendors 
who shirk their responsibilities in this regard risk 
ruinous civil lawsuits, U.S. Federal Trade 
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Commission enforcement actions with attendant 
fines and bad publicity, and potential criminal pros- 
ecution and jail time. 

This article will review the evolution and cur- 
rent status of these legal requirements, from the 
Federal Trade Commission (FTC) guides and com- 
parable U.S. state regulations to more basic fac- 
tors such as liability for civil fraud. Anyone who 
deals in gem materials needs to be familiar with 
this often-complicated body of rules, and must 
know how to navigate through them without get- 
ting into trouble. (Note that this discussion is 
limited to United States law; rules in other coun- 
tries may differ substantially.) 

Although some individuals and groups draw a 
distinction between treatment and enhancement 
(Proust, 2001), for simplicity, this article will use the 
term treatment to refer to any process that alters the 
natural character or appearance of a gem material. 


NOTE: This article is intended for informational purposes only and 
should not be used as legal advice. Readers desiring more information 
on these subjects should consult a qualified attorney. 


See end of article for About the Author and Acknowledgments. 
GEMS & GEMOLOGY, Vol. 40, No. 2, pp. 106-127. 
© 2004 Gemological Institute of America 
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Figure 1. This collection 
illustrates the kinds of gem 
materials that historically 
have been subjected to 
treatment to improve their 
appearance. The center 
stones in these rings, coun- 
terclockwise from top right, 
are a 5.37 ct purple sapphire, 
a 2.18 ct emerald, a 2.02 ct 
Fancy yellow diamond, and 
a 1.0 ct ruby. The three- 
stone ring contains 3.73 
carats of diamonds, and the 
ring in the bottom right 
showcases trillion-cut tan- 
zanite and rubellite. 
Courtesy of Charles Koll, 
San Diego; photo © Harold 
& Erica Van Pelt. 


THE EVOLUTION OF THE 
FTC DISCLOSURE RULES 


The deceptive alteration of gem materials dates as 
far back as recorded history. It was enough of a 
problem even two thousand years ago that Pliny, 
the great Roman naturalist, could call it the most 
profitable fraud in existence (Ball, 1950). However, 
the distinction between the idea that one should 
not falsely sell a treated, less valuable stone (e.g., 
dyed, quench-crackled quartz) as a more valuable 
gem material (e.g., emerald) and the idea that a 
buyer is entitled to know what alterations have 
been performed on a gem material sold under its 
proper identity (e.g., oil-treated emerald) is one 
that did not evolve until the 20th century. Even 
as late as 1892, an editorial in the Jeweler’s 
Circular would say no more than “e|very jeweler . . . 
knows that it is to his own disadvantage to misrep- 
resent the quality of his goods” (“How to run.. .,” 
1892, p. 31}. 

When the FTC was established in 1914, move- 
ment began toward a uniform national code for the 
U.S. gem and jewelry industry. The FTC’s charter 
included a charge to prevent “unfair methods of 
competition” (U.S.C. title 15, section 45). Among 
the first industry groups it met with was the Good 
and Welfare Committee of the National Jewelers 
Board of Trade (NJBT), the forerunner of the 
Jewelers Vigilance Committee (“JVC’s history,” 
2002), and within a few years it adopted the NJBT’s 
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recommended standards for gold-marking of jewelry 
(“For honest marketing,” 1919). However, because 
of disagreements over what constituted an accept- 
able trade practice, not until 1929, at a conference of 
the National Wholesale Jewelers’ Association in 
Chicago (see figure 2), did the trade agree on a com- 
prehensive set of rules that were accepted by the 


FTC (“Great trade gathering .. .,” 1929). These 
rules, which became official in October of that year, 
contained a number of elements that would be 
familiar even today, including prohibitions on mis- 
use of the words diamond, synthetic, genuine, and 
pearl, among others (“Federal Trade Commission . . .,” 
1929). Absent, however, was any requirement for 
treatment disclosure. The rules were revised and 
expanded in 1931, though again without adding 
any disclosure requirements (“New trade practice 
rules. ..,” 1931). 

Following passage of the New Deal-era National 
Industrial Recovery Act in 1933, trade groups across 
the country were called on to prepare codes of fair 
competition (“National Industrial Recovery Act,” 
1933). For the jewelry industry, the end result was 
the Code of Fair Competition for the Retail Jewelry 
Trade (referred to hereafter as “the Code”), which 
was signed by President Roosevelt in November 
1933 and thereafter administered by the National 
Recovery Administration (NRA; see “Hearing on 
code... .,” 1933; “Code of Fair Competition . . .,” 
1934). (Unlike FTC rules, compliance with the 


Gems & GEMOLOGY SUMMER 2004 107 


Jone 13, 1929 


UROROE A. FERNLEY 
SECRETAKY 


THE JEWELERS’ CIRCULAR 


ALBERT ELL.DOGEN 
VICE-CHAINMAN, TRADE PRACTICE 
CONFERENCE COMNITTER 


1. T WiiTE 
TREASTHEN 


Great Trade Gathering Ends Sessions at Chicago 


Jewelry Trade Conference Passes Many Resolutions on Trade Practices Which Are Submitted to 
the Federal Trade Commission—National ® holesale Jewelers’ Association Holds One of 
Its Greatest Conventions and Sessions Are Enthusiastically Supported by Unusu- 


Evcewater Beacn Hornet, June 7-— 
Chicago has done many things in the 
past to establish its position as a great 
conter of the jewelry industry of Amer- 
jeu, but never has it done more to accom- 
plish this object than in the past week, 

And this hotel was the scene of the 
work for it housed two great conventions 
of the jewelry Industry and a great 
Trade Practice Conference which 
brought here leaders of the variounx 
branches of the trade from all parts 
of the coontry. The work accomplished 
may mark an epoch in the renaissance 
of the jewelry y 

At the first conference or convention, 
(that of the Wholesale Jewolry Trade 
Association; the proceedings of which 
covering Monday and Tuesday were re- 
ported in foll in the last issue of Tus 
duwe.ens’ Crncutan), it was announced 
by B. J, Doyle, sponsor for the associa- 
tion and the Jewelry Trade Institute that 
the Institute would come into being 
as a result of the support that he got 
from the wholesalers and would be func- 
tioning in the next six months. At the 
Jewelry Trade Conference called by the 
Federal Trade Commission under the 
auspices of the National Wholesale 
Jewelers Association, the industry, 
through its delegates and representa- 
tives from various sections of the coun- 
try, adopted a serics of rules or resolu- 


ally Large Attendance 


tions which should act as a foundation 
not only to develop business ethics in all 
branches of the trade, but which, when 
approved by the trade and the Federal 
Trade Commission, should give an op- 
portunity to eliminate a large number 
of abuses which have hampered our 
manufacturers and distributors in the 
past. This may resolt in the dawn of a 
new cra which may see the gradual 
elimination of the “gyp” wholesaler and 
retailer and the unscrupulous manufac- 
turer, thereby giving an opportonity 
for a Zair and decent profit to the legit- 
imate merchant whose ethics are in 
conformity with the high standards of 
the jewelry business. 

Last, but not least, the convention of 
the National Wholesale Jewelers Associ- 
ation which started Wednesday rmorn- 
ing, adjourned for the trade conference 
and finished its proceedings at two im- 
portant sessions on Thursday, estab- 
lished once for all the fact that the 
jewelers of this country are capable of 
holding a real business convention on 
constructive and instructive lines that 
can meet the problems that confront our 
manvfacturera and our distributors in 
an intelligent snd progressive way. The 
reports submitted, the addresses made, 
and the discussions that followod, proved 
of the highest value to those who at- 
tended and should do more to ald in 


helping solve the problems of the whole- 
suler than anything that has been done 
in many years. In contrast to the con- 
vention that was held Monday and Tues- 
day, which was one of inspirational ad- 
dresses, the convention of the National 
Wholesale Jewelers Association was one 
of work and achievement—a real busi- 
nesaman's convention in every way. 
What is more, the crowded condition of 
the convention hall, the close attention 
paid to discussions and reports, and the 
participation therein by our leading 
wholesalers throughout the country in- 
dicated that this is the kind of a con- 
vention that they want; that they are 
deeply interested in the vital problems 
that confront the industry and are wil!l- 
ing to do their part in studying them 
and helping to solve these problems no 
matter how much sacrifice it may entail. 

The telegraphic report from Chicago 
which appeared in the last issue of Tue 
Jnwetens’ Cimcunar, took the proceed- 
ings of the work up through the first 
session of the National Wholesale Jewel 
ets convention with the opening speech 
of President Becken and the report of 
Secretary Fernley, the appointments of 
the committees, etc., up to the time when 
the members adjourned to participate 
in the Jewelry Trade Conference to be 
presided over by Federal Trade Com- 
missioner March. 


Figure 2. This 1929 art1- 
cle in The Jeweler’s 
Circular heralded the 
drafting of a formal set 
of regulations for the 
jewelry industry, rules 
that were the forerunner 
of the modern FTC 
Guides. Courtesy of JCK. 


various NRA codes was voluntary, though there 
was strong social pressure for businesses to adhere 
to their terms.) 

Although the Code supplemented FTC rules 
rather than replacing them, it nevertheless tracked 
them closely, adding some details on proper 
nomenclature but again not requiring any treat- 
ment disclosure. Here, the U.S. was lagging behind 
a similar movement in Europe. As the Code was 
being drafted, European jewelers at the fourth 
International Congress of BIBOA (Bureau 
International des Associations de la Bijouterie, de 
l’Orfévrerie et de l’Argenterie; called CIBJO since 
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1961) enacted a rule requiring members to disclose 
the use of dye to color gems (“Important jewelry 
standards ... ,” 1933; see also figure 3). Although 
this rule drew positive commentary from organiza- 
tions in the U.S. such as GIA (see, e.g., Shipley, 
1935], no such regulation was forthcoming from 
either the NRA or the FTC. Three years later, at 
the 1936 BIBOA congress in Berlin, the rule was 
expanded to state that “[s]tones which are 
coloured, or improved in colour, by the addition of 
a colouring agent, or by chemical treatment, must 
be so designated that the artificiality of the colour 
is clearly indicated” (Selwyn, 1945, p. 261). 
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most precious commodities. 

Today, I estimate that the world’s 
production ranges from 9,000,000 - to 
14,000,000 carats a year of which about 
2,500,000 carats—say 1209 pounds—is of 
gem grade. 


Broadly, mining and milling methods 
are similar to those of metal mining, 
except that the gravel or rock treated 
is very low grade. To get a unit of 
diamonds we mine from 20,000,000 to 
60,000,000 rock units. The average hard- 
working diamond miner, with luck, may 
produce a grain a day. And Job was 
supposed to be patient ! 


Stones available for use as gems must, 
of course, be cut. To cut a diamond to 
give it its maximum brilliancy, the cutter 
must know not only the crystallographic 
characters of his piece of rough, but also 
optics. Before World War II, Belgium 
and Holland were the great cutting cen- 
ters. In 1940 these were blacked out 
and the cutting industries, formerly un- 
important, expanded in our own country, 


Porto Rico, and Brazil. They also sprang 
up in Palestine and Cuba. In the past 
year and a half the Belgian and Dutch 
industries have revived. 


Jean Baptiste Tavernier, the greatest 
gem merchant of all time, who lived in 
the 17th century, is our chief authority 
on the mines of India (Gibbon of Roman 
Empire fame refers to him as “that 
jeweler who had read nothing, but had 
seen so much and so well.”). 


As was to be expected, Tavernier had 
Gallic wit: “All the Orientals are very 
much of our taste in matters of white- 
ness and I have always remarked that 
they preter the whitest of pearls, the 
whitest of diamonds, the whitest of 
breads, and the whitest of women.” He 
describes the selling methods of the 


Hindoo gem merchants, a technique used 
today in the Chinese jade market: “The 
buyer and seller sit facing one another 
like two tailors and one of the two 
opening his waistband, the seller takes 
the right hand of the buyer and covers 


CN , a 


“ a - . =") 
DeBeers Consolidated Mines, Ltd. 
1871: THE EARLIEST DIGGINGS 


SPRING, 1948 
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While BIBOA’s actions at the very least repre- 
sented a first step forward, they also marked the 
first appearance of a distinction that was to compli- 
cate disclosure efforts well into the 1990s—that 
between treatments considered “trade accepted” 
and those that were not. Only the latter had to be 
disclosed. (And since lobbying by those who dis- 
agreed over what was or was not considered trade 
accepted often could be successful in changing the 
practices included [R. Naftule, pers. comm., 2004], 
this was a significant distinction.} 

After the National Recovery Administration was 
dissolved by the U.S. Supreme Court in 1935, trade 
representatives spent several years trying to convince 
the FTC to resurrect the Code of Fair Competition in 
some form. In 1938, Congress expanded the FTC’s 
mandate to prevent “unfair or deceptive acts or prac- 
tices,” and the FTC was empowered to promulgate 
rules defining specific acts as unfair trade practices 
(U.S. Code, title 15, section 41). Following input from 
the JVC and GIA, among others (see “Diamond ter- 
minology . . .,”” 1938; Shipley, 1938, “JVC’s history,” 
2002), the FTC issued a revised set of rules that large- 
ly duplicated the Code (“New FTC jewelry trade 
rules,” 1938)—including its absence of disclosure 
requirements. These rules would not be revised for 
almost two decades. 

In the early 1950s, the JVC began a campaign to 
update the rules (“JVC submits .. .,” 1954], and after 
several years of hearings and trade conferences, the 
FTC and trade groups finally agreed on a set of revi- 
sions that were issued in early 1957 (“FTC proposes 
...,” 1957). The new rules were known as the 
Guides for the Jewelry, Precious Metals, and Pewter 
Industries (referred to hereafter as “the Guides”). 
While the revisions were mostly aimed at combat- 
ing abuses in advertising, quality marking, and pric- 
ing (“Jewelers Vigilance Committee . . .,” 1957), 
they finally included a meaningful element of treat- 
ment disclosure (figure 4). After a preamble pro- 
hibiting any conceivable sort of misrepresentation 
as to gem materials, Rule 36 offered one specific 
interdiction: 


The sale, or offering for sale, of any diamond or 
other natural precious or semi-precious stone 
which has been artificially colored or tinted by 
coating, irradiating, or heating, or by use of 
nuclear bombardment, or by any other means, 
without disclosure of the fact that such natural 
stone is colored, and disclosure that such artifi- 
cial coloring or tinting is not permanent if such 
is the fact [is an unfair trade practice] (“Jewelry 
industry . . .,” 1957, p. 123). 
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Figure 3. In the early years of the 20th century, disclo- 
sure efforts were complicated by disagreements over 
which treatments were considered “trade accepted.” 
Early European trade rules required disclosure of the 
use of dye to color gem materials (such as the carved 
chalcedony maple leaf from Idar-Oberstein shown 
here, which is partially dyed green), while U.S. rules 
did not. Courtesy of Gary and Linda Roskin; photo by 
Robert Weldon. 


When Jewelers’ Circular-Keystone published the 
new rules with commentary in its August 1957 issue, 
it said, “If a diamond or other natural stone has been 
artificially colored . . . that fact must be disclosed” 
(Jewelry industry ...,”” 1957, p. 123). Simple enough. 

Some minor revisions to the Guides (though 
not the disclosure rules) were enacted in 1959, but 
after that, they would not be changed for over 35 
years. In the interim, it appears that enforcement 
of Rule 36 was almost nonexistent, and few jewel- 
ers felt the need to disclose treated color that was 
not at risk of fading. JCK reported in 1979 that 
“the rule has been consistently ignored” 
(Federman, 1979, p. 125), while William Preston Jr. 
of the JVC lamented in a panel discussion at the 
1983 Jewelers of America meeting that “little 
attention has been paid to [Rule 36] by the indus- 
try” (Huffer, 1983, p. 110). Even Gems & 
Gemology published the following sentiment in 
the mid-70s: “In most [cases of heated and/or irra- 
diated gems], the color is indistinguishable from 
equivalent untreated material, and is just as stable 
to light, etc. Accordingly, the treatment is not cus- 
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Figure 4. The coloration of diamonds by artificial 
coatings was one of the developments that spurred 
revision of the FTC guidelines in the late 1950s. This 
10.88 ct yellow diamond was coated evenly with pink 
nail polish to imitate a natural-color pink diamond. 
Photo by Andrew Quinlan. 


tomarily referred to and the simple designation 
‘natural’ is used” (Nassau, 1974, p. 322). 

In 1978, the FTC announced that many of its 
guides had become redundant and would be retired 
(Huffer, 1980). The JVC immediately objected, and 
the FTC agreed to consider retaining a revised ver- 
sion of the Guides if the JVC was able to produce 
one. This was a task that would prove far more diffi- 
cult than anyone expected, and it would occupy 
much of the JVC’s attention for the next 18 years. 

The most contentious dispute proved to be over 


Figure 5. The question of whether to disclose laser 
drilling of diamonds was the most hotly debated dis- 
closure issue of the 1980s. This diamond has been 
laser drilled to allow bleaching of the oblong inclusion 
in the center. Photomicrograph by John I. Koivula; 
magnified 20x. 
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whether to disclose laser drilling of diamonds (fig- 
ure 5), which many argued was a trade-accepted 
practice (“Lasering . . .,” 1980). The JVC’s initial 
proposal required such disclosure, but this rule 
encountered substantial opposition from manufac- 
turers and diamond dealers due to the practical dif- 
ficulties of detecting and disclosing the treatment 
with melee-sized stones (Huffer, 1980). In mid- 
1979, the JVC removed the requirement from its 
proposed rules, but this reversal itself drew criti- 
cism from industry observers (“Lasering . . .,” 
1980). When the JVC finally submitted its first 
draft of the new Guides to the FTC in 1981, it 
essentially split the difference by requiring disclo- 
sure of laser drilling, but only for stones of 0.20 ct 
and up (“JVC's history,” 2002). 

Behind the storm over laser drilling, a more sub- 
stantial change went little noticed. The proposed 
new Guides contained a significant weakening of 
Rule 36 (Federman, 1983; “Gem treatment . . .,” 
1985). Where before the rule required disclosure 
both of alterations to gem color and whether such 
treatments were permanent, the new rule combined 
these two requirements into a single rule requiring 
disclosure only when the alteration was not perma- 
nent. In addition, disclosure would not be required 
if the treatment was not detectable, even if the sell- 
er had actual knowledge of it (“Gem treatment ... ,” 
1985). 

Not all parties agreed on what treatments were 
reliably detectable, which made disclosure require- 
ments for irradiation and heating unclear (Federman, 
1983; Huffer, 1983). In addition, these and other dis- 
cussions published in the trade press revealed almost 
no consensus on the proper scope of disclosure, nor 
on what was—and was not—trade accepted (see, e.g., 
Federman, 1979; Huffer, 1980; “Gem treatment... ,” 
1985). At the first World Congress of the Inter- 
national Colored Gemstone Association (ICA) in 
1985, several prominent gemologists drew a distinc- 
tion between treatments that duplicated natural pro- 
cesses and those that did not (Everhart, 1985). They 
maintained that treatments such as heat that “com- 
plete . . . what nature left unfinished” need not be 
disclosed, whereas those such as diffusion and oiling, 
which introduced foreign substances into the gem, 
should be (Everhart, 1985; pp. 1, 14). These argu- 
ments did not sway some gem dealers, who still con- 
sidered oiling a trade-accepted practice that did not 
require disclosure (R. Naftule, pers. comm., 2004). In 
contrast, Robert Crowningshield of GIA and C. R. 
“Cap” Beesley of the American Gemological 
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Figure 6. Industry embarrassments over undisclosed filling of diamonds and clarity enhancement of emeralds 
helped spur reforms in disclosure customs and FTC regulations in the 1990s. At left, the residue of a filling sub- 
stance is clearly evident in this emerald. At right, the presence of filler is betrayed by the “flash effect” produced 
by the different refractive indices of the emerald and the filler. Photomicrographs by John I. Koivula; magnified 
15x (left) and 20x (right). 


Laboratory argued for full disclosure of all treat- 
ments (Federman, 1983; “Gem treatment... ,” 
1985), as did the American Gem Trade Association 
(AGTA), which began development of its Gemstone 
Information Manual during this period (R. Naftule, 
pers. comm., 2004). 

In 1985, the JVC submitted to the FTC its 
“final” recommendations, which contained few 
changes to the disclosure rules from those offered 
four years previously despite these raging controver- 
sies (“JVC's history,” 2002). The FTC promised to 
publish the new Guides in 1987, but did not. 
Instead, continuing disputes in the trade would 
delay release for another 10 years. 

In the ensuing decade, Rule 36 remained in 
force, requiring disclosure of neither laser drilling 
nor a new treatment that was now spreading 
throughout the diamond trade: the filling of fis- 
sures with a colorless substance to enhance appar- 
ent clarity. By the time the FTC issued the new 
Guides in 1996, the industry had been rocked by 
several embarrassing incidents involving inade- 
quate disclosure of fracture filling and laser drilling 
of diamonds, and clarity enhancement of emeralds 
(see, e.g., Everhart, 1993a,b,c; Rapaport, 1993; 
Federman, 1998a,b; see also figure 6). Guides or no 
Guides, the momentum toward full disclosure was 
accelerating. 

In the 1996 revisions, the FTC adopted the pro- 
posed rule on permanence but not the considera- 
tions of detectability. Rule 36’s preamble on misrep- 
resentation was severed from disclosure and moved 
to the beginning of the Guides; the requirement to 
disclose artificial coloration was replaced with the 
following: 
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It is unfair or deceptive to fail to disclose that a 
gemstone has been treated in any manner that 
is not permanent or that creates special care 
requirements, and to fail to disclose that the 
treatment is not permanent, if such is the case. 
The following are examples of treatments that 
should be disclosed because they usually are 
not permanent or create special care require- 
ments: coating, impregnation, irradiating, heat- 
ing, use of nuclear bombardment, application 
of colored or colorless oil or epoxy-like resins, 
wax, plastic, or glass, surface diffusion, or dye- 
ing. (16 C.F.R. 23.22, 1996) 


This new rule required disclosure of clarity 
enhancement, as it was not considered a permanent 
treatment. The FTC, however, was still not ready to 
require disclosure of laser drilling. It based this deci- 
sion on its opinion that laser drilling was a perma- 
nent treatment with no care requirements and that 
left visual traces that were little different from natu- 
ral inclusions. The FTC would later describe opin- 
ion on disclosure of laser drilling as being in “con- 
flict” (FTC, 2000a, p. 78739). 

Many in the industry were not happy with this 
decision because of the ethical implications (see, 
e.g., Denenberg, 1998; Parker, 1998a,b,c; Rapaport, 
1998). Meanwhile, the arguments continued to 
mount, both over laser drilling (see, e.g., Parker 
1998a) and emerald clarity enhancement (see, e.g., 
Federman, 1998a). In 1998, in hopes of restoring the 
industry’s damaged reputation, the JVC and the 
Diamond Manufacturers and Importers Associ- 
ation of America asked the FTC to reconsider its 
rule on laser drilling. The FTC agreed to do so 
(FTC, 2000a). 
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THE 2001 AMENDMENTS, AND THE 
CURRENT STATE OF THE FTC GUIDES 


After the scandals and embarrassments of the 1990s, 
public comment submitted to the FTC (43 formal 
comments from individuals, companies, and trade 
groups) was nearly unanimous in favor of the disclo- 
sure of laser drilling (42 out of 43 supported it). The 
FTC (2000a) thus had little problem with a rule 
requiring such disclosure, which it agreed to promul- 
gate, effective April 2001 (see 16 C.E.R. 23.13; the full 
text of the 1957, 1996, and 2001 rules with respect to 
disclosure are available in the Ge)G Data Depository 
at www.gia.edu/gemsandgemology; see also figure 7). 


Figure 7. The December 15, 2000 issue of the Federal 
Register published the most recent revisions to the 
FTC Guides, effective April 10, 2001. 
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Federal Register/Vol, 65, No, 242/ Friday, 


December 15, 2000/ Rules and Regulations 


FEDERAL TRADE COMMISSION 
16 CFR Part 23 


Guides for the Jewelry, Precious 
Metals and Pewter Industries 


AGENCY: Federal Trade Commission. 
ACTION: Final guides 


SUMMARY: ‘The Federal Tmde 
Connnission (Commission) announces 
that it is revising (4 29.14 and 23.22 of 
the Guides for the Jewelry, Precious 
Metals and Pewter Industries (lowelry 
Guides or Guides), 16 CFR Part 23. The 
Comunission has combined § 23.13. 
which addres the disclosure of 
diamond treatments, with § 23.22, 
which addreuss treatments of other 
gemstones, ‘The Commission alsa has 
revised theso sections to provide for 
disclosure of any treatment to 
gemstones thal significantly affects the 
value of the gemstone, which would 
include laserdrilling of diamonds. 
EFFECTIVE DATE: April 10, 2001 
ADDRESSES: Recuients far copies of this 
document should be seat fo Public 
Reference Brune r 
ide Cor , 600 Pennsylvania 
Avonun, NW, Washington, DC 20580, 
Copies also are available on the 
Comuninsion’s website at 
<www.lle.gov>. 
FOR FURTHER INFORMATION CONTACT: 
Robin Rasen Spector, Attorney, Federal 
‘Trade Commission, G00 Pennsylvania 
Avenue, NW, Washington, DC 20540, 
(202) 926-1740, <jewelry@flc.gav>. 
SUPPLEMENTARY INFORMATION: 


1, Latroduction 


The Commission announons that it is 
revising §§ 21.14 and 23.22 of its Guides 
far the Jewolry, Precious Metals, and 
Powler Industries, 16 CFR Part 23 
(Jewelry Guides or Guides), The jewelry 
Guides address claims made about 
precious metals, diamonds, gemstones 
and pearl products.! The Guides explain 
how to describe these products 
truthfully and non-dece ptively and how 
to avoid unfair or deceptive pretions. 
Sections 23.1.) and 23.22 of the Guides 
address the disclosure of certain 
treatments to diamonds and other 
gemstones that are performed to 
improve thoir beauty or dumbility, 
Some trealments are nol permanent 
because thoir offects fade over time. For 


‘The Comm taton termes tnd intry gu kos ter 
provide guidance fer the public te Contors: with 
Koga! roqqulromorts, industry guites ate 
aden ntstralt ve [nites pretatians ofthe taws the 
Crnmiastua sdn infers, trdestry guides explain 
home to demrite peutcts truth ty and non 
Qcopitrely and tues ity practices tho Commiseten 
considers untalt ce dooupltve 
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example, gemstones some imes are 
treated with a colorless off that 
improves the color of the stone and 
hele to mask certain imperfections, 
Other treated gemstanas require special 
care to retain the bonolit of the 
treatment, For example, a stone that is 
fincture-filled lic, injected with plastic 
of glass to hide cmeks and improve ils 
nppoamnco) cannot be cleaned with 
certain types of jowelry cleaners. 
because the cleaner could adversely 
affect the treat mont In addition, re- 
culling or re-setling a frocture-filled 
stone could damage the treat mont? 
Othor gemstone | walrents are 
permanent and do not create special 
caro requiromonts, but the trented 
gemstone is not as valuahle asa similar 
untrealed stone, 

On June 8, 1999, the Conuniasion 
solicited comment ona proposal to 
revise § 23.1. of the Guides to require 
disclosure of laserdiilling af 
diamonds.? The Commission also 
solicited comment on a proposal to 
revise § 23.22 of the Guides, which 
addresses othor gemstone Lreatments, to 
provide for the disclosure of treatments 
similar to laserdrilling—those that are 
permanent and do nol create special 
care requiromonts for the stonn, but 
significantly affeet the value of the 
stone. The Gormmission meeived 40 
comments* Afler reviewing thas 
comments, the Commission has decided 
to revise the Guides to provide for 
disclosure of permanent gemstone 
treatments thal significantly affect the 
valucof the gemstone, such as laser 
drilling, 


TL. Background 


On Decombor 9, 1998, two jpwelry 
trade associations, the fowelor 
Vigilance Gornmittes (VC), a trade 
associolion promoting ethical jewelry 
soles practions, and the Diamond 
Manuliscturers and Importers 
Association of America (DMIA), jointly 
petitioned the Commission to revise 


*The Amatican Gen Trade Asnctation (ACTA) 
podiithas a ramus! that contains acon prehensive 
litting of gemstone treatments and tnfermatton 
reyptding the parmancnos of the treatment and 
spect! cate roqatruments. AGTA-2 (022A) 

+64 PR IOME June 8, 195, 

*in ihe rcena Inder of ils FIN, tho ceminorts ape 
cited ty by an abbrorltion o€ the comment mame 
aed the Commont ouster. Attached to Unts FRN as 
Appereitx A ta ist of the comment nama, 
abtevstation ind oon nen! number wat to kdentity 
each commenter, The communts numbered } to 21 
Wate rece red In respoms to the Comumtesioes that 
Foqoest fer communt dated fens #, 1900, 6s FR 
0449. The comments numberxt 1A to JZA were 
rocetved after tty Cuenenisstcn extended tthe 
deadline to wihinlt comments. Gt FRITS) fudy 9, 
1999), Turco commmunts wute submitted twice, by 
US mal) and by eketmnle mil, Those connants 
ate listed once abd aru ruhered to tn thts FEN by 
the susiber of the comment that wan recetved firs. 


§ 23.13 of the Jewelry Guides to add 
laser drilling to the list of diamond 
treatmonts that should be discl osed.* 
Lasor drilling involves dired ing a Inver 
ain at an inclusion and forcing acid 
through the resulting tunnel, thereby 
removing the inclusion or rendering il 
invisible to the naked eye. ‘Thus, the 
dinuond's appoamnos is improved. 

In 4 1996 review of the Guides, the 
Commission determined, bewed on the 
record before it, that the fnilure ta 
disclose laser-drilling was not unfair or 
deooptive. The evidence prosonted in 
the comments to the Comrnission 
indicated that laser-drilling of diamonds 
was "a common practice and nol an 
extraordinary process.” © Moreover, the 
evidence demonstrated that, while laser- 
drilling produces a» small surface 
opening on a diamond, “tho im)prity of 
diamonds sold in the U.S. have similar 
surface itmporfoctions.”’? Surlace 
imperfections are to be expected in 
diamonds. except in diamonds 
described as flavdess, ‘The record also 
reflected that disclosing laserdrilling in 
each advertisement of promotional 
description could be costly and the 
additional advertising costs could be 

massed on to consumers in the form of 
Fighor prices* At that time, there was 
a conflict in the industry regarding the 
need for and the appropriateness of 
disclosurs "Therefore. the Commission 
decided not to amend § 23,13 of the 
Guides to require disclosure 

The JVC potition asks the Commission 
to reconsider its decision based on the 
following factors: (1) There is now 
widespread industry support for 
disclosure: (2) the amendment would 
promote industry disclosure and self 
regulation: (3) disclosure would impose 
fay coms on retailers, and therefore, na 
increased costs to consumers; (4) 
tochnalogical advances make it 
increasingly difficult for consumers to 
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The JVC, however, had also asked the FTC to 
reconsider the degree of disclosure required for gem 
treatments in general, although it also wanted an 
exemption absolving a jeweler of legal liability if he 
or she did not know, and should not reasonably 
have known, a gem was treated (Nestlebaum, 1998). 
The FTC agreed with the JVC’s first suggestion but 
rejected the second. It declined to include a knowl- 
edge requirement because it was concerned that it 
could provide cover for unscrupulous vendors, who 
might falsely profess that they were unaware of a 
treatment (FTC, 2000a). It asked the trade, essen- 
tially, to trust it: “The Commission’s ability and 
willingness to exercise prosecutorial discretion in 
such situations should alleviate retailers’ concerns 
that they unreasonably would be held accountable 
for others’ illegal conduct” (FTC, 2000a, p. 78742). 
The final rule required disclosure if the treatment 
had a significant effect on the gem’s value: 


It is unfair or deceptive to fail to disclose 
that a gemstone has been treated if: 

(a) The treatment is not permanent. The 
seller should disclose that the gemstone has 
been treated and that the treatment is or may 
not be permanent; 

(b) The treatment creates special care 
requirements for the gemstone. The seller 
should disclose that the gemstone has been 
treated and has special care requirements. It is 
also recommended that the seller disclose the 
special care requirements to the purchaser; 

(c) The treatment has a significant effect on 
the stone’s value. The seller should disclose 
that the gemstone has been treated. (FTC, 
2000a. p. 78743; 16 C.F.R. 23.22). 


Several comments—that of the AGTA, for one— 
objected to the limitation of “significant effect” (the 
AGTA, which had continued to lobby for full dis- 
closure, argued that all treatments are intended to 
have a significant effect on value). The FTC 
responded that it was necessary to establish a “prac- 
tical, common sense limitation on when disclosures 
should be made” (FTC, 2000a, p. 78741). 

The rules do not define what is meant by “signif- 
icant,” but the FTC’s comments in the official pub- 
lication of the changes do provide some guidance. 
“(Failure to disclose a gemstone treatment is decep- 
tive only if absent disclosure {italics added] con- 
sumers would falsely believe that the treated gem- 
stone is as valuable as a similar untreated gem- 
stone” (FTC, 2000a, p. 78741). Common sense 
would indicate that “significant” is intended to cre- 
ate an exception for treatments having a negligible 
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effect on value, but whether this exception truly 
exists is unclear based on further statements from 
the FTC: “If, in fact,” a footnote to the comments 
states, “all treatments have [a significant] effect on 
the value of gemstones, then all treatments will 
need to be disclosed” (FTC, 2000a, p. 78741). 

Subsequent FTC publications have not entirely 
cleared up the confusion. Its informal guide to jew- 
elry advertising explains “significant” this way: 
“Consider whether the treatment makes the prod- 
uct less valuable than if it contained an untreated 
stone. Think about value from the customer’s per- 
spective and ask yourself how your customer would 
react if he learns about the treatment after leaving 
the store” (FTC, 2001, p. 3). 

The comments in the December 2000 Federal 
Register also contain what amounts to a fairly 
important limitation on the scope of the required 
disclosure. They state that the FTC is “aware” of 
several methods of general disclosure, such as 
counter placards directing customers to “ask a 
salesperson for more information,” pamphlets sum- 
marizing gem treatment information, and Internet 
hyperlinks to Web pages containing “more informa- 
tion about gemstone treatments” (FTC, 2000a, pp. 
78742-78743). Such disclosure methods, the com- 
ments say, “comply with the Jewelry Guides and 
can be used to disclose gemstone treatments that 
significantly affect the value of gemstones” (FTC, 
2000a, p. 78743; however, see FTC, 2000b, for more 
specific guidance on Internet disclosure). Based on 
these comments, it is not clear—except for imper- 
manent treatments and those having special care 
requirements—that the Guides require direct, point- 
of-sale disclosures about specific stones without cus- 
tomer inquiries. (However, other state and local reg- 
ulations may have more stringent requirements, as 
discussed in the section on civil fraud, below.) 


HOW THE FTC ENFORCES THE GUIDES 


The FTC is empowered to issue rules on its own 
initiative, but it has also done so in response to peti- 
tions by industry and consumer groups. The FTC is 
required to issue advance notice of any proposed 
rules, and to allow a period for public comment and 
sometimes a public hearing. Over the years, the 
FTC has promulgated several dozen formal sets of 
rules defining unfair trade practices in various 
industries and situations (see Code of Federal 
Regulations, Title 16, for a full list). 

One of the most common questions regarding 
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FTC tules is “Are they the law?” (see, e.g., Retailers 
Legal Handbook, 2002). The answer, despite some 
contrary statements in the trade press (see Beard, 
2001), is indeed, “Yes.” 

The confusion on this point most likely stems 
from the fact that FTC rules are found not in the 
United States Code but in the Code of Federal 
Regulations. The distinction is essentially the same 
as that between a criminal prosecution and a civil 
lawsuit: It is the mechanism of enforcement that 
differs, not the enforceability. The FTC Act—which 
is part of the U.S. Code—declares that “unfair or 
deceptive acts or practices in or affecting com- 
merce” are unlawful [U.S.C., title 15, section 
45(a)(1)], and it is the FTC that has the authority to 
define what those unlawful practices are. Since the 
U.S. Supreme Court has held that the FTC’s judg- 
ment “is to be given great weight by reviewing 
courts” (FTC v. Colgate-Palmolive Co., 1964; see 
the GG Data Depository for descriptions of this 
and other cases cited in this article), one cannot dis- 
miss FTC rules as mere “suggestions” or unin- 
formed opinion that can be freely ignored. 

When the FTC becomes aware of an unfair trade 
practice, it will typically approach the offending 
party informally and seek a consent agreement to 
end the behavior at issue (see FTC, 2002; U.S.C. 
title 15, section 45-49, information in this section 
is drawn from these sources). Most actions begin 
and end with such an agreement. If a consent agree- 
ment cannot be reached, the FTC can serve an 
administrative complaint. Such complaints are 
handled much like civil lawsuits, although they are 
heard in a special court before an administrative 
law judge, and differ from a full-blown court case in 
that they tend to be much simpler and faster. If the 
administrative law judge finds a violation, he or she 
may issue a cease and desist order against the 
offending party. This order can be appealed to the 
local circuit court of appeals and from there to the 
U.S. Supreme Court. If not appealed, or if appealed 
and upheld, the order binds the offending party to 
cease the unfair trade practice at issue. Violating the 
order can result in further court action, injunctions 
against the practice, and monetary damages. 

In cases of serious and/or ongoing unfair trade 
practices, the FTC may bypass the administrative 
action altogether and go directly to federal district 
court to seek an injunction or damages. If the court 
agrees with the FTC, each violation of an FTC rule 
can result in a penalty of up to $11,000. 

In practice, at least with respect to the gem and 
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jewelry industry, the vast majority of infractions are 
handled administratively, and the FTC also common- 
ly refers complaints to the JVC for informal resolution 
(C. Gardner, pers. comm., 2004). Formal litigation to 
enforce the Guides appears to be so rare that—as of 
late 2003—the author was able to find only one pub- 
lished! federal case interpreting them (see Manning 
International v. Home Shopping Network, 2001, 
available in the G#G Data Depository), and even that 
case was not an FTC enforcement action. Whether 
this is because the industry adheres closely to the 
Guides, because the FTC enforces them only sporadi- 
cally, or because enforcement targets readily enter 
consent agreements to avoid bad publicity, is not easy 
to determine—in large part because many infractions 
are handled confidentially (FTC, 2002; C. Gardner, 
pers. comm., 2003). 

Public statements from the FTC indicate that the 
last possibility—the aversion to bad publicity—may 
be the best explanation (see Beard, 2001). Given the 
importance of a good reputation in the gem and jew- 
elry trade, this is not hard to understand. It is worth 
pointing out as well that, even if the complaint is 
handled confidentially, an FTC investigation can be 
an enormous distraction to an ongoing business. The 
FTC is empowered to subpoena business records, 
physically search both home and store premises, and 
compel testimony from owners, employees, and cus- 
tomers (FTC, 2002). Given that the FTC uses the 
Guides to decide whether to bring such an action, 
the best practice is to treat them with the healthy 
respect they deserve. 


STATE REGULATION OF 
UNFAIR TRADE PRACTICES 


The FTC is not the only agency with which gem 
and jewelry vendors must concern themselves. All 
USS. states and the District of Columbia have some 
form of legislation governing unfair trade practices, 
and these rules typically carry the full force of law. 
The worst the FTC can do to an unscrupulous ven- 
dor is level a heavy fine; a number of these state 
laws can send the same offender to jail. 


1A “published” case is one appearing in the official records of federal 
court decisions, in this case the Federal Supplement. Not all court 
decisions are published. Only those that the federal courts believe to 
have good precedential value appear in the reports; this includes all 
Supreme Court cases and most cases from the circuit courts of appeal, 
but only isolated cases and rulings at the trial court level (as was the 
ruling in Manning International). 
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The structure, scope, and enforcement methods, 
as might be expected, vary widely from state to 
state. Twelve states have adopted a model set of 
rules known as the Uniform Deceptive Trade 
Practices Act (UDTPA), and a number of others 
have patterned their laws after it to some extent. 
Some states restrict enforcement to state or local 
prosecutors, but most (e.g., New York, Texas, 
California, and those following the UDTPA) allow 
private suits by individuals who can prove injury 
from an unfair trade practice (for one recent exam- 
ple, see Sanfield v. Finlay Fine Jewelry, 1999, note 
also that California does not currently require proof 
of injury, although the state legislature is consider- 
ing a change to this provision). 

Some states specifically define prohibited acts, 
sometimes in voluminous detail (e.g., California, 
whose definitions are spread across thousands of 
code sections). Others (e.g., Florida, Massachusetts, 
and South Carolina) simply direct the state courts 
to follow FTC interpretations, which means that 
the 2001 disclosure rules in the Guides are enforce- 
able as state law in those jurisdictions. In New 
York, by contrast, the FTC Guides are used as a 
ceiling—compliance with them is a complete 
defense to any action for deceptive trade practices 
(New York General Business Law section 349d). 

Members of the trade who violate these laws can 
and have faced criminal charges (see, e.g., Everhart, 
1993c}. In practice, however, because of the special- 
ized nature of the industry and the complicated 
gemological issues that often are involved, such 
prosecutions tend to be difficult, complicated, and 
relatively rare. 

A few statutory examples are worth exploring. In 
states having adopted the UDTPA, “a person 
engages in a deceptive trade practice when, in the 
course of his business, vocation, or occupation, he .. . 
represents that goods or services are of a particular 
standard, quality, or grade, or that goods are of a par- 
ticular style or model, if they are of another” (1966, 
section 2[a]). This is potentially broad enough to 
encompass the sale of treated gem materials with- 
out disclosure, especially with treatments such as 
dyeing and diffusion that involve the introduction 
of foreign substances or otherwise greatly alter the 
nature of the gem material. North Carolina, by con- 
trast, has a much more specific prohibition: 


It is an unfair trade practice for any member of 
the diamond industry ... [t]o use, or cause or 
promote the use of, any trade promotional liter- 
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ature, advertising matter, guarantee, warranty, 
mark, brand, label, trade name, picture, design 
or device, designation, or other type of oral or 
written representation, however disseminated 
or published, which has the capacity and ten- 
dency or effect of misleading or deceiving pur- 
chasers or prospective purchasers with respect 
to the type, kind, grade, quality, color, cut, 
quantity, size, weight, nature, substance, dura- 
bility, serviceability, origin, preparation, produc- 
tion, manufacture, distribution, or customary or 
regular price, of any diamond or other product 
of the industry [italics added], or which has the 
capacity and tendency or effect of misleading or 
deceiving the purchasing or consuming public 
in any other material respect. (North Carolina 
General Statutes section 66-74[1]) 


This is a regulation that, in the author’s view, 
calls for full good-faith disclosure of any treatments, 
especially given that violation is a class 1 misde- 
meanor punishable by up to 45 days in jail (see North 
Carolina General Statutes section 15A-1340.23). 

Two states also have laws that specifically govern 
elements of gem treatment disclosure: New York pro- 
hibits the sale of artificially colored diamonds with- 
out disclosing their treated nature (see New York 
General Business Law section 229-j), while Arkansas 
requires full disclosure of any clarity-enhanced 
diamonds (see Arkansas Code section 4-101-201). 

A list of specific statutes governing unfair trade 
practices for the 50 states and the District of 


Colombia is available in the Gems #) Gemology 


Data Depository. 


DISCLOSURE AND CIVIL FRAUD 


A vendor's disclosure obligations, however, do not 
end with state unfair trade practice regulations and 
the FTC Guides. One fundamental problem is not, 
as is often supposed, confusion over whether the 
Guides are enforceable or constitute the law, as dis- 
cussed above. The more important question—and 
one that is almost never asked—is whether strict 
compliance with the FTC Guides is enough to fully 
insulate a vendor against legal action for insufficient 
disclosure. The answer to this question is, in fact, 
no. As discussed below, a vendor can follow the let- 
ter of the Guides and still be sued for fraud by an 
aggrieved buyer—and lose. 

Nor do the Guides cover every conceivable sale 
that may take place in a jewelry store or between a 
gem dealer and a buyer. For example, it is not clear 
that the Guides cover sales of mineral specimens 
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Figure 8. Not all transactions in the gem trade are 
necessarily subject to the FTC Guides. The official 
definition of “gem” probably excludes common gem 
rough, such as these emerald crystals from the 
Santa Terezinha mine in Brazil, even though this 
material may be treated in its rough form. Improper 
disclosure may still be actionable under state fraud 
legislation, however. GIA Collection no. 14075; 
photo by Maha Tannous. 


and rough gem material, since the definition of gem 
in section 23.25 is limited to products possessing 
the “beauty, symmetry, rarity, and value necessary 
for qualification as a gem.” Though somewhat cir- 
cular, the intent of this definition is made clear in 
the commentary: “Not all diamonds or natural 
stones, including those classified as precious stones, 
possess the necessary qualifications to be properly 
termed ‘gems’” (e.g., figure 8). Thus, one could fail 
to disclose treatment of certain gem rough and not 
run afoul of the Guides. It is equally arguable, how- 
ever, that such actions would be fraudulent. 

Fraud is typically a matter of state law; federal 
jurisdiction exists only when the act occurs in inter- 
state commerce, when some federal entity is 
involved, or if a particular federal law is implicated. 
As with deceptive trade practices, the precise legal 
definition varies from state to state, but there are 
some generally accepted principles that can be 
examined here. 

The traditional concept of fraud encompasses a 
number of different torts (tort is the legal term for a 
wrongful act creating civil liability for damages, and 
not all conceivably “wrongful” acts are torts; the 
act must be one for which the court system has rec- 
ognized a remedy; Black, 1968). One of these is 
fraud by nondisclosure, the classic elements of 
which are (a) failing to disclose a fact (b) that one 
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knows may justifiably induce another to enter or 
refrain from entering a business transaction (c) 
where there exists a duty to disclose before the 
transaction is consummated (American Law 
Institute, 1977; information in this section is drawn 
from that source unless otherwise noted). 


Failing to Disclose. Straightforwardly enough, this 
means failing to communicate or otherwise make 
known the relevant facts, in a manner that they can 
be understood by the other party. This failure, of 
course, must be knowing—it is not fraudulent for a 
vendor to fail to disclose facts of which he or she is 
unaware. (Note that this is in contrast to the standard 
under the FTC Guides, which, as discussed above, 
does not include an exemption for a lack of knowl- 
edge. Note also that a lack of knowledge and proof of 
a lack of knowledge are two very different things, so 
while it may be a defense to fraud, it is a risky one.} 


Justifiable Inducement. How does a vendor know 
whether the fact of treatment would cause a buyer to 
enter or refrain from entering the transaction? This is 
easy if it is the vendor’s standard practice to discuss 
treatments when a buyer is considering a purchase; it 
is more difficult if the vendor relies on the sort of 
generic disclosures sanctioned by the FTC, or worse, 
is gambling on making as little disclosure as possible. 
It is, however, reasonable to assume that treatment is 
a matter of concern for many buyers, and it is certain- 
ly reasonable for a buyer to consider the fact of treat- 
ment in weighing a purchase. While it may be true 
that many retail customers do not care much about 
gem treatment, and that a vendor might come to 
believe that the fact of treatment does not enter into 
their purchase decisions, in practice testimony to 
that effect in a suit for nondisclosure would likely be 
viewed as highly self-serving by the court and jury. 
Since it is rarely the average buyer who files a law- 
suit, basing disclosure decisions on what the average 
customer may believe is inadvisable. 


A Duty to Disclose: Five Basic Rules. The ancient 
rule of caveat emptor—let the buyer beware—has 
not yet been consigned to the dustbin of legal histo- 
ry, but it has long been circumscribed by the under- 
standing that there is a difference between placing 
responsibility on the buyer for what he buys and 
allowing the vendor to use superior knowledge to 
defraud, that is, to sell the buyer something sub- 
stantially less than what he reasonably expects to 
get (Black, 1968). The precise existence of a duty to 
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disclose material facts to a transaction is the subject 
of centuries of litigation, but several basic rules are 
recognized by legal authorities. The first four are rel- 
atively straightforward, the fifth can be quite tricky. 
Note that in all cases, the duty must exist before 
the transaction is consummated; once the deal is 
closed, any further developments are irrelevant to 
the question of whether fraud has been committed. 


1. A duty may exist because of a fiduciary or other 
similar relationship of trust and confidence 
between the parties. 


A fiduciary relationship is one where the law 
recognizes a greater level of responsibility, such as 
that between a trustee and a beneficiary, a bank and 
its depositors, and the like. It does not exist in the 
average vendor-buyer relationship. However, where 
the parties have known and dealt with each other 
for long periods, they may have developed a rela- 
tionship of special trust and confidence if they have 
come to rely on each other's integrity and honesty 
as part of doing business. Such a state of affairs is 
hardly unknown in the gem and jewelry trade. This 
is a highly fact-specific element, and disputes are 
typically resolved on a case-by-case basis. 


2. A duty may be created by partial or ambiguous 
statements that require the full truth to make 
the matter clear. 


This rule recognizes the reasonable proposition 
that when vendors make factual representations 
about their products, they cannot give only half the 
truth; they must disclose as much information as is 
necessary to prevent their representations from being 
misleading (see, e.g., Baskin v. Hawley, 1986). For 
example, were a vendor to extol the quality of color 
in an orange sapphire (figure 9), he or she would be 
creating a duty to disclose that the color resulted 
from beryllium diffusion, if that was the case. 


3. A duty may arise through subsequently 
acquired information showing previous state- 
ments to be false, though they were believed to 
be true when made. 


This means that a vendor cannot take advantage 
of his own mistakes. Suppose a vendor were to offer 
a diamond in good faith as untreated, only to discov- 
er later—but before closing the sale—that it had 
been subjected to HPHT treatment to change the 
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color. In that case, a duty arises to correct the earlier, 
erroneous statement. Such a discovery that occurs 
after the sale normally incurs no liability, provided 
there was a genuine lack of knowledge at the point 
of sale—something that does not include mere 
inventory mistakes or misreading of product tags. 


4. A duty may arise where false statements have 
been made without expectation that they would 
be acted on, if in fact they are subsequently 
relied on. 


This situation is not likely to arise often, but 
suppose a vendor, without meaning to be taken seri- 
ously, declares that all his gems are untreated when 
this is not the case. Should he be approached by a 
customer in response to this statement, the vendor 
must correct any misconceptions. 


5. A duty to disclose “facts basic to the transac- 
tion” may arise if one party knows the other is 
operating under a mistake as to them and 
would reasonably expect disclosure because of 
their relationship, the customs of the trade, or 
some other objective circumstances. 


It is this situation that is most likely to occur in 
the average retail transaction. At the outset, it must 
be recognized that possessing superior knowledge of 
one’s products and superior business training does 
not create any sort of duty to equalize the buyer's 
bargaining position; such imbalances are nothing 
more than life in a free-market economy. At the 
same time, the law has increasingly frowned on 
attempts to take advantage of the other party’s igno- 
rance (see, e.g., American Law Institute, 1977; Brass 
v. American Film Technologies, 1993). 

A “fact basic to the transaction” is not merely 
one that may be relevant to it; it must be a funda- 
mental and important part of what is being bar- 
gained for. Whether that includes a gem treatment 
surely depends on the circumstances. Between trade 
professionals, any fact of treatment will almost 
always be basic to the transaction. At the retail 
level, many in the industry believe that consumers 
are unconcerned with treatment disclosure (Genis, 
1998), if such was indeed the case, treatment of a 
gem would not be a basic fact. However, as a practi- 
cal matter, any buyer aggrieved enough to file a law- 
suit is surely going to allege that he or she consid- 
ered treatment a basic element of the gem, and such 
an allegation could be very hard to rebut. 
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Figure 9. Under common-law fraud, statements regard- 
ing the quality of color in a gemstone during a sales 
transaction probably create a duty to disclose treat- 
ments that are responsible for creating or improving the 
color, such as with these sapphires, which are colored 
by beryllium diffusion. Photo by Maha Tannous. 


Knowing whether a customer is operating under 
a mistake as to facts basic to the transaction can be 
very difficult, especially if it is not common practice 
to discuss treatments. While one might be tempted 
to avoid the entire issue in hopes of maintaining 
one’s ignorance as to a customer’s assumptions, 
remember that in the event of a lawsuit, every deci- 
sion and action will be reviewed with perfect hind- 
sight (see, e.g., Everhart, 1988). Courts in general, 
and juries in particular, tend to take a dim view of 
“policies of silence,” especially when that silence is 
intended to create a business advantage or preserve 
a customer’s ignorance. 

An expectation of disclosure on the part of the 
buyer must be objectively reasonable. In a general 
sense, the reasonableness of such an expectation 
can be somewhat nebulous and difficult to estab- 
lish. However, in light of the most recent amend- 
ments to the FTC Guides and the widespread indus- 
try attention to the issue of full disclosure—as such 
becomes the “custom of the trade’”—it has now 
become more than reasonable for a customer to 
expect full disclosure of gem treatments. 

A final question the court will look at is whether 
the undisclosed facts could be discovered by ordi- 
nary investigation; this is where the old principle of 
caveat emptor still comes into play. In a transaction 
where the customer could correct his own mistake 
and obviate disclosure by his own investigation, dis- 
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Box A: SOME HYPOTHETICAL SCENARIOS OF FRAUD 


The laws governing fraud can be better understood 
by reviewing a few hypothetical situations. The read- 
er should keep in mind that the discussions are con- 
fined to the specific question of liability for fraud, not 
general moral obligations, state laws, or the FTC 
Guides (although most, if not all, of the situations 
described here would indeed violate the Guides). 
They are also mainly the author’s opinions and 
should not be taken as the final word on the subject. 


1. A gem dealer offers a parcel of heat-treated 
sapphires to a retail jeweler. The two have never 
done business before, and the gem dealer is under 
the mistaken impression that the jeweler is an expe- 
rienced gemologist who is capable of recognizing 
heat treatment when she sees it. The dealer does not 
disclose the treatment. The jeweler, believing the 
sapphires to be unheated but saying nothing, pur- 
chases them after an inspection. The gem dealer is 
not liable to the jeweler because he is unaware of the 
jeweler’s assumption. (See Rule 1 in “A Duty to 
Disclose” in the main text.) 


Figure A-1, The 
pieces in this collec- 
tion of jadeite carv- 
ings owe their color 
to dye. Failure to 
disclose the dye 
could be fraudulent. 
Courtesy of John Ng; 
photo by Robert 
Weldon. 


closure may not be necessary. However, since the 
buyer is not required to have professional expertise 
or undertake extraordinary steps to discover undis- 
closed facts, this element favors the vendor mostly 
in transactions between experienced merchants, 
and less so in those between a retailer and the aver- 
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2. Same scenario as 1, except the jeweler and gem 
dealer have done business for over 10 years, the jew- 
eler has come to rely on the gem dealer’s honesty and 
integrity, and she has previously told him she 
intends to sell only unheated sapphires in her store. 
The gem dealer is liable to the jeweler, as he knows 
she cares about heat treatment and she is relying on a 
relationship of trust and confidence. (See Rules 1 and 
5), 


3. A retail jeweler sells a variety of jade jewelry 
in her store, all of which is dyed (see, e.g., figure A- 
1). A customer asks if all her jade is “natural.” She 
replies that she sells no synthetic stones in her store. 
The customer replies “That’s good, because I’ve 
heard about all the things they’re doing to jade these 
days, and I only want the natural stuff.” The jeweler 
says nothing, and the customer buys a jade ring. The 
jeweler is liable to the customer because she failed 
to correct the misconception created by her earlier 
statement (even though what she said was the 
truth). (See Rules 2 and 3.) 


age customer, especially given the sophisticated 
nature of modern gem treatments and the increas- 
ing difficulty of detection. 

Should the reader find all this theory flying too 
far overhead, Box A provides some examples that 
apply these rules to hypothetical situations. 
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Diamonds... 


his own with his waistband under which, 
in the presence of many other merchants 
who occupy themselves sometimes in the 
same manner, the sale is completed 
secretly without anyone having cognizance 
of. it.’ The silent code depends on 
whether the whole hand, a finger, or a 
mere joint is covered, each having its 
numerical value. 

A century later, when the Brazilian 
mines were discovered, European diamond 
merchants had adequate stocks of Indian 
diamonds. They, therefore, stated that 
the Brazilion stones were not diamonds, 
or if so, of an inferior quality. The 
Portugese, however, had an Indian colony 
at Goa. The stones were shipped there, 
transshipped to Europe, and brought top 
prices as Indian stones. 

The magical powers ascribed to gems 
are intriguing. Regarding the diamond, 
let us quote that worthy, Camilius 
Leonardus, doctor of medicine and pro- 
tege of Caesar Borgia, who wrote in 
1502: “The Virtue of all these Species 
(of Diamonds, SHB) is to repel Poison 
though ever so deadly: is a defense 
against the Arts of Sorcery; disperses 
vain Fears; enables to quell all Quarrels 
and Contentions; is a Help to Lunaticks 
and such as are possessed with the Devil; 
being bound to the left Arm it gives 
Victory “over Enemies; it tames wild 
Beasts; it’hélps; those who are troubled 
with Phantasies; and the Night-Mare; 
and makes him that wears it bold and 
daring in his Transactions.” 

Notwithstanding the gem’s rumored 
power against poison, diamond powder 
administered. internally .has long been 
supposed in certain quarters to be a 
deadly poison. One of Cellini’s most 
amusing tales is of an attempt upon his 
life by this method by his rivals. His 
miraculous escape was due to the cupidity 
of the lapidary to whom_ the task of 
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grinding the amon was assigned. He, 
being in financial straits, pocketed the 
diamond and substituted a softer and 
cheaper stone. 


Collections... ; 
(Continued from page 15) 
stone. Flute players liked to flaunt their 
gemstones in rings, which showed to 
advantage on these instruments, and there 
was rivalry about these rings among the 
flutists themselves. The story of the 
Senator Nonius, exiled from Rome be- 
cause of his refusal to part with a partic- 
ular gemstone to Mark Antony, is well 
known. The Emperor Commodus (161- 
192 A.D.), a son of Marcus Aurelius, 
was also a collector of some note and 
owned a beautiful aquamarine engraved 
with a figure of Hercules. (A statue of 
Commodus, unearthed in Rome during 
1874, represents him as Hercules.) 

In the early days of the Renaissance 
one or two collectors emerge. The French 
Valois, for instance, were quite famous 
collectors. In those times the court moved 
around with an entourage that included 
jewelers and gemstone engravers. So 
presumably these collections took on a 
professional character. A famous col- 
lector also was: Pope Julius II (1443- 
1513), who-laid the foundation stone of 
St. Peter’s. As a patron of the arts and 
literature he founded the Vatican Mu- 
seum. His gemstone collection included 
the very pale yellow Florentine brilliant; 
an aquamarine, 2 1/16 inches in length, 
which he wore in his tiara; and a beauti- 
ful emerald engraved with his name. 

The Spanish Cortez can hardly go 
down as a collector, despite five cases 
of emeralds he shipped to Spain, and 
reputedly lost at sea, or the further 
consignment sent his fiancee, some of 
which later turned up in Paris for sale. 
But it does establish magnificent collec- 
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Retail Price 


¥ Our Low Price 


Item#: GRTDEAL 
Shipping Weight: 0.1 Lbs 


stylish si ing of 14 karat gold 
for that special occasion 


Figure A-2. Internet vendors of gems and jewelry 
must take care to ensure that their product disclo- 
sures are not impaired by poor Web design. This 
example from the FTC’s guidebook “Dot Com 
Disclosures” illustrates potential problems. Here, 
the hyperlink for “more details” is insufficient to 
disclose that the “3/4 ct” weight is actually a range, 
because of the importance of this information to 
the potential buyer. 


4. Same scenario as 3, except the customer 
instead volunteers that he is “looking for a bargain” 
and doesn’t care about any treatments. The jeweler is 
not liable to the customer because treatment is not a 
fact that would induce him either to enter or not 
enter the transaction. 


5. Same scenario as 3, except the customer says 
nothing about treatment and simply buys the ring 
after a brief inspection. However, he has been 
referred to the jeweler by a mutual friend who prais- 
es her honesty and integrity. The jeweler, through 
this friend, is aware of the nature of the referral and 
that the customer is looking for untreated jade. The 
jeweler is liable to the customer because treatment 


CASE STUDIES ON DISCLOSURE 


The brief capsules that follow here are meant as 
illustrations of the potential pitfalls of inattention 
to proper disclosure, not as judgments on the 
actions of the participants. In all cases, the descrip- 
tions are based on reports in the public record. 
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is a fact basic to the transaction, the jeweler is aware 
of the customer’s mistaken assumption, and the cus- 
tomer can reasonably expect disclosure. (See Rule 5.) 


6. A retail jeweler who has heard about the new 
FTC Guides prepares a brief brochure explaining 
common gem treatments and places a stack of these 
brochures next to a potted plant in the back corner 
of his rather large store. Believing he has complied 
with the Guides, the jeweler does nothing more. A 
customer enters and begins inspecting the jeweler’s 
selection of rubies, all of which have been heat treat- 
ed. During her inspection, the customer remarks to 
the jeweler that she is looking for a “100% natural 
stone.” The jeweler says nothing, and the customer 
buys a ring. He is liable to the customer despite his 
brochures unless she has some reason to be aware of 
their existence. (Again, see Rule 5.) 


7. An Internet retailer sells a variety of jewelry 
and loose stones on his Web site. Each item has a 
separate page with multiple photographs and numer- 
ous pertinent facts such as carat weight, color, 
dimensions, clarity, and gem locality, along with a 
brief discussion of the item and its qualities. 
Treatments, if any, are not listed. Disclosure is limit- 
ed to a vague, general discussion (in which treatment 
information is mixed together with a great deal of 
other gem information) that can be reached only 
from a single hyperlink on the home page. A cus- 
tomer, visiting the site, assumes from the wealth of 
information on each item page that any treatments 
would be listed. She purchases an emerald ring under 
the erroneous belief that the emerald is untreated; in 
fact, it has been clarity enhanced with a resin filler. 
The Web site owner is liable to the customer 
because: (1) the individual descriptions are “partial 
statements” (see Rule 2) that need more information 
to be fully truthful (especially with an impermanent 
treatment that requires special care); (2) his arguable 
concealment of the treatment information in his 
ambiguous, difficult-to-find disclosure page indicates 
his awareness that the fact of treatment is something 
that might induce customers not to buy his products 
(see Rule 5); and (3) he has indeed “failed to disclose,” 
as his efforts fall well short of what is required by 
customs of the trade (see, e.g., FTC, 2000b; see also 
figure A-2). 


Kawin Chotin Jewelers, St. Louis, 1993. In the 
summer of 1993, Jody Davis, an investigative 
reporter at St. Louis, Missouri, television station 
KSDK, received two telephone calls a few weeks 
apart. Both were from consumers complaining that 
they had been sold fracture-filled diamonds (see, 
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Figure 10. Undisclosed sale of fracture-filled diamonds led to several industry scandals during the 1990s. As shown 
here (before filling, left; after filling, right), injection of a glass filler into a diamond’s cleavage cracks can produce dra- 
matic differences in apparent clarity. Photomicrographs by John I. Koivula; magnified 15x. 


e.g., figure 10) without having been told about the 
treatment, only to discover the truth when they 
had the diamonds appraised elsewhere. Both com- 
plaints concerned the same store: Kawin Chotin 
Jewelers (Bates 1993a; Everhart, 1993a). Mr. Davis 
filmed an exposé on the subject, which aired 
August 27. Other customers came forward, and 
Mr. Davis eventually broadcast four follow-up 
reports. It would come out that Kawin Chotin had 
apparently sold hundreds of filled diamonds with- 
out disclosure, and former employees even stated 
on camera that they were instructed not to tell 
customers about the treatment (Everhart, 1993a). 
The incident caused an explosion of press cover- 
age, both on television and in trade and consumer 
publications. The local jewelry industry was 
thrown into chaos for months afterward as pan- 
icked consumers rushed to have their diamonds 
checked for filler (Bates 1993b, 1994c; Everhart, 
1993b). The Missouri state attorney general fined 
Kawin Chotin $50,000 for violating the state 
deceptive trade practice laws, and co-owner Rick 
Chotin, trying to make good on his mistake, spent 
almost $1 million in an effort to refund his cus- 
tomers’ money or replace their diamonds 
(Everhart, 1993c; Bates, 1994a). The financial stress 
became so great that Kawin Chotin was forced to 
file for bankruptcy protection and, in early 1994, 
Rick Chotin committed suicide (Bates, 1994b,c). 
One interesting element of this unfortunate saga 
was that Kawin Chotin was arguably complying 
with the FTC Guides in force in 1993, which did 
not specifically require disclosure of “fracture fill- 
ing,” only that customers not be misled about the 
quality of the product. The only specific disclosure 
required by the 1957 Guides—then still in effect— 
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was of artificial coloring. In addition, from the 
reports in the trade press, it appears that customers 
were being charged fair prices for the filled dia- 
monds; they simply weren’t being told about the 
treatment. 

Whether or not it violated the Guides, this 
nondisclosure of fracture filling was a clear case of 
fraud. The angry reactions from Kawin Chotin cus- 
tomers leave little room for argument that the treat- 
ment was both an element on which they might 
have based their purchase decisions and a fact 
“basic to the transaction.” To the extent that 
Kawin Chotin made any representations about the 
clarity of their diamonds—say, in an appraisal con- 
current with the sale—that would have created a 
duty to disclose the treatment. Even absent that, 
Kawin Chotin clearly knew their customers had no 
knowledge of the filler, and the customs of the trade 
required disclosure, especially since they had a writ- 
ten agreement with their supplier, Diascience (now 
Yehuda Diamonds Co.}, to do just that (Bates, 
1993a). 


Diamonds International/Almod Diamonds, 1997. In 
November 1997, a woman from Long Island, New 
York, while on vacation with her family in Barbados, 
purchased an attractive round brilliant diamond 
from a store run by Diamonds International, a chain 
owned by Almod Diamonds of New York City 
(Parker, 1998a). The stone was reportedly a well-cut, 
good-looking 1.02 ct E-SI,, and the woman was ini- 
tially very happy with it. What she had not been 
told—since the FTC Guides did not require it at the 
time—was that the diamond had been laser drilled. 
On her return home, she had the diamond appraised 
for insurance purposes, and the appraiser immedi- 
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ately pointed out the laser drilling. Shocked and dis- 
illusioned, she began a three-month crusade to get 
her money back (Parker, 1998a). 

Almod’s initial response was that, while they 
were sorry for her disappointment, the Guides did 
not require disclosure of laser drilling, so they 
would not refund her money. Rather than accept 
that explanation, she responded with a telephone 
and letter campaign to convince Almod to change 
its mind. She contacted the JVC, the FTC, the New 
York Department of Consumer Affairs, the New 
York State Attorney General’s office, the local 
Better Business Bureau, the New York Consumer 
Protection Board, and trade publications such as 
Rapaport Diamond Report (Parker, 1998a). When 
the Department of Consumer Affairs contacted 
Almod in response to her complaints, the company 
finally gave in and refunded the money. 

This case is an excellent example of the risks in 
using the FTC Guides as a ceiling for one’s level of 
disclosure. According to published reports, Almod 
had actually been disclosing laser drilling prior to 
the 1996 revisions, but when the new rules were 
issued, they stopped requiring their salespeople to 
do so. The FTC in fact responded to the woman’s 
complaint with an opinion that Almod’s policy was 
not unfair or deceptive (Parker, 1998a). Thus, 
although Almod might have been safe from an FTC 
enforcement action, its unfortunate change in poli- 
cy resulted in months of public embarrassment and 
unwelcome attention from state regulators. 


Fred Ward and Blue Planet Gems, 1994-1999. This 
case between well-known gemologist and author 
Fred Ward and one of his customers is probably the 
most prominent lawsuit dealing with treatment dis- 
closure in the past few decades. Although the case 
also turned on complicated insurance coverage 
issues (discussed in more detail in Federman, 
1998b), for many in the industry it has come to 
symbolize the stakes involved in treatment disclo- 
sure. Many of the facts of this case are in dispute, 
but some elements are not. Mr. Ward sold a wed- 
ding ring set with a 3.65 ct Colombian emerald to a 
long-time friend in 1994 for $38,500 (Ward, 1997a,b; 
figure 11). The emerald had been examined by an 
independent appraiser, but was not sold with a 
report from a gemological laboratory. (Mr. Ward 
suggested getting one after the sale, but the cus- 
tomer declined.) However, Mr. Ward did provide her 
with a copy of his book on emeralds (Ward, 1993), 
which discusses emerald treatment extensively. 
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Figure 11. This ring, set with a 3.65 ct Colombian 
emerald, was at the center of a nearly five-year-long 
lawsuit over alleged nondisclosure of clarity enhance- 
ment. Photo © 1996 Fred Ward. 


Shortly afterwards, the customer struck the 
emerald on her kitchen counter, and a large fracture 
became apparent. The customer’s insurance compa- 
ny refused to replace the emerald, alleging that the 
fracture was pre-existing (but concealed by filler) 
and not the result of the impact—a question that 
became the central dispute in the case (Federman, 
1998b). The customer sued her insurance company 
and Mr. Ward. After several years of litigation, a 
jury found against Mr. Ward and awarded treble 
damages for fraud, with an additional $160,000 for 
the plaintiff’s attorney’s fees (Ward, 1997b). 

This verdict is troubling on a number of levels, 
not in the least because the customer testified 
repeatedly that Mr. Ward had in fact discussed 
(though not in writing) the clarity enhancement of 
emeralds during their negotiations, as well as his 
belief that this emerald had been subjected to light 
oiling (Federman, 1998b). The Guides in effect in 
1994 did not even require this much, so such a dis- 
cussion was certainly enough to satisfy the 1957 
rule on treatments. Compliance with the Guides, 
however, was not enough to keep Mr. Ward out of 
court. 

The definition of fraud by nondisclosure in the 
District of Colombia (where the trial took place) 
tracks the classic definition closely enough: There 
must be knowing nondisclosure of a material fact 
that should have been disclosed, as well as reliance 
on that nondisclosure (see Feltman v. Sarbov, 
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1976). The allegedly undisclosed material fact here 
was that the emerald contained a large fracture that 
was filled with an artificial resin such as Opticon. 
Given that the customer admitted being told about 
some level of clarity enhancement, the jury must 
have believed that Mr. Ward knew the emerald was 
filled with resin but chose only to disclose the use 
of oil. This is problematic given that, even as late 
as 1999 when the case finally ended, most experts 
felt that identifying emerald fillers was difficult and 
required sophisticated laboratory equipment (see, 
e.g., Johnson et al., 1999; McClure et al., 1999). 
Such logical inconsistencies in the verdict are like- 
ly why the judge threw out the treble damages dur- 
ing post-trial litigation (Ward, 1997b), and why Mr. 
Ward's law firm ultimately paid the remaining 
damages for him as part of a malpractice settle- 
ment. Testing conducted for his appeal (which was 
never filed) indicated that the emerald had been 
broken by the impact (F. Ward, pers. comm., 2004}, 
although this development could not undo nearly 
five years of difficult litigation and all its negative 
consequences. 


Methods that jewelers can use to protect them- 
selves from such personal and professional misfor- 
tunes will be discussed in the next section, and in 
Box B, which provides some practical guidance on 
disclosure for the retail jeweler. 


THE FUTURE OF DISCLOSURE, 
AND SOME SUGGESTIONS 


As should be clear by now, good intentions and 
minimal compliance with the Guides are not 
enough to protect a vendor from legal action. The 
author cannot stress too much that the legal frame- 
work for disclosure should be viewed as a mini- 
mum, one that is not necessarily adequate protec- 
tion in the event of a lawsuit. It takes only one 
unhappy buyer to file a complaint, and, no matter 
the outcome, it likely will result in an expensive 
defense and substantial bad publicity. 

It is important to remember that the rules dis- 
cussed in this article—FTC Guides, state laws, and 
civil fraud—do not exist in isolation. In a disclosure 
dispute that reaches the point of litigation, it is like- 
ly that all three will come into play. A buyer can 
file suit for both fraud and violation of a state unfair 
trade practice law. The Guides can be used as evi- 
dence of the customs of the trade, even if the FTC 
has no involvement in the case (this occurred in 
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both the Sanfield and Manning International cases 
cited above; see also Beard, 2001). Both unfair trade 
practice laws and the Guides can be used to estab- 
lish that a buyer has a reasonable expectation of dis- 
closure in a suit for fraud. Taken together, this over- 
lapping set of regulations leaves very little room for 
vendors who are looking for ways to avoid making 
full disclosure. 

And what of those vendors who practice full 
disclosure in their sales presentations? While it 
should be standard procedure to discuss all treat- 
ments in a positive way with every buyer, this 
alone is not enough. Without physical evidence of 
disclosure, a court—and jury—are reduced to 
weighing competing testimony. Furthermore, in 
any suit where there are significant technical 
issues to resolve, as would be the case in a disclo- 
sure dispute, the litigation frequently becomes a 
“battle of the experts”—a battle in which expert 
witnesses often deliver diametrically opposed 
opinions to the jury. This is one of the things that 
occurred in the Ward emerald trial described 
above, and the outcome of such a case can be high- 
ly unpredictable. 

It has been the author’s experience, as a practic- 
ing attorney, that lawsuits thrive on paperwork. 
The more pre-litigation documents a vendor has to 
support his or her good-faith efforts at full disclo- 
sure, the better. The vendor who has no such evi- 
dence of disclosure runs the risk that the jurors 
will be more inclined to identify with the 
agerieved consumer, regardless of what actually 
happened. 

At a bare minimum, all necessary disclosure 
information should be printed on the invoice 
and/or receipt for the gem or item of jewelry and 
explained at the point of sale. 

The use of independent appraisals, independent 
laboratory reports, and photomicrographs can also 
be helpful, to the extent warranted by the value of 
the stone. Any additional paperwork or other evi- 
dence documenting the state of the gem should be 
physically attached (e.g., by stapling) to the invoice 
and/or receipt such that post-sale removal will leave 
detectable traces. Obviously, the vendor should 
retain copies of all these documents in a secure 
location, preferably off-site. 

For Internet sales, disclosure information 
should be included in any receipt provided with 
the transaction, whether e-mailed or generated on- 
screen for printing. All such transactions should be 
logged, Internet protocol (IP) addresses recorded, 
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and the records preserved for at least several years, 
both digitally and as off-site hard copies. Separate 
“gem treatment information” Web pages should 
be simple, straightforward, and uncluttered with 
extraneous information. They should not require 
any great effort to find, nor should they be the only 
means of disclosure. The best practice is to 
describe treatments clearly and list them as 
prominently as carat weight, clarity, and similar 
information, preferably hyperlinking any treat- 


Gemstone Enhancement Codes* 


N = NOT ENHANCED 

E = ROUTINELY ENHANCED" 
B = BLEACHING 

C = COATING 

D=DYEING 


F = FILLING 

H = HEATING 

HP = HEAT & PRESSURE 
| = IMPREGNATING 
L=LASERING 


O = OILING / RESIN 
R = IRRADIATION 
U = DIFFUSION 
W = WAXING/OILING 
IN OPAQUE STONES 


* Codes must appear in a column next to all gemstone descriptions, with a noticeable 
reference or label, at the bottom or back of invoices and memorandums. Codes and type 
of treatments must only be used as directed in the Gemstone Information Manual (GIM), 
7th Edition, available from the American Gem Trade Association (AGTA), PO Box 420643 


ment text to more detailed discussions for inter- 
ested buyers both during shopping and at the point 
of sale. The construction of the Web site should 
not be susceptible to accusations that treatment 
information is being deliberately obscured or con- 
cealed, or that the vendor is trying to “disclose 
without disclosing” through ambiguous or factual- 
ly deficient discussions (e.g., bare statements that 
most gem materials are treated or simple lists of 
commonly treated materials, without any other 
information]. The FTC (2000b) offers excellent 
guidance on how to properly construct a commer- 
cial Web page, including a number of examples of 
sufficient and insufficient methods of disclosure 
(again, see figure A-2). 

Both Internet and traditional storefront ven- 
dors should have written disclosure policies that 
comply with all applicable federal and state laws. 
All employees should be trained in the company 
policy and required to sign a statement that testi- 
fies to their receipt and understanding of it. Such 
documents must be turned over to the opposing 
party in the event of a lawsuit, so they should be 
carefully reviewed for legal compliance and possi- 
ble errors well before any problems arise. 
Although this point might seem self-evident, ven- 
dors must ensure that written policies are actually 
followed. Having a disclosure policy that employ- 
ees routinely disregard is probably worse than 
having none at all. 

Most major trade groups have some sort of 
guidelines for disclosure (see, e.g, AGTA, 1999, 
“Promoting disclosure,” 2002; see also figure 12). 
These guides are also admissible as evidence of the 
customs of the trade, so vendors who belong to 
one or more trade groups should be careful to 
maintain scrupulous compliance with their disclo- 
sure guidelines and ethics policies, as any devia- 
tions are sure to be highlighted in the event of a 
lawsuit. In most cases, these trade guidelines 
exceed legal requirements, though this will depend 
on where the vendor is operating. As with the FTC 
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Dallas, Texas 75342-0643. Phone: 800-972-1162 * 214-742-4367. 


** The “E" code must only be used according to Gemstone Information Manual (GIM) 


instructions. 


Figure 12. Shown here is the verbiage required on all 
invoices and receipts issued by members of the 
American Gem Trade Association (AGTA, 1999). 
Various treatment disclosure methods are required 
of members of AGS, CIBJO, and ICA, among others. 
Members who fail to comply with these guidelines 
may encounter legal problems distinct from any dis- 
ciplinary action taken by the association. Codes 
such as these should only be used within the trade. 
Reprinted with permission of AGTA. 


Guides, while they may be an excellent starting 
point, formulaic adherence rather than a conscien- 
tious good faith effort is a road to trouble. Where 
trade guidelines use a system of coding to repre- 
sent treatments, such codes also should be fully 
explained during the transaction (codes should be 
used only within the trade; their use with con- 
sumers is inadvisable and may violate association 
guidelines). 

If one believes that there is nothing to disclose, 
the best practice is to ensure that one has solid evi- 
dence of a lack of treatment, especially with sales of 
expensive goods, which are more likely to result in 
litigation should problems arise later. If there is no 
way to prove an absence of treatment, that fact 
should be discussed with the buyer and document- 
ed in writing. 

As a final point, to disclose a treatment prop- 
erly, one must be aware of it. In an era when full 
understanding of some treatments may require a 
degree in solid-state physics, sound gemological 
expertise and ongoing education are more impor- 
tant than ever. Where any doubt may exist, sus- 
pect stones should be submitted to an indepen- 
dent gemological laboratory for an identification 
report. 
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Box B: PRACTICAL COMPLIANCE WITH 
LEGAL DISCLOSURE REQUIREMENTS 


How can jewelers comply with so many legal 
requirements when their sales associates are neither 
attorneys nor, in many cases, gemologists? While it 
is impossible to anticipate every disclosure situation, 
a few simple rules can go a long way toward avoiding 
trouble. 

Terminology is less important than under- 
standing. While the FTC Guides do provide specific 
language for describing synthetics and simulants 
and the terminology that is appropriate for certain 
gem materials, unfortunately they do not provide 
similar guidance for gem treatments. There is no 
clear way to know, for example, whether “fracture 
filled” is preferable to “clarity enhanced” or 
whether either term, standing alone, is sufficient. 
No specific treatment disclosure language is sanc- 
tioned or prohibited by the FTC Guides or other 
regulations. The primary goal with each sale should 
be to ensure that the buyer has a clear understand- 
ing of the treatment(s) at issue and any special care 
requirements that may exist. If buyers understand 
what they are buying, the legal requirements should 
be satisfied. 

Understanding must flow in all directions. 
Anyone selling gem materials must know what he 
or she is selling. Vendors must demand full and clear 
disclosure of all treatments from their suppliers, and 
must understand what is being disclosed to them. A 
jeweler who does not understand a treatment cannot 
make a customer understand it. In larger stores and 
chains, where it may be impractical to train all sales 
associates in the details of gem treatments, a manag- 
er should intervene at some point before the sale is 
closed to properly explain the treatment (and, at a 
minimum, sales associates should be trained not to 
close such a sale without manager assistance). Given 
the number of treatments that may be encountered 
in the current market, reference materials should be 
kept close at hand. Some potentially useful sources 
are AGTA (1999), McClure and Smith (2000), Smith 
and McClure (2002), and Diamonds: . . . (2003). 
Some commonly encountered gem treatments 
(adapted from Smith and McClure, 2002), with some 
suggested retail sales approaches, are presented in 
table B-1. 

Put it in writing! No matter what may be said 
during the sales transaction, a clear written descrip- 
tion of the treatment (and special care requirements, 
if any) must accompany every invoice and/or receipt 
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Figure B-1. This sample invoice shows how written 
disclosure can be incorporated into a retail sales 
receipt. It is very important that plain, unambigu- 
ous language be used, rather than codes or technical 
terms that, though common in the trade, may con- 
fuse average consumers. 


(see, e.g., figure B-1). This point cannot be overem- 
phasized. Where justified by the value of a stone, 
reports from recognized gemological laboratories are 
also very useful. Without written evidence of disclo- 
sure, proving compliance later may be impossible. 
Copies of these written records should be stored in a 
safe, organized manner for later retrieval. 
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TABLE B-1. Commonly encountered gem treatments and suggested disclosure language. 


Gem 
material 


Beryl 


Corundum 


Diamond 


Jadeite 


Pear! 


Topaz 


Tourmaline 


Turquoise 


Zoisite 


Frequently encountered 
treatments 


Clarity enhancement, 
Dyeing, Surface coating, 
Thermal enhancement, 
Irradiation 


Dyeing, Surface coating, 
Thermal enhancement, 
Diffusion treatment, 
Irradiation 


Clarity enhancement, 
Dyeing, Surface coating, 
Laser drilling + chemical 
bleaching, HPHT annealing, 
Irradiation, Irradiation + 
heating, lon implantation of 
boron 

Dyeing, Surface coating, 
Chemical bleaching, 
Impregnation 


Dyeing, Chemical bleaching, 
Irradiation, Oiling, Filling 


Surface coating, Chemical 

treatment, Thermal enhance- 
ment, Irradiation, Irradiation 
+ heating 


Clarity enhancement, 
Surface coating, Thermal 
enhancement, Irradiation 


Dyeing, Impregnation, 
Zachery treatment 


Thermal enhancement 


Examples of suggested retail sales approaches* 


“Emeralds typically have naturally occurring eye-visible 
fissures. As a result, they have traditionally been oiled or 
treated with a resin filler to make these fissures less visible. 
Your emerald has been oiled or resin-filled to improve its 
appearance. This may not be a permanent treatment, so do 
not subject the stone to ultrasonic cleaners or harsh 
chemicals. In most cases, however, if the fissures become 
visible again, the original appearance can be restored 
through re-treatment.” 


“Because the finest colors of ruby and sapphire are so rare, 
heat treatment has traditionally been used to improve the 
color of less remarkable stones. This treatment is similar to 
natural processes, and many gem dealers refer to it as 
‘completing what nature left unfinished.’ Your blue sapphire 
has been heat treated, but this is a permanent enhancement 
and the color should not fade in conditions of normal use.” 


“Some colors are extremely rare in natural diamonds but can 
be duplicated through irradiation, irradiation and heating, or 
high-pressure/high-temperature processing. Your diamond 
owes its color to such a treatment, but the color change is 
permanent and should not fade in conditions of normal use.” 


“To achieve the appearance of the much sought-after fine 
Imperial jadite, some jadeite needs treatment, which often 
involves bleaching to remove stains and subsequent filling 

with a polymer to strengthen the jade [or dye to improve the 
color]. Your jade bangle has been [bleached and polymer 
impregnated/dyed] to give it this fine appearance. Although 
this treatment is typically stable under conditions of normal 
use, it may not be permanent. You should use care in cleaning 
and avoid methods such as ultrasonic cleaners and harsh 
chemicals.” 


“Black cultured pearls are some of the most highly prized gems 
in the world, but it is possible to create affordable black cultured 
pearls through the use of dye, as is the case with this strand. 
This is not necessarily a permanent treatment, so you should 
avoid prolonged exposure to sunlight and, as with all pearls, 
use care in cleaning and handling.” 


“While natural blue topaz does exist, it is rare and expensive. 
Virtually all blue topaz on the market today owes its color to ir- 
radiation in combination with heat treatment. While it is generally 
not possible to detect this enhancement, it is best to assume 
this stone has been irradiated to produce the fine blue color. 
This is a permanent treatment and should not fade in conditions 
of normal use and care.” 


“Many tourmalines are heated to improve their color. While there 
is currently no reliable method to detect whether a tourmaline 
has been heat-treated, it is possible that this stone has been 
heated. This is a permanent treatment, and the color should not 
fade in conditions of normal use and care.” 

“Because turquoise is very porous, the color may change over 
time from exposure to skin oils or other substances. The Zach- 
ery treatment not only enhances the blue color, but also makes 
the turquoise less porous so the color is less likely to change 
under conditions of normal wear and care.” 

“The vast majority of tanzanite is actually brown when it comes 
out of the mine. Bringing out the fine violet-blue color you see 
here requires careful heat treatment, and without it, stones of 
this color would be exceedingly rare. This is a permanent treat- 
ment and should not fade in conditions of normal use and care.” 


Examples of suggested 
language for retail receipts 


“An oil or resin has been added 
to the emerald to make natural 
fissures less visible. Do not clean 
with harsh chemicals or ultrasonic 
cleaners.” 


“The sapphire has been heat- 
treated to enhance the blue 
color.” 


“The diamond has been sub- 
jected to irradiation to create 
the green color.” 


“The jadeite has been bleached 
to remove natural stains and 
polymer impregnated. Do not 
clean with harsh chemicals or 
ultrasonic cleaners.” 


“The cultured pearls have been 
dyed to create a black appear- 
ance. Protect from sunlight. Do 
not clean with harsh chemicals 
or ultrasonic cleaners.” 


“The topaz may have been irra- 
diated and heated to create the 
blue color.” 


“The tourmaline may have been 
heat-treated to enhance the 
color.” 


“The turquoise has been treat- 
ed by the Zachery process to 
enhance the blue color and 
reduce porosity.” 


“The tanzanite has been heat- 
treated to create the violet- 
blue color.” 


@ Note that these are merely suggested means of verbally explaining the treatment to a potential customer. They should not be the only means 
of disclosure, which, as discussed in the text, must also be delivered in writing. 


GEM TREATMENT DISCLOSURE 


GEMS & GEMOLOGY 


SUMMER 2004 


125 


CONCLUSION 


In the second issue of Gems & Gemology, GIA 
founder Robert M. Shipley set out what he believed 


Toll 


to be the essentials of a “diamond man’s” equip- 
ment (1934). He listed only a 10x triplet loupe, a 
diamond scale, a Moe gauge, and a good diffused 
light source. Those who believe that trade in dia- 
monds and colored stones should focus on their 
beauty and uniqueness can be forgiven some disillu- 
sionment at the prospect that such a list now seems 
to require an attorney as well. They can take solace 
in the fact that the gem and jewelry trade is not 
alone in facing this dilemma. 

The amazing advances in gem treatment meth- 
ods over the past few decades have dramatically 
expanded the availability of beautiful gem materi- 
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LAB-GROWN COLORED DIAMONDS 
FROM CHATHAM CREATED GEMS 


James E. Shigley, Shane F. McClure, Christopher M. Breeding, 
Andy Hsi-tien Shen, and Samuel M. MuhImeister 


Synthetic colored diamonds (yellow, blue, green, and pink) from a new source in Asia are 
now being sold by Chatham Created Gems of San Francisco, California. Some of this new 
material displays hues and weaker saturations that more closely resemble natural diamonds 
than most of the synthetic diamonds we have encountered previously, which typically had 
very intense colors. These as-grown and treated type | and type II synthetic diamonds, pro- 
duced by a high pressure/high temperature process, have many distinctive visual and spec- 
troscopic features that serve to separate them from natural diamonds. These include geomet- 
ric patterns of color zoning and luminescence, metallic inclusions, and bands seen in the 


visible and photoluminescence spectra. 


ne of the most important gemological 
developments in recent years has been the 
commercial availability of jewelry-quality 
synthetic diamonds. What for almost three decades 
was primarily an industrial or research product is 
now becoming a commodity in the gem and jewel- 
ry marketplace. In addition to the products being 
offered by such companies as the Gemesis Corp. 
and Lucent Diamonds, Chatham Created Gems of 
San Francisco, California, has introduced a line of 
synthetic diamonds from a new source (figure 1). 
This article presents results of our examination of a 
large group of these high pressure/high temperature 
(HPHT) laboratory-grown diamonds in yellow, 
blue, green, and pink colors showing a full range of 
saturation, from weak to strong. Our examination 
indicates that most of the yellows and blues repre- 
sent “as-grown” colors (i.e., those produced by 
nitrogen and boron impurities during diamond 
crystallization), while the greens and pinks are the 
result of either growth or growth plus post-growth 
treatment processes (i.e., irradiation, with or with- 
out subsequent heating). 
A single manufacturer is supplying Chatham 
Created Gems with approximately 500 carats of syn- 


128 CHATHAM SYNTHETIC COLORED DIAMONDS 


thetic diamond crystals per month, with future 
increases in production planned (T. Chatham, pers. 
comm., 2004). The material is faceted in China into 
cut goods that range from a few points (melee) to as 
large as 2. ct. Chatham Created Gems is the sole dis- 
tributor of this material for jewelry purposes. Previ- 
ous gemological reports on synthetic diamonds pro- 
duced in Russia and sold by Mr. Chatham (see, e.g., 
Scarratt et al., 1996) may not be applicable to the 
new HPHT-grown material described here, which is 
grown in Asia with a non-BARS press. 

This article provides information on material 
from all four color categories of this new product, 
including descriptions of green and pink synthetic 
diamonds, which have not been reported on exten- 
sively in the gemological literature. Most of the 
green samples display this color because they con- 
tain both blue and yellow growth sectors. Some of 
this new material displays hues and weaker satura- 
tions that more closely resemble natural diamonds 


See end of article for About the Authors and Acknowledgments. 
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tions of emeralds, many delicately carved, 
among the Aztecs themselves; emeralds 
that Cortez likely acquired as ransoms 
or for less virtuous reasons. 


A noteworthy British collector was 
Sir Hans Sloane, a physician. Included 
in the index of his collection were over 
a thousand christolls, hundreds of beauti- 
ful agate cups and agate handles, 290 
cameos, and 232 engraved gemstones. 
Among single items was a pebble of 
Egyptian jasper with a portrait of 
Chaucer engraved upon it. An earlier 
English collector was Thomas Howard 
(Earl of Arundel, 1586-1646). What has 
been called the Marlborough gems from 
his collection have been scattered among 
other collections. John Ruskin (1819- 
1900) presented his own collection to 
the British Museum in 1884 and later 
the yellow Colenso diamond and. the 
Edwardes’ Ruby. 

Though this article has dealt only 
summarily with collections and collectors 
generally, it is perhaps sufficient to estab- 
lish a certain consistency for this pursuit 
throughout history. Yet. a change is 
apparent. Apart from the fabulous gem- 
stone collections of India, those in private 
hands have largely dispersed, due to 
rapidly changing social conditions. But 
gemology—scientific gemology—is a new 
stimulant, and a new race of collectors 
is on the way. The gemology student’s 
collection will hardly be pretentious or 
valuable, but it will contain rare and little 
known specimens and the range will be 
great. Moreover, the collection itself will 
ring a different note, for each stone will 
be scientifically tested by its owner. For 
this reason alone it will be more intimate. 
In Oscar Wilde’s Picture of Dorian 
Gray the author makes his hero take up 
the study of jewels. Certainly Wilde 
must have had access to one of the fine 
collections of his time (was it Rus- 
kin’s?), but only an appreciative writer 
could have given us such a description. 


It represents a phase of exquisiteness 
in gemstone collecting that the gem- 
ologist should not miss. 

“... He would even spend a whole 
day settling and resettling in their cases 
the various stones that he had collected, 
such as the olive-green chrysoberyl that 
turns red by lamplight, the cymophane 
with its wire-like line of ‘silver. The 
pistachio-colored peridot, rose-pink and 
wine-yellow topazes, carbuncles of fiery 
scarlet with tremulous four-rayed stars, 
flame-red cinnamon stones, orange and 
violet spinels, and amethysts with their 
alternate layers of ruby and sapphire. He 
loved the red gold of the sunstone, and 
the moonstone’s pearly whiteness, and 
the broken rainbow of the milky opal. 
He procured from Amsterdam three 
emeralds of extraordinary size and rich- 
ness of color, and had a turquoise de la 
vieille roche that was the envy of all 
the connoisseurs.” 


Harvard... 
(Continued from page 5) 

18 large, variously colored tourmalines 
and many smaller stones, came to the 
Harvard Collection in 1923 long after the 
original gift. This rather ornate piece of 
jewelry was made by Mr. Hamlin with 
what he considered the finest gems to 
come from Mt. Mica. 

The third case (No. 116) contains Cal- 
ifornia tourmaline. To the mineralogist 
the superb specimens of crystal groups 
from the famous localities of Pala and 
Mesa Grande are of most interest. Among 
the cut tourmalines is a 201 carat brilliant 
cut rubellite as well as an_ interesting 
carving in rubellite. 

The next case (No. 117), containing an 
exhibit of beryl, is considered by many 
to be Harvard’s outstanding single ex- 
hibit of gem minerals. A crystal of aqua- 
marine from Brazil 13 inches long and 
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than most of the synthetic diamonds we have 
encountered in the past, which have had very 
intense colors. Furthermore, a number of the exam- 
ined samples are very low-nitrogen-containing syn- 
thetic diamonds that are nearly type Ila material, 
past reports on synthetic diamonds that are type Ila 
described material that was colorless or near color- 
less (for an explanation of diamond types, see 
Collins, 1982, 2001). The broad commercial avail- 
ability of these new synthetic diamonds with 
lighter, more “natural-looking” colors reinforces 
the need for gemologists to understand how to 
identify them. 
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Figure 1. A new, undis- 
closed source is produc- 
ing a broad range of 
synthetic diamonds for 
Chatham Created 
Gems of San Francisco. 
The loose faceted yel- 
low, blue, and pink lab- 
grown diamonds shown 
here range from 0.28 to 
0.51 ct. The jewelry set 
with pink and blue lab- 
grown diamonds is by 
Judith Conway. The 
ring set with a 1.19 ct 
yellow lab-grown dia- 
mond is by Doris 
Panos. Courtesy of 
Chatham Created 
Gems; photo by Harold 
& Erica Van Pelt. 


MATERIALS AND METHODS 


We examined a total of 129 samples during this 
study, selected from a broad range provided by 
Chatham Created Gems. There were 20 crystals 
(0.44-1.74 ct) and 109 faceted samples (0.13-1.34 
ct). In terms of their basic hues, there were 39 yel- 
low (including one green-yellow and one yellow- 
brown}, 29 blue, 16 green (including one greenish 
gray), and 45 pink samples (including one pinkish 
purple}, some of which are illustrated in figure 2. 
(Note that all color terminology is according to the 
nomenclature used by the GIA Gem Laboratory to 
describe fancy-color diamonds.) Most of these are 
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Figure 2. These blue, green, pink, and yellow 
laboratory-grown faceted diamonds (0.13-1.34 ct) are 
representative of the faceted material examined for 
this study. Photo by Maha Tannous. 


representative of the product now being sold, 
although the yellowish green and greenish blue 
samples currently are not available commercially. 
The faceted samples exhibited a range of styles, 
including round brilliant, cut-corner rectangle mod- 
ified brilliant, and octagon shapes. 

Standard gemological properties were obtained 
on most of these samples. For research purposes 
only, GIA Gem Laboratory graders assigned equiva- 
lent clarity and fancy color grades to these synthetic 
diamonds (GIA does not issue grading reports on 
synthetic diamonds). Internal features were 
observed with a binocular gemological microscope 
using various illumination techniques. Reactions to 
UV radiation were viewed in a darkened room with 
four-watt long- (366 nm) and short-wave (254 nm) 
Ultraviolet Products lamps. Absorption spectra 
were observed with a desk-model Beck prism spec- 
troscope. Electrical conductivity was tested for 27 
faceted blue samples and eight of the green samples 
with a gemological conductometer. 

Samples from each of the four color groups were 
selected for more advanced testing. We used a 
Thermo-Spectronic Unicam UV500 spectrophotome- 
ter to record the absorption spectra of 65 samples (13 
yellow, 14 blue, 14 green, and 24 pink). Each was 
held in a cryogenic cell cooled by liquid nitrogen, 
with the spectrum taken over a range of 250-850 nm 
at a scan rate of 30 nm/min and a bandwidth of 0.5 
nm. Absorption spectra in the mid-infrared range 
(6000-400 cm-!, with 1 cm=! resolution) were record- 
ed for 98 samples (30 yellow, 23 blue, 15 green, and 30 
pink) at room temperature with a Thermo-Nicolet 
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Nexus 670 Fourier-transform infrared (FTIR) spec- 
trometer. Photoluminescence (PL) spectra were 
recorded with a Renishaw 1000 Raman microspec- 
trometer over a range of 520-1050 nm using a 20 
mW 514.5 nm Argon-ion laser; the 61 samples ana- 
lyzed (14 yellow, 13 blue, 11 green, and 23 pink) were 
held in a cryogenic cell cooled by liquid nitrogen. 
Five summed scans were accumulated for each sam- 
ple to achieve a better signal-to-noise ratio. 

Qualitative chemical analyses of 12 samples (2 
yellow, 3 blue, 3 green, and 4 pink) were obtained by 
energy-dispersive X-ray fluorescence (EDXRF) spec- 
troscopy using either of the following two instru- 
ments: a Thermo-Noran Omicron system operating 
at an accelerating voltage of 25 kV with beam cur- 
rents between 0.6 and 3.2 mA, and a Kevex Spectrace 
QuanX system operating at an accelerating voltage of 
35 kV with a beam current of 0.35 mA. 

Room-temperature cathodoluminescence reac- 
tions of four samples (one from each color group) 
were observed with a Luminoscope ELM-3R cath- 
odoluminescence (CL) unit operating at 15 keV and 
1.0 mA. The luminescence patterns seen with this 
CL unit are similar to those that would be observed 
with the De Beers DiamondView diamond verifica- 
tion instrument (see Welbourn et al., 1996). 


RESULTS 


The faceted samples varied in clarity from VVS to I 
(most were VS or SI); their clarity grades were influ- 
enced mainly by the number, size, and visibility of 
metallic inclusions. In some instances, removal of 
prominent inclusion(s) located near the culet would 
improve the clarity considerably. 

The samples represent various diamond types (as 
determined by infrared spectroscopy) with different 
gemological properties. Table 1 summarizes the vis- 
ible-range absorption bands recorded in the spectra 
of all four colors of synthetic diamonds, and gives 
their causes. Table 2 lists the photoluminescence 
(PL) bands (and their causes) recorded for all four 
colors of these synthetic diamonds. 

Some samples represent as-grown colors pro- 
duced during crystallization, while others are due to 
a combination of the growth process and post- 
growth treatment. Therefore, the four color groups 
will be described individually to clarify the explana- 
tion of their diagnostic features. 


Yellow. Visual Appearance. All 39 samples in this 
group were type Ib, and included hues of yellow (2), 
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brownish orangy yellow (16), orangy yellow (7), 
orange-yellow (12), and green-yellow (1), as well as 
one sample that was yellow-brown (figure 3). The 
eight crystals (0.63—1.74 ct) displayed typical cuboc- 
tahedral morphology. In general, they were well 
developed in shape, with flat faces and sharp corners 
and junctions between faces; however, some dis- 
played slight distortions due to missing crystal faces 
or unequal development of faces. 

If graded for color, the 31 faceted samples would 
be described as Fancy (1 sample), Fancy Vivid (8), 
and Fancy Deep (20). 


Features Seen with Magnification. All the crystals 
and faceted samples exhibited some form of growth 
sector-related color zoning, which varied from 
prominent (where colorless zones could be seen) to 
subtle (lighter and darker yellow zones), as illustrat- 
ed in figure 4. Such zoning is best observed by 


immersing the sample in water to minimize surface 
reflections (figure 5). Since the table facet is usually 
cut parallel to a cubic crystal face for maximum 
weight retention, placing a faceted sample table 
down in water often revealed the cross- or square- 
shaped color zoning pattern that is characteristic of 
synthetic diamonds (see, e.g., Shigley et al., 1995). 
Another way to check for zoning in a faceted sample 
is to hold the stone between the table and the culet 
and then rotate it, noting changes in color zones at 
intervals of 90°. 

A number of samples also displayed intersecting 
patterns of internal graining, often seen as hourglass 
or funnel-shaped patterns (figure 6). This graining 
represents the boundaries between growth sectors. 

The 31 faceted samples (0.21—1.34 ct) represent- 
ed a broad range of clarity grades (VVS—3 samples, 
VS—4, SI—9, and I—15). The low grades were pri- 
marily due to the presence of metallic inclusions 


TABLE 1. UV-Visible absorption features recorded for the Chatham synthetic diamonds studied. 


Yellow Blue Green Pink 
Wave- 
length Band Cause* As-grown Treated As-grown Treated As-grown Treated Treated 
(nm) label (11) (2) (13) (1) (8) (6) (24) 
271 Nitrogen St®, Common? St Wk to Mod, St St, Common St St, Common 
Common 
393 rradiation ——1 —— — Wk —— Mod to St —— 
412 GR8 rradiation — — — Wk —— Wk —— 
416 GR6 rradiation — — — Wk = = Wk, Rare 
419 GR5 rradiation — — — Wk — Wk — 
424 H6 rradiation + heating a — —— Wk — Wk Wk, Common 
429 GR3 rradiation — — — Wk — Wk Wk, Rare 
442 2.087 eV Irradiation + heating — — — — —- —. Wk, Common 
489 rradiation + heating — —— = Wk — Mod —= 
494 2.51 eV _ Nickel Wk, Common Wk — — — — — 
503 3H rradiation — — — Wk a Wk — 
523 NES Nickel — — — — —— Wk —— 
527 2.351 eV_ Nickel — — oe —— a Wk — 
575 NV? rradiation + heating — —— ——. —=— — — Wk to St, 
Common 
595 595 nm __ Irradiation + heating = Wk = Mod = Wk to Mod Wk to Mod, 
Common 
6387 NV- rradiation + heating Wk, Common Wk to St Wk Wk to St, 
Common 
647 (Unknown) —— —— — — — Wk — 
658 Nickel Wk, Common Wk — — — — — 
667 rradiation — — — Mod = Wk oe 
TAI GR1 rradiation ——— Wk to Mod —— St — Mod to St Wk, Common 


4 Reference: Zaitsev (2001). 


» Intensity: Wk = weak, Mod = moderate, and St = strong, based on a subjective judgment of peak height. 
© Abundance: Rare = present in less than one-third of samples investigated, Common = present in more than one-third of samples investigated. 


¢ __ = not present. 
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TABLE 2. List of photoluminescence features recorded for the Chatham synthetic diamonds studied. 


Yellow Blue Green Pink 
Wave- 
length Band Cause* As-grown Treated As-grown _ Treated As-grown Treated Treated 
(nm) label (12) (2) (12) (1) (6) (5) (23) 
527 =—2.3851 eV_ Nickel Mod —— Wk — Wk — 
530 (Unknown) — St Wk, Rare Mod Wk, Rare Wk to St — 
535 Irradiation + heating Wk —— Wk — Wk — 
546 2.267 eV_ Nickel Wk°, =— —— Wk Wk, Rare —— Wk, Rare 
Common? 
552 (Raman Band— (Common) (Common) (Common) (Common) (Common) (Common) (Common) 
Intrinsic to diamond) 
559 (Unknown) Wk, Rare = Wk, Rare Wk Wk, =— = 
Common 
562 (Unknown) — =— —— Wk —— — —— 
575 NV° Irradiation + heating Wk to Mod, Mod to St Wk, Mod Wk to St, Wk to St St, Common 
Common Common Common 
580 Nickel Wk, Rare St Wk, Wk Wk, Rare Wk a 
Common 
589 (Raman Band— (Common) (Common) (Common) (Common) (Common) (Common) (Not observed) 
Intrinsic to diamond) 
596 (Raman Band— (Common) (Common) (Common) (Common) (Common) (Common) (Not observed) 
Intrinsic to diamond) 
611 (Unknown) Wk, —— — — Wk, rare = — 
Common 
623 Nicke Wk, Rare — —— — — —— — 
637 NV- Nitrogen Wk to St, St Wk, Rare Mod Wk to St, St St, Common 
Common Common 
647 (Unknown) — —— — St — Mod to St — 
657 Nicke Wk, —= — — == Wk to Mod — 
Common 
693 Nicke Mod to St, == — == =— = Mod, Rare 
Rare 
704 Nicke Wk, Rare —. — — — — — 
711 Nicke — — Sas = Wk, Rare == == 
721 Nicke — — —— — — Wk to St —— 
727 Nicke Wk to Mod, — —— — — —— — 
Rare 
732 Nicke — Wk —— — — —— — 
741 ~GRI1 Irradiation —. St — St — Mod to St — 
744 ~~ =GRI1 Irradiation —— Wk — St = Wk to Mod — 
800 (Unknown) Wk, Rare — — — — — — 
808 (Unknown) Wk, Rare — — — Wk, Rare Wk — 
883 1.40 eV Nickel — — Wk, Rare — Wk to Mod, — Wk, Rare 
+884 Rare 


4 Reference: Zaitsev (2001). 

®____ = not present. 

© Intensity: Wk = weak, Mod = moderate, and St = strong, based on a subjective judgment of peak height. 

4 Abundance: Rare = present in less than one-third of samples investigated, Common = present in more than one-third of samples investigated, and 
Not observed = not observed due to laser-induced fluorescence of the sample. 


Figure 3. Among the “yellow” synthetic diamonds examined during this study are those that would be described 
as orange-yellow, orangy yellow, and yellow (on the left, from left to right: 0.35-0.62 ct); brownish orangy yellow 
and orangy yellow (center: 0.28 and 0.21 ct); and yellow-brown (right: 0.22 ct). Photos by Maha Tannous. 
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Figure 4. All the synthetic diamonds showed color zoning related to growth sectors. The yellow crystal (0.63 ct) 
on the far left exhibits a cross-shaped pattern of four narrow colorless zones that point toward the cube faces at 
the corners of the crystal; the gray area near the middle represents the seed location on which the original crys- 
tal grew. The 0.47 ct orangy yellow sample in the center has a prominent metallic inclusion, as well as color 
zoning due to the uneven distribution of nitrogen between growth sectors. Yellow sectors contain nitrogen, 
while colorless sectors contain little if any of this impurity element. The 0.57 ct sample on the far right displays 
similar yellow and colorless growth sectors, which are diagnostic of many laboratory-grown diamonds. Photo- 


micrographs by J. E. Shigley; magnified 15x, 20x, and 20x. 


(see, e.g., figure 7). In samples with better clarity, 
the relative absence of metallic inclusions could 
make these synthetic diamonds more difficult for 
gemologists to identify. 


Luminescence. All the yellow samples were inert 
to long-wave UV radiation. When exposed to short- 
wave UV, one was inert, and the others fluoresced 
yellow-green, green, or green-yellow (one strong, 9 
moderate, and 27 weak). The majority (34 samples) 
displayed an uneven fluorescence pattern, normally 
with a distinctive area that did not fluoresce. The 
generally weak intensity of the short-wave UV flu- 


Figure 5. Immersion in water reveals the different 
color zoning patterns in these two yellow synthetic 
diamonds (0.60 and 0.49 ct; viewed table-down). 
These patterns depend on several factors: the shape 
and relative sizes of the faces on the original crystal, 
the area of the original crystal contained within the 
faceted sample, the orientation of the crystal relative 
to the facet arrangement, and the relative distribu- 
tion of nitrogen between growth sectors. 
Photomicrograph by J. E. Shigley. 
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orescence means that observation must be carried 
out in a darkened room after letting one’s eyes 
adjust to the low light level. 

The one yellow-brown sample also was a type Ib 
diamond, but it had different UV fluorescence reac- 
tions: weak red to long-wave UV, and moderate 
orangy red to short-wave UV (and displaying a 
cuboctahedral pattern). These reactions correspond- 
ed more closely to the UV fluorescence of the pink 
synthetic diamonds examined in this study (see 
below). 

Figure 8 shows the green, cross-shaped cathodo- 
luminescence pattern of one of the yellow samples, 
which is diagnostic of synthetic diamonds (see, e.g., 
Shigley et al., 1995). 


Figure 6. Intersecting internal graining, often in hour- 
glass- or funnel-shaped patterns, represents another 
diagnostic visual feature of synthetic diamonds. 
These patterns are best observed through the pavilion 
facets (as shown here), or by looking near the edges of 
the table facet. Photomicrograph by J. E. Shigley; 
magnified 20x. 
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Figure 7. Metallic inclusions are another key identify- 
ing feature of laboratory-grown diamonds. They 
appear black and opaque in transmitted light, and 
gray and metallic in reflected light. They can display a 
wide variety of shapes, as shown in this 0.62 ct sam- 
ple. Photomicrograph by J. E. Shigley; magnified 40x. 


Visible Spectra. Using a prism spectroscope and 
transmitted light, we observed sharp absorption 
bands in only two of the 39 samples. The green-yel- 
low sample (figure 9) exhibited a weak 595 nm 
band. The yellow-brown sample (again, see figure 3) 
exhibited a band at 637 nm that is caused by the 
NV- (nitrogen vacancy) center (Zaitsev, 2001). The 
remaining 37 yellow samples displayed a gradually 
increasing absorption toward the ultraviolet end of 
the spectrum (beginning below 500 nm] that is typi- 
cal for type Ib diamonds, natural and synthetic, and 
is the cause of their yellow color. 


Advanced Instrumentation. Figure 10 presents visi- 
ble-range absorption spectra for some representative 
samples of the synthetic diamonds examined in this 
study (again, see table 1). Figure 10A, for a brownish 
orangy yellow sample, shows sharp but very weak 
bands at 494, 637, and 658 nm (the weakness of 
these features meant that they could not be seen 
with the desk-model spectroscope), as well as the 
broad region of absorption below 500 nm that is 
responsible for the yellow color. 

Figure 10B shows the visible-range spectrum of 
the one yellow-brown sample. Besides the absorp- 
tion below 500 nm, there is a region of absorption 
from 500 to about 620 nm, as well as weak bands at 
595, 658, and 741 nm and a strong band at 637 nm. 
These sharp bands are evidence that this type Ib syn- 
thetic diamond had been irradiated and then heated 
(Zaitsev, 2001). (Similar features were present in the 
spectrum of the green-yellow sample, but it appears 
that this sample was annealed at lower temperatures 
and/or for shorter periods of time.] 
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Figure 8. When exposed to a beam of electrons in a 
vacuum chamber, most synthetic diamonds exhibit 
cathodoluminescence in various colors. This Iumines- 
cence often reveals the internal growth sector arrange- 
ment, such as the cross-shaped pattern seen in this 
0.47 ct orangy yellow laboratory-grown diamond. 
These CL images are similar to those produced by the 
De Beers DiamondView and can be used to separate 
natural from synthetic diamonds (Welbourn et al., 
1996). Photo by S. Muhlmeister and C. M. Breeding. 


Figure 11 provides mid-infrared spectra for a 
range of the samples that were examined in this 
study. Figure 11A, which is for the same sample as 
in figure 10A, reveals the features below 1400 cm! 


Figure 9. When examined with a prism spectroscope, 
the spectrum of this 0.34 ct green-yellow synthetic 
diamond (with a large metallic inclusion near the 
culet) exhibited a weak 595 nm absorption band, 
which indicated that it had been irradiated and heat- 
ed to change its color. Photo by Maha Tannous. 
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that are characteristic of type Ib diamonds with a 
moderate amount of nitrogen. 

Representative photoluminescence spectra for the 
samples in this study are given in figure 12. Figure 
12A shows a PL spectrum for this same brownish 
orangy yellow sample, which is typical for the other 
yellow synthetic diamonds tested (again, see table 2). 
Figure 12B shows the PL spectrum of the same yel- 
low-brown sample as in figure 10B. 

Chemical analysis of a yellow crystal revealed 
the presence of Fe and Ni, which are undoubtedly 
from the flux metals used for diamond crystalliza- 
tion. The other yellow sample (which is equivalent 
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to VS, clarity) did not show any trace-element 
impurities with EDXRF spectroscopy. 


Blue. Visual Appearance. The 29 samples in this 
group were blue (18), grayish blue (6), grayish green- 
ish blue (3), greenish blue (1), and green-blue (1). The 
one crystal had a greenish blue color that was differ- 
ent from the other samples in this group. The 28 
faceted samples had colors that would be described 
as Fancy (6 samples), Fancy Intense (6), Fancy Deep 
(14), or Fancy Dark (2); two of these are shown in fig- 
ure 13. In general, these faceted samples (0.13-0.50 
ct) weighed less than the yellow synthetic diamonds. 

The 29 laboratory-grown diamonds in this color 
category fell into two main groups—those that were 
type Ib+Ia (12 of the 24 samples for which infrared 
spectra were recorded), and those that also contained 
some isolated nitrogen in addition to boron and thus 
were a mixture of type Ib and Ib (11 of the 24 sam- 
ples). The former contained growth sectors that were 


Figure 10. The visible absorption spectra of representative 
samples of the colored synthetic diamonds examined 
during this study provide information on their causes of 
color and, in some instances, evidence of post-growth 
treatments (again, see table 1). Each spectrum has been 
equally scaled along the horizontal and vertical axes. (A) 
The brownish orangy yellow color of this 0.28 ct faceted 
sample results from the broad region of absorption begin- 
ning below about 500 nm. Superimposed on this are 
weak sharp bands at 494, 637, and 658 nm. The 494 and 
658 nm bands are due to the presence of Ni impurities, 
and the 637 nm band is due to the NV- (nitrogen-vacan- 
cy) optical center. (B) The spectrum of the 0.22 ct faceted 
yellow-brown sample provides evidence that it was treat- 
ed by irradiation and heating (i.e., a strong 637 nm peak, 
absorption between 500 and 620 nm, and weaker features 
at 595 and 741 nm). The 494 and 658 nm bands are again 
due to the presence of Ni impurities. (C) Gradually 
increasing absorption toward the IR region is responsible 
for the color of the blue synthetic diamonds, as shown for 
a 0.29 ct faceted sample. (D) Increasing absorption 
toward both the UV and IR regions, and weaker absorp- 
tion between 500 and 600 nm, produces the yellowish 
green color of this 0.16 ct faceted sample. (E) In contrast 
to spectrum D, this spectrum for a 0.34 ct faceted yellow- 
ish green synthetic diamond exhibits numerous strong 
(393 and 741 nm) and weak absorption bands that are 
attributed to irradiation. (F) This 1.08 ct purplish pink 
crystal also reveals a number of absorption features 
(mainly at 575, 595, 637, and 741 nm) that provide evi- 
dence of irradiation and heat treatment. 
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blue and colorless, while the latter had sectors that 
were blue and yellow. Such blue-yellow mixed-type 
synthetic diamonds have been described before 
(Shigley et al., 1992; Rooney et al., 1993; Hain- 
schwang and Katrusha, 2003). Figure 14 illustrates 
how these mixed type IIb+Ib synthetic diamonds can 
exhibit both blue and yellow colors when viewed 
face up (they also may display either a grayish or 
greenish overall appearance depending on the 
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amount of nitrogen impurity present). The one treat- 
ed greenish blue sample was type Ib with so little 
nitrogen that it could almost be considered a type Ia 
diamond (or a nominal type Ila; see figure 15). 


Features Seen with Magnification. All 28 faceted 
samples displayed some form of blue-colorless or 
blue-yellow color zoning (figures 16 and 17), with 
varying degrees of visibility, due to differences in 
boron (or boron and nitrogen) content between 
growth sectors. Only the greenish blue crystal did 
not show color zoning. 

The clarity of these faceted samples corresponded 
to grades ranging from VVS to I (VVS—4 samples, 
VS—3, SI—9, and I—12). One or more metallic inclu- 
sions were prominent in those samples with the 
lower (VS to I) clarity grades, but no inclusions were 
readily visible in those with the better (VVS) grades. 


Luminescence. When exposed to long-wave UV radi- 
ation, 17 of the faceted samples were inert, and the 
remainder fluoresced a very weak or weak orange or 
orangy red. With short-wave UV radiation, they fluo- 
resced in various colors—11 were green, 13 were yel- 
low-green to green-yellow, three were orangy yellow 
or yellowish orange, and one was orangy red. Most 
samples fluoresced stronger to short-wave than long- 
wave UV radiation. The greenish blue crystal was 
inert to both wavelengths. Those that fluoresced did 
so with weak to moderate intensities, and the major- 
ity showed cross, square, or line patterns. Except for 


Figure 11. These mid-infrared spectra are representative 
of the synthetic diamond samples examined. Each spec- 
trum has been equally scaled along the horizontal and 
vertical axes. For comparison, the so-called “nitrogen 
region” (1400-1000 cm") of each spectrum has been 
expanded vertically to show weak absorption features. 
(A) This type Ib, 0.28 ct, faceted brownish orangy yellow 
sample contains a moderate amount of nitrogen impuri- 
ties. (B) The type IIb blue synthetic diamonds have a 
small amount of type Ib nitrogen, as evidenced by the 
absorption at 1344 cm“ in the inset for this 0.27 ct 
faceted example. Below 3000 cm, the absorption 
exceeds the scale of the graph. (C) This 0.17 ct faceted 
greenish blue sample is a mixture of type Ib plus type Ib. 
(D) This 0.16 ct faceted green sample is also a mixture of 
type IIb plus a small contribution of Ib. (E) The type Ib 
features (see inset spectrum) in this 0.34 ct faceted green 
synthetic diamond are so weak that it is nearly type Ila. 
(F) This type Ib, 0.37 ct, faceted orangy pink sample 
would also be considered as nominally type Ia. 
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Figure 12. Important information was also derived from 
PHOTOLUMINESCENCE SPECTRA the photoluminescence spectra of the synthetic diamonds 
examined during this study (again, see table 2), as illus- 
trated for these representative samples. (A) This brownish 
orangy yellow sample has features due to the NV- center 
(637 nm) and nickel impurities (727 nm). (B) This irradiat- 
ed and heated yellow-brown sample shows features due to 
' the NV° (575 nm) and NV~ centers (637 nm). (C) The fea- 
| \ tures at 552, 589, and 596 nm in this grayish blue sample 
| are intrinsic to diamond. (D) This grayish greenish blue 
sample exhibits the same features as in C, along with a 
\ weak feature at 559 nm of uncertain origin. (E). The spec- 
i P trum of this yellowish green sample is similar to C. (F) The 
= 575, 637, and 741 nm bands are evidence of irradiation 
and heating of this bluish green sample. (G) This pink 
sample displays the “treatment” bands at 575 and 637 
—_—_—_— nm, as well as the 693 band due to nickel impurities. 


played weak electrical conductivity. Each of these 27 

samples also displayed visible electroluminescence 

me (in the form of momentary flashes of white or bluish 

637 white light; i.e., “sparks”)} when touched by the con- 

ductometer probe. Visible electroluminescence may 

569 be seen in both natural and synthetic blue diamonds, 

=e but is more common in the synthetics because they 
usually contain significantly more boron. 


| m1 Advanced Instrumentation. The visible absorption 
spectrum for a type IIb (plus weak Ib) sample, as 
illustrated in figure 10C, shows increasing absorp- 
tion toward the red end of the spectrum. The mid- 
ej infrared spectra for two samples—the first with a 
higher boron content than the second—can be seen 
in spectra B and C of figure 11. 
Photoluminescence spectra C (a grayish blue 
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Figure 13. Different boron contents are responsible for the 


the one sample that fluoresced orangy red, the variation in color saturation in the blue lab-grown dia- 
monds (here, 0.22 and 0.27 ct). Photo by Maha Tannous. 


remainder emitted greenish or yellowish phospho- 
rescence that persisted for 60 seconds or more. 
Figure 18 shows the blue cathodoluminescence 
with the cuboctahedral pattern typical of synthetic 
diamonds that was seen in the sample tested. 


Visible Spectra. None of the 29 samples displayed 
any sharp absorption bands when viewed with the 
prism spectroscope. 


Electrical Conductivity. All 27 of the faceted sam- 
ples tested with a gemological conductometer dis- 
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Figure 14. The 0.35 ct yellow synthetic diamond (left) 
is type Ib, and the 0.27 ct blue sample (right) is type 
IIb. The 0.36 ct sample in the center represents a 
mixed type Ib + IIb. Yellow and blue can clearly be 
seen in the face-up orientation—this combination of 
growth sectors can give rise to a faceted sample that 
would be described as green or grayish green. Photo 
by Maha Tannous. 


sample) and D (grayish greenish blue) of figure 12 
both display bands that are intrinsic to diamond 
(again, see table 2). 

EDXRF analysis of three samples revealed the 
presence of Fe and Co, or just Fe, from the metallic 
flux used for growth. Nickel was not detected by 
this method despite the presence of PL spectral 
bands attributed to this impurity. 


Green. Visual Appearance. This category of 16 syn- 
thetic diamonds can also be divided into two groups. 
The first is a mixed type Ib+Ib (8 out of the 14 sam- 
ples for which IR spectra were recorded) that, in 
many ways, is similar to the blue-yellow samples 
described above. Here, however, the green overall 
color due to the blue and yellow growth sectors is 
more apparent, so that the samples would be 
described as being predominantly green in the GIA 
color grading system. 

The second group is represented by very weak 
type Ib (or nominal type Ila) lab-grown diamonds (6 
out of the 14 samples) that owe their green color to 
treatment by irradiation. The two groups have dif- 
ferent gemological properties. 

Although there were only 16 samples that were 
basically green, they represented a broad range of 
hues: blue-green (1), bluish green (1), grayish bluish 
green (1), green (3), grayish green (3), greenish gray (1), 
yellowish green (2), grayish yellow-green (1), and yel- 
low-green (3). As indicated by their visible spectra 
(see below}, the color in all three of the yellow-green 
type Ib crystals (see, e.g., figure 19) had been pro- 
duced by irradiation. Thus, these samples were dif- 
ferent from the more blue-green samples that repre- 
sent as-grown mixed type Ib+Ib synthetic diamonds. 
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Figure 15. This 0.99 ct type Ib (nominal Ila) boron-free 
crystal exhibited a greenish blue color (due to radia- 
tion exposure) that was different from the blues of the 
other lab-grown diamonds examined during this 
study, which owe their coloration to the presence of 
boron. Photomicrograph by J. E. Shigley. 


The colors of the 13 faceted samples (0.16—-0.41 ct; 
see, e.g., figure 20) would be described as Light (1), 
Fancy Light (2), Fancy (9), and Fancy Dark (1). 


Features Seen with Magnification. The three yel- 
low-green crystals displayed typical cuboctahedral 
morphology but unusual striations (again, see fig- 
ure 19). Most of the 16 samples displayed some 
form of color zoning (with lighter and darker, or 
blue and yellow, growth sectors) that could be seen 


Figure 16. Like nitrogen, boron becomes concentrated 
in some internal sectors and not in others during crys- 
tal growth, leading to these distinctive patterns of 
blue and colorless zones separated by sharp bound- 
aries. Photomicrograph by J.E. Shigley; magnified 20x. 
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Harvard... 

2% inches in diameter is the largest spec- 
imen in the case. Other uncut crystals 
arranged beside stones cut from similar 
material are shown. The largest cut 
stone is an aquamarine weighing 243 
carats. Gems from California, New 
Hampshire, Massachusetts, and Maine 
are shown. Most beautiful of all are the 
cut stones from Brazil, These show a 
variety of shades of blue and green as 
well as the rich yellow of golden beryl. 
In the same case are emeralds. <A beauti- 
fully formed isolated crystal from Brazil 
weighs 60 carats and a large one from 
Colombia, still in the matrix, weighs ap- 
proximately 80 carats. 

In the next case (No. 118) are several 
crystals of pink beryl, morganite, and a 
cut stone of this material from Mada- 
gascar weighing 32 carats. Here, too, are 
the gem varieties of spodumene — a deep 
green hiddenite crystal from North Car- 
olina is the one figured in color in Kunz’ 
GEMS OF NORTH AMERICA and is 
the second largest found at the type 
locality. A paler hiddenite is shown with 
a 56 carat cut stone from Brazil. The 
two large kunzite crystals which came to 
Harvard with the Holden Collection are 
not on exhibit, but another is displayed 
that measures 9x4x2 inches and weighs 
72. ounces. This is of interest to jewelers 
in that it was in G. F. Kunz’ private col- 
lection. In this same case are cut gar- 
nets from North Carolina, New York, 
California, Brazil, Mexico, Russia, and 
Greenland. 

In case No. 120 are shown some_less 
common gem minerals such as the dato- 
lite from Lake Superior colored a deli- 
cate shade of pink by inclusions of native 
copper, hematite, and andalusite (chiasto- 
lite) and sphalerite. Fluorite in crystals, 
carvings, and cut stones and cut and un- 
cut scapolite are also here. An unusual 
stone exhibited is a cat’s eye scapolite 


from Burma. A cut scapolite from Bra- 
zil weighs 106 carats. Here also are 
specimens of nephrite and jadeite with 
some small carvings from similar 
material. 

In the last case (No. 121) are a num- 
ber of other comparatively rare cut 
stones. Among these are sphene, apatite, 
willemite, benitoite, diopside, scheelite, 
and cassiterite. The various varieties of 
feldspar are also displayed. There is the 
deep green microcline (amazon stone) ; 
peristerite from Madagascar and Hybla, 
Ontario; monnstone from Ceylon; labra- 
dorite from Labrador; and, sunstone from 
Norway. Most striking of the.cut feld- 
spars is a deep yellow orthoclase from 
Madagascar weighing 35 carats. 

The most recent acquisition to the 
Harvard Mineralogical Museum is the 
Burrage collection of minerals and gems. 
Time has not yet permitted a cataloging 
of these specimens but when this is done 
and they can be put on display the gem 
collection will be greatly enhanced. Among 
the gems there are many fine cut stones 
of ruby, sapphire, chrysoberyl, spinel, and 
tourmaline. 


Formations... 
(Continued from page 12) 


centration of the rare element boron, 
tourmaline may be found. Tourmaline 
is a common and abundant -mineral in 
pegmatites, usually black and not of gem 
quality. If, however, there is not only 
a concentration of boron but also one 
of lithium, tourmaline may crystallize 
that is red, green, blue, or colorless. In 
the same pegmatite may be found topaz 
resulting from a concentration of the 
rare element: fluorine. One of the most 
characteristic minerals in a gem peg- 
matite is beryl, made up of the three 
common elements aluminum, oxygen, and 
(Continued on page 30) 
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even in the lighter samples. The clarity of the 13 
faceted samples varied from equivalent VS to I 
grades (VS—4 samples, SI—4, and I—5). Most of the 
samples corresponding to SI and I contained metal- 
lic inclusions. As shown in figure 21, some samples 
also displayed remnants of the original crystal sur- 
face that were located near the girdle area; such 
remnants could be useful for identification purpos- 
es because they can show striations or dendritic 
markings not seen on natural diamond crystals. 


Luminescence. The samples in this category dis- 
played a range of UV fluorescence reactions. Most 
of the irradiated type Ib samples exhibited very 
weak to weak orange to reddish orange fluores- 
cence of similar intensities to both long- and short- 
wave UV radiation. However, the three yellow- 
green type Ib crystals fluoresced weak green to 
long-wave UV but were inert to short-wave UV. 
None of these irradiated type Ib samples exhibited 


Figure 18. The cathodoluminescence of this 0.27 ct 
blue synthetic diamond reveals the distinctive 
arrangement of internal growth sectors. Photo by S. 
MuhImeister and C. M. Breeding. 


Figure 17. When viewed 
table-down immersed in 
water, the blue and colorless 
(samples on the left), or blue 
and yellow (right), zoning in 
cross- or square-shaped pat- 
terns is more readily appar- 
ent in these four laboratory- 
grown diamonds. 
Photomicrographs by J. E. 
Shigley; magnified 20x. 


fluorescence zoning patterns, nor any phosphores- 
cence when the UV lamp was turned off. 

In contrast, for the most part the mixed type 
IIb+Ib samples were inert to long-wave UV radiation 
(one fluoresced weak orange), but showed weak to 
moderate yellow-green or green-yellow fluorescence 
to short-wave UV (one fluoresced a moderate 
orangy yellow). All of these samples revealed some 
form of fluorescence zoning pattern (in the shape of 
a cross, square, or lines), and all displayed persistent 
yellow, yellow-green, or orange-yellow phosphores- 
cence (60 seconds or more). 

Figure 22 shows the blue cathodolumines- 
cence—and the characteristic cuboctahedral pat- 
tern—of the green sample tested. 


Electrical Conductivity. Six of the eight mixed-type 
IIb+Ib samples displayed weak electrical conductivi- 
ty and visible electroluminescence. The other two 
were not conductive. 


Figure 19. As determined by spectroscopy, the color of 
this 1.06 ct yellow-green crystal is due to irradiation 
and heat treatment. Also notable are the unusual 
curved striations that cover much of the surface. 
Photomicrograph by J. E. Shigley. 
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Figure 20. In comparison to the blue and yellow syn- 
thetic diamonds examined during this study, most of 
the green samples exhibited less saturated colors. 
Photo by Maha Tannous. 


Visible Spectra. Of the 16 samples, only 4 (all yel- 
lowish green and yellow-green type Ib samples that 
had been irradiated) displayed sharp absorption 
bands in their spectra when viewed with the prism 
spectroscope. One displayed a sharp 595 nm band, 
and the three crystals each displayed a 494 nm band 
(again, see table 1). 


Advanced Instrumentation. The visible absorption 
spectrum of a representative as-grown type IIb+Ib 
yellowish green sample (figure 10D) shows absorp- 
tion toward both ends. In contrast, the spectrum of 
the irradiated type Ib yellowish green sample (figure 
10E) is typical of that seen for an irradiated green 


Figure 22. The cathodoluminescence of this 0.31 ct 
grayish green sample displays the distinctive 
arrangement of internal growth sectors identifying it 
as a lab-grown diamond. Photo by S. MuhImeister 
and C. M. Breeding. 
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Figure 21. On occasion, small areas of the original 
crystal surface are retained on a faceted synthetic 
diamond. This 0.19 ct sample shows the striated crys- 
tal surface, which is distinctive of many laboratory- 
grown diamonds. Photomicrograph by J. E. Shigley; 
magnified 30x. 


diamond, with numerous sharp radiation-produced 
absorption bands (again, see table 1). 

The mid-infrared spectrum of a mixed type 
IIb+Ib sample shows features due to both nitrogen 
and boron impurities (figure 11D). Figure 11E pre- 
sents a similar spectrum for one of the irradiated, 
very weak type Ib samples, where there is an almost 
complete absence of nitrogen-related absorption fea- 
tures in the region below 1400 cm=!. Thus, although 
the latter are type Ib synthetic diamonds, they are 
described as being “nominally type Ila” since their 
nitrogen content is so low. 

The PL spectrum of the mixed type IIb + Ib dia- 
mond is dominated by intrinsic features (figure 
12E), whereas that of the irradiated specimen dis- 
plays several emission lines (figure 12F). 

EDXRE analysis indicated the presence of Fe and 
Co in two of the samples tested (plus Mn, Ni, and 


Figure 23. Among the “pink” samples examined dur- 
ing this study were those with orangy pink (0.18 ct), 
pink (0.21 ct), and pinkish purple (0.23 ct) hues. This 
is very similar to the range of hues encountered in nat- 
ural pink diamonds. Photo by Maha Tannous. 
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Figure 24. Note the cuboctahedral morphology of these 
representative samples of pink synthetic diamond 
crystals (0.44-0.87 ct). Photo by Maha Tannous. 


Cu in one of these), but no metallic impurities were 
detected in the third sample. 


Pink. Visual Appearance. As with the green synthet- 
ic diamonds mentioned above, the 45 pink samples 
represent very low-nitrogen type Ib material (nomi- 
nally type Ila due to the very weak nitrogen-related 
absorption bands in the infrared spectra). When 
grown, type Ib synthetic diamonds are yellow; the 
pink color of these samples is due to post-growth irra- 
diation and heat treatment (the same process used to 
produce treated pink natural diamonds—Collins, 
1982, Kammerling et al., 1995). These pink samples 
are similar in many respects to the treated red syn- 
thetic diamonds described by Moses et al. (1993). 

A range of hues were represented in this group 
(see, e.g., figure 23): orangy pink (16), brownish orangy 
pink (1), pink (15), purplish pink (12), and pinkish pur- 
ple (1). The color grades of the 37 faceted samples 
would be described as Fancy (11 samples), Fancy 
Intense (18), Fancy Vivid (7), and Fancy Deep (1). 


Figure 25. This comparison of color zoning patterns in 
a 0.32 ct sample (left) and a 0.39 sample (right) illus- 
trates how the pattern is less visible in samples with 
lower saturation (as on the left). Photomicrograph by 
]. E. Shigley; magnified 20x, water immersion. 


Features Seen with Magnification. The eight pink 
crystals we examined had a typical cuboctahedral 
morphology (figure 24). They were on average small- 
er than the yellow synthetic diamond crystals we 
examined (0.44—1.08, versus 0.63—1.74 ct}, and their 
shape and surface features appeared more irregular. 

The clarity of the 37 faceted samples (0.16-0.51 
ct) varied from VVS to I on the GIA clarity-grading 
system (VVS—1 sample, VS—12, SI—7, and I—17). 
Again, these grades were based mainly on the posi- 
tion and visibility of metallic inclusions. All exhib- 
ited some pattern of color zoning related to their 
crystal shape, although this pattern was difficult to 
see in those samples that were less saturated (figure 
25). This zoning consisted of purplish pink and 
orangy pink areas separated by sharp planar graining 
(figure 26). Metallic inclusions were present in 
almost all samples (figure 277). 


Luminescence. All samples in this group exhibited 
moderate to strong orange or orangy red long-wave 


Figure 26. Shown here are two 
examples of color zoning seen in 
the pink synthetic diamonds 
(0.41 and 0.33 ct). The zoning 


appears as orangy pink and pur- 
plish pink areas separated by 
sharp boundaries (known as pla- 
nar graining) that are often per- 
pendicular to the table (left), but 
may occur at an angle to this 
facet (right). This color zoning is 
best seen by observing close to 
the girdle plane of the sample. 
Photomicrographs by J. E. Shigley. 
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Figure 27. The metallic inclusion in this 0.41 ct sam- 
ple displays a brownish halo as the result of a tension 
fracture being created when the inclusion solidified. 
Photomicrograph by J. E. Shigley; magnified 40x. 


UV fluorescence. When exposed to short-wave UV 
radiation, the samples fluoresced weak, moderate, 
or strong orange. Twenty-eight of the 45 samples 
had stronger long-wave than short-wave UV fluo- 
rescence, while the remainder appeared to fluoresce 
in similar intensities to both wavelengths. In most 
cases, these fluorescence reactions appeared to be 
evenly distributed, although cross-like or line pat- 
terns could be seen in a few. When the UV lamp 
was turned off, 7 of the 45 samples displayed a 
weak orange phosphorescence of limited duration 


Figure 28. The cathodoluminescence of this 0.39 ct 
pink synthetic diamond reveals the growth-sector 
arrangement typically seen in synthetic diamonds. 
Photo by S. Muhlmeister and C. M. Breeding. 
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(5-10 seconds); the remaining samples did not 
phosphoresce. 

Figure 28 shows the orange cathodolumines- 
cence pattern of the one pink sample tested. 


Visible Spectra. When observed with the prism 
spectroscope, all but 2 of the 45 samples showed a 
sharp absorption line at 637 nm, and 19 displayed 
sharp bands at 595 nm. 


Advanced Instrumentation. These pink synthetic 
diamonds displayed a number of sharp absorption 
bands in their visible spectra (see table 1 and figure 
10F). These spectral features are very characteristic 
of yellow type Ib diamonds that have been irradiat- 
ed and heated to create a pink-to-red color (Collins, 
1982). The infrared spectra of this group (figure 11F) 
indicate that these samples contain little nitrogen, 
as evidenced by the very weak nitrogen-related 
absorption features below 1400 cm~!. The PL spec- 
trum in figure 12G shows several of the same fea- 
tures as the visible spectra, along with a peak at 693 
nm due to nickel impurities. 

When analyzed by EDXRF, Fe, Ni, and Co (and 
possibly Cu) were detected in three of four sam- 
ples (no metals were detected in the fourth sample 
analyzed). 


DISCUSSION AND IDENTIFICATION 


As we have seen from the data presented above (and 
summarized in the GWG Data Depository at 
www.gia.edu/gemsandgemology), many of the char- 
acteristics of the new synthetic diamonds supplied 
by Chatham’s Asian manufacturer do not differ 
appreciably from others that have been grown by this 
method (HPHT). Nevertheless, as is often the case 
with synthetic materials that are produced by differ- 
ent manufacturers, there are features present in some 
of these synthetic diamonds that are unlike those we 
typically see in other HPHT-grown products. 

One of the most interesting observations is that 
the majority of the irradiated pink and green syn- 
thetic diamonds contained so little nitrogen that one 
would expect them to be very pale in their “as 
grown” state, although we are aware (based on our 
experience with natural diamonds) that low concen- 
trations of isolated nitrogen can result in strong col- 
ors. As stated above, many were close to being clas- 
sified as type Ila. This is important because to date 
low-nitrogen-content synthetic diamonds have been 
difficult to manufacture, and the only ones we had 
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seen previously were those created in the manufac- 
turer’s attempt to grow near-colorless material. 
Unfortunately, we do not know what the original 
appearance of the Chatham pink and green samples 
was before they were irradiated. It may well be that 
the low nitrogen concentration is necessary to pro- 
duce the lighter pink colors. More information is 
needed before we can assess the significance of this 
development. 

Another interesting fact about this new product 
is the availability of as-grown greens, which had sel- 
dom been seen before in synthetic diamonds. The 
curious combination of blue type Ib and yellow type 
Ib in the same crystal, which produces a green face- 
up color in a finished stone, may be a consideration 
for some who prefer not to have irradiated material. 

Also important, as noted above, is the fact that 
the colors of a great many of these synthetic dia- 
monds more closely resemble those commonly seen 
in natural colored diamonds, particularly in the 
blues, pinks, and greens. For the most part, the col- 
ors of other synthetic diamonds have been “better 
than nature,” as is typical of synthetic gem materi- 
als, whether they are diamonds, rubies, or emeralds. 
The danger here is the possibility that a gemologist 
might let his or her guard down when it comes to 
identifying one of these lab-grown diamonds by 
virtue of the fact that they do not “look” lab grown. 
While this may seem like a basic issue, it is nonethe- 
less a very real trap that can be easy to fall into. 

As for the identification of these laboratory-cre- 
ated diamonds, the indications and features of those 
we examined are fairly consistent with those pro- 
duced by other HPHT manufacturers in the past. 
Many still contain metallic flux inclusions (which, 
if present in sufficient quantity, would make the 
host gem magnetic], still show patterned color zon- 
ing and ultraviolet fluorescence related to their 
cuboctahedral morphology, and still display charac- 
teristic features using advanced instrumentation, 
such as nickel-related absorption and photolumi- 
nescence lines and the presence of Ni, Co, or Fe in 
their chemistry. (The occurrence of nickel is 
extremely rare in natural diamonds [see Chalain, 
2.003].) These samples, however, showed some addi- 
tional features worth noting. 

The type Ib or mixed type I[b+Ib blue-to-green 
samples all showed the color zoning that is distinc- 
tive of synthetic diamonds (figure 29). In addition, 
the presence of blue and yellow color zoning in the 
same item does not occur in natural diamonds. 
These features are diagnostic and make identifica- 
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tion of these synthetics fairly straightforward. It 
should be noted that, unlike other colors, the fact 
that the short-wave UV fluorescence is commonly 
stronger than the long-wave UV is not particularly 
useful with blues. While natural type IIb blues often 
do not fluoresce at all, it is common for them to 
show this property when they do (King et al., 1998). 
There is little information published about syn- 
thetic pink diamonds, primarily because so few have 
been seen until now. Most irradiated type Ib syn- 
thetic diamonds we examined previously were red. 
Identification of the pinks should first revolve 
around establishing the fact that they are irradiated 
to this color, which is a rare occurrence even in nat- 
ural diamonds. It is well documented that most nat- 
ural pink diamonds owe their color to plastic defor- 
mation of their crystal lattice (see, e.g.,. Chapman 
and Humble, 1991; Collins, 1982, 2001), which gives 
rise to distinctive properties such as strong strain 
visible in polarized light (figure 30) and related strong 
graining and color zoning (figure 31). These features 
are not present in the pink Chatham synthetic dia- 
monds, which should immediately alert the gemolo- 
gist that a more critical examination is warranted 
(figure 32). Of course, as mentioned earlier, orange 
fluorescence to long- and short-wave ultraviolet radi- 


Figure 29. All of the type IIb and mixed type IIb + Ib 
samples we examined for this study displayed color 
zoning following the cubo-octahedral habit of the 
crystals, which is very characteristic of synthetic dia- 
monds. This sample shows blue and yellow color zon- 
ing following a distinctly unnatural pattern. While 
most of the samples in this study showed some kind 
of unnatural zoning, the patterns in these types were 
by far the most pronounced. Photomicrograph by 
Shane F. McClure; magnified 28x. 
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Figure 30. The strong strain usually present in natural 
pink diamonds (seen here in polarized light) was not 
observed in any of the Chatham synthetic pink dia- 
monds examined. Photomicrograph by Shane F. 
McClure, magnified 16x. 


ation and the presence of 595, 637, as well as (possi- 
bly) 575 nm lines in a prism spectroscope are indica- 
tions that a pink diamond is an irradiated type Ib. 
However, both natural and synthetic type Ib dia- 
monds can be irradiated and heated to produce a 
pink color. Whether it is natural or lab grown must 
be determined by inclusions, color zoning, or analy- 
sis with advanced techniques. It should be noted 
that some rare natural type Ila pink diamonds may 
also fluoresce orange (Moses et al., 1993). 

The most significant aspect of these new synthet- 
ics from the point of view of identification reflects a 
continuing trend with synthetic diamonds in general 
(Shigley et al., 2002). As might be expected, improve- 
ments in the growth technique have led to steady 


Figure 32. The color zoning seen in these pink synthet- 
ic diamonds consisted of distinct areas of purplish 
pink and orangy pink with sharp, well-defined borders. 
Photomicrograph by James Shigley; magnified 15x. 
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Figure 31. Color zoning in natural pink diamonds typ- 
ically follows the strain patterns in the form of uneven 
parallel bands, as shown here, which is not seen in 
pink laboratory-grown diamonds. Photomicrograph 
by John I. Koivula; magnified 15x. 


improvements in the product, so that they tend to be 
cleaner overall (figure 33). The fluorescence patterns 
are also diminishing in strength and size, such that 
some of the samples in this study did not fluoresce 
at all. This means that the gemologist must be 
extremely careful when examining suspect stones. 

None of the samples in this study were com- 
pletely free of inclusions. Even those that were of 
VVS quality contained flux in the form of sparse 
clouds (figure 34). With practice and experience, 
these clouds can be recognized by their appearance, 
but it is not an easy separation. Suffice it to say 
that a diamond that contains only a sparse cloud as 
a clarity feature should be examined carefully. 


Figure 33. The size and frequency of metallic inclu- 
sions in modern synthetic diamonds has been dimin- 
ishing for some time. Often they are small and diffi- 
cult to recognize as metallic flux. Photomicrograph by 
Shane F. McClure; magnified 40x. 
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Figure 34. Sometimes the only inclusions present in 
these samples were sparse clouds of pinpoints. With 
some experience, it is possible, though difficult, to rec- 
ognize the difference in appearance between these 
clouds and those found in natural diamonds. Photo- 
micrograph by Shane F. McClure; magnified 37x. 


It is important to point out, however, that all of 
the samples we tested for this report could be iden- 
tified by gemological means. In some cases, careful 
examination is required, but the combination of 
inclusions, graining, fluorescence, and color zoning 
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would conclusively identify all these samples as 
synthetic. 

The De Beers Diamond Trading Company’s 
DiamondView instrument is also very useful to 
detect characteristic surface patterns in higher-ener- 
gy UV fluorescence. This instrument is now avail- 
able to the trade, but it is considerably more expen- 
sive than standard gemological instruments, and 
training is required to interpret the results correctly. 


CONCLUSIONS 


A new group of laboratory-grown diamonds being 
marketed by Chatham Created Gems—under the 
name “Chatham Created Diamonds”—trepresents a 
wide range of hues and, in some cases, very natural- 
looking color saturations. The samples examined in 
this study exhibited many visual features that would 
aid in their identification, and testing with advanced 
instrumentation would provide additional spectral 
and chemical evidence of their laboratory origin. The 
increasing availability of synthetic diamonds such as 
the ones examined here reinforces the need for gemol- 
ogists to know the means of their identification. 
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THE 3543 CM! INFRARED 
ABSORPTION BAND IN NATURAL AND 
SYNTHETIC AMETHYST AND ITS VALUE 

IN IDENTIFICATION 


Vladimir S. Balitsky, Denis V. Balitsky, Galina V. Bondarenko, and Olga V. Balitskaya 


The proper use and limitations of IR spectroscopy for identifying natural versus synthetic amethyst 
of various types have been investigated, focusing on the region 3800-3000 cm~'. The presence 
of absorption bands at approximately 3680, 3664, and 3630 cm~ unambiguously proves artifi- 
cial origin, but only for samples grown in near-neutral NH,F solutions. Conversely, there are no 
unambiguous diagnostic features in the IR spectra of the more commercially significant synthetic 
amethyst grown in alkaline K,CO, solutions. Nevertheless, previous investigators have found 
potential diagnostic value in absorption bands at approximately 3595 and 3543 cm“. Although 
the 3595 cm~! band is not found in the spectra of synthetic amethyst, it also is frequently absent 
from those of natural amethyst. The 3543 cm™! band is found in the vast majority of synthetic 
amethysts grown in alkaline solutions, but this band also is sometimes present in natural 
amethyst—so it provides only tentative evidence of synthetic origin. Moreover, the 3543 cm=! 
band is absent from some varieties of synthetic amethyst. The unambiguous identification of natu- 
ral versus synthetic amethyst therefore must be based on a combined examination of the IR spec- 


tra, internal growth structures (including twinning), and inclusions. 


tionship between conditions of formation and 

the absorption spectra of natural and synthet- 
ic amethyst in the 3800-3000 cm! region to deter- 
mine whether infrared spectroscopy can be used to 
identify synthetic origin (see Balitsky et al., 2003, 
2004). Previously it was shown that both natural 
amethyst and synthetic amethyst grown in alkaline 
solutions share similar spectral features in this 
region (Balakirev et al., 1979; Zecchini, 1979, 
Balitsky, 1980; Lind and Schmetzer, 1980; Zecchini 
and Smaali, 1999). Two absorption bands are almost 
always present in both types—an intense feature at 
3585 cm7! and a relatively weak one at 3612 cm-!— 
due to the presence of OH™ defects in the quartz 
structure (Rossman, 1988). Also characteristic is a 
broad band with a maximum near 3400 cm7!, 
which often overlaps the absorption bands men- 
tioned above, that is related to the presence of 


R ecently, we have studied in detail the rela- 


146 IDENTIFYING SYNTHETIC AMETHYST 


molecular water (Kats, 1962; Rossman, 1988). In 
addition, the IR spectra of some natural amethyst 
exhibits an absorption band at 3595 cm! that is 
never found in the spectra of synthetic amethyst 
(Zecchini, 1999). There are also indications that an 
absorption band near 3543 cm! occurs rarely in the 
IR spectra of natural amethyst, but is present in the 
overwhelming majority of synthetic amethysts 
(Fritsch and Koivula, 1987; Fritsch and Rossman, 
1990; Zecchini and Smaali, 1999). 

Thus, the 3543 cm~! band has become estab- 
lished as one of the basic features indicative of syn- 
thetic origin in amethyst. However, it has been 
shown recently that this band commonly occurs in 
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the IR spectra of natural amethyst from the Caxarai 
mine in Brazil (Kitawaki, 2002). According to our 
own data, this band also is present in some amethyst 
from other localities. 

These factors have created uncertainty with 
respect to the usefulness of IR spectroscopy in 
general, and the 3543 cm! band in particular, for 
identifying the natural or synthetic origin of 
amethyst. Given the quantity of synthetic amethyst 
in the jewelry market (figure 1), we performed the 
present study to investigate the characteristics of 
the 3543 cm~! band in various growth sectors of 
synthetic amethyst manufactured under different 
conditions, as well as the effects of growth rate, 
crystallographic orientation, gamma irradiation, and 
annealing on this band. 


THE MORPHOLOGY AND INTERNAL GROWTH 
STRUCTURE OF SYNTHETIC AMETHYST 


To provide a better understanding of the results of 
this investigation, we will first consider some fea- 
tures of the morphology and internal structure of 
synthetic amethyst crystals grown on seed plates of 
various orientations, and compare them to those of 
natural quartz (figure 2). Crystals of natural quartz 
commonly show faces of the hexagonal prism m 
{1010}, positive rhombohedron r {1011}, and negative 
rhombohedron z {0111} (figure 2.A). In addition, faces 
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Figure 1. Large quantities of 
synthetic amethyst are pres- 
ent in the gem trade, but 
challenges remain in sepa- 
rating this material from its 
natural counterpart. In 
some cases, infrared spec- 
troscopy may provide evi- 
dence of natural or synthet- 
ic origin. The synthetic 
amethyst in this suite of 
jewelry is set with dia- 
monds (and opal in the 
ring); the oval checkerboard 
cut in the pendant weighs 
4.91 ct, and the loose sam- 
ples are 1.94, 1.18, and 0.73 
ct (GIA Collection nos. 
20662, 20664, and 20665, 
respectively). Jewelry cour- 
tesy of Gems of La Costa, 
Carlsbad, California; photo 
by Maha Tannous. 


of the trigonal trapezohedron x {5161} and trigonal 
dipyramid +s {1121} may be present. In general, the 
particular faces present on synthetic amethyst crys- 
tals depend on the orientation and size of the seed 
plate, as well as on the growth rate and duration. As 
a rule, the m, r, and sometimes z faces are common 
for synthetic amethyst grown in alkaline solutions 
on the seeds cut parallel to z, r, and the basal pina- 
coid c {0001} (figure 2B). However, the m, r, z, +s, 
positive trigonal prism +a {1120}, and negative trigo- 
nal prism —a {2110} faces are typical for synthetic 
amethyst grown in NH,F solutions on seeds cut par- 
allel to c and s faces (figure 2C). The trigonal prism 
faces are found between those of the hexagonal 
prism, perpendicular to the X-axis. These faces are 
rarely present on natural quartz crystals (Dana et al., 
1962), but they are commonly found on synthetic 
quartz (including crystals grown in NH,F solutions 
on seeds cut parallel to c and s with ZY orientation). 
The growth of synthetic amethyst in alkaline 
solutions takes place mainly on seed plates cut par- 
allel to z and, very rarely, on seeds cut parallel to r 
(Balakirev et al., 1979, Balitsky, 1980; Balitsky and 
Lisitsina, 1981). Such crystals usually have an elon- 
gate tabular form (figure 3A). When the z-seed is 
used, the crystals are dominated by z and m faces, 
and also show smaller r faces. The z growth sectors 
are of primary importance in such crystals; only 
rarely do they contain significant r sectors, and m 
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growth sectors are absent (figure 3B). These crystals 
sometimes contain spindle-shaped Dauphiné r- 
twins within the z sectors (see, e.g., the plate at the 
bottom of figure 3B). The same morphology and 
growth structure have been seen in Japanese and 
Chinese synthetic amethyst grown under equiva- 
lent conditions (figure 4). 

When the r-seed is used, the crystals show r and 
m faces (figure 5), and the z faces (and sectors) are 
typically absent. The r sectors almost always con- 
tain polysynthetic Brazil twins (see figure 5, inset). 

Very rarely, synthetic amethyst crystals are 
grown on seeds cut parallel to c or on seeds with an 
unconventional orientation. These crystals are char- 
acterized by morphological and color-distribution 
characteristics that differ from those described 
above. For example, crystals grown on seeds cut par- 
allel to c may have a tabular shape with well-devel- 


Top 
view 


Side 


view 
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oped m, r, and z faces (figure 6). Such crystals typi- 
cally consist of bicolored synthetic amethyst-cit- 
rine, with the amethyst portion formed by both z 
and r sectors. When the seed plates used are nearly 
cubic in shape, the grown crystals acquire a pris- 
matic habit with an even distribution of r, or r and z 
sectors (figure 7). These crystals may yield faceted 
synthetic amethyst of high quality (figure 8). 

The growth of synthetic amethyst in near-neu- 
tral NH,F solutions is done on seed plates cut paral- 
lel to c or s (Balitsky, 1980, Balitsky et al., 2000). 
The crystals are elongated on the Y- or X-axis, and 
their particular habit and internal structure are 
defined by the orientation of the seed plates and the 
growth rates of the main faces (i.e., c, +s, and +a; fig- 
ures 9 and 10). In contrast to crystals grown in alka- 
line solutions, the z and r sectors are insignificant, 
and there are practically no m faces. 


Figure 2. These drawings 
show the principal faces and 
crystallographic axes for nat- 
ural quartz (A) and synthet- 
ic amethyst grown in alka- 
line K,CO, solution on a 
seed cut parallel to z (B) and 
in near-neutral NH,F solu- 
tion on a seed cut parallel to 
cors (C). The notation of X, 
Y, and Z axes follows the 
convention used by crystal 
growth technologists for an 
orthogonal coordinate sys- 
tem (in contrast, most min- 
eralogists refer to a), Ay, Ax 
and c axes for the hexagonal 
crystal system). The labels r 
and z refer to faces of posi- 
tive and negative rhombohe- 
dra, respectively, and the 
hexagonal prism is m. Some 
faces have positive or nega- 
tive designations, depending 
on their location relative to 
the X and Y axes; this is the 
case for the trigonal trapezo- 
hedron x, the trigonal 
bipyramid s, and the trigo- 
nal prism a. Natural quartz 
crystals rarely show the trig- 
onal prism a, and typically 
do not have c faces, which 
are oriented perpendicular to 
the Z (optic) axis. 
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Gemological Uigests 


Method for Producing 


Synthetic Emerald 


_ During World War II, Professor R. 
Nacken of the Mineralogical Institute, 
Frankfurt University, Frankfurt, Ger- 
many, perfected a method for growing 
synthetic quartz crystals, and several 
other minerals including emerald, Pro- 
fessor Nacken had been working on the 
growth of crystals since 1912, and the 
following is an account of the method 
he developed for growing synthetic quartz 
crystals. It is of special interest to gem- 
ologists because exactly the same method 
was used successfully to grow synthetic 
emerald crystals. 


As a starting point for the production 
of quartz crystals, seeds in the form of 
thin lamellae were cut from natural 
quartz crystals. The apparatus used con- 
sisted of an autoclave (high pressure 
“bomb”) having an inner and outer 
chamber. The inner chamber was made 
of steel, cylindrical in shape and lined 
with silver. It had a capacity of about 
30 ml. The inner chamber was contained 
in an outer vessel with thick steel: walls, 
closed by a screw plug. The seed crystal 
was suspended in the inner chamber by 
a silver wire. Raw material in the form 
of chemically pure silica glass was placed 
in the outer chamber. Solvent was added 
which consisted of a very dilute (N/1000) 
solution of sodium bicarbonate. The sol- 
vent occupied about 20 per cent of the 
total volume of the autoclave at room 
temperature. The autoclave was sealed 
and the temperature raised to 370-400 
degrees C. and maintained at this value 
for several days. The apparatus was so 


SPRING, 1948 


designed that the temperature of the 
inner chamber would. be slightly lower 
than that of the outer chamber, and the 
solvent circulated, carrying silica in solu- 
tion from the silica glass and depositing 
it as quartz on the seed crystal. A quartz 
crystal about 1.5 cm. by 0.3 cm. could 
be grown from a thin “seed” plate in a 
few days time. 

Professor Nacken used with success 
a similar method for the synthesis of 
other minerals, including feldspars, micas, 
and beryl. He made large numbers of 
synthetic -emeralds, using a trace of 
chromium to produce the color. Hexa- 
gonal prisms weighing 0.2 grams (1 
carat) were grown in a few days. 

Abstracted from: SYNTHETIC 
QUARTZ CRYSTALS, by G. Van 
Praagh. (Geological Magazine, vol. 84, 
No. 2, pp. 98-100, 1947). 

_—Gerorce Switzer, PH.D. 


Recent Information 
On Emerald Production 


The emerald zone of Muzo is situated 
in the valley of Rio Itaco, tributary of- 
the Rio Minero. The mines are about 
100 km. north of Bogota, at an elevation 
of about 600 meters above sea level. The 
mines are about eight miles from the 
village of Muzo by mule trail. 

When the Muzo mines, together with 
the Coscuez mines, a short distance to 
the north, are in operation, they produce 
the highest quality emerald in Colombia 
at a rate of about 13,000 carats annually. 
The only other important emerald mine 
in Colombia is the Chivor mine, 90 km. 
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Figure 3. The synthetic amethyst crystals in image A 
show the typical morphology resulting from growth in 
alkaline K,CO, solutions on seeds cut parallel to z; the 
largest crystal is 23 cm long. Image B shows polished 
slices that were cut from such crystals (2 mm thick, 
sliced parallel to a). Note the colorless seed plate along 
the center of each slice. The crystals are formed mainly 
by z growth sectors, while r sectors occupy small por- 
tions. Faceted synthetic amethysts prepared from such 
crystals consist almost entirely of the z sector. 
However, Dauphiné twinning may augment the r sec- 
tors in such crystals (see bottom slice), so that faceted 
material may contain both z and r sectors. Photos by 
V. S. Balitsky (image A) and Maha Tannous (image B). 


MATERIALS AND METHODS 


To ensure reliable results, we studied a total of 238 
commercially available samples of hydrothermal 
synthetic amethyst that were grown by us under 
known and controlled conditions, at facilities in 
Aleksandrov (VNIISIMS) and Chernogolovka (IEM 
RAS). This included a core group of 120 crystals 
(0.3-12 kg each) and slices cut from them, most of 
which were grown in alkaline K,CO, solutions at 
temperatures of 300—350°C and pressures of 
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r-twins 


1000-1500 atm in the presence of Fe** and an oxidiz- 
er (Balitsky and Lisitsina, 1981). The seed plates in 
these samples mainly were cut parallel to z, as is the 
case for most of the synthetic amethyst in the gem 
trade. However, eight additional crystals (0.2-0.4 kg 
each) were grown in these solutions on seeds cut 
parallel to r, and more than 50 crystals were grown 
on seeds cut parallel to c in conjunction with a 


Figure 4. These crystals of 
synthetic amethyst were 
grown in the 1980s in China 
(left, 8.5 cm long) and Japan 
(right, 12 cm long). They 
show identical morphologic 
features to those of the Rus- 
sian samples in figure 3, and 
were apparently produced 
under equivalent conditions. 
Photos by V. S. Balitsky. 
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Figure 5. Synthetic amethyst crystals grown in alka- 
line K,CO, solutions on seed plates cut parallel to r 
are dominated by r sectors. The 2-mm-thick plate on 
the bottom was sliced parallel to a from a similar 
crystal. The inset shows numerous polysynthetic 
Brazil twins in the r sector, which were brought out 
by etching the slab in a strong NH,F: HF solution. 
Photos by V. S. Balitsky. 


Figure 6. These synthetic quartz crystals were grown 
in alkaline solutions on seeds cut parallel to c, and 
show well-developed m, r, and z faces. The two crys- 
tals on top are shown before gamma irradiation and 
those on the bottom, after irradiation to create the 
amethyst coloration (the largest crystal measures 21 x 
7 cm). The inset shows a slice through the upper por- 
tion of a synthetic ametrine crystal (2 mm thick, cut 
parallel to a), which consists of the z 
and r sectors. Synthetic amethyst 
faceted from such material will include 
both of these sectors, and therefore will 
show varying behavior of the 3543 cm! 
absorption band. Photos by Maha 
Tannous and D. V. Balitsky (inset). 


Z 
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Figure 7. Prismatic crystals of synthetic amethyst are 
grown in alkaline solutions on seeds that are nearly 
cubic in shape. Such crystals have well-developed m, 
r, and z faces, and their morphology closely resembles 
that of natural quartz crystals. The yellow color in the 
center of the prism correlates to c sectors, whereas the 
amethyst areas consist of rhombohedral sectors. 
Photos by V. S. Balitsky. 


metal mask containing holes of 10-50 mm in diam- 
eter. In the latter case, it was possible to grow pris- 
matic crystals that were very similar to natural 
amethyst in terms of morphology and internal 
growth structure (Balitsky and Balitskaya, 1985; 
Balitsky et al., 1999). 

Also used in this study were 30 synthetic 
amethyst crystals (0.2-1.2 kg each) that we grew in 
NH, solutions (Balitsky, 1980; Balitsky et al., 2000) 
at temperatures of 240-350°C and pressures of 
80-300 atm, on seeds cut parallel to c and s. In addi- 
tion, we studied more than 80 crystals of bicolored 
synthetic amethyst-citrine (0.3-0.7 kg each), grown 
in K,CO, solutions under the same conditions that 
are used to produce commercial amethyst, but on 
seed plates cut parallel to c. 
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A few synthetic amethyst crystals from China 
(four samples) and Japan (three) also were studied. 

To achieve the purple amethyst color, all of the 
crystals—which were colorless or pale yellow to 
yellow as grown—were subjected to ionizing radia- 
tion (5 megarads of gamma rays from a Co source). 
Color stability was tested by heating 53 of the sam- 
ples in the 310—700°C range for 1-4 hours. 

IR spectra (in the 3800-3000 cm~! region) were 
recorded on all of the samples, before and after irradi- 
ation; we used a Nicolet Avatar 320 FTIR spectrom- 
eter at room temperature, with an unpolarized 
beam. A total of 580 spectra of synthetic amethyst 
grown in alkaline solutions, and more than 50 spec- 
tra of samples grown in near-neutral solutions, were 
recorded. The samples were prepared as polished 
plates (2-10 mm thick) cut parallel to x, c, and, more 
rarely, to unoriented surfaces. Typically one slice 
was prepared from each crystal. However, several 
plates were cut from some crystals so that the IR 
spectra could be recorded in different orientations. In 
addition, one cube-shaped sample (10 mm on each 
side) of synthetic amethyst grown in an alkaline 
solution was prepared for spectroscopy with the 
edges oriented parallel to the X, Y, or Z axes. 

The IR spectra of 52. samples of natural amethyst 
from the following localities also were recorded: 
Caxarai mine in Rondonia State (4 samples) and 
unspecified deposits (10) in Rio Grande do Sul State, 
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Figure 8. The ends of the prismatic crystals can be 
faceted to yield high-quality synthetic amethyst, which 
will consist of both z and r sectors. The crystal termina- 
tion measures 2.4 cm high. Photo by Maha Tannous. 


Brazil; Anahi mine, Bolivia (9); Vatikha deposit, 
Middle Ural Mountains, Russia (14); Khasavarka 
deposit, Polar Urals, Russia (6); Angarskoye deposit, 
central drainage basin of Angara River, eastern 
Siberia, Russia (2); and the Rhodope Mountains, Bul- 
garia (7). The samples consisted of polished plates 
(2-4 mm thick) cut parallel to c, m, and a. 


RESULTS AND DISCUSSION 


Our study confirmed the findings of numerous investi- 
gators who have compared the IR spectra (including 
the 3543 cm~! band) of natural amethyst to its synthet- 
ic counterpart grown in alkaline solutions (see, e.g., 


Figure 9. Image A shows syn- 
thetic quartz crystals (before 
and after irradiation) grown in 
NH, F solutions on seeds cut 
parallel to c. Image B shows 
the growth sectors in a 2.5- 
mqm_-thick plate that was sliced 
parallel to m. The crystals are 
dominated by c sectors, with 
subordinate +a, +s, and —s sec- 
tors. Photos by V. S. Balitsky. 


c 
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Figure 10. Image A shows syn- 
thetic quartz crystals (before 
and after irradiation) grown in 
NH, F solutions on seeds cut 
parallel to s. As depicted in 
image B of a 4-mm_-thick plate 
that was sliced parallel to m, 
the dominant growth sectors 
are +s and -s, and +a is subordi- 
nate. Photos by V. S. Balitsky. 
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Zecchini, 1979; Zecchini and Smaali, 1999, Balakirev 
et al., 1979; Balitsky and Lisitsina, 1981, Fritsch and 
Koivula, 1987; Fritsch and Rossman, 1990; Kitawaki, 
2002). The 3543 cm~! band is typically absent from the 
spectra of natural amethyst, except in samples from 
Brazil’s Caxarai deposit (Kitawaki, 2002), as well as in 
some samples from other localities (e.g., Brazil’s Rio 
Grande do Sul State; Bulgaria’s Rhodope Mountains; 
and Russia’s Khasavarka and Angarskoye deposits; see 
figure 11). Furthermore, the occurrence of this band 
varies according to different growth sectors and zones 
within a given crystal. Note, however, that we did not 
observe this peak in the spectra that we recorded of 
samples from the Vatikha deposit. 


For comparison, the presence or absence of the 
3543 cm! band in the IR spectra of synthetic quartz 
grown in alkaline solutions will be covered below. 
The unusual IR spectra shown by synthetic ame- 
thyst grown in near-neutral NH,F solutions will be 
discussed at the end of this section. 

Our observations suggest that the presence or 
absence of the 3543 cm band reflects certain con- 
ditions of crystal growth common to both natural 
and synthetic amethyst. It appears that the most 
important factors are those related to the formation 
of amethyst and citrine color centers—that is, struc- 
tural (amethyst) and nonstructural (citrine) imputri- 
ties of Fe** (Balitsky and Balitskaya, 1985). 
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Figure 11. The 3543 cm=! band is typically absent from the IR 
absorption spectra of natural amethyst, but this band may be 
present in samples from certain deposits, as shown in these 
spectra taken from 3-mm-thick plates that were sliced parallel 
to a. In A, a color-zoned crystal from the Rhodope Mountains, 
Bulgaria, revealed a well-developed 3543 cm= band in the 
intensely amethyst-colored z2 and r sectors, but this band was 
absent from the smoky z1 sector. Note that two typical 
amethyst bands—at 3612 and 3585 cm~!—are absent from all 
three spectra. In B, amethyst from Khasavarka, North Urals, 
had a small shoulder at 3548 cm"! in one r and one z sector, 
but this band was absent from another r sector. In C, amethyst 
from Angarskoye, eastern Siberia, had a minute 3543 cm=! 
band in some r sectors but this band was absent from another 
r sector. In D, amethyst from Rio Grande do Sul, Brazil, had a 
small shoulder at 3543 cm“ band in a pale-colored area, but 
this band was not present in an intensely colored zone of the 
same crystal. In E, amethyst from Brazil’s Caxarai mine, the 
3543 cm band was present in an intensely colored portion but 
absent from pale-colored and colorless areas. 
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B IR ABSORPTION SPECTRA 


Figure 12. This synthetic amethyst plate in image A 
(3 mm thick and 7.3 cm long, sliced parallel to a), 
grown in an alkaline solution on a seed plate cut par- 
allel to z, provides an example of Condition 1. Before 
irradiation, the z sectors were colorless and the r sec- 
tors were pale yellow. Then, as shown in image A 
after irradiation, the z sectors became purplish violet 
and the r sectors turned very dark purple. The IR 
spectra in part B demonstrate that the 3543 cm! 
band was present in the z sectors, but absent from 
the r sectors. Photo by D. V. Balitsky. 


Relation to Growth Sectors in Synthetic Amethyst. 
In the colorless as-grown crystals that were pro- 
duced in alkaline K,CO, solutions, the 3543 cm“ 
band was either completely absent or occurred only 
rarely as a very weak peak or a shoulder. However, 
our investigations revealed four conditions (accord- 
ing to the z and r growth sectors) that govern the 
presence and absence of the 3543 cm™ band in syn- 
thetic amethyst grown in alkaline solutions after 
irradiation to produce the amethyst color. Although 
the four conditions described below indicate 
extreme situations, gradational characteristics also 
are possible according to variations in the growth 
conditions (a full list is available in the G&G Data 
Depository at www.gia.edu/gemsandgemology). 
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Figure 13. As another example of Condition 1, the 
plate of synthetic ametrine in image A (3 mm thick 
and 8 cm long, cut parallel to a) was grown in an 
alkaline solution on a seed cut parallel to c. Before 
irradiation, the z sectors were very pale yellow, and 
the r1 sectors were yellow, with slightly more intense 
color in the r sector (i.e., it contained more citrine- 
forming impurities). As seen here after irradiation, 
the z sectors turned purple-violet, whereas the r sec- 
tors turned brownish yellow (sector 11) and very dark 
purple (sector r2). The IR spectra in part B show that 
the 3543 cm band was absent from the r sectors, 
and barely present (to various degrees) in the z sec- 
tors. Photo by D. V. Balitsky. 


Condition 1. The 3543 cm! absorption band is pres- 
ent in the z sectors and absent from the r sectors 
(figures 12 and 13). This was the case for about 
70-80% of the studied samples. 

For this condition, the z sectors are colorless or 
very pale yellow before irradiation. This confirms 
that these sectors did not contain significant citrine- 
forming impurities (Balitsky and Balitskaya, 1986). 
In contrast, r sectors (as well as Dauphiné r-twins] 
within the same crystals initially are pale yellow to 
pale yellowish brown. With irradiation they become 
amethystine, sometimes with a barely visible 
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Figure 14. To illustrate Condition 2, image A shows 
plates of synthetic amethyst (3 mm thick and 7 cm 
long, sliced parallel to a) that were grown in alkaline 
solutions on seeds cut parallel to z. Before irradiation, 
both the z and r sectors were colorless, indicating that 
they contained no citrine-forming impurity. After irra- 
diation, both rhombohedral growth sectors became 
purple-violet (somewhat darker in the r sectors). The 
IR spectra in part B show that before irradiation, the 
3548 cnr! band was hardly noticeable (as a shoulder) 
in the z sectors, and was absent from the r sectors 
(labeled z and 1, respectively). After gamma-irradia- 
tion, this band became distinct in the z sectors and 
appeared as a shoulder in the r sectors (zg and rg, 
respectively). Photo by V. S. Balitsky. 


brownish tint. This proves that the r sectors, as well 
as the Dauphiné r-twins, contain both citrine- and 
amethyst-forming impurities (Balitsky and Balit- 
skaya, 1986). 

In the example shown in figure 13, the cit- 
rine-forming impurity is only absent from the z 
sectors, and their IR spectra include the 3543 
cm! band. However the r sectors captured more 
of the citrine-forming impurity and acquired a 
primary yellow to yellow-orange color. After 
gamma irradiation, they changed to brownish 
yellow (sector rl) and very dark reddish violet 
(sector r2). 
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According to our data, this situation was most 
common for synthetic amethyst grown during the 
1970s and ‘80s in Russia. We have observed over the 
last decade that the amount of synthetic amethyst 
with a colorless z growth sector before irradiation 
was reduced by as much as 20-30%. We believe 
that this may be related to efforts to raise produc- 
tion by increasing the growth rate of the crystals, 
which results in more of the citrine-forming impuri- 
ty being captured. 

The samples of synthetic amethyst from China 
(grown in the 1980s) and Japan showed the same 
features; for all practical purposes, they could not be 
distinguished from the Russian material. 


Condition 2. Less commonly, the 3543 cm! band is 
present in both the z and r sectors (figure 14). This 
was shown by about 20-30% of the Russian syn- 
thetic amethyst we studied that was grown before 
the 1990s and by nearly 40-50% of later produc- 
tion. We saw analogous IR spectra in our samples of 
Japanese synthetic amethyst. 

For this condition, both the z and r sectors are 
colorless before irradiation—and therefore contain 
only structural amethyst-forming impurities. We 
have also noted intermediate cases in which the z 
sectors are perfectly colorless but the r sectors are 
very pale yellow before irradiation. This indicates 
the presence of traces of the nonstructural citrine- 
forming impurity. After irradiation, both rhombohe- 
dral growth sectors become purple-violet, but the r 
sectors have a somewhat darker color (and also a 
smaller 3543 cm band). 


Condition 3. Very rarely, the 3543 cm~! band is 
absent from both the z and r sectors (figure 15). In 
this case, before irradiation both sectors are pale yel- 
low to yellow or brownish yellow, which shows the 
presence of a citrine-forming impurity (in addition 
to an amethyst-forming impurity). After irradiation, 
both growth sectors become purple-violet, some- 
times with a brownish tint. The intensity of this 
tint increases according to the amount of the cit- 
rine-forming impurity. 

According to information from Dr. Liu Guobin 
(pers. comm., 1998) almost all Chinese synthetic 
amethyst grown on z seeds was pale yellow to yel- 
low before irradiation. Our examination confirmed 
that the as-grown yellow color of Chinese synthetic 
amethyst also is caused by nonstructural iron impu- 
rities. In such material, the 3543 cm™! band is 
absent from both the z and r sectors. 
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Figure 15. In part A, these plates of synthetic amethyst 
(10 mm thick and 6.0 cm long, sliced parallel to a) 
were grown in alkaline solutions on seed plates cut 
parallel to z. They illustrate Condition 3. As grown, 
the rhombohedral sectors were pale yellow. With irra- 
diation, the r and z sectors became purple-violet with 
a brownish tint, with the r sectors being somewhat 
darker in color. In part B, the 3543 cm band is 
absent (or present as a hardly noticeable shoulder) in 
the IR spectra of the rhombohedral sectors, both 
before (z and r) and after irradiation (zg and rg). Photo 
by V. S. Balitsky. 


Condition 4, Also very rarely, the 3543 cm! band 
occurs in reverse of the first condition—that is, the 
band is present in the r sectors and absent from the 
z sectors. This situation arises when both amethyst- 
and citrine-forming impurities are present in the z 
sectors, but the r sectors have only the amethyst- 
forming impurity. In the authors’ experience, such 
conditions are seldom encountered in the commer- 
cial growth of synthetic amethyst. 


Thus, according to our data, the 3543 cm! band 
in the IR spectra of commercially available synthet- 
ic amethyst that has been grown in alkaline solu- 
tions almost always manifests itself in the z sectors 
and is often absent from the r sectors. 

From these data and communications with 
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other producers (e.g., in South Korea), we believe 
that more than 98% of the synthetic amethyst cur- 
rently produced in Russia and other countries is 
grown on seeds cut parallel to z. This is because 
such crystals grow much faster than when seeds 
cut parallel to r are used. When grown on the z- 
seeds, the vast majority of such crystals are com- 
prised of z sectors (see, e.g., figure 3B). This is why 
the 3543 cm band is found in the IR spectra of 
the majority of synthetic amethyst in the interna- 
tional gem trade. 


Effect of Growth Rate, Temperature, and Pressure. 
Our data show that the presence or absence of the 
3543 cm@! band in the IR spectra of synthetic 
amethyst grown in alkaline solutions mainly 
depends on the growth rates of the crystals. Growth 
rates are primarily a function of the pressure/tem- 
perature parameters, thermal gradient, composition 
of the solution, supersaturation, crystallographic 
orientation of the seed plates, and the position of 
the seed plates in the autoclave. 

Because commercial growth processes maintain 
the solution at a constant composition, growth-rate 
variations mainly relate to the seed orientation (e.g., 
cut parallel to z or r) and the position of the seed in 
the autoclave relative to gravity. Depending on the 
pressure-temperature (P-T) conditions and tempera- 
ture gradient, growth rates of the z face can exceed 
those of the r face by 5-8 times or more. However, 
the orientation of the seed relative to gravity and 
the temperature gradient can even affect the growth 
rates of faces with the same crystallographic orien- 
tation, especially the r faces, by a factor of 10 or 
more (see, e.g., the crystal in figure 13A). Moreover, 
slight deviations in the specified P-T conditions, 
especially the temperature gradient (i.e., solution 
supersaturation], also can affect the growth rates of 
both rhombohedra. 

Balitsky and Balitskaya (1986) described the dis- 
tribution of amethyst- and citrine-forming impuri- 
ties in synthetic quartz according to the growth 
rates of the z and r faces. In particular, these faces 
capture the citrine-forming impurity in addition to 
the amethyst-forming impurity when they reach 
their “critical” growth rates. As mentioned above, 
the presence of the 3543 cm@! band (in natural 
amethyst, as well as in synthetic amethyst grown 
in alkaline solutions) correlates to the presence of 
the amethyst-forming impurity, whereas its 
absence correlates to the simultaneous presence of 
both amethyst- and citrine-forming impurities. 
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Figure 16. This plate of synthetic ametrine crystals 
(approximately 6.0 x 11.0 cm) was grown in an alka- 
line solution on a seed plate cut parallel to c. The seed 
was oriented parallel to the vertical axis of the auto- 
clave during crystal growth. In the different crystals, 
the growth rate of the z and, especially, the r faces was 
more rapid on the top than the bottom surfaces, to 
varying degrees. Faster growth rates caused greater 
incorporation of the citrine-forming impurities. Photo 
by V. S. Balitsky. 


This accounts for the fact that when the growth 
rate is below the critical rate (i.e., under conditions 
that capture the amethyst-forming impurity almost 
exclusively), the 3543 cm™! band is present. 
However, as the critical rate is approached, the 
intensity of the 3543 cm~! band first decreases and 
ultimately disappears if the growth rate is 
increased. 

The commercial technology used to grow high- 
quality synthetic amethyst requires that the seeds 
be cut parallel to z. In this situation, the z faces 
usually do not attain the critical growth rate. We 
propose that this is the main reason why the 3543 
cm-! band is present in the overwhelming majori- 
ty of synthetic amethyst, which predominantly 
consists of z sectors. However, with this seed ori- 
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entation the r faces reach their own critical rate 
faster than the z faces, and will simultaneously 
capture both the amethyst- and citrine-forming 
impurities. This explains why in our samples this 
band was typically absent from the r sectors in the 
same crystals or in crystals grown on seed plates 
cut parallel to r in the same autoclave. Note that if 
both z and r sectors are present in a faceted syn- 
thetic amethyst, the 3543 cm™! band will be 
detected only in certain portions of the sample. 

We should emphasize, however, that various 
technological methods can be used to change the 
growth rates of the z and r faces, even within sepa- 
rate crystals in an autoclave (figure 16). Growth 
rates of these faces will decrease as pressure and, 
especially, temperature decrease. Thus, manufactur- 
ers can predetermine and control the presence or 
absence of the 3543 cm™! band in synthetic quartz. 

Our observations confirm previous findings on 
the relationship between these factors and the 
growth rates of these sectors in natural ametrine 
(Lemmlein, 1951) and in natural amethyst that 
develops a near-citrine color after thermal treatment 
(Nassau, 1981, 1994). This provides strong evidence 
that growth rate is important for determining the 
presence or absence of the 3543 cm~! band in the IR 
spectra of natural, as well as synthetic, amethyst. 


Effect of Crystallographic Orientation. To deter- 
mine the effect of crystallographic orientation on 
the behavior of the 3543 cm7! band, IR spectra were 
recorded from oriented cubes and plates cut perpen- 
dicular to those described in the preceding section, 
for both natural and synthetic amethyst. We found 
that the occurrence of the 3543 cm=! band did not 
depend on crystallographic orientation (figure 17). 
However, due to polarization, we observed a change 
in the intensity of this band. 


Effect of Irradiation and Annealing. As noted earlier, 
the 3543 cm7! band was either completely absent or 
occurred rarely as a hardly noticeable peak or a 
shoulder in the colorless as-grown (i.e., non-irradiat- 
ed) crystals produced in alkaline K,CO, solutions. 
However, after irradiation to produce the amethyst 
color, this band appeared distinctly in the IR spectra 
of the majority of synthetic amethysts (see figures 14 
and 18). This band could be eliminated by heat treat- 
ment (i.e., at 420°C) to remove the amethyst color, 
and then be restored by subsequent irradiation to 
bring back the amethyst color (again, see figure 18). 
As a tule, synthetic amethyst grown in alkaline 
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solutions contains Al-alkaline centers in addition 
to the predominant amethyst color centers 
(Rossman, 1994). These Al-alkaline centers mani- 
fest themselves through irradiation by giving a 
smoky tint (figure 19). According to our data, the 
smoky color centers in such crystals can be 
destroyed by annealing at 300-310°C for one hour. 
Although the smoky tint disappears, the amethyst 
color and the 3543 cm! band remain. However, 
after further heat treatment at 450°C for two hours, 
both the amethyst color and the 3543 cm! band 
disappear completely. Subsequent gamma irradia- 
tion restores the amethyst-smoky quartz color, and 
the 3543 cm! band re-appears in the IR spectra. 
Nevertheless, there appears to be no direct rela- 


Figure 17. The bars in image A (each 2 mm thick; bar 
2 is 2.0 cm long) were cut in various orientations (dif- 
fering by approximately 10°) from the same plate of 
synthetic amethyst, which was sliced parallel to a. 
The crystal was grown in an alkaline solution on a 
seed plate cut parallel to z. As shown in part B, the 
3548 cm! band was clearly visible in the IR spectrum 
of these representative samples, regardless of their ori- 
entation. The change in the intensity of this band was 
due to polarization effects. Photo by D. V. Balitsky. 


A Bar 2 
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Figure 18. The sample of synthetic amethyst in 
image A (2.5 mm thick, 5.0 cm wide, sliced parallel 
to z) was grown in an alkaline solution on a seed 
plate cut parallel to z. Numerous Brazil r-twins (dark 
areas) are present in this z sector. Before irradiation, 
the plate was colorless and the 3543 cm band was 
absent from both the z and r sectors. However, as 
shown in part B, this band appeared in the spectra of 
these sectors after gamma irradiation (z1g and r1g). 
After annealing at 420°C for two hours, this band 
practically disappeared (za and ra), but after irradia- 
tion it appeared again (z2g and r2g). The spectra 
were recorded from the same locations on the sam- 
ple, as labeled. Photo by D. V. Balitsky. 


tionship between amethyst color and the 3543 cm7! 
band. Our experiments show that the 3543 cm! 
band also occurs in the IR spectra of gamma-irradi- 
ated synthetic smoky quartz that was grown in 
iron-free sodium alkaline solutions on seed plates 
cut parallel to z (Balitsky et al., 2003). In this case, 
the 3543 cm~! band is present only in synthetic 
quartz crystals that attain a growth rate on the order 
of 0.4-0.5 mm/day—that is, close to that of com- 
mercially produced synthetic amethyst. By analogy 
to synthetic amethyst, the 3543 cm7! band in such 
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Figure 19. This slice of synthetic quartz (3 mm thick, up 
to 6.5 cm long, sliced parallel to a) was cut into three 
pieces for irradiation and heat-treatment experiments 
(see image A). The original crystal was grown in an 
alkaline solution on a seed plate cut parallel to z. As 
grown, the z sectors were colorless, but with irradiation 
they turned smoky violet (sample G1). Annealing at 
310°C for one hour left a pale amethyst color (sample 
Al). The 3543 cm! band, though weak, was present in 
the spectra of both samples (see part B). However, after 
annealing at 450°C for two hours, the synthetic quartz 
became completely colorless (sample A2) and the band 
at 3548 cnr disappeared. Photo by D. V. Balitsky. 


material disappears when it is annealed at 450°C for 
two hours. This band also is absent from synthetic 
quartz produced under the same conditions, but 
with a slower growth rate (0.2 mm/day), although 


Figure 20. The plates of multicolored synthetic quartz 
in image A (2.5 mm thick and 6.0 cm tall, sliced paral- 
lel to a) were cut from the same crystal, which was 
grown in an alkaline solution on a seed plate cut paral- 
lel to c. The multicolored nature is related to a decrease 
of oxygen potential in the solution (Balitsky et al., 1999). 
Before irradiation (left plate), both the z and r sectors 
were colorless or pale yellow, and the 3543 cm-! band 
was present as a very weak peak or shoulder, as seen in 
part B. After irradiation (right plate), the inner zones of 
the z and r sectors became purplish violet but their outer 
zones remained almost colorless. Nevertheless, the 3543 
cnr! band was seen in the IR spectra of both the purplish 
violet and near-colorless zones. Photo by D. V. Balitsky. 
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northeast of Bogota, in the valley of the 
Rio Guavio. This mine is owned by an 
American concern. 


None of the Muzo mines, government 
or privately owned, have been in exploita- 
tion since 1939. Now, however, the gov- 
ernment has leased the National mines to 
the Bank of the Republic, which plans 
to reopen the Muzo and Coscuez mines 
shortly. 


When in operation the Muzo mines are 
worked rather primitively. The mountain 
face is first cleared, then terraces are cut 
on the slope, forming a broad ampi- 
theatre. The workmen work on the ter- 
races following the course of the efnerald- 
bearing veins. No dynamite is used for 
fear of shattering the emeralds. The 
mining is carried out almost entirely by 
means of long bars of 1%-inch round 
iron, pointed at one end and flattened at 
the other. The parts of the vein contain- 
ing emerald are picked out by hand and 
deposited at a sorting office where they 
are cautiously broken up to smaller frag- 
ments and the emeralds are picked out 
and sorted. The emeralds are finally 
classified by.color, transparency, absence 
of fractures, and size. The emeralds of 
very low quality are usually destroyed. 
This method of exploitation of the Muzo 
emerald mines has been used unchanged 
for centuries. 

Abstracted from: THE MUZO 
EMERALD ZONE, COLOMBIA, S.A., 
by Victor Oppenheim. (Economic Geol- 
ogy, vol. 43, No. 1, pp 31-38, 1948). 
(Manuscript dated October 23, 1947). 

——GerorcE Switzer, Pu.D. 


Ur. Ball Awarded Third 


Belgian Congo Decoration 
Dr. Sydney H. Ball, New York City 


mining engineer, and member of the 
Gems & Gemotocy Editorial Board, re- 


cently received his third decoration from 
the Colonial Government of the Belgian 
Congo. 

For furthering the development of 
mining in that district during the past 
40 or-more years, Dr: Ball has been 
awarded titles of Chevalier de ’ Ordre 
Royal du Lion, Officier de Ordre Royal 
du Lion, and in January, this year, Com- 
mandeur de l’Ordre de Leopold II. 

Reprint of a portion of Dr. Ball’s 
A.G.S. Conclave talk on “Diamonds” 
will be found on page 18 of this issue of 
Gems & Gremotocy. 


Woyie Hiver Diamond 
Uisplayed To Public 


For the first time since its discovery 
in January, 1945, the 770 carat diamond 
recovered in the gravels of the Woyie 
River, Sierra Leone, will be displayed 
to the public at the British Industries 
Fair opening in London, England this 
month. 

Not only is the Woyie River Diamond 
the largest ever recovered from an allu- 
vial source, it is the third largest rough 
diamond ever found, and the largest 
uncut diamond in the world. 

Forty-four carats° heavier than the 
Jonker, it has been surpassed in size 
only by the 3,106 carat Cullinan, and the 
Excelsior of 995.7 carats. 


Hope Uiamond 
Held In Trust 


With the passing of Evalyn Walsh 
McLean early this year, the famous Hope 
Diamond, appraised at $176,920, has been 
placed in trust. Under the terms of her 
will the diamond, along with other 
jewelry, will ultimately go to her grand- 
children. } 
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Figure 21. The synthetic amethyst in image A (2.0 mm 
thick and 2.3 cm long, sliced in ZX-orientation) was 
grown in an NH,F solution on a seed plate cut parallel 
to s. In part B, typical IR absorption spectra are shown 
for both the +s and -s sectors. Several of the peaks 
(especially at approximately 3680, 3664, and 3630 cm) 
are not found in the spectra of natural or alkaline- 
solution-grown synthetic amethyst. Note that the 
3548 cnr! band was present both before (+s, -s) and 
after irradiation (+sg, —sg). Photo by D. V. Balitsky. 


two other characteristic bands at 3612 and 3585 
cm! are present in that case. 

Additional evidence for the lack of any correla- 
tion between amethyst color and the 3543 cm7! 
band is found in plates of the multicolored brown- 
ish yellow-green—amethyst synthetic quartz before 
and after irradiation (figure 20). 

Thus, our studies show that the 3543 cm7! band 
in the IR spectra of natural amethyst and of synthet- 
ic amethyst grown in alkaline solutions is probably 
associated with specific OH~ defects that manifest 
themselves in the quartz structure under the effect 
of ionizing irradiation. 


Effect of Solution Composition. The IR spectra of 
synthetic amethyst grown in near-neutral NH,F 
solutions show unique absorption features (figures 
21 and 22). In particular, such crystals show clear 
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Figure 22. The plate of synthetic amethyst in image A 
(2 mm thick and 3.0 cm Iong, sliced parallel to m) 
was grown in an NH,F solution on a seed plate cut 
parallel to c. After irradiation, it was cut into three 
pieces (image B) that were subjected to heat treat- 
ment at 500°C (sample c1), 600°C (sample c2) and 
700°C (sample c3). In the IR spectra shown in part C, 
the unheated sample showed a broad band with a 
maximum near 3400 cm (related to molecular 
water). This band was not present in the heated sam- 
ples, although numerous other bands in the 3700-3550 
cnr! region—including the 3543 cm! band—did not 
undergo any changes. Photo by D. V. Balitsky. 
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Figure 23. Synthetic amethyst has been produced in 
large quantities for the gem trade, but it remains chal- 
lenging to identify. The synthetic amethyst shown here 
is set in a pendant with pavé diamonds. The unmount- 
ed oval brilliant weighs 5.56 ct (GIA Collection no. 
13438B). Jewelry courtesy of Gems of La Costa, 
Carlsbad, California; photo by Maha Tannous. 


absorption bands at approximately 3680, 3664, and 
3630 cm~! that never manifest themselves in natu- 
ral amethyst or in synthetic amethyst grown in 
alkaline solutions (Balitsky, 1980; Balitsky, 1981, 
Balitsky et al., 2000). Also present are more subtle 
bands at 3606, 3590, 3543, 3513, and 3483 cm. 
Our experiments indicate that the position and 
intensity of all eight bands, including the one near 
3543 cm-!, are not affected by the irradiation and 
annealing described above for synthetic amethyst 
grown in alkaline solutions. 

Synthetic amethyst that is grown in NH,F solu- 
tions at low temperature (240—300°C) and low pres- 
sure (80 atm) conditions contains a high concentra- 
tion of molecular water (Balitsky, 1981). The IR 
spectra of such material show a broad band with a 
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maximum near 3400 cm7! (again, see figure 22). 
After thermal treatment at 450°C for four hours, 
the amethyst color disappears, and at higher tem- 
peratures (500—700°C) the synthetic quartz 
becomes milky. This phenomenon, which is relat- 
ed to molecular water, is typical for all varieties of 
high-water-containing quartz (see, e.g., Kats, 1962; 
Balakirev et al., 1979; Rossman, 1988). 


CONCLUSIONS 


Despite its prevalence in the gem and jewelry 
trade (figure 23), synthetic amethyst remains diffi- 
cult to separate from its natural counterpart. 
Infrared spectroscopy has limited usefulness in 
this distinction. The presence of an absorption 
band near 3595 cm~! is indicative of natural 
amethyst (Zecchini, 1999), but not all natural 
amethyst shows this band. An absorption band at 
3543 cm-! can confirm the synthetic origin of 
amethyst grown in near-neutral NH,F solutions 
(together with bands at 3680, 3664, and 3630 cm}, 
but it cannot be used to positively distinguish the 
material grown in alkaline solutions. 

Currently, most commercial synthetic amethyst 
is grown in alkaline solutions, on seeds cut parallel 
to z, at growth rates that usually exclude the cap- 
ture of the citrine-forming impurity. It is primarily 
for this reason that the 3543 cm~! band is present in 
the IR spectra of the overwhelming majority of syn- 
thetic amethyst. However, very often this band is 
absent from the r sectors in the same crystals, or 
from crystals that are grown on seeds cut parallel to 
r. Due to initiatives to increase production by using 
faster growth rates on seeds cut parallel to z, such 
crystals would be expected to simultaneously cap- 
ture both amethyst- and citrine-forming impurities. 
Accordingly, the 3543 cm! band would not be 
detected in the IR spectra of material faceted from 
such crystals. 

In addition, the 3543 cm! band is not as rare in 
natural amethyst as commonly believed. Its pres- 
ence in such material is probably also caused by 
slower growth rates of the rhombohedral faces, 
resulting in only minor capture of the nonstructural 
citrine-forming impurities. Nevertheless, natural 
amethyst is mainly formed by r growth sectors that 
typically capture more nonstructural citrine-form- 
ing impurities than the z growth sectors. Therefore, 
the 3543 cm7! band is much less common in natu- 
ral amethyst than in synthetic material. 

On the whole, while the presence of an absorp- 
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tion band at approximately 3543 cm7! may be con- 
sidered indicative of possible synthetic origin, it 
cannot be used for the positive identification of syn- 
thetic amethyst. Therefore, the unambiguous iden- 
tification of natural versus synthetic amethyst must 
be based on a combined examination of the IR spec- 
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Notable Cat’s-eye ALEXANDRITE 

Through the years, the lab has had 
the privilege of seeing several beau- 
tiful cat’s-eye alexandrites. In the 
Spring 1983 Lab Notes (p. 43), we 
reported on a 4.02 ct stone that dis- 
played exceptional transparency, as 
well as a very distinct change of 
color from red to blue-green. In the 
Fall issue of the same year (p. 171), 
we described a much larger one, a 
17-mm-diameter cat’s-eye alexan- 
drite from Sri Lanka that weighed 
32.69 ct. This giant was similar in 
its spherical shape to the previous 
stone and also had high diaphaneity, 
but its color change, though distinct, 
was not ideal. In 1987, both the East 
and West Coast laboratories exam- 
ined a number of faceted alexan- 
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drites from Minas Gerais, Brazil (Fall 
1987 Lab Notes, p. 164). The color 
change of these stones was reminis- 
cent of fine Russian alexandrites: 
green to bluish green in fluorescent 
light and purple to reddish purple in 
incandescent light. Several of these 
stones were cat’s-eyes, but—as the 
needles creating the eyes were not 
fine enough—their chatoyancy was 
not exceptional. In addition, the 
largest was only about | ct. 

With this history, you can see 
why we were delighted to examine 
the cat’s-eye alexandrite shown in 
figure 1. This 16.02 ct oval cabochon 
was transparent to semitransparent, 
with a sharp eye due to very fine 
needles that could only be seen with 
magnification and fiber-optic illumi- 


Figure 1. This 16.02 ct cat’s-eye alexandrite, seen here in fluorescent (left) 
and incandescent (right) light, not only has fine transparency, a sharp eye, 
and a distinct color change, but it has good proportions as well. 
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nation. The color change was dis- 
tinct, from dark bluish green in fluo- 
rescent light to very dark reddish 
purple in incandescent light. The 
proportions of this oval cabochon 
were particularly noteworthy. It is a 
common practice with high-quality 
chatoyant stones to leave the bot- 
tom half very deep, as was the case 
with the two cat’s-eyes mentioned 
above. This is done to save as much 
weight as possible from the rough, 
but it also causes the stones to 
appear smaller than their weight 
suggests and makes them difficult to 
set in jewelry. With measurements 
of approximately 15.28 x 12.96 x 
7.90 mm, this cabochon appeared 
nearly the same size as the 32.69 ct 
stone even though it had less than 
half its weight—a direct result of the 
better proportions. This also meant 
that it could be set more easily into 
a piece of jewelry. Stones like this 
one, which display such an unusual 
combination of features (two phe- 
nomena and a nice cut), are rare and 
truly a delight to behold. 

Wendi M. Mayerson 


Editor's note: The initials at the end of each item 
identify the editor(s) or contributing editor(s) 
who provided that item. Full names are given for 
other GIA Gem Laboratory contributors. 
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Figure 2. This 1.02 ct diamond is 
colored by a pink residue in the 
large fractures that reach the sur- 
face through the crown. The rest 
of the diamond is near-colorless. 


DIAMOND 


Fracture Filled, to Alter Color 
and Enhance Clarity 


While diamonds typically are fracture 
filled to improve their apparent clari- 
ty, we have also seen stones in which 
a “filler” has been used for other pur- 
poses. For example, in the Spring 
2003 Lab Notes section (pp. 38-39), 
the East Coast laboratory reported on 
a 0.20 ct round brilliant diamond that 
was filled primarily to produce a pink 
appearance. This diamond showed an 
uneven face-up color distribution, 
with the pink color confined to the 
eye-visible fractures. No attempt had 
been made to reduce the visibility of 
the large fractures, which showed 
areas of concentrated pink color in a 
fingerprint pattern when examined 
with magnification. 

Recently, the East Coast lab 
received the 1.02 ct “pink” round bril- 
liant diamond shown in figure 2 for 
identification and origin-of-color deter- 
mination. Like the diamond examined 
earlier, this stone exhibited uneven 
coloration, with the pink concentrated 
in large fractures; magnification of 
these fractures revealed a dried pink 
substance in a fingerprint pattern. 
However, further examination also 


revealed the flash-effect colors typical- 
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Figure 3. Closer observation 
shows not only pink in the frac- 
tures but also a blue flash-effect 
color that is typically associated 
with fracture filling to improve 
apparent clarity. Magnified 30x. 


ly associated with the substances used 
for clarity enhancement (see, e.g., fig- 
ure 3). These flash-effect colors were 
visible in the smaller fractures and 
deeper parts of the large fractures, 
while the pink color was confined to 
the largest and most obvious fractures. 
Energy-dispersive X-ray fluores- 
cence (EDXRF) spectroscopy indicat- 
ed the presence of lead and bromine. 
Both of these elements, which are not 
found in untreated diamonds, have 
been identified in diamond fracture- 
filling materials used for clarity 
enhancement (see, e.g., R. C. Kam- 
merling et al., “An update on filled 
diamonds: Identification and durabili- 
ty,” Fall 1994 Gems & Gemology, pp. 
142-177). From this evidence, we 
concluded that the diamond was 
indeed fracture filled to improve its 
clarity. Since the colorless filling was 
seen deeper in the fractures than the 
dye, we assume that the diamond 
was first fracture filled, and then 
dyed. This is the first diamond we 
have seen that showed both types of 
treatment. 
Siau Fung Yeung and 
Thomas Gelb 


Moon-like Surface on a Crystal 
Most diamonds are subjected to at 
least one period of dissolution after 
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their formation and subsequent 
transport to the surface of the earth. 
This process results in various sur- 
face features, from macro-scale modi- 
fications of the crystal morphology to 
micro-scale etch figures. All of these 
features are the result of the interac- 
tion between corrosive solutions and 
a diamond's crystal structure (in par- 
ticular, lattice imperfections in that 
structure). Common dissolution fea- 
tures include pyramidal trigons pro- 
duced at dislocation outcrops, flat- 
bottomed trigons related to disloca- 
tions and/or impurities, and etch fig- 
ures with hexagonal or rhombic 
forms that are related to twin bound- 
aries on the surfaces (see, e.g., S. 
Tolansky, The Microstructures of 
Diamond Surface, N.A.G. Press, 
London, 1955; Yu. L. Orlov, The 
Mineralogy of Diamonds, John Wiley 
& Sons, New York, 1973). We recent- 
ly examined a very unusual rough 
diamond, submitted for origin-of- 
color determination, with a surface 
that not only had numerous green 
radiation stains but also showed a 
large number of round, crater-like 
depressions of varying sizes. 

The 2.70 ct modified dodecahe- 
dron/octahedron (figure 4) measured 
8.38 x 7.98 x 5.18 mm. Infrared spec- 
troscopy established that it was a 
type IaA diamond, with a high con- 
centration of nitrogen. The green 


Figure 4. In addition to numerous 
green radiation stains, the surface 
of this 2.70 ct diamond crystal 
was seen to have many unusual 
round depressions of varying sizes. 
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Figure 5. With magnification, the 
diamond shown in figure 4 
revealed an unusual moon-like 
surface with many round depres- 
sions due to etching. The largest 
“crater” shown here is about 
500 pum in diameter. 


radiation stains covered the entire 
surface, forming the typical shallow 
green “skin” seen on diamonds that 
have been subjected to natural irradi- 
ation. The interior of the stone, as 
viewed through polished “win- 
dows,” appeared to be near-colorless. 
Examination with a microscope 
revealed that the crater-like depres- 
sions (figure 5) occurred randomly 
over approximately half of the dia- 
mond’s surface, with no specific rela- 
tionship to crystal orientation 
observed. All were almost perfectly 
round, with the maximum depth 
estimated at less than 10 um. Some 
depressions overlapped one another, 
and some small “craters” were pre- 
sent within larger ones. They varied 
significantly in diameter, from ~500 
um to less than 10 um, with most of 
them smaller than 100 um. These 
features constituted a very interest- 
ing phenomenon that called to mind 
the surface of the moon, with its 
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many round meteorite impact 
craters. There was no clear corre- 
sponding relationship between these 
depressions and the green radiation 
stains, although some stains were 
observed in the flat bottoms of cer- 
tain depressions. 

Judging from the curved corners, 
faces, and edges of the crystal, it was 
obvious that it had been subjected to 
dissolution. The round depressions 
possibly also formed due to etching. 
Unlike those etch figures that are 
seen more commonly, these depres- 
sions are most likely discoid sculp- 
tures (see Orlov, pp. 93-98), which 
have been observed on the curved sur- 
faces of rounded crystals from certain 
diamond deposits. Formation of these 
discoid sculptures could be related to 
some special lattice defects in the 
crystal and selective dissolution pro- 
cesses. The spatial distribution of the 
green stains and round depressions 
indicates that the etching process 
took place before the natural irradia- 
tion, which would be expected since 
such irradiation typically occurs after 
diamonds have been weathered from 
their primary deposits. 

Detailed investigation of the fine 
structures of these discoid sculptures 
and the related green stains could 
provide a better understanding of the 
interaction of dissolution and irradia- 
tion processes in diamond. 

Wuyi Wang, Taijin Lu, and TMM 


Cat’s-eye Demantoid GARNETS 
Two translucent to semitranslucent 
oval cat’s-eye cabochons that ap- 
peared almost black were submitted 
to the West Coast laboratory for iden- 
tification. Each of the cabs, which 
weighed 4.47 and 6.56 ct, had a 
broad, intense green chatoyant band 
(figure 6). 

Their refractive indices were over 
the limits of a standard refractome- 
ter, and both had a hydrostatic specif- 
ic gravity of 3.86. They did not fluo- 
resce to long- or short-wave UV radi- 
ation, and they appeared red when 
viewed through a Chelsea filter. The 
visible spectrum displayed general 
absorption to about 510 nm and had 
lines in the red region at approxi- 
mately 630, 650, and 680 nm; in 
most directions, these three lines 
appeared to converge into a single 
dark band, which made the individu- 
al lines difficult to discern. Neither 
showed pleochroism, which indicat- 
ed that the material most likely was 
singly refractive. Unfortunately, due 
to the darkness and translucency of 
the cabochons, we were unable to 
confirm their optic nature using a 
polariscope. 

Since the results of standard gem- 
ological testing were inconclusive, 
we turned to Raman analysis, which 
identified both stones as andradite. 
This was consistent with their gem- 
ological properties. Since their visi- 


Figure 6. These two cat’s-eye demantoid garnets (6.56 and 4.47 ct) are 
unusually dark with an intense green chatoyant band. 
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ble spectra and Chelsea filter reac- 
tions indicated the presence of 
chromium, and the “eyes” of both 
showed an intense green color, we 
concluded that they were cat’s-eye 
demantoid garnets. 

Gems & Gemology has reported 
on cat’s-eye demantoid in the past 
(see Fall 1985 Lab Notes, p. 174; 
Winter 1994 Gem News, pp. 272- 
273). Most recently, a Gem News 
International item in the Spring 2004 
issue (pp. 67-68) described yellowish 
green to dark “emerald” green 
demantoid garnets from Iran, some 
displaying chatoyancy. Two yellow- 
ish green cat’s-eyes were illustrated 
in an accompanying photo. However, 
the two cabochons featured here rep- 
resent the other end of the color 
range for cat’s-eye demantoid. Except 
for the eye, these stones appeared vir- 
tually black in reflected light. The 
parallel bundles of fine fibers (most 
likely a form of asbestos, figure 7) 
that produced the chatoyancy reflect- 
ed the intense green bodycolor of the 
material. 

The two stones described here are 
owned by Robert Petersen of Dublin, 
California. Reportedly, they are from 
an undisclosed locality within the 
USS., which makes them that much 
more unusual. 

Elizabeth P. Quinn 


Figure 7. Parallel bundles of fine 
fibers are responsible for the 
chatoyancy in the two cat’s-eye 
demantoids in figure 6. 
Magnified 20x. 
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High R.I. GLASS Sold as Peridot 
Recently, the East Coast laboratory 
was asked to identify a large (38.00 x 
23.95 x 16.30 mm) dark yellowish 
green modified shield mixed cut set 
in a white metal ring that also con- 
tained numerous transparent near- 
colorless and green round brilliants 
(figure 8). The ring had been pur- 
chased at auction with the center 
stone represented as peridot. The 
story was that the “peridot” was pur- 
chased by the original owner as a 
loose stone in Africa; on returning to 
the U.S., the owner had it set in this 
custom mounting. 

The first thing we noticed when 
viewing the ring was the extremely 
high dispersion of the center “gem.” 
To the trained gemologist, this fea- 
ture made it look more like sphalerite 
than peridot (see, e.g., Fall 1992 Gem 
News, p. 204). Standard gemological 
testing revealed a refractive index 
above 1.81 (over the limits [OTL] of 
the refractometer), which conclusive- 
ly ruled out peridot. As there are sev- 
eral OTL gem materials with similar- 
ly high dispersion, such as cubic zir- 
conia, strontium titanate, synthetic 
rutile, sphene, and sphalerite, the 
next step was to narrow down the 
field by optic character. The speci- 
men acted in a singly refractive (SR) 
manner in the polariscope, and no 
visible doubling was seen with mag- 
nification. This meant it was either 
SR or amorphous, which ruled out 
synthetic rutile and sphene. Even 
though most glass used to imitate 
gemstones has an R.I. of around 
1.40-1.60, it could not be ruled out as 
a possibility, since we have seen 
examples of manufactured glass that 
were OTL (see, e.g., Winter 1993 
Gem News, p. 289). 

Specific gravity can be a useful 
property by which to separate gems 
that are OTL, but such testing was 
not possible in this case because the 
specimen was mounted. No reaction 
was seen to either short- or long- 
wave ultraviolet radiation. However, 
with magnification one tiny, high- 
relief gas bubble was evident through 
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Figure 8. The large dark yellowish 
green modified shield cut in this 
ring exhibits high dispersion. 
Although it was purchased as a 
peridot, advanced testing identi- 
fied it as glass. 


the crown near the girdle. This fea- 
ture ruled out sphalerite, indicating 
instead that the specimen was either 
a melt-process synthetic or a glass. 

Advanced testing was required for 
a final identification. Qualitative 
chemical analysis by EDXRF spec- 
troscopy revealed that the specimen 
consisted mostly of zirconium with 
some titanium and silicon—not con- 
sistent with any known gem mineral, 
natural or synthetic. Infrared spec- 
troscopy revealed two broad peaks 
associated with glass. The most con- 
clusive information, though, came by 
taking a minute scraping and per- 
forming X-ray diffraction analysis. 
This test revealed that the specimen 
did not have a crystal structure and 
was in fact amorphous. As a result, 
we concluded that the item in ques- 
tion was a manufactured glass. 

This is not the first time we have 
seen glass sold as peridot. In the Spring 
1999 Lab Notes (p. 44), we reported on 
a 26.28 ct faceted oval we had identi- 
fied as glass; it had been purchased at 
the 1998 Tucson gem show as Chi- 
nese peridot. Coincidentally, like this 
most recent piece, that material had 
an RL that was OTL. 

Wendi M. Mayerson 
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Figure 9. The 17.35 x 9.56 x 3.97 mm dyed jadeite cabochon in the center of 
the bottom row closely resembles the nephrite cabochons surrounding it. 


Dyed JADEITE, Resembling Nephrite 
In the spring of 2004, the East Coast 
laboratory received a 5.65 ct translu- 
cent green oval cabochon measuring 
17.35 x 9.56 x 3.97 mm. The client 
believed the cab was nephrite and 
had submitted it for an identification 
report. Seen as the bottom-middle 
cabochon in figure 9, it did resemble 
the four surrounding nephrites taken 
from the laboratory research collec- 
tion. Yet standard gemological test- 


Figure 10. In transmitted light, 
the dye concentrations in this 
5.65 ct jadeite cabochon could be 
seen surrounding individual 
grains, as well as filling surface- 
reaching cracks and fractures. 
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ing revealed an R.I. of 1.67 on the 
base of the cabochon and a volumet- 
ric S.G. of 3.31, properties that point- 
ed to jadeite, not nephrite. 

Testing with a desk-model spec- 
troscope revealed a dye band at 
approximately 670 nm, slightly high- 
er than the 650 nm band standard for 
dye, and there was no reaction to 
short or long-wave UV radiation. 


Magnification used in conjunction 
with transmitted light confirmed the 
presence of dye (seen in figure 10) as 
threads of green color in fractures and 
between individual grains. This visu- 
al confirmation is useful even when a 
dye band is not present, as was the 
case with the bangle bracelet report- 
ed in the Summer 1997 Lab Notes 
(pp. 138-139). Infrared spectroscopy, 
a test run as standard procedure on 
all jadeite, showed no evidence of 
impregnation. 

In 1984, both the East and the 
West Coast laboratories had the 
opportunity to study a dyed nephrite 
cabochon (Spring 1984 Lab Notes, p. 
48). That 1.06 ct stone resembled fine 
green jadeite in color and showed dye 
concentrations in and around cracks. 
Notice the shape of the dye concen- 
trations in that dyed nephrite sample 
(figure 11, left). The grain structure 
seen in our dyed jadeite, which 
allows the dye to surround the indi- 
vidual grains, is typical for jadeite 
(figure 11, right); nephrite is known 
to have a more fibrous texture (R. 
Webster, Gems, 5th ed., rev. by P.G. 
Read, Butterworth-Heinemann, 
London, 1994, p. 272). In fact, it has 
been suggested that the reason dyed 
nephrite is not common is because 
the structure of nephrite resists the 
dyeing process (Spring 1984 Lab 
Notes, p. 48). 


Figure 11. There is a noticeable difference in the way jadeite and nephrite 
accept dye, due to the differences in their grain structures. The fibrous 
nephrite grains are more closely interlocked and seem to restrict the 
absorption of dye to surface cracks and fractures (left, magnified 15x). The 
more rounded grains of jadeite allow dye to seep in between individual 
grains and surround them, as well as concentrate in surface cracks and 


fractures (right, magnified 20x). 
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Jadeite is often dyed to imitate 
the finest Imperial jadeite, a bright, 
vivid green. What makes this piece so 
unusual is that the color more close- 
ly resembles nephrite—typically a 
darker, less saturated green. It is pos- 
sible, since there was no polymer 
impregnation, that this is an old 
piece in which the dye has degraded 
over time; it may also just be a poor 
dye job. It is hard to imagine why this 
cabochon (or any jadeite) would be 
dyed specifically to imitate nephrite. 

Wendi M. Mayerson 


Green QUARTZ with 

Brazil-law Twinning 

Recently, the West Coast laboratory 
examined a 9.70 ct transparent light 
grayish yellowish green oval modi- 
fied brilliant that was readily identi- 
fied as quartz (figure 12). It displayed 
a noteworthy example of Brazil-law 
twinning, which aided us in the iden- 
tification (figure 13). 

Brazil-law twinning is a type of 
polysynthetic twinning that typically 
occurs in natural amethyst. Its pres- 
ence is usually a very good indication 
that the material is of natural origin. 
Most synthetic quartz contains no 
such twinning. While some hydro- 
thermal synthetic quartz grown on 
twinned natural amethyst seeds may 
contain Brazil-law twinning (J. I. 
Koivula and E. Fritsch, “The growth 
of Brazil-twinned synthetic quartz 
and the potential for synthetic 
amethyst twinned on the Brazil law,” 
Fall 1989 Gems & Gemology, pp. 
159-164), in our experience little if 
any of this material is available on 
the market. 

Brazil-law twinning is observed 
when stones are viewed parallel to 
the optic axis between crossed polar- 
izing filters. Because it may be diffi- 
cult to see this twinning in some 
faceted amethysts due to their small 
size and/or the position of the optic 
axis, immersion of such stones in 
water is recommended as a viewing 
aid. We concluded that the otherwise 
clean green quartz we examined was 
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Figure 12. This 9.70 ct light gray- 
ish yellowish green modified bril- 
liant proved to be natural quartz. 


of natural origin based on the pres- 
ence of the well-defined Brazil-law 
twinning. 

As with the much more common 
yellow variety, citrine, green quartz 
is typically produced by heat treating 
amethyst, although the green color 
can occur naturally, as with the green 
quartz found on the California- 
Nevada border (T. R. Paradise, “The 
natural formation and occurrence of 
green quartz,” Spring 1982 Gems @ 
Gemology, pp. 39-42). However, 
there are unsubstantiated reports that 
the green color of the stone described 
in this entry was instead produced by 
an irradiation technique. 

Currently there is no way to sepa- 
rate naturally heated from heat-treat- 
ed green quartz. This material is 
sometimes referred to as “greened 
amethyst” or “prasiolite” in the 
trade. 

Elizabeth P. Quinn 


SYNTHETIC SAPPHIRE with 
Unusual Yellowish Green Bodycolor 


The light yellowish green emerald 
cut shown in figure 14 was submit- 
ted to the East Coast laboratory last 
spring for an emerald report. This 
service indicates whether or not clar- 
ity enhancement is present and, if it 
is, to what degree. Measuring 12.29 x 
10.32, x 6.37 mm, the 8.85 ct speci- 
men was eye clean—atypical for 
emerald, but not uncommon for 
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Figure 13. When the light green 
quartz in figure 12 was observed 
parallel to the optic axis between 
crossed polarizers, it displayed a 
notable example of Brazil-law 
twinning. Such twinning is char- 
acteristic of natural amethyst. 


green beryl. However, standard 
gemological testing revealed an R.I. 
of 1.761-1.770, a specific gravity 
(measured volumetrically) of 4.02, 
and tiny scattered high-relief gas 
bubbles seen with magnification and 
horizontal fiber-optic illumination. 
These properties indicated the speci- 
men was a synthetic sapphire. 

Light yellowish green is an un- 
common color for sapphire, whether 
natural or synthetic. However, we 


Figure 14. This 8.85 ct light yel- 
lowish green emerald cut submit- 
ted for an emerald report was 
identified as a synthetic sapphire. 
Its unusual color is attributed to 
a combination of cobalt and 
vanadium. 
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have reported on two similar synthet- 
ic sapphires, one even displaying 
asterism (Lab Notes: Spring 1995, pp. 
57-58; Spring 1996, p. 51). As in both 
previous cases, the current gem did 
not show any iron-related bands in 
the desk-model spectroscope (450— 
470 nm). This absorption contributes 
to the color in natural green sap- 
phires, which are often dark and inky 
in appearance. Nor, however, did we 
see any features around 670 nm, 
which were observed in the two 
examples described previously. When 
tested with EDXRF spectroscopy, 
both of these earlier samples were 
found to be colored solely by cobalt 
(Co%*). This was also the case for 
some Swiss-manufactured synthetic 
sapphires in this color range that were 
examined by GIA Research and the 
laboratory (again, see the Spring 1995 
Lab Note). 

For further comparison of this 
specimen to the two we had reported 
on previously, we also submitted it 
to qualitative chemical analysis by 
EDXRF spectroscopy, which revealed 
vanadium (V**) as well as cobalt 
(Co**). This combination of elements 
has been found in non-phenomenal 
green synthetic sapphires produced in 
the U.S. (again, see the Spring 1995 
Lab Note). To date, cobalt has not 
been documented as a coloring agent 
in natural sapphire. 

Wendi M. Mayerson 


SPINEL 
With Interesting Etch Tubes 


An 8.88 ct transparent orange-red 
modified rectangular mixed-cut gem, 
represented as spinel, was submitted 
to the West Coast laboratory by Zava 
Master Cuts of Fallbrook, California, 
for an identification report (figure 15). 
The 12.88 x 9.13 x 8.96 mm stone 
was reportedly from Tanzania's 
Umba Valley, and contained some 
interesting internal features. 
Gemological properties were con- 
sistent with those previously recorded 
for natural spinel. The stone was 
singly refractive with an R.I. of 1.711 
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Figure 15. This attractive 8.88 ct 
orange-red spinel is reportedly 
from the Umba Valley of 
Tanzania. 


and a hydrostatic S.G. of 3.60. It fluo- 
resced medium to strong red to long- 
wave UV radiation and extremely 
weak red to short-wave UV. Using a 
Beck prism spectroscope, we observed 
weak chromium lines in the red end 
of the visible spectrum, along with a 
band centered at about 560 nm. 

Microscopic examination revealed 
stringers, a plane of fine particles, and 
some unusual etch tubes that we had 
never seen before. What was interest- 
ing was that several of these etch 
tubes joined to form the letter “M” 
(figure 16). 

Etch tubes form as a result of 
chemical dissolution along disloca- 
tions in their host. Since such disso- 
lution starts at the host’s surface and 
works inward, the resulting hollow 
tubes must also extend to the surface 
unless the host went through a sec- 
ond growth period after the develop- 
ment of the etch tubes. In this spinel, 
the etch tubes reached the surface 
and were filled with an orangy yellow 
limonite-like material, leading us to 
believe that no secondary growth 
period occurred. The “M”—or “W"— 
shapes of these features suggest that 
they developed in dislocations 
between octahedral planes, although 
this could not be precisely deter- 
mined due to the faceted form of the 
stone and the isometric nature of 
spinel. 

Elizabeth P. Quinn and 
John I. Koivula 
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Figure 16. Laboratory staff mem- 
bers had never before observed 
the unusual “M”-shaped etch 
tubes seen in the spinel in figure 
15. Magnified 10x. 


Natural, Identified with 
Photoluminescence 
An 8.38 ct purple-pink oval modified 
brilliant was received at the West 
Coast laboratory for identification 
(figure 17). The stone was very clean, 
with just a few pinpoint inclusions 
and a small feather visible with a 
standard gemological microscope. 
Gemological properties included: 
R.I—1.714, singly refractive; hydro- 
static S.G.—3.59; and fluorescence— 
weak red to long-wave and inert to 
short-wave UV radiation. With a 
desk-model spectroscope, the stone 
showed Cr** lines (684 and 685.5 nm) 
and an Fe?* line (460 nm). These 
properties, particularly the low RL, 
fluorescence reactions, and lack of 
any anomalous double refraction in 
the polariscope, were consistent with 
natural spinel. Additionally, we have 
not encountered any synthetic spinel 
with this strong purple color. 
However, we still felt that the 
near-absence of inclusions warranted a 
more in-depth investigation. There- 
fore, we performed EDXRF chemical 
analysis, which revealed a rather high 
iron content (consistent with the spec- 
troscopic observation) but very little 
zinc. According to data presented in S. 
Muhlmeister et al. (“Flux-grown syn- 
thetic red and blue spinels from 
Russia,” Summer 1993 Gems @™ 
Gemology, pp. 81-98}, the flux-grown 
synthetic spinels they studied were 
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Pyrandine...A New 
Name For An Uld Garnet 


By B. W. ANDERSON 

(Abstract from Article in Journal of 
Gemmology, April, 1947.) 

Fully appreciating the undesirability of 
loading the literature of gemology and 
mineralogy with new names, Anderson 
proposes that the name pyrandine be 
used for the common calcium-iron garnet. 
He points out that pure pyrope and pure 
almandite are almost unknown in nature 
and indicates the advantages of using this 
term to eliminate confusion and often 
incorrect usage of the other two terms. 
He would limit the name to red garnets 
which have refractive indices between 
1.75 and 1.78 and with densities between 
3.80 and 3.95. 

It would appear that this new name 
could be used with advantage and this 
is probably the only instance in the garnet 
group where such a hybrid name is 
indicated. 

If one will recalculate the numerous 
analyses of garnets in the literature, it 
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is soon evident that so-called pyrope 
garnets contain from 40 to 74% of the 
pyrope molecule and from 15 to 43% 
of the almandine. Analyses of the so- 
called almandite garnets show composi- 
tional variations from approximately 50 
to 83% almandine and from 3 to 27% 
pyrope molecule. In recalculating these 
two species of garnets, it is immediately 


SPRING, 1948 


apparent that the pyrope garnet has a 
definite composition variation toward the 
almandite garnet while the almandite 
garnet varies toward both the spessart- 
ite and andradite species, as well as 
pyrope. 

There will no doubt be a certain reluc- 
tance to accept this new name with the 
arbitrary limits placed by Anderson but 
to prevent a mix-up of this name, the 
limits indicated should be accepted. The 
only limits placed upon the application 
of this new name are those indicated 
above and variations in color, chemical 
composition, etc., are not considered. 


Zircon... 
(Continued from page 17) 


tallites of zirconium oxide. Stott and 
Hilliard found that the normal zircon 
structure breaks down into these two 
constituents when heated to 1580 degrees 
centigrade. The breakdown is accom- 
panied by a lowering of both index and 
density. This variety is known only in 
some hue or tone of green. 

The intermediate variety is somewhat 
more common in nature but is com- 
paratively rare among faceted gems. It 
has the typical zircon structure with 
physical and optical properties inter- 
mediate between the low and high vari- 
eties. It grades imperceptively into the 
high variety that is usually seen in jew- 
elry. The latter occurs in a wide range of 
natural colors and, through heating, some 
of these colors may be changed to the 
characteristic blue or colorless stones 
which are the most widely known of all 
zircons. These latter hues are rarely, 
if ever, found in nature in large crystals. 
The optical and physical properties of 
this variety are distinctive in the upper 
range but grade into the intermediate 
variety, which is characteristically some 
hue or tone of green. There is a sharp 


consistently low in Zn and Fe, but the 
natural spinels they examined showed 
a wide range of Zn and Fe. For com- 
parison, we conducted EDXREF analy- 
ses of nine faceted natural spinels and 
four flux-grown synthetic spinels 
(three faceted and one rough) from the 
GIA Museum and Research collec- 
tions. All the natural samples had col- 
ors as similar as possible to the stone 
in question, whereas the synthetic 
ones were in different shades of red. 
All the natural spinels had high Zn, 
significant Fe, and varying Ga con- 
tents. The synthetic samples, howev- 
er, showed little or no Zn, Fe, or Ga, 
which is consistent with the Muhl- 
meister et al. study. 

Recently, photoluminescence (PL) 
spectroscopy has also been applied to 
study red and blue spinels (F. Notari 
and C. Grobon, “Spectrométrie de flu- 
orescence du chrome (Cr**) dans les 
spinelles,” Revue de Gemmologie 
a.f.g., No. 147, 2003, pp. 24-30; V. A. 
Deeva and Y. B. Shelementiev, ““Gem- 
ological properties of synthetic flux 
spinel,” Gemmological Bulletin, No. 
6, 2002, pp. 9-17). Therefore, we 
recorded PL spectra for the 14 samples 
mentioned above, using a high-resolu- 
tion spectrometer with a 514 nm 
laser. The spectra of two of the natural 
and two of the synthetic samples are 
shown in figure 18. All peaks were 
due to traces of Cr**; however, the nat- 
ural samples showed narrow peaks, 
while the synthetic spinels showed 
broad “humps.” This is consistent 


Figure 17. This 8.38 ct purple- 
pink spinel proved to be of natu- 
ral origin based on its photolum1- 
nescence spectra. 
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Figure 18. The PL spectra of the stone in figure 17 (A), two natural (B-C), 
and two flux-grown synthetic (D-E) spinels are given here. The natural 
spinels show much sharper and narrower peaks than do the synthetics, 
which have broader “humps.” The sharp peaks in spectrum A clearly 
show the natural origin of the spinel in figure 17. 


with the spectra shown in Deeva and 
Shelementiev (2002). We agree with 
these authors, who suggested that the 
broader bands in synthetic spinels are 
due to the presence of irregularity (dis- 
order) and defects in their crystal lat- 
tice. The PL spectrum of the client 
stone was nearly identical to the spec- 
tra of the natural spinels (again, see 
figure 18). 

Even more so than EDXRF, photo- 
luminescence spectroscopy provides 
an easy and unambiguous separation 
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of synthetic spinel from its natural 

counterpart. 

Andy Hsi-Tien Shen, Christopher M. 
Breeding, and Dino DeGhionno 
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COLORED STONES AND 
ORGANIC MATERIALS 


Amethyst from California. Some notable gem-quality 
amethyst was found in February 2003 in eastern San 
Bernardino County, California. Amethyst mineralization 
has been known in this area for several years (see J. P. 
Calzia et al., “Mineral resources of the Kingston Range 
Wilderness Study Area, San Bernardino County, 
California,” U.S. Geological Survey Bulletin 1709-D, 
1987). The crystals were recovered from the Purple Lily 
prospect by John Miatech of Sebastopol, California. 
According to Mr. Miatech, the production consisted of 


Figure 1. These amethysts (2.44—6.44 ct) were cut 
from material recovered in eastern San Bernardino 
County, California. Courtesy of John Miatech; 
photo by Maha Tannous. 
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more than 500 loose crystals (up to approximately 9 cm 
long and 1 cm wide) and small clusters, as well as a large 
matrix specimen covered with dozens of amethyst crys- 
tals. This 43 kg specimen (46 x 67 cm) will be displayed at 
GIA in Carlsbad until June 2005. 

So far, 16 stones have been faceted (0.87-6.44 ct; see, 
e.g., figure 1) and five crystal “points” have been pol- 
ished. The cut stones were generally free of inclusions, 
and commonly showed angular color zoning in rhombo- 
hedral directions when viewed in certain orientations. A 
few of the samples contained primary (figure 2) or sec- 
ondary fluid inclusions. 

Mr. Miatech indicated that the amethyst was pro- 
duced from a single cavity that measured approximately 
0.5 x 1.1 x 1.5 m. The cavity was discovered via systemat- 
ic prospecting using a satellite ground positioning system 
instrument to map amethyst-bearing fault zones (trending 
northwest to southeast) and joints that cross-cut the 
granitic host rock. Amethyst was also found within local 
areas of light-colored granite, where the crystals formed in 
miarolitic cavities. Due to access problems and the 
rugged terrain, all of the mining done so far has been with 
hand tools only. Future production of amethyst from this 
area will likely remain limited. BML 


Editor's note: The initials at the end of each item identify the 
editor or contributing editor who provided it. Full names and 
affiliations are given for other contributors. 

Interested contributors should send information and 
illustrations to Brendan Laurs at blaurs@gia.edu (e-mail), 
760-603-4595 (fax), or GIA, 5345 Armada Drive, Carlsbad, 
CA 92008. Original photos will be returned after considera- 
tion or publication. 
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Figure 2. Primary two-phase fluid inclusions of vari- 
ous shapes were present in a few of the California 
amethyst samples examined. Photomicrograph by 
John I. Koivula; magnified 20x. 


Green petrified wood from Arizona. At the 2004 AGTA 
show in Tucson, this contributor purchased a 17.81 ct 
sample of green petrified wood. According to the dealer, 
William Heher of Rare Earth Mining Co. (Trumbull, 
Connecticut), this rare material originates from Holbrook, 
Arizona. He also reported that this green petrified wood 
was discovered in 1991, but it has only recently become 
available in limited quantities. A small selection of rough 
and partially polished pieces were available; in the latter, 
one side was polished while the other retained the original 
form of the wood (figure 3). 

The following gemological properties were obtained on 
the sample: color—mottled bluish green and white; 
diaphaneity—translucent to opaque; R.I.—1.55; $.G.— 
2.49, determined hydrostatically; Chelsea filter reaction— 
deep red; fluorescence—inert to both long- and short-wave 
UV radiation; transmission luminescence—moderate red; 
and lines in the red end of the spectrum were visible with 
the desk-model spectroscope. Microscopic examination 
revealed uneven parallel banding along its length with a 


somewhat cellular structure seen down the end, in addi- 
tion to some fractures and cavities. 

Raman analysis verified that the material was quartz, 
as expected for petrified wood. EDXRF spectroscopy per- 
formed by GIA Gem Laboratory senior research associate 
Sam Muhlmeister revealed silicon as a major constituent 
along with trace amounts of Cr, Ca, Ti, V, Fe, and Sr. Mr. 
Heher reported that this material is colored by chromi- 
um; this is supported by the Chelsea filter reaction, 
transmission luminescence, visible spectrum, and energy- 
dispersive X-ray fluorescence (EDXRF) analysis. 

It may prove difficult for a novice gemologist to identi- 
fy this material specifically as petrified wood if the wood- 
like “skin” has been removed. But the color, along with its 
subtle structure and gemological properties, should be 
enough to make a correct identification. 

Elizabeth P. Quinn (equinn@gia.edu) 
GIA Gem Laboratory, Carlsbad 


A unique quartz sculpture from Peru. Quartz has the 
highest number of identified inclusions of any gem min- 
eral; thus far, more than 150 minerals have been found 
in quartz (J. Hyrsl and G. Niedermayr, Geheimnisvolle 
Welt: Einschltisse im Quarz/Magic World: Inclusions in 
Quartz, Bode Verlag, Haltern, Germany, 2003). Often, 
attractive inclusions can be employed to special effect in 
sculpted quartz objets d’art; perhaps the most popular 
example is golden rutile (variety sagenite) in rutilated 
quartz. 

An interesting rock crystal sculpture showing creative 
use of an inclusion was purchased by this contributor in 
Lima, Peru, in January 2004. Carved in the shape of an owl 
with eyes of Indian ruby and a bill of Peruvian pink opal, it 
was 18 cm tall (figure 4). According to the seller, the sculp- 
ture was carved in Lima from a single quartz crystal mined 
at Pampa Blanca, near Pisco. This Peruvian locality hosts 
one of the world’s most productive deposits of quartz crys- 
tals twinned according to the Japan law. 


Figure 3. The unpolished side (left) of this 17.81 ct piece of bluish green petrified wood from Arizona retains 
the structure of the original wood. The polished side (right) displays only a subtle wood grain pattern. Photos 
by Maha Tannous. 
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Figure 4. This rock crystal carving in the shape of an 
owl (18 cm tall) contains a cleverly situated pyrite 
inclusion, which is visible as the owl’s “brain.” 
Photo by J. Hyrsl. 


The original crystal was frosted on the surface, mak- 
ing it impossible to view the interior, but a surprise was 
revealed as the carving progressed. The crystal contained 
a perfect lustrous pyrite octahedron 1.3 cm across, which 
through the skill of the artist was positioned within the 
owl’s head to form a well-visible “brain” (again, see figure 
4). 

Pyrite inclusions of this size are very rare, and almost 
all of them are found in quartz from Brazil (usually as pyri- 
tohedrons) and from the Yuzhnyi deposit in the Ural 
Mountains of Russia. The combination of such an attrac- 
tive inclusion with this unusual setting makes this sculp- 
ture quite unique. 

Jaroslav Hyrsl 
Kolin, Czech Republic 
hyrsl@kuryr.cz 
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Scapolite from Mozambique. At the Tucson gem shows 
last February, Geofil Ltda. (Cascais, Portugal) had some 
rough and cut examples of scapolite from a new find in 
Mozambique. According to Sebastian and Pepe Rodriguez 
of Geofil, the scapolite was discovered in Nampula 
Province in October-November 2003. Approximately 2-3 
kg of gem-quality rough was recovered, and stones up to 
240 ct have been faceted; specimen-quality crystals also 
formed a significant portion of this production (figure 5). 

The geology and mineralogy of the Mozambique scapo- 
lite deposits have been examined by one of us (CLG). The 
best occurrences are known from the northern part of the 
country, near the border between the Nampula and 
Zambézia Provinces, in the Malema District. The deposits 
formed along tectonic boundaries between granulite ter- 
ranes and greenstone-facies metamorphic rocks, in relative- 
ly narrow areas up to several kilometers in length. The 
scapolite crystals occur in metasomatic stratiform bodies 
and intrusive veins near the contacts between granite or 
orthogneiss and compositionally contrasting rocks. These 
skarn-like rocks and desilicated pegmatites appear to be 
related to chemical interactions between residual granitic 
fluids and mafic metavolcanic-to-metacarbonate rocks. 
The scapolite crystals form in cavities within the coarse- 
grained veins, together with numerous associated minerals. 
The main inclusions seen in scapolite crystals are Mn- 
oxides, lepidocrocite, graphite, and rutile. 


Figure 5. Large, transparent crystals of scapolite were 
recovered from Mozambique’s Nampula Province in 

late 2003. The crystal shown here is 6.2 cm tall, and 

the oval brilliant weighs 180 ct. Photo © Jeff Scovil. 
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Since gem scapolite is somewhat resistant to weather- 
ing, the most productive deposits are eluvial. Gem-quality 
cordierite, aquamarine, and spessartine-almandine also are 
occasionally recovered from the eluvial diggings. To date, 
the mines have been worked by only a few local people. 
Recently, a well-organized Mozambique mining company 
has engaged in an ambitious exploration program in this 
area, in conjunction with geological research conducted by 
one of these contributors (CLG). 

Gemological properties were obtained by one of us 
(EPQ) on a partially polished very light yellow-brown stri- 
ated crystal (figure 6) that was donated to GIA by Geofil 
Ltda.: R.I—1.548-1.560 (yielding a birefringence of 0.012), 
S.G., measured hydrostatically—2..64, fluorescence—weak 
pink to long-wave UV radiation, and weak red to short- 
wave UV; and no absorption features when examined with 
a desk-model spectroscope. Microscopic examination 
revealed a few inclusions consisting of light or dark 
opaque crystals with minute tension fractures; most had 
dislocation bundles extending toward the nearest prism 
face (figure 7). When the sample was viewed parallel to the 
c-axis, angular growth lines were evident, particularly near 
the edges. The properties of this stone are consistent with 
those listed for scapolite in general by R. Webster (Gems, 
5th ed., revised by P. G. Read, Butterworth-Heinemann, 
Oxford, England, 1994, pp. 366-368). Furthermore, the R.I. 
and birefringence values indicate that this scapolite has a 
composition close to the marialite end member (see W. A. 
Deer et al., Rock-forming Minerals, Vol. 4, Framework 
Silicates, Longman Group, London, 1963, pp. 321-337). 

Electron-microprobe analyses of two additional scapo- 
lite samples (pale yellow and brownish yellow) from this 


Figure 6. Gemological properties were measured on 
this partially polished crystal section of scapolite 
from Nampula Province (6.8 grams). GIA Collection 
no. 30603; photo by Maha Tannous. 
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Figure 7. This light-colored inclusion in the Mozam- 
bique scapolite shown in figure 6 produced a disloca- 
tion bundle that extended toward the surface of the 
crystal. Subsequent etching from the surface created 
microscopic channels along the dislocations that are 
dramatically illustrated here. Photomicrograph by 
John I. Koivula; magnified 15x. 


locality were performed by one of us (CLG). The results, in 
wt.% oxide with the pale yellow sample reported first, 
were as follows: SiO,—54.00, 51.12; AL,O,—23.31, 24.02, 
CaO—12.62, 9.12; Na,O—9.44, 7.82; K,O—0.10, 0.51; and 
F—0.10, 0.33. Further chemical analysis and calculations 
gave ClI—2.21, 2.83; H,O—0.45, 0.16, and CO,—1.28, 0.56. 
In addition, the darker sample contained 0.30 wt.% iron 
(calculated as Fe,O,). The Ca:Na ratio of these two sam- 
ples (0.84, 0.55) shows that, like the crystal section in fig- 
ure 6, they have a marialite-dominant composition. 
Carlos Leal Gomes (lgomes@dct.uminho.pt) 
Universidade do Minho 
Braga, Portugal 


Elizabeth P. Quinn and John I. Koivula 
GIA Gem Laboratory, Carlsbad 


BML 


Update on tourmaline and other minerals from Warner 
Springs, California. Since 2001, some notable discoveries of 
gem tourmaline have occurred at the Cryo-Genie mine in 
the relatively little-known Warner Springs pegmatite dis- 
trict of San Diego County, California (see Gem News 
International, Winter 2001, pp. 338-339, and Winter 2002, 
pp. 355-356). Details on the geology and recent production 
were reported by A. R. Kampf et al. (“Tourmaline discovery 
at the Cryo-Genie mine, San Diego County, California,” 
Rocks & Minerals, Vol. 78, No. 3, 2003, pp. 156-168). In 
addition, the Mineralogical Society of America’s Pegmatite 
Interest Group Web site (www.minsocam.org/msa/special/ 
pig) has archived periodic updates on the production that 
were submitted by mine personnel in August-November 
2002, and this site also contains a recent article by J. E. 
Patterson on a geophysical survey of the pegmatite using 
ground-penetrating radar. 

At last February’s Tucson gem show, Dana Gochenour 
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Figure 8. At the Cryo-Genie mine near 
Warner Springs, California, excavation 
of the “Beryl pocket” took place from 
August to November 2003. Most of the 
contents of this large pocket consisted of 
broken pieces of pegmatite and fragments of quartz and 
feldspar (referred to as “pocket rubble”). The inset shows 
how crystals of pink tourmaline and smoky quartz were 
carefully excavated from the surrounding sticky brown 
clay using a chopstick. Photos by Brendan Laurs. 


(Gochenour’s Minerals, Tustin, California) had some cut 
stones and mineral specimens from these finds as well as 
more recent pockets. This report provides an update on 
these later developments—particularly the August 2003 
discovery of the “Beryl pocket.” This large clay-filled cavi- 
ty was found on the same trend in the pegmatite as two 
other significant pockets (described in the previous GNI 
entries) that are referred to by the miners as the Big 
Monday and BAT pockets. 

The top of the Beryl pocket was initially encountered 
in the floor of the underground workings, so to provide 
better access the mining crew drove a new tunnel around 


Figure 9. This large beryl crystal (top, approximately 
13 cm in diameter) from the Cryo-Genie mine is asso- 
ciated with smoky quartz and bladed aggregates of 
white cleavelandite feldspar. Courtesy of Gochenour’s 
Minerals; photo by Brendan Laurs. 


the mineralized area to intersect it from below. A smaller 
cavity found along the way (the New Drift pocket) con- 
tained several pink tourmaline crystals up to 15 cm long 
and 7.5 cm in diameter. Unfortunately, the tourmalines 
were extensively fractured and came out in numerous frag- 
ments. Nevertheless, many of the pieces were facetable, 
yielding stones up to 4.5 ct of an attractive “pure” pink 
color with no brown modifier. 

The new tunnel reached the bottom portion of the large 
cavity in late August, and the miners proceeded to work 
the host pegmatite from around the sides so that large por- 
tions of the clay-encrusted pocket contents could be 
removed (figure 8). On August 29, they found a large speci- 
men consisting of pale greenish blue beryl (approximately 
13 cm in diameter), smoky quartz, and cleavelandite 
feldspar (figure 9). Several additional specimens containing 
smaller beryl crystals also were recovered. Some of the 


Figure 10. The Cryo-Genie beryl (left) fluoresces greenish yellow to short-wave UV radiation (right, with a blue 
overtone from the lamp). Sample (3.7 cm long) donated by Gochenour’s Minerals; photos by Maha Tannous. 
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Figure 11. Metallic gray inclusions of padakk6nenite in 
quartz have been recovered from the Cryo-Genie 
mine, as shown by this sample (1.8 cm long; GIA 
Collection no. 30485) donated by Gochenour’s 
Minerals; photo by Maha Tannous. The inset shows 
one of the inclusions in more detail; photomicrograph 
by John I. Koivula, magnified 10x. 


specimens had small prisms of pink tourmaline that 
formed inclusions in—and overgrowths on—the beryl; this 
association of pink tourmaline with blue beryl is quite 
unusual. Due to its pale color and numerous inclusions, 
only one sample of the beryl has been faceted so far, into an 
8 mm round brilliant. 

A sample of beryl from this pocket was studied by Dr. 
George Rossman (California Institute of Technology, 
Pasadena), who reported that the pale blue color was caused 
by iron (as is typical for aquamarine) and the sample con- 
tained significant cesium. A most unusual characteristic of 
this beryl was its fluorescence. Although inert to long-wave 
UV radiation, the beryl fluoresced a moderate greenish yel- 
low to short-wave UV (figure 10). Luminescence spec- 
troscopy by Shane Elen of the GIA Gem Laboratory showed 
a predominant broad band in the green-to-yellow spectral 


Figure 12. Tourmaline from the recent finds at the Cryo- 
Genie mine typically has an attractive pink color with 
no brown modifier. The rectangular tourmaline weighs 
9.01 ct, and the stone in the ring is 2.5 ct. Courtesy of 
Gochenour’s Minerals; photo by C. D. Mengason. 
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region corresponding to the blue fluorescence, with a weak- 
er blue-green component and a small emission band in the 
green region at 540 nm. 

The large pocket (2.9 x 2.3 x 1.2 m) also contained a few 
significant crystals of pink tourmaline, as well as several 
matrix specimens of quartz and cleavelandite. The crystals 
were carefully removed from the sticky clay in the pocket 
using hand tools and soft digging implements such as chop- 
sticks (see figure 8, inset). Nevertheless, most of the tourma- 
lines had been previously fractured by natural forces, and 
fell apart when removed from the pocket or during cleaning. 

Further mining uncovered additional pockets with 
pink and dark blue-violet tourmaline, as well as morganite 
beryl. The largest of these cavities (1.8 x 1.2 x 0.9 m), exca- 
vated in March 2004, contained a significant amount of 
pink tourmaline gem rough. 

For inclusion enthusiasts, the Cryo-Genie mine has 
yielded an unusual mineral—dark gray metallic needles of 
paakk6nenite (Sb,AsS,) in quartz (figure 11). According to 
Kampf et al. (2003; cited above), prior to being found at the 
Cryo-Genie mine in two of the recent pockets, this miner- 
al was known from just four other localities worldwide 
(none of them pegmatites). 

As of April 2004, approximately 1,000 carats of pink 
tourmaline had been faceted in mostly calibrated sizes, 
consisting of about 500 stones of 0.5 to 5 ct, and another 
500 that weighed less than 0.5 ct (mostly 3-6 mm round 
brilliants). The largest stone cut to date is a 25.25 ct rect- 
angular modified brilliant. In addition, about 100 bluish 
green melee (3-5 mm) were faceted, and some of the pink 
tourmaline has been set into attractive gold jewelry (see, 
e.g., figure 12). BML 


INSTRUMENTS AND TECHNIQUES 


Recent U.S. patents for diamond fingerprinting methods. 
Ever since concerns about the use of diamonds to support 
armed conflicts, terrorism, and other illicit activities arose 
in the early 2000s, the industry has been in search of 
methods that would allow the tracking of individual dia- 
monds from source to market (see, e.g., A. A. Levinson and 
J. E. Shigley, “White House Conference on ‘conflict dia- 
monds,’” Spring 2001 Gem News International, pp. 
64-66). These typically have included marking techniques 
and means of recording unique internal properties or 
chemical characteristics. Given the potential value of a 
practical and reliable method of diamond “fingerprinting,” 
it is not surprising that various individuals and groups 
have recently sought patents in this area. 

However, of the possible methods discussed at the 2001 
White House Conference, U.S. patents have been issued 
only for those that record internal characteristics via opti- 
cal examination (see, e.g., S. Redfearn, “Optics may hold 
key to derailing contraband diamond trade,” Optics and 
Photonics News, Vol. 13, No. 2, 2002, pp. 20-22), or that 
mark a diamond using a laser or radioactive isotopes. No 
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methods appear to have been patented recently in the U.S. 
for fingerprinting by X-ray topography (see, e.g., R. Diehl and 
N. Herres, “X-ray fingerprinting routine for cut diamonds,” 
Spring 2004 Gems &#) Gemology, pp. 40-57; the technique 
discussed in that article has been patented in Germany}, by 
ion implantation (see Winter 2002 Lab Notes, pp. 344-345}, 
or by spectroscopic or chemical analysis of inclusions or 
coatings. Despite the attention devoted to LA-ICP-MS for 
diamond fingerprinting (see N. Lubick, “Fingerprinting a dia- 
mond’s source,” Geotimes, Vol. 48, No. 12, 2003, pp. 38-39; 
M. Resano et al., “Possibilities of laser ablation—inductively 
coupled plasma—mass spectrometry for diamond finger- 
printing,” Journal of Analytical Atomic Spectrometry, Vol. 
18, No. 10, 2003, pp. 1238-1242), no such U.S. patents 
appear to have been issued. 

Following is a summary of U.S. patents and patent 
applications for methods of diamond fingerprinting that 
have been awarded or published since the White House 
Conference in January 2001, in chronological order. 

Lalit K. Aggarwal of Philadelphia, Pennsylvania, 
received a patent for an “automated” diamond grading 
device (L. Aggarwal, Apparatus and Method for Grading, 
Testing, and Identifying Gemstones, U.S. patent 6,239,867, 
filed December 7, 1999, issued May 29, 2001). The device 
records several attributes of a diamond within a computer- 
controlled imaging apparatus. Although intended primarily 
for the grading of diamonds for clarity, color, and cut, the 
inventors claim that the device also gathers sufficient infor- 


Figure 13. This drawing taken from a recent patent by 
Aharon Zidon of Givatayim, Israel, demonstrates 
how a diamond can be marked with a unique pattern 
by exposure to a radioactive isotope. A mask (lower 
drawing) is placed between the diamond and a small 
amount of radium so that as the radium decays, it 
implants daughter isotopes in the desired pattern. 
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Figure 14. This confocal microscope system is being 
used to fingerprint a diamond by recording the rela- 
tive positions of its inclusions. The blue light in the 
center is a sample diamond being illuminated by the 
microscope’s laser. Courtesy of University of British 
Columbia Bioimaging Facility. 


mation to fingerprint a specific gemstone based on its inter- 
nal and external characteristics. The grading device, known 
as ImaGem, is expected to be marketed in 2004 by 
ImaGem Inc., also of Philadelphia, and has been the subject 
of several articles in the trade press (see, e.g., V. Gomelsky, 
“New instrument automates diamond grading,” National 
Jeweler, Vol. 98, No. 2, 2004, p. 32; I. Solotaroff, “A new 
diamond age,” Modern Jeweler, Vol. 102, No. 10, pp. 
48-56). Once a diamond has been scanned by the ImaGem 
device, another instrument, known as VeriGem, can be 
used to identify it later by matching it to stored informa- 
tion. Grading a diamond with ImaGem takes about five 
minutes; identification with VeriGem takes approximately 
20 seconds. VeriGem is currently being beta tested; 
ImaGem plans to release it in 2005. 

Aharon Zidon of Givatayim, Israel, has received a 
patent for a method of marking diamonds (and other 
objects) with radioactive isotopes in a specific pattern (A. 
Zidon, Apparatus for and Method for Marking Objects, 
Objects Marked Thereby and Apparatus and Method of 
Reading Marked Objects, U.S. patent 6,616,051, filed June 
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28, 2000, issued September 9, 2003). The pattern is applied 
by masking the diamond in front of a small quantity of 
radium such that, as it releases radioactive “daughter” iso- 
topes (radon, lead, bismuth, and polonium) through 
radioactive decay, these are implanted in a precise pattern 
in the diamond (figure 13). The pattern is invisible except 
to the proper type of radiation detector, and the amount of 
radioactive material implanted is designed to be below reg- 
ulatory limits for release of radioactivity. 

A team from Lazare Kaplan International, New York, 
has received a patent on a new method of laser inscribing 
gemstones (G. R. Kaplan et al., Microinscribed Gemstone, 
U.S. patent 6,684,663, filed September 6, 2002, issued 
February 3, 2004). This is a patent from a “divisional appli- 
cation” of an earlier application for a similar method, now 
patented as well (an inventor files a divisional application 
when the patent examiner finds that the original applica- 
tion describes more than one invention; the divisional 
application extracts the extra invention into a new appli- 
cation). This patent describes several methods of encrypt- 
ing and authenticating laser inscriptions that could be use- 
ful for diamond fingerprinting. 

Recently, Malcolm Warwick of Vancouver, Canada, 
submitted a patent application for a method that uses confo- 
cal laser interferometry to determine the relative positions 
of inclusions in a diamond (M. R. Warwick, Method and 
Apparatus for Identifying Gemstones, U.S. patent applica- 
tion 20030223054, filed May 29, 2002, published December 
4, 2003). With this method, shown in figure 14, the dia- 
mond is scanned by a laser beam and the position and orien- 
tation of inclusions are recorded in a unique profile, which 
can be encoded in a laser inscription on the stone’s girdle 
(another pending patent, not yet published, covers the cod- 
ing method]. The process is currently being developed by 
Canadian Gem ID Systems, with assistance from Sirius 
Diamonds and the use of technical staff and facilities at the 
University of British Columbia, all in Vancouver. 

For those interested in searching the U.S. Patent and 
Trademark Database (www.uspto.gov/patft/index) for 
future patents on this subject, some classifications that 
may include fingerprinting methods are given in table 1. 

Thomas W. Overton (toverton@gia.edu) 
GIA, Carlsbad 


TABLE 1. U.S. patent classes that may include 
diamond fingerprinting methods. 


SYNTHETICS AND SIMULANTS 


Colored cubic zirconia Buddha carvings. For the past few 
years, several types of near-colorless, yellow, and orange- 
to-red Buddha statues have been offered to tourists in 
Thailand as amber carvings (see, e.g., figure 15). Four of 
these statues (ranging from about 2.5 to 7 cm tall) were 
loaned to this contributor for examination. The carvings 
had rounded corners that suggested a worn appearance, as 
well as areas that appeared to show relics of gold foil. The 
indentations and depressions contained an unidentified 
dust-like brown material. All of these factors helped make 
the carvings look antique and authentic. 

Although they were too large for measuring hydrostat- 
ic S.G. values with the equipment available, their heft 
indicated that they were probably all made of the same 
material, which was far too dense for amber. A detailed 
examination with magnification revealed no inclusions, 
high transparency, and homogeneous color, properties that 
are unlikely to be found at the same time in amber. 

However, these properties were consistent with cubic 
zirconia. To verify this hypothesis, we analyzed two carv- 
ings (one yellow and one red) using a PGT energy-disper- 
sive detector coupled with a Jeol 5800 scanning electron 
microscope in the low vacuum mode. The main elements 
present in both statuettes were Zr and Y, with smaller 
amounts of Hf, which confirmed that the material was 
yttrium-stabilized cubic zirconia. The red sample also 
contained K, Ca, and Mn. 

Although such CZ Buddha carvings are not new (see 
Winter 1993 Lab Notes, p. 278), their representation as 
amber was previously unknown to this contributor. 

EF 


Figure 15. Buddha statues such as this one (2.5 cm 
tall) are being sold as amber carvings in Thailand. 
However, they are manufactured from cubic zirconia. 
Photo by Anne-Claude Couturier. 


Fingerprinting method Patent class 


63/32 
235/487, 235/491 


Laser inscription 
Implantation of radioisotopes 
ICP-MS 


lon implantation 315/111.81 
Optical examination 356/30 
X-ray topography 378/74 


250/281-282, 250/288 
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Figure 16. This strand of imitation pearls, sold as 
“shell pearls,” proved to be Tridacna clam shell beads 
with a lacquer coating. Photo by H. A. Hanni, © SSEF. 


“Shell pearls” with Tridacna clam shell beads. Recently, a 
client donated a strand of approximately 8-mm-diameter 
white “shell pearls” (figure 16), so that these imitation 
pearls could be characterized at the SSEF Swiss Gem- 
mological Institute. “Shell pearls” typically are composed 
of a shell bead that is coated to resemble pearls (see, e.g., 
Summer 2001 Lab Notes, pp. 135-136). 

Examination of the drill holes of the “shell pearls” 
revealed a silvery coating and a transparent top layer with 
radiating microcracks (figure 17). When the coating was 
peeled away, it was evident that the beads were composed 
of very white shell material showing coarse layers (figure 
18). Identification of the bead material as aragonite was 
made by Raman analysis (peaks at 1085, 705, 207, and 153 
cm), the S.G. was measured hydrostatically as 2.83. At 
10x magnification, a fine flame structure was visible (again, 
see figure 18). This structure differs from that of shell beads 
traditionally used as cultured pearl nuclei, such as those 
from North American freshwater mussels. However, the 
beads were very similar to shell material of the Tridacna 
giant clam. Scanning electron microscopy of a reference 
sample of Tridacna shell revealed an array of aragonite 
tiles, similar to those seen in conch shell. This fibrous 
structure makes the substance relatively tough and solid, a 
necessity for the build-up of shell material in the larger 
mollusks. The similarity in the microstructure to that of 
the beads in the imitation pearls provided additional evi- 
dence that these beads were made from Tridacna shell. 

Tridacna shell beads reportedly have been used as 
nuclei in Australian cultured pearls (see Summer 2002 
Gem News International, p. 179}, and we also have heard 
rumors about their use in black Tahitian cultured pearls 
and Chinese Akoya cultured pearls. Since Tridacna clams 
can grow quite large, they could be a good source of white 
shell material for large beads. However, they are already 
scarce in some areas due to overharvesting, and therefore 
wild Tridacna clams should not be harvested for shell 
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Figure 17. Around the drill hole of one of the “shell 
pearls,” the silvery coating and a transparent top layer 
(with cracks) are visible. Typical for a pearl imitation 
are the folded layers around the hole. Photomicrograph 
by H. A. Hanni, © SSEF. 


beads. Since the source of the beads used for imitation 
pearls is not important as long as the material approxi- 
mates the weight of genuine pearls, it is really unnecessary 
to use Tridacna shell when common marble could provide 
usable beads with far less impact on the environment. 
Regardless of the material used for the beads, we feel 
that the trade name “Shell Pearls” is incorrect and mis- 
leading for these imitation pearls. HAH 


Fake tanzanite mineral specimens. As the demand increas- 
es for gem and mineral specimens, miners are often saving 
attractive crystals and matrix specimens, hoping for the 
premium that collectors might pay. However, the number 
of salable items is limited, because few specimens survive 
the rigors of blasting and transportation from remote 
source areas. This constricted supply, coupled with 
increasing demand, has fostered a thriving business in 
repaired specimens and also assembled fakes. 


Figure 18. The “shell pearls” contained beads that 
consisted of coarse layers (right side) and, in some 
areas, showed a flame structure (left side). These fea- 
tures are typical of non-nacreous shell material. 
Photomicrograph by H. A. Hanni, © SSEF. 
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Zircon... 


break between the intermediate and low 
varieties. When the intermediate variety 
is heated to 1450 degrees centigrade, it 
converts to the high type and since almost 
all cut zircons have been heat-treated, 
this explains the prevalence of this type 
in jewelry. 

Zircon (high) has an unusually high 
refractive index (1.925-1.984) which 
gives it an adamantine luster approaching 
that of the diamond. Its dispersion (.038) 
also closely approaches that of the dia- 
mond (.044). With optical properties 
so near those of the diamond, it was 
inevitable that unscrupulous merchants 
would substitute it for the latter gem. 
To obtain colorless stones, it is neces- 
sary to heat-treat the natural gems. Zir- 
con, .unfortunately, is relatively brittle 
and only slightly harder than quartz. 
Since heating reduces the hardness and 
increases the brittleness, the close re- 
semblance to the diamond has served as 
a detriment to this beautiful gem. Many 
brown and yellow stones can be changed 
to an attractive blue when heated and 
when these latter were introduced to the 
western world about 1923, they enjoyed 
an immediate and unprecedented populari- 
ty. They were purchased without knowl- 
edge of their brittle character and with- 
out knowing that they had been heat- 
treated and might possibly revert to their 
natural color in time. When many of 
them became yellowish and most of 
them developed surface pits, the gem 
was blamed. Because of the criticism, 
it soon became almost as unpopular as 
the opal. Fortunately, the name zircon 
did not suffer quite the same fate, since 
these colorless and blue stones were 
usually sold under an ingenious variety 
of incorrect names. 

Anyone who purchases a zircon with 
the full knowledge of its lack of extreme 
hardness, its brittleness and its potential 


change of color but with an appreciation 
of its beauty of color, luster and high 
dispersion will possess a gem that will 
always be a source of pleasure and pride. 

Since the gem was not identified, as 
a separate species prior to the latter half 
of the 18th century, it does not enjoy 
the fascinating myths associated with the 
more common gemstones. The zircons of 
the Middle Ages and possibly the ancient 
world, came from Ceylon. In recent 
years, most of them have come from 
Siam. and Indo-China, where the gem 
cutters and dealers have developed heat- 
treating to such an art that all stones 
are said to be so treated. Coler banding 
is common in the natural stone and heat 
will reduce or eliminate this defect. 

In the accompanying plate, a character- 
istic crystal from a Canadian locality is 
shown at G and a similar crystal on 
matrix from Russia is shown at F. Five 
faceted gems of various colors are also 
shown but no illustration could do justice 
to the brilliancy, dispersion, and scintil- 
lating beauty of the actual gem. 

—Mark C. Banpby 


Deposits... 
(Continued from page 9) 
of the gem production of Southern Cali- 
fornia, in terms of both bulk and value, 
but they are widespread in their occur- 
rence and in their distribution in gem 
and mineral collections. A large pocket 
of peach-colored beryl crystals was en- 
countered during recent wartime mining 
for quartz crystals of radio grade in the 
Pala district, and other crystals of similar 
form and color have been encountered 
from time to time in the search for 
kunzite. Still other occurrences have been 
reported during recent years from de- 
posits in Riverside County. 
The moribund gem mining industry of 
(Continued on page 30) 
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Figure 19. This cleverly assembled imitation of a tanzanite mineral specimen (5.5 x 3.0 x 1.0 cm) contains pieces 
of grayish purple tanzanite, light green diopside, and smoky quartz glued onto a matrix of calcite and graphite 
(left). With exposure to long-wave UV radiation (right), the glue mixture fluoresced bright white (the orangy 
pink areas are calcite). Photos by Maha Tannous. 


On a recent buying trip to Tanzania, this contributor 
was presented with several assemblages that were con- 
structed to resemble naturally occurring mineral specimens. 
One of these (figure 19) was created by combining many of 
the minerals that are naturally associated in the Merelani 
tanzanite deposits. This cleverly assembled imitation mea- 
sured 5.5 x 3.0 x 1.0 cm, and had three grayish purple tan- 
zanite crystals, a light green diopside crystal, and three 
smoky quartz fragments mounted on a base consisting of 
calcite and graphite. The largest tanzanite crystal was dust- 
ed with minute pyrite crystals that grew naturally on its 
surface. All of the crystals were attached to the matrix with 
a white chalky material mixed with glue. The glue was easi- 
ly visible using 20x magnification, and fluoresced strongly 
to long-wave UV radiation (again, see figure 19). 

For comparison, figure 20 shows a genuine specimen of 
tanzanite, with a white calcite matrix, light green diop- 
side, and a small area of graphite. The calcite has grown 
naturally around the tanzanite crystal, and there was no 
evidence of any glue or chalky paste mixture with either 
magnification or exposure to long-wave UV. 

Edward Boehm (joebgem@aol.com) 
JOEB Enterprises, Solana Beach, California 


CONFERENCE REPORTS 

ICNDST-9. The 9th International Conference on New 
Diamond Science and Technology was held March 26-29, 
2004, at Waseda University in Tokyo, Japan. The confer- 
ence brought together an international audience of more 
than 200 scientists and engineers who study the growth and 
physical properties of diamond and related carbon materials, 
as well as the potential uses of these materials for numerous 
electronic and other high-technology applications. Several 
presentations focused on topics of gemological interest. 

Dr. Alan Collins of King’s College, London, discussed 
the annealing behavior of interstitial-related optical cen- 
ters in electron-irradiated type Ib synthetic diamonds. He 
described particular changes in visible and infrared spectral 
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features after the synthetic diamonds were annealed at up 
to 500°C. The annealing behavior in nitrogen-containing 
synthetic diamonds was found to be more complicated 


Figure 20. This genuine specimen of tanzanite (4.0 x 2.2 
x 1.4 cm) showed no evidence of glue or paste material, 
either with magnification or when exposed to long- 
wave UV radiation. The associated minerals are cal- 
cite, diopside, and graphite. Photo by Maha Tannous. 
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Figure 21. These sapphires (the largest ones weigh 0.59 
and 0.19 ct) are from a recently discovered deposit on 
Baffin Island in northern Canada. Courtesy of True 
North Gems; photo © Stephen Krasemann. 


than previously thought in terms of the optical defects and 
how they react to heat treatment. This contributor dis- 
cussed the gemological identification of natural, treated, 
and synthetic diamonds, and highlighted current chal- 
lenges to this effort, such as the detection of HPHT treat- 
ment. At present, the identification of gem diamonds 
requires not only documentation of visual features and 
other aspects obtained from conventional gemological 
testing, but characterization using a variety of spectroscop- 
ic techniques as well. Branko Deljanin of EGL USA, 
Vancouver, Canada, discussed the diagnostic features (e.g., 
luminescence reactions and spectroscopic features record- 
ed with infrared and photoluminescence techniques) of 
several CVD-grown synthetic diamonds produced by 
Apollo Diamond in Boston, Massachusetts; a subsequent 
presentation by Dr. Robert Linares of Apollo Diamond 
reviewed his company's efforts to produce high-quality 
single-crystal synthetic diamonds by a CVD process. The 
growth of the ICNDST conference since its inception in 
1988 illustrates the greater interest in diamond as a mate- 
rial for use in an expanding range of products. JES 


GAC-MAC 2004. The 49th annual joint meeting of the 
Geological Association of Canada and Mineralogical 
Association of Canada was held May 12-14, 2004, at Brock 
University in St. Catherines, Ontario. Although focused 
on the geology of the Lake Erie and Lake Ontario regions, 
the meeting covered a wide range of other topics. Several 
presentations in sessions devoted to rare-element deposits 
and kimberlites may be of interest to gemologists. 

Dr. David London of the University of Oklahoma, 
Norman, discussed how increasing concentrations of 
“fluxing elements” (Li, F, B, and P), along with rapid crys- 
tallization rates, contribute to producing the observed ver- 
tical zonation of Na and K in feldspars and other minerals 
in pegmatites and mineralized granites. Matthew Taylor of 
Masaryk University, Brno, Czech Republic, and coauthors 
proposed a new theory on the crystallization of granitic 
pegmatites from sol-gel processes in magmatic melts or 
fluids. The gel theory provides an alternate explanation for 
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problematic aspects of pegmatites, such as the suspension 
of large crystals and the formation of massive quartz cores. 
Dr. Petr Cerny of the University of Manitoba, Winnipeg, 
and coauthors calculated the overall bulk composition of 
the famous Tanco rare-element pegmatite in southeastern 
Manitoba. These data support the derivation of this peg- 
matite and similar ones elsewhere by igneous fractiona- 
tion from a leucogranitic magma. Heather Neufeld of the 
University of British Columbia (UBC), Vancouver, and col- 
leagues described the geology of the Regal Ridge emerald 
deposit in the Finlayson Lake District of southeastern 
Yukon, Canada. Emeralds occur within quartz veins that 
intrude mid-Paleozoic metavolcanic and metaplutonic 
rocks. Efforts are currently under way to determine the 
extent of emerald mineralization at the deposit. Dr. Lee 
Groat, also of UBC, and coauthors described the deposit of 
green-to-blue beryl at the True Blue property in the Ketza- 
Seagull District, also in the southern Yukon. Beryl crystals 
up to 5 cm long occur in quartz veins that fill tension 
gashes in syenite. In a poster presentation, Andrea Cade of 
UBC and coauthors described the geology of the recently 
discovered occurrence of gem-quality blue sapphire (figure 
21) near the community of Kimmirut on Baffin Island in 
northern Canada. The sapphire (along with other gem 
minerals such as apatite, spinel, and sphene) is found in a 
paleo-Proterozoic marble host rock. 

In the session on kimberlites, Christian B6hm and 
colleagues from the Manitoba Geological Survey, 
Winnipeg, described current efforts to discover diamondif- 
erous kimberlites in Manitoba. Although no occurrences 
have been reported to date, a number of geological compo- 
nents essential for such occurrences are present in the 
province, as are promising results from indicator mineral 
surveys. Dale Sutherland and coauthors from Activation 
Laboratories, Ancaster, Ontario, described a new explo- 
ration method that measures gas hydrocarbon compounds 
in soils to indicate buried kimberlites. Shannon Hay of 
the University of Alberta, Edmonton, and colleagues 
reported on the recent discovery of diamond-bearing kim- 
berlite pipes on the Churchill property in the Kivalliq 
region of Nunavut. Evaluation is currently under way to 
determine their potential. Christine Vaillancourt of the 
Ontario Geological Survey, Sudbury, and coauthors dis- 
cussed the discovery of millimeter-size gem diamonds in 
volcaniclastic breccias from northern Ontario. This is a 
potentially new type of commercial diamond occurrence, 
different from Phanerozoic kimberlites and lamproites, 
and hence it provides a new exploration target for dia- 
monds in Archean greenstone belts. JES 


ANNOUNCEMENTS 


Exhibits 


Pearls at the Royal Ontario Museum. “Pearls: A Natural 
History,” a traveling exhibition tracing the natural and 
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cultural history of pearls organized by the American 
Museum of Natural History (New York) in collaboration 
with the Field Museum (Chicago), will be on display at 
the Royal Ontario Museum in Toronto from September 
18, 2004 to January 9, 2005. Included will be displays on 
pearl formation and culturing, as well as historical pearl 
jewelry that once belonged to Queen Victoria and Marie 
Antoinette. Visit www.rom.on.ca/exhibits/pearls. 


Carnegie Gem & Mineral Show. On November 19-21, 
2004, at the Carnegie Museum of Natural History in 
Pittsburgh, Pennsylvania, this show will feature sapphires 
in special exhibits and invited museum displays. Visit 
www.carmegiemuseums.org/cmnh/minerals/gemshow. 


Conferences 

5th European Conference on Mineralogy and Spectroscopy. 
On September 4-8, 2004, at the University of Vienna, 
Austria, this meeting will be held in conjunction with the 
6th European Mineralogical Union School on 
Spectroscopic Methods in Mineralogy, which takes place 
from August 30 to September 8. Students will gain expo- 
sure to optical (UV-Vis-NIR) and luminescence spec- 
troscopy, vibrational spectroscopy (Raman and infrared), 
Méssbauer spectroscopy, nuclear magnetic resonance 
spectroscopy (NMR), and X-ray absorption spectroscopy 
(XANES and EXAFS). Visit www.univie.ac.at/Mineralogie/ 
ECMS2004 and www.univie.ac.at/Mineralogie/EMU_School. 


Gems of Pacific continental margins. The International 
Association on the Genesis of Ore Deposits will host a 
symposium titled “Gemstone Deposits on Continental 
Margins” at the Interim IAGOD Conference on 
Metallogeny of the Pacific Northwest: Tectonics, Magma- 
tism & Metallogeny of Active Continental Margins. The 
conference will take place September 11-19, 2004, in 
Vladivostok, Russia. Visit www.fegi.ru/IAGOD. 


Diamond 2004. A review of the latest scientific and tech- 
nological aspects of natural and synthetic diamond (as 
well as related materials) will take place at the 15th 
European Conference on Diamond, Diamond-like 
Materials, Carbon Nanotubes, Nitrides & Silicon 
Carbide, September 12-17, in Riva del Garda, Italy. Visit 
www.diamond-conference.com. 


ICAM 2004 in Brazil. The 2004 International Congress on 
Applied Mineralogy will be held in Aguas de Lindoa, Brazil, 
September 19-22, and will include a special session on gem 
materials. Pre- and post-conference field trips will tour col- 
ored stone and diamond deposits in the Ouro Preto and 
Diamantina areas, as well as agate and amethyst mines in 
Rio Grande do Sul State. Visit www.icam2004.org. 
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Hong Kong Jewellery & Watch Fair. Held at the Hong 
Kong Convention and Exhibition Centre on September 
19-22, this show will host GIA GemFest Asia 2004 on 
September 20. This free educational event, titled 
“Update on GIA's Diamond Cut Research,” will take 
place from 9:30 to 11:30 am in Room 301B of the Hong 
Kong Convention and Exhibition Centre; RSVP to 
events@gia.edu or giahk@netvigator.com, or call 760-603- 
4205 in the U.S. or 852-2303-0075 in Hong Kong. The Fair 
will also host an educational seminar given by the 
Gemmological Association of Hong Kong on September 
21, in addition to several jewelry design competitions. 
Visit www.jewellerynetasia.com/exhibitions. 


Rapaport International Diamond Conference 2004. On 
October 12, 2004, this conference will take place in New 
York and feature an insider’s look at the international 
diamond and jewelry industry. Visit www.diamonds.net/ 
conference. 


CGA Gemmology Conference 2004. The Canadian Gem- 
mological Association is holding its annual conference at 
the Terminal City Club in Vancouver on October 22-24. 
The theme of the conference will be “Seasons over 
Time.” Visit www.gemconference2004.com. 


Pegmatites at GSA. A topical session titled “Granitic 
Pegmatites: Recent Advances in Mineralogy, Petrology, 
and Understanding” will be held at the annual meeting 
of the Geological Society of America in Denver, 
Colorado, November 7-10, 2004. The meeting will also 
feature a session covering advanced mineral characteriza- 
tion methods. Visit www.geosociety.org/meetings/2004. 


Antwerp Diamond Conference. The 3rd Antwerp 
Diamond Conference, presented by the Antwerp Diamond 
High Council (HRD), will take place in Antwerp on 
November 15-16, 2004. The conference will focus on syn- 
thetic diamonds, as well as strategies to promote con- 
sumer confidence in natural diamonds. Visit www.hrd.be/ 
newscenter/newscenter/hrd_news/article.aspx?iNewsItem 
ID=47. 


ERRATUM 

The herderite entry in the Spring 2004 Lab Notes (pp. 
61-62) contained an error in one of the references. The ref- 
erence for Leavens et al. (1978) should have been: 


P. B. Leavens et al., “Compositional and refractive index 
variations of the herderite-hydroxyl-herderite series,” 
American Mineralogist, Vol. 63, No. 9-10, 1978, pp. 
913-917. 


We thank John S. White for bringing this to our attention. 
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GIA appreciates gifts to its permanent collection, as well as stones, library materials, and other 


non-cash assets to be used in GIA’s educational and research activities. These contributions help GIA further its 
public service mission while offering donors significant philanthropic 
benefits. We extend sincere thanks to all 2003 contributors. 


CIRCLE OF HONOR: 
$100,000 AND HIGHER, 
CUMULATIVE 
Anonymous 
American Pearl! Company 
Amsterdam Sauer 
Aurafin Oro America 
Banks International Gemology, Inc. 
(Daniel and Bo Banks) 
The Bell Group/Rio Grande 
Allan Caplan 
Chatham Created Gems, Inc. 
PierLuigi Dalla Rovere 
The De Beers Group 
J.O. Crystal Company, Inc. 
(Judith Osmer) 
JewelAmerica, Inc. 

(Zvi and Rachel Wertheimer) 
Kazanjian Bros., Inc. 
KCB Natural Pearls 

(K. C. Bell) 
William F. and Jeanne H. Larson 

Marshall and Janella Martin 

Nancy B & Company 
Kurt Nassau, Ph.D. 
John and Laura Ramsey 
Art Sexauer 
Ambaji Shinde 
S.H. Silver Company 

(Stephen and Eileen Silver) 
D. Swarovski & Co. 

Touraine Family Trust 
United States Pearl Co. 

(james and Venetia Peach) 

Vicenza Trade Fair 


$50,000 to $99,999 
Anonymous 
Mona Lee Nesseth, G.G. 
Red Beryl, Inc. 


$10,000 to $49,999 
Anonymous 
A.F. Greenwood Company, Inc. 
Suman Agrawal 
American Gem Trade Association 
German Ayubi 
Robert and Melinda Bell 
Charles & Colvard, Ltd. 
Paula Crevoshay 
Mark and Debbie Ebert 
Gravograph - New Hermes 
K. R. Gems & Diamonds Int'l 
Lux Gem Corp. 
Stephen and Betty Lou Neely 
Pala International, Inc. 
Mark Patterson 
Benjamin Pecherer 
Frederick H. Pough, Ph.D. 
Avi Raz 
e@ 
$5,000 to $9,999 
Anonymous (3) 
Cos Altobelli 
Dudley Blauwet 
K. Brunini Jewels 
Tamara Comolli 
Robert J. and Helen S. Flude 
James Y. Hung, M.D. 
Marianne Hunter 
Stephen Lentz 
Mrs. John Sinkankas 
Gerald Stockton 
Weinmann & Stapff 
@ 
$2,500 to $4,999 
Anonymous (5) 
Auction Market Resource 
Robert L. Borofsky 
Pibbie and Fran Deuell 


Michael McCue Dyber 
Mary L. Hung 
Syed Iftikhar Hussain 
Dona Lee Leicht 
Michael Goldstein, Ltd. 
Jacques Prades 
Richard F. Rogers 
Douglas Rountree 
Sara Gem Corporation 
Daniel J. Statz and Amde Zewdalem 
Carolyn Tyler 
Stephen Webster 


@ 
$1,000 to $2,499 


Anonymous (2) 
Gordon Bleck 
Bufkor, Inc. 
Columbia Gem House, Inc. 
Fine Gems International 
IBGM 
Nicolai Medvedev 
Pranda Jewelry Public Co. Ltd 
Alan Rehs 
Hussain Rezayee 
Jackie Russell 
Rudolph L. Schindler 
Abe Suleman 
Thomas Hunn Co. Inc. 
Robert Weldon 
Wild Bill's Jewelry 
@ 
$500 to $999 
Anonymous 
Capalion Enterprise 
Borsheim's Fine Jewelry 
Elisabeth A. Busiek 
The Gemesis Corporation 
Mary L. Johnson, Ph.D. 
Alice S. Keller 


Terry Ledford 
Michael Randall 
S.P.B. Gems, Inc. 

C.Y. Sheng 
@ 

Under $500 

Anonymous (8) 
Shigeru Akamatsu 
Gordon T. Austin 

John Bailey 

Begeman Jewelers 
Mary Lou Belnap 
Boutique Art Designs 
Jorge L. Brusa 
Tom Cushman 
DC International Gems 
Howard Denghausen, Jr. 
Dimensional Technology Corp. 
D &J Rare Gems Ltd. 

Eileen Farrell 

Glen N. Foss 
Judith N. Frost 

Cal and Kerith Graeber 
Curt Horst 
Jewelry by Design 
Chris and Karen Johnston 
William J. Junkin, G.G. 
Kompass International Co. Ltd. 
Michal Koselja 
Joseph Marchlenski 
Stephen Mickam 
Museu de Geociéncias — USP 
Kenneth E. Newnham 
Herb Obodda 
Prijems, Inc. 
Russell B. Shor 
Jeffrey B. Spier 
Ricardo Vianna 
Frank L. Webber 


GIA needs donations that vary in nature. Examples are signed pieces of historical jewelry, natural untreated and 
treated stones, synthetics and simulants, rare gemological books, and equipment and instruments for ongoing 
research support. If you are interested in making a donation and receiving tax deduction information, please call 


Patricia Syvrud at (800) 421-7250, ext. 4432. From outside the U.S., call (760) 603-4432, fax (760) 603-4199. 
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Book REVIEWS 


Secrets of the Gem Trade: 
The Connoisseur’s Guide to 
Precious Gemstones 


By Richard W. Wise, 274 pp., illus., 
publ. by Brunswick House Press, 
Lenox, MA, 2003. US$79.95* 


Capturing the essence of what it 
takes to be a gem trader in today’s 
world of ubiquitous gem treatments, 
synthetics, and new sources is a 
formidable task. Richard Wise has 
“lifted the veil” to uncover many 
aspects of gem trading, while holding 
back just enough to leave the reader 
yearning for more. Mr. Wise’s enthu- 
siasm for gemology, extensive travel 
to gem localities, and numerous pub- 
lications have given him the expertise 
to share and explain many secrets of 
this venerable profession. 

Part I (Chapters 1-7) introduces 
various elements of becoming a gem 
connoisseur, while Part II (Chapters 
8-43) provides an overview of com- 
monly traded gems. Each of the gems 
covered in Part II is given a brief his- 
tory and introduction followed by 
detailed information on color, clarity, 
and cut, as well as a special section 
on the gem’s rarity factor. When 
applicable, “crystal” (the author’s pre- 
ferred term for transparency), texture, 
and even heat-enhancement informa- 
tion is included. 

The first chapter offers a historical 
look at the instinctual human attrac- 
tion to gems for adornment, as reli- 
gious and status symbols, and for their 
medicinal and talismanic properties. 
This perspective creates a logical basis 
for understanding the reverence for 
gems that persists today. Mr. Wise 
shows how gem connoisseurs can 
combine modern scientific knowledge 
with historical facts and lore. He dis- 
counts today’s irreverent use of the 
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term semiprecious by suggesting that 
the real connoisseur should focus on 
beauty and rarity. Also, the factors of 
supply and demand vs. apparent and 
actual rarity are clearly explained and 
supported with well-chosen examples. 
In a chapter titled “Rethinking the 
Four C’s,” the author introduces his 
view that the fourth C (carat weight) 
should be replaced with “crystal.” 
Though Mr. Wise makes a valid point, 
he provides no clear parameters for 
how this term could be applied to vari- 
ous degrees of “crystal quality.” It 
would seem to be more useful as a sub- 
category of clarity and transparency. 
Mr. Wise does, however, do an 
exceptional job of addressing cut, clari- 
ty, and color. He explains the evolution 
of cutting styles and how modern 
gemological research has established 
that there can be more than one 
“ideal” cut. By clearly defining the 
color language terms of hue, tone, and 
saturation, Mr. Wise successfully com- 
municates how these terms, along 
with their modifiers, can be applied to 
describe subtle differences in colored 
gems. In Chapter 4, he presents a clear 
explanation of color science and the 
need for proper viewing conditions. 
Throughout the book, Mr. Wise pro- 
vides his ideal hue, tone, and saturation 
percentages for each of the gems fea- 
tured. This information can be ex- 
tremely useful when communicating 
the quality of a particular gem variety. 
In Chapter 5, Mr. Wise focuses on 
the unique grading skills required for 
judging phenomenal stones, fancy- 
color diamonds, and pearls. The next 
chapter briefly covers gem enhance- 
ments, while Chapter 7 focuses on 
new sources from Africa, Brazil, 
North America, and Australia. 
The detailed information in Part I 
is provided for gems ranging from 
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EDITORS 


Susan B. Johnson 
Jana E. Miyahira-Smith 
Stuart Overlin 


alexandrite to tanzanite to spinel. 
Beryl, garnet, pearls, and corundum are 
particularly well covered. Though a 
well-deserved tribute because of its 
historical significance and recent popu- 
larity, the agate chapter, placed after 
alexandrite and amethyst, seems out 
of place. Later, Mr. Wise skillfully 
recreates the feeling of actually being 
present when a pearl farmer inserts the 
nucleus into a mollusk or when a 
miner’s efforts are rewarded with a col- 
orful gem crystal. This entire section is 
filled with fascinating anecdotes and 
additional information on the relative 
value of gems based on quality, size, 
color, clarity, and rarity. 

The excellent choice and place- 
ment of photos is a visual delight, 
although I was disappointed that carat 
weight was not included for many of 
the images. Also, there are some 
typos and misspellings, such as 
“Moguk” throughout the chapter on 
ruby. However, footnotes at the bot- 
tom of almost every page provide 
additional pertinent information for 
those interested in learning more. 

I highly recommend this book to 
students wishing to supplement their 
gemological studies with practical 
gem value and trade knowledge. 
Collectors and other gem enthusiasts 
will find many helpful bits of infor- 
mation to assist in their gem purchas- 
es while navigating the path to 
becoming a true gem connoisseur. 


EDWARD BOEHM 
JOEB Enterprises 
Solana Beach, California 


*This book is available for purchase 
through the GIA Bookstore, 5345 
Armada Drive, Carlsbad, CA 92008. 
Telephone: (800) 421-7250, ext. 
4200; outside the U.S. (760) 603- 
4200. Fax: (760) 603-4266. 
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The Gem Hunter: True Adventures 
of an American in Afghanistan 


By Gary W. Bowersox, 505 pp., illus., 
publ. by Geovision, Inc., Honolulu, 
HI, 2004. US$29.95* 


Written as a companion book to the 
author’s 2002 video travelogue 
(reviewed in the Spring 2002. GwG, p. 
113), The Gem Hunter chronicles 
Gary Bowersox’s life as a gem mer- 
chant, starting with his youth in 
Michigan and his military experience 
in Vietnam, continuing into his begin- 
nings in business and his eventual 
path to Afghanistan. 

But this is more than just the excit- 
ing memoirs of an intrepid wanderer. 
Throughout the book, he returns to 
the concept of “The Great Game—the 
complex geo-political scramble among 
the powerful and the developing coun- 
tries...” Mr. Bowersox does not 
mince words in his criticism of U.S. 
foreign policy in central Asia in the 
1980s through September 11, 2001, 
and he writes passionately from his 
sneakers-on-the-ground perspective of 
what was happening vs. what he 
believes should have been happening. 

Each of the author’s many jour- 
neys over the mountains and passes 
between Pakistan and Afghanistan 
seems to be more harrowing than the 
last, as he relates his encounters with 
the many dangers in that harsh, 
unforgiving part of the world. With 
the help and guidance of loyal and 
resourceful Pakistani and Afghan 
friends, he somehow overcomes one 
obstacle after another. Upon arriving 
in Afghanistan at the midpoint of 
each trip, dodging bullets, bombs, and 
missiles becomes a constant routine. 

In 1976, the Afghan government 
granted Mr. Bowersox exclusive rights 
to export lapis lazuli to the United 
States. Drawing on these early con- 
tacts, from 1980 through 2002 he held 
a series of eight gemological symposia 
at various sites in the U.S. and 
Pakistan in an effort to open the 
world’s eyes to the full gemological 
potential of Afghanistan. 

With future business in mind, but 
not without some altruism for this 
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war-torn nation and its people, Bower- 
sox’s raison d’étre has become the 
training of gem miners and the explo- 
ration and mapping of Afghan gem 
deposits—emeralds of the Panjshir 
Valley; rubies of Jegdalek; tourmaline, 
aquamarine, and kunzite of Nuristan; 
lapis lazuli of Sar-e-Sang; and spinels of 
Kuh-i-Lal. Sadly, the book’s last entry, 
from April of 2003, speaks of this pro- 
posal being lost in the bureaucracy of 
the newly forming government. 
Illustrated with over 200 black-and- 
white photographs and 50 maps and 
drawings, this work is a singular refer- 
ence on Afghan gems. Extensive appen- 
dices include a glossary of proper 
names, a bibliography, a chronology of 
Afghan historical and political informa- 
tion, and GPS coordinates for over 
1,200 gem and mineral localities. 
CHARLES I. CARMONA, G.G. 
Guild Laboratories, Inc. 
Los Angeles, California 


Gem and Ornamental 
Materials of Organic Origin 


By Maggie Campbell Pedersen, 268 pp., 
illus., publ. by Elsevier Butterworth- 
Heinemann, 2004. US$54.95* 


Organic materials were undoubtedly 
the first to be used for personal adorn- 
ment in prehistoric times. Forty-one 
tiny shells with holes for stringing, dat- 
ing to more than 75,000 years ago, 
were recently found in South Africa. 
However, very little information on 
the properties and identification meth- 
ods for organic materials has been pub- 
lished. This new book is the most com- 
prehensive, in-depth, and scientific 
examination of these materials to date. 

Organic gem materials cannot be 
positively identified with the usual 
gemological equipment, which is per- 
haps why these materials are given 
short shrift in gemology classes. As the 
author writes in her introductory notes, 
“ Observation’ is the key to identifying 
organics. ... Occasionally feel and even 
smell can help with their identifica- 
tion.” Having taught hands-on semi- 
nars on the subject since 1990, I can 
attest to the accuracy of Ms. Pedersen’s 


GEMS & GEMOLOGY 


statements about sensory tests. She 
goes on to describe—and give warnings 
about—some potentially destructive 
tests, such as the hot-point (which can 
be very destructive indeed) and UV 
radiation (which is more destructive to 
the tester than the material). She also 
mentions the importance of testing 
several different specimens and then 
comparing the results. 

Overall, the book is very well orga- 
nized. A chapter is devoted to each 
material or related materials (such as 
amber and copal), including jet, ivory, 
bone, antler, horn, tortoiseshell, pearl, 
shell, and coral, as well as some lesser- 
known “miscellaneous organics.” A 
separate chapter covers organic imita- 
tions made with a variety of plastics. 
Each chapter is divided into subtopics: 
structure and properties; species (for 
animal products) or varieties, treat- 
ments and uses; simulants; tests and 
identification; conservation status (and 
availability); and past and present uses. 
Strict attention to this format leads to 
some redundancy, but the structure 
does make it easier to find specific 
information. The appendices of “Quick 
Reference Charts” for look-alike mate- 
rials and the Glossary are also helpful. 

I commend Ms. Pedersen for accu- 
rately distinguishing between vulcan- 
ite (hard vulcanized rubber) and gutta 
percha (a different type of tree resin), 
but I am mystified by her omission of 
the simplest and least destructive test 
for vulcanite: simply rubbing it with 
the thumb. The friction will cause the 
material to give off the unmistakable 
sulfuric odor of vulcanized rubber. 

The book is well illustrated by the 
author, who is a professional photogra- 
pher, although some photos are better 
than others at illustrating a material’s 
properties. The limitations of two- 
dimensional photos and verbal descrip- 
tions, however detailed, are a reminder 
that there is really no substitute for 
hands-on examination and sensory 
experience. Nevertheless, gemologists 
and jewelry historians should find this 
book informative and useful. 

CHRISTIE ROMERO 
Center for Jewelry Studies 
Anaheim, California 
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COLORED STONES AND 
ORGANIC MATERIALS 


Culturing abalone half-pearls: The story of the New Zealand 
Eyris Blue Pearl. P. Hutchins, Australian Gemmologist, 
Vol. 22, No. 1, 2004, pp. 10-20. 
The Eyris Blue Pearl Co. is producing cultured abalone half- 
pearls from the New Zealand paua (Haliotis iris) which, Ms. 
Hutchins states, possesses the most brilliant coloration of any 
of the world’s 130 abalone species. The company has farms in 
five different localities in isolated areas around New Zealand 
to guard against the decimation of any one year’s harvest by 
natural disasters. 

Wild paua that grow naturally in New Zealand waters are 
ideal for culturing pearls and have a healthy genetic diversity. 
Sea-Right Investments Ltd., the parent company of Eyris Blue 
Pearl, collects an annual quota of 23 tons of wild paua and a 
portion of this is designated for pearl culture. The paua select- 
ed for this purpose must be healthy and at least 125-135 mm 
in shell length (~4—5 years old). 

From one to four beads are implanted in each abalone, 
depending on its size. A minimum of 36 months is needed to 
culture half-pearls 9-15 mm in diameter. During captivity, the 
abalone are kept in specially designed black polyethylene bar- 
rels that help regulate their diet and protect against predators. 
Fluctuations in water temperature will affect the ultimate 
color of the cultured pearl. Once harvested, several manufac- 
turing steps are necessary to transform the cultured blister 
pearls within the abalone shell into a saleable product. Each 
Eyris pearl is accompanied by a certificate stating the name of 
the diver, the date and area where the abalone was harvested, 
and the size and quality of the cultured pearl. 

JEC 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 

Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
© 2004 Gemological Institute of America 
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Recent studies on inky black omphacite jade, a new varti- 
ety of pyroxene jade. C. M. Ou Yang, J. Q. Li, H. Li, 
and B. Kwok, Journal of Gemmology, Vol. 28, No. 
6, 2003, pp. 337-344. 

A dark green to black “jade” has recently become com- 
mon in the Hong Kong and Chinese gem markets, where 
it is sold (and misrepresented) under the name “inky 
jadeite jade.” It is usually cut in saddle-shaped cabochons 
or carved into Guanyin or Buddha figures. The rough can 
be bought at jade auctions in Yangon, Myanmar, typically 
as smooth pebbles, which suggests an alluvial source; the 
exact geographic origin is not reported. Although this 
material has been available for about 20 years, it has not 
previously been characterized gemologically. 

In general, the material has a fibroblastic texture, a rel- 
atively good transparency, and consists of >85% ompha- 
cite (like jadeite, a member of the pyroxene group) with 
minor amounts of jadeite, kosmochlor, opaque metal 
oxides, and specks of either graphite or a black organic 
material. The R.I. and S.G. values of this omphacite are 
slightly higher than those of jadeite. Two similar materi- 
als, black amphibole “jade” and black serpentine, can easi- 
ly be separated by their S.G. and R.I. values. Although 
small amounts of omphacite are commonly found near 
the rims of jadeite grains in jadeite jade, this is the first 
description of an almost monomineralic decorative rock 
composed of omphacite. 

WMM 


Tourmaline discovery at the Cryo-Genie mine, San Diego 
County, California. A. R. Kampf, K. Gochenour, 
and J. Clanin, Rocks & Minerals, Vol. 78, No. 3, 
2003, pp. 156-168. 
The Cryo-Genie mine is located in north-central San 
Diego County, ~3.5 km north-northwest of the town of 
Warner Springs. This is the southernmost mine in what is 
called the Chihuahua Valley pegmatite district. As is the 
case with most other gem pegmatites in San Diego and 
neighboring Riverside County, this occurrence was first 
worked for tourmaline and other pegmatite minerals in 
the early 1900s. Limited mining has continued at the site 
on an intermittent basis since that time. This article 
describes the results over the past three years of exploit- 
ing the deposit on a more extensive basis. 

The Cryo-Genie dike is a complex, internally zoned 
granitic pegmatite that averages 2 m in thickness and can 
be traced along strike for more than 200 m. Principal min- 
erals include albite, microcline, quartz, biotite, mus- 
covite, lepidolite, almandine-spessartine, amblygonite- 
montebrasite, beryl (mainly morganite}, and tourmaline 
(both schorl and elbaite). Accessory phases include 
apatite, cookeite, and ferrocolumbite, plus other less com- 
mon minerals. The authors provide a well-illustrated 
chronicle of recent discoveries, which in October 2001 
included a gem pocket measuring 1.8 x 1.5 x 0.9 m. This 
cavity yielded pink tourmaline crystals ranging up to 25 
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cm long and 10 cm wide. Mining has continued since that 
time with discoveries of additional gem pockets. 
JES 


Trace elements in quartz—A combined electron micro- 
probe, secondary ion mass spectrometry, laser-abla- 
tion ICP-MS, and cathodoluminescence study. A. 
Miller, M. Wiedenbeck, A. M. Van den Kerkhof, A. 
Kronz, and K. Simon, European Journal of Miner- 
alogy, Vol. 15, 2003, pp. 747-763. 
Detailed analyses of quartz samples from several petrolog- 
ic environments (magmatic and hydrothermal), using var- 
ious techniques, provided data on certain trace elements 
(Li, Al, Ti, Na, K, and Fe) commonly found in this miner- 
al. The highest precision for a wide range of elements at 
low parts per million (ppm) levels was obtained by SIMS 
analysis, but this was offset by the lack of a high-quality 
quartz reference sample for calibrating the technique. LA- 
ICP-MS gave only average trace-element values for zoned 
quartz samples due to the relatively large sampling vol- 
ume required. Because of the better spatial resolution in 
conjunction with the ability to combine spot analyses 
with cathodoluminescence images, the authors suggested 
that the electron microprobe provides the most reliable in 
situ method for obtaining quantitative data for trace-ele- 
ment concentrations above a few tens of ppm and from a 
small sampling volume (<10 um). 

The authors found a positive correlation of higher Ti 
contents with stronger blue cathodoluminescence in the 
samples they examined, although no suggestion was made 
that this luminescence was caused by Ti. There was a cor- 
relation in the abundances of Li, K, and Na. There was a 
clear but weaker correlation between Li and K, and both 
Al and Fe; these observations fit with the general assump- 
tion that Lit and Kt act as charge compensators for Al*+ 
and Fe**. The correlation of Na and Al was less pro- 
nounced. Ti showed little correlation with Al, and no cor- 
relation with the other trace elements. The authors dis- 
cussed the locations in the quartz atomic structure where 
these trace elements could be accommodated. 

JES 


DIAMONDS 


Alluvial diamond—The start of an industry. G. Boxer, 
Rough Diamond Review, No. 2, September 2003, 
pp. 23-27. 
On all continents, the first discoveries of diamonds were 
in alluvial deposits, usually as a result of prospecting for 
gold. Until kimberlites were found in South Africa in the 
late 1860s, alluvial diamond deposits were the only 
known source of this gem. Currently, alluvial diamonds 
account for 20% of the world’s production by weight and 
30% by value. Diamonds become concentrated in alluvial 
deposits after weathering from a primary host rock. As 
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diamond has a relatively high specific gravity (S.G. = 3.5] 
compared to most other minerals, it and other heavy min- 
erals (e.g., gold) preferentially settle, and become concen- 
trated, in river beds while the lighter minerals are 
removed by flowing water. The main factors governing 
the concentration of diamonds and other heavy minerals 
into economic alluvial deposits are water velocity and 
turbulence, river bed morphology, degree of particle sort- 
ing, and reworking. 

Alluvial diamonds may be found hundreds of miles 
downstream from their primary source. Although there is 
a reduction in average size with increasing distance from 
the source, the diamond value invariably increases as 
poor-quality stones disintegrate with distance. Diamond 
grades (typically 0.01-0.1 carat per tonne) encountered in 
alluvial deposits are low compared to those in primary 
deposits, but they still can be economic because of the 
relatively high value of the diamonds. MWF 


Epochs of diamond placer formation in the Precambrian 
and Phanerozoic. A. A. Konstantinovskii, Lithology 
and Mineral Resources, Vol. 38, No. 6, 2003, pp. 
530-546. 

Alluvial placer deposits represent important sources of 

gem diamonds in various parts of the world. In most cases 

they are paleoplacers, or mineral deposits formed in sedi- 
mentary environments in the distant geologic past. Based 
on a survey of world occurrences, the author identifies 
seven main epochs of diamond placer formation, includ- 
ing three in the Early Precambrian, two in the Late 

Precambrian, one in the Middle-Late Paleozoic, and one 

in the Early Mesozoic. The geologic settings of the main 

diamond placer deposits for each of these epochs are then 
briefly discussed. Since kimberlites are the major source 
of diamonds, the author suggests that these epochs of 
placer formation followed periods of more intense kim- 
berlite volcanism through geologic history. 

JES 


Etching of diamond crystals in the system silicate melt— 
C-O-HGS fluid under a high pressure. V. M. Sonin, 
E. I. Zhimulev, A. I. Chepurov, V. P. Afanas’ev, and 
A. A. Tomilenko, Geochemistry International, Vol. 
41, No. 7, 2003, pp. 688-693. 
The common occurrence of various geometric features on 
the surfaces of natural diamond crystals (e.g., trigons and 
other markings) has led to the widely held idea that their 
formation is the result of crystal growth and/or chemical 
etching. This article reports on experiments to study the 
etching of diamond crystals in a silicate melt in the pres- 
ence of a C-O-H-S fluid at a pressure of 3.0 GPa and a 
temperature of 1,300°C for up to 30 minutes. A variety of 
macro- and micro-morphological features (e.g., pits, stria- 
tions, and rounded crystal surfaces and edges) were pro- 
duced on the partially dissolved crystals; they correspond- 
ed to etch features observed on natural diamonds recov- 
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ered from kimberlites. The authors conclude by speculat- 
ing on the role of sulfur in the etching fluid to create 
some of the morphological features. JES 


Invisible coatings affect diamond recovery. S. Cooper, 
Rough Diamond Review, No. 2, September 2003, 
p. 47. 
Although grease tables are used around the world to sepa- 
rate diamonds from kimberlite heavy-mineral concen- 
trates, they have recently been shown to be ineffective in 
recovering diamonds that are encapsulated in a hard, thin 
coating. This came to light when a South African kimber- 
lite was being sampled, and the recovered diamond grade 
was much lower than expected. During this recovery, a 
large diamond fell into the waste chute, bypassing the 
grease table. Scanning electron microscopy showed the 
presence of a thin coating that was invisible to the naked 
eye. The coating, ranging from 50 to 300 microns thick 
and totally enveloping the diamond, was found to contain 
Fe, Ca, Al, Si, Ti, and P. The Ca content was particularly 
high and unrelated to the other elements, suggesting the 
presence of calcium carbonate. The coating evidently 
remained intact during the scrubbing process that liber- 
ates diamonds from the ore. 

While rough diamonds normally have a high aversion 
to being wetted, and a strong attraction to grease tables, 
coated diamonds can be wetted easily. If such coatings are 
common on diamonds within a kimberlite, and grease 
tables are the sole means of recovery, then an apparent 
low diamond grade within that kimberlite may simply be 
the result of unsuitable recovery techniques. 

MT 


As luzes secretas dos diamantes [The secret lights of dia- 
monds]. R. Schultz-Gittler and J. L. Brusa, Diamond 
News, No. 16, 2003, pp. 5—9 [in Portuguese]. 

This article briefly describes the mechanisms behind 

luminescence, fluorescence, and phosphorescence in dia- 

monds. It explains the role of trace elements, valence 
transfer, crystal lattice defects, and color centers. A list of 
properties that cause fluorescence colors is presented. 

Several photographs illustrate the coloration of diamonds 

in daylight and when exposed to UV radiation. As only 

basic knowledge of physics is required, the article pro- 
vides a good introduction to this topic for the nontechni- 
cal reader. RT 


One hundred years of digging. E. Blauer, New York 
Diamonds, Vol. 76, May 2003, pp. 61-66. 
The illustrious Premier diamond mine in South Africa 
has just celebrated its centennial year of operation with 
special events and memorabilia (e.g., colorful coffee-table 
books). The mine was purchased by Thomas Cullinan in 
1902 for £52,000, and production began in 1903. In its 
first year, it produced more than 100,000 carats of rough. 
In a little less than two years, the 3,106 ct Cullinan dia- 


GEMS & GEMOLOGY SUMMER 2004 187 


mond was discovered. De Beers began buying shares in 
the Premier mine shortly after production started, ulti- 
mately gaining complete control, and operated it as an 
open-pit mine until its closure in 1932. After World War 
II, the Premier was reopened as an underground mine. 
The Premier mine’s fame comes from its production 
of at least 300 diamonds weighing more than 100 ct, as 
well as a quarter of all the diamonds in the world weigh- 
ing over 400 ct; further, it is the primary source of type IIb 
blue diamonds. Since 1903, it has produced ~120 million 
carats (Mct) of all colors. Although a very old mine, the 
Premier still produces 1.7 Mct annually. Modernization 
(including a new recovery plant} is expected to extend the 
mine life until 2020. A cutting factory that employs 125 
cutters from the Sotho, Zulu, and Tswana tribes operates 
at the Premier site, working with rough up to 3 ct. 
[Editor’s note: To commemorate the mine’s 100th 
anniversary, in November 2003 De Beers renamed the 
Premier mine the Cullinan Diamond mine.| 
MT 


Spectroscopic 2D-tomography: Residual pressure and 
strain around mineral inclusions in diamonds. L. 
Nasdala, F. E. Brenker, J. Glinnemann, W. 
Hofmeister, T. Gasparik, J. W. Harris, T. Stachel, 
and I. Reese, European Journal of Mineralogy, Vol. 
15, No. 6, 2003, pp. 931-935. 

High-pressure mineral inclusions in three diamonds (one 

from the Kankan district, Guinea, and two from the 

Panda kimberlite, Ekati diamond mines, Canada) have 

been studied using an in situ point-by-point mapping 

technique with a confocal Raman system. The mineralo- 
gy of the inclusions (Ca-silicates, coesite, and graphite}, 
their distribution patterns (e.g., of the various Ca-silicate 

phases), and their order-disorder distribution patterns (e.g., 

for graphite/disordered carbon) were determined. Raman 

mapping of the host diamonds yielded 2D-tomographic 
pressure and strain distribution patterns and gave infor- 
mation on the residual pressures of specific inclusions 

(~2.3 GPa for coesite and ~2.6 GPa for graphite). The 

inclusions were surrounded by haloes of significantly 

enhanced pressure that were several hundred microns 
across. These haloes exhibited complex pressure-relax- 
ation patterns consisting of micro-areas affected by both 
compressive and dilative strain, the latter being intensive 
enough to result in apparent “negative pressures.” 

RAH 


The timing of kimberlite magmatism in North America: 
Implications for global kimberlite genesis and dia- 
mond exploration. L. M. Heaman, B. A. Kjarsgaard, 
and R. A. Creaser, Lithos, Vol. 71, 2003, pp. 
153-184. 

Four broad kimberlite emplacement patterns have been 

recognized in North America, based on age determina- 

tions using U-Pb (in perovskite and zircon) and Rb-Sr (in 
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phlogopite) data gathered from the existing literature. 
These provinces run roughly north-south and include: (1) 
a northeast Eocambrian/Cambrian Labrador Sea province; 
(2) an eastern Jurassic province; (3) a Cretaceous central 
corridor, and (4) a western mixed kimberlite province. 
Ten new age determinations were obtained from the 
western mixed province to better constrain emplacement 
histories for the Slave and Wyoming cratons. Four periods 
of kimberlitic activity have been found to exist in the 
Slave craton of Canada, and two periods of activity have 
been identified in the State Line field of Colorado/ 
Wyoming. 

The kimberlite age data from the literature, along 
with the new North American age data, were used to bet- 
ter associate kimberlite emplacement with global tecton- 
ic activity. The majority of the world’s kimberlite pipes 
were generated during increased mantle-plume activity 
associated with the rifting and break up of the superconti- 
nent Gondwana. One of the surprises in the timing of 
kimberlite magmatism is the absence of activity between 
about 250 and 360 million years ago. This approximately 
110 My period of quiescence is linked to the relative 
crustal and mantle stability that occurred during the exis- 
tence of Gondwana. 

Several clearly discrete periods of economic diamond- 
bearing kimberlite activity have taken place worldwide. 
For both North America and southern Africa, the two 
most prominent periods are the Cambrian and Tertiary. 
The important diamond-bearing kimberlites in Yakutia, 
Russia, were emplaced during the Devonian period. 

Eric Fritz 


Vacancy-type defects in brown diamonds investigated by 
positron annihilation. V. Avalos and S. Dannefaer, 
Physica B, Vol. 340-342, 2003, pp. 76-79. 

Brown coloration is common in diamonds. Optical mea- 

surements have linked it to a broad, featureless absorp- 

tion band centered at 477 nm in type Ia/Ib diamond, and 
to a gradually decreasing absorption extending from less 
than 400 to about 600 nm in type Ila diamond. Regions of 
high dislocation density are believed to be the origin of 
the brown color on the basis of an observed spatial corre- 
lation between this coloration and dislocation slip bands. 
Five natural type Ila diamonds, ranging from light to 
darkish brown, were HPHT-treated to colorless in order 
to investigate the cause of the brown coloration using the 
positron annihilation technique. Before treatment, the 
diamonds were found to contain a significant number of 
trapped monovacancy-type defects, as well as clusters of 
approximately 20 monovacancies. HPHT processing 
removed the brown color and reduced the number of 
vacancies in the clusters by half. These vacancy clusters 
are associated with regions of strong plastic deformation 
in type IIa diamond, which in turn indicates that these 
regions give rise to the brown color. 
JES 
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CHARLES PALACHE, Assistant, Instructor, Professor of 
Mineralogy, Harvard, and Curator of the Harvard Mineral- 
ogical Museum, 1895 until his retirement in 1940, has given 
long and distinguished service to this field of science. In 1941 
he was awarded an honorary LL.D. degree. Describer of 
twelve new mineral species; author of one hundred and forty- 
two scientific papers; senior author of the new System of 
Mineralogy founded on Dana; the first Roebling Medalist 
of the Mineralogical Society of America; Dr. Palache is a 


member of most of the important mineralogical and geological 
societies in this country and abroad. 
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since 1944, Dr. Hurlbut is a Fellow of the Geological Society 
» of America, a member of the American Academy of Arts 
and Sciences, American Association for the Advancement of 
Science, British Mineralogical Society, and Sigma Xi. 


ELSIE RUFF, F.G.A., Surrey, England, studied the science 
of gemology back in its early pioneering days. She has spent 
many years in research and writing on the subject, living part 
of the time in her native England, and part of the time abroad. 
If heredity plays any part in interest in the subject, Miss Ruff 
(Mrs. Gordon Glennie in private life) has been well qualified, 
having three generations of jewelers behind her. 


Shortly. after his graduation from California Institute of Tech- 
nology in 1935, RICHARD H. JAHNS joined the staff of the 
U. S. Geological Survey. Although he returned to the Institute 
as Assistant Professor of Geology in 1946, he still works with 
the U.S.G.S. and is currently engaged in mapping mines in 
California under the cooperative program of state and federal 
departments. Dr. Jahns has made an extended study of peg- 
matites in Southern California and northern Mexico as well 
as other western, most eastern, and Rocky Mountain states. 


SPRING, 1948 29 


WHALES and RAVENS to recover diamonds. SA Mining, 
August 2003, p. 21. 

De Beers Technical Support Services, based in Johannes- 

burg, provides research and development for the compa- 

ny’s mining operations. It is currently developing WHALE 

and RAVEN, two new methods to improve the efficiency 

of diamond recovery. 

WHALE (Wet, Heavy, And Large Extraction) is a dia- 
mond sorting machine designed to recover large (25-75 
mm) diamonds following the primary crushing stage. The 
stones are recovered in free fall after an X-ray lumines- 
cence signal activates a high-pressure air ejector. RAVEN 
(Raman, Value Engineered), a machine utilizing laser 
technology based on Raman principles, is used for the 
final recovery of diamonds (8 mm or less) from the X-ray 
concentrate. This technology is highly selective in identi- 
fying diamonds by their unique molecular structure. As 
with WHALE, diamonds recovered by RAVEN are ejected 
by pulses of air. 

Technical Support Services, in collaboration with De 
Beers Marine, is also conducting research on methods to 
improve the efficiency of diamond extraction from the 
seabed. Tools that suck up diamondiferous gravel are 
being optimized, and new methods for mapping the 
seabed topography and geology are being developed. 

MT 
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Age of pegmatites from eastern Brazil and implications of 
mica intergrowths on cooling rates and age calcula- 
tions. R. R. Viana, I. Manttaéri, H. Kunst, and H. 
Jordt-Evangelista, Journal of South American Earth 
Sciences, Vol. 16, No. 6, 2003, pp. 493-501. 

The Eastern Brazilian Pegmatite Province (EBPP) is one of 

the largest producers of colored gem minerals such as 

alexandrite, aquamarine, kunzite, tourmaline, and topaz. 

It covers an area of approximately 800 x 150 km in east- 

ern Minas Gerais State, and extends into portions of the 

neighboring states of Bahia, Espirito Santo, and Rio de 

Janeiro. The authors report U-Pb and K-Ar age dating of 

selected minerals from different types of granitic peg- 

matites in the northern region of the EBPP. 

Dating of monazite and zircon from a non-gem peg- 
matite with simple mineralogy gave U-Pb ages of about 
498 My, which is interpreted as the time of pegmatite 
crystallization during the post-tectonic late magmatic 
stage of the Brasiliano—Pan-African orogeny (650-480 
My). Dating of zoned mica crystals from beryl-bearing 
pegmatites gave K-Ar ages of about 498 My for muscovite 
rims and about 485 My for biotite cores; these post-crys- 
tallization ages are interpreted as the time of cooling to 
400 and 350°C, respectively. From this age difference of 
13 My, a mean cooling rate of 3.3°C/My was calculated. 
This suggests that it took 60 My for the beryl-bearing peg- 
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matites and surrounding country rock to cool from 600°C 
(the approximate crystallization temperature of the peg- 
matite) to 400°C (the K-Ar “closure temperature” of mus- 
covite). The crystallization age of the beryl pegmatites 
was therefore about 560 My, which corresponds to the 
late-tectonic main stage of granitic magmatism of the 
Brasiliano—Pan-African orogeny. JES 


Al-rich diopside in alluvial ruby and corundum-bearing 
xenoliths, Australian and SE Asian basalt fields. F. 
L. Sutherland, R. R. Coenraads, D. Schwarz, L. R. 
Raynor, B. J. Barron, and G. B. Webb, Mineralogical 
Magazine, Vol. 67, No. 4, 2003, pp. 717-732. 
This study was undertaken to get a better understanding 
of the conditions under which rubies found in palaeo- 
drainage deposits along the Cudgegong-Macquarie river 
system in central eastern New South Wales, Australia, 
originally formed. Sixty gem samples collected along the 
two drainages were investigated to document their miner- 
alogical and chemical properties, as well as their inclu- 
sions. The rubies had up to 0.6 wt.% Cr,O, and up to 0.5 
wt.% Fe,O,, and contained syngenetic inclusions such as 
Al-rich diopside (with up to 21 wt.% Al,O,), scapolite 
(meionite), and anatase. Associated sapphires had up to 
0.8 wt.% Fe,O,, with one sample containing an unusual 
nepheline-anorthoclase inclusion. 

The chemical composition of the rubies contrasts 
with that of other Mesozoic-Cenozoic basalt-associated 
corundum deposits in Australia, suggesting they originat- 
ed from a different eruptive source. However, their com- 
position is similar to that of rubies from the eastern 
Thailand basalt fields (but not from other occurrences in 
southeast Asia), which are thought to have a metamor- 
phic origin deep within the earth. It is suggested that the 
rubies formed at temperatures between 1,000 and 
1,300°C, which are high equilibration temperatures for 
proposed lithospheric granulite sources. Further work will 
be required to definitively establish the geologic source 
for the Cudgegong-Macquarie ruby suite. 

JES 


Chemical fingerprinting of some East African gem rubies 
by laser ablation ICP-MS. A. H. Rankin, J. Green- 
wood, and D. Hargreaves, Journal of Gemmology, 
Vol. 28, No. 8, 2003, pp. 473-482. 

Laser ablation-inductively coupled plasma—mass spec- 

trometry (LA-ICP-MS) is a sensitive technique that 

enables simultaneous multi-element analyses to be per- 
formed on a sample essentially nondestructively. Trace 
and minor elements of gem materials, determined by this 
and other methods, have been used successfully as indica- 
tors of both provenance and genesis. In this study, LA- 

ICP-MS was used to analyze rubies from two East African 

deposits—Chimwadzulu Hill, Malawi, and Longido, 

Tanzania—and to compare the results with data from 

other localities worldwide. 
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Distinctive differences were found in the Fe, Cr, and 
Ga contents of rubies from Chimwadzulu Hill and 
Longido. When plotted as Fe vs. Cr, the characteristic 
compositions of rubies from each deposit are particularly 
evident and can be used to determine geographic origin. 
Combined with published data from Kenyan and 
Madagascan rubies, the Chimwadzulu Hill and Longido 
samples define a broad “East African Trend” that proba- 
bly reflects their similar geologic setting. When 
Fe,O,/Cr,O, vs. Cr,O,/Ga,O, plots of rubies from East 
Africa are compared to those obtained from other locali- 
ties (e.g., Myanmar, Thailand/Cambodia), there are signif- 
icant areas of overlap. In such cases, additional criteria, 
notably types of inclusions, would be needed to confirm 
any distinction between deposits that was suggested by 
the trace-element data. 

WMM 


The coloured gem potential of Baffin Island and Nunavut. 
P. Gertzbein, Canadian Gemmologist, Vol. 25, No. 
1, 2004, pp. 10-17. 
Nunavut, the newest (since 1999) territory in Canada, is a 
very large (one-fifth of the entire country), under-explored 
region with the potential for many types of colored 
stones. In recent years, exploration for colored gems has 
languished in favor of diamonds. However, this is chang- 
ing as several companies are now actively engaged in col- 
ored stone exploration. Baffin Island, with geologic simi- 
larities to Mogok (Myanmar) and Hunza (Pakistan), is par- 
ticularly favorable for the formation and preservation of 
gems in metamorphic rocks (i.e., marbles and schists). 
Gems reported to have been found there include sapphire, 
garnet, spinel, diopside, chrome diopside, oligoclase, tour- 
maline, and quartz-group minerals. In other parts of 
Nunavut, amber is found in coal seams on Ellesmere 
Island, while beryl, tourmaline, and quartz-group miner- 
als occur in pegmatites at several locations. 

The colored stone potential of Nunavut has not been 
thoroughly investigated, primarily because of the new ter- 
ritory’s remoteness, lack of infrastructure, harsh climate, 
and short field season. Several government agencies are 
encouraging the development of a colored stone industry 
because, if done properly, it could provide great benefits to 
small communities. Also, the territory has a relatively 
large population of artistically talented people who could 
provide value-added activities. 

AAL 


The Dusi (Garba Tula) sapphire deposit, central Kenya— 
A unique Pan-African corundum-bearing mon- 
zonite. C. Simonet, J. L. Paquette, C. Pin, B. Lasnier, 
and E. Fritsch, Journal of African Earth Sciences, 
Vol. 38, No. 4, 2004, pp. 401-410. 

Dusi in central Kenya is the largest and most productive 

primary sapphire deposit in the world. This unique 

deposit consists of a monzonite dike, 4-5 m thick and at 
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least several kilometers long, composed of plagioclase and 
orthoclase feldspars, corundum, zircon, and Fe-mica. 
Gem-quality corundum occurs as euhedral, barrel-shaped 
crystals up to 20 cm in width that vary from dark blue to 
golden yellow. The transparency of the crystals is com- 
monly compromised by cracks, polysynthetic twin 
planes, fluid inclusions, and two types of mineral inclu- 
sions (rutile “silk” and hexagonal platelets of an Fe-Ti- 
oxide mineral). 

Geochemical (trace element and Sr-Nd isotope) data 
suggest that the monzonite is of mantle origin. Geologic 
data and U-Pb geochronology of zircon crystals (the only 
early-crystallizing inclusions found in the sapphires) show 
that the dike crystallized at 579+6 My and is linked to the 
Barsaloian episode, a major tectonothermal event in the 
Mozambique Belt. Similarities (e.g., in range of colors, 
crystal habit) exist between Dusi sapphires and corundum 
commonly associated with alkali basalt fields. However, 
there are significant differences in their inclusions, basalt- 
hosted sapphires contain inclusions of Nb-Ta-Ti oxides, 
but these have not been found in the Dusi sapphires. 

Paul Johnson 


Gemstone mineralization in the Palghat-Cauvery shear 
zone system (Karur-Kangayam belt), southern India. 
M. Santosh and A. S. Collins, Gondwana Research, 
Vol. 6, No. 4, 2003, pp. 911-918. 
The Karur-Kangayam belt is an important gem region 
covering about 70 x 70 km in south-central India. Gems 
found in this region include beryl (aquamarine and emer- 
ald), chrysoberyl (alexandrite), corundum (ruby and sap- 
phire), feldspar (sunstone and moonstone), garnet, iolite, 
quartz (rock crystal, amethyst), topaz, tourmaline, and 
others that occur in several different geologic settings 
(e.g., pegmatites, gneisses). This gem belt is situated along 
the southern edge of the Palghat-Cauvery shear zone sys- 
tem that separates several large crustal blocks of high- 
grade metamorphic rocks. 

Many geologists believe that these crystal blocks were 
brought together during the final assembly of the 
Gondwana supercontinent in Neoproterozoic-early 
Cambrian times (about 750-520 My ago}. They have also 
recognized a correlation between these Indian gem and 
other mineral deposits with those of similar geologic age 
and occurrence in Sri Lanka, Madagascar, and East Africa. 
During Precambrian times, these land masses all formed 
central terrains in Gondwana, and various geologic mod- 
els have been proposed for their juxtaposition based pri- 
marily on the correlation of intracontinental shear zones. 
The authors suggest the existence of a Neoproterozoic— 
early Cambrian gem province in central Gondwana, and 
based on similarities between ruby deposits, they suggest 
a connection between the Palghat-Cauvery shear zone 
system in southern India and the Betsimisaraka suture 
zone in Madagascar. 

JES 
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Granitic pegmatites of the O'Grady batholith, N.W.T., 
Canada: A case study of the evolution of the elbaite 
subtype of rare-element granitic pegmatite. T. S. 
Ercit, L. A. Groat, and R. A. Gault, Canadian 
Mineralogist, Vol. 41, 2003, pp. 117-137. 

Tourmaline of pegmatite origin is an uncommon gem 

mineral from localities in Canada. This article describes 

the first find of lithium tourmaline-bearing, rare-element 
granitic pegmatites in the Sapper Range of the Selwyn 

Mountains. This site is located approximately 100 km 

north-northwest of the town of Tungsten in the western 

Northwest Territories. The article results from a study 

undertaken to understand the evolutionary history of 

these pegmatites, which occur in hornblende granites of 
the 94-million-year-old O’Grady batholith. 

The pegmatites outcrop along a 10-km-long belt that 
is up to 1 km wide, with the lithium-mineralized bodies 
occurring along a 1-km-long section of the belt. In the 
vicinity of the Li mineralized zones, the thickness of the 
pegmatites is ~20 m (maximum 80 m). Most show sim- 
ple, vertical asymmetrical zoning of feldspar, mica, 
quartz, and other accessory minerals (such as tourmaline, 
zircon, danburite, lepidolite, axinite, and rare-earth miner- 
als). Crystal-lined miarolitic cavities in some of the peg- 
matites contain well-formed crystals of elbaite tourma- 
line. The chemical compositions of the main and accesso- 
ry minerals indicate that the hornblende granites are 
direct precursors of the pegmatites. The article concludes 
with an inferred geologic history of the pegmatites as 
crystallization products of the O’Grady batholith. 

JES 


Maw-sit-sit jade from Burma: A particular jade formed by 
dynamic metamorphism and metasomatism. L. Qi, 
X. Lu, W. Liu, and Q. Ouyang, Journal of Gems and 
Gemmology, Vol. 5, No. 4, 2003, pp. 1-7 [in 
Chinese with English abstract]. 
Twenty-one representative samples of the ornamental 
rock maw-sit-sit from Hpakan, Myanmar, were studied 
using a variety of classical (e.g., petrographic microscope) 
and more advanced instruments and techniques (e.g., X- 
ray diffraction, electron microprobe, and Raman and IR 
spectroscopy). The main minerals identified were: chrome- 
jadeite (with 15-18 mol% kosmochlor), chromian ecker- 
mannite (with ~4 wt.% Cr,O,), albite, chromiferous albite 
(with ~1 wt.% Cr,O3), kosmochlor, and chromite. Maw- 
sit-sit is characterized by mylonitic, fibroblastic, pseudo- 
morphous, and network-like textures. This jadeite-like 
rock probably formed by the superposition of multistage 
regional metamorphism and metasomatic reactions at a 
relatively low temperature. These results both confirm 
and update mineralogical and geologic data on this materi- 
al in the literature. TL 


Mineralization characteristics of gems in [the] Ailaoshan 
structural belt, Yunnan province. J. Zhang, C. 
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Zhou, and C. Hu, Journal of Gems and Gem- 

mology, Vol. 5, No. 3, 2003, pp. 27-30 [in Chinese 

with English abstract]. 
Yunnan Province, in southern China adjacent to 
Myanmar, Vietnam, Laos, and India, contains China’s 
most important colored stone resources. Ruby, spinel, 
“red” beryl (actually morganite), aquamarine, topaz, and 
quartz occur in the 450-km-long Ailaoshan structural 
belt. Notable is the marble-hosted ruby and spinel mine 
at Xiaoyangjie, Yuanjiang County, which produces the 
best rubies in China. Irregularly shaped ruby crystals gen- 
erally range from 2, to 10 mm, with the largest reported at 
>50 mm (121.6 grams). Their color varies: pinkish red 
(24-28%), light “rose” red (15-21%), “rose” red (46%), 
and dark “rose” red (10-12.5%). Cr,O, contents range 
from 0.1 to 3% and are proportional to the intensity of the 
red color. Trace amounts of Fe, Ti, and Mn also are found 
in the rubies. 

Topaz, beryl, and quartz crystals occur in pegmatites 
within the belt. Aquamarine and topaz come from 
Heishitou, while beryl and topaz are mined at Gaofengbei; 
both deposits are in Yuanyang County. 

TL 


Multi-star quartzes from Sri Lanka. K. Schmetzer and M. 
Glas, Journal of Gemmology, Vol. 28, No. 6, 2003, 
pp. 321-332. 
Asterism, including multi-star networks, observed in 32 
samples of polished quartz from Sri Lanka is described. 
Samples cut as cabochons or as complete spheres, in gen- 
eral, revealed a single six-rayed star. This asterism was 
caused by three sets of needle-like inclusions, at 60° to 
one another, that were oriented parallel to the basal plane 
(perpendicular to the c-axis). Multi-star quartz was 
observed only rarely. The most common type of multi- 
star network was caused by two groups (six plus three) of 
symmetrically equivalent sets of inclusions forming nine 
intersecting light bands. 

On the basis of the trigonal symmetry of quartz, up to 
five different groups of inclusions forming 18 intersecting 
light bands may be present in the most complex multi-star 
networks. Rutile is the most common needle-like inclu- 
sion found in quartz, but sillimanite and dumortierite nee- 
dles also have been identified in certain asteriated quartz. 
Each mineral will have a specific orientation in the host 
quartz and will form characteristic star networks. 

The five groups of inclusions (needles) recognized by 
the authors were characterized in terms of (1) their crys- 
tallographic orientation with respect to the host quartz, 
(2) the inclination of the needle axis to the quartz c-axis, 
(3) the angle of light bands relative to the c-axis, and (4) 
the number of symmetrically equivalent sets of needles. 
The presence of such needles in various orientations, 
alone or in combination, is the ultimate cause of the 
numerous multi-star combinations that have been found 
in quartz. MWF 
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Optical spectroscopy study of variously colored gem-qual- 
ity topazes from Ouro Preto, Minas Gerais, Brazil. 
M.N. Taran, A. N. Tarashchan, H. Rager, S. Schott, 
K. Schtirmann, and W. Iwanuch, Physics and 
Chemistry of Minerals, Vol. 30, No. 9, 2003, pp. 
546-555. 

Five gem topaz samples from Brazil were studied by IR 

and UV-Vis spectroscopy and photoluminescence meth- 

ods to better understand the causes of their coloration. 

Oriented, polarized absorption spectra were collected for 

light violet, yellowish pink, orange-red, and colorless 

samples from mines near Ouro Preto (and, for compari- 
son, a deep violet Cr-bearing topaz from the Ural 

Mountains in Russia). The samples also were chemically 

analyzed by electron microprobe. Features observed in the 

near-infrared spectra (~750-2500 nm) appeared identical 
for all the samples examined, and were not related to 
topaz coloration. 

The colors of the samples could be explained by vari- 
ous combinations of three sets of absorption bands in the 
visible and near-UV range. The first set was a pair of 
broad bands, centered at about 400 and 555 nm, that var- 
ied in strength according to color and were due to Cr*. 
The second set was the edge of a broad absorption band 
(centered in the UV region) that extended to various 
degrees into the visible region of the spectrum. Two color 
centers are believed to contribute to this broad band: a 
thermally stable center due to a charge-transfer mecha- 
nism, and a thermally unstable center of unknown struc- 
ture. The third set was a pair of broad absorption bands, 
centered at about 417 and 525 nm, that also varied in 
their relative strength; they were attributed to Cr**. Thus, 
chromium ions participate in the coloration of all the 
Brazilian topaz samples studied here: pink to violet col- 
ors—Cr**, and red-orange—Cr**. The valence state of 
chromium can change following irradiation and thermal 
annealing, and therefore the authors suggest that various 
other ions (O07, F-, OH/) likely also play a role in topaz 
coloration and the changes in this coloration brought 
about by laboratory treatment. JES 


Spectroscopic study of natural gem quality “Imperial”- 
topazes from Ouro Preto, Brazil. S. Schott, H. Rager, 
K. Schtirmann, and M. Taran, European Journal of 
Mineralogy, Vol. 15, No. 4, 2003, pp. 701-706. 
Gem-quality colorless, “rose,” yellow, pink, and violet 
topaz crystals from various localities in Brazil and Russia 
were studied to determine the cause of color in orange-red 
topaz from the Capao do Lana deposit, Ouro Preto, Brazil. 
Different colors in topaz can be caused by color centers, 
color-inducing ions (chromophores), or a combination of 
both. Electron microprobe analyses, optical absorption 
spectra, and electron paramagnetic resonance (EPR) mea- 
surements were obtained. It was found that the orange- 
red color is related to two electron centers, since the EPR 
signals of the transition elements in the topaz were unaf- 
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fected by annealing to 600°C, and the red color, upon 
annealing to 450°C, became light “rose” to nearly color- 
less. These color centers can be generated by irradiation, 
which suggests the occurrence of radiogenic elements in 
the Ouro Preto deposits containing orange-red topaz. 

Al 


Oxygen isotope composition of the Denchai sapphire, 
Thailand: A clue to its enigmatic origin. T.-F. Yui, 
K. Zaw, and P. Limtrakun, Lithos, Vol. 67, 2003, pp. 
153-161. 
Basalts cover an area of about 70 km? in the Denchai 
region of northern Thailand. Gem sapphires are recovered 
from several alluvial placers and paleochannel deposits in 
this area. In such occurrences, the sapphires are often 
assumed to have originated from the basalts. In this 
study, the oxygen-isotope compositions of 15 sapphires 
ranged from +4.7 to +6.1%o 6!8O, as determined by a CO, 
laser-fluorination method. The authors suggest that these 
sapphires are not in oxygen isotopic equilibrium with the 
nearby alkali basalts; rather, they represent xenocrysts 
from the basalts (which contain olivine phenocrysts with 
lower 5!8O values of +4.9 to +5.1%o). Within individual 
sapphire crystals there are relatively homogeneous 5!8O 
values, suggesting that there was little interaction with 
carrier magmas during transport of the sapphires to the 
surface. Crustal rocks with values greater than +5.5%o 
8!8O may have been involved with sapphire formation. 
The authors postulate a hybrid-origin model for the 
Denchai sapphires, which involves different degrees of 
interactions between a fractionated partial melt from 
metasomatized mantle material and a lower- or mid-crust 
aluminum-rich rock. JES 


Photoluminescence spectra of Tahitian cultured black 
pearls. W. Liu, Journal of Gems and Gemmology, 
Vol. 5, No. 2, 2003, pp. 7-10 [in Chinese with 
English abstract]. 
The photoluminescence (PL) spectra of 20 Tahitian cul- 
tured black pearls were obtained using a Raman spec- 
trometer and then compared to the PL spectra of treated 
samples. Four PL bands were detected in the natural-color 
Tahitian samples, at 597, 619, 653, and 676 nm, together 
with a broad band from 700 to 890 nm. The 597 nm band 
is attributed to aragonite. The intensities of the bands at 
619, 653, and 676 nm were proportional to the intensity 
of the black color, indicating that these bands are related 
to black pigments. Gamma-irradiated cultured black 
pearls, as well as dyed Chinese freshwater cultured black 
or gray pearls, displayed irregular PL bands depending on 
the dye materials and irradiation conditions, but they did 
not contain the three bands at 619, 653, and 676 nm. 
Therefore, the author concludes that these three bands 
are characteristic of Tahitian cultured black pearls and 
can be used for identification purposes. 
TL 


GEMS & GEMOLOGY SUMMER 2004 


A study on the characteristics of some opals from Turkey. 
F. Esenli, I. Kumbasar, V. Esenli, and S. Kirikoglu, 
Neues Jahrbuch ftir Mineralogie, Monatshefte, No. 
4, 2003, pp. 177-192. 

The mineralogical, physical, and structural characteristics 

of 16 opals from eight localities in eastern Turkey were 

investigated. All were derived from Tertiary-age (Upper 

Miocene to Eocene) volcanic-sedimentary formations. 

Powder X-ray diffraction (XRD) data showed that seven 

samples consisted of opal-CT (i.e., with cristobalite and 

tridymite) and nine consisted of opal-CT with quartz. The 
tridymite content of these samples is notable. 

Differences in the amount of cristobalite-tridymite, 
and the amount of structural disorder in the opal struc- 
tures, could be estimated from the spacing and width of 
the 4A band in the XRD patterns. Water content and den- 
sity increased with greater amounts of opal-CT; this rela- 
tionship did not hold for those samples containing quartz. 
The structures in the older (Eocene) samples were the 
most ordered. Structural differences between opals con- 
sisting solely of opal-CT and those consisting of opal-CT 
and quartz were attributed to diagenetic processes. 

Al 


Tracing the emerald origin by oxygen isotope data: The 
case of Sandawana, Zimbabwe. J. C. Zwann, A. 
Cheilletz, and B. E. Taylor, Comptes Rendus Geo- 
science, Vol. 336, No. 1, 2004, pp. 41-48. 

For economic and other reasons, the geographic origin of 

emeralds is of interest. Given the wide range of oxygen 

isotopic composition found in emeralds worldwide (5!8O 

varies between +6.2 and +24.7%o), the authors tested the 

hypothesis that oxygen isotopic analysis can help deter- 
mine an emerald’s geographic origin. They found that the 

880 content of emeralds from Sandawana is relatively 

constant—between +6.6 and +8.0%o—and compared these 

results with 6!8O values obtained from emeralds else- 
where that are reported in the literature. 

Although the 5!8O values of the Sandawana emeralds 
were among the lowest measured, they overlapped those 
of emeralds from deposits in Brazil, Austria, Australia, 
and Madagascar. Thus, oxygen isotopes alone are not suf- 
ficient to unequivocally determine the geographic origin 
of commercially available emeralds. However, the 
authors suggest that in combination with other character- 
istics (e.g., physical properties, inclusions, chemical com- 
position), oxygen isotope data could be a deciding factor 
in determining geographic origin. 

KAM 


INSTRUMENTS AND TECHNIQUES 


Application of synchrotron radiation X-ray topography in 
gemmology. X. Wu, Z. Wu, and Y. Tian, Journal of 
Gems and Gemmology, Vol. 5, No. 3, 2003, pp. 
15-18 [in Chinese with English abstract]. 
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X-ray topography is a nondestructive technique that has 
been used to study lattice defects (e.g., dislocations) in 
gem materials. However, it has the disadvantage of 
requiring rather long exposure times. This article presents 
the advantages and applications of synchrotron radiation 
X-ray topography, based on research done at the Beijing 
Synchrotron Radiation Facility of the Chinese Academy 
of Sciences. At this 43-m-long facility, X-ray topographs 
can be obtained under various diffraction conditions with 
high resolution (up to a few microns), using exposure 
times of 1-2 seconds. The rapid exposures are made possi- 
ble by an intense X-ray source (about 10,000 times 
stronger than in X-ray diffraction instruments), the large 
spot size of the beam (43 x 13 mm), and special computer 
software. 

By way of example, a diamond crystal from Liaoning, 
China, was shown to display radiating dislocation bun- 
dles within which the individual dislocations could not 
be resolved. However, based on a comparison of two 
topographs taken under different diffraction conditions, 
the space orientations of the dislocation bundles were 
determined. Sectional topographs of a diamond were 
obtained by irradiation in specific orientations. A three- 
dimensional topograph showing the distribution of all the 
defects in the specimen was constructed by combining 
several sectional topographs with appropriate software. 
“Tatami”-like structures consisting of two systems of 
deformation bands were also observed. Although syn- 
chrotron radiation X-ray topography has potential applica- 
tion to gemology, particularly for studying crystal imper- 
fections, only a few facilities have this instrumentation 
and analyses are very costly. TL 


ESR behavior and 13C NMR representation of treated 
amber and resin. L. Qi, X. Yuan, M. Chen, and S. 
Lin, Journal of Gems and Gemmology, Vol. 5, No. 
2, 2003, pp. 1-6 [in Chinese with English abstract]. 
Using traditional gemological methods, it is sometimes 
difficult to identify amber and resin that have been treat- 
ed; however, this can be accomplished with techniques 
such as IR spectroscopy, electron spin resonance (ESR), 
and nuclear magnetic resonance (NMR). Using these 
techniques, spectra were obtained from 32 samples, 
including amber (from Liaoning, China}, copal resin (the 
Netherlands), hard resin (Vietnam), heat-treated amber, 
pressed amber, and synthetic resins. 
Natural copal resin showed three characteristic weak 
IR absorption bands at 3083 cm, 1637 cm", and 889 cm!. 
The C=O stretching vibration band at 1702 cm”! in natural 
amber was shifted to 1727 cm"! in treated amber. ESR 
spectra provide information on the spin concentration of 
the stable free-radical carbon functional groups in various 
ambers and resins. This spin concentration in hard resin 
was about 20 times higher than in copal resin, and about 
10 times higher than in treated amber. The !3C NMR spec- 
tra showed the relative contents of functional groups in 
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the ambers and resins. The treated resins had sharper car- 
bonyl carbon functional-group peaks than in natural 
amber. In certain cases, the spectra obtained by these tech- 
niques were influenced by the ages of the material as well 
as by post-formation environmental conditions. 

TL 


Optic fibre: Benefits and advanced use of fibre illumina- 
tion. T. Linton, Australia’s Own Metal, Stone and 
Glass, Vol. 25, Summer 2.003, pp. 18-23, 44. 

Examination of internal and external features in gems 
always presents a challenge, whether performed with a 
10x loupe or a microscope. Proper lighting is crucial for 
such examinations, and it is now recognized that fiber- 
optic illumination is far superior to, and has replaced, 
high-intensity incandescent light sources. Fiber-optic illu- 
mination delivers bright light from a concentrated light 
source, through a sheathed, flexible fiber, to a point where 
the illumination can be used in a multitude of ways. The 
introduction of polymer fibers has made this type of illu- 
mination affordable, and the standard for gemologists in 
quality determination and grading. 

Fiber-optic illumination provides distinct advantages. 
For example, it is very helpful for examining gems mount- 
ed in jewelry. In addition, one light source can supply 
many fiber extensions, so that several areas can be illumi- 
nated simultaneously. Two flexible arms placed in oppo- 
site horizontal directions can provide quasi-darkfield illu- 
mination, thus highlighting inclusions. Thin fiber lights 
can be inserted into the drill holes of black cultured pearls 
to help distinguish irradiated or dyed specimens. This 
equipment is also useful for detecting synthetic gems and 
fracture-filled diamonds, as well as for determining the 
best orientation to cut sapphire rough. MT 


Pocket LED light sources for gemmologists. S. Gumpes- 
berger, Canadian Gemmologist, Part I. Vol. 24, No. 
3, 2003, pp. 94-101; Part II. Vol. 24, No. 4, 2003, pp. 
119-126. 
A light emitting diode (LED) is a semiconductor device that 
emits light when an electric current passes through it. 
LEDs are starting to replace incandescent light sources in 
many applications, including gemological instruments. 
Cool, energy efficient, long lived (~100,000 hours), and now 
reasonably priced, LEDs come in a variety of near- 
monochromatic colors, as well as white, infrared, and long- 
wave UV. They may be used for a variety of simple gemo- 
logical observations, such as immersion/dispersion testing, 
crossed-filter applications, refractometry, pearl “candling,” 
and as a portable long-wave UV source (fluorescence). This 
two-part article offers do-it-yourself tips (e.g., how to con- 
struct a kaleidoscope, based on a laser pointer and a 
translucent 35 mm film canister, to observe differences in 
refractive indices of transparent gemstones], product 
sources, and Web resources. Proper handling to avoid dam- 
age to eyesight and skin is emphasized. DMK 
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JEWELRY MANUFACTURING 


Von der Steinschneidekunst. Ein Bericht iiber Kugeln, 
Ketten und Schalen [The art of gemstone carving. A 
report about balls, chains and dishes]. P. Prifer, 
Lapis, Vol. 28, No. 12, 2003, pp. 33-37 [in German]. 

For centuries, China has produced ivory carvings contain- 

ing up to 20 freely moving, nested, hollow balls. This arti- 

cle illustrates and describes the sophisticated carving pro- 
cedure and explains the differences between these master- 
pieces and similar carved objects with balls of lesser artis- 
tic quality made of jade and other stones. The methods of 
carving chains out of a single piece of stone, as well as 
sets of dishes from agates and of balls within agate cubes, 
also are demonstrated. RT 


JEWELRY HISTORY 


Imperial coup. B. L. Scherer, Art+Auction, Vol. 26, No. 
10, 2004, pp. 65-68. 

Publisher Malcolm Forbes assembled the world’s foremost 
private collection of Fabergé eggs—precious objets d’art 
created for the Russian imperial family during the final 
three decades of its reign. Early in 2004, the Forbes family 
announced it would sell the collection that its patriarch 
had assembled between 1960 and 1990. The entire collec- 
tion, which included nine imperial eggs and 180 additional 
works of jeweler Carl Fabergé, was expected to bring over 
$90 million through Sotheby’s New York auction house. 

Then two things happened. First, a decades-long mys- 
tery of a missing “surprise” in the Renaissance Egg was 
solved. Family member Christopher Forbes, in reviewing 
the collection, found that one egg, the Resurrection Egg, 
was not catalogued in the imperial collection. However, he 
found photographic evidence that it had belonged to 
Empress Maria Feodorovna. Then he discovered that a 
description of the Renaissance Egg, given in a book of 
Fabergé, actually fit the Resurrection Egg. The Renaissance 
Egg, according to histories, had contained a “surprise’”—an 
objet d’art inside—that had since disappeared. Upon read- 
ing this “mistaken” description, Forbes found that the 
Resurrection Egg fit neatly inside the Renaissance Egg and 
was, thus, the missing surprise. 

Second, on February 4, Sotheby’s announced that the 
collection would not go up for auction after all, but would 
be sold in toto to a Russian industrialist named Viktor 
Vekselberg (the fourth-richest man in Russia). He had 
approached a Russian art specialist living in Palo Alto, 
California, André Ruznikov, who contacted Sotheby’s 
about selling the collection outright. Vekselberg’s offer, 
believed to be ~$110 million, was subsequently accepted 
by Sotheby’s and the Forbes family. RS 


Mysteries of the Amber Room. R. Nalley, Forbes, Vol. 
173, No. 6, March 29, 2004, pp. 48-54. 


One of the enduring mysteries to emerge from World War 
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II is: What became of the legendary Amber Room in the 
Catherine Palace Museum outside St. Petersburg, Russia? 
The Russian government last year reopened the room, 
fully restored with genuine amber materials, but the 
event rekindled questions and speculation about the fate 
of the original room, constructed in 1716. The Amber 
Room was the third of the chambers along the Catharine 
Palace’s Golden Corridor. The walls of the room were 
lined with thin sheets of amber inset with gem mosaics 
and topped by gilded woodwork. 

In 1941, after Nazi Germany invaded the Soviet Union, 
museum officials packed up a number of the Catherine 
Palace Museum’s treasures for safekeeping, but they could 
not dismantle the Amber Room. They attempted to dis- 
guise the treasure by covering the amber walls with wall- 
paper, but the room was too famous for such a ruse to 
work. When the Nazi armies overran the palace grounds 
in November 1941, they dispatched six men who worked 
36 hours to dismantle the entire room, pack the contents 
into two dozen large wooden crates, and ship them to 
Germany via military freight train. The contents were 
reassembled in the castle museum in the German city of 
Knigsberg (Konigsburg; currently Kalingrad) and displayed 
there for over two years, until the war began turning 
against Hitler’s troops. Although Allied bombs destroyed 
the Knigsberg castle in 1944, notes from its curator, Alfred 
Rohde, said the room’s contents had been packed up again 
and stored. Rohde and his wife died from typhus shortly 
after being interrogated by Russian officials, and they 
never revealed the location of the Amber Room treasures. 
Since then, no one has been able to locate the contents of 
the room, though numerous theories—ranging from plau- 
sible to absurd—have been floated over the years. RS 


JEWELRY RETAILING 


Sparkler on the other hand. S. O’Laughlin, Brandweek, 
Vol. 45, No. 16, April 19, 2004, pp. 18-19. 

In early 2003, the De Beers Diamond Trading Company 
launched a new diamond jewelry advertising campaign 
through its advertising agency, J. Walter Thompson 
(JWT). This campaign, called the “Right Hand Ring,” was 
the first in the U.S. aimed at women’s self-purchase, and 
was introduced after two years of study. However, in posi- 
tioning the product, JWT wanted to avoid confusion with 
diamond jewelry products currently on the market, 
including cluster and cocktail rings. Thus, they developed 
a set of design criteria, including use of open space and 
“vertical” orientation (aligned parallel to the wearers’ fin- 
ger) that would set them apart from other pieces. 
Participating designers could choose from four motifs: 
contemporary, floral, romantic, and vintage. 

JWT then worked to draw attention to the right hand 
rings by placing them on celebrities and the popular TV 
show Sex and the City. The agency followed this with a $5.6 
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million advertising campaign in upscale magazines such as 
Elle, Condé Nast Traveler, Vogue, and Vanity Fair. While a 
number of manufacturers and retailers have embraced the 
program, Richard Lennox, executive vice president of JWT 
New York, said the full success will not be evident for the 
next year or two because “the purchase cycle is long at every 
level. Many will think about it for 2-3 years.” RS 


SYNTHETICS AND SIMULANTS 


First synthesis of olivine single crystal as large as 250 
carats. K. Ito et al., Journal of Crystal Growth, Vol. 
253, 2003, pp. 557-561. 
A 250 ct crystal of synthetic olivine was grown using the 
Czochralski-pulling method, at ~1,900°C in a pure iridium 
crucible to minimize contamination. Natural olivine from 
San Carlos, Arizona, was used as a source material, in con- 
junction with a synthetic forsterite (Mg,SiO,) seed crystal. 
The 250 ct crystal was uniform in color, with no inclu- 
sions, voids, or zoning visible in the optical microscope. 
Electron-microprobe analyses showed that the crystal had 
a uniform composition of 97.1% forsterite and 2.9% fay- 
alite (Fe,SiO,). Al 


Identification of an impregnated quartz imitation of jade. T. 
L. Tan, T. S. Tay, B. L. Tan, and W. H. Tan, Journal of 
Gemmology, Vol. 28, No. 7, 2003, pp. 392-398. 

Dyed and impregnated quartz is becoming increasingly 

prevalent as an imitation of Imperial jadeite. In some 

cases, identification of the quartz simulant may be diffi- 
cult, especially when it has a good color or is mounted. 

This article reports on the study of two cabochons each of 

natural jadeite (A-jade), polymer-impregnated jadeite (B- 

jade), and dyed and impregnated quartz, to determine 

methods by which the simulants and the impregnated 
jadeites can be distinguished from Imperial jadeite. 
Standard gemological testing is frequently not suffi- 

cient for identifying jade imitations. (In this study, S.G. 

and UV fluorescence were determined, but surprisingly no 

RI. values were reported.) Energy-dispersive spectroscopy 

is particularly useful for testing stones set in jewelry, and 

could separate the impregnated quartz from the jadeites 
since the latter contains elements such as Na, Al, and Fe 
that are not major constituents of quartz. Also, ratios of 

C/Si and O/Si calculated using this technique were charac- 

teristic for each of the three materials. FTIR spectroscopy 

not only enabled the quartz to be separated from the 
jadeites but also provided the identification of the green 
polymers used for impregnation of the B-jade. WMM 


A peek into the history of sapphire crystal growth. D. C. 

Harris, Proceedings of SPIE, Vol. 5078, 2003, pp. 1-11. 
The growth of gem-quality synthetic sapphire has been 
achieved by the flame-fusion (Verneuil], flux, Czochralski, 
and floating-zone methods. However, additional tech- 
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niques of growing such crystals were introduced in the 
1960s, stimulated by demand from the electronics and 
optical industries, as well as by the need for special sizes 
and shapes. These are Edge-defined Film-fed Growth 
(EFG), the Heat Exchanger Method (HEM), and the 
Gradient Solidification Method (GSM). 

EFG was initially developed in the U.S. (and concurrent- 
ly in the Soviet Union) to produce reinforcement fibers for 
metal matrix composites. In this process, a molybdenum 
die acts as a wick to deliver molten alumina to a growing 
sapphire seed crystal. This crystal is suspended above the 
surface of a molten interface that exists between the crystal 
and the die. As the seed is withdrawn, liquid crystallizes 
near the interface, forming a crystal in the shape of the die. 
Dies can be of different shapes, and thus fibers, rods, tubes, 
sheets, and plates of synthetic sapphire can be produced. 

HEM was invented in the U.S. In this method, a seed 
crystal is placed at the bottom of a crucible that is load- 
ed with alumina “crackle.” The furnace is evacuated 
and heated, melting the crackle but leaving the seed par- 
tially solid. With the rest of the furnace held at constant 
temperature, the flow of helium coolant to the vicinity 
of the seed is increased, allowing crystallization to pro- 
ceed outward in three dimensions. In situ annealing 
completes production of the highest-quality synthetic 
sapphire boules, routinely 34 cm in diameter and weigh- 
ing 65 kg. 

GSM was developed in Israel. A sapphire seed crystal is 
placed at the bottom of an evacuated hemispheric molybde- 
num crucible filled with alumina. A thermal gradient is then 
introduced with the highest temperature at the top. The 
temperature is carefully lowered so that crystallization pro- 
ceeds outward from the seed. This method is used to produce 
high-quality domes for heat-seeking missiles. DMK 


Ultrahard diamond single crystals from chemical vapor 
deposition. C. Yan, H. Mao, W. Li, J. Qian, Y. Zhao, 
and R. J. Hemley, Physica Status Solidi A, Vol. 201, 
No. 4, 2004, pp. R25-R27. 
Single-crystal synthetic diamonds up to 4.5 mm thick have 
been grown homoepitaxially (in the same crystallographic 
orientation) on a type Ib synthetic diamond substrate. A fast 
growth rate (50-150 um/hour) is attained by using a 
microwave-plasma chemical vapor deposition (CVD) tech- 
nique. Cutting and polishing of the as-grown CVD material 
revealed that it has higher fracture toughness than type Ib 
synthetic yellow and type Ia or Ila colorless natural dia- 
monds. Annealing at high temperatures (2,000°C) and pres- 
sures (5-7 GPa) for 10 minutes produced transparent color- 
less material. The latter was found to be ultrahard (Vickers 
hardness of ~160 GPa or more) as compared to either unan- 
nealed type Ib, Ia, or Ia diamond (~90-110 GPa) or annealed 
type Ila diamond (~140 GPa). The authors suggest that fur- 
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ther theoretical and experimental work is needed to under- 
stand these unprecedented mechanical properties. JES 


Ultraviolet cathodoluminescence spectra of Chatham syn- 
thetic diamond. Y. Yang, L. Qi, and X. Yuan, 
Spectroscopy and Spectral Analysis, Vol. 23, No. 5, 
2003, pp. 913-916 [in Chinese with English abstract]. 

A specially designed spectrometer (range 190-850 nm) was 

installed on an electron microprobe to enable simultaneous 

chemical analysis, cathodoluminescence (CL) imaging, and 

CL spectra to be obtained from a very small area of a speci- 

men. With this equipment, four Chatham synthetic dia- 

monds (two colorless and two light blue) and 30 natural 
diamonds from Hunan and Liaoning, China, including 
some that had been irradiated, were investigated. All of the 

Chatham samples displayed weak blue fluorescence, as 

well as growth-sector structures and seed crystals, charac- 

teristic of synthetic diamonds. They also showed CL peaks 
in the UV region at 234 and 268 nm, although with shapes 
and intensities (but not positions) that varied between the 
samples; such peaks were not found in the spectra of any of 
the natural or irradiated diamonds. The authors suggest 
that the ultraviolet CL spectra of Chatham synthetic dia- 
monds appear characteristic and may possibly be used not 
only for distinguishing natural diamonds from Chatham 
synthetic diamonds, but also for distinguishing the 
Chatham product from those of other producers. TL 


TREATMENTS 


Some effects of extreme heat treatment on zircon inclusions 
in corundum. A. H. Rankin and W. Edwards, Journal 

of Gemmology, Vol. 28, No. 5, 2003, pp. 257-264. 
Well-formed zircon inclusions in pale blue/green sap- 
phires from Chimwadzulu Hill, Malawi, show major 
changes after exposure to extreme heat treatment, most 
notably mottling, darkening, and the development of dis- 
tinctive textures. This article reports on the changes that 

occur and the temperature controls on their formation. 
The thermal decomposition of the zircons at high tem- 
perature results in their replacement by an intergrowth of 
two phases. Bright blebs are composed of the monoclinic 
form of ZrO, (m-ZrO,; baddeleyite), while dark areas con- 
sist of glasses with variable compositions within the SiO,- 
AL,O,-ZrO, system. The intergrowths are due to the melt- 
ing and interaction of zircon with the surrounding sap- 
phire. They are interpreted as quench melt textures, in 
which case heating occurred above the eutectic (i.e., mini- 
mum melting) temperature of ~1,750°C. Identification of 
these quench phases and textures in zircon pseudomorphs 
can be useful for recognizing instances of extreme heat 
treatment in gem corundum. WMM 
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202 A Foundation for Grading the Overall Cut Quality 
= of Round Brilliant Cut Diamonds 


Thomas M. Moses, Mary L. Johnson, Barak Green, Troy Blodgett, Kim Cino, 

Ron H. Geurts, Al M. Gilbertson, T. Scott Hemphill, John M. King, Lisa Kornylak, 
Ilene M. Reinitz, and James E. Shigley 

In the third installment of GIA’s research on diamond cut, the authors 
describe their use of observation testing to help determine the factors that 
are important in evaluating the quality of a diamond's cut. They then intro- 
duce the new GIA diamond cut grading system, which provides a single 


overall cut quality grade for standard round brilliants. 
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Formations... 

(Continued from page 24) 
silicon, but with the addition of the rare 
element beryllium. Chrysoberyl also is 
found in pegmatites and it, like beryl, 
is found only where there is a concen- 
tration of beryllium. 


Beryl crystals in some pegmatites reach 
gigantic sizes. At Albany, Maine, crystals 
18 feet long and three feet across have 
been found. Unfortunately, they are not 
of gem quality but of use only as a 
source of beryllium. In the heart of some 
of the large crystals there may be a core 
of clear unflawed aquamarine. It is in- 
triguing to speculate on the possibility 
that at one time the whole crystal was 
of gem quality and, if it had not been 
subjected to earth movements, it might 
all be of gem quality today. 


Spodumene, of which the pink kunzite 
and the green hiddenite are the varieties 
of most interest to gemologists, is found 
in pegmatites. This mineral, like the 
colored varieties of tourmaline, requires 
not only the proper conditions but also 
a concentration of lithium. It is thus 
very common to find spodumene and 
colored tourmalines not only in the same 
pegmatites but also in the same pocket, 
the name given by the miner to the cavi- 
ties in which gems are found in peg- 
matites. 


Although pegmatites are noted mostly 
for the gem minerals containing the rarer 
elements, they occasionally present the 
proper conditions for the common min- 
erals quartz and feldspar to crystallize 
in an uncommon manner. In some peg- 
matites well-formed rock crystal and 
smoky quartz is found, but much rarer 
are beautiful yellow crystals of ortho- 
clase feldspar. 

Although pegmatites are a ‘rather com- 
mon geologic phenomenon, gem-bearing 
pegmatites are comparatively rare. Some 


of the most world-famous localities are 
in Madagascar and Brazil. In the United 
States Maine, North Carolina, and Cali- 
fornia are the most noted states. 


The minerals of pegmatites are de- 
posited from solutions in which many 
elements are carried. As time passes, 
these solutions may change “in their 
chemical composition and a mineral may 
find itself, as the geologist says, out of 
equilibrium with the solutions. Thus, 
after a mineral has been deposited, the 
succeeding solutions may attack it and 
dissolve away part of the already-formed 
mineral. In this way many beryl and 
topaz crystals become deeply etched and 
destroyed as far as the gem value is 
concerned. In such cases, the miner has 
arrived a million or more years too late! 


Only a few of the minerals that are 
used as gems have been mentioned, but 
most of them as well as many of the 
others are not rare but occur abundantly 
at some localities. Diamond is the out- 
standing exception. For example, beryl, 


spodumene, corundum, tourmaline, quartz, + 


and garnet have been found by the ton 
but not of gem quality. Thus in the 
formation of a gem, it is necessary that 
the correct chemical elements be brought 
together under the ideal geologic 
conditions. 


Deposits... 
(Continued from page 28) 


Southern California, with a total recorded 
production valued at more than $2,000,000, 
is currently showing signs of revival. 
Although “bonanza type’ operations 
probably are gone forever, it will be inter- 


tw 


esting to see whether a gradually rising a 


market and a modern approach to peg- 


matite geology and mining will sustain ~ 


activities at somewhat less spectacular 
levels. 
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Unlocking the SECRETS 


hen Richard T. Liddicoat created the now de facto 
VV international diamond grading system in the early 

1950s, he was able to establish standards and 
nomenclature for color and clarity that would eventually 
become part of our everyday diamond lexicon. He was less 
confident in his ability to create a standardized system for cut 
that could adequately deal with both the scientific aspects and 
the multitude of tastes in the marketplace. Liddicoat therefore 
developed a system of “corrected weight” from which students 
could arrive at reasonably accurate diamond cut quality (and 
even pricing) determinations based on proportion deductions 
from the so-called American Ideal round brilliant. This system 
provided the basis for GIA’s diamond training in cut for some 
three decades. However, when diamond prices skyrocketed in 
the late 1970s and subsequently crashed in the early ‘80s, the 
corrected weight system became less relevant. 


GIA formally revised its diamond courses to reflect this 
change in the mid-1980s. For years 
afterward, some in the trade were 
still questioning our shift away from 
corrected weight toward a more 
generalized training system that did 
not hold the American Ideal cut as a 
standard to which all other round 
brilliants were compared. And yet 
another debate emerged: Some peo- 
ple wanted a cut grade, while others 
were vehemently against it. We 
knew, however, that fundamental to 
the concerns of this debate was the 
question of whether cut could be 
objectively assessed, and whether 
that assessment could be made sci- 
entifically, using modern resources. 


Our commitment to contemporary research on cut reached a 
new level in the late 1980s, when computer technology had 
advanced to the point where we could analyze features of dia- 
mond appearance that heretofore had not been feasible to 
explore. As a result, in 1988 we made the critical decision to 
fund a substantial grant to a young mathematician then in 
graduate school at the California Institute of Technology 
(Caltech) in Pasadena. We had no idea at the time that a pro- 
ject to develop a highly technical three-dimensional computer 
model of a “virtual” diamond using sophisticated ray-tracing 
software would evolve into a 15-year, multi-million-dollar 
study of every aspect of cut appearance in round brilliant dia- 
monds. What began as pure research has now resulted in a 
scientifically based, but eminently practical, grading system for 
categorizing cut in standard round brilliants. 


The feature article in this issue, authored by Tom Moses and 


EDITORIAL 


of the FOU RTH C 


a host of GIA professionals, is the third in a series of land- 
mark articles on cut in round brilliants that we are proud to 
bring you in Gems & Gemology. The first, published in 
1998, was from a group led by that “young mathematician” 
from Caltech, Scott Hemphill, and focused on what we 
called “weighted light return,” a metric for reporting bril- 
liance (which we have since determined is best described as 
brightness). The second article, published by Dr. Ilene 
Reinitz and co-authors in 2001, focused on dispersed col- 
ored light return, a metric for fire. These two articles formed 
the basis of our assessment of cut in round brilliants, but 
brightness and fire alone were not enough. 


A third component, scintillation, needed to be examined before 
we could fully understand the factors that contribute to dia- 
mond cut appearance. Our researchers turned to observation 
testing with experienced people from different trade segments, 
as well as consumers, to explore this element. They found that 
although some aspects of scintillation 
(those related to sparkle) were includ- 
ed in the brightness and fire metrics, 
there was also an important underly- 
ing element that affected the appear- 
ance of scintillation itself. This ele- 
ment, called “pattern,” represents the 
size and arrangement of bright and 
dark areas in a diamond, and is a key 
component of the extent to which 
observers find a diamond attractive. 
We found from our interaction with 
the trade that this phenomenon was 
considered part of the “life” of a dia- 
mond—a common term used to 
describe desirable stones. 


Photos by Harold & Erica Van Pelt 


Observation testing and interaction 
with the trade also established the importance of other aspects 
beyond cut appearance—design and craftsmanship—in the 
assessment of a diamond's overall cut quality. These include 
durability and “over-weight” concerns, as well as polish and 
symmetry. In addition, we used observation testing to fine- 
tune our original brightness and fire metrics, so they would 
more accurately reflect real-world conditions. The current arti- 
cle discusses all these elements of cut and describes how we 
validated the very sophisticated model we created. 


Our authors aren’t the first to use computer modeling to pre- 
dict the effects of various proportion sets on the cut appear- 
ance of diamonds. To our knowledge, though, no other orga- 
nization or research group has validated their models to the 
extent GIA has with observation testing of actual diamonds 
by experts in the field, a major part of the research described 
in the present article. 
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While GIA has studied cut in diamonds for decades, our 
concentrated effort—particularly over the past 10 years—has 
now yielded breakthrough research that will undoubtedly 
alter historical practices and traditional perceptions of many 
in the diamond industry. The main con- 
clusions are as follows: 


e Individual proportions must not be 
assessed on their own. It is the com- 
plex interrelationship of individual 
proportions that matters most in the 
face-up cut appearance and overall 
cut quality of a diamond. 


e There is no one set of proportions that 
yields the most beautiful diamond. 
Similarly, the long-held view that 
expanding deviations from a fixed, 
arbitrary set of proportion values pro- 
duces diamonds with increasingly 
poorer appearances is simply not valid. 


e Truly consistent and accurate compar- 
isons of cut in diamond require a stan- 
dardized viewing and lighting environ- 
ment that is representative of common 
environments used in the trade. 


e Whereas other systems for assessing 
cut in round brilliants have from three 
to 11 different classification categories, 
our research found that most individu- 
als could consistently discern five lev- 
els of different cut quality. 


e Fora grading system to be truly unbi- 
ased and objective, it must allow for 
personal and global preferences in 
diamond appearance. 


Once we determined that a comprehen- 
sive system for assessing diamond cut in 
round brilliants could be developed, we 
were still left with the fundamental ques- 
tion of whether a diamond cut grade was useful for the pub- 
lic and the trade. Although there actually has been a tremen- 
dous amount of industry interest in the creation of an objec- 
tive, scientifically based system for assessing diamond cut, 
ultimately the decisions on this project and the directions 
GIA has chosen were derived from its mission—to ensure the 
public trust in gems and jewelry by upholding the highest 
standards of integrity, academics, science, and professional- 
ism through education, research, laboratory services, and 
instrument development. GIA firmly believes that the public 
interest is best served by creating such a system, and that its 
impact on the trade will also be positive. 
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As such, the authors and their colleagues have used this 
extensive research to develop a cut grading system for round 
brilliants that will be incorporated into GIA’s diamond train- 
ing in education and into diamond grading in the laboratory 
in mid-2005. For years, many in the trade 
have maintained that a wider set of pro- 
portions could yield an equally beautiful 
diamond; to some extent, these people are 
vindicated by the results of our research. 
Diamond manufacturers will be able to 
cut round brilliants to a wider range than 
the current norm and still achieve top- 
grade, great-looking diamonds. An even 
wider range of proportions can produce 
pleasing diamonds in the upper-middle to 
middle grade ranges. Each of these grades 
will, in many cases, allow for greater yield 
and weight retention from the rough. 


Ultimately, the new GIA diamond cut 
grading system will provide answers to the 
long-debated questions about the fourth C 
in diamond grading. As a result, dealers 
and retailers will have definitive categories 
for cut in round brilliants and thus will be 
able to better serve their clients. And con- 
sumers will have access to information that 
was heretofore either nonexistent or 
unavailable as an international standard. 
GIA will soon propose that global standard. 


Over the years, our research objectives 
evolved and expanded from first seeking a 
better understanding of cut, to establishing 
a system that would “flag” poorly cut dia- 
monds, to building one that would also 
give credit to well-made stones. | am 
pleased to say that our objectives have 
been met with the creation of a truly unbi- 
ased scientific system to assess the cut 
grade of standard round brilliants; further- 
more, the system has been validated by 
expert observers. We believe that this sys- 
tem will stand the test of time, like the 
color and clarity scales we created more 
than 50 years ago. While the process has 
been evolutionary, the end result may in fact be revolutionary. 
Only the future will tell. Research will certainly continue, and 
it may never stop. Cut is humankind’s unique way of adding 
value to that finely crystallized carbon we have all come to 
know and love as the king of gems. 


. e ce 
—qulber E. Bagu yes 
William E. Boyajian, President 
Gemological Institute of America 
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LETTERS 


Following are some of the questions and suggestions 
we received in response to this spring’s first-ever Gems 
& Gemology reader survey. (For a look at some of the 
results from the survey, see the editorial in the 
Summer 2004 G&G, p. 103.) We thank everyone who 
wrote back with words of praise as well as construc- 
tive criticism. Since the survey forms were anony- 
mous, we cannot provide names for those comments 
that were not signed.—Eds. 


Issue Packaging 

I wonder why, when you package the magazine, you 
conceal the cover photo. If everyone who handled 
Gems & Gemology on the way to delivery could see 
the cover, it might help to educate or create an inter- 
est—who knows? [Anonymous] 


Reply: In mailing each issue, we deliberately conceal 
subject matter such as the cover photo. This is a secu- 
rity measure that was instituted at the request of sev- 
eral subscribers, who receive the journal at their 
homes. As a postscript, after we started this practice, 
we also saw a significant decrease in reports of issues 
that never quite made it into our readers’ mailboxes. 


Expressing Magnification 
in Photomicrographs 
The use of simple numbers such as “30x” to describe 
the scale of photomicrographs is unheard of in the 
world of credible scientific publication. It is a meaning- 
less number that is changed at any stage, from the cam- 
era itself to the digital file and the cropping of the 
photo, as well as in the adjustments made by the pub- 
lisher for the column width, and so on. By the time this 
notation is seen by the reader, all the reader knows is 
that the microscope was set on 30x for visual observa- 
tion at the time the photomicrograph was taken. 
Respectable scientific journals in all other fields 
refer to the scale of a photomicrograph with an actual 
measured “field width” of the final image or a simple 
line in the image representing millimeters, decimals of 
millimeters, or other appropriate linear measurements. 


LETTERS 


That being said, I personally think the current 
iteration of GWG has done more for the science of 
gemology than any other single item or event, and I 
look forward to every issue. 

Bob Hord 
Laguna Park, Texas 


Reply: This same point was raised by G#G reader Dr. 
William Hanneman in the Summer 1987 issue (Editorial 
Forum, pp. 111-112). Contributing editor and noted pho- 
tomicrographer John I. Koivula responded to that letter, 
and we feel his reply—paraphrased here, with Mr. 
Koivula’s permission—is just as appropriate today: 


The purpose of printing photomicrographs in 
professional gemological publications is to con- 
vey useful information to the reader. When we 
say 45x, we immediately let the jeweler-gemolo- 
gist know that this subject would be easily 
resolved using a standard gemological microscope 
with an upper magnification limit of 45x or 
greater. If the slide was cropped by the editor and 
then enlarged by a factor of 10 to fill the planned 
space, all the editor has done is increase the size 
of the image without gaining or increasing detail. 
In reality, if the same area was actually viewed at 
450x, the scene could be significantly different, 
with the item in question totally distorted. 

From my own experience in the use of precise 
measuring devices in petrology and chemical 
microscopy, I can understand some of these argu- 
ments. But each of the sciences has its own set of 
standard practices, and these may or may not apply 
to others. It is true that we could place a standard 
scale bar of a specified length in each photomicro- 
graph as is done in some of the other sciences. 
However, gemology is more than just a science, it 
is also an art. As gemologists, we deal with beauty 
on a daily basis; it is perhaps the greatest appeal of 
our profession. And as long as there is no signifi- 
cant problem generated by the method of magnifi- 
cation designation as it is currently practiced in 
virtually all publications in the field, this writer 
sees no reason to detract from the artistic quality 
of the image by incorporating a size scale. 
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Use of Technical Terms 

Quite often, with the exception of prefatory informa- 
tion and conclusions, the feature articles in G#G are 
difficult for me to understand because of the technical 
terms. The names of certain advanced instruments, 
geological terms, mining terms, etc. that are used by 
the authors are not found in my GIA course materials. 
I think it would be very helpful to have a comprehen- 
sive dictionary or encyclopedia that I could refer to 
when I encounter words or concepts that I don’t 
understand. [Anonymous] 


Your Summer 2.003 issue clearly explained on page 88 
(of the article by J. L. Emmett et al., “Beryllium diffu- 
sion of ruby and sapphire”) what SIMS is and how it 
works. In my opinion, a publication on non-standard 
identification techniques would be of interest. This 
summary should explain how each method works (e.g., 
EDXRF, photoluminescence spectroscopy, Raman, etc.) 
and why it is used. Do you think such a publication 
would be possible? 
Heinz Kniess 
Rodersdor, Switzerland 


Reply: We know that our readers and authors alike 
come from many different backgrounds, with educa- 
tion and experience in a variety of disciplines. Within 
the journal, we make every attempt to define non- 
standard terms when they are first used. In addition, 
for some articles on special topics (see, for example, 
the lead article in this issue, on diamond cut), we will 
include a glossary. GIA is also looking into updating 
and republishing the Dictionary of Gems and 
Gemology, which has been out of print for many 
years. In the interim, for geologic and mining terms, 
we strongly recommend the Glossary of Geology, 4th 
ed. (J. A. Jackson, Ed., American Geological Institute, 
Alexandria, VA, 1997). For descriptions of many of 
the advanced instruments and techniques currently 
used in gemology, we recommend the article by M. L. 
Johnson, “Technological developments in the 1990s: 
Their impact on gemology,” Winter 2000 GwG, pp. 
380-396. However, these two letters send a clear 
message that, given the rapid advances being made in 
gemology in the 21st century, we may need to pub- 
lish such a review article more often than every 
10 years. 


Whether it’s the young family member just starting their gemology 


€ education or the client you’ve done business with for decades, 
we're sure there’s someone on your list who would love a gift 

subscription to Gems & Gemology. Order now and we'll even 

include this personalized gift card. And if you've got a long gift 
list, ask about our special rates for bulk subscription orders. 
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A FOUNDATION FOR GRADING THE 
OVERALL CUT QUALITY OF 
ROUND BRILLIANT CUT DIAMONDS 


Thomas M. Moses, Mary L. Johnson, Barak Green, Troy Blodgett, Kim Cino, Ron H. Geurts, 
Al M. Gilbertson, T. Scott Hemphill, John M. King, Lisa Kornylak, Ilene M. Reinitz, and James E. Shigley 


GIA began its 15-year study of diamond cut by using a computer to model the way light behaves 
within a round brilliant cut diamond. From this model, GIA researchers developed proportion- 
based metrics to predict how diamonds would perform with regard to brilliance and fire. 
Continued research revealed several important variables that could not be evaluated effectively 
by computer modeling alone. Thus, the authors asked diamond manufacturers, dealers, retailers, 
and potential consumers to evaluate brightness (a term selected as more appropriate than 
brilliance), fire, and overall cut appearance of diamonds representing many different proportion 
combinations. These observations and discussions confirmed that additional factors, besides 
brightness and fire, contribute to diamond cut appearance, and that factors in addition to face-up 
appearance are important in assessing the quality of a diamond's cut. With the trade interactions 
as a foundation, the authors (1) tested the brightness and fire metrics to find the best fit with 
human observations, (2) identified and quantified factors in addition to brightness and fire that 
contribute to face-up appearance, (3) developed a standard viewing environment that mimics 
common trade environments, (4) created the foundation for a comprehensive diamond cut grad- 
ing system, and (5) began development of reference software to predict the overall cut grade of a 
particular diamond. The GIA diamond cut grading system described here includes the compo- 
nents of brightness, fire, scintillation, polish, and symmetry, as well as weight and durability con- 
cerns, into a single overall grade for cut quality for standard round brilliants. 


f the Four Cs (color, clarity, cut, and carat 
weight), cut is the least understood—and 
least agreed upon—aspect of diamond 
ance. Current claims about the superiority of 


certain round brilliant diamond cuts focus mostly 
on three approaches: 


The use of specific sets of proportions (e.g., those 
for the AGS 0, the AGA 1A, “Class 1” cuts [as 
previously taught by GIA Education], the HRD 
“Very Good” grades, “Ideal” cuts, and 
“Tolkowsky” cuts) 

The use of viewing devices to see specific pat- 
terns or pattern elements in diamonds (e.g., 
FireScope, Symmetriscope, IdealScope, and vari- 
ous “Hearts-and-Arrows”-style viewers) 
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e The use of proprietary devices, such as the 
GemEx BrillianceScope and ISEE2, which mea- 
sure one or more of the following aspects of dia- 
mond appearance: brilliance, fire, scintillation, 
and/or symmetry 


For GIA’s research on the evaluation of diamond 
cut, we started with a different approach, based on 
the following questions: What makes a round bril- 
liant cut (RBC, figure 1) diamond look the way it 
does? To what degree do differences among cutting 


See end of article for About the Authors and Acknowledgments. 
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proportions create observable distinctions? Which 
proportion sets produce results that are deemed 
attractive by most experienced observers? The first 
stages of our research—which utilized advanced 
computer modeling—were described briefly by 
Manson (1991), and then in detail by Hemphill et al. 
(1998) and Reinitz et al. (2001). 

Many other groups have used some form of com- 
puter modeling to predict appearance aspects of dia- 
mond proportion sets, including: Fey (1975), Dodson 
(1978, 1979), Hardy et al. (1981), Harding (1986), van 
Zanten (1987), Long and Steele (1988, 1999), 
Tognoni (1990), Strickland (1993), Shigetomi (1997), 
Shannon and Wilson (1999), Inoue (1999), and 
Sivovolenko et al. (1999). To our knowledge, how- 
ever, few if any of these other studies validated their 
modeling results by using observation tests of actu- 
al diamonds, a major component of the research 
described in the present article. The validation of 
computer modeling by observations is essential in 
the evaluation of diamond cut appearance, as with- 
out this validation there is a risk of producing 
results that are not applicable to the real-world 
assessment of diamonds. 

In this article, we discuss the key aspects of a 
well-cut diamond. We describe how we tested our 
previously published metrics (numerical values 
based on mathematical models) for brilliance and 
fire by conducting observations with actual dia- 
monds in typical trade environments and then 
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Figure 1. The round bril- 
liant is the most popular 
diamond cut. Because of its 
popularity, assessment of 
this cut has been the sub- 
ject of considerable 
research. This image shows 
a wide range of uses for this 
style in commercial jewel- 
ty, as well as loose polished 
diamonds and diamond 
crystals. The loose polished 
diamonds weigh 1.05—-3.01 
ct, and the rough crystals 
weigh 2.14—2.49 ct. Jewelry 
and loose polished dia- 
monds courtesy of Ben 
Bridge Jewelers. Composite 
photo by Harold & Erica 
Van Pelt. 


developed new metrics based on our results. We 
also explain how we validated these new metrics 
with further observation tests, and developed and 
tested additional methods, including environments 
and procedures, for evaluating other essential 
aspects of diamond appearance and cut quality. 
Finally, on the basis of the information gathered 
during this extensive testing, we constructed a com- 
prehensive system for assessing the cut appearance 
and quality of round brilliant cut diamonds. The 
present article discusses the framework of this sys- 
tem, further details of which will be made available 
in later publications. 


BACKGROUND AND TERMINOLOGY 


The face-up appearance of a polished diamond is 
often described in terms of its brilliance (or brillian- 
cy), fire, and scintillation (see, e.g., GIA Diamond 
Dictionary, 1993). Historically, however, diamond 
appearance has been described using other terms as 
well, even the addition of scintillation to this list 
has been a relatively recent development (see, e.g., 
Shipley, 1948). 

Today, while brilliance, fire, and scintillation are 
widely used to describe diamond appearance, the 
definitions of these terms found in the gemological 
literature vary, and there is no single generally 
accepted method for evaluating and/or comparing 
these properties in diamonds. Further, experienced 
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members of the diamond trade use additional terms 
when they assess the appearance of diamonds. In 
the course of this study, we interviewed dozens of 
diamond manufacturers and dealers, in various 
international diamond cutting centers and at trade 
shows. (We also interviewed retailers and jewelry 
consumers, as described below.) We found that, in 
addition to brilliance, fire, and scintillation, they 
tended to use words such as life, pop, lively, dull, 
bright, or dead to describe a diamond's cut appear- 
ance, although they could not always explain pre- 
cisely what they meant by such terms. In some 
cases, they would know whether or not they liked a 
diamond, but were unable to articulate exactly why. 
To avoid potential confusion in describing cut 
appearance, we have refined and expanded the defi- 
nitions of three essential terms, so that they more 
clearly and accurately reflect what experienced 
observers see in actual diamonds in everyday envi- 
ronments. Throughout this article, we will use the 
following definitions (see the glossary on p. 223 for a 
list of key diamond cut terms used in this article): 


¢ Brightness—the appearance, or extent, of internal 
and external reflections of “white” light seen in a 
polished diamond when viewed face-up. Note 
that although we originally used brilliance to 
describe this property (Hemphill et al., 1998; 
Reinitz et al., 2001), as we proceeded further with 
our study, we found that many individuals in the 
trade and general public include other appear- 
ance aspects (such as contrast) in their use of that 
term. Hence, we decided to use brightness 
instead. 


e Fire—the appearance, or extent, of light dispersed 
into spectral colors seen in a polished diamond 
when viewed face-up. 


¢ Scintillation—the appearance, or extent, of spots 
of light seen in a polished diamond when viewed 
face-up that flash as the diamond, observer, or 
light source moves (sparkle); and the relative size, 
arrangement, and contrast of bright and dark 
areas that result from internal and external reflec- 
tions seen in a polished diamond when viewed 
face-up while that diamond is still or moving 
(pattern). 


Note that the definitions for fire and scintillation dif- 
fer from those currently found for similar terms in 
the GIA Diamond Dictionary (1993) and those given 
in the two earlier G&G articles about this study. 
They replace those definitions, and brightness 
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replaces brilliance, for the purposes of this article and 
the forthcoming GIA diamond cut grading system. 
Our interviews also confirmed that, in addition 
to brightness, fire, and scintillation, the design and 
craftsmanship of the diamond, as evidenced by its 
physical shape (e.g., weight and durability concerns) 
and its finish (polish and symmetry], are important 
indicators of a diamond’s overall cut quality. 


MATERIALS AND METHODS 


This (third) stage of research evolved from that pre- 
sented in our previous two articles on diamond 
appearance (Hemphill et al., 1998; Reinitz et al., 
2001). Initially, we focused this stage on exploratory 
testing, to compare our computer-modeled predic- 
tions of brightness and fire with observations by 
experienced trade observers of selected actual dia- 
monds. We found that the observers generally 
agreed with each other but, in many cases, not with 
our predictions. We used these findings to create 
and test additional brightness and fire metrics, using 
a broader group of observers and diamonds. 

Extensive observation testing with diamonds 
was needed to: (1) determine how well the original 
and subsequent metric predictions compared to 
actual observations; (2) establish thresholds at 
which differences defined by the model are no 
longer discerned by an experienced observer; (3) see 
the broad range of effects that might be statistically 
significant with a large and varied sample of dia- 
monds; (4) determine what additional factors must 
be considered when assessing diamond cut appear- 
ance and quality; and (5) supply enough data for 
overall preferences to be revealed amid the widely 
varied tastes of the participants. 

Analysis of the observation data did reveal 
which metrics best fit our observation results. It 
also outlined discernible grade categories for our 
metric results by identifying those category distinc- 
tions that were consistently seen by observers. To 
determine what additional factors were not being 
captured by our computer model, we returned to 
the trade and asked individuals their opinions of 
diamonds that were ranked with our new bright- 
ness and fire metrics. Although a majority of these 
diamonds were ranked appropriately when metric 
results were compared to trade observations, many 
were not. By questioning our trade observers, and 
through extensive observations performed by a spe- 
cialized team (the “Overall observation team”), we 
explored additional issues related to face-up appear- 
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ance (sparkle and pattern) and cut quality (design 
and craftsmanship) that proved to be essential when 
assessing a round brilliant’s cut quality. These 
observation tests also supplied data that empha- 
sized the importance of considering personal and 
global preferences when assessing and predicting 
diamond cut appearance and quality. 

Last, we combined the findings of our observa- 
tion testing and trade discussions with the predic- 
tive and assessment capabilities of our brightness 
and fire metrics to develop a comprehensive system 
comprised of all the factors identified in this latest 
phase of research. This became the framework of 
our diamond cut grading system. 


Methods of Observation Testing. Testing for indi- 
vidual and market preferences is called hedonics 
testing (see, e.g., Ohr, 2001; Lawless et al., 2003) and 
is often used in the food sciences. Among the types 
of tests employed are acceptance tests (to determine 
if a product is acceptable on its own), preference 
tests (comparing products, usually two at a time], 
difference tests (to see whether observers perceive 
products as the same or different; that is, which lev- 
els of difference are perceptible), and descriptive 
analysis (in which observers are asked to describe 
perceptions and differences, and to what degree 
products are different). At various times throughout 
our research, we used each of these. 

The observations focused on individual appear- 
ance aspects (such as brightness and fire) as well as 
on the overall cut appearance and quality of pol- 
ished diamonds. The format and goal of each set of 
observation tests were determined by the questions 
we hoped to answer (e.g., Will pairs of diamonds 
ranked in brightness by our brightness metric 
appear in the same order to observers?), as well as 
by the findings of previous observation tests. In this 
way, as our study evolved, we varied the specific 
diamonds used in testing, the environments in 
which the diamonds were viewed, and the ques- 
tions that we asked. 

Our first observation tests for this project were 
performed in February 2001; since then, we have 
collected more than 70,000 observations of almost 
2,300 diamonds, by over 300 individuals. (Approx- 
imately 200 observers were from all levels of the 
diamond trade or consumers, and about 100 were 
from the GIA Gem Laboratory and elsewhere at 
GIA, as described below.} 

The trade press has reported on the use of dia- 
mond observations to test appearance models (e.g., 
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Scandinavian Diamond Nomenclature [SCAN DN] 
in 1967, mentioned by Lenzen, 1983; Nahum Stern 
at the Weitzmann Institute of Science in Israel, 
circa 1978 [“Computer used . . .,” 1978]), although 
to the best of our knowledge no results have been 
published. In addition, we at GIA have used statisti- 
cal graphics in the past to explain observational 
results (see, e.g., Moses et al., 1997). Thus, this work 
is an application (and extension) of previously 
applied techniques. 


Diamonds. We purchased and/or had manufactured 
a set of diamonds of various proportions (some 
rarely seen in the trade}, so that the same set of 
samples would be available for repeated and ongo- 
ing observation tests. These 45 “Research 
Diamonds” made up our core reference set (see 
table 1). Some data on 28 of these diamonds were 
provided by Reinitz et al. (2001). 

In our computer model, assumptions were made 
about color (D), clarity (Flawless), fluorescence (none), 
girdle condition (faceted), and the like. We recognized 
that actual diamonds seen in the trade would differ 
from their virtual counterparts in ways that would 
make the model less applicable. Therefore, to expand 
our sample universe, we augmented the core refer- 
ence set with almost 2,300 additional diamonds 
(summarized in table 2) temporarily made available 
by the GIA Gem Laboratory. These diamonds provid- 
ed a wide range of weights, colors, clarities, and other 
quality and cut characteristics. All of these diamonds 
were graded by the GIA Gem Laboratory and mea- 
sured using Sarin optical measuring devices. In addi- 
tion, we developed new methods for measuring criti- 
cal parameters that previously had not been captured 
(for a description of the proportion parameters mea- 
sured and considered, see figure 2). 


Observers. Experienced diamond manufacturers and 
brokers make purchasing and cutting decisions 
based on aesthetic and economic considerations. To 
begin the verification process for our brightness and 
fire metrics, we watched these individuals as they 
examined some of our Research Diamonds, both in 
the environments where they usually make their 
daily decisions about diamond cut and appearance, 
and in a variety of controlled environments (detailed 
below}. In general, we asked them what we thought 
were straightforward questions: “Which of these dia- 
monds do you think is the brightest, the most fiery, 
and/or the most attractive overall? What differences 
do you see that help you make these decisions?” 
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TABLE 1. Properties of the core sample group of 45 Research Diamonds.* 


Crown Crown Pavilion Table — Total Star Lower 
RD Weight angle height angle size depth length — girdle Girdle Girdle  Culet Fluores- 
no. (ct) (°) %) (°) (%) (%) (%) length(%) thickness condition size Clarity Color cence — Polish += Symmetry 
01 «(0.61 34.3 15.5 40.6 54 61.2 53.8 81 Thin to Faceted None VS, E one Very Very 
medium good good 
02 «0.64 =33.0 ~=—-13.0 41.6 59 61.5 55 1 Slightly thick Faceted Very small Sl, E Faint Very Good 
to thick good 
03. (0.55 32.0 115 41.0 63 58.6 60 80 ediumto Faceted None VS, H one Good Good 
slightly thick 
04 0.70 360 15.5 42.0 58 65.4 55 80 Slightly thick Faceted one VVS, E one Good Very 
to thick good 
05 066 240 9.5 42.4 57 58.5 55 85 ediumto Faceted None VS, F one Very Good 
slightly thick good 
OG 00!59 23:0 9:5 42.0 56 52 60 80 ediumto Faceted one VVS, F Faint Very Very 
slightly thick good good 
O07 0.76 365 17.5 41.4 53 64.1 95 90 Thin to Faceted one Sl, F one Very Very 
medium good good 
08 0.50 335 14.0 41.2 57 61.1 DO) 85 Medium Faceted one VVS, H one Very Very 
good good 
09 0.66 235 10.0 42.2 55 59.4 60 15 ediumto Faceted one IF F one Very Good 
slightly thick good 
10 068 345 160 41.0 54 62.1 55 it Very thin Faceted one VS, G one Very Good 
to medium good 
1071 «370 16.0 422 58 64.9 45 85 ediumto —Bruted one VS, D one Good Very 
slightly thick good 
12.071 350 15.0 41.0 57 62.6 55 15 ediumto Faceted None SI, F one Good Very 
slightly thick good 
13° 0.59 «6335 = 16.0 41.2 52 61.9 60 80 Thin to Faceted None VVS, E one Very Good 
slightly thick good 
14° O71 345 140 42.0 59 62.4 60 80 Verythinto Faceted None SI, G one Good Good 
slightly thick 
15 0.67 255 10.0 408 59 55.6 55 15 Medium Faceted None VS, H one Good Good 
IG: © ONC SN) 5} 40.6 53 61.2 50 75 Thin to Faceted Very small VS, G one Good Very 
medium good 
(Vee O3(5 eee 26:0 0:0 38.6 59 Deh 50 Ths) Thin to Faceted one VS, F one Very Very 
medium good good 
18 062 290 110 41.4 61 57.8 45 Ths) Mediumto Faceted one VS, H one Very Very 
slightly thick good good 
19 072 290 10.5 39.6 62 54.5 50 Ths) Medium Faceted one VS, H one Very Very 
good good 
PN) (Oey YAS ISH) 40.8 61 59.6 55 80 Medium Faceted one VVS, | Strong Very Very 
blue good good 
21 0.82 355 15.5 41.2 58 62.3 55 75 Thin to Faceted one VVS, | Strong Very Good 
medium blue good 
22 «(0.81 35.5 16.5 39.4 54 60.6 55 ths) Thin Faceted one VS, K None Very Very 
good good 
23. 0.72 365 170 40.6 54 63.7 59 80 Medium Faceted None VVS, | None Very Good 
good 


4 Research Diamonds RDO1—RD27 and RD29 were previously reported in Reinitz et al. (2001); variations in proportion values from that article are the 
result of recutting, measuring device tolerances, and/or the application of rounding. Verbal descriptions are used here for girdle thickness and culet 


Interactions with trade observers were used in 
two ways. First, they provided an initial direction for 
this stage of our research project, reinforcing which 
aspects of cut quality needed to be considered in addi- 
tion to brightness and fire. Subsequently, they served 
as guidance; throughout our research, we returned to 
trade observers to compare against the findings we 
received from our internal laboratory teams. 
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A summary of our observers (including number 
and type) is given in table 3. Our core trade 
observers (“Manufacturers and Dealers” and “Re- 
tailers” in table 3) are experienced individuals from 
around the world who routinely make judgments 
on which their livelihoods depend about the quali- 
ty of diamond manufacture. Many of these men 
and women have decades of experience in the dia- 
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Crown Crown Pavilion Table — Total Star Lower 
RD Weight angle height angle size depth length — girdle Girdle Girdle  Culet Fluores- 
no. (ct) (°) %) (°) (%) (%) (%) length(%) thickness condition size Clarity Color © cence = Polish_~= Symmetry 
24 0.58 355 125 39.0 66 56.3 60 15 Thin to Faceted None VVS, H one Very Good 
medium good 
25 0.82 40.0 130 420 69 60.2 59 19 Thin to Faceted None VVS, 4H one Good Very 
medium good 
26 «60.89 §=638.0 ~=—-:15.0 42.0 61 63.3 55 70 Medium Faceted one VS, | one Very Very 
good good 
27 (0.44 = 11.0 ~—- 15.0 50.8 64 67.8 50 75 Thin to Faceted one VS, G Strong Very Good 
medium blue good 
28° n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
PS) (WG) Ss) 60 = 62.9 50 15 Thin to Bruted Small — Sl P Faint Excellent Excellent 
nedium 
30 064 345 155 40.8 55 60.9 50 15 Medium Bruted one IF | one Very Excellent 
good 
31. 041 270 115 40.4 57 58.8 50 75 Slightly thick Faceted Very small VS, E one Very Good 
to thick good 
32. 0.64 350 165 41.0 53 60.5 45 60 Mediumto Faceted Slightly VS, H edium Very Good 
thick arge blue good 
33 0.64 = 37.0 16.5 44.0 56 68.0 55 70 Thin to Faceted one = VS, H one Very Very 
medium good good 
34. 049 415 19.5 40.4 56 70.7 55 80 Very thick Faceted one VS, H one Very Good 
good 
35. (0.44 «631.0 = 9.0 43.2 70 = 58.4 65 80 Thin to Bruted one VS, D one Good Good 
medium 
36 0.65 370 165 43.4 5767.9 55 15 Mediumto Faceted None VS, H one Excellent Very 
thick good 
By SS) 6 SS 40.2 70 56.9 60 80 Slightly thick  Bruted one = VS, F one Good Good 
to thick 
toy (OLY) © SYA0) aKa a) 41.6 57 69.1 60 85 Very thick Faceted one VS, H one Very Good 
good 
pe) (0A) © a) AL 57 74.0 55 80 Extremely thick Faceted None SI, F edium Good Good 
blue 
40 0.70 385 145 41.0 63 69.3 60 80 Very thickto Faceted one Sl, G one Good Good 
extremely thick 
4 071 370 170 40.2 55 67.3 55 85 Very thick Faceted None VS, H edium Good Good 
blue 
42 071 370 170 41.4 54 68.3 55 80 Thick Faceted None VS, G one Good Very 
good 
43 050 385 175 418 5771.5 55 80 Thicktovery Faceted None VVS, G one Good Good 
thick 
44 0.70 380 165 41.4 5768.1 55 80 Mediumto Faceted None VVS, | Faint Good Good 
very thick 
45 062 370 145 452 62 69.3 60 85 Medium to — Bruted one VS, F one Good Good 
very thick 
46 054 370 145 37.2 62 54.5 60 85 Extremely thin Bruted one SI, F one Excellent Good 


to thick 


size, as they are reported by the GIA Gem Laboratory. Listed properties were determined by the GIA Gem Laboratory. 
® Not included in sample set for this research because it is a modified round brilliant. 


mond trade, and most of them routinely handle 
thousands of polished diamonds per week. (Because 
retailers typically sell diamonds in different envi- 
ronments from those in which manufacturers and 
dealers evaluate them [see below], we generally 
analyzed their observations separately.) The results 
of these trade observations were used to define our 
initial quality ranges for brightness, fire, and overall 
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face-up appearance, as well as to provide useful 
information on other essential aspects of diamond 
cut quality. 

To expand our population of experienced dia- 
mond observers, we also established several teams 
of individuals from the GIA Gem Laboratory to 
carry out the numerous observations that we con- 
ducted. We developed a team of “Brightness 
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Book Review 


The Gemmologists’ Compendium, by 
Robert Webster, P.G.A., 2nd Edition, 
241 pages, 20 plates (10 in color), 1947. 
N.A.G. Press Limited, London. (Henry 
Paulson and Co., Chicago.) Price $4.00. 

This new book is a revision of the 
Gemmologists’ Pocket Compendium, pub- 
lished by the same author in 1937. The 
word pocket has been dropped from the 
title of the new edition because of its 
increased size (414 x 7 inches). 

The book is divided into two parts. 
Part One is a glossary of names and 
terms used in gemology, and consists of 
concise definitions of approximately 1300 
entries. Part One makes up about one 
half of the book (116 pages). 

Part Two is a collection of tables and 
other data pertaining to gem materials. 
The subjects covered are numerous and 
varied, as is shown by the following 
partial list: the crystal systems, gem- 
stones listed in order of hardness, tables 
of specific gravities, methods of deter- 
mining refractive index, tables of optical 
properties of gems, absorption spectra of 
gems, gems listed according to color, 
transparency of gems to X-rays, fluores- 
cent color of gems, data on synthetic 
and manufactured gems, artificial color- 
ing of gemstones, plastics, types of gem 
cutting, list showing principal sources of 
gemstones, tables for blowpipe analysis, 
and microchemical tests, table of atomic 
weights, periodic table of the elements, 
acid tests for precious metals, price cal- 
culation of gemstones and pearls, tem- 
perature conversion table, tables of den- 
sity of water and toluene, table of logar- 
“ithms, and the Greek alphabet. 

Although Webster's “Gemmologists’ 
Compenditiun” is no longer a pocket size 


book, it is interesting to compare it with 
the 2nd edition of Shipley’s “Jewelers 
Pocket Reference Book” (Gemological 
Institute of America, Los Angeles, Cali- 
fornia, 1947). There is much material 
common to the two books, especially 
many of the tables on properties of gem- 
stones, and much of the material in their 
respective glossaries. They differ widely 
in other respects, however. Shipley has 
included material of value to a retail 
jeweler, such as silverware patterns, em- 
blems for fraternal and civic groups, 
styles of clocks, etc. Webster has de- 
signed his book to be of maximum value 
to the advanced. gemologist who needs 
information to enable him to learn about, 
or be able to identify, every conceivable 
type of gem material. 


The “Gemmologists’ Compendium” is 
printed on good quality paper and at- 
tractively bound. The illustrations, es- 
pecially the color plates, are excellent. 
Mr. Webster has done a fine job in 
producing a reference book that should 
be on the book shelf of every gemologist, 
especially those advanced students who 
want a source of information about the 
unusual and little known gem materials. 


—GEoRGE Switzer, PH.D, 


Correction... 


In the last issue of this magazine the 
price of the new Grms AND GEM 
MINERALS was erroneously reported as 
$5.50. Price of this fifth edition by 
Edward H. Kraus and Chester B. Slaw- 
son, published by McGraw-Hill, sells for 
$4.00. 


SPRING, 1948 
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observers” who saw the same differences in bright- 
ness (within a five-diamond set of our Research 
Diamonds, RDO1-RD05; again, see table 1) as our 
trade observers did in a comparable environment. 
We assembled a different group of specialized indi- 
viduals to serve as our “Fire observers.” Last, we 
assembled a team of six individuals from the GIA 
Gem Laboratory (our Overall observation team) 
who combined had more than 100 years of experi- 
ence viewing diamonds. This team, whose mem- 


TABLE 2. Ranges of properties and proportions for 2,298 
other diamonds used for verification testing.* 


Parameter 


No. of diamonds 
Weight range 
Clarity 

Color 
Fluorescence 
intensity 
Fluorescence 
color 

Table size 
Crown angle 
Pavilion angle 


Lower-girdle 
facet length 


Star facet length 
Depth percent 
Crown height 
Polish 
Symmetry 

Culet size 

Girdle thickness 


Girdle condition 


Total no. observa- 
tions per diamond 
Brightness 
observations 

per diamond 

Fire observations 
per diamond 
Overall appearance 
observations per 
diamond 


Brightness and fire 
verification diamonds 


688 

0.20-1.04 ct 
Internally flawless—I, 
D-Z 

None to very strong 


Blue 


52-72% 
23.0-42.5° 
37.6-45.6° 
60-95% 


40-70% 
51.5-71.2 
7.0-20.0% 
Excellent to fair 
Excellent to fair 
None to very large 


Very thin to extremely 
thick 


Faceted, polished, 
bruted 


9-29 


3-11 


Overall Verification 
Diamonds (OVDs) 


1,610 

0.25-14.01 ct 
Internally flawless—I, 
D-Z 

None to very strong? 


Blue, white, yellow> 


46-74% 
22.5-42.0° 
37.2-44.0° 
55-95% 


35-70% 
52.8-72.0 
6.5-19.5% 
Excellent to fair 
Excellent to fair 
None to very large 


Very thin to extremely 
thick 


Faceted, polished, 
bruted 
3-15 


0°-3 


o°-4 


3-8 


% 


table. 


See figure 2 for a description of diamond proportions mentioned in this 


© We saw only an extremely small number of fluorescent diamonds in the 


very strong range, or in white or yellow; we found the effects of these par- 
ticular qualities to be insignificant for the diamonds observed. 

© Brightness and/or fire observations were not conducted for some of the 
Overall Verification Diamonds. 
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bers did not participate in any of the other teams, 
conducted several sets of tests that focused on 
judging diamonds for their overall cut appearance 
and quality. The GIA Gem Laboratory observers 
were asked to examine larger populations of select- 
ed diamonds and to answer the same kinds of 
questions as those posed to the trade observers. 
Early testing showed that the responses of the lab 
groups were consistent with those of the trade 
observers. 

Two other groups who took part in observations 
were less experienced GIA personnel and con- 
sumers. In this way, we met our goal of considering 
observations from people at all levels of the diamond 
trade, as well as consumers. 


Viewing Environments. To discover how individ- 
uals in the trade normally evaluate diamonds on 
a day-to-day basis, we asked them detailed ques- 
tions about their working environments, and we 
observed them while they assessed diamonds in 
these environments. This revealed their everyday 
observation practices such as colors of clothing, 
colors of the backgrounds on which they viewed 
diamonds, light intensity, lighting and viewing 
geometry, light-source specification, and how 
they held and moved diamonds when viewing 
them. 

Our observers examined diamonds in a number 
of different environments, some variable and some 
controlled, including: 


e Their own offices and workplaces (using desktop 
fluorescent lamps) 


e A conference room at the GIA offices in New 
York (using similar desk lamps and/or the view- 
ing boxes described below) 


¢ Retail showrooms (usually consisting of a mix of 
fluorescent and spot lighting) 


e “Retail-equivalent” environments at GIA in 
Carlsbad and New York, set up according to rec- 
ommendations by a halogen light-fixture manu- 
facturer (Solux) 


e Standardized color-grading boxes, including two 
commercially available boxes (the Graphic 
Technology Inc. “Executive Show-Off” Model 
PVS/M—the “GTI” environment—and the 
Macbeth Judge II Viewing Booth, both with day- 
light-equivalent D65 fluorescent lamps} 
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Figure 2. A round brilliant cut diamond can be described using eight proportion parameters: table size, crown 


angle, pavilion angle, star facet length, lower-girdle facet length, girdle thickness, culet size, and number of girdle 
facets. Other parameters (e.g., crown height) can be calculated from these eight. (A) All linear distances in this pro- 


file view can be described as a percentage of the girdle diameter, although at the GIA Gem Laboratory girdle 


thickness and culet size are described verbally based on a visual assessment. (B) In this face-up view of the crown, 


the star facet length is shown at 50%, so that the star facets extend half the distance from the table to the girdle 


(indicated here by 0-1). (C) In this table-down view of the pavilion, the lower-girdle facet length is shown at 75%, 


so that the lower-girdle facets extend three-fourths of the distance from the girdle to the culet center (0-1). 


Adapted from Reinitz et al. (2001). 


e At least three versions of a standardized viewing The same diamond can look quite different 
box of our own design (the common viewing depending on the type and position of lighting that 
environment, or “CVE”} is used (figure 3). On the one hand, for cutting dia- 

monds and for evaluating brightness and the quality 

e A variety of patterned hemisphere environments of diamond cutting in general, most manufacturers 
(to imitate computer-modeled environments) use overhead fluorescent lights and/or desk lamps 


TABLE 3. Summary of observers and types of observations. 


Trade observers GIA Gem Laboratory observers® 

Observation Manufacturers ‘ Brightness — Fire ieee Additional GIA 

Retailers? observation . Consumers? Total 
group and dealers team team fea personnel 
No. of 
individuals 37 159 7 6 6 141 28 384 
Types of Brightness, fire, Brightness, fire, | Brightness Fire Overall Brightness, fire, Brightness, fire, 
observations overall overall overall overall 
4 Includes sectors of the trade that work with the public, such as appraisers. 
» Each of these three teams was composed of members who were not part of other teams. 
° Includes individuals from the Research department, the GIA Gem Laboratory, and GIA Education. 
Includes non-gemological individuals from trade shows and GIA. 
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Figure 3. A diamond looks different in different lighting and viewing environments. In these images, the same 
diamond was photographed in diffused lighting (left), mixed lighting (center), and spot lighting only (right). 


Photos by A. Gilbertson. 


with daylight-equivalent fluorescent bulbs; dealers 
and brokers generally use similar desk lamps in 
their offices (figure 4). However, this type of diffuse 
lighting suppresses the appearance of fire (again, see 
figure 3). On the other hand, retail environments 
generally provide spot, or point source, lighting 
(usually with some overall diffuse lighting as well), 
which accentuates fire (figure 5). 

Therefore, when we wanted solely to study the 
effects of brightness, we used dealer-equivalent 


Figure 4. Diamond manufacturers and dealers typically 
view and assess diamond appearance and cut quality 
in offices with fluorescent desk lamps. Objects in the 
room, including the observer, can block or affect light 

shining on the crown of a polished diamond. 
Photo by A. Gilbertson. 


a. | 


210 GRADING OVERALL CUT QUALITY 


lighting, which consisted of daylight-equivalent 
fluorescent lights mounted in fairly deep, neutral- 
gray viewing boxes (e.g., the Macbeth Judge II, as is 
used for color grading colored diamonds; see King 
et al., 1994). Similarly, when we wanted to study 
only the effects of fire, we used our retail-equiva- 
lent lighting, which consisted of a series of three 
halogen lamps mounted 18 inches (about 46 cm) 
apart and six feet (1.8 m) from the surface of the 
work table, in a room with neutral gray walls that 
also had overhead fluorescent light fixtures. 

For observation of overall cut appearance, we 
developed a GIA “common viewing environment” 
(CVE [patent pending]), a neutral gray box (shal- 
lower than the Macbeth Judge II or GTI environ- 
ment) with a combination of daylight-equivalent 
fluorescent lamps and overhead white LEDs (light- 
emitting diodes; figure 6). We established the opti- 
mum intensity of the fluorescent lamps by observ- 
ing when a set of reference diamonds showed the 
same relative amounts of brightness as they 
showed in the dealer-equivalent lighting. The 
intensity of the LEDs was determined by identify- 
ing a level at which fire was visible in diamonds 
but the relative amounts of brightness were still 
easy to observe accurately. In this way, we were 
able to observe brightness and fire in a single view- 
ing environment that preserved the general quali- 
ties of both dealer and retail lighting. 

We also investigated the effects of background 
color (that is, the color in front of which diamonds 
were observed). Our computer models for bright- 
ness and fire assumed a black background; yet we 
found that most people in the diamond trade use 
white backgrounds of various types (often a folded 
white business card) to assess diamond appearance. 
Our observation teams assessed diamonds for 
brightness and fire on black, white, and gray trays 
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to determine if tray color affected brightness and 
fire results. Additionally, the members of our 
Overall observation team observed diamonds on 
various color trays to determine their effect on 
overall cut appearance. 

For the Brightness and Fire teams, additional 
viewing devices were sometimes employed, espe- 
cially in the early stages of investigation. To test 
our axially symmetric (that is, hemisphere-like) 
brightness metrics, we built patterned hemispheres 
(figure 7; also, see table 1 in the Gems & Gemology 
Data Depository at www.gia.edu/gemsandgemology] 
of various sizes (6, 12, and 16 inches—about 15, 30, 
and 41 cm—in diameter) in which the diamonds 
were placed while observers evaluated their rela- 
tive brightness. The results of these hemisphere 
observations were also compared to results from 
the more typical trade environments discussed 
above (table 4, “Brightness: verification,” see also 
box A). To be rigorous in our investigation, we 
examined a wider range of hemispheres than we 
believed were necessary solely to test our bright- 
ness metrics. In addition, we constructed a “fire 
training station,” an environment consisting of a 
light source and a long tube (figure 8) that enabled 
Fire team observers to grow accustomed to seeing 
finer distinctions of dispersed colors in diamonds, 
and to distinguish among diamonds with different 
amounts of fire. Once they were comfortable with 
the fire training station, observers made evalua- 
tions of fire in our retail-equivalent lighting 
(described above) and, eventually, in our CVE (table 
4, “Fire: verification”). 
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Figure 5. Retail environ- 
ments for diamonds typ- 
ically use a combination 
of spot lighting and dif- 
fused or fluorescent 
lighting. Photo courtesy 
of Dale’s Jewelry, Idaho 
Falls, Idaho; © Instore. 


Figure 6. The GIA common viewing environment 
(CVE) allows individuals to observe the brightness, 
fire, and overall cut appearance of a polished dia- 
mond. This CVE contains daylight-equivalent fluo- 
rescent lighting (to best display brightness) com- 
bined with the spot lighting of LEDs (to best dis- 
play fire) in a neutral gray environment. Photo by 
Maha Tannous. 
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Early Observation Testing: Brightness and Fire. 
Our Brightness team examined a set of five 
Research Diamonds, RDO1-RD05 (see table 1), for 
brightness differences in the dome environments 
described above. We confirmed that the predictions 
of a specific brightness metric (the relative bright- 
ness order of the five diamonds) matched the obser- 
vations of the Brightness team in the environment 
for that metric. We then used relative observations 
of 990 pairs of Research Diamonds (our core refer- 
ence set; see table 1 and box A) in dealer-equivalent 
lighting to select the appropriate brightness metric; 
that is, we adjusted the modeling conditions (e.g., 
lighting conditions or viewing geometry) of our 
brightness metrics until we found one that predict- 
ed brightness ranking in the same order as the 
observation results. 

Next, we trained the Fire team to see relative 
amounts of fire consistently and asked them to 
compare the same 990 pairs of diamonds in a retail- 
equivalent environment that emphasized this 
appearance aspect. Then, as we did with the bright- 
ness metric, we varied the modeling conditions (in 
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Figure 7. Shown here is a 
small assortment of the 
“patterned” hemi- 
spheres used in the test- 
ing of the brightness 
metrics. Inset: Using a 
hemisphere to observe 
diamonds. Photos by A. 
Gilbertson. 


this case, the threshold levels of discernment) of the 
Reinitz et al. (2001) fire metric to get the best fit 
with these observations in this environment. 

As part of this early testing process, we also 
chose almost 700 diamonds with varying quality 
characteristics (i.e., with a wide range of clarity, 
color, symmetry, polish, fluorescence, etc.) and had 
both our Brightness and Fire teams observe them for 
brightness and fire in the dealer- and retail-equiva- 
lent environments. We compared these observations 
to brightness and fire metric results to determine 
whether any of these characteristics significantly 
affected the correlation between observation results 
and metric results. 


Later Observation Testing: Overall Cut Appearance 
and Quality. We used several methodologies for 
observation testing of overall cut appearance and 
quality. One method was to ask observers to look at 
five diamonds at a time and rank them from bright- 
est, most fiery, and/or best looking to least bright, 
least fiery, and/or worst looking (we also did this 
using three diamonds at a time). We conducted later 
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comparisons in a “binary” fashion (that is, compar- 
ing two diamonds at a time from a set, until each 
diamond had been compared to every other dia- 
mond in the set). We also conducted observations in 
which diamonds were compared against a small 
suite of Research Diamonds chosen from the core 
reference set. A fourth methodology consisted of 
asking observers to examine larger sets (10 to 24 
diamonds) and order them by overall appearance 
into as many groups as they wished (for a summary 
of all observation tests, again see table 4). 

In early sessions, participants were asked to 
observe diamonds face-up, without a loupe, while 
the diamonds were in the observation tray. 
However, we did not restrict their ability to move 
or tilt the diamonds, and in most cases participants 


TABLE 4. Summary of observation tests. 


tilted or “rocked” them during their examination. 
Later, when we conducted observations on overall 
cut quality (as opposed to just face-up appearance}, 
we allowed participants to examine the profiles of 
the diamonds (using a loupe and tweezers) after 
they had provided their first impressions of the dia- 
monds. This process further helped us recognize the 
importance of craftsmanship and other factors in 
the assessment of overall cut quality. 

In all of these observations, participants were 
asked to rate diamonds based solely on face-up 
appearance or on each diamond's overall cut quali- 
ty. Participants were also asked to detail the reasons 
for their decisions (e.g., localized darkness in the 
face-up appearance or girdles that were “too thick”). 
These responses along with the participants’ rank- 


Type of Viewing Type of Diamond Comparison Total no. of 
observation environment@ observer® samples used° method? observations 
Brightness Manufacturer-equivalent, M&D, GIA personnel, —RDO1—RD46 Binary, 3x rank, 9,996 
retail-equivalent, Judge consumers, B-team 5x rank 
Brightness: GTI and CVE GIA personnel and Diamonds borrowed Binary with comparison 11,418 
metric verification B-team from other sources® “master” diamonds 
Brightness: Various domes GIA personnel and RDO1—RD46 Binary, 3x rank, 17,843 
metric verification B-team 5x rank 
Brightness: GTI, Judge B-team Set 1 Binary 280 
environment 
consistency 
Fire Manufacturer-equivalent, | GIA personnel, RDO1-—RD46 Binary, 5x rank 688 
retail-equivalent B-team, M&D 
Fire: metric Retail-equivalent and F-team Diamonds borrowed Binary with comparison 11,992 
verification CVE from other sources® “master” diamonds 
Scintillation Retail-equivalent GIA personnel, Set 1, set 2, diamonds 5x rank 2,122 
B-team, F-team borrowed from other 
sources? 
Overal Retail-equivalent and GIA personnel, RDO1-—RD46 5x rank, Good/Fair/ 3,608 
CVE B-team, F-team, Poor rank; dividing 
retailers, consumers diamonds into groups 
Overall: metric CVE Overall observation Diamonds borrowed Binary with comparison 3,549 
verification team from other sources® “master” diamonds 
Overall: environment CVE with and without Overall observation RDO1-—RD46 Binary with comparison 396 
consistency multiple light sources team “master” diamonds 
Brightness, fire, Retailer environments Retailers Set 1, set 2 5x rank 1,370 
scintillation, and 
overall 
Overall verification CVE F-team, B-team, Diamonds borrowed Binary with comparison 7,580 


(brightness, fire, 
overall) observations 


Overall observation 
team 


from other sources® “master” diamonds 


@ As described in the Materials and Methods section: GTI = Graphic Technology Inc. “Executive Show-Off’ Model PVS/M; Judge = Macbeth Juage I! 
Viewing Booth; CVE = the GIA common viewing environment. 
» Observers are listed as B-team (Brightness team), F-team (Fire team), and M&D (Manufacturers and Dealers). See Materials and Methods section and 
table 3 for a description of these teams. 
© Set 1 consisted of RDO1, RDO2, RDO3, RDO4, and RDO5; set 2 consisted of RDO8, RD11, RD12, RD13, and RD14. See table 1 for properties. 
2 Comparison methods used were binary rank (two diamonds side-by-side), 3x rank (three diamonds side-by-side), and 5x rank (five diamonds 

side-by-side). “Master” diamonds were chosen from the Research Diamonds. 


® Summarized in table 2. 
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ings were then used to develop a methodology for 
accurately predicting a diamond’s overall cut 
appearance and quality. 


Computer Modeling and Calculations. Our compu- 
tational methods for the modeling of brightness and 
fire were essentially the same as those given in our 
two previous papers (Hemphill et al., 1998; Reinitz 
et al., 2001). Although our modeling software is 
custom and proprietary, it can be used on any com- 
puter that can run programs written in the C lan- 
guage; to calculate the metric results for almost one 
million proportion combinations, we ran them on 
sixteen 500 MHz Pentium III processors (later 
updated to sixteen 2.5 GHz Pentium IV processors) 
and two 2.4 GHz Pentium IV processors. 


Metrics. We generated more than 75 different, yet 
related, brightness and fire metrics to compare 
with our ongoing observations (see table 2 in 


the Gems &# Gemology Data Depository at 
www.gia.edu/gemsandgemology). To define an 
appearance metric, assumptions must be made 
about the modeled diamond, the modeled observer 
(position and angular spread of observation), the 
modeled environment (including illumination), and 
the property being quantified. 

In the metrics for this work (compared to those 
presented in our two previous Ge#G articles), we 
varied: 


e The position of the observer and the angular spread 
of observation for brightness. 

¢ The distribution of dark and light in the environ- 
ment for brightness. 

e The absence or presence of front-surface reflec- 
tions (specular reflection, or “glare”) for brightness. 

¢ The visual threshold for fire. (This was an explic- 


itly variable factor in our fire metric; again, see 
Reinitz et al., 2001.) 


Box A: STATISTICAL EVALUATION OF BRIGHTNESS AND FIRE METRICS 


We collected relative brightness and fire observations 
on diamonds in many environments, and we exam- 
ined a number of possible brightness and fire metrics. 
To compare metric values with observation results, 
we had to convert both into rank orders. 

Members of the Brightness and Fire teams com- 
pared each of the Research Diamonds to each other 
in pairs for brightness or fire, respectively; this gave 
990 binary comparisons under each condition. As is 
typical with observation data, not all observers 
agreed on every result (although some results were 
unanimous). This makes sense if the relative ranking 
of two diamonds is not considered simply as a mea- 
surement, but as a measurement with some accom- 
panying uncertainty; that is, a distribution of values. 
(For example, 4 is always a larger number than 3 
which is a larger number than 2; but a number mea- 
sured as 3 + 1.2 could in fact be greater than 4 or less 
than 2.) We therefore assumed that the observed 
brightness (or fire) rank for each diamond could be 
represented by a probability distribution, and then 
found the relative order that maximized the probabil- 
ity of obtaining the observational data we had. 

Sometimes, the data showed that all observers 
saw one diamond to be better (or worse) than all the 
others. In such a case, all the pair-wise comparisons to 
that diamond were set aside from the rest of the data 
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set; this process was repeated, if necessary, to deter- 
mine the relative order of the remaining diamonds, 
from which overall rankings could then be made. 

For both observed ranks (described above) and 
metric ranks (based on their metric values), we used 
scaled rank orders (i-e., the orders did not have to be 
an integer value, but the highest-ranking diamond 
came in first, and the lowest-ranking diamond came 
in 45th). 

The scaled-rank data sets were compared using 
the Pearson Product Moment Correlation. This 
method produces the “r”-value seen in linear correla- 
tions (see, e.g., Kiess, 1996; Lane, 2003). The metric 
with the highest r-value to the observed data was 
selected as the best fitting metric. 

We then used Cronbach’s alpha (see, e.g., 
Cronbach, 1951; Nunnally, 1994; Yu, 1998, 2001) to 
test the reliability of the metric predictions relative 
to our observers. Cronbach alpha values range 
between 0 and 1, with near-zero values representing 
noncorrelated sets of data. Values of 0.70 and higher 
are considered acceptable correlations for reliability. 
More importantly, if results from a predictive system 
are added to a dataset as an additional observer and 
the alpha coefficient remains about the same, then 
that system is strongly correlated to (i.e., is equally 
reliable as) the observers. 


GEMS & GEMOLOGY FALL 2004 


As before, the proportions of the modeled dia- 
monds were the input parameters that determined 
the metric values, so the proportion sets could vary 
without changing the fundamental nature of the 
metrics. Also as in our earlier articles, the comput- 
er-modeled diamonds were colorless, nonfluores- 
cent, inclusion-free, and perfectly polished. 
Although at first we assumed the diamonds were 
completely symmetrical, later we measured all the 
facets on certain diamonds to input their exact 
shapes into metric calculations. 

Comparison of the observation results with the 
metrics proved to be quite challenging, and details 
of some of the statistical methods we used are given 
in box A. These tools enabled us to decide which of 
our metrics were the most appropriate to predict 
levels of brightness and fire (i.e., the calculated 
appearance values that best matched results from 
observers looking at actual diamonds in realistic 
environments). 

Our new metrics were based on the previously 
published WLR and DCLR metrics and then further 
developed by varying observer and environmental 
conditions, and the effect of glare, until we found 
sets of conditions that best fit the observation data 
in dealer- and retail-equivalent environments. The 
Hemphill et al. (1998) WLR (weighted light return) 
metric for brilliance and the Reinitz et al. (2001) 
DCLR (dispersed colored light return) metric for fire 
both assume a distributed observer who is posi- 
tioned over the entire hemisphere, above the dia- 
mond, infinitely far away. The weighting for each 
possible angle of observation is determined by an 
angular relationship to the zenith of the hemi- 
sphere. (The zenith, looking straight down on the 
table of the diamond, is weighted the strongest in 
the final result; this is like someone who rocks the 
diamond, but allows the table-up view to create the 
strongest impression.} 

To obtain stronger correlations with our dia- 
mond observation results, this time we also mod- 
eled a localized observer. This virtual observer only 
detected light from the diamond from a face-up 
position and within a narrow—2° angular spread— 
area (like a person who looks at a diamond from a 
mostly fixed position and from a reasonably close 
distance, in this case about 14-20 inches—roughly 
35-50 cm—as we noted in most trade observations). 
Although the published WLR observer did not 
detect light reflected directly from the upper sur- 
faces (that is, glare, or luster), for this work we con- 
sidered brightness metrics both with and without 
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Figure 8. This configuration was used to train ob- 
servers to see differences in fire in polished diamonds. 
Inset: In this schematic diagram, spot incandescent 
lighting from above is blocked and channeled into a 
long tube that shines a narrow beam of directed light 
onto a polished diamond. Photo by A. Gilbertson. 


glare. As for previous metrics, we assumed our 
observer had normal color vision. 

Another factor to consider when modeling an 
observer for fire is the visual threshold at which an 
individual can readily detect colored light. In our 
previous research (Reinitz et al., 2001), we deter- 
mined visual thresholds by using a hemisphere on 
which chromatic flares from the crown of a pol- 
ished diamond were reflected. With this hemi- 
sphere, we concluded that about 3,000 levels of 
intensity of the colored light could be observed. In 
the course of our observation tests for fire 
discernment, we found that an individual could 
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observe more levels of intensity with this hemi- 
sphere than when observing fire directly from the 
crown of a polished diamond. Thus, for the present 
work we varied this threshold in our metric until 
we found the best fit with observation results. 

The environment for the WLR metric was 
assumed to be a hemisphere of uniform (that is, 
fully diffused) illumination above the diamond’s 
girdle (everything below the diamond’s girdle is 
dark). By contrast, for the present work we were 
trying to model environments and lighting condi- 
tions used in the trade to buy or sell diamonds. 
Real-life environments for observing brightness are 
considerably more complicated. For example, light 
around a diamond often is disrupted by objects in 
the room, and much of the light directly over a dia- 
mond’s table is reflected off the observer (again, see 
figure 4). We modeled hemispheres with various 
patterns of light and dark (again, see figure 7) until 
we found a modeled environment that closely cor- 
related with the brightness results from typical 
trade environments. 

The environment for the DCLR metric was a 
uniformly dark hemisphere (again, above the dia- 
mond’s girdle, with all space below the girdle plane 
also dark) with parallel rays of illumination coming 
from a point light source, centered over the table. 
This is a reasonable approximation of a single spot 
light (for an observer who is not blocking the light 
source, and who is rocking the diamond a lot) or of 
many, arbitrarily placed spot lights, including one 
above the diamond, for an observer who rocks the 
diamond only a little. For our current research, we 


TABLE 5. Comparison of old and new model conditions 
for calculating brightness and fire. 


Modeled Modeled Other 
Property Metric observer environment factors 
Brightness Old Spread over 180° White hemi- No glare 
above diamond _ sphere 
and “weighted” 
New Localized 3° Dark circle Glare 
angular spread — with radius included 
of 23° around 
zenith 
Fire Old Spread over 180° Dark Large 
above diamond hemisphere hreshold— 
and “weighted” 3,000 bright- 
ness levels 
New Spread over 180° Dark hemi- Small 
above diamond _ sphere hreshold— 
and “weighted” 18 bright- 
ness levels 
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adjusted the visual discernment thresholds within 
the metric to improve correlation with actual obser- 
vations of fire in retail-equivalent lighting and view- 
ing environments. This change in metric thresholds 
was the only one needed to create a new fire metric 
that correlated well with fire observations. 

Finally, the property being quantified by WLR 
(and our new brightness metric, discussed below) 
was the total amount of white light returned to the 
observer from the crown of the diamond (in the case 
of the new brightness metric, this includes glare), 
for DCLR, it was the amount of dispersed colored 
light (i.e., fire) returned to the observer (see table 5 
for a summary of these model conditions). 


Calculations Derived from Standard Proportion 
Parameters. From the eight proportion parameters 
describing a perfectly symmetrical round brilliant 
cut diamond with a faceted girdle (i.e., table size, 
crown angle, pavilion angle, star facet length, lower- 
girdle facet length, girdle thickness, culet size, and 
number of girdle facets; again, see figure 2), it is pos- 
sible to calculate other proportions and interrela- 
tionships. These include not only commonly quot- 
ed proportions such as crown height, pavilion 
depth, and total depth, but also, for example: 


e Facet geometry (e.g., facet surface areas and inter- 
facet angles) 


e Extent of girdle reflection in the table when the 
diamond is viewed face-up (i.e., if too extensive, a 
“fisheye” effect} 


e Extent of table reflection when viewed face-up 


e Several parameters related to localized darkness 
in the crown when viewed face-up 


e Weight-to-diameter ratio 


We ran such calculations for all the Research 
Diamonds and for most of the diamonds in table 2; 
these were used to explore scintillation aspects (see 
below) and other factors related to the physical 
shape (e.g., weight concerns) of the diamonds. 


Evaluation of Overall (Face-Up) Cut Appearance. 
Our initial observation tests revealed that, as we 
expected, our best brightness and fire metrics were 
able to predict specific observation results (i.e., 
brightness and fire), but they were not adequate to 
predict and evaluate a diamond’s overall cut appear- 
ance and quality. An example of this can be seen in 
figure 9, which displays brightness and fire metric 
results for 165 randomly selected diamonds evaluat- 
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OBSERVATIONS FOR OVERALL CUT APPEARANCE 


BRIGHTNESS — 


Figure 9. This plot shows 


165 of the diamonds used 

for our overall observa- 
Feat tion tests plotted against 
eae their brightness and fire 
eee metric results. The five 
Pie ar grading categories delin- 


eated are based on bright- 
ness and fire observation 
results obtained for the 
45 Research Diamonds. 


Although many of these 
165 diamonds were 
found to be predicted cor- 
rectly by our brightness 
and fire metrics (when 


compared to overall 
observation results), 
many were not. This 
necessitated further 
research to determine 


what other factors might 


FIRE —~> 


ed by our Overall observation team for their overall 
face-up cut appearance. The boundaries on this plot 
delineate five discernible appearance categories, 
which were based on observation results for bright- 
ness and fire previously obtained for the Research 
Diamond set. Of these 165 diamonds, the overall 
cut appearance for 95 (58%} was accurately predict- 
ed using brightness and fire metrics alone. In addi- 
tion, all the diamonds were within one category of 
the predicted result based only on a combination of 
calculated brightness and fire results. 

Obviously, additional factors played a significant 
role in the observation results for the remaining 
42% of these diamonds. Hence, the next stage of 
our investigation concerned how to identify and 
correctly evaluate those diamonds for which the 
brightness and fire metric results alone did not 
accurately predict overall cut appearance, without 
affecting the results for diamonds already adequate- 
ly “predicted.” 

With this in mind, we looked at comments pro- 
vided by trade observers and the Overall observa- 
tion team on the visual appearance of every dia- 
mond they examined. In many cases, these com- 
ments supported the metric results (for example, 
that a diamond was dark overall). In other cases, the 
observers’ comments described appearance effects 
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be influencing observers’ 
assessments of face-up 
cut appearance. 


that caused the diamond to look worse than expect- 
ed on the basis of brightness and fire alone. When 
we studied these additional appearance factors, we 
recognized them as various aspects of scintillation 
(see box B). 

We used specific comments provided by the 
Overall observation team and by members of the 
diamond trade to develop methods of capturing 
scintillation aspects of overall (face-up) appearance 
that were not being addressed already by our bright- 
ness and fire metrics (again, see box B). We used sev- 
eral rounds of observation tests (listed together in 
table 4) to create and test a methodology for identi- 
fying, quantifying, and categorizing the various 
effects that indicate deficiencies in scintillation. 

Members of our Overall observation team com- 
pared “Overall Verification Diamonds” (OVDs; 
again, see table 2), one at a time, to a suite of appear- 
ance comparison diamonds assembled from our 
Research Diamonds. (Some OVDs were looked at 
more than once, and some were also observed by 
the Brightness and Fire teams.) Observations were 
done in the CVE environment on gray trays (which, 
at this point, we had determined were most appro- 
priate for assessing cut appearance; see Results). 
These observers were asked to rank the overall cut 
appearance of diamonds on a scale of 1 to 5, and to 
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See story on page 45 


Box B: SCINTILLATION 


In recent history, scintillation has been defined as 
the “flashes of white light reflected from a polished 
diamond, seen when either the diamond, the light 
source, or the observer moves” (see, e.g., GIA 
Diamond Dictionary, 1993, p. 200). This was wide- 
ly recognized as the third essential appearance 
aspect that worked with brightness and fire to cre- 
ate the overall face-up appearance of a diamond. 

However, we found through our interaction 
with members of the diamond trade and our overall 
observation tests that scintillation encompasses 
more than just this flashing of light. When asked 
about the face-up appearance of the diamonds they 
were observing, many trade members also men- 
tioned the importance of the distribution of bright 
and dark areas seen in the crown of a diamond. 
Differences in this distribution, especially changes 
brought on when the diamond moves, were seen to 
underlie and influence the flashes of light described 
in the above definition of scintillation. 

Thus, given the interdependence of flashing 
light and distribution, we decided to use two terms 
to represent these different aspects of scintillation. 
Sparkle describes the spots of light seen in a pol- 
ished diamond when viewed face-up that flash as 
the diamond, observer, or light source moves. 
Pattern is the relative size, arrangement, and con- 
trast of bright and dark areas that result from inter- 
nal and external reflections seen in a polished dia- 


Figure B-1. These diamonds are, in general, 
viewed positively by experienced members of the 
diamond trade, due to the overall balance of 
their patterns and the lack of any negative pat- 
tern-related traits. Photos by A. Gilbertson and 
B. Green. 


provide specific reasons for the rankings they gave. 


We 


used these reasons (which were in the form of 


descriptions about each diamond’s appearance) to 
find ways to predict specific pattern-related scintil- 
lation aspects that caused a diamond to appear less 
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mond when viewed face-up while that diamond is 
still or moving. As such, patterns can be seen as 
positive (balanced and cohesive patterns; see figure 
B-1) or negative (e.g., fisheyes, dark centers, or irreg- 
ular patterns; see figure B-2). 


Figure B-2. These diamonds are viewed negatively 
by experienced members of the diamond trade, 
due to a variety of unattractive pattern-related 
traits such as a fisheye (left), dark upper-girdle 
facets (center), and a busy, broken overall pattern 
(right). Photos by A. Gilbertson and B. Green. 


Many of these pattern-related aspects of scintilla- 
tion are already taken into consideration by experi- 
enced individuals in the diamond trade. Often they 
were included in the general assessments of dia- 
monds we recorded during observation tests, usually 
described with terms such as dark spots or dead 
centers, in addition to fisheyes. Our main finding 
was that pattern-related effects were often used to 
describe why a diamond did not perform as well as it 
otherwise should based on its brightness and fire. 

Many sparkle-related aspects of scintillation are 
already included in our brightness and fire metrics. 
These consist of specular reflections from facet sur- 
faces (now included in the brightness metric) and 
the dispersed light that exits the crown but has not 
yet fully separated, so is not seen as separate colors 
at a realistic observer distance (included in the fire 
metric). We also found that sparkle was strongly 
tied to our fire metric, in that those diamonds that 
displayed high or low fire were found to display 
high or low sparkle, respectively. Therefore, we 
concluded that we did not need to address sparkle 
any further. However, we developed proportion- 
based limits and pattern calculations to specifically 
predict and assess the pattern-related aspects of 
scintillation. 


attractive than expected from our brightness and 
fire metrics. 

This developed into a system for addressing 
those diamond proportion sets that led to lower- 
than-expected appearance rankings (due to pattern- 
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related scintillation). We used proportion-range lim- 
its along with proportion-derived calculations to 
predict specific pattern-related effects. 

As we completed each set of observations, we 
developed and refined our pattern-related method- 
ology, so we could test its efficacy during the next 
set of observation tests. In this way, we refined pro- 
portion-range borders as appropriate, adding new 
predictive calculations as needed. Thus, we were 
able to use early test results to address the addition- 
al aspects that observers considered (either con- 
sciously or unconsciously) while assessing overall 
cut appearance in later tests. In addition, the tens of 
thousands of observations we conducted during 
this process have provided a real-world confirma- 
tion of our predictive system, allowing us to feel 
confident in predicted results, even in cases where 
we may not have seen a diamond with that specific 
set of proportions. 


RESULTS 

Brightness. In early observation experiments, we 
found that the WLR (weighted light return) metric 
of Hemphill et al. (1998), although an accurate pre- 
dictor of a diamond’s brightness when tested in an 
environment similar to the model, was not as effec- 
tive at predicting the brightness observations by 
manufacturers and experienced trade observers in 
their own environments. Consequently, we devel- 
oped a new brightness metric that included a more 
appropriate lighting condition, a more limited 
observer placement, and an additional observation 
factor (i.e., glare, the direct reflections off the facet 
surfaces). 

We first confirmed that observations with hemi- 
spheres agreed with our predictions of the relative 
order of the diamonds based on the corresponding 
brightness metrics. We then used the statistical 
techniques described in box A to determine which 
of these metrics gave the best fit to observations of 
brightness in dealer-equivalent environments (e.g., 
the GTI, Judge, and CVE). Cronbach alpha values 
for our brightness testing were determined to be 
0.74 for observers alone, and 0.79 for observers plus 
our brightness metric; the closeness of the two val- 
ues shows that the brightness metric is at least as 
reliable as the average observer. 

Our final brightness metric assumes a diffused, 
white hemisphere of light above the girdle plane of 
the diamond, with a dark circle located at the 
zenith of this hemisphere (see figure 10). The area 
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Figure 10. This diagram shows the environment 
and viewing conditions for our brightness metric. It 
assumes a diffused, white hemisphere of light 
above the girdle plane of the diamond, with a dark 
circle located at the zenith of this hemisphere that 
has a radius formed by a 23° angle from the cen- 
tered normal of the diamond's table. The area 
below the girdle plane is dark, and the angular 
spread of observation is 3°, located directly over the 
center of the diamond’s table. 


below the girdle plane is dark. The total angular 
spread of observation is 3°, located directly over the 
center of the diamond’s table. In addition, glare is 
included in the final metric results. 


Fire. Also as described above, the DCLR (dispersed 
colored light return) metric of Reinitz et al. (2001) 
did not correlate well with the collected fire obser- 
vations in standard lighting and viewing condi- 
tions. This is probably because it assumed a 
greater ability to discern fire than observers 
demonstrated when they looked at diamonds 
instead of projected dispersed-light patterns (see 
Materials and Methods). Therefore, we varied the 
threshold for readily observable fire to find the best 
fit. Again using statistical methods mentioned in 
box A, we found that the best match to the obser- 
vation data was for a threshold of 10!25, which 
gives about 18 distinct levels of light intensity for 
observed fire. 

Cronbach alpha values for our fire observations 
were determined to be 0.72 for observers alone, and 
0.75 for observers plus our fire metric; again, the 
closeness of the two values shows that the fire met- 
ric is at least as reliable as the average observer. 
Since the final fire metric correlated well with the 
fire observation data, we did not vary any of the 
other model assumptions. 
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The Effect of Other Diamond Properties and 
Conditions on Brightness and Fire. Our Brightness 
and Fire teams evaluated the brightness and fire of 
688 diamonds with a range of color, clarity, polish 
and symmetry grades, girdle condition (bruted, pol- 
ished, or faceted), and blue fluorescence! intensity 
(from none to very strong), as given in the first col- 
umn of table 2. From these evaluations, we assessed 
the interaction of these properties or conditions 
with apparent brightness and fire (by comparing the 
predicted metric values of these diamonds). We 
found, as would be expected, that apparent bright- 
ness decreases as the color of the diamond becomes 
more saturated in the GIA D-to-Z range (including 
browns). Grade-determining clouds in the SI, and I 
clarity grades diminish the appearance of fire. Fair 
or Poor polish causes both apparent brightness and 
fire to diminish; and Fair or Poor symmetry nega- 
tively affects apparent brightness. Neither fluores- 
cence nor girdle condition showed any effect on 
apparent brightness or fire. 


Addressing Overall Cut Appearance. The next step 
was to compare brightness and fire metric results 
with observer assessments of overall appearance. For 
this exercise, we used the experienced observers who 
comprised our Overall observation team and a set of 
937 diamonds borrowed from various sources (a sub- 
set of the 1,610 Overall Verification Diamonds]. We 
also conducted observation tests with trade 
observers using the core reference set of Research 
Diamonds. Based on tests that placed diamonds into 
groups, these two observer populations distinguished 
five overall appearance levels. A number of addition- 
al results emerged: 


1. Differences in body color did not influence the 
ability of observers to assess overall cut appear- 
ance. 

2. To be ranked highest by the observers, a diamond 
had to have both high brightness and high fire 


metric values. 


3. Not all diamonds with high values for either or 
both metrics achieved the highest rank. 


For the subset of 937 Overall Verification Diamonds 
for which we had measurements, quality informa- 
tion, system predictions, and a detailed set of obser- 
vations, the observer ranks for about 73% corre- 


| Less than 2% of all diamonds that fluoresce do so in colors other 
than blue. 
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sponded to the ranks that would be anticipated 
based on brightness and fire alone; most of the rest 
were ranked one level lower than would be expect- 
ed solely based on those two metrics. An additional 
factor—perhaps more than one—was contributing 
to overall face-up appearance. 


Scintillation. At this point, we did not believe that 
developing a specific “scintillation metric” was the 
right approach. (Recall that most of the sparkle 
aspect of scintillation was already being captured in 
our metrics for brightness and fire; again, see box B.) 
Instead, we needed to find a methodology for cap- 
turing and predicting the pattern-related effects of 
scintillation. We accomplished this using a dual 
system of proportion-based deductions and calcula- 
tions for specific negative pattern-based features 
such as fisheyes. (For example, we downgraded dia- 
monds with pavilion angles that were very shallow 
or very deep because these proportions generally 
changed the face-up appearance of the diamond in 
ways that made it less desirable to experienced 
trade observers.) 

Based on the results of the OVD examinations, 
we found that some overall cut appearance cate- 
gories were limited to broad, yet well-defined, 
ranges of proportions. Changes in table size, crown 
angle, crown height, pavilion angle, star facet 
length, lower-girdle facet length, culet size, girdle 
thickness, or total depth could lead to less desirable 
appearances. Therefore, based on our observation 
testing, we determined limits for each of these pro- 
portions for each of our overall cut quality cate- 
gories. We also developed calculations to predict 
pattern-related effects of scintillation (based on pro- 
portion combinations) that included the fisheye 
effect, table reflection size, and localized dark areas 
in the crown when the diamond is viewed face-up 
(see examples at the end of the Discussion section). 
A diamond has to score well on each of these pat- 
tern-related factors to achieve a high grade. 


Design and Craftsmanship. After speaking with dia- 
mond manufacturers and retailers, we verified a 
number of additional aspects of a diamond’s physi- 
cal attributes as important: A diamond should not 
weigh more than its appearance warrants (i.e., dia- 
monds that contain “hidden” weight in their girdles 
or look significantly smaller when viewed face-up 
than their carat weights would indicate; figure 11); 
its proportions should not increase the risk of dam- 
age caused by its incorporation into jewelry and 
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everyday wear (i.e., it should not have an extremely 
thin girdle); and it should demonstrate the care 
taken in its crafting, as shown by details of its finish 
(polish and symmetry). Diamonds that displayed 
lower qualities in these areas would receive a lower 
overall cut quality grade. 


Putting It All Together. Each of these factors 
(brightness, fire, scintillation, weight ratio, durabil- 
ity, polish, and symmetry) individually can limit 
the overall cut quality grade, since the lowest grade 
from any one of them determines the highest over- 
all cut quality grade possible. When taken togeth- 
er, these factors yield a better than 92% agreement 
between our grading system and Overall observa- 
tion team results (for comparison, observers in our 
Overall observation team averaged a 93% agree- 
ment). Similar to our brightness and fire metrics, 
these results confirm that our grading system is as 
reliable as an average observer. Such high agree- 
ment percentages are considered a reliable measure 
of correlation in the human sciences; this is espe- 
cially true in those studies influenced by preference 
(Keren, 1982). We found that many diamonds in 
the remaining percentage were often “borderline” 
cases in which they could be observed by our team 
as a certain grade one day, and as the adjacent grade 
the next. The difficulties inherent in the assess- 
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Figure 11. These two 
diamonds are fairly sim- 
ilar in diameter and 
face-up appearance. 
However, the diamond 
on the right contains 
extra, or “hidden,” 
weight located in the 
thickness of the girdle. 
The diamond on the left 
weighs 0.61 ct, while the 
diamond on the right 
weighs 0.71 ct. Photos 
by A. Gilbertson and 
Maha Tannous. 


ment of cut for “borderline” samples are similar to 
those faced in the assessment of other quality char- 
acteristics. Observation testing with members of 
the retail trade and consumers confirmed these 
findings as well. 


Grading Environment. When diamonds are being 
assessed for overall cut appearance, a standardized 
environment is essential. Therefore, we developed 
the GIA common viewing environment, which 
includes the diffused lighting used by manufactur- 
ers and dealers to assess the quality of a diamond’s 
cut, and the directed lighting used by many retail- 
ers, within an enclosed neutral gray viewing booth. 
Our CVE contains a mix of fluorescent daylight- 
equivalent lamps (to best display brightness) and 
LEDs (to best display fire). Observation tests and 
trade interaction confirmed that this environment 
is useful for consistently discerning differences in 
overall cut appearance. 

After testing with laboratory observers who 
wore either white or black tops, we determined that 
observers provided more consistent results for 
assessing brightness (that is, independent observers 
were more likely to reach the same results) when 
they wore a white shirt. Shirt color did not influ- 
ence fire and overall appearance observations. 

During our observation testing with trade 
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members and our Overall observation team, we 
also found that in many cases background color 
could affect the ease with which observers distin- 
guished the face-up appearance of one diamond 
from another. We determined that white trays 
(which mimic the white folded cards and white 
display pads often used in the trade) can some- 
times cause a diamond to look brighter by hiding 
or masking areas of light leakage (areas where light 
is not returned from the diamond because it exits 
out of the pavilion rather than back to the observ- 
er). Alternately, black trays were shown to demon- 
strate possible areas of light leakage, but in many 
cases they overemphasized them so the diamond 
looked too dark. We found that a neutral gray tray 
(similar in color to the walls of our CVE) was the 
most appropriate choice for assessing a round bril- 
liant’s overall face-up appearance. 


DISCUSSION 


Through our research (computer modeling, observa- 
tion testing, and trade interaction) we found that to 
be attractive, a diamond should be bright, fiery, 
sparkling, and have a pleasing overall appearance, 
especially as can be seen in the pattern of bright and 
dark areas when viewed face-up. 

Aspects of overall face-up appearance seen as 
positive features include facet reflections of even, 
balanced size, with sufficient contrast between 
bright and dark areas of various sizes so that 
some minimal level of crispness (or sharpness) of 
the faceting is displayed in the face-up pattern. 
There are also appearance aspects that are consid- 
ered negative traits: For example, a diamond 
should not display a fisheye or large dark areas in 
its pattern. 

In the same manner, we recognized that more 
than just face-up attractiveness should be incor- 
porated into evaluating overall diamond cut qual- 
ity. Quality in design and craftsmanship (as evi- 
denced by a diamond’s weight ratio, durability, 
polish, and symmetry}, even if face-up appearance 
is barely affected, also should be evident in a dia- 
mond’s fashioning. 


Overall Cut Grade: Components of the GIA 
Diamond Cut Grading System. Seven components 
(brightness, fire, scintillation, weight ratio, dura- 
bility, polish, and symmetry) are considered 
together to arrive at an overall cut grade in our 
system. These seven components are considered 
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equally in the system, as the lowest result from 
any one component determines the final overall 
cut grade (e.g., a diamond that scores in the high- 
est category for all components except durability, 
in which it scores in the second highest category, 
would only receive the second highest overall cut 
grade; see the pull-out chart for examples). Using 
this approach ensures that each diamond’s overall 
cut grade reflects all critical factors, including 
aspects of face-up appearance, design, and crafts- 
manship. 

In practice, the GIA diamond cut grading sys- 
tem [patent pending] operates by first establishing 
the diamond’s light-performance potential through 
metric calculations of brightness and fire (i.e., the 
best grade possible considering the combination of 
average proportions and how well they work 
together to return white and colored light to the 
observer). That potential is then limited by pattern-, 
design-, and craftsmanship-related determinations 
based on calculations, proportion-range limits, and 
polish and symmetry, so that the grade takes into 
account any detrimental effects. These determina- 
tions work together with the brightness and fire 
metrics as a system of checks and balances; the cut 
grade of a diamond cannot be predicted by either 
the metric calculations or any of the other compo- 
nents alone. 

We found through our observation tests that 
most experienced individuals can consistently dis- 
cern five levels of overall cut appearance and quali- 
ty. Thus, the GIA diamond cut grading system is 
composed of five overall grade categories. 


Design and Craftsmanship. “Over-weight” dia- 
monds are those with proportions that cause the 
diamond, when viewed face-up, to appear much 
smaller in diameter than its carat weight would 
indicate. Consider, for example, a 1 ct diamond 
that has proportions such that its diameter is 
roughly 6.5-6.6 mm; this diamond will have the 
face-up appearance of a relatively typical 1 ct 
round brilliant. A comparable 1 ct diamond with a 
diameter of, for example, only 5.7 mm should sell 
for less. A person who contemplates buying one of 
these diamonds might believe that the latter was a 
“bargain” (since both diamonds weigh 1 ct, but the 
latter costs less). However, that person would end 
up with a diamond that appeared smaller when 
viewed face-up because much of the weight would 
be “hidden” in the overall depth of the diamond. 
Such diamonds are described in the trade as 
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GLOSSARY 


Brightness the appearance, or extent, of internal and 
external reflections of “white” light seen in a pol- 
ished diamond when viewed face-up. 


Brightness team the team of individuals used in obser- 
vation testing to validate the brightness metric. 


Common viewing environment (CVE) for this study, 
a neutral gray box with a combination of daylight- 
equivalent fluorescent lamps and overhead white 
LEDs (light-emitting diodes), used to view the 
overall cut appearance and quality of diamonds. 


Computer model a computer program that re-cre- 
ates the properties and characteristics of an object, 
along with the key factors in its interaction with 
specified aspects of its environment. 


Craftsmanship a description of the care that went 
into the crafting of a polished diamond, as seen in 
the finish (polish and symmetry) of a diamond. 


Design decisions made during the fashioning pro- 
cess that determine a diamond’s physical shape, 
as seen in a diamond's proportions, weight ratio, 
and durability. 


Durability the characteristic of a polished diamond 
that accounts for the risk of damage inherent in 
its proportions (i.e., the risk of chipping in a dia- 
mond with an extremely thin girdle). 


Face-up appearance the sum appearance (brightness, 
fire, and scintillation) of a polished diamond when 
it is viewed in the table-up position. This appear- 
ance includes what is seen when the diamond is 
“rocked” or “tilted.” 


Fire the appearance, or extent, of light dispersed into 
spectral colors seen in a polished diamond when 
viewed face-up. 


Fire team the team of individuals used during obser- 
vation testing to validate the fire metric. 


“thick” or “heavy.” A similar difference in value 
would apply if two diamonds had roughly the 
same diameter but one weighed significantly more 
(again, see figure 11). 
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Metric a calculated numerical result obtained 
through computer modeling; for the GIA diamond 
cut research project, metrics were calculated for 
brightness and fire for both hypothetical and actu- 
al diamonds. 


Overall cut appearance and quality a description of a 
polished diamond that includes the face-up 
appearance, design, and craftsmanship of that dia- 
mond. 


Overall observation team the team of six individuals 
(who combined had over 100 years of diamond 
experience) used during observation testing to dis- 
cover additional aspects related to face-up appear- 
ance, as well as to validate the predictions of the 
GIA cut grading system. 


Overall Verification Diamonds diamonds used in 
this study to validate the predictive accuracy of 
the GIA diamond cut grading system. Each of 
these diamonds was observed for its overall cut 
appearance and quality by the members of the 
Overall observation team. 


Research (reference) Diamonds (RD) the core set of 
45 polished diamonds (which represented a wide 
range of proportion combinations) that were pur- 
chased and/or manufactured to be used as a con- 
sistently available sample group during the course 
of the diamond cut study. 


Scintillation the appearance, or extent, of spots of 
light seen in a polished diamond when it is 
viewed face-up that flash as the diamond, observ- 
er, or light source moves (sparkle); and the rela- 
tive size, arrangement, and contrast of bright and 
dark areas that result from internal and external 
reflections seen in a polished diamond when 
viewed face-up while that diamond is still or 
moving (pattern). 


Weight ratio a description of a diamond’s overall 
weight in relation to its diameter. 


Often, an assessment of a diamond as over- 
weight can be deduced from the combination of its 
crown height, pavilion depth, total depth, and/or 
girdle thickness. We developed a calculation that 
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combines the effects of all these factors into one 
value (the weight ratio of a diamond). This ratio 
compares the weight and diameter of a round bril- 
liant to a reference diamond of 1 ct with a 6.55 mm 
diameter, which would have a fairly standard set of 
proportions (see the pull-out chart for examples). 

Durability is another trait of overall diamond 
cut quality that was emphasized throughout our 
interaction with members of the diamond trade. 
Diamonds fashioned in such a way that they are at 
greater risk of damage [i.e., those with extremely 
thin girdles) receive a lower grade in the GIA dia- 
mond cut grading system. 

Finish (that is, the polish and physical symme- 
try of a diamond) also affects cut appearance and 
quality. Much like weight ratio and durability, pol- 
ish and symmetry were highlighted by trade 
observers as important indicators of the care and 
craftsmanship that went into the fashioning of a 
diamond, and therefore had to be considered in any 
comprehensive grading system. These are assessed 
based on standard GIA Gem Laboratory grading 
methodology, and lower qualities of either can 
bring the grade of the diamond down (again, see the 
pull-out chart for examples). Note, however, that 
unlike other traits, there is not a direct correlation 
between a finish grade and an overall cut grade 
(e.g., a diamond with a “Very Good” finish may 
receive a top cut grade). 


Other Diamond Quality Factors. Our observer tests 
enabled us to examine the effects of other diamond 
quality factors (e.g., color, clarity, fluorescence, and 
girdle condition) on overall cut appearance. 
Although in cases of very low color or clarity, we 
found some impact on overall appearance, in gener- 
al observers were able to separate these factors out 
of their assessments. Therefore, we determined that 
the GIA diamond cut grading system does not need 
to take these factors into consideration in its final 
overall cut quality grades; it applies to all standard 
round brilliant cut diamonds, with all clarities, and 
across the D-to-Z color range as graded by the GIA 
Gem Laboratory. 


Optical Symmetry. One aspect of pattern-related 
scintillation that has gained more attention in 
recent years is often called “optical symmetry” (see, 
e.g., Cowing, 2002; Holloway, 2004). Many people 
in the trade use this term for “branded” diamonds 
that show near-perfect eight-fold symmetry by dis- 
playing eight “arrows” in the face-up position (and 
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typically eight “hearts” table-down) when observed 
with specially designed viewers. To investigate the 
possible benefits of optical symmetry, we included 
several such diamonds in our observation testing. 
We found that although many (but not all) dia- 
monds with distinct optical symmetry were rated 
highly by our observers, other diamonds (with very 
different proportions and, in many cases, no dis- 
cernible optical symmetry) were ranked just as high. 
Therefore, both types of diamonds can receive high 
grades in our system. 


Examples from the GIA Diamond Cut Grading 
System. On the enclosed pull-out chart, we have 
provided three examples (from our core set of 
Research Diamonds) for each of five categories in 
the GIA diamond cut grading system, including 
their proportions and other grade-determining fac- 
tors. For the purposes of this article only, categories 
are listed as “first” through “fifth,” with “first” rep- 
resenting the best; this nomenclature does not in 
any way reflect future nomenclature of the GIA 
diamond cut grading system. 

In the first category, we see a relatively wide 
range of proportions. For these three examples, 
brightness and fire metric values indicated that 
they could belong in the top category. Also, none 
of these diamonds were subject to downgrading 
based on proportion values or calculated pattern- 
related scintillation problems. Finally, these dia- 
monds all had polish and symmetry grades that 
were Very Good. These factors combined to create 
diamonds that would receive the highest grade. 

Our research found that the top grade included 
even broader proportion ranges than are shown in 
the chart. For example, we have established that 
diamonds in this category could have crown angles 
ranging from roughly 32.0° to 36.0° and pavilion 
angles ranging from 40.6° to 41.8°. It is important to 
note, however, that not all proportions within these 
ranges guarantee a diamond that would rate a top 
grade. As we have previously stated, it is not any 
one proportion, but rather the interrelationship of 
all proportions, that determines whether a particu- 
lar diamond will perform well enough to receive a 
top grade. 

By further studying the data in the pull-out 
chart, one can see various reasons why particular 
diamonds would receive a lower cut grade in the 
GIA system. For example, RDO7 falls in the sec- 
ond category based on its fire and scintillation, its 
total depth of 64.1% and crown height of 17.5%, 
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and its weight ratio. This is a good example of a 
diamond where the proportion values cause lower 
light performance and a less-than-optimal face-up 
appearance. 

We have found through our research that pro- 
portion ranges for the second category are much 
wider than those considered by other cut grading 
systems. Likewise, our trade observers were often 
surprised when they learned the proportions of dia- 
monds they had ranked in this near-top-level cate- 
gory, although they supported our findings. Here, 
crown angles can range from roughly 2.7.0° to 38.0°, 
and pavilion angles can range from roughly 39.8° to 
42.4°. Tables also can range from roughly 51% to 
65% for this grade category. Once again, it is 
important to note that not all individual propor- 
tions within these ranges guarantee a diamond that 
would fall into the second category. 

RD06 on the pull-out chart falls into the third 
category in the GIA diamond cut grading system 
for at least two reasons: It has a crown height of 
9.5% and a crown angle of 23.0°. These factors 
combine in this diamond to produce a shallow 
crown, which negatively affects overall appearance. 
In addition, this diamond is downgraded for a lack 
of contrast in its scintillation and a localized dark- 
ness in the crown area (especially in the table}, 
which results from the interaction of the shallow 
crown with this particular pavilion angle. There- 
fore, this is a good example of a diamond that 
scores high on our brightness and fire metrics, yet 
is down-graded based on individual proportion val- 
ues that cause undesirable pattern-related scintilla- 
tion effects. 

It is interesting to note that many in the trade 
would not consider cutting a diamond with a 
crown angle this shallow. Yet our research has 
shown that diamonds with these proportions score 
in the middle category overall, and might be a very 
useful alternative for diamond cutters in some cir- 
cumstances. Typical ranges for this grade category 
are roughly 23.0° to 39.0° for crown angles, 38.8° 
to 43.0° for pavilion angles, and 48% to 68% for 
table sizes. 

An example of a diamond that would fall in the 
fourth category is RD37, which has low brightness 
and fire metric scores, a table size of 70%, and 
downgrading for a fisheye that becomes more 
prominent when the diamond is tilted slightly. 
Here is another example of a “shallow” diamond, 
but this one is less attractive because of the fish- 
eye produced by the combination of a large table 
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and a shallow crown height (9.5%) with a pavilion 
angle of 40.2%. 

RD39 is an interesting example of a diamond 
that would receive the lowest grade. Its brightness 
and fire metric results—and polish and symmetry 
grades (each was assessed as Good)]—would place 
it in the second category, and a calculated predic- 
tion for localized darkness would place it in the 
third category. However, it falls into the fifth cate- 
gory in the GIA diamond cut grading system 
based on its total depth (74.0%) and its weight 
ratio (which was calculated to be 1.52—that is, 
52% more “hidden” weight than a diamond with 
this diameter should have). Although these pro- 
portions may seem extreme, this diamond was 
purchased in the marketplace. This diamond 
might be considered better in a less comprehen- 
sive system that only accounted for brightness, 
fire, and finish; however, we believe that this dia- 
mond’s overall cut quality (which includes its 
excess weight) is properly accounted for and 
appropriately graded in our system. 

Please examine the pull-out chart for additional 
examples of diamonds in the various grade categories. 


Personal Preferences and Their Effect on Diamond 
Grading. Although a diamond’s performance is 
quantifiable, “beauty” remains subjective. (That 
is, metrics are not subjective but individual taste 
is.) No cut system can guarantee that everyone 
will prefer one set of proportions over another; 
instead, as you move down the cut grade scale, 
the diamonds in the grade categories change from 
those that almost everyone likes, to those that 
only some people might like, to those that no one 
prefers. A grading system that fails to acknowl- 
edge differences in taste is neither practical nor 
honest in terms of human individuality and pref- 
erence. 

We have found through our research and exten- 
sive interaction with the trade that even for dia- 
monds within the same grade, some individuals 
will prefer one face-up appearance over another 
(figure 12). Individual preferences have even 
greater impact in the lower categories. The inher- 
ent role of personal preference in diamond assess- 
ment will often lead to a situation in which some 
observers will not agree with the majority; thus, 
no cut grading system should expect to assess per- 
ceived diamond cut quality perfectly for everyone. 
Instead, what we have tried to accomplish with 
our grading system is to “capture” within each 
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grade category those diamonds that, in general, 
most individuals would consider better in appear- 
ance and cut quality than diamonds in the next 
lower category. 


CONCLUSIONS 


During the 15 years of our research into the rela- 
tionship of proportions and overall cut quality, we 
have accomplished a great deal: developed a com- 
puter model and created metrics to predict bright- 
ness and fire; developed a methodology to validate 
those metrics and assess other aspects of cut 
appearance and quality using observation testing; 
created a common “standardized” viewing envi- 
ronment; and, finally, combined all of these ele- 
ments to create a comprehensive system for grad- 
ing the cut appearance and quality of round bril- 
liant diamonds. 

In the course of this research (including research 
described in our earlier articles by Hemphill et al., 
1998, and Reinitz et al., 2001), we arrived at many 
conclusions. Among them: 


e Proportions need to be considered in an interre- 
lated manner. The combination of proportions is 
more important than any individual proportion 
value. 

e Attractive diamonds can be manufactured in a 
wider range of proportions than would be sug- 
gested by historical practice or traditional trade 
perception. 

e For consistent comparisons between diamonds, 
cut grading requires a standardized viewing envi- 
ronment that is representative of common envi- 
ronments used by the trade. 
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Figure 12. Both of these dia- 
monds would score in the 
top category of the GIA dia- 
mond cut grading system, 
yet we found that different 
observers prefer one or the 
other based on face-up 
appearance. Since personal 
preference plays such an 
important role in perceived 
cut quality, it is essential 
that the purchaser examine 
the actual diamond (and not 
rely solely on its proportions 
or its cut grade). Photos by 
A. Gilbertson and B. Green. 


e Personal preference still matters. Diamonds with 
different appearances can be found within each 
cut grade, so individuals need to look at the dia- 
mond itself, not just its grade, to choose the one 
they like the best. 


Our research and trade interaction also necessi- 
tated the further refinement of the terms we use to 
describe the appearance of a polished diamond 
when it is viewed face-up. Our definitions of these 
terms are: 


e Brightness—the appearance, or extent, of internal 
and external reflections of “white” light 


e Fire—the appearance, or extent, of light dispersed 
into spectral colors 


¢ Scintillation—the appearance, or extent, of spots 
of light that flash as the diamond, observer, or 
light source moves (sparkle); and the relative size, 
arrangement, and contrast of bright and dark 
areas that result from internal and external reflec- 
tions seen while that diamond is still or moving 
(pattern) 


The GIA Diamond Cut Grading System. We 
believe that to best serve the public and the trade, 
an effective diamond cut grading system should 
ensure that well-made diamonds receive the 
recognition they deserve for their design, crafts- 
manship, and execution. Conversely, it should 
ensure that diamonds that are not pleasing in 
appearance, or that warrant a discount for weight 
or durability reasons, are rated appropriately. In 
addition, the individual categories in this system 
should allow for personal and global differences 
in taste. 
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Extensive observation testing and trade inter- 
action made it very clear that for a diamond cut 
grading system to be useful and comprehensive, it 
had to consider more than just brightness, fire, 
and scintillation (i.e., more than only face-up 
appearance). For these reasons, we decided that 
our system should also include elements of design 
and craftsmanship (which can be seen in a dia- 
mond’s physical shape and finish respectively). 
Therefore, the GIA diamond cut grading system, 
which applies to standard round brilliant dia- 
monds on the GIA D-to-Z color scale, encompass- 
es the following seven components: brightness, 
fire, scintillation, weight ratio, durability, polish, 
and symmetry. 

Brightness and fire, including aspects of sparkle- 
related scintillation, are assessed using computer- 
modeled calculations that have been refined and 
validated by human observations. Pattern-related 
aspects of scintillation are assessed using a combi- 
nation of determinations based on proportion ranges 
and calculations developed to predict specific detri- 
mental patterns (both derived from observation test- 
ing). Weight ratio (which is used to determine 
whether a diamond is so deep that its face-up diam- 
eter is smaller than its carat weight would usually 
indicate) and durability (in the form of extremely 
thin girdles that put the diamond at a greater risk of 
damage) are calculated from the proportions of each 
diamond. Polish and symmetry are assessed using 
standard GIA Gem Laboratory methodology. The 
grading scale for each of these components was vali- 
dated through human observations; these individual 
grades are considered equally when determining an 
overall cut grade. 

In summary, our research has led us to conclude 
that there are many different proportion sets that 
provide top-grade diamonds, and even wider ranges 
of proportions that are capable of providing pleasing 
upper-middle to middle-grade diamonds. Although 
it is important to consider many components when 
assessing the overall cut appearance and quality of 
a round brilliant diamond, an individual’s personal 
preference cannot be ignored. The GIA cut grading 
system provides a useful assessment of a diamond’s 
overall cut quality, but only individuals can say 
which particular appearance they prefer. With this 
system of cut grading, the diamond industry and 
consumers can now use cut along with color, clari- 
ty, and carat weight to help them make balanced 
and informed decisions when assessing and pur- 
chasing round brilliant diamonds. 
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GIA Diamond Cut Grading Reference System. 
During our research and trade interaction, it 
became clear that for our grading system to be use- 
ful to all levels of the diamond trade (including 
manufacturers, dealers, retailers, and appraisers), as 
well as consumers, we needed to provide a method 
for individuals to predict the cut grade of a polished 
diamond (even if that diamond was only in the 
“planning” stage of fashioning) from that diamond’s 
proportion parameters. To this end, we began the 
process of developing reference software. 

This software [patent pending] will provide a pre- 
dicted overall cut grade from proportion values input 
by the user, with different versions allowing varia- 
tion of some or all relevant proportions. Final results 
will be in the form of an estimated overall cut grade 
by itself (in the basic version of the application) or 
the estimated overall cut grade presented within a 
larger grid that would allow a user to explore possi- 
ble alternative proportion sets that might provide an 
improved final result. GIA plans to release several 
versions of this software (as well as a printed version) 
concurrently with the release of the new cut system. 


Next Steps. We plan to incorporate the findings from 
this research, as well as the foundations and frame- 
work of our cut grading system, into future GIA 
Education courses, GIA Alumni and Research pre- 
sentations, and Institute informational brochures. In 
addition, we plan to incorporate some of this infor- 
mation (e.g., expanded proportion data and an overall 
cut grade) into future GIA Diamond Grading 
Reports and the GIA Diamond Dossier®. To this 
end, we are also planning to publish future articles 
on other aspects of the cut grading system, reference 
software, and changes to GIA Gem Laboratory grad- 
ing reports. 

Although a primary goal of this research project 
has been to develop a cut grading system for round 
brilliant diamonds, there are other benefits that we 
have gained from this work. Most importantly, this 
research project has allowed us to create and validate 
a method of modeling the behavior of light in a pol- 
ished diamond along with a methodology to verify 
the findings from that modeling using observation 
testing by experts in the field. We can now apply 
these technologies and methods to other shapes, cut- 
ting styles, and colors of diamond to determine 
whether similar grading systems can be developed. 
We will continue to identify new goals and ques- 
tions related to diamond cut as we move forward in 
our research, beyond the standard round brilliant. 
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NOTES & NEW TECHNIQUES 


AMETHYST FROM 
FOUR PEAKS, ARIZONA 


Jack Lowell and John I. Koivula 


For more than a century, the Four Peaks mine in 
Maricopa County, Arizona, has produced gem- 
quality amethyst from crystal-lined or crystal-filled 
cavities and fractures in a brecciated quartzite host 
rock. Crystals from the deposit exhibit a range of 
purple colors, uneven color zoning, and variable 
transparency, which present challenges for obtain- 
ing a steady supply of material suitable for faceting. 
Faceted material may display fluid inclusions and 
tiny reddish brown hematite flakes, growth zoning, 
and Brazil-law twinning, all of which provide visual 
clues to separating the Four Peaks material from 
synthetic amethyst. Recovery of amethyst at this 
deposit continues at this time on a limited basis. 


quality amethyst in the United States is the 

Four Peaks mine in Maricopa County, 
Arizona (figure 1). Discovered by accident in the 
early 1900s by a gold prospector, this deposit has 
been worked intermittently on a small scale ever 
since. Good-quality amethyst from a U.S. occur- 
rence has special value in the marketplace, but the 
challenge at this deposit has been to produce suffi- 
cient quantities of commercial-grade material on a 
continuing basis to satisfy market demand. 

The mine’s restricted accessibility and remote 
location in the rugged Mazatzal Mountains of cen- 
tral Arizona, combined with the low market value 
of amethyst from all sources, has limited produc- 
tion in the past. In the late 1990s, the mine was 
reopened with the prospect of providing a regular 
supply of calibrated material in a range of sizes 


he most important commercial source of gem- 
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and shapes (Lurie, 1998, 1999; Johnson and 
Koivula, 1998). Currently, it is owned and operat- 
ed by Four Peaks Mining Co. LLC of Ocean 
Grove, New Jersey. The deposit is again producing 
good-quality amethyst, with some of the cut 
stones exceeding 20 ct. 

This article provides a brief description of the 
geologic occurrence of amethyst at the deposit and 
summarizes the gemological properties of this 
material. Although previous descriptions of the 
deposit and local geology can be found in 
Sinkankas (1957, 1976, pp. 373-374), Lowell and 
Rybicki (1976), Estrada (1987), Chronic (1989, pp. 
174-175), and Lieber (1994, p. 122), this article pro- 
vides the first gemological characterization of Four 
Peaks amethyst. 


LOCATION AND ACCESS 


The Four Peaks mine is named for the mountain area 
where it is located. The Four Peaks are four promi- 
nent, steep-sided mountains aligned north-south near 
the southern end of the 80-km-long Mazatzal moun- 
tain range (figure 2). This area is approximately 75 
km (46 miles) east-northeast of Phoenix (and is visi- 
ble from the city) within the Four Peaks Wilderness 
area of the Tonto National Forest (figure 3). The 
amethyst deposit is located on a 20-acre patented 
mining claim that lies below the second peak from 
the south (again, see figure 2) at an elevation of 1,980 


See end of article for About the Authors and Acknowledgments. 
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m (6,500 ft) above sea level. The area has sparse vege- 
tation and an arid, high-desert climate. 

The workings consist of an elongate open cut 
and a tunnel that penetrates about 10 m into the 
mountainside (figures 4 and 5). Because of the very 
rugged terrain and location in a wilderness area, 
access is limited to foot travel or helicopter. Except 
during the winter months, when the peaks are 
sometimes covered with snow, the area can be 
approached by vehicle on U.S. Forest Service roads 
from State Route 188 or Highway 87. A narrow trail 
then climbs approximately 760 m over a distance of 


Figure 2. This aerial 
photograph, taken in 


1994 toward the north- [A i ~~ <p ate 


east, shows the Four 
Peaks mountains at the 
southern end of Mazat- 
zal Range. The tallest, 
on the far left, is known 
as Browns Peak. The 
trail and mine are visi- 
ble in the right fore- 
ground. Photo by Todd 
Photographic Services; 
courtesy of Commercial 
Mineral Co. 
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Figure 1. These two cut 
stones (19.25 and 17.02 
ct) are excellent exam- 
ples of the fine-quality 
amethyst obtained from 
the Four Peaks mine in 
Maricopa County, 
Arizona. Courtesy of 
Jack Lowell; photo 

© Jeff Scovil. 


7.2 km to the mine. Entrance to the tunnel is closed 
when the mine is not in operation, and at all times 
prior permission from the mine owners is required 
to enter the property. 


GEOLOGY 

The Four Peaks are eroded remnants (what geolo- 
gists call “roof pendants”) of Precambrian-age 
metasedimentary rocks that were intruded from 
below by a granitic batholith. The amethyst miner- 
alization occurs within one stratigraphic unit of 
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Figure 3. The amethyst deposit is located within the 
Four Peaks Wilderness area, approximately 75 km 
east-northeast of Phoenix. 


these rocks: the Mazatzal Formation, a light-colored 
quartzite consisting of a tough, closely packed 
aggregate of cemented, angular quartz fragments. 
This quartzite and other sedimentary units were 
uplifted during the intrusion of the batholith in the 
middle Proterozoic; the uplifting was accompanied 
by faulting and brecciation of zones in the quartzite. 


Figure 4. An elongate open cut (in the center and 
upper right) can be seen from the trail approaching the 
Four Peaks mine. Rugged outcrops are formed by the 
Mazatzal quartzite. Photo by J. E. Shigley. 
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Erosion since Precambrian times has exposed por- 
tions of both the granite batholith and the overlying 
Mazatzal Formation. 

Quartz deposition (colorless and smoky quartz, as 
well as amethyst) is thought to have occurred in sev- 
eral stages along fractures and cavities in the brec- 
ciated quartzite. These crystal-lined spaces are irreg- 
ular in form and can vary from several centimeters 
to a few meters in maximum dimension. Smaller 
openings are completely filled with interlocking 
amethyst crystals (figure 6), whereas larger cavities 
often contain either crystal druses attached to cavity 
walls, or loose crystals suspended in a vug-filling 
alteration material. The amethyst appears to have 
formed along fractures by crystallization of silica- 
containing hydrothermal solutions thought to have 
been derived from the cooling granite batholith. 
Fractured zones within the quartzite exhibit evi- 


Figure 5. A short tunnel penetrates about 10 m from 
this entrance. All the Four Peaks amethyst pro- 
duced in the past seven years has come from the 
underground workings. Courtesy of Commercial 
Mineral Co. 
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dence of hydrothermal alteration from these or other 
solutions. This evidence includes not only the 
quartz mineralization, but also the occurrence of 
fine-grained apatite, hematite, and unidentified clay 
minerals within open spaces (Sinkankas, 1957). 


MINING 


Recovery of amethyst for both mineral specimens 
and gemstones has taken place on a limited scale and 
intermittent basis. Initial work was carried out from 
surface outcrops of the amethyst-mineralized zones. 
Later, mining by open-pit methods employed hand 
tools and (unsuccessfully) a bulldozer. More recently, 
a tunnel was driven by hand to access productive 
areas of the deposit. Several measures have recently 
been implemented so that the operation is legally 
compliant with mine safety regulations. A crew of 
three miners is working the deposit within the hori- 
zontal tunnel. Explosives are rarely used, and only to 
break up boulders when needed. Otherwise, the min- 
ers use a hand-held pneumatic chisel for digging. 
Challenging conditions are caused by the remoteness 
of the location as well as hot summer temperatures 
and the lack of water and power at the mine. Gem 
material is taken out on foot or by helicopter. 

Since 1998, Commercial Mineral Co. of 
Scottsdale, Arizona, has had an exclusive arrange- 
ment with the mine owner to acquire the mined 


Figure 7. Amethyst crys- 
tals from the Four Peaks 
mine display a typical 
morphology for ame- 
thyst, consisting mainly 
of rhombohedral faces. 
Facetable material 
varies from light to dark 
purple, and generally 
only small portions of 
the crystals are suitable 
for faceting. The cut 
stones shown here range 
from 3.83 to 13.00 ct. 
Courtesy of Commer- 
cial Mineral Co. 
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et as ‘ 
Figure 6. Amethyst mineralization occurs along frac- 
tures and cavities in the brecciated quartzite, as 
shown in this May 2004 image. Courtesy of 
Commercial Mineral Co. 


material. However, a certain amount of illegal min- 
ing has occurred over the years, with the material 
periodically sold to local gem cutters. 


DESCRIPTION OF THE AMETHYST 


The amethyst crystals from this locality display a 
morphology that is typical of gem amethyst world- 
wide. Rhombohedral faces are predominant, while 
the prism faces are either poorly developed or absent 
(figure 7). This habit is common for quartz crystals 
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that grew simultaneously on the walls of open cavi- 
ties. The best cutting material shows dissolution 
basal pinacoid (c) faces, which are rare in natural 
amethyst. Euhedral crystals of good form and with 
lustrous faces are seen rarely at this deposit; when 
found, they range from a few centimeters to about 
20 cm in maximum dimension. More typically, 
crystals (or crystal fragments) are etched and corrod- 
ed due to attack from late-stage hydrothermal solu- 
tions. These solutions appear to have preferentially 
attacked the joints between adjacent crystals, there- 
by loosening the crystals and perhaps causing them 
to break away from a small point of attachment at 
the base. Crystal faces are normally frosted or coated 
by apatite or hematite. Some display internal areas 
that have a hazy or translucent fog-like appearance. 

Four Peaks amethyst crystals show great variabil- 
ity in the distribution and quality of color, which 
can range from light to dark purple and includes 
some purplish red material. Most crystals display an 
uneven color distribution (figure 8), with darker pur- 
ple areas separated by sharp boundaries from areas 
that are lighter or near-colorless. Color banding is 
oriented parallel to the rhombohedral crystal faces, 
with most crystals showing the strongest color 
zones under the larger rhombohedral faces. 


Figure 8. Distinctive color zoning is evident in this 
amethyst crystal fragment (5 cm in diameter). 
Virtually all the material from the Four Peaks mine 
shows color zoning in certain orientations. Photo by 
]. Lowell. 
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Figure 9. This 68.39 ct amethyst from Four Peaks is 
the largest faceted stone from the deposit known to 
the authors. Photo by J. Lowell. 


MANUFACTURING AMETHYST FOR 
JEWELRY PURPOSES 


Four Peaks amethyst crystals also vary in size and 
quality. The rough is cobbed or trim sawn to pro- 
duce relatively clean, darker pieces suitable for 
faceting. Because of the color zoning, even large 
crystals often contain only small portions that are of 
suitable color and transparency for faceting. The 
cuttable areas are usually near the pyramidal crystal 
terminations. These areas can sometimes be best 
examined after acid cleaning and application of 
mineral oil. More commonly, however, because of 
the corroded or encrusted nature of the crystal faces, 
the gem material is judged after the crystal has been 
sawn or broken into pieces. Only a small percentage 
of the total production exhibits intense, even col- 
oration and good clarity. Polished stones of good 
color can also be created by positioning the zones of 
best color in the culet. A significant amount of Four 
Peaks material shows red overtones and/or a deep 
reddish purple bodycolor when faceted; these stones 
are known in the gem trade as “Siberian” quality. 
All of the material cut by Commercial Mineral 
Co. has come from the underground workings and 
is faceted overseas. Material not suitable for faceting 
is stockpiled for future carving or cabbing. 
According to Mike Romanella (pers. comm., 2004], 
vice president of Commercial Mineral Co., the 
amethyst is faceted in both calibrated and free sizes. 
The non-calibrated amethyst ranges from 4 to 15 ct; 
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fine-quality stones in the 15-20 ct range are quite 
rare. The calibrated goods range from 4 mm (0.25 ct) 
to 8-10 mm (~3 ct). The material is classified into 
three quality grades, and at press time the company 
had thousands of carats of the high-quality faceted 
stones in its inventory. The largest faceted stone 
known to the authors weighs 68.39 ct (figure 9). A 
few pieces have been carved to utilize the color zon- 
ing to good effect. 

Like amethyst from other localities (e.g., Brazil}, 
some material from Four Peaks is heated to lighten 
the color. According to Mr. Romanella (pers. 
comm., 2004), 20-30% of the amethyst he has 
faceted is over-dark, so this material is heated to 
350-450°C. The treatment has about a 50% success 
rate; the remainder becomes unsalable due to frac- 
turing. Although Sinkankas (1957) reported that 
heating of some Four Peaks amethyst can result in a 
pale green color, the present authors have been 
unable to verify or reproduce this behavior. 


MATERIALS AND METHODS 


Gemological properties were measured on five 
faceted amethyst samples using standard gem-test- 
ing instruments. These samples, ranging from 1.25 
to 3.71 ct (figure 10), are representative of the mate- 
rial currently being produced from the Four Peaks 
mine. 

Refractive indices were obtained with a Duplex 
II refractometer and a near-monochromatic light 
source. Birefringence reactions were observed with 
a polariscope and a calcite dichroscope. Reactions 
to ultraviolet radiation were checked in a darkened 


room with conventional four-watt long-wave (366 
nm) and short-wave (254 nm) Ultra-Violet Products 
lamps. Observation of absorption spectra was made 
with a Beck prism spectroscope. The visual fea- 
tures of the study samples were observed with a 
gemological microscope. Photomicrographs were 
taken with a Nikon SMZ-10 photomicroscope 
under various lighting conditions. A polished 
amethyst plate oriented perpendicular to the optic 
axis was prepared to allow for better observation of 
twinning patterns. 

A solid mineral inclusion was identified using a 
Raman Renishaw 1000 microspectrometer. Mid- 
infrared absorption spectra for two of the samples 
were recorded at room temperature with a Nicolet 
Magna-IR Fourier-transform infrared (FTIR) spec- 
trometer over the range 400-6000 cm!, with a reso- 
lution of 1.0 cm™!. Qualitative chemical analyses of 
the same two samples were obtained with a Kevex 
(now Thermo-Electron) Omicron X-ray fluorescence 
(EDXRF) system operating at accelerating voltages 
of 10, 25, and 35 kV, and beam currents of 1.70, 
2.15, and 3.30 mA. 


RESULTS AND DISCUSSION 

The refractive indices of each of the seven samples 
studied were 1.543 (w) and 1.551 (e). The birefrin- 
gence calculated from these values is 0.008. With 
the polariscope, a uniaxial “bull’s-eye” optic figure 
was seen in all samples; slight distortions of this 
optic figure were seen near the edges of twinning 
boundaries (a feature noted before in amethyst). 
Purple and bluish purple dichroic colors were seen 


Figure 10. These faceted samples of Four Peaks amethyst (1.25—-3.71 ct) were examined for this study. The 
amethyst is typically faceted to minimize the appearance of color zoning in the face-up position (left). When 
viewed table-down (right), the color zoning of these samples becomes apparent. Photos by Maha Tannous. 
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Figure 11. Primary fluid inclusions, such as those 
shown here, were common in the Four Peaks 
amethyst examined. The largest inclusion measures 
0.7 mm long. Photomicrograph by J. I. Koivula. 


through a calcite dichroscope. All the samples were 
inert to both long- and short-wave UV radiation, 
and they displayed no absorption spectra when 
examined with a Beck spectroscope. 

Both primary and secondary fluid inclusions 
were observed in the samples studied. The former 
were relatively small, the largest being 0.7 mm in 
length (figure 11), and they showed minimal nega- 
tive crystal form. While some of the primary fluid 
inclusions appeared to be two-phase with liquid 
and gas components, many others appeared to con- 


Figure 13. Veil-like patterns of secondary fluid inclu- 
sions were commonly observed in the amethyst 
samples studied. Photomicrograph by J. I. Koivula; 
magnified 20x. 
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Figure 12. Many of the primary fluid inclusions in 
the amethyst samples examined also contained 
tiny anhedral solid phases, as shown in the lower 
right of this image. Photomicrograph by J. I. 
Koivula; magnified 25x. 


tain tiny anhedral solid phases (figure 12). No bire- 
fringence was evident in these solid phases when 
they were examined in transmitted light between 
crossed polarizers. The secondary fluid inclusions 
exhibited typical veil-like patterns, and they were 
often seen in association with the larger primary 
fluid inclusions (figure 13). 

Other than the tiny anhedral solid phases in 
fluid inclusions, the only mineral inclusions 
observed within the amethysts were small reddish 


Figure 14. Where dense accumulations of reddish 
brown hematite flakes were seen, the host amethyst 
material tended to be a lighter purple. Photo- 
micrograph by J. I. Koivula; magnified 15x. 
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brown grains of hematite (identified by Raman 
analysis). These either occurred in dense accumula- 
tions (figure 14) or were sparsely scattered. To the 
best of our knowledge, such dense accumulations 
of hematite inclusions have not been reported in 
amethyst from other localities. Where hematite 
was present in considerable amounts, the color of 
the amethyst tended to be lighter purple, whereas 
darker-color material had fewer of these inclusions. 

In transmitted light between crossed polarizers, 
Brazil-law twinning was obvious in all the samples 


Figure 16. This 27.13 ct 
cut stone (inset; photo 
by J. Lowell) displayed 
an unusual white, 
wedge-shaped growth 
zoning pattern that was 
especially visible in 
reflected light when the 
sample was illuminated 
with a fiber-optic light 
source. Photomicro- 
graph by J. I. Koivula; 
magnified 5x. 
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Figure 15. This pho- 
tomicrograph, taken in 
transmitted light 
between crossed polar- 
izers, shows the Brazil- 
law twinning pattern 
observed in a polished 
plate oriented perpen- 
dicular to the optic axis 
of the amethyst. The 
opaque areas are dense 
accumulations of 
hematite inclusions. 
Photomicrograph by J. I. 
Koivula; magnified 2x. 


studied (see, e.g., figure 15). In many of the Brazil- 
law-twinned crystals and faceted stones, there 
were sufficiently large untwinned areas to suggest 
that it would be possible to cut Four Peaks 
amethysts that would not show this form of opti- 
cally active twinning. 

The most unusual visual feature was a white, 
wedge-shaped zone that was seen oriented parallel 
to the rhombohedral direction in a 27.13 ct heart- 
shaped faceted stone (figure 16). While only slightly 
visible in darkfield illumination, this zone became 
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Figure 17. The Four Peaks amethyst mine has sup- 
plied attractive material for the gem trade. This 
white gold jewelry features a 6.89 ct Four Peaks 
amethyst in the ring. Courtesy of Commercial 
Mineral Co. 


much more apparent in reflected light from a fiber- 
optic light source. The cause of this unusual type of 
decorated growth zoning is unknown, and such fog- 
like inclusions have not been reported in amethyst 
from other localities. 

EDXRF analysis of two faceted amethyst samples 
detected silicon (as expected for quartz) and a weak 
fluorescence peak due to iron. IR spectra of these 
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CONCLUSION 
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material from most other localities, but a small per- 
centage of Four Peaks amethyst exhibits red over- 
tones and/or a deep reddish purple body color, a 
color sometime described in the trade as “Siberian.” 
Future production will likely remain limited due to 
the small size of the deposit and its remote location. 
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Hetractive Indices 
of Cabochon Cut otones 


by 


LESTER BENSON, C.G., F.G.A. 


LTHOUGH the refractometer has 

long been recognized as one of the 
most important gem testing instruments, 
its use to date has been restricted to 
faceted stones, thus, leaving the numerous 
cabochons, carvings, and other ornamen- 
tal gem materials that presented only 
rounded surfaces to be identified by a 
limited number of tests. Such determina- 
tions were often very difficult and more 
so when the stones were mounted. This 
difficulty encountered in gem identification 
has been largely overcome through the 
development of a new technique possible 
on refractometers with simplified optical 
systems such as the new Erb & Gray. 


ON THE COVER 


Born back in the forgotten cen- 
turies, the tradition of the jeweled 
crown for the virgin bride still exists 
in Sweden. In many families these 
crowns are handed down from gen- 
eration to generation as is the heir- 
loom bridal veil in our own country. 
When not furnished by the bride’s 
family, the traditional crowns are 
provided by the church. The gold 
crown pictured on our cover was 
fashioned by artisans of Hugo 
Stromdahl, Stockholm, Sweden. 
Studded with blue sapphires, the 
gems at the base of the crown are 
cut cabochon and are encircled with 
an “emblem of happiness,” closely 
resembling our own four-leaved 
clover 


ote 


The optical system of the average gem 
refractometer on the market today con- 
sists of a hemisphere or prism, a series 
of correcting lens, a reflecting prism, 
scale and eyepiece. When a stone is 
placed on the hemisphere the’critical angle 
of the hemisphere-stone will be in d’rect 
proportion to the refractive index of the 
stone. By focusing the shadow produced 
by the critical angle through the inter- 
mediate lens to the calibrated scale, the 
refractive index of the stone may be 
determined. This same princ’ple is used 
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in the Erb & Gray refractometer, how- 
ever the intermediate lens has been elim- 
inated in favor of a greatly simplified 
optical system. This system, illustrated 
in Figure I, consists of one large hemis- 
phere (H), a reflecting prism (P), a 
scale (S), and a movable eyepiece that is 
focused on the scale and which can be 
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Answers (see pp. 89-90 of the Spring 2004 issue for the questions): 1 (d), 2 (a), 3 (c), 4 (b), 5 (c), 6 (c), 7 (a), 8 (b), 9 
(b), 10 (a), 11 (d), 12 (c}, 13 (b), 14 (a), 15 (b), 16 (c), 17 (b), 18 (d), 19 (c}, 20 (d), 21 (a), 22 (c}, 23 (d), 24 (a), 25 (a) 
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Large CORAL Bead Necklace 


Sought after as a gem material for 
more than 2,000 years, today coral is 
one of the most popular organic gems 
in the marketplace, next to pearls 
(“Coral: More than seasonal,” The 
Guide, May/June 2003, pp. 7-8, 13). 
Coral’s enduring appeal may be due to 
its broad range of color saturation, 
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GIA Gem Laboratory 


from vivid “ox-blood” red, through 
the softer pinkish orange of “salmon,” 
further to the pale pink of “angel 
skin,” and beyond even that to white. 
Combined with a Moh’s hardness of 
3.5, it is not surprising that coral is a 
favorite carving material for use as 
objets d’art and in jewelry, as well as 
fashioned into cabochons and beads. 


Figure 1. The 11 coral beads in this necklace, which graduated in size 
from 34.45 to 24.45 mm, were found to be untreated. 
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The coral used as a gem material is 
actually the accumulated calcium car- 
bonate secreted by colonies of tiny 
anemone-like sea animals. Coral 
polyps are fairly delicate sea creatures, 
sensitive to changes in water depth, 
temperature, and clarity, as well as to 
modern hazards such as pollution and 
overfishing (see, e.g., R. Webster, 
Gems, 5th ed., rev. by P. G. Read, 
Butterworth-Heinemann, Oxford, 
1994, pp. 559-564). These modern 
hazards and quotas imposed to protect 
endangered corals have led to short- 
ages, particularly of the finer material. 

The East Coast laboratory was 
therefore very fortunate to have the 
opportunity to identify a necklace 
containing 11 large round pinkish 
orange beads that were graduated in 
size from 34.45 to 24.45 mm (figure 
1). All had a high polish, and only a 
few contained minor blemishes, 
which were almost hidden close to 
their drill holes. Each bead displayed 
coral’s classic wavy parallel fibrous 
structure. Standard gemological test- 
ing identified the beads as coral, and 
swabbing with acetone in tiny incon- 
spicuous places did not reveal any 
dye. Fourier-transform infrared (FTIR) 


Editor's note: The initials at the end of each item 
identify the editor(s) or contributing editor(s) 
who provided that item. Full names are given for 
other GIA Gem Laboratory contributors. 
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spectroscopy found no evidence of 
polymer impregnation. Thus, we con- 
cluded that these beads were, in fact, 
of natural color and not impregnat- 
ed—an impressive result for such a 
well-matched, highly polished set of 
beads this size. Alternating with yel- 
low metal spheres pavé set with 
numerous transparent yellow round 
brilliants, these coral beads were the 
highlight of a stunning necklace. 
Wendi M. Mayerson 


DIAMOND 


Four Blue Diamonds from a 
Historic Necklace 


The Cullinan blue diamond necklace 
(figure 2) holds a special place in the 
history of African diamond mining. 
While its classic style, workmanship, 
and rare blue diamonds have made it 
famous, it started as a personal 
memento—a gift to celebrate a special 
event. This Edwardian gold back, sil- 
ver top, festoon necklace was present- 
ed by Thomas Cullinan, then chair- 
man of the Premier mine, to his wife 
Annie in 1905 to commemorate the 
gift of the 3,106 ct Cullinan diamond 
to England’s King Edward VII and 
Cullinan’s subsequent knighthood. 
Mr. Cullinan could not have known 
at the time that blue diamonds such 
as those in the necklace would one 
day become as synonymous with the 
Premier (recently renamed Cullinan) 
mine as the famous large colorless 
crystals it has produced. Nor would 
he have known that blue diamonds 
would remain rare and among the 
most highly valued of all diamonds. 
The exhibition of the Cullinan 
blue diamond necklace at GIA’s 
museum in Carlsbad this fall present- 
ed a welcome opportunity to examine 
the necklace for the first time in many 
years, and to do so in detail for the 
first time ever. For this occasion, the 
current owner requested that detailed 
gemological information accompany 
the exhibition of the piece so as to bet- 
ter inform the public about this 
unique necklace. For our examination, 
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Figure 2. The Cullinan blue diamond necklace dates back to 1905 and 
contains several rare type IIb blue diamonds, the largest of which is 
2.60 ct. Courtesy of S. H. Silver Co., Menlo Park, California. 


the four principal blue diamonds (an 
oval shape weighing 2.60 ct—referred 
to as the Cullinan blue diamond—and 
three Old European cut brilliants 
weighing 0.75 ct, 0.73 ct, and 0.42 ct) 
were removed from the mounting for 
grading (figure 3), and the necklace 
itself was given a thorough inspection. 
Three of the four blue diamonds (all 
except the 0.42 ct) had been previous- 
ly graded by GIA, most recently in 
1993. That grading took place prior to 
the 1995 enhancements to GIA’s col- 
ored diamond color grading system. 
Additionally, the 0.75 ct and 0.73 ct 
Old European brilliants had been grad- 
ed in the mounting, which did not 
allow a precise assessment. Thus, this 
was an important opportunity to 
review the grading of these diamonds. 
The 2.60 ct oval-shaped center 
stone was described as Fancy Intense 
blue. The three Old European bril- 
liants were each color graded Fancy 
grayish blue. The range of color in 
which blue diamonds occur is rela- 
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tively compressed in saturation, and 
varies more widely in tone. Therefore, 
appearance differences are often dif- 
ferences in lightness to darkness 
rather than the strength or purity of 
the color. The four blue diamonds are 
relatively similar in tone, which 
explains their selection for the neck- 
lace. It is the stronger saturation of 
the 2.60 ct oval that accounts for its 
Fancy Intense grade. 

Other gemological properties 
were consistent with those of typical 
type IIb natural-color blue diamonds 
(see J. M. King et al., “Characterizing 
natural-color type IIb blue dia- 
monds,” Winter 1998 Gems & 
Gemology, pp. 246-268). None of the 
diamonds showed a noticeable reac- 
tion to long- or short-wave ultraviolet 
radiation, and all of them were elec- 
trically conductive. Electrical con- 
ductivity is measured by placing the 
stone on a metal base plate and 
touching a probe carrying an electri- 
cal current to various surfaces of the 
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Figure 3. The four main blue diamonds are shown here removed from 
the necklace. The Fancy Intense blue oval at top weighs 2.60 ct, while 
the three Fancy grayish blue Old European brilliants weigh, from left to 


right, 0.75 ct, 0.42 ct, and 0.73 ct. 


diamond. The conductivity value can 
vary with direction, so a number of 
Measurements are made and the 
highest value is recorded. As noted in 
previous studies (again, see King et 
al., 1998), the highest electrical con- 
ductivity value can vary widely with- 
in and between color grades. We 
found this to be the case with these 
diamonds, as each showed a range of 
values. Interestingly, the Fancy 
Intense blue oval—the most strongly 
colored—displayed the lowest value. 
It is common for type IIb blue dia- 
monds to phosphoresce after expo- 
sure to short-wave UV radiation, and 
this characteristic was noted for all 
four stones. Although the best- 
known phosphorescent reaction in 
blue diamonds is that of the famous 
Hope diamond, the Hope’s long-last- 
ing strong red phosphorescence is 
actually quite rare. It is much more 
common for phosphorescence to be 
very weak to weak blue or yellow 
and of short duration, this more com- 
mon reaction was exhibited by the 
diamonds from the necklace. 
Microscopic examination revealed 
characteristics consistent with other 
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type lb blues. Such diamonds fre- 
quently have an uneven color distri- 
bution, which was observed here. It is 
also typical for them to have relative- 
ly few solid inclusions, with fractures 
and indented naturals being more 
common. This was also consistent 
with our findings. As would be 


Figure 4. Minor chips and abra- 
sions such as those seen here on 
the 0.42 ct Old European bril- 
liant are often encountered on 
diamonds that have been worn 
over a long period of time. 
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expected, the blue diamonds, as well 
as other diamonds in the necklace, 
exhibited minor chips and abrasions 
consistent with the necklace’s nearly 
100-year history (figure 4). 
Examination of these historic 
stones also gave us an important 
opportunity to study spectroscopic 
features of known natural IIb dia- 
monds. Infrared spectroscopy showed 
absorptions in all four stones at 2801 
and 2454 cm!, which are typical fea- 
tures of type IIb diamonds. Photo- 
luminescence spectra collected using 
an argon laser (at 488 nm excitation) 
revealed emission features character- 
istic of natural diamonds. A relatively 
strong 3H emission (503.5 nm) was 
detected in all four stones. 
Luminescence imaging is a useful 
way to study diamond growth, and 
was performed using the De Beers 
DiamondView. As shown in figure 5, 
blue luminescence and networks of 
polygonized dislocations are evident. 
Similar dislocation features were 
observed in all four stones. This type 
of dislocation network is a specific 
feature of natural diamond, and has 
never been observed in synthetic dia- 
mond. 
John M. King, TMM, 
and Wuyi Wang 


Figure 5. This luminescence 
image of the 2.60 ct oval-shaped 
diamond was collected using 
the De Beers DiamondView. A 
blue luminescence and net- 
works of polygonized disloca- 
tions are evident; such disloca- 
tion networks are characteristic 
of natural diamond. 
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Irradiated Blue Diamond Crystal 


Irradiation with or without annealing 
is a common technique used to 
enhance the color of diamonds, and 
those suspected of being treated in 
this manner are routinely submitted 
to the laboratory for origin-of-color 
testing. Most such stones are treated 
after faceting, and depending on the 
type of treatment, diagnostic color 
distribution features are sometimes 
seen. Among the few laboratory-irra- 
diated rough diamonds we have 
examined was a 2.95 ct well-formed 
bluish green octahedron (Winter 1989 
Lab Notes, pp. 238-239). 

Recently, a large crystal that 
resembled the sample in the 1989 Lab 
Note was submitted to the East Coast 
laboratory for origin-of-color determi- 
nation. The experienced client who 
brought the stone to our attention was 
suspicious of its origin even though it 
was represented as coming directly 
from the mine in central Africa. 

The 11.60 ct crystal (figure 6), 
which measured 13.11 x 12.85 x 9.09 
mm, exhibited typical octahedral 
crystal morphology and showed obvi- 
ous resorption features on its surface. 
It also showed a distinct greenish blue 
coloration. In contrast to similarly 
colored natural diamonds, no green or 
brown radiation stains were observed 
with magnification. However, a slight 
color concentration was evident at 
the edges of the crystal faces (again, 
see figure 6). We observed a strong 
blue fluorescence to long-wave UV 
radiation and a weak green-yellow 
reaction to short-wave UV. 

Infrared spectroscopy revealed fea- 
tures typical of a type Ia diamond with 
very high nitrogen content and a weak 
absorption due to hydrogen impurities. 
In rare cases, a high concentration of 
structurally bonded hydrogen in dia- 
mond could produce blue coloration, 
but that definitely was not the case for 
this crystal. A weak Hla absorption 
was present (at 1450 cm~!), but there 
were no H1b, Hlc, or H2 absorptions. 
In the UV-visible spectrum collected 
when the diamond was cooled by liq- 
uid nitrogen (figure 7), strong N3 (415 
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Figure 6. The strong blue col- 
oration in this 11.60 ct diamond 
octahedron proved to be the 
result of laboratory irradiation. 


nm), moderate N2 (478 nm), weak H3 
(503 nm), and weak 595 nm absorp- 
tions were detected, a strong and broad 
GR1 (741 nm) absorption also was 
apparent. 

These gemological and spectro- 
scopic features led to the conclusion 
that this crystal was artificially irradi- 


ated without subsequent annealing. 
Considering the large size of the crys- 
tal, it is possible that the radiation- 
related color does not penetrate evenly 
throughout, as is suggested by the 
concentration of color along the edges. 

Wuyi Wang and TMM 


Irradiated Type IIb Diamond 


Type IIb diamonds are often blue, due 
to small amounts of boron impuri- 
ties. Depending on the occurrence of 
other defects (e.g., plastic deforma- 
tion), some type IIb diamonds exhibit 
a gray or, more rarely, a brown color 
(see, e.g., King et al., 1998, cited in 
earlier entry). Blue also can be pro- 
duced in an otherwise colorless dia- 
mond by exposure to radiation (either 
naturally or in a laboratory) to create 
a vacancy defect. Although it is tech- 
nically possible to enhance the blue 
color of a type IIb diamond by irradia- 
tion, mixing of two different color- 
causing mechanisms in the same dia- 
mond may not necessarily produce 
an attractive color. Brown natural 


Figure 7. A strong and broad GR1 absorption (741 nm), together with a 
weak absorption at 595 nm, indicated that the 11.60 ct greenish blue 
diamond was irradiated in a laboratory. The pre-existence of relatively 
strong Cape absorptions (e.g., N3 and N2) resulted in the green modifier. 
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Figure 8. This 2.00 ct Fancy 
Dark green-gray type IIb dia- 
mond was found to have been 
laboratory irradiated. 


radiation stains were reported on an 
unusual type IIb blue diamond (Fall 
1991 Lab Note, pp. 174-175), but the 
radiation did not appear to have had 
any effect on the color of this faceted 
stone. An artificially irradiated type 
IIb diamond recently submitted to 


Figure 9. When examined with a 
microscope and diffused light, 
the diamond in figure 8 revealed 
a strong concentration of blue 
near the culet, which proved that 
it had been artificially irradiated. 
Field of view is 6.0 mm high. 
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the East Coast laboratory gave us an 
extremely rare opportunity to exam- 
ine a sample of this nature. 

The 2.00 ct oval brilliant cut 
(10.52 x 7.14 x 4.21 mm) in figure 8 
was color graded Fancy Dark green- 
gray. Although this hue was not out- 
side the range of hues we have seen in 
natural-color type IIb diamonds, the 
cause of the color was not immediate- 
ly obvious. No green or brown natural 
radiation stains were observed on the 
surface with magnification and dark- 
field illumination. Nor did the dia- 
mond have any notable internal char- 
acteristics such as solid inclusions or 
fractures, or any distinct colored grain- 
ing. We did not see fluorescence to 
either long- or short-wave UV radia- 
tion, but very weak yellow phospho- 
rescence was detected after exposure 
to short-wave UV. Infrared absorption 
spectroscopy only showed features 
typical of a type Ib diamond (e.g., 
strong and clear absorptions at 2801 
and 2454 cm™! due to substitutional 
boron impurities). However, when the 


diamond was examined more careful- 
ly with low-power binocular magnifi- 
cation and diffused light, a distinct 
blue color concentration was noted 
near the culet (figure 9). This type of 
color zoning is typical for diamonds 
that have been artificially irradiated 
with a low-energy source, as is usually 
done today with an electron beam. 
Absorption spectroscopy collected 
at liquid nitrogen temperature in the 
ultraviolet-visible range (figure 10) 
showed a strong GR1 band (vacancy, 
741 nm) and several other lines of the 
GR series (GR2. through GR8). A clear 
TR12 absorption at 469.9 nm also 
was detected. It is very rare for a natu- 
ral-color type IIb diamond to show 
any detectable GR1 or TR12 absorp- 
tion with UV-Vis absorption spec- 
troscopy. In addition, in the photolu- 
minescence spectrum seen with a 
laser Raman microspectrometer, the 
intensity of the 3H defect with a zero- 
phonon line at 503.5 nm (another typ- 
ical radiation-related defect in dia- 
mond) was significantly stronger than 


Figure 10. This UV-Vis absorption spectrum of the green-gray diamond 
shows a strong GR1 band and some additional lines from the GR series. 
A clear TR12 band also was detected. A gradual increase in absorption 
at higher wavelengths is attributed to the presence of boron impurities. 
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Figure 11. The color appearance of the 12+ ct Very Light blue type IaB 
oval modified brilliant in the center is due to scattering of light and not 
to any of the typical causes of natural blue color. The 6+ ct pear-shaped 
diamond on the left is colorless (D-color); the 5.5+ ct type IIb on the 
right is Fancy Light blue. 


that in any natural-color type Ib dia- 
monds we have examined. All these 
observations led to the conclusion 
that this type IIb diamond had been 
treated by irradiation in a laboratory. 
Little is known about the interac- 
tion between vacancies and boron in 
diamond and the possible impact on 
color. The color of this specific sam- 
ple is not very attractive. A possible 
reason is that prior to irradiation the 
stone may have had a strong brown 
component. This also would explain 
the green coloration after treatment. 
Wuyi Wang, TMM, 
and Thomas Gelb 


Unusual Cause of 
Blue Color in a Diamond 


It is unusual for the laboratory to 
encounter natural blue diamonds 
with a cause of color other than boron 
impurities, natural irradiation, or the 
presence of hydrogen (see, e.g., E. 
Fritsch and K. Scarratt, “Natural-color 
nonconductive gray-to-blue dia- 
monds,” Spring 1992 Gems & 
Gemology, pp. 35-42; and King et al., 
1998, cited above). Thus, it was quite 
a surprise when the East Coast lab 
recently tested an oval diamond over 
12 ct (figure 11, center) with a blue 
color typical of that produced by 
boron but none of the other properties 
one would expect for such diamonds. 
When color graded, the oval was 
classified as Very Light blue. On test- 
ing for electrical conductivity, the 
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diamond was found to be nonconduc- 
tive. We observed a moderate blue 
reaction to both long- and short-wave 
UV radiation. Infrared spectroscopy 
proved that the diamond was type IaB 
and did not show any elevated levels 
of hydrogen. Spectroscopic analysis 
further ruled out any possibility that 
this stone was irradiated in a labora- 
tory. However, microscopic examina- 
tion revealed clouds of pinpoints and 
internal whitish graining. 

In this case, we believe the color 
was caused by a scattering of light in 
the diamond from the clouds of pin- 
point inclusions. This effect is similar 
to the one that causes cigarette smoke 
to appear blue, a phenomenon often 
referred to as the Tyndall effect. 
Named after its discoverer, 19th-cen- 
tury British physicist John Tyndall, 


Figure 12. More typically, the 
scattering of light from micro 
inclusions produces a predomi- 
nantly white (as shown in this 
7.00 ct marquise) or gray color 
in diamond. 
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this effect is caused by reflection 
and/or scattering of light by very small 
particles in suspension in a transparent 
medium. It is often seen from the dust 
in the air when sunlight enters a room 
through a window or comes down 
through holes in clouds. Most dia- 
monds that have dense clouds and also 
show scattering have a predominantly 
white or gray appearance (e.g., figure 
12). The difference in color is probably 
related to the size of the particles and 
the density of the cloud. 

We have documented diamonds 
with these properties from a few dif- 
ferent geographic locations, including 
India and Australia. This unusual 
stone indicates that micro-inclusions 
in diamond can generate colors other 
than black, gray, and white. The 
nature of the micro-inclusions (chem- 
istry, particle size, density, and distri- 
bution) and the size of the stone, 
along with the light source and its 
distribution of output, are all factors 
in determining the final color appear- 
ance of the diamond. 

John M. King, Wuyi Wang, TMM 


NEPHRITE that Mimics Serpentine 


Because of their similar appearances, 
some nephrite and serpentine can be 
impossible to distinguish by visual 
observation alone. Although the two 
mineral species usually can be readily 
separated on the basis of their refrac- 
tive index and specific gravity values, 
in some cases even these physical 
properties can be misleading. The 
West Coast laboratory recently 
received a 142.27 ct translucent mot- 
tled green-gray carving of a water buf- 
falo that exhibited both an artificial 
water-soluble reddish stain outlining 
details of the carving, and a light 
brownish yellow coating that partially 
concealed the underlying host materi- 
al (figure 13). 

Microscopic examination revealed 
that the host was a fine-grained aggre- 
gate. When tested in an inconspicu- 
ous area, the coating dented and 
scratched easily with a metal probe, 
similar to the response of a wax. 
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Figure 13. This nephrite carving (43.95 x 30.35 x 9.98 mm) could be con- 
fused with serpentine due to the effects of an unidentified coating. 


However, it did not melt readily 
when exposed to a thermal reaction 
tester; instead it merely yielded more 
easily and turned brown under the 
microscope with prolonged contact. It 
also did not react to a dilute HCI solu- 
tion. This coating may have been an 
attempt at “antiquing” the carving; 
however, it is not known whether the 
coating was natural or an artificially 
applied substance. In addition, a very 
thin coating, which may have been 
separate from—or an extension of— 
the built-up areas, created an invisible 
film over the host material. It too 
could be scratched off, possibly 
deceiving an unwary observer into 
believing that the host material was 
soft. However, only the thin film 
yielded to the tip of the probe, where- 
as the material beneath was harder 
than the metal point. 

The RI. of the greenish areas was 
approximately 1.58, varying from 1.57 
to 1.59. The higher value was 
obtained on a small area where the 
thin coating had been removed with 
solvent; areas with the thicker brown- 
ish yellow coating had lower RI. val- 
ues than areas where the green-gray 
host material was clearly visible. 

The reaction to long-wave UV radi- 
ation was a combination of an inert 
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background mottled with medium 
chalky green-yellow fluorescence that 
appeared weak to medium yellow on 
the areas with the thicker brownish 
yellow coating. The reaction to short- 
wave UV was also a combination of an 
inert background with a mottled very 
weak to weak yellow fluorescence on 
the coating. There was no significant 
visible-light spectrum. 

With only this initial examina- 
tion—the appearance of the carving, 
the illusory “soft” nature of the mate- 
rial, and the low R.I. values rarely 
attained by nephrite—a hasty evalua- 
tion could lead a gemologist to 
misidentify this material as serpen- 
tine. However, further testing revealed 
its true composition. The specific 
gravity, measured hydrostatically, 
was approximately 2.96; the FTIR 
spectrum was consistent with those 
of other nephrites; and the Raman 
spectrum of the greenish areas was 
consistent with the nephrite reference 
in the database. To characterize the 
material further, EDXRF analysis was 
performed by GIA senior research 
associate Sam Muhlmeister. The 
major elements present were Si, Ca, 
and Mg, with a trace of Mn and Fe. 
The presence of Ca in the structure 
excluded serpentine, while the chem- 
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istry, S.G., and FTIR and Raman spec- 
tra were all consistent with nephrite. 
In an attempt to confirm or 
explain the uncharacteristically low 
RI. values, the thin film that coated 
the specimen was polished off in a 
small inconspicuous area to better 
expose the host material. A higher 
vague R.I. reading between 1.60 and 
1.61 was then obtained, indicating 
that the coating was responsible for 
lowering the apparent R.I. This piece 
was a valuable reminder of the care 
and diligence that should be exer- 
cised when obtaining physical prop- 
erties for gem identification. 
CYW 


Pink OPAL 


This past summer, the East Coast lab- 
oratory received for identification two 
pairs of partially drilled translucent to 
semi-translucent variegated pink 
drops (figure 14). The larger pair mea- 
sured 35.90 x 13.95 x 13.90 mm and 
35.60 x 13.95 x 13.90 mm and had a 
total weight of 64.73 ct; the smaller 
pair had a total weight of 29.28 carats. 

At first glance, the drops resem- 
bled conch pearls in their coloration. 
However, they did not exhibit any 
flame-like structure; nor were they 
the standard shape of conch pearls. In 
fact, their symmetrical shape indicat- 
ed they were not pearls at all. They 
also resembled massive rhodo- 
chrosite, but they lacked the botry- 
oidal structure and distinctive color 
zoning commonly associated with 
that mineral. Standard gemological 
testing revealed spot refractive indices 
of 1.45, weak-to-medium whitish flu- 
orescence to long-wave UV, very 
weak yellow to no reaction to short- 
wave UV, and specific gravities rang- 
ing from 2.16 to 2.23. With a desk- 
model spectroscope, all four drops 
showed a weak band at approximately 
490 nm, a weak line at approximately 
550 nm, and a cutoff from 430 nm. 
These properties suggested opal, but 
glass could not be ruled out. 

A Fall 1982, Lab Note (pp. 172-173) 
described a variegated light pink and 
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Figure 14. These four variegated pink drops, which range from 14.01 to 


32.68 ct, were identified as pink opal. 


gray carving of a bird that was identi- 
fied as opal by the West Coast laborato- 
ry. Not until the Winter 1991 issue (pp. 
259-260) did information become 
available in GWG regarding the loca- 
tion of the mines that reportedly were 
producing this translucent-to-opaque 
pink material, along with blue opal: the 
Acari copper mining area near Are- 
quipa, Peru. It was said that some of the 
pink material even “exhibits a color 
reminiscent of rhodochrosite” (p. 259). 
Our next step was to use energy- 
dispersive X-ray fluorescence (EDXRF) 
to investigate the chemistry of the 
four drops and compare the findings to 
a sample of known pink opal from 
Peru. EDXRF revealed the presence of 
Mg, Al, Si, K, Ca, Mn, and Fe. As opal 
is amorphous silica, the other ele- 
ments can be attributed to mineral 
impurities, such as palygorskite, that 
are commonly associated with this 
type of opal (see J. Hyrsl, “Gemstones 
of Peru,” Journal of Gemmology, Vol. 
27, No. 6, 2001, pp. 328-334, and the 
Fall 1982 Lab Note). The spectra were 
nearly identical, clearly identifying 
these drops as pink opal, possibly 
from Peru. 
Wendi M. Mayerson 
and David Kondo 
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RUBIES, Clarity Enhanced 
with a Lead Glass Filler 


Heat treatment of natural rubies fre- 
quently leaves a glassy residue within 
surface-reaching fractures and cavities. 
This filling is produced during the heat- 
ing process and can facilitate the partial 
healing of fractures within the rubies. It 
is often detectable with magnification 
by observing the difference in luster 
compared to the surrounding corun- 
dum (see, e.g., Fall 2000 Lab Notes, pp. 
257-259). This type of glass residue has 
a relatively low R.I. compared to corun- 
dum and is usually not considered to 


be a clarity enhancement on its own. 
Earlier this year, however, the 
Gemmological Association of All 
Japan (GAAJ) issued a lab alert describ- 
ing rubies that had not been heat 
treated, but that showed a flash effect 
in their fractures caused by a clarity 
enhancement similar to that tradi- 
tionally used in diamonds (“Lead 
glass impregnated ruby,” GAA] Lab 
Alert, 2004, GAAJ Research Laborato- 
ry, http://www.gaaj-zenhokyo.co.jp/ 
researchroom/kanbetu/2004/gaaj_ 
alert-040315en.html). Their EDXRF 
chemical analyses revealed the pres- 
ence of elevated levels of lead (Pb) in 
the material filling the fractures in 
these stones. The results were later 
confirmed by the AGTA (“New ruby 
treatment arrives in the United 
States,” AGTA Gemstone Update, 
http://www.agta.org/consumer/news/ 
20040702rubytreatment.htm). 
Recently, the West Coast laborato- 
ry had the opportunity to examine two 
purplish red mixed-cut oval stones 
(3.19 and 2.76 ct) that contained 
numerous large surface-reaching frac- 
tures and cavities filled with a glassy 
substance (figure 15). Both gems were 
identified as natural ruby by their 
inclusions, R.L, and visible absorption 
spectra in a desk-model spectroscope. 
Unlike the stones described by GAAJ, 
the presence of thermally altered 
inclusions showed that these rubies 
had been heated. The glassy fillings 
contained numerous flattened gas bub- 
bles or voids (figure 16), and showed a 


Figure 15. These two rubies contain numerous fractures filled with a 
high-lead-content glass that undoubtedly significantly improved their 


apparent clarity. 
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Figure 16. The glassy fillings in these clarity-enhanced rubies all con- 
tained numerous flattened gas bubbles (left) and elongated and irregu- 
lar voids (right). Magnified 27x. 


distinctly higher surface luster than the 
corundum (figure 17). The filled frac- 
tures were very low relief in all viewing 
directions and displayed weak to mod- 
erate blue-to-violet and orange flash 
effects. In some directions, the frac- 
tures had a slightly hazy appearance 
(figure 18). The 3.19 ct ruby, in particu- 
lar, had several large filled cavities. 

The filling material in the largest 
cavity was translucent, yellow in color, 
and contained many spherical gas bub- 
bles (figure 19). In another large filled 
cavity, the filling material was also yel- 


Figure 17. The luster of this filler 
material was actually higher 
than the ruby, which is the oppo- 
site of what is typically seen 
with glassy residues. Surface cav- 
ities filled with this lead glass 
also showed a poor polish com- 
pared to the surrounding corun- 
dum, indicating a much lower 
hardness. Magnified 40x. 
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low, but transparent with no visible gas 
bubbles. The filling material in the 
fractures did not have a visible body 
color, but this was undoubtedly 
because of the small amount of materi- 
al present. All the filled cavities 
showed poor polish at the surface, indi- 
cating a much lower hardness than the 
surrounding corundum (again, see fig- 
ure 17). Unlike the residues we have 
seen previously in heat-treated rubies, 
the nature and abundance of the fillings 
in these two stones suggested an intent 
to hide the fractures and improve the 
apparent clarity of the gems. 

To learn more about the filling 
material, we employed EDXRF analy- 
sis, Raman spectroscopy, and fluores- 
cence imaging. EDXRF, performed by 
GIA senior research associate Sam 
Muhlmeister, showed elements typi- 
cal of ruby (Al, Cr, and Fe) and elevated 
levels of Pb similar to those reported 


Figure 18. In some directions, 
the filled fractures showed a 
slightly hazy appearance. 
Magnified 36x. 
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by GAAJ. None of the other elements 
that have been reported in glass-like 
ruby fillings (Si, P, Ca, and Ti) were 
detected (again, see the Fall 2000 Lab 
Note). It is important to note that 
lighter elements such as boron cannot 
be measured using EDXRF. 

Raman spectroscopy was per- 
formed to compare the glass filler in 
these two rubies with five different 
glass samples known to contain sig- 
nificant Pb. Although the spectrum 
for this filler was not a match for any 
of the glasses in our collection, it had 
many of the same luminescence fea- 
tures as a sample of lead borate glass. 

Last, we observed reactions to 
high-energy short-wave UV radiation 
using the De Beers DiamondView 
instrument. The filling material re- 
sponded very strongly, fluorescing 
bright blue in contrast to the red 
reaction (caused by chromium) of the 
surrounding corundum. For compari- 
son, traditional glass-filled cavities in 
rubies show an inert to dull gray reac- 
tion (figure 20, left and right). None 
of the glass samples from our collec- 
tion showed any reaction in the 
DiamondView. 

Key gemological identification fea- 
tures of this new filler include a dis- 
tinct luster, flash effects, haziness, gas 
bubbles and voids, together with very 
low relief of the fractures in all viewing 
directions. In addition, elevated Pb and 
the absence of other significant ele- 


Figure 19. In one large filled cavi- 
ty, the filler was translucent and 
yellow in color. One of the many 
spherical gas bubbles that were 
present can be seen in the center 
of this image. Magnified 27x. 
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raised or lowered to take in the full range 
of the scale or raised completely above 
the scale. By referring to Figure II it 
can be seen that if the eyepiece is raised 
above the scale, one can look directly into 
the prism and because of the reflecting 
surface RR’, actually see into the hemis- 
phere and view the underneath side of 
the table. Figure III A illustrates how 
the table of the hemisphere would look 
when viewed through the scale and prism. 
The best distance for such an observation 
is 12 inches to 15 inches from the scale. 
The value of this is that it enables one 
to look directly at the surface of a stone 
that is in contact with the hemisphere 

(Figure III B). When testing a stone 


[] 


with a contacting surface too small to 
provide sufficient reflection to be visible on 
the scale through the eyepiece, the reading 
can still be obtained by observing this 
small area through the prism as explained 
above, using the following procedure. 
In Figure IV, K represents a stone that 
is too small to cause a shadow edge on 
the scale that is intense enough to be read 
using the eyepiece. It can be seen, how- 
ever, that when. looking into the prism 
in a direction parallel to BC and at. any 
point between A and B that the image 
of the contacting surface reflected by the 
prism will appear light, but if the observer 
is looking in the area BD, the image 
will appear dark. This is explained by 
the fact that the area between A and B 
represents the angle and which is outside 
the critical angle of this portion of the 


hemisphere. Therefore all light striking 
this small contacting area within this 
angle will be reflected to the observer. 
The area BD corresponds to the critical 
angle and any light that strikes within 


(T] 


this angle is refracted out through the 
stone. ‘Therefore, in this position the 
image will appear dark. Figure V shows 
three separate readings that further illus- 
trate the above discussion.. The black dot 
in the white circle is the way the above 
stone (in Figure [V) would appear when 
observed through the scale. At position A 
the spot appears dark. At C, it is light. 
However, between these two points we 
find a position where the spot appears 
half light and half dark. By correlating 
this shadow edge with the scale the re- 


fractive index may be determined. In this 
case it is 1.54. This shadow edge which 
represents the edge of the critical angle 
in Figure IV will remain constant for{ 


™~ 


any given stone. To determine the point — 


on the scale at which this occurs, merely 
requires the raising or lowering of the 
line of vision until the reflected image 
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Figure 20. These DiamondView images show the inert to dull gray reac- 
tion of a traditional glass filler (left) compared to the bright blue reac- 
tion of the new lead glass filler (right). 


ments attributable to the filler in the 
EDXRF analysis are characteristic of 
the samples we have seen thus far. Blue 
fluorescence in the DiamondView may 
also be useful for identification. 
Kimberly M. Rockwell and 
Christopher M. Breeding 
GIA Gem Laboratory, Carlsbad 


Unusual SYNTHETIC RUBY 
Triplet Displaying Asterism 
The identification of loose assembled 
stones is relatively straightforward. 
However, when they are mounted in 
jewelry (often bezel set), almost all 


Figure 21. The red asteriated 
cabochon in this ring (13.00 x 
11.80 x 10.55 mm) was identi- 
fied as a triplet consisting of a 
synthetic ruby top and bottom 
joined by a near-colorless glue 
layer that surrounded an 
unidentified center section. 
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signs of assembly can be hidden. 
Frequently only the top portion of the 
assemblage can be identified, with 
few indications as to the identity of 
the bottom part possible because of 
the restrictions the mounting places 
on testing procedures (as was the case 
with the assembled stone reported in 
the Fall 1993 Lab Notes, p. 205). 
Recently, the New York laboratory 
was asked to identify a large red double 
cabochon that displayed a weak six- 
rayed star; it was set in a yellow metal 
ring with 22 transparent near-colorless 
brilliants (figure 21). A 1.76 spot RL 
reading, characteristic absorption spec- 
trum, and the presence of curved striae 
and gas bubbles seen with magnifica- 
tion identified the top of the cabochon 


Figure 22. When the cabochon in 
figure 21 is viewed in profile, 
unmounted and immersed in 
methylene iodide, the distinc- 
tive layers that make up this 
assemblage are clearly visible, 
as are numerous gas bubbles in 
the near-colorless cement. 
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as synthetic ruby manufactured by a 
melt process. Further examination 
through the top of this mounted cabo- 
chon revealed a deeper layer of color- 
less cement with numerous oval gas 
bubbles, followed by another layer that 
exhibited the hexagonal growth struc- 
ture typical of natural corundum. 

Although at this point the cabo- 
chon appeared to be a simple assem- 
bled stone consisting of a synthetic 
ruby top and a natural ruby bottom, 
held together by a near-colorless 
cement layer, closer inspection of the 
convex bottom with a fiber-optic light 
and magnification revealed the pres- 
ence of curved striae. This indicated 
that the bottom piece was also a 
melt-grown synthetic ruby. This was 
very unusual, but to fully identify the 
parts of this assemblage it would have 
to be removed from the mounting. 
Fortunately, the cabochon was held in 
place by only four small prongs, so 
with the client’s permission we had it 
unmounted for further analysis. 

The bottom piece exhibited diag- 
nostic properties identical to those of 
the synthetic ruby top. Immersion of 
the cabochon in methylene iodide 
revealed a thin grayish blue layer com- 
pletely encapsulated within a thick 
layer of colorless cement (figure 22). 
Due to its location within the glue, it 
was not possible to definitively identi- 
fy this layer. However, the hexagonal 
growth structure seen in figure 23 


Figure 23. Seen through the bot- 
tom of the cabochon while it was 
immersed in methylene iodide, 
the hexagonal growth structure 
of the unidentified section is 
apparent within the cement. 
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Figure 24. These three cuprian tourmalines from Mozambique (5.47, 5.68, and 5.37 ct) exhibit a strong 
“reverse” color change from fluorescent light (left) to incandescent light (right). 


indicated that it most likely was a 
thin slice of natural corundum that 
contained the three directions of rutile 
needles, or “silk,” necessary to create 
asterism. The conclusion that 
appeared on the gem identification 
report read as follows: “Triplet con- 
sisting of a synthetic ruby top and a 
synthetic ruby bottom, joined together 
with a near colorless cement contain- 
ing an unidentified center section.” 
Siau Fung Yeung 
and Wendi M. Mayerson 


Copper-bearing Color-Change 
TOURMALINE from Mozambique 


Color-change tourmaline has been 
reported in GWG on only three prior 
occasions: dravite from East Africa 
(Fall 1991 Gem News, pp. 184-185), 
uvite possibly from East Africa (Fall 
2000 Gem News, pp. 270-271), and 
copper-manganese-bearing elbaite 
from Nigeria (Fall 2001 Gem News 
International, pp. 239-240). 

Elsewhere in the literature, there 
are limited reports of color-change 
tourmalines, which typically proved 
to be chromium- and vanadium-bear- 
ing specimens in the dravite-uvite 
series (H. Bank and U. Henn, “Colour- 
changing chromiferous tourmalines 
from East Africa,” Journal of Gem- 
mology, Vol. 21, No. 2, 1988, pp. 
102-103; A. Halvorsen and B. B. 
Jensen, “A new colour-change effect,” 
Journal of Gemmology, Vol. 25, No. 
5, 1997, pp. 325-330). 

Noel Rowe of Rough to Cut in 
San Jose, California, recently submit- 
ted to the West Coast laboratory a 
color-change tourmaline that differed 
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significantly from those previously 
described. Viewed table-up, this 5.68 
ct transparent emerald-cut stone 
(11.63 x 8.76 x 7.48 mm) exhibited a 
distinct color change from purple in 
fluorescent light to gray-bluish green 
in incandescent light (figure 24). 
Particularly notable is the fact that 
the colors exhibited were the reverse 
of the usual alexandrite effect: cool 
colors such as green, blue, or gray in 
day or fluorescent light and warm 
colors such as purple, red, or brown 
in incandescent light. All other previ- 
ously reported color-change tourma- 
lines followed the usual convention. 

This stone was eye-clean, and even 
with magnification it was exceptional- 
ly free of inclusions except for a tiny 
crystal near the surface of the pavilion 
and three miniscule needles near the 
girdle. Although optical properties and 
Raman analysis proved that this stone 
was indeed tourmaline (the Raman 
spectrum was consistent with rubellite 
in the database}, the lack of inclusions 
and the very unusual phenomenon 
warranted further investigation. 

To facilitate the investigation of 
this intriguing material, Mr. Rowe 
and the owner of the stone, Bruce Fry 
of Mars, Pennsylvania, supplied two 
additional tourmalines that exhibited 
similar properties. One was a 5.47 ct 
pear shape pre-form that had roughly 
the same color change as the emer- 
ald-cut stone. The other was a 5.37 ct 
oval that had a weaker color change 
from grayish purple in fluorescent 
light to gray in incandescent light 
(again, see figure 24). According to 
Mr. Fry, these three stones are the 
only tourmalines of this type that he 
or his South African suppliers have 
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ever seen. He stated that the emer- 
ald-cut and pear pre-form stones were 
from Moiane in northern Mozam- 
bique, approximately 200 km north 
of Nampula. The origin of the oval is 
only known as northern Mozam- 
bique. The specimens were alluvial 
in origin, and at least one of the 
stones was reportedly mistaken for a 
low-value iolite after being discov- 
ered by a local gold miner. Both the 
emerald cut and the pear shape pre- 
form were thought to be from the 
same lot; although cut recently, they 
were probably recovered several years 
ago. The oval was cut from a crystal 
with a color distribution that includ- 
ed a thin “rind” of pink skin and 
other small pink zones. Mr. Fry 
retained a flame-shaped zone of pink 
when he faceted the stone approxi- 
mately four years ago. 

The pear pre-form had a frosted 
surface with small areas of the origi- 
nal skin. Although the view into the 
stone was obscured by the frosted 
surface, magnification did reveal 
some sparse “trichites” (intercon- 
nected secondary two-phase inclu- 
sions) and a couple of fractures 
extending in from the surface that 
contained an orangy yellow residue, 
possibly iron-oxide staining. The 
stone was vaguely bicolored with a 
pink zone encompassing approxi- 
mately half of it toward the tip. The 
oval also contained trichites, in addi- 
tion to the pink flame-shaped zone 
that extended inward from the side. 
All the stones displayed the strong 
doubling at facet junctions typical of 
tourmaline. 

The RI. values of the emerald-cut 
and oval stones were @ = 1.639-1.640 
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and € = 1.621 (values for the pear pre- 
form were unattainable due to the 
rough surface). The hydrostatic spe- 
cific gravities ranged from approxi- 
mately 3.05 to 3.06 for the three sam- 
ples. All three stones were inert to 
both long- and short-wave UV radia- 
tion. Dichroism was similar in all 
three—grayish violet to violet and 
grayish green to pale green—varying 
mostly in intensity. 

To characterize these stones fur- 
ther, GIA senior research associate 
Sam Muhlmeister performed EDXRF 
qualitative chemical analysis. Al and 
Si were the major elements detected; 
the oval had a minor amount of Mn, 
while traces of Mn were seen in the 
other two samples. All the stones 
also showed traces of Ca, Cu, Ga, 
and Bi, with the oval showing Zn 
and Sr, and both the emerald cut and 
the oval showing some Pb (the pres- 
ence of which was inconclusive in 
the pre-form). 

The copper content is especially 
noteworthy. The only other commer- 
cially available tourmalines that con- 
tain copper are the copper-manganese- 
bearing elbaites, well-known for their 
exquisite blue colors, from Sao José da 
Batalha, Paraiba, Brazil (and sur- 
rounds), and western Nigeria (see, e.g., 
E. Fritsch et al., “Gem-quality cuprian- 
elbaite tourmalines from Sao José da 
Batalha, Paraiba, Brazil,” Fall 1990 
Gems & Gemology, pp. 189-205; and 
B. Laurs et al., “More on cuprian 
elbaite tourmaline from Nigeria,” 
Spring 2002 Gem News International, 
pp. 99-100). One Nigerian cuprian 
elbaite that was examined by the 
Gtibelin Gem Lab—a 22.98 ct violet 
gemstone—also exhibited a color 
change (C. P. Smith et al., “Nigeria as 
a new source of copper-manganese- 
bearing tourmaline,” Fall 2001 Gem 


News International, pp. 239-240). 
However, both the dichroism (purple- 
violet and slightly grayish violet-blue) 
and the color change (violet to purple) 
were different from what was seen in 
the three stones from Mozambique. 

It is likely that Cu and Mn, at 
least in part, are the cause of color in 
these three specimens (Fritsch et al., 
1990). Trace amounts of Pb in these 
samples could possibly be the result 
of residue from the polishing process 
and may not be reliable (D. Dirlam et 
al., “Liddicoatite tourmaline from 
Anjanabonoina, Madagascar,” Spring 
2002 Gems &) Gemology, pp. 28-53). 

The EDXRF analyses helped nar- 
row the list of possible tourmaline 
species to which these stones belong. 
The lack of significant amounts of 
Ca, Fe, and Mg eliminates the calcic 
tourmalines and several other end 
members (e.g., dravite). Solely based 
on the elements detected, the remain- 
ing possibilities include the alkali 
tourmalines elbaite and olenite and 
the X-site-vacant tourmaline, ross- 
manite (see, e.g., F. C. Hawthorne and 
D. J. Henry, “Classification of the 
minerals of the tourmaline group,” 
European Journal of Mineralogy, 
1999, Vol. 11, pp. 201-215). However, 
quantitative chemistry, using a 
method that would detect lighter ele- 
ments such as Na and Li, would be 
necessary to fully characterize these 
stones and the tourmaline species to 
which they belong. 

Polarized UV-visible spectroscopy 
(also performed by Sam Muhlmeister) 
and oriented FTIR spectroscopy were 
conducted for comparison to other 
tourmalines. The UV-Vis spectra 
were very similar to those reported 
for the cuprian elbaites from the 
Paraiba mines in Brazil, with broad 
absorption peaks centered around 


485-520 nm (which was attributed to 
Mn* in unheated Paraiba tourma- 
lines) and Cu** absorptions centered 
around 690 and 895-905 nm in the 
Elc direction and 710-720 and 
900-920 nm in the Elle direction 
(again, see Fritsch et al., 1990). Al- 
though the FTIR spectra were consis- 
tent with other tourmalines, deter- 
mining whether or not subtle differ- 
ences exist to distinguish these 
stones would require further study. 

Several aspects of these three 
tourmaline specimens are very 
intriguing: their strong and distinct 
color change, the fact that the color 
change relative to the type of light 
source is opposite the normal alexan- 
drite effect, the copper content, and 
the source location in East Africa. 

We have no current explanation 
for the reverse nature of the color 
change. We are continuing research 
into this seemingly new variety of 
tourmaline, with a focus on obtain- 
ing quantitative chemistry to more 
fully characterize this material and 
determine the species to which it 
belongs. Quantitative chemical anal- 
ysis will also provide greater insight 
into the cause of color in these stones 
and possibly even clues to the unusu- 
al nature of this phenomenon. 
Perhaps East Africa will become a 
new source of copper-manganese- 
bearing change-of-color tourmalines. 

CYW 
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DIAMONDS 


An untreated type Ib diamond exhibiting green transmis- 
sion luminescence and H2 absorption. These contributors 
recently analyzed a small greenish brownish yellow 
(“olive yellow”) diamond that exhibited green transmis- 
sion luminescence (figure 1) as well as an unusual combi- 
nation of absorption features. At first sight, the 0.12 ct dia- 
mond did not appear particularly remarkable, except for its 
UV luminescence, which was green to long-wave and 
greenish yellow to short-wave UV radiation. However, an 
infrared spectrum showed that the diamond was a low- 
nitrogen type Ib/IaA, with the single nitrogen clearly dom- 
inating the A-aggregates (figure 2; see specifically the inset 
showing the 1358-1000 cm"! region). This was surprising, 
since green luminescence caused by the H3 center (the 
combination of paired nitrogen [A aggregate] with a vacan- 
cy) is commonly observed in type Ia diamonds but seen 
only very rarely in type Ib diamonds. Furthermore, the 
extremely low A aggregate concentration would not nor- 
mally indicate the formation of distinct H3 luminescence. 
The total amount of nitrogen in the diamond was roughly 
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estimated from the spectrum to be 15 ppm by comparison 
with samples of known nitrogen content. 

A strong “amber center” with its main peak at 4165 
cm! was visible in the near-infrared region of the spectrum 
(again, see figure 2), indicating a deformation-related col- 
oration. This also was unusual, since the amber center is 
typical for type Ia brown diamonds colored by deformation 
and related defects (L. DuPreez, “Paramagnetic Resonance 
and Optical Investigation of Defect Centres in Diamond,” 
Ph.D. dissertation, University of Witwatersrand, Johannes- 
burg, 1965). In “olive” and brown type Ib diamonds with 
deformation-related coloration, the main absorption of this 
defect has been found at 4115 cm”! or as a doublet at 4165 
and 4065 cmr! (T. Hainschwang, “Classification and color 
origin of brown diamonds,” Dipl6me d’Université de 
Gemmologie, University of Nantes, France, 2003). A “sin- 
gle” amber-center peak at 4165 cm”! in a type Ib diamond 
has not previously been described. 

The deformation-related color was confirmed by obser- 
vation in transmitted light between crossed polarizers. The 
diamond showed very distinct parallel gray to black extinc- 


Figure 1. This 0.12 ct 
diamond, shown on the 
left in daylight, exhibits 
green transmission 
luminescence in dark- 
field illumination 
(right), as well as an 
unusual combination of 
absorption features. 
Photos by T. 
Hainschwang. 
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Figure 2. The FTIR spectrum of the diamond in figure 
1 reveals that it is a type Ib/IaA, with isolated nitro- 
gen clearly dominating the A-aggregates. The region 
between at least 5000 and 4165 cm~! comprises the 
“amber center,” of which the 4165 cm“ peak is the 
main feature. The amber center is deformation relat- 
ed; the deformation is apparent in the extinction pat- 
terns visible with crossed polarizers (see inset; photo 
by T. Hainschwang). 


tion in two directions along octahedral growth planes, fol- 
lowing “olive’-colored graining visible in the stone (figure 
2, inset). This colored graining and extinction along the 
graining are very common features in “olive” diamonds. 
The order of extinction indicates that the stone is severely 
deformed and thus not optically isotropic. This is explained 
by the fact that the dislocations (broken bonds) caused by 
the deformation interfere with the direct passage of light 
that would be expected in truly isotropic materials. Even 
though strain associated with linear extinction and/or 
interference colors can be found to some degree in practi- 
cally all diamonds, strong parallel extinction in a colored 
diamond provides a good indication for deformation-related 
coloration. Regardless of whether their green coloration is 
hydrogen- or radiation-related, “olive” diamonds seldom 


Editor's note: The initials at the end of each item identify the 
editor or contributing editor who provided it. Full names and 
affiliations are given for other contributors. 

Interested contributors should send information and 
illustrations to Brendan Laurs at blaurs@gia.edu (e-mail), 
760-603-4595 (fax), or GIA, 5345 Armada Drive, Carlsbad, 
CA 92008. Original photos will be returned after considera- 
tion or publication. 
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Figure 3. The low-temperature Vis-NIR spectrum of 
the diamond in figure 1 shows weak absorptions for 
the H3, NV-, and H2 centers, which is an unusual 
combination for an untreated natural diamond. 


exhibit the strong strain pattern described here. 

These observations prompted further analysis of the 
sample. A low-temperature spectrum was recorded in the 
visible/near-infrared range, which added to the unusual 
assemblage of absorption centers found in this diamond. 
The spectrum exhibited a combination of weak H3 (503 
nm), NV~- (637 nm), and H2. (986 nm) absorptions with 
associated structures, plus moderate broad bands at about 
550 and 800 nm (figure 3). The H3, NV-, and H2 absorp- 
tion centers are typical of the visible-NIR spectra of 
HPHT-treated type Ia diamonds (A. T. Collins et al., 
“Colour changes produced in natural brown diamonds by 
high-pressure, high-temperature treatment,” Diamond 
and Related Materials, Vol. 9, 2000, pp. 113-122), and also 
can be created in type Ia or Ib diamonds through irradia- 
tion followed by annealing (A. M. Zaitsev, Optical 
Properties of Diamond: A Data Handbook, Springer- 
Verlag, Berlin, 2001, pp. 136-137), although these features 
typically are moderate to strong in treated-color diamonds. 

Despite this correlation, other features indicated 
unambiguously that the diamond had not been treated by 
either method, and was indeed natural color. HPHT treat- 
ment of a brown-to-olive type Ib diamond, even at very 
moderate temperatures, would aggregate much of the sin- 
gle nitrogen and destroy the amber center (T. 
Hainschwang et al., “HPHT treatment of different classes 
of type I brown diamonds,” Journal of Gemmology, Vol. 
29, 2004 [in press]; A. N. Katrusha et al., “Application of 
high-pressure high-temperature treatment to manipulate 
the defect-impurity content of natural diamond single 
crystals,” Journal of Superhard Materials, No. 3, 2004, pp. 
47-54). Besides the temperature/pressure conditions, the 
aggregation is influenced by the total nitrogen content and 
the types of defects present. The combination of factors in 
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this diamond would enhance nitrogen aggregation under 
commonly used HPHT conditions. In addition, irradiation 
of a type Ib diamond followed by annealing would create a 
very distinct NV~ absorption, resulting in pink to purple 
coloration (E. Bienemann-Ktiespert et al., Gmelins 
Handbuch der Anorganischen Chemie, Verlag Chemie, 
Weinheim, Germany, 1967, p. 237). Radiation treatment 
would also leave other traces, such as the 595 nm and the 
Hla and possibly H1b absorptions, which were not detect- 
ed in this diamond. 

The authors have recently seen the H2 center in a suite 
of very rare type Ib diamonds containing large concentra- 
tions of single-nitrogen that may exceed 400 ppm. These 
stones showed no deformation-related features and were 
distinctly different from the stone reported here. In contrast 
to these high-nitrogen type Ib diamonds, this is the first 
type Ib “H2 diamond” we have seen that shows a combina- 
tion of H3, NV-, and H2 centers with classic strain patterns 
between crossed polarizers and a very low nitrogen concen- 
tration. The properties observed for this diamond are, at 
this point, difficult to explain. The deformation pattern and 
color distribution indicate octahedral growth and dynamic 
post-formation conditions. Besides the strong post-growth 
deformation and associated defects (dislocations, vacancies, 
and interstitials), the observed features suggest prolonged 
natural annealing at a low enough temperature to avoid 
aggregation of the single nitrogen, but nevertheless result- 
ing in the combination of defects noted. 

Thomas Hainschwang (gemlab@adon.li) 
Gemlab Gemological Laboratory 
Vaduz, Liechtenstein 


Franck Notari 
GemTechLab Laboratory 
Geneva, Switzerland 


COLORED STONES AND 
ORGANIC MATERIALS 


Gem amphiboles from Afghanistan, Pakistan, and 
Myanmar. The amphibole group consists of several com- 
mon rock-forming minerals, as well as many unusual 
species. Examples that are best known to gemologists are 
tremolite and actinolite, which as fine-grained aggregates 
form nephrite. Like most amphiboles, these are opaque, or 
translucent at best. In the past few years, however, some 
unusual transparent amphiboles from three localities in 
Asia have been faceted. These include light yellow rich- 
terite from Afghanistan, green pargasite from Pakistan, 
and brown pargasite and near-colorless edenite from 
Myanmar. One of these contributors (DB) has obtained 
facet-quality examples of all these amphiboles from local 
dealers in Peshawar (Pakistan) and Mogok (Myanmar), and 
also recently visited one of the deposits. 

The Afghanistan richterite was first seen in the 
Peshawar mineral market in October 2001. The material 
was sold with sodalite and hackmanite crystals, often 
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Figure 4. Beginning in late 2001, facet-quality richterite 
has been recovered from the vicinity of Afghanistan’s 
lapis lazuli deposits. The crystal shown here is 1.9 cm 
tall, and the oval brilliant weighs 1.72 ct. Courtesy of 
Dudley Blauwet Gems; photo © Jeff Scovil. 


associated on the same specimen. The source was reported 
to be in the vicinity (i.e., an approximately six- to eight- 
hours’ walk) of the Sar-e-Sang lapis lazuli deposits, which 
are located in the Kokcha Valley, Badakhshan Province. 
During 2002, DB saw at least 5 kg of rough material, 
including some attractive crystals (figure 4); about 20% 
was facet grade. However, due to the mineral’s perfect 
cleavage, very few stones have been cut. The largest rich- 
terite cut by DB weighed 1.86 ct; attempts to cut larger 
stones have been unsuccessful. 

The Pakistan pargasite appeared on the mineral market 
in the mid-1990s, typically as broken crystals embedded in 
a marble matrix. Similar material from China was 
described in the Spring 2002 Gem News International sec- 
tion (p. 97). Due to its attractive green color (figure 5), the 
Pakistan pargasite is sometimes referred to as “Hunza 
emerald” by local dealers. DB visited the mining area in 
November 2003. It is located about 3 km east of the 
Karakoram Highway bridge that crosses the Hunza River 
near Ganesh in the Hunza region. The pargasite is found 
within marble boulders that contain small seams of phlo- 
gopite. In addition to the green pargasite, the area has 
yielded translucent-to-opaque red, pink, and purple-blue 
corundum (to 7.5 cm) and “maroon,” blue, dark brown, 
and black spinel (to 2.5 cm). Pargasite crystals up to almost 
3 cm have been found, sometimes associated with the 
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dark brown spinel, but transparent material is very rare, 
yielding faceted stones of less than 1 ct. 

The two transparent amphibole species from Myanmar 
(figures 6 and 7) were purchased by DB in Mandalay in 
June 2002. The vendor, a geology student from a universi- 
ty in Yangon, reported that both the pargasite and edenite 
were mined from the well-known Mogok deposit of Ohn 
Bin. Only a few pieces were available, although several 
more samples of both minerals turned up in 2003. The 
largest pargasite and edenite cut by DB weighed 1.78 ct 
and 0.29 ct, respectively (again, see figures 6 and 7). 

To positively identify the specific amphibole species 
present, one of us (FCH) analyzed the faceted stones pic- 
tured in figures 4—7 by electron microprobe. Also analyzed 
was one additional sample of brown pargasite from 
Myanmar. Approximately 10 point analyses were obtained 
from each sample, and their averages were used to calcu- 
late the formulas listed in table 1. The mineralogical clas- 
sification within the amphibole group of each stone was 
then established using the conventions published by B. E. 
Leake et al. (“Nomenclature of amphiboles: Report of the 
subcommittee on amphiboles of the International Miner- 
alogical Association, Commission on New Minerals and 
Mineral Names,” Canadian Mineralogist, Vol. 35, 1997, 
pp. 219-246). All the amphiboles contained relatively high 
amounts of fluorine. The analyses also revealed that the 
green pargasite from Pakistan contains traces of vanadium; 
up to 1.3 wt.% V,O, was reported in similar material by 
V. M. F. Hammer et al. (“Neu: Grtiner Pargasit aus 
Pakistan,” Lapis, Vol. 24, No. 10, 1999, p. 41). 

Gemological properties were obtained on the same 
four samples (by SM and EPQ) using standard testing 
equipment and a gemological microscope; the data are 
summarized in table 1. The properties of each stone fell 
within the ranges reported for these amphibole varieties in 
mineralogical textbooks (see, e.g., W. D. Nesse, Intro- 
duction to Mineralogy, Oxford University Press, New 
York, 1991, pp. 277-290). The relatively low R.I. values of 
the richterite are consistent with its Mg-rich composition 
(i.e., lacking iron); its properties may overlap those of col- 
orless tremolite. The properties of the pargasites and the 
edenite also are consistent with the literature—that is, 
with values reported for hornblende. Material referred to 
as “hornblende” also includes other closely related species 
of the amphibole group; because their physical properties 
may overlap, conclusive identification of these species 
requires quantitative chemical analysis. 


Dudley Blauwet (mtnmin@attglobal.net) 
Dudley Blauwet Gems 
Louisville, Colorado 


Frank C. Hawthorne 
University of Manitoba 
Winnipeg, Manitoba, Canada 


Sam Muhlmeister and Elizabeth P. Quinn 
GIA Gem Laboratory, Carlsbad 
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Figure 5. This vivid green pargasite from Pakistan is 
colored by vanadium. The specimen is 2.1 cm tall, 
and the oval brilliant weighs 0.59 ct. Courtesy of 
Dudley Blauwet Gems; photo © Jeff Scovil. 


Figure 6. Transparent yellowish brown pargasite was 
recently found in Myanmar. The crystal is 1.5 cm tall, 
and the faceted stone weighs 1.78 ct. Courtesy of 
Dudley Blauwet Gems; photo © Jeff Scovil. 
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Figure 7. Myanmar is also the source of facetable 
edenite, as shown by this 1.4-cm-wide crystal and 
0.29 ct round brilliant. Courtesy of Dudley 
Blauwet Gems; photo © Jeff Scovil. 


Recent gem beryl production in Finland. In 1982, a shard 
of transparent colorless topaz was found at a road con- 
struction site near Luuméki in southern Finland. 
Subsequently, local mineral enthusiasts and gem cutters 
staked a claim to the source of this stone, a granitic peg- 
matite running parallel to the road, and initial mining 
resulted in the discovery of at least one gem beryl] pocket. 
This deposit subsequently produced some significant 
crystals and gem material (see S. I. Lahti and K. A. 
Kinnunen, “A new gem beryl] locality: Luumaki, Finland,” 


Spring 1993 Gems #& Gemology, pp. 30-37). The peg- 
matite was mined until 1995, during the summer seasons. 
Although several pockets were found in areas adjacent to 
quartz core zones, none of them contained any beryl min- 
eralization. Indeed, the distribution of the beryl in the peg- 
matite proved to be quite sporadic. 

In the past three years, renewed work at this deposit 
(now known as the Karelia Beryl mine; figure 8) by a 
newly formed mining company has yielded some addition- 
al production, which recently included what many believe 
are some of the finest and largest green gem beryls ever 
found in western Europe (figure 9). This contributor had an 
opportunity to witness the removal of some of this materi- 
al during a May 2004 visit to the deposit, which is situated 
on a small island in one of the 70,000 Finnish lakes. The 
exact location is Kannatsalo (Finnish for drunken forest), 
Kivijarvi (Stone Lake), Luumaki, Karelia, Finland. 

The new gem beryl pocket had a vertical orientation 
and measured approximately 2, c 1.5 c4 m. The location of 
this large cavity in the pegmatite was unusual, in that it 
was found only 20-40 cm from the hanging wall. The 
pocket contained two layers of large gem beryls, one near 
the top and the other about 30 cm from the bottom. 
Between these layers were found broken translucent beryl 
crystals (up to 10-15 cm in diameter) of cabochon and 
carving quality; some areas showed chatoyancy. The beryl 
in this pocket ranged from light yellow to deep “golden” 
yellow, and from green-yellow to green. 

Most of the gem beryl was found within 10-25 cm of 
the cavity walls, together with crystals of mica (typically 
5-15 cm) and albite (1-8 cm}, as well as pocket rubble con- 
sisting of broken shards of microcline and, rarely, quartz. 
A total of more than 110 kg of beryl was produced, with 
about 30 kg being suitable for faceting. Most of the fac- 


TABLE 1. Characteristics of gem amphiboles from Afghanistan, Pakistan, and Myanmar.? 


Fluorescence 


: Weight ae 
Name Localit Color RI. Birefringence  S.G. nternal features? 
y (ct) § Long-wave UV Short-wave UV 
Richterite Afghanistan 1.72 Light brownish 1.599- 0.023 3.11. Weak orange Weak yellowish Cavities, fractures, two-phase 
yellow 1.622 orange inclusions 
Pargasite Pakistan 0.59 Yellowish green 1.625- 0.015 3.03 Inert Very weak yellowish © Numerous fractures (some along 
1.640 green cleavage directions), needles, 
wo-phase inclusions 
Pargasite Myanmar 1.78 Yellowish brown 1.620- 0.020 3.17 Inert Weak yellow Numerous three-phase inclu- 
1.640 sions (some with tension frac- 
ures), two-phase inclusions, 
needles, fractures 
Edenite Myanmar 0.29 Near colorless 1.612- 0.019 3.14 Inert Weak yellow Needles, fractures, three-phase 
(very light yellow) 1.631 inclusions (Some with tension 


fractures), two-phase inclusions 


2 None of the samples showed any phosphorescence or any absorption features with a desk-model spectroscope. 

> Microscopy also revealed evidence of clarity enhancement in the 0.59, 1.72, and 1.78 ct samples. 

© Electron microprobe analysis of an additional sample (a grain mounted in epoxy) of yellowish greenish brown potassian fluorian pargasite from Mogok 
yielded the formula (Na sg Ko 39 Te a) oo (M 93.90 Feo o5 Cc Toor ".13 Aloo \(s is g4Ab 16 )O,.(0H), 13 Fost 
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Figure 8. Mining activi- 
ties have resumed at 
the gem beryl pegmatite 
near Luumdki, Finland. 
Heavy machinery is 
used to reach the gem- 
bearing zones, which 
are then carefully 
mined by hand to avoid 
damaging the crystals. 
Photo by P. Lyckberg. 


etable material was found as small (1-3 cm) fragments (fig- Figure 9. In May 2004, several world-class crystals of 
ure 10), but some pieces reached 5-8 cm. About 10 kg — green gem beryl—some exceeding 1 kg, as shown 
comprised “flawless” material with no eye-visible inclu- here—were recovered at the Luumdki pegmatite. 
sions, and in exceptional cases these crystals exceeded 1 Photo by P. Lyckberg. 

kg each. These large stones are of a fine green to yellowish ae 
green color, and are rather distinct from the better-known 
Ukrainian material in terms of both color and morpholo- 
gy. The Finnish crystals are typically etched and striated 
(but have retained their hexagonal shape), and their termi- 
nations are rounded (as pictured by Lahti and Kinnunen, 


Chemical composition® Classification 
Nab goKg s9)(Ca, j Nag gsMQp 04)(MGy ooAly io) Potassian fluorian richterite 
(Sly ggAlo 47) Oz9(OH), goo 41 . 3 : : : 
Nap aso 97)C4> oo(MOa 13Vo 014g 64)(Sig asl, 75) Fluorian vanadian pargasite 
1.57° 0.43 
Nay soKp 43)(Caj gsNlag ogy op) Potassian fluorian pargasite 
(Ms g7F @p.071 lo og lo g6)(Slg.o5Al; 95) 00 
129° 0.71 
Nap g7Kg gq)( CA; go Nlag 45F€y 93 MQp 99) Fluorian edenite 


(My 45'o o1Alg sa)(Sig goAl 28) 0,(OH), sa 0.46 
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Figure 10. Most of the Luumdki gem beryl! from the May 
2004 pocket consisted of relatively small fragments. The 
inset shows a green beryl weighing approximately 15 ct 
that was cut in Finland. Photos by P. Lyckberg. 


1993). Although it would be possible to cut stones weigh- 
ing several thousand carats from the largest fine gem crys- 
tals, these crystals have been sold as specimens to collec- 
tors to preserve their natural beauty. 

When present, inclusions in the beryl are similar to 


Figure 11. Afghanistan has produced attractive hes- 
sonite over the past few years. These stones, weigh- 
ing 2.64, 7.39, and 3.51 ct (from left to right), show 
the range of color that is commonly encountered in 
this material. Courtesy of Intimate Gems; 

photo by Maha Tannous. 
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those described by Lahti and Kinnunen (1993). For exam- 
ple, a3 cm golden yellow heliodor studied by this contrib- 
utor had dozens of parallel channels/tubes along the c-axis, 
and these were filled by rust-colored clay minerals. None 
of the beryl was found to contain the clouds of minute 
inclusions that are typical of Ukrainian beryl. 

Approximately 100 large stones (25-50 ct) from the 
recent production have been cut by Finnish master 
faceter Reimo Armas Rémka. Most of them are light yel- 
low and some are yellowish green. In addition, about 
11,000 round brilliants (10 mm in diameter) have been 
cut in China. Most of the cut stones are sold into the 
domestic Finland market. 

The 2004 mining season will continue until the severe 
winter halts activities for the following six months. 


Peter Lyckberg (lyckberg@pt.lu) 
Luxembourg 


Hessonite from Afghanistan. Over the past few years, 
Afghanistan has become a significant source of gem-quali- 
ty hessonite (grossular garnet), and some of the material 
has been found mixed into parcels with other orange to 
red stones from this region (see Summer 2001 Gem News 
International, p. 144). To our knowledge, the gemological 
properties of the Afghan hessonite have not been pub- 
lished, so we were interested to examine several faceted 
samples and mineral specimens that were recently loaned 
(and, in some cases, donated) to GIA by Sir-Faraz 
(“Farooq”) Hashmi of Intimate Gems, Jamaica, New 
York. In addition, Peter Lyckberg loaned six faceted 
examples for our examination. Mr. Hashmi reported that 
the hessonite comes from eastern Afghanistan; two 
known deposits are Munjagal in Kunar Province (produc- 
ing roughly 1,500-2,000 kg/year of mixed grade) and 
Kantiwow, Nuristan Province (up to 5,000 kg/year). Most 
of the clean rough weighs 0.5-1 gram, in colors ranging 
from yellowish orange to red-orange. Although thousands 
of kilograms of this garnet have been produced, mining 
has waned in recent months due to lack of demand in the 
local market {i.e., in Peshawar, Pakistan) and the migra- 
tion of miners to the kunzite deposits in the same region 
of Afghanistan. 

The specimens we examined consisted of euhedral 
garnets that were commonly intergrown with anhedral 
massive quartz. This assemblage formed within massive 
garnet that was intergrown with quartz and, less com- 
monly, a green mineral (probably epidote) and another 
white mineral (possibly wollastonite). This mineral 
association is typical of a skarn-type deposit formed by 
contact metamorphism of carbonate rocks by a granitic 
intrusion. The euhedral grossular crystals typically mea- 
sured up to 1 cm in diameter, although some partial 
crystals of larger dimension (up to 4 cm) also were pres- 
ent. The crystals contained abundant fractures, but 
some had small areas that were transparent enough for 
faceting. 
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changes from light to dark or dark to 
light depending upon the direction moved. 

The above method for determining re- 
fractive indices may be used for any 
flat surface whether large or only a 
fraction of a mm square, as well as for 
rounded surfaces. The tiny point of con- 
tact between a rounded surface and the 
hemisphere will be slightly. enlarged by 
use of the contact liquid. Figure VI A 
illustrates this point. Inasmuch as it is 
not necessary that a surface actually con- 
tact the hemisphere when using a liquid, 
the slight distance between the two sur- 
faces at equal distances from the center 
point of contact is so small (providing 
this radius does not exceed .10 to .30mm) 
that for the above method they may be 
considered parallel. Inasmuch as this area 
is determined by the size of the drop of 


liquid, if the drop is too large the overall 
surface exposed to the hemisphere, (Fig- 
ure VI B) will be so rounded as to cause 
considerable distortion thus making the 
determination of the critical angle only an 
approximation. To apply the small drop 
necessary the easiest method is to apply 
a drop to the hemisphere and touch it 
with the stone. When the stone is re- 


moved the tiny drop that remains on it 
should be sufficient after removing the 


rest from the hemisphere. If it is still 
too large touching it again will usually 
suffice. The final drop should be almost 


pin point size. 

Occasionally a stone will be encoun- 
tered that will not give a sharp change 
but rather will show a gradual change 
that may extend over as much as .10 of 
the scale. This may be due to poor polish 


HZ 


A VI B 


or a slightly irregular surface as well as 
to a large drop of liquid. In either case 
an approximate reading can be obtained 
by taking an average between the two 
points where the image first becomes com- 
pletely dark and completely light. The 
five positions illustrated in Figure VII 
bring out this point. Position A shows 
the last point where the image is com- 
pletely dark. From this point on it be- 
comes lighter and when position C is 
reached it is completely light. The aver- 
age. reading then would be at the third 
position (B) which in this case is ap- 
proximately 1.55. For those who find the 
scale a little difficult to read without mag- 


Vil 


nification 2x to 3x lens may be used. 
Any higher magnification, however, will 
not focus on both the scale and image 
at the same time which is necessary in this 
type of determination. 

‘(Continued to page 58) 
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Three representative faceted stones (2.64—7.39 ct; figure 
11) were selected for examination by one of us (EPQ), and 
the following properties were obtained: color—yellowish 
orange, orange, and red-orange; diaphaneity—transparent, 
R.I—1.739 or 1.740; S.G.—3.63 or 3.64; weak to moderate 
ADR in the polariscope; and inert to both long- and short- 
wave UV radiation. Weak absorption bands at 430 and 490 
nm were observed with a desk-model spectroscope. 
Microscopic examination revealed transparent near-color- 
less crystals (one of which was identified as apatite by 
Raman analysis), needles, “fingerprints,” stringers of parti- 
cles, fractures, and straight and angular growth lines. One 
stone showed evidence of clarity enhancement. The RI. 
values of these samples are slightly lower than those 
reported in the literature for hessonite (see R. Webster, 
Gems, 5th ed., rev. by P. G. Read, Butterworth- 
Heinemann, Oxford, 1994, pp. 201-202). Notably, the 
three Afghan samples did not show the roiled or oily 
appearance that is commonly seen in hessonite; nor was 
this feature noted upon further examination of several 
additional faceted stones. 
BML 


Elizabeth P. Quinn 
GIA Gem Trade Laboratory, Carlsbad 


Interesting abalone pearls. In the Winter 2003 Gem News 
International section (pp. 332-334), this contributor 
reported on some interesting pearls that had been loaned 
by Jeremy Norris of Oasis Pearl in Albion, California. 
Two of those were unusual specimens from the green 
abalone Haliotis fulgens and the red abalone H. rufescens. 
Mr. Norris recently loaned GIA two additional abalone 
pearls from the waters off Baja California, Mexico. 

One of these pearls was an exceptional example of a 


Figure 12. Showing a beautiful array of colors, this 
4.90 ct abalone pearl is an exceptional example from 
the pink abalone H. corrugata. Courtesy of Jeremy 
Norris; photo by C. D. Mengason. 


pearl from the pink abalone H. corrugata. This 4.90 ct 
light-toned pearl (11.4 < 8.9 006.9 mm) displayed a stun- 
ning array of colors (figure 12). 

The other pearl was a 41.03 ct horn-shaped specimen 
(36.6 0 23.0 0 14.5 mm) from H. fulgens. What was so 
unusual about this particular pearl was its remarkable 
resemblance to an eagle’s head, complete with eye, brow, 
and beak structures (figure 13). Such horn shapes—a form 
typically exhibited by abalone pearls—may be solid, but 
often they are hollow. This particular specimen was fun- 
nel shaped, with the narrow end of the hole forming the 
apparent “eye.” The nacre displayed vibrant hues of blue, 


Figure 13. This unusual 41.08 ct pearl from the green abalone H. fulgens has a remarkable resemblance to an 
eagle’s head (left). The funnel-shaped hole, which starts at the wide opening at the back of the “head,” and exits 
out the eagle’s “eye,” exhibits the same smooth vibrant nacre as the outside of the pearl (right, looking down the 
wide opening). Courtesy of Jeremy Norris; photos by C. D. Mengason. 
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green, and purple-pink, even in the interior (again, see fig- 
ure 13). For the nacre to have formed so evenly on the 
inside surfaces of the pearl, Mr. Norris stated that the 
abalone’s nacre-secreting tissue must have passed all the 
way through the pearl, so that the pearl completely encir- 
cled part of the gastropod’s anatomy, and in essence 
entrapped its host. This pearl has wonderful potential for a 
jewelry designer who could incorporate the bird-like image 
into a one-of-a-kind creation. 
Cheryl Y. Wentzell (cwentzell@gia.edu) 
GIA Gem Laboratory, Carlsbad 


Rhodonite of facet and cabochon quality from Brazil. 
Rhodonite typically occurs as a translucent-to-opaque 
ornamental stone with an attractive pink color. Trans- 


Figure 14. A new find of rhodonite from Minas 
Gerais, Brazil, has yielded facet- and cabochon-quali- 
ty material. The faceted stones weigh 1.84 and 8.22 
ct, and the cabochons are 9.98 and 32.0 ct. Courtesy 
of Alan Freidman, Beverly Hills, California; photo 

© Harold w& Erica Van Pelt. 


~ 
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Figure 15. The Brazilian rhodonite samples examined 
for this study consisted of an oval modified brilliant 
(1.77 ct) and an oval cabochon (8.55 ct). Courtesy of 
Joseph Rott; photo by Maha Tannous. 


parent facetable material has so far been very rare and 
has been reported only from Broken Hill, New South 
Wales, Australia, where it is frequently associated with 
the closely related mineral pyroxmangite (see H. Bank et 
al., “Durchsichtiger rétlicher Pyroxmangit aus Broken 
Hill/Australien und die Méglichkeiten seiner Unter- 
scheidung von Rhodonit [Transparent reddish pyroxman- 
gite from Broken Hill/Australia and the criteria for dis- 
tinguishing it from rhodonite],” Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 22, No. 
3, 1973, pp. 104-110). Recently, however, transparent-to- 
semi-transparent rhodonite also has been found in Minas 
Gerais, Brazil. 

During the February 2004 Tucson gem shows, Joseph 
Rott (of Tropical Imports, formerly based in New York and 
now located in Grand Island, Nebraska) showed one of 
these contributors (BML) some attractive rough and cut 
examples of Brazilian rhodonite. He said that the material 
comes from the same region in Minas Gerais that histori- 
cally has been mined for manganese (see, e.g., F. R. M. 
Pires, “Manganese mineral paragenesis at the Lafaiete 
District, Minas Gerais,” Anais da Academia Brasileira de 
Ciencias, Vol. 54, No. 2, 1982, p. 463). He also indicated 
that the deposit contains both rhodonite and pyroxman- 
gite. Although these minerals can be visually indistin- 
guishable and may be intergrown within the same piece, 
he reported that only minor amounts (if any) of pyroxman- 
gite are known to be present in the gem material from this 
deposit. Most of the faceted rhodonites are between 1 and 
5 ct, although larger gems have been cut; cabochons typi- 
cally range from 5 to 10 ct (figure 14). 

Mr. Rott loaned several rough and cut samples to GIA 
for examination. Two polished stones were examined by 
one of us (EPQ), a transparent oval modified brilliant (1.77 
ct) and a semi-transparent oval double cabochon (8.55 ct}, 
as illustrated in figure 15. The following properties were 
recorded: color—orangy red, with moderate pinkish orange 
and purplish pink pleochroism, R.I—1.720-1.733 (faceted 
stone) and 1.73 (spot reading on the cabochon), birefrin- 
gence—0.013; S.G.—3.69 and 3.66, respectively; and fluo- 
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Figure 16. The 2.67 ct Brazilian rhodonite in this 
pendant is set with 111 yellow and 25 pink dia- 
monds (with a total weight of 0.48 and 0.12 carats, 
respectively). Courtesy of Alan Freidman; photo 

© Harold and Erica Van Pelt. 


rescence—inert to very weak red to both long- and short- 
wave UV radiation. The following absorption bands were 
observed with the desk-model spectroscope: a strong band 
at 410 nm, weak lines at 430 and 460 nm, a moderate line 
at 500 nm, and a wide band at 520-560 nm. Microscopic 
examination revealed numerous randomly oriented curved 
needles, cleavage cracks, “fingerprints,” and two-phase 
inclusions in both samples, as well as some transparent 
brown-yellow euhedral crystals in the cabochon. 

The gemological properties are comparable to those 
reported for rhodonite in the literature (see e.g., R. 
Webster, Gems, 5th ed., rev. by P. G. Read, Butterworth- 
Heinemann, Oxford, 1994, p. 365). Although some of the 
properties of rhodonite and pyroxmangite overlap, the rel- 
atively low R.L’s and birefringence of the two samples we 
examined are indicative of rhodonite. Also, Raman analy- 
sis of two spots on the cabochon and one spot on the 
faceted stone yielded spectra that more closely matched 
rhodonite than pyroxmangite. EDXRF analyses of the two 
samples by GIA Gem Laboratory senior research associate 
Sam Muhlmeister showed major amounts of Si and Mn, 
as well as traces of Fe and Ca (and possibly Zn in the 
faceted stone). 
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As with the Australian material, the main challenge 
with cutting the Brazilian rhodonite is its perfect cleavage 
in two directions. This, combined with a Mohs hardness 
of 5'/2.-6!/2 and the fact that limited transparent material 
is available for faceting, means that it will remain a collec- 
tor’s stone. Nevertheless, the availability of even a small 
amount of faceting-quality rhodonite from the Brazilian 
source has created interesting opportunities for setting the 
material into jewelry (figure 16). 

Elizabeth P. Quinn (equinn@gia.edu) 
GIA Gem Laboratory, Carlsbad 


BML 


Spessartine and almandine-spessartine from Afghanistan. 
Beginning in mid-2002, these contributors received occa- 
sional reports of new spessartine discoveries in 
Afghanistan, and a few faceted stones stated to be from this 
production were seen at the Tucson gem shows in 2003 
and 2004. Recently, a multitude of rough and cut samples 
of this material were loaned (and, in some cases, donated) 
to GIA by Sir-Faraz (“Farooq”) Hashmi of Intimate Gems. 
Most of these samples were purchased in late 2003, in the 
mineral bazaar at Peshawar, Pakistan. The dealers reported 
the garnets were mined from pegmatites in the Darre Pech 
area of Kunar Province, where they were apparently recov- 
ered as a byproduct of mining for kunzite and tourmaline. 
The rough material we examined (see, e.g., figure 17) 
consisted of a 385-gram parcel of loose pieces and two 


Figure 17. Since mid-2002, increasing amounts of 
spessartine (and some almandine-spessartine) have 
emerged from Afghanistan. The spessartine in matrix 
measures at least 3 cm in diameter, and the loose 
crystals weigh 3.59-15.47 ct. Courtesy of Intimate 
Gems; photo by Maha Tannous. 
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Figure 18. This group of yellow-orange to orange spessar- 
tines from Afghanistan ranges from 0.78 to 1.68 ct. 
Courtesy of Intimate Gems; photo by Maha Tannous. 


matrix specimens. One of the specimens was a small 
crystal of kunzite (2.6 cm long) associated with spessar- 
tine and feldspar, while the other consisted of spessartine 
in a matrix of albite (cleavelandite variety) and K-feldspar 
that was covered by a thin layer of a porcelaneous clay- 
like material (again, see figure 17). The spessartine crystal 
in the latter specimen measured at least 3 cm in diameter, 
with some areas suitable for faceting. The rough parcel 
consisted of broken fragments and a few well-formed crys- 
tals, as well as pieces that were moderately to heavily cor- 
roded (as is typical of spessartine from some pegmatites). 


Figure 20. At 12.58 ct, this oval brilliant provides a 
fine example of a relatively large spessartine from 
Afghanistan. Courtesy of Mark Kaufman of 
Kaufman Enterprises, San Diego, California; photo 
by Maha Tannous. 
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Figure 19. This group of orange-red to dark red 
almandine-spessartines (0.41-1.28 ct) is reportedly 
from the same mining area as the orange spes- 
sartines in figure 18. Courtesy of Intimate Gems; 
photo by Maha Tannous. 


The faceted examples we examined comprised two dis- 
tinct color groups. Each group was cut from rough pur- 
chased at different times, but represented as being from the 
same mining area. One group ranged from yellow-orange to 
orange (figure 18), and the other ranged from orange-red to 
dark red (figure 19). Two stones from each color group were 
chosen by one of us (EPQ) for examination. The following 
properties were obtained: R.I—1.799 {yellow-orange}, 1.802 
(orange), and both red stones were above the limits of a 
standard refractometer; S.G.—4.26 (yellow-orange), 4.28 
(orange), and 4.22 (orange-red), and 4.24 (red); fluores- 
cence—all were inert to both long- and short-wave UV radi- 
ation; and all had similar absorption spectra when viewed 
with a desk-model spectroscope. The absorption features 
consisted of strong bands at 410 and 430 (although these 
two bands converged in the red stones, creating a cutoff at 
440 nm), with weaker bands at 460, 480, 505, 520, and 570 
nm. In the two red stones, the 505 and 570 nm bands were 
more pronounced than they were in the orange stones. 
This is consistent with their greater inferred iron content, 
as indicated by their darker and redder color. Based on these 
properties, the orange-red to dark red garnets are probably a 
mixture of spessartine and almandine. 

Microscopic examination revealed “fingerprints,” two- 
phase inclusions, and needles in all four of the samples. 
The properties of the yellow-orange to orange stones are 
comparable to those reported for spessartine from other 
deposits (see compilation in B. M. Laurs and K. Knox, 
“Spessartine garnet from Ramona, San Diego County, 
California,” Winter 2001 Gems & Gemology, pp. 
278-295), except for the higher S.G. values obtained for the 
Afghan samples in this study. 

According to Mr. Hashmi, most of the facetable rough 
seen thus far in the Peshawar market has weighed less 
than 2 g, although some 3-5 g pieces were available and 
the largest clean rough known to him weighed 15 g (a 
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well-formed crystal). The faceted material has typically 
ranged up to 2 ct, although a 12.58 ct oval brilliant report- 
edly from this locality was seen at the 2003 Tucson gem 
shows (figure 20). 

Curiously, faceted examples of this spessartine look very 
similar to the hessonite that also has come from eastern 
Afghanistan in recent years (see entry on pp. 258-259 of this 
section). In fact, Mr. Hashmi cautioned that some rough 
parcels he has examined contained both types of garnets. 


Elizabeth P. Quinn 
GIA Gem Laboratory, Carlsbad 


BML 


Gem tourmaline from Congo. Africa has long been an 
important source of gem tourmaline; of particular interest 
are the countries of Nigeria, Namibia, Zambia, and 
Mozambique. In recent years, however, the Democratic 
Republic of the Congo (DRC, formerly known as Zaire) 
has occasionally yielded attractive gem rough and collec- 
tor-quality crystals. While information on the exact 
sources in the DRC was not available to these contribu- 
tors, the appearance and composition of these tourma- 
lines indicates they are derived from granitic pegmatites. 

The Central African pegmatite province includes 
numerous pegmatite fields in a broad region encompass- 
ing Uganda, Rwanda, Burundi, the eastern DRC, north- 
ern Zambia, western Kenya, and western Tanzania. Most 
of these pegmatites are categorized in the rare-metal 
class and are associated with Early Proterozoic granites 
(800-1,000 million years old; V. Ye. Zagorsky et al., 
Miarolitic Pegmatites, in Vol. 3 of B. M. Shmakin and 
V. M. Makagon, Eds., Granitic Pegmatites, Nauka, 
Siberian Publishing Firm RAS, Novosibirsk, Russia, 1999 
[in Russian]). In the eastern DRC, the pegmatites are 
located in the Nord-Kivu, Sud-Kivu, and Katanga 
provinces (N. Varalamoff, “Central and West African 
rare-metal granitic pegmatites, related aplites, quartz 
veins and mineral deposits,” Mineralium Deposita, Vol. 
7, 1972, pp. 202-216). These deposits have been mined 
for decades for cassiterite (Sn) and industrial beryl (Be), 
but miarolitic pegmatites that host gem-quality tourma- 
line, beryl, and other minerals are apparently uncommon 
in the DRC. 

In mid-2000, gem dealer John Patrick (El Sobrante, 
California) obtained about 200 g of variously colored 
DRC tourmaline through an African supplier. The sup- 
plier indicated the material came from the Virunga 
region north of Goma (Nord-Kivu Province). Mr. Patrick 
donated three green/pink crystals (2.5-4.0 cm long) and 
five multicolored slabs (1.5-2.9 cm wide} to GIA for 
research purposes. The slabs had irregular outlines and 
were concentrically zoned around the c-axis in pink and 
green; one sample had a blue core. All of these samples 
were semitransparent due to fluid inclusions and fis- 
sures, as are typically seen in tourmaline. 
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Figure 21. Transparent tourmalines, for the most part 
green to blue, recently have been recovered from the 
Democratic Republic of the Congo. These crystals, up 
to 4cm long, are courtesy of New Era Gems; photo by 
Maha Tannous. 


More recently, an undisclosed locality in the DRC 
has yielded transparent prisms of mostly green-to-blue 
tourmaline (figure 21). Steve Ulatowski (New Era 
Gems, Grass Valley, California) first obtained this 
material in mid-2003, and he estimates that about 
20-30 kg/month were produced in early 2004. Since 
then, however, production appears to have diminished. 
Mr. Ulatowski purchased about 3 kg of the rough, of 
which 30% was facetable (see, e.g., figure 22), 60% was 
cabochon grade, and 10% was bead quality. The largest 
clean piece of gem rough he acquired weighed approxi- 
mately 30 grams, although stones faceted from the 


Figure 22. These tourmalines (5.78 and 15.94 ct) were 
cut from material similar to that in figure 21. These 
stones were faceted by Thomas Trozzo (Culpeper, 
Virginia). Photo by C. D. Mengason. 
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Figure 23. Heating experiments were conducted on 
the bottom portions of these four crystals of DRC 
tourmaline, while the top untreated portions were 
retained for comparison. All samples were heated 
in air as follows (from left to right, with weight of 
original crystal in parentheses): 427°C over a period 
of 5 hours (31.61 ct), 482°C over 6 hours (34.84 ct), 
566°C over 8 hours (19.11 ct), and 621°C over 9 
hours (19.89 ct). No appreciable change in the 
green-to-blue colors was seen in any of the heated 
portions, but abundant microcracks significantly 
reduced their transparency. Donated to GIA collec- 
tion (nos. 30834-30837) by New Era Gems; photo 
by Maha Tannous. 


Congo 
Tourmaline 


Rossmanite 


‘igure 25. The attractive color zoning shown by these 
DRC tourmalines (up to 3.6 cm long) ranges from 
pink to greenish yellow to yellowish green at the 
pyramidal terminations. Courtesy of William Larson; 
photo by Maha Tannous. 


prismatic crystals typically weighed 3-5 ct. A small 
proportion of the crystals had a slightly waterworn 
appearance, but most showed no evidence of alluvial 
transport. Most of the tourmaline was green, although 
some blue-green, yellow-green, and rare bright pink 


material also was produced. 


Figure 24. Electron-microprobe 
analyses of five multicolored 
slabs and the four green-to-blue 
tourmalines (before heating) from 
the DRC showed that they were 
predominantly elbaite and liddi- 
coatite. In addition, rossmanite 
was found in two analyses (over- 
lapping) of a yellowish green area, 
and one each of a pink and a 
green area of the slabs. These 
points fall very close to the 
boundaries with elbaite and lid- 
dicoatite and only barely cross 
into the rossmanite field. The 
color of each data point roughly 


3 approximates the color of the 
2 ° area analyzed. There is no corre- 
ee lation between X-site occupancy 
Liddicoatite and color. 
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Mr. Ulatowski reported that the overdark gem rough 
does not respond well to heat treatment. To demonstrate 
this, he heated portions of four green-to-blue crystals in air 
at temperatures ranging from 427 to 621°C for 5-9 hours. 
A comparison to the unheated portions of these crystals 
revealed no appreciable change in color, as well as dimin- 
ished transparency of all samples due to abundant micro- 
cracks (figure 23). 

To investigate the composition of the DRC tourma- 
line, the five multicolored slabs and eight green-to-blue 
samples (i.e., the four clipped crystals in figure 23, before 
and after heating) described above were analyzed by elec- 
tron microprobe at the University of New Orleans. The 
slabs were analyzed in core-to-rim traverses of 9-13 
points each, and the green-to-blue samples had either 
core-to-rim or along-rim traverses of 5 points each. Figure 
24 shows that most compositions ranged from elbaite to 
liddicoatite. Of note, however, are four analyses (from 
green, yellowish green (2), and pink portions of the slabs) 
that fell just slightly into the rossmanite field. All of the 
green-to-blue samples consisted of elbaite, whereas the 
slabs were elbaite + liddicoatite (with the latter found in 
two of the five slabs). As expected from our previous anal- 
yses of gem tourmaline (see, e.g., Winter 2002 Gem News 
International, pp. 356-357), there was no relationship 
between the color and the tourmaline species. 

However, significant variations were seen among the 
chromophoric elements Fe and Mn in the multicolored 
slabs (see the G#G Data Depository at www.gia.edu/ 
gemsandgemology). Traces of vanadium (up to 0.10 wt.% 
V,O,) also were commonly found in the slabs, but Ti was 
rarely found (up to 0.06 wt.% TiO,) and no Cr or Bi was 
detected. The green-to-blue samples likewise had appre- 
ciable Fe and Mn, but they had slightly higher traces of Ti 
and no detectable V, Cr, or Bi. 

Another example of attractive Congolese tourmaline, 
but with much different coloration, is shown in figure 25. 
These gem-quality prisms are mostly pink, grading into 
greenish yellow and then yellowish green at their pyrami- 
dal terminations. According to William Larson (Pala 
International, Fallbrook, California), these crystals also 
were produced in recent years from the DRC. Clearly, 
they show the potential for the DRC to become a more 
important source of gem tourmaline in the future. 


BML 


William “Skip” Simmons and Alexander Falster 
University of New Orleans, Louisiana 


SYNTHETICS AND SIMULANTS 


Dyed horn as an amber imitation. A necklace with 46 
rounded beads of a translucent yellow-brown material was 
sent to the SSEF Swiss Gemmological Institute for identi- 
fication (figure 26). The 50-cm-long necklace was pur- 
chased in Africa, where it was represented as amber. 
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Figure 26. This necklace of dyed horn beads (20-22 
mm in diameter) was sold as amber in Africa. Photo 
by H. A. Hanni, © SSEF. 


However, despite its general resemblance to amber, some 
of its details were suspicious. A closer look at the surface 
revealed a peculiar structure and yellow color concentra- 
tions (figure 2.7). Due to the number of beads on the strand 
and their rough surfaces, it was not possible initially to 
obtain S.G. or R.I. values. An infrared spectrum taken 
from a small powder sample was consistent with horn, 
although our reference spectrum did not indicate the 


Figure 27. A closer look at one of the beads in figure 
26 shows features inconsistent with amber, although 
the rough surface made gemological testing difficult. 
Width of view is approximately 15 mm; photomicro- 
graph by H. A. Haénni, © SSEF. 
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Figure 28. Polished areas of this imitation amber bead show that the structure (both parallel and perpendicular 
to the “grain”) is consistent with horn. The yellow color is clearly restricted to a thin surface layer. In each, 
width of view is approximately 1 cm; photomicrographs by H. A. Hdnni, © SSEF. 


species origin (e.g., cow, deer, etc.). The spectrum also pro- 
vided evidence of a yellow dye. 

With the client’s permission, we removed one of the 
beads and polished several areas on the surface to study 
the growth structure. The S.G. of this bead was measured 
hydrostatically as 1.27, which is consistent with horn 
but not amber. R.I. measurements on the polished areas 
were not possible because of the porosity of the material. 
A Raman spectrum of the original surface showed clear 
peaks related to the yellow dye (at 1402, 1434, 1144, 
1188, 1609 cm™!, in order of decreasing intensity]. The 
most prominent FTIR peaks were at 1660 and 1540 cm". 
The polished areas showed that the structure of the 
material was characteristic of horn and the yellow 
pigmentation was restricted to a thin outer layer (figure 28). 


Figure 29. These quartz 
cabochons contained 
unusual “inclusions” 

that proved to be manu- 
factured fakes. The 
largest cabochon is 6 cm 
long. Photo by J. Hyrsl. 
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Amber imitations such as this have been described in 
the past. R. Webster reported that dyed bull horn beads 
have been marketed as “red amber” in various parts of 
Africa (Gems, 5th ed., rev. by P. G. Read, 1994, p. 597). 

HAH 


Fake inclusions in quartz, “Made in Brazil.” Quartz is 
well known for its attractive and varied inclusions, and 
specimens with distinctive inclusions can fetch high 
prices from collectors. However, this demand also 
encourages the manufacture of fakes and imitations. 
Brazil is one of the largest producers of quartz speci- 
mens with unusual inclusions, and it is also where this 
contributor encountered some interesting new faked 
“inclusions” in July 2004. 
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Figure 30. The faked inclusions form interesting pat- 
terns, and appear to emanate from areas of naturally 
occurring mica or chlorite within the quartz. Photo 
by J. Hyrsl. 


The first examples were seen in Governador Vala- 
dares, where a local dealer had a parcel of 19 specimens 
that he had bought for a high price in Teofilo Otoni. All of 
the specimens were cut as cabochons and contained natu- 
rally occurring inclusions of mica or chlorite near their 
base (figure 29). These cabochons also contained very 
unusual coral-like features, which appeared to grow from 
the micaceous inclusions (figure 30). The branches were 
up to ~30 mm long and 3 mm thick, occurring both singly 
and in groups. Their color varied, with green, brown, 
pink, and yellow examples seen; a few even showed mul- 
tiple colors. In two specimens, it was apparent that small 
portions of the “branches” were not completely filled by 
the colored material. 


Figure 31. On the base of the cabochon in figure 30, 
the filled holes were seen to be covered with pieces of 
feldspar. The glue used to attach the feldspar could 
be indented by a needle; it fluoresced yellowish green 
when exposed to UV radiation. Photo by J. Hyrsl. 
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Two days later, when this contributor visited Tedfilo 
Otoni, the mystery surrounding these cabochons was 
solved. Several colleagues had numerous examples of this 
material. They were familiar with the person who was fab- 
ricating them, and reported that the “branches” were 
drilled into the cabochons and then filled with a mineral 
powder, probably mixed with glue, via a syringe. The filled 
holes were then covered with small pieces of feldspar and 
quartz mixed with glue, and sometimes “sealed” with a 
larger piece of feldspar (figure 31). 

The glue was soft when poked with a sharp needle, and 
showed weak yellowish green luminescence to UV radia- 
tion (stronger with long-wave UV). The unique shape of 
the inclusions, sometimes incomplete filling, and especial- 
ly the presence of glue on the base of the cabochons pro- 
vide evidence for the artificial origin of these inclusions. 

Jaroslav Hyrsl (hyrsl@kuryr.cz) 
Kolin, Czech Republic 


TREATMENTS 


Dyed cultured pearls fading on exposure to heat. Due to 
the popularity (and expense} of natural-color dark cultured 
pearls, dyed-color cultured pearls (figure 32) are quite 
common in the marketplace. Although the risks of dam- 


Figure 32. After the pendant in this suite of cultured 
pearl jewelry was accidentally left on the dashboard 
of a car during several days of hot weather, it showed 
noticeable fading when compared to its original color 
(as represented by the earrings here). The fading of 
the treated color was likely due to dehydration of the 
conchiolin and possibly delamination of the nacre. 
Natural-color black pearls may also fade on exposure 
to prolonged heat. Photo by Maha Tannous. 
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aging pearls through harsh cleaning methods are fairly 
well known (see, e.g., D. D. Martin, “Gemstone durabili- 
ty: Design to display,” Summer 1987 Gems & Gemology, 
pp. 63-77), excessive heat can also cause fading. 

The cultured pearl jewelry suite in figure 32 was 
acquired by a GIA staff member during the 2003 Tucson 
gem shows (“Cultured pearls with diamond insets,” 
Spring 2003 Gem News International, p. 56). During a 
recent stretch of hot weather in southern California, the 
pendant was accidentally left on the dashboard of a car for 
several days. When recovered, the cultured pearl’s color 
displayed noticeable fading. 

The pendant was examined by one of these contribu- 
tors (SE) using EDXRF spectroscopy, which detected the 
presence of silver in the cultured pearl. This indicates that 
it had been treated with silver nitrate to create the dark 
color. 

Although K. Nassau (Gemstone Enhancement, 2nd ed., 
Butterworth-Heinemann, London, 1994, pp. 171-172) report- 
ed that the color induced through silver nitrate dyeing is 
“non-fading,” exposing any pearl—whether natural or treat- 
ed color—to prolonged heat (such as that generated inside a 
closed car) is likely to be detrimental to the color. It would 
not be surprising for the color to fade due to dehydration of 
the conchiolin and possibly delamination of the nacre. 

This example serves to underscore the fact that all 
pearls must be treated with care. 


Thomas W. Overton (toverton@gia.edu) 
GIA, Carlsbad 


Shane Elen 
GIA Research, Carlsbad 


MISCELLANEOUS 


Masterpieces of American Jewelry Exhibition. “Jewelry, 
like all true art, can be a remarkable expression of an 
entire culture,” said Judith Price, president of the National 
Jewelry Institute (NJI). Her words are beautifully reflected 
in the NJI’s inaugural exhibition, “Masterpieces of 
American Jewelry,” which will be hosted by the American 
Folk Art Museum in New York City from August 20, 
2004 to January 23, 2005. During a tour of the exhibition, 
this contributor was impressed by the artful displays and 
overall presentation of the show. 

This exhibit, the first museum show to focus exclu- 
sively on the jewelry history of the U.S., emphasizes the 
creativity and artistry of American jewelry from the late 
1700s to the 1980s. More than 120 dazzling pieces are dis- 
played, most of which were selected by Ralph Esmerian, 
curator of this exhibit, vice-chairman of NJI, and chair- 
man of the Folk Art Museum. Included are unique cre- 
ations that were crafted by American designers, manufac- 
tured in American workshops, or retailed by American 
firms such as Tiffany & Co. and Harry Winston. Also on 
display are pieces from foreign jewelers such as Cartier, 


268 GEM NEWS INTERNATIONAL 


Van Cleef, and Bulgari, that were designed, manufactured, 
and distributed in the United States. 

The show focuses on five major themes common 
throughout America’s jewelry history: Americana, nature, 
humor, pastimes, and high style. The Americana section 
pays tribute to the American spirit, with pieces that 
depict victories in the War of 1812 or a single American 
flag. The Nature section showcases 19th-century nature- 
inspired pieces such as the exotic Tiffany orchid brooches. 
Disney charm bracelets designed by Cartier, a New York 
Yankees watch by Hamilton, a sailing ship pin by Marcus 
& Co., and ballerina brooches by Van Cleef & Arpels (fig- 
ure 33) are featured in the Humor and Pastimes sections. 
The High-style exhibit includes photographs of women 
who distinguished themselves by their personal styles. 


Figure 33. Among the highlights of the “Masterpieces 
of American Jewelry” exhibition is this miniature 
ballerina brooch (7 4 cm) designed in 1940 by 
Maurice Duvalet for Van Cleef # Arpels, New York. 
It is set with rubies, emeralds, and diamonds in plat- 
inum. Courtesy of Masterpieces of American Jewelry 
(by J. Price, Running Press, Philadelphia, 2004). 
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IN THE. SPRING 
of 1947, plans 
were made to 
visit the pearl 
fishing waters 
which surround 
the Bahrein Is- 
lands, Persian 
Gulf. After nec- 
cessary British 
and American 
government ap- 
proval had been 
granted to 
travel in the Middle East, arrangements 
were made with the British Overseas 
Airways Corporation to fly from New 
York to Bahrein. 

Once at our destination, Mr. C. Dal- 
rymple Belgrave, British Administrator 
to His Highness, Sheik, Sir Salman al 
Khalifa, immediately placed at our dis- 
posal a boat to permit our party to reach 
the pearl fishing grounds. A member of 
his Arabian secretarial staff was assigned 
to us to act in the role of interpreter. 
His personal police boat, as it was off- 
cially called, turned out to be a 40-foot 
native teakwood sailing dhow equipped 
with an auxiliary 75-horsepower motor. 
Before we were through with this parti- 
cular expedition, we arrived at the con- 
clusion that sailing in a dhow can be 
a very rugged experience! 

The time set for the overnight trip 
turned out to be rough for water travel, 
but we left port regardless. During June 
strong, steady winds blow continually off 
the Arabian desert. The relatively shal- 


AA ARNG LOS, 
(OSU Ga Baie ova Ate Gores na Manele: 


Pearl Fishing 


in the Persian bulf 
By A. E, Alexander, Ph.D. 


Gem TraveE Laporatory, INC 


low Persian Gulf, like our own Lake 
Erie, is capable of being whipped into 
considerable turbulence, with this differ- 
ence: the ensuing storms produce no 
clouds as we know them, and of course 
there is no rain. Except for the crew, 
the members of our party became violent- 
ly seasick as the small craft rolled and 
pitched for hours on end. 

We anchored for the night in reef 
water, some twenty miles off shore. Here, 
the water did not exceed five feet in 
depth. At dawn we moved out to the 
fisheries proper, some 20 miles beyond 
our point of anchorage. In the 1920's, 
when genuine pearls were the royalty of 
jewels and money was no object, as many 
as 600 native sailing dhows left the ports 
of Bahrein for the pearling grounds. 

Missionaries living on the island a 
half century ago state that as many as 
3500 boats were employed. This figure 
we believe to be high, unless it repre- 
sented the pearling fleet for the entire 
Persian Gulf. Each dhow has a crew of 
from 40 to 50 men. On the basis of these 
figures the number of men engaged in 
pearl fishing in years gone by was con- 
siderable. 


An account of the perilous 
occupation of pearl fishing in 


the Persian Gulf as observed by 


Dr. Alexander during a visit to 
the Bahrein Islands, and as re- 
ported by him at the A.G.S. 
Conclave in Washington. 
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On display are Jacqueline Kennedy Onassis’ gold cuffs by 
Van Cleef & Arpels and Joan Crawford’s diamond bracelet 
by Raymond C. Yard. 

“Masterpieces of American Jewelry” is truly a master- 
piece worth seeing, and the companion book by Judith Price 
will enthrall readers. For more information, visit 
www.folkartmuseum.org or e-mail info@folkartmuseum.org. 

Siau Fung Yeung (siaufung.yeung@gia.edu) 
GIA Gem Laboratory, New York 


ANNOUNCEMENTS 


GeG beryllium diffusion article wins AGS Liddicoat jour- 
nalism award. “Beryllium diffusion of ruby and sapphire,” 
published by John Emmett and co-authors in the Summer 
2003 Gems & Gemology, has received the American Gem 
Society’s Richard T. Liddicoat Journalism Award in the 
Jewelry Industry/Trade Reporting class. This award was 
developed in remembrance of GIA Chairman Richard T. 
Liddicoat to honor journalists who have made exceptional 
contributions to the understanding of gemology, as well as 
the ideals of ethics, education, and consumer protection. 
Gems & Gemology previously won the inaugural 2003 
Liddicoat Journalism Award in the same category for 
“Photomicrography for Gemologists” by John I. Koivula in 
the Spring 2003 issue (see Fall 2003 Gem News Inter- 
national, p. 248). 


Visit Gems &) Gemology in Tucson. Meet the editors and 
take advantage of special offers on subscriptions and back 
issues at the G#G booth in the Galleria section (middle 
floor) of the Tucson Convention Center during the AGTA 
show, February 2-7, 2005. 

GIA Education’s traveling Extension classes will offer 
hands-on training in Tucson with “Gem Identification” 
(January 31-February 4) and “Advanced Gemology” 
(February 5). To enroll, call 800-421-7250, ext. 4001. 
Outside the U.S. and Canada, call 760-603-4001. 

The GIA Alumni Association will host a Dance Party 
in Tucson on February 4, featuring a silent auction, an 
industry awards presentation, and a live auction. To reserve 
tickets, call 760-603-4204 or e-mail events@gia.edu. 


Exhibits 


Pearls at the Royal Ontario Museum. “Pearls: A Natural 
History,” a traveling exhibition tracing the natural and 
cultural history of pearls organized by the American 
Museum of Natural History (New York) in collaboration 
with the Field Museum (Chicago), will be on display at the 
Royal Ontario Museum in Toronto from September 18, 
2004 to January 9, 2005. Among the many exhibits will be 
displays on pearl formation and culturing, as well as his- 
torical pearl jewelry that once belonged to Great Britain’s 
Queen Victoria and Marie Antoinette of France. Visit 
Www.rom.on.ca. 
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Carnegie Gem & Mineral Show. Held November 19-21, 
2004, at the Carnegie Museum of Natural History, 
Pittsburgh, Pennsylvania, this show will feature sapphires 
in special exhibits and invited museum displays. Visit 
www.carnegiemuseums.org/cmnh/minerals/gemshow. 


Mineralien Hamburg. The International Show for Minerals, 
Fossils, Precious Stones, and Jewellery will take place in 
Hamburg, Germany, on December 3-5, 2004. Special exhi- 
bitions will feature pearls and carved mineral and gem mate- 
rials from China. Visit www.hamburg-messe.de/mineralien. 


Conferences 

Rapaport International Diamond Conference 2004. Held 
October 12, this conference will take place in New York 
and feature an insider’s look at the international dia- 
mond and jewelry industry. Visit www.diamonds.net/ 
conference. 


CGA Gemmology Conference 2004. The Canadian 
Gemmological Association is holding its annual confer- 
ence at the Terminal City Club in Vancouver on October 
22-24. Contact Donna Hawrelko at 604-926-2599 or don- 
nahawrelko@hotmail.com. 


Pegmatites at GSA. A topical session titled “Granitic 
Pegmatites: Recent Advances in Mineralogy, Petrology, 
and Understanding” will be held at the annual meeting of 
the Geological Society of America in Denver, Colorado, 
November 7-10, 2004. The meeting will also feature a ses- 
sion covering advanced mineral characterization tech- 
niques. Visit www.geosociety.org/meetings/2004. 


Antwerp Diamond Conference. The 3rd Antwerp 
Diamond Conference, presented by the Antwerp Diamond 
High Council (HRD), will take place in Antwerp on 
November 15-16, 2004. The conference will focus on syn- 
thetic diamonds as well as on strategies to promote con- 
sumer confidence in natural diamond. Visit www.hrd.be. 


Diamond Synthesis and History. To commemorate the 
50th anniversary of the successful repeatable synthesis of 
diamond, the H. Tracy Hall Foundation is organizing a 
one-day symposium on “Diamond Synthesis and History” 
on December 16, 2004, in Provo, Utah. The conference 
will focus on high-pressure research and equipment devel- 
opment. Visit www.htracyhall.org/Symposium.htm. 


GemmoBasel 2005. The first open gemological conference 
in Switzerland will be presented by the SSEF Swiss 
Gemmological Institute at the University of Basel April 
29-May 2. Among the events scheduled is a field trip to a 
Swiss manufacturer of synthetic corundum and cubic zir- 
conia. Visit http://www.gemmobasel2005.org or contact 
gemlab@ssef.ch. 
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Book REVIEWS 


SE D004 


Blood from Stones: The Secret 
Financial Network of Terror 


By Douglas Farah, 225 pp., publ. by 
Broadway Books, New York, 2004. 
US$24.95 


In 1999, the U.S. government attempt- 
ed to cut the purse strings of the 
Taliban and al Qaeda by freezing some 
$240 million in assets. Forced to look 
outside the conventional banking sys- 
tem, al Qaeda leaders turned to 
untraceable commodities they could 
easily transport and exchange to fund 
terrorist operations. Were diamonds 
part of their financial network? 

In Blood from Stones, investigative 
reporter Douglas Farah claims that in 
the late 1990s, al Qaeda began buying 
up millions of dollars of better-quality 
rough diamonds in Sierra Leone. In 
exchange for these “blood diamonds,” 
al Qaeda operatives allegedly paid cash 
to warlords from the Revolutionary 
United Front (RUF), a group then in 
the midst of waging a decade-long civil 
war in Sierra Leone. Known for its 
many atrocities, the RUF operated 
with the backing of former Liberian 
leader and U.N.-indicted war criminal 
Charles Taylor. Farah maintains that 
the diamonds were then smuggled to 
Antwerp, where they entered the sup- 
ply chain. The arrangement armed the 
RUE and added to Taylor’s personal 
fortune, and in return al Qaeda was 
given a secret source of funding. 
According to Farah, the Lebanon-based 
Hezbollah organization had made sim- 
ilar inroads into Sierra Leone’s dia- 
mond trade in the early 1980s. 

Farah, the former West African 
bureau chief for the Washington Post, 
says he “stumbled on” the diamond 
trail shortly after the September 11 
attacks. His investigation began over 
lunch when one of his sources, a 
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Taylor associate named Cindor 
Reeves, casually asked, “What is Hez- 
bollah?” Reeves explained that a group 
of Arab diamond clients had invited 
him to watch videos of Hezbollah sui- 
cide bombings. When Farah later 
showed him photos of known al 
Qaeda operatives published in News- 
week, Reeves immediately recognized 
them as men he had taken to the dia- 
mond fields of Sierra Leone. Farah held 
a secret meeting with a group of RUF 
commanders, who confirmed the iden- 
tification. In November 2001, he broke 
the story on the front page of the Post. 

In addition to the decades of cor- 
rupt rule in Sierra Leone and neighbor- 
ing Liberia, the author lays blame on 
the U.S. Central Intelligence Agency 
for overlooking compelling evidence of 
a diamonds-terrorism link. Farah also 
criticizes the diamond industry for fail- 
ing to take “serious measures” to 
eliminate conflict diamonds, suggest- 
ing that it was more interested in lob- 
bying to water down the Clean 
Diamond Trade Act passed in 2001. 
He charges the World Diamond Coun- 
cil (WDC) with doing “little of sub- 
stance” and downplays the effective- 
ness of its Kimberley Process Certifi- 
cation Scheme in policing the dia- 
mond supply chain. 

Diamonds do not figure in the lat- 
ter half of the book, which is a primer 
on al Qaeda’s funding tactics. The 
author shows how al Qaeda has used 
hawala, an informal exchange system 
based on trust between brokers, to 
launder funds raised through Islamic 
charities and a host of petty scams. 
The book concludes with an unset- 
tling picture of the barriers to combat- 
ing terrorism, most notably shrinking 
counterterrorism budgets and bureau- 
cratic infighting among U.S. govern- 
ment agencies. 


GEMS & GEMOLOGY 


EDITORS 


Susan B. Johnson 
Jana E. Miyahira-Smith 
Stuart Overlin 


The author's fast-paced, straight- 
forward reporting is at its strongest in 
portraying the West African night- 
mare created by a network of corrupt 
political leaders, arms smugglers, and 
drugged-out child soldiers. While the 
section on al Qaeda fundraising opera- 
tions is thorough and well document- 
ed, the alleged diamonds-terrorism 
connection that inspired the book’s 
title is less so. Farah’s story relies too 
heavily on the accounts of characters 
associated with Taylor and the RUF, 
and he abruptly drops the argument 
halfway through the book. 

Indeed, the question of a possible 
link between the diamond trade and al 
Qaeda is still in dispute. Since the pub- 
lication of Blood from Stones, the final 
report from the National Commission 
on Terrorist Attacks, known as the 
9/11 Commission, cleared the dia- 
mond trade of links to al Qaeda. This 
finding was welcomed by the WDC 
but disputed by United Nations war- 
crimes prosecutors and the human 
rights group Global Witness. Yet with 
the end of Sierra Leone’s civil war in 
January 2002, Charles Taylor’s exile 
under international pressure in August 
2003, and the implementation of the 
Kimberley Process the following 
month, few could deny that prospects 
for peace and stability in the West 
African diamond trade are brighter 
today. 


STUART OVERLIN 
Gemological Institute of America 
Carlsbad, California 


*This book is available for purchase 
through the GIA Bookstore, 5345 
Armada Drive, Carlsbad, CA 92008. 
Telephone: (800) 421-7250, ext. 
4200; outside the U.S. (760) 603- 
4200. Fax: (760) 603-4266. 
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Starting to Collect 
Antique Jewellery 


By John Benjamin, 191 pp., illus., 
publ. by Antique Collectors’ Club, 
Woodbridge, England, 2003. 
US$25.00* 


The challenges of collecting antique 
jewelry can be overwhelming. To make 
wise purchases, the collector must be 
armed with a good working knowledge 
of gems, metals, manufacturers, manu- 
facturing styles, jewelry periods, and 
much more. With this guide, Mr. 
Benjamin succeeds in giving the reader 
specific information on all of these top- 
ics, as well as a broad overview of 
antique jewelry categories that will be 
helpful to the novice collector. 

The book is comprised of 19 chap- 
ters, including “Gemmology and 
Gems in Antique Jewellery,” “The 
Evolution of Jewellery from Early 
Times to the 18th Century,” “Cameos 
and Intaglios,” “Reviving History in 
the 19th Century,” and “Fabergé, Tif- 
fany, and Cartier.” References for fur- 
ther reading are provided at the end of 
each chapter so readers may expand on 
their studies of selected topics. The 
book is generously illustrated with 
photographs of antique jewelry that 
range from the very simple to the most 
sumptuous. Illustrations from old jew- 
elry catalogs are also included. 

Especially appealing to this review- 
er were the chapters on “Enamels” and 
“Jewels of Sentiment and Love,” as 
they are areas of personal interest, but 
the entire book is filled with valuable 
information, such as why ironwork 
jewelry became popular, what features 
to look for in a cameo, and how plat- 
inum was integral to the development 
of the “garland” style of jewelry. Other 
useful features are short biographies of 
notable jewelers and a compendium 
that briefly discusses valuations, fakes, 
restorations, and cleaning. 

Many enthusiasts find that they 
are drawn to specific areas of antique 
jewelry and focus their collections 
accordingly. Starting to Collect An- 
tique Jewellery can help beginning 
collectors decide which areas interest 
them most, and it should be required 
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reading for anyone thinking of starting 

an antique jewelry collection. 
JANA E. MIYAHIRA-SMITH 
Gemological Institute of America 
Carlsbad, California 


Starting to Collect Antique Silver 


By Ian Pickford, 192 pp., illus., publ. 
by Antique Collectors’ Club, Wood- 
bridge, England, 2003. US$25.00 


This visually appealing book, written 
by antique silver expert Ian Pickford, 
covers a wide range of areas related to 
collecting and caring for antique silver. 

The author first discusses early 
silver sources, and how silver items 
and coins from other regions began to 
accumulate in Britain as international 
trade grew. Since silver was often 
melted down during times of eco- 
nomic hardship, problems associated 
with variations in metal content 
arose. The first solution was imple- 
mented in 1238, when sterling silver 
(.925) was established as the standard 
and wardens were appointed to test, 
assess, or assay silver. Pieces not up to 
the standard were destroyed. Later, 
the hallmarking system enacted by 
King Edward I in 1300 set a standard 
for coinage and goldsmithing. 

Mt. Pickford details the evolution 
of this marking system, which essen- 
tially was the first form of consumer 
protection and now allows us to date 
and identify pieces of British silver 
with accuracy. The reader is never 
bored; scattered throughout are many 
interesting bits of related trivia, such as 
the origin of the expression “born with 
a silver spoon,” silver’s anti-bacterial 
properties, and why the price of silver 
dropped significantly with technologi- 
cal changes in the photographic indus- 
try. Entire chapters cover manufactur- 
ing techniques, highlight prominent 
maker marks, and take in-depth looks 
at various utility items and vessels. 
Items covered include spoons, candle- 
sticks, tea and coffee items, drinking 
vessels, boxes, and small collectibles. 
The numerous high-quality photos and 
illustrations clearly demonstrate what 
a collector should look for on a particu- 
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lar piece. The author strives to clear up 
any misunderstandings regarding plat- 
ing, and covers areas of concern such as 
fakes, forgeries, and alterations. 
Although this book is geared 
toward collecting British silver and 
only offers a few American examples, it 
is an essential and informative book for 
any novice or serious silver collector. 
MARY MATHEWS 
Gemological Institute of America 
Carlsbad, California 


Within the Stone 


By Bill Atkinson, 180 pp., illus., publ. 
by Browntrout Publishers, San 
Francisco, CA, 2004. US$39.95* 


The first impression of Within the 
Stone is one of beauty—it hits you 
immediately with the cover photos. A 
close-up photograph of a fine dendritic 
agate from Madagascar adorns the 
front and draws your interest. The 
back cover features an intriguing 
photo of pietersite, a brecciated rock 
composed primarily of fragmented 
hawk’s-eye and tiger’s-eye quartz. 
These images draw you in, and that 
initial impression of beauty stays with 
you throughout the entire book. 

Although this is not a scientific 
work or gemological text as such, the 
pleasure it conveys to the reader satis- 
fies the curiosity we all have for 
nature and makes us want to explore 
this natural world beyond the limits 
of the 72 magnificent illustrations 
provided. The original poems and 
essays by noted artists and scientists 
that accompany each of the full-page 
photos add to the unique experience 
of this book as well. 

Twenty-six different rocks and 
minerals are illustrated. The most 
widely pictured subjects are jasper, 
agate, petrified wood, and pietersite, so 
the breadth of material covered is not 
extensive. These are photomacro- 
graphs taken with a camera and bel- 
lows mounted on a copy stand, as 
opposed to photomicrographs taken 
through a microscope. The magnifica- 
tion range is 1x to 9x, and the polished 
rock and mineral subjects vary from 1 
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to 10 inches (2.5-25 cm) in width. For 
this reviewer, this approach is part of 
what is so special about the book. As a 
photomicrographer, I can also see in 
each image several different areas 
that would have been captured won- 
derfully with the higher magnifying 
power of a microscope. From either 
perspective, the selection of subjects 
is excellent. 

Gemologists and earth scientists 
will find additional enjoyment in the 
“Rock Descriptions” chapter, written 
by well-known mineral authorities Si 
and Ann Frazier and Robert Hutchin- 
son, which describes the mineralogical 
and gemological aspects of each of the 
illustrated subjects. The book closes 
with brief explanations on how the 
photographs were taken, and how the 
book itself was made. Nature is never 
perfect, but near perfection was 
achieved in these photos using careful 
gray-scale balancing with a digital gray 
card for each subject. The computer- 
scanned transparencies and the direct 
digital captures were also “cleaned up 
and refined in Adobe Photoshop.” 

Besides being a pleasure to read and 
study, this book also serves as an art 
catalogue, since all of the photos are 
available as large matted and signed 
fine-art prints. With its large (12 x 11 
inch) format, Within the Stone is visu- 
ally impressive. Mr. Atkinson refers to 
the book as “a beautiful work of art,” 
and I agree completely. It will be 
enjoyed by anyone with a fondness for 
our natural world. 

JOHN I. KOIVULA 

Gemological Institute of America 

Carlsbad, California 


Gems and Jewels: 
A Connoisseur’s Guide 


By Benjamin Zucker, 248 pp., illus., 
publ. by Overlook Press, New York, 
NY, 2003. US$60.00 


Since this book’s original publication 
in 1984, the field of gemology has 
exploded with ever-increasing scien- 
tific sophistication, not to mention a 
succession of dizzying discoveries 
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from Canada’s subarctic to the tropi- 
cal depths of the South Pacific. 
Readers seeking relief from photolu- 
minescence spectra and the geopoliti- 
cal dramas facing today’s gem mar- 
kets will find welcome respite in 
Benjamin Zucker’s reissued Guide. 

Each of the chapters is dedicated to 
a single gem, beginning with the “Big 
Four” followed by pearl, amber, lapis 
lazuli, jade, turquoise, opal, and garnet. 
To address the subtitle’s promise, 
Zucker introduces readers to each 
gem’s distinguishing features. Though 
emphasis is placed on top-grade color 
and geographic provenance, the author 
also discusses chemical variances and 
microscopic characteristics. 

More than 200 color photographs 
illustrate the qualitative aspects of fine 
gemstones as well as their recovery 
from earth and sea. Though inconsis- 
tent in composition and photographic 
quality, the illustrations include many 
historical and rarely seen pieces as well 
as notable gemstone objects and jewel- 
ry dating back to the Bronze Age. The 
exceptionally well-chosen color photos 
aptly serve this labor-of-love’s empha- 
sis on historical references and geo- 
graphic origins. 

Gem lovers with a pulse will 
quickly find their interest piqued by 
the book’s description of extraordi- 
nary pieces residing in far-flung muse- 
ums. As is the case throughout most 
of the book, collections from Europe, 
the Near East, and elsewhere in Asia 
are featured more prominently than 
North American treasures. 

Changes to this new edition 
include a bounty of new photos and 
substantial text revisions, all supported 
by an updated introduction and index. 
While some readers may note occa- 
sional outdated terminology and omis- 
sions (such as a very thin discussion of 
Chinese freshwater cultured pearls in 
an otherwise thorough chapter on that 
organic material), the book is ideal for 
those seeking a descriptive and less 
quantitative approach to gem apprecia- 
tion from a well-traveled and respected 
connoisseur. 


MATILDE PARENTE 
Indian Wells, California 
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OTHER BOOKS RECEIVED 


The Tourmaline. By A. C. Hamlin, 
107 pp., illus., originally publ. by 
James R. Osgood & Co., Boston, 
MA, 1873; republished by Rubellite 
Press, New Orleans, LA, 2004, 
US$75.00. The History of Mount 
Mica. By A. C. Hamlin, 123 pp., 
illus., originally publ. by Augustus 
Choate Hamlin, M.D., 1895; repub- 
lished by Rubellite Press, New 
Orleans, LA, 2004, US$85.00. 


Until now, these two classic works on 
tourmaline were available only 
through rare-book dealers. Fortunately 
for tourmaline aficionados, they have 
recently been republished as faithful 
reproductions—even including the 
original punctuation, spelling (with 
errors), formatting, and “feel.” The 
hardbound covers also mimic the orig- 
inals, as custom dies were created for 
the stamping and embossing process. 
Color plates in both books were 
meticulously matched to those found 
in original copies and are printed on 
high-quality paper. 

The Tourmaline, which contains 
four color plates, chronicles the early 
history, world localities known at the 
time, and physical properties (particu- 
larly color) of this mineral. Approxi- 
mately one-third of the book is devot- 
ed to the characteristics of tourmaline 
from Mt. Mica (Maine}, including the 
crystal forms, colors, and specific local- 
ities at this historic deposit. In closing, 
the author offers some creative ideas 
on the origin of gems in general. 

The History of Mount Mica con- 
tains eight drawings, five black-and- 
white photos (including a panoramic 
pull-out image), and color plates 
showing drawings of 43 tourmaline 
crystals from this locality. These 
plates, which occupy the latter half of 
the book, document the impressive 
color variations in tourmaline from 
Mt. Mica. The text provides a detailed 
account of the mining and production 
at this classic locality, from its dis- 
covery in 1820 until the mid-1890s. 


BRENDAN M. LAURS 
Gemological Institute of America 
Carlsbad, California 
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COLORED STONES AND 
ORGANIC MATERIALS 


The changing opal market. P. B. Downing, Lapidary Journal, 
Vol. 57, No. 7, 2003, pp. 62-66. 

The opal market has seen many changes in the last 10 years. 
There has been a major decline in the production of natural 
opal from Australia, and the new non-Australian (e.g., Ethiopia, 
British Columbia) sources have not provided adequate replace- 
ment. At the same time, worldwide demand, especially from 
Japan, has weakened while prices have increased. The response 
to the reduced supply and high prices has been a reshaping of 
the market for opal. As a result, the market is now seeing more 
opal doublets, inlay, and intarsia in jewelry, as well as more 
opal synthetics and simulants. 

Most common today are inexpensive “boulder opal” dou- 
blets (thin pieces of opal—usually darkened to simulate black 
opal—cemented to a brown ironstone base}; cutters can easily 
produce four doublets from the same opal that would normal- 
ly yield only one solid cabochon. However, boulder doublets 
are fragile and must be bezel set to reduce the risk of chipping. 
Another type of doublet, assembled primarily in Lightning 
Ridge, Australia, consists of thicker slices of opal with a com- 
mon opal (potch) backing. These are cut in a dome shape with 
thicker edges that are less prone to chipping. Inlay jewelry 
became more popular in the 1990s. Inlay, like intarsia, con- 
serves opal, as the rough used is only about 1-2 mm thick. 
Inlay and intarsia jewelry are currently being mass-produced 
in Asia. 

Synthetic opal is gaining acceptance. The new Gilson 
Created Opal is difficult to distinguish from natural opal and is 
now used in quality jewelry. Opal simulants in a wide variety 
of colors are also becoming increasingly available. MT 
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Crystallographic position of Mn* in violet tourmaline. R. 
V. Shabalin and B. B. Shkurski, Gemological 
Bulletin, No. 9, 2003, p. 26-30 [in Russian with 
English abstract]. 

A tourmaline from Madagascar with an unusual violet 

color (type vB 8/2 in the GIA color notation) and character- 

ized by a predominant absorption peak at 560 nm was 
investigated using X-ray diffraction analysis, electron 

microprobe analysis, and energy calculations with a 

Tanabe-Sugano diagram. This color was unique in a collec- 

tion of more than 40 colored tourmalines available to the 

authors. 

This tourmaline has a surplus of Al (7.73 formula 
units), which fully occupies the Z crystallographic posi- 
tions. Thus, Mn+ ions, which prefer the Z positions and 
cause an absorption at 515 nm, were required to occupy Y 
crystallographic positions, which resulted in the 560 nm 
absorption peak. Fe**, Li, and Al were also found in the Y 
positions, whereas Na and Ca occurred in the X positions. 
Small absorption peaks at 450 and 415 nm were caused by 
electron transitions due to Fe*+ and Mn", respectively. 
Ti, Mg, and K were not detected by electron microprobe 
analysis. BMS 


An interesting Australian abalone pearl. S. M. B. Kelly 
and G. Brown, Australian Gemmologist, Vol. 21, 
No. 12, 2003, pp. 498-501. 
A detailed, illustrated description is given of a large cres- 
cent-shaped abalone pearl (95.79 ct) recovered from a black 
lip abalone (Haliotis rubra) from waters off Clay Head, 
northern New South Wales. The fleshy body of the 
abalone was so distorted by the size and shape of the pearl 
that the shell had to be broken for the pearl to be recov- 
ered. The multicolored iridescent nacre on the pearl was 
unevenly distributed, so it could only be considered to be 
of low-medium quality. RAH 


Relationship between the groove density of the grating 
structure and the strength of iridescence in mollusc 
shells. Y. Liu, K. N. Hurwit, and L. Tian, Australian 
Gemmologist, Vol. 21, No. 10, 2003, pp. 405-407. 

The iridescence of mollusk shells and pearls is caused by 

diffraction. A previous study showed that the strength of 

iridescence of a Pinctada margaritifera shell is qualitative- 
ly related to the groove density of the diffraction-grating 
structure formed by its aragonite tiles. In this study, the 
groove density of a shell of the pearl-producing Pinctada 
maxima was examined and found to be intermediate 
between the groove densities of the outer and inner sur- 
faces of P. margaritifera; the strength of its iridescence was 
also intermediate. In general, a groove density in the range 
of 80-300 grooves per millimeter can produce iridescence 
in the visible-wavelength range; a density of 300 grooves 

per millimeter yields the strongest iridescence, whereas a 

density of 80 grooves per millimeter rarely produces irides- 

cence. The authors conclude that the strength of the iri- 
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descence of a mollusk shell is directly related to the groove 
density of the diffraction-grating structure, and not to the 
species of mollusk. RAH 


Rock-forming moissanite (natural o-silicon carbide). S. Di 
Pierro, E. Gnos, B. H. Grobety, T. Armbruster, S. M. 
Bernasconi, and P. Ulmer, American Mineralogist, 
Vol. 88, Nos. 11-12, 2003, pp. 1817-1821. 

The possibility of silicon carbide occurring as a natural ter- 

restrial mineral has been the subject of scientific contro- 

versy for nearly a century. This article reports the discov- 
ery of a unique volcanic rock that contains moissanite (6H 
polytype) as a significant mineral component (8.4% by vol- 
ume). The rock was found accidentally as a beach pebble 
in an unpopulated region along the coast of Turkey about 

150 km northwest of Izmir. The source outcrop of this 

pebble has not yet been located. The grayish blue rock 

exhibits a homogeneous, porphyritic texture consisting of 
fine-grained brucite, calcite, and magnesite along with 
larger macrocrysts of quartz and moissanite. The bulk 

whole-rock chemistry is somewhat similar to that of a 

kimberlite. 

The moissanite crystals are hexagonal, 0.2-1.5 mm in 
size, and blue or black in color, with a metallic luster. 
Some crystals are transparent and display a subadaman- 
tine luster. They have a platy, tabular shape dominated by 
pinacoid (001) crystal faces. About one-third of the crys- 
tals examined contain one (or more on rare occasions) 
rounded black metallic inclusions of several phases, 
including Si and, in lesser amounts, various Fe-silicides. 
When viewed with transmitted light in thin section, the 
moissanite grains range from colorless to light or dark 
blue to almost black. Some crystals are pleochroic, and 
some are likely to be twinned. Optically they are uniaxial 
positive. A few grains exhibited yellow, blue, and red 
cathodoluminescence. The crystals are very homoge- 
neous chemically, with no elements (besides Si) detected 
above background levels by electron microprobe analysis. 

The authors present various kinds of evidence to sug- 
gest this rock is a naturally occurring specimen, and not 
the product of any industrial or scientific process. They 
conclude that the rock most likely formed at ultra-high- 
pressure conditions in the upper mantle or transition 
zone, and was brought to the Earth’s surface during a vol- 
canic eruption. JES 


DIAMONDS 


Diamonds: Time capsules from the Siberian mantle. L. A. 
Taylor and M. Anand, Chemie der Erde: Geo- 
chemistry, Vol. 64, No. 1, 2004, pp. 1-74. 

In this invited review, the authors report their systematic 

studies on diamondiferous eclogite xenoliths from Siberia. 

The steps in investigating these are: (1) high-resolution 

computed X-ray tomography of the xenoliths to give 3-D 
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images that relate the minerals of the xenolith to their dia- 
monds; (2) detailed dissection of the entire xenolith to 
reveal the diamonds inside, followed by characterization of 
the setting of the diamonds within their enclosing materi- 
als; and (3) extraction of diamonds from the xenolith to 
facilitate further investigation of the diamonds and their 
inclusions. In this last step, it is important to record care- 
fully the nature and relative positions of the inclusions in 
the diamonds to maximize the number of inclusions that 
can be exposed simultaneously on one polished surface. 
Once the diamonds have been extracted, cathodolumines- 
cence imaging is performed on polished surfaces to reveal 
the internal growth zones of the diamonds and the spatial 
relationship of the mineral inclusions to these zones. In 
addition, infrared analyses of nitrogen aggregation and car- 
bon and nitrogen isotopic analyses are performed on the 
diamonds. Such multiple lines of evidence indicate the 
ultimate crustal origin for the majority of mantle eclogites. 
Similar pieces of evidence, particularly from 8'8C in P-type 
diamonds and 8!*O in peridotitic garnets, suggest that at 
least some of the mantle peridotites, including diamondif- 
erous ones, as well as inclusions in P-type diamonds, may 
have a crustal protolith as well. RAH 


DTC sightholders. P. Insch, Rough Diamond Review, No. 
3, December 2.003, pp. 13-15. 

As a result of the economic hardships brought on by the 
Great Depression, consumer demand for diamonds 
declined drastically in the 1930s. In 1934, De Beers created 
the Central Selling Organisation (CSO, now known as the 
Diamond Trading Co. [DTC]} to stabilize the market by 
effectively directing the flow of rough diamonds to the 
marketplace through a single-channel system. Central to 
this system were “sightholders” (select dealers and manu- 
facturers in international cutting centers), who were allo- 
cated rough diamonds every 10 weeks at a “sight.” This 
system worked well for several decades because De Beers 
supplied, via the DTC and its predecessor, 80% of all gem- 
quality rough diamonds sold worldwide. 

Recently, De Beers, which currently supplies 50-60% 
of global production, revamped their single-channel mar- 
keting system into an updated Supplier of Choice initia- 
tive designed to increase consumer demand for diamond 
jewelry and facilitate effective competition of diamonds 
with other luxury goods. Currently, there are about 80 
sightholders in this new rough diamond marketing for- 
mat as opposed to 125-300 in previous decades. Several 
criteria are considered in the selection process for new 
sightholders: financial standing; market position; distribu- 
tion, marketing, technical, and manufacturing abilities, 
and adherence to the Best Practice Principles of the DTC. 
Sightholders keep contracts with the DTC for two years, 
after which they must reapply to maintain their sight- 
holder status. 

Three factors determine the type and volume of goods 
offered the sightholder: (1) the sightholder’s effectiveness 
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in marketing diamonds and diamond jewelry; (2) the size 
and quality of diamonds requested by the sightholder for 
the next six-month period; and (3) the predicted availabili- 
ty of diamonds in the next period. Once all of these fac- 
tors are assessed, De Beers gives each client an “intention 
to offer” list of the goods that client can expect. There are 
minimum prices for each box, and the sightholder (or a 
representative) may reject all or part of them. JS 


Seeking the origin of carbon in diamond. P. Cartigny, 
Rough Diamond Review, No. 3, December 2003, 
pp. 39-42. 

The study of carbon isotope variations in natural dia- 
monds is important to our understanding of how dia- 
monds formed. The isotopic ratio of °C to ?C, expressed 
as 5!8C and reported as per mil (%o}, is a deviation from an 
international standard for which 5'°C=0. The 8!8C values 
for diamonds range from —38.5 to +2.7%o; however, two 
distinct 5!°C distributions occur. One spans the broad 
range of —38.5 to +2.7%o, whereas the second is restricted 
to a narrow band of —8 to —2%o. These distinct 8'8C distri- 
butions, incorporated in systematic studies of diamond’s 
physical properties and inclusions, are associated with two 
types of diamonds, eclogitic and peridotitic, respectively. 

Each type originates from different sources in the earth. 
Eclogitic diamonds form from sedimentary carbon 
recycled from the surface of the earth and subducted into 
the mantle. Peridotitic diamonds form in the mantle from 
carbon originally in that location. Notwithstanding the 
above explanations with respect to the two sources of car- 
bon in diamond, some uncertainties and ambiguities exist 
(e.g., data from nitrogen isotopes) that have encouraged 
some researchers to favor a single source of carbon for 
both types of diamond. DMK 


Spectroscopic and morphological characteristics of dia- 
monds from the Grib kimberlite pipe. R. M. 
Mineeva, A. V. Speranskii, S. V. Titkov, O. M. 
Zhilicheva, L. V. Bershov, O. A. Bogatikov, and G. 
P. Kudryavtseva, Doklady of the Russian Academy 
of Sciences, Earth Science Section, Vol. 394, No. 1, 
2004, pp. 96-99. 

Diamonds from the new (discovered in 1980) diamondifer- 

ous province in the Arkhangel’sk district of northwestern 

Russia contain an extremely high content of rounded 

rhombododecahedral and tetrahexahedral, as well as cubic, 

crystals compared to diamonds from Yakutia (Siberia). 

Generally, Arkhangel’sk crystals are nearly colorless with 

pale yellow and brown tints. Details of the crystal mor- 

phology of 15 crystals are tabulated together with data on 
their paramagnetic centers. Compared with diamonds 
from other pipes in the Arkhangel’sk district, those from 
the Grib kimberlite have a lower content of Group 1 dia- 
monds with a predominance of P1 centers. The majority 
of the Grib diamonds are classified as Group 2, with a pre- 
dominance of P2 centers. The Grib kimberlite also con- 
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tains more N2-bearing Groups 3 and 4 diamonds com- 
pared to other kimberlites in the province. Since N2. cen- 
ters in diamond crystals form during plastic deformation, 
the authors conclude that this epigenetic process (i.e., plas- 
tic deformation) had a greater effect on diamonds from the 
Grib pipe than it did on those from other pipes in the 
Arkhangel’sk district. RAH 


GEM LOCALITIES 


Der Pegmatit von Anjahamiary bei Fort Dauphin, 
Madagaskar [The Anjahamiary pegmatite near Fort 
Dauphin, Madagascar]. F. Pezzotta and M. Jobin, 
Lapis, Vol. 29, No. 2, 2004, pp. 24-28 [in German]. 

This zoned granitic pegmatite is situated about 80 km 

northwest of Fort Dauphin (Taolagnaro) in southeastern 

Madagascar, far from the well-known and highly produc- 

tive gem pegmatite province in the central part of the 

country. It was first worked in the 1930s and has been 
exploited intermittently since then by different owners. 

After the discovery of a large tourmaline pocket in 1991, 

Somema, a Madagascan company, began exploration in 

the area as well as gem production from the tourmaline- 

bearing zones of the pegmatite. The tourmalines are main- 

ly deep to pale pink and grayish blue to intense blue. A 

preliminary chemical analysis indicated that the blue parts 

are liddicoatite and the pink parts are rossmanite. 

Although the colors of some of the blue crystals resemble 

those of Paraiba tourmalines, the analysis did not detect 

any copper. RT 


Genesis of amethyst geodes in basaltic rocks of the Serra 
Geral Formation (Ametista do Sul, Rio Grande do 
Sul, Brazil): A fluid inclusion, REE, oxygen, carbon, 
and Sr isotope study of basalt, quartz, and calcite. 
H. A. Gilg, G. Morteani, Y. Kostitsyn, C. Preinfalk, 
I. Gatter, and A. J. Strieder, Mineralium Deposita, 
Vol. 38, No. 8, 2003, pp. 1009-1025. 
Amethyst geodes occur abundantly in a basalt lava flow 
(40-50 m thick) of Lower Cretaceous age in the Ametista 
do Sul region of the state of Rio Grande do Sul in southern 
Brazil. This area is famous for the production of amethyst 
both as geodes and cutting material. The geodes, typically 
spherical cap-shaped and sometimes vertically elongate up 
to 6 m in largest dimension, display an outer rim of 
celadonite followed inwards by agate, colorless quartz, and 
finally amethyst crystals. Occurrences of calcite and gyp- 
sum are also common within the geodes. 

In this study, chemical and isotopic composition as 
well as fluid inclusion data were analyzed to better under- 
stand the conditions of geode formation. The authors sug- 
gest that their genesis most likely occurred as the result 
of a two-stage process. During the initial magmatic stage, 
numerous cavities are thought to have formed within the 
cooling lava from an immiscible fluid phase of lower den- 
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sity and viscosity than the surrounding basaltic magma. 
In a second, post-magmatic stage, the cavities were then 
filled with amethyst and other minerals (thus becoming 
geodes) at temperatures of less than 100°C, as determined 
by fluid inclusion and stable isotope data. These minerals 
crystallized from a circulating gas-poor aqueous fluid of 
meteoric origin that leached the necessary constituents 
from highly reactive interstitial glass in the host basalt. 
This infilling process is thought to have continued for an 
extended period of time (perhaps 40-60 million years) 
after the eruption of the basaltic lava. JES 


Jurassic to Miocene magmatism and metamorphism in 
the Mogok metamorphic belt and the India-Eurasia 
collision in Myanmar. M. E. Barley, A. L. Pickard, 
K. Zaw, P. Rak, and M. G. Doyle, Tectonics, Vol. 
22, No. 3, 2003, pp. 4-1-4-11. 

For centuries, the Mogok Stone Tract in north-central 
Myanmar has been famous as a source of ruby, sapphire, 
peridot, spinel, and a wide variety of other gems. This 
abundance of gem minerals originates mainly from the 
Mogok metamorphic belt (MMB), a 50-km-wide zone of 
marbles, schists, and gneisses that are intruded by granites 
and pegmatites. Northward, this belt can be traced to the 
eastern edge of the Himalayas, whereas to the south it 
extends into Thailand. Because of its location, the MMB 
occupied a key position in the tectonic evolution of the 
region that witnessed the convergence and collision of 
fragments of the Paleozoic Gondwana and Eurasia conti- 
nents, culminating in the collision of India and the uplift 
of Tibet and the Himalayas. 

This article presents results from high-resolution ion- 
microprobe analyses of grains of zircon that had been col- 
lected in granitic rocks along the MMB. The resulting U-Pb 
ages suggest a complex magmatic and metamorphic histo- 
ry for the MMB, ranging from the Jurassic to the Miocene, 
that both pre-dates and post-dates the collision of India 
with the southern margin of Eurasia. Earliest zircon ages of 
about 170 million years (My) were obtained from strongly 
deformed granitic orthogneisses. Overgrowths on zircons 
give an age of about 43 My that is thought to represent 
metamorphic recrystallization during a period of thicken- 
ing of the Earth’s crust and associated metamorphism fol- 
lowing the initial collision of India and Eurasia (65 to 55 
My). The authors conclude that the MMB played a key role 
in the network of deformation zones that accommodated 
strain during the northward movement of India and the 
resulting extrusion and rotation of Indochina. JES 


Lambina opalfield: An update. J. Townsend, Australian 
Gemmologist, Vol. 21, No. 12, 2003, pp. 490-494. 
The Lambina opal field, 10 km south of the Lambina 
Homestead, in the remote northern part of South Australia, 
has been a significant producer of precious opal only in the 
last decade (e.g., the value of the production has ranged 
between $A7.3 and 10.2 million annually since 1999). At 
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Lambina, opalized sandstone is accompanied by opal intro- 
duced into cracks, in nodules, and replacing marine snails, 
belemnites, and bivalves. Good-quality opal from this 
locality includes white (light) opal and crystal opal that dis- 
plays good play-of-color; about 50% of the opal does not 
fluoresce under long-wave ultraviolet light. Emphasis is 
placed on the possible influence of paleochannels as con- 
duits for water movement (and hence silica movement) and 
the deposition of opal adjacent to these ancient channels. 
RAH 


Les gisements de corindon: Classification et genése 
[Corundum deposits: classification and origin] and 
Les placers 4 corindon gemme [Gem corundum plac- 
er deposits]. V. Garnier, G. Giuliani, D. Ohnen- 
stetter, and D. Schwarz, Le Régne Minéral, No. 55, 
2004, pp. 7-35 and 36-47 [in French with English 
abstract]. 
Several classifications of corundum have been proposed 
based on crystal habits, geologic settings and origin of the 
deposits, lithology of the host rocks, and chemical compo- 
sition (only rubies). These authors propose an improved 
classification based on (a) the lithology of the host rocks 
and (b) deposit types. In general, the two articles deal with 
primary and secondary deposits, respectively. 

Primary deposits are divided into two main groups: 
magmatic and metamorphic. These two groups are further 
divided into subtypes, each of which is discussed in detail 
using typical deposits as examples. Magmatic deposits 
comprise mainly basalts, such as those in Australia and 
Thailand/Cambodia, but also syenite xenoliths in basalts 
(Loch Roag, Scotland), syenites (Garba Tula, Kenya), and 
mafic intrusions (Yogo Gulch, Montana). The metamor- 
phic deposit subtypes are: (1) pegmatitic intrusions in 
mafic, ultramafic, and carbonate rocks and their associated 
metasomatic rocks (Umba, Tanzania; Andranondambo, 
Madagascar); (2) marbles (Mogok, Myanmar, Hunza, 
Pakistan); (3) gneisses, granulites, and charnockites 
(Mysore, India; Ratnapura/Elahera, Sri Lanka); (4) amphi- 
bolites (Longido, Tanzania; North Carolina); and (5) ana- 
texites (Morogoro, Tanzania). 

The discussion of secondary deposits is basically a 
comprehensive description of the customary classifica- 
tion of such deposits into eluvial/colluvial, alluvial, and 
littoral deposits and their exploitation. Deposits in New 
South Wales (Australia), Vietnam, Ilakaka (Madagascar), 
and Tunduru (Tanzania) are discussed in detail. The arti- 
cle contains several maps and diagrams and is richly illus- 
trated. RT 


Rare gem mineral deposits from Brazil. Part 2: Lazulite and 
scorzalite. M. L. de S4 C. Chaves, J. Karfunkel, A. H. 
Horn, and D. B. Hoover, Australian Gemmologist, 
Vol. 21, No. 10, 2003, pp. 390-399. 

Lazulite and scorzalite constitute a complete solid-solu- 

tion series between the magnesium and iron end members 
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of the lazulite group. Although they are valued for their 
fine blue color, their relatively low hardness (~5!42-6) and 
rarity in gem quality make them of interest primarily to 
collectors of rare gems. This paper identifies the Brazilian 
deposits where these lazulite-group minerals occur, dis- 
cusses their genesis, and gives details of their gemological 
characteristics. Representative chemical analyses are given 
for lazulite-scorzalite series minerals from the Minas 
Gerais and Rio Grande do Norte areas. Most specimens 
are translucent to opaque, best suited for cutting en cabo- 
chon; transparent crystals are small (most faceted stones 
weigh < 1 ct) and typically have cracks and “feathers” that 
cause them to fracture during cutting. RAH 


Spectroscopic and related evidence on the coloring and con- 
stitution of New Zealand jade. C. J. Wilkins, W. C. 
Tennant, B. E. Williamson, and C. A. McCammon, 
American Mineralogist, Vol. 88, No. 8/9, 2003, pp. 
1336-1344. 

Nephrite jade has long been known to occur at several 
locations along the west-central coast of the South Island 
of New Zealand, where it is recovered from rivers as cob- 
bles and boulders. The authors documented material from 
several deposits by chemical analysis and several spectro- 
scopic techniques. Nephrite is a near mono-mineralic rock 
consisting of randomly oriented, felted masses of micro- 
scopic needles of actinolite/tremolite. The analyzed sam- 
ples were generally similar in chemical composition 
except for variations in iron content, as well as the pres- 
ence of trace elements such as chromium and nickel. The 
color of these samples could not be directly correlated to 
differences in composition. 

Infrared spectra confirmed that the samples were com- 
posed principally of nephrite; chromian margarite (calci- 
um mica) was also identified in several samples. Optical 
absorption spectra were consistent with those in the pub- 
lished literature. The Fe*+/Fe* ratio increased for samples 
that were more highly weathered (which typically have a 
brown surface coloration of hydrated iron oxide that, in 
turn, is sometimes altered to a whitish rim if the material 
was exposed to more acidic weathering conditions). The 
black appearance of some samples is due to dispersed 
minute grains of a black opaque mineral (such as mag- 
netite or chromite). JES 


INSTRUMENTS AND TECHNIQUES 


An assessment of nuclear microprobe analyses of B in sili- 
cate minerals. H. Skogby, P. Kristiansson, and U. 
Halenius, American Mineralogist, Vol. 88, No. 10, 
2003, pp. 1601-1604. 

Boron is a widespread but uncommon element in the 

Earth’s crust. It is an important chemical component in 

certain gem minerals (e.g., tourmaline) and a minor ele- 

ment in many others (e.g., some olivine, sillimanite, 
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idocrase, muscovite). Because it is a light atomic-weight 
element, boron cannot be detected by standard electron 
microprobe analysis; as a result, the extent of its incorpo- 
ration in many silicate minerals is uncertain. This article 
describes an alternative quantitative method for the 
microanalysis of the boron content in minerals over a 
wide concentration range. The method involves measure- 
ment of alpha particles released by this element when it 
undergoes a nuclear reaction involving a proton. The 
method requires access to a beam of 600-800 keV protons 
produced by a proton accelerator. The authors present 
results of their analyses of several minerals with B concen- 
trations in the range of 1.9-8.8 wt.%, and discuss the 
advantages and possible applications of this nuclear micro- 
probe method for analyzing boron concentrations in sili- 
cate minerals. JES 


Large OPL™ diffraction grating spectroscope. T. Linton, A. 
Cumming, and K. Hunter, Australian Gemmologist, 
Vol. 21, No. 10, 2008, pp. 410-412. 
This article describes a new, larger version of the well- 
known OPL diffraction grating spectroscope. Both are easy 
to use, have a fixed slit width and a fixed focus, and are 
capable of producing high resolution and a wide linear 
spectrum. However, the new instrument enables increased 
resolution of finer spectral features, as well as a 30% 
increase in the height of the spectra. The quality of the 
images of complex absorption spectra obtained from the 
large OPL instrument matched the quality of those pro- 
duced by most other prism spectroscopes and was superior 
in some cases (e.g., it was easier to observe the 450/460 
nm absorption that typifies blue Australian basaltic sap- 
phire, and the wider red spectrum allowed more accurate 
and easier recognition of absorptions in that spectral 
region). 

Gemologists who require vision correction may 
encounter difficulties using this instrument, because the 
spectral image viewed through the eyepiece lens of a 
fixed-focus spectroscope is set for users with “normal 
vision acuity.” However, the authors provide an inge- 
nious solution to this problem through the use of plastic 
lenses obtained from inexpensive “reading glasses.” 
Numerous other practical suggestions are made, such as 
with regard to illumination, a stand to hold the spectro- 
scope, and the use of a polarizing filter to increase resolu- 
tion. The large OPL spectroscope is recommended for 
teaching purposes and for the practicing gemologist, as it 
will show most spectra that are required for gemological 
investigations. 

MWEF 


The petrographic microscope: Evolution of a mineralogi- 
cal research instrument. D. E. Kile, Mineralogical 
Record, Special Publication No. 1, 2003, 96 pp. 

The petrographic microscope is an instrument that is 

designed to observe and measure the optical properties of 
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minerals as a means of identifying them, in both unpolar- 
ized and polarized light. For over a century, it has been an 
essential tool in the development of the related sciences of 
mineralogy and petrography. This beautifully illustrated 
special supplement to the Mineralogical Record, written 
by a research chemist at the U.S. Geological Survey in 
Boulder, Colorado, presents a history of the petrographic 
microscope from the beginnings of optical mineralogy in 
the 1600s. It opens with descriptions of the main compo- 
nents of a petrographic microscope and of the optical prop- 
erties of minerals that can be observed with it. Then the 
parallel historical evolution of the instrument and optical 
mineralogy are traced by citing the contributions of many 
individuals. Numerous color photographs illustrate this 
evolution with changes in the design of the microscope. 
The manufacturing of these instruments is also described, 
as are many specifically developed accessories (e.g., the 
quartz wedge, waveplate, and universal stage). The final 
section discusses the evaluation and restoration of antique 
petrographic microscopes. This extensive and thorough 
article is recommended reading for anyone interested in 
the development of optical mineralogy, which forms 
much of the basis for the tools and techniques of gem 
identification. JES 


Possibilities of laser ablation—inductively coupled plas- 
ma-mass spectrometry for diamond fingerprinting. 
M. Resano, F. Vanhaecke, D. Hutsebaut, K. De 
Corte, and L. Moens, Journal of Analytical Atomic 
Spectrometry, Vol. 18, No. 10, 2003, pp. 1238-1242. 
A homogenized 193 nm excimer laser with a flat-top 
beam profile is capable of controlled ablation of dia- 
monds, and the sensitivity of ICP-MS suffices for the 
determination of more than 10 elements. For this study, 
31 diamonds from four mines (Premier, Orapa, Udach- 
naya, and Panda) were ablated in eight different spots for 
30 seconds, and the median of eight integrated signals 
was taken as the representative value for statistical analy- 
sis. Under these conditions, the total mass of material 
removed from a single diamond was ~16 ug (leaving a 
crater diameter of 120 um). 

Nine elements were selected for fingerprinting purpos- 
es (Al, Hg, Na, Ni, Pb, Sb, Sn, Ti, and Zn), and various pat- 
tern recognition techniques (ternary plots, cluster analy- 
sis, and partial least-squares analysis) were used to classi- 
fy the data. For example, distinct differences in the dia- 
monds from the four mines were observed when data for 
Ni, Ti, and Pb were plotted on ternary diagrams. These 
results are considered as promising, especially for the par- 
tial least-squares approach, provided that appropriate data 
standardization is carried out. The authors emphasize the 
practical difficulties associated with determining the 
provenance of diamonds by this multi-element tech- 
nique—particularly for alluvial diamonds that may be 
transported vast distances from their primary sources. 

RAH 
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Today, the picture has changed. Fewer 
than 150 boats now leave port. Diving 
helmets and related underwater paraphe- 
nalia, as in the past, are still not used. 
The methods of diving are the same as 
used in the Gulf for more than 2,000 
years of recorded time. 

In flying from Basra to Bahrein a good 
view of the limestone reefs through the 
clear waters of the Persian Gulf can 
be seen. It is from these reefs that the 
peariers seek their fortune. In days gone 
by the pearl divers inherited the debts of 
their fathers. If these debts were large, 
the chances were that the son, or sons, 
would dive for a lifetime and never earn 
enough to pay off the outstanding debts. 
In recent years, if the sale of pearls 
proved good, the pearl diver might re- 
ceive several hundred rupees for the 
season’s work. On the other hand, if 
business was poor, the local pearl mer- 
chant might supply his crew with only 
enough food for himself and his family. 

Today, the trend is toward higher 
wages, continually paid. The Bahrenian 
laborer, whose status might be compared 
to that of a Chinese coolie, at one time 
received 16 rupees a month or less. With 
the discovery of oil on Bahrein, native 
help became a sought-after commodity. 
A minimum wage of 60 rupees a month 
was offered to unskilled workers; and 
higher wages became possible for the 
natives in this area as skills and a trade 
were acquired. 


Although many 
pearl divers, during 
the off season, are 
among the natives 
working in the Ameri- 
can refineries, it is in- 
teresting to note that 
when Sheik, Sir Sal- 
man announces the 
opening of the pearl- 
ing season in late 
spring, hundreds of 
workers leave their 


jobs to head for the fishing boats! It 
is the element of chancé, of sudden local 
fame and fortune that draws them back 
to an old profession. Each diver feels 
that the next pearl oyster may be the one 
which will contain a rare gem of great 
beauty, presumably worth the proverbial 
king’s ransom ! 


On arriving at the fisheries, we watched 
the divers go through their routine. Large 
oars extend from the side of the dhow. 
These oars serve two purposes: one, 
to help steady and propel the craft; two, 
to furnish a place to which the descend- 
ing rope can be attached. To this rope 
is fastened a stone which may weigh up 
to 50 pounds. The diver stands on this 
stone. When he is ready to submerge he 
takes a deep breath, clamps a clothespin- 
like device on his nose, pulls the slip 
knot which frees the rope and descends 
rapidly to the bottom. He carries with 
him a small net basket which is also 
fastened to a rope. As soon as he reaches 
bottom he slips off the rock and fever- 
ishly starts plucking as many pearl 
oysters as he can find in the immediate 
vicinity. While some divers descend to 
depths of 60 feet, the usual distance is 
more likely to be nearer 30. When ready 
to ascend, he jerks the rope attached to 
the basket. This signals his helper who 
at once starts hauling the rope, the basket, 


On the way to the 
Pearl Fisheries, 
Charles Murray, 
New York dealer 
in genuine pearls, 
and Dr. A. E. 
Alexander (right) 
discuss the industry 
with two Bahrenian 
pearl dealers. 


SUMMER, 1948 
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Hot rocks. T. Treadgold, BRW [Business Review Weekly, 

Australia], Vol. 26, No. 20, 2004, pp 98-101. 
As smaller diamonds and Chinese freshwater cultured 
pearls find favor in the mass markets, the rich are opting 
for bigger and better diamonds and pearls. As a result, pro- 
ducers of Australia’s high-quality South Sea cultured 
pearls are maintaining their standards as supplies of lesser 
qualities of cultured pearls increase steadily, causing prices 
to erode. Australian producers, who are limited by govern- 
ment quotas, must command a premium price for their 
goods or face financial ruin. Last year, Australian cultured 
pearls accounted for 1% of total world production by vol- 
ume but 30% by value. 

Production of larger, high-quality diamonds is declin- 
ing, creating a shortage and higher prices. Wealthy con- 
sumers are competing for such goods, while prices for 
mass-market diamonds have been languishing because 
less-affluent consumers are more price conscious. Brands, 
including BHP Billiton’s CanadaMark diamonds which 
originate from the Ekati mine in Canada, are succeeding in 
creating a premium-brand consciousness in that country. 

RS 


SYNTHETICS AND SIMULANTS 


Fe and Ni impurities in synthetic diamond. Y. Meng, M. 
Newville, S. Sutton, J. Rakovan, and H.-K. Mao, 
American Mineralogist, Vol. 88, No. 10, 2003, pp. 
1555-1559. 

The distribution and incorporation mechanisms of Fe and 

Ni impurities in General Electric Co. HPHT-grown syn- 

thetic diamond crystals were studied using synchrotron X- 

ray fluorescence (XRF) microanalysis and X-ray absorption 

near-edge structure (KANES) spectroscopy. The crystals 
were small (~700 um) and were selected from standard 
industrial grit product in which Fe and Ni were used as 
catalysts. Nickel is dispersed as atoms either in the dia- 
mond lattice or in interstitial sites. It is concentrated in 
the {111} growth sectors relative to the {100} sectors. In 
contrast, iron exists as micro-aggregate inclusions with no 
observable growth-sector correlations. Further, the Fe is 
oxidized to the ferrous (Fe*) valence state and is very like- 
ly bonded with oxygen as FeO. JES 


Features of beryllium aluminate crystal growth by the 
method of horizontally oriented crystallization. V. 
V. Gurov, E. G. Tsvetkov, and A. G. Kirdyashkin, 
Journal of Crystal Growth, Vol. 256, No. 3-4, 2003, 
pp. 361-367. 

Synthetic chrysoberyl, including its variety alexandrite, 

has been grown mainly by the Czochralski pulling 

method. A new technique developed in Russia for growing 

single crystals of synthetic chrysoberyl—the horizontally 


GEMOLOGICAL ABSTRACTS 


oriented crystallization (HOC) method—has two main 
advantages over the Czochralski technique. One is the 
ability to use large molybdenum crucibles (in the form of 
“boats” up to 100 x 35 mm made from sheet molybdenum 
0.2-0.3 mm thick) instead of expensive iridium crucibles. 
Another is that the process is relatively simple, with the 
oriented seed plate being moved horizontally through the 
melting zone at the rate of 1.5-3 mm/hr. In addition to the 
crystallization container, the other main component of the 
HOC apparatus is a resistance heating system consisting 
of tungsten coils that allows the growth of crystals with a 
melting point above 2000°C. 

Synthetic chrysoberyl crystal ingots grown by the 
HOC method are elongated along the [100] direction; their 
size and geometry are determined by the shape of the boat- 
like crystallization container. The crystals have growth 
striations, localized zones of gas-melt inclusions, and 
numerous metallic inclusions composed of minute molyb- 
denum crystals. Synthetic chromium-doped alexandrite 
crystals grown by the HOC method have several advan- 
tages over those produced by the Czochralski technique; 
for example, their chromium content is nearly constant 
along the length of the entire synthetic alexandrite crystal. 

TL 


Growth of 15-inch diameter sapphire boules. C. P. Khattak, 
P. J. Guggenheim, and F. Schmid, in R.W. Tustison, 
Ed., Window and Dome Technologies VIII, 
Proceedings of SPIE, Vol. 5078, 2003, pp. 47-53. 
This article describes the world’s largest transparent syn- 
thetic sapphire boules, which weigh approximately 84 kg 
and measure 380 mm (15 inches) in diameter. They are 
being produced on a routine basis by the Heat Exchanger 
Method (HEM) at Crystal Systems Inc. in Salem, Massa- 
chusetts. These crystals are grown for use as special opti- 
cal windows in military and other high-technology appli- 
cations where high optical quality, compositional purity, 
and uniformity of physical properties are of crucial impor- 
tance. The use of very pure starting materials for the crys- 
tallization process has resulted in a synthetic sapphire 
product with impurity levels that are very near the detec- 
tion limit of the Glow Discharge Mass Spectroscopy 
(GDMS) technique (~5 ppm or less for the impurity ele- 
ments). Efforts are underway to grow 500-mm-diameter 
synthetic sapphire boules by this same technique. JES 


35 years on: A new look at synthetic opal. A. Smallwood, 
Australian Gemmologist, Vol. 21, No. 11, 2003, pp. 
438-447. 

Within a few years after the structure of synthetic opal was 

established in 1964, Pierre Gilson Laboratories in France 

produced the first truly synthetic opal. The history of the 
early days of synthetic opal manufacture is reviewed in this 
paper. The more recent production of synthetic and imita- 
tion opals from Japan, Russia, and China is described and 
their gemological properties are listed. Natural opal will 
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phosphoresce, but synthetic opals will not; the observation 
of a “lizard skin” pattern and no UV photoluminescence 
(i.e., the absence of phosphorescence) will confirm that an 
opal is synthetic. Dark varieties of synthetic opal will readi- 
ly absorb a drop of water on the surface. Mention is made 
of industrial applications whereby the same-sized silica lep- 
ispheres of synthetic opal are coated with carbon; subse- 
quent etching out of the silica leaves a series of ordered 
“shells” of carbon for use in so-called “photonic” devices 
that trap certain wavelengths of light. RAH 


TREATMENTS 


Change of cathodoluminescence spectra of natural dia- 
mond with HPHT treatment. H. Kanda and K. 
Watanabe, Diamond and Related Materials, Vol. 
13, No. 4-8, 2004, pp. 904-908. 

The recent introduction of high pressure, high tempera- 

ture (HPHT) treatments to change the colors of natural 

diamonds from brown to colorless or to yellowish green 
has generated a persistent demand for new gemological 
identification techniques. To that end, several natural dia- 
monds (mostly type Ila) were examined before and after 

HPHT treatment (6 GPa, 2000°C) using cathodolumines- 

cence spectroscopy over the range 220-320 nm to evaluate 

changes induced by HPHT processes. 

Three luminescence bands—2BD(G), 2BD(F), and 
5RL—were found to decrease dramatically in intensity 
during HPHT treatment. For comparison, the band inten- 
sities were normalized to free-exciton (FE) lines, which are 
common in type Ila diamonds and not affected by HPHT 
treatment. The authors attribute the 2BD bands to plastic 
deformation on the basis of their association with mosaic 
strain patterns. The 5RL band is reportedly due to natural 
irradiation (i.e., @-particles) and quickly disappears with 
heating. Whereas the presence of the 2BD and 5RL bands 
in association with FE lines suggests that a diamond has 
not been HPHT treated, the absence of the bands is not 
diagnostic evidence for treatment because the bands do 
not occur in all type Ila diamonds. 

Christopher M. Breeding 


MISCELLANEOUS 


Depositional placer accumulations in coarse-grained allu- 
vial braided river systems. J. P. Burton and P. 
Fralick, Economic Geology, Vol. 98, No. 5, 2003, 
pp. 985-1001. 

Economically significant deposits of certain minerals, 

including gems such as diamonds and corundum, occur as 
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alluvial placers along braided river systems. The study 
reported here was based on field work at several uranium 
or gold placers in Canada, and on results obtained from 
laboratory experiments of moving sediment-water mix- 
tures designed to simulate flowing rivers. The object was 
to identify the fundamental conditions present in gravel- 
dominated river systems that act to maximize the concen- 
tration of heavy minerals in alluvial deposits. 

Alluvial placers form along bars, that is, ridge-like 
accumulations of sand, gravel, or other material at certain 
locations in a river where a decrease in the velocity of the 
moving water allows for deposition of the transported 
sediment load. Although similar in their geologic setting, 
two processes control the concentration of ore in placer 
deposits. Erosional placers are produced by preferential 
removal by the flowing water of light minerals from the 
mineral assemblage in a deposit. In contrast, depositional 
placers are formed by the preferential deposition of heavy 
minerals from the mixed assemblage of sediments moy- 
ing past the site. Along a particular river system, both pro- 
cesses will simultaneously occur in different parts of the 
river channel, and will shift position over time. Erosion 
and deposition work together to produce a placer, and the 
dominance of one process over the other defines the plac- 
er type. 

Data from this study indicate that a number of condi- 
tions are necessary, or at least desirable, for heavy miner- 
als to accumulate in coarse-grained sediments. These con- 
ditions include: 


1. A low proportion of granule to small pebble-size rock 
fragments in the alluvium 


2. A very heavy mineral population with a hydraulic 
behavior in the flowing water that more closely resem- 
bles that of the pebble population compared to that of 
the quartz sand 


3. Velocities of the flowing water capable of removing the 
coarse-grained quartz sand by suspension 


4. A change in the slope of the river that creates a zone 
where the heavy mineral population can no longer be 
transported by the flowing water and is deposited 


5. Infrequent major flooding events that would destroy 
placer deposits 


6. Possible preconcentration of the heavy mineral popula- 
tion upstream in the river 


These conditions, plus the presence of economically 
valuable minerals in the sediment load, control the for- 
mation of exploitable placers deposits in longitudinal bars 
in braided river systems. 

JES 
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First GIA Gemological Research Conference 
Will Kick Off 2006 International Gemological Symposium 


s readers of this journal know, modern gemology is 
A expanding in many exciting directions. Although tradi- 

tionally rooted in mineralogy and geology, gemology 
now extends into fields such as physics, chemistry, and mate- 
rials science. This evolution has come in response to increas- 
ingly sophisticated synthetic gem materials and treatments, as 
well as the availability of natural gems from an ever greater 
number of sources. Much of 
contemporary research is 
focused on the nondestructive 
characterization of gem materi- 
als to document their gemologi- 
cal properties and determine 
means of identification—of the 
gem material itself, whether it is 
natural or synthetic, and the 
cause (natural or treated) of its 
color and other features. At the 
same time, advanced geologic 
fieldwork at known gem locali- 
ties, and the documentation of 
new deposits, continues to yield 
important insights into the origins of gems. 


To explore the latest breakthroughs in gemology and related 
sciences, GIA will host its first-ever Gemological Research 
Conference August 26-27, 2006, in San Diego, California, at the 
Manchester Grand Hyatt Hotel. This event, held in conjunction 
with the 4th International Gemological Symposium (August 
27-29), is being co-chaired by two prominent G&G authors and 
editors, Dr. James Shigley and Brendan Laurs. The Conference 
will not only provide an international forum for gemologists to 
share the results of their latest studies, but it will also give scien- 
tists and specialists from other disciplines an opportunity to 
contribute to modern gemological research. GIA hopes to hold 
subsequent research conferences on a regular basis. 


The following six general themes (scheduled in two parallel 
sessions) will be addressed at the 2006 conference: 


¢ Gem Characterization Techniques 

¢ Diamond and Corundum Treatments 
¢ Laboratory Growth of Gem Materials 
¢ Geology of Gem Deposits 

e¢ New Gem Occurrences 

¢ General Gemology (including Pearls) 


Each session will feature invited lectures and submitted pre- 
sentations by prominent gemologists and other researchers 
from around the world, plus opportunities for interactive 
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discussions with audience members. In addition, a poster 
session will take place on August 27, for which participants 
can submit innovative research on any topic of gemological 
interest. Poster session presenters will be encouraged to 
show samples, with gemological microscopes available for 
use. Poster presenters may also leave their exhibits up for 
viewing during the International Gemological Symposium, 
which will follow immediately. 


Potential presenters are asked to 
submit an abstract in electronic 
format by March 1, 2006. 
Abstracts for oral presentations 
should be submitted to the 
organizing committee at 
gemconference@gia.edu. 
Abstracts for poster presenta- 
tions, and requests for informa- 
tion on poster guidelines, should 
be submitted to Dona Dirlam at 
ddirlam@gia.edu. Abstracts for 
both oral and poster presenta- 
tions given at the research conference will be published by 
Gems & Gemology in a special Proceedings volume. 


The science of gemology is the key to preserving the integrity 
of the gem industry. As new treatments and synthetics are 
introduced, and new gem materials appear in the market- 
place, we must develop the intellectual resources to address 
them. The GIA Gemological Research Conference will help 
shape the future of our science. 


| urge you to join us in San Diego in 2006 for both the 
Gemological Research Conference and the International 
Gemological Symposium. For more information on participat- 
ing as a presenter or attendee at the Conference, visit G&G 
online at www.gia.edu/gemsandgemology and click on the 
Gemological Research Conference link, or send an e-mail to 
gemconference@gia.edu. Regular updates on this Conference 
and the 4th International Gemological Symposium will 
appear on GIA’s Web site at www.gia.edu. 


You, too, can help shape the future of gemology. 


Alice S. Keller 
Editor-in-Chief 
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Photoluminescence Peak in Synthetic 
Diamonds Due to Ruby Inclusions? 


In the Summer 2004 GwG (pp. 128-145), Shigley et al. 
reported on a comprehensive study of colored synthetic 
diamonds distributed by Chatham Created Gems. In this 
article, the authors ascribe a photoluminescence feature 
at 693 nm seen in the pink synthetic diamond samples to 
a nickel-related defect. I assume this is because, in their 
references, A.M. Zaitsev (Optical Properties of Diamond: 
A Data Handbook, Springer Verlag, Berlin, 2001) quoted 
a center at 693.7 nm that was ascribed to nickel by 
V.A. Nadolinny. 

I would like to suggest that there is ample evidence 
that what the authors have probably seen is, in fact, the 
Cr+ ruby doublet, such as that seen in near-colorless syn- 
thetic diamond and documented on my Web site at 
www.gis.net/~adamas/raman.html. 

The authors state that the synthetic pinks they exam- 
ined were type Ila (Ib’s with low nitrogen) and contained 
metallic inclusions. This is consistent with the charac- 
teristics of near-colorless synthetic diamonds, which use 
aluminum as a nitrogen getter. The getter seems to 
result in precipitation of the flux into the crystal as well 
as eliminating the nitrogen, and where you have alu- 
minum, you typically create oxides, trapping oxygen. 
The use of low-purity iron and nickel for a catalyst is a 
source of trace chromium, all the necessary ingredients 
for the formation of Al,O, + Cr*, i.e., ruby. 

At room temperature, the ruby doublet exists at 
692.9 nm (1.789 eV) and 694.3 nm (1.785 eV), with the 
primary luminescence peak shifting with decreasing 
temperature to 693.4 nm (1.788 eV; see M. J. Weber, 
Handbook of Laser Wavelengths, CRC Press, Boca 
Raton, Florida, 1999). 

K. Iakoubovskii and G. J. Adriaenssens’s high-resolu- 
tion photoluminescence data on a Co-grown synthetic 
diamond (“Comment on ‘Evidence for a Fe-related defect 
centre in diamond,’” Journal of Physics: Condensed 
Matter, Vol. 14, No. 21, 2002, pp. 5459-5460) and 
Adamas Gemological Laboratory’s lower-resolution (0.35 
nm quantization/pixel) SAS2000 photoluminescence 
data on multiple samples and multiple-sourced Ni-Fe 
catalyst near-colorless synthetic diamonds, clearly show 
the presence of this “ruby” doublet. 

Possibly because of the very, very strong laser- 
induced broad-band fluorescence in the two samples of 
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Chatham pink synthetic diamonds I have, I have not 
been able to personally resolve the 693 nm feature 
using either 488, 514, or 532 nm excitations. This may 
also be due to the requisite low integration times, 
although the authors noted that the feature was “rare,” 
occurring in less than one-third of the samples tested, 
somewhat consistent with our statistics (see web page 
above) on the feature in near-colorless synthetic dia- 
mond. It would be interesting to know whether, in the 
authors’ samples tested, there was a correlation 
between fluorescence strength and observability of the 
693 nm feature. 
Martin D. Haske 
Brookline, Massachusetts 


Reply 
We appreciate the opportunity to respond to Mr. Haske’s 


comments, but we disagree with his suggestions. Upon 
closer inspection (see figure 1), the luminescence feature 


Figure 1. These photoluminescence spectra (taken 
under identical conditions at 77 K) show the classic 
“ruby doublet” in corundum at 692.0 and 693.4 nm 
(top) and a different peak at 694.2 nm in a pink syn- 
thetic diamond (bottom). The ruby doublet is due to 
chromium fluorescence, while it is likely the synthet- 
ic diamond peak is due to nickel impurities. 
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in the pink synthetic diamond spectrum is centered at 
694.2 nm, and it lacks a doublet peak at shorter wave- 
lengths. For comparison, a corundum sample was ana- 
lyzed under identical conditions (i.e., the same instru- 
ment and collection parameters and at 77 K; most 
corundum—from near-colorless varieties to ruby—con- 
tains at least small amounts of chromium and thus can 
exhibit Cr fluorescence peaks at the same positions, 
depending on the temperature). The position and struc- 
ture of the chromium fluorescence peaks are very differ- 
ent from the 694.2 nm peak in the pink synthetic dia- 
monds reported in our article. Given the currently avail- 
able information, the closest, most reasonable correla- 
tion for this feature is the 693.7 nm peak attributed to 
nickel in Zaitsev (2001). Admittedly, the general under- 
standing of photoluminescence features in diamond is 
evolving, and future research may provide additional 
information on specific peak positions and causes. Also, 
we know of no confirmation by other analytical tech- 
niques of the occurrence of ruby within submicroscopic 
inclusions in synthetic diamonds. 

While not stated directly in his letter, Mr. Haske sug- 
gests on his Web site that this same luminescence feature 
may be useful as an identification criterion for low-nitro- 
gen synthetic diamonds. We believe this suggestion to 
also be problematic. This luminescence feature, if inter- 
preted correctly as being due to ruby, is completely inclu- 
sion and flux-metal dependent. Unlike other more practi- 
cal identification features that are based on properties 
intrinsic to the synthetic diamond or the HPHT growth 
process (such as color and fluorescence zoning), the occur- 
rence of this so-called “Cr** fluorescence” depends solely 


Figure 2. The photoluminescence spectrum of a natu- 
ral colorless diamond with corundum inclusions 
shows a distinct chromium fluorescence doublet at 
692.0 and 693.4 nm. Thus, while this feature has also 
been observed in some synthetic diamonds, it should 
not be considered diagnostic. 


PHOTOLUMINESCENCE SPECTRUM 


Tabet ale ee ee te he ee te Fol 


286 LETTERS 


on the quantity of inclusions present and the composition 
of the flux metals used. These two factors vary widely 
between manufacturers, and even between growth runs at 
a single manufacturer, making this feature unreliable and 
inappropriate as a means of identification. Furthermore, 
as indicated by Iakoubovskii and Adriaenssens, the analy- 
sis spot location (i.e., its proximity to inclusions) dictates 
whether or not “chromium fluorescence” is observed in a 
diamond. 

Perhaps even more problematic is the fact that inclu- 
sions of corundum in natural diamond have been reported 
on occasion (see, e.g., H. O. A. Meyer and E. J. Gtibelin, 
“Ruby in diamond,” Fall 1981 Gems & Gemology, pp. 
153-156; E. J. Gttbelin and J. I. Koivula, Photoatlas of 
Inclusions in Gemstones, ABC Edition, Zurich, 1986, 
p. 97). GIA is currently working with a natural colorless 
diamond that contains several blue sapphire inclusions. 
Figure 2. shows a photoluminescence spectrum collected 
near one of the corundum inclusions in this diamond 
using the same operating conditions as used for the 
spectra in figure 1. In addition to the common diamond 
peaks, a distinct chromium fluorescence doublet at 692.0 
and 693.4 nm is present. The fact that these spectral 
features can be detected in natural diamonds sheds addi- 
tional doubt on their reliability for synthetic diamond 
identification. 

James E. Shigley 
Christopher M. Breeding 
Andy Hsi-tien Shen 


Patents on Treatment Processes for 
Certain Colored Synthetic Diamonds 


The colored synthetic diamonds described by J. E. 
Shigley and co-authors (Summer 2004, pp. 128-145) 
include both as-grown samples (especially yellow, blue, 
and green of type Ib, type IIb, and a mixed Ib + IIb type) 
and those that were treated after crystal growth (espe- 
cially green and pink type Ib). Unfortunately, no details 
of the irradiation or irradiation-plus-heat treatment pro- 
cedures were given. 

Thus, it is worth mentioning that the processes of 
creating various colors in type Ib synthetic diamonds 
by irradiation and subsequent heat treatment are 
described in detail in a series of Japanese (JP), European 
(EP), German (DE), and United States (US) patent docu- 
ments, all with priority dates in the late 1980s—early 
1990s and all assigned to Sumitomo Electric Industries, 
Osaka, Japan. 

Detailed production information for the following col- 
ors is described in these patents: 


e Purple: JP 01-131014A, EP 0 316 856 Al, DE 38 78 532 
T2, US 4,950,463, priority date November 17, 1987 

e Bluish green: JP 01-138112 A, November 25, 1987 

¢ Green: JP 01-183409 A, EP 0 324 179 Al, DE 38 75 604 
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T2, US 4,959,201, January 13, 1988 


e Red and pink: JP 06-263418 A, EP 0 615 954 Al, March 
15) 1993! 


In a first step, irradiation of type Ib synthetic dia- 
monds is performed by electrons in the 2-4 MeV energy 
range (to obtain a purple, bluish green, or green color) or 
in the 1-10 MeV energy range (to obtain red or pink). 
Subsequently, the synthetic diamonds are annealed in a 
vacuum at temperatures of 550-600°C (bluish green), 
800-1100°C (purple), 1500-1800°C (green), 600—800°C 
(red), and 800-1100°C (pink). The production of various 
defect centers (e.g., H2, H3, H4, GR1, and N-V], which 
are responsible for the different colorations, is also 
described in detail. 

These patent documents may be helpful in under- 
standing the mechanism of color formation and the 
properties of these treated type Ib synthetic diamonds, 
and in completing the knowledge necessary for a separa- 
tion of natural and synthetic samples. For further 
details, the reader is referred to the documents cited, 
which are available via the Internet from the respective 
patent offices. 

Karl Schmetzer 
Petershausen, Germany 


Mark your calendar for the 


GIA Gemological Research Conference 
August 26- 


of gem deposits, new gem occurrences, characterization techniques, 
treatments, synthetics, and general gemology. Also scheduled is a one- 
day pre-conference field trip to the world-famous Pala pegmatite district 


in San Diego County. 


Abstracts should be submitted to gemconference@gia.edu (for oral 


To explore the most recent technical developments in gemology, GIA will host a Gemological Research Conference 
in conjunction with the 4th International Gemological Symposium in San Diego, California. 


|": ited lectures, submitted oral presentations, and a poster session will 
explore a diverse range of contemporary topics including the geology 


Cut Article Recognizes 
Contributions of “Outside” Efforts 


I very much enjoyed the article, “A Foundation for 
Grading the Overall Cut Quality of Round Brilliant Cut 
Diamonds” in the Fall 2004 GwG (pp. 202-228). I espe- 
cially appreciated the references to contributions from 
amateurs Bob Long, Norm Steele, and Bob Strickland. The 
article is top notch. 

Reading this article called to mind a visit I made to the 
Henry Ford Museum in Detroit, Michigan. One aim of 
their exhibits is to show how technology evolves with 
time. There are wheat harvesting machines in a line rang- 
ing from the earliest models to the most current. The same 
can be said for several other exhibits, such as milk purifica- 
tion machines, artificial lights for cameras, and locomo- 
tives. The one lesson that is apparent from these exhibits is 
that steady improvements usually come from people inside 
their field. It is the dramatic jumps in technology that 
come from the fringe players outside of the mainstream. So 
the world is a result of both types of contributions. Gems 
e& Gemology recognizes both, and I couldn’t be happier. 

Thanks once again for such a great journal as GWG. 

Bob Ayres 
Birmingham, Michigan 


27, 2006! 


gemconference@gia.edu 


www.gia.edu/gemsandgemology 


presentations) or ddirlam@gia.edu (for poster presentations). The abstract \ 


deadline for all submissions is March 1, 2006. Abstracts of conference 
presentations will be published in a special proceedings volume. 
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THE CREATION OF A MAGNIFICENT SUITE 
OF PERIDOT JEWELRY: 
FROM THE HIMALAYAS TO FIFTH AVENUE 


Robert E. Kane 


The ultimate value of a gemstone suite lies not only in the cost and quality of the materials 
themselves, but also in the selection of the rough, the quality of the faceting, and the intricacy 
of the setting in a well-designed and well-manufactured suite of jewelry. This article chronicles 
the creation of a fine suite of peridot jewelry from the mine in the Himalayas to the manufac- 
ture of the necklace, bracelet, ring, and earrings. Eight kilograms (40,000 carats) of peridot 
rough from the Sapat Valley region of Pakistan was purchased in early 2004. Following the 
assessment of the rough, careful preforming and faceting produced a precisely matched suite of 
Asscher-cut peridots. The suite comprises 54 gems ranging from 3.57 to 18.30 ct, for a total 
weight of 350.40 ct. Van Cleef & Arpels in Paris designed the jewelry, and the New York ate- 
lier of Van Cleef & Arpels manufactured the five pieces. 


ssembling even one matched pair of gems 

for earrings can be a difficult process. 

Assembling an elaborate matched suite— 
for a necklace, bracelet, ring, and earrings—is the 
ultimate challenge. Typically, a matched suite is 
compiled by selecting gems that have essentially the 
same color, clarity, dimensions, and cutting propor- 
tions from a large group of faceted gems. The greater 
the number of gems to choose from (e.g., hundreds 
to thousands), the faster a large or intricate matched 
suite can be assembled. Elaborate suites may take 
years to complete if they are not intentionally cut 
from the rough. As gems of the appropriate size, 
shape, color, and clarity are purchased or come from 
the cutting factory, they are added one at a time to 
the suite. Re-cutting of gems that are close in 
appearance is often necessary. Only rarely does a 
gem dealer—cutter have the opportunity, take the 
time, or incur the cost to intentionally fashion a 
large set of precisely matched gemstones for a jewel- 
ry ensemble from a large parcel of rough. 

This article describes and chronicles the making 
of just such an ensemble, the magnificent peridot, 
diamond, and platinum jewelry suite shown on the 
cover and in figure 1. The availability of a continued 
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supply of large, fine peridots from a relatively new 
locality in Pakistan provided the material needed to 
compile the stones for this suite, which were 
expertly preformed and faceted by two master 
craftsmen. Although many excellent books and arti- 
cles explain the details of jewelry manufacture (see, 
e.g., Untracht, 1982; Revere, 2001), few also explore 
the intricacies of creating a suite of haute couture 
jewelry, as is provided here by a unique visit to the 
workshops at Van Cleef & Arpels. This article takes 
the reader from the mines high in the Himalaya 
Mountains of Pakistan, through the assessment of 
the rough and the cutting of the faceted gems, to the 
design and creation of the final jewelry suite. 


THE SAPAT VALLEY PERIDOT 

DEPOSIT IN PAKISTAN 

In the early 1990s, the famous Arizona peridot 
mines supplied 80-95% of the world’s peridots; 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 40, No. 4, pp. 288-302. 
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Figure 1. This unique suite 
of peridots and diamonds 
set in platinum was 
designed and manufac- 
tured by Van Cleef # 
Arpels. The necklace con- 
tains 31 faceted peridots 
ranging from 3.78 to 13.78 
ct, with a total weight of 
228.22 ct; the ring stone 
weighs 18.30 ct; the peri- 
dots in the earrings range 
from 3.57 to 4.55 ct, with a 
total weight of 24.31 ct, 
and the bracelet contains 
16 matching peridots 
weighing a total of 79.57 
ct. The custom-cut 
Pakistani peridots were 
provided by Fine Gems 
International, Helena, 
Montana. The diamonds 
(D-E color, VVS clarity) 
were supplied by Van Cleef 
& Arpels. Photo by Harold 
& Erica Van Pelt. 


most of these weighed less than 1 ct, and only rarely 
did they reach 3 ct (Federman, 1992). Although 
Burma/Myanmar has long been known to produce 
some beautiful large faceted peridots (as, historical- 
ly, has Egypt], such stones have never been consis- 
tently available in large quantities. 

In 1994, however, extraordinary amounts of fine, 
large gem peridot entered the international gem and 
mineral markets (Koivula et al., 1994a; Federman, 
1995; Milisenda et al., 1995; Frazier and Frazier, 
1997). This new source of peridot was in Pakistan: 
near Sapat Nala, in the Sapat Valley, Mansehra dis- 
trict, North West Frontier Province (Kausar and 
Khan, 1996; Hammer, 2004—see figure 2). 
According to Jan and Khan (1996, p. 17), “the peridot 
occurs in pockets and veins located in shear zones in 
partially serpentinized dunitic host rocks.” The 
mine is situated in the western Himalaya 
Mountains at an elevation of 4,500 m (15,000 feet] 
above sea level. Koivula et al. (1994a) reported that 
the mine could be reached by a seven-hour horse- 
back ride and a two-day hike from the closest popu- 
lated area, Basham Village. The typical route 
through the Jalkot Valley to the mine is potentially 
very dangerous and not recommended for nonlocals. 
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This discovery—along with current production of 
smaller stones from China, Vietnam, Ethiopia, 
Tanzania, and Myanmar, as well as Arizona—has 
transformed peridot into even more of a “main- 
stream” gemstone for jewelry manufacture around 
the world. The Pakistani peridot is far cleaner and 
larger than the Arizona material and typically is 
more uniform in color than the Burmese material. 
One of the author’s international manufacturing sup- 
pliers reported faceting nearly half a million carats of 
Arizona peridot during the last 15 years, with no 
more than a handful of clean (nearly flawless) stones 
over 10 ct produced; the average size of relatively 
clean faceted stones was about 2. ct. However, over 
the last three years, his operation has faceted more 
than 30,000 carats of Pakistani peridot; 35% of the 
production has been over 5 ct, with nearly one third 
of these in the 10-20 ct range. The author has even 
seen the occasional faceted peridot from Pakistan 
that exceeded 100 ct. As an additional example of the 
prolific nature of this mine, the author recently 
examined a beautiful, well-matched Pakistani peridot 
necklace, ring, and earring suite comprising 16 
faceted peridots with a total weight of more than 400 
ct. The continued production of large, fine pieces of 
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At the Pearl Fisheries in the Persian Gulf. This typical native pearl sailing 
dhow shows divers and their crew. Overboard ropes indicate some divers 


are submerged to the pearl beds. 


and the diver upwards. During the as- 
cent the diver. may assist himself by 
climbing hand over hand on the rope, 
if he is approaching the limit of his 
endurance. Total elapsed time under water 
may be as much as two minutes. A 
minute and a half, however, may be taken 
as average. These men are not physically 
powerful, but on the contrary are thin 
and wiry. Age does not appear to be a 
factor, for men.70 will be found diving 
with boys in their teens. 

No attempt at conservation is made, 
In fact, once at the source the diver 
collects every pearl oyster within his 
reach. This results in immature shells 
being plucked, as well as those considered 
full grown. A pearl oyster reaches matu- 
rity during its fourth year of life though 
its life span may cover 12to 15 years. The 
diver brings about a dozen shells to the 
surface at a time. Depending on weather 
conditions and depth of water at a given 
place, a diver in a single day may dive 
25 to 30 times. If half the crew of a 
boat is engaged in diving, the number of 
pearl oysters brought to the surface in 
one working day can be considerable. As 
a matter of fact, the number may exceed 
7,500 shells per day, per boat. To go 


further, 150 boats each working daily for 
an entire season of 120 days will yield 
a total of 135,000,000 shells from the 
Bahrein pearling area alone. In the old 
days when 600 boats left Bahrenian ports 
to “pearl,” the total number of shells 
obtained in one season staggers the 
imagination ! 

Since hundreds of pearl oysters are 
barren on opening, it necessitates ob- 
taining tons of shells in order to supply 
the genuine pearl needs of the world. It 
is interesting to note that only 35% of 
the genuine pearls of the Persian Gulf 
come from the waters around Bahrein 
Island. Kuwait to the north and the 
Trucial Oman coast waters to the south 
of Bahrein supply the remainder of the 
crop. 

There are fresh water springs in the 
Persian Gulf and the native divers insist 
that it is the existence of these springs 
that is instrumental in imparting the 
lovely cream and rose tints which charac- 
terize the genuine pearls of this region. 
We tasted this water and found it to be 
brackish. Drinking water obtained from ; 
native wells on the island. of Bahrein 
was also found to be definitely saline to 
the taste. 


40 


GEMS & GEMOLOGY 


AFGHANISTAN 


TAJIKISTAN 


Frontier Province 


PAKIST/ 


rough from Pakistan has had a significant impact on 
the jeweler’s ability to create attractive designs con- 
taining numerous large matched peridots. 


GEMOLOGY OF PERIDOT FROM PAKISTAN 


As noted above, peridot from Pakistan often occurs 
as large gemmy crystals. With the exception of the 
occasionally occurring black acicular inclusions of 
ludwigite-vonsenite, which are unique to peridot 
from Pakistan (Koivula et al., 1994b; Milisenda et 
al., 1995; Peretti and Giibelin, 1996), the gemologi- 
cal properties of Pakistani peridot are consistent 
with those of peridot from other geographic locali- 
ties. They are summarized in table 1. 


ASSESSMENT AND ACQUISITION 
OF THE PERIDOT ROUGH 
Eight kilograms (40,000 carats) of gem-quality peri- 
dot rough from the Sapat Valley, Pakistan, was pur- 
chased in February 2004 by an experienced manu- 
facturer. Figure 3 shows some of the larger pieces 
from this parcel, which yielded a number of the 
gems in the jewelry suite. Sellers of gem rough typi- 
cally start with a high asking price, recognizing that 
they will have to negotiate down. The purchaser 
must carefully study each piece in the parcel, deter- 
mining the shape, size, and cutting yield, as well as 
market demand and the potential selling price of 
the cut gems, before making an offer. An accurate 
assessment and a little luck can produce a profit; a 
miscalculation can result in a loss. 

Many of the steps in determining the yield and 
potential value of the faceted gemstones expected 
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Azad 
Kashmir 


Figure 2. The peridot 
deposit is located in the 
Sapat Valley, Mansehra 
district, North West 
Frontier Province, 
Pakistan, about 240 km 
(by air) north-northeast 
of Peshawar. The route 
through Jalkot Valley is 
dangerous and is not 
recommended for nonlo- 
cals. Note that certain 
borders in this area are 
in dispute. 


from a rough parcel overlap and are repeated during 
the sawing and preforming stages (see below). Once 
the identity of the gem mineral is established (again, 
see table 1), the rough is examined for color, trans- 


parency, and inclusions. 


Some dealers use a light- 


box (again, see figure 3), while others use only a 
portable, high-intensity flashlight such as one utiliz- 
ing a xenon light bulb and lithium batteries. The 
latter produces reliable results in either the field or 
the office. (For more information on identifying 
gems in the field, see Boehm, 2.002.) 


TABLE 1. Properties of peridot from Pakistané. 


Property Description 
Refractive indices® n, = 1.648-1.653 

ny = 1.663-1.674 

n, = 1.683-1689 
Birefringence® 0.035-0.038 
Specific gravity® 3.29-3.37 


Spectroscope spectra 
yet di 


Typical peridot Fe** absorption®: distinct, 


ffuse absorption bands at about 


453, 477, and 497 nm, as well as a 
weaker band at about 529 nm (the 


last of 


Acicul 
vonse 


Internal features 


ften seen only in large stones)® 


lar inclusions of ludwigite- 
nite®*4; veils (fingerprints, feathers) 


composed of tiny fluid inclusions, and 


growt 


h structures® 


@The gemological properties of Pakistani peridot are consistent with 
those of peridot from other geographic localities, with the exception 


of the ludwigite-vonsenite inclusions 
in peridot from any other locality). 
’Milisenda et al., 1995. 

°Koivula et al., 1994b. 

9Peretti and Gtibelin, 1996. 
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It is important to note that while artificial light is 
ideal for assessing inclusions, natural daylight is 
vital when judging color quality. Estimating the 
color of the completed faceted gem requires a thor- 
ough understanding of the relationship between the 
color observed in the rough crystal and the final face- 
up color. An excellent discussion on this difficult 
and complicated subject, as well as other aspects of 
evaluating gem rough, can be found in Sevdermish 
and Mashiah (1996). However, when assessing gem 
rough, there is no substitute for years of experience. 

By carefully studying the 8 kg of peridot rough, it 
was estimated that a 20% recovery of faceted gems 
(or 8,000 carats) could be produced. Although there 
were many large pieces of rough (up to 35 g), the 
presence of inclusions and fractures in nearly all the 
large crystals meant they would need to be sawn 
into smaller pieces. Therefore, it was expected that 
8-10% of the cut gems would weigh under 1 ct; 
10-15% would weigh 1-2 ct, 40-50% would weigh 
2-5 ct, and the remaining approximately 25-40% 
would be stones in the 5-20 ct range. The final 
average yield of approximately 6,500 ct of faceted 
stones was 16.2%, slightly lower than the original 
estimate. Of special significance to this article, the 
author and the manufacturer decided that an 
extraordinarily well-matched suite of gems could be 
cut from the parcel due to the uniformity of color. 


DESIGNING THE GEMS 


If properly executed, the cut of a gemstone showcas- 
es the gem’s inherent beauty in vibrant color and 
radiating brilliance. A skilled cutter, or lapidary, can 
take a seemingly unattractive piece of rough and 
transform it into a beautiful gemstone. Likewise, an 
unskilled lapidary can ruin a stone with poor cut- 
ting and color orientation, resulting in a dull, 
unattractive, misshapen gem. Excellent cutting—in 
both planning and execution—is therefore essential 
to bringing out the maximum beauty of a gemstone. 

A good gem cutter typically fashions a piece of 
rough for maximum weight retention, while also 
trying to maximize beauty. This is frequently an 
ongoing struggle, as the cutter must strike a balance 
between beauty—which depends on proper cutting 
proportions, symmetry, and color orientation—and 
the higher price that a greater weight may bring. 
Preforming (or pre-shaping), the process of grinding 
a piece of rough into the approximate shape of the 
finished stone, is a critical step in maximizing the 
value of a parcel of rough. In fact, many successful 
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Figure 3. This representative selection shows 330 g 
(1,650 ct) of the larger peridot pieces from the 8 kg 
(40,000 ct) parcel, from which some of the gems seen 
on the cover and in figure 1 were cut. The rough has 
been placed on a light-box (typically composed of a 
translucent white plastic top, illuminated from 
below with fluorescent lighting), which is often used 
to evaluate colored gem rough. Photo by Jeff Scovil. 


buyers of gem rough are exceptional preformers, and 
will often personally pre-shape most or all of the 
parcels of rough they purchase. 

The initial steps in the processing of colored 
stones and diamonds differ significantly. In the 
“manufacture” of diamonds, a master cutter (or 
marker) marks the precise cleaving and/or sawing 
locations on the exterior of the rough diamond crys- 
tal using indelible ink (“India ink”). Thereafter, the 
various processing steps are carried out by different 
individual professionals, such as the sawyer, 
cleaver, bruter, and polisher (see, e.g., Watermeyer 
1991; Sevdermish and Mashiah, 1996; Caspi, 1997). 

In contrast, the colored stone preformer or 
designer alone typically undertakes nearly all of the 
processing steps. With many colored gems, this 
includes breaking (cobbing) or cleaving (of those 
gems having cleavage], sawing, preforming, and 
girdling (shaping). Once the preform is produced, it 
is turned over to the master cutter. He or she is 
responsible for the placement of the facets and 
achieving the final polish. 

Most of the original 8 kg of peridot rough was 
preformed in the United States by the manufactur- 
er, who is also a master preformer. The peridots pre- 
pared for the jewelry suite described in this article, 
as well as many other large and important stones 
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Figure 4. These diagrams illustrate various preform 
decisions that might be made during the sawing pro- 
cess. The red dashed lines show where the stones 
would be marked for saw cuts; the white dashed lines 
indicate the shapes of the gems that would be fash- 
ioned from the resulting pieces. Image 1 shows the 
sawing direction through a veil. Image 2 shows a 
thick crystal that could be sawn into two pieces from 
which matching emerald cuts might be faceted. In 
diagram 3, the red dashed Iine indicates where this 
piece would be sawn to remove the included section 
on the right. The elongated pear shape in 4a might be 
difficult to sell, so the preformer could decide to cut 
two smaller gems (4b). In diagram 5, four possible 
choices are shown for the same piece of rough; factors 
such as depth, cavities or indentations, and inclusions 
could influence the final decision. Adapted from 
Sevdermish and Mashiah (1996). 


from the same parcel, were faceted by a European- 
trained master cutter with 30 years of faceting expe- 
rience, who now lives in the U.S. Most of the 
remaining stones were cut in China. 

The major design element of the matched peri- 
dot suite—the shape, size, and number of gems— 
was decided early in the preforming process. The 
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Asscher cut (an early emerald cut with very wide 
corners, a high crown, and a deep pavilion) was 
selected for its classic look. Although this cutting 
style accentuates color and brilliance, it also high- 
lights any inclusions present in the gem. Therefore, 
it was critical that only loupe-clean pieces of rough 
be used. As the necklace suite neared completion, a 
trapezoid shape was added as the “center” stone to 
add interest to the design. 


Examination and Marking of the Peridot Rough. The 
peridot rough was first sorted into parcels based on 
size. Each size-specific parcel was next examined on 
a fluorescent light-box and sorted again for clarity 
using the unaided eye. Then, each piece of peridot 
rough was held very close to an intense incandescent 
light source. A bright, bare light bulb can be used for 
this last step, but many professionals prefer a fiber- 
optic light. Gently rotating the piece of rough, the 
preformer observes the colors from different direc- 
tions; locates fractures and solid inclusions; and visu- 
alizes the final shape, size, and table location of the 
finished gem. The location of the table is critical in 
determining the face-up color of many faceted gems, 
because in pleochroic gem materials different colors 
are seen in the different crystallographic directions. 
From this initial evaluation, the preformer can 
often predict the final weight and monetary value of 
the completed gemstone—in many cases, even 


Figure 5. Sawing is one of the most important steps in 
gem cutting. The first series of cuts are made through 
cracks or veils (“fingerprints”) in the rough. Here, the 
preformer uses a high-speed, liquid-cooled saw with a 
0.2 mm thick diamond blade on one of the peridots. 
Photo by Jeff Scovil. 
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Rough Preform—Table View 


before the first saw cut or grinding. Much of this 
assessment is done without the aid of magnifica- 
tion, although some preformers use a head-loupe, 
such as an OptiVisor. During this process, the pre- 
former uses indelible ink to mark areas containing 
inclusions, deep indentations, and cavities that need 
to be sawn away, usually directly along fractures 
and veils, and to plan the final gems (figure 4). 


Cobbing of Gem Rough. Another method of remov- 
ing poorly colored, opaque, included, and/or frac- 
tured material (as well as other adhering minerals or 
matrix) from facetable gem rough is cobbing. This 
can be done by striking the rough with a small metal 
hammer to remove unwanted areas (Epstein, 1988) 
or by using a specially designed pair of steel pliers. If 
the unwanted area does not traverse the piece of 
rough, pliers are not used because facetable areas 
may be accidentally crushed or removed. These situ- 
ations call for the use of a trim-saw (Sevdermish and 
Mashiah, 1996). Many preformers prefer to use only 
a saw with expensive gem rough, because it is far 
more controllable. All of the peridot rough described 
in this project was trimmed with a saw. 


Sawing the Peridot Rough. Following the ink mark- 
ings (again, see figure 4), the lapidary makes the first 
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Figure 6. At the pre- 
forming stage, the pre- 
former visualizes the 
shape, proportions, and 
table location of the fin- 
ished gem. These ideal- 
ized diagrams illustrate 
the transition from 
rough to finished pre- 
form for three popular 
shapes. Adapted from 
Sevdermish and 
Mashiah (1996). 


Preform—Pavilion View 


cuts using a high-speed, liquid-cooled saw with a 
sintered diamond blade (figure 5). The blades used 
for the peridot were a mere 0.2 mm thick. Although 
somewhat difficult to maneuver (they bend very eas- 
ily, causing the saw cut to stray off the marked line), 
these thin blades save material and improve yield. 

Next, the preformer evaluates each piece of 
sawn rough to determine if additional saw-cuts are 
necessary to produce finished stones with a mini- 
mum of weight loss. This is done by again holding 
the sawn piece up to a bright light to check for any 
remaining inclusions. If inclusions are still present, 
the preformer decides whether to remove them by 
sawing or grinding. Some rough requires multiple 
saw cuts to produce the desired shape. 

Most gem cutters believe that sawing is the most 
important step in controlling the yield of the rough. 
Once the sawing of the peridots was completed, all 
the pieces that lent themselves to Asscher cuts were 
selected out of the parcel. 


Grinding the Preforms. At this stage, the pre- 
former again examines each piece of sawn rough to 
determine the ideal shape and proportions that can 
be cut from it (figure 6). As has been pointed out, 
in many cases this is an ongoing struggle and com- 
promise between weight retention and beauty. In 
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Figure 7. The sawn piece of rough is then ground 
against a diamond-impregnated wheel to produce the 
approximate shape and proportions of the finished 
gemstone. This step is crucial to the design of the 
final gem. Photo by Jeff Scovil. 


creating the peridot jewelry suite, weight retention 
was much less of a consideration, since the intent 
was to create the most precisely matched set pos- 


Figure 8. As the preforms were completed, they were 
laid out to check for consistency of color (hue, tone, 
and saturation) from one stone to the next and, for 
the necklace, to ensure the smooth graduation from 
large to small sizes. This photo shows the beginning 
stages of this process; as more preforms were com- 
pleted they were added, and some (including a few of 
those shown here) were removed. Photo by Jeff Scovil. 
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sible from the original parcel. The beauty, unique- 
ness, and rarity of such a suite would more than 
compensate for the reduced yield. 

The next step in the preforming process 
involves grinding the sawn rough into the approxi- 
mate shape of the finished gem (figures 7 and 8). In 
this case, three diamond-impregnated wheels— 
coarse, medium, and fine grit—were used to pre- 
form the peridot rough. 

Some of the questions the preformer must consid- 
er are: Will the culet meet the edge of the rough so as 
to have the proper total depth, while not wasting too 
much material? (If not, another shape must be creat- 
ed from this particular piece of rough, and another 
sawn piece must be chosen for the jewelry suite.) 
Will the face-up color orientation match the color of 
the rest of the suite? Is there enough material under 
the proposed table to enable cutting the proper 
angles, so that the gem will not be too shallow or 
windowed? (If not, a smaller stone must be shaped.} 

If the stone has great value—for example, a large 
natural-color ruby—the preformer may first grind 
the table into place and give the rough to the cutter 
to polish the table. This enables a clear view into 
the stone so that a better assessment of color, 
including distribution and clarity, can be made 
before the rest of the stone is preformed. 

After the table is in place, the sawn rough is 
ground into the desired shape. While it does not 
have to be perfect, it does need to follow closely the 
shape and proportions desired for the final faceted 
gem (again, see figures 6 and 8). With the peridot 
suite, care was taken to ensure that the opposing 
sides of the preforms were parallel. The preformer 
also made certain that all the proportions (such as 
crown and pavilion angles, crown height and pavil- 
ion depth, table size, even girdle thickness, etc.) 
were consistent from one preform to the next. 
Minor corrections needed for these proportions 
could be made later by the faceter. 

Any cracks and inclusions not removed during 
the sawing process are dealt with at this stage. The 
peridot suite required very clean stones, so all (or 
nearly all) inclusions were sawn or ground out of 
the preforms. However, with gem material for 
which some inclusions are allowable (such as emer- 
alds), or with very expensive material (such as natu- 
ral-color Mogok rubies), inclusions are left in the 
preforms, but the cut is designed to make them as 
inconspicuous as possible. For example, the per- 
former tries not to place inclusions at or near the 
culet because they will reflect throughout the fin- 
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Figure 9. Once preformed, the pieces were delivered to 
the master cutter. Shown here is the slightly modified, 
classic Swiss jam-peg system that was used to facet 
the peridot suite. Photo by Jeff Scovil. 


ished stone when viewed in the face-up position. 

Some shapes are easier to sell than others, so it is 
often better to choose a more popular shape even if 
it results in a greater weight loss from the original 
rough. The girdles can be rough-cut by hand on the 
preforming grinder (again, see figure 7), or they can 
be cut using a girdle-grinding machine. The initial 
girdling (shaping) of the peridots in this suite was 
done during the preforming stage. 

Once the peridot suite preforms were completed, 
they were laid out to be sure that the hue, tone, and 
saturation of the stones matched and, for the neck- 
lace, that the transition from large to small sizes 
was smooth (again, see figure 8). The preforms for 
the necklace were then sorted into “matched” pairs 
and delivered to the master cutter with instructions 
that each pair of opposing stones must have parallel 
sides and be precisely matched. 
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Placement and Polishing of the Facets. Several dif- 
ferent kinds of faceting approaches and equipment 
choices exist (see, e.g., Sinkankas, 1984; 
Sevdermish and Mashiah, 1996). A slightly modi- 
fied version of the classic Swiss jam-peg faceting 
system (with copper laps charged with diamond 
powder) was used to facet this peridot suite (figure 
9). Although the jam-peg system is primitive in 
appearance, an experienced lapidary can produce 
extraordinarily well-cut gemstones with it, and var- 
ious versions have long been used by many of the 
finest cutters in the world. The beauty of the sys- 
tem lies in the fact that it allows flexibility in 
choosing facet angles and, for the experienced jam- 
peg cutter, it is faster than the protractor-type 
(index) system, in which the dop is held mechani- 
cally at specific angles (Sinkankas, 1984). 

The jam-peg system used to facet the peridot 
suite includes a dop-stick that is held in the cutter’s 
hand. The flat end of the dop-stick, or rod, has the 
preformed stone attached by either cold or hot 
cementing (wax also can be used, as was the case 
with the peridot suite). The cutter presses the end 
holding the gem against the diamond-charged, hori- 
zontally rotating cutting lap, while the other (point- 
ed) end of the dop-stick is “jammed” into a chosen 
hole (actually a shallow depression) that corre- 
sponds to a particular facet angle relative to the cut- 
ting wheel. These holes are precisely placed in a 
solid surface called an arc (A in figure 10), which 
was curved metal in the case of the peridot suite 
project, although other systems employ a flat-sur- 
faced arc, which may be made of either wood or 
metal. The arc is attached to the table by a vertical 
support. By positioning the pointed end of the dop- 
stick into different holes of the jam-peg arc, the cut- 
ter determines the angles and position of the facets. 

The dividing head (C in figure 10) determines the 
circumferential angles, as well as additional angles 
of altitude. A simple octagonal dividing head is ade- 
quate for square and rectangular emerald cuts (and 
was used in the cutting of the peridot suite}, whereas 
a more complex dividing head is required for other 
shapes (see, e.g., Sevdermish and Mashiah, 1996). 

The first step is to facet the crown. The facets 
are initially formed using a rough-textured lap to 
remove material quickly. This generates heat, so 
the rotating lap is cooled with water. The next step 
is undertaken with a final cutting lap, or pre-polish 
lap, which removes much less material but pro- 
duces a slightly smoother, yet still rough surface. 
This allows the cutter to create all the facets at the 
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desired angles and sizes. Once the crown is faceted, 
an ultra-high polish is achieved using a copper lap 
charged with very fine diamond powder (up to 
50,000 grit). Because very little material is removed 
during the polishing process, much less heat is gen- 
erated, so water for cooling is not necessary during 
this final step (for the peridots, however, oil was 
mixed with the fine diamond powder). 

After faceting of the crown is complete, the 
stone is removed from the dop-stick and cleaned of 
all adhesive. It is then remounted with the dop- 
stick perpendicular to the table, so that the uncut 
pavilion is exposed and the stone is centered on the 
dop’s longitudinal axis. Once the stone is attached 
and centered on the dop, the cutter repeats the pro- 
cess of placing and polishing facets. The polishing of 
the girdle is the final stage in the faceting process 
while the stone is still on the dop-stick. 


Sorting, Matching, and Slight Re-Cutting of the 
Suite. As each matched pair (opposing stones) in the 
necklace was completed, they were carefully 
checked to ensure that the color and all proportions 
were essentially the same. Minor deviations in pro- 
portions were remedied by slight re-cutting. Any 
other objectionable differences would cause the 
stone to be rejected, and another would be cut to 
replace it in the suite. The same quality-control pro- 
cess was undertaken for the stones in the bracelet 
and earrings. As the finished gems were completed, 
they were positioned to simulate the actual jewelry 
set (figure 11). The layout was then evaluated to 
ensure that hues, tones, saturations, and shapes 
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matched, and that there was a smooth transition in 
sizes in the necklace. 

Once we were satisfied with the 54 faceted peri- 
dots (which ranged from 3.57 to 18.30 ct, for a total 
of 350.40 ct), the suite was ready for the next major 
phase: the design of the jewelry, the cutting of the 
diamonds, and the manufacture of the finished 
pieces. 


THE DESIGN AND MANUFACTURE 
OF THE JEWELRY SUITE 


The completed matched suite of unset peridots was 
sold to an American client, who desired well- 
designed and finely crafted jewelry. Suwa (2001) 
stated that the highest quality of jewelry fabrication 
(representing just a few percent of the total market) 
is accomplished by marrying a well-planned design 
concept to the highest standards of craftsmanship 
using the finest materials and taking the necessary 
time. A superior design is not only aesthetically 
pleasing, but it also results in a finished piece that is 
comfortable to wear while it holds the gems secure- 
ly. For these peridots, the client chose Van Cleef & 
Arpels to design and manufacture the jewelry. 


A Brief History of Van Cleef & Arpels. The venera- 
ble firm of Van Cleef & Arpels began in 1896, with 
the marriage of Estelle Arpels, daughter of Leon, a 
gem trader, and Alfred Van Cleef, the son of a dia- 
mond merchant from Amsterdam. Alfred joined his 
new brothers-in-law to create a jewelry house. The 
success of this collaboration allowed them to move, 


Figure 10. With the jam-peg system, 
the cutting angles are achieved by 
using the arc as illustrated here. 
Image 1 is a front view of the arc, 
showing the precisely placed holes 
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into which the pointed end of the dop- 
stick is “jammed.” Images 2-4 show 
the jam-peg process from the side, 
with A the arc, B the dop-stick, C the 
octagonal dividing head, D the cut- 
ting lap, and E the gem. The position 
of the dop-stick when cutting the 
table of a stone is illustrated in image 
2, with 3 showing the position for cut- 
ting the crown facets (with a similar 
position, but different angles, for the 
pavilion facets), and 4 the position 
used for the girdle. Adapted from 
Sevdermish and Mashiah (1996). 
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in 1906, to the Place Vend6me in Paris, an area 
renowned for its elegance and luxury, and the head- 
quarters remains located there today. 

Van Cleef & Arpels’s clients have included roy- 
alty and Hollywood legends, as well as other dis- 
criminating clientele. In 1956, VCA was designated 
“official supplier to the Principality” of Monaco, 
and a decade later their designs were selected from 
more than 50 proposals for the crown to be used at 
the coronation of Farah Pahlavi, who was to marry 
the Shah of Iran. 

To this day, Van Cleef & Arpels is renowned for 
its innovative designs and techniques such as the 
“invisible setting,” in which the prongs are hidden 
beneath the crown of the gemstone. The company 
prides itself on using only the highest-quality gems 
in their superbly crafted jewelry. 


Creation of the Design at the Van Cleef & Arpels 
Paris Atelier. A designer at the Paris atelier was 
commissioned to produce two very simple yet 
sophisticated design renderings. The goal was to 
create a distinctive and attractive suite of jewelry to 
showcase the peridots. The degree of manufacturing 
difficulty was not considered as important as the 
final design. 

The first illustration consisted of a modern 
design composed of uneven lateral baguette dia- 
monds set between the Asscher-cut peridots. The 
second rendering, the one ultimately chosen by the 
client, consists of paired baguette diamonds set par- 
allel to one another between the main gemstones in 
the necklace, and single baguette diamonds between 
the peridots in the bracelet and earrings, as well as in 
the back of the necklace. The ring contains two rows 
of baguette diamonds on each side of the shank, and 
baguettes on the peridot gallery (figure 12). 


Handcrafting the Jewelry at the Van Cleef & Arpels 
New York Atelier. After the design was approved, 
the director of production in the New York atelier 
consulted his foreman to determine which jewelers 
would work on which pieces of the suite (i.e., the 
necklace, bracelet, earrings, or ring). The selection 
was made based on each jeweler’s particular area of 
expertise. The jewelers selected to manufacture 
various parts of the suite specialized in hand fabri- 
cation and, with the exception of the ring, were the 
in-house experts for making hinges and joining 
mechanisms. Five different master jewelers worked 
on the suite, spending a combined total of more 
than 900 hours. 
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Figure 11. The final selection of cut peridots resulted 
in this matched suite comprising a total weight of 
350.40 ct, with the 54 pieces ranging from 3.57 to 
18.30 ct. Photo by Harold & Erica Van Pelt. 


Making the Settings. The suite was handmade 
from a standard platinum alloy consisting of 95% 
platinum and 5% ruthenium. Pure platinum is 
soft, whereas platinum alloys are more durable 
and thus increase the wearability. The settings for 
all of the peridots include upper and lower gal- 
leries (sometimes referred to as bezels) that are 
joined by four prongs (figure 13). The outside mea- 
surements of the upper galleries were made small- 
er than the outer dimensions of the peridot—so 
that when finished, no metal would be visible 
from a top view except for the top portions of the 
tapered prongs. The upper and lower galleries 
were made from platinum sheet. Then, the prongs 
were made by hand using rectangular wire to fit 
the gallery to the peridot at the appropriate angle. 
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Figure 12. A color ren- 
dering of the jewelry 
suite was created by 
the Van Cleef & 
Arpels design team in 
Paris. This composite 
° image of the designs 
shows the plans for 
the necklace, bracelet, 
ring, and earrings. 

© Van Cleef & Arpels. 
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After the gallery pieces and prongs were formed, 
they were filed, pre-polished, and assembled (fig- 
ure 14). In contrast to gold, platinum is much 
more resistant to polishing because of its extreme 
density. However, platinum also holds its luster 
through assembly and soldering, so the settings 
required minimal additional polishing during the 
finishing process. 

The jewelers then made the settings for the 
baguette diamonds in the necklace, earrings, and 
bracelet. The metal consisted of two precisely 
formed pieces of platinum placed on either side of 
the diamond to secure it, with a channel-type set- 
ting running the length of the narrow ends of the 
baguettes (that, again, was the only metal visible 
from the top view). 
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Creating the Hinges and Connectors. Next, the 
jewelers hand-fabricated the hinges and connectors 
(figure 15). The connection in a piece of jewelry 
actually marries the stones and metal. It is extreme- 
ly important in couture craftsmanship to hide the 
connections as much as possible, so they are not 
visible to the unaided eye and do not detract from 
the essence of the design. 

To construct the bracelet, two platinum tubes 
were attached to the peridot settings and one to 
the setting for each of the baguette diamonds. 
Platinum hinge wires were inserted through the 
tubes to join the bracelet segments. After the 
bracelet was joined, it was flexible and smooth, 
moving laterally with no play and evenly follow- 
ing the contour of the wrist when worn. 
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For the necklace and earrings, special connections 
were used that when joined can move in two direc- 
tions, so the necklace lies comfortably on the contour 
of the neck and the earrings move and dangle freely. 


Figure 13. The peridot settings were hand fabricated 
from sheet and wire platinum. They are composed of 
upper and lower galleries, and four prongs. The base of 
the setting, or the lower gallery, is cut out with a jew- 
elers saw. The bearing—a notch cut in each prong 
with a setting burr—serves as a “seat” for properly 
positioning and securing the gem. (Note that this 
schematic diagram is to clarify terminology only; it 
does not represent the actual peridot settings.) 


Figure 14. The setting (gallery and prongs) for each of 
the peridots was handmade to fit that stone. This photo 
shows the process underway. One tray holds the actual 
stones placed table-down over a color copy of the ren- 
dering; above this is a second tray with another copy of 
the rendering on which the settings have been placed in 
their proper position. The master jeweler then files and 
shapes each setting by hand to ensure the proper fit of 
the specific gem (inset). Photos by Robert Weldon. 


Figure 15. The jeweler hand-fabricates the hinges and 
connectors for the suite. For the bracelet, two plat- 
inum tubes were attached to the peridot settings and 
Piercing the base one to the settings for the baguette diamonds. 

pie oom Platinum hinge wires were inserted through the tubes 
to “join” the bracelet; the ends were then flanged. 
Photo by Robert Weldon. 
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During the summer months, which 
constitute the pearling season, withering 
heat and high humidity are the order of 
the day. Rain is a rarity in this part of 
the world and a flash storm becomes an 
historical event. .During one pearling 
season, some 15 years ago, a sudden rain 
squall of violent proportions descended 
on the pearl fleet at anchor. In a short 
space of time, 100 dhows were destroyed 
and many of the fleet’s best divers lost 
their lives. 


Contrary to general belief, large sharks 
do not inhabit the waters of the Persian 
Gulf. The natives informed us that a 
small fish up to three feet in length and 
presumably resembling our own Barra- 
cuda will occasionally attack a diver. 

At the completion of the pearling sea- 
son, the merchants of Bahrein (some 30 
of which we met) sell their pearls to 
the traders of Bombay—a practice which 
has been engaged in for generations. At 
Bombay the pearls are drilled, polished, 
and graded. Few Bahrenians have ever 
sold pearls directly to New York dealers. 
As is. known, the trading so far as the 
United States is concerned, always has 
been done between London and Paris 
brokers and the dealers of New York. 

On the subject of drilling, the sug- 
gestion was made before an assembled 
group of. Bahrenian pearl merchants (ar- 
ranged at the invitation of Commissioner 
Belgrave) that this type of work become 
part and parcel of the Bahrein’s pearl 
industry. In short, eliminate Bombay 
from the picture where possible. The 
suggestion aroused considerable interest, 
but if left to the natives to undertake, 
it is doubtful if anything will be done 
in this direction, 


However, with the coming of air travel 
in this part of the world, evidence of 
alertness to the art of merchandising may 
be gathered by the following incident: 
Bahrein is an. overnight stop, both east 


and west on the British Overseas Air- 
ways Corporation, which operates flying 
boat service from Poole, England, to 
Sydney, Australia. A few native pearl 
merchants have become aware of the fact 
that these stopover travelers are potential 
cash customers. The big flying boats 
always carry their quota of Far Eastern 
potentates, Lords and Ladies of the 
realm, and industrial magnates of every 
nationality. All these people are interest- 
ed in buying something, even if that 
something is only a genuine pearl! 


Since. we were staying at a B.O.A.C. 
hotel we saw, on several occasions, color- 
ful Arabian pearl merchants of distin- 
guished mien showing their finest pearls 
to interested travelers. If the customer 
proved to be a personage of some im- 
portance a resident official of His 
Majesty’s Service was usually on hand 
to expedite the job of selling. 

In conclusion, it should be pointed out 
that during the war, trading in genuine 
pearls, particularly with East Indian 
dealers, was exceedingly active. Last year 
civil strife in India closed this market to 
the Bahrenians. Furthermore, the native 
dealers expressed concern over the com- 
petition that might arise from Venezuelan 
sources, evidently unaware of. the fact 
that the demand for fine pearls in the 
United States is for those of pink and 
cream color. 


We also found that the Arabian pearl 
dealers knew little or nothing about the 
structural or physical characteristics of 
the Japanese cultured pearl. They were, 
of course, aware of the fact that there 
existed an inexpensive product called the 
cultured pearl which greatly affected the 
sale and interest in their own commodity. 
Lack of knowledge about cultured pearls 
is understandable when one considers 
that cultured pearls are not permitted 
in the Gulf area, and of course, few 
Bahrenians, in turn, have ever left their 
native land. i 
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Figure 16. To set the peridots, a bracelet section compris- 
ing three main settings, with baguette diamonds separat- 
ing the peridots, was put into a shellac stick on the end of 
a wooden handle. This stick allows the jeweler to firmly 
hold the section in one hand, while setting the gems 
using the appropriate tools. Photo by Robert Weldon. 


The Finishing Steps. After the fabrication and 
assembly were completed, the jewelry items were 
detailed, polished, and finished by the in-house fin- 


ishing expert. This was done before the peridots 
and diamonds were set, because polishing various 
parts prior to assembly enables the jeweler to 
achieve a mirror finish on areas that would not be 
easily accessible once all the gems were set. 

Upon completion of the individual jewelry set- 
tings for the peridot suite, VCA turned to the dia- 
monds. To supply the precisely cut diamonds 
required, the company either had existing 
baguettes recut to their specifications or had them 
specially cut from the rough. Not only were the 
diamonds cut to the proper length, but in areas 
where the necklace curves (essentially, the front 
half) and in the ring, the ends of many of the dia- 
monds also had to be fashioned to the proper angle 
so they would fit perfectly into the settings. 
Incorporated into the suite’s various jewelry pieces 
are more than 90 diamonds, with a total weight of 
approximately 2.1 carats. All are D-E color and VVS 
or better clarity. 

After the finishing process, the settings, dia- 
monds, and peridots were given to two different set- 
ters—one for the diamonds and another, who spe- 
cializes in large colored stones, for the peridots (fig- 
ure 16). More time and care is required to set peri- 
dots—than, for example, sapphires—because of their 
only fair to good toughness and 61/,-7 hardness. 

The colored stone setter begins by vertically 
tapering the outside of the prongs; the bearings are 
then cut with a setting burr, and the peridot is 
placed at the proper height and evenly in the prong 
bearings (figure 17). At this point, the prongs are 


Figure 17. Using a sanding wheel on a flexible shaft-motor, the setter vertically tapers the outside of the prongs 
holding the peridots (left). Bearings are then meticulously cut in each prong slightly above the upper gallery 
wire where the peridot will finally be seated (center), and the peridot is carefully positioned in the prong bear- 


ings (right). Photos by Robert Weldon. 
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Figure 18. The setter uses a prong-pusher to bend the prongs one at a time over the crown at each corner (upper 


left). The prongs are then carefully shortened using a jeweler’s saw (lower left and right). Photos by Robert Weldon. 


pushed, one at a time, over the corners of the 
crown. A jeweler’s saw is used to cut the prong to 
the correct length (figure 18). Great care is taken to 
keep the saw blade from touching the peridot, as 
this would damage it. Last, the prongs are filed and 
polished. 

The primary goal was to set the peridots as low 
as possible without letting the culets extend below 
the bottom gallery. After setting, they were per- 
fectly even and at the same height in each multi- 
stone piece. 


Making the Ring. Although the above procedure 
was applied for the necklace, earrings, and bracelet, 
a somewhat different process was used for the ring. 
This mounting started with a model that was pre- 
cisely hand-carved from a special wax used exclu- 
sively for items with intricate detail. The master 
wax model was then cast in platinum and the plat- 
inum perfected by filing and polishing. To create 
the sharpest and most precise details, which are not 


PERIDOT JEWELRY SUITE 


possible with lost wax casting, the ring was com- 
pleted by hand fabricating the remaining compo- 
nents. Sheet and wire platinum were used to create 
the upper and lower galleries and the four prongs 
that would encase the peridot. The upper portion of 
the inside ring shank was then carefully crafted (fig- 
ure 19). After the components were soldered, the 
peridot and all 24 specially cut diamonds were fitted 
prior to pre-finishing, polishing, and then setting. 


CONCLUDING THOUGHTS 


During the past 30 years, the gem and jewelry 
industries have been blessed with a plethora of new 
gem deposits around the world, yielding extraordi- 
nary qualities and quantities of a wide variety of 
gemstones. The discovery in the early 1990s of the 
Sapat Valley peridot deposit is an exceptional exam- 
ple. The consistent availability of large, fine pieces 
of rough from Pakistan has had a significant impact 
on the jeweler’s ability to create beautiful designs 
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with important stones. The added benefit of an 
expert preformer and faceter, as well as the talented 
designers and craftspeople at Van Cleef & Arpels, 
enabled the creation of the matched necklace, 
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prising the upper and 
lower galleries, and 
four prongs) was 
hand-fabricated from 
platinum sheet and 
wire. The upper 
inside-shank section 
was carefully fit to 
the ring (inset), before 
soldering and trim- 
ming. Photo by 
Robert Weldon. 
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AN UPDATED CHART ON THE 
CHARACTERISTICS OF HPHT-GROWN 
SYNTHETIC DIAMONDS 


James E. Shigley, Christopher M. Breeding, and Andy Hsi-Tien Shen 


A new chart, supplementing the one published in the Winter 1995 issue of Gems & Gemology, 
summarizes the features of both as-grown (“non-modified”) and treated (“modified”) synthetic 
diamonds currently in the gem market (that is, those grown by the high pressure/high temperature 
technique). It includes photographs of visual features, information about visible-range absorption 
spectra, and illustrations of growth-structure patterns as revealed by ultraviolet fluorescence imag- 
ing. The chart is designed to help gemologists recognize the greater variety of laboratory-created 


diamonds that might be encountered today. 


lmost a decade ago, Shigley et al. (1995) pub- 

lished a comprehensive chart to illustrate 

the distinctive characteristics of yellow, col- 
orless, and blue natural and synthetic diamonds. The 
accompanying article reviewed synthetic diamond 
production at the time, and discussed how the infor- 
mation presented on the chart was acquired and 
organized. It also included a box that provided a 
“practical guide for separating natural from synthet- 
ic diamonds.” The chart was distributed to all Gems 
&) Gemology subscribers, and a laminated version 
was subsequently made available for purchase. 

Since that time, and especially within the past 
several years, the situation of synthetic diamonds in 
the jewelry marketplace has become more compli- 
cated. Lab-created colored diamonds are now being 
produced in several countries (including Russia, the 
Ukraine, Japan, the U.S., and perhaps China and 
elsewhere), although the quantities continue to be 
very limited. And today they are being sold specifi- 
cally for jewelry applications (figure 1), with adver- 
tisements for synthetic diamonds seen occasionally 
in trade publications and other industry media. 
Recent inquiries to three distributors in the U.S — 
Chatham Created Gems of San Francisco, Cali- 
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fornia; Gemesis Corp. of Sarasota, Florida; and 
Lucent Diamonds Inc. of Lakewood, Colorado— 
indicate that their combined production of crystals 
is on the order of 1,000 carats per month (mainly yel- 
low colors), a quantity that does not meet their cus- 
tomer demand. 

The synthetic diamonds currently in the gem 
market are grown at high pressure and high temper- 
ature (HPHT) conditions by the temperature-gradi- 
ent technique using several kinds of high-pressure 
equipment (belt, tetrahedral, cubic, and octahedral 
presses as well as BARS apparatuses), and one or 
more transition metals (such as Ni, Co, and Fe) as a 
flux solvent/catalyst. Typical growth temperatures 
are 1350-1600°C. Some lab-grown diamonds are 
being subjected to post-growth treatment processes 
(such as irradiation or annealing, or both) to change 
their colors (and, in some cases, other gemological 
properties such as UV fluorescence). Thus, the 
gemologist is now confronted with the need to rec- 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 40, No. 4, pp. 303-313. 
© 2004 Gemological Institute of America 


Gems & GEMOLOGY WINTER 2004 303 


ognize faceted synthetic diamonds with colors that 
are not only “as-grown” (yellow to yellow-brown to 
brown, blue, green, and colorless), but also result 
from post-growth treatment processes (yellow, yel- 
low-brown, brown, pink, red, purple, green, or blue- 
green), as described in Shigley et al. (2004). 

While the information presented in the 1995 
chart remains valid, the contents of the updated 
chart reflect the wider variety of HPHT-grown syn- 
thetic diamonds now in the marketplace!. However, 
this new chart is not a comprehensive guide to the 
identification of as-grown and treated synthetic dia- 
monds; rather, it provides an overview of the com- 
mon characteristics of these materials, which can 
be helpful in separating them from their natural 
counterparts. 

Recently, synthetic diamonds suitable for jewel- 
ry use have also been produced in small numbers at 
high temperatures but low pressures by the chemi- 
cal vapor deposition (CVD) process. This material, 
which is not yet commercially available for jewelry 
purposes, has very different gemological properties 
from HPHT-grown samples and, therefore, is not 
included in this new chart. For further information 
on CVD-grown material, see Wang et al. (2003) and 
Martineau et al. (2004). 


‘Reports in the scientific literature indicate that as-grown synthetic dia- 
monds with a green color can also be produced when growth occurs 
from a nickel solvent-catalyst along with a component in the flux that 
actively combines with nitrogen (i.e., a nitrogen “getter”; see Chrenko 
and Strong, 1975; Kanda, 1999). To the best of our knowledge, this 
kind of synthetic diamond is not presently available in the market. 
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Figure 1. HPHT-grown 
Synthetic diamonds are 
now available in the gem 
and jewelry market- 
place, as is evident from 
this attractive 1.00-1.25 
ct synthetic yellow dia- 
mond jewelry provided 
by Gemesis Corp. (the 
colorless diamonds are 
natural) and the (each 
under 1 ct) loose synthet- 
ic diamonds from 
Lucent Diamonds and 
Chatham Created 
Gems. Composite photo: 
jewelry images courtesy 
of Gemesis Corp.; loose 
diamond photos by 
Harold & Erica Van Pelt. 


CONTENTS OF THE NEW CHART 


The new chart is organized differently from the one 
published in 1995 (figure 2). Given the greater 
amount of information and broader variety of mate- 
rial available, the present chart focuses entirely on 
synthetic diamonds and does not include entries for 
natural diamonds. (The reader is directed to the ref- 
erences cited in Shigley et al., 1995—and informa- 
tion provided on that chart—for information on nat- 
ural as well as early synthetic diamonds. Also, dur- 
ing the past decade, several books and articles have 
described many of the features of both natural and 
lab-created diamonds; these are listed in the 
Additional Reading section at the end of this article.} 

Regardless of their color, synthetic diamonds 
grown by the HPHT technique from a molten 
metal flux have some common characteristics as a 
result of their growth conditions. These include 
their cuboctahedral crystal shape (figure 3), growth 
features (such as surface markings, color zoning, 
and graining]), and metallic inclusions. Repre- 
sentative photos and photomicrographs illustrating 
these three types of characteristics are grouped 
together across the upper portion of the new chart 
as a way to emphasize their common occurrence in 
HPHT-grown synthetic diamonds from all current 
manufacturers. 

The lower portion of the chart is divided into 
two sections—one for information on synthetic dia- 
monds with as-grown (or “non-modified”) colors, 
and the other for those with treated (or “modified”) 
colors (figure 4). For the latter, the entries are divid- 
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Figure 2. The chart pub- 
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lished by Shigley et al.in ° 
1995 included informa- 
tion on natural diamonds 
as well as on the kinds 
of HPHT-grown synthetic 
diamonds available at 


that time. 


ed into the following four categories: (1) HPHT 
annealing, (2 and 3) irradiation plus annealing at 
two different temperatures, and (4) irradiation only. 
Organizing information in this way is not meant to 
imply that the distinction of untreated and treated 
colors in synthetic diamonds is important. Rather, 
it is designed to help the gemologist who must test 
an unknown sample with a color that might not at 
first be considered typical of synthetic diamonds. In 
addition, in some cases—such as yellow or green— 
the color may be either as-grown or treated. 

In this lower portion of the chart, the entries are 
presented in a column format by color and diamond 
type (a grouping of diamonds into one of several cat- 
egories based on their physical and spectral proper- 
ties; see, e.g., Fritsch and Scarratt, 1992; Wilks and 
Wilks, 1994, pp. 62-82). Presenting information in 
this way provides a basis for better understanding 
the properties of the samples in each category. The 
visual features summarized in these two sections 
are supplemented by representative visible-range 
absorption spectra, as well as by ultraviolet fluores- 
cence images of growth structure obtained with the 
Diamond Trading Company (DTC) DiamondView 
instrument (Welbourn et al., 1996). Such data are 
increasingly important to confirm the identity of 
some synthetic diamonds. Information obtained by 
nondestructive chemical analyses for transition 
metals (such as Ni and Fe), as well as by other spec- 
troscopic (infrared and photoluminescence), 
cathodoluminescence, and analytical techniques 
available in the larger gemological laboratories, may 
also be useful for synthetic diamond recognition. 


HPHT-GROWN SYNTHETIC DIAMOND CHART 


The information presented in the chart is based 
on data collected at GIA over the past 25 years on 
approximately 500 synthetic diamonds from all 
known sources of production. The photos and pho- 
tomicrographs were selected to illustrate those visu- 
al features of lab-grown diamonds useful for identifi- 
cation purposes. 

We do not indicate the manufacturer or distributor 
of the synthetic diamonds illustrated on the chart for 
two reasons. First, we know that once a synthetic dia- 
mond is sold in the trade, such information may no 
longer be available (unless a distinctive marking visi- 
ble with magnification is placed on the girdle surface 


Figure 3. HPHT-grown synthetic diamond crystals 
are usually cuboctahedral in shape, as illustrated 
by these colored synthetic diamonds from 
Chatham Created Gems, which weigh between 
0.44 and 1.74 ct. Photo by Maha Tannous. 
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Figure 4. Synthetic diamonds currently sold for jewelry purposes display a range of as-grown and treated colors. The 
as-grown yellow crystal (2.43 ct) and three yellow faceted samples (0.28—0.84 ct) shown on the left represent the most 
common kind of synthetic diamond produced today. The colors of the green-to-blue faceted samples (0.20-0.40 ct) 
shown in the center also were produced during growth. In contrast, the pink-to-pinkish purple colors of the faceted 
samples (0.16—0.50 ct) shown on the right result from post-growth treatment processes. Photos by Maha Tannous. 


by the manufacturer [see below]). Second, since each 
commercial source uses the same basic HPHT growth 
technique (although, possibly, with different equip- 
ment and procedures), all synthetic diamonds created 
with this method have many similar gemological 
properties that do not necessarily allow for a differenti- 
ation of the products of various manufacturers. 

The visible absorption spectra included in the 
chart (collected at liquid nitrogen temperature) illus- 
trate the general pattern of spectral features for each 
kind of synthetic diamond. These features corre- 
spond in some instances to those that might be seen 
using a desk-model spectroscope, and they give rise 
to the colors of the synthetic diamonds. Specific 
sharp absorption bands shown on the chart may or 
may not be present in the spectrum of a particular 
sample for several reasons (i.e., the type of sample, 
the method of growth, the flux metals used during 
growth, and the manufacturer, as well as the type of 
spectrometer and the data collection conditions). 
Conversely, other synthetic diamonds may exhibit 
additional spectral features not shown here. The 
interested reader is referred to the more complete 
descriptions of diamond spectra that have been pub- 
lished (see Wilks and Wilks, 1994; Collins, 2000, 
2001; and Zaitsev, 2001). 

The organization of information in the chart 
requires some clarification. First, in both natural 
and synthetic diamonds there are variations in 
nitrogen and boron contents, and in the degree of 
nitrogen atom aggregation. Both these factors define 
diamond type (i.e., type I, type II]. Thus, the various 
type designations actually fall along a continuum, 
rather than being completely distinct categories as 
implied by the columnar organization of the lower 
portion of the chart. Also, with regard to “non-mod- 
ified” (or as-grown) versus “modified” (or treated) 
colors, in reality, HPHT growth conditions and 
HPHT treatment conditions may in some instances 
(e.g., “yellow/brown,” as-grown and as treated with 
HPHT annealing) be very similar. Consequently, 
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one might see a corresponding similarity in the 
properties of some synthetic diamonds of the same 
color listed on the lower left and lower right portions 
of the chart. Last, the information given represents a 
consensus of observations on the synthetic dia- 
monds that GIA has documented to date. In some 
cases (for example, irradiated green synthetic dia- 
monds), only a limited number of samples were 
available to us for examination. As we study more 
samples in specific color groups, certain information 
may need to be expanded or modified. 

It should be emphasized that we have not 
observed all the features shown on the chart in 
every synthetic diamond we have examined. 
Rather, all synthetic diamonds we have document- 
ed exhibited one or more of the distinctive proper- 
ties listed here. This reinforces the importance of 
basing identification conclusions on as wide a vari- 
ety of properties as possible rather than on just one 
or two features. 


SYNTHETIC DIAMOND IDENTIFICATION 
The ability to recognize a synthetic diamond first 
requires an understanding of the kinds of as-grown 
and treated materials that are now available. Overall 
production of gem-quality crystals remains very lim- 
ited—to the best of our knowledge, perhaps 12,000 
carats per year. Almost all are colored crystals up to 
about 2. ct (with faceted material up to about 1 ct). It 
is now possible to produce synthetic diamonds that 
contain little nitrogen and, as a result, might not be 
strongly colored. However, growth of type Ia color- 
less material continues to be difficult to achieve in 
the laboratory, and we do not believe it is available 
in significant quantities for jewelry purposes. GIA 
has documented only a few faceted colorless syn- 
thetic diamonds obtained from the gem trade during 
the past decade (see, e.g., Rockwell, 2004). 

In recent years, improvements in growth technol- 
ogy and techniques have resulted in colored synthet- 
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ic diamond crystals that are larger, have lower impu- 
rity contents, and are better quality. This finer quali- 
ty is evident in the presence of few if any metallic 
inclusions and flaws, as well as less obvious color 
zoning in some cases. Nonetheless, lab-created dia- 
monds can still be recognized by a variety of meth- 
ods. Numerous articles (including the present one) 
and shorter reports describing these methods, which 
were published in Gems e&) Gemology over the past 
30 years, have been collected together for a special 
volume that will be made available by GIA in early 
2005 (Shigley, in preparation]. By reviewing this 
information, as well as what is presented on this 
chart, the gemologist will be better prepared to rec- 
ognize this material. The key identifying features of 
synthetic diamonds are summarized below. 


Crystal Shape and Growth Structure. Natural dia- 
mond crystals typically exhibit an octahedral form, 
with many variations due to growth and/or dissolu- 
tion (Orlov, 1977, pp. 59-106; Wilks and Wilks, 
1994, pp. 108-126). In contrast, synthetic diamonds 
usually have a cuboctahedral form (again, see figure 
3), which overlies a geometric arrangement of octa- 
hedral, cubic, and dodecahedral internal growth sec- 
tors. In a vertical orientation, these sectors radiate 
upwards and outwards from the seed location at the 
base of the crystal (see Welbourn et al., 1996, p. 162, 


HPHT-GROWN SYNTHETIC DIAMOND CHART 


Figure 5. Colored syn- 
thetic diamonds often 
exhibit distinct color 
zoning due to differences 
in impurity contents 
between internal growth 
sectors. These four 
examples (0.17—0.68 ct) 
illustrate how these 
zoning patterns often 
appear as seen through 
the crown and pavilion 
facets. Immersing the 
material in a liquid 
(here, water) can aid in 
the observation of these 
patterns. Photos by J. E. 
Shigley; magnified 20x. 


figure 5). Diamond crystallization is accompanied 
by the incorporation of different amounts of impuri- 
ties in these sectors—thus leading to a segregation 
of these impurities between sectors. Differential 
incorporation of impurities gives rise to the distinc- 
tive zoning of color, graining, and luminescence 
seen in many synthetic (as compared to natural) dia- 
monds. When present, boundaries between adjacent 
color zones are usually sharp and planar (figure 5); 
they also may intersect to form angular patterns. 
Adjacent zones may be distinguished merely by 
lighter and darker appearances of the same color, or 
by zones of very different color. For example, cer- 
tain lab-grown green samples now being sold by 
Chatham Created Gems exhibit both yellow and 
blue growth sectors when examined with a micro- 
scope (see Shigley et al., 2004). Post-growth color 
treatment processes do not obscure or remove these 
distinctive visual features, although it may be possi- 
ble to lessen the visibility of the color zoning during 
growth (especially if one growth sector predomi- 
nates within the crystal, while other sectors of dif- 
fering color are smaller and thus less obvious). 
Careful examination using a gemological micro- 
scope and different lighting techniques is the best 
way to see this growth sector-related color zoning 
in lab-grown diamonds. Immersion of the sample in 
a liquid (even water) for better observation is also 
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helpful. Such zoning should be evident as well 
when the sample is examined with a standard UV 
fluorescence unit or the DTC DiamondView. 
Depending on the viewing orientation, the zoning 
can display two-, three-, or four-fold patterns related 
to the diamond’s cubic crystal symmetry. In most 
cases, the table facet of a polished sample is orient- 
ed approximately parallel to the cube face of the 
original crystal for maximum weight retention dur- 
ing faceting. Therefore, it is often best to look for 
any four-fold color or fluorescence zoning pattern by 
observing through the table or crown facets—or, 
alternatively, nearly parallel to the girdle facets— 
while rotating the sample. The key is to examine a 
sample in several orientations to look for changes in 
color or fluorescence separated by distinct planar 
boundaries (figure 6). 


Inclusions, Graining, and “Strain” Patterns. Unless 
they are prevented from forming during growth, or 
are physically removed during faceting, metallic 
inclusions are a common feature in many polished 
synthetic diamonds. They may be rounded, elon- 
gate, or irregular in shape, and will appear opaque in 
transmitted light and dark gray-to-black (sometimes 
with a metallic luster) in reflected light. They may 
occur singly or in groups, and can vary in size. In 
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Figure 6. These four DTC 
DiamondView images of a 
0.48 ct blue synthetic dia- 
mond illustrate the chang- 
ing pattern of fluorescent 
and nonfluorescent growth 
sectors seen as the sample is 
rotated. The face-up view 
(A) shows the four-fold, 
cross-shaped fluorescence 
pattern typical of HPHT- 
grown synthetic diamonds, 
although in this orientation 
the sample displays a slight- 
ly complicated arrangement 
of growth sectors. As the 
sample is rotated toward 
the pavilion (B and C), the 
growth sector arrangement 
becomes more regular in 
structure. Fine growth stria- 
tions (resulting from slight 
variations in impurity con- 
tents during growth) are vis- 
ible within the yellowish 
fluorescing sectors in the 
pavilion views (C and D). 
Images by Andy Shen. 


some cases, their large size makes them virtually 
eye-visible (figure 7); whereas in other instances, 
they are so tiny as to be described as “pinpoint” 
inclusions, which are often seen in diffuse, cloud- 
like arrangements (figure 8). (Note that although 
some of these pinpoint inclusions may be metallic, 
others may represent different phases formed during 
synthesis.) Some of these inclusions may even be 


Figure 7. Metallic inclusions, such as those shown in 
this 0.26 ct pink sample, are a distinctive visual fea- 
ture of many HPHT-grown synthetic diamonds. 

Photomicrograph by Shane McClure; magnified 25x. 
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invisible with the magnification of a standard gemo- 
logical microscope. Because the flux inclusions 
often contain iron, they can result in the synthetic 
diamond being attracted to a magnet. 

Natural diamonds may display linear, cross- 
hatched, or irregular (“mosaic”) internal graining 
patterns (Kane, 1980). In synthetic diamonds, inter- 
nal graining in linear or intersecting geometric pat- 
terns appears to be the result of slight differences in 
refractive index between adjacent growth sectors, or 
between successive parallel “layers” of material 
beneath the crystal faces. It is best seen along the 
boundaries between sectors, or in planes that paral- 
lel the outer shape of the original crystal. Since the 
cuboctahedral crystals are often faceted in square or 
rectangular shapes for weight retention, one good 
place to check for graining in faceted samples is 
near the corners of the table facet (and adjacent 
crown facets) with magnification (a fiber-optic illu- 
minator can be quite helpful). 

Most natural diamonds exhibit anomalous dou- 
ble refraction (ADR) in banded, cross-hatched, or 
mottled patterns with bright interference colors 
(when observed through crossed polarizing filters, 
see Orlov, 1977, pp. 109-116). In comparison, our 
experience is that synthetic diamonds display much 
weaker, cross-like “strain” patterns with subdued 
interference colors (black or gray). 


Luminescence. Given the wide variety of synthetic 
diamonds now available, their reactions to long- 
and short-wave UV radiation can differ greatly in 
terms of fluorescence intensity, color, distribution 
pattern, and phosphorescence. While it has been 
widely reported that most lab-grown samples dis- 
play stronger fluorescence to short-wave UV than to 
long-wave, the opposite reaction has also been 
observed (as well as the same intensity reaction to 
both UV lamps), and some samples are inert to both 
UV excitations. To check for weak UV fluorescence 
reactions, it is best to observe the sample while in a 
darkened room, after the eyes have had time to 
adjust to low light levels. In more recent years, we 
have noticed an increasing number of synthetic dia- 
monds that display only weak UV fluorescence, or 
no fluorescence reaction at all. 

As mentioned, fluorescence colors can also vary, 
but typically they range from green to blue to yellow 
to orange or orange-red. More importantly, however, 
this fluorescence is often unevenly distributed, so 
that some portions of the sample fluoresce whereas 
others do not (or they fluoresce with different colors; 
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Figure 8. In some cases, synthetic diamonds display 
“clouds” of pinpoint inclusions of uncertain identity. 
Since some natural diamonds also exhibit similar 
cloud-like arrangements, these pinpoint inclusions do 
not provide a reliable means of separation. Photo- 
micrograph by Shane McClure; magnified 30x. 


see figure 9). This uneven distribution is again a 
reflection of the arrangement of internal growth sec- 
tors with their differing impurity contents, so there 
is a direct spatial relationship between color, grain- 
ing, and UV fluorescence patterns. In the most obvi- 
ous cases, this uneven fluorescence is seen as a 
square and/or cross-shaped geometric pattern. Again, 
the orientation of the faceted shape with respect to 
the original crystal will influence how color, grain- 
ing, and fluorescence patterns appear, so it is impor- 
tant to examine a sample in several orientations. 

Similar fluorescence patterns in synthetic dia- 
monds can be observed using the cathodolumines- 
cence technique (where the sample is exposed to a 
beam of electrons while being held in a vacuum 
chamber). The DTC DiamondView, where fluores- 
cence reactions are excited by exposure of the sam- 
ple to UV radiation with wavelengths shorter than 
230 nm, also provides an excellent tool for viewing 
surface-related fluorescence and phosphorescence 
patterns in a sample at different orientations (see 
Welbourn et al., 1996, and figure 6). 

Colorless synthetic diamonds, and any colored 
samples that contain boron as an impurity, frequent- 
ly display persistent greenish or yellowish phospho- 
rescence (for up to 60 seconds or longer) when the 
UV lamp is turned off (see Shigley et al., 1997). Since 
phosphorescence is a phenomenon that decreases in 
intensity over time, it is again important to check 
for this kind of luminescence by viewing the sam- 
ples in a darkened room. A good technique is to 
close one’s eyes, and then open them at the same 
time the UV lamp is turned off. Blue (and some near- 
colorless) synthetic samples containing boron will 
exhibit electrical conductivity and, interestingly, 


Gems & GEMOLOGY WINTER 2004 309 


Industrial Diamonds 


and Their Uses 


by 


SYDNEY H. BALL 


O PRIMITIVE man, stones—some 

of them precious—served not only 
the purposes for which we use them, but 
also the functions of metals. Stones fur- 
nished man his ornaments, his munitions, 
his tools, his currency, much of his house- 
hold equipment, his pigments, and some 
of his objects of worship. The worker in 
stone was the research man, the engineer, 
and the artisan of that day. As the metals 
were discovered—first gold and copper, 
and then iron—these raw materials were 
found more suitable for certain purposes, 
and the use of stones declined. 

Pliny states that splinters of diamonds 
(and here they began their brilliant in- 
dustrial career) were essential to gem 
engravers of his day in cutting seals. 

The Arab from the ninth to the 15th 
century, as Sinbad tells us, used diamonds 
to bore holes in “minerals and jewels, 
porcelain, and onyx.” The method of 
mining is both amusing and astounding. 
Scene: A vastly deep and steep valley 
in the East, captioned the Valley of Dia- 
monds. Actors: Lambs whose skinned 
carcasses were thrown into the abyss; 
“miners” who did the throwing; huge 
birds who swooped down and carried the 
carcasses in their claws onto the heights. 
Re-enter the “miners” who, frightening 
off the birds, recovered the gems embed- 
ded in the carcasses, made their fortune, 
and lived happily ever after. 


The Renaissance, thanks to. the rebirth 
of gem cutting and the establishment of 
the cutting of the diamond, increased the 


use of gems industrially, but the real up- 
surge occurred about 30 years ago, with 
the high industrialization of American 
life. 

The industrial diamond, long the Cin- 
derella of its socially registered and 
socialite sister, the gemstone, has now 
come into its own. Anciently, kings 
fought for the glistening gem; in World 
War II, the. industrial diamond fought 
for us and freedom. 

Sir David Brewster, one of England’s 
greatest scientists, prophetically wrote 
in 1935: “Had the diamond not been 
placed at the head of the mineral king- 
dom from its unrivaled lustre and high 
value as an ornamental gem, it would have 
attained the same distinction from its 
great utility in the arts.” In the late war 
we produced no weapon in the manufac- 
ture of which the diamond in overalls 
was not concerned, and, because of its use, 
manufacture was speeded up. Luckily, 
in World War II, the United Nations 
controlled 99.9 per cent of the world’s 
diamond production, by possessing the 
Borneo deposits—Japan a measly one- 
tenth of one per cent. 

In this machine age of ours, two of 
the marvels center around the industrial 
diamond: first, our ability—starting at 
the surface with a diamond drill hole 
two inches in diameter—to get a columnar 
section of rock from over two miles 
below the surface, and, secondly, by the 
use of diamond dies, to draw from a 
single pound of copper almost 100 miles 
of invisible wire. 
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will often display visible electroluminescence in the 
form of momentary tiny flashes of white to bluish 
white light when the samples are touched by the 
conductometer probe. 


Chemical and Spectroscopic Analysis. Non- 
destructive methods of chemical analysis provide 
another rapid means of identifying synthetic dia- 
monds by detecting flux metals (Ni, Co, and Fe) that 
are used in diamond growth. Particularly useful in 
recognizing lab-created diamonds, especially those 
that lack distinctive visual features, are several spec- 
troscopy techniques that are found today in many 
gemological laboratories. Because diamond is rela- 
tively transparent from the infrared through the visi- 
ble and ultraviolet regions of the electromagnetic 
spectrum, numerous absorption and emission fea- 
tures can be detected by these techniques (Zaitsev, 
2001, lists the spectral features individually along 
with a brief description of what is known about 
them). Specific bands caused by the presence of tran- 
sition metals are valuable for detecting either as- 
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Figure 9. These four syn- 
thetic diamonds exhibit 
typical zoned fluorescence 
reactions when exposed to 
long-wave (top left, treated) 
and short-wave (remaining 
three images, as grown) 
ultraviolet radiation. In 
our experience, the fluores- 
cence is usually stronger to 
short-wave UV than long- 
wave for as-grown synthetic 
diamonds, whereas it can 
be of equal intensity or 
stronger to long-wave UV 
for treated synthetic dia- 
monds. In each instance 
shown here, certain growth 
sectors are fluorescing 
while others are not, 
resulting in a four-fold 
cross-shaped pattern. It is 
important to examine the 
sample both face-up and 
face-down, since the fluo- 
rescence may be emitted 
from just a localized area. 
Photos by Shane Elen and 
John I. Koivula. 


grown or treated synthetic diamonds by visible spec- 
troscopy (for example, those at 494, 658, and 732 nm, 
as well as several others, which are all due to nickel; 
see again Zaitsev, 2001). Caution must be exercised, 
however, as we now know that some natural dia- 
monds contain small amounts of nickel (see, e.g., 
Chalain, 2003; Lang et al., 2004; Hainschwang and 
Notari, 2004). Photoluminescence (PL) spectroscopy 
is increasingly important for gem laboratories, since 
many of the optical centers in diamond have associ- 
ated sharp PL bands that are useful for identification 
purposes. The interested reader is referred to articles 
cited in the reference list for examples of the applica- 
tion of these and other spectroscopy methods to dia- 
mond characterization (see, e.g., Lawson et al., 1996; 
Collins, 2000, 2001; Zaitsev, 2000, 2001; Yelisseyev 
et al., 2002). Additional analytical techniques for 
detecting synthetic diamonds may become useful in 
the future. 


Other features. As an aid to identification and disclo- 
sure, some manufacturers are inscribing a distinctive 
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mark or other information on the girdle facets of their 
polished synthetic diamonds; such a mark is easily 
visible with 10x magnification. In addition, certain 
gem-testing laboratories have agreed to issue grading 
reports on synthetic diamonds along with a clearly 
worded statement that they are laboratory grown. 


CONCLUSION 


The chart accompanying this article presents char- 
acteristics of both as-grown and treated synthetic 
diamonds produced under HPHT conditions using a 
metal or metal-alloy flux. While visual features 
such as color zoning and metallic inclusions remain 
valuable identification criteria, efforts to produce 
better-quality synthetic diamonds have resulted in 
such features becoming less evident (or even absent) 
in some recently grown material. Therefore, the 
recording of visible-range absorption and other spec- 
tra, and the observation of UV fluorescence pat- 
terns, have become increasingly important for syn- 
thetic diamond identification. 

Particularly problematic for jewelers and gemol- 
ogists are small stones. It is easier, faster, and cheap- 
er to grow synthetic diamonds in the form of melee, 
but the small size means that the visual identifying 
features usually are more difficult to see with the 
microscope, and the large numbers make individual 
testing of whole parcels impractical. The best solu- 
tion for parcels of melee is to submit representative 
samples to a gem-testing laboratory where the 
material can be fully characterized. 

As one looks toward the future, continued 
research on diamond growth—and the possibility 
that more and larger synthetic diamonds will be pro- 
duced—could pose further challenges for the jewelry 
industry. Although not yet a commercial process, 
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A NEW METHOD FOR DETECTING 
BE DIFFUSION—TREATED SAPPHIRES: 
LASER-INDUCED BREAKDOWN 
SPECTROSCOPY (LIBS) 


Michael S. Krzemnicki, Henry A. Hanni, and Roy A. Walters 


This article describes the first application of 
laser-induced breakdown spectroscopy (LIBS) to 
gemology. So far, the detection of Be-diffused 
sapphire and ruby has been based on LA-ICP- 
MS or SIMS, neither of which is readily avail- 
able to most laboratories. In this study, we use 
LIBS to detect beryllium in corundum at very 
low concentrations (down to ~2 ppm). This 
technique is a reliable tool for identifying Be 
diffusion—treated sapphires, and is affordable for 
most commercial gemological laboratories. As 
with other laser-based techniques, LIBS may 
cause slight damage to a gemstone, but this can 
be minimized by choosing appropriate instru- 
ment parameters. 


(~ apphires treated by beryllium diffusion entered 


yy the gem trade in mid-2001, and the first labo- 
\ ratory alert on this treatment was issued by 
the American Gem Trade Association in New York 
on January 8, 2002 (Scarratt, 2002). This treatment 
modifies various colors of corundum into stones of 
more attractive hues, usually yellow or orange to 
orangy red (figure 1). Some of these colors are rather 
rare in untreated or traditionally heated corundum, 
so the stones may be very valuable, especially the 
orangy pink variety (“padparadscha”). Several stud- 
ies of Be-diffused corundum have revealed that the 
presence of low concentrations of beryllium (i.e., 
~5-10 ppm) in the corundum lattice may result in a 
distinct yellow-to-orange coloration (Hanni and 
Pettke, 2002; Peretti and Giinther, 2002; Emmett et 
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al., 2003; Pisutha-Amoud et al., 2004). In contrast, 
untreated or traditionally heated sapphires of simi- 
lar color contain no Be or have only minute traces 
(i.e., parts-per-billion [ppb] levels) of this light ele- 
ment (Emmett et al., 2003; D. Gunther, pers. 
comm., 2004). 

Unfortunately, the detection of Be-diffused sap- 
phires has proved difficult, because testing by tradi- 
tional nondestructive analytical methods (e.g., ener- 
gy-dispersive X-ray fluorescence [EDXRF]) cannot 
detect light elements such as Be. Although some 
Be-diffused sapphires can be identified by a yellow- 
ish orange rim when observed in immersion (see, 
e.g., Hanni and Pettke, 2002; McClure et al., 2002, 
Peretti and Giinther, 2002; Emmett et al., 2003), 
often no such diffusion feature is present. Until 
now, the reliable detection of Be diffusion has usual- 
ly required highly sophisticated methods, such as 
laser ablation—inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) or secondary ion mass 
spectrometry (SIMS). Both techniques are slightly 
destructive, as they vaporize a minute quantity of 
the sample for analysis with a mass spectrometer 
(Guillong and Giinther, 2001). 

Since the two analytical techniques described 
above are quite expensive, time consuming, and 
only rarely at the disposal of gemological laborato- 
ries, we investigated a more affordable technology. 
In July 2003, we began to evaluate the potential of 
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laser-induced breakdown spectroscopy (LIBS) for 
gemstone analysis. As in the other methods men- 
tioned above, LIBS analysis also is slightly destruc- 
tive, as a small portion of the sample is ablated by a 
laser. Our initial results revealed the potential of 
LIBS to detect Be-diffused corundum (Hanni and 
Krzemnicki, 2004). In April 2004, SSEF became the 
first laboratory to install a LIBS instrument that was 
specially designed for gemstone analysis. Since July 
2.004, SSEF has offered Be detection in corundum as 
a regular service to its clients. In this article, we pre- 
sent the first detailed results obtained by LIBS on 
beryllium-diffused corundum, as analyzed with the 
SSEF GemLIBS system (table 1). 


LIBS BACKGROUND 


LIBS can provide qualitative to semiquantitative 
chemical data. Initial studies on laser spark spec- 
troscopy (Brech and Cross, 1962; Allemand, 1972, 
Corney, 1977) were further developed in the early 
1980s, mainly by scientists at Los Alamos National 
Laboratory in New Mexico. Radziemski et al. 
(1983) showed the ability of LIBS to detect trace 
concentrations of Be (in air) as low as 0.5 ppm. 
Recently, major improvements in laser and spec- 
trometer technology have dramatically expanded 
the possibilities and applications of LIBS for mili- 
tary uses, environmental monitoring, process con- 
trol, and material analysis (Bogue, 2004); these 
include remote in-situ testing of fine particulate 
matter (Carranza and Hahn, 2002) and real-time 
analysis of steel composition during production 
(Gruber et al., 2004). The use of LIBS in the gem 
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Figure 1. The attractive 
colors of the Umba 
Valley (Tanzania) sap- 
phires in this composite 
photo were produced by 
Be diffusion. The loose 
stones range from 1.27 to 
7.91 ct, and the sapphires 
in the 18K white gold 
jewelry are 3.19 ct (ring 
center stone) and 3.52 ct 
total weight (leaf pen- 
dant). Photo by Myriam 
Naftule Whitney; cour- 
tesy of Nafco Gems, 
Scottsdale, Arizona. 


industry has so far been rather limited, and has 
involved analyzing the composition of jewelry 
metal alloys (e.g., Garcia-Ayuso et al., 2002) as well 
as Be-diffused corundum (Krzemnicki and Hanni, 
2004). 

The principle behind LIBS is the interaction of a 
laser with a sample to produce an optical emission 
spectrum that is specific to that sample. A pulsed 
laser focused onto a sample (solid, liquid, or gas) 
vaporizes a small portion for analysis. The super- 
heated, ablated material is transformed into a plas- 
ma, a form of matter in which the original chemical 
bonds of the substance are broken apart and the 
resulting atoms are converted into a mixture of neu- 
tral atoms, ions, and electrons. The atoms and ions 
within the expanding plasma lose some of their 
energy by emitting light, which produces a charac- 
teristic emission spectrum in the ultraviolet, visi- 
ble, and near-infrared spectral range. The spectrum 
is then recorded with a spectrometer. Due to com- 
plex plasma dynamics, LIBS does not yield quantita- 
tive data. By using reference standards of known 
composition, it is sometimes possible to calibrate 
the instrument to generate semiquantitative data, 
such as for Be in a corundum matrix (Krzemnicki 
and Hanni, 2004). 


MATERIALS AND METHODS 


In this study, we present data on 21 well-character- 
ized faceted natural sapphires and rubies, as well as 
three synthetic corundums (figures 2. and 3; table 2). 
Six of the natural corundums were Be-diffused 
(Be-1-Be-6). Fifteen of the natural samples were 
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Figure 2. These are some of the corundum samples 
that were analyzed by LIBS for this study. The faceted 
stones on the left are Be-diffused sapphires (Be-1 to 
Be-4). On the bottom right are samples that have been 
heated by traditional methods with no Be-diffusion 
(NBe-1, NBe-6, and NBe-14). In the background are a 
split boule of orange flame-fusion synthetic sapphire 
that was doped with Be (sample BeS-1) and a faceted 
flame-fusion synthetic ruby without Be (sample 
NBeS-1). Photo by M. S. Krzemnicki, © SSEF. 


not Be-diffused (NBe-1-NBe-15), but nine of them 
were heated by traditional methods. The natural 
samples were compared to a flame-fusion synthet- 
ic orange sapphire (BeS-1} that was doped with a 
minute amount of Be (2-3 ppm measured by LA- 
ICP-MS) to investigate the detection limit of our 
particular LIBS configuration. In addition, a flame- 
fusion synthetic ruby (NBeS-1) and a flame-fusion 
synthetic color-change sapphire (NBeS-2) were 


Figure 3. These are the additional non-Be-diffused nat- 
ural corundum samples that were analyzed for this 
study. From left to right, top row: NBe-9 (Umba, 
Tanzania), NBe-15 (Luc Yen, Vietnam), NBe-5 and 
NBe-3 (Sri Lanka), NBe-10 (Tunduru, Tanzania); and 
bottom row: NBe-8 and NBe-7 (Tanzania), NBe-13 
(Ilakaka, Madagascar), NBe-4 and NBe-2 (Sri Lanka), 
NBe-11 and NBe-12 (Tunduru, Tanzania). As expected, 
the LIBS analyses for all of these samples revealed no 
evidence of beryllium. Photo by H. A. Hanni, © SSEF. 
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analyzed to study possible peak interference by 
chromium and vanadium with the Be emission 
doublet at 313 nm in the LIBS spectra. 

All samples were chemically analyzed by 
EDXRF spectrometry, using a Tracor Spectrace 
5000 instrument, to determine semiquantitative 
concentrations of Ti, V, Cr, Fe, and Ga. Additional 
elements (such as Na, Mg, Si, Ca, Mn, Ni, Cu, and 
Zn) were typically below the EDXRF detection 
limit. As EDXRF spectrometry is not capable of 
analyzing light elements such as Be, only by using 
methods such as LIBS, LA-ICP-MS, or SIMS is it 
possible to detect them in corundum. We used LA- 
ICP-MS to obtain quantitative data on Be (and other 
trace elements) in all six Be-treated samples (Be- 
1-Be-6], in three of the stones treated by traditional 
heating (NBe-1, NBe-6, and NBe-14), and in the Be- 
doped synthetic sapphire (BeS-1), for comparison 
with the LIBS spectra. The LA-ICP-MS analyses 
were obtained using a pulsed Excimer ArF laser 
with a characteristic wavelength of 193 nm for sam- 
ple ablation, combined with special optics to 
homogenize the energy distribution across the laser 
beam (Gunther et al., 1997; now commercially 
available as the GeoLas system). The ICP-MS was a 
quadrupole instrument from PerkinElmer, the 
ELAN 6100. The size of the ablated laser pits was 
about 100 um in diameter and a few tens of 
micrometers deep. In contrast to many other com- 
mercially available LA-ICP mass spectrometers, 
this instrument is characterized by a perfectly flat 
laser beam geometry, which enables drilling of very 


TABLE 1. Characteristics of the SSEF GemLIBS system. 


Laser: Single-pulsed Nd:YAG laser 
Pulse duration 7 nanoseconds 


Wavelength 1064 nm 
Energy 100 millijoules 
Frequency 3 Hz 

Focus lens 35 mm 


Spectrometer: Ocean Optics LIBS2000+ 
Range 200-980 nm broadband spectrum 
Q-switch delay 2 microseconds 
Analysis Simultaneous, real-time 
Resolution 0.1 nm FWHM (full width at half maxium) 


Sample chamber 


Dimensions 17 x 22 x 14 cm (width x height x depth) 
Protection Laser safety plastic, 180° visibility 
Conditions Measured in air 


Sample holder Manual x-y-z sample stage 
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precise flat round laser holes. More details about 
this setup will be provided in an article on the appli- 
cation of LA-ICP-MS in gemology (M. S. Krzem- 
nicki et al., in preparation) 

The SSEF GemLIBS system used for the LIBS 
analyses consists of an Ocean Optics LIBS 2000+ 
instrument that was modified for gemological pur- 
poses with an x-y-z sample holder for precise tar- 
geting (see table 1 and figures 4 and 5). The sample 
was fixed to a glass plate with some Blu-Tack and 
positioned under the laser. The system uses a sin- 
gle-pulse 1064 nm Nd:YAG laser (pulse duration of 
7 nanoseconds with an energy of 100 millijoules 
[mJ]) from BigSky Quantel. A series of overlapping 
high-resolution fiber-optic spectrometers enables 
the simultaneous recording of emission spectra in 
the range 200-980 nm, in which the emission lines 


of all elements are found. The peak resolution (full 
width at half maximum [FWHM] is 0.1 nm. Thus, 
it is possible to detect emission lines that are very 
close to one another. 

Laser safety is an important consideration when 
performing LIBS analysis or other laser-based experi- 
ments (e.g., Raman and LA-ICP-MS). The laser ener- 
gy used for LIBS analysis is powerful, and reflection 
from gemstone facets may cause damage to the reti- 
na of the eye. The system comes with a transparent 
laser-protected sample chamber. LIBS analyses 
should only be carried out while the sample cham- 
ber is completely closed. 

In our study, numerous emission lines from 
elements of the corundum matrix (Al, Cr, Fe, V, 
Ti) and the atmosphere (O, N) were encountered. 
In accordance with Radziemski et al. (1983), Be 


TABLE 2. LIBS samples for this study on Be diffusion-treated corundum.? 


Weight LA-ICP-MS LIBS 
Sample Mineral Treatment (ct) Form Origin Be (ppm) Be detection 
Be-1 Purple sapphire Be diffusion 0.63 Faceted East Africa 34-49 Positive 
Be-2 Orange sapphire Be diffusion 1.26 Polished slab East Africa 5-21 Positive 
Be-3 Orange sapphire Be diffusion 1.00 Faceted East Africa 8-11 Positive 
Be-4 Orange sapphire Be diffusion 0.85 Faceted East Africa 8-10 Positive 
Be-5 Orange sapphire Be diffusion 0.98 Faceted East Africa 4-10 Positive 
Be-6 Yellow sapphire Be diffusion 0.97 Faceted Sri Lanka 9-11 Positive 
BeS-1 Synthetic orange sapphire? Be diffusion 242.17 Split boule Flame fusion 2-3 Positive 
(very low) 
NBeS-1 — Synthetic ruby one 5.47 Faceted Flame fusion na Negative 
NBeS-2 — Synthetic V-corundum None 2.64 Faceted Flame fusion na Negative 
NBe-1 Yellow sapphire Heated 1.51 Faceted Sri Lanka bdl Negative 
NBe-2 Yellow sapphire Heated 2.57 Faceted Sri Lanka na Negative 
NBe-3 Light yellow sapphire Heated 2.18 Faceted Sri Lanka na Negative 
NBe-4 Orangy pink sapphire® None 0.73 Faceted Sri Lanka na Negative 
NBe-5 Pink sapphire None 2.10 Faceted Sri Lanka na Negative 
NBe-6 Sapphire Heated 1.22 Faceted Sri Lanka bdl Negative 
NBe-7 Ruby None 0.60 Faceted Tanzania na Negative 
NBe-8 Light purple sapphire None 0.88 Faceted Tanzania (Umba) na Negative 
NBe-9 Slightly brownish None 1.53 Faceted Tanzania (Umba) na Negative 
pinkish orange sapphire 
NBe-10 Pink sapphire Heated 1.10 Faceted Tanzania (Tunduru) na Negative 
NBe-11 Pink sapphire Heated 1.27 Faceted Tanzania (Tunduru) na Negative 
NBe-12 — Light pink sapphire Heated 1.47 Faceted Tanzania (Tunduru) na Negative 
NBe-13 — Light pink sapphire Heated 2.15 Faceted Madagascar (llakaka) na Negative 
NBe-14 Ruby Heated 1.05 Faceted Kenya bdl Negative 
NBe-15 = Ruby None 2.40 Polished Vietnam (Luc Yen) na Negative 
fragment 


@ Abbreviations: bdl = below detection limit (0.3-0.8 ppm); na = not analyzed by LA-ICP-MS (only EDXRF), so Be was not quantified. 
» Analyses performed near the rim of the cleaved Be-doped synthetic orange sapphire. 
© Also referred to as the “padparadscha” variety of corundum. 
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Figure 4. The SSEF GemLIBS system consists of a 
sample chamber with an attached pulsed Nd:YAG 
laser, a series of high-resolution fiber-optic spectrom- 
eters, the laser power supply, and a computer for 
controlling the system and analyzing the spectra. 
Photo by H. A. Hanni, © SSEF. 


detection was based on the presence of the first- 
order ionic Be II doublet at 313.042 and 313.107 
nm (NIST database). Using our LIBS system, this 


SSEF GemLIBS System 


Pulsed 
Nd:YAG laser 
1064 nm 


Characteristic 


Laser-protected 
sample chamber 
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element emission 


doublet was not resolved but appeared as a single 
peak centered at 313.08 nm. A weaker Be emis- 
sion was found at 234.86 nm. However, this emis- 
sion was not used, since Fe from the corundum 
matrix may produce overlapping peaks. 

Repeated testing revealed that about 20 laser 
shots per LIBS analysis resulted in a high signal- 
to-background ratio for the Be emission at 313 
nm. Additional laser pulses only slightly 
increased this ratio. The method was further 
improved by focusing the laser slightly above the 
surface of the sample. We found that the delay 
after the laser pulse, which is when the character- 
istic optical emission of an element is analyzed, is 
also an important factor. Immediately after the 
laser pulse, the plasma emission is dominated by 
continuous light emission. Only after a certain 
delay can the characteristic optical emission of 
the elements be detected. However, different ele- 
ments may reveal maximum characteristic opti- 
cal emissions at different delays after the laser 


Figure 5. This 
schematic diagram 
shows the individual 
constituents of the 
SSEF GemLIBS 
system. 


Computer 


for spectral 
analysis 


Series of 
high- 
resolution 
spectrometers 
(200-980 nm) 
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pulse. We found that a delay of 2, micro- 
seconds was ideal for beryllium detec- 
tion in corundum. 

We performed extensive testing to minimize 
the possibility of laser-induced internal damage 
to the gem sample. We established that a laser 
energy of 100 mf is ideal for Be detection in a 
corundum matrix. At this energy, the laser abla- 
tion spot on the surface of the gemstone is mini- 
mized and internal damage is avoided. Higher 
energies (e.g., 150 or 200 mJ) may lead to damage, 
as part of the laser energy is transmitted through 
the sample, resulting in small disc-like tension 
cracks along the laser path. Note, too, that the 
analyzed spot should not be located close to a 
near-surface fracture or inclusion, as in rare cases 
this may cause a tiny tension crack. It is there- 
fore recommended that a gemologist examine the 
sample with a microscope before choosing the 
spot for LIBS analysis. 

With our optimized setup, the tiny laser spots 
on a sample’s surface have a diameter of less 
than 0.1 mm (100 pm) and a maximum depth of 
30-50 ym (figure 6). This is similar to the size of 
the laser holes generated by LA-ICP-MS. The 
LIBS laser spots may be detected by a close 
inspection of the sample with a 10x loupe, but 
they do not affect the overall appearance of the 
gemstone. As the vaporized portion of the sam- 
ple is redeposited around the hole after the 
breakdown of the plasma, a small iridescent zone 
may be visible around the LIBS spot (about 2 mm 
in diameter). It can be easily removed with a 
slight repolishing. By analyzing faceted samples 
on or near their girdle, the tiny laser spots are 
inconsequential. The girdle also is of interest 
because it is usually rather poorly repolished 
after treatment, thus offering a better possibility 
of finding minute areas that are filled with resid- 
ual Be-enriched flux material (Hanni and Pettke, 
2.002; Emmett et al.; 2003). For the detection of 
Be-diffusion treatment by LIBS, a maximum of 
two or three spots is chosen for analysis. 


00044711 


RESULTS 

The LIBS spectra were averaged from 20 individual 
laser pulses to obtain the best counting statistics 
over the whole broad-band range from 200 to 980 
nm (see, e.g., figure 7). The highest peaks in the 
ultraviolet to mid-visible spectral range are due to 
Al. The peaks in the upper spectral range (>600 nm) 
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Figure 6. Two LIBS laser spots are visible near the gir- 
dle of this yellow sapphire. A micrometer scale is 
shown for comparison. The diameter of these tiny 
laser spots is less than 0.1 mm, similar to that of the 
holes produced by LA-ICP-MS. They are hardly visible 
with 10x magnification, and are particularly incon- 
spicuous when located on or near the girdle (photo by 
H. A. Hanni, © SSEF). The SEM image in the inset 
shows a closer view of a LIBS laser hole, which in this 
case is about 0.03 mm deep (micrograph by M. 
Diiggelin, © SEM Laboratory, University of Basel, 
Switzerland). 


are mainly due to oxygen and some nitrogen from 
the atmosphere (air). 

Figure 8 compares the LIBS spectra of the Be 
diffusion-treated sapphires (Be-1-Be-6 and BeS-1) 
to those of two Be-free flame-fusion synthetic 


Figure 7. This LIBS spectrum of a purple Be-diffused 
sapphire (sample Be-1) shows the full spectral range 
between 200 and 980 nm. Numerous atomic and 
ionic emission lines are present, which may partially 
interfere with one another. The main peaks are due to 
aluminum. Emission due to beryllium produces a 
peak at approximately 313.08 nm. 
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A generation ago the diamond industry 
was a luxury trade. Today, of the world’s 
sales of rough, probably 15 to 30 per 
cent by value and over 80 per cent by 
weight is of industrial stones. This shift 
in sales has been succinctly summarized 
by my English friend, A. Tremayne, 
“from jewels to tools.” In 1919 we im- 
ported 25,000 carats of industrial dia- 
monds worth $39 a carat; in 1944 we 
imported (and used) 12,614,000 carats 
worth $1.81 per carat. 


Place in Industry 


There are three types of industrial 
diamonds and each has its own particular 
place in industry: 

First: Bort, a trade name for diamond 
crystals too badly flawed, too off-color, or 
too spotted to be used for jewelry; 

Second: Carbonado or black diamond, 
a porous but tough aggregate of exces~ 
sively small diamond crystals and impuri- 
ties; and 

Third: Ballas, a globular mass of dia- 
mond crystals radiating from a common 
center. 

The line dividing gem and industrial 
stones is indefinite and is moved to the 


O 


right or left, according to demand. Dur- 
ing the war, for example, many stones 
were used industrially that normally 
would have been cut for jewelery. Re- 
search during the war proved that many 
of the so-called lower quality stones per- 
form as well as the supposedly high 
quality stones. But some toolmakers are 
slow to change; inertia in industry can 
only be conquered by time. 


Relative Values 

Bort has as its virtues hardness and 
comparative cheapness (it is, however, 
worth from $2,500 to $14,500 a pound— 
five to 25 times the worth of gold) ; 
carbonado, extreme toughness; and ballas, 
both hardness and toughness. Bort is a 
by-product of all gem diamond mines and 
the main product of the rich B.C.K. mines 
in the Belgian Congo. Carbonado comes 
from Bahia, Brazil, and its production is 
small, only 20,000 to 30,000 carats a year 
—say, roughly, ten pounds. Ballas is 
even more rare, accounting for less than 
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corundum samples (NBeS-1 and NBeS-2). The 
dominant (and truncated) peaks at about 308 and 
309 nm are due to the Al in corundum. The spec- 
tra are shown without normalization of the Al II 
emission at 309.27 nm. Nevertheless, there is a 
distinct positive correlation between the height 
of the 313.08 nm Be peak and the beryllium con- 
centration as measured by LA-ICP-MS. At a low 
concentration of 2-3 ppm (BeS-1), the Be peak is 
very small. The LIBS analyses on this cleaved Be- 
doped synthetic sample were taken close to the 
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Figure 8. These LIBS 
spectra in the range of 
307-317 nm are of Be- 


With Be diffusion  — &*" treated sapphires (Be-1 
— Be-2 
ete to Be-6) and an orange 
— Be-s Be-doped flame-fusion 
o- ae synthetic sapphire (BeS- 
— BeS-1 1) shown in comparison 


— NBeS-1 


neces to the spectra of two Be- 


free flame-fusion syn- 
thetic samples (NBeS-1 
and NBeS-2). The 
— 313.08 nm Be peak is 
the basis for the detec- 
tion of Be-treated sap- 
Chromium doped phires. Fortunately, this 
Without Be diffusion peak does not exactly 
15 316 at overlap any of the 
numerous Cr and V 
peaks in that region. 


Vanadium doped 


LA-ICP-MS spots, near the rim. Based on the 
analysis of this sample, we estimate that the 
detection limit for Be in corundum is ~2 ppm 
with our LIBS system. 

At a much higher Be concentration (Be-1, 
34-49 ppm], the Be peak measured with LIBS was 
much stronger. The range of Be indicated for each 
sample in table 2 is based on several LA-ICP-MS 
analyses and reflects the inhomogeneity of these 
samples (especially sample Be-2, with concentra- 
tions ranging from 5 to 21 ppm Be). As each spec- 


Without Be diffusion 8° Figure 9. The LIBS spec- 
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— NBe-4 were either untreated 
—~ NBe-5 , 

a or heated by traditional 
— NBe-7 methods (NBe-1 to 
PEAS NBe-15) do not show Be 
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ee The dominant peaks at 
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— NBe-13 about 308 and 309 nm 
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trum in figure 8 represents a single LIBS spot, it 
reflects only the Be concentration at that particu- 
lar location. Consequently, to better characterize a 
sample with LIBS, it is often useful to analyze the 
stone in several places. 

The spectra of two beryllium-free synthetic sam- 
ples showed no Be peak at 313.08 nm, but they did 
show several peaks in the 310-314 nm region (fig- 
ure 8) that are due to chromium (NBeS-1) and vana- 
dium (NBeS-2). 

Figure 9 presents the LIBS spectra of all the 
corundum samples that were not subjected to Be- 
diffusion treatment. The spectra are quite uniform, 
and none shows a Be peak at 313.08 nm. Although 
the composition of these samples varied (especially 
Cr and V), there do not appear to be any distinct 
chromium or vanadium emissions in the spectral 
range of 307-317 nm. 


DISCUSSION 


Our investigations show that Be-diffused sapphires 
can be reliably detected by LIBS. In one sample 
(BeS-1}, our system was able to detect a Be con- 
centration as low as ~2-3 ppm. As discussed by 
Pisutha-Arnoud et al. (2004), very low Be concen- 
trations (on the order of 3 ppm) may result in the 
formation of a stable yellow (or brown, in Fe-free 
stones) color center in corundum, and this 
appears to be the case for the orange synthetic 
sapphire (BeS-1). 

The Be diffusion—treated natural sapphires (Be-1 
to Be-6) showed distinctly higher Be concentrations 
than the Be-doped synthetic sample. The levels of 
Be measured by LA-ICP-MS in these samples (4—49 
ppm Be) are consistent with those reported for Be- 
diffused sapphires in the literature (see, e.g., Hanni 
and Pettke, 2002; Emmett et al., 2003). All the LIBS 
spectra from these samples showed a moderate to 
distinct Be emission peak centered at 313.08 nm. 

A comparison of the Be-containing samples with 
the two untreated flame-fusion synthetics revealed 
no peak overlap at 313.08 nm from the corundum 
matrix. Chromium and vanadium peaks may be in 
the same range near 313 nm, as shown by the highly 
Cr- and V-doped synthetic samples (NBeS-1 and 
NBeS-2,; figure 8), but they do not exactly overlap 
with Be emission. Potentially overlapping emissions 
from other elements were not observed, their emis- 
sion intensity in the corundum matrix is too low to 
produce any interference with the Be emission at 
313 nm. 
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In the natural untreated or traditionally heated 
corundum samples (NBe-1 to NBe-15), no Be 
emission at 313 nm could be detected. This was 
expected since LA-ICP-MS data on three of the 
samples (NBe-1, NBe-6, NBe-14) showed that 
beryllium was below the detection limit (general- 
ly <0.3-0.8 ppm). 


CONCLUSIONS 

Our investigations using the modified Ocean 
Optics LIBS 2000+ system (SSEF GemLIBS) were 
successful in detecting Be-diffusion of corundum. 
Based on extensive research, we have developed an 
analytical technique for routine testing of faceted 
corundum for the presence of beryllium. 

Compared to other methods of Be detection, 
LIBS has several advantages. The sample prepara- 
tion is very simple (i.e., attaching the stone to a 
glass plate with Blu-Tack), and no vacuum is need- 
ed for analysis. The LIBS instrument is much less 
expensive than SIMS or LA-ICP-MS, and it also is 
easier to maintain. (As a general rule, a LIBS sys- 
tem costs US$20,000—-$90,000, whereas LA-ICP- 
MS ranges from $200,000 to $500,000 and SIMS 
may run from $750,000 to over $2,000,000.) When 
equipped with broad-band spectrometers, LIBS is 
capable of simultaneous multi-element detection 
(from low to high atomic weights). The detection 
limit for Be in corundum is quite low, at about 2 
ppm (depending on the experimental parameters). 
After calibration and validation of a specific LIBS 
system, Be detection in corundum can be done by 
knowledgeable lab personnel without extensive 
training. 

A disadvantage of LIBS is that it is slightly 
destructive. Even when it is properly used, the laser 
leaves small spots on the surface of the gemstone, 
similar to other Be detection methods such as LA- 
ICP-MS and SIMS. Also, the LIBS technique only 
yields qualitative to semiquantitative data, unlike 
the other two Be-detection techniques. 

This article describes the first systematic use of 
LIBS in gemology, that is, for the detection of Be- 
diffused sapphires. LIBS may also have some 
potential for determining the geographic origin of 
gemstones and identifying color modification in 
pearls and other gem materials, since this tech- 
nique can detect a full range of elements, even at 
trace levels. Moreover, its relatively low cost 
makes it a viable technique for many gemological 
laboratories. 
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Faceted APOPHYLLITE 
With “Crop Circles” 


Although apophyllite is found in 
beautiful transparent colorless to 
pale green tetragonal crystals of rela- 
tively good size, it is virtually un- 
heard of as a faceted gemstone. On 
the one hand, its perfect basal {001} 
cleavage makes it difficult to cut. On 
the other, as a hydrated silicate 
[(KCa,Si,O,.(O0H,F)*8H,O], apophyl- 
lite is also very susceptible to heat 
damage, so even the friction from 
grinding and polishing on a lap can 
generate enough heat to cause crack- 
ing. It was therefore of interest to doc- 
ument gemologically the 6.28 ct near- 
colorless oval modified brilliant cut 
(13.11 x 11.48 x 9.31 mm) apophyllite 


Figure 1. This 6.28 ct stone—from 
Poona, India—is the first faceted 
apophyllite we have encountered 
in the laboratory. Note the slight 
iridescence visible beneath the 
table facet. 
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shown in figure 1, the first faceted 
apophyllite we have seen in the labo- 
ratory. The gem, from Poona, India (a 
locality famous for apophyllite), was 
provided for examination by interna- 
tionally known Scottish gemologist 
Alan Hodgkinson. 

True to its nature, this faceted 
apophylilite had a relatively large 
cleavage open to the surface (again, 
see figure 1), which was clearly visi- 
ble through the table facet. The 
cleavage was oriented in a plane 
slightly off parallel to the table, an 
alignment that was probably inten- 
tional. Had the planes of the table 
and the cleavage been parallel, it 
would have been virtually impossible 
to get a good polish on the table facet. 

Gemological identification was 
relatively straightforward, with only 
standard instruments needed. When 
the stone was examined through the 
table facet, a uniaxial optic figure 
was Clearly visible in polarized light. 
The refractive index was recorded 
as n, = 1.531 and n, = 1.534 in 
monochromatic near-sodium equiva- 
lent light, with a corresponding bire- 
fringence of 0.003. The stone was 
inert to both long- and short-wave 
ultraviolet radiation, and the hydro- 
static specific gravity was 2.38. 

As seen in figure 2, the most strik- 
ing feature of this gem was the condi- 
tion of its internal cleavage surfaces 
when viewed with magnification. 
Rather than being more or less “feath- 
ery” in appearance, as is common on 
fresh cleavage surfaces, this particular 
cleavage was relatively smooth. It 
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Figure 2. With 15x magnification, 
the apophyllite’s perfect basal 
{001} cleavage shows a pleasing 
“crop circle” geometry colored by 
bright interference colors. 


showed distinctive rectangular, circu- 
lar, and square patterns, with some 
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squares being contained in the centers 
of the circles. This was somewhat 
reminiscent of the infamous and rela- 
tively controversial “crop circles” that 
have been found in some farm fields. 
From the overall appearance of the 
inner walls of the cleavage, we suspect 
that the interesting geometric forms 
were the result of regrowth, rather 
than post-growth etching. 

John I. Koivula and Maha Tannous 


DIAMOND 
Luminescent “Hopper” Diamond 


The vast majority of the diamonds 
graded by the GIA Gem Laboratory are 
polished goods, so we enjoy the oppor- 
tunity to examine natural diamond 
crystals that exhibit attractive colors 
or shapes, as well as other features. 
Such crystals are “gems” in their own 
right, and because of their intriguing 
beauty they often remain in their natu- 
ral state, uncut. It was therefore with 
interest that we recently examined a 
2.03 ct transparent, near-colorless dia- 
mond cube that showed significant 
hopper growth (that is, where the faces 
have grown more at the edges and cor- 
ners than in the center) and etching, 
with the center of each of the cube 
faces depressed and the edges and cor- 
ners extended (figure 3). 

The crystal, which measured 5.90 
x 5.72 x 5.67 mm, was purchased in 
Antwerp by Chris Amo of CEO 


Figure 3. Note the cavernous 
appearance seen on the faces of this 
2.08 ct “hopper” diamond crystal. 
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Figure 4. When viewed directly 
toward a corner, this 2.03 ct 
etched diamond cube showed an 
obvious stellate form that was fur- 
ther accentuated by the strong yel- 
low fluorescence to long-wave UV. 


Enterprises, Amherst, New York. He 
spotted it at a diamond cutting factory 
as it was being checked for UV lumi- 
nescence. The crystal stood out 
immediately because of its bright yel- 
low fluorescence to long-wave UV 
radiation, and the fact it looked like a 
glowing star when viewed in a direc- 
tion toward a corner point (figure 4). 
After purchasing the crystal, which 
was in a parcel of rough diamonds 
reportedly from the Democratic 
Republic of the Congo, Mr. Amo sold 
it to gem and mineral collector 
William W. Pinch of Rochester, New 
York, who in turn provided it to the 
laboratory for examination. 

Strain was visible in the diamond 
crystal when it was examined with 
magnification between crossed polar- 
izers; the strain colors served to high- 
light the cubic etch figures and other 
surface contours (figure 5) visible on 
all the crystal’s faces. Using the deep 
UV radiation of the Diamond Trading 
Company (DTC) DiamondView, we 
did not observe any growth zoning. 
Fourier-transform infrared (FTIR) spec- 
trometry showed that the crystal was 
a type IaA, with significant amounts 
of both nitrogen and hydrogen. 

It is not often that we see a crystal, 
such as this diamond from the Congo, 
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Figure 5. Viewed between crossed 
polarizers with 10x magnification, 
intense strain colors in the 2.03 ct 
diamond highlight the cubic etch 
pits and related surface contours. 


that possesses all the attributes (beau- 

ty, durability, and rarity) required of a 

gem, as well as distinctive fluores- 
cence and surface features. 

John I. Koivula, Maha Tannous, 

and Christopher M. Breeding 


“Magnetic” Natural Pink Diamond 


One interesting feature of some syn- 
thetic diamonds is their attraction to a 
simple magnet. (Strictly speaking, dia- 
monds do not possess any magnetism.) 
This apparent “magnetism” is due to 
the existence of metallic inclusions— 
usually the flux materials, such as Fe, 
Ni, or Co, used in the growth process. 
While magnetism is a very good indi- 
cation that a diamond is synthetic, 
some rare exceptions do exist. 
Recently, a 0.12 ct Fancy Intense 
purplish pink diamond (figure 6) sub- 
mitted to the West Coast laboratory 
demonstrated apparent magnetism 
(figure 7). In addition to pink graining, 
magnification revealed several inclu- 
sions, among them “feathers” and 
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Figure 6. This 0.12 ct Fancy 
Intense purplish pink natural dia- 
mond demonstrated apparent 
magnetism. 


dark features, a few of which reached 
the surface. Some of these features 
had a platy habit, while others were 
irregular in shape. The diamond also 
had several cavities on the girdle and 
pavilion facets that were filled with a 
dark material. It had a few cloud-like 
patches of pinpoint inclusions, but 
their appearance was different from 
the clouds we have seen in synthetic 
diamonds. When observed with a 


Figure 8. In this fluorescence 
image recorded with the DTC 
DiamondView, the cross-shaped 
zoning pattern typical of most 
synthetic diamonds is absent. 
The residue-filled surface cavities 
can be seen along the girdle on 
the left side of the diamond. 
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Figure 7. Because of iron-contain- 
ing residue in surface cavities, 
this diamond could be suspended 
when touched by a magnet. 


desk-model spectroscope, the dia- 
mond showed only a 415 nm “Cape” 
line. It fluoresced blue to standard 
long-wave UV radiation, and yellow 
and blue to short-wave UV. When 
examined with the DTC Diamond- 
View fluorescence imaging system 
(figure 8), it did not show the cross- 
shaped zoning typically seen in most 
synthetic diamonds. Last, no bands 
that could be attributed to Ni or other 
flux metals were observed in the pho- 
toluminescence spectrum. On the 
basis of these results, we concluded 
that the diamond was natural. 


Figure 9. This photomicrograph 
shows the residue-filled surface 
cavities along the girdle of the 
diamond. Chemical analysis by 
EDXRF revealed the presence of 
Fe and Ca in the residue. 
Magnified 60x. 
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When a magnet was brought close 
to the diamond, however, it attracted 
the dark material that was exposed in 
cavities along the girdle (figure 9). 
When we analyzed this dark material 
using energy-dispersive X-ray fluores- 
cence (EDXRF) spectroscopy, we 
found Fe and Ca to be the major com- 
ponents. We studied the exposed dark 
material further using Raman spec- 
troscopy and found features that could 
be attributed to hematite, limonite 
(rust), and diamond. We concluded 
that this dark material was residue 
from the manufacturing process. 
Metallic fragments within the residue 
caused the magnetic behavior of this 
sample, while oxidation of the iron 
fragments generated the hematite and 
limonite peaks observed in the Raman 
spectra. We attempted to analyze the 
dark inclusions in the diamond with 
Raman spectroscopy, but the spectra 
did not reveal any recognizable fea- 
tures. Raman analyses of some of 
these inclusions where they reached 
the surface produced spectra similar to 
the spectrum of the dark material in 
the cavities, but this also may be from 
residue covering those inclusions. 

The magnetic response of this natu- 
ral diamond was similar in intensity to 
what we have seen in synthetic dia- 
monds with metallic inclusions. 
Cleaning the diamond with acid would 
presumably dissolve this residue, and 
thereby render the diamond “nonmag- 
netic.” Attraction to a magnet remains 
a useful way to check for synthetic dia- 
monds, but as with other gem testing 
methods, this should not be the sole 
identification criterion. 

Andy H. Shen and James E. Shigley 


Diamond with Many 

Microscopic Carbonate Inclusions 
Mineral and fluid inclusions in dia- 
mond have been studied extensively, 
because of the unique information 
they offer about diamond formation 
and the geochemistry of the Earth’s 
mantle. Carbonate, phosphate, and 
water inclusions of microscopic scale 
also have been reported in the coatings 
on many of those natural diamonds 
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Figure 10. This 2.38 ct Fancy 
Dark brown-greenish yellow dia- 
mond contains numerous micro- 
scopic carbonate inclusions. 


that have a translucent outside “skin” 
and a transparent gem-quality core 
(see, e.g., O. Navon et al., “Mantle- 
derived fluids in diamond micro-inclu- 
sions,” Nature, Vol. 335, 1988, pp. 
784-789). Ranging up to 1 mm thick, 
these coatings generally are removed 
by the cutting and polishing process, 
although coatings on some (usually 


Figure 11. Micro-inclusions occur 
throughout the 2.38 ct diamond, 
and relatively large particles are 
aligned to form many nearly par- 
allel bands. Width of the image 
is 3.2 mm. 


very small) cuboid opaque diamonds 
could extend to the central part of the 
crystals. The East Coast laboratory 
recently examined a faceted diamond 
(figure 10) that had dense microscopic 
carbonate inclusions similar to those 
found in such coatings; however, the 
micro-inclusions occurred throughout 
the entire stone, with relatively large 
particles aligned in many nearly paral- 
lel bands (figure 11). These inclusions 


Figure 12. The IR absorption spectrum of this unusual diamond revealed 
the presence of calcite and dolomite-ankerite (i.e., features at 1471-1438, 
874, and 729 cm"). The absorption at 3698 cm~ is rarely observed in dia- 
mond or its inclusions; its assignment is unclear. 
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also showed some interesting features 
in their composition. 

The 2.38 ct round brilliant cut 
(8.63 x 8.66 x 5.27 mm) was color 
graded Fancy Dark brown-greenish 
yellow, and its clarity was at the bot- 
tom of the GIA clarity grading scale. 
Indeed, it was translucent due to the 
micro-inclusions. No transparent 
region was observed even with mag- 
nification. Infrared absorption spec- 
troscopy showed that the diamond 
was a type IaA, with very low nitro- 
gen but relatively high hydrogen con- 
centrations (figure 12). Strong absorp- 
tions at 1471-1433 and 874 cm", and 
a weak but sharp absorption at 729 
cm-!, from micro-inclusions of calcite 
and dolomite-ankerite were detected. 
These features are similar to those 
observed for micro-inclusions in dia- 
mond coatings. However, a strong 
and sharp peak at 3698 cm~! also was 
observed, which is not present in 
coatings and rarely occurs in dia- 
mond. Another unusual feature of 
this diamond was that no water com- 
ponent was detected. Water is very 
common in diamond coatings, and 
the absence of water and the relative- 
ly large size of this diamond indicate 
that it crystallized in a stable carbon- 
ate-rich and water-poor environment. 

Despite the low clarity, this dia- 
mond was of interest due to the 
numerous micro-carbonate inclusions 
and their uniform arrangement. 

Wuyi Wang and TMM 


Unusual Near-Colorless 
SYNTHETIC DIAMOND 


Recently, a 0.32 ct near-colorless 
round brilliant was submitted to the 
West Coast laboratory for a Diamond 
Dossier report. Gemological examina- 
tion of the inclusions and spectroscop- 
ic analysis suggested that this was not 
a typical diamond. Further testing 
with the DTC DiamondView instru- 
ment strongly indicated that the dia- 
mond was, in fact, a synthetic. 
Although GIA does not provide color 
or clarity grading services for synthetic 
diamonds, had this been a natural 
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stone it would have been equivalent 
to the VS range in clarity, with only a 
few small inclusions in the crown, 
and approximately I color. 

It is extraordinary to encounter 
such a high-quality near-colorless syn- 
thetic diamond in the marketplace, 
because this material is extremely dif- 
ficult to grow by conventional high 
pressure/high temperature processes. 
Considerable effort and expense must 
be undertaken to prevent nitrogen 
(which causes yellow in diamonds) 
from being incorporated during dia- 
mond growth. Furthermore, the pro- 
cesses required to limit nitrogen 
almost always result in abundant, 
readily visible inclusions. 

Previous researchers have de- 
scribed experimental synthetic dia- 
monds from De Beers and General 
Electric Co. that showed properties 
similar to this sample (see, e.g., J. E. 
Shigley et al., “Gemological properties 
of near-colorless synthetic diamonds,” 
Spring 1997 Gems # Gemology, pp. 
42-53). Because of the rarity of this 
type of near-colorless synthetic dia- 
mond, a full description of its proper- 
ties is presented here. 

Microscopic examination revealed 
opaque metallic-appearing inclusions, 
pinpoint inclusions, and a number of 
very thin, translucent, parallelogram- 
shaped platelets that appeared gray- 
blue to brown and transparent in 
transmitted light (figure 13). Similar 
inclusions were described by Shigley 
et al.; however, those platelets were 
triangular. When viewed between 
crossed polarizing filters, anomalous 
birefringence (“strain”) was observed 
to be associated with the platelets; 
but the cross-hatched, or “tatami,” 
strain typical of natural type Ila dia- 
monds was absent. A cloud of very 
fine pinpoint inclusions, similar to 
those often seen in synthetic dia- 
monds, was evenly distributed 
throughout the sample, although it 
was not dense enough to have a sig- 
nificant effect on clarity. The opaque 
inclusions in this synthetic diamond 
appeared as fine black rods, needles, 
or sub-rounded particles in transmit- 
ted light. Several of these reached the 
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Figure 13. This 0.32 ct near-colorless 
synthetic diamond, submitted to 
the lab for a grading report, revealed 
opaque metallic-appearing inclu- 
sions, “pinpoints,” and numerous 
parallelogram-shaped platelets. 
Reflected light, magnified 35x. 


surface and appeared metallic and 
“gold” colored in reflected light. The 
opaque inclusions were not attracted 


to a magnet, and Raman spectroscopy 
suggested that they consisted of non- 
diamond, carbon-rich material. 

All known colorless and neatr-col- 
orless synthetic diamonds are type Ila; 
that is, they are effectively nitrogen- 
free. While spectroscopic analysis 
usually indicates that natural type Ia 
diamonds do contain very small 
amounts of nitrogen, absorption and 
photoluminescence spectra showed 
no evidence of nitrogen in this sam- 
ple. However, the mid-infrared 
absorption spectrum displayed a fea- 
ture at 2803 cm~!, which indicates the 
presence of small amounts of boron 
(figure 14). Consistent with this find- 
ing, the sample was electrically con- 
ductive in a few directions. 

When examined with long-wave 
UV radiation, the synthetic diamond 
was inert and showed no phosphores- 
cence. The short-wave reaction was 
an unevenly distributed weak yellow- 
ish green, with a weak to moderate 
greenish phosphorescence that lasted 
more than one minute. Cathodo- 
luminescence and DiamondView 


Figure 14. The mid-infrared absorption spectrum of this synthetic dia- 
mond indicates the presence of small amounts of boron, as demonstrated 
by the feature at 2803 cm~. As would be expected, the synthetic diamond 
was electrically conductive in some directions. 
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Figure 15. Cathodoluminescence (left) and DTC DiamondView (right) 
testing of the near-colorless synthetic diamond showed the cuboctahedral 
growth pattern and strong blue phosphorescence typical of synthetics. 


reactions were pale blue and uneven, 
with a cuboctahedral growth pattern 
(ie., square and cross-shaped zones) as 
well as strong blue phosphorescence, 
both of which are typical of synthetic 
diamonds (figure 15). 

Although the rarity of high-quali- 
ty colorless synthetic diamonds 
makes it easy to believe that one will 
not encounter such material in the 
trade, this sample serves as a strong 
reminder that these diamonds do 
exist and can be difficult for gemolo- 
gists to identify without very careful 
examination of inclusions and fluo- 
rescence reactions. 

Kimberly M. Rockwell 


Orangy Brown IOLITE 
From Madagascar 


A 4.45 ct transparent orangy brown 
oval modified brilliant was recently 
submitted to the West Coast laborato- 
ry for identification (figure 16) by 
Mark Kaufman of Kaufman Enter- 
prises, San Diego, California. Gemo- 
logical testing revealed that it was 
biaxial with R.I.’s of 1.532-1.541 
(birefringence 0.009) and an S.G. of 
2.57 (determined hydrostatically). It 
did not fluoresce to either long- or 
short-wave UV radiation and had only 
a weak-to-medium absorption band 
centered at 490 nm. The stone was 
represented as iolite from Mada- 
gascar, and the properties we recorded 
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were consistent with those previously 
reported in the literature for this gem 
(see R. Webster, Gems, 5th ed., rev. by 
P. G. Read, Butterworth-Heinemann, 
Oxford, 1994, pp. 345-346). Due to its 
unusual color, we decided to perform 
Raman analysis, which confirmed 
that it was indeed iolite. Microscopic 
examination of the stone revealed 
fractures, iridescent dust-like particles 
throughout, “fingerprints,” short nee- 
dles, and spotty orange-brown color 
concentrations, along with unusual 
“roiled” growth zoning. 

Most in the trade are familiar with 
the gem iolite (also known as 
cordierite) and its typical, attractive 
violetish blue color. It usually has 
strong pleochroism, consisting of deep 


Figure 16. This 4.45 ct orangy 
brown stone proved to be iolite. 
The color is very unusual for iolite, 
which is typically violetish blue. 
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violetish blue and near-colorless to 
light yellow-brown colors that can be 
observed without the aid of a polariz- 
ing filter (see Spring 2001 Gem News 
International, pp. 69-70). The iolite 
reported here also displayed fairly 
strong pleochroism, but the strengths 
of the individual colors were reversed. 
Whereas the violetish blue pleochroic 
color is typically the strongest in 
iolite, this orangy brown iolite’s domi- 
nant pleochroic color was yellow- 
orange. It did have a grayish violet 
pleochroic component, but this was 
quite a bit weaker than the yellow- 
orange, so much so that it was not 
easily visible with the unaided eye. 

In researching this material, we 
found very few references that listed 
brown as a possible color for iolite, 
and even the ones we found stated 
that this color was rare. None of the 
gemologists in the West Coast lab had 
previously seen an iolite of this color. 

Elizabeth P. Quinn 


Flashing LABRADORITE 


Labradorite is a relatively common 
member of the feldspar group. It is so 
common, in fact, that large polished 
slabs of rock containing labradores- 
cent phenocrysts of this mineral are 
used in the building and construction 
industries for walls and countertops. 
Like all gem materials, however, 
there is a very limited supply of fine- 
quality labradorite suitable for gem 
and jewelry applications. 

The West Coast laboratory recent- 
ly examined two well-polished 
labradorite gems, said to be from 
India, that were sent to us by lapidary 
Leon M. Agee of Deer Park, Washing- 
ton. These stones displayed very 
attractive and dramatic banded 
labradorescence, which seemed to 
flash as the stones and/or overhead 
light source were moved back and 
forth in a direction perpendicular to 
the obvious lamellar twin structure. 

The larger of the two stones was 
an 85.58 ct polished trapezoidal piece 
that measured 40.15 x 28.16 x 8.61 
mm, while the other was a 34.98 ct 
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Figure 17. Accented by their characteristic labradorescent colors, these 
two phenomenal labradorites, weighing 85.58 and 34.98 ct, show distinct 
lamellar twinning. The cabochon also displays chatoyancy. 


oval cabochon measuring 33.09 x 
14.30 x 6.17 mm. As shown in figure 
17, the labradorescence presented 
itself in relatively typical intense-to- 
muted shades of blue, green, and yel- 
low. In addition to the labradorescent 
flash shown by both stones, the cabo- 
chon displayed a blue chatoyant band 
(also seen in figure 17), which seemed 
to be independent of the shift in color 
of the lamellar twin layers. 

The labradorescent shift was par- 


ticularly interesting when viewed 
with low magnification. As seen in 
figure 18 (left), almost the entire sur- 
face area displayed labradorescent 
interference colors; only a few thin 
bands appeared dark. When the light 
position was shifted 90° across the 
stone (figure 18, right), the broad col- 
ored areas went dark, while the once- 
dark thin twin layers showed bright 
labradorescence. 

John I. Koivula and Maha Tannous 


Figure 18. When examined with low (5x) magnification, almost the entire 
imaged surface of the trapezoidal labradorite displayed interference col- 
ors, with only a few thin twin bands remaining dark (left). When the inci- 
dent light was shifted 90° (right), the thin twin layers showed labradores- 
cence, while the rest of the stone went dark. 
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Natural Saltwater Mussel PEARLS 


Nacreous saltwater pearls almost 
invariably originate from oysters (e.g., 
Pinctada sp. and Pteria sterna) or one 
of several species of abalone. Although 
there are some attractive non-nacreous 
“pearls” that originate from various 
mollusks (conch, melo melo, scallop, 
clam, etc.), it is rare to see attractive, 
colorful nacreous pearls from such an 
ordinary bivalve as a common saltwa- 
ter mussel. The West Coast laboratory 
recently had the opportunity to exam- 
ine two such natural pearls. The first 
was a 22.77 ct grayish purple and white 
baroque-shape pearl (figure 19) submit- 
ted by Jeremy Norris of Oasis Pearl in 
Albion, California. Mr. Norris report- 
ed that the pearl was recovered from 
the Pacific Coast of Baja California, 
Mexico. He also provided a shell of the 
saltwater mussel species from which 
he thought the pearl originated (again, 
see figure 19). Comparison to photos 
of various saltwater mussels and con- 
sultations with malacological experts 
indicated that the shell was that of 
Mytilus californianus, the California 
mussel (2004 pers. comms. from, e.g., 
Paul Valentich-Scott, Curator of Mala- 
cology, Santa Barbara Museum of 
Natural History). 

The first task was to determine 
whether the specimen was a true 
nacreous pearl. This was readily 
proved by examination with magnifi- 
cation, which revealed a nacre platelet 
structure. However, the appearance of 
the overlapped “suture lines” (figure 
20) differed from that seen in an oyster 
pearl, suggesting that it was from 
another type of mollusk. 

X-radiography revealed a struc- 
ture that was typical of natural 
pearls. Long-wave UV fluorescence 
was very weak dark brown to inert, 
mottled with weak light yellow and 
moderate to strong whitish areas that 
corresponded to the white areas on 
the pearl. 

The pearl did not fluoresce to X- 
rays, which is typical for dark-colored 
pearls regardless of their freshwater or 
saltwater origin. EDXRF analysis, 
however, confirmed the absence of 
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one-twentieth of one per cent of ‘the 
world’s production. 


Crushing bort retails at about $2.00 
a carat; small, good quality bort at from 
$5 to $10 a carat; and carbonado and 
ballas, according to size, respectively, 
from $20 to $80 and $20 to $100 a carat 
About 15 years ago Brazilian brokers 
cornered the carbonado supply and ran 
the price up to $185 a carat. Until then, 
ali diamond drill bits—one of the larger 
commercial outlets—were set with large 
carbonados. An industrial diamond firm 
with vision set a bit with a large number 
of small borts; two results, carbonados 
lost their most important outlet and dia- 
mond drilling costs were halved and its 
speed doubled. 


Industrial Diamond Consumption 


The principal consumption of industrial 
diamonds is as follows: diamond impreg- 
nated wheels, drill bits, diamond set tools, 
and diamond dies. 


The consumption of industrial dia- 
monds dropped markedly shortly after 
V-J Day by weight—less so by value— 
but its future is brighter than that of 
many other commodities. For, during the 
war, thousands of plant foremen aand tens 
of thousands of artisans learned that, by 
the use of the diamond, closer tolerances 
could be obtained, the expense of grinding 
and shaping the hardest steel could be 
reduced greatly, and the time consumed 
cut to a fifth. 


The diamond drill is the mining in- 
dustry’s most important tool for prospect- 
ing and developing new ore bodies of gold 
or base metals, and in recent years much 
ore has been broken underground by a 
new mining technique called blast-hole 
drilling. The drill is also used by civil en- 
gineers in locating dams, reservoirs, and 
water tunnels. Basically, however, it is 
the rifle with which the mining engineer 
hunts and gets ore bodies. While the drill 


44 


was a Swiss invention of some 80 years 
ago, American engineers, in the seventies 
of the last century, first applied it to 
mining. Most improvements in both drill 
and bits have been by American engineers 
and industrialists. 


The Diamond Drill 


The drill consists of an engine which 
rotates, at great speed, a string of hollow 
steel rods cooled by water forced into 
the hole. Screwed onto the bottom rod is 
a bit, which may be one of several shapes. 
Commonly, however, it is ring-shaped, 
about two inches long and from one to 
two and one-half inches in diameter. The 
bit is of steel or some other tough alloy, 
in which are mechanically set 70 or 80 
small borts, the cutting agents. 


Special bits may contain as many as 
2,000 diamonds, a useful, if not partic- 
ularly beautiful, crown. Up to 15 years 
ago, bits set with from eight to 10 rela- 
tively large carbonados cost up to $5,000 
each. Today, bits are obtainable for as 
little as $50. In consequence, we engi- 
neers today are, where the ground is 
treacherous, less cautious than we once 
were. The drill cuts a cylinder of rock, its 
diameter being that of the inner diameter 
of the bit. As drilling progresses, the 
core of the rock is forced up into the 
hollow rods. At regular intervals the 
rods are pulled and a sample of the rock 
traversed is recovered. The deepest hole 
ever drilled, one in South Africa, is a 
little over two miles (10,715 feet) long. 


Two rather unusual instances of the 
use of the diamond drill may be cited. 
Ten years ago three men were trapped 
by a rock cave-in between them and the 
tunnel portal of the Moose River Gold 
Mine in Canada. A vertical drill hole 
was sunk to the chamber where the men 
were, and liquid food furnished them 
nutrition until miners could repair the 
tunnel and rescue them. Some years ago, 
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Figure 19. This attractive grayish purple pearl (18.35 x 16.30 x 10.85 mm) 
is shown with a saltwater mussel shell from Mytilus californianus (the 
California mussel). Both were recovered from the Pacific Coast of Baja 


California, Mexico. 


Mn, which proved the pearl was of 
saltwater origin. 

With the saltwater mussel shell 
available, we decided to obtain UV- 
Vis and Raman spectra for both the 
pearl and the shell to see if there was 
a close correlation between the two. 
In fact, the UV-Vis reflectance spectra 
proved to be very similar, with a 
transmission maximum centered 
around 600 nm that would contribute 
to the reddish modifying component 


Figure 20. The suture lines of this 
mussel pearl are notably different 
from those of saltwater oyster 
pearls, with a textured zone along 
the leading edge that causes them 
to appear coarser and more 
broadly defined. Magnified 25x. 
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in the color of the pearl. Likewise, the 
Raman spectra for the pearl and the 
shell were nearly identical, with two 
distinct peaks at approximately 1094 
and 1482 cm™! that are consistent 
with the presence of carotenes. 

These matching spectra would 
suggest that the pearl originated from 


this, or a closely related, type of mol- 
lusk. However, since it could not be 
confirmed that the pearl was pro- 
duced by the type of mussel whose 
shell was provided, Mr. Norris sent us 
another darker, but very similar, 3.82 
ct grayish purple mussel pearl with an 
accompanying shell that a local fish- 
erman stated was the same as the 
host of that pearl (figure 21). Mr. 
Norris reported that these items also 
were recovered from the Pacific Coast 
of Baja California, where they are 
found in intertidal, estuary, and man- 
grove areas. Although the interior of 
the M. californianus shell contained a 
small patch of highly iridescent nacre 
toward its outer edge (again, see figure 
19), the color of this area and the dark 
violet pigments in the colored part of 
the shell interior did not closely 
resemble that of the pearl’s nacre. The 
second saltwater mussel shell, how- 
ever, was smaller, slightly different 
from the first, and had an interior 
mother-of-pearl surface with a reddish 
purple color that closely matched that 
of the two pearls (again, see figure 21). 
Experts agreed that the smaller shell 
was that of Modiolus capax (e.g., P. 
Valentich-Scott, pers. comm., 2004). 
M. capax, the fat-horse mussel, has a 


Figure 21. This smaller, darker grayish purple pearl (10.15 x 9.15 x 5.75 
mm) rests on the shell of the saltwater mussel Modiolus capax (also found 
in Mexico), which has an interior surface that more closely matches the 
appearance of both this pearl and the one in figure 19. 
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reddish shell, a nacreous interior, and 
grows up to approximately 14 cm in 
length, a size capable of producing the 
large pearl shown in figure 19. Like 
M. californianus, it is also of the fami- 
ly Mytilidae. 

UV-Vis and Raman spectra were 
collected for the second pearl and 
shell specimens to compare with the 
first. The UV-Vis reflectance spectra 
were all very similar to each other, 
and the Raman spectra were all near- 
ly identical, with the same carotene 
absorption peaks. The Raman spectra 
also matched those for another com- 
mon North American saltwater mus- 
sel that was found in Carlsbad, 
California, most likely a Mytilus gal- 
loprovincialis (European blue mussel 
or bay mussel). The similarities 
among these Raman spectra are in 
contrast to the distinct differences 
from those for a pink conch pearl, 
which had a CaCO, peak at 1085 cm! 
and carotene peaks at 1124 and 1512 
cm~!, as well as from those of several 
purple to pink freshwater pearls, 
which had a 1084 cm™! CaCO, peak 
and carotene peaks at 1130 and 1523 
cm-!. The similarity in the data 
between the purple saltwater pearls 
and their accompanying mussel 
shells, along with the dissimilarity to 
data collected from more disparate 
species, strongly indicated that the 
purple pearls originated from one of a 
group of closely related mussels, 
probably of the Mytilidae family, and 
quite possibly from genus Modiolus. 

CYW and Shane Elen 


Treated-Color “Golden” South Sea 
CULTURED PEARLS 


Determining the origin of color for 
“golden” South Sea cultured pearls 
has been an increasingly important 
challenge in recent years. The growing 
demand for these cultured pearls, for 
which natural-color supplies are limit- 
ed, has led to a greater variety of treat- 
ed-color products in the marketplace. 
Two recent GWG articles by S. 
Elen addressed the identification of 
treated-color “golden” South Sea 
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Figure 22. These three strands of drop-shaped “golden” South Sea cultured 
pearls proved to be treated color. 


pearls (“Spectral reflectance and fluo- 
rescence characteristics of natural- 
color and heat-treated ‘golden’ South 
Sea cultured pearls,” Summer 2001, 
pp. 114-123; “Update on the identifi- 
cation of treated ‘golden’ South Sea 
cultured pearls,” Summer 2002, pp. 
156-159). The 2001 article showed 
that the natural-color cultured pearls 
exhibit a broad absorption feature 
from 330 to 460 nm, which is the 
combination of two individual 
absorption features: 330-385 nm and 
385-460 nm. The treated-color 
“golden” South Sea cultured pearls 
examined had UV-visible absorption 
features in the 330-385 nm region 
that were consistently weaker than 
those of their natural-color counter- 
parts. Some—but not all—of the 
treated-color samples also exhibited 
color concentrations in nacre defects 
and/or around the drill holes. 

The East Coast laboratory recently 
examined three strands containing a 
total of 87 drop-shaped “golden” 
South Sea cultured pearls (as indicated 
by X-radiography) ranging from 18.15 
x 15.55 x 14.90 mm to 13.50 x 12.45 x 
12.10 mm. The overall color was an 
unnatural orangy yellow with an 
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unusual pinkish cast evident in some 
lighting conditions (figure 22). With 
10x magnification, all these cultured 
pearls showed a slightly mottled nacre 
with small raised spots and patches. 
They also exhibited visible signs of 
dye, including an unevenly distributed 
color accompanied by small concen- 
trations of a deep red dye. Some of the 
dyed areas were dendritic in shape, 
whereas others were visible below the 
surface, indicating the cultured pearls 
were dyed after drilling. 

Reflectance spectra were collect- 
ed for all 87 of the cultured pearls 
(figure 23). We then compared the 
reflectance spectra of these treated- 
color samples to the spectrum of a 
natural-color cultured pearl shown in 
Elen (2001, figure 8). The natural- 
color spectrum exhibited the charac- 
teristic broad absorption from 330 to 
460 nm, with stronger absorption in 
the UV (330-385 nm) than in the 
blue (385-460 nm). The treated-color 
cultured pearls showed increased 
absorption (i.e., lower reflectance) at 
~305 nm, in contrast to the well- 
defined reflectance feature in natural- 
color cultured pearls. A very weak 
~345 nm absorption and a 415-430 
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Figure 23. The South Sea cultured pearls in this study exhibited absorp- 
tion features at ~345 and 415-430 nm that previously were reported in 
treated-color cultured pearls. The absence of a 305 nm reflectance feature 
is also consistent with treatment; natural-color cultured pearls show a 
well-defined 305 nm reflectance feature. (The spectrum of a natural-color 
orangy yellow pearl shown here is from Elen, 2001.) 


nm absorption feature for 84 of the 
87 treated-color cultured pearls were 
consistent with the Elen results, par- 
ticularly for orangy yellow treated- 
color cultured pearls (see Elen, 2001, 
figure 9). 

These results support Elen’s con- 
clusion that the absence of a 330-385 
nm absorption is characteristic of 
treated-color “golden” cultured 
pearls. In addition, the absence of a 
well-defined reflectance feature at 
~305 nm was characteristic of these 
treated-color “golden” cultured 
pearls. Differences between the spec- 
tra of the treated-color samples in 
Elen’s studies and those described 
here probably result from differences 
in the pre-treatment characteristics 
of the cultured pearls and/or varia- 
tions in the treatment method. 

Carolyn van der Bogert 


QUARTZ in Three Colors 


In the Spring 2003 Lab Notes section 
(pp. 44-45), we discussed how some 
gem materials gain apparent bodycol- 
or through the presence of brightly 
colored inclusions. The material fea- 
tured in that note was quartz that 
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was colored dark grayish blue by ran- 
domly scattered indicolite rods and 
needles. Apparent blue color in natu- 
ral quartz was also mentioned as 
resulting from various other mineral 
inclusions, among them ajoite, a 
hydrated potassium sodium copper 
aluminum silicate hydroxide. 

The West Coast laboratory recent- 
ly had the opportunity to examine a 
freeform step-cut quartz (figure 24, 


left) that was colored a pleasing light 
blue by the presence of numerous 
fibers of ajoite (figure 25), which were 
identified by Raman analysis. This 
3.52 ct gem (15.50 x 9.49 x 6.17 mm) 
was faceted by Art Grant of Coast to 
Coast Rare Gems in Martville, New 
York, who sent it to the laboratory for 
examination. The original rough 
material was from the Messina mine, 
Transvaal, Republic of South Africa, a 
locality well known among collectors 
for its specimens of quartz with inclu- 
sions of copper minerals. 

At approximately the same time, 
the laboratory received for study two 
additional faceted quartzes that were 
colored by mineral inclusions. The 
largest of these was a 9.41 ct shield- 
shaped step cut (figure 24, center) 
that was fashioned from Russian 
“strawberry” quartz by Leon M. 
Agee. As expected for so-called straw- 
berry quartz, and as shown in figure 
26, this stone was colored by ultra- 
thin intense red inclusions of 
hematite (identified by Raman analy- 
sis), but it was unusual for the inten- 
sity and evenness of the color. 

The third quartz (figure 24, right) 
was a 3.38 ct mottled dark green, pear- 
shaped step cut provided for examina- 
tion by mineral collector Edward R. 
Swoboda of Beverly Hills, California, 
who reported that the locality was 
Kastamonu, in northern Turkey. 


Figure 24. These three quartz gems are colored by mineral inclusions. 
Left to right, the color results from ajoite (3.52 ct), hematite (9.41 ct), 
and népouite (3.38 ct). 
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Figure 25. Colored by the presence 
of copper, these ajoite fibers are 
responsible for the blue face-up 
appearance of their otherwise col- 
orless quartz host. Magnified 15x. 


Magnification showed that the green 
bodycolor came from numerous dense 
sprays and compact masses of a green 
mineral (figure 2.7). X-ray powder 
diffraction analysis of a small amount 
scraped from the surface of the stone 
revealed the mineral to be a close 
match for népouite, a nickeliferous 
member of the kaolinite-serpentine 
group. 

These three gems illustrate how 
mineral inclusions can provide very 
pleasing colors to stones that would 
otherwise be near-colorless. In all 
three cases, we were told, the color 
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Figure 26. This quartz gained its 
color from the presence of numer- 
ous red transparent-to-translu- 
cent inclusions of hematite. 
Magnified 10x. 


provided by the inclusions was the 
main reason these stones were cut. 

John I. Koivula, Maha Tannous, 

and Dino DeGhionno 


ERRATUM 

The clarity-enhanced ruby entry in 
the Fall 2004 Lab Notes section (pp. 
247-249) incorrectly stated that the 
glassy residue left by heat treatment 
of natural rubies can facilitate the 
partial healing of a fracture. It is flux 
that facilitates partial healing by dis- 
solving the walls of a fracture, and 
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Figure 27. The green color of this 
quartz was provided by numerous 
dense sprays and compact masses 
of népouite, which in turn gets its 
color from nickel. Magnified 10x. 


then new crystallization (synthetic 
growth) occurs. The areas closest to 
the walls of a fracture are often syn- 
thetic corundum, and the center of 
the “filled fracture” is a noncrys- 
talline glass byproduct. 
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DIAMONDS 


A natural diamond with very high Ni content. Nickel in 
diamond (as point defects and nickel-nitrogen complexes) is 
mainly known in synthetics that are grown from a Ni-con- 
taining catalyst. These synthetic diamonds may contain a 
large number of Ni-related absorption features in a wide 
region of the spectrum, from the UV to the NIR 
(S. C. Lawson, and H. Kanda, “An annealing study of nickel 
point defects in high-pressure synthetic diamond,” Journal 
of Applied Physics, Vol. 73, No. 8, 1993, pp. 3967-3973). 
The presence of trace Ni impurities in natural diamonds has 
been known for years, but little has been published on the 
associated spectral features. K. Iakoubovskii and G. J. 
Adriaenssens (“Optical characterization of natural Argyle 


Figure 1. This 1.33 ct orangy yellow natural diamond 
displayed unusual Ni-related absorption features. The 
stone contains numerous hollow etch channels (see 
inset; magnified 25x), some of which appear dark in 
the photo of the diamond. Photos by F. Notari. 
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diamonds,” Diamond and Related Materials, Vol. 11, 2001, 
pp. 125-131) and others have attributed a number of photo- 
luminescence features detected in natural diamonds to 
nickel. More recently, the UV-Vis-NIR optical centers relat- 
ed to Ni and nickel-nitrogen complexes in a natural dia- 
mond were published by J.-P. Chalain (see the Winter 2003 
Gem News International section, pp. 325-326). 

The present contributors recently analyzed a saturated 
orangy yellow 1.33 ct natural diamond (figure 1) that con- 
tained elevated contents of Ni and exhibited very interest- 
ing properties. The diamond fluoresced pinkish orange to 
both long- and short-wave UV excitation, which is a very 
rare emission color for diamond. Yellow phosphorescence 
lasting several seconds also was observed, which was 
more distinct after short-wave UV excitation. 

Internal features consisted of fractures and distinct 
etch channels, some with a tabular appearance (figure 1, 
inset). The morphology of these etch channels resembled 
that of the metallic flux inclusions in some HPHT-grown 
synthetic diamonds. These inclusions are sometimes dis- 
solved during particular post-growth conditions, leaving 
behind hollow channels. 

Infrared spectroscopy revealed that this was a low- 


Editor’s note: The initials at the end of each item identify the 
editor or contributing editor who provided it. Full names and 
affiliations are given for other contributors. 

Interested contributors should send information and 
illustrations to Brendan Laurs at blaurs@gia.edu (e-mail), 
760-603-4595 (fax), or GIA, 5345 Armada Drive, Carlsbad, 
CA 92008. Original photos will be returned after considera- 
tion or publication. 
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nitrogen type IaA diamond with a very distinct Ib charac- 
ter, as shown by peaks at 1359 and 1237 cm and several 
sharp, weak absorptions between 3270 and ~3000 cm‘, 
with main features at 3180 and 3143 cm”! (figure 2; see 
G. S. Woods and A. T. Collins, “Infrared absorption spectra 
of hydrogen complexes in type I diamonds,” Journal of 
Physics and Chemistry of Solids, Vol. 44, No. 5, 1983, pp. 
471-475). This spectrum indicated natural origin, since 
most of the features recorded are unknown in synthetic 
diamonds. 

A low-temperature Vis-NIR spectrum in the 400-1000 
mm range was recorded to detect possible color treatment 
(figure 3). This spectrum was very unusual and exhibited at 
least 36 absorptions, with multiple oscillations between 
600 and 720 nm. These oscillations are apparent as two dis- 
tinct groups of absorptions with individual peaks that show 
regular spacing (i.e., 6-9 nm for the first group [610-647 
nm] and about 8-9 nm for the second group [686-720 nm). 
The oscillating nature of the second group is clearer than 
the first, which has rather variable spacing, intensity, and 
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Figure 2. The FTIR spec- 
trum indicates that the 
sample is a low-nitrogen 
type IaA natural diamond 
with a distinct Ib charac- 
ter, as shown by peaks at 
1359 and 1237 cm~ and 
several sharp absorptions 
between 3270 and ~3000 
cm (see insets). The 
spectrum proves natural 
origin, since most of these 
features are unknown in 
synthetic diamonds. 


curve shapes (see figure 3, inset). Such spectral properties in 
diamond have been reported before, and the oscillating 
nature of the defects has been documented by I. M. Reinitz 
et al. (“An oscillating visible light optical center in some 
natural green to yellow diamonds,” Diamond and Related 
Materials, Vol. 7, 1998, pp. 313-316). Those authors indi- 
cated that such a spectrum is extremely rare and possibly 
due to vibronic interactions of some unknown molecular 
species, particularly in green diamonds. In contrast, the sat- 
urated orangy yellow color of the 1.33 ct diamond 
described here can be explained by the absence of the two 
broad bands centered at ~700 and 600 nm, as seen in the 
spectrum of a green diamond published by Reinitz et al. 
The transmission window in the green part of the spec- 
trum of the 1.33 ct diamond is distinctly weaker, so the 
stone appears yellow. There is no indication that the color 
of this diamond resulted from a treatment process. 

A strong absorption at 891 nm (not mentioned by 
Reinitz et al., since their spectra did not extend above 850 
nm) appeared to be a “normal” zero-phonon line, and thus 


Figure 3. Numerous absorp- 
tions are evident in this low- 
temperature Vis-NIR spectrum 
of the diamond. The inset 
view of the 560-940 nm region 
shows two separately recorded 
spectra from this sample to 
demonstrate the reproducibili- 
ty of the small absorptions. 
Besides the possibly oscillating 
nature of the defect(s) respon- 
sible for the 600-720 nm 
absorptions, the vibronic 
nature of the broad band at 
800 nm with its zero phonon 
line at 891 nm is apparent. 
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the broad band centered at approximately 800 nm can be 
interpreted as the vibronic structure of this defect (again, 
see figure 3). To our knowledge, this is the first time that 
the 891 nm system has been documented in any diamond, 
natural or synthetic. 

In our experience, the general appearance and posi- 
tions of several absorptions in this spectrum have distinct 
similarities to the spectra of certain synthetic diamonds 
grown with a Ni catalyst, especially after annealing at 
high temperature. We have recorded Vis-NIR spectra of 
high-Ni synthetic diamonds with up to 25 sharp absorp- 
tions between 470 and 819 nm. Some of the absorptions 
seen in the spectrum of the 1.33 ct orangy yellow dia- 
mond were detected by us in a Ni-rich dark yellow-brown 
Gemesis synthetic diamond (i.e., at 572, 610, 617, 647, 
661, 670, 694, 711, 747, and 819 nm). In contrast, the 
combination of bands at 426 and 480 nm is known in nat- 
ural diamonds exhibiting a thermochroic and photochroic 
color change, the so-called “chameleon” diamonds (E. 
Fritsch, et al., “Examination of the twenty-two carat 
green chameleon diamond,” in D. J. Content, Ed., A 
Green Diamond: A Study of Chameleonism, W. S. 
Maney & Son, Leeds, England, 1995, p. 25). Such dia- 
monds also exhibit an 800 nm band, although they lack 
the vibronic structure seen in the spectrum of this sam- 
ple. The 426 nm band provides additional proof that this 
is a natural diamond. 

The low-temperature photoluminescence spectrum of 
the diamond provided further evidence of Ni-related defects 
(figure 4). The PL spectrum was very similar to those of 
chameleon diamonds analyzed by these contributors, and 


Figure 4. The low-temperature photoluminescence 
spectrum of the diamond exhibits several emissions 
that appear to be Ni-related. The inset shows the 
weak Ni-related feature at 884 nm plus a weak 930 
nm peak of unknown origin. 
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many of the observed emissions correspond to known fea- 
tures that are assigned to Ni point defects and nickel-nitro- 
gen complexes. The features at 639, 657, 677, 690, 705, 723, 
739, 800, and 884 nm seen in this diamond have been iden- 
tified in Ni-catalyst synthetic diamonds and attributed to 
nickel defects (A. M. Zaitsev, Optical Properties of 
Diamond: A Data Handbook, Springer-Verlag, Berlin, 2001, 
pp. 140-197). In addition to these, the present authors know 
of emissions at 581, 590, 604, 616, 647, and 756 nm in syn- 
thetic diamonds grown from a Ni-containing catalyst. 

EDXREF spectroscopy of the diamond revealed distinct 
peaks for both Ni and Fe. From the spectrum we estimated 
the Ni content of the diamond at 30-50 ppm. While the Fe 
content was not too unusual for a natural diamond, the 
detection of Ni by EDXRF spectroscopy has so far been 
restricted to synthetic diamonds grown by the tempera- 
ture gradient method using a Ni-containing catalyst (J. E. 
Shigley et al., “Gemesis laboratory-created diamonds,” 
Winter 2002 Gems & Gemology, pp. 301-309). In natural 
diamonds, the Ni content is generally far too low to be 
detected by this method. 

The same holds true for UV-Vis-NIR absorption spec- 
troscopy, by which Ni point defects and nickel-nitrogen 
complexes can be identified in synthetic diamonds; in 
contrast, Ni-related features in natural diamonds are very 
rarely detected by this method. The only nondestructive 
method to effectively detect extremely low Ni contents 
in diamond is photoluminescence spectroscopy (see 
Zaitsev, 2001). 

The complex Vis-NIR and PL spectra of this diamond 
are explained with high probability by the presence of an 
unusually high concentration of Ni-related defects. Our 
observation of many absorptions at approximately equal 
positions in the Vis-NIR and PL spectra of Ni-catalyst 
synthetic diamonds, combined with the detection of 
remarkable amounts of Ni in the 1.33 ct stone by EDXRF, 
lead us to propose that at least some of the many peaks in 
these spectra are due to naturally occurring Ni and/or 
nickel-nitrogen complexes. It would be very surprising 
not to detect Ni-related optical absorptions in the PL and 
Vis-NIR spectra of a diamond with such elevated Ni con- 
tent, especially after the natural annealing this stone 
must have experienced, since substantial amounts of its 
nitrogen were aggregated. Further chemical analyses of 
diamonds exhibiting these spectral features will be per- 
formed to confirm these findings as we encounter the 
appropriate samples. 

We thank Dr. Ilene Reinitz of the GIA Gem Laboratory 
in New York for reviewing this report. 


Thomas Hainschwang (gemlab@adon.li) 
Gemlab Gemological Laboratory 
Vaduz, Principality of Liechtenstein 


Franck Notari 
GemTechLab Laboratory 
Geneva, Switzerland 
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COLORED STONES AND 
ORGANIC MATERIALS 


Adularescent chalcedony from Iran. Since 2003, violet 
chalcedony showing adularescence has been recovered 
from the Qom area near the Qom Salt Lake, about 150 km 
south-southwest of Tehran (figure 5). This area is under- 
lain by Eocene andesite volcanic rocks. The chalcedony is 
found as irregular nodules that are mostly covered by glau- 
conite, a green potassium-iron silicate (see figure 5, inset). 

Mechanized mining is done by a group of geologists 
from Tehran, in an area measuring about 700 m2. They pro- 
duce approximately 800 kg of the chalcedony each month, 
but only a small portion (+150 kg) shows the violet color in 
moderate tones. Overall, the material ranges from light 
grayish violet to dark violet. In addition to the violet chal- 
cedony, the area has yielded pink, yellow, and brown agate. 

Cutting machines have been purchased from 
Germany, and the miners are planning to construct a pol- 
ishing workshop in the future. So far, approximately 30 kg 
of rough violet chalcedony has been processed, yielding 8 
kg of cabochons (ranging from 10 to 20 ct) and some pol- 
ished slabs. 

A 22.57 ct cabochon of grayish violet chalcedony dis- 
playing weak-to-moderate adularescence (figure 6) was 
examined by one of us (EPQ), and the following properties 
were recorded: diaphaneity—translucent; R.I—1.538 (from 
the flat back); S.G.—2.59; Chelsea filter reaction—none; 
fluorescence—inert to long- and short-wave UV radiation; 
and no absorption lines were visible with the desk-model 
spectroscope. These properties are consistent with those 
reported for chalcedony by R. Webster (Gems, 5th ed., 
revised by P. Read, Butterworth-Heinemann, Oxford, 
England, 1994, pp. 232-233). Microscopic examination of 
the cabochon revealed a “fingerprint” and some agate-like 
color banding along with a very subtle botryoidal structure. 

Makhmout Douman (makhmout@arzawa.com) 
Arzawa Mineralogical Inc., New York 


Elizabeth P. Quinn 
GIA Gem Laboratory, Carlsbad 


Clinohumite from the Pamir Mountains, Tajikistan. 
Clinohumite, (Mg,Fe”*),(SiO,),(F,OH),, is a rather uncom- 
mon gem material that has a Mohs hardness of 6 and typ- 
ically ranges from orangy yellow to brownish orange. 
Although faceted examples of clinohumite have been 
documented previously in Gems &) Gemology (see Lab 
Notes, Winter 1986, p. 236 and Spring 1988, pp. 47-48; 
and Spring 1991 Gem News, p. 48), a recent increase in 
the availability of this material prompted this update. 
Samples and information were provided to these contrib- 
utors by Vladyslav Yavorskyy of Yavorskyy Co. Ltd., 
Bangkok, who is marketing clinohumite from the Pamir 
Mountains of Tajikistan as “Sunflower stone.” 
According to Mr. Yavorskyy, gem-quality clinohumite 
also is known from two localities in Russia: the southern 
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Figure 5. Violet chalcedony showing adularescence is 
being mined from the Qom area of central Iran. From 
left to right, Dr. Edib Dariush, two local miners, and 
Makhmout Douman are shown with some recent pro- 
duction; the mining pit can be seen in the back- 
ground. The inset shows irregular nodules of the chal- 
cedony that are partially covered by green glauconite. 
Photos courtesy of Makhmout Douman. 


Lake Baikal area and the Taymyr region of northern 
Siberia. The Pamirs constitute the main source, however, 
and over the past two decades Mr. Yavorskyy has stock- 


Figure 6. This 22.57 ct cabochon of adularescent chal- 
cedony from Iran is shown together with a piece of the 
rough material. The banding that is visible in portions 
of the rough is typically excluded from the polished 
stones, to achieve a homogeneous appearance. Cour- 
tesy of Makhmout Douman; photo by Maha Tannous. 
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Figure 7. Clinohumite is an uncommon gem that 
comes mainly from the Pamir Mountains of 
Tajikistan. The faceted examples shown here weigh 
0.68 and 1.59 ct. Courtesy of Yavorskyy Co. Ltd.; 
photo by Maha Tannous. 


piled a few hundred faceted stones from this mining area 
(see “Sunflower stone’ debuts in Asia,” Jewellery News 
Asia, No. 242, October 2.004, p. 30). 

According to Mr. Yavorskyy, clean faceted stones from 
the Pamirs usually weigh less than 1 ct, and those in the 
1-3 ct range are very rare. However, over the past few years 
some larger stones from this area have been cut, weighing 
up to 17.87 ct (U. Henn et al., “Gem-quality clinohumite 
from Tajikistan and the Taymyr region, northern Siberia,” 
Journal of Gemmology, Vol. 27, No. 6, 2001, pp. 335-339). 
Most of the material contains noticeable eye-visible inclu- 
sions. The rough is mined by local people during the short 
summer season (June-August). Mineral dealer Farooq 
Hashmi (Intimate Gems, Jamaica, New York) reports that 
since the fall of the Taliban, some of the material has been 
smuggled into Afghanistan and eventually is traded in 
Peshawar, Pakistan. The rough is often sold as orange 
spinel (referred to as “lal” locally), since many of the 
traders are not familiar with clinohumite and it is com- 
monly found in association with gem-quality spinel. The 
spinel and clinohumite occur in skarns at several localities 
in the southwestern Pamir Mountains (e.g., Kukh-i-Lal, 
Sumdzin, Changin), typically within altered gneiss adjacent 
to magnesian marbles (A. K. Litvinenko, “Nuristan-South 
Pamir province of Precambrian gems,” Geology of Ore 
Deposits, Vol. 46, No. 4, 2004, pp. 263-268). 

Mr. Yavorskyy loaned two faceted stones (0.68 and 
1.59 ct) and one crystal of Tajikistan clinohumite to GIA 
for examination (figure 7). The following properties were 
recorded by one of us (EPQ) on the faceted stones: color— 
orange and orange-yellow, with moderate pleochroism in 
orange and yellow; diaphaneity—transparent; R.I.— 
1.632-1.665 and 1.632-1.666; birefringence—0.033 and 
0.034; S.G.—3.23 and 3.21; Chelsea filter reaction—none; 
both stones were inert to long-wave UV radiation but dis- 
played a characteristic moderate to strong chalky orange- 
yellow fluorescence to short-wave UV; and both displayed 
a general absorption to 430 nm with a desk-model spec- 
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troscope. Microscopic examination revealed two-phase 
inclusions, twin planes and transparent straight and angu- 
lar growth lines in both stones. In addition, the 0.68 ct 
sample had a fracture that showed evidence of clarity 
enhancement, and the 1.59 ct stone contained “finger- 
prints” and mineral inclusions (transparent, near-color- 
less, low-relief, birefringent crystals) that could not be 
identified by Raman spectroscopy due to their position in 
the stone. 

The properties of these two samples are comparable to 
those reported for clinohumite in mineralogical reference 
books (as well as those listed by Henn et al. [2001] and in 
the Lab Notes and Gem News entries listed above}, 
although their S.G. values were slightly higher than those 
typically reported from the Pamirs (3.23 and 3.21 vs. 3.18). 

BML 


Elizabeth P. Quinn 


Corundum-fuchsite-kyanite rock from India. A colorful 
new gem material was offered at the Tucson gem shows 
last February. Although this material—ruby/pink sapphire 
in a mottled green groundmass—sometimes resembles 
ruby in zoisite, the green component is mostly fuchsite, a 
green, chromium-rich variety of muscovite mica. A few 
samples were purchased separately by two GIA employ- 
ees. Three of these samples were chosen for characteriza- 
tion (figure 8). The two cabochons (2.87 and 12.68 ct) were 
purchased from Rare Earth Mining Co., Trumbull, 
Connecticut, and the polished freeform (206.46 ct) was 
obtained from Jewel Tunnel Imports, Baldwin Park, 
California. All the samples were reportedly from India, and 
the larger piece was said specifically to be from Mysore. 
The following gemological properties were determined: 
color—variegated and mottled bluish green to green and 
purplish pink to purplish red, sometimes with grayish blue 
and/or brownish white zones; diaphaneity—translucent to 
opaque; R.I. spot readings—1.76 from the pink/red zones, 
1.57 or 1.58 from the various green zones, and 1.71 from 
the blue zones; Chelsea filter reaction—strong red reaction 
from the pink/red zones and pink to red reaction from the 
bluish green and blue-green zones, as well as the green 
groundmass. The pink/red portions fluoresced a mottled 
strong red to long-wave UV radiation and weak red to 
short-wave UV, whereas the bluish green, blue-green, and 
brownish white zones fluoresced a mottled weak-to-medi- 
um chalky blue to long-wave UV and a mottled very weak 
chalky blue to short-wave UV. For the most part, the green 
groundmass and grayish blue zones were inert to both 
long- and short-wave UV. With the desk-model spectro- 
scope, we observed a typical ruby spectrum from the 
pink/red zones and lines in the red region of the spectrum 
from all the green areas. These properties confirm that the 
purplish red/pink zones were ruby/sapphire. They also 
indicate that the green zones, including the groundmass, 
are chromium rich. To confirm the identity of the green 
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Figure 8. The colorful patterns in these cabochons 
(2.87 and 12.68 ct) and polished freeform (206.46 ct) 
from India are created by assemblages of ruby/pink 
sapphire, green fuchsite, and grayish blue kyanite. 
Photo by Maha Tannous. 


zones and better identify the grayish blue material, we 
turned to Raman analysis. 

Raman analysis of the bluish green to green areas 
showed the presence of fuchsite mica, which is consistent 
with the characteristics given above. Considering the het- 
erogeneous nature of this rock, additional minerals are 
most likely present in the bluish green to green areas—this 
is supported by differences in UV fluorescence of the dif- 
ferent green zones. The grayish blue zones (which, when 
present, surrounded the corundum; see the large polished 
freeform in figure 8) were identified as kyanite; this also is 
supported by the limited gemological measurements that 
could be performed on these areas. The brownish white 
zones contained a mica, but the particular species could 
not be confirmed with Raman analysis. 

Shortly after the Tucson show, Bill Heher of Rare Earth 
Mining Co., Trumbull, Connecticut, reported that there is 
a good supply of the rough material, and he has obtained 
approximately 75 kg so far. The material originally 
appeared on the market as obelisks and spheres. He also 
mentioned that some of the more highly fractured pieces 
are commonly stabilized with epoxy resin. We confirmed 
this by carefully testing the three samples with a thermal 
reaction tester (TRT). The polished freeform and the 
smaller cabochon sweated readily to the TRT; the latter 
stone also contained large, obviously filled cavities. The 
larger cabochon did not show evidence of a filler. 

Although samples of this material that lack kyanite 
could be mistaken for the well-known ruby-in-zoisite from 
Tanzania, they are readily recognizable by the distinctive 
micaceous texture of the fuchsite. Similar corundum-fuch- 
site-kyanite assemblages have been documented from 
Zimbabwe and South Africa (C. C. Milisenda, “Gemmolo- 
gie Aktuell: Ruby-fuchsite-kyanite rock from India,” 
Gemmologie: Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 52, No. 4, 2003, pp. 124-125). 

Elizabeth P. Quinn (equinn@gia.edu) 
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A new gem material from Madagascar: A mixture of cris- 
tobalite and opal. These contributors recently studied a 
round, milky white, 6.84 ct cabochon (figure 9) from 
Madagascar. The spot refractive index was 1.45, typical for 
opal, but the hydrostatic S.G. value was 2.18, which is 
higher than expected for an opal with that RI. Based on 
extensive opal research done by one of these contributors 
(EF), an opal with this R.I. would be expected to have an 
S.G. value in the range of 1.98-2.10. Therefore, we exam- 
ined the sample in more detail to check for the presence of 
inclusions, or another factor that would cause this anoma- 
lous behavior. 

When viewed with a microscope, this sample present- 
ed two unusual characteristics: (1) a central apparent sepa- 
ration plane; and (2) sphere-, spicule-, and rod-like polariza- 
tion features. The sphere-like features, which were about 
0.5 mm in diameter, revealed a typical uniaxial optic fig- 
ure between crossed polarizers, with a fibrous, polycrys- 
talline rim of about 0.1 mm. 

As we suspected the material to be opal, we used X-ray 
diffraction (XRD) and Raman scattering to investigate the 
sample further. Through the use of a special sample holder, 
XRD analysis was performed nondestructively on the near- 
flat base of the cabochon with a D-5000 Bruker powder 
diffractometer and a fixed reflection geometry. According 
to our reference (J. M. Elzea and S. B. Rice, “TEM and X-ray 
diffraction evidence for cristobalite and tridymite stacking 
sequences in opal,” Clays and Clay Minerals, Vol. 44, No. 
4, 1996, pp. 492-500), the pattern obtained was that of a- 
cristobalite (a polymorph of SiO,). The full width at half 
maximum (FWHM) of the main peak was 0.08°, much 
lower than that for opal-C (a poorly crystallized cristobalite, 
with a FWHM of 0.2 to 0.9), and even lower than that of 
the reference o-cristobalite given by Elzea and Rice (0.15). 


Figure 9. This 6.84 ct cabochon (26.5 x 26.5 x 6.8 
mm) from Madagascar consists of highly crystalline 
cristobalite and opal. Photo by Alain Cossard. 
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St. Paul’s Cathedral, London, due to the 
faulty character of the rock on which it 
is built, got out of plumb and it was 
feared it might collapse. A host of dia- 
mond drill holes were put down beneath 
the grand old church, a cement emulsion 
was forced down them, and the beautiful 
structure was saved. 


Use of Diamond Tools 

Diamond tools, first used in 1779, con- 
sist of a steel arm in which is set either 
a rough diamond or one especially shaped 
for the intended purpose. Sometimes two 
or more stones are set in a single tool. 
These tools are used to shape steel, to 
sharpen hard alloy steel tools, to true 
abrasive wheels, to give a high finish to 
crankshafts and other aircraft parts, and 
in countless other ways. The fine toler- 
ances which permit interchangeability of 
parts of a thousand engines of the same 
model are obtainable only with a diamond- 
pointed tool, nor without its grinding 
could engines be driven at their present 
speed. Billiard balls, ceramics, plastics, 
felt rolls, and vulcanite pipe mouthpieces 
are also shaped with diamond-set tools. 

The main consumption of crushing bort 


Various types of diamond-set 
dressing tools. Courtesy J. K. 
Smit @ Sons, Inc. 


(say 80 per cent) is in the manufacture 
of diamond-impregnated wheels used in 
accurate grinding and precise tooling. 
They are the most satisfactory tools to 
shape, sharpen, and hone cemented carbide 
tools. These wheels were introduced in 
1933 and between 1936 and 1942 the con- 
sumption of wheels increased fiftyfold. 
The wheels are now turned out in shapes 
suitable for every type of grinding. For 
instance, the tiny ball bearing races used 
in precision instruments are given a finish- 
grinding with a special diamond wheel 
and glass lenses are ground en masse with 
other diamond wheels. 


Diamond Dust 

Although diamond dust was the super- 
abrasive long before his time, the old 
Portuguese physician, Garcias ab Orta, 
long a resident of India, in 1565 is the 
first to describe the method of making 
diamond dust. In the manfacture of the 
wheels today, the diamond dust is care- 
fully sized for the special use required. 
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Figure 10. FT-Raman spectra of o-cristobalite, opal-C, 
and the Madagascar cabochon are shown here. The 
spectrum of the cabochon is dominated by features 
associated with cristobalite, but there are also some 
small features typical of opal. 


Even taking into account possible instrumentation differ- 
ences, the very small FWHM of this peak demonstrated the 
presence of highly crystalline cristobalite. 
Fourier-transform Raman spectra were obtained with a 
Bruker RFS100 spectrometer. The spectrum of our sample 
(figure 10) was compared to reference spectra of opal-C from 
Mexico and o-cristobalite (taken from devitrified glass, a 
typical reference standard for cristobalite due to the large 
amount of material present). On the basis of this compar- 
ison, we concluded that our sample was a mixture of o- 
cristobalite and opal-C. The spectrum was dominated by 
cristobalite features, in particular peaks at 418 and 230 cmt, 
but there were small features typical of opal-C (or opal-CT, 
composed of disordered cristobalite with some tridymite- 
like stacking) at 1194 and 955 cm~!, which are absent from 
the spectrum of cristobalite. In addition, the water signal 
around 3000 cm7! was dominated by the water signal of 
opal, with a broad band centered at about 3220 cm-!. The 
absence of “cristobalitic’” water in the spectrum indicated 
that the cristobalite crystals in our sample contained little 
water compared to our reference devitrified glass specimen. 
In XRD, the signal from a crystalline phase will always 
dominate the diffractogram; hence, it was not surprising 
that the opal signal was missing from our pattern, which 
was dominated by o-cristobalite. Also, the presence of 
cristobalite explains the relatively high S.G. value. As in 
many materials consisting of admixtures with silica, the 
R.I. is dominated by the silica matrix, whereas the S.G. 
reveals the presence of the included phase. Here the RL. is 
typical for opal (1.45, versus 1.485 for cristobalite), but the 
S.G. of 2.18 is clearly affected by the presence of cristobalite 
(2.27-2.32), as noted, a typical S.G. value for opal with an 
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RI. of 1.45 is about 2.0. The cristobalite is apparently pre- 
sent as submicroscopic domains, as evidenced by the con- 
sistency of Raman spectra recorded on multiple points of 
the cabochon. The milky appearance of the material is con- 
sistent with the scattering of light from a mixture of submi- 
croscopic domains, in this case of cristobalite and opal. 

To the best of our knowledge, this is the first time that 
a mixture of highly crystalline cristobalite and opal has 
been documented as a gem material. 

Since characterizing this cabochon, we have had a 
chance to briefly examine additional samples of this milky 
white gem from Madagascar (including a 10 ct emerald 
cut}, which presented gemological properties and Raman 
spectra that were similar to those described for the 6.84 ct 
cabochon. However, the separation plane and polarization 
features noted in that cabochon were not seen in any of 
these additional samples. 

Eloise Gaillou (eloise.gaillou@cnrs-imn.fr) 
and Blanca Mocquet 

Centre de Recherches Gemmolo- 

giques Jean-Pierre Chenet (CRG) 

Nantes, France 


EF 


Jeremejevite from Madagascar. In early 2004, a 7.88 ct 
near-colorless faceted oval (figure 11) was purchased in 
Madagascar from a local dealer as “achroite” (colorless 
tourmaline). The stone was uniaxial negative, but it had 
higher refractive indices and a lower birefringence than 
expected for tourmaline (1.642-1.650 and 0.008, respec- 
tively). It was inert to both long- and short-wave UV radia- 
tion. The S.G. was 3.28, which was too high for tourma- 
line. These properties, however, were a good match for 
jeremejevite. Since jeremejevite has not been documented 


Figure 11. This 7.88 ct near-colorless jeremejevite rep- 
resents the first report of this gem species from 
Madagascar. The numerous parallel channels are 
filled with brown, plate-like inclusions. Photo- 
micrograph by E. Fritsch; magnified 2x. 
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Figure 12. The jeremejevite contained this large cubo- 
octahedral inclusion that may be betafite or another 
pyrochlore-group mineral. Photomicrograph by E. 
Fritsch; magnified 11x. 


previously from Madagascar, confirmation was sought 
using chemical analysis and Raman scattering. 

A Jeol 5800 scanning electron microscope with a PGT 
energy-dispersive detector was used to obtain a qualita- 
tive chemical analysis. The only elements detected were 
oxygen, fluorine, and aluminum. Since the chemical com- 
position of jeremejevite is Al,B.O,.(F,OH),, the analysis 
was consistent with that gem, and the absence of silicon 
ruled out tourmaline. A quantitative analysis was not 
possible since neither boron nor hydrogen can be detected 
with this instrument. 

Raman spectra were obtained with two different 
instruments, a Bruker RFS100 Fourier-transform spec- 
trometer and a T64000 Jobin-Yvon dispersive spectrome- 
ter, at a resolution of approximately 4 cm~!. All spectra 
were consistent, with some intensity variation depending 
on crystallographic orientation. In general, the main fea- 
tures were sharp peaks at about 372, 328, and 178 cm", 
with slightly broader bands at about 1065 and 960 cm7!. 
This matched our reference spectrum for jeremejevite, 
obtained on a blue sample from Namibia. 

These results confirmed that the stone was indeed jere- 
mejevite, and we believe it to be the first reported from 
Madagascar. Prior to this discovery, jeremejevite was 
found principally in Namibia. The near-colorless appear- 
ance is unusual for this species, which is typically blue or 
yellow (see K. Scarratt et al., “Jeremejevite: A gemological 
update,” Fall 2001 Gems &) Gemology, pp. 206-211). 

The stone contained numerous inclusions, the most 
noticeable were tube-like features (again, see figure 11). 
These elongated tubes showed significant necking and 
contained brown, plate-like inclusions that could be a Nb- 
Ta oxide, such as manganocolumbite. There were also a 
number of more equant inclusions with well-defined crys- 
tal forms. Among these were a gray crystal with an appar- 
ent cubo-octahedral morphology resembling betafite or 
another pyrochlore-group mineral (figure 12), and pale yel- 
low crystals with the appearance of feldspar or danburite 
(figure 13). Unfortunately, none of these well-formed 
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Figure 13. The jeremejevite also contained pale yel- 
low crystals that could be feldspar or danburite. 
Photomicrograph by E. Fritsch; magnified 9x. 


inclusions gave a useful signal when analyzed by laser 
Raman microspectroscopy. 
According to Dr. Federico Pezzotta of the Museo Civico 
di Storia Naturale, Milan, Italy, since news of the jeremeje- 
vite discovery reached Madagascar in early 2004, several 
buyers have purchased all the available colorless “tourma- 
lines” offered at the Antsirabe market. However, he is not 
aware of any additional samples of jeremejevite being found. 
Dr. Pezzotta reported that the dealer who sold the stone has 
purchased rough material with her husband from various 
locations in Madagascar for several years. It was impossible 
for her to recount when the rough jeremejevite was pur- 
chased, but she was confident that it came from local min- 
ers at Vohitrakanga, 65 km southwest of Antsirabe. 
Blanca Mocquet (blanca.mocquet@free.fr) 
and Yves Lulzac 
CRG, Nantes, France 


EF 


Kyanite from Tanzania. Over the past year, small quanti- 
ties of rough kyanite have been offered by local vendors in 
Arusha, Tanzania. The blue color and elongate crystal form 
have led some of the vendors to believe it was aquamarine. 
Dudley Blauwet of Dudley Blauwet Gems, Louisville, 
Colorado, saw about 10 kg of rough in March 2004, from 
which he selected 3 kg for faceting or to sell as mineral 
specimens. The crystals ranged up to 12.5 cm long and 
were coated by traces of mica, which is consistent with the 
common occurrence of kyanite in micaceous metamorphic 
rocks. Kyanite is a widespread mineral in high-grade gneiss- 
es of the Arusha area (S. Muhongo et al., “Pan-African pres- 
sure-temperature evolution of the Merelani area in the 
Mozambique Belt in northeast Tanzania,” Journal of 
African Earth Sciences, Vol. 29, No. 2, 1999, pp. 353-365). 
Mr. Blauwet reported that the kyanite rough is com- 
monly color zoned: The pale greenish blue crystals contain 
elongate dark blue zones. The dark blue portions are gener- 
ally more transparent than the pale-colored areas, so most 
of the cut stones are dark blue. The yield is typically rather 
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small, however, due to cleavage problems. While it would 
be possible to facet long stones approaching 20 ct, more 
desirable length-to-width ratios are achievable only by cut- 
ting smaller gems. 

Three emerald-cut stones (figure 14) and two kyanite 
crystals were loaned, and an additional crystal was donated 
to GIA, by Mr. Blauwet. The cut stones were characterized 
by one of us (EPQ), and the results are summarized in table 
1. Microscopic examination of the two larger stones 
revealed fine needles, stringers of particles, and wispy 
clouds that were predominantly confined to the dark blue 
areas. The 5.04 ct kyanite also contained iridescent platelets 
that were predominantly confined to the dark blue portion. 
Using Raman analysis, we identified inclusions of near-col- 
orless to light brown zircon and near-colorless muscovite in 
the two smaller stones, as well as near-colorless apatite in 
the largest sample. Etch tubes and cleavage cracks also were 
observed in all three of the kyanites. In addition, the small- 
est stone contained iridescent platelets (like those seen in 
the 5.04 ct stone), as well as elongate transparent near-color- 
less needles; however, we were not able to identify these 
inclusions by Raman analysis. 


Figure 14. These emerald cuts (8.66, 5.04, and 2.28 ct) 
show the range of color (and color zoning) seen in kyan- 
ite from Tanzania. The crystal (approximately 6.7 cm 
long) shows the typical occurrence of facetable dark 
blue areas within the predominantly translucent pale 
greenish blue material. Courtesy of Dudley Blauwet 
Gems; photo by Maha Tannous. 


Elizabeth P. Quinn 


BML 
TABLE 1. Properties of three faceted kyanites from Tanzania. 
Sample 
Property 
2.28 ct 5.04 ct 8.66 ct 
Color Light greenish blue Bi-colored: very dark Very dark blue (uneven) 
blue and near-colorless 
Pleochroism Moderate: greenish Moderate: deep violet- Moderate: deep violet- 
blue and near-colorless blue and lighter blue blue and lighter blue 
Diaphaneity Transparent Transparent to semi- Transparent to semi- 
transparent transparent 
Refractive indices 1.712-1.728 1.711-1.727 1.711-1.727 
Birefringence 0.016 0.016 0.016 
Specific gravity 3.68 3.68 3.68 
Chelsea filter reaction Strong red Weak red from the Moderate to strong red 
near-colorless zone, from a near-colorless 
and no reaction from the zone, and no reaction 
very dark blue zones from the very dark blue 
portions 
Transmission Moderate red None Moderate red from a near- 
luminescence colorless zone, and none 
from the very dark blue 
portions 
UV fluorescence 
Long-wave Moderate red Very weak red from the Very weak red from a 
near-colorless zone, near-colorless zone, 
otherwise inert otherwise inert 
Short-wave Very weak chalky Very weak chalky green Very weak chalky green 
green from the near-colorless from a near-colorless zone, 
zone, otherwise inert otherwise inert 
Absorption spectrum 680 nm line 670 nm cutoff 680 nm line and weak 
450 nm line 
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Sapphires from Afghanistan and Pakistan. Gem dealer 
Farooq Hashmi of Intimate Gems, Jamaica, New York, 
shared some information on the recent production of gem- 
quality sapphires from Afghanistan and Pakistan, and he 
loaned or donated several samples to GIA for examination. 
Mr. Hashmi obtained these samples during a buying trip 
to Peshawar, Pakistan, in early 2004. 


Blue sapphire from Maydan Shahr, Afghanistan. The 
Summer 2002 Gem News International section (p. 181) 
documented dark blue sapphires from a new deposit in 
Afghanistan, which was represented as “Medan Khar” in 
Vardak Province, west of Kabul. Since that time, this 
province has been the source of additional sapphires, 
reportedly from the Maydan Shahr area. It is not clear if 
this new production is from the same locality (with pho- 
netic allowances for the different spellings) or a different 
deposit. The sapphires are enclosed by a hard white matrix, 
which makes their recovery quite labor intensive. Mr. 
Hashmi saw several kilograms of rough in Peshawar, and 
most had a hazy or velvety appearance, as well as a slightly 
grayish tinge, which differed from the Afghan sapphire we 
reported on in 2002. 

An examination of the 2.10 ct oval mixed-cut sapphire 
in figure 15 by one of us (EPQ) showed the following prop- 
erties: color—dark grayish greenish blue, with medium 
bluish green and dark violetish blue dichroism; diaphane- 
ity—transparent; R.I—1.761-1.770, birefringence—0.009,; 
S.G.—4.03; fluorescence—inert to both long- and short- 
wave UV radiation; and strong absorption bands at 450, 
460, and 470 nm visible with the desk-model spectroscope. 
This stone displayed a medium to strong blue scattering 
effect when viewed with a fiber-optic light. This effect was 
caused by the reflection of light off clouds of very fine parti- 
cles throughout the stone, resulting in a somewhat hazy 
appearance. Microscopic examination revealed a “finger- 
print,” a twin plane, a transparent near-colorless birefrin- 
gent crystal, stringers of pinpoints, and diffuse planar yel- 
low and blue growth banding. No evidence of heat treat- 
ment was detected. 


Pink sapphire from Batakundi, Pakistan. According to Mr. 
Hashmi, pink to purple (and rarely blue) corundum has been 
mined near the town of Batakundi in Pakistan’s North West 
Frontier Province since 1999. Several diggings in the area 
have produced mostly low-quality material, but some fac- 
etable stones were recovered recently. Although gemstones 
exceeding 5 ct have been faceted, most weigh less than 2 ct. 
Five Batakundi sapphires (0.74—-1.98 ct; see, e.g., figure 
16) were examined by one of us (EPQ) and the following 
properties were recorded: color—purplish pink, pink, and 
slightly orangy pink, with moderate dichroism in purplish 
pink to purple-pink and pinkish orange to pink-orange; 
diaphaneity—transparent to semitransparent; R.I.— 
n,=1.759-1.760, n,=1.767-1.768; birefringence—O.008; 
S.G.—4.00-4.03; fluorescence—moderate to strong red to 
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Figure 15. This 2.10 ct sapphire is reportedly from 
Maydan Shahr, Afghanistan. Courtesy of Intimate 
Gems; photo by Maha Tannous. 


long-wave and very weak red to short-wave UV radiation. 
The desk-model spectroscope showed general absorption to 
430 nm, a weak 450 nm band, weak 470 and 480 nm lines, a 
550-590 nm band, and lines in the red end of the spectrum. 
All but the smallest stone displayed a moderate violet- 
blue scattering effect when viewed with a fiber-optic light. 
As with the Afghan sapphire reported above, this effect was 
caused by reflection of light off clouds of very fine particles 
throughout the stones, which gave them a hazy appear- 
ance. Microscopic examination revealed that all five sam- 
ples contained “fingerprints,” fractures, dark metallic 
inclusions, transparent near-colorless birefringent crystals 
(one of which was identified by Raman analysis as zircon), 
straight and/or angular growth banding (purplish pink to 
pink), and short needles resembling rutile. Also present 
were twin planes in four of the stones, needles (with the 
appearance of boehmite) and two-phase inclusions in three 


Figure 16. Batakundi, northern Pakistan, is the source 
of these purplish pink to slightly orangy pink sap- 
phires (0.96-1.98 ct, faceted). Courtesy of Intimate 
Gems; photo by Maha Tannous. 
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samples, and an angular blue color zone and large transpar- 
ent crystals (one of which was identified by Raman analy- 
sis as apatite) in the smallest stone. No evidence of heat 
treatment was detected in any of the sapphires. However, 
one showed evidence of clarity enhancement (i.e., it 
“sweated” when tested with a thermal reaction tester). 


Purple sapphire from northern Pakistan. Another deposit 
in northern Pakistan is the source of purple sapphires. Mr. 
Hashmi was not able to learn the specific locality. He 
reported seeing less than 1 kg of rough in the Peshawar 
market. 

A 1.20 ct modified round brilliant sapphire (figure 17) 
from this area was studied by one of us (EPQ): color—dark 
pink-purple, with weak to moderate dichroism in pink- 
purple and orange-pink,; diaphaneity—transparent, R.I— 
1.761-1.769; birefringence 0.008; S.G.—4.01, fluores- 
cence—weak red to long-wave and inert to short-wave UV 
radiation; transmission luminescence—weak red. The 
desk-model spectroscope showed absorption bands at 450, 
460, and 470 nm, together with lines in the red part of the 
spectrum. Microscopic examination revealed “finger- 
prints,” clusters of minute transparent near-colorless bire- 
fringent crystals, transparent light brown crystals (two of 
which were identified as monazite with Raman analysis}, 
dark metallic crystals, and needles. No evidence of heat 
treatment was detected. 

Elizabeth P. Quinn 


BML 


Sapphires from Baffin Island, Canada. In 2002, local 
prospectors Seemeega and Nowdla Aqpik discovered gem- 
quality sapphires in an outcrop southwest of the communi- 
ty of Kimmirut on the south coast of Baffin Island, Nuna- 
vut, northern Canada (figure 18). To date, six corundum 
occurrences have been discovered over a distance of 390 m. 


Figure 17. Northern Pakistan is also the source of this 
1.20 ct purple sapphire and crystal fragment. 
Courtesy of Intimate Gems; photo by Maha Tannous. 
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Figure 18. Deep blue sapphires were discovered in 
southern Baffin Island, Canada, in 2002. One of the 
original prospectors, Seemeega Aqpik, is shown with 
ad matrix specimen containing a sapphire crystal that 
measures 7.7 cm long. Photo by William Rohtert. 


The original occurrence, called “Beluga,” contains deep 
blue sapphires with violet overtones (figure 19). Individual 
crystals up to 7.7 x 2.1 cm have been recovered (again, see 
figure 18), although most are in the range of 15 x 4 mm. 
Some of the sapphires are color-zoned (especially larger crys- 
tals), and may display concentric, irregular, or end-to-end 
variations in hue. The smaller crystals are generally free of 
inclusions, whereas the larger ones are often fractured and, 
in most cases, included with calcite and/or apatite. Needles 
of thomsonite, a zeolite mineral, coat grain boundaries and 
penetrate deeply into some of the crystals. 

Most of the Beluga sapphire crystals exhibit spectacu- 
lar zoning in cathodoluminescence which corresponds to 
the color zoning. Very faint compositional zoning was 
sometimes seen in backscattered-electron images obtained 
with a scanning electron microscope. Electron-microprobe 
analysis of 10 sapphire samples yielded maximum TiO, 
and FeO values of 0.13 and 0.30 wt.%, respectively. 

In August 2004, fragments of yellow, colorless, and 
light blue sapphires were discovered at another occurrence 
located 50 m from the Beluga lens, over an area about 0.5 x 
0.5 m. Called “Beluga South,” this locality also contains 
weathered fragments of a corundum-bearing plagioclase- 
muscovite-calcite rock. Microprobe analyses of the yellow 
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and colorless sapphires (one sample of each) showed that 
the dominant chromophore in the yellow material was 
iron, with up to 0.04 wt.% FeO, all other potential chro- 
mophores were below the detection limit. 

Two yellow sapphires from the Beluga South occur- 
rence were loaned to GIA for examination (1.09 and 1.47 
ct; figure 20). The following properties were recorded by 
one of us (EPQ): color—yellow to orangy yellow, with no 
pleochroism observed, diaphaneity—transparent; R.IL— 
1.758-1.766; birefringence—0.008; S.G.—3.99 and 4.01; 
Chelsea filter reaction—none; and fluorescence—moderate 
orange to long-wave and very weak orange to short-wave 
UV radiation. No absorption features were visible with a 
desk-model spectroscope. Microscopic examination 
revealed that both stones contained a few long white nee- 
dles, and the oval sapphire also had a single “fingerprint.” 
No evidence of heat treatment was seen. 

The Baffin Island sapphires are hosted by calc-silicate 
lenses in a marble unit of the metasedimentary Lake 
Harbour Group, near a major terrane boundary within the 
Paleoproterozoic Trans-Hudson Orogen. Silica-poor (i.e., 
syenitic or ijolitic) magmas may have played a role in the 
initial formation of the calc-silicate lenses. The Beluga 
sapphires occur with plagioclase, clinopyroxene, phlogo- 
pite, muscovite, calcite, graphite, nepheline and scapolite. 
Apatite, rutile, titanite, and zircon are common in the host 
rock, and rare phases include chlorite, tourmaline (dravite), 
monazite, sanbornite, thorianite, and uraninite (identified 
by energy-dispersive spectroscopy). Petrographic studies 
suggest that this diverse mineral suite formed during retro- 
grade metamorphism accompanied by infiltration of CO,- 
bearing fluids. The area also hosts other gem varieties in 
complexly deformed, high-grade metamorphic rocks. 
These include diopside, pargasite, garnet, spinel, scapolite, 
tourmaline, apatite, zircon, moonstone, and lapis lazuli. 
The continental collision setting of southern Baffin is anal- 
ogous to gem-producing areas within the India-Asia colli- 
sion zone (i.e., from Afghanistan to Vietnam). 

In late 2003, the mineral rights to the sapphire-bearing 
area of southern Baffin Island were acquired by True North 


Figure 19. These sapphires are from the Beluga lens on 
Baffin Island. The round brilliants weigh 0.30 and 0.31 
ct, and the trilliant is 0.66 ct. Photo by Brad Wilson. 
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Figure 20. Baffin Island is also the source of these yel- 
low sapphires. The cushion cut weighs 1.09 ct, and 
the oval is 1.47 ct. Photo by Roger Morton. 


Gems Inc. So far, True North has polished 137 sapphires 
from the Beluga lens, with a total weight of 19.33 carats. 
The largest stone is a 0.66 ct trilliant (figure 19). In addi- 
tion, 67 yellow and colorless sapphires have been cut from 
the Beluga South occurrence, with a total weight of 10.62 
carats. The largest yellow sapphire is a 1.47 ct oval (figure 
20). All of the color varieties have been cut as calibrated 
round brilliants in sizes down to 1 mm, with most stones 
measuring 3 mm in diameter. 
Anthony N. LeCheminant 
(tony_lecheminant@rogers.com) 
Petrogen Consultants 
Manotick, Ontario, Canada 


Lee A. Groat, Gregory M. Dipple, James K. Mortensen 
University of British Columbia 
Vancouver, British Columbia, Canada 


Paul Gertzbein 

Department of Indian Affairs 
and Northern Development 
Iqaluit, Nunavut, Canada 


William Rohtert 
True North Gems Inc. 
Vancouver, British Columbia, Canada 


Elizabeth P. Quinn 


Unusual star and “cat’s-eye” sapphire. An unusual star sap- 
phire was brought to the attention of these contributors by 
Denis Gravier of Le Minéral Brut, Poncin, France. The 1.10 
ct, 6-mm-diameter round cabochon had an S.G. of 3.99, 
RL’s of 1.762-1.771, and was uniaxial negative. All of these 
properties are typical for sapphire. It was inert to both long- 
and short-wave UV radiation. With intense pinpoint illumi- 
nation, a weak but well-centered six-rayed star was visible. 
The most striking feature was a near-colorless band 
passing through the center of the stone (figure 21), which 
was reminiscent of a “cat’s-eye” pattern. This zone also 
was composed of corundum, as established by qualitative 
chemical analysis with a Jeol 5800 scanning electron 
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microscope equipped with a Princeton Gamma-Tech energy- 
dispersive X-ray detector for chemical analysis. The areas 
adjacent to this band displayed both sharp color zoning and 
silk-like inclusions that were oriented parallel to the 
boundaries of the near-colorless area. Magnification 
revealed that the entire stone was traversed by several “fin- 
gerprints.” Also present were some open fractures that con- 
tained small amounts of a semitransparent yellow to 
brown material that originated from outside of the stone. 
The color zoning suggests that the sapphire formed via 
simultaneous growth on both sides of the central near- 
colorless plate. The most logical interpretation is that this 
plate acted as a seed for overgrowth. How such a perfect 
plate could be produced in nature is difficult to explain, 
but the stone showed no evidence of synthetic origin. 
Perhaps Gems & Gemology readers have already seen a 
similar gem or can suggest a mode of formation. 
EF 


Y. Lulzac 
CRG, Nantes, France 


Large cat’s-eye topaz from Ukraine. Chatoyant topaz is 
extremely rare. Previously documented examples include 
3.53 and 13.90 ct stones (see Summer 1990 Gem News, p. 
164 [unspecified locality], and Fall 2003 Gem News 
International, pp. 236-237 [Myanmar]), as well as a much 
larger sample of 152 ct that originated from Brazil (see J. 
Hyrsl, “Some new unusual cat’s-eyes and star stones,” 
Journal of Gemmology, Vol. 27, No. 8, 2001, pp. 456-460). 

Two cabochons of cat’s-eye topaz were recently sub- 
mitted to this contributor for examination by gem dealer 
and collector M. Steinbach of Kéln, Germany. They were 


Figure 21. This 6-mm-diameter sapphire shows both 
an unusual “eye”—actually a near-colorless band— 
and a weak six-rayed star. Photo by Denis Gravier. 
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Figure 22. This 270 ct cat’s-eye topaz is notable for its 
large size and Ukrainian origin. Photo by M. Glas. 


cut from the same piece of rough, which originated from 
the famous gem beryl deposits in the Volhynia region of 
central Ukraine (see, e.g., J. Sinkankas, Emerald and 
Other Beryls, Chilton Book Co., Radnor, PA, 1981, pp. 
538-539). In addition to being the first chatoyant exam- 
ples of topaz from this area known to this contributor, 
these cabochons were quite large: 270 ct (figure 22) and 
154 ct. They were identified as topaz by traditional 
gemological methods, and their identity was confirmed 
by Raman spectroscopy. 

Both samples were intrinsically colorless and revealed 
numerous partially healed fractures consisting of liquid 
and two-phase (liquid/gas) inclusions, which gave the 
stones a somewhat milky appearance. The chatoyancy 
was caused by numerous extremely thin parallel channels 
or tubes, which commonly showed a brownish or reddish 
brown staining. The staining of these fine tubes created 
the apparent pale brown bodycolor of the samples. 

KS 


A notable triplite from Pakistan. Triplite (Mn3*[PO,]F) is a 
rare mineral that forms in phosphate-rich granitic peg- 
matites, typically as irregular brown opaque masses. 
Transparent triplite is quite rare, and the material is not easy 
to facet due to its brittleness and cleavage. It also has rather 
low hardness for a gemstone, at 5—5'/2 on the Mohs scale. 
These contributors were very surprised, therefore, when 
a transparent, reddish orange triplite weighing 7.16 ct was 
loaned to GIA for examination by Dudley Blauwet of 
Dudley Blauwet Gems. Mr. Blauwet stated that the rough 
was mined in the Shigar Valley in northern Pakistan, about 
5-6 hours’ walk from the village of Alchuri. He also indi- 
cated that transparent crystals of a similar phosphate min- 
eral called vayrynenite (Mn**Be[PO,][OH,F]) have been 
found in the same area. Attractive crystals of triplite were 
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reportedly mined in the Shigar Valley in 1995, on a matrix 
of albite and fluorite (A. Weerth and V. M. F. Hammer, 
“Mineralien vom ‘Dach der Welt’: Neue Uberraschungen 
aus dem Pamir, dem Karakoram und dem Himalaya,” 
Lapis, Vol. 25, No. 5, 2000, pp. 22-29). Most of this materi- 
al was evidently sold as mineral specimens, and only a few 
small, dark brown triplites from Pakistan are known to 
have been cut (M. Kaufman, Kaufman Enterprises, San 
Diego, pers. comm., 2004). 

The 7.16 ct triplite was faceted into an oval modified 
brilliant (figure 23). The following properties were 
obtained by one of us (EPQ): color—reddish orange, with 
weak pleochroism in reddish orange and yellowish orange; 
diaphaneity—transparent, R.I.—1.658-1.677, birefrin- 
gence—0.019; S.G.—3.87; orangy red Chelsea filter reac- 
tion; and inert to both long- and short-wave UV radiation. 
General absorption to 450 nm, weak absorption bands at 
470 and 490 nm, and a stronger band at 520-560 nm were 
observed with a desk-model spectroscope. Microscopic 
examination revealed “fingerprints,” fractures, two-phase 
inclusions, and a phantom-like growth plane. 

Powder X-ray diffraction analysis by WBS and AUF was 
performed using a piece of rough from which the 7.16 ct 
stone was cut, and it showed a close match to the triplite 
reference pattern. Electron-microprobe analysis of this frag- 
ment yielded the following composition (average of nine 
spots, in wt.%): 54.91 MnO, 31.92 P,O., 6.87 F, 4.20 CaO, 
3.91 FeO, 0.81 H,O (calculated), 0.06 Al,O,, and 0.06 SiO,,. 
After subtracting 2.89 wt.% (calculated oxygen equivalent 
of fluorine, by weight), the total was 99.83 wt.%. The data 
represent what are close to the highest Mn and lowest Fe 
contents documented in the literature for triplite. By com- 
parison, only one of the 11 analyses reported by C. Palache 


Figure 23. At 7.16 ct, this triplite from Pakistan is 
remarkable for its size, transparency, and attractive 
color. Courtesy of Dudley Blauwet Gems; photo by 
Maha Tannous. 
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et al. (The System of Mineralogy of James Dwight Dana 
and Edward Salisbury Dana, Vol. 2, John Wiley and Sons, 
New York, 1951, pp. 849-852) has a greater Mn:Fe ratio, 
with 57.63 wt.% MnO and 1.68 wt.% FeO in a “salmon- 
pink” sample from White Pine County, Nevada. 

Although the reddish orange color has not been report- 
ed previously for triplite, the R.I., birefringence, S.G., and 
chemical composition of the 7.16 ct stone are within the 
wide range of values given in the literature. 

BML 


Elizabeth P. Quinn 


William “Skip” B. Simmons and Alexander U. Falster 
University of New Orleans, Louisiana 


Update on several gem localities in Zambia and Malawi. In 
September 2004, Gems &) Gemology editor Brendan Laurs 
visited several gem deposits in Zambia and Malawi as part 
of a collaborative research project to gather first-hand infor- 
mation on the location, geology, and gem production of 
commercially important gem sources in southern Africa. 
The other collaborators were Dr. William B. “Skip” 
Simmons of the University of New Orleans, Louisiana; Dr. 
Hanco Zwaan of the National Museum of Natural History, 
Leiden, The Netherlands; and Bjorn Anckar of the 
European Union’s Mining Sector Diversification Pro- 
gramme (MSDP) in Lusaka, Zambia. Mr. Anckar, a geolo- 
gist and gemologist who has lived in Zambia for the past 
two and a half years, was our guide for much of the trip. 
The MSDP (www.msdp.org.zm/index.htm) is a five-year 
project supported by the European Development Fund to 
promote the sustainable development of the non-tradition- 
al mining sector in Zambia. Assisting the development of 
gem mining is an important component of this program. 
Recently, the World Bank began working closely with the 
MSDP on a separate Zambian aid program called Support 
for Economic Expansion and Diversification (visit www- 
wds.worldbank.org/default.jsp?site=wds and browse the 
Zambian documents). This program includes a gem com- 
ponent that “will support measures aiming to promote 
gemstones [sic] production and trade, and facilitate its 
inclusion into the formal economy, improve the sector’s 
socio-economic contribution at the regional and national 
levels, and encourage private sector investments.” 

Our fieldwork in Zambia focused on three regions: 
Kafubu for emeralds, Mkushi for tourmaline and morgan- 
ite, and Lundazi for “Canary” tourmaline and aquamarine. 
In addition, we visited the Chimwadzulu Hill ruby/sap- 
phire deposit in Malawi. 


Kafubu Emerald Region. With a reputation as the world’s 
second most important source of emeralds by value (after 
Colombia), this broad area near the Kafubu River contains 
several large open-pit mines (e.g., figure 24) that are being 
actively mined by international companies using heavy 
equipment. The geology at all the mines is rather similar: 
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Figure 24. One of the largest emerald pits in Zambia is the Grizzly. As at other mines in the Kafubu area, the 


emeralds are extracted from phlogopite-biotite schist adjacent to tourmaline-quartz veins. Photo by Brendan Laurs. 


Emeralds are hosted by phlogopite-biotite schist adjacent to 
quartz-tourmaline veins, although the mineralization is 
quite uneven and unpredictable. During the intrusion of the 
veins, hydrothermal fluids altered the talc-chlorite-amphi- 
bole host rocks to form a phlogopite-biotite zone within cen- 
timeters to meters of the vein contacts (see A. V. Seifert et 
al., “Emerald mineralization in the Kafubu area, Zambia,” 
Bulletin of Geosciences, Vol. 79, No. 1, 2004, pp. 1-40). 

We visited four pits: Grizzly, Chantete, Pirala, and 
Twampane. The first two were being mined using large 
haul trucks and excavators. The Pirala mine had recently 
reopened, with production expected to begin shortly after 
our visit. Excavations to expose the vein were being done 
with equipment brought in from the nearby Twampane 
mine, which had recently halted active mining. The 
largest mining concession in the area (consisting of several 


Figure 25. The Chantete emerald mine in Zambia 
has been worked by mechanized equipment since 
2002 in an open pit up to 35 m deep. Occasionally, 
large emerald crystals are produced (see inset). 
Photos by Brendan Laurs. 
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pits) continues to be operated by Kagem Mining Ltd., and 
another prominent operation, the Kamakanga mine, also 
was active. At all the big pits, the miners drill and use 
explosives to open the areas adjacent to the veins (figure 
25), and emeralds are hand-picked from the mineralized 
schist by experienced “chiselers.” One of the mining oper- 
ators (Kagem) currently has a small washing plant, while a 
larger processing plant being constructed at the Grizzly 
mine is projected to process 50 tonnes/hour of ore. 

Although production figures for Zambian emeralds are 
not generally available, the owner of the Chantete mine 
indicated that he produces 150-300 kg of beryl per month, 
but typically only 1% is gem quality. At best, 10% of the 
material can be polished into faceted stones and cabo- 
chons. Security remains a problem at all the mines, and 
we were told that some deposits lose more than 80% of 
their production to theft. Most of Zambia’s emeralds are 
exported to India (for use in the domestic market) and 
Israel (for international distribution). 


Mkushi pegmatite region. In the mid- to late-1990s, the 
Jagoda mine was an important producer of pink-to-red 
tourmaline and some morganite. The near-vertical peg- 
matite dike trends north-northwest and has been explored 
to a depth of about 15 m in an elongate open pit. The peg- 
matite is geochemically quite highly evolved, being com- 
posed mainly of “cleavelandite” (albite), quartz, and 
albitized K-feldspar with local areas of lepidolite and tour- 
maline. One particularly large pocket produced some enor- 
mous tourmaline crystals that typically showed a thin 
layer of black to dark green covering a pink interior (figure 
26). Mine owners Claire Chan and Ross Walker, of the 
Jagoda Gem Centre in Lusaka, have recently reactivated 
the deposit using heavy equipment. The open pit is being 
enlarged so the pegmatite can be mined at deeper levels, 
and surrounding areas will be explored through trenching. 
The Kumanga mine is another source of gem tourma- 
line in the Mkushi area, and has been mined by Rajnish 
Sharma (Gemstone Marketing & Consultancy Ltd., 
Lusaka) since 1998. He has opened 15 pockets with tour- 
maline colors ranging from pink, bicolored pink-green, 
green, to dark blue. One portion of the pegmatite has been 
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line crystals mined from Zambia’s Jagoda pegmatite 
in the late 1990s. The crystals from this pocket had 
distinctive pyramidal terminations and the pink inte- 
riors were overgrown by a thin black to dark green 
“skin” (as seen in the inset). Photos by Brendan Laurs. 


mined in a deep trench to about 15 m, and future work will 
likely concentrate on adjacent areas closer to the surface. 


Lundazi pegmatite area. Numerous pegmatites containing 
gem-quality aquamarine, tourmaline, and spessartine occur 
in eastern Zambia, in a large area west and southwest of 
Lundazi, and east of the Luangwa River. Since the early 
1980s, this area has been a source of bright yellow Canary 
tourmaline (sometimes incorrectly reported as being from 
Malawi or Mozambique; see Gem News International, 
Summer 2001, pp. 151-152, and Spring 2004, p. 86). Since 
the mid-1990s, commercial quantities of this bright yellow 
tourmaline have been recovered from primary and sec- 
ondary deposits in a localized area covered by two mining 
concessions: Kabelubelu and Tumbuka. Since late 2002, 
the deposit has been leased by Tommy Wu (Shire Trading 
Ltd., Hong Kong) and Rita Mittal (Southstream Enterprises 
Ltd., Lusaka). They have undertaken further exploration of 
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the pegmatite and also used a washing plant to process elu- 
vium and alluvium from several locations. At the time of 
our visit, exploratory mining for dark blue (or “double 
blue”) aquamarine was occurring at a pegmatite on an adja- 
cent mining concession (figure 27). The aquamarine occurs 
as fractured crystals that are frozen within the pegmatite, 
yielding faceted stones that are typically less than 0.5 ct but 
do not require any heat treatment. In contrast, most of the 
Canary tourmaline is heated to 500—550°C to bring out the 
bright yellow color from the typically brown to greenish 
yellow starting material. Future work will focus on mining 
Canary tourmaline from secondary deposits. 


Chimwadzulu Hill ruby/sapphire deposit, Malawi. Since 
the reports on Chimwadzulu Hill that were published in the 
Spring 2000 Gem News (pp. 71-73) and Spring 2004 Gem 
News International (p. 71), mine owner David Hargreaves 
(Minex Ltd., Surrey, United Kingdom) has continued a sys- 
tematic exploration program of auger holes, trenches, and 
pits to better define areas of ruby concentration in the eluvi- 


Figure 27. In the Lundazi area of eastern Zambia, a 
pegmatite located near the Canary tourmaline deposit 
is explored for dark blue aquamarine. The pegmatite 
can be seen as the light-colored vertical dike in the 
wall behind the miners. Photo by Brendan Laurs. 
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It is then evenly mixed with the bonding 
material, either a plastic, powdered metal 
or a ceramic. The mixture is then sub- 
jected to high pressure and is sintered, 
the temperature not being high enough 
to injure the diamond. The bonded 
material is then used as a thin facing to 
a metal pre-form wheel of the required 
size and shape. Wheels range in diameter 
from one-eighth of an inch to 20 inches. 


Crude metal dies for wire drawing date 
from at least the third century of our era. 
But it was not until 1869 that even the 
more progressive of the Italian and 
French drawers of gold wire, to be woven 
into fine textiles, were using diamond dies. 
Sixty years ago the extraordinary growth 
of the electric lamp industry put diamond 
dies on the map, and today they are used 
to produce most wire less than 0.08 inch 
in diameter. Before the war, diamond die 
making was a non-mechanized, family cot- 
tage industry centering at Trevaux, near 
Lyons, France. During the war, we suc- 
cessfully mechanized the process. 


The diamond, a sound crystal of one- 
quarter to one-third of a carat, is first 
mounted in a metal container after the 
top and bottom of the stone are ground 
parallel. Then, by hand or by machine, 
the hole is drilled by a needle moistened 
with olive oil loaded with diamond dust. 
The hole from one side is funnel-shaped, 
from the other, bell-shaped. The aperture 
is then carefully polished, diamond dust 
being again used. 

The object of all artisans is to make 
a die with the smallest possible aperture 
(0.0003 inch or less in diameter), the kind 
our friend Dr. Edward H. Kraus, so 
aptly described as “putting a wire you 
cannot see through a hole that is not 
there.” But, even the best artisans fre- 
quently fail to make the holes drilled 
from the two sides meet exactly. The die 
is then reamed out to the smallest size 
conditions permit. In the process of 
making fine wire for lamps or for the 


instruments on the panel of an airplane, 
the metal is successively drawn through 
a set of dies, each with a smaller aperture. 
The diameter of the resultant wire is but 
a small fraction of that of a human hair. 
Provided there are readers who are dis- 
ciples of Izaac Walton—and I am sure 
there are—I may add that the gut leader 
of a fine fishing outfit is drawn through 
a diamond die. ' 


One of the earlier industrial uses of the 
diamond, dated back in Europe at least 
to the 14th century, is the glazier’s dia- 
mond, a small octahedral crystal. These 
stones are also used to cut the edges and 
ends of plate glass as it comes from the 
annealing kilns. 


Gem Diamonds 

Splinters of diamonds were used to cut 
intaglios by the Greek gem engravers as 
early as 300 B.C. Today, in gem engrav- 
ing we use, in addition, diamond-charged 
wheels and burrs. Diamond points are also 
used in engraving lithographer’s stones, 
copper and other metal plates, glass, ebon- 
ite, etc. Other splinters are used in boring 
small holes in watch jewels and in various 
types of instruments to test hardness. 
They are also used in repairing fine por- 
celain, and the dentist uses them and other 
small diamond tools. 


The Hindoo, early in our era, had a 
saying, “Only the Vajra (diamond) cuts 
the Vajra.” Many water-white rough 
diamonds are not particularly beautiful 
and to bring out their full beauty, all 
require scientific cutting. 


Hindoos probably began to smooth the 
natural faces of diamonds as early as 
the 10th century and our French friend, 
Tavernier, warns purchasers to beware of 
Indian diamonds with many polished 
facets, as most of them were cut to hide 
blemishes. The art of diamond cutting 
was transferred from India, via Constan- 
tinople and Venice, to northern Europe 
by the 14th century. Since then, century 
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Figure 28. Mine manager Hilton Cook examines a 
ruby that was recovered in late September 2004 at 
Chimwadzulu Hill, Malawi. Photo by W. B. Simmons. 
The inset shows a 0.80 ct “padparadscha” sapphire 
from this deposit; courtesy of Columbia Gem House, 
Vancouver, Washington. 


um. About 2,000 test holes have been sunk at 5-10 m spac- 
ing, to a depth of 3-4 m. The most productive level of the 
eluvium typically ranges from 1.0 to 1.5 m below the sur- 
face. Future exploration will focus on completing the pit- 
ting/drilling program and exploring the underlying bedrock 
for in situ corundum, to help understand the mineralization 
and distribution of ruby and sapphire in the eluvium. In 
addition, a new washing plant equipped with jigs and a mag- 
netic separator has been commissioned to help meet the 
demand for rubies and “padparadscha” sapphires from this 
deposit, which do not require treatment and are being mar- 
keted as Nyala ruby and sapphire. Mr. Hargreaves reported 
that the new washing plant will increase the processing 


Figure 29. This 261.47 ct bicolored green and purple 
fluorite held an interesting suite of white spear- 
shaped inclusions. Photo by Maha Tannous. 
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capacity from 30 to 100 m° of eluvium per day, and should 
yield about 4,500 grams of facetable corundum annually. 
Historically, production from the deposit has consisted of 
approximately 30% ruby and 17% “padparadscha” sapphire 
(figure 28), with the remainder various fancy colors (mostly 
in the pink to purple range). 

In this contributor’s opinion, the gem areas described 
above show significant future potential. The Kafubu emer- 
ald area, in particular, is far from exhausted and could ben- 
efit from more systematic prospecting and the introduc- 
tion of a modern washing plant. Zambia’s pegmatite dis- 
tricts also show potential, although additional discoveries 
will depend on securing the necessary capital for further 
exploration and mining, as well as locating buried primary 
and eluvial deposits in the deeply weathered and poorly 
exposed near-surface horizon. The Chimwadzulu Hill 
deposit seems poised for a major expansion, in light of the 
advanced exploration program and modernized washing 
plant that was recently installed. Additional developments 
and further details on these deposits will be reported in 
future articles that are being prepared for submission to 
Gems & Gemology. 

BML 


INCLUSIONS IN GEMS 


Barite “spears” in fluorite. At a recent street fair in 
Carlsbad, California, GIA director of gem identification 
Shane McClure discovered a tray of freeform polished 
pieces of bicolored purple and green fluorite. Although no 
locality was given by the vendor, their coloration resem- 
bled that of some fluorite from Hunan Province, China. 
Upon closer inspection, he found a 261.47 ct specimen 
(48.2 x 38.6 x 10.9 mm) that appeared to contain white 
spear-shaped inclusions of some unknown mineral (figure 


Figure 30. Raman analysis was used to identify the 
spear-shaped inclusions in the bi-colored fluorite 
as barite. Photomicrograph by John I. Koivula; 
magnified 10x. 


GEMS & GEMOLOGY WINTER 2004 


Figure 31. This 6.97 ct Arizona peridot contains unusu- 
al aligned surface-reaching inclusions reminiscent of 
etched dislocations. Courtesy of A. Wolkonsky; photo 
by Alain Cossard. 


29). Since this was the only piece that contained these 
inclusions, and since solid inclusions of this shape have 
not been reported previously in fluorite, Mr. McClure pur- 
chased the stone for examination in the laboratory. 

Microscopic examination showed that all the inclu- 
sions had a pointed, spear-like bladed habit; most were 
opaque white (figure 30). However, a few were transparent, 
and cross-polarized light showed them to be birefringent. 
One of the inclusions reached a polished surface, providing 
an ideal opportunity for Raman analysis, which served to 
identify the inclusion as barite. 

Barite has been noted before as spherical inclusions in 
fluorite from Illinois (see J. I. Koivula and S. Elen, “Barite 


Figure 32. The inclusions in the Arizona peridot were 
grouped essentially parallel to one another, possibly 
due to crystallographic orientation. Photomicrograph 
by E. Fritsch; magnified 2x. 


inclusions in fluorite,” Winter 1998 Gems e) Gemology, pp. 
281-283), but never in this pointed habit. Interestingly, the 
spear-like shape of these barite inclusions looks quite simi- 
lar to a primary fluid inclusion in a fluorite from Illinois 
reported by E. J. Giibelin and J. I. Koivula (Photoatlas of 
Inclusions in Gemstones, ABC Edition, Zurich, 1986, p. 83). 


John I. Koivula (jkoivula@gia.edu) 
and Maha Tannous 


Arizona peridot with unusual inclusions. Alexandre 
Wolkonsky, a lapidary in Saint Cloud, near Paris, France, 
brought a remarkable peridot from San Carlos, Arizona 
(figure 31) to our attention. The 6.97 ct chevron-hexagon 
cut stone measured approximately 11.7 mm across and 
about 7.6 mm deep. The gem’s identity was confirmed by 
R.L’s of 1.650-1.688, a birefringence of 0.038, a biaxial pos- 
itive optic character, and an S.G. of 3.35, all typical values 
for peridot. 

The stone displayed several unusual white surface- 
reaching inclusions on its table. These had wedge- or dag- 
ger-like shapes plunging into the stone. They were all 
essentially parallel to one another, suggesting a relationship 
to crystallographic orientation (figure 32). Their intersec- 
tion with the surface was also roughly parallel, although 
more irregular (figure 33), and never exceeded 0.05 mm 
wide. The overall shape and orientation of these inclusions 
suggested that they might be etched dislocations, as seen in 
spodumene, diamond, and many other gems. 

What was unusual about these features was that they 
were filled with a white substance that Mr. Wolkonsky ini- 
tially believed was glue added to reinforce the stone. 
However, close inspection revealed that it was a granular, 
somewhat glistening powder-like material, easily scratched 
away. Qualitative microanalysis of the inclusions obtained 


Figure 33. With higher magnification, the slightly irreg- 
ular shape of the inclusions’ intersections with the 
table facet is visible. Note also the somewhat reflective 
appearance of the filling material in the inclusions. 
Photomicrograph by E. Fritsch, magnified 9x. 
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Figure 34. This unusual 11.94 ct cabochon of rock 
crystal quartz shows two strong chatoyant bands 
under a single light source. Courtesy of Elaine 
Rohrbach; photo by Maha Tannous. 


using a Jeol 5800 scanning electron microscope equipped 
with a PGT energy-dispersive X-ray detector revealed mag- 
nesium, silicon, oxygen, and traces of iron, with Mg>Si but 
a variable Mg/Si ratio (the analyzed volume did not include 
the peridot matrix). No useful signal was obtained by 
Raman analysis, probably because of the very reflective 
nature of the material. We surmise that the included mate- 
rial might be a hydrated alteration product of peridot, such 
as some variety of fine-grained serpentine. 

EF 


Y. Lulzac 
CRG, Nantes, France 


Double-eye chatoyant quartz. Cat’s-eye gems characteristi- 
cally show a chatoyant band of reflected light oriented per- 
pendicular to the phenomenon-causing inclusions, which 
are commonly thin hollow tubes resulting from growth 
blockage (growth tubes) and/or post-growth dissolution fea- 
tures (etch tubes). In either case, the cat’s-eye appears as a 
single band of reflected light when illuminated from above 
with a single beam of light. If a chatoyant gem is examined 
under two light sources simultaneously, then two chatoy- 
ant bands will be visible. Virtually all chatoyant gems dis- 
play their cat’s-eye phenomenon in such a manner. 

However, a most unusual 11.94 ct cabochon of cat’s- 
eye rock crystal quartz was recently acquired by Elaine 
Rohrbach of Gem Fare in Pittstown, New Jersey, while on 
a buying trip to Brazil. What made this gem intriguing was 
that it displayed two near-parallel chatoyant bands of vir- 
tually equal strength when illuminated with only a single 
light source (figure 34). 

Since a few of the chatoyancy-causing inclusions were 
relatively large, it was possible to determine by microscop- 
ic examination that at least the larger tubes resulted from 
etching, and that some contained an epigenetic iron- 
stained residue (figure 35). The size of the largest inclusions 
also made it possible to see what caused two chatoyant 
bands to appear from a single light source. The etch tubes, 
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Figure 35. The complex angular shape of the etch 
tubes in the cat’s-eye quartz causes light to be reflect- 
ed simultaneously in two directions, forming two 
chatoyant bands instead of one. Photomicrograph by 
John I. Koivula; magnified 10x. 


which were all oriented in the same direction, were sharply 
angular down their length and also very mirror-like in their 
reflectance. This angularity caused incident light to be 
reflected simultaneously in two directions, which resulted 
in two chatoyant bands instead of just one. 

John I. Koivula and Maha Tannous 


Graphite inclusions in quartz from Brazil. “Graphite” has 
been mentioned many times as an inclusion in quartz, but 
until now these specimens have proved to contain only 
amorphous hydrocarbons, sometimes referred to as 
“anthraxolite” or “asphaltite” (see Spring 2004 Gem News 
International, pp. 79-81). The most famous examples of 
hydrocarbon-included quartz are the splendid groups of 
doubly terminated “Herkimer” rock crystals from 
Middleville, Herkimer County, New York, which origi- 
nate in silicified dolomites. Similar geoenvironments have 


Figure 36. Quartz crystals with cylindrical graphite 
inclusions, such as this 5.2-cm-wide intergrown crys- 
tal, have recently come on the market, reportedly 
from Bahia, Brazil. Photo by J. Hyrsl. 
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produced such quartz crystals all over the world, with 
plentiful deposits recently found in Sichuan Province, 
China (B. Ottens, Ed., China—extraLapis No. 26/27, 
Christian Weise Verlag, Munich, Germany, 2004,198 pp.). 
In such specimens, the black anthraxolite has an irregular 
form, although very rarely it is present as phantoms in 
some of the crystals from China. 

Recently, this contributor encountered quartz crystals 
containing some unusually lustrous graphite inclusions 
(figure 36). They reportedly came from the state of Bahia, 
Brazil, although the exact locality is still unknown. The 
crystals were doubly terminated and typically up to about 
3 cm long, although exceptional examples reached nearly 
10 cm. The graphite inclusions formed cylinders up to 3 
cm long and 3 mm wide (rarely, they were botryoidal). 
Almost all the graphite cylinders viewed by this contribu- 
tor were broken at both ends; only very rarely did they 
show a hemisphere-shaped termination on one end. When 
the cylinders were viewed down their long axis, a radiating 
fibrous structure was quite visible in some cases. The 
identification of the inclusions as graphite was established 
by X-ray powder diffraction analysis. Some of the expected 
X-ray lines were missing, and this may be due to the for- 
mation of the graphite from the metamorphosis of the 
amorphous hydrocarbons. It is common for quartz crystals 
containing hydrocarbons to form during the lithification of 
sediments |i.e., diagenesis); subsequent higher grade meta- 
morphism could cause these inclusions to recrystallize 
into graphite by driving off the volatiles (hydrogen and 
oxygen) from the hydrocarbons. 

The graphite cylinders were in most cases completely 
enclosed by the quartz and therefore quite pristine. Only 
in specimens where the cylinders reached the surface was 
the graphite replaced by yellow-brown iron oxides or 
(rarely) absent, leaving a hollow cavity. Because many of 
the host quartz crystals are quite transparent, they can be 
faceted into very interesting cut stones (figure 37). 

Jaroslav Hyrsl (hyrsl@kuryr.cz) 
Kolin, Czech Republic 


Quartz with molybdenite. A recent discovery of trans- 
parent rock crystal in Chile has provided those interest- 
ed in inclusions with some very unusual specimens. 
The well-formed crystals are singly or doubly terminat- 
ed, with the doubly terminated specimens being less 
prevalent, as would be expected. Crystals weighing over 
10 kg have been recovered from this locality, which is 
reported as the Confianza mine, Tilama, Valparaiso. 
Four gem-quality crystals were provided to these con- 
tributors by well-known mineral collectors and dealers 
Russell E. Behnke of Meriden, Connecticut, and William 
W. Pinch of Pittsford, New York. As shown in figure 38, 
the largest of the four weighed 378.73 ct and measured 
42.8 x 40.9 x 37.6 mm. 

The highlight of this discovery was that the quartz crys- 
tals contained phantoms decorated or dusted with thin 


GEM NEWS INTERNATIONAL 


Figure 37. This 117.10 ct faceted quartz contains inclu- 
sions of well-formed graphite cylinders. Photo by J. Hyrsl. 


platy crystals or crystal clusters of molybdenite (MoS,), 
which was identified by EDXRF and X-ray diffraction analy- 
sis. Some of these inclusions were very well-formed and 
showed distinct surface growth features as well as the 
expected lead-gray metallic luster of molybdenite (figure 39). 

John I. Koivula and Maha Tannous 


Rutile “moth” in quartz. Rutile is a relatively common 
inclusion in quartz. However, fine examples showing well- 
developed six-rayed stars, four-rayed crosses, or beautiful 
sagenitic patterns are rare (see, e.g., Summer 2001 Gem 
News International, p. 146). Recently we had the opportu- 
nity to examine an interesting 13.97 ct rutilated quartz 


Figure 38. These Chilean quartz crystals contain 
phantoms formed by molybdenite inclusions. The 
largest crystal weighs 378.73 ct, while the longest one 
measures 65.8 mm. Courtesy of Russell E. Behnke 
and William W. Pinch; photo by Maha Tannous. 
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Figure 39. The molybdenite inclusions in the Chilean 
quartz display a characteristic lead-gray color and 
platy hexagonal form. Photomicrograph by John I. 
Koivula; magnified 10x. 


from the Golconda mine, Minas Gerais, Brazil, which was 
provided by Luciana Barbosa of the Gemological Center in 
Belo Horizonte. Prominently displayed under the table 
facet was a most unusual rutile inclusion pattern. 

The inclusion formation consisted of numerous dense- 
ly packed parallel light yellowish brown needles of rutile 
that were swept back at an angle from a central opaque sil- 
very black inclusion of hematite. The plane of this inclu- 
sion combination was oriented just slightly off-parallel to 
the plane of the table facet. As shown in figure 40, this ori- 
entation allowed the inclusion pattern to reflect light 
without interference from any reflection off the table facet. 
The precise epitaxial growth of rutile needles from the 
hematite, together with their dense, parallel formation and 


Figure 40. Oriented rutile needles extending from the 
edges of a hematite plate form an unusual moth-shaped 
inclusion in this 13.97 ct rock crystal from Brazil. 
Courtesy of Luciana Barbosa; photo by Maha Tannous. 


simultaneous reflectance, created the appearance of moth 
wings, while the contrasting black hematite formed the 
insect’s “body” (figure 41). Through the years we have 
examined many fine examples of rutilated quartz. This is 
the first such hematite-rutile “moth” pattern we have 
encountered, so in our estimation this stone is not just 
unusual, it is unique. 

John I. Koivula and Maha Tannous 


SYNTHETICS AND SIMULANTS 


Synthetic Verneuil corundum with unusual color zoning. 
During a trip to Sri Lanka in mid-2004, one of our clients 
purchased, among other faceted corundums, a red 1.05 ct 
modified round brilliant with unusual color zoning. 
Refractive indices of 1.760-1.770 and a hydrostatic S.G. of 
4.00 confirmed that it was corundum. 

Viewed face-up, the sample appeared uniformly pur- 
plish red (figure 42, left). From the side, however, it 
appeared very light blue in the crown portion, while the 
culet area was purplish red (figure 42, right). Such color 
zoning has been observed in various colors of sapphire 
from Songea (Tanzania) and Sri Lanka, especially in blue 
and orange stones. A strong red fluorescence to long-wave 
UV radiation was observed in the culet area, and Raman 
spectroscopy confirmed that both parts were corundum. 

With magnification, it became obvious that this was a 
Verneuil (flame fusion) synthetic sapphire, as numerous 
gas bubbles were visible in the very light blue portion (fig- 
ure 43). When immersed in methylene iodide, the bound- 


Figure 41. The orientation of the rutile inclusions, 
together with their dense, parallel formation and 
simultaneous reflectance create the appearance of 
moth wings, while the contrasting black hematite 
forms the “body.” Photomicrograph by John I. 
Koivula; magnified 10x. 
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Figure 42. This 1.05 ct synthetic corundum appears 
uniformly purplish red when viewed face-up (left), 
while the color zoning is clearly visible from the side 
(right). Composite photo by H. A. Hadnni, © SSEF. 


ary between the purplish red and very light blue zones 
appeared curved (figure 44). However, no curved striae 
were observed in the purplish red portion. A qualitative 
chemical analysis of the table facet by EDXRF showed 
only Al; no Ga was detected, as expected for a flame-fusion 
synthetic corundum. 

These observations indicated that the sample was cut 
from a color-zoned boule of Verneuil synthetic corundum, 
with the purplish red part representing the small center of 
the otherwise very light blue boule. This also explained the 
large fissures observed perpendicular to the growth direc- 
tion (again, see figure 44). Verneuil boules usually have 
some tension along their growth axis along which they are 
split before being cut. Obviously this was not done in this 
case, and therefore the tension cracks developed. 

Lore Kiefert (gemlab@ssef.ch) 
SSEF Swiss Gemmological Institute, Basel 


HAH 
KS 


Figure 44. With immersion, the curved growth bound- 
ary in this synthetic corundum (4.7 mm from table to 
culet) is clearly visible. The gray area at the top of the 
image is a tension crack. Such fractures are character- 
istically oriented perpendicular to the growth axis of 
the boule. Photomicrograph by H. A. Hanni, © SSEF. 
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Figure 43. Gas bubbles appear to be radiating from 
the center of the color-zoned synthetic corundum 
(5.0-5.2 mm in diameter). Photomicrograph by 

H. A. Haénni, © SSEF. 


Imitation clam “pearl.” Throughout history, shell materi- 
al has often been fashioned to resemble true pearls and 
non-nacreous “pearls,” sometimes for the purpose of 
deceiving the consumer. The West Coast laboratory, for 
example, recently inspected several specimens of conch 
shell that were carefully and convincingly fashioned to 
mimic conch “pearls.” Even more recently, this contribu- 
tor examined an item that at first appeared like a natural 
pearl-like calcareous concretion (figure 45). It was donated 
to GIA by Bill Larson of Pala International, Fallbrook, 
California, who had obtained it at a jewelry store in La 
Paz, Baja California, Mexico. The store had about a dozen 
of these samples, which were represented to Mr. Larson as 
“genuine clam pearls” that had been polished. However, 


Figure 45. This imitation clam “pearl” (17.5 x 10.8 x 
10.2 mm) proved to be polished shell material from 
an unknown mollusk. Photo by Maha Tannous. 
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Figure 46. With transmitted light, 
the imitation “pearl” shown in 
figure 45 displayed banding (left) 
and “flame” structures (right). 
Note also the fine lamellar struc- 
ture of the banding that is nearly 


he suspected that they were imitations, and purchased one 
sample for closer examination. 

The 15.31 ct semitranslucent ovoid specimen was pure 
white, with a very uniform appearance and shiny, porcela- 
neous luster. With low magnification, its true nature was 
evident: The absence of nacre confirmed that the item was 
not a pearl, and transmitted fiber-optic illumination 
revealed a prominent parallel banded structure, immedi- 
ately identifying the sample as shell material rather than 
any type of pearl-like concretion (figure 46, left). Most 
interesting was the coarse to fine flame-like structure ori- 
ented perpendicular to the banding (figure 46, right). 

The refractometer showed a cutoff at approximately 
1.65 with a birefringence blink; the lower value was not 
distinguishable. The S.G. (determined hydrostatically) 
was roughly 2.76. Long-wave UV fluorescence was weak 
to moderate chalky yellowish white with very weak light 
brown streaks corresponding to the structural banding; 
short-wave UV fluorescence was similar, but even weak- 
er. No distinguishing spectrum was seen with the desk- 
model spectroscope. 

“Flame” structure is commonly found in porcelaneous 
non-nacreous “pearls” from some mollusks such as the 
conch, giant clam (Tridacna gigas), and Pacific Ocean 
thorny oyster (Spondylus calcifer carpenter; see Winter 
1987 Lab Notes, p. 235); the latter is found in the Gulf of 
California. The flame structure in this imitation clam 
“pearl” may have fooled an unwary buyer into believing 
that it was a pearl-like concretion, rather than shaped and 
polished shell material. However, as this example shows, 
flame structure also may be seen in the shell of these and 
similar mollusks. Although it would have been interesting 
to identify the specific type of mollusk from which this 
shell material originated, this was not possible because we 
did not have access to the shells needed for comparison. 

Cheryl Y. Wentzell (cwentzell@gia.edu) 
GIA Gem Laboratory, Carlsbad 


ANNOUNCEMENTS 


Visit Gems e&) Gemology in Tucson. Meet the editors and 
take advantage of special offers on subscriptions and back 
issues at the G&G booth in the Galleria section (middle 
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perpendicular to the flame-like 
structure. Photomicrographs 
by Maha Tannous (left, 
magnified 10x) and John I. 
Koivula (right, magnified 15x) 


floor) of the Tucson Convention Center during the AGTA 
show, February 2—7, 2005. 

GIA Education’s traveling Extension classes will offer 
hands-on training in Tucson with “Gem Identification” 
(January 31—February 4) and “Advanced Gemology” 
(February 5). To enroll, call 800-421-7250, ext. 4001. 
Outside the U.S. and Canada, call 760-603-4001. 

The GIA Alumni Association will host a Dance Party 
in Tucson on February 5, featuring a silent auction, an 
industry awards presentation, and a live auction. To reserve 
tickets, call 760-603-4204 or e-mail events@gia.edu. 


Gem treatment seminar in Tucson. An update on the 
treatment of corundum and other gem materials will be 
presented by Ted Themelis during the Tucson gem 
shows on February 3, 2005 at the Marriot University 
Park Hotel. Among the subjects covered will be laser- 
induced breakdown spectroscopy (LIBS) and new treat- 
ment methods in Sri Lanka and India. Prior reservation is 
required; contact veronica@themelis.com or visit 
www.themelis.com/Tucson2005. 


2005 Gem-A field trips. The Gemmological Association 
of Great Britain is planning two field trips for 2005, a visit 
to Idar-Oberstein, Germany, March 13-19, and a tour of 
Minas Gerais State, Brazil, August 15-29. Both field trips 
will visit local cutting centers and gem mines. E-mail 
doug@gem-a.info or visit www.gem-a.info/membership/ 
fieldTrips.htm. 


Exhibits 

Cartier Collection in Houston. “Cartier Design Viewed by 
Ettore Sottsass,” an exhibition of over 200 objects from the 
Cartier Collection, will be on display at the Museum of 
Fine Arts, Houston, through March 27, 2005. Among the 
pieces displayed are diadems, brooches, and rings, as well 
as jeweled accessories such as cigarette cases, clocks, and 
watches. E-mail visitorservices@mfah.org or visit 
www.infah.org. 


Native American Jewelry at AMNH. “From Totems to 
Turquoise: Native North America Jewelry Arts of the 
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Northwest and Southwest,” an exhibition of more than 
500 pieces of contemporary and historic Native American 
jewelry, is being held at the American Museum of Natural 
History in New York City until July 10, 2005. Visit 
www.amnh.org/exhibitions/totems/ or call 212-769-5100. 


Conferences 

WJA in New York. The Women’s Jewelry Association 
“Women In the Know” business conference will be held 
on Friday, March 4, at the Fashion Institute of Technology 
in New York City. Topics will include leadership develop- 
ment, Internet business strategy, and customer service 
management. Visit www.womensjewelry.org or call 310- 
937-8997. 


PDAC 2005. The Prospectors and Developers Association of 
Canada convention will take place March 6-9 in Toronto. 
Diamonds will be featured in a session called “Diamonds— 
Around the World in 120 Minutes,” and also will be includ- 
ed in other sessions. Visit www.pdac.ca/pdac/conv. 


BaselWorld 2005. The BaselWorld show will be held 
March 31—April 7 in Basel, Switzerland. GIA will host 
GemFest Basel on April 2, 4-6 pm, at the Basel 
Convention Center, Hall Montreal. The program will be 
followed by a reception. During the show, Gems & 
Gemology editor-in-chief Alice Keller will be available at 
the GIA Booth in Hall 2, Stand W23. For more information 
on BaselWorld, visit www.baselshow.com, call 800-922- 
7359, or e-mail usvisitor@baselworld.com. 


Russian gemology. A session on gemology will be held 
during VII International Conference: New Ideas in Earth 
Science at the Moscow State Geological Prospecting 
University April 5-6, 2005. E-mail science@msgpa.ru. 


GemmoBasel 2005. The first open gemological conference 
in Switzerland will be presented by the SSEF Swiss 
Gemmological Institute at the University of Basel, April 
29-May 2, 2005. Among the events scheduled is a field 
trip to a Swiss manufacturer of synthetic corundum and 
cubic zirconia. Visit http://www.gemmobasel2.005.org or 
contact gemlab@ssef.ch. 


ICNDST-10 in Japan. The 10th International Conference 
of New Diamond Science and Technology will be held at 
the National Institute of Advanced Industrial Science and 
Technology Conference Hall in Tsukuba, Japan, May 
11-14, 2005. Among the topics covered will be HPHT syn- 
thesis and processing and the growth of CVD synthetic 
diamond. Visit www2.convention.co.jp/ICNDST-10 or 
email icndst-10@convention.co.jp. 


Diamonds at GAC-MAC. The 2005 joint meeting of the 
Geological Association of Canada and the Mineralogical 
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Association of Canada will be held May 15-18, 2005, in 
Halifax, Nova Scotia. “From Cratons to Carats: A sympo- 
sium to honour the career of Herwart Helmstaedt” will 
feature presentations on geotectonic controls on dia- 
mond exploration. E-mail hfx2005@gov.ns.ca or visit 
www.halifax2005.ca. 


Bead Expo in Miami. The 2005 International Bead Expo 
will be held in Miami, Florida, May 18-22. Over 60 work- 
shops and educational lectures on bead jewelry design and 
manufacture are scheduled. E-mail info@beadexpo.com or 
visit www.beadexpo.com. 


Goldschmidt Conference. The 15th Annual Goldschmidt 
Conference will take place May 20-25, 2005, in Moscow, 
Idaho. The meeting will include a session on the geochem- 
istry of gem deposits, and also will include numerous pre- 
sentations on advanced analytical techniques. E-mail 
gold2005@uidaho.edu or visit www.uidaho.edu/gold2005. 


ERRATA 


1. The Winter 2003 Gem News International entry, 
“Some interesting pearls from the North American 
West Coast” (pp. 332-333), may have given the 
impression that the green abalone (Haliotis fulgens) 
and the pink abalone (H. corrugata) can be legally 
fished in the United States. In fact, both commercial 
and sport fishing of these particular species have been 
banned in the U.S. since 1996 (limited sport fishing for 
red abalone is allowed under strict regulations). The 
near-round abalone pearl described in this entry was 
recovered from a green abalone in waters off the coast 
of Mexico; the abalone pearl with the unusual growth 
structure was from a red abalone and purchased from 
an old collection. 


2. Since the publication of the Summer 2004 Gem News 
International entry, “‘Shell pearls’ with Tridacna clam 
shell beads” (p. 178), it has come to our attention that 
Tridacna giant clams are protected under the 
Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES), Appendix II 
(www.cites.org/eng/append/appendices.shtml). 
Materials listed in CITES Appendix II may not be 
exported without a license, and listed marine materials 
recovered from international waters may not be import- 
ed into the United States without a permit from the 
US. Fish and Wildlife Service. Those contemplating 
international trade in any cultured or imitation pearls 
using Tridacna nuclei should take care to comply with 
permitting regulations; however, as noted in the entry, 
the use of Tridacna shell as pearl nuclei is a practice 
best avoided (see also Summer 2002 Gem News 
International, p. 179). 
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Book REVIEWS 


D004 


Bernd Munsteiner: Reflexionen 
in Stein [Reflections in Stone] 


Edited by Wilhelm Lindemann, 224 
pp., illus., publ. by Arnoldsche, 
Stuttgart, Germany, 2004 (in 
German and English). US$75.00* 


This extraordinary new book on Bernd 
Munsteiner sets the famous lapidarist’s 
work firmly within the realm of art— 
showing it to us not as we are accus- 
tomed to seeing it, as the stonecutter’s 
craft taken to the edge of possibility, 
but as something more. In the complex 
argument that opens the book, Linde- 
mann explains how the development of 
faceting during the Renaissance took 
cutters away from the ancient view of 
precious stones as earthbound sources 
of divine light: In other words, even as 
gems grew more sparkly, their beauty 
lost its connection to the underlying 
material. But it is in such dynamic 
spaces that art flourishes. Much as 
Cubism bridges two- and three-dimen- 
sional representation, the reconciliation 
of the tensions between crystal and 
light through cutting is, in Linde- 
mann’s view, the driving force behind 
Munsteiner’s creativity. A series of 
essays from American collectors Si and 
Ann Frazier and Michael M. Scott, 
German jeweler Deborah Aquado, and 
art historian Christianne Weber-Stober 
extend this thesis and offer personal 
glimpses of both the man and his work. 

The heart of the book, though, is 
its more than 200 breathtaking pho- 
tographs, most of them taken by 
Jiairgen Cullmann and Harold and Erica 
Van Pelt. Pieces are grouped themati- 
cally and “hung” on the white space of 
the pages as if on a gallery wall, inter- 
spersed with close-ups of the rutile 
inclusions in the “Metamorphosis” 
crystal and of gem minerals in various 
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stages of cutting. Loose gems and jew- 
elry from the earlier agate series are 
featured, as well as the more familiar 
“fantasy cut” tourmalines, aqua- 
marines, and quartzes. Also seen are 
the sculptural works, outdoor installa- 
tions, and several pieces of glasswork 
done for ceramics manufacturer Royal 
Copenhagen. A special section is 
devoted to “Dom Pedro,” the 10,000 ct 
aquamarine Munsteiner cut in 1993. 

For both the serious collector and 
the jeweler/gemologist, this book 
offers a comprehensive guide to one 
of the most important lapidary artists 
in the world. I particularly enjoyed 
seeing Munsteiner’s complete body 
of work treated as a retrospective. As 
a museumgoer, I found that this 
approach helped me understand the 
whole as well as revel in the parts. 
And as someone who had understood 
these works primarily as exercises in 
“gee-whiz” lapidary technique, their 
intellectualism was as much of a sur- 
prise as their sensuality. 

Beyond its obvious value as a ref- 
erence, Reflexionen in Stein success- 
fully accomplishes its goals: It carves 
out a space for Bernd Munsteiner’s 
work within the broader context of 
Western art history—and then cele- 
brates what happens there, even as 
the work itself invites us to do. 

LISA SCHOENING 

Gemological Institute of America 

Los Angeles 


Illustrated Guide to Jewelry 
Appraising, 3rd Edition 
By Anna Miller, 200 pp., illus., publ. 


by GemStone Press, Woodstock, VT, 
2004. US$39.99* 


With this edition, the late Anna Miller 
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EDITORS 


Susan B. Johnson 
Jana E. Miyahira-Smith 
Stuart Overlin 


updated and expanded her respected 
Illustrated Guide to Jewelry Appraising. 
Every evaluator, whether newly mint- 
ed or a seasoned professional, will find 
it a valuable resource. 

The book covers a wide range of 
important topics, beginning with the 
appraiser’s role and responsibilities in 
the first chapter. The second deals 
with understanding the different valu- 
ation methods, researching price 
points, and making the proper identi- 
fication. Readers will find the third 
chapter especially rich in jewelry 
“forensic” identification. The process 
of estimating values for every con- 
ceivable form of wearable jewelry is 
covered next, while chapter 5 reviews 
the appraisal as a legal document. The 
book closes with tips on identifying 
and valuing unfamiliar pieces. 

The I1lustrated Guide discusses 
just about every major aspect of a care- 
fully crafted and accurate appraisal for 
antique, period, and modern jewelry. 
It is organized logically and is refresh- 
ingly easy to read. Miller found ample 
room for detail, but did not overdo it. 
This edition includes an updated list- 
ing of market information and price 
guides, an additional jewelry period 
(“Consumerism,” 1990-2002), and a 
new chapter called “Valuing the Un- 
familiar,” which covers reproduction, 
Asian antique, and Berber jewelry. 

Although the quality and value of 
the text is as expected from someone 
with decades of experience, it is unfor- 
tunate that both the paper quality and 


*This book is available for purchase 
through the GIA Bookstore, 5345 
Armada Drive, Carlsbad, CA 92008. 
Telephone: (800) 421-7250, ext. 
4200; outside the U.S. (760) 603- 
4200. Fax: (760) 603-4266. 
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the photographs are not up to the 
same standard. After reading the first- 
rate text, it is disappointing to be let 
down by dark, murky, and sometimes 
out-of-focus photographs. 

In this reviewer’s opinion, this 
book is a great reference guide, but it 
would have been outstanding if the 
production issues had been resolved. 
Nevertheless, Anna Miller has provid- 
ed another useful tool that would cer- 
tainly add value to any appraiser’s 
library. 

M. ADAM NAMEROW 
Chippewa Lake, Ohio 


Magic World: 
Inclusions in Quartz 


By Jaroslav Hyrsl and Gerhard 
Niedermayr, 240 pp., illus., publ. by 
Bode Verlag, Haltern, Germany, 
2003 [German and English]. € 49.00 


This attractive book offers a fascinat- 
ing look into a truly magical world: the 
approximately 130 minerals that have 
been documented as visible inclusions 
in crystalline quartz. The objectives of 
this book are not only to describe the 
minerals known to occur in quartz, 
but also to help gemologists identify 
them and encourage more collectors to 
study them. To meet these objectives, 
the authors have provided some 290 
photos and photomicrographs. 

The book begins with a general 
discussion of quartz, its modes of for- 
mation, and the kinds of inclusions 
that these differing modes produce. 
The paragenesis of fluid and solid 
inclusions is described, as well as 
what the presence of these inclusions 
tells us about the growth environ- 
ment. Highlights of this section are 
photos of specimens and original 
labels from the W. E. Hidden collec- 
tion, which is now housed in the 
Natural History Museum of Vienna. 

The next eight chapters cover the 
inclusions themselves, organized 
according to their chemical classifica- 
tion (oxides, carbonates, silicates, 
etc.); the last chapter is devoted to 
inclusions in synthetic quartz. Short 
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descriptions of the inclusions are 
given, along with locality and other 
information that collectors might find 
valuable. Some of these, such as dia- 
mond as an inclusion in quartz, are 
stated to have been reported but not 
actually verified. 

Notables such as Rock Currier, Si 
and Ann Frazier, and John Koivula 
contributed to this book. The speci- 
mens, superbly photographed by the 
authors and others (including Werner 
Lieber, Olaf Medenbach, and Jeff 
Scovil) capture outstanding examples 
of the varied and often breathtakingly 
beautiful inclusion scenes in quartz 
from a number of prominent collec- 
tors and institutions. These include: 
a 1 cm cinnabar crystal in doubly ter- 
minated quartz from Guizhou, China 
(p. 55); a 1.2 cm spray of paakk6énen- 
ite needles from the Cryo-genie mine 
in California (p. 67); a large rock crys- 
tal quartz with actinolite needles 
from Switzerland (p. 164); a scepter- 
growth quartz, also from Switzerland 
(p. 168); and a Japan-law quartz twin 
with andradite from Peru (p. 196). 

Only a few minor criticisms can be 
made. In some places, the English text 
has misspelled words or confusing syn- 
tax, such as “about 1 cm big, nicely 
formed cinnabar.” Does this mean the 
cinnabar is 1 cm in size or that 1 cm is 
considered big for a well-formed 
cinnabar inclusion? (I favor the latter.) 
Sometimes the locality information 
given for the photos and the names of 
the minerals listed in the index are not 
translated into English. In addition, the 
text assumes an audience versed in 
basic mineralogy, which might force 
the novice reader to consult other texts 
for technical definitions and further 
data on the minerals themselves. 

Still, this is the best new book on 
mineral collecting I’ve seen in a long 
time, and it is certainly the finest yet 
on inclusions in quartz. I hope the 
authors’ aim, that many collectors 
will be attracted to quartz inclusions, 
will become a reality, just as long as 
there are still some left for me. 

MICHAEL EVANS 

Gemological Institute of America 

Carlsbad, California 
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Minerals: Their 
Constitution and Origin 


By Hans-Rudolf Wenk and Andrei 
Bulakh, 668 pp., illus., publ. by 
Cambridge University Press, 
Cambridge, United Kingdom, 2004. 
US$130.00 (hardcover); US$70.00 
(softbound). 


This is an introductory college-level 
mineralogy textbook. As such, it may 
not seem a natural for the library of a 
gemologist; yet a basic knowledge of 
modern mineralogical principles and 
methods can be a tremendous advan- 
tage in understanding the latest 
advances in gemology. Such knowl- 
edge can also lead to a broader appreci- 
ation of the properties of gemstones 
and of the occurrence of gem materials 
in the context of natural processes. 
The gemologist stands to gain greatly 
from expanding his or her mineralogi- 
cal background. This book may not be 
the perfect mineralogical primer for a 
gemologist, but it has much to offer. 

Minerals: Their Constitution and 
Origin covers a very broad range of 
topics, and does so clearly and suc- 
cinctly. It doesn’t delve into any topic 
in great depth, but it provides a good 
understanding of those it addresses. 
The diagrams and photographs are 
well chosen and a great help, 
although it should be noted that 
many of the topics assume a basic 
background in physics, chemistry, 
and/or mathematics. 

Those topics that would probably 
be of greatest interest to the gemolo- 
gist include crystal morphology, crys- 
tal growth, optical properties, color, 
spectroscopic techniques, mineral 
identification, and mineral formation. 
Besides having a chapter devoted to 
mineral genesis, the book also covers 
specific types of mineral deposits in 
the context of the various mineral 
groups. 

The last part of the book deals 
with applied mineralogy and includes 
a chapter on gems, both natural and 
synthetic. While the coverage of gem- 
stones is very cursory, it is interesting 
to see how they are viewed in a min- 
eralogical context. 
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by century, it has improved, and today 
the best cutting in the world is done in 
New York City. 

There is but time to name the steps in 
transforming the rough stone into a 
beautiful brilliant or emerald-cut gem: 
cleaving (the slot into which the cleav- 
ing knife is placed is abraded with a 
diamond); sawing (the tool, a rapidly 
revolving paper-thin copper wheel fed 
with diamond dust) ; brutting (shaping the 
stone by a diamond set in a tool revolved 
by a lathe), and polishing (faceting and 
polishing the stone on a revolving soft 
iron wheel fed with diamond dust in olive 
oil). 

Diamond dust is also used in cutting 
all of the harder precious stones, includ- 
ing quartz plates, a “must” in radio com- 
munication. 

Some gramophone needles are tipped 
with diamonds; some Diesel engine jets 
are made of pierced diamonds; bearings 
for large electric. meters are made of 


diamonds. In 1759 a New England jewel- 
er advertised an excellent “Silver watch 


Diamond-set oil well drilling 
bit. Courtesy J. K. Smit & Sons, 
Inc. 


that goes upon diamonds.” Huge circular 
saws set with diamonds or diamond-set 
bandsaws are used in cutting and shaping 
building stone. The earliest American use 
of the industrial diamond however, well 
over a hundred years ago, was to furrow 
grist-mill stones which had worn smooth. 
Small gemstones have recently been em- 
ployed as counters for alpha, beta, and 
gamma rays, they being more sensitive 
than any man-made counter. It is a new 
alarm instrument to protect lives of 
atomic workers. 

There is also the inventive genius who 
some years ago compounded a _ tooth- 
powder with diamond dust as the abra- 
sive. It was a brilliant success: first 
every trace of tartar was removed, then 
the teeth. 

In this review I trust that I have proved 
that the diamond, besides delighting all 
lovers of the beautiful, was a fighter in 
our holy war and that our deserved vic- 
tory was attained at an earlier date than 
any of us had hoped for, in part because 
of the genius of American industry and 
labor in shaping diamond tools, dies, and 
wheels. 

(Continued to page 58) 
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In my opinion, one of the best 
books ever written on minerals was 
John Sinkankas’ Mineralogy for 
Amateurs (called simply Mineralogy in 
later editions). No other book I have 
seen does a better job of explaining 
basic mineralogical concepts so that 
virtually anyone can understand them. 
Unfortunately, with the rapid advances 
in modern scientific mineralogy, this 
and other classic books for the layper- 
son have become quite dated. Minerals: 
Their Constitution and Origin pro- 
vides an excellent contemporary intro- 
duction to mineralogy. It may not be as 
enjoyable a read as some of the non- 
technical mineral texts available, but if 
you make the effort, you will come 
away with a lot of good, up-to-date 
mineralogical insight. 

ANTHONY R. KAMPF 
Natural History Museum of Los 
Angeles County 

Los Angeles, California 


Rocks Pebbles and Stones: 
Confessions of a Private Jeweler 
By Fred Feldmesser, 100 pp., publ. 
by Farrington Press, Boston, 2004. 
US$30.00 (E-mail: parker@ 
feldmesser.com) 


It’s not often that total strangers wel- 
come you to share in the most per- 


sonal milestones of their lives. 
Jewelers are not only allowed, but 
also trusted, to help guide and be a 
part of the special moments in life: 
engagements, weddings, anniver- 
saries, and so forth. Jewelers sell dia- 
monds and gems, love and romance, 
and for this receive payment. In a 
style resembling a personal journal, 
private jeweler Fred Feldmesser 
shows that there are definitely more 
than monetary rewards to be gained. 
For all the books available on every 
aspect of the gem and jewelry indus- 
try, it is rare to come upon one such 
as this. Mr. Feldmesser opens up to 
the reader and relates how his love of 
jewelry has led him on a journey to 
interact with people and gems, as 
well as the life lessons he has learned. 

Rocks Pebbles and Stones: Con- 
fessions of a Private Jeweler is com- 
posed of 20 vignettes spread over 100 
pages in a magnificently bound vol- 
ume. Each essay shares a key 
moment in Mr. Feldmesser’s distin- 
guished 30-plus-year career, or an 
insight he has gained. He begins 
with his father’s guidance in intro- 
ducing him to the world of dia- 
monds, gemstones, and New York 
City’s 47th Street. He then proceeds 
with his visits to exotic corners of 
the world, the inner sanctums of 
prestigious jewelers, and the homes 
of prominent clients, as well as his 
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charitable endeavors with Boston 
Children’s Hospital. (A portion of the 
book’s proceeds will go to children’s 
hospitals in Boston and New York.) 
The reader will learn why Mr. 
Feldmesser has such an impassioned 
view of the role of a jeweler in peo- 
ple’s lives. 

One of the most charming essays, 
“Two Small Stones,” begins in Mr. 
Feldmesser’s home, where a client 
has stopped by with her two young 
boys to consult about some jewelry. 
As they leave, Mr. Feldmesser gives 
the children some Brazilian geodes 
as gifts. A few weeks later, he 
receives a package in the mail from 
the two boys with a letter saying 
they loved their geodes and decided 
to send him two favorite pebbles 
from their rock collection in thanks. 
Shortly thereafter, at the end of a lec- 
ture at Sotheby’s, Mr. Feldmesser 
displayed an Art Deco bracelet, a 
Colombian emerald—and the two 
small stones he received from the 
boys. The point illustrated was that 
all gemstones, by their very nature, 
are rocks, pebbles, or stones: 
Sometimes a personal attachment is 
a more meaningful determinant of a 
stone’s value than the market might 
otherwise suggest. 

JOSHUA SHEBY 

Gemological Institute of America 

New York 
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COLORED STONES AND 
ORGANIC MATERIALS 


Alexandrite effect. A. V. Vasiliev. Gemological Bulletin, No. 8, 

2003, pp. 28-38 [in Russian with short English abstract]. 
A specially designed computer-controlled spectrometer was 
used to obtain absorption spectra to study color-change 
phenomena in minerals. The following samples were stud- 
ied: chrysoberyl, emerald, corundum, several garnets, fluo- 
rite, apatite, stillwellite, and lovchorrite [rinkite]. Using 
various light sources (i.e., tungsten, mercury, direct sun- 
light, scattered daylight, D65 fluorescent lamp, and “equal 
energy source E”), characteristics of hue, tone, and satura- 
tion were evaluated and integrated into an analysis of the 
influence of spectral light distribution on color perception. 
Particular attention was paid to crystal orientation in the 
anisotropic minerals. 

Rubies from Myanmar, Cambodia, and Tanzania, as well 
as blue sapphires from the Ural Mountains (Russia), showed 
particularly significant color differences between daylight and 
the other sources. Spessartine-grossular garnets from Tanzania 
showed a distinct color change, comparable to alexandrite 
from the Urals. Much less color change was seen in samples of 
spessartine-grossular from Sri Lanka and pyrope from Yakutia. 
Fluorite from an emerald mine in the Urals showed a notice- 
able change. A “reverse” alexandrite effect (i.e., blue rather 
than red in tungsten illumination) was observed in grossular 
from Noril’sk (Siberia). Technical explanations for all of these 
observations are given. In the case of apatite, stillwellite, and 
lovchorrite, which contain rare-earth elements, color change 
was seen only when they were compared in daylight and with 
a mercury lamp. 

BMS 
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Features of chemical composition and optical properties of 

peridot. A. A. Zolotaryov, A. K. Buiko, A. A. Buiko, and 

N. O. Ovchinnikov, Gemological Bulletin, No. 10, 

2003, pp. 14-20 [in Russian with short English abstract]. 
The properties of 28 faceted gem-quality peridots from 
China, Egypt, Pakistan, Russia, Tanzania, and the U.S. were 
determined. Electron-microprobe analyses showed that all 
the samples were predominantly forsterite (Mg,SiO,) with 
5-15 mol.% fayalite (Fe,SiO,). Peridots from Pakistan and 
Tanzania had lower Fe contents, whereas those from Russia 
and the U.S. had higher Fe contents. Variations in Fe affect- 
ed the colors and R.I. values. Trace elements (e.g., Ni, Mn, 
and Ca) had a negligible effect on these properties. 

The main hues varied between yellowish green and 
orange-yellow. The yellow component was correlated to 
Fe. A good correlation was found between Fe content and 
the highest refractive index (n,), which ranged between 
1.680 and 1.698. Peridots from Pakistan (lower Fe con- 
tents) were optically positive, whereas those from Russia 
and the U.S. (higher Fe contents) were optically negative. 
The birefringence was at least 0.017; this is a distinguish- 
ing characteristic and enables peridot to be separated from 
sinhalite (MgAIBO,, birefringence 0.008), which otherwise 
has optical properties very similar to peridot. BMS 


High-pressure, metasomatic rocks along the Motagua 
fault zone, Guatemala. G. E. Harlow, V. B. Sisson, 
H. G. Avé Lallemant, S. S. Sorensen, and R. Seitz, 
Ofioliti, Vol. 28, No. 2, 2003, pp. 115-120. 
The Motagua fault zone in central Guatemala forms the 
present boundary between the North American and 
Caribbean plates, and is the world’s second most impor- 
tant source of jadeite (after Myanmar). It consists of two 
major subparallel faults, the San Augustin and the 
Cabanas, where high-pressure/low-temperature rocks 
occur. Jadeite is hosted by sheared serpentinite bodies, pri- 
marily on both the northern and southern sides of the 
Cabanas fault. However, there are distinct mineralogical 
differences in the jadeite belts on either side of the fault. 
Late-stage alteration, grain-boundary alteration, and albiti- 
zation are present in jadeites from the northern side of the 
fault, whereas these features have not been documented in 
jadeites from the more recently discovered southern bod- 
ies. Further, jadeites from some areas of the southern belt 
are more translucent and darker colored (in addition, some 
are blue) than their northern counterparts. 

The authors propose that the Guatemalan jadeites 
crystallized from seawater-like fluids derived from a sub- 
ducting plate that entered into a serpentinizing peridotite 
body. The jadeite formed at temperatures of 100—400°C 
and pressures of 5-11 kbar. Because jadeites (and associat- 
ed high-pressure/low-temperature rocks) in the two belts 
show different mineral assemblages with distinctive prop- 
erties, the Motagua fault zone may record two collisional 
events. Alternatively, these two belts may represent differ- 
ent structural levels of one subduction complex. KSM 
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Problem in Chinese fresh-water pearl industry and counter- 
measure. J. Zhao and R. Yang, Journal of Gems and 
Gemmology, Vol. 5, No. 4, 2003, pp. 42-45 [in 
Chinese with English abstract]. 

China is both the world’s largest producer and largest 

exporter of freshwater cultured pearls. However, compared 

to the late 1990s, much of the industry is facing problems 
of decreasing quality and falling prices, which threaten to 
hinder further development. Reasons for these problems 
include the following: (1) There are no controls on produc- 
tion, (2) technological advances to improve cultivation and 
the quality of production have not been implemented, and 

(3) water quality in some of the most important growing 

areas is afflicted by pollution (i.e., excessive amounts of 

nutrients, toxic materials, and suspended matter). 

Possible solutions to these challenges are offered: (1) 
Scientific management and state regulation of production 
should be implemented; (2) the industry should be reorga- 
nized with the consolidation of small operations into larg- 
er, more efficient companies and cooperatives; (3) research 
aimed at improving all aspects of the industry should be 
encouraged and more specialists trained, (4) laws to reduce 
pollution and improve the growth environment for the 
pearl-producing mollusks should be enacted and enforced; 
and (5) brand names for Chinese cultured pearls on the 
international markets should be developed to help add 
value. TL 


TPR, EPR and UV-Vis studies of Ni(II) speciation in 
chrysoprase. Z. Sojka, S. Witkowski, W. Zabiriski, 
K. Dyrek, and E. Bidziriska, Neues Jahrbuch ftir 
Mineralogie, Monatshefte, No. 1, 2004, pp. 11-25. 
TPR (temperature programmed reduction), EPR (electron 
paramagnetic resonance), and ultraviolet-visible spectro- 
scopic methods were used to study the local environment 
(i.e., lattice sites) in which nickel ions (the green chro- 
mophore) occur in chrysoprase from three localities: 
Szklary, Lower Silesia, Poland (“apple” green, 1.71 wt.% 
Ni); Marlborough Creek, Australia (“emerald” green, 0.98 
wt.% Ni); and an unknown African locality (dark green, 
4.38 wt.% Ni). The authors demonstrated that nickel is 
present in two different forms: It is predominantly dis- 
persed into 2:1 phyllosilicates (similar to Ni-talc), and less 
commonly it is found as extra-framework species adsorbed 
onto the surface of the chalcedony. RAH 


DIAMONDS 


Electron microscopy analysis of debris produced during 
diamond polishing. F. M. van Bouwelen, J. E. Field, 
and L. M. Brown, Philosophical Magazine, Vol. 83, 
No. 7, 2003, pp. 839-855. 

Diamond’s hardness is anisotropic, and therefore it shows 

different polishing rates according to crystallographic 

direction. Historically, diamond polishing was explained 
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in terms of microcleavage along octahedral planes, as tiny 
irregularities on a diamond’s surface contact the scaife. 
However, various investigations conducted in the 1990s of 
the details of polished diamond surfaces found no evidence 
for this hypothesis. Other studies have attempted to exam- 
ine the debris from polishing, but they were marred by the 
difficulties in obtaining pristine samples. 

The present authors collected polishing debris on a 
small copper screen coated with a SiO film, hung slightly 
above the scaife and about 2 cm behind the diamond 
being polished. The debris ejected from various diamond 
faces and from different polishing directions was exam- 
ined both visually and chemically. 

High-resolution electron microscopy showed abun- 
dant amorphous carbon in the debris taken from all pol- 
ishing directions. Patches of graphite also were found in 
the debris. In the sequence of samples from softer to hard- 
er direction, the ratio of graphite to amorphous carbon 
decreased. However, attempts to polish the octahedral 
planes themselves produced debris with relatively large 
sheets of graphite and angular fragments of diamond (but 
no cleavage fragments). 

Electron-energy-loss spectroscopy enabled the authors 
to characterize the debris chemically and to calculate a 
bulk density of 1.9 g/cm? for the debris from the softer 
directions, 2.2 g/cm? for debris from a harder direction 
along the cubic plane, and 2.3 g/cm? (the density of 
graphite) for debris from the octahedral plane. High-ener- 
gy-loss spectra indicated the presence of a form of amor- 
phous carbon. The spectra revealed no nitrogen, but oxy- 
gen was present at 2-4 atom%, with more oxygen in the 
debris from softer directions. Assuming only carbon and 
oxygen in the debris, the authors calculated an sp?-to-sp? 
ratio (the ratio of graphite bonds to diamond bonds) that 
indicates graphite constitutes 80-100% of the debris for 
all samples except those from the octahedral plane. 

Rather than microcleavage, the authors concluded 
that the pressure of polishing transforms the surficial 
layer of diamond to graphite, which is then readily 
removed. Studies by other researchers of the anisotropic 
distribution of compressive stress during diamond polish- 
ing along different directions also support this conclusion. 
Last, the authors use this conclusion to explain why a 
layer of black powder is created when preparing a new 
scaife. Ilene Reinitz 


FISH—State-of-the-art technology in final diamond recov- 
ery. L. du Plessis and M. Sewawa, Journal of the 
South African Institute of Mining and Metallurgy, 
Vol. 103, No. 9, 2003, pp. 557-562. 

This process-engineering article reviews diamond recovery 

technology recently employed at Debswana’s Jwaneng 

mine in Botswana. FISH, or Fully Integrated Sort House, 
has improved three key areas of final diamond recovery: 
sorting efficiency, availability of production information 

(turn-around time), and security. FISH, in combination 
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with CARP (or Completely Automated Recovery Plant), 
was jointly installed at the Jwaneng recovery plant (called 
“Aquarium” in late 2000. 

Through the integration of several commercially 
proven technologies, the FISH process streamlines feed 
preparation and the sorting, cleaning, and packing of recov- 
ered diamonds. Sorting efficiency improvements were real- 
ized by introducing X-ray and laser (Raman spectroscopy) 
equipment. In turn, decommissioning the maintenance- 
intensive grease belts improved turn-around times. The 
new equipment allows “hands-off” operation and mainte- 
nance (i.e., human hands do not touch diamonds or dia- 
mond concentrate}, thus improving product security. 

The article also discusses lessons learned from the 
implementation of these new technologies, such as per- 
sonnel issues, data collection, and operational feedback. 
For example, an increase in the number of technical staff 
was required to cope with the new equipment demands, 
yet overall operational costs dropped due to efficiencies 
gained in other areas. Interestingly, Debswana concluded 
that the successful integration of various technologies 
proved to be more innovative than the individual tech- 
nologies themselves. KAM 


On grading the asymmetry of a round brilliant-cut dia- 
mond. S. B. Sivovolenko, Yu. B. Shelementyev, and 
G. Holloway, Gemological Bulletin, No. 9, 2003, 
pp. 18-25 [in Russian with short English abstract]. 
Symmetry in round brilliant cut diamonds is evaluated 
differently in Russia, Belgium, and the U.S. This article 
summarizes and compares characteristics of the symme- 
try-evaluation methods used in these countries, with par- 
ticular emphasis on the cause, effect, and importance of 
asymmetry. Asymmetry is explained as the degree of 
mutual deviation from the ideal of the table and pavilion 
axes. Based on a computer-generated 3D model, a new 
method for grading asymmetry in round brilliant dia- 
monds is proposed. The article is critical of some aspects 
of the HRD and GIA methods, particularly where certain 
deviations from the “ideal” are designated as “important” 
or “unimportant.” The authors maintain that it is more 
correct to separate the deviations into two categories: (1) 
those that influence optical properties, and (2) those that 
simply reflect the skill of a cutter—that is, they are easily 
visible but not very significant. BMS 


Options for selling rough. J. Chapman, Rough Diamond 
Review, No. 2, 2003, pp. 16-18. 
In an industry where rough diamond producers have 
unique production profiles and monthly outputs, the suc- 
cessful sale of rough requires careful consideration. No 
longer is De Beers virtually the sole buying organization, 
as in decades past. Today, several avenues are available to 
primary producers. Sellers of (legitimate) rough may use 
diamond bourses or exchanges, find contract buyers, enter 
into investor-dealer arrangements, use tendering agents or 
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brokers, or establish a sales office. Some caveats for these 
options are given, such as the care required in assembling 
parcels that will appeal to purchasers, as well as the neces- 
sity of well-defined contractual obligations regarding con- 
tract sales and investors. The article recommends that 
experts be consulted in many cases, such as for valuation 
purposes, product presentation, advice on local demand 
and governmental regulations, and marketing. Although 
optimizing sales of rough is complex, current high demand 
places producers in a position of strength, which can be 
exploited with an appreciation of the advantages and 
shortcomings of various selling practices. DMK 


The preservation of alluvial diamond deposits in aban- 
doned meanders of the middle-Orange River. P. G. 
Gresse, Journal of the South African Institute of 
Mining and Metallurgy, Vol. 103, No. 9, 2003, pp. 
535-538. 

The Orange River has transported diamonds eroded from 

kimberlites and intermediate secondary sources in South 

Africa’s interior and deposited them within gravel terraces 

along much of its length. These terraces are typically pre- 

served at distinct elevations above the current river level, 
but were not recognized during most of the 20th century 
as they were capped by younger sediments. Within the 
past four years, some of these terraces have been success- 
fully mined, particularly along the “mid-Orange River” 
section between Douglas and Prieska in South Africa’s 

Northern Cape Province. 

Each terrace has a characteristic diamond content and 
age. For example, the most consistent diamondiferous pale- 
odeposit is located 60-90 m above the current river level 
and was formed in the mid-Miocene (~8 million years ago). 
Each time the river cut more deeply into the valley as a 
result of sea-level or other changes, it would partially 
rework the previous cycle’s gravel deposits, including its 
diamonds. The diamond content of any one gravel terrace 
is dependent on the amount of diamonds introduced from 
upstream by the paleoriver, the number of reworked dia- 
monds from the previous cycle’s gravels, and the amount of 
dilution material present. Data on the internal structure 
and morphology of these deposits are obtained through 
drilling and high-resolution aeromagnetic surveys, the lat- 
ter being particularly effective in delineating those terraces 
that contain a large amount of iron (originally sourced from 
banded iron formations in the area). A high iron content 
correlates with a higher diamond content; apparently, the 
added density of the iron-bearing gravels enhanced the trap- 
ping mechanism for diamonds. KAM 


Revival of the Skeleton Coast. R. Baxter-Brown, Rough 
Diamond Review, No. 3, 2003, pp. 27-30. 

The Skeleton Coast, a narrow, 800-km-long stretch of 

desert bordering the Atlantic Ocean in northern Namibia, 

encompasses rugged terrain lacking in infrastructure; it is 

an inhospitable environment for diamond exploration. 
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Rusting pieces of machinery and prospecting pits from 
exploration between 1943 and 1971 are reminders of failed 
ventures. Urged to open the Skeleton Coast for exploration 
once again, the government of Namibia granted the first 
diamond prospecting licenses for the region in recent 
times in 1999. Exploration activities were delayed until 
2001 due to environmental concerns. Since then, some 
successful ventures have been launched in the area, and 
ore-reserve evaluation programs have identified several 
potentially profitable areas. 

The origin of the Skeleton Coast diamonds is problem- 
atic. Various possibilities have been proposed, but the most 
favored is that the diamonds originated in kimberlites in 
Angola and were brought to the Skeleton Coast by south- 
flowing Angolan rivers starting in late Tertiary time. 

MT 


Selection of plant for diamond ore concentration. T. 
Mason, Rough Diamond Review, No. 2, 2003, pp. 
33-38. 

One of the most important steps in diamond mining is 

the concentration of diamonds, along with other heavy 

minerals, from the kimberlite or alluvial ore prior to rout- 
ing the concentrate to an X-ray sorter or grease-table sepa- 
rator. The goal is to minimize the volume of material that 
must be processed during the final recovery stage. The 
techniques of primary concentration are based on density, 
and their principle of operation is called “densimetric sep- 
aration.” Dense-medium separators such as HM (heavy- 
medium) cyclones, jigs, and pans are described, and their 
efficacy is discussed. Although cyclones are very efficient, 
a more economic concentration of diamondiferous ore 
can be attained by using them in conjunction with sim- 
pler devices such as jigs, pans, and shakers. The author 
recommends that diamond mining projects use densimet- 
ric ore profiles to develop effective and efficient plant 
designs. DMK 


INSTRUMENTS AND TECHNIQUES 


Aplicagées de microscopia eletrénica de varredura (MEV) e 
sistema de energia dispersiva (EDS) no estudo de 
gemas: Exemplos Brasileiros [The application of 
scanning electron microscopy (SEM) and energy-dis- 
persive spectroscopy (EDS) to gem research: 
Brazilian examples]. L. da C. Duarte, P. L. Juchem, 
G. M. Pulz, T. M. M. Brum, N. Chodur, A. Liccardo, 
A. C. Fischer, and R. B. Acauan, Pesquisas em 
Geociéncias, Vol. 30, No. 2, 2003, pp. 3-15 [in 
Portuguese with English abstract]. 

The inclusions in several Brazilian gems were studied 

using SEM and EDS techniques. Emeralds from Campos 

Verdes, Goids State, were found to contain inclusions of 

talc, dolomite, chromite, pyrite, magnetite, and sylvite 

(KCl; in fluid inclusions). The emeralds are color zoned, 
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with outer green regions that are richer in Cr** than the 
inner near-colorless zones. Amethysts from Rio Grande 
do Sul State contain needle-like inclusions of goethite, 
rather than cacoxenite and rutile as suggested previously. 
Agate and quartz geodes from the same state contain 
pyrolusite and hollandite. The “silk” effect in corundum 
from Barra Velhe (Santa Caterina State) is due to inclu- 
sions of diaspore, while asterism in this corundum is 
attributed to needle-like channels. Rounded zircons are 
common inclusions in corundum from various localities 
in Minas Gerais State, and some have sillimanite and/or 
kyanite inclusions that suggest a metamorphic origin. 
RAH 


The detection of colour-enhanced and synthetic gem dia- 
monds by optical spectroscopy. A. T. Collins, 
Diamond and Related Materials, Vol. 12, No. 
10-11, 2003, pp. 1976-1983. 

More than five decades of fundamental research on the 
optical properties of defects in diamond provide the basis 
for today’s gem-testing laboratories to assess gem-quality 
diamonds. In the majority of cases, spectroscopic analysis 
enables the determination of the origin of color—natural 
or treated—as well as the differentiation of synthetic from 
natural. This paper is a compendium of benchmark optical 
properties that define these separations. 

It begins with an overview of the specific defects— 
nitrogen, boron, and plastic deformation—responsible for 
the various natural and treated colors seen in diamond. It 
then reviews the primary optical characteristics resulting 
from radiation damage and subsequent annealing, as well 
as HPHT processing. Concluding paragraphs detail the 
distinguishing defect properties of both near-colorless and 
colored HPHT-grown synthetic diamonds. SW 


In situ mobile subaquatic archaeometry evaluated by non- 
destructive Raman microscopy of gemstones lying 
under impure waters. D. C. Smith, Spectrochimica 
Acta Part A, Vol. 59, No. 10, 2003, pp. 2353-2369. 

Laboratory simulation experiments were conducted to 
determine the feasibility of identifying cultural heritage 
objects at an underwater archaeological site with a mobile 
Raman microspectroscopy (MRM) system. Three gem 
materials (zircon, amazonite, and sodalite) were placed 
under different kinds of pure and impure waters (the latter 
representing waters containing dissolved or suspended 
organic or inorganic material that might typically be found 
at an underwater site). The optical objective of the Raman 
microscope was immersed in the water to eliminate the 
normal aerial pathway of the laser beam between the 
objective and the item being analyzed. 

Raman spectral band intensities were found to be 
stronger than, similar to, or weaker than spectra for the 
same gem minerals recorded in air. Nevertheless, diagnos- 
tic bands could be recognized in the spectra recorded for 
samples in the pure and impure waters, although some of 
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the inherent problems presented by Raman analysis (e.g., 
fluorescence) remained. A number of technological, scien- 
tific, and archaeological considerations for in situ MRM 
analysis of objects underwater are discussed, and it is con- 
cluded that subaquatic archaeometry by MRM could be a 
viable technique at certain sites. On-site experiments to 
authenticate this new approach have not yet been con- 
ducted. JES 


Rank correlation of laser-induced breakdown spectroscop- 
ic data for the identification of alloys used in jewel- 
ry manufacture. A. Jurado-Lopez and M. D. Luque 
de Castro, Spectrochimica Acta Part B, Vol. 58, No. 
7, 2003, pp. 1291-1299, 

Laser-induced breakdown spectrometry (LIBS) is a mini- 
mally destructive, rapid, reliable, and relatively inexpen- 
sive spectroscopic technique. This article describes the 
application of LIBS to the multi-element analysis of 32 
alloys that are widely used in jewelry manufacture; 25 
were chosen as library standards, and the remaining seven 
were used as samples. The alloys were divided into two 
groups: one for gold alloys used in jewelry manufacturing 
and the other for low-melting welding points. Each alloy 
was subjected to five laser shots to obtain a representative 
spectrum. The Spearman rank correlation coefficients of 
the spectra were compared to the library standards by 
mean of ranks from 1 to 1024 (the latter representing the 
most intense pixel in a given spectrum). The maximum 
rank was obtained when the composition of the alloy was 
similar to that of the standard. 

Cu and Zn were detected in all the alloys, whereas Ag 
was found in most of them. Ni was found only in white 
gold; Ir was common (~12-30 wt.%} in most of the alloys 
used for welding points. Although Cd is currently not per- 
mitted in jewelry because of its toxicity, this element was 
detected in one of the welding point alloys. 

In addition to its usefulness in the jewelry trade, LIBS 
has great potential for a wide range of industrial applica- 
tions, especially in the mining and chemical processing 
industries. KSM 


Spectra of gem materials. G. Pearson, Australian Gem- 
mologist, Vol. 21, No. 12, 2003, pp. 478-485. 
Discrepancies are commonly observed in the spectra of 
gem materials seen with a hand spectroscope and those 
obtained with a UV-Vis spectrophotometer. This raises 
questions about the visibility, in hand-held spectro- 
scopes, of absorption features that have been long-recog- 
nized as characteristic of many gems, such as sapphire 
and peridot. By defining and illustrating the “relative 
luminous efficiency” curve, which represents the sensi- 
tivity of human vision across the visible wavelength 
range, the author concludes that some of the instrumen- 
tally derived absorption spectra presented in many 
gemology texts cannot be seen with a hand-held spectro- 
scope. RAH 
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The using of luminescence in gemology. B. S. Gorobets, 
O. V. Kononov, A. A. Rogojine, and T. D. Kvitko, 
Gemological Bulletin, No. 10, 2003, pp. 34-56 [in 
Russian with short English abstract]. 

This comprehensive review of the applications of lumines- 

cence methods in gemology contains five tables, 52 figures 

with spectra of minerals (including their synthetic ana- 
logues and simulants), and 11 color photos. General topics 
include a discussion of luminescence types (e.g., cathodo- 
and thermoluminescence} and the nature of luminosity— 
with special attention paid to the effects of Fe, Cu, and 
radiation defects. The techniques and instruments used for 
obtaining luminescence spectra also are described. 

Recommendations are given for the visual observation of 

thermal and UV luminescence in diamonds and emeralds, 

and methods are provided by which their synthetic coun- 
terparts can be distinguished. 

Future work by the authors will be directed toward cre- 
ating an extensive database for natural and treated gems, 
compiling specific instructions for using luminescence to 
distinguish natural from synthetic gems, and establishing 
a research center in Russia dedicated to developing meth- 
ods and instrumentation for luminescent determinations 
of gems and related materials. BMS 
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The role of branding in the diamond industry. A. Murray, 
Rough Diamond Review, No. 3, 2003, pp. 34, 
37-38. 

With its “Diamonds are Forever” campaign, De Beers has 
provided sustained global guidance since the 1940s. 
Although diamonds had been highly revered for genera- 
tions, they did not become a mass consumer product until 
De Beers promoted them. As new producers and corporate 
players have entered the diamond market in recent years, 
the consumer’s choice has increasingly been influenced by 
branding. The initial brands, usually based on particular 
cuts of polished diamonds (e.g., the Quadrillion and Ideal 
cut}, have increased consumer confidence and given dia- 
monds an added prestige that makes them popular and 
sought after. Another brand dimension is provided by 
country of origin (e.g., Australia or Canada) or specific 
mines in those countries (e.g., Argyle or Ekati, respective- 
ly). These can summon strong, sometimes patriotic feel- 
ings from customers. Positioning also plays an important 
role in diamond branding, as having a corporate identity 
can help a company in various commercial ways as well as 
distinguish it from other players. 

Branding and positioning require commitment, as their 
benefits pay off over the long run; results take at least a 
year or two to become evident. The long-term view is con- 
sistent with the soul of the diamond industry, which has 
always been about building and maintaining relationships, 
as well as establishing values. MT 
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SYNTHETICS AND SIMULANTS 


Effect of HPHT annealing on the photoluminescence of 
synthetic diamonds grown in the Fe—-Ni-C system. 
A. Yelisseyev, S. Lawson, I. Sildos, A. Osvet, V. 
Nadolinny, B. Feigelson, J. M. Baker, M. Newton, 
and O. Yuryeva, Diamond and Related Materials, 
Vol. 12, No. 12, 2003, pp. 2147-2168. 
Absorption and photoluminescence (PL) spectra were 
employed to characterize the effects of HPHT annealing 
on synthetic diamond crystals containing high concentra- 
tions of nitrogen and nickel impurities. Twenty synthetic 
diamond crystals were grown from an Fe-Ni-C system at 
1,600 K and 5.5 GPa in a split-sphere type apparatus. Some 
of the crystals were subsequently annealed for 4 hours at 
either 1,950 K or 2,200 K. Additional samples used for 
comparison included crystals grown in a Ni-free (Fe-C) sys- 
tem as well as several Yakutian diamonds with relatively 
high Ni concentrations for natural stones. 

Numerous narrow lines were observed in the PL spec- 
tra of the synthetic diamonds containing nickel and nitro- 
gen impurities. More than 20 vibronic systems were iden- 
tified, some for the first time, and their responses before 
and after annealing were recorded. Based on analysis of 
these data, the authors proffer the following main groups 
for characterizing these systems: 


I. Systems existing in as-grown synthetic diamonds that 
decrease in intensity with annealing at 1,950 K 

II. Systems that appear after annealing at 1,950 K and 
then decrease in intensity or disappear with annealing 
at 2,200 K 

Ill. Systems that appear after annealing at 1,950 K and do 
not decrease in intensity with annealing at 2,200 K 


Group I systems are identified by individual impurity ions 
such as negatively charged substitutional nickel. Group I 
systems relate to a nickel ion in a di-vacancy position and 
intermediate nickel-nitrogen complexes containing single 
nitrogen atoms. Group III systems correlate with more 
complicated nickel-nitrogen complexes comprising at 
least two nitrogen atoms surrounding the nickel. 

SW 


Optical properties of synthetic diamond single crystals. 
A. V. Mudryi, T. P. Larionova, I. A. Shakin, G. A. 
Gusakov, G. A. Dubrov, and V. V. Tikhonov, Semi- 
conductors, Vol. 38, No. 5, 2004, pp. 520-523. 

Synthetic diamond crystals (4-7 mm in diameter) with 

potential for use in precision scientific instruments were 

grown by the thermal gradient method (Ni-Fe-C system; 
1,750-1,800 K; 5.4-5.5 GPa) and subsequently subjected to 

HPHT treatment (2,000—2,200 K and 6.0-6.5 GPa for 3-24 

hours). The untreated crystals were yellow-green and 

exhibited a prominent S3 band at 496.7 nm in their cryo- 
genic PL spectra. The HPHT-treated synthetic diamonds 
had a pale green color and displayed the $3 band in addition 
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to three $2 bands at 523.3, 489.1, and 477.8 nm (i.e., A, B, 
and C defects, respectively, of $2). Although the S2 bands 
were found occasionally in untreated samples, their inten- 
sities increased by factors of 5-10, and the overall lumines- 
cence of the synthetic diamonds increased by factors of 
3-5, after HPHT treatment. The increase in luminescence 
is attributed to a redistribution of Ni and N impurities 
within the synthetic diamonds during treatment and a cor- 
responding change in bodycolor. Luminescence excitation 
spectra further indicated that $2 (A) and S2 (B) are indepen- 
dent features related to different defects. IR absorption 
spectra of the same samples show that HPHT treatment 
resulted in aggregation of >90% of the C defects (single sub- 
stitutional N) into A defects and the near-complete anneal- 
ing of Me-X centers (Me = metal solvent; X may be carbon 
and/or nitrogen). PL and IR data confirmed that HPHT 
treatment resulted in significant reconfiguration of the 
defects in the synthetic diamond lattice. 

Christopher M. Breeding 


Properties and diagnostics of natural and synthetic mala- 
chite. T. V. Chernenko and E. P. Melnikov, Gemo- 
logical Bulletin, No. 8 (pp. 11-27) and No. 9 (pp. 
31-35), 2003 [in Russian with short English 
abstracts]. 

This in-depth, well-illustrated two-part article on mala- 

chite reviews the history of its use in jewelry and as a dec- 

orative stone, the geology of its major deposits, and meth- 

ods by which it is synthesized. Based on a study of 150 

natural and ~20 synthetic malachites, the authors identi- 

fied textural, structural, chemical, and other differences 
between the natural and synthetic samples. For example, 
their densities are distinctive (3.87—3.92 g/cm? for natural 
and 3.61-3.70 g/cm? for synthetic). Chemically, natural 
malachites contain P (due to admixed pseudomalachite), 
Be, Co, and V that distinguish them from synthetic mala- 
chites, which contain Pb, Sn, and Ga (not found in natural 
samples). Numerous other trace elements may be present 
in both natural and synthetic malachites, and in some 
cases these can be correlated to differences in color and 
texture. Individual crystallites in natural malachites are 
larger than similar crystallites in the synthetic varieties. 
Chemical and temperature parameters are determined 
for the formation of the two most attractive varieties of 
natural malachite, with the Russian names “plissovy” 

(radiating fibers) and “biryuzovy” (light green “turquoise- 

like”). “Plissovy” forms in gossans over Cu-Fe deposits 

from solutions with low concentrations of Cu and CO, at 
temperatures of 60-70°C. “Biryuzovy” usually forms in 

Cu-bearing clays associated with limestones in karst ter- 

ranes from concentrated solutions at temperatures of 

20-50°C. BMS 
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Study on large-sized ruby grown by temperature gradient 
technique. C. Song, S. Zhou, J. Si, H. Li, G. Zhou, Y. 
Hang, and J. Xu, Journal of Synthetic Crystals, Vol. 
32, No. 5, 2003, pp. 423-426 [in Chinese with 
English abstract]. 

Large crystals of synthetic ruby (not of gem quality) were 
grown by the temperature gradient technique from seed 
plates using Al,O, powders mixed with 0.5-3% Cr,O3. 
Crystallization started at 2,050°C; cooling rates were 
0.5-2.5°C/hour. The largest crystal measured 75 mm in 
diameter, 45 mm long, and weighed 1,076 g. This crystal 
was dark red in the center and even darker red (almost 
black) at its edges and bottom. Wave-like growth bands 
were observed in the top portion, while clouds of minute 
inclusions were concentrated near the seed plate. The con- 
centration of the inclusions decreased from edge to center 
and from bottom to top, resulting in a “trumpet”-shaped 
distribution along the growth direction similar to that 
found in synthetic Ti-doped sapphire crystals grown by the 
same technique. 

Electron-microprobe analysis showed that the inclu- 
sions were mainly uncrystallized Al,O, powder. Gas bub- 
bles or voids also were observed. Microprobe and spectro- 
scopic (visible range) data showed that the Cr** concentra- 
tion increased in two directions (i.e., from center to edge 
and from bottom to top), corresponding to the growth pro- 
gression. The authors propose that the quality of synthetic 
ruby crystals produced by this method could be improved 
by optimizing the cooling rate, purifying the raw materials, 
and controlling the temperature during growth. TL 


A Verneuil synthetic ruby showing diverse veil-like 
‘fingerprints.’ J. M. Duroc-Danner, Journal of Gem- 
mology, Vol. 28, No. 8, 2003, pp. 483-488. 

Today the treatment of gem corundum is of such concern 
that it tends to overshadow the topic of natural vs. syn- 
thetic. This article brings that topic back into the fore- 
front, as its focus is on a 2.06 ct, oval-shaped, flame-fusion 
synthetic ruby that was discovered in a parcel of natural 
rubies being checked for country of origin. 

This synthetic ruby was treated (i.e., quench-crackled 
with flux “fingerprints” later induced) to more closely 
resemble a natural ruby. The fingerprints were similar to 
those seen frequently in Mong Hsu rubies and could easily 
fool anyone viewing the stone with a 10x loupe. Only care- 
ful observation at higher magnification revealed the tell- 
tale signs of the stone’s synthetic origin: curved striae and 
clouds of tiny gas bubbles, both hidden beneath numerous 
wispy, veil-like, flux-induced fingerprints that varied in 
their appearance throughout the stone. Also helping to 
mask the evidence of synthesis were many surface-reach- 
ing fractures and straight, heavy polish lines. WMM 
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Diamond Animation on Our Fall Cover 


chances are you've seen one. The term refers to a type of 

two-dimensional printed image, typically seen in novelty 
and promotional items, that creates the illusion of motion 
when tilted or viewed from different perspectives. The odd 
name comes from the grooved plastic lenses, or /enticules, 
that you feel when you run a fingernail across the surface. 


FE ven if you’ve never heard of a “lenticular” image, 


Lenticular images are often confused with holograms, 
which also show apparent depth and motion, but the two 
are actually quite different. Unlike holograms, which are 
produced by the reflec- 
tion of laser light onto 
a very thin metallic or 
transparent sheet, 
lenticular printing is 
done using a tradition- 
al lithographic printing 
press. And while holo- 
grams are usually 
monochromatic (but 
with a rainbow-like 
cast), lenticulars are 
much clearer and 
brighter, with full pho- 
tographic color. 


Printing surface 


Lenticular lens 


Lenticular imaging is 
by no means a new 
technology. The princi- 
ple was first developed 
nearly a century ago 
by Gabriel Lippman 
(1845-1921), the 
French physicist better 
known for developing the first color photograph plate. After 
World War II, when improvements in plastics technology 
made them commercially viable, lenticulars became popu- 
lar in advertising displays and collectibles such as baseball 
cards and political campaign buttons. Most of these were 
simple “flips” between two images. Today’s far more 
sophisticated products can show a variety of visual effects, 
including video-like animation, three-dimensional depth, 
and seamless morphing from one image to another. 


FOR THE FALL 2004 G&G COVER, we used a lenticular image 


to replicate a basic yet meaningful routine familiar to every 
jeweler and gemologist: tilting a diamond to observe it from 
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different angles. The Fall cover’s five-frame sequence 
demonstrates how a diamond's appearance changes based 
on the viewing direction, a key concept from the lead article, 
“A Foundation for Grading the Overall Cut Quality of Round 
Brilliant Cut Diamonds” (pp. 202—228). 


So how was this unique G&G cover created? First, photogra- 
phers Harold and Erica Van Pelt shot a 4.01 ct round brilliant 
cut diamond from a variety of different angles. From these, five 
source photos (illustrated on pp. 197—198 of the Fall issue) 
were chosen and color corrected, and the color separations 
were sent to the printer, 
Standard Register, for 
lenticular processing. 
The photos were digital- 
ly divided into narrow, 
linear strips and inter- 
laced—imagine a deck 
of cards being shuffled— 
to produce a sequential 
combination of the five 


>t 
yen 


image P frames. This interlaced 
image was printed and 
Image C then mounted behind a 
plastic lens screen con- 
Image p taining horizontal rows 
of lenticules. Each lens 
was matched precisely 
Mage, 4 with the narrow strip of 


image behind it, focus- 
ing on and magnifying it. 
In the finished lenticular, 
the eye sees only one set 
of strips (i.e., one image) 
at a time depending on 
the viewing angle. Any shift in the horizontal viewing angle, 
either by tilting the cover or changing the viewing position, 
brings a different set of strips into focus and changes the 
appearance of the overall image. 


We'd like to think of our Fall 2004 lenticular cover as not 
just an eye-catching visual, but as a medium that actively 
engaged and involved everyone who picked up a copy. We 
hope it reinforced the landmark article on diamond cut— 
and maybe pushed our boundaries a little in the process. 


Stuart Overlin 
Associate Editor 
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The Urthorhombic System 


by 


MARK CHANCE BANDY, Ph.D 


Director of Research, G.LA. 


N THE orthorhombic system, there are 

three crystallographic axes at right 
angles to each other and of different unit 
lengths. The ratio of unit lengths varies 
in different minerals but, of course, is 
constant in the same mineral. The system 
is a logical development from the iso- 
metric system with three axes at right 
angles to each other and of. equal lengths, 
through the tetragonal system with three 
axes at right angles to each other but with 
two horizontal axes of equal length and 
interchangeable and the third, vertical, 
axis either shorter or longer. 


In the isometric system, any axis may 
be the vertical, while in the tetragonal 
system, the variable length axis is always 
vertical. In the orthorhombic system, 
any axis may be vertical but the longer 
of the two horizontal axes is then always 
considered as the b or macro-axis. 
When an orthorhomic crystal is properly 
oriented, the b axis is normal to the line 
of sight and the a or brachy-axis is paral- 
lel. The b axis is taken as unity and the 
a axis will always be shorter, while the 
c axis may be either shorter or longer 
than unity. The axial ratio for aragonite 
is atb:c=.622:1:.721, and for barite 
815 :1 31.314. 


For the gemologist, the orthorhombic 
system ranks third in importance follow- 
ing the isometric and hexagonal systems 
respectively. The important gem min- 
erals which crystallize in this system are 
chrysoberyl, peridot and topaz. The less 
common transparent gems include anda- 
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lusite, beryllonite, brazilianite, brookite, 
danburite, enstatite, hambergite, iolite, 
kornerupine, sillimanite and staurolite. 
The non-transparent gems of less im- 
portance include aragonite, calamine, du- 
mortierite, prehnite, variscite and zoisite. 
There are several minerals which have 
been cut at one time or another; for ex- 
ample, natrolite, stibiotantalite, samars- 
kite, bertrandite, celestite, lawsonite, and 
diaspore. This system outranks all others 
in the number of minor and unimportant 
gem materials. 


With the possible exception of hemi- 
morphism, the minerals in the orthorkom- 
bic system probably display more 
interesting features than those of any 
other system. 


The accompanying plate shows charac- 
teristic orthorhombic minerals. Sulphur 
(A) is the only native element known. to 
crystallize in this system. The crystals 
shown here are of characteristic color, 
although the presence of selenium may 
change the color to red and when the 
mineral is in the form of a fine powder, 
it is often white. Common sulphur is 
orthorhombic, but there are two modi- 
fications found in nature that are mono- 
clinic and four other modifications which 
belong to other systems. The orthor- 
hombic mineral will invert to a mono- 
clinic modification at less than body heat. 
For this reason, fine crystals should not 
be held in the hand, since the inversion 
produces flaws and gives a cloudy appear- 
ance. The luster and rafractive index are 
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Dr. EDWARD J. GUBELIN 


¢ ~ ems & Gemology mourns the loss of Dr. Edward J. 
| , Gtibelin, who died March 15, one day shy of his 92nd 
_J birthday. One of the most influential gemologists of 
the 20th century, Dr. Giibelin’s work inspired the contempo- 
rary study of inclusions and established 
their significance in gem identification. 


Edward Gibelin was born in 1913 in 
Lucerne, Switzerland, to a well-known 
family of watchmakers. Dr. Guibelin 
found his calling early on, when his 
father provided a gemological laboratory 
for his use. He studied mineralogy at the 
universities of Zurich and Vienna, earn- 
ing a Ph.D. in 1938. His studies contin- 
ued at the fledgling GIA in Los Angeles, 
where he graduated as a Certified 
Gemologist (then the precursor to the 
Graduate Gemologist degree) in 1939. 


After returning to Switzerland, Dr. Gubelin 
began his famous work on inclusions, 
painstakingly documenting how internal 
features can be used to help pinpoint a 
gems identity and origin. This research 
was the basis for several G&G articles he 
wrote during the 1940s, and GIA founder Robert M. Shipley 
encouraged the young mineralogist to expand his work into a 
book. The result was the groundbreaking Inclusions as a 
Means of Gemstone Identification (1953), which presented 
the first systematic classification of inclusions. 


Numerous books, more than 150 research papers, and even 
a film (on the rubies of Mogok, Burma) followed, all in a 
style that was both scholarly and eloquent. He collaborated 
with John Koivula to write the classic Photoatlas of 
Inclusions in Gemstones (1986), which contains more than 
1,400 photomicrographs and is widely considered the 
authoritative book on the subject. 


Through the last two decades, at an age when most would 
be content to savor a lifetime of distinguished achievements, 
Dr. Giibelin never stopped producing. He continued writing, 
lecturing, and traveling to gem localities all over the world. 
His last book (with co-author John Koivula) is the totally new 
Photoatlas of Inclusions in Gemstones, Vol. 2, scheduled to 
be released this year. 


Dr. Giibelin’s influence on this journal alone was extraordinary. 
He contributed as author or reviewer for seven consecutive 
decades, beginning in the 1940s. One article, a memorable 
update on peridot from the Red Sea island of Zabargad, was the 
lead paper of my first issue as editor, the beginning of our 25 
years of collaboration. 


EDITORIAL 


Two years ago, we dedicated our Spring 2003 issue to Dr. 
Gilbelin in celebration of his 90th birthday. We commemorated 
the milestone with a profile of the great gemologist (pp. 1—2) 
and articles that mirrored his interest in new gem finds and 
photomicrography. This issue also 
included an article he co-authored on 
the rare gem poudretteite from Myanmar 
(formerly Burma), a land he knew better 
than any other Western gemologist. In a 
gracious letter written shortly after the 
issue appeared, Dr. Giibelin confided: 

“| may mention between the two of us 
that fame has never been my goal but 
enthusiasm and love for the science of 
gemstones have spurred me on.” 


Later in 2003, Dr. Gubelin established a 
fund to support G&C’s annual Most 
Valuable Article award, which had been 
named in his honor in 1997. The interest 
from this fund will be used in perpetuity 
to reward the winning authors. Writing 
from Lucerne, Dr. Gubelin said he creat- 
ed the award fund in connection with 
Easter—“not exactly for merely religious 
reasons, but rather because Easter is the feast 
of hope. With this, though, | am truly combining the hope that 
Gems & Gemology...will last for many years to come.” 


It is with great sorrow that | say good-bye to Edward Gubelin, 
a good friend as well as a treasured colleague. Like so many 
others, | shall miss his beautiful letters, his depictions of exotic 
locales he had visited as exquisite as his description of 
dolomite in a Brazilian emerald “besieged by a swarm of 
chromite grains.” Yet also like others, | feel every letter, every 
meal shared, every conversation was a gift that, like his 
impact on gemology, will truly last forever. 


Dr. Giibelin is survived by five daughters, 12 grandchildren, 
and 11 great-grandchildren. In his honor, GIA has estab- 
lished the Edward J. Giibelin Research Fund, to perpetuate 
the science that he devoted his prodigious energy and intel- 
lect to establish. 


pecan 


/ / 


/ a 
er i aven FOC LH 


Alice S. Keller 
Editor-in-Chief 


GIA will hold a tribute to Dr. Guibelin at 3:00 pm Saturday, 
May 21, at its world headquarters in Carlsbad, Calif. For more 
information or to RSVP, please e-mail tribute@gia.edu. 
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re 
Dr. EDWARD J. GUBELIN 
MOST VALUABLE ARTICLE 


Dr. Edward J. Giibelin Most Valuable Article Award, as voted by the 
journal’s readers. We extend our sincerest thanks to all the subscribers 
who participated in the voting. 


( ems &) Gemology is pleased to announce the winners of this year’s 


The first-place article was “A Foundation for Grading the Overall Cut Quality 
of Round Brilliant Cut Diamonds” (Fall 2004), which described the factors that 
are important in evaluating the quality of a diamond's cut and introduced the 
new GIA diamond cut grading system. Receiving second place was “The 
Creation of a Magnificent Suite of Peridot Jewelry: From the Himalayas to Fifth 
Avenue” (Winter 2004), which chronicled the making of a peridot jewelry suite, 
from the rough mined in Pakistan to the design and manufacture of the ensem- 
ble by Van Cleef & Arpels. Third place was awarded to “An Updated Chart on 
the Characteristics of HPHT-Grown Synthetic Diamonds” (Winter 2004), a 
summary of the features of synthetic diamonds that are grown at high-pressure 


7 4 : 
Left to right: John M. King, Ilene M. Reinitz, and high-temperature (HPHT) conditions. 
Thomas M. Moses 


The authors of these three articles will share cash prizes of $2,000, $1,000, and 
$500, respectively. Following are brief biographies of the winning authors. 


Congratulations also to Dr. Casey Skvorc of Bethesda, Maryland, whose bal- 
lot was drawn from the many entries to win a five-year subscription to 
Gems & Gemology. 


First Place 
Left to right: Al M. Gilbertson, Kim Cino, 


James E. Shigley, Mary L. Johnson, Barak Green A FOUNDATION FOR GRADING THE OVERALL 
’ CUT QUALITY OF ROUND BRILLIANT CUT DIAMONDS 
Thomas M. Moses, Mary L. Johnson, Barak Green, Troy Blodgett, Kim Cino, 
Ron H. Geurts, Al M. Gilbertson, T. Scott Hemphill, John M. King, Lisa Kornylak, Ilene M. 
Reinitz, and James E. Shigley 
Thomas M. Moses is vice president of Identification and Research at the GIA 
Gem Laboratory in New York. Mr. Moses, who attended Bowling Green 
University, is also an editor of G#G’s Lab Notes section. Mary L. Johnson is 
manager of research and development for the GIA Gem Laboratory in Carlsbad, 
Troy Blodgett Ron H. Geurts California. Dr. Johnson, a frequent contributor to the journal, received her Ph.D. 
” in mineralogy and crystallography from Harvard University. Barak Green is 
manager of communications for the GIA Gem Laboratory. He has written sever- 
al articles related to diamond cut for trade journals and the Institute website. 
Mr. Green holds a master's degree in anthropology from the University of 
California, San Diego. Troy Blodgett is a research scientist at GIA and joined the 
Carlsbad lab in 1998. Dr. Blodgett holds a bachelor's degree in geology-biology 
from Brown University, and a master's and doctorate in geology and remote 
sensing from Cornell University. Kim Cino is director of administration for the 
GIA Gem Laboratory, and project manager of the GIA Diamond Cut Grading 
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project. With more than a decade of experience at the Institute, Ms. Cino has led 
and managed other notable projects, such as the implementation of the 
Laboratory Operations and Management System (Horizon) in 1996 and the 
introduction of the GIA Diamond Dossier® in 1999. Ron Geurts is Research and 
Development manager at GIA Antwerp. Mr. Geurts was formerly technical 
director of the Certificates department of HRD, and for the last decade he has 
been deeply involved in efforts to implement new technology in the GIA dia- 
mond grading process. Al Gilbertson is a research associate with GIA Research 
in Carlsbad. A noted gemologist and appraiser, Mr. Gilbertson has published 
several articles on diamond cut and clarity. T. Scott Hemphill, a GIA research 
associate, has been programming computers for more than 30 years. Mr. 
Hemphill holds a bachelor's degree in engineering and a master's degree in 
computer science from the California Institute of Technology. John M. King is 
laboratory projects officer at the GIA Gem Laboratory in New York. Mr. King 
received his Master of Fine Arts degree from Hunter College, City University of 
New York. With over 20 years of laboratory experience, he frequently writes 
and lectures on colored diamonds and laboratory grading procedures. Lisa 
Kornylak received her G.G. in 1994 and has almost 20 years experience in the 
jewelry industry. Formerly with GIA Carlsbad, she worked in the Grading 
Laboratory and then in Research on the diamond cut project. Ilene M. Reinitz 
is manager of research and development at the GIA Gem Trade Laboratory in 
New York. Dr. Reinitz, who holds a Ph.D. in geochemistry from Yale 
University, has written numerous articles for G@#G and other publications. 
James E. Shigley is director of GIA Research in Carlsbad. Prior to joining the 
Institute in 1982, Dr. Shigley received his doctorate in geology from Stanford 
University. He is the author of numerous articles on diamonds and other gem- 
stones, and is the editor of the newly published Gems e& Gemology in Review: 
Synthetic Diamonds. 


Second Place 


THE CREATION OF A MAGNIFICENT SUITE OF PERIDOT JEWELRY: 
FROM THE HIMALAYAS TO FIFTH AVENUE 

Robert E. Kane 

Robert E. Kane is president and CEO of Fine Gems International in Helena, 
Montana, and a member of the G#G Editorial Review Board since 1981. He is a 
former director of the Giibelin Gem Lab in Lucerne, Switzerland, and a former 
manager of gem identification at GIA's West Coast Gem Trade Laboratory. With 
more than 25 years of gemological experience, Mr. Kane is well known for his 


a 


many articles on diamonds, gemstones, and gem identification. Robert E. Kane 


Third Place 


AN UPDATED CHART ON THE CHARACTERISTICS OF 


HPHT-GROWN SYNTHETIC DIAMONDS 
James E. Shigley, Christopher M. Breeding, and Andy Hsi-Tien Shen 


James Shigley was profiled in the first-place entry. Christopher M. Breeding is a 
research scientist for the GLA Gem Laboratory in Carlsbad, where he investi- 
gates origin of color for diamonds and other gemstones. He holds a B.S. in geolo- 
gy from the College of William & Mary and a Ph.D. in geology from Yale 
University. Andy Hsi-Tien Shen is a research scientist at the GIA Gem 
Laboratory in Carlsbad. He holds a Ph.D. from Cornell University and has con- 
ducted research in mineral physics in the United States, Germany, and the 
United Kingdom for more than 15 years. 


MOsT VALUABLE ARTICLE AWARD GEMS & GEMOLOG 


TREATED-COLOR PINK-TO-RED 
DIAMONDS FROM 
LUCENT DIAMONDS INC. 


Wuyi Wang, Christopher P. Smith, Matthew S. Hall, 
Christopher M. Breeding, and Thomas M. Moses 


Lucent Diamonds has developed a new treatment process for natural type la diamonds that pro- 
duces colors ranging from pink-purple through red to orangy brown, using a multi-step process 
that involves HPHT annealing, irradiation, and low-pressure annealing at relatively lower temper- 
atures. Those stones that achieve a predominant pink-to-red or purple color are marketed as 
“Imperial Red Diamonds.” Gemological properties and characteristic spectra are presented for 41 
diamonds, representing the range of colors produced thus far. These treated-color natural dia- 
monds can be readily identified by internal graphitization and surface etching seen with magnifi- 
cation, distinctive color zoning, and reactions to long- and short-wave UV radiation. The color is 
caused primarily by the absorption of the (N-V)- center, with further influence from the (N-V)°, 
H3, H4, and N3 centers. Other characteristic infrared and UV-visible absorption features include 
the H1a, H1b, H1c, 6170 cm |, and, frequently, 594 nm bands. This type of defect combination 


is not known in naturally colored diamonds. 


istorically, diamonds in the pink-to-red 
H color range have been among the most 

highly prized. In nature, most pink-to-red, 
brown, and purple colors (and combinations there- 
of) in diamond have been attributed to the develop- 
ment of defect centers caused by shear stress and 
plastic deformation. These defects, which gemolo- 
gists describe as colored “graining,” were formed 
after the growth of the gem was complete and 
either prior to or during the diamond’s ascent to 
the earth’s surface (see, e.g., Orlov, 1977; Collins, 
1982, Fritsch, 1998; Moses et al., 2002). Many of 
the world’s most famous diamonds owe their color 
to this mechanism, including such notable stones 
as the 0.95 ct Hancock Red, the 5.11 ct Moussaieff 
Red, the 59.60 ct Steinmetz Pink, and the 128.48 ct 
Star of the South. 

As a result of the prestige and value associated 
with these colors, attempts have been made since 
antiquity to impart a pink-to-red coloration to dia- 
monds. In the earliest times, topical coatings were 
used to achieve this goal; however, such coatings 
were not stable and could be readily removed. The 
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first treatment to induce a more stable hue in this 
range was introduced in the 1950s, when irradiation 
with high-energy electrons began to be applied 
experimentally to modify the color of natural dia- 
monds. On rare occasions, a brownish pink to red 
hue would result when certain diamonds were irra- 
diated in this manner and subsequently annealed 
(Crowningshield, 1959; Crowningshield and 
Reinitz, 1995). It was only significantly later, during 
the mid- to late 1980s, that scientists realized the 
stones that changed color in this manner were type 
Ib diamonds, which contain single substitutional 
nitrogen impurities (Fritsch, 1998; Shigley et al., 
2004). More recently, high pressure/high tempera- 
ture (HPHT) annealing of type Ila diamonds has 
been shown to change the color of some brown dia- 
monds to hues in the purplish pink to brown-pink 
range (Hall and Moses, 2000). 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 41, No. 1, pp. 6-19. 
© 2005 Gemological Institute of America 
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The latest entrant into this specialized arena of 
treated-color diamonds is Lucent Diamonds Inc., a 
U.S. corporation based in Denver, Colorado. This 
company has specialized in the production of syn- 
thetic diamonds and the HPHT treatment of natural 
and synthetic diamonds since 1995. During the 2004 
Tucson shows, Lucent Diamonds unveiled a new 
color series of treated-color natural diamonds, which 
they are marketing under the name “Imperial Red 
Diamonds” (figure 1). The treatment employs a com- 
plex, multiple-step procedure that is effective with 
only certain types of natural diamonds or HPHT- 
grown synthetic diamonds (A. Grizenko and V. Vins, 
pers. comms., 2004). Following the show, we contact- 
ed Lucent Diamonds to borrow samples in the full 
range of colors produced, so they could be examined 
and tested. From our study of several of these dia- 
monds, we determined that a number of standard 
gemological and spectroscopic features will readily 
distinguish these stones as being diamonds of a natu- 
ral origin (i.e., not synthetic) with treated color. 

Lucent Diamonds first began applying this pro- 
cess to type Ib synthetic diamonds. Subsequently, 
they experimented with naturally grown diamonds. 
To date, more than 1,000 natural diamonds have 
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Figure 1. Treated-color 
“Imperial Red Dia- 
monds” are being pro- 
duced by Lucent 
Diamonds of Denver, 
Colorado. Shown here 
are three loose stones 
(0.15—0.33 ct) and a 
selection of fine jewelry 
demonstrating the possi- 
bilities of these gems. 
The ring is set with a 
1.25 ct diamond, while 
the bracelet and neck- 
lace feature 0.38 and 
0.34 ct diamonds, re- 
spectively. The ring is 
courtesy of John Atencio 
Designer Jewelry, Den- 
ver; the bracelet and 
necklace are both cour- 
tesy of Avirom Associ- 
ates, Boulder, Colorado. 
Photo © Harold & Erica 
Van Pelt. 


been treated in this manner, resulting in a dominant 
pink, red, purple, or brown color appearance. 
However, diamonds with a dominant brown appear- 
ance are excluded from the “Imperial Red Diamond” 
group, so only a small portion of the stones are sold 
under that trade name (A. Grizenko, pers. comm., 
2005). Continued developments in the pre-screening 
of diamonds that can be treated successfully by this 
process have improved the percentage output of 
pink-to-red or purple stones, while they have con- 
firmed the scarcity of appropriate natural-origin 
starting material. Mr. Grizenko projects that within 
a year, they will have achieved a stable production of 
50 carats of “Imperial” diamonds per month. Given 
the rarity of natural-color intense pink-to-red dia- 
monds, even such relatively small numbers may 
have a significant impact on the availability of dia- 
monds in this color range (natural or treated) in the 
gemstone and jewelry market. 


MATERIALS AND METHODS 

A total of 41 diamonds (see, e.g., figure 2) were pro- 
vided by Lucent Diamonds for this study. They 
ranged from 0.14 to 0.91 ct and are representative of 
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Figure 2. This group of 12 stones (0.14—0.65 ct) repre- 
sents the range of colors Lucent Diamonds is market- 
ing as “Imperial Red Diamonds.” These treated-color 
natural-origin diamonds have been produced by a new 
treatment method, which involves HPHT annealing, 
irradiation, and low-pressure annealing at relatively 
lower temperatures. Photo © Harold & Erica Van Pelt. 


the color range that is currently being produced by 
this process (A. Grizenko, pers. comm., 2005). 

Color grades were determined by experienced col- 
ored-diamond color graders using the standard condi- 
tions and methodology of GIA’s color grading system 
for colored diamonds (King et al., 1994). Internal fea- 
tures were observed with a standard binocular micro- 
scope using a variety of lighting techniques. 
Reactions to ultraviolet radiation were checked in a 
darkened room with a conventional four-watt combi- 
nation long-wave (365 nm) and short-wave (254 nm} 
lamp. All of the stones were also examined using a 
Diamond Trading Company (DTC) DiamondView 
deep-ultraviolet (<230 nm) luminescence imaging 
system (Welbourn et al., 1996). A handheld spectro- 
scope was used to view absorption features in the vis- 
ible range, with the samples at both room tempera- 
ture and low temperature. 

All the samples were also analyzed using several 
other spectroscopic techniques. Absorption spectra 
in the ultraviolet to visible (UV-Vis) range were 
recorded with a Thermo-Spectronic Unicam UV500 
spectrophotometer over the range 250-850 nm with 
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a sampling interval of 0.1 nm. The samples were 
mounted in a cryogenic cell and cooled using liquid 
nitrogen. Infrared absorption spectra were recorded 
in the mid-infrared (6000-400 cm~!, 1 cm! resolu- 
tion) and near-infrared (up to 11000 cm™!, 4 cm7! 
resolution) ranges at room temperature with a 
Thermo-Nicolet Nexus 670 Fourier-transform 
infrared (FTIR) spectrometer, equipped with KBr 
and quartz beam splitters. In collecting absorption 
spectra in the near-infrared range, the lower energy 
side was extended to 2700 cm! to cover the three- 
phonon region of diamond absorption, which—like 
the two-phonon region absorption in the middle- 
infrared region—can be employed to calibrate the 
absorption intensity of other defects. A 6x beam 
condenser focused the incident beam on the sam- 
ple, and a total of 1,024 scans (per spectrum) were 
collected to improve the signal-to-noise ratio. 
Low-temperature photoluminescence (PL) spectra 
were recorded using a Renishaw 1000 Raman 
microspectrometer with an Argon-ion laser at two 
different laser excitations: 488.0 nm (for the range 
490-850 nm) and 514.5 nm (for the range 517-850 
nm). PL spectra of 15 stones were also collected using 
a Diode laser (780 nm) for the range 782-1000 nm. 
The samples were cooled by direct immersion in lig- 
uid nitrogen. Up to three scans were accumulated in 
some cases to achieve a better signal-to-noise ratio. 


RESULTS 


Visual Appearance. All the samples had an obvious 
coloration that ranged from pink/red to purple and 
brown, as well as combinations thereof (again, see 
figure 2). In the face-up position, all samples 
appeared homogeneously colored; however, when 
viewed face-down, a few samples revealed subtle to 
more distinct uneven coloration (see below). When 
color graded, the majority of the samples fell within 
a relatively small area of color space. These are in 
the GIA hue ranges of purple-red to orangy red (fig- 
ure 3), as well as in a rather confined area of tone 
and saturation. 


Microscopic Characteristics. Internal and Surface 
Features. A broad range of internal characteristics 
were noted, including predominant octahedral 
growth sectors and color zoning, as well as a variety 
of natural mineral inclusions. Although these indi- 
cated that the diamonds had grown naturally (i.e., 
were not synthetic), they also showed evidence of 
strong alterations due to treatment in a laboratory. 
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PURPLE 


BLUE 


In several of the samples, we observed precipitation 
of graphite at the interface between euhedral miner- 
al inclusions and the host diamond, leading to the 
formation of large dark gray to black inclusions that 
had a very coarse surface texture (figure 4). The 
euhedral morphology of these inclusions was com- 
parable to olivine or garnet, two very common 
inclusions in natural diamonds, and was distinctly 
different from that of metallic inclusions in synthet- 
ic diamonds. Although the identification of these 
inclusions was difficult due to the fact that they are 
covered entirely with graphite, their coarse texture 
and appearance was very distinctive. Some of the 
graphitized inclusions were also associated with 
stress fractures that had a similar texture and appear- 
ance (figure 5). Cleavages revealed inner surfaces 
that had been etched (figure 6}, and a few stones dis- 
played severely etched areas or facets on or adjacent 
to the girdle that had not been repolished (figure 7). 


Strain. Most of the samples showed weak to mod- 
erately intense strain when they were viewed with 
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Figure 3. This color 
wheel illustrates the 
range of hues of most of 
the diamonds treated by 
the new method. The 
samples examined were 
given the following GIA 
color grades: Fancy 
Deep pink, brownish 
pink-purple, brown- 
pink, and pink-brown; 
Fancy purplish red, 
brownish purplish red, 
brownish purple-red, 
reddish brown, and 
brown-red; and Fancy 
Dark reddish brown, 
red-brown, and orangy 
brown. Brown colors, 
which depend on the 
degree of tone relative to 
the saturation of the 
hue, are not represented 
in this diagram. 


Figure 4. A very coarsely textured graphitization of the 
diamond surrounding naturally occurring mineral 
inclusions and along associated stress fractures was 
commonly seen in many of the Lucent samples. The 
graphitization was induced by the HPHT treatment 
conditions. The morphology of the mineral inclusions 
resembles that of olivine or garnet, which occur as 
inclusions only in natural diamonds; the metallic 
inclusions seen in many synthetic diamonds have a 
very different shape and appearance. Photomicrograph 
by C. P. Smith; magnified 62x. 


GEMS & GEMOLOGY SPRING 2005 


Figure 5. Graphitization was also evident along inter- 
nal stress fractures. Typically, these stress fractures 
displayed a narrow, highly reflective fringe along the 
outermost extension of the fracture that was probably 
induced by the expansion pressure created when the 
walls of the stress fractures converted to graphite. 
Photomicrograph by C. P. Smith; magnified 58x. 


the microscope between crossed polarizing filters. 
For the most part, the strain was in banded patterns 
that followed the octahedral growth zoning, 
exhibiting predominantly gray-to-blue interference 
colors (figure 8). A few samples, however, revealed 
higher levels of strain that were associated with 
mottled or “cellular” patterns (figure 9), similar to 
the patterns seen in natural-color type Ia pink-to- 
red or purple diamonds (see, e.g., figure 15 in King 
et al., 2002, p. 140). 


Internal Growth Structures and Color Zoning. 
Some of the most characteristic features of these 


Figure 7. Small, severely etched areas were present on 
or near the girdles of several samples, indicating that 
the damage caused by certain phases of the treatment 
process had not been completely removed by repolish- 
ing. This kind of coarse etching is unlike what may be 
encountered when etching takes place in nature. 
Photomicrograph by C. P. Smith; magnified 50x. 
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Figure 6. Cleavages that reached the surface exhibited 
distinct etching along their full extent. Such etching is 
also evidence of HPHT treatment. Photomicrograph 
by C. P. Smith; magnified 52x. 


diamonds can be seen in their color zoning and its 
relation to the internal growth structures. In these 
stones, thick or extended regions of color were 
seen to conform to internal growth structures (i.e., 
various crystal faces]. Visually, this resulted in var- 
ious color concentrations that were a combination 
of straight and angular, including color zoning that 
appeared very irregular because of internal regions 
that had a more complex growth history. In addi- 
tion, typically these color zones exhibited sharp, 


Figure 8. Most of the samples exhibited relatively 
weak to moderately intense strain when viewed 
between crossed polarizing filters. The banded pattern 
shown here follows the octahedral growth planes. 
This type of strain is not seen in HPHT- or CVD- 
grown synthetic diamonds, providing additional con- 
firmation that these Lucent diamonds are naturally 
grown. In addition, this type of strain is not typical of 
natural-color type Ia pink-to-red or purple diamonds. 
Photomicrograph by C. P. Smith; magnified 22x. 
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Figure 9. A few of the samples exhibited a higher 
degree of strain, in a mottled or “cellular” pattern, 
similar to that seen in natural-color natural dia- 
monds in this color range (but not encountered in 
synthetic diamonds). Photomicrograph by C. P. 
Smith; magnified 32x. 


clearly defined color boundaries. Such color zoning 
is very different from that encountered in natural- 
color pink-to-red diamonds, where localized color 
concentrations relate to colored “graining” that is 
caused by plastic deformation (see Discussion sec- 
tion below}. 

The color zoning of the Lucent samples typical- 
ly ranged from pink to purple-pink and brown to 


Figure 11. In this sample, the color zoning is more 
obvious, concentrated within complex, naturally 
occurring growth sectors. Here, saturated pink zones 
occur adjacent to paler pink to near-colorless growth 
sectors that for the most part follow octahedral crystal 
faces. Again, this form of pink-to-red color zoning is 
distinctly different from the linear pink-to-red grain- 
ing that typically extends in only one direction in nat- 
ural-color diamonds of this hue, Photomicrograph by 
C. P. Smith; magnified 48x. 


Figure 10. All the samples showed characteristic color 
zoning that was homogeneous or followed straight to 
angular growth sectors. In some samples, the zoning 
was subtle, occurring as highly saturated and less-sat- 
urated zones of the same hue. This is distinctly differ- 
ent from the colored graining evident in natural-color 
pink to red, purple, and brown diamonds, which is 
due to plastic deformation-telated defects. 
Photomicrograph by C. P. Smith; magnified 40x. 


purple-brown of varying saturation. In a few of the 
samples, this color zoning was rather subtle and 
typically consisted of more highly saturated pink 
zones bordered by less-saturated zones of the same 
hue (figure 10). In other samples, however, the 
color zoning was much more obvious, consisting of 
saturated zones of pink-to-red color bordered by 
growth sectors that were paler pink to near-color- 
less (figure 11). A few of the diamonds had all three 
types of color zoning: consisting of regions or 


Figure 12. A few diamonds contained distinct pink-to- 
red zones in some areas, with brown and near-color- 
less zones in others. Photomicrograph by C. P. Smith; 
magnified 28x. 
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TOPAZ 


The stones pictured here clearly illustrate that the color 
of topaz is not confined to yellow, The crystal at (A) ap- 
proaches red at the top. It also shows an excellent basal 
cleavage face and the pyramidal termination characteristics of 
topaz crystals. The yellow crystal (D) also illustrates the 
latter. Both are from Brazil, Figure (B) shows a fashioned 

bs Brazilian stone, while figure (C) shows a blue topaz crystal 
in pegmatite from the Ural Mountains. Specimens from the 
collection of British Museum (Natural History), London. 


PLATE XII 


Reproduced by permission of the Trustees of the British 
Museum. 


Printed in England. 


growth sectors that were saturated pink to purple- 
pink, brown to purple-brown, and pale pink to 
near-colorless (figure 12). 


DiamondView Imaging. The luminescence images 
of the stones we examined revealed complex 
growth patterns (figure 13), as expected for natural 
diamonds. An orange-red fluorescence color domi- 
nated most growth sectors, while some other areas 
were orangy yellow to green, blue, or just dark in 
appearance. The confinement of the strong orange 
fluorescence to growth sectors was consistent with 
the color zoning observations described above. 
These patterns are a direct reflection of the large 
variation in the type and concentration of defects, 
as well as of the complex growth history, of most 
natural diamonds. Neither the fluorescence nor 
the growth features that are characteristic of syn- 
thetic diamonds (see, e.g., Wang et al., 2003; 
Shigley et al., 2004) were observed in these stones, 
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Figure 13. DiamondView images 
revealed that the Lucent treated- 
color diamonds (0.20-0.91 ct) have a 
complex growth history that is very 
different from that of HPHT- or CVD- 
grown synthetic diamonds. The dom- 
inant luminescence was orange-red, 
although several also exhibited a 
strong orangy yellow to green hue, 
while some stones or growth zones 
were blue or inert. Images by W. 
Wang and C. M. Breeding. 


which confirmed their natural origin. The 
observed patterns are mostly attributed to octahe- 
dral {111} growth planes. 


Visible Luminescence. There are certain defect cen- 
ters in diamond that yield luminescence to visible 
light (refer to the UV-Vis-NIR Spectroscopy and 
Raman PL Spectroscopy sections below]. When 
these centers are strong enough, distinctive lumines- 
cence may be seen in a microscope, a loupe, or even 
with the unaided eye if the stones are viewed with a 
strong light source. All the stones we examined 
exhibited a green luminescence to visible light that 
ranged from moderate to very strong; it was rather 
homogeneous in some samples, while heavily zoned 
in others (figure 14). This green luminescence is 
related to H3 emission centered at 503 nm. A strong 
orange-red luminescence was also seen in all sam- 
ples. This luminescence relates to (N-V)~ emission 
centered at 637 nm and was variable in appearance, 


GEMS & GEMOLOGY SPRING 2005 


to the H3 center) was seen in all samples. In most 
samples, this luminescence followed the internal 
growth structures, as with the stepped octahedral zon- 
ing seen here. In some, however, the green lumines- 
cence was more evenly distributed throughout. 
Photomicrograph by C. P. Smith; magnified 35x. 


ranging from homogeneous to an alignment with 
the internal growth structures. In addition, a few 
samples also displayed zones of yellow lumines- 
cence attributed to (N-V)° emission centered at 575 
nm. When all three luminescence colors were pre- 
sent in the same stone, they made for a very colorful 
image of the internal growth structures (figure 15), 
which we had not encountered previously. 


Fluorescence. All the samples displayed a distinc- 
tive, moderate-to-strong, very chalky fluorescence 
reaction when exposed to either long- or short-wave 
UV radiation. In general, these diamonds revealed 
combinations of yellow, green, and orange fluores- 
cence on exposure to long-wave UV, although a 
couple of samples also exhibited blue fluorescence. 
With close inspection, zoning (often subtle) could be 
seen between the different colors (figure 16). To 
short-wave UV, these diamonds displayed a rather 
consistent moderate-to-strong orange and yellow 
fluorescence. In most samples, the orange fluores- 
cence dominated, and the yellow could be seen in 
only certain areas, such as near the culet (figure 17). 
No phosphorescence was evident in any of the sam- 
ples following exposure to long- or short-wave UV. 


UV-Vis-NIR Spectroscopy. Overall, of the 41 
stones included in this study, most revealed simi- 
lar absorption features in the ultraviolet to visible 
and near-infrared regions of the spectrum, 
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Figure 15. Strikingly, when exposed to a strong light 
source, several of the samples exhibited all three Iumi- 
nescence colors—green, orange-red, and yellow—pro- 
ducing a combination of colors unlike any the authors 
had seen previously in a natural-color diamond. 
Photomicrograph by C. P. Smith; magnified 27x. 


although certain variations were noted (figure 18). 
The most dominant series of bands included 
strong absorptions at 415 nm (N3}, 503 nm (H3}, 
575 nm (N-V)°, and 637 nm (N-V)-, which were 
evident in all the samples. Of these, the absorp- 
tion at 637 nm was consistently the most intense. 
A weak absorption at 496 nm (H4) was recorded 


Figure 16. This image reveals the typical, chalky long- 
wave UV fluorescence of the “Imperial” treated-color 
diamonds, which results from a combination of 
orange, yellow, and green fluorescing zones. Such a 
reaction is not seen in natural-color pink-to-red and 
purple diamonds. Photomicrograph by C. P. Smith; 
magnified 10x. 
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Figure 17. The reaction to short-wave UV of these dia- 
monds is also highly indicative of the treatment, dis- 
playing a consistent moderate-to-strong orange and 
yellow fluorescence. In most samples, the orange fluo- 
rescence dominated; the yellow was seen only in cer- 
tain areas, such as near the culet in this sample. 
Photomicrograph by C. P. Smith; magnified 10x. 


in most samples (31 total); in only one of these 
was the H4 stronger than the H3. Half the sam- 
ples had absorption at 594 nm that varied greatly 
in intensity from one sample to the next . In most 
cases, this band was weak to moderate, but it was 
extremely strong in three samples. In those sam- 
ples where we detected the 594 nm absorption, 
we also typically recorded a weak 741 nm (GR1) 
absorption, as well as a weak 805 nm absorption. 
However, the 805 nm band also occurred in some 
stones that did not reveal either the 594 nm or 
GRI1 features. Several of the samples that had 
both the 594 nm and GRI1 also showed weak 
absorptions at 425 and 527 nm; five of these 
showed a very weak absorption at 394 nm (ND1). 

When the samples were cooled and viewed with 
a standard handheld spectroscope, similar features 
were noted, consisting of strong, sharp lines at 415, 
503, and 637 nm in all the samples, as well as sharp, 
weak-to-moderate lines at 575 and 594 nm in many 
of them. 


IR Spectroscopy. All the diamonds we tested proved 
to be type Ia. The concentrations and relative aggre- 
gation states of nitrogen varied significantly 
between samples (figure 19). Absorption features at 
1280 and 1215 cm” are attributed to nitrogen in the 
A-aggregate form (nitrogen atoms in pairs), and 
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UV-VIS-NIR ABSORPTION SPECTRA 


Figure 18. The absorption spectra through the ultravi- 
olet, visible and near infrared regions show strong 
absorption features from several defect centers includ- 
ing the N3, H3, (N-V)°, and (N-V)-, which are typical 
of these treated-color diamonds. These absorption fea- 
tures combine to produce a transmission “window” 
in the red region, which is responsible for the pink/red 
coloration of these stones. In addition, absorptions 
with varying intensities at 394 (ND1), 425, 496 (H4), 
527, 594, 741 (GR1), and 805 nm were also observed 
in several of the samples. The upper spectrum is from 
a 0.40 ct purplish pink diamond, and the lower spec- 
trum is from a 0.41 ct brown-pink diamond. The spec- 
tra are offset vertically for clarity. 


those at 1170 and 1010 cm"! are attributed to nitro- 
gen in the form of B-aggregates (four nitrogen atoms 
surrounding a common vacancy). In general, the 
concentration of A-aggregates was significantly 
higher than B-aggregates. This trend held true for all 
except seven of the samples, where the nitrogen 
was dominantly in the B-aggregate form. Using a 
spectral fitting calibration against the two-phonon 
absorption of diamond, we estimated the total 
nitrogen content to range from 23 to 322 ppm. In 
addition, most of the samples displayed weak-to- 
moderate absorption bands at 3107 and 1405 cmr!, 
which are related to hydrogen impurities. 
Interestingly, the samples with nitrogen predomi- 
nantly in the B-aggregate form also revealed signifi- 
cantly stronger hydrogen absorption. 

A relatively strong absorption at 1450 cm"! 
(Hla—an interstitial nitrogen atom; Woods, 1984) 
and a weak absorption at 1344 cm! related to iso- 
lated nitrogen impurities (type Ib component} were 
recorded in all samples. Again using spectral fitting 
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MID-IR ABSORPTION SPECTRA 


1280 1170 


1450 
Hia 1405 


Figure 19. These representative absorption spectra in 
the mid-infrared range illustrate the large variation 
in nitrogen concentration of these treated-color dia- 
monds. All of the stones in this study were classified 
as type Ia, and most are dominated by the A-aggre- 
gate form of nitrogen. However, a few samples (e.g., 
black line) contained more B-aggregates than A- 
aggregates. Also note the relatively strong H1a 
absorption at 1450 cm“, and the weak absorption at 
1344 cm“, which is related to isolated nitrogen. 
Very weak absorptions at 1358 and 1355 cm=! were 
also observed in those samples that had Iittle or no 
platelet peak absorption at ~1360 cm~. The spectra 
are offset vertically for clarity. 


techniques, we calculated the intensity of the Hla 
absorption at around 0.2-1.2 cm! and estimated 
the concentration of isolated nitrogen at 3-28 ppm. 
Another common feature of varying intensity was 
the nitrogen platelet peak at ~1360 cm. In the 
samples in which this peak was absent or very 
weak, two very weak absorptions at 1358 cm"! 
(intensity of 0.04 to 0.1 cm) and 1355 cm! (0.04 to 
0.1 cm") were also evident. 

In the near-infrared region (figure 20), the domi- 
nant features included strong absorptions at 5165 
cm! (H1c) and/or 4935 cm™! (H1b). The relative 
intensity of the Hlb to Hlc was determined to be 
proportional to the diamond's nitrogen aggregation 
state (see, e.g., Collins et al., 1986). In those dia- 
monds that were dominated by A-agegregates, virtu- 
ally no H1c was detected, whereas the diamond 
with B>>A aggregations of nitrogen exhibited a 
much stronger H1c absorption than H1b. A moder- 
ate-to-strong H2 (negatively charged N-V-N center) 
absorption at ~10125 cm= (987.7 nm) was also seen 
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NEAR-IR ABSORPTION SPECTRA 


10125 
H2 


Figure 20. Strong Hic and/or H1b absorption lines, as 
well as a sharp peak at 6170 cm", are features com- 
monly seen in the near-infrared absorption spectra of 
these treated-color diamonds. A very strong H1c 
occurred in another sample, which was dominated by 
the B-aggregate form of nitrogen (black curve). A mod- 
erately strong H2 absorption was observed in all sam- 
ples. The spectra are offset vertically for clarity. 


in all samples, with an intensity that varied from 
0.05 to 0.6 cm"! (majority >0.2 cm'). The intensity 
of the H2 absorption had a direct correlation to the 
concentration of A-aggregates. In one sample, the 
intensity of the H2 was 0.5 cm”! correlated to an A- 
aggregate concentration of 143 ppm. Another sam- 
ple with an A-aggregate concentration of only 10 
ppm had an H2 absorption intensity of only 0.1 cm. 
Another sharp, relatively strong absorption was 
recorded at 6170 cm”! in all the samples tested. The 
occurrence of this absorption in diamond was 
reported only very recently (see further comments 
below; De Weerdt and Anthonis, 2004). To date, no 
correlation is evident between the 6170 cm peak 
and the presence of Hla, H1b, or Hlc. 


Raman PL Spectroscopy. Low-temperature photolu- 
minescence spectra revealed dominant PL bands of 
the same wavelength as the absorption bands 
recorded with the spectrophotometer. In addition to 
the strong emissions from the H3, (N-V)°, and (N- 
V)- centers, we also noted H4 emission at 496 nm of 
variable intensity in all the samples (figure 21). For 
those samples that were nearly pure type IaA, the 
H4 luminescence was the weakest. At 535 nm 
another weak intensity band was also commonly 
recorded. A weak but sharp emission at 588 nm was 
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PHOTOLUMINESCENCE SPECTRA 


Figure 21. Photoluminescence spectra collected using 
an Ar-ion laser (488 nm excitation) exhibited strong 
emissions at 503, 575, and 637 nm. Weak luminescence 
peaks were also observed in some samples at 496, 535, 
and 588 nm. The spectra are offset vertically for clarity. 


evident using both the 488 and 514 nm laser excita- 
tions. This independent 588 nm emission typically 
was superimposed onto the broad side band of 575 
nm (N-V)°. The 588 nm emission was observed in 
22, of the samples; the GR1 and 594 nm features 
were also detected in the absorption spectra of these 
same samples. 


DISCUSSION 


The Treatment Method. A recent patent by one of 
the Russian scientists associated with Lucent 
Diamonds describes the methods by which red 
color may be produced in diamonds in a laboratory 
(Vins, 2004). The technique consists of generating 
isolated nitrogen in natural type Ia diamond via 
HPHT conditions (6—7 GPa at over 2150°C), fol- 
lowed by irradiation using a high-energy electron 
beam and further annealing in a vacuum at a tem- 
perature no lower than 1100°C. Based on the results 
of our analyses, it is evident that the Lucent 
“Imperial” pink to red treated-color diamonds we 
have examined have been processed by a similar 
method. This is based on several standard gemologi- 
cal and spectroscopic features. 

First, the severe graphitization and etching seen 
with magnification clearly indicate that these dia- 
monds were exposed to HPHT conditions. In addi- 
tion, the presence of isolated nitrogen in the 
infrared spectrum is consistent with the de-aggrega- 
tion of nitrogen defects under similar conditions 
(see, e.g., Fisher and Spits, 2000), although the pres- 
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ence of isolated nitrogen alone is not proof of HPHT 
treatment. Further evidence of irradiation-induced 
defects is provided by the 594, 637, and 741 (GR1) 
absorptions in these type IaAB diamonds with a Ib 
component. The presence of the H1b and/or H1c 
bands in the near-infrared region is also consistent 
with annealing subsequent to irradiation. When a 
type Ia irradiated diamond is annealed at around 
1000°C, the 594 nm center is removed, thus produc- 
ing H1b and/or H1c lines (Collins, 1982). Also 
important is the presence of a much less stable 
defect in some of the samples, the ND1, which is 
removed at temperatures above 500°C (Zaitsev, 
2001). When this band occurs in combination with 
the 594 nm band as well as H1b and Hlc absorp- 
tions, it is indicative of a multi-step process involv- 
ing HPHT annealing, irradiation, and relatively 
lower temperature, low pressure annealing. 

In the patent, the overall nitrogen concentration 
is described as exceeding 800 ppm. However, during 
the course of our investigation, we determined that 
the total nitrogen concentration in the diamonds 
we tested was 23-322 ppm. 


Characterization of the Samples. The majority of 
the diamonds were darker in tone and higher in sat- 
uration than the natural-color diamonds we have 
encountered in this hue range. However, there were 
two samples—a Fancy Deep pink and a Fancy Deep 
brown-pink—that closely resembled the appearance 
of natural-color diamonds. 

The mineral inclusions we observed with magni- 
fication identified the diamonds as being naturally 
grown. However, the heavily graphitized and etched 
features also clearly indicated that these stones had 
been exposed to high pressure/high temperature 
(HPHT) processing. The larger, more massive, 
coarsely textured black to dark gray inclusions were 
foreign minerals that experienced severe graphitiza- 
tion of the diamond at the interface between the 
included crystal and the diamond host. The HPHT 
conditions were also responsible for the graphitiza- 
tion along internal fractures and the etching 
observed along surface-reaching cleavages and in 
those areas at the surface that were not repolished 
following treatment. It is important to note that 
graphitization may take place naturally in diamond; 
however, such natural inclusions are very different 
in appearance from these samples. It also should be 
noted that, depending on the specific HPHT condi- 
tions, there may be significantly less graphitization 
and etching in some treated samples. 
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In type Ia natural diamonds, naturally occurring 
pink-to-red and purple coloration is clearly associat- 
ed with zones exhibiting plastic deformation. As a 
result, when such stones are viewed between 
crossed polarizing filters, they typically reveal very 
high levels of strain (see, e.g., figure 15 in King et al., 
2002, p. 140). The strain visible in these treated-color 
samples was significantly weaker. In only a few of 
the Lucent samples did the strain levels approach 
what is typical for their natural-color counterparts. 

The thick and extended regions of color zoning 
that were present in these samples occurred in a 
variety of straight, angular, and irregular patterns. 
Such color zoning is very different from that encoun- 
tered in natural-color pink-to-red diamonds, which 
is visible as straight, parallel color zones that extend 
in only one direction and typically do not have sharp 
boundaries (see, e.g., Koivula, 2000, p. 92). 

The DiamondView imaging accentuates the 
complex growth structure of these natural dia- 
monds, which involves the development of primari- 
ly octahedral {111} growth planes. The large varia- 
tion in fluorescence colors (red, orange, yellow, 
blue, and green) as well as the dark areas where no 
fluorescence was evident, is a direct reflection of the 
specific type and concentration of defects before 
treatment and the resultant reconfiguration of the 
defects by the treatment process. These features are 
markedly different from those of synthetic dia- 
monds created by HPHT or CVD techniques, and 
they confirm the natural origin of these samples 
(Wang et al., 2003; Shigley et al, 2004). 

When illuminated by a strong light source, green 
(H3) luminescence has been seen in many naturally 
colored, as well as artificially colored, diamonds 
(Fritsch, 1998; Reinitz et al., 2000). (It is often 
referred to as “transmission luminescence,” though 
this is not strictly correct.) A weak orange-red lumi- 
nescence due to N-V centers may be seen in some 
natural-color pink diamonds; however, it is more 
commonly associated with treated-color pink-to-red 
diamonds with moderate to high color saturation 
(see, e.g., Shigley et al., 2004). Nevertheless, we had 
not previously witnessed the combination of green 
(H3), orange-red (N-V)-, and yellow (N-V]° visible 
luminescence seen in these treated-color diamonds. 
Nor have we encountered in natural-color pink-to- 
red diamonds the strong, chalky orange, green, and 
yellow fluorescence to long-wave UV that was evi- 
dent in these treated stones. 

The “Imperial” treated-color diamonds in this 
study owed their color to the absorption of N-V cen- 
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ters positioned at 575 and 637 nm, with some influ- 
ence from other absorption features. The introduction 
of a relatively high concentration of H3/H4 defects, 
which absorb blue-green light, is essential to generate 
a pure red hue. If the H3/H4 absorptions are not 
strong enough, a distinct purple hue will be devel- 
oped, as was observed in some of the stones we tested. 
High concentrations of the A/B form of nitrogen are 
necessary to generate H3/H4 defects during treat- 
ment. Additionally, if the absorption of the N-V cen- 
ters is not strong enough relative to the absorption of 
the H3 and H4 centers, then brown colors develop. 

In contrast, the vast majority of natural-color 
pink-to-red diamonds owe their hue to a broad 
absorption band centered at approximately 550 nm 
(e.g., Collins 1982; King et al., 2002; Moses et al., 
2002). To date, we are not aware of any reports of 
the artificial introduction of the 550 nm band in 
type I natural diamonds. We have examined a small 
number of natural-color pink diamonds that owe 
their color to N-V centers. Typically, these dia- 
monds are rather pale in color and are classified as 
type Ila. However, we have not observed strong H3 
or N83 absorption in such diamonds. 

The physics responsible for the 588 nm peak vis- 
ible in the PL spectra of some samples is not fully 
understood (Zaitsev, 2001). On initial consideration, 
there seemed to be some correlation between the 
occurrence of this peak and the color saturation of 
the diamonds. After further investigation, however, 
we found that the 588 nm emission may also be 
observed in some natural green-yellow diamonds 
that have high concentrations of H3 centers. 

The 6170 cm™! absorption in the infrared is 
another little-known defect. Its occurrence, reported 
in previous publications and the present study, is 
closely related to irradiation and annealing, either 
naturally or in the laboratory. De Weerdt and 
Anthonis (2004) first reported a peak at 6172 cm"! 
in a treated diamond and, based on their experi- 
ments, suggested that it resulted from a complex 
treatment process. In addition, Hainschwang et al. 
(in preparation) have correlated a band at 6165 cm"! 
to the presence of Hlc centers in irradiated and 
annealed diamonds. In this study of a large set of 
samples, we found no such correlation. However, 
those samples with the strongest 6170 cm"! band in 
general had very weak H1b/HIc bands and relative- 
ly stronger 594 nm absorption. In unpublished data 
from ongoing research at GIA, we have recorded the 
occurrence of this band (with position varying 
slightly from 6170 to 6168 cm:') in a few naturally 
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irradiated diamonds as well. A few of those natural- 
color stones displayed green radiation stains. All 
these observations indicate that the 6170 cm"! 
absorption represents a defect that may be intro- 
duced via irradiation and annealing processes, either 
in the laboratory or in nature. Consequently, we do 
not consider the presence of this band as conclusive 
of color treatment on its own. 

Although we did not perform stability testing 
per se, we concluded—hased on the kinds of defects 
observed and their concentrations—that the colors 
produced by the multiple-step treatment process 
described here are both stable and permanent to 
normal conditions of wear and care. In addition, we 
did not detect any residual radioactivity. 


IDENTIFYING CHARACTERISTICS 


A number of standard gemological properties and 
advanced analytical features will readily identify 
that these stones are naturally grown and their color 
has been artificially induced. The fact that they were 
grown in nature can be confirmed by the presence of 
characteristic mineral inclusions and distinctive 
internal growth structures, as well as by the lack of 
the inclusion features and growth structures typical 
of HPHT- and CVD-grown synthetic diamonds. 
With standard gemological techniques, the artificial 
coloration can be identified by the strongly altered 
inclusion features in combination with the differ- 
ences in appearance of the pink-to-purple or brown 
color zoning in these samples as compared to the 
colored graining in natural-color diamonds. In addi- 
tion, with a standard handheld spectroscope, the dis- 
tinctive combination of strong 415, 503, and 637 nm 
absorption lines, as well as weak-to-moderate 575 
and 594 absorption lines, clearly identifies the treat- 
ed origin of the color. Furthermore, the unique long- 
and short-wave UV fluorescence reactions are clear 
indicators that this material has been treated. 

The more advanced analytical techniques also 
revealed some interesting identification criteria that 
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appear to be unique to this process. The occurrence 
of trace isolated nitrogen, together with H3 and H2 
centers, are some of the common features related to 
HPHT treatment, whereas defects such as Hla, 
Hlb, Hlc, (N-V)-, 594 nm, (N-V)°, H3, and H4 com- 
monly occur in diamonds that have been exposed to 
radiation. Although these defects may occur in nat- 
ural-color diamonds, we have not seen a known 
natural-color diamond that has all of these features. 
The absorption at 6170 cm", although not proof, 
may also suggest color treatment. 


CONCLUSION 

Naturally colored diamonds in the pink-to-red hue 
range are some of the most exotic and expensive 
gemstones. At auction, such diamonds have achieved 
as much as US$895,000 per carat (Balfour, 2000). As a 
result, various forms of treatment have been applied 
in attempts to recreate these highly desirable colors. 
Previously, these ranged from simple topical coatings 
(e.g., Moses et al., 2004) to move advanced techniques 
such as irradiation of type Ib diamonds 
(Crowningshield, 1959; Crowningshield and Reinitz, 
1995) and HPHT annealing of type Ia diamonds (e.g., 
De Beers Industrial Diamonds et al., 2001). 

Most recently, Lucent Diamonds has intro- 
duced treated-color pink-to-red natural diamonds 
into the marketplace under the trade name 
“Imperial Red Diamonds.” The Lucent group 
began developing the technology to produce these 
stable colors on a commercial basis toward the end 
of 2003, and they first offered them for sale in the 
summer of 2004. Our investigations confirmed that 
a combination of treatment techniques, including 
HPHT annealing and irradiation, are applied to 
induce the coloration in these diamonds, consis- 
tent with the process described by Vins (2004). 
They can be readily identified by their distinctive 
inclusion features, color zoning, and long- and 
short-wave UV fluorescence, as well as by their 
unique combination of spectroscopic features. 
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A GEMOLOGICAL STUDY OF 
A COLLECTION OF 
CHAMELEON DIAMONDS 


Chameleon diamonds are among the rarest of gem diamonds. This article reports on a unique col- 
lection of 39 chameleon diamonds ranging from 0.29 to 1.93 ct, which exhibited temporary 
changes in color when heated to approximately 150°C and, for some, after prolonged storage in 
the dark (i.e., thermochromic and photochromic color changes, respectively). Most changed from 
“olive” green to brownish yellow or yellow, although some changed from light yellow to a more 
intense greenish yellow. The thermochromic and photochromic color change observed in the 
“olive” green chameleon diamonds is typical of “Classic” chameleons, whereas the solely ther- 
mochromic change shown by the light yellow group was the “Reverse” of that seen in Classic 
chameleon diamonds. The Classic and Reverse groups showed different spectroscopic and UV flu- 
orescence characteristics, but all stones exhibited strong long-lasting phosphorescence after short- 
wave UV excitation. Hydrogen was identified in all samples by FTIR spectroscopy, and minor Ni- 
related emissions were detected by photoluminescence spectroscopy in most. Using this combina- 


Thomas Hainschwang, Dusan Simic, Emmanuel Fritsch, Branko Deljanin, Sharrie Woodring, and Nicholas DelRe 


tion of reaction to UV radiation and spectroscopic properties, a gemologist can separate 
chameleon from other green diamonds without unnecessary exposure to heat. 


he rarity of chameleon diamonds and their 

interest for the connoisseur are due to their 

unusual ability to change color temporarily 
when heated to about 150°C (“thermochromism”) 
or after prolonged storage in the dark (“photochro- 
ism”; see Fritsch et al., 1995). The stable color 
shown by chameleon diamonds is typically grayish 
yellowish green to grayish greenish yellow 
(“olive”), while the unstable hue is generally a 
more intense brownish or orangy yellow to yellow 
(figures 1 and 2). After heating, the color of a 
chameleon diamond quickly returns to its stable 
hue. The color change after storage in the dark is 
usually not as dramatic as that seen on heating. 
Some of these chameleons have a stable color rem- 
iniscent of “normal” green diamonds. While the 
green color of these diamonds is caused by expo- 
sure to radiation (either naturally or in the labora- 
tory), the mechanism behind chameleon col- 
oration is not yet well understood. Nevertheless, 
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chameleons are among the few green diamonds 
that can be conclusively identified as natural color, 
since this behavior cannot be created or enhanced 
in the laboratory. 

Relatively little has been written about 
chameleon diamonds, and the precise definition of 
this behavior is not at all clear. For some members 
of the trade, a temporary photochromic color 
change must be present for a diamond to be 
referred to as “chameleon”; in contrast, many pub- 
lications describe chameleon diamonds as having 
either a thermochromic (using rather low anneal- 
ing temperatures) or photochromic temporary color 
change (Raal, 1969; GIA Diamond Dictionary, 
1993; Fritsch et al., 1995). 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 41, No. 1, pp. 20-35. 
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Chameleon diamonds were first documented in 
1943 (GIA Diamond Dictionary, 1993), and since 
then they have been described in several brief 
reports (see, e.g., Chabert and Reinitz, 2000). 
Extensive research on a single large chameleon dia- 
mond was published by E. Fritsch and colleagues 
(1995). Most recently, Shigley et al. (2004) reported 
additional data on chameleon diamonds, including 
the presence of Ni-related emissions detected by 


Figure 2. These images show typical color 
changes seen in chameleon diamonds of the 
Classic (top, 0.83 ct) and Reverse (bottom, 1.09 
ct) types. The left images show the stable color, 
while the unstable color is on the right. Photos 
by T. Hainschwang. 


CHAMELEON DIAMONDS 


Figure 1. One of the 
more spectacular 
chameleon diamonds 
examined for this study 
was this 1.01 ct marquise 
diamond, shown at 
room temperature (left) 
and at approximately 
150°C (right). Photo by 
T. Hainschwang. 


photoluminescence spectroscopy. We believe the 
present article is the first extensive study of a large 
number of chameleon diamond samples; it is part 
of ongoing research by EGL USA on colored dia- 
monds in collaboration with other gemological lab- 
oratories and universities worldwide. Some prelim- 
inary observations on this collection of chameleon 
diamonds were published by Deljanin (2004). 


MATERIALS AND METHODS 


Thirty-nine chameleon diamonds were included in 
this study (as described in table 1 and illustrated in 
figure 3). Unfortunately, the geographic origins of 
these diamonds are unknown. The stones were pur- 
chased between 1987 and 2004: 40% were obtained 
in India, 30% in Antwerp, and 30% in Tel Aviv. All 
the diamonds were accompanied by grading reports 
from either GIA or EGL, which stated that, under 
certain circumstances, they exhibited a change in 
color. 

The stable color of the chameleon diamonds 
was graded by the above laboratories, while the 
unstable color was described by two of the authors 
(TH and DS). Luminescence to ultraviolet radiation 
and phosphorescence were observed with a 4-watt 
UVP UVGL-25 Mineralight Lamp using 254 nm 
(short-wave) and 365 nm (long-wave) excitation. 
Observations between crossed polarizers were 
made with a gemological microscope using Leica 
optics at 10-60x magnification. Color distribution 
was studied with each stone immersed in methy- 
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CRYSTALS: ORTHORHOMBIC SYSTEM 


The illustration (A) is a group of sulphur crystals from 
Girgenti, Sicily. This is a fine example of the bi-pyramid 
form of the orthorhombic system. Anhydrite (B) occurs 
in a prismatic or tabular form. The silicious variety is some- 
times cut and polished for ornamental purposes. Barite (C), 
also known as heavy spar, is not suitable for gems, although 
BG some varieties have been used for ornamental purposes. This 
fine prismatic crystal is from Cumberland, England. Speci- 
mens from the collection of British Museum (Natural His- 
tory), London. 


PLATE XIII 


Reproduced by permission of the Trustees of the British 
Museum. 


Printed in England, 


lene iodide. The change in color was observed 
using a 6500 K daylight-equivalent light and a hot 
plate (range of 40-325°C); the temperature during 
the heating process was monitored using a thermo- 
couple connected to a digital multimeter. The sam- 
ples were also cooled in liquid nitrogen to monitor 
possible color changes induced by low temperature. 

We recorded infrared spectra in the range of 
6000-400 cm! on a Nicolet Nexus 670 FTIR spec- 
trometer, using a diffuse reflectance (DRIFTS) acces- 
sory as a beam condenser to facilitate the analysis of 
small faceted stones, with an accumulation of 100 
scans at a resolution of 2-4 cm~!. We recorded pho- 


toluminescence spectra with the diamonds 
immersed in liquid nitrogen (T = -196°C), using an 
Adamas Advantage SAS2000 system equipped with 
a 532, nm semiconductor laser and an Ocean Optics 
SD2000 spectrometer (resolution 1.5 nm) with a 
2048-element linear silicon CCD-array detector. 
Vis-NIR spectra in the range of 400-1000 nm were 
collected with the SAS2000 system, using the same 
spectrometer and detector as described above, with 
a resolution of 1.5 nm and 60-250 sample scans. 
The measurements were performed using an inte- 
grating sphere at liquid nitrogen temperature. Also, 
to monitor changes due to heating, we recorded 


TABLE 1. The 39 chameleon diamonds in this study and their changes in color. 


Seta aoe WOON and shape GORE, Stable color Unstable cobs age 
1.1/GIA 0.39 ct round Classic Fancy Dark grayish Fancy Intense Strong 
greenish yellow orangy yellow 
1.2/GIA 0.64 ct marquise Classic Fancy Dark brownish Fancy Deep brownish Strong 
greenish yellow orangy yellow 
1.3/GIA 0.43 ct marquise Classic Fancy Dark grayish Fancy Deep brownish Strong 
yellowish green orangy yellow 
1.4/EGL 0.63 ct marquise Classic Fancy Deep green yellow Fancy Deep brownish Weak 
greenish yellow 
1.5/GIA 1.60 ct pear Classic Fancy Dark yellowish brown Fancy Deep brownish Strong 
orangy yellow 
1.6/GIA 0.46 ct pear Classic Fancy Dark grayish yellowish Fancy Intense orangy Strong 
green yellow 
1.7/EGL 0.83 ct heart Classic Fancy Deep grayish Fancy Intense orangy Strong 
yellowish green yellow 
1.8/GIA 1.75 ct cushion Classic Fancy Dark grayish Fancy greenish yellow Weak 
yellowish green 
1.9/GIA 0.67 ct oval Classic Fancy Dark grayish Fancy Intense yellow Strong 
yellowish green 
2.1/GIA 1.93 ct marquise Classic Fancy Deep brownish Fancy Deep brownish Strong 
greenish yellow orangy yellow 
2.2/GIA 0.72 ct marquise Classic Fancy brownish Fancy Deep orangy Strong 
greenish yellow brown yellow 
2.3/GIA 0.58 ct marquise Classic Fancy grayish greenish Fancy Deep brownish Strong 
brown yellow orangy yellow 
2.4/GIA 0.81 ct heart Classic Fancy Deep brownish Fancy Deep brownish Strong 
greenish yellow orangy yellow 
2.5/GIA 0.48 ct marquise Classic Fancy brownish yellow Fancy Intense yellowish Strong 
orange 
2.6/GIA 0.29 ct marquise Classic Fancy brownish greenish Fancy Intense orangy Strong 
yellow yellow 
2.7/GlA 0.57 ct heart Classic Fancy grayish greenish Fancy brownish yellow Strong 
yellow 
2.8/EGL 0.46 ct round Classic Fancy Deep brownish Fancy Deep brownish Strong 
greenish yellow orangy yellow 
2.9/EGL 0.52 ct round Reverse Fancy Light brownish yellow Fancy greenish yellow Moderate 


@Descriptions of the unstable colors for all of the diamonds were determined by the authors. Note that, presently, GIA only recognizes the Classic type 


(and not the Reverse type) as a chameleon diamond. 
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spectra at room temperature as well as with some 
stones heated to approximately 325°C; the higher 
temperature was used to assure that the diamond 
was in its unstable color state during the accumula- 
tion of the spectrum. 

In addition to the 39 diamonds included in the 
chameleon collection, one additional chameleon dia- 
mond was analyzed (box A); the sample, referenced 
as TH-A1, was first described by Hainschwang 
(2001). An FTIR spectrum of a hydrogen-rich 
chameleon diamond, which was not part of the col- 
lection, called “TH-cham1,” is included to compare 
the strength of color change with hydrogen content. 


RESULTS 


Color Description. Two different stable-color 
groups were observed in the chameleon diamonds 
(see figure 3, top): 


1. Green with a gray, brown, or yellow color compo- 
nent (“olive”); or yellow with green, brown, or 
gray modifying colors. These are referred to here- 
after as “Classic.” 


2. Light yellow with typically a greenish, grayish, or 
brownish component. These are referred to as 
“Reverse.” 


emis Weight and shape Rais ee Stable color Unstable color ila . 
3.2/GIA 1.52 ct oval Classic Fancy grayish yellowish green Fancy Deep brownish yellow Strong 
3.3/GIA 0.47 ct marquise Classic Fancy grayish yellowish Fancy brownish yellow Strong 
green 
3.4/GIA 0.58 ct marquise Classic Fancy Deep brownish yellow Fancy Deep brownish Strong 
yellow 
3.5/GIA 1.01 ct marquise Classic Fancy grayish yellowish Fancy Intense yellow Strong 
green 
3.6/GIA 1.54 ct marquise Classic Fancy gray yellowish green Fancy grayish yellow Moderate to 
strong 
3.7/GlA 0.41 ct round Classic Fancy Dark greenish gray Fancy Intense yellow Strong 
3.8/GIA 0.29 ct round Classic Fancy Dark greenish gray Fancy Deep brownish Strong 
yellow 
3.9/GIA 0.47 ct round Classic Fancy Dark grayish Fancy Intense yellow Strong 
yellowish green 
3.10/GIA 0.47 ct round Classic Fancy grayish yellowish Fancy Intense yellow Strong 
green 
3.11/GIA 0.51 ct round Classic Fancy gray greenish yellow Fancy greenish yellow Moderate 
3.12/GIA 0.39 ct round Classic Fancy yellowish-yellowish Fancy orangy yellow Strong 
green 
4.2/GlA 0.47 ct round Classic Fancy Light yellow Fancy greenish yellow Weak 
4.3/EGL 0.57 ct round Reverse Light grayish greenish yellow Fancy yellow-green loderate 
4.4/GIA 0.56 ct round Classic Fancy Light grayish greenish Fancy brownish yellow Weak 
yellow 
4.5/EGL 0.59 ct round Reverse Very Light yellow Fancy Light greenish Moderate to 
yellow strong 
4.7/EGL 0.51 ct marquise Reverse Very Light grayish yellow Fancy yellow-green Strong 
4.8/EGL 0.46 ct marquise Reverse Light grayish greenish yellow Fancy Light yellow-green Moderate to 
strong 
4.9/EGL 0.58 ct marquise Reverse Light brownish yellow Fancy greenish yellow Moderate to 
strong 
4.10/EGL 0.47 ct marquise Reverse Light yellow (U-V) Fancy Light greenish loderate 
yellow 
4.11/GIA 0.80 ct marquise Classic Fancy brownish greenish Fancy Intense orangy Strong 
yellow yellow 
4.12/EGL 0.36 ct marquise Reverse Light yellow (U-V) Fancy Light greenish Moderate 
yellow 
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The Classic group of chameleons (31 of the 39 
diamonds) exhibited a distinct change in color 
when heated (figure 3, bottom). The unstable color 
varied from saturated brown-yellow to orange-yel- 
low to yellow. The same change of color also was 
observed after prolonged storage in the dark for all 
except four stones, but it was not nearly as pro- 
nounced as the change induced by heating. Usually 
a couple of hours in darkness was sufficient to 
induce the color change. Cooling to liquid nitrogen 
temperature did not provoke a color change. 

The Reverse group (8 of the 39 diamonds) dif- 
fered from the first group in that heating induced 
only a weak-to-moderate change to a more saturat- 
ed and greener color (again, see figure 3, bottom). 
Storage in the dark, even for days, did not provoke a 
change in color. As in the Classic chameleons, the 
color was not influenced by cooling to liquid nitro- 
gen temperature (196°C). We use the term Reverse 
for such chameleon diamonds, because their yel- 
low-to-yellowish green color change is almost the 
opposite of the green-to-yellow change seen in typi- 
cal chameleon diamonds. 
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Figure 3. The collection 
of 39 chameleon dia- 
monds (0.29 to 1.93 ct) 
is shown at room tem- 
perature (top) and 
when heated to 150°C 
(bottom). Photos by 
Julia Kagantsova, EGL. 


The change in color due to heating began at 
approximately 100-120°C in both groups. For the 
majority of the stones, the unstable color was most 
intense between 120 and 140°C. Although the dia- 
monds were heated up to 300°C, no further changes 
in color were observed above about 140°C. At this 
temperature, a complete change in color could be 
induced within a few seconds. 


Color Distribution. The color in most of the 
chameleon diamonds was evenly distributed; how- 
ever, a few of the samples from the Classic group 
showed very slight patchy (irregular) color zoning. 
One diamond, also from the Classic group, exhibit- 
ed very distinct yellow-brown banding (figure 4). 


Anomalous Double Refraction. Between crossed 
polarizing filters, no characteristic pattern was seen. 
Some strain was observed in all samples, evident as 
interference colors of various intensity, and was 
mainly associated with inclusions. Deformation- 
related extinction patterns along octahedral slip 
planes (as typically seen in many brown to brownish 
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yellow-green diamonds} were observed in only a few 
samples, and were localized and very indistinct. 


Reaction to UV Radiation. All samples exhibited 
characteristic long- and short-wave UV fluores- 
cence. There were basically two types of responses: 


1. Classic group: chalky white to chalky yellow to 
yellow, stronger to long-wave than to short-wave 
UV (figure 5) 

2. Reverse group: chalky blue to blue to long-wave, 
and weaker chalky blue to yellow to short-wave 
UV (figure 6) 


Most of the diamonds displayed moderate to 
strong luminescence to long-wave UV radiation, 
with a weak to moderate response to short-wave 
UV. The most interesting feature was that all stones 
exhibited persistent phosphorescence, more dis- 
tinctly to short-wave than to long-wave UV. The 
phosphorescent color was yellow for all samples, 
but its strength and decay time varied considerably: 
Light yellow stones of the Reverse group that exhib- 
ited blue fluorescence had much weaker and shorter 
phosphorescence than the Classic-group diamonds 
that exhibited chalky white to yellow luminescence 
(again, see figures 5 and 6). Some of the diamonds of 
the Classic group emitted a faint, but still eye-visi- 


Figure 4. This 1.93 ct chameleon diamond from the 
Classic group was the only sample that showed dis- 
tinct color banding. Photo by T. Hainschwang. 


ble, yellow glow over one hour later. In contrast, the 
phosphorescence of the Reverse group diamonds 
lasted just a few seconds to a few minutes. A 
Reverse-type diamond (TH-A1) analyzed prior to 


BOX A: AN UNUSUAL REVERSE CHAMELEON DIAMOND 


What is believed to be the first report of a “low-tem- 
perature” (i.e., below 200°C) thermochromic color 
change observed in a very high-nitrogen and high- 
hydrogen yellow diamond exhibiting Reverse 
chameleon behavior was published by Hainschwang 
(2001). The 1.09 ct marquise cut diamond, here 
referred to as TH-A1 (figure 2, bottom; figure 8, 
orange trace), exhibited a Vis-NIR spectrum with sev- 
eral hydrogen-related peaks—notably at 425, 440, 
452, 462, 474, 545, and 563 nm—similar to the spec- 
trum shown in figure 11 (green trace). The Reverse 


chameleon diamonds included in the present article 
exhibit only a few of these absorptions, and they 
commonly show distinctly less IR-active hydrogen. 
Nevertheless, the color change shown by those dia- 
monds is as strong, and in some stones stronger, than 
exhibited by sample TH-A1. An interesting charac- 
teristic of this diamond is that the luminescence and 
phosphorescence behavior change on heating (table 
A-1). Further research will be needed before the 
mechanism that produces these phenomena can be 
understood. 


TABLE A-1. Variations in the emissions excited by UV radiation observed in sample TH-A1. 


Luminescence Long-wave UV Short-wave UV 
Room temperature Hot (~200°C) Room temperature Hot (~200°C) 
Fluorescence Violetish blue Zoned blue and yellow Chalky bluish yellow Blue with yellow zones 
Phosphorescence Weak yellow Distinct blue Distinct yellow Weak blue 
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this study exhibited a remarkable inversion of lumi- 
nescence and phosphorescence behavior when heat- 
ed (box A). 


Infrared Spectroscopy. The infrared spectra also help 
distinguish the two groups of chameleon diamonds: 


1. Classic group: low to moderate concentrations of 
nitrogen, mainly A aggregates (rarely A~B), and 
low-to-moderate hydrogen content (figure 7) 

2. Reverse group: high to very high concentrations 
of nitrogen, mainly in the form of B aggregates 
(very rarely B<A), and low-to-high hydrogen con- 
tent (figure 8) 


Classic Group. The low-to-moderate nitrogen, type 
IaA chameleon spectra (Classic group) are character- 
ized by hydrogen-related absorptions at 4496, 4167, 
3235, 3186, 3181, 3160, 3143, 3138, 3107, 2786, and 
1405 cm! (not all of these are visible in figure 7). A 
peak present in most Classic chameleons at 
1434-1428 cm! (again, see figure 7) was relatively 
weak and broad (FWHM ~25-35 cm"'). This absorp- 
tion was in no way related to the intensity of a 
platelet peak at 1358-1380 cm~!, as described by 
Woods (1986; see figure 9). Most of the stones 
showed a weak type Ib character, which was visible 
as some hydrogen-related peaks such as the 3143 
cm! line (Woods and Collins, 1983), a shoulder at 
1135 cm, and in a few stones as very weak sharp 
peaks at 1344 cm". 

In addition to the hydrogen- and nitrogen-related 
features, the Classic chameleon diamonds exhibited 
absorptions at 1548-1544 cm! and 1590-1577 cm=!, 
plus a weak peak at 1464 cm™!. 


Reverse Group. The high-nitrogen, mostly type IaB 
chameleon spectra (Reverse group) also exhibited 
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Figure 5. These samples 
(nos. 2.1—2.8, from left 
to right) demonstrate 
the appearance of 
Classic chameleon dia- 
monds when exposed 
to long-wave UV (top 
row), short-wave UV 
(center row), and after 
the UV source was 
turned off (bottom 
row). Composite photo 
by T. Hainschwang. 


hydrogen-related features: sharp peaks at 4496, 4167, 
3236, 3107, 3055, 2982, 2813 and 2786 cm™! were 
observed (figure 8; peaks at 3055, 2982, and 2813 are 
too small to be seen at this scale). However, the 
Reverse chameleon diamonds lacked any features 
assigned to a type Ib character. The peak at 1430 cm"! 
was found to be asymmetric and relatively strong 
and sharp (FWHM ~8-9 cm), and it could be direct- 
ly correlated with the intensity of the platelet peak 
(figure 9) as documented by Woods (1986). 

The N-related absorptions in the one-phonon 
region were truncated in the Reverse chameleon 
spectra (see figure 8], so the strengths of the 1282 
and 1175 cm"! absorptions that indicate the relative 
amounts of A- and B-aggregates could not be com- 
pared. Consequently, to determine which aggre- 


Figure 6. These samples (nos. 4.7—4.10, from left to 
right) demonstrate the appearance of Reverse 
chameleon diamonds when exposed to long-wave UV 
(top row), short-wave UV (center row), and after the 
UV was turned off (bottom row). Composite photo by 
T. Hainschwang. 
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gates were dominant, related peaks at 1010 cm"! (B- 
aggregates) and 482, cm™! (A-aggregates) were com- 
pared. In these stones, the 482 cm™! peak was typi- 
cally very weak or absent, whereas the 1010 cm"! 
feature was always strong; it thus could be conclud- 
ed that the Reverse chameleon diamonds are pre- 
dominantly type IaB diamonds. 
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Figure 7. The infrared 
spectra of Classic 
chameleon diamonds 
show variable hydrogen 
and nitrogen contents. 
The spectrum of sample 
2.5 is the exception, 
since strong B-aggregate 
absorption is very rare in 
such diamonds. The 
spectra show that the 
quantity of IR-active 
hydrogen does not corre- 
late to the intensity of 
the color change. The 
hydrogen-related 

Ay absorptions indicating a 
=e type Ib character are 
shown in the inset. The 
spectra have been shift- 
ed vertically for clarity. 


Classic 
Chameleon 
Diamonds 


cm7! were noted in spectra of certain Reverse 
group diamonds (i.e., at 1577, 1554, 1551, 1546, 
1543, 1526, 1523, 1521, 1518, 1508, 1500, 1498, 
1490, 1473, and 1450 cm~!). None of the studied 
chameleon diamonds exhibited deformation-relat- 
ed amber center absorptions (i.e., with main fea- 
tures in the range of 4165-4065 cm7!, DuPreez, 
1965 and Hainschwang, 2.003). 


Figure 8. The infrared 
spectra of Reverse- 
chameleon diamonds 
show similar features, 
except for a more vari- 

482 able hydrogen content. 
The spectrum of sample 
4.5 is the exception, 
since strong A-aggregate 
absorption is very rare in 
such diamonds. The 
spectra show that the 
quantity of IR-active 

. hydrogen does not corre- 

late to the intensity of 
the color change. The 
spectra have been shift- 
ed vertically for clarity. 
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Figure 9. The 1430 cm“ absorption is present in the 
IR spectra of both Classic and Reverse chameleon 
diamonds. However, the specific appearance of this 
absorption and absence of a platelet peak in the 
Classic chameleon diamonds indicates that the 1430 
cm! peak in those diamonds has a different origin 
than the platelet-related 1430 cm“! feature in the 
Reverse chameleons. 


Vis-NIR Spectroscopy. As was the case for standard 
gemological testing and FTIR spectroscopy, the two 
groups of chameleon diamonds also showed differ- 
ent absorption spectra in the visible to near- 
infrared range. 


Figure 11. These Vis-NIR spectra compare the absorp- 
tion features of a yellow-orange type Ib/aA diamond 
colored by the 480 nm band, a grayish yellow-green 
H-rich diamond, and a Classic chameleon diamond 
showing the 480 nm band and H-related features. The 
spectra have been shifted vertically for clarity. 


VIS-NIR ABSORPTION SPECTRA 


— Type Ib/aA, yellow-orange 
— Type laB>>A, grayish yellow-green, H-rich 
— Type laA>>B, Classic chameleon diamond 


ABSORBANCE —> 


‘ | 525) 
NY 48555 730 
6s O18 087. 008 Or arg Pt ams 951 
YX 608|690 | _-"2°8 07/ 897, .945\ 975o99 
“aber acl 


800 nm band ig,” VY 


WAVELENGTH (nm) 


28 CHAMELEON DIAMONDS 


VIS-NIR ABSORPTION SPECTRA 


Classic 
ie Chameleon 
' / Diamond 
u — Heated 
% 425 — Room Temperature 
: % — Cryogenic 
< 


WAVELENGTH (nm) 


Figure 10. These Vis-NIR spectra were recorded for a 
Classic-group chameleon diamond at room tempera- 
ture, when cooled with liquid nitrogen, and when 
heated. The characteristic 425 nm band and the broad 
features at 480 and 800 nm became less pronounced 
when the diamond was heated. The spectra have been 
shifted vertically for clarity. 


Classic Group. Diamonds from this group showed 
absent or usually weak absorption at 415 nm (N3), 
weak absorption at 425 nm, a weak to distinct 
broad band at 480 nm, and a very broad band cen- 
tered at 775-825 nm (figure 10). 


Figure 12. These Vis-NIR spectra of a Reverse-group 
chameleon diamond were recorded at room tempera- 
ture and when heated. Heating weakened the charac- 
teristic peaks between 415 and 478 nm and the broad 
band centered at 750-800 nm. The spectra have been 
shifted vertically for clarity. 
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Spectra taken at temperatures of 150-350°C (i.e., 
with a stone exhibiting its unstable color) revealed a 
weakening of all the above-mentioned absorption 
features. There was also a general decrease in trans- 
mittance in the blue and, particularly, green regions 
of the spectrum (again, see figure 10). This behavior 
was reported previously by Fritsch et al. (1995). 

In addition to the hydrogen-related features 
recorded in the infrared spectra (e.g., at 3107 and 1405 
cm), evidence of hydrogen was found in the visible 
range as the 425 nm absorption, which always 
occurred together with the 480 nm band. The 480 
nm band is known from type Ib/aA diamonds of 
orange to orangy yellow color (Field, 1992; Zaitsev, 
2001, p. 296). In the experience of the authors, hydro- 
gen-related bands are known mainly from the spectra 
of grayish green to grayish yellow diamonds. A com- 
parison of these spectra with that of a Classic 
chameleon diamond can be seen in figure 11. 


Reverse Group. Diamonds from this group showed 
strong N3 and N2 centers, with absorptions 
between 415 and 478 nm (“cape lines”) and a broad 
asymmetric band in the 650-900 nm region that 
was centered at 750-800 nm (figure 12). The differ- 
ences between the spectra of heated and ambient- 
temperature stones were not always very distinct. 
All of the absorption features commonly weakened 
on heating (again, see figure 12). 


PHOTOLUMINESCENCE SPECTRA 


Photoluminescence Spectroscopy. Again, two dif- 
ferent groups of spectra were obtained, correspond- 
ing to the Classic and Reverse groups (figures 13 
and 14). While the spectra differed considerably 
between the two groups, they also had some peaks 
in common, such as a strong emission at 701 nm. 
The Classic group exhibited a total of 44 PL emis- 
sions between 554 and 949 nm, versus 20 emis- 
sions for the Reverse group. 


Classic Group. The broadband emission of the 
Classic group chameleon diamonds occurred main- 
ly as one band centered at 630-650 nm; a weak 
band centered at 730 nm also was usually visible, 
which is caused by the vibronic structure of the 701 
nm center (Iakoubovskii and Adriaenssens, 2001). 
The color of this luminescence induced by the 532 
nm laser is equivalent to reddish orange or orangy 
red. In the experience of the authors, this broadband 
emission is similar to the one exhibited by type 
IaA/Ib orange to orangy yellow diamonds that 
exhibit the 480 nm band (figure 15), which is consis- 
tent with the comparison seen in figure 11. 

The chameleon diamonds of the Classic group 
(figure 13) were characterized mainly by usually 
strong emissions at 590 and 595 nm, sometimes a 
weak to strong peak at 701 nm with associated 
vibronic sidebands at 716 and 726 nm (Iakoubovskii 
and Adriaenssens, 2001), and several weaker but 
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very characteristic peaks in the NIR region of the 
PL spectrum, at 769, 794, 800, 819, 839, 882, 926, 
and 949 nm. 


Reverse Group. For the Reverse group, PL varia- 
tions from stone to stone were minor (figure 14). 
These diamonds had luminescence spectra that 
basically consisted of one large, sloping plateau- 
like structure comprised of multiple bands 
between 580 and 800 nm. The luminescence excit- 
ed by the 532 nm laser was equivalent to an orange 
yellow to orange emission. 

The PL spectra of the Reverse group samples (fig- 
ure 14) were characterized mainly by a peak at 604 
nm, a doublet at 641 and 645 nm, and a strong to 
very strong emission at 701 nm with vibronic side- 
bands at 716 and 726 nm (Iakoubovskii and 
Adriaenssens, 2001). The PL peaks in the NIR 
region of the Classic samples were not present in 
the spectra of the Reverse chameleons, except for 
the 926 nm feature, which was detected in the spec- 
tra of two samples. Most of the Reverse group dia- 
monds showed a very weak 741 nm GR1 peak and a 
weak feature at 763 nm. 


DISCUSSION 

Analysis of the Vis-NIR absorption spectra of the 
chameleon diamonds confirms that the transmis- 
sion window between the two broad bands at 480 
and 800 nm is responsible for the green color of the 
Classic group (Fritsch et al., 1995). On heating, the 
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Figure 14. This PL spec- 
trum is typical for a 
chameleon diamond of 
the Reverse group (sam- 
ple 4.5) is shown here. 
Characteristic features 
include the peak at 604 
nm, the dominant 701 
nm center, the doublet 
at 641/645 nm, and the 
GR1 peak at 741 nm. 


Reverse 
Chameleon 
Diamonds 


480 nm absorption is slightly reduced and the 800 
nm band practically disappears, which explains the 
change in color (Fritsch et al., 1995). The 800 nm 
band is very broad and ranges all the way from 
about 575 to 1000 nm; thus, it absorbs from the red 
all the way to the yellow region. Therefore, there is 
a transmission window centered at about 560 nm, 
which is shifted toward the red and yellow regions 
on heating. The 480 nm band absorbs slightly in the 
blue and accentuates the transmission window at 
560 nm in the green. Unfortunately, UV-Vis absorp- 
tion spectroscopy at room and elevated tempera- 
tures did not record any features consistent with a 
change to a greener color in the Reverse group. 
Further work is needed to establish the cause of this 
color modification. The reduction of the bands cen- 
tered at 750-800 nm would only explain a yellower 
color, but not a greener hue. A luminescence effect 
can be excluded, since no green transmission lumi- 
nescence was observed in the Reverse chameleon 
diamonds, regardless of temperature. 

The long-lasting phosphorescence is a very char- 
acteristic feature of chameleon diamonds. 
Conversely, the authors have noted a lack of phos- 
phorescence in samples of yellow to “olive” hydro- 
gen-containing diamonds with spectral properties 
similar to chameleons, but lacking any chameleon 
behavior. 

The Reverse chameleons contain more nitrogen 
and hydrogen than the stones from the Classic 
group. There is a known correlation in diamond 
between the presence of hydrogen and relatively 
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Figure 15. In this PL 
spectrum of a natural 
yellow-orange diamond 
colored by the 480 nm 
band, the broadband 
emission is very similar 
to the one observed in 
the Classic chameleon 
diamonds. 
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large amounts of nitrogen (Iakoubovskii and 
Adriaenssens, 2001; Rondeau et al., 2004); therefore, 
any H-rich diamond will be N-rich as well. As 
expected, Reverse chameleons show more distinct 
absorptions related to their hydrogen-rich character, 
in particular in the visible range, with bands of the 
“yellow-gray to violet to brown family,” for exam- 
ple, at 563 and 474 nm (Fritsch et al., 1991). 
Although no definite proof exists that these absorp- 
tions are due to a defect containing hydrogen, the 
authors can confirm that all these absorptions are 
exclusively present in hydrogen-rich diamonds and 
are therefore hydrogen-related. The absorption com- 
plex between approximately 600 and 900 nm, with 
apparent maxima in the range of 820-860 nm (not 
seen in Classic chameleons) is also probably H- 
related (see figure 11). Therefore, the change in color 
seen in the Reverse chameleon diamonds, mostly 
explained by the reduction in these bands at around 
140°C and above, is clearly related to the presence 
of hydrogen. The exact atomic-scale nature of these 
defects is unknown at present. 

In the infrared range, the C-H related absorptions 
in H-rich diamonds have been described by Fritsch 
et al. (1991), as well as by Woods and Collins (1983), 
and have been recently reviewed by DeWeerdt et al. 
(2003) and Rondeau et al. (2004). In the chameleon 
diamonds studied here, no correlation was found 
between the strength of the color change and the 
amount of the IR-active hydrogen. On the contrary, 
yellow to “olive” diamonds with very high hydro- 
gen content usually exhibit no chameleon behavior 
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(Hainschwang, 2004). “Olive” diamonds colored by 
plastic deformation do not show a chameleon 
behavior, either. However, such stones do clearly 
show different color distribution in the form of col- 
ored graining along octahedral slip planes 
(Hainschwang, 2003). The infrared spectra of such 
“olive” type IaA and Ib stones exhibit amber center 
absorptions (Du Preez, 1965), typically with the 
main feature being a double peak at 4165 and 4065 
cm! (Hainschwang, 2003; Massi, 2003). Previous 
work has demonstrated that in strongly zoned 
Classic chameleons, the more intensely colored 
zones are richer in hydrogen; thus, at least the 
intensity of color appears to be hydrogen-related (F. 
Notari, pers. comm., 2004). 

The presence of the 1495 cm"! absorption seems 
to imply that Reverse chameleons have undergone 
irradiation and annealing (Zaitsev, 2001, p. 44) in 
nature, unlike the Classic ones. This natural irradia- 
tion is confirmed by the presence of a weak GR1 
emission at 741 nm in the PL spectra of most 
Reverse chameleons. 

The 1430 cm"! absorptions seen in both groups 
appear to be different: In the Classic chameleons, 
the observed range of positions between 1434 and 
1428 cm!, the band width of 25 to 35 cm™!, and 
the missing correlation with the platelet peak indi- 
cate that this absorption is not the same as the 
1430 cm! absorption described by Woods (1986). 
This is in fact the first report of this feature. In 
contrast, the sharp 1430 cm~! absorption in the 
Reverse chameleons correlates well with the 
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higher than zircon but the hardness, 1.5- 
2.5, precludes its use as a gemstone. 

Anhydrite (B) has never been cut 
as a gemstone and rarely as an orna- 
mental stone. The mineral usually occurs 
in sedimentary masses of considerable 
size but is rarely either white or of any 
attractive hue, although reddish and bluish 
tones are known. The ornamental variety 
is called vulpinite. 

Crystals are not common but when 
found often have the appearance of tetrag- 
onal crystals rather than orthorhombic. 
The b and c axis are essentially of equal 
length. Fine crystals, such as those shown 
here, commonly are found associated with 
and imbedded in gypsum, calcite, salt and 
other minerals. Through absorption of 
water, anhydrite will change to gypsum 
and this transformation is common in 


nature. 

Barite (C) is noted among minerals 
for the perfection and beauty of its crys- 
tals and the range of colors. Although 
some massive varieties have been cut for 
ornamental objects, the lack of transpar- 
ency, the softness (3), and the three 
perfect to imperfect cleavages found in 
the crystals make them unsuited for facet- 
ing or polishing. Rough groups of crys- 
tals are found in many areas of red 
sandstone and are known as barite roses, 
sand roses and a host of other names. 
These are common in Oklahoma and other 
parts of the Middlewest. Fine crystals 
are found in South Dakota and every 
mineral collection that lays any claim to 
being complete will have several examplés 
of the magnificent crystals from Rumania, 
France and England. 


Topaz 


LTHOUGH the name topaz immedi- 

ately brings to mind a yellow to 
brown gem with moderate luster, few 
people realize the vicissitudes the name 
has undergone. The origin of the name 
is uncertain but it probably comes from 
the Sanskrit or another oriental language 
and was first corrupted by the Greeks. 
The Red Sea Island, presently known as 
St. John’s, was first called Cytis and later 
Topazion, or Topazios by the Greeks and 
Latins. The basic word meant “to seek” 
but whether it was applied to the island 
because it was so difficult to find or be- 
cause the gem mineral topazion was even 
more difficult to find is not clear. The 
island is usually blanketed with heavy 
clouds or fog and presented a problem 
to the ancient mariners. According to the 
stories of the old writers, a shipload of 
Troglodytic pirates were wrecked on the 
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island and to survive, were forced to dig 
roots for food. This search disclosed the 
bright yellowish green crystals of peridot, 
for which the island is still justly famous. 
As a sailor’s yarn, the story was told that 
the stones could only be found at night 
when they glowed with an unearthly light. 

Peridot was known as topazios until 
the early years of the Eighteenth Century 
when Henkel gave the name to a mineral 
from the tin mines of Saxony, which is 
the modern topaz. Apparently the name 
was gradually transferred from the yel- 
lowish green peridot to yellow topaz dur- 
ing. the Seventeenth Century for some 
reason not obvious today. The early name 
for all yellow gems, including the modern 
topaz, was chrysolithus, a golden yellow 
stone. This name comes down to us to- 
day as chrysolite, a synonym for peridot. 

Today many jewelers give the name 
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Figure 16. In this PL 
spectrum of a Ni-rich 
HPHT-treated synthetic 
diamond, the emissions 
in the NIR region are 
typical for Ni-related 
defects. There are many 
similarities to the fea- 
tures seen in Classic 
chameleon diamonds; 
identical peak positions 
are marked in red. 


858 
856 | 863 977 
\°°9/\ 82 906 


SS J VAP 


WAVELENGTH (nm) 


platelet peak and thus clearly points toward the 
feature published by Woods (1986). 

The Classic chameleon category shows two 
absorptions (at 1590-1577 and 1548-1544 cm!) that 
may correspond to those reported at 1580 and 1544 
cm! by Collins and Mohammed (1982) in natural 
brown diamonds. Interestingly, the somewhat broad 
1434-1428 cm-! feature was only present together 
with the 1548-1544 cm™! and 1590-1577 cm7! 
absorptions; none of them occurred as isolated fea- 
tures. Even though these absorptions were found 
only in the Classic chameleon diamonds, which 
were richer in hydrogen, a direct correlation between 
them and the hydrogen content could not be estab- 
lished with certainty. Nevertheless, our observations 
indicate that these absorptions may tentatively be 
assigned to a hydrogen-related defect. The features at 
1546, 1543, 1518, and 1500 cm! seen in the Reverse 
chameleons have been described by Iakoubovskii 
and Adriaenssens (2001) and Hainschwang (2004) in 
hydrogen-rich diamonds. The absorptions at 1577 
and 1546 cm~! seem to be the same as those seen in 
the Classic chameleons. 

Emissions at 581 and 596 nm detectable by PL 
spectroscopy have been reported previously, for dia- 
monds with yellow luminescence (Zaitsev, 2001, pp. 
212, 216) to long-wave UV. They are absent in 
Reverse chameleons, which primarily luminesce 
blue to long-wave UV. The vibronic structure of the 
701 nm center (with its sidebands at 716 and 726 nm) 
was identified by Iakoubovskii and Adriaenssens 
(2001) as probably nickel-related. The 794 nm emis- 
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sion seen in the PL spectra of many Classic 
chameleon diamonds is interpreted as a nickel-nitro- 
gen defect that has been documented in synthetic 
and certain natural diamonds (Lawson and Kanda, 
1993). A distinct doublet at 883 and 884 nm found in 
synthetic diamonds grown by the temperature-gradi- 
ent method with a Ni catalyst was assigned to a 
nickel defect (Lawson and Kanda, 1993), in certain 
samples, a single peak at 882 nm was found instead 
(figure 16). The peak observed in the Classic 
chameleon diamonds at 882, nm can most probably 
be assigned to the same or a similar Ni-related defect. 

The 926 nm PL peak in the Classic (and rarely 
also the Reverse) chameleon diamonds has been 
recorded by one of us (TH) in some hydrogen-rich 
violet-blue-gray and “straw” yellow diamonds, as 
well as in one HPHT-treated yellow diamond that 
was originally olive-brown. In this diamond, the 
926 nm peak (absent before treatment) was created 
during the HPHT process (2000°C at 65 kbar for 10 
minutes]. Interestingly, it was produced together 
with a vibronic system, yielding peaks at 701, 716, 
and 726 nm (Hainschwang et al., 2005). The tenta- 
tive assignment of the 701 nm center to a Ni-relat- 
ed defect by Iakoubovskii and Adriaenssens (2001) 
leads to the possible attribution of these apparent- 
ly related features to a nickel-nitrogen defect. This 
is due to the fact that a defect created by the 
annealing of a “normal” type Ia diamond most 
probably involves nitrogen. Assuming that this is a 
nickel defect as proposed by the above authors, 
its creation by annealing indicates a nickel- 
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nitrogen complex for the defects at 701 and 926 nm. 

Most of the other sharp bands in the PL spectra 
of Classic chameleon diamonds also have been 
observed in natural brown diamonds (Smith et al., 
2000; Zaitsev, 2001; Hainschwang, 2003), and the 
ones seen in the Reverse chameleons are seen in 
hydrogen-rich diamonds from the Argyle mine 
(Iakoubovskii and Adriaenssens, 2001). The defects 
responsible for most of these emissions are 
unknown. Many of the PL emissions shown by 
Classic chameleons are reminiscent of those seen in 
synthetic diamonds grown with a Ni catalyst; such 
stones characteristically show multiple emissions 
in the NIR range (figure 16). 

The presence of Ni in the Classic and the 
Reverse chameleons as indicated by PL spec- 
troscopy was recently confirmed by one of us (TH) 
using EDXRF chemical analysis: two Reverse and 
two Classic chameleons were analyzed and all of 
them exhibited rather distinct Ni peaks. 

The observation of a color change solely induced 
by relatively low heat in the Reverse chameleons 
indicates that a thermochromic color change can be 
caused by a hydrogen-related defect. The pho- 
tochromic color change induced by storage in the 
dark is unique to the Classic chameleon diamonds. 
Three factors may be involved in the combined ther- 
mochromic and photochromic chameleon behavior 
of the Classic group: the implied weak type Ib char- 
acter, a specific (although unknown) hydrogen-relat- 
ed defect, and possibly the presence of Ni. 

The Classic and Reverse groups are related to 
some degree and do have significant properties in 
common. However, the fact that the Reverse group 
lacks a photochromic color change and exhibits only 
a weak-to-distinct thermochromic color change rais- 
es the question as to whether such solely ther- 
mochromic diamonds should be called chameleon 
diamonds, or whether this name should be reserved 
for diamonds exhibiting both thermochromic and 
photochromic color change. Presently, the GIA Gem 
Laboratory only recognizes diamonds in the latter, 
“Classic” group as chameleons. 


CONCLUSIONS 


This study has differentiated two sample groups 
from a collection of 39 chameleon diamonds: those 
showing only thermochromic color change and 
those that exhibit both thermochromic and pho- 
tochromic behavior. Each group exhibited distinc- 
tive hue changes. We propose the term Classic for 
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those that show the green-to-yellow behavior with 
heating or after prolonged storage in the dark; this 
color change is commonly associated with 
chameleon diamonds. Those that lack a photo- 
chromic color change—that is, they become slightly 
greener and more saturated only when heated—are 
here called Reverse chameleons. 

The presence of the 480 nm band and hydrogen- 
related features such as the 425 nm absorption sug- 
gests that Classic chameleon diamonds fall between 
very hydrogen-rich diamonds and type IaA/Ib dia- 
monds that exhibit the 480 nm absorption band (fig- 
ure 11). This is also strongly indicated by the fact 
that some truly hydrogen-rich diamonds such as the 
Reverse chameleons exhibit this “low temperature” 
(i.e., below 200°C) thermochromic color change. 
This is further confirmed by comparison of the PL 
spectra of Classic chameleons and those of type 
Ib/aA orange diamonds that exhibit the 480 nm 
band (again, see figures 13 and 15). Hydrogen-rich 
diamonds very frequently exhibit PL spectra remi- 
niscent of those of the Reverse chameleons 
(Hainschwang, 2001; Iakoubovskii and Adri- 
aenssens, 2001). The influence and role of single 
nitrogen and the 480 nm band in the color change of 
the Classic chameleon diamonds will be the subject 
of future research by the authors. 

We have shown that the easiest way to identify 
chameleon diamonds is by heating them to moderate 
temperature and observing the change in color. 
However, this study proved that the Classic 
chameleon diamonds also could be identified by a 
combination of their spectroscopic properties and 
their reaction to UV radiation. This is preferable to 
heating, to avoid modifying the color of green dia- 
monds that are not chameleons; their radiation- 
caused coloration is rather sensitive to heat and in 
some cases absorptions in the visible range are 
known to be modified at emperatures as low as 
275°C (see, e.g., Collins et al., 1988). All of the 
chameleon diamonds exhibited yellow phosphores- 
cence after exposoure to short-wave UV. The absence 
of this yellow afterglow in any hydrogen-containing 
yellow to “olive” diamond indicates that no 
chameleon effect will be present. Also, in the experi- 
ence of the authors, stones that lack traces of hydro- 
gen in their IR spectra and stones that show amber- 
center absorption were never found to exhibit this 
unusual change in color (see e.g., Hainschwang, 
2003). The Reverse chameleon diamonds cannot 
always be identified without heating, but since 
yellow diamonds are not permanently modified by 
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simple heating at relatively low temperature, the 
heating test is not problematic for such samples. 

The presence of hydrogen and nickel in these 
diamonds has been demonstrated by various spec- 
troscopic methods; emissions assigned to Ni impu- 
rities were identified particularly in the Classic 
group by PL spectroscopy. 

At present, we can only speculate about the cause 
of the color change in Classic chameleon diamonds. 
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The results presented here point toward a defect 
involving hydrogen combined with the 480nm band, 
which is related to isolated single nitorgen atoms. 
This combination seems to cause the themochromic 
and photochromic change in color; whether Ni 
plays a role in this color change remains to be seen. 
In the diamonds exhibiting only a thermochromic 
color change, such as the Reverse chamelons, the 
defects appear to be solely hydrogen-related. 
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COATED PINK DIAMOND— 
A CAUTIONARY TALE 


David J. F. Evans, David Fisher, and Christopher J. Kelly 


The Diamond Trading Company (DTC) 
Research Centre had the opportunity to 
examine a diamond that, on submission to a 
commercial gem laboratory, was stated to 
have been HPHT treated. However, spec- 
troscopic analysis yielded data inconsistent 
with this statement. After further testing, it 
was determined that this diamond, which 
originally was probably pale yellow, had 
been coated to change its color to the 
equivalent of Fancy Intense purple-pink. 
Careful examination with a microscope 
revealed evidence of a coating exclusively 
on the pavilion facets. Elemental analysis of 
the coating suggests it may be calcium fluo- 
ride with a gold impurity that was added 
either to generate the absorption responsible 
for the pink color or to assist as a nucleating 
agent for the calcium fluoride film. 


he emergence of high pressure/high tempera- 

ture (HPHT) color treatment of natural dia- 

mond has brought about a marked increase 
in the sophistication of the spectroscopic analysis 
used by grading laboratories when testing dia- 
monds (see, e.g., Fisher and Spits, 2000; Smith et 
al., 2000). Care must be exercised, however, that 
the reliance on such advanced analytical tech- 
niques does not cause the gemologist to neglect the 
more “traditional” means of identifying simpler 
forms of treatment. The case described here serves 
to highlight the potential consequences of such 
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neglect, although the net result was the gathering 
of interesting analytical information on a diamond 
treated by an older technique. 


A CASE STUDY 

During September 2004, scientists at the DTC 
Research Centre in Berkshire, United Kingdom, had 
the opportunity to study the 0.85 ct round brilliant 
cut diamond shown in figure 1. The diamond had 
been graded Fancy Intense purple-pink by a gemologi- 
cal laboratory and was said to have been color 
enhanced by HPHT treatment. Although pink 
HPHT-treated diamonds with colors as strong as 
Fancy Deep have been reported (see, e.g., Hall and 
Moses, 2000), they are extremely rare. Therefore, this 
identification immediately raised our suspicions. 


Spectroscopic Analysis. Because the diamond had 
been described as HPHT treated, testing began with 
the advanced analytical instrumentation that is 
typically used to determine when the color of a dia- 
mond has been modified by exposure to HPHT 
treatment conditions. This involved the use of sev- 
eral spectrometers, including those that analyze 
the absorption of light throughout the ultraviolet, 
visible, and near-infrared regions of the spectrum (a 
Perkin Elmer Lambda 19 UV-Vis-NIR spectrome- 
ter, with the diamond at room temperature as well 
as cooled to liquid nitrogen temperature using a 
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suitable cryostat) and the mid-infrared region (a 
Nicolet Magna IR 750 Fourier-transform infrared 
[FTIR] spectrometer, at room temperature only). 
The diamond’s photoluminescence (PL) spectra 
were recorded under a range of different laser-exci- 
tation wavelengths: 325 and 633 nm excitation 
using a Jobin-Yvon Labram Infinity spectrometer; 
488 and 514 nm excitation using a Spex 270M 
spectrometer. For the PL spectroscopy, the dia- 
mond was again cooled to liquid nitrogen tempera- 
ture in a cryostat. 

UV-Vis-NIR spectroscopy revealed that the pink 
color was caused by a broad absorption band cen- 
tered at around 550 nm (figure 2). A similar absorp- 
tion feature at this wavelength is responsible for the 
color in most natural-color pink diamonds, both 
(nitrogen containing) type I and (nitrogen free) type 
II stones (see, e.g., Collins, 1982, King et al., 2002). 
In natural-color pink diamonds, however, this 550 
nm band typically is accompanied by a broad 
absorption band at 390 nm (again, see figure 2), 
which was not recorded in this sample. The dia- 
mond did show an absorption line at 415 nm (the 
N3 center), a nitrogen-related feature that is found 
in most type Ia diamonds. 


Figure 2. The UV-Vis-NIR absorption spectra of the 
0.85 ct diamond at room temperature and liquid 
nitrogen temperature show a broad 550 nm band and 
N38 absorption at 415 nm; the latter is present in most 
type Ia diamonds. A room-temperature absorption 
spectrum of a type IaAB natural-color pink diamond 
is provided for comparison. It shows the two broad 
absorption bands at 390 and 550 nm that are charac- 
teristic of such diamonds; careful examination allows 
the 390 nm band to be distinguished from the broad 
absorption associated with N38. 
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Figure 1. This 0.85 ct purple-pink diamond was 
examined at the DTC Research Centre to investi- 
gate the claim that it had been HPHT treated. 
Careful analysis and observation revealed that the 
color of the diamond was due to a topical coating 
that had been applied to the pavilion of the stone. 
Photo by Chris Kelly. 


Using FTIR, we discovered that the diamond was 
a type IaAB, with the majority of the nitrogen in the 
A aggregate form (figure 3). (For a description of dia- 
mond types and how they relate to the various aggre- 
gation states of nitrogen impurities in diamond, 
refer, for example, to Fritsch and Scarratt, 1992.) 
Although the spectrum was saturated in the region 


Figure 3. The infrared spectrum of the 0.85 ct diamond 
revealed that it was a type IaAB, whereas pink HPHT- 
treated diamonds are typically type Ila. 
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Figure 4. This photomicrograph of the 0.85 ct diamond in transmitted light (left) shows two pale yellow regions 
(circled) where the pink color is not visible (photomicrograph by Chris Kelly; magnified 35x). The Nomarski 
image (right) of the edge of one of the pavilion facets shows how the coating has worn away (photomicrograph 


by David Fisher). 


associated with nitrogen-related absorption (approxi- 
mately 1300-1100 cm“!}, spectral fitting techniques 
developed at the DTC Research Centre provided 
nitrogen concentration estimates of 470 parts per 
million (ppm) of A-form nitrogen and 280 ppm of B- 
form nitrogen. Fairly strong hydrogen-related absorp- 
tion also was detected in the form of the C-H stretch 
mode at 3107 cm"!. These results contradict the stat- 
ed origin of color: HPHT-treated pink diamonds are 
typically type Ila, and the absorption characteristics 
were not consistent with those one would expect to 
encounter in any type IaAB diamond that had under- 
gone HPHT treatment at temperatures sufficiently 
high to generate a significant color change (Reinitz 
et al., 2000). Natural-color pink diamonds do show a 
range of nitrogen concentrations and aggregation 
states, but in our experience they typically do not 
show the very high levels measured in this case and 
their aggregation levels tend to be higher. 
Low-temperature photoluminescence spec- 
troscopy with 325 nm excitation revealed dominant 
N32 luminescence (main line at 415 nm}, consistent 
with its observation in the absorption spectra. The 
spectrum taken with 488 nm excitation showed 
two lines at 503 nm separated by 0.2 nm. One was 
the frequently observed H3 center (from a nitrogen- 
vacancy-nitrogen impurity). The identity of the 
other line, at a slightly shorter wavelength, is not 
certain, but it may be the S1 center (for a descrip- 
tion of luminescence centers, see Davies, 1977, and 
Field, 1992). Other strong luminescence features 
observed with 488, 514, and 633 nm excitation were 
lines at 701, 787, and 793 nm. All of these have 
been seen in natural “cape” yellow diamonds (Field, 
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1992), and it is the experience of the authors that 
they are generally encountered in untreated near- 
colorless to pale yellow diamonds with a nitrogen 
content of a few hundred parts per million and sig- 
nificant hydrogen-related absorption. No indication 
of HPHT treatment was found, and we have not 
seen the 701, 787, and 793 nm lines at the strength 
observed here in natural-color pink diamonds. 
Although the diamond had been described as 
being HPHT treated, the data recorded using vari- 
ous advanced spectroscopic techniques did not sup- 
port this assessment. However, they were not whol- 
ly consistent with natural-color pink diamonds 
either. Rather, in the experience of the authors, the 
spectroscopic features recorded were more consis- 
tent with those seen in natural-color near-colorless 
to pale yellow diamonds. It was therefore deter- 
mined that additional testing was needed to resolve 
the cause of the pink coloration in this diamond. 


Further Investigation. When viewed with a micro- 
scope, the diamond revealed a somewhat uneven 
color distribution. This is not necessarily unusual in 
natural-color pink diamonds, but in such stones the 
pink coloration tends to be concentrated along so- 
called slip planes where plastic deformation has 
taken place. Closer examination showed that the 
uneven color distribution in this sample was actual- 
ly related to “patches” where the pink color was 
absent (figure 4, left), revealing pale yellow regions 
with transmitted light. This raised the possibility 
that the diamond had been coated in some way to 
produce the pink color. Examination of the pavilion 
facets showed clear evidence of a coating that had 
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worn away at facet junctions and in the centers of 
some facets. The coating was most easily viewed 
using the Nomarski differential interference contrast 
technique (Robinson and Bradbury, 1992), as illus- 
trated in figure 4 (right). No coating was observed on 
the table and crown facets. Once we had established 
the location of the coating, we were able to find it 
with the microscope using reflected light; the coat- 
ing appeared as slightly yellower regions with the 
set-up used. This yellow color is likely due to inter- 
ference associated with the thin film coating, as 
such effects are relatively strong in reflected light. 
No fluorescence associated with the coating was 
detected, but careful imaging with the Diamond 
Trading Company DiamondView instrument 
showed that the luminescence intensity was slightly 
lower from the coated regions. We concluded that 
the coating was fairly durable, as it had not been 
removed by the several cycles of cooling to liquid 
nitrogen temperatures and re-warming to room tem- 
perature the diamond experienced during the spec- 
troscopic testing. 

Following these observations, we conducted a 
detailed analysis to determine the composition of 
the coating. First, we examined the pavilion region 
with a Philips Quanta 200 low-vacuum scanning 
electron microscope (SEM). The microscope scans a 
beam of high-voltage electrons across the surface of 
the sample in a variable pressure chamber. As the 


electrons impinge on the surface of the sample, they 
are scattered and X-rays of energies characteristic of 
the elements comprising the material are produced. 
The scattered electrons can be imaged to provide 
topographic information, and specific X-ray energies 
can be selected and mapped on the same scale to 
produce a distribution map of a particular element. 
The low-vacuum technique has benefit over a more 
conventional SEM analysis in that the sputtered 
metallic (usually gold) or carbon coating typically 
required for SEM work on nonconducting diamond 
was not necessary. 

SEM imaging of the areas being analyzed clearly 
confirmed the presence of minor wear and removal 
of the coating (figure 5). Further analysis using ener- 
gy-dispersive X-ray (EDX) mapping (figure 6) 
revealed that the coating was comprised of gold, cal- 
cium, and fluorine exclusively. Peaks associated 
with carbon from the underlying diamond and oxy- 
gen contaminant present equally in both the coat- 
ing and the diamond also were observed. As the 
sample had not been conventionally prepared for 
SEM, the gold content was found to be a genuine 
component of the coating and not a specimen 
preparation artifact. 


Discussion. Although the diamond had been present- 
ed as HPHT treated, spectral analyses and microscop- 
ic examination contradicted this conclusion and 


Figure 5. These low-vacuum SEM backscattered electron images reveal damage and wear to the coating on the 
pavilion of the stone (left) and, at higher magnification, bright areas where the coating was intact and dark areas 
where it had worn away (right). 
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established that the purple-pink color was the result 
of a topical coating. 

The use of fluoride coatings on diamond has 
been reported previously as being “considered 
unsatisfactory by coaters, since they are easily 
detected by their purplish-blue iridescence” (Miles, 
1962, p. 356). However, the present sample did not 
reveal such an iridescence effect. Calcium fluoride 
(CaF,) is a material commonly used in optical com- 
ponents. Naturally occurring calcium fluoride (as 
the mineral fluorite) exists in a range of colors vari- 
ously attributed to impurities or lattice defects due 
to irradiation (Deer et al., 1966), with the lattice 
defects having been associated with purple in some 
instances. There has been work on the implantation 
of calcium fluoride with gold to generate nanoparti- 
cles that can produce a broad absorption band at 
about 520 nm, similar to the broad absorption peak 
observed in this diamond (Henderson et al., 1997). 
While the gold may be responsible for the color in 
this case, it is also possible that it was used to pro- 
mote the nucleation or adhesion of the coating. The 
exact form of the coating on this diamond is not 
known, but clearly it involves the deposition of cal- 
cium fluoride either as the color-producing layer or 
as a protective or host layer for gold particles, which 
themselves are responsible for the absorption fea- 
ture resulting in the pink color. 
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Figure 6. These energy- 
dispersive X-ray maps 
show the distributions of 
the main elements 
detected in the analysis: 
carbon, calcium, gold, 
and fluorine. Bright spots 
correspond to regions of 
high concentrations of 
the specific element. The 
feature to the lower right 
in each is the area where 
the coating was worn 
away in figure 5 (right). 
The carbon X-ray map 
shows a high signal 
where the coating has 
been removed (due to 
the underlying dia- 
mond). The calcium, 
gold, and fluorine signals 
are significantly stronger 
in the regions where the 
coating is intact. 


CONCLUDING COMMENTS 


Gemologists and gemological laboratories must 
contend with an ever-increasing number of sophisti- 
cated diamond treatments that can only be identi- 
fied with advanced analytical techniques. 
Therefore, it is not surprising that the more tradi- 
tional forms of color treatment may be overlooked 
when they are assessing whether a particular dia- 
mond’s color is natural or has been artificially 
induced. A recent Gems e& Gemology lab note on 
coated diamonds (Sheby, 2003) emphasized the 
importance of keeping these earlier treatments in 
mind during a gemological examination. 

For the diamond described in this report, the 
spectroscopic data conflicted with the stated HPHT 
origin of the pink color, whereas careful examina- 
tion with the microscope revealed evidence of a 
coating. This coating produced a broad absorption 
band at around 550 nm, which imparted a pink 
color to an originally pale yellow stone. Analysis of 
the coating suggests that it is calcium fluoride with 
gold, but the data acquired do not allow for the 
determination of whether the gold or some other 
impurity doping the calcium fluoride is responsible 
for the color-causing absorption. This study serves 
to re-emphasize the importance of sound gemologi- 
cal observation when examining stones for the pos- 
sibility of color treatments. 
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LAB NOTES 


DIAMOND 


With Bodycolor Possibly 
Affected by the 3H Defect 


Irradiation is an important mecha- 
nism for diamond coloration. It 
occurs naturally to some diamonds 
over geologic time, and has been per- 
formed for over a century in the labo- 
ratory. Features such as radiation 
stains and color distribution are use- 
ful for differentiating these two pro- 
cesses. However, definitive identifica- 
tion of color origin is still a challenge. 
Understanding defect configurations 
in known natural and treated stones 
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is a helpful way to recognize some 
subtle differences between naturally 
and laboratory-irradiated diamonds. 
For example, H3 and 3H are two com- 
mon radiation-related defects. The 3H 
defect consists of an interstitial car- 
bon atom, while the H3 defect is 
formed by two nitrogen atoms and 
one vacancy. Because the 3H defect 
requires relatively little energy to 
relax into a normal diamond bond, it 
is much less stable than the H3 defect 
at high temperature. The zero phonon 
line—or principal absorption—of H3 
is at 503.2 nm, and that of 3H is at 
503.6 nm. 


Figure 1. This 8.08 ct diamond was graded Fancy Deep grayish 
yellowish green (left). However, with magnification it is apparent that 
the green color is concentrated in areas of the diamond’s “skin,” while 
the rest of the stone shows distinct brownish yellow coloration (right; 
width of image is 1.6 mm). Many intense green radiation stains were 
noted on original crystal surfaces that remained on large areas of the 
pavilion and girdle. These distinctive surface stains, readily seen with a 
combination of reflected and transmitted light, are believed to result 


from natural irradiation. 
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The East Coast laboratory recent- 
ly examined a radiation “damaged” 
stone that showed some interesting 
features. The 8.08 ct diamond (12.67 
x 10.60 x 6.74 mm) in figure 1 (left) 
was color graded as Fancy Deep gray- 
ish yellowish green; however, magni- 
fication revealed that the green color 
was concentrated in the diamond’s 
“skin” (figure 1, right). Over large 
areas of the pavilion and girdle, 
intense green stains remained on 
original crystal surfaces that had not 
been entirely removed in the polish- 
ing process. In contrast to the green 
skin, the diamond’s bodycolor was a 
distinct brownish yellow. This color 
“contrast” was different from that 
seen in many other naturally irradiat- 
ed diamonds, which sometimes dis- 
play a less saturated greenish or 
bluish coloration after the darker 
skin is removed in the manufacturing 
process. 

Infrared absorption spectroscopy 
revealed that this was a type Ia dia- 
mond with a high concentration of 
nitrogen. A very weak absorption at 
1450 cm7! due to the Hla defect was 
observed, but no H1b or Hc defects 
were detected. The color distribution, 
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topaz to citrine quartz, and, to date, efforts 
to correct this practice have been some- 
what unsuccessful except with the more 
reputable firms. Olivine, another synonym 
for peridot, was introduced in 1790 and 
today many jewelers use it incorrectly for 
demantoid garnet. 


Topaz, a fluosilicate of aluminum, oc- 
curs in hues of yellow, brown, blue, color- 
less and pink to red. The yellow and 
brown shades, which are the more popular, 
are relatively rare and the gem was little 
known prior to the Eighteenth Century 
when the magnificent crystals from near 
Ouro Preto began to appear in Europe. 
Colorless and blue stones have long been 
known from Siberia and Europe but they 
were never popular because of their pale 
tints when faceted. The large crystals 
from Japan were mostly of these pale 
tints. Since there was little gem material 
of outstanding color known to the ancient 
world, topaz lacks the background of 
romance so common to other gems. The 
confusion of names has also mitigated 
against this. What it has lost in romance 
however, it has more than made up in a 
wealth of varietal names, many of them 
incorrect. Place names, for example, 
Indian-topaz, are usually incorrect as well 
as such terms as Oriental topaz, king- 
topaz and many others. Due to the limpid- 
ity and luster of the colorless rounded 
pebbles often found in gem gravels, the 
name of “drop of water” is common to 
most Latin languages. 


There is a close chemical and crystal 
relationship between topaz, andalusite and 
sillimanite. All have the same basic 
chemical composition with the addition of 
two atoms of fluorine and one of oxygen 
in topaz. The three minerals crystallize in 
the orthorhombic system and there is a 
close similarity in the crystal elements. 
Topaz ranks next to diamond in the 
anamalous relationship between refractive 
index and specific gravity. While dia- 
mond has a refractive index much higher 


than would be expected from the specific 
gravity, topaz has an index which is much 
lower, due to the presence of fluorine. 


Because of its 8 hardness, topaz will 
take a high fine polish and when cut with 


proper proportions the stones are moder- 
ately brilliant. The larger gems are 
usually given a mixed cut with additional 
facets to increase the brilliancy. 

Crystals of topaz have a number of 
interesting characteristics. Often one set 
of faces will be deeply etched and all 
others will be sharp and brilliant. Many 
of the smaller crystals show a wealth of 
forms. Crystals of large size had been 
known for years but five years ago a vug 
was opened in a, pegmatite at Limoeira 
Lavra, Minas Gereas, Brazil, which yield- 
ed crystals of size and perfection never 
before known. Several crystals weighing 
hundreds of pounds each were recovered 
and can be seen today in United States 
museums. Most of these are of a greenish 
tone and remarkably free from imperfec- 
tions. The largest crystal is in the Ameri- 
can Museum of Natural History at New 
York City. A large blue crystal of non- 
gem quality was found in Brazil, which 
is estimated to weigh six hundred tons. 

A number of topaz gemstones weighing 
more than one thousand carats are known. 
The famous 1680 carat Braganza diamond 
is probably a colorless topaz. There is a 
fine 1643 carat blue topaz from Siberia 
in the collection of the American Museum 
of Natural History and other similar 
gems are found in many collections. 

Many of the brown topaz stones can 
be changed to a fine pink or red by heat- 
ing. Although red topaz occurs in nature, 
especially in Brazil, probably all of these 
gems on the market today have been 
heat treated. 

As stated before, there is little romance 
associated with topaz asa gem. St. Hilde- 
gard recommended it as a cure for dim 
vision when soaked in wine for seventy- 
two hours and then rubbed on the eye 

(Continued to page 56) 
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Figure 2. The UV-Vis absorption spectrum of the diamond in figure 1 

shows a strong absorption at 503.6 nm from the 3H defect, in addition to 
other absorptions common in diamonds that have been exposed to radia- 
tion either naturally or in the laboratory (e.g., ND1, N2, N3, 595 nm, 666 


nm, and GR1). 


absence of H1b and Hlc, and intense 
green radiation stains at the surface 
established that this diamond was 
untreated. 

In addition to those absorptions 
common in this type of diamond 
(ND1, N2, N3, 595 nm, 666 nm, and 
GR1), the ultraviolet-visible absorp- 
tion spectrum contained a strong 3H 
line (figure 2). The presence of the 3H 
defect throughout the whole stone 
was confirmed with Raman photolu- 
minescence spectroscopy at 488 nm 
laser excitation. The intensity of the 
3H absorption varied substantially in 
the different locations analyzed, but 
without any consistent trends. Only 
rarely has the 3H defect been 
observed in intensity as strong as that 
seen in this stone (approximately 
0.43 cm7! in absorption coefficient, 
assuming the path length of light is 
equal to the girdle diameter at the 
point of analysis). Although typically 
the 3H defect does not cause color, 
its intensity in this stone suggests 
that this defect could make a signifi- 
cant contribution to the diamond’s 
yellow bodycolor. 

However, as noted above, the 3H 
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defect is somewhat unstable. In N- 
rich diamond, its intensity can be 
enhanced by heating to about 300°C, 
but it can be annealed out at tempera- 
tures above 500°C (see, e.g., A. M. 
Zaitsev, Optical Properties of Dia- 
mond, Springer-Verlag, Berlin, 2001). 
Since the polishing process can easily 
produce these temperatures, it could 


either enhance or decrease the con- 
centration of the 3H defect. (In con- 
trast, much higher temperatures are 
required to affect the H3 defect.) We 
have noted in the past when examin- 
ing diamonds before and after cutting 
that the 3H absorption is often 
removed during faceting. We do not 
know the manufacturing history of 
this specific stone, but slight color 
modification during cutting cannot be 
ruled out entirely. Slight color change 
by this process is not considered arti- 
ficial treatment, but it obviously adds 
one more variable to the complexity 
of identification. 

Wuyi Wang and Tom Moses 


HPHT-Treated Type Ila 

Yellow Diamond 

High pressure/high temperature 
(HPHT) annealing can be used to alter 
the bodycolor of type Ila diamonds. 
Depending on the properties of the 
starting material and the pressures 
and temperatures employed, most of 
these diamonds are colorless or near- 
colorless after treatment, with a small 
percentage resulting in a predominant- 
ly pink bodycolor. Recently, the East 
Coast laboratory examined a stone 
(figure 3) with a color very similar to 
that associated with natural-color type 
Ia yellow diamonds commonly re- 


Figure 3. This 4.33 ct rectangular modified brilliant cut (left) proved to be 
a type Ila HPHT-treated diamond. In contrast to many other HPHT-treat- 
ed type Ila diamonds, it shows a pure yellow color that is surprisingly sim- 
ilar to the 1.21 ct untreated type Ia cape stone on the right, which was also 
color graded as Fancy yellow. 
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Figure 4. The moderately strong and broad absorption centered at 270 nm, 
together with the two sharp absorptions at 268 and 271 nm, in the UV-Vis 
absorption spectrum of the 4.33 ct yellow type Ia diamond confirmed the pres- 
ence of isolated nitrogen. The gradual increase in absorption at energies above 
~500 nm due to isolated nitrogen is the main cause of the yellow bodycolor. 


ferred to as “cape” diamonds. How- 
ever, its gemological properties and 
spectral analyses led to a very different 
identification. 

The 4.33 ct cut-cornered rectangu- 
lar modified brilliant cut (9.84 x 8.92 x 
5.50 mm) was color graded Fancy yel- 
low. It did not have any unusual inter- 
nal characteristics, either inclusions or 
fractures. It displayed a very weak blue 
fluorescence to long-wave ultraviolet 
(UV) radiation and a very weak yellow 
fluorescence to short-wave UV, with 
no phosphorescence. However, in con- 
trast to the overall turbid blue fluores- 
cence that is very common in type Ia 
cape yellow diamonds, the long-wave 
reaction appeared much more trans- 
parent. This is very unusual for any 
diamond other than a type Ila. 
Observation with a handheld spectro- 
scope revealed no absorption lines. It 
was clear that further spectroscopic 
analysis was necessary, as these results 
did not explain the cause of the pure 
yellow color. 

The infrared absorption spectra 
showed features typical of a type Ila 
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diamond, with no detectable A-form 
or B-form nitrogen. However, there 
was a weak but clear absorption from 
isolated nitrogen. The absorption coef- 
ficient of the peak at 1344 cm was 
approximately 0.02 cm=!, correspond- 
ing to a nitrogen concentration of 
about 0.8 ppm. In the UV-Vis absorp- 
tion spectrum (figure 4) taken at cryo- 
genic temperature, a moderately 
strong and broad absorption centered 
at 270 nm, with two superimposed 
sharp absorptions at 268 and 271 nm, 
and the gradual increase in absorption 
at energies above ~500 nm confirmed 
both the presence of isolated nitrogen 
and that it was the main defect 
responsible for the yellow color. In 
addition, a very weak N3 absorption 
at 415 nm and several other weak 
absorptions (~300 nm) related to iso- 
lated nitrogen also were observed. 

D. Fisher and R. A. Spits 
(“Spectroscopic evidence of GE POL 
HPHT-treated natural type Ila dia- 
monds,” Spring 2000 Gems & Gem- 
ology, pp. 42-49) reported nine 
HPHT-treated type Ila stones in 
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which isolated nitrogen was detected, 
although their concentrations were 
lower. Since it is well known that 
natural type Ila diamonds may con- 
tain traces of highly aggregated nitro- 
gen, the occurrence of isolated nitro- 
gen in this 4.33 ct yellow diamond 
raised suspicions of HPHT treatment. 
This was confirmed by photolumi- 
nescence (PL) analysis. PL spectra 
collected using an Ar laser at 488 and 
514 nm excitations exhibited strong 
emissions from N-V centers, with the 
peak at 637 nm being much stronger 
than that at 575 nm. Additional evi- 
dence included the presence of a 
strong H3 emission (but see the fol- 
lowing Lab Note) and the absence of 
3H and H4 emissions. Imaging with a 
Diamond Trading Company (DTC) 
DiamondView instrument showed a 
homogeneous distribution of green- 
ish yellow luminescence, which is 
very different from what we have 
observed in natural-color type Ila or 
Ib diamonds, or in typical type Ia 
HPHT-treated diamonds. 

The temperatures employed in 
HPHT treatment are much higher 
than the natural conditions of dia- 
mond formation. Conceivably, HPHT 
annealing not only could remove 
brown coloration possibly caused by 
plastic deformation, but it also could 
transform part of the highly aggregat- 
ed nitrogen into isolated nitrogen. 
When the concentration of isolated 
nitrogen is high enough, the diamond 
will show a pure yellow color. The 
Fancy yellow bodycolor of this stone 
could be a combination of the relative- 
ly high concentration of isolated nitro- 
gen with the stone’s relatively large 
size and its cut. The existence of this 
high-quality type Ila yellow diamond 
indicates that HPHT annealing is 
capable of producing a wider range of 
colors than previously believed. 

This diamond is a reminder of the 
complexity of identifying HPHT- 
annealed diamonds. Although we 
have encountered a few diamonds 
like this in the past, we do not know 
if this was a “planned” result or an 
accidental outcome of the treatment. 

Wuyi Wang and Thomas Gelb 
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Figure 5. This natural-color 1.03 
ct cape diamond showed local- 
ized H3 absorption, a feature typ- 
ically associated with treated- 
color yellow diamonds. 


Inhomogeneous Cape Diamond 
Yellow type Ia cape diamonds show a 
characteristic visible absorption spec- 
trum, with primary peaks at 415.5 
and 478.0 nm and weaker bands at 
453.0 and 466.0 nm. Absence of H3 
absorption is also typical. These are 
the most common colored diamonds 
in the market. Attractive yellow color 
in diamond can be artificially created 
by irradiation and annealing, as well 
as by HPHT treatment. These pro- 
cesses, particularly irradiation and 
annealing, create a strong absorption 
of H3, which selectively absorbs blue 
light. As a result, a distinct yellow 
hue is produced. Occurrence of a rela- 
tively strong H3 absorption in an oth- 
erwise typical cape diamond usually 
raises suspicions of treatment. 
Recently, the East Coast laborato- 
ry had a chance to examine a very 
unusual 1.03 ct Fancy Intense yellow 
cushion modified brilliant diamond 
(figure 5). Although it had absorption 
features and other gemological prop- 
erties that proved it was a natural- 
color cape stone, it displayed an 
unusual luminescence pattern when 
examined using the DTC Diamond- 
View. In contrast to typical cape dia- 
monds, which show homogeneous 
blue (and, to a lesser extent, brownish 
yellow) UV fluorescence in the 
DiamondView (figure 6, left), this 
stone displayed obvious zoning (figure 
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Figure 6. A typical cape diamond (left) shows homogenous blue fluores- 
cence in the DTC DiamondView. In contrast, the 1.03 ct diamond on the 
right displayed blue and greenish yellow luminescence zoning. The green- 
ish yellow fluorescence is caused by the H3 defect. 


6, right). A strong greenish yellow 
reaction was seen in some narrow 
parallel bands that extended across 
almost half the table facet, while 
most of the remainder of the stone 
showed typical blue luminescence. Of 
the more than 100 cape diamonds 
examined face-up in the laboratory 
with the DiamondView, this is the 
only one that has ever shown such 
heterogeneous luminescence. 

To confirm our belief that the 
strong greenish yellow fluorescence in 


these bands was caused by localized 
high concentrations of the H3 defect, 
we took PL spectra with a Raman 
microspectrometer (using 488 nm 
laser excitation) in both the blue and 
greenish yellow fluorescing areas of 
the stone. As seen in figure 7, the blue 
area showed only a very weak H3 
peak, whereas the isolated greenish 
yellow area showed a very strong H3. 
Note that in an irradiated yellow dia- 
mond, the H3 absorption would have 
been observed across the entire stone. 


Figure 7. These PL spectra of the unusual cape diamond in figure 5 clearly 
illustrate the difference in intensity of H3 emission between a blue fluo- 
rescing area (marked A on figure 6, spectrum A here) and an area showing 
a greenish yellow fluorescence (B on figure 6, spectrum B here). 
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These results confirm that natu- 
ral cape diamonds can have localized 
regions with high concentrations of 
the H3 defect. Because it was not 
homogenous throughout the stone, 
the H3 center in this cape diamond 
would have gone undetected with 
standard testing methods. Random 
PL analyses would not have revealed 
it. Likewise, standard short-wave 
UV lamps do not have enough inten- 
sity to excite the H3 defect, and 
therefore would not have shown the 
greenish yellow zoning. Discovery of 
this rare cape diamond indicates 
that the occurrence of H3 in a (natu- 
ral-color) type Ia cape diamond could 
be more common than we had 
believed. We continue to gather use- 
ful information about the distribu- 
tion of defects in diamond using the 
DTC DiamondView. 

Paul Johnson and Kyaw Soe Moe 


Irradiated and 

Fracture-Filled Diamond 

Recently, the East Coast laboratory 
received a bluish green 1.22 ct round 
brilliant cut diamond for a colored 
diamond grading report. Preliminary 
visual inspection of the stone raised 
questions about the origin of its 
color, which appeared quite similar 
to that seen in artificially irradiated 


Figure 8. This 1.22 ct round bril- 
liant diamond displays an obvi- 
ous color zone at the culet, which 
is a typical side effect of artificial 
irradiation. Also visible are flow 
structures from extensive fracture 
filling. Magnified 30x. 
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diamonds. Indeed, magnification 
revealed a bluish green color zone 
that followed the faceting outline—a 
common side effect of laboratory 
irradiation—at the culet (figure 8). 
This zonation, along with features in 
the visible spectrum observed with a 
desk-model spectroscope, confirmed 
that the color of this stone was the 
result of artificial irradiation. 

However, microscopic examina- 
tion revealed signs of additional treat- 
ment. A number of large fractures 
displayed the flash-effect colors typi- 
cally associated with fracture filling 
to improve apparent clarity (figure 9). 
Closer inspection revealed both the 
flash-effect colors and, within the 
fractures, the flow structures that are 
commonly seen in a glass-like filler 
(again, see figure 8). An X-radiograph 
provided final proof of clarity 
enhancement (the filling material 
absorbs more X-rays than the sur- 
rounding diamond). 

Although it is not uncommon for 
us to see treated diamonds, it is rare 
to see two such treatments in one 
stone. From the brown grain lines 
that were still visible and the large 
fractures, one could speculate that 
this round brilliant was a heavily 
included brown diamond before 
treatment. Since fracture filling is a 
non-stable treatment, it is laboratory 
policy not to provide any grading 


Figure 9. Closer examination of 
the diamond in figure 8 shows 
the numerous flash-effect colors 
associated with fracture filling 
to improve apparent clarity. 
Magnified 45x. 
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information on diamonds enhanced 
in this fashion. 
Thomas Gelb 


A Coated “NIGHT 

GLOWING PEARL” 

“Night glowing pearls” are legendary 
jewels in Chinese and south Asian 
cultures, and were a symbol of super- 
natural power and wealth in Imperial 
China. One such “pearl” is said to 
have been placed in the mouth of 
Dowager Empress Cixi, the last 
empress of the Qing Dynasty, after 
her death. These jewels have always 
been greatly sought after, and in 
recent years they have fetched high 
prices in the Chinese jewelry market. 
However, they have remained myste- 
rious due to their scarcity, which has 
hampered thorough documentation of 
their nature. According to historical 
Chinese literature, as quoted in 
Joseph Needham’s Science and 
Civilization in China (Cambridge 
University Press, Cambridge, UK, 
1954), they are not actually pearls; 
rather, they are spheres of a mineral 
or rock of various colors that exhibit 
phosphorescence at night (ie., “glow 
in the dark”). Ancient Chinese impe- 
rial courts acquired these spheres 
from Persia or Ceylon. Today, they 
are believed to be composed of fluo- 
rite or calcite with rare-earth ele- 
ments that act as phosphorescent 
agents (A. S. Marfunin, Spectroscopy, 
Luminescence and Radiation Centers 
in Minerals, Springer-Verlag, Berlin, 
1979; Y. R. Huang, “The glowing 
stones,” Jewelry World, No. 2, 2004, 
pp. 112-115 [in Chinese]). 

Recently, a semitranslucent to 
opaque mottled green-and-gray sphere 
(figure 10) was submitted to the East 
Coast laboratory for identification. 
Due to its size (63 mm in diameter) 
and weight (366 g), we could not mea- 
sure its specific gravity using the 
hydrostatic method; however, it is 
possible to estimate the S.G. of a 
spherical object from its mass and 
diameter. Using this method, we cal- 
culated the S.G. to be approximately 
2.80. Spot R.I. measurements varied 
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Figure 10. This mottled green-and- 
gray sphere (63 mm in diameter) 
proved to be a talc-serpentine rock 
with a phosphorescent coating. 


from 1.56 in the green areas to as high 
as 1.60 in a gray area. 

Magnification with a standard 
gemological microscope revealed 
numerous small round gas bubbles, 
some of which broke the surface (fig- 
ure 11). These were observed across 
the sphere, with the exception of one 
gray area. The sphere fluoresced very 
strong green-yellow to long-wave UV 
radiation and strong green to short- 
wave UV. The most impressive gemo- 
logical property was the strong green- 
yellow phosphorescence to both long- 
and short-wave UV, which lasted 
longer than 15 minutes. However, 
both the fluorescence and the phos- 
phorescence were unevenly distribut- 
ed, as the gray areas showed less or 
none of either reaction (compare fig- 
ures 10 and 12), and the area without 
any bubbles was inert. Even more 
unusual was the fact that when the 
sphere was subjected to a strong fiber- 
optic light source, the phosphores- 
cence was visible even in regular 
office lighting. Due to the strength 
and duration of the phosphorescence, 
we suspected this sphere would proba- 
bly be considered a legendary “night 
glowing pearl.” 

Because of the many gas bubbles, 
our first impression was that the 
sphere was likely a mineral or rock 
that had some sort of coating, with the 
gray areas—from their higher R.I. and 
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Figure 11. Magnification revealed 
numerous gas bubbles on the sur- 
face of the talc-serpentine sphere. 
No bubbles are apparent in the 
rectangular area in the lower right 
corner, where there was no coat- 
ing. Magnified 112x. 


weaker phosphorescence—represent- 
ing spots where the coating was thin 
or nonexistent. Thus, with the client’s 
permission, we analyzed a green area 
and a gray area with Raman spec- 
troscopy both at and beneath the sur- 
face by digging two very small, shal- 
low (approximately 0.5 mm deep) 
craters. The spectra obtained at the 
bottom of the craters clearly differed 
from those taken on the surface, even 
in the gray area, but neither set of spec- 
tra provided a conclusive identifica- 
tion. We subsequently performed ener- 
gy-dispersive X-ray fluorescence 
(EDXRF) analysis of another green area 
and the gray area without bubbles, and 
found that the green area contained a 
major amount of Sr, as well as signifi- 
cant amounts of Al, Ba, S, Zn, Fe, and 
Ca, and minute quantities of Eu and 
Dy. In comparison, the gray area con- 
tained Mg, Al, Si, Ca, Fe, and Ni. 

We also performed X-ray diffrac- 
tion analysis on small quantities of 
powder scraped from the bottom of 
the previously mentioned craters and 
from the surface. For both craters, the 
former pattern matched that of a talc- 
serpentine mixture (Mg, Al silicates), 
whereas the pattern from the surface 
matched that of a mixture of SrALO, 
and SrAl,O, (generally known as 
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Figure 12. After exposure to ultra- 
violet radiation, the sphere in fig- 
ure 10 shows exceptional phos- 
phorescence. This phosphores- 
cence lasted longer than 15 min- 
utes following exposure to both 
long- and short-wave UV. The 
areas showing less or no phospho- 
rescence correspond to the areas 
that appeared gray under normal 
lighting conditions. 


strontium aluminates). 

Based on this evidence, we con- 
cluded that the sphere was a talc-ser- 
pentine rock covered unevenly with a 
coating that contains an Eu- and Dy- 
doped SrAl,O,-SrAl,O, mixture. This 
manufactured coating has several 
modern uses as a long-lasting phospho- 
rescent pigment. Its phosphorescence 
has been documented to last for many 
hours and, in some cases, even days (T. 
Katsumata et al., “Characteristics of 
strontium aluminate crystals used for 
long-duration phosphors,” Journal of 
the American Ceramic Society, Vol. 
81, No. 2, 1998, pp. 413-416; K. R. S. 
Preethi et al., “SrAl,O,:Eu** nanocrys- 
tals: Synthesis and fluorescence prop- 
erties,” Journal of Physics D, Vol. 37, 
No. 19, 2004, pp. 2664-2669). 

Andy Shen, Wendi M. Mayerson, 

and Dino DeGhionno 


QUARTZ 
Covellite in Quartz 


We recently had the opportunity to 
examine four oval buff-top modified 
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Figure 13. Covellite inclusions are responsible for the “hot pink” schiller in 
these two samples of smoky and near-colorless quartz (18.81 and 18.00 ct). 


brilliant cut samples of a material that 
was being represented as “pink fire 
quartz.” The stones (8.07—18.81 ct) 
were transparent to semitransparent 
and near-colorless to light brown; 
most had numerous inclusions (see, 
e.g., figure 13). At first there did not 
seem to be anything unusual about 
these stones, which were readily iden- 
tified as quartz based on standard 


Figure 14. With magnification and 
darkfield illumination, these cov- 
ellite inclusions appeared as 
transparent to semitransparent 
grayish green hexagonal platelets 
in the host quartz. a 38x. 


& 
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gemological testing, but closer exami- 
nation revealed a flash of pink to pur- 
ple from some viewing angles. The 
flash was directional and at times very 
bright, resembling the schiller some- 
times seen in corundum when light 
reflects off oriented rutile inclusions. 
We had not witnessed such an 
effect in quartz before, and at first 
glance we thought it might have been 


Figure 15. When viewed with 
reflected light, the platelets seen 
in figure 14 appeared bright pink 
due to unusually strong irides- 
cence, a property well document- 
ed in covellite. 
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produced by some form of treatment. 
However, the inclusions creating this 
schiller could be seen with the unaid- 
ed eye as dark specks throughout the 
stones. With magnification and dark- 
field illumination, these inclusions 
proved to be very thin transparent to 
semitransparent grayish green hexago- 
nal platelets oriented in parallel planes 
(figure 14). The pink/purple schiller 
was iridescence off the flat surfaces of 
these platelets when they were 
viewed in reflected light (figure 15). 
These inclusions were so thin that 
they almost disappeared when viewed 
at 90° from the flat surface. 

Raman analysis identified a couple 
of these platelets as the copper sulfide 
covellite (CuS), which is typically 
opaque with a mottled dark blue color, 
metallic luster, and strong pink-to-pur- 
ple iridescence. Covellite usually 
forms as hexagonal platelets, and can 
appear green in transmitted light when 
the platelets are thin enough (M. 
Fleischer et al., Microscopic Deter- 
mination of the Nonopaque Minerals, 
U.S. Geological Survey Bulletin 1627, 
1984, p. 62). It is occasionally seen cut 
into cabochons, but we were unfamil- 
iar with it as an inclusion. Dino 
Deghionno, manager of West Coast 
Identification Services, attempted to 
confirm this identification using pow- 
der X-ray diffraction analysis, but the 
inclusions were too small to provide 
sufficient material for analysis. 
However, EDXRF chemical analysis of 
the quartz samples by research associ- 
ate Sam Muhlmeister did reveal cop- 
per. Based on the Raman analysis, 
presence of Cu, and appearance of the 
inclusions, we concluded that there 
was a high probability they were 
indeed covellite. Our literature search 
did not uncover a reference to covellite 
as an inclusion in quartz, but the two 
minerals are known to occur together. 

This material reportedly was from 
Brazil’s Minas Gerais region. The 
stones contained additional inclusions 
typical of quartz: “fingerprints,” two- 
phase inclusions, and elongated, angu- 
lar orangy red crystals that Raman 
analysis identified as hematite. 

Elizabeth P. Quinn and SFM 
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Figure 16. These three faceted samples of rock crystal (5.20-5.40 ct) show 
varying degrees of an unusual surface texture. The stone on the right has 
the texture only on the girdle. 


Rock Crystal Quartz with 

Unusual Surface Texture 

Recently, the East Coast laboratory 
received for identification three trans- 
parent to semitransparent near-color- 
less oval modified brilliants ranging 
from 5.20 to 5.40 ct. Standard gemo- 
logical testing on all three stones 
revealed properties consistent with 
rock crystal quartz. What caught this 
author’s attention was an unusual 
surface texture seen on all three 
stones in varying degrees (figure 16). 


Figure 17. The unusual surface 
texture—numerous small, very 
shallow, irregular grooves and 
channels—almost completely 
covered the stone on the far left in 
figure 16. Magnified 112x. 
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LAB NOTES 


The first stone was almost com- 
pletely covered with numerous small, 
very shallow, irregular grooves and 
channels (figure 17). Although differ- 
ent in structure, this overall pattern 
was reminiscent of the “crazed layer” 
seen on stones with a Lechleitner 
synthetic emerald overgrowth (see 
Winter 1992 Lab Notes, pp. 263-264), 
which aroused suspicion. The texture 
was seen in random patches on the 
second stone, although in some places 
it appeared as thin crystalline layers 
on the surface (figure 18), very differ- 
ent from the first stone. Synthetic 


overgrowths normally display some 
sort of disturbance at or near the 
point of interface with the substrate; 
frequently, this disturbance appears as 
a plane of inclusions. However, no 
interface was detected on any of these 
stones. The third stone had only rem- 
nants of the unusual surface texture 
on its girdle, which suggested that it 
might have been repolished. 

No differences in properties were 
detected between the areas of unusual 
texture and the polished areas with 
either standard gemological or spec- 
troscopic (EDXRF and Fourier-trans- 
form infrared) testing; nor were any 
differences in properties detected 
among the three stones. A discussion 
with the client revealed that these 
stones were part of a larger parcel that 
had been purchased as topaz and then 
sent to be treated by a “diffusion” 
process. These three were rejected by 
the treater because they were quartz 
and were returned to the client in this 
condition. 

This new information gave us 
much-needed insight. The textured 
surface was not an overgrowth, but 


Figure 18. In addition to areas of channels and grooves, the middle stone 
in figure 16 also showed thin, uneven crystalline layers on its surface. 
These layers are transparent (left) but slightly rough, and therefore scatter 
light and have a white appearance when viewed at certain angles (right). 
Magnified 20x (left), 15x (right). 
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rather the result of dissolution or etch- 
ing. Whether or not this treatment of 
topaz (which uses cobalt or a cobalt 
oxide) is actually “diffusion” or merely 
a durable surface treatment has not 
been established (see S. F. McClure, 
“Identification challenges of the new 
millennium,” Fall 1999 Gems & 
Gemology, pp. 86-87). In either case, it 
was first seen at the Tucson gem 
shows in 1998 (Summer 1998 Gem 
News, pp. 143-144) and is a patented 
process (R. Pollak, Method for 
Enhancing the Color of Minerals 
Useful as Gemstones, U.S. Patent 
5,888,918, filed April 25, 1997; issued 
March 30, 1999) that is currently being 
marketed under the trademark PHD. 

The patent mentions that during 
preparation for treatment, the stones 
may be soaked in a series of acid and 
solvent baths. Although the patent 
also covers the treatment as it applies 
to quartz, it specifically states that 
“Iclare should be taken in selecting 
the temperature to which stones are 
heated, as quartz tends to develop sur- 
face damage when subjected to exces- 
sive temperatures.” Even more inter- 
esting in relation to the three stones 
in question, the patent goes on to 
mention, “[i]n the event surface dam- 
age does occur, the treated stones can 
be repolished, producing a smooth 
colored finished product.” According 
to the patent, cobalt typically pro- 
duces a light to dark pink coloration 
with quartz. 

Since these three stones were col- 
orless, it is likely the surface dissolu- 
tion/etching, and hence their identity 
as quartz rather than topaz, was dis- 
covered during the preparation pro- 
cess, and they never underwent the 
cobalt treatment. 

Wendi M. Mayerson 


SPHENE Cabochon with an 
Unusual Natural Surface 

Sphene, or titanite, a monoclinic calci- 
um titanium silicate, is a relatively 
uncommon gem mineral primarily 
known for its strong dispersion, or 
“fire.” This colorful property is best 
displayed when material of suitable 
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Figure 19. This 8.49 ct sphene was 
cut as a cabochon to showcase 
the interesting natural surface 
that was used as the base. 


quality is fashioned as a round brilliant 
or similar faceting style, so virtually all 
transparent gem-quality sphene is 
faceted. Therefore, it was interesting to 
examine an 8.49 ct transparent yellow- 
ish green pear-shaped sphene cabochon 
that had been cut from a facetable 
crystal purchased in Governador 
Valadares, Minas Gerais, Brazil. Leon 
M. Agee sent the 17.64 x 14.04 x 3.73 
mm partially polished cabochon to the 
West Coast laboratory for gemological 
examination. 

As can be seen in figure 19, this 
cabochon showed virtually no disper- 
sion, which at first glance seemed to 
be a waste of this gem material’s 
potential. However, Mr Agee in- 
formed us that the stone was not cut 
to display this sphene’s dispersion, 
but rather to highlight and magnify 
an interesting natural crystal surface, 
which was left unpolished and used 
as the base of the cabochon. 

With the dome serving as a mag- 
nifying lens, not only did the convo- 
luted contours and depressions on 
the base stand out, but sphene’s char- 
acteristic strong double refraction 
could also be seen. With low-power 
magnification, it was evident that the 
base of the cabochon was decorated 
with an intricate random arrange- 
ment of partial mineral casts with a 
micaceous habit (figure 20). 

From observation of this microfea- 
ture, it appeared that the sphene was 
at one time either superficially dusted 
with numerous twisted worm-like 
columns or stacks of a mica- or chlo- 
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Figure 20. With 5x magnifica- 
tion and a combination of polar- 
ized and fiber-optic lighting, the 
base of the sphene cabochon in 
figure 19 revealed an intricate 
random arrangement of what 
appear to be casts of a mineral 
with a micaceous habit. 


rite-group mineral, or it grew up 
aganist such minerals. Then, as the 
sphene continued to grow, the mica- 
ceous minerals became embedded in 
its surface, leaving their characteristic 
visual impressions. However, growth 
must have ceased before they could be 
completely enclosed as inclusions. As 
a result, only partial casts of the mica- 
ceous mineral(s) were left behind. 

To complete the examination of 
this gem, we identified the cabochon 
itself as sphene using classical gemo- 
logical testing techniques. 

John I. Koivula and Maha Tannous 
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This year’s gem and mineral shows in Tucson, Arizona, 
featured new finds from a number of previously known 
localities. Many of these discoveries were made in 
African countries—but there were also several important 
finds made in the U.S. Although no major new localities 
came to light at this year’s show, there were plenty of 
unusual pieces to entertain and inspire. An example of 
these curiosities is the carved bicolored beryl rose from 
Brazil in figure 1. Additional items are described in greater 
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detail below, with more included in the upcoming 
Summer 2005 GNI section. G#G thanks our many 
friends who shared material with us this year. 


COLORED STONES AND 
ORGANIC MATERIALS 


AGTA Design Center features lapidary art. At the new 
Spectrum of Design center at the AGTA show, jewelry 
artist Paula Crevoshay of Albuquerque, New Mexico, dis- 
played a collection of jewels containing gem carvings 
from some of North America’s most prominent lapidary 
artists (see, e.g., figure 2). As she has done previously (see 
S. E. Thompson, “Voices of the Earth: Transcending the 
traditional in lapidary arts,” Winter 2001 Gems & 
Gemology, pp. 310-317), Ms. Crevoshay enlisted lapidary 
artists such as Larry Woods, Sherris Cottier Shank, Glenn 
Lehrer, Lawrence Stoller, Larry Winn, Thomas McPhee, 
and Arthur Lee Anderson to carve pieces that were used 
to create one-of-a-kind jewels. This collection, called 
“Elements,” is intended to evoke the four classic ele- 
ments: air, earth, fire, and water. 


Figure 1. This 8.5-cm-long bery1 from Brazil is 

carved into a rose that shows a clever use of the 

color zoning, with pinkish orange concentrated in the 
petals and yellowish green in the leaves. The piece 
came from the Coronel Murta mine in Minas Gerais, 
and was carved by “Docinho” of Governador 
Valadares, Brazil. Courtesy of Bernardo Feler, Brazrio 
International, Los Angeles; photo © Robert 
Weldon/Professional Jeweler. 
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Figure 2. These pieces are from Paula Crevoshay’s “Elements” collection. From left are “Ether,” a brooch featuring 
a 53.80 ct carved opal with zircon; “Spring Waterfall,” incorporating a 6.15 ct carved opal with zircon, demantoid, 
aquamarine, moonstone, and diamond; “Sky,” a gold and diamond ring showcasing a 9.54 ct tanzanite carving; 
and “Ocean Dream,” a brooch featuring a 199.62 ct chrysocolla octopus with a moonstone “eye” and diamond 
and zircon accents. The chrysocolla in “Ocean Dream” was fashioned by Glenn Lehrer; the other carvings are by 
Sherris Cottier Shank. Courtesy of Paula Crevoshay; photo © Harold and Erica Van Pelt. 


One of the most notable pieces is “Green Dream,” a 
diamond, tourmaline, and tsavorite necklace featuring a 
217 ct peridot carving by Larry Woods (see the cover of this 
issue). According to Mr. Woods, the central stone was 
carved from a 69 gram Pakistani peridot crystal, incorporat- 
ing the abstract organic style he uses for most of his work. 


Editor's note: The initials at the end of each item identify the 
editor or contributing editor who provided it. Full names and 
affiliations are given for other contributors. Shane F. McClure 
and Dr. Mary L. Johnson of the GIA Gem Trade Laboratory 
in Carlsbad are thanked for their internal review of the Gem 
News International section. 

Interested contributors should send information and 
illustrations to Brendan Laurs at blaurs@gia.edu (e-mail), 
760-603-4595 (fax), or GIA, 5845 Armada Drive, Carlsbad, 
CA 92008. Original photos will be returned after considera- 
tion or publication. 
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Two other pieces contain memorable, though very dif- 
ferent, opal carvings by Sherris Cottier Shank (again, see 
figure 2). “Spring Waterfall” features a 6.15 ct crystal opal 
from Lightning Ridge, Australia. The difficulty in work- 
ing with this material, according to Ms. Shank, is that the 
intense play-of-color requires great care in planning a 
design, so that the final carving works with the color pat- 
terns instead of against them. The other jewel, “Ether,” 
also features a crystal opal; however, this larger (53.80 ct) 
stone, though near-colorless at first glance, displays ele- 
gant textures and tones brought out by precise carving of 
the back of the piece. 

“Elements” will be the focus of a future museum 
exhibit intended to showcase the growth of gem carving as 
an art form in North America. 

Thomas W. Overton (toverton@gia.edu) 
GIA, Carlsbad 


Amethyst from Georgia. At the Arizona Mineral & Fossil 
Show (Clarion Hotel) and the Tucson Gem & Mineral 
Society show (Tucson Convention Center), Terry Ledford 
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GIA Officers and Board 


Named at Annual Meeting 


T ITS annual meeting, April 30, in 

Chicago, the G.].A. Board of Gove- 
ernors elected Edward H. Kraus, Ph.D., 
Dean Emeritus, College of Literature, 
Science and Arts, University of Michi- 
gan, to his third term as president of the 
Gemological Institute of America. 

Dean Kraus who has held this position 
with the Institute since the passing of the 
late Dr. Edward Wigglesworth, was elec- 
ted in 1932 as an Honorary Member of 


H. Paul Juergens 


the G.LA. in appreciation for his contri- 
butions to the furtherance of gemology. 
He also serves as a member of the Exam- 
inations Standards Board. 

Succeeding Percy K. Loud, President 
of Wright, Kay & Company, Detroit, C. 
I. Josephson, Jr., Certified Gemologist, 
C. I. Josephson Jewelers, Moline, Illinois, 
was named Secretary-Treasurer of the 
G.LA. The new treasurer, a former presi- 
dent of the American National Retail 

(Continued to page 56) 


Dean Edward H. Kracs 


C, I. Josephson 


SUMMER, 1948 
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Figure 3. Fine amethyst crystals and faceting rough were 
recently mined in Georgia. The doubly terminated crys- 
tal shown here is 6.4 cm tall, and the Portuguese cut 
(faceted by Mike Watkins) weighs 19.95 ct. Courtesy of 
Mountain Gems & Minerals; photo © Jeff Scovil. 


of Mountain Gems & Minerals, Little Switzerland, North 
Carolina, had some newly mined amethyst from Wilks 
County, Georgia. The mine is located between the com- 
munities of Rayle and Tignall, in an area known as 
Jackson’s Crossroads, about 150 km east of Atlanta. 
Amethyst has been produced from surface workings in 
this area since the mid-1980s. 

The current property owner, Rodney Moore, began 
mining in August 2004. After the initial work yielded 
some high-quality amethyst, Mr. Moore began working 
the subsurface deposits with a trackhoe, starting in late 
October. The following month, he formed a partnership 
with Mr. Ledford to market the rough and cut material. 
Their excavations have exposed a series of pockets to a 
depth of 6 m in the weathered granitic host rock. The 
largest pockets measured 60-80 cm long and 25-30 cm 
wide, and contained crystals of amethyst that were “float- 
ing” within clay. So far, more than 100 kg of amethyst 
crystal specimens and fragments have been produced, 
from which several stones were faceted. The largest stones 
cut so far weigh 19.95 (figure 3), 36.22, and 48.55 ct. 

The cut material typically displays a deep purple color 
in incandescent light, and Mr. Ledford indicated that a 
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noticeable color shift (more blue) is seen in daylight. 
According to gem cutter Mike Watkins of Hiddenite, 
North Carolina, the orientation of the rough is critical to 
attaining the maximum color shift in the faceted material. 
In early March 2005, Mr. Ledford indicated that further 
mining has resulted in additional amethyst production. 
The site is open to public mineral collecting on a fee-dig 

basis (see www.dixieeuhedrals.net/jxr). 
BML 


Amethyst and citrine from northwestern Namibia. At 
the Arizona Pueblo Inn Gem & Mineral Show, Hannes 
Kleynhans (Kristall Galerie, Swakopmund, Namibia) 
showed this contributor some amethyst and citrine from 
the Sarusas mine in northwestern Namibia. Bill Barker 
(Barker & Co., Scottsdale, Arizona) also had Sarusas cit- 
rine at the AGTA show. Mr. Kleynhans, who is mining 
the deposit, has enlisted Mr. Barker to market both the 
amethyst and citrine cut stones in the future. 

The deposit is located in the Namib Desert, within a 
remote area of Skeleton Coast Park. According to Mr. 
Kleynhans, quartz was mined there on a small scale from 
the late 1960s to the mid-1980s, and all the production 
went to Germany. In 2004, after completing a three-year 
permitting procedure to mine in this environmentally sen- 
sitive area, he started reworking the deposit with mecha- 
nized equipment. The requirements of the permit stipu- 
late that no permanent structures or roads may be built in 
the area, and all pits must be reclaimed. 


Figure 4. Mining for amethyst geodes at the Sarusas 
mine in northwestern Namibia employs pneumatic 
drills to make holes in hard areas of the basalt, which 
are then filled with an expansion compound to help 
fracture the rock. Courtesy of Kristall Galerie. 
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According to Mr. Kleynhans, the deposit hosts geodes 
of amethyst (and, rarely, pale citrine) in vugs within basalt. 
An excavator is used to dig shallow open pits, and the 
miners also drill in the more solid areas of the basalt (fig- 
ure 4) and fill the holes with an expansion compound. 
After this compound is moistened with seawater, it 
expands and fractures the surrounding rock. 

During the latter part of 2004, about 1,500 kg of rough 
was produced. So far, less than 1% of the rough has been 
facetable, with the cut stones weighing between 2 and 20 
ct. The color of the amethyst ranges from light to dark pur- 
ple, and the citrine is typically orangy yellow to deep 
orange (figure 5). The commercially available citrine is pro- 
duced by heating the amethyst up to 600°C, with the deep- 
er orange colors corresponding to a deeper purple color in 
the original amethyst. 

BML 


Aquamarine from Mt. Antero, Colorado. A recent discov- 
ery of spectacular aquamarine crystals from the historic 
Mt. Antero locality in Colorado was displayed for the first 
time at the Tucson Gem & Mineral Society show. The 
gem-quality aquamarines were associated with smoky 
quartz and feldspar, and the specimens were exhibited 
together with some faceted aquamarines from the same 
pocket. 

Mt. Antero is located 27 km northwest of Salida in the 
Sawatch Range, Chaffee County, central Colorado; the area 
has fascinated mineral collectors for over a century (see, 
e.g., M. I. Jacobson, Antero Aquamarines: Minerals from 
the Mt. Antero-White Mountain Region, Chaffee County, 
Colorado, L. R. Ream Publishing, Coeur d’Alene, Idaho, 
1993). According to Stephen Brancato, who discovered and 
mined the aquamarines in July 2004, they were found in a 


Figure 5. Amethyst and citrine (here, approximate- 
ly 4.5 ct each) from the Sarusas mine show a wide 
range in color. Courtesy of Barker and Co.; photo 
by Maha Tannous. 


GEM NEWS INTERNATIONAL 


Figure 6. Reportedly the best matrix aquamarine 
crystals ever found in North America were recovered 
in July 2004 at Mt. Antero, Colorado. The larger 
aquamarine crystal in this repaired specimen mea- 
sures 16.5 cm tall. Courtesy of The Collector’s Edge; 
photo © Jeff Scovil. 


miarolitic cavity (called “Diane’s Pocket”) on the Claire 
Mary Ellen #1 claim, at an elevation of about 12,500 feet 
(3,810 m). This discovery considerably overshadows previ- 
ous finds at Mt. Antero, possibly yielding the finest matrix 
aquamarine crystals from North America. 

So far, five stones (ranging from 2 to 4 ct) have been cut 
from aquamarine fragments in the pocket. According to 
Bryan Lees (The Collector’s Edge, Golden, Colorado}, there 
is sufficient gem rough to cut several dozen stones, possibly 
up to 20 ct. As such, this discovery could yield Colorado's 
largest faceted aquamarine; the weight of the current record 
holder is 18.95 ct (see J. A. Murphy and P. J. Modreski, “A 
tour of Colorado gemstone localities,” Rocks & Minerals, 
Vol. 77, No. 4, 2002, pp. 218-238). The faceted aquamarines 
are being marketed by Paul Cory (Iteco Inc., Powell, Ohio), 
while the mineral specimens are sold through Mr. Lees. 
About six high-quality matrix aquamarines were produced, 
with the longest crystal measuring 16.5 cm (figure 6). All of 
the specimens required simple repairs to reattach crystals 
that had been broken from the matrix by natural forces. In 
addition to these specimens, the pocket yielded dozens of 
well-formed loose aquamarine crystals. 

BML 
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Figure 7. This aquamarine from Nigeria (0.40-2.91 ct) 
shows a saturated blue color. Courtesy of Fine Gems 
International; photo © Harold and Erica Van Pelt. 


Saturated blue aquamarine from Nigeria. At the AGTA 
show, Robert Kane (Fine Gems International, Helena, 
Montana) had some aquamarine from northern Nigeria 
that was notable for its saturated blue color. According to 
Mr. Kane, the intensely colored rough was purchased as 
natural-color aquamarine, and the material was not subse- 
quently subjected to any treatment. The stones were cut 
from a 103 gram parcel of rough, with pieces weighing 


Figure 8. An unusual wavy growth zoning was seen in 
the Nigerian aquamarine. Photo by Maha Tannous; 
magnified 40x. 
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0.5-3 grams. A total of 107 carats were faceted, ranging 
from approximately 0.25 to 3 ct (see, e.g., figure 7). 

In January 2005, Mr. Kane loaned 17 of the better-quali- 
ty faceted samples to GIA for examination. A 2.91 ct emer- 
ald cut was examined in detail for a GLA Gem Laboratory 
identification report, and the following properties were 
recorded: color—blue; pleochroism—strong, dark blue and 
light blue-green (visible even to the unaided eye when 
viewed face-up); R..—1.582-1.589; birefringence—O0.007; 
S.G.—2.76; and fluorescence—inert to long- and short- 
wave UV radiation. The desk-model spectroscope showed a 
standard aquamarine absorption spectrum (caused by iron) 
that ruled out a Maxixe-type color origin. Magnification 
revealed growth tubes, pinpoints, white mineral inclusions 
(identified as a carbonate by Raman analysis), and an 
unusual growth zoning (figure 8) with wavy and planar fea- 
tures that were reminiscent of some hydrothermal synthet- 
ic beryls. EDXRF spectroscopy revealed major amounts of 
Al and Si, and traces of K, Sc, Mn, Fe, Zn, Ga, Rb, and Cs. 
This chemical composition, as well as the inclusion char- 
acteristics, proved a natural origin for this aquamarine. 

The RL, birefringence, and S.G. values are in the high 
end of the range reported for aquamarine (see, e.g., R. 
Webster, Gems, 5th ed., revised by P. G. Read, Butterworth- 
Heinemann, Oxford, England, 1994, pp. 124-125). While 
these properties (and the color) are consistent with beryl 
containing small amounts of iron, they are substantially 
lower than those documented recently in dark blue beryl 
from Canada that contained high amounts of iron (see 
Winter 2003 Gem News International, pp. 327-329). 

BML 


Carved chalcedony chain. At the Arizona Pueblo Inn Gem 
& Mineral Show, Steve Ulatowski (New Era Gems, Grass 
Valley, California) showed this contributor a chain that 
had been carved in China from a single piece of Brazilian 
chalcedony (figure 9). According to Mr. Ulatowski, only 
two such chains (22 and 43 cm long) were successfully 
carved in early 2002, from about a dozen attempts by the 
carvers. Although this style of carving also is seen in 
jadeite, the brittle nature of chalcedony makes the chains 
particularly challenging to execute. In addition, relatively 
large pieces of unfractured material were needed to carve 
the chalcedony chains. 

BML 


New emerald deposit in Xinjiang, China. At the AGTA 
show, one of us (DB) had a few rough and cut samples of 
emerald from a new deposit in China. From recent conver- 
sations with miners and mineral dealers in northern 
Pakistan who have visited the deposit or purchased rough 
near it, this contributor learned that it is located in the 
Taxkorgan region in western Xinjiang Province, near the 
village of Dabdar, which is approximately 120 km (or a 
two-hour drive) from the Khunjerab Pass. At 15,800 feet 
(4,816 m), this pass lies on the border between northern 
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Figure 9. This delicate chain (88.68 ct) was carved 
from a single piece of chalcedony in China. The chain 
is 43 cm long, and the thickness of the chalcedony in 
each link is approximately 2 mm. Courtesy of New 
Era Gems; photo by Don Mengason. 


Pakistan and China. Visiting the emerald area is reportedly 
not straightforward, requiring a special travel permit from 
a government office in Kashgar (6-8 hours by road from 
the Khunjerab Pass). After backtracking to the mine area, 
Dabdar village is then about 2.5-3 km from the main 
Kashgar road. 

This contributor first learned of the Chinese emerald 
discovery while in northern Pakistan in November 2003, 
but he saw only poor-quality rough at that time. He 
obtained additional samples during a return visit to 
Pakistan in June 2004, including a matrix specimen con- 
taining a small bright green emerald crystal, as well as a 
few cut emeralds; three of these were subsequently exam- 
ined at GIA for this report (see below). He also was offered 
attractive faceted examples, each about 2 ct, by a Pakistani 
dealer who had knowledge of a very few cut stones up to 
~5 ct. News about the deposit became more widespread in 
Pakistan by October-November of last year, when the 
specimen in figure 10 was purchased from a dealer who 
had also taken photographs of the mine; these revealed a 
large pit made with bulldozers and other earth-moving 
equipment. According to this dealer, the price of rough 
material at the mine had escalated considerably. 

Examination of the three faceted emeralds (0.29-0.46 
ct; again, see figure 10) by one of us (EPQ) showed the fol- 
lowing properties: color—bluish green, with moderate 
dichroism in yellowish green and bluish green; diaphane- 
ity—transparent, R.I.—n,=1.588-1.589 and n,=1.580- 
1.581; birefringence 0.007—-0.008; S.G.—2.69-2.74; 
Chelsea filter reaction—weak red; and fluorescence—inert 
to both long- and short-wave UV radiation. Absorption 
lines in the red end of the spectrum (due to chromium) 
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were visible with the desk-model spectroscope. Micro- 
scopic examination revealed “fingerprints,” fractures, two- 
and three-phase inclusions (some of which were jagged in 
appearance resembling those in Colombian emeralds), and 
fine growth lines parallel to the c-axis (observed perpendic- 
ular to the optic axis) that had an almost “Venetian blind” 
appearance. Testing with a thermal reaction tester caused 
some of the fractures to “sweat,” and air bubbles in cer- 
tain fractures were seen to contract, indicating the pres- 
ence of a filling substance. One of the stones contained 
low-relief crystals that were identified by Raman analysis 
as plagioclase. 

EDXRF chemical analysis of all three samples by one 
of us (SM) revealed the expected Al and Si as major compo- 
nents, and K, Sc, V, Cr, Fe, and Ga as trace elements. The 
UV-Vis spectra showed typical emerald absorption fea- 
tures. Although Fe was detected by EDXRF, the absorption 
spectra indicated that this element did not have a signifi- 
cant influence on their color, which was due to Cr. 

Dudley Blauwet 
Dudley Blauwet Gems 
Louisville, Colorado 


Elizabeth P. Quinn and Sam Muhlmeister 
GIA Gem Laboratory, Carlsbad 


Figure 10. These rough and cut emeralds are from a 
new deposit in western Xinjiang Province, China. The 
crystal is 1.3 cm long, and the faceted emeralds 
weigh 0.29-0.46 ct. Courtesy of Dudley Blauwet 
Gems; photo © Jeff Scovil. 
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Figure 11. Renewed mining of a historic lode 
deposit in Mariposa County, California, is produc- 
ing gold-in-quartz for jewelry uses, as well as pol- 
ished art objects and specimens. The sphere mea- 
sures 3.8 cm in diameter. Courtesy of Mineral 
Search Inc.; photo © Jeff Scovil. 


Gold-in-quartz from Mariposa County, California. At the 
Clarion Hotel, Doug Wallace (Mineral Search Inc., Dallas, 
Texas) had specimens, art objects, cabochons, and finished 
jewelry featuring gold-in-quartz from a historic lode 
deposit in Mariposa County, central California (figure 11). 
The material was mined by his partner, Bill Forrest 
(Fresno, California), from the former Badger and No. 5 
mines, located near the town of Hornitos. In 2004, they 
purchased the property—consisting of nine claims on 150 
acres—from Ed Coogan (Turlock, California), who had 
used metal detectors to work the surface deposits inter- 
mittently since the late 1980s. According to Mr. Wallace, 
the Badger mine was first worked in the 1850s, when it 
reportedly produced $80,000 worth of gold from trenches 
and shallow tunnels. During this time, the miners collect- 
ed only pieces showing visible gold on the surface. As a 
result, reworking of the Badger dump material has yielded 
abundant gold, through the use of metal detectors or by 
simply breaking open pieces of quartz. Substantial 
amounts also were produced from the No. 5 mine, begin- 
ning in 1910. The original miners processed all of the vein 
material they recovered for gold, so the tailings do not con- 
tain any high-grade ore. Nevertheless, there is a consider- 
able amount of loose vein material within soil downslope 
of the No. 5 deposit. Both mines are located on a lode 
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known as the Prescott vein. This quartz vein system, 
which ranges up to nearly 10 m wide, forms prominent 
traceable outcrops in the mining area. 

According to Mr. Wallace, most of the material they 
have recovered comes from the Badger mine, and is there- 
fore marketed as Badger Gold. Mr. Forrest works the area 
using a backhoe, to a depth of 6 m, by excavating portions 
of the vein that were not mined by the historic operations. 
In addition, he has achieved considerable production from 
the dump material by digging down more than 50 cm, 
which is the detection limit of the metal detectors used 
previously on the property. Mr. Wallace indicated that they 
have recovered an average of 25 pounds (12. kg) of gold-bear- 
ing quartz each month, starting in July 2004. The produc- 
tion is first soaked in oxalic acid to remove iron staining, 
and then classified as specimen-grade material or pieces 
that are suitable for polishing. The specimens are character- 
ized by relatively large clots of gold that are mechanically 
exposed (rather than etching the quartz using hydrofluoric 
acid). The polish-grade material is formed into spheres, 
eggs, and cabochons (ranging up to 25 mm) that are mount- 
ed into fine jewelry (again, see figure 11). 

In addition to this new production from Mariposa 
County, other commercial sources of jewelry-quality gold- 
in-quartz also were available in Tucson. These included 
material from Australia that was sold through Kabana Inc., 
Albuquerque, New Mexico (GJX show), and Gold Nugget 
Exports Australia, Gold Square, Victoria (Arizona Mineral 


Figure 12. Iolite from the Santa Barbara mine, Rio 
Grande do Norte, Brazil, is mined from shallow open 
pits and trenches. Courtesy of Paraiba Inc. 
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Figure 13. The iolite is associated with quartz; the 
dark brown areas are the host rock adjacent to the 
quartz veins. Courtesy of Paratba Inc. 


& Fossil Show, InnSuites Hotel). The latter dealer also was 
marketing jewelry-quality rough material that was recov- 
ered from the highly productive Sixteen to One mine in 
Sierra County, California, by Orocal Natural Gold 
(Oroville, California). Also of note in Tucson was a new 
manufactured gold-in-quartz product (see report on p. 63). 
BML 


Iolite from northeastern Brazil. During the AGTA show, 
David Sherman (Paraiba Inc., Reno, Nevada) showed GNI 
editor Brendan Laurs some newly mined iolite from Rio 
Grande do Norte State. The stones were produced shortly 
before the 2005 Tucson gem show, from a locality near 
Parelhas that is now called the Santa Barbara mine (figure 
12). According to Mr. Sherman, the deposit was originally 
discovered about 15 years ago, when about 1,000 kg of 
rough iolite of various grades was produced. The area was 
later reworked for a brief period 4—5 years ago, yielding 
3-4 kg of material per month. 

Mr. Sherman stated that the iolite forms in pods 
within narrow quartz veins (figure 13). Since January 
2005, mining by his partner, Horst Munch (T.O.E. 
Mineracao Ltda., Parelhas), has uncovered small iolite 
pods approximately every half meter from shallow open 
pits. A crew of 3-4 miners uses a portable compressor 
and pneumatic drill to make holes (about 2 m deep) that 
are loaded with dynamite. After blasting, wheelbarrows 
and hand tools are used to process the blasted material 
and recover the iolite. Production has averaged about 10 
kg/month of rough that will cut clean stones up to 5 ct. 
Typically they are somewhat smaller (figure 14), because 
much of the rough is fractured. 

BML 


Kyanite widely available. At the GALW Holiday 
Inn/Holidome show, numerous dealers were offering 
kyanite beads. The beads ranged from transparent deep 
blue rondelles and briolettes to unpolished translucent 
blue and grayish green elongated blades. The majority of 
the strands consisted of polished semitransparent to 
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Figure 14. These iolites (0.98-1.60 ct) were cut from 
recent Santa Barbara mine material. Courtesy of 
Paraiba Inc.; photo by Maha Tannous. 


translucent beads, in various shapes and sizes, that were 
color-zoned in lighter and darker blues (figure 15). The 
dealers reported that the kyanite originated from Brazil, 
Tanzania, or Sri Lanka. 

Although not new, mineral specimens of kyanite from 
Brazil were available in abundance through several dealers 
at the various satellite shows. Fine decorator pieces con- 
sisted of clusters of kyanite blades (with small amounts of 
interstitial matrix) that ranged up to about 20 cm long. 
Such specimens were seen at the Inn Suites and Clarion 
hotels, with Vasconcelos Ltda. and Geometa Ltda. (both of 
Governador Valadares, Minas Gerais, Brazil). According to 
Carlos Vasconcelos, the kyanite is mined from 3-4 small 
deposits in Minas Gerais; the largest kyanite blade seen by 
him measured 50 cm long. The most common colors are 
bluish gray to blue to deep blue. Although some gem-qual- 
ity material is mined, it is quite difficult to cut. 

Nevertheless, large quantities of faceted kyanite were 
available from Nepal. At the AGTA show, Anil Dholakia 
(Anil B. Dholakia Inc., Franklin, North Carolina) had 
approximately 20,000 carats of moderate-to-dark blue 


Figure 15. This strand of color-zoned beads (each 
approximately 11.0 x 7.5 mm) consists of polished 
kyanite that is reportedly from Brazil. Photo by 
Maha Tannous. 
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Figure 16. These albitic “moonstones” from Tanzania 
(5.44 to 19.88 ct) display strong blue adularescence. 
Courtesy of Pearl Gem Co.; photo by Maha Tannous. 


transparent Nepalese kyanite in calibrated sizes ranging 
from 6 x 4 mm to 10 x 8 mm. Some of the stones were 
already mounted in bracelets and earrings. While transpar- 
ent kyanite from Nepal has been known for several years 
(see Spring 1999 Gem News, pp. 51-52 and Spring 2002 
Gem News International, pp. 96-97), the abundance of 
attractive calibrated material is expected to make this little- 
known gemstone more popular in finished jewelry. 

BML and Elizabeth P. Quinn 


Albitic “moonstone” from the Morogoro region, Tanzania. 
Among the many interesting items seen at the 2005 
Tucson gem shows was some Tanzanian “moonstone” 
that showed relatively high clarity and strong blue adu- 
larescence. This material was first brought to our atten- 
tion in August 2004 by Hussain Rezayee (Pearl Gem Co., 
Beverly Hills, California), who indicated that the mining 
area is located near the town of Kilosa, about 80 km west 
of Morogoro in east-central Tanzania. The deposits have 
been known for almost 15 years, but until fairly recently 
they only produced low-grade material. Since mid-2003, 
further mining (by hand methods} has yielded some high- 
quality rough in relatively large sizes. He estimated that a 
few hundred kilograms have been produced, with about 
10% being cuttable. 

Mtr. Rezayee loaned six samples to GIA for examination, 
consisting of five cabochons and one cushion mixed cut, 
ranging from 5.44 to 19.88 ct (figure 16). Gemological testing 
of three stones by one of us (EPQ) yielded the following prop- 
erties: color—very light gray to very light yellow, with strong 
blue adularescence; diaphaneity—transparent to semitrans- 
parent; R.I—1.530-1.540 from the faceted stone (birefrin- 
gence 0.010), and 1.54 spot readings on the two cabochons 
tested; S.G.—2.64; Chelsea filter reaction—none,; fluores- 
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cence—inert to long-wave UV radiation and a weak red reac- 
tion to short-wave; and no absorption lines were visible with 
the desk-model spectroscope. Microscopic examination 
revealed that all three samples contained numerous needles 
and platelets as well as cleavage fractures. Polysynthetic 
twinning was visible between crossed polarizers when the 
samples were viewed along their edge [i-e., perpendicular to 
the direction that showed adularescence). 

The term moonstone is most commonly used to des- 
ignate orthoclase feldspar that shows adularescence. 
However, the R.I., birefringence, and S.G. values of the 
Tanzanian samples were significantly higher than those 
reported for gem orthoclase (1.520-1.525, 0.005, and 
2.56-2.59, respectively; see R. Webster, Gems, 5th ed., 
revised by P. G. Read, Butterworth-Heinemann, Oxford, 
England, 1994, p. 208). Rather, the Tanzanian feldspar 
has properties that are consistent with albitic feldspar 
(see W. A. Deer et al., Rock-forming Minerals, Vol. 4A— 
Framework Silicates: Feldspars, 2nd ed., The Geological 
Society, London, 2001, pp. 626-908). A comparison of 
the R.I. and S.G. values to the charts provided by Deer et 
al. also shows the Na-rich nature of the plagioclase. This 
agrees with the composition of the six samples that was 
determined by one of us (SM) using EDXRF spectroscopy. 
One set of analytical parameters was used to detect 
major elements and light trace elements in all samples. 
In addition, one sample was run under two additional 
conditions to detect heavier elements. All the samples 
contained major amounts of Al, Si, and Na, and traces of 
Ca and K. In addition, Fe was detected in five of the sam- 
ples, and Sr and Ba were also detected in the one sample 
run under multiple conditions. 


Figure 17. The adularescence shown by this 1.83 ct 
pink doublet is created by a cap of transparent 
Tanzanian “moonstone” that was affixed to a light- 
colored amethyst base. Courtesy of New Era Gems; 
photo by Maha Tannous. 
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Albitic plagioclase with the appearance of moonstone is 
most commonly known from Ontario and Quebec, Canada 
(Webster, 1994). This feldspar consists of albite-oligoclase 
(with an anorthite content of An,-An,,, called peristerite) 
that have unmixed into submicroscopic lamellae. When 
these lamellae are on the scale of the wavelength of visible 
light, an iridescent optical phenomenon is seen when the 
feldspar is viewed in a direction that is perpendicular to the 
lamellar planes. Although this mechanism is probably 
responsible for the adularescence in the Tanzanian plagio- 
clase, further work would be necessary to confirm this. 

Because the orientation is critical for displaying adu- 
larescence, and the rough is commonly fractured in the 
same direction as the lamellae, large polished stones are 
rare. Nevertheless, according to Dimitris Mantheakis (Ruvu 
Gemstone Mining Ltd., Dar es Salaam, Tanzania), cut 
Tanzanian “moonstones” can attain weights up to 300 ct. 

The transparency shown by some of the Tanzanian 
material may lend it to some rather unconventional uses, as 
illustrated by the doublet in figure 17, which was shown to 
one of us (BML) at the Arizona Pueblo nn Gem & Mineral 
Show by Steve Ulatowski of New Era Gems. The feldspar 
top was placed over a light-colored amethyst base to give 
the appearance of a pink gem showing adularescence. 

Elizabeth P. Quinn, Sam MuhImeister, and BML 


A faceted pezzottaite from Afghanistan. So far, gem-quality 
pezzottaite is known from only one mine in Madagascar, 
which appears to be exhausted (B. M. Laurs et al., 
(“Pezzottaite from Ambatovita, Madagascar: A new gem 
mineral,” Winter 2003 Gems & Gemology, pp. 284-301). 
In 2004, one of us (BML) received some samples that were 
represented as pezzottaite from Afghanistan, which is the 
second-known source of this rare mineral (see H. A. Hanni 
and M. S. Krzemnicki, “Caesium-rich morganite from 
Afghanistan and Madagascar,” Journal of Gemmology, Vol. 
28, No. 7, 2003, pp. 417-429). The specific locality was 
reported to Hanni and Krzemnicki as the Deva mine, 
Paroon Valley, in Nuristan, Afghanistan. The Afghan sam- 
ples were supplied by E. “Buzz” Gray (Missoula, Montana), 
Herb Obodda (H. Obodda, Short Hills, New Jersey), and 
Haleem Khan (Hindukush Malala Gems & Minerals, 
Peshawar, Pakistan). Since we did not know of any prior 
reports of faceted pezzottaite from Afghanistan, we were 
surprised to see that one of the samples we received from 
Mr. Gray in May 2004 was a 1.11 ct cut stone (figure 18). 
Mr. Gray obtained the gem rough in late 2002 from a 
Pakistani dealer who represented them as being from 
Afghanistan. He faceted five stones that ranged from 1 to 6 
ct; all were heavily included. Gemological properties were 
obtained by one of us (EPQ) on the 1.11 ct octagonal modi- 
fied brilliant, which was subsequently donated to GIA by 
Mr. Gray. The R.I, birefringence, and S.G. values are 
shown in table 1, and other properties were as follows: 
color—purple-pink (with no color zoning), showing moder- 
ate dichroism in pink-orange and pink-purple; diaphane- 
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Figure 18. This 1.11 ct pezzottaite is reportedly from 
Afghanistan. GIA Collection no. 31418; photo by 
Maha Tannous. 


ity—transparent to semitransparent; fluorescence—a very 
weak violet to long-wave UV, and a weak banded white to 
short-wave. With a desk-model spectroscope, the stone 
showed a band at 500 nm and a weaker band at 570 nm. 
Microscopic examination revealed a network of feathers 
and smaller internal fractures throughout the stone, giving 
it an almost “quench crackled” appearance; stringers of 
particles; and both angular and straight growth lines. 
Evidence of clarity enhancement was seen when the stone 
was exposed to a thermal reaction tester. 

Chemical analyses of this 1.11 ct stone by electron 
microprobe (seven spot analyses) confirmed its identity as 
pezzottaite, with 10.18 to 12.56 wt.% Cs,O (table 1). This 
is somewhat more cesium than was documented by 
Hanni and Krzemnicki in the sample of Afghan pezzot- 
taite they analyzed (up to 10.05 wt.%); in addition, our 
analyses showed less Si and slightly more Al (again, see 
table 1). Compared to pezzottaite from Madagascar 
(11.23-18.23 wt.% Cs,O, as reported by Laurs et al.}, the 
Cs content of the Afghan pezzottaite was typically lower. 
The Afghan samples also showed slightly more Na, and 
less Rb, than the Madagascar material. 

The RI. and birefringence of the 1.11 ct stone are very 
close to those reported for the Afghan pezzottaite studied 
by Hanni and Krzemnicki (again, see table 1). However, 
the S.G. reported by those authors is significantly lower 
than the value we obtained. As documented by Hanni and 
Krzemnicki, the faceted Afghan pezzottaite we examined 
had a slightly lighter pink color, and significantly lower 
RL. and S.G. values, than pezzottaite from Madagascar. 

Interestingly, electron-microprobe analysis of another 
Afghan pezzottaite sample (from Mr. Obodda) yielded a 
broad range of cesium contents. A traverse across a 2.7 x 11 
mm slab that was cut from a crystal specimen yielded 
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TABLE 1. Physical and chemical properties of a 1.11 ct faceted pezzottaite from 
Afghanistan, as compared to published values for another Afghan pezzottaite and 
samples from Madagascar. 


Property Afghanistan Afghanistan Madagascar 
Reference This study Hanni and Laurs et al. (2008) 
Krzemnicki (2008) 
Rl. 
Ny 1.605 1.606 1.615-1.619 
Ng 1.598 1.598 1.607-1.610 
Birefringence 0.007 0.008 0.008-0.009 
S.G. 2.97 2.91 3.09-3.14 
Chemical Lowest Cs Highest Cs Representative Average of 49 
composition® analysis of one analyses of 11 
sample samples 
Oxide (wt.%) 
SiO, 56.75 56.51 61.32 56.77 
A\,O3 16.79 16.52 18.72 15.99 
Sc,O, 0.01 0.00 nd 0.03 
BeO (calc) 8.97 8.71 8.13 8.14 
MnO 0.03 0.08 0.02 0.11 
CaO nd nd 0.98 nd 
Li,O 1.76 1.88 1.35° 2.16° 
Na,O 1.33 1.01 1.15 0.41 
K,O 0.06 0.07 0.03 0.11 
Rb,O 0.14 0.25 0.14 0.85 
Cs,0 10.18 12.56 9.70 13.55 
Total 96.04 97.61 98.549 98.12 
lons per 18 oxygens, anhydrous basis 
Si 5.943 5.956 6.000 6.030 
Al 0.057 0.044 0.000 0.000 
Sum tet. 6.000 6.000 6.000 6.080 
Be 2.258 2.204 1.190 2.077 
Li 0.741 0.796 0.532 0.923 
Sum Be+Li 2.999 3.000 1.722 3.000 
Al 2.015 2.008 1.813 2.000 
Sc 0.001 0.000 nd 0.002 
Ca nd nd 0.108 nd 
Mn 0.003 0.007 0.001 0.010 
Sum oct. 2.021 2.018 1.917 2.012 
Na 0.270 0.206 0.218 0.085 
K 0.008 0.009 0.004 0.015 
Rb 0.010 0.017 0.009 0.058 
Cs 0.455 0.564 0.405 0.617 
Sum _ channel 0.743 0.796 0.636 0.775 


2 All analyses by electron microprobe, unless otherwise noted. The low analytical totals are likely due to water 
being omitted from the analyses. For the Afghan pezzottaite analyzed for this study, Li was calculated to allow for 
charge balance, by setting it equal to the sum of the alkalis in the channel sites (Na+K+Rb+Cs). Be was calculat- 
ed as 3-Li. The following elements were below the detection limit (shown in wt.%): MgO (0.01), TiO, (0.002), 
FeO (0.02), CaO (0.07). In addition, the following were checked for (scanned), but not detected: Cr,O, (0.03), 
Bi,O, (0.03), V303 (0.03), PbO (0.01), ZnO (0.08), BaO (0.03), Cl (0.04), F (0.05). Abbreviation: nd = not detected. 
© Li was calculated. 

° Li was assumed, based on an ICP (inductively coupled plasma) analysis of another sample of Madagascar 
pezzottaite (see Laurs et al., 2003). 

4 Includes 0.02 wt.% iron, reported as Fe,O,. 


3.58-12.95 wt.% Cs,O. This indicates the presence of both dently identify pezzottaite in such material. 


cesian beryl and pezzottaite in the same sample, and BML and Elizabeth P. Quinn 
demonstrates the need to perform advanced testing (ideal- 

ly quantitative chemical analysis and crystal structure William B. (Skip) Simmons and Alexander U. Falster 
refinement to confirm rhombohedral structure) to confi- University of New Orleans, Louisiana 


62 GEM News INTERNATIONAL GEMS & GEMOLOGY SPRING 2005 


Tanzanite marketing initiatives. TanzaniteOne (Johannes- 
burg, South Africa), the world’s largest producer of tanzan- 
ite, has instituted a De Beers—like sales and marketing sys- 
tem to create market stability, build demand, and address 
consumer confidence issues. At a February 3 news confer- 
ence in Tucson, Michael Nunn, CEO of TanzaniteOne, 
explained that the company would channel its rough sales 
through six primary sightholders. These firms would 
receive six sights yearly, with a three-year guarantee of 
supply. The firms chosen as sightholders will have to meet 
several criteria, including a tanzanite-focused business, 
excellent distribution in primary consumer markets, 
financial strength, and a long-term marketing strategy. 

According to Mr. Nunn, TanzaniteOne supplies just 
under 50% of all tanzanite on the market. It acquired the 
tanzanite assets of AFGEM in December 2003, and plans 
to institutionalize AFGEM’s grading system for polished 
stones. The system divides tanzanite into two color cate- 
gories: blue-violet and violet-blue, with grades ranging 
from pale to “vivid exceptional.” The clarity grades range 
from internally flawless to heavily included. Mr. Nunn 
said that lack of a standard grading system has led to a sit- 
uation where there is a skewed price differentiation 
between highest and lowest qualities, with the upper end 
being underpriced by half, and the lower being consider- 
ably overpriced. 

The company has also helped foster the Tanzanite 
Foundation, an organization that issues certificates of ori- 
gin, which provide assurance that all tanzanite mined and 
sold by participating companies is done so responsibly and 
ethically. The foundation is also developing marketing 
programs to support tanzanite sales in major consumer 
markets. TanzaniteOne has contributed $3 million to the 
foundation thus far. The sightholders, and other miners 
belonging to the foundation, will contribute 10% of their 
revenues toward marketing; the goal is to raise $5-6 mil- 
lion a year. The foundation also intends to provide assis- 
tance to other operators through its Small Mine 
Assistance Program, and channel development funds back 
to local communities near the mining area. 

Russell Shor (rshor@gia.edu) 
GIA, Carlsbad 


SYNTHETICS AND SIMULANTS 

Manufactured gold/silver-in-quartz. At the Tucson 
Electric Park Gem & Mineral show, James Taylor (Eureka 
Gems LLC, Fountain Hills, Arizona) had some slabs and 
cabochons of quartz containing “veins” of gold or silver 
that were manufactured by a new process in a partnership 
with Onnik Arakelian, Todd Allen, and Gnel Gevorkyan. 
Several varieties were available, using gold alloys in 14K or 
20K, as well as fine silver. According to Mr. Taylor, smoky 
quartz from Brazil is used to make “Grizzly Gold” and 
“Grizzly Silver,” whereas rock crystal from Arizona, or 
milky quartz from Nova Scotia, is employed in the 
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Figure 19. A new process is being used to introduce 
gold and silver into smoky, milky, and colorless 
quartz for jewelry use. The elongate piece on the bot- 
tom measures 52 x 30 mm. Courtesy of Eureka Gems 
LLC; photo © Jeff Scovil. 


“Glacier Gold” and “Silver Lightning” lines (figure 19). 
The materials is sold in slabs that are at least 2.5mm thick, 
and as finished cabochons. Opticon is used to stabilize the 
thin slabs and cabochons. 

At the time of the Tucson show, 15 kg of each variety 
was being produced each month. At press time, Mr. Taylor 
anticipated that the production would increase to 50 
kg/month by April-May 2005. The material is produced in 
Mesa, Arizona, using a proprietary, patent-pending process 
developed by Mr. Gevorkyan. He reported that the gold or 
silver is mobilized into fractures within the host quartz 
under heat and pressure; if necessary, the quartz is fractured 
before the metal is introduced. Mr. Taylor also had some dis- 
play samples of Australian black jade containing gold that 
were manufactured by the same process. He expects this 
product to become commercially available in time for the 
2006 Tucson gem shows. In addition to the gold and silver 
alloys mentioned above, he indicated that white gold and a 
platinum alloy (with silver) could be used in the process. 
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The Story of the 
GIA Laboratories 


DOROTHY M. JASPER 


NE OF the greatest factors in the 

constructive influence of the Gemo- 
logical Institute of America on the Ameri- 
can jewelry industry can be attributed to 
the growth and steady expansion of its 
research and testing laboratories. 

Opened in 1931 when its first Board 
of Governors Chairman, the late Godfrey 
Eacret for whom the Los Angeles Labo- 
ratory is named, donated a pearl endo- 


View of the first GIA Laboratory is 
seen at the right, with an enlarged but 
still early view below. A portion of the 
present Los Angeles Laboratory is 
shown at the top of the page. 


scope and special pearl testing equipment 
especially designed by Prof. Paul F. Kerr 
of Columbia University, the GIA labo- 
ratory today is one of the leading gemo- 
logical laboratories of the world. 

Since its establishment this laboratory 
has been, and still is, constantly develop- 
ing new methods to test gemstones and 
grade diamonds. For four years, until 


1945, the Los Angeles headquarters was 
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The manufactured products can usually be separated 
from natural gold-in-quartz by the typical fracture- 
aligned or spiderweb-like texture of the gold, which is 
distinct from the blebs and irregular pods of gold that 
occur in natural quartz (see GNI entry on p. 58). How- 
ever, Mr. Taylor indicated that some of the manufac- 
tured gold-in-quartz looks so natural that it cannot be 
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DIAMONDS 


10.53 ct gem-quality diamond from Saskatchewan, 
Canada. Kensington Resources Ltd., of Victoria, British 
Columbia, reported that it recently recovered a 10.53 ct 
gem-quality diamond crystal (figure 20) from a core sam- 
ple of kimberlite at its Fort 4 la Corne Diamond Project 
in central Saskatchewan (see B. A. Kjarsgaard and A. A. 
Levinson, “Diamonds in Canada,” Fall 2002 Gems & 
Gemology, pp. 208-238, for more information about dia- 
mond exploration in this area). The diamond was one of 
several recovered from core samples drilled in 2004. 
These diamonds (which also included a 1.32 ct crystal] 
were sampled from a depth interval of 118-130 m. A 
140.34 tonne core sample from another drill hole yielded 
135 macrodiamonds (generally defined as larger than 
0.5-1.0 mm) weighing a total of 15.45 carats; the largest 
diamond was 0.46 ct, and 16 others weighed more than 
0.25 ct. A 10.23 ct diamond was recovered from this 
property in 2002. 


Figure 20. This 10.53 ct diamond was recently recov- 
ered from a drill core at the Fort 4 la Corne Diamond 
Project in Saskatchewan, Canada. Courtesy of 
Kensington Resources. 
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separated by visual means. In that case, chemical analy- 
sis of the metal alloy could be used to identify it. Distin- 
guishing the manufactured silver-in-quartz from natural 
material (which is quite rare in jewelry quality) is 
straightforward, due to the distinctive texture and the 
use of fine silver in this product. 

BML 


The Fort a la Corne Diamond Project is a joint venture 
between Kensington, De Beers Canada Inc., Cameco 
Corp., and UEM Inc. 


Russell Shor 


INCLUSIONS IN GEMS 


Spiral in aquamarine. Dudley Blauwet of Dudley Blauwet 
Gems in Louisville, Colorado, provided us with an inter- 
esting Pakistani aquamarine crystal from Nyet, Braldu 
Valley, Baltistan. As shown in figure 21, the transparent, 
singly terminated gem-quality crystal weighed 117.64 ct 
and measured 53.4 x 19.3 x 11.3 mm. The most intriguing 
feature of this aquamarine was an eye-visible decorated 
dislocation pattern in the form of a centrally located 
growth spiral extending the entire length of the crystal. 
With low magnification, when viewed through the 
side in any one of several different directions perpendicu- 
lar to the length, the spiral pattern looked very much like 
a feather or a partial fish skeleton (figure 22). The crystal’s 
overall clarity made a dramatic showcase for the intricate 
growth spiral. This feature is actually a visual form of 
growth disturbance propagated through the host crystal 
along a screw dislocation that develops from a source 
such as a small solid inclusion or structural defect, often 
at or near the base of a crystal during the earliest stages of 
growth. Growth spirals also have been observed in other 
beryls, such as natural and synthetic emerald (see 
Photoatlas of Inclusions in Gemstones, pp. 82 and 473). 
John I. Koivula (JohnKoivula@hotmail.com) 
AGTA Gemological Testing Center 
New York and Carlsbad, California 


Maha Tannous 
GIA Gem Laboratory, Carlsbad 


“Bamboo” moonstone. An 81.59 ct freeform orthoclase 
feldspar from Mogok, Myanmar, was provided to these con- 
tributors for examination by Mark Smith of Thai Lanka 
Trading Ltd., Bangkok, because of its obvious eye-visible 
inclusions. The identification as orthoclase was confirmed 
through standard gemological testing. As shown in figure 23, 
this 38.2 x 27.3 x 12.3 mm polished feldspar not only showed 
adularescence, as would a moonstone, but also contained 


GEMS & GEMOLOGY SPRING 2005 


Figure 21. Weighing 117.64 ct and measuring 53.4 mm 
long, this aquamarine crystal from Pakistan hosts a 
striking eye-visible spiral dislocation pattern. Courtesy 
of Dudley Blauwet; photo by Maha Tannous. 


several etch tubes of varying thickness that appeared to be 
oriented along twin planes. The light brown color of these 
tubes appeared to be due to an epigenetic filling material. 


Figure 23. This 81.59 ct orthoclase feldspar (moon- 
stone) from Mogok, Myanmar, contains obvious etch 
tubes filled with a light brown material. Courtesy of 
Mark Smith; photo by Maha Tannous. 
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Figure 22. When viewed through the side of the aqua- 
marine crystal, the spiral pattern is reminiscent of a 
feather or fish skeleton. Photomicrograph by John I. 
Koivula; magnified 10x. 


Some of these rough-edged, “dirt-filled” tubes were in 
near-parallel formation, and with low magnification they 
resembled stalks of dried bamboo (figure 24). The “nodes” 
apparent on these “stalks” were created by intersecting 
cleavage cracks. Interestingly, the epigenetic fillings in 
some of the tubes fluoresced moderate yellow to long- 
wave UV radiation. This is the first moonstone with such 
inclusions that we have seen. 

John I. Koivula and Maha Tannous 


Pezzottaite in quartz. Pezzottaite, a Cs,Li-rich member of 
the beryl group that is known from Madagascar and 
Afghanistan, has been described in detail in recent arti- 
cles (see, e.g., F. C. Hawthorne et al., “Pezzottaite, 
Cs(Be,Li)AI,Si,O,., a spectacular new beryl-group miner- 
al from the Sakavalana pegmatite, Fianarantsoa Province, 


Figure 24. Where they are aligned in near-parallel for- 
mation, the etch tubes in the moonstone resemble 
stalks of dried bamboo. Photomicrograph by John I. 
Koivula; magnified 5x. 
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Figure 25. The 5.0-mm-long color-zoned pezzottaite in 
this 4.39 ct rock crystal from the Sakavalana peg- 
matite in Madagascar is the first pezzottaite reported 
as an inclusion. Photo by Maha Tannous. 


Madagascar, Mineralogical Record, Vol. 35, No. 5, 2004, 
pp. 369-378, and references cited in the Afghanistan pez- 
zottaite entry on p. 61). Although these articles discuss 
pegmatite minerals (e.g., quartz and tourmaline) found in 
association with pezzottaite, as well as inclusions with 
pezzottaite as the host, pezzottaite has not yet been 
reported as an inclusion in another mineral. 

During a visit to the Sakavalana pegmatite in July 
2003, Gems & Gemology editor Brendan Laurs acquired 
several representative specimens from the deposit. One 
sample was a broken piece of rock crystal that appeared 
to contain a pinkish inclusion. The quartz was given to 
Leon M. Agee of Agee Lapidary, Deer Park, Washington, 
who faceted a 4.39 ct cushion-shaped step cut (figure 25) 
that revealed an approximately 5.0-mm-long light pink 
six-sided doubly terminated crystal that was thought to 
be pezzottaite. 

Microscopic examination showed that the inclusion 
was color zoned down its length. Stronger pink was obvi- 
ous at both ends, and the pink zone tapered inward from 
both ends toward the center like an hourglass. The quartz 
host had several cracks near and around the inclusion, 
and numerous tiny primary fluid inclusions also were pre- 
sent. Polarized light revealed the birefringent nature of 
the inclusion and the fact that it had a weak pleochroism 
from pink to orangy pink. The pink color was most obvi- 
ous down the inclusion’s length. 

Raman analysis indicated that the inclusion was of 
the beryl group, and comparison with aquamarine, mor- 
ganite, red beryl, and pezzottaite standards confirmed that 
the Raman pattern obtained from this inclusion was that 
of pezzottaite. To our knowledge, this is the first report of 
pezzottaite as an inclusion in another mineral, in this 
instance rock crystal quartz. 

John I. Koivula and Maha Tannous 
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TREATMENTS 


Treated-color topaz from Pakistan. Since late 2002, this 
contributor has been receiving periodic reports that treated- 
color orange topaz was being sold in the mineral market of 
Peshawar, Pakistan. Most of this information has been 
supplied by Farooq Hashmi of Intimate Gems, Jamaica, 
New York. Mr. Hashmi, who regularly visits the Peshawar 
market, reported that the starting material was pale-col- 
ored topaz from the Katlang area of Pakistan’s North West 
Frontier Province (see E. Giibelin et al., “Pink topaz from 


Figure 26. The orange color of this topaz from the 
Katlang area of Pakistan is probably due to an irradi- 
ation process. Although the color of some of the treat- 
ed topaz is reportedly stable to sunlight, it fades on 
exposure to heat. The color of the 2.88 ct triangular 
brilliant, which was originally the same as the crystal 
(2.5 cm tall), faded due to heat from the cutting 
wheel. The stone was faceted for GIA’s examination 
by Scott Fenstemacher of Grand Rapids, Michigan. 
Both samples are courtesy of Faroog Hashmi; photo 
by Maha Tannous. 
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Pakistan,” Fall 1986 Gems & Gemology, pp. 140-151). 
Mines in this area are famous for producing fine pink 
topaz, although near-colorless and pale-colored topaz is 
much more commonly recovered. 

Mr. Hashmi reported that the topaz has been treated 
both as loose crystals and matrix specimens, possibly by 
an irradiation process. The color ranges from light to dark 
orange or pinkish orange. According to Syed Iftikhar 
Hussain (Syed Trading Co., Peshawar}, the treated topaz 
first appeared in the local market in late 2001, sometimes 
available as relatively large, clean crystals. However, deal- 
ers soon discovered that the material commonly faded 
after a few days’ exposure to sunlight. Nevertheless, some 
of the treated-orange topaz appears to be stable to sunlight; 
samples obtained by Mr. Hashmi have retained their color 
after exposure to sunlight for over one month. The color is 
sensitive to heat, however, as discovered when one of the 
samples was cut on a diamond lap. As shown in figure 26, 
the stone faded appreciably during the cutting process. 
Clearly, when faceting such material, gem cutters 
should—as much as possible—avoid heating the stones 
(e.g., by using a water-cooled lap with oxide abrasives). 

While information on the precise treatment process 
has not been revealed, it is interesting to note that experi- 
ments by Giibelin et al. (1986) succeeded in creating 
orange-brown topaz from pale-colored Katlang material 
through heating and subsequent irradiation. They reported 
that the treated color was heat-sensitive, and speculated 
that it would also fade on exposure to sunlight. According 
to K. Nassau (Gemstone Enhancement, 2nd ed., 
Butterworth-Heinemann, Oxford, England, 1994, pp. 
187-193), the coloration of yellow-to-orange-to-brown 
topaz may be created through relatively low doses of radia- 
tion, which forms color centers that may or may not be 
stable to light. These coloration and stability characteris- 
tics are consistent with the orange coloration in the treat- 
ed-orange topaz from Pakistan. Unfortunately, the only 
way to determine the sensitivity of such material to light 
is to perform a direct fade test. 

BML 


CONFERENCE REPORTS 


International Geological Congress. The 32nd IGC took 
place in Florence, Italy, August 20-28, 2004. Held every 
four years, this large earth science conference featured over 
300 scientific sessions, with more than 6,100 delegates 
registered from 141 countries. Presentations on gems were 
submitted to a special session on gem materials, but also 
were heard in a variety of other sessions. Conference 
abstracts can be searched on-line according to author 
name or keyword at www.32igc.info/igc32/search. This 
report highlights selected presentations that provided new 
information or innovative approaches to gem materials. 
Diamonds were featured in presentations covering 
their origin, characteristics, and exploration. Some of this 
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Figure 27. The 61 ct Tiger Eye is the largest document- 
ed hydrogen-rich diamond. It is faceted precisely 
enough to stand on its culet. Photo by Franck Notari. 


information was previously given at the 2003 
International Kimberlite Conference held in Canada (and 
reviewed in the Fall 2003 Gem News International sec- 
tion, pp. 245-248), and will not be repeated here. Dr. I. 
Swintitsky of Moscow State University, Russia, and col- 
leagues used geographic information system (GIS) comput- 
er technology to show that the world’s highly diamondif- 
erous areas coincide with regional lineaments (particularly 
at lineament intersections). Mikhail Krutoyarskiy, a geo- 
logic consultant from Chicago, determined that diamon- 
diferous kimberlites and lamproites formed during only 
five of the more than 15 epochs of alkaline magmatism in 
the earth’s history, and that higher diamond reserves were 
correlated to younger epochs. 

The coloration of brown and black diamonds was clas- 
sified into four categories each by Dr. E. Fritsch of the 
University of Nantes, France, and colleagues. Brown dia- 
monds include those with brown graining and associated 
near-infrared absorptions called the “amber center,” certain 
“H-rich” (see, e.g., figure 27) and CO,-rich diamonds, and 
extremely N-rich type Ib diamonds. Black diamonds may 
consist of polycrystalline material (carbonado}) with a vari- 
ety of dark inclusions, or of monocrystalline material that 
is colored by abundant inclusions (typically graphite}, scat- 
tering, or other causes (e.g., very dark yellow to green col- 
oration). 

Cathodoluminescence (CL) in conjunction with scan- 
ning electron microscopy was used by Dr. Monica 
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Mendelssohn and coauthors from the University College 
London to reveal growth features, platelets, plastic defor- 
mation, slip planes, and brecciation/regrowth textures in 
gem diamonds, which help characterize the natural mate- 
rial. Dr. Maxim Viktorov and colleagues from Moscow 
State University, Russia, documented a decrease in the red 
CL of irradiated synthetic diamonds as compared to those 
that were not treated. 

Numerous presentations covered Russian diamond 
deposits. Dr. Nikolay Gorev of the Yakutian Geological 
Enterprise of Exploration, Research & Development CNI- 
GRI, Alrosa Co. Ltd., Mirny, Sakha, Russia, showed that 
kimberlites of the Yakutian diamond province are local- 
ized within structural channels (grabens) that range up to 
20-40 km long and 1-4 km wide. Dr. Nikolay Zintchouk 
and coauthors, also from the Yakutian Geological 
Enterprise, studied the morphology of diamonds from 
Yakutia. In general these diamonds were octahedral to 
rhombic dodecahedral, although specific differences were 
found in diamonds from various economically important 
pipes. In a separate presentation, these authors reported 
on the morphology of diamonds from placers in this 
region, which can be broadly divided into two ages: late 
Paleozoic (octahedral to rhombic dodecahedral) and Upper 
Triassic (dodecahedral, rounded, and cuboid). Andrey 
Ukhanov of the Vernadsky Institute of Geochemistry and 
Analytical Chemistry, Russian Academy of Sciences, 
Moscow, and colleagues found a wide range of carbon iso- 
tope values in diamonds from primary and alluvial 
deposits in Yakutia. They were able to trace some alluvial 
diamonds back to known kimberlite pipes, whereas oth- 
ers (with isotopically light signatures) could not be corre- 
lated to any known primary source. Dr. Zdislav Spetsius 
and coauthor from the Institute of Diamond Industry, 
Alrosa Co. Ltd., Mirny, studied the mineral inclusions in 
diamonds from the Botoubinskaya pipe (Nakyn District), 
and determined that unlike diamonds from other pipes in 
Yakutia, these showed mainly eclogitic paragenesis (e.g., 
garnet, clinopyroxene, and pyrrhotite). Dr. Victor Garanin 
of Moscow State University and colleagues had several 
presentations on diamond indicator minerals from 
Russian kimberlites. For example, they measured the per- 
ovskite fraction of the microcrystalline oxides in kimber- 
lite groundmass and correlated <5% perovskite with high 
diamond grade, and 30% perovskite with low-grade to 
non-diamondiferous pipes. 

Margarita Dobrynina and colleagues of the Ecology 
Institute of Northern Region, Russian Academy of 
Sciences, proposed that kimberlites of the Arkhangelsk 
diamond province in western Russia are localized in areas 
where fractures are concentrated in the basement rocks, as 
imaged by airborne magnetic surveys. Dr. Nikolai Golovin 
of the joint stock company “Archangelskgeoldobycha” 
and colleagues documented systematic differences in the 
morphology and spectroscopic characteristics of diamonds 
from the two main deposits of the Arkhangelsk diamond 
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province (M.V. Lomonosov and V. Grib mines). They also 
found that diamonds from this province generally contain 
relatively high amounts of structural hydrogen and low 
nitrogen (of low aggregation state) compared to other dia- 
monds worldwide, as revealed by infrared spectroscopy. 

Dr. Tatiana Posukhova of Moscow State University 
and coauthors studied diamond morphology and associat- 
ed mineral assemblages from placer deposits in western 
and central Africa (Bafit and Chikapa) and found no corre- 
lation with those from the Koidu kimberlite pipe in Sierra 
Leone, which indicates that they come from a different 
primary source. Dr. Geraldo Sgarbi and coauthors from the 
Federal University of Minas Gerais (UFMG], Brazil, sug- 
gested that Quaternary diamond placers of western Minas 
Gerais are derived from Upper Cretaceous conglomerates 
of the Bauru Group. They proposed that the large dia- 
monds in these deposits may have come from kimberlites 
that were weathered into laterites in this area. 

Colored stones were featured in a wide variety of pre- 
sentations, covering databases, analytical techniques, and 
gems from pegmatites or particular localities. Dr. Islamia 
Kovalenko and colleagues from the Russian Research 
Institute for the Synthesis of Materials (VNIISIMS), 
Alexandrov, presented a comprehensive gem locality map 
of Russia that included approximately 150 deposits, the 
largest of which consist of amethyst, “chrysolite,” tourma- 
line, jadeite, lazurite, and nephrite. Dr. Jean-Pierre Milesi 
of Bureau de Recherches Géologiques et Miniéres (BRGM}), 
Orleans, France, and coauthors developed an innovative 
map using GIS that correlated gem localities of East Africa 
and Madagascar with the underlying geology; the deposits 
were Classified according to their geologic origin (magmat- 
ic, metamorphic, metasomatic, hydrothermal, and vol- 
canic-related). 

Dr. Don Marshall of Relion Industries, Bedford, 
Massachusetts, described a technique for the macropho- 
tography of cathodoluminescence of gem and mineral 
specimens that uses a CL instrument mounted on a cus- 
tom stand, rather than a microscope, allowing for CL pho- 
tos of areas up to 4-5 cm in diameter. Dr. Olga Yakushina 
of the All-Russian Research Institute of Geological, 
Geophysical, and Geochemical Systems, Moscow, used X- 
ray computed microtopography to nondestructively image 
the internal structure of pearls (natural and cultured) and 
corals at room temperature. Gioacchino Tempesta and 
colleagues from the Universita degli Studi di Bari, Italy, 
demonstrated how faceted samples (up to 4 mm thick) of 
synthetic moissanite could be identified using X-ray topog- 
raphy, by imaging their distinctive structural defects. 

Dr. Igor Peretyazhko of the Vinogradov Institute of 
Geochemistry, Irkutsk, Russia, and colleagues proposed 
that rare-element assemblages near gem-bearing pockets 
in granitic pegmatites crystallized from melt-like gels 
that represent the transition between a silicate melt and 
an aqueous fluid. Dr. Anténio Carlos Pedrosa-Soares and 
a colleague from UFMG classified the geologic affiliation, 
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age, and gem production of the famous Brazilian peg- 
matite districts of Conselheiro Pena (two-mica granites, 
585-565 My), Sao José da Safira and Araguai (two-mica 
granites, 530-500 My), and Padre Paraiso and Pedra Azul 
(biotite granite and charnockite, 520-500 My). Dr. 
Olugbenga Okunlola of the University of Ibadan, Nigeria, 
differentiated seven Precambrian granitic pegmatite belts 
in Nigeria; the geochemically most-evolved pegmatites 
(according to Ta mineralization) are located in the Kabba- 
Isanlu, Lema-Share, and Kushaka-Birnin Gwari belts. 
This contributor and colleagues proposed that gem-quali- 
ty pezzottaite formed at the Sakavalana pegmatite in 
Madagascar via Cs remobilization by late-stage 
hydrothermal fluids. 

Dr. Gaston Giuliani of the Centre de Recherches 
Pétrographiques et Géochimiques (CRPG), Nancy, France, 
and coauthors presented preliminary oxygen isotope data 
on gem corundum from several world sources, which 
show potential for differentiating the geographic origin of 
stones from some localities (e.g., rubies from Mogok vs. 
Mong Hsu, Myanmar). Dr. Daniel Ohnenstetter of CRPG 
and colleagues proposed that marble-hosted ruby deposits 
in central and southeast Asia formed during the uplift of 
the Himalayas from the metamorphism of impure carbon- 
ate rocks containing layers of organic and evaporitic mate- 
rial. Dr. Frederick (Lin) Sutherland of the Australian 
Museum, Sydney, and colleagues explored the geologic ori- 
gin of gem corundum from basalt-related deposits in east- 
ern Australia, southeast Asia, eastern China, and eastern 
Russia, and found that they consist mainly of magmatic 
sapphires with subordinate metamorphic sapphire and/or 
ruby suites and minor metasomatic sapphires. Dr. Khin 
Zaw of the University of Tasmania, Australia, and coau- 
thors performed PIXE and Raman analyses of fluid and 
melt inclusions in gem corundum from eastern Australia, 
and found that Tasmanian sapphires crystallized from a 
magmatic source, whereas Barrington corundums have a 
metamorphic signature with an igneous component. 
Andrea Cade of the University of British Columbia (UBC), 
Canada, and coauthors showed that the recently discov- 
ered sapphire deposits on Baffin Island, Nunavut, Canada, 
are hosted by the Lake Harbor marble unit and share simi- 
larities in their origin with marble-hosted sapphires from 
central and southeast Asia. 

Dr. Ricardo Castroviejo of the Polytechnic University 
of Madrid, Spain, and colleagues reported that emerald 
deposits of the central Ural Mountains in Russia are host- 
ed by metasomatized ultramafic rocks, and the emeralds 
formed under conditions of repeated tectonic activity at 
350-400°C and 1.5—2, kbar. Dr. Mohammad Arif and coau- 
thor from the University of Peshawar, Pakistan, indicated 
that emeralds of northwest Pakistan’s Swat Valley formed 
due to carbonate alteration of previously serpentinized 
ultramafic rocks by CO,-bearing fluids released from the 
metamorphism of adjacent Indian-plate sedimentary 
rocks. Heather Neufeld of UBC and colleagues suggested 
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that emerald crystallization at Regal Ridge in Canada’s 
Yukon Territory may have been triggered by the destabi- 
lization of hydrothermal fluids as a result of mixing, albiti- 
zation (to release Ca), tourmaline crystallization, and/or a 
change in host-rock permeability. Ms. Neufeld also report- 
ed (in the absence of poster author Dr. Lee Groat of UBC 
and coauthors) that pale green beryl at the Lened Property 
in the Northwest Territories, Canada, contains up to 0.5 
wt.% V,O, and 0.04 wt.% Cr,O;, and formed at 
250-550°C and <3.7 kbar. The composition of these green 
vanadian beryls is similar to those from Gandao, Pakistan. 

Dr. Peter Ermolov of the Academy of Sciences of 
Kazakhstan in Karaganda reported that jadeite-omphacite 
of the Itmurundy mélange in central Kazakhstan formed 
via a metasomatic interaction between the host serpenti- 
nite and its tectonic inclusions. He Mingyue of the China 
University of Geosciences, Beijing, indicated that “Hetian 
jade” (nephrite) from the western Kunlun Mountains of 
Xinjiang Province consists mainly of tremolite that 
formed in two stages by the metasomatic replacement of 
marble. Dr. Douglas Nichol of Newtra Geotechnical 
Group, Wrexham, United Kingdom, reported that the 
main nephrite jade deposits in Europe are located in 
Poland, Switzerland, and Italy, while smaller deposits are 
found in Finland, Germany, and Scotland. 

Bertha Oliva Aguilar-Reyes of the University of Nantes, 
France, and colleagues studied the “crazing” of fire opal 
from Mexico and other localities, and proved that the 
whitening of these opals is due to water loss. Comparisons 
between whitened and uncrazed areas generally revealed 
about 10% water loss (although from 6% to 95% water loss 
was documented in one sample). Dr. Xiaoyan Yu and coau- 
thors from the China University of Geosciences, Beijing, 
studied play-of-color opal by transmission electron 
microscopy and determined that there are two types of 
water present: molecular water (H,O) attached to the sur- 
face of silica spheres, and minor amounts of hydroxyl (OH) 
found between the silica spheres. 

Dr. Corina Ionescu and colleagues from Babes-Bolyai 
University, Cluj-Napoca, Romania, distinguished three 
compositional groups of Cenozoic fossil resins from five 
specimens: 1—Romanian amber, 2—Polish (Baltic), 
Dominican, and German (Bitterfeld) amber, and 3— 
“krantzite” (a soft amber-like resin) from Ko6nigsaue, 
Germany. 

Dr. Margherita Superchi of CISGEM, Milan Chamber 
of Commerce, Italy, and colleagues documented the prop- 
erties of faceted musgravite and taaffeite (now each classi- 
fied by the International Mineralogical Association as 
polytypes of magnesiotaaffeite), and documented inclu- 
sions consisting of quartz, apatite, calcite, augite, and 
scapolite. Valentin Prokopets of Kiev Geological College, 
Ukraine, described the Kukhilal spinel deposit of the 
southwestern Pamir Mountains in Tajikistan, where the 
spinel is associated with forsterite in magnesite marbles. 

BML 
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World Diamond Conference, Perth, Australia. Approx- 
imately 180 people attended this event, which was held 
in conjunction with the Australian Diamond Conference 
on November 22-23, 2004. The format consisted of 28 
presentations and a concluding panel session. There were 
five presenters from outside the country. James Picton, 
diamond analyst of W. H. Ireland, London, emphasized (as 
he did at the 2003 Australian Diamond Conference) that 
by 2012 there will be a US$3-3.5 billion shortfall in the 
supply of rough, and thus the price will rise. This has 
greatly encouraged both major and junior diamond explo- 
ration companies to increase their exploration efforts, and 
has added to the general feeling of optimism in the dia- 
mond exploration industry. Dr. Craig Smith of De Beers 
Geoscience Centre, Johannesburg, South Africa, empha- 
sized the importance of “good science” (i.e., geology, vol- 
canology, and lithology) in the study of kimberlites and 
their diamond potential. De Beers’s diamond laboratories 
in Johannesburg and Kimberley are available to assist 
joint-venture partners with improving target selection 
and diamond recovery. Norman Lock of RSG Global, 
Johannesburg, discussed the difficulty of applying stan- 
dard guidelines to the calculation of reserves for alluvial 
diamond deposits. These deposits are notoriously incon- 
sistent in their extent, thickness of gravel, and diamond 
content, so a bankable feasibility study based on such cal- 
culations is not realistic. Therefore, either the rules for 
alluvial deposits must be changed or capital can only be 
raised from private subscribers, not from a bank or by 
prospectus from the money market. Carl Pearson, dia- 
mond industry observer, London, said that synthetic dia- 
monds will have little effect on the retail diamond mar- 
ket, as bridal jewelry must contain natural diamonds; 
however, custom and fashion jewelry may be affected a 
bit more. David Duval, of Duval Mincom, Vancouver, 
gave an overview of the current diamond exploration 
scene in Canada and remarked that it is much easier for 
Canadian companies to raise venture capital than it is for 
Australian ones. 

Most of the conference speakers were locally based and 
reported on the results of their respective companies. Miles 
Kennedy of Kimberley Diamond Co., Perth, presented the 
latest news from their mine at Ellendale. Last year’s pro- 
duction included about 60,000 carats of good-quality yel- 
low diamonds worth US$200-250/ct. Use of the large-diam- 
eter Bauer drill has given much better results in outlining 
reliable reserves than the smaller drills used previously. 
Reserves have increased up to 60 million carats from the 
original 9 million; the overall grade is 6 carats/100 tonnes 
(cpht). Mr. Kennedy claimed the company can break even 
with open-pit mining down to 3 cpht. Kimberley has paid 
off its Aus$23.5 million debt to Rio Tinto and is confident 
of having a profitable 10-year mine life. 

Dr. Kevin Wills of Flinders Diamonds, Norwood, South 
Australia, announced the discovery of three kimberlites 
next to the Barossa Valley (famous for its viniculture) in 
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South Australia. However, so far they are not diamondifer- 
ous. Charles Mostert of Crown Diamonds, Perth, discussed 
the incorporation of four separate South African fissure 
mines (Star, Messina, Helam, and DanCarl) into one com- 
pany. These old mines, which date from the late 1930s 
(Helam and Star) to late 1950s (Messina and DanCarl) 
explore kimberlite dikes down to 500-700 m. Collectively, 
they are expected to produce up to 200,000 carats annually 
as of 2006. Don Best of Elkedra Diamonds, Perth, reviewed 
this company’s entry into the Brazilian alluvial diamond 
mining scene with the takeover of the Chapada deposit in 
Mato Grosso State. The previous Chapada Diamonds com- 
pany failed twice to raise sufficient capital on the AIM mar- 
ket (of the London Stock Exchange), but Elkedra succeeded 
in raising Aus$12 million in September 2004. The value of 
the alluvial diamonds at Chapada is very high, at more 
than US$400/ct. 

Mike Woodborne of the newly floated company 
Bonaparte Diamonds, Perth, maintained that there is a 
chance of a viable deposit offshore in the Bonaparte Gulf 
along the north coast of Western Australia, despite previ- 
ous failed attempts in the 1980s and early 1990s. Tom 
Reddicliffe of Striker Resources said that this company 
only recently gained access to the dormant Merlin mine, 
after more than a year of legal wrangling with Rio Tinto. 
Striker believes that the small kimberlite pipes on the 
property join up at shallow depth, and that this increased 
volume of ore may form a viable deposit. Drilling is under- 
way to prove this theory. In addition, since no crusher was 
used in previous mining operations, the grade may be 
higher than first thought due to the presence of diamonds 
in oversized “waste.” 

For this contributor, the most significant talk was by 
Carl Simich of Namakwa Diamonds, Perth, who told the 
gathering that despite new South African regulations and 
the requirement of 51% equity being held by Black 
Economic Empowerment groups, they managed to acquire 
all the necessary permits and have started mining in 
coastal Namaqualand. This shows that a new diamond 
mining project proposed by a foreign company on property 
with state-owned mineral rights and in an environmental- 
ly sensitive area can actually get off the ground. This gives 
hope to many new ventures promoted by diamond juniors 
from Australia and Canada. Dr. Neil Allen of Ka Pty. Ltd., 
Melbourne, showed a new magnetic separator, the 
Rotomag, which uses the property that some minerals are 
not only magnetic but are also rotated in a magnetic field. 
Combining these two properties, the new machine pro- 
vides a better recovery of the kimberlite indicator minerals 
ilmenite, chromite, and pyrope. Other speakers gave 
updates on their projects, but no significant new discover- 
ies or developments were announced. Overall the mood 
was guardedly optimistic. 

A. J. A. “Bram” Janse (archonexp!@iinet.net.au) 
Archon Exploration Pty. Ltd. 
Perth, Western Australia 
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MISCELLANEOUS 

Burmese faceted rubies and the U.S. import ban. A recent 
ruling by the U.S. Customs Service has held that ruby 
rough from Myanmar (Burma) that has been faceted in 
other countries does not come under the import ban of 
the Burmese Freedom and Democracy Act of 2003 (see 
U.S. Customs Ruling HQ 563127, Dec. 15, 2004; 
http://rulings.customs.gov/detail.asp?ru=563127). 

Under long-standing U.S. law defining “country of ori- 
gin” for customs regulations, the origin of a manufactured 
product differs from the origin of its raw materials if the 
materials have undergone a “substantial transformation” 
in another country (see Code of Federal Regulations title 
19, section 134.1[b]). A material has undergone a substan- 
tial transformation if processing and/or other modifications 
have created a different product having a distinctive charac- 
ter or use. For example, the Customs Service has historical- 
ly defined a polished diamond’s country of origin as the 
location where the polishing took place, not the country 
where the diamond was mined (see, e.g., U.S. Customs 
Ruling J80098, Jan. 15, 2003; http://rulings.customs.gov/ 
detail.asp?ru=J80098). 

In a petition by Tiffany & Co. (New York) late last year, 
the Customs Service was asked to determine if the heat 
treating, pre-forming, faceting, and polishing that ruby 
rough undergoes is sufficient to qualify as a substantial 
transformation. The ruling held that, indeed, as a result of 
these manufacturing processes carried out in other coun- 
tries, “[t]he finished stones are no longer considered prod- 
ucts of Burma.” Thus, they are not prohibited from import 
under the Burmese Freedom and Democracy Act. 

The ruling was specifically limited to faceted rubies and 
excluded cabochon or other stones with no facets. However, 
in light of this and an earlier ruling that reached the same 
conclusion (see U.S. Customs Ruling K85866, May 14, 
2004; http://rulings.customs.gov/detail.asp?ru=k85866), it 
seems likely that the Customs Service could rule that other 
gem materials from Myanmar that are polished elsewhere 
also fall outside the import ban. 

Tiffany & Co. has recently stated, however, that it will 
not import any gems of Burmese origin, despite this ruling. 

Thomas W. Overton 


ANNOUNCEMENTS 

Gem-A field trip to Brazil. The Gemmological Association 
of Great Britain is planning a tour of Minas Gerais State, 
Brazil, August 15-29, 2005. The trip will include visits to 
cutting centers and gem mines. E-mail doug@gem-a.info or 
visit www.gem-a.info/membership/fieldTrips.htm. 


Exhibits 


Native American jewelry at AMNH. “From Totems to 
Turquoise: Native North America Jewelry Arts of the 
Northwest and Southwest,” an exhibition of more than 
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500 pieces of contemporary and historic Native 
American jewelry, is being held at the American 
Museum of Natural History in New York City until July 
10, 2005. Visit www.amnh.org/exhibitions/totems or call 
(212) 769-5100. 


Pearls at the Milwaukee Public Museum. “Pearls: A 
Natural History,” a traveling exhibition tracing the natu- 
ral and cultural history of pearls that was organized by the 
American Museum of Natural History (New York) in col- 
laboration with the Field Museum (Chicago), will be on 
display at the Milwaukee Public Museum, Milwaukee, 
Wisconsin, until June 26, 2005. The many exhibits include 
pearl formation and culturing, as well as historical pearl 
jewelry that once belonged to Great Britain’s Queen 
Victoria and Marie Antoinette of France. Visit 
www.mpm.edu/Pearls/Pearlsmain2.htm. 


Gems at the Hungarian Natural History Museum. 
“Wondrous Gemstones,” an exhibition of gems from the 
Spanish Programa Royal Collections, will be on display at 
the Hungarian Natural History Museum in Budapest until 
July 3, 2005. The collection includes notable pieces such as 
a 1,490 ct rutilated kunzite from Minas Gerais, Brazil, and 
a 455 ct heart-shaped emerald, in addition to over 150,000 
carats of other gems. Visit www.dragako.nhmus.hu. 


Cameos at the Met. “Cameo Appearances,” a display of 
more than 160 examples of the art of gem carving from 
Greco-Roman antiquity to the 19th century, will be on 
display until October 30, 2005, at the Metropolitan 
Museum of Art in New York City. Among the pieces fea- 
tured will be works by the neoclassical Italian masters 
Benedetto Pistrucci, Giuseppe Girometti (figure 28), and 
Luigi Saulini. A variety of educational programs will be 
offered in conjunction with the exhibition. Also on display 
at the Met (through January 2006) is “The Bishop Jades,” a 
selection of fine Chinese and Mughal Indian jades from 
the collection of Heber R. Bishop that was donated to the 
museum in 1902. Visit www.metmuseum.org or call (212) 
535-7710. 


Conferences 

GemmoBasel 2005. The first open gemological confer- 
ence in Switzerland will be presented by the SSEF Swiss 
Gemmological Institute at the University of Basel, April 
29—May 2. Among the events scheduled is a field trip to 
a Swiss manufacturer of synthetic corundum and cubic 
zirconia. Visit www.gemmobasel2005.org or e-mail 
gemlab@ssef.ch. 


Kimberlites at UBC. A two-day introductory course on 
Canadian kimberlite geology will be presented by the 
Mineral Deposit Research Unit of the University of British 
Columbia in Vancouver, May 5-6, 2005. Both classroom 
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Figure 28. This cameo brooch, Priam Supplicating 
Achilles for the Body of Hector, was carved from sard- 
onyx by Italian master Giuseppe Girometti (1779-1851) 
in the early 19th century. Courtesy of the Metropolitan 
Museum of Art, The Milton Weil Collection, 1940. 


lectures and laboratory practical work are included. Visit 
www.imdru.ubc.ca/home/courses/sc42.phpall, e-mail 
mdru@eos.ubc.ca, or call 604-822-6136. 


ICNDST-10 in Japan. The 10th International Conference 
of New Diamond Science and Technology will be held at 
the National Institute of Advanced Industrial Science and 
Technology Conference Hall in Tsukuba, Japan, May 
11-14, 2005. Among the topics covered will be HPHT syn- 
thesis and processing and the growth of CVD synthetic 
diamond. Visit www2.convention.co.jp/ICNDST-10 or e- 
mail icndst-10@convention.co.jp. 


Diamonds at GAC-MAC. The 2005 joint meeting of the 
Geological Association of Canada and the Mineralogical 
Association of Canada will take place May 15-18, 2005, in 
Halifax, Nova Scotia. “From Cratons to Carats: A 
Symposium to Honour the Career of Herwart Helmstaedt” 
will feature presentations on geotectonic controls on dia- 
mond exploration. Visit www.halifax2005.ca or e-mail 
hfx2005@gov.ns.ca. 


Bead Expo in Miami. The 2005 International Bead Expo 
will be held in Miami, Florida, May 18-22. Over 60 work- 
shops and educational lectures on bead jewelry design and 
manufacture are scheduled. Visit www.beadexpo.com or e- 
mail info@beadexpo.com. 


Goldschmidt geochemistry conference. The 15th 
Annual Goldschmidt Conference will take place May 
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20-25, 2005, in Moscow, Idaho. The meeting will 
include a session on the geochemistry of gem deposits, 
as well as numerous presentations on advanced analyti- 
cal techniques. E-mail gold2005@uidaho.edu or visit 
www.uidaho.edu/gold2005. 


Elba 2005. Crystallization processes in granitic pegmatites 
will be addressed at the Elba 2005 International Meeting, 
May 23-29, 2005, on the island of Elba, Italy. Both educa- 
tional seminars and field trips to local granitic pegmatites 
are planned. Visit www.elba-pegmatites.org. 


Corundum treatment seminar. A seminar on corundum 
treatments will be presented by Ted Themelis at the 
Italian Gemmological College on May 29, 2005, in Milan, 
Italy. The subjects will include heat treatment (with and 
without beryllium) of rubies and sapphires; lead-glass- 
filled rubies; and new heat-treatment processes for star 
rubies. A presentation on gems from Mogok, Myanmar, 
also will be given. Visit www.themelis.com. 


JCK Show-Las Vegas. Held at the Sands Expo and 
Convention Center and the Venetian Hotel on June 
2-7, 2005, this gem and jewelry trade show will also 
host a comprehensive educational program beginning 
June 2. Scheduled seminars will cover industry trends, 
diamond sales and marketing strategies, legal issues for 
retailers and manufacturers, and developments in 
gemology. The AGTA will also be offering seminars 
focusing on color and fashion on June 2 at the AGTA 
Pavilion. To register, call 800-257-3626 or 203-840- 
5684, or visit http://jckvegas2005.expoplanner.com. 


Maine Pegmatite Workshop. The Fourth Annual Maine 
Pegmatite Workshop will take place June 4-10, 2005, in 
Poland, Maine. This one-week seminar will focus on the 
mineralization and origin of granitic pegmatites of the 
world, and will include daily field trips to numerous quar- 
ries in Maine. Also featured will be a one-day field trip to 
the famous Palermo pegmatite in North Groton, New 
Hampshire and visits to several gem and mineral displays 
in Maine. E-mail Raymond Sprague at rasprague@mac.com 
or visit http://homepage.mac.com/rasprague/PegShop. 


Gem inclusions at ECROFI. The 18th Biennial Meeting of 
European Current Research on Fluid Inclusions will take 
place July 6-9, 2005, in Siena, Italy. The event will 
include a two-day short course on fluid inclusions in 
gems. Visit www.unisi.it/eventi/ECROFIXVIII or e-mail 
ecrofixviii@unisi.it. 


Jewelry Camp 2005. The 26th Annual Antique & Period 
Jewelry and Gemstone Conference will be held July 
15-20, 2005, at Hofstra University, Hempstead, New 
York. The program emphasizes hands-on jewelry exami- 
nation techniques, methods of construction, understand- 
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ing materials used throughout history, and the constantly 
changing marketplace. Visit www.jewelrycamp.org, call 
212-535-2479, or e-mail registrations@jewelrycamp.org. 


Afghanistan Gem Tour. Gary Bowersox will be leading 
another tour of Afghan gem mining areas during the sec- 
ond half of August 2005. Visits to the mines for Jegdalek 
rubies and Panjshir emeralds are planned, in addition to a 
tour of Kabul and meetings with local dignitaries. Visit 
www.gems-afghan.com/guidetours.htm or e-mail 
mrgary77@aol.com. 


Raman Spectroscopy in Art and Archeology. The 3rd 
International Conference on the Application of Raman 
Spectroscopy in Art and Archaeology will be held August 
31-September 3, 2005, in Paris, France. Among the 
planned topics are development of Raman instrumenta- 
tion for the nondestructive analysis of art, approaches in 


Mark your calendar for the 


GIA Gemological Research Conference 
August 26-27, 2006 


in San Diego County. 


Abstracts should be submitted to gemconference@gia.edu (for oral 


To explore the most recent technical developments in gemology, GIA will host a Gemological Research Conference 


in conjunction with the 4th International Gemological Symposium in San Diego, California. 


a lectures, submitted oral presentations, and a poster session will 
explore a diverse range of contemporary topics including the geology 
of gem deposits, new gem occurrences, characterization techniques, 

treatments, synthetics, and general gemology. Also scheduled is a one- 
day pre-conference field trip to the world-famous Pala pegmatite district 


dealing with Raman imaging, and the investigation of 
gemstones. Visit www.ladir.cnrs.fr/ArtRaman2005 or 
e-mail artraman2005@glvt-cnrs.fr. 


Diamond 2005. Scientific and technological aspects of 
natural and synthetic diamond (as well as related materi- 
als) will be discussed at the 16th European Conference on 
Diamond, Diamond-like Materials, Carbon Nanotubes & 
Nitrides, September 11-16, 2005, in Toulouse, France. 
Visit www.diamond-conference.com 


Agate symposium at CSM. On September 10-11, 2005, a 
symposium on agate and cryptocrystalline quartz will take 
place at the Colorado School of Mines in Golden, 
Colorado, in connection with the Denver Gem and 
M<ineral Show on September 16-18. Field trips to Colorado 
mineral localities are planned for September 12-13. Call 
303-202-4766 or e-mail pmodreski@usgs.gov. 


gemconference@gia.edu 
iSit 


www.gia.edu/gemsandgemology 


presentations) or ddirlam@gia.edu (for poster presentations). The abstract M 


deadline for all submissions is March 1, 2006. Abstracts of conference 
presentations will be published in a special proceedings volume. 
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assisted in this work by GIA’s eastern 
laboratory in Boston under the direction 
of the late Dr. Edward Wigglesworth. 
In August of this year this eastern labo- 
ratory will be reopened in New York City 
as a part of the reactivated eastern head- 
quarters of the Gemological Institute. 


In the early days of the GIA laborato- 
ries, many hours and much untiring effort 
were expended by Robert M. Shipley and 
Robert M. Shipley, Jr. During most of 
this period of the GIA’s history the entire 
staff consisted of only six persens and the 
perfection of any instrument was looked 
upon by each individual with the same 
glow of satisfaction as if it had been a 
personal achievement. During the years, 
the laboratories have produced and per- 
fected instruments for testing and grad- 
ing, in addition to the principal function 
of gem identification—a service which is 
performed for both GIA students and the 
public. 


Instruments which have been developed 
to assist in the accurate testing of gem- 
stones include the GIA Eye Loupe; the 
Shipley Polariscope; the GIA Dichro- 
scope; the GIA Diamond Illuminator 


(used in the Diamondscope and the Gemo- 


lite) ; the Shipley Universal Motion Im- 
mersion Stage; and X-ray gem testing 
equipment. The GIA Laboratories are 
also responsible for the Diamondscope, 
used to detect imperfections in diamonds, 
and the Colorimeter and Diamondlite, to 
detect slight variances in color. 


During the early days of experimenta- 
tion and research, and through the present 
time, the GIA laboratories have worked 
closely with British and Swiss gemologi- 
cal authorities with an exchange of infor- 
mation existing between the three which 
has been responsible for greater strides 
forward in the development of gemologi- 
cal science in all three countries. The 
Gemological Institute of America is espe- 
cially indebted to the advice so freely 
given by both B. W. Anderson, Director 
of the London Gemmological Laboratory 
and Dr. Edward Gubelin of Lucerne, 
Switzerland. 


Longfelt need for an absolute identi- 
fication means led to the development and 
perfection in the Los Angeles GIA Lab 
of the X-ray Diffraction Unit by Dr. 
George Switzer, presently Associate 
Curator of Minerals at the Smithsonian 
Institution but at that time GIA’s Director 


Universal Motion Immersion Stage on 
a polarizing microscope in use above. 
At the right a microscope is shown with 
photomicrographic attachment. 
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The following 25 questions are based on information from the four 2004 issues of Gems & Gemology. Refer to the 
feature articles and “Notes and New Techniques” in those issues to find the single best answer for each question; 
then mark your choice on the response card provided in this issue. (Sorry, no photocopies or facsimiles will be 
accepted; contact the Subscriptions Department—dortiz@ gia.edu—if you wish to purchase additional copies of this 
issue.) Mail the card so that we receive it no later than Monday, August 1, 2005. Please include your name and 
address. All entries will be acknowledged with a letter and an answer key after the due date. 


Score 75% or better, and you will receive a GIA Continuing Education Certificate. If you are a member of the GIA 
Alumni Association, you will earn 10 Carat Points toward GIA’s Alumni Circle of Achievement. (Be sure to include 
your GIA Alumni membership number on your answer card and submit your Carat card for credit.) Earn a perfect 
score, and your name also will be listed in the Fall 2005 issue of Gems & Gemology. Good luck! 
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The FTC Guides for the jewelry 
industry require disclosure of 

A. any treatment to a gem 
material. 

B. any treatment to a gem materi- 
al that substantially affects its 
value. 

C. only those treatments that are 
impermanent or create special 
care requirements. 

D. only those treatments that are 
not generally accepted in the 
trade. 


The cultured pearls produced by 
Perlas del Mar de Cortez in Mexico 
are grown in____oysters. 

A. Pinctada margaritifera 

B. Pinctada mazatlanica 

C. Pinctada maxima 

D. Pteria sterna 


The seven major components that 

yield an overall cut grade in the GIA 

diamond cut grading system are: 

brightness, fire, scintillation, weight 

ratio, , polish, and symmetry. 
A. crown angle 

durability 

optical symmetry 

sparkle 


B. 
( 
D. 
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4. Since 1994, extraordinary amounts We 


of fine, large gem peridot have 
been discovered in the Sapat 
Valley of 

A. Pakistan. 

B. Vietnam. 

C. Tanzania. 

D. Myanmar. 


5. The practical use of X-ray topo- 
graphs to fingerprint diamonds 
has historically been limited 
because 

A. faceted diamonds cannot be 
diffracted by this technique. 

B. high-clarity diamonds with 
few inclusions do not create 
usable topographs. 

C. too much exposure to X-rays 
can damage a diamond. 

D. many individual topographs 
are necessary to characterize 
a single diamond. 


6. The presence of the 3543 cm”! infra- 
red absorption band in amethyst is 
A. proof of synthetic origin. 
B. proof of natural origin. 
C. indicative of possible synthetic 
origin. 
D. meaningless. 
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One disadvantage of laser-induced 
breakdown spectroscopy (LIBS) in 
detecting Be-diffused sapphire is that it 
A. is not affordable for most 
commercial gemological 
laboratories. 
B. is slightly destructive. 
C. cannot detect beryllium in 
very low concentrations. 
D. requires elaborate prepara- 
tion of the sample. 


Which of the following is not a com- 
mon identifying characteristic of 
HPHT-grown synthetic diamonds? 

A. Metallic inclusions 

B. Color zoning 

C. Diamond type 

D. Cuboctahedral crystal shape 


Colorless as-grown (high-purity) 
CVD synthetic diamonds have been 
created by 

A. the addition of nitrogen to the 
growth chamber. 

B. the removal of all impurities 
other than hydrogen from the 
growth chamber. 

C. the addition of diborane to 
the growth chamber. 

D. different temperature and 
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pressure conditions than for 
colored CVD synthetics. 


10.A small percentage of amethyst from 


the Four Peaks mine displays red 
overtones and/or a deep reddish 
purple bodycolor that is known in 


the trade as quality. 
A. “Siberian” 
B. “Brazilian” 
C. “Arizonan” 
D. “Bolivian” 


.A customer shopping for an emerald 


ring says he only wants a natural, 
untreated emerald. The sales associ 
ate replies that her store sells only 
natural stones. The owner—who 
knows the associate misunderstood 
the request—overhears this, but is in 
the middle of another transaction 
and does not intervene before the 
customer buys a resin-filled emerald. 
The owner 

A. is guilty of fraud. 

B. has engaged in a deceptive 
trade practice under the FTC 
Guides for the jewelry industry. 

C. both A and B 

D. is not liable for his employee's 
good-faith mistake. 


. Almost all the faceted synthetic dia- 


monds from Chatham Created Gems 
that were examined by GIA scientists 
showed , which is a strong 
indication of synthetic origin. 
A. a photoluminescence (PL) 
feature at 589 nm 
B. eye-visible metallic inclusions 
C. an infrared (IR) absorption 
line at 1344 cm"! 
D. distinctive color zoning related 
to growth sectors 


. When laser-induced breakdown spec- 


troscopy (LIBS) is used to analyze a 
faceted stone, the best part to test is its 
A. crown. 
B. pavilion. 
C. girdle. 
D. table. 


‘ of brown nitrogen-doped CVD 


synthetic diamonds can produce col- 
orless or near-colorless material. 

A. HPHT annealing 

B. Fracture filling 
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15, 


18. 


C. Irradiation 
D. No known treatment 


For observation of overall diamond cut 
appearance, the GIA “common view- 
ing environment” combines daylight- 
equivalent _____ lamps with spot light- 
ing from light-emitting diodes (LEDs). 

. halogen 

. incandescent 

. metal halide 

. fluorescent 
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. Pearl farming has been conducted in 


the Gulf of California, Mexico, since 
the early 1900s, although it is only 
since _____ that full-round dark cul- 
tured pearls from this area have 
become commercially available. 

iM, 1936 

B. 1966 

C. 1996 

D. 2000 


. The 3543 cm infrared absorption 


band is present in the majority of 
synthetic amethyst seen in the jewelry 
trade because 

A. the vast majority of synthetic 
amethyst is grown on seed 
crystals cut parallel to the z 
crystallographic sector. 

B. the vast majority of synthetic 
amethyst is grown on seed 
crystals cut parallel to the r 
crystallographic sector. 

C. synthetic amethyst cannot be 
grown on seeds cut parallel to 
rcrystallographic sectors. 

D. it is induced by post-growth 
irradiation treatment. 


To provide the best protection, a well- 
crafted disclosure policy should 
A. be in writing. 
B. be part of any employee 
training program. 
C. be carefully reviewed for 
legal compliance well before 
any problems arise. 
D. all of the above 


19. GIA's research into diamond propor- 


tions has established that top-grade 
diamond cuts can have crown angles 
ranging from approximately 32.0° to 

MM BOW", 

IB, DOM, 

C, SaOr. 

ID. BOLO", 


20. The process of grinding a piece of 


Pil 


rough into the approximate shape 
of the finished colored stone is 
known as 

A. cobbing. 

B. preforming. 

C. girdling. 

D. bruting. 


The pink synthetic diamonds from 
Chatham Created Gems do not dis- 
play the ____ that is common in nat- 
ural pink diamonds. 
A. magnetism 
B. purplish color component 
C. 637 nm line in their visible 
absorption spectra 
D. strong strain visible in cross- 
polarized light 


22.The dense accumulations of ___ 
inclusions in some Four Peaks 
amethyst prove that it is natural. 


A.. rutile 

B. apatite 
C. hematite 
D. flurite 


23.A square or -shaped fluores- 
cence pattern is commonly seen in 


HPHT snthetic diamonds. 


A. triangle 
B. cross 
C. joel 

D. crescent 


24. X-ray topography can “fingerprint” a 
faceted diamond by imaging 


A. structural characterisitics such 
as crystal lattice defects. 

B. patterns created by lumines- 
cence to X-rays. 

C. trace-element concentrations 
such as nitorgen and boron. 

D. isotopic ratios of inclusions. 


25.High-purity CVD synthetic diamonds 
have few identification features other 
than in the De Beers 


DiamondView. 
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A. an orange to orangy red reac- 
tion with striations 

B. a green to blue-green reaction 
with striations 

C. the absence of mosaic or slip- 
related patterns of blue dislo- 
cation luminescence 

D. a blue-green reaction with 
features relating to surface 
morphology 
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Book REVIEWS 


fe A005 


Understanding Jewellery, 
3rd Edition 


By David Bennett and Daniela 
Mascetti, 426 pp., illus., publ. by 
Antique Collector’s Club, Wood- 
bridge, England, 2003. US$89.50* 


True to its name, Understanding 
Jewellery provides the reader with a 
strong grasp of jewelry history in 
Europe and the United States from the 
late 18th century to the present day. 
This excellent reference text shows 
how social and economic factors influ- 
enced the way jewelry was designed 
and worn through the decades from 
the French Revolution to the start of 
the new millennium. Instantly popu- 
lar at the time of its first publication 
in 1989, Understanding Jewellery has 
been reprinted twice and undergone 
two revisions. The first revision, in 
1994, added a chapter on jewelry from 
1960 to 1980; the current revision 
brings the text up to the present day 
with a chapter on 1980-2000. 

The authors have unique qualifi- 
cations that give them the authority 
to write about jewelry history in 
Europe. With 32 years at Sotheby’s for 
David Bennett and 24 years for 
Daniela Mascetti, they have a lofty 
vantage point from which to observe 
trends in the evolution of jewelry 
design. During their tenure, they have 
been in a prime position to see 
superlative examples from every era, 
giving them real insight into the sub- 
tleties of the subject. 

Unlike most books on jewelry his- 
tory, Understanding Jewellery opens 
with a section on gemology that pro- 
vides descriptions of the various gems 
encountered in jewelry, some simple 
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tests that will aid in their identifica- 
tion, and the basics of instrumenta- 
tion. This section includes appendices 
on the refraction of light and the 
refractometer, the Mohs hardness 
scale, pastes (glass imitations) and 
composite stones, and (new to this edi- 
tion) gemstone enhancement. The last 
summarizes the types of treatments 
that might be encountered in dia- 
mond, corundum, and emerald, and 
suggests that when in doubt, the gem 
in question should be submitted to an 
independent laboratory for analysis. 

The remainder of the book consists 
of 10 chapters, each of which covers an 
approximately 20-year segment (except 
Chapter 1, which also includes the late 
18th century). Each chapter begins 
with an historical overview that 
describes how changes in society 
impacted the use of gems, metals, and 
stylistic elements in the jewelry man- 
ufactured during the period. This 
overview is followed by individual sec- 
tions that give greater detail on specific 
types of jewelry, such as tiaras and 
combs, parures (groups of matching 
pieces], earrings, necklaces, pendants, 
brooches, bracelets, and rings. 

The chapters are lavishly illustrated 
with beautiful examples of exquisite 
jewels, all of which have passed 
through Sotheby’s auction house in the 
last two decades. The layout of the 
book is better in this latest manifesta- 
tion, as many more of the illustrations 
are closer to the text that describes 
them. Another plus is the addition of 
numerous dazzling new photos, partic- 
ularly in the Gemstones section of 
Chapter 9, and in the new chapter that 
follows, which covers the period 
1980-2000. Unfortunately, however, 
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several photographs have been re-mas- 
tered with the intent of making them 
sharper. While this is an improvement 
in some cases, in others it has the effect 
of making the pieces appear flat and 
unnatural. Sadly, in comparison with 
previous editions, many of these digi- 
tally enhanced images have lost some 
of the richness of the gems, the 
warmth of the gold, and nuances in the 
details. Other changes include an 
updated bibliography to reflect the 
addition of the new chapter, and the 
deletion of approximate auction values, 

a section featured in previous editions. 
The newly added Chapter 10 
describes how the social and profes- 
sional roles for women changed at the 
end of the 20th century, and how this 
influenced jewelry design. The 
authors describe the 1980s as a 
“decade of greed and excess,” which 
was followed by a decade largely of 
recession and restraint. In their 
descriptions of how jewelry reflected 
these traits, Bennett and Mascetti do a 
wonderful job of profiling an era that 
is still in progress, or at least not far 
behind us. In this reviewer's estima- 
tion, if one could afford just one book 
on the subject, Understanding 
Jewellery would be a prime choice for 

any aspiring jewelry historian. 

ELISE B. MISIOROWSKI 
Gemological Institute of America 
Carlsbad, California 


*This book is available for purchase 
through the GIA Bookstore, 5345 
Armada Drive, Carlsbad, CA 92008. 
Telephone: (800) 421-8161; outside 
the U.S. (760) 603-4200. Fax: (760) 
603-4266. E-mail: myorder@gia.edu 
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Collecting Fluorescent Minerals 


By Stuart Schneider, 192 pp., illus., 
publ. by Schiffer Publishing Ltd., 
Atglen, PA, 2004. US$29.95* 


In this fascinating work, Stuart 
Schneider introduces readers to the 
amazing beauty of fluorescent rocks 
and minerals. A photographic tour 
de force, it will likely inspire more 
people to pay attention to minerals 
that “glow in the dark” under ultra- 
violet light (actually, on exposure to 
UV radiation, but “under ultraviolet 
light”—a common misnomer—is 
used throughout the book). 

For the most part, this book is a 
catalogue of color photos comparing 
mineral specimens as they appear in 
ordinary daylight and when exposed 
to short- and/or long-wave UV. Of its 
192 pages, fully 156 are devoted 
entirely to such juxtaposed photos, 
with only 22 pages of text. After 
briefly covering the basics of what 
fluorescence is, how to get started 
building a collection, and the equip- 
ment needed, most of the remaining 
text focuses on three of the world’s 
most prolific collecting areas for fluo- 
rescent minerals: Franklin, New 
Jersey; Mont St. Hilaire, Quebec; and 
Ilimaussaq, Greenland. 

The best feature of the book is the 
photographs of fluorescent minerals. 
The author has done a superb job of 
compiling this exhaustive collection 
of photos, which are enhanced by the 
high-quality printing and paper. An 
interesting component of the photo 
captions is the guide to the monetary 
value. Given the volatility of speci- 
men prices, few authors would be 
brave enough to attempt such a 
guide, but Schneider does a reason- 
ably good job of providing novices 
with a rough idea of what they will 
have to spend to purchase a particu- 
lar fluorescent mineral if they aren’t 
inclined to go mucking about in 
mines and quarries themselves. 

The weakest area, unfortunately, 
is the geological and mineralogical 
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information, where there are a num- 
ber of errors. To cite just one exam- 
ple, of the six “radioactive minerals 
that fluoresce” listed on page 31, only 
one (autunite) is actually fluorescent. 
The text would have benefited from 
proofreading by someone more famil- 
iar with mineral species. 

The intended audience for this 
book is people with a collector 
instinct. It will undoubtedly achieve 
its objective and induce more of those 
who thrive on building collections to 
acquire fluorescent rocks. Most 
gemologists are already familiar with 
the uses of fluorescence in gem iden- 
tification (a subject not covered in the 
book), although they might be inter- 
ested in the use of fluorescent miner- 
als as gemstones. The book contains 
several pages with photos of fluores- 
cent cabochons. Many of these, how- 
ever, are “collector’s gems” only. 
They could not be considered “wear- 
able,” given that they are not particu- 
larly attractive in daylight and fluo- 
resce only when exposed to short- 
wave UV radiation, which is not 
advised for any length of time. 


ALFREDO PETROV 
Peekskill, New York 


OTHER BOOKS RECEIVED 


50-Year History of the Tucson Show. 
By Bob Jones, 183 pp., illus., publ. by 
The Mineralogical Record, Tucson, 
AZ, 2004, US$20.00. This special 
supplement to The Mineralogical 
Record offers a nostalgic look at the 
history of the Tucson Gem and 
Mineral Show, the most important 
annual event for the mineral collect- 
ing community. Reconstructed from 
personal scrapbooks and unofficial 
archives, the book features highlights 
from every TGMS, beginning with 
the inaugural event: a two-day show 
held at an elementary school in 
March 1955. The descriptions are 
complemented by enjoyable photos 
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of the memorable specimens and per- 
sonalities through the years. 


STUART OVERLIN 


The Grandmasters of Mineral Photog- 
raphy. 136 pp., illus., publ. by Miner- 
alogical Almanac, Moscow, 2004, 
US$45.00. This book, a special issue 
of the Russian publication Miner- 
alogical Almanac, features 14 of the 
world’s most talented gem and miner- 
al photographers, including Nelly 
Bariand, Olaf Medenbach, Jeffrey 
Scovil, Harold and Erica Van Pelt, and 
Wendell Wilson. Each artist has cho- 
sen nine gorgeous photographs for 
this book; these are accompanied by 
biographical sketches and a brief 
overview of their techniques. 


SO 


Tone Vigeland: Jewellery + Sculpture 
Movements in Silver. By Cecilie 
Malm Brundtland, 182 pp., illus., 
publ. by Arnoldsche Art Publishers, 
Stuttgart, 2004 [in German and 
English], US$75.00. Influential Nor- 
wegian jeweler Tone Vigeland (born 
1938) has been creating modernist 
masterpieces in silver, gold, steel, and 
lead for nearly 50 years. This artist 
monograph documents Vigeland’s 
career and captures her finest silver 
jewelry and sculpture with 160 dra- 
matic photos. 


SO 


The Tourmaline: A Monograph. By 
Friedrich Benesch and Bernard 
Wohrmann, 234 pp., illus., publ. by 
Verlag Urachhaus, Stuttgart, 
Germany, 2003, US$150.00. The first 
English version of this oversized book 
(41 x 31 cm) follows three German 
editions. The text includes a histori- 
cal review of tourmaline, a section on 
crystallography and chemical compo- 
sition, and an extensive bibliography. 
The book is lavishly illustrated, with 
380 large color photos and illustra- 
tions that encompass tourmaline’s 
incredible variety. 


SO 
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COLORED STONES AND 
ORGANIC MATERIALS 


The origin of precious opal—A new model. B. Deveson, 
Australian Gemmologist, Vol. 22, No. 2, 2004, pp. 
50-58. 

A new model is proposed for the formation of opal showing 
play-of-color, as well as potch (common opal). According to 
this new model, the essential requirements for opal formation 
are: (1) artesian “mound” springs with alkaline, silica-rich 
waters; (2) a mechanism for changing the physicochemical fea- 
tures of this water so that suitable silica spheres are precipitat- 
ed in linear chains; and (3) the occurrence of suitable voids 
lined with clay—which acts as a semipermeable membrane to 
concentrate and purify the silica solution by ultrafiltration and 
dialysis. 

Active and extinct artesian mound springs are found in 
general proximity to several sedimentary rock-hosted opal 
fields in New South Wales, South Australia, and Queensland. 
In the Great Artesian Basin, the natural springs lie on a NE- 
trending line over 300 km long, subparallel to the Lightning 
Ridge opal fields. The lepispheres in play-of-color opal are very 
uniform in size (apparently within 2-3% of the mean size), 
indicating a batch process rather than a continuous one. The 
mixing of the high-pH spring water with cool, slightly acidic 
groundwater that has low total dissolved salts would decrease 
the pH, lower the temperature, and lower the ionic strength of 
the spring water; all three processes facilitate the formation of 
silica spheres. Montmorillonite (clay) can act as a semiperme- 
able membrane and assist in the pressurization of the fluids 
for ultrafiltration. 

RAH 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and his reviewers, and space limitations may require that 
we include only those articles that we feel will be of greatest 
interest to our readership. 

Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
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© 2005 Gemological Institute of America 
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Preliminary studies on rainbow-peatrl of penguin wing oys- 
ter Pteria penguin. Y. Mao, F. Liang, S. Fu, X. Yu, F. 
Ye, and C. Deng, Chinese Journal of Zoology, Vol. 
39, No. 1, 2004, pp. 100-102 [in Chinese with 
English abstract]. 
Although there are nearly 40 species of pearl oysters world- 
wide that can produce saltwater cultured pearls, ~99.9% of 
the production comes from just three species: Pinctada 
fucata martensii, P. margaritifera, and P. maxima. 
Currently, the winged oyster Pteria penguin is used solely 
for the commercial production of mabe or half-round cul- 
tured blister pearls. However, research in Guangxi, China, 
showed that spherical cultured pearls with a rainbow color 
(“rainbow pearls”) can be produced from P. penguin. 

The research involved 144 winged oysters that were 
2.5 years old (11.0-14.2 cm in longest dimension); these 
were housed in cages suspended at 3 m depth. The oysters 
were nucleated with beads (5.1 mm in diameter) and 
pieces of mantle tissue (2 x 2 mm). After three months of 
culturing, the nacre layer was up to 300 um thick, and 
after nine months it was up to 890 pm thick. Twelve cul- 
tured pearls were produced that ranged from 5.8 to 6.9 mm 
in diameter with the color, shape, luster, and nacre thick- 
ness that met the requirements for cultured pearls in 
China. Some of them displayed a “rainbow” appearance. 
At present, because of space limitations in the vicinity of 
the nucleus, cultured pearls larger than 10 mm cannot be 
produced in P. penguin. TL 


Taphonomy of insects in carbonates and amber. X. 
Martinez-Delclos, D. E. G. Briggs, and E. Penalver, 
Palaeogeography, Palaeoclimatology, Palaeoecology, 
Vol. 203, No. 1-2, 2004, pp. 19-64. 

Taphonomy deals with the incorporation of organic remains 

into sediments or other media (e.g., resins) and the fate of 

these materials after burial. Such occurrences are uncom- 
mon in the case of insects, as compared, for example, to fos- 
sil mollusk shells. In this article, the authors present an 
extensive review of the wide range of major taphonomic 
processes that control insect preservation in both carbonate 
rocks (e.g., limestones) and resins (e.g., amber and copal). 
These processes (both biologic and diagenetic) are restricted 
in geologic time and geographic distribution, which gener- 
ates biases in the fossil record in terms of the number, type, 
and location of insects preserved. The authors suggest that 
taphonomic studies are an essential prerequisite to the 
reconstruction of fossil insect assemblages, to the interpre- 
tation of the sedimentary and environmental conditions 
where insects lived and died, and to the investigation of the 
role of insects in ancient ecosystems. JES 


Traditional pearl and chank diving technique in Gulf of 
Mannar: A historical and ethnographic study. N. 
Athiyaman and K. Rajan, Indian Journal of History 
of Science, Vol. 39, No. 2, 2004, pp. 205-226. 


Using traditional methods, divers have retrieved pearls and 
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chank (Turbinella pyrum, also known as “Indian conch”) 
shells from the Gulf of Mannar, on the southeast coast of 
India, for several millennia. At present there is no pearl 
fishery along this coast, but chank shell is still harvested. 
Historically, the pearl oyster beds were located at a depth 
of 4-12 fathoms (7-22 m), and the best period for pearl div- 
ing was between March and mid-May. Before the season 
began, divers would survey potential sites to determine 
the best locations. Early reports indicate that hundreds 
(even thousands) of boats were used for pearl fishing each 
season, some accommodating as many as 60-90 divers. 
Thousands of divers participated in the pearl harvest. 
Chank shell recovery was accomplished by similar meth- 
ods but with fewer people. 

The harvested oysters would be left in a pit to decay for 
one month before the pearls were extracted. A 16th century 
account states that, after washing, the pearls would be sort- 
ed into four grades, according to size and quality, that were 
directed to specific markets: Aia of Portugal, or round 
goods, which were purchased by Portuguese merchants; 
Aia of Bengal, or off-round; and Aia of Canara, which were 
inferior to the previous two. The lowest grade of pearls, Aia 
of Cambaia, was sold in the local countryside. RS 
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Characterization of carbonado used as a gem. K. de Corte, 
Y. Kerremans, B. Nouwen, and J. van Royen, 
Gemmologie: Zeitschrift der Deutschen Gemmolo- 
gischen Gesellschaft, Vol. 53, No. 1, 2004, pp. 5-22. 

The popularity of colored diamonds and the availability of 

advanced laser cutting techniques have advanced the use 

of carbonado as a gem. Carbonado is an opaque polycrys- 
talline diamond material with properties that are quite dif- 
ferent from those of “normal” diamonds. This article pre- 
sents a study of 21 carbonados from the Central African 

Republic that is augmented with data from the literature, 

mostly on Brazilian stones. 

Morphologically, two categories of carbonado are dis- 
tinguished. The first has a mostly homogeneous grain size 
(20-30 um in diameter), while the second comprises larg- 
er crystals (>80 um in diameter) that are embedded in a 
fine-grained matrix. Pores among the crystals are filled 
with a variety of oxide, phosphate, or silicate minerals. 
Due to its porosity, the density of a carbonado is distinc- 
tively lower than that of a pure diamond (3.07-3.45 vs. 
3.52 g/cm). Sr, Pb, Fe, and Y were detected as major ele- 
ments in the pores by EDXRF. Infrared spectroscopy 
showed that the diamonds were types Ia or Ib; both types 
were found in some samples. Raman photoluminescence 
spectroscopy revealed N-V centers at 638 and 575 nm, as 
well as the H3 center at 503 nm; all of these defects are 
caused by exposure to natural radiation. 

Carbonados have only been found in alluvial deposits, 
and their source rock is unknown. They can be quite 
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large, with stones >1,000 ct reported. Various hypotheses 
have been offered to explain their origin, ranging from for- 
mation in the earth’s interior to meteorites, but the mat- 
ter is still unresolved. KSM 


Conditions of incipience and growth of diamond crystals. 
V.N. Anfilogov, Proceedings of the Russian Miner- 
alogical Society, Vol. 133, No. 1, 2004, pp. 110-116 
[in Russian with English abstract]. 

Mechanisms of nucleation and the subsequent growth of 

natural diamond crystals are discussed. It is postulated 

that morphological and structural features in the central 
zones of diamond crystals (i.e., their nuclei) may initially 
form under extreme physical conditions (e.g., impacts or 
mechanical deformation) as a metastable, diamond-like 
modification of the carbon. Alternately, in accordance 
with the commonly accepted mantle origin of kimberlites, 
their formation may be due to an interaction between 
basaltic melts in the mantle and rocks occurring at the 
base of a craton in the earth’s crust. In this case, the kim- 
berlite is viewed not as a hypothetical mixture of a melt 
and a gaseous phase, but as a fluid from which all the 

“magmatic” minerals of kimberlite crystallize. There is 

some evidence that diamond crystals grow while kimber- 

lite pipes are being emplaced. RAH 


How long can diamonds remain stable in the continental 
lithosphere? C. J. O’Neill and L. Moresi, Earth and 
Planetary Science Letters, Vol. 213, No. 1-2, 2003, 
pp. 43-52. 

A question of importance to diamond geologists is: Do 

Archean ages (>2.5 billion years [By]) obtained for dia- 

monds from many of the world’s cratons constrain the 

thermal state of the Archean continental lithosphere? 

Recent evidence suggests that the published ages may not 

represent the ages of the diamonds themselves, but rather 

may significantly pre-date them. To study this possibility, 
the authors mathematically modeled the thermal stability 
of the continental lithosphere in the convecting mantle. 

If diamonds have survived in cratonic roots since the 
Archean, the conditions necessary for their stability must 
have existed in the Archean continental lithosphere and 
remained relatively unperturbed for ~3.0 By. In this study, 
the longevity of the diamond stability field is explored for 
systems with chemically distinct continental crust and a 
strongly temperature-dependent mantle viscosity. Such 
models frequently produce the temperature conditions 
needed to form diamonds within the Archean lithosphere, 
but temperature fluctuations experienced within the mod- 
eled mantle lithosphere are generally able to destroy these 
diamonds within 1 By. The models show that the maxi- 
mum residence time of diamonds in the lithosphere is 
~284-852 million years. While this approaches the order 
of magnitude (of Archean ages) required, extremely fortu- 
itous mantle conditions are required to explain the appar- 
ent longevity of Archean diamonds. RAH 
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Mineralogy of diamonds from the Yubileinaya pipe 
(Yakutia). N. N. Zinchuk and V. I. Koptil, Geology 
of Ore Deposits, Vol. 46, No. 2, 2004, pp. 135-149. 
The Yubileinaya (Jubileynaya) kimberlite pipe in the 
Daldyn-Alakit diamondiferous district of Yakutia is the 
largest (59 ha) primary diamond deposit in Russia. It was 
concealed by an overlying dolerite sill (average thickness 
of 66 m) that has been stripped away to allow for open-pit 
mining. This article presents the results of a comprehen- 
sive study of the mineralogy and physical properties of 
~7,000 diamonds taken from drill core and large tonnage 
samples. Data are presented on crystal morphology (crys- 
tal varieties and habits, twins and intergrowths, etching 
features), transparency, color, photoluminescence, X-ray 
luminescence, degree of preservation, mineral composi- 
tion of solid inclusions, optically active defects, infrared 
spectroscopy, and carbon isotropic composition. 

Many of the diamonds from the Yubileinaya pipe, 
similar to those of other primary deposits of the Siberian 
province, are colorless; about 40% have octahedral and 
transitional forms from octahedral to rhombic dodecahe- 
dra. However, variations in crystal morphology according 
to diamond size are distinctly different from the varia- 
tions seen at the Mir, Aikhal, and other pipes in the 
region. Diamonds from this pipe also show strong evi- 
dence of natural dissolution (e.g., corrosion features, frost- 
ing) compared to diamonds from other Yakutian deposits. 
The colored diamonds are mainly pale “smoky” brown, 
pinkish violet, and violet-brown (caused by ductile defor- 
mation). Many of the Yubile§naya diamonds appear gray 
because of numerous graphite inclusions. Most of the dia- 
monds have blue, pinkish violet, and green photolumines- 
cence, with a large number showing yellow-green photo- 
luminescence. These and other data are used to distin- 
guish diamonds from the Yubileinaya pipe from those 
produced elsewhere in Yakutia. 

Paul Johnson 


A new type of synthetic [syngenetic] xenomineral inclu- 
sions in diamond. V. I. Silaev, I. I. Chaikovskii, V. I. 
Rakin, and V. N. Filippov, Doklady of the Russian 
Academy of Sciences, Earth Science Section, Vol. 
394, No. 1, 2004, pp. 53-57. 

A new class of syngenetic inclusions composed of Ti-Fe- 

Si-Zr-Al oxide solid solutions has been found in diamond 

crystals obtained from placers in the Middle Ural 

Mountains. The inclusions, which are linearly arranged 

and probably represent two generations, have been detect- 

ed in both the marginal and central parts of the diamonds. 

They are up to 20 um in size and have a wide range of 

compositions, as evidenced by the analysis of 17 inclu- 

sions. These inclusions are probably suitable for determin- 
ing conditions of diamond nucleation and growth, because 
they could be close analogues of mineral phases present in 
the inferred deep mantle. RAH 
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Aventurescent oligoclase feldspar from Oregon, USA. U. 

Henn, Journal of Gemmology, Vol. 29, No. 2, 2004, 

pp. 72-74. 
Basaltic rocks in Oregon have been the source of gem- 
quality plagioclase feldspars since the 1960s. The most 
abundant species is labradorite, but bytownite, andesine, 
and oligoclase have also been recovered. Oligoclase com- 
prises only 1% of the gem material. The gemological prop- 
erties (e.g., R.I. of 1.535-1.547) and chemical composition 
(e.g., an anorthite content of An,, ,) of the transparent 
oligoclase “sunstone” are reported along with a descrip- 
tion of the euhedral hematite inclusions that are responsi- 
ble for their aventurescence. Similar transparent sunstones 
from Norway and colorless oligoclase from Brazil can be 
differentiated from the Oregon material, as the latter has 
both lower refractive indices and a lower anorthite con- 
tent. [Editor’s note: Most of the sunstone previously 
reported from Oregon is labradorite (An,, in composition), 
with aventurescence attributed to platelets of native cop- 
per (C. L. Johnston et al., Winter 1991 Gems & Gemology, 
pp. 220-233).] WMM 


Amethyst in the Thunder Bay region, Ontario. M. I. 
Garland, Canadian Gemmologist, Vol. 25, No. 2, 
2004, pp. 44-57. 

The Thunder Bay amethyst area (~125 km long and ~40 
km wide} in Ontario extends along the northern shore of 
Lake Superior from Thunder Bay to Lake Nipigon. The 
amethyst is related to the hydrothermal system that 
formed the Thunder Bay silver and the Dorion lead-zinc- 
barite veins. There is a spatial relationship between these 
veins and an Archean and Proterozoic unconformity (con- 
taining 2.7 and 2.0 billion-year-old rocks, respectively), 
suggesting that the unconformity provided a conduit for 
silica-rich solutions. Areas with good amethyst potential 
are recognized by development of quartz-rich breccia 
zones along recurrent faults. The amethyst has a variety of 
occurrences, such as in vugs and zoned veins, with colors 
ranging from the palest violet to almost black. Facetable 
amethyst is produced at several operating mines. 

Although amethyst was used by native people, “mod- 
ern” mining began in the 1860s; interest waned in the 
early 1900s with the appearance of abundant, inexpensive, 
good-quality Brazilian material. In the 1950s, there was a 
resurgence of exploration, resulting in the discovery of sev- 
eral large deposits. In addition to recovering amethyst for 
sale in their own shops, many Thunder Bay producers (14 
are listed in a table) offer fee digging. The amethyst indus- 
try is important to the local economy, but it suffers from a 
lack of consistent marketing and production, as well as 
competition (particularly from South America). Currently, 
the economic strength of Thunder Bay amethyst lies in 
the variety of spectacular specimens, particularly in com- 
bination with barite and fluorite. AAL 
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Conditions of pocket formation in the Oktyabrskaya 
tourmaline-rich gem pegmatite (the Malkhan field, 
central Transbaikalia, Russia). I. S. Peretyazhko, V. 
Y. Zagorsky, S. Z. Smirnov, and M. Y. Mikhailov, 
Chemical Geology, Vol. 210, No. 1-4, 2004, pp. 
91-111. 

Coexisting melt, fluid-melt, and fluid inclusions in quartz 

from the Oktyabrskaya gem tourmaline deposit in Russia 

were studied to elucidate the conditions of pocket forma- 
tion. At room temperature, fluid-melt inclusions in early 
pocket quartz and in quartz from the coarse-grained quartz- 
oligoclase host pegmatite contain crystalline aggregates and 
an orthoboric-acid fluid. The prevalence of fluid-melt inclu- 
sions decreases, and the volume of fluid in the inclusions 
increases, from the early to the late growth zones in the 
pocket quartz. No fluid-melt inclusions were found in the 
late growth zones. Analysis of the fluid inclusions and 
accompanying fluids suggests that the residual melts of the 

latest magmatic stage were strongly enriched in H,O, B, F, 

and Cs, and contained elevated concentrations of Li, Be, Ta, 

and Nb. Fluid-melt inclusion microthermometry showed 
that those melts could have crystallized at 615-550°C. EF 


Emerald mineralization in the Kafubu area, Zambia. A. V. 
Seifert, V. Zacek, S. Vrana, V. Pecina, J. Zacharias, 
and J. C. Zwaan, Bulletin of Geosciences, Vol. 79, 
No. 1, 2004, pp. 1-40. 
This study provides the first quantitative geochemical, 
petrological, and mineralogical data on major rock types 
and minerals of the Kafubu emerald area in Zambia. The 
emerald-bearing phlogopite schists are confined to the con- 
tacts of quartz-tourmaline veins (and less commonly, 
quartz-feldspar pegmatites) with the host chromium-rich 
metabasites. The veins and pegmatites are the source of Be, 
and are genetically related to a hidden fertile granite pluton. 
The formation of the phlogopite schists from the metaba- 
sites was also associated with the addition of K, F, Li, and 
Rb. Data on pegmatite occurrences in active mines and 
exploration pits and their extrapolation into surrounding 
areas point to the existence of a single, major pegmatite 
field that overlaps the extensive horizons of metabasite. 
The emeralds range from light to dark green and are 
often color zoned. They are typically heavily included and 
moderately fractured. They are dichroic, inert to long- and 
short-wave UV radiation, and commonly appear green 
through the Chelsea filter. Fluid inclusion data indicate 
that the most common interval of quartz veins associated 
with emerald mineralization was at approximately 
350-400°C and 200-400 MPa. EF 


Gem corundum deposits in Vietnam. P. V. Long, H. Q. 
Vinh, V. Garnier, G. Giuliani, D. Ohnenstetter, T. 
Lhomme, D. Schwarz, A. Fallick, J. Dubessy, and P. 
T. Trinh, Journal of Gemmology, Vol. 29, No. 3, 
2004, pp. 129-147. 


This paper reviews the main types of gem corundum 
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deposits in Vietnam, the history of their discovery, and 
their geologic framework, gemological and mineralogical 
properties, and inclusions. Beginning in 1983, gem-quality 
rubies were mined first from marble-hosted deposits near 
Luc Yen and later from the Yen Bai and Quy Chau min- 
ing districts, all of which are in the northern part of the 
country. Blue, green, and yellow sapphires (associated 
with basalt) have been mined since 1991 from the Dak 
Lak, Lam Dong, and Bin Thuan provinces of southern 
Vietnam. Although corundum is known from amphibo- 
lite, gneiss, and metasomatites in Vietnam, these deposits 
are not currently viable. The physical appearance of these 
various gem corundums, and the inclusions found within 
them, are directly related to their respective geologic envi- 
ronments. 

Trace-element variations in the corundums underline 
the diversity of their host rocks. Plots of the ratios 
Cr,O,/Ga,O, versus Fe,O,/TiO, divide the corundums 
into three main geochemical fields that are discrete and 
partly overlap. Some rubies, as well as some blue and col- 
orless sapphires, are found in placer deposits and there- 
fore are of unknown geologic origin. Fluid composition 
signatures, inclusions, and oxygen isotope compositions 
clearly differentiate Vietnamese corundums of different 
origins. WMM 


Inclusions in Vietnamese Quy Chau ruby and their origin. 
P. V. Long, H. Q. Vinh, and N. X. Nghia, Australian 
Gemmologist, Vol. 22, No. 2, 2004, pp. 67-71. 

The inclusions found in ruby from Quy Chau, Vietnam, 

were studied by optical and scanning electron microscopy, 

as well as Raman spectroscopy. The following were identi- 
fied: anatase, andalusite, anorthite, apatite, biotite, 
boehmite, brookite, calcite, corundum, diaspore, dolomite, 
graphite, margarite, muscovite, phlogopite, pyrite, rutile, 
zircon, and zoisite. The compositions of both primary and 
secondary gas-liquid phases, and negative crystals, are also 
described. The authors suggest that the mixed composi- 
tion of the inclusions in Quy Chau rubies is suggestive of 
both metamorphic and metasomatic origins. 

RAH 


Sapphire-blue kyanite from Nepal. U. Henn, Australian 
Gemmologist, Vol. 22, No. 1, 2004, pp. 35-36. 
Gem-quality deep blue kyanite, yielding faceted stones up 
to 12.2 ct, is described from Nepal. Refractive indices were 
o = 1.715-1.718, B = 1.726-1.727, and y = 1.731-1.734 (bire- 
fringence = 0.016). S.G. values were 3.67-3.69. The kyanite 
showed a distinct red luminescence to long-wave UV radi- 
ation. Growth tubes were oriented parallel to the c-axis of 
the kyanite and were accompanied by distinct color zon- 
ing. A second type of growth tube (oriented perpendicular 
to the other tubes) was tapered and partly filled by a dou- 
bly refractive mineral. The nonpolarized absorption spec- 
trum showed bands attributable to Fe** occupying octahe- 
dral Al sites. RAH 
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Spinel from Kayah State (Myanmar). U. T. Hlaing, 
Australian Gemmologist, Vol. 22, No. 2, 2004, pp. 
64-66. 

Gem-quality pink-to-red spinels were recovered in 2001 

from an alluvial deposit between the Pawn Chaung and 

Salween Rivers, some 40 km south of the township of 

Hsa-taw, Kayah State, eastern Myanmar. They were 

likely derived from marbles associated with the Pawn 

Chaung rock series. Some of these spinels have yielded 

faceted stones up to 1 ct. Gemological properties were 

RI. = 1.713 and S.G. = 3.63, and inclusions were rare. 

RAH 


INSTRUMENTS AND TECHNIQUES 


The application of the confocal micro-Raman in the gem- 
stone identification. E. Zu, Y. Duan, and P. Zhang, 
Journal of Yunnan University, Vol. 26, No. 1, 2004, 
pp. 51-55 [in Chinese with English abstract]. 

The application of Raman spectroscopy to the nondestruc- 

tive identification of natural gems, simulants, synthetics, 

enhancements, and inclusions, with particular emphasis 

on stones likely to be encountered in Yunnan, China (i.e., 

jadeite), is described. Several examples are given, the most 

interesting of which relate to green stone axes that were 
found in Yunnan. These axes were purportedly made of 

Burmese jadeite that was produced 3,000-7,000 years ago 

and subsequently imported into China. However, Raman 

analysis clearly established that the green material was 
kyanite. TL 


Chemical determination of coloured zoned minerals in 
“natural stones” by EDS/WDS electron microprobe: 
An example of dumortierite quartzites. A. Borghi, 
R. Cossio, L. Fiora, F. Olmi, and G. Vaggelli, X-Ray 
Spectrometry, Vol. 33, No. 1, 2004, pp. 21-27. 
Quartzite, a metamorphic rock composed primarily of 
granular quartz, on rare occasions displays a blue color due 
to dumortierite impurities. This study of dumortierite 
within quartzite from Mozambique, Brazil, and 
Madagascar was undertaken to determine the relationship 
between the color and chemistry of this mineral. The sam- 
ples from Mozambique contained two generations of 
dumortierite crystals, both of which exhibited zoning of 
color and of Al, Si, Ti, and Sb contents. Areas of stronger 
blue pleochroism could be correlated with higher Ti con- 
tents. These dumortierites also displayed an unusual 
amount of antimony (up to 5 wt.% Sb,O,), but with no 
correlation to color. The authors suggest that Sb and Ti are 
accommodated in the Mozambique dumortierite by cou- 
pled exchange with Si and Al, respectively. The 
dumortierite in quartzites from Brazil and Madagascar 
were less zoned in terms of color and chemistry. 
JES 


GEMS & GEMOLOGY SPRING 2005 


LIBS: A spark of inspiration in gemological analytical 
instrumentation. T. Themelis, Australian Gem- 
mologist, Vol. 22, No. 4, 2004, pp. 138-145. 

The application of laser-induced breakdown spectroscopy 

(LIBS) to the detection of Be, B, and Li in selected untreat- 

ed and treated gem corundums was studied using a bench- 

type apparatus. With this technique, laser pulses fired onto 
the surface of test specimens generate a plasma that gives 
rise to distinct spectral emission signatures, which are cap- 
tured by a spectrograph and processed by a computer. The 
use of LIBS for detecting Be, Li, B, and other elements in 
gems is hindered by the substantial instrumental error of 
~20%. Also, the specimen undergoes some damage. The 
author concludes that the use of LIBS in gemology appears 
limited because the technique is not sufficiently quantita- 
tive. Nevertheless, LIBS may be useful for detecting poly- 
mers and for analyzing the content of jewelry metal alloys. 

RAH 


The use of optical coherence tomography for monitoring 
the subsurface morphologies of archaic jades. M.-L. 
Yang, C.-W. Lu, I.-J. Hus, and C. C. Yang, Archae- 
ometry, Vol. 46, No. 2, 2004, pp. 171-182. 

When buried for centuries, the mineralogical structures of 
jade objects gradually alter, resulting in a whitening of the 
surface and part of the interior. This provides one of the 
most important characteristics for identifying authentic 
archaic jade objects. However, an archaic appearance can 
also be created by heating or burning jade objects. This 
study shows how optical coherence tomography (OCT) 
can be used to nondestructively differentiate between 
authentic archaic jades and forgeries by imaging their sub- 
surface structures. 

The authors used an OCT system that was modified 
for scanning jade objects to study three archaic samples 
and two artificially treated jades. Systematic differences 
were found in the small- vs. large-scale structures that 
were imaged, as well as in the backscattering intensity 
measured by the technique. OCT can provide a useful 
means of authenticating archaic jade objects. Al 


JEWELRY RETAILING 


Diamond polisher. J. Kutler, Institutional Investor, Vol. 
38, No. 11, 2004, pp. 18-21. 
A profile is presented of Terry Burman, who helped restore 
the fortunes of Signet Group. Signet is the world’s largest 
specialty retail jewelry chain, with more than 1,700 stores 
and 17,000 employees in the U.K and the U.S. operating 
under several well-known names (e.g., H. Samuel, Kay 
Jewelers). The company began the 1990s with losses 
incurred by large debts that were exacerbated by adverse 
publicity generated by former CEO Gerald Ratner. A suc- 
cessor to Ratner, James McAdam, helped restore the com- 
pany to profitability. However, in the four years since 
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Burman took the helm, pre-tax profits have increased 65%, 
a result of stressing product quality and continuous 
improvement in all aspects of the business. The company 
also increased its diamond branding efforts, shifted much of 
its advertising to television, and worked hard on training 
programs to instill consumer confidence in the sales staff. 
RS 


A gem of a resourcing strategy. R. Suff, IRS Employment 
Review, Issue 809, 2004, pp. 46-48. 

Signet Group recently launched a new human resources 

strategy to support its prime business goal of “making 

its existing space work harder.” This entailed attracting 

and retaining employees capable of taking the business 

forward. 

The company set up a screening program to attract 
people with a strong work ethic, which entailed updating 
the company’s image in the employment market. It then 
commissioned a business psychology firm to identify key 
traits of an “ideal” employee. Communication skills were 
critically important. The company also devised a number 
of incentive programs, including ongoing training and 
career tracking, to retain as many employees as possible. 

RS 


Displaying jewelry in the best light. A. DeMarco, /CK, 
Vol. 175, No. 4, 2004, pp. 96-100. 
This article describes how lighting can be used in retail 
jewelry stores to help attract customers and boost sales. 
The best lighting arrangements employ fluorescent lights 
in jewelry showcases and metal halide or tungsten halogen 
lights from above. This allows pieces to be lit effectively 
both in and out of the case. In addition, the temperature of 
the light source can have an effect on color. Temperatures 
below 3,000 K produce a warm, reddish appearance. From 
3,400-3,500 K, the light is white or neutral. Temperatures 
greater than 4,600 K produce bluish “cool” colors. 
Lighting and associated electrical requirements can be 
one of the most significant store expenses (about 25%) for 
retail jewelers, and as such they should be considered an 
investment. Studies have shown that better-lit displays 
and cases attract more browsers and promote significantly 
higher sales. The author notes that hiring lighting profes- 
sionals often saves money in the long run. RS 


TREATMENTS 


The effect of high-temperature treatment on the defect- 
and-impurity state and color of diamond single 
crystals (review). N. V. Novikov, A. N. Katrusha, S. 
A. Ivakhnenko, and O. A. Zanevsky, Journal of 
Superhard Materials, Vol. 25, No. 6, 2003, pp. 1-12. 

This article presents a detailed review (as of 2003) of the 

technology for changing diamond color by high temper- 

ature/high pressure annealing (HPHT; also called ther- 
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of Research. Assisted by Dr. Ralph J. 
Holmes of Columbia University. Dr. 
Switzer with this revolutionary new in- 
strument made possible the positive identi- 
fication of gemstones. 


As a consequence of the early research 
in pearl identification by Robert M. 
Shipley, Jr. resulting in the gifts of equip- 
ment which were the nuclei for the pres- 
ent laboratories, an improved endoscope 
has been used by the GIA since that time 
and was last year developed by Shipley, 
Jr. into an improved model which, like 
all GIA instruments except the Diamond- 
scope, is available to any purchaser. 


Special credit is owing Robert M. Ship- 
ley, Jr. also for the development and 
perfection of the Shipley Polariscope, 


The Diamondscope at the Izft and at 
the top the Diamondlite with yardstick 
for color grading of diamonds in the 
GIA Laboratory. At the bottom of 
the page is shown the X-ray Diffraction 
Unit. 


the Diamond Imperfection I[lumimator, 
and the Shipley Universal Motion Im- 
mersion Stage. 


Great was the feeling of reward in the 
spring of 1938 in disproving claims that 
diamonds could be produced synthetically 
by on American in sufficient quantity to 


54 
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mobaric treatment). It discusses changes in atomic- 
level defects and visible absorption spectra from HPHT 
treatment of both type I and II natural and synthetic 
diamonds. The color changes result from the formation 
or annihilation of color centers often involving nitro- 
gen. The treatment technologies used by several compa- 
nies (such as General Electric and others) are summa- 
rized. Results are presented of experiments carried out 
by the authors to produce a range of colors in diamonds 
using a toroid-type high-pressure apparatus at condi- 
tions of 1,600-2,100°C and 5.5-6.5 GPa. The potential 
risk of cracking even high-clarity diamonds during 
HPHT treatment is also discussed. 

JES 


If you can’t stand the heat, get out of the gem business. G. 
Roskin. /CK, Part I. Vol. 175, No. 5, May 2004, pp. 
182-188; Part II. Vol. 175, No. 6, June 2004, pp. 
129-132, Part III. Vol. 175, No. 8, August 2004, pp. 
90-92. 

This three-part report summarizes the history and meth- 

ods of heat treating colored stones to create a more sal- 

able product, as well as the issues raised by these treat- 
ments in the retail marketplace. Heat treatment has 
been practiced for centuries, primarily to improve color, 
but only recently have detection techniques and equip- 
ment evolved to the point that most of them can be 
identified consistently. Detection of treatment for some 
gem varieties continues to be very difficult or even 
impossible. Aquamarine is one example, but the list of 
gems with unidentifiable color origins is growing, and 
two of the “big three” colored stones—ruby and sap- 
phire—are in danger of joining that list. Corundum 
treatment was not recognized until the 1970s; a 1979 lab 
note in Gems & Gemology by Robert Crowningshield, 
then director of GIA’s Gem Trade Laboratory in New 

York, observed that heat-treating of sapphires is “one of 

the best kept commercial secrets in the jewelry indus- 

try.” [Editor’s note: see Spring 1979 Gems # Gemology, 

p. 147.] 

Heat treatments of Sri Lankan geuda sapphire and 
later Burmese (Mong Hsu) ruby helped the industry 
meet the growing demand for these gemstones by trans- 
forming unattractive material into salable gems. The 
treatment bar was raised in the mid-1980s when the pro- 
cess of creating blue color in sapphire by diffusing titani- 
um was introduced to the market. Detection of this pro- 
cess was easy because the color was confined to the sur- 
face. However, detecting heat treatment of certain sap- 
phires was much more difficult because the color could 
be improved with temperatures as low as 300—400°C 
(which is insufficient to produce telltale altered inclu- 
sions). The latest treatment, beryllium diffusion, is even 
more difficult to detect. 

The report also lists five categories of corundum treat- 
ment that affect price and therefore must be disclosed: 
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unenhanced, lightly heated (i.e., Madagascar), heated 
without flux, heated with flux, and heated with an addi- 
tive (e.g., beryllium). RS 


The use of thermobaric treatment to manipulate the 
defect-and-impurity state of natural diamond single 
crystals. A. N. Katrusha, S. A. Ivakhnenko, O. A. 
Zanevsky, and T. Hainschwang, Journal of Super- 
hard Materials, No. 3, 2004, pp. 47-54 [in Russian]. 

Natural brown type I diamonds were treated under 
HPHT conditions corresponding to the graphite stabili- 
ty region of the carbon phase diagram (1,750-2,000°C, 
44-65 kbar) for 10-30 minutes to evaluate the effects of 
pressure on the aggregation state of nitrogen and the 
formation of color centers. Following HPHT treatment, 
mixed type IaA/B diamonds showed considerable 
decreases in brown coloration at all experimental pres- 
sures. However, those samples treated at the lowest 
pressure (44 kbar) also developed a yellow color, which 
was attributed to H3, H4, and N3 absorption centers. It 
is speculated that enhanced mobility of vacancies was 
responsible for the formation of these color centers at 
only lower pressures. Despite conditions that favored 
graphite stability, no graphitization of diamond surfaces 
or fractures was observed. 

HPHT treatment of a brown type Ib diamond caused 
near-complete aggregation of nitrogen, resulting in a 
type IaA/B pinkish yellow diamond. The creation of N3 
and H3 centers caused the yellow, and a broad absorp- 
tion band at 560 nm produced the pink color. Nearly 
pure type IaB brown diamonds, after exposure to HPHT 
conditions, gave varying results. It was found that 
1.1-4.0 ppm of nitrogen in the form of A-aggregates 
must be present within the IaB diamonds to produce 
sufficient N3 and H3 centers to cause a green-yellow 
color under the treatment conditions used. These exper- 
iments with type I diamonds indicate that the results of 
HPHT treatment are dependent not only on the type 
and amount of nitrogen present but also on the pressure 
conditions. CMB 


MISCELLANEOUS 


Criteria and parameters for gemstones [sic] uniqueness. 
V. S. Chernavtsev and K. K. Atabaev, Gemological 
Bulletin, No. 9, 2003, pp. 12-17 [in Russian with 
short English abstract]. 

The authors studied gem exhibits in museums and at 

mineral shows worldwide with the objective of quantify- 

ing the factors that determine the value of museum-qual- 
ity colored stones, particularly rough specimens but 
sometimes cut stones. On the basis of the data collected, 
they were able to classify the stones into several groups 
and to value them. They also determined characteristics 
that make certain specimens “unique” (i.e., those of 
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exceptional quality, rarity, or other attributes). Such 
specimens are found not only in museums but also in 
private collections. 

The main criteria that determine the uniqueness of 
gemstones are: (1) aesthetic appeal, (2) purity (i.e., the 
number and nature of associated minerals) and perfection, 
(3) rarity, (4) historical importance, and (5) scientific signif- 
icance. Based on these criteria, several categories of unique 
stones were recognized, their parameters tabulated, and 
valuations applied. Particularly unique samples are 
extremely difficult to value but, as a generalization, their 
price depends on size, purity, abundance and location of 
physical defects, availability of details on their geologic 
occurrence, and publications (scientific or popular) related 
to the particular specimen. BMS 


Managing the commons: An economic approach to pearl 
industry regulation. B. Poirine, Aquaculture 
Economics & Management, Vol. 7, No. 3-4, 2003, 
pp. 179-193. 

Unregulated use of tropical lagoons for pearl culture 

has created problems associated with overexploitation, 

which has led to declining profits (or losses) for pearl 
farmers. Various factors cause cultured pearl produc- 

tion to decline and oyster mortality to increase when a 

critical density is reached. Particular emphasis is 

placed on the problems facing the Tahitian black cul- 
tured pearl industry. 

In lagoons owned privately by a single producer, over- 
crowding is not a problem because profits are maximized 
far below the critical density. However, in public lagoons, 
the author proposes that the government should regulate, 
by auction, the use by a single producer for a specific peri- 
od of time, with rules to ensure equitable policies toward 
all producers. Arguments are also made for a global cul- 
tured pearl production quota to keep prices from falling 
due to excess supplies; both Australia and Japan have 
enacted successful oyster quota policies that have prevent- 
ed overexploitation and the economic havoc that results 
from such practices. RS 


Not forever: Botswana, conflict diamonds and the 
Bushmen. I. Taylor and G. Mokhawa, African 
Affairs, Vol. 102, No. 407, 2003, pp. 261-283. 

Although Botswana, a peaceful democracy in southern 

Africa, has not been implicated in the campaigns against 

conflict diamonds, the policies of its government regarding 

tribes of Bushmen living in the Central Kalahari Game 

Reserve have come under fire. 

Botswana is the world’s largest diamond producer by 
value, and diamonds are responsible for 87% of its for- 
eign exchange. The country, one of the poorest at inde- 
pendence in 1966, is now in the upper-middle income 
category (with a per capita Gross Domestic Product of 
more than $6,000), though the distribution of wealth 
remains very unequal. Because the country is so depen- 
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dent on diamond revenues, its government launched a 
“Diamonds for Development” campaign to ensure differ- 
entiation from other African nations beset by wars that 
spawned the conflict diamond campaigns. However, a 
number of nongovernmental organizations (Survival 
International, in particular) have sought to link the gov- 
ernment’s policy of removing Bushmen tribes, known as 
the San, from the Reserve to diamond exploration efforts 
in that area. 
The government cut off services, including water, to 
the area in January 2002 as part of a policy to resettle the 
San, claiming the action and the resettlements were to 
protect wildlife and foster tourism in the area. Survival 
International drew De Beers—a 50/50 partner in 
Bostswana’s diamond mining operations—into the contro- 
versy, as De Beers holds an exploration license near the 
affected area. De Beers has distanced itself from the gov- 
ernment’s resettlement policy and noted that its explo- 
ration area comprises only 20 km? of the Reserve’s 55,000 
km/?. Survival International continues to organize protests 
against. De Beers and the Botswana government. 

RS 


Strategies for sustainable development of the small-scale 
gold and diamond mining industry of Ghana. R. K. 
Amankwah and C. Anim-Sackey, Resources Policy, 
Vol. 29, No. 3-4, 2003, pp. 131-138. 

Small-scale mining of gold and diamonds has helped create 

employment and government revenue in Ghana. Since the 

government instituted reforms in 1989 that legalized such 

activites, more than 1.5 million ounces of gold and 8 mil- 

lion carats of diamonds have been produced. The small- 

Scale Mining Law inlcudes a technical assistance program 

that has helped with prospecting and development, legal- 

ized the purchase of mercury for gold recovery, and estab- 
lished a marketing authority to buy and export gold and 
diamonds. By the end of 2001, 420 small-scale mining con- 
cessions (nine for diamonds) had been licensed. These 
companies have generated employment for more than 

100,000 people. 

However, there are still thousands of illegal miners, 
called galamsey in local parlance, who have created prob- 
lems for the government. First, conflicts have arisen over 
their encroachment on concessions held by larger mining 
companies. some large firms have accommodated the ille- 
gal miners by ceding less-economic areas of their conces- 
sion to them—in exchange for their registering with the 
government. Second, these illegal miners—and some legal 
mining enterprises—also cause a great deal of enviornmen- 
tal damage. Mercury poisoning is a particular problem in 
some mining villages. 

The government has launched an education program 
to promote cleaner, safer extraction methods. It also has 
encouraged the formation of small-scale mining associ- 
ations to better regulate safe and productive mining 
practices. RS 
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Fast Facts about 


SYNTHETIC DIAMONDS 


1. While very small, industrial-quality synthetic diamonds 
were documented in the mid-1950s, the first faceted jewelry- 
quality synthetic diamonds were unveiled by the General 
Electric Company (GE) on June 17, 1971. The internal char- 
acteristics and ultraviolet fluorescence observed in these 
early synthetic diamonds are among the key identification 
features still used today. 


2. The GE synthetic diamonds were produced by subjecting 
carbon in a metallic flux to extremely high temperatures and 
pressures, a process known as high temperature/high pres- 
sure (HPHT) growth. In the early 1970s, it took a week or 
more to grow a 1 ct gem-quality crystal, at a cost of roughly 
$20,000 (equal to about $90,000 today). 


3. Also in the 1970s, the De Beers Diamond Research 
Laboratory in South Africa began manufacturing gem-quality 
synthetic diamonds of a size suitable for use in jewelry— 
then, as now, for research purposes only. 


4. In April 1985, Sumitomo Electric Industries of Japan 
announced the first commercial production of gem-quality 
synthetic diamonds. These yellow crystals, intended only for 
high-technology industrial applications, were largely free of 
inclusions and ranged from 1 to 2 ct in size. 


5. In the early 1990s, small quantities of Russian gem- 
quality synthetic diamonds began to turn up in the jewelry 
trade. Whereas GE, Sumitomo, and De Beers researchers 
had used a “belt”-type press (so called because it uses a 
cylindrical growth chamber) to grow synthetic diamonds, 
the Russians used a new type of machinery. The “split- 
sphere” apparatus (also known by the Russian acronym 
“BARS”) applies high pressure on all sides of the growth 
chamber rather than just the top and bottom. 


6. During the 1980s, a Jow-pressure diamond growth 
technique called chemical vapor deposition (CVD) saw its 


Source: Gems & Gemology in Review: Synthetic 
Diamonds, a compilation of G&G articles and reports 
on synthetic diamonds published between 1971 and 
2004. Edited by Dr. James E. Shigley; published by 
the Gemological Institute of America, 2005, 294 pp., 
illustrated. 
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first major industrial use. In contrast to HPHT diamond 
synthesis, CVD growth takes place at a high temperature 
but at one-tenth atmospheric pressure. 


7. The CVD process, which actually pre-dates HPHT 
synthesis, involves the high-temperature ionization of a 
carbon-rich gas, typically methane. Carbon atoms are 
deposited on the substrate as a film of polycrystalline or 
single-crystal synthetic diamond. So far only thin layers of 
CVD-grown synthetic diamond (up to several millimeters in 
thickness) have been produced by the technique. 


8. For decades, CVD-grown synthetic diamond was avail- 
able only as polycrystalline material with a grayish, granular 
appearance or as very thin single crystals (too thin to be 
faceted). This changed in 2003, when Apollo Diamond Inc. 
announced that it had succeeded in growing brown-to-gray 
and near-colorless CVD synthetic diamond crystals in sizes 
suitable for faceting small cut stones. 


9. Although the latest generations of CVD synthetic diamonds 
have few if any distinguishing visual features, they can be 
positively identified through surface luminescence imaging 
with instruments such as the Diamond Trading Company’s 
DiamondView, as well as with additional analytical tech- 
niques available in larger gemological laboratories. 


10. Most of the faceted synthetic diamonds seen in the gem 
trade to date have been small (0.30 ct and less). Most have 
been strongly colored, usually yellow or brownish yellow 
and occasionally blue. In addition, some pink, red, purple, 
green, and yellow colors have been produced by post- 
growth irradiation and/or heat treatment. They exhibit a 
range of distinctive gemological properties that allow them 
to be identified by gemologists. 


Stuart Overlin 
Associate Editor 


Available now: To order, visit the GIA Gem 
Instruments Bookstore at www.gia.edu, or call 
800-421-8161. Outside the U.S. and Canada, call 
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88 Characterization and Grading of Natural-Color Yellow Diamonds 


agree John M. King, James E. Shigley, Thomas H. Gelb, Scott S. Guhin, 
” Matthew Hall, and Wuyi Wang 


Using a sample base of more than 24,000, this article explores the color 
grading of natural-color yellow diamonds at the GIA Gem Laboratory and 
pg. 89 reports on their gemological and spectroscopic properties. 


116 — Emeralds from the Kafubu Area, Zambia 


Ju. C. (Hanco) Zwaan, Antonin V. Seifert, Stanislav Vréna, Brendan M. Laurs, 
Bjorn Anckar, William B. (Skip) Simmons, Alexander U. Falster, Wim J. Lustenhouwer, 
Sam Muhimeister, John |. Koivula, and Héja Garcia-Guillerminet 


The geology, production, and gemological properties of emeralds from this, 
the second largest emerald-producing country in the world, are described. 


150 Mt. Mica: A Renaissance in Maine’s Gem Tourmaline Production 


William B. (Skip) Simmons, Brendan M. Laurs, Alexander U. Falster, 
John |. Koivula, and Karen L. Webber 


This historic deposit is once again producing fine tourmalines, with both the 
mining area and the gems examined in this report. 
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CHARACTERIZATION AND GRADING OF 
NATURAL-COLOR YELLOW DIAMONDS 


John M. King, James E. Shigley, Thomas H. Gelb, Scott S. Guhin, Matthew Hall, and Wuyi Wang 


To better understand the yellow diamonds currently in the marketplace, as well as identify possible 
changes in their trends seen over a five-year period, researchers at the GIA Gem Laboratory ana- 
lyzed gemological data collected on more than 24,000 natural-color yellow diamonds examined 
in the calendar years 1998 and 2003. These data included color grade, type of cut, clarity grade, 
weight, ultraviolet fluorescence, and UV-visible and infrared spectra. Among natural-color colored 
diamonds, those with a yellow hue are some of the most abundant; even so, they are much less 
common than the colorless to light yellow diamonds associated with GIA’s D-to-Z color grading 
scale. Since the yellow color is a continuation of the gradation of color associated with the D-to-Z 
scale, there can be misconceptions about the color grading, which involves different procedures 
from those used for D-to-Z grading. The grading and appearance aspects, as well as other charac- 
teristics of yellow diamonds, are discussed to clarify these differences. The authors have also identi- 
fied five subgroups of type | yellow diamonds, which (with some overlap) are characterized by rep- 


resentative spectra and color appearances. 


widely encountered of the “fancy color” dia- 

monds (figure 1). From 1998 to the present, 
GIA has issued grading reports on more than 
100,000 yellow diamonds, by far the most common 
of the fancy-color diamonds submitted to our labo- 
ratory. In 2003, for example, 58% of the diamonds 
submitted for GIA Colored Diamond Grading 
Reports or Colored Diamond Identification and 
Origin of Color Reports were in the yellow hue. 
Nevertheless, these represented only 2.4% of all 
diamonds submitted for various grading reports that 
year. The dichotomy between being common 
among colored diamonds yet relatively rare overall 
has created a mix of information and sometimes 
erroneous assumptions about yellow diamonds. In 
addition, although information about their “origin 
of color” or unusual characteristics (see below) has 
been documented over the years, little has been 
published about their color appearance and its rela- 
tionship to color grading (one exception being 
Hofer, 1998). 


oday, yellow diamonds are among the most 
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This article presents data on more than 24,000 
fancy-color yellow diamonds that were examined 
by the GIA Gem Laboratory during the years 1998 
and 2003. While our main concern in this study was 
gathering information to characterize the gemologi- 
cal and spectroscopic properties of the entire popu- 
lation of samples, we were also interested in identi- 
fying any trends in size, color grade, or clarity grade 
among the yellow diamonds submitted to us that 
might be revealed over time. To that end, we select- 
ed a sample population from these two years sepa- 
rated by a five-year span. 

Following a brief review of the literature on the 
geographic sources, cause of color, and other physi- 
cal properties of fancy-color yellow diamonds, this 
article will focus on expanding the published infor- 
mation about these diamonds by documenting and 
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reporting on their range of color, color grading, clar- 
ity grading, and other gemological properties, as 
well as their spectroscopic characteristics. 

We will also look at a number of aspects of color 
observation and appearance (as they apply to these 
diamonds) that are known and commonly addressed 
by vision scientists but may not be recognized by 
the layperson or even the experienced diamond 
dealer or retailer. As with the previous GIA studies 
of blue and pink diamonds (King et al., 1998, 2002), 
this article describes and illustrates some of these 
aspects to aid in understanding how they apply to 
color grading yellow diamonds. 


BACKGROUND 

History and Geographic Origin. Yellow diamonds 
have long been recognized and prized among collec- 
tors (Mawe, 1813; Bauer, 1904; Copeland and 
Martin, 1974; Gleason, 1985). For example, in his 
description of several famous diamonds he encoun- 
tered while in India, the French traveler and gem 
dealer Jean-Baptiste Tavernier (1676) mentioned 
seeing a 137.27 ct yellow diamond that he referred 
to variously as the “Florentine,” the “Austrian 
Yellow,” and the “Grand Duke of Tuscany.” As 
with other colors, yellow diamonds have come to 
the public’s attention through the interest generat- 
ed by a number of special stones, such as the his- 
torical 128.54 ct Tiffany (figure 2; see Balfour, 2000) 


YELLOW DIAMONDS 


Figure 1. While abundant 
compared to other colored 
diamonds, fancy-color yellow 
diamonds represent a small 
portion of overall diamond 
production. Their beauty and 
the depths of color in which 
they occur offer a wide range 
of possibilities to the jeweler. 
The bracelet and the 4.13 ct 
oval and 6.20 ct emerald cut 
in the rings are courtesy of 
Harry Winston Inc.; the 8.70 
ct (total weight) StarBurst cuts 
in the earrings are courtesy of 
Jonathan Doppelt Inc.; the yel- 
low gradation eternity band is 
courtesy of N. Smid; and the 
two unmounted diamonds 
and the crystal are courtesy of 
the Scarselli family. Photo by 
Harold & Erica Van Pelt. 


and 101.29 ct Allnat (see King and Shigley, 2003) 
diamonds, or the extraordinary 407.48 ct 
Incomparable (illustrated in King et al., 1994, p. 
22.7). Indeed, the first reportedly authenticated dia- 
mond found in Africa, which was cut into the 
10.73 ct Eureka, is a distinct yellow (Balfour, 2000; 
shown in Janse, 1995, p. 231). Its discovery in late 
1866/early 1867 helped start the ensuing African 
diamond mining rush. 

Although there were occasional finds over the 
centuries in India, Brazil (Cassedanne, 1989), and 
perhaps elsewhere, the first major discovery of 
quantities of what today would be considered fancy- 
color yellow diamonds occurred at several locations 
in South Africa in the late 1860s (Janse, 1995; figure 
3). The early preponderance of light yellow dia- 
monds from the Cape Province in South Africa led 
to their description in the jewelry trade as “cape 
stones,” a usage that continues today (see, e.g., GIA 
Diamond Dictionary, 1993). While these light yel- 
low diamonds are not now considered colored dia- 
monds (rather, they fall toward the lower end of 
GIA’s D-to-Z color scale), their noticeable color dis- 
tinguished them from those of other deposits that 
yielded near-colorless or brown diamonds. Also 
found, however, were numerous diamonds that ulti- 
mately would be considered yellow. The earliest 
recorded find along the banks of the Orange River 
was, as noted above, a 21.25 ct (old carat weight) 
yellow crystal that was subsequently cut into the 
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Figure 2. The Tiffany yellow diamond is one of the 
best-known diamonds in the world. The 128.54 ct dia- 
mond has been in the Tiffany collection since 1879, 
and today it is displayed in its own case (as part of 
Jean Schlumberger’s jewel, “Bird on a Rock”) at 
Tiffany & Co. in New York City. It was graded by 
GIA in 1984. Photo courtesy of Tiffany & Co. 


Eureka (Janse, 1995). In 1878, a 287.42 ct piece of 
rough recovered from a claim on the Kimberley 
mine was later fashioned into the Tiffany diamond 
(again, see figure 2). In 1964, the Dutoitspan mine 
yielded a spectacular 253.70 ct transparent yellow 
octahedral crystal known as the Oppenheimer dia- 
mond, which now resides in the Smithsonian 
Institution. 

Today, yellow diamonds are found in the pro- 
ductions of mining operations throughout the 
world (Field, 1992, p. 353). The occurrence of fancy- 
color yellow diamonds is so widespread that no 
particular deposit stands out as an important 
source (though many of the larger pieces of yellow 
rough continue to originate from South Africa). 
Some data correlating diamond color and size has 
been published for certain deposits (in particular, 
the kimberlites in South Africa; see, e.g., Harris et 
al., 1979), but the literature contains no such infor- 
mation on yellow diamond abundances for other 
occurrences. 
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Noted Auction Sales and Other Publicity. As with 
other colored diamonds, yellow diamonds can com- 
mand high prices and generate much public atten- 
tion. At its 1988 auction, the Fancy brownish yellow* 
Internally Flawless Incomparable diamond reached a 
bid of $12 million before it was withdrawn without 
having met its reserve (Balfour, 1997). An 18.49 ct 
Fancy Intense* yellow known as the “Golden Drop” 
sold at auction for $203,461 per carat in 1990 (Hofer, 
1998), while a 13.83 ct Fancy Vivid yellow sold for 
$238,792. per carat in 1997. In February 2005, a 10.02 
ct Fancy Vivid yellow diamond sold for $772,848 
(more than $77,131 per carat) at Sotheby's St. Moritz. 
Recently, a 101.28 ct Fancy Vivid yellow cushion 
modified brilliant known as the “Golden Star” was 
unveiled to the public in Palm Beach, Florida, by jew- 
eler Laurence Graff, who reported that this diamond 
had been cut from a large crystal found at the Finsch 
mine in South Africa. 


Past Studies. Differences noted in crystal form and 
physical and spectroscopic properties between (what 
were discovered to be) nitrogen-containing diamonds 
and those much rarer diamonds with virtually no 
nitrogen led early in the 20th century to the recogni- 
tion by scientists of the type I and type II categories, 
respectively (Robertson et al., 1934; also see Anderson, 
1963). At the atomic level in type I diamonds, nitrogen 
substitutes for carbon as either multiple atoms (aggre- 
gates) that occupy adjacent positions in the lattice 
(type Ia) or as single isolated atoms (type Ib). 

There have been several recent reviews of the 
physical properties of diamond, including Field 
(1992), Davies (1994), and Wilks and Wilks (1994). A 
number of articles have discussed the visible and 
infrared spectra of yellow diamonds as they relate to 
the discrimination of natural-color diamonds from 
those that have been treated to change their color 
(Clark et al., 1956a,b; Crowningshield, 1957-8; 
Scarratt, 1979, 1982. Collins, 1978, 1982a,b, 2001; 
Woods and Collins, 1982, 1986; Woods, 1984; 
Collins et al., 1986; Mita, 1996; Fritsch, 1998; Haske, 
2000; Kaminsky and Khachatryan, 2001; De Weerdt 
and Van Royen, 2001; Zaitsev, 2001). Additional 
articles have discussed the potential use of spectral 
measurements to quantitatively evaluate the color 
of faceted yellow diamonds (Vendrell-Saz et al., 
1980; Sato and Sunagawa, 1982; Collins, 1984). 


* Graded prior to modifications to GIA’s colored diamond color grad- 
ing system in 1995. 


GEMS & GEMOLOGY SUMMER 2005 


Gemologists have also recognized that certain 
inclusions are characteristic of particular gem- 
stones and, as such, help provide information on 
their geologic history and diamond type. For exam- 
ple, Crowningshield (1959) reported that needle- 
like inclusions, as well as oriented plate-like inclu- 
sions, are found on occasion in some yellow dia- 
monds. Such inclusions were later associated with 
type Ib yellow diamonds (Crowningshield, 1994). 


Color and Color Origin. In general, the presence of 
nitrogen atoms gives rise to two kinds of absorption 
in the blue region of the visible spectrum; the 
remainder of the spectrum is transmitted, leading to 
an observed yellow color. In type Ia diamond, aggre- 
gates of nitrogen atoms in the form of the N3 center 
cause absorption as a sharp line at 415 nm. The N3 
center is believed to consist of three nearest-neigh- 
bor substitutional nitrogen atoms all bonded around 
a common lattice site of a missing carbon atom (a 
vacancy). This absorption produces the lighter yel- 
low coloration typical of “cape” diamonds. 

The same N3 center is also responsible for blue 
long-wave ultraviolet fluorescence when seen in type 
Ia diamonds (Nayar, 1941; Mani, 1944, Dyer and 
Matthews, 1957). Based largely on observations with 
the prism spectroscope, Anderson (1943a,b, 1962) 
noted the general correlation between the intensity of 
the 415 nm absorption band and the strength of the 
diamond's yellow color (also see Anderson and Payne, 
1956). Occasionally, the N3 center is accompanied by 
additional broader but weaker lines at 452, 465, and 
478 nm (the N2 center; see Clark et al., 1956a; Davies 
et al., 1978; Davies, 1981), which also contribute to 
the yellow color. These lines are superimposed over a 
region of absorption that increases gradually toward 
the blue end of the spectrum. 

Collins (1980) gave nitrogen concentration values 
of up to 3000 ppm for type Ia diamonds. Two addi- 
tional nitrogen aggregates—designated A (a pair of 
nearest-neighbor nitrogen atoms) and B (four N 
atoms surrounding a vacancy|—are usually present 
in type Ia diamonds, but neither gives rise to absorp- 
tion in the visible region (thus, they do not produce 
any coloration, but they do produce characteristic 
absorption features in the infrared spectrum). 

In the much-less-common type Ib diamond, sin- 
gle-substitutional nitrogen atoms cause a broad region 
of absorption that increases below about 560 nm (but 
no sharp 415 nm absorption band), which in turn pro- 
duces a more saturated yellow color. In some cases, 
type Ib diamonds exhibit a very weak to weak yellow 
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or orange short-wave UV fluorescence (see Dyer et al., 
1965; Fritsch, 1998, pp. 26-30 and 36-37; Hofer, 1998, 
pp. 354-359). Such diamonds have often been 
described as having a “canary” color (Wade, 1920, 
Anderson, 1943a; Liddicoat, 1976). In contrast to type 
Ia yellow diamonds, those that are type Ib contain 
much smaller amounts of nitrogen, normally well 
under 100 ppm (Collins, 1980; Field, 1992). 

These subcategories of type I diamonds can be 
distinguished on the basis of characteristic features 
in their visible and infrared absorption spectra. It 
should be mentioned that these subcategories are 
not mutually exclusive, since at the atomic level 
the diamond lattice can contain different ratios of 
ageregated and isolated nitrogen atoms from one 
diamond to the next. In addition, infrared spectral 
features associated with both isolated and aggregat- 
ed forms of nitrogen can be recorded from different 
portions within the same diamond. For example, 


Figure 3. The late 1860s saw the first major discov- 
ery of diamonds in South Africa, and with that 
came an influx of yellow rough into the market. 
The Kimberley and Dutoitspan mines, between the 
Orange and Vaal Rivers, were some of the signifi- 
cant early (and continuous) sources of production. 
In 1964, the latter mine yielded the spectacular 
253.70 ct yellow octahedral crystal known as the 
Oppenheimer diamond. Modified from Janse (1995). 
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be considered a menace in the trade. 
When such reports were circulated, the 
GIA immediately secured specimens and 
after many tests, and much investigation, 
determined that the claims were false. 
Thus was the “synthetic diamond” story 
exploded and diamond merchants of the 
country could again breathe a sigh of 
relief. 


Another period of tension was experi- 
enced with the advent of synthetic emer- 
alds, produced by an American chemist. 
These proved to be of the same chemical 
composition and the same atomic arrange- 
ment as the natural gemstones and were 
being produced in sufficient size and quan- 
tity, with good color, to confuse the un- 
informed jeweler. The fine cooperation 
of the manufacturer of the stones helped 
make it possible for the GIA staff to 
establish a manner of identification in the 
laboratories. With this information avail- 
able to jewelers, the public was again 
protected from what might have been 
an unscrupulous substitution of the syn- 
thetic—though beautiful—stone for a 
valuable gemstone. 


At one time the scientific color grading 
of diamonds seemed to be just a dream 


The Diamond Colorimeter above 
and at the right the Erb & Gray 
Refractometer. 


A diamond balance with specific 
gravity attachments. 


of GIA’s founder, Robert M. Shipley. 
But after years of careful research and 
development, the Colorimeter was con- 
structed, Today, it is the only instrument 
of its kind and exact color. grading of 
diamonds is accomplished to a very fine 
point of precision. 

There were many discouragements in 
those early days, but the perseverance, the 
(Continued to page 58) 
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Collins (1980) suggested that many type Ib dia- 
monds also contain A-aggregates (type IaA) of nitro- 
gen. For additional information on diamond types 
and optical centers, see Davies (1972); Davies and 
Summersgill (1973); Collins (1982a,b, 2001); Bursill 
and Glaisher (1985); Fritsch and Scarratt (1992, pp. 
38-39), Briddon and Jones (1993); Wilks and Wilks 
(1994), and De Weerdt and Van Royen (2001). 


GIA Color Descriptions for “Yellow” Diamonds. A 
hue has different color appearances depending on its 
tone and saturation (King et al., 1994, 2002). The 
color description that GIA gives diamonds on grad- 
ing reports is based on the hue, and on the tone and 
saturation of that hue. For example, when a yellow 
hue becomes darker in tone and weaker in satura- 
tion, it appears increasingly brown, and this is 
reflected in the color description {i.e., brownish yel- 
low). In certain darker/weaker areas of the yellow 
hue range, the color appears to have both brown and 
green components (as compared to similar tones 
and saturations of adjacent hues), which results in 
descriptions such as brownish greenish yellow and 
brown-greenish yellow. Figure 4 illustrates these 
appearance relationships within and surrounding 
“yellow” on the hue circle. (For a more detailed dis- 
cussion of the GIA color description system for col- 
ored diamonds, please see King et al., 1994.) 


MATERIALS AND METHODS 

Samples. The 24,668 diamonds reported on in this 
article were examined in 1998 (7,213) and 2003 
(17,455) at our laboratories in New York and 
Carlsbad. The color of each was identified as being 
of natural origin (using standard and, where appro- 
priate, advanced gemological testing) and was 
described on the grading report as being yellow, 
brownish yellow, brownish greenish yellow, or 
brown-greenish yellow (again, see figure 4). The dia- 
monds ranged in weight from 0.30 to 219.35 ct. 

For the purposes of this study, we did not 
include diamonds in the narrower greenish yellow, 
green-yellow, orangy yellow, or orange-yellow hues. 
Not only did these samples represent less than 13% 
of the diamonds given “predominantly yellow” 
hues for the two years in which we retrieved data 
for this study—with no single hue representing 
more than 4%—but they are also approached differ- 
ently in their trading and valuation (K. Ayvazian, 
pers. comm., 2.004). 

Because of time constraints or the type of labo- 
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ratory service requested by the client (e.g., a less 
comprehensive “identification and origin” report}, 
the database does not include the same gemological 
observations for all the diamonds. For these rea- 
sons, we have indicated in the Results if the data 
being discussed originate from some smaller subset 
of these 24,668 diamonds. 


Grading and Testing Methods. We used the GIA 
Gem Laboratory standard methodology for color 
grading colored diamonds to describe all of the 
study samples (see King et al., 1994). Screened and 
trained laboratory staff evaluated each of the dia- 
monds using a standardized D65 “daylight-equiva- 
lent” lighting environment (as provided by the 
Macbeth Judge II illumination box). Typically, from 
three to six staff members independently compared 
the overall face-up characteristic color of each dia- 
mond to GIA colored diamond color references in 
order to determine the appropriate color description 
and location in GIA’s color space. 

Equipment used for the gemological examina- 
tion included a standard gemological microscope, a 
GIA Gem Instruments ultraviolet unit with long- 
wave (365 nm) and short-wave (254 nm) lamps, and 
a desk-model prism spectroscope. 

Absorption spectra in the ultraviolet to visible 
(UV-Vis) range were recorded with a Thermo- 
Spectronic Unicam UV500 spectrophotometer over 
the range 250-850 nm with a sampling interval of 
0.1 nm. The samples were mounted in a cryogenic 
cell and cooled using liquid nitrogen (-196°C). 
Infrared absorption spectra were recorded in the 
mid-infrared (6000-400 cm=!, 1.0 cm! resolution) 
range at room temperature with a Thermo-Nicolet 
Nexus 670 Fourier-transform infrared (FTIR) spec- 
trometer, equipped with a KBr beam splitter. A 6x 
beam condenser focused the incident beam on the 
sample, and a total of 1,024 scans (per spectrum) 
were collected to improve the signal-to-noise ratio. 
Diamond type was determined by infrared and visi- 
ble spectroscopy. We selected a subset of 10,399 
samples in order to study spectral differences within 
the two categories (Ia and Ib) of type I yellow dia- 
monds, and to see if there were any relationships 
between spectra and color appearance or observa- 
tions with the microscope. 

Absorption coefficients for all spectra were cal- 
culated assuming a straight light path through the 
faceted gemstone. Using absorption coefficients, we 
were able to calculate approximate nitrogen concen- 
trations (Field, 1992). 
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Figure 4. The diamonds within the bold lines of this chart 
l illustrate some of the color appearances seen among the 
Fancy | Fancy samples in the study and the terms associated with them, 
I r any muenee. |) tne which are based on hue, tone, and saturation. As shown 
| iis, | e| here, diamonds in the yellow hue range often appear to 
CSAnteE have brown and green components as they become weak- 
TONE | Fancy = er and/or darker. For the purposes of this illustration, the 
transition in color seen from the outer ring (at the top) to 
re _S— Fancy the inner ring (at the bottom) is of weakening saturation 
(2) ae and increasing darkness (as illustrated on the tone/satura- 
Dark tion chart to the left). Examples from the adjacent hues of 
orangy yellow and greenish yellow are included here for 
comparison. Note that brown-yellow (and, if the full range 
<<—— Weaker SATURATION Stronger ——> was shown, yellow-brown and yellowish brown) is in the 
orangy yellow hue range, not the yellow range. 
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DATA ANALYSIS AND RESULTS 

Weight. A significant portion of our samples— 
30%—weighed 3 ct or more, while 17% weighed 5 
ct or more and 5% weighed more than 10 ct. Of the 
latter, 23 were larger than 50 ct, and three were larg- 
er than 100 ct. In general, there are slight (statisti- 
cally insignificant) differences in these percentages 
for 1998 and 2.008 (figure 5). 


Cut. Yellow diamonds in the modern marketplace 
are most often fashioned as fancy shapes. This trend 
was apparent in our data, where 94% of the yellow 
diamonds examined were shapes other than round 
brilliants. Variations on the radiant cut are included 
in the “square” and “rectangular” categories that 
together represent 52% of all the diamonds studied 


(figure 6). 


Color Appearance. Figure 7 illustrates the range of 
tones and saturations in which these yellow dia- 
monds occur. As these charts illustrate, the colors 
of yellow diamonds transition smoothly throughout 
the ranges of hue, tone, and saturation (i.e., the 
changes in appearance are gradual without abrupt 
differences between them). The lighter, most-satu- 
rated colors are located toward the upper right cor- 
ner of the charts (Fancy Intense, Fancy Vivid), while 
the darker, less-saturated colors lie toward the oppo- 
site commer (Fancy Dark). It is important to note that 
this distribution of color appearances differs from 
those of pink and blue diamonds (see King et al., 
1998, 2002), where the stronger colors are darker in 
tone (i.e., toward the lower right corner of the 
chart). Five percent of the samples exhibited a 
brownish yellow, brownish greenish yellow, or 
brown-greenish yellow color appearance. 


GIA Fancy Color Grades. The study samples covered 
all the GIA “fancy” grades associated with yellow 
diamonds (i.e., Fancy Light, Fancy, Fancy Intense, 
Fancy Dark, Fancy Deep, and Fancy Vivid). Unlike 
other colored diamonds (except brown), yellow dia- 
monds with grades of Faint, Very Light, and Light are 
not considered to be fancy-colored diamonds, but are 
part of GIA’s D-to-Z color grading scale. 

The pie charts in figure 8 show how the yellow 
diamonds in our study fell into the fancy grade cat- 
egories for 1998 and 2003. Colored diamond grad- 
ing activity at GIA more than doubled from 1998 to 
2003, but, as seen in figure 8, the general color- 
grade distribution remained consistent during these 
two years. 
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DISTRIBUTION BY WEIGHT 


OVERALL 


2003 


10 ct+ 
5% 


Figure 5. These three pie charts illustrate the distribu- 
tion of the 24,668 diamonds in the study in several 
weight categories. The bottom two charts show that 
there was very little difference seen in the weight cate- 
gories between 1998 and 20038. 


Hue. As noted above, the diamonds in this study 
transition smoothly throughout the yellow hue 
range. This is consistent with GIA’s observations of 
yellow diamonds over the past 50 years. At the 
extremes, two subtly different color appearances are 
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observed (“cooler” toward the greenish yellow 
boundary and “warmer” toward orangy yellow) that 
are still described as yellow with no modifying terms 
(figure 9). In the more saturated grades of Fancy 
Intense and Fancy Vivid, the diamond community 
sometimes refers to these two appearances as “lemo- 
ny” and “golden,” respectively (N. Livnat, pers. 
comm., 2004). 


Tone and Saturation. Yellow diamonds occur in 
broad ranges of tone and saturation. They reach their 
strongest saturation at relatively light tones (again, 
see figure 7), with saturation strengths as high as we 
have encountered for any other diamond color. 


Microscopic Examination. Clarity Grades. Of the 
17,152 diamonds examined for clarity, 30% were 
VVS or Flawless/Internally Flawless (FL/IF), 50% 
were Very Slightly Included (VS), and 20% were 
Slightly Included (SI) or Included (I). Some variations 
were noted between samples graded in 1998 versus 


Figure 6. This pie chart illustrates the percentage 
breakdown for the various shapes in which the yel- 
low diamonds in our study were fashioned. Each 
shape category may include different cutting styles 
(such as step, modified brilliant, and brilliant cuts). 
Included in the miscellaneous category are shapes 
such as marquise, triangle, shield, kite, and brio- 
lette. The “cut-cornered or round-cornered rectangu- 
lar/square” sections include variations on the radi- 
ant cut, which helped revolutionize the availability 
of fancy-color yellow diamonds in the marketplace. 
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2003 (figure 10). For example, there was a decrease 
in the percentage of FL/IF (from 9% to 5%) and an 
increase in those graded SI (from 14% to 19%). 

We were interested to see if there might be a 
correlation between depth of color and the clarity 
of the yellow diamonds in our study, so we 
reviewed the overall distribution of clarity grades 
for those diamonds graded Fancy Vivid versus those 
graded Fancy Light (as these two grades would rep- 
resent the extremes in strength of color). In general, 
the distribution was similar (figure 11), although a 
higher percentage of Fancy Vivid diamonds 
received grades of Flawless or Internally Flawless 
(12% versus 4% for the Fancy Light group}; con- 
versely, a higher percentage of Fancy Light dia- 
monds received VS grades (55% versus 45% for the 
Fancy Vivid group). 


Inclusions. It is common to encounter small clouds 
or strings of pinpoint-like solid inclusions in yel- 
low diamonds (figure 12; see also Crowningshield, 
1994). Occasionally dark crystals are seen as well 
(figure 13). We also noted the presence of small 
pinpoint or cloud-like inclusions toward the center 
of a number of the large (over 30 ct) diamonds in 
our study. 

Graphite was the most common mineral inclu- 
sion observed, typically occurring in fractures of 
various sizes, displaying a flat shape. We occasional- 
ly observed euhedral crystals of both peridotitic and 
eclogitic minerals. Olivine (colorless), pyrope garnet 
{purple}, and diopside (green) were observed as inclu- 
sions from the peridotitic group, which in general is 
more abundant in natural diamonds than the 
eclogitic group. From the eclogitic group, we usual- 
ly found almandine-rich garnet (orange; figure 14], 
omphacite (grayish blue}, and rutile (dark reddish 
orange). These inclusions were generally smaller 
than 100 um, but they ranged up to several hun- 
dreds of micrometers in longest dimension. In rare 
cases, these inclusions displayed octahedral mor- 
phology. Over 80% of all natural diamonds are peri- 
dotitic (Meyer, 1987). However, in the majority of 
the yellow diamonds, it seems that macro inclu- 
sions of eclogitic group minerals were as common 
as those of peridotitic groups. Euhedral macro inclu- 
sions rarely occur in diamonds dominated by isolat- 
ed nitrogen, and this was also the case for most of 
the type Ib diamonds examined in this study. What 
we did observe in a few of these type Ib samples, 
however, were small, needle-like fractures sur- 
rounding solid pinpoint inclusions. 


GEMS & GEMOLOGY SUMMER 2005 95 


96 


GIA YELLOW DIAMOND COLOR CHART 


Fancy 
Light 


Fancy 
Intense 


Fancy 


Figure 7. These two tone/saturation charts illustrate the color appearances at two locations in the 
yellow hue range: “warmer” yellow diamonds that lie toward the orangy yellow/yellow hue bound- 
ary, and “cooler” ones that lie toward the greenish yellow/yellow boundary. In each case, the lighter, 
more saturated colors are seen in the upper right of the diagram, whereas the darker, weaker colors 
are located toward the lower left. On each diagram, the inset chart shows the generalized boundaries 
of the GIA Gem Laboratory fancy grades. The shaded areas on the two charts indicate the areas in 
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Fancy 
Intense 


the yellow hue range in which diamonds described as predominantly brown (not part of this study) 
occur. Note that these two diagrams are for illustrative purposes only; by themselves, they are not 
adequate for use in color grading. Because of the inherent difficulties of controlling color in printing 
(as well as the instability of inks over time), the colors of the images shown here may differ from the 
actual colors of the diamonds. Photos by Elizabeth Schrader and C.D. Mengason. 
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DISTRIBUTION BY FANCY GRADE DISTRIBUTION BY CLARITY 
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Figure 8. These pie charts show the percentages of Flawless or 
the diamonds in the study in each of the GIA Gem cy iguc 
Laboratory fancy-color grade categories for the 
years 1998 and 2003. Note the relatively consistent 
distribution between 1998 and 2003, even though 
requests for laboratory services more than doubled 
over this time period. 


Figure 9. These Fancy Intense yellow diamonds illus- 
trate four different positions within this color group. 
Members of the diamond trade sometimes describe 
those colors that lie near the yellow/greenish yellow 
boundary (like the diamond on the far right) as 
“lemony,” and those near the orangy yellow/yellow 
boundary (as seen in the diamond on the far left) as 
“golden.” Photos by Elizabeth Schrader. 

Figure 10. The diamonds studied were relatively 
high in clarity, with approximately 80% of the 
studied samples receiving grades of VS or higher. 
These percentage distributions were relatively con- 
sistent between the sample groups examined in 
1998 and 2003. 
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Figure 11. These two pie charts show the clarity grade 
distributions among those yellow diamonds in our 
total sample population with Fancy Vivid and Fancy 
Light color grades (which represent the extremes in 
yellow color saturation). 


Graining. When observed under standard diamond 
grading conditions, the vast majority of the yellow 
diamonds did not exhibit typical forms of internal 
graining such as reflective planes or colored banding 
(i.e., whitish or brown). However, we found that one 
form of internal graining not commonly encountered 
in other fancy colors occurs more frequently in yellow 
diamonds. In this type of graining, the internal reflec- 
tive graining plane exhibits a dispersion of color (fig- 
ure 15) and maintains this appearance through a range 
of viewing angles. Because of the dispersive color 
appearance, this graining is described as “rainbow” 
graining; in some cases, it may affect the clarity grade. 
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Figure 12. Stringers of numerous tiny inclusions, some 
in reflective orientation, create an interesting cloud 
formation in this brownish yellow diamond. The pres- 
ence of this cloud further supports the diamond’s nat- 
ural-color determination. Photomicrograph by John I. 
Koivula; magnified 30x. 


Color Zoning. Only 8% of the diamonds in our 
study exhibited noticeable color zoning. When pre- 
sent, the zoning often took the form of diffused or 
concentrated patches of color (an appearance occa- 
sionally referred to as “scotch and water”). 


Ultraviolet Fluorescence. We found that 71% of our 
samples showed either no or a very faint reaction 


Figure 13. Clusters of small black and metallic-look- 
ing needles and platelets, such as this triangular 
grouping, were seen in some of the yellow diamonds. 
These inclusions are probably composed of sulfides 
and graphite. The triangular form of this cluster sug- 
gests that it might also be a phantom plane. 
Photomicrograph by John I. Koivula; magnified 25x. 
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Figure 14. The most recognizable color for an eclogitic 
garnet inclusion in a diamond is orange. Such garnets 
are mixtures of almandine and pyrope. Their presence 
also provides proof of the diamond’s natural origin. 
Photomicrograph by John I. Koivula; magnified 20x. 


(both of which are referred to as “none” on grading 
reports) when exposed to long-wave UV radiation, 
while 25% displayed a faint to medium reaction. A 


Figure 15. This 5.04 ct yellow diamond exhibits “rain- 
bow” graining, a type of graining seen more common- 
ly in yellow diamonds than in other colors. When this 
dispersion of colors remains visible through a range of 
motion, it can affect the clarity grade. Photo by 
Vincent Cracco; magnified 12x. 
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strong or very strong reaction was observed in less 
than 4% of the total group (figure 16). Of these lat- 
ter samples, 92% exhibited blue fluorescence, while 
the remainder displayed other colors (including 
green, yellow, orange, and white). 

Eighty-eight percent of the samples displayed no 
reaction or a very faint to faint reaction to short- 
wave UV radiation. The remainder had medium 
(11%) or strong reactions (1%). In terms of their flu- 
orescence colors, 91% were yellow. The remainder 
fluoresced various other colors, but predominantly 
blue or green. 


Spectrometry and Diamond Type Groups. Based on 
our subset of 10,399 diamonds, we found that type I 
yellow diamonds may be broadly categorized into 
five groups based on their UV-visible and infrared 
spectroscopy. Representative samples for each 
group are illustrated in figure 17. 


Group 1. This first group represents the vast majori- 
ty of yellow diamonds in the subset (92.8%). Based 
on the intensity of features in their spectra, they 
demonstrated a high concentration of nitrogen and 
highly aggregated nitrogen impurities, consistent 
with type Ia diamond. Spectral features arising from 
isolated nitrogen were rarely seen in the samples in 
this group. The UV-visible and infrared spectra for a 
representative 1.31 ct Fancy Vivid yellow diamond 
are displayed in figure 17A. The UV-visible spec- 
trum is dominated by absorptions due to the N3 
center, with zero-phonon-line absorption at 415 nm 
and its related sidebands with peaks at 376, 384, 
394, and 403 nm. Other absorption features pres- 
ent—at 425, 438, 452, 465, and 478 nm—are all 
related to the N2 center (Collins, 1982). The absorp- 
tion features seen between 1400 and 1000 cm! of 
the infrared spectrum suggest high concentrations 
of aggregated nitrogen. Due to the completely radia- 
tion-absorbing nature of the type Ia nitrogen, spec- 
tral fitting could not be performed to calculate exact 
concentrations of nitrogen; however, these features 
suggest that this diamond has nitrogen concentra- 
tions of at least 200 ppm. Other spectral features 
characteristic of this group include a strong peak at 
about 1370 cm“! associated with platelets—an 
extended defect composed of interstitial carbon and, 
possibly, nitrogen atoms (Collins, 2001)—and weak 
absorption peaks at 1547, 1520, and 1495 cm. At 
higher wavenumbers, weak peaks at 3236 and 3106 
cm! are present, which are indicative of the pres- 
ence of a trace hydrogen impurity (Field, 1992). 
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Group 2. These diamonds comprise approximately 
4% of the sample set, and they share many of the 
same nitrogen-related infrared and UV-visible spec- 
tral features as the diamonds detailed in Group 1. 
However, they differ significantly from the Group 1 
samples due to strong absorption features related to 
hydrogen. This group is represented by a 1.26 ct 
Fancy brownish yellow diamond. The infrared spec- 
trum (figure 17B) displays high concentrations of type 
Ia nitrogen (similar to Group 1 diamonds) but clearly 
differs from them by features at 4495, 4168, 3236, 
3106, 2813, 2785, and 1405 cm7!—all related to 
hydrogen defects (Fritsch and Scarratt, 1992). The 
UV-visible spectrum also displays the N3 and N2 fea- 
tures associated with Group 1 diamonds, but it con- 
tains hydrogen-related absorptions at 474 and 563 
nm—and two weak but broad bands at 545 and 555 
nm—as well. Furthermore, a weak rise from a broad 
band resulting from a broad band center around 700 
nm to longer wavelengths, possibly hydrogen related, 
is present (Fritsch and Scarratt, 1992). 


Group 3. We found that 1.7% of the sample set fell 
into this group. These diamonds differed from all 
the other yellow diamonds because of their green 
luminescence to visible light. The 0.40 ct Fancy 
Intense yellow diamond seen in figure 17C is an 
example of this group. The UV-visible spectrum dis- 
plays absorption due to the N3 center and weak N2- 
related absorption features situated on a gradual rise 
at the blue end of the spectrum (which are collec- 
tively responsible for the predominantly yellow 
color). The weak green luminescence observed in 
these diamonds is a result of the H3 center (a defect 
consisting of two nitrogen atoms and a vacancy) at 
503.2 nm. The infrared spectrum suggests that 
almost all of the infrared active nitrogen is type IaB, 
with a calculated total B-aggregate nitrogen concen- 
tration of more than 350 ppm. 


Group 4. This group encompassed 0.8% of the sam- 
ple set and is represented by a 2.03 ct Fancy Vivid 
yellow diamond. Unlike the other groups, the 
infrared spectrum (figure 17D) displays a relatively 
low concentration of nitrogen (calculated to be 16 
ppm by means of spectral fitting). The nitrogen is 
mostly unaggregated (~11 ppm), and these predomi- 
nantly type Ib diamond spectra exhibit a sharp 
absorption line at 1344 cm~, and a broader peak at 
~1130 cm7!. A small amount (~5 ppm) of aggregated 
type IaA nitrogen, represented by an absorption at 
1282 cm7!, is also present. Notably, the 1600-1450 
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Figure 16. These two pie charts illustrate the strength 
of fluorescence of the studied diamonds to long- and 
short-wave UV radiation. In general, more than 80% 
of the samples displayed no fluorescence or faint fluo- 
rescence to both wavelengths. The most common col- 
ors observed were blue (92%) for long-wave and yel- 
low (91%) for short-wave UV. 


cm! region lacks any distinctive features. The visi- 
ble spectrum is virtually featureless aside from a 
rise in absorption from 500 nm to shorter wave- 
lengths. However, some diamonds in this group 
showed nitrogen-vacancy (NV) related absorption 
features at 575 and 637 nm. 


Group 5. The fifth group of yellow diamonds made 
up 0.7% of the sample set. It is represented by a 
1.56 ct Fancy Intense yellow diamond. Absorption 
features related to N2 are generally much weaker 
than those in Group 1 for comparable color satura- 
tions. Similar to the samples in Group 4, the UV- 
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Topaz... 
(From. page 49) 


in such a manner as to allow some of 
the liquid to touch the eyeball lightly. It 
is recorded that a Fifteenth Century 
Roman physician was most successful in 
curing The Plague by touching sores with 
a stone which belonged to two popes, 
Clement VI and Gregory IT. 


The best-known romance of topaz 
leaves the reader to write his own ending 
as he wishes. A Benedictine monk, “the 
most greedy creature that ever went on 
two legs,” once stole a topaz from his 
monastery. This gem was given them by 
Lady Hildegarde of Holland, and was so 
brilliant that it gave a light one could 
read by. As he was fleeing, the monk 
became so frightened by the glow of the 
stone that he threw it into the sea near 
Egmund to escape detection; We are un- 
informed to the subsequent outcome. 


Anyone interested in topaz should cer- 
tainly read “A Trip to the Interior: of 
Brazil,’ written by John Maw in 1727. 


—Mark C. Bandy 


GIA Officers... 


(From page 51) 


Jewelers Association, has been active in 
the work of the Institute since its incep- 
tion and has served most of those years 
as a member of its Board of Governors. 


Other officers elected at the April meet- 
ing to guide the future destinies of the 
Gemological Institute are: H. Paul Juer- 
gens, C. G., Juergens & Andersen, Chi- 
cago, Chairman of the Board; J. Lovell 
Baker, C. G., Henry Birks & Sons, Ltd., 
Montreal, Vice-Chairman; and Dorothy 
M. Jasper, Executive Secretary of the 
G.LA:, Secretary to the Board of Gov- 
ernors. 


Geo. Carter Jessop, C. G., J. Jessop & 


Sons, San Diego, California, was ap- - 


pointed by the Board Chairman to act as 
Chairman of the Operating Committee 
which is responsible for supervision of 
activities of the GJ.A. Headquarters: in 
Los Angeles. 


Present members of the Board of 
Governors in addition to those named 
are: Charles H. Church, Church & Com- 
pany, Newark; Myron Everts, A. A. 
Everts Company, Dallas; Paul S. Hardy, 
Hardy & Hayes Company, Pittsburgh; 
Edward F. Herschede, Frank Herschede 
Company, Cincinnati; Oscar C. Homann, 
C. B. Brown Company, Omaha; Burton 
Joseph, S. Joseph & Sons, Des Moines; 
Lazare Kaplan, New York City; John S. 
Kennard, Kennard & Company, Boston; 
E. A. Kiger, C. A. Kiger & Company, 
Kansas City; P: K. Loud, Wright, Kay 
& Company, Detroit; Charles D. Peacock 
II, Chicago; Fred B. Thurber, Tilden- 
Thurber Corporation, Providence; Leo J. 
Vogt, Hess & Culbertson Jewelry Com- 
pany, St. Louis; and Jerome B. Wiss, 
Wiss Sons, Newark. 


Commendation is expressed to the re- 
tiring officers Leo J. Vogt, Chairman; 
Paul S. Hardy, Vice-Chairman; and P. 
K. Loud, Secretary-Treasurer. 


First president of the Gemological Insti- 
tute of America was its founder, Robert 
M. Shipley, who served in that capacity 
for ten years, until 1941. 


In that year the office was filled by 
Dr. Edward Wigglesworth who had for 
21 years served as a director of the New 
England Museum of Natural History. 
During his presidency, he was also direc- 
tor of the Eastern Headquarters and 
Laboratory of the G I. A. in’Boston 
until his death in the spring of 1945. Dr. 
Kraus, the current president, was elected 
to office at that time. 


GEMS & GEMOLOGY 


Q 


J 


UV-VIS ABSORPTION SPECTRA IR ABSORPTION SPECTRA 


12 


Group 1 
Fancy Vivid Yellow 


10 


A 
20 
Group 2 
ny Fancy Brownish Yellow 
oe 
Bt ‘ 


Group 3 


Fancy Intense Yellow 


ABSORPTION COEFFICIENT (cm) 
(o) 
ABSORPTION COEFFICIENT (cm) 


Group 4 
Fancy Vivid Yellow 


Group 4 
Fancy Vivid Yellow 


Group 5 
Fancy Intense Yellow 


503 
(43) 
10 


Group 5 
Fancy Intense Yellow 


WAVELENGTH (nm) WAVENUMBER (cm*) 


102 YELLOW DIAMONDS GEMS & GEMOLOGY SUMMER 2005 


Figure 17A—E. Yellow diamonds may be broadly 
divided into five different groups based on their UV- 
visible and infrared spectra. One set of spectra for 
each of the five diamonds illustrated was chosen to 
represent the individual groups. 


visible spectrum displays a gentle rise in absorption 
from 500 nm to shorter wavelengths, but with an 
obvious N3 zero-phonon line and its related side- 
bands. A weak H3 absorption was also observed. 
The infrared spectrum, like the spectra for dia- 
monds in Groups 1 and 2, typically consists of 
totally absorbing type Ia nitrogen and the platelet 
peak. However diamonds of this group commonly 
had a broad absorption at 1650 cm~!; three absorp- 
tions at ~1480, 1450, and 1430 cm~ of varying 
sharpness; and, in many cases, a very weak absorp- 
tion at 1344 cm~! due to isolated (type Ib) nitrogen 
(figure 17E). 


DISCUSSION 

Weight. With nearly one-third of our samples for 
both years of our study weighing more than 3 ct, it 
appears that the likelihood of encountering compara- 
tively large yellow diamonds is significantly higher 
than for other colored diamonds, which typically 
occur in small sizes (see, e.g., Hofer, 1998; King et 
al., 1998, 2002). To confirm this, we looked at the 
average weight for colored diamonds submitted to 
the laboratory in the various hues in 2003. The aver- 
age weight for yellows (3.23 ct) exceeded that for all 
other hues and was more than one-third larger than 
the average for blues. King et al. (1998) indicated that 
14% of the blue diamonds studied were over 5 ct, 
compared to 17% for this study. While these per- 
centage differences do not initially appear great, the 
largest diamond in the blue study weighed 45 ct, 
whereas the present study included 23 diamonds 
over 50 ct and three larger than 100 ct. Indeed, from 
our experience, no other colored diamond color 
occurs so consistently in such large sizes. 


Cut. As discussed in previous studies (King et al., 
1998, 2002), the primary goal of the cutter of colored 
diamonds is to enhance the final face-up color 
appearance. As shown by our data, yellow diamonds 
are typically cut as fancy shapes to help attain the 
most intense face-up color appearance. For a detailed 
discussion on manufacturing aspects of yellow dia- 
monds, see box A. 


YELLOW DIAMONDS 


Clarity. As with other natural-color diamonds, color 
is the primary factor in the valuation of yellow dia- 
monds. Still, their relative abundance causes the dia- 
mond trade to seek additional means to differentiate 
among them, so the value placed on clarity is higher 
than for more rarely encountered colors (N. Livnat, 
pers. comm., 2005). This situation is evident in the 
shift in requests for specific GIA colored diamond 
reports between the two years of our study. Of the 
two colored diamond grading services offered by the 
laboratory, the Colored Diamond Grading Report 
includes clarity grading, while the Identification and 
Origin of Color Report (which focuses on the dia- 
mond’s color information) does not. Requests for 
reports that included a clarity grade for the yellow 
diamonds described here increased from 57% in 1998 
to 75% in 2003. The increased desire for more grad- 
ing information (as represented by clarity grades) 
appears to parallel the increasing interest in yellow 
diamonds over this time frame. 

Because a higher clarity grade can be a positive 
marketing factor, it is not unusual for a manufactur- 
er to try to attain a minimum “VS” grade when pos- 
sible (M. Witriol, pers. comm., 2005). Such an 
approach is consistent with the finding that 80% of 
the diamonds in our study were graded VS or high- 
er. Manufacturers indicate that it is easier to attain 
a higher clarity grade with yellow diamonds than 
with diamonds in other colors because of the rela- 
tive purity of some of the larger yellow rough (M. 
Witriol, pers. comm., 2.005). 

Interestingly, our data showed a percentage 
decrease for the clarity grade categories of FL/IF and 
VVS (from 9% to 5% and 26% to 22.%, respectively) 
between the two years of our study, but an increase 
from 14% to 19% for SI. We do not know if these 
changes in clarity grade distribution are a result of 
more requests for reports with clarity grades (from 
57% to 75%, as noted above}, greater effort to 
quickly fill market need (i.e., manufacturers are 
working toward quicker turn-around rather than 
higher clarity), a change in the quality of rough 
being used, or a combination of these factors. 

The analysis of clarity grade versus strength of 
color supported our assumption that there was little 
or no relationship between these two characteristics. 
As noted in our results, the distribution of clarity 
grades for Fancy Light and Fancy Vivid was similar, 
with the exception of FL/IF, where there were three 
times more diamonds in this category for Fancy 
Vivid than Fancy Light. The rarer a diamond’s inher- 
ent color, the more likely it is that a manufacturer 
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BOX A: THE IMPORTANCE OF CUT IN YELLOW DIAMONDS 


Manufacturing. Today, yellow diamonds (and colored 
diamonds in general) are typically cut as fancy shapes 
to enhance their color appearance (see figure A-1). It is 
not unusual for yellow rough to occur as octahedra (I. 
Wolf, pers. comm., 2005). The best yield and potential 
color retention for such crystals is found in square or 
near-square shapes such as radiants, emeralds, or cush- 
ions (which comprised as many as 61% of the samples 
in this study; see again figure 6). 

Given the relative lack of inclusions and color zon- 
ing in large yellow rough, manufacturers can focus 
more on weight retention and color appearance (M. 
Witriol, pers. comm., 2004). 


Cutting Innovations. Much of the framework on which 
today’s cutting decisions are based originated with 
innovations begun in the 1970s. Previously, diamonds 
with light yellow bodycolor were manufactured in the 
shapes, cutting styles, and proportions of diamonds on 
the D-to-Z scale. Recent personal accounts to one of 
the authors (JMK) described how some of these changes 
came about (M. Blickman and J. Doppelt, pers. comms., 
2005). By the mid-1970s, New York manufacturers 
such as Stanley Doppelt and Henry Grossbard had 
begun experimenting with variations on Basil 
Watermeyer’s 1971 Barion cut, a square mixed cut 
whose step crown and modified-brilliant pavilion 
improved brilliancy and increased yield from the tradi- 
tional step cut (see Kerr, 1982), in an attempt to hide 
imperfections in “cheap, square-cut diamonds.” The 
assumption was that the increased scintillation from 
the mixed cut would better disguise inclusions, thus 
giving a more pleasing appearance to the eye. From an 
early point in this experimentation, Mr. Doppelt (and 
later Mr. Grossbard) realized these variations also 
enhanced the color of the yellow diamonds they were 
recutting, especially light yellow hues. Throughout the 
mid- to late 1970s, other experienced cutters experi- 
mented with the angles on these diamonds (from “off- 
color” to noticeably yellow) to produce the best face-up 
color appearance. 

In the late 1970s and early 1980s, the trade became 
aware of these potential cutting benefits. Mr. Doppelt, 
in conjunction with Louis Glick, introduced the “Star- 
Burst” cut, which helped gain popularity for yellow dia- 
monds. Mr. Grossbard, for his part, patented the radiant 
cut (Overton, 2002). Mr. Grossbard’s 1976 purchase at 
Sotheby’s Zurich of an off-color 109 ct diamond then 
named the Cross of Asia would eventually add to trade 
interest as well. He decided to recut that diamond to his 
new cut. Industry observers felt that the resultant 79 ct 
Flawless, Fancy yellow renamed the Radiant Cut dia- 
mond was significantly more valuable than the original 
Cross of Asia (M. Blickman, pers. comm., 2005; this 
stone was graded prior to the 1995 modifications to the 
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Figure A-1. This 10.12 ct Fancy Vivid yellow pear shape 
illustrates the effect a fancy shape can have on intensifying 
the color in a yellow diamond. Courtesy of the Scarselli 
family; photo by Elizabeth Schrader. 


GIA colored diamond color grading system). 

As others in the trade became aware of this recut 
diamond and the effectiveness of these new cuts in the 
market, more manufacturers began recutting light yel- 
low diamonds into these styles in an effort to achieve 
grades of Fancy Light or Fancy (M. Kirschenbaum, pers. 
comm., 2004). Key features of these cuts were half- 
moon facets on the pavilion, French culets, and a 
greater number of facets in general. The most dramatic 
differences in face-up color appearance were often seen 
when the starting material was a round brilliant (figure 


Figure A-2. Some of the most striking differences are seen 
when a light yellow round brilliant is recut into a shape 
and cutting style, such as the radiant, that can accentuate 
the color appearance. For example, the 6+ ct round brilliant 
diamond on the left was graded in the W-X range of the D- 
to-Z scale. When recut as a 4.61 ct radiant (right), it was 
graded Fancy yellow. Courtesy of the Scarselli family; com- 
posite photo by Elizabeth Schrader. 
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Figure A-3. Use of a diamond cut that highlights bright- 
ness can cause a light-toned yellow diamond to appear 
even lighter. The diamond on the left has numerous 
small, bright spots as a result of the manufacturer’s cut- 
ting decisions. The one on the right is the same diamond 
with the spots digitally removed and replaced with the 
average face-up color. When the small bright spots are 
removed, the color appearance is subtly deeper (i.e., it 
appears slightly darker and stronger). If such a diamond 
were near a grade boundary, this subtle difference in 
appearance could move the diamond into a higher grade. 
Composite photo by Elizabeth Schrader. 


A-2). Over time, the new shapes and cutting styles were 
used on diamond rough—a practice that resulted not 
only in better color grades but also in better weight 
retention, so manufacturing light yellow rough became 
more profitable (I. Wolf, pers. comm., 2004). Even more 
than the opening of new mines or a mine’s increased 
production, these cutting activities were responsible for 
the greater number of more intensely colored yellow 
diamonds that appeared in the marketplace. 


Effects of Cut on Yellow Diamond Color Appearance. As 
noted above, the appearance of light-toned colors is easi- 
ly influenced by the effects of cut. Cutting can create 
brightness (white or near-white light return), fire (the 
dispersion of various colors), windows (“see-through”), 
and dark areas (extinction). Because colored diamonds 
are graded in the face-up position, the overall blend of 
sensations—small areas of brightness, windowing, 
and/or extinction—may intermingle with the yellow 
face-up color and affect the overall color appearance. For 
example, brightness can visually blend with color to cre- 


Figure A-5. In some diamonds, the yellow 
color can appear limited to a minority of 
areas relative to the total area in the face- 
up position. Such yellow diamonds would 
be described as having an “uneven” color 
distribution on GIA grading reports. As 
illustrated here, the appearance produced 
by this uneven distribution can vary 
depending on the cut and proportions used. 
Composite photos by Elizabeth Schrader. 
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ate a softer, lighter appearance. If the color is near a 
grade boundary, such an appearance often results in the 
diamond being placed in a lower grade (i.e., with a weak- 
er color; figure A-3). Similarly, small areas of windowing 
can mix with the color to create an overall washed out, 
weaker (i.e., less saturated) appearance. Overall dark- 
ness, or numerous dark areas due to extinction, can 
cause a “grayed-out,” weaker look. Occasionally, these 
extinct areas can create a deeper appearance. Again, 
these effects can have an impact on color grade if the 
diamond is near a grade boundary. 

Many diamond cutters are aware of the range of pro- 
portions that yield an attractive face-up cut appearance 
in colorless to near-colorless diamonds, but those who 
also cut colored diamonds often say “when it comes to 
color, you can throw away the book” (I. Wolf, pers. 
comm., 2005). An example of this is the rare Fancy 
Vivid yellow round brilliant in figure A-4. When 
observed by experienced staff and members of the trade, 
all agreed it was an exceptional color. But with a total 
depth of more than 65% and crown angles greater than 
39°, it was unorthodox for a round brilliant and, if it 
had been near-colorless, would likely be considered less 
attractive than many other near-colorless diamonds. 
Clearly, the assessment of diamond cut for fancy-color 
diamonds is based on very different considerations than 
their D-to-Z counterparts. 

Finally, cutting can also affect the perceived distri- 
bution of color when the diamond is viewed face-up. 
When the characteristic color does not predominate in 
the face-up position, it is reported as “uneven” for the 
“distribution” entry on grading reports (see King et al., 
1994). Figure A-5 shows four examples of uneven color 
distribution in different shapes and cutting styles of yel- 
low diamonds. 


Figure A-4. With colored diamonds, 
cut is evaluated first in terms of its 
effect on the color. While this 1.51 
ct Fancy Vivid yellow diamond 
has proportions that would be 
considered unorthodox for a 
colorless or near-colorless round 
brilliant, here they have produced 
a spectacular color appearance. 
Photo by Elizabeth Schrader. 
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will consider working on other characteristics to fur- 
ther enhance its marketing potential (N. Smid, pers. 
comm., 2.005). For the less-saturated colors, the man- 
ufacturer will factor in additional cutting (loss of 
weight}, time costs, and current market salability 
into the decision to work toward the highest possible 
clarity. This approach is followed for colorless to 
near-colorless diamonds as well. It is much more 
likely for a manufacturer to try, when possible, to 
achieve a Flawless grade on a “D” color diamond 
than on a “K” color (N. Smid, pers. comm., 2.005). 


Inclusions. Given that the vast majority of the yel- 
low diamonds in our sample group were type Ia, it 
is not surprising that their inclusions appeared to be 
the same as those encountered in diamonds on the 
D-to-Z scale (Koivula, 2000). Since the composition 
of these diamonds is essentially the same as those 
on the D-to-Z scale (differing only in concentration 
of defects), such a continuity of appearance would 
be expected. 

Over the years, we have tracked the frequency 
with which pinpoint or small cloud-like inclusions 
occur toward the center of large (over 30 ct} diamonds 
submitted to the lab. A brief review of some of our 
historic records indicated that they were observed in 
more than half of 29 yellow diamonds weighing 
between 50 and 60 ct. The reason for this centrally 
located feature is not known, although these inclu- 
sions may represent growth conditions similar to 
those of symmetrical micro-inclusion “clouds” seen 
in other diamonds (see, e.g., Crowningshield, 1965). 
In our experience with yellow diamonds, the cloud- 
like inclusions may be distributed randomly through- 
out a stone, or they may follow specific growth sec- 
tors; in particular, cubic growth sectors {100} tend to 
contain more clouds than any other sector (see, ¢.g., 
Wang and Mayerson, 2002). Occasionally, the clouds 
are very obvious and can affect the color appearance 
as well as the clarity grade. Although little is known 
about the chemistry and phase relations of the tiny 
clouds, with few exceptions high levels of infrared- 
active hydrogen (see below) were commonly detected 
by infrared spectroscopy in the regions where these 
clouds were concentrated. 


Color Zoning. To see if there was a relationship 
between our overall findings (8% of the samples 
exhibited color zoning) and the diamond type 
groups, we examined our subset of 10,399 diamonds 
for which type spectra were obtained. Most (92.3%) 
of our type Ia yellow study diamonds (Group 1) did 
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not exhibit noticeable color zoning. However, dia- 
monds with different kinds of nitrogen aggregations 
(as evidenced by features in their spectra) had much 
higher occurrences of uneven color zoning. 
Specifically, 62.3% of diamonds that showed hydro- 
gen absorption lines in their visible spectra (Group 
2) had uneven color zoning, usually in the form of 
brown growth sector-related zones. In addition, 
65.1% of diamonds that had green visible lumines- 
cence (Group 3) showed uneven zoning, which usu- 
ally appeared as straight yellow lines paralleling 
internal graining. The type Ib diamonds (Group 4) 
showed color zoning in 56.8% of its samples, most 
commonly in the form of diffused zones or concen- 
trated patches of color, occasionally referred to as 
“scotch and water.” Unlike in other colors, such as 
type I pinks and type IIb blues where the zoning 
tends to form in discrete bands, the “scotch and 
water” zoning has less effect on manufacturing 
decisions with regard to orientation of the zoning in 
relation to the face-up appearance (I. Wolf, pers. 
comm., 2005). Like Group 1, the diamonds in 
Group 5 did not show noticeable color zoning. 


Ultraviolet Fluorescence. Of the 10,399 diamonds 
studied for diamond type, only 75 showed a short- 
wave UV reaction that was stronger than the long- 
wave reaction. Perhaps most interesting was that 58 
(77.3%) of these diamonds were type Ib. While not a 
conclusive test, this observation may be helpful to 
the diamantaire who does not have access to sophis- 
ticated equipment but wishes to have an indication 
of diamond type. 


Spectrometry and Diamond Type Groups. As noted 
earlier, the yellow color observed in natural dia- 
mond is mainly a result of nitrogen, the most com- 
mon impurity found in this gem. Both aggregated 
and isolated forms of nitrogen within the diamond’s 
lattice are responsible for the unique absorption fea- 
tures in the blue portion of the visible spectrum, 
which in turn give rise to the yellow coloration. 
Variations in nitrogen aggregation that begin during 
diamond formation (as well as the addition of other 
trace impurities and other defects} lead to the differ- 
ences seen in nitrogen-related spectral features. 

The complex stages of nitrogen aggregation in 
diamond take place over geologic time at high pres- 
sures and high temperatures within the earth. 
During the initial stages of growth, nitrogen atoms 
may substitute for single carbon atoms within the 
diamond lattice. Diamonds containing isolated 
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nitrogen are classified as type Ib (here, Group 4); 
they owe their unique “golden” yellow color to a 
rise in absorption from 500 nm to lower wave- 
lengths (again, see figure 17D). In general, these yel- 
low diamonds have low total nitrogen, even though 
their color is usually strongly saturated. As nitro- 
gen-bearing diamonds continue to develop within 
the earth, the nitrogen atoms will migrate through 
the diamond lattice and over time may begin to 
form the commonly observed A, B, and N3 aggre- 
gates. Our spectroscopy results suggest that these 
optical centers are represented in the remaining 
four groups. 

Group 1 diamonds contain a high concentra- 
tion of N3 centers as well as N2 centers, which are 
attributed to a vibronic transition of the N3 center 
(Zaitsev, 2001). These are by far the most abun- 
dant yellow diamonds. Figure 18 shows overlain 
spectra of the Fancy Vivid yellow diamond in fig- 
ure 17A and a Fancy Light yellow diamond also 
from Group 1. These spectra illustrate that the 
N2- and N3-related absorptions are stronger in the 
Fancy Vivid yellow diamond. Data from our entire 
subsample of diamonds on which spectra were 
taken suggest that the N2 centers in highly satu- 
rated yellow diamonds absorb more strongly than 
their less saturated counterparts; however, in 
many cases we observed that the N3 center in 
intensely colored yellow diamonds had the same 
absorbance as in their less intense counterparts. 
These data suggest that the N2 center plays a large 
role in determining the strength of yellow color 
saturation in Group 1 diamonds, as well as con- 
tributing to their “lemony” yellow color. 

Group 2. diamonds are closely related to Group 
1; however, our representative spectra for this group 
indicate high concentrations of hydrogen compared 
to Group 1 diamonds. Hydrogen-related absorptions 
in the UV-visible spectra may contribute to the 
modifying brownish and greenish appearances asso- 
ciated with these diamonds. 

Similar to Groups 1 and 2, Group 3 diamonds 
contain aggregated N3 and N2 centers that con- 
tribute to the overall body color. In addition, how- 
ever, Group 3 diamonds contain a green lumines- 
cence component that is attributed to small con- 
centrations of another form of aggregated nitrogen, 
the H3 center, at 503.2 nm. Group 3 diamonds also 
tend to contain significant concentrations of highly 
aggregated type IaB nitrogen. In fact, our infrared 
data suggest that the vast majority of the type Ia 
nitrogen in most yellow diamonds with H3- 
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Figure 18. These two UV-visible spectra represent the 
Fancy Vivid yellow diamond from Group 1 (shown in 
figure 17A) and a Fancy Light yellow diamond from 
the same group. There are obvious differences in the 
strength of the N3 and N2 absorptions between these 
two diamonds of very different saturation. 


attributed green transmission luminescence is in 
the form of B-aggregates. 

As diamonds containing aggregated nitrogen 
mature in the mantle at elevated temperatures and 
pressures, it is possible that defects and nitrogen 
aggregates may begin to break up. Group 5 diamonds 
have spectral features similar to groups 1, 3, and 4, 
and some of these features may be linked to the 
destruction of defect centers and the disaggregation 
of nitrogen. The presence of the 1480 cm™! peak in 
the IR spectrum has been linked to the degrading of 
the platelet peak at 1360 cm~!; other features at 
1650, 1450, and 1430 cm“! may also be platelet relat- 
ed and increase in intensity as the platelets are 
destroyed by increased annealing (Kiflawi et al., 
1998). In addition, Group 5 diamonds typically show 
trace amounts of isolated (type Ib) nitrogen, which 
suggests the breakdown of aggregated nitrogen after 
heating (Fisher and Spits, 2000). 


Color Appearances as They Relate to the Diamond 
Type Groups. Despite the overlap, we did note dif- 
ferent representative color appearances associated 
with the five groups. This can be seen in the photos 
accompanying the spectra of each group (again, see 
figure 17). The chart in figure 19 shows the general 
distribution of the diamonds in these groups in rela- 
tion to the yellow fancy grades. The appearances 
associated with this larger distribution of tones and 
saturations can be seen when the areas noted in fig- 
ure 19 are compared to the images in the corre- 
sponding locations in figure 7. 
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The diamonds associated with Group 1 (more 
than 90% of our samples) have the appearance most 
commonly associated with yellow diamonds. In the 
stronger grades of Fancy Intense or Fancy Vivid yel- 
low, these diamonds are often described as “lemo- 
ny.” Group 5 diamonds were similar in appearance 
to those in Group 1. 

The green luminescence characteristic of Group 
3 diamonds can be strong enough to affect the 
apparent color. However, the luminescence in our 
study samples was not noticeable enough under 
standard grading conditions to place the diamonds 
outside of the yellow hue range, although they were 
located toward the “cooler” side of that range (ie., 
toward the yellow/greenish yellow boundary). 

Group 2, diamonds often appeared brownish or 
had brown and green components, which may be 
due to the hydrogen-related absorptions in the UV- 
visible spectra. It is also likely that the spectral fea- 
tures of Group 4 diamonds (all type Ib) are responsi- 


Figure 19. While there are overlapping color appear- 
ances among the five “spectral groups” of yellow 
diamonds identified in our study, some areas are 

more representative of each particular group than 
the others. This generalized tone/saturation chart 
(with the fancy grades for yellow diamonds over- 
laid) illustrates the most common areas in which 

the diamonds in the five groups occur. 
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ble for the strongly saturated, “warmer” yellow typ- 
ical of these diamonds. Such “golden” color appear- 
ances are often associated with grades of Fancy 
Vivid and Fancy Deep yellow. 


Color Appearance Transitions. As mentioned 
above, unlike other colors, the initial colored dia- 
mond grade associated with yellow is Fancy Light 
(again, see figure 7). The grade descriptions of Faint, 
Very Light, and Light are part of the D-to-Z scale, 
and they correspond to the K-M, N-R, and S-Z letter 
grade ranges, respectively (King et al., 1994). The 
transition in color appearance from these D-to-Z 
scale diamonds to fancy-color yellow diamonds is 
smooth, but the grading methodology and philoso- 
phy between the two scales changes abruptly. 

A fundamental difference between these two 
grading scales is the value placed on “absence of 
color” in one (D-to-Z) versus “presence of color” in 
the other (colored diamond). The “absence of 
color” is primarily observed with the diamond in 
the table-down position, whereas the “presence of 
color” is only judged in the face-up position (King 
et al., 1994). 

As the depth of color increases for diamonds on 
the D-to-Z scale, the role of face-up observation (in 
addition to table-down viewing} also increases in 
importance during grading. The transition boundary 
between the D-to-Z scale and a fancy-color grid is 
the “Z” grade. At this location, face-up appearance 
becomes the determining factor in assigning the 
color grade (i.e., a diamond must have a stronger 
face-up color appearance than the Z “master” to be 
considered a fancy color regardless of the bodycolor 
observed table down; figure 20). 

Not only does methodology differ between these 
approaches, but the ranges of tone and saturation 
associated with a given grade are quite different as 
well. Grade ranges for fancy-color diamonds are sig- 
nificantly broader in both tone and saturation 
attributes than those on the D-to-Z scale. 

In past observations, we have noted that some 
yellow color appearance transitions are more com- 
mon than others, and this was supported by our 
data. The most common transition is throughout 
the saturation range rather than throughout tone or 
both tone and saturation. This is seen in the break- 
down of our samples’ fancy-color grades as well as 
their color descriptions. For example, about 97% of 
the diamonds in our study (representative of all dia- 
monds in the yellow hue range submitted to the lab 
for 1998 and 2003) were Fancy Light, Fancy, Fancy 
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Intense, or Fancy Vivid. All of these grades occur in 
a restricted tone range of medium to light, but they 
span the entire saturation range for yellow dia- 
monds. Just as fancy grades are defined by related 
areas of tone and saturation in color space, some of 
the word descriptions (i.e., brownish or greenish) 
associated with them are also determined by their 
area of tone and saturation within the grades. Many 
color order/description systems (e.g., Natural 
Bureau of Standards, 1976), including GIA’s, arrange 
their terms in color space to accommodate increas- 
ing appearances of brown or gray that occur as col- 
ors darken in tone and weaken in saturation. Since 
most of the yellow diamonds in our study were 
lighter in tone and of relatively strong saturation, 
they did not have a brown or green component. 
Understanding this ordering convention, and the 
occurrence of our samples in color space, clarifies 


why so few of the yellow diamonds in our sample 
(5%) had descriptions of brownish yellow, brownish 
greenish yellow or brown-greenish yellow. It is 
understood, of course, that the GIA Gem 
Laboratory may not see the full range of yellow dia- 
monds available. Nevertheless, given the large 
number of samples examined, this distribution may 
serve as a good indication of what goods are promi- 
nent in the marketplace. 


Grade Distribution Over Time. It was interesting to 
note from our data that the distribution of fancy 
grades among our sample population was relatively 
consistent for the two separate years of our study. 
While far from being conclusive, these data give 
some indication as to the general distribution of yel- 
low diamonds in that segment of the marketplace 
that uses GIA reports. 


Figure 20. The transition from the D-to-Z scale to the fancy-color diamond scale for yellow diamonds is 
greatly affected by the cutter’s ability to concentrate and intensify the face-up color, since it becomes the 
factor in determining the grade (not the “bodycolor” seen table down). In the diagram on the left, the X 
marks the location of a yellow diamond that lies near the end of the D-to-Z scale. The shaded area illus- 
trates the range of potential tones and saturations and, in this case, grades the diamond could receive 
depending on how well the cutter was able to intensify the perceived face-up color. This is illustrated by the 
two yellow diamonds on the right. When observed table-down (top), both have a similar bodycolor. 
However, when the same diamonds are observed face-up (bottom), the differences in appearance are obvi- 
ous. While the table-down bodycolor of these two diamonds placed them near the end of the D-to-Z scale, 
their face-up appearances resulted in the one on the left being placed on the D-to-Z scale and the other 
being graded as a fancy color. Photos by Elizabeth Schrader. 
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Figure 21. The evaluation of color 
in a colored diamond requires 
that the observer focus on overall 
blend (the characteristic color) 
rather than detail (individual 
components of the color). To see 
the overall blend, the observer 
uses a technique similar to that 
used when viewing a 19th centu- 
ry pointillist painting. The detail 
highlighted in this famous 
Georges Seurat work, A Sunday 
on La Grande Jatte, shows a number of distinct, indi- 
vidual colors; when the observer steps back and looks 
at the painting as a whole, these colors blend into a 
single color sensation. When grading a colored dia- 
mond, one can also pick out colors from a mosaic of 
appearances in the diamond, but the grade assigned 
is based on the overall blend. 1884, oil on canvas, 
813%4ax 121144 in.; image courtesy of The Art Institute 
of Chicago, Helen Birch Bartlett Collection. 


A REVIEW AND ELABORATION OF 
FACTORS INVOLVED IN COLOR GRADING 


When GIA’s colored diamond color grading system 
was first documented in this journal (King et al., 
1994), we described our grading methods, environ- 
ment, and terminology, to help those who use our 
reports understand the procedures and factors 
involved in assigning a color grade. Since that time, 
we have described the grading of blue diamonds and 
pink diamonds, specifically (King et al., 1998, 2002). 
Here, we would like to use yellow diamonds to 
review and elaborate on important aspects of color 
grading. From our discussions over the years, we 
have found that differences in grading interpretation 
can often be resolved by consistently answering two 
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important methodology questions: (1) Where and for 
what is the grader looking when grading color in a 
diamond (i.e., observation)? And (2) how does that 
diamond relate to other diamonds in terms of color 
appearance (i.e., bracketing)? 


Observation. As mentioned before, when observing a 
colored diamond, the face-up position is the only 
view used. However, even when restricted to the 
face-up position, differences between observers in the 
“plane of focus” can yield different results. This 
plane can be thought of as an imaginary surface paral- 
lel to the table facet where the eyes of the observer 
are focused to evaluate the color. Depending on the 
location of this plane—near the table facet, at a depth 
near the girdle, or even deeper within the pavilion of 
the diamond—an observer can reach different conclu- 
sions about the color. At the GIA Gem Laboratory, 
this plane of focus is located close to the table facet, 
not deep inside the diamond, so the grader observes 
the overall blend that constitutes the predominant 
single color appearance (i.e., the characteristic color). 


Figure 22. A thorough understanding of yellow dia- 
mond color evaluation requires an awareness of the 
full range in which the color occurs. For example, 
when the Fancy Deep yellow diamond on the left is 
shown next to a Fancy Intense yellow diamond (top 
right), the color of the former appears darker and 
slightly less saturated, which some might consider less 
attractive. However, when the same Fancy Deep yel- 
low diamond is shown next to a Fancy Dark 
brown-greenish yellow diamond (bottom right), the 
attraction of its rich yellow hue is more evident. 
Photos by Elizabeth Schrader. 
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Figure 23. Yellow diamonds that lie near the yel- 
low/greenish yellow boundary may appear less sat- 
urated if compared to a yellow diamond of similar 
strength that lies near the yellow/orangy yellow 
boundary. The two Fancy Intense yellow diamonds 
seen here are of similar saturation in GIA’s grading 
system. To the inexperienced observer, however, 
the cooler yellow diamond on the right might 
appear weaker than the warmer one on the left. 
Photos by Elizabeth Schrader and C.D. Mengason. 


Even with consistent lighting, environment, and 
viewing geometry, if one grader focuses deep into the 
diamond (or changes his/her focus to “pick out” 
highlights at different depths), it is possible to arrive 
at a conclusion different from that of another grader 
who is focusing on the table plane and observing the 
overall blend of face-up appearance. 

The blended appearance that results from using 
a plane of focus near the table of a colored diamond 
can be likened to the merging effect that viewing 
distance has on color appearance in a 19th century 
pointillist painting such as Georges Seurat’s A 
Sunday on La Grande Jatte (figure 21), a commer- 
cially printed page (produced with very small dots 
of cyan, yellow, magenta, and black ink), or a 
checkerboard pattern. In each instance, more than 
one color is visible on close inspection, but they 
blend to a single overall color appearance when 
viewed at a distance. 


Bracketing. Thorough bracketing of the character- 
istic color with color references of known location 
is crucial to understanding the grading of a colored 
diamond. This process allows the observer to 
understand the color’s location in color space and the 
description related to that location. Without that 
understanding, proper evaluations may be lacking. 
For example, a diamond that appears darker and 
weaker when compared to lighter, stronger reference 
diamonds (figure 22, top) will appear rich in color 
when compared to its darker and weaker counter- 
parts (figure 22, bottom). 

Bracketing is also important to accurately grade 
yellow diamonds of similar tone and saturation but 
at opposite ends of the hue range. The appearance of 
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those toward the “cooler” end of the range is 
different from those at the “warm” end, and this dif- 
ference may be confused with strength of color if the 
diamond is not compared and bracketed consistently 
(figure 23). 

Because yellow diamonds commonly transition 
in color appearance through a relatively narrow 
range of lighter tones, it is easy to misinterpret 
those falling outside that norm. To prevent this, 
observers need to be aware of the appearance rela- 
tionships seen throughout the complete tonal range. 
Unless compared to known samples, the saturation 
of less commonly encountered colors of darker tone 
may be considered stronger than they are (figure 24). 
For example, the difference in appearance between a 
typical Fancy Light yellow diamond and one that is 


Figure 24. If a diamond is near a grade boundary, 
darker tone can be confused with increasing satura- 
tion if known references are not used. Here, two 
examples illustrate this situation. On the far left are 
three diamonds near the Y-Z/Fancy Light yellow satu- 
ration boundary; the diamonds are of similar satura- 
tion and differ only in tone. Comparison to the Fancy 
Light yellow reference diamond to their right estab- 
lishes their grade on the D-to-Z scale. On the right, a 
similar situation is seen with three diamonds near the 
Fancy Intense/Fancy Vivid boundary; their Fancy 
Intense grade is clear when they are compared to the 
Fancy Vivid yellow reference diamond to their right. 
These tonal differences can be misinterpreted by an 
inexperienced observer. Photos by Elizabeth Schrader. 
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Gemological Uigests 


Recently Found Large 
Black Star Sapphire 
Now on Display Tour 


Appearing for the first time in March, 
1948. what is said to be the largest black 
star sapphire in the world is now being 
displayed at some of the larger jewelry 
stores of the country. 


Found in an alluvial deposit at Ruby- 
ville, a small placer mine in Queensland, 
Australia, the stone, which weighed 1156 
carats in the rough, was purchased by 
Kazanjian Brothers, importers and cutters 
of precious stones, Los Angeles, and 


fashioned in two months’ time by James 


Kazanjian into the present stone of 733 
carats shown in the picture. 


As can be seen in the illustration the 
sapphire has a six-pointed star against 
what is said to be a velvety black back- 
ground. Measurements are given as 


2 3/16 by 1 27/32 by 1 1/32 inches. 


Although not for sale, the owners place 
the retail valuation of the Black Star 
Sapphire of Queensland at $300,000. 


GIA Uirector Agrees 
To Remain Until 195] 


At its annual meeting in Chicago, April 
30, the Board of Governors of the Gemo- 
logical Institute of America, obtained 
from Robert M. Shipley a contract to. 
remain as executive head of the G.LA. 
until December, 1951. This contract was 
accepted by the Executive Director with 
the understanding he be permitted to re- 
tire at that time. 


In the three years which remain before 
his intended retirement from the organi- 
zation which he founded and has guided 
for the past 17 years, it is planned to 
provide a permanent home for the Insti- 
tute, to explore and perfect possible 
changes in policies, and to complete the 
integration of its various activities. 


Original founder of the G.I.A., Robert 
Shipley was retained as active director 
when it became a corporation in 1942. 
At all times the Institute has been a non- 
profit organization, governed by a board 
consisting of outstanding jewelers in the 
United States and Canada. 


SUMMER, 1948 


57 


Figure 25. The light-toned yellow diamond shown in 
the center appears to “stand out” relative to the other 
two diamonds. Nonetheless, all three diamonds have 


the same Fancy yellow color grade. Photo by 
Elizabeth Schrader. 


darker toned might lead to the incorrect assumption 
that there is a difference in saturation, and hence to 
the diamond being graded Fancy yellow. Similarly, 
fancy-color yellow diamonds that are light in tone 
often appear to “stand out”’ from darker diamonds 
of similar hue, resulting in the misinterpretation of 
a “higher” grade. Lightness does not necessarily 
mean they are stronger or weaker in saturation and 
therefore fall into a different grade (figure 25). 

Even though saturation-based grade transitions 
are relatively common among yellow diamonds, the 
observer may not know the full range of appear- 
ances within a grade, especially since grade ranges 
are quite different from those on GIA’s D-to-Z scale. 
One can incorrectly assume that two yellow dia- 
monds near the upper and lower boundaries of a 
grade’s saturation range are in different grades if the 
entire range is not understood. 

A number of the examples above illustrate the 
fact that there is a different appearance associated 
with each transition step in each one of a color’s 
three attributes. The change in appearance between 
a tonal step (lightness to darkness) is different from 
that seen in a saturation (strength of color) step. 
Similarly, a transition in hue appears different from 
one in tone or saturation. Without understanding 
the difference between these appearance transitions, 
it is difficult to locate one color in relation to others. 
The process is further complicated by the complex 
face-up appearance of diamonds. In our experience, 
by working consistently with known references 
(and, preferably, the same references), a grader can 
develop an understanding of the appearance relation- 
ships between them and consistently interpret the 
transition. Changing references may result in less 
consistency because the observer risks misinterpret- 
ing an attribute in the changed reference that is not 
the determining factor for a grade. 

An interesting aspect of grading observation that 
occurs at the laboratory but is more common in the 


112 YELLOW DIAMONDS 


marketplace is the occasional need to make a gen- 
eral assessment of a diamond’s color while it is in a 
jewelry mounting. The appearance of yellow dia- 
monds may be influenced by jewelry mountings to 
various degrees, as the color of the metal (especially 
yellow gold) can affect the apparent color of the dia- 
mond. It is important to keep this in mind when 
making color comparisons. At the laboratory, we 
follow our standard grading methodology when 
grading colored diamonds mounted in jewelry, but 
we assign a more generalized, multiple grade range 
for the diamond. Figure 26 shows a loose diamond 
that was near the Y-Z, Light yellow/Fancy Light 
yellow grade boundary before it was mounted (top) 
in an 18K gold ring (bottom). The color appearance 
of the diamond when mounted was well within the 
Fancy yellow range; depending on the cut, this 
effect can be more or less pronounced. 


Figure 26. The color of most yellow diamonds may 
appear noticeably darker and stronger when set in a 
mounting. The diamond on the left in the top image is 
near the Y-Z, Light yellow/Fancy Light yellow bound- 
ary and is shown next to a Fancy yellow reference dia- 
mond. In the bottom image, the larger diamond is 
mounted in a ring and placed next to the same refer- 
ence diamond. While the jewelry designer can use 
these effects to enhance the appearance of a yellow 
diamond, it is important that the observer be aware of 
this difference when evaluating the color of mounted 
diamonds. Courtesy of the Scarselli family; photos by 
Elizabeth Schrader. 
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SUMMARY AND CONCLUSIONS 


Yellow diamonds occur in a wide range of tones and 
saturations, but the majority encountered in the 
industry fall into the saturation range represented by 
the grades Fancy Light, Fancy, Fancy Intense, and 
Fancy Vivid. Yellow diamonds occur in some of the 
highest levels of saturation we have seen in colored 
diamonds to date. The fact that they also occur in 
larger sizes than other colored diamonds offers greater 
versatility for the jewelry designer (figure 27). With 
clarity grades that are commonly “VS” or higher, the 
manufacturer is often able to cut to proportions that 
offer maximum weight yield and the most intensified 
face-up color appearance without requiring as many 
modifications for clarity characteristics as with other 
colors. An important manufacturing consideration 
with yellow diamonds is that the lighter tones are 
more readily affected by cutting decisions than darker, 
deeper colors. Brightness, windows, and extinction 
can affect the grade if the color is already near a grade 
boundary. Understanding the effect of jewelry mount- 
ings on the color is also important for the designer or 
laboratory/jewelry professional who needs to evaluate 
yellow diamonds when mounted. 

Many of the routine manufacturing decisions 
used for colored diamonds today had their roots in 
the cutting innovations first seen with yellow dia- 
monds in the 1970s (again, see box A). Early experi- 
ments with cut variations employed to hide inclu- 
sions were found to also intensify the face-up appear- 
ance of light yellow diamonds. Soon these techniques 
were applied to a broader tone and saturation range of 
yellow diamonds and, eventually, other colors. 

While it is difficult to define groupings within type 
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Figure 27. Increasing numbers of yellow diamonds are 
appearing in haute couture jewelry, as seen in these 
Gypsy earrings and the Bull’s Eye necklace. 
Composite photo courtesy of Graff Diamonds. 


I yellow diamonds due to the many overlapping spec- 
tral features, we were able to establish five groups with 
distinct spectral characteristics. We have shown the 
spectral relationships between these representative 
groups within yellow type I diamonds and noted a gen- 
eral relationship of these groups to color appearance. 

An important goal of this study was to provide a 
better understanding of the range of color appearances 
associated with yellow diamonds. Understanding this 
range will help the growing number of traders in yel- 
low diamonds evaluate these diamonds properly. 
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EMERALDS FROM THE 
KAFUBU AREA, ZAMBIA 


J. C. (Hanco) Zwaan, Antonin V. Seifert, Stanislav Vrana, Brendan M. Laurs, Bjorn Anckar, William B. (Skip) Simmons, 
Alexander U. Falster, Wim J. Lustenhouwer, Sam Muhlmeister, John I. Koivula, and Héja Garcia-Guillerminet 


Zambia is considered the world’s second most important source of emeralds by value (after 
Colombia). The deposits are located near the Kafubu River in the Ndola Rural Restricted Area. 
Emeralds have been known from this region since 1928, but significant commercial production 
began only in the 1970s. As of mid-2004, most of the emeralds were being mined from large open- 
pit operations at the Kagem, Grizzly, and Chantete concessions. Economic emerald mineralization 
is confined almost entirely to phlogopite reaction zones adjacent to Be-bearing quartz-tourmaline 
veins that metasomatically altered Cr-bearing metabasite host rocks. Nearly all of the rough is cut 
in India and Israel. Zambian emeralds have relatively high R.I. and S.G. values, with inclusions typ- 
ically consisting of partially healed fissures, as well as actinolite, phlogopite, dravite, fluorapatite, 
magnetite, and hematite. They contain moderate amounts of Cr, Mg, and Na, moderate-to-high Fe 
contents, and relatively high Cs and Li. Although many features of Zambian emeralds are compara- 
ble to those from other commercially important localities, in many cases they may be separated by 
a combination of their physical properties, microscopic characteristics, and chemical composition. 


ambia is one of the world’s most significant 

sources of fine-quality emerald and has been 

called the second most important producer 

lue after Colombia (see, e.g., Suwa, 1994, 
Giuliani et al., 1998). For years, the mines in the 
Kafubu area (near the Kafubu River in the Ndola 
Rural Restricted Area) have produced emeralds of 
uniform color and size, which supported the cut- 
ting of vast quantities of calibrated goods. In addi- 
tion, relatively large, fine stones are occasionally 
found (see, e.g., figure 1). 

Several articles have been published on 
Zambian emeralds, especially the geology of the 
Kafubu area, physical properties, and inclusions 
(see, e.g., Koivula, 1982; Graziani et al., 1983; 
Milisenda et al., 1999; Seifert et al., 2004c). The 
present article provides an overview on various 
aspects of these emeralds, and includes updated 
information on the geology of the area, mining and 
production, and gemological properties. Much of 
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the historic and geologic information was obtained 
during several months of fieldwork in 2001 by two 
of the authors (AVS and SV), who studied all the 
major Zambian emerald deposits and several minor 
ones (Seifert et al., 2004b,c). In July-August 2004, 
these authors also examined a new emerald area in 
the Musakashi area of north-central Zambia (see 
box A). Other authors (JCZ in 1995 and BA since 
2002) have visited the deposits, and in September 
2004 BA collaborated with authors JCZ, BML, and 
WBS on visits to four mines (Chantete, Grizzly, 
Pirala, and Twampane). Subsequently, JCZ visited 
Ramat Gan, Israel, to learn more about the produc- 
tion and distribution of Zambian emeralds. 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 41, No. 2, pp. 116-148. 
© 2005 Gemological Institute of America 
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HISTORY 


According to Sliwa and Nguluwe (1984), beryl miner- 
alization was first discovered in the Kafubu area (at a 
locality that later became known as the Miku mine) 
in 1928 by geologists working for the Rhodesia Congo 
Border Concession Co. Although initial investigations 
did not reveal good-quality gems, Rhokana Co. and 
Rio Tinto Mineral Search of Africa continued small- 
scale exploration work into the 1940s and ’50s. In 
1966, the claim was passed to Miku Enterprises Ltd., 
and in 1971 the rights to the Miku area were taken 
over by Mindeco Ltd., a government-owned company. 
The region was subsequently mapped and the Miku 
deposit verified by Zambia’s Geological Survey 
Department (Hickman 1972, 1973). 

During the 1970s, when local miners discovered 
several more deposits, the Kafubu area became a 
major producer of good-quality emeralds. Due to the 
significant economic potential and extensive illegal 
mining, the government established a restricted 
zone and forcibly removed the population of this 
sparsely inhabited area. 

In 1980, a new government-controlled agency, the 
Reserved Minerals Corp., took over the major 
deposits and prospecting rights to the surrounding 
region (Sliwa and Nguluwe, 1984). Kagem Mining 
Ltd. (owned 55% by Reserved Minerals and 45% by 
Hagura, an Indian-Israeli corporation) was authorized 
to conduct exploration and mining in the Kafubu 
area. A privatization agreement was signed between 
Hagura and the Government of Zambia in May 2001, 
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Figure 1. Zambia has 
been an important 
source of emeralds since 
the 1980s. Much of the 
production is polished 
into beads, such as those 
in these strands (maxi- 
mum bead diameter is 
16.2 mm). Relatively 
large, fine-quality 
Zambian emeralds also 
are faceted, such as the 
center stone (10.42 ct) 
in this ring. Courtesy 
of Pioneer Gems, New 
York; photo © Harold #& 
Erica Van Pelt. 


and the transfer of shares recently was completed by 
the government (Govind Gupta, pers. comm., 2005). 

Outside the Kagem properties, which lie on the 
north side of the Kafubu River, the emerald area has 
been subdivided into nearly 500 prospecting plots. 
However, many of these claims were established 
without the benefit of a thorough geologic evalua- 
tion. Small-scale mining currently takes place on 
dozens of claims, whereas mechanized activity is 
mostly concentrated on the Kagem, Grizzly, 
Chantete, and Kamakanga properties. 


LOCATION AND ACCESS 

The emerald mines are located in the Kafubu area 
(also known as the Ndola Rural Restricted Area) of 
central Zambia, about 45 km southwest of the town 
of Kitwe (figure 2). This region lies in the southern 
part of an important copper mining area known as 
the Copperbelt (Coats et al., 2001). The emerald 
deposits are distributed over ~200 km? within 
13°02’—13°11’S latitude and 28°03’—28°11’E longi- 
tude, on both sides of the Kafubu River. 

From Kitwe, the Kafubu area is accessed by a 15 
km paved road to Kalulushi, and then by 30 km of 
poorly maintained gravel road. The principal min- 
ing localities are reached by several dirt tracks, most 
of which remain passable throughout the year. 

The Kafubu River, a western tributary of the 
Kafue River, drains the area together with small 
perennial streams. Except for the quartzite ridges in 
the southeast, there are no prominent topographic 
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features and the entire area is typically flat. The aver- 
age altitude is around 1,200 m above sea level. Over 
much of the area, the residual clay-rich soils are yel- 
low-brown or reddish brown with extensive crusts of 
laterite, and support relatively thick vegetation. 
Access to the area is restricted, although the workers’ 
settlements are located near the producing mines. 


GEOLOGY 

Regional Geology. The region encompassing the 
Zambian Copperbelt and the Kafubu area comprises 
a complex assemblage of geologic units (figure 3) 
that evolved during three successive orogenies of 
mostly Proterozoic age (i.e., mountain-building 
events ranging from about 2 billion to 500 million 
years ago [My]). The emerald deposits are hosted by 
metamorphic rocks of the Muva Supergroup (Daly 
and Unrug, 1983) that overlay the basement granite 
gneisses along a structural unconformity. The Muva 
rocks consist of quartzites, mica schists, and metab- 
asites. Emerald mineralization is hosted by the 
metabasites, which consist of talc-chlorite-actino- 
lite + magnetite schists (Hickman 1973; Sliwa and 
Neguluwe, 1984). These schists are thought to repre- 
sent metamorphosed volcanic rocks that were dom- 
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inated by komatiites (i.e., highly magnesian ultra- 
mafic rocks; Seifert et al., 2004c). Their high 
chromium content provides a necessary component 
for emerald mineralization. 

In the Kafubu area, thick layers (up to 200 m) of 
the metabasite are intercalated in the mica schist- 
quartzite sequence. Deposition of the Muva 
Supergroup is dated to ~1,700 My. Subsequent fold- 
ing and metamorphism, which also involved the 
basement granite gneisses, took place during the 
Trumide orogeny (~1,010 My; De Waele et al., 2002). 
Importantly, with the exception of the Kafubu area, 
the metabasites are unknown in other portions of the 
1,000-km-long Irumide belt of northeastern Zambia 
(see, e.g., Daly and Unrug, 1983; De Waele and 
Mapani, 2002). 

The basement granite gneisses and the Muva 
Supergroup were later buried under sediments of 
the Katanga Supergroup during the Neoproterozoic 
era (i.e., 570-900 My). The entire crustal domain 
then underwent folding, thrusting, and metamor- 
phism during the Pan-African orogeny, culminating 
at ~530 My (John et al., 2004). This tectonic event 
produced the most observable deformation and 
metamorphic features in the Muva rocks of the 
Kafubu area (Hickman, 1973). 
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During late stages of the Pan-African orogeny, 
rare-element pegmatites and some beryllium-rich 
granites intruded various crustal units in central, 
eastern, and possibly also northwestern parts of 


EMERALDS FROM THE KAFUBU AREA, ZAMBIA 


28°12’ 


Figure 3. This simplified geologic 
sketch map of the Kafubu emerald 
area, modified after Hickman (1973) 
and Sliwa and Nguluwe (1984), 
shows the distribution of major rock 
types and the main emerald deposits 
in the area. The extent of the Kafubu 
pegmatite field is based on field 
observations of mining pits visited by 
two of the authors (AVS and SV). 


Zambia (see, e.g., Cosi et al., 1992; Parkin, 2000). In 
the Kafubu area, field studies at numerous mines 
and exploration pits indicate the existence of a 
major field of beryllium-bearing pegmatites and 
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Box A: EMERALD FROM THE MUSAKASHI AREA, 
NORTH-WESTERN PROVINCE, ZAMBIA 


By Antonin V. Seifert, Stanislav Vrana, Bjorn Anckar, and Jaroslav Hyrsl 


Figure A-1. The abandoned open-pit Hope mine in the 
Musakashi area reportedly was a source of emeralds. 
Photo by A. V. Seifert. 


Figure A-2. This emerald fragment (8 x 6 mm) from the 
Musakashi area shows good color and transparent 
areas between fractures. Photo by V. Zdaéek. 
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A minor emerald “rush” occurred in 2002 at Chief 
Mujimanzovu’s village in the Musakashi area, Solwezi 
district, central Zambia. In August 2002, one of the 
authors (BA) saw some high-quality emeralds with some 
Senegalese dealers in Kitwe. The color of these emeralds 
was significantly different from those of the Kafubu area, 
showing an intense bluish green reminiscent of emeralds 
from Muzo, Colombia. A field visit to their reported 
source was arranged with a Senegalese dealer, but the 
miners refused to grant access due to fierce disputes over 
the property. Visits to nearby outcrops and artisanal 
workings (mined for rock crystal quartz) showed the pres- 
ence of abundant hydrothermal veins in the area. The 
European Union’s Mining Sector Diversification 
Programme subsequently sponsored the Geological 
Survey Department of Zambia to map and explore the 
area, with field work undertaken in June 2004. By this 
time, it was reported that there was very little activity 
and the locals thought the deposit was mined out (Ng’uni 
and Mwamba, 2004). No in-situ emeralds were found, but 
small emerald fragments were recovered from eluvial lat- 
eritic soil adjacent to quartz veins at two mines (Hope 
and Musakashi) in the Chief Mujimanzovu village area. 

When two of the authors (AVS and SV) visited the 
Musakashi area in July-August 2004, the pits were inac- 
tive (see, e.g., figure A-1), and data on the production 
and quality of the emeralds proved elusive to obtain. 
Nevertheless, a few emerald fragments were obtained 
for gemological examination and chemical analyses 
(see, e.g., figure A-2). 

The gemological properties of three irregular polished 
emerald fragments (up to 6 mm in maximum dimension) 
were obtained by one of us (JH) using standard instru- 
ments and techniques. Refractive indices measured on 
two of the samples were 1.580-1.587, yielding a birefrin- 
gence of 0.007. The specific gravity could not be mea- 
sured accurately, due to abundant fissures in available 
stones. The dichroism was blue-green and yellow-green. 
The samples were inert to UV radiation. They had a typi- 
cal chromium-type absorption spectrum and appeared red 
with the Chelsea filter. The most interesting characteris- 
tic was the presence in all the stones of three-phase inclu- 
sions, consisting of a bubble and a cube-shaped crystal in 
a liquid (figure A-3), almost identical to those commonly 
seen in Colombian emeralds. Note that these inclusions 
were very tiny—up to 0.1 mm but usually much smaller. 

Mineral inclusions in these samples were examined 
by AVS and SV, and identified by electron microprobe. 
They consisted of minute crystals of sphene (titanite), 
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Figure A-3. All three samples of emerald from the 
Musakashi area contained minute three-phase inclu- 
sions that consisted of a bubble and a cube-shaped 
crystal that were suspended within liquid. Photo- 
micrograph by J. Hyrsl; width of view is 0.5 mm. 


Fe-oxides, Na-K feldspar, and quartz, with zeolite aggre- 
gates occurring along fissures. In comparison, the Kafubu 
emeralds typically contain phlogopite, actinolite, and 
apatite. The difference in mineral inclusions is consistent 
with field relations that suggest the two emerald areas are 
geologically unrelated. 

The chemical composition of the three Musakashi 
samples is compared to Kafubu emeralds in table A-1. 
The Musakashi analyses show significantly higher Cr and 
V than those from Kafubu. By comparison, they also con- 
tain higher Cr and lower Mg than representative analyses 
of dark green emeralds from Colombia. 

Although none of the authors are aware of any faceted 
emeralds from the Musakashi area, there appears to be 
potential for the production of facetable material. 


TABLE A-1. Representative electron-microprobe analyses 
of Zambian emeralds from the Musakashi and Kafubu areas, 
with comparison to Colombian emeralds. 


Kafulbbu Musakashi Colombia? 

Oxides (wt.%) 

SiO,61.9-65.4 66.58 66.24 66.58 64.93 64.89 
TiO, bdl bdl 0.01 0.01 <0.02 0.08 
Al,O,12.5-17.9 1580 We.7o) eet! = ISO) it}. 
Cr,O,bdl-0.84 esi 1.45 1.36 0.68 0.28 
V,O,bdl-0.08 0.48 0.47 0.55 1.87 0.12 
FeO''0.06-1.75 0.23 0.27 0.31 0.05 0.39 
MnObdl-0.01 bdl 0.03 On <Ojo2 0.05 
Mg0O0.27-2.90 One 0.72 0.72 WT 1.24 
CaQObdl-0.12 0.02 bdl 0.01 <0.01 0.01 
Na,O0.16-1.99 0.65 0.62 0.66 0.68 1.12 
K,O bdl-0.27 0.03 0.02 bdl <0.10 0.07 


@ Representative dark green emeralds from La Pita (left column; 
Fritsch et al., 2002) and Somondoco (right column; Kozlowski et 
al.,1988). Abbreviation: bdl = below detection limit. 
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hydrothermal veins that is nearly 20 km long. 
This field overlaps major horizons of metaba- 
sites that are enriched in chromium, resulting 
in emerald mineralization over a large area 
(again, see figure 3). Potassium-argon dating of 
muscovite from a pegmatite and an associated 
quartz-tourmaline vein gave cooling ages of 
447-452, My (Seifert et al., 2004c). This corre- 
sponds to the approximate time of emerald 
mineralization, when the rocks cooled below 
350 + 50°C (which is the approximate tempera- 
ture at which muscovite becomes “closed” to 
argon loss; see Viana et al., 2003). 


Local Geology. Emerald miners in the Kafubu 
area use a local geologic vernacular that is sum- 
marized in the G&G Data Depository 
(www.gia.edu/gemsandgemology). Knowledge of 
this terminology is critical to understanding their 
observations of the geology and emerald mineral- 
ization. The emerald mineralization is directly 
related to the metasomatic alteration of the Cr- 
bearing metabasites by Be-bearing fluids derived 
from hydrothermal veins (see, e.g., Coats et al., 
2001; Seifert et al., 2004c). For the most part, eco- 
nomic quantities of emerald are restricted to the 
phlogopite reaction zones (typically 0.5-3 m 
wide) between quartz-tourmaline veins and 
metabasite. These reaction zones locally contain 
aggregates of emerald (figure 4), of which a minor 
proportion is gem quality. Only rarely are good 
stones found in the quartz-tourmaline veins, or 
very exceptionally in less altered, partially phlo- 
gopitized host rocks (e.g., at the Grizzly mine). 

Localized phlogopite reaction zones in the 
metabasites also were caused by emplacement 
of simple quartz-feldspar pegmatites, which are 
typically 2-10 m thick and steeply dipping. Field 
observations by two of the authors (AVS and SV) 
indicate that these pegmatites were emplaced 
shortly after the quartz-tourmaline veins. Since 
fluids from the pegmatite system contained 
some Be, minor emerald mineralization occurs 
locally in the phlogopite alteration zones associ- 
ated with these pegmatites, too. The best emer- 
ald mineralization is found in phlogopite schist 
near intersections between the quartz-tourma- 
line veins and the pegmatites—particularly at 
the intersection between steeply dipping peg- 
matites and flat-lying veins. 

The abundance of quartz-tourmaline veins 
with associated phlogopite reaction zones in the 


GEMS & GEMOLOGY SUMMER 2005 121 


Industrial Diamonds... 
(From page 47) 


In closing, let me quote a sermon from a 
Buddhist source, the Hindoo poem known 
as “The Questioning of King Melinda,” 
dating from about the beginning of our 
era. 


“O King, as the diamond is pure 
throughout, so O King should the sincere 
man of virtue, constant in right endeavor, 
be ever pure in his manner of living. 
This, O King, is the first quality of the 
diamond he ought to have. Again, O 
King, as the diamond cannot be alloyed 
with inferior substance, so O King should 
the sincere man of virtue, constant in 
right endeavor, never. mix in friendship 
with wicked men. This, O King, is the 
second quality of the diamond he ought 
to have. Again, O King, as the diamond 
is only set about with the most costly 
jewels, so O King should the sincere man 
of virtue, constant in right endeavor, only 
associate with men of high excellence. 
This, O King, is the third quality of the 
diamond he ought to have.” 


Refractive Indices... 
(From page 37) 


This system of determining refractive 
indices may be used with both the station- 
ary and rotating models of the Erb & 
Gray refractometer and thus greatly in- 
crease their value as a gem testing instru- 
ment. In making experiments in the Los 
Angeles laboratory with the various re- 
fractometers on the market, it was learned 
that with the Tully, by removing the eye- 
piece, readings on stones falling between 
1.50 and 1.65 could also be taken, Be- 
yond these limits, however, the image 
became too distorted to obtain accurate 
results. Because of the intermediate lens 


utilized in the other standard refractom- 
eters on the market today, this system 
cannot as yet be applied to them. 


GIA Laboratories... 
(From page 55) 


courage, and the untiring efforts of the 
GIA staff under the guidance of Robert 
M. Shipley—plus the confidence, support, 
and recommendations of so many leaders 
in the industry—were rewarded in the 
satisfaction of accomplishment and pres~ 
ent-day prominence. The work conducted 
through the years has been responsible in 
a large measure in building gemstone 
identification into a true science, and has 
contributed largely toward lifting the 
jewelry industry’s agelong hope of recog- 
nition as a profession. 


Since its founding, the laboratory has 
inspired the establishment of scores of 
laboratories in North America’s leading 
retail jewelry stores and today some of 
these are almost as complete as labo- 
ratories of the Gemological Institute of 
America. 


The Gemological Institute of America 
maintains its laboratories as a service to 
its students, for the protection of the 
public, and as a gemological contribution 
to the entire industry. 


One of the interesting points brought 
out by Dr. Foshag in his review of 
Kraft’s Adventures in Jade (page 62) is 
the classification of tuxtlite as one.variety 
of Mexican Jade. Another is his comment 
regarding the presence of true jadeite in 
the state of California. 
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Figure 4. Emerald aggregates are locally found in 
phlogopite schist, as shown in this specimen from 
Kagem’s Fibolele mine. Only a small portion of the 
emeralds found in these aggregates are gem quality. 
Photo by V. Zdéek. 


Kafubu area suggests a “regional” influx of 
hydrothermal fluids containing Si, B, K, F, and other 
elements (Seifert et al., 2004c). The Be-bearing fluids 
that altered the metabasites, causing emerald miner- 
alization, are most likely related to a hidden granitic 
source. Information from a fluid inclusion study 
(Seifert et al., 2004c) is consistent with the results of 
the regional geology described above, which indicates 
emerald mineralization occurred at temperatures of 
360-390°C and pressures of 400-450 MPa. 


EXPLORATION 


About 2% of the Kafubu area is currently being 
mined (i.e., 5 km), and exploration activities are 
limited mostly to the immediate surroundings of 
known deposits. The nearly omnipresent cover of 
residual soil (2-10 m thick) is a serious obstacle 
to prospecting. 

Exploration methods range from witchcraft and 
gut feel to the use of advanced geophysical meth- 
ods, core drilling, and geologic mapping. Kagem has 
several highly qualified geologists who methodical- 
ly monitor exploration and mining activities. 
Smaller companies rely on local consultants who 
provide geologic interpretation and basic geophysi- 
cal surveying (described below). Local miners, many 
of whom have decades of experience working the 
area, also are an important resource. These miners 
(locally called “sniffers”) are experts at locating 
emeralds through careful field observations (e.g., 
quartz-rich soil uplifted in tree roots). 
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The target ore geology at Kafubu is favorable for 
magnetic surveying. This rather simple geophysical 
technique has been used in the area for years, and 
remains the main tool for emerald prospecting. A 
magnetic survey measures variations in the earth’s 
magnetic field intensity over an area of interest (see, 
e.g., Cook, 1997). Ferromagnetic minerals and their 
contrasting proportions in the earth’s crust produce 
magnetic anomalies that can help define the under- 
lying geology of the target area. However, the expres- 
sion of magnetic anomalies is highly dependent on 
the surrounding geology. For example, low-magnetic 
sedimentary rocks together with high-magnetic 
igneous or metamorphic rocks will typically result 
in distinct anomaly patterns. In the Kafubu area, the 
host metabasites are usually the only rocks with 
high contents of magnetite, which is the primary 
mineral causing magnetic-high readings. The metab- 
asites are contained within generally low-magnetic 
quartz-muscovite schists, so the surveys usually pro- 
duce easily interpreted anomaly patterns. 

In addition to magnetic surveying, radiometry 
(see Cook, 1997) is often used at Kafubu. With this 
method, a gamma ray spectrometer measures U, 
Th, and K anomalies to distinguish different rocks 
on the basis of their mineralogy; it may also reveal 
geologic contacts and major fault structures. 
However, the penetration depth of this technique is 
very shallow, so only surface or very near-surface 
anomalies can be detected. Nevertheless, this tech- 
nique has successfully revealed underlying peg- 
matites and hydrothermal veins in the Kafubu area. 
Combinations of magnetic highs and radiometric 
highs indicate a very favorable geologic setting, and 
such geophysical anomalies are tested by digging 
pits to verify the presumed occurrence of metaba- 
sites and hydrothermal veins. When favorable con- 
ditions are encountered, local geologic indicators 
may point toward areas with high potential for 
emerald mineralization. 

Geochemical soil and rock sampling has been 
attempted in the area but has not been done sys- 
tematically. The samples have been analyzed for 
Ni, Cr, Co, and similar elements to look for metab- 
asites, as well as for Be, Rb, Cs, and Li as pathfinders 
for pegmatites and hydrothermal veins. 

Although expensive and time consuming, oriented 
drilling exploration programs may reveal important 
new emerald accumulations. For example, an exten- 
sive drilling survey at a grid spacing of 25 m—carried 
out in the southern continuation of Kagem pit D8 in 
2003—intersected a new and very promising emerald- 
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bearing zone at a depth of 75 m. A similar survey in 
2002, revealed additional emerald mineralization in 
the southeastern continuation of the Fwaya-Fwaya 
Ext. F10 mine (J. G. Dey, pers. comm., 2003). 

So far, emerald mineralization has been mined to 
a maximum depth of 50-60 m (e.g., at the deepest 
Grizzly, Kamakanga, and Kagem mines). However, 
structural and lithologic criteria suggest that miner- 
alization continues to deeper levels. Field surveys 
and laboratory analyses (Seifert et al., 2004c), as well 
as a study of the structural geology (Tembo et al., 
2000), have demonstrated that the potential for sub- 
stantial reserves and new emerald occurrences in the 
Kafubu area remains very high. 


MINING 


The Kafubu mining area (or Ndola Rural Restricted 
Area) has been subdivided into several hundred small 
concessions at around 100 hectares each. Most of 
these concessions are located in areas with unpromis- 
ing geology. However, many others are in favorable 
areas, and a few of these have been amalgamated into 
larger entities such as the one operated by Kagem. 
The current license system has many disadvantages 
(“Zambia cranks up...,” 2004), as these 100-hectare 
concessions are too small to support the investment 
needed to start financially viable operations, but there 
is no system in place to have such licenses relin- 
quished and offered to capable mining companies. 
Furthermore, the area is rife with disputes and 
lengthy court cases that delay promising operations. 
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Figure 5. The Grizzly 
mine employs large 
earth-moving equip- 
ment in a highly mech- 
anized operation. The 
excavators used in the 
Kafubu emerald mines 
typically weigh 25-30 
tons and have a bucket 
capacity of approxi- 
mately 1.6 m°. Photo 
by B. M. Laurs. 


As of August 2004, the main emerald mining 
activities took place at the Kagem, Grizzly, and 
Chantete concessions. At Kagem, which at 46 km? 
is by far the largest license area, producing mines 
include Fwaya-Fwaya Ext. F10, Fwaya-Fwaya, 
Fibolele, D8, and Dabwisa. The Grizzly mine 
recently expanded its operations by acquiring 
licenses to additional concessions and investing in 
new machinery. The Chantete mine is also an 
active producer with modern equipment. Other pro- 
ducers include the Kamakanga, Twampane, and 
Akala mines, with sporadic production from the 
Pirala, Miku, Ebenezer, and Mitondo mines. 

In June 2004, United Kingdom—based Gemfields 
Resources Plc started systematic exploration at its 
Plots 11A-1 and 11A-2 adjacent to the Pirala mine. 
The company is now undertaking a full feasibility 
study after having carried out drilling, ore body 
modeling, and bulk sampling. The initial results are 
promising, and the company expects to be in full 
operation by late 2005. 

All the Kafubu emerald deposits are worked by 
open-pit mining. Because of abundant water during 
the rainy season (November to March), underground 
work is not considered an option; the groundwater 
level is too high for sinking shafts, as it would be too 
expensive to pump water continuously. Only one 
operator, at the Mitondo mine, has tried underground 
mining, but they recently ceased these activities. 

Mining is done by removing the overburden rock 
with bulldozers, excavators, and large dump trucks 
(see, e.g., figure 5). At all the big pits, the miners drill 
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Figure 6. At the Grizzly mine, workers drill holes that 
will be filled with explosives to open up the area adja- 
cent to an emerald-bearing zone. Photo by B. M. Laurs. 


a series of holes (figure 6), so that explosives can be 
used to open the areas adjacent to the veins. Once 
emerald-bearing schist is exposed, mining is done 
manually with hammer and chisel, by so-called 
“chiselers.” The recovered emeralds are put into 
cloth sacks or deposited into padlocked metal boxes. 
Security is a major problem during the manual 
extraction phase. The emerald-bearing zones must 
be heavily guarded at night to prevent access by the 
numerous illegal miners who become active after 
sunset. It is also not uncommon for a chiseler to 
cover a newly discovered emerald concentration for 
later nighttime excavation. 

Standard washing/screening plants are used to 
process the ore at some of the mines. A new pro- 
cessing plant at the Grizzly mine was recently put 
into operation, with a capacity of 20 tons per hour. 
After crushing, the ore is washed and sized, with 
larger and smaller pieces separated in a rotating 
trommel. Additional vibrating screens further sepa- 
rate the material into specific size ranges for hand 
sorting on slow-moving conveyor belts. At Kagem, 
the operators rent the equipment used at the wash- 
ing and sorting plant to keep costs down. 
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The smaller operations do not use washing 
plants due to a lack of funding and/or security. For 
instance, at the Chantete mine, 24-hour-a-day shifts 
keep the emerald-bearing rock moving, and all the 
emeralds are sorted by hand. This is done through- 
out the year, except during the rainy season when 
the pit fills with water. 

Although it is expected that the Kafubu area will 
be able to supply a large quantity of emeralds over 
the next 20 years (A. Eshed, pers. comm., 2.005), 
there is growing concern about the expenses 
involved in extracting them. For instance, at present 
the cost of running the Kagem mines is estimated 
to be around US$10,000 per day. The output is 
always uncertain; due to the irregular distribution of 
the emerald mineralization, it is extremely difficult 
to estimate reserves realistically, which makes 
emerald mining a high-risk business. 


ENVIRONMENTAL IMPACT 


A detailed study of the environmental impact of 
the emerald mines was performed by Seifert et al. 
(2004b]. The mining activities affect the landscape 
and natural media—water, soil, rocks, and air—as 
well as human health. Fortunately, there are no 
enriched heavy metals or toxic elements in the 
Kafubu area. 

Various environmental interactions and impacts 
are associated with each phase of a mine’s lifespan 


Figure 7. This 40 g emerald crystal fragment from the 
Chantete mine is illuminated from behind to show its 
transparency and attractive color. Photo by H. Zwaan. 
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Figure 8. This prismatic single crystal of emerald 
(slightly more than 8 cm long) was recovered from 
the Chantete mine. Photo by Dirk van der Marel, 
© Naturalis, the Netherlands. 


(i.e., prospecting, exploration, mine development, 
mining, and closure). The most serious impacts 
include deforestation and vegetation removal, land 
degradation, increased soil erosion and siltation of 
watercourses, habitat loss (resulting in a reduction 
of biodiversity), and dangerous sites (e.g., pit walls). 
The amount of mined material from the entire 
Kafubu area that must be disposed of or stockpiled 
is roughly estimated at approximately 25,000 
tonnes per day at current levels of activity, with a 
total of 70 million tonnes displaced since the 
1970s. 

The dozens of abandoned mines in the area do 
not always have negative consequences. They are 
filled by seasonal rainwater, and previously dry 
bush can benefit from the presence of a reservoir by 
creating new wetland ecological systems that per- 
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sist throughout the year. 


PRODUCTION AND DISTRIBUTION 


Description of the Rough. The information in this 
section was derived from communications with the 
mine owners and from the personal experience of the 
authors. Much of the emerald rough is recovered as 
fragments that show only a few crystal faces (e.g., fig- 
ure 7}, but well-formed hexagonal crystals are some- 
times produced (figure 8). Typically, though, these are 
broken segments that rarely have natural flat (pina- 
coidal) terminations. Also seen are emerald clusters 
or aggregates (figure 9), which may show well-formed 
crystals with perfectly developed terminations, as 
well as hexagonal prisms with irregular terminations. 
The aggregates may contain several to dozens of indi- 
viduals within the host schist. Step-growth crystal 
surfaces are frequently present, caused by abrupt 
changes in diameter. The surface quality of the crys- 
tal faces is often rough, but it may be glassy smooth. 
The color of the emerald crystals ranges from 
light bluish green to dark green. Very pale green or 
blue (rarely colorless) beryl also is found. As with 
emeralds from other localities, color zoning is com- 
mon. Larger crystals typically have a core that is 
light yellowish green to greenish blue surrounded 


Figure 9. This cluster of well-formed emerald crystals 
was found at the contact of a quartz vein with phlogo- 
pite schist at the Chantete mine. The width of this 
specimen is 9 cm. Photo by Dirk van der Marel, 

© Naturalis, the Netherlands. 
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by a deep green rim; other crystals may show both a 
core and rim that are deep green, with internal 
zones of light and/or medium green. 

The crystals typically range from less than 1 mm 
to several centimeters long, with pieces exceeding 
10 cm encountered occasionally. The largest crystal 
observed by the authors was about 14 cm long and 
weighed over 3 kg (see, e.g., figure 25 inset in Laurs, 
2004). According to a local mine manager, excep- 
tionally large emerald crystals up to 60 cm long 
were found in the phlogopite schist at the 
Kamakanga Old Pit during the 1980s. 


Production of the Rough. Emerald mineralization is 
very irregular, with the crystals often aggregated 
together (figure 4). These local concentrations may 
have grades of several kilograms of emerald per ton 
of ore rock. More typical is a dispersed mineraliza- 
tion of a few grams per ton of ore. 

Run-of-mine (ROM) emerald typically yields 
only a small percentage of material that can be 
faceted. Most of it is of bead to cabochon quality. 
According to information supplied by T. Schultz 
(pers. comm., 2005) and Milisenda et al. (1999), a 
typical 10 kg of ROM emerald from a favorable 
deposit would yield about 5 g of extra-fine material, 
about 100 g of fine material, about 300 g of good 
material (in terms of both color and clarity), about 
600-800 g of material with good color but included, 
about 3,000 g of low-quality material, and the 
remaining 6—7 kg of very low commercial value. 

At Kagem, an average production of 300 kg 
(including low-grade emerald and beryl) every 2-3 
months contains 10% facetable and cab-quality 
emeralds, with the remainder usable for beads and 
carvings. Typically, the emeralds occur as crystals 
up to 60 g each, but occasionally crystals as large as 
1 to 3 kg are found. However, these large specimens 
usually contain only 1-2% cuttable material (A. 
Eshed, pers. comm., 2005). In terms of quality, F10 is 
currently the best-producing Kagem mine, with bet- 
ter (higher clarity) crystals than the former top pro- 
ducer, Fwaya-Fwaya (I. Eliezri, pers. comm., 2.005). 
The Fibolele and D8 mines generally produce 
“medium-quality” stones—that is, good colors, but 
included, both facetable and cab quality. The 
Dabwisa mine mainly produces cabochon material, 
some of which is referred to as “metallic green” 
(caused by “rusty” looking inclusions; A. Eshed, 
pers. comm., 2005). 

The Grizzly mine produces a quantity similar to 
that from the Kagem mines but generally bigger 
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pieces (often 50 g to 1 kg}, although most are of 
“medium quality.” Large crystals also are found. 
Production at the Chantete mine is typically 
150-300 kg per month, and large crystals are pro- 
duced occasionally there as well. Only about 10% is 
suitable for cutting, and just 1% is facet grade (see, 
e.g., figure 7). Stones from this mine tend to be 
somewhat lighter in color than those from else- 
where in the Kafubu area. 

Production of rough reportedly exceeded US$100 
million in the late 1980s (Milisenda et al., 1999). 
More recently, the value of emerald production from 
the Kafubu area was reported to be about US$20 mil- 
lion annually—according to 2002 statistics from the 
Export Board of Zambia for the officially declared 
export value of rough emerald. A conservative esti- 
mate is that at least another US$5 million worth of 
rough is smuggled out of Zambia (Douglas Ng’andu, 
DN Consulting Associates Ltd., Kitwe, pers. comm., 
2005), although some sources (mainly the Zambian 
media) place the number much higher. However, it 
is difficult to imagine where such large quantities of 
emerald would originate, given that there are only 
two large operators and the presence of secret 
“bonanza” mines is not realistic. 


Distribution of the Rough. Most of Zambia’s emer- 
alds are exported to India, mainly for use in that 
country’s domestic market, and to Israel for interna- 
tional distribution. According to D. Tank (pers. 
comm., 2005), India receives 80% of Zambia’s 
emerald production by weight, and 70-75% by 
value, with the cutting done in Jaipur. Israeli buyers 
usually purchase the higher-quality material. 

The larger mining operators have well-estab- 
lished trading arrangements. For example, Kagem 
offers their production four times a year at a closed- 
tender auction in Lusaka. The dates are flexible, 
depending on when sufficient material is available. 
The very small operators and illegal miners rely on 
local traders, who are mainly of West African origin 
(e.g., Senegal and Mali) and often supply them with 
food and other necessities in exchange for emeralds. 


The Informal Local Market. Rough emeralds are fre- 
quently traded on the streets of Lusaka and Kitwe, 
usually as run-of-mine material sold by illegal min- 
ers. Occasionally, large top-quality emeralds also 
turn up on the informal street market. 

Buyers who visit Zambia should be aware of var- 
ious scams. Green glass (stolen from local traffic 
lights) is molded to simulate hexagonal emerald 
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crystals, and quartz crystals are colored by green 
marker pens. While these imitations are easy to 
identify, there also are more clever imitations such 
as pieces of Russian hydrothermal synthetic emer- 
ald that are carefully coated in clay and mica. 


Production and Sorting of Cut Emeralds. Gemstar 
Ltd., based in Ramat Gan, is the largest manufacturer 
of Zambian emeralds for the international market; it 
consumes most of the higher-quality rough material. 
Gemstar produces 2,000-3,000 carats per month of 
cut emeralds, from approximately 15,000 carats of 
rough. As an example of how the company approach- 
es the rough from a commercial viewpoint, the fol- 
lowing case was demonstrated to the senior author: 
While evaluating a 312 ct piece of rough that was of 
very good quality, the manufacturer decided that, 
instead of cutting this piece into a few stones weigh- 
ing 5-10 ct, he would aim for smaller stones of high 
clarity, because there is strong demand for such emer- 
alds. In the preform phase, 105 carats were recovered 
from the piece of rough, from which 60 carats of 
faceted gems (0.50-5 ct) were produced—for a yield of 
only 20% of the original high-quality crystal. An 
example was also provided for medium-quality (i.e., 
more included) rough: Four pieces weighing a total 84 
carats had a yield of 20% after preforming and only 
10% after faceting (including very small stones with 
little commercial value). For cabochon-grade material, 
the recovery is sometimes not more than 7%. 

As explained by Daniel Madmon, manager of 
Gemstar’s cutting factory, the typical cutting proce- 
dure is outlined below: 


Figure 10. At Gemstar, after a piece of rough has been 
assessed, it is typically sawn into several transparent 
pieces for faceting. Photo by H. Zwaan. 
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Figure 11. The sawn pieces of emerald are evaluated by 
the Robogem machine to predict the maximum yield 
and preshape the rough. Photo courtesy of E. Eliezri. 


1. Using a strong lamp, the cutter assesses how 
and where to trim the rough, and the sawing is 
done carefully by hand (figure 10). 


2. The sawn pieces go to the office for evaluation, 
and the cutting style is chosen according to 
demand. 


3. Next, the sawn pieces are sent to a computer- 
ized robot, called “Robogem” (figure 11). 
Manufactured by Sarin Technologies Ltd., this 
equipment uses the Sarin DiaExpert system (as 
described by Caspi, 1997) to measure each 
sawn piece and predict the best possible yield. 
The robot is then used to make the girdle of 
each stone. 


4. Once returned to the factory, the emerald pre- 
forms are placed on a dop and faceted by hand 
(figure 12), rather than by machine, because a 
“soft touch” is needed for emeralds. First, the 


Gems & GEMOLOGY SUMMER 2005 127 


Figure 12. After they have been preshaped by 
Robogem, the emeralds are cut and polished by hand, 
using precise cutting and polishing wheels and equip- 
ment. Photo by H. Zwaan. 
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table and crown facets are cut and (with the 
girdle) polished. 


. The cutter then turns the stone on the dop and 


cuts/polishes the pavilion side. Taking an 
emerald cut as an example, the cutter places a 
maximum of three steps on the pavilion to get 
the best color, with more steps (up to four or 
five) used if greater sparkle is the goal. 


Figure 13. At Gemstar, emeralds cut in calibrated 
sizes are sorted by color and clarity into numerous 
categories. Photo by H. Zwaan. 
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6. Once cutting and polishing is complete, the 
dop is gently iced so that the emerald can be 
easily removed. Subsequently, the finished 
gem is cleaned in an alcohol solution. 


Each step of the cutting process is monitored by 
the master cutter, so that minor adjustments can 
be made when necessary. After polishing, stones 
with fissures are clarity enhanced by Gemstar 
using paraffin oil (i.e., mineral oil), a near-colorless 
transparent oil that the company has used for near- 
ly 30 years. Gemstar declares at the time of sale 
that its emeralds are enhanced in this way. Resins 
like Opticon are never used. 

Commercial production is done in calibrated 
sizes, such as 5 x 3,6x4,7x5,8x6,and10x8 
mm. Typically, these are divided equally between 
emerald and oval cuts, although other shapes, such 
as hearts and pears, also are produced. 

Next, the stones are sorted according to color 
and clarity into numerous categories (figure 13), 
based on master sets. Gemstar keeps an inventory 
of about 35,000 carats, so they can repeatedly pro- 
duce the same colors, makes, and sizes. The steady 
availability of calibrated sizes of consistent quality 
is extremely important to customers, and the 
Zambian emerald is prized for such consistency (A. 
Eshed, pers. comm., 2005). 

Commercial goods typically weigh up to 5 ct. 
Zambian emeralds over 10 ct are rare (again, see fig- 
ure 1). During a visit to Ramat Gan, the senior author 
encountered a rare 14.29 ct medium-dark green stone 
(figure 14) that was only slightly included. 


Consuming Countries. As mentioned before, most 
Zambian emeralds end up in India, where they are 
cut and distributed, mainly to the domestic market. 
In Israel, Gemstar Ltd. sells 70% of its stones to the 
U.S., 15% to the Far East, and roughly 15% to 
Europe. It is expected that in the future the growing 
markets will be in China, Russia, and eastern 
Europe. 


MATERIALS AND METHODS 

For this study, we examined a total of 127 emeralds 
(0.07—5.69 ct), of which 69 were faceted and 2 were 
cabochon cut. Almost all the 56 rough samples 
were transparent and suitable for faceting. At least 
two windows were polished on each rough sample; 
the resulting pieces ranged from 0.46 to 6.98 ct. The 
samples were obtained from several mines: 34 from 


GEMS & GEMOLOGY SUMMER 2005 


Figure 14. This exceptional Zambian emerald weighs 
14.29 ct. It shows a deep “Zambian” bluish green 
color and is only slightly included. Courtesy of 
Gemstar Ltd.; photo by H. Zwaan. 


the Chantete mine, 51 from the Kagem mines (spe- 
cific pits not known), and one from the Kamakanga 
mine. In addition, a thin section was cut from a 
light bluish green emerald from the Mbuwa mine; 
this emerald, which was not of gem quality, was 
hosted by a quartz-tourmaline vein in phlogopitized 
metabasite. The other 40 samples were from 
unspecified mines in the Kafubu area. 

All of the rough samples and 59 of the cut stones 
(see, e.g., figure 15) were examined at the Nether- 
lands Gemmological Laboratory (NGL). Twelve 
faceted emeralds (0.22—4.28 ct) were examined at 
GIA in Carlsbad; these were cut from rough pro- 
duced at the Chantete mine during the 2004 mining 
season (see, e.g., figure 16). 

Standard gemological properties were obtained 
on all the emeralds. We used a GIA GEM 
Instruments Duplex II refractometer (at GIA) and a 
Rayner refractometer with an yttrium aluminum 
garnet prism (at NGL), both with near-sodium 
equivalent light sources, to measure the refractive 
indices and birefringence. Specific gravity was 
determined by the hydrostatic method. We tested 
the samples for fluorescence in a darkened room 
with four-watt long- and short-wave UV lamps. 
Absorption spectra of the stones examined at NGL 
were observed using a System Eickhorst Modul 5 
spectroscope with a built-in light source. Internal 
features were observed with a standard gemological 
microscope; in some cases, a polarizing (Leica 
DMRP Research) microscope was used as well. In 
29 samples, we analyzed inclusions with Raman 
spectroscopy using 514 nm laser excitation and two 
instruments: a Renishaw 2000 Ramascope (3 sam- 
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Figure 15. The emeralds studied for this report repre- 
sented a range of color, as evident in these samples 
from the Kagem mines (0.55—5.69 ct). Photo by Jeroen 
Goud, © Naturalis, the Netherlands. 


ples at GIA) and a Renishaw Invia (26 samples at 
the CCIP French Gemmological Laboratory in 
Paris). Polarized absorption spectra of 15 represen- 
tative samples examined at NGL were taken with a 
Unicam UV540 spectrometer, in the range of 
280-850 nm. Spectroscopy of the 12 samples stud- 
ied at GIA was performed with a Hitachi U-4001 
spectrophotometer (oriented UV-Vis spectra, range 
280-850 nm} and a Nicolet Magna-IR 760 spec- 
trometer (mid-IR spectra, 400-6000 cm~!). 
Additional mid-IR spectra were taken of 12 repre- 
sentative samples at NGL using a Thermo Nicolet 
Nexus FT-IR-NIR spectrometer. 

EDXREF spectroscopy was performed on the 12 


Figure 16. Many Zambian emeralds are an attractive 
saturated medium bluish green, as evident in this selec- 
tion from the Chantete mine (0.66-1.35 ct). Courtesy of 
Chantete Emerald Ltd.; photo © GIA and Jeff Scovil. 
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GIA samples with a Kevex Omicron instrument. 
The instrument was operated at a voltage of 15 kV 
without a filter for low-Z elements, with an alu- 
minum filter at 20 kV for transition metals, and 
with an iron filter at 25 kV for heavier elements. An 
Eagle uProbe EDXRF spectrometer was used at 
NGL to analyze the composition of surface-reaching 
inclusions on the pavilions of 16 faceted samples. 
This instrument has a focus spot of 200 x 200 um 
and a beam diameter of 300 um. A voltage of 25 kV 
and a count time of 100 seconds were used for each 
measurement. 

Quantitative chemical analyses were carried 
out on 27 selected emeralds from the Kagem and 
Chantete mines at two electron microprobe facili- 
ties—the Institute of Earth Sciences, Free 
University of Amsterdam, the Netherlands ([JEOL 


model JXA-8800M) and the University of New 
Orleans, Louisiana (ARL SEMQ instrument). In 
Amsterdam, 78 spot analyses were performed on 
the table surfaces of 12 light to dark bluish green 
faceted emeralds from the Kagem mines and 3 pol- 
ished fragments from the Chantete mine. Twenty 
analyses were done on surface-reaching inclusions. 
Analyses were performed at 15 kV, with a beam 
current of 25 nA and a spot size of 3 um. The 
count time for the major elements was 25 seconds, 
and for the trace elements, 36 seconds (except 50 
seconds were counted for V, Cr, F, and Rb). From 
two to 16 spots per sample were analyzed. In New 
Orleans, the tables of 12 faceted Chantete emer- 
alds were analyzed at 15 kV, with a beam current 
of 15 nA and a spot size of 2 um, and a count time 
of 45 seconds for each element. Three spots per 


TABLE 1. Physical properties of emeralds from the Kafubu area, Zambia.# 


Color Colors range from light to dark green to slightly bluish to bluish green; typically a saturated bluish green with 


a medium to medium-dark tone 
Very slightly to heavily included 
n, = 1.585-1.599; n, = 1.578-1.591 


Clarity 
Refractive indices 


n, = 1.589-1.597; n, = 1.581-1.589° 


n, = 1.602; n, = 1.592° 


Birefringence 0.006-0.009 (0.008%, 0.010°) 
Optic character Uniaxial negative 
Specific gravity 

2.69-2.77° 
Pleochroism 

and greenish blue (e-ray) 
Fluorescence 


Chelsea filter reaction 
Absorption spectrum 
Internal features 


2.71-2.78 (except one 0.22 ct sample, which gave a value of 2.81) 
Strong yellowish green (o-ray) and bluish green (e-ray); some stones showed strong greenish yellow (o-ray) 


Usually inert to long- and short-wave UV radiation; sometimes faint green to long-wave 

No reaction or light pink to red (deep green samples) 

Some absorption between 580 and 630 nm; distinct lines at approximately 636, 662, and 683 nm 
e “Feathers” in flat, curved, (rarely) conchoidal forms or undulatory/scalloped shapes 


e Partially healed fissures with various shapes of two- and three-phase fluid inclusions, but typically equant 


or rectangular 


¢ Isolated negative crystals containing CO, and CH, 
e Parallel oriented decrepitated inclusions appearing as silvery disks or brownish spots, depending on the 


lighting 


¢ Mineral inclusions (this study): randomly oriented actinolite needles, platelets of phlogopite or rare chlorite, 
equant to columnar dravite, fluorapatite, magnetite, hematite, chlorite, quartz, fluorite; carbonates (magnesite/ 
siderite, ferroan dolomite, ankerite and calcite); niobian rutile, pyrite, talc, zircon, barite, albite, calcite, 


sphene (titanite), and beryl! 


e Characteristic inclusions described by other authors: phlogopite/biotite, actinolite-tremolite, and square- 
and rectangular-shaped fluid inclusions (Milisenda et al., 1999); phlogopite, glauconite, talc, apatite, quartz, 
and Fe-Mn and Fe-Cr oxides (Moroz and Eliezri, 1999); apatite, quartz, chrysoberyl, margarite, muscovite, 
and rutile or brookite (Graziani et al., 1983); tourmaline, limonite, magnetite, mica, rutile, hematite, and 


apatite (Koivula, 1982; 1984), and also chrysotile (GUbelin and Koivula, 1986) 
¢ Cavities, representing dissolved columnar mineral inclusions 


e Either homogeneous color distribution or medium to strong color zoning may occur (as planar zones 


oriented parallel to the prism faces) 


4 All data are from the present study unless otherwise noted. 


® Data from Milisenda et al. (1999), obtained from an unspecified number of samples that they described as representative. Other data on refractive 
indices, birefringence, and specific gravity, such as reported by Graziani et al. (1983) on a single sample, and the average values given by Campbell 


(1973) for Zambian emeralds, fall within the ranges that are indicated. 
° Data from Schmetzer and Bank (1981) on one dark bluish green sample. 
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sample were analyzed. 

In addition, three emerald fragments from the 
Musakashi area (box A) were analyzed using a 
Cameca SX 100 electron microprobe (15 kV, 40 nA) 
at Masaryk University, Brno, Czech Republic. 


GEMOLOGICAL PROPERTIES 


The gemological properties are summarized in table 
1, with details described below. 


Visual Appearance. The emeralds showed a wide 
variety of colors, ranging from green to slightly 
bluish green to bluish green with a light to dark 
tone (figure 15). Many were an attractive saturated 
bluish green with a medium to medium-dark tone 
(figure 16). Typically, the color was evenly distribut- 
ed, although we saw strong color zoning in some 
crystals and polished material. Color zoning in the 
faceted stones was best seen from the side, when 
looking parallel to the table through the pavilion. 


Physical Properties. Roughly 70% of the stones test- 
ed showed refractive indices of n, = 1.591-1.595 and 
n, = 1.583-1.587. Some light green stones showed 
values lower than 1.583, and some dark green 
stones had R.I.’s above 1.595. The birefringence of 
most of the emeralds ranged between 0.007 and 
0.008. Only one stone had a birefringence of 0.006, 
and only two stones showed 0.009. 

Specific gravity values ranged from 2.71 to 2.78. 
The majority of the stones (78%) had an S.G. 
between 2.72 and 2.76. 

The emeralds were typically inert to long- and 
short-wave UV radiation, except for a few samples 
that fluoresced faint green to long-wave UV. All of 
the emeralds with more saturated colors appeared 
pink to red under the Chelsea filter; the other sam- 
ples showed no reaction. Dichroism was strong, in 
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yellowish green and bluish green; or even stronger, 
in greenish yellow and greenish blue. Most of the 
emeralds, even the light-colored stones, showed 
well-defined absorption spectra when viewed with 
the handheld spectroscope. The spectra showed 
some absorption between 580 and 630 nm, and dis- 
tinct lines at approximately 636, 662, and 683 nm. 
The violet range (beyond 430 nm) was completely 
absorbed. A few light-colored emeralds showed a 
weaker spectrum with only a clear line at 683 nm. 


Microscopic Characteristics. The stones were very 
slightly to heavily included. The most obvious clari- 
ty characteristics were fractures, partially healed fis- 
sures, fluid inclusions, needles, and occasional 
brown flakes. 


Fractures and Fluid Inclusions. The most conspic- 
uous inclusions consisted of “feathers” and par- 
tially healed fractures, which both exhibited wide 
variations in appearance. Feathers had flat, 
curved, or rarely conchoidal forms with mirror- 
like reflections, or undulatory/scalloped shapes 
with a white appearance caused by rough surfaces. 
Less commonly, the feathers were present in par- 
allel formations or in tight clusters with no pre- 
ferred orientation. One sample from Chantete 
contained larger fractures that locally showed 
blue “flash-effect” colors due to filling with a for- 
eign organic substance. 

Partially healed fractures were marked by planar 
groups of equant, elongated, wispy, or irregularly 
shaped fluid inclusions that often showed low relief 
and contained relatively small bubbles (figure 17), 
indicating that they are probably H,O rich (e.g., 
Samson et al., 2003). Partially healed fractures also 
were represented by arrays of pinpoints that formed 
parallel lines (see, e.g., figure 18) or “fingerprints.” 


Figure 17. Irregularly 
shaped (left) and wispy 
(right) fluid inclusions, 
such as those present in 
these two emeralds from 
the Chantete mine, were 
widespread in the 
Zambian emerald sam- 
ples. Photomicrographs by 
H. Zwaan; magnified 50x 
and 55x, respectively. 
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ON 


Gemological Uigests 


Carborundum as Gem 
Mineral Regarded as 
Uoubtful by GIA 


For many years, silicon carbide has 
been made commercially as an abrasive. 
The commercial varieties of the abrasive 
occur in a nearly opaque form which has 
a metallic luster. Although material has 
been made in colorless transparent form, 
it is only recently that it has been cut 


‘as a gemstone. 


At present time, it would seem that the 
commercial possibilities of the material 
were rather unimportant since it has been 
produced only on an experimental scale 
and in sizes from which gemstones of less 
than one-tenth of a carat have been cut. 
If commercially feasible processes of 
producing silicon carbide in larger crys- 
tals are developed, then this could become 
an important gemstone. 

The properties of the artificial material 
will convey to the gemologist its poten- 
tialities. The refractive index of the 
material, both in its common hexagonal 
form and rare cubic form are above 2.6 
compared to the 2.42 of diamonds. The 
dispersion or fire is slightly more than 
double that of diamond. In contrast to 
synthetic rutile, which has even higher 
optical property values, silicon carbide is 
hard. The hardness of the material is 
usually given as 914 on the Moh scale, 
since it is measurably harder than corun- 
dum. The specific gravity of silicon car- 
bide in ‘both its hexagonal and cubic forms 
is considerably lower than that of dia- 
mond, being slightly less than 3.2. 

While carborundum produced in good 
size and in commercial quantities in a 
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colorless transparent form would immedi- 
ately become significant in the jewelry 


industry, there is no indication that such 
a development will take place in the near 
future 


Founders of Swedish 


Association Meet 


In June of this year members of the, 
Gemological Association of Sweden met 
for the third successive year for an inten- 
sive course of study under Dr. Edward 
Gubelin of Lucerne, Switzerland. 


At the invitation of leading jewelers of 
Sweden Dr. Gubelin, GIA graduate and 
only research member of the Institute, 
first traveled to Sweden in November, 
1946, and helped charter members with 
their plans of organization for a Swedish 
association. At that time they outlined 
their intention to make gemological 
studies available to jewelers in that 
country. Sven Carlman, as President and 
Ake Stromdahl, as Secretary were elected 
to guide the group in carrying out these 
plans. 


Again in May, 1947, Dr. Gubelin spent 
three days in Stockholm lecturing to the 
ten charter members of the new associ- 
ation and instructing them in the use of 
gemological instruments. 


Plans of the original founders include 
the introduction in that country of a 
course of gemological classes as soon as 
the present members feel they have ad- 
vanced far enough in their own under- 
standing of the subject to make such 
courses possible. 
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Figure 18. Parallel arrays of secondary fluid inclusions 
were relatively common in the Chantete emeralds, as 
were fractures of various sizes. Photomicrograph by J. 
I. Koivula; magnified 10x. 


Many of the Zambian emeralds had healed fis- 
sures consisting of pseudosecondary rectangular to 
square fluid inclusions (a hundred or more 
microns) that each contained a bubble (figure 19). 
These inclusions generally contained either two 
phases (liquid and gas, mainly H,O [by inference] 
and CO, [identified by Raman analysis]) or three 
phases (liquid, gas, solid), which often looked like 
two-phase inclusions because the solids were only 
clearly visible with crossed polarizing filters (figure 
20). The solids were tentatively identified by opti- 
cal means as carbonates. In heavily included emer- 
alds, the healed fissures were often accompanied 
by minute fluid inclusions, causing a milky 
translucency. Fluid-filled tubes oriented parallel to 
the c-axis were commonly seen in light-colored 
emeralds (figure 2.1), but they were rare in the satu- 
rated medium to dark green stones. 

Compared to the abundant pseudosecondary 
fluid inclusions in healed fissures, primary inclu- 
sions were less common, and were not present in 
every stone. They formed isolated negative crystals 
with a roughly hexagonal outline and high relief in 
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Figure 19. Rectangular pseudosecondary two-phase 
inclusions, typically present in healed fissures in 
many Zambian emeralds, mainly contain H,O (liq- 
uid) and CO, (gas). Photomicrograph by H. Zwaan; 
magnified 100x. 


transmitted light (figure 22). They appeared to be 
CO,-rich, each with a large bubble occupying most 
of the available space. Raman analysis confirmed 
that these inclusions contained CO, as well as CH, 
(an example spectrum is in the G#G Data Deposi- 
tory). Other isolated, irregular-shaped primary 
three-phase fluid inclusions, containing an obvious 
solid phase, were very rare (figure 23). 

Parallel planes of decrepitated inclusions, con- 
taining remnants of fluid, were observed in a num- 
ber of stones. When viewed with oblique illumina- 
tion, these features only showed up clearly in a spe- 
cific orientation when the light was properly reflect- 
ed; in transmitted light, they appeared as parallel 
faint brownish spots with a vague hexagonal outline 
(figure 24). 


Mineral Inclusions. Mineral inclusions were com- 
mon in the lower-clarity Zambian emeralds. 
Colorless needles with diamond-shaped cross sec- 
tions were visible in many of the stones (figure 25) 
and were identified as actinolite in five of the sam- 


Figure 20. Many rectangu- 
lar three-phase inclusions 
look like two-phase inclu- 
sions (left), because the 
solid phase (carbonate) 
only became apparent 
when viewed with crossed 
polarizers (right). Photo- 
micrographs by H. Zwaan; 
magnified 100x. 
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Figure 21. Parallel-oriented tubes commonly were pre- 
sent in the light-colored emeralds. In this particular 
sample, the tubes are seen only in the light green por- 
tion. Photomicrograph by H. Zwaan; magnified 100x. 


ples by Raman analysis. Two microprobe analyses 
of a surface-reaching inclusion gave Mg/(Mg + Fe?*) 
ratios of 0.77 and 0.78, indicating a Mg-rich actino- 
lite (per the classification of Leake et al., 1997). This 
was similar to the composition of actinolite in the 
host metabasites (ratio of 0.78—0.86; Seifert et al., 
2004c). Some of the actinolite needles were sur- 
rounded by material with a fuzzy appearance (proba- 
bly microfractures; figure 26). The needles were typ- 
ically straight, although a needle in one emerald 
from the Chantete mine was obviously curved. 
Also common were pale to moderate brown 
platelets (figure 27) that provided Raman spectra 
consistent with biotite/phlogopite. Microprobe anal- 
yses of eight grains in four different emerald samples 
gave phlogopite compositions, which is in agree- 
ment with the compositions of micas in the altered 
metabasite host rock as documented by Seifert et al. 
(2004c) and with the composition of an inclusion in 
a “bluish green Zambian emerald” given by Moroz 
and Eliezri (1999). In a few stones that contained a 
fair amount of phlogopite, dark green mica also was 
found. One such inclusion (figure 28) was identified 


Figure 23. This primary 
three-phase fluid inclusion 
was observed in a Chantete 
emerald. Rotating the micro- 
scope’s polarizer showed the 
yellowish green (left) and 
greenish blue (right) dichroic 
colors of the emerald. 
Photomicrographs by J. I. 
Koivula; magnified 15x. 
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Figure 22. Primary inclusions appear as small isolat- 
ed negative crystals in the Zambian emeralds, with 
high relief evident in transmitted light at 50x magni- 
fication. The “curtain” behind the two negative crys- 
tals is a partially healed fissure. Only under strong 
magnification could a large bubble be observed 
inside each cavity (see inset, magnified 250x). 
Photomicrographs by H. Zwaan. 


as chlorite by Raman analysis. 

Less abundant than actinolite or phlogopite were 
high-relief, dark brown to black, equant to colum- 
nar crystals (figures 25 and 29). These inclusions 
had a rounded triangular cross section that is typical 
of tourmaline. Raman spectra of two such inclu- 
sions were consistent with schorl-dravite tourma- 
line. A semiquantitative EDXRF analysis of the 
crystal in figure 29 revealed nearly twice as much 
Mg6O as FeO, and little Ca, identifying it as dravite. 
This is consistent with earlier studies of tourmaline 
from the Kafubu area by Koivula (1984) and Seifert 
et al. (2004c), who found Fe-rich or Ca-Fe rich 
dravites, with individual crystals showing signifi- 
cant compositional variations. 

Apatite was identified by Raman analysis in four 
emeralds from the Kagem mining area. It usually 
formed colorless euhedral crystals (figure 30) or 
small colorless grains with irregular surfaces. One 
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heavily included dark bluish green emerald con- 
tained numerous hexagonal prisms of apatite, with 
two crystals at the surface identified by microprobe 
analysis as fluorapatite. Interestingly, this tiny 
inclusion itself contained even smaller inclusions of 
actinolite and magnetite (figure 31). Minute opaque 
black “crumbs” and larger euhedral-to-anhedral 
opaque grains, which formed skeletal features in 
parallel planes (figure 32) and had a submetallic lus- 
ter, were identified as magnetite by both Raman 
and microprobe analyses. In a few emeralds, brown- 
red inclusions with similar skeletal shapes were 
identified by Raman analysis as hematite (again, see 
figure 32). This suggests the presence of martite, a 
variety of hematite that is a pseudomorph after 
magnetite. 

Cavities that appeared to represent casts of dis- 
solved mineral inclusions with a euhedral columnar 
habit were seen in a few samples (figure 33). 


Figure 25. Colorless needles of actinolite in a Chantete 
emerald appear brownish yellow in this image taken 
between crossed polarizers. The dark grain between 
the two actinolite needles in the center of the image is 
probably tourmaline. A network of fractures also is 
present in this view. Photomicrograph by J. I. Koivula; 


134 EMERALDS FROM THE KAFUBU AREA, ZAMBIA 


Figure 24. With oblique illumi- 
nation, thin parallel planes of 
decrepitated inclusions, with 
fluid remnants, were com- 
monly seen in the Zambian 
emeralds (left). When viewed 
in transmitted light, however, 
they appeared as faint brown- 
ish features with a vague 
hexagonal outline (right). 
Photomicrographs by H. 
Zwaan; magnified 50x (left) 
and 200x (right). 


Small, slightly rounded, euhedral transparent 
crystals were encountered in some emeralds. In most 
cases, they were too deep within the stone to be iden- 
tified by Raman analysis. One sample showed many 
of these crystals, both isolated and in clusters. Some 
crystals had very low relief and were doubly refrac- 
tive, whereas others had higher relief and were 
isotropic. At the surface, a few crystals of both types 
were identified by microprobe as quartz and fluorite, 
respectively (figure 34). In one sample, between a 
quartz and a fluorite crystal, three carbonates also 
were identified: a magnesite/siderite mixture, ferroan 
dolomite, and ankerite. Interestingly, these carbon- 
ates contained a fair amount of Cr (e.g., up to 1.34 
wt.% Cr,O, in the ankerite). A small beryl inclusion 
seen in association with these carbonates contained 
less Mg and Fe than the emerald host. Raman analy- 
sis confirmed the presence of additional carbonate 
inclusions in a few other stones. 

Other rare inclusions identified in the Zambian 


Figure 26. A fuzzy-looking white “coating” of micro 
cracks and/or fluid inclusions hides the identity of the 
rod-shaped solid inclusion inside this Chantete emer- 
ald. Similar coatings were seen associated with the 
needles that were identified as actinolite in other sam- 
ples. Photomicrograph by J. I. Koivula; magnified 15x. 
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Figure 27. Platelets of phlogopite, as seen here in one 
of the Chantete emeralds, are quite common inclu- 
sions in Zambian emeralds. Photomicrograph by H. 
Zwaan; magnified 80x. 


emeralds were pyrite and talc, present as fairly large 
crystals in one heavily included sample; very small 
grains of zircon, which were also observed in some 
phlogopite inclusions, where they had caused dark 
brown radiation halos; and minute grains of barite, 
albite, and calcite. In one cut emerald from the 
Kagem mining area, calcite was present in surface- 
reaching fractures. A small euhedral crystal of 
sphene (titanite) was found in one faceted emerald; 
its identity was confirmed by Raman analysis. All of 


Figure 29. Equant black-appearing crystals of dravite 
(Mg-bearing tourmaline) also were observed, as seen 
here in an emerald from the Kagem mining area; the 
crystal with the rounded triangular cross section 
shows the typical crystal habit of tourmaline. Most of 
the tourmaline crystals observed appeared to have 
grown where actinolite needles intersect. Photo- 
micrograph by H. Zwaan; magnified 80x. 
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Figure 28. A few stones contained chlorite—like the 
crystal in the center here—as well as phlogopite. 
Photomicrograph by H. Zwaan; magnified 80x. 


the other inclusions in this paragraph were identified 
by a combination of visual appearance and EDXRF 
spectroscopy, microprobe, or Raman analysis. 

In the thin section of the Mbuwa mine emerald, 
some reddish orange inclusions were identified as 
niobian rutile (figure 35). Rutile inclusions in 
Zambian emerald have previously been described 
by various authors (e.g., Graziani et al., 1984; 
Gtibelin and Koivula, 1986; Seifert et al., 2004c), but 
the reddish orange color in the thin section suggest- 
ed the presence of Fe**, Nb, and/or Ta. Raman anal- 
ysis showed a rutile spectrum with fundamental 


Figure 30. Large and small euhedral apatite crystals 
are seen in this emerald from the Kagem mining area. 
The apatite inclusions are transparent and show virtu- 
ally no color. The size (1.0 mm long) of the large crys- 
tal is quite unusual, typically apatite seen in Zambian 
emerald is smaller, like the crystal near the bottom of 
this image, which is about 0.15 mm. Photomicrograph 
by H. Zwaan; magnified 80x. 
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vibrations at 442 and 616 cm"!, and a qualitative 
EDXREF micro-analysis confirmed the abundance of 
Ti, with lesser amounts of Nb and Fe, and some Ta. 


Growth Features. Widespread in the Chantete 
emeralds were parallel growth lines with a fine 
lamellar appearance (again, see figure 32). When 
observed between crossed polarizers, two samples 
showed strain that was oriented parallel to the 
growth lines; none of the other samples showed evi- 
dence of strain. In many of the samples, the color 
was evenly distributed. Others exhibited moderate 
to strong narrow zoning of straight, alternating light 
green to medium-dark green bands (figure 36), 
which was oriented parallel to the prism faces of the 
crystals (figure 37). When this color zoning was pre- 
sent in faceted stones, it was often well disguised by 
cutting the table of the emerald parallel to one of 
the prismatic faces, so that the color zoning could 
be observed only when looking at the stone from 
the side, through the pavilion. In some cuttable 
rough samples, hexagonal color zoning was promi- 
nent, often showing a darker green rim and a lighter 
or darker green core, with alternating lighter and 
darker green zones in between. 


Figure 31. This backscattered electron image shows a 
minute euhedral inclusion that was identified as fluo- 
rapatite by electron-microprobe analysis at the surface 
of a heavily included emerald. The fluorapatite itself 
contains small laths of actinolite (darker gray) and 
magnetite (white). Micrograph by W. J. Lustenhouwer. 


— 10m: 
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Figure 32. Magnetite in Kafubu emeralds occurs as 
tiny opaque inclusions, sometimes in parallel planes 
and showing skeletal shapes. The red-brown inclu- 
sions are hematite. Note also the fine-scale parallel 
growth lines traversing the image. Photomicrograph 
by H. Zwaan; magnified 65x. 


CHEMICAL COMPOSITION 


Representative electron-microprobe analyses of 
emeralds from the Chantete mine and Kagem min- 
ing area are shown in table 2 (see GWG Data 
Depository for all analyses). In total, we obtained 78 
microprobe analyses of 15 Chantete samples, and 36 
analyses of 12 Kagem emeralds. Data from both min- 
ing areas were quite similar, although slightly higher 


Figure 33. A few of the faceted Zambian emeralds 
contained large, open-ended, sharp-edged columnar 
cavities that have the appearance of dissolved actino- 
lite inclusions. These cavities were partially filled 
with epigenetic debris. Photomicrograph by H. 
Zwaan; magnified 65x. 
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Cr and Fe concentrations were measured in the 
Kagem stones overall. In addition, the Kagem emer- 
alds showed larger overall variations in the concen- 
tration of these elements, as well as in Mg and Na. 
The Kagem emeralds were carefully selected to 
include the lightest to darkest colors seen in com- 
mercially available cut stones (see, e.g., figure 15). 
The color range of the faceted Chantete emeralds 
tested was more restricted to a typically desirable 
medium bluish green (see, e.g., figure 16), although 
considerable color variations were present in one of 
the rough gem-quality samples of Chantete emerald 
(again, see figure 37). The most important chro- 
mophore in Zambian emeralds is Cr, which aver- 
aged 0.26 wt.%—and ranged up to 0.84 wt.%— 
Cr,O,. Overall, the darkest green stones had signifi- 
cantly higher Cr contents than the lighter and medi- 
um green stones, which often showed no straight- 
forward correlation between color intensity and 
average Cr content. In contrast, V concentrations 


Figure 35. Reddish orange inclusions of niobian rutile 
were identified in a thin section of an emerald from 
the Mbuwa mine. Photomicrograph by H. Zwaan; 
width of view 1.8 mm. 
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Figure 34. Inclusions showing 
low and higher relief (left) were 
identified as quartz and fluo- 
rite, respectively. (Photomicro- 
graph by H. Zwaan; magnified 
100x.) In the backscattered 
electron image on the right, the 
fluorite crystals appear white, 
while the quartz grains look 
gray. Carbonates (light gray, see 
arrow) also were present. Micro- 
graph by W. J. Lustenhouwer; 
width of view 1.0 mm. 


were consistently low, averaging just 0.02 wt.% 
V,O, and attaining a maximum of 0.09 wt.% V,O3. 
The only other significant chromophoric element 
was Fe, which averaged 0.76 wt.% oxide (as FeO) 
and showed a maximum of 1.75 wt.% FeO. 

The emeralds contained relatively high concen- 
trations of Mg (average of 1.90 wt.% MgO} and 
somewhat less Na (average of 1.10 wt.% Na,O). We 
detected trace amounts of Ca and K in many of the 
samples. In the 12 Chantete emeralds analyzed at 
the University of New Orleans, Ti and Mn were 
near or below the detection limits in all stones. In 
the 15 emeralds analyzed at the Free University of 
Amsterdam, traces of Cs were detected in most sam- 
ples, Sc was documented in some of them, and Rb 
was below the detection limit in all the analyses. 

Distinct compositional variations were recorded 
in analyses of fine-scale color zones in a rough emer- 
ald from the Chantete mine (again, see figures 37 


Figure 36. Although an even color appearance is very 
common in Zambian emeralds, straight narrow color 
zoning, as in this heavily included 5.69 ct cabochon, 
was also seen in certain orientations. 
Photomicrograph by H. Zwaan. 
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and 38). The Cr,O, for this emerald ranged from not 
detectable in a narrow colorless zone to 0.46 wt.% in 
the darkest green zone, with an average of 0.22 
wt.%. As shown in figure 38, there was a good corre- 
lation between color and Cr content. Compared to 
Cr, similar trends were shown by Fe, Mg, and Na, 
and an inverse pattern was found for Al. The Cs con- 
tent, which ranged from 0.05 to 0.23 wt.% Cs,O, 
was highest in the outer portion of the crystal. 

In addition to the elements detected by electron 
microprobe, EDXRF analysis of the faceted 
Chantete emeralds found traces of Ga and Zn in 
separate emeralds, with Ga possibly present in an 
additional sample. This technique, which is more 
sensitive than the electron microprobe, detected 
Mg, K, Ca, Cr, Fe, Rb, and Cs in all 12 of the sam- 
ples analyzed. V also was detected in five samples, 
and possibly in two others. 


SPECTROSCOPY 


Typical UV-Vis-NIR absorption spectra for Zam- 
bian emeralds are illustrated in figure 39. The ordi- 
nary ray (E1c) showed bands at 372, 440, 478, 610, 
637, and 830, as well as a doublet at 680 and 683 
nm. The bands at 440, 610, and 830 nm are broad 
and the positions were estimated. The extraordinary 
ray (Ellc) displayed bands at 425 and 650 nm, as well 
as absorptions at 632, 662, 684, and 830 nm. 
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Figure 37. On the left, 
hexagonal color zoning 
was observed parallel to 
the prismatic crystal 
faces in this 4.93 ct cut- 
table emerald crystal 
from the Chantete mine 
(no. 129, table 2). 
(Photomicrograph by 

H. Zwaan; magnified 
10x). The backscattered 
electron image of this 
same crystal, on the 
tight, also reveals fine- 
scale growth zoning as 
well as the position of 
the spots that were ana- 
lyzed by electron micro- 
probe. The white- 
appearing grains are 
phlogopite. Composite 
micrograph by 

W. J. Lustenhouwer. 


Though the intensities varied, all the samples 
showed the same bands for both the ordinary and 
extraordinary rays. The bands at 440 and 610, and at 
425 and 650 nm, and the peak at 684 nm, indicate 
the presence of Cr*+, which causes the green color 
(Wood and Nassau, 1968; Schmetzer et al., 1974). 
Additional weaker peaks at 478, 662, 684, and the 
doublet at 680 and 683 nm also are caused by the 
presence of Cr**. The shift in absorption from 440 to 
425 nm and from 610 to 650 nm causes an absorp- 
tion minimum at about 512 nm for the ordinary 
ray, producing a yellowish green color, and a shift 
toward a minimum at about 500 nm for the extraor- 
dinary ray, producing a bluish green color. The band 
at 830 nm indicates the presence of Fe** (Platonov 
et al., 1978), whereas the peak at 372 nm denotes 
the presence of Fe** (Schmetzer et al., 1974). The 
exact Fe**/Fe** ratio cannot be determined by this 
method. 

The FTIR spectra of the emeralds contained the 
typical features caused by vibration of H,O mole- 
cules (see, e.g., figure 40). The most obvious peaks, 
at 7096 and 5265 cm”, are caused by type Il H,O 
molecules, which are present in the channels of the 
crystal structure of beryl. These water molecules 
are located adjacent to alkali-metal ions in the chan- 
nels (Wood and Nassau, 1968), which in the 
Zambian emeralds are mainly Na*, Cs*, and Lit. 
The H-H direction of the type II H,O molecules is 
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TABLE 2. Representative chemical compositions of Zambian emeralds by electron microprobe.* 


Chantete mine Kagem mining area 
Sample 0.95-2 0.66-2 3.47-2 129-7 129-12 r29-5 = =201r-1 «92086 =696208d_)~=—s 204 z03¢ z09c 243a 
Weight (ct) 0.95 0.66 3.47 4.93 4.93 4.93 0.55 0.91 0.91 0.66 1.04 0.89 0.98 
Color® Med.bG Med.bG Med.bG _ Color- Med. Int. med. Lt.bG Med. sl. Med. sl. Med. Med. Int. med. Dark bG 
less bG bG bG bG bG bG sl. DG 

Laboratory UNO* UNO UNO FUA? FUA FUA FUA FUA FUA FUA FUA FUA FUA 
Oxides (wt.%) 
SiO, 65.39 65.24 64.86 63.52 63.21 62.29 6340 62.44 62.14 63.17 63.08 62.71 63.35 
TiO, bdl bdl bdl na na na na na na na na na na 
A\,O, 15.42 15.33 14.81 15.81 14.97 13.58 1596 1365 13862 1409 1439 1363 14.62 
Cr,0, 0.08 0.20 0.63 bdl 0.25 0.46 0.25 0.04 0.29 0.15 0.31 0.33 0.70 
V0, 0.01 0.04 0.02 0.04 0.02 0.04 0.06 0.02 0.02 0.02 0.02 0.03 0.03 
Sc,0, na na na bdl 0.01 0.03 0.03 bdl bdl bdl bdl bdl bdl 
BeO (calc.) 13.61 13.57 13.52 13.20 13.10 12.89 13.21 12.93 12.88 13.12 13.08 12.99 13.19 
Fett 0.37 0.34 0.90 0.58 0.72 1.31 0.36 1.44 1.05 1.10 0.96 0.93 1.01 
MnO bdl bdl 0.01 na na na na na na na na na na 
MgO 2.39 2.22 2.47 1.48 1.84 2.36 1.26 2.77 2.68 2.45 2.11 2.90 1.81 
CaO bdl bdl bdl 0.02 0.02 0.02 0.03 0.03 0.06 0.06 0.05 0.07 0.04 
Na,O 1.46 el 1.36 0.76 0.74 0.98 1.04 0.99 0.94 1.49 1.15 0.86 1.45 
K,O bdl bdl bdl 0.02 0.03 0.04 0.02 0.26 0.25 0.05 0.04 0.21 0.03 
Rb,O na na na bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl 
Cs,O na na na 0.23 0.06 0.20 0.04 bdl 0.05 0.08 0.14 0.04 0.15 

Total® 98.72 98.65 98.59 95.65 94.98 94.20 95.64 94.24 93.97 95.78 95.30 94.71 96.39 
lons based on 18 oxygens 
Si 6.001 6.000 5.990 6.010 6.026 6.0385 5.996 6.031 6.024 6.013 6.021 6.027 5.997 
Ti bdl bdl bdl na na na na na na na na na na 
Al 1.668 1.662 1.612 1.763 1.682 1.551 1.779 1.554 1.556 1.581 1.619 1.544 1.631 
Cr 0.006 0.014 0.046 bd 0.019 0.0385 0.019 0.003 0.023 0.011 0.023 0.025 0.053 
V 0.001 0.003 0.001 0.003 0.002 0.003 0.004 0.001 0.001 0.002 0.002 0.002 0.003 
Sc na na na bd 0.001 0.003 0.002 bdl bdl bdl bdl bdl bdl 
Be 3.001 2.999 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 
Fe 0.028 0.026 0.070 0.046 0.057 0.106 0.028 0.090 0.085 0.087 0.076 0.075 0.080 
Mn bdl bdl 0.001 na na na na na na na na na na 
Mg 0.327 0.304 0.340 0.208 0.262 0.340 0178 0.398 0.387 0.347 0.300 0.415 0.256 
Ca bdl bdl bdl 0.002 0.002 0.002 0.003 0.003 0.006 0.006 0.005 0.007 0.004 
Na 0.260 0.305 0.244 0.139 0.137 0.185 0190 0.186 0.176 0.276 0.212 0.160 0.265 
K bdl bdl bdl 0.002 0.004 0.005 0.002 0.082 0.031 0.006 0.005 0.026 0.003 
Rb na na na bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl 
Cs na na na 0.009 0.002 0.008 0.002 bdl 0.002 0.003 0.005 0.001 0.006 


4 BeO was calculated based on an assumed stoichiometry of 3 Be atoms per formula unit. Abbreviations: bal = below detection limit, bG = bluish green, 
Int. = intense, Lt. = light, med. = medium, na = not analyzed, and s/ = slightly. 

© Refers to overall color appearance, except for sample r29, in which specific color zones that correspond to each analysis are listed for this gem-quality 
crystal (which had an overall color appearance of medium slightly bluish green). The relatively low values for Cr measured in some stones does not 
appear to correlate with their bluish green color. Since the electron microprobe is a microbeam technique, the particular points analyzed on each of 
those stones may not be representative of the bulk composition of those samples, particularly if color zoning is present. 

© Analyses performed at the University of New Orleans, Louisiana. Background counts were determined by a mean atomic number (MAN) method 
(Donovan and Tingle, 1996). Analytical standards included both natural and synthetic materials: albite (Na), adularia (K), quartz and clinopyroxene (Mg, 
Ca, Fe, and Ti), chromite (Cr), rhodonite (Mn), VO; (V), PbO (Pb), ZnO (Zn), Bi-germanate (Bi), and sillimanite (Si and Al). MAN standards in addition to 
the above as appropriate: MgO, hematite, rutile, strontium sulfate, and ZrO,. Detection limits (in wt.%): TiO, = 0.009, CaO = 0.008, MnO = 0.005, and 
K,O = 0.012. Cl was analyzed but not detected. 

7 Analyses performed at the Free University of Amsterdam, the Netherlands. Analytical standards included both natural and synthetic materials: diopside 
(Si, Mg, and Ca), corundum (Al), fayalite (Fe), Sc,O, (Sc), jadeite (Na), orthoclase (K), VO; (V), Cr,O. (Cr), RoBr (Rb), CsReCl, (Cs), fluorite (F), and 
marialite (Cl). Detection limits (in wt.%): Cr,0, = 0.018, Sc,0, = 0.012, Cs,O = 0.028, and Rb,O = 0.029. Cl was analyzed but not detected. Low over- 
all totals appear mainly due to low analytical SiO, data. 

® Analyses do not include H,O. Data on Kafubu emeralds from Hickman (1972) and Banerjee (1995) showed 2.5 wt.% H,O, and 2.67 and 2.69 wt.% 
H,O, respectively. 
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Figure 38. Electron-microprobe analyses of the 
Chantete emerald in figure 37 revealed systematic 
variations in the composition of the various growth 
zones. There was a good correlation between color 
and Cr content, with similar trends shown by Fe, Mg, 
and Na; the trends for all these elements were oppo- 
site that of Al. A significant increase in Cs was evi- 
dent in the outer portion of the crystal. 


perpendicular to the c-axis; the intensity of these 
peaks was very strong in all the spectra we 
obtained. Wood and Nassau (1967) demonstrated 
that their intensity increases as the amount of alka- 
lis increases. The broad band between roughly 3900 
and 3400 cm! is caused by type I and type II H,O 
molecules. Type I H,O molecules are freely present 
in the channels, without being linked to other ions, 
and their H-H direction is parallel to the c-axis of 
the beryl crystal. The peak at 2357 cm=! is caused 
by CO,. This peak was present in all the samples 
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for which spectra were taken, but the intensity var- 
ied between samples. Similar UV-Vis-NIR and 
FTIR spectra were described by Milisenda et al. 
(1999), and UV-Vis spectra of a light green emerald 
from the Miku mine were illustrated by Schmetzer 
and Bank (1981). 

FTIR spectroscopy also is helpful to identify possi- 
ble fillers used for clarity enhancement (see e.g., 
Johnson et al., 1999; Kiefert et al., 1999). None of the 
spectra we obtained indicated the presence of an arti- 
ficial resin in any of the stones examined. Also, we 
did not observe any yellow or blue flash effects (a pos- 
sible indication that an artificial resin might be pre- 
sent) in the fissures, except for an apparent local blue 
flash effect observed in one stone from the Chantete 


Figure 39. These polarized absorption spectra of an 
emerald from the Chantete mine show bands that are 
representative of all the Kafubu samples, and indicate 
the presence of not only Cr* and Fe?*, but also Fe**. 
The intensities of the bands varied somewhat 
between samples, but no straightforward relationship 
could be established between band intensities and Cr 
and Fe concentrations (or FeO/Cr,O, ratios) measured 
by electron microprobe. The spectra shown here were 
collected on a 4.27 ct emerald cut that contained an 
average of 0.17 wt.% Cr,O, and 0.36 wt.% FeO. 
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Figure 40. This representative FTIR spectrum of a 
Kafubu emerald shows peaks at 7096 and 5265 cm! 
that are caused by the vibrations of water molecules 
adjacent to alkali-metal ions in the channels of the 
beryl structure. The broad band between 3900 and 
3400 cm also is caused by water molecules in this 
position, and by free water molecules. The peak at 
2357 cm is due to CO,. The intensity of this peak 
varied substantially between samples. 


Figure 41. Peaks in the 3100-2800 cm! range were 
seen in the FTIR spectra of both faceted and cuttable 
rough specimens of Kafubu emerald, indicating the 
presence of oil. No artificial resin was found in the 


stones that were tested. Spectra have been offset verti- 


cally for clarity. 
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mine, as described in the Microscopic Characteristics 
section. Stones with sufficient fractures containing a 
near-colorless filler showed FTIR spectra that are typ- 
ical for an oil (figure 41). Although the type of oil can- 
not be established with this method, at the Chantete 
mine we were told that Johnson’s baby oil (mineral 
oil) is used on the rough. Likewise, mineral oil is 
reportedly used by emerald cutters in Israel. No green 
fillers were seen in any of the samples. 


DISCUSSION 


Physical Properties. The measured refractive indices 
and specific gravity values (table 1) are fairly consis- 
tent with those presented by Milisenda et al. (1999). 
An unusual dark bluish green emerald described by 
Schmetzer and Bank (1981) showed extreme values 
for refractive indices, n, = 1.602 and n, = 1.592, with 
a birefringence of 0.010. 

Inclusions in Zambian emeralds have been 
described by Campbell (1973), Koivula (1982, 1984), 
Graziani et al. (1984), Gtibelin and Koivula (1986), 
Milisenda et al. (1999), and Moroz and Eliezri 
(1999). These studies largely agree with and support 
our findings (table 1). However, in the present 
study, we did not encounter glauconite, chryso- 
beryl, margarite, muscovite, or chrysotile, which 
suggests these mineral inclusions are rare. It should 
also be noted that the chrysoberyl, margarite, and 
muscovite were identified in a heavily included 
crystal fragment (Graziani et al., 1983), which may 
not be representative of gem-quality material. The 
presence of isolated CO,-CH,-bearing negative 
crystals has not been reported previously in 
Zambian emerald. 


Chemical Properties. Our chemical analyses 
showed a wider range of trace-element concentra- 
tions than was indicated by the seven analyses pre- 
sented by Milisenda et al. (1999). Our Cr content 
was fairly consistent with their results but was 
slightly higher in some stones; V, Fe, Mg, Ca, Na, 
and K also showed a much wider range. In addition, 
our study indicated the presence of Cs and occa- 
sionally Sc. The values we measured for the main 
trace elements all fell within the ranges that were 
presented earlier by Graziani et al. (1984) on one 
emerald, Hanni (1982) on two emeralds, Schwarz 
and Henn (1992) on 11 emeralds from the Kama- 
kanga mine (mean concentrations only), and Moroz 
et al. (1998) and Moroz and Eliezri (1998) on three 
samples. Our data also were consistent with the 
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Gemological Digests 


Largest Blue Topaz 


In American Museum 
Of Natural History 


Believed to be the largest faceted blue 
topaz in existence, the gemstone pictured 
weighs 1463 carats and is the star of the 
topaz suite in the American Museum of 
Natural History in New York City. 


This remarkable stone was presented 
to the Museum in October, 1920 by M. L. 
Morgenthau who was then president of 
the Mirror Candy Company. It was cut 
by Anthony Espositer at the time he was 
associated with Varni, from a water-worn 
blue Brazilian boulder for which he paid 


$20.00. It was then sold to a wealthy 
Buffalo collector named Parker and after 
his death was purchased from his estate 
by Morgenthau who presented it to the 
Museum. 


Another noteworthy topaz in the series 
at the American Museum of Natural 
History is a six carat deep rose stone. 
So far as is known, this is the largest 
such stone in natural color in this country. 
Found in Russia, it is not to be confused 
with the pink color developed by the heat- 
ing of brown topaz. 


Clerici Solution Found 
Useful in Laboratory 


Recently a shipment of Clerici solution 
was received from England and experi- 
ments have been conducted with it in the 
Los Angeles laboratory of the Gemologi- 
cal Institute of America. 


This transparent solution has a specific 
gravity of 4.33 which makes it extremely 
useful in testing stones with a specific 
gravity higher than 3.32. Its use makes 
possible the ready separation of deeply 
colored zircons from corundum. When 
diluted with water, intermediate specific 
gravities are obtained ; liquids with densi- 
ties of 3.99, 3.73, and 3.52 (corundum, 
chrysoberyl, and diamond) being partic- 
ularly useful. Unlike other solutions of 
this type, this one is unusually clear and 
stable and more fluid than is usually the 
case, 
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analyses of noncuttable rough Zambian emeralds 
reported by Seifert et al. (2004c), except those rough 
samples had slightly higher Na. Moreover, we 
found a wider range of Mg and Fe concentrations, 
with lower values in light green cut emeralds. 

Using Schwarz’s empirical subdivision of low, 
medium, and high concentrations of elements in 
emerald (see, e.g., Schwarz, 1990a,b; Schwarz and 
Henn, 1992), the Zambian stones generally show a 
low V content, a moderate amount of Cr, Mg, and 
Na, and a moderate-to-high Fe content. Notable is 
the relatively high Cs content in many of our sam- 
ples. As observed by Bakakin and Belov (1962), Cs is 
typically present in Li-rich beryl. Li could not be ana- 
lyzed by electron microprobe, but PIXE/PIGE analy- 
ses of 11 Zambian crystal fragments by Calligaro et 
al. (2000) indicated an average Li content of 580 ppm, 
along with a high average Cs content of 1,150 ppm. 

Examination of the growth zoning in the 
Chantete emerald crystal (figure 38) showed that as 
Cr, Fe, and Mg increase, Al decreases. This is 
expected from the known substitutions in emerald 
(Aurisicchio et al., 1988), namely of Al** in the octa- 
hedral site by Fe** and Mg”*, plus Fe**, Cr**, and V**. 
The presence of Cs*, which is located in the channel 
of the beryl structure, is coupled with the substitu- 
tion of Li* for Be”* in the tetrahedral site and clearly 
follows a different trend. Na appears to reflect main- 
ly the trend of Cr, Fe, and Mg, but also seems to fol- 
low the general trend of Cs. This could be explained 
by the fact that Na* can be involved in coupled sub- 
stitutions for Al** in the octahedral site, but also for 
Be** in the tetrahedral site (compare, e.g., to 
Aurisicchio et al., 1988; Barton and Young, 2002). 
From the trend shown in figure 38, it is clear that 
the main substitution in the Chantete emerald crys- 
tal took place in the Al** octahedral site. 

The analyses of the faceted emeralds did not show 
a consistent correlation between color and Cr con- 
tent (see table 2 and the G#G Data Depository). 
However, analysis of the various color zones in the 
Chantete emerald described above provided a good 
opportunity to explore the relationship between color 
and trace-element content within a single crystal. 
When the data from this crystal are graphed accord- 
ing to the atomic ratios that were plotted by Barton 
and Young (2002), a clear trend is revealed that con- 
firms Cr as the main chromophore (figure 42). Also 
plotted in figure 42 are two of the darkest green emer- 
alds analyzed for this study (from Kagem), which 
extend the trend shown by the zoned Chantete sam- 
ple. This trend resembles the one diagramed by 
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CHEMICAL COMPOSITION VS. COLOR 


Deep green 
012-4 243 
4  @ Dark green 
® Intense medium green 222 
01094 Medium green 
Light green 
R > Near colorless 
a 
> 0.08 
& #16 oe 
a) ‘’ 
6 
= 0.06 4 
z oe 
| 10 
+ i . 
fe 14 
= 004-5 1 
- 13 
O 
4 Pale blue 1 
or colorless 15 4 
0.02 4 2 
Te 
4 T T T T T a | 
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 


Fe/(Fe+Mg+Mn+Cr+V+Sc) 


Figure 42. Data from the color-zoned Chantete emer- 
ald crystal in figures 37 and 38, together with two of 
the darkest green emeralds analyzed for this study, 
are plotted on this beryl composition diagram from 
Barton and Young (2002) to reveal the relationship 
between composition and color. The data points are 
labeled according to the growth zones shown in figure 
37, and plotted by color. A clear correlation is 
revealed between the depth of emerald coloration and 
Cr content. The arrow (from Barton and Young, 2002) 
indicates the general trend of beryls from Somondoco 
(Colombia) and Khaltaro (Pakistan) that range from 
colorless or pale blue to deep green. 


Barton and Young (2002) for pale blue to dark green 
beryls from Somondoco, Colombia and Khaltaro, 
Pakistan. The non-emerald analyses from those local- 
ities contained very little or no Cr and plotted along 
the X-axis, like the colorless zone (analysis no. 7) of 
the Chantete emerald in this study. 


Identification. Separation from Synthetics. The high- 
er RI. values of Zambian emeralds (table 1) make 
them easy to distinguish from their synthetic coun- 
terparts. Synthetic emeralds typically have lower 
refractive indices—roughly between 1.56 and 1.58— 
and lower specific gravities of 2.65—2.70 (see, e.g., 
Schrader, 1983; Liddicoat, 1989; Webster, 1994; 
Schmetzer et al., 1997), although some Russian 
hydrothermal synthetic emeralds have shown R.I.’s 
up to 1.584 and S.G.’s up to 2.73 (Webster, 1994, 
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Koivula et al., 1996). Russian hydrothermal synthetic 
emeralds can be readily separated from natural emer- 
alds by their distinctive chevron growth zoning or, if 
present, by unusual internal characteristics such as 
tiny red-brown particles. Only in the absence of these 
features would infrared or EDXRF spectroscopy be 
needed to identify this synthetic (Koivula et al., 1996). 


Separation from Emeralds of Different Geographic 
Origin. The commercially important Colombian 
emeralds typically show lower refractive indices of 
1.569-1.580 (e.g., Ringsrud, 1986; Gibelin, 1989, 
Boehm, 2002), although Bosshart (1991) gave a 
wider RI. range of 1.565-1.588. Colombian emer- 
alds can be further distinguished by their distinctive 
inclusion scenery, including abundant three-phase 
inclusions containing halite cubes. 

A comparison of other commercially available 
emeralds with R.L, birefringence, and S.G. values 
similar to those from Kafubu is shown in table 3 and 
discussed below. As previously mentioned, roughly 
70% of the Zambian stones tested showed n, = 
1.591-1.595 and n, = 1.583-1.587. Only some light 
green stones had R.I. values below 1.583, and dark 
green stones may show R.L’s above 1.595. According 
to these data, accurate measurement of the RI. can 
distinguish most of the commercial medium and 
dark green Zambian emeralds from the emeralds of 
Itabira, Brazil. In addition, the R.I.’s of most 
Zambian emeralds appear to show only a slight over- 
lap with those of emeralds from the Ural Mountains. 

The internal features seen in emeralds from the 
various localities in table 3 show many similarities, 
so their use for determining geographic origin is 
rather limited (for further discussion, see Schwarz, 
1998). This overlap is due to the similar geologic 
environment in which these emeralds form (various 
types of metamorphic schist). Nevertheless, some 
distinguishing internal features are listed in table 3. 
When present, these characteristics can be used to 
clearly separate Kafubu emeralds from those of 
Santa Terezinha de Goids (Brazil), Sandawana 
(Zimbabwe), and the Swat Valley (Pakistan). 

The UV-Vis spectra can only help distinguish 
between the various emerald occurrences to a limit- 
ed extent, by indicating differences in the valence 
state of iron. Only the UV-Vis spectra of Sandawana 
and, possibly, Ural emeralds show distinctive fea- 
tures. Interestingly, this method can also be used 
effectively to distinguish between emeralds from 
Nigeria (containing Fe?* and Fe**) and Colombia 
(virtually no iron and no Fe**; Henn and Bank, 1991, 
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Moroz et al., 1999), which may contain very similar 
three-phase inclusions. Note that Nigerian emer- 
alds also fall outside the scope of our discussion due 
to their lower optical properties. 

The chemical composition of the various emer- 
alds in table 3 shows considerable overlap. However, 
trace elements may help eliminate some localities 
for a specific stone. For instance, relatively high K 
contents have been documented in emeralds from 
Kafubu and Mananjary. 

PIXE/PIGE analysis, which is a highly sensitive 
technique that is capable of measuring light ele- 
ments such as Li, has revealed interesting trends for 
Cs, Li, and Rb (Calligaro et al., 2000; table 3). 
Compared to Kafubu, emeralds from Mananjary 
showed lower Li content, and those from Habachtal 
had smaller amounts of Rb. Enriched Cs is indica- 
tive of emeralds from Kafubu, Mananjary, and 
Sandawana. The validity of these trends should be 
tested further with additional analyses of represen- 
tative samples from the various deposits. 

Measuring stable oxygen isotope ratios is another 
(not entirely nondestructive) technique that can pro- 
vide additional information. This technique was first 
applied to Zambian emeralds by Eliezri and Kolodny 
(1997), and has seen wider application to emeralds 
from various deposits by Giuliani et al. (1998, 2000). 
The oxygen isotope data are expressed as 6!8O, 
which is the relative difference between the 8O/!*O 
ratio of the sample and that of SMOW (standard 
mean ocean water), expressed in per mil (%o). The 
8'8O values of emeralds from some of the localities 
in table 3 show considerable overlap (figure 43). Data 
for Kafubu emeralds exhibit a range similar to that 
reported for emeralds from the Ural Mountains. 

This brief overview shows that even when opti- 
cal properties, internal characteristics, and chemical 
data are carefully combined and evaluated, it may 
not always be possible to differentiate Kafubu emer- 
alds from those of other localities. It appears, how- 
ever, that in many cases the use of chemical analy- 
sis is helpful. Even so, more analyses of representa- 
tive emeralds from various deposits are needed to 
better characterize their variations in chemical 
composition. 


SUMMARY AND CONCLUSION 


The Kafubu area became a significant producer of 
good-quality emeralds in the 1970s. As of August 
2004, the main production took place at the Kagem, 
Grizzly, and Chantete concessions, which are all 
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TABLE 3. Properties of emeralds with R.|. and S.G. values similar to those from Kafubu, Zambia. 


Properties Kafubu area, Santa Terezinha de ltabira district, Ural Mountains, Mananjary region, 
Zambia Goias, Brazil Brazil Russia Madagascar 
Physical and optical properties 
References This study, Mili- Lind et al. (1986), Hanni et al. (1987), Gubelin (1974), Hanni and Klein (1982), 
senda et al. (1999) | Schwarz (1990a; Schwarz et al. (1988), Sinkankas (1981), Schwarz and Henn 
2001) Epstein (1989), Henn Bank (1982), (1992), Schwarz (1994) 
and Bank (1991); Mumme (1982), 
Gubelin (19889), Schmetzer et al. 
Schwarz (1998), (1991), GUbelin and 
Zwaan (2001) Koivula (1986), Lasko- 
venkov and Zherna- 
kov (1995) 
RI. 
fl 1.585-1.599 1.592-1.600 1.580—1.590 (ROSIE ROI 1.588-1.591 
ny JPOMS Spool 1.584-1.593 1.574-1.583 1.575-1.584 1.580-1.585 
Birefringence 0.006—0.009 0.006—0.010 0.004—0.009 0.007 0.006—0.009 
S.G. 2.69-2.78 T= PIT 2.12-2.74 2.(2-2.15 2.68-2.73 
Distinguishing Skeletal magnetite | Abundant opaque Numerous paralle! Irregular color dis- Elongate quartz crystals, 


internal features and hematite (if 


present) 


Fe** and Fe 
features 


Iron peaks in 
UV-VIS spectra 


Electron-microprobe data? 


References This study? 

No. analyses 114 

Oxide (wt.%) 
SiO, 61.9-65.4 
TiO, bdl 
A\,O, 12.5-17.9 
Cr,O4 bdl-0.84 
V,O3 bdl-0.08 
FeOtt 0.06-1.75 
MnO bdl-0.01 
MgO 0.27-2.90 
CaO bdl-0.12 
Na,O 0.16-1.99 
K,O bdl-0.27 
Cs,O bdl 
Rb,O bdl-0.23 
Sc,0, bdl-0.07 
Mo,0O,, = 

PIXE/PIGE data® 

No. samples WA 

Trace elements (ppm) 

Li 580 (230) 

Cs 1150 (540) 

Rb 140 (60) 


inclusions, such as 
black spinel octa- 
hedrons; pale brown 
to colorless carbonate 
rhombohedra; fluid in- 
clusions are very small 
and rare 


Fe*+ and Fe 
features 


Schwarz (1990a) 


15 


63.8-66.5 

12.2-14.3 

0.06-1.54 
< 0.08 

0.77-1.82 
< 0.02 

2.48-3.09 

1.46-1.73 
< 0.03 


8 


170 (90) 
350 (300) 
15 (2) 


growth tubes (with 
remarkable variation 
of fluid inclusions) 


Fe** and Fe 
features 


Schwarz (1990b), 
Zwaan (2001) 


71 


63.3-67.0 
< 0.04 
13.9-16.9 
0.06-1.42 
< 0.07 
0.41-1.30 
< 0.08 
1.39-2.64 
<0.10 
0.79-1.93 
< 0.08 
bdl 
bdl 


< 0.06 


tribution (if present) parallel to the c-axis, 
often associated with 
growth tubes; fibrous 
aggregates of talc (if 
present); rhombohedral 


carbonate crystals (rare) 


Fe** and Fe 
features 


Fe?* features only, 
or Fe?* and Fes 
features 


Schmetzer et al. 
(1991), Schwarz 


Hanni and Klein (1982), 
Schwarz and Henn 


(1991) (1992) 
27 7 
64.6-66.9 63.3-65.0 

< 0.05 bdl 
14.2-18.3 12.8-14.6 
0.01-0.50 0.08-0.34 
<0.04 <0.03 
0.10-1.16 0.91-1.46 
<0.03 - 
0.29-2.23 1.71-3.00 
< 0.03 - 
0.61-1.72 1.28-2.16 
<0.07 0.05-0.21 
20 12 
720 (260) 130 (70) 
360 (230) 610 (580) 
AO (60) 190 (70) 


4 Abbreviations: bdl = below detection limit; — = no data. 

© The range of composition reported in the literature for Zambian emeralds falls within the analyses obtained for this study. 

© Data from Calligaro et al. (2000), average elemental content from three point analyses per sample in ppm by weight. Standard deviations are given in 
parentheses. Detection limits (in ppm) for Rb=2, Li=50, and Cs=100. 
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Sandawana, Swat Valley, Habachtal, 
Zimbabwe Pakistan Austria 
Gubelin (1958), Henn (1988), Gubelin (1956), 
Zwaan et al. (1997) GlUbelin (1989) Morteani and 
Grundmann (1977), 
Nwe and Grundmann 
(1990), Schwarz 
(1991), GUbelin and 
Koivula (1986), 
Grundmann (2001) 
1.590-1.594 1.584—-1.600 1.582—1.597 
1.584—-1.587 1.578-1.591 1.574-1.590 
0.006-0.007 0.006-0.009 0.005—0.007 
2.14-2.77 2.70-2.78 2.(0-2.77 
Abundant thin Many two-and three- Commonly show 


needles and curved 
fibers of amphibole; 
extremely small fluid 
inclusions (if present); 
black grains of chro- 
mian ilmenorutile 
(very rare); phlogopite 
virtually absent 

Fe?* features only 


Zwaan et al. (1997) 


a 


62.6-63.2 
<0.05 
13.0-13.7 
0.61-1.33 
0.04—0.07 
0.45-0.82 
bdl 
2.52-2.75 


2.07-2.41 
0.03-0.06 
0.06-0.10 


bdl 
bdl 


22 


800 (310) 
710 (820) 
350 (200) 


phase inclusions 
(similar to Colombia), 
but with no rectangu- 
lar to square shapes; 
common black chro- 
mite and rhombo- 
hedral dolomite 


Fe?* and FeS+ 
features 


Henn (1988), Ham- 
marstrom (1989) 


176 


350 (130) 
120 (80) 
6 (3) 
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patchy color distribu- 
tion; most stones are 
heavily included and 
fractured (rarely cut- 
table and only in 
small sizes) 


Fe?* and Fe°+ 
features 


Schwarz (1991) 


47 


64.6-66.1 
< 0.03 
138.3-14.5 
0.01-0.44 
<= 0.04 
0.61-1.87 
< 0.05 
2.33-2.92 
0.02-0.04 
1.54-2.24 
0.01-0.10 


< 0.04 
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Figure 43. Significant overlap is evident in the oxygen 
isotopic values of emeralds reported from some of the 
localities in table 3. The range of 6'8O values for 
Kafubu emeralds is similar to that for emeralds from 
the Ural Mountains. Data from Eliezri and Kolodny 
(1997), Giuliani et al. (1998), Cheilletz et al. (2001), 
Gavrilenko (2001), and Zwaan et al. (2004). 


open-pit mines. Research and exploration activities 
(e.g., Tembo et al., 2000; Seifert et al., 2004c) 
demonstrate that the potential for new emerald 
occurrences in the Kafubu area remains very high. 

During a late stage of the Pan-African orogeny, 
probably around 450 million years ago, emerald min- 
eralization at Kafubu was caused by metasomatic 
alteration of Cr-bearing metabasites, which were 
invaded by Be-bearing fluids derived from hydrother- 
mal veins. Economic emerald concentrations are 
almost entirely confined to phlogopite reaction 
zones between quartz-tourmaline veins and the 
metabasites. 

Kafubu emeralds show large variations in physical 
properties, with refractive indices and specific gravi- 
ties higher than those of emeralds from Colombia, 
but comparable to emeralds from many other com- 
mercially important localities. Kafubu emeralds are 
characterized by partially healed fractures with vari- 
ous shapes of fluid inclusions. Characteristic mineral 
inclusions are randomly oriented actinolite needles 
and phlogopite platelets, and dravite, fluorapatite, 
magnetite, and hematite. Skeletal magnetite and 
hematite have not been described as inclusions in 
emeralds from other occurrences. Inclusions such as 
dravite, fluorapatite, and fluorite, as well as niobian 
rutile identified in one stone, confirm a metasomatic 
origin related to the intrusion of a rare-element peg- 
matite-hydrothermal vein system. 

The chemical composition of the Kafubu emer- 
alds is characterized by a wide range of trace-ele- 
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ment contents, with generally moderate amounts of 
Cr, Mg, and Na, and a moderate-to-high iron con- 
tent as both Fe?* and Fe**. Notable is a relatively 
high content of Cs and Li in many samples. The V 
content is low, and Sc may be detected. 

Most of Zambia’s emeralds are exported to 
India, mainly for use in the domestic market, and 
to Israel for international distribution. Commercial 
production of emeralds for the international mar- 
ket is done in calibrated sizes; commercial faceted 
goods typically weigh up to 5 ct, are slightly bluish 
green to bluish green with medium to dark tones, 


Figure 44. Zambia is a recognized source of 
attractive emeralds that are readily available 
in calibrated sizes, but occasionally exception- 
al stones are produced, as shown by the 15.32 
ct emerald in this platinum pendant that is set 
with diamonds. The emerald is unusually 
large and clean for a Zambian stone, and a 
laboratory report has verified that it has not 
been treated in any way. Courtesy of Kothari 
and Company Inc., Los Angeles, CA; photo © 
Harold and Erica Van Pelt. 
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MT. MICA: 
A RENAISSANCE IN MAINE’S 
GEM TOURMALINE PRODUCTION 


William B. (Skip) Simmons, Brendan M. Laurs, Alexander U. Falster, John I. Koivula, and Karen L. Webber 


The Mt. Mica area in southwestern Maine has been mined for tourmaline and other pegmatite 
gems since the 1820s. Most tourmaline production occurred during the late 1800s to the 1910s, 
with occasional finds made from the 1960s to 1990s. Since May 2004, a new mining venture has 
produced gem- and specimen-quality tourmaline in a variety of colors. The faceted stones typi- 
cally are yellowish green to greenish blue, although pink and bicolored or tricolored stones have 
been cut. Their gemological properties are typical for gem tourmaline. Chemical analysis shows 
that the tourmaline mined from pockets at Mt. Mica is mostly elbaite, with lesser amounts of 


schorl, rossmanite, and foitite. 


years as a producer (and the original source) of 

gem tourmaline in Maine. Tourmaline crys- 
tals and cut gems from this historic locality are 
found in museums and private collections world- 
wide, and they have been documented in classic 
works of literature (Hamlin 1873, 1895). After years 
of no or little activity, recent mining by Coromoto 
Minerals (Gary and Mary Freeman) has yielded large 
tourmaline crystals and a modest amount of gem 
rough. Several stones have been cut, in a wide range 
of colors (see, e.g., figure 1). Prior to this venture, 
from 1998 to 2003, Coromoto Minerals successfully 
mined the Orchard pegmatite in Maine for aquama- 
rine and heliodor. 

With the cooperation of Coromoto Minerals, 
two of the authors (WBS and KLW) recently docu- 
mented some of the gem pockets as they were exca- 
vated, and chemically characterized the tourma- 
lines that were produced. This article first reviews 
the history of Mt. Mica and then examines the 
gemological and chemical properties of tourmaline 
from this historic locality. 


T_T he Mt. Mica deposit has been famous for 185 
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HISTORY 


Mt. Mica is the site of the first reported occurrence 
of gem tourmaline in the U.S. (Hamlin, 1895). Since 
tourmaline was discovered there in 1820 by Elijah 
L. Hamlin and Ezekiel Holmes (Hamlin, 1873), the 
pegmatite deposit has been worked by numerous 
ventures. Some of these activities, as they relate to 
tourmaline production, are summarized in table 1. 
An important development occurred in 1886, 
when a large pocket found by Augustus C. Hamlin 
and mine superintendent Samuel Carter yielded a 
great number of specimens, including a 24 x 5 cm 
green tourmaline crystal that was broken into four 
pieces. Faceting of this tourmaline produced the 34.25 
ct center stone for the famous Hamlin necklace 
(Perham, 1987). This necklace, commissioned by A. C. 
Hamlin, featured 70 cut stones from Mt. Mica with a 
total weight of 228.12 carats, which included pink, 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 41, No. 2, pp. 150-163. 
© 2005 Gemological Institute of America 


GEMS & GEMOLOGY SUMMER 2005 


blue-green, blue, and green tourmaline, as well as col- 
orless tourmaline and bery] (figure 2). It was donated to 
the Harvard Mineralogical Museum in 1934 and is 
considered one of the most significant pieces of North 
American jewelry ever produced (Fales, 1995). 

Using simple drilling and blasting techniques, the 
early miners at Mt. Mica uncovered numerous pock- 
ets from shallow workings (figure 3). As these excava- 
tions progressed to deeper levels of the pegmatite, the 
miners began employing more innovative tech- 
niques. During the period from 1890 to 1913, when 
Loren B. Merrill and L. Kimball Stone had the miner- 


Figure 1. Recent mining 
at the historic Mt. Mica 
pegmatite has produced 
gem tourmaline in a 
variety of colors. Shown 
here are some of the 
samples that were char- 
acterized for this report 
(0.78-11.72 ct). The 
stones were faceted by 
Dennis Creaser (Creaser 
Jewelers, South Paris, 
Maine) and are courtesy 
of Coromoto Minerals 
Inc.; photo © Jeff Scovil. 


al exploration rights at Mt. Mica, they used a large 
derrick to remove boulders from a deep trench (figure 
4). The location of the stacked boulders that formed 
one side of the trench is shown in figure 5, along with 
the sites of other workings and discoveries. 

Mining activity at Mt. Mica was eventually 
affected by the fabulous new tourmaline finds in 
southern California that began in the early 1900s. 
The abundance of tourmaline from California con- 
tributed to the decline in mining at Mt. Mica, where 
activity was sporadic at best from the 1920s until 
recently. 


TABLE 1. Chronology of gem tourmaline production at Mt. Mica, prior to mining by Coromoto Minerals. 


Year Event Reference 
1822 Cyrus and Hannibal Hamlin produce red and green tourmaline. Hamlin (1873) 
~1866 Ordesser Marion Bowker®, owner of the farm that encompasses Mt. Mica, opens a large Hamlin (1895) 
pocket of tourmaline. This creates a renewed interest in the mine by Augustus and 
Elijah Hamlin. 
1868-1890 Augustus and Elijan Hamlin produce numerous fine tourmaline specimens and gem material Hamlin (1895); 
from several pockets; much of the top-quality material is acquired by Harvard University and Perham (1987) 
Tiffany & Co. in New York. 

1891 Loren B. Merrill and L. Kimball Stone recover exceptional blue tourmalines. Hamlin (1895) 
1899 errill and Stone find a 411 ct blue-green tourmaline gem nodule that was part of a crystal Perham (1987) 
over 20 cm long. A second 584 ct gem nodule found in a later pocket is now in the Harvard 

ineralogical Museum collection. 

1904 errill and Stone open a large pocket that produces over 75 pounds (34 kg) of tourmaline Perham (1987) 

crystals, including near-colorless nodules and a single multicolored tourmaline crystal over 

30 pounds (13.6 kg). 
1926 Howard Irish purchases Mt. Mica, but the deposit lays idle until the 1940s. In 1949 he leases King (2000) 

the deposit to the United Feldspar Corp. 
1964-65 Frank Perham produces green and bicolored tourmaline. King (2000) 
1979 Plumbago Mining Corp. excavates the large “Dagenais” pocket. Francis (1985) 
1990s Specimen- and gem-quality tourmalines are occasionally produced by Plumbago Mining Corp. R. Naftule, pers. 


comm. (2005) 


4 Although the spelling is commonly indicated as “Odessa” Bowker in the literature, independent research by R. Sprague (.g., 1870 U.S. Federal 
Census, State of Maine) indicated that the farm owner and miner of the tourmaline pocket was a man named Ordesser. 
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Figure 2. The Hamlin necklace is considered one of 
the most significant pieces of North American jewel- 
ry. It was commissioned by Augustus C. Hamlin after 
he and Samuel Carter found a large pocket of tourma- 
line at Mt. Mica in 1886. The necklace contains 
228.12 carats of colored tourmaline, as well as color- 
less tourmaline and beryl. Courtesy of Harvard 
Mineralogical Museum; photo © Tino Hammid. 


Figure 3. The yellow flags mark the location of gem 
pockets in the early days of mining at Mt. Mica, 
circa 1890. Shown are L. Kimball Stone (left) and 
Loren B. Merrill (right); modified from Bastin 
(1911, plate 12, p. 84). 
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In 1964—65, Frank Perham mined the old Merrill 
and Stone diggings and produced some notable tour- 
malines, from which an eye-clean 25 ct green stone 
and a flawless 59.59 ct blue-green stone were cut 
(King, 2000). The latter stone and the original crystal 
were documented by Crowningshield (1966a,b). 
Perham continued to work the property after it was 
purchased by Plumbago Mining Corp. in 1973. In 
1979, the large “Dagenais” pocket (4 x 5.5 x 16 m} 
was found and required two months to excavate 
(Francis, 1985). Later, after a brief period of inactivity, 
Plumbago and private investors re-opened Mt. Mica 
in 1989. Although tourmaline was recovered sporadi- 
cally, the results were not considered economically 
viable, and mining ceased in the late 1990s. 

Coromoto Minerals acquired the Mt. Mica prop- 
erty in 2003 and soon started to systematically 
remove portions of the entire pegmatite. This 
approach has proven highly successful, with 43 
pockets found in the first two years of mining. Two 
of the pockets have produced large gemmy crystals 
of tourmaline, which rival the best material that 
has come from Mt. Mica in its 185-year history (see 
Mining and Production section). 


LOCATION AND ACCESS 

The Mt. Mica mine, which is closed to the public, is 
located about 6 km northeast of the small town of 
South Paris in Oxford County, southwestern Maine 
(figure 6). The mine is situated on a small hill, at an 
elevation of 295 m (970 feet), in forested terrain. 
Due to typically severe winter conditions, most of 
the pegmatite mines in this area are operated from 
March through October. The Mt. Mica mine is 
operated year round, weather permitting. 


GEOLOGY 
The Mt. Mica tourmaline deposit is a large, pocket- 
bearing granitic pegmatite that belongs to the 
Oxford pegmatite field of southwestern Maine (Wise 
and Francis, 1992). The Oxford field is spatially relat- 
ed to the Sebago batholith. Pegmatites are concen- 
trated within and around the northeastern margin of 
this batholith, and they are therefore inferred to be 
genetically related. Uranium-lead isotopic data indi- 
cate that the age of the Sebago Batholith is 296 + 3 
million years (Foord et al., 1995). 

According to recent observations by the authors, 
the Mt. Mica pegmatite strikes northeast and dips 
moderately southeast (typically about 30°) within 
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Book Heviews 


GEMS AND GEM MATERIALS, by 
Edward H. Kraus and Chester B. Slaw- 
son, McGraw-Hill, New Vork, Fifth edi- 
tion. Price $4.00. 


The latest edition of GEMS & GEM 
MATERIALS contains a number of im- 
portant changes and additions. Long a 
standard gemological text the improve- 
ments in the fifth edition make it a must 
for the library of the gemologist. 


Many sections have been expanded, 
namely those on crystal forms, physical 
properties, optical properties, fashioning, 
and manufactured gems. The most im- 
portant changes are in the section on 
cutting of diamonds. From the first the 
authors have interpreted long established 
practices of the diamond cutting industry 
on the basis of the structure of the dia- 
mond. The expanded section on cutting 
represents the clearest, most concise ex- 
planation of diamond cutting in relation 
to the crystal structure of the diamond. 
Excellent new diagrams clarify this im- 
portant chapter. 


A valuable new chapter, “Crystal Struc- 
ture and X-ray Methods” has been added 
to clarify identification by X-ray for the 
jeweler-gemologist. A number of photo- 
graphs and drawings simplify the pres- 
entation. The description of gemstones | 
has been revised and five gem species havey 
been added. 


The practicing gemologist will consider 
changes in the tables the most important 
improvement in the fifth edition. In the 
general property tables, values are now 
given for Epsilon and Omega for the 
uniaxial and Alpha, Beta, and Gamma for 
the biaxial gemstones. Earlier editions 
confined refractive index figures to a mean 
value, with a birefringence value given in 


addition. No variation was shown. Now 
the refractive index table shows both 
highest and lowest values for gemstones 
with an indicative arrow. Thus, pyrope 
garnet, shown in an earlier edition at 
n 1.705, the index for the pure material 
which is almost never found in nature, 
now is shown to vary from n 1.705 to 
1.749. The figures are given to only a 
single decimal place in the specific gravity 
tables. While this is satisfactory for gem- 
stones for which the specific gravity 
values are given with a wide variation, ie. 
almandite 3.9-4.2, it often implies a wider 
variation than is likely to be encountered, 
ie. corundum 3.9-4.1, topaz 3.4-3.6. Al- 
though quartz is listed in the general 
tables at 2.66, it is given a 2.7 value in the 
specific gravity table. No indication is 
found in either table of the considerably 
lower value to be expected in chalcedony. 

—Richard T. Liddicoat. 

POPULAR GEMOLOGY, by Richard 
M. Pearl, John Wiley & Sons, Inc., New 
York. XII, 316 pages, 1948, $4.00. 

A comprehensive and well written book 
for the layman and amateur gemologist. 
Technical data are in tables and held to 
a minimum. The scope of the contents is 
indicated by the 29 pages devoted to dia- 


/mond, ruby, and sapphire and 27 pages 


given to quartz, chalcedony, and opal. 
The illustrations are well chosen and 
adequate. The publishers and the author, 
who was the second person to receive the 
title of Certified Gemologist of the Ameri- 
Gem Society; who is a Fellow of the 
Gemmological Association of Great 
Britain, co-founder of the American Fed- 
eration of Mineralogical Societies, and 
currently Assistant Professor of Geology 
at Colorado College, are to be congratu- 
lated upon the excellence of this publica- 
tion. —Mark C. Bandy. 
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Figure 4. The images on these post cards show mining activities at Mt. Mica around the turn of the 20th century. 
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A large derrick (left; printed by The Hugh C. Leighton Co., Portland, Maine) was used to remove boulders from a 
deep trench (right; printed by The Metropolitan News Co., Boston, Massachusetts). Remnants of the stacked boul- 
ders shown in the right image still can be seen today. From the private collection of Jane C. Perham. 


the metasedimentary host rock. It is exposed for 
about 135 m along strike and ranges in thickness 
from about 1.5 m at the western exposure near the 
surface to over 8 m thick in places further down dip. 
The pegmatite is poorly zoned, with a thin (2-5 cm) 
wall zone and a 1.5-m-thick intermediate zone in 
the thicker portion of the dike. The intermediate 
zone consists principally of quartz and K-feldspar, 
with lesser amounts of schorl and muscovite. The 
core consists mainly of quartz, microcline, and 
schorl, with local pods of cleavelandite and rare 
areas of lepidolite with spodumene, pollucite, cassi- 
terite, columbite, and very rare beryl. Pockets are 
relatively abundant in the central area of the dike 


(again, see figure 5), where Coromoto Minerals has 
averaged about one cavity every 3 m. In this area, 
the miners have learned to recognize several indica- 
tions of pocket mineralization, including wisps of 
lepidolite, large muscovite “books” (particularly 
near pods of massive quartz], masses of friable 
cleavelandite, rust-colored fractures crosscutting the 
inner zones, and large schorl crystals that point 
downward toward the cavities. 


MINING AND PRODUCTION 


Coromoto Minerals began mining at Mt. Mica in 
July 2003; they have posted detailed reports about 


Mt. Mica Approximate location af the Hamlin/ Holmes 1820 discovery yn 
® 4 Bowker pit?___“ 
Mine Workings ; Piumbago/ Perham dumps ¢ n a0 
Merrill 1904 pocket 
Figure 5. The locations 
Rem of stacked boulders of both historic and 
fr e dumps — soe se 
sph ee modern mining activi- 
ties at Mt. Mica are 


Plumbago dumps 
NN 
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From a drawing by 
Gary Freeman. 
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Figure 7. An excavator and dump truck are used 
to remove mined material from the open cut at 
Mt. Mica, as shown in this October 2004 photo 

by Gary Freeman. 
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Figure 6. Mt. Mica is 
located in southwestern 
Maine near the small 
town of South Paris. 


United 
States 


Figure 8. The entrance to a large pocket (no. 7) con- 
taining mostly green tourmaline is marked by the 
small tunnel just in front of the men in the pit. Note 
the location of this pocket within a pronounced bulge 
in the thickness of the predominantly light-colored 
pegmatite. Photo by Alexander Falster. 
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significant finds on the Internet at www.coromo- 
tominerals.com. In addition, a separate article 
(Simmons et al., 2005) will review the history and 
recent specimen mining in more detail. 

The miners (Gary and Mary Freeman, together 
with Richard Edwards) initially used an excavator 
to expose the pegmatite from beneath the old dump 
material. Subsequently, they used drilling and blast- 
ing to mine the pegmatite in an open cut, and they 
removed material from the pit using an excavator 
and dump truck (figure 7). 

Several small pockets containing smoky quartz 
and blue apatite were encountered in 2003, but the 
first significant tourmaline discovery did not occur 
until May 2004, when pocket no. 7 was entered. 
This cavity was found in an area where the peg- 
matite showed a local bulge in thickness (figure 8). 
Hundreds of gemmy crystals of predominantly 
green tourmaline were produced. Most ranged up to 
3 cm long and 0.5 cm in diameter, with pink cores 
that were commonly altered to a pink clay. The 
zoned crystals with unaltered pink cores resembled 
the classic “watermelon” pieces pictured in Hamlin 
(1895). A modest number of small gem-quality pink 
crystals also were recovered from this pocket. In all, 
about 1 kg of gem rough was produced, and most of 
the faceted stones examined for this article came 
from this pocket. 


Figure 9. In June 2004, fine tourmaline crystals were 
recovered from pocket no. 10. The crystal on the left 
(approximately 10 cm long) forms the top portion of 
the reassembled specimen shown in figure 10. The 
crystal on the lower right is part of a separate speci- 
men. A chisel is shown for scale. The dark material 
consists of fragments of the overlying metasedimenta- 
ty host rock. Photo by Gary Freeman. 


oa 
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Figure 10. Two of the most significant tourmaline 
crystals recently recovered by Coromoto Minerals 
are shown here. On the left is a 19-cm-tall tricol- 
ored elbaite crystal (reassembled from three 
pieces) on a matrix of cleavelandite and lepidolite 
that was recovered from pocket no. 10. On the 
right is a multicolored crystal from pocket no. 28 
that measures 22 cm tall, and forms the top por- 
tion of a crystal that was originally 54 cm long. 
Chemical analyses showed the colored portion to 
be elbaite, while the thin black flat termination is 
foitite. Composite photo by Gary Freeman. 


In June 2004, the miners opened a series of pock- 
ets that appeared to line up with pocket no. 7 and 
the 1979 Dagenais pocket (again, see figure 5). It is 
possible that this zone of pockets extends even fur- 
ther down dip. Most notable was pocket no. 10, 
which contained more well-formed green and mul- 
ticolored tourmalines (figure 9], including a broken 
19-cm-long color-zoned crystal that is probably the 
finest tourmaline specimen found at Mt. Mica and 
one of the best ever mined in New England (see the 
left crystal in figure 10). 

From June through December 2004, an addition- 
al 18 pockets were encountered. The company’s 
most important discovery was made in late 
December 2004, with the opening of pocket no. 28 
(figure 11). This cavity, which exceeded 7 m long, 
consisted of three connected chambers. Several 
cathedral-type smoky quartz crystals weighing ~20 
kg were found at the edges of the pocket. The min- 
ers eventually recovered several hundred bicolored 
green/pink and green/colorless tourmaline crystals 
ranging up to 5-8 cm long and <1 cm in diameter 
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Figure 11. The largest and most important cavity 
found by Coromoto Minerals at Mt. Mica was 2004 
pocket no. 28. Here, Richard Edwards (left) and Frank 
Perham are shown at the beginning of the excavation 
in late December. Photo by Gary Freeman. 


by screening the pocket mud. They also recovered 
some much larger tourmalines, including a 22-cm- 
tall elbaite crystal that grades from reddish pink to 
orange with a thin black flat termination (see figure 
10, right). When four additional pieces of this crystal 
were subsequently recovered, it was determined 
that the entire crystal was originally 54 cm long— 
the largest elbaite tourmaline known from Maine 
and perhaps the largest from North America. 

The 2005 mining season began in March, with 
the miners clearing debris from the pit and driving a 


Figure 12. A small loader is used to remove pegmatite 

material from the underground workings at Mt. Mica. 

June 2005 photo by Brendan Laurs. 
os 
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decline (tunnel) into the pegmatite from the north- 
eastern portion of the 2004 open cut, near pocket no. 
28. A new loader for working underground was pur- 
chased (figure 12), and Jim Clanin—an experienced 
gem pegmatite miner from southern California— 
joined the mining crew. As of mid-June 2005, the 
decline reached approximately 20 m deep and they 
had encountered nine small pockets—some with 
fine green and greenish blue gem tourmaline. 

The crystal specimens produced by Coromoto 
Minerals are being marketed to mineral collectors 
through Graeber & Himes, Fallbrook, California. As 
a byproduct of the crystal mining, the mine owners 
have accumulated a few kilograms of gem rough. 
Most of this material shows various shades of green 
(from pocket nos. 7 and 11). So far, a few dozen gem- 
stones (described below) have been faceted from 
broken crystals. As mining progresses in 2005, such 
rough material will continue to be stockpiled for 
future cutting and marketing. 


MATERIALS AND METHODS 


Standard gemological properties were obtained on 
45 faceted Mt. Mica tourmalines that were cut from 
material produced from May 2004 to early 2005. 
The samples weighed 0.78-16.48 ct and were 
faceted in a variety of shapes, including rectangular 
(some with a checkerboard style), round, oval, pear, 
square, and freeform. The samples reportedly were 
not treated in any way. 

We used a GIA Instruments Duplex II refrac- 
tometer with a near-sodium equivalent light source 
for refractive index readings, and determined specif- 
ic gravity by the hydrostatic method. The samples 
were tested for fluorescence in a darkened room 
with four-watt long- and short-wave UV lamps. 
Internal features were observed with a standard 
gemological microscope, and a polariscope was used 
to view optic figures and check for strain. Inclusions 
in four samples were investigated by Raman spec- 
troscopy at GIA in Carlsbad, using a Renishaw 2000 
Ramascope. 

Quantitative chemical analyses were obtained 
by electron microprobe at the University of New 
Orleans, Louisiana, on 363 fragments of tourmaline 
from pocket nos. 7 and 28. Some of these samples 
were taken from the same pieces of rough used to 
facet the stones described above. The fragments 
were mounted on 1 inch (2.5 cm) glass disks with 
epoxy, and were ground and polished with 0.05 um 
alumina powder. The mounted samples were then 
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ultrasonically cleaned and carbon coated. When 
possible, the samples were mounted so that analyti- 
cal traverses could be performed from core to rim. 
Also analyzed were two Mt. Mica tourmaline crys- 
tals that were collected in 1890 by A. C. Hamlin 
(from the collection of Peter Lyckberg) and 10 addi- 
tional tourmaline crystals mined in 1964 by Frank 
Perham (from the collections of Ray Sprague and 
Jane Perham). These crystals were partially mount- 
ed in epoxy so that the smoothest, glass-like prism 
surfaces could be used for analysis. 

Analyses were conducted with an ARL SEMQ 
electron microprobe operated at an acceleration 
potential of 15 kV, a beam current of 15 mA, and a 
spot size of 2 um. An acquisition time of 45 seconds 
per spot was used. The number of cations in the for- 
mula of each analysis was calculated so that the 
data could be plotted and the tourmaline species 
identified. Since some elements in tourmaline (i.e., 
boron, lithium, and hydrogen) cannot be measured 
by electron microprobe, we calculated the cations 
(and wt.% oxides) according to standard assump- 
tions and conventions (see Deer et al., 1992). 


RESULTS AND DISCUSSION 


The gemological properties are summarized in table 
2, with details described below. 


Visual Appearance. Overall, the faceted samples 
could be separated by color into groups of yellowish 
green, pink (including orangy pink and brownish 


purplish red), greenish blue, and bicolored or tricol- 
ored with green, pink, and/or near-colorless zones. 
Most of the stones showed weak-to-moderate satu- 
ration and light-to-medium tone—with dark tones 
seen in some of the green stones that were cut with 
their tables oriented perpendicular to the c-axis. 

All of the samples were transparent. In general, 
the pink, yellowish green, and greenish blue stones 
were lightly included (commonly with no inclu- 
sions visible to the naked eye), whereas the multi- 
colored samples contained obvious partially healed 
fractures and feathers. 


Physical Properties. There were only slight variations 
in the refractive indices, which could not be correlat- 
ed to color. The most typical values were n, = 1.639 
and n, = 1.620 (yielding a birefringence of 0.019). Al- 
though S.G. values ranged from 3.04 to 3.08, the 
lower values (3.04—3.05) were obtained for the mul- 
ticolored stones, probably due to the presence of 
abundant fluid inclusions. Most of the samples that 
were only lightly included had S.G. values ranging 
from 3.05 to 3.07. 

In the polariscope, typical uniaxial optic figures 
could be resolved in all of the stones in which the 
faceting did not obscure view of the optic axis. 
Subtle patchy or sector-like patterns were seen 
along the optic axis direction in a few samples; no 
evidence of significant strain was noted in any of 
the tourmalines. 

The gemological properties of the Mt. Mica sam- 
ples are consistent with those reported in the litera- 


TABLE 2. Properties of the 45 faceted samples of tourmaline from Mt. Mica, Maine. 


Property Description 

Color Most were yellowish green or multicolored in yellowish green, pink, and/or near colorless. Other stones 
were pink, orangy pink, brownish purplish red, and greenish blue. 

Pleochroism Yellowish green: Weak to strong (depending on color saturation), in yellowish green and slightly bluish green 
Pink: Weak, in purplish pink and orangy pink 
Greenish blue: Weak or very weak, distinguishable by a slight brown tint 

Clarity Transparent; lightly to heavily included 


Optic character 
Refractive indices 


Uniaxial negative 


No 1.638-1.640 

Ne 1.619-1.622 
Birefringence 0.018-0.020 
Specific gravity 3.04-3.08 
UV fluorescence 

Short-wave Inert 

Long-wave Inert 


Internal features 


Most common were partially healed fractures, “feathers,” and growth zoning. Other features included color 


zoning, fine needle-like tubes, linear or planar trails of pinpoints, planar two-phase (liquid-gas) inclusions, 
mineral inclusions (feldspar and low-relief grains that could not be identified), and cavities. 
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- - A - 
Figure 13. Network stringers of filamentary fluid 
inclusions known as “trichites” are characteristic of 
tourmalines from many localities, including Mt. Mica. 
Photomicrograph by John I. Koivula; magnified 10x. 


ture for gem tourmaline (see, e.g., Webster, 1994). 
Although the lowest R.I. values we obtained were 
slightly below the range reported by Webster (1994), 
they fell within the values given by Dunn (1975) for 
tourmaline from Newry, Oxford Co., Maine 
(1.612—1.644). The lack of any correlation between 
R.I. and color in our Mt. Mica samples also was doc- 
umented for Newry tourmaline by Dunn (1975). 
However, the weak violet fluorescence to short- 
wave UV observed by Dunn (1975) in pink and red 
Newry tourmaline was not found in the similar-col- 
ored samples from Mt. Mica that we studied. 


Microscopic Features. The most conspicuous inclu- 
sions consisted of partially healed fractures and 


Figure 15. This inclusion in a Mt. Mica tourmaline 

was identified as feldspar by Raman analysis. Fluid 
inclusions also are visible in the immediate vicinity. 
Photomicrograph by John I. Koivula; magnified 20x. 
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Figure 14. Sharp-edged, elongated straight-to-angular 
growth zoning, as revealed by shadowed illumination 
in this Mt. Mica tourmaline, is often encountered in 
tourmalines in general. Photomicrograph by John I. 
Koivula; magnified 15x. 


“feathers”. A wide diversity of characteristics relat- 
ed to healed fractures were recorded: flat planar-to- 
curved aggregates of minute fluid inclusions, spin- 
dle- and irregular-shaped “trichites” (figure 13), lin- 
ear or planar trains of pinpoints, and flat two-phase 
inclusions with conspicuous gas bubbles suspended 
within fluid. Growth zoning was also quite com- 
mon, but relatively inconspicuous, forming linear, 
planar, or angular patterns (figure 14). The growth 
zoning was most prevalent in the greenish blue 
samples and the multicolored stones; in the latter, 
the growth lines were oriented parallel to the color 
zoning. 

Other microscopic features included fine nee- 
dle-like tubes (often in parallel arrays) and small 


Figure 16. Cross-polarized light has produced interfer- 
ence colors in this inclusion, which is probably a crys- 
tal of tourmaline within tourmaline from Mt. Mica. 
Photomicrograph by John I. Koivula; magnified 15x. 
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cavities. Mineral inclusions were seen in six of 
the 45 samples, typically as isolated, high-relief, 
rather equant colorless grains. In three of the sam- 
ples, these inclusions were identified as feldspar 
by Raman analysis (see, e.g., figure 15), probably 
sodic plagioclase (i.e., “cleavelandite”), since this 
variety of albite is commonly associated with the 
tourmaline in the Mt. Mica gem pockets. Two 
additional samples contained low-relief colorless 
grains exhibiting strong birefringence (figure 16], 
but these could not be identified by Raman analy- 
sis due to their small size and/or position within 
the stones. Their appearance suggested that they 
were inclusions of tourmaline within their tour- 
maline hosts. 


Chemical Composition. The tourmalines analyzed 
for this study were found to consist of four species: 
elbaite, schorl, foitite, and rossmanite (table 3). 
Notably, all four species were present in one pock- 
et (no. 28). Representative electron-microprobe 
data for tourmalines from pocket nos. 7 and 28 are 


Figure 17. This diagram 
shows the X-site com- 
position of all the tour- 
maline samples ana- 
lyzed from Mt. Mica 
pocket nos. 7 and 28. 
The analyses predomi- 
nantly fell within the 
elbaite field, although a 
few points fell on the 
border or slightly into 
the rossmanite field. 
Black tourmaline sam- 
ples from these pockets 
consisted of schorl or 
foitite, but these com- 
positions are not shown 
on this diagram. 80 


Mt. Mica 
Tourmaline 
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shown in table 4. As shown in figure 17, the analy- 
ses mostly fell in the elbaite field, although a few 
corresponded to rossmanite. The elbaite colors 
ranged from dark green/black to lighter green to 
pink. Most of the pink and red elbaites were dis- 
tinctly enriched in Ca (liddicoatite component) rel- 
ative to other colors. The green tourmalines were 
mostly lower in Ca and richer in Na (elbaite com- 
ponent}. Near-colorless samples tended to have 
low Ca and greater X-site vacancies (rossmanite 
component). 


TABLE 3. General chemical formulas of tourmaline 
species found at Mt. Mica. 


Species Formula? 


Elbaite Na(Li, «Al, .)Alo(BO,),8i,O (OH), 
Schorl NaFe2*Al,(BO,),Si,O (OH), 
Rossmanite (LiA\,)Al,(BO.),Si,O,4(OH), 
Foitite (Fe2*Al)Al,(BO,),SigO 9(OH), 


a | =vacancy 


X-site 
vacancy 


0,100 


Pale pink 
Pink 

Red 

Light green 


10 


Green 

Yellow green 
“Olive” green 
Rossmanite Blue-green 
Blue 


Light blue 
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Colorless 


Elbaite 


Liddicoatite 
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TABLE 4. Representative compositions by electron microprobe of various colors and species of Mt. Mica tourmaline.? 


Pale Light 
Chemical pink Pink green 
composition — Elbaite Elbaite Elbaite 
Oxides (wt.% ) 
SiO, 36.80 36.78 
TiO, bdl bdl 
B,O, (calc.) 11.02 WAl@ 
Al,O, 42.89 42.46 
FeO't 0.07 ‘Onl 
MnO O12 0.55 
MgO bdl bdl 
CaO 0.07 Ail 
Li,O (calc.) 1.90 Bill 
Na,O 2.00 2.01 
KO bal 0.04 
H,O (calc.) 3.33 3.36 
F 0.99 1.01 
Subtotal 99.18 100.62 
—O=F 0.42 0.42 
Total 98.76 100.20 
lons on the basis of 31 (O,OH,F) 
Si 5.802 OB Ser 
Al 0.198 0.245 
Tet. sum 6.000 6.000 
B 3.000 3.000 
Al 2 6.000 6.000 
Al sara 1.585 
Ti bdl bal 
Fe+ 0.009 0.015 
Mn 0.015 0.073 
Mg bal bdl 
Li 1.204 1.326 
Y sum 3.000 3.000 
Ca 0.011 0.186 
Na 0.610 0.609 
K bdl 0.007 
Vacancy 0.378 0.198 
xX sum 1.000 1.000 
F 0.496 0.498 
OH 3.503 3.502 


4 Selected from analyses of 363 samples from pocket nos. 7 and 28, as well as the two 1890 Hamlin and the ten 1964 Perham crystals. Backgrounds 
were determined by the mean atomic number (MAN) method (Donovan and Tingle, 1996). Standards used include both natural and synthetic materials: 
albite (Na), adularia (K), quartz and clinopyroxene (Mg, Ca, Fe, Ti), chromite (Cr), rhodonite (Mn), V0; (V), PbO (Pb), ZnO (Zn), Bi-germanate (Bi), silli- 
manite (Si and Al), and fluortopaz (F). MAN standards used in addition to those above were corundum, fayalite, hematite, rutile, MgO, SrSO,, and ZrO,. 
Detection limits (in wt.% oxide): Ti = 0.008, Fe = 0.005, Mn = 0.006, Mg = 0.012, Ca = 0.007, and K = 0.014. Detection limits of elements analyzed but 
not detected (in wt.% oxide): V = 0.007, Cr = 0.013, Zn = 0.022, Pb = 0.009, and Bi = 0.016. Li,O, B,O,, and HO were calculated based on an 


assumed elbaite tourmaline stoichiometry. Abbreviation: bal = below detection limit. 


Foitite is a rare tourmaline species that is iron 
rich in the Y-site and has an X-site that is more than 
50% vacant (MacDonald et al., 1993); it formed the 
thin black flat terminations on some of the pink 
elbaite crystals (e.g., figure 10, right). The schorl 
analyses corresponded to the black basal portions of 
some of the elbaite crystals. The analyzed crystals 
that were mined in 1890 and 1964 were all elbaite, 
with compositions that overlapped the more recent- 
ly mined tourmaline. 

As expected, the chromophoric elements Fe, Ti, 
and Mn showed strong correlation with color (see 
table 4 and figure 18). Fe was highest in the black 
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tourmaline, and virtually absent in the near-color- 
less and pink tourmaline. The next-highest Fe val- 
ues were found in the “olive” green, green, and 
blue tourmaline. Ti correlated with elevated Fe in 
the black and green to “olive” green samples. All 
other colors had very low Ti contents. On average, 
Mn was highest in the blue and green tourmaline, 
and was lowest in all light-colored tourmaline. 
Fluorine contents were relatively constant, aver- 
aging 1.08 wt.% and ranging from 0.8 to 1.31 wt.% 
in all analyses. Mg was present mainly in the black 
tourmaline, where it averaged 0.54 wt.% MgO and 
ranged from below the detection limit to 1.38 wt.% 


GEMS & GEMOLOGY SUMMER 2005 


Light 


blue Colorless Colorless Black Black 
Elbaite Elbaite Rossmanite Schorl Foitite 
36.60 36.83 37.26 36.51 36.36 
bdl bd bdl 0.54 0.07 
10.87 11.02 11.10 10.48 10.45 
39.50 42.90 43.43 382.65 SL TET 
3.45 bd 0.05 13:20 12.54 
del bd 0.20 0.26 0.63 
bdl bd bdl 1.30 bdl 
0.88 bd bdl 0.09 bdl 
1.69 1.91 1.79 0.54 0.52 
2.04 2.03 1.48 1.82 0.92 
0.02 bd bdl 0.03 bdl 
3.20 3.27 3.38 3.08 3.19 
ilPaltvg 1.11 0.94 0.88 0.88 
100.53 99.09 99.63 101.38 100.32 
0.49 0.47 0.40 0.47 0.37 
100.03 98.62 99.24 100.91 99.95 
5.853 5.809 5.832 6.055 6.046 
0.147 0.191 0.168 0.000 0.000 
6.000 6.000 6.000 6.055 6.046 
3.000 3.000 3.000 3.000 3.000 
6.000 6.000 6.000 6.000 6.000 
1.299 1.785 1.843 0.381 0.814 
bdl bdl bd 0.068 0.008 
0.461 bdl 0.007 1.831 1.743 
OhSil bdl 0.026 0.036 0.088 
bdl bdl bd 0.322 bdl 
1.089 1.214 1.124 0.361 0.346 
3.000 3.000 3.000 2.999 3.000 
OblSy bdl bd 0.015 bdl 
0.633 0.622 0.449 0.586 0.298 
0.004 bdl bd 0.007 bdl 
0.212 0.378 0.551 0.393 0.702 
1.000 1.000 1.000 1.000 1.000 
0.590 0:555 0.467 0.589 0.463 
3.409 3.444 3.533 3.411 3.537 


MgoO. In all other colors, Mg was very low to below 
the limit of detection. 

Schorl is found as black tourmaline along the 
pocket margins, and therefore formed early in crys- 
tallization of the miarolitic cavities. As the crystals 
grew into the pocket, they were progressively 
enriched in Al relative to Fe. As Fe diminished, 
elbaite became the dominant tourmaline. Foitite, 
and possibly rossmanite, represent the final stages 
of tourmaline compositional evolution in the pock- 
ets. Interestingly, the black foitite “caps” noted on 
some Mt. Mica tourmalines are similar to the 
“Mohrenképfe” found on elbaite crystals from 
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Elba, Italy (Pezzotta, 2001). Elba is the only locality 
besides Mt. Mica where four tourmaline species 
have been documented from a single gem pocket 
(Pezzotta et al., 1998). Although it is not uncom- 
mon for multiple tourmaline species to be present 
in a particular pegmatite deposit or district (see, 
e.g., Selway, 1999), the occurrence of such a diverse 
composition of tourmaline in a single pocket 
appears to be quite unusual. 


CONCLUSIONS AND FUTURE POTENTIAL 


Gem- and specimen-quality tourmalines were pro- 
duced in a wide variety of colors at Mt. Mica, main- 
ly in the late 19th century and sporadically from the 
1960s to 1990s. In 2004-2005, renewed mining by 


Figure 18. These graphs show the average composi- 
tions of chromophoric elements Fe, Ti, and Mn (as 

wt. % oxides) in various colors of tourmaline from Mt. 
Mica. Fe and Ti are found mainly in the black and 
green samples, whereas Mn is present in tourmaline of 
all colors to varying degrees. 


AVERAGE CHEMICAL COMPOSITION BY COLOR 
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Figure 19. Well-formed gem-quality crystals of green 
tourmaline such as this one (5.4 cm long) from Mt. 
Mica pocket no. 11 are prized by collectors and con- 
noisseurs. Courtesy of Graeber &) Himes, Fallbrook, 
California; photo © Jeff Scovil. 
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Coromoto Minerals again produced attractive crys- 
tals and cut stones (figures 19 and 20), including 
some of the finest tourmaline ever recovered from 
the deposit. 

Based on the deposit geology and on the projected 
mineralization of the pegmatite down dip, Mt. Mica 
shows considerable potential for additional tourma- 
line production. Future mining will focus on the 
deeper extension of the 2004-2005 mineralized 
zone, as well as on areas of the pegmatite to the 
northeast that are closer to the surface. As the peg- 
matite is explored by both open-cut and under- 
ground methods, the miners anticipate that more 
tourmaline will be found at this historic deposit. 


Figure 20. Continued mining of the Mt. Mica deposit 
is expected to yield additional gem tourmaline, 
such as the bright pink and bluish green stones 
shown here (9.86 and 4.77 ct). These tourmalines 
were faceted in early 2005 by Dennis Creaser and 
studied for this report. Courtesy of Coromoto 
Minerals Inc.; photo by C. D. Mengason. 
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Hook Heviews 


ADVENTURES IN JADE, by James 
Lewis Kraft, Henry Holt and Company, 
New York , 1947, 81 pages, 1 color plate, 
$3.50. 


This entertaining and well written book 
recounts the adventures and joys of a 
“rock hound” in pursuing a hobby of 
collecting jade. 


The enthusiasm for his hobby and the 
pleasure it has afforded him, as well as 
the cultural dividends it has paid, are ap- 
parent in each chapter of the book. In- 
cluded with the author’s accounts of his 
adventures is much interesting informa- 
tion on jade as a mineral and as a material 
for the arts. - 


While the book contains sections de- 
voted to Chinese jade, the author’s adven- 
tures are mainly concerned with his 
search for American sources of this 
material in California, Alaska, and 
Wyoming. These American occurrences 
are of nephrite jade, no jadeite jade hav- 
ing yet been found in America, except as 
worked pieces in Mexico and Central 
America. The author’s enthusiasm for 
American jades might lead one to believe 
that it is unsurpassed by other jades.. 
While American jades have desirable 
qualities of their own, they. will hardly 
be generally accepted as equal to the finer 
oriental, or even Mexican, jades. The 
American jades owe their color to their 
iron content, which yields gray-green, 
sage-green or yellowish green. colors, 
while the jadeite jades, which owe their 
color to chromium have more vivid and 
desirable colors in apple- and emerald- 
green. 


Several jade localities in California are 
mentioned. Of these the only nephrite 


occurence mentioned in gemological litera- 
ture is the region about Monterey. 
Nodular masses of actinolite, the min- 
erological constituent of green nephrite, 
are not uncommon in the Coast Ranges 
of California, and it is not unlikely that 
an occasional nolude of nephritic actino- 
lite will be found in that region. 


The fascinating problem of Mexican 
jade the author passes over hurriedly. The 
Mexican mineral is, however, the original 
and true “jade.” The name flerived from 
the Spanish piedra de hijada or stone of 
the side, since the early Spanish conquer- 
ors first found the Aztecs using stones of 
this material in curing pains in that part 
of the body by application or wearing 
polished pieces of this highly esteemed 
material. This Spanish term has been 
transliterated by the French into “jade.” 
Centuries later the term was applied to the 
mineral of oriental origin. Mexican jade 
is of two varieties: jadeite, similar in 
chemical composition to Burmese jadeite; 


and diopside-jadeite or “tuxtlite,” a min-. 


eral intermediate between jadeite and 
diopside, and peculiar to Mexico. No ne- 
phrite jade is known in Mexico. All the 
jade from this southern region is found 
in the form of worked or carved pieces 
and the original source is now unknown: 
The finest pieces belong to the early 
Olmec culture and there is evidence that 
it had become very rare by Aztec time. 
Some of the “Olmec” jade is of the 
highest quality, comparable to the “im- 
perial” jade of Burma. A search for the 
original source (or sources) of this 
Mexican jade would offer Mr. Kraft a 
new and probably more exciting “Adven- 
tures in Jade.”—-William Foshag, Ph.D., 
Curator of Minerals, Smithsonian Insti- 
tuiton. 
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DIAMOND 


Fracture Filled, with 

Varying Results 

Fracture filling is usually effective at 
making a diamond’s fractures less 
obvious both to the unaided eye and 
when viewed with magnification, 
although a trained gemologist often 
can identify the treatment relatively 
easily. When the filling is not com- 
plete or is poorly executed, however, 
identification can be much more chal- 
lenging. Two diamonds recently sub- 
mitted to the East Coast laboratory 
highlighted these challenges. 

The 9.01 ct rectangular modified 
brilliant in figure 1 was quickly 
identified as an artificially irradiated 
diamond, but as noted in the last 


Figure 1. This artificially irradiat- 
ed 9.01 ct yellow diamond also 
showed unusual clarity enhance- 
ment features. 
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issue of this journal (Spring 2005 Lab 
Notes, p. 46) identification of one 
treatment may not be the end of a 
gemologist’s work. While the frac- 
tures in this diamond were generally 
quite visible, some contained an 
unusual texture and flow structure 
(figure 2) that led us to examine the 
stone more closely. A careful inves- 
tigation at high magnification and 
with the light at varying angles 
revealed the telltale flash-effect col- 
ors associated with fracture filling. 
We do not know exactly why the 
treatment was ineffective in this 
stone; however, a close look at figure 
2 shows that the surface of the facet 
has a mottled, hazy appearance, 
which suggests that it may have been 
burned. Excessive heat can cause a 
high-lead glass filling to flow out of a 


Figure 2. Heat treatment of the 
diamond in figure 1 may have 
created the unusual texture and 
flow structure visible within this 
fracture. Magnified 45x. 
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fracture, and the dendritic patterns 
we observed (see also figure 3) sup- 
port this possibility. One might fur- 
ther speculate that the excessive heat 
could have been generated during the 
color treatment process, since creat- 
ing yellow color through artificial 
irradiation requires subsequent 
annealing. The heat necessary 
(~600°C) would certainly be suffi- 
cient to cause the filling material to 
break down. Thus, the fractures like- 
ly became much more visible than 
they were immediately after the frac- 
ture filling. 

Another diamond, a 1.52 ct mar- 
quise, also had relatively obvious 
fractures that would not be expected 
in a clarity-enhanced stone. How- 
ever, thorough examination with 
magnification revealed a very unusu- 


Figure 3. This dendritic pattern in 
another fracture in the 9.01 ct 
diamond indicates both the pres- 
ence of a glass filler and exposure 
to high heat. Magnified 60x. 
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Figure 4. The unfamiliar pattern 
within this fracture led to closer 
examination of the 1.52 ct dia- 
mond for evidence of clarity 
enhancement. Magnified 75x. 


al pattern within the fractures (figure 
4), which led us to look closely for 
more classic indications of clarity 
treatment. Figure 5 shows the very 
weak flash-effect colors that we 
found at higher magnification with 
the aid of fiber-optic illumination. 
Again, we do not know the exact rea- 
son for this poor result. However, 
there may have been a problem with 
the contact between the host dia- 
mond and the filler. These situations 
usually arise when the glass does not 
fill the entire fracture or it has been 
altered in some way due to either 
mishandling or possibly a “flaw” in 
the treatment process. 

Diamonds such as these can cre- 
ate great challenges for the practicing 
gemologist. Anything unusual bears 
careful scrutiny, but with diligence 
the proper identification can often be 
made using the standard instrumen- 
tation available to most gemologists 
and jewelers. 

Thomas Gelb and Matthew Hall 


Editor's note: The initials at the end of each item 
identify the editor(s) or contributing editor(s) 
who provided that item. Full names are given for 
other GIA Gem Laboratory contributors. 
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Figure 5. These subtle flash-effect 
colors in the 1.52 ct marquise are 
further indications of clarity 
treatment. Magnified 50x. 


Large Diamond with Micro- 
inclusions of Carbonates 

and Solid CO, 

Natural diamonds occasionally con- 
tain microscopic inclusions of carbon- 
ates, water, apatite, and silicates (see, 
e.g., O. Navon et al., “Mantle-derived 
fluids in diamond micro-inclusions,” 
Nature, Vol. 335, 1988, pp. 784-789; 
Winter 2004 Lab Notes, pp. 325-326). 
These inclusions are encapsulated 
samples of mantle fluid, and thus are 
important for geochemical study of 
the mantle as well as for a better 
understanding of diamond formation. 
Although diamonds typically form at 
a depth of around 140-200 km, micro- 
inclusions of solid CO, were reported 
in a small rough type IaA diamond 
that is thought to have formed at a 
deeper origin, around 220-270 km (M. 
Schrauder and O. Navon, “Solid car- 
bon dioxide in a natural diamond,” 
Nature, Vol. 365, No. 6441, 1993, pp. 
42-44). The discovery of solid CO, in 
diamond has very important implica- 
tions in the study of the earth’s man- 
tle. However, that small crystal was 
the only specimen reported in which 
solid CO, micro-inclusions had been 
confirmed, except for a brief report of 
CO,-bearing diamonds in a recent 
publication (T. Hainschwang et al., 
“HPHT treatment of different classes 
of type I brown diamonds,” Journal of 
Gemmology, Vol. 29, 2005, pp. 
261-273). Thus, the East Coast labora- 
tory was very interested to examine a 
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large faceted diamond that proved to 
contain micro-inclusions of solid CO, 
and carbonates, possibly from an even 
greater depth in the mantle. 

The 5.04 ct pear-shaped diamond 
(14.94 x 9.26 x 6.27 mm, figure 6) of 
unknown geographic origin was graded 
D color. Although only a few very tiny 
pinpoint inclusions were visible with 
magnification, this stone displayed 
extremely strong colorless graining 
that created an undulating translucen- 
cy throughout the entire diamond (fig- 
ure 7). This severely affected its clarity, 
resulting in a grade of SI,. Linear or pla- 
nar graining occurred in a limited 
region close to the point of the pear 
shape. To the best of our recollection, 
the undulatory graining in this stone is 
the most prominent we have seen in 
the GIA Gem Laboratory. 

The infrared spectrum (figure 8) 
showed no nitrogen- or boron-related 
absorption, which suggests that it is a 
type Ila diamond. This was supported 
by the ultraviolet (UV)-visible absorp- 
tion spectrum, which did not show any 
absorption peaks. Unlike typical type 
Ila diamonds, this stone displayed a 
moderately strong yellow fluorescence 


Figure 6. Spectroscopic analysis of 
this 5.04 ct D-color diamond 
revealed that it contains very 
unusual micro-inclusions of solid 
CO, as well as carbonates. 
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Figure 7. Hazy, undulatory grain- 
ing is evident throughout the dia- 
mond in figure 6. This is the most 
intense graining seen so far in the 
laboratory, and it severely affect- 
ed the diamona’s clarity grade 
(SI,). Image width is 8.0 mm. 


to short-wave UV radiation. In the 
Diamond Trading Company (DTC) 
DiamondView, a moderately strong 
blue-gray fluorescence and weak blue- 
gray phosphorescence were observed; 
the undulatory appearance was also 
apparent (figure 9). Natural type Ia dia- 
monds rarely phosphoresce. 

The IR spectrum exhibited strong 
absorptions of fundamental modes of 
solid CO, at ~2376 (v3) and ~651 (v2) 
cm~!. These two absorptions were so 
strong that their positions could not be 
precisely determined. Weak combina- 
tion modes at 5141.3, 5019.5, 3753.8, 
and 3625.3 cm™! also were observed. 
Close examination of these absorption 
positions and comparison with high- 
pressure spectral data of solid CO, 
revealed that the positions of these 
combination modes closely fit those 
seen in solid CO, under a pressure of 
6.3 + 0.4 GPa at room temperature (see 
R. C. Hanson and L. H. Jones, “Infrared 
and Raman studies of pressure effects 
on the vibrational modes of solid CO,,” 
Journal of Chemical Physics, Vol. 75, 
1981, pp. 1102-1112). This pressure is 
higher than the 5 + 0.5 GPa in the 
stone reported by Schrauder and Navon 
(1993). Extrapolation to a mantle tem- 
perature of 1,200°C results in a pres- 
sure of 9.2-9.7 GPa, about 270-290 km 
in mantle depth. These very likely rep- 
resent the conditions under which the 
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Figure 8. In the IR spectrum of the diamond in figure 6, strong absorptions of solid 
CO, occur at approximately 2376 and 651 cm. Weak combination modes at 
$141.3, 5019.5, 3753.8, and 3625.3 cm also were observed; the weak absorptions 
at 1474.1 and 886.2 cm are most likely from micro-carbonate inclusions. 


diamond originally crystallized. These 
pressure regimes are much higher than 
those in which most natural diamonds 
have grown (5-6 GPa), which further 
indicates that this diamond formed 
deeper in the mantle. 

The weak absorptions observed at 
1474.1 and 886.2 cm (again, see figure 
8) are most likely from micro-carbon- 
ate inclusions. These peak positions do 
not entirely fit with those of published 
calcite or magnesite positions at ambi- 
ent conditions, and a pressure effect 


Figure 9. The undulatory graining 
seen in figure 7 is also apparent 
in the DTC DiamondView fluo- 
rescence image. 
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like that of solid CO, is highly possible. 
The weak absorptions at 1274.3, 
1113.5, 990.8, and 827.7 cm! may be 
from other components that also occur 
as micro-inclusions. However, their 
assignment is not clear at this 
moment. Raman spectroscopy showed 
no Raman peaks for solid CO, or car- 
bonates, but it did reveal many unusual 
photoluminescence emissions at liq- 
uid-nitrogen temperature using 488 nm 
laser excitation (figure 10). Except for 
the 3H emission at 503.5 nm, little is 
known about the assignment of other 
observed lines, which rarely occur in 
“standard” natural diamonds. 

We believe the micro-inclusions 
and associated graining are the main 
cause of the undulatory hazy appear- 
ance. The micro-inclusions of solid 
CO, and carbonates in this gem dia- 
mond indicate a localized pocket of car- 
bonate-rich material within the deep 
mantle (>200 km). Furthermore, this 
environment must have been stable 
for an extended period, allowing for 
the growth of this fairly large gem-qual- 
ity diamond. This diamond represents 
the largest of those so far reported 
from the deep mantle. It is an unusual 
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Figure 10. Except for the 3H emission at 503.5 nm, little is known about the assign- 
ment of the many photoluminescence emissions observed in the 5.04 ct diamond. 


stone not only because of its special 
gemological properties but also for its 
importance in studying the earth’s 

mantle and diamond formation. 
Wuyi Wang, TM, Kyaw Soe Moe, 
and Andy Hsi-Tien Shen 


Light Blue Diamond, 

with Type IIb and Ila Zones 

Like some forms of nitrogen, boron 
occurs as individual atoms substitut- 
ing for carbon in the diamond struc- 
ture. However, boron and nitrogen 
typically do not coexist in natural dia- 
monds. Unlike nitrogen-bearing dia- 
monds and synthetic blue diamonds, 
which frequently exhibit distinctive 
growth zoning (best seen with the 
DTC DiamondView}, most natural 
type IIb diamonds appear to have no— 
or only very subtle—zoning. 

An interesting 0.67 ct light blue 
pear shape was recently submitted to 
the West Coast laboratory for grading 
(figure 11, left). Initial infrared absorp- 
tion spectroscopy indicated that this 
diamond was type Ila, which suggested 
that the color was due to radiation- 
related defects. Low-temperature visi- 
ble absorption spectroscopy, however, 
revealed the spectrum of a colorless Ia 
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diamond with no evidence of radiation 
damage. The discrepancy between the 
spectroscopy and the light blue body- 
color led us to undertake a careful 
gemological examination. 

The diamond was inert to long- 
wave UV radiation and fluoresced a 
very weak yellow to short-wave UV, 
with brief, very weak blue phosphores- 
cence. When tested with a gemological 
conductometer, the stone showed 
slight electrical conductivity in certain 
directions. No color zoning was appar- 
ent when the pear shape was viewed 


with the microscope and diffused 
white light. Because in general these 
properties are consistent with type Ib 
diamonds, we decided to perform 
detailed UV imaging and collect spec- 
troscopic data from different parts of 
the stone. 

Phosphorescence in type IIb dia- 
monds directly reflects the presence of 
boron, so we examined the diamond 
using the phosphorescence setup of 
the DiamondView to try to map the 
boron distribution. We were able to see 
small blue phosphorescent areas near 
the head and point of the pear shape 
that were not visible in the belly (fig- 
ure 11, right). The degree to which the 
phosphorescent areas near the point 
represented boron enrichment is 
unclear, due to the tendency of pear- 
shaped brilliant cuts to collect color at 
the point. Our initial spectroscopic 
data had been collected by passing the 
beam through the girdle of the dia- 
mond at the belly; however, when the 
same measurements were taken near 
the head (where we saw the phospho- 
rescent areas), the new absorption 
spectra revealed the presence of low 
concentrations of boron (figure 12). 
Although it is possible that hydrogen- 
boron complexes within the diamond 
may contribute to some of the 
observed features, the distinct differ- 
ences in phosphorescence and the 
spectroscopic data collected from vari- 
ous parts of the stone strongly suggest 
that the diamond consisted of a mix- 


Figure 11. This 0.67 ct Light blue pear-shaped diamond (left) was submit- 
ted for a colored diamond grading report. A DiamondView phosphores- 

cence image (right) shows weak blue phosphorescence concentrated near 
the head and point of the pear shape. 
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Figure 12. Mid-infrared (top) and visible (bottom) absorption spectra were col- 
lected from two different portions of the Light blue diamond, as indicated by 
the two lines in the phosphorescence image (top, inset). As would be expected 
from that image, the presence of boron is apparent only in the no. 2 spectra, as 
evident from the 2803 cm" IR feature and the increase in absorption at the 
red end of the visible spectrum (~600-700 nm). 


ture of type Ila and IIb zones. 

The Lab Notes section has pub- 
lished reports on a few other mixed 
type Ila and IIb diamonds (see Fall 
1963, p. 85; Winter 1966-1967, p. 116; 
Fall 1993, p. 199; Summer 2000, pp. 
156-157). Although spectroscopic data 
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were not available from these reports, 
the nature of the type Ila/IIb zoning 
appears very similar to that of the dia- 
mond described here. This type of 
zoning in blue diamonds may be more 
common than we have believed. 
Christopher M. Breeding 
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Natural Type Ib Diamond with 
Unusually High Nitrogen Content 
Nitrogen is by far the most common 
impurity in diamonds. If most of the 
nitrogen in a diamond is present as 
isolated nonaggregated atoms within 
the crystal lattice (i.e., single substitu- 
tional N, or C-centers), the diamond is 
considered to be type Ib. Even very 
small amounts of this type of nitrogen 
(<10 ppm) can produce vivid yellow or 
orange-yellow colors, sometimes 
resulting in the highly sought-after 
“canary” diamonds (see, e.g., the arti- 
cle by J. M. King et al. on pp. 88-115 
of this issue). Most natural type Ib dia- 
monds contain less than 100 ppm of 
single substitutional N, though syn- 
thetic diamonds commonly contain 
much more. The concentration of C- 
centers in synthetic yellow diamonds 
typically ranges up to ~200 ppm, but 
may be even higher in deeply saturat- 
ed yellow-orange or brown colors. 

The West Coast laboratory recent- 
ly had the opportunity to examine a 
natural diamond with unusually high 
Ib nitrogen content. The 0.24 ct Fancy 
Dark pink-brown oval cut shown in 
figure 13 contained so much nitrogen 
that the signal intensity in the region 
of the mid-infrared absorption spec- 
trum where nitrogen is measured (the 
one-phonon region, ~1400-800 cm™!) 
exceeded the limits of our detector. 
Higher-resolution data revealed that 
the diamond was mostly type Ib with 


Figure 13. This 0.24 ct Fancy 
Dark pink-brown oval-cut dia- 
mond proved to have an unusual- 
ly high type Ib nitrogen content. 
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Figure 14. The mid-infrared absorption spectrum of the diamond in 
figure 13 displays peaks at 1344 and 1130 cm”, indicating a very high 
type Ib nitrogen content, as well as some type IaA nitrogen and small 
amounts of hydrogen. 


Figure 15. The visible spectrum of the diamond in figure 13 shows 
complete absorption below ~515 nm and a broad band centered at 
~610 nm; the latter probably contributes the pink component to 
the diamond’s color. 
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some type IaA (aggregated) N and also 
contained minor hydrogen (figure 14). 
Using FTIR software specially 
designed to measure nitrogen concen- 
trations in diamond, we calculated lev- 
els of 364 ppm Ib nitrogen and 132 
ppm IaA. This diamond contained 
more Ib nitrogen than any previous 
natural or synthetic diamond that we 
can recall examining in the laboratory. 
It is unusual that a diamond with such 
a high N content escaped aggregation 
and remained in its isolated form. 

When examined with magnifica- 
tion, the diamond showed irregular 
color zoning and only a few small 
“feathers” and needle-like inclusions, 
similar to those we have previously 
seen in type Ib yellow diamonds (see, 
e.g., Spring 1994 Lab Notes, pp. 
41-42, King et al., 2005). Strain was 
very weak and was localized around 
the inclusions. The diamond showed 
no reaction to either long- or short- 
wave UV radiation from a handheld 
lamp. In the desk-model spectroscope, 
general absorption was present below 
~510 nm. More detailed data, collect- 
ed at cryogenic temperatures using a 
high-resolution visible absorption 
spectrometer, revealed very strong 
absorption through most of the visi- 
ble spectrum, with complete absorp- 
tion below ~515 nm due to the abun- 
dance of Ib nitrogen (figure 15). The 
steady increase in absorption toward 
the blue end of the spectrum was 
accompanied by a broad band cen- 
tered at ~610 nm that likely con- 
tributed the pink component of the 
face-up color. The origin of this band 
is unclear, but it may be an extension 
of the deformation-related 550 nm 
band that produces pink-red color in 
other natural diamonds. 

The diamond was also examined 
with the DTC DiamondView. Several 
irregularly zoned areas of very weak 
green fluorescence were separated by 
more intense green boundaries. The 
zoning pattern of one region on the 
table was particularly interesting 
because it resembled the skeleton of a 
fish (figure 16). The reason for this 
unusual zoning pattern is not known 
at this time. 
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Figure 16. When exposed to 
strong short-wave UV radiation 
in the DTC DiamondView, the 
0.24 ct pink-brown diamond 
shows zones that resemble the 
skeleton of a fish. 


This stone is an excellent exam- 
ple of a rare and unique scientific 
treasure that belies its unremarkable 
appearance. 

Christopher M. Breeding 


Figure 17. This large cavity in an 
8.38 ct diamond does not resem- 
ble any natural etch channels or 
laser drill holes seen previously in 
the laboratory. Magnified 35x. 
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With Unusual Laser Drill Holes 
Over the past few years, the challenges 
posed by innovative diamond laser 
drilling techniques have increased 
markedly (see S. F. McClure et al., “A 
new lasering technique for diamond,” 
Summer 2000 Gems & Gemology, pp. 
138-146; Summer 2002, Lab Notes, pp. 
164-165). Recently, a sharp-eyed dia- 
mond grader in the East Coast labora- 
tory noticed something very strange in 
an 8.38 ct round brilliant and brought 
it to the attention of the Identification 
Department. 

Our experience has been that 
laser drill holes are circular in appear- 
ance, while etch channels are angu- 
lar, as they follow the diamond’s 
crystal structure. The large cavities 
in this diamond (see, e.g., figure 17) 
were unlike any natural etching we 
have previously encountered. Yet, 
where they reached the surface, these 
“holes” were neither round nor angu- 
lar; rather, their outlines consisted of 
numerous semicircles (figure 18). 
Long grooves, some of them with a 
black residue, ran down the length of 
the cavities (figure 19). These unusu- 
al striations mimicked what is char- 
acteristically seen in naturally occur- 
ring etch channels; if not scrutinized 
carefully, they could have been dis- 
missed as natural inclusions. 


Figure 18. Where the drill holes 
reach the surface of the dia- 
mond, they show an unusual 
outline, again unlike any previ- 
ously encountered in the lab. 
Magnified 105x. 
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In this case, however, all of the 
questionable cavities tapered to solid 
inclusions (again, see figure 17). In 
addition, the grooves were rounded 
along their edges, and the dark color 
and sugary texture were reminiscent 
of laser drilling, which is known to 
leave a black residue. All of these 
clues led us to conclude that the cavi- 
ties in this diamond were caused by 
laser drilling, perhaps the result of sev- 
eral holes drilled into the same area. 

One could speculate that the 
drillers of this diamond were either 
trying to mimic natural etch chan- 
nels or perhaps had outlined some 
near-surface crystals and drilled them 
completely out. 

Joseph Astuto and Thomas Gelb 


Yellowish Orange 
MAGNESIOAXINITE 
The West Coast laboratory recently 
examined a 4.90 ct transparent brown- 
ish yellowish orange piece of rough 
(figure 20) that was submitted for 
identification by JOEB Enterprises of 
San Diego, California. This piece of 
rough, reportedly from Tanzania, was 
tabular in shape (17.75 x 8.86 x 3.64 
mm) with parallel striations on some 
of its crystal faces. 

Observation with a polariscope 
revealed a distinct biaxial optic figure. 


Figure 19. Dark, rounded grooves 
along the length of this cavity in 
the 8.38 ct diamond are further 
indications of laser drilling. 
Magnified 45x. 
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Figure 20. This 4.90 ct piece of 
rough, reportedly from Tanzania, 
is the first known sample of yel- 
lowish orange magnesioaxinite 
seen in the GIA Gem Laboratory. 


The material also displayed moderate 
yellow and orange pleochroism. A 
small flat that had been polished on 
the surface allowed us to obtain refrac- 
tive indices of a = 1.657, B = 1.660, and 
y = 1.668, resulting in a birefringence 
of 0.011 and indicating that the optic 
sign was positive. The specific gravity, 
measured hydrostatically, was 3.18. 
The sample fluoresced moderate 
orange to long-wave UV radiation and 
weak orange to short-wave UV. Using 
a desk-model spectroscope, we ob- 
served only a broad absorption band 
from 450 to 520 nm. Examination 
with a gemological microscope 
revealed “fingerprints,” fractures, nee- 
dles, negative crystals, and distinct 
orange-yellow and near-colorless zon- 
ing. The identification of this sample 
did not appear to be straightforward 
on the basis of physical and optical 
properties alone, so we proceeded with 
more advanced testing. 

Both Raman and X-ray powder 
diffraction analysis identified the 
material as a member of the axinite 
group. Axinite, Ca,(Fe, Mn, Mg)A1,B 
Si,O,.(OH), is a borosilicate mineral 
group made up of a solid-solution 
series with three end members: fer- 
roaxinite, manganaxinite, and magne- 
sioaxinite. The species designation 
depends on the relative amounts of 
iron, manganese, and magnesium, 
respectively. The R.I. and S.G. of the 
sample in question were almost iden- 
tical to those reported for blue magne- 
sioaxinite from Tanzania (E. A. 
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Jobbins et al., “Magnesioaxinite, a 
new mineral found as a blue gem- 
stone from Tanzania,” Journal of 
Gemmology, Vol. 14, 1975, pp. 
368-375). Puzzled by the fact that we 
were unable to locate any reference to 
magnesioaxinite with a yellowish 
orange color, we asked one of our 
research scientists to take the sample 
to Rutgers University in New Jersey 
for electron-microprobe analysis. 

Analyses from three different spots 
indicated that the sample was chemi- 
cally homogenous. Average results 
(reported in weight percent) were as 
follows: 46.74 SiO,, below the detec- 
tion limit for TiO,, 18.39 ALO,, 0.01 
FeO, 0.80 MnO, 6.73 MgO, 2.1.53 
CaO, 0.03 Na,O, and 0.01 K,O. This 
composition was consistent with that 
of the blue magnesioaxinite from 
Tanzania (see Jobbins et al., 1975; G. 
B. Andreozzi et al., “Crystal chemistry 
of the axinite-group minerals: A 
multi-analytical approach,” American 
Mineralogist, Vol. 85, 2000, pp. 
698-706). Vanadium was present as a 
minor constituent (0.13 wt.% V,O,) in 
the blue magnesioaxinite, and EDXRF 
analysis detected trace amounts of 
vanadium in the yellowish orange 
sample; unfortunately, quantitative 
microprobe data for vanadium were 
not collected. 

In addition to the blue samples 
from Tanzania discussed above, 
brown-to-pink magnesioaxinite has 
been reported from Luning, Nevada. 
The material from Nevada has con- 
siderably less magnesium and more 
iron and manganese than the 
Tanzanian material (P. J. Dunn et al., 
“Magnesioaxinite from Luning, 
Nevada, and some nomenclature des- 
ignations for the axinite group,” 
Mineralogical Record, Vol. 11, 1980, 
pp. 13-15; Andreozzi et al., 2000). 
The Nevada samples contained just 
enough magnesium to fall within the 
broad magnesioaxinite range of the 
series, whereas the composition of 
the Tanzanian material was much 
closer to that of the pure magnesioax- 
inite end member. The difference in 
major-element chemistry between 
these two sources most likely 
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explains their differences in color. 
The brownish yellowish orange 
magnesioaxinite described here was 
similar in properties and chemistry to 
the blue Tanzanian material, which 
suggests that the yellowish orange 
color is probably not due simply to 
variations in iron, magnesium, and 
manganese. It is possible that varia- 
tions in trace elements such as vana- 
dium may contribute to the color, but 
as yet we do not know its true cause. 
Elizabeth P. Quinn and 
Christopher M. Breeding 


CULTURED PEARL 
With Cultured-Pearl Nucleus 


It is always exciting to discover the 
unexpected on a pearl radiograph. 
When the pendant in figure 21 arrived 
at the West Coast laboratory for a rou- 
tine identification, we anticipated 
nothing unusual. However, the X- 
radiographs used in pearl analysis 
sometimes reveal surprises, and this 
proved to be one such specimen. 

The baroque pearl measured 16.00 
x 13.50 mm in width and depth. (We 
could not measure the length because 


Figure 21. This 16.00 x 13.50 mm 
baroque cultured pearl contained 
an unusual surprise. 
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Figure 22. The X-radiograph of 
the cultured pearl in figure 21 
revealed another cultured pearl 
as its nucleus, with bead and 
nacre clearly defined. 


part of the pearl was covered by the 
mounting.) The X-ray luminescence 
was very weak, indicating that it 
might be a cultured pearl with thick 
nacre. However, X-radiography 
revealed that the nucleus did not 
merely consist of the expected moth- 
er-of-pearl bead, but it was in fact an 
entire cultured pearl with its own 
bead nucleus and nacre clearly 
defined on the radiograph (figure 22). 
We have seen other cultured 
pearls with cultured-pearl nuclei; for 
example, we recently examined a 
semibaroque cultured pearl (approxi- 
mately 18 ct) that appeared to con- 
tain a separate tissue-nucleated cul- 
tured pearl in its core (figure 23). 
The use of poor-quality cultured 
pearls as bead nuclei is a practice 
that has been known for a number 
of years, though it is unclear how 
common this practice is and we see 
very few such cultured-pearl nuclei 
in the laboratory. Nevertheless, 
gemologists relish having their rou- 
tines broken by these small but 
delightful discoveries. 
CYW 
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Figure 23. The ~18 ct cultured 
pearl in this X-radiograph appears 
to have a separate tissue-nucleat- 
ed cultured pearl at its core. 


Dyed “Golden” Freshwater 
Cultured Pearls 
A graduated strand of what appeared to 
be “golden” South Sea cultured pearls 
arrived at the West Coast laboratory 
for identification (figure 24). We rou- 
tinely examine these types of cultured 
pearls to determine whether or not 
they are dyed. This strand, however, 
provided another unexpected result. 
Magnification revealed that the 
string knots between the cultured 
pearls were yellow, while the rest of 


the string was white. There also were 
concentrations of darker yellow 
around some of the drill holes (figure 
25). These preliminary observations 
suggested that the color was artificial 
in origin. The reaction to long-wave 
UV radiation also was characteristic 
of treated-color pearls: Some fluo- 
resced medium orangy yellow (occa- 
sionally mottled with blue), while 
others were medium pink with 
uneven orange mottling (figure 26). 
Naturally and uniformly colored yel- 
low pearls evenly fluoresce yellow to 
greenish yellow or greenish brown to 
brown to long-wave UV; pink and 
orange components, along with blue 
patches and other mottling, are 
inconsistent with an evenly dis- 
tributed natural color. 

UV-Vis reflectance spectra were 
collected by research gemologist 
Shane Elen. The spectra consistently 
revealed a strong absorption trough in 
the blue region at approximately 
415-440 nm rather than a deeper 
trough in the UV region at approxi- 
mately 330-385 nm. These results 
are consistent with dyed yellow salt- 
water cultured pearls (see S. Elen, 
“Spectral reflectance and fluorescence 
characteristics of natural-color and 
heat-treated ‘golden’ South Sea cul- 
tured pearls,” Summer 2001 Gems & 


Figure 24. This strand of 34 dyed freshwater cultured pearls (approximate- 
ly 10.60-11.70 mm) at first appeared to be typical “golden” South Sea cul- 


tured pearls. 
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gemological education, Dr. Ball is a member of the G.ILA. 
Examining Board, the Examinations Standards Board, the Educa- 
, tional Advisory Board of the Gemological Institute of America 
and recently served as a member of its first Board of Visitors. 
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Figure 25. Color concentrations 
around the drill holes of these 
freshwater cultured pearls, along 
with the yellow coloring on the 
knots of the string, indicate the 
presence of dye. 


Gemology, pp. 114-123). 

Treated-color yellow South Sea 
cultured pearls have become com- 
monplace. The surprise with this 
necklace came while examining the 
X-radiographs. Rather than the 
expected bead nuclei, the radiographs 
revealed the characteristic structure 
of tissue-nucleated cultured pearls, 
immediately raising suspicion of 
freshwater origin. 

EDXRE analysis (also performed 
by Shane Elen) confirmed a level of 
manganese that was consistent with 
a Texas freshwater pearl in the refer- 
ence file. Mn can be found as a trace 
element in some saltwater pearls, but 
the amount present in these cultured 
pearls excluded the possibility of salt- 
water origin, thus proving they were 
freshwater cultured pearls that had 
been dyed to resemble “golden” 
South Sea cultured pearls. It is inter- 
esting to note that while the varied 


Figure 26. The mottled pink and 
orange long-wave UV fluores- 
cence of these cultured pearls is 
consistent with treated color. 


intensity (weak to strong) of the X- 
ray luminescence had supported the 
possibility of bead nucleation, it also 
was consistent with colored freshwa- 
ter tissue-nucleated cultured pearls. 
Although we do not have compar- 
ative UV-Vis spectra for dyed or natu- 
ral-color yellow freshwater cultured 
pearls, the concentrations of color 
around the drill holes and unusual 
UV fluorescence behavior proved that 
these samples were dyed. 
CYW 


More on Copper-Bearing 
Color-Change TOURMALINE 

from Mozambique 

The Fall 2004 Lab Notes section (pp. 
250-251) reported on three unusual 
samples of copper-bearing tourma- 
line that displayed a strong and dis- 
tinct “reverse” color change from 
grayish purple or purple in fluores- 
cent light to gray—bluish green or 


gray in incandescent light (figure 27). 
We have now obtained quantitative 
chemical data on all three of these 
samples; after the table of the pear- 
shaped preform was polished (with 
the client’s permission), the stones 
were analyzed by electron micro- 
probe by Dr. William B. (Skip) 
Simmons and Alexander U. Falster 
at the University of New Orleans in 
Louisiana. 

The analyses (table 1) show that 
the tourmalines are elbaite, with 
slight variations in composition. Their 
major-element compositions are com- 
parable to those reported for cuprian 
elbaite from the Paraiba and Rio 
Grande do Norte states in Brazil (see, 
e.g., J. E. Shigley et al., “An update on 
‘Paraiba’ tourmaline from Brazil,” 
Winter 2001 Gems & Gemology, pp. 
260-276). However, their Cu contents 
were significantly lower than those 
reported for “Paraiba” tourmaline: 
They ranged from below the detection 
limit (<0.008) to 0.09 wt.% CuO. 
These values also are significantly 
lower than those reported for most of 
the cuprian tourmalines from Nigeria 
that have been analyzed (see Gem 
News International, Fall 2001, pp. 
239-240, and Spring 2002, pp. 99-100). 

Only minute amounts of Fe and 
Ti were detected in some analyses of 
each stone. Although EDXRF analy- 
sis had detected Ga and Bi (again, see 
the Fall 2004 Lab Note), these ele- 
ments were below the detection lim- 
its of the electron microprobe. The 
traces of Pb measured in some analy- 
ses are consistent with those found 
in cuprian elbaite from other locali- 
ties, and the client confirmed that no 


Figure 27. These three color-change tourmalines, reported to be from Mozambique (viewed in fluorescent 
light at left and incandescent light at right), contain Mn and Cu as their primary chromophores. They weigh 


5.37, 5.47, and 5.68 ct. 
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TABLE 1. Electron-microprobe analyses of three samples of color-change 
elbaite tourmaline from Mozambique.? 


Chemical 5.37 ct grayish 5.68 ct purple 5.47 ct purple 
compostion purple oval emerald cut pear preform 
Oxides (wt.%) 
SiO, 36.61-36.77 36.61-36.86 36.69-36.87 
TiO, 0.01-0.04 bdl-0.01 bdl-0.01 
B,O.° 10.98-11.00 11.01-11.06 11.03-11.12 
A\,O, 41.58-41.76 42.51-42.77 42.538-42.79 
V0.3 bdl-0.02 0.08-0.15 0.08-0.11 
FeO 0.02-0.05 bdl-0.01 bdl-0.01 
MnO 1.94-2.14 0.07-0.11 0.11-0.15 
CuO bdl-0.09 bdl-0.03 bdl-0.03 
SrO 0.02-0.08 0.02-0.04 0.02-0.03 
CaO 0.45-0.51 0.72-0.89 0.60-0.68 
PbO bdl-0.02 bdl-0.04 bdl 
ZnO bdl bd+-0.03 bdl-0.04 
Li,O° 1.77-1.84 1.94-2.06 1.95-2.16 
Na,O 1.95-2.14 1.48-1.78 1.67-1.80 
K,O bdl bdl-0.04 bdl 
H,0° 3.35-3.39 3.33-3.37 3.32-3.36 
F 0.84—-0.95 0.94-0.99 0.97-1.03 
Sum 99.98-100.31 99.13-99.78 99.32-99.69 
-O=F 0.35-0.40 0.40-0.42 0.41-0.43 
Total 99.60-99.91 98.73-99.36 98.89-99.25 
lons on the basis of 31 (O,OH,F) 
Si 5.796-5.817 5.769-5.789 5.764-5.791 
Al 0.183-0.204 0.211-0.231 0.209-0.236 
T sum 6.000 6.000 6.000 
B 3.000 3.000 3.000 
Al 2) 6.000 6.000 6.000 
Al 1.545-1.575 1.661-1.741 1.601-1.729 
Vs bdl-0.002 0.011-0.018 0.009-0.014 
Ti 0.002-0.004 bdl-0.001 bdl-0.001 
Fe?* 0.003—0.006 bdl-0.001 bdl-0.001 
Mn 0.259-0.287 0.009-0.014 0.014-0.019 
Cu bdl-0.011 bdl-0.004 bdl-0.003 
Sr 0.001—0.007 0.002-0,.003 0.001—0.003 
Pb bdl-0.001 bdl-0.002 bdl 
Zn bdl bdl-0.004 bdl-0.004 
ui 1.126-1.173 1.233-1.302 1.239-1.361 
Y sum 3.000 3.000 3.000 
Ca 0.076—0.086 0.121-0.150 0.101-0.115 
Na 0.598-0.658 0.452-0.543 0.509-0.548 
K bdl bdl-0.008 bdl 
Vacancy 0.256-0.326 0.309-0.426 0.340-0.391 
X sum 1.000 1.000 1.000 
F 0.422-0.475 0.468-0.491 0.480-0.511 
OH 3.525-3.578 3.509-3.532 3.489-3.520 


@ Analyzed with an ARL SEMQ electron microprobe, using an accelerating voltage of 15 kV, a beam cur- 
rent of 15 nA, a spot size of 2 wm, and 100-second count times for each spot. Ranges are shown for five 
points analyzed on each sample. Mg, Cr, Sc, Ga, Bi, and Cl were analyzed but were at or below the detec- 
tion limit (except for 0.01 wt.% MgO in one analysis). Abbreviation: bal = below detection limit. 


® Values for B,O;, Li;0, and H,O were calculated based on an assumed elbaite tourmaline stoichiometry. 
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lead-containing compounds were 
used in the cutting and polishing pro- 
cess. Thus, the speculation in the pre- 
vious entry about Pb contamination 
from the polishing compound residue 
was probably erroneous. 

The transition metals Mn, Fe, Ti, 
and Cu are the primary color-causing 
agents in tourmaline, in addition to V 
and Cr (W. B. Simmons et al., “Gem 
tourmaline chemistry and paragene- 
sis,” Australian Gemmologist, Vol. 21, 
2001, pp. 24-29). The oval stone con- 
tained much more Mn than the other 
two samples. Its Mn content was com- 
parable to that found in “Paraiba” 
tourmaline and similar to or slightly 
higher than that reported in cuprian 
elbaite from Nigeria (again, see Gem 
News International, Fall 2001, pp. 
239-240, and Spring 2002, pp. 99-100). 
The emerald cut and pear-shaped pre- 
form had appreciably less Mn than has 
been reported in “Paraiba” tourmaline 
and in three violet-blue cuprian 
elbaites from Nigeria, but it fell within 
the lower range reported for four green- 
ish blue Nigerian cuprian elbaites. 

By correlating the chemical com- 
position with the UV-Vis-NIR spectra 
of all three stones (figure 28), the par- 
ticular chromophores and the color- 
change phenomenon can be better 
understood. Each stone had a broad 
absorption peak centered around 515 
nm (attributed to Mn**). In addition, 
Cu?* peaks were centered at approxi- 
mately 690 and 900 nm (Ec), or 720 
and 910 nm (Ellc). The latest data con- 
firm our preliminary conclusion that 
manganese—specifically, Mn** resid- 
ing in the Y crystallographic site—is 
one of the primary coloring agents of 
this material. Although the Cu con- 
centrations are significantly lower 
than those of cuprian elbaites from 
Brazil and Nigeria, the presence of cop- 
per is also contributing to the color; 
however, the absorption caused by 
Mn** in these specimens most likely 
explains their less saturated and more 
purplish color in fluorescent light, 
along with the presence of some pink- 
ish zones, as compared to the more 
intensely colored copper-induced blue 
hues of “Paraiba” tourmaline. 
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Figure 28. These polarized UV-Vis-NIR spectra for the three Mozambique 
tourmalines (Ec, top; Ellc, bottom) show a broad absorption peak centered 
around 515 nm (attributed to Mn**), with transmission “windows” on either 
side centered at approximately 420-450 nm and 570-580 nm. These sepa- 
rate transmission maxima could account for the color-change phenomenon 
observed in these stones. The peaks from approximately 1400 to 1500 nm are 
due to OH groups. The inferred optical path lengths are as follows: emerald 
cut ~7 mm, pear-shaped preform ~8 mm, and oval ~6—8 mm. Spectra have 


been shifted vertically for clarity. 


Although the concentrations of V 
were nearly equal to those of Mn in 
both the emerald cut and pear-shaped 
preform, and they exceeded the con- 
tents of Cu in the same stones, the 
absorption spectra do not show any 
indication of the V** peaks (599-610 
nm and 418-440 nm) that have been 
reported for tourmaline (K. Schmetzer, 
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“Absorption spectroscopy and colour 
of V**-bearing natural oxides and 
silicates—A contribution to the crystal 
chemistry of vanadium,” Neues Jahrbuch 
flir Mineralogie, Abhandlungen, Vol. 
144, No. 1, 1982, pp. 73-106 [in 
German]}; therefore, there is no evi- 
dence that V** is contributing to the 
color of these stones. 
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The color-change phenomenon 
may be explained by the transmission 
“windows” on either side of the Mn** 
absorption peak. These separate trans- 
Mission maxima are centered at 
approximately 420-450 nm (the violet 
to “purple” spectral region) and 
570-580 nm (the greenish yellow to 
yellow-orange region; again, see figure 
28). However, often it is not possible 
to explain the observed color of a sam- 
ple on the basis of the absorption spec- 
tra alone. Although the colors of our 
samples correspond to the approxi- 
mate regions of maximum transmis- 
sion in the absorption spectra, they do 
not correlate exactly; additional fac- 
tors such as variables in the composi- 
tion of the stones, lighting and view- 
ing conditions, the manner in which 
color perception varies between indi- 
viduals, and other considerations com- 
bine to determine the actual hues 
observed by each viewer (Y. Liu et al., 
“A colorimetric study of the alexan- 
drite effect in gemstones,” Journal of 
Gemmology, 1999, Vol. 26, No. 6, pp. 
371-385). Thus, the exact cause of the 
reverse nature of the color change (rel- 
ative to the “alexandrite effect”) 
remains unknown. We are confident, 
however, that the unusual phe- 
nomenon could be further explained 
with a detailed colorimetric study in 
conjunction with the absorption 
spectra. 

Although these Mozambique 
tourmalines were found to have 
much lower copper contents than 
their Brazilian and Nigerian counter- 
parts, they do expand the geographic 
locales where copper-bearing elbaite 
has been found. 

CYW, Eric Fritz, and 
Sam Muhlmeister 
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COLORED STONES AND 
ORGANIC MATERIALS 


Demantoid from northern Pakistan. At the February 
2004 Tucson gem shows, one of us (BML) was shown 
some attractive demantoid that was reportedly from 
northern Pakistan. The dealer who had the material, 
Syed Iftikhar Hussain (Syed Trading Co., Peshawar, 
Pakistan), indicated that it came from the Kaghan Valley 
area (Hazara district), which is the same region that hosts 
Pakistan’s famous peridot deposits. A visit to the mining 
area by Mr. Hussain revealed shallow open cuts within 
ultramafic rocks. The garnets occur as well-formed crys- 
tals in a soft white host rock that appears to consist 
mostly of talc. A small amount of rough was produced in 
2003, yielding a few dozen carats of faceted stones up to 


Figure 1. A small demantoid deposit, reportedly in 
northern Pakistan, is the source of these round bril- 
liants (0.30-0.60 ct) and matrix specimen. Note the 
strong color zoning in the two larger cut stones. GIA 
Collection nos. 31930-31932; photo by Maha Calderon. 


176 GEM News INTERNATIONAL 


EDITOR 
Brendan M. Laurs (blaurs@gia.edu) 


CONTRIBUTING EDITORS 

Emmanuel Fritsch, IMN, University of 
Nantes, France (fritsch@cnrs-imn.fr) 

Henry A. Hanni, SSEF, Basel, Switzerland 
(gemlab @ssef.ch) 

Kenneth V. G. Scarratt, GIA, Bangkok, Thailand 
(kscarratt@ aol.com) 

James E. Shigley, GIA Research, 

Carlsbad, California (jshigley@gia.edu) 


Christopher P. Smith, GIA Gem Laboratory, 
New York (chris.smith@gia.edu) 


3 ct (most ranged from melee to 1 ct). Since that time, 
there has been little additional production. 

One matrix specimen and three faceted demantoids 
(0.30-0.60 ct; figure 1) were donated to GIA by Mr. 
Hussain, and the cut stones were characterized by one of 
us (EPQ). Their color ranged from yellow-green to green, 
with two of the stones having fairly strong color zoning 
in green and lighter brownish greenish yellow. The face- 
up combination of these colors within the faceted stones 
created an almost pleochroic appearance. The three sam- 
ples showed the following additional characteristics: 
diaphaneity—transparent; R.1—over the limits of a stan- 
dard refractometer; S.G.—3.85-3.95; anomalous birefrin- 
gence—moderate to strong; fluorescence—inert to both 
long- and short-wave UV radiation; Chelsea filter reac- 
tion—weak pink; and a strong broad absorption band at 
440 nm and lines in the red end of the spectrum were 
observed with the desk-model spectroscope. Microscopic 
examination revealed fine wavy and/or curved needles in 
all three stones, as well as a few fractures. In two sam- 
ples, these needles occurred in clusters, creating partial 
“horsetail” inclusions. All three stones also contained 


Editor's note: The initials at the end of each item identify the 
editor or contributing editor who provided it. Full names and 
affilations are given for other contributors. Shane F. McClure 
and Dr. Mary L. Johnson of the GIA Gem Laboratory in 
Carlsbad are thanked for their internal review of the Gem 
News International section. 

Interested contributors should send information and 
illustrations to Brendan Laurs at blaurs@gia.edu (e-mail), 
760-603-4595 (fax), or GIA, 53845 Armada Drive, Carlsbad, 
CA 92008. Original photos will be returned after considera- 
tion or publication. 
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angular growth lines, and in two samples these lines 
formed an hourglass-like outline. 

These properties are similar to those reported for 
demantoid from Iran (see Spring 2002: Gem News Inter- 
national, p. 96). However, while the Iranian material typi- 
cally appears too dark in stones weighing more than 0.70 
ct, this was not the case for the 1-3 ct samples from 
Pakistan that Mr. Hussain showed us. 

Elizabeth P. Quinn (equinn@gia.edu) 
GIA Gem Laboratory, Carlsbad 


BML 


Pyrope-almandine from Ethiopia. According to Scott 
Davies of American-Thai Trading, Bangkok, small quanti- 
ties of purple to orange-red garnet from Ethiopia have been 
entering the gem trade in Thailand since June 2004. The 
slightly rounded rough pieces range up to 12. grams or larg- 
er. While most of the material is dark and contains abun- 
dant inclusions, a small percentage shows attractive color 
and good clarity. According to one supplier, Teferi Gobezie 
of Addis Ababa, Ethiopia, the garnet is mined at Baya 
Gundi, in the Hagare Mariam region of southern Ethiopia 
about 200 km from Kenya. Garnets are known from sever- 
al localities in southern Ethiopia (see “Gem resources in 
Ethiopia,” Jewellery News Asia, No. 209, 2002, p. 52) 

Mr. Davies kindly loaned and donated several rough 
and cut samples of this garnet to GIA. Examination of 
three faceted stones (1.35, 1.31, and 0.89 ct; figure 2) by one 
of us (EPQ) showed the following properties (listed in 
respective order, as appropriate): color—red, dark orange- 
red, and purplish pink; R.I—1.741, 1.744, and 1.757; S.G.— 
3.85, 3.84, and 4.00; and fluorescence—all three samples 
were inert to long- and short-wave UV radiation. With the 
desk-model spectroscope, all three samples showed weak 
absorption lines at 430, 460, and 620 nm, and stronger 
bands at 505, 520, and 570 nm. Microscopic examination 
revealed clusters of small, rounded, transparent, doubly 
refractive crystals in the red stone (which senior research 
associate Sam Muhlmeister identified as zircon by Raman 
analysis), small crystals, needles, and clouds of pinpoints in 
the dark orange-red sample; and pinpoint inclusions as well 
as large, transparent, flattened, doubly refractive crystals in 
the purplish pink stone (which could not be identified due 
to their position within the sample). The properties of these 
garnets are consistent with those reported for pyrope- 
almandine (see C. M. Stockton and D. V. Manson, “A pro- 
posed new classification for gem-quality garnets,” Winter 
1985 Gems e&) Gemology, pp. 205-218}. 

Elizabeth P. Quinn and BML 


New ruby and pink sapphire deposit in the Lake Baringo 
area, Kenya. At the February 2005 Tucson gem shows, one of 
us (DB) was shown about 180 grams of rough ruby and pink 
sapphire that were reportedly mined from a new locality in 
Kenya. Subsequently more information has become avail- 
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Figure 2. These samples (1.35, 1.31, and 0.89 ct) were 
selected to show the range of color of pyrope-almandine 
being produced from southern Ethiopia. GIA Collection 
nos. 31755-31757; photo by Maha Calderon. 


able, along with both rough and cut samples of this new 
corundum that reportedly have not been treated in any way. 

The deposit is located in the Kenya Rift Valley in the 
west-central part of the country, approximately 70 km east 
of Eldoret near Lake Baringo. In October 2001, a local gem 
prospector was shown samples of pink and red corundum 
from this area by members of the Tugen tribe who lived in 
Barsemoi. The prospector later visited the locality and col- 
lected samples of gem-quality corundum from a dry river 
bed. He applied for a license with the Kenya Commissioner 
of Mines, and after a two-year process received a mining 
permit for a 5 km” area. In June 2004, he resumed collect- 
ing surface material from the site and has obtained more 
than 2, kg of corundum, ranging from red to pink to pinkish 
violet. So far, approximately 350 stones have been faceted 
at his office in Eldoret, and the largest weigh 2.80 and 3.71 
ct (both oval cuts). Most of the stones range from 0.5 to 1.6 
ct, and are bright purplish pink to purplish red (figure 3). 

As of May 2005, approximately 400 local villagers were 
active in the region surrounding the original mining claim, 
expanding the corundum-bearing area to approximately 20 
km/?. Preliminary indications suggest that this area has the 
potential to become a significant source of untreated ruby 


Figure 3. A new corundum deposit in west-central 
Kenya is the source of these rubies and pink sapphires 
(0.34-1.64 ct). Courtesy of Dudley Blauwet Gems; 
photo by Maha Calderon. 
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Figure 4. Faceted sunstone from India was available 
in large quantities at this year’s Tucson gem show. 
The loose stones shown here weigh 5.13-8.06 ct, 
and the pendant contains a 20 ct sunstone set in 
18K white gold. Courtesy of Anil B. Dholakia Inc.; 
photo by Maha Calderon. 


and pink sapphire. The gemological properties of this 

corundum are currently being studied at GIA, and will be 
reported in a future issue of GWG. 

Dudley Blauwet (mtnmin@attglobal.net) 

Dudley Blauwet Gems, Louisville, Colorado 


BML 


Faceted orange and brown sunstone from India. At the 
2005 Tucson gem shows, Anil Dholakia of Anil B. 
Dholakia Inc., Franklin, North Carolina, had a large 
amount of faceted sunstone from Orissa, India. Although 
similar material has been produced from India in the past 
(see Summer 1995 Gem News, pp. 130-131), this sunstone 


Figure 5. Each of these three rectangular step-cut 
kyanites (2.31-7.39 ct) from Minas Gerais, Brazil, 
contains a well-formed inclusion of staurolite. Photo 
by Maha Calderon for microWorld of Gems. 
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was notable for the huge quantity of faceted stones avail- 
able. Mr. Dholakia had been accumulating the material for 
the past two years, and estimated that 75,000 carats were 
available, in calibrated rectangle and oval shapes from 6 x 
4 to 12 x 10 mm. Some of the stones were set in bracelets 
and pendants (see, e.g., figure 4). 

Mr. Dholakia loaned several samples to GIA for exami- 
nation, and gemological properties were collected on three 
emerald cuts (5.13-8.06 ct; again see figure 4) by one of us 
(EPQ): color—brownish orange and brown (color created by 
inclusions); diaphaneity—semitransparent to translucent 
(due to numerous inclusions); R.L—1.530 to 1.541, birefrin- 
gence—0.009 or 0.010; S.G.—2..63—2.64; Chelsea filter reac- 
tion—weak orangy pink; and fluorescence—inert to long- 
wave and weak red to short-wave UV radiation. Weak 
absorption in the blue and green areas of the spectrum was 
visible with the desk-model spectroscope. These properties 
are comparable to those reported for sunstone (aventures- 
cent oligoclase feldspar) by R. Webster (Gems, 5th ed., 
revised by P. Read, Butterworth-Heinemann, Oxford, 
England, 1994, pp. 215-216). Microscopic examination of 
the three samples revealed numerous angular transparent- 
to-semitransparent thin platelets that were reddish orange 
in transmitted light and iridescent in reflected light. These 
inclusions had the distinctive appearance of hematite, and 
this was confirmed with Raman analysis by senior research 
associate Sam Muhlmeister. 

Elizabeth P. Quinn and BML 


INCLUSIONS IN GEMS 


Staurolite in kyanite from Brazil. Faceted kyanite is gen- 
erally considered to be a gem for collectors of the unusu- 
al. While the intense blue to greenish blue color that it 
sometimes displays can be quite attractive, its perfect 
cleavage and somewhat low directional hardness (5-7 on 


Figure 6. This transparent dark yellowish brown crys- 
tal of staurolite formed a conspicuous inclusion in one 
of the Brazilian kyanites. Photomicrograph by John I. 
Koivula for microWorld of Gems; magnified 10x. 
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the Mohs scale) will always limit its use as a mainstream 
gemstone. One of the appealing features of kyanite for 
the gemologist, however, is the variety of interesting and 
colorful mineral inclusions it sometimes hosts. Among 
these are orange garnets, bright red rutile, and prisms of 
green tourmaline. 

At the 2005 Tucson gem shows, a small selection of 
faceted light bluish green kyanites containing another 
interesting mineral inclusion were offered by Luciana 
Barbosa of the Gemological Center, Belo Horizonte, Minas 
Gerais, Brazil. They were cut from material recovered near 
Barra do Salinas in Minas Gerais. 

Three rectangular step-cut kyanites (2.31, 3.44, and 
7.39 ct; figure 5) were examined for this report. Two of 
the samples were obtained from Ms. Barbosa, and the 
third was provided by William Pinch of Pittsford, New 
York. Included in each stone was a single, transparent, 
dark yellowish brown crystal (figure 6), which was well- 
formed with chisel-point terminations and a diamond- 
shaped cross-section. Ms. Barbosa stated that these inclu- 
sions were pseudo-orthorhombic crystals of staurolite, a 
monoclinic iron-aluminum silicate. The smallest stone 
also contained a partial crystal of the same mineral that 
was exposed on the pavilion surface and polished flat dur- 
ing faceting. This made it ideal for Raman analysis, by 
which we verified the identification as staurolite. 

Staurolite is virtually unknown as an inclusion. It has 
apparently only been reported as an unusual single inclu- 
sion in an eclogitic diamond (L. R. M. Daniels and J. J. 
Gurney, “A crustal mineral in a mantle diamond,” 
Nature, Vol. 379, No. 6561, 1996, pp. 153-156) and may 
also be found in metamorphic corundum. The identifica- 
tion of staurolite inclusions in kyanite is not completely 
surprising, however, since both minerals are primarily 
products of medium-grade regional metamorphism and 
are known to form in association with each other. 

John I. Koivula (johnkoivula@hotmail.com) 
West Coast AGTA Gemological Testing Center 
Carlsbad, California 


Maha Calderon 
Carlsbad, California 


Obsidian with spessartine inclusions. Although generally 
uninspiring as gems from a superficial macroscopic stand- 
point, transparent-to-translucent natural volcanic glasses 
frequently contain interesting inclusions. For example, 
very rare euhedral indialite crystals and transparent rods of 
sillimanite have been found in obsidian (see J. Hyrsl and V. 
Zacek, “Obsidian from Chile with unusual inclusions,” 
Journal of Gemmology, Vol. 26, No. 5, 1999, pp. 321-323). 

At the 2005 Tucson gem shows, Dr. Jaroslav Hyrsl, 
from Kolin, Czech Republic, had a few semitransparent 
brown obsidians that were faceted from rough he had 
obtained in Bolivia. One of these gems, pictured in figure 
7, had been cut into a 10.25 ct octagonal step cut. In strong 
incandescent light or bright direct sunlight, tiny sparkling 
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Figure 7. Even without magnification, small orange 
spessartine inclusions are clearly visible in this 10.25 
ct Bolivian obsidian. Photo by Maha Calderon for 
microWorld of Gems. 


orange inclusions could be seen even without magnifica- 
tion (again, see figure 7). Dr. Hyrsl stated that the inclu- 
sions had been identified as spessartine by X-ray diffrac- 
tion and chemical analysis. 

Gemological testing confirmed that the brown host 
gem was obsidian. With magnification, as seen in figure 8, 
the orange inclusions showed abundant crystal faces, and 
their isometric crystal form was consistent with the gener- 
al appearance of garnet. Examination between crossed 
polarizers confirmed they were isotropic, while their high 
relief and Becke line reaction showed that they had a much 
higher refractive index than the surrounding obsidian. As a 
further gemological exercise, microspectroscopy of these 
inclusions (performed through the optical system of a 
Leica gemological microscope) showed weak but visible 


Figure 8. Shown here are two of the more than a 
dozen well-formed spessartine inclusions observed in 
the Bolivian obsidian. Photomicrograph by John I. 
Koivula for microWorld of Gems; magnified 10x. 
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absorption features that would be expected from spessartine. 
A literature search found only one other report of gar- 
net inclusions in obsidian, from a volcano in northwestern 
Argentina (P. J. Gauthier et al., “Grenats des rhyolites de la 
caldéra de La Pava-Ramadas (NW Argentine} et de leurs 
xénolites granitiques,” Comptes Rendus de I’Académie 
des Sciences, Serie II. Sciences de la Terre et des Planetes, 
Vol. 318, 1994, pp. 1629-1635). Obsidian blocks within 
rhyolite lava contained euhedral microcrystals of alman- 
dine-spessartine that ranged from 100 to 400 um in diame- 
ter. By comparison, the garnet inclusions in the Bolivian 
obsidian reported in the present entry were much larger 

(ie., up to about 1.5 mm in diameter). 
John I. Koivula and Maha Calderon 


Fluorite inclusions in quartz from Madagascar. One of the 
more interesting recent inclusion discoveries being offered 
to collectors at the 2005 Tucson gem shows were rough 
and cut samples of rock crystal quartz containing euhedral 
crystals of violet-to-blue fluorite. Most of this material 
was being sold at the Clarion Hotel by Frederic Gautier of 
Little Big Stone Co., Antananarivo, Madagascar. Although 
the locality was represented at the Tucson show as 
Miandrivazo, Mr. Gautier recently reported that the mine 
is actually situated about 17 km northeast of the village of 
Amborompotsy, Fianarantsoa Province, central Mada- 
gascar. The deposit can be reached from Amborompotsy 
only by motorcycle or on foot, due to the poor condition of 
the road. Large quantities of quartz crystals have been 
mined from this region for several years, but material con- 
taining fluorite inclusions was first recovered in late 
November 2004. The crystals were mined from a quartz 
vein approximately 80 cm wide that cross-cuts quartzite 
host rocks. The deposit was worked with hand tools by 
local miners until the end of February 2005, when a large 
cave-in buried the productive area. 


Figure 9. These intergrown crystals of quartz (up to 
12.5 cm long) from central Madagascar contain direc- 
tionally deposited inclusions of fluorite. Photo by 
Maha Calderon for microWorld of Gems. 
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Figure 10. Three large blue fluorite inclusions make 
this faceted 21.68 ct rock crystal gem from 
Madagascar much more interesting. Photo by Maha 
Calderon for microWorld of Gems. 


Mr. Gautier estimated the total production of fluorite- 
included quartz at about 300 kg, with an approximately 
equal amount of quartz that did not contain any fluorite 
inclusions. Most of the fluorite-included material consists 
of single crystals, some doubly terminated, ranging up to 
23 cm long. Only a few crystal clusters were produced. Mr. 
Gautier reported that Little Big Stone Co. acquired most of 
the production, which is being sold in three categories: (1) 
mineral specimens and rough for cutting, (2) polished 
points, and (3) polished material—consisting of emerald 
cuts (ranging from 2 to 30 ct), square slabs (from 1 cm to a 
few centimeters across), and cabochons. He believed the 
largest stone cut to date weighed approximately 100 ct. 

One of us (JIK) has examined several hundred of these 
quartz crystals (see, e.g., figure 9). In all samples, the fluo- 
rite inclusions were confined to the near-surface outer 


Figure 11. Displaying sharp octahedral faces and an 
intense violet color, this 2.85 mm fluorite crystal was 
trapped during the final stage of growth near the surface 
of a quartz crystal from Madagascar. Photomicrograph 
by John I. Koivula for microWorld of Gems. 
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zones of their rock crystal hosts, which indicates late-stage 
crystallization of the fluorite in relation to the growth 
cycle of the quartz. The inclusions were situated only 
under certain crystal faces and on only one side of the 
quartz (again, see figure 9], suggesting a directional deposi- 
tion of the fluorite. 

The fluorite inclusions are particularly well displayed 
in faceted stones such as the 21.68 ct example in figure 10, 
which was cut by Leon M. Agee of Agee Lapidary, Deer 
Park, Washington. The fluorite inclusions ranged from 
blue to violet in light to dark tones, and many were strong- 
ly color zoned (figure 11). Some of the more prominent 
individual fluorite inclusions measured up to 7 mm in 
diameter, with clusters being somewhat larger. In a small 
percentage of the crystals, the fluorite formed together 
with clouds of green particles that had the appearance of 
chlorite. The fluorite inclusions were identified as such by 
means of Raman analysis. The refractive index (1.43) and 
isotropic nature of one partial fluorite inclusion extracted 
from the surface of a broken crystal was determined 
through Becke line testing using Cargille liquids. 

A microscopic examination of several quartz crystals 
showed that some of the fluorite inclusions had been 
exposed to the surface through fine surface-reaching 
cracks. These inclusions were often either partially or 
completely dissolved away. The former case resulted in a 
loose crystallite of fluorite that was trapped, but free to 
move about in a fluorite-shaped cavity. In the latter case, 
the resulting cavity appeared to be colorless or, in some 
instances, was partially filled with light yellowish brown 
epigenetic debris. 

The potential for large faceted stones, together with 
the relatively large size and the attractive violet-to-blue 
color of the fluorite inclusions, should make this new 
material from Madagascar quite popular among gemolo- 
gists and others who appreciate inclusions in gemstones. 

John I. Koivula, Maha Calderon, and BML 


Bismuthinite inclusions in rose quartz from Madagascar. 
Eye-visible inclusions are common in almost all quartz 
varieties except rose quartz. Although massive rose 
quartz is colored by submicroscopic inclusions (see J. S. 
Goreva et al., “Fibrous nanoinclusions in massive rose 
quartz: The origin of rose coloration,” American 
Mineralogist, Vol. 86, No. 4, 2001, pp. 466-472), only very 
rarely does this material contain macroscopic inclusions 
(see, e.g., Summer 2003 Gem News International, pp. 
159-162). At the 2005 Tucson gem shows, one of these 
contributors (FD) had some unusual rose quartz from 
Madagascar that displayed abundant, conspicuous inclu- 
sions with a metallic luster (figure 12). 

The material was recovered from the Itongafeno peg- 
matite (also known as Tsaramanga), located 23 km west of 
Antsirabe near the village of Mahaiza. This deposit is part 
of the Analalava pegmatite district and has been worked 
for asteriated rose quartz and dark blue aquamarine for 
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Figure 12. These faceted samples of rose quartz (5.74 
and 12.55 ct) from the Itongafeno pegmatite in cen- 
tral Madagascar contain conspicuous inclusions of 
bismuthinite. Photo by J. Hyrsl. 


almost 100 years. In addition to common pegmatite min- 
erals, it has produced rare examples of emerald and native 
bismuth. Several vertically disposed zones of mineraliza- 
tion have been identified in the pegmatite, including rose 
quartz, smoky quartz adjacent to a thin Nb-Ta oxide and 
biotite layer, and rose quartz with metallic inclusions. 
About 60 kg of the included rose quartz was extracted 
between September 2003 and June 2004, although only a 
small percentage was suitable for cutting. 

The inclusions in 10 faceted stones were examined, 
and with magnification they appeared metallic gray to 
black and had peculiar shapes (figure 13). They occurred in 
parallel rows of strongly elongated, sometimes striated 
crystals about 0.5 mm thick. Powder X-ray diffraction 
(XRD) analysis of an extracted crystal and chemical analy- 
ses of several surface-reaching inclusions in one sample 
with a Jeol 5800LV scanning electron microscope 


Figure 13. The bismuthinite inclusions in the rose 
quartz from Madagascar appeared metallic gray to 
black, and showed a variety of irregular forms. A net- 
work of needle-like inclusions, possibly rutile, was 
responsible for the asterism in this rose quartz. 
Photomicrograph by J. Hyrsl; the field of view is 
approximately 3 mm. 
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equipped with a Princeton Gamma-Tech energy-dispersive 
IMIX detector identified the inclusions as bismuthinite 
(Bi,S,). These were sometimes accompanied by smaller, 
more equant, yellow-to-black chalcopyrite grains. XRD 
also suggested the possible presence of a Cu-Bi-sulfosalt 
close to gladite in composition, which probably was pre- 
sent as thin metallic needles seen in some samples. 

In addition to the inclusions described above, the rose 
quartz also contained abundant tiny colorless needles 
(possibly rutile; again, see figure 13) oriented in three 
directions at angles of 120°. These needles are apparently 
the cause of asterism in samples that are cut as spheres 
or cabochons. 

To our knowledge, this is the first confirmed report of 
bismuthinite in faceted quartz from a pegmatite. 
Previously, bismuthinite was identified in quartz from tin- 
tungsten deposits and from Alpine-type fissures (see J. 
Hyrsl and G. Niedermayr, Magic World: Inclusions in 
Quartz, Bode Verlag, Haltern, Germany, 2003, p. 48). 

Jaroslav Hyrsl (hyrsl@kuryr.cz) 
Kolin, Czech Republic 


Fabrice Danet 
Style Gems, Antsirabe, Madagascar 
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SYNTHETICS AND SIMULANTS 


Yellow hydrothermal synthetic sapphires seen in India. 
Since about mid-2004, the Gem Testing Laboratory in 
Jaipur, India, has encountered approximately 20 synthet- 
ic yellow sapphires (3.50—5.30 ct) grown by a hydrother- 
mal technique (see, e.g., figure 14). Previously, the only 
yellow synthetic sapphires we had encountered were 
grown by a melt technique (e.g., flame-fusion). The phys- 
ical properties of these hydrothermal samples were com- 
parable to both natural and hydrothermal synthetic yel- 
low sapphires (see, e.g., V. G. Thomas et al., “Tairus 
hydrothermal synthetic sapphires doped with nickel and 
chromium,” Fall 1997 Gems & Gemology, pp. 188-202). 
Refractive indices were 1.760-1.770, with a birefringence 
of 0.007—-0.008. Specific gravity varied between 3.98 and 
4.01. All the specimens fluoresced weak orange to both 
long- and short-wave UV radiation, with a stronger reac- 
tion to short-wave. 

With magnification, most of these synthetics exhibit- 
ed some scattered flake-like inclusions (similar to “bread 
crumbs” seen in synthetic quartz). In approximately 
eight samples, these flake-like inclusions were concen- 
trated in a single plane along one side of the seed plate 
(figure 15). Inclusions such as these have not been seen in 
natural sapphires (Thomas et al., 1997). A weak 
“chevron” growth pattern that is characteristic of syn- 
thetic hydrothermal growth (see, e.g., Thomas, et al., 
1997; K. Schmetzer and A. Peretti, “Some diagnostic fea- 
tures of Russian hydrothermal synthetic rubies and sap- 
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Figure 14. The slightly brownish yellow body color of 
this 4.30 ct hydrothermal synthetic sapphire is char- 
acteristic of those encountered at the Gem Testing 
Laboratory in Jaipur, India. Photo by G. Choudhary. 


phires,” Spring 1999 Gems #) Gemology, pp. 17-28) was 
visible in only about five of the specimens examined. 
Infrared spectroscopy of all the synthetic sapphires 
showed absorption peaks in the region between 
3600-3300 cm=!, at 3563, 3483, 3383, and 3303 cm"!. 
These peaks are related to OH- groups, and have been doc- 
umented in both natural and synthetic corundum 
(Thomas et al., 1997). However, the samples were readily 
identified as synthetic by their characteristic “bread 
crumb” inclusions (present as scattered flakes and/or con- 
centrated in a flat plane), as well as their occasional 
chevron growth patterns. 
Gagan Choudhary (gtljpr_jpt@sancharnet.in) 
Gem Testing Laboratory, Jaipur, India 


Figure 15. Some of the yellow hydrothermal synthetic 
sapphires showed “bread crumb” inclusions that 
were concentrated in a plane along the seed plate. 
These flake-like inclusions have not been seen in nat- 
ural sapphires. Photomicrograph by G. Choudhary; 
magnified 30x. 
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TREATMENTS 


Interesting heated citrine. It is relatively well known that 
the vast majority of citrine quartz is the product of heat 
treating amethyst. Material from Brazil and Uruguay has 
often been used for this purpose. Both large and small 
amethyst-lined geodes are converted to citrine using sim- 
ple low-temperature heat treatment in air. Because so 
much of this heat-treated material is available, and it is 
cost prohibitive to attempt to determine the cause of color 
(natural or heated) for most of these stones, the trade typi- 
cally assumes that all citrine is heated and this yellow 
quartz is priced accordingly. 

At the 2005 Tucson gem shows, well-known quartz spe- 
cialists Si and Ann Frazier (El Cerrito, California) noticed 
clusters of brownish orange heat-treated citrine crystals 
from Uruguay that showed an unusual near-surface phe- 
nomenon. Many of the faces on these crystals had a pearly, 
reflective, almost mirror-like luster that was reminiscent of 
the silvery white adularescence characteristic of Sri Lankan 
moonstones. According to the dealer, Marcelo Valadares of 
General Brazilian Gems, Governador Valadares, Brazil, only 
a small proportion of the citrines showed this unusual sur- 
face feature after they were heated to approximately 400°C. 

The Fraziers provided one of these contributors (JIK) 
with a specimen of the heated citrine that measured 23.9 x 
21.4x 11.1 mm (figure 16). With magnification, the reflec- 
tive surfaces appeared to show true adularescence (figure 
17), though the effect was apparent only on the minor 
rhombohedral crystal faces. 


Figure 16. The interesting adularescent areas shown 
by the minor rhombohedral faces on this 23.9-mm- 
wide citrine crystal group formed during the heat 
treatment of an amethyst cluster from Uruguay. 
Photo by Maha Calderon for microWorld of Gems. 
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Figure 17. The adularescence shown by certain crys- 
tal faces of the heated citrine specimen provides an 
example of an interesting treatment-induced optical 
phenomenon. Photomicrograph by John I. Koivula for 
microWorld of Gems; magnified 10x. 


The cause of this heat-induced adularescence is 
unknown. A curious rumor concerning this phenomenon 
was that the pearly-looking surfaces were actually individ- 
ually cut and glued onto the surfaces of the crystals, but we 
found no evidence of this procedure (which, from an eco- 
nomic standpoint alone, seems quite unviable). The adu- 
larescence could be related to the delamination of twin 
planes or of ultra-fine growth structures during heating. 
Prior to this delamination, these submicroscopic planar fea- 
tures were perhaps similar to those that produce an unusu- 
al play-of-color in the minor rhombohedral faces of some 
amethyst and rock crystal specimens (referred to as the 
“Lowell Effect”; see Winter 1987 Gem News, p. 240). 
Other theories are possible, and we welcome any observa- 
tions from Gems & Gemology readers. 

John I. Koivula and Maha Calderon 


“Chocolate” Tahitian cultured pearls. At the 2005 Tucson 
gem shows, Emiko Pearls International Inc. (Bellevue, 
Washington) had some Tahitian cultured pearls, marketed 
as “chocolate pearls,” that were processed to lighten their 
color (figure 18). Although this attractive product has been 
available for 4-5 years, many in the trade are still unaware 
of it (see “Trade raises questions about ‘chocolate pearls,’” 
Jewellery News Asia, No. 241, September 2004, pp. 160, 
162). The colors range from a pleasing dark brown to light 
yellow-brown, and have been described in the trade as 
“copper,” “bronze,” or “honey” colored; these hues are not 
typical of natural-color Tahitian cultured pearls. The luster 
of the “chocolate” cultured pearls varies from satin-like to 
metallic. The available sizes range from 9 to 15 mm, 
although larger ones have been produced. Production is 
limited to a few hundred per month because only certain 
Tahitian cultured pearls can be successfully treated. 

The coloration of these cultured pearls results from a 
proprietary two-stage process. Ron Greenidge of Emiko 
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Figure 18. The coloration of the “chocolate” 
Tahitian cultured pearls in this strand (13.6-16.7 
mm in diameter) is the result of a proprietary two- 
stage process. Courtesy of Emiko Pearls 
International Inc.; photo by Maha Calderon. 


Pearls International kindly provided the following general 
information from the company that performs the proce- 
dure. The first step is to remove color from the selected 
Tahitian cultured pearls, which could be compared to the 
bleaching process used on Akoya cultured pearls. In the 
second step, the bleached color is stabilized. The company 
reported that the process does not involve the use of dye or 
heat, and the brown color is stable under conditions asso- 
ciated with routine wear. Since Emiko Pearls International 
began selling the “chocolate” cultured pearls when they 


Figure 19. This 10.35 ct faceted ruby with lead 
glass-filled fractures was submitted to the Gem & Pearl 
Testing Laboratory of Bahrain. Photo by N. Sturman. 


184 GEM News INTERNATIONAL 


were first introduced to the market, they have not encoun- 
tered any problems with color stability. 

The exact nature of the process remains undisclosed, 
and future studies are needed to establish identification 
criteria. Preliminary research suggests that careful observa- 
tion of the long-wave UV fluorescence will likely be help- 
ful in identifying these cultured pearls, when compared to 
known natural colors as a reference (see “US gem labs 
seek to uncover process behind brown pearls,” Jewellery 
News Asia, No. 241, September 2004, p. 162). 

Marisa Zachovay (marisa.zachovay@gia.edu) 
GIA Education, Carlsbad 


Lead glass-filled rubies appear in the Middle East. The 
Middle East—especially the countries along the Arabian 
Gult—has long been an important gold market, but recent- 
ly the region has gained importance in trading gems and 
jewelry. This can clearly be observed in Dubai, where the 
Dubai Metal and Commodities Centre has been estab- 
lished, incorporating the Dubai Diamond Exchange and a 
future GIA campus. Moreover, since the Gem & Pearl 
Testing Laboratory of Bahrain issued its first report in 
1991, the region has also seen an increase in the number of 
gemological laboratories. 

When a new treatment such as the lead-glass filling of 
rubies appears, it usually takes some time to be recognized 
in the smaller markets around the world. Most new treat- 
ments are initially reported in the U.S., the Far East, and 
Europe. In recent months, these major gem markets have 
encountered lead glass—filled rubies (see Fall 2004 Lab 
Notes, pp. 247-249, and references therein). Now such 
rubies are being seen in the Middle East as well. 


Figure 20. With magnification, the presence of a lead- 
glass filler was evident from the vivid flash-effect col- 
ors and gas bubbles seen in some of the fractures. 
Photomicrograph by N. Sturman; magnified 20x. 
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In February 2005, the 10.35 ct orangy red natural ruby 
shown in figure 19 was submitted via a Saudi 
Arabia—based client to the Gem & Pearl Testing Labora- 
tory of Bahrain, and two more lead glass—filled rubies have 
subsequently appeared from a separate source. The 10.35 
ct stone exhibited all the characteristic features associated 
with this treatment: loupe-visible flash effects and flat- 
tened gas bubbles within surface-reaching fractures (figure 
20), differences in surface luster between the corundum 
and the glass filling in reflected light; and a filling material 
that was opaque to X-rays (again, see the Lab Note refer- 
enced above). 

The appearance of these lead glass—filled rubies in the 
Middle East confirms that this treatment is reaching gem 
markets worldwide. 

Nick Sturman (metalgem@commerce.gov.bh) 
Gem & Pearl Testing Laboratory 
Manama, Bahrain 


CONFERENCE REPORTS 


GemmoBasel 2005. This “International Colloquium of 
Gemmology” was held April 29—May 2 in honor of the 
60th birthday of renowned Swiss gemologist (and GNI 
contributing editor) Dr. Henry A. Hanni. Approximately 
170 participants from 29 countries gathered at the 
University of Basel to hear two days of presentations. Dr. 
W. Stern of the University of Basel opened the session 
with an entertaining biography of Dr. Hanni, noting that 
this celebration coincided with the anniversary in August 
of Dr. Hanni’s 25 years with the SSEF Swiss Gem- 
mological Institute. 

The first technical session, on diamonds, began with a 
presentation by Dr. Paul Spear of the Diamond Trading 
Company (DTC) Research Centre in Maidenhead, U.K. 
Dr. Spear noted that the DTC Research Centre has devel- 
oped methodology to rapidly screen for and identify both 
HPHT- and CVD-grown synthetic diamonds, down to 0.03 
ct, as well as synthetic moissanite, using the Diamond- 
Sure and DiamondView verification instruments. Dr. 
Emmanuel Fritsch of the University of Nantes, France, 
and collaborators reported on advances in identifying and 
classifying the origin of color in brown and black dia- 
monds. Significantly, most type Ia (nitrogen containing] 
diamonds with brown graining have a series of absorptions 
in the near-infrared region called “amber centers,” the 
most common of which (AC1) shows a main absorption 
around 4168 cm7!. The more intense the brown color is, 
the more intense this AC1 absorption is, and the more A 
aggregates are detected (figure 21). This and other results 
indicate that AC] may be the cause of the visible-range 
absorption inducing the brown color. Jean-Pierre Chalain 
of SSEF stressed the importance of a database of natural- 
color diamonds for treatment research. Microscopic obser- 
vation and extensive spectroscopic analyses of an historic 
(1907) 1.18 ct greenish yellow diamond crystal showed 
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Figure 21. The intensity of the infrared absorption of the 
most common amber center in diamond (AC1) at 
about 4168 cm' correlates to that of the A aggregates, 
as well as with brown color. This indicates that the 
brown color of certain gem diamonds may be caused 
by this amber center. The spectra are offset vertically 
for clarity, and have all been normalized to the intrin- 
sic absorption of diamond at about 2450 cnr!. From top 
to bottom, the samples consist of a very dark brown 
(nearly black) 1.22 ct briolette, a dark reddish brown 
0.75 ct round brilliant, a dark reddish brown 0.45 ct 
round brilliant, and a pinkish brown 0.31 ct single-cut 
diamond. All spectra were taken with the beam in the 
girdle plane, except for the briolette, in which the short- 
est dimension was chosen; the inferred optical path 
lengths are 5.2, 5.2, 4.9, and 4.1 mm, respectively. 


strong overlap with the properties of HPHT-treated dia- 
monds of similar color, indicating the need for further test- 
ing of such material. 

Leading the Gemstone session was John I. Koivula of 
the West Coast AGTA Gemological Testing Center (AGTA 
GTC) in Carlsbad, California. Reiterating his conviction 
that the microscope is the gemologist’s most important 
tool, he showed photomicrographs of distinctive inclusions, 
such as pink covellite in quartz, reportedly from Bahia, 
Brazil; intense blue fluorite in quartz from Madagascar; and 
turquoise in selenite from New Mexico. Tay Thye Sun of 
the Far East Gemmological Institute, Singapore, stressed the 
importance of classifying jade correctly, not only jade vs. 
nephrite and their simulants, but also the many treated 
jades. Today, most of the jadeite in the market is B-jade, 
which is bleached and polymer impregnated, it can be iden- 
tified by distinctive features in the infrared spectrum. 
Edward Boehm of Joeb Enterprises, Solana Beach, 
California, presented an update on mining at Mogok, 
Myanmar, for Richard Hughes, also of the West Coast 
AGTA GTC. He reported that the mining methods used at 
Mogok have been virtually unchanged for decades, with the 
area pockmarked by tunnels and as many as 250,000 people 
working the area at the height of its activity. 
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Figure 22. Increasingly sophisticated gem treatments 
and synthetics have made laboratory reports indis- 
pensable to auction houses. This 8.01 ct untreated 
Burmese ruby recently sold for $2.2 million—a record 
auction price of $275,000 per carat—at Christie’s 
New York. Courtesy of Christie’s Images. 


Dr. Karl Schmetzer of Petershausen, Germany, report- 
ed on taaffeite and musgravite, and compared the optical 
and chemical properties of “typical” samples of both gem 
minerals with iron-rich (taaffeite and musgravite) and 
zinc-rich (taaffeite) samples, all from Sri Lanka, to expand 
the compositional range of this material. During the ques- 
tion-and-answer session, gem dealer Werner Spaltenstein 
of Chanthaburi, Thailand, noted that gem-quality taaf- 
feites have been found in Tunduru (Tanzania) as well. Dr. 
Ulrich Henn of the German Gemmological Laboratory, 
Idar-Oberstein, reported on feldspars, the most common 
minerals in the earth’s crust, which provide an interesting 
link between mineralogy and gemology. The main gem 
feldspars are orthoclase, amazonite (microcline), moon- 
stone (perthite or antiperthite), albite, sunstone (oligoclase 
or labradorite), and andesine. 

Dr. Hanni began the Instrumentation session with a 
review of instruments used in gem identification at SSEF 
over the past 25 years. In addition to the adoption of ana- 
lytical techniques such as EDXRF, FTIR, Raman spec- 
troscopy, and—most recently—laser-induced breakdown 
spectroscopy (LIBS), the gem laboratory has seen signifi- 
cant advances in lighting, especially fiber-optic illumina- 
tion. He recommended that if a laboratory could not 
afford to purchase needed instrumentation, they should 
make arrangements to access equipment at a local univer- 
sity. This contributor gave participants a glimpse “behind 
the pages” of Gems & Gemology, emphasizing the 
importance of a strict peer review, editing, and production 
process. She also offered several tips for publishing in 
GwG: Choose a topic with a strong application to gemol- 
ogy; organize the paper logically, including separate sec- 
tions on the materials and methods, results, and discus- 
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sion; describe every test and say how many (and which) 
samples were used for each; and do a thorough literature 
review. Manfred Eickhorst of Eickhorst & Co., Hamburg, 
Germany, discussed various lighting needs for aging eyes: 
less glare, brighter light, and stability (i.e., nonflickering 
light). A high-frequency (40,000 Hz) lamp can eliminate 
flicker, whereas the use of two dimmable bulbs (with a 
color temperature of 5,500 K and 6,500 K) can help 
refresh the eyes as well as provide more efficient color 
evaluation. Dr. Gaston Giuliani of IRD and 
CRPG/CNRS, Vandoeuvre-lés-Nancy, France, reported 
on the use of oxygen isotopes to study emeralds from 
nearly 70 deposits. Although there is overlap among 
deposits, he found that emeralds could be classed into 
three groups based on their 8!8O values. He also found 
that oxygen isotopic analysis could be used to separate 
Mogok from Mong Hsu rubies. 

In the Trade Issues session, Helen Molesworth of 
Christie’s London reported that auction houses today 
require gem lab reports on virtually all stones (especially 
the most important ones, as shown in figure 22). 
However, gemology is advancing rapidly, and clients are 
reminded that reports are only an opinion based on cur- 
rent knowledge and technology. Werner Spaltenstein 
reported on his mining and buying activities in Tunduru 
and Madagascar, two areas that have great future 
promise because there was so little systematic gem 
exploration in the past. Also, tastes and interests 
change; for example, spinel was actually discovered at 
Mahenge (Tanzania) 20 years ago, but not until recently 
was there a market for it. 

Eric Emms of the Precious Stone Laboratory, 
London, led the Treatments and Synthetics session by 
describing the three-fold impact on gemologists of the 
proliferation of treatments: (1) They must have suffi- 
cient funds to acquire the needed equipment and tech- 
nical support staff, (2) they must have knowledge 
beyond the basic FGA or GG diploma, and (3) they 
must disclose to buyers/clients if treatment is detected 
or may be present. Dr. Roy Walters of Ocean Optics, 
Dunedin, Florida, and Dr. Michael Krzemnicki of SSEF 
recently determined that surrounding a sample with 
argon during LIBS analysis greatly improves the resolu- 
tion of the main Be feature at 313 nm, so Be can be 
detected down to 2 ppm. 

Dr. V. S. Balitsky of the Institute of Experimental Min- 
eralogy, Moscow, reported that inclusions, growth zoning, 
and IR spectra may be useful to separate some synthetic 
from natural quartz, but not all types can be identified. Dr. 
Lore Kiefert of the East Coast AGTA GTC in New York 
explained the various factors involved in determining the 
geographic origin of gemstones: the inclusion scene, trace- 
element chemistry, and spectroscopic characteristics. 
Because of overlap in some features in stones from various 
sources, it is critical that multiple lines of evidence are 
used in the determination. 
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The last session, on Pearls, was led by Dora Fourcade 
of Pacific Perles, Tahiti. She reported that only 5% of the 
cultured pearls produced in Tahiti are superior quality; by 
law, the 10% classified as “rejects” must be destroyed. 
Typically, only 20-25% of the harvest are rounds. Also in 
the pearl session, Andy Miiller of Hinata Trading Co., 
Kyoto, Japan, reported that production of South Sea cul- 
tured pearls has increased 160% since 1999, with 
Indonesia leading by weight in 2005 and Australia the 
leader by value. He emphasized the need to balance supply 
and demand, and warned of the problem posed by global 
warming. Water temperatures exceeding 33°C are deadly 
to pearl oysters. Elisabeth Strack of the Hamburg Gem- 
mological Institute, Germany, provided a comprehensive 
review of European freshwater mussel pearls. The 
European pearl mussel, Margaritifera margaritifera, can 
live 130 years, and is mature at 15. Ubiquitous at one 
time, the mussel population dropped by 80-90% in the 
20th century, so only a few hundred thousand mussels 
remain today. Nicholas Sturman of the Gem & Pearl 
Testing Laboratory, Manama, Bahrain, described the natu- 
ral pearls from the Arabian Gulf, once considered the best 
in the world, but now in short supply. Bahrain law forbids 
the sale of cultured pearls, so the local commerce depends 
on natural pearls. 

Alice S. Keller (akeller@gia.edu) 
GIA, Carlsbad 


ANNOUNCEMENTS 

Exhibits 

Cameos at the Met. “Cameo Appearances,” a display of 
more than 160 examples of the art of gem carving from 
Greco-Roman antiquity to the 19th century, will be on 
display until October 30, 2005, at the Metropolitan 
Museum of Art in New York City. Among the pieces fea- 
tured will be works by the neoclassical Italian masters 
Benedetto Pistrucci, Giuseppe Girometti, and Luigi 
Saulini. A variety of educational programs will be offered in 
conjunction with the exhibition. Also on display at the Met 
(through January 2006) is the exhibit ‘The Bishop Jades,” a 
selection of fine Chinese and Mughal Indian jades from the 
collection of Heber R. Bishop that was donated to the muse- 
um in 1902. Visit www.metmuseum.org/news/news_pr.asp 
or call (212) 535-7710. 


it 


Diamonds in London. “Diamonds,” an exhibit of some of 
the world’s largest and most valuable faceted diamonds, 
will be on display at the Natural History Museum in 
London through February 26, 2006. The exhibit includes 
the De Beers Millennium Star, the Steinmetz Pink, the 
Ocean Dream, and the Moussaieff Red (see J. M. King and J. 
E. Shigley, “An important exhibition of seven rare gem dia- 
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monds,” Summer 2003 Gems & Gemology, pp. 136-143), 
in addition to a 616 ct rough diamond and a number of 
other notable gems. Visit www.nhm.ac.uk/diamonds. 


Conferences 

Raman spectroscopy. The 3rd International Conference 
on the Application of Raman Spectroscopy in Art and 
Archaeology will be held August 31-September 3, 2005, 
in Paris, France. The Raman analysis of gem materials will 
be among the topics covered. Visit www. ladir.cnrs.fr/ 
ArtRaman2005/or e-mail artraman2005@glvt-cnrs.fr. 


Agate symposium. On September 10-11, 2005, a sympo- 
sium on agate and cryptocrystalline quartz will take place 
at the Colorado School of Mines in Golden, Colorado. 
Field trips to Colorado mineral localities are planned for 
September 12-13. These events will take place in conjunc- 
tion with the 38th Annual Denver Gem and Mineral 
Show (September 16-18). Call 303-202-4766 or e-mail 
pmodreski@usgs.gov. 


Diamond 2005. A review of the latest scientific and tech- 
nological aspects of natural and synthetic diamond (as well 
as related materials) will take place at the 16th European 
Conference on Diamond, Diamond-like Materials, Carbon 
Nanotubes and Nitrides, September 11-16, 2005, in 
Toulouse, France. Visit www.diamond-conference.com. 


Rapaport International Diamond Conference 2005. This 
conference will be held in New York on September 19, 2005, 
and feature an insider’s look at the international diamond 
and jewelry industry. Visit www.diamonds.net/conference. 


Hong Kong Jewellery & Watch Fair. Held at the Hong 
Kong Convention and Exhibition Centre on September 
21-25, this show will also host GIA GemFest Asia 2005 
on September 23. The free educational event, “Update on 
Diamond Cut,” will take place from 9 am to 12 noon in 
Room 301B; RSVP to events@gia.edu, or call 760-603-4205 
in the U.S. or +852-2303-0075 in Hong Kong. An educa- 
tional seminar given by the Gemmological Association of 
Hong Kong will also take place on September 23. Visit 
www.jewellerynetasia.com/exhibitions. 


ERRATUM 


The Spring 2005 article “Coated pink diamond: A caution- 
ary tale” contained an error in figure 2 on p. 37. The labels 
for the room temperature and cryogenic spectra in this fig- 
ure were inadvertently transposed. We thank Nick 
Sturman of the Gem & Pearl Testing Laboratory of 
Bahrain for bringing this to our attention. 


Gems & GEMOLOGY SUMMER 2005 187 


Book REVIEWS 


101 Bench Tips for Jewelers 


By Alan Revere, 120 pp., illus., publ. 
by MJSA/AJM Press, Providence, RI, 
2004. US$42.95 ($36.50 for MJSA 
members)* 


Alan Revere’s latest literary contribu- 
tion to the goldsmith trade ranges 
from how to maximize the efficiency 
and functionality of a jeweler’s bench 
to troubleshooting a wide array of sit- 
uations that make up a typical day in 
the life of a bench jeweler. 

There is one tip to each page, with 
the illustrations taking up a large por- 
tion of that page. As a seasoned educa- 
tor, Mr. Revere has made the book easy 
to navigate via its index. The writing is 
concise, yet understandable and often 
quite witty in spite of the technical 
content that many might otherwise 
consider esoteric. Bear in mind that 
such a consistent and user-friendly for- 
mat will occasionally sacrifice com- 
pleteness. After all, how much detail 
can you give when discussing the intri- 
cacies of essential techniques such as 
soldering, riveting, engraving, and the 
like, in only a few hundred words? 

Evidently, Mr. Revere has chosen 
hand-renderings by Sean Kane over 
photographs to avoid distracting glare, 
misleading reflections, and similar 
problems associated with shooting at 
the bench. Some illustrations have 
been cleverly augmented by the selec- 
tive use of transparency, “exploded” 
views, cross-sections, and sequences. 

In an era where conventional 
trade skills are no longer passed on 
from old masters to their apprentices 
through long and intensive relation- 
ships (that typically averaged more 
like 1001 bench tips per year), this 
book fills a need. Self-taught trades- 
people, students, and graduates from 
trade schools and vocational schools 
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alike, as well as bench jewelers learn- 
ing on the job, will find 101 Bench 
Tips a valuable reference, as will busi- 
ness owners and gemologists-cum- 
designers when planning out proce- 
dures for the shop floor. 

Mr. Revere’s oeuvre makes every 
attempt to transmit that professional 
trade mentality that we goldsmiths 
have cultivated for millennia: a tradi- 
tion of ingenuity. 

ROBERT ACKERMANN 

Gemological Institute of America 

Carlsbad, California 


Identification of Gemstones 


By Michael O’Donoghue and Louise 
Joyner, 313 pp., illus., publ. by 
Butterworth-Heinemann, Oxford, 
UK, 2003. US$59.95* 


The authors have boldly taken on the 
subject of gemstone identification— 
properties, appearances, sources, imi- 
tations, synthetics, treatments, and 
separation procedures—and the result 
is a book of amazing scope. 

To understand the depth of infor- 
mation covered, one only has to look 
at the first chapter—on diamonds— 
which begins with diamond proper- 
ties, types, appearances, and typical 
inclusions. The more common dia- 
mond imitations are detailed, along 
with separation techniques such as 
the use of a 10c loupe, reflectivity 
meter, thermal conductivity probe, 
and immersion in various liquids. 
Gem-quality synthetic diamonds from 
General Electric, Sumitomo, De Beers, 
and Russia are covered next. 
Treatments such as the use of ink, 
radium salts, various irradiation proce- 
dures (sometimes combined with heat 
treatment), HPHT, fracture filling, and 
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diamond thin films are covered. Their 
effect on a diamond's clarity and/or 
color and the various methods used to 
detect them are discussed. This chap- 
ter (like most of the other gem chap- 
ters) ends with a section titled 
“Reports of Interesting and Unusual 
Examples from the Literature.” 

The next two chapters cover 
corundum and beryl, giving varieties, 
properties, descriptions (including by 
source}, treatments (heat and diffu- 
sion for corundum, fracture filling for 
emerald), synthetics by method and 
manufacturer, imitations, and com- 
posites (assembled stones). As in all 
gem chapters, the authors describe 
procedures and properties that can be 
used to separate the gem covered 
from other gem materials with which 
they are commonly confused. 

The remaining gem chapters cover 
opal, quartz, the jade minerals, chryso- 
beryl (alexandrite, cat’s-eye, and other 
varieties), topaz, tourmaline, the gar- 
net group, spinel, peridot, zircon, 
moonstone and other feldspars, 
rhodochrosite, tanzanite (zoisite], 
rhodonite, turquoise, lapis lazuli, 
pearl, amber, ivory, jet, coral, shell, 
and natural and artificial glass. 

Other chapters highlight infor- 
mation on basic gem testing equip- 
ment, metals, ceramics, plastics, 
assembled stones, less common gem- 
stones, rarely fashioned species, gem 
materials in their rough state, how 
crystals are grown, synthetics for the 
collector, treatments, and locality 


*This book is available for purchase 
through the GIA Bookstore, 5345 
Armada Drive, Carlsbad, CA 92008. 
Telephone: (800) 421-8161; outside 
the U.S. (760) 603-4200. Fax: (760) 
603-4266. E-mail: myorder@gia.edu 


SUMMER 2005 189 


information. The book ends with a 
six-page glossary, recommended ref- 
erence materials, and an index. 

As stated earlier, the book covers 
an amazing scope and depth of infor- 
mation, but unfortunately the title is a 
bit misleading. Because of its organiza- 
tion mostly by gem species or group, 
one would have to be fairly far along 
in the identification of an “unknown” 
gemstone for this book to be of bene- 
fit. By not choosing to use a color or 
property (e.g., refractive index) format, 
identifying a gemstone with this book 
is a little like trying to look up a num- 
ber in a telephone directory without 
knowing the person’s name. 

Although the book includes a col- 
lection of 60 full-color photomicro- 
graphs of various gemstone features, 
there is unfortunately no reference to 
any of the individual images in the 
text. As a result, the reader must try 
to understand difficult concepts 
through written descriptions alone. 
For example, the doubling of facet 
junctions seen in some directions of 
some diamond simulants is described 
as looking “like tramlines” (p. 15). 
This description could have been 
made much clearer by directing the 
reader to color plate 3, which shows 
the appearance of doubling as seen in 
synthetic moissanite. 

One of the authors’ stated goals 
is to keep updating gemstone infor- 
mation by use of a companion web- 
site. At the time of this writing, 
however, the only information that 
appeared on the website were biogra- 
phies of the authors and some addi- 
tional instrumentation procedures. 
For example, there was no mention 
of CVD synthetic diamonds or 
beryllium diffusion treatment of 
corundum. 

Despite these drawbacks, the 
information in this book is consider- 
able and valuable. The authors’ per- 
sonalities come through in the writ- 
ing, which adds a human touch to the 
subject without compromising the 
science of gemology. 

DOUGLAS KENNEDY 
Gemological Institute of America 
London, England 
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Minerals and Their Localities 


By Jan H. Bernard and Jaroslav 
Hyrsl, edited by Vandall T. King, 807 
pp., illus., publ. by Granit, Praha, 
Czech Republic, 2004. US$145.00 


This superb mineralogical compendi- 
um provides basic descriptive informa- 
tion for more than 4,200 mineral 
species and lists more than 8,500 local- 
ities from which they come. Each 
mineral species entry (arranged alpha- 
betically) begins with its name in bold- 
face and its chemical formula, fol- 
lowed by a classification number 
(Strunz system], descriptive character- 
istics, physical properties, and crystal- 
lographic data, and concludes with a 
fairly comprehensive listing of its 
localities. There are also entries (in 
bold italics) for certain other materials 
that the authors deem worthy of inclu- 
sion (such as inadequately described 
minerals, intermediate compositional 
members, well-known mixtures, 
organic materials, etc.). A select num- 
ber of varietal names (in italics) are 
cross-referenced in this alphabetical 
listing and are further described under 
the corresponding species entries. 
Several minerals that are pending for- 
mal approval as species are so marked, 
and species that may have utility as 
gemstones are also identified. 

The 1,000 color photographs, 
though small, are well chosen to 
demonstrate a given species, highlight 
unusual occurrences, and add visual 
appeal to the overall presentation. The 
thick, glossy paper stock is durable and 
enhances the reproduction of the 
images. A colored border on the pages 
serves as an alphabetical index that is 
useful as well as attractive. 

The book concludes with a table 
of “The Richest Type Localities of the 
World,” a list of references, and an 
alphabetical list of mineral localities. 
This last section, which includes all 
8,500 localities with associated 
species, is particularly valuable. While 
the locality list is extensive and well 
chosen to include virtually all impor- 
tant sources, it is by necessity not all- 
inclusive. 

A unique feature of this compendi- 
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um is the organization of locality 
information for each mineral accord- 
ing to geologic environment: magmat- 
ic, pegmatitic, contact metasomatic, 
hydrothermal, alpine fissure, sedimen- 
tary, regional metamorphic, and prod- 
ucts of weathering. The authors call 
these environments “genetic classes.” 
The discussion of this format in the 
introduction is required reading if one 
is to use the book to best advantage. 
This is particularly true when refer- 
ring to entries for minerals that occur 
in several geologic environments. For 
example, all of the localities where 
quartz has formed by magmatic pro- 
cesses are listed first, followed by its 
pegmatitic occurrences, and so forth. 
While this organization is quite 
instructive, it can make scanning for 
specific information somewhat pro- 
tracted, if not tedious, for extended 
entries. Both current and historical 
localities (including those no longer 
producing) are included. 

The descriptive information is 
well written, even lively, and is effec- 
tive in enabling readers to visualize 
the described species and varieties. 
Considering the enormous amount of 
information presented, there are rela- 
tively few spelling errors, although 
they may occasionally be disconcert- 
ing, such as when the same locality or 
mineral feature is spelled several dif- 
ferent ways in the same entry. 

Perhaps because of the length, the 
authors have employed many space- 
saving tricks, which create some 
minor readability problems. For exam- 
ple, there is no space between mineral 
entries, and while the boldface species 
names serve as clear demarcation, the 
non-boldface variety entries get lost. If 
space had not been an issue, it would 
have been useful to provide a glossary 
of geologic terms. As it is, the authors’ 
occasional use of technical jargon 
makes it a good idea for the nontech- 
nical user to have a geologic dictio- 
nary close at hand. 

This book was a monumental 
undertaking, the product of a lifetime 
of work and a “hands-on” understand- 
ing of the sort of information that is 
helpful to anyone interested in miner- 
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als and their localities (and geologic 
environments). An international fla- 
vor comes through, assuring the read- 
er that the book is truly global in per- 
spective. The authors also have paid 
special attention to localities that pro- 
duce gemstones. The descriptions 
associated with each “genetic class” 
and locality make this book unique. 
Each species entry can become a 
learning experience and enhance the 
reader’s general knowledge of mineral 
occurrences. 

Minerals and Their Localities is 
an excellent and extremely useful ref- 
erence. For anyone interested in min- 
erals and gems with particular refer- 
ence to their localities, there is no 
better resource available. 


DOROTHY ETTENSOHN 
Natural History Museum of 
Los Angeles County 

Los Angeles, California 


Masterpieces of the Mineral 
World: Treasures from 

The Houston Museum of 
Natural Science 


By Wendell E. Wilson and Joel A. 
Bartsch with Mark Mauthner, 264 
pp., illus., publ. by The Houston 
Museum of Natural Science and The 
Mineralogical Record in association 
with Harry N. Abrams Inc., New 
York, 2004. US$75.00* 


Mineral collecting has been around for 
centuries and continually becomes 
more sophisticated in its outlook. The 
finest mineral specimens are objets 
d’art, and there is a growing overlap 
between the mineral and gem mar- 
kets. Therefore, this is an excellent 
time to expose gem dealers to a book 
explaining the finer points of mineral 
specimen appreciation. Unfortunately, 
the text of this handsome book is a lit- 
tle too biased to be entirely useful. 
Masterpieces of the Mineral World 
uses a selection of gorgeous mineral 
specimens from the Houston Museum 
of Natural Science to explain connois- 
seurship in mineral collecting. There 
are three main parts: “The Discerning 
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Eye,” which explains the factors that 
make a mineral specimen desirable 
from an aesthetic point of view; a 
series of plates and a section called 
“The Paths of Discovery,” which detail 
the individual histories of 80 mineral 
specimens; and “A Royal Passion,” 
which reviews the history of mineral 
collecting by aristocrats in Europe. 

In the first part, Wilson lists sever- 
al factors that might qualify a mineral 
specimen for “masterpiece” status: 
crystal form, color, transparency, lus- 
ter, size, perfection, crystal orienta- 
tion/grouping and related aesthetic 
visual composition, and provenance 
(both natural origin and history in 
human hands). Other factors include 
associated species, durability, prepara- 
tion, authenticity (persistence of the 
specimen’s unmodified state}, matrix, 
and rarity. 

Yet some important considerations 
to a gemological audience are only 
touched on or are missing from this 
text. Every mineral specimen is a col- 
laboration between nature and human 
beings, from the original collector to 
the final owner; at every stage, a 
human has had to recognize, preserve, 
and sometimes “improve” the speci- 
men. Many aesthetic factors are sub- 
ject to modification by human activity, 
and standards of preparation and 
restoration have changed over time. 
Current practices include trimming 
matrix with hand tools or saws; clean- 
ing specimens with chemical solu- 
tions; improving color, transparency, 
and luster by oiling with mineral oil; 
and gluing broken crystals back togeth- 
er, or reattaching broken crystal groups 
to their matrix. All these practices can 
improve the aesthetic factors men- 
tioned above, and some are specifically 
mentioned for individual specimens in 
the section that follows. 

As with gems, though, the defini- 
tion of what is considered an accept- 
able modification changes over time, 
and some previously accepted mineral 
enhancement practices may now be 
considered fakery. In addition, a min- 
eral’s locality is often an important 
factor in its value, yet often that infor- 
mation only loosely accompanies the 
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piece. There is no overall disclosure 
practice in the mineral field; practices 
vary from dealer to dealer. Thus the 
transition from the gem market to the 
mineral market is as challenging as 
the opposite transition would be. 

Photos of the 80 specimens by Jeff 
Scovil and Harold and Erica Van Pelt 
are excellent. The accompanying text, 
however, reads as though written from 
a seller’s perspective, and sometimes 
verges on hyperbole. For instance, 
well-formed transparent grossular crys- 
tals are not “extremely” rare. Another 
entry claims “for size, luster, trans- 
parency, sharpness, and form, the 
Piuva [Russian] ferro-axinites have 
no rival”—except for, in this review- 
er’s opinion, the best from the New 
Melones Dam, California. Yet the 
mineral specimens are beautiful 
enough to speak for themselves, and 
the authors should be congratulated 
for including rare and humble species 
as well as conventional beauties. 

As the final essay on princely col- 
lections explains, mineral collecting is 
an odd passion, involving scientific 
curiosity, aspirations to completeness, 
and the competitive urge for “bragging 
rights.” Early mineral collections were 
intended for medical research, but they 
later became hubs of social activity and 
tourism for the learned leisure class. 
The mineral collections of counts and 
royal physicians were purchased by 
museum patrons and eventually 
became national treasures. Today, 
mineral collectors come from all socio- 
economic backgrounds, all cultures, 
and all age groups. One can never accu- 
mulate the best collection, only the 
best available. All the standard caveat 
emptor principles apply: Learn from 
many sources, not just one; be suspi- 
cious of anything too good to be true; 
and take everything with a grain of salt. 

Nevertheless, as shown in this 
beautiful volume, we can only marvel 
at the treasures our planet provides— 
and at the talents their discoverers 
and preparers demonstrate. Together, 
what masterpieces they create! 

MARY L. JOHNSON 
Gemological Institute of America 
Carlsbad, California 
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COLORED STONES AND 
ORGANIC MATERIALS 


Gemological and mineralogical properties of black jadeite. M. 
Zhang, P. Hou, and J. Wang, Jiangsu Geology, Vol. 28, 
No. 2, 2004, pp. 100-102 [in Chinese with English 
abstract]. 
Mozui, which means “black jadeite” in Chinese, is mined in 
Myanmar and southern China. Recently, it has become com- 
mon in Asian jade markets. It is essentially monomineralic, 
consisting of >90% omphacite, which is a pyroxene (like 
jadeite). This article reports on the gemological and mineralogi- 
cal properties of this blackish green to black material and pro- 
vides a comparison to jadeite. 

The refractive indices (1.667—-1.670) and specific gravity 
(3.34-3.44) of “black jadeite” are almost identical to those of 
jadeite. It has a strong vitreous luster, and polished stones have 
a smooth surface. Petrographic studies show that the omphacite 
occurs as prisms or fibers of varying length; the grain size is usu- 
ally <0.3 mm. Albite, tremolite, and some minute opaque 
grains with metallic luster are minor constituents. Only subtle 
differences are found in the infrared absorption spectra and X- 
ray powder diffraction patterns of the two materials. The chem- 
ical formula of the omphacite in “black jadeite” is 
(Ca,Na)}(Mg,Fe?*,Fe**,Al)(Si,O,); the ratio Na/(Na+Ca) is 0.45, 
which lies between that of jadeite (>0.8) and diopside (<0.2). The 
main trace elements are Sr, Cr, and Mn. 

Even though there is a clear difference in the chemical 
compositions of the main pyroxene minerals in “black 
jadeite” (omphacite) and jadeite, the authors suggest that the 
black material should nevertheless be considered jadeite, since 
their physical properties are almost same. Yet, they acknowl- 
edge resistance to this suggestion; the name “omphacite jade” 
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was recommended by C. M. Ou Yang et al. (“Recent stud- 
ies on inky black omphacite jade, a new variety of pyrox- 
ene jade,” Journal of Gemmology, Vol. 28, No. 6, 2003, 
pp. 337-344). TL 


Harvesting impacts and invasion by alien species 
decrease estimates of black coral yield off Maui, 
Hawaii. R. W. Grigg, Pacific Science, Vol. 58, No. 1, 
2004, pp. 1-6. 

After 40 years of successful management, three new devel- 

opments threaten the sustainability of the black coral fish- 

ery in Hawaii. First, harvesting pressure on the colonies 
has increased, while the biomass of black coral off Maui 
has decreased 25% since 1976. Second, an alien species of 
coral, Carijoa riisei (often called “cutthroat coral”), has 
overgrown many of the black coral colonies. Initially 
detected in Pearl Harbor, Oahu, in 1972, this invasive 
species is believed to have been brought from the Atlantic 

Ocean on the hulls and/or in ballast water of ships 

between 1940 and 1970. During the 1990s, C. riisei was 

reported at sites in the eight major Hawaiian Islands. 

Third, increasing sales of black coral in recent years (about 

$30 million retail in Hawaii alone) is placing more 

demands on the resource. 

A larger size (height) limit of the coral and a reduction 
in the amount harvested are measures that can be imple- 
mented to help conserve the resource. Divers and the 
coral industry must abide by stricter regulations to ensure 
the future of the black coral fishery in Hawaii. 

MC 


Study on compositions and colouring mechanism of 
freshwater cultured pearls. M. Yang, S. Guo, L. Shi, 
and W. Wang, Journal of Gems and Gemmology, 
Vol. 6, No. 2, 2004, pp. 10-13 [in Chinese with 
English abstract]. 

Chinese freshwater cultured pearls display a large range of 

colors (e.g., white, pink, gray, purple, red), however, there 

is no reliable explanation for these variations. In this arti- 
cle, the authors attempt to correlate the color variations 
with trace-element contents and other parameters. Three 
color varieties (white, orange-red, and dark purple; two 
samples of each), representing the color range of Chinese 
freshwater cultured pearls, were analyzed for their inor- 
ganic mineral components by X-ray diffraction, for select- 
ed trace metals by plasma emission spectroscopy, for con- 
chiolin by FTIR spectroscopy, and for carotenoids by 

Raman spectroscopy. 

There were no significant differences in the inorgan- 
ic mineral components of the three color varieties. 
However, the concentrations of the trace metals Zn, Mg, 
Ti, V, Ag, and Co varied significantly, being particularly 
high in the dark purple cultured pearls. For example, the 
Zn content (945 ppm) in the dark purple specimens was 
nearly eight times higher than in the white ones (121 
ppm). The concentrations of Ti and V were higher in the 
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orange-red cultured pearls than in the white samples, 
but less than in the dark purple specimens. Cu, Fe, Cr, 
and Al were not detected (<0.1 ppm) in any of the sam- 
ples. From these data, the authors conclude that selected 
trace elements are responsible, at least in part, for the 
coloration of Chinese freshwater cultured pearls. 

Among the organic components, there were no sig- 
nificant differences in the conchiolin in the various sam- 
ples. However, Raman spectra showed four carotenoid- 
related peaks in both the orange-red and the dark purple 
samples, but not in the white ones, suggesting that 
carotenoids also play a role in the coloration of these 
freshwater cultured pearls. 

TL 


Study on star spinel. L. Tian, W. Huang, H. Liu, and Y. 

Chen, Journal of Gems and Gemmology, Vol. 6, No. 

2, 2004, pp. 1-3 [in Chinese with English abstract]. 
Spinel occasionally displays asterism with either a six- 
rayed or a four-rayed star; however, multiple sets of stars 
in the same sample are relatively rare. This article 
describes three oval cabochons of bluish or grayish black 
Sri Lankan spinel (2.88, 3.21, and 3.31 ct) that displayed 
four sets of six-rayed stars and three sets of four-rayed 
stars, all of which were bright and sharp. An abundance 
of tiny needle-like inclusions parallel to several octahe- 
dral planes were observed with the microscope. Electron- 
microprobe imaging showed these inclusions to be <1 
um in diameter and 5-20 um long. They were composed 
of two different minerals based on their cross-sectional 
shapes and chemical compositions: (1) a triangular Fe- 
containing mineral, and (2) an irregular-shaped Ca-con- 
taining mineral. The multiple sets of stars were attribut- 
ed to these tiny inclusions distributed along the three 
edges of each octahedral (111) face in the spinel crystals. 
Eight sets of six-rayed stars together with 12 sets of four- 
rayed stars would be seen if the spinel crystals had been 
polished into spheres. TL 


DIAMONDS 


About signs of mechanical and chemical effects upon dia- 
mond crystals from the Urals deposits. V. N. 
Anfilogov, Proceedings of the Russian Mineral- 
ogical Society, Vol. 133, No. 3, 2004, pp. 105-108 
[in Russian with English abstract]. 

The complex morphology of diamond crystals is reviewed 

for the possible application of locating their primary 

source. Dislocations on the surface of crystals cannot be 
explained by mechanical distortion; rather, the disloca- 
tions formed during crystal growth due to internal defects. 

The occurrence of rounded diamonds in the Urals placer 

deposits cannot be explained by tumbling in water. It is 

suggested that the primary sources of these diamonds are 
nearby kimberlites. RAH 
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Carbonatitic melts in cuboid diamonds from Udachnaya 
kimberlite pipe (Yakutia): Evidence from vibrational 
spectroscopy. D. A. Zedgenizov [zed@uiggn.nsc.rul], 
H. Kage, V. S. Shatsky, and N. V. Sobolev, Miner- 
alogical Magazine, Vol. 68, No. 1, 2004, pp. 61-73. 

Micro-inclusions (1-10 um) in 55 diamonds of cubic habit 

from the Udachnaya kimberlite pipe in Russia were 

shown by IR and Raman spectroscopy to contain a multi- 
phase assemblage that includes carbonates, olivine, 
apatite, graphite, water, and silicate glasses. These micro- 
inclusions had an elevated internal pressure that indicated 
the original materials were trapped during growth of the 
host diamond. These internal pressures—extrapolated to 
mantle temperatures—lie within the stability field of dia- 
mond, but the temperatures are relatively low. Such tem- 
peratures are typical for the formation of cuboid diamonds. 

In contrast to previous data for African diamonds, the 

micro-inclusions in the Udachnaya cuboids were extreme- 

ly carbonatitic in composition [H,O/(H,O+CO,) ~5-20%], 
and the assemblage contained in their micro-inclusions 
was similar to that found in some types of carbonatites. 

The low water and silica contents testify that the material 

in the micro-inclusions of the Udachnaya diamonds was a 

near-solidus carbonatitic melt. RAH 


Do Arraial do Tejuco a Diamantina: 290 anos de produgao 
de diamantes [From the Arraial do Tejuco to 
Diamantina: 290 years of diamond production]. R. 
H. Corréa-Silva, Diamond News, Part I. Vol. 5, No. 
17, 2004, pp. 40-44, Part II. Vol. 5, No. 18, 2004, pp. 
13-19 [in Portuguese]. 

Part I of this article describes the early history of the 

Diamantina mining district in Minas Gerais, Brazil, from 

the discovery of gold in the 17th century and of diamonds 

around 1714 to the end of the 19th century, by which time 

Diamantina had lost its position as the world’s leading dia- 

mond producer to South Africa. It focuses on certain 

aspects of the industry, such as the regulation of diamond 
production and trade by the Portuguese Crown and the 
role of some prominent personalities. 

Part II gives a description of the geologic setting, min- 
eralogy, and mining at Diamantina. The diamonds are 
found in conglomerates, and in colluvial and alluvial 
deposits (the primary source rocks have not yet been iden- 
tified). They are generally small and of gem quality. 
Diamonds from the conglomerates frequently have a 
green or brown coating from natural irradiation. Mining is 
done both by garimpeiros who also rework old diggings, 
and by mechanical operations (“dragas”) mostly on the 
Rio Jequitinhonha. Minerals that accompany the dia- 
monds are anatase, kyanite, lazulite, magnetite, gold, 
quartz, rutile, and zircon. RT 


Prospects of diamond-bearing ability in Ukraine and 


trends of geological prospecting works. D. S. 
Gursky, V. S. Metalidi, V. L. Prykhodko, and Yu. V. 
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Geiko, Mineralogical Journal (Ukraine), Vol. 26, 

No. 1, 2004, pp. 7-17. 
This evaluation of possible diamond-bearing occurrences 
in the six major structural units of the Ukrainian shield 
takes into consideration potential secondary (placer) 
deposits as well as primary (i.e., kimberlite and lamproite) 
sources in the region. Although no deposits are currently 
known, there are encouraging indications that the 
Ukrainian shield has diamond potential. For example, (1) 
detrital Cr-bearing pyropes often associated with dia- 
monds are reported from several areas, and (2) diamonds 
0.2—0.3 mm in size have been recovered from sands of the 
Baltian Neogene region and in the beach deposits of the 
northern coast of the Sea of Azov. The authors recom- 
mend detailed mapping of heavy minerals, as well as the 
use of other prospecting methods. [Abstracter’s note: This 
is one of six articles, all in English, in a thematic issue of 
the Mineralogical Journal (Ukraine) on the potential for 
diamond occurrences in the Ukraine. Abstracts of two 
additional articles follow.| RAH 


Age correlation of endogenic processes of the Slave 
(Canada) and Middle-Peri-Dnieper (Ukraine) cratons 
in connection with the diamond-bearing ability 
problems. N. P. Shcherbak, G. V. Artemenko, and 
A. V. Grinchenko, Mineralogical Journal (Ukraine), 
Vol. 26, No. 1, 2004, pp. 18-23. 

The Slave craton of the Canadian shield and the Middle- 

Peri-Dnieper (MPD) craton of the northwestern Ukrainian 

shield both stabilized in the Archean and have not been 

subjected to any considerable reworking in the Proterozoic 
or Phanerozoic. This stability is an essential condition for 
the diamond occurrences in the Slave craton. In the MPD 
craton, diamonds have been found only in Tertiary and 

Quaternary sedimentary formations, but, based on the 

occurrence of 2300-2000 and 1400-1200 million-year-old 

dike complexes in both cratons, the MPD craton is consid- 
ered a promising prospect for diamond-bearing rocks. 
RAH 


Paleotectonic, petrological and mineralogical criteria of 
diamond-bearing ability of the Ukrainian Shield. V. 
M. Kvasnytsya, Ye. B. Glevassky, and S. G. Kryvdik, 
Mineralogical Journal (Ukraine), Vol. 26, No. 1, 
2004, pp. 24-40. 
Regional estimates are given for the possibility of diamond 
discoveries in the various structural blocks of the 
Ukrainian shield on the basis of Clifford’s rule, which 
states that economic diamond deposits occur only in 
ancient stable cratons, or “archons,” with a crustal age of 
not less than 2,800 million years. The Middle-Peri-Dnieper 
craton in the Ukrainian shield has thickened crust, and the 
most promising region for the discovery of mantle (i.e., 
kimberlite or lamproite) diamond deposits is where the 
archon slopes adjacent to a sediment-filled linear trough 
called the Dnieper-Donets aulacogen. RAH 
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Archaeological geology of the world’s first emerald mine. 
J. A. Harrell [james.harrell@utoledo.edu], Geo- 
science Canada, Vol. 31, No. 2, 2004, pp. 69-76. 

An archaeological and geologic survey of the mountain 

valley region of Wadi Sikait in the Eastern Desert of Egypt 

was conducted to map the distribution of ancient mine 
workings, deduce ancient mining methods, and describe 
the geologic occurrence of emerald at this, the world’s first 
emerald mine. Several other sites in the area also have 
indications of ancient emerald extraction. Mining proba- 
bly began toward the end of the Ptolemaic period in the 
lst century BC. Most of the activity, however, dates to the 

Roman and early Byzantine periods, from the late 1st cen- 

tury BC through the 6th century AD. Renewed small-scale 

mining during the first three decades of the 20th century 
proved unsuccessful, probably due to the poor quality of 
the emeralds. 

The author provides a map of the mine workings, 
which combines topographic and geologic information. 
The Wadi Sikait area is divided into sections known as 
the North Village, Middle Village and Road, and South 
Village. Archaeological excavations of the South Village 
area have uncovered ancient temples and administration 
buildings, possibly from the first century AD. 

The emerald deposits are characterized by the intru- 
sion of Be-bearing quartz or pegmatite veins into Cr- or V- 
bearing mafic or ultramafic rocks (i.e., the source of the 
chromophores). Emeralds formed in the contact zone 
between phlogopite schist and the quartz/pegmatite 
veins. JEC 


Marble-hosted ruby from Vietnam. P. V. Long [vggc@fpt.vn], 
H. Q. Vinh, V. Garnier, G. Giuliani, and D. Ohnen- 
stetter, Canadian Gemmologist, Vol. 25, No. 3, 
2004, pp. 83-95. 

This article compares the gemological characteristics and 

geologic setting of rubies from Luc Yen and Quy Chau in 

northern Vietnam. At Luc Yen, rubies occur as dissemi- 
nated crystals in small veinlets or fissures within marbles 
of Upper Proterozoic to Lower Cambrian ages. Secondary 
ruby deposits occur in associated alluvial gravels. At Quy 

Chau, the economic ruby and sapphire deposits are found 

only in placers. 

The ruby crystals from Luc Yen examined were typi- 
cally hexagonal bipyramids, whereas those from Quy 
Chau commonly formed short hexagonal prisms. 
Compared to the Luc Yen material, the color of the Quy 
Chau rubies was usually more saturated and showed a 
stronger red fluorescence to long- and short-wave UV 
radiation. R.I. values of rubies from both areas were 
1.762-1.770 (birefringence ~0.008). S.G. values for sam- 
ples from Luc Yen were 3.92-4.01, whereas those from 
Quy Chau were 3.94—4.05. Rubies from both areas exhib- 
ited twinning, straight and angular growth zoning, and (in 
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some instances) various forms of color zoning. The most 
common mineral inclusions in material from both locali- 
ties were apatite, calcite, dolomite, rutile, diaspore, phlo- 
gopite, and zircon. Three kinds of fluid inclusions (both 
primary and secondary) also were found. The inclusion 
characteristics and geologic settings indicate that rubies 
from these deposits are the result of high-grade (amphibo- 
lite facies) regional metamorphism. JES 


Nuristan-South Pamir province of Precambrian gems. A. 
K. Litvinenko [litvinenko78@yahoo.com], Geology 
of Ore Deposits, Vol. 46, No. 4, 2004, pp. 263-268. 
A highly metamorphosed Precambrian tectonic block 
measuring 660 - 165 km in the Afghanistan-Pakistan- 
Tajikistan region has a remarkable abundance of gem 
deposits. More than three dozen localities contain miner- 
als suitable for use as gems or ornamental stones. A partial 
list of these materials includes lazurite, spinel, clinohu- 
mite, ruby, sapphire, scapolite, cordierite, emerald, and 
tourmaline. Many of these come from various types of 
metamorphic deposits, the nature of which is determined 
by the composition of the sedimentary protoliths (e.g., the 
presence of highly aluminous clay) and by the intensity 
and type of metamorphism. EF 


INSTRUMENTS AND TECHNIQUES 


Ein notwendiger Test in der Perlenuntersuchung [A nec- 
essary test for the pearl identification]. H. A. Hanni 
[gemlab@ssef.ch], Gemmologie: Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 53, 
No. 1, 2004, pp. 39-42 [in German with English 
abstract]. 

X-radiography is a standard method for distinguishing nat- 

ural from cultured pearls by revealing their different inter- 

nal characteristics. With recent progress in pearl culturing, 
the structures of natural and cultured pearls are becoming 
increasingly similar. Unlike their saltwater counterparts, 
freshwater pearls (natural or cultured) luminesce to X-ray 
excitation because of the Mn content of their nacre. As the 
nuclei of most cultured pearls are made of freshwater 
nacre, this luminescence (as viewed through the subse- 
quent cultured overgrowth) can be used as an additional 
test to identify various kinds of natural and cultured 
pearls. The author gives a brief description of the practical 
application of this technique. RT 


Impurity measurements in diamond using IR. W. Taylor 
[pterodia@wxc.com.au], Rough Diamond Review, 
No. 4, 2004, pp. 40-42. 

IR spectroscopy provides a quantitative method for identi- 

fying nitrogen and other light-element (e.g., H, O, B) impu- 

rities and their associated defects in diamonds; these ele- 

ments may substitute for carbon atoms in the diamond 

lattice in amounts up to several thousand parts per mil- 
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lion. The abundance and configuration of such impurities 
are of importance for determining the post-growth history 
of diamonds in the earth’s mantle and for distinguishing 
diamonds from different sources. Within individual crys- 
tals, the zonation of nitrogen content and aggregation state 
can be mapped and correlated to growth history. Nitrogen- 
aggregation plots show a correlation between nitrogen 
population types and diamond properties, such as color 
and morphology. 

IR spectra that are characteristic of the atomic config- 
uration and concentration of nitrogen and the other light- 
element impurities, and molecular submicroscopic fluid 
inclusions (e.g., H,O, CO,), are illustrated and/or dis- 
cussed in this article. Also presented are practical aspects 
of measuring and interpreting IR spectra of diamonds (e.g., 
using software that deconvolutes the spectra to isolate the 
contributions from various nitrogen centers). Al 


JEWELRY RETAILING 


Are natural diamond engagement rings forever? E. H. 
Fram and R. Baron, International Journal of Retail 
@ Distribution Management, Vol. 32, No. 7, 2004, 
pp. 340-345. 
The authors conducted a study of the attitudes toward nat- 
ural diamond engagement rings among 459 students at the 
Rochester Institute of Technology, New York; these 
young people are the prime target market for such rings. 
One-third of the respondents were in the 18-22 age group, 
while the rest were 23 and older. The male:female ratio 
was 55:45, with 93% of the students coming from the U.S. 
Of the full sample, 15% were already married or engaged, 
54% said they had no expectation of becoming engaged 
within the next three years, and 31% believed they might 
become engaged in that time period. 

While a majority (61%) of respondents believed that a 
natural diamond engagement ring was very or somewhat 
important, a significant number were either neutral (22%) 
or believed such rings were somewhat/very unimportant 
(16%). In addition, 45% of the women believed it was 
appropriate to celebrate an engagement without a natural 
diamond ring; only 28% of the men agreed with that 
statement. About one-third of the respondents would con- 
sider alternatives to natural diamond engagement rings, 
either jewelry or nonjewelry, while nearly one-fourth 
were neutral on the subject. The report concluded that 
the number of women predisposed to acquiring a dia- 
mond engagement ring might not be as high as believed, 
and this might represent a downward trend that could 
impact future diamond engagement ring sales. RS 


Diamond geezers. M. Prince [princem1@southernct.edu], 
Business Strategy Review, Vol. 16, No. 1, 2005, pp. 
22-27. 


The diamond engagement ring is a product that creates 
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desire beyond reason in the eye of the beholder, especially 
those rings that fulfill the requirements of a prestige 
brand—products for which consumers will pay a premi- 
um. The characteristics of these brands are that they set 
themselves on a higher plane than the competition, repre- 
sent high expectations of quality and value, and make a 
personal statement about the user/wearer. 

Diamond engagement rings offer a conspicuous dis- 
play of romantic emotion and social position. Diamonds 
from a prestige jeweler can also stimulate a feeling of 
attachment toward that brand, kinship with other pur- 
chasers of that brand, disdain for competing products in 
the same market, and an elitist mentality. Brand choices 
can be affected by age, gender, ethnic background, educa- 
tion, and sophistication levels. RS 


Evolution of an advertising campaign. A. DeMarco, JCK, 
Vol. 176, No. 5, 2005, pp. 149-152. 
This article details the development of a new advertising 
campaign for Lockes Diamantaires, a boutique-type retail 
diamond jewelry store established by a De Beers Diamond 
Trading Company sightholder in Manhattan. The advertis- 
ing agency, AgencySacks, began by proposing a campaign 
that would combine credibility and good value to a pre- 
dominantly female clientele in the age range 26 to 65 and 
earning more than $75,000/year. The goal was to position 
the store as a professional, quality-oriented alternative to 
both “wholesale-to-the-public” operations and high-end 
retailers. The creative staff of the agency developed three 
potential advertisements that focused on image and emo- 
tions rather than product. However, some members of 
Lockes’ staff wanted some products featured, so two differ- 
ent advertisements were produced. One was an image ad 
for magazines, while the other, for newspapers, stressed 
product and value. RS 


TREATMENTS 


Doping by diffusion and implantation of V, Cr, Mn and Fe 
ions in uncoloured beryl crystals. J. C. R. Mittani 
[juan.mittani@dfn.if.usp.br], S. Watanbe, M. Matsu- 
oka, D. L. Baptista, and F. C. Zawislak, Nuclear 
Instruments and Methods in Physics Research B, 
Vol. 218, 2004, pp. 255-258. 

The coloration of slabs from a natural crystal of colorless 

beryl (from Salinas, Minas Gerais, Brazil) was carried out 

through doping by diffusion and ion implantation with V, 

Cr, Mn, and Fe. [Editor’s note: The authors do not describe 

the colors produced by this treatment process.] The beryl 

slabs were cut to test whether treatment was easier per- 
pendicular or parallel to the c-axis. Specimens were placed 
in an alumina crucible with chemical-grade compounds 

(VCl,, Cr,Cl,, MnCL,, or FeCl,) and heated to 700, 725, or 

750°C for periods of 7, 14, or 21 days. After treatment, 

they were analyzed using optical absorption, electron para- 
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magnetic resonance, and inductively coupled plasma-—laser 
ablation—-mass spectroscopy. The results showed that the 
ion species could be doped into the beryl by the diffusion 
procedure. However, the low dosage used during the 
implantation process failed to introduce any significant 
level of the ions. One interesting feature documented dur- 
ing the ion implantation process was the changing of pre- 
existing Mn?* and Fe** into Mn** and Fe**. Diffusion paral- 
lel to the c-axis was easier than perpendicular to this axis 
due to the structural channels in the beryl. EF 


If you can’t stand the heat, get out of the gem business: 
Part IV. G. Roskin. JCK, Vol. 175, No. 9, 2004, pp. 
109-114. 

While the vast majority of HPHT-treated diamonds can be 
identified, some still confound gemological laboratories. 
GIA has documented nearly 11,000 HPHT-annealed dia- 
monds submitted for reports. Only a small percentage (pri- 
marily colored diamonds) were submitted without having 
been declared as HPHT-treated. Other laboratories have 
reported seeing “limited numbers” of HPHT-annealed dia- 
monds. The range of diamonds that are treated has 
expanded beyond the original type Ila, most commonly to 
some varieties of type Ia. 

The article questions the claim, made by some HPHT 
diamond treaters, that the process “finishes what Mother 
Nature started.” Quite often the process of treating dia- 
monds involves temperatures far higher than those found 
naturally. RS 


Quality enhancement of Vietnamese ruby by heat treat- 
ments. P. Winotai [scpwn@mahidol.ac.th], P. Lim- 
suwan, I. M. Tang, and S. Limsuwan, Australian 
Gemmologist, Vol. 22, No. 2, 2004, pp. 72-77. 

The heating of Vietnamese rubies in an oxygen atmo- 

sphere improves their color and clarity. Trace amounts of 

Fe** in these rubies causes a pale yellow coloration, where- 

as the intervalence charge-transfer mechanism between 

Fe** and Ti* gives them an undesirable bluish color. The 

latter can be diminished by heating the ruby in oxygen so 

that most of its Fe?* is converted to Fe**, resulting in a 

more intense red. X-ray diffraction analysis showed that 

the cation/anion ratio of the structure was smallest after 
heat treatment at 1,300°C. The number of Fe?* ions con- 
verted to Fe** (as detected by electron spin resonance spec- 
trometry) was found to increase with temperature. 

Vietnamese ruby may acquire an intense red color (with 

no yellow or blue modifier) after optimal heating at 

1,500°C for 12, hours. RAH 


Study on colorific mechanism of topaz after irradiated by 
positron annihilation technique. Y. Deng and Y. 
Zhang, Nuclear Electronics # Detection Tech- 
nology, Vol. 24, No. 1, 2004, pp. 62-66 [in Chinese 
with English abstract]. 

Topaz can be color enhanced by irradiation with gamma 


GEMOLOGICAL ABSTRACTS 


rays, neutrons, and high-energy electrons; however, the 
mechanism(s) by which the radiation changes the color is 
still unclear. To gain insight into this problem, samples of 
untreated and irradiated topaz were studied using the 
positron annihilation technique. This technique yields 
information on crystal lattice defects, such as vacancies 
and micro-voids, by measuring the average lifetimes of 
positrons after irradiation. From such data, causes and 
mechanisms of color enhancement can be deduced. 
Natural topaz samples from Taishan, Guangdong, 
China, were divided into three groups for the experiments: 
colorless, blue (from neutron irradiation), and light blue 
(from high-energy electron irradiation). The average life- 
times of the positrons were about the same in samples 
within each group, but there were significant differences 
in the average lifetimes between the three groups. The 
average lifetimes were proportional to color intensity (i.e., 
longer in darker samples). Irradiation by neutrons and/or 
electrons induces many point defects in the topaz lattice, 
and these defects are the main cause of color. Some of 
these induced defects and associated colors disappear with 
annealing. The authors suggest that all methods capable of 
producing vacancies and micro-voids in the topaz lattice 
could be used for color enhancement. TL 


Topical coatings on diamonds to improve their color: A 
long history. T. Moses, C. P. Smith, W. Wang, and 
M. Hall, Rapaport Diamond Report, Vol. 27, No. 
20, 2004, pp. 91-93. 
The oldest form of treatment applied to diamonds to mask 
or alter their color appearance involves coatings. Coatings 
with a colored substance were applied to the backs of dia- 
monds as early as the 16th century in Italy. At that time, 
for example, greenish colors were commonly achieved by 
adding a green or blue coating to the back of yellow stones. 
Yet virtually any color can be imparted to a diamond with 
an appropriate coating. Such coatings, which are still occa- 
sionally seen today, are relatively unsophisticated, requir- 
ing only a steady hand and the proper coating medium. 
Through the years, the methods by which coatings have 
been applied to diamonds have changed. Since the 1950s, 
sputter or vapor deposition techniques have enabled 
metallic and fluoride coatings (originally developed for 
lenses during World War II) to be applied to diamonds. In 
these instances, typically a blue or purple coating is 
applied to the entire pavilion or just near the girdle to neu- 
tralize or mask a yellow bodycolor. 

Coatings are best detected by microscopic examina- 
tion. Two light sources, darkfield and overhead diffused 
light, combined with a subtle diffuser placed between the 
diamond and the light well of the microscope, provide the 
most effective viewing conditions. The coatings may 
appear as blotches or uneven areas of color and frequently 
have a blue or purplish tint in those cases where metallic 
or fluoride coatings have been applied; gas bubbles are 
observed in rare instances. Indications of the presence of a 
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coating may be encountered during color grading, from 
the different colors seen when the diamond is viewed 
face-up and table-down; in addition, the color may be con- 
centrated along the girdle. In the future, coatings of syn- 
thetic diamond on natural diamond, applied by chemical 
vapor deposition (CVD) techniques, have the potential 
not only to modify the less desirable color of a diamond, 
but also to add weight to the original stone. Such CVD- 
coated diamonds may be difficult to detect. JEC 


Yellow and brown coloration in beryllium-treated sapphires. 
V. Pisutha-Arnond [pvisut@geo.sc.chula.ac.th], T. 
Hager, P. Wathanakul, and W. Atichat, Journal of 
Gemmology, Vol. 29, No. 2, 2004, pp. 77-103. 

Elevated levels of Be (up to ~11 ppm) have been discovered 

in both natural and synthetic sapphires heat treated in 

Thailand. This article investigates the causes of yellow 

and brown coloration in such Be-treated sapphires. Using a 

series of irradiation and Be-heating experiments on both 

synthetic and natural colorless sapphires, the authors 
show that the geochemical behavior of Be mimics that 
previously proposed for Mg. Stable yellow or brown colors 
can be produced or removed depending on the (Be+Mg)/Ti 
ratio of the sapphires, the presence or absence of Fe, and 
whether heating is done in an oxidizing or reducing envi- 
ronment. WMM 


MISCELLANEOUS 


Diamonds and civil conflicts in Africa—The conflicts in 
central Africa and west Africa. M. K. Kachikwu, 
Journal of Energy & Natural Resources Law, Vol. 
22, No. 2, 2004, pp. 171-193. 

This article reiterates the belief that the most serious and 
prolonged civil conflicts within African states are the 
result of rebel groups and governments battling to control 
resources, especially diamonds. Because of their easy 
transport across borders and conversion to cash, diamonds 
are particularly susceptible to illicit purposes. 

The author recounts the histories of civil conflicts in 
diamond-producing countries, specifically Angola, Sierra 
Leone, and the Democratic Republic of the Congo. 
Patterns are cited of colonial plunder and superpower 
interference, followed by world neglect, as background for 
the recent conflicts. In two of the cases (Sierra Leone and 
Angola), revolutions borne out of political or social unrest 
were eventually subverted into grabs for diamond wealth. 
In the Congo, the author maintains, diamonds were the 
prize for outside invasion forces seeking influence within 
that vast nation. The case of Liberia is also cited. That 
country has essentially no indigenous diamond produc- 
tion, but illicit diamond trade running through its borders 
supported the corrupt regime of Charles Taylor. The arti- 
cle also describes the efforts of the Kimberley Process to 
stop trade in conflict diamonds. It notes, however, that 
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without massive intervention from the United Nations 
and the superpowers, African nations may again fall into 
the same patterns of commodity-driven civil strife. RS 


The diamond frontier. From bleak and barren to bling- 
bling: How a growing industry is changing Canada’s 
northern communities. D. McDonald, Time 
(Canadian edition), Vol. 163, No. 14, 2004, pp. 48-55. 

The 1991 discovery of diamonds in Canada, and the subse- 
quent opening of the Ekati and Diavik diamond mines, 
have transformed economic prospects for the 20,000 abo- 
riginal people of the Northwest Territories (NWT). Native 
communities are experiencing increased self-esteem and a 
better quality of life than a decade ago, yet they have still 
found ways to maintain their traditional values. Much of 
the credit for these achievements can be attributed to the 
mining companies’ acknowledgment that they are operat- 
ing on lands traditionally used for hunting and trapping, 
and their negotiating agreements favorable to the native 
people. These agreements include such matters as hiring (a 
target of 40% in the mines], training (to overcome a lack of 
education leading to skilled jobs), and business opportuni- 
ties (such as service contracts). Never before have the abo- 
riginal people participated to such an extent in resource 
development on their traditional lands even though, by 
legal statute, royalties from mines in the NWT go to the 
federal government. 

The results have been spectacular. For example, unem- 
ployment among native people has been greatly reduced, 
and when mines under construction (e.g., Snap Lake) come 
into production, there may even be a shortage of aboriginal 
workers to fill the target quotas. Nevertheless, diamonds 
also present problems for the NWT aboriginal communi- 
ties. For example, increased wealth has brought pressures 
on communities that have a tradition of sharing. Native 
people now distinguish between goods that have been 
shared historically (e.g., harpoons and rifles) and those that 
have not (e.g., snowmobiles). In addition, the increased 
salaries have not solved—and in some cases, have con- 
tributed to—familiar social problems such as alcohol and 
substance abuse. AAL 


The Great Diamond Hoax of 1872. R. Wilson, Smith- 
sonian, Vol. 35, No. 3, 2004, pp. 70-79. 
In 1871-1872, Philip Arnold and his partner, John Slack, 
played on people’s greed and conned millionaires and 
politicians into buying stock in a company that supposed- 
ly had found a diamond field in Colorado. Mr. Arnold had 
acquired knowledge of diamonds from his previous 
employer, Diamond Drill Co. With a bag of rough dia- 
monds (presumably taken from the drill maker) mixed 
with rubies and garnets, the two con men approached 
businessmen and bankers in early 1871 telling of their dia- 
mond find and looking for investors. After getting an ini- 
tial payment of $50,000, the two went to England in July 
1871 to buy $20,000 of uncut diamonds and rubies for use 
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in obtaining more investment capital. Seeing actual dia- 
monds in hand (and, later, “salted” at the supposed 
deposit), the speculators were easily duped. In fact, when 
some of the investors sent 10% of the uncut stones to 
Charles Lewis Tiffany in New York (in October 1871) for 
appraisal, he unwittingly supported the scam by reporting 
their value as $150,000. (After the hoax was exposed, it 
was revealed that Mr. Tiffany did not have much experi- 
ence with uncut stones.} 

The hoax unraveled in October 1872, when Clarence 
King, a geologist conducting a survey for the U.S. govern- 
ment, and his men overheard a few people talking about a 
diamond find that happened to be in the survey’s purview. 
If diamonds actually occurred on land he was surveying, 
King feared, he would have to explain to Congress why he 
and his men had not found them. When they inspected the 
so-called diamond field, King noticed that everywhere 
there was a diamond there were rubies surrounding it, 
which was too perfect a coincidence to be natural. Also, 
anthills containing gems were always surrounded by foot- 
prints, which was quite suspicious. King concluded that 
the diamond field was a hoax and published a letter expos- 
ing it in November 1872. Although a grand jury did indict 
Arnold and Slack for fraud, it seems the investors, out of 
embarrassment, let the case drop. JS 


In the wake of things: Speculating in and about sapphires 
in northern Madagascar. A. Walsh, American 
Anthropologist, Vol. 106, No. 2, 2004, pp. 225-237. 

Sapphires were “discovered” in the area around 

Ambondromifehy in the northern part of Madagascar in 

1996; before then, the locals held them in such low esteem 

that children used them as slingshot pellets. The fact that 

“foreigners” place so much value on these stones, which 

have no local use, is a source of great speculation and suspi- 

cion among local inhabitants—even the Malagasy traders 
who make their livings by buying and selling these stones. 
This article describes the complex trading culture that 
has grown up around the mining areas. Local miners, 
traders, and demarchers (brokers) have developed a trad- 
ing ethic divided between businessy for legitimate deals 
and katramo for deceptive practices. Businessy encom- 
passes many practices—some unquestionably ethical, and 
others that require a great deal of awareness on the part of 
both parties. Katramo is pure deception. Local traders, 
however sharp, consider themselves at a disadvantage to 
foreigners because of their ultimate “secret,” that sap- 
phires have no use or value within their country. Thus, 
because the Malagasy do not understand why foreigners 
value sapphires, they believe that foreign traders are con- 
stantly getting the better of them. Nor do the locals 
believe that sapphires are used primarily for jewelry. 

Common suspicions hold that the stones are used in 

armaments for the Iraq War, electronic gear, watches, and 

even to construct impenetrable walls for the houses of 
foreign “billionaires.” RS 
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Injuries and injury care among child labourers in gem 
polishing industries in Jaipur, India. R. R. Tiwari 
[rajtiwari2810@yahoo.co.in], A. Saha, J. R. Paikh, 
and H. N. Saiyed, Journal of Occupational Health, 
Vol. 46, No. 3, 2004, pp. 216-219. 

The gem polishing industry in Jaipur, India, employs about 

200,000 people who process colored stones imported most- 

ly from various African sources. About 20,000 of these 

workers are children (<18 years old). For this study, 
researchers at India’s National Institute of Occupational 

Health interviewed 588 child workers randomly selected 

from various cutting operations. Most (78% in this study) 

were in the 10-14 year age range. They found that these 
workers were frequently exposed to minor injuries associ- 
ated with the cutting, faceting, and drilling of gem materi- 
als and were not covered by any type of health plan. The 
prevalence of injuries within this age group could indicate 
they are too immature to understand safety practices. 

Their injuries were often complicated by problems with 

hygiene and lack of knowledge regarding wound care and 

first aid. Chemicals such as chromium oxide were often 
absorbed into their wounds, contaminating those injuries. 
They also found that children working longer shifts 

(>6 hours) were more likely to injure themselves than 

those working a few hours a day, as fatigue negatively 

affects concentration. Those employed less than two 
years tended to sustain more injuries because of their lack 
of experience. MC 


The next African revolution. S. Benson, New York 

Diamonds, Vol. 86, January 2005, pp. 40-46. 
The South African government is considering legislation 
that could radically transform the diamond industry in 
that country. Its aim is to increase “beneficiation” (i.e., 
deriving greater added value from diamond resources in 
the form of employment, majority ownership, and govern- 
ment revenues). Proposed amendments to the South 
African Diamond Act of 1986 would allow the country’s 
Diamond Board to require De Beers’s Diamond Trading 
Company (DTC) and other miners to supply local manu- 
facturing operations directly. Currently, De Beers exports 
all of its rough diamonds to its DTC office in London and 
supplies South African manufacturers from sights with a 
mix containing rough diamonds from mines in Africa and 
Russia. In addition, the proposed new Mining Charter 
would require that 26% of equity in the country’s existing 
mines be held by “historically disadvantaged” people 
within 10 years. 

DTC managing director Gareth Penny said he agreed 
with the basic goals of beneficiation but believed the pro- 
posed legislation ultimately would make the mining and 
cutting industries smaller and less competitive. 
Neighboring governments of Namibia and Botswana are 
watching results of South Africa’s beneficiation laws as a 
potential model for their countries. RS 
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The 


LAST Page 


ith 81 G&G cover shots to their credit—and 
counting—it’s time we introduced you to Harold 
and Erica Van Pelt, the husband-and-wife team 


whose gem and jewelry photos have appeared in every issue 
of Gems & Gemology since 1981. 


Kansas native Harold, known to his friends as “Van,” studied 
at the famed Brooks Institute of Photography in Santa 
Barbara, California. Erica was born and raised in Germany, 
where she trained as a photographer. The two met in 1962, 
at a Los Angeles museum exhibit of Harold’s photos, and 
have worked together since then. 


The Van Pelts originally specialized in the photography of 
high-end furniture, but their focus began to shift in the late 
1960s, when a private collector commissioned them to pho- 
tograph a group of tourmalines (still their favorite gem to 
shoot). They were entering largely uncharted waters. With the 
exception of Lee Boltin, whose work appeared in 1965’s 
Gems in the Smithsonian Institution, there were no true artists 
working in gem and mineral photography. Free to follow their 
own vision, the Van Pelts developed innovative compositions 
and lighting techniques that revolutionized the way we look 
at these treasures. 


In addition to G&G, their photographs have been featured in 
Lapidary Journal, Mineralogical Record, JCK, and countless 
other publications, as well as dozens of books, including 
their own popular Birthday Book of Gems and Birthday Book 
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Photo by Karen Myers 


The 


Other Side 


of the Lens 


of Diamonds. Though they are quick to downplay the acco- 
lades they have received, the Van Pelts are honorary life 
members of the American Gem Trade Association, as well as 
honorary fellows of the Bowers Museum of Cultural Art in 
Santa Ana, California. 


One vital ingredient to their success is teamwork. “The most 
interesting part of our relationship is that we both have our 
departments, even though we’re always treading on each 
other’s territory,” Erica explains. “The layout, the designs for 
the photos, and the props are my department; Van’s is the 
technical lighting and operating the camera.” A single shot, 
like the yellow diamonds cover for this issue of G&G, can 
require hours of meticulous work to set up the stones, the 
background, the lights, and the best camera angle. 


The Van Pelts have taken that same complementary 
approach in becoming world-class lapidaries. Since the 
1970s, they have carved objects such as candlesticks, vases, 
containers, and eggs from rock crystal quartz and other 
materials. They have even designed or modified much of 
the machinery they use for rock carving. Their creations 
have been exhibited at a number of international gem and 
mineral shows, though none have ever been offered for sale 
(see J. Sinkankas, “Artistry in rock crystal: The Van Pelt col- 
lection,” Winter 1982 G&G, pp. 214-220, for several 
notable examples). 


In between photo shoots and their travels, Harold is putting 
the finishing touches on a full-sized agate chair, eight years 
in the making. Erica is involved in setting up a gem exhibit 
for a collector that will open in Shanghai this October. 
Another ongoing project at their Hollywood home/studio is 
cataloguing the thousands of shots they have taken over the 
years. Most of the information on these images resides only 
in the Van Pelts’ collective memories. Once they have com- 
piled all the data and had the photos digitally scanned, their 
photo library will be a valuable resource for the gem and 
mineral world. 


In the meantime, each photo still offers a new challenge. 
“We always start from the beginning,” Erica says. “We 
always strive to build on our last shot, so we have to find a 
different approach every time.” 


Stuart Overlin 
Associate Editor 
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T he Fall 1988 issue of Gems & 
Gemology contained an article titled 

“An Economic Review of the Past Decade in 
Diamonds.” In it, | chronicled the extraordinary, now 
historic, ups and downs of the diamond market from 
the mid-1970s to the late 1980s. 


When it was published, the article sur- 
prised many G&G readers in that it devi- 
ated from the purely scientific or gemo- 
logical nature of the journal. But, as the 
late Richard T. Liddicoat wrote in that 
issue’s editorial, “Today . . . the study of 
gemology is more than refractive indices 
and specific gravity; it goes beyond syn- 
thetics and simulants, localities and 
Leveridge gauges. Gemology is now a 
truly interdisciplinary profession, requir- 
ing a good balance of the technical, 
aesthetic, and commercial aspects of 
gems.” 


GIA’s Russell Shor, a respected journal- 
ist who has spent more than 20 years fol- 
lowing the diamond industry, continues 
this spirit of gemological breadth and 
depth in our current issue. His article is a 
comprehensive review of the vast economic 
and social forces that have shaped the diamond 
industry since the late 1980s. During these years, a 
veritable revolution has taken place. From produc- 
tion and distribution changes, to major market shifts 
toward India and China, to the branding revolution, 
conflict diamonds, terrorism threats, and the 
Kimberley Process, this article is a must-read for any 
serious jeweler or gemologist, especially one who 
wants to see today’s diamond industry in its most 
transparent form. 


EDITORIAL 


Industhy 


eure 


Of all the changes discussed in 
this article, none can compare to the 
fundamental shift in the role of De Beers 
from custodian of global diamond sup- 
ply to market driver. With its Supplier 
of Choice initiative, a response to 
the many economic and geopoliti- 
cal forces Shor describes, De Beers 
abandoned the philosophy that had 
guided the company for more than a 
century—controlling supply in order 
to protect demand. The mere fact 
that the De Beers brand name is 
now reserved for its retail partner- 
ship with LVMH (De Beers LV) is a 
monumental change in thinking 
all its own. 


| believe Shor’s work will stand 
as the most practical resource on 
diamond industry developments 
over the turn of the millennium, 
and will intrigue readers for years to 
come. As with all G&G articles, espe- 
cially those that lead an issue, we 
demand a significant contribution to the gemo- 
logical and jewelry literature. The broadening of 
gemology itself and the ramifications of economic, 
social, geopolitical, and technological factors in our 
trade qualify Shor’s article as such, and again demon- 
strate the diverse and multifaceted nature of our field. 


—tillsind E- Gogg ie 


William E. Boyajian, President 
Gemological Institute of America 
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Fundamental Problems 
of Light 


by 


DAVID H. HOWELL, C.G. 


Probably no single word in our entire 
language is used with less intelligence and 
possesses a more nebulous meaning than 
the world light. This word is used both 
in a subjective sense and an objective 
sense. For example, when our eye is 
subjected to a certain condition we ex- 
pexience a sensation: which we call light. 
Likewise, physical causes are also called 
light. 

Physicists offer a definition based on 
radiant energy given off by solids in an 
incandescent state. This energy is distri- 
buted throughout certain wave-lengths 
in definite amounts or quanta. Webster 
propounds the following: ‘The essential 
condition of vision. The opposite of 
darkness.” This is not especially clear 
as it throws all the responsibility on the 
word darkness, which is often defined as 
“The absence of light.’ ‘Thus we go 
around and around in a circle and find 
ourselves precisely nowhere. However, in 
order to gain a clear conception of what 
this phenomenon which we call light can 
do, we must first attempt to obtain an 
idea of what it is. : 

The modern scientific frame of mind 
requires one to think of light as radia- 
tions which have relatively high energy 
radiations, based upon their motion or 
frequency. In this way, light is separated 
from other lower or higher frequency 


radiations such as heat, radio, and X-rays. 
The general problems concerning gem- 
stones and their observed attributes are 
primarily concerned with what we shall 
call visible light and to certain visible 
effects caused by ultra-violet light. 


HISTORY 


Studies in light are not recent and many 
of our present theories and concepts have 
been in men’s minds for nearly three hun- 
dred years. In 1666 Sir Isaac Newton, 
noting the decomposition of white light 
in passing through-a. prism into its spec- 
trum colors, began to. theorize upon the 
mechanics of this observation and also 
to inquire into the nature of light. He 
offered the so-called “Corpuscular The- 
ory” for the propagation of light through 
space; ie. Light was a flight of material 
particles by the source of the light and 
its propagation was due to the mechanical 
action of these particles upon the retina 
of the eye. 


However, further observations into the. 
behavior of light—especially into the fact 
that light bent in going around corners— 
could not be reconciled to this Corpuscu- 


lar Theory and Huygens 1678 proposed 


the “Wave Theory.” This explained satis- 
factorily the phenomena of reflection, re- 
fraction, and diffraction. Later, in 1800, 
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A REVIEW OF THE POLITICAL AND 


ECONOMIC FORCES SHAPING TODAY’S 


DIAMOND INDUSTRY 


Russell Shor 


During the past 15 years, political and economic forces have converged to radically transform the 
structure of the diamond industry worldwide. This article examines how upheavals in the former 
Soviet Union and several African nations—as well as the arrival of new sources such as Australia 
and Canada—led to the restructuring of the rough diamond market. This in turn created new 
competitive pressure at the wholesale and retail levels, including the movement to establish new 
diamond cuts and diamonds as branded items. At the same time, technological advances have 
enabled the faster, more efficient manufacturing of rough diamonds, created new treatments, and 
fostered the introduction of economically viable gem-quality synthetics. While demand for dia- 
mond jewelry remains strong in the U.S., which accounts for nearly 50% of world consumption, 
new markets such as India and China are likely to spearhead continued growth. In addition, new 


social and governmental initiatives have affected how the entire industry conducts business. 


William E. Boyajian chronicled the price-supply 

upheavals in the diamond market of the late 
1970s and 1980s that set into motion some of the 
forces that would bring even more radical changes 
in subsequent years. These included the speculative 
and “investment diamond” era of the late 1970s, 
and the subsequent crash that forced a number of 
firms into bankruptcy. Japanese consumers led the 
awakening of Asian consumer markets that helped 
revive the diamond trade in the mid-’80s. In addi- 
tion, the large output of small, lower-quality dia- 
monds from Australia’s Argyle mine, coupled with 
the exponential expansion of India’s diamond man- 
ufacturing industry, made diamond jewelry a mass- 
market item for the American middle class. 

This article looks at the many developments that 
have had an impact on the world diamond industry 
since the 1980s. Momentous changes in world poli- 
tics, in particular, have had a profound effect: The 
end of the Cold War unleashed a competitive spree 
for Russian rough diamonds; civil wars in some 
African diamond-producing nations revealed a dark 
underside of the diamond industry; and the collapse 


n the Fall 1988 issue of Gems #& Gemology, 
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of several Asian economies in the late 1990s deliv- 
ered a devastating blow to some diamond operations. 

In addition, diamond sources in Australia and 
Canada were developed by mining companies that 
challenged De Beers’s traditional single-channel sales 
market. A diamond manufacturer, Lev Leviev, also 
became a major rival to De Beers by securing lucra- 
tive diamond sources in Angola, Namibia, and 
Russia. De Beers recast its own operations at the turn 
of the millennium and tried, along with industry 
bankers, to shift the industry from a supply-driven to 
a demand-driven mentality, pushing its sightholders 
to greater vertical integration and investment in sales 
and marketing programs. Meanwhile, diamond-pro- 
ducing nations began asserting greater control over 
their resources, including demands that a share of 
their bounty be processed locally. This has profound 
implications for diamond manufacturers in all parts 
of the world, as well as for distributors in the middle 
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of the pipeline. Technological advances during the 
1990s made diamond manufacturing vastly more 
efficient, created new retail avenues that greatly 
affected the way diamonds were sold, and yielded 
new treatments and synthetics that challenged 
gemologists’ skills. Consumers became privy to a 
vast array of gemological and market information 
about diamonds, and celebrities made them an even 
more important element of high fashion (figure 1). 

All of these developments are still fluid, and they 
undoubtedly will continue to bring deep changes to 
the diamond industry, challenging retailers, dealers, 
and gemologists to adapt. On the positive side, new, 
lucrative consumer markets for diamonds have 
developed and show no sign of slowing, creating 
immense opportunity amid these challenges. 


DIAMOND PRODUCTION AND 
DISTRIBUTION: THE EVOLUTION OF A 
MULTI-CHANNEL SELLING MARKET 

Some of the most radical changes came in the pro- 
duction and distribution of rough diamonds. In 1991, 
worldwide production totaled approximately 106 
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Figure 1. Though dia- 
monds have always 
adorned the wealthy and 
famous, recent decades 
have seen a notable 
increase in the popularity 
of flashy, “bling-bling” 
styles of diamond jewel- 
ty. Here American singer 
Beyoncé is shown wear- 
ing a dramatic pair of dia- 
mond mesh earrings by 
Lorraine Schwartz, New 
York, while arriving at 
the 2005 Academy 
Awards. Photo © Lisa 
O'Connor/ZUMA/Corbis. 
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million carats (table 1). The majority of world produc- 
tion was concentrated in southern Africa, with other 
sources including Australia and the Soviet Union 
(Levinson et al., 1992). Through its single-channel 
marketing approach, formally adopted in 1935 
(“Diamonds,” 1935), De Beers still managed the dis- 
tribution of the vast majority of rough diamonds 
entering the world market. Yet within 10 years, 
changes in De Beers’s relationships with Russian and 
Australian producers, the development of mines in 
Canada, and political events in Africa would dramati- 
cally reduce De Beers’s share of the market and great- 
ly alter the entire dynamic of the diamond industry 
(Even-Zohar, 2002). The map of world diamond pro- 
duction and major cutting centers that Boyajian pub- 
lished in 1988 (p. 149) has undergone some signifi- 
cant changes (figure 2). 


De Beers’s Central Selling Organisation/Diamond 
Trading Company. Since 1888, De Beers has been 
the world’s primary supplier of rough diamonds. As 
recently as 1993, the De Beers Central Selling 
Organisation (CSO) controlled about 80% by value 
of the approximately $5.5 billion world market, 
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through ownership of its own mines in South Africa 
(see, e.g., figure 3) and 50-50 partnerships in mines 
with the governments of Botswana and (since 1994) 
Namibia (Austin, 1994; Shor, 2004). In addition, the 
CSO marketed all of Russia’s rough diamond 
exports, as well as all official production from Zaire’s 
(Democratic Republic of the Congo [DRC] after 
1996) Miniére de Bakwanga (MIBA) mine and 
Angola’s state-owned diamond-mining company, 
Endiama. It also maintained buying offices in most 
African producing nations and Brazil to buy rough 
on the open market. With one exception (the Argyle 
mine), all major diamond production sources were 
controlled by either De Beers or the governments of 
the countries in which the mines were located, often 
in partnership with one another. The 20% of rough 
traded outside the CSO came from independent 
shares of Argyle; small mining operations in South 


Africa, South America, and elsewhere; informal allu- 
vial mining in West Africa; and market “win- 
dows”—a percentage of rough diamonds the CSO 
permitted its contracted producers to sell on the 
open market to gauge prices. 

The CSO mixed rough diamonds from all sources 
and sorted them by quality, shape, and weight crite- 
ria (figure 4). Ten times yearly, it marketed rough to 
a specific roster of clients at “sights.” In times of 
slack demand or overproduction, the CSO would act 
as a market buffer by stockpiling diamonds or reduc- 
ing their purchases from certain producers (effective- 
ly forcing them to stock at the mine sites). 

Yet several forces were developing that would sig- 
nificantly affect the CSO’s ability to maintain a 
majority share of the rough diamond market, hold 
stocks of rough to regulate price fluctuations, and 
fully control rough diamonds it obtained from its 


TABLE 1. World rough diamond production by country, 1991-2008 (in thousands of carats).@ 


Country 1991 1992 1993 1994 1995 


1997 1998 1999 2000 2001 2002 2003 


Gem and near-gem 


Angola 899 1,100 130 270 2,600 2,250 1,110 2,400 3,360 3,914 4,653 4,520 4,770 
Australia 17,978 18,078 18,844 19,485 18,300 18,897 18,100 18,400 13,4038 11,956 11,779 15,142 14,900 
Botswana 11,550 11,160 10,310 10,550 11,500 12,400 15,100 14,800 17,200 18,500 19,800 21,300 22,800 
Canada? 300 892,429 2,534 3,716 4,984 11,200 
Zaire/D. R. Congo 3,000 8,934 2,006 4,000 4,000 3,600 3,000 3,300 4,120 3,500 3,640 4,400 5,400 
Liberia 60 60 80 150 120 100 100 48 36 
Namibia 1,170 1,520 1,120 1,312 1,382 1,402 1,345 1,394 1,630 1,450 1,487 1,350 1,650 
USSR/Russia® 10,000 9,000 8,000 8,500 10,500 10,500 10,500 11,500 11,500 11,600 11,600 11,500 12,000 
Sierra Leone 160 180 90 155 113 162 300 200 v 58 167 147 214 
South Africa 3,800 4,600 4,600 4,340 5,070 4,400 4,500 4,300 4,000 4,320 4,470 4,350 5,070 
Other 2,433 2,137 2,612 2,746 2,117 1,853 2,568 2,235 2,883 3,300 3,122 2,888 2,910 
Total 51,000 57,300 47,700 51,400 55,700 55,500 56,600 58,900 60,600 61,200 64,500 70,600 80,900 
Industrial 
Angola 62 80 15 30 300 250 124 364 373 435 517 502 530 
Australia 17,978 22,095 23,032 23,815 22,400 23,096 22,100 22,500 16,381 14,612 14,397 18,500 18,200 
Botswana 4,950 4,790 4,420 5,000 5,300 5,000 5,000 5,000 5,730 6,160 6,600 7,100 7,600 
Zaire/D. R. Congo 14,814 4,567 13,620 13,000 13,000 17,000 17,600 18,900 16,000 14,200 14,560 17,456 21,600 
Liberia 90 90 120 160 80 70 70 32 24 
Namibia 20 30 20 ra 73 _ 106 _ _ _ 
USSR/Russia® 10,000 9,000 8,000 8,500 10,500 10,500 10,500 11,500 11,500 11,600 11,600 11,500 12,000 
Sierra Leone 83 116 68 100 101 108 100 50 2 19 56 205 296 
South Africa 4,600 5,600 5,700 5,343 5,880 5,550 5,540 6,460 6,010 6,470 6,700 6,530 7,600 
Other 2,300 2,206 2,488 2,561 2,505 2,663 2,201 2,326 1,553 1,646 1,621 1,638 1,632 
Total 54,800 48,500 57,400 58,300 60,100 64,300 63,400 67,300 57,600 55,300 56,100 63,500 69,500 
Grand total 106,000 106,000 105,000 110,000 116,000 120,000 120,000 126,000 118,000 117,000 121,000 134,000 150,000 


@ Totals may not match individual values because of rounding. A “—" in a block indicates no production or negligible production reported. Sources: Balazik 
(1995); Olson (1999, 2008). Note that other sources may use different numbers because much of the information is based’ on estimates. 


® Total production. Separate figures for industrial diamonds not available. 


© All Russia/USSR data before 2003 are based on estimates, with output believed to be 50% gem and 50% industrial. 
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Figure 2. Diamond production in the 1980s was largely concentrated in southern Africa, with a few major mines 
in Australia and the USSR. There are now major producing countries (dark green) on every continent except South 
America and Antarctica; these eight countries accounted for over 95% of world production by volume in 2003. 
Approximately a dozen other countries (medium green) produce commercially significant amounts, though far 
less than the major producing nations. The major cutting and trading centers are indicated with a red diamond. 


Modified from Boyajian (1988). 


own mines. First, the end of the Soviet regime 
unleashed a torrent of rough diamonds from the 
country’s stockpiles and a desire among a number of 
Russia’s senior government officials and members of 
the diamond hierarchy to become more independent. 

Second, a temporary truce in Angola’s decades- 
long civil war during the early 1990s created an 
opportunity for thousands of garimpeiros (indepen- 
dent miners who often use only rudimentary tools), 
many of them recently demobilized soldiers, to dig 
for diamonds in the country’s alluvial fields. 
Suddenly hundreds of thousands of carats of dia- 
monds, typically of better qualities, were being sold 
through offices in Luanda and Antwerp. The CSO 
reportedly bought some $600 million of such goods 
to remove them from the market (and thus keep 
prices stable) in 1996 alone (Shor, 1996d). This deci- 
sion caused an abrupt increase in De Beers’s diamond 
stocks, drawing criticism from the financial commu- 
nity. Although the CSO purchased Angolan dia- 
monds using its own funds, without borrowing, 
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investors believed such a stockpile was a growing lia- 
bility, and the price of the company’s stock ultimate- 
ly fell because of it (De Beers Consolidated Mines, 
1997). In addition, because De Beers executives had 
made the high-quality goods flowing from Angola 
such a priority, they were disinclined to protect the 
market for small diamonds. This concerned Argyle 
executives and contributed to their decision not to 
renew their marketing agreement with the CSO 
(Shor, 1996c). 

Third, the discovery of diamonds in Canada 
introduced a large rival mining corporation, BHP, to 
the diamond market, thus creating another 
formidable distribution channel outside the CSO. 

Finally, after 1999 the CSO (renamed the 
Diamond Trading Company, or DTC, in 2000) 
stopped buying goods on the outside market in 
order to reduce its large diamond stockpile, which 
had grown to $4.8 billion (De Beers Consolidated 
Mines, 2000). In addition, it did not want to handle 
so-called conflict diamonds from embattled nations 
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(discussed below). By this action, the company put 
the industry on notice that it would no longer serve 
as custodian for the trade 

Thus, as the 21st century opened, De Beers’s 
share of rough diamond sales had been reduced 
sharply to some 50% by value, ending its role as 
single-channel marketer and reducing its ability to 
regulate supplies and prices—particularly of pol- 
ished goods under a carat. 


Russia. One of the most significant and tumultuous 
events of the late 20th century was the collapse of 
the Soviet Union in 1991-92. Under the Soviet sys- 
tem, government agencies closely controlled all dia- 
mond operations. Since these goods first reached the 
international market around 1963 (Even-Zohar, 
2002), the Soviets sold most of their diamond produc- 
tion to the CSO through intermediaries. In the 1970s, 
they developed their own diamond-cutting facilities 
and, by 1978, about $400 million of their production 
was allocated to these ventures (EIU, 1979). 

Soviet diamond-mining and marketing opera- 
tions remained fairly stable until the mid-1980s, 
when then-premier Mikhail Gorbachev embarked 
on an ambitious program—perestroika, or restruc- 
turing—to modernize the Soviet economy. As part 
of this program, in 1990 De Beers agreed to loan the 
Soviets $1 billion. As collateral, a significant portion 
of the USSR’s diamond stockpile was transferred to 
De Beers’s CSO headquarters. The deal also includ- 
ed a five-year agreement allowing De Beers exclu- 
sive marketing rights to new diamond production 
(Shor, 1993). 
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Figure 3. De Beers's his- 
torical dominance of the 
rough diamond market 
is founded on its owner- 
ship of several large 
mines in South Africa. 
Shown here is the 
Venetia mine north of 
Messina, where full pro- 
duction of 3.6 million 
carats was achieved in 
1993, Venetia is South 
Africa's most productive 
diamond mine and one 
of the most modern dia- 
mond mining facilities 
in the world. Courtesy 
of the DTC. 


The end of the Soviet regime led to a new dia- 
mond industry structure that divided power and 
profits between the central government in Moscow 
and the local authority in Sakha, the semi- 
autonomous republic that produces 98% of Russia’s 
diamonds. The mining and marketing of diamonds 
from the Russian Federation was placed under a 
‘Joint-stock” (cooperative venture) agency known 
as Almazziirossi-Sakha (now shortened to Alrosa}, 
Russian for “Diamonds of Russia and Sakha.” 
Ownership of Alrosa is divided as follows: Sakha 
Republic, 40.5%; the central Russian government, 
32.5%; other government agencies, 27%. 

Alrosa took 80% of Russia’s yearly rough pro- 
duction of approximately $1.2 billion; the Republic 
of Sakha took the other 20%. Those shares contin- 
ue today. With the dissolution of the USSR, Alrosa 
continued to honor a clause in the 1990 agreement 
with De Beers that required it to sell 75% of its 
rough production to the CSO. The remaining 25% 
would go to Russian polishing operations or be sold 
through Alrosa’s office in Moscow. At the same 
time, Sakha signed its own contract with the CSO 
to sell all of its production, apart from a provision 
for unspecified allocations to local polishing opera- 
tions. This would prove problematic. 

The 1990 agreement contained several critical 
loopholes: It did not include goods from Russia’s 
estimated $3 billion stockpile, which were adminis- 
tered by a different agency controlled by the central 
government (Komdragmet, later called Gokhran); it 
did not define or limit the scope of “domestic” pol- 
ishing operations (most of which were in fact newly 
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created joint ventures with Antwerp or Israeli man- 
ufacturers); and it did not include sales of “techni- 
cal” (industrial) diamonds (Shor, 1993). 

By 1992, diamonds were pouring through these 
loopholes, depressing prices—particularly of small 
goods. Worse for De Beers, some of the 37 cutting 
operations did little more than polish a window 
onto a rough diamond and export it as “polished” 
(Even-Zohar, 2002). An estimated $5 billion worth 
of rough diamonds thus leaked into the market dur- 
ing the mid-1990s (Pearson, 1998). The influx of so 
many diamonds caused serious instability in the 
diamond market. 

In October 1997, after two years of difficult 
negotiations, the Russian government and the 
CSO finally signed a new contract that would last 
until the end of 1998. It was based on a complex 
formula stipulating that Russia, through Alrosa, 
sell the CSO a minimum of $1.2 billion of rough 
diamonds, drawn from both new mine production 
and the stockpile. The agreement closed two cru- 
cial loopholes: It banned the export of partially 
manufactured diamonds, and it tightened the stan- 
dards for “technical” diamonds so they were much 


Figure 4. De Beers has traditionally brought all its 
rough diamond production to CSO/DTC headquar- 
ters in London, where it is mixed and sorted into 
thousands of categories before distribution to 
sightholders. This practice is being challenged, as pro- 
ducing nations seek to retain a portion of their rough 
for local cutting and polishing. Courtesy of the DTC. 
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closer to the trade’s definition of industrial (Shor 
1997b, 1998a). 

After 1997, Alrosa shifted its priorities to the 90 
domestic diamond-polishing factories operating in 
Russia, including several it established through a 
subsidiary, Brillianty Alrosa. That company alone 
sold $130.7 million in polished diamonds in 2001 
(Alrosa, 2002). 

De Beers and Alrosa concluded another five-year 
agreement in 2001, which required that the latter sell 
De Beers a minimum of $800 million worth of rough 
annually, approximately half of Sakha’s total produc- 
tion (De Beers Consolidated Mines, 2001). However, 
the following year, the European Commission (the 
executive body of the European Union) began a 
lengthy review process to determine whether or not 
this supply arrangement violated anti-competition 
regulations. While the matter remains pending, De 
Beers and Alrosa agreed to a substantial phased 
reduction of their rough diamond dealings, with 
Alrosa selecting “approximately 15 clients” to sup- 
plement De Beers (Rapaport, 2004b). The result cer- 
tainly will thrust Alrosa into a more competitive 
stance against the DTC as the decade progresses. 

At the opening of 2005, the Russian government 
issued official diamond production figures for the 
first time ever. In 2003, 33.02 million carats (Mct) of 
rough was produced, valued at $1.7 billion (an aver- 
age of $51 per carat; this figure is higher than those 
given in table 1, which are based on earlier data). 
Interestingly, for the same year, Russia listed rough 
exports of 37.8 Mct valued at $883.4 million, or $23 
per carat (“Russian diamond production...,” 2005), 
which indicates that it was still selling large stocks 
of industrial and lower-quality cuttable diamonds 
from its stockpile. 


Australia. Australia’s Argyle diamond mine was 
developed in the early 1980s. The sheer volume of 
the mine’s production—42 Mct yearly at its peak— 
served as a catalyst for a number of important 
changes in the world diamond market. In particular, 
the millions of carats of predominantly small near- 
gem diamonds (very low quality rough from which 
some gem material can be extracted) coming from 
Argyle provided the raw material for the exponen- 
tial growth of India’s diamond manufacturing 
industry. Moreover, the marketing of Argyle’s (pre- 
dominantly brown) colored diamonds fostered a 
much greater consumer awareness of such stones. 
When the mine began production, its major part- 
ners, Ashton Mining and CRA Mining (CRA merged 
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with RTZ in 1995 and took the name Rio Tinto two 
years later}, signed a deal to sell the CSO 75% of their 
yearly output. Approximately 40% of these dia- 
monds could be fashioned into polished goods— 
albeit, for the most part, of very low quality—by 
India’s low-wage manufacturing force (the effects on 
India are detailed below). At first, these vast quanti- 
ties of smaller, lower-quality material were easily 
absorbed by fast-growing U.S. mass merchandisers, 
who found a market niche for affordable diamond 
jewelry. However, Argyle production neared full 
capacity by 1991 as the U.S. economy fell into a 
recession, swelling inventories of small diamonds in 
the cutting centers. Then the large, unregulated flow 
of small diamonds from Russia in the early and mid- 
1990s (discussed above} depressed prices and bloated 
inventories, prompting De Beers to impose a 25% 
reduction in its purchases of rough from each produc- 
er (Shor, 1996b). The move generated unease among 
Argyle executives, who believed De Beers had failed 
to support the market for small diamonds at the 
same time that it had propped up the market for larg- 
er diamonds when supplies of such goods from 
Angola threatened to overwhelm the pipeline. 

As a result, Argyle declined to renew its sales 
contract with De Beers in 1996. This decision sent 
fears of a price war between the CSO and Argyle cir- 
culating through India’s diamond industry. 

Argyle also broke precedent with other diamond 
producers by launching its own marketing cam- 
paign, beginning in 1990 (Shor, 1991). The company 
developed a sales organization and marketing initia- 
tives aimed at driving demand for smaller diamonds 
and the millions of carats of brown goods the mine 
produced, which it christened “champagne” and 
“cognac” (Shor, 1991; figure 5). Argyle then focused 
on promoting finished jewelry made by major pur- 
chasers of its diamonds, hiring jewelry manufactur- 
ing technicians to assist these firms in developing 
products and services compatible with American 
retailers’ requirements (Shor, 1994) and engaging a 
marketing organization (Market Vision Inter- 
national [MVI]} to facilitate access to U.S. retailers 
at major trade shows. By 2004, India’s diamond jew- 
elry exports had topped $2 billion, nearly two-thirds 
of which were destined for U.S. retailers (Weldon, 
2.004a). 

While achieving success at building demand for 
its clients’ products, Argyle’s owners were faced with 
a critical decision as the millennium neared: The pro- 
jected “life” of the mine’s open-pit operation (figure 
6) was coming to an end. Production had nearly 
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Figure 5. During the 1990s, a series of marketing ini- 
tiatives by the owners of the Argyle mine in Australia 
helped make fine brown diamonds such as these 
(0.35-1.32 ct) an important segment of the colored 
diamond market. Photo © Robert Weldon. 


halved to 26.2 Mct by 2001, after Rio Tinto conduct- 
ed a redevelopment project to extend its life. This 
reduction in Argyle’s output created a large overca- 
pacity of diamond manufacturing in India, which 
touched off a heated competition for rough supplies 
to keep the many operations going (Gross, 2003). By 
mid-2005, the projected cost of converting Argyle 
into an underground mine was estimated at A$1.05 
billion (US$800 million). Rio Tinto has pressured the 
Western Australian government for aid and conces- 
sions on the 22.5% it pays in royalties to keep the 
mine operating past 2008 (Tanna, 2004a; “Argyle 
expansion...,” 2005). Closure of Argyle would exacer- 
bate the overcapacity of India’s diamond-manufactur- 
ing operations, particularly in Ahmadabad, where 
vast quantities of those stones are polished. 


Canada. The 1991 discovery of diamond-bearing 
kimberlite at Lac de Gras in Canada’s Northwest 
Territories was the first significant diamond find in 
North America. Ultimately, the Canadian mines 
would become the first major operations in recent 
times to sell the majority of their production out- 
side the CSO from the beginning. 

By the time the mine finally opened in October 
1998, BHP Minerals (now BHP Billiton) had estab- 
lished a marketing subsidiary, BHP Diamonds, 
which opened a sales office in Antwerp, run in coop- 
eration with rough diamond dealer IDH Diamonds 
(Shor, 1999). In the first two years of operation, 
Ekati’s main pipe, Panda, yielded a total of 2.7 Mct, 
about 2% of world diamond production by weight 
and 5% by value. By 2003, annual production had 
increased to 4 Mct, worth just over $600 million 
(Rio Tinto Diamonds, 2.003). 


GEMS & GEMOLOGY FALL 2005 


In 1999, BHP Diamonds signed a three-year 
agreement with the CSO to market 35% of the 
mine’s production by volume. At the end of that 
agreement, BHP chose to market its entire produc- 
tion itself (Even-Zohar, 2002). BHP now distributes 
the vast majority of its production through its 
Antwerp sales office in a manner similar to the DTC 
sights: selling to a regular clientele at scheduled 
intervals. In a break from the existing DTC policy, 
however, BHP announced it would adjust prices to 
market forces. (Through much of Ekati’s life, howev- 
er, downward adjustment has not been necessary [G. 
Nicholls, pers. comm., April 2004].) 

The discovery of diamonds at Ekati touched off a 
huge exploration rush that resulted in the discovery 
of another major deposit nearby. Aber Resources Ltd. 
located a cluster of kimberlite pipes under a lake just 
southeast of the Ekati concession. The site, later 
named Diavik, was promising enough to attract Rio 
Tinto as a 60% partner. Tiffany & Co. also took a 
stake in the venture (see below for details). 

With the opening of Diavik (figure 7) in 2003, 
Canada became the world’s sixth largest diamond 
producer by volume (an estimated 12.6 Mct in 2004) 
and third by value (an estimated $1.6 billion), 
according to Even-Zohar (2005). 

Following Ekati’s lead, Rio Tinto chose to mar- 
ket its own production directly rather than through 
the DTC. As discussed above, by then the company 
had developed a sophisticated marketing operation 
for its Argyle production, giving it a ready-made 
sales organization with extensive contacts through- 
out the diamond pipeline, from Indian manufactur- 
ers to American retailers. 


New Competitors: Lev Leviev, LLD. One of De 
Beers’s principal competitors to emerge in the late 
1990s was a former client, Lev Leviev (figure 8), who 
had set a goal of establishing a truly independent dia- 
mond operation. This required owning or controlling 
sources of rough diamonds (Weldon, 2002). 

In 1989, Leviev, a naturalized Israeli citizen born 
in Uzbekistan, found his first diamond source close 
to his homeland. His company, then known as LID, 
formed a joint-venture diamond manufacturing 
operation with Alrosa. The venture, called Ruis 
(short for Russia/Israel), had direct access to Russia’s 
rough diamond resources. Eventually, Leviev 
acquired full control of Ruis, which in 2002, manu- 
factured $140 million in polished goods (Berman 
and Goldman, 2003). The release of Russian rough 
to cutting operations during the early 1990s was the 
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Figure 6. The huge volume and unique characteristics 
of Argyle's production have wrought enormous 
changes in the diamond market over the past two 
decades, from driving the growth of India's polishing 
industry to supplying greatly increased numbers of 
fancy-color diamonds. The Argyle open-pit mine is 
nearing the end of its production life, and its potential 
closure in the next decade is a source of uncertainty in 
the markets it helped create. 


catalyst that helped Leviev become the first signifi- 
cant competitor to De Beers in the control and dis- 
tribution of rough diamonds. 
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As Ruis expanded, Leviev secured ever-greater 
amounts of rough from both Alrosa and 
Komdragmet/Gokhran. In 1999, he invested the 
profits from this operation in contracts to obtain 


Figure 8. Former De Beers sightholder Lev Leviev 
built a multi-billion-dollar diamond mining and 
manufacturing company during the 1990s through 
his partnerships with Russian and Angolan dia- 
mond producers. LLD Diamonds is now second only 
to De Beers in rough diamond sales worldwide. 
Photo by Robert Weldon. 
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Figure 7. In little more 
than five years, Canada's 
diamond production 
grew from negligible to 
third in the world by 
value. Total 2004 pro- 
duction at the Diavik 
mine on Lac de Gras in 
the Northwest Territories 
(left) exceeded 7 million 
carats. Photo by Mark L. 
Craigshead. 


rough from another major diamond producer, 
Angola (Berman and Goldman, 2003). 

Leviev took advantage of De Beers’s departure 
from Angola in 1998 to gain access to its diamond 
production. He presented a plan to Angola’s govern- 
ment to increase revenues by marketing diamonds 
through a single entity. The Angola Selling Corp. 
(Ascorp}) was created from this initiative, and the 
government awarded Leviev a 25% stake in it 
(Weldon, 2002). Leviev also won a share of Sodiam, 
an Angolan government agency set up to buy dia- 
monds from alluvial concessions, which then mar- 
keted its diamonds through Ascorp. 

Since 2000, Leviev has also invested heavily in 
offshore diamond mining in Namibia and obtained 
contracts to market rough from the Democratic 
Republic of the Congo (see below). These operations 
helped his company, now called LLD Diamonds, 
achieve about $1 billion worth of rough diamond 
sales in 2002, (Even-Zohar, 2002), putting him ahead 
of such major diamond producers as Rio Tinto and 
BHP Billiton. In 2004, Leviev expanded his diamond 
manufacturing operation to Namibia, where he pur- 
chased a deep-sea mining operation, and announced 
plans to open a polishing facility in Botswana. 

In 2005, however, Leviev’s position as principal 
marketer of Angolan diamonds was challenged by 
Israeli manufacturer Dan Gertler, of DGI Group, 
which won a contract to sell 300,000 carats month- 
ly from the country’s largest mine, Catoca (Helmer, 
2005). In addition, De Beers reestablished its explo- 
ration and mineral rights in the diamond-bearing 
province of Lunda Norte (Miller, 2005b). 
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African Producers. De Beers’s biggest challenge in 
the coming decade will be to adapt to demands from 
the governments of South Africa, Namibia, and 
Botswana to exert greater control over their respec- 
tive diamond resources and obtain more domestic 
benefits (primarily increased employment) from De 
Beers’s diamond-mining operations. At mid-decade, 
producer-country governments, the DTC and, to a 
lesser extent, other mining companies are still in dif- 
ficult negotiations over an effective balance between 
local beneficiation and economically efficient enter- 
prise. Ultimately, this could cause De Beers and 
other mining concerns working in these nations to 
sort and market the bulk of their productions local- 
ly, instead of mixing them in a central facility, as is 
the current practice. The outcomes remain far from 
certain; however, the shift toward local diamond 
manufacturing undoubtedly will affect pricing, prof- 
its, and the availability of goods throughout the 
entire diamond pipeline. 


South Africa. In 2002, 10.9 Mct of diamonds were 
mined in South Africa, 95% by De Beers-controlled 
mines (Coakley, 2002). As 2005 began, South 
Africa’s legislature was debating a controversial ini- 
tiative designed to bring much greater beneficiation 
to the country, and it had mandated that blacks 
share in the ownership of the country’s mineral 
resources, including diamonds. This legislation 
package is an important part of the government’s 
Black Economic Empowerment (BEE) policies, 


TODAY’S DIAMOND INDUSTRY 


which seek to integrate the country’s majority pop- 
ulation into its large corporate community (Mbeki, 
2004, Mlambo-Ngcuka, 2004). 

The legislation would put into practice princi- 
ples espoused in the country’s new Mining Charter, 
which asserts that all mineral resources are the 
property of the people of the country, with the state 
holding custodial rights. The laws would cede broad 
discretionary powers to the minister of minerals 
and energy in granting and administering prospect- 
ing and mining operations, require mining compa- 
nies to set aside a percentage of rough diamonds for 
local manufacturing, and allow domestic cutters 
first refusal rights on rough diamonds. 

Then-minister of minerals and energy (now 
deputy president) Phumzile Mlambo-Ngcuka (fig- 
ure 9) told attendees at the 2004 Antwerp 
Diamond Conference that “local cutters should be 
empowered to decide what they can and cannot 
cut rather than producers who are keen to sell out- 
side [South Africa]” (Mlambo-Ngcuka, 2004). 
However, experiences in Canada’s Northwest 
Territories (NWT) demonstrated the difficulties of 
such operations. In 2005, Sirius Diamonds, a cut- 
ting facility established with aid from the provin- 
cial NWT government, went bankrupt. De Beers 
chairman Nicky Oppenheimer, addressing a gath- 
ering of African mining ministers on February 8, 
2005, noted that diamond manufacturing in high- 
wage countries (e.g., South Africa) can run 
$40-$50 per carat, yet must compete with large, 


Figure 9. The end of 
apartheid helped bring 
about significant changes 
in the diamond industry's 
once-intimate relationship 
with the South African 
government. In recent 
years, government officials 
such as president Thabo 
Mbeki (left) and deputy 
president Phumzile 
Mlambo-Ngcuka (right) 
have forcefully lobbied for 
greater local benefits for 
the South African people, 
such as black ownership of 
mining resources and 
expanded local cutting 
operations. Photo © Mike 
Hutchings/Reuters/Corbis. 
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Thomas Young proved the validity of 
this Huygens Wave Theory by observa- 
tions and proof of the True Interference 
of Light. 

In. 1814 a physicist named Fresnel 
added to the former concepts the idea of 
transverse waves and wave motion in 
order to explain the matter of polariza- 
tion of light. 

Fresnel, however, based his theory upon 
a very bold hypothesis for it appeared to 
be necessary to consider space filled with 
a medium capable of ‘transmitting trans- 
verse waves such as are propagated in 
elastic solids. The idea of the so-called 
“luminous ether” thus came into existence 
and the elastic solid theory of light 
replaced the corpuscular. 

This assumed all space filled with a 
medium having very rémarkable prop- 
erties. To transmit waves having the fre- 
quency and velocity of light, it must be 
millions of times more rigid than steel, 
while at the same time offering no resis- 
tance to the passage of the earth and 
planets around the sun. It was supposed 
to be made up of extremely minute par- 
ticles, far smaller than atoms, held to- 
ether by forces of attraction, and when 
one or more was displaced from its 
normal position, its neighbor was pulled 
aside, the displacement being handed on 
from one to another in the form of a 
wave. The theory had one very marked 
advantage; it gave a clear picture of the 
nature of. light and practically all of the 


Figure 1 


optical phenomena known at the time 
were satisfactorily explained. 

On this theory a source of light was 
considered as a collection of molecules, 
the atoms of which were in a state of 
vibration. These communicated their mo- 
tion to the other particles, and the light 
wave advanced out into space. 

There were many objections to this 
theory, one of which was the difficulty 
regarding the longitudinal disturbance 
which always accompanies the transverse 
one in the case of wave motion in elastie 
solid. No evidence of any stich longitudi- 
nal disturbance in the ether has ever 
been found. ; a 
THE ELECTROMAGNETIC THEORY 

In 1850 Clerk Maxwell showed that the 
propagation of light could be regarded ag 
an electromagnetic phenomenon, the wave 
consisting of an advance of. coupled elec- 
tric and magnetic forces. Maxwell pre- 
dicted the speed at which these waves 
would travel -from measurements of the 
magnetic fields of electric currents. Data 
obtained turned out to be the velocity of 
light, that indicated that light was essen- 
tially an electromagnetic phenomenon. 
The waves predicted by Maxwell were 
discovered in 1892 by Hertz who produced 
electrical oscillations in a pair of conduc- 
tors between which he passed a spark. 
(Father of Wireless Waves—Hertzian 
Waves.) 

This theory—like the elastic solid 
theory—required an ether, but not a 
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automated Indian operations, where costs run 
$10-$12 per carat (Robinson, 2005a). Thus, gov- 
ernments would be forced to subsidize the opera- 
tions with tax revenues or by requiring the indus- 
try to allow such operations to “cherry pick” 
material that can be profitably manufactured, leav- 
ing less-profitable material for manufacturers in 
other cutting centers (Pearson, 2004; Priddy, 2005). 

Although Oppenheimer further noted at the 
February 2005 meeting that heavy-handed legisla- 
tion could lead to “disengagement” between the 
government and mining companies, the company 
hastened to comply with South Africa’s demands. 
In June 2005, the DTC added five South African 
sightholders for a total of 19 in that country. These 
additional sights were allocated to companies com- 
pliant with South Africa’s BEE programs, which 
include black partners or substantial black invest- 
ment (Miller, 2005a). 

The governments of Namibia and Botswana also 
have called for beneficiation projects within their 
borders, though far less sweeping than South 
Africa’s proposals (Even-Zohar, 2004; Benson, 2005). 


Figure 10. As African governments seek greater local 
benefits from their diamond resources, one primary 
goal is the successful development of local polishing 
operations. Shown here is a sawing line at the Namcot 
Diamonds plant in Windhoek, Namibia, operated by 
the Steinmetz Group. The economic viability of these 
operations is uncertain, since they must compete with 
manufacturers in countries such as India that have 
much lower labor costs. Photo by Brendan Laurs. 
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Namibia. This country has been a producer of high- 
value marine diamonds for nearly 100 years. 
Production averaged about $275 per carat in 2000 
(Even-Zohar, 2002). After Namibia achieved inde- 
pendence in 1990, newly elected president Sam 
Nujoma negotiated with De Beers, which owned all 
of the major diamond-producing concessions, to 
transform mining operations into a 50-50 govern- 
ment—De Beers corporation called Namdeb, created 
in 1994. Nujoma later encouraged other diamond 
producers and manufacturers to invest in the coun- 
try, with the eventual goal of having 90% of 
Namibian-mined diamonds polished locally. As of 
mid-2005, five local polishing operations (see, e.g., 
figure 10) had been established, including a 550- 
worker facility opened by Lev Leviev. 

At a November 2004 ceremony in Windhoek, 
De Beers managing director Gary Ralfe offered to 
help the government develop skills and jobs in the 
country, which produced 1.65 Mct in 2003 (Tanna, 
2.004b). In mid-2005, Ralfe opened a branch of 
Diamdel, the DTC’s rough diamond distribution 
subsidiary, in Windhoek to supply local diamond- 
manufacturing operations (De Beers Group, 2005). 


Botswana. De Beers and the Republic of Botswana 
have been partners in the world’s largest diamond 
reserves since 1967. There are three major diamond 
mines in the country—Orapa, Jwaneng (figure 11], 
and Letlhakane—and a smaller, newly opened oper- 
ation, Damtshaa. These are owned jointly by De 
Beers and the government of Botswana through a 
50-50 venture, Debswana. 

The sheer volume of Botswana’s production, 
30.4 Mct valued at $2.4 billion in 2003 (Debswana, 
2003}, combined with the fact that diamond rev- 
enues account for 35-40% of the country’s gross 
domestic product, have placed the two entities into 
an interdependent relationship. This was formally 
sealed in 2001 when Botswana became the first dia- 
mond producer to gain an ownership stake in De 
Beers. Debswana took a direct 11% share, and an 
indirect 4% share when De Beers reorganized as a 
private concern that year (discussed in detail below; 
De Beers Consolidated Mines, 2001; Even-Zohar, 
2002). Botswana president Festus Mogae made it 
clear in a November 2002 talk in Antwerp that dia- 
monds have been the key to his country’s rapid 
development and ascendance into a middle-class 
society, according to World Bank classifications. 

Despite their close relationship, De Beers and 
the government of Botswana have engaged in hard 
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negotiating sessions over renewals of mining leases 
and marketing contracts. The cession of Deb- 
swana’s stake in De Beers to the government was 
one outcome of the talks over the renewal of the 25- 
year Jwaneng license in 2004 (Katz, 2004). 


CONFLICT DIAMONDS 


While mining companies and governments vied to 
develop and control kimberlite deposits, the allu- 
vial fields of western (Sierra Leone}, central 


Figure 12. One of the most 
dramatic changes in the 
diamond industry in recent 
years has been greater 
attention to the source of 
rough diamonds. As gov- 
ernments and rebel groups 
in Africa increasingly used 
diamond revenue to fund 
wars and atrocities, the 
industry was forced to 
enact restrictions on rough 
trading based on where the 
diamonds were mined. 
This 2001 photo shows an 
alluvial pit near the town 
of Saurimo in Lunda Sul 
Province, Angola. Photo 

© Teun Voeten; courtesy 

of Panos Pictures. 
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Figure 11. The enor- 
mous production of 
Botswana's diamond 
mines, such as Jwaneng 
(left) has been the key 
to that country's evolu- 
tion into a stable mid- 
dle-class democracy. 
The imperative to use 
diamonds to promote 
development in Africa 
is an important chal- 
lenge for the 21st centu- 
ry diamond industry. 
Courtesy of the DTC. 


(Democratic Republic of Congo [DRC]}, and south- 
ern (Angola; figure 12) Africa brought to official 
and public attention, for the first time, concerns 
over the origins of diamonds. Civil wars in these 
regions sparked a series of United Nations sanc- 
tions on trading diamonds from those countries, 
beginning in 1998. These stones became known as 
“conflict diamonds,” which the U.N. officially 
defined in 2000 as: “Diamonds that originate from 
areas controlled by forces or factions opposed to 
the legitimate and internationally recognized gov- 
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ernments, and are used to fund military action in 
opposition to those governments, or in contraven- 
tion to the decision of the Security Council” 
(Conflict Diamonds, 2001, p. 1). 


Angola. Shortly after Angola achieved independence 
from Portugal in 1974, following a revolution led by 
the Movimento Popular da Libertacao de Angola 
(MPLA), the country fell into civil war. Because of 
the MPLA’s Marxist nature, Angola immediately 
became embroiled in the Cold War struggle 
between the U.S. and the Soviet Union. For much 
of the 1970s, however, the Marxist inclinations of 
Angola’s government did not deter it from continu- 
ing the country’s relationship with De Beers. By 
1980, most of the resistance to Angola’s existing 
MPLA government had coalesced around a former 
army general, Jonas Savimbi. The general won the 
support of many organizations in the U.S. with his 
promise to bring democracy to his country. 

During the 1980s, Savimbi’s Unido Nacional 
para a Independencia Total de Angola (UNITA) 
began targeting the country’s diamond operations 
and selling captured diamonds via networks that 
ran through Lisbon to Antwerp (Shor, 1986). 
Angola’s state-run diamond marketing agency, then 
called Diamang, reported that the country’s official 
diamond production had declined nearly two-thirds, 
to 700,000 carats, by 1986. 

In the early 1990s, UNITA and the MPLA gov- 
ernment reached a U.N.-brokered accord. When 
the cease-fire unraveled in 1993, Savimbi and his 
forces retreated to the eastern end of the country, 
which includes two major diamond-producing 
areas, Lunda Norte and Lunda Sul. That same year, 
the U.N. Security Council adopted Resolution 864 
imposing an arms embargo against UNITA and 
establishing a committee to monitor UNITA’s 
activities. 

In 1998, after another failed peace initiative in 
Angola, the U.N. Security Council adopted 
Resolutions 1173 and 1176, which prohibited the 
direct or indirect import from Angola of all dia- 
monds not accompanied by a certificate of origin 
issued by the government of Angola, and imposing 
financial and travel sanctions on UNITA and its 
leaders (Fowler, 2000; Conflict Diamonds, 2001). 
That same year, a London-based nongovernmental 
organization (NGO), Global Witness, charged that 
U.N. member states, including Belgium, “were 
doing very little to enforce the U.N. embargo . . . and 
are wittingly or unwittingly providing the diamond 
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industry with the wherewithal to exploit loopholes... 
to maintain the multi-million dollar trade” 
(Global Witness, 1998, p. 15). Shortly after this, De 
Beers stopped all purchases of rough diamonds from 
Angola on the grounds that their legitimate origins 
could not be verified (De Beers Consolidated Mines, 
1999). 


Sierra Leone and the Democratic Republic of the 
Congo. In these two countries, diamond production 
came from two sources: “official” output by govern- 
ment-controlled or sanctioned enterprises, and 
“unofficial” diggings by garimpeiros. Many of these 
garimpeiros were, in effect, workers indentured to 
local officials or dealers (Shor, 1988a). In the DRC 
(formerly Zaire), all the official diamond production 
went through MIBA, the government-dominated 
agency that controlled large alluvial concessions 
along the country’s southern border with Angola. 
However, garimpeiros occupied most of the other 
diamond areas, out-producing MIBA by as much as 
three times in terms of value. This deprived the state 
of millions of dollars in revenues because most of 
these diamonds were either smuggled out of the 
country or, if legally exported, greatly undervalued 
(Shor, 1986). These diamond-producing areas were 
the targets of incursions by troops from neighboring 
countries in 2001-2003. 

By the late 1990s, a civil war in Sierra Leone 
began escalating into a series of horrific atrocities. 
The Revolutionary United Front (RUF), under 
Foday Sankoh, broke a year-long cease fire by sys- 
tematically killing or mutilating the populations of 
entire villages in the country’s diamond-producing 
areas. The RUF’s tactics galvanized the internation- 
al human rights community into pressuring the dia- 
mond industry to act against conflict diamonds. 

On November 1, 1999, U.S. congressmen Tony 
Hall and Frank Wolfe introduced legislation (the 
CARAT Act) that would require importers of rough 
and polished gem diamonds and diamond jewelry to 
provide written certification of the country in 
which the diamonds were mined (Rapaport, 1999). 

As the fighting in both Angola and Sierra Leone 
intensified, the U.N. issued a report on the con- 
flicts, directed by Canadian ambassador Robert 
Fowler (2000). The report detailed how rulers of 
countries neighboring Angola profited by allowing 
rebel groups to export diamonds through their coun- 
tries despite the sanctions. Following this report, 
human rights groups claimed that as much as 15% 
of all diamonds in the market were “conflict;” De 
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flicts and in compliance 
with U.N. resolutions. 


Beers estimated the number at about 3% (Shor, 
2000). The difference lay in the fact that the NCOs 
counted all diamonds traded outside legitimate 
channels (known as “illicit” diamonds) as “con- 
flict,” while De Beers counted only those coming 
from Angola’s and the DRC’s war zones. 


The World Diamond Council and the Kimberley 
Process. During July 17-19, 2000, the World 
Federation of Diamond Bourses (WFDB) and the 
International Diamond Manufacturers Association 
(IDMA) established the World Diamond Council 
(WDC), a representative body comprised of diamond 
manufacturers and industry organizations such as 
the HRD, Jewelers of America, the Jewelers 
Vigilance Committee (JVC), and CIBJO, among oth- 
ers. GIA, as a nonprofit public benefit corporation, 
also provided assistance, particularly with technical 
information. The council was charged with develop- 
ing policies and procedures that would allow the 
industry to help U.N. and government efforts to end 
the trade in conflict diamonds. 

In December 2000, representatives from dia- 
mond-producing nations (including South Africa, 
Botswana, Russia, Namibia, and the official gov- 
ernments of Sierra Leone and Angola) and dia- 
mond-processing nations (including Belgium, 
Israel, India, and the U.S.) convened in Kimberley, 
South Africa. After some initial objections by pro- 
ducing countries, the representatives agreed to 
work toward a scheme that would allow diamonds 
from nonconflict areas to be traded freely once 
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their origins were certified. Their efforts to make 
this plan a reality came to be known as the 
Kimberley Process (KP). 

Fifty-three nations ratified the Kimberley 
Process at a meeting in Interlachen, Switzerland, 
in November 2002. The certification requirements 
took effect January 1, 2003. To participate, nations 
had to require that all rough diamonds passing 
through their borders carry KP certificates (see, 
e.g., figure 13). In addition, no imports would be 
permitted from nonparticipating countries. Critics 
of the Kimberley Process, including NGOs and the 
U.S. General Accounting Office, believed the certi- 
fication scheme was meaningless without inde- 
pendent verification (Smillie, 2002). 

By 2003, the governments of Angola, Sierra 
Leone, and the DRC controlled enough of their dia- 
mond resources that they could join the Kimberley 
Process and use diamond revenues to help rebuild 
their countries. Even though the Kimberley Process 
expelled the Republic of the Congo in July 2004 for 
noncompliance with its procedures, its chairman 
noted that the KP still covered 99.8% of global dia- 
mond production (Martin, 2004). Non-KP producers 
reportedly accounted for no more than 250,000 
carats; the majority of these non-KP goods originated 
from countries, such as Liberia and the Republic of 
the Congo, that border diamond-producing nations 
and have traditionally been used as conduits for illic- 
it diamonds. Although the conflicts that led to the 
creation of the KP have ended, the KP’s continued 
role will be that of preventing the use of diamonds to 
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support future armed conflicts by keeping them out 
of illicit channels (Martin, 2004). 


Terrorist Attacks, 9/11, and the PATRIOT Act. The 
broader subject of illicit diamonds became more crit- 
ical after the terrorist attacks of September 11, 2001, 
when allegations of diamond-funded terrorism 
became an issue, and the U.S. government began 
investigating funding sources of al Qaeda and other 
terrorist organizations. Although reports by Global 
Witness (2003) and Washington Post reporter 
Douglas Farah (2004) linked certain Lebanese dia- 
mond trading firms to terrorist organizations, subse- 
quent investigations turned up no evidence of sus- 
tained, ongoing diamond trade by terrorists or their 
sympathizers. 

The final report of the National Commission on 
Terrorist Acts, the official U.S. body investigating 
the 9/11 attacks, was released on July 22, 2004. The 
585-page report stated that there was “no persuasive 
evidence that al Qaeda funded itself by trading in 
African conflict diamonds” (National Commission 
on Terrorist Attacks, 2004, p. 171). 

The 9/11 attacks were also the catalyst for leg- 
islation requiring that the financial industry show 
greater accountability in its international dealings. 
The Uniting and Strengthening America by 
Providing Appropriate Tools Required to Intercept 
and Obstruct Terrorism (USA PATRIOT) Act was 
signed into law October 26, 2001; one of its many 
purposes was to curb funding of terrorist organiza- 
tions. Under authority granted by the Act in April 
2002, the U.S. Treasury Department designated 
gem and jewelry dealers as “financial institutions” 
and subjected the industry to extensive reporting 
requirements. In response, the JVC took on the 
role of liaison between the gem and jewelry indus- 
try and the Treasury Department to draft rules 
that would “accommodate the unique nature of 
the industry” (Gardner, 2004). 

In June 2005, the U.S. Treasury Department 
Financial Crimes Enforcement Network (FinCEN) 
issued its Interim Final Rule, which requires that all 
dealers engaged in the business of purchasing and 
selling precious metals, stones, and jewels adopt 
certain procedures to ensure they are not aiding 
money laundering. FinCEN exempted U.S. retail 
jewelers who purchase gemstones and jewelry 
exclusively from U.S.based dealers on the grounds 
that these suppliers were already covered. 

The European Union and other countries have 
adopted similar measures. Today, proponents of 
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African development are looking to the Kimberley 
Process and anti-money laundering regulations to 
ensure that diamonds are exported through legiti- 
mate channels, which has the added benefit of 
allowing producing governments to derive the max- 
imum possible revenues from their diamond 
resources. 


MANUFACTURING TECHNOLOGY 


Until the early 1990s, the process of polishing dia- 
monds had changed little from traditional meth- 
ods developed during the previous century. Most 
diamond-cutting procedures were still accom- 
plished by hand (Caspi, 1997). The main exception 
was the automated polishing machine for round 
brilliants, introduced by Piermatic in the 1970s. 
During the late 1980s, however, a confluence of 
events and technologies revolutionized the dia- 
mond-cutting process, allowing goods to come to 
market much more quickly and efficiently. They 
also increased yield significantly, by giving manu- 
facturers many more options, and permitted new 
shapes to be fashioned economically. 

The most important event was the rise of Indian 
and other Asian manufacturers in the quality-dia- 
mond field, which forced diamond manufacturers 
in so-called traditional centers, Israel in particular, 
to look at automating their operations to remain 
competitive. Indian labor costs ran one-fifth to one- 
sixth those of Israeli workers (Caspi, 1997). In addi- 
tion, Asian consumers—the Japanese in particu- 
lar—were very sensitive to the quality of diamond 
cut (Shor, 1996e}). Moreover, as price competition 
among retailers intensified, diamond manufactur- 
ers were compelled to derive the maximum yield 
from their rough without sacrificing beauty. 

Israeli engineers adapted emerging technologies 
of lasers, computer imaging, and precision mea- 
surement systems to diamond processing. Major 
producers such as Argyle and De Beers also made 
improvements in automated diamond-processing 
equipment, such as polishing and bruting 
machines, to increase speed, accuracy, and quality 
(Caspi, 1997). 

Lasers had been used by diamond manufacturers 
since the 1970s to remove dark inclusions, but 
those early lasers lacked the precision to be adapted 
to the cutting process, resulting in losses of about 
8% of the rough (compared to 1% to 2% by conven- 
tional sawing). By the 1980s, though, some manu- 
facturers in India adapted lasers for kerfing (cutting 
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the groove for cleavers), which accomplished in 
minutes what took traditional hand workers several 
hours, and was more accurate. In addition, one laser 
unit could process 20 diamonds at one time (Shor, 
1988b). By the early 1990s, a single technician using 
a laser system could out-produce 60 hand workers 
(S. Doshi, pers. comm., 2005). 

In the late 1980s, several machines were devel- 
oped that could automatically brute round dia- 
monds, while still employing the traditional pro- 
cess of grinding one diamond against another (see, 
e.g., figure 14). These machines replaced traditional 
bruters, who were among the most skilled and 
best-paid cutters because they were responsible for 
deriving the maximum yield. However, even high- 
ly skilled bruters produced diamonds that were 
often slightly out of round, which created problems 
for faceting machines. Not only did the automatic 
bruting machines largely solve this problem, but 
they also helped manufacturers reduce labor costs 
considerably. 

Hand-in-hand with the improvements in the 
bruting process came the development of automatic 
centering devices. These could accurately align the 
rough diamond with the center of the bruting 
machine, allowing for more precise cutting to man- 
ufacturers’ requirements and fewer interruptions in 
the bruting process to readjust a diamond’s position 
on the dop. 

By the early 1990s, two things had happened: (1) 
lasers had improved, with a narrower beam that 
reduced burn-off; and (2) imaging technology was 
adapted to allow for precise direction of the laser 
beam. With these advances, diamond manufactur- 
ers could fashion virtually any shape directly from 
the rough. While greatly speeding up the processing 
time, as mechanical systems did for round stones, 
laser bruting of fancies has allowed diamond manu- 
facturers to achieve better symmetry and experi- 
ment more freely with new cuts. 

Computer technology also transformed the 
marking process, by which the cutter plans how to 
divide a crystal most economically. An Israeli 
company, Sarin, introduced computerized scan- 
ning and measuring devices (see, e.g, figure 15) that 
provided complete measurements of a rough dia- 
mond within seconds. The unit scanned the crys- 
tal, then evaluated all the possible polished stones 
that could be derived from it, reducing the need for 
hand marking and improving yield in the process. 
In addition, a new generation of automatic grain- 
finding polishing machines allowed for faster pol- 
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Figure 14. Bruting, or initial shaping of the rough, was 
once the most difficult and labor-intensive element of 
diamond manufacturing. The advent in the 1980s and 
‘90s of automatic bruting machines, such as this one by 
Milano Industries, led to huge improvements in produc- 
tivity and quality control. Photo by James E. Shigley. 


ishing and much better finish as well as for highly 
accurate symmetry and faceting. 

Although such technological innovations meant 
that diamond manufacturers had to spend millions 
of dollars outfitting new factories during a time 
when competition was squeezing profits, they also 
allowed the production of polished stones with 
much better symmetry and finish than ever before. 
This proved to be a catalyst for a consumer revolu- 
tion that began in Japan and ultimately spread 
worldwide: premium-cut diamonds. 


Figure 15. Once a matter of expert guesswork, the 
marking and dividing of rough diamonds became a far 
more precise and efficient process through the develop- 
ment of computerized scanning and measuring sys- 
tems such as the Sarin DiaExpert (shown here with 
DiaMension hardware). Courtesy of Sarin Inc. 
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Figure 16. During the 1980s, Japanese retailers and 
diamond brokers began using a variety of specialized 
viewing devices (typically modified loupes) to demon- 
strate a diamond's optical symmetry. Over the follow- 
ing decade, some of these devices were adopted by 
manufacturers and retailers in the U.S. as American 
consumers became more concerned with cut quality. 
The EightStar Firescope shown here uses a red reflec- 
tor in the eyepiece to determine which facets are 
returning light to the viewer's eyes (inset). Inset photo 
by Jonathan Weingarten. 


DIAMOND CUT 


The preference for well-made diamonds that Japanese 
consumers developed during the late 1980s was 
spurred in large part by the introduction of specially 
made viewers in retail shops. These viewers dis- 
played a round brilliant diamond’s optical symmetry 
in the form of a “hearts and arrows” pattern created 
by the reflection of the facets (Miller, 1996; figure 16). 

The Japanese example began migrating to the 
U.S. during the 1990s, as American consumers 
learned more about diamonds, including the fact 
that appearance depended as much on cut as on 
other quality factors. A spring 1997 survey by JCK 
and New York Diamonds noted that 15% of retail 
jewelers—mainly those concentrated at the upper 
end of the market—said their clients were willing to 
pay a premium for a “well-made diamond” (Shor, 
1997a). Five years earlier, that percentage had been 
negligible. Also in 1997, Lazare Kaplan Inter- 
national (LKI), which had long based its market 
niche on “ideal cuts,” reported a 50% increase in 
polished diamond sales (Shor, 1997a). 

The following year, GIA published the initial 
results of its extensive research project on diamond 
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cut, noting that many sets of proportions could 
result in an attractively cut round brilliant diamond 
(Hemphill et al., 1998). As the study continued, two 
additional articles chronicled its findings (Reinitz et 
al., 2001; Moses et al., 2004). The last of these reaf- 
firmed the original conclusion and provided the sci- 
entific foundation for a cut grade based on extensive 
computer modeling and human observations. The 
results of the 15-year study also showed that a sin- 
gle cut grading system could accommodate various 
international preferences. 

In 1996, the newly created American Gem 
Society Laboratories (AGSL) began offering cut 
grades on diamond reports derived from AGS’s then 
30-year-old 0-10 system (zero being the best). This 
development had an immediate effect on Israeli dia- 
mond manufacturers who, in producing goods for 
quality-oriented American retailers, could program 
AGS’s “O” cut-grade parameters into their comput- 
erized rough-evaluation machines and manufacture 
such diamonds automatically (Shor, 1997a). 

The growing emphasis on cut gave rise to a new 
group of entrepreneurs who developed a market 
niche for diamonds with very high optical symme- 
try. In addition, diamond manufacturers, often in 
partnership with retailers, created new cut styles or 
modifications of existing styles to provide distinc- 
tion in the retail marketplace and avoid the com- 
moditization of traditional cuts inherent in the dia- 
mond price lists and Internet selling. 

By 2004, there were at least 101 proprietary dia- 
mond cuts competing for attention in the market- 
place, only 13 of which had existed prior to 1995 
(Overton, 2002, 2004a). Several DTC sightholders, 
such as Schachter-Namdar (Leo cut) and Rosy Blue 
(Cento cut), have used such proprietary cuts as an 
integral part of DTC-promulgated marketing and 
branding programs that were designed to increase 
demand and reduce discounting of diamond jewel- 
ry at retail. 


CONSUMER DEMAND 


Consumer demand for diamonds stagnated through 
much of the 1990s, even registering small yearly 
declines between 1993 and 1998 (Katz, 2005), 
because of growing competition from other luxury 
products and economic problems in several key 
consumer markets. Demand rose sharply in U.S. 
dollar terms after 2001, though some analysts main- 
tain that higher sales figures have stemmed more 
from price increases than actual volume. 
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While sales in the U.S., the world’s largest dia- 
mond-consuming market, remained relatively 
steady, the aggressive entry of discount merchandis- 
ers into diamond jewelry during the 1980s put pres- 
sure on traditional wholesalers because the large 
retailers bypassed them to purchase directly from 
diamond-cutting centers. These retailers used their 
volume buying ability to wrest control of diamond 
prices from manufacturers and dealers (Pearson, 
1998), thus creating a profit-margin squeeze that has 
not abated. The relentless discounting by these 
retailers and, later, major retail jewelry chains, 
exerted further downward pressure on retail dia- 
mond prices. By 2003, the profit squeeze had halved 
industry margins to 7-8%, prompting concern from 
leading industry bankers (Gross, 2003). This stagna- 
tion of sales in the 1990s contributed to De Beers’s 
decision to embark on a major recasting of its sales 
and distribution procedures. 


Boom and Bust in Asia. Extremes in the Asian 
markets also played a critical role in pushing De 
Beers to recast its traditional role as market buffer. 
Sales of diamond jewelry in the U.S. and Japan (the 
two biggest markets, consuming nearly two-thirds 
of all diamond jewelry) ran nearly even from 1988 
until the mid-1990s. However, when economic 
stagnation took hold in Japan in the early 1990s, 
jewelry sales declined abruptly. As one indication, 
79% of Japanese brides received diamond engage- 
ment rings in 1995, but only 64% two years later. 
By 1998, Japan’s share of the world market for dia- 
mond jewelry had shrunk to approximately 20% 
(Ralfe, 1999). 

Elsewhere in Asia, economic growth in emerg- 
ing markets such as Korea, Thailand, the 
Philippines, Malaysia, and China took off in the 
early 1990s. This caused a dramatic rise in regional 
diamond jewelry sales, from negligible in 1980 to 
nearly 7% of world volume by 1995. South Korea, 
in particular, saw a boom in diamond jewelry con- 
sumption, despite various luxury taxes that added 
more than 50% to the purchase price (Shor, 1997c). 
Sales of diamond jewelry there reached an estimat- 
ed $1 billion in 1996, fourth in the world, up from 
near zero in 1988, when the country first allowed 
diamond imports. Sales of diamond jewelry in 
Thailand reached the half-billion-dollar mark in 
1995, and De Beers’s market watchers were closely 
monitoring rising diamond sales in the Philippines 
and Malaysia. Nevertheless, these markets could 
not compensate for the decline in Japanese demand. 
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The Asian Collapse. The boom in many Asian 
nations ended abruptly in 1997, causing an over- 
supply of diamond inventories (Pearson, 2004). A 
confluence of forces led to a sharp decline in the 
region’s economy. Several large corporations in 
Indonesia and Thailand defaulted on loans, setting 
off runs on those countries’ stock markets. 
Japanese banks, which had been heavily invested in 
that region, were too preoccupied with trouble- 
some loans in their domestic market to address 
these problems. Within three months, the curren- 
cies of Thailand, Indonesia, and several other Asian 
nations fell to half or even less of their former val- 
ues. Shortly afterward, South Korea, mired in its 
own corporate scandals, saw its currency collapse. 
Indeed, South Korean consumers began a massive 
diamond “sell-back” campaign to aid their govern- 
ment, which could no longer meet its international 
obligations. The International Monetary Fund 
loaned the country funds to stave off bankruptcy. 
(A rapprochement between China’s government 
and Hong Kong’s business leaders forestalled a cri- 
sis in confidence prior to that former British 
colony’s change in government, which occurred 
July 1 of that year; thus, the problems in other 
Asian markets had little effect on Hong Kong’s dia- 
mond industry.} 

Diamond sales in the region virtually halted 
because diamonds, purchased from De Beers’s CSO 
in U.S. dollars, had suddenly become price pro- 
hibitive in most of Asia. Retailers, wholesalers, and 
consumers began a massive unloading of diamonds, 
many of which were shifted to the U.S. market. 
Between 1996 and 1998, world diamond jewelry 
sales fell from $52 billion to $48 billion—despite a 
$3.2 billion increase in U.S. sales during that period 
(De Beers Consolidated Mines, 1999). 

De Beers reacted quickly by removing so-called 
“Asian” goods (high clarity, medium color) from its 
sights in mid-1997, then cutting rough diamond sales 
by 25% the following year (De Beers Consolidated 
Mines, 1998). The impact of the Asian collapse and 
the CSO’s cutback on sales left De Beers with a 
stockpile that, at the end of 1999, stood at a book 
value of $4.8 billion—not including the large stocks 
held by Debswana (Ralfe, 1999). This growing stock- 
pile was Asia’s contribution to the company’s drastic 
reorganization in 2000 (described below). 


New Asian and Middle Eastern Markets. The open- 
ing of the new millennium saw a major shift in dia- 
mond demand. This helped diamond jewelry sales 
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WORLD POLISHED WHOLESALE DIAMOND SALES BY REGION 
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achieve strong growth worldwide in 2003 (+5.9% to 
$59 billion) and 2004 (+8.5% to $62 billion). U.S. 
demand for diamond jewelry ($31.5 billion in 2004) 
still accounts for nearly half the world’s market 
share (as well as nearly half of world sales of loose 
diamonds; see figure 17). Nevertheless, in 2004 the 
consumer market in India grew by 19% to $1.3 bil- 
lion, in China by 11% to $1.5 billion, and in the 
Persian Gulf (Dubai, Saudi Arabia, Bahrain, etc.) by 
14% to $1.3 billion (Kendall, 2005). Future contin- 
ued strong growth of these emerging consumer mar- 
kets could exacerbate shortages of higher-quality 
polished diamonds and force a rapid increase in 
prices to U.S. buyers (Singer, 2005). 


Television Shopping and the Internet Fuel a U.S. 
Boom. As the millennium approached, the U.S. stock 
market had begun cresting on the wave of the “dot- 
com” boom. New avenues of retailing—TV shopping 
and, much more importantly, e-commerce—were 
transforming the diamond jewelry landscape. 


Television Shopping. Electronic retailing began with 
TV shopping during the 1980s. By 1988, two 
firms—QVC of West Chester, Pennsylvania and 
Home Shopping Network of St. Petersburg, 
Florida—had recorded combined yearly sales of $2.5 
billion in all merchandise categories. Most of the 
jewelry tended to be lower-priced “impulse” pieces, 
averaging about $100 (“The invasion...,” 1988). 
Because of its niche at lower price points and 
emphasis on “show and tell” visual appeal, TV 
shopping tended to focus on colored gemstones and 
gold, with diamonds primarily as accent stones. By 
2002, sales of jewelry at QVC had doubled to more 
than $1 billion, nearly 42% of total company sales. 
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Figure 17. As can be seen from 
this graph, the North American 
(primarily U.S.) market has 
been the main source of growth 
in world diamond sales since 
1990. The United States 
accounts for nearly half of 
worldwide diamond jewelry 
sales. (Source: DTC.) 


HSN sold an estimated $400 million in jewelry 
(about 24% of its total sales), while ShopNBC noted 
sales of approximately $380 million (Beres, 2004). 
Jewelry Television by ACN, headquartered in 
Knoxville, Tennessee, reported that its sales grew 
from $5.2 million in 1997 to $250 million in 2003. 
The company said its primary customers were peo- 
ple who feel intimidated by the traditional jewelry 
shopping experience (Gomelsky, 2004a). 


The Internet. By the end of the 1990s, the Internet 
had become a significant outlet for diamonds and 
diamond jewelry, as well as a major source of con- 
sumer information about diamonds. Unlike televi- 
sion, which had a visual emphasis that favored large, 
popularly priced colored stone pieces, the Internet 
allowed diamond shoppers to easily compare prices 
of all sizes of stones with grading reports. Internet 
jewelry sales jumped from about $38 million in 1997 
to $207 million the following year. Although a 
minute percentage of the sales reported by tradition- 
al storefront jewelers in the U.S. ($22.4 billion in 
1997), the totals were rising rapidly (Diamond, 1999). 

The year 1999 saw a number of large-scale start- 
up jewelry “e-tailing” operations that drew on 
multi-million-dollar venture capital loans to begin 
on-line jewelry sales. Shop.org reported that retail 
sales in all categories via the Internet totaled $36 bil- 
lion in 1999. By 2002, that number had doubled; it 
then jumped 51% to $114 billion in 2003 (National 
Retail Federation, 2004). 

Despite this extraordinary growth in e-tailing, 
most of the early on-line jewelry operations failed or 
were absorbed by stronger competitors. High fixed 
costs of fulfillment operations, thin sales margins, 
and a still relatively small customer base made prof- 
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itable operations difficult. As a result, venture capital 
firms and banks declined to continue financing many 
dot-coms. However, several—including Mondera, 
Blue Nile and Diamonds.com—did survive. 

When Blue Nile, headquartered in Seattle, 
Washington, went public on the NASDAQ stock 
exchange in May 2004, the company reported a near- 
ly 10-fold increase in sales from its first year in busi- 
ness ($14 million in 1999) to $128.9 million in 2003. 
In a USA Today profile (Acohido, 2003), founder 
Mark Vadon said Blue Nile’s growth rested in selling 
diamonds with as low a margin as possible, market- 
ing to men, and providing consumer education to 
make the buyer feel comfortable. Blue Nile claims to 
offer prices between 20% and 40% lower than chain 
stores, depending on the product (Rapaport, 2004a). 

Amazon, the on-line book and music seller, 
established a jewelry site oriented toward diamonds 
in 2004. Founder and CEO Jeffrey Bezos said that 
Amazon would apply the same strategy to jewelry 
as it used for other categories: to deeply discount 
products, drive volume, and provide a wide selec- 
tion (Bezos, 2004). 

Online jewelry sales have grown strongly because 
the business takes advantage of the Internet’s initial 
promise—less overhead, lower prices, and larger 
selection. The average gross profit margin for online 
jewelers in 2003 was 23% compared to more than 
45% for store-based retailers (Wingfield, 2004). That 
same year, retailing consultant comScore Networks 
estimated consumers spent between $800 million 
and $1 billion on jewelry products online (Rapaport, 
2004a). The on-line auction site, eBay Inc., reported 
that sellers auctioned $1.7 billion worth of watches 
and jewelry in 2004. A survey conducted by invest- 
ment firm Goldman Sachs noted that on-line jewel- 
ry sales totaled nearly $2 billion during 2004 and 
showed the highest sales growth, 113%, of any retail 
category. For diamond jewelry specifically, one ana- 
lyst claimed that the Internet represented approxi- 
mately 2% of total U.S. sales by 2004 (K. Gassman, 
pers. comm., 2005). 

The growing number of diamond dealers and 
wholesalers who began selling direct to the public 
via the Internet prompted complaints from retailers 
that the competition forced a decline in their profit 
margins for diamonds (Gomelsky, 2004b). One 
high-end jeweler who had resisted discounts said he 
finally relented in the wake of intense competition 
from the Internet (M. Moeller, pers. comm., 2005). 
Figures from the 2004 Jewelers of America Cost of 
Doing Business Survey bear him out: The average 
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retailer’s gross margin on loose diamonds declined 
6.5% (to 39.7%) in 2003. 


Auction Houses Provide New Retail Competition. 
During the 1990s, the media drawing power and 
access to top gem dealers enjoyed by the major auc- 
tion houses resulted in their becoming important 
outlets for diamonds and diamond jewelry. By 1996, 
the combined jewelry sales for Christie’s and 
Sotheby’s, who together held a 95% share of the 
world auction jewelry market, totaled $500 million 
(Shor et al., 1997). This represented a five-fold 
increase over 1986. 

The explosive growth of auction sales can be 
traced back to the decisions by both houses in the 
late 1980s to branch out from estates and sell newly 
manufactured goods. By the mid-1990s, one-third of 
auction offerings, including a majority of large dia- 
monds and major diamond jewelry pieces, were 
consigned by dealers and manufacturers (Shor et al., 
1997), and approximately half their buyers were 
now private clients, not dealers. Auction house 
executives and dealers saw, in the words of one, 
“more 50-carat-plus diamonds changing hands in 
the past half-decade than all [the years] since 
Tavernier began cataloguing them in the late 17th 
century” (Shor, 1998b, p. 42). 

There were several reasons for this sudden influx 
of very large diamonds (figure 18). First, De Beers 
and other mining companies refined their ore-pro- 


Figure 18. A number of very large diamonds appeared 
on the marketplace, many at auction, during the mid- 
1990s. This 100.2 ct emerald cut is near colorless (1) 
and internally flawless. Courtesy of The Steinmetz 
Group; photo by Harold & Erica Van Pelt. 
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mechanical one. ‘We were nearly as badly 
off as previously in the Reali explanation 
of what-went on. One physicist remarked 
in his work on Optics, “So long as the 
character of the displacement. which con- 
stitutes. the wave remains undefined, we 
cannot pretend to. have established a 
Theory of Light.” 


Lorentz in his theory advanced the idea 
that the atom and molecules contained 
electrons capable of vibrating under the 
influence of restoring force if and when 
they were displaced. This accounted for 
many of the newly discovered effects of 
magnetism on light (present day tele- 
vision tubes) as well as problems of 
‘refraction, dispersion, etc. 


Planck The Quantum Theory—Light is 
emitted in definite packets or quanta (of 
energy) and this light quanta traverses 
space without losing energy or increasing 
in size. : 

The present trend seems to be a sort 
of fusion of the two (corpuscular and 
wave) theories, an energy quantum 
directed in its motion by a wave field, 
for only in this way has it been possible 


to reconcile the facts of interference with 
the laws of the photoemission of electrons. 
Having briefly stated what light is, it 


might be logical to point out next what 
it can. do. The effects of light may be 
divided. into three general classifications. 


1. The effects upon the optical nerves 
of the eye, 


2. Chemical changes, 
3. Heat changes. 


Our principal interest naturally con- 
cerns itself with the effects upon the 
eye. We may class color, transparency, 
luster, and all observed visual changes 
under this generic heading. : 


Chemical changes, however, play an 
important part in our daily lives. Most 
of these types of alterations are known 
as Photo-chemical effects. The fading 
of certain dyes in sunlight, some flora 
colors, may likewise be attributed to this 
cause. 7 


Heat, though more difficult to follow, 
produces important effects. Growth and 
development of plants and humans-“even 
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Box A: COLORED DIAMONDS 


Colored diamonds remained largely unknown to 
most consumers until the 1980s (King, 2003). The 
publicity surrounding a number of colored diamonds 
sold at auction (e.g., the Hancock Red in 1987) and, 
in the early 1990s, Argyle Diamonds’ multi-million- 
dollar advertising campaign for “champagne” and 
“cognac” diamonds created a growing consumer 
awareness of these goods. 

The goal of Argyle’s promotions was to build 
demand—and prices—for brown diamonds, virtually 
unknown to consumers at the time. The mine also 
produced approximately 30,000 to 40,000 carats of pre- 
dominantly melee-size pink diamonds each year (Even- 
Zohar, 2002), making it the first consistent source of 
pink diamonds in the marketplace. Beginning in 1985, 
every year or so the company selected approximately 
50 carats of the highest qualities generally larger than 
0.3 ct, quite often colored a distinctive strong purplish 
pink, for a well-publicized tender sale in Geneva. Not 
only have these tender sales netted several million dol- 
lars in revenue (the company does not officially dis- 
close totals for these sales; Shigley et al., 2001), but they 
also have generated considerable publicity for colored 
diamonds (King, 2003). 

While the campaign for brown diamonds was 
aimed at the American mass market, the presence of 
yellows, blues, and pinks in most major jewelry auc- 
tions helped create demand for these colors among 
Asian buyers (King, 2003). The increased trade in, 
and awareness of, colored diamonds prompted GIA 
to update its colored diamond grading system, 
announced in 1994, subdividing the higher end of the 
quality ranges into new categories. 

Innovations in diamond cutting during the 1970s 
and 1980s helped maximize face-up color appearance. 
One effect of these developments allowed “cape” dia- 
monds near the “Z” end of GIA’s D-to-Z color scale 
to be polished into attractive diamonds with notice- 
able face-up color, frequently placing them in the 
fancy range. The Radiant cut, patented in 1977, was 
adapted to yellow diamonds because it emphasized 
face-up color, allowing manufacturers to improve the 
color grades of diamonds that appeared light yellow 
in traditional cuts (King, et al., 2005). 

Demand and prices for all types of colored dia- 
monds fell sharply in the late 1990s following the 
Asian economic collapse, and the number of impor- 
tant colored diamonds offered at auction plummeted. 
By 2002, however, as the Asian market rebounded, 
demand for colored diamonds, yellows and pinks in 
particular, was up again, fueled by celebrities such as 
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Jennifer Lopez and Whoopie Goldberg and the “bling- 
bling” (large, costly jewelry worn by celebrities) fad. 
Colored diamonds had finally become ingrained in 
the consumer consciousness (King, 2003; figure A-1). 
One key indicator is that requests for natural-color 
colored diamond grading services at GIA increased 
68% between 1998 and 2003. This popularity led a 
group of prominent manufacturers to form the 
Natural Colored Diamond Association in 2004. The 
group helped feature natural-color colored diamonds 
in various fashion shows and at the 2004 Academy 
Awards (NCDia, 2004). 


Figure A-1. Before the late 1980s, colored diamonds 
were viewed as little more than rare curiosities— 
such as the Hope diamond—by most consumers. 
Since then, increased availability and greater pop- 
ularity among celebrities have helped colored dia- 
monds become an important segment of the mar- 
ket. This collection of dramatic pink and yellow 
diamond jewelry illustrates some of the design 
possibilities these gems provide. The center stones 
in the rings are 0.41 ct (pink) and 0.22 ct (yellow); 
the eternity band is set with 13 Carré-cut yellow 
(2.73 ct) and 143 pink (1.15) diamonds. Courtesy 
of Alan Friedman Co.; photo © Harold & Erica 
Van Pelt and GIA. 
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cessing equipment to reduce the possibility of 
crushing these large stones (Shor, 1997a). Second, 
soaring auction prices prompted the administrators 
of Russia’s Gokhran to sell a number of the 10-plus 
ct rough diamonds that had previously been prohib- 
ited from export (Shor, 1998b). 

However, the boom in very large diamonds 
ended in 1997. The small coterie of dealers who 
purchased million-dollar-plus stones balked at 
prices that had risen 40-50% in only a few years. 
For example, a 101 ct D-flawless heart shape offered 
at Christie’s that year failed to bring its reserve of 
approximately $12 million. In addition, many Asian 
buyers stopped participating after the economies of 
their countries began declining. Auction executives 
claimed the market, very limited to begin with, had 
become saturated (Shor, 1997a). The houses soon 
shifted their emphasis to signed jewelry, pieces 
from Cartier, Harry Winston, and Van Cleef & 
Arpels, in particular. Nevertheless, 49 diamonds 
over 50 ct—35 colorless, 14 colored—were sold at 
Christie’s and Sotheby’s auctions between 1990 and 
2004 (F. Curiel, pers. comm., 2004). 

Combined jewelry sales by the two dominant 
auction houses remained fairly constant at about 
$375 million yearly between 2000 and 2.004 (F. 
Curiel, pers. comm., 2005). The increasing numbers 
of fine colored diamonds helped reinvigorate the 
market over the last few years (Box A). 


TREATMENTS 


The use of various methods to enhance the color 
and/or clarity of colorless to near-colorless diamonds 
is one of the most important developments of the 
last 15 years. Until the late 1980s, there were virtu- 
ally no significant treatments for near-colorless dia- 
monds. The 1990s and beyond brought new, highly 
controversial diamond treatments—some of which, 
unlike most earlier gem enhancements, presented 
considerable identification challenges for gemolo- 
gists. The filling of fractures in diamonds with a 
lead-based glass to improve the apparent clarity had 
been introduced in the late 1980s (see, e.g., Koivula 
et al., 1989). Because retailers were not accustomed 
to checking diamonds for treatment, many of these 
filled stones entered the marketplace without disclo- 
sure, with tragic results in at least one case (see, e.g., 
Overton, 2004b). Yet fracture filling was, and contin- 
ues to be, readily identifiable with magnification. 

In the 1990s, a significant controversy developed 
around an older treatment: laser drilling to remove 
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dark inclusions. When the Federal Trade Com- 
mission adopted its revised Guides for the Jewelry 
Industry in 1996, it did not require disclosure of 
laser drilling. The Diamond Manufacturers and 
Importers Association (DMIA), a New York trade 
organization, argued that the process did not require 
disclosure because “it is irreversible, does not add a 
foreign substance, [and] is readily detectable with a 
loupe” (Shor, 1996b). The organization also noted 
that the GIA Gem Trade Laboratory, which does 
not grade diamonds infused with a foreign sub- 
stance, will grade lasered diamonds (with a notation 
of the treatment on the report). 

The FTC came down on the side of the diamond 
industry and ruled that permanent, irreversible 
treatments such as laser drilling did not have to be 
disclosed to the consumer. This prompted protests 
from a number of retailer and consumer organiza- 
tions. Immediately after the ruling, the DMIA 
reversed its position, fearing a consumer backlash, 
and lobbied forcefully for a change in the Guides 
(“FTC...,” 1997). The industry, through the World 
Federation of Diamond Bourses and the 
International Diamond Manufacturers Association, 
then adopted a disclosure requirement. 

The issue of disclosure of permanent, nonre- 
versible treatments surfaced even more strongly in 
1999, when LKI subsidiary Pegasus Overseas Ltd. 
and General Electric Co. jointly announced they 
would be marketing diamonds whose color had 
been enhanced by a high pressure/high tempera- 
ture (HPHT) process (figure 19) that would “be 


Figure 19. Processing of diamonds with high pressure 
and high temperature can produce significant changes 
in color appearance, as with this 0.61 ct pear shape 
(Fancy Light brown before processing, left; D-color 
after, right). The introduction of such treatment meth- 
ods in the late 1990s created heated controversy in the 
diamond industry. Composite photo by Phillip Hitz, 
courtesy of the Gtibelin Gem Lab. 
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indistinguishable” from natural-color diamonds by 
standard gem-testing techniques (see, e.g., Moses 
et al., 1999). The announcement touched off waves 
of protests. A survey by the Rapaport Diamond 
Report asked the question, “If you have an unde- 
tectable treatment, is there an obligation to dis- 
close this treatment to the wholesaler, supplier, 
retailer, and consumer?” Of 323 responses, 280 
answered “yes” (“Burning up the wires,” 1999). 

GIA president William E. Boyajian echoed the 
prevailing industry sentiment: “If diamonds are 
treated in any way, then the trade has a right to 
know—and ultimately so does the consumer. The 
integrity of the industry is at stake” 
(“Confidentiality agreement...,” 1999, p. 21). De 
Beers added to the controversy when Gary Ralfe 
announced at the WFDB Presidents Meeting in 
Moscow that year that the company had known 
about the potential for such a treatment for more 
than 20 years, and had consequently kept type Ila 
diamonds (the type potentially treatable to color- 
less/near-colorless by HPHT) out of its sightboxes. 
After the nature of the process was revealed, a num- 
ber of other treaters—not all of whom disclosed 
their activities—began producing both colorless and 
colored diamonds by HPHT processes. The dia- 
mond grading labs, including GIA, noted that they 
could identify the vast majority of treated diamonds 
(GIA Gem Trade Laboratory, 2003), but some stones 
remained a challenge. 


SYNTHETICS 


Although Sumitomo Corp. of Japan introduced jew- 
elry-sized gem-quality synthetic diamonds in the 
mid-1980s, the company focused their efforts on 
industrial applications. Gem-quality synthetics 
were also produced, on an experimental basis, by 
both De Beers and facilities in the former Soviet 
Union. However, no producer offered synthetics on 
a commercial scale until 2003, when Gemesis Corp. 
of Sarasota, Florida, announced that it would mar- 
ket a line of yellow synthetic diamonds created by 
the HPHT process, using a refinement of Russian 
technology. Gemesis targeted retailers, marketing 
its product at various international trade shows. 
After an aborted effort in the early 1990s, Chatham 
Created Gems re-entered the synthetic diamond 
market in 2004 with a new supplier (Shigley et al., 
2004; figure 20). Both organizations are currently 
partnering with jewelry designers to offer finished 
jewelry as well as loose gems. 
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Also in 2003, the Apollo Diamond Corp. of 
Boston, Massachusetts, announced it had achieved 
a breakthrough in chemical vapor deposition (CVD) 
technology that allowed the growth of jewelry-size 
single-crystal colorless synthetic diamonds (Wang et 
al., 2003). To date, however, Apollo has not released 
its CVD product into the gem market. 

A potentially more significant source of CVD 
synthetics emerged from research announced in 
mid-2005 by the Carnegie Institute in Washington, 
DC, which claimed it could grow 10 ct, half-inch- 
thick synthetic diamonds at a rate of 100 microme- 
ters per hour—five times faster than commercial 
products made using high pressure and high temper- 
ature—that did not need HPHT treatment to 
improve their color, as was the case with most other 
CVD-grown synthetic diamonds (Hemley, 2005). 

Gemesis’ marketing plan stirred controversy over 
its use of the term cultured diamonds in place of 
synthetic. Jewelers Vigilance Committee (JVC) exec- 
utive director Cecilia Gardner said the JVC viewed 
the term as “insufficient” disclosure (Robinson, 
2004). In Europe, a Munich court issued a restraining 
order against the use of the term by Gemesis’ 
German distributor in 2004. The court ruled that the 
company could use only two words to describe syn- 
thetic diamonds: synthetic or artificial. 

Although colorless synthetic diamonds have 
received a great deal of press, as of this writing 
there have been no reports of any commercial pro- 
duction, and the output of fashionable colored syn- 
thetics remains fairly small. In addition, all known 
synthetic diamonds are detectable with the proper 
gemological tests and equipment (Shigley, 2005). 
The DTC, however, is looking to the possibility 
that synthetic diamonds may become a competi- 
tive threat in the future by refocusing part of its 
advertising to stress the beauty and rarity of natural 
diamonds. 


THE BRANDING REVOLUTION 
AND SUPPLIER OF CHOICE 


The Branding Revolution. Unlike the majority of 
products sold at retail, diamond jewelry traditionally 
was branded by the retailer: Harry Winston, Tiffany 
& Co., Cartier, and the thousands of “main street” 
jewelers whose reputation backed the quality of 
their products. Yet this was not the case for loose 
diamonds, especially the standard round brilliant. 
Although several firms had specialized in so- 
called ideal-cut diamonds, it was not until the late 
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1990s that significant attempts were made to 
develop distinctive diamond brands around premi- 
um cuts, as manufacturers and retailers alike 
sought to differentiate themselves in the market- 
place. One company, Hearts on Fire, developed a 
large marketing infrastructure to train retailers and 
sales associates to demonstrate the claimed differ- 
ences in appearance between their premium-cut 
diamonds and commercially cut stones (Shor, 
2002). At the same time, a number of diamond 
manufacturers, as noted above, sought to create 
brands from newly created fancy or modified bril- 
liant diamond cuts. 

In 1998, De Beers brought the branding issue to 
the forefront when it announced it would develop, 
in conjunction with sightholders, a special 
Millennium Diamond campaign, using a propri- 
etary technique to apply a microscopic message to 
the table of each diamond. Participating retailers 
would show customers the message via specially 
purchased viewing devices. The program was 
designed with a two-fold purpose: to promote dia- 
mond jewelry to mark an historic milestone, and to 
distinguish diamonds marketed via De Beers’s 
clients from those of other suppliers. 

While the Millennium Diamond program was 
geared to a specific event, De Beers’s executives pre- 
pared a much more sweeping initiative in 2000 that 
would tie branding to vast changes in the diamond 
distribution system by promoting strategic partner- 
ships between retailers and diamond manufacturers 
as well as extensive marketing efforts. 
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Figure 20. After decades 
of experimental produc- 
tion, gem-quality syn- 
thetic diamonds finally 
reached commercial via- 
bility in the early 2000s. 
Though long a source of 
concern to the industry, 
all can be identified by a 
well-equipped gemologi- 
cal laboratory. The yel- 
low synthetic diamond 
in the ring is 0.92 ct; the 
pink synthetic diamonds 
in the other ring are 0.38 
and 0.40 ct; while the 
bracelet contains 7.48 ct 
of yellow synthetic dia- 
monds (apparent sizes 
vary in this composite 
photo). Courtesy of 
Chatham Created Gems. 


De Beers’s Strategic Review and Supplier of Choice. 
The advent of significant competition from other 
producers, a growing rough diamond stockpile, 
declining market share, and underperformance of dia- 
monds as a luxury item compared to other products, 
prompted the executives of De Beers to initiate a 
total review of its operations in 1999. With Argyle’s 
break from De Beers, Alrosa’s growing independence, 
and the company’s failure to win a majority control 
of Canada’s Ekati production, De Beers executives 
realized they had to recast their operation to adapt to 
a multi-channel distribution system. This included: 
reconfiguring the company’s diamond advertising to 
favor its own clients (rather than benefiting other pro- 
ducers); ensuring the integrity of its supply chain to 
keep out undisclosed treated and synthetic material 
and conflict diamonds; and ending its “custodial” 
role, which ultimately had benefited its competitors 
as much as its clients. 

De Beers hired an American management con- 
sulting firm, Bain & Co., to review its entire opera- 
tion and develop a strategic plan to respond to the 
changes taking place in the diamond world. In 
2000, De Beers announced it would implement a 
new marketing system: “Supplier of Choice” 
(SOC). Company executives envisioned a diamond 
market with a “multitude of competing brands” 
that would serve to drive up consumer demand for 
the entire sector (Diamond Trading Company, 
2000). SOC also included a set of Best Practice 
Principles, which bound clients to handle only 
diamonds obtained from legitimate sources, to 


Gems & GEMOLOGY FALL 2005 225 


maintain safe work environments, and to strictly 
disclose all treatments. 

The DTC then announced that it would revise 
its client list on the basis of “objective criteria,” 
which would include clients’ participation in down- 
stream marketing activities, their ability to “add 
value” to the diamond distribution process, the effi- 
ciency of their distribution practices, and their 
adherence to Best Practice Principles. 

SOC brought one immediate change in the way 
the CSO/DTC had marketed its rough to clients. 
Instead of supplying goods on the basis of client 
requests for each sight (which were often in excess 
of their needs), clients now worked with a DTC 
liaison to determine their requirements, based 
closely on their actual sales volumes, for a six- 
month period. Where possible, the DTC would 
schedule these allocations, called Intentions to 
Offer (ITO), for that period. 

The DTC asked the European Commission to 
review its SOC initiatives, promising to make any 
necessary changes. There were two objectives to 
this move: (1} to forestall criticism and possible 
legal action from those whose businesses might be 
affected by SOC, and (2) to provide a legal prece- 
dent that would help remove the anti-trust sanc- 
tions that had barred the company from operating 
in the USS. since 1944. 

After requiring some modifications, the EC 
granted its approval to SOC in late December 2002. 
On June 1 of the following year, the DTC 
announced its new client list, pared by one-third to 
84 companies. A number of those dropped included 
some of the best-known operations in the industry. 
The announcement brought sharp criticism from 
executives of diamond bourses in Antwerp and 
Israel, which lost numerous sightholders, as well as 
from the WFDB, which represents primarily smaller 
dealers. The latter enacted a resolution in 2003, 
stating that SOC had created a situation in which 
“the rough market has become concentrated in 
fewer hands, seriously threatening the business 
structure of the established wholesale diamond sec- 
tor” (Katz, 2003). 

Three companies dropped from the DTC’s client 
list—IDH Diamonds NV and A. Spira, both of 
Antwerp, and W. B. David & Co. Inc. of New 
York—each separately filed suit against the DTC. 
Gareth Penny, DTC executive director of sales and 
marketing, defended the trading company’s actions, 
saying that cuts were concentrated among those 
dealing in the larger sizes and higher qualities 
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because, given the DTC’s decline in market share, it 
could no longer provide adequate supplies of such 
goods (Shor, 2004). In response to the torrent of crit- 
icism over its cuts in client rolls, Gareth Penny 
announced that the DTC would supply $500 mil- 
lion of rough diamonds to non-sightholder diamond 
manufacturers through its subsidiary, Diamdel 
(Katz, 2004a). 

In June 2005, the DTC announced it would add 11 
new clients beginning in January 2006 and review its 
client rolls every 30 months thereafter. Nevertheless, 
the following month, the Belgian Association of 
Dealers, Importers, Exporters of Polished Diamonds 
filed a complaint with the EC alleging that the DTC 
had abused its dominant position and artificially lim- 
ited the availability of diamonds in the market 
(Belgian Association..., 2005). 


De Beers’s Retail Venture. De Beers also underwent 
two other dramatic changes. Early in 2001, the com- 
pany announced it would “unlock” the brand value 
of the De Beers name in a joint retail venture with 
the French luxury firm Moet Hennessy Louis 
Vuitton (LVMH). It changed the name of Debid, its 
industrial diamond division, to Element Six, and 
reserved the De Beers name, outside its home in 
South Africa, for the retail venture. 

The company opened its first retail store on 
London’s New Bond Street, amid a row of other top 
luxury jewelers, in December 2002. The following 
September, De Beers LV opened three boutiques in 
Tokyo, set inside major department stores. On the 
eve of the opening of its New York store in June 
2005, De Beers LV indicated plans to have 20 stores 
in the U.S. within five years, and eventually 150 
retail operations worldwide (Robinson, 2005b). 

Industry criticism of the De Beers retail venture 
flared up after the announcement of the new 
sightholder list. Because most of the cuts were con- 
centrated among clients who handled larger dia- 
monds, some accused the firm of manipulating 
supplies to further its own retail ventures (Even- 
Zohar, 2003). 


Privatization of De Beers. The second major change 
was De Beers’s announcement in 2001 that it would 
convert from a publicly traded corporation to a pri- 
vate company. When the transaction was finished 
in June of that year, the ownership of the firm rested 
with three groups: The Oppenheimer family invest- 
ment firm Central Holdings Ltd. and Anglo 
American Group., each with 45%, and Debswana, 
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the 50-50 joint venture with the government of 
Botswana, with the remaining 10%. Most of the 
$18.7 billion deal was financed by sales of Anglo- 
American stock and other assets; $3.35 billion of 
the transaction came from loans. 

The conversion of De Beers into a private com- 
pany turned the firm, in the short term, from one 
with ready cash reserves to one carrying a multi- 
billion-dollar debt. De Beers made a series of inter- 
nal cuts and continued selling its stockpile, so that 
by mid-2004 the company had reduced debt to 
$1.76 billion and its stocks to less than $1 billion— 
nearly working levels. However, the huge expense 
involved in the privatization reduced the company’s 
ability to influence prices (by withholding stocks) 
and national policies (such as with the $1 billion 
loan to the Soviets in 1991). 

De Beers’s executives also moved to resolve a 
decade-old charge that it had conspired with 
General Electric Co. to fix prices of industrial syn- 
thetic diamonds. A federal court had dismissed the 
charges against GE, but since De Beers never 
answered the indictment, the charges against it 
remained active. In July 2004, the company pleaded 
guilty to an unanswered price-fixing charge and paid 
a $10 million fine. This was the first step of a strate- 
gy to remove the legal barriers that have prevented 
the firm from operating directly in the U.S. 


Other Strategic Partners. Outside of the DTC’s 
purview, a number of vertical-integration deals have 
occurred between producers seeking stable, reliable 
outlets for their diamonds and retailers desiring a 
reliable source of supply. The case of Aber 
Resources and Tiffany & Co. offers an interesting 
example. 

During the long development period of Canada’s 
Diavik mine, Tiffany & Co. acquired a 25% stake in 
the mine’s junior partner, Aber Resources. The 
transaction would provide the retailer with direct 
access to Diavik’s production at advantageous 
prices when the mine came on stream. However, in 
March 2004, Aber Resources itself acquired a con- 
trolling interest in Harry Winston Co. Aber presi- 
dent Robert Gannicott explained his rationale for 
acquiring Winston: Next to mining, retailing was 
the most profitable segment of the diamond busi- 
ness. In addition, the stake in Winston would allow 
the company to remain in business after the mine 
closed (Gannicott, 2004). 

Tiffany ended its equity relationship with Aber 
in the fall of that year, though the mining company 
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continues to supply it with $50 million of rough 
diamonds yearly. Tiffany then moved to further 
assure its diamond supplies by signing a memoran- 
dum of understanding with a smaller Canadian pro- 
ducer, Tahera Diamonds, to buy the entire three- 
million-carat diamond production anticipated over 
its projected nine-year life. Tahera is developing the 
Jericho mine in Nunavut, which is projected to 
begin production in 2006. 

Although the concept of retailers having direct 
access to mine production or a DTC sight is not a 
new one (Zale Corp. was a sightholder in the 1970s 
and 1980s), the number of these alliances, tied as 
they are to the luxury market where the greatest 
scarcities lie, could result in diminished supplies of 
such diamonds reaching the open market, extend- 
ing the competitive reach and domination of the 
industry’s largest players. 


THE RISE OF INDIA IN MANUFACTURING 


When the DTC announced its new, greatly reduced 
client list in 2003, India’s industry actually had a 
net gain of five sightholders, while the other three 
“traditional” centers lost a third or more of theirs 
(Diamond Trading Company Sightholders, 2004). 
This event, perhaps more than any other, demon- 
strated how the balance of the world’s diamond 
manufacturing industry had shifted to that country 
(see also table 2 and figure 21). 


TABLE 2. Share of DTC rough diamond sales direct 
to India, 1990-2004 (in millions of US$).? 


Total DTC India's % of 
weet sales share DTC sales 
1990 4,167 638 15 
1991 3,927 678 17 
1992 3,417 566 17 
1993 4,366 706 16 
1994 4,250 690 16 
1995 4,531 747 16 
1996 4,834 677 14 
1997 4,640 618 13 
1998 3,345 483 14 
1999 5,240 777 15 
2000 5,670 995 18 
2001 4,454 989 22 
2002 5,154 1,127 22 
2003 5,518 1,469 27 
2004 5,695 1,608 28 


4 Source: “DTC sale...” (2005). Note that this chart does not include 
the substantial amounts of DTC rough that are transshipped 
through Antwerp. 
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INDIA’S DIAMOND IMPORTS AND EXPORTS 


While Antwerp remains an important trading 
hub for rough diamonds (45% of the DTC’s sales 
passed through the city in 2002; Even-Zohar, 2002), 
its role as a diamond manufacturing center has 
diminished sharply. An estimated 2,000 workers 
are currently employed full-time there in diamond 
manufacturing, compared to approximately 8,500 
in 1984 (Shor, 1984) and 19,000 in 1968 (Even- 
Zohar, 2002). Manufacturing in Israel has seen sim- 
ilar declines, from a 1970s peak of approximately 
13,000 to less than 4,000 in 2002. In both cases, ris- 
ing labor costs in the face of increasing retail price 
competition were a key factor, with the implemen- 
tation of highly automated manufacturing opera- 
tions further contributing to workforce reductions 
in Israel (Caspi, 1997). 

With a million or more diamond workers, India 
has become the overwhelmingly dominant force in 
diamond manufacturing (figure 22). India’s trade 
organization, the Gem and Jewellery Export 
Promotion Council, reported early in 2004 that 
92% of all diamonds in the market were manufac- 
tured in India; this is up from 60% in 1990 
(Sevdermish et al., 1998). This represented 60% by 
value, up from 33% in 1990. 

The extraordinary growth of India’s diamond 
industry was achieved by capitalizing on a number 
of events: 


e The huge production from the Argyle mine, 
much of which could not have been cut prof- 
itably in any other center 


e Increased demand from U.S. mass marketers 
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Figure 21. Though the 
average per-carat value 
of rough imported to 
India remained rela- 
tively constant from 


until the advent of 
De Beers's Supplier of 
Choice program in 
2000-01, when the 
value of DTC rough 
imports rose sharply. 
(Sources: “Average 
price...,” 2005; “DTC 
sale...,” 2005.) 
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for affordably priced diamond jewelry 


e Sales of large amounts of Russian “technical” 
goods from the Kremlin stockpile 


e Greater direct access to the American con- 
sumer market 


e New technology that permitted processing of 
diamonds much more efficiently and quickly, 
and with much greater precision 


In the early 1990s, many of India’s second-genera- 
tion diamond manufacturing executives began look- 
ing beyond the niche of small, lower-quality dia- 
monds on which their industry was originally built. 
They focused on two areas: finished jewelry and larg- 
er, better-quality loose diamonds. Finished jewelry, 
they believed, would bring higher profit margins 
than loose goods that were easily price-shopped. 

Through its Indo-Argyle Diamond Council, 
Argyle provided a direct conduit to the lucrative 
American finished jewelry market. The Council’s 
U.S. marketing consultants, MVI, worked with mass 
marketers and large retail jewelry chains to deter- 
mine their needs regarding quality and service. The 
Council then embarked on a stringent program to 
bring Indian jewelry manufacturers up to world stan- 
dards regarding working conditions, employment 
(including age), and quality of product. De Beers also 
adopted labor and working-condition standards into 
its Best Practice Principles, and Argyle adopted them 
into its Business Excellence Model. 

By 2004, the 10th anniversary of Indo-Argyle’s 
founding, top retailers including J.C. Penney, Signet 
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Group, Zale Corp., and Wal-Mart had established 
permanent buying offices in Mumbai through the 
Council's efforts. Beyond Indo-Argyle, Indian firms 
have established an international presence through 
De Beers’s SOC, including a number of strategic 
partnerships with U.S. and European companies 
(Weldon, 2004b). 

India’s younger generation of diamond manufac- 
turers also saw diamond-processing technology as a 
means of taking their industry to a higher level in 
terms of quality and speed of production (S. Doshi, 
pers. comm., 2004). American and Asian retailers 
demanded that even “stars” (50 per carat or small- 
er) be well made and show “life.” In the early 
1990s, India’s production of Argyle goods greatly 
accelerated following the introduction of a new 
type of scaife that was impregnated by diamond 
powder. Argyle material was considered very diffi- 
cult to work because the crystals were usually dis- 
torted and brittle, requiring diamond polishers to 
constantly monitor every stone and shift the pol- 
ishing angle in tandem with the grain. Failure to do 
this often resulted in broken or “burned” dia- 
monds. The diamond-impregnated scaife not only 
eliminated the need to constantly turn diamonds 
on the wheel, but it also allowed manufacturers to 
automate the polishing process. 

The maturity of India’s diamond-manufacturing 
industry coincided with the rapid growth of that 
country’s middle class, who have become prolific 
diamond consumers in their own right. The combi- 
nation of India’s dominance in manufacturing with 
growing domestic consumer demand has trans- 
formed the country into a force that can affect and 
influence how the industry in the rest of the world 
does business. 


FUTURE OPPORTUNITIES 
AND CHALLENGES 


The DTC’s stated policy of pushing more marketing 
initiatives to build demand and the luxury image of 
diamonds will undoubtedly continue to affect the 
diamond market. Although new mine production 
will likely meet rising consumer demand in the long 
run, shortages of rough diamonds in certain size and 
quality categories will remain for some time. Rough 
and polished prices may become more volatile 
because the DTC, Alrosa, Rio Tinto, Debswana, and 
Namdeb have sold most of their buffer stocks, reduc- 
ing their ability to mitigate supply shortages and 
influence prices. In addition, competition between 
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Figure 22. Over the past three decades, the center of 
the diamond-polishing industry has shifted east from 
Europe and Israel to India. Due in part to low labor 
costs and a large, well-educated workforce, India has 
become the world's leader in diamond manufactur- 
ing. Over 90% of the diamonds on the market are 
now cut in India. Shown here is the KARP factory in 
Jasdan, Gujarat. Photo © H. Goldie #& Company. 


producers will make price regulation more difficult 
(Pearson, 2004). 

Supplies of small diamonds, the mainstay of U.S. 
mass merchandisers, may be greatly reduced if Rio 
Tinto decides not to redevelop Argyle into an 
underground mine. While new diamond sources are 
being developed, principally in Canada, they do not 
promise the vast yields of smaller goods that Argyle 
currently produces. 

The desires of diamond-producing nations to 
increase revenue and employment by localizing dia- 
mond manufacturing operations will likely raise 
manufacturing costs, because the majority of these 
nations have a much higher wage structure than 
India, while they will accelerate employment 
decline in higher-wage cutting centers such as 
Antwerp and Israel. 

The balance of the industry will continue to tip 
toward Asia because much of the growth in con- 
sumer demand will likely come from two emerg- 
ing markets, India and China. Sales of diamond 
jewelry in the former increased almost three-fold 
from 1995 to 2003, to Rs 55.968 billion ($1.287 bil- 
lion). China has experienced similar growth 
(Kendall, 2004). The DTC has instituted major 
consumer advertising programs in both countries 
to tap into the rapidly improving purchasing power 
of the middle classes. Growing consumer demand 
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Figure 23. Despite dramatic changes in the diamond 
industry, fine diamond jewelry remains an important 
element of modern fashion, with an ever-increasing 
array of choices for designers and consumers. Yellow 
diamond (1.99 ct) ring courtesy of Kathryn Kimmel, 
GIA; brooch courtesy of Fortunoff; Infinity bracelet by 
Pascal LaCroix; other items from the GIA Collection. 
Photo © Harold & Erica Van Pelt and GIA. 


in new markets, coupled with increasing sales in 
mature markets such as the U.S., will continue to 
keep rough diamond supplies a significant issue 
(Mehta, 2003). 

Although diamond demand has grown rapidly in 
India and China, these areas still comprise a relative- 
ly small share of sales as compared to established 
consumer nations like the U.S., Japan, and Western 
Europe. The DTC has noted moderate dollar-value 
sales growth in these markets, although real increas- 
es were much lower when measured against rising 
polished prices—particularly in carat-plus goods. 
Indeed, some analysts believe such increases are 
more the result of DTC price hikes than greater 
demand (K. Gassman, pers. comm., 2005). 

Banks have assumed a much more active role in 
the diamond industry in recent years, because 
industry credit requirements more than doubled— 
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from $3.9 to $8.6 billion—between 1995 and 2003, 
while profit margins have been shrinking, payment 
cycles have lengthened, and polished inventories of 
some qualities have been mounting. Banks have 
expressed concern over rising debt levels and, while 
stressing their ongoing commitments to the dia- 
mond industry, have assumed increasing veto 
power over deals with retailers or manufacturers 
who carry excessive memo or payment terms, such 
as one year (Gross, 2003). All indications are that 
banks will continue to grow stricter with the dia- 
mond industry, while retailers continue to push for 
increasingly generous terms. 

Corporate governance issues will become more 
ingrained into industry practice through initiatives 
launched at the close of 2004 and early in 2005. The 
so-called Early Adopters’ Initiative, which devel- 
oped into the London-based Council for 
Responsible Jewellery Practices, began in 
November 2004. Participants in this effort—many 
of the industry’s leading businesses and trade orga- 
nizations—seek to promulgate a unified code of 
business practices regarding adherence to the 
Kimberley Process and PATRIOT Act provisions, 
fair labor practices, and full disclosure of treat- 
ments and synthetics at all distribution levels. In 
January 2005, De Beers, together with NGOs 
Global Witness and Partnership Africa Canada, the 
World Bank, and various governments, launched 
the Diamond Development Initiative, designed to 
integrate the diamond production of African 
garimpeiros into the “formal” mining sector. 
Currently, the Kimberley Process does not take 
into account the production of the estimated one 
million diggers in countries such as Angola, the 
Democratic Republic of the Congo, and Sierra 
Leone. The conveners of the initiative believe that 
bringing this production into the formal mining 
sector, with Kimberley Process accountability, 
would reap major benefits for the miners, govern- 
ments, and the diamond industry (O’Ferrall, 2005). 


CONCLUSION 


The last 15 years have brought changes to the dia- 
mond industry that have affected every part of the 
pipeline, from mine to retail. As new diamond 
sources opened up, De Beers’s single-channel mar- 
keting system, in place since the 1930s, gave way to 
a multi-channel environment. This required that 
the company transform itself into a more market- 
ing-driven business. It also ended its traditional role 
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of market custodian as it sold its buffer stock of 
rough diamonds, which profoundly affected dia- 
mond manufacturers and dealers downstream. The 
Supplier of Choice initiative alone represents one of 
the most sweeping changes in the diamond industry 
in the past half century. 

Civil wars in several producing nations forced 
the diamond industry to account for the legal legiti- 
macy of the goods it sells, while governments anx- 
ious to cut off terrorist financing and money laun- 
dering subjected the industry to unprecedented 
scrutiny. Now, governments of producing nations 
are placing greater pressure on De Beers and other 
mining companies to establish “beneficiation” pro- 
jects to increase local ownership, employment, and 
revenues. 

Jewelry retailers saw new competition, first from 
auctions, which became a major sales outlet for the 
extreme top end of the market, and then from the 
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life itselfi—is directly concerned with light 
and heat. 


So much for what light can do. Let 
us proceed to a consideration of HOW 
it does it. 


SIMPLE PERIODIC MOTION 


Many of the optical problems which 
we shall consider can be treated from the 
standpoint of the old elastic solid theory, 
for the propagation of light in many 
cases is governed by the same laws which 
hold in the case of acoustical phenomena 
and the transverse vibrations in elastic 
media. The source of light we may con- 
sider as a quasi-elastic oscillator, that is, 
a vibrating particle which is moving back 
and forth with a force proportional to 
its displacement. 


In Figure I is illustrated a wave in 
progress in cross section, Pt. A and B 
being successive crests. The direction CO 
represents the direction of propagation. 
The distance AB represents the wave 


—— —_—_ 


length. The distance between two points 
similarly situated upon succeeding crests 
for a radiation of blue light would mea- 
sure 4,500 A.U. Were the radiation that 
of red, however, this distance would be 
much longer and would measure 6,500 
A.U. In a vacuum these two radiations 
would have comparable velocities and are 
said to travel at a speed of approximately 
186,000 miles per second or 300,000 kilo- 
meters per second. The number of these 
crests and troughs which occur for any 
given distance of travel determine the 
frequency of the vibrations. A change 
in the velocity of any radiation, there- 
fore, results in a change of wave length 
since the number of oscillations occurring 
per unit length necessarily follows. This 
point must be firmly impressed upon one's 
mind since much of the light phenomenon 
observed in solid substances. is directly 
attributable to changes in velocities of 
incident radiations and transmitted radia- 
tions. 
(Continued to page 74) 


Figure 3 
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EXPERIMENTAL CVD SYNTHETIC 
DIAMONDS FROM 
LIMHP-CNRS, FRANCE 


Wuyi Wang, Alexandre Tallaire, Matthew S. Hall, Thomas M. Moses, 
Jocelyn Achard, Ricardo S. Sussmann, and Alix Gicquel 


In the last decade, progress in diamond growth by chemical vapor deposition (CVD) has resulted in 
significant improvement in the quality of synthetic single crystals. This article reports on the gemo- 
logical and spectroscopic features of six synthetic type lla diamonds grown for research purposes at 
the French Laboratoire d’Ingénierie des Matériaux et des Hautes Pressions (LIMHP-CNRS), and 
compares their diagnostic features to CVD-grown diamonds from other producers. Three of the six 
samples were nitrogen doped, whereas the other three were classified as high purity. A number of 
characteristics that are diagnostic of CVD synthetic diamond were present in the nitrogen-doped 
crystals, despite an absence of defect-related absorption features in the infrared region. Identification 
of the high-purity samples was more complicated, but it was still possible based on features in their 
photoluminescence spectra, their distinctive birefringence, and characteristic luminescence images. 


iamond synthesis was first accomplished 
[) more than half a century ago, and there have 

been considerable improvements in quality 
over the past few years. These achievements are 
important not only for the potential they offer for 
producing large quantities of synthetic diamond, 
but also for the precise control they provide over the 
type and concentration of defects in the crystals, 
which is particularly critical for electronics applica- 
tions. To date, most gem-quality synthetic dia- 
monds have been grown using high-pressure and 
high-temperature (HPHT) conditions (Shigley et al., 
1986, 1987, 1997, 2003, 2004). Recently, however, 
single-crystal diamond synthesis using the chemical 
vapor deposition (CVD) method has made great 
progress and attracted much attention, even in the 
jewelry industry (see, e.g., Yan et al., 2002; Wang et 
al., 2003; Martineau et al., 2004; Bates, 2005; 
Tallaire et al., 2005). Earlier this year, Yan et al. 
(2005) documented the successful growth of a 5 ct 
single-crystal CVD synthetic diamond measuring 
over 1 cm thick. They also predicted that a one-inch 
cube of single-crystal CVD synthetic diamond (~300 
ct) is achievable. The properties of CVD synthetic 
diamonds are highly variable, due to the rapid devel- 
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opment of laboratory synthesis techniques. 
Therefore, the timely characterization of these syn- 
thetic diamonds is critical to the gem industry. 

In this article, we report on the properties and 
identification features of several CVD synthetic dia- 
monds that were produced for research purposes at 
the Laboratoire d’Ingénierie des Matériaux et des 
Hautes Pressions, a part of the Centre National de 
la Recherche Scientifique (LIMHP-CNRS) at the 
Université Paris 13. These products showed some 
notable differences from those grown by Apollo 
Diamond Co. that were examined by Wang et al. 
(2003) and the experimental products studied by 
Martineau et al. (2004). Nevertheless, these new 
CVD-grown diamonds can be identified on the basis 
of certain characteristic gemological and spectro- 
scopic features. 

At LIMHP-CNRS, these CVD synthetic dia- 
monds were produced at low pressures (a few hun- 
dred millibars) from hydrogen-rich methane mix- 
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tures. The use of microwave radiation in the growth 
chamber facilitated the production of key molecular 
species involved in diamond growth inside the plas- 
ma ball. To grow a monocrystalline diamond crystal, 
a type Ib {100}-oriented slice of HPHT synthetic dia- 
mond was used as a substrate. By choosing optimum 
growth conditions for the substrate temperature, the 
methane concentration, and the microwave power 
density, researchers at LIMHP-CNRS were able to 
achieve growth rates of tens of micrometers per hour 
at relatively high quality and purity (Tallaire et al., 
2005). These samples were grown solely for research 
purposes, and although it is technically possible to 
do so, no crystals thick enough to be faceted were 
produced. While colorless, light gray, and light 
brown gem-quality CVD-grown synthetic diamonds 
are being produced experimentally by LIMHP- 
CNRS, this group does not intend to make its syn- 
thetic diamonds available to the jewelry market. 


MATERIALS AND METHODS 

Six specimens produced by LIMHP-CNRS during 
late 2004 and early 2005, ranging from 0.14 to 0.81 ct, 
were examined (figure 1). All were studied as-grown, 
with no secondary treatment. Three of them were 
intentionally doped with various concentrations of 
nitrogen during the CVD deposition process in order 
to improve the growth rates. These samples were 
labeled nos. 67404, 66875, and 66669 for the very 
low, low, and moderate doping amounts, respective- 
ly. For the other three samples, the growth condi- 
tions were chosen to limit the incorporation of 
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Figure 1. The CVD synthetic 
diamonds (0.14-0.81 ct) 
from LIMHP-CNRS show a 
typical tabular crystal mor- 
phology and significant vari- 
ations in color. Three sam- 
ples were near colorless, two 
were light gray, and one was 
light brown. The three sam- 
ples in the top row (from left 
to right: nos. 67404, 66875, 
and 66669) are nitrogen 
doped, and the three in the 
bottom row (from left to 
right: nos. 66675, 66876, and 
67405) are of high purity. 
Sample no. 66675 appears 
yellow due to the yellow 
substrate. Composite of pho- 
tos by Elizabeth Schrader, 
Jessica Arditi, and W. Wang. 


defects into the crystal lattice as much as possible. 
They are referred to here as nos. 66675, 66876, and 
67405. The growth substrates were entirely removed 
prior to spectroscopic analysis as well as color grading 
during this study, except for one high-purity sample 
that had a CVD thickness of only about 0.3 mm (no. 
66675}. These CVD synthetic diamonds are represen- 
tative of recent products created at LIMHP-CNRS, 
which show a significant variation in color and 
chemical purity. 

Gemological and spectroscopic properties of all 
six samples were collected at the GIA Laboratory in 
New York. Although GIA does not issue grading 
reports on synthetic diamonds, for the purpose of 
this study equivalent color grades were determined 
by experienced diamond grading staff using the 
standard conditions and methodology of GIA’s color 
grading system for colored and near-colorless 
faceted diamonds (see, e.g., King et al., 1994). Note 
that the color grades of these tabular samples could 
change after faceting as the optical path length is 
increased. Internal features were observed with a 
standard binocular microscope and a variety of 
lighting techniques. We used a gemological micro- 
scope with crossed polarizers to check for anoma- 
lous birefringence in all samples. Reactions to UV 
radiation were checked in a darkened room with a 
conventional four-watt combination long-wave (365 
nm) and short-wave (254 nm) lamp. 

Five of the samples also were analyzed at the GIA 
Laboratory using several spectroscopic techniques. 
Because the substrate of no. 66675 was not removed, 
only photoluminescence (PL) spectroscopy was per- 
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TABLE 1. Characteristics of CVD synthetic diamonds from LIMHP-CNRS, France.? 


+ ati N, doping Weight F UV Fluorescence in the 
Sample no. 2 
e Desednon during growth (ct) pee nny sl fluorescence? DiamondView 
Nitrogen doped 
67404 Free standing Very low 0.81 6.55 x 5.96 x 1.64 Light brown Inert Orange (with blue 
phosphorescence) 
66875 Free standing Low 0.41 6.33 x 6.27 x 0.70 Light gray Inert Orangy red (with 
blue at four corners) 
66669 Free standing Medium 0.31 3.99 x 3.87 x 1.42 "G" color Inert Orangy red 
High purity 
66675 About 0.3 mm None 0.40 3.88 x 3.86 x 1.87 Near colorless nd Green (from the 
thick, over HPHT (over yellow substrate) 
synthetic diamond substrate) 
substrate 
66876 Free standing None 0.14 4.41 x 4.42 x 0.48 Light gray Inert Blue 
67405 Free standing None 0.18 4.47 x 4.46 x 0.71 "I" color Inert Blue (with blue 


phosphorescence) 


@ Abbreviation: nd = not determined 


© Reaction to a standard gemological source of long- and short-wave UV radiation 


formed on this sample. To avoid surface contamina- 
tion, we cleaned the samples thoroughly with ace- 
tone in an ultrasonic bath. Low-temperature PL 
spectra were recorded for all six samples using a 
Renishaw 1000 Raman microspectrometer with an 
Ar-ion laser at two different laser excitations: 488.0 
nm (for the range 490-950 nm) and 514.5 nm (for the 
range 517-950 nm). PL spectra in the range 
640-1000 nm also were collected using a He-Ne 
laser (632.8 nm) for the five samples that had their 
substrate removed. In addition, PL spectra for one 
sample (no. 67405) were obtained using a diode laser 
(780.0 nm) for the range 782-1000 nm. Several exci- 
tation lasers were used to cover as broad an emis- 
sion-energy region as possible. The samples were 
cooled by direct immersion in liquid nitrogen. Up to 
three scans were accumulated in some cases to 
achieve a better signal-to-noise ratio. 

Infrared absorption spectra were recorded in the 
mid-IR (6000-400 cm~!, 1.0 cm~! resolution) and 
near-IR (up to 11000 cm™!, 4.0 cm~ resolution) 
regions at room temperature with a Thermo-Nicolet 
Nexus 670 Fourier-transform infrared spectrometer 
equipped with KBr and quartz beam splitters. A 6x 
beam condenser focused the incident beam on the 
sample, and a total of 1,024 scans (per spectrum) 
were collected to improve the signal-to-noise ratio. 

UV-Vis-NIR absorption spectra were recorded 
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with a Thermo-Spectronic Unicam UV500 spec- 
trophotometer over the range 250-850 nm with a 
sampling interval of 0.1 nm. The samples were 
mounted in a cryogenic cell and cooled using liquid 
nitrogen. 

All the samples also were examined using a 
Diamond Trading Company (DTC) DiamondView 
deep-ultraviolet (<230 nm) luminescence imaging 
system (Welbourn et al., 1996). 


RESULTS AND DISCUSSION 

Gemological Features. Table 1 details the gemologi- 
cal and spectroscopic properties of the LIMHP-CNRS 
synthetic diamonds. All six crystals exhibited the 
tabular morphology typical of monocrystalline CVD 
products, each with a large cubic (100) crystal face. 
Three of the samples were near colorless, two were 
light gray, and one was light brown (again, see figure 
1). The colors of these samples are very different from 
those of the Apollo CVD synthetic diamonds, most 
of which showed brown colors of varying saturation 
(Wang et al., 2003). The one brown sample in this 
study (no. 67404) showed an even color distribution, 
except when viewed perpendicular to the growth 
direction; in this orientation a distinct zone of dark 
brown color was visible (figure 2). This very narrow 
color zone extended parallel to the large (100) face 
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Major absorption features Photoluminescence 


Infrared UV-Vis-NIR features 
6856, 3323, Increase in absorption 503.5, 563.3, 596/ 
3124, 2924, to high-energy side; 597, 575, 637, 737, 
2807 cm-! 737 nm 766.1, 840.7 nm 
No defect-related — No features 508.5, 575, 596/597, 
features 687, 699, 737 nm 
No defect-related No features 503.5, 540.7, 563.3, 
features 575, 596/597, 637, 
737 nm 

nd nd 503.2, 503.5, 575, 
596/597, 637, 699, 
737 nm 

No defect-related No features 737 nm 


features 


No defect-related Broad band at ~261 nm 737, 953 nm 
features 


through the entire CVD overgrowth, and was the 
main cause of the light brown body color. Brown zon- 
ing also was observed in the Apollo CVD synthetic 
diamonds (Wang et al., 2003); it may be caused by 
concentrated deposition of non-diamond carbon as a 
result of temperature fluctuations during growth. 
The presence of non-diamond carbon in the brown 
sample in this study was revealed by Raman bands at 
around 1450 cm7!; such bands in CVD-grown dia- 
mond are much broader than the Raman peak at 
1332 cm! that is intrinsic to diamond. 

Layers of different colors also have been observed 
in many CVD products from Element Six. 
According to Martineau et al. (2004), layers with var- 
ious brown colors were most common, with blue 
layers observed in samples doped with boron. 

The CVD-grown diamonds were of high clarity. 
However, a few notable internal features were pre- 
sent. In sample no. 66875, graphite inclusions, iden- 
tified by Raman spectroscopy, were well developed 
in the four corners and arranged in the {111} orienta- 
tion along many small fractures. Although the 
mechanism responsible for the formation of 
graphite in these crystals is unclear, it is well 
known that nitrogen incorporates and degrades the 
{111} faces preferentially, leading to a higher content 
of non-diamond carbon. In addition, many pin- 
points were present in sample no. 66669. 
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The main (100) growth surface of the nitrogen- 
doped samples invariably showed sequences of 
micro-steps with relatively flat “terrace” regions 
separated by inclined “risers.” This phenomenon is 
known as step-bunching, and the corresponding fea- 
tures have been referred to as growth steps (de 
Theije et al., 2000; Martineau et al., 2004). It was 
observed on all the nitrogen-doped samples (figure 
3), and also on portions of high-purity sample 66675 
(figure 4). But in the latter case, since no nitrogen 
was intentionally added, the higher methane con- 
centration present during growth was probably 
responsible for the surface growth features observed. 

Anomalous birefringence, caused by residual 
internal strain, is a useful feature for the identifica- 
tion of CVD synthetic diamond (see, e.g., Wang et 
al., 2003; Martineau et al., 2004). Similar to many of 
the Apollo products examined, the CVD synthetic 
diamond crystals from LIMHP-CNRS displayed 
cross-hatched bands of low-order interference colors 
when viewed through the (100) face (figure 5A). 
Small areas of localized strain with relatively higher 
order interference colors surrounding tiny defect 
centers also were observed. Much higher order 
interference colors were seen at the four corners in 
sample no. 66875 (figure 5B), and outside the sub- 
strate window in sample 66876 (figure 5C), indicat- 
ing strong residual internal strain and accumulated 
dislocations in these regions. 


Figure 2. When viewed perpendicular to the growth 
direction and parallel to the (100) face, CVD synthetic 
diamond sample no. 67404 displays a dark brown 
color zone (see arrows) parallel to {100}. The yellow 
“triangle” to the lower right of the arrows is the sub- 
strate of HPHT synthetic diamond. Photomicrograph 
(taken before substrate was removed) by W. Wang; 
total thickness of the specimen was 3.36 mm. 


\ 
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Figure 3. Differential interference contrast microscopy revealed sequences of growth steps with terrace regions sep- 
arated by inclined risers on the (100) surface of the nitrogen-doped CVD synthetic diamonds (left, no. 67404; right, 
no. 66875). Photomicrographs by Alexandre Tallaire; magnified 50x. 


An outstanding feature evident from the anoma- 
lous birefringence is that bundles of dislocations 
nucleated along the boundary between the substrate 
and its CVD synthetic diamond overgrowth and are 
uniformly parallel to the growth direction, as first 
pointed out by Martineau et al. (2004). As a result, the 
“shadow” of the substrate can be clearly seen in the 
birefringence image, even after its removal. This fea- 
ture was observed in all crystals except for no. 66669. 


Figure 4. With a gemological microscope, portions 
of this high-purity CVD synthetic diamond (no. 
66675) display surface growth features similar to 
those observed on the nitrogen-doped crystals. The 
apparent color is caused by the yellow substrate of 
HPHT synthetic diamond, which was not removed. 
Photomicrograph by W. Wang; image width is 
approximately 2.9 mm. 
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In addition, the region outside the substrate “shadow” 
typically showed higher-order interference colors (fig- 
ure 5C). Anomalous birefringence caused by residual 
internal strain is also a common feature of natural 
type Ila diamond. While large variations in intensity 
have been observed, natural type Ia diamonds gener- 
ally show stronger anomalous birefringence than is 
seen in CVD synthetic diamonds (see, e.g., Moses et 
al., 1999). Banded and “tatami” patterns are the pre- 
dominant strain characteristics of natural type Ila dia- 
monds (figure 6, A and B; see, e.g., Smith et al., 2000), 
as shown in figure 5, the characteristic strain pattern 
of single-crystal CVD synthetic diamond is distinctly 
different. HPHT-grown synthetic type Ila diamonds 
most commonly show no strain (figure 6C). 

All five of the samples tested were inert to the UV 
radiation emitted by a standard gemological UV 
lamp, and no phosphorescence was observed. In con- 
trast, some of the Apollo nitrogen-doped samples 
studied by Wang et al. (2003) fluoresced a very weak 
orange, orange-yellow, or yellow to long-wave UV, 
and a very weak to moderate orange to orange-yellow 
to short-wave UV. Orange fluorescence of varying 
intensity to both long- and short-wave UV radiation 
was also observed in many of the Element Six nitro- 
gen-doped crystals; in contrast, those of high purity 
were inert (Martineau et al., 2004). Most natural type 
Ila diamonds are inert to both long- and short-wave 
UV. Only a few natural type Ia diamonds are known 
to fluorescence blue or orange to standard UV radia- 
tion. In contrast, most HPHT synthetic type Ila dia- 
monds show weak to moderately strong yellow-green 
fluorescence and moderate to strong yellow-green 
phosphorescence to short-wave UV radiation (see, 
e.g., Shigley et al., 1997). 
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Figure 5. The high-purity crystal in image A (no. 66876), which measures 4.4 mm across, displays the characteristic 
strain pattern of a CVD-grown diamond when viewed perpendicular to a cubic crystal face (100). The “shadow” of 
the substrate is clearly visible even after its removal, as the large square with relatively lower order interference 
colors in the center of the sample. Much higher order interference colors were observed at the four corners of nitro- 
gen-doped sample no. 66875 (B, 6.3 mm across) and in the area outside the substrate “shadow” of sample no. 
66876 (C, image width is 2.9 mm), indicating strong residual internal strain and accumulated dislocations in these 
regions. Photos A and B by W. Wang, and photomicrograph C by Shane McClure; crossed polarizers. 


Spectroscopic Features. Photoluminescence. PL 
spectra showed that three of the samples were 
nitrogen doped and three others were of high purity, 
as expected from the growth methods employed 
(see figure 7 and table 1). Several laser excitations 
were used to obtain maximum sensitivity over vari- 
ous energy regions. Using high-energy 488.0 nm 
laser excitation allows the detection of trace 
amounts of 3H, H3, and H4 defects. The 514.5 nm 
laser system is more sensitive at detecting the 637 
nm |(N-V)-] defect, and 632.8 nm excitation is ideal 
for detecting traces of Si impurity. 

Major PL features in the nitrogen-doped samples 
include strong emissions of (N-V)° with its zero- 
phonon line (ZPL) at 575 nm and (N-V)- with its 
ZPL at 637 nm, weak emission pairs at 596-597 nm, 
and Si-related emission at 737 nm (e.g., Bergman et 
al., 1993). 

In two specimens (nos. 66669 and 66875), the 
intensity of the 637 nm emission was stronger 
than or close to that of the 575 nm. However, the 
other nitrogen-doped sample (no. 67404) showed 


the opposite trend. During crystal growth, samples 
66669 and 66875 were doped with moderate and 
low nitrogen contents, respectively. In contrast, 
sample 67404 was doped with only a very small 
amount of nitrogen. It seems that the higher the 
nitrogen content is, the higher the intensity of the 
637 nm emission compared to that of the 575 nm 
will be. When 488 nm laser excitation was 
employed, the integrated intensity ratio (i.e., the 
area of a peak, rather than its height) of 637/575 
was 1.31 for sample 66669, 0.96 for sample 66875, 
and only 0.07 for sample 67404. These observa- 
tions indicate a possible correlation between the 
content of doped nitrogen and the concentrations 
of (N-V)° and (N-V)- centers generated. They are 
consistent with the suggestion that (N-V)° is ini- 
tially incorporated during CVD growth, and (N-V)~ 
appears and intensifies as the nitrogen content fur- 
ther increases (M. Newton, pers comm., 2.005). 

In contrast to the nitrogen-doped CVD synthetic 
diamonds, the two high-purity samples (nos. 66876 
and 67405) displayed virtually no PL features. Only 


Figure 6. In contrast to CVD synthetic diamonds, natural type Ila diamonds typically show banded and “tatami” 
patterns with low first-order interference colors (A, B). HPHT-grown synthetic type Ila diamonds most commonly 
show no strain (C). Photomicrographs by Christopher Smith; crossed polarizers. 
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Figure 7. Low-temperature photoluminescence spectra 
collected using an Ar-ion laser (488 nm excitation) 
revealed clear differences between the nitrogen-doped 
and high-purity CVD synthetic diamonds. Strong 
emissions at 575 and 637 nm—and weak emissions at 
503.5, 596, 597, and 737 nm—were detected in the 
three nitrogen-doped samples. Three high-purity CVD 
synthetic diamonds displayed only a very weak emis- 
sion at 737 nm caused by trace Si impurity, although 
this emission was extremely strong in one N-doped 
sample (no. 67404). 


Figure 8. Except for brown sample no. 67404, the CVD 
synthetic diamonds from LIMHP-CNRS did not show 
any defect-related absorption in the mid-infrared 
range. Sharp, very weak absorptions at 3323 and 3124 
cm, and two relatively broad absorptions at 2924 
and 2807 cm=', were detected in sample no. 67404. In 
contrast, these H-related absorptions were observed in 
many of the Apollo CVD synthetic diamonds exam- 
ined by Wang et al. (2003). The spectra are shifted ver- 
tically for clarity. 
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a very weak 737 nm emission was detected. 
Nevertheless, it appears that the high-purity crys- 
tals from LIMHP-CNRS are slightly less pure than 
those from Element Six examined by Martineau et 
al. (2004), in which no Si-related emission was 
detected. Sample no. 67405 also showed a very 
weak emission line at 953 nm when 780 nm laser 
excitation was employed. High-purity crystal no. 
66675 displayed very weak emissions at 575 nm 
and 637 nm, which are very likely from its type Ib 
HPHT synthetic diamond substrate. This explana- 
tion is supported by the occurrence of a very weak 
H3 emission (zero phonon line at 503.2 nm), which 
certainly is from the substrate. 

In addition, very weak emissions at 563, 699, 
766, and 841 nm were occasionally observed in the 
LIMHP-CNRS samples (again, see table 1). The 3H 
defect, with a zero-phonon-line position at 503.5 
nm (slightly higher than that of H3 at 503.2 nm], is 
typically radiation related (Collins et al., 1989). 
The 3H defect is relatively unstable, and should be 
annealed out at typical CVD growth temperatures 
(Zaitsev, 2001); nevertheless, the 3H defect was 
detected in all three nitrogen-doped crystals and in 
one high-purity crystal (no. 66675). In contrast, the 
3H defect was not detected in any of the Apollo 


Figure 9. The CVD synthetic diamonds from LIMHP- 
CNRS did not show any defect-related absorption in 
the near-infrared range. In contrast, most Apollo 
CVD synthetic diamonds examined by Wang et al. 
(2008) displayed relatively strong absorptions in this 
range. Of the five specimens examined, only the light 
brown crystal (no. 67404) exhibited a very weak 
absorption at 6856 cm! (not visible below). The spec- 
tra are shifted vertically for clarity. 
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Figure 10. None of the CVD synthetic diamonds from 
LIMHP-CNRS examined showed the absorption at 
1344 cm=! associated with trace amounts of isolated 
nitrogen, which was present in several of the Apollo 
CVD synthetic diamonds studied by Wang et al. 
(2003). The spectra are shifted vertically for clarity. 


products (Wang et al., 2003) or reported by 
Martineau et al. (2004) for CVD synthetic diamond 
samples produced by Element Six. 

This apparent discrepancy might be explained 
by the fact that two of the nitrogen-doped crystals 
(nos. 66875 and 66669) and one high-purity crystal 
(no. 66876) had previously been analyzed by 
cathodoluminescence, which can introduce weak 
radiation damage (Steed et al., 1999). However, no 
3H features were detected in high-purity crystal 
no. 66876, while nitrogen-doped crystal no. 67404 
was not analyzed with any method involving 
cathodoluminescence or X-radiation but also 
showed a weak 3H. Still, the presence of the 3H 
defect in four crystals examined in this study is 
not likely to be an as-grown feature but rather may 
have been introduced accidentally afterwards, per- 
haps by exposure to X-rays in an airport security 
checkpoint. 


IR Spectroscopy. Infrared absorption spectroscopy 
revealed that all samples were type Ila. Except for 
the light brown crystal (no. 67404), no defect-related 
absorptions were detected in the infrared region (fig- 
ures 8 and 9). In contrast, the Apollo products exam- 
ined by Wang et al. (2003) and the nitrogen-doped 
Element Six CVD synthetic diamond samples stud- 
ied by Martineau et al. (2004) usually showed strong 
hydrogen-related absorptions in both the mid- and 
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near-infrared regions. In the LIMHP-CNRS samples, 
weak, sharp absorptions at 3323 and 3124 cm, and 
two broad absorptions at 2924 and 2807 cm~!, were 
observed only in the light brown crystal. In addi- 
tion, none of the crystals examined showed any 
absorption due to trace amounts of isolated nitrogen 
at 1344 cm! (figure 10), which was present in many 
of the Apollo CVD synthetic diamonds examined 
by Wang et al. (2003). Hydrogen-related absorp- 
tions in the infrared region were important identi- 
fication features for the Apollo CVD synthetic 
diamonds, since many of these features are specif- 
ic to CVD synthesis (Martineau et al., 2004). 
However, they were not diagnostic for the CVD 
synthetic diamonds in this study. 


UV-Vis-NIR Spectroscopy. Low-temperature 
absorption spectra collected in the UV-Vis-NIR 
range revealed few notable features (figure 11). 
Spectra from the high-purity and the near-colorless 
nitrogen-doped samples were very flat in the visible 
range, and increased gradually into the UV region. 
A weak and broad band at ~261 nm was detected in 
sample no. 67405; its assignment is not certain, but 


Figure 11. The low-temperature absorption spectrum 
of this high-purity CVD synthetic diamond (no. 

67405) is rather flat in the visible-light range, and 
increases gradually in the UV region. The assignment 
of a weak and broad band at ~261 nm is not clear, but 
this absorption is likely not due to isolated nitrogen. 
In the brown nitrogen-doped CVD-grown diamond 
(no. 67404), the absorption increases gradually toward 
lower wavelengths. A distinct absorption at 737 nm 
due to a Si impurity also was observed. The spectra 
are shifted vertically for clarity. 
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Published with the permission of the Secretary of the S mithsonian Institution 


The gem collection of the U. 5S. 
National Museum had its inception in 
a modest exhibition of precious stones 
by the Museum-at the New Orleans 
Exposition in 1884. In 1893 the collec- 
tion of minerals and gems of the natura- 
list, Dr. Joseph Leidy of Philadelphia, 
was acquired and, combined with the gems 
already in the Muiseum’s collection, 
formed a part of the exhibit at the 
World’s Columbian Exposition at Chica- 
go in 1894. The collection was very 
greatly increased by the bequest of 
Dr. Isaac Lea’s extensive collection of 
precious stones by his daughter, Mrs. 
Frances Lea Chamberlain. Her husband, 
Dr. L. T. Chamberlain, who later became 
honorary curator of the collection, added 
a number of fine gems, and upon his 
death bequeathed a modest endowment, 
the income of which allows the acquisi- 
tion of new gems from time to time. 
The gem collection of the U. 5. National 
Museum is known as “The Isaac Lea 
Collection,” although stones from other 
sources are individually differentiated by 
label. “Specimens of natural uncut gem 
crystals are exhibited in special cases or 
find their appropriate place in the sys- 
tematic exhibit of mineral species. 

In 1924 the world famous mineral col- 


lection of Colonel Washington A. Roeb- 
ling was presented to the Smithsonian 
Institution by his son, John A. Roebling, 
and deposited in the U. S. National 
Museum. This fine collection, accumu- 
lated over 70 years of persistent endeavor, 
contained many fine gem minerals in their 
natural ‘state, and. a few magnificent 
examples of rare cut gems. 


For practical reasons, the exhibition 
of cut stones features the unusual, less 
common. or rarer gemstones, the general 
policy being ‘to. display such kinds and 
varieties as are not ordinarily to be found 
at a good jeweler’s. Consequently the 
collection contains few outstanding ex- 
amples of cut diamond, ruby, or emerald. 
Natural stones and the remaining gem- 
stones, however, are represented by out- 
standing or unusually fine examples, both 
as to size and quality. A large collection 
of smaller or lesser quality stones are 
reserved in the laboratories for scientific 
study. 


é 


CUT GEMS 


Among the diamonds, mention may be 
made of a nine carat diamond of velvety 
blackness, and a series of small stones 
illustrating the colored varieties. 


FALL, 1948 
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Figure 12. In the DTC DiamondView, the nitrogen-doped CVD-grown crystals showed a strong and characteristic 
orange to orangy red luminescence (sample no. 66875, left). In contrast, the high-purity crystals showed only a 
very weak blue fluorescence (sample no. 66876, right). The original positions of the substrates are visible as the 
darker square-shaped patterns in the center of the images. The circular areas within the squares are from the 


sample holder. Photos by W. Wang. 


the band is most likely not due to isolated nitrogen 
(Zaitsev, 2001). In the light brown nitrogen-doped 
CVD-grown diamond (no. 67404], the absorption 
increased gradually toward lower wavelengths. A 
distinct absorption at 737 nm (0.64 cm! absorption 
coefficient) was also observed in this sample. The 
intensity of this peak was stronger than that of all 
the Apollo products we have examined so far. Early 
products from Element Six showed an emission 
line at 737 nm in the photoluminescence spec- 
trum, but its absorption intensity was not reported. 
In addition, this feature was not detected in sam- 
ples grown more recently by Element Six (Mar- 
tineau et al., 2004). 


Diamond View Imaging. When examined with the 
DiamondView, the nitrogen-doped samples exhib- 
ited strong orange to orangy red luminescence due 
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to both (N-V)° and (N-V)> centers (figure 12, left). In 
contrast, the high-purity synthetic crystals lumi- 
nesced very weak blue (figure 12, right). The blue 
luminescence is believed to emanate from bundles 
of dislocations in arrangements not seen in natural 
diamond (Martineau et al., 2004). In figure 12 (left), 
blue luminescence also can be seen at the four cor- 
ners of nitrogen-doped crystal no. 66875, where 
extensive dislocations appeared in the anomalous 
birefringence image (figure 5B). 

Two crystals showed blue phosphorescence in 
the DiamondView. One (no. 67404) was nitrogen 
doped (figure 13, left), and the other (no. 67405) 
was of high purity (figure 13, right). Blue phos- 
phorescence is common in many natural type IIb 
diamonds and may also occur in some HPHT- 
grown synthetic type Ila diamonds (Shigley et al., 
1997; King et al., 1998), but it is rarely seen in 


Figure 13. In the 
DiamondView, two of 
the studied CVD sam- 
ples (left, no. 67404; 
right, no. 67405) showed 
moderately strong blue 
phosphorescence, which 
is rarely observed in nat- 
ural type Ila diamonds. 
Photos by W. Wang. 
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natural type Ila diamonds. As in the aforemen- 
tioned birefringence images, the original position 
of the HPHT-grown synthetic substrate also was 
observable in most DiamondView fluorescence 
and phosphorescence images. 

Natural type Ila diamonds usually show blue flu- 
orescence in the DiamondView, and they typically 
display characteristic “mosaic” networks of polygo- 
nized dislocations or dislocations lying in slip bands 
(Martineau et al., 2004). A few natural type Ila dia- 
monds exhibit orange luminescence, similar to that 
of nitrogen-doped CVD synthetic diamonds. Our 
extensive examinations have revealed that “mosa- 
ic” networks and slip bands are also the predomi- 
nant features of natural type Ila diamonds that show 
this orange fluorescence (figure 14). 


IDENTIFICATION FEATURES 


The CVD synthetic diamonds from LIMHP-CNRS 
were produced solely for research purposes, but in 
the event a similar product ultimately reaches the 
gem market it is important to understand the dif- 
ferences between these samples and natural dia- 
monds, as well as other gem-quality CVD synthet- 
ics currently being produced. Although the prod- 
ucts examined in this study showed considerable 
variation in color and purity, it is clear that deposi- 
tion of non-diamond carbon during crystal growth 
at relatively high growth rates can be minimized, 
leading to the formation of near-colorless gem- 
quality crystals. The relatively narrow thickness of 
CVD overgrowth (no more than 1.64 mm in the 
crystals examined) would limit their potential jew- 
elry application to very small gems. However, 
other manufacturers (Apollo Diamond, Element 
Six, and the Carnegie Institute) have demonstrated 
their ability to grow high-quality CVD crystals 
thick enough to be faceted as gems. It is feasible 
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Figure 14. Characteristic 
“mosaic” networks of polygo- 
nized dislocations (left, 6.44 
mm in diameter) and disloca- 
tions lying in slip bands (right, 
3.9 mm depth) are the major 
features of natural type Ia 
diamonds with orange fluores- 
cence seen in the Diamond- 
View. Photos by W. Wang 
(left) and Paul Johnson (right). 


that LIMHP-CNRS has a similar capability. 

The new LIMHP-CNRS synthetic diamonds 
showed distinct differences in optical and spectro- 
scopic properties from the suite of Apollo products 
examined by Wang et al. (2003), as well as from 
the Element Six CVD samples examined by 
Martineau et al. (2004). Fortunately, the LIMHP- 
CNRS samples we examined could be identified 
on the basis of their characteristic birefringence 
images, orange or blue luminescence features in 
the DiamondView, and/or PL spectroscopic fea- 
tures (i.e., emission at 737 nm and a 596/597 nm 
pair). Very few natural type Ila diamonds fluoresce 
orange or orangy red in the DiamondView, so this 
reaction is a good indication that further testing is 
necessary. One CVD-specific PL spectroscopic fea- 
ture is the weak doublet at 596 and 597 nm, which 
was detected in all three nitrogen-doped samples 
and in one high-purity CVD crystal in this study. 
More importantly, the Si-related defect at 737 nm, 
which has never been reported in natural dia- 
monds, occurred at varying intensity in all the 
samples (both nitrogen doped and high purity) 
examined in this study, making it a very useful 
identification feature. 


CONCLUDING REMARKS 


CVD synthetic diamonds from LIMHP-CNRS have 
been created solely for research purposes, as both 
nitrogen-doped and high-purity samples. These 
type IIa products showed considerable variation in 
color and impurity concentration. This study 
revealed some subtle but clear differences between 
the LIMHP-CNRS products and the suite of Apollo 
products examined by Wang et al. (2003) and the 
Element Six products examined by Martineau et al. 
(2004). While the LIMHP-CNRS synthetics show 
almost no absorption features in the infrared 
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region, they can be reliably identified based on 
their characteristic birefringence images, lumines- 
cence features in the DiamondView, and/or PL 
spectroscopic features. 

With the rapid progress in CVD growth tech- 
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niques, larger and better-quality synthetic dia- 
monds are likely to be produced. Identification 
features will probably change to some extent with 
the continued development of CVD synthesis 
techniques. 
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INCLUSIONS IN TRANSPARENT GEM 
RHODONITE FROM BROKEN HILL, 
NEw SOUTH WALES, AUSTRALIA 


Paul W. Millsteed, Terrence P. Mernagh, Vincent Otieno-Alego, and Dudley C. Creagh 


Solid, vapor, and fluid inclusions in transparent gem 
rhodonite crystals from Broken Hill, New South 
Wales, Australia, have been identified for the first 
time using Raman spectroscopy and gemological/ 
petrographic techniques. Among the solid inclu- 
sions are sphalerite, galena, quartz, and fluorite. The 
rhodonite also contained hollow needle-like tubes 
and negative rhodonite crystals. Three-phase inclu- 
sions were found to contain a saline liquid, a 
gaseous mixture of nitrogen (N,) and methane 
(CH,), and ilmenite crystals. 


em rhodonite crystals have been recorded 

from Broken Hill, New South Wales, 

Australia, for at least 100 years. Most of 
these crystals have been recovered from the North 
mine and Zinc Corp./NBHC mines; however, they 
are widely distributed throughout the deposit. A 
number of beautiful transparent crystals, less than 1 
cm thick, have been recorded (Birch, 1999, see, e.g., 
figure 1], with some rare specimens as large as sev- 
eral centimeters across. The authors know of at 
least six crystals that have been successfully 
faceted, producing stones that range from 0.15 to 
10.91 ct, and these display a rich pink to brownish 
red color similar to that seen in pink-to-red spinel. 
The 10.91 ct stone (figure 2), the largest faceted 
rhodonite ever recorded from Broken Hill, is cur- 
rently on display at Toronto’s Royal Ontario 
Museum. No rhodonite cabochons from this locali- 
ty have been documented. Because so little is 
known about this gem material, this article charac- 
terizes a variety of inclusions found in gem rho- 
donite from the North mine at Broken Hill. 
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BACKGROUND 

Gem-quality rhodonite ([Mn,Fe,Ca]SiO,) is known 
from the primary silver-lead-zinc sulfide orebodies 
centered at Broken Hill, arguably the most famous 
mining town in Australia (figure 3) and one of the 
richest sources of gem rhodonite crystals in the world. 


Location. Broken Hill lies on the inland edge of the 
Western Plains of New South Wales at the foot of 
the Barrier Ranges, on the edge of the Sundown 
Hills, 1,100 km from Sydney and 43 km from the 
border with South Australia (Solomon, 1988). The 
Broken Hill deposit, renowned as one of the most 
outstanding mineral deposits in the world, is hosted 
in what geologists have defined as the Broken Hill 
block. Some 2,000 separate mineral deposits are dis- 
tributed throughout the block, over an area of 4,000 
km? (Barnes, 1986). 


Regional Geology and Occurrence of Rhodonite. Up 
to nine separate, but closely related, lenses and lodes 
are hosted in rocks of the Willyama Supergroup at 
Broken Hill (Stevens et al., 1983). Differences in the 
orebodies are reflected in the relative proportions of 
lead and zinc, as represented by the minerals galena 
and sphalerite, respectively (Johnson and Klinger, 
1975; Plimer, 1979, 1984). In addition to these two 
minerals, rhodonite from Broken Hill may be associ- 
ated with spessartine, calcite, hedenbergite, bus- 
tamite, fluorapatite, fluorite, quartz, and pyroxman- 
gite (Birch, 1999). 


See end of article for About the Authors and Acknowledgments. 
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Figure 1. The Broken Hill mines in New South Wales, 
Australia, have produced attractive gem-quality 
rhodonite crystals, such as this 2.9-cm-long prism. 
Photo by Wendell Wilson, courtesy of The 
Mineralogical Record. 


Most of the orebodies at Broken Hill have a granu- 
lar texture in both non-ore (gangue) and sulfide por- 
tions. Specimens of ore collected from 3 Lens, one of 
the two known lead lodes at North mine, typically 
display this texture (figure 4). Local geologists refer to 
the lead lodes as having layering in the ore, known to 
enclose pods and “boudins” (sausage-shaped seg- 
ments) of low-grade rhodonite, bustamite or mangan- 
hedenbergite, other gangue minerals, and sulfides. 
Overall, masses of rhodonite and bustamite have 
exceeded 20 m across (Maiden, 1975). 


NOTES AND NEW TECHNIQUES 


History of Mining at Broken Hill. The Broken Hill 
orebody was pegged in September 1883 and later 
subdivided into seven mining leases called blocks 
(which are distinct from the Broken Hill block dis- 
cussed above). Block 17, then known as the “Cos- 
mopolitan,” was established in December 1883 and 
acquired by the North Broken Hill Silver Mining 
Co. in 1885 (figure 5). Although some secondary 
silver and lead ore was mined in 1888, this was 
rapidly exhausted, and in 1897 the North Broken 
Hill Silver Mining Co. began mining the primary 
sulfide ore. 

North Broken Hill Ltd. acquired Block 17 in 
1912 and established itself as a major employer in 
the city of Broken Hill (Koenig, 1983). During peak 
production, between 1970 and 1975, some 800-900 
workers were employed by North Broken Hill Ltd. 
at this operation. 

The North mine leases comprise mainly those 
parts of the deposit that geologists have referred to 
as the lead lodes 3 Lens and 2. Lens. In the 1970s, 
miners working the stopes of the 25, 26, and 27 lev- 
els of No. 3 shaft, some 350 m from the surface, 
made a concerted effort to ensure the preservation 
of a significant quantity of rhodonite crystals by 
skillfully separating them from the sulfide orebody. 
These intense pinkish to brownish red translucent- 
to-opaque tabular crystals, reaching up to 10 cm 


Figure 2. This 10.91 ct modified emerald step cut is 
believed to be the largest faceted rhodonite from the 
Broken Hill mines. The stone was cut by Maria 
Atkinson and is currently on display at the Royal 
Ontario Museum, Toronto. Photo by David Atkinson. 
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Figure 3. The city of 

Broken Hill is located in 
western New South Wales, 
Australia. The North mine is 
located in the northern part of the mining field. 


across, were occasionally associated with random 
clusters and pockets of beautiful transparent crys- 
tals about 1 cm wide. These specimens soon 
became highly prized by the wider mineralogical 
community in Broken Hill and beyond. 

Many Australian museums and private collec- 


Transparent 
rhodonite 
erystals 
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tors have preserved some outstanding specimens of 
this transparent rhodonite from the Broken Hill ore- 
body, both in matrix (e.g., figure 6) and as individual 
crystals (again, see figure 1). North Broken Hill Ltd. 
closed its operations in 1993, but development 
plans for a smaller mining operation by the current 
lease-holder, Perilya Pty Ltd., are now under way. 


Reported Properties of Broken Hill Rhodonite. The 
typical composition of rhodonite from Broken Hill 
is 50-70 mol.% MnSiO,, 18-20 mol.% CaSiO,, and 
10-20 mol.% FeSiO,; traces of Zn and Mg may also 
be present (Albrecht and Peters, 1980). Absorption 
bands at 523-536 nm (19100-18650 cm), caused 
by Fe?* and Mn**, are typical for transparent gem 
rhodonite from the North mine (Bank et al., 1974). 
Refractive indices for similar specimens were 
recorded by Diehl and Berdesinski (1970) as n, = 
1.725, ng = 1.729, and n, = 1.737. Generally speaking, 
rhodonite has a density in the range 3.55—-3.76 
g/cm? (Gaines et al., 1997). Bank et al. (1974) report- 
ed a value of 3.74 g/cm? for one transparent speci- 
men from Broken Hill. 

A recent investigation into the faceting of trans- 
parent rhodonite from Broken Hill revealed a 
notable suite of solid and fluid inclusions, which we 
subsequently studied by Raman spectroscopy and 
petrographic techniques, as reported here. 


Galena 


Figure 4. This polished 
ore sample from the 
25/26 level of the North 
mine (specimen 1) con- 
tains crystals of galena 
(3-8 mm), sphalerite 
(3-10 mm), and subhe- 
dral to euhedral 
thodonite (2-70 mm). 
Note the several trans- 
parent rhodonite crys- 
tals. Photomicrograph 


. by Paul Millsteed. 
Average 


rhodonite 


Sphalerite 
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Figure 5. The North 
Broken Hill Silver 
Mining Co. acquired 
Block 17 at Broken Hill, 
which would later 
become known as the 
North mine, in 1885. 
This photo of the mining 
operation was taken in 
1888 (from Koenig, 
1983). 


MATERIALS AND METHODS 


Eight transparent rhodonite crystals (5—25 mm long), 
recovered from 3 Lens, 25/26 level, of the North 
mine were prepared and examined. Six of the crys- 
tals (specimens 4-9) were sliced, resulting in 12. sec- 
tions that were polished on both sides for optimal 


Figure 6. This specimen of rhodonite crystals embedded 
in calcite (3 x 2.5 x 2 cm, from level 17 of the Zinc Corp. 
mine) is part of the Albert Chapman Collection at the 
Australian Museum, Sydney. Photo by Carl Bento, 
Australian Museum (No. D49967). 
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inclusion identification. The thickness of the sec- 
tions ranged from 100 um to 2 mm, and most con- 
tained subsurface solid or fluid inclusions ranging 
from <1 um to 100 um in diameter. One crystal, 
specimen 3, was retained intact for the duration of 
the experimental work. We determined gemological 
properties (including visible absorption spectra] 
using standard gemological instruments on speci- 
men 2, a faceted stone (figure 7). (Specimen 1 was 
the ore sample shown in figure 4.) 


Figure 7. Gemological properties were taken on this 
0.86 ct faceted rhodonite (5.4 x 5.4 x 3.9 mm; speci- 
men 2) from the North mine at Broken Hill, which 

was cut by Ralph Westen. Photo by Paul Millsteed. 
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Figure 8. Solid inclusions in rhodonite specimen 3 
(left) were identified by Raman spectroscopy 
(right) as quartz and fluorite. (The asterisks noted 
on the quartz spectrum indicate the rhodonite 
peaks at 996/975, 670, 324, and 207 cm=!.) The 
spectral difference (D)—the removal of spectrum 
A for the host rhodonite from spectrum C—posi- 
tively identified the minor solid inclusion as fluo- 
rite by reference to the Raman database. The 
diameter of the largest inclusion is about 200 wm. 
Photomicrograph by Paul Millsteed. 


Microscopic observations of specimens 3-9 
were initially performed using a Leica DMR polar- 
izing microscope. The types of inclusions, their 
sizes and shapes, and the number of phases they 
contained were noted for these specimens, as well 
as for a 15 x 20 x 35 mm rhodonite crystal in a 
matrix of galena (specimen 10, the eighth transpar- 
ent crystal]. 

Raman spectra were recorded for solid inclu- 
sions in specimen 3 using a Renishaw Raman 
microspectrometer with a 632.8 nm He-Ne laser as 
the excitation source. The instrument was used in 
confocal mode for maximum spatial resolution. 
With this setting, individual solid inclusions ini- 


Figure 9. Many of the samples 
contained galena inclusions, 
as seen here along fractures 
in specimen 6. A closer view 
(right) shows contact-twin 
lamellae evident as diagonal 
striations along cleavages, 
together with a surficial fluid. 
Photomicrographs by Paul 
Millsteed; transmitted light. 
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Spectral difference 


Fluorite/Rhodonite 


tially pinpointed using transmitted light were tar- 
geted by focusing the laser beam via the 50x micro- 
scope objective. 

Raman spectra for the vapor phase of three-phase 
inclusions were also recorded in situ for one of the 
sections cut from specimen 4 using a Dilor 
SuperLabram microspectrometer. These inclusions 
were analyzed with a higher-energy 514.5 nm laser 
excitation. A 100x microscope objective was used to 
increase the laser intensity at the focal point within 
the inclusions. The spectra of the vapor phase were 
recorded from 3800 to 1000 cm! using a single 20- 
second integration time per spectrum. The detec- 
tion limits for specific gases are dependent on the 
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angular elongate sphalerite inclusions, such as 
those shown here in specimen 7. Photomicrograph 
by Paul Millsteed. 


instrumental sensitivity, the partial pressure of each 
gas, and the optical quality of each fluid inclusion. 
Raman detection limits (Wopenka and Pasteris, 
1987) are estimated to be around 0.1 mol.% for 
CO,, O,, and N,, and about 0.03 mol.% for H,S and 
CH,. Errors in the calculated gas ratios are generally 
less than 1 mol.%. 


RESULTS 


Gemological Properties. The refractive indices 
determined from specimen 2 were n, = 1.732 and 

= 1.745. Pleochroism was generally weak, showing 
colors of yellowish red, pinkish red, and pale yel- 
lowish red. The optic axis angle (2V) yielded a biaxi- 
al positive optic sign. The dominant morphological 
forms were (001), (110), and (110). Specific gravity 
determinations yielded a value of 3.65. 

The visible absorption spectra revealed lines at 
408 and 412 nm and a diffuse weak band at 455 
nm. A strong narrow absorption line at 503 nm and 
a broad band at 548 nm were also recorded. The 
sample fluoresced a dull dark red to both long- and 
short-wave UV radiation. 


Raman and Petrographic Analyses of Inclusions. 
Figure 8 illustrates a large solid inclusion (about 
200 um in diameter) that contained two solid 
phases. After subtraction of the rhodonite peaks at 
996 and 975 cm”, one of these phases was identi- 
fied as quartz and the other as fluorite. A suite of 
solid inclusions identified using petrological tech- 
niques included elongate or rounded twinned gale- 
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Figure 11. A number of rounded pyrrhotite grains 
were seen in specimen 10, but not in any of the 
other samples examined. Pyrrhotite has been found 
throughout the Broken Hill ore deposit. Photomicro- 
graph by Paul Millsteed; reflected light. 


na (figure 9), with contact-twin lamellae evident as 
diagonal striations along cleavages together with 
residual fluid, as well as sub-angular elongate spha- 
lerite (figure 10) and rounded pyrrhotite crystals 
(figure 11). 

Also seen were several generations of negative 
crystals that were commonly aligned in preferred 
crystallographic orientations (figure 12); euhedral 
negative rhodonite crystals that formed in areas 
containing sphalerite (figure 13); and thin tubes that 
appeared to be hollow, from which no Raman sig- 
nals could be recorded. 

A number of specimens had three-phase inclu- 
sions, such as the suite shown in figure 14. These 
inclusions typically contained CH, and N, in the 
vapor phase (figure 15), a liquid of moderate to high 
salinity (based on the maximum around 3450 cm"! 
and the low intensity of the peak at 3300 cm}, and 
a solid identified as ilmenite (figure 16). 

Figure 14A shows a suite of euhedral negative 
crystals. A particularly large negative crystal in 
this suite contained a vapor bubble (~15 vol.%) and 
an opaque solid (~5 vol.%). Raman analysis of that 
vapor phase revealed 49 mol.% CH, and 51 mol.% 
N,; the vapor phase of a similar inclusion in figure 
14B contained 53 mol.% CH, and 47 mol.% N,. 
The needle-like inclusions with negative crystal 
shapes (which were commonly aligned along pre- 
ferred crystallographic orientations) had the same 
chemical composition but different phase ratios. 
For example, the needle-like inclusion in figure 
14D contained 30 vol.% vapor (CH, + N,), 50 
vol.% saline liquid, and 20 vol.% ilmenite. We 
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believe this is due to leakage of fluid from the 
inclusions along the healed fractures, such as 
those that are evident at each end of the inclusion 
in figure 14D. 

Several additional photomicrographs and Raman 
spectra of the inclusions identified in this study are 
available in the Gems e&) Gemology Data Depository 
at www.gia.edu/gemsandgemology. 


DISCUSSION 


The gemological properties obtained in this study 
were consistent with those for rhodonite in the lit- 
erature, although the R.I. values were higher than 
those given by Diehl and Berdesinski (1970) and 
Bank et al. (1973a). While pyroxmangite is recog- 
nized from Broken Hill, all the specimens reported 
here have typical rhodonite compositions and 
properties. 


Figure 13. Situated among the inclusions of sphalerite 
in specimen 8 was a euhedral negative crystal of 
rhodonite. Photomicrograph by Paul Millsteed. 
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Figure 12. Also seen 
(here, in specimen 5) 
were several genera- 
tions of hollow negative 
crystals aligned along a 
preferred crystallo- 
graphic orientation, as 
shown by the white 
arrows. Photomicro- 
graphs by Paul Millsteed. 


This study identified a diverse group of inclu- 
sions in transparent gem rhodonite from the North 
mine at Broken Hill. Previous studies of gem 
rhodonite from this locality (Diehl and Berde- 
sinski, 1970; Bank et al., 1973a,b and 1974; Gaines 
et al., 1997) have not mentioned the presence of 
inclusions. 

The basic gemological properties of Brazilian 
rhodonite appear to be comparable to those of 
rhodonite from Broken Hill. Faceted rhodonite from 
Minas Gerais, Brazil, was recently found to contain 
curved needles, “fingerprints,” and two-phase inclu- 
sions (Quinn, 2004), but no solid inclusions were 
identified. 

We believe that the inclusions in the Broken Hill 
rhodonite originate from metamorphic reactions 
that may have produced fluids through processes of 
dehydration and decarbonation (Stevenson and 
Martin, 1986). It is probable that partial melting and 
plastic flow of the sulfides occurred in the Broken 
Hill ore deposit during peak metamorphism 
(Maiden, 1976), which may be evidence of high- 
temperature fluid activity (Plimer, 1979). 

Experimental studies of the PbS-FeS-ZnS-Ag,S 
system by Mavrogenes et al. (2001) showed that 
eutectic melting of sulfide occurs between 772° and 
830°C. In the Broken Hill region, metamorphism 
was accompanied by folding, which changed the 
original structure, texture, and mineralogical con- 
tent of the Broken Hill ore deposit. While the sul- 
fide minerals galena and sphalerite have an average 
grain size of 3-4 mm (Birch, 1999), microscopic 
pyrrhotite and other sulfide inclusions have also 
been trapped within the silicate mineralogy, includ- 
ing gem rhodonite. The presence of pyrrhotite in 
rhodonite supports the eutectic peak metamorphic 
conditions discussed. 

The three-phase (saline liquid, CH,-N, vapor, 
and ilmenite crystal) inclusions are considered 
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A series of 22 zircons adequately covers 
the color range of this variable gem. It 
includes several fine blue stones from 
Indo-China, the largest weighing 103 
carats, a fine garnet red stone (76 carats), 
a brilliant golden colored gem (60 carats), 
and a pale olive green stone (98 carats). 
Three cut stones of the gamma variety 
of green color are included, the largest 
weighing 23 carats. 


Large cut gems of spinel appear to be 
quite rare. A fine ruby spinel weighs 10 
carats. Others include an attractive lav- 
ender blue (30 carats), amethystine (46 
carats), one of clear deep sapphire blue 
(22 carats) and a deep rubellite pink of 
22 carats. 


The outstanding topaz gem is a lozenge 
shaped stone of finest imperial color and 
quality, weighing 94 carats. This is be- 
lieved to be one of the finest topaz in 
existence. A stone of deep rose red color 
of 18 carats is unusual as an example 
of a rare natural color. For size a pale 
aquamarine blue stone of 685 carats is 
included. A pale blue stone of 44 carats 
was cut from a crystal mined in Maine. 


Among the chrysobefyl gems is an alex- 
andrite from Ceylon weighing 66 carats. 
This stone is mentioned in Bauer-Schloss- 
macher “Die Edelsteinkunde”’ among the 
famous chrysoberyls. Two other alex- 
andrites weigh 17 and 11 carats, both 
showing an unusually fine change of color. 
A large chrysoberyl of 121 carats has 
the. daylight color of the Ceylon alex- 
andrite but does not exhibit the color 
change in artificial light. Among’ the 
Brazilian chrysoberyls is one of clear 
chartreuse color weighing 46 carats. 


Beryl is represented by 41 stones, in- 
cluding American and Brazilian emeralds, 
aquamarine, morganite, golden beryl, etc. 
The ‘largest gem in this series is a golden 
green stone of 133 carats from Madagas- 
car. A number of fine blue Brazilian 
stones are shown, the largest weighing 
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125 carats. A good pink Madagascar mor- 
ganite (56 carats) and a salmon pink 
California morganite (122 carats) illus- 
trate this color variety of beryl. Fine 
American stones are from Maine, Mas- 
sachusetts, Connecticut, North Carolina, 
South Carolina, and Idaho. 


Tourmaline, because of its wide range 
of color, commands one of the largest 
series. Outstanding, both for color and 
locality, is a magnificent green gem from 
Maine. It weighs 58 carats. Large stones 
from Brazil and Madagascar run the 
gamut of the color scale; many of them 
show interesting dichroic effects. One 
can gain some idea of the variety of color 
in tourmaline by noting that of more than 
50 examples on exhibition hardly any 
two are the same. 


Seven peridots from the Isle of St. 
John are topped by a record gem of 310 
carats. 

Among the unusual stones in outstand- 
ing examples are a set of 16 sphenes 
matched for a necklace, the largest weigh- 
ing 15 carats. Under the artificial lights 
of the exhibition halls these sphenes, be- 
cause of their extreme dispersion, scintil- 
late with the colors of the opal. A 
benitoite of 714 carats is one of the first 
lot of this stone discovered and is also 
the largest flawless gem of the rare 
mineral. An azure blue cat’s-eye scapo- 
lite is one of. the two known examples 
of this rare gem. The new gem brazili- 
anite is represented by two cut stones, 
the largest weighing 40 carats. 


Jade is shown in cabochons or carved 
pieces of imperial green, apple green, 
lavender, yellow, brownish red, white, and 
black colors. A series of jade. bead neck- 
laces show a similar:color range. Garnets 
include demantoid, essonite, carbuncle, 
pyrope, rhodolite, and others. Seventy- 
seven large faceted stones and more than 
100 cabochons illustrate the range of the 
quartz gems. ' 

The lesser gems are represented by 
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pseudosecondary. The binary mixture of N, and 
CH, in the vapor phase is in good agreement with 
previous studies of gases trapped in fluid inclu- 
sions from the gneissic host rocks and quartz 
veins of the Broken Hill ore deposit (Wilkins and 
Dubessy, 1984). The presence of inclusions of 
quartz, sub-angular elongate galena and spha- 
lerite, and euhedral negative crystals of rhodonite 


Figure 15. Raman spectroscopy of the vapor phase of 

the three-phase fluid inclusion in crystal specimen 4 

confirmed the presence of N, and CH,. CO,, O,, and 
H,S were below the detection limits. 


RAMAN SPECTRUM 


CH, 
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Figure 14. Specimen 4 
contained numerous 
euhedral negative crys- 
tals with three phases: 
an ilmenite crystal, a 
saline liquid, and a 
CH,-N, vapor. 
Photomicrographs by 
Paul Millsteed. 


with sphalerite may be characteristic of Broken 
Hill gem rhodonite. In addition, analysis of the 
fluid inclusions in gem rhodonite may indicate 
whether or not they originated from the Broken 
Hill orebody. Further research on inclusions in 
rhodonites from this and other localities is need- 
ed to make a definitive determination in this 
regard. 


Figure 16. Raman spectroscopy also confirmed the 
presence of ilmenite crystals in a fluid inclusion in 
specimen 4, as illustrated in figure 14A. (The host 
thodonite spectrum has been subtracted out, creating 
some “negative” peaks.) 


RAMAN SPECTRUM 
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CONCLUSIONS 


Sphalerite, galena, quartz, fluorite, and rare grains 
of pyrrhotite have been identified as solid inclu- 
sions in gem rhodonite from the Broken Hill area 
in New South Wales, Australia. Also identified for 
the first time in this material is a suite of three- 
phase (fluid, vapor, and solid) inclusions. These 
inclusions have trapped the products of dehydra- 
tion, decarbonization, and partial melting during 
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healed fractures) after the rhodonite crystallized. 
The rhodonite crystals also contained hollow nee- 
dle-like tubes, as no solids, liquids, or gases were 
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to the evolutionary metamorphic processes and 
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Broken Hill deposit. 
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Unusual SYNTHETIC 
ALEXANDRITE 


Magnification is traditionally the key 
method in the separation of natural 
and synthetic gemstones. Standard 
gemological tests such as refractive 
index, optic character, optic figure, 
and pleochroism are generally not use- 
ful in making this separation, since— 
by definition—to be a synthetic, a 
stone must have essentially the same 
optical, chemical, and physical proper- 
ties as its natural counterpart. In some 
cases, however, the internal scene can 
be very misleading, so more advanced 
tests are necessary to prove natural or 
synthetic origin. 

Recently, a 4.62 ct transparent 
blue-green oval modified brilliant 
(11.04 x 8.99 x 6.32 mm) was submit- 
ted to the East Coast laboratory for 
identification. The specimen exhibit- 


Figure 1. It is very unusual to see 
crystals or negative crystals such 
as these in a melt-grown synthetic 
alexandrite. Note the three minute 
gas bubbles hovering above the 
crystals. Magnified 95x. 
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ed a change of color to purple when 
viewed with incandescent (2800K) 
light. Standard gemological testing 
narrowed the sample’s identity to 
either natural or synthetic alexandrite. 

Magnification revealed a few tiny, 
high-relief, euhedral crystals or nega- 
tive crystals (figure 1). Fiber-optic 
light further revealed many very fine, 
long, parallel needles (figure 2) among 
what appeared to be numerous tiny 
scattered, high-relief gas bubbles 
(again, see figure 1). This was puz- 
zling, as neither crystals/negative 
crystals nor long needles are com- 
monly associated with synthetic 
alexandrite, but the presence of free- 
floating gas bubbles would indicate 


Figure 2. These very fine, long, par- 
allel needles were another unusual 
feature in the melt-grown synthet- 
ic alexandrite. Magnified 55x. 
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Figure 3. Subtle S-shaped curved 
growth zoning was evident in 
diffuse transmitted fluorescent 
light when the 4.62 ct synthetic 
alexandrite was immersed in 
methylene iodide. 


that the gem was a melt-grown syn- 
thetic. Unfortunately, the “gas bub- 
bles” were so small that their identity 
could not be confirmed with a gemo- 
logical microscope; it was possible 
that they were simply minute includ- 
ed crystals. 

To observe the growth structure, 
we immersed the sample in methy- 
lene iodide and viewed it in diffuse 
transmitted light. As evident in fig- 
ure 3, a very subtle S-shaped curved 
growth zoning was present. This, too, 
was indicative of a melt synthetic. 


Editor's note: The initials at the end of each item 
identify the editors) or contributing editor(s) 
who provided that item. Full names are given for 
other GIA Laboratory contributors. 
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These conflicting observations 
meant that more-sophisticated testing 
was necessary to complete the identi- 
fication. Infrared spectroscopy con- 
firmed that the gem was synthetic 
alexandrite. This was not unexpected: 
The Spring 1993 Lab Notes (p. 46) also 
reported on a 3.59 ct synthetic alexan- 
drite with numerous pinpoints (per- 
haps the gas bubbles we observed 
here) and short, scattered needle-like 
inclusions, as well as “slightly curved 
color banding” that appeared asym- 
metric. That sample also lacked 
water-related absorption bands in its 
infrared spectrum, consistent with a 
melt-process synthetic. 

Over the years, we have seen a 
number of synthetic alexandrites with 
the uncommon combination of tiny 
gas bubbles and minute scattered ran- 
domly oriented needle-like inclusions. 
This most recent specimen was unique 
in that the needles were extremely long 
and parallel, a sight more commonly 
seen in natural stones. However, the 
infrared spectrum of this sample was 
similar to the spectra of those synthet- 
ic alexandrites we had examined 
previously. As evidenced in this case, IR 
spectroscopy can be a very important 
tool in the separation of natural from 
synthetic alexandrite, and in some 
cases it may be the only way to un- 
equivocally prove a sample’s identity. 

Wendi M. Mayerson and 
David Kondo 


DIAMOND 

Dyed Rough 

The East Coast laboratory is occasion- 
ally asked to examine diamond rough 
prior to cutting. Recently, we received 
two diamond crystals, both with 
requests to determine whether their 
color was natural or the result of treat- 
ment. One crystal was approximately 
half a carat, and the second was about 
one carat. Both had worn edges and 
generally frosty surfaces with small, 
evenly distributed, crescent-shaped 
fractures and a few larger indenta- 
tions. In reflected light, the smaller 
crystal appeared to be blue-green (fig- 
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Figure 4. These diamond crystals were submitted to the East Coast laborato- 


ty for origin-of-color determinations. Although the approximately half-carat 
diamond appeared blue-green when examined in reflected light (top left), 
transmitted light revealed its true yellow bodycolor (top right). The approxi- 
mately 1 ct crystal appeared blue in reflected light (bottom left), while in 
transmitted light it was greenish gray (bottom right). 


ure 4, top left), while the larger crystal 
was blue (figure 4, bottom left). 

Our suspicions were first raised 
when the smaller stone was viewed in 
transmitted light and a pale yellow 


bodycolor was evident (figure 4, top 
right). On close inspection of the crys- 
tal surface, we noted a black to dark 
green flaky material in the largest 
indentation (figure 5, left), as well as 


Figure 5. At higher magnification, the smaller diamond crystal showed dye 
concentrations in indentations and cracks across its surface. A large inden- 
tation contained a dark flaky dye (left), while crescent-shaped cracks also 
contained concentrations of color (right). Magnified 40x (left), 20x (right). 
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Figure 6. The larger rough dia- 
mond also showed dye concen- 
trations on its surface. The small 
indentations contained a dark 
blue flaky dye, the shallow 
cracks contained lighter blue dye 
concentrations, and spots of an 
even lighter blue were seen on the 
surface itself. Magnified 45x. 


green concentrations in the shallow 
crescent-shaped cracks (figure 5, right). 

When this crystal was examined 
with a desk-model spectroscope, it 
exhibited classic cape series absorp- 
tion features (a line at 415 nm due to 
the N3 center, along with an N2 peak 
at 478 nm). As a result, we concluded 
that this particular piece of diamond 
rough was naturally yellow but had 
been surface dyed to produce an appar- 
ent blue-green color. 

The larger crystal also exhibited dif- 
ferent colors in reflected and transmit- 
ted light: It appeared blue in reflected 
light, but greenish gray in transmitted 
light (figure 4, bottom right). Inden- 
tations in the crystal surface contained 
a dark blue flaky material, shallow sur- 
face fractures exhibited concentrations 
of blue color, and lighter blue spots 
were seen on the surface of the rough 
(figure 6). When examined with a desk- 
model spectroscope, the larger crystal 
exhibited only a weak absorption fea- 
ture at 415 nm. These observations 
were consistent with the larger crystal 
being gray to near colorless with a blue 
surface dye. Undoubtedly, in both 
cases, the dyed surface would have 
been removed during faceting. 

Many gem materials are routinely 
dyed to alter or improve their color 
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Figure 7. These two strongly colored Fancy Deep blue diamonds (0.71 ct, left; 
1.04 ct, right) showed some unusual characteristics in addition to their color. 


appearance, but dyed diamond rough 
is unusual. In fact, this is the first 
report of such rough to appear in 
Gems &) Gemology. These specimens 
are another reminder that simple “tra- 
ditional” treatment methods, such as 
dyeing and coating (see, e.g., D. J. F. 
Evans et al., “Coated pink diamond— 
A cautionary tale,” Spring 2005 Gems 
#) Gemology, pp. 36-41), should not 
be forgotten when determining the 
origin of a diamond’s color, whether 
polished or rough. 

Carolyn van der Bogert 


Strongly Colored Natural 

Type IIb Blue Diamonds 

Natural blue diamonds are among 
the rarest of all fancy-color dia- 
monds. It is even rarer for type IIb 
boron-containing diamonds to be rel- 


atively dark and strongly colored (see 
J. King et al., “Characterizing natu- 
ral-color type IIb blue diamonds,” 
Winter 1998 Gems & Gemology, pp. 
246-268). Recently, the East Coast 
laboratory had the opportunity to 
examine two Fancy Deep blue dia- 
monds, a 0.71 ct octagonal brilliant 
and a 1.04 ct round brilliant. As can 
be seen in figure 7, both displayed 
strong blue color. Gemological and 
spectroscopic tests performed on 
these diamonds yielded some inter- 
esting observations. 

When examined with magnifica- 
tion, these two diamonds revealed few 
internal features beyond scattered pin- 
points and needles, with no color zon- 
ing evident. Both had very high elec- 
trical conductivity, as would be 
expected for type Ib diamonds. Fluo- 
rescence was very weak yellow to 


Figure 8. After exposure to strong short-wave UV radiation in the 
DiamondView, the diamonds in figure 7 displayed strong phosphores- 
cence. The intense red reaction of the 0.71 ct stone is among the strongest 
ever seen at the GIA Laboratory. 
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IR ABSORPTION SPECTRUM 
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Figure 9. The mid-IR spectrum of the 1.04 ct round brilliant shows com- 
plete saturation in the region of the boron features, reflected in the near- 
total absorption above ~2000 cm~'. Also present is the 1332 cm intrinsic 
diamond peak; the assignment of the peak at 1290 cnr is unknown. 


Figure 10. The PL spectra of the two diamonds reflect the relative 
strength of their red phosphorescence. The emission peak at 776.5 nm for 
the 0.71 ct octagonal brilliant, with its strong red reaction, is of greater 
intensity than that for the 1.04 ct round brilliant (with its weaker pur- 
plish blue phosphorescence). The spectrum of a diamond with blue phos- 
phorescence usually does not show 776.5 nm emission. (The diamond 
Raman peak at 1332 cm~!, which occurs in the PL spectrum at 521.9 nm, 
is normalized to the same intensity for the three spectra.) 
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inert to both long- and short-wave UV 
radiation from a handheld lamp. 

Both diamonds displayed unusual 
phosphorescence (figure 8) after obser- 
vation in the DTC DiamondView, 
which employs strong short-wave UV 
radiation. While the 1.04 ct diamond 
showed moderately strong purplish 
blue phosphorescence, the 0.71 ct 
stone displayed some of the most 
intense red phosphorescence that we 
have ever observed. This color reac- 
tion to the short-wave UV of the 
DiamondView in natural type IIb dia- 
monds is rare, just as it is for a hand- 
held lamp (again, see King et al., 1998). 
One well-known example of red phos- 
phorescence is the Hope diamond (see 
R. Crowningshield, “Grading the 
Hope diamond,” Summer 1989 Gems 
#) Gemology, pp. 91-94). 

The mid-infrared absorption spec- 
trum of the 1.04 ct stone revealed 
some very unusual features. Due to a 
very high concentration of boron, 
absorption above 2000 cm™! was so 
strong that the spectrum was entirely 
“saturated” (figure 9). Photolumi- 
nescence (PL) spectroscopy, collected 
using Ar-ion laser (488 nm) excita- 
tion, showed a very strong emission 
at 776.5 nm in the 0.71 ct stone (fig- 
ure 10). In the 1.04 ct stone, this 
emission was distinct but much 
weaker in intensity. Natural type IIb 
diamonds with the more common 
blue phosphorescence usually do not 
show this emission. These observa- 
tions indicate a possible genetic rela- 
tionship between the 776.5 nm emis- 
sion and red phosphorescence. 

Paul Johnson and Kyaw Soe Moe 


PEARLS 


Large Natural Freshwater 

Pearl from Texas 

The GIA Laboratory has previously 
reported on natural pink freshwater 
pearls from the Concho River north- 
west of Austin, Texas (Summer 1989 
Gem News, p. 115), and the lakes and 
rivers in the San Angelo area of west 
Texas (Fall 1990, pp. 223-224). 
Recently, another attractive pink 
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Figure 11. This 8.48 ct natural 
pink button pearl was reportedly 
found in a three-ridge mussel in 
a tributary of Lake Nasworthy, 
San Angelo, Texas. 


pearl from Texas arrived at the West 
Coast laboratory for identification. 
The button-shaped pearl (figure 11) 
measured approximately 11.60 x 8.70 
mm. The clients, Bill and Chase 
Holland of Holland Jewelry Com- 
pany, San Angelo, stated that with 
the dwindling populations of mussels 
in west Texas, pearls of this type over 
5 mm are very rare. Mike Bagwell and 
Susan Martin recovered the pearl 
from a three-ridge mussel (Amblema 
plicata, also called blue-point, purple- 
tip, or fluter) in a spring-fed creek that 
supplies Lake Nasworthy, a reservoir 
in San Angelo. Branches of the 
Concho River, the source for many of 
the pink mussel pearls previously 
reported, also meet at Lake Nas- 
worthy. Although the three-ridge 
mussel is common in some parts of 
the Midwest and southern United 
States, their populations are depleted 
in west Texas; according to Mr. 
Bagwell, they only exist in areas of 
continual stream flow. 
Magnification of the pearl con- 
firmed the client’s statement that it 
had been buffed, enhancing its luster. 
The X-radiograph showed natural 
structure, and the X-ray fluorescence 
was weak yellow on the crown and 
medium to strong yellow on the 
lighter-colored base. Long-wave UV 
fluorescence was medium to strong 
blue. Energy-dispersive X-ray fluores- 
cence (EDXRF) analysis performed by 
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research gemologist Shane Elen 
revealed a very low Mn content. 
Although the Mn content alone was 
not enough to confirm that the pearl 
originated in freshwater, this pearl 
was reportedly from a known source, 
and the pink color along with the dis- 
tinct fluorescence to X-rays were 
enough to substantiate the freshwater 
origin. 

The Tampico pearly mussel 
(Cyrtonaias tampicoensis) and the 
Bleufer unionid (Potamilus purpura- 
tus) are two other nacreous mussels 
that are known to produce pearls of 
this color in the southern U.S., 
including Texas, but this is the first 
pearl of such fine color and large size 
we have seen that is reported to be 
from a three-ridge mussel in Texas. 

CYW 


Natural Pearl, with a “Round” 
Core, which Appears Cultured 
Sometimes natural features seen in 
pearl X-radiographs so closely resem- 
ble those of cultured pearls that even 
experienced gemologists must scruti- 


Figure 12. The pearl (12.5 x 11.10 
x 10.60 mm) in this necklace con- 
tained a natural core that, on the 
X-radiograph, initially looked like 
a bead nucleus. 
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nize the details very carefully to 
avoid a misidentification. The pearl 
necklace in figure 12 proved to be 
such a challenge. The initial X-radio- 
graph showed a “spherical” feature in 
the pearl’s core that at first glance 
appeared to be a bead nucleus (figure 
13, left). Although natural growth 
structures were present in the core 
(figure 13, right), they were faint on 
the X-radiograph and would not have 
been obvious to the untrained eye. A 
close look also revealed that the cen- 
tral sphere was slightly darker in tone 
than the outer nacre layers (again, see 
figure 13), which is an indicator of 
natural origin (freshwater shell-bead 
nuclei typically present themselves 
on an X-radiograph as slightly lighter 
than the surrounding pearl nacre). 
However, since the center appeared 
to be both nearly perfectly round and 
separated from the surrounding 
nacre, additional radiographs were 
necessary to identify its exact nature. 

Another radiograph, taken 90° to 
the first, revealed that the core was in 
fact slightly asymmetrical and ovate 
in shape (figure 13, center). The vari- 
ance in the shape of the core, its 
slightly darker appearance, and the 
natural growth structures confirmed 
this to be a natural pearl. The appar- 
ent detachment of the core from the 
outer nacre resulted from layers of 
conchiolin being deposited between 
the center and outer nacre layers. 
This, along with the round profile of 
the core on the first radiograph, pro- 
duced an initial appearance that 
could have been confused with a cul- 
tured pearl. 

The GIA Laboratory often re- 
ceives pearl inquiries accompanied 
by X-radiographs that were taken by 
staff members of dental, medical, or 
veterinary offices, with subsequent 
identifications frequently attempted 
by those staff members, the client, or 
a retail jeweler. This pearl confirms 
that initial observations, if not con- 
ducted and carefully scrutinized by 
experienced gemologists with the 
proper equipment, can result in a 
misidentification. 

CYW 
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Figure 13. The first X-radiograph of the pearl in figure 12 exposed what appeared to be a spherical core that is 
slightly darker than the outer nacre layers (left). Another radiograph taken 90° to the first revealed a slightly 
asymmetrical oval outline (center) and natural features (right). 


Large Baroque “Golden” 

South Sea CULTURED PEARLS 

The East Coast laboratory recently 
received for identification a pair of 
large undrilled baroque South Sea cul- 
tured pearls, which were subsequently 
set in yellow metal earrings (figure 14). 
One cultured pearl measured approxi- 
mately 24.85 x 17.95 x 13.60 mm and 
weighed 38.30 ct; the second measured 
approximately 24.50 x 18.90 x 16.15 
mm and weighed 40.55 ct. These 
South Sea cultured pearls were notable 
for their size and quality as well as for 
being relatively well matched, espe- 
cially for baroque pearls. 


There was a slight difference in 
color between the two. In addition, 
the bodycolor of each individual cul- 
tured pearl was variegated, as is often 
the case with baroque pearls. In the 
GIA Pearl Description System, a color 
designation represents a range of color 
sensations, and a grade is assigned 
based on the overall color appearance 
when observed under standardized 
lighting and viewing conditions. The 
color of these cultured pearls fell into 
the range described as yellow, but 
commonly referred to in the trade as 
“golden.” Both cultured pearls had 
very good luster and appeared only 
lightly blemished for baroque pearls. 


Figure 14. These large baroque South Sea cultured pearls (38.30 and 40.55 
ct) are unusual for their size and quality. 
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In addition, orient (an iridescent play 
of color within the nacre) was present 
on both. 

Testing proved these to be natural- 
ly colored bead-nucleated cultured 
pearls. X-radiography revealed the 
presence of bead nuclei with varying 
nacre thicknesses. Long-wave UV flu- 
orescence ranged from chalky slightly 
greenish yellow to deeper orangy yel- 
low, both of which are consistent with 
natural color. In addition, visible-range 
spectroscopy was suggestive of natural 
color origin (see, e.g., S. Elen, “Spectral 
reflectance and fluorescence charac- 
teristics of natural-color and heat- 
treated ‘golden’ South Sea cultured 
pearls,” Summer 2001 Gems & 
Gemology, pp. 114-123). 

Akira Hyatt 


SYNTHETIC TURQUOISE 
Necklace 

Introduced to the industry in 1972, 
Gilson synthetic turquoise can be rec- 
ognized by its characteristic “cream of 
wheat” texture, which appears with 
magnification as bluish spheroids in a 
light colored groundmass (figure 15, 
left). Although distinctive to most 
gemologists, it is not dramatically dif- 
ferent from the texture seen in some 
natural turquoise (figure 15, right), the 
difference being more in the uniformi- 
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Figure 15. Gilson synthetic turquoise (left) shows a characteristic “cream of 
wheat” texture. Although the texture of natural turquoise (right) can sometimes 
be similar, there are subtle differences in uniformity of structure. Magnified 20x. 


ty of the structure. This texture is an 
excellent example of a property that 
can best be described as “similar, but 
different” from its natural counterpart. 

Recently, a graduated strand of 45 
round greenish blue beads (14-16 mm) 
was submitted to the West Coast labo- 
ratory for identification (figure 16). The 


spot refractive index of the beads tested 
was 1.60, and microscopic examination 
showed the classic “cream of wheat” 
texture associated with Gilson synthet- 
ic turquoise. To confirm this initial 
identification, a small amount of the 
material was scraped from near the 


drill hole of a single bead and analyzed 


Figure 16. This graduated strand of 45 round greenish blue beads (14-16 


mm) proved to be synthetic turquoise. 
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using mid-infrared spectroscopy. 
Although both natural and synthetic 
turquoise have many of the same spec- 
troscopic features, the peaks in the 
spectrum for synthetic turquoise (figure 
17) are smoother due to a different state 
of aggregation (M. Arnould and J.-P. 
Poirot, “Infra-red reflection spectra of 
turquoise (natural and synthetic) and 
its substitutes,” Journal of Gem- 
mology, Vol. 14, 1975, pp. 375-377; G. 
Rossman, “Color in gems: The new 
technologies,” Summer 1981 Gems & 
Gemology, pp. 60-72). 

Infrared spectroscopy confirmed 
that the necklace was indeed com- 
posed of synthetic turquoise. The chal- 
lenge in identifying the material, how- 
ever, is not what makes this piece 
unique. While we have seen synthetic 
turquoise on occasion in the past, it has 
always been as individual pieces and 
carvings. This is the first time we have 
seen an entire necklace of matched and 
graduated synthetic turquoise beads of 
this quality and size. 

Kimberly Rockwell 


YTTRIUM ZIRCONIUM OXIDE 

The West Coast laboratory received a 
19.66 ct (15.04 x 12.93 x 8.40 mm) 
intensely colored greenish blue gem 
for identification (figure 18). At first 
glance, it had the appearance of a zir- 
con but lacked zircon’s high disper- 
sion. With the exception of an 
extremely fine particulate cloud 
throughout (that was only visible due 
to the white Tyndall scattering it pro- 
duced), the stone was free of inclu- 
sions. It was over the limits of a stan- 
dard refractometer and singly refrac- 
tive; the polariscope showed anoma- 
lous double refraction with weak 
cross-hatch and snake-band effects. 
The long-wave UV fluorescence was a 
somewhat chalky weak to medium 
green-yellow; the short-wave reaction 
was very chalky medium orange. The 
spectrum visible in the desk-model 
spectroscope showed doublets at 
approximately 520, 540, and 595 nm, 
with a fluorescent band between the 
lines of the 540 nm doublet. There was 


FALL 2005 


a dark band at approximately 640 nm 
with a cutoff around 660 nm. Several 
additional weak lines were visible 
between the doublets. The abundance 
of bands in this region of the spectrum 
indicated the possible presence of one 
or more rare-earth elements. The S.G. 
was 5.57, which was just below the 
lower “limit” of cubic zirconia (CZ). 
To characterize this specimen fur- 
ther, we performed Fourier-transform 
infrared (FTIR) and Raman spec- 
troscopy. The FTIR spectrum was sim- 
ilar to that of another sample that we 
had previously identified as CZ. The 
Raman spectrum most closely 
matched the reference spectrum for 
CZ in the database, which had some 
peaks in similar locations to those of 
the sample. However, the peak heights 
varied, and the match was tenuous. 
Although the sample appeared to 
be CZ, it required EDXRF analysis to 
confirm the identification. Zirconium 
was indeed a major element, but the 


qualitative data suggested that yttri- 
um, which is used to stabilize manu- 
factured CZ at room temperature, was 
present in what appeared to be a 
greater quantity than Zr. There was 
also a trace of hafnium. CZ typically 
contains significantly less Y than Zr, 
which raised the question of whether 
this was CZ with a large amount of 
stabilizer, or another material alto- 
gether. Analysis of phase diagrams 
(e.g., R. Roth et al., Phase Diagrams 
for Ceramists, American Ceramic 
Society, Columbus, Ohio, 1981, Vol. 
4, pp. 141-142 and 1987, Vol. 6, pp. 
182-184), as well as various texts (e.g., 
K. Nassau, Gems Made by Man, 
Chilton Book Co., Radnor, PA, 1980, 
p. 240) indicated that in fact CZ can 
contain slightly more yttrium than 
zirconium. 

The possibility that our sample 
might be one of these CZs with 
excessive stabilizer was supported by 
a further literature search, which indi- 


Figure 17. The mid-IR spectral features of natural turquoise are noticeably 
sharper than those for the synthetic material. Spectra have been offset for 
clarity. (Modified from E. Fritsch and C. Stockton, “Infrared spectroscopy 
in gem identification,” Spring 1987 Gems & Gemology, p. 22.) 
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Figure 18. Resembling a high- 
quality zircon, this intensely col- 
ored greenish blue gem (19.66 ct) 
is a manufactured product, yttri- 
um zirconium oxide. 


cated that the deep blue and green 
colors are accomplished by adding 
large amounts of stabilizers (see 
Winter 1983 Lab Notes, pp. 232-233; 
K. Nassau, “Synthetic gem materials 
in the 1980s,” Spring 1990 Gems & 
Gemology, pp. 50-63). Some types of 
“highly stabilized CZ” were manu- 
factured in the early 1980s under the 
trade name “C-Ox.” Although it is 
likely that our sample was the same 
or a similar product, we were unable 
to prove this. The absorption bands in 
our visible spectrum did not exactly 
match those published for C-Ox, but 
the difference might be explained by 
the variance in color and the corre- 
sponding chromophore(s) used. In 
addition, the exact chemical bound- 
aries of manufactured CZ are not well 
defined, so it was still difficult to 
know if a sample with such a high 
yttrium content could still be proper- 
ly called CZ. Therefore, the laborato- 
ry identified the material by the 
chemical compound name, yttrium 
zirconium oxide. 

CYW and Sam Muhlmeister 
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andalusite, apatite, euclase, iolite, phena- 
cite, sphalerite, diopside, willemite, the 
various feldspar gems, and many others. 

Two especially lighted cases supplement 
the general exhibition series. One is 
devoted to “phenomena” stone, including 
the star sapphire “Star of Artaban” of 
316 carats. Two star rubies of 34 and 
50 carats show the star effect to an 
unusually fine degree. A small five carat 
emerald cat’s-eye attracts much attention. 
The second case is devoted to opals. 
Beside the usual white and black Austra- 
lian opals, is a series of fine Mexican 
opals, including the prized “Iluviznandos,” 
so called because they suggest the sun- 
light shining through a Mexican rain- 
storm. 

Some examples of the use of precious 
materials in other than gems are also 
shown. The outstanding example is a huge 
crystal ball 1234 inches in diameter and 
weighing 106 pounds. The original crys- 
tal is said to have been found in Burma. 
It is unique, not only for size, but also 
because it is physically and optically per- 
fect. A masterful sculpture of the head 
of an Arabian stallion in turquoise on a 
base of iridescent obsidian, occupies an 
especial pedestal. It is the work of the 
well known Swedish-American sculptor, 
Oscar Hansen. 


Unusually fine gem minerals in crystal 
form are scattered through the mineral 
collection. Only a few of the more un- 
tisual ones will be noted. 


Perhaps the best known of these speci- 
mens is the so-called “Roebling Opal,” 
the second largest mass of precious opal 
known. It has the size of about half a 
brick and weighs 18.4 troy ounces. Its 
color is pitch black and scintillates with 

- broad flashes of red and green fire. It 
is from Virgin Valley, Nevada. Another 
unusual opal is the petrified vertebra of an 
extinct marine lizard, the plesiosaur. It 
has the color and quality of good white 
Australian opal. It is from Australia. 


A case of especial interest contains 
rough American diamond crystals. These 
include the “Punch Jones” diamond crys- 
tal of 3414 carats, the largest alluvial dia- 
mond found in North America. It was 
found in West Virginia. Thirty-two dia- 
mond crystals from the kimberlite pipes 
of Arkansas adequately illustrate the 
forms from this area. Other crystals are 
from California, Idaho, Indiana, Ken- 
tucky, North Carolina, and Texas. 


The collection is unusually rich in fine 
beryl crystals. A fine hexagonal prism of 
emerald from North Carolina weighing 
nine ounces, while not of fine gem quality, 
is the largest crystal from that locality. 
There are eight gem beryl crystals, each 
weighing from one to several pounds. 
Although of gem quality—some of them 
are almost entirely flawless—they are 
selected principally for their fine or 
unusual crystal development. The collec- 
tion of topaz crystals, too, is outstanding. 
It includes a magnificent crystal of 153 
pounds from Brazil. A cleavage section 
of clear topaz weighing 96 pounds is said 
to have been taken from a crystal seven 
feet long. A sharp and brilliant crystal 
of sherry color and weighing 234 pounds 
is from the pegmatite mines of Burma. 
Three long prismatic crystals of imperial 
Brazilian topaz, while only partially of 
gem quality, are among the largest of 
this variety known. A large blue crystal 
of three. pounds is unusual as one of the 
largest found in North America. It is 
from Texas. 


Many of the lesser gem minerals are 
represented in outstanding specimens: the 
largest known crystal of gem wernerite, 
the finest of the new gem brazilianite, 
the very rare crystallized turquoise, large 
flawless kunzite of rich color, a magnifi- 
cent California tourmaline. group, and 
others. 


As one. might expect, the exhibition dis- 
play of gems attracts an extraordinary 
(Continued to page 80) 
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DIAMONDS 


Gem mosaics of faceted diamonds. Mosaic artwork con- 
structed from gem materials has typically used rough frag- 
ments or tumbled/polished pieces of colored stones. 
However, until now this contributor was unaware of the 
use of faceted fancy-color diamonds to create gem 
mosaics. During a recent trip to Brazil, several examples of 
this new artwork, referred to as Diamond Craft (figure 1), 
were shown to her by Jorge Brusa (Bristar, Sao Paulo). 

Mr. Brusa began experimenting with the concept in 


Figure 1. This Diamond Craft gem mosaic after one of 
Vincent van Gogh’s “Bedroom” paintings measures 
10 x 10 cm and was created with 5,482 fancy-colored 
faceted diamonds, with a total weight of 46.32 ct. 
Courtesy of Bristar. 
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2002. His first prototype consisted of placing the diamonds 
between glass and fabric and holding them together with a 
frame, but he experienced difficulties keeping the dia- 
monds in place. In 2003, he experimented with securing 
the diamonds with a type of spackling paste, but that 
method also had problems. However, he recently devel- 
oped a proprietary process that has proved successful in 
holding the stones. 

To create the mosaics, the melee diamonds are carefully 
situated table-down on a piece of glass placed over the art- 
work. To date, eight different images have been used as 
models for the mosaics—two by Vincent van Gogh, one by 
Paul Klee, and five of his original designs. The diamonds 
consist of a mix of natural colors (yellows, browns, and 
near-colorless) and treated colors (pinks, blues, and greens), 
all purchased in India. Mr. Brusa indicated that the most dif- 
ficult part is selecting diamonds that have a uniform depth, 
which is required for the process to work successfully. 

The largest mosaic completed to date measured up to 
13 x 10 cm before framing, and contained up to 10,800 dia- 
monds with a total weight of 102 carats. 

Patricia Syvrud (patricia.syvrud@gia.edu) 
GIA, Carlsbad 


Editor's note: The initials at the end of each item identify the 
editor or contributing editor who provided it. Full names and 
affilations are given for other contributors. Shane F. McClure, 
Dr. Mary L. Johnson, and Dr. James E. Shigley of the GIA 
Laboratory in Carlsbad! are thanked for their internal review of 
the Gem News International section. 

Interested contributors should send information and 
illustrations to Brendan Laurs at blaurs@gia.edu (e-mail), 
760-603-4595 (fax), or GIA, 5345 Armada Drive, Carlsbad, 
CA 92008. Original photos will be returned after considera- 
tion or publication. 
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COLORED STONES AND 
ORGANIC MATERIALS 


An unusual emerald with conical growth features. 
Recently, a 5.37 ct emerald was submitted to the Gem 
Testing Laboratory in Jaipur, India, for identification. 
Initial observation with a gemological microscope showed 
strong color zoning in parallel layers, and some of the 
planes contained conical growth features that resembled 
those seen in hydrothermal synthetic emeralds. This 
prompted a more detailed examination of the sample. 

Refractive indices taken from the table, crown, and 
pavilion facets yielded similar values, between 1.580 and 
1.590, with a birefringence of 0.008—0.009. Specific gravity 
(measured hydrostatically) was 2.72. This S.G. is consis- 
tent with the values reported for natural and hydrothermal 
synthetic emeralds, but the refractive indices were slightly 
higher than those for hydrothermal synthetics and some 
natural emeralds (see, e.g., J. I. Koivula et al., “Gemological 
investigation of a new type of Russian hydrothermal syn- 
thetic emerald,” Spring 1996 Gems & Gemology, pp. 
32-39). 

Microscopic examination revealed “fingerprints” and 
scattered whitish clouds of crystals that crossed the color 
and growth zones. Similar features also were observed in 
some Russian hydrothermal synthetic emeralds by Koivula 
et al. (1996), although they were of a reflective nature, while 
the particles reported here typically appeared sugary. To bet- 
ter observe the growth features, we immersed the sample in 
bromoform. Conical growth features were seen along 
almost all the boundaries between the green and colorless 
zones (figure 2). However, the individual cones were not 
restricted to a single plane, and they varied in size. None of 
the chevron-type growth patterns that are characteristic of 


Figure 2. Microscopic examination of a 5.37 ct emer- 
ald showed alternating color bands with subtle coni- 
cal growth features on the edges of the color zones. 
Photomicrograph by G. Choudhary; magnified 35x. 
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Figure 3. Planes of brownish hexagonal iridescent 
plates also were seen in the unusual emerald. 
Photomicrograph by G. Choudhary; magnified 40x. 


hydrothermal synthetic emerald were observed in the stone. 

With fiber-optic light, the emerald exhibited a sheen 
effect caused by iridescent, roughly hexagonal platelets 
that formed along planes in the green color zones near the 
colorless boundaries (figure 3). By comparison, a few black 
opaque hexagonal plates (not iridescent) were reported in 
Russian hydrothermal synthetic emeralds by Koivula et al. 
(1996). In certain orientations (i.e., nearly parallel to the 
color bands), the platelets documented in the present stone 
appeared silvery and reflective (figure 4). Such inclusions 
have not been reported previously in any natural or syn- 
thetic emeralds. 

FTIR spectra taken in various directions all exhibited a 
pattern indicative of natural emerald (figure 5). Compared 


Figure 4. When viewed in certain orientations in 
darkfield illumination, the iridescent plates showed 
silvery reflections. Photomicrograph by G. 
Choudhary; magnified 45x. 
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IR ABSORPTION SPECTRA 
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to hydrothermal synthetic emeralds, there were significant 
differences in the intensity of the absorption features due 
to type II water between 4000 and 3000 cm"!. Another 
major difference was the intensity of the peaks at around 
5270 cm=!, which were much stronger in the natural 
emerald reported here. 

Although the stone contained some unusual internal 
features, the FTIR spectra led us to conclude that it was a 
natural emerald. 

Gagan Choudhary (gtljpr_jp1@sancharnet.in) 
Gem Testing Laboratory, Jaipur, India 


Figure 6. This sphere (5.4 cm in diameter) was cut 
from a rock consisting of fuchsite, corundum, and 
alkali feldspar. The material comes from a new 
deposit in Bahia, Brazil. Photo by C. D. Mengason; 
GIA Collection no. 32380. 
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Figure 5. A comparison 
of the infrared spectrum 
of the 5.37 ct emerald 
with that of a Russian 
hydrothermal synthetic 
emerald shows differ- 
ences in the absorption 
bands between 4000 
and 3000 cm and in 
the intensity of the peak 
at around 5270 cm". 
The IR absorption fea- 
tures shown by the 5.37 
ct emerald are indica- 
tive of natural origin. 


Fuchsite-corundum rock from Bahia, Brazil. Green 
quartzite, or aventurine quartz, is widespread in the 
Precambrian terranes of Brazil. It is found in small deposits 
from the southern tip of Minas Gerais to northern Bahia 
and western Goids. The material is composed mainly of 
fine- to coarse-grained quartz and fuchsite mica (chromian 
muscovite). The amount of fuchsite in the rock may be 
quite variable, from a few percent up to, rarely, 100%. 
Although the origin of these Cr-rich rocks is not yet well 
understood, it seems likely that they formed through the 
metamorphism of Cr-bearing sedimentary strata. 

In January 2005, a new occurrence of fuchsite with 
corundum and feldspar was found near Serra de Jacobina, 
northern Bahia State. Preliminary characterization of sever- 
al samples with a microscope and powder X-ray diffraction 


Figure 7. A closer view of the sphere in figure 6 shows 
blebs of corundum (here, up to 1.9 cm wide) that are 
surrounded by intergrowths of fuchsite and alkali 
feldspar. Tiny grains of reddish orange rutile are dis- 
seminated throughout the rock and also form inclu- 
sions in the corundum. Photo by C. D. Mengason. 
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showed that the rock consists of coarse-grained fuchsite 
with blebs of opaque pinkish purple corundum and irregu- 
lar pods and interstitial areas of white alkali feldspar (figure 
6). Also present were tiny grains of reddish orange rutile 
(figure 7) that showed a submetallic luster. No quartz could 
be found in the rock. The various textures and color combi- 
nations created by the minerals are particularly attractive 
when polished into spheres (again, see figure 6). 

The association of fuchsite and corundum, together 
with kyanite, is also known from India, Zimbabwe, and 
South Africa (see Winter 2004 Gem News International, 
pp. 338-339, and the reference therein). These mineral 
associations are formed by prograde metamorphism at high 
temperature and pressure. The formation of the Brazilian 
occurrence may be explained by the following reaction: 
mica < corundum + feldspar + H,O. At the other occur- 
rences, the initial presence of quartz may be responsible for 
the additional formation of kyanite in the rock: mica + 
quartz <> kyanite/corundum + feldspar + H,O. 

So far, about 150 kg of the fuchsite-corundum rock 
have been recovered from the Brazilian deposit. The geolo- 
gy of the deposit suggests that additional production is 
likely in the future. 

Rainer Aloys Schultz-Gtittler (rainersg@usp. br) 
Institute of Geoscience, University of Sao Paulo 


Pen shell pearls—nacreous and non-nacreous. The Winter 
2003 Gem News International section (pp. 332-333) 
reported on pen shell pearls from the Pacific Coast of Baja 
California, Mexico. Pen shells from this area (i.e., Pinna 
sp. and Atrina sp.) have a nacreous layer on their interior 
that grows on top of, and is distinctly different in composi- 
tion from, the underlying non-nacreous portion of the 
shell. Because the bond between these layers is weak, they 
readily separate after the death of the mollusk (figure 8). 

Since the pearly layer covers only part of the shell’s 
interior, the mollusk could conceivably host a nacreous 
pearl and a non-nacreous concretion simultaneously 
within the same shell. A nacreous and a non-nacreous 
sample (2.29 and 17.83 ct, respectively) were recently 
donated to GIA by Jeremy Norris of Oasis Pearl, Albion, 
California (figure 9). Although they did not come from the 
same mollusk, both reportedly originated from the same 
species of Baja California pen shell, identified as Pinna 
rugosa by Mr. Norris and confirmed by consulting shell 
experts Scott Rugh (San Diego Natural History Museum) 
and Paul Valentich-Scott (Santa Barbara Museum of 
Natural History). As shown in the Winter 2003 GNI 
entry, nacreous pen shell pearls can be quite attractive, 
and although the non-nacreous “pearls” would not be 
suitable for jewelry use because of their tendency to dry 
out and crack over time, concretions such as these can 
make interesting collectors’ items. 

Further characterization with UV-Vis reflectance spec- 
troscopy was performed on both samples and on the differ- 
ent sections of the pen shell supplied by Mr. Norris. The 
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Figure 8. The interior of the rugose pen shell (Pinna 
rugosa) from Baja California has a light-colored 
nacreous layer that readily separates from the non- 
nacreous dark brown base layer. This shell is 
approximately 35.5 cm long. Courtesy of Oasis 
Pearl; photo by C. D. Mengason. 


spectrum for the nacreous pearl was distinctly different 
from that of the non-nacreous “pearl,” and their spectra 
were similar to those of the corresponding sections of the 
pen shell. Although the spectral data suggest that both 
samples originated from the pen shell, given the limited 
data available, further research is necessary to establish 
the significance of the spectral matches between the 

pearl/concretion and their respective portions of the shell. 
Cheryl Y. Wentzell (cwentzell@gia.edu) and Shane Elen 
GIA Laboratory, Carlsbad 


Figure 9. The light brown nacreous pearl on the left 
(7.8 x 6.9 x 5.6 mm) and the dark brown non-nacreous 
“pearl” on the right (17.3 x 13.5 mm) both originated 
in rugose pen shells from Baja California, Mexico. 
Their dissimilar appearance and structure is the result 
of growth in compositionally different sections of the 
host shells. GIA Collection nos. 31758 (pearl) and 
31759 (concretion); photo by C. D. Mengason. 
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New sapphires from Tamil Nadu, India. In early August 
2005, gem and mineral dealer Dudley Blauwet (Dudley 
Blauwet Gems, Louisville, Colorado) informed these 
contributors about a new find of pinkish orange to pur- 
ple sapphires from India. According to his supplier, the 
material comes from the Kurur area of Tamil Nadu 
State, and much of it has been collected by farmers from 
near-surface secondary deposits. Mining has been hin- 
dered by the lack of available water to wash the soil, but 
rough parcels weighing 200-300 grams occasionally 
have been obtained by a few local dealers. 

The rough is recovered as broken fragments, some of 
which are rather large (i.e., up to 12-20+ grams). However, 
most of the material is extensively fractured, so typically 
the cut stones weigh up to 1-3 ct. Nevertheless, the 
largest faceted stone that Mr. Blauwet was informed about 
weighed approximately 30 ct. 

Most of the sapphire is found in shades of lavender and 
pink, and is heated to 1,100°C in Sri Lanka. The resulting 
coloration typically ranges from orange to amethyst-like 


Figure 11. Some of the sapphires from Tamil Nadu 
contained fine-grained clouds. Photomicrograph by S. F. 
McClure; magnified 17x. 


Figure 10. A new deposit 
in Tamil Nadu, India, is 
the source of these sap- 
phires (0.36—2.01 ct). 
Courtesy of Dudley 
Blauwet Gems; photo 
by C. D. Mengason. 


purple colors, commonly with strong color zoning (figure 
10). The blue component has proved difficult to remove 
from the “silky” lavender rough, but heating to higher 
temperatures is avoided due to the risk of causing more 
fractures in the material. 

Mr. Blauwet donated one unheated and two heated 
sapphires to GIA, and also loaned 14 heated sapphires for 
examination (0.36-3.87 ct). Gemological examination of 
six representative stones (0.36-1.70 ct) revealed the fol- 
lowing properties: color—purplish pink to orangy pink, 
with one stone being a brownish pinkish purple and 
another being distinctly bicolored reddish purple and red- 
dish orange face up; pleochroism—+red-to-orange or red-to- 
purple; R.I.—1.760-1.769, with a birefringence of 
0.008-0.009; and S.G.—4.0. When viewed with a gemo- 
logical microscope, the samples displayed uneven col- 
oration in zones or bands, as well as groups of short, fine 
rutile needles, fine-grained clouds (figure 11), lamellar 
clouds (figure 12), clouds of tiny reflective platelets some- 
times interspersed with rutile needles (figure 13), and 


Figure 12. This sapphire from Tamil Nadu contains 
lamellar clouds and conspicuous “fingerprints.” 
Photomicrograph by S. F. McClure; magnified 21x. 
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“fingerprint” inclusions. They exhibited weak-to-moder- 
ate red fluorescence to long-wave UV radiation, and weak 
red or no fluorescence to short-wave UV. Typical features 
seen with a desk-model spectroscope included a weak 
absorption band at 460 nm, a 475/480 nm doublet, and a 
band at 670 nm. 

Although the colors of some of these samples resemble 
those seen in sapphires treated by Be diffusion, the sam- 
ples showed no evidence of the high temperatures used in 
that process. According to Mr. Blauwet, much of this 
Indian sapphire is being sold on the market as heated Sri 
Lankan or Madagascar material. 

Shane F. McClure (smcclure@gia.edu) 
GIA Laboratory, Carlsbad 


James E. Shigley 
GIA Research, Carlsbad 


BML 


Tenebrescent scapolite from Afghanistan. At the 2004 
Tucson Gem shows, gem and mineral dealer Herb Obodda 
(H. Obodda, Short Hills, New Jersey) showed GIA person- 
nel several rough and cut pieces of a colorless gem materi- 
al from Badakhshan, Afghanistan, that was thought to be 
hackmanite on the basis of its reversible photochromism 
(or tenebrescence, a property in which some minerals 
darken in response to radiation of one wavelength and 
then reversibly lighten on exposure to a different wave- 
length). When “charged” under Mr. Obodda’s strong UV 
source, the stones turned blue. When they were exposed to 
daylight or a strong incandescent light source, the color 
faded completely in seconds. 

Mr. Obodda obtained the rough material during buy- 
ing trips to Pakistan in early 2003 through early 2004. He 
said that the local dealers have habitually referred to the 
colorless sodalite from Badakhshan as “hackmanite”— 


Figure 13. Clouds of tiny reflective platelets and short 
rutile needles are seen in this Tamil Nadu sapphire. 
Photomicrograph by S. F. McClure; magnified 37x. 


even though they were unaware that any of the pieces 
showed tenebrescence. When he returned home and test- 
ed the initial parcel with a UV lamp, Mr. Obodda was 
pleased to find that a few pieces showed tenebrescent 
behavior. He also noted a subtle but distinctive feature 
that could be used to differentiate the tenebrescent 
stones from the other material in the parcel in the 
absence of a UV lamp: They showed a schiller effect 
when viewed with a strong pinpoint light source in cer- 
tain orientations. 

Hackmanite, a sulfur-rich variety of sodalite, was first 
discovered in Greenland in the early 1800s. A mineralog- 
ical curiosity, it can be made to change repeatedly from 
light yellow to pink when alternately exposed to sunlight 
and UV radiation (see, e.g., Summer 1989 Gem News, pp. 
112-113). The coloration of this Afghan material was 
much different, however, in that it changed from color- 
less to blue on exposure to UV radiation (figure 14). 


Figure 14, Remarkable tenebrescent behavior was exhibited by these scapolites (0.91—5.17 ct) from Afghanistan. 
The stones turned blue when exposed to short-wave UV radiation for approximately one minute, and faded to 
colorless within seconds when brought into light. Courtesy of H. Obodda; photos by C. D. Mengason. 
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Figure 15. A dense network of parallel stringers was 
present in all of the tenebrescent scapolites. Photo- 
micrograph by S. F. McClure; magnified 18x. 


Mr. Obodda loaned four rough pieces (13.37—55.54 ct) 
and 14 faceted examples (0.17—5.17 ct) of the tenebrescent 
material to GIA for examination. He also donated some 
rough fragments to the GIA Collection. Gemological test- 
ing of four of the cut stones (0.91—5.17 ct) revealed consis- 
tent properties: R.I.’s—1.536 and 1.541, S.G.—2.58, and 
yellow-orange fluorescence to UV radiation (strong to 
long-wave and weak to short-wave). Hackmanite is opti- 
cally isotropic with an R.I. of 1.483, whereas the proper- 
ties of the four samples are consistent with those of 
scapolite (this identity was confirmed by Raman spec- 
troscopy). When viewed with a gemological microscope, 
all four stones exhibited dense parallel stringers through- 
out (figure 15), and some contained planar clouds or “fin- 
gerprint” inclusions. The schiller effect noted by Mr. 
Obodda is caused by reflections from these features when 


Figure 16. When viewed in certain orientations with a 
strong pinpoint light source, the scapolites exhibited 
a schiller effect that is caused by reflections from the 
network of parallel stringers. Photomicrograph by S. F. 
McClure; magnified 18x. 
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viewed with a strong pinpoint light source (figure 16). 

When the samples were exposed to short-wave UV 
radiation, with the 4-watt lamp positioned nearby for 
approximately one minute, they changed from colorless to 
deep blue. The larger stones showed this effect more dra- 
matically. Shorter exposure times also produced the blue 
color, but it took at least a full minute to get a saturated 
blue. Long-wave UV radiation also produced this color 
modification, but the achieved color was not as saturated. 
The color was stable as long as the stones were kept in a 
dark or dimly lit room, but they began to fade as soon as 
they were exposed to light (much faster in incandescent 
than in fluorescent light). In fact, an intense incandescent 
light source caused their color to fade completely in a few 
seconds. The color modification was repeated on one stone 
at least five times, and each time the results were the 
same. A brief video showing the reversible color change is 
available online in the GWG Data Depository at 
www.gia.edu/gemsandgemology. Quantitative chemical 
analyses were obtained by one of us (GRR) using an elec- 
tron microprobe on a polished fragment of the scapolite. 
The average formula derived from three analyzed points 
was Na,Al,SijO,4Clp 9So,9; traces of carbonate may also be 
present but could not be analyzed by this instrument. The 
formula shows that the scapolite species is marialite, with 
a minor sulfide component. Sulfide photochemistry is 
what produces the blue color of lapis lazuli and red col- 
oration in hackmanite and tugtupite. 

Mr. Obodda also loaned one rough sample that was 
representative of the non-tenebrescent material in the 
parcels he purchased in Pakistan. Preliminary Raman 
analysis was indicative of quartz. In addition, Mr. Obodda 
has faceted colorless sodalite that was reported to be from 
the same mining area in Badakhshan. Some purple 
sodalite from Badakhshan also shows tenebrescence, 
changing from “pale lilac/magenta in artificial light to a 
deep purple/magenta in sunlight” (T. Moore, “What's 
New in Minerals,” Mineralogical Record, Vol. 33, No. 1, 
2002, pp. 97-98). It should also be mentioned that purple 
scapolite has been produced recently from the same area 
of Badakhshan, but it does not exhibit tenebrescence. 

During his August 2005 buying trip to Pakistan, Mr. 
Obodda could not find any more of the colorless “hack- 
manite” in the marketplace. So far, he estimates that he 
has cut approximately 20 stones weighing less than 1 ct, a 
dozen weighing near 1 ct, and 10 stones in the 5 ct range; 
the largest stone weighed 6.7 ct. 

To the best of our knowledge, tenebrescence has not 
been reported previously in scapolite. In addition to 
hackmanite, only a few other gems show this feature, 
such as spodumene (E. W. Claffy, “Composition, tene- 
brescence, and luminescence of spodumene minerals,” 
American Mineralogist, Vol. 38, 1953, pp. 919-931) and 
tugtupite (A. Jensen and O.V. Petersen, “Tugtupite: A 
gemstone from Greenland,” Summer 1982 Gems & 
Gemology, pp. 90-94). Even some pink diamonds will 
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Figure 17. This quartz cabochon (19 x 13 mm) from 
Paraiba State, Brazil, contains color-zoned clusters of 
radiating fibers that were identified as gilalite. Photo 
by B. Rondeau. 


change color temporarily under some conditions (see, 

e.g., J. Van Royan, “UV-induced colour change in pink 
diamonds,” Antwerp Facets, March 1995, pp. 21-24). 

Shane F. McClure (smcclure@gia.edu) 

GIA Laboratory, Carlsbad 


George R. Rossman 
California Institute of Technology 
Pasadena, California 


James E. Shigley 
GIA Research, Carlsbad 


BML 


INCLUSIONS IN GEMS 


“Medusa quartz” with gilalite inclusions. Gem-quality 
quartz crystals containing interesting blue-to-green inclu- 
sions were discovered in Paraiba State, Brazil, in August 
2004. Since then, about 10 kg have been extracted by 
local miners. 

Several samples of this quartz were studied by these con- 
tributors, including some well-formed crystals, broken frag- 
ments, and cabochons. The quartz crystals were up to 10 cm 
long and exhibited striking color zoning: a few crystallo- 
graphically oriented layers of light purple amethyst in other- 
wise colorless rock crystal, as well as distinct layers of eye- 
visible blue-to-green inclusions. Some of these blue-to-green 
inclusions occurred in the colorless cores of the crystals (fig- 
ure 17); they were less than a millimeter in longest dimen- 
sion, with shapes reminiscent of jellyfish (figure 18). All of 
these inclusions were located on the same growth plane, and 
each consisted of a cluster of very thin radiating fibers. The 
jellyfish-like inclusions were often color zoned, varying from 
light green to a vivid greenish blue, with some layers being 
nearly white (again, see figure 17). The overall appearance, 
similar to a floating colony of jellyfish, suggests the name 
medusa quartz, after the typical bell-shaped appearance of 
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Figure 18. When viewed in certain directions, the 
gilalite inclusions resemble floating jellyfish medusas 
(here, 1.4 mm wide). Photomicrograph by B. 
Rondeau; magnified 16x. 


the free-floating (medusa) stage of this sea creature. Several 
centimeter-size cabochons have been cut from this material. 

Also present in some of the quartz crystals was a near- 
surface phantom layer containing tiny blue-to-green acicu- 
lar crystals. About a dozen flat cabochons, 1 to 6 cm long, 
have been cut from these layers (see, e.g., figure 19). 

The identification of the jellyfish-like inclusions was 
performed at the National Museum of Natural History in 
Paris. Their crystal structure was determined using an Inel 
CPS 120 X-ray powder diffractometer with a curved detec- 
tor, combined with a Gandolfi single-crystal camera and 
copper Kal emission. Both the green and blue areas had the 


Figure 19. This quartz cabochon (60 x 35 mm) from 
Paraiba State, Brazil, contains a layer of acicular 
crystals that have a chemical composition consistent 
with gilalite. Since X-ray diffraction could not be per- 
formed on these inclusions, additional possibilities 
include the copper silicates apachite, planchéite, and 
shattuckite. Photo by B. Rondeau. 
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same diffractogram. The most accurate match (according to 
the InfoBank-MDAT database) was gilalite, a hydrated cop- 
per silicate (Cu,Si,O,,-7H,O). The tiny acicular inclusions 
were too dispersed in the quartz matrix to be analyzed by 
X-ray diffraction. Chemical analysis was performed using a 
Jeol JSM 840A scanning electron microscope (SEM) 
equipped with an Oxford Link energy-dispersive detector. 
Both the acicular and jellyfish-like inclusions contained Si 
and Cu as the only major elements (water cannot be detect- 
ed with this technique), along with traces of K and Mg. The 
composition was the same in the blue and green areas of 
the medusa inclusions. The major-element composition is 
also consistent with gilalite. 

This is the first reported occurrence of gilalite in quartz 
of gemological interest. It is quite different in form and 
nature from other blue inclusions in quartz, such as 
papagoite or lazulite (see, e.g., J. Hyrsl and G. Niedermayr, 
Magic World: Inclusions in Quartz, Rainer Bode, Haltern, 
Germany, 2003). 

Benjamin Rondeau (rondeau@mnhn.fr) 
and Michele Macri 

National Museum of Natural History 
Paris, France 


EF 


SYNTHETICS AND SIMULANTS 


Fake aquamarine crystals from Mogok. During a May 2005 
buying trip to Mogok, Myanmar, gem and mineral dealer 
Bill Larson (Pala International, Fallbrook, California) saw 
several imitation aquamarine crystals. They were cleverly 
fabricated from a transparent light blue material that had 
been shaped into single hexagonal prisms and then etched 
or rounded to have the appearance of a naturally resorbed 
crystal of beryl (e.g., figure 20). A natural appearance was 
further suggested by the presence of dirt-filled “cracks,” 


Figure 20. This glass imitation of an aquamarine 
“crystal” (7 cm long) was purchased in Mogok, 
Myanmar, in May 2005. GIA Collection no. 32382; 
photo by C. D. Mengason. 
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which actually penetrated only a small distance into the 
pieces. Mr. Larson first recognized them as fakes by noting 
that the overall shape (with a pyramidal “termination” on 
one end a flat surface on the other end) resembled the typi- 
cal morphology of quartz, rather than the aquamarine crys- 
tals that are known from the Mogok area. In addition, their 
overall look and “feel” suggested that they were made of 
glass. The FTIR spectrum of a specimen that Mr. Larson 
donated to GIA confirmed that it was glass. 

BML 


More faked inclusions in Brazilian quartz. In the Fall 2004 
GNI section (pp. 266-267), this contributor described fin- 
ger-like inclusions in Brazilian rock crystal that were 
reportedly manufactured in Te6filo Otoni in 2004. During 
a visit to the 2005 Feira Internacional de Pedras Preciosas 
show, held in Teéfilo Otoni in August, several local deal- 
ers had two new types of quartz with internal features that 
were reportedly created by the same person responsible for 
the finger-like inclusions. According to vendors, this new 
material sells very well, and in most cases the buyers are 
not aware of its artificial origin. 

This contributor viewed at least 100 samples of this 
material, all of which were cut as cabochons in various 
shapes that ranged from 3 to 7 cm in longest dimension (see, 
e.g., figure 2.1). In the quartz containing finger-like inclu- 
sions (see Fall 2004 entry), the “artist” apparently drilled 
holes in the bottom of each cabochon that were then filled 
with dye (green, brown, pink, and yellow) and covered with 
a brown glue impregnated with mineral powder. In the new 
fakes seen in August 2005, several trenches were made in 
the bases of the cabochons with a cutting wheel. The bases 
were then dyed green and brown and covered with a mix- 
ture of glue and mineral powder. When viewed face-up, the 
colored areas protruding into the quartz mimicked the 
appearance of natural inclusions. In addition, some of these 
cabochons contained dozens of silvery-looking oval frac- 
tures, similar to “spangles” in heated amber. These frac- 
tures were probably created by thermal shock. 

The best clue for recognizing these new fakes, other 
than their unnatural appearance, is the soft brown glue on 
the bottom, which can easily be indented with a needle or 
knife. In addition, the dye used in some of the fakes shows 
yellow-green luminescence to UV radiation (much 
stronger with long-wave UV), but the cement is inert. 
Note that many of these cabochons also contain natural 
inclusions such as chlorite, mica, or quartz crystals, which 
can help deceive inexperienced buyers. 

Jaroslav Hyrs! (hyrsl@kuryr.cz) 
Prague, Czech Republic 


TREATMENTS 

Natural pearl with “orient-like” coating. Recently, the 
SSEF Swiss Gemmological Institute received for testing 
a parcel of 13 loose button-shaped pearls weighing about 
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6 ct each. They showed moderate to good luster and ori- 
ent, and ranged from white to light “cream.” X-radio- 
graphs revealed that all were natural pearls, showing 
characteristic structures such as concentric circles, fine 
fissures, and darker central zones. Using X-ray lumines- 
cence (see H. A. Hanni et al., “X-ray luminescence, a 
valuable test in pearl identification,” Journal of 
Gemmology, Vol. 29, No. 5/6, 2005, pp. 316-324), ele- 
vated Mn contents were noted in three of the samples, 
indicating that they were freshwater pearls, while the 
remainder were of saltwater origin. 

Careful examination of one of the saltwater pearls (fig- 
ure 22, left) revealed a somewhat patchy appearance and 
an unusual sticky surface. With magnification, a shiny 
coating was evident. The coating was transparent (with 
tiny trapped air bubbles) and contained minute reflective 
particles. When examined with a fiber-optic light, the 
pearl displayed a “dotted” texture similar to that seen in 
imitations. The coating was partially chipped off in spots 
(figure 23), which explained the patchy color distribution. 
Although not visible in figure 23, the surface of these 
exposed areas showed distinct polish marks. 

When exposed to long-wave UV radiation, the pearl 
fluoresced dull yellow—except in areas where the coating 
was chipped off, in which the pearl surface fluoresced 
strong white. The reaction to short-wave UV was similar 
but less distinct. 

Chemical analysis by EDXRF spectroscopy revealed a 
low concentration of Bi and traces of Sr. Bi has not been 
detected so far in any untreated pearl. Raman analyses of 
the coating with a 514 nm Ar laser were compared with 
spectra from the underlying pearl surface. The spectrum of 
the coating showed a distinct peak at 1602 cm, in addi- 
tion to the characteristic Raman peaks for aragonite. The 
1602 cm7! peak is indicative of an artificial resin. 

Based on these observations, this contributor suspects 


Figure 22. The 6.18 ct natural pearl on the left (shown 
with an untreated natural pearl on the right) proved 
to be coated with a resin mixed with essence d’orient. 
Photo by H. A. Haénni, © SSEF. 


Figure 21. These rock crystal cabochons (approxi- 
mately 5 cm long) from Brazil contain fake inclusions 
that were apparently created in a three-step process. 
In addition, the cabochon in the center contains 
reflective oval fractures that were likely induced by 
thermal shock. The cabochon on the right shows the 
base, which is covered with a mixture of glue and 
mineral powder. Photo by J. Hyrsl. 


that this pearl had been heavily polished, which would 
have removed most of its original luster and orient. The 
pearl was apparently coated with an artificial resin mixed 
with some essence d’orient, such as is used for imitation 
pearls, to restore its appearance. Judging from the rather 
scratched and chipped surface, it seems likely that this 
treatment was applied many years ago. 
Michael S. Krzemnicki (gemlab@ssef.ch) 
SSEF Swiss Gemmological Institute, Basel 


Figure 23. With magnification, the coating on the 
pearl showed several round chipped areas. Note that 
the coating extends partially into the drill hole. Photo- 
micrograph by H. A. Haénni, © SSEF; magnified 20x. 
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Light... 
(From page 70) 

Radiations are seldom, if ever, encoun- 
tered or observed as single units or energy 
or rays but rather as beams composed 
of many individual rays. 

In considering the behavior of light— 
let us assume that we are dealing with 
light from a distant source, i.e., the sun. 
Also, to keep matters simplified, let us 
neglect for the present the fact that white 
light (sunlight) is composed of rays of 
various frequencies, so that we may dis- 
cuss this light and its elementary prob- 
lems as a single unit. 

Figure 2 tries to illustrate one single 
ray from such a beam and what occurs 
when this ray strikes a transparent sub- 
stance such as glass for example. At the 
extreme left we have the simplest pos- 
sible condition, namely: light falling 
directly upon the surface making an inci- 
dent angle of 0° with the bounding sur- 
face. In other words, it is. perpendicular 
to the plane of the glass. Instantly upon 
making contact with the solid substance, 
two things happen to the light: ray: 

1. Part of the advancing or incident 
light is reflected back from whence 
it came. 

2. That not reflected actually penetrates 
the glass but upon so doing its speed 
or velocity is reduced. 

In this particular instarice there is no 
deviation in path direction for either the 
reflected or transmitted ray. This is 
unique and should be carefully noted, for 
at any other angle of contact a ray devi- 
ates from its incident path and does not 
return along its primary path. At the far 
right the paths of a ray inclined at 30° 
fromm the perpendicular is pictured. In 
the center, this and a larger angled inci- 
dent ray are shown. It will be. noticed 
that for any one of these the reflected ray 
assumes a new direction of travel which 
referred to the Normal (or line drawn 
perpendicular to the reflecting surface) 
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makes an angle equal to the angle of 
approach or, shall we say, the angle of 
Incidence. This relationship of equality 
between reflecting and incident angles has 
been observed to be consistent and so we 
have arrived at a fundamental optical 
Law or RULE which says: 

“The angle of reflection is ALWAYS 
EQUAL to the angle of incidence.” 

Our second basic law may be stated 
as follows: The Angle of Refraction 
bears a definite relationship to the angle 
of incidence which is always equal to the 
relationship of the velocities of the light 
rays in each medium. This reads, perhaps, 
like an extract from a civil or income 
tax statute, but it really is not so difficult 
to analyze. Scientific statements of facts 
which apparently always hold true are 
often called LAWS. This gives them 
weight—scares most of us into believing 
them and accepting blindly, while some 
of us may even skip reading entirely any- 
thing presented as a mathemetical truth. 
Now before a law can become a reality 
much experimental evidence must have 
been examined and found to be true. One 
author suggests that mathematical laws 
are an obituary notice on a praiseworthy 
statement. , 

Let us see what the data regarding 
refraction really is, and see if we can 
not find something else to grasp besides a 
formula which says v/v’=sin i/sin r=N, 

Referring again to the illustration it 
will be observed that that part of the 
light which strikes our bounding surface 
between the air and glass, and is not 
reflected, changes from its incident path 
while traversing the substance. This vari- 
ation in direction was recognized by early 
experimenters who, though they noted 
the changes, could not give clear reasons 
for them. Further, it was.seen that with 
increasing the angle of incidence from the 
perpendicular or normal, the path change 
likewise became greater. This relation- 
ship of incident and refracted path angles 

(Continued to page 79) 
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Figure 24, These two stones (9.61 and 11.40 ct) proved 
to be fibrolite (sillimanite) that had been dyed and 
impregnated to imitate ruby. Photo by S. Singbam- 
roong, © Dubai Gemstone Laboratory. 


Fibrolite (sillimanite) dyed and impregnated to imitate 
ruby. The Dubai Gemstone Laboratory received two 
translucent to partially transparent red oval mixed cuts 
for identification in mid-April 2005. At first, the 9.61 
and 11.40 ct stones (figure 24) resembled low-quality 
rubies. When examined more closely, however, they 
showed an aggregate structure and uneven coloration 
that were visible even without magnification. 

Standard gemological testing established the following 
properties: R.I—1.659-1.679; birefringence—0.020,; optic 
sign—biaxial positive; $.G. (determined hydrostatically)— 
3.22; Chelsea filter reaction—pink; absorption spectrum 
with desk-model spectroscope—600 nm cut-off; UV fluo- 
rescence—moderate red to long-wave with yellow emis- 
sion along the fractures, and inert to short-wave, also with 
yellow emission along the fractures. These properties were 
consistent with fibrolite (sillimanite), but not corundum. 


Figure 25. In reflected light, red dye concentrations 
can be seen within the fibrous structure of the silli- 
manite, as well as in surface-reaching fractures. The 
tiny yellow grains were identified as rutile by Raman 
analysis. Photomicrograph by S. Singbamroong, 

© Dubai Gemstone Laboratory; magnified 10x. 
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The yellow fluorescence indicated the presence of a 
foreign substance in the fractures, and microscopic exami- 
nation revealed red dye concentrations in both stones, 
within their fibrous structure as well as in surface-reach- 
ing fractures (figure 25). Isolated grains and clusters of tiny 
“golden” yellow inclusions also were seen. 

Further testing was used to verify the identification as 
fibrolite. Although Raman analysis failed to produce 
usable results because of interference from the red fluores- 
cence, it identified the yellow surface-reaching inclusions 
as rutile. EDXRF chemical analysis showed the expected 
Al and Si as main components, along with traces of Fe and 
Ti. Zr also was detected, probably from the dye. In addi- 
tion, V and Cr were slightly above the detection limit of 
the instrument. FTIR spectroscopy was performed in 
transmission and reflectance modes using a beam con- 
denser and a diffuse reflectance (DRIFT) collector accesso- 
ry, and the results were compared to reference spectra of 
cat’s-eye sillimanite. The reflectance spectra confirmed 
the identity of these stones as sillimanite, while the trans- 
mission spectra indicated the presence of a polymer. 

Sutas Singbamroong (labs@dm.gov.ae) 
Dubai Gemstone Laboratory (DGL) 
Dubai, United Arab Emirates 


CONFERENCE REPORTS 


Applied Diamond Conference 2005. The 8th International 
Conference on Applications of Diamond and Related 
Materials was held May 15-19 at Argonne National 
Laboratory, Argonne, Illinois. The conference included sev- 
eral presentations of interest to gemologists. Abstracts are 
available by downloading the Program Book from the con- 
ference Web site, http://nano.anl.gov/adc2005. 

Dr. Mark Newton of the University of Warwick, U.K., 
and coauthors discussed two new hydrogen defects 
(vacancy-hydrogen and vacancy-nitrogen-hydrogen com- 
plexes) in CVD synthetic diamonds, their spectroscopic 
signatures, and their behavior during HPHT and low-tem- 
perature annealing. Dr. Peter Doering of Apollo Diamond, 
Boston, Massachusetts, reviewed the effect of HPHT 
treatment on defects and optical properties of single-crys- 
tal CVD synthetic diamond. In the question-and-answer 
session, he stated that Apollo plans to release their CVD 
synthetic diamonds into the gem market around the mid- 
dle of 2006. Dr. Chih-Shue Yan and coauthors of the 
Geophysical Laboratory, Carnegie Institution, 
Washington, DC, described recent progress in growing 
large single-crystal CVD synthetic diamonds. The 
Carnegie group can now grow CVD synthetic diamonds 
(figure 26) at a rate of 100 microns/hour (compared to a 
traditional growth rate of 1 micron/hour) by using a 
focused plasma beam. The maximum thickness of the 
CVD layer achieved so far is 12 mm, and plates weighing 
up to 10 ct have been grown. Some of their CVD synthet- 
ic diamonds also have been annealed by HPHT methods. 
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Figure 26. This 0.2 ct near-colorless CVD synthetic 
diamond was cut from a 1 ct block produced at a high 
growth rate using a focused plasma beam. Courtesy of 
the Carnegie Institution, Washington, DC. 


Dr. Wuyi Wang and coauthors from the GIA Laboratory, 
New York, discussed the common spectroscopic features 
and defects in three types of treated diamonds: (1) irradiated 
with or without annealing, (2) HPHT annealed; and (3) 
HPHT annealed, followed by irradiation and annealing. 
Various identification criteria were discussed, such as 
blue/yellow zones concentrated on the culet (indicating lab- 
oratory irradiation), green/brown radiation stains on “natu- 
rals” (indicating natural irradiation), and spectroscopic fea- 
tures (i.e., a height ratio of >2 for photoluminescence peaks 
at 637/575 nm is an indication of HPHT annealing, and the 
existence of both 595 and 666 nm absorptions in the visible- 
range spectra is a strong indication of laboratory irradiation). 
Dr. Filip De Weerdt of HRD, Antwerp, Belgium, and Dr. 
Hisao Kanda, of the National Institute of Research on 
Inorganic Materials, Tsukuba, Japan, described the color 
changes produced in type IaA and IaB diamonds by HPHT 
annealing. They used a cathodoluminescence (CL) unit 
attached to a scanning electron microscope for simultane- 
ous imaging and spectroscopic analysis of their samples 
before and after HPHT annealing. A CL line at 490.7 nm 
was clearly associated with the untreated diamonds. 

Andy H. Shen (andy.shen@gia.edu) 
GIA Laboratory, Carlsbad 


Goldschmidt05. The 15th Annual Goldschmidt Con- 
ference was held May 20-25 at the University of Idaho, 
Moscow. This is the premier annual geochemistry confer- 
ence, and was attended by more than 1,400 delegates from 
around the world. Two sessions, “Geochemistry of Gem 
Deposits” and “Recent Advances in Microbeam Cathodo- 
luminescence,” plus a few individual talks and posters, 
were of interest to gemologists. Abstracts of all presenta- 
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tions are available online at www.the-conference.com/ 
2.005/g01d2005/abstract_volume.php. 

Dr. Emmanuel Fritsch of the University of Nantes, 
France, and colleagues presented a new geochemical 
method to separate basaltic from metamorphic blue sap- 
phires: a plot of Fe content vs. Ga/Mg ratio. Emilie 
Gaillou of the University of Nantes and coauthors ana- 
lyzed opals from seven countries using ICP-MS. Mexican 
opals showed Ce depletion, while Ethiopian opals had Ce 
enrichment, relative to the chondrite standard used by 
geochemists. In addition, geochemical profiling (i.e., plot- 
ting Ba vs. Ca) showed promise for identifying the geo- 
graphic/geologic origin of opal: Those from Mexico, 
Honduras, and Ethiopia fell into a field for volcanic ori- 
gin; those from Brazil and Australia occupied a field cor- 
responding to a sedimentary origin. 

Dr. Lee Groat and Heather Neufeld of the University of 
British Columbia, Vancouver, reviewed the geology of four 
emerald deposits in Canada: (1) Taylor 2, near Dryden, 
Ontario; (2) Red Mountain, near Stewart, British 
Columbia; (3) Tsa Da Glisza, southern Yukon Territory; 
and (4) Lened in the western Northwest Territories. 
Andrea Cade and coauthors, also of the University of 
British Columbia, studied sapphires from a calc-silicate 
lens within the Lake Harbour Marble unit at Kimmirut, 
Baffin Island, Canada, and indicated that they could have 
formed through the alteration of a protolith assemblage of 
diopside, phlogopite, calcite, anorthite, and albite. 
Anthony LeCheminant of Petrogen Consultants, 
Manotick, Ontario, and coauthors proposed a different ori- 
gin for the sapphires from Kimmirut. Using field observa- 
tions, oxygen isotope data, and zircon ages, they speculat- 
ed that the sapphires formed through the interaction of a 
desilicated syenitic magma with the Lake Harbour 
Marble, accompanied by further retrograde reactions and 
subsequent infiltration of CO,-rich liquids. David Turner 
of the University of British Columbia and coauthors stud- 
ied the mineralogy and geochemistry of dark blue gem- 
quality aquamarine from the Pelly Mountains, southern 
Yukon Territory. They found that the beryl-bearing quartz 
veins were emplaced in an extensional environment about 
172 million years ago, and were unrelated to their Late 
Paleozoic host syenite intrusion. 

Dr. George Rossman of the California Institute of 
Technology, Pasadena, and coauthors described some 
waterworn crystals of the rare gem painite that were 
recovered from a new locality for the mineral, only the 
second ever reported, at Namya (Nanyaseik), Kachin State, 
Myanmar. Dr. Mickey Gunter of the University of Idaho 
and colleagues concluded that asterism in Idaho star gar- 
nets is caused by oriented rutile inclusions or tubular 
voids in the almandine. Catherine McManus of New 
Mexico State University and coauthors did a preliminary 
study of the trace-element content of gem beryl using LIBS 
(laser-induced breakdown spectroscopy). 

A breakthrough in microbeam cathodoluminescence 
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(CL) has been facilitated by attaching a newly developed 
digital CL unit to a scanning electron microscope, which 
allows researchers to obtain optical spectra (hyperspectral 
analysis) and a chemical analysis simultaneously. In 
Guatemalan jadeite, Dr. Sorena Sorensen and coauthors 
from the Smithsonian Institution, Washington, DC, docu- 
mented patterns of red (675 nm), blue (475 nm), and green 
(550 nm) luminescence that corresponded to micron-scale 
compositional variations that formed during growth (fig- 
ure 2.7). Dr. George Harlow of the American Museum of 
Natural History, New York, and colleagues used this 
technique to differentiate between the two major geologic 
settings for Guatemalan jadeite. Samples from south of 
the Motagua Fault Zone (MFZ) showed CL peaks at 270 
and 480 nm, while those from north of the MFZ had a 
dominant CL peak at 700 nm and two smaller peaks at 
500 and 480 nm. In addition, they documented extremely 
fine, bright bands (less than 10 um thick) in rubies from 
Myanmar, indicating that their growth was influenced by 
pulses of fluid in the marble host. 

In another presentation, Dr. Harlow also characterized 
four types of Guatemalan jadeitite: (1) material from north 
of the MFZ is a jadeite-omphacite-zoisite assemblage that 
formed at 300-400°C and 6-10 kbar; (2) San José material 
consists of a jadeite-omphacite-lawsonite-quartz assem- 
blage, formed at 300-400°C and 12-20 kbar; (3) La Ceiba 
material contains jadeite-omphacite-diopside-quartz, and 
formed at 300-400°C and 10-14 kbar; and (4) La Ensenada 
material is jadeite-omphacite-pumpellyite, suggesting for- 
mation conditions of 200-300°C and 6-9 kbar. Dr. Emilie 
Thomassot of the Institut de Physique du Globe de Paris 
and coauthors studied the stable isotope composition of sul- 
fide inclusions in diamond, and found that the sulfides had 
different origins than their host diamonds. They concluded 
that the sulfide-included diamonds were of metasomatic 
origin. Lutz Nasdala of Johannes Gutenberg Universitat, 
Mainz, Germany, and colleagues showed the results of map- 
ping strain around an inclusion in diamond using a laser 
Raman microspectrometer. Such analysis can be useful in 
estimating the P-T conditions of diamond formation. 

Andy H. Shen (andy.shen@gia.edu) 
GIA Laboratory, Carlsbad 
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Figure 27. These CL images of 
jadeite from Guatemala were cap- 
tured by a digital camera on a 
tabletop Iuminoscope (left) and by 
a Gatan MonoCL high-sensitivity 
photomultiplier tube mounted on a 
scanning electron microscope 
(right). On the left, the green CL 
area correlates to greater contents 
of Ca, Mg, Fe?*, and Mn (and, in 
some cases, Cr) than in the red or 
blue CL areas. The image on the 
right shows the total CL intensity of 
the sample. Images collected by 
Tim Rose, Smithsonian Institution. 


MISCELLANEOUS 

Historic U.S. sapphire and benitoite mines close. GWG 
author Keith Mychaluk (Calgary, Alberta, Canada) 
informed this contributor that the Vortex sapphire mine at 
Yogo Gulch, Montana, closed in late November 2004. 
According to Peter Ecker of Yogo Creek Mining (Hobson, 
Montana), the sapphire ore had become much less friable 
at depth (over 120 m), which made both the extraction and 
processing of the ore less economic. In addition, the thick- 
ness of the lateral dike formation being mined had pinched 
considerably. Most of the surface workings have been 
reclaimed, and the remaining sapphire inventory has been 
sold to Adair Jewelers in Missoula, Montana. 

Also, this contributor has been informed by Bryan Lees 
(The Collector's Edge, Golden, Colorado) that his company 
permanently closed and reclaimed the Benitoite Gem 
mine (San Benito County, California) in June 2005. He 
indicated that both the lode and eluvial sources were com- 
mercially exhausted. A caretaker will remain on the prop- 
erty indefinitely to oversee the revegetation and dissuade 
trespassers. Mr. Lees indicated that he will now focus 
efforts on marketing the stockpile of benitoite gem rough 
that his firm has accumulated over the past five years of 
mining the property. 

BML 


ANNOUNCEMENTS 
Conferences 


Mineralien Hamburg. The International Show for Minerals, 
Fossils, Precious Stones and Jewellery will take place in 
Hamburg, Germany, on November 9-11, 2005. Special exhi- 
bitions will feature gems, jewelry, and mineral specimens 
owned by Russia’s tsars, as well as Native American 
turquoise. Visit www.hamburg-messe.de/mineralien. 


Visit Gems &) Gemology in Tucson. Meet the editors and 
take advantage of special offers on subscriptions and back 
issues at the GWG booth in the publicly accessible 
Galleria section (middle floor) of the Tucson Convention 
Center during the AGTA show, February 1-6, 2006. 
GIA Education’s traveling Extension classes will offer 
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hands-on training in Tucson with “Diamond Grading” 
(January 30—February 3). To enroll, call 800-421-7250, ext. 
4001. Outside the U.S. and Canada, call 760-603-4001. 

The GIA Alumni Association will host a Dance Party 
in Tucson on February 3, featuring a silent auction, an 
industry awards presentation, and a live auction. To reserve 
tickets, call 760-603-4204 or e-mail events@gia.edu. 


CGA Gemmology Conference 2005. The Canadian 
Gemmological Association is holding its annual confer- 
ence at the Ontario Club in Toronto on November 4-6. 
This year’s conference, “Tricks and Treatments,” will 
explore historical gemstone deceptions and the latest devel- 
opments in treatments, enhancements, and detection. Visit 
www.canadiangemmological.com or call 416-785-0962. 


Exhibits 

Cameos at the Met. “Cameo Appearances,” a display of 
more than 160 examples of the art of gem carving from 
Greco-Roman antiquity to the 19th century, will be on 
display until January 29, 2006, at the Metropolitan 
Museum of Art in New York City. A variety of educa- 
tional programs will be offered in conjunction with the 
exhibition. Also on display at the Met (through February 
12, 2006) is “The Bishop Jades,” a selection of fine 
Chinese and Mughal Indian jades from the collection of 
Heber R. Bishop that was donated to the museum in 
1902. Visit www.metmuseum.org or call 212-535-7710. 


Diamonds in London. “Diamonds,” an exhibit of some of 


the world’s most important diamonds, is at the Natural 
History Museum in London through February 26, 2006. 
On display are the De Beers Millennium Star, the 
Steinmetz Pink, the Ocean Dream, and the Moussaieff 
Red (see J. M. King and J. E. Shigley, “An important exhibi- 
tion of seven rare gem diamonds,” Summer 2003 Gems & 
Gemology, pp. 136-143), in addition to a 616 ct rough dia- 
mond. Visit www.nhm.ac.uk/diamonds. 


Pearls at the Tokyo National Science Museum. “Pearls: 
A Natural History,” a traveling exhibition tracing the 
natural and cultural history of pearls that was organized 
by the American Museum of Natural History (New 
York) in collaboration with the Field Museum (Chicago), 
will be on display at the National Science Museum, 
Tokyo, October 8, 2005 to January 22, 2006. The many 
exhibits include pearl formation and culturing, as well as 
historical pearl jewelry that once belonged to Great 
Britain's Queen Victoria and Marie Antoinette of France. 
Call 81-03-3822-0111. 


ERRATUM 


The Winter 2004 Gem News International entry titled “A 
notable triplite from Pakistan” reported that the stone 
originated from the Shigar Valley in northern Pakistan, but 
information recently obtained from a reliable local miner 
indicates that the triplite came from the Namlook mine, 
which is above the village of Dassu in the Braldu Valley, 
also in northern Pakistan. We thank Dudley Blauwet for 
bringing this update to our attention. 


IN MEMORIAM: CORNELIUS S. HURLBUT, JR. (1906-2005) 


Gems e&) Gemology mourns the loss of longtime contributor 
and Editorial Review Board member Cornelius S. Hurlbut, Jr. 
Dr. Hurlbut passed away September 1 at the age of 99. 

Connie Hurlbut was born June 30, 1906, in Springfield, 
Massachusetts. After receiving his undergraduate degree at 
Antioch College in Ohio, he obtained a master’s degree and 
a doctorate in petrography from Harvard University. Dr. 
Hurlbut joined the Harvard faculty in 1934 as a petrography 
instructor and became Professor of Mineralogy six years 
later. He went on to chair the university’s Mineralogy 
Department from 1949 to 1960 before retiring in 1972 and 
becoming Professor Emeritus. 

In addition to his distinguished teaching career, Dr. 
Hurlbut was a widely published author with several impor- 
tant books and more than 100 scientific papers to his credit. 
Between 1941 and 1993, he edited the 15th through 21st 
editions of Dana’s Manual of Mineralogy, a classic reference 
in the field. He was the author of Minerals and Man (1968), 
as well as coauthor of The Changing Science of Mineralogy 
(1964) and editor of The Planet We Live On: An Illustrated 
Encyclopedia of the Earth Sciences (1978). 

In retirement, Dr. Hurlbut turned more to gemology, 
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an affiliation that began in the 1940s when he joined GIA’s 
Educational Advisory Board. He taught a gemology course 
at Boston University in the early 1970s and coauthored 
(with George Switzer) the first edition of Gemology in 1979 
(the second edition, co-authored with Robert Kammerling, 
was published in 1991). Dr. Hurlbut contributed his intel- 
lect and expertise to Gems &) Gemology as a member of the 
journal’s Editorial Review Board from 1981 until his pass- 
ing. He also wrote or coauthored several articles for the jour- 
nal, including “A Simple Procedure to Separate Natural 
from Synthetic Amethyst on the Basis of Twinning” (Fall 
1986, pp. 130-139), which received first place in that year’s 
Most Valuable Article competition. 

Among his many distinctions, Dr. Hurlbut was a 
1955 Guggenheim Fellow, a former president of the 
Mineralogical Society of America, and a recipient of the 
1994 Carnegie Mineralogical Award for his contributions 
to the field. Preceded in death by his wife, Margaret, Dr. 
Hurlbut is survived by three children, six grandchildren, 
and six great-grandchildren. Always the gentleman, in crit- 
icisms and compliments alike, his sharp wit, brilliant 
mind, and kind manner will be missed. 
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CHALLENGE WINNERS 


This year, 236 dedicated readers participated in the 2005 Gems & GEMOLOGY Challenge. Entries arrived from 
all corners of the world, as readers tested their knowledge on the questions listed in the Spring 2005 issue. 
Those who earned a score of 75% or better received a GIA Continuing Education Certificate recognizing their 
achievement. The participants who scored a perfect 100% are listed below. Congratulations! 


AUSTRALIA Grange, South Australia: Barbara Wodecki e BELGIUM Diegem: Guy Lalous. 
Diksmuide: Honoré Loeters. Hemiksem: Daniel De Maeght. Koksijde: Christine Loeters. Overijse: 
Margrethe Gram-Jensen. Ruiselede: Lucette Nols. Tervuren: Vibeke Thur ¢ BRAZIL Rio de Janeiro: 
Luiz Angelo e CANADA Bobcaygeon, Ontario: David Lindsay e ENGLAND Hereford: Michael 
Langford. London: Douglas Kennedy ¢ FRANCE Draveil: Claire Carpentier e INDONESIA Jakarta: 
Warli Latumena ¢ ITALY Ferrara: Sonia Franzolin. Padova: Marco Maso. Porto Azzurro: Diego 
Trainini e THE NETHERLANDS Rotterdam: E. Van Velzen e POLAND Lublin: Marek A. Prus 
SPAIN Valencia: Monika Bergel-Becker. Rocafort: Elvira Orts Rodriguez. Salou: Santigo Escola 
SWEDEN Jarfalla: Thomas Larsson * SWITZERLAND Lausanne: Thierry Christe © THAILAND 
Bangkok: Surachart Panjathammawit, Potjana Sawangjidr e UNITED STATES Arizona Chandler: 
LaVerne Larson. Cottonwood: Glenn Shaffer. Tucson: Molly Knox. Yuma: Crystal Young. Arkansas 
Greenbrier: Beverly Brannan. California Burlingame: Sandra MacKenzie-Graham. Carlsbad: Abba 
Steinfeld, Jim Viall, Lynn Viall, Philip York, Marisa Zachovay. Culver City: Veronica Clark-Hudson, 
Judith Shechter-Lankford. Fremont: Ying Ying Chow. Fullerton: David Le Rose. Marina Del Rey: 
Veronika Riedel. Oceanside: Kevin Nagle. Orange: Alex Tourubaroff. Pacifica: Diana Gamez. Rancho 
Cucamonga: Sandy MacLeane. Redwood City: Starla Turner. Connecticut Vernon: Joe Thon Negs. 
Florida Clearwater: Timothy Schuler. Deland: Sue Angevine Guess. Sun City: Jeanne Naish. Hawaii 
Honolulu: Brenda Reichel. Makawao: Alison Fahland. Illinois Normal: William Lyddon. Indiana 
Carmel: Mark Ferreira. Fishers: Laura Haas. Greenfield: Rachelle Kihlstrum. Indianapolis: Wendy 
Wright Feng. Maryland Burtonsville: Jody Tebay. Gaithersburg: Marvin Wambua. Massachusetts 
Uxbridge: Bernard Stachura. Missouri Perry: Bruce Elmer. New Jersey Clifton: Jason Darley. New 
York Hawthorn: Lorraine Bennett. New York: Carolyn van der Bogert, HyeJin Jang-Green, Wendi 
Mayerson, Anna Schumate. North Carolina Candler: Christian Richart. Ohio Dayton: Michael 
Williams. North Ridgeville: John Schwab. Toledo: Mary C. Jensen. West Jefferson: Carolyn Loomis. 
Pennsylvania Leesport: Lori Perchansky. Schuylkill Haven: Janet Steinmetz. Yardley: Peter 
Stadelmeier. Rhode Island Rumford: Sarah A. Horst. South Dakota Piedmont: Randell Kenner. 
Tennessee Clarksville: Kyle Hain. Knoxville: Nicole Hull. Texas Plano: Kristina Oberg. Virginia 
Hampton: Edward Goodman. Herndon: Lisa Marsh-Vetter, Stephen M. Vetter. Washington Ferndale: 
Candice Gerard. Millcreek: Nicki Taranto. Redmond: Andrea Frabotta. Wisconsin Beaver Dam: 
Thomas Wendt. Mequon: Katie Molter ZIMBABWE Harare: Lesley Faye Marsh. 


Answers (see pp. 74—75 of the Spring 2005 issue for the questions): 1 (b), 2 (d), 3 (b), 4 (a), 5 (d), 6 (©), 7 (b), 8 (©), 9 (b), 10 (a), 
11 (c), 12 (d), 13 (©), 14 (a), 15 (d), 16 (c), 17 (a), 18 (d), 19 (a), 20 (b), 21 (d), 22 (c), 23 (b), 24 (a), 25 (c) 
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Thank You Do 


GIA appreciates gifts to its permanent collection, as well as gemstones, library materi 
to be used in GIA’s educational and research activities. These contributions h 


mission while offering donors significant philanthropic benefits. We extend si 


CIRCLE OF HONOR 
$100,000 AND HIGHER, 
CUMULATIVE 
Anonymous (2) 
Almaza Jewelers 
(Ziad H. Noshie) 
American Pearl Company 
Amsterdam Sauer 
Aurafin Oro America 


Banks International Gemology, Inc. 


(Daniel & Bo Banks) 
The Bell Group/Rio Grande 
Allan Caplan 
Chatham Created Gems, Inc. 
(Thomas H. Chatham) 
PierLuigi Dalla Rovere 
The De Beers Group 
J.O. Crystal Company, Inc. 
(Judith Osmer) 
JewelAmerica, Inc. 
(Zvi & Rachel Wertheimer) 
Kazanjian Bros., Inc. 
KCB Natural Pearls 
(K. C. Bell) 
William F. & Jeanne H. Larson 
Sophie Leu 
Marshall and Janella Martin 
Roz & Gene Meieran 
Nancy B & Company 
Kurt Nassau, Ph.D. 
John & Laura Ramsey 
Art Sexauer 
Ambaji Shinde 
S.H. Silver Company 
(Stephen and Eileen Silver) 
D. Swarovski & Co. 
Laura & Wayne Thompson 
Touraine Family Trust 
United States Pearl Co. 
(James & Venetia Peach) 
Robert H. Vanderkay 
Vicenza Trade Fair 


2004 DONORS 


$50,000 to $99,999 
The Mouawad Family 
R. Ed Romack and Dallas R. Hales 


$10,000 to $49,999 
Bill Atkinson 
George Brooks 
Chris Correia 
Helen Buchanan Davis 
Mark and Debbie Ebert 


00) 421-7250, ext. 4432. From outside the U.S., call (760) 603-443 
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Mr. and Mrs. Robert J. Flude, III 
John and Patricia Fuhrbach 
Eric and Debra Grossbardt 

James Hung, M.D. 
Scott Keating 
Christoph Kradhenmann 
Stephen A. Lentz 
M. Vainer Ltd. 
Michael Bondanza, Inc. 
Bernd Munsteiner 
Pearl Exporting Co. 

Dr. Frederick H. Pough 
Harold and Linda Roper 
Susan Sadler 
Safdico USA, Inc. 
George Sawyer 
Mrs. John Sinkankas 
Derk Strikwerda 
Diana Vincent 
Bradley D. Weber 
William and Pamela White 


$5,000 to $9,999 
Anonymous (4) 
Alex Sepkus, Inc. 
Cos Altobelli 

David M. Baker, G.G. 

Mr. and Mrs. Berman 
Dudley Blauwet 

Jane Bohan 
Pibbie Deuell and Lester Deuell 
Eightstar Diamond Company 
Lina Fanourakis 
Jose Hess 
Mary L. Hung 
Richard H. Kimball 
Terry Ledford 
Dona Lee Leicht 
Mason-Kay, Inc. 

Bob and Del Noland 
William Richey 
William Schraft 

Susan Helmich Designs, Inc. 

Barbara Westwood 
Zale Corporation 
E. Gamini Zoysa 


$2,500 to $4,999 

Anonymous (3) 

Jean-Frangois Albert 

Alishan 
Yvette, Doris, & Fanny Beigel 

Benitoite Mining Inc. 
Whitney Boin 

Carl K. Gumpert, Inc. 


Heart & Company/Orbis 
(Ron Hartgrove) 
Henry Dunay Designs, Inc. 
The Hindukush Malala Gems & 
Minerals 
Cornelis Hollander 
Syed Iftikhar Hussain 
Christo Kiffer 
Paul Klecka 
Steven Kretchmer 
Lance Davidson Inc. 
Gail Brett Levine, G.G. 
Michael Good Designs 
Robert Lee Morris 
Pankey's Diamond Jeweler 
Ruth Grieco Design LTDA 
Sakamoto 
Jeff F. Schneider 
Seculus S/A 
Studio 19 
Susan Michel Ltd. 
Tommy Wu 


$1,000 to $2,499 
Anonymous (5) 
Pedro Boregaard 
Charles I. Carmona, G.G. 
Eric Carstensen 
Fine Cut Gems Co. 
Fine Gems International 
(Robert E. Kane) 
Si and Ann Frazier 
S. Gordon 
Idaho Opal & Gem Corporation 
Intimate Gems 
(Farooq Hashmi) 
Feerie Jade 
Kenneth F. Rose Gemstones 
Alan Revere 
Sherri Gourley Skuble 
Wild & Petsch 


$500 to $999 
Anonymous (2) 
Accurate Appraisals 
(jaclynn K. Peterson) 
Antique Cupboard 
Carl S. Chilstrom 
Victoria duPont 
Mary Johnson and Mark Parisi 
Richard Knox 
Joel Lackey, G.G. 
Glen and Amanda Meyer 
New Era Gems 
Revé, Inc. 


-cash assets 
ic service 


cere thanks t@yalll 2004 contributors. 


Joseph Rott 

C.Y. Sheng 
Alice and Lew Silverberg 
Stone Flower Co. Russia 


Under $500 
Anonymous (8) 
Allerton Cushman & Co. 
(Tom Cushman) 
Gilbert "Nono" Andrianairoson 
Enrique Arizmende 
Astorite Wholesalers 
Astro Gallery of Gems 
Stevan Borisavljevic 
Murray Burford 
Coleman Jewelers 
Commercial Mineral Co., Inc. 
Brian Cook 
Thomas Currie 
Makhmout Douman 
J.C. Erasmus 
Dana Gochenour 
Stanley Goldklang 
Dr. Tobias Hager 
David Hargreaves 
Frederick C. and Judith L. House 
George Houston 
Jagoda Gems Ltd. (Zambia) 
Chris and Karen Johnston 
K. Girdharlal, Inc. 
Terri J. Kafrissen 
Kaufman Enterprises 
Brendan M. Laurs 
Jack Lowell 
Peter Lyckberg 
Mary McNeil 
Prof. Deric Metzger, G.J.G, A.J.P. 
Rita Mittal 
M.R. Lava Company 
Renée Newman 
The Nyman-Melnick Families 
Thomas W. Overton 
Palacio Nacional Da Ajuda 
Federico Pezzotta 
Bob and Maria Pratsch 
Premier Diamond 
Jose Vicente Rodriguez Rosa 
Dr. R. Shah 
William George Shuster 
Susan Eisen, Inc. 
Suzanne's Source 
Tasaki Shinju Co., Ltd. 
Stephen Turner 
Dave Waisman 
Vladyslav Yavorskyy 
Chen Zhonghui 


If you are interested in making a donation and receiving tax od ae please contact Patricia Syvrud at 
x 


(760) 603-4199. Or e-mail patricia.syvrud@gia.edu 


Book REVIEWS 


fe 2005 


Shinde Jewels 


By Reema Keswani, 79 pp., illus., 
publ. by Assouline Publishing, New 
York, 2004. US$18.95* 


This is a spare, unassuming book that 
clearly reflects a spare, unassuming 
designer. A man of humble begin- 
nings, Ambajii V. Shinde led a modest 
lifestyle and sought only excellence in 
his art—an art that was a way of life 
from the time he was a young boy 
until his death in 2003 at the age of 
85. Though he never strove for notori- 
ety, he was sought out by Indian and 
British royalty as well as by Holly- 
wood glitterati. Harry Winston had 
the vision to ask Shinde to join his 
New York firm in 1959, then to head 
the studio in 1966. What a marriage 
of passion and art this was: A.V. 
Shinde, the incomparable designer, 
and Harry Winston, the man with the 
comucopia of gemstones. 

A. V. Shinde was responsible for 
designing some of the most magnifi- 
cent jewels of the 20th century, 
including the settings for the Star of 
Sierra Leone, Etoile du Désert, Taylor- 
Burton, Star of Independence, and 
Garuda diamonds. Yet he remained 
largely unknown outside the world of 
haute couture jewelry. He did not 
sign his work, only the renderings— 
the design was his signature. Though 
these pieces displayed a profusion of 
diamonds and gemstones, the sym- 
metry, elegance, and stark minimal- 
ism started a revolution in design and 
wearability. 

The 49 pages of lavish color pho- 
tographs and renderings, unfettered 
by captions, stand in silent testimony 
to this quiet, elegant man. Here you 
mainly see the object and the wearer, 
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or the object and the rendering, side 
by side: sumptuous tiaras and gently 
folded gem-studded necklaces, both 
classical Mogul and classical Win- 
ston. Then, the four pages of thumb- 
nails in the back of the book give the 
attributions you crave: dates, styles, 
and the names of those fortunate to 
wear these beautiful jewels. When 
you review these descriptions, you 
see that the classicism that followed 
his work from the early 1940s and 
1950s is still fresh today. 
GAIL BRETT LEVINE 
National Association of 
Jewelry Appraisers 
Rego Park, New York 


The History of Beads: 
From 30,000 B.C. 
To the Present 


By Lois Sherr Dubin, 364 pp., illus., 
publ. by Harry N. Abrams, New 
York, 2004. US$29.95 


Anyone who feels that the common 
agate or glass bead is somewhat, well, 
common, will be chastened after 
reading this unique book. As Orna- 
ment Magazine editor Robert K. Liu 
explains in his foreword, it was writ- 
ten primarily for bead collectors, who 
must often go to a wide variety of 
scholarly publications to ferret out 
information on beads. But the book 
also has much to offer cutters, gemol- 
ogists, and jewelers—anyone interest- 
ed in jewelry. The ancient (circa 3000 
BC) agate eye beads pictured in the 
book are amazing in their shapes and 
polish. Weight lost through cutting a 
more desirable shape or size raised 
the value of these beads, just as it 
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does for cut stones today. And 
ancient strands of beads are often 
amazingly modern in their combina- 
tions of bead size, shape, and color. 
Dubin is less interested in beads as 
jewelry, however, than she is in beads 
as important artifacts of human cul- 
ture and history. She emphasizes how 
people from around the world and 
through all ages of human history 
have used beads as trade goods, talis- 
mans, tokens of wealth and status, 
religious objects, and (usually only 
secondarily) ornaments. As a result, 
the book is an exceptional reference 
and resource, yet also very readable. It 
abounds with human stories related to 
beads. The author debunks the myth 
that the island of Manhattan was pur- 
chased for $24 in beads. She gives a 
chilling example of the secrecy that 
existed on the Venetian glass-making 
island of Murano, where at least two 
men were executed for violating the 
local prohibition against divulging 
glass-making secrets. She discusses 
the theories of explorers Richard 
Francis Burton and Henry Morton 
Stanley regarding the disappearance of 
literally tons of glass beads that were 
traded into Africa. Throughout, she 
talks about the beads—stone, glass, 
wood, bone, pearl, shell, metal—that 
have been worn, used, and treasured 
by human beings for their color, their 
symbolism, and their value. 


“This book is available for purchase 
through the GIA Bookstore, 5345 
Armada Drive, Carlsbad, CA 92008. 
Telephone: 800-421-8161; outside 
the U.S. 760-603-4200. Fax: 760- 
603-4266. E-mail: myorder@gia.edu 
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Dubin’s book discusses beads 
from almost every area of the world. 
There are separate chapters covering 
large categories of special types of 
beads: prayer beads, magic-eye beads, 
amber, and pearls. The volume closes 
with a chapter on contemporary 
beads. Although they may be modern 
in materials (such as niobium), the 
beads manufactured today owe much 
to their predecessors. 

The book’s images are riveting 
(more than two-thirds of the 356 illus- 
trations are in color), and you can 
hardly turn a page without finding an 
exceptionally high quality illustration, 
map, or photograph, with many of the 
photos taken by Kiyoshi Togashi. The 
only complaint I have about the 
superb photographs—of single beads, 
strung beads, and beads being held, 
worn, and made—is that they cannot 
fulfill the desire they create, the desire 
to reach into the book and touch and 
hold these wonderful treasures. 

The History of Beads is an excel- 
lent research reference. The bibliogra- 
phy is extensive, the index is com- 
plete, and the end notes are filled 
with information. (For example, in 
Dubin’s section on Middle American 
jade, she mentions that it takes four 
hours to cut through an inch of jade 
using ancient methods. She doesn’t 
explain those methods in the text, but 
a check of the end notes provides the 
description.) A sewn binding and 
heavy, high-quality paper mean that 
this book can be used and enjoyed for 
years. The eight-page pull-out chart of 
beads throughout history provides a 
wonderful overview of the human 
culture embodied in these tiny arti- 
facts. A glossary and bead-shape table 
complete the resources. 

From a deep appreciation of beads, 
gained through 30 years of collecting, 
Dubin has strung a narrative with 
human hopes, fears, beliefs, and 
desires, like beads on a common 
strand. Even those with no interest in 
beads should leave her book with a 
healthy respect for this “universal 
object” of infinite variety. 

SHARON ELAINE THOMPSON 
Salem, Oregon 
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Totems to Turquoise: 
Native North American 
Jewelry Arts of the 
Northwest and Southwest 


Edited by Kari Chalker, Lois S. 
Dubin, and Peter M. Whiteley, 224 
pp., illus., publ. in association with 
the American Museum of Natural 
History by Harry N. Abrams, New 
York, 2004. US$45.00* 


In 2000, a cultural exchange program 
brought Northwest Coastal Indian 
artists to Arizona and New Mexico, 
and Southwestern native artists to 
British Columbia. The program intro- 
duced talented Haida, Navajo, and 
Pueblo jewelers to one other and gave 
them an opportunity to share their 
cultures and arts. The exchange pro- 
gram eventually resulted in the 
recently concluded “Totems to 
Turquoise” exhibition at the Ameri- 
can Museum of Natural History 
(AMNH) in New York. Created as a 
companion to the exhibit, this book 
focuses on 39 contemporary North 
American native artists, their work, 
and their thoughts on individual roles 
and responsibilities in supporting 
their cultures and communities. 

This high-quality 9.25 x 11.25 in. 
book is divided into two main sec- 
tions, “The Northwest Coast” and 
“The Southwest,” and includes 150 
full-color pages, two maps, and 
numerous historical photos. Intro- 
ductory chapters discuss each region’s 
landscape, culture, and history, fol- 
lowed by biographies of earlier master 
jewelers such as Charles Edenshaw, 
Bill Reid, Kenneth Begay, Preston 
Monongye, and Charles Loloma. 
Sections on contemporary artists fol- 
low those of the master craftsmen. 
Noted photographer Kiyoshi Togashi 
took the majority of the photos, 
including images of the artists that 
accompany their personal statements 
and examples of their art. 

An intimate portrait of each artist 
emerges. The personal statements in 
each section collectively create a larg- 
er impression of the group they repre- 
sent. The totality of both sections 
gives an even deeper understanding of 
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the importance jewelry and art have 
played in maintaining the identities 
and cultures of the Native North 
Americans from these two vastly dif- 
ferent regions. Both groups draw from 
their age-old traditions, while some 
individuals push their art forms for- 
ward in new and exciting ways. 
Native American art continues to 
reach a wider audience and gain a 
higher level of appreciation among 
jewelry collectors worldwide. This 
book honors that artwork and de- 
scribes the history and craftsmanship 
used to create it. The historical back- 
ground and related essays are written 
by editor/anthropological writer Kari 
Chalker, AMNH museum curators 
Lois S. Dubin and Peter M. Whiteley, 
Haida artist Jim Hart, and anthropolo- 
gist Martine Reid. Their essays pro- 
vide an excellent background on the 
two cultures and insight into the con- 
temporary art coming from both 
areas. While no valuations of pieces 
are given, Totems to Turquoise is a 
wonderful reference book for collec- 
tors, students, jewelry designers, and 
jewelry historians. 
MARY MATHEWS 
Gemological Institute of America 
Carlsbad, California 


Exploration Criteria for 
Coloured Gemstone Deposits 
In the Yukon 


By Lori Walton, 184 pp., illus., publ. 
by the Yukon Geological Survey, 
Whitehorse, Canada, 2004. C$5.00 
(no charge for PDF version). 
www.geology.gov.yk.ca 


Providing more than its title suggests, 
this book is a wonderful overview of 
nondiamond gemstone geology, nice- 
ly updated from its original 1996 for- 
mat. The intended audience is geolo- 
gists and prospectors, already scouring 
Canada’s north for diamonds and pre- 
cious and base metals, who are 
encouraged to keep an eye open for 
colored gems. The author summa- 
rizes many classic gem deposits from 
around the world and breaks them 
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down into basic components (e.g., 
geochemistry), which in turn could be 
applied to the exploration for new 
deposits in the Yukon or elsewhere. 

Chapters are devoted to ruby/sap- 
phire, emerald, tsavorite/tanzanite, 
chrysoberyl (including alexandrite), 
pegmatite gems (including tourma- 
line, topaz, and aquamarine), and gem 
topaz/red beryl in rhyolites, making 
this one of the more comprehensive 
guides to the geology of colored gems. 
There is heavy emphasis on practical- 
ity and application. Field identifica- 
tion of rough material is covered, as 
are recommended recovery tools and 
limitations (e.g., how to apply the tan- 
zanite exploration tips when there is 
only one known economic occur- 
rence). 

The text is very readable, even for 
someone without a background in 
geology or a related discipline (al- 
though a geology dictionary would be 
helpful for those not familiar with 
specific terminology). As such, this 
publication is “one-stop shopping” to 
start learning about or review colored 
stone geology and exploration. 

The author has provided an excep- 
tional up-to-date reference list at the 
end of each chapter, for those wishing 
to dive into greater detail. The occa- 
sional footnote also references rele- 
vant Web sites. 

The author enriches the technical 
portions of the text with human- 
interest stories or government poli- 
cies associated with the gem under 
discussion. The discovery and subse- 
quent flurry of mining and claim- 
jumping at the Hematita, Brazil, 
alexandrite deposit is one such exam- 
ple. These stories add a depth to the 
text that can be rare among scientific 
publications. 

There is one unattributed state- 
ment, on page 30, that I would con- 
test; it suggests that blue sapphires 
from Yogo, Montana, are heat-treated. 
Vortex Mining (not mentioned in the 
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text) has been mining and selling 
Yogo sapphires for over a decade and 
in fact does not heat-treat their 
stones. 

Since this is a summary and not a 
unique research project, the text 
sometimes borrows heavily from 
other well-known sources (e.g., Ruby 
and Sapphire, by Richard Hughes), 
although they are properly acknowl- 
edged. Overall, however, the format 
is unique and refreshing, in that few 
texts of this scope have included 
lesser-known gems (e.g., tsavorite 
and tanzanite) with the traditional 
“Big Three” (ruby, sapphire, and 
emerald), although the latter still 
constitute more than half the text. 
On that note, this reviewer would 
encourage future editions of this 
publication to include opal (an obvi- 
ous omission), peridot, Ammolite, 
and—in the pegmatite section— 
more on the spodumene gems (kun- 
zite and hiddenite). 


KEITH MYCHALUK 
Calgary, Alberta, Canada 


OTHER BOOKS RECEIVED 


The Pegmatite Mines Known as 
Palermo. By Robert W. Whitmore 
and Robert C. Lawrence Jr., 213 pp., 
illus., published by The Friends of 
Palermo Mines, 2004. US$150.00. 
This book, an obvious labor of love, 
recounts the history of the Palermo 
mines of North Groton, New Hamp- 
shire, along with their secrets, as an 
economically important producer of 
industrial mica, feldspar, and beryl. 
Also included is a beautifully illus- 
trated (by Frederick C. Wilda) catalog 
of the many minerals—as of March 
2004, 90 phosphates and 140 mineral 
species in all—that have been found 
since the mine was first worked in 
1878. Another section focuses on 
gemstones fashioned from Palermo 
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beryl and quartz. The rich history of 
the Palermo mines and their signifi- 
cance to science, industry, and collec- 
tors have been captured well in this 
beautiful work, and the story contin- 
ues as the mine serves today as a 
“living laboratory.” 
MICHAEL EVANS 
Gemological Institute of America 
Carlsbad, California 


Tourmalines of Malkhan. By V. Ye. 
Zagorsky, I. S. Peretyazhko, and V. 
Ye. Kushnaryov, 31 pp., illus., publ. 
by the Institute of Geochemistry, 
Russian Academy of Sciences (Siber- 
ian Division) and Tourmalkhan Co., 
Irkutsk, Russia, 2005. US$20.00 (E- 
mail: victzag@igc.irk.ru). In 1980, 
Soviet geologists searching for radio- 
active elements discovered gem tour- 
malines in the Malkhan pegmatites of 
Siberia’s Central Transbaikalia region. 
Since then, this 60-square-mile (97 
km?) area has emerged as a significant 
source of pink-to-red, multicolored, 
and “watermelon” tourmaline. Tour- 
malines of Malkhan describes the 
occurrence of tourmaline in this 
region and features color photos of 
faceted stones and cabochons, as well 
as crystal specimens. 
STUART OVERLIN 
Gemological Institute of America 
Carlsbad, California 


Gemstones: Quality and Value, Vol- 
ume 1. By Yasukazu Suwa, 143 pp., 
illus., publ. by Sekai Bunka Pub- 
lishing, Tokyo (revised English edi- 
tion), 2005. US$99.95.* Originally 
published in 1993, this volume exam- 
ines 24 gem varieties and provides an 
illustrated quality scale for assessing 
their value. The book’s clear, system- 
atic approach is supplemented by rich 
color photography. This edition fea- 
tures several updated quality scales 
and photos. 


SO 
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COLORED STONES AND 
ORGANIC MATERIALS 


Gravitationally banded (“Uruguay-type”) agates in basaltic 
rocks—where and when? J. Petranek, Bulletin of 
Geosciences, Vol. 79, No. 4, 2004, pp. 195-204. 

This article suggests new terminology to describe the banding 
of agates, in order to alleviate the confusion caused by previous 
descriptors that have no direct correlation to genetic implica- 
tions. One ambiguous term, Uruguay banding, has been used 
to describe the straight parallel banding that often occurs in the 
lower portions of agate-containing vesicles from continental 
flood basalts. Confusion results because agates with this type 
of banding are called Uruguay agates, a term that some use to 
describe any agate from Uruguay. 

The author suggests using gravitational banding to refer to 
all agate textures caused by the force of gravity, which in this 
case applies to the deposition of relatively thick bands of coag- 
ulated silicic acid. The term adhesional banding is suggested 
as a replacement for terms such as concentric, common, nor- 
mal, and fortification banding; these all refer to the thin layers 
of silica that adhere to the vesicle walls and form concentric 
rings or zones. 

Both types of banding commonly occur in agates formed in 
continental flood basalts from many locations worldwide. 
Several factors, including the amount and thickness of the lava 
flow, the temperature and humidity of the region, and the 
amount of CO, in the atmosphere, all contribute to the forma- 
tion of the agate-filled vesicles. A suitable lava thickness will 
facilitate a slow cooling rate, which allows for the coalescence 
of numerous gas bubbles into larger vesicles and voids. 
Conversely, cooler atmospheric temperatures will inhibit vesi- 
cle formation. Sufficient rainfall will provide enough water for 
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Methods of Identification 
at the 
U. S. National Museum 


by 


GEORGE SWITZER, Ph.D. 
Associate Curator, Division of Mineralogy and Petrology 
U. S. National Museum, Washington, D.C. 
Published by permission of the Secretary, Smithsonian Institution, Washington, D.C. 


At the U. S. National Museum most 
gem identification is done with the aid of 
a single instrument, a polarizing micro- 
scope. This type of microscope is widely 
used in mineralogical laboratories ‘and 
for purposes of gem identification it may 
be thought of as a combination dichro- 
scope, polariscope, refractometer, and 
magnifier. When properly used it is a 
very versatile and effective instrument. 
Since this method of gem identification 
differs somewhat from that employed by 
most gemologists in this country, it was 
thought to be worth a description here. 

THE INSTRUMENT 

The lens system of a polarizing micro- 
‘scope is similar to that of the usual 
modern compound microscope. The in- 
strument, however, differs from an 
ordinary microscope in several important 
respects. 

The polarizing microscope is adapted 
for observation of any substance in plane 
polarized light, that is, in light which is 
vibrating in a single plane. This is ac- 
complished by placing in the substage 
assembly (See figure 1.) of the micro- 
scope a calcite prism known as the ana- 
lyzer. The analyzer is adjusted so that 
the only light which can pass through it 


must be vibrating in a plane at right 
angles to the plane of the polarizer. The 
analyzer is mounted on a slide so that it 
can be inserted into, or removed from, 
the optical system of the microscope at 
will? A calcite polarizifig prism is often 
referred to as a “nicol” prism since it 
was invented by W. Nicol in 1828. Hence, 
when the analyzer is in position in the 
body tube of the microscope a condition 
exists which is usually referred to as 
“crossed nicols.” 

The stage of a polarizing microscope 
is circular and so constructed that it can 
be rotated about a vertical axis. A series 
of quickly interchangeable objectives and 
eyepieces are provided which give magni- 
fication ranging from 16x to 460x. An 
additional feature of a polarizirig micro- 
scope is a supplementary lens called the: 
Amici-Bertrand lens, which can be in- 
serted or removed from the optical sys- 
tem at will. The function of the Bertrand 
lens is to enable interference figures to 
be observed. 

EXPERIMENTAL TECHNIQUE 

The polarizing microscope can be used 
most readily for gem identification on 
unmounted gems, although it is possible 
to work with some mounted stones. A 
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hydrothermal circulation within the lava flow to dissolve 
and transport silica for agate deposition. In combination 
with abundant rainfall, sufficient atmospheric CO, will 
facilitate the formation of carbonic acid. This aids in the 
chemical weathering of the basalt, releasing the silica and 
making it available for agate formation. Based on such 
requirements, the author suggests that the presence of 
both gravitational and adhesional banding is largely con- 
trolled by climate. EF 


The underworld of ivory. R. T. Naylor [thomas.naylor@ 
megill.ca], Crime, Law & Social Change, Vol. 42, No. 
4-5, 2004, pp. 261-295. 

This article offers a detailed history of the demand for and 
trade in ivory, noting that it was probably the first organic 
material used for human ornamentation and was perhaps 
the world’s first globally traded commodity, pre-dating 
gold. Ivory from East Africa began reaching the Roman 
Empire as early as the 2nd century BC, India from the 7th 
century AD, and China shortly afterward. Although ele- 
phants also were native to parts of Asia, there they were 
valued as work animals, while Africans regarded their vari- 
ety as a destructive pest. 

There was little concern about the slaughter of African 
elephants until the 1970s, when hunting, poaching (in 
response to soaring prices for ivory], and wars in various 
African states decimated the herds. Although trade in ivory 
was banned globally in 1989, demand, principally from 
Asia, has fueled an underground trading network for the 
material. The author concludes that the only way to end 
ivory trafficking effectively is to reduce demand. RS 


DIAMONDS 


Angola: Diamond production on the rise. N. Ford, African 
Business, No. 309, 2005, pp. 54-55. 
With the end of Angola’s civil war, the country’s state- 
owned diamond administration agency, Endiama, is 
assuming a wider role in economic growth. Endiama 
expects the country’s yearly diamond production to nearly 
double by 2007, to 12 million carats from the 6.5 million 
carats mined in 2004. With the increased yield, revenues 
would be an estimated $2.2 billion. Part of this increase 
will come from new production from both alluvial and 
kimberlite mines. However, illegal mining and smuggling 
of diamonds is still costing the Angolan government an 
estimated $375 million yearly. The government is 
attempting to crack down on the 250,000 illegal miners 
who are responsible for this production. RS 


Colour in diamond—yellow. J. Chapman, Rough 
Diamond Review, Part I. No. 7, 2004, pp. 42-44. 
Diamond colour origins. Part II. No. 8, 2005, pp. 
23-26. 


The origin of color in diamonds is an important research 
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topic in gemology, with both scientific and economic 
implications. This two-part article describes how impuri- 
ties and dislocations, and the complex relationship 
between them, can produce yellow, green, blue, brown, 
pink, and other colors in diamonds, both naturally and 
artificially. The general mechanism by which diamonds 
display bodycolor involves the selective absorption of 
light by atomic-level defects. Impurities like nitrogen and 
boron in the diamond lattice can lead to such selective 
absorption, resulting in yellow and blue coloration, 
respectively. The tendency for nitrogen in diamond to 
aggregate into different types of clusters (resulting in A, 
N3, and B centers) is explained, as is its effect on color. 

In addition to impurity elements, shear stresses on a 
diamond can distort the lattice or displace atoms in the 
lattice to cause color. Subjected to this plastic deforma- 
tion, carbon atoms can be dislodged from the lattice to 
create vacancies or dislocations, or alter impurity defects, 
which may create colors such as brown and pink. 
Radiation can create vacancies leading to pale blue or 
green diamonds. Other color-causing agents (e.g., nickel) 
or treatments (e.g., annealing and different types of irradi- 
ation) also are discussed, often with respect to synthetic 
diamonds. DMK 


Geosurvey techniques in offshore diamond mining. I. 
Stevenson [ian.stevenson@debeersgroup.com] and L. 
Ricketts, Hydro International, Vol. 8, No. 9, 2004, 
pp. 26-29. 

A 1,400 km stretch of continental shelf off the west coast 
of southern Africa hosts the world’s largest marine dia- 
mond placer deposit. Storm-dominated seas contribute to 
challenging working conditions. Ultra-high resolution geo- 
physical data obtained with an AUV (autonomous under- 
water vehicle) are used to improve the geologic under- 
standing of target areas. This enables more precise predic- 
tion of diamond concentrations and therefore a reduced 
cost per square meter of seabed mined. 

For survey purposes, the continental shelf is divided 
into three regions, each requiring mapping and mining 
strategies best suited to its specific terrain. The inner shelf 
platform extends from the present-day coastline to about 2 
km offshore and has water depths of 0-30 m. Diamond- 
iferous gravels are concentrated in depressions eroded into 
the exposed bedrock and are extracted with the use of 
diver-assisted suction hoses operated from small surface 
vessels. The inner shelf slope extends 2—5 km offshore and 
has water depths of 30-70 m,; diamondiferous gravels are 
located at the base of the sediment layers. The middle 
shelf region extends 5-150 km offshore in water 70-200 m 
deep, and this is where the majority of offshore mining 
activity occurs. Here, diamondiferous gravels (usually <1 
m thick) are mined using a vertical extraction method 
involving a 7-m-diameter drill or a remote-operated 
crawler with a suction head. 

EF 
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Interpreting diamond morphology. V. Afanasiev, N. Zin- 
chuk, V. Sonin, and E. Semenets, Rough Diamond 
Review, Part I. No. 5, 2004, pp. 30-33; Part II. No. 
7, 2004, pp. 26-27. 

Typomorphism is the ability of a mineral to reflect its for- 
mation conditions by means of its structural, morphologi- 
cal, and/or chemical characteristics. Russian mineralogists 
have found that such characteristics (e.g., unique morpho- 
logical and surface features) are of great value in interpret- 
ing the original growth, post-growth, and emplacement 
conditions of diamonds, and for diamond prospecting on 
the Siberian platform. 

Although the primary habit of diamond is the octahe- 
dron, modifications to this shape are both common and 
significant. After growth, the morphology of diamonds 
may be modified while residing in the medium that 
formed them and/or during the processes that eventually 
brought them to the surface. Accordingly, two types of 
post-growth alteration are recognized: “dry” (anhydrous, 
without H,O) and “wet” (hydrous, with H,O). Dry mor- 
phogenesis is characterized by the rounding of growth lay- 
ers, the development of parallel striations near octahedral 
edges, and the formation of inverted trigons. These char- 
acteristics reflect post-growth activity in the host medi- 
um before entering the transport melt. Wet morphogene- 
sis is characterized by the rounding of octahedral edges 
leading to dodecahedral (dissolution) forms and occurs 
within the transport melt. 

Post-magmatic conditions, of which mechanical wear 
during the formation of alluvial deposits is the most 
important, can also lead to distinctive morphologies. 
Although mechanical wear only slightly alters morpholo- 
gy, this process is very important from a typomorphic per- 
spective. Mechanical wear is seen in two main forms, 
striated surfaces and “icicle” features, both of which 
result from mechanical polishing and abrasion of crystals 
mainly at their edges and corners. Striated surfaces appear 
as regular patterns of pitting or wear, whereas icicle fea- 
tures refer to smooth surfaces (with the appearance of ice] 
that suggest such diamonds are very old and may have 
been through numerous cycles of erosion and deposition. 

Typomorphic features (including those obtained by 
infrared spectroscopy and trace-element analysis) offer the 
potential for determining the exact mine from which a 
diamond originated. DMK 


The roles of primary kimberlitic and secondary Dwyka 
glacial sources in the development of alluvial and 
marine diamond deposits in southern Africa. J. M. 
Moore [j.moore@ru.ac.za] and A. E. Moore, Journal 
of African Earth Sciences, Vol. 38, No. 2, 2004, pp. 
115-134. 

It is well known that the source of most of the alluvial 

diamonds in southern Africa is a number of Cretaceous 

(145-65 million years [My]) kimberlites that have been 

deeply eroded. Diamonds liberated from these kimberlites 
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have been concentrated into important deposits in major 
drainages (e.g., the Vaal River) in a variety of settings 
along their routes westward to the Atlantic Ocean. Less 
well known is the role glaciation played in the develop- 
ment of the alluvial deposits during the earlier 
Carboniferous/Permian periods (360-250 My). 

The Dwyka glaciation (a 30 My period) occurred 
approximately 300-270 My ago when southern Africa 
was situated much closer to the South Pole. The authors 
provide convincing evidence that this glaciation eroded 
older kimberlites in certain areas (e.g., those where the 
Venetia and Premier mines were eventually developed) 
while also reworking diamond-bearing river sediments 
existing at the time in other areas. The glacial sediments 
(the Dwyka Group) themselves were later eroded, re- 
releasing diamonds into younger drainage systems. Some 
of these diamonds were transported to the west coast and 
incorporated into beach sediments. Thus, southern 
African diamonds found in modern river valleys or beach 
sediments likely had their origins from a number of differ- 
ent kimberlite sources. Application of this model could 
lead researchers to areas of southern Africa previously 
thought to be unpromising for diamonds (e.g., areas where 
the Dwyka Group has not been heavily eroded), and it 
might also help explain ore-grade and diamond-quality 
variability in current mining operations. 

KAM 


Spectroscopic studies on transition metal ions in colored 
diamonds. Y. Meng, M. Peng, and W. Chen, Spec- 
troscopy and Spectral Analysis, Vol. 24, No. 7, 2004, 
pp. 769-774 [in Chinese with English abstract]. 

The forms and behaviors of transition-metal ions, such as 

Ni, Co, and Fe, in both natural and synthetic diamonds 

have been extensively investigated, mainly because these 

elements are used as catalysts in the growth of diamonds 
by high-pressure, high-temperature (HPHT) techniques. Ni 
and Fe occur as interstitial or substitutional impurities in 
the diamond lattice, and form complexes with nitrogen in 
both natural and HPHT synthetic diamonds. Interstitial 

Co has been reported only in synthetic diamonds. In this 

article, the spectroscopic characteristics of the transition 

metals, and the forms in which they occur, were studied 
in six colored natural and synthetic diamonds (one light 
bluish gray diamond from Argyle, Australia; two 

“chameleon” diamonds from Indonesia; and three HPHT 

synthetic diamonds from Russia that were orange-yellow, 

light blue, and dark red). 

SEM-EDS revealed Ni in all the samples. Co-related 
optical centers were reported for the first time in the 
chameleon diamonds, based on photoluminescence spec- 
tra. These spectra were similar to those recorded in 
annealed HPHT synthetic diamonds with Co-related opti- 
cal centers. Ni-related optical centers and H3 centers also 
were detected in the chameleon diamonds, suggesting 
that they may have been subjected to natural irradiation 
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and high-temperature annealing. EPR (electron paramag- 
netic resonance} spectroscopy revealed some nitrogen- 
related peaks and some transition-metal elements (mainly 
Ni) related to fine structures in both the natural and the 
synthetic diamonds. The Argyle sample showed two Ni- 
related peaks centered at 785 and 872 nm, as well as 
seven unrecognized peaks that may be assigned to a Ni-N 
complex. TL 


Three historical “asteriated” hydrogen-rich diamonds: 
Growth history and sector-dependent impurity 
incorporation. B. Rondeau [rondeau@mnhn.fr], E. 
Fritsch, M. Guiraud, J.-P. Chalain, and F. Notari, 
Diamond and Related Materials, Vol. 13, No. 9, 
2004, pp. 1658-1673. 

Three diamond cleavage plates (~0.13-0.15 ct), each 

exhibiting symmetrical lobe- or petal-like color zones, were 

investigated to gain a better understanding of their growth 
structure and history. These historic type Ia diamonds, cat- 
alogued as part of the collection of the National Museum 

of Natural History in Paris between sometime before 1822 

and 1844, were studied by the famous 19th century French 

mineralogists René-Just Haiiy and Alfred Descloizeaux. For 
the present study, the samples were reexamined by spectro- 
scopic, imaging, and luminescence techniques. Two of the 
samples displayed either gray or brown lobe-shaped sectors 
forming a three-fold arrangement in a near-colorless or light 
brown matrix, while the third exhibited dark brown lobes 
in a six-fold pattern in a light brown matrix. Each diamond 
is an example of contemporaneous growth of both cuboid 

(lobes) and octahedral (matrix) sectors, but with different 

amounts of nitrogen and hydrogen. 

The various shapes of the lobed patterns in the three 
samples reflect a continuous variation in the relative 
growth rates of the two kinds of sectors. The UV-Vis spec- 
tra of all three samples displayed increasing absorption 
toward the UV region, which explains the gray or brown 
color. One sample also displayed a 415 nm band (the N3 
center) in the octahedral sector and numerous weak 
absorption bands between 350 and 570 nm (due to H) in 
the cuboid sector. IR spectra revealed enriched H and N 
concentrations in both sectors, but H was greater in the 
cuboid sectors (where it inhibited nitrogen aggregation), 
whereas N was greater in the octahedral sectors. 
Additional details of the IR and Raman spectra are present- 
ed, along with a discussion of the stages of incorporation of 
N and H during diamond formation. Hydrogen appeared to 
be incorporated in several different structural sites. JES 
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Cultured pearl resources and markets in China. H. Zhang 
and B. Zhang, Journal of Gems and Gemmology, 
Vol. 6, No. 4, 2004, pp. 14-18 [in Chinese with 
English abstract]. 
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This article was written by authors from the National 
Gems & Jewelry Information Center, Beijing, to provide 
producers and consumers with the latest statistics on the 
Chinese cultured pearl industry. Three main types of cul- 
tured pearls are being produced in China: saltwater, fresh- 
water tissue-nucleated, and freshwater bead-nucleated. 

The saltwater cultured pearl farms are located mainly 
in the provinces of Guangdong, Guangxi, and Hainan. 
Total production was ~42 tonnes in 2003, of which 
Guangdong produced the most (30 tonnes), followed by 
Guangxi (10 tonnes) and Hainan (2, tonnes). 

The culturing region for Chinese freshwater tissue- 
nucleated cultured pearls extends over six provinces along 
the Yangtze River. Zhejiang (32%) is the most important, 
followed by Jiangsu (23%), Hunan (17%), Anhui (13%), 
Hubei (8%), and Jiangxi (7%). Total production in 2003 
was 1,400 tonnes. Zhuji in Zhejiang Province, and 
Weitang and Suzhou in Jiangsu Province, are the largest 
and most important trading centers for this type of cul- 
tured pearl. Jiangxi Province is the most important locality 
for freshwater bead-nucleated cultured pearls, with a total 
production in 2003 of 160 tonnes. ‘EL 


Emeralds of the main world origins. E. P. Melnikov, A. V. 
Vasiliev, and G. N. Pilipenko, Gemological Bul- 
letin, No. 11, 2004, pp. 7-16 [in Russian with short 
English abstract]. 

The gemological properties (S.G., R.L, dispersion, and bire- 

fringence) and mineral inclusions in emeralds from vari- 

ous worldwide deposits are summarized in three tables. 

Five main emerald-bearing belts and provinces are charac- 

terized: Colombian, Brazilian, South African, Uralian, and 

Central Asian. Also included are specific data for emeralds 

from Afghanistan, Australia, Austria, Madagascar, and 

Zambia. 

In general, good-quality emeralds originate from two 
genetic types of deposits: a metasomatic greisen type in 
ultramafic rocks (Uralian), and a hydrothermal type char- 
acterized by veins in black shales and carbonate rocks 
(Colombian). The concentrations of minor elements differ 
between the types. Light green Uralian emeralds contain 
more Cr (up to 0.1 wt.%) than do those from Colombia 
(0.01-0.06 wt.%), but dark green emeralds from the Urals 
contain up to 0.33 wt.% Cr, whereas comparable 
Colombian stones have up to 0.43 wt.% Cr. Fe and V con- 
centrations also differ: up to 0.06 and 0.66 wt.%, respec- 
tively, in Colombian emeralds, compared to 0.54 and ~0.1 
wt.%, respectively, in Uralian stones. 

Visible-range absorption spectroscopy was performed 
on eight samples (along the ordinary and extraordinary 
rays), including one synthetic emerald containing only Cr 
as a chromophore. Two transmission windows were 
apparent in all these stones, one in the green region 
(480-540 nm) and one in the red region (>680 nm), a nar- 
row Cr line near 680 nm was very characteristic of the 
extraordinary ray. The spectra of hydrothermal-type emer- 
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alds from Afghanistan were close to that of the synthetic 
emerald. The Colombian stones tested were colored main- 
ly by V; Cr lines near 800 nm were absent. The spectra of 
the Uralian emeralds did show Cr lines near 800 nm, but 
absorption in the red region of the spectrum was stronger 
(such stones may show no reaction under the Chelsea fil- 
ter). Emeralds from Zambia and Madagascar may show 
strong “aquamarine” lines near 800 nm and, in addition, a 
wide band near 650 nm (for the extraordinary ray only). 
These stones contain appreciable quantities of Fe and 
showed no reaction under the Chelsea filter. 

BMS 


Emeralds from the Panjshir Valley (Afghanistan). J. Fijal, 
W. Heflik, L. Natkaniec-Nowak, and A. Szczepan- 
iak, Gemmologie: Zeitschrift der Deutschen Gem- 
mologischen Gesellschaft, Vol. 53, No. 4, 2004, pp. 
127-142. 

Twelve emerald crystals from the Panjshir Valley in 

Afghanistan were studied using various gemological and 

mineralogical techniques. These emeralds were compared 

to those from around the world on the basis of results from 
macro- and microscopic observations; chemical, X-ray, and 
infrared spectroscopic analyses; and new oxygen isotope 
data. The emeralds from the Panjshir Valley probably 
formed from metasomatic alteration associated with 
regional metamorphism. They crystallized at tempera- 
tures in the range of 220-350°C in quartz-ankerite veins 
that intersect marbles and talc-carbonate schists. The low 
temperatures of formation and the oxygen isotope data 
suggest that the emeralds were formed by thermochemical 
reactions similar to those associated with the formation of 
the Brazilian, Colombian, and Pakistani (Swat-Mingora) 
emerald deposits. EF 


The Lened emerald prospect, Northwest Territories, 
Canada: Insights from fluid inclusion and stable 
isotopes, with implications for northern Cordilleran 
emerald. D. D. Marshall [marshall@sfu.ca], L. A. 
Groat, H. Falck, G. Giuliani, and H. Neufeld, 
Canadian Mineralogist, Vol. 42, No. 5, 2004, pp. 
1523-1539. 

In 1997, emerald and green beryl were found at the Lened 

property in the Northwest Territories, approximately 55 

km northwest of the town of Tungsten in the Logan 

Mountains. Crystals up to 2.5 cm long (rarely of gem qual- 

ity) formed in quartz-carbonate veins that are hosted with- 

in a fractured garnet-diopside skarn. Both the veins and the 
skarn are the result of contact metamorphism related to 
the intrusion of the mid-Cretaceous (93 My) Lened 
granitic pluton into Proterozoic sedimentary host rocks 

(shales and limestones). 

The veins vary in thickness up to about 50 cm, and 
nearly half of them contain some beryl or emerald. 
Chemical analyses by LA-ICP-MS indicate that the prin- 
cipal chromophore is V, with little or no Cr (data from 
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two crystals gave 830 and 1444 ppm V, and only 8 and 14 
ppm Cr). A CO,-bearing aqueous brine is present within 
multiphase fluid inclusions along healed fractures in the 
emerald. Emerald formation is estimated to have occurred 
at pressures up to 320 MPa and temperatures between 
200 and 610°C. Preliminary stable isotope data indicate 
that the emerald is derived from a magmatic source. The 
Cretaceous granitic rocks are believed to be the source of 
Be, while V was extracted from the shales. This deposit 
has some geologic characteristics and conditions of for- 
mation similar to those at the Tsa Da Glisza (or Regal 
Ridge) emerald occurrence in the Yukon. JES 


Gemstones in Vietnam: A review. P. V. Long [vggc@fpt.vn], 
G. Giuliani, V. Garnier, and D. Ohnenstetter, Aus- 
tralian Gemmologist, Vol. 22, No. 4, 2004, pp. 
162-168. 

In the Luc Yen, Yen Bai, and Quy Chau areas of northern 

Vietnam, ruby and sapphire are hosted by primary deposits 

(metamorphic rocks) and in placers (associated with gem 

spinel and garnet). In southern Vietnam, the occurrence of 

sapphires is related to alkaline basalts, with blue sapphires 
being of economic significance. Here the sapphires are 
recovered from placer deposits along with gem zircon and 
peridot. Elsewhere in Vietnam, aquamarine, beryl, topaz, 
tourmaline, quartz (amethyst, citrine, and smoky), chal- 
cedony, fluorite, opal, jadeite, nephrite, amazonite, and tek- 
tites are exploited to various degrees. Several types of cul- 
tured pearls are being produced in four provinces. Rubies, 
sapphires, and cultured pearls are presently the main gem 
materials of commercial importance in Vietnam. RAH 


Migration of the Mendocino Triple Junction and the ori- 
gin of titanium-rich mineral suites at New Idria, 
California. M. R. Van Baalen [mvb@harvard.edul], 
International Geology Review, Vol. 46, No. 8, 2004, 
pp. 671-692. 

The discovery of cinnabar ore in the New Idria District of 
central California in 1851 began over a century of profitable 
mercury mining. This, combined with the subsequent 
exploration for oil in 1915, led to the discovery of several 
useful minerals including magnesite, chromite, various 
gems, and chrysotile (asbestos). Data on the formation and 
composition of Ti-rich mineral suites associated with the 
New Idria serpentinite are presented along with a new 
petrologic model for their formation. These peculiar miner- 
als, which include Ti-rich andradite garnets and benitoite, 
underwent blueschist and lower greenschist metamorphism 
associated with the tectonic passage of the Mendocino 
Triple Junction and emplacement of the serpentinite ~12 
million years ago. Previous workers had suggested that fluid 
migration introduced several of the elements necessary for 
the formation of the unusual mineral suites. However, more 
recent studies have shown that the solubilities of these ele- 
ments (e.g., Ti, Al, and Zr) are extremely low and would 
require fluid transport over long distances. 
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The new model calls for isochemical metamorphism 
(i.e., no change in bulk composition is required) of pre- 
existing pyroxenite veins, which contain all the required 
components necessary for the formation of Ti-rich miner- 
al suites. The author suggests that benitoite, California’s 
state gem, formed by metamorphism of blocks of 
Franciscan greenstone within the serpentinite at lower 
greenschist conditions. EF 


Opals from Slovakia (“Hungarian” opals): A re-assess- 
ment of the conditions of formation. B. Rondeau 
[rondeau@mnhn.fr], E. Fritsch, M. Guiraud, and C. 
Renac, European Journal of Mineralogy, Vol. 16, 
No. 5, 2004, pp. 789-799. 

Slovakian opals found in an andesitic host rock in the 

Dubnik area, near KoSice (which was part of Hungary until 

the end of World War I), are believed to have formed by 

water circulation during a tectonic event. Their physical 
properties were investigated by X-ray diffraction (opal-A), 

Raman spectroscopy (main peak at 437 cm'), and scan- 

ning electron microscopy (relatively large silica spheres of 

125-270 nm in diameter). Surprisingly, these properties 

are usually associated with opals found in sedimentary 

deposits, not volcanic rocks. Preliminary oxygen isotope 
data indicate a high 8!8O value (31%o) for both Slovakian 

(“volcanic-type”) and Australian (“sedimentary-type”) 

opals, consistent with temperatures of formation of less 

than 45°C. In contrast, Mexican (“volcanic-type”) opal-CT 
shows a lower 8!8O value (13%o} that is consistent with for- 
mation at a higher temperature, possibly up to 190°C. 

Thus, temperature is proposed as the control on the opal’s 

physical properties, rather than the nature of the host 

rocks. RAH 


Pezzottaite Cs(Be,Li)AI,Si,O,,: A spectacular new beryl- 
group mineral from the Sakavalana pegmatite, 
Fianarantsoa province, Madagascar. F. C. Haw- 
thorne, M. A. Cooper, W. B. Simmons, A. U. Falster, 
B. M. Laurs, T. Armbruster, G. R. Rossman, A. 
Peretti, D. Gtinter, and B. Grobéty, Mineralogical 
Record, Vol. 35, No. 5, 2004, pp. 369-378. 

Pezzottaite is a pink to purplish red, Cs-rich beryl-group 

gem mineral that has been found in small quantities in 

Fianarantsoa Province, central Madagascar. It formed 

within a limited area of the pocket zone of the Sakavalana 

pegmatite as tabular crystals or irregularly shaped flat 
masses along with quartz, feldspar (cleavelandite and ama- 
zonite), tourmaline, and other minerals. This article pre- 
sents a detailed description of this relatively new gem 
mineral, including information on its physical and optical 
properties, crystallographic and X-ray diffraction data, 
infrared spectra, and chemical composition. The mineral 
is uniaxial negative, with refractive indices of € = 
1.601-1.611 and = 1.612-1.620, and an observed density 
of 2.97 g/cm? (calculated 3.06 g/cm%); hardness is 8. It is 
inert to long- and short-wave UV radiation, and is dichroic 


290 GEMOLOGICAL ABSTRACTS 


in hand specimen (e = purplish pink to pinkish purple, and 
@ = pink-orange). Its relationship to other members of the 
beryl group is described. Several tens of kilograms of pez- 
zottaite of varying quality were recovered at this locality 
in the late 2002, with little subsequent production. 

JES 


Pezzottait von Ambatovita, Madagaskar—eine abenteuer- 
liche Entdeckung [Pezzottaite from Ambatovita, 
Madagascar—An adventurous discovery]. F. 
Pezzotta [fpezzotta@yahoo.com], Lapis, Vol. 30, No. 
5, 2005, pp. 26-30. 

In this article, the mineralogist after whom the new gem 

mineral pezzottaite is named, and who participated in its 

analysis and description, relates the history of pezzottaite 
from its first appearance in Antananarivo in November 

2002, to its acknowledgment as a new mineral of the beryl 

group. He describes the flurry of activity following the dis- 

covery, the difficult conditions under which the stones 
were mined, the mineral paragenesis, and the geologic set- 
ting of the pezzottaite-bearing pegmatite. This same issue 
of Lapis also contains a detailed description of pezzottaite 
and its mineralogical properties (“Steckbrief Pezzottait,” 
by R. Hochleitner and S. Weiss, pp. 9-11). Both articles 
contain lavish illustrations, a map, and crystal drawings. 
RT 


Relationship between nanostructure and optical absorp- 
tion in fibrous pink opals from Mexico and Peru. E. 
Fritsch [fritsch@cnrs-imn.fr], E. Gaillou, M. Ostrou- 
mov, B. Rondeau, B. Devouard, and A. Barreau, 
European Journal of Mineralogy, Vol. 16, No. 5, 
2004, pp. 743-752. 

Translucent pink opals from Mexico (Mapimi and the 

state of Michoacan) and Peru (Acari area, near Arequipa) 

are opal-CT, containing 10-40% palygorskite, as demon- 

strated by X-ray diffraction, infrared spectroscopy, and S.G. 

measurements. As seen by electron microscopy, these 

opals have an unusual fibrous nanostructure (with bunch- 
es of fibers 20-30 nm in minimum diameter) related to the 
fibrous nature of the palygorskite crystals. This is in con- 
trast to the usual perfect stacking of 150-300 nm silica 
spheres. A complex absorption centered at about 500 nm 
is the cause of the pink color. It is suggested that the 
absorption is due to quinone fossil products associated 
with the phyllosilicate fibers. The opal-CT-palygorskite— 
quinone association is a geologic marker for a specific 
environment, presumably an ancient lake in a volcanic 
region. RAH 


Role of fluorine in the formation of the Mananjary emerald 
deposits (eastern Madagascar). B. Moine [moine@cict.fr], 
C. C. Peng, and A. Mercier, Comptes Rendus 
Geoscience, Vol. 336, No. 6, 2004, pp. 513-522. 

The Mananjary emerald deposits are hosted by phlogopite- 

rich rocks that formed through metasomatic alteration of 
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ultrabasites at about 500°C and 2. kbar. F- and Be-rich flu- 
ids responsible for the emerald crystallization probably 
originated from granites and granitic pegmatites that were 
emplaced during the formation of the Ifanadiana-Angavo 
shear zone roughly 550-500 million years ago. Thermo- 
dynamic modeling explains the role of fluoride complexes 
in the transport of Be. The solubility of Be increases as the 
amount of F in aqueous solution increases. At the point of 
crystallization of an F-rich mineral (F-phlogopite in this 
case), the associated Be becomes unstable in solution and 
begins to crystallize minerals that are able to incorporate it 
into their structure (beryl in this case). Sufficient Cr with- 
in the ultrabasites enabled the formation of emerald. 

EF 


INSTRUMENTS AND TECHNIQUES 


In situ Raman spectroscopic investigations of the adorn- 
ing gemstones on the reliquary Heinrich’s Cross 
from the treasury of Basel Cathedral. I. Reiche 
[ina.reiche@culture.gouv.fr], S. Pages-Camagna, and 
L. Lambacher, Journal of Raman Spectroscopy, Vol. 
35, No. 8-9, 2004, pp. 719-725. 

A nondestructive study of the gems on Heinrich’s reli- 

quary cross, currently kept in Berlin at the Museum of 

Applied Arts (Kunstgewerbemuseum}), was performed 

using a mobile Raman microspectrometer. Analyses were 

made with a fiber-optic attachment on the Raman analyz- 
er directly in the museum, so there was no need to move 
the object. This cross, which dates from the first quarter of 
the 11th century, is considered one of the most precious 
relics in the treasury of Basel Cathedral. Sixty-eight 
“gems” are mounted on both the front and back of the 
cross. Most were found to be glass “paste” or varieties of 
quartz, although some garnets, sapphires, and rubies also 
were identified; 11 gems could not be identified unam- 
biguously. It remains unclear whether the gem materials 
currently in the cross are the original ones—chosen main- 
ly for their color and not necessarily for their value—or if 
they are later replacements for more valuable gems. 
Several factors contributed to an overall lower quality 
of analyses than could be obtained with a conventional 

Raman microspectrometer in a laboratory. First, an instru- 

ment using fiber-optic coupling with a remote head has 

lower laser power, so it did not allow for the flexibility 
needed to work with several highly fluorescent gems. 

Second, older, historic samples often have irregular surfaces 

that result in poor analyses. Last, the authors were not 

allowed to clean the gems with solvents; therefore, organic 
or other residues could lead to additional peaks in the spec- 
tra. This study, while important for demonstrating the 
capabilities of mobile Raman spectroscopy, also shows the 
importance of coupling optical observations with spectro- 
scopic results for gem identification. EF 
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The identification of carving techniques on Chinese jade. 
M. Sax [msax@thebritishmuseum.ac.uk], N. D. 
Meeks, C. Michaelson, and A. P. Middleton, Journal 
of Archaeological Science, Vol. 31, No. 10, 2004, 
pp. 1413-1428. 

Jade carving in China dates from before 5000 BC. Thus 
far, the details of ancient jade-carving techniques have 
remained relatively unclear. This study resolves some of 
those issues. Methods developed to investigate known 
lapidary techniques used on quartz cylinder seals from 
the Near East were applied to eight Chinese nephrite 
jade artifacts. The artifacts were from three different his- 
torical periods: the Neolithic Hongshan and Liangzhu 
cultures (4th to 3rd millennia BC), the Western and 
Eastern Zhou dynasties (11th to 3rd centuries BC), and 
the Ming and Qing dynasties (14th to 20th centuries 
AD). The carving characteristics of the artifacts, 
observed using a binocular microscope and a scanning 
electron microscope, included surface texture, the shape 
in plan view, and the longitudinal depth of the engraved 
feature. The morphology of the surrounding surfaces 
was also considered. 

Six carving techniques were identified: drilling, wheel- 
cutting, sawing, flexible string sawing, riffling, and point or 
blade abrasion. Most of the artifacts retained traces of the 
original tool marks that appear to have been produced 
mainly during the secondary stages of shaping and incising 
the objects; weathering may be responsible for the absence 
of ancient tool marks on one sample. The techniques 
employed in this study have the potential to be applied to 
the development of a chronology of Chinese jade-carving 
techniques from the Neolithic to the modern era. Al 


Seeing stress in diamonds. K. Pope, Rough Diamond 
Review, No. 5, 2004, pp. 41-43. 
Internal strain is an important factor in diamond fash- 
ioning, as localized strain complicates cutting and may 
even result in an unintended fracture. Inclusions, 
“knots,” plastic deformation, or restrictions during crys- 
tal growth cause distortions in the crystal lattice (i.e., 
internal strain). This can be observed as anomalous bire- 
fringence, familiar to gemologists as the banded, colored 
patterns seen between crossed polarizers. This article 
describes how the time-consuming historic manual 
measurement and analysis of internal strain based on 
birefringence with the use of compensators (e.g., a 
quartz wedge or Berek compensator) has been super- 
seded. Quantitative birefringence data can now be 
obtained in a matter of seconds with the Metripol 
device. This automated instrument consists of a motor- 
ized rotating polarizer, a circular analyzer assembly, a 
CCD (charge-coupled device) camera, and a computer 
with analytical software. This new imaging technique, 
in addition to helping reduce the risk of an unintended 
fracture during fashioning, has potential application in 
several areas of diamond research. DMK 
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SYNTHETICS AND SIMULANTS 


The identification properties of synthetic hydrothermal 
red, green, and blue beryl. M. B. Kopchikov and Yu. 
B. Shelementiev, Gemological Bulletin, No. 11, 
2004, pp. 17-22 [in Russian with short English 
abstract]. 
A collection of 23 faceted samples (0.05-0.30 ct) of 
hydrothermal synthetic beryl (12 red, 5 green, and 6 blue) 
were studied using a variety of standard and advanced 
techniques to determine their diagnostic properties. The 
crystals were grown at the Institute of Petrography and 
Mineralogy in Novosibirsk, Russia. This is the first time 
that the properties of synthetic beryl from this source have 
been reported. 

No gas-liquid inclusions or color zoning were observed, 
contrary to what is frequently the case in natural beryl. An 
infrared peak at 3701 cm~! was a diagnostic feature for all 
these hydrothermal synthetics; this peak is not found in 
natural beryl. There were also distinct differences in the 
visible-range absorption spectra of all three colors of syn- 
thetic beryl compared to their natural counterparts. 

Nickel (0.1-0.4 wt.% NiO) occurred in all the syn- 
thetic beryls. Copper was present in the green (0.92-1.27 
wt.% CuO) and blue (0.29-0.35 wt.% CuO) varieties. S.G. 
and R.I. values were comparable to those found in natural 
beryl. When exposed to long-wave UV radiation, the syn- 
thetic aquamarines had weak white-yellow lumines- 
cence, and the synthetic red beryls had red luminescence 
of variable intensity; luminescence in the corresponding 
natural beryls is generally absent or very weak. UV fluo- 
rescence was absent in the green synthetic beryl samples 
due to their high Fe content. BMS 


The nature of channel constituents in hydrothermal synthet- 
ic emeralds. R. I. Mashkovtsev [rim@uiggm.nsc.ru] and 
S. Z. Smirnov, Journal of Gemmology, Vol. 29, No. 
4, 2004, pp. 215-227. 
Natural emeralds and hydrothermally grown synthetic 
emeralds have become increasingly difficult to separate 
due to improving techniques for growing the synthetics. 
Since their physical properties overlap, microscopic exami- 
nation of their inclusions is important. However, if an 
emerald is “clean” or does not contain diagnostic inclu- 
sions, nondestructive techniques based on certain distinc- 
tive minor impurities can be used for identification. This 
article illustrates how IR spectroscopy and EDXREF analy- 
sis were used to separate Biron (Australian), Regency 
(Linde), and Tairus (Russian) hydrothermally grown syn- 
thetic emeralds from one other and from natural Ural 
Mountains emeralds. For example, hydrothermal synthet- 
ic emeralds are grown using ammonium halides in an 
acidic (HCl) medium, so the detection of chlorine and 
ammonium molecules as a structural component con- 
firms this origin. In Tairus synthetic emeralds, Cu and Ni 
form impurities that are derived from the walls of the steel 
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autoclaves in which they grew. The amounts of Cr, V, and 
Fe (determined by EDXRF), as well as the type I and type I 
water peaks (determined by IR spectroscopy], also are use- 
ful parameters for distinguishing natural from hydrother- 
mal synthetic emeralds from various sources. WMM 


TREATMENTS 


Meaning of ions diffusion coefficient in sapphire diffusion 
heat treatment. R. Yang, D. Yu, and J. Zhao, Journal 
of Tongji University (Natural Science), Vol. 32, No. 
9, 2004, pp. 1145-1148 [in Chinese with English 
abstract]. 

Blue color enhancement of sapphire by surface-diffusion 

processes at high temperatures has been reported since the 

1980s. However, most treatment processes are based on 

“trial and error.” In this article, the diffusion coefficients 

of Fe and Ti ions in sapphire crystals calculated during var- 

ious treatment conditions are presented. Colorless and 
light blue sapphires were treated with (unspecified) Fe- and 

Ti-containing chemicals in an aluminum oxide crucible at 

a temperature of 1,800-1,900°C for up to 72 hours at a 

Thai jewelry company. The thickness of the diffusion 

layer was measured from samples cut into 0.8 mm thick 

plates. The concentrations of Fe and Ti in different layers, 
starting from the outer surface of the samples, were deter- 
mined by electron-microprobe analysis. 

The diffusion coefficients of Fe and Ti in sapphire are 
mainly controlled by temperature, duration of the treat- 
ment, thickness of the diffused layer, and the initial con- 
centrations of Fe** and Ti** ions in the chemical additives. 
However, at certain temperatures, the diffusion coeffi- 
cients of Fe and Ti ions were essentially constant, regard- 
less of variations in the duration. The diffusion coefficient 
of Ti ions was much greater than that of Fe ions, being 
6.57 x 10° cm*-s~! and 1.62 x 10° cm?-s"!, respectively. 
Using these coefficients in conjunction with specified 
temperatures and duration times, it is possible to control 
the thickness of the diffusion layer in sapphire. These 
coefficients may also be useful toward lightening dark 
colored sapphires, such as those from Shangdong, China. 

TL 


A treatment study of Brazilian garnets. S. G. Eeckhout, A. 
C. S. Sabioni, and A. C. M. Ferreira, Journal of 
Gemmology, Vol. 29, No. 4, 2004, pp. 205-214. 

Reports of gem treatments are widespread in the literature 

but very few have been published on garnets. This article 

reports on the enhancement of several types of mostly 
gem-quality Brazilian garnets (pyrope, almandine-pyrope, 
almandine-spessartine, and grossular), primarily from peg- 
matite and alluvial occurrences in the states of Minas 

Gerais and Rio Grande do Norte. The authors determined 

the enhancement response of these garnets to heat treat- 

ment in air, and in oxidizing (oxygen saturated), inert 
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(argon saturated), and reducing (hydrogen saturated) atmo- 
spheres, at various temperatures (600-1000°C) and dura- 
tions (generally 4-24 hours). The response of pale yellow 
grossular to diffusion treatment (900°C for 44 hours) using 
oxides of Fe, Cr, and Co also was investigated. 

Following heat treatment in both the oxidizing and 
inert atmospheres, almandine-spessartine and pyrope 
(containing 9.12 wt.% FeO) became opaque and were 
coated with a “silvery skin,” caused by the formation of 
hematite. The higher the iron content of the stone, the 
more noticeable the silvery luster. The iron-rich (i.e., 
almandine-containing) stones became opaque and had a 
burned, charcoal-like appearance after heating in air at 
1,000°C for 4 hours or 900°C for 24 hours. Grossular sam- 
ples turned orange after heating. No changes were 
observed in any sample heated in the reducing environ- 
ment at 800°C for 4 hours. 

Diffusion of Fe and Cr produced an orange layer on the 
grossular samples, whereas diffusion of Co produced a 
green layer. In general, longer treatment times and higher 
temperatures resulted in a greater thickness of the dif- 
fused color. WMM 


MISCELLANEOUS 


Comments on Canada’s national diamond strategy. R. 
Taplin [rtaplin@mccarty.ca] and T. Isaac, Journal of 
Energy & Natural Resources Law, Vol. 22, No. 4, 
2004, pp. 429-449. 

Canada has become one of the world’s primary diamond 

producers, which has prompted the federal and several 

provincial governments to draw up strategies that will (1) 

maximize benefits for Canadians; (2) develop cooperation 

between various governments, mining companies, and 
local populations; and (3) encourage investment and devel- 
opment in all sectors of the industry. 

The primary policy dilemma facing Canada’s industry 
is developing local diamond-manufacturing operations. 
The governments want to increase employment and local 
participation in the diamond industry, but mining compa- 
nies claim that enforced supply to these operations results 
in diminished profits. The companies also claim that this 
deters future exploration and development. The current 
national policy is to make such supply agreements volun- 
tary; however, the article cites an example of strong pres- 
sure from the government of the Northwest Territories to 
get BHP Billiton to offer 10% of its production from the 
Ekati mine to local operations. More stringent require- 
ments could run afoul of the North American Free Trade 
Agreement and various other treaties and regulations. 

The diamond industry and government also disagree 
over “Canadian Diamond” branding efforts. The govern- 
ment believes that a Canadian diamond origin could carry 
a premium in the market, while many in the industry do 
not. This has led to a debate over whether diamonds 
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marked with that national origin must, indeed, be mined 
there; the Canadian government’s definition says they 
must. [Editor’s note: Under U.S. law, the “country of ori- 
gin” for a faceted diamond is the country in which it was 
polished, not where it was mined; see Spring 2005 Gem 
News International, p. 71.] Mining regulations and aborig- 
inal land rights also are discussed. RS 


Global governance and conflict diamonds: The Kimberley 
Process and the quest for clean gems. J. A. Grant 
[andgrant@dal.ca] and I. Taylor, The Round Table, 
Vol. 93, No. 375, 2004, pp. 385-401. 

This paper recounts the early efforts of non-governmental 

organizations (NGOs) to pressure the world diamond 

industry into adopting controls to halt the trade in conflict 
diamonds. Two NGOs, Global Witness and Partnership 

Africa Canada, were instrumental in bringing this problem 

to world attention in the late 1990s. At the end of 1999, 

the NGOs began an awareness campaign among European 

consumers called Fatal Transactions. Shortly afterward, 
the U.S. Congress began debating legislation to ban con- 
flict diamonds. 

Early in 2000, a number of diamond-producing nations 
convened in Kimberley, South Africa, to discuss a series 
of controls on diamonds to help stop the conflict diamond 
trade. This was the beginning of the Kimberley Process 
(KP). The United Nations endorsed the KP in December 
of that year. The diamond industry formed the World 
Diamond Council to develop the tracking mechanism 
and self-regulation routines needed to put the KP into 
action. 

The article concludes that, while the Kimberley 
Process and industry efforts show a commitment on the 
part of governments and the industry to stop conflict dia- 
monds, challenges remain in the form of potentially com- 
promised KP certificates of origin, the willingness of the 
trade to exercise due diligence, and the priorities of dia- 
mond-producing governments (particularly in areas with 
alluvial diamond mining). RS 


Improving your opal cutting. P. B. Downing, Lapidary 
Journal, Vol. 57, No. 11, 2004, pp. 25-28. 
Four common problems encountered in opal cutting are 


addressed: 


1. Making shoulders. For an opal to be properly set, it 
must have shoulders that allow the metal setting to 
solidly grip the stone. This requires a slight (10-15°) 
taper (narrower at the top) in the middle third of the 
shoulder, the bottom third of the shoulder is straight, 
and the top third curves into the dome. 

2. Scratches and polish. The most efficient way to remove 
scratches is to sand across them with successively finer 
grits. Sanding with the scratches makes them broader 
and deeper. To bring out hard-to-see scratches during 
the medium sanding process, the stone should be paint- 
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ed with a black marker and the ink wiped before it 
dries. The ink will be removed from a smooth surface 
but will remain in scratches. During the fine sanding 
stage, tiny scratches can be seen on the surface of dry 
samples by noting (a) without magnification, the reflec- 
tion of the bulb of the cutting lamp; or (b) with 3x-10x 
magnification, straight lines with sharp definition. A 
good polish is essential to bring out the play-of-color. 
The smoother the surface, the more color will be 
returned to the eye. 

3. Perfecting the dome. Domes on opals should have a 
smooth curvature with no flat spots. To achieve the 
best curvature, the opal should be sanded across flat 
spots with a medium grit followed by a fine grit. 

4. Dome height. Low domes are best for stones with a 
highly directional color pattern, whereas higher domes 
are used for stones with a nondirectional or thick 
seam of color. 


Analyzing the fire in opal rough is the first step to cutting 
any opal to bring that fire to the surface. 
MC 


War, peace and diamonds in Angola: Popular perceptions 
of the diamond industry in the Lundas. J. Pearce, 
African Security Review, Vol. 13, No. 2, 2004, pp. 
51-64. 

This article examines the post-civil war diamond opera- 
tions in two of Angola’s diamond-producing provinces, 
Lunda Norte and Lunda Sul. After reviewing the effects of 
the country’s civil war and the conflict diamonds issue, 
the author delves into the current conditions under which 
diamonds are extracted. The Lunda provinces, which had 
been a base for the UNITA rebel group during the coun- 
try’s civil war, now have three types of mining operations: 
garimpo, or “informal” hand digging; dredging, which 
employs machinery to extract and process diamond-bear- 
ing gravel from riverbeds; and formal mining by large 
companies. 

According to Pearce, the garimpeiros who work the 
alluvial diamond deposits are now threatened by Angolan 
Armed Forces (FAA) seeking to expel them from all dia- 
mond-producing areas, particularly those areas of interest 
to the larger commercial concerns. Reports of brutality at 
the hands of soldiers are cited. Dredging operations are 
often carried out by foreign nationals, many from the 
neighboring Democratic Republic of the Congo, in league 
with FAA generals. In the formal sector, several large 
mining operations, particularly at Catoca, have been 
established, although locals have expressed anger at the 
mining companies and the Angolan government for poli- 
cies which, they claim, favor foreign workers. 
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The author reports that there remains little meaning- 
ful employment in the two provinces, and most people 
still live by subsistence farming. Police and army officials 
extort funds, not just from diamond diggers, but also from 
health workers and traders. As a result, many of the 
provinces’ inhabitants remain little better off than they 
were before and during the civil war. RS 


Tackling conflict diamonds: The Kimberley Process Cer- 
tification Scheme. C. Wright, International Peace- 
keeping, Vol. 11, No. 4, 2004, pp. 697-708. 

The Kimberley Process Certification Scheme for rough dia- 

monds is the first attempt by the international community 

to control illegal exploitation of natural resources. It is also 
the first agreement adopted with an equal partnership 
between governments, industry, and civil society groups. 

The Kimberley Process (KP) was ratified by 54 govern- 
ments, representatives of the diamond industry, and civil 
society groups in November 2002. It was put into effect in 
February 2003. Since then, several challenges to the pro- 
cess have arisen. In July 2003, 18 participating nations 
were asked to leave until they had adopted proper legisla- 
tion and internal controls to meet the minimum standards 
for implementation. Six of these nations have subsequent- 
ly rejoined. And, in early 2004, discrepancies between offi- 
cial diamond production in the Republic of the Congo and 
the actual diamond exports coming from that nation 
caused the KP chairman to withdraw its certification. 

The Kimberley Process will receive a full review in 
2006. Although the original reason for its adoption—to 
stop the trade in conflict diamonds—is less relevant 
because the civil wars have ended, there is an argument 
for retaining the system because of the potential for ter- 
rorists and criminals to launder or transport funds by dia- 
mond sales through illicit channels. RS 


Traditional gemstone cutting technology of Kongu region 
of Tamil Nadu. K. Rajan and N. Athiyaman, Indian 
Journal of History of Science, Vol. 39, No. 4, 2004, 
pp. 385-414. 

The authors trace the long history of gem extraction and 

cutting in India’s southern province of Tamil Nadu. The 

Kongu region was, and remains, the source for many gem 

varieties including beryl, corundum, quartz, and feldspar. 

Accounts of artisans working gems in the area date back 

to the 3rd century BC, and Pliny, in the lst century AD, 

noted that the best beryls, of a “sea-green” color, mostly 
came from India. 

The authors then discuss the villages of the region and 
describe in detail the techniques and equipment still 
employed today by traditional cutters in fashioning 
faceted stones and beads in those areas. RS 
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ISSN 0016-626X 


One Hundred Issues 
and Counting... 


inter 2005 marks the 100th issue of the “new” 

Gems & Gemology, which was introduced in 

1981 with a full peer-review process, new sec- 
tions, and a radical redesign from the smaller format that had 
defined the journal for more than 45 years. Over the last 
quarter century, the relaunched G&G has witnessed a virtual 
revolution in the science of gemology. 


In the early 1980s, heating of rubies and sapphires and “oil- 
ing” of emeralds were the most prevalent treatments, but of 
relatively little concern to the trade. Over the next two 
decades, less-identifiable treatment methods such as irradia- 
tion and new processes such as surface diffusion had a 
greater impact in the market. More recently, the use of differ- 
ent emerald fillers, of lead-glass fillers in rubies, and the dif- 
fusion of light elements such as beryllium into corundum 
have raised the bar on the technology being used to treat 
colored gems—and to identify those treatments. At the same 
time, the onset of new and better synthetics has made virtu- 
ally every gem material suspect. 


Also in the early 1980s, there were virtually no treatments for 
colorless diamonds and very few (mainly irradiation/annealing 
and coating) for their fancy-colored counterparts. With the 
advent of fracture filling in the late 1980s and high 
pressure/high temperature treatment in the late 1990s, dia- 
mantaires were rocked by the realization that they, too, must 
rely on gemological research to protect the integrity of their 
products. This was reinforced by developments in synthetic 
diamonds: Whereas less than a dozen faceted synthetic 
diamonds were even known in the early 1980s, today fancy- 
colored synthetic diamonds are commercially available in the 
marketplace. Diamond dealers and retailers worldwide now 
recognize that the role of the gemologist in understanding 
these developments and knowing how to identify a gem— 

or when to send it to a well-equipped laboratory—is more 
crucial than ever. 


Gems & Gemology has been at the forefront of virtually all 
of these developments, advising and informing, often first in 
Lab Notes or Gem News International and then in compre- 
hensive articles that build on one another to explain the 
scope of the problem and identify possible solutions. In addi- 
tion, we have brought our readers updates on classic gem 
localities and introduced them to new sources, described 
new gem materials, and examined innovative lapidary tech- 
niques as well as the intricacies of evaluating diamond cut. 


EDITORIAL 


The Gemological 
Abstracts section 

has been critical in 
exposing our readers 

to developments in 
other publications 

and scientific disci- 
plines, while our Book 
Reviews have kept the 
G&G audience up to 
date on must-haves (and 
must-nots) for the contem- 
porary gemological library. 


Radical advances in computer 

capability and access have aided many 

of the technical developments in gemology 

over the last 25 years, and the rapid expansion of the Internet 
has provided new opportunities for communication that go far 
beyond the printed page. In keeping with these breakthroughs, 
| am pleased to announce that beginning in early 2006, every 
issue of Gems & Gemology from 1934 to the present will be 
accessible online at www.gia.edu. The 1934-1980 issues will 
be available free of charge (see “The Last Page” on p. 388 for 
more), while there will be a small charge for the issues since 
1981. Because it is impossible to ensure the accuracy of the 
color reproduction on a computer monitor, we strongly rec- 
ommend that readers continue to use the printed version as 
reference for color-critical images. 


As a final note, it is particularly appropriate that this 100th 
issue leads off with a tribute to the late Dr. Edward J. Giibelin, 
one of the most influential gemologists of the 20th century. 
Dr. Giibelin wrote the lead article, on peridot from Zabargad, 
in our first large-format issue. As the fascinating tribute 
article points out, Dr. Giibelin published his first G&G 
article in 1940 and his last in 2003, the longest association 
with the journal—63 years—of any single person. 
Gemology is fortunate to command such loyalty and 
passion, and we are all richer for it. 


Alice S. Keller 
Editor-in-Chief 
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Y is expanding in many exciting 
directions that encompass not only mineralogy and geology, but 
also fields such as physics, chemistry, and materials science. At 
the GIA Gemological Research Conference, a multidisciplinary 
approach will explore the challenges posed by new synthetic and 
treated gem materials, as well as the characterization of natural 
gems from traditional and new sources. Invited lectures, submitted 
oral presentations, and a poster session will explore a diverse 
range of contemporary topics in gemology and related sciences. 


IHE SCIENCE OF GEMOLOG 


Prospective oral and poster presenters are invited to submit 
abstracts for the GIA Gemological R esearch C onference. 


oral presentations) or ddirlam@gia.edu (for poster presenta- 
tions). T he abstract deadline for all submissionsis M arch 1, 


conference will be published in a Proceedings V olume. 


A fidd trip to the world-famous Pala pegmatite 
district in San Diego County will take place 
August 25, 2006. No more than 50 participants 
can be accommodated. The field trip fee will 
include ground transportation from the 

M anchester Grand H yatt H otel in San D iego, 

a light breakfast, and a boxed lunch. 
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CHALLENGES AHEAD 


Abstracts should be submitted to gamconference@gia.edu (for 


2006. Abstracts of oral and poster presentations given at the 


¢ Dr. Jeff Harris, U niversity of Glasgow, UK 
Diamond occurrence and evolution 
Dr. David London, University of Oklahoma, N orman 
Geochenical cyde of certain denents that form gens 


Gem Characterization Techniques 
Dr. George Rossman, C difornia Institute of T echnology, 
Pasadena Characterization of nanofeaturesin gen materials 
° Dr. Emmanuel Fritsch, |M N , University of N antes, France 
Review and forecast of important techniquesin genology 
New Gem Localities 
° Dr. Lawrence Snee, U.S. Geological Survey, D enver 
M apping of gem localitiesin Afghanistan and Pakistan 
Dr. Federico Pezzotta, M useo Civico di Storia N aturale, 


Milan Update on gem localitiesin M adagascar 


em Svnthesis 


Dr. James Butler, N aval Research Laboratory, 
Washington,DC Growth of CVD synthetic diamond 

° Dr. Ichiro Sunagawa, T okyo Growth, morphology, 
and perfection of snde crystals Basic conceptsin discriminating 
natural from synthetic gemstones 


¢ Shane McClure, GIA Laboratory, Carlsbad 

Gendic sourcetype dassfication of gan corundum 
Menahem Sevdermish, Advanced Q udlity A.C.C. Ltd., 
Ramat Gan, Israel Color communication: T heanalyss 
of color in gam materials 


Diamond and Corundum Treatments 
en Scarratt, GIA Research, Bangkok 

Corundum treatments 
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The GIA Gemological Research Conference will be held in 
conjunction with the 4th International Gemological Symposium, 


which will take place August 27-29, 2006. For further informa- 
tion on participating in or attending the GIA Gemological 
Research Conference, contact the organizing committee at: 


E-mail: gemconference@gia.edu 
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LETTERS 


MORE ON SPECTROSCOPY OF YELLOW DIAMONDS 


I read with interest “Characterization and grading of natu- 
ral-color yellow diamonds” by John King and collaborators 
in the Summer 2005 issue (pp. 88-115). It is an informative 
text putting together a lot of useful gemological and spectro- 
scopic data. I was a little surprised in reading the description 
of Group 2 that this category of yellow diamonds was not 
recognized as belonging to the “brown to grayish-yellow 
family” of hydrogen-rich diamonds defined by myself, Ken 
Scarratt, and Alan Collins in 1991 (see E. Fritsch et al., 
“Optical properties of diamonds with an unusually high 
hydrogen content,” in R. Messier et al., Eds., Materials 
Research Society International Conference Proceedings, 
2nd International Conference on New Diamond Science 
and Technology, Washington, DC, Sept. 23-27, 1991, 
Materials Research Society, Pittsburgh, PA, pp. 671-676; E. 


IN MEMORIAM: ALFRED A. 


Gems e& Gemology mourns the loss of Dr. Alfred A. 
Levinson, professor emeritus of geology at the University 
of Calgary. A longtime contributor, reviewer, and editor 
for G#G, Dr. Levinson passed away December 12 at the 
age of 78. 

Al Levinson was born and raised in Staten 
Island, New York, and became interested in 
geology at a young age. He attended college 
for a year before enlisting in the Navy in 1945. 
After the war, he used his G.I. Bill benefits to 
attend the University of Michigan, where he 
received a Ph.D. in mineralogy in 1952. 

After working as an assistant professor of 
mineralogy at Ohio State University in the 
mid-1950s, Dr. Levinson spent the next 10 
years in private industry, conducting mineral 
exploration with Dow Chemical Co. and petroleum studies 
for Gulf Research and Development Co. In 1966, he pro- 
posed a system of mineral nomenclature for rare-earth ele- 
ments that was accepted by the International Mineralogical 
Association in 1971 and to this day is widely known as the 
Levinson system. In 2002, the mineral species levinsonite- 
(Y) was named in his honor. 

Eager to return to academia, Dr. Levinson accepted a 
professorship at the University of Calgary in 1967. From 
1967 to 1970, he also served as executive editor of Geo- 
chimica et Cosmochimica Acta, even as he was preparing 
the Proceedings of the Apollo 11 Lunar Science Conference 


LETTERS 


Fritsch and K. Scarratt, ““Gemmological properties of type Ia 
diamonds with an unusually high hydrogen content,” 
Journal of Gemmology, Vol. 23, No. 8, 1993, pp. 15-24). 
The brownish yellow color is well within the range 
described by the family name, and the color of such stones 
extends all the way to brown (B. M. Laurs, “Gem News 
International: International Geological Congress,” Gems & 
Gemology, Vol. 41, No. 1, 2005, pp. 67-69). 

Nevertheless, I was delighted to learn that this catego- 
ry is so prominent among yellow diamonds (the second 
most common after “cape” stones, representing about 4% 
of submitted diamonds). This demonstrates that what 
might be perceived as a curiosity when first described may 
later turn out to be of larger significance. 


Emmanuel Fritsch 
IMN, University of Nantes, France 


LEVINSON (1927-2005) 


(1970) and the Proceedings of the Second Lunar Science 
Conference (1971). During the 1970s and 1980s, he pub- 
lished two textbooks on geochemistry. 

Dr. Levinson turned to gemology late in his career, and 
was particularly active after becoming a professor emeritus 
in 1994. He was an acknowledged expert on 
the occurrence, exploration, recovery, and eco- 
nomics of diamonds. Among the 10 feature 
articles he coauthored for Gems e) Gemology 
were some of the most important diamond 
papers in the journal’s history. Three received 
Most Valuable Article awards: “Age, origin, 
and emplacement of diamonds: Scientific 
advances in the last decade” (Spring 1991); 
“Diamond sources and production: Past, pres- 
ent, and future” (Winter 1992); and “Diamonds 
in Canada” (Fall 2002). He also contributed a chapter on 
diamond sources to The Nature of Diamonds (1998), edited 
by Dr. George Harlow. 

Al Levinson meant many things to Gems &) Gemology. 
He was a mainstay of the editorial review board since 1995 
and the editor of the Gemological Abstracts section since 
1997. And for the past three years, he carefully reviewed 
the final set of page proofs for each issue before publication. 
Yet his importance to G@G went beyond his intellectual 
contributions. Above all, Al was a beloved friend and a con- 
stant source of support and encouragement for the entire 
staff. He will be greatly missed. 
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A GEMOLOGICAL PIONEER: 
DR. EDWARD J. GUBELIN 


Robert E. Kane, Edward W. Boehm, Stuart D. Overlin, Dona M. Dirlam, 
John |. Koivula, and Christopher P. Smith 


During a career that spanned more than 65 years, the eminent Swiss gemologist Dr. Edward J. 
Giibelin (1913-2005) built a monumental legacy. He is perhaps best known for his pioneering 
work on gemstone inclusions. He established the first systematic classification of inclusions in 
natural gem minerals, and his research demonstrated the importance of these internal features 
in determining a gem’s identity as well as its country of origin. He wrote extensively on nearly 
all aspects of gemology, eloquently recording his observations in 13 major books and more 
than 250 articles. A widely traveled explorer, Dr. Gubelin also reported on some of the world’s 
most important gem localities. In addition, he was an innovator in gem-testing instruments, an 
influential educator, a major gem collector, and one of gemology’s most ardent and respected 


global ambassadors. 


To those who are able to explore their secrets, precious 
stones relate a story as interesting as that of the huge 
pyramids erected by the Pharaohs at Memphis, and it 
would seem that their sublime internal spheres might 
best be called, “The Fingerprints of God.” 

Edward J. Giibelin 


Inclusions as a Means of Gemstone Identification, 
1953 


ure 1) will forever be linked to the study of 

inclusions in gemstones, an area of research 
he pioneered in the early 1940s. His lifelong studies 
yielded breakthroughs in determining a gem’s iden- 
tity and geographic origin based on these internal 
features, thus helping to establish the foundation of 
modern gemology. In many ways, he transformed 
the way we look at and study these very special 
minerals. Yet his acclaimed research on inclusions 
tells only part of the story. Dr. Giibelin was also an 
insightful and prolific writer whose works on nearly 
all aspects of gems and their study have been widely 
read and translated into several languages. He was 
an inventor of gem-testing instruments, an impor- 
tant gem collector, and an educator who influenced 


7 he late Dr. Edward J. Giibelin (1913-2005; fig- 


298 A GEMOLOGICAL PIONEER: DR. EDWARD J. GUBELIN 


several generations of gemologists. In addition, he 
was an explorer who chronicled many of the world’s 
major gem sources, both classic and new. 

As a tribute to one of the most remarkable fig- 
ures in the history of gemology, this article exam- 
ines the many dimensions of Edward J. Gtibelin’s 
career, from his early academic training to the 
enduring legacy he has left behind. 


THE EARLY YEARS 

The story of Edward J. Gtbelin begins with the 
founding of a family business. In 1854, Jakob Josef 
Mauritz Breitschmid opened a watchmaker’s shop 
in the picturesque lakeside city of Lucerne, Switzer- 
land. Breitschmid’s apprentice, Eduard Jakob 
Gtbelin, married his master’s daughter in 1886 and 
purchased the company in 1899. Their son, Eduard 
Moritz Giibelin (1888-1945), took the reins in 1919 
(150 Years of Gtibelin, 2004). 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 41, No. 4, pp. 298-327. 
© 2005 Gemological Institute of America 
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Figure 1. The pioneering 
Swiss gemologist 
Edward J. Giibelin 
(1913-20085) looks at a 
set of gems from his per- 
sonal collection, which 
contains more than 
5,000 specimens. Best 
known for his landmark 
research on gemstone 
inclusions, Dr. Gtibelin 
was a renowned author, 
photographer, educator, 
and explorer whose con- 
tributions to the field 
may never be surpassed. 


Eduard Joseph Giibelin, the eldest son of Eduard 
M. and Maria (Schriber) Gttbelin, was born March 
16, 1913. Young Eduard (figure 2) attended grammar 
and high school in Lucerne, with a special focus on 
natural science and languages. He eventually 
became fluent in four languages—German, French, 
English, and Italian—in addition to his native Swiss 
German, and he could read and write Latin and 
Greek. Because Dr. Gtibelin preferred the English 
spelling of his given name when publishing for an 
English-speaking audience, the balance of this arti- 
cle will refer to him as “Edward.” 

Edward J. Giibelin’s lifelong passion for gems 
was sparked while walking home from grammar 
school one day, when he saw a brooch set with 
rubies and diamonds in a shop window. To nurture 
his son’s budding interest, watchmaker Eduard M. 
Gtbelin took the remarkable step of adding a jewel- 
ry division to the company: 


It must have been about 1922 or ’23 when my 
father wanted me and my younger brother to 
decide which profession we wanted to take. And 
I told my father I’d like to become a jeweler. He 
said, “Okay, I like the idea. And under the cir- 
cumstances, I shall add a jewelry section to the 
firm.” However, he was a watchmaker and he 
didn’t know much about gemstones and jewelry. 
So he took a gemological course with Prof. 
Michel, who—from Vienna—was the European 
pioneer in gemology. (Gtibelin, 2001) 


In 1923, the senior Gtibelin also established a 
small gemological lab to support the fledgling jewelry 
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side of the business. This facility would become the 
foundation for the Gtibelin Gem Lab (150 Years of 
Gtibelin, 2004). 


THE ACADEMIC AND HIS 
THIRST FOR KNOWLEDGE 


Academic Career. In 1932, at the age of 19, Edward 
J. Giibelin joined the family business. While work- 
ing part-time, he majored in mineralogy at the 
University of Zurich, with additional studies in art 
history, literature, and ancient languages (Jaeger, 
2005). 

A crucial period in Dr. Giibelin’s gemological 
education was the winter 1936-37 term, which he 
spent at the Institute of Precious Stones in Vienna. 
There he studied under Prof. Hermann Michel, his 
father’s tutor a decade earlier. The professor was 
an early pioneer in practical gemology whose 
books included the English-language Pocketbook 
for Jewelers, Lapidaries, Gem & Pearl Dealers 
(1929). Prof. Michel taught his young protégé to 
“observe and distinguish inclusions within gem- 
stones and to appreciate their diagnostic value” 
(Giibelin, 1953). Dr. Giibelin’s detailed notes from 
this class reveal a systematic rigor and enthusias- 
tic curiosity that would characterize his work over 
the next seven decades. 

Another influential figure during these formative 
years was the renowned German gemologist and 
mineralogist Prof. Karl Schlossmacher, who had 
revised Dr. Max Bauer's classic book Edelsteinkunde 
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Figure 2. Edward J. Gtibelin, second from the left, 
excelled from an early age in natural science and lan- 
guages. Also shown, left to right, are his younger sib- 
lings Werner, Walter, Hans Ulrich, Robert, Maria, and 
Albert Giibelin. Courtesy of Glibelin AG. 


[Precious Stones] in 1932. During his university time 
in Zurich, Dr. Giibelin attended a summer course 
taught by Prof. Schlossmacher, who remained a 
friend and guiding influence for many years 
(Giibelin, 2001). 

Dr. Gtibelin’s doctoral dissertation, written in 
1938, examined the minerals in dolomite from 
Campolungo, in the Tessin region of the Italian 
Swiss Alps (Gitibelin, 1939). He was formally 
awarded his doctorate from the University of 
Zurich in 1941. His university studies completed, 
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1923 Jewelry division added 
to the watch company, as 
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Dr. Giibelin traveled by steamship to the United 
States in January 1939 to work in the Gibelin 
firm’s New York office and improve his salesman- 
ship and English skills. At this same time, he con- 
tacted Robert M. Shipley, founder of the 
Gemological Institute of America, and enrolled in 
the Institute’s correspondence classes. Dr. Giibelin 
arrived at GIA in Los Angeles in July 1939 to com- 
plete the coursework and prepare for his examina- 
tions. He later recalled, “The deeper I delved [into 
the courses], the more enthusiastic I grew” 
(Shuster, 2003, p. 66). In August 1939, he received 
GIA’s title of Certified Gemologist (the forerunner 
of today’s Graduate Gemologist, or G.G., diploma; 
Certified Gemologist later became the title given 
by the American Gem Society). 

After graduating from GIA, Dr. Gtibelin returned 
to Lucerne, where he married Idda Niedermann 
and rejoined the family business. During World 
War II, he served in the Swiss Army as an intelli- 
gence officer while continuing to pursue gemologi- 
cal studies and independent research when his mil- 
itary duties allowed (figure 3). In 1945, he earned 
his Diamond Certificate from the Swiss 
Gemmological Society. He continued his studies 
with the Gemmological Association of Great 
Britain and became a Fellow of the Gemmological 
Association of Great Britain (FGA) with distinction 
in 1946. This was followed by a gemological certifi- 
cate from the German Gemmological Society and 
the Institute of Gemstone Research, both in Idar- 
Oberstein, in 1954. The next year, Dr. Giibelin was 
awarded the Gemstone Expert Diploma of the 
Swiss Gemmological Society. 

When Dr. Gtibelin was asked recently what 
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The 
Glbein 
company 
begins 
issuing 
diamond 
and col- 
ored stone 
certificates 
signed by 
Edward J. 
GUubein 


Joinsthe 
Swiss Army, 
serves until 
1945 


Figure 3. Dr. Gtibelin began publishing on gemstone 
inclusions in 1940. Here he is using the darkfield 
Gemmoscope, which he developed in 1942 using the 
latest in Zeiss optics. Inset: One of Dr. Giibelin’s early 
photomicrographs, of curved striae and elongated gas 
bubbles in a flame-fusion (Verneuil) synthetic ruby. 


advice he would give a young gemology student 
today, he responded, “The best advice I can give 
him is to be curious. Ask questions [of] yourself, [of] 
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other people, but remain curious to find out every- 
thing you can about gemstones” (Giibelin, 2001). 


Lifelong Thirst for Knowledge. Throughout his life, 
Dr. Gtibelin’s yearning for gemological knowledge 
never diminished. Into the 21st century, he rigor- 
ously read gemological journals in at least four lan- 
guages and frequently wrote letters to the authors of 
these articles to compliment, critique, comment on, 
or politely question their findings and conclusions. 

Perhaps one reason Dr. Giibelin stayed so pro- 
ductive for so long was that his vocation was also 
his hobby, and as such he did not make any distinc- 
tion between work and pleasure. In 1991, at the age 
of 78, he commented on his retirement from busi- 
ness 15 years earlier. “Gemology has become a 
necessity to me, something that I have to do,” he 
said (Berenblatt, 1991, p. 30). “I’m still studying 
gemological literature. I’m still receiving gems 
from all over the world. I enjoy analyzing the 
nature of the gems.” 


UNLOCKING THE MYSTERIES OF 
GEMSTONE INCLUSIONS 


Inclusions in gemstones speak eloquently of the 
geological origins and subsequent history of their 
costly host. All we need to do is open our eyes and 
explore. 
Photoatlas of Inclusions in Gemstones, 1986 
(p. 518) 


No one in the history of gemology has had as pro- 
found an impact on the research and appreciation of 
inclusions as Edward J. Gtibelin. When he first 
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gazed into a microscope in the 1920s, inclusions 
were considered little more than undesirable flaws 
and imperfections. As a direct result of his pioneer- 
ing research and photomicrography, inclusions are 
now recognized as valuable indicators of a gem’s 
identity, geographic origin, and natural or treated 
condition, as well as—in many cases—conclusive 
proof of whether a gem is natural or synthetic. They 
are also appreciated as objects of natural beauty in 
their own right, in gems cut or carved to showcase 
their internal features. 


Classifying Gemstone Inclusions. In his 1953 book 
Inclusions as a Means of Gemstone Identification, 
Dr. Gtbelin proposed a classification of mineral 
inclusions based on when they formed in relation to 
the host gem crystal. 


¢ Protogenetic (preexisting) inclusions: Proto- 
genetic inclusions formed before the growth of 
the host. These inclusions are always miner- 
als; preexisting gases and liquids are not con- 
sidered protogenetic. Examples include actino- 
lite and biotite in emerald, and pyrrhotite in 
diamond. Calcite and dolomite in ruby can be 
either protogenetic or syngenetic (figure 4, top). 


e Syngenetic (contemporaneous) inclusions: 
Mineral inclusions, as well as fluids (liquids 
and gases}, that formed and were “imprisoned” 
as the host crystal was growing are syngenetic. 
Classic examples of syngenetic inclusions are 
the well-known three-phase inclusions in 
Colombian emeralds, and pyrite in quartz or 
emerald (figure 4, middle). 


e Epigenetic (post-growth) inclusions: Epigenetic 
inclusions formed after the host completed 
growing, anywhere from immediately to mil- 
lions of years later. Perhaps the best-known 
examples are rutile needles in rubies and sap- 
phires, as well as the “fingerprints” that occur 
in many gemstones, including rubies and sap- 
phires. Rutile needles occur in corundum 
through exsolution of trace amounts of titani- 
um forced out of the gem’s crystal structure 
during cooling, while fingerprint-like inclu- 
sions result from the healing of internal sur- 
face-reaching fractures by growth fluids, some- 
times long after the host crystal’s formation 
(figure 4, bottom). 


In addition to when they were created, Dr. 
Gtbelin classified inclusions by their physical form. 
This allowed for better description of the inclusion, 
which has become increasingly important with the 
multitude of treatments that often alter the internal 
characteristics of a gemstone. Here he also broad- 
ened the definition of inclusion beyond internal 
solids, liquids, and gases within a host gem to 
encompass characteristics such as cracks and fis- 
sures and growth phenomena (e.g., twinning, color 
zoning, and textural growth structures). 

Today, Dr. Giibelin’s various inclusion classi- 
fications are widely accepted, and their usefulness 
only grows as new localities are discovered and 
new synthetics and treated materials continue to 
emerge. The just-released Photoatlas of Inclu- 
sions in Gemstones, Volume 2 (Giibelin and 
Koivula, 2005) presents a new classification of 
gemstone inclusions based on specific diagnostic 
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stone is best examined under the micro- 
scope by first immersing it in liquid in 
order to reduce surface reflection. 

The stone is placed table down.in a 
small flat bottom glass dish, which can 
be made by cutting off a flat bottom glass 
vial of. appropriate size. Enough of a 
suitable liquid is then poured over the 
stone to completely cover it. This liquid 
should have a refractive index near that 
of the stone for best results. It is best to 
have a series of standard liquids having 
refractive indices as follows: 1.54, 1.58, 
1.62, 1.64, 1.72, and 1.76. These liquids 
can be purchased already standardized, or 
can be prepared by following the direc- 
tions given in most textbooks on optical 
mineralogy. 

The dish containing the unknown gem 
plus liquid is placed on the stage of the 
microscope, and without again touching 
the stone it is possible to determine 
dichroism, single or double refraction, 
approximate refractive index, and nature 
of inclusions, all within one minute or 
less. In the majority of cases the infor- 
mation thus gained is sufficient to posi- 
tively identify the gem. 


USE AS A DICHROSCOPE 

The stone under examination is placed 
in a dish of liquid and rotated by means 
of the revolving stage. Examination is. 
made in plane polarized light supplied by 
the polarizing prism in the substage, the 
analyzer being pushed to one side in 
order to remove it. from the optical sys- 
tem. If the gem is dichroic it will show 
its characteristic color change as the stage 
is rotated. 

If a substance is dichroic it is only 
because it is doubly refractive. Hence, 
if dichroism is noted it is known at 
once that the gem is doubly refractive. 
If dichroism is not seen, however, it may 
be due to one of two reasons: (1) the 
gem is singly refractive, or (2). it is 
doubly refractive but so oriented that an 
optic axis is perpendicular. to the stage of 


the microscope. 

Normally dichroism is shown only by 
gems having a fairly strong body color. 
This is especially true when this effect is 
observed using an ordinary hand dichro- 
scope. The polarizing microscope, how- 
ever, due to the fine quality of its optical 
system, is a very sensitive dichroscope 
and a color change can be observed in 
many gems which cannot be detected with 
an inexpensive hand instrument. 

USE AS A POLARISCOPE 

The polarizing microscope is converted 
by the flick of a finger from a dichro- 
scope to a polariscope by inserting the 
analyzer, or upper polarizing prism, into 
the optical system of the microscope. In 
this position of “crossed nicols” the stone 
is further examined by rotating the 
microscope stage. If, the stone becomes 
alternately light and dark four times in 
a complete revolution of the stage it is 
known to be doubly refractive. Ii it 
remains dark as the stage is rotated it 
is singly refractive, unless the stone hap- 
pens to be in a position such that an 
optic axis of a doubly refractive gem is 
perpendicular to the microscope stage. 
If the first observation indicates single 
refraction the gem should be turned over 
with a pair of tweezers so that it is lying 
on a pavilion facet, and the test repeated. 

The polarizing microscope is a more 
effective. polariscope than an ordinary 
hand polariscope, not only because of its 
finer optical system, but because immer- 
sion of the stone in liquid eliminates con- 
fusing surface reflection. The anomalous 


‘double refraction of synthetic spinel is 


brought out especially well under a po- 


‘Jarizing microscope. 


MEASUREMENT OF INDEX 
OF REFRACTION 
Index of refraction of a cut gem may 
be conveniently measured with a polariz- 
ing microscope using the immersion meth- 
od. In this method the gem is tried suc- 
cessively in a series of liquids having 
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Figure 4, Dr. Gtibelin classi- 
fied mineral inclusions 
according to when they 
formed in relation to the 
host gem crystal. Top: These 
inclusions of actinolite in 
Austrian emerald (left, mag- 
nified 32x) and calcite in 
Burmese ruby (right, 32x) 
are protogenetic (formed 
before the growth of the 
host). Middle: This pyrite 
crystal in Brazilian quartz 
(left, 25x) and the three- 
phase inclusions in 
Colombian emerald (right, 
50x) are syngenetic (formed 
and then “imprisoned” as 
the host crystal was grow- 
ing). Bottom: These rutile 
needles in Burmese ruby 
(left, 50x) and “fingerprints” 
in Burmese sapphire (right, 
20x) are epigenetic (formed 
after the host completed 
growing). Photomicrographs 
by Edward J. Gtibelin, from 
the Photoatlas of Gemstone 
Inclusions (1986); used with 
permission from Opinio 
Verlag, Basel, Switzerland. 


mineral species, colors, morphology, and fluid Inclusions as Diagnostic Tools. How did Dr. 
inclusions. It also makes correlations between the Gtibelin use these microscopic features as diagnos- 
inclusions and their hosts on the basis of their tic tools? His understanding of mineralogy and of 
geologic formation. how and where certain minerals formed in the 
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Figure 5. These amphibole fibers, which Dr. Gtibelin 
believed were tremolite, are characteristic of emeralds 
from Sandawana, Zimbabwe. Photomicrograph by 
Edward J. Giibelin, magnified 20x, from the 
Photoatlas of Gemstone Inclusions (1986); used with 
permission from Opinio Verlag, Basel, Switzerland. 


earth enabled him to surmise a great deal of infor- 
mation simply by looking at an inclusion with 
magnification. With polarized-light microscopy, for 
example, Dr. Gtibelin could observe long, slender, 
fibrous clusters of highly birefringent transparent 
crystals in an emerald and conclude that they were 
amphibole inclusions, such as tremolite or actino- 
lite. He knew that such inclusions, with their 
slightly rounded edges and lack of sharp crystal 
faces, indicated a protogenetic formation. Proto- 
genetic amphibole inclusions in emerald are 
known to occur only in certain metasomatic geo- 
logic environments, such as those at the mines in 
Sandawana, Zimbabwe (see, e.g., Giibelin, 1958). 
Thus armed with a profound knowledge of the rela- 
tionships between gem minerals, their host rocks, 
and their internal features, Dr. Giibelin could look 
through his microscope and ascertain within sec- 
onds that these protogenetic inclusions were 
amphiboles and, on the basis of their morphology, 
that the emerald in question grew in a geologic 
environment similar to that at Sandawana (figure 
5). The shape, size, quantity, distribution, and fis- 
sure patterns of these amphibole inclusions differ- 
entiate Sandawana emeralds from those found at 
other sources, such as Habachtal in Austria or the 
Ural Mountains in Russia, which also contain 
amphibole crystals. It was remarkable that Dr. 
Gtibelin could identify these amphibole inclusions 
without chemical analysis, and determine the 
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emerald’s probable geographic origin using only a 
microscope. 


Characteristics of Gem Species. In some cases, Dr. 
Gubelin stressed, an inclusion type alone will con- 
clusively identify a particular gemstone species or 
variety. For instance, thread-like “trichites” indi- 
cate tourmaline, and “lily pads” are typical of peri- 
dot from most localities. Octahedral negative crys- 
tals filled with white dolomite identify spinel. 
“Heat-wave” or “roiled-effect” growth structures 
are characteristic of hessonite. When such internal 
features are present, no further tests are necessary to 
identify the gemstone host (Gtibelin, 1999). 

His research also revealed that the internal fea- 
tures of many gemstones are globally analogous, or 
even the same. A few examples of gems where the 
inclusions are the same from one locality to the 
next are beryl (other than emerald), kyanite, spo- 
dumene, and zircon. 

Over the course of his long career, Dr. Giibelin 
identified hundreds of mineral species as inclusions 
in the tens of thousands of gems he examined. There 
is scarcely a gem material he did not report on, from 
the most common stones on the market to the 
rarest collector gems, such as ekanite, taaffeite, axi- 
nite, and cassiterite. If a gemstone had inclusions, he 
was intent on learning as much as he could about it. 
Dr. Gtibelin was the first to observe many inclusion 
relationships, such as chromium-pyroxene in dia- 
monds and apatite and calcite in hessonite. Also 
consider quartz, which Dr. Giibelin once said he 
regarded as the most interesting gem mineral. In an 
October 1995 International Gemmological Con- 
ference (IGC) lecture in Thailand, he reported that 
he had discovered 136 different inclusions in quartz, 
40 of them in material from the Swiss Alps. 


Genetic Conditions. In 2000, Dr. Giibelin (with 
Franz-Xaver Erni) wrote, “Just as fossils in rocks 
give paleontologists information about past geolog- 
ical periods in the earth’s history, the inclusions in 
precious jewels bear witness to formation and 
growth conditions as well as to the gemstones’ 
place of origin” (p. 218). Conclusions about the 
geologic conditions under which the original crys- 
tal grew can be drawn by studying the internal par- 
agenesis (mineral association) of a gemstone. Dr. 
Giibelin published his initial observations on this 
in a 1943 Gems & Gemology article titled “Survey 
of the genesis of gem stones” (figure 6). Calcite and 
dolomite inclusions in a ruby are proof of the 
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Figure 6. This illustra- 
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metamorphic cycle that created the marble in 
which the original crystal grew, whereas 
pyrrhotite in ruby betrays its igneous (basaltic) ori- 
gin. Some (igneous) peridot contains small black 
chromite crystals, which are remnants from the 
earth’s mantle, just as they are in some (ultramaf- 
ic) diamonds. 

Dr. Giibelin (1999) pointed out that not only do 
certain inclusions indicate origin in a specific mag- 
matic environment, but they also provide evidence 
of where within the earth their gemstone hosts 
formed. For example, chromium-rich diopside, 
enstatite, and pyrope indicate origin in metamor- 
phic ultramafic rocks of the upper mantle, whereas 
actinolite, diopside, epidote, and ilmenite predomi- 
nate in metamorphic rocks of the lithosphere, 
which extends to the earth’s surface. 

Diamonds contain a multitude of mineral inclu- 
sions (olivine, garnet, pyroxene, spinel, etc.}, as well 
as diamond itself. Because diamonds formed deep in 
the mantle and were carried to the surface by a 
magma, inclusions in diamond do not serve as indi- 
cators of geographic origin and typically are similar 
from one locality to the next. They do, however, 
offer scientists great insights into “deciphering the 
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genesis of diamond and the composition of the 
earth’s mantle at depths of approximately 200 km. 
These depths are far beyond man’s capability to 
reach, and thus the information contained in these 
inclusions is of much scientific interest” (H. O. A. 
Meyer in Gtibelin and Koivula, 1986, p. 271). 


Natural versus Treated. In some gemstones, inclu- 
sions supply evidence of treatment or the absence 
thereof. With rubies and sapphires, for example, the 
unaltered or altered state of the inclusions may indi- 
cate whether or not the stone has been heat treated 
at moderate to high temperatures. In emeralds, the 
microscope reveals visual evidence of the oils and 
other foreign fillers that are commonly used to 
reduce the visibility of fractures. As gemstone treat- 
ments became prevalent in the trade, Dr. Gtibelin 
began reporting on them (see, e.g., his 1964 Gems & 
Gemology article, “Black treated opals”}, and the 
1986 Photoatlas contains an entire chapter devoted 
to inclusions in treated corundum. 


Natural or Synthetic Origin. Inclusions are essential 
to identifying the vast majority of synthetics avail- 
able today. Dr. Giibelin’s first report on a synthetic 
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gem material was “The synthetic emerald” (Giibelin 
and Shipley, 1941), which described the new products 
from German manufacturer IG Farben. This article 
detailed the gemological properties of the Farben syn- 
thetics and compared them to natural emeralds from 
Colombia, Brazil, Russia, and Africa, with several 
exceptional photomicrographs of the synthetic emer- 
alds’ characteristic inclusions. This was the first of 
many articles on the subject, and nearly every book 
Dr. Gtibelin published featured a discussion accom- 
panied by photomicrographs of inclusions showing 
the reader how to identify what he dubbed “usurpers 
from the factory” (Giibelin, 1974a, p. 197). The 1986 
Photoatlas devoted an entire section, comprising 10 
chapters, to synthetics and imitations. 


Locality Characteristics (Country of Origin). His- 
torically, certain gemstones with a legendary prove- 
nance—such as Burmese rubies, Kashmir sapphires, 
and Colombian emeralds—have commanded higher 
prices than comparable stones from other sources 
(figure 7). Dr. Giibelin learned this fact as early as 
the mid-1930s, even before his formal gemological 
training, when the Giibelin firm was dealing with a 
Colombian emerald: 


They sent the emerald to Prof. Michel, and [he] 
decided it was a genuine emerald from 
Colombia. I wondered, ‘Why is it so important 
to know about Colombia?’ My father gave me 
[the] rudimentary information he had, but it 
impressed me very much. And especially after- 
wards when I learned about Burmese rubies and 
the emphasis on Burmese rubies and Kashmir 
sapphires, I wanted to know why. . . . I started 
studying inclusions, and that’s how I noticed 
that [there were] visible differences, so I started 
classifying inclusions. (Giibelin, 2001) 


Dr. Gtibelin systematically studied geographic 
origin during his 1936-37 term under Prof. Michel, 
who had a collection of gemstones that were classi- 
fied according to localities and their typical inclu- 
sions. He learned that certain inclusions form only 
in specific geologic environments. Dr. Gtibelin 
(1999) acknowledged the “almost incalculable” 
number of factors that contribute to the variation of 
inclusions from one gem deposit to another, but are 
frequently consistent at one particular geographic 
locality: 


[Elven gems formed in identical parent rocks e.g. 
dolomitic marbles at Jagdalek (Afghanistan), 
Mogok and Mong Hsu (Myanmar), Chumar and 
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Figure 7. The two sapphires in this photo illustrate the 
commercial importance of determining a gem’s geo- 
graphic origin, which was one of Dr. Giibelin’s spe- 
cialties. Although the natural-color 8.92 ct loose sap- 
phire on the right looks remarkably similar to a “clas- 
sic” Kashmir sapphire—which many dealers argued 
that it was—the fact that it was actually from 
Madagascar resulted in its selling for less than one- 
fifth the price of a comparable gem from Kashmir. The 
price per carat of the 20.97 ct natural-color Burmese 
sapphire in the ring would fall between the prices for 
comparable Kashmir and Madagascar stones. The 
matched pair of heated Burmese rubies weighs a total 
of 4.02 ct. Photo © Erica & Harold Van Pelt and Robert 
E. Kane; courtesy of Fine Gems International. 


Ruyil (Nepal), Hunza Valley (Pakistan), 
Morogoro (Tanzania) and Luc Yen (Vietnam) 
manifest specific local differences, by which the 
gems from these deposits may be ascribed to 
their particular place of origin. While pargasite 
may be an inmate of rubies from Mogok and the 
Hunza Valley, it has not been observed in rubies 
from other similar sources. Hunza rubies also 
usually boast margarite mica and pyrite inclu- 
sions, whereas calcite, scapolite, sphene, spinel, 
and sometimes pyrite as well, characterise 
rubies from Mogok. Rubies from Mong Hsu are 
devoid of this inclusion assembly—they excel 
rather in fluorite, which has not been encoun- 
tered in rubies from any other locality. Rutile— 
usually with acicular habit and oriented along 
three . . . directions (forming so-called “silk’’|—is 
a regular inhabitant of rubies from most of those 
places. ... 

However, it is not merely the presence of a 
specific, single guest mineral which may indi- 
cate a particular mother rock, but more often the 
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internal association of various repeatedly occur- 
ring guest minerals is symptomatic of a specific 
source. .. . The guest mineral assembly such as 
apatite, rutile, zircon, etc., in sapphires from 
metamorphic rocks (e.g., from Sri Lanka) is com- 
pletely different from that in sapphires from 
basaltic beds (volcanic origin: Australia, 
Cambodia, Laos, Thailand, Vietnam) encom- 
passing columbite, plagioclase, uraniumpy- 
rochlor [sic] (uranpyrochlore). On the other hand, 
allanite, pargasite, plagioclase, tourmaline and 
zircon specify sapphires of pegmatitic origin in 
Kashmir. (pp. 20-22) 


Dr. Gtibelin was particularly adept at recogniz- 
ing combinations of features that were characteris- 
tic of a particular locality. A classic example he 
described was ruby from Mogok: “The combination 
of calcite- or dolomite- crystals (with their typical 
lamellar cleavage and poly-synthetic twins) with 
small ‘gratings’ of rutile needles in swirly surround- 
ings, is the privilege of the sought-after Burma 
rubies” (Gtibelin and Koivula, 1986, p. 48). 

He observed that fibrous inclusions in some 
gemstones “emphatically hint to definite places of 
origin,” such as almandine with fibrous sillimanite 
from Okkampitiya, Sri Lanka; andalusite with silli- 
manite fibers from Santa Teresa, Minas Gerais, 
Brazil, and quartz with fibrous, hair-fine sepiolite 
from Finland (Gtibelin, 1999, p. 22). 

Conversely, Dr. Giibelin reported, “the lack of a 
particular mineral inclusion may also exclude a par- 
ticular origin and therefore indicate another source” 
(Gibelin, 1999, p. 22). A well-known example he 
cited, demantoid from Namibia, was found to be 
devoid of the “horsetail” chrysotile inclusions that 
are characteristic of its counterpart from Russia’s 
Ural Mountains and Val Malenco, Italy. 

Starting with the issuance of his first gemologi- 
cal report in the early 1940s, and propelled by his 
continuing research and the trade’s widespread 
acceptance of geographic locality origin in the 
1960s, Dr. Gtibelin in effect began what is now a 
gemological “cottage industry.” Using techniques 
pioneered by Dr. Gtibelin, today many gemological 
laboratories around the world issue reports on a 
gem’s probable country of origin by analyzing a 
combination of properties such as inclusions, trace- 
element chemistry, spectral characteristics, and 
internal growth structures. Because origin determi- 
nation is not an exact science, in situations where 
ambiguity exists or properties overlap, most of these 
labs will not provide a report opinion on the geo- 
graphic origin of that specific gemstone. 
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The Science and Art of Capturing Inclusions on 
Film. Dr. Giibelin’s introduction to photographing 
inclusions through the microscope came during his 
1936-37 gemological studies with Prof. Michel in 
Vienna. Learning to take photomicrographs, he 
recounted, “was a great experience . . . to put down 
on paper documents what I had seen with my eyes” 
(Gtibelin, 2001). In the early 1940s, he began provid- 
ing Gtbelin jewelry store customers with a pho- 
tomicrograph of a gem’s inclusions along with a cer- 
tificate (Peet, 1957). Over the decades, he took tens 
of thousands of photomicrographs, many of which 
he published or presented to captivated audiences 
during his lectures. Dr. Giibelin’s enthusiasm for 
photographing inclusions never waned: He took his 
last photomicrographs on March 5, 2005, just 10 
days before his passing. 

In his 1974 Internal World of Gemstones (p. 28), 
Dr. Giibelin wrote, “For research and documentation 
the employment of microphotography is more or less 
mandatory. Only photomicrographs—if possible, in 
colour—allow comparison of objects, provide material 
for proof of gemstone identity, and at the same time 
preserve in permanent visual form the inner glories of 
the world of inclusions for everyone.” Indeed, Dr. 
Gtibelin’s artistic photomicrography, particularly 
with the widespread use of color in his books and arti- 
cles beginning in the 1960s, gave gemologists an 
entirely new appreciation of the natural beauty of 
inclusions. “I was always fascinated by looking at 
gemstones under the instruments,” he once noted 
(Berenblatt, 1991, p. 30). “What has always motivated 
me to continue my work has been the beauty of gem- 
stones and the beauty of inclusions.” 

Dr. Gtbelin’s photomicrographs were exception- 
al not only for their technical content, but also for 
their visual quality. He had an artistic eye and an 
intense curiosity, which he combined with an abili- 
ty to build and adapt his equipment. 

Dr. Gtibelin began taking photomicrographs in 
the 1930s with a monocular microscope before turn- 
ing to the binocular Gemmoscope he developed in 
1942. He also modified Prof. Schlossmacher’s hori- 
zontal immersion microscope to take many of the 
photomicrographs that appeared in his 1953 book 
Inclusions as a Means of Gemstone Identification 
(see “Development of Practical Gem-Testing 
Instruments” section below). In recent years, his 
microscopes of choice were the Zeiss SV8 (with a 
custom adapter for a Nikon SLR camera; figure 8) and 
a Zeiss petrographic research microscope. With the 
Zeiss research microscope and its built-in camera, he 
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Figure 8. Throughout his career, Dr. Gtibelin continu- 
ously refined his photomicrographic techniques. Here 
he is shown taking a photomicrograph with his Zeiss 
SV8 microscope with custom darkfield illumination. 


could attain 600x magnification and capture highly 
detailed inclusion scenes. His last microscope was a 
Zeiss SV11 with an advanced camera attachment and 
special exposure timing device, which he used for the 
new Photoatlas volumes (2005 and 2006). 

Dr. Gtibelin constantly experimented with the 
best micro-optics available and continued to refine 
his techniques. He worked with different light 
sources from the early lamps through fiber optics in 
his later years. In Internal World of Gemstones, Dr. 
Gtbelin describes how he combined darkfield and 
transmitted light (lightfield) illumination, as well as 
other techniques, to bring out the contrast between 
the host mineral and the inclusion (1974a, pp. 
27-28). More recently, he used oblique fiber-optic 
illumination and shadowing techniques to better 
illuminate the desired inclusion. As he upgraded his 
microscopes and camera equipment, he also adopt- 
ed new and better film. His recent favorite was 
Kodak Tungsten 64. 

For his photomicrographs, Dr. Giibelin took 
detailed notes in shorthand that included the date, 
film type, magnification, exposure time, and descrip- 
tion of the subject inclusion. As part of a larger acqui- 
sition, GIA obtained many of these log books along 
with the entire collection of more than 22,000 slides 
(see the “Gem Collection” section below). These 
slides actually represent less than half the number he 
developed, since he routinely disposed of duplicates 
or those that did not meet his high standards. 
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It is unlikely that there is a gemologist anywhere 
in the world who has not consulted one of Dr. 
Gtibelin’s invaluable photomicrographs. It is com- 
mon practice for many gemologists to compare 
what they observe in their microscopes to photomi- 
crographs in Dr. Gtibelin’s many published works. 
This started with his landmark articles in the 
1940s, and continued with his many books such as 
Inclusions as a Means of Gemstone Identification 
(1953), Internal World of Gemstones (1974a), and 
the original Photoatlas of Gemstone Inclusions 
(1986). His recently published Volume 2 (2005) and 
the forthcoming Volume 3 (in preparation for 2006) 
of the Photoatlas will continue to provide gemolo- 
gists with the most current inclusions in gemstones 
for many years to come. Without a doubt, his bril- 
liant execution of photomicrography helped bring 
the science of gemology to where it is today. 


PROLIFIC AUTHOR 


Since his early years, when he was one of only a few 
gemological researchers, Dr. Giibelin sought to 
inform jewelers and gemologists of new develop- 
ments in synthetics, treatments, and localities, as 
well as inclusions. Although he achieved this 
through his frequent lectures and classes around the 
world (figure 9), Dr. Gtibelin’s greatest impact was in 
his numerous landmark articles and books. He was a 


Figure 9. Dr. Gtibelin began lecturing and teaching 
gemological classes in the early 1940s. In this photo, 
he is giving a lecture in Sweden (Swenska Dagblad 
et, August 20, 1946). Courtesy of the Edward J. 
Gtibelin family. 
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Figure 10. This 1987 photo shows Edward and Idda 
Giibelin and their five daughters. Standing (left to 
right): Birgitta Burkart, Franziska Greising, Mrs. 
Giibelin, Dr. Gtibelin, Marie-Helen Boehm. Seated: 
Isabelle Morelli and Daniela Strub. Courtesy of the 
Edward J. Gtibelin family. 


gifted writer, with the ability not only to present his 
ideas in an informative manner, but also to poetical- 
ly stimulate the reader’s interest in the science and 
beauty of gemstones. This excerpt from Internal 
World of Gemstones (1974a, p. 137) offers a glimpse: 


The saturated green crystal-clear calm mountain 
lake is the image of the most beautiful emeralds. 
Such a peaceful mountain lake magnetizes our 
gaze into its depths. As we sink into it we attain a 
world where, in the shimmer of a distant greenish 
light, fronds of weed cast shadows, rigid growths 
stretch their limbs like chandeliers, vistas open 
up in bizarre forests of plants motionless in the 
eternal tranquility of the deep... . This, too, is the 
scene in the depths of the loveliest emeralds, in 
whose clear interior we find again vegetation of 
the deeps and the green foliage; floating between 
them, we dream our way into it, marvelling, as 
we admire them under the microscope. 


Dr. Giibelin was a dominant force in 20th century 


gemological literature, with many books and more 
than 250 articles. His output is all the more astonish- 
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ing when one considers that he accomplished this as 
co-director of the Gtibelin group of companies, head 
of its gemological laboratory, a devoted family man 
with a wife and five daughters (figure 10), and an 
international traveler. To assist in his prolific output 
of gemological research, Dr. Giibelin always main- 
tained two sets of fully equipped gemological labora- 
tories—one at the company, and another at his 
home—so that he could work in the evenings and on 
the weekends (figure 11). Even after his retirement in 
1976, Dr. Gtibelin dedicated more hours to his gemo- 
logical pursuits than many do during their most pro- 
ductive working years. 


Books. During his career, Dr. Gtibelin wrote 13 major 
books (see Box A for an annotated bibliography). 
Many of these were subsequently revised or pub- 
lished in various languages, for a total of at least 34 
volumes. In addition, he wrote more than a dozen 
promotional gem and jewelry booklets for the 
Gtbelin company. Each new book marked a unique 
contribution to the gemological literature. 

“My favorite book is the Internal World of 
Gemstones, because it is the most beautiful. I prefer 
it, to a certain extent, to the Photoatlas because it is 


Figure 11. Dr. Gtibelin’s tremendous research output 
was aided by his having access to two fully equipped 
gemological laboratories—one at the company and 
another at his home. This photo shows his private lab- 
oratory as it appeared between 1942 and 1947. 
Courtesy of the Edward J. Gtibelin family. 
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Box A: BOOKS BY EDWARD J. GUBELIN 


Between 1940 and 1957, Dr. Giibelin wrote more than 
a dozen promotional booklets for the Giibelin jewelry 
stores, covering a wide range of gem-related topics. 
These handsome booklets were written for the gem 
and jewelry buying public, both to educate and to gen- 
erate excitement about precious gems. Most were in 
German, and the topics included diamonds, color grad- 
ing of diamonds, precious stones, rubies and sapphires, 
emeralds, pearls, gems and jewelry, inclusions, and 
birthstones. 


Edelsteine [Gemstones] (1952): 
This small but comprehensive 
book was intended for the layper- 
son, with 18 beautiful watercolors 
of rough and faceted gemstones. 
First published in German in 1952, 
it was translated into French 
(Pierres Précieuses), with 1953 and 
1955 editions. An English version 
(Precious Stones) was published in 
1963, followed by a second edition and a third in 1973. 


Inclusions as a Means of 
Gemstone Identification (1953): 
This is the first book in gemolo- 
gy to provide a comprehensive 
classification of gemstone inclu- 
sions and explain their useful- 
ness in identification. Detailed 
text and 256 black-and-white 
photomicrographs describe the 
internal features in diamond as 
well as ruby, sapphire, emerald, 
and other major colored stones. This book is a compila- 
tion of Dr. Gtibelin’s popular series of Gems &@ 
Gemology articles on inclusions in gemstones, which 
were published between 1940 and 1946. 
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Schmuck- und Edelsteinkund- 
liches Taschenbuch {Jewelry and 
Gemology Pocketbook] (with Karl 
F. Chudoba, 1953): In the intro- 
duction, the authors suggest that 
this is the first German-language 
pocket reference on precious 
stones. It contains brief character- 
izations of the major gems, plus 
information on inclusions, syn- 
thetics and imitations, and instruments. 


Echt oder Synthetisch [Natural or 
Synthetic] (with Karl F. Chudoba, 
1956): This succinct volume on the 
differences between natural and 
synthetic gems provides a brief his- 
tory of the development of syn- 
thetics and describes how they can 
be identified by growth marks, 
inclusions, and other features. It 
contains exceptional black-and-white photomicrographs 
of inclusions in synthetic and natural gemstones. 


synthehach? 


Edelsteinkundliches Handbuch 
|[Gemology Handbook] (with Karl 
F. Chudoba, 1966): This retitled 
and significantly revised second 
edition of the 1953 Schmuck- und 
Edelsteinkundliches Taschen- 
buch had considerable text and 
photographs added. A third edi- 
tion, with an expanded dictionary 


and important new material on synthetics, followed 
in 1974. 


Burma, Land der Pagoden 
[Burma, Land of Pagodas] (1967): 
Researched in various parts of 
Burma in 1963, this volume is 
illustrated with extraordinary 
photos by Dr. Giibelin’s eldest 
daughter, Marie-Helen Gtbelin 
Boehm. This German-language 
text is a general-interest book on 
Burma with a section on Mogok 
and ruby mining. It was an important commentary on 
this country, published just as a military regime took 
power and foreign entry became severely limited for 
the next several decades. A French version was later 
issued. 
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Die Edelsteine der Insel Ceylon 
[The Gemstones from the Island 
of Ceylon] (1968): Based on Dr. 
Gubelin’s numerous travels to 
Sri Lanka (formerly Ceylon), it 
provides information on the 
geology, mining, and production 
of the island’s gem wealth. It 
also contains many of Dr. 
Gibelin’s exceptional locality 
photos and inclusion photomicrographs. Aside from 
descriptions of individual gemstones, sources, and 
inclusions throughout various chapters, the gemologi- 
cal properties and data are summarized in a tabular for- 
mat in the last part of the book. 


Edelsteine [Gemstones] (1969): 
>. + ach This all-new work with the 
Gemstones same German title as his 1952 
= book was also written in a 
nontechnical style that empha- 
sizes the beauty of gems. In 
addition to profiles of the 
major gemstones, it touches on 
subjects such as rarity, cause of 
color, lapidary arts, phenome- 
nal gems, and ornamental 
stones. It is accompanied by 
superb color photographs, many of which were taken 
by Dr. Giibelin. The German version sold 50,000 
copies; it was also published in Italian as Pietre 
Preziose, in French as Pierres Précieuses, and rereleased 
in German as Schmuck- und Edelsteine aus aller Welt 
in 1977. The English edition was published in 1975 as 
The Color Treasury of Gemstones. 


Innenwelt der Edelsteine: Urkunde aus Raum und 
Zeit [Internal World of Gemstones: Documents from 
Space and Time] (1973, followed by the English 
translation in 1974): This successor to Dr. Gtibelin’s 
1953 book on inclusions contains 350 color pho- 
tomicrographs and additional text on the genesis of 
these internal features. Sinkankas (1993) wrote of 
this work, “The photographs 
of superb quality and sharp- 
ness of detail are expected to 
provide ready reference as 
the student examines inclu- 
sions in the microscope.” 
This book was ideally suited 
for the gem expert as well. 
Second and third English 
editions appeared in 1979 
and 1983. 
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Photoatlas of Inclusions in 
Gemstones (with John I. 
Koivula, 1986): The Photoatlas 
is considered one of the most 
important gemological texts of 
the 20th century, and is the 
“crown” of Dr. Gibelin’s 50 
years of intensive research on 
gemstone inclusions. It contains 
some 1,400 color photomicrographs of inclusions in 
diamond, ruby, sapphire, emerald, quartz, and many 
other gems, as well as in the synthetic and treated 
gems introduced up to that time. First published in 
both German and English in 1986, a second revised 
English edition came out in 1992, followed by a third 
revised edition in 1997, and a fourth edition in 2004. A 
Chinese version was released in 1991. 


E 


HOTOATLAS 


Gemstones: Symbols of Beauty 
and Power (with Franz-Xaver 
Erni, 2000): This book, which 
followed a 1999 German edi- 
tion, and preceded a 2001 Polish 
edition, is intended for a broad 
audience. It is lavishly illustrat- 
ed with several hundred color 4 
photos, many by celebrated er. © 
gem and mineral photographers 143 1A 
Harold and Erica Van Pelt, with exceptional gem 
mining photos by Dr. Gibelin. 


Photoatlas of Inclusions in 
Gemstones, Volumes 2 [2005] 
and 3 [scheduled for late 2006] 
(with John I. Koivula): These 
two new volumes add to the 
already comprehensive work 
contained in the Photoatlas of 
Gemstone Inclusions (1986). 
They cover the many new local- 
ities for natural gems, the latest synthetics, and all the 
treatments that the authors encountered in the 20 
years since the publication of the first Photoatlas. 
Thousands of original photomicrographs have been 
included, along with an expanded inclusion classifica- 
tion system and a chapter 
focusing on geologic correla- 
tions in origin determinations. 
A first draft for this work as a 
single volume was prepared 
shortly before Dr. Giibelin’s 
passing. Due to its length, how- 
ever, the manuscript was divid- 
ed into two separate volumes. 


PHOTOATLAS 
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Figure 12. The 1988 “World Map of Gem Deposits,” with more than 750 localities and color-coded designations for 
the type of gem as well as its geologic environment, remains the most comprehensive map of its kind. On the back 
are 40 photos of gem localities with descriptions of the mines and mining operations, as well as 24 photos of gems 
from Dr. Gtibelin’s collection. Inset: One of the locality photos, taken by Dr. Gtibelin, which shows the alluvial 


mining of gems in Southeast Asia. 


more of a pictorial, while the Photoatlas is more of 
a study book,” he recalled (Berenblatt, 1991, p. 30). 
“But Iam most proud of the Photoatlas, which I co- 
authored with John Koivula. I would call it the 
crown of my work of investigation of inclusions in 
gemstones.” 

Dr. Gibelin also contributed entire chapters to 
other authors’ books. A few examples include: The 
Great Book of Jewels (Heiniger and Heiniger, 1974), 
Diamonds: Myth, Magic, and Reality (Legrand, 
1980); Edelsteine und ihre Mineralieneinschliisse 
(Weibel, 1985); and Emeralds of Pakistan (Kazmi 
and Snee, 1989). 


World Map of Gem Deposits. In 1988, Dr. Gtibelin 
published a remarkable reference guide, the “World 
Map of Gem Deposits” (figure 12). The map, which 
took two years to produce, was designed to com- 
memorate the 50th anniversary of the Swiss 
Gemmological Society in 1992. It shows more than 
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750 deposits worldwide, with color-coded designa- 
tions for the type of gem as well as its geologic envi- 
ronment. The text was presented in English, French, 
German, Italian, Spanish, and Portuguese. The 
reverse side of the map contains 65 photos of gems 
and gem localities, with descriptions of the mines, 
mining operations, and the gems themselves. 

This world map was one of Dr. Giibelin’s proud- 
est achievements. “It’s the work that gave me the 
greatest pleasure to accomplish,” he recalled 
(Berenblatt, 1991, p. 30). “It was just like traveling 
around the world, though I never left my desk in 
my living room. Traveling and visiting these 
deposits always gave me great pleasure.” 

It remains the most complete gem deposit map 
ever produced, and can be seen in jewelry stores and 
gemological laboratories around the world. 


Articles. During his career, Dr. Giibelin published 
more than 250 scholarly articles (visit www.gia.edu/ 
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known refractive index until a liquid is 
found which matches the gem. While this 
process may sound cumbersome, for 
routine identification work it may be done 
very quickly, as explained below. 

The set of standard liquids mentioned 
earlier is used. One of these liquids is 
poured into the glass dish so as to cover 
the stone. If the refractive indices of 
the liquid and gem are the same, or nearly 
the same, the stone “disappears” in the 
liquid, and the facet edges, when viewed 
through the microscope, are practically 
invisible. An additional test is made by 
partially shading the stone with a card 
inserted between the polarizer and mirror. 
If the index of refraction of the stone 
is the same or very near to the liquid 
one edge of the stone will become blue 
and the other red. If the liquid has a 
higher index than the gem, the side of 
the stone away from the card will become 
dark and the side toward the card light. 
The opposite effect is observed if the 
liquid has a lower index than the gem. 
This test is known as the inclined or 
oblique illumination test. 

If the liquid selected the first time was 
not the correct one, it is possible by 
means of the inclined illumination test to 
immediately tell whether the liquid is too 
high or too low. A second liquid is then 
selected and the test repeated. It is pos- 
sible, with experience, to select the proper 
liquid on the second attempt unless the 
stone is something unusual. When chang- 
ing from one liquid to another, both dish 
and gem must be carefully cleaned in 
order to avoid contamination of one liquid 
with another. This can be easily done 
by washing with a little acetone and 
wiping dry. 

USE AS A MAGNIFIER 

Examination of characteristic inclu- 
sions in the gem may be carried out simul- 
taneously with the tests previously de- 
scribed. The inclusions are..clearly. seen 
since immersion of the stone in liquid 
eliminates troublesome surface reflection. 


78 


The wide range of magnification avail- 
able (16 to 460) is advantageous when 
dealing with fine quality synthetics. 
Curved stria in synthetic corundum show 
up well in a stone immersed in liquid, 
especially if the amount of light being 
transmitted, through the gem is reduced 
by closing down the size of the iris dia- 
phragm in the substage of the microscope. 
Other types of inclusions, such as bubbles 
in synthetics or glass, and crystal ihclu- 
sions in genuine stones, are brought out 
very clearly. 

Objectives of high power have very 
short working distances. Therefore, only 
inclusions near the surface of. a gem 
may be studied under high magnification, 
the remainder. of the gem being out of 
focus. With objectives giving magnifi- 
cations of 30x, 60x, 100x, and 230x, 
however, it is possible to examine the 
entire stone if it is not unusually large. 
Care must be exercised not to mistake 
air bubbles trapped against the. surface 
of the stone for inclusions within the 
gem. This is true, also, for bubbles that 
are commonly present in the bottom of 
the glass dish holding the stone. These 
sources of error are quickly eliminated 
with experience. 

INTERFERENCE FIGURES 

A polarizing microscope may be used 
to observe interference figures by insert- 
ing the Amici-Bertrand lens into the opti- 
cal system. In general this test is not 
easy to make since interference figures 
can only be obtained when a gem has a 
special orientation, which it is very un- 
likely to have when lying table down. It 
is possible to turn the gem about in the 
liquid so that it lies on various facets 
and obtain an interference figure. This 
requires considerable time and patience, 
but fortunately is seldom necessary. 

CONCLUSION 

The method of gem identification out- 
lined in the foregoing pages has certain 
advantages and disadvantages. The ad- 

(Continued to next page) 


GEMS & GEMOLOGY 


gemsandgemology and click on “GWG Data 
Depository” for a complete list). He was a frequent 
contributor to a host of gemological journals from 
Australia, Austria, France, Germany, Great Britain, 
India, Switzerland, and the U.S. 

Dr. Giibelin’s longest affiliation, however, was 
with Gems & Gemology. From 1940 to 2003, he 
contributed 54 articles to the journal. Dr. Giibelin’s 
first report, “Differences between Burma and 
Siam rubies,” featured inclusion photomicro- 
graphs and engaging, descriptive text. This began 
a popular six-year series in Gems &) Gemology on 
inclusions in gemstones, which in 1953 was com- 
piled into the book Inclusions as a Means of 
Gemstone Identification. His last contribution to 
Gems & Gemology, which he co-authored with 
six other researchers, was “Poudretteite: A rare 
gem species from the Mogok Valley” (Smith et al., 
2003). The article was published in the Spring 
2003 edition, a special issue celebrating Dr. 
Gtibelin’s 90th birthday. 


The Dr. Edward J. Giibelin Most Valuable Article 
Award. Dr. Giibelin also exerted a lasting influence 
on the gemological literature with his support of 
Gems & Gemology’s annual Most Valuable Article 
Award. The award was established in 1982. to recog- 
nize outstanding contributions, as voted by the jour- 
nal’s readers. (Dr. Giibelin himself received an 
award for his 1982 article “The gemstones of 
Pakistan: Emerald, ruby, and spinel.”) In 1996, GIA 
officials approached the eminent gemologist about 
renaming the award in his honor. Dr. Giibelin 
accepted, and 1997 marked the first Dr. Edward J. 
Gtibelin Most Valuable Article Award. 

Dr. Giibelin’s generosity went beyond just lend- 
ing his name and prestige to the award. Each year, 
he insisted on writing a check that would cover the 
prize money. In 2003, he established a fund that 
would be used in perpetuity to provide a financial 
award for the winning authors and thus promote 
continuing excellence in gemological writing. 


INTERNATIONAL EDUCATOR AND MENTOR 


Dr. Gtibelin’s charm, elegance and intellect com- 
bined with an artist’s eye, a poet’s heart and a 
philosopher's approach to life has instilled in him a 
unique talent to convey complex topics in a manner 
which is readily understood and the ability to inject 
others with his infectious adoration of gemstones. 


Gubelin Gem Lab, 2005 
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Over the years, Dr. Gtibelin delivered hundreds of 
lectures on various aspects of gemstones for both 
scientific and popular audiences (figure 13). Some 
were at regularly occurring events, such as the 
annual meetings of the Swiss Gemmological 
Society and the biennial International Gem- 
mological Conference. Other speaking venues 
included the American Gem Society Conclaves in 
North America, the CISGEM Gemmologia Europa 
in Milan, the Gemmological Association of Great 
Britain meetings, the 1981 International Gemolo- 
gical Symposium in Los Angeles (figure 14), and 
assemblies of gemological associations and trade 
shows worldwide. His “superabundance of enthusi- 
asm” (Ruff, 1948, p. 125) was infectious for the 
many thousands who attended his lectures and 
courses over the decades. 

Dr. Giibelin took pains to combine scientific rea- 
soning with ethics to protect consumer confidence 
and promote the economic vitality of the gem and 
jewelry trade. He invariably stressed that “the con- 
sequence of applied gemology should culminate 


Figure 13. In this photo from a 1967 Swiss Gemmolo- 
gical Society meeting, Dr. Gtibelin uses a pair of 
models to demonstrate crystal structure. His dia- 
grams on the blackboard illustrate refractive indices 
of various gem materials. Photo by Jtirg H. Meyer. 
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Figure 14. In addition to speaking on inclusions at the 
1981 International Gemological Symposium hosted 
by GIA in Los Angeles, Dr. Giibelin also participated 
in this panel with other prominent gemologists. From 
tight to left: Richard T. Liddicoat, Edward J]. Gtibelin, 
Edward Tiffany, Bert Krashes, and G. Robert 
Crowningshield. Photo © GIA. 


in ethical behavior for the benefit of the clientele” 
(Hays, 1989, p. 20). 

As far as gemology was concerned, Dr. Giibelin 
had no competitors, only colleagues. His work with 
the Swiss Gemmological Society illustrates his ded- 
ication to training other gemologists. Each summer 
he would devote one or (in later years) two weeks to 
teaching gemology at the national meeting. Then 
he would travel to each of the regional chapters and 
lecture on a specific gem or other gem-related topic. 
He could conduct the courses equally well in 
English, French, German, or Italian. 

His friend and colleague from the Swiss 
Gemmological Society, Daniel Gallopin, recently 
marveled that Dr. Giibelin could give an hour-long 
lecture (in perfect French) illustrated with 100 
inclusion slides and accurately identify all the 
obscure mineral inclusions without any notes or 
script. “Dr. Giibelin exemplified the ‘Universal 
Spirit,’” said Mr. Gallopin (pers. comm., 2005). “It 
was not enough that he knew and could state the 
scientific details accurately, but he could also say it 
and write it in the proper manner.” 

Even as he limited his appearances in later 
years, Dr. Giibelin still maintained an avid corre- 
spondence with fellow gemologists around the 
world. Colleagues, including many of the authors 
of this article, have retained those letters, which 
are unique in their professional wisdom, kindness, 
and encouragement. Just as the legendary Profs. 
Michel and Schlossmacher helped guide his own 
professional development as a gemological re- 
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searcher, Dr. Gtibelin served as an inspiration and 
mentor to countless gemologists for more than six 
decades. 


INTREPID EXPLORER 


His academic pursuits made Edward J. Gtibelin a 
scholar, but his travels to hundreds of gem localities 
and trading centers across the globe for nearly 50 
years gave him rare practical experience (figure 15). 
Dr. Giibelin relished these extensive, often rugged 
expeditions to remote locales. Indeed, he was as 
comfortable at a gem mine in mud-splashed khakis 
as he was in a freshly pressed tuxedo at a sympho- 
ny. He and his wife, Idda, also journeyed the world 
as tourists interested in art and culture, to places 
such as Afghanistan, Egypt, Greece, and South 
Africa. Sometimes they were accompanied by one 
of their five daughters, all of whom became world 
travelers themselves. 

Dr. Gtibelin was often one of the first gemolo- 
gists to write a detailed study about a major gem 
locality. Many were classic sources, such as 
Mogok and the jadeite mines of Upper Burma (see, 
e.g., Gtibelin, 1964-1965, 1965, 1966c, 1978); the 
ancient turquoise mines of Iran (see, e.g., Giibelin, 
1966a,b); the gem-rich island of Ceylon (Gibelin, 
1968); and Zabargad, the ancient peridot island in 
the Red Sea (Giibelin, 1981). Among the newer 
localities he documented were the emerald and 
alexandrite deposits at Lake Manyara in Tanzania 
(Gitbelin, 1974b, 1976), and later the Merelani 
tanzanite mines in that same country (Giibelin 
and Weibel, 1976); the tsavorite mines in Kenya 
(Giibelin, 1975; Giibelin and Weibel, 1975), the 
emerald, ruby, spinel, and topaz areas of Pakistan 
(Gibelin, 1982; Giibelin et al., 1986), and the sap- 
phires of Andranondambo, Madagascar (Gibelin, 
1996; Gtibelin and Peretti, 1997). 

For nearly 50 years, he repeatedly visited the 
most important gem sources on five continents, 
examining the inclusions in gemstones and field- 
collecting or purchasing material for subsequent 
investigations back in his Lucerne laboratory. The 
knowledge he acquired from his many journeys to 
gem deposits in Asia, Africa, North and South 
America, and Australia appeared in his books, arti- 
cles, lectures, and films. 

Not only did Edward Gtibelin have a passion 
for the photomicrography of gemstone inclusions, 
but he also mastered landscape, still life, and 
action photography, as well as motion picture 
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filming (see the “Filmmaker” section below). 
During these trips, he excelled at capturing on film 
the occurrence, mining, and recovery of gems at 
their source (figure 16). What comes through most 
vividly in Dr. Gtibelin’s travel photography, how- 
ever, is his fondness for people and their unique 
cultures. 

As a gem collector and, for more than 30 years, 
the co-owner and president of the Gtibelin group of 
jewelry stores, Dr. Giibelin was also a major buyer 
of fine gemstones for nearly five decades—a unique 
situation for a research gemologist. One notable 
incident occurred during a single 24-hour visit to 
Rangoon, Burma, in 1964. Dr. Giibelin later 
recounted, “They showed me their goods... 
Burmese rubies and sapphires and spinels, and 
whatever the heart could ask for, and I just pur- 
chased like that. . . . I purchased for $2 million that 
day between 11:00 a.m. and 6:00 p.m.” (Gtbelin, 
2001). 
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Figure 15. Over the course of more than 50 
years, Dr. Gtibelin’s travels took him to 
hundreds of gem localities and trading cen- 
ters across the globe. Upper left: Purchasing 
rubies in Mogok, Burma, 1963 (photo by 
Marie-Helen Gtbelin Boehm). Upper right: 
Buying gems in Bangkok with C. Supanya, 
1970 (photo by Daniela Gubelin Strub). 
Lower left: Sailing in 1980 to the oldest 
known source of peridot, the Red Sea island 
of Zabargad (photo by Peter Bancroft). 


Figure 16, After washing of the illam (gem-bearing grav- 


els), miners in Sri Lanka examine them for gem rough. 
Today, these time-honored recovery methods are still 
used by many gem miners in Sri Lanka and elsewhere. 


Photo by Edward J. Gtibelin, from the early 1960s. 
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DEVELOPMENT OF PRACTICAL 
GEM-TESTING INSTRUMENTS 


Edward J. Gtibelin’s accomplishments in instru- 
ment development, though typically overshadowed 
by his famed inclusion research and literary works, 
stand alone as monuments to his innovative genius. 
Much of Dr. Gtibelin’s early research was performed 
using instruments he invented or improved on dur- 
ing the 1940s and ‘50s. Gem-testing equipment was 
not readily available in those days, and Dr. Gtibelin 
often recognized a need and filled it by developing a 
particular instrument. This impulse, he later 
recounted, grew out of his student days at GIA: 


I never had [seen] any of these instruments. I’d 
never seen a Diamondscope or other instru- 
ments [GIA] had developed. And that was a great 
experience for me. So these were my first activi- 
ties when I returned to Switzerland, to improve 
instruments. (Gtibelin, 2001) 


Back in Lucerne, Dr. Giibelin was “full of enthu- 
siasm,” and soon gemological instruments began to 
emerge from his workshop. Many of the following 
instrument descriptions were from a January 20, 
1983, letter to one of the authors (REK) from Dr. 
Gtibelin, while others mentioned in the last para- 
graph of this section were cited in a curriculum 
vitae written by Dr. Gtibelin in the early 1980s, 
copies of both documents are archived at GIA’s 
Richard T. Liddicoat Library and Information 
Center. 


The Horizontal Immersion Microscope. One of the 
existing instruments Dr. Giibelin modified and 
improved was the horizontal immersion micro- 
scope (figure 17A), which he later used to take 
many of the more than 250 photomicrographs that 
appeared in his 1953 classic Inclusions as a Means 
of Gemstone Identification. The main body of this 
instrument had been invented by his friend and col- 
league, Prof. Karl Schlossmacher. “With the help of 
a few changes and additional accessories,” Dr. 
Gtibelin later wrote in his 1983 letter to REK, “it 
became a very efficient photomicroscope.” 


The Koloriskop. The first instrument Dr. Giibelin 
designed and had built was the Koloriskop, a self- 
contained device that provided a controlled light 
source for color grading diamonds (figure 17B). His 
design was directly inspired by GIA’s Diamolite (an 
early version of the modern DiamondLite). Dr. 
Gtbelin had first used the Diamolite as a student at 
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the Institute, and Robert Shipley granted him per- 
mission to develop a similar instrument. The GIA 
unit used an incandescent bulb (producing “yellow- 
ish” light) that was covered by a blue filter to simu- 
late natural daylight. To improve the accuracy of 
diamond color grading, Dr. Giibelin utilized a day- 
light-equivalent fluorescent tube and created a 
trough with slots in which ring-mounted diamonds 
could be inserted in the proper position for color 
grading. Like most of the instruments he designed, 
the Koloriskop incorporated elements of practicality 
and ease of use. 


The Detectoscope. Dr. Gtibelin also made improve- 
ments to the Detectoscope (figure 17C), an instru- 
ment first created by Prof. Michel and Gustav Ried] 
in the mid-1920s (Eppler and Eppler, 1934) to exam- 
ine the absorption of light in a gemstone when 
placed over filters of different colors or a lumines- 
cence filter. A magnifying lens and a dichroscope 
could also be inserted into a special holder in the 
original Detectoscope (Michel, 1929). Dr. Giibelin 
added a Chelsea color filter, a daylight filter, and to 
further improve the instrument’s use in combina- 
tion with a dichroscope, a “milk glass” diffuser 
(Pough, 1949). 


The Gemmoscope. This darkfield illuminator— 
equipped binocular microscope (figure 17D) was 
devised by Dr. Giibelin in 1942. He drew upon 
newly developed Zeiss optics and improved the 
darkfield illumination from a GIA Diamondscope. 
Not only was this microscope useful for the obser- 
vation and photography of inclusions, but it was 
also compatible with Prof. Michel’s pearl-testing 
device, enabling the visual examination of half- or 
fully drilled pearls to determine whether they were 
natural or cultured. The Gemmoscope even fea- 
tured an ergonomically designed base for resting the 
hands and forearms during use. It is interesting to 
note that the logo at the top of Dr. Gtibelin’s per- 
sonal stationery was a stylized depiction of the 
microscope objectives on the Gemmoscope posi- 
tioned over a round brilliant—cut gemstone. 


The Cut-Measuring Device. That same year, Dr. 
Gtibelin created the Schliffmessgerat fiir Edelsteine 
(gemstone cut measuring) diamond gauge (figure 
17E). This innovative handheld device was 
designed to measure the facet angles and propor- 
tions of faceted diamonds. A mere 6.5 cm (2% in.) 
in diameter, with a thickness of only 5 mm (%/c in.), 
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Figure 17. Dr. Gtibelin developed a number of diagnostic gem-testing instruments during the 1940s and ‘50s, including: 
(A) the horizontal immersion photomicroscope, (B) the Koloriskop, (C) the Detectoscope, (D) the Gemmoscope, (E) the 
cut measuring device, (F) the Jewelers’ Spectroscope, and (G) an innovative device that allowed the user to magnify and 
then photograph a gem’s spectrum. With the exception of photo E, which was taken by Harold & Erica Van Pelt, all the 
other photos were commissioned or taken by Dr. Giibelin shortly after the development of the instrument. 
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it could be used to measure crown angles and pavil- 
ion angles, as well as the girdle thickness, table 
diameter, crown height, pavilion height, and total 
height of a cut gem. The back of the gauge listed 
two separate sets of proportions—both the 
Tolkowsky and Eppler cut calculations—for handy 
reference. Along with his Swiss Army knife, Dr. 
Gtbelin carried this instrument with him almost 
everywhere he went. 


The Gemmolux. In 1945, Dr. Giibelin designed the 
Gemmolux (Gtbelin, 1945), a small, portable light 
source for examining gemstones. This instrument 
had built-in darkfield illumination and could be 
fitted with a removable loupe or dichroscope. The 
Gemmolux was especially handy when the user 
was buying gems away from the office. 


The Jewelers’ Spectroscope. One of Dr. Gtibelin’s 
influential mentors and teachers was B. W. 
Anderson, the “father of gem spectroscopy,” 
whom the young Edward Giibelin met on his 
return from the U.S. in 1939. Anderson inspired in 
Dr. Giibelin a great appreciation for the diagnostic 
value of spectra in gem identification. In 1950, Dr. 
Gtibelin invented the world’s first desk-model 
spectroscope unit (figure 17F) designed solely for 
use with rough and cut gemstones (Bruton, 1951, 
EJ. Giibelin, pers. comm., 1983). Prior to the intro- 
duction of this instrument, gemologists had to rely 
on handheld spectroscopes that were designed for 
use in other fields. 

Dr. Gtibelin’s spectroscope unit featured a clip 
to hold the stone and a light built into the base of 
the instrument, which enabled the gemologist to 
position the gem and adjust the light intensity 
(with a rheostat knob on the side of the instru- 
ment) so as to bring out the clearest spectrum pos- 
sible. The spectroscope tube could be raised to per- 
mit observation by reflected light. The design also 
allowed delicate opening and closing of the slit. In 
addition, the unit sat on a work surface and was 
inclined at such an angle that the gemologist could 
sit comfortably for long periods of time while 
examining spectra and still have both hands free to 
take notes or draw the spectrum being observed. 
Dr. Gtibelin even added a forward-thinking 
ergonomic touch: special eyepiece lenses that 
could be used to lengthen the blue end of the spec- 
trum and accommodate an observer who wore 
eyeglasses. 

Dr. Giibelin debuted his Jewelers’ Spectroscope 
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unit during the 1951 Gemmological Exhibition 
in London. On the second day of the exhibition, 
Dr. Gtibelin and Dr. G. F. Herbert Smith of the 
Gemmological Association of Great Britain person- 
ally gave Queen Mary a special tour through the 
event (Bruton, 1951). 


Photographing Absorption Spectra. In addition to 
the Jewelers’ Spectroscope, Dr. Giibelin designed 
another innovative device that allowed him to 
magnify and then photograph a gem’s spectrum 
(figure 17G). Dr. Giibelin was keen on being able to 
photograph spectra, and since such instruments 
were not available, he developed his own. 


Zeiss Spectrometer Optical Bench. Working with 
the German optical company Zeiss, Dr. Gtibelin 
developed an ingenious optical bench spectrome- 
ter setup, whereby two spectra could be observed 
simultaneously, one above the other. This was 
accomplished by using a comparison prism. This 
instrument was particularly useful for checking 
the spectrum of an unknown gem against those of 
standard reference stones (Pough, 1949). Not only 
could the spectra be observed through an eyepiece 
lens apparatus, but at the same time a 35 mm 
camera mounted perpendicular to the eyepiece 
could take photographs of the spectra. 


Other Instruments. Dr. Gibelin also developed a 
custom-made polariscope, suspension equipment 
for specific gravity determination using heavy liq- 
uids, an electrical conductivity meter to differenti- 
ate treated blue diamonds from natural-color type 
IIb blue diamonds, a fluoroscope for measuring flu- 
orescence emission lines, and an apparatus for 
examining the absorption spectra of gemstones 
while they were exposed to long-wave ultraviolet 
radiation. In addition, he was particularly adept at 
getting the most out of commercially available 
instruments. One example was his own Erb & 
Gray refractometer, which he mounted on a spe- 
cially designed stand that had a compact sodium 
light source, providing sharper refractive index 
readings (Pough, 1949). 

Some of Dr. Gtibelin’s state-of-the-art instru- 
ments, including the Koloriskop and Jewelers’ 
Spectroscope, became important tools for gemolo- 
gists around the world. Yet the place where these 
devices made their greatest contribution was in 
Lucerne, both at his personal home laboratory and 
at the Gtibelin Gem Lab. 
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ROLE IN DEVELOPING 
THE GUBELIN GEM LAB 


In 1923, not long after young Edward J. Gtibelin 
expressed his desire to become a jeweler, his father 
established a small but well-equipped gem-testing 
laboratory. This facility was staffed by Charles 
Salquin, whom the senior Giibelin also had sent to 
study with Prof. Michel. Having opened two years 
before the London Laboratory, it is credited with 
being one of the world’s first privately owned gemo- 
logical laboratories (Gtibelin, 2001). The lab was 
added on to the firm’s Lucerne headquarters (figure 
18) to ensure consumer confidence in the authentic- 
ity of gems purchased from the Gtibelin jewelry 
stores, at a time when the undisclosed sale of cul- 
tured pearls and synthetic rubies posed a major 
threat to the international jewelry industry. 

In late 1939, after completing his studies at GIA, 
Dr. Giibelin assumed leadership of the laboratory. 
He immediately began acquiring more gem-testing 
instruments, and for many years it was considered 
the best-equipped gemological laboratory in the 
world (figure 19): 


The main laboratory . . . is probably without 
peer. Certainly, the GIA laboratories and the fine 
London Laboratory do not have the full variety 
of equipment that the Gtibelin Laboratory 
boasts. Here Dr. Giibelin maintains X-ray 
diffraction and radiographic equipment; a quartz 
spectrograph; a variety of spectroscopes and 
spectroscope light sources, including a versatile 
light and spectroscope mount of his own design; 
a variety of ultraviolet light sources; separate 
balances for weighing and S.G. determinations; 
petrographic and binocular microscopes of 
recent vintage (and the only darkfield-illumina- 
tor-equipped binocular microscopes we saw in 
European laboratories); and many other instru- 
ments. Each of the three refractometers, includ- 
ing one of [only] three Rayner has made with a 
diamond hemisphere, is equipped with its indi- 
vidual monochromatic sodium light source. 
(Liddicoat, 1961, p. 138) 


After taking over the laboratory, Dr. Gtibelin 
began issuing written gemological reports for the 
customers of the Giibelin jewelry stores and gem 
dealers (Giibelin, 2001). These included diamond 
grading reports (figure 20), based on the system he 
had learned while studying at GIA, as well as locali- 
ty-of-origin reports for colored stones. 

By the early 1960s, demand for the Gibelin lab’s 
locality-of-origin services was growing, and a num- 
ber of auction houses, insurance companies, collec- 
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Figure 18. This photo provides a glimpse of the early 
Gtibelin Gemological Laboratory, circa 1930s. Note 
the gemological property tables, which were hand- 
written by Dr. Gtibelin when he was a 19-year-old 
student at the University of Zurich. Courtesy of the 
Edward J. Giibelin family. 


tors, and museums were sending their gems to 
Lucerne for reports (150 Years of Gtibelin, 2004). 
Today the Gtibelin Gem Lab is a leader in ruby, sap- 
phire, and emerald locality-of-origin determinations. 


Figure 19. This represents only some of the gem-test- 
ing equipment at the Gtibelin Gemological 
Laboratory from 1946 to 1952. For many decades, it 
was the regarded as the world’s best-equipped gem- 
testing lab. Courtesy of the Edward J. Gtibelin family. 


WINTER 2005 319 


GEMS & GEMOLOGY 


Ne NA NA 


—=— -~= Se 


<= 
Through his publications, lectures, and extensive 
correspondence, he broadcast the importance of 
these advanced analytical tools to the international 
gemological community. 


LEADER OF THE GUBELIN 
GROUP OF JEWELRY STORES 


The Giibelin watch and jewelry company thrived 
during the 1920s and early ‘30s, opening stores in 
New York, St. Moritz, and Zurich, successively (The 
House of Gtibelin 1854-1954, 1954). Under the 
senior Eduard Gtibelin’s leadership, the firm weath- 
ered the Great Depression and World War II. When 
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Figure 20. By 1940, Dr. Gtibelin’s expertise enabled 
the family firm to issue diamond grading reports. This 
certificate, signed by him, is dated May 28, 1940. 


While Dr. Giibelin’s early inclusion investiga- 
tions relied primarily on the microscope, he later 
championed the application of advanced technolo- 
gies in his laboratory’s inclusion analyses and 
locality-of-origin determinations. As early as the 
mid-1960s, he began having lapidaries grind down 
rough and faceted research samples to expose min- 
eral inclusions in order to have them analyzed by 
university scientists with an electron microprobe 
or by X-ray diffraction, methods that allowed 
definitive identification. He also had microthermal 
analyses performed on fluid inclusions (Giibelin 
and Koivula, 1986). UV-visible spectroscopy has 
been used in the Gtbelin lab for origin determina- 
tions (particularly of sapphires) since the 1960s 
(see, e.g., Hanni, 1990; Schwieger, 1990). As tech- 
nology advanced, lab gemologists were able to use 
features in the ultraviolet region of the spectrum 
and later in the near- and mid-infrared regions. 
Origin-of-color determination in fancy-color dia- 
monds using spectral analyses was also an interest 
and a specialty of Dr. Giibelin’s. 

After his official retirement in 1976 until his 
passing in 2005, Dr. Gibelin remained a forceful 
advocate of integrating advanced technologies into 
gemological research. These included energy-disper- 
sive X-ray fluorescence (EDXRF) analysis, Raman 
spectroscopy, and even laser ablation—inductively 
coupled plasma—mass spectroscopy (LA-ICP-MS). 
Once a particular analysis had been conducted on 
an inclusion or the host gem, Dr. Giibelin would 
incorporate the data into his ongoing research. 
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the patriarch died suddenly in 1945, Dr. Gubelin and 
his younger brother Walter took over the family 
business. Walter was the watchmaker, while Dr. 
Gtbelin was the driving force in the gem and jewel- 
ry realm. He led the company’s gem purchasing 
activities, buying millions of dollars worth of fine 
stones from various sources (figure 2.1). He also com- 
bined his gem expertise and literary flair to pen 
Gtibelin company promotional books and jewelry 
catalogs. During these years, the firm’s reputation 
benefited from articles about Dr. Gtibelin’s gemolog- 
ical work and expertise that appeared in many popu- 
lar magazines and newspapers (see, e.g., figure 22). In 
the words of the late Richard T. Liddicoat (1961, p 
138), “Dr. Gtbelin’s enthusiastic appreciation of the 
beauty of gemstones and fine jewelry craftsmanship, 
as well as his knowledge of both, permitted him to 
increase jewelry sales rapidly.” 

With the two brothers at the helm, the postwar 
years saw continued growth of the Giibelin compa- 
ny, which boasted nine retail stores by the time Dr. 
Gtbelin retired from the business. Under the leader- 
ship of his nephew, Thomas Giibelin, the Giibelin 
group of watch and jewelry stores, the gem laborato- 
ry, and associated companies continue to flourish. 


THE DR. EDWARD J. GUBELIN 
GEM COLLECTION 


Dr. Giibelin was a world-class collector of many 
objects, including books; antiques; paintings; 
Russian icons; stamps; Greek, Egyptian, Roman, 
Burmese, and Nepalese artifacts; and—not surpris- 
ingly—gemstones. His main gem collection, 
acquired over a period of more than 70 years from 
gem dealers and on-site at gem localities around the 
world, comprises approximately 2,700 gemstones, 
at a total weight of some 24,000 carats, representing 
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more than 250 different gem varieties and mineral 
species (Boehm and Morelli, 2005). 

When viewing any of the four main collections 
(see, e.g., figure 23), one is immediately impressed 
with the fact that there are as many as seven exam- 
ples of each gemstone type. The vast majority of 
these gems are faceted. He arranged the main collec- 
tion into four separate categories: 


Figure 22. This 1956 photo of Dr. Giibelin sorting gem- 
stones prior to setting into jewelry at the Gtibelin 
company appeared in the weekly Swiss newspaper 
insert, Wochenblatter (Zurich). 
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Figure 21. This circa 
1963 Giibelin Atelier 
bracelet features excep- 
tional natural-color 
Mogok rubies pur- 
chased in Burma by 
Dr. Gtibelin in the 
early 1960s. Courtesy 
of JOEB Enterprises; 
photo © Harold & 
Erica Van Pelt. 


1. The Geographic Collection. This is the largest 
of the four major collections, with more than 
1,000 gemstones from Brazil, India, Kenya, 
Madagascar, Mexico, Mozambique, Myanmar 
(figure 24), Namibia, Nepal, Sri Lanka, 
Switzerland, Tanzania, Thailand, the United 
States, and Zimbabwe. The total weight is 
more than 10,000 carats. 


2. The Species Collection. This includes varieties 
of beryl, corundum, feldspar, fluorite, garnet, 
opal, quartz, sapphirine, spinel, topaz, tourma- 
line, and zircon. The total weight of the more 


Figure 23. Dr. Giibelin arranged his main gemstone 
collection into four categories (geographic, species, 
rare, and collector gems), comprising approximately 
2,700 stones, at a total weight of some 24,000 carats. 
Shown here are a few of the more than 70 boxes in the 
main collection. Photo by Robert E. Kane. 
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Figure 24. Included in this 1993 photo are some of the 
many fine Burmese gemstones in Dr. Gtibelin’s collec- 
tion. By vertical columns, from top to bottom: 
Column 1 (far left)—16.55 ct danburite, 14.18 ct 
kornerupine, 5.13 ct tourmaline, 6.23 ct citrine, and 
3.15 ct amblygonite. Column 2—8.08 ct scapolite, 
15.39 ct tourmaline, 8.98 ct aquamarine, 10.13 ct zir- 
con, and 4.62 ct apatite. Column 3—25.30 ct danbu- 
rite, 10.77 ct chrysoberyl, 11.31 ct apatite, 8.38 ct 
topaz, 4.84 ct zircon, and 1.69 ct chrysoberyl. Column 
4 (far right)—11.79 ct sillimanite, 6.78 ct amethyst, 
§.51 ct fluorite, 9.09 ct zircon, and 4.02 ct taaffeite. 
Note that the 15.39 ct tourmaline, 10.77 ct 
chrysoberyl, 5.13 ct tourmaline, and 1.69 ct 
chrysoberyl are part of the permanent collection at the 
British Museum (Natural History) London, and were 
part of a study Dr. Gtibelin and one of the authors 
undertook (Kane, 1993). Photo by Shane F. McClure, 
© Robert E. Kane. 


than 750 gems in this collection is approxi- 
mately 7,800 carats. 


3. The Rare Gemstone Collection. This consists 
of just under 500 gems, representing more than 
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38 different mineral species, from apatite to 
zoisite. The total weight is approximately 
3,500 carats. 


4. The Collector Items Collection. Many of the 
gem species in the Rare Gemstone Collection 
are also represented in this fourth collection, 
with more than 95 additional species; samples 
range from anglesite to zincite. It contains just 
over 300 gems for a total weight of over 2,000 
carats. 


Among the highlights of the Edward J. Gtibelin 
Gem Collection are: 


e 420 pieces from Sri Lanka, including a 6.22 ct 
ruby, an 18.86 ct sillimanite, and a 13.23 ct 
violet taaffeite 


e 290 pieces from Brazil, including a 16.88 ct 
deep-red tourmaline and six different colors of 
Paraiba tourmaline 


e 215 pieces from Myanmar (Burma), including a 
3.16 ct Mogok ruby, a 9.98 ct red spinel, and a 
4.02 ct violet taaffeite (see figure 24, bottom 
right} 


e The largest gemstone in the collection, a 
100.99 ct morganite from Minas Novas, Brazil 


In addition to the main collections, there are 
several important specialty collections, comprising 
several thousand gems, which are organized under 
the headings of Ornamental, Synthetics, Treated 
Stones, Imitations, Opals, Organics, Testing, and 
Inclusion Research. These study and display collec- 
tions contain virtually all materials ever cut for use 
as gemstones in the above categories. They contain 
at least one sample of each type of gem, and nearly 
all treated gems, synthetics, and imitations (in 
many cases, there are several to dozens of each). 

Aside from the sheer beauty and rarity of the 
gems, this is one of the most important gemological 
research collections ever assembled. Much of its 
research value stems from its completeness and the 
known provenances, but it is also remarkable for 
the thoroughness of the documentation. Many gem- 
stones in the various collections were used for 
research reported in Dr. Giibelin’s various publica- 
tions, as well as in his teaching seminars over the 
last six decades. In addition, among his records are 
much unpublished data collected from many of 
these gems. The fact that he personally obtained 
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New Color Alteration Fraud 
Becoming Common 
in Jewelry Trade 


by 


LESTER B. BENSON, C.G., F.G.A. 
G.1.A. Laboratory Supervisor 


A new and particularly effective coating 
method came to the attention of the 
Gemological Institute recently. Two zir- 
cons of a fine blue color were sent to 
the G.I.A. laboratory for examination. 
Examination revealed that they had a 
coating apparently similar to that used 
on lenses to reduce surface reflections. 
While such a coating can improve the col- 
or of a gemstone significantly, it reduces 
the brilliancy of zircon materially because 
the critical angle between zircon and the 
film is much larger than the zircon and 
air critical angle, 

The thin film which covers the stone 
is exceedingly resistant to most solvents. 
It failed to react to alcohol, acetone, 
carbon tetrachloride and several acids. 
However, upon boiling for ten minutes 
in aqua regia, the film was attacked 
sufficiently to make it possible to scrape 
it off with a fingernail. The stone so 
treated was found to have a very pale 
color in contrast to the deep beautiful 
color before the coating was removed. 
It. has not yet been possible to attempt 
to analyze the coating, which has been 
called fluoride elsewhere." 

Such’ a coating is identifiable by the 
slight iridescence and dulled luster it 
imparts to the facets over which it has 


I“Fluoride used to doctor Gemstones” 
National Jeweler, September, 1948, p. 316. 


in 


been spread. On the zircons examined 
at the G.L.A. laboratory, only the pavilion 
facets of the stones were ‘so coated. 


Identification... 
(From page 78) 

vantages may be summarized as follows: 
(1) a polarizing microscope is four in- 
struments in one, dichroscope, polariscope, 
refractometer, and magnifier; (2) the 
various tests can be performed very 
quickly without transferring the stone 
from one instrument to another; (3) in- 
clusions may be examined under very 
high magnification. Some of the disad- 
vantages are: (1) the high initial cost 
of a polarizing microscope; (2) immer- 
sion of the stone in liquid is troublesome ; 
(3) ‘mounted stones, especially if the 
mounting is large, are difficult or im- 
possible to handle by this method. 


Light... | 


(From page 74 
is shown for various angles of incident 
light; namely 30° and 60°. 

Just what percentage of the incident 
light energy which falls upon the bound- 
ing surface of the glass and is reflected 
and what percentage is refracted will be 
discussed later as other matters concern- 
ing the behavior of light are advanced. 

(Continued to page 81) 
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many of these specimens at their sources—in large 
part before modern treatment techniques existed— 
greatly enhances our understanding of gems from 
the various localities. 

The main gem collection and significant portions 
of the specialty collections are now part of the GIA 
Museum, where they will be used for public display, 
research, education, and as a source of inspiration for 
future generations of gemologists and other scien- 
tists. As part of the overall purchase, GIA also 
acquired Dr. Giibelin’s vast collection of color slides 
and literature reference files, as well as a number of 
important early gemological instruments. 


ESTABLISHMENT OF TRADE AND 
GEMOLOGICAL ORGANIZATIONS 


An active member of virtually every gemological 
association in the world, Dr. Gtibelin also founded 
or co-founded several professional and trade organi- 
zations, with the vision of fostering professional 
education in gemology, as well as the ethical pro- 
motion and sale of gemstones. He contributed his 
vast energy and intellect to these associations, 
which continue to thrive. 


Swiss Gemmological Society. This organization, of 
which Edward Giibelin was a co-founder, emerged 
over a controversy. When the Giibelin company 
began issuing grading reports on diamonds in 1940, 
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a practice then unheard of in Switzerland, many of 
the firm’s Swiss competitors bitterly objected and 
began planning legal action. Learning of this, the 
senior Gibelin persuaded the jewelers to join him 
instead. He convinced them that forming an associ- 
ation and studying diamond grading and gem test- 
ing, in seminars taught by his eldest son, would 
actually benefit their businesses (Giibelin, 2001). 
The new organization, established in 1942 and 
modeled after the American Gem Society, was 
named the Swiss Gemmological Society. 

The one condition Eduard M. Giibelin imposed 
was that his son could never be president of the 
organization, only an adviser. And so for the first 40 
years, until 1982, Dr. Giibelin served as scientific 
counselor to the Swiss Gemmological Society. 
Beginning in the early 1940s, the new Society held 
annual five-day educational meetings, during which 
Dr. Gtibelin gave lectures and taught hands-on prac- 
tical diamond grading and gem testing (figure 25), 
generously sharing gemstones from his extraordi- 
nary collection and presenting his latest inclusion 
research (Pough, 1949). He would dazzle the audi- 
ence with his colorful and didactic inclusion slides. 
As the decades passed, and gemology became 
increasingly complex, the annual teaching sessions 
were expanded to two weeks. Even after retiring 
from the post of scientific counselor in 1982, until 
October 2004, he continued to give lectures and 
courses at the Society’s annual meetings. 


Figure 25. Dr. Gtibelin 
served as scientific 
counselor to the Swiss 
Gemmological Society 
from 1942 to 1982. In 
this 1940s photo, he is 
seen standing at the 
back of the classroom 
giving personal instruc- 
tion to one of the atten- 
dees of the organiza- 
tion’s annual five-day 
educational meetings, 
which were held in vart- 
ous Swiss cities. 
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International Gemmological Conference. Dr. Gtibe- 
lin also helped found the International Gemmological 
Conference (IGC), one of the longest running aca- 
demic gatherings in the field today. The conference 
was an outgrowth of the early Bureau International 
pour la Bijouterie, Orfévrerie, Argenterie (BIBOA), 
which eventually became the present-day CIBJO, 
the World Jewellery Confederation. At a 1951 
nomenclature meeting, Dr. Gtbelin and fellow 
BIBOA members such as Prof. Schlossmacher and 
B. W. Anderson agreed to gather regularly to share 
their latest gemological research, thereby establish- 
ing the framework of the IGC (figure 26). 

The first International Gemmological Con- 
ference took place in October 1952 in Locarno, 
Switzerland. At this inaugural assembly, Dr. Giibe- 
lin was joined by seven other leading European 
researchers. Initially an annual event, the IGC 
became biennial after 1958, held in a different coun- 
try alternating between Europe and the rest of the 
world. 

Dr. Gibelin regularly attended the IGC confer- 
ences for nearly 50 years. He remained a member 
of the executive committee through the 29th IGC, 
held in September 2004 in Wuhan, China, which 
was attended by delegates invited from 33 coun- 
tries on six continents. 


Figure 26. Dr. Gtibelin and B. W. Anderson, seen in a 
lighthearted exchange at the 1951 BIBOA Congress in 
London, were two of the founders of the International 
Gemmological Conference the following year. 
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International Colored Gemstone Association. Dr. 
Gtbelin was also a founding organizer of the non- 
profit International Colored Gemstone Association 
(ICA), established in 1984. Headquartered in New 
York City with bureaus in Idar-Oberstein and Israel, 
ICA is a trade association that has more than 500 
members in 45 countries worldwide. 


Dr. Eduard Giibelin Association for Research and 
Identification of Precious Stones. In 2003, Dr. 
Gibelin co-founded, with other members of the 
Swiss gem trade and scientific community, what is 
now known as the Dr. Eduard Giibelin Association 
for Research and Identification of Precious Stones. 
This nonprofit organization, based in Lucerne, was 
established to initiate, promote, and support gemo- 
logical research projects. 


FILMMAKER 


An accomplished filmmaker (figure 27), Dr. Gtibelin 
narrated and produced a number of high-quality 16 
mm films, which were shown to lecture groups 
around the world and in public theaters in Lucerne 
and elsewhere. One of them, “Mogok, Valley of 
Rubies,” (1963) appeared in German, French, and 
English and was sold internationally as a videotape. 
His other films include: 


e “Ceylon, Fairyland of Gemstones” (German, 
English, and French versions) 

e “Ceylon, Island of the Lion Folk” (German) 

e “Jade: Prehistoric Tool Material, Present-Day 
Gem Material” (German and French versions) 

e “Sri Lanka: Pearl of the Tropics, Island of 
Gems” (German and French versions) 

e “Ruby Mining in Burma” (German and French 
versions) 


In addition to the films he produced, Dr. Gtibelin 
shot hundreds of hours of raw footage during world- 
wide travels to gem deposits. Occasionally, he would 
film other aspects of a country that interested him. 
One entire reel of film captures a traditional Burmese 
folk dance accompanied by native music. Part of this 
footage is featured in “Mogok, Valley of Rubies.” 


HONORS AND AWARDS 

In recognition of his achievements, Dr. Gibelin 
received many awards, honorary memberships, and 
commendations. Among the most prestigious are: 
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¢ Honorary memberships in the gemological 
associations of many different countries, 
including Australia, Germany, Great Britain, 
Japan, Poland, South Africa, Sweden, his native 
Switzerland, and the United States 

e First Research Member of GIA (1943) 


e Research Diploma of the Gemmological 
Association of Great Britain (1957) 

¢ Honorary Professor at the University of 
Stellenbosch in South Africa (1973) 

e Jewelers of America International Award for 
Jewelry Leadership (1980; figure 28) 

e First honorary member of the American Gem 
Trade Association (1982) 

e ICA Lifetime Achievement Award (1991) 

e The Medal of the City of Paris (1993) 


e The American Gem Society Robert M. Shipley 
Award (1994) 


e GIA League of Honor (2003) 


ENDURING LEGACY 


Long after he had revolutionized gemology, 
Edward J. Gibelin was voted one of JCK maga- 
zine’s “Gemstone People of the Century” (Roskin, 
1999). Yet even into the 21st century, until his 
passing on March 15, 2005, one day shy of his 
92nd birthday, Dr. Gtbelin remained closely 
involved in the science he had helped pioneer (fig- 
ure 29). He still exuded palpable enthusiasm when 
discussing his gem collection, a recent trip, a fine 
gemstone, or a new discovery. Dr. Gtibelin’s abid- 
ing passion for gemology was captured in these 
words, which hung on the wall in his home labora- 
tory for many years: 


The job of a laboratory trade gemologist is an inter- 
esting occupation—we seldom see the same thing 
twice and feel constantly the challenge or possibility 
of something new, unusual or demanding. 


Dr. Giibelin will be remembered not only for 
his monumental contributions to gemology over 
more than seven decades, but also for his extraor- 
dinary humanity. Despite the often solitary nature 
of his research, he touched the lives of thousands 
around the world. Whether you were his colleague, 
his friend, his student, or simply one of the thou- 
sands of people around the globe who once met 
him, you would undoubtedly remember his cour- 
teous way, his warmth and quick wit, and how he 
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Figure 27. Dr. Gtibelin, shown filming in Mogok in 
1968, shot hundreds of hours of footage from his trav- 
els and produced several gem-related films. This photo 
was taken by his daughter Marie-Helen Giibelin 
Boehm, with whom he published the 1967 book 
Burma, Land der Pagoden. 


Figure 28. Among his many honors, Dr. Gtibelin 
received the Jewelers of America International Award for 
Jewelry Leadership in 1980. (Harry Winston also received 
this award, posthumously, that same year.) Presenting 
the award is former JA president Michael Roman. 
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treated even the youngest colleague with respect. 
Gem dealer David Atkinson said it well: “He was 
a 19th century gentleman, with 20th century 
mobility.” 

Dr. Giibelin and his wife of 51 years, Idda, had 
five daughters and many grandchildren and great- 
grandchildren. He instilled in them an appreciation 
of nature, including gems and minerals. In fact, two 
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Figure 29. Dr. Edward J. 
Gtibelin had an enthusi- 
asm that never dimin- 
ished, as evident in this 
1997 photo of him riding 
along the Ngorongoro 
Crater, Tanzania, at the 
age of 84, This gem and 
animal safari trip was 
organized by the 
Gemmological 
Association of Great 
Britain. Photo by Eric 
Van Valkenburg. 


of his grandchildren have followed in his footsteps, 
one as a goldsmith and the other as a gemologist. 

Edward J. Giibelin has left behind an indelible 
legacy through his writings and photomicrographs, 
his laboratory, his gem collection, the instruments 
he developed, the organizations he helped estab- 
lish, and the future generations of gemologists he 
will inspire. 
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CHARACTERIZATION OF THE 
NeW MALOSSI HYDROTHERMAL 
SYNTHETIC EMERALD 


Ilaria Adamo, Alessandro Pavese, Loredana Prosperi, Valeria Diella, Marco Merlini, 
Mauro Gemmi, and David Ajo 


A new production of hydrothermal synthetic emeralds, grown in the Czech Republic with Italian 
technology, has been marketed since December 2004 with the trade name Malossi synthetic 
emerald. Several samples were investigated by standard gemological methods, combined with 
chemical analyses and UV-Vis-NIR and IR spectroscopy. A comparison of this material with 
natural and other synthetic emeralds (the latter grown by the flux and hydrothermal techniques) 
reveals that Malossi hydrothermal synthetic emerald can be identified on the basis of microscop- 
ic features and chemical composition, along with the mid-infrared spectrum. 


remarkable number of synthetic emeralds, 

grown by flux and hydrothermal processes, 
have entered the market over the past five decades. 
The hydrothermal synthetic emeralds are particu- 
larly notable in terms of the quantity produced and 
their availability (see, e.g., Kane and Liddicoat, 
1985; Koivula et al., 1996; Schmetzer et al., 1997, 
Koivula et al., 2000; Chen et al., 2001; Mashkovtsev 
and Smirnov, 2004). 

The present study focuses on a new hydrother- 
mally grown synthetic emerald manufactured since 
2003 in Prague, Czech Republic. This new gem 
material, called Malossi synthetic emerald (figure 1), 
has been marketed since December 2004 in Italy by 
Arsaurea Gems (Milan) and in the U.S. by Malossi 
Inc., the U.S. subsidiary of Malossi Created Gems 
(Raleigh, North Carolina). Currently, about 
5,000-6,000 carats of the faceted synthetic emeralds 
are produced per year, and this rate is expected to 
increase (A. Malossi, pers. comm., 2005). The crys- 
tals produced so far range from 25 to 150 ct, with a 
mean weight of about 77 ct, and the largest faceted 
stone obtained weighs about 15 ct (A. Malossi, pers. 
comm., 2005). In this article, we report those fea- 


B ecause of emerald’s commercial value, a 


328 MALOSSI HYDROTHERMAL SYNTHETIC EMERALD 


tures of Malossi synthetic emeralds that can be used 
to distinguish this material from natural and other 
synthetic (hydrothermal and flux) emeralds. 


GROWTH TECHNIQUE 


Malossi synthetic emeralds are grown at about 
450°C in a small rotating autoclave that is lined 
with gold and carefully sealed. A seed of natural yel- 
low beryl, suspended by a platinum wire, is used to 
help initiate growth. Concentrated hydrochloric 
acid is usually used to prevent Cr (the only chro- 
mophore used) from precipitating. Large crystals of 
the synthetic emerald can be grown in 40-60 days 
(A. Malossi, pers. comm., 2.005). 


MATERIALS AND METHODS 


For this study, we examined 30 emerald-cut gems 
and 5 rough samples of the new synthetic emerald, 
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which were provided by A. Malossi (see, e.g., figure 
1). The faceted samples weighed 1.34—7.89 ct, and 
the rough specimens ranged from 28.40 to 141.65 
ct (30.0-69.9 x 10.8-22.5 x 7.1-14.8 mm]. Repre- 
sentative faceted samples of hydrothermal syn- 
thetic emeralds from other commercial sources (all 
from the collection of the Italian Gemological 
Institute) were studied for comparison: Russian (5), 
Biron (5), and Linde-Regency (1). In addition, litera- 
ture comparisons were made to other synthetic 
emeralds produced by the hydrothermal technique 
(Chinese, Lechleitner), as well as to flux synthetics 
and natural emeralds. 

All the faceted samples were examined by stan- 
dard gemological methods to determine their opti- 
cal properties (refractive indices, birefringence, and 
pleochroism), specific gravity, UV fluorescence, and 
microscopic features. 

Preliminary qualitative and semiquantitative 
chemical analyses of 11 faceted synthetic speci- 
mens (8 Malossi, 1 Russian, 1 Biron, and 1 Linde- 
Regency) were obtained by a Cambridge Stereo- 
scan 360 scanning electron microscope, equipped 
with an Oxford Isis 300 energy-dispersive X-ray 
spectrometer, for the following elements: Si, Al, V, 
Cr, Fe, Ni, Cu, Na, Mg, and Cl. Quantitative 
chemical data (for the same elements) were 
obtained from these same 11 samples using an 
Applied Research Laboratories electron micro- 
probe fitted with five wavelength-dispersive spec- 
trometers and a Tracor Northern energy-dispersive 
spectrometer. 


MALOSSI HYDROTHERMAL SYNTHETIC EMERALD 


Figure 1. Malossi syn- 
thetic emeralds are 
grown by a hydrother- 
mal technique in the 
Czech Republic, using 
Italian technology. 
These crystals (28.40- 
141.65 ct and 7.1-69.9 
mm) and emerald cuts 
(1.34-7.89 ct) are some 


Go of the samples exam- 
ined for this study. 
a Photo by Alberto 
Malossi. 


Room-temperature nonpolarized spectroscopy in 
the visible (460-750 nm}, near-infrared (13000-4000 
cm~!}, and mid-infrared (4000-400 cm7!) regions 
was carried out on all Malossi, Russian, Biron, and 
Linde-Regency samples. We used a Nicolet NEXUS 
FTIR-Vis spectrometer, equipped with a diffuse 
reflectance accessory (DRIFT), which had a resolu- 
tion of 4 and 8 cm7! in the infrared and visible 
ranges, respectively. 

Mid-infrared spectroscopy (4000-400 cm=!) was 
also carried out in transmission mode using KBr 
compressed pellets with a 1:100 ratio of sample:KBr. 
Since this is a destructive technique, we restricted 
these IR measurements to portions of two rough 
specimens only. 

Additional UV-Vis-NIR reflectance spectra were 
recorded by an Avantes BV (Eerbeek, the Nether- 
lands) apparatus equipped with halogen and deuteri- 
um lamps and a CCD spectrometer with four grat- 
ings (200-400 nm, 400-700 nm, 700-900 nm, and 
900-1100 nm], a 10 um slit, and a spectral resolu- 
tion of 0.5 nm. A polytetrafluoroethylene disk 
(reflectance about 98% in the 400-1500 nm range) 
was used as a reference sample. 

X-ray powder diffraction was also used to inves- 
tigate an incrustation on the surface of one 
Malossi synthetic emerald crystal. Measurements 
were performed at room temperature, by means of 
a Bragg-Brentano parafocusing X-ray powder 
diffractometer Philips X’Pert, in the 6-0 mode, 
with CuKa radiation (A = 1.5418 A], over the range 
of 5° to 75° 20. 
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RESULTS AND DISCUSSION 

Gemological Testing. The standard gemological prop- 
erties obtained on the 30 faceted Malossi samples are 
summarized in table 1. All the samples were trans- 
parent, with a bluish green color. They exhibited 
strong dichroism in yellowish green and bluish green. 

Their RI. and S.G. values: (1) overlapped those of 
their natural counterparts, especially low-alkali 
emeralds from various geographic localities (such as 
Colombia and Brazil; Schrader, 1983); (2) were simi- 
lar to those we measured in Biron and Linde- 
Regency synthetics, and to those reported for Lech- 
leitner and Chinese synthetic emeralds (Flanigen et 
al., 1967; Kane and Liddicoat, 1985; Schmetzer, 
1990; Webster, 1994; Schmetzer et al., 1997; Sechos, 
1997; Chen at al., 2001); but (3) were lower than 
those of our Russian synthetic samples (in agree- 
ment with Schmetzer, 1988; Webster, 1994; Koivula 
et al., 1996; Sechos, 1997). Most flux-grown synthet- 
ic emeralds from various manufacturers have RL, 
birefringence, and S.G. values that are lower than 
those observed in the Malossi samples (for compari- 
son, see Flanigen et al., 1967; Schrader, 1983; 
Kennedy, 1986; Graziani et al., 1987). The pleochro- 
ism and Chelsea filter reaction of the Malossi sam- 
ples were not diagnostic of synthetic origin. 

The various synthetics showed significant differ- 
ences in their fluorescence to UV radiation: Malossi 
synthetic emeralds belonged to a group exhibiting 
red UV fluorescence that includes Linde-Regency 
and Chinese products, whereas Russian and Biron 
synthetic emeralds are inert to long- and short-wave 


“114 Gemological properties of Malossi hydro- 
thermal synthetic emeralds. 


Color Bluish green 
Diaphaneity Transparent 
Optic character Uniaxial negative 


Refractive indices nN, = 1.573-1.578 
n, = 1.568-1.570 


Birefringence 0.005—0.008 
Specific gravity 2.67-2.69 
Pleochroism Strong dichroism: 


o-ray = yellowish green 

e-ray = bluish green 

Strong red 

Short-wave: moderate red 

Long-wave: weak red 

Crystals (probably synthetic phenakite), 
“fingerprints,” two-phase inclusions, 
growth tubes, fractures, various forms 
of growth structures, color zoning, seed 
plates, irregular growth zoning 


Chelsea filter reaction 
UV fluorescence 


Internal features 
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Figure 2. Straight, parallel growth bands, which also 
may be present in natural emeralds, are seen in this 
faceted Malossi synthetic emerald. Photomicrograph 
by Renata Marcon; magnified 30x. 


UV radiation. The fluorescence of Malossi synthetic 
emeralds might hint at a synthetic origin, although 
a few high-Cr and low-Fe Colombian emeralds also 
have red UV fluorescence (Graziani et al., 1987). 
The Malossi synthetic emeralds showed a variety 
of internal features when viewed with a gemological 
microscope. Growth patterns of various forms 
(straight, parallel, uniform, angular, and intersecting), 
often associated with color zoning, were widespread 
in some of the crystals and cut stones (e.g., figure 2). 
Irregular growth structures (figure 3), similar to those 
observed in other hydrothermal synthetic emeralds, 
were seen in almost all the samples, providing evi- 
dence of hydrothermal synthesis. Six of the faceted 
Malossi synthetic emeralds contained seed plates (fig- 


Figure 3. Irregular growth structures are also seen in 
Malossi synthetic emeralds. Such features provide evi- 
dence of a hydrothermal synthetic origin. Note also 
the natural-appearing “fingerprints” in this sample. 
Photomicrograph by Renata Marcon; magnified 35x. 
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Figure 4. A seed plate (with obvious fluid inclusions) 
forms the table of this faceted Malossi synthetic emer- 
ald (3.92 ct). Photomicrograph by Renata Marcon. 


ure 4; this seed plate had n, = 1.568, n, = 1.573, and a 
birefringence of 0.005). In some cases, irregular 
growth zoning was seen in the synthetic overgrowth 
adjacent to the seed plates. The presence of a seed 
plate is proof of synthetic origin. 

“Fingerprints” and two-phase (liquid and gas) 
inclusions were observed in most of the Malossi sam- 
ples (again, see figure 3 and figure 5). In some cases, 
these inclusions were similar to those observed in 
natural emeralds, in contrast to flux-grown synthet- 
ics, in which any fingerprint-like inclusions consist 
of fractures that are healed by flux filling. Fractures 
were also common in the Malossi synthetic emer- 
alds, but they do not provide any evidence of synthet- 
ic origin. Two Malossi samples contained small 
cone-shaped growth tubes, filled with a fluid, similar 
to those that were recently documented in a natural 
emerald (Choudhary, 2005). Prismatic, transparent, 


and colorless crystals—alone or in aggregates—were 
observed in four Malossi samples (figure 6). On the 
basis of their morphology, birefringence, and refrac- 
tive index (higher than that of emerald), such crys- 
talline inclusions are probably phenakite (Be,SiO,), 
which is somewhat common in hydrothermal syn- 
thetic emeralds (Flanigen et al., 1967) and also may 
provide evidence that the host emerald is synthetic 
(Kane and Liddicoat, 1985). 

X-ray powder diffraction of an incrustation on 
the surface of one Malossi synthetic emerald crystal 
revealed the presence of phenakite and beryl, hint- 
ing at the occurrence of an incongruent precipita- 
tion of beryl (Nassau, 1980; Sinkankas, 1981). We 
did not observe the lamellar metallic inclusions 
that are sometimes present in other synthetic emer- 
alds (e.g., gold, which is frequently found in Biron 
samples; Kane and Liddicoat, 1985). 


Chemical Composition. Quantitative chemical 
analyses of eight Malossi synthetic emeralds (sam- 
ples A to H) and three other hydrothermal synthetic 
emeralds (one each from Russian, Biron, and Linde- 
Regency production) are summarized in table 2. 
Chromium was the only chromophore found in 
the Malossi samples. The following elements were 
below the detection limits of the electron micro- 
probe: Na, Mg, V, Fe (in all but one sample), Ni, and 
Cu. Cl, probably from the growth solution (Nassau, 
1980; Stockton, 1984; Kane and Liddicoat, 1985; see 
also Growth Technique section), was inhomoge- 
neously distributed within the samples and between 


Figure 5. This faceted Malossi synthetic emerald contains conspicuous “fingerprints” (left) that are composed of 
tiny two-phase (liquid/gas) inclusions (right). Photomicrographs by Renata Marcon; magnified 8x (left) and 60x 


(right, in darkfield illumination). 
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different specimens, as shown in figure 7. The Cl 
content ranged up to 0.93 wt.%, with a mean value 
of 0.10 wt.%. 

Figure 8 and table 2, compare the chemical proper- 
ties of Malossi synthetic emeralds to those of repre- 
sentative samples from other hydrothermal produc- 
ers. The chemical composition of Malossi synthetic 


Figure 6. These images show 
examples of inclusion aggre- 
gates formed by transparent 
colorless prismatic crystals in 
Malossi synthetic emeralds. 
Their optical characteristics 
and occurrence in hydrother- 
mal synthetic emerald sug- 
gest they are phenakite. 
Photomicrographs by Renata 
Marcon, in darkfield illumi- 
nation (left, magnified 100x) 
and with crossed polarizers 
(right, magnified 50x). 


emeralds is distinctively different from Russian and 
Biron synthetics. In agreement with the results of 
Schmetzer (1988), Mashkovtsev and Solntsev (2002), 
and Mashkovtsev and Smirnov (2004), our Russian 
synthetic sample contained Cr, Fe, Ni, and Cu, but 
neither Cl nor V was detected. Although not tested 
for this study, Lechleitner synthetic emeralds report- 


4144.2 Averaged electron-microprobe analyses of Malossi and other hydrothermal synthetic emeralds. 


Chemical Malossi samples Linde- 
composition Russian Biron Regency 
A B C D E F G H 
No. analyses 8 6 13 4 9 5 6 5 9 5 7 
Oxides (wt.%) 
SiO, 66.21 66.00 66.01 65.81 65.34 65.72 64.50 66.02 64.33 64.09 65.83 
Al,0, 18.96 19.01 19.69 19.42 18.81 18.14 18.28 19.35 16.77 18.56 19.05 
V,0, bdl bdl bdl bdl bdl bdl bdl bdl bdl 0.75 bdl 
Cr,0, 0.36 0.43 0.51 0.60 0.82 1.96 1.01 0.66 0.34 0.75 0.78 
Fe,0,° bdl 0.06 bdl bdl bdl bdl bdl bdl 3.31 bdl bdl 
NiO bdl bdl bdl bdl bdl bdl bdl bdl 0.24 bdl bdl 
Cud bdl bdl bdl bdl bdl bdl bdl bdl 0.18 bdl bdl 
Cl 0.21° 0.09° 0.14° 0.03° 0.05 0.06 0.06 0.09 bdl 0.31 0.18 
BeO! 13.79 13.74 13.74 13.70 13.60 13.68 13.43 13.74 13.39 13.35 13.70 
Total 99.53 99.33 100.09 99.56 98.62 99.56 97.28 99.86 98.56 97.81 99.54 
Cl range 0.07-0.93 0.04-0.14 0.03-0.87 bdl-0.06 0.03-0.11 0.02-0.11 bdl-0.14 bdl0.25  bdl-0.05 0.28-0.36 0.12-0.34 
Cr,0, range 0.18-1.17 0.36-0.51 0.42-0.59 0.58-0.63 0.76-0.87 1.37-3.53 0.96-1.07 0.63-0.71 0.25-0.40 0.74-0.79 0.49-0.94 
lons per 6 Si atoms 
Si 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 
Al 2.025 2.037 2.109 2.087 2.036 1.952 2.004 2.072 1.843 2.048 2.046 
V bdl bdl bdl bdl bdl bdl bdl bdl bdl 0.083 bdl 
Cr 0.026 0.031 0.037 0.043 0.060 0.141 0.074 0.047 0.025 0.056 0.056 
Fe bdl 0.004 bdl bdl bdl bdl bdl bdl 0.232 bdl bdl 
Ni bdl bdl bdl bdl bdl bdl bdl bdl 0.018 bdl bdl 
Cu bdl bdl bdl bdl bdl bdl bdl bdl 0.013 bdl bdl 
Cl 0.032 0.014 0.022 0.005 0.008 0.009 0.009 0.014 bdl 0.049 0.028 


@ Instrument operating conditions: accelerating voltage = 15 kV, sample current = 15 nA, count time = 20 seconds on peaks and 5 seconds on background, 
beam spot size = 15 wm. Standards: natural omphacite (for Si, Fe, Al, Na, Mg) and sodalite (for Cl); pure V, Cr, Ni, and Cu were used for those elements. 
Abbreviation: bdl = below detection limit (in wt.%): 0.05 V,0,, 0.04 Fe,O;, 0.17 NiO, 0.10 CuO, 0.02 Ci. Sodium and magnesium were below the detection 
limits in all analyses (0.01 wt.% Na,O and 0.03 wt.% MgO). 

© Total iron is calculated as Fe,O,. 

° Average Cl content was calculated for 6, 4, 12, and 3 points, respectively, for samples A, B, C, and D. 

4 Calculated assuming Be/Si=0.5. 
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The Monoclinic System 


The monoclinic crystal system is char- 
acterized by a lower degree of symmetry 
than the four previous described in this 
publication. This results in the develop- 
ment of crystals whose appearance is 
unsymmetrical with respect to a horizon- 
tal plane. Simplest mathematical rela- 
tions are obtained when such crystals are 
described by choosing axes of reference 
parallel to prominent edges of the crys- 
tal. As a result monoclinic crystals are 
assigned three axes of reference having 
two right angles of intersection and one 
angle not a right angle. The relative 
lengths of the three axes are all different. 

The gemistones that crystallize ‘in the 
monoclinic system are azurite, brazilian- 
ite, diopside, euclase, orthoclase (preci- 


Cc 


Monoclinic System: A perpendicu- 
lar to B and C. They are not per- 
pendicular to each other. All un- 
equal. 


ous moonstone), gypsum, jadeite, nephrite, 
lazulite, malachite, serperitine, sphene, 
spodumene (kunzite and hiddenite) and 
talc. With few exceptions most of these 
may be classed as unusual gems. 
Orthoclase, jade (nephrite and jade- 
ite) and spodumene are the most common 
of the monoclinic gem minerals. A rough 
specimen of kunzite, as well as a cut 
stone, is shown in the color plate. Cut 
stones of green and yellow spodumene 
are also shown. Jadeite and nephrite are 
never found in large single crystals but 
are made up of a fine interlocking aggre- 
gate of very small crystals, hence the 
extraordinary toughness of this material. 
Many of the rare or little used mono- 
clinic gems possess unusual beauty and 
merit more attention than they receive. 
Sphene is a good example of this, for 
here is a gem having a dispersion greater 
than diamond and a refractive index of 
slightly less than that of diamond. Hid- 
denite, the green variety of spodumene, 
is another very beautiful gem but its 
rarity makes it a collector’s item. 
Brazilianite is one of the most interest- 
ing of the monoclinic gems for it was 
first discovered in Brazil in 1945. This 
mineral has been cut into a number of 
fine, transparent, greenish yellow stones, 
one of the largest. of which (40-carats) 
has recently been added to the get ‘col- 
lection of the Smithsonian Institution. 


U.S. National Museum... 
(From page 73) 

amount of interest from the visiting 
public. The scintillating variety of color, 
luster, and shape makes a deep' impression 
on most visitors and is, no doubt, an 
important factor ‘in arousing an interest 
in precious stones. — 
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edly have a similar composition (Hanni, 1982, 
Schmetzer, 1990). In our Biron sample, V and Cr (act- 
ing as chromophores) were found along with Cl, 
which is consistent with previously published results 
(Stockton, 1984; Kane and Liddicoat, 1985; 
Mashkovtsev and Solntsev, 2002; and Mashkovtsev 
and Smirnov, 2004). The Linde-Regency synthetic 
emerald was characterized by the presence of Cr and 
Cl (see also Hanni, 1982; Stockton, 1984}, similar to 
the Malossi material. However, the Cl content in the 
Malossi samples was generally less than 0.12 wt.%, 
as shown in figure 7, whereas the Cl in our Linde- 
Regency sample was never below 0.12 wt.%, in keep- 
ing with the results of Hanni (1982), who found a Cl 
content of 0.3-0.4 wt.% in Linde synthetic emeralds. 
Cr and Cl also were recorded in the two different gen- 
erations of Chinese hydrothermal synthetic emeralds 
examined by Schmetzer et al. (1997) and Chen et al. 
(2001). Schmetzer et al. (1997) indicated an average Cl 
content of ~0.68 wt.%, in an earlier Chinese synthet- 
ic production, whereas Chen et al. (2001) reported Cl 
~0.15 wt.%, in the later generation, in addition to a 
significant Na,O content (>1 wt.%). The earlier 
Chinese production contains more Cl than the 


Figure 7. The Cl contents measured in eight Malossi 
synthetic emeralds (each represented by a different 
color) are shown here. Most of the analyses contain less 
than 0.12 wt.% Cl (detection limit of Cl is 0.02 wt.%). 
For average Cl data, see table 2. Enriched contents of Cl 
were recorded in a few of the analyses, which illus- 
trates the compositional inhomogeneity of the samples. 
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Figure 8. The average contents of Cl, Cr, V, Fe, Ni, 
and Cu are shown here for Malossi synthetic emer- 
alds compared to representative samples of Russian, 
Biron, and Linde-Regency hydrothermal synthetics 
examined as part of this study. The Malossi and 
Linde-Regency samples have similar chemical fea- 
tures, which are distinctively different from the 
Russian and Biron synthetics. 


Malossi material; the later Chinese synthetic emer- 
ald is distinguishable from Malossi synthetics by the 
presence of Na. 

As previously reported by Hanni (1982), Schrader 
(1983), and Stockton (1984), chemical composition 
can be of great importance in separating synthetic 
and natural emeralds. In the case of Malossi synthet- 
ic emerald, the presence of chlorine—which typical- 
ly is not found in significant amounts in natural 
emerald—can be an important indicator. Yu et al. 
(2000) reported Cl in some natural emeralds, typical- 
ly at low concentrations, although some Colombian 
and Zambian samples contained up to 0.19 wt.% CL. 
Thus, a Cl content above 0.2 wt.% provides a strong 
indication of hydrothermal synthetic origin. The Fe- 
free Malossi synthetic emeralds (except sample B, 
with a trace of Fe) were similar in composition to 
some Fe-poor natural emeralds from certain locali- 
ties (such as Colombia), but they are easily distin- 
guishable from Fe-rich natural emeralds (such as 
Brazilian, Zambian, and Austrian stones: see Hanni, 
1982; Schrader, 1983; Stockton, 1984; Yu et al., 
2000). The absence of any significant Na and Mg in 
Malossi synthetic emeralds (<0.01 and <0.03 wt.% 
oxide, respectively) can be used to separate these 
stones from alkali-rich natural emeralds (Hanni, 
1982, Schrader, 1983). 

Electron-microprobe analyses of a seed plate in a 
Malossi sample (again, see figure 4) revealed an 
appreciable iron content (0.40 wt.% Fe,O,), whereas 
Cr, V, and Cl were below the detection limits. This 
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composition, combined with the R.L. values of the 
seed plate, is consistent with the producer’s claim 
that natural yellow beryl is used for the seed materi- 
al (compare to Sinkankas, 1981; Aliprandi and 
Guidi, 1987; Webster, 1994). 


Spectroscopy. The results of UV-Vis-NIR and IR 
spectroscopy are summarized in table 3, including a 
comparison to natural and other synthetic emeralds. 

Mid-infrared spectra (4000-2000 cm-!) in diffuse 
reflectance mode are shown in figure 9. A series of 
intense peaks between 4000 and 3400 cm! in all the 


synthetic emeralds we studied is related to their high 
water contents (Stockton, 1987; Schmetzer et al., 
1997). Such features are characteristic of both natural 
and hydrothermal synthetic emeralds, but they are 
not found in flux synthetic samples (Stockton, 1987). 
Bands in the range 3100-2500 cm-!, commonly 
used to identify hydrothermal synthetic emeralds 
(Schmetzer et al., 1997; Mashkovtsev and Smirnov, 
2.004), were observed in our Malossi samples, as 
well as in those from Biron and Linde-Regency (see 
also Stockton, 1987; Mashkovtsev and Solntsev, 
2002; Mashkovtsev and Smirnov, 2004). Schmetzer 


“400 4Main spectroscopic features of Malossi and other synthetic as well as natural emeralds. 


Spectral region 


Hydrothermal synthetic emeralds@ 


Malossi 


Russian 


Biron 


Linde-Regency 


Flux synthetic 
emeralds? 


Natural emeralds>° 


Mid-IR (4000- 
2000 cm-') 


Intense absorption 
between 4000 and 
3400 cm-", associ- 
ated with high 

water content 

Band at 3295 cm-", 
with shoulder at 3232 
cm-', probably re- 
lated to vibration of 
N-H bonds 

Group of bands in 
the 3100-2500 cm-1 
range, associated 
with Cl 

Combination bands 
and overtones of 
water molecules 


Near-IR 
(9000- 
4000 cm-') 


UV-Vis-NIR 
(300-1000 nm) 


Cr absorption 
features at 430, 476, 
600, 637, 646, 662, 
681, and 684 nm 


Intense absorption 
between 4000 and 
3400 cm-, associ- 
ated with high 
water content 


Combination bands 
and overtones of 
water molecules 
Broad band at 8475 
cm-t, related to Cu2* 
Cr? absorption 
features at 430, 476, 
600, 637, 646, 662, 
681, and 684 nm 


Band at 373 nm, 
associated with Fe?+ 


Band at 760 nm, 
related to Cu2* 


Intense absorption 
between 4000 and 
3400 cm-, associ- 
ated with high 
water content 


Group of bands in 
the 3100-2500 cm-1 
range, associated 
with Cl 

Combination bands 
and overtones of 
water molecules 


Cr+ absorption 
features at 430, 476, 
600, 637, 646, 662, 
681, and 684 nm 


Intense absorption 
between 4000 and 
3400 cm-", associ- 
ated with high 

water content 

Band at 3295 cm-t, 
with shoulder at 3232 
cm-|, probably re- 
lated to vibration of 
N-H bonds 

Group of bands in 
the 3100-2500 cm-1 
range, associated 
with Cl 

Combination bands 
and overtones of 
water molecules 


Cr+ absorption 
features at 430, 476, 
600, 637, 646, 662, 
681, and 684 nm 


(none reported) 


(none reported) 


Cr absorption 
features at 430, 476- 
477, 600, 637, 646, 
660-662, 680, and 
683 nm 


Intense absorption 
between 4000 and 
3400 cm-, associ- 
ated with high 
water content 


Combination bands 
and overtones of 
water molecules 


Cr* absorption 
features at (420), 
430-431, 476, 600- 
602, (629), 637, 
645, 662, 680, and 
683-685 nm 
(Bands at 370 and 
423 nm, associated 
with Fe**) 

(Bands at 820 and 
833 nm, related to 
Fe?) 

(Fe2*/Fe%* interva- 
lence charge trans- 
fer absorption band 
between 599 and 
752 nm) 


@ Based on results from the present study. 


» Data from the gemological literature (Wickersheim and Buchanan, 1959; Wood and Nassau, 1967, 1968; Farmer, 1974; Kennedy, 1986; Graziani 
et al., 1987; Stockton, 1987; Schmetzer, 1988). 
° Features in parentheses are not seen in all natural emeralds. 
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MID-IR SPECTRA: DIFFUSE REFLECTANCE MODE 
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Figure 9, Mid-infrared spectra (4000-2000 cm!) in 
diffuse reflectance mode are shown for the Malossi, 
Russian, Biron, and Linde-Regency hydrothermal syn- 
thetic emeralds tested for this study. The spectra 
exhibit several differences, particularly in the band at 
3295 cm! with the associated shoulder at 3232 cm! 
that is so pronounced in the Malossi material. (The 
maxima above 3500 cm“ and below 2200 cm=! 
appear flat because of total absorption in these areas). 


et al. (1997) found these bands in Chinese samples 
as well. However, Russian and Lechleitner synthet- 
ic emeralds are transparent over the same energy 
range (Stockton, 1987; Koivula et al., 1996; 
Mashkovtsev and Solntsev, 2002; Mashkovtsev and 
Smirnov, 2004; see also figure 9). Schmetzer et al. 
(1997) attributed these bands to Cl, in agreement 
with more recent results by Mashkovtsev and 
Solntsev (2002) and Mashkovtsev and Smirnov 
(2004), who specifically cited HCl molecules in the 
hexagonal channels of the beryl structure. This 
interpretation is consistent with the chemical com- 
positions we determined for Malossi, Biron, and 
Linde-Regency synthetics and with the producer’s 
statement that Malossi synthetic emeralds are 
grown in a solution of HCl. 

An additional band at 3295 cmz!, with a shoul- 
der at 3232, cm~!, occurred in both the Malossi and 
Linde-Regency products (Stockton, 1987; Mash- 
kovtsev and Solntsev, 2002; Mashkovtsev and 
Smirnov, 2.004; see also figure 9). Mashkovtsev and 
Solntsev (2002) and Mashkovtsev and Smirnov 
(2004) attributed this feature to the vibrational 
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stretching mode of the N-H bond (for details, see 
also references cited in these two articles), which is 
consistent with the known use of ammonium 
halides in the solutions employed for emerald syn- 
thesis (Nassau, 1980). 

The “type” of water molecules in Malossi syn- 
thetic emeralds can be determined by (destructive) 
mid-infrared spectroscopy in transmission mode 
(see box A in Schmetzer et al., 1997, for the advan- 
tages of transmission IR spectroscopy). In the diag- 
nostic range of 3800-3500 cm~!, we recorded a sin- 
gle sharp absorption band at 3700 cm~! (figure 10), 
which indicates that H,O molecules in Malossi 
stones are type I (i.e., their H-H vector is parallel to 
the c-axis in alkali-free beryl samples; Wood and 
Nassau, 1967, 1968; Charoy et al., 1996; Kolesov 
and Geiger, 2000; Gatta et al., in press). All this is in 
keeping with the absence of any significant alkali 
content in Malossi material, which agrees with 
results reported by Kolesov and Geiger (2000), who 
observed the same single mode at 3700 cm™! in 
other hydrous synthetic beryl crystals. However, 
relatively recent spectroscopic and neutron diffrac- 
tion studies (Artioli et al., 1995; Charoy et al., 1996; 
Kolesov and Geiger, 2000; Gatta et al., in press) sug- 
gest that there are some uncertainties about the 
vibrational behavior and orientation of H,O 
molecules in various beryl samples. 

Nonpolarized near-infrared spectra (9000-4000 
cm~!) in diffuse reflectance mode of our Malossi, 


Figure 10. The mid-infrared spectrum (3800-3500 cm) 
in transmission mode of a pressed pellet containing 
powdered Malossi synthetic emerald shows a peak at 
3700 cm“ that is related to the presence of type I 
water molecules. 
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NEAR-IR SPECTRA: DIFFUSE REFLECTANCE MODE 
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Figure 11. Near-infrared spectra (9000-4000 cm) in 
diffuse reflectance mode are shown for the Malossi, 
Russian, Biron, and Linde-Regency hydrothermal syn- 
thetic emeralds studied. The spectra of all samples 
exhibit combination bands and overtones of water 
molecules, which are typical features of both 
hydrothermal synthetic and natural emeralds. 


Russian, Biron, and Linde-Regency synthetic 
emeralds are displayed in figure 11. All samples 
show combination bands and overtones of water 
molecules (Wickersheim and Buchanan, 1959, 
Wood and Nassau, 1967, 1968; Farmer, 1974). 
These features are also typical of natural emeralds 
(see references above), whereas they are always 
lacking in flux synthetic emeralds. Russian 
hydrothermal synthetic emeralds exhibit a broad 
band at 8475 cm~! (see also Koivula et al., 1996, 
Mashkovtsev and Smirnov, 2004) related to an 
optical transition involving Cu”* ions (Mash- 
kovtsev and Smirnov, 2004) that is commonly 
absent in hydrothermal specimens from other 
producers. 

Nonpolarized UV-Vis-NIR absorption spectra of 
our Malossi, Russian, Biron, and Linde-Regency 
hydrothermal synthetic emeralds (figure 12) con- 
firm the presence of Cr** through the occurrence of 
two broad bands at 430 and 600 nm; peaks at 476, 
637, 646, and 662, nm; and a doublet at 681-684 nm 
(see Wood and Nassau, 1968; Rossman, 1988; 
Schmetzer, 1988, 1990), similar to natural and flux 
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synthetic emeralds. Given that the absorption peaks 
of Cr** and V** are very close to one another (see ref- 
erences above and Burns, 1993}, it is not possible to 
reliably discriminate the patterns of Malossi and 
Linde-Regency synthetic stones (Cr-bearing only) 
from those of Biron synthetic samples (Cr- and V- 
bearing). However, Russian synthetic emeralds 
show differences from the other hydrothermal syn- 
thetics: a broad band at about 750 nm, which 
Schmetzer (1988, 1990) related to Cu**, as well as an 
absorption at 373 nm, which he associated with 
Fe**. In natural iron-bearing emeralds, absorption 
bands for Fe**, Fe?*, and Fe**/Fe** may also be pre- 
sent (Schmetzer, 1988; again, see table 3). 


IDENTIFICATION 


Separation from Natural Emeralds. Malossi synthet- 
ic emeralds have a number of characteristics that, in 
combination, allow them to be separated from natu- 
ral emeralds: 


1. Microscopic features: Irregular growth struc- 
tures (observed in almost all Malossi synthetic 
emeralds), natural seed plates (used to initiate 
growth), and phenakite-like crystals (hinting 
at the occurrence of an incongruent beryl pre- 
cipitation) provide evidence of hydrothermal 
synthesis. 


Figure 12. The nonpolarized UV-Vis-NIR (300-900 
nm) absorption spectra of the Malossi, Russian, Biron, 
and Linde-Regency hydrothermal synthetic emeralds 
tested all show Cr* absorption bands. Only the 
Russian sample exhibits other significant features, 
such as a peak at 373 nm (related to Fe**) and a broad 
band at about 750 nm (associated with Cu"). 
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2. Chemical composition: The presence of Cl, 
combined with the absence of any significant 
amounts of Fe, Na, and Mg, provides a useful 
tool for the separation from Fe-alkali-bearing 
natural emeralds. In the case of Fe-Na- 
Mg-poor natural samples (such as Colombian 
stones], a Cl content >0.2 wt.% can be used 
to identify the Malossi synthetics, although 
due to possible compositional overlap, chemi- 
cal analysis alone is not a reliable proof of 
synthesis. 


3. Spectroscopic measurements: Mid-infrared 
bands in the 3100-2500 cm~! range (related to 
Cl) and a band at 3295 cm"! with an associated 
shoulder at 3232 cm-!, are further diagnostic 
features of synthetic origin. 


In summary, Malossi synthetic emeralds are 
readily separated from most natural Fe- and/or alka- 
li-bearing emeralds, whereas a combination of the 
diagnostic features discussed above is required to 
distinguish them from Fe- and alkali-poor natural 
emeralds. 


Separation from Other Synthetic Emeralds. Malossi, 
like all other hydrothermal synthetic emeralds, are 
readily separated from flux synthetic emeralds 
because the latter (1) have lower refractive index 
(from 1.556), birefringence (from 0.003), and specific 
gravity (from 2.64) values; (2) contain typical flux 
inclusions; and (3) do not exhibit water-related 
bands in the mid- (between 4000 and 3400 cm7!) 
and near- (9000-5000 cm~!) IR spectra. 

Malossi synthetic emeralds, which are Cr- and 
Cl-bearing, differ from the Russian, Lechleitner, and 
Biron hydrothermal synthetic emeralds studied to 
date on the basis of chemical composition. Russian 
and Lechleitner synthetics have Cr, Fe, Cu, and Ni, 
while Biron has V in addition to Cr and Cl. These 
differences can be seen in their gemological and 
spectroscopic properties. The separation of Malossi 
from Chinese synthetic emeralds may be possible 
based on either a larger amount of Cl in the earlier- 
generation Chinese material or the presence of Na 
in the later-generation Chinese synthetics. Also, 
according to information given by Chinese gemolo- 
gists at the Fall 2004 International Gemological 
Congress in Wuhan (China), the production of 
Chinese hydrothermal synthetic emeralds has been 
discontinued (K. Schmetzer, pers. comm., 2005). 
The chemical separation of Malossi from Linde- 
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Figure 13. Faceted Malossi synthetic emeralds have 
been commercially available in Italy and in the U.S. 
since December 2004. These emerald cuts (4.00 ct, left, 
and 2.20 ct, right) are set in rings together with synthet- 
ic moissanite. Composite photo by Alberto Malossi. 


Regency hydrothermal synthetic emeralds is less 
straightforward and further research is needed. 


CONCLUSIONS 


A new type of hydrothermal synthetic emerald is 
now being produced in the Czech Republic with 
Italian technology. These Malossi synthetic emer- 
alds have been commercially available since 
December 2004 (figure 13). This material belongs 
to the group of Cl-bearing, alkali-free hydrothermal 
synthetic emeralds, with Cr** as the only chro- 
mophore. Water is present as type I molecules. 

Malossi synthetic emerald can be distinguished 
from its natural counterpart on the basis of micro- 
scopic features (in particular, irregular growth struc- 
tures, seed plates, and/or phenakite-like crystals}, as 
well as by the presence of Cl combined with the 
absence of significant Fe, Na, or Mg. In addition, 
mid-infrared spectroscopy reveals diagnostic bands 
in the 3100-2500 cm-~! range and at 3295 cm~! 
(with a shoulder at 3232 cm~!). 

Malossi hydrothermal synthetic emerald can be 
easily discriminated from its flux synthetic coun- 
terparts, primarily on the basis of the absence of 
water molecules in the latter. The separation from 
Russian, Lechleitner, Chinese, and Biron 
hydrothermal synthetic emeralds can be made on 
the basis of chemical composition. The discrimina- 
tion from Linde-Regency hydrothermal synthetic 
emeralds is more ambiguous, and further research 
is needed. 
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Yellow CUBIC ZIRCONIA 
Imitating Cape Diamonds 


Two yellow kite-shaped step cuts 
(1.77 and 1.70 ct; figure 1) were sub- 
mitted to the West Coast laboratory 
by Mitchell Swerdlow Inc. of Miami, 
Florida, for diamond color origin 
determination. Initial observation in 
the laboratory weights and measures 
department indicated specific gravity 
values that were close to 6 for both, 
requiring additional testing by the 
Identification staff. Subsequent obser- 
vation of the spectra seen with the 
desk-model spectroscope appeared to 
reveal a cape spectrum in both sam- 
ples, with the addition of a line at 
595 nm, which is often indicative of 
irradiation and annealing in a yellow 
diamond. However, due to the high 
density of the specimens, it was obvi- 
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ous that they were in fact not dia- 
monds at all, and further testing was 
clearly required. 

No inclusions were seen in either 
sample when examined with magnifi- 
cation, and there was no visible strain. 
Lack of doubling in the microscope 
suggested that the kite shapes were 
singly refractive, and they were over 
the limits of the refractometer. In addi- 
tion, they fluoresced weak orangy red 
to long-wave ultraviolet radiation and 
medium to strong orangy red to short- 
wave UV, which is also not consistent 
with yellow diamonds. 

When the visible absorption spec- 
tra were examined more closely, it 
became apparent that although they 
did closely resemble the spectrum of a 
treated cape diamond, the 415 nm 
band was missing, and the positions of 
some of the main bands were shifted 


Figure 1. These two yellow samples of cubic zirconia (11.30 x 5.50 x 3.72 
and 10.54 x 5.57 x 3.71 mm) could be mistaken for irradiated and 

annealed cape diamonds if a gemologist relied on their visible spectra to 
identify them. 
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slightly on the scale. The spectra of 
cape diamonds contain bands in the 
violet-to-blue region, with lines at 
approximately 415, 435, 452, 465, and 
478 nm; the 415 and 478 nm bands 
are the strongest. When a diamond is 
artificially irradiated and annealed to 
produce a yellow color, the cape lines 
are usually fairly weak, and there are 
often additional lines at 496 and 503 
nm and a weak line at about 594 nm. 
Figure 2, compares the spectrum of the 
yellow samples we received for identi- 
fication with a representative spec- 
trum from a cape diamond. Due to the 
close proximity of lines on the scale, 
at first glance the 485 nm band in the 
samples could have been confused 
with the comparatively strong 478 nm 
band in a cape diamond, although the 
two samples also had an even closer 
but weaker line around 473 nm. The 
samples also had a fine weak line 
around 594 nm, which could have 
been confused with the same line in 
an irradiated and annealed diamond, 
but the more prominent band at 585 
nm in the samples is really the culprit 
in a potentially mistaken comparison. 

To further characterize the spectra 
of the two samples, research scientist 


Editor's note: The initials at the end of each item 
identify the editor(s) or contributing editor(s) 
who provided that item. Full names are given for 
other GIA Laboratory contributors. 
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Yellow cubic zirconia (CZ) 
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Figure 2. As seen from these approximate representations, the visible 
absorption spectra of the two yellow CZs in figure 1 (top) and an irradiat- 
ed and annealed cape diamond (bottom) are similar enough to lead to 
confusion in a quick examination with a desk-model spectroscope. 


Andy H. Shen collected UV-visible 
spectra. The absorption features pre- 
sented themselves generally as small 


broad bands, and for the most part 
they corresponded to the lines 
observed in the desk-model spectro- 


Figure 3. The UV-visible spectra of the two yellow CZs (top) and an irradi- 
ated and annealed cape diamond (bottom spectrum) support the bands 
detected with the desk-model spectroscope (figure 2), and also show differ- 
ences in the absorption features more distinctly. (All spectra were collect- 
ed at room temperature.) 
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scope. However, the weak feature at 
about 594 nm was not visible. A com- 
parison of the UV-visible spectra of 
the two yellow samples and an irradi- 
ated and annealed cape diamond is 
shown in figure 3. 

Energy-dispersive X-ray fluores- 
cence (EDXRF) analysis performed by 
senior research associate Sam Muhl- 
meister revealed Zr as the major 
chemical component, along with a 
trace of Y and Hf. These findings were 
consistent with cubic zirconia. As this 
note illustrates, if one is using a desk- 
model spectroscope to quickly con- 
firm the identification of a “yellow 
diamond,” one must be aware that the 
spectrum of a yellow CZ can be mis- 
taken for that of a cape or treated cape 
diamond. The lines should be studied 
closely to avoid a potentially embar- 
rassing error. 

CYW 


DIAMOND 
Orange, Treated by 
Multiple Processes 


Two major laboratory treatment tech- 
niques have been applied to alter the 
apparent bodycolor of diamond. One 
is irradiation with or without anneal- 
ing at a relatively low temperature; 
the other is annealing under high 
pressure and high temperature 
(HPHT). Though these two processes 
were first used in isolation, some 
treaters have begun combining them 
(see, e.g., W. Wang et al., “Treated- 
color pink-to-red diamonds from 
Lucent Diamonds Inc.,” Spring 2005 
Gems & Gemology, pp. 6-19). The 
diamonds in the Wang et al. article 
were type Ia with very high concen- 
trations of nitrogen; however, in the 
East Coast laboratory, we recently 
examined two diamonds treated in a 
similar way to introduce an attractive 
orange color, and these had extremely 
Jow nitrogen contents (i.e., they were 
virtually type IIa). 

The 5.89 ct round brilliant was 
color graded Fancy pinkish orange; 
the 4.31 ct emerald cut was color 
graded Fancy orange (figure 4). The 
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Figure 4. These 5.89 ct Fancy pinkish orange (left) and 4.31 ct Fancy orange 
(right) diamonds proved to have been treated by multiple processes. The 
most likely scenario is HPHT annealing followed by irradiation and then 


annealing at relatively low temperatures. 


two diamonds had no unusual 
internal characteristics, either inclu- 
sions or fractures. When exposed to 
long-wave UV radiation, the round 
brilliant displayed a moderately strong 
yellow fluorescence, while the emer- 
ald cut showed a moderate-to-strong 
yellow-green fluorescence; both dis- 
played moderate-to-strong orange fluo- 
rescence to short-wave UV. No phos- 
phorescence was observed. 

A notable feature in both diamonds 
was that the orange color was concen- 
trated in their culets, though this was 
more obvious in the round brilliant 
(figure 5). It is well-known that this 
feature can be created by irradiation 
and annealing (see, e.g., E. Fritsch and 
J. E. Shigley, “Contribution to the 
identification of treated colored dia- 
monds: Diamonds with peculiar color- 
zoned pavilions,” Summer 1989 Gems 
&) Gemology, pp. 95-101). 


In their infrared absorption spectra, 
both diamonds appeared to be nearly 
type Ila, with extremely weak absorp- 
tion from both B-form nitrogen 
(0.012-0.014 cm7! in absorption coeffi- 
cient at 1282 cm~!, about 1 ppm each) 
and isolated nitrogen (0.004-0.005 
cm! in absorption coefficient at 1344 
cm!, about 0.1 ppm each). The coexis- 
tence of isolated nitrogen and highly 
aggregated B-form nitrogen has not 
been reported in a natural-color dia- 
mond, and such a combination is con- 
trary to the natural aggregation pro- 
cess. Thus, it was very likely the result 
of HPHT annealing. (Under HPHT 
conditions, part of the highly aggregat- 
ed nitrogen will decompose and form 
isolated nitrogen.) This conclusion was 
supported by the presence of small 
frosted surfaces near the girdle of the 
round brilliant, a tell-tale trace of the 
annealing process that is not always 


Figure 5. The orange color was concentrated in the culets of both stones, a 
feature often induced by irradiation. This feature is more evident in the 
round brilliant (left) than in the emerald cut (right). 
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completely removed by re-polishing 
after treatment (T. M. Moses et al., 
“Observations on GE-processed dia- 
monds: A photographic record,” Fall 
1999 Gems # Gemology, pp. 14-22; 
Wang et al., 2005). 

UV-visible spectra collected at 
cryogenic temperatures from the two 
diamonds showed very similar 
absorption features (figure 6). Rela- 
tively strong absorptions at 574.9 nm 
[(N-V)°] and 637.0 nm [(N-V)’] and 
their side bands were responsible for 
the orange hues. These two centers 
can be easily introduced by radia- 
tion/annealing of a diamond that con- 
tains isolated nitrogen. Other absorp- 
tions known to be due to irradiation 
and annealing at relatively low tem- 
peratures were also detected, includ- 
ing those at 393.4 (ND1), 495.9 (H4), 
594.2, and 741.0 nm (GR1). 

While we do not know the origi- 
nal colors of these two diamonds, all 
observations lead to the conclusion 
that they were treated by at least two 
processes to introduce an attractive 
orange hue. The most likely scenario 
is HPHT annealing followed by irra- 
diation and then annealing at rela- 
tively low temperatures; this treat- 
ment method is known to produce a 
pink hue (also caused by N-V centers) 
in some type Ila diamonds. The use 
of multiple processes to enhance the 
bodycolor of natural diamonds pre- 
sents a new identification challenge 
for gem laboratories. 

Wuyi Wang, TMM, 
and Carol Pearce 


Pink Diamonds with a 
Temporary Color Change 


Diamonds that change color for a brief 
period in certain environments occupy 
a special niche in the diamond world. 
Most reported “color-change” dia- 
monds temporarily change from a 
greenish to a yellowish hue when heat- 
ed or when placed in darkness for long 
periods of time; these stones are 
known in the trade as “chameleon” 
diamonds. Even rarer are diamonds 
that temporarily change color when 
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CRYSTALS: MONOCLINIC SYSTEM 


Figure (A) is an illustration of a lazulite crystal. This 
mineral is rather soft and although not popular as a gem is 
often cut for collectors. Lincoln County, Georgia. The 
mineral liroconite from the St. Day United Mines, Corn- 
wall and crocoite from Dundas, Tasmania, although not 

nN durable enough for gem purposes are in demand by collectors 
because of their excellent crystal form and color. Specimens 
from the collection of British Museum (Natural History), 
London. 


Reproduced by permission of the Trustees of the British Museum. 
Printed in England. 
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Figure 6. Absorption spectra in the UV-visible region showed relatively 
strong absorptions at 574.9 nm and 637.0 nm, which are responsible for the 
orange hues. Absorptions at 393.4, 495.9, 594.2, and 741.0 nm are intro- 
duced by irradiation and annealing at relatively low temperatures. 


cooled or exposed to UV radiation (e.g., 
Summer 1975 Lab Notes, pp. 57-59; E. 
Fritsch, “The nature of color in dia- 
monds,” in G. E. Harlow, Ed., The 
Nature of Diamonds, Cambridge 
University Press, Cambridge, U.K., 
1997, pp. 23-47; M. Van Bockstael, 
“Chameleon diamonds,” Antwerp 
Facets, 1997, pp. 40-41; Summer 2002 
Lab Notes, pp. 165-166; Hainschwang 
et al., “A gemological study of a collec- 
tion of chameleon diamonds,” Spring 
2005 Gems &) Gemology, pp. 20-34). 

Earlier this year in the West 
Coast laboratory, we examined two 
pink diamonds (2.01 and 2.17 ct) that 
temporarily changed color after 
exposure to high-energy short-wave 
(<230 nm) UV radiation in the 
DiamondView. The 2.01 ct stone 
changed from Fancy Light pink- 
brown to Fancy Light brownish yel- 
low (figure 7); the 2.17 ct stone 
changed from Fancy Light pink to 
light brown (L color). Over a period 
of several hours in normal lighting 
conditions, both stones returned to 
their original pink colors. 

Both diamonds were type Ia with 
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no detectable impurities in the mid- 
infrared spectrum, and both showed 
distinctive cross-hatched strain pat- 
terns when viewed between crossed 
polarizers. The 2.01 ct stone had a 
moderate yellow reaction to long- and 
short-wave UV, whereas the larger 
diamond fluoresced a weak blue to 


both. These two diamonds did not 
change color after exposure to typical 
long- or short-wave handheld UV 
lamps (which emit UV radiation at 
wavelengths of ~366 nm and ~254 
nm, respectively). When examined 
with diffused white light, the color 
distribution in the 2.17 ct diamond 
appeared uniform, subtle brown and 
pink graining was present in the 
smaller stone. 

Visible-range absorption spectra 
were collected at cryogenic tempera- 
tures from the 2.01 ct diamond in 
both the pink and yellow color states 
to assess the mechanism behind the 
color change. In both states, the dia- 
mond displayed a distinct H3 defect 
(503.2 nm; see figure 8), which was 
responsible for the small amount of 
green luminescence seen when the 
diamond was viewed with magnifica- 
tion. The H3 band is extremely rare in 
natural type Ila diamonds, and the rea- 
son for its occurrence in this diamond 
is unclear. 

In the stable pink color state, a gen- 
eral increase in absorption toward the 
blue end of the spectrum and a broad 
band at ~550 nm were responsible for 
the pink color. After exposure to high- 
energy UV radiation, the baseline 
absorbance increased and the 550 nm 
band decreased substantially, leaving a 
transmission window in the yellow 


Figure 7. This 2.01 ct diamond experienced a notable change in color after 
exposure to high-energy short-wave UV radiation. At left, before exposure, 
the stone was Fancy Light pink-brown; afterward, it changed to Fancy 

Light brownish yellow. The stone returned to its original color after sever- 
al hours in normal light. 
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VISIBLE ABSORPTION SPECTRA 


0.85 


0.80 


0.75 


(yellow color state) 
0.70 


0.65 


ABSORBANCE 


0.60 


0.55 (pink color state) 


T T T 
400 450 500 590 600 650 


WAVELENGTH (nm) 


Figure 8. Low-temperature visible absorption spectra from the 2.01 ct dia- 
mond in its pink-brown and brownish yellow states show that the pres- 


ence of the 550 nm band produces a pink color before UV exposure, 


whereas the absence of this band after exposure results in a transmission 


window in the yellow region. 


After exposure to high-energy UV 


ae Before exposure to high-energy UV 
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interactions involving the band seem 
to occur in some pink diamonds. 

This type of color change is a rare 
and interesting phenomenon that may 
provide more insight into the nature 
of the 550 nm absorption band that is 
common in natural pink diamonds. 

Christopher M. Breeding 
and Andy Shen 


Unusually Large Novelty Cut 

From time to time, diamonds cut into 
the shapes of animals or objects such 
as stars are submitted to the laboratory 
for grading (see, e.g., Spring 1983 Lab 
Notes, p. 43; Spring 1993 Gem News, 
p. 52; Fall 2001 Lab Notes, p. 214). 
Though the practice of carving dia- 
monds into unusual shapes has a long 
history, most of these novelty cuts 
became possible only after the devel- 
opment of laser cutting and shaping 
techniques. Such novelty cuts tend to 
be relatively small and to be cut from 
oddly shaped, near-colorless rough that 


part of the spectrum. The change in Figure 9. This 21.42 ct novelty-cut diamond, which resembles an eagle’s 
the 550 nm band is particularly inter: head, is unusual for its large size and fancy color. 


esting, because it is commonly associ- 
ated with the graining features that 
cause the bodycolor of most natural 
pink diamonds. 

Our results suggest that, in some 
diamonds, the 550 nm band may be 
temporarily removed (or “bleached”) 
by exposure to high-energy UV radia- 
tion. Although the baseline absorbance 
increased after exposure, it did so even- 
ly across the visible spectral range, sug- 
gesting that it was most likely not 
responsible for the noticeable decrease 
in the 550 nm band. 

Over the years, we have examined 
a large number of pink diamonds in 
the laboratory and observed that not 
all that have a 550 nm band will 
change color in this manner. The 
change in intensity of the 550 nm 
band in response to UV energy sug- 
gests that some sort of electronic struc- 
ture or charge transfer may be associat- 
ed with this feature. While the 550 nm 
band is most likely due to plastic 
deformation, more complex electronic 
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Figure 10. These facets, intended 
to represent the eagle’s feathers, 
were cut by hand with a tool 
made expressly for this diamond. 
Magnified 8x. 


is not suitable for traditional shapes 
and proportions. Thus, we at the East 
Coast laboratory were very interested 
to encounter a novelty cut that was 
relatively large and in a fancy color. 

This 21.42 ct yellow diamond (fig- 
ure 9) was fashioned into the form of 
an eagle’s head. In addition to its 
notable size and color, the diamond 
had curiously shaped facets in certain 
areas that gave the appearance of feath- 
ers (figure 10). In conversation with the 
manufacturer, we learned that—far 
from being the product of a laser cut- 
ting operation—these facets were cut 
by hand using a rather primitive tool 
that was created specifically for this 
purpose. The manufacturer also men- 
tioned that the shape of the original 
rough evoked the outline of an eagle, 
which fueled his desire to fashion the 
diamond into this image. Some small 
remnants of the diamond’s natural sur- 
face were left unpolished around the 
girdle edge to demonstrate how much 
weight and shape was retained from 
the original rough (figure 11). 

We were also told that the rough 
from which this eagle’s head was cut 
was relatively flat. When colored dia- 
monds are faceted from flat rough, it is 
not uncommon for the color in the fin- 
ished stone to concentrate near the 
edges, with a somewhat “colorless” 
window in the center. When color 
grading such a diamond, the grader 
concentrates on those areas where 
color is observed. However, if that 
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Figure 11. Many naturals were 
left along the girdle edge of the 
eagle’s head to emphasize that 
the original rough had a shape 
similar to that of the finished 
stone. Magnified 38x. 


color does not represent the majority 
of the face-up appearance (i.e., the win- 
dow predominates}, the color distribu- 
tion entry on the grading report would 
state “uneven.” Such was the case 
with this diamond (again, see figure 9), 
which was graded Fancy Intense yel- 
low with uneven color distribution. 
Thomas H. Gelb and John M. King 


Small SYNTHETIC DIAMONDS 


Several months ago, the West Coast 
laboratory received three melee-size 
(0.11, 0.12, and 0.16 ct; figure 12) 


bright orange-yellow gems of varying 
shapes for colored diamond identifica- 
tion and origin reports. Observation 
with a gemological microscope at 
approximately 10x magnification 
revealed that all three were fairly 
clean, which is not unusual for such 
small stones. At higher magnifica- 
tion, we could see that they contained 
only diffuse clouds and had no obvi- 
ously natural inclusions. The parti- 
cles making up the clouds were fairly 
regularly spaced and uniform in size. 
The clouds seen in most natural dia- 
monds tend to be more irregular, so 
this led us to suspect that these sam- 
ples might be of synthetic origin. 

All three specimens were inert to 
long-wave UV radiation. One fluo- 
resced a weak, zoned chalky orange— 
and the other two displayed a very 
weak green reaction—to short-wave 
UV radiation. Yet none of them dis- 
played the diagnostic cross-shaped 
pattern of chalky fluorescence often 
seen in synthetic diamonds of this 
color. Examination with high magni- 
fication while they were immersed in 
methylene iodide did reveal at least 
one sharp, elongated, near-colorless 
zone in each specimen, but these 
zones were difficult to view due to 
the small size of the samples. How- 
ever, examination with the DTC 


Figure 12. Due to their small size and lack of obvious synthetic character- 
istics, these three melee-size synthetic diamonds (0.11—0.16 ct) could be a 
challenge to identify outside a laboratory. 
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Figure 13. The fluorescence patterns in these DiamondView images of two 
of the small synthetic stones are diagnostic of synthetic diamond. 


DiamondView, which uses higher- 
energy short-wave UV radiation, 
revealed fluorescent patterns charac- 
teristic of synthetic diamonds (figure 
13) in each of the samples. Therefore, 
we concluded that all were indeed 
synthetic. 

In recent months, we have seen a 
greater number of small synthetic dia- 
monds of this color coming through 
the laboratory. Many of these do dis- 
play the characteristic yellow-green 
chalky cross-shaped fluorescent pat- 
tern when exposed to UV radiation. As 
these three samples illustrate, though, 
some small synthetic diamonds can- 
not be readily identified with standard 
gemological techniques alone. 

Elizabeth P. Quinn 


DIASPORE “Vein” in Sapphire 


Diaspore, orthorhombic aluminum 
hydroxide, is best known as a form of 
the aluminum ore bauxite, and is only 
rarely used as a gem material. 
However, it may be associated with 
corundum and can sometimes be seen 
as an inclusion in ruby and sapphire. 
GwG has previously reported on the 
presence of diaspore as irregular 
“veins” in Nepalese ruby (C. P. Smith 
et al., “Rubies and fancy-color sap- 
phires from Nepal,” Spring 1997 Gems 
# Gemology, pp. 24-41), and as the 
solid phase in three-phase inclusions 
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in Sri Lankan sapphire (K. Schmetzer 
and O. Medenbach, “Examination of 
three-phase inclusions in colorless, yel- 
low, and blue sapphires from Sri 
Lanka,” Summer 1988 Gems & 
Gemology, pp. 107-111). 

Recently, a 3.96 ct blue cushion- 
cut stone was submitted to the West 
Coast laboratory for identification. 
Standard gemological testing proved it 
to be natural sapphire. During the 
microscopic examination, we noticed 
that a distinctive circular fracture 
breaking the surface of the pavilion 
was filled with a material that had a 


Figure 14. This 3.96 ct sapphire 
contained a circular fracture 
that in reflected light showed a 
lower luster than the surround- 
ing sapphire, resembling the 
glass-like material commonly 
seen in heat-treated corundum. 
Magnified 40x. 
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lower surface luster than the sur- 
rounding corundum (figure 14). 
Though such a feature is typically 
associated with the glass-like residues 
found in fractures and cavities of some 
rubies that have been exposed to high- 
temperature heat treatment, it is sel- 
dom seen in blue sapphires. Further, 
the filler material contained numer- 
ous irregular thread-like voids that did 
not resemble the patterns and inclu- 
sions we would expect to see in glassy 
residues (figure 15). For this reason, we 
decided to test the “filler” further. 

Because the material broke the 
pavilion surface in a relatively wide 
“vein,” we were able to use Raman 
spectroscopy for analysis. Even so, the 
spectral peaks representing the sur- 
rounding corundum needed to be 
“subtracted” from the spectrum of the 
sample. The resulting spectrum (figure 
16) was an excellent match for dias- 
pore. Diaspore is known to be unstable 
at temperatures over 600°C (again, see 
Schmetzer and Medenbach, 1988), so 
its presence was an excellent indicator 
that the stone had not undergone high- 
temperature heat treatment. Con- 
versely, if we had found the material to 
be a glassy residue, its presence would 
be proof of heat treatment. 

The similarity in appearance 
between this material and glass 
serves as an excellent reminder that 
careful scrutiny and testing are neces- 


Figure 15. The inclusions in the 
material filling the fracture in 
the sapphire in figure 14 did not 
resemble those one would expect 
to see in a glassy residue from 
heating. Magnified 37x. 
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Figure 16. The Raman spectrum of the “vein” material with the primary 
corundum peaks removed, or “subtracted,” shows a very close match to 


the GIA lab’s library sample of diaspore. 


sary to accurately interpret observa- 
tions and, in this case, prevent mis- 
taking evidence of no treatment for 
evidence of treatment. 

Kimberly Rockwell 


Unusual PEARL from South America 


The natural oyster pearls that we see 
from south of the U.S. border usually 
originate from Pinctada mazatlanica 
or Pteria sterna along the Pacific coast 
of Mexico or within the Gulf of 
California. Typically, these pearls 
occur in colors that include blacks to 
grays, various shades of brown, and 
deep purples. Many have iridescent 
overtones (orient) of pink, purple, 
green, blue, yellow, and/or orange. 
Although a verbal description of these 
pearls might not distinguish them from 
those of French Polynesia, there are 
visual subtleties in color, as well as in 
shape and size, that can provide clues 
as to the origin of some of these gems. 
Recently, the West Coast laboratory 
received an interesting 9.51 ct pearl (fig- 
ure 17) whose size and unusual grayish 
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greenish yellow color made it difficult 
to discern whether it might have origi- 
nated from Tahiti or Central/South 
America. 

The long-wave UV luminescence 
was very weak brown to reddish 
brown with a very weak to weak 
chalky yellow-green surface cast. This 


Figure 17. This natural pearl from 
the Pacific coast of South 
America (11.15-11.60 x 10.10 
mm), presumed to be from a P. 
mazatlanica oyster, exhibits a rare 
color for pearls from this oyster. 
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subtle fluorescence ruled out P. sterna 
as the source oyster due to a lack of the 
characteristic stronger chalky reddish 
fluorescence that would be observed in 
that type of pearl (see, e.g., L. Keifert et 
al., “Cultured pearls from the Gulf of 
California, Mexico,” Spring 2004 
Gems & Gemology, pp. 26-38). 
However, it matched that of a similar- 
ly colored outer nacreous band of a P. 
mazatlanica shell in our research col- 
lection. It also matched that of the 
non-nacreous outer lip of a Pinctada 
margaritifera shell (the famed black- 
lipped oyster from French Polynesia), 
but this was an area of the oyster 
where the pearl could not have 
formed. 

The UV-visible absorption spectra 
of pearls from P. mazatlanica are sim- 
ilar to those from P. margaritifera; as 
with some dark pearls from both oys- 
ters, there was increased absorption 
around 700 nm in this pearl. Although 
the West Coast laboratory has not had 
the opportunity to observe this 700 
nm absorption in P. mazatlanica 
pearls, it has been recorded in the past 
(K. Scarratt, pers. comm., 2005). 

The client reported that the pearl 
originated from an undisclosed loca- 
tion along the Pacific coast of South 
America, which is good circumstan- 
tial evidence that the producing oys- 
ter was P. mazatlanica rather than P. 
margaritifera. The client also said 
that, in his considerable experience, 
the color of this P. mazatlanica pearl 
was quite rare. 

CYW and Shane Elen 


Unusually Small Natural-Color 
Black CULTURED PEARLS 


The black cultured pearls from 
French Polynesia we see in the labo- 
ratory are typically at least 9 mm in 
diameter, but occasionally we see 
them between 8 and 9 mm. So when 
a very dark strand consisting mostly 
of cultured pearls under 9 mm (with 
several 8 mm or slightly less; figure 
18) came into the West Coast labora- 
tory, we were suspicious that they 
might be dyed. However, visual 
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Figure 18. Several of the very dark cultured pearls (11.00 mm to 8.00 x 7.80 
mm) in this strand were smaller and had thinner nacre than is typical for 


Tahitian exports. 


observation of the nacre did not reveal 
any evidence of dye. The cultured 
pearls were highly polished, and some 
had thin, transparent nacre through 
which the bead nucleus could be seen 
when viewed with transmitted light 
from a fiber-optic source. 

The long-wave UV luminescence 
of such dark cultured pearls is often 
inert to faint or occasionally very 
weak, so we were somewhat sur- 
prised to see very weak to weak red- 
dish brown fluorescence that is more 
typical of slightly lighter Tahitian cul- 
tured pearls. Senior research associate 
Sam Muhlmeister performed EDXRF 
analysis to check for the presence of 
metals such as Ag, which would be 
proof of color treatment. The results 
were consistent with naturally col- 
ored pearls and revealed no evidence 
of dye. Using UV-visible spectros- 
copy, research gemologist Shane Elen 
then characterized 18 cultured pearls 
from the center of the strand; the 
spectra were consistent with natural- 
ly colored dark pearls from the 
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Pinctada margaritifera, with in- 
creased absorption around 700 nm. 

These results established that the 
black cultured pearls were of natural 
color. Observation of the bead nuclei 
on an X-radiograph revealed that the 
smallest nucleus seen in one two- 
dimensional view measured approxi- 
mately 6.2 mm in diameter, with 
numerous others ranging from 6.3 to 
7.0 mm. In this same X-radiograph, 
the nacre varied from 0.3 to 1.7 mm, 
with quite a few having nacre in the 
0.4-0.6 mm range. It is interesting to 
note, as G.LE. Perles de Tahiti kindly 
informed us, that the French Poly- 
nesian government requires a nacre 
thickness of at least 0.8 mm on cul- 
tured pearls for export. 

Also according to G.LE. Perles de 
Tahiti, there could be a number of 
explanations for the pearls’ relatively 
thin nacre. One is that the procedure 
responsible for their high polish sub- 
sequently removed nacre to well 
below the minimum thickness 
required for their export. Another is 
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that the geographic source may not be 
French Polynesia. 
CYW 


Identification of TURQUOISE 
With Diffuse Reflectance 
Infrared Spectroscopy 


Turquoise has been treated by plastic 
impregnation since the late 1960s (see, 
e.g., T. Lind et al., “The identification 
of turquoise by infrared spectroscopy 
and X-ray powder diffraction,” Fall 
1983 Gems @& Gemology, pp. 
164-168). This treatment not only 
improves color, luster, and durability, 
but it can also protect the turquoise 
from penetration by foreign substances 
such as dirt and skin oils. Tradi- 
tionally, IR spectroscopy has been the 
most common method for detecting 
polymer impregnation of gem materi- 
als (see, e.g., Lind et al., 1983, E. Fritsch 
et al., “Identification of bleached and 
polymer-impregnated jadeite,” Fall 
1992, Gems #) Gemology, pp. 176-187; 
M. L. Johnson et al., “On the identifi- 
cation of various emerald filling sub- 
stances,” Summer 1999 Gems & 
Gemology, pp. 82-107). This test is 
normally performed in transmission 
mode for opaque gems; however, 


Figure 19. Although the appear- 
ance and low specific gravity of 
this turquoise tablet led to suspi- 
cions of treatment, no known poly- 
mer impregnation was detected. 
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Figure 20. Comparing the diffuse infrared reflectance spectra of a natural turquoise, a Gilson synthetic 
turquoise, and the tablet in figure 19 indicated that the tablet is natural turquoise (left). No known polymer- 
related absorption bands, such as at 2965, 2930, and 2875 cm-! were detected (right). 


preparing an opaque sample for IR 
transmission spectroscopy requires 
scraping off a tiny amount of material 
and combining it with potassium bro- 
mide (KBr) into a small compressed 
pellet. Thus, it is both slightly destruc- 
tive and somewhat time-consuming. 
Recently, a bluish green turquoise 
tablet (22.44 x 20.24 x 5.68 mm) was 
submitted to the East Coast laborato- 
ry for identification (figure 19). It con- 
tained white veins and copper inclu- 
sions, and its spot refractive index 
was 1.60. Although the specific gravi- 
ty of natural, untreated turquoise 
ranges from 2.60 to 2.90 (R. Webster, 
Gems, 5th ed., rev. by P. G. Read, 
Butterworth-Heinemann, Oxford, 
England, 1994), the S.G. of this tablet 
was only 2.47. This suggested that 
there might be some treatment, possi- 
bly plastic impregnation, causing a 
lower result. We considered whether 
this piece might have been subjected 
to the so-called Zachery treatment, 
but the S.G. of Zachery-treated 
turquoise is typically 2.61-2.74, with- 


in the normal range (E. Fritsch et al., 
“The identification of Zachery-treat- 
ed turquoise,” Spring 1999 Gems & 
Gemology, pp. 4-16). 

We then decided to test the tablet 
with diffuse reflectance infrared spec- 
troscopy, rather than transmission 
spectroscopy. In this method, which 
requires no preparation or damage to 
the sample, the IR radiation pene- 
trates the surface of an opaque gem 
only slightly, bounces off, and is col- 
lected by a curved mirror above it 
before passing to the detector. 

The major peaks detected were at 
approximately 1125, 1050, and 1000 
cm! (figure 20, left), indicating that 
it was natural (not synthetic) tur- 
quoise (again, see Fritsch et al., 1999). 
Additionally, no bands that could be 
attributed to any known polymers 
(such as Opticon or Pathalate) were 
detected (figure 20, right). 

However, a strong absorption band 
was seen at 1746 cm~!. To ensure that 
this band was not caused by mineral 
inclusions, we covered the turquoise 


with a metal plate that had a 6 mm 
hole in the center, and tested the 
tablet again. The spectra obtained for 
both the blue area with white veins at 
the top and the pure blue area at the 
base showed the band at 1746 cm"! 
(the spectrum for the metal plate was 
subtracted out). We do not know the 
assignment of this band. 

This example shows that diffuse 
reflectance infrared spectroscopy is a 
simple, fast, and nondestructive 
method to help with the separation 
of natural and synthetic turquoise. It 
may also be used to help identify 
plastic (polymer) impregnation. 

Kyaw Soe Moe, Paul Johnson, 
and Carol Pearce 
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COLORED STONES AND 
ORGANIC MATERIALS 


Ornamental blueschist from northern Italy. During the 
late 1990s, blueschist from a small number of localities in 
the lower Aosta Valley of the western Italian Alps was rec- 
ognized as an ornamental material and polished into cabo- 
chons, beads, and other objects (see, e.g., figure 1). Since 


Figure 1. Blueschist from Italy’s Aosta Valley, with its 
combination of blue glaucophane, green omphacite, 
red garnet, and white calcite, has been polished into 
attractive objects, such as this 263 ct disk (80 x 4 mm). 
The material also shows a sparkly sheen when cut par- 
allel to the foliation of the schist. Photo by A. Stucki. 
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then, its attractive and distinctive appearance has led to 
increased demand from Swiss and Italian lapidaries and 
local jewelers. It is estimated that a few hundred pieces 
(mostly cabochons) have been polished from this 
blueschist to date. In recent years, the annual production 
of rough blueschist has been in the range of a few hundred 
kilograms. 

Blueschist is formed by the relatively high-pressure and 
low-temperature metamorphism of mafic rocks such as 
basalt. The overall blue color is due to the predominance of 
glaucophane (a sodic amphibole) in the rock. Outcrops of 
blueschist in the Aosta Valley are usually accompanied by 
eclogite and phengite schist (figure 2). Although blueschist 
is locally abundant and may form masses up to several 
meters wide, lapidary-grade material is quite rare, occurring 
as layers and lenses up to 30 cm thick. Such blueschist has a 
compact texture and is glaucophane-rich and mica-poor. 
These outcrops are found at elevations from 300 to 2,500 m, 
mostly in very steep, rugged terrain. Because of this, access 
is possible only by foot in most cases, and mining is com- 
monly done by local collectors using simple hand tools. 


Editor’s note: The initials at the end of each item identify the 
editor or contributing editor who provided it. Full names and 
affiliations are given for other contributors. Dr. Mary L. 
Johnson of the GIA Laboratory in Carlsbad is thanked for 
her internal review of the Gem News International section. 

Interested contributors should send information and 
illustrations to Brendan Laurs at blaurs@gia.edu (e-mail), 
760-603-4595 (fax), or GIA, The Robert Mouawad Campus, 
5345 Armada Drive, Carlsbad, CA 92008. Original photos 
will be returned after consideration or publication. 
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Figure 2. This outcrop shows a tightly folded area of 
dark blueschist and adjacent light-colored phen- 
gite-rich layers. The hammer (provided for scale) is 
approximately 38 cm (15 inches) long. Photo by 
Daniela Rubatto. 


The ornamental blueschist is dominated by millime- 
ter-size prismatic crystals of glaucophane, ideally 
NaMg,Al,(SigO,,)(OH),. Electron-microprobe analyses 
performed by this contributor and Dr. Barbara Kuhn at 
the Institute of Mineralogy and Petrography, ETH Zurich, 
determined that the glaucophane contains 7-8 wt.% FeO, 
which corresponds approximately to a composition of 
glaucophane, ,,ferroglaucophane, ,, (a minor riebeckite 
component is also present). While glaucophane from 


Figure 3. When viewed in thin section with a petro- 
graphic microscope, the blueschist is seen to consist 
of glaucophane with distinct blue-purple/near-color- 
less pleochroism, green omphacite, high-relief garnet 
that appears colorless, and interstitial colorless cal- 
cite. Photomicrograph by A. Stucki; field of view is 
approximately 5 x 4mm. 
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other localities (e.g., the Coast Range in California) is gen- 
erally dark gray rather than blue and not very appealing as 
an ornamental stone, material from the Aosta Valley is 
characterized by an attractive, pure blue color without 
gray overtones. In thin section, the crystals show a dis- 
tinct blue-purple/near-colorless pleochroism that is typi- 
cal for iron-bearing glaucophane (figure 3). Also present in 
this ornamental material are green omphacite (with the 
composition diopside, ,hedenbergite, ,jadeite, -aegiriney ,), 
brownish red garnet (almandine, ,grossular, ,pyrope, 4), 
and varying amounts of pale yellow clinozoisite, white 
calcite, pyrite, and rutile. 

This combination of blue, green, and red constituents 
with minor white and/or reflective spots results in a unique, 
striking appearance when properly fashioned. A schiller-like 
phenomenon is shown by polished surfaces cut parallel to 
the foliation of the schist; if cut perpendicular to this plane, 
the glaucophane will appear much darker and duller. 

Because of its compact, interlocking microtexture, 
even thin pieces of blueschist from the Aosta Valley can 
be polished, some into fairly sizable objects. The main 
challenge for gem cutters is the large difference in Mohs 
hardness between the constituent minerals, notably garnet 
(7—7.5) and calcite (3). 

Andy Stucki (siber-siber@bluewin.ch) 
Siber+Siber Inc. 
Aathal, Switzerland 


Emerald phantom crystal. At the July 2005 Jewelers of 
America Show in New York, Ray Zajicek of Equatorian 
Imports, Dallas, Texas, submitted an interesting emerald 
crystal from Colombia’s Muzo mine to the AGTA labora- 
tory for examination and research. This well-formed crys- 
tal (3.38 ct and 9.6 x 7.1 x 5.7 mm) had six hexagonal 
prism faces, and was terminated at one end by a basal 
pinacoid with six small rhombohedral faces. 

Inside the crystal, we observed numerous growth tubes 
and densely concentrated primary fluid inclusions that 
had accumulated in the center. Collectively, these inclu- 
sions formed a translucent phantom that appeared a much 
lighter green in comparison to the deeper color of the 
transparent outer zone (figure 4). 

The shape of the phantom corresponded almost exact- 
ly to the form of the outer parent crystal. The outer por- 
tion contained far fewer inclusions. These were primarily 
three-phase inclusions of brine, a vapor bubble, and a cubic 
crystal of salt—which are typical of, and well-known as, 
inclusions in Colombian emeralds. 

Growth phantoms in emerald are not at all common. 
This was one of the best examples these contributors have 
encountered. 

Lore Kiefert (Ikiefert@agta-gtc.org) 
AGTA Gemological Testing Center, New York 


John I. Koivula 
AGTA Gemological Testing Center, Carlsbad 
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Figure 4. The phantom in this 3.38 ct emerald crystal 
from the Muzo mine in Colombia is an unusual 
growth feature. Photomicrograph by John I. Koivula; 
courtesy of microWorld of Gems. 
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Figure 5. These “Nectar of Life” earrings incorpo- 
rate two unusual trapiche emeralds (19.40 and 
19.69 ct). Courtesy of Sandra Miiller; photo 

© Harold & Erica Van Pelt. 
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Unusual trapiche emerald earrings. The gem world is 
filled with remarkable oddities. However, the very quali- 
ties that make these gems notable often make them 
unsuitable for use in conventional jewelry, leaving them 
confined to the realm of “collectors’ stones.” It is there- 
fore fairly rare to encounter jewelry featuring stones that 
are truly distinctive in a gemological sense. 

In late July 2005, the AGTA Gemological Testing 
Center reported on a pair of unusual trapiche emeralds (see 
www.agta-gtc.org/2005-07-26_trapiche_emerald. htm). 
Unlike most such emeralds, these two stones (19.40 and 
19.69 ct) had a colorless outer zone that had been cut into 
the shape of a six-rayed star, with each arm of the star 
radiating from a hexagonal prism face of the emerald core. 
These gems have now been used to great advantage in a 
unique pair of earrings (figure 5) by jewelry designer 
Sandra Miiller (Sandra Miiller Fine Jewelry, Los Angeles). 

Titled “Nectar of Life,” the jewelry is intended to por- 
tray slices of star fruit descending from strips of lemon 
peel. The star fruit dangles contain the trapiche emeralds 
in gold settings with yellow diamonds. (Star fruit is actu- 
ally five-rayed, but one can forgive this as artistic license.) 
The upper “lemon peels” are green gold set with green, 
yellow, and colorless diamonds. Because of their weight, 
the earrings are designed to hook inside the wearer's ears 
rather than on the ear lobes. 

Clearly, even gemological oddities can make beautiful 
jewelry, given sufficient artistic vision and inspiration. 

Thomas W. Overton (toverton@gia.edu) 
GIA, Carlsbad 


A large greenish yellow grossular from Africa. The GIA 
Gem Tech Lab recently examined a 68.55 ct greenish 
yellow round brilliant (figure 6) that, according to the 
client, was a garnet from East Africa. This stone 
showed unusually intense greenish yellow coloration 
and exhibited very distinct roiled (“scotch in water”; 
figure 7) structure that is typical for the hessonite vari- 
ety of grossular. 

The sample was examined by standard gemological 
testing and various spectroscopic methods. The R.I. was 
1.743, and the S.G. (measured hydrostatically) was 3.62. 
Viewed between crossed polarizing filters, the sample 
was isotropic but exhibited very distinct strain that fol- 
lowed the granular swirl-like structure seen with the 
microscope. These results, as well as the specular 
reflectance FTIR spectrum, provided a good match with 
hessonite. EDXRF chemical analysis was consistent 
with a calcium-aluminum garnet (Ca,AL,[SiO,]), which 
confirms grossular, with a significant amount of Mn and 
Fe present. These impurities are commonly found in 
hessonite, but the quantity of Mn detected was greater 
than is typically seen in this gem variety. 

The UV-Vis-NIR absorption spectrum (figure 8) also 
was unusual for grossular, with three strong bands at 372, 
409, and 430 nm, and two weaker bands at 418 and 455 
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SPODUMENE 


Figures (A) and (D) show a Kunzite crystal from two 
positions with distinct pleochroism easily visible. A fine Hid- 
denite from Alexander County, North Carolina, is shown at 
(B), and at (C) a yellow Spodumene from Brazil. The 

Bi large fashioned Kunzite (E) comes from California. Al- 
though fragile, these stones have been popular because of 
their exceptional color. Specimens from the collection of 
British Museum (Natural History), London. 


Reproduced by permission of the Trustees of the British Museum. 
Printed in England. 


Figure 6. This 68.55 ct grossular from East Africa 
shows an unusually bright greenish yellow color. 
Photo by T. Hainschwang. 


nm. These absorptions can be attributed to Mn?* (see 
Winter 1991 Gem News, p. 258). The intense manganese 
absorptions cause the steep slope starting at around 500 
nm and cut off nearly all the blue in the spectrum. This 
feature, combined with high transmittance from 500 to 
750 nm, is responsible for the unusually intense greenish 
yellow color in this garnet. 

Manganese typically plays only a minor role in the col- 
oration of grossular/hessonite. In the experience of these 
contributors, although Mn** bands are often present in this 


Figure 8. The UV-Vis-NIR absorption spectrum of 
the grossular showed very strong Mn?*-related 
absorptions. These absorptions are responsible for 
the strong greenish yellow color, in contrast to the 
usual orange appearance of hessonite. 
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Figure 7. With magnification, the grossular in figure 6 
showed the distinct roiled “scotch in water” appear- 
ance that also is typically seen in hessonite. Photo by 
T. Hainschwang; magnified 8x. 


material, they are very weak. In typical orange hessonite, 
the spectrum is a featureless broad band with greater 
transmittance in the orange and red parts of the spectrum. 
This broad band is attributed to Fe**—>Ti** intervalence 
charge transfer, so the orange color in grossular is mainly 
due to this mechanism (E. Fritsch, pers. comm., 2005). 
The client did not know precisely where in East 
Africa the material was found or whether more of this 
attractive garnet is available in the market. 
Thomas Hainschwang (thomas.hainschwang@gia.edu) 
and Franck Notari 
GIA Gem Tech Lab 
Geneva, Switzerland 


An opal triplet resembling an eye. Bill Hawes (Conifer, 
Colorado) recently brought to our attention a 9.75 ct (1.8 x 
1.6 cm) opal triplet with an unusual pattern of play-of-color 
that resembled an eye (figure 9). He said that the opal was 
mined by Bob and Susan Thompson at their claim in east- 
ern Idaho. Reportedly the Thompsons have also found one 
additional opal with a similar concentric pattern, which 
has been fashioned as a triplet and set into a pendant. 

The triplet loaned by Mr. Hawes consisted of a very 
thin (0.1 mm) layer of opal that was glued to a black 
opaque backing with colorless cement, and covered by a 
colorless glass top. The opal showed strong play-of-color, 
with a near-round “pupil” surrounded by a multicolored 
“iris” that showed a radiating columnar structure. As seen 
in figure 9, the “pupil” appeared yellowish green in typical 
viewing environments. However, when illuminated with 
a fiber-optic source at an oblique angle, the “pupil” 
showed patchy violet and orange coloration. Although we 
could not measure the R.I. of the colorful layer (because it 
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Figure 9. This unusual 1.8 x 1.6 cm opal triplet bears 
a striking resemblance to an eye. Courtesy of Bill 
Hawes; photo by Maha Calderon. 


was so thin, and there was a risk of damaging the cement 
with the RI. liquid), it was identified as opal by its diag- 
nostic play-of-color. The natural or synthetic origin of the 
opal could not be ascertained due to its narrow thickness. 
However, the columnar structure more closely resembled 
that which is typical of synthetic opal. The GIA 
Laboratory has not previously encountered an opal (natu- 
ral or synthetic) with this intriguing appearance. 
Elizabeth P. Quinn (equinn@gia.edu) 
GIA Laboratory, Carlsbad 


BML 


Green orthoclase feldspar from Vietnam. In July 2005, 
these contributors received some interesting transparent 
“emerald” green samples that were reported to be ama- 
zonite from a new find in Vietnam. Five faceted stones 
were loaned and several pieces of rough were donated to 
GIA by Bill Larson (Pala International, Fallbrook, 
California). According to his supplier, Son T. Ta (I.T.C. 
International Trade Center, Ho Chi Minh City, Vietnam), 
they were mined from a pegmatite near Minh Tien, about 
15 km south of Luc Yen in Yen Bai Province. This area is 
also known to produce transparent green fluorite, which 
when cobbed is similar in appearance to gem-quality 
orthoclase. 

The following properties were obtained by GIA staff 
gemologist Eric Fritz on the five faceted feldspars 
(1.31-3.68 ct; see, e.g., figure 10): color—green; pleochro- 
ism—green and colorless; R.L—1.521-1.529, with a bire- 
fringence of 0.008; and S.G.—2.58. They were inert to 
long-wave UV radiation, but displayed a moderate green 
fluorescence to short-wave UV (with no phosphores- 
cence). When viewed with a desk-model spectroscope, no 
absorption features were seen. There was no reaction 
when they were observed with a Chelsea color filter. 
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Although the internal features were not recorded in these 
faceted samples, a subsequent examination of one piece of 
transparent rough revealed only fingerprint-like inclu- 
sions and a plane of minute transparent brown angular 
crystals. In addition, two-phase inclusions, apatite, and 
minute ruby crystals were reported in green Vietnamese 
orthoclase by J. Ponahlo et al. (“Transparent green ortho- 
clase, a new ornamental stone from north Vietnam,” 28th 
International Gemmological Conference, Extended 
Abstracts, Madrid, Spain, 2001, pp. 71-75). 

The green feldspar also was studied by one of us 
(GRR) using additional techniques. Infrared spectroscopy 
of a powdered sample in attenuated total reflectance 
(ATR) mode showed that it resembled orthoclase more 
closely than microcline (figure 11). Although X-ray 
diffraction analysis would be necessary to precisely 
establish the state of “order” of the feldspar (i.e., the dis- 
tribution of Al and Si between tetrahedral sites)—and 
therefore its position within the orthoclase-microcline 
series—the IR spectrum did reveal diagnostic absorption 
features for orthoclase. The color of this feldspar is con- 
sistent with the observations of A. M. Hofmeister and 
G. R. Rossman, who found that lead-containing ortho- 
clase turned green upon irradiation, microcline became 
blue, and intermediate feldspars turned blue-green (“A 
spectroscopic study of irradiation coloring of amazonite: 
Structurally hydrous, Pb-bearing feldspar,” American 
Mineralogist, Vol. 70, No. 7/8, 1985, pp. 794-804). The 
green-to-blue color of such feldspars is due to color cen- 
ters created by the exposure of the lead component in 
the feldspar to natural radiation from the surrounding 
rock and the potassium feldspar itself. The lead content 
of one of the Vietnamese feldspars was determined by 
energy-dispersive X-ray spectroscopy to be 0.29 wt.% 
PbO, and it had a formula of Kp .4Na, 1 5Pb o94A1Si;O¢. 
Even higher contents of lead (0.5 wt.% PbO) were mea- 
sured in feldspar from this region by Ponahlo et al. 
(2001). The green color of the orthoclase results from the 


Figure 10. These transparent green orthoclase gem- 
stones from Vietnam weigh 1.31—-3.68 ct. Courtesy of 
Pala International; photo by C. D. Mengason. 
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Figure 11. These IR spectra were taken of powdered 
green and blue-green samples of K-feldspar from 
Vietnam and Colorado, respectively. Greater Al/Si 
ordering produces sharper spectral features, as seen in 
the microcline (highly ordered) from Colorado. In con- 
trast, the less-resolved spectral features (particularly in 
the 750 cm~! region) shown by the Vietnamese 
K-feldspar correlate to an intermediate amount of 
ordering, indicating that it is orthoclase. 


presence of a broad absorption band centered at 720 nm 
(figure 12) that is strongly dependent on crystallographic 
orientation (producing the corresponding pleochroism). 
This band is not easily seen with a hand spectroscope 
due to its broad nature. 


Figure 12. A broad absorption band centered at 720 
nm is responsible for the green color of the 
Vietnamese orthoclase. This absorption was strongly 
dependent on crystallographic orientation, producing 
the distinct pleochroism shown by the material. 
These spectra were obtained from a sample approxi- 
mately 1 cm thick, and were normalized to 1 cm in 
each crystallographic direction. 
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This gem feldspar from Vietnam is typically sold as 
amazonite, which is a varietal name referring to blue-to- 
green K-feldspar (generally microcline, rather than ortho- 
clase). Transparent green microcline is unknown to these 
contributors in the gem market, and it is very uncommon 
for green orthoclase to be facetable. Such material was pre- 
viously documented from just two localities: Broken Hill, 
New South Wales, Australia (F. Cech et al., “A green lead- 
containing orthoclase,” Tschermaks Mineralogische und 
Petrographische Meitteilungen, Vol. 15, Issue 3, 1971, pp. 
213-231) and Minas Gerais, Brazil (J. Karfunkel and M. L. 
S. C. Chaves, “Transparenter, schleifwuerdiger, gruener 
Barium-Orthoklas aus Minas Gerais, Brasilien [Trans- 
parent, polishable, green barium orthoclase from Minas 
Gerais, Brazil],” Zeitschrift der Deutschen Gem- 
mologischen Gesellschaft, Vol. 43, Issue 1-2, 1994, pp. 
5-13). 

Interestingly, Mr. Larson recently brought to our 
attention some nearly transparent green feldspar (figure 13) 
that was reportedly mined from Pazunseik in the Mogok 
area of Myanmar (Burma). 

BML 


George R. Rossman 
California Institute of Technology 
Pasadena, California 


James E. Shigley 
GIA Research, Carlsbad 


Figure 13. This crystal and cabochon (12.7 ct) of 
green feldspar are from the Mogok area of 
Myanmar. Courtesy of Pala International; photo 
© Jeff Scovil. 
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New discoveries of painite in Myanmar (Burma). Painite 
was discovered in the early 1950s in the vicinity of Mogok, 
Burma. For many years, only two crystals of painite (1.7 
and 2.1 g) were known to exist. Much later, a third crystal 
was discovered in a batch of gem rough at GIA (J. E. 
Shigley et al., “New data on painite,” Mineralogical 
Magazine, Vol. 50, 1986, pp. 267-270). The extreme rarity 
of painite began to change in 2001, with the discovery of 
an 11 g (55 ct) crystal, also near Mogok. The local gemolo- 
gists suspected that it was painite, but they did not have 
the means to make a firm identification. A small portion 
of the crystal was removed and sent to this contributor’s 
laboratory, where it was confirmed as painite. Shortly 
thereafter, an approximately 2.5 ct faceted painite was 
identified at a gem-testing laboratory in Thailand. 

According to a Burmese source, additional specimens 
of painite were discovered in secondary deposits around 
Mogok in 2004, and local miners and geologists rushed to 
locate the primary source. In May 2005, these efforts were 
rewarded in an area near Mogok with the discovery of in- 
situ painite at Thurein-taung and at the Wetloo mine. 

More than a thousand crystals and crystal fragments 
have been recovered. Although only a small percentage of 
the rough was suitable for faceting, numerous stones have 
been cut, mostly in small sizes. Of the more than 167 
faceted painites that are currently known to this contribu- 
tor, most range from 0.05 to 0.30 ct, although stones 
weighing up to 1.32 ct have been cut (figure 14). In addi- 
tion, a 2.02 ct painite was recently faceted (see 
www.aigslaboratory.com/painite.php). 

Interest in painite grew with the discovery of another 
source in northern Myanmar, near the village of Namya (or 


Figure 14. Recent finds of painite near Mogok, 
Myanmar, have increased the availability of this rare 
gem. The faceted examples shown here range up to 
1.32 ct. Courtesy of Bill Larson (Pala International, 
Fallbrook, California) and Mark Kaufman (Kaufman 
Enterprises, San Diego); photo by Shane F. McClure. 
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Nanyaseik) in 2002. The discovery occurred when this con- 
tributor identified two painite crystals in a bag of heavy 
mineral concentrates from this area that was remained after 
the gems had been picked out. The concentrates contained 
mostly spinel, some corundum, and minor zircon. The pai- 
nite from Namya is pale pink, much different from the dark 
reddish to orangy brown material found in the Mogok 
region. In addition, the few crystals of Namya painite found 
to date are all quite small (most are <1 ct). 

A detailed chronology of painite discoveries, as well as 
absorption spectra, are available on the Internet at 
http://minerals.gps.caltech.edu/FILES/Visible/painite/ 
Index.htm. Further information on the gemological and 
chemical properties of painite from Mogok will be report- 
ed in a future article. 

George R. Rossman (grr@gps.caltech.edu) 
California Institute of Technology 
Pasadena, California 


Gem plagioclase reportedly from Tibet. Facetable labradorite 
has been known from Oregon for many years (see, e.g., C. L. 
Johnston et al., “Sunstone labradorite from the Ponderosa 
mine, Oregon,” Winter 1991 Gems & Gemology, pp. 
220-233); and more recently, gem-quality plagioclase was 
reported to come from the Democratic Republic of the 
Congo (Spring 2002: Gem News International, pp. 94-95). 
The Spring 2002 GNI entry documented the physical proper- 
ties of three red samples of this feldspar, indicating that they 
were andesine with slightly less than 50% anorthite content. 
A later study illustrated a variety of colors, including red, 
green, pale yellow, and colorless, and chemical analysis of 
three samples showed that they were labradorite, with an 
anorthite content of An., «. (M.S. Krzemnicki, “Red and 
green labradorite feldspar from Congo,” Journal of 
Gemmology, Vol. 29, No. 1, 2003, pp. 15-23). 

Since this colorful “Congolese” plagioclase first 
appeared on the market in 2002, various gem dealers have 
attempted to verify its origin and obtain rough material, but 
both endeavors proved elusive. Some dealers pointed to 
China as the most likely source of the material. In July 
2005, GIA received a donation of rough gem feldspar, report- 
edly from China, from Mark Smith (Thai Lanka Trading 
Ltd., Bangkok, Thailand). He had been obtaining such mate- 
rial since 2002, from a reliable Chinese supplier, who indi- 
cated that it was from a deposit in western China that is 
mined on a seasonal basis due to cold winter weather. 

Additional information and rough samples were provid- 
ed in October 2005 by mine owner Jackie Li (Do Win 
Development Co. Ltd., Tianjin, China) and her U.S. market- 
ing partner, Bob Schwarztrauber (Buffalo, New York). They 
claim that their deposit is located in an isolated mountain- 
ous area of central Tibet near Nyima. Organized mining 
began in October 2002. The area is underlain by volcanic 
rocks, and the best feldspar production has occurred from 
secondary deposits to a depth of about 4 m. The deepest pits 
reach down to 10 m, and have been excavated using only 
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Figure 15. Tibet is reportedly the source of these 
faceted plagioclases (up to 2.22 ct). The samples on 
the right show the bright orange-red color that is typi- 
cal of the better-quality production from the deposit. 
Strong direct lighting was used to display the brown- 
ish red color of the stone on the far left; when viewed 
in diffused light, this sample appears green. Photo by 
Jackie Li. 


hand methods due to the remoteness of the locality. 
Because of the cold winters, the mine is closed from 
November to April. During the mining season they recover 
enough rough to produce about 300-800 carats of faceted 
stones each month. These commonly weigh 2-3 ct (figure 
15), but a few clean stones of ~30 ct have been cut. The 
rough material typically ranges up to 4 g, and most of it is 
orange-red with a small amount of green produced. In addi- 
tion, the deposit has yielded rare pieces that appear green in 
diffused light and red when illuminated with a pinpoint 
light source, as documented by Krzemnicki (2003). The 
mining area also produces brown, orange, yellow, and color- 
less material, similar to the range of colors documented by 
Krzemnicki (2003). However, the latter color varieties are 
generally not collected by the miners due to the low 
demand for such material. 

A preliminary chemical analysis was made on a 
faceted red sample of this feldspar that was obtained by 
GIA at the 2005 JCK show in Las Vegas, where it was rep- 
resented as Chinese sunstone. The analysis was performed 
using energy-dispersive X-ray spectroscopy by Dr. George 
Rossman at the California Institute of Technology, 
Pasadena, and indicated that the feldspar was andesine 
(An,,) with traces of Fe, Cu, and Ti. 

BML 


Spinel from southern China. In June 2005, John Bailey 
(Klamath Falls, Oregon) sent GIA a parcel of spinel that 
was reportedly from China. He purchased the rough at the 
2005 Tucson gem shows from a Chinese dealer who stated 
the material was from the Jinping area (Yunnan Province], 
near the border with Vietnam. Mr. Bailey indicated that 
most of the rough appeared alluvial, with varying degrees 
of wear. Some of the pieces in the first parcel he obtained 
showed variable presentation of octahedral faces, whereas 
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all of the rough in a second parcel was completely round- 
ed. The largest stone he has faceted is a dark red 6.56 ct 
round checkerboard cut, but most of the stones cut so far 
range from 0.5 to 2 ct. 

Mr. Bailey loaned and donated several rough and cut 
samples to GIA for examination. The gemological proper- 
ties of five faceted stones (0.97—6.56 ct; see, e.g., figure 16) 
were recorded by GIA staff gemologist Eric Fritz: color— 
pink to purple or purplish red to brownish red to red; R.I— 
1.716 (+0.001); and S.G.—3.59-3.61. Two samples (pink 
and purplish red) exhibited very weak red fluorescence to 
long-wave UV radiation; the remaining three were inert. 
All of the samples were inert to short-wave UV radiation. 
When viewed with a desk-model spectroscope, there was a 
weak broad region of absorption below 600 nm in three of 
the samples. The pink and the purple-red spinels also 
showed an absorption cutoff at 430 nm, and the pink sam- 
ple also showed “chrome lines.” There was no reaction to 
a Chelsea color filter. 

The rough spinel parcels obtained by Mr. Bailey con- 
tained some pieces that were doubly refractive. Raman 
analysis at GIA of a reddish orange sample that was cut 
from one of these pieces (again, see figure 16) identified the 
stone as a member of the humite group, with the closest 
spectral match to clinohumite. In our experience, reddish 
orange is an unusual color for clinohumite. 

BML 


James E. Shigley 
GIA Research, Carlsbad 


Update on tourmaline from Mt. Mica, Maine. Gem miners 
are notorious for predicting that bigger and better discover- 
ies will happen if they dig a little deeper. In July 2005, this 
came true for one of us (GF, together with Coromoto 
Minerals LLC mining crew Jim Clanin and Richard 
Edwards) at the Mt. Mica tourmaline mine in Oxford 
County, Maine. As stated in a recent Gems & Gemology 
article on Mt. Mica (W. B. Simmons et al., “Mt. Mica: A 


Figure 16. The four stones on the left (0.81-1.80 ct) 
show colors typical of the spinel from China. The 0.49 
ct round brilliant on the far right was cut from the 
same parcel, but it proved to be a member of the 
humite group (probably clinohumite). Courtesy of John 
Bailey; photo by C. D. Mengason. 
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quartz, tourmaline, and other minerals was found at the 
end of an approximately 25-m-long tunnel at Mt. Mica, 
Maine. The sides of the tunnel consist of pegmatite rock, 
whereas the dark-colored ceiling is the metamorphic 
host rock. Several small vugs were found along this tun- 
nel before the large pocket was encountered a few 
meters beyond the orange fan. Photo by B. M. Laurs. 


renaissance in Maine’s gem tourmaline production,” 
Summer 2005, pp. 150-163), additional mineralization 
was expected down-dip of the zone explored by Coromoto 


Figure 18. After several weeks of excavation, the cavi- 
ty at Mt. Mica measured approximately 11 m long. A 
ramp was constructed for transporting buckets of 
pocket material through a small passageway into the 
main tunnel. Here, mine owner Gary Freeman digs 
material from the base of the pocket while miner 
Richard Edwards looks on. Note the mud-encrusted 
quartz crystals on the pocket wall in the right fore- 
ground. Photo by B. M. Lauts. 
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Minerals from May 2004 to June 2005. Work has contin- 
ued in the tunnel (figure 17), and on July 7 the initial sec- 
tion of 2005 pocket number 11 was discovered (see G. 
Freeman, “August 2005 Mount Mica update,” Rocks & 
Minerals, Vol. 80, No. 6, 2005, pp. 409-410). Once fully 
excavated, this may prove to be the largest cavity ever 
recorded at Mt. Mica. 

The first sign of the large pocket came when a small 
satellite cavity was discovered while drilling, and a large 
volume of water exited the pocket system. Initially more 
than 2,000 liters/day of water poured from the hole, pro- 
viding a strong indication that the cavity was extremely 
large. After two weeks of mining, the main cavity was 
intercepted. Over the following six weeks, a chamber was 
partially excavated that measured approximately 11 m 
long, up to 2.1 m tall, and 1.5 m wide. The pocket was 
accessed through a narrow opening of approximately 0.5 m 
in diameter, thus preserving as much of the cavity walls as 
possible. Once inside the pocket, there was plenty of room 
to work; a ramp was installed and a hand-pulled sled used 
to transport 5-gallon buckets of material into the main 
tunnel (figure 18]. Up to three buckets at a time could be 
moved out of the pocket in this fashion. 

In late August 2005, one of these contributors (BML) 
visited Mt. Mica with filmmaker Pedro Padua from GIA’s 
Course Development Department. By this time, much of 
the pocket had been excavated, but there were three areas 
that continued to yield material. Because everything in the 
pocket was wet and covered with sticky red-brown clay, it 
was difficult to see the mineralization and excavations 
were done mostly “by feel.” In addition, as with earlier cav- 
ities encountered at Mt. Mica, the pocket contents were 
pervasively iron-stained. Limited exposures of the cavity 


Figure 19. Possible extensions of the mineralization 
were explored by drilling a few carefully placed holes to 
depths up to 2 m. The drill is powered by compressed air 
and the bit is cooled by water, so even a few minutes of 
drilling produces a fine mist. Photo by B. M. Laurs. 
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Figure 20. This green tourmaline (approximately 3 cm 
wide) is shown shortly after its discovery, still embed- 
ded in the pocket mud next to a quartz crystal. The 
screwdriver (left) was used to carefully excavate the 
mud from around the crystals. Photo by B. M. Laurs. 


walls revealed areas of cleavelandite, massive quartz, lepi- 
dolite, black tourmaline, and quartz crystals with a pale 
smoky color. To plan directions for future mining and test 
for possible extensions of the mineralization, a few careful- 
ly placed holes were drilled into the pocket walls (figure 
19), and two of these revealed continuations of the pocket. 
From one of these areas, groundwater seeped continuously 
into the pocket. A small pump operated during the day, but 
the pocket was left to flood each night, so the ice-cold 
water would discourage highgraders. 

The pocket contents consisted mostly of quartz and 
feldspar fragments with some large (>100 kg) well-formed 
quartz crystals, as well as quartz clusters and irregular 
plates, that were covered with yellow-brown mud. 
Although most of the tourmaline crystals were not 
revealed from the mud until the material was washed, the 
larger, visible crystals were carefully worked out by hand 
from the surrounding quartz crystals and other pocket 
debris (figure 20). The largest tourmaline found during this 
visit was a green crystal section that measured approxi- 
mately 3 x 8 cm (figure 21). Much larger tourmalines were 
produced during the initial stages of the pocket excava- 
tion, including a 20-cm-long specimen that is pictured by 
Freeman (2005). In addition, a few colorless to pale pink 
beryl crystals also were recovered. 

After the pocket material was transported to the sur- 
face, it was washed on a stacked screening apparatus (fig- 
ure 2.2). Two mesh sizes (1 cm and 0.3 cm) were used, and 
the smaller fraction was stockpiled after hand picking for 
future jigging. The vast majority of the tourmaline produc- 
tion from this pocket consisted of small crystals (typically 
1-3 cm long and 0.5 cm in diameter). Most were pale 
green, but yellow-green, dark green, colorless, pink, and 
bicolored pink-green crystals were also seen (see, e.g., fig- 
ure 23). Some of the pink or green crystals had flat black 
terminations, such as those analyzed by Simmons et al. 
(2005) as foitite. In total, the pocket produced approxi- 
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Figure 21. After it was removed and the mud wiped 
off its faces, the tourmaline in figure 20 was found 
to be part of a larger crystal; this segment measured 
approximately 3 x 8 cm. Photo by B. M. Laurs. 


Figure 22. A stacked screening apparatus with two 
mesh sizes was constructed by Mt. Mica miner Jim 
Clanin, who is shown here hand-picking tourmaline 
from the lower screen with helper Missy Robinson. 
Several buckets of pocket material can be washed 
and picked each hour. The inset shows a green tour- 
maline that was found during the initial washing of a 
bucket of pocket material. Photos by B. M. Laurs. 
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Figure 23. Most of the tourmaline in the pocket was 
green, although bicolored crystals were common and a 
limited amount of pink material (some showing cha- 
toyancy) was recovered. The largest crystal shown here 
measures 13 x 13 x 10 cm. Photo by Leonard Himes. 


mately 90 kg of tourmaline, with less than 1% suitable for 
faceting. A few medium to light green stones have been 
cut so far, ranging from melee to about 4 ct. The facet- 
grade rough is being stockpiled along with the material 
from prior pockets. 

Some interesting geologic observations were made dur- 
ing the excavation of this unusually large pocket. First, it 
is quite uncommon for a single pocket to yield so many 
colors of tourmaline. The tourmaline also showed good 
luster, in contrast to most of the material recovered from 
the other large cavities at Mt. Mica—such as 2004 pocket 
number 28, documented by Simmons et al. (2005) and in a 
later article (“New tourmaline production from Mount 
Mica, Maine,” Rocks & Minerals, Vol. 80, No. 6, 2005, pp. 
396-408}. Also of note is the fact that large pegmatite 
pockets do not necessarily produce large tourmaline crys- 
tals. In fact, the best-quality gem material found at Mt. 
Mica was actually recovered from small vugs. 

BML 


Gary Freeman 
Coromoto Minerals, LLC 
South Paris, Maine 


Cu- and Mn-bearing tourmaline: More production from 
Mozambique. The Fall 2004 issue of Gems e&) Gemology 
reported on a new source of copper- and manganese-bearing 
tourmaline from Mozambique (see Lab Notes, pp. 
250-251), and additional data on these samples were pres- 
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ented in the Summer 2.005 issue (Lab Notes, pp. 173-175). 
During the September 2005 Hong Kong International 
Jewelry Fair, one of us (AA) saw several brightly colored 
tourmalines, from what is reportedly a new find in 
Mozambique, at the booth of W. Constantin Wild & Co. 
(Idar-Oberstein, Germany). According to a press release 
issued by that company (www.gemstone.de/gemstones/ 
news/unheatedTourmaline.php), the material was mined 
in May 2005 from the Alto Ligonha region. The tourma- 
lines occurred in a variety of colors, including violet, pink, 
and blue to green, and were faceted into stones ranging up 
to 6 ct. 

In August 2005, the research laboratory of the Gem- 
mological Association of All Japan (GAAJ) received 12 
faceted samples of the highly saturated blue and blue- 
green Mozambique tourmalines, ranging from 0.70 to 6.11 
ct (see, e.g., figure 24), for examination. Standard gemologi- 
cal properties were obtained on all samples: R.I—n,=1.620 
(+0.001), n,=1.639 (+0.002); birefringence—0.019 (+0.001); 
and fluorescence—inert to short-wave UV radiation and 
inert or yellow-green to long-wave UV. Strong pleochro- 
ism was displayed, with green-blue parallel to the optic 
axis and blue perpendicular to the optic axis in the blue 
stones. The corresponding pleochroic colors in the blue- 
green stones were blue and green. The internal features 
consisted of fluid inclusions, two-phase fluid-and-gas 
inclusions, and healed fractures typical of tourmaline; no 
particles of native copper were observed, such as those 
seen in tourmalines of these colors from Paraiba, Brazil 
and Edeko, Nigeria. 

Chemical analysis of the seven blue samples with 
EDXRF showed small amounts of Cu and Mn, as well as 
trace amounts of Ca, Ga, Pb, and Bi; no Ti or Fe was detect- 
ed. The five blue-green tourmalines contained relatively 
high concentrations of Cu and Mn, as well as the other 


Figure 24. Bright blue and blue-green colors are dis- 
played by these Cu- and Mn-bearing tourmalines from 
Mozambique (0.36-2.53 ct). Photo by H. Kitawaki. 
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trace elements detected above plus Zn. Quantitative chem- 
ical analysis performed with an LA-ICP-MS system record- 
ed 0.26-0.51 wt.% CuO and 0.03-0.40 wt.% MnO in the 
blue tourmalines. Significantly greater amounts of these 
elements were found in the blue-green samples: 2.08-3.21 
wt.% CuO and 3.55-4.81 wt.% MnO. Additional trace-ele- 
ment data on these new tourmalines, including a compari- 
son to Cu- and Mn-bearing tourmalines from other locali- 
ties, will be reported in a future article. 
Ahmadjan Abduriyim (ahmadjan@gaaj-zenhokyo.co.jp) 
and Hiroshi Kitawaki 
GAA], Tokyo 


SYNTHETICS AND SIMULANTS 


Lizard in amber? A private collector brought an impressive 
sample of what appeared to be a well-preserved lizard in 
yellow amber (figure 25) to the SSEF Swiss Gemmological 
Institute for identification. The piece, which measured 15 x 
8 x 2.5 cm and weighed 196 g, looked almost too good to 
be true: The reptile was in excellent condition, and its 
scales were still green and sharply defined. The top of the 
sample was polished with a domed surface, while the bot- 
tom was rough and chipped. 

The characterization of such an item requires identifi- 
cation of the resin and confirmation that the sample was 
not assembled or otherwise created artificially. The rough 
bottom surface made it easy to remove a minute amount 
of the material for an FTIR powder spectrum (KBr pellet 
method), which was performed by Dr. Stefan Graeser of 
the Mineralogical-Petrographic Institute at Basel Uni- 
versity. While the recorded spectrum was consistent with 
a natural resin, unfortunately it did not allow discrimina- 
tion between the three possibilities: amber, copal, and 
kauri gum. When the sample was rubbed with a piece of 
fabric, a strong aromatic smell was produced. This ruled 
out amber, since the material clearly contained unevapo- 
rated volatiles. Further rubbing with a cotton swab dipped 
in ether had no effect on the sample; this ruled out copal, 
which would have dissolved slightly. 

For comparison with a known specimen of lizard in 
amber, we contacted the Natural History Museum of 
Basel and were given permission to examine a well-known 
Anolis lizard in Dominican amber (see E. J. Gtibelin and J. I. 
Koivula, Photoatlas of Inclusions in Gemstones, ABC 
Edition, Zurich, 1986, p. 227). This sample displayed clear 
anomalous double refraction between crossed polarizers 
(figure 26), whereas the client’s piece showed no strain in 
the material, around either the lizard or the numerous 
bubbles. Magnification revealed that the feet of the muse- 
um’s reptile were dark brown and almost dissolved, while 
delicate features in the feet of the client’s lizard were still 
intact (figure 27). X-radiography also produced some inter- 
esting results: While the Anolis lizard had only a weak 
skeletal outline, the bones and even soft tissue of the 
client’s lizard were clear and sharp (figure 28). The latter 
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Figure 25. This most unusual sample (15 x 8 x 2.5 
cm) proved to consist of a modern lizard that was 
artificially embedded in a natural resin. Photo by 
H. A. Hanni; © SSEF. 


image also showed broken bones in both upper arms, as 
well as the presence of fine shrinkage fissures in the resin 
along the length of the lizard. 

Because we still lacked sufficient information to make 
a definitive identification, we decided to send some detailed 
pictures to a specialist in the field, Dr. David Grimaldi of 
the American Museum of Natural History in New York. 
He concluded from the submitted information that the 
sample was one of a number of specimens of lizards in kauri 
gum from New Zealand that were known to have been 


Figure 26. For comparison with the sample in figure 25, 
we examined a well-known specimen (7.1 cm long) of 
a lizard in amber from the Museum of Natural History 
in Basel. Observation of this sample between crossed 
polarizers revealed the strong anomalous double 
refraction that is typically seen around inclusions in 
true amber. This reaction was not present in the manu- 
factured sample. Photo by H. A. Hanni; © SSEF. 
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Figure 27. Delicate features are preserved in the feet 
of the lizard in the manufactured specimen. This 
degree of preservation was not seen in the museum’s 
reference specimen. Photo by H. A. Hanni; © SSEF. 


manufactured at the beginning of the 20th century and sub- 
sequently mounted for display by naturalists. The surface of 
the sample had evidently aged enough so that no reaction 
occurred when it was rubbed with a cotton swab dipped in 
ether. We reported to the client that this was a modern 
lizard artificially embedded in a recent natural resin. 

HAH 


Cubic ziconia as rough sapphire imitation. Recently, a 
38.44 g dark blue “pebble” was submitted to the AGTA 
laboratory for identification. It had been purchased in 
Africa by missionaries, and the client wanted to know if it 
was a sapphire or a tanzanite. 


Figure 28. An X-radiograph of the manufactured sam- 
ple produced a clear, sharp image of the lizard’s skele- 
ton, as shown here. By comparison, the fossilized 
lizard in the museum’s specimen showed only a 
weak skeletal outline. Image by H. A. Hanni; © SSEF. 
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Figure 29. Though presenting a convincing appear- 
ance as a pebble of sapphire or tanzanite, this sample 
(34 x 21 x 20 mm) proved to be manufactured from 
cubic zirconia. Photo by Min Htut. 


The sample superficially resembled waterworn gem 
rough. As can be seen in figure 29, its surface was covered 
with pits and grooves that were filled with a yellowish 
brown soil-like substance, making it appear very dark. 
Only with transmitted light was the transparent blue 
nature of the sample apparent. Because there was no pol- 
ished surface, a refractive index could not be taken. 

When the piece was exposed to long-wave UV radia- 
tion, we observed a strong green reaction, which excluded 
both sapphire and tanzanite. In short-wave UV, the stone 
displayed a weak chalky white fluorescence. The rough 
surface made it difficult to look inside the sample for 
inclusions, and only a few fractures could be seen. 

Chemical analysis with EDXRF showed Zr and Y 
with minor Hf, Fe, Cl, K, and Ca, but no Al or Si as would 
be expected in a natural stone. A Raman spectrum con- 
firmed that this unusual fake was manufactured from 
cubic zirconia. 

Lore Kiefert and Garry Du Toit 
AGTA Gemological Testing Center, New York 


Barium-rich glass sold as diamond rough. Recently a parcel 
of what was represented as octahedral diamond rough was 
submitted to the GIA Gem Tech Lab for identification. All 
of the material was pale yellow except for one colorless 
piece. This 1.53 ct rounded octahedron also caught our 
attention because of the condition of its edges, which had a 
granular appearance (figure 30) unlike anything we had pre- 
viously seen on diamond rough. No inclusions were visible 
in this octahedron at 10x magnification or when it was 
examined in immersion at higher magnification. 

The octahedron showed strong blue fluorescence to 
long-wave UV radiation (figure 31) and moderate blue fluo- 
rescence to short-wave UV. This reaction was similar to 
that seen in some natural diamonds. However, when this 
piece was examined between crossed polarizers, we 
observed a cross-like strain pattern (figure 32), which is 
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Light... 
(From page 79) 


Let us now consider Figure 3, and 
assume the three lines coming from a 
distant source “S” represent a beam of 
light whose rays are parallel. B B’ is the 
boundary .surface of a piece of glass 
(N=1.537). The incident angle is 60°. 
The light striking the surface will, as 
said before, suffer two changes. 


1, Due to reflection whereby its direc- 
tion of travel will be altered. 


Now rays OA, OC, and OD are inci- 
dent upon plane B—B?’ at pts A, C, and D 
respectively. Upon striking the bounding 
surface, part of these rays are reflected 
toward O’ as rays OA’, CO’, and DO’. 
Construct line AEH parallel to the inci- 
dent rays at the point A. This will repre- 
sent the wave front at the instant ray 
OA arrives at surface B—B’. 

Perhaps it would be well to mention a‘ 
this point that light rays composing a 
beam progress uniformly from their 
origin. Any point upon one ray will have 
a corresponding point upon another which 
will be equi-distant from the source and 
will also have its motion or vibration in 
absolute harmony with any other. All 
points across the beam fulfilling this re- 
quirement are said to produce a wave- 
front. This front is perpendicular to the 
line of propagation. The line AEH repre- 
sents by construction such a WAVE- 
FRONT. 


Now, part of the ray OA striking at 
A is reflected instantly towards O’. How- 
ever, ray OC still will be traveling in its 
incident direction and will continue to 
do so until it strikes the surface B-B’ at 
the point of C. During the time required 
for the ray OC to reach C the reflected 
ray AO’ will have reached the point G. 
Since no new medium has been encoun- 
tered or traversed and we are still dealing 
with light traveling in air, no speed 
alteration will be observed. The same 


development may be applied to the ray 
OD and its point of reflection at D. A 
new wave-front may be produced at D 
perpendicular to the reflected rays and 
will be shown in the line DJF. The new 
beam will then continue at its primary 
velocity having only its direction changed. 
The angular requirements are equally 
filled, for angle of incident and reflection 
are each 60°. 

The matter of phase of the incident 
and reflected beams will be taken up with 
polarization.a little later in our discussion. 

The second portion of our change 
occurring when the beam strikes B—B’ 
and is not reflected will cause refraction. 
At each point of ray contact with the 
surface B—B’ a new series of vibrations 
will be instigated. These vibrations will 
travel with less velocity than those in 
air. Without too much detailed demon- 
stration—assume that ray OA striking 
B—B’ travels to the point N while E 
travels to C. Similarly C will advance to 
M while H arrives at D. Again then ray 
OA traveled in glass from A to L while 
H ‘was advancing in air to the point 
D. Ratios of speed may then be set up. 

For example: 

AL/HD=N in air/N, in medium 
Then by measurement AL==4.7" & HD== 
7.0" 

4.7/7. O==1/N1 

=7.0/4.7=1.49 for index of medium 

This agrees with 1.53 the published 
index when the accuracy of the drawing 
is taken into account. 

This Index of Refraction is not an 
abstract number for it is, when analyzed, 
a ratio of the velocities of light in air and 
in glass. This is to say light travels 24 as 
fast in glass as it does in air. In round 
numbers this would mean that were light 
traveling 300,000 kilometers per second 
in air, it would cover only 200,000 kilo- 
meters in the same period of time in 
glass. 


t Physical Optics, Robert W. Wood, Macmillan 
Company, third edition, 1934. 
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Figure 30. At first glance, this 1.53 ct rounded octahe- 
dron has the appearance of a rough diamond crystal. 
The granular surfaces seen along its edges raised sus- 
picions about its origin, and it proved to have been 
manufactured from barium-rich glass. Photo by A. 
Respinger; magnified 16x. 


typical for glass but very rare in diamond. The spot refrac- 
tive index was approximately 1.53 and the specific gravity 
(obtained hydrostatically) was 2.63, both of which ruled 
out diamond. Testing with a Presidium gem tester showed 
no reaction, indicating that the sample had very low ther- 
mal conductivity. 

Qualitative chemical analysis by EDXRF revealed Ba, 
K, Ca, and Si as major elements, with minor amounts of 


Figure 32. When viewed between crossed polarizers, the 
octahedron exhibited the cross-like strain pattern that is 
typical of glass. Photo by A. Respinger; magnified 16x. 
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Figure 31. The barium-rich glass octahedron dis- 
played strong blue fluorescence to long-wave UV 
radiation, quite similar to the reaction shown by 
some diamonds. Photo by A. Respinger. 


Fe, Zn, Cl, and Al. Infrared spectroscopy (figure 33) showed 
complete absorption below 2000 cm-!, which is typical for 
most silicates and oxides. In addition, there was some 
resemblance to type Ila diamond in the three-phonon 
range (4000-2500 cm-!). 

We concluded that this material was very likely a sili- 
cate, and the cross-like birefringence pattern, chemical com- 
position, infrared spectroscopy, and lack of visible inclu- 
sions identified it as glass shaped to resemble diamond 
rough. The overall appearance and similarity in fluorescence 
behavior between this barium-rich glass and diamond made 
the material a convincing rough diamond imitation. 

Axel Respinger (axel.respinger@gia.edu) 
GIA Gem Tech Lab 
Geneva, Switzerland 


Figure 33. The infrared spectrum of the barium-rich 
glass showed complete absorption below 2000 cm-'. 
Although quite different from diamond in that 
region, the absorption of the glass did somewhat 
resemble that of a natural type Ila diamond in the 
4000-2500 cm! region. 
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Figure 34. A manufactured glass called Purple Zandrite was new to this year’s Tucson show. The material 
shows a “color change” from violetish blue in some fluorescent light sources (left) to reddish purple in 
incandescent light (right; a similar reaction is seen when the sample is viewed with a daylight-equivalent 
fluorescent lamp). GIA Collection no. 31754; gift of Samuel Gullo. Photos by Maha Calderon. 


“Color-change” glass update. In the Spring 2004 Gem 
News International section (pp. 73-74), one of us (EPQ) 
reported on a glass imitation of alexandrite being sold as 
“Zandrite.” New to the 2005 Tucson gem show was yet 
another manufactured “color-change” glass, which had a 
tanzanite-like appearance (violetish blue) in some sources 
of fluorescent light and a reddish purple color in both 
incandescent and daylight-equivalent 6,500 K fluorescent 
light. Tsavo Gem Imports, Painted Post, New York—of 
which House of Williams, the source of the alexandrite 
imitation glass in the previous report, is a subsidiary—had 
this “Purple Zandrite” at the GJX show. 

The 5.14 ct triangular modified brilliant in figure 34, 
donated to GIA’s collection by Samuel Gullo of Tsavo 
Gem Imports, was examined for this report. The R.I. and 
hydrostatic S.G. values (1.538 and 2.82, respectively) were 
slightly higher than those recorded for the green-to-pink 
material (1.521 and 2.66) reported last year. The blue-to- 
purple sample showed weak anomalous double refraction 
and a very weak orangy pink Chelsea filter reaction, and 
was inert to both long- and short-wave UV radiation. This 
material had a rare-earth spectrum that was similar to that 
of the green-to-pink glass. A desk-model spectroscope 
revealed moderate-to-strong lines and bands at 435, 475, 
480, 510, 520-535, 565-595, and 670 nm, as well as weak 
lines at 465 and 620 nm. EDXRF spectroscopy found Si as a 
major constituent, and trace amounts of K, Cu, Zn, Zr, Ce, 
and Nd. A UV-Vis spectrum, acquired with a Hitachi U- 
4001 spectrometer, showed features that were very similar 
to those of the alexandrite imitation. The only significant 
differences were the lack of two relatively small overlap- 
ping absorption peaks at 439 and 444 nm, and a stronger 
overall absorption in the Purple Zandrite. 

Cu, Ce, and Nd are the only elements detected that 
could be responsible for the color; however, the UV-Vis 
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spectrum was consistent with Nd as the sole cause (see H. 
Scholze, transl. by M. J. Larkin, Glass, Springer-Verlag, 
New York, 1991, p. 239; and R. Tilley, Colour and the 
Optical Properties of Materials, John Wiley & Sons, New 
York, 2000, p. 167). The stronger overall absorption in the 
Purple Zandrite appears to be due to a higher concentration 
of Nd, and this may also explain the different appearances 
of the two glasses. As documented by Y. Liu et al. (“Colour 
hue change of a gem tourmaline from the Umba Valley, 
Tanzania,” Journal of Gemmology, Vol. 26, No. 6, 1999, 
pp. 386-396), hue variations in materials have been 
attributed to differences in overall colorant concentration. 
The cause of the 439 and 444 nm peaks in the Zandrite is 
unknown, but these peaks may also contribute to the dif- 
ferences in the colors shown by the two glasses, particular- 
ly in fluorescent light. 

Although the Spring 2004 GNI entry described 
Zandrite as an alexandrite imitation, this is actually not 
the case with respect to the standard definition of color- 
change phenomena (i.e., a material that changes hue from 
daylight or daylight-equivalent light to incandescent light; 
see also the erratum on p. 369 of this issue]. That glass, 
like the Purple Zandrite described here, only shifted color 
slightly between daylight and incandescent sources, rather 
than showing a distinct change in hue. Instead, a hue 
change occurred in these materials when they were 
viewed in some other, non-daylight-equivalent fluorescent 
light sources and in incandescent light. 

Fluorescent lamps are not broadband sources like sun- 
light or incandescent light. They produce a set of emission 
bands in various parts of the visible spectrum. Daylight- 
equivalent fluorescent tubes balance the emission bands to 
simulate the color-temperature of “true north” daylight. 
The fluorescent tubes GIA uses (which are manufactured by 
Greytag-MacBeth) are balanced for 6,500 K, which is the 
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standard used in many industries for color evaluation. Most 
fluorescent light sources are not balanced in this fashion 
and produce light that is weighted in one or more parts of 
the spectrum—and therefore is not truly white (ie., it may 
be slightly green, pink, or some other color). As mentioned 
above, rare-earth elements such as Nd can produce numer- 
ous sharp absorption bands in many parts of the spectrum. 
We propose that the combination of emission bands from 
the different light sources with the numerous absorption 
bands of the Nd-bearing glasses is causing the changes in 
color we are observing. The exact nature of this interaction 
would require further research. It is interesting to note that 
the Zandrite turned different colors in at least two non-day- 
light-equivalent fluorescent light sources (i.e., brown-yellow 
in 5,400 K and bluish green in 6,000 K, both manufactured 
by Osram), whereas it was purplish pink in both natural 
daylight and incandescent light. The Purple Zandrite did 
not exhibit as many hue changes. 

It is also interesting to note that there are fluorescent 
lamps marketed as “daylight” sources that induce vari- 
able color changes in materials such as the glasses 
described here. While these lamps fall into the color-tem- 
perature range of natural daylight (approximately 5,000 K 
to 7,500 K), they are not balanced to produce a daylight- 
equivalent source like the 6,500 K source GIA uses. As 
evidenced here, light sources can clearly have very differ- 
ent effects on certain gem materials. 

Elizabeth P. Quinn 
GIA Gem Tech Lab 
Geneva, Switzerland 


Sam Muhlmeister 
GIA Laboratory, Carlsbad 


CONFERENCE REPORTS 


Diamond 2005. The 16th European Conference on 
Diamond, Diamond-Like Materials, Carbon Nanotubes, 
and Nitrides, was held September 11-16 in Toulouse, 
France. The conference consisted of more than 400 oral 
and poster presentations related to growth techniques, 
doping, superconductivity, optical characterization, and 
biological applications of natural and synthetic diamond as 
well as carbon-based materials. Topics of particular inter- 
est to the gemological community included growth of syn- 
thetic diamond crystals by chemical vapor deposition 
(CVD), the classification of natural diamonds, and high 
pressure/high temperature (HPHT) treatment. 

Dr. Yogesh Vohra from the University of Alabama at 
Birmingham presented an update on the rapid growth of 
CVD synthetic diamond crystals. By modifying the hydro- 
gen/methane/nitrogen concentrations in the growth cham- 
ber, he reported growth rates as high as 200 microns/hour. 
Most of the CVD products shown were dark brown. Dr. 
Jocelyn Achard from the Université Paris 13, France, and 
coauthors discussed the modification of CVD growth 
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parameters, particularly increasing the plasma density, in 
order to increase growth rate. Using pulsed discharge of the 
microwave power, they were able to almost double the 
growth rates of very pure, colorless CVD synthetic dia- 
mond (i.e., from 11 to 19 microns/hour) while maintaining 
a very good-quality product. Dr. Wuyi Wang of the GIA 
Laboratory in New York and coauthors presented several 
characteristics that help distinguish high-purity CVD syn- 
thetic diamonds from natural colorless type Ila diamonds. 
Key identification features of these CVD products are a 
weak 737 nm luminescence peak related to trace silicon 
impurities and irregular strain patterns that are controlled 
by the substrate. 

Dr. Emmanuel Fritsch of the University of Nantes, 
France, and coauthors introduced a new classification of 
natural brown diamonds. They proposed five groups: (1) 
type I and II diamonds with brown graining and amber color 
centers; (2) hydrogen-rich stones with no graining; (3) type 
Ib, high-nitrogen diamonds; (4) CO,-rich diamonds, and (5) 
lonsdaleite-bearing diamonds. Dr. Fritsch also presented evi- 
dence for diamond dissolution along planar features associ- 
ated with plastic deformation (graining) in pink and brown 
diamonds. Benjamin Rondeau from the Muséum National 
d’Histoire Naturelle, Paris, addressed cubic diamond growth 
morphology, describing four groups: cubic, cuboid, fibrous 
pseudo-cubic, and re-entrant (figure 35). Dr. A. V. Ukhanov 
and coauthors from the Vernadsky Institute in Moscow pre- 
sented carbon isotope measurements of diamonds from 
Russia’s Yakutia Province. Their data spanned most of the 
isotopic range reported for natural diamond (8!8C from -34 
to 0%o). However, many samples from kimberlite pipes 
gave 5!8C values that were consistent with the mantle (-9 
to -2%o), and those from placer deposits gave isotopically 
lighter values (-18 to —25%o), suggesting alteration by 
groundwater. This contributor and coauthors presented evi- 
dence for isolated zones of strong H3 green luminescence in 
type Ib and cape natural diamonds. They correlated the H3 
abundance with increasing intensity of color and graining to 
describe a trend of natural heating of these diamonds. 

Filip De Weerdt of the Diamond High Council (HRD) in 
Antwerp described changes in the 3107 cm~ hydrogen 
defect in diamond following HPHT treatment. Depending 
on the HPHT conditions and duration, the intensity of this 
defect was shown to have increased, decreased, or done both 
in successive treatments. Dr. Victor Vins of New Diamonds 
of Siberia Ltd., Novosibirsk, Russia, presented a new system 
for color grading Lucent Diamond’s “Imperial Red” treated- 
color natural diamonds. These diamonds have undergone 
HPHT and irradiation/annealing treatments to produce the 
red color (see W. Wang et al., “Treated-color pink-to-red dia- 
monds from Lucent Diamonds Inc.,” Spring 2005 Gems & 
Gemology, pp. 6-19). The proposed new color grading sys- 
tem involves comparison to Munsell color references rather 
than natural master stones, which are not widely available 
in pink and red. Eloise Gaillou and coauthors from the 
University of Nantes, France, discussed photoinduced 
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absorptions in natural and treated diamonds. They indicated 
that in a few rare yellow-to-orange treated diamonds, H1b 
and Hc absorptions temporarily (for as long as 24 hours) 
increased in intensity with exposure to UV radiation. In nat- 
ural orangy brown diamonds, new photoinduced absorption 
features ranging from 3040 to 4850 cm! were described. 
Branko Deljanin and coauthors from EGL-USA, 
Vancouver, B.C., Canada, described a new organizational 
structure for storing data collected from diamonds submit- 
ted to their laboratory. The fully searchable system, con- 
sisting of three levels of information incorporating gemo- 
logical properties and various advanced testing results, is 
intended for easy communication between labs. 
Christopher M. Breeding (mike.breeding@gia.edu) 
GIA Laboratory, Carlsbad 


Geological Society of America 2005. The 117th Annual 
Meeting of the Geological Society of America was held 
October 16-19 in Salt Lake City, Utah. This conference 
included a few presentations related to gem materials, 
diamond exploration, mineral databases, and gem locali- 
ties; abstracts are available on the Internet at 
http://gsa.confex.com/gsa/2005AM/finalprogram. 

Dr. Russell Hemley of the Geochemical Laboratory at 
the Carnegie Institution of Washington, DC, and coauthors 
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Figure 35. Shown here 
are several types of cubic 
diamond crystals. (A) 
This scanning electron 
microscope image of a 
CVD synthetic diamond 
film shows the cubic 
morphology of the indi- 
vidual crystals. (B) This 
25.11 ct natural cuboid 
diamond shows wavy, 
undulating growth sur- 
faces. (C) This 2.5-mm- 
wide fibrous pseudo- 
cubic diamond has gran- 
ular surfaces that result 
from the juxtaposition of 
numerous crystal fibers. 
(D) A re-entrant cube 
(here, 3mm wide) is 
formed by a combina- 
tion of cuboid and octa- 
hedral crystal habits, 
and is sometimes erro- 
neously referred to as a 
hopper crystal. Courtesy 
of LIMHP-CNRS, Uni- 
versité Paris 13 (A), 
Benjamin Rondeau (B 
and C), and Emmanuel 
Fritsch (D). 


discussed new technological developments that allow rapid 
growth of >10 mm thick single-crystal synthetic diamond 
by chemical vapor deposition (CVD). He indicated that the 
properties of these CVD synthetic diamonds can be easily 
manipulated and that one-inch crystals are now possible. 

One of these contributors (AHS) and coauthors 
described a 5.04 ct gem diamond that contained solid CO,- 
rich inclusions (see Summer 2005 Lab Notes, pp. 165-166). 
Another one of these contributors (CMB) and coauthors 
characterized chameleon diamonds, which temporarily 
change color from green to yellow in response to heating or 
being left in darkness. The color transformation was shown 
to be caused by the broadening of a 480 nm absorption 
band during heating. Complex internal structures consist- 
ing of hydrogen-rich and hydrogen-poor zones were docu- 
mented in the diamonds using photoluminescence spec- 
troscopy and DiamondView imagery. 

Dr. John Gurney of the University of Cape Town, 
South Africa, and coauthors presented an overview of 
worldwide diamond formation and distribution. He dis- 
cussed metasomatic events at ~3.4 +0.2 billion years ago 
that created the earliest diamonds, as well as the formation 
of much younger diamonds from CO,-rich fluids in the 
earth’s crust. A detailed model of diamond development in 
the Kaapvaal craton was also described. Brian Goldner of 
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Gustavus Adolphus College, St. Peter, Minnesota, and 
coauthors evaluated the possibility of distinguishing garnet 
indicator minerals using color rather than chemistry. 
While such a color correlation would increase efficiency in 
diamond exploration, this approach was problematic for 
some types of indicator garnets. 

Ren Lu and Patrick Mooney of the University of 
Arizona, Tucson, and coauthors introduced the RRUFF 
mineral database project, which is a compilation of 
Raman spectra, X-ray diffraction data, and electron-micro- 
probe analyses for a large number of mineral specimens. 
The database is publicly accessible on the Internet at 
http://rruff.geo.arizona.edu/rruff. 

Michel Rakotondrazafy of the Université d’Antana- 
narivo in Madagascar and coauthors discussed the geo- 
chemistry and fluid inclusions in gem corundum deposits 
from two localities in Madagascar. Rubies from 
Antanifotsy were magmatic in origin and associated with 
alkali basalts, whereas sapphires from Andranondambo 
were related to fluid movement during metamorphism and 
occur in metasomatic pegmatites. Sharon Hull of the 
University of Tennessee, Knoxville, and coauthors present- 
ed a method for determining the source locality for archeo- 


Figure 36. A combination of Cu and H (deuterium) 
isotope analyses of turquoise samples from archeolog- 
ically important sources in the southwestern U.S. has 
been used to evaluate alteration due to weathering, 
and this has led to a breakthrough in determining the 
geographic origin of turquoise from this region. The 
circled areas correspond to unaltered turquoise from 
three mining areas, whereas altered turquoise from 
one of these mines clearly shows a different isotopic 
signature. Courtesy of Mostafa Fayek, University of 
Tennessee, Knoxville. 
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logically important turquoise samples that had been used 
by prehistoric Southwestern and Mesoamerican cultures. 
Using a combination of copper and hydrogen isotopic anal- 
yses, they were able to successfully determine the source 
and extent of alteration in the turquoise (figure 36). Dr. 
Paul Bartos of the Colorado School of Mines, Golden, and 
coauthors described the formation of exquisite gem-quality 
crystals of rhodochrosite at the Sweet Home mine near 
Alma, Colorado. The mineral deposit was part of a single- 
pulse, Si-rich, porphyry-molybdenum hydrothermal system 
that was enriched in fluorine. Rhodochrosite mineraliza- 
tion was likely facilitated by the transport of Mn as fluo- 
rine complexes at elevated temperatures and salinities. 
Christopher M. Breeding and Andy H. Shen 
GIA Laboratory, Carlsbad 


World Diamond Conference, Perth, Australia. Ap- 
proximately 145 people attended this year’s conference, 
which was held November 21-22 in conjunction with the 
Australian Diamond Conference. There were 25 presenta- 
tions and a concluding panel discussion, with five presen- 
ters from outside Australia. The opening address was given 
by Ewen Tyler, the “grandfather of Australian diamond 
exploration” and chairman of North Australian Diamonds, 
Perth, Western Australia (formerly Striker Resources), who 
reviewed the history of diamond exploration and globaliza- 
tion. James Allan of James Allan and Associates, London, 
addressed the current state of the diamond market. To pro- 
mote sales, De Beers is targeting advertising to specific cus- 
tomer groups identified by gender, age, and income. Many 
cutting centers are in debt and have to rely more than ever 
on credit. He reiterated that by 2010 there will be a US$3 
billion shortfall in the supply of rough, and therefore prices 
will rise. This has greatly encouraged both major and junior 
diamond exploration companies to increase their efforts 
and has contributed to the general feeling of optimism in 
the diamond exploration industry. 

Peter Gillin of Tahera Diamond Corp., Toronto, 
Canada, said that construction was on track for the open- 
ing of the new Jericho mine in mid-2006, with a planned 
production of 500,000 carats annually over nine years. Lee 
Spencer of BDI Diamond Corp., London, reported that the 
Cempaka diamond mine near Banjarmasin in southeastern 
Kalimantan (Borneo) began production in 2005 at a rate of 
65,000 carats annually with a value of >US$300/ct. In addi- 
tion, byproducts obtained from the fine fraction include 
gold, platinum-group minerals, and good-quality small dia- 
monds (~$80/ct). The Honorable Hencock Ya Kasita, 
Deputy Minister of Mines and Energy of Namibia, stated 
that although mining provides 10% of his nation’s gross 
domestic product (GDP) and 40% of its export earnings, 
Namibia was still comparatively underexplored. A new 
mining act should encourage future exploration. Wolfgang 
Sommer of Opsort, Schenefeld, Germany, summarized the 
advantages of recovering diamonds by optical means (using 
a strong light and a directed air blow]. This method does 
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not involve hazardous X-rays, can detect nonfluorescent 
diamonds, can be applied to particles as small as 1 mm, and 
needs virtually no water. Dr. Frieder Reichhardt of MSA 
Geoservices, Johannesburg, gave an overview of the current 
diamond exploration scene in Africa, with Angola and the 
Democratic Republic of the Congo (DRC) being most 
active. In a separate talk, he gave a case history of the 
Marsfontein mine in South Africa. Though a small mine, 
in its short life (from late 1998 to early 2001), Marsfontein 
produced 1.9 Mct worth $246 million, including numerous 
diamonds weighing more than 10.8 ct. 

Other conference speakers, most of whom were local- 
ly based, reported on the latest results of their respective 
companies. Miles Kennedy of Kimberley Diamond Co., 
Perth, reported on the Ellendale mine. From the com- 
mencement of mining in 2002 to June 30, 2005, the com- 
pany has recovered over 236,000 carats (mainly from the 
Ellendale 9 lamproite pipe) worth $50 million, for an aver- 
age value of $212/ct. The diamonds are predominantly 
gem and near-gem quality, and a significant proportion 
are fancy yellow (sometimes informally called daffodil, 
but designated by the company as Kimberley Yellow). 
With the Ellendale 9 plant being upgraded, and the 
Ellendale 4 plant commissioned to open in April 2006, 
annual diamond production will increase to 700,000 
carats in future years. The combined diamond resource 
from these pipes now amounts to 68 million tonnes con- 
taining 5 Mct at a grade of 7.4 carats per hundred tonnes 
(cpht) and a mine life of 10 years. Kimberley Diamonds 
also owns 54% of Blina Diamonds (Perth, Western 
Australia), which has the right to explore Kimberley 
Diamond's lease and surrounding areas for alluvial dia- 
monds. Gina Rockett of Blina Diamonds indicated that 
among other projects, her company recovered over 7,280 
carats from 36,346 tonnes taken from its Ellendale 9 
north channel, with the largest stone weighing 9.92 ct. 

Tom Reddicliffe of North Australian Diamonds dis- 
cussed the reopening of the Merlin mine in Australia’s 
Northern Territory. A recent study found that 19% of 
Merlin’s diamonds have very low to no fluorescence to X- 
rays, and therefore these diamonds were not recovered by 
the previous operator, Rio Tinto. The tailings are now 
being processed by the optical sorting method (see above) 
and are expected to yield 50,000 carats in the first of four 
stages of activity at Merlin. Stage 2 is the processing of 
remaining ore from stockpiles and the reshaping of exist- 
ing small pits, which should yield 200,000 carats. Stage 3 
will involve the reshaping of the neighboring Palomides 
and Sacramore pits into one pit to allow mining of the 
Palsac ore body, which is contiguous at deeper levels; this 
is expected to yield another 380,000 carats. Stage 4 is the 
potential underground mining of the Palsac and other 
pipes, which have an estimated reserve of 10 million 
tonnes containing 2.36 Mct. Merlin diamonds recovered 
from the tailings have been classified as 35% colorless, 5% 
yellow, 29% brown, and 31% “mixed” (mostly industrial 
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and near-gem material), with an average value of $140/ct 
(from Stages 1 and 2; a higher proportion of colorless and 
brown diamonds will come from Stages 3 and 4, and be 
worth $150/ct overall). Although the average weight is 
0.10 ct, two large diamonds have been recovered by the 
optical sorting method (14.21 and 10.27 ct), as well as an 
additional 24 diamonds weighing more than 1 ct. With a 
mine life of at least 10 years, the total resource is 19.1 mil- 
lion tonnes containing 3.3 Mct at a grade of 17.3 cpht, 
worth an estimated $500+ million (at $150+/ct). 

Dr. Kevin Wills of Flinders Diamonds, Adelaide, South 
Australia, said that up to 50 kimberlite dikes and pipes 
were sampled last year in the Flinders Ranges, and 20 con- 
tained diamonds. The very high proportion of diamondifer- 
ous kimberlites has encouraged the company to continue 
exploration in this area. Good progress was also made in 
the Hamersley Ranges project in Western Australia, where 
promising indicator minerals and microdiamonds were 
found, and an alliance with De Beers Australia Exploration 
was formed. Ian Moody of Gravity Diamonds, Melbourne, 
Victoria, described the discovery of the new Abner Range 
pipe, a small diamondiferous kimberlite 45 km west of 
Merlin. He also discussed exploration in the western Kasai 
province of the DRC, located north of the border with 
Angola’s Lunda Norte Province. Regional stream sampling 
and subsequent aeromagnetic surveying have generated 
targets for detailed sampling and drilling. 

Other speakers gave updates on their projects in 
Australia, Namibia, and South Africa, but no other sig- 
nificant new developments were reported. The hoped-for 
announcement that Rio Tinto would develop their 
underground mine at Argyle was not on the agenda, and 
Rio Tinto representatives did not attend. However, on 
December 8 Rio Tinto did issue a statement confirming 
that it would go forward with plans for a $US760 mil- 
lion underground mine at Argyle. The company stated 
that the average annual production during underground 
mining from 2007 to 2018 was expected to be around 
60% of Argyle’s historic annual average of 34 Mct and of 
similar quality. 

A. J. A. “Bram” Janse (archonexp/@iinet.net.au) 
Archon Exploration Pty. Ltd. 
Perth, Western Australia 


ANNOUNCEMENTS 


Conferences 

Visit Gems &) Gemology in Tucson. Meet the editors and 
take advantage of special offers on subscriptions and back 
issues at the GWG booth in the publicly accessible 
Galleria section (middle floor) of the Tucson Convention 
Center during the AGTA show, February 1-6, 2006. 

GIA Education’s traveling Extension classes will offer 
hands-on training in Tucson with “Diamond Grading” 
(January 30-February 3). To enroll, call 800-421-7250, ext. 
4001. Outside the U.S. and Canada, call 760-603-4001. 
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The GIA Alumni Association will host a Dance Party 
in Tucson on February 3, featuring a silent auction, an 
industry awards presentation, and a live auction. To reserve 
tickets, call 760-603-4204 or e-mail events@gia.edu. 


PDAC 2006. The Prospectors and Developers Association 
of Canada convention will take place March 5-8 in 
Toronto. Diamonds will be featured in a session called 
“Diamonds in Canada: Cratons to Carats,” and also will be 
included in other sessions. Visit www.pdac.ca/pdac/conv. 


WJA in New York. The Women’s Jewelry Association 
“Women In the Know” business conference will be held 
on March 10, 2006 at the Fashion Institute of Technology 
in New York City. Topics will include leadership develop- 
ment, Internet business strategy, and customer service 
management. Visit www.womensjewelry.org. 


BASELWORLD 2006. The BASELWORLD show will be 
held March 30-April 6 in Basel, Switzerland. During the 
show, Gems & Gemology editor-in-chief Alice Keller will 
be available at the GIA Booth in Hall 2, Stand W23. Visit 
www.baselshow.com, call 800-922-7359, or e-mail 
visitor@baselworld.com. 


Diamonds at Materials Congress 2006. A symposium 
titled “Diamonds: Materials Science and Applications” 
will take place on April 5-6 during the Materials 
Congress 2006 conference in London. Topics will 
include diamond growth and characterization, as well as 
physical and optical properties of diamond. Visit 
www.iom3.org/congress/images/diamondA4.pdf . 


GAC-MAC 2006. The 2006 joint meeting of the Geological 
Association of Canada and the Mineralogical Association 
of Canada will take place May 14-17 in Montreal. 
Diamonds will be covered in some of the sessions. Visit 
www.er.uqam.ca/nobel/gacmac/welcome.html. 


ICNDST-11. The 11th International Conference of New 
Diamond Science and Technology will be held at the 
Embassy Suites Hotel in Research Triangle Park, Raleigh- 
Durham, North Carolina, May 15-18, 2006. Among the 
topics covered will be HPHT synthesis and processing 
and the growth of CVD synthetic diamond. Visit 
http://lucy.mrs.org/meetings/workshops/2006/icndst. 


Bead Expo. The 2006 International Bead Expo will be held 
in Charleston, South Carolina, May 17-21. Over 60 work- 
shops and educational lectures on bead jewelry design and 
manufacture are scheduled. E-mail info@beadexpo.com or 
visit www.beadexpo.com. 


2006 GAA-NSW Conference. The 2006 conference of the 
New South Wales Division of the Gemmological 
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Association of Australia will be held May 19-21, at the 
Sydney Harbour Marriott Hotel. The event will also 
include a jewelry design competition and a post-confer- 
ence tour that will visit corundum and opal mines at 
Barrington Tops, Inverell-Glen Innes, and Lightning 
Ridge. Visit www.gem.org.au/conference.htm or e-mail 
nsw@gem.org.au. 


Exhibits 

Pearl Exhibit in Tokyo. “Pearls: A Natural History” will 
be on display until January 22, 2006, at the National 
Science Museum, Tokyo. Visit www.kahaku.go.jp/english. 


Cameos at the Met. “Cameo Appearances,” a display of 
more than 160 examples of the art of gem carving from 
Greco-Roman antiquity to the 19th century, will be on 
display until January 29, 2006, at the Metropolitan 
Museum of Art in New York City. Also on display at the 
Met (through February 12, 2006) is “The Bishop Jades,” a 
selection of fine Chinese and Mughal Indian jades from 
the collection of Heber R. Bishop that was donated to the 
museum in 1902. Visit www.metmuseum.org or call 
212-535-7710. 


King Tut Returns. “Tutankhamun and the Golden Age of 
the Pharaohs,” an exhibition of more than 130 artifacts 
from the tomb of King Tut and other royal tombs in 
Egypt’s Valley of the Kings, will be on display until April 
23, 2006, at the Museum of Art in Fort Lauderdale, 
Florida. Only a few of the artifacts in this exhibit were 
part of the famed 1977 exhibition, and many have never 
traveled outside Egypt. The exhibit will move to the Field 
Museum in Chicago May 26, 2006 through January 1, 
2007. Visit www.kingtut.org. 


ERRATUM 


In the Spring 2004 Gem News International section (pp. 
73-74), we reported on a glass imitation of alexandrite 
being sold as “Zandrite.” This glass was said to exhibit an 
alexandrite-like color-change from slightly bluish green in 
sunlight or daylight-equivalent fluorescent light to pur- 
plish pink in incandescent light. Although the material did 
change color in different light sources, it did not change 
between the two light sources that define a true color- 
change (natural daylight or daylight-equivalent fluorescent 
light vs. incandescent). Instead this material actually 
changed from bluish green in some non-daylight-equiva- 
lent fluorescent light sources to purplish pink in both 
incandescent and daylight sources. This reaction is most 
likely due to the interaction of Nd (a rare-earth element) in 
the glass with the emission bands that create the “white 
light” produced by typical fluorescent lamps. See also the 
report on a similar manufactured glass in the Gem News 
International section of this issue (pp. 364-365). 


GEMS & GEMOLOGY WINTER 2005 369 


Book REVIEWS 


 eleky 


Crystals: Growth, Morphology 
and Perfection 


By Ichiro Sunagawa, 295 pp., illus., 
publ. by Cambridge University 
Press, Cambridge, United Kingdom, 
2005. US$95.00 


In this book, intended for crystallogra- 
phy students and specialists alike, 
Prof. Ichiro Sunagawa clearly explains 
the processes that control crystallog- 
raphy. In the first part of the book, 
physical processes are described from 
a theoretical point of view, though 
always illustrated by photos of natu- 
ral crystals (often taken by the author) 
and by readily understood diagrams. 
The processes of crystal nucleation, 
crystal growth, selection of a growth 
type (e.g., dendritic, massive, or 
spherulitic), intergrowth, and poly- 
crystalline aggregation are addressed 
from a thermodynamic point of view. 
Equilibrium, kinetics, driving force, 
heat and mass transfer, role of defects, 
and the like are often invoked to 
explain the magic of crystal morphol- 
ogy. Microtopography is also used to 
understand the influence of disloca- 
tions (spiral, circular, or polygonal) 
and dissolution on crystal morpholo- 
gy. The section on homogeneity 
explains how growth zonation, 
growth sectors, and dislocations are 
responsible for complex features in 
crystals. 

In the second part, special cases 
are examined, often from the author’s 
experience during his long career as a 
crystallographer. 


e¢ Diamond is described in detail, 
including its structure, physical 
properties, growth features, and 
morphology. Nevertheless, one 
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could say that the vocabulary used 
to describe crystals of nearly cubic 
shape is sometimes confusing. 

e Quartz is the second well-studied 
example. Described are various 
forms of silica, crystal morpholo- 
gies, prism striations, Japan and 
Brazil twins, curved vs. flat crystals, 
agate formation, and polycrystalline 
aggregates. 

© Calcite and pyrite are also extensive- 
ly described, with the author high- 
lighting the role of formation condi- 
tions on the crystal morphologies. 

e The last chapters describe the 
growth conditions of crystals 
formed by vapor growth (pegmatitic 
and post-volcanic deposits) and by 
metasomatism and metamorphism 
(kaolin minerals and trapiche crys- 
tals), as well as crystals formed 
through biological activity (e.g., in 
bones, teeth, and carapace). 


In this reviewer's opinion, this is 
the most comprehensive book cur- 
rently available on crystal growth and 
morphology. 

BENJAMIN RONDEAU 
Muséum National d’Histoire Naturelle 
Paris 


The Gem Merchant: How to 
Be One, How to Deal with One, 
2nd Edition 


By David Stanley Epstein, 158 pp., 
illus., publ. by Gem Market 
Publications, Piermont, NY, 2003, 
US$20.00* 


Gem merchant David Epstein accu- 
rately covers many of the details 
involved in the daily practice of his 
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EDITORS 


Susan B. Johnson 
Jana E. Miyahira-Smith 
Stuart Overlin 


profession. Every retail jeweler, man- 
ufacturer, and gemologist should read 
this book in order to better under- 
stand the responsibilities and risks 
gem merchants assume when pursu- 
ing loose stones for their clients. 
Although there is valuable advice for 
anyone considering a career in gem- 
stone trading, Epstein aptly states 
that this book was written more for 
jewelers and manufacturers. 

The book is divided into four 
major sections: buying, marketing, 
cutting, and general information. The 
discussion assumes a basic knowl- 
edge of gemstones and the industry, 
and the author’s warnings and advice 
should deter those who are not will- 
ing to take the necessary risks. This 
is, after all, an industry that rewards 
the very few who have the endurance 
and patience to accept the learning 
curve that comes only with time and 
experience. 

The book’s first section focuses on 
buying and the need for product edu- 
cation and experience to accurately 
determine quality and value. Epstein 
also mentions the importance of keep- 
ing track of all purchases and expens- 
es. Principles of gemstone trading and 
valuation are addressed, with tips on 
assessing such factors as cut, color, 
size, and pricing. The illustrations are 
accurate and easy to understand. This 
section also teaches the buyer to 


*This book is available for purchase 
through the GIA Bookstore, 5345 
Armada Drive, Carlsbad, CA 92008. 
Telephone: 800-421-8161; outside 
the U.S. 760-603-4200. Fax: 760- 
603-4266. E-mail: myorder@gia.edu 
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beware of supply and demand factors 
that dictate price and to always 
remember that gem supplies are finite. 
In one of the most important features 
of this chapter, Epstein gives sound 
advice on how to travel safely, stay 
incognito, keep goods close, use local 
assistants or contacts, and be aware of 
local trade customs. 

The second section contains 
many useful strategies for successful 
marketing and sales. The first and 
most important step is to develop and 
write out a marketing plan. He 
explains the five steps of closing a sale 
by including excellent examples of 
evaluating and developing a cus- 
tomer’s “attention, interest, convic- 
tion, [and] desire,” and then closing 
the sale. The section devoted to pur- 
chase control sheets and order forms 
seems to focus more on Epstein’s per- 
sonal methods of inventory control 
and management than on the general 
idea of record keeping and good 
accounting practices. Epstein also 
gives sound advice on how to properly 
use the Internet as a communication 
and sales tool. 

Section three, titled “Cutting 
(Manufacturing)],” starts out with a 
strong warning to the uninitiated: 
Successfully buying and cutting rough 
takes practice, experience, and time. 
This section continues with valuable 
information on how to grade and 
value rough gems properly. Once 
again, the focus is on experience and 
exercising caution when venturing 
into the evaluation of rough. He 
addresses many of the basic tips that 
wholesalers apply by providing some 
useful examples and illustrations. 
This section ends with recutting 
(poorly cut, damaged, or worn gems} 
and contract cutting. In my opinion, 
however, these topics should have 
been featured at the beginning, since 
they are skills that one should acquire 
before cutting from rough. 

The final section addresses general 
topics and is full of excellent advice. 
One of the best is the suggestion that 
one rely on comparison stones when 
buying gems for which subtle differ- 
ences in color are important. Since 
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even highly trained graders have laps- 
es in color memory, comparison 
stones can help the gem dealer avoid 
costly mistakes. Epstein also 
describes the ideal color range of 
some of the most commonly traded 
gems. This section continues with 
illuminating examples of shams, 
scams, and rip-offs, as well as what 
one should look for in a reliable and 
trustworthy gem merchant. The 
major international gem trading cen- 
ters are also briefly described and put 
into context by tracing their historical 
development and significance. 

My favorite part in this final sec- 
tion, however, is the author’s histori- 
cal analysis of the gem trade. In it, he 
addresses the conflicting views associ- 
ated with gemstone grading, past and 
present economic trends, the frag- 
mentation of the colored stone indus- 
try, advances in shipping and trans- 
portation, exploration breakthroughs, 
and gem prices and profit margins. 
Epstein concludes by predicting that, 
because of greater competition, the 
gem industry will become more spe- 
cialized as gem merchants are forced 
to focus on particular areas of exper- 
tise. These merchants will have to 
take advantage of innovations and use 
them to their advantage to compete 
in the rapidly changing marketplace. 

EDWARD BOEHM 
JOEB Enterprises 
Solana Beach, California 


Arts and Crafts to Art Deco: 
The Jewellery and Silver of 
H. G. Murphy 


By Paul Atterbury and John 
Benjamin, 183 pp., illus., publ. by 
Antique Collectors’ Club, Suffolk, 
United Kingdom, 2005. US$69.50* 


Too often, the masters of our time are 
admired for great works during their 
lives, only to be quickly forgotten 
after their demise. Occasionally, 
though, definitive works find their 
rightful path back into the limelight 
to be appreciated by new eyes. Harry 
Murphy is such an artist deserving 
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our attention: His work from the 
early part of the 20th century has a 
distinct look, is outstanding in quali- 
ty, and features a range of styles from 
Arts and Crafts to Art Deco with a 
modernist flair. 

Published as a companion to a 
recent Goldsmith’s Hall exhibition of 
items from Murphy’s Falcon Studio 
workshop, this book can also stand 
alone as a reference for the aspiring 
artist. For the designer, silversmith, 
and goldsmith, studying Harry 
Murphy’s work is a lesson in mastery 
of gold, silver, enameling, niello (black 
alloy used as inlay), and engraving. 

An Englishman, Harry Murphy 
had a brush with greatness while still 
a child, when his artistic talent was 
recognized by William Morris, the 
famous British craftsman and design- 
er. With that encouragement, Murphy 
pursued his talent and apprenticed 
with the prominent Arts and Crafts 
master of his time, Henry Wilson. 
There he learned the intricacies of 
enameling and niello, which he per- 
fected to the point where it was some- 
times difficult to tell the two artists’ 
work apart. Later, Murphy studied 
briefly with the renowned German 
jeweler and silversmith, Emil Lettré. 

But Harry Murphy was not a 
copycat. As he perfected each classic 
art form, he often married it with 
modernism, making his work fasci- 
nating and unusual. Many of his 
pieces featured the tree of life, signs of 
the zodiac, or elaborate finials. He 
kept pace with changing art trends as 
tastes moved from Arts and Crafts to 
the more modern Art Deco. Yet in 
other works, he was completely prac- 
tical and tailored his designs to meet 
the needs of his commercial and 
ecclesiastical clients. Murphy always 
struggled to keep his studio profitable, 
so he recognized the importance of 
building business through civil and 
corporate works. The range of pieces 
he tackled is notable and evidence of 
his true talent as a craftsman. 

This book serves as a valuable 
showplace for his works. Featured are 
various examples of the artist’s jewelry 
and domestic silver, many of which 
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are amazing and intricate examples of 
enameling. There is a comprehensive 
biography, numerous color and black- 
and-white photos of works in silver 
and gold (many gem-encrusted), civil 
and corporate work, trophies, works 
for the church, studio memorabilia, 
fascinating illustrations and brain- 
storm sketches by the artist himself, 
and extracts from Murphy’s writings 
on related subjects. The book is divid- 
ed into six sections. While the story- 
telling meanders a bit, with some 
redundancy, overall this is a fascinat- 
ing documentation of Harry Murphy’s 
work. The reader gets a comprehensive 
picture of this talented man’s life and 
creative output, drawing inspiration 
from it. I found myself saying “Wow!” 
aloud several times as I looked at this 
work, and I suspect any bench jeweler, 
enamel artist, or designer will, too. 
MARY MATHEWS 
Gemological Institute of America 
Carlsbad, California 
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Daniel Swarovski: 
A World of Beauty 


Text by Vivienne Becker, produced 
under the direction of Markus 
Langes-Swarovski, 139 pp., illus., 
publ. by Thames # Hudson, New 
York, 2005. US$75.00* 


In 1895, a Bohemian craftsman named 
Daniel Swarovski (1862-1956) moved 
to the small Austrian village of 
Wattens to set up a factory specializ- 
ing in the manufacture of cut crystals. 
Swarovski, a technical virtuoso who 
had already invented the first preci- 
sion machines for cutting and polish- 
ing crystal, dreamed of unlocking the 
glamour of the material. The company 
he built became a renowned leader in 
the fashion and jewelry industries dur- 
ing the 20th century, and today it pro- 
duces billions of cut crystals annually. 
The Daniel Swarovski collection, 
launched in 1989 as the company’s 
couture signature, has continued the 
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founder's spirit with an assortment of 
innovative jewelry, watches, fashion 
accessories, and design objects. 

Daniel Swarovski: A World of 
Beauty is a salute to the collection’s 
15th anniversary. At 10 x 13 in. (25.4 x 
33 cm), the book is replete with large, 
radiant photos of creations from the 
eponymous collection. The lean text, 
written by jewelry historian Vivienne 
Becker (Art Nouveau Jewelry, Fabu- 
lous Fakes, and Swarovski: The Magic 
of Crystal), begins with the remarkable 
story of Daniel Swarovski. Subsequent 
chapters eloquently pay homage to the 
allure of glass crystal while offering a 
behind-the-scenes glimpse of the com- 
pany’s creative process today. 

This exquisitely illustrated vol- 
ume is sure to be treasured by con- 
noisseurs of crystal jewelry and 
accessories. 

STUART OVERLIN 

Gemological Institute of America 

Carlsbad, California 
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Behind the Scenes 
in Jade Street 


CALVIN JOYNER 


The center of the jade carving world 
lies in Peking, where the Tatar and 
Chinese quarters of the ancient capital 
meet at the massive Chien gateway. 


Inside the gate are the Forbidden City 
and the Legation Quarters. Outside 
sprawls, in a tangle of twisting streets 
and knotted alleys, the most alluring of 
all shopping districts. 


Each lane has its specialty. Lanterns, 
fans, brassware, books, cloisonne, silk, 


On opposite page a nephrite boul- 
der is being sliced with a twisted 
wire bowstring and carborundum 
powder. The apprentice, in the 
center, is applying the wet abrasive. 
The boulder is being roughed out 
in preparation for carving it into a 
large bowl. : 


silver, ivory, gold and jade, each to its 
kind, are set out to, tempt all: China and 
half the Western world. 


Most fabulous of all is the straight 
and narrow way called “Jade Street.” 
For half a mile it stretches, lined with 
tiny shops each lined with great fortunes 
of magnificent jade. Other precious stones 
are seen in curious carvings, but jade 
is predominant. 


In the windows and on the shelves are 
vases and bowls, wine jars and jewel 
cases, flowers and trees, men and gods, 
thin bangles for earrings and fat rings 
for the thumbs of aristocratic Manchu 
archers, ceremonial symbols and altar 


Photography by Calvin Joyner 
Peking, May 1929 
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COLORED STONES AND 
ORGANIC MATERIALS 


Coconut pearls: A reevaluation of authenticity. W. Armstrong, 
Ornament, Vol. 28, No. 2, 2004, pp. 46-49. 

An encounter with the Maharajah “coconut pearl” on display 
at the prestigious Fairchild Tropical Botanic Garden in Coral 
Gables, Florida, prompted the author, a college botany teacher, 
to investigate the authenticity of these controversial objects. In 
some parts of the world, such as Malaysia, these “pearls” 
(which allegedly formed in coconuts} are thought to have magi- 
cal properties, are highly valued (prices as high as $60,000 are 
mentioned), and are set as talismans in jewelry. 

Coconut “pearls” are described as a hoax in several reputable 
botany textbooks. In 1939, Dutch zoologist A. Reyne, chief of 
the Coconut Research Station at Menado, Celebes, Indonesia, 
studied numerous examples found in public and private collec- 
tions, and concluded that many of the more famous ones were 
actually concretions from giant clams of the genus Tridacna and 
could not possibly have formed inside a coconut. In 1982, how- 
ever, Professor Abraham Krikorian, at the State University of 
New York at Stony Brook, published a detailed review of the lit- 
erature on the coconut concretions, and some of the references 
he cited suggest that they may actually exist. 

Fraudulent claims with respect to the occurrence and origin 
of coconut “pearls” are widespread, particularly in Malaysia, 
where many of the artifacts are reportedly found. There is no 
plausible explanation for how a calcareous substance, with con- 
centric aragonite layers characteristic of pearls from mollusks, 
could possibly originate inside a coconut. Further, no reputable 
scientist has ever seen, firsthand, a concretion in its original 
coconut. Hence, the only logical conclusion is that concretions 
from other sources have been fraudulently transplanted into 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 

Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 

The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
© 2005 Gemological Institute of America 


GEMS & GEMOLOGY WINTER 2005 373 


coconuts. The author, once a believer, concludes that the 
existence of coconut “pearls” seems to be based on faith 
rather than objective scientific evidence. JEC 


The Kasumigaura pearl™. B. Dillenburger [info@perlenyukie. 
de], Australian Gemmologist, Vol. 22, No. 4, 2004, 
pp. 156-161. 
Kasumigaura (or Kasumiga) cultured pearls are naturally 
colored, bead nucleated, and mostly off-round, and are cul- 
tivated in and around Japan’s second largest lake, 
Kasumiga Ura. This pearl is cultured in a hybrid between 
the Japanese ikecho-gai mussel (Hyriopsis schlegeli) and 
the Chinese triangle mussel (H. cumingi). 

Commercial farming of freshwater cultured pearls in 
Japan began in Lake Biwa in 1945, using the ikecho-gai 
mussel. Experiments that began about 1925 resulted in the 
eventual successful relocation of the ikecho-gai mussel to 
Lake Kasumiga, where commercial production began in 
1962. The original intent was to use Lake Kasumiga as a 
backup for the Lake Biwa nursery and to provide produc- 
tion balance. However, with the increased pollution of 
Lake Biwa, the industry was later reestablished at Lake 
Kasumiga. After 1983, Lake Kasumiga also experienced 
environmental problems, adversely affecting the nursery. 
In response, pioneer cultivator Kazuhisa Yanase started 
using a new hybrid Japanese-Chinese mussel that proved 
resilient to environmental challenges. The result was the 
large Kasumiga cultured pearl, which is produced in sizes 
>8 mm, with an average diameter of 13-14 mm. The 
shape varies from round to baroque (only 2%, in the small- 
est sizes, are perfectly round), and several colors are avail- 
able: off-white, “peach” to orange, pink, lavender to violet, 
and a rare “golden” green. Production is modest; only 25 
kg were produced in 2003. HyejJin Jang-Green 


DIAMONDS 


Alkaline ultrabasic rocks in the Arkhangelsk diamond 
province: Present state of knowledge and prospects 
for studies. K. V. Garanin, Moscow University Geol- 
ogy Bulletin, Vol. 59, No. 1, 2004, pp. 35-45. 

The Arkhangelsk diamond province is located in the north- 

erm part of European Russia, along the Arctic coast. The 

first diamond-bearing kimberlite sills were found in the 
late 1970s and are located along the Mela River. 

Throughout more than two decades of geologic explo- 

ration, more than 60 kimberlite bodies have been identified 

within the diamond province. However, only two were 
bedrock deposits with commercial diamond potential. Data 
collected during extensive geologic studies in the early 
1990s suggest that emplacement occurred in a relatively 
narrow time interval of 340-370 million years ago. The 
igneous bodies are confined to Paleozoic faults or grabens 
associated with rift zones. The diamondiferous kimberlites 
contain extremely low concentrations of rare elements. 
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The Arkhangelsk diamond crystals tend to be rounded 
dodecahedrons and rhombododecahedrons. EF 


Geophysical methods for kimberlite exploration in north- 
ern Canada. M. Power [aurora@klondike.com], G. 
Belcourt, and E. Rockel, The Leading Edge, Vol. 23, 
No. 11, 2004, pp. 1124-1129. 

Kimberlite is a volatile-rich ultrabasic igneous rock that is 
mainly composed of olivine, clinopyroxene, micas, car- 
bonates, and serpentine. Although diamondiferous kim- 
berlites are found all over the world, only 1% are econom- 
ic (profitable for mining). Such deposits were first discov- 
ered in Canada (Northwest Territories) in 1991. All the 
Canadian deposits are located in the Archean Slave 
Craton. Most of these kimberlite pipes intrude granitoid 
host rocks generally trending NNW in this craton and are 
Cretaceous or Eocene in age. Most contain primarily 
crater-facies kimberlite (i.e., the upper part of a pipe that 
is composed of pyroclastic kimberlites, clays, and country 
rock fragments, including xenoliths]. As a result of differ- 
ential glacial erosion, most are found under or adjacent to 
lakes. 

Kimberlite exploration in the Slave craton normally 
consists of geochemical sampling to define a large poten- 
tial area, followed by geophysical surveys to locate the 
actual pipes. In geochemical sampling, the presence and 
concentration of heavy minerals such as pyrope garnet, 
chrome diopside, and Mg-ilmenite (picroilmenite) are 
assessed to determine the possible presence of kimber- 
lite. These minerals can be found in both glacial till and 
glaciofluvial deposits. Diamond potential can be calcu- 
lated based on the Ca and Cr concentrations in pyrope 
garnets. 

Geophysical surveys look for the contrast in physical 
properties between kimberlite and the surrounding host 
rocks. First, magnetic and electromagnetic surveys are 
performed by airborne methods over a large potential 
area. These are followed by ground geophysics, such as 
gravity, ground-penetrating radar (GPR), and seismic sur- 
veys. Finally, the most promising targets are tested by 
drilling or bulk sampling. 

Strong remnant magnetism that is characteristic of 
kimberlite can be detected by magnetic surveying, which 
can also identify regional structures in the host rocks and 
their intersections that have potential for kimberlite 
intrusions. Crater-facies kimberlite shows lower electrical 
resistivity than the host rocks due to serpentinization and 
clay alteration, and this can be detected by electromagnet- 
ic surveying. Gravity measurements can detect the rela- 
tively low density of kimberlite. GPR surveying can iden- 
tify differences in a kimberlite pipe’s electromagnetic (i.e., 
dielectric) characteristics compared to its host rocks; it is 
also useful for locating kimberlite dikes. Seismic survey- 
ing can help delineate between a kimberlite and its host 
rocks, though it has not been widely used in Slave Craton 
exploration. KSM 
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Raman spectroscopy of diamond and doped diamond. S. 
Prawer [s.prawer@unimelb.edu.au] and R. J. 
Nemanich, Philosophical Transactions of the Royal 
Society of London, Series A, Vol. 362, No. 1824, 
2004, pp. 2537-2565 

Raman spectroscopy is an essential nondestructive tech- 

nique in research on diamonds and chemical vapor-— 

deposited (CVD) synthetic diamond films. The typical 

Raman spectrum excited by a visible laser (2000-1000 cm! 

region) contains information on the phase purity and crys- 

talline perfection of the diamond sample, while surface- 
enhanced Raman spectroscopy can show new and unexpect- 
ed structures on diamond surfaces. Raman spectra can also 
be used to map stress and strain in crystallites on the 
micrometer scale; remotely monitor the surface temperature 
of diamond; and monitor defects, annealing, and doping 

(with, e.g., B, S, P, or Li). The Raman spectrum is sensitive to 

the interaction of dopants with the electronic continuum, 

and it is the carrier concentration rather than the dopant 
concentration to which the technique is most sensitive. 
RAH 


Xenoliths—a diamond’s nest. M. Anand [m.anand@ 
rhm.ac.uk] and L. Taylor, Rough Diamond Review, 
No. 5, 2004, pp. 12-14. 
Pieces of diamond-bearing mantle host rock that are trans- 
ported to the earth’s surface in kimberlite pipes are known 
as xenoliths. These rocks provide valuable opportunities to 
study diamond growth conditions and the interrelation- 
ship between diamonds, inclusions, and host minerals. A 
three-dimensional reconstruction of a xenolith’s mineral 
constituents can be generated using high-resolution X-ray 
computed tomography (HRXCT). These 3-D models clear- 
ly reveal the spatial relationships between diamonds and 
surrounding minerals (sulfides, silicates, etc.). 

HRXCT imaging of a xenolith from Yakutia, Siberia, 
showed that diamonds and sulfides were evenly distribut- 
ed throughout the sample, and were not spatially associ- 
ated with one another. Instead, diamonds were associated 
with areas of secondary mineralization or alteration 
zones, suggesting they did not form at the same time as 
the xenolith host rock. The study also showed that the 
diamonds were always separated from the primary silicate 
minerals by these alteration zones. 

Diamonds extracted from an unspecified number of 
Yakutian xenoliths ranged from 0.03 to 5 ct and for the 
most part were near colorless. They had well-defined 
faces (as expected from their lack of contact with corro- 
sive kimberlitic magma], and most formed perfect octahe- 
dra; also present were cuboctahedra, macle twins, and a 
few polycrystalline aggregates. 

Growth patterns were revealed using cathodolumines- 
cence of sawn diamonds that had been extracted from the 
xenoliths. Electron-microprobe analysis and secondary 
ion mass spectrometry also were performed on diamonds 
and their inclusions. The inclusions provided information 
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about diamond formation conditions during various 
stages of their growth. The chemical compositions of the 
diamonds, diamond inclusions, and other minerals in an 
eclogitic xenolith showed variabilities that reflect the 
ambiguous nature of diamond genesis. DMK 


GEM LOCALITIES 


African blue lace agate: Namibia’s blue quartz gem is one 
of nature’s finest. B. L. Cross, Rock & Gem, Vol. 35, 
No. 5, 2005, pp. 88-90. 
Blue lace agate is found in a remote area of southern 
Namibia, about 43 miles (69 km) southwest of the town of 
Grunau, and less than 80 miles (129 km) from the coun- 
try’s coastal diamond deposits. The material is hosted by a 
hard, fine-grained dolerite that is about 1.1 billion years 
old. The agate is estimated to be about 54 million years 
old, and is found as two separate vein systems of varying 
thickness with no other mineralization. 

The deposit was discovered in 1962, and the veins 
were mined intermittently until 1976 in narrow, hand- 
dug trenches reaching approximately 50 feet (15 m) deep. 
Mechanized mining commenced in 1977. The ore zone is 
broken by selective blasting and pneumatic hammers. 
Approximately 100-150 pounds (45-68 kg) of host rock 
must be removed to yield one pound of agate. 

Some hand cobbing is done at the mine site, and the 
rough material is then transferred to Springbok, South 
Africa, for final cobbing. The material is then washed and 
graded according to vein thickness and color intensity. In 
general, the color of the agate tends to improve with 
depth in the vein. Large, straight, thick specimens with 
good color are the most prized. Mining the deposit is 
expensive in many ways, with large taxes placed on vehi- 
cles, equipment, and agate rough crossing the Namibia/ 
South Africa border in either direction. JEC 


Elemental analysis of Australian amorphous banded opals 
by laser-ablation ICP-MS. L. D. Brown [leslie.brown@ 
uts.edu.au], A. S. Ray, and P. S. Thomas, Neues Jahr- 
buch ftir Mineralogie, Monatshefte, Vol. 9, 2004, 
pp. 411-424. 

Several banded Australian opal-AG (amorphous gel-like) 

samples were found to contain darker-colored black or gray 

bands adjacent to lighter-colored white or clear bands. A 

study of the distribution of trace elements between these 

bands showed that the darker bands contained significantly 
higher concentrations of trace elements (Ti, Co, V, Ni, Cu, 

Zn, Y, La, and Ce) than the lighter bands. A solution deple- 

tion model, involving the charge neutralization of silica col- 

loids by highly charged transition metal cations, is proposed 
to explain these results. Irrespective of the origin of the opal, 
the distribution of the trace elements in white, translucent, 
and play-of-color opal bands was shown to be similar, which 
is consistent with the proposed model. RAH 
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L’aspidolite fluorée: R6le des évaporites dans la genése du 
rubis des marbres de Nangimali (Azad-Kashmir, 
Pakistan) [Fluorine-rich aspidolite: The role of evap- 
orites in the genesis of ruby in marbles at Nangimali 
(Azad-Kashmir, Pakistan)]. V. Garnier, D. Ohnen- 
stetter [dohnen@crpg.cnrs-nancy.fr], and G. Giuliani, 
Comptes Rendus (C.R.) Geoscience, Vol. 336, No. 
14, 2004, pp. 1245-1253 [in French with English 
abstract]. 

Aspidolite (NaMg,A1Si,O,,[OH,F],) is a sodium-rich mica 

that is an analogue to potassium-rich phlogopite. It occurs 

with other micas (phlogopite, phengite, and paragonite) at 
the Nangimali ruby deposit. Electron-microprobe analyses 
revealed that both the aspidolite and phlogopite are 
enriched in fluorine (up to 3.23 wt.% F). According to 
these authors, when combined with the occurrence of salt 
inclusions in certain minerals and the existence of anhy- 
drite in the deposit, the presence of these F-rich micas 
implies that evaporation of an ancient body of water 
played a role in the genesis of gem ruby at marble-hosted 
occurrences such as Nangimali. JES 


Opals from Java. H. Sujatmiko, H. C. Einfalt, and U. Henn, 
Australian Gemmologist, Vol. 22, No. 6, 2005, pp. 
254-259. 

Since the early 1970s, opal has been mined in the Rang- 

kasbitung area of western Java from a highly altered 

pumice layer in a late Tertiary volcaniclastic sequence. 

The varieties range from common opal to hyalite, fire opal, 

and play-of-color material (with a white or black bodycol- 

or) displaying flashes of red, orange, and green. The refrac- 
tive indices of these opals are in the range of 1.435 to 

1.468, with specific gravity values of 1.98 to 2.06; the 

lower values of both properties corresponded to the color- 

less and transparent opals. RAH 


INSTRUMENTS AND TECHNIQUES 


Kriiss refractometer—ER 6010. T. Linton, R. Beatie, and 
K. Hughes, Australian Gemmologist, Vol. 22, No. 
2, 2005, pp. 260-262. 
This report evaluates the features and performance of the 
Krtiss ER 6010 refractometer, a relatively inexpensive, 
quality gemological instrument. The design is based on a 
hemicylinder of high-index glass with a spherical exit face. 
The instrument will measure refractive indices in the 1.30 
to 1.83 range. The refractometer has a removable cover 
with a height of 32 mm to allow ring-mounted stones to 
be safely positioned on the surface of the hemicylinder. 
RAH 


Using SIMS to diagnose color changes in heat treated gem 
sapphires. S. W. Novak [snovak@evanseast.com], C. 
W. Magee, T. Moses, and W. Wang, Applied Surface 
Science, Vol. 231-232, 2004, pp. 917-920. 
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Responding to the influx of orange sapphires in the gem 
trade in 2002, the authors used secondary ion mass spec- 
troscopy to identify beryllium diffusion as the origin of 
color in these specimens. Subsequent experiments verified 
that Be diffusion can produce a broad variety of color mod- 
ifications in sapphire. Routine measurements with SIMS 
are now employed to simultaneously detect Be and 13 
other trace elements in gem sapphires. The authors dis- 
cuss test protocols for faceted gems and present measure- 
ment precision data. SW 


JEWELRY HISTORY 


A compositional study of a museum jewelry collection 
(7th-1st BC) by means of a portable XRF spectrom- 
eter. A. G. Karydas [karydas@inp.demokritos.gr], D. 
Kotzamani, R. Bernard, J. N. Barrandon, and Ch. 
Zarkadas, Nuclear Instruments and Methods in 
Physics Research B, Vol. 226, 2004, pp. 15-28. 
Thirty-four gold and four silver jewels belonging to the 
Benaki Museum (Athens, Greece) collection were chemi- 
cally analyzed on site using a custom-made portable X-ray 
fluorescence (XRF) spectrometer. Limitations of the modi- 
fied XRF instrument are discussed, along with the stan- 
dard problems associated with the application of the XRF 
technique to museum artifacts. 

One of the primary objectives was to identify if the 
metal was used as-mined (from primary or placer deposits) 
or was refined. Two groups were identified: One group had 
a relatively high Au percentage (96.8 + 1.8%), while the 
other contained significant amounts of Ag. The Cu con- 
tent of the first group, along with its high Au percentage, 
indicated that most of the metal items had undergone 
some refining. In the second group, the presence of Ag, as 
well as iron in Cu-Fe admixtures, is normal for native 
gold, and this group probably originated directly from 
unrefined gold that most likely was taken from placer 
deposits. 

From the minor elements detected in the silver jewels, 
especially Au, the source for the silver was likely the 
Lavreion mine in Attiki, Greece. PX] 


Identification of pigments and gemstones on the Tours 
Gospel: The early 9th century Carolingian palette. 
R. J. H. Clark [rj.-h.clark@ucl.ac.uk] and J. van der 
Weerd, Journal of Raman Spectroscopy, Vol. 35, 
2004, pp. 279-283. 
Raman microscopy was used to analyze the 12 gems set into 
the cover of a 9th century illuminated manuscript known as 
the “Evangelia Quatuor” or the “Tours Gospel,” so named 
due to its probable origin in Tours, France. According to a 
letter attached to the gospel, which now resides in the 
British Library in London, the original stones were replaced 
in 1828 by gems specified to be “cat’s-eye,” emerald, “car- 
buncle,” sapphire, amethyst, and “oriental” topaz. 
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Raman/fluorescence spectra of the gems taken at 632.8 
nm excitation provided the following information: 


e Two stones were identified as quartz (cat’s-eye, amethyst} 

e Three stones showed a photoluminescence spectrum 
characteristic of emerald; however, confirmation of 
this identification was not available in this study 

e Three stones were identified as iron (almandine) gar- 
net, Fe,Al,(SiO,); 

e Three stones were identified as sapphire 

e One stone could not be identified 


The pigments used to “illuminate” the manuscript 
pages were also analyzed with Raman spectroscopy and 
found to have been produced with a palette including car- 
bon black, indigo, lead white (lead carbonate), minium 
(lead oxide, also known as red lead), orpiment (arsenic sul- 
fide), vermillion (mercuric sulfide), and gold. 


SW 
JEWELRY RETAILING 
It’s all in the numbers. K. Gassman, AJM, May 2005, pp. 
51-55. 


This article predicts that jewelry sales will increase by an 
average of 5.6% per year between 2000 and 2010. One rea- 
son is that more than 80 million people were born in the 
U.S. between 1978 and 1998, forming a generation called 
the Millennials. Unlike the more financially conservative 
“Generation X,” this group loves to shop and buy—and 
jewelry is a priority on their list. In addition, the percent- 
age of affluent households will increase greatly, from 14% 
in 2003 to 18% by 2010, which will drive the average tick- 
et price higher, as well as cause higher unit sales. The arti- 
cle also notes that the number of marriages—and opportu- 
nities for engagement rings and bridal jewelry—is rising 
strongly, along with demand from various ethnic groups, 
particularly Hispanics. RS 


PRECIOUS METALS 


Investigation and development of the karat gold alloys for 
jewelries (1): Colored and white karat gold alloys; 
(2) Metallurgical features and strengthening mecha- 
nism of the karat gold alloys for jewelries. Y. Zhang 
and G. Li, Precious Metal, Part 1. Vol. 25, No.1, 
2004, pp. 47-54; Part 2. Vol. 25, No. 2, 2004, pp. 
41-47 [in Chinese with English abstracts]. 
Gold and karat-gold alloys have been employed for jewelry 
use throughout recorded history. Recently, however, new 
gold alloys have come into use. To help jewelers and con- 
sumers better understand the properties of these gold 
alloys, the authors of this article systematically review the 
classification and basic properties of colored and white 
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gold alloys (part 1) and their metallurgical features and 
strengthening mechanisms (part 2). 

The use of “green” gold can be traced to 862, BC, when 
the Lydians (a people in ancient Turkey) adopted it for 
coinage; this alloy had a composition of 73% Au and 27% 
Ag. [Editor’s note: Most numismatic authorities place the 
date of the first Lydian coinage around 650-600 BC.| 
“Red” gold can be traced to ~1300 BC; the Chimt people 
of Peru used a composition of 70% Cu and 30% Au to 
fashion ornamental objects. The appearance of these col- 
ors can be explained by band theory, since Au and Cu are 
the only two colored metallic elements. 

Metallurgically, colored gold alloys can be divided into 
three categories: (1) the Au-Ag-Cu alloy system, (2) inter- 
metallic compounds, and (3) surface oxidized layers. 
Intermetallic compounds include “purple” gold, which is 
mainly a Au-Al alloy, and “blue” gold, which is mainly a 
Auln, or AuGa, alloy. These alloys are relatively brittle. 
The 18K “Spangold” alloy (so-called because of the span- 
gled, multicolored appearance of its surface) invented in 
1993 is a Au-Cu-Al compound. The altered crystal struc- 
ture causing the surface appearance is created by a special 
annealing process. Surface oxidized layers are usually creat- 
ed by heat treatment in an oxidizing atmosphere, with the 
addition of elements such as Fe, Ti, Cr, Ag, Cu, Ni, and Co. 

The physical properties of these alloys can be changed, 
sometimes dramatically, by the addition of certain impu- 
rities or by alterations in treatment processes. The so- 
called pure gold (990 gold) is one successful example in 
recent years. In white gold alloys, Ni, Pd (palladium), and 
Ag are the major additives causing the “white” color. 
About 76% of white gold jewelry on the market is made 
from Ni alloys; Pd alloys make up about 15%. 

Metallurgical properties such as hardness, ductility, 
and strength are strongly related to composition, structure, 
and grain size, as well as to specific treatment processes. 
Strength is usually inversely proportional to grain size. 
Manufacturing techniques such as those employing the 
Happ-Petch effect (to control grain size), cold-work harden- 
ing, solid-solution hardening, and various heat-treatment 
processes are used for strengthening, and examples of 
these methods with the Au-Ag-Cu alloy system are 
reviewed. Phase diagrams as well as tables listing the met- 
allurgical properties are also given. TL 
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Characterization of nitrogen doped chemical vapor 
deposited single crystal diamond before and after 
high pressure, high temperature annealing. S. J. 
Charles, J. E. Butler [butler@ccf.nrl.navy.mil], B. N. 
Feygelson, M. E. Newton, D. L. Carroll, J. W. Steeds, 
H. Darwish, C.-S. Yan, H. K. Mao, and R. J. Hemley, 
Physica Status Solidi (A), Vol. 201, No. 11, 2004, pp. 
2473-2485. 
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A nitrogen-containing (~1.5 ppm total N), 820 micron-thick 
synthetic diamond layer, grown epitaxially on a type Ib 
synthetic diamond seed by the microwave plasma CVD 
method, was characterized by five spectroscopic tech- 
niques (photoluminescence, UV-Vis, IR, cathodolumines- 
cence, and electron paramagnetic resonance) both before 
and after high pressure/high temperature (HPHT) anneal- 
ing. The color of the as-grown material was dark brown to 
black. Annealing of one portion of the sample at 6.5 GPa 
and 1,900°C for one hour resulted in a change to light 
gray/blue. Treatment of other portions at 7 GPa and 
2,200°C for one hour and 10 hours, respectively, resulted 
in a change from dark brown to colorless. The decoloriza- 
tion occurred when structural defects causing the dark col- 
oration were “healed” during HPHT annealing. 

In the as-grown portion, spectral features indicated the 
presence of nitrogen vacancy-telated centers (NV, NV-, 
NVH-); these disappeared or were transformed by the 
annealing into more complex centers (H3 and N3, believed 
to be the N-V-N and N-N-N-V centers, respectively). The 
portion annealed at the lower temperature showed evi- 
dence of NV-center dissociation and vacancy diffusion, but 
little evidence of nitrogen diffusion in the lattice. The two 
portions annealed at the higher temperature displayed evi- 
dence of nitrogen diffusion to form N-N-trelated centers. 
Details of the observed changes in the spectra of the 
before- and after-annealing portions are discussed. 
Although apparently similar changes in color are now 
obtained commercially during the HPHT decolorization 
treatment of brown type Ila natural diamonds, it is unclear 
if the details of the processes used for the natural and CVD 
synthetic diamonds are the same. JES 


Study on mineralogy of synthetic jadeite jade stone. R. 
Wei, B. Zhang, and C. Shen, Journal of Gems and 
Gemmology, Vol. 6, No. 2, 2004, pp. 7-9 [in 
Chinese with English abstract]. 

Mineralogical and other properties of four specimens of 
synthetic jadeite (source not given) were determined by 
microscopy, X-ray diffraction (KRD) analysis, infrared 
spectroscopy (FTIR), electron-microprobe analysis (EMPA), 
and Raman spectroscopy. All of the samples were a dull 
green color, contained both transparent and translucent-to- 
opaque areas that were separated by a gradual transition 
zone, and also had both glassy and crystalline phases. The 
results were compared to those obtained from natural 
jadeite samples. 

The crystalline phases were composed of small (3-5 
mm) crystals with well-developed prismatic forms that 
were characteristic of the translucent-to-opaque regions; 
glassy material with an RL. of 1.541 was characteristic of 
the transparent regions. Dark inclusions were observed 
mainly along fractures. XRD data from the crystalline syn- 
thetic areas were close to those of natural jadeite. Raman 
spectra from the crystallized areas showed prominent 
peaks at 1036, 698, and 373 cm7!, which closely matched 
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those of natural jadeite at 1038, 699, and 374 cm~!, but the 
intensities of the former were weaker due to the strong 
fluorescence of the synthetic samples. However, FTIR 
spectra from the crystallized synthetic regions contained a 
band at 494 cm~! that was not seen in the natural samples; 
small shifts in some major peaks were also observed 
between synthetic and natural materials. EMPA results 
from the crystallized materials contained areas with 
chemical compositions similar to that of natural jadeite 
(NaAISi,O,) but with lower contents of Na,O and CaO, 
and higher contents of K,O, TiO,, MnO, and NiO, the 
glassy areas had higher contents of Al,O, and SiO,, and 
much lower contents of Na,O compared to natural jadeite. 
The textures of the synthetic jadeite samples were simpler 
than those of natural jadeite. LE 


Ultrahard diamond single crystals from chemical vapor 

deposition. C-S. Yan [c.yan@gl.ciw.edu], H.-K. Mao, 

W. Li, J. Qian, Y. Zhao, and R. J. Hemley, Physica 

Status Solidi (A), Vol. 201, No. 4, 2004, pp. R25—R27. 
Recent advances in chemical vapor deposition (CVD) sin- 
gle-crystal diamond growth techniques have resulted in 
increasingly larger samples and faster growth rates. These 
new materials exhibit notable mechanical properties, 
including high fracture toughness and high intrinsic hard- 
ness caused by work hardening as a result of post-growth 
high pressure/high temperature (HPHT) annealing. Single- 
crystal synthetic diamonds up to 4.5 mm thick were epi- 
taxially grown by microwave plasma CVD on type Ib syn- 
thetic diamond plates using the following conditions: 
N,/CH, = 0.2-5.0%, CH,/H, = 12-20%, pressure = 
120-220 torr, temperature = 900-1500°C. Vickers hard- 
ness was measured at 50-110 GPa and fracture toughness 
at 6-18 MPa/m on the brown, as-grown CVD samples. 
After annealing at 2,000°C and 5-7 GPa for 10 minutes in 
a belt-type HPHT apparatus, the CVD synthetic diamonds 
turned colorless and became ultra hard (>160 GPa Vickers 
hardness). This measurement exceeds all known hardness 
data for synthetic and natural type Ib, Ia, and Ila diamonds, 
and the true value is probably higher, as some annealed 
CVD material damaged the indenters during hardness test- 
ing. The indented surfaces showed square crack patterns 
along softer <110> and <111> directions, but no cross-like 
crack lines along <100> as seen in annealed type Ia natu- 
ral diamonds. CMB 


TREATMENTS 


Disruption of B1 nitrogen defects in 1aB natural dia- 
monds by plastic deformation and behavior of the 
defects created on the PT treatment. V. A. Nado- 
linnyi [spectr@che.nsk.su], O. P. Yur’eva, A. P. Yelis- 
seyev, N. P. Pokhilenko, and A. A. Chepurov, 
Doklady Earth Sciences, Vol. 399A, No. 9, 2004, 
pp. 1268-1272. 
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Most natural diamonds contain nitrogen impurities and 
dislocations. However, the interaction between nitrogen 
centers, particularly B-aggregates, and dislocations is not 
well understood. Sixty-three inclusion-free, greenish to 
brown colored, type IaB diamond crystals with traces of 
plastic deformation from the Udachnaya pipe in Russia and 
the Snap Lake deposit in Canada were examined. Each was 
analyzed by photoluminescence (PL) and electron paramag- 
netic resonance (EPR) before and after HPHT treatment. 
Two-stage annealing was performed from 1,850 to 2,000°C 
at 7 GPa for 12 hours using a split-sphere apparatus. 

Before annealing, the PL spectra (collected at 77 K) 
were dominated by an intense N3 (415 nm) system; after- 
ward, the 415 nm line was more intense, but an H3 (503.2 
nm) system had also appeared and was responsible for a 
more greenish color. The EPR spectra before treatment 
showed only a broad P2 center at 300 K (room tempera- 
ture), which disappeared with cooling to 77 K. Photo- 
excitation (<380 nm) restored the P2 feature and also pro- 
duced a Pl EPR feature. After annealing, intense Pl and 
P2 centers were both present at 300 K without photoexci- 
tation. These changes were attributed to plastic deforma- 
tion features. Before treatment, charge transfer between 
P2 centers and dislocations generated the changes caused 
by cooling and photoexcitation. After treatment, the dis- 
locations, as well as the charge transfer, had been 
removed, causing both P1 and P2 centers to be visible 
without excitation. The migration of dislocations through 
the crystals during the annealing of plastic deformation 
features disrupted complex nitrogen defects (A and B cen- 
ters) and created the simpler forms of nitrogen (P1, P2, 
H3) observed using EPR and PL following the treatment. 
These results indicate that plastic deformation features 
play an important role in the HPHT treatment of type IaB 
diamonds to change their color. CMB 


The identification of impregnated nephrite. J. Li 
[geoli@vip.sina.com], Australian Gemmologist, Vol. 
22, No. 3, 2005, pp. 310-317. 
The much-treasured white nephrite from Hetian, Xinjiang 
Province, China, is becoming increasingly scarce. This has 
resulted in large amounts of lower-quality white nephrite 
from Russia and Qinghai Province, China, coming into the 
market. Some of this material is bleached and impregnated 
to imitate Hetian white nephrite. The author argues that 
this is an unacceptable treatment that must be disclosed. 
It is shown that these treated nephrites can be positively 
identified using IR spectrometry, with diagnostic absorp- 
tion bands between 2560 and 2460 cm~!; treatment with 
epoxy resin can be detected by the presence of absorption 
peaks from 3060 to 2850 cm~!. RAH 


Why does polycrystalline natural diamond turn black 
after annealing? B. Willems [bert.willems@ua.ac.be], 
K. De Corte, and G. Van Tendeloo, Physica Status 
Solidi (A), Vol. 201, No. 11, 2004, pp. 2486-2491. 


GEMOLOGICAL ABSTRACTS 


The polycrystalline exteriors of several translucent natural 
“coated” diamonds of various colors were found to turn 
black after annealing for several hours in a vacuum at tem- 
peratures above 1,000°C. Detailed optical examination 
revealed that the transparent inner cores of these coated 
crystals remained essentially unchanged after the anneal- 
ing, whereas the coatings themselves darkened as a result 
of the formation of numerous small cracks and black inclu- 
sions. Spectra recorded before and after annealing showed a 
broadening, but no change in position, of the 1330 cm7! 
first-order diamond Raman line. A broad Raman peak at 
1600 cm7! was observed to have an inverse relationship in 
peak intensity with the 1330 cm! line, with increasing 
annealing temperatures and times (the former increased, 
whereas the latter decreased, in intensity after sample heat- 
ing for 6 hours at 1,500°C). The authors attribute the 1600 
cm! band, along with the bands at 1585 and 1350 cm7!, to 
various nondiamond carbon phases (such as graphite, amor- 
phous carbon, and disordered glassy carbon). Electron 
diffraction and transmission electron microscopy demon- 
strated that these phases were created during the annealing 
as tiny inclusions, and along crack and grain boundaries. 
Formation of these nondiamond alteration products along 
with other dislocations was responsible for the observed 
darkening of these polycrystalline coated diamonds during 


high-temperature annealing. JES 

MISCELLANEOUS 

After the mines. H. T. Schupak, JCK, Vol. 176, No. 1, 2005, 
pp. 92-96. 


The article explains the measures that De Beers is taking 
to develop projects in communities near its mines to 
ensure the communities’ sustainability after the diamonds 
are depleted. The Masete Primary School, established near 
the Venetia mine in South Africa, houses 1,600 students, 
and is supported jointly by the government and De Beers. 
De Beers has ongoing projects to equip classrooms and 
improve facilities. The company has also established an 
AIDS awareness program and farming projects in nearby 
villages in the province, one of the country’s poorest. 

De Beers is also developing environmental programs. It 
has established the 80,300 acre Venetia-Limpopo Nature 
Reserve near Venetia and set aside an additional 469,300 
acres as conservation land. It has reintroduced wildlife 
species into the area, including wild dogs, African elephants, 
and black rhinoceroses, and also established a conservation 
research center. The company has partnered with the South 
African government on many of these initiatives. 

RS 


A cost-benefit analysis of projects implemented to assist 
the black pearl industry in Manihiki Lagoon, Cook 
Islands. E. McKenzie, SPC Fisheries Newsletter, 
No. 110, 2004, pp. 37-40. 
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In November 2000, black pearl aquaculture in Manihiki 
Lagoon, Cook Islands, was severely affected by an oyster 
disease. The causes were determined to be overstocking, 
poor handling of pearl oysters, and adverse environmental 
conditions. In response, the Cook Islands Ministry of 
Marine Resources and other organizations sponsored cer- 
tain projects intended to study and promote sustainable 
farming of black cultured pearls in this lagoon. This article 
describes some of these projects and their benefits to pearl 
farming. 

The physical projects in place at Manihiki Lagoon 
revolve around monitoring the oysters and the lagoon con- 
ditions. Buoys provide data on parameters such as water 
temperature and dissolved oxygen; bathymetry (underwa- 
ter mapping) aids farm layouts; and oyster-health surveys 
and censuses monitor potential threats and ensure sustain- 
able oyster populations. In addition to these tools, the 
study considered other endeavors, such as training courses 
for seeding technicians that would lessen the industry’s 
dependence on foreign labor. The study also recommended 
that good management structure be adopted, project data 
arrive promptly, and farmers be trained to properly inter- 
pret the data. A pearl farming management plan that will 
provide a system of rules and regulations to effectively 
manage the lagoon’s use is already in draft stage. DMK 


Guanxi and regulation in networks: The Yunnanese jade 
trade between Burma and Thailand, 1962-88. W.-C. 
Chang [wenchinchang@yahoo.com], Journal of 
Southeast Asian Studies, Vol. 35, No. 3, 2004, pp. 
479-501. 

Northern Myanmar (Burma) borders the Chinese province 

of Yunnan. Over the centuries, and especially after the 

1949 revolution, many ethnic Chinese settled in this area. 

This article is a review of the effects that Yunnanese 

migrants and their social networks (guanxi) have had on 

the jadeite trade between Burma and Thailand. 

The famed Burmese jadeite deposits are located in 
Kachin State. Though local use is thought to have started 
centuries earlier, wide-scale jadeite mining did not begin 
until large numbers of Yunnanese miners and traders 
came to Burma in the second half of the 18th century. 
Most of the jade leaving Burma passed through Yunnan 
until the border with China was closed in 1949. The 
replacement route—south through Rangoon and thence to 
Hong Kong by sea or air—was itself shut down after the 
1962, military coup nationalized the Burmese economy. 
However, because the jadeite mining regions were con- 
trolled by Burmese rebel groups and Kuomintang (Chinese 
Nationalist) militias who had fled Yunnan in 1949, illicit 
jadeite trade continued, this time through Thailand (fre- 
quently alongside the opium trade). Although mining was 
controlled by various ethnic groups, it was the Yunnanese 
who controlled the jadeite trading because of their well- 
organized guanxi networks of relatives or close friends 
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throughout the area. Mae Sai, a Thai border town, became 
the major jade trading market, and Yunnanese on the Thai 
side of the border helped legalize and ship the jadeite once 
it was in Thailand. From the 1960s to the 1980s, four 
major jade companies in Mae Sai and Chiang Mai (another 
town in northern Thailand), all established by ethnic 
Chinese, dominated the jadeite trade. Though marred by 
some conflict, this trade was governed by strict though 
unofficial regulations that the author again ties to the 
guanxi networks. 

The author traces the strength of the guanxi networks 
to the topography of Yunnan province, which is com- 
posed of high mountains separating one village from 
another. This has led to close affiliations among 
Yunnanese migrants from the same county or village. 
Although these affiliations provided an incentive to create 
the trading networks, the jade trade was also based on 
trust (xinyong) and familism. However, trust and ties 
alone were not sufficient to establish a long-term busi- 
ness, not only because of the complicated nature of jade 
trading but also because of human fallibilities, such as 
cheating. Only with the additional regulation discussed 
above could the trade thrive. KSM 


“Lucy in the Sky with Diamonds”: Airline liability for 
checked-in jewelry. E. C. Rodriguez-Dod, Journal of 
Air Law and Commerce, Vol. 69, No. 4, 2004, pp. 
743-768. 
This article reviews various legal developments concern- 
ing the rights of airline passengers to collect compensation 
from carriers for jewelry lost or stolen from luggage on 
both domestic and international flights. On domestic 
flights, once-rigid liability limits have, since deregulation 
in the late 1970s, gradually given way to allow passengers 
to collect higher compensation for lost or stolen jewelry 
where airline negligence is involved or the airline has not 
followed its own stated procedures for handling valuable 
items. For international flights, a 2003 treaty, the 
Montreal Convention, has eased some requirements of the 
old Warsaw Convention that had governed international 
travel since 1947. A significant change has been to remove 
airline liability based on the weight of the lost or pilfered 
bag, instead replacing it with a fixed limit (~$1,350). The 
Montreal Convention allows passengers to be compensat- 
ed over the liability limit stated on the ticket if the loss 
was caused by “an act or omission of the air carrier that 
was intentional or reckless.” 
However, increased security measures after September 
11, 2001, have complicated issues. Theft from luggage has 
skyrocketed, and neither domestic laws nor the Montreal 
Convention address liability when bags are inspected by 
the Transportation Safety Administration. Although both 
the TSA and the airlines suggest placing valuables in 
carry-on bags, TSA screeners could deem some jewelry 
items too sharp to be carried on board a plane. RS 


GEMS & GEMOLOGY WINTER 2005 


VOLUME 41 


NDEX ces: 


SUBJECT INDEX 


This index gives the first author (in parentheses), issue, and inclusive pages of the article in which the subject occurs. 
For the Gem News International (GNI), Lab Notes (LN), and Letters (Let) sections, inclusive pages are given for the 
item. The Author Index (p. 387) provides the full title and coauthors (if any) of the articles cited. 


A 


Afghanistan 
faceted pezzottaite from Nuristan 
(GNI)Sp05:61-62, 
tenebrescent scapolite from 
Badakhshan (GNI)F05:269-271 
Alexandrite, synthetic 
with natural-appearing inclusions 
(LN)F05:256-257 
Amazonite 
green orthoclase from Vietnam, sold 
as (GNI)W05:354-355 
Amber simulant 
lizard embedded in a recent resin 
(GNIJW05:361-362 
Amethyst 
from Arizona, color zoned 
(Let)Sp05:2 
from Georgia (GNI)Sp05:53-54 
from northwestern Namibia 
(GNI)Sp05:54-55 
Andradite 
demantoid from northern Pakistan 
(GNI)Su05:176-177 
Angola 
diamond sources, mining, production, 
and sales (Shor)F05:202-233 
Aquamarine 
from Colorado (GNI)Sp05:55 
glass imitation of crystal 
(GNIJF05:272 
saturated blue, from Nigeria 
(GNI)Sp05:56 
with spiral inclusions 
(GNI)Sp05:64—-65 
Arizona, see United States 
Assembled gem materials 
opal triplet, resembling an eye 
(GNI)W05:353-354 
Auctions 
of diamonds (Shor)F0O5:202-233 
Australia 
diamond sources, mining, production, 
and sales (Shor)F05:202-233 
rhodonite from Broken Hill 
(Millsteed)FO5:246-254 
Axinite, see Magnesioaxinite 
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B 


Benitoite 
closure of Benitoite Gem mine 
(GNI)F05:276 
Beryl 
bicolored carving from Brazil 
(GNI)Sp05:52 
see also Aquamarine; Emerald 
Blueschist, see Rocks 
Bolivia 
obsidian with spessartine inclusions 
from (GNI)Su05:179-180 
Book reviews 
Arts and Crafts to Art Deco: The 
Jewellery and Silver of H. G. 
Murphy (Atterbury and 
Benjamin)W05:371-372 
Collecting Fluorescent Minerals 
Schneider)Sp05:77 
Crystals: Growth, Morphology and 
Perfection (Sunagawa)W05:370 
Daniel Swarovski: A World of Beauty 
Becker)W05:372 
Exploration Criteria for Coloured 
Gemstone Deposits in the Yukon 
Walton)F05:282-283 
50-Year History of the Tucson Show 
Jones)Sp05:77 
The Gem Merchant: How to Be One, 
How to Deal with One, 2nd ed. 
Epstein)W05:370-371 
Gemstones: Quality and Value, Vol. 1 
Suwa)F05:283 
The Grandmasters of Mineral 
Photography (Mineralogical 
Almanac)Sp05:77 
The History of Beads: 
From 30,000 B.C. to the Present 
(Dubin)F05:28 1-282 
Identification of Gemstones 
(O’Donoghue and Joyner) 
$u05:189-190 
Masterpieces of the Mineral World: 
Treasures from the Houston 
Museum of Natural Science 
(Wilson and Bartsch)Su05:191 
Minerals and Their Localities 
(Bernard and Hyrsl)Su05:190-191 
101 Bench Tips for Jewelers 
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(Revere)Su05:189 
The Pegmatite Mines Known as 
Palermo (Whitmore and 
Lawrence)F05:283 
Shinde Jewels (Keswani)F05:281 
Tone Vigeland: Jewellery + Sculpture 
Movements in Silver 
(Brundtland)Sp05:77 
Totems to Turquoise: Native North 
American Jewelry Arts of the 
Northwest and Southwest (Chalker, 
Dubin, and Whiteley)F05:282 
The Tourmaline: A Monograph 
(Benesch and W6hrmann)Sp05:77 
Tourmalines of Malkhan (Zagorsky, 
Peretyazhko, and Kushnaryov)F05:283 
Understanding Jewellery, 3rd ed. 
(Bennett and Mascetti)Sp05:76 
Botswana 
diamond sources, mining, production, 
and sales (Shor)F05:202-233 
Branding 
of diamond (Shor)F05:202-233 
Brazil 
bicolored beryl carving from Minas 
Gerais (GNI)Sp05:52 
fuchsite-corundum rock from Bahia 
(GNIJE05:266-267 
iolite from Rio Grande do Norte State 
(GNI)Sp05:58-59 
kyanite from Minas Gerais— 
(GNI)Sp05:59-60; with staurolite 
inclusions (GNI)Su05:178-179 
“pink fire” quartz from 
(LN)Sp05:47—48 
quartz—with fake inclusions from 
(GNI)F05:272—273,; with gilalite 
inclusions from Paraiba 
(GNIJFO5:271-272 
sphene from (LN)Sp05:50 
Burma, see Myanmar 


C 


California, see United States 
Canada 
diamond sources, mining, production, 
and sales (Shor)F05:202-233 
10.53 ct rough diamond from Fort a la 
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Corne, Saskatchewan (GNI)Sp05:64 
Cathodoluminescence 
of jadeite from Guatemala 
(GNI)F05:274-276 
Chalcedony 
carved chain (GNI)Sp05:56-57 
“Challenge,” see Gems &) Gemology 
Chameleon diamonds, see Diamond, 
colored 
Chemical composition, see Electron- 
microprobe analysis; Elemental map- 
ping; Scanning electron microscopy; 
specific gem materials 
Chemical vapor deposition (CVD), see 
Diamond, synthetic 
China 
emeralds from Xinjiang Province 
(GNI)Sp05:56-57 
spinel and clinohumite from Jinping 
(GNIJW05:357 
Citrine 
heated crystal clusters showing adu- 
larescence (GNI)Su05:183 
from northwestern Namibia 
(GNI)Sp05:54-55 
Clinohumite 
reddish orange, in spinel parcel from 
China (GNI)W05:357 
Coating 
on pearl, orient-like (GNI)F05:272-273 
phosphorescent, to create a “night 
glowing pearl” (LN)Sp05:46-47 
pink, of diamond (Evans)Sp05:36-41 
Colombia 
emerald phantom crystal from Muzo 
(GNIJW05:351-352 
Color, cause of 
in brown and black diamond 
(GNI)Su05:185 
in color-change Cu-bearing tourma- 
line from Mozambique 
(LN)Su05:173-175 
in yellow diamonds 
(King)Su05:88-115 
Color change 
in Cu-bearing tourmaline from 
Mozambique (LN)Su05:173-175 
in Purple Zandrite glass 
(GNI)W05:364-365 
in Zandrite glass (erratum)W05:369 
see also Tenebrescence 
Color grading 
of 21.42 ct yellow eagle’s head dia- 
mond, “uneven” (LN)W05:344-345 
of yellow diamonds 
(King)Su05:88-115 
Color zoning 
in amethyst from Four Peaks, Arizona 
(Let)Sp05:2 
in a chameleon diamond 
(Hainschwang)Sp05:20-35 
in emerald from Zambia 
(Zwaan)Su05:116-148 
in orange treated diamonds 
(LN}W05:340-341 
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in pink-to-red treated diamonds 
(Shigley)Sp05:6-19 
see also Growth structure 
Colorado, see United States 
Conference reports 
Applied Diamond Conference 2005 
GNIJF05:274-2.75 
Diamond 2005 (GNI)W05:365-366 
GemmoBasel 2005 
GNI)Su05:185-187 
Geological Society of America 2005 
GNI)W05:366-367 
Goldschmidt05 (GNIJF05:275-2.76 
International Geological Congress 
GNI)Sp05:67-69 
World Diamond Conference 
GNI)Sp05:70, W05:367-368 
Conflict diamonds 
in Angola, Sierra Leone, and the 
Democratic Republic of the Congo 
Shor)F05:202—233 
Corundum, see Fuchsite-corundum,; 
Ruby; Sapphire 
Country of origin, see Geographic origin 
Crystal morphology 
of cubic diamond (GNI)W05:365-366 
Cubic zirconia 
as rough sapphire imitation 
(GNI)W05:362 
yellow, imitating cape diamonds 
(LN]W05:340-341 
see also Yttrium zirconium oxide 
Cultured pearl, see Pearl, cultured 
Cuts and cutting 
of emerald from Zambia 
(Zwaan)Su05:116-148 
see also Diamond, cuts and cutting of 
CVD-grown synthetic diamond, see 
Diamond, synthetic 
Czech Republic 
Malossi synthetic emerald grown in 
(Adamo]W05:328-338 


D 


De Beers 
Supplier of Choice (Shor)F05:202-233 
Demantoid, see Andradite 
Democratic Republic of the Congo 
diamond sources, mining, production, 
and sales (Shor)F05:202-233 
plagioclase: actually from Tibet? 
GNI)W05:356-357 
Diamond 
demand for, in U.S. and Asia 
Shor)F05:202—233 
economic review of, 1990s and 2000s 
Boyajian)F05:201, 
Shor)F05:202—233 
manufacturing, distribution, market- 
ing, and economics of 
Shor)F05:202—233 
morphology of cubic crystals 
GNI)W05:365-366 
production of rough worldwide, 
1991-2003 (Shor)F05:202-233 
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10.53 ct rough from Saskatchewan, 
Canada (GNI)Sp05:64 
see also Diamond, colored; Diamond, 
cuts and cutting of; Diamond, inclu- 
sions in; Diamond simulant; 
Diamond, synthetic; Diamond 
treatment 
Diamond, colored 
blue—strongly colored type IIb 
(LN)F05:258-259; with type IIb and 
Ila zones (LN)Su05:167-168 
brown and black, cause of color in 
(GNI)Su05:185 
chameleon, characterization of 
(Hainschwang)Sp05:20-35 
coated to appear pink 
(Evans)Sp05:36-41 
demand for (Shor)F05:202—233 
green, with radiation stains and 3H 
defect (LN)Sp05:42—43 
in mosaic artwork (GNI)F05:264 
orange, treated by multiple processes 
(LN}W05:341-342 
pink, with a temporary color change 
(LN}W05:342-344 
pink to red, treated by multiple meth- 
ods (Shigley)Sp05:6-19 
pink-brown, type Ib with high N 
(LN)Su05:168-170 
yellow—characterization and grading 
of (King)Su05:88-115; CZ imita- 
tion of (LN)W05:340-341; HPHT- 
treated type Ila (LN)Sp05:43-45,; 
irradiated and fracture-filled 
(LN)Su05:164—165; 21.42 ct, cut as 
eagle’s head (LN)W05:344-345,; 
with zones of H3 absorption 
(LN)Sp05:45-46 
see also Diamond, synthetic; 
Diamond treatment 
Diamond, cuts and cutting of 
developments in the 1990s and 2000s 
(Shor)F05:202-233 
yellow—(King)Su05:88-115; 21.42 ct, 
resembling eagle’s head 
(LN)W05:344-345 
Diamond, inclusions in 
of carbonates and solid CO, in large 
diamond (LN)Su05:165-167 
in pink-to-red treated diamonds 
(Shigley)Sp05:6-19 
in yellow diamonds 
(King)Su05:88-115 
Diamond simulant 
barium-rich glass, imitating rough 
(GNI)W05:362-363 
CZ imitating cape diamonds 
(LN}W05:340-341 
Diamond, synthetic 
CVD—cubic morphology 
(GNI)W05:365-366; gem-quality, 
from France (Wang)F05:234-244 
effect on market (Shor)F05:202—233 
facts about (Overlin)Sp05:86 
orange-yellow melee, submitted for 
lab reports (LN)W05:345-346 
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vessels, scepters for emperors and: fan 
handles for their empresses and concu- 
bines, things ancient and things modern, 
all carved from jade. 

Jade in every color, brilliant green, 
gem jadeite from Burma, dull gray 
nephrite from Sinkiang, and whole cata~ 
logs of other shades and colors. 

Behind these tiny stores are the work 
shops where these lapidary miracles are 
wrought and only the jade workers and 
a very few of the initiate ever gain ad- 
mission. Here Mahometan Chinese work- 
men cut and carve precious jadeite from 
Burma and tough nephrite from the Kuen 
Lun mountains of their ancestral Chinese 
Turkestan (Sinkiang Province). 

For centuries before Burmese jadeite 
was known in China, the nephritic jade 
of Sinkiang was carved for the Emperors 
of China by Moslem artisans of that 
province. 

The tradition still holds today. The 
miners who dig the stone from the Kuen 
Lun range, the divers who “fish” for 
water worn pebbles and boulders, the 
herders who bring jade down the moun- 


At the right the youngest appren- 
tice washes and regrades the abra- 
sive. In the right background two 
iron bowls rest on a large block 
of green. jade. Below, a base is 
being shaped for a jade lantern: 
The weight is carried by a pulley 
and cord. The pulley and counter- 
weight do not show in the picture. 


tain sides loaded on ungainly yaks, the 
camel drivers, lapidaries and jade mer- 
chants were all Moslems in the early days. 

Brought to the Chinese capital by the 
Emperor Chien Lung, the shop owners 
and lapidaries of Peking continue to ac- 
knowledge Mohammed. They also adhere 
closely to the methods and tools of their 
ancestors. 

An American lapidary accustomed to 
electric power, fast cutting wheels of 
modern abrasives, diamond charged saws, 
and a variety of polishing compounds, 
looks with disbelief at the crude foot- 
driven lathes on which the most intricate 
and precious carvings are made. In keep- 
ing with the elementary lathes are the 
methods used in slicing large blocks of 
the tough materials. 

A twisted iron wire bow string, strung 
on a bamboo bow, is dragged back and 
forth across the jade boulder by two 
patient workmen while an apprentice 
applies emery powder and water or the 
cut. A cut four or five square feet in area 
requires two men and a boy thirty or 
forty days to complete. 

Carborundum is not unknown but as 
the owner of a leading shop said to the 


Diamond treatment 
coated pink (Evans)Sp05:36—41 
dyed rough (LN)F05:257-258 
effect on market (Shor)F05:202—233 
HPHT process—in combination with 
other methods to produce a pink-to- 
red color (Shigley)Sp05:6-19; of type 
Ila yellow (LN)Sp05:43-45 
irradiation and fracture filling—of a 
bluish green diamond (LN)Sp05:46; 
of a yellow diamond 
(LN)Su05:164-165 
laser drilling, with unusual holes 
(LN)Su05:170 
multiple processes—to produce orange 
(LN)W05:340-341, to produce pink 
to red (Shigley)Sp05:6-19 
DiamondView instrument 
and graining in diamond with carbon- 
ate and CO, inclusions 
(LN)Su05:165-167 
and growth structure of pink-to-red 
treated diamonds 
(Shigley)Sp05:6-19 
and H3 zoning in a natural yellow dia- 
mond (LN)Sp05:45—46 
images of orange-yellow synthetic 
diamond melee (LN)W05:345-346 
and luminescence and dislocation 
networks in CVD synthetic dia- 
monds from France (Wang) 
F05:234-244 
and red phosphorescence in dark blue 
type IIb diamonds (LN)F05:258-259 
and temporary color change in pink 
diamonds (LN)W05:342-344 
and unusual pattern in type Ib pink- 
brown diamond, with high N 
(LN)Su05:168-170 
and zoned phosphorescence in a light 
blue diamond with type IIb and Ila 
zones (LN)Su05:167-168 
Diaspore 
“vein” in sapphire (LN)W05:346-347 
Dyeing 
of fibrolite to imitate ruby 
(GNIJF05:274 


E 


Editorials 
“The Experts behind Gems & 
Gemology: Our Editorial Review 
Board” (Keller)Su05:87 
“In Memory of Dr. Edward J. 
Gtibelin” (Keller)Sp05:1 
“One Hundred Issues and Counting. . .” 
(Keller)W05:295 
“Shifting Tides in the Diamond 
Industry” (Boyajian)F05:201 
Electron-microprobe analysis 
of color-change Cu-bearing tourma- 
line from Mozambique 
(LN)Su05:173-175 
of emerald from Zambia 
(Zwaan)Su05:116-148 
of faceted pezzottaite from 
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Afghanistan (GNI)Sp05:61-62 
of Malossi synthetic emerald 
(Adamo]W05:328-338 
of tourmaline from Mt. Mica, Maine 
(Simmons)Su05:150-163 
of yellowish orange magnesioaxinite 
from Tanzania (LN)Su05:170-171 
Elemental mapping 
of a pink coated diamond 
Evans)Sp05:36-41 
Emerald 
phantom crystal from Colombia 
GNI)W05:351-352 
with synthetic-appearing inclusions 
GNI)F05:265-2.66 
trapiche earrings (GNI)W05:352 
from Xinjiang, China 
GNI)S$p05:56-57 
from Zambia (Zwaan)Su05:116-148 
Emerald, synthetic 
Malossi hydrothermal 
Adamo)W05:328-338 
Enhancement, see Coating; Diamond 
treatment; Dyeing; Treatment; specif- 
ic gem materials 
Errata 
to “Coated pink diamond” 
(Evans)Sp05:36-41—spectra trans- 
posed (GNI)Su05:187 
to “Color-change alexandrite imita- 
tion” (GNI)Sp04:73-74—not a true 
color change (GNI)W05:369 
to “Triplite from Pakistan” 
(GNI)W04:346-347—from Braldu 
Valley, not Shigar Valley 
(GNI)F05:277 
Ethiopia 
pyrope-almandine from Hagare 
Mariam (GNI)Su05:177 


F 


Faceting, see Cuts and cutting; 
Diamond, cuts and cutting of; 
Lapidary arts 

Fakes, see Simulants; specific gem materi- 
als simulated 

Feldspar 
albitic “moonstone” from Tanzania 

GNI)Sp05:60-61 

green, from Myanmar 

GNI)W05:354-355 

green orthoclase from Vietnam 

GNI)W05:354-355 

moonstone with bamboo-like etch 

tubes (GNI)Sp05:64-65 

plagioclase from Tibet 
GNI)W05:356-357 
see also Sunstone 
Fibrolite, see Sillimanite 
Filling, fracture or cavity 
and irradiation—of a bluish green dia- 
mond (LN)Sp05:46; of yellow dia- 
monds (LN)Su05:164-165 

of ruby with lead glass, seen in 
Bahrain (GNI)Su05:184-185 
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Fluorescence, ultraviolet 
of Ba-rich glass imitating diamond 
rough (GNI)W05:362-363 
of dyed “golden” freshwater cultured 
pearls (LN)Su05:172-173 
of yellow diamonds 
(King)Su05:88-115 
see also DiamondView instrument 
Fracture filling, see Filling, fracture or 
cavity 
France 
CVD synthetic diamonds from 
LIMHP-CNRS (Wang)]F05:234-2.44 
Fuchsite-corundum 
rock from Brazil (GNI)F05:266-267 


G 


Garnet, see Andradite; Grossular,; Pyrope- 
almandine 
Gems & Gemology 
“Challenge”—Sp05:74—75; winners 
and answers F05:279 
Editorial Review Board members 
(Keller)Su05:87 
Edward J. Gitbelin Most Valuable 
Article Award—Sp05:2-3; history of 
(Kane)W05:298-327 
1934-1980 back issues online 
(Overlin)W05:388 
Geographic origin 
of emerald (Zwaan)Su05:116-148 
of turquoise from U.S. 
(GNI)W05:366-367 
use of inclusions to determine 
(Kane)W05:298-327 
Georgia, see United States 
Glass 
barium-rich, imitating diamond rough 
(GNI)W05:362-363 
color-change, sold as Purple Zandrite 
(GNI)W05:364-365 
imitation aquamarine crystal 
(GNIJFO5:272 
see also Obsidian 
Gold 
in quartz—manufactured 
(GNI)Sp05:63; from Mariposa 
County, California (GNI)Sp05:58-59 
Grading 
of yellow diamonds 
(King)Su05:88-115 
Graining 
in diamond with carbonate and CO, 
inclusions (LN)Su05:165—167 
Grossular 
68.55 ct greenish yellow, from East 
Africa (GNI)W05:352-353 
Growth structure 
in CVD synthetic diamonds from 
France (Wang)F05:234-244 
in Nigerian aquamarine (GNI)Sp05:56 
in pink-to-red treated diamonds 
(Shigley)Sp05:6-19 
Giibelin, Edward J. 
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memorial to (Keller)Sp05:1 

profile of (Kane)W05:298-327 
(Edward J.) Giibelin Gem Collection 

scope of (Kane)W05:298-327 
Giibelin Gem Lab 

and E. J. Giibelin (Kane)W05:298-327 


H 


High pressure/high temperature (HPHT) 
treatment, see Diamond treatment 
Hurlbut C.S. 
obituary (GNI)F05:277 


Idaho, see United States 
Imitations, see specific gem materials 
imitated 
Inclusions 
bamboo-like filled etch tubes in 
moonstone (GNI)Sp05:64-65 
of bismuthinite in rose quartz 
(GNI)Su05:181-182 
“bread crumbs” in yellow hydrother- 
mal synthetic sapphire 
(GNI)Su05:182 
of carbonates and solid CO, in dia- 
mond (LN)Su05:165-167 
classification of, by E. J. Giibelin 
(Kane)W05:298-327 
of covellite in “pink fire” quartz 
(LN]Sp05:47-48 
in CVD synthetic diamonds from 
France (Wang)F05:234—244 
of diaspore in sapphire 
(LN)W05:346-347 
in emerald from Zambia 
(Zwaan)Su05:116-148 
fake, in quartz from Brazil 
(GNI)F05:272—273 
of fluorite in quartz 
(GNI)Su05:180-181 
of gilalite in quartz 
(GNIJF0S5:271-272 
of hematite in sunstone from Orissa 
(GNI)Su05:178 
of lizard in a recent resin 
(GNI)W05:361-362 
in Malossi synthetic emerald 
(Adamo]W05:328-338 
of pezzottaite in quartz 
(GNI)Sp05:65—66 
in pink-to-red treated diamonds 
(Shigley)Sp05:6-19 
in rhodonite from Australia 
(Millsteed)F05:246-254 
in sapphire from Tamil Nadu, India 
(GNI)F05:268-269 
of spessartine in obsidian 
(GNI)Su05:179-180 
spiral, in aquamarine from Pakistan 
(GNI)Sp05:64-65 
of staurolite in kyanite from Brazil 
(GNI)Su05:178-179 
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study of, by E. J. Gitbelin 
Kane)W05:298-327 
in synthetic alexandrite 
LNJF05:256-257 
synthetic-appearing, in emerald 
GNIJF05:265-266 
in tenebrescent scapolite from 
Afghanistan (GNI)F05:269-271 
in tourmaline from Mt. Mica, Maine 
Simmons)Su05:150-163 
in yellow diamonds 
King)Su05:88-115 
see also Diamond, inclusions in 
India 
diamond manufacturing in 
Shor)F05:202—233 
faceted orange and brown sunstone 
from Orissa (GNI)Su05:178 
sapphire from Tamil Nadu 
GNI)F05:268-269 
Infrared spectroscopy, see Spectroscopy, 
infrared 
Instruments 
developed by E. J. Gtibelin 
Kane)W05:298-327 
see also DiamondView instrument 
International Gemmological Conference 
as co-founded by E. J. Giibelin 
Kane)W05:298-327 
Internet 
and diamond retailing 
Shor)F05:202—233 


Tolite 
from northeastern Brazil 
GNI)Sp05:58-59 
Irradiation 
in combination with other methods to 
treat pink-to-red diamonds 
Shigley)Sp05:6-19 
and fracture filling—of a bluish green 
diamond (LN)Sp05:46; of yellow 
diamonds (LN)Su05:164-165 
Isotopic composition 
of emerald from Zambia 
(Zwaan)Su05:116-148 
of turquoise from the U.S. 
(GNI)W05:366-367 
Italy 
blueschist from the Aosta Valley 
(GNIJW05:350-351 
Malossi synthetic emerald 
(Adamo]W05:328-338 


J 


Jadeite 
cathodoluminescence of, from 
Guatemala (GNIJF05:274-276 


K 


Kenya 
ruby and sapphire from Lake Baringo 
area (GNI)Su05:177-178 
Kimberley Process 
to eliminate illicit diamonds from the 
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world market (Shor)F05:202—233 
Kyanite 
from Brazil and Nepal (GNI)Sp05:59-60 
with staurolite inclusions, from Brazil 
(GNI)Su05:178-179 


L 


Lapidary arts 
carved chalcedony chain 
(GNI)S$p05:56-57 
“Elements” collection 
(GNI)$p05:52-53 
facets representing eagle’s feathers 
(LN)W05:344-345 
kyanite beads (GNI)Sp05:59-60 
see also Diamond, cuts and cutting of; 
Mosaic 
Laser drilling 
of diamond, unusual holes in 
(LN)Su05:170 
Letters 
amethyst from Four Peaks, Arizona, 
color zoned (Let)Sp05:2 
spectroscopy of yellow diamonds 
(Let)W05:297 
Leviev, Lev 
and diamond mining/manufacturing 
(Shor)F05:202-233 
Levinson, Alfred A. 
obituary (Let)W05:297 
Lucent Diamonds 
pink-to-red treated diamonds from 
(Shigley)Sp05:6-19 
Luminescence 
of chameleon diamonds 
(Hainschwang)Sp05:20-35 
of pink-to-red treated diamonds 
(Shigley)Sp05:6-19 
see also Cathodoluminescence; 
DiamondView instrument; 
Fluorescence, ultraviolet; 
Phosphorescence 


M 


Madagascar 
pezzottaite in quartz from 
(GNI)Sp05:65—66 
quartz with fluorite inclusions from 
Fianarantsoa (GNI)Su05:180-181 
rose quartz with bismuthinite inclu- 
sions from Mahaiza 
(GNI)Su05:181-182 
Magnesioaxinite 
yellowish orange (LN)Su05:170-171 
Maine, see United States 
Mexico 
pen shell pearls from Baja California 
(GNI)F05:267 
Microprobe, see Electron-microprobe 
analysis 
Mining and exploration 
for emeralds from Zambia 
(Zwaan)Su05:116-148 
for tourmaline from Mt. Mica, 
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Maine—(Simmons)Su05:150-163; 
(GNI)W05:357-360 
Montana, see United States 
Moonstone, see Feldspar 
Mosaic 
artwork fashioned from faceted col- 
ored diamonds (GNI)F05:264 
Mozambique 
Cu-bearing tourmaline from—blue 


and blue-green (GNI)W05:360-361; 


color-change (LN)Su05:173-175 
Myanmar 

“bamboo” moonstone from Mogok 
(GNI)Sp05:64—65 

E. J. Gtibelin travels to 
(Kane)W05:298-327 

green feldspar from Mogok 
(GNI)W05:354-355 

painite from Namya (GNI)W05:356 

U.S. import ban of gemstones from 
(GNI)Sp05:71 


N 


Namibia 
amethyst and citrine from Skeleton 
Coast Park (GNI)Sp05:54-55 
Nepal 
kyanite beads from (GNI)Sp05:59-60 
Nigeria 
saturated blue aquamarine from 
(GNI)Sp05:56 
“Night glowing pearl” 
talc-serpentine rock with a phospho- 
rescent coating (LN)Sp05:46—47 


O 


Obituary 
Gtbelin, Edward J. (Keller)Sp05:1 
Hurlbut, C.S. (GNI)F05:277 
Levinson, Alfred A. (Let)W05:297 
Obsidian 
with spessartine inclusions 
(GNIJ$u05:179-180 
Opal 
triplet, resembling an eye 
(GNIJW05:353-354 
Orthoclase, see Feldspar 


P 


Painite 
new discoveries, from Myanmar 
(GNI)W05:356 
Pakistan 
aquamarine with spiral inclusions, 
from Baltistan (GNI)Sp05:64-65 
demantoid from Kaghan Valley 
(GNI)Su05:176-177 
treated-color orange topaz from 
(GNI)Sp05:66-67 
PATRIOT Act 
anti-money laundering legislation 
(Shor)FO5:202-233 
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Pearl 
grayish greenish yellow, from South 
America (LN)W05:347 
large freshwater, from Texas 
(LNJF05:259-260 
with orient-like coating 
(GNIJF05:272-2.73 
pen shell, from Mexico (GNI)F05:267 
with a “round” core (LN)F05:260-261 
Pearl, cultured 
black, unusually small 
(LN)W05:347-348 
“chocolate” Tahitian 
(GNI)Su05:183-184 
with cultured-pearl nucleus 
(LN}Su05:171-172 
dyed “golden” freshwater 
(LN)Su05:172-173 
“golden,” large baroque from South 
Seas (LN)Su05:261 
Pezzottaite 
faceted, from Afghanistan 
(GNIJSp05:61-62 
inclusions in quartz from Madagascar 
(GNI)Sp05:65—66 
Phosphorescence 
of coated “night glowing pearl” 
(LN)Sp05:46-47 
of light blue diamond with type IIb 
and Ila zones (LN)Su05:167-168 
see also DiamondView instrument 
Photomicrography 
of inclusions, by E. J. Gtibelin 
(Kane)W05:298-327 
Plagioclase, see Feldspar 
Pyrope-almandine 
from Ethiopia (GNI)Su05:177 


Q 


Quartz 
covellite in (“pink fire” quartz) 
LN)Sp05:47-48 
with fake inclusions 
GNI)F05:272-273 
with fluorite inclusions 
GNI)Su05:180-181 
with gilalite inclusions 
GNI)F05:27 1-272 
gold-in-, from Mariposa County, 
California (GNI)Sp05:58-59 
manufactured gold-/silver-in 
GNI)Sp05:63 
pezzottaite in (GNI)Sp05:65-66 
rock crystal, with unusual surface tex- 
ture (LN)Sp05:49-50 
rose, with bismuthinite inclusions 
(GNI)Su05:181-182 
see also Amethyst; Citrine 


R 


Rhodonite 

inclusions in (Millsteed)F05:246-2.54 
Rocks 

blueschist from Italy 
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(GNI)W05:350-351 
talc-serpentine, with phosphorescent 
coating (LN)Sp05:46-47 
see also Fuchsite-corundum 
Rose quartz, see Quartz 
Ruby 
from Lake Baringo, Kenya 
(GNI)Su05:177-178 
lead glass-filled, seen in Bahrain 
(GNI)Su05:184-185 
Ruby simulant 
dyed fibrolite (GNI)F05:274 
Russia 
diamond sources, mining, production, 
and sales (Shor)F05:202-233 


S 
Sapphire 


closure of Vortex mine in Yogo Gulch, 
Montana (GNI)F05:276 
CZ imitating rough (GNI)W05:362 
diaspore “vein” in (LN)W05:346-347 
pink, from Lake Baringo, Kenya 
(GNI)Su05:177-178 
from Tamil Nadu, India 
(GNI)F05:268-269 
Sapphire, synthetic 
hydrothermal yellow, seen in India 
(GNI)Su05:182 
Scanning electron microscopy (SEM) 
of emerald from Zambia 
(Zwaan)Su05:116-148 
of a pink coated diamond 
(Evans)Sp05:36-41 
Scapolite 
tenebrescent, from Afghanistan 
(GNI)F05:269-271 
Sierra Leone 
diamond sources, mining, production, 
and sales (Shor)F05:202-233 
Sillimanite 
fibrolite, dyed to imitate ruby 
(GNIJFO5:274 
Silver 
in quartz, manufactured (GNI)Sp05:63 
Simulants 
manufactured gold-/silver-in-quartz 
(GNI)Sp05:63 
see also Glass; specific gem materials 
simulated 
South Africa 
diamond sources, mining, production, 
and sales (Shor)F05:202-233 
South America 
grayish greenish yellow pearl from 
(LN)W05:347 
South Sea cultured pearl, see Pearl, cultured 
Spectroscopy, diffuse reflectance infrared 
to identify turquoise 
(LN)W05:348-349 
Spectroscopy, infrared 
of Ba-rich glass imitating diamond 
rough (GNI)W05:362-363 
of brown and black diamonds 
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(GNI)Su05:185 
of chameleon diamonds 
(Hainschwang)Sp05:20-35 
of CVD synthetic diamonds from 
France (Wang)F05:234—244 
of dark blue type IIb diamonds 
(LN)F05:258-259 
of a diamond with carbonate and CO, 
inclusions (LN)Su05:165—-167 
of an emerald with synthetic-appear- 
ing inclusions (GNI}F05:265-266 
of emerald from Zambia 
(Zwaan)Su05:116-148 
of green orthoclase from Vietnam 
(GNI)W05:354-355 
of a light blue diamond with type IIb 
and Ila zones (LN)Su05:167-168 
of Malossi synthetic emerald 
(Adamo]W05:328-338 
of a pink coated diamond 
(Evans)Sp05:36-41 
of a pink-brown diamond, type Ib with 
high N (LN)Su05:168-170 
of pink-to-red treated diamonds 
(Shigley)Sp05:6-19 
of yellow diamonds 
(King)Su05:88-115 
of yttrium zirconium oxide 
(LN)F05:262—263 
Spectroscopy, photoluminescence 
of chameleon diamonds 
(Hainschwang)Sp05:20-35 
of CVD synthetic diamonds from 
France (Wang)F05:234-244 
of dark blue type IIb diamonds 
(LN)F05:258-259 
of a diamond with carbonate and CO, 
inclusions (LN)Su05:165—167 
of pink-to-red treated diamonds 
(Shigley)Sp05:6-19 
of a yellow diamond with H3 absorp- 
tion (LN)Sp05:45-46 
Spectroscopy, Raman 
of diaspore in sapphire 
(LN)W05:346-347 
of inclusions in rhodonite from 
Australia (Millsteed)F05:246-254 
Spectroscopy, UV-Vis-NIR 
of chameleon diamonds 
(Hainschwang)Sp05:20-35 
of color-change Cu-bearing tourma- 
line from Mozambique 
(LN)Su05:173-175 
of CVD synthetic diamonds from 
France (Wang)F05:234—244 
of emerald from Zambia 
(Zwaan)Su05:116-148 
of a green diamond with a 3H defect 
(LN]Sp05:42-43 
of green orthoclase from Vietnam 
(GNI)W05:354-355 
of greenish yellow grossular from East 
Africa (GNI)W05:352-353 
of a light blue diamond with type IIb 
and Ila zones (LN)Su05:167-168 
of Malossi synthetic emerald 
(Adamo]W05:328-338 
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of a pink coated diamond 
(Evans)Sp05:36-41 
of pink diamonds with a temporary 
color change (LN)W05:342-344 
of a pink-brown diamond, type Ib with 
high N (LN)Su05:168-170 
of pink-to-red treated diamonds 
(Shigley)Sp05:6-19 
of yellow diamonds—{King} 
Su05:88-115; HPHT-treated type Ia 
(LN)Sp05:43-45 
Spectroscopy, visible 
of pink diamonds with a temporary 
color change (LN)W05:342-344 
of yellow CZ and irradiated/annealed 
diamond (LN)W05:340-341 
Sphene (titanite) 
with unusual surface (LN)Sp05:50 
Spinel 
from China (GNI)W05:357 
Sunstone 
faceted orange and brown oligoclase 
from India (GNI)Su05:178 
Surface coating, see Coating 
Swiss Gemmological Society 
as co-founded by E. J. Gtibelin 
(Kane)W05:298-327 
Synthetics, see specific gem materials 


T 


Tanzania 
albitic “moonstone” from Morogoro 
(GNI)Sp05:60-61 
yellowish orange magnesioaxinite 
from (LN)Su05:170-171 
see also Tanzanite 
Tanzanite 
CZ imitating rough (GNI)W05:362 
marketing by TanzaniteOne 
GNI)Sp05:63 
Tenebrescence 
in scapolite from Afghanistan 
GNI)F05:269-27 1 
Texas, see United States 
Tibet 
plagioclase reportedly from Nyima 
GNI)W05:356-357 
Topaz 
treated-color orange, from Pakistan 
GNI)Sp05:66-67 
Tourmaline 
Cu-bearing, from Mozambique—blue 
and blue-green (GNI)W05:360-361, 
color-change (LN)Su05:173-175 
from Mt. Mica, Maine— 
(Simmons)Su05:150-163; update on 
(GNI)}W05:357-360 
Treatment 
to produce orange color in topaz 
(GNI)Sp05:66-67 
see also Coating; Dyeing; Diamond 
treatment; Filling, fracture or cavi- 
ty; HPHT treatment; Irradiation; 
Laser drilling 
Triplet, see Assembled gem materials 
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Turquoise 

identification of, with diffuse 
reflectance IR spectroscopy 
(LN)W05:348-349 

isotopic composition of 
(GNI)W05:366-367 

synthetic beads in necklace 
(LN)F05:261-262 


U 


United States 

amethyst—color zoned, from Four 
Peaks, Arizona (Let)Sp05:2; from 
Wilks County, Georgia 
(GNI)Sp05:53-54 

aquamarine from Mt. Antero, 
Colorado (GNI)Sp05:55 

Benitoite Gem mine in California, 
closure of (GNIJF05:276 

gold-in-quartz from Mariposa County, 
California (GNI)Sp05:58-59 

import ban on Burmese gemstones 
(GNI)Sp05:71 

large freshwater pearl from Texas 
(LNJF05:259-260 

opal triplet resembling an eye, from 
Idaho (GNIJW05:353-354 

tourmaline from Mt. Mica, Maine— 
(Simmons)}Su05:150-163; update on 
(GNI}W05:357-360 

Vortex Sapphire mine in Yogo Gulch, 
Montana, closure of (GNI)F05:276 


V 


Van Pelt, Harold and Erica 
profile of (Overlin)Su05:200 
Vietnam 


green orthoclase from Luc Yen 
(GNIJW05:354-355 


X 


X-radiography 
of a cultured pearl with cultured-pearl 
nucleus (LN)Su05:171-172 
of a lizard embedded in a recent resin 
(GNI)W05:361-362 
of a natural pearl with a “round” core 
(LNJF05:260-261 


Y 


Yttrium zirconium oxide 
Greenish blue, resembling zircon 
(LN)F05:262—263 


Z 


Zaire, see Democratic Republic of the 
Congo 
Zambia 
emerald from Kafubu and Musakashi 
(Zwaan)Su05:116-148 
Zircon 
yttrium zirconium oxide imitation of 
(LN)F05:262—263 
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LAST Page 


n addition to GIA’s educational, laboratory, 

and instrument services, Institute founder 

Robert M. Shipley envisioned a technical 
journal dedicated to serving the needs of the 
professional jeweler. Three years after GIA 
opened its doors, Shipley’s dream was real- 
ized in January 1934 with the first issue of 
Gems & Gemology. The look of that inaugural 
issue—black-and-white, a small 51/2 x 812 
inch format, and a slender 32 pages— 
remained essentially unchanged until 1981. 


Yet the modest appearance of these early 
issues belies the value of their content. While 
the first few issues were a reflection of the 
nascent gemological movement, featuring lighter pieces 
such as selling tips for jewelers and the lore of famous 
gems, G&G quickly matured into a forum for ground- 
breaking research. Within a few years, seminal articles 
on identification techniques, new gem localities, and 
detecting the synthetics and imitations of the day had 
become the cornerstone of the journal’s coverage. 
Among the regular contributors to G&G during this era 
were some of the world’s most influential gemologists, 
including Basil W. Anderson, Sydney Ball, Edward J. 
Gubelin, Edward Kraus, Karl Schlossmacher, and Robert 
Webster, as well as GIA’s own Richard T. Liddicoat and 
G. Robert Crowningshield. 


On the eve of the Institute’s 75th anniversary, we are 
pleased to offer free, unlimited electronic access to these 
early issues on our website. Visit www.gia.edu/ 
gemsandgemology and click on the “1934-1980 Back 
Issues” button to find links to PDF files of all 192 issues 
(for those doing the math, G&G was published bimonth- 
ly during its first two years). To view and download the 
complete contents, you simply need to have Adobe 
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The 


G&G Digital Archives 


1934-1980 


Reader installed on your computer; this free software can 


be downloaded easily at www.adobe.com/products/ 
acrobat/readstep2.html. 


To help users retrieve the information they need, the 
“1934-1980 Back Issues” page also contains searchable 
subject and author indexes for every issue through 1968 
(the final 12 years are still in the works). These indexes 
were compiled over the last two years by a pair of distin- 
guished academics, Dr. Richard V. Dietrich of Central 
Michigan University and the late Dr. Alfred A. Levinson 
of the University of Calgary (see p. 297). Our heartfelt 
thanks go to Drs. Dietrich and Levinson for volunteering 
their time to create this immensely useful guide to the 
journal's first 35 years. 


So visit our website and explore the wealth of information 
in the 1934-1980 back issue archives. We hope this will 
be a useful and interesting resource for gemologists every- 
where. If you have thoughts on the archives or the index, 
please send us an e-mail at gandg@gia.edu. 


Stuart Overlin 
Associate Editor 
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Symposium 2006: 
Navigating the Challenges Ahead 


he essence of navigation is simple: knowing where 

you are, knowing where you want to be, and chart- 

ing a course to get there. But navigating today’s gem 
and jewelry industry requires something far beyond the tradi- 
tional map and compass. It requires knowledge, a strategic 
perspective on the industry and the world at large, and the 
willingness to embrace inevitable change. 


“Navigating the Challenges Ahead” is a fitting theme for 
GIA’s 4th International Gemological Symposium, Aug. 
27-29, 2006, at the Manchester Grand Hyatt Hotel in 

San Diego, California. Informative sessions will examine the 
future of diamonds and colored stones, cultured pearls, jew- 
elry design and manufacturing, business perspectives, luxury 
retailing, e-commerce, and gem identification technology. 
The speaker lineup includes such visionaries as David 
Yurman, Nick Paspaley, Nadja Swarovski, Francois Curiel, 
and Robert Wan, as well as leading researchers such as Dr. 
George Rossman and Dr. Alan Collins. Symposium’s Debate 
Centers are fast-paced arenas where provocative industry 
leaders and audience members will tackle the industry’s 
most controversial issues. State-of-the-art research will be on 
display at the ever-popular Poster Session, an interactive 
forum best described as a “Marketplace of New Ideas.” 


The event's keynote speakers will deliver their perspectives on 
creativity, leadership, and innovation. This distinguished group 
features former U.S. Secretary of State Madeleine K. Albright, 
one of the most influential figures in geopolitics; Frank 
Abagnale, a former confidence man turned law enforcement 
consultant whose exploits were the basis of Steven Spielberg's 
“Catch Me If You Can”; and Deepak Chopra, renowned author 
and mind/body pioneer. Returning to Symposium for an 
unprecedented third closing address is Maurice Tempelsman, 
chairman of Lazare Kaplan International Inc. and a senior 
statesman of the diamond industry. 


The academic program will be complemented by unforgettable 
evening events: GIA’s 75th Diamond Anniversary Gala at the 
Institute’s headquarters in Carlsbad; a Sunset Soirée, with the 
San Diego waterfront as its backdrop; and an Italian Jewelry 
Evening, where timeless fashion and creativity will come alive. 


Another compelling reason to be in San Diego this August is 
GIA’s first-ever Gemological Research Conference (GRC), 
which is being held immediately before Symposium (Aug. 
26-27) at the same site. Many of the brightest minds in 
gemology and related disciplines will be on hand to discuss 
the latest research on gem localities, geology of gem deposits, 
gem characterization techniques, and gem treatment and syn- 
thesis. As of this writing, with the event five months away, 
more than 200 people from some two dozen countries have 


EDITORIAL 


For more information on Symposium, visit 
or e-mail 
Visit the Gemological Research Conference at 


or e-mail 


already registered to attend this scientific forum, one designed 
for the ardent student of gemology and the avid G&G reader. 


Rounding out the program are field trips to the world-famous 
Pala gem pegmatite district in San Diego County. These excur- 
sions will give a limited number of participants an opportunity 
to tour the underground workings of three operating gem 
mines and join in lively discussions about the formation of 
tourmaline, morganite, kunzite, and other gems with the mine 
owners and famous scientists in attendance. 


Symposium and the GRC are unique events that offer an 
experience unlike any other, one that will inform and inspire 
you in charting your own course for a successful future. All 
of us at Gems & Gemology and GIA look forward to seeing 
you there. 


Alice S. Keller 


Editor-in-Chief, Gems & Gemology 
Co-chair, 4th International Gemological Symposium 
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The handles for a yellow jade vase are being drilled out by a 
young apprentice in Peking’s Jade Street. 


writer, “Yes, they could use carborundum, much jade to be had, and it takes months 
and finish it in a few days, but what and years to get a big boulder down from 
would they do with the time saved? I Sinkiang, so why save time?” 

feed them, house them, and have to keep Time is expendable in Peking! 

them busy; if not they will go to some All of the emery, and the occasional 
other jade shop. Besides,” with a Chinese carborundum, is saved and apprentices 
shrug of the shoulders, “there is just so wash it out in iron bowls, regrading it 


The shade of a green jade lantern nears completion. Fine details 
of the carving are being touched in with a small drill head which 
appears just below the carver’s forefinger which is covered with 
carborundum. 
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Most VALUABLE ARTICLE AWARD 


The 


‘Dr. Edward J. Giibelin 
Most Valuable Article 
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ems & Gemology is pleased to announce the winners of this year’s 

Dr. Edward J. Giibelin Most Valuable Article Award, as voted by the 

journal’s readers. We extend our sincerest thanks to all the subscribers 
who participated in the voting. 


The first-place article was “A Gemological Pioneer: Dr. Edward J. Giibelin’” 
(Winter 2005), which examined the life and career of the eminent Swiss 
gemologist. Receiving second place was “Characterization and Grading of 
Natural-Color Yellow Diamonds” (Summer 2005), a study of the gemological 
and spectroscopic properties of these diamonds. Third place was awarded to 
“A Review of the Political and Economic Forces Shaping Today’s Diamond 
Industry” (Fall 2005), which chronicled the key developments that have 
transformed the diamond industry in the past 15 years. 


The authors of these three articles will share cash prizes of $2,000, $1,000, and 
$500, respectively. Following are brief biographies of the winning authors. 


Congratulations also to Prateek R. Jhaveri of Arusha, Tanzania, whose 
ballot was drawn from the many entries to win a five-year subscription to 
Gems & Gemology. 


FIRST PLACE 


A GEMOLOGICAL PIONEER: DR. EDWARD J. GUBELIN 


Robert E. Kane, Edward W. Boehm, Stuart D. Overlin, Dona M. Dirlam, 
John I. Koivula, and Christopher P. Smith 


Robert E. Kane is president and CEO of Fine Gems International in Helena, 
Montana, and a member of the G#G Editorial Review Board since 1981. A 
former director of the Gtibelin Gem Lab in Lucerne, Switzerland, Mr. Kane 
is well known for his many lectures and articles on diamonds, gemstones, 
and gem identification. Edward W. Boehm is a gem dealer, consultant, and 
president of JOEB Enterprises in Solana Beach, California. Mr. Boehm holds 
degrees in geology and German from the University of North Carolina in 
Chapel Hill. Stuart D. Overlin is associate editor of Gems e&) Gemology and 
has been with the journal since 1997. Mr. Overlin received a bachelor’s 
degree in political science from the U.S. Naval Academy. Dona M. Dirlam is 
director of GIA’s Richard T. Liddicoat Gemological Library and Information 
Center in Carlsbad, California. A longtime contributor to G#G, Ms. Dirlam 
holds a bachelor’s degree in earth sciences from the University of Minnesota 
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at Minneapolis and a master’s in geology and geophysics from the 
University of Wisconsin at Madison. John I. Koivula is chief gemologist at 
the American Gem Trade Association (AGTA) Gemological Testing Center 
in Carlsbad. A prolific author, Mr. Koivula has spent more than 40 years 
photographing inclusions in gems. He holds bachelor’s degrees in chemistry 
and mineralogy-geology from Eastern Washington State University. 
Christopher P. Smith is director of identification services at the GIA 
Laboratory in New York and a member of the G#G Editorial Review Board. 
Formerly director of the Gtibelin Gem Lab, Mr. Smith has written numer- 
ous articles for G@G and other publications. 


SECOND PLACE 


CHARACTERIZATION AND GRADING OF 
NATURAL-COLOR YELLOW DIAMONDS 


John M. King, James E. Shigley, Thomas H. Gelb, Scott S. Guhin, 
Matthew Hall, and Wuyi Wang 


a> 


John M. King is technical director of the GIA Laboratory in New York and John Mian James ESR 


a frequent writer and lecturer on colored diamonds. Mr. King received his 
Master of Fine Arts degree from Hunter College, City University of New 
York. James E. Shigley is director of GIA Research in Carlsbad. The editor 
of Gems & Gemology in Review: Synthetic Diamonds (2005) and a con- 
tributing editor to the journal, Dr. Shigley received a bachelor’s degree in 
geology from the University of California, Berkeley, and a doctorate in 
geology from Stanford University. Thomas H. Gelb is staff gemologist at 
the GIA Laboratory in New York. Mr. Gelb is a graduate of the University 
of Massachusetts and has more than 10 years’ experience in diamond grad- 
ing and gem identification. Scott §. Guhin is grading lab manager at the Thor Scotts Gaui 
GIA Laboratory in Carlsbad. Mr. Guhin came to GIA in 1990 with an 

extensive background in retail jewelry. He holds a bachelor’s degree in art 

from San Diego State University. Matthew Hall is manager of analytical 

research at the GIA Laboratory in New York. Mr. Hall has a bachelor’s 

degree in geology from Franklin and Marshall College and a master’s in - 
geology and geochemistry from the University of Maryland. Wuyi Wang is — 
research scientist at the GIA Laboratory in New York. Dr. Wang holds a ¥ 
Ph.D. in geology from the Tsukuba University in Japan and is an authority 

on diamond geochemistry. 


Matthew Hall Wuyi Wang 


THIRD PLACE 


A REVIEW OF THE POLITICAL AND ECONOMIC FORCES 
SHAPING TODAY’S DIAMOND INDUSTRY 
Russell Shor 


Russell Shor is senior industry analyst at GIA in Carlsbad. Well known in the 
industry for his reporting as diamond editor of Jewelers Circular Keystone 
from 1980 to 1995, he also served as editor of New York Diamonds and 
GemkKey. Mr. Shor has a degree in journalism from Temple University. 


Russell Shor 
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“PARAIBA”-TYPE COPPER-BEARING 
TOURMALINE FROM BRAZIL, 
NIGERIA, AND MOZAMBIQUE: 
CHEMICAL FINGERPRINTING BY LA-ICP-MS 


Ahmadjan Abduriyim, Hiroshi Kitawaki, Masashi Furuya, and Dietmar Schwarz 


Gem-quality bright blue to green “Paraiba”-type Cu-bearing tourmaline is now known from 
deposits in Africa (Nigeria and Mozambique), in addition to three commercial localities in Brazil 
(in Paraiba and Rio Grande do Norte States). Stones from these new localities have been mixed 
into parcels from the original Brazilian Paraiba occurrence. The Nigerian and Mozambique tour- 
malines that show saturated blue-to-green colors cannot be distinguished from the Brazilian 
material by standard gemological testing or on the basis of semi-quantitative chemical data 
(obtained by EDXRF analysis). However, quantitative chemical data obtained by LA-ICP-MS 
show that tourmalines from the three countries can be differentiated by plotting (Ga+Pb) versus 
(Cu+Mn), (Cu+Mn) versus the Pb/Be ratio, and Mg-Zn-Pb. In general, the Nigerian tourmalines 
contained greater amounts of Ga, Ge, and Pb, whereas the Brazilian stones had more Mg, Zn, 
and Sb. The new Cu-bearing tourmalines from Mozambique showed enriched contents of Be, 


Sc, Ga, Pb, and Bi, but lacked Mg. 


opper-bearing elbaite with blue-to-green col- 
oration is commonly called “Paraiba” tour- 
maline in the gem trade. This name refers to 
the state of Paraiba in Brazil, where such material 
was first discovered in the late 1980s (figure 1). 
Similar tourmaline was later found in the adjacent 
state of Rio Grande do Norte, and Brazil has been 
supplying limited amounts of this material to the 
world market for more than two decades. Today, 
however, Cu-bearing tourmaline is also being 
sourced from two countries in Africa: Nigeria and 
Mozambique. Cu-bearing tourmaline is priced in the 
gem trade according to its appearance as well as its 
geographic origin. The latter has stimulated the 
demand for origin information on identification 
reports issued by some gemological laboratories, and 
the availability of attractive Cu-bearing tourmaline 
from several geographic sources has complicated the 
origin determination of this valuable material. 
In this article, we review the gemological proper- 
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ties and chemical composition of blue-to-green tour- 
malines from known localities in Brazil, Nigeria, 
and Mozambique that contain significant amounts 
of copper. We also present new chemical data deter- 
mined by laser ablation—-inductively coupled plasma— 
mass spectrometry (LA-ICP-MS) analyses of more 
than 198 tourmaline specimens from these three 
countries, and evaluate how these data can be used 
to determine geographic origin. 


BACKGROUND 

“Paraiba” tourmaline is by far the most valuable, 
and perhaps the most popular, of all tourmaline gem 
varieties. Traditionally, this trade name has been 
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Figure 1. Copper-bearing tourmaline is high- 
ly prized for its bright blue color. The 4.09 ct 
oval is from Mina da Batalha, the original 
locality for “Paraiba” tourmaline, in Paraiba 
State, northeastern Brazil (top, photo by 
Masaaki Kobayashi). The 19.90 ct drop- 
shape tourmaline is from Nigeria (upper 
right, courtesy of Frank Circelli, Bellagem, 
Duluth, Georgia; photo © Robert Weldon 
and GIA). The pear shape is from a new 
deposit located in the Alto Ligonha region of 
Mozambique, and weighs more than 40 ct 
(right, courtesy of August Mayer, Idar- 
Oberstein; photo © Robert Weldon). 


reserved for Cu- and Mn-bearing, bright blue-to- 
green elbaite from Mina da Batalha, near Sao José da 
Batalha in Paraiba State, northeastern Brazil (Fritsch 
et al., 1990). Originally discovered in 1987, it 
appeared on the gem market shortly thereafter 
(Koivula and Kammerling, 1989). Similar but less 
saturated blue Cu-bearing tourmaline appeared in 
the gem trade during the 1990s from two mines in 
Rio Grande do Norte State: Mulungu and Alto dos 
Quintos (Karfunkel and Wegner, 1996; Shigley et al., 
2001). The Mulungu mine is located 5 km north- 
northeast of the town of Parelhas, and Alto dos 
Quintos is situated about 10 km south of Parelhas. 
Although neither of these mines is located in Paraiba 
state, the tourmalines they produce are commonly 
referred to as “Paraiba” in the gem trade. 

While the “Paraiba” tourmalines from these three 
Brazilian localities have some similarities, there are 
notable differences in the production from each 
mine. Mina da Batalha has been the source of fine 
blue-green and green tourmalines, with a small per- 
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centage of the material showing a distinct “neon” 
blue color. To date, the total production of copper- 
bearing blue-green and green elbaite from Mina da 
Batalha has been rather limited, although it is esti- 
mated to be at least 600 grams per year, or approxi- 
mately 10,000 pieces of rough with most crystal frag- 
ments weighing less than 5 ct (M. Mizumura, pers. 
comm., 2005). In recent years, the tourmaline output 
from Mina da Batalha has dwindled in comparison to 
its greatest production of the best blue-to-green mate- 
rial, which reached 10,000-15,000 grams during the 
1989-1991 period (Shigley et al., 2001). The Mulungu 
mine has yielded large amounts of good-quality light 
blue Cu-bearing elbaite (figure 2) and small quantities 
of blue-green and “emerald” green material. The 
maximum production is estimated at 1,000 grams of 
rough fragments per year that typically weigh less 
than 1 ct each. Most small pieces of rough “Paraiba” 
tourmaline in the Japanese market are from the 
Mulungu mine (M. Mizumura, pers. comm., 2005). 
The Alto dos Quintos mine is another source of 
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Figure 2. These light blue Cu-bearing tourmalines 
(0.41-0.50 ct) are from the Mulungu mine in Rio 
Grande do Norte State, Brazil. Courtesy of Hideki 
Sakamaki and Yuji Tsukuda; photo by Masaaki 
Kobayashi. 


melee-size light blue Cu-bearing elbaite (figure 3), 
and it also produces some green material. Large 
pieces weighing several carats are occasionally found. 
Although the output of “Paraiba” tourmaline from 
Alto dos Quintos decreased in 2005, the mine still 
regularly produces small amounts of material. In 
recent years, the production from all three Brazilian 
mines has fulfilled most of the Japanese demand for 
“Paraiba” tourmaline (Kitawaki, 2005). 

Elbaite tourmaline from western Nigeria has 
been known in the gem trade since 2001 (figure 4; 
Henricus, 2001; Smith et al., 2001; Zang et al., 2001). 
The material reportedly originated from a mine in 
the Edeko area, near Ilorin in Ibadan State, south- 
western Nigeria. It exhibits a wide range of color, 
from light blue, violetish blue, “neon” blue, and 
bluish green to “emerald” green; these colors are 
mainly due to variations in the copper and man- 
ganese contents. The typical inclusions in this tour- 
maline are similar to those seen in the Brazilian 
material. The Nigerian production has been sporadic 
(Shigley et al., 2001; Furuya, 2004), and some reports 
indicate that most of the Cu-bearing tourmaline 
from Nigeria has been sold in Germany, Brazil, and 
Bangkok (Milisenda, 2001). 

According to chemical data on Nigerian tourma- 
lines obtained with EDXREF spectroscopy (Smith et 
al., 2001), electron-microprobe analysis, and LA-ICP- 
MS (Zang et al., 2001), major amounts of Na, Al, Si, 
Cu, and Mn—and minor-to-trace contents of Mg, 
Ca, Ti, Fe, Zn, Pb, and Bi—were reported in violet- 
blue, bluish green, and green crystals. The highest 
concentration of copper measured was 2.18 wt.% 
CuO, and MnO reached 2.59 wt.% in violet-blue 
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Figure 3. This ring is set with four Cu-bearing tour- 
malines (0.13-0.22 ct) from the Alto dos Quintos 
mine in Rio Grande do Norte State, Brazil. Courtesy 
of Hideki Sakamaki; photo by Masaaki Kobayashi. 


samples (Zang et al., 2001). These studies indicate 
that there is an overlap in both the chemical compo- 
sition and gemological properties between Nigerian 
and Brazilian copper-bearing tourmaline, so that 
materials from these two countries cannot be identi- 
fied with these techniques alone. At the 29th Inter- 
national Gemological Conference in Wuhan, China, 
Furuya (2004) reported that there were two types of 
Cu-bearing tourmaline from Nigeria. Using qualita- 


Figure 4. Cu-bearing elbaites from the Edeko area of 
western Nigeria are the center stones (3.05—3.56 ct) 
in these rings. This deposit, discovered in 2001, 
yields tourmaline with a color range similar to that 
of the Brazilian material. This high-copper-bearing 
tourmaline from Edeko is commonly referred to as 
Nigerian type I tourmaline by Japanese dealers. 
Courtesy of M. Furuya; photo by Masaaki Kobayashi. 
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tive EDXRF chemical analysis, he explained that 
light blue elbaite (which Japanese dealers refer to as 
Nigerian type II tourmaline; figure 5) from the Ofiki 
region in Ilorin State contained less Cu and more Pb 
than the high-copper-bearing Edeko material 
(referred to as Nigerian type I tourmaline), which 
further complicates separation of the Nigerian tour- 
malines from comparably colored elbaites from 
Brazil. For the past few years, there has been contro- 
versy over whether all of this material from Brazil 
and Nigeria should be called “Paraiba” tourmaline 
(Furuya, 2004). 

In mid-2005, a new source of attractive Cu-bear- 
ing elbaite was discovered in Mozambique (Abduri- 
yim and Kitawaki, 2005). The mining area is report- 
edly located in the Alto Ligonha region, approximate- 


ly 100 km southwest of Nampula. A variety of colors 
have been produced, including blue to green (e.g,, fig- Q 
ure 6), violet, and pink. Excitement over this new 


source, and rumors of limited production, caused 


prices of faceted material to escalate at the September 

2005 Hong Kong International Jewelry Fair, where 

the material first debuted. 
Preliminary studies have indicated that the 


gemological properties and chemical composition of 
these Mozambique tourmalines resemble similarly 
colored tourmaline from both Brazil and Nigeria. In 
some early reports (Wentzell, 2004; Wentzell et al., 
2005), color-change (purple in fluorescent light, gray 


Figure 6. These saturated bright blue (top, 0.70-6.11 
ct) and blue-green (bottom, 0.26—5.98 ct) tourmalines 
are from a new deposit in the Alto Ligonha region of 
Mozambique. All of these stones were included in 
this study. Courtesy of Hideki Sakamaki; photos by 
Masaaki Kobayashi (top); H. Kitawaki (bottom). 
Figure 5. Tourmalines from the Ofiki area of Nigeria 

typically have a light blue color, as shown by these 

stones (0.28-0.43 ct). This material has a low copper 


concentration, and is commonly referred to as to bluish green in incandescent light) tourmalines 

Nigerian type II tourmaline by Japanese dealers. from the Moiane area in northern Mozambique were 
Courtesy of Hideki Sakamaki; photo by A. Abduriyim. shown to contain traces of copper. 

MATERIALS AND METHODS 

& We examined a total of 198 samples of Cu-bearing 

A tourmaline from Brazil, Nigeria, and Mozambique 

& (see table 1). The Brazilian materials included 71 

A rough and polished samples from Mina da Batalha in 


/ 
<<» colors ranging from “turquoise” blue to “neon” blue, 
& /? greenish blue to bluish green, and “emerald” green; 
- iy 14 light blue faceted pieces from the Mulungu mine; 
] and 10 faceted stones from the Alto dos Quintos 
3 mine that were light blue and light “neon” blue. All 
of these samples were either provided by two gem 
importers (Glorious Gems Co. and YT Stone Co.) or 
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TABLE 1. Tourmaline specimens used in this study.? 


Sample no. and locality Quantity Color Weight (ct) Type 
Brazil 
B504-T001-007 (Mina da Batalha) 6 “Turquoise” blue 0.60-1.74 Cabochons 
B504-K001-020 (Mina da Batalha) 25 “Neon” blue, intense blue 0.22—0.30 Mixed rough and cut 
B504-BG001-040 (Mina da Batalha) 30 Greenish blue to 0.11-3.21 Mixed rough and cut 
bluish green 
B504-G001-015 (Mina da Batalha) 10 “Emerald” green 0.31-3.03 Cabochons and mixed cuts 
B504-M001-014 (Mulungu) 14 Light blue 0.40-0.50 Mixed cuts and fancy cuts 
B504-Q001-003 (Alto dos Quintos) 3 Light blue 0.12-0.30 Fancy cuts 
B504-Q004-010 (Alto dos Quintos) 7 Light “neon* blue 0.14-0.20 Fancy cuts 
Nigeria 
NIOO1-007 tf Light blue 0.54-2.02 Cabochons 
N249-4-7 4 Violetish blue 0:26-1:12 Cabochons and mixed cuts 
NO74-1-4, N249-1-3, NFB001-012, 30 “Neon” blue to blue 0.34-21.72 Cabochons and mixed cuts 
NlI-1-6, GP-1-5 
NFGOO1-010, TEN-001-020 30 Greenish blue to 0.23-3.20 Mixed cuts 
bluish green 
HVE02-1-15, NFY001-005 10 “Emerald” green 0.18-2.45 Mixed cuts 
Mozambique 
MsSoo1 il Light blue O27 Fancy cut 
MAO01-007 il Bright blue 0.70-6.11 Fancy cuts 
MVBO001-002 2 Violet-blue, pale blue 4.65, 1.65 Polished flat 
MBG001-010 10 Bluish green 0.26-5.98 Fancy cuts 
MLG001 -002 2 Light green 0.46, 0.95 Polished flat 
MPP001 (used for heating experiments only) 1 Purplish pink 2.97 Polished flat 
MYO001 (used for heating experiments only) 1 Yellow ZS Polished flat 


@ Gemological examination showed that none of the samples were filled with oil or resin. 


collected in situ from the mines by the authors (see, 
e.g., figures 2. and 7). 
The Nigerian tourmalines consisted of 31 faceted 


Figure 7. These light blue and light “neon” blue 
“Paraiba” tourmalines (0.16-0.24 ct), also part of the 
study sample, were obtained by one of the authors at 


the Alto dos Quintos mine in Brazil. Photo by 


Masaaki Kobayashi. 
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specimens in blue (including “neon” blue), greenish 
blue to bluish green, and “emerald” green that were 


Figure 8. Shown here are some of the tourmalines 
(0.34-2.45 ct) from Edeko, Nigeria, that were ana- 
lyzed for this study. Courtesy of Hideki Sakamaki; 
photo by Masaaki Kobayashi. 
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obtained by one of the authors (MF) at the October 
2003 Bangkok gem fair from a rough stone dealer, 
Hussain Rezayee, and 50 polished samples in blue 
(including light blue, violetish blue, and “neon” blue), 
blue-green, and “emerald” green that were obtained 
from Nigerian miners by the two gem import compa- 
nies (figure 8). 

We analyzed 18 light blue, bright blue, and bluish 
green faceted samples of Mozambique tourmaline. 
We also tested four polished crystal fragments that 
were light violet-blue, pale blue, and light green (fig- 
ure 9). 

Internal features of all samples were observed with 
a gemological microscope. Refractive indices of all 
samples were measured with a standard gemological 
refractometer (Topcon) using a monochromatic Na- 
equivalent light source. Specific gravity was deter- 
mined on all specimens by the hydrostatic method. 

Chemical analyses of all samples were obtained 
by LA-ICP-MS (figure 10; table 2), which is widely 
used for the determination of major, minor, and 
trace elements in solids as well as for isotope-ratio 


(i) #~ Be 


Figure 9. The Mozam- 
bique study samples 
included these light 
green, violet-blue, and 
pale blue Cu-bearing 
tourmaline fragments. 
Photos by Masaaki 
Kobayashi (left) and 
A. Abduriyim (right). 


measurements (Jarvis and Williams, 1993; Giinther 
and Hattendorf, 2005). The technique also has been 
applied to gem materials (see, e.g., Giinther and 
Kane, 1999; Guillong and Giinther, 2001). In this 
technique, a minute amount of the sample is vapor- 
ized by a high-energy laser beam, and the vaporized 
material is ionized into a plasma by a high-frequen- 
cy power generator. This analytical method is capa- 
ble of rapidly measuring a wide range of elements 
from helium to uranium, in very minute amounts 
(i.e., parts per million [ppm] to parts per billion [ppb] 
levels). The sample does not need to be placed in a 
vacuum with this technique, and a localized analy- 
sis of a specific area is possible with a narrow laser 
beam and a charge-coupling device (CCD) camera (to 
view the specific area). Currently, the spatial resolu- 
tion (i.e., area of sample analyzed) achievable with 
laser ablation instruments is in the range of several 
micrometers, which is comparable to that of most 
other microbeam techniques (e.g., X-ray, electron, or 
proton microprobes). The measurement can be per- 
formed regardless of the condition of a sample (rough 


Figure 10. The LA-ICP-MS system used in this study is shown on the left, with the laser ablation unit in the left 
foreground and the ICP-MS instrument behind it. The photo on the right is a close-up view of samples in the abla- 
tion chamber. Photos by Masaaki Kobayashi (left) and A. Abduriyim (right). 
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TABLE 2. Physical properties and LA-ICP-MS chemical data for Cu-bearing tourmalines from 


Brazil, Nigeria, and Mozambique.* 


Property/ Brazil Nigeria 
all fe Mina da Batalha Mulungu Alto dos Edeko 
Quintos 
Color “Turquoise” “Neon” blue, Greenish blue “Emerald” Light blue Light blue, 
blue intense blue to bluish green light “neon” Light blue Violetish 
green blue blue 
No. samples 6 25 30 10 14 10 7 4 
Properties 
RI. 
No 1.6389-1.642 1.638-1.640 1.638-1.640 1.638-1.640 1.639-1.640 1.638-1.640 1.639-1.640 1.638-1.639 
ny 1.619-1.621 1.618-1.619 1.618-1.620 1.619-1.620 1.619-1.621 1.619-1.620 1.619-1.620 1.618-1.620 
Birefringence 0.020-0.021 0.018-0.021 0.018-0.020 0.019-0.020 0.019-0.020 0.019-0.020 0.020 0.018—0.020 
S.G. 3.04-3.07 3.04-3.09 3.06-3.08 3.05-3.09 3.08-3.13 3.04—-3.09 3.06-3.09 3.08-3.09 
Chemical composition 
Major elements (wt.% oxide) 
A\,O, 37.85-39.25 37.96-39.02 38.30-39.74 38.17-39.62 37.67-41.85 38.30-41.03 39.14-41.31 39.98-41.09 
SiO, 35.97-36.73 96.36-37.01  936.56-37.11 36.54-37.56 35.96-38.47 36.96-38.11 37.01-38.17 37.51-39.02 
B,O, 9.42-10.19  9.80-11.34 CHO = 111) 1) 9io7 12162 8.98-9.96 9.05-11.19 9.81-10.09 10.47-11.49 
Minor elements (wt.% oxide) 
Li,O 1.58-1.71 1.60-1.74 1.65-1.81 1.51-1.85 1.61-1.71 1.34-1.75 1.53-1.84 1.69-1.78 
Na,O 1.98-2.49 2.20-2.35 2.23-2.78 1.70-2.87 1.75-2.47 1.62-2.78 2.14-2.34 2.32-2.78 
nO 0.29-0.34 0.02-2.96 1.25-3.43 O19 72:52 0.15-0.58 0.13-0.92 1.71-2.49 1.70-2.81 
CuO 0.42-0.57 0.69-2.50 0.74-2.17 0.86-2.32 0.40-0.51 0.41-1.33 0.48-0.95 0.60-2.01 
Trace elements (ppm) 
Be 7-8 14-176 14-64 7-128 6-9 15-46 5-6 5-58 
Mg O!5=2 2-4470 387-1070 1000-6620 1-3 0.6-97 2-8 2=10 
K 100-140 120-150 127-280 96-190 88-140 86-157 120-270 160-240 
Ca 1250-1700 1350-7190 3570-8090 1680-6460 980-1770 1610-8880 1160-1630 1480-1540 
Sc OF 3 Oi8=2 2-4 0.6-1 0.6-1 2-4 2 
Ti 18-41 9-410 200-380 280-880 16-42 12-220 17-180 29-110 
V OlS=0:9 Oa 2 0.9-3 2-16 0.6-2 O26 0.3-0.8 0.6-3 
Fe 6-41 bdl-350 580-1440 1160-4260 12-130 bdl-590 IM=9F 38-68 
Zn 11-21 10-2490 1510-9400 420-12330 19-92 5-124 12-88 i =93 
Ga 160-230 67-160 49-130 44-150 170-250 160-260 140-210 190-270 
Ge 3-6 5-43 7-34 4-45 4-10 15-26 10-22 13-57 
Sr bdl 0.1-4 0.4-3 bdl-58 bdl bdl-2 bdl bdl-3 
Nb 1-3 bdl-3 0.5-4 0.5-0.6 (k2=8 0.8-7 0.1-0.6 O2=0:5 
Sn bdl-0.5 bdl-2 bdl-2 bdl-4 2-5 3-6 0.5-4 bdl-0.8 
Sb bdl 22 16-41 O12=22 bdl-0.3 3-17 0.2-2 0.3=5 
Ta 1-2 1-10 0.2-1 0.4-3 O19—2 67-23 0.3-3 12 
Pb 1-5 22-120 37-242 5-180 1-4 31-65 18-36 24-130 
Bi 14-56 290-13840 3880-4490 290-11730 I=) 78-1130 44-140 150-880 


@ The table shows the minimum and maximum values obtained for 95 samples from Brazil, 81 tourmalines from Nigeria, and 22 specimens from 
Mozambique. Each sample was analyzed in three spots, using a laser repetition rate of 10 Hz and an ablation interval of 15 sec. Data for Ca and K 
showed poor correlation between each analysis, while the other elements showed little variation. Abbreviation: bal = below detection limit of the LA- 
ICP-MS system. Detection limits (opm) are as follows: Li (1.9), Be (0.1), B (1.5), Na (17), Mg (0.4), Al (0.7), Si (620), K (3.4), Ca (200), Sc 


or polished) when using the fourth harmonic (266 
nm) and the fifth harmonic (213 nm) of a tunable 
Nd-YAG laser or using an excimer laser (193 nm). 
The analysis creates a small surface crater (diameter 
of ~60-80 um and depth of ~5-10 um), so on a 
faceted stone the girdle is the most suitable area for 
testing. LA-ICP-MS is four orders of magnitude more 
sensitive than laser-induced breakdown spec- 
troscopy (LIBS; Gtinther and Hattendorf, 2005). 
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We used a Merchantek UP-213A/F laser ablation 
system (New Wave Research) with an Agilent 7500a 
ICP-MS for this study (again, see figure 10). A 213 
nm laser was employed with a power of 2.5 mJ and 
a spot size of 60 um, using a carrier gas mixture of 
helium (0.50 ml/min) and argon (1.20-1.23 ml/min). 
The laser repetition rate was 10 Hz, with an energy 
density of 14.63 J/cm2?, ablation interval of 15 sec- 
onds, elapsed time of 0.01 seconds, and a measure- 
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Nigeria (cont.) 


Mozambique 


Edeko (cont.) Alto Ligonha 
“Neon” blue Greenish blue “Emerald” Light blue Bright blue Violet-blue, Bluish green Light green 
to blue to bluish green green pale blue 
30 30 10 1 7 2 10 2 
1.638-1.640 1.639-1.641 1.639-1.640 1.689 1.638-1.639 1.639 1.6389-1.640 1.639 
1.618-1.621 1.620-1.621 1.619-1.620 1.619 1.618-1.620 1.620 1.619-1.620 1.619, 1.620 
0.018-0.021 0.019-0.021 0.019-0.020 0.020 0.018-0.019 0.019 0.020-0.021 0.019, 0.020 
3.04-3.09 3.06-3.10 3.07-3.09 3.08 3.07-3.09 3.07, 3.08 3.06-3.09 3.09, 3.10 
40.60-42.97 39.14-42.31 38.66-41.62 39.53 89.49-41.52  39.20-40.23 37.18-38.69  38.16-38.81 
39.438-41.96 36.33-39.74 36.95-39.02 37.64 37.83-39.44 37.10-38.67 36.81-38.26 37.80-38.47 
9.80-11.03 10.47-12.31 9.03-11.52 11.84 8.73-9.42 9.11-10.28 9.81-12.22 8.56-9.01 
1.80-1.93 1.65-1.99 1.40-2.02 1.68 1.37-2.07 1.33-1.46 1.75-1.88 1.385-1.47 
2.32-2.60 2.07-3.03 2.40-2.80 Zi 1.87-2.66 2.15-2.27 1.78-2.89 2.00-2.14 
1.71-6.06 1.83-3.96 2.81-5.05 3.55 0.03-0.40 2.62-3.04 3.28-4.81 3.09-3.36 
0.60-3.20 0.89-2.15 1.03-2.36 1.19 0.26-0.51 0.33-0.40 2.08-3.21 0.16-0.26 
6-52 9-110 5-89 it 71-300 29-33 24-96 38-42 
4-38 13-64 61-86 4 bdl-3 bdl-0.4 bdl-7 7-9 
130-260 130-290 300-360 230 93-130 140-150 210-240 130-170 
1620-5590 1710-6850 2240-5350 1670 1640-9230 4680-5060 1900-6130 1900-2460 
2-3 0.8-2 1-2 8 2-6 1-2 9-15 4-11 
27-450 280-610 370-870 140 11-46 8-11 19-1190 27-30 
0.3-0.6 0.7-2 1-2 1 0.3-0.9 0.4-0.8 0.8-5 1-2 
50-660 200-1990 650-3910 150 bdl-490 100-110 36-790 2450-2960 
57-270 95-1310 700-1690 110 bdl 4-7 250-980 36-45 
130-210 88-290 180-300 300 160-370 210-250 180-260 200-220 
9-34 12-47 19-62 22 12-29 6-12 26-65 10-13 
bdl-4 0.1-6 0.1-3 0.1 0.1-2 0.5-0.7 0.2-2 0.9-2 
0.1-0.4 0.6-2 0.9-1 0.6 0.2-2 3-4 0.4-3 0.4 
0.6-1 bdl-0.4 0.4-1 bdl bdl 5-6 bdl 36-39 
0.4-7 8-14 3-14 0.5 14-54 5-6 = 1/1 11-13 
bdl-3 bdl-3 0.9-2 2 0.3-5 2-3 2-8 0.9-1 
38-750 56-350 38-420 32 90-210 61-78 250-710 21-23 
270-10540 1030-4470 44-2590 92 3340-19480 1300-1460 1090-7910 2080-2800 


(0.3), Ti (0.8), V (0.13), Cr (14), Mn (0.3), Fe (7), Cu (0.3), Zn (2.0), Ga (0.2), Ge (0.5), Sr (0.03), Nb (0.02), Sn (0.4), Sb (0.04), Ta (0.01), Pb (0.1), and 


Bi (0.01). H,O cannot be measured by LA-ICP-MS, but this value was reported as 3.13 wt.% by Fritsch et al. (1990). Fluorine and 


chlorine were not measured in this study. 


ment time of 40 seconds. Thus, it was possible to 
detect the signal of all isotope ratios (atomic 
mass/atomic number of 2—260) and achieve an ana- 
lytical precision of RSD (relative standard deviation) 
of less than 10%. However, Mg, Si, K, and Fe occa- 
sionally have higher RSDs in tourmaline due to the 
interference from a material matrix and polyatomic 
ions such as Mg (?CC), 78Si (CO), °K 
3Na!6O}, Fe (Ar!6O+, “Cal, 285428Si). 
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During laser ablation sampling, matrix-matched 
calibration is necessary to avoid problems associated 
with elemental fractionation (i.e., the ablated mass 
composition is not the same as the actual sample 
composition]. In this study, quantitative analysis 
was performed by calculating a concentration con- 
version factor for each element, and a glass reference 
material (NIST SRM 612; Pearce et al., 1996) was 
used as an external standard of known isotopic 
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Finishing an elaborate pink coral goddess mounted on a Chinese 


unicorn or “Ch’i-lin.” 


At the left are a number of spindles 


with assorted cutting heads. 


by settling it out in wash after wash of 
fresh water. 
Smaller cuts are made with soft iron 
discs driven by the foot-powered lathes. 
In a typical jade working shop of a 
wealthy jade merchant, can be seen as 
many as twenty-five master workmen 


bent over their lathes working by yellow 
electric light. Their feet drive pedals 
connected to leather straps which are 
wrapped in several turns around iron 
spindles. With each down stroke of the 
pedals the spindles reverse, back and for- 
ward, back and forward. 


Hollowing out the stem of the lantern. In the left foreground 
appears the back bearing-block of the lathe. It is honeycombed 


with bearing holes. 
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Box A: COLOR MODIFICATION WITH HEAT TREATMENT OF 
SOME MOZAMBIQUE TOURMALINES 


It is estimated that 80% of the production of Brazilian 
Cu-bearing tourmaline does not show bright blue to 
greenish blue “Paraiba” colors until it has undergone 
heat treatment. Low to moderate temperatures are used 
(e.g., 350-550°C in Koivula and Kammerling, 1990, 
550°C in Fritsch et al., 1990). Heating is also performed 
on Nigerian violet and violet-blue tourmaline (Zang et 
al., 2001). The color can be changed from purplish red 
to “emerald” green, greenish blue to “neon” blue, and 
violet blue to “neon” blue (Fritsch et al., 1990; Ber- 
nardes, 1999; Shigley et al., 2001). The chromophores 
Mn and Cu in particular play an important role in the 
cause of color and the color modification of “Paraiba” 
tourmaline. 

To investigate the effect of heat treatment on the 
newly discovered Cu-bearing tourmaline from Mozam- 
bique, we selected four representative polished frag- 
ments (purplish pink, violet-blue, light green, and yel- 
low; see figure A-1). The purplish pink fragment was cut 
into three sections, with one retained as a control and 
the other two subjected to progressively higher temper- 
atures. All of the other fragments were cut into two sec- 
tions, with one of each retained as a color control and 
the others heat treated. We buried the sections to be 


A c 
: =_ . 
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treated in aluminum powder within a crucible. We then 
heated the crucible in an electric furnace in an oxidizing 
atmosphere. The temperature was carefully controlled, 
and heating was performed (and the samples checked) at 
two-hour intervals at 300, 350, 400, 450, and 500°C. The 
furnace was then turned off, and the samples cooled to 
about 60-70°C within one hour. 

The purplish pink specimen lightened slightly at 
400°C, and its counterpart faded to colorless at 500°C 
(figure A-1). Pink coloration related to Mn** absorption 
at about 515 nm disappeared when the manganese was 
reduced to Mn?* during heat treatment (figure A-2). 
Heating of a light violet-blue specimen resulted in 
“neon” blue coloration at 500°C. This violet-blue sam- 
ple exhibited a broad band centered at about 690 nm that 
is related to Cu*;, the band remained unchanged after 
heating, though a broad band related to Mn** absorption 
centered at about 515 nm was removed. The color of a 
light green sample intensified slightly with heating, 
whereas a yellow specimen remained unchanged by the 
heating process. No significant changes were seen in the 
visible-range absorption spectra of the light green and 
yellow samples after heating to 500°C, but the absorp- 
tion peaks did shift toward the ultraviolet. 


Figure A-1. Four polished 
fragments of Cu-bearing 
Mozambique tourmaline 
were cut into sections, with 
one section of each retained 
as the control color and the 
other(s) subjected to heating 
. experiments. (A) The pur- 
plish pink sample started to 
fade at 400°C (top right), 
and at 500°C the material 
was colorless (bottom right). 
(B) The light violet-blue 
specimen became “neon” 
blue (right) after heating to 
500°C. (C) The green frag- 
ment became only slightly 
more intense (right) with 
heating to 500°C. (D) The 
yellow sample was not 
improved by heating. Before 
they were sliced for the 
heating experiments, the 
samples weighed 2.97 ct, 
4.65 ct, 0.95 ct, and 2.15 ct, 
respectively. Photos by 
Masaaki Kobayashi. 
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From these preliminary experiments, it appears that 
not all color varieties of Mozambique Cu-bearing tour- 
maline can be improved by heat treatment at these con- 
ditions. However, if the proper starting materials are 
selected, heating may yield favorable color modifica- 
tion. Because exposure to heat can damage some stones, 
especially those with liquid inclusions and pre-existing 
fractures, it is critical that the starting material is care- 
fully selected and the temperature controlled precisely. 


Figure A-2. These UV-Vis-NIR spectra of Cu-bearing 
Mozambique tourmalines of various colors show absorp- 
tion characteristics before and after the samples were 
heated in an oxidizing atmosphere. The purplish pink 
sample (MPP001) exhibits a decrease in Mn* absorption 
at about 515 nm, when this element was reduced to Mn?* 
as the temperature increased from 400°C to 500°C. The 
violetish blue sample (MVBO001) exhibits a broad band 
centered at about 690 nm that is related to Cu**; the 
band remained unchanged after heating, although the 
sample turned “neon” blue when heated to 500°C. No 
significant changes are seen in the absorption spectra of 
the light green (MLG001) and yellow (MY001) samples 
after heating to 500°C. 


UV-VIS-NIR ABSORPTION SPECTRA 
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composition to calculate the mass of measured iso- 
topic ratios in the tourmaline samples. The contents 
of major and minor elements were calculated in 
weight percent (wt.%) oxides, while the trace ele- 
ments are reported in parts per million by weight. 
Three analytical runs were performed on separate 
locations on each sample (on the girdle of the faceted 
stones}, and average data are reported for each sam- 
ple in table 2. Detection limits of 30 (standard devi- 
ations) were calculated for 26 selected elements that 
were analyzed 10 times in empty runs, and are 
reported in the footnote to table 2. 

To investigate the effects of heat treatment on 
the new Mozambique Cu-bearing tourmaline, we 
conducted experiments on four representative crys- 
tal fragments (purplish pink, violet-blue, light green, 
and yellow, as described in table 1) using an 
Advantec model FUH712PA electric furnace. UV- 
visible spectroscopic analyses were conducted with 
a Shimadzu UV-2450 spectrophotometer on both 
heated and unheated sections of each crystal frag- 
ment (see box A). 


RESULTS AND DISCUSSION 


Gemological Properties. The physical properties of 
our Cu-bearing tourmaline samples are reported in 
table 2. and summarized below. The refractive indices 
of 95 samples from Brazil were n,=1.638-1.642 and 
n.= 1.618-1.621, birefringence was 0.018-0.021, and 
S.G. values varied from 3.04 to 3.13. The R.L values 
mostly fell within the ranges reported for Cu-bearing 
elbaite tourmalines from Brazil (e.g., Mina da 
Batalha—Fritsch et al., 1990; Mulungu—Shigley et 
al., 2001; and Alto dos Quintos—Milisenda, 2005), 
but our range of S.G. values was slightly higher. 

The gemological properties of the 81 tourmaline 
samples from Edeko, Nigeria, were: R.I.—n,= 
1.638-1.641 and n,=1.619-1.620; birefringence— 
0.018-0.021; S.G.—3.04—3.10. These values are con- 
sistent with data reported for similar Nigerian mate- 
rial by Smith et al. (2001). All specimens exhibited 
typical tourmaline inclusions, such as two-phase liq- 
uid-gas inclusions, healed fractures, “feathers,” and 
crystals (e.g., mica, figure 11). Fritsch et al. (1990), 
Koivula et al. (1992), Cassedanne (1996), and Shigley 
et al. (2001) reported that similar features were com- 
mon in “Paraiba” tourmalines from Brazil. 

It is notable, however, that most of the 
Nigerian tourmalines (all of which were faceted] 
displayed thin yellowish brown needle-like growth 
tubes oriented parallel to the optic axis (figure 12). 
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Figure 11. The mica inclusions seen in this Nigerian 
tourmaline formed transparent hexagonal platelets. 
Photomicrograph by Makoto Okano; magnified 50x. 


We observed these growth tubes most frequently 
in the blue tourmalines, but they also were seen in 
a few of the green samples. The Brazilian and 
Mozambique faceted samples showed few of these 
yellowish brown growth tubes, but some were dis- 
tributed near the surface of crystal fragments from 
both countries; their coloration is possibly due to 
iron-oxide staining. In faceted stones, these tubes 
may be indicative of tourmalines from Nigeria. 
Interestingly, four of our Nigerian specimens also 
contained inclusions of native copper (identified 
by LA-ICP-MS) that appeared brownish yellow 
with magnification (figure 13). A distinct yellow 
reflectance in the apparent metallic luster was vis- 
ible when the stones were viewed with a fiber- 
optic light source. Thin platelets and scattered 
grains of the native copper, ranging from 10 to 150 
um long in varying thicknesses, were observed in 
orientations parallel to the c-axis. Koivula et al. 
(1992) and Brandstatter and Niedermayr (1994) 
reported seeing platelet-like native copper inclu- 
sions in some tourmalines from Mina da Batalha, 
Paraiba, but only one of our samples from this 
locality contained these inclusions. 

Gemological properties obtained for our 22 
Mozambique tourmaline samples were: R.I.— 
n,=1.638-1.640 and n,=1.618-1.620, birefringence— 
0.018—0.021; and S.G.—3.06-3.10. These properties 
fell within the ranges listed for elbaite tourmaline 
from Brazil and Nigeria (table 2; see also Fritsch et 
al., 1990). The internal features consisted of the liq- 
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Figure 12. Most of the Nigerian tourmalines con- 
tained yellowish brown growth tubes. Photo- 
micrograph by A. Abduriyim; magnified 40x. 


uid inclusions, two-phase liquid-gas inclusions, and 
healed fractures that are commonly seen in tourma- 
line; no particles of native copper were observed. 


Chemical Analysis. The chemical data for the Cu- 
bearing tourmalines from Brazil, Nigeria, and 
Mozambique are summarized in table 2. For the pur- 
poses of this article, these results are described 
below for each of three color groups: “Paraiba” blue, 
blue-green, and “emerald” green. 


Figure 13. These brownish yellow—appearing metallic 
inclusions in Nigerian tourmaline were identified as 
native copper by LA-ICP-MS. The copper platelets are 
oriented parallel to the c-axis of the tourmaline. 
Photomicrograph by A. Abduriyim; magnified 60x. 
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“Paraiba” Blue. Included in this color group are 
light blue, violetish blue, “turquoise” blue, “neon” 
blue, and blue tourmalines. The 31 Mina da 
Batalha tourmalines in this color range were 
“turquoise” blue, “neon” blue, and intense blue. 
These samples consistently contained 18 minor 
and trace elements (Li, B, Be, Na, Mg, K, Ca, Sc, Ti, 
V, Mn, Fe, Cu, Zn, Ga, Ge, Pb, Bi). Other trace ele- 
ments such as Sr, Nb, Sn, and Sb were above the 
detection limits in some specimens. Generally, 
our Mina da Batalha “turquoise” blue specimens 
had lower Cu and Mn contents than in the other 
colors (i.e., up to 0.57 wt.% CuO and 0.34 wt.% 
MnO). Our “neon” blue and intense blue speci- 
mens contained more Cu and Mn than previously 
has been reported for blue elbaite tourmaline from 
Mina da Batalha (up to 2.50 wt.% CuO and 2.96 
wt.% MnO; see table 3) 

By comparison, our Nigerian “Paraiba” blue 
tourmaline showed more Cu and Mn than these 
specimens from Mina da Batalha. The latter sam- 
ples contained limited amounts of the trace ele- 
ments Ga, Ge, and Pb, while Be and Zn were rela- 
tively abundant. 

The 14 specimens of Brazilian Mulungu tour- 
maline analyzed for this study were all light blue, 
and they contained relatively low levels of Cu and 
Mn (mostly below 0.51 wt.% CuO and 0.58 wt.% 
MnO). The Cu contents of our samples were a lit- 
tle higher than the level reported for a blue sample 
by Shigley et al. (2001): 0.44 wt.% CuO (table 3). 
The trace elements Sc, Ga, Ge, Nb, Sn, and Pb 
were consistently detectable, but contents of K, Ti, 
Ge, and Pb were low compared to our samples of 
light blue tourmaline from Nigeria. 

Three light blue specimens from Alto dos 


Quintos, Brazil, were quite similar in color to 
Mulungu tourmaline, with seven specimens of 
lighter “neon” blue color. Most analyzed ele- 
ments for these Alto dos Quintos stones were in 
good agreement with those of the Mulungu speci- 
mens, except that Ca, Bi, Sb, Ta, and Pb showed 
higher values. 

The Nigerian specimens analyzed in this color 
group were violetish blue, “neon” blue, and light 
blue; they contained 0.48-3.20 wt.% CuO and 
1.70-6.06 wt.% MnO. The light blue tourmalines 
revealed the lowest Cu and Mn contents (<0.95 
wt.% CuO, <2.49 wt.% MnO}, and four violetish 
blue specimens showed almost the same range of 
Cu (0.60-2.01 wt.% CuO) as reported in violet-blue 
Nigerian tourmalines by Zang et al. (2001; table 3). 
The transition-metal elements Ti, V, and Fe were at 
trace levels, but Cr was characteristically below the 
detection limits of our instrument (<13.7 ppm]. 
Other trace elements (Mg, Ti, Fe, Ca, K, Zn, Ga, 
Ge, Pb, and Bi) were usually present in significant 
concentrations in all the “Paraiba” blue Nigerian 
tourmalines, in agreement with Zang et al. (2001). 
Of the light elements, Li,O was between 1.53 and 
1.93 wt.%, while B,O, had a wider range 
(9.80-11.49 wt.%)], and Be was detected only in 
trace amounts. 

The bright blue specimens of Mozambique tour- 
maline showed amounts of Al and Si comparable to 
those of Cu-bearing elbaites from Nigeria and Brazil. 
However, the Cu and Mn contents of most 
Mozambique samples were lower than in samples 
from Nigeria and Brazil. They ranged from 0.26 to 
0.51 wt.% CuO and 0.03 to 0.40 wt.% MnO. The 
trace amounts of Be, Ca, Sr, Sb, Pb, and Bi were high- 
er than those found in “Paraiba” blue tourmalines 


TABLE 3. Contents of Cu and Mn in “Paraiba” blue, blue-green, and “emerald” green tourmaline from 


Brazil and Nigeria, as reported in the literature. 


Samples and Brazil Nigeria 
Cu/Mn content 
Mina da Batalha Mulungu Alto dos Quintos Edeko 
(Fritsch et al., 1990) (Shigley et al., 2001) (Milisenda, 2005) (Zang, 2001) 
Color “Paraiba” Blue-green “Emerald” “Paraiba” Blue-green “Paraiba” Blue-green “Paraiba” blue 
blue (blue) green blue (light blue (light (violetish blue) 
blue) blue, blue) 

No. samples if 3 1 5 10 2 3 
Oxides (wt.%) 

CuO 0.72 1.08-2.37 2.38 0.44 0.41-0.69 0.32-1.52 1.28, 1.48 0.51-2.18 

MnO 2.30 0.85-1.48 2.16 0.42 0.79-3.15 0.11-2.53 2.44 2.13-2.59 
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from other localities, and Mg, Zn, and Sn were below 
the detection limits of our LA-ICP-MS system in 
most of the Mozambique samples. One specimen 
(MSO001) of light blue color had significantly higher Cu 
and Mn contents than our light blue tourmalines 
from Nigeria and Rio Grande do Norte. Subsequent 
analyses of two polished crystal fragments (MVBOO01- 
002, violetish blue and pale blue) revealed the highest 
concentration of Cu measured in Mozambique tour- 
malines of similar color (up to 0.40 wt.% CuO), as 
well as enriched Mn (up to 3.04 wt.% MnO}. Notably 
high amounts of Ca and Bi—and low levels of Ti, Zn, 
and Ge—were detected in these two specimens, while 
Mg was below or near the detection limit (<0.40 ppm). 


Blue-Green. This color series consists of greenish 
blue to bluish green samples. We measured slightly 
higher contents of Al and Si in the Nigerian tourma- 
lines compared to those from the other localities. 
The transition-metal elements Mn, Fe, and Ti 
strongly correlated to blue-green color, especially in 


CHEMICAL COMPOSITION 


Ga+Pb (ppm) 


CuO+MnO (wt.%) 


Brazil 
» “Turquoise” blue, Mina da Batalha 
A “Neon” blue and intense blue, Mina da Batalha 
A Bluish green to greenish blue, Mina da Batalha 
& “Emerald” green, Mina da Batalha 
A Light blue, Mulungu 
A Light blue and light “neon” blue, Alto dos Quintos 


Nigeria 
> Light blue 


+ “Emerald” green 
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+ Violetish blue, “neon” blue, and blue 
+ Bluish green to greenish blue 


Nigerian tourmaline with the stronger coloration. 
Most of the Brazilian tourmalines were notably 
enriched in Mg, Zn, and Sb, and depleted in Ga, Ge, 
and Pb, while the highest Bi content was found in 
blue-green samples from both Brazil and Nigeria. 

The Cu and Mn contents were especially note- 
worthy in the bluish green to greenish blue tourma- 
lines from Mozambique, which contained much 
more of these elements (up to 3.21 wt.% CuO and 
4.81 wt.% MnO) than did the samples from the 
other two countries. Although the trace elements 
Sc, Ga, and Pb in most of the specimens from 
Mozambique were higher than in equivalently col- 
ored tourmaline from Nigeria and Brazil, only 
minute amounts of Mg were detected in a few of the 
Mozambique stones. 


“Emerald” Green. In the “emerald” green Nigerian 
tourmalines analyzed, most compositions over- 
lapped those of the blue-green series from this area. 
However, the amounts of Ti, Mn, Fe, Cu, and Bi dif- 


Figure 14. Chemical 
data obtained by LA- 
ICP-MS on all 198 sam- 
ples are plotted accord- 
ing to CuO+Mn0O ver- 
sus Ga+Pb in this dia- 
gram. The Nigerian 
tourmalines commonly 
had higher CuO+MnO 
and Ga+Pb values. The 
Brazilian samples 
showed some discrete 
populations compared 
to the Nigerian tourma- 
lines, with lower Cu, 
Mn, and Pb contents 
overall. The bright blue 
Mozambique tourma- 
lines had some of the 
lowest Cu and Mn con- 
tents, but these ele- 
ments (together with 
Pb) were enriched in 
the blue-green tourma- 


Mozambique lines from this locality. 


© Light blue Relatively high levels of 
@ Bright blue > 

® Violet-blue and pale blue Ga+Pb also were typl- 

@ Bluish green cal of the Mozambique 
® Light green 


samples. 


Gems & GEMOLOGY SPRING 2006 


fered between the two color groups. As expected, the 
contents of the chromophores Ti, Mn, and Fe were 
highest in our “emerald” green specimens and low- 
est in the light blue samples. Notably, the “emerald” 
green specimens from Mina da Batalha typically 
contained much more Mg and Zn than those from 
Nigeria. None of our Mozambique samples dis- 
played a distinct “emerald” green color; rather, they 
were light green. Our two light green specimens 
(MLGO001-002) revealed much lower Cu than was 
detected in “Paraiba” blue material from the same 
locality, as well as in Nigerian and Brazilian samples 
from all three color series. These light green samples 
also contained low amounts of Mg, Ti, Zn, and Pb, 
and enriched Sn. 


Chemical Fingerprinting. To evaluate the usefulness 
of chemical data for separating the tourmalines from 
the various localities, we plotted two different com- 
binations of minor and trace elements (figures 14 
and 15) in light of the chemical trends noted above. 


CHEMICAL COMPOSITION 


The tourmalines from Nigeria and from all three 
localities in Brazil are relatively distinct in the dia- 
grams. As seen in figure 14, by plotting Ga+Pb ver- 
sus CuO+Mn0O it is possible to separate the tourma- 
lines according to the three color series: “Paraiba” 
blue, blue-green, and “emerald” green. The light 
blue Nigerian samples show some overlap with 
blue-green and “emerald” green Mina da Batalha 
specimens. However, the tourmalines of similar 
light blue color from Mulungu and Alto dos 
Quintos, as well as “turquoise” blue samples from 
Mina da Batalha, define an area of lower Cu and Mn 
contents. 

The Mozambique tourmalines show distinct 
variations in their composition according to color. 
The seven bright blue stones fall into a very limited 
field that is characterized by low concentrations of 
CuO+MnoO (<1 wt.%) and enriched Ga+Pb (>300 
ppm, figure 14). These tourmalines can be clearly 
differentiated from the Nigerian and Brazilian stones 
on this basis. The Mozambique light blue and bluish 
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green tourmalines are characterized by higher con- 
centrations of CuO+MnO (>4 wt.%) and a similar 
concentration of Ga+Pb (>300 ppm), which is dis- 
tinctly higher than Brazilian stones but overlaps the 
Nigerian samples. The data for the four crystal frag- 
ments of Mozambique tourmaline (light green, vio- 
letish blue, and pale blue) show lower concentra- 
tions of CuO+MnO (<4 wt.%). The violetish blue 
sample is distinct from “Paraiba” blue material from 
the Brazilian localities, but it overlaps samples of the 
same color from Nigeria. Although the composition 
of the two light green fragments overlap the Brazilian 
and Nigerian blue-green and “emerald” green sam- 
ples in figure 14, they are chemically distinct in their 
very low CuO contents. 

The CuO+Mn0O versus Pb/Be diagram (figure 15) 
is more effective at separating the Nigerian and 
Brazilian tourmalines. The Pb/Be ratio for the 
Brazilian tourmalines is usually less than 3, whereas 
this ratio for Nigerian tourmalines is typically much 
higher (3 to 11). A few blue-green specimens from 
Nigeria show a very small overlap with similarly 
colored Mina da Batalha tourmaline. 

The blue-green tourmalines from Mozambique 
had the highest values of Cu, Mn, Ga, and Pb in this 


Brazil Pb 
“Turquoise” blue, Mina da Batalha 0.100 
“Neon” blue and intense blue, Mina da Batalha 
Bluish green to greenish blue, Mina da Batalha 
“Emerald” green, Mina da Batalha 10 
Light blue, Mulungu 

Light blue and light “neon” blue, Alto dos Quintos 


>PPrPrPrPr 


Nigeria 

Light blue 

Violetish blue, “neon” blue, and blue 
Bluish green to greenish blue 
“Emerald” green 


+t++ 


Mozambique 

Light blue 

Bright blue 

Violet-blue and pale blue 

Bluish green 60 


Light green 


study. However, the points representing these 10 
samples lie in fields that almost completely overlap 
the Nigerian blue-green and “emerald” green 
stones. The lowest ratios of Pb/Be in the 
Mozambique tourmalines were found in the low 
Cu- and high Mn-bearing violetish blue and light 
green fragments, as well as in the lowest Cu- and 
Mn-bearing bright blue samples; they overlap the 
Brazilian population in figure 15. 

According to the data from this study, the chem- 
ical fingerprinting methods used in figures 14 and 15 
are not very effective at separating the Mozambique 
blue-green elbaite from the Nigerian tourmalines, 
but they are effective in separating tourmalines from 
the two African localities from those found in Brazil. 
In addition, our samples from the three Brazilian 
mines fell into discrete or partially overlapping 
fields. The chemical data also showed that, in gener- 
al, the more intense blue-green and “emerald” green 
colors correlated to higher Cu and Mn contents. 

However, a number of trace elements such as 
Mg, Ga, Pb, and Bi were present at different levels in 
the Mozambique blue-green elbaite compared to 
what was detected in blue-green stones from 
Nigeria. A ternary diagram of Mg-Zn-Pb (figure 16) 


Figure 16. This Mg-Zn- 
Pb ternary diagram 
indicates that the 
Nigerian specimens are 
typically Pb-Zn domi- 
nant, the Brazilian 
samples are Mg-Zn 
dominant, and the 
Mozambique tourma- 
lines are Pb dominant 
with some transitional 
Pb-Zn compositions. 
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provides a convenient way to help differentiate 
some Cu-bearing tourmaline from these three coun- 
tries. The Nigerian specimens occupy the Pb- 
Zn—dominant fields, while most of the Brazilian 
tourmalines fall into the Mg-Zn region, and most of 
the Mozambique samples are Pb dominant (with 
some intermediate Pb-Zn compositions). There is a 
clear separation in the tourmaline samples from 
two of the Brazilian mining areas (Mina da Batalha 
and Mulungu), and in the samples from Nigeria, and 
Mozambique. However, some Alto dos Quintos 
specimens overlap the Nigerian and other Brazilian 
stones. Most importantly, whereas the low Cu- and 
high Mn-bearing (violet-blue, pale blue, and light 
green} Mozambique samples cannot be separated 
conclusively from the Brazilian materials with fig- 
ures 14 and 15, this ternary diagram clearly distin- 
guishes these localities. 


NOMENCLATURE OF 
“PARAIBA” TOURMALINE 


The Association of Gemmological Laboratories 
(AGL) in Japan currently specifies that a blue-to- 
green tourmaline showing the characteristic “neon” 
color due to copper can only be called “Paraiba” as a 
trade name on an identification report when the 
stone is confirmed to be from Brazil. AGL allows the 
“Paraiba” name to be used for tourmalines from Rio 
Grande do Norte (Mulungu and Alto dos Quintos), 
since separating them from Mina da Batalha stones is 
difficult, and material imported into Japan is a mix- 
ture of tourmalines from both states. This policy is 
consistent with that advocated by most gem dealers 
who are handling the Brazilian “Paraiba” tourmaline. 
However, as supported by the research reported in 
this article, Cu-bearing tourmalines from Brazil, 
Nigeria, and Mozambique are difficult to distinguish 
from one another by standard gemological testing 
methods. Therefore, AGL and the Laboratory 
Manual Harmonization Committee (LMHC) decided 
to reconsider the nomenclature for “Paraiba” tour- 
maline. The LMHC consists of representatives from 
the AGTA-Gemological Testing Center (U.S.), CIS- 
GEM (Italy), GAAJ Laboratory (Japan), GIA Labora- 
tory (USA), GIT-Gem Testing Laboratory (Thailand), 
Gtibelin Gem Lab (Switzerland), and SSEF Swiss 
Gemmological Institute (Switzerland). At the 
LMHC’s October 2005 meeting in Lucerne, and at 
the February 2006 Gemstone Industry & Laboratory 
Conference in Tucson, the LMHC group agreed to 
define “Paraiba” tourmaline as a blue (“neon” blue, 
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Figure 17. Surrounded by diamonds, the center stone 
in this ring is a 10.91 ct oval-cut Paraiba tourmaline 
that was faceted in 2003 from a crystal found during 
the original discovery of this tourmaline in the late 
1980s at Mina da Batalha. The intense “neon” blue 
color of this unheated stone is representative of the 
finest tourmaline from this mine. Courtesy of a private 
collector, in collaboration with Brian Cook and Butch 
Vallee (The Crystal Image, Laguna Beach, California) 
and Mona Lee Nesseth, Custom and Estate Jewels, 
Laguna Beach; photo © Harold & Erica Van Pelt. 


or violet), bluish green to greenish blue, or green 
elbaite tourmaline containing Cu and Mn, similar to 
the material that was originally mined in Paraiba, 
Brazil, any “Paraiba” tourmaline, regardless of its 
geographic origin, shall be described with the follow- 
ing wording on a gem identification report: 


e Species: Elbaite 

e Variety: Paraiba tourmaline 

¢ Comment: The name “Paraiba tourmaline” is 
derived from the locality where it was first 
mined in Brazil. 

e Origin: Origin determination is optional 


This policy is consistent with current CIBJO 
practice, which defines “Paraiba” tourmaline as hav- 
ing a “green to blue color caused by copper,” but no 
definition is made according to locality. Thus, CIBJO 
also considers “Paraiba” tourmaline to be a general 
variety or trade name. 

At present, AGL will fall into step with the rec- 
ommendation of the LMHC group, and will disclose 
a new nomenclature for “Paraiba” tourmaline later 
this year. 


Gems & GEMOLOGY SPRING 2006 19 


CONCLUSION 


Since the initial discovery of magnificent brightly 
colored tourmaline at Mina da Batalha in Brazil’s 
Paraiba State (figure 17), Cu-bearing elbaite has also 
been mined from Brazil’s Rio Grande do Norte State 
(Mulungu and Alto dos Quintos), as well as in 
Nigeria and Mozambique. Overlap in the gemologi- 
cal properties and chemical compositions of tourma- 
line from these localities makes it difficult to distin- 
guish their geographic origins with the testing tech- 
niques available in most gemological laboratories. 

The common presence of yellowish brown nee- 
dle-like growth tubes in the Nigerian tourmalines is 
suggestive of their origin. Also, native copper was 
most commonly seen in the Nigerian and a few 
Brazilian tourmalines, but thus far it has not been 
documented in stones from Mozambique. 

This study has shown that chemical fingerprinting 
by the LA-ICP-MS technique is useful for distinguish- 
ing Cu-bearing tourmaline from the various localities. 
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Geochemical plots of CuO+MnO versus Ga+Pb, 
CuO+MnoO versus Pb/Be, and Mg-Zn-Pb reveal that 
quantitative data for these elements may permit a 
reliable distinction of Brazilian stones from their 
counterparts mined in Nigeria and Mozambique. The 
Nigerian tourmalines contained larger amounts of the 
trace elements Ga, Ge, and Pb, whereas Brazilian 
tourmalines were enriched in Mg, Zn, and Sb. The 
Mozambique samples showed high contents of Be, Sc, 
Ga, and Pb, and Bi, but a lack of Mg. 

Although the major laboratories have agreed to 
use Paraiba tourmaline as a trade name for blue 
(“neon” blue, or violet), bluish green to greenish 
blue, or green Cu- and Mn-bearing elbaites, some 
labs may wish to provide the additional service of 
establishing the precise country of origin. On the 
basis of the research completed to date, such a dis- 
tinction usually requires quantitative chemical 
analysis. As further discoveries are made in other 
parts of the world, additional research will be need- 
ed to reconfirm the criteria or establish new ones. 
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Jade Street... 


In front of each workman is a set of 
spindles of varying weights, with a 
variety of cutting discs. The leather strap 
is easily slipped off and on to exchange 
spindles. 

A species of line production is the 
custom. Heavy slicing is done by ordinary 
workmen and beginning apprentices, rough 
carving by more advanced apprentices, 
fine detail carving by the master carvers, 
preliminary polishing by apprentices, and 
finish polishing by experts, but all use 
the same primitive tools. 

The first polishing steps are performed 
against discs of thick gourd rind cemented 
to the ends of the removable lathe spin- 
dies. The gourd is charged with native 
iron oxides. Finer polishing for gem 
quality jadeite is done on composition 
wheels made of glue, rosin, linseed oil 
and jeweler’s rouge. 

In the finer steps of carving and polish- 
ing, the cutting or polishing agent is 
usually applied directly to the jade under 
treatment by the forefinger of the artisan. 
After every few strokes of his lathe, 
he stops, closely examines the work and 
after making necessary adjustments of 
lathe, jade, or polish, he proceeds. 

Large, or very delicate and fragile 
pieces of work are normally suspended 
over the lathe from a line through a 
pulley and balanced by a counter weight. 
This lessens danger of breakage and 
makes the piece more maneuverable for 
delicate carving. 

Pierced work, handles of vases, and 
other small holes are accomplished by 
use of a simple bow drill in the skilled 
hands of a fourteen or fifteen year old 
apprentice. 

The designs are traditional, and are 
taken from catalogs of soft paper wood 
prints which hang from strings on the 
wall near the master designer’s table. 
But they are only raw material: the 
draftsman thumbs through the pages until 


he finds a design suitable for the color’ 
and shape of the jade in hand. Then he 
makes changes to suit the piece of jade 
and sketches out the barest outlines with 
a brush dipped in Chinese ink. 

After the blocking out cuts are made, 
the piece is brought back for a few more 
strokes of the brush, and then the details 
are left to the carvers. Their free hands 
make certain that no two pieces of Peking 
carved jade ever will be exactly alike. 

The designer has the most responsible 
place in the shop. Jade varies remarkably 
in color and quality, even in small pieces, 
and he must use his creative imagination 
to achieve artistic economy in laying out 
the designs. ; 

He adapts the designs to save material 
and labor, to make the best use of color, 
and’ to arrange the necessary piercing so 
that it. removes inferior material as far 
as possible and so increases the value of 
the remainder. 

When a large piece of fine material is 
available the shop owner usually reserves 


“~~ 


it until he can persuade some wealthy / 


patron to commission a special. piece. 
Then the designer spends days and weeks, 
with the customer, over endless cups of 
tea, deciding on the work to be performed. 

However, most of his work is done for 
stock and when finished goes to join the 
thousands of pieces which decorate the 
shops of “Jade Street.” 


Other Contributors... 


Since Dr. Foshag and Dr. Switzer are 
old contributors and well known to 
readers of Gems AND GEMoLoGy, we have 
not repeated biographical sketches in this 
issue. Dr. Foshag is. Head Curator of 
Geology at the Smithsonian Institution, 
while Dr. Switzer is Associate Curator, 
Division of Mineralogy and Petrology. 
Both are on the Editorial Board of this 
publication, and Dr. Switzer is Secretary 
of the Examinations Board of the Gemo- 
logical Institute of America. 
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IDENTIFICATION AND DURABILITY OF 
LEAD GLASS—FILLED RUBIES 


Shane F. McClure, Christopher P. Smith, Wuyi Wang, and Matthew Hall 


In early 2004, the GAA] laboratory in Japan issued a lab alert about rubies they had seen that 
had large numbers of fractures filled with high-lead-content glass, which made them appear very 
transparent. Since then, large quantities of this material have reached international markets. This 
dramatic treatment is not difficult to identify with a standard gemological microscope, since it 
has characteristics similar to clarity-enhanced diamonds (flash effect, gas bubbles, etc.). 
However, locating filled cavities in reflected light is more challenging, as the surface luster of the 
filler is close to that of ruby. The filling material appears to be very effective in reducing the 
appearance of fractures. Durability testing of a few samples by highly skilled jewelers indicated 
that the filler was fairly resistant to heat exposure during jewelry repair procedures, but it reacted 


readily with solvents. 


em corundum has been a mainstay of the 

jewelry industry for centuries. The demand 

for rubies and sapphires has usually outdis- 
tanced supplies, and for much of history only the 
very wealthy could afford them. With the discovery 
of additional deposits during the 20th century, the 
supply of these gems increased dramatically. 
However, there continued to be more demand for 
these beautiful stones than Mother Nature could 
provide. 

Thus enters the art of treatment. We use the term 
art here because many if not most of the treatments 
were not developed by scientists but rather by exper- 
imenters who relied largely on luck or trial and error. 
Many of those who developed these techniques 
never fully understood the science or the “why” of 
what they were doing, but they understood the 
“what” and the “how” very well. 

Corundum, as a very durable material, lends 
itself to many treatments. And ruby, being the most 
prized color of corundum, is often a prime focus of 
these treatments. Over the years, ruby has been sub- 
jected to heat treatment to change its color and/or 
improve its clarity; fracture healing to improve clar- 
ity and get a higher yield from naturally fractured 
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rough; glass filling of cavities to improve appearance 
and add weight; and diffusion, dyeing, coating, and 
synthetic overgrowth, among others. 

The latest venture into ruby treatments involves 
an improvement in clarity enhancement. In the past, 
the fractures in rubies have been filled with oils, 
which do little to improve apparent clarity, and 
glasses, mostly silica based, which are better than 
oils but, in our opinion, still not very effective 
because of their relatively low refractive index. 

This newest treatment is based on the same prin- 
ciple that has been applied to emerald and diamond: 
use of a filling material that closely matches the 
refractive index of the host material to minimize the 
appearance of the fractures. In the case of this new 
treatment, the results are remarkable (figure 1). This 
article looks at the introduction of this technique, its 
identification in ruby, and its response to various 
durability tests. 


See end of article for About the Authors and Acknowledgments. 
Gems & Gemotocy, Vol. 42, No. 1, pp. 22-34. 
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BACKGROUND 


Silica glass has been used extensively to fill cavities 
and fractures in rubies since the 1980s. Cavity filling 
was noted first, and it was described as early as 1984 
(Kane, 1984). This filling did improve the stones’ 
face-up appearance and could add weight, but it 
could also readily be detected with magnification. 

The early 1990s witnessed the marketing of huge 
quantities of ruby from Mong Hsu, Myanmar, with 
multiple cavities and fractures that were filled with, 
or partially healed by, glassy substances added dur- 
ing high-temperature heat treatment (Peretti et al., 
1995; McClure and Smith, 2000). The term residue 
began to be applied to this kind of material, in refer- 
ence to the glass that was a side effect of the real 
intent, which was to heal the fractures. The RI. of 
this silica glass is significantly lower than that of the 
host corundum, so even a fracture entirely filled 
with it can still be easily seen (figure 2). Therefore, 
even though the appearance of the fractures is 
improved, silica glass is not the most efficient mate- 
rial for enhancing the clarity of rubies. 

The first report of a new type of ruby clarity treat- 
ment came in an Internet alert issued by the Gem- 
mological Association of All Japan in early 2004 
(GAAJ Research Laboratory, 2004). They described 
rubies with inordinate amounts of very low-relief 
fractures that had been filled with a high-lead-con- 
tent glass. Since the GAAJ report, a large number of 
these stones have been examined by gemological lab- 
oratories around the world, and they have been 
offered for sale at trade shows in Bangkok, Hong 


LEAD GLASS—FILLED RUBIES 


Figure 1. These stones 
(2.15-7.42 ct) are typical 
of the final result 
achieved with the filling 
of fractures in rubies 
with high-lead-content 
glass. Photo by 
Elizabeth Schrader. 


Kong, Switzerland, the United States, and elsewhere. 
Rubies below 1 ct to over 100 ct have been identified 
as lead-glass filled (see, e.g., figure 3), with a large 
number between 5 and 10 ct. In addition to the GAAJ 
lab alert, several articles have provided observations 
on this material (see, e.g, AGTA, 2004, 2005, 2006; 
Rockwell and Breeding, 2004; Li-Jian et al., 2005, 
Milisenda et al., 2005; Pardieu, 2005; Smith et al., 
2005; SSEF, 2005; Sturman, 2005; Themelis, 2.005). 


Lead-Glass Filling of Rubies. The actual treatment 
process was described by Vincent Pardieu of the 


Figure 2. Silica glass (in the older method) has a sig- 
nificantly lower R.I. than corundum. When it is used 
to fill fractures in ruby, it improves their appearance, 
but the fractures are still very visible. Photomicro- 
graph by S. F. McClure; magnified 30x. 


SPRING 2006 23 


Gems & GEMOLOGY 


Figure 3. Many extremely large lead glass-filled 
rubies (here, 52.60 and 26.07 ct) have been seen in the 
market. Rubies courtesy of Golden Stone USA Inc., 
Los Angeles; photo © Robert Weldon and GIA. 


Asian Institute of Gemological Sciences (AIGS; 
Pardieu, 2005). The following description is summa- 
rized from that article. Mr. Pardieu cited as the source 
of this information the person purported to be doing 
the treatment at the time, Mahiton Thondisuk of 
Chantaburi, Thailand. 

The first step involves preforming the material 
to remove any matrix or obvious impurities. The 
second step is referred to as “warming,” that is, 
heating the stone to moderate temperatures (report- 
edly 900—1,400°C). Often used as a first step in stan- 
dard heat treatment, ”“warming” removes potential 
impurities from the fractures and may improve the 
color. 

The third step involves mixing the stone with 
powders that are composed primarily of lead and sil- 
ica but may also contain sodium, calcium, potassi- 
um, and metal oxides such as copper or bismuth. 
This mixture is then heated again, reportedly to 
approximately 900°C, fusing the powders into a glass 
that penetrates the fractures in the stone. 

Unlike the process that produces the silica-glass 
fillings seen previously, the filling of corundum with 
lead glass initially did not involve the partial healing 
of fractures. In fact, there was significant evidence to 
show that these stones had not been exposed to the 
high temperatures necessary to heal fractures. 

According to Pardieu, the original starting materi- 
al for lead-glass filling was very low grade pink, red, 
or purplish red corundum from Andilamena in Mada- 
gascar that was typically translucent to opaque. For 
the most part, it is unusable as a gem in its natural 
state (figure 4). Of course, this treatment can be 
applied to fractured ruby from any locality. We have 
now seen lead glass-filled stones that appeared to be 
from Tanzania and Myanmar. The effectiveness of 
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the treatment is amazing, in that it transforms corun- 
dum that is opaque and nearly worthless into mate- 
rial that is transparent enough for use in jewelry. 


The Present Study. To characterize this treated mate- 
rial as well as determine its identifying features, we 
examined dozens of samples by standard gemological 
methods and other analytical techniques. We also 
tested the durability of the treatment by subjecting 
samples to routine jewelry manufacturing and repair 
procedures, as well as to conditions of standard wear 
and care. The results of this testing, and procedures 
for identification, are described here. 

Readers should bear in mind that the properties 
we report below are restricted to those observed in 
the samples we obtained for this study. Although a 
broad range of samples were selected from several 
different vendors over more than 14 months, stones 
treated in a similar fashion but with glass of a differ- 
ent composition may be in the market, and these 
may have different properties and different reactions 
to the durability tests. 


MATERIALS AND METHODS 


We collected the samples of lead glass—filled rubies 
and pink sapphires used for this study from late 
2004, when large quantities of this treated material 
first became available on the market, until February 
2006. We obtained them in Bangkok and New York 
City in late 2004, at the June 2005 JCK and AGTA 
Las Vegas gem shows, and at the 2005 and 2006 
Tucson gem shows, all from different sources. We 
examined a total of 50 faceted samples, ranging from 
0.43 to 9.19 ct. 

Standard gemological equipment was used to 
characterize the basic properties of 10 selected sam- 
ples including: a refractometer, a desk-model spec- 
troscope, long- and short-wave ultraviolet lamps, 
and a polariscope. All samples were examined with 
a binocular microscope and fiber-optic illumination. 

Qualitative (30 samples) and semiquantitative (2 
samples) chemical analyses were performed by ener- 
gy-dispersive X-ray fluorescence (EDXRF) spec- 
troscopy using a Kevex Omicron spectrometer oper- 
ated at a voltage of 25kV with no filter, a 50 micron 
collimator, and a 500 second livetime. 

Observations and chemical analyses were also 
performed on four samples using a JEOL-JXA8800 
scanning electron microscope with a wavelength- 
dispersive spectrometer (SEM-WDS) at the Geo- 
physical Laboratory of the Carnegie Institution of 
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Washington, in Washington, DC. Operating condi- 
tions for both electronic imaging and wavelength- 
dispersive analyses were 10 uA beam current and 15 
kV accelerating potential. The presence of any ele- 
ment with a concentration above 100 ppm (from B to 
U in the periodic table) will be detected. Even 
though we used a focused electron beam, which was 
about 1-2 um in diameter, due to the limited surface 
area of the filling material and the poor quality of the 
polish on most of the samples tested, chemical 
analysis was performed without calibration against 
standard materials. 

X-radiography was performed on five samples 
using a Hewlett-Packard Faxitron series X-ray cabinet. 

The samples were also tested for their durability 
in standard conditions of manufacture, wear, and 
repair. Heating experiments were performed on a 
total of 10 samples using a Lindberg/Blue box furnace 
in an ambient atmospheric environment. The tem- 
perature of the furnace was raised to the target values 
first and then the sample (held in an Al,O, ceramic 
disk) was placed inside. The temperatures were 100, 
200, 600, 700, 800, and 1,000°C. Selected samples 
were exposed to each of these temperatures for peri- 
ods of 5, 10, and 60 minutes each. In addition, one 
sample was held at 200°C for an extended period of 
16 hours. After a specific heating period, the samples 
were taken out, cooled in air, and reexamined. 

We also exposed eight rubies filled with high-lead- 
content glass to a series of jewelry repair procedures. 
These included steam cleaning, ultrasonic cleaning, 
setting (including mounting, filing and polishing), 
and retipping of prongs. Details on these tests are 
given in the section on durability testing below. 

A total of eight reagents were used to assess the 
Pb-glass filler’s resistance to chemical attack. Three 
reagents consisted of caustic soda, aqua regia (nitro- 
hydrochloric acid), and a standard jeweler’s pickling 
solution (sodium bisulphate). The latter two are fre- 
quently used in jewelry manufacturing or repair; 
caustic soda is a more reactive base than standard 
pickling solution. We also tested the treatment for 
its durability to a range of household products: con- 
centrated lemon juice, a typical aerosol oven clean- 
er, ammonia, a standard drain cleaner, and bleach. 
For each chemical (with the exception of the pick- 
ling solution, for which three samples were used), 
one ruby with Pb-glass filler was placed in a beaker 
and covered with the reagent (typically 10-20 ml). In 
addition to using a fume hood for all experiments, 
we covered toxic solutions (aqua regia and ammonia) 
with a baking soda filter over the beaker top to min- 


LEAD GLASS—FILLED RUBIES 


Figure 4. The starting material for this ruby treatment 
is very low quality and until now was only useful as 
mineral specimens. The crystals shown here range 
from 7.28 to 22.08 ct. Photo by Maha Calderon. 


imize noxious fumes. Each experiment run was con- 
ducted at or just below the boiling point to acceler- 
ate any reaction; a small laboratory hot plate with 
variable temperature control was constantly adjust- 
ed to keep the reagents at this temperature. Experi- 
ment run time was four hours (except for aqua regia, 
which was one hour long), to mimic the cumulative 
effect of multiple exposures for shorter periods of 
time. The beaker was then removed from heat and 
allowed to cool. Once cooled, the stones were 
cleaned and examined for alterations to the Pb-glass 
filler. 


RESULTS 


Visual Appearance. All the samples collected for this 
study were transparent to semitransparent and could 
be considered jewelry quality. The color of many of 
the specimens was slightly brownish and often of 
lower saturation—so that some of them would be 
considered pink sapphire. However, several of the 
authors saw large parcels of lead glass—filled corun- 
dum in early 2006 that could easily be categorized as 
medium-quality ruby. Two of these rubies were 
acquired for this study (one is shown in figure 5). 


Standard Gemological Properties. The long- and 
short-wave UV fluorescence, visible-range absorption 
spectrum, pleochroism, birefringence, optic character, 
and specific gravity were consistent with ruby/pink 
sapphire in general. It is interesting to note, however, 
that the specific gravity of one 1.34 ct stone was 
slightly higher (4.03) than usual for corundum. This 
stone had several large, deep, filled cavities. We do not 
have data on the S.G. of the glass filler, but it is well 
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Figure 5. Some of the specimens we acquired for this 
study, such as this 2.85 ct stone, would be considered 
medium-quality ruby. Photo by C. D. Mengason. 


known that high-lead-content glass has a high specif- 
ic gravity, so it is not surprising that it could affect the 
overall S.G. of the stone. Standard RI. readings and 
birefringence were recorded for all of the samples. In 
addition, we obtained a single approximate R.I. read- 
ing of 1.75-1.76 for the lead-glass filler on areas where 
it filled larger cavities. 


Internal Features. All the samples we examined 
revealed naturally occurring internal features that 
ranged from extensive twinning and parting planes to 
various mineral inclusions. Some mineral inclusions 


Figure 7. One of the most important identification 
features of this treatment is a blue flash effect similar 
to that seen in filled diamonds and emeralds. The 
strength of the flash varied considerably, sometimes 
being relatively weak, as can be seen in this example. 
Photomicrograph by S. F. McClure; magnified 15x. 
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Figure 6. Dense clouds of fine, unaltered rutile nee- 
dles following the growth structure prove that this 
lead glass-filled ruby has not been exposed to 
extremely high temperatures. Photomicrograph by 
S. F. McClure; magnified 20x. 


showed evidence of thermal alteration, whereas oth- 
ers did not. Most significantly, many of these stones 
revealed dense clouds of fine, unaltered rutile needles 
following the hexagonal structure of the ruby (figure 
6). This is clear evidence that these stones had not 
been exposed to temperatures high enough to damage 
rutile (greater than 1,500°C; Emmett et al., 2003). 
When examined with a microscope or a standard 
jeweler’s loupe, virtually all the samples were domi- 
nated by numerous large fractures of very low relief. 
In addition, blue flashes were readily noted as the 


Figure 8. In some of the samples, the flash effect 
was very strong and an orange flash could also be 
seen. Here, the blue is quite strong in brightfield 
illumination, and the orange flash is easily seen in 
darkfield. Photomicrograph by S. F. McClure; mag- 
nified 10x. 
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stones were rotated and repositioned for a complete 
view of the interior. The strength of the flash effect 
varied from relatively subtle (figure 7) to quite 
strong, although usually with the same intensity in 
samples obtained from the same source. In some 
stones, an orange flash was visible as well (figure 8). 
Also seen with magnification in all the samples were 
numerous flattened and rounded gas bubbles and 
voids within the glass fillings (figure 9). Where filled 
cavities were large enough, spherical gas bubbles 
were sometimes visible. This was reminiscent of the 
features we first noted in clarity-enhanced diamonds 
18 years ago (Koivula et al., 1989). Although the fill- 
ing material in rubies might be different, the effect of 
the treatment—to minimize the visibility of frac- 
tures and cavities—was almost identical to that 
achieved with fracture filling in diamonds. 

In the majority of the samples, the glass filling did 
not appear to be colored. However, we did note that 
along thick seams or cavities of the glass there was a 
distinct yellow hue in a few samples and a more sub- 
tle pink coloration in others. In several of the lower- 


Figure 10. The yellow color of the lead-glass filler is 
visible here in a very large internal cavity. 
Photomicrograph by S. F. McClure; magnified 30x. 


Figure 9. Numerous 
flattened and rounded 
gas bubbles were pres- 
ent in almost all the 
corundum with filled 
fractures that we exam- 
ined. Photomicrographs 
by C. P. Smith (left, 
28x) and S. F. McClure 
(right, 20x). 


quality samples we acquired at the Tucson shows in 
2006, we observed large filled cavities where the yel- 
low color of the filler was readily apparent, even 
through the body of the stone (figure 10). 


Surface Characteristics. Previously, examining the 
surface of some heated rubies in reflected light would 
reveal the presence of cavities or depressions that had 
become a reservoir for the flux typically used to 
induce the healing of fractures. These agents often 
would form a silicon-rich glass that had a significant- 
ly lower refractive index than the ruby host, resulting 
in a lower surface luster. We were somewhat sur- 
prised to see how effective this new treatment was at 
reducing the surface visibility of large cavities and 
wide fractures, which in some cases extended across 
the width or length of the sample. In many of the 
study samples, we noted that lead glass-filled cavi- 
ties, even very large ones, were difficult to detect. 
Cavities filled with silica glass or heating residues are 
typically very visible—even with darkfield illumina- 
tion (figure 11). Use of the higher-R.I. lead glass, how- 


Figure 11. Cavities filled with silica glass typically 
remain very visible in the microscope. Photo- 
micrograph by S. F. McClure; magnified 37x. 
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Figure 12. Cavities filled with 
high-lead glass can be chal- 
lenging to see. In the image on 
the left (reflected light), the 
surface luster of the filler is 
very close to that of the corun- 
dum. On the right, the same 
filled cavity is not visible at 
all in darkfield; only the out- 
line of blue flash suggests its 
presence. Photomicrographs by 
S. F McClure; magnified 30x. 


ever, makes the cavities virtually disappear (figure 
12). Even the traditional reflected-light technique 
was less reliable, as careful positioning of the stone in 
figure 12, was necessary to make the subtle difference 
in surface luster visible. Many examples were seen 
where the surface luster of the glass was comparable 
to the luster of the ruby, and only careful examina- 
tion revealed that the luster was lower than, equal to, 
or higher than (figure 13) that of the ruby. Many times 
the only noticeable difference was in the quality of 
the polish: Glass, particularly high-lead-content 
glass, is significantly softer than corundum, which 
makes the polish noticeably inferior to the host (fig- 
ure 14). In a few samples, we also noted that shrink- 
age had occurred in the Pb-glass that was filling cav- 
ities (figure 15). 

It is interesting to note that one lead glass—filled 
ruby that was submitted to the GIA Laboratory 
showed evidence of oxidation of the filler at the sur- 
face, undoubtedly a consequence of the extreme lead 
content (figure 16). 


Figure 13. Sometimes the surface luster of the lead- 
glass filling is noticeably higher than the surround- 
ing corundum. Photomicrograph by S. F. McClure; 
magnified 36x. 


Chemical Composition. All 30 of the samples that 
were analyzed qualitatively with EDXRF showed a 
significant lead content, as did the two measured 
semiquantitatively. To obtain a more precise evalua- 
tion of the composition of the glass filler alone, we 
analyzed fillings in four stones by SEM-WDS. 

SEM is a very useful technique for analyzing lead 
glass—filled ruby, because the glass and surrounding 
ruby show a large difference in brightness in back- 
scattered-electron (BSE) images (figure 17). The fill- 
ing process is so efficient that the glass can success- 
fully penetrate fractures as thin as 5 um. BSE images 
taken at high magnification illustrate that the 
boundary between the glass and the host ruby is 
sharp. No precipitation of secondary corundum was 
observed in any of the samples analyzed. In contrast, 
in some Si-rich glass-filled rubies we have examined 
in the lab, we observed that the deposition of second- 
ary corundum formed a zigzag boundary between 
the glass and the host ruby (figure 18). 

SEM-WDS chemical analysis of glass in fractures 


Figure 14. Glass, particularly high-lead-content glass, 
is significantly softer than corundum, so sometimes 
the best way to notice a glass-filled cavity in reflected 
light is by the poor polish on its surface. 
Photomicrograph by C. P. Smith; magnified 45x. 
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Figure 15. Shrinkage of the glass in this large cavity 
(over 1.0 mm in longest dimension) appears to have 
taken place subsequent to polishing, causing the pol- 
ished surface of the glass to be lower than that of the 
surrounding ruby. Photomicrograph by C. P. Smith; 
magnified 45x. 


less than 10 um wide is problematic due to beam 
overlap with the surrounding ruby. However, con- 
sistent results were obtained for glass-filled areas 
with relatively large surfaces: major components— 
PbO (71-76 wt.%], ALO, (12-15 wt.%], and SiO, 
(11-13 wt.%); minor components (<1 wt.%)— 
Na,O, K,O, CaO, FeO; and trace amounts of MgO, 
P,O,, and TiO,. These results are similar to those 
that have been described by others (e.g., Li-jian et 
al., 2005). 


Figure 17. This back-scattered-electron image (taken 
with a scanning electron microscope) shows lead 
glass-filled fractures of varying widths. Because of the 
higher average mass of elements in the glass, it is 
much brighter than the host ruby. Width of the image 
is about 1.6 mm. 
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Figure 16. One example recently submitted to the 
GIA Laboratory showed an obvious oxidization of 
the glass at the surface. Photomicrograph by S. F. 
McClure; magnified 40x. 


It is interesting to note that semiquantitative 
EDXREF analyses of the lead glass in two samples 
acquired in 2006 showed very similar composition 
to that of rubies acquired in 2004, which suggests 
that the composition is fairly consistent over time. 


X-radiography. This test was shown to be successful 
in detecting the high-lead-content glass used for fill- 
ing fractures in diamonds many years ago (Koivula et 
al., 1989), working on the basis that lead glass strong- 
ly absorbs X-rays. As expected, the lead glass—filled 
fractures in our samples were easily visible in the X- 
radiograph (figure 19). Others have also reported 
using this test effectively (Befi and Dutoit, 2005; 
Kitawaki et al., 2005). 


DURABILITY TESTING 


Once a method of detection for any given treatment 
is established, invariably the next question that aris- 
es is “Is it durable?” To test this, we set up a series 
of experiments, focusing mainly on the conditions 
these stones might encounter in normal situations 
of wear, care, and manufacture or repair. We first 
reported the results of some of these tests at the 2005 
ICA Congress in Bangkok, Thailand. 


Controlled Heating. The first question we wanted to 
answer was how much heat this lead-glass filler 
could survive. The melting point of the material is 
very important, as it determines how well the filler 
can stand up to jewelry manufacturing techniques. 
We suspected that the glass might not withstand 
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normal jewelry repair techniques such as the retip- 
ping of prongs, primarily because of our experiences 
with the lead glasses used to fill fractures in dia- 
monds (e.g., Koivula et al., 1989). 

No change was observed in the samples held at 
100°C, at 200°C for 16 hours, or at 600°C. At 700°C, 
we observed the first sign of a change to the glass: 
Almost immediately, minor amounts of glass started 
sweating out of filled fractures and beading on the sur- 
face (figure 20). After only a few minutes at this tem- 
perature, the glass in larger filled cavities started to 
melt and flow (figure 21). At 800°C, the glass started 
bubbling at the surface of the fractures (figure 22). 
These tests clearly show that the melting point of the 
lead glass in these samples is between 600° and 700°C. 
Of course, changes in the composition of the glass 
from one treater to another or from one time frame to 
another could result in a change to the melting point. 


Figure 19. The lead-glass filler is readily seen in an X- 
radiograph because lead glass strongly absorbs X- 
rays. Some scattered zircon crystals are also visible in 
this image. 
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——§$— = TA reaction between the lead 


glass and the host ruby was 

detected with the SEM (left, 
BSE image width ~100 pm); 
the boundary between the 
two phases is sharp. In con- 
trast, in the silicon glass— 
filled ruby (right, BSE 
image width ~390 um), 
deposition of secondary 
corundum formed a zigzag 

\ boundary between the glass 
and the ruby. 


Jewelry Repair Procedures. No damage to the lead- 
glass fillings was observed with standard steam 
cleaning, ultrasonic cleaning, setting, and even retip- 
ping of prongs, when these procedures were per- 
formed carefully on the limited number of stones 
tested, as described below. Some damage was seen 
with immersion in a pickling solution (figure 23) and 
exposure to other reagents. The specific tests and 
results are described below. 


Steam Cleaning. Two rubies were selected for steam 
cleaning. A standard steam cleaner was used, main- 
taining an approximate pressure of 40-50 psi. Each 
stone was held in a pair of tweezers in the steam at a 
distance of approximately one inch for 30 seconds, 
allowed to cool, and examined in the microscope for 
damage. This procedure was repeated 15 times for 
each stone. No damage to the filler was detected in 
either stone. 


Figure 20. At 700°C, minor amounts of the lead-glass 
filler began sweating out of the fractures and beading 
on the surface. Photomicrograph by C. P. Smith; 
magnified 50x. 
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Figure 21. Heating at 700°C for only a few minutes 
caused the lead-based glass in larger cavities to start to 
flow. Photomicrograph by C. P. Smith; magnified 24x. 


Ultrasonic Cleaning. Two different rubies were 
selected for ultrasonic cleaning. The ultrasonic bath 
was filled with a standard soap solution that was 
warmed slightly. Both stones were placed in a wire 
basket and suspended in the solution with the clean- 
er turned on. The stones were removed after 15 min- 
utes and checked for damage; then they were 
returned to the ultrasonic for another 15 minutes 
and checked again. Subsequent additional runs (and 
rechecks) of 30 minutes, 60 minutes, and another 60 
minutes were performed for a cumulative total of 
three hours in the cleaner. No damage to the filler 
was observed in either stone. 


Setting. Four different rubies were set in standard 
14K yellow gold mountings, the process consisting 
of mounting the stone, filing the prongs, and polish- 
ing the setting. Since lead glasses tend to be relative- 
ly soft, we examined the stones carefully after these 
seemingly benign procedures. No damage to the 
filler was observed in any stone. 


Figure 22. At 800°C, the lead-glass filler actually started 
to bubble where fractures reached the surface. 
Photomicrograph by C. P. Smith; magnified 22x. 


Retipping of Prongs. Although jewelers’ guidelines 
typically advise against exposing any ruby or sapphire 
to the direct heat of a torch during the retipping of 
prongs, many jewelers routinely perform this proce- 
dure with the stone in place. To test the resistance of 
the filler to standard retipping procedures, we enlist- 
ed the aid of two of GIA’s Jewelry Manufacturing Arts 
instructors, Mark Maxwell and Adam Kelley, and 
began with one of the previously mounted stones. We 
started with retipping because the temperatures the 
stones are exposed to during this process are much 
higher than those for other repair procedures such as 
sizing. If the filler did not survive the higher-temper- 
ature procedure, we would move to one that required 
lower temperatures to determine the lowest point at 
which the filler would be damaged. 

After some discussion with the instructors, it 
was decided that they would first perform a retip- 
ping procedure that exposed the stone to the lowest 
temperature possible, assuming the procedure was 
done correctly. If there was no damage with that 


Figure 23. The large fracture in 
this lead glass-filled ruby is hard 
to see (left), except for the straight 
edges on the two flattened gas 
bubbles in the top center. After 
immersion in a standard pickling 
solution for 20 minutes (right), 
etching of the filler made the 
edges of the fracture clearly visi- 
ble. Photomicrographs by 

S. F. McClure; magnified 30x. 
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Gemological Uigests 


Since the day the earliest primitive 
ancestor accidently stepped upon a bright 
shining pebble, half concealed in the sands 
of an ancient stream bed, diamonds have 
been one of the most wanted material 
possessions of man. Both as ornaments 
of beauty, and as durable objects of 
worth, their desirability has increased 
with the passing of the centuries. 


World War II may be credited with 
being a contributing factor to the notice- 
able boom in the diamond market during 
the past few years. Not only were there 
more potential customers for the diamond 
of gem quality, but the diamond became 
an essential component in the industrial 
field, with its wide range’ of duties ever 
widening. 


With the constantly rising standards of 
living during the current century, with 
the increased earning power of the aver- 
age working man, and with the introduc- 
tion of the diamond as an important in- 
dustrial tool, there has come a fear in 
some quarters that the time may come 
when supply cannot meet demand. 


While it is true that the available 
reserve of diamonds is not inexhaustible, 
yet their decline on the market is not 
viewed with alarm in informed circles. 


In order to keep our readers informed 
of the true conditions. in the diamond 
market, reports of current happenings 
concerning diamond sources, production, 
and markets will be added to Gemological 
Digests in this and future issues of Gems 
AND GEMOLOGY. 


Sir Ernest Oppenheimer 
Heports on De Beers 


Lonpon: Reviewing the activities of the 
De Beers Consolidated Mines, Ltd., for 
1947, Sir Ernest Oppenheimer reported 
the total sales of diamonds as 24,478,000 
pounds, including 4,377,000 industrials. 
Sales for the first half of the current 
year were given as approaching 22,000,000 
pounds, including 7,000,000 pounds in- 
dustrials, 


Sir Ernest expressed the belief that the 
demand for diamonds is on as firm a 
basis as at any time, and that it is justi- 
fiable' for the industry to look at the 
future with some confidence. 


According to the Financial Times, 
plans have been made to increase the 
output from Consolidated Mines fields 
during this year, with an extensive scheme 
of mechanization undertaken. 


Developments at 
The Premier Mine 


The work of re-equipping Premier 
Mine has made good progress, but pro- 
ductive operations are not expected to 
begin until the end of 1949, Inability to 
obtain necessary machinery is given as 
the greatest hindrance to getting into 
production earlier. 


There has been, however, a small 
experimental “pilot” plant in operation 
since August, 1947. This has made pos- 
sible a small monthly production from 
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method, we would move to a procedure (on a differ- 
ent stone) that would require the maximum temper- 
ature to retip a prong. 

The first method involved soldering a piece of 14K 
wire to the prong to be repaired with a “soft” solder, 
which would then be filed down to rebuild the prong. 
After the soldering procedure, the mounted stone 
was immersed in a warm standard pickling solution 
for one minute. The stone, which had been carefully 
examined before heating, was examined again. It now 
showed thin white lines where the fractures reached 
the surface. 

The thought occurred to us that this near-surface 
damage of the lead-glass filler could be from the heat 
or the pickling solution, so we repeated the experi- 
ment on a second stone and examined it with the 
microscope immediately after the soldering proce- 
dure without placing it in the pickling solution. This 
time there was no visible damage to the filler. This 
indicated that the earlier damage was related to the 
pickling solution, the testing of which will be out- 
lined below. 

Next, a higher-temperature procedure was per- 
formed on another sample. This retipping process 
involved soldering a ball of 14K gold to the prong. 
This requires heating of the prong, and therefore the 
ruby, to a much higher temperature than the earlier 
procedure. Again the stone was examined (without 
putting it in pickling solution) and was found to 
have suffered no damage. 


Immersion in Pickling Solution. The second lead 
glass—filled stone that was subjected to the lower- 
temperature retipping procedure was placed in the 
warm pickling solution for one minute to duplicate 
the first incident. Again, on reexamination we noted 
a thin ribbon-like area of damage at the point where 
the filled fractures reached the surface. 

This result established a connection between the 
pickling solution and the damaged filler. Two new 
unmounted stones with lead-glass filler were chosen 
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Figure 24. Caustic soda was 
used to see how much dam- 
age a stronger base solution- 
would inflict on the glass. 
The image on the left shows 
the 2.08 ct lead glass-filled 
ruby before the test began; 
after one hour of exposure 
(right), the damage to the 
filler was significant. 
Photomicrographs by 

C. P. Smith. 


and then placed in the pickling solution for 5 and 20 
minutes respectively. On reinspection, both stones 
showed near-surface damage (see, e.g., figure 23), 
with the depth corresponding directly to the dura- 
tion of immersion. It was now clear that the caustic 
pickling solution was etching the lead-glass filler, 
which made the fractures far more visible. 


Exposure to Other Corrosive Solutions. The relative- 
ly aggressive solutions, caustic soda and aqua regia, 
had an immediate reaction with the glasses, etching 
them readily. In fact, the glass was etched/removed 
from all the cavities and to a relatively shallow depth 
in all the fractures after only a few minutes of expo- 
sure. However, extending this exposure to 4 hours 
had little further impact on the removal of the filler. 
After these tests were performed, the stones looked 
dramatically different from their appearance prior to 
testing (see, e.g., figure 24). Nevertheless, because the 
glass was removed only to a limited depth, their over- 
all appearance was still better than what it would 
have been if the stone was in its untreated state. 


Exposure to Household Products. We also decided to 
test various products that the stones might en- 
counter once they were purchased by an end-con- 
sumer. We were very surprised to find that the 
aerosol oven cleaner had a similar, very aggressive 
reaction with the glass, readily etching it. In addition, 
the ammonia, bleach, and even concentrated lemon 
juice also had an effect, if less dramatic. In these 
instances, typically the glass was etched at the very 
surface of the stones, with the traverses of the frac- 
tures newly visible as criss-crossing lines (figure 25). 


DISCUSSION AND CONCLUSION 


The significance of any new treatment typically 
revolves around two points: (1) how effective it is, 
and (2) whether it can be detected—especially using 
routine gem testing equipment. As with any treat- 
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ment, clarity enhancement by lead-glass filling must 
be disclosed at all levels of sale to protect consumer 
confidence. 

In the case of lead-glass filling in rubies, the 
intent is clearly to enhance the apparent clarity of 
the stone. The treatment is very effective in this 
regard. Stones that are almost opaque can be 
improved to the point of being semitransparent to 
transparent. This makes it possible to market a great 
deal of previously unusable material. 

Fortunately, this treatment is easily detected 
with magnification. The identifying characteristics 
are similar to those for diamonds that have been 
clarity enhanced with a glass filling: very low-relief 
fractures, gas bubbles and voids (unfilled areas) in 
fractures, and a blue and orange flash effect. There is 
also the possibility of a light pink or yellow color to 
the filler in areas where it is very thick, such as large 
cavities. However, cavities filled with lead glass are 
more difficult to detect than those filled with silica 
glass, so careful observation is required in all cases. 

A third concern of consumers and the industry 
alike is the durability of the treatment to jewelry 
manufacturing and repair procedures, as well as under 
normal conditions of wear and care. The lead 
based-glass filler in the stones we tested turned out to 
be fairly durable to heat exposure during jewelry 
repair procedures. However, only three stones were 
tested and the instructors who performed these proce- 
dures for us were highly skilled jewelers. As the con- 
trolled heating experiments indicated, too much heat 
with a torch could still damage this filler, so it would 
be prudent to unmount stones treated in this manner 
to be safe. 

The filler reacted readily with solvents, particu- 
larly with a common jeweler’s pickling solution, so 
these stones should not be exposed to such solutions 
under any circumstances. Not only does this make 
it more important to remove such stones from their 
settings before repair procedures, but it also means 
that consumers should be informed that damage 
could occur if the stone is exposed to some common 
household chemicals. 

An interesting debate took place among laborato- 
ries as a result of this treatment. The type of starting 
material used frequently will not display conclusive 
evidence of heating. The inevitable question then 
arose: Is the presence of lead-glass filler in fractures 
sufficient proof that the stone has been subjected to 
enough heat to say it is heat treated? Our experi- 
ments showed that, at least in the samples we 
obtained, temperatures of at least 700°C were neces- 
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Figure 25. Ammonia, bleach, and even concentrated 
lemon juice damaged the lead-glass filler at the very 
surface, producing the whitish areas shown here. 
Photomicrograph by C. P. Smith; magnified 32x. 


sary to soften the glass. For it to flow into fractures, 
the temperature would obviously have to be much 
higher—800° or 900°C at least. We know that these 
temperatures are high enough to facilitate changes in 
corundum, particularly in relation to color (Nassau, 
1994). It has been hypothesized that formulations of 
lead glasses could be developed that would have 
much lower melting points, but as we have not yet 
observed such glasses ourselves, we maintain that 
the presence of this glass in fractures is sufficient 
proof to say the stone also has been heat treated. 

What is perhaps most remarkable about this 
treatment is the type of material it brings to the mar- 
ket. High-temperature heat treatment and healing of 
fractures brought Mong Hsu ruby to the market 
years ago for what was at the time a very low price. 
Clarity enhancement with high-lead-content glass 
has brought ruby and pink sapphire to the market for 
even lower prices. Of course, the color of the low end 
of this material is not ideal, but some of the samples 
acquired for this study were only $2.00 per carat— 
stones over | ct in size that were mostly transparent 
face up and ranged from purplish red to purplish 
pink. Inexpensive synthetics cost more than this. 
We purchased the 2.31 lead glass—filled ruby in figure 
5 at the 2006 Tucson shows for $20 per carat. 
Certainly, better-quality stones—also represented as 
lead-glass filled, as these were—are being sold for sig- 
nificantly higher prices, but we believe the low end 
is a new low for treated natural ruby. 

From the moment we saw this treatment, we 
believed it would eventually be used for much higher- 
quality goods. The efficiency of the treatment is such 
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that a single large fracture in an otherwise clean ruby 
could be made to “disappear” to the unaided eye, 
exactly as filled fractures can be made to “disappear” 
in emeralds and diamonds. In fact, we have already 
seen several stones that fall into this category. 

With glass being such a versatile material, other 
formulations may be possible, which could change 
the properties of the filler, including its melting point. 
The properties we reported here are only those we 
observed in our study samples. Last year, two labora- 
tories (|AGTA and GAAJ) reported seeing a lead-glass 
filler in star rubies that did not exhibit a flash effect 
(Befi and DuToit, 2005; Kitawaki et al., 2005). While 
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no quantitative chemical data was given in either 
report, it is clear from the lower surface luster of the 
filler in the images provided that the R.I—and there- 
fore the composition—of the filler discussed in those 
reports must be different from the lead-glass fillers we 
studied. Thus, it is probable there are stones on the 
market that have been treated in a similar fashion 
with a glass of different composition. It is imperative 
that laboratories worldwide continue to monitor the 
material reaching the market, so that if and when a 
change occurs that might alter the identifying charac- 
teristics of the stones, the greater gemological com- 
munity can be made aware of it as soon as possible. 
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THE CHARACTERIZATION OF 
TORTOISE SHELL AND ITS IMITATIONS 


Thomas Hainschwang and Laurence Leggio 


Tortoise shell has long been used as an ornamental gem material for art objects, jewelry, and 
personal items such as combs and eyeglass frames. Though humans have used tortoise shell for 
thousands of years, the material reached the height of its popularity during the 18th, 19th, and 
early 20th centuries. The advent of plastic imitations, as well as the passage of laws protecting 
sea turtles beginning in the 1970s, have led to a drastic reduction in the amount of tortoise shell 
in the market. Nevertheless, because older material can still be traded, especially in antique 
pieces, and because numerous imitations exist, proper identification is still important. This study 
summarizes the gemological properties of tortoise shell and its imitations. In addition to standard 
gemological data, the results of several spectroscopic techniques are presented; transmission and 
specular reflectance infrared spectroscopy were found to be of particular value. 


carapacial (dorsal shell) and plastron (belly) 

plates of the hawksbill sea turtle (Eretmo- 
chelys imbricata). The use of tortoise shell dates at 
least to pre-dynastic Egypt (3500-3100 BC), from 
which period dishes, combs, bracelets, and the like 
are known (“Animal products...,” 2005). Tortoise 
shell objects were popular with both the ancient 
Greeks and wealthy citizens of ancient Rome 
(Bariand and Poirot, 1998). The commercial exploita- 
tion of this material in Europe began as early as the 
15th century in Spain (“Natural plastics,” 2005), and 
many types of tortoise shell objects have been pro- 
duced since then. These include furniture inlays, 
eyeglass frames, decorative boxes, rings, bracelets, 
and earrings (see, e.g., figure 1]. In Japan, tortoise 
shell crafting, or bekko, has been an important 
industry since at least the 17th century, most of it 
centered in Nagasaki (Pedersen, 2004). Bekko objects 
such as hair ornaments are still being created today 
from stockpiled material. 

The vast majority of worked tortoise shell materi- 
al comes from the shells of two species of sea turtles: 
the hawksbill and, more rarely, the green turtle (see 
box A). The shells of these turtles exhibit attractive 
patterns that normally consist of light to dark brown 


he term “tortoise shell” generally refers to the 
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patches, though a homogeneous “cream’’-colored 
variety called blond tortoise shell also exists. The 
popularity of tortoise shell during the 18th through 
early 20th centuries caused these animals to be hunt- 
ed almost to extinction, leading to a near-worldwide 
ban on collection in the 1970s, as well as a ban on 
international trade in tortoise shell products (Spotila, 
2004; box B). For the modern gemologist, tortoise 
shell has become a rather exotic material, for which 
a thorough gemological study is lacking. 


BACKGROUND ON 

TORTOISE SHELL AND PLASTICS 

Tortoise shell is composed of &-keratin, an insoluble 
protein (Voet et al., 2005), and is almost identical in 
composition to hair and nail. The structure of tortoise 
shell defines this material as a natural polymer: It con- 
sists of long chains of organic molecules and thus has 
a high molecular weight. Each of these organic mole- 
cules is called a monomer (from the Greek meaning 
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“single part”); they combine to form a polymer (from 
the Greek meaning “many parts”). Polymer is a 
generic term for a long molecule with repeating parts, 
a molecule is considered a polymer when it exceeds 
about 1,000 atoms in length (Bloomfeld, 2000). There 
are many types of polymers, both organic and inorgan- 
ic, with a wide variety of properties. All the materials 
described in this study are organic polymers; other 
natural organic polymers include horn, tree resins and 
fossilized tree resins (amber), natural rubber, bitumen, 
and waxes (Langenheim, 2003). 

The term plastic refers to a broad class of materi- 
als of various chemical combinations, mainly of the 
organic elements carbon, oxygen, nitrogen, and 
hydrogen (and sometimes including inorganic ele- 
ments such as chlorine}. Plastics are covalently 
bonded polymers with various added components 


TORTOISE SHELL AND ITS IMITATIONS 


Figure 1. A popular and 
often-seen gem materi- 
al during the 18th and 
19th centuries, tortoise 
shell has since become 
a rare oddity for most 
gemologists. Shown 
here are a pair of 
Egyptian revival ear- 
rings, approximately 
6.5 cm long. From 
Mona Lee Nesseth, 
Custom and Estate 
Jewels, Los Angeles; 
courtesy of Tricia and 
Michael Berns. Photo 
© Harold & Erica 

Van Pelt. 


(Bloomfeld, 2000; Van der Vegt, 2002) and can be 
classified as natural, semisynthetic, and synthetic. 
Natural plastics include shellac, rubber, asphalt, cel- 
lulose, and tortoise shell. Semisynthetics (so-called 
because they are natural materials that have been 
chemically modified) include cellulose nitrate (e.g., 
Celluloid, Xylonite, Parkesine), cellulose acetate 
(e.g., Safety Celluloid, Bexoid, Clarifoil, Tenite), and 
casein formaldehyde (e.g., Lactoid, Erinoid, Galalith; 
Van der Vegt, 2002). Most plastics used today are 
fully synthetic; these include phenol formaldehyde 
resin (Bakelite) and polyester resins (e.g., PET and 
polyurethane}, among many others. 

Plastics can also be divided into thermosetting and 
thermoplastic materials. Thermosetting plastics can 
be liquefied and hardened only once, similar to con- 
crete. Once such a material has been hardened (poly- 
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Box A: SEA TURTLE CLASSIFICATION AND BIOLOGY 


As explained in Perrine (2003) and Spotila (2004), tur- 
tles are reptiles belonging to the order of the 
Chelonians, a very ancient group that originated in 
the late Triassic, about 230 million years ago. Marine 
turtles appeared about 80 million years ago and rep- 
resent reptiles that had adapted to life in the sea. 
There are only two families of contemporary marine 
turtles: the Cheloniidae and the Dermochelyidae. 
The first corresponds to the sea turtles that have a 
shell, and today this family consists of six species: 


e¢ Hawksbill turtle, Eretmochelys imbricata (Lin- 
naeus, 1766) 


¢ Green turtle, Chelonia mydas (Linnaeus, 1758) 
e Loggerhead turtle, Caretta caretta (Linnaeus, 


1758) 
e Kemp’s Ridley turtle, Lepidochelys kempii 
(Garman, 1880) 


e Olive Ridley turtle, Lepidochelys olivacea 
(Eschscholtz, 1829) 


e Flatback turtle, Natator depressa (Garman, 
1880] 


The black turtle (Chelonia agassizii; Bocourt, 
1868) was at one time regarded as a separate species, 


Figure A-1. The shell of a hawksbill turtle is the tra- 
ditional source for the tortoise shell used as a gem 
and ornamental material. Commercial harvesting of 
hawksbill turtles is now prohibited by international 
treaties. Photo by Johan Chevalier. 
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but recent research using mitochondrial DNA testing 
has shown that it is in fact a variety of green turtle 
(Karl and Bowen, 1999). 

Of these six species, only the shell of the hawks- 
bill turtle (figure A-1) and, more rarely, the green tur- 
tle (figure A-2) is typically used for ornamental objects 
and jewelry. The shells of these two species often can- 
not be easily distinguished, especially after being 
worked into objects, except by analysis of the ratio of 
the two amino acids lysine and histidine (Hendrick- 
son et al., 1976). 

The second family corresponds to turtles that 
have a body covered only by a leathery skin. Today, 
this family consists of only one species: the 
Leatherback turtle, Dermochelys coriacea (Vandelli, 
1761). Marine turtles are migrating species with 
worldwide distribution. 


The Hawksbill Turtle. The name originates from 
the turtle’s bill, which has a shape reminiscent of a 
hawk’s. The 13 plates of its carapace overlap one 
another like the tiles of a roof, which is the source 
of the scientific name Eretmochelys imbricata 
(imbricatus being Latin for “covered with tiles”). 
The plates have a maximum thickness of 9-12 mm 
(Bariand and Poirot, 1998). The relief of the cara- 
pace diminishes with age, as the plates become 
thicker and lose the typical imbrications. The cara- 
pace can be brown-red to brownish orangy yellow, 
with dark brown to black marbling or yellow to 
brownish yellow striations; the plastron scutes 
(horny plates; figure A-3) that cover the “belly” of 
the animal are white to yellow, sometimes with a 
little dark pigmentation. This turtle, which repre- 
sents the only species that has been commercially 
exploited for ornamental tortoise shell, has a max- 
imum length of about 95 cm (a little over 3 ft.) and 
an average weight of 62 kg (137 lbs.). 


The Green Turtle. The name green turtle originates 
from the color of its flesh; the carapace of adult ani- 
mals is olive or brown, patchy or marbled. The col- 
oration varies considerably from one individual to 
another. In young adults, the carapace typically is 
mahogany brown with light striations; later, the 
green-yellow color becomes predominant. Chelonia 
mydas is a large species (80-130 cm long) with an 
average weight of 160 kg (a maximum of 400 kg has 
been reported). 

Only rarely has the carapace of the green turtle 
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i a a ae 5 
Figure A-2. Though it superficially resembles that of 
a hawksbill turtle, the shell of the green turtle 
(shown here) has only rarely seen use as a gem mate- 
rial because its thinner shell plates are much more 
difficult to work. Photo by Erich Frederico Betz. 


been used as an ornamental material, since it is usu- 
ally not as attractive as the shell of the hawksbill tur- 
tle, and since the scutes are much thinner and thus 
more difficult to work. Nevertheless, it can occasion- 
ally be seen, especially as inlay in “Boulle” furniture 
from the 17th and 18th centuries. The species is con- 
sidered to be in danger of extinction because of over- 
harvesting and unsustainable exploitation. 


Figure A-3. The plastron (belly) plates of the 
hawksbill turtle have also been worked into 
objects; the resulting material is often referred 
to as blond tortoise shell. Photo © Smaro 
Touliatou/ARCHELON. 
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merized), generally it cannot easily be melted. 
Thermoplastic materials have properties similar to 
those of wax, as they can be melted and shaped mul- 
tiple times. The reason for these differences is that the 
polymer chains in thermoplastic materials remain 
linear (ie., they do not undergo a chemical change 
during molding) and thus can be separated easily by 
heat. In contrast, the polymer chains in a thermoset- 
ting plastic are chemically altered during molding 
and form a three-dimensional network by “cross- 
linking.” Cross-linked plastics tend to have superior 
properties compared to linear plastics, such as greater 
resistance to heat and chemicals (Bloomfeld, 2000). 

Tortoise shell is a natural thermoplastic material, 
and behaves very much like certain synthetic or 
semisynthetic plastics. Using heat and pressure 
(molding), the artisan can fuse several thin pieces into 
one thick piece and then, to a certain degree, form it 
into desired shapes (Bariand and Poirot, 1998). 

Imitations of tortoise shell (see, e.g., figure 2) first 
appeared after the development of artificial plastics in 
the 19th century. Possibilities for using natural plas- 
tics were identified in the 17th century by the 
Englishman John Osbourne (“Natural plastics,” 2005), 
who produced moldings from horn. The first semi- 
synthetic plastic, and the first material used to imi- 
tate tortoise shell, was cellulose nitrate, also known 
as Celluloid, which was invented in 1862 by 
Alexander Parkes (Sears, 1977; Buist, 1986). The prob- 
lem with this material, however, was its high flam- 
mability. In 1892, cellulose acetate was developed by 
Cross, Bevan, and Beadle (Sears, 1977); this material, 
which is much less flammable than celluloid, was 
marketed as Safety Celluloid. Around the same time, 
in 1897, casein formaldehyde was invented by Adolf 
Spitteler (Gibbs, 1977), it is produced by the interac- 
tion of the milk protein casein with formaldehyde. 
Bakelite, invented and patented around 1907 by Leo 
Baekeland (Farrar, 1968; Buist, 1986], was the first 
fully synthetic plastic, produced by the condensation 
of phenol and formaldehyde. Many of the other plas- 
tics commonly used for imitating tortoise shell, such 
as polyester, were developed between 1930 and 1950 
(Buist, 1986). 

Typically, tortoise shell can be readily identified 
by microscopy and luminescence techniques. In 
some cases, however, it may be difficult to separate 
tortoise shell from other organic materials in pol- 
ished objects unless spectroscopic methods are used. 

Although tortoise shell is a natural plastic, the 
term plastic alone in this article refers to semisyn- 
thetic or synthetic imitations. 
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Box B: LEGAL ASPECTS OF TRADE IN TORTOISE SHELL 


A number of international treaties and conventions 
govern trade in tortoise shell. The most comprehen- 
sive and important is the Convention on 
International Trade in Endangered Species (CITES), 
which was first agreed upon in 1973. The primary 
aims of CITES are surveillance of the international 
trade in wild animals and plants, and assurance that 
this commercial exploitation does not endanger the 
survival of protected species. There are currently 
more than 160 CITES member countries, including 
the United States, Canada, Japan, Australia, and all 
members of the European Union. Since this conven- 
tion became effective, no protected species has 
become extinct. 


MATERIALS AND METHODS 


Several samples of tortoise shell and its imitations 
were analyzed for this study (see, e.g., figure 3). The 
tortoise shell materials included five unworked pieces 
(one from a green turtle from French Guyana and four 
samples from hawksbill turtles, two from Cameroon 
and two of unknown origin}, 10 polished samples of 
unknown origin, and one object (a small box) made of 
blond tortoise shell; one polished sample stabilized 
with artificial resin was analyzed prior to this study, 


Figure 2. Because of the 
expense of the genuine 
material and legal 
restrictions on its col- 
lection, tortoise shell 
has frequently been 
imitated by various 
plastics. Inexpensive 
imitations such as these 
are very common in the 
consumer market. 
Photo by D. Mengason. 
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CITES governs all trade (export, re-export, and 
import from international waters) of the species listed 
in its three Annexes, depending on the degree of pro- 
tection necessary. Annex I, which includes sea tur- 
tles, covers species in danger of extinction. Trade in 
these species or in products derived from them is 
authorized only in exceptional conditions, such as for 
purely scientific research. (Annexes II and III provide 
lesser degrees of protection for species not in danger of 
extinction.) Only older tortoise shell material, dating 
prior to 1975, can be traded under CITES; all other 
trade is prohibited. For more information on the legal 
aspects of tortoise shell, see “Special issue...” (2002), 
Perrine (2003), and Spotila (2004). 


and its properties will be mentioned only briefly in 
the Discussion section. During the examination of a 
large collection of jewelry by one of the authors (TH), 
15 objects made of tortoise shell were analyzed, all of 
which had been worked in part by heat and pressure. 
The observations made on these objects are also 
included in this study. The synthetic and semisyn- 
thetic plastic imitations included the following (num- 
ber of samples in parentheses): cellulose nitrate (3), 
cellulose acetate in various colors (10), polyester (3), 
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Figure 3. A wide variety 
of materials have been 
used to imitate tortoise 
shell, and their appear- 
ances are often superfi- 
cially similar. Shown 
here are some of the 
materials examined in 
this study. From left: 
horn (1), tortoise shell 
(2), cellulose nitrate (3), 
cellulose acetate (4), 
polyester (5), and casein 
formaldehyde (6). Photo 
by T. Hainschwang. 


casein formaldehyde (1), and phenol formaldehyde (1). 
The plastics were obtained from two manufacturers 
of polymer materials in the Rhdéne-Alpes region 
(France) and from various collections. A piece of horn 
(similar in appearance to blond tortoise shell) and a 
sample of human nail also were included to investi- 
gate their similarities to tortoise shell. 

The samples were analyzed by standard gemo- 
logical methods including microscopy, fluorescence 
to long- and short-wave UV radiation (all samples], 
specific gravity (hydrostatic method; one sample of 
each type of material, except nail), and refractive 
index testing (on all polished samples, representing 
all substances, except nail) using a GIA Instruments 
refractometer. 

Characteristic odors were noted by hot point 
and hot water testing on one randomly selected 
sample of each material. For the hot point testing, 
the material was touched with a needle that had 
been heated by a simple flame; the hot water test- 
ing was performed by immersing the sample for 30 
seconds in water with a temperature of approxi- 
mately 60°C (140°F). 

Infrared (IR), visible-near infrared (Vis-NIR), and 
photoluminescence (PL) spectral analyses were per- 
formed for selected samples of all materials included 
in this study. Samples were chosen based on their 
color, transparency, and thickness. IR transmission 
spectra were recorded at room temperature with a 
PerkinElmer Spectrum BXII Fourier-transfer infrared 
(FTIR) spectrometer (4 cm7! resolution) using a deu- 
terium triglycine sulfate (DTGS) detector. The spec- 
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tra were recorded from samples of ~5 mm thickness 
and thin films. The “thick” spectra (recorded for five 
samples of tortoise shell and one or two samples 
each of the other materials) were taken because 
most samples of tortoise shell and imitation tortoise 
shell may not be damaged or destroyed for analysis, 
and these will commonly have a thickness of ~5 
mm. These spectra, taken in the range of 7800-3700 
cm-7!, are representative of what can generally be 
obtained from finished objects by nondestructive 
transmission FTIR spectroscopy. Since pieces of this 
thickness show too much absorption below ~5000 
cm7!, thin films were prepared from randomly 
selected samples of all materials included in this 
study, to obtain spectra of the entire range between 
7800 and 400 cm-!. A total of 11 thin films were test- 
ed: one for each of the plastics and one for each of the 
natural materials, except for the tortoise shell, for 
which four samples were polished into a thin film. 
To collect such complete spectra without the use of 
the KBr powder method, we had the thin samples 
polished down to a thickness of <0.01 mm. 
Specular reflectance IR spectra were recorded for 
four samples of tortoise shell and one or two sam- 
ples each of the other materials (except nail) with 
the same FTIR system using a PerkinElmer specu- 
lar reflectance accessory, with 4 cm~! resolution. 
This method is commonly employed to observe the 
mid-infrared spectra of polished minerals without 
using the destructive KBr pellet technique; the 
infrared beam is not transmitted through a sample, 
but rather is reflected off the polished surface. This 
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produces data similar to KBr powder absorption 
spectra but with some differences, such as shifted 
and asymmetric peaks, depending on the materials 
analyzed. In the authors’ experience, organic mate- 
rials such as tortoise shell show significantly differ- 
ent spectra in reflectance versus transmission 
modes, whereas other gem materials such as garnet 
produce very similar spectra in both modes. 
Specular reflectance spectra can be transformed into 
true absorption spectra by the Kramers-Kroenig 
transform (White, 1974). 

Vis-NIR transmission spectra in the range of 
400-1000 nm were recorded for two samples of tor- 
toise shell, three samples of cellulose acetate, and 
one sample of each of the other materials with a cus- 
tom SAS 2000 system equipped with an Ocean 
Optics SD2000 dual-channel spectrometer (optical 
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Figure 4. When exam- 
ined with magnifica- 
tion, tortoise shell typi- 
cally has a distinctive 
: appearance consisting of 
%. iy tiny spots that make up 
. a the large brown patches. 
Ps : Photomicrographs by 
- T. Hainschwang; magni- 
fied 25x (left), 60x 
(right). 


resolution 1.5 nm) using a 2048-element linear sili- 
con charged-coupling device (CCD)-array detector; 
samples were analyzed in an integration sphere. The 
spectra are shown in transmission mode to enhance 
the visibility of the broad bands useful for distin- 
guishing these materials. 

PL spectra were recorded for one sample of each 
material using a 532. nm semiconductor laser, with 
the same spectrometer and CCD detector that were 
used for the Vis-NIR spectra, at a resolution of 1.5 
nm. All spectra were recorded at room temperature. 


RESULTS 


Visual Appearance and Gemological Properties. The 
tortoise shell samples varied in color, the most com- 
mon being a light brownish yellow with darker 


Figure 5. In contrast to 
tortoise shell, imitations 
such as cellulose acetate 
(top left) and cellulose 
nitrate (top right) show 
a homogenous appear- 
ance lacking the tiny 
spots of pigment typical 
of tortoise shell. In some 
polyester imitations 
(bottom), the color is 
distributed as small 
spots, though these do 
not resemble the pig- 
ment spots in natural 
tortoise shell. These 
inclusions are typically 
small white to black 
flakes, likely unmelted 
source material. 
Photomicrographs by 

T. Hainschwang, magni- 
fied 15x (top left), 10x 
(top right), 13x (bottom 
left), 80x (bottom right). 
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Gemological Uigests 


the mine. 

Experimental treatment of the blue 
ground in the heavy media sink and float 
concentration plant has proved to be a 
satisfactory method of extraction and, 
pending full-scale production, operations 
at this plant will be increased up to three 
shifts per day. 


Jagersfontein Uelay 
Parallels Premier 


Serious delays in the delivery of mate- 
rials, and inability to acquire needed 
equipment, is blamed for the delay in 
re-opening the Jagersfontein Mine by the 
De Beers Company. 

At this mine underground development 
work is well advanced and it is said 
mining and hoisting operations could be 
resumed at short notice. However, it is 
believed that it will possibly be the end 
of next year before operation of the mine 
can be established on a productive basis. 


Tanganyika Gets 10% 
World’s Diamond Sales 


Contracts. signed by Tanganyika pro- 
ducers guarantee exclusive sales to the 
Diamond Trading Corporation until the 
expiration of the contract December 31, 
1951. In turn, one-tenth of the world’s 
total diamond sales have been guaranteed 
Tanganyika. Of this total the Williamson 
mine will get 93% which will amount 
to approximately 3,000,000 pounds. 

Second. largest mine in East Africa, the 
Bohimba, is now also controlled by Dr. 
Williamson. The territory is being sur- 


veyed by highly skilled geologists, not 
only for diamonds but for other precious 
stones and minerals. 

Needed equipment has been a hindrance 
to production at the Williamson mines 
from the beginning but recent govern- 
ment assurance of the fullest support in 
obtaining requirements should produce 
results in the output. 

Priority has also been given to 100 
miles of barbed wire, urgently needed to 
prevent the continuation of large scale 
theft of diamonds from the Williamson 
mines. 


Williamson Praised 
For Overcoming Uhbstacles 


( 


af 


Under Secretary of State for the ' 4 


Colonies, D. R. Rees-Williams, while in 
London, praised Williamson Diamonds, 
Ltd., for the advancement made in the 
development of the mines in East Africa. 
“Tt is astonishing to think,” he said, 
“that Williamson Diamonds, Ltd., reached 
a production of a million pounds’ worth 
of diamonds a year from their mine at 
Mwadui, near Shinyanga, Tanganyika 
Territory, without any modern machinery. 
Indeed, even at that state the mine was 
still relying almost entirely on what Dr. 
Williamson has made with his own hands. 
“His is an outstanding case, not only 
of praiseworthy pertinacity in prospecting 
until he had discovered the diamond pipe, 
which his geological training, experience, 
and deductions convinced him as existing 
in that area, but of refusal to be beaten 
by the impossibility of obtaining urgently 
needed equipment.” ‘ 
(Continued to page 93) 


88 


GEMS & GEMOLOGY 


G 


brown patches. The small box made of blond tortoise 
shell was a largely homogenous “cream” color. One 
unworked sample was almost entirely dark brown to 
nearly black. Microscopic observation revealed that 
the dark patches were made up of tiny spots (figure 4). 

The plastic imitations covered a range of colors 
from “blond” to patchy to nearly black. Their color 
appearance was commonly very different from that 
of tortoise shell. Even if they were macroscopically 
similar, magnification revealed an absence of the 
“spotty” micropattern; instead, the brown patches 
were quite homogenous and unlikely to be confused 
with true tortoise shell. In some polyester imitations, 
the color was distributed in small spots (figure 5), but 
these were still very different from the pigment spots 
seen in tortoise shell. 

Three samples of tortoise shell that had been 
worked by the use of heat and pressure into desired 
shapes and thickness lacked the typical spotty appear- 
ance. Thus, these somewhat resembled the plastic 
samples under the microscope. Interestingly, none of 
the plastic samples contained the trapped gas bubbles 
that are frequently seen in plastics and could help 


identify such materials. However, all the plastic sam- 
ples contained small flaky particles of unknown 
nature (again, see figure 5), which were most likely 
unmelted remnants of the source materials. 

Standard gemological properties for tortoise shell 
and its plastic imitations are given in table 1. Often 
these properties will be sufficient to identify the 
material; however, there is overlap in some proper- 
ties, especially specific gravity and refractive index. 
Unfortunately, the most useful gemological test for 
the identification of these substances, the hot point, 
is a destructive one: Tortoise shell smells like burned 
hair (as does horn), while plastics have very different 
odors. An alternative to the hot point is the hot water 
test, which involves rinsing the materials under hot 
tap water. It was noted in this study that this test will 
provoke the characteristic odor of most plastics with- 
out damaging them. Cellulose nitrate, cellulose 
acetate, casein formaldehyde, and phenol formalde- 
hyde may be identified in this fashion. Tortoise shell 
does not have a discernable odor when tested by this 
method, and as long as the water temperature does 
not exceed ~80°C, the material will not be damaged. 


TABLE 1. The standard gemological properties of tortoise shell and its imitations. 


Material Ril.4 S.G.2 Long-wave UV® Hot point odor® Crossed polarizers 
Tortoise shell 1.54 1.26-1.35 Chalky blue-white (light Burnt hair Light appearance 
areas), dark patches (aggregate-like); cross- 
appear brown with super- hatched interference colors 
imposed chalkiness. in worked/bent samples 
Intensity: medium 
Horn (pale yellow, to 1.54 1.26-1.35 Chalky blue-white. Burnt hair Light appearance 
imitate blond tortoise Intensity: medium-strong (aggregate-like) 
shell) 
Cellulose nitrate 1.50-1.51 1.386-1.42 Chalky bluish yellow (light Camphor Dark appearance 
(Celluloid) (rarely up to 1.80) areas). Intensity: medium. 
Dark patches fluoresce 
orange brown. 
Intensity: weak 
Cellulose acetate 1.49-1.51 1.29-1.40 Variable: chalky bluish Vinegar ADR (4 times dark in 360° 
(Safety Celluloid) (rarely up to 1.80) green to chalky bluish rotation), in some samples 
white. Intensity: very weak very weak ADR only 
to weak. Sometimes brown 
patches fluoresce orange. 
Intensity: medium 
Polyester 1.56 1.23 Chalky yellowish green. Acrylic ADR (4 times dark in 360° 
Intensity: weak rotation) 
Casein formaldehyde  1.55-1.56 1.32-1.34 Chalky yellow. Burned milk ADR (cross-hatched 
(Galalith) Intensity: medium extinction) 
Phenol formaldehyde  1.61-1.66 1.25-1.30 Inert to chalky yellowish blue. Formaldehyde, ADR (cross-hatched 
(Bakelite) Intensity: very weak acrylic appearance) 


4R./. and S.G. ranges are from Webster, 1994 (except for polyester, the values of which were determined by the authors); values of samples included in this 
study were determined to be within the given ranges. 
» Short-wave UV radiation excited the same luminescence, but the intensity was considerably weaker in all materials 
°The odor, even if weaker, can be readily provoked in most plastics by immersion in hot water (~60°C). 
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Fluorescence to both long- and short-wave UV 
radiation was chalky blue-white for the light areas of 
tortoise shell, while the dark patches appeared 
brown with a superimposed chalkiness (figure 6). 
The plastics showed variable luminescence, which 
depended on the dyes used to color the materials. 
The plastics themselves generally luminesced 
chalky blue with a yellow modifier (and thus some- 
times appeared green) to chalky yellow (again, see 
figure 6). Dyes may induce a different luminescence: 
The cellulose nitrate samples showed a very slight 


Figure 6. When exposed 
to long-wave UV radia- 
tion, the fluorescence 
reactions of the materi- 
als in figure 3 are quite 
distinct despite their 
similarities in normal 
light. As seen here, tor- 
toise shell’s chalky blue- 
white reaction usually 
can allow easy separa- 
tion from imitations. 
From left: horn (1), tor- 
toise shell (2), cellulose 
nitrate (3), cellulose 
acetate (4), polyester (5), 
and casein formalde- 
hyde (6). Photo by 

T. Hainschwang. 


orange-brown luminescence in the brown areas, 
while the brown patches in certain samples of cellu- 
lose acetate exhibited an orange luminescence of 
medium intensity. For all samples, the only notice- 
able difference between long- and short-wave UV 
was the strength of the emission excited by the two 
sources; the luminescence color was the same. 
When rotated between crossed polarizers, the 
tortoise shell samples appeared light in all positions 
(i.e., an aggregate reaction similar to, for example, 
chalcedony and jadeite). The same was true for the 
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Figure 7. The IR spec- 
trum of a thin film 
(<0.01 mm thick) of tor- 
toise shell shows several 
distinctive absorption 
peaks. It is almost iden- 
tical to that of the pro- 
tein keratin, and thus 
shows characteristic 
absorptions due to 
organic functional 
groups such as CH, NH, 
and OH. The region 
below 2000 cm~! is 
expanded for clarity. 
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samples of horn and nail. This appearance in tor- 
toise shell was seen as long as the material had not 
been forced into a curved shape; in curved objects 
such as bangles, a weak cross-hatched pattern of 
interference colors could be observed, but no extinc- 
tion. The reactions of all the plastic imitations were 
distinctly different from that of tortoise shell, with 
none of those samples exhibiting tortoise shell’s 
aggregate-like reaction. The cellulose nitrate sam- 
ples stayed dark when rotated between crossed 
polarizers; this was the only truly isotropic materi- 
al seen in this study. All the other plastics showed 
anomalous double refraction (ADR) either as cross- 
hatched extinction patterns or as four sequential 
extinctions per full rotation. Such ADR reactions 
indicate the presence of strain. 


Transmission IR Spectroscopy. The thin-film IR spec- 
trum of the tortoise shell was mainly characterized by 
strong absorptions around 3290, 1500, and 600 cm"! 
(figure 7). The strong band at 3290 cm! corresponds 
to the N-H stretch (Coates, 2000; Naumann, 2000). 
OH-related absorption found in the same region was 
superimposed by the strong NH absorption and there- 
fore was not visible. The absorptions around 2900 
cm! correspond to the C-H stretch. The CH bend 
was visible as a distinct band at 1450 cm~!. (Stretch 
and bend are terms used in IR spectroscopy to 


Figure 8. The thin-film 
IR spectra of human 
nail, tortoise shell, and 
casein formaldehyde 
plastic are very similar 
due to their similar 
chemical compositions. 
The inset shows the 
distinctive features 
that are found in the 
region between 1500 
and 400 cm". The 
region below 2000 cm-! 
is expanded for clarity. 
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Tortoise shell 


describe absorptions due to the stretching and bend- 
ing motions of molecules; overtone and combination 
describe additional smaller absorptions produced by 
transitions to higher energy levels. These are found at 
multiple and combined [sum and difference] frequen- 
cies of the stretching and the bending vibration 
[Coates, 2000)). 

The strong bands at 1650, 1530, and 1240 cm~! are 
called amide bands (amide I, II, and I]; Naumann, 
2.000) and correlate to the C-O stretch, N-H bend, and 
C-N stretch, respectively. The broad, complex band 
between 900 and 400 cm! has been called the “true 
fingerprint region” of proteins by Naumann (2000), 
because it is more characteristic of protein-based sub- 
stances than the region ~2000 to 400 cm~!, which is 
commonly used as the “fingerprint region” to identi- 
fy substances such as gem materials. 

The IR spectra of tortoise shell, horn (not shown), 
and human nail were nearly identical (figure 8); this 
confirms that horn-like materials and tortoise shell 
are chemically very similar and mainly composed of 
proteins, in these specific cases keratin. 

The thin-film IR spectra of the plastic imitations 
were distinctly different from the spectrum of tortoise 
shell. Most of the plastics were characterized by dis- 
tinct CH- and often OH-related bands at 3200-2900 
and at 3600-3400 cm7!, respectively (figure 9}, and by 
complex bands that are due to other structural groups 
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Figure 9. The IR spectra 
of thin films of the other 
plastic imitations are 
distinctly different from 
166 _ 1181954 851 the spectrum of tortoise 
shell seen in figures 7 
and 8. The CO-, NH-, 
and CN-related bands 
are missing in these 
materials. The region 
below 2000 cm~! is 
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and the “backbone” (C-C) structure. It would be far 
too complex for the purposes of this article to discuss IR ABSORPTION SPECTRA 
all structural groups present in each of the plastic imi- 
tations and even more so to assign specific bands vis- 


Tortoise shell 


ible in the PIR spectrum toa particular group. The Casein formaldehyde 
combination of functional group absorptions and Cellulose acetate 
backbone-related absorptions is characteristic of all nee 


Cellulose nitrate 


polymers and allows their identification as such Fhieial fonualdelice 
(Coates, 2000). Most of the plastics analyzed lacked 
the CO-, NH-, and CN-related absorption features 
that are typical of tortoise shell and other protein- 
based substances. The only exception, casein 
formaldehyde, had an IR spectrum very similar to that 
of tortoise shell (figures 8 and 10). Differences that dis- 
tinguish these materials in the infrared can be found 
in the limited region of 1500 to 400 cm”! (again, see 
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Figure 10. The IR spectra of thicker (~5 mm) sam- eee nis 
ples of tortoise shell and its imitations also show ; 
distinct differences. These spectra are closer to 
what can be obtained nondestructively from large 
objects fashioned from tortoise shell or one of its 
imitations. The bands in the NIR will be distinct, 
while the absorptions below 4000 cm“! will not be 
visible because of their intensity and the limita- 
tions of the detector. Most of the materials tested ’ 
could be distinguished based on this limited region, 7308 aay an ed an 
except the samples of tortoise shell and casein BV AVE NUMERIC) 
formaldehyde, which were identical. 
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Figure 11. Although the specular reflectance IR spectra 
of tortoise shell, horn, and casein formaldehyde are 
similar, they can be distinguished by the minor fea- 
tures indicated in red. The spectrum of the nail is not 
included, because the sample was too small and irreg- 
ular for acceptable specular reflectance FTIR analysis. 
The region below 2000 cm~! is expanded for clarity. 


figure 8): The spectrum of casein formaldehyde exhib- 
ited a rather strong, complex, broad band centered at 
1094 cm-!, which was absent from the spectrum of 
tortoise shell. In addition, many of the bands were 
shifted and their general shape varied, especially the 
very broad, complex band extending from 900 to 400 
cm. Additionally, the absorption at ~1240 cm! was 
much more intense in the spectrum of tortoise shell 
than in that of casein formaldehyde. 

The IR spectra of the same materials in 5-mm- 
thick samples showed strong absorptions in the 
near-IR region between 7800 and 3700 cm~!. All 
absorptions from 3700 to 400 cm~! were too intense 
and thus not resolvable. In all but one case, the NIR 
region of the spectra of the plastics was distinctly dif- 
ferent from that of tortoise shell; the exception was 
casein formaldehyde, which could not be distin- 
guished from tortoise shell based on the limited NIR 
region of its spectrum (again, see figure 10). 


Specular Reflectance IR Spectroscopy. All the sam- 
ples tested, natural and artificial, exhibited relative- 
ly weak reflectance. In the experience of the 
authors, this is typical for such organic materials 
(including plastics). The reflectance spectra again 
showed a close similarity between tortoise shell and 
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casein formaldehyde (figure 11), and distinct differ- 
ences between these two substances and all the 
other imitation materials (figure 12). However, we 
did note minor differences between casein 
formaldehyde and tortoise shell: Weak bands at 
1018, 822, and 742, cm7! were characteristic for tor- 
toise shell, while features at 1309, 1029, 985, and 
728 cm-! were only seen in casein formaldehyde 
(again, see figure 11). The spectrum of horn, shown 
here for comparison, again illustrates the similarity 
between the two organic materials. 


Vis-NIR Spectroscopy. The Vis-NIR transmission 
spectra of the tortoise shell samples and all of the plas- 
tic imitations revealed differences, even though these 
were sometimes subtle. The spectra of the light and 
dark parts of the tortoise shell samples 
(figure 13A) were characterized by a smooth rise in 
transmittance toward the NIR region without distinct 
absorption bands. The darker spots showed total 
absorption below 530 nm. The spectra of the imita- 


Figure 12. Again, the specular reflectance IR spectra of 
the non-protein-based plastic imitations are very differ- 
ent from the tortoise shell spectrum seen in figure 11. 
The region below 2000 cm”! is expanded for clarity. 
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Figure 13. The Vis-NIR transmission spectra of tortoise shell show few if any notable features compared to the 
plastic imitations, exhibiting a lack of distinct absorption bands and a smooth rise in transmittance. More- 
irregular transmission curves, including absorption bands mainly in the NIR, are typical for the plastic imitations. 
Horn and nail show spectra (not shown) that are similar to those of tortoise shell. 


tions were not as smooth and exhibited a different 
curvature. Broad bands, mainly in the NIR, could be 
seen in the spectra of all the imitations: at 914 nm for 
cellulose nitrate (figure 13B), at 900 nm for cellulose 
acetate (figure 13C]; at 910 nm for casein formalde- 
hyde (figure 13D); at 562, 873, and 902 nm for poly- 
ester (figure 13E); and at 877, 920, and 989 nm for phe- 
nol formaldehyde (figure 13F). Most of the imitations 
showed total absorption below around 500 nm. 
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Photoluminescence Spectroscopy. The PL spectra 
of the materials analyzed (figure 14) showed differ- 
ences in their general shape. Tortoise shell, horn, 
and casein formaldehyde exhibited nearly identi- 
cal emissions that consisted of one broad band that 
was most intense at 578 nm. Cellulose nitrate and 
cellulose acetate showed a broad band at 603 nm, 
while polyester showed two broad bands, one at 
578 nm and one at 628 nm. Despite these general 
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Figure 14. The photolu- 
minescence spectra of 
tortoise shell and its 
plastic imitations 
show differences in 
curve shape, but, sur- 
prisingly, the same 
individual peaks are 
present in all spectra. 
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differences, the same individual PL peaks were 
present in the spectra of all samples. 


DISCUSSION 


The separation of tortoise shell and its imitations 
is not difficult with standard gemological testing, 
provided all the necessary tests can be performed. 
The combination of microscopy, R.L., $.G., UV fluo- 
rescence, and appearance between crossed polariz- 
ers is sufficient to determine whether a sample is 
tortoise shell or an imitation. Even though horn can 
be very similar in overall appearance to blond tor- 
toise shell, its structure is distinctly different, since 
it is rather fibrous. As seen in figure 6, UV fluores- 
cence alone may be sufficient to separate tortoise 
shell from visually similar material. Any orange and 
green luminescent plastic is quickly identified, as 
are samples with the characteristic “brown and 
cream” tortoise pattern that have homogeneous 
luminescence, since the patches in tortoise shell 
show a very different reaction from that seen in the 
cream-colored parts. 

That said, the identification is not always 
straightforward, for several reasons: 


1. Plastics and horn can imitate blond tortoise 
shell effectively, and the differences in lumines- 
cence are far less obvious. 


2. Tortoise shell and its imitations are normally 
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worked into objects, and thus standard gemo- 
logical tests beyond UV luminescence and a 
“hot point” may not be feasible (e.g., the S.G. 
of a tortoise shell box inlaid over gold will not 
be useful for identification). In addition, the 
relatively poor polish of tortoise shell and 
plastics, especially antiques, often does not 
allow the precise determination of a refractive 
index. 


3. Mixtures of resins and tortoise shell and resin- 
stabilized tortoise shell exist. This material, at 
least one sample of which has been analyzed by 
the authors, shows properties intermediate 
between tortoise shell and plastic. 


4. Plastics are materials with properties that can 
be drastically altered by slight compositional 
variations, changes in polymerization or cross- 
linking, or the use of dyes. Thus, there is always 
the possibility that new materials that imitate 
tortoise shell much more effectively will enter 
the marketplace. 


5. In some cases, the exact identity of the plastic 
is important to the owner of an imitation, since 
some collectors are looking for specific plastics 
such as Bakelite. 


These factors indicate that in some cases there 
may be a need for testing beyond that done with 
standard gemological tools. 
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Figure 15. Though new production of tortoise shell 
objects has nearly ceased as a result of legal restric- 
tions, gemologists must still be prepared to identify 

older material that is still on the market. Shown 
here is an archeological revival necklace; the carved 
urn pendant is approximately 4 x 8 cm. From Mona 
Lee Nesseth, Custom and Estate Jewels, Los 

Angeles; courtesy of Tricia and Michael Berns. Photo 

© Harold & Erica Van Pelt. 


Transmission IR spectroscopy can reliably 
identify all materials based on their intrinsic and 
material-specific absorptions between 2000 and 400 
cm-!, however, complete spectra can be obtained 
only if a small amount of the substance is polished 
into a thin section or powdered and prepared into 
KBr pellets. Because these preparation techniques 
are destructive, they are of only limited usefulness 
for the gemologist. Nevertheless, transmission IR 
spectra of thicker samples commonly supply 
enough information to distinguish tortoise shell 


50 TORTOISE SHELL AND ITS IMITATIONS 


from its imitations and to identify the plastics. The 
absorptions in the near-infrared region are generally 
quite specific for the analyzed material, but the fact 
that not all features are observable may prevent a 
conclusive identification, as can be seen in the case 
of casein formaldehyde plastic. The complex IR 
spectra are not easily interpreted, simplified, it can 
be stated that the spectra of organic substances are 
a combination of absorptions due to functional 
groups such as C-H or N-H and those due to the 
skeletal vibrations associated with the “backbone,” 
commonly the C-C linkages of a substance. The 
slightest differences in structure, molecule length, 
and composition will change the IR spectra. Such 
differences are present in all organic materials even 
if very similar, as with horn and tortoise shell; thus, 
they can all be distinguished by transmission IR 
spectroscopy, given proper sample preparation 
(Coates, 2000). 

Vis-NIR spectra can supply useful informa- 
tion, but the presence of different dyes may 
change the spectra considerably. Some of the 
bands seen in the region around 900 nm may be 
interpreted as combination bands and/or over- 
tones of OH-related vibrations (Adamo et al., 
2005). This proposal is supported by the fact that 
the intensity of the OH-related band at ~3500 
cm! correlates well with the intensity of the 
bands in the 900 nm region. It is apparent that 
tortoise shell contains very little OH compared to 
artificial plastics. Such near-infrared OH-related 
bands are known from water-containing minerals 
such as beryl, topaz, and euclase (see, e.g., Adamo 
et al., 2006), although in the experience of the 
authors the bands in these materials are much 
sharper. This is probably due to the crystallinity 
of such minerals as compared to the amorphous 
structure of the plastics. While some plastics can 
be mostly crystalline (with minor amorphous 
domains), such materials are translucent or 
opaque (Bloomfeld, 2000). The main drawback of 
transmission IR spectroscopy and Vis-NIR spec- 
troscopy is their very limited use for large or 
irregular objects. In many cases, an analysis by 
these methods is impossible without breaking off 
a piece of the material in question. 

Kiefert et al. (1999) showed that resins can be 
easily identified by Raman spectroscopy. This 
result is applicable to tortoise shell and its plastic 
imitations, but it needs further research to be con- 
firmed. The method found most suitable during 
the course of this study was specular reflectance IR 
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spectroscopy, which allows the analysis of large 
objects with a simple accessory. In the experience 
of the authors, this method is highly effective in 
the identification of mineral species, and this 
study has shown that it is also useful for the sepa- 
ration of these various natural and synthetic 
organic materials. 

Photoluminescence spectroscopy may also be 
used, but the substances in this study showed very 
similar emissions and in at least one case, that of 
casein formaldehyde, the spectrum was identical to 
that of tortoise shell. The reason for the presence of 
the same 15 emissions in all these materials is not 
known to the authors. 


Figure 16. During sever- 
al centuries of populari- 
ty, a wide variety of 
objects were crafted 
from tortoise shell. The 
carved box at the bot- 
tom is approximately 
10.5 x 6.5 x 2.5 cm; the 
book is approximately 
12 x 8.5 x 1.5 cm. The 
book and carved box 
are from Mona Lee 
Nesseth, Custom and 
Estate Jewels, Los 
Angeles; courtesy of 
Tricia and Michael 
Berns. The chain is 
courtesy of Elise Misi- 
orowski. Photo © 
Harold e&) Erica Van Pelt. 
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CONCLUSIONS 


Although trade in contemporary tortoise shell has 
been largely banned internationally since the early 
1970s, jewelry (figure 15) and other objects (figure 16) 
fashioned during the more than two centuries when 
it was a popular ornamental material can still be seen 
in the marketplace. This study has shown that, typi- 
cally, tortoise shell can be easily distinguished from 
all materials used to imitate it, and that only protein- 
based plastics such as casein formaldehyde may pose 
a potential problem if not analyzed properly. 

The application of standard gemological testing 
methods allows the unambiguous distinction of 
most tortoise shell from its imitations, which 
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include semisynthetic and synthetic plastics. 
However, the identification of objects made of 
blond tortoise shell and the precise determination 
of a particular plastic require the use of more 
sophisticated laboratory techniques. Of the meth- 
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Australian Association 
Issues Gemological Uiplomas 


“In the world in which we are now 
living, the value of expert knowledge 
will be very highly valued, possibly more 
than those of the ordinary. utility man. 
By obtaining expert gemological knowl- 
edge many men and women will rise from 
the ranks to trade leadership due solely 
to knowledge they possess in the gemo- 
logical fields.” 


So spoke Dr. D. B. Mellor, President 
of the Gemmological Association of 
Australia on July 22 when for the first 
time in that country diplomas were pre- 
sented to students of gemology. 


The founding of the Gemmological 
Association of Australia took place in 
1945 with Federal Secretary Jack Taylor, 
Federal Chairman A. E, Toombs, and 
Arthur A. Wirth largely responsible for 
its instigation and growth. 

In addressing the 15 successful students 
who received the Fellowship Diplomas, 
Dr. Mellor explained quite simply that 
the Gemmological Association of Austra- 
lia is endeavoring to educate the public 
in gemstone lore and through stich edu- 
cation ultimately achieve protection ethi- 
cally, culturally, and commercially. 

“Very early in the history of the As- 
sociation it was realized that something 
would have to be done in the way of 
supplying professional training to aspiring 
gemologists,” he stated. “Professional 
training is usually given by some insti- 
tution: The University grants degrees in 
medicine, etc.; the Technical College for 
architecture and chemical engineering. 
As no institution provided courses in gem- 
ology, the Association wisely set about 
providing its own courses and training. 
So successful were the New South Wales 
efforts, and apparently so great was the 
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need for this kind of training, that 
branches of the Gemmological Association 
were soon founded in other states of the 
Commonwealth—in Victoria, in Queens- 
land, and in South Australia. 


“In the beginning of 1947 it was 
realized that something would have to 
be done to put matters on a sound federal 
basis. The association first formed in 
New South Wales was the Gemmological 
Association of Australia so that there 
was no New South Wales branch. The 
executives of the different state branches 
and the parent branch duly set about 
putting this in order and subsequently 
got everything on a perfectly satisfactory 
basis. We now have a New South Wales 
branch of the Gemmological Association 
of Australia.” 

Speaking on the value of diplomas, Dr. 
Mellor said, “First and foremost a diplo- 
ma is a certificate of professional com- 
petence. It will have most meaning to the 
Fellows and other gemologists because 
they, rather than the public, will under- 
stand the nature of the training that the 
holders of diplomas have gone through 
and the standards which they have 
attained. 

“In addition to being a certificate of 
professional competence a diploma, one 
hopes, stands for something more. It is 
important that the Gemmological Associ- 
ation should see to it that nothing but 
the highest ethical standards are main- 
tained by the diploma holders. 

“In this day and age we are all in the 
hands of experts at some stage or an- 
other. No man has either the time or 
the knowledge to be an expert in more 
than two fields at the most. If we have 

(Continued to next page) 


89 


The Identification of Zachery-Treated Turquoise 
Russian Hydrothermal Synthetic Rubies and Sapphires 
The Separation of Natural from Synthetic Colorless Sapphire 


On the Identification of Emerald Filling Substances 
Sapphire and Garnet from Kalalani, Tanzania 
Russian Synthetic Ametrine 


Characterization and Grading of Natural-Color Pink Diamonds 
New Chromium- and Vanadium-Bearing Garnets from 
Tranoroa, Madagascar 

Update on the Identification of Treate 
Sea Cultured Pearls 


“Golden” South 


Diamonds in Canada 


: ea “Diffusion Ruby” Proves to Be Synthetic Ruby Overgrowth j — Agy ( 
ae ; ae ’ : on Natural Corundum -_ = s i /\ ~ f™l 
Special Symposium Proceedings Issue, including: J Le tj ¥ JF WA 
Observations on GE-Processed Diamonds, nter 2002 f{] rh AN LN TOY 
Abstracts of Featured Speakers, Panel Chart of Commercially Available Gem Treatments \ wi \ /if } aN / 
Sessions, War Rooms, and Poster Sessions Gemesis Laboratory-Created Diamonds . St ee ee 
Legal Protection for Proprietary Diamond Cuts 
Classifying Emerald Clarity Enhancement at the GIA en ve the Antsongombato Pepmatite, 1e ( 2Uditel | \ | Ou 
Gem Trade Laboratory apis 
Clues to the Process Used by General Electric to Enhance S g 2003 | } iat Lasts A Lifetime 
the GE POL Diamonds Photomicrography for Gemologists 
Diopside Needles as Inclusions in Demantoid Garnet from Russia Poudretteite: A Rare Gem from Mogok 
Garnets from Madagascar with a Color Change of Grandidierite from Sri Lanka 
Blue-Green to Purple aa 2 
: eryllium Diffusion of Ruby and Sapphire 
Burmese Jade Seven Rare Gem Diamonds 
Lapis Lazuli from Chile =TVSYA 
= atoms G. Robert Crowningshield: A Legendary Gemologist 
Cause of Color in Black Diamonds from Siberia 
i Obtaining U.S. Copyright Registration for the Elara Diamond Fall 2003 Winter 2003 Winter 2005 
Characteristics of Nuclei in Chinese Freshwater Cultured Pearls sey 
Afghan Ruby and Sapphire A nee 
ae to een DHT Treated Diamonds pen Qua een Sui fs Diamant 
; ; i Pezzottaite from Madagascar: A New Gem 4 
New Lasering Technique for Diamond Fecal esl Sar irentesientormene hate 
New Oved Filling Material for Diamonds er se gee Sewanee poe it 2 
C sine . 
ePID Peds: Before and After Identification of CVD-Grown Synt hetic Diamonds fata 
‘ Cultured Pearls from Gulf of California, Mexico he : | 
Sapphires from Northern Madagascar Sere Fine mrintine Routine (on Gagniamonds . _ ; 
Bea aicems from Antigua ay Fingerprinting Routine for Cut Diamon Spring 2003 Summer 2003 Spring 2005 Summer 2005 
Gem-Quality Hatiyne from Germany Summer 2004 
an : F Gem Treatment Disclosure and U.S. Law 
ee, ae Lab-Grown Colored Diamonds from Chatham " 
eae inthe 1990s The 3543 cm: Band in Amethyst Identification oo sh 
Synthetics in the 1990s Fall 2 “eee Gis 
Technological Developments in the 1990s Grading Cut Quality of Round Brilliant Diamonds °«e j 
Jewelry of the 1990s Amethyst from Four Peaks, Arizona —_ 
2004 Fall 2002 Winter 2002 Fall 2004 Winter 2004 
Ammolite from Southern Alberta, Canada Creation of a Suite of Peridot Jewelry: From the Himalayas 
Discovery and Mining of the Argyle Diamond Deposit, Australia to Fifth Avenue 
Hydrothermal Synthetic Red Beryl An Updated Chart on HPHT-Grown Synthetic Diamonds j Pu 
A New Method for Detecting Beryllium Diffusion— ; 
Th ae Pe. aren Treated Sapphires (LIBS) 
he Current Status of Chinese Freshwater Cultured Pearls 
Characteristics of Natural-Color and Heat-Treated Spring 2005 
“Golden” South Sea Cultured Pearls Treated-Color Pink-to-Red Diamonds from Lucent Diamonds Inc. 
A New Method for Imitating Asterism A Gemological Study of a Collection of Chameleon Diamonds Spring OOD spec ete Scremers002 Spring 2004 Summer 2004 
E Coated Pink Diamond: A Cautionary Tale . 
Modeling the Appearance of the Round Brilliant summ 0 ‘oe \ 
Cut Diamond: Fire Characterization and Grading of Natural-Color Yellow Diamonds \Jrdel LOU] 
Pyrope from the Dora Maira Massif, Italy Emeralds from the Kafubu Area, Zambia = 
Jeremejevite: A Gemological Update Mt. Mica: A Renaissance in Maine’s Gem iz A  —_— r A 
“ Tourmaline Production i b /> | f 
e—<, 
An Update on “Paraiba” Tourmaline from Brazil Fall 2005 ) bY 
Spessartine Garnet from San Diego County, California A Review of the Political and Economic Forces Shaping | ‘ 7 
Pink to Pinkish Orange Malaya Garnets from Today's Diamond Industry a an ae ate a oe ee. 
Bekily, Madagascar Experimental CVD Synthetic Diamonds from LIMHP- | 
“Voices of the Earth”: Transcending the Traditional in CNRS, France S ,* 
Lapidary Arts Inclusions in Transparent Gem Rhodonite from 3 os. 2 
; Broken Hill, New South Wales, Australia \ y ’ , i | 
The Ultimate Gemologist: Richard TT. Liddicoat 005 ee es ae 
Portable Instruments and Tips on Practical Gemology in the Field © A Gemological Pioneer: Dr. Edward J. Giibelin = ' 
Liddicoatite Tourmaline from Madagascar Characterization of the New Malossi Hydrothermal | ‘arerenk ] 
Star of the South: A Historic 128 ct Diamond Synthetic Emerald AWG Y .« 


visit WWw.gia.edu 


"d 


gandg@¢ia.edu 
800-421-7250 ex 

” 760-603-4000 ext, 
760-603-4595 ar Write: G&G Subscriptions, P.O. Box 9022, 
Carlsbad, CA 92018-9022 USA 


7142 


7142 


Unusual Multicolored 
ASSEMBLED STONE 


Although in some cases (such as 
backed opal) an assembled stone is cre- 
ated to increase the durability of a gem 
material, the more common purpose 
of manufacturing assembled stones is 
to deceive. Green synthetic spinel and 
synthetic quartz triplets have long imi- 
tated emeralds. Likewise, doublets 
consisting of natural green sapphire 
crowns and synthetic sapphire or syn- 
thetic ruby pavilions have fooled many 
buyers, as the natural inclusions in the 
crown mask the synthetic inclusions 
in the pavilion. 

Rarely, however, do we see assem- 
bled stones created for other, more 
artistic purposes. It was therefore very 
surprising to receive for identification 
the nearly 6 mm transparent multicol- 


ored square tablet in figure 1. This 
specimen was composed of six thin 
sections, each of a different color—red, 
orange, yellow, green, light blue, and 
light purple—joined with colorless 
cement. The client told us that he had 
purchased this “rainbow stone” with 
the intent to market it for use in com- 
mitment ceremonies for members of 
the Rainbow Coalition, a prominent 
civil rights organization. 

The client wanted to verify the 
identification of each of the six sec- 
tions. Due to the nature of the assem- 
blage, the individual refractive indices 
were easy to obtain. The light purple, 
green, yellow, and orange sections had 
R.L’s of 1.54. The red section had an 
RL. of 1.76, and the light blue section 
had an RI. of 1.72. A combination of 
standard and advanced gemological 
testing identified the red section as 
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Figure 1. This unusual specimen 
was assembled from slices of 
synthetic ruby, synthetic quartz, 
and synthetic spinel. 


synthetic ruby, the light blue section 

as synthetic spinel, and the remaining 

four sections as synthetic quartz. 
Wendi M. Mayerson 


Figure 2. Fingerprint-like inclusions such as these have been reported in several colorless to near-colorless diamonds 
known to have been HPHT treated (from figure 10 in T. M. Moses et al., Fall 1999 Gems & Gemology, pp. 14-22). 
From left to right, magnified 32x, 18x, and 13x. 
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DIAMOND 
With “Fingerprint” Inclusions 


Fingerprint-like inclusions are com- 
mon features in many colored stones, 
such as ruby and sapphire, but they are 
extremely rare in diamonds. In corun- 
dum, these “fingerprint” patterns are 
formed by fluid-assisted partial heal- 
ing of pre-existing fractures. However, 
in the case of diamond, much higher 
pressures and temperatures are neces- 
sary to promote partial healing of frac- 
tures and, at these conditions, fluids 
are usually not present. A few 
instances of fingerprint-like patterns 
produced by groups of tiny inclusions 
in natural-color blue and colorless dia- 
monds have been reported, but the 
interconnected channel-like structure 
that is common to sapphire “finger- 
prints” was not observed in these 
stones (see Lab Notes: Spring 1968, pp. 
278-279; Spring 1993, pp. 47-48). 

In recent years, fingerprint-like 
inclusions seen in colorless to near- 
colorless diamonds are most often 
associated with high pressure, high 
temperature (HPHT) treatment (figure 
2; see also T. M. Moses et al., “Obser- 
vations on GE-processed diamonds: A 
photographic record,” Fall 1999 Gems 
# Gemology, pp. 14-22). Similar to 
the HPHT-treated stones described in 
Moses et al., a small “fingerprint” 
extending from a graphitized inclu- 
sion was recently seen in an F-color, 
4.79 ct, type Ila heart-shaped brilliant 
that was found to have been HPHT 
treated (figure 3). 

Over the past few months, the 
West Coast laboratory has had the 
opportunity to examine three natural- 
color diamonds with a range of finger- 
print-like inclusions. A pattern con- 
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Figure 3. This fingerprint-like 
inclusion extends from a graphi- 
tized crystal in a colorless dia- 
mond that was recently proved 
to have been HPHT treated. 
Magnified 45x. 


sisting of several groups of tiny crys- 
tals, very similar to those described in 
the 1968 and 1993 Lab Notes refer- 
enced above, was observed in a Light 
blue, 0.64 ct, type IIb marquise bril- 
liant (figure 4). However, the most 
intriguing discoveries were two color- 
less type Ila diamonds (a 2.28 ct D- 
color round brilliant and a 1.00 ct F- 
color pear shape) that contained inclu- 
sions with an appearance remarkably 
similar to the “fingerprints” seen in 
rubies and sapphires (figure 5). The 
diamonds were tested very carefully 
and determined to be of natural color. 
The channel-like patterns (not com- 
posed of tiny crystals) very strongly 
suggested that these were partially 


Figure 4. A fingerprint-like inclu- 
sion seen recently in this 0.64 ct 
natural-color Light blue diamond 
actually consists of groups of 
many tiny crystals. Magnified 45x. 


healed fractures in natural, untreated 
diamonds. 

The geologic environment in which 
these two diamonds may have been 
heated to the temperatures necessary 
to cause partial healing of fractures 
remains a mystery. The heating must 
have occurred very deep in the earth 
(i.e., at high pressures), in that the clar- 
ity of these relatively large gem-quality 
diamonds did not show any evidence of 
the intense graphitization that occurs 
in diamonds heated at lower pressures. 
These samples also serve as a caution 
to gemologists that fingerprint-like fea- 
tures in colorless or near-colorless dia- 
monds do not always mean the stones 
have been HPHT treated. 

Christopher M. Breeding 


Figure 5. These fingerprint-like inclusions seen in two natural-color type 

IIa colorless diamonds show a channel structure that is remarkably simi- 
lar to the “fingerprints” commonly found in ruby and sapphire. Magnified 
45x (left), 30x (right). 
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Pink Diamond with Etch 
Channels at the Intersections of 
Glide Planes 


Pink graining and pink glide planes are 
the main causes of a pink-to-red body- 
color in natural diamond. In contrast to 
pink graining, which is usually rather 
irregular in morphology, the glide 
planes typically occur as a set of well- 
defined, parallel, and highly color-con- 
centrated planes that extend through 
the entire stone or a large part of it. In 
our experience, only a few percent of 
pink diamonds are colored by glide 
planes, and pink stones of this type 
usually have only one set. However, 
the East Coast laboratory recently 
examined a pink diamond that had two 
sets of glide planes (figure 6), as well as 
etch channels that occurred at the 
intersections of the planes. This feature 
is not only rare among pink diamonds, 
but it also supplied an opportunity to 
examine the mechanism by which 
etch channels form in diamond. 

The 0.77 ct round brilliant cut 
(5.87 x 5.76 x 3.61 mm) was color grad- 
ed Light pink. Two large fractures 
were present at the girdle. The dia- 
mond displayed a weak blue fluores- 
cence to long-wave ultraviolet (UV) 
radiation and was inert to short-wave 
UV, with no phosphorescence. Con- 
sistent with other diamonds with sim- 


Figure 6. In this 0.77 ct Light 
pink diamond, the pink color is 
clearly concentrated in two sets 
of glide planes, which are nearly 
perpendicular to each other. 
Magnified 38x. 


A 
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ilar pink glide planes, it contained a 
high concentration of nitrogen, most- 
ly in the A-form aggregation, and a rel- 
atively weak platelet peak around 
1365 cm7! in the infrared absorption 
spectrum. As expected, the UV-visible 
absorption spectrum displayed moder- 
ately strong and sharp absorptions at 
316, 330, and 415 nm (N3}, and a broad 
band centered at ~550 nm. 

The distance between individual 
planes varied from about 0.2 to 1.0 
mm. The two sets of planes were near- 
ly perpendicular to each other (again, 
see figure 6), and etch channels were 
observed where the two sets intersect- 
ed. All the channels were likewise 
straight and parallel. Depending on 
the development of the glide planes, 
the dissolution channels varied from 
less than 1 mm to over 2 mm deep. 
The shape and diameter of the chan- 
nels were too small to be determined 
with a regular gemological micro- 
scope, but the diameter appeared to be 
less than 50 um. Nevertheless, the 
channels were readily seen with prop- 
er lighting (figure 7). 

The physics of the crystalline 
defect that generates the ~550 nm 
broad absorption band is not well 
understood. However, it is widely 
believed to be related to plastic defor- 


Figure 7. As can be seen here, 
etch channels developed at the 
intersections of the two sets of 
glide planes in the 0.77 ct Light 
pink diamond. With reflected 
light, the planes appear as dis- 
tinct lines on the polished faces. 
Magnified 98x. 


Gems & GEMOLOGY 


mation of the diamond lattice (see, 
e.g., A. T. Collins, “The colour of dia- 
mond and how it may be changed,” 
Journal of Gemmology, Vol. 2.7, 2000, 
pp. 341-359). A glide plane is a distor- 
tion of the crystal lattice, with the car- 
bon atoms shifted away from their 
normal, stable positions. This distor- 
tion would be significantly intensified 
where the two sets of glide planes 
intersect, since it is occurring in two 
separate directions. The carbon atoms 
in these strongly distorted regions 
would not have a normal diamond 
structure, and thus they would not be 
chemically as stable. As a result, dis- 
solution or etching could selectively 
occur in these regions. 

Etch channels are a common 
sight in natural diamonds, though 
their formation mechanisms are not 
fully understood (see, e.g., T. Lu et al., 
“Observation of etch channels in sev- 
eral natural diamonds,” Diamond 
and Related Materials, Vol. 10, 2001, 
pp. 68-75). This unusual pink stone 
revealed that intersections of plastic 
deformation planes are chemically 
less stable, so they are one of the local- 
ities where etching can selectively 
occur. 

Wuyi Wang, Vinny Cracco, 
and TMM 


Two Diamonds from the 
Same Octahedron 


Typically a diamond cutter will fashion 
at least two stones from a single octa- 
hedral crystal; however, these stones 
rarely remain together for long. One is 
commonly larger than the other, so the 
diamonds tend to get distributed in dif- 
ferent lots. Certain spectroscopic meth- 
ods can sometimes be used to detect 
similarities in once-contiguous stones, 
but natural zoning of impurities and 
lattice defects in colored diamond crys- 
tals often makes it difficult to match 
spectroscopic data from different parts 
of the crystal. Other techniques such 
as X-ray topography may have more 
potential (see I. Sunagawa et al., “Finge- 
rprinting of two diamonds cut from the 
same rough,” Winter 1998 Gems & 
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Figure 8. High-energy DiamondView UV fluorescence patterns from these 
two diamonds (left, 0.38 ct; right, 2.39 ct) are nearly perfect mirror images 
of each other, strongly suggesting that they were at one time part of the 


same crystal. 


Gemology, pp. 270-280; R. Diehl and 
N. Herres, “X-ray fingerprinting rou- 
tine for cut diamonds,” Spring 2004 
Gems &) Gemology, pp. 40-57). 

The West Coast laboratory re- 
cently examined two partially pol- 
ished colored diamonds that appeared 
to have been cut from the same piece 
of rough. The stones had been sub- 
mitted at the same time, but for sepa- 
rate origin-of-color reports. One (0.38 
ct) consisted of the rough top of a 
brownish yellow octahedron with 
only the cut base polished. The other 
was much larger (2.39 ct) and had 
been blocked into a yellow cut-cor- 
nered rectangular modified brilliant. 
Unpolished surfaces on both dia- 
monds showed abundant brown radi- 
ation stains. The diamonds exhibited 
similar strain patterns with cross- 
polarized light, and both showed 
greenish yellow fluorescence to long- 
and short-wave UV lamps. Infrared 
spectroscopy revealed that both 
stones were type Ia with abundant 
nitrogen impurities; the spectra were 
almost identical. These similarities 
suggested that at one time these two 
diamonds might have been part of the 
same crystal. 

In an effort to confirm this specula- 
tion, the diamonds were examined 
with a Diamond Trading Company 
(DTC) DiamondView, which uses a 
high-energy UV source to reveal differ- 
ences in the fluorescence of diamond 
growth zonations. Distinctive fluores- 
cence patterns were present in both 
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stones (figure 8). Furthermore, the 
high-energy fluorescence pattern from 
the base of the smaller diamond was 
almost a mirror image of that seen in 
the larger, blocked stone. The correla- 
tion of their DiamondView images, 
gemological observations, and spectro- 
scopic data indicates that these two 
diamonds were indeed cut from the 
same octahedron. 

Christopher M. Breeding 


Unusual Translucent Brown- 
Orange Diamond 


Micro-inclusions in diamond, such as 
water and carbonates, are useful in 


Figure 9. This translucent 1.58 ct 
brown-orange diamond (7.20 x 
7.09 x 4.76 mm) appears to owe 
its unusual hue to large amounts 
of carbonate micro-inclusions. 
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studying the formation and evolution 
of the fluids/melts that are essential for 
diamond formation in the upper man- 
tle. These inclusions usually occur in 
the fibrous coatings on some octahe- 
dral diamond crystals. Although such 
coated diamonds from the DRC/Zaire 
and Botswana have been described pre- 
viously (O. Navon et al., “Mantle- 
derived fluids in diamond micro-inclu- 
sions,” Nature, Vol. 335, 1988, pp. 
784-789), and we have recently report- 
ed on a colorless diamond and a Fancy 
Dark brown-greenish yellow diamond 
with carbonate micro-inclusions (Lab 
Notes: Winter 2004, pp. 325-326; 
Summer 2005, pp. 165-167), it is still 
extremely rare to see a faceted gem dia- 
mond with these inclusions through- 
out the entire crystal. 

The 1.58 ct translucent brown- 
orange round brilliant in figure 9 was 
submitted to the East Coast laborato- 
ry for identification and origin-of-color 
determination. Upon examination, 
we saw fractures that appeared to have 
orange color concentrations. With the 
microscope, we also observed exten- 
sive surface graining (figure 10), as 
well as micro-inclusions throughout 
the stone. 

Since this diamond was translucent, 
we used diffuse reflectance infrared 
spectroscopy to study the inclusions. As 
seen in figure 11, absorption bands at 


Figure 10. With reflected light 
(here, on the table facet), surface 
graining was observed over most 
of the diamond in figure 9. 
Magnified 40x. 
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Figure 11. Diffuse reflectance IR absorption spectroscopy showed that 
this diamond is type Ia with carbonate and water micro-inclusions. By 
subtracting the spectrum of a pure type Ia diamond, the absorption 
bands of other micro-inclusions such as apatite and micas can be seen 


in detail (inset). 


3420 and 1640 cm! suggested the pres- 
ence of water molecules. A silicate 
absorption band was also seen at 1065 
cm7!. The two bands at 605 and 575 
cm! are due to apatite (M. Schrauder 
and O. Navon, “Hydrous and carbon- 
atitic mantle fluids in fibrous dia- 
monds from Jwaneng, Botswana,” 
Geochimica et Cosmochimica Acta, 
Vol. 58, No. 2, 1994, pp. 761-771). The 
bands at 812 and 785 cm! are due to 
quartz. They are shifted from their nor- 
mal positions at 798 and 779 cm7! as a 
result of the high internal pressure 
within the micro-inclusions. The band 
at 840 cm7! is characteristic of micas 
and clay minerals. The bands for car- 
bonates (CO;) were also observed at 
1430 and 876 cm7!; these are the main 
carbonate band and the characteristic 
band for calcite, respectively (again, see 
Navon et al., 1988). 

The bands at 2965 and 2926 cm! 
are caused by the CH, group, the one at 
2854 cm-! by the CH, group, and the 
sharp peak at 3107 cm7! is assigned to 
the C=CH, group (J. Lindblom et al., 
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“Luminescence study of defects in 
synthetic as-grown and HPHT dia- 
monds compared to natural dia- 
monds,” American Mineralogist, Vol. 


Figure 12. High-energy Diamond- 
View fluorescence imaging shows 
that the diamond in figure 9 grew 
from a cube to an octahedron 
with multiple growth centers. 
This was further confirmed by a 
distinctive cubic growth center 
seen when the diamond was 
viewed through the pavilion. 
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90, No. 2-3, 2005, pp. 428-440]. These 
peaks are observed in natural diamonds 
and may also be attributed to artifacts 
from contamination within the frac- 
tures of this diamond, so their presence 
is probably unrelated to inclusions. 

Our examination of this unusual 
diamond allows us to infer some geo- 
logic conditions of its formation. The 
shift in the peak positions of quartz in 
the IR spectrum corresponds to a 
pressure of 1.5 GPa at room tempera- 
ture (see Schrauder and Navon, 1994). 
Extrapolating to a typical mantle tem- 
perature of 1,000°C would correspond 
to a pressure of 4.5 GPa, which falls 
within the diamond stability field. 
Therefore, the micro-inclusions in 
this diamond appear to have crystal- 
lized from fluids that were trapped 
during its growth in the upper mantle. 
As the mantle-derived fluids in the 
diamond cooled during its travel to 
the surface, they developed into a sec- 
ondary-phase assemblage that formed 
the micro-inclusions (i.e., water, car- 
bonates, silicates, apatites, micas, and 
clays). This assemblage, with an 
absence of molecular CO,, suggests 
that the diamond formed under con- 
ditions that were fluid-rich and gas- 
poor. The inclusions correspond to 
both carbonatitic fluids (carbonates) 
and hydrous fluids (water, SiO,), 
which may coexist at upper-mantle 
temperatures and pressures. 

Because this diamond was pol- 
ished, there was no obvious evi- 
dence of its crystal habit. However, 
when it was examined with the 
DTC DiamondView, the fluorescence 
image showed that the internal mor- 
phology evolved from cube to octahe- 
dron with multiple growth centers 
(figure 12). It also indicated that the 
brown-orange color followed the 
growth zoning. This could be impor- 
tant evidence that the color was 
caused by micro-inclusions that were 
captured by different growth zones 
rather than along the fractures as it 
initially appeared. Another Diamond- 
View image through the pavilion 
showed a distinctive cubic growth 
center, confirming that this diamond 
grew from multiple growth centers. 
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Figure 13. This emerald-in-matrix specimen was known to be assembled 
prior to being submitted to the laboratory, but it proved to have another, 
very unusual, characteristic. 


This brown-orange diamond is the 
first we have analyzed with this vari- 
ety of micro-inclusions. Advanced 
spectroscopic testing not only con- 
firmed that its color was of natural 
origin but also provided keys to its 
geologic formation. An orange hue is 
not common in naturally colored dia- 
monds; it is mainly due to the pres- 
ence of point and/or extended defects. 
This diamond demonstrated that 
micro-inclusions may also contribute 
to an orange coloration. 

Kyaw Soe Moe and Paul Johnson 
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Inscriptions Inside 
EMERALD Crystals 


Occasionally the laboratory receives 
mineral specimens for identification, 
usually for the purpose of determining 
whether or not they are natural or 
have been assembled (see, e.g., Spring 
2003 Lab Notes, p. 42). The emerald- 
in-matrix specimen shown in figure 
13 was submitted to the West Coast 
laboratory, but this time the owner 
knew in advance that it had been 
assembled from Colombian material. 
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Figure 14. The extent of the glue 
used to affix the emerald crystals 
in the matrix became very appar- 
ent when the specimen was 
exposed to long-wave UV radia- 
tion. Notice how visible the writ- 
ing in one of the crystals is. 


The purpose of the examination was 
to make sure the emerald crystals 
were natural, as well as to document 
something very unusual that had been 
done to them. 

Spectroscopic testing and micro- 
scopic examination confirmed that 
the crystals were natural emeralds. 
Close observation of the specimen at 
the base of the crystals revealed an 
adhesive that had been mixed with 
crushed matrix to give it a more nat- 
ural appearance—a practice that is 
very common in the construction or 
reconstruction of mineral speci- 
mens. The glue was easily visible 
when exposed to long-wave UV radi- 
ation, as it fluoresced a strong blue 
(figure 14). 

This was not, however, the most 
interesting aspect of the specimen. The 
two largest crystals (26.75 x 25.50 x 
20.50 mm and 17.00 x 20.80 x 19.90 
mm) had what appeared to be some 
sort of internal inscription. With a 
loupe, it could be seen that the writing 
was in Arabic and was not on the sur- 
face of the crystals. With the micro- 
scope, the answer to this mystery 
became clear. While out of the matrix, 
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Figure 15. This view through the 
termination of one of the emer- 
ald crystals in figure 13 reveals 
that a hole had been drilled 
down the center from the bottom 
without breaking the surface of 
the termination. Magnified 10x. 


the crystals apparently had been core 
drilled from the bottom, with care 
being taken not to cut through the ter- 
mination or any of the prism faces. 
What appeared to be a rolled up piece of 
paper or some other writing material 
was then inserted into each of the crys- 
tals, conforming to the cylindrical 
shape of the drilled holes. The holes 
were then filled with a resin or similar 
compound (figure 15), and the speci- 
men was reassembled. We surmise that 
once the paper was saturated by the 
resin, it became transparent, leaving 
only the wording, in black, visible from 
the outside of the crystal (figure 16). 
Although this is not the only possible 
scenario, it seems the most likely. 

One of our staff members at the 
time, Maha Calderon, was able to 
read most of the two inscriptions, the 
first of which she translated as, “To 
the people, guidance, and wisdom to 
the believers.” Only part of the sec- 
ond inscription was legible because of 
inclusions in the emerald. 

SFM 
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Figure 16. It appears that some 
sort of material with Arabic writ- 
ing was inserted into the holes 
made in the two largest emerald 
crystals. Magnified 10x. 


Color-Coated Star QUARTZ 


Recently, the East Coast laboratory 
received for identification a grayish 
blue oval cabochon displaying aster- 
ism. The stone measured approxi- 
mately 12.35 x 10.25 x 6.45 mm and 
was set in a white metal ring (figure 
17). Standard gemological testing 
revealed a spot refractive index of 1.54 
and a bull’s-eye optic figure, which 
identified the stone as quartz. 

The lab has reported on star quartz 
many times over the years, discussing 
the typical colors, cause of asterism, 
and sources of the material (see, e.g., 
Lab Notes: Winter 1981, p. 230; Spring 
1985, pp. 45-46; Spring 1987, pp. 


Figure 17. Although the asterism 
in this rock crystal quartz cabo- 
chon is natural, the color is 
caused by a blue coating on the 
back, probably to help it imitate 
star sapphire. 
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47-48). This stone contained numer- 
ous oriented needles, which caused the 
star, so we concluded that the asterism 
was natural. What was unnatural, 
however, was the apparent color. 
When the bottom of the cabochon was 
viewed with magnification and a com- 
bination of overhead and darkfield 
lighting, a slightly uneven blue coating 
was clearly visible. In fact, two small 
chips near the stone’s edge revealed 
colorless quartz underneath (figure 18). 
Coating is one of the simplest 
ways to change a stone’s color and is 
frequently used on a variety of mate- 
rials, including diamond, beryl, topaz, 
cubic zirconia, and, of course, quartz. 
What made this particular ring inter- 
esting was that the color of the coat- 
ing on the natural star quartz cabo- 
chon created an extremely convincing 
imitation of a star sapphire. As noted 
above, this is hardly a new material. 
GIA reported on a nearly identical 
stone—a star quartz with blue back- 
ing added to imitate star sapphire—in 
the Summer 1938 GwG (p. 168], 
which shows that no matter how 
many new treatments come on the 
market, gemologists must still be on 
guard for simple ones such as this. 
[Editor’s note: The Summer 1938 
issue is available in PDF format on 
the Gems & Gemology website at 

www.gia.edu/gemsandgemology. | 
Wendi M. Mayerson 


Figure 18. A chip on the bottom of 
the cabochon in figure 17 reveals 
colorless quartz underneath the 
blue coating. Magnified 30x. 
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Figure 19. This 25.35 x 17.70 x 5.75 mm cabochon was one of several samples 
submitted to the laboratory that at first appeared to be spiderweb turquoise, 
but proved to be variscite. Its resemblance to true spiderweb turquoise from 
the Lander Blue turquoise mine in Nevada (inset) is quite striking. 


VARISCITE, Resembling Turquoise 


Several cabochons of a mottled green- 
blue material in black matrix (figure 
19), represented as turquoise from 
Lander, Nevada, were recently sub- 
mitted to the West Coast laboratory 
for identification. The now-inactive 
Lander Blue turquoise mine was 
noted for small pockets of nodular 
turquoise with black matrix (figure 
19, inset) that was called “spiderweb” 
turquoise. The deposit has been 
referred to as a “hat mine” because 
the pockets were small enough to be 
covered by a hat. The deposit was dis- 
covered in 1973, and during its rela- 
tively short lifespan only 104 Ibs. (47 
kg) of spiderweb turquoise was mined 
(A. Ahmed et al. “Ttrkis: der 


Edelstein mit der Farbe des Himmels” 
[Turquoise: The Jewel with the Color 
of the Sky], extraLapis No. 16, 
Christian Weise, Munich, 1999, pp. 
34-41). 

The submitted material strongly 
resembled this unusually textured 
turquoise, but the color was less satu- 
rated than we would expect from this 
locality. Microscopic examination 
revealed a structure and texture that 
were not typical of turquoise, but 
could not rule it out given the many 
deposits and treatments possible for 
this gem material. The refractive 
indices of the 20.16 ct piece we tested 
were 1.570-1.590, which are lower 
than the published values for tur- 
quoise. Again, however, many impreg- 


nated turquoises have lower refractive 
indices that may fall within this range. 
The samples were all backed with a 
black material, so a meaningful specif- 
ic gravity could not be obtained. 

Our standard laboratory procedure 
is to test all turquoise for polymer 
impregnation using infrared spec- 
troscopy. The IR spectrum of this 
material, however, did not resemble 
that of turquoise at all. This effectively 
eliminated turquoise as a possible 
identification, so the next step was to 
obtain a Raman spectrum. The results 
showed a very close, but not exact, 
match to variscite (AlPO,°2H,O). 
Variscite is a mineral in the variscite 
group that forms a complete solid solu- 
tion with strengite (Fe,+PO,*2H,O). 

The final test was X-ray diffraction 
(XRD) analysis. After comparing the 
sample to known patterns, we deter- 
mined that the material was in fact 
variscite. Minor variations in the 
Raman spectrum and the XRD pat- 
tern were probably due to variations 
within the variscite series. This was 
the first time that a sample of variscite 
with an appearance this close to 
turquoise was seen in our lab. Even 
our most experienced gemologists 
would not have suspected this materi- 
al to be variscite at first glance. 

Eric Fritz and Kimberly Rockwell 


PHOTO CREDITS 

Elizabeth Schrader—1; Shane F McClure— 
2 (left), 15 and 16; Shane Elen—2 (center 
and right); Maha Calderon—3, 5, 13, and 
14; Christopher M. Breeding—4 and 8; 
Wuyi Wang—6 and 7; Jessica Arditi—9 
and 17; Kyaw Soe Moe—10 and 12; Wendi 
Mayerson—18; Don Mengason—19 and 
19 (inset). 


For regular updates from the world of Gems & GEMOLOGY, visit our website at: 


www.gia.edu/gemsandgemology 


LAB NOTES 


GEMS & GEMOLOGY 


SPRING 2006 61 


SLE 


‘i= 


"> 
7 


EDITOR 
Brendan M. Laurs (blaurs@gia.edu) 


CONTRIBUTING EDITORS 
Emmanuel Fritsch, IMN, University of 
Nantes, France (fritsch@cnrs-imn.fr) 
Henry A. Hanni, SSEF, Basel, Switzerland 
(gemlab @ssef.ch) 

Franck Notari, GIA GemTechLab, 
Geneva, Switzerland 
(franck.notari@gia.edu) 

Kenneth V. G. Scarratt, GIA Research, 
Bangkok, Thailand 

(ken.scarratt@ gia.edu) 


SG Tucson 


Although fewer new gem finds debuted in 2006 than in 
previous Tucson shows, there were nevertheless a variety 
of items that appealed to those with an eye for the unusual. 
These materials originated from many parts of the world, 
rather than the strong emphasis on African countries seen 
in recent years. Nevertheless, Africa was the source of 
some spectacular gem discoveries over the past year, such 
as copper-bearing tourmalines from Mozambique (see 


Figure 1. Mozambique is the source of this 48.23 ct 
tourmaline, which has a bright blue color that is typ- 
ical of the fine-quality copper-bearing elbaite mined 
from the Alto Ligonha region since mid-2005. 
Courtesy of Evan Caplan and Omi Gems, Los 
Angeles; photo © Harold & Erica Van Pelt. 
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Winter 2005 Gem News International, pp. 360-361, and 
the article by A. Abduriyim et al. on copper-bearing tour- 
maline in this issue). There was a strong showing of this 
tourmaline in Tucson, including some large stones (see, 
e.g., figure 1). Another notable African gem seen at the 
shows was a 62.81 ct tsavorite from Merelani, Tanzania 
(figure 2). Although large tsavorites from Merelani have 


Figure 2. This 62.81 ct tsavorite was cut from rough 
that was reportedly recovered in late 2005 from the 
“Karo” area, which lies just east of Block D at 
Merelani, Tanzania. The tsavorite was found at about 
180 m depth, in an area that also produced some fine 
tanzanite and bright green-yellow diopside. Courtesy 
of New Era Gems; photo © Jeff Scovil. 
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Variations in Upals 


by 


VIRGINIA V. HINTON, C.G., F.G.A. 


Every gemologist will have stones 
presented for identification; or will ac- 
quire stones for his collection, that will 
prove puzzling and will put one on one’s 
metal. Such stones may often take a 
lot of careful study. It will be remem- 
bered that authorities give opal a specific 
gravity of 1.95 to 2.3 with a refractive 
index of 1.40 to 1.46 and a hardness of 
5.5 to 6.5. 

While in California three years ago 
I purchased a very bright translucent 
opal of a honey color that had a brilliant 
play of color resembling red and green 
spangles. These spangles were close and 
made a very pleasing stone. The origin 
of the stone was in The Last Chance 
Canyon in the Sierra Nevada range of 
California. Last Chance Canyon is in 
Kern County on the easterly side of the 
range facing part of the Mohave Desert 
and the Death Valley Country, extremely 
arid sections with a rainfall of 0” to 10” 
a year. 

While in California, which. has a rather 
dry climate, I got a lot of enjoyment from 
this stone, but on my return to the Gulf 
Coast section of southeast Texas, with 
a rainfall of 50” to 60” a year, and a 
humidity on clear days often as high as 
85% to 95%, imagine my dismay when 
this stone became a milky white opaque, 
without any: fire. Soaking in olive oil 
would revive the translucency for a few 
days but with almost no fire. Southeast 
Texas has had the dryest two years 
known and the opal has been back to 
its original. beauty during this time. As 
we know, opal is quite porous and this 
was proved by the action of this stone 
and also by the use of a petri cup and 


90 


a few grains of calcium chloride whicl 
produced artificial dryness. This opal 
has a s.g. of only 1.89, the ri. is 1.44 to 
1.45, and a hardness of about 5.5. Fluores- 
cence under 2500 AU. light is very strong 
green, and under 3650 AU. light is dirty 
white and cloudy. You may not have an 
opportunity to see such changes in an 
opal but if you do, don’t be surprised. 

Oliver Cummings Farrington in his 
book “Gems and Gem Minerals” speaks 
of opals losing and regaining their color 
but does not give any reason. 

Generally, the more transparent opals 
fluoresce more strongly than the black or 
more opaque stones. Phosphorescence is 
not unusual. The spectroscope gives a 
prompt identification as the entire su 
end of the spectrum is blotted out. 

Some interesting experiments have beer 


made on opals with ultra violet light as 
shown on the next page. 


Australian Association... 
(From page 89) 


a legal question we place ourselves in 
the hands of a legal advisor, or if we 
wish to draw plans for a house we go 
to an architect. Now in so doing we can- 
not feel satished unless we have faith in 
the expert to whom we commit our 
affairs. This faith rests not only in a 
belief that the expert is professionally 
competent, but also that he is an honor- 
able person. A gemologist must not only 
know how to distinguish between real 
and synthetic gems, but he must also b 
prepared to tell the truth to the person = 
seeking his advise. 


(Continued to next page) 
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been faceted previously (see, e.g., Spring 2004 Gem News 
International, pp. 72—73), this stone showed a particularly 
saturated green color. Additional Tucson items are 
described below, with more to be included in the Summer 
2006 GNI section. G#G thanks our many friends who 
shared material with us this year. 


COLORED STONES AND 
ORGANIC MATERIALS 


Aquamarine from a new primary deposit in Sri Lanka. 
Except for moonstones that are mined from a weathered 
pegmatite in Meetiyagoda and in situ chrysoberyl from 
Pattara, no other commercially viable primary gem deposit 
has been known from Sri Lanka. This changed in mid- 
2005, with the accidental discovery of gem-quality aqua- 
marine at the Akkerella estate (owned by Kahawatta 
Plantations Ltd.), about 25 km southeast of Ratnapura. 
The aquamarine was found during mining of vein quartz 
for industrial silica, and the discovery led to a sudden gem 
rush, followed by clashes between police and gem miners 
(see J. Henricus-Prematilleke, “New aquamarine find 
sparks gem rush in Sri Lanka,” Jewellery News Asia, No. 
254, 2005, pp. 56, 58). Previously, aquamarine from Sri 
Lanka was known from Ratnapura and Nawalapitiya, but 
only as water-worn pebbles. 

The new aquamarine crystals range up to 10+ cm long, 
and vary from pale blue to a saturated dark blue resembling 
“Santa Maria” aquamarine from Minas Gerais, Brazil. They 
are embedded in quartz (figure 3), in association with mica 
and black tourmaline. The quartz-vein field at Akkerella 
measures about 2. km long. The nearby estate of Hunuwala, 
which is about 6 km northwest of Akkerella, shows evi- 
dence for the continuation of vein mineralization. Sri 
Lanka’s National Gem and Jewellery Authority recently 
auctioned mining claims on both estates, and they are 
being mined currently. The Hunuwala estate has produced 
large crystals of gem-quality colorless topaz, some weigh- 
ing 2-10 kg. The total production of aquamarine since min- 
ing began is estimated by one of us (EGZ) to exceed 100 
kg of rough, of which 20%-30% is facetable; at least 


Editor’s note: The initials at the end of each item identify the 
editor or contributing editor who provided it. Full names and 
affiliations are given for other contributors. Dr. Mary L. 
Johnson of the GIA Laboratory in Carlsbad is thanked for 
her internal review of the Gem News International section. 

Interested contributors should send information and 
illustrations to Brendan Laurs at blaurs@gia.edu (e-mail), 
760-603-4595 (fax), or GIA, The Robert Mouawad Campus, 
5345 Armada Drive, Carlsbad, CA 92008. Original photos 
will be returned after consideration or publication. 
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Figure 3. Aquamarine from a new primary deposit on 
the Akkerella estate in Sri Lanka is found embedded 
within quartz veins. Courtesy of E. G. Zoysa. 


5,000 carats of the aquamarine have been faceted so far. 

At the 2006 AGTA show in Tucson, Dudley Blauwet 
(Dudley Blauwet Gems, Louisville, Colorado) had a selec- 
tion of faceted aquamarine from the new Sri Lankan 
deposit. The stones, which were reportedly unheated, 
showed a range of color from light blue to a saturated blue 
with little or no greenish overtones (figure 4). Most of the 
stones weighed 2-3 ct, and were cut from a parcel that he 
obtained in Sri Lanka in November 2005 that consisted of 
29 clean pieces weighing a total of 68.88 carats. 

Mr. Blauwet loaned three samples of the aquamarine 
(4.37, 5.28, 8.19 ct; again, see figure 4) to GIA for examina- 
tion, and the following gemological properties were deter- 
mined by one of us (EPQ): pleochroism—strong blue and 
near colorless; R.L—n, = 1.584-1.587 and n, = 1.577-1.580; 
birefringence—0.007; S.G.—2.71; and fluorescence—inert 
to both long- and short-wave UV radiation. Vis-NIR spec- 
troscopy displayed a 427 nm absorption peak typical of 
aquamarine. Microscopic examination revealed “finger- 


Figure 4. These aquamarines (4.37-8.19 ct) are report- 
edly unheated and demonstrate the range of color 
seen in fine material from the new Sri Lankan 
deposit. Courtesy of Dudley Blauwet Gems; photo 

© Robert Weldon and GIA. 
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prints,” doubly refractive crystals with reflective halos, 
minute crystals, stringers of particles, needles, and near- 
parallel reflective dendrites surrounded by clouds. 

The recent discovery of in situ aquamarine in Sri 
Lanka has generated a renewed interest in the geology of 
gem deposits in that country. More discoveries are antici- 
pated with further exploration in the region. 

BML 


E. Gamini Zoysa (mincraft@sIt.Ik) 
Mount Lavinia, Sri Lanka 


Elizabeth P. Quinn 
GIA GemTechLab, Geneva, Switzerland 


Massive haiiyne-sodalite from Myanmar. These contribu- 
tors recently examined a 14.71 ct translucent blue cabo- 
chon (figure 5, left) acquired at the 2006 Tucson gem 


Figure 6. The specular 
reflectance FTIR spectrum 
of the 14.71 ct blue cabo- 
chon mainly indicated the 
presence of hatiyne, with 
some sodalite and a third 


unidentified mineral phase. Beemer 


| Sodalite peaks 


| Hatiyne peaks 


Figure 5. This attractive blue, 
14.71 ct cabochon (sample no. 
FN-7692), reportedly from 
Mogok, appears to be a combi- 
nation of massive hatiyne and 
sodalite. Note the strong zoned 
orange fluorescence to long- 
wave UV (right); the chalky blue 
spots correspond to the white 
areas seen in normal lighting. 
Photos by C. Grobon (left) and 
T. Hainschwang (right). 


shows, where it was represented as a mixture of hatiyne 
and sodalite. The seller, Mark Smith of Thai Lanka 
Trading Ltd., Bangkok, indicated that he had initially pur- 
chased such material several years ago. This sample was 
reportedly found in the Dattaw mining area, a few kilome- 
ters northeast of the center of Mogok. According to Mr. 
Smith, the material occurs as massive blue veins within a 
host rock of white calcite marble. 

The color was a relatively homogeneous intense blue, 
with some thin white veins and some irregular white 
patches. The hydrostatic S.G. was 2.51, and the spot RL 
was around 1.50. The material showed strongly zoned 
orange fluorescence, with some chalky blue spots to long- 
wave UV radiation (figure 5, right) and a very weak red 
glow to short-wave UV. Microscopic observation revealed 
tiny inclusions with the appearance of pyrite. For the most 
part, these properties are consistent with hatiyne. 
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UV-VIS-NIR SPECTRUM 
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Figure 7. The UV-Vis-NIR spectrum of the hatiyne- 
sodalite cabochon is characterized by a very strong and 
broad band centered at 600 nm and a weaker band at 
~400 nm. This is quite similar to published spectra for 
hatiyne. The spectrum was acquired by reflectance and 
converted to an absorption spectrum. 


Haiiyne is a cubic silicate with the general formula 
(Na,Ca, AIL Si,O,,(SO,), that is related to sodalite—which 
has the general formula Na,AISi,O,,Cl,—along with the 
species lazurite and nosean. To identify the mineral(s) pre- 
sent in this cabochon, we recorded a specular reflectance 
FTIR spectrum. The spectrum showed features for both 
haiiyne and sodalite, plus some additional unidentified 
peaks, although hatiyne appeared to be the dominant min- 
eral (figure 6). Unfortunately, our reflectance database 
lacks nosean, so we could not determine whether it was 
responsible for the additional peaks. 

The UV-Vis-NIR spectrum revealed absorption bands 
very similar to those described by L. Kiefert and H. A. 
Hanni (“Gem-quality hatiyne from the Eifel District, 
Germany,” Fall 2000 Gems & Gemology, pp. 246-253), 
with the main feature being a very broad band centered at 
600 nm and a second weaker band at ~400 nm (figure 7). 

EDXRF chemical analysis detected major amounts of 
Si, Al, K, and Sr, and minor Ca, Na, Cl, and S. These are all 
part of the chemical formula of hattyne (and also sodalite}, 
with the exception of K and Sr. Minor amounts of K are 
known to occur in hatiyne. The origin of the relatively high 
Sr content may be due to the material’s formation within a 
calcite host rock, which often contains Sr impurities. 

Our analyses indicate that this attractive blue material 
is mainly massive hatiyne mixed with other related miner- 
al phases, one of which is most likely sodalite. The materi- 
als appear to be intimately mixed with one another and no 
particular distribution could be observed, even according 
to color. Although these minerals are closely related, these 
contributors are not aware of substantial solid solution 
between them, and therefore assume that the individual 
mineral phases are present. The white spots were deter- 
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mined to be the same material as the blue host, but this is 

not surprising since hatiyne and sodalite are both known 

in colorless (or white) forms. In some of these white spots, 

accumulations of inclusions could be seen. These are most 

likely calcite, which explains the chalky blue lumines- 
cence of these spots to long-wave UV radiation. 

Candice Grobon (candice. grobon@gia.edu) 

and Thomas Hainschwang 

GIA GemTechLab, Geneva, Switzerland 


Gem-quality massive pink muscovite from Brazil. 
Minerals of the mica group are only rarely used as gem 
materials. Lepidolite, a lithium-bearing mica, is known 
mainly as lavender fine-grained aggregates containing 
opaque pink tourmaline crystals from the Stewart mine in 
Pala, California. These aggregates have been fashioned as 
cabochons and carvings, as has similar material from a lepi- 
dolite pegmatite at Rozna, Czech Republic. A cabochon of 
reddish purple mica (lepidolite or muscovite) from northern 
New Mexico was described in the Fall 1993 Gem News 
(pp. 210-211). Lepidolite also forms platy purple crystals 
from several pegmatites in Minas Gerais, Brazil, and else- 
where, but these are not cuttable due to the micaceous 
cleavage of the single-crystal material. While in Brazil in 
2004, one of these contributors (JH) encountered an unusu- 
al mica (figure 8) that was sold as rose quartz and reportedly 
came from an undisclosed pegmatite in Minas Gerais State. 
In light of its attractive color and translucency, several 
stones were faceted (see, e.g., figure 9) and offered by this 
contributor at the Arizona Mineral & Fossil Show (Clarion 
Hotel) in Tucson. 

Gemological properties were measured on five cut 
stones weighing 0.76—23.19 ct. The R.L. was very difficult 
to read because of the poor polish (as expected for a mica 


Figure 8. This aggregate of fine-grained muscovite 
(about 7 cm wide) was represented as rose quartz in 
Minas Gerais, Brazil. Photo by J. Hyrsl. 


GEMS & GEMOLOGY SPRING 2006 65 


Figure 9. A few faceted stones (here, 23.19 ct) have 
been produced from the massive Brazilian muscovite. 
Photo by J. Hyrsl. 


aggregate due to the low hardness and perfect cleavage}, 
only a weak shadow in the 1.53-1.58 region was visible. 
Specific gravity (measured hydrostatically) was 
2.83-2.85, and the Mohs hardness was about 2.5 (deter- 
mined by scratch testing with halite and calcite). The 


TABLE 1. Chemical composition of a pink muscovite 


from Brazil.? 
Oxide (wt.%) lons per 12 anions 
SiO, 45.32 Si** 3.055 
TiO, bdl Ti** bdl 
Al,O. 36.93 Als* 2.934 
FeO bdl Fe?+ bdl 
MnO 0.12 Mn2+ 0.007 
ZnO bdl Zn?* bdl 
MgO bdl Mg?* bdl 
K,O 10.41 K* 0.895 
Na,O 0.40 Na* 0.052 
Rb,O 0.37 Rb* 0.016 
Cs,O 0.13 Cs* 0.004 
F 0.33 F- 0.070 
Cl bdl Cl- bdl 
H,O 4.29 Ht 1.930 
-O=F -0.14 O?- 11.930 
-O=Cl 0.00 

Total 98.16 


4 Average values for eight analyses of one sample, obtained with a 
Cameca SX 100 electron microprobe at Masaryk University. 
Abbreviation: bdl=below detection limit. Detection limits (wt.% oxide) 
at 20: Ti=0.02, Fe = 0.05, Zn=0.06, Mg=0.02, and Ci=0.02. Also 
analyzed but not detected in any of the analyses were Cr, Ni, Ca, and 
Ba. The ions per formula unit and H,O were calculated on the basis 
of 12 anions and F+OH = 2. 
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samples were inert to UV radiation and showed no fea- 
tures in the desk-model spectroscope. In the polariscope, 
they stayed bright during rotation, as would be expected 
for an anisotropic aggregate. These properties are consis- 
tent with both muscovite and lepidolite, except for the 
rather low R.I. values (which are probably due to the low 
quality of the readings). 

A powder X-ray diffraction analysis also suggested 
muscovite or lepidolite, and muscovite was confirmed by 
electron-microprobe analysis (see table 1). The chemical 
composition was very close to the ideal formula of 
KAL,AISi,O,.(OH),, with traces of Mn, Na, Rb, Cs, and F. 
Observation with a scanning electron microscope in 
backscattered electron (BSE) mode revealed that the mus- 
covite formed very fine-grained monomineralic aggre- 
gates of individual flakes about 100 um in size, with ran- 
dom orientation; no other minerals were observed in BSE 
mode. The very small grain size and compact nature of 
the aggregate accounts for its distinctive translucent 
appearance. 

The presence of significant F, Rb, and Cs suggests that 
this muscovite formed as a late-stage mineral in the peg- 
matite, possibly by replacement of another mineral or 
from hydrothermal fluids within a mineralized cavity (see, 
e.g., M. Novak and P. Cerny, “Abundance and composi- 
tional trends of Rb and Cs in micas from lepidolite- and 
elbaite-subtype pegmatites in the Moldanubicum, Czech 
Republic,” Acta Universitatis Carolinae Geologica, Vol. 
42, 1998, pp. 86-90). The slightly elevated Mn contents, a 
high Mn/Fe ratio, and the general absence of Ti and Fe are 
likely responsible for its deep “rose” pink color. 

Jaroslav Hyr’1 (hyrsl@kuryr.cz) 
Prague, Czech Republic 


Milan Novak and Radek Skoda 
Institute of Geological Sciences, Masaryk University 
Brno, Czech Republic 


Pyrope-spessartine from Tanzania. At the 2006 Pueblo 
Gem & Mineral show in Tucson, Steve Ulatowski (New 
Era Gems, Grass Valley, California) showed one of these 
contributors (BML) some new garnets from Tanzania. 
Marketed as “Imperial” garnets, they have been produced 
since late 2005 from Lindi Province, near the Mowemkulu 
River in the Namtamba village area of southeastern 
Madagascar. Similar stones have been mined from south- 
ern Madagascar for several years (see K. Schmetzer et al., 
“Pink to pinkish orange Malaya garnets from Bekily, 
Madagascar,” Winter 2001 Gems & Gemology, pp. 
296-308). 

Mr. Ulatowski indicated that there is a fair production 
of small rough (weighing <0.1 g), averaging about 40 
kg/month. Stones over 0.5 g are rare, with clean rough lim- 
ited to only about 500 g/month. He reported that faceted 
material over 1 ct is quite rare, and the largest stone with 
good clarity he has seen weighed about 3 ct. 


GEMS & GEMOLOGY SPRING 2006 


Figure 10. This 2.29 ct pyrope-spessartine is from a 
new deposit in the Lindi Province of southeastern 
Tanzania. Courtesy of New Era Gems; photo by 
Axel Respinger. 


Mr. Ulatowski loaned a rough and cut sample of the 
garnet to GIA for examination, and the following gemo- 
logical properties were determined by one of us (EPQ) on 
the cut stone (2.29 ct; figure 10): color—pink in both 
incandescent and daylight, but brownish pinkish orange 
in fluorescent (5,500 K) light; R.I.—1.756; S.G.—3.85; 
and fluorescence—inert to both long- and short-wave 
UV radiation. Microscopic examination revealed irides- 
cent needles (possibly rutile), subhedral transparent bire- 
fringent crystals, and dust-like particles. The physical 
properties identified the garnet as pyrope-spessartine. 
This is consistent with an absorption spectrum taken 
with a handheld spectroscope, and also with EDXRF 
chemical analysis. 

The properties of this garnet are quite similar to the 


Figure 11. Transparent sil- 
limanite has been recov- 
ered in a variety of colors 
from a new deposit that is 
reportedly located in the 
Vishakhapatnam region of 
Andra Pradesh, India. The 
sillimanites shown here 
range from 4.43 ct (brown- 
ish orange-yellow) to 
10.77 ct (grayish green). 
Courtesy of Anil B. 
Dholakia Inc.; photo © 
Robert Weldon and GIA. 
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Madagascar garnets described by Schmetzer et al. (2001), 
and it is quite possible that the deposits share similar geo- 
logic conditions in light of their close proximity before 
Madagascar separated from Tanzania. 

BML 


Elizabeth P. Quinn 


Transparent faceted sillimanite from India. At the AGTA 
show, Anil B. Dholakia Inc. (Franklin, North Carolina) had 
a large quantity of transparent sillimanite, reportedly from 
a new locality in the Vishakhapatnam region of Andra 
Pradesh, India. Several colors were available (figure 11), but 
most notable were the large greenish yellow to yellow- 
green stones, which Mr. Dholakia first brought to GIA’s 
attention in November 2005. He indicated that he had 
faceted about 20,000 carats of the sillimanite, all in 
checkerboard cuts, with most pieces weighing 1.5-10 ct 
(70% in calibrated sizes); a few larger stones ranged up to 
25 ct (rarely, 50 ct). In addition to greenish yellow, the 
hues included near colorless, grayish green, green-brown, 
brownish orange-yellow, and violetish gray. Mr. Dholakia 
characterized the production as sporadic. 

Similar material was obtained in mid-2004 during a 
buying trip to Jaipur, India, by Scott Davies of American- 
Thai Trading, Bangkok. In addition to the colors men- 
tioned above, Mr. Davies noted very light to dark grays 
and grayish browns. In his experience, the best greenish 
yellow sillimanites have an appearance resembling fine 
chrysoberyls from India. Most of the 3,000+ carats of silli- 
manite that he obtained were loupe-clean, or contained 
only thin parallel needles. The largest clean stones he pur- 
chased weighed more than 80 ct. About half had been cut 
with normal “Portuguese” patterns, and the other half 
had checkerboard crowns. Some of the stones needed 
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Figure 12. At 49.29, 25.05, and 21.12 ct, these green- 
ish yellow to yellow-green sillimanites from India are 
impressive for their size and color. Courtesy of Anil B. 
Dholakia Inc.; photo by Axel Respinger. 


recutting, and caution was required to avoid breaking the 
stones when the cleavage direction was oriented nearly 
parallel to the table facet. 

Mr. Dholakia loaned several of the sillimanites to GIA 
for examination, and the three largest stones (49.29, 
25.05, and 21.12 ct; see figure 12) were characterized by 
one of us (EPQ): color—yellow-green, greenish yellow, 
and yellow-green, respectively; pleochroism—moderate, 
in yellow and grayish green; diaphaneity—transparent, 
R.I.—n, = 1.584-1.587 and n, = 1.577-1.580; birefrin- 
gence—O0.017-0.018; S.G.—3.26; no Chelsea filter reac- 
tion; and inert to both long- and short-wave UV radiation. 
A strong absorption band at 460 nm was observed with a 
desk-model spectroscope. Microscopic examination 
revealed that the two yellow-green stones contained par- 
allel iridescent needles and the greenish yellow stone con- 
tained groups of fine whitish parallel needles. The proper- 
ties of these stones are generally consistent with those 
listed for sillimanite (fibrolite) by R. Webster (Gems, 5th 


68 GEM NEWS INTERNATIONAL 


ed., revised by P. Read, Butterworth-Heinemann, Oxford, 
England, 1994, p. 337). The colors of these three stones 
are unusual for sillimanite. We found no indication of 
treatment, but additional research would be necessary to 
determine the origin of their color. 

Although this greenish yellow to yellow-green silliman- 
ite may resemble chrysoberyl, the two gem materials can 
be easily separated with standard gemological techniques. 

BML 


Elizabeth P. Quinn 


Sphene from Pakistan. At the AGTA show, Dudley 
Blauwet had an impressive selection of sphene from 
Pakistan. The stones were notable for their range of color, 
strong dispersion, and availability in matched pairs and 
calibrated suites. Mr. Blauwet first obtained this material 
in mid-2004, and reported that it comes from a mining 
area that the locals refer to as Mullah Ghani Baba (after an 
Islamic saint, who was buried in the area), in the 
Mohmand Agency of Pakistan’s Federally Administered 
Tribal Areas, within the North West Frontier Province. It 
takes about 5-6 hours to reach the deposits from Peshawar 
(or 2, hours from Warsak); they are located fairly close to 
Sapari village at an elevation of about 7,000 feet (2,130 m). 
The mines are worked by hand tools and explosives. 

The sphene is typically a saturated “golden” orange 
color with intense dispersion, especially “red flash.” The 
material ranges from yellow to orange-brown, with green- 
ish brown and greenish yellow seen less commonly. 
Much of the sphene is sold in Peshawar as broken crystal 
fragments, although some fine crystals are also encoun- 
tered (see, e.g., figure 13). The rough is sometimes recov- 
ered in large pieces (up to several centimeters), but only 
small areas of such crystals are suitable for faceting. For 
example, Mr. Blauwet mentioned that a 40 kg parcel 


Figure 13. Sphene from 
Pakistan has been 
faceted into a variety of 
shapes and shows a 
range of color. The cut 
examples (1.47-6.21 ct) 
are shown together with 
a crystal (2.8 cm wide). 
Courtesy of Dudley 
Blauwet Gems; photo 
© Jeff Scovil. 
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Figure 14, These samples of yellow to yellowish 
orange-brown sphene from Pakistan were studied for 
this report (0.16-1.16 ct). Gift of Dudley Blauwet; 
GIA Collection no. 32497. Photo by Maha Calderon. 


mined in June 2005 contained only a limited amount of 
clean material with a small cutting yield. Nevertheless, 
stones as large as 18 ct have been faceted, according to 
Scott Davies. He indicated that the strong red component 
of the brown material makes the stones quite salable, 
even without the green coloration that is so highly prized 
in gem sphene. 

Mr. Blauwet loaned and donated several samples of 
this sphene to GIA for examination, and gemological 
properties were collected on five faceted samples 
(0.16-1.16 ct; figure 14) by one of us (EPQ): color—yel- 
low, brownish yellowish orange, and yellowish orange- 
brown; pleochroism—strong yellow and red-orange for 
the orange and brown sphenes, moderate yellow and 
brownish orange for the two yellow sphenes,; diaphane- 
ity—transparent; dispersion—strong; R.I.—above the lim- 
its of a standard refractometer; $.G.—3.51-3.54; and fluo- 
rescence—inert to both long- and short-wave UV radia- 
tion. A 580 nm doublet was visible with the desk-model 
spectroscope for the orange and brown stones, but no fea- 
tures were observed for the two yellow stones. These 
properties are comparable to those reported for sphene by 
R. Webster (Gems, 5th ed., revised by P. Read, Butter- 
worth Heinemann, Oxford, UK, 1994, pp. 375-376). 
Microscopic examination of the five samples revealed 
strong doubling, “fingerprint” inclusions, two-phase 
inclusions, straight and angular transparent growth lines, 
twinning, and (in one of the brown stones) yellow and 
brownish orange-yellow color zoning. 

EDXRE spectroscopy of three samples indicated Si, Ca, 
and Ti as expected, along with varying amounts of Fe, Nb, 
Y, Zr, and Sr. In addition, Vis-NIR spectroscopy of the 
three sphenes showed a typical rare-earth spectrum. No 
rare-earth elements (REEs) besides Y were detected by 
EDXREF spectroscopy, even though the Vis-NIR spectra 
indicated the presence of other REE(s). The other(s) may 
not have been detected by EDXRF due to overlapping 
peaks from the other elements in the samples. 
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Unfortunately, Mr. Blauwet reports, the supply of 
sphene from this locality has tightened in recent 
months due to disputes over the ownership of the min- 
ing area, which have resulted in instability and occa- 
sional gun battles. Meanwhile, demand for the sphene 
remains strong, particularly from lapidaries in Bangkok 
and Hong Kong. 

BML 


Elizabeth P. Quinn 


New spinel from Mahenge, Tanzania. At the GJX show, 
Advanced Quality A.C.C. Ltd. (Ramat Gan, Israel) had 
some faceted spinels in a variety of colors that were 
from new mining locations in the Mahenge area, near 
the villages of Kibangili and Ipanko, according to compa- 
ny president Menahem Sevdermish. The spinels, which 
have been produced since mid-2005, ranged from blue to 
violet and violetish purple to purple (figure 15), in low 
saturation and light to very dark tones. Typical colors 
were described by Mr. Sevdermish as medium dark gray- 
ish violetish purple to very dark slightly grayish bluish 
violet, corresponding to Gemewizard colors vP(26)7/2 
and bV(24)8/2, respectively (see the Spring 2003 GNI 
section, pp. 57-58, for an introduction to Gemewizard 
software). 

Mr. Sevdermish reported that the spinels are recov- 
ered as waterworn pebbles from alluvial deposits. In 
general, only 1-2 kg/month of good-quality facetable 
rough is recovered. The clean rough typically weighs up 
to 3-4 g. The faceted stones range from melee to 2-3 ct, 
but the larger sizes are rare and tend to appear very 
dark. 

The color appearance of these spinels is significantly 
different from the pink and more saturated blue-to-purple 
colors that are more typical of the material from elsewhere 
in the Mahenge area, or from Umba. Mr. Sevdermish 
noted that strong sales of this material, as well as other 
gems displaying nontraditional colors, reflect a greater 
openness to alternative colors in the gem trade. 

BML 


Figure 15. These spinels (0.40-0.70 ct) are from min- 
ing areas in the Mahenge area of Tanzania. Courtesy 
of Advanced Quality A.C.C. Ltd.; photo by Kobi 


Sevdermish. 
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Figure 16. Framed by a thin ovoid tension fracture, 
this unusually large 2.1 mm skeletal ilmenite den- 
drite looks like a rather curious form of ancient 
cuneiform writing. Photomicrograph by J. I. Koivula 
for microWorld of Gems. 


INCLUSIONS IN GEMS 


Cuneiform aquamarine inclusion. One of the microscopi- 
cally interesting gems this contributor saw during the 
February Tucson gem shows was a relatively large (19.27 
ct) faceted greenish blue aquamarine from India that looked 
like it had been sprinkled internally with black pepper. 
Gemologists Kiran and Kusam Malhotra of K&K 
International, Falls Church, Virginia, subsequently loaned 
this gem for a more detailed examination of the inclusions. 

As with all such examinations, the first step was to 
confirm the identification as a natural aquamarine; this 
was accomplished through standard gemological testing. 
Microscopic examination of the inclusions showed them 
to be relatively typical, skeletal-looking opaque black to 
deep translucent red dendrites. Previous experience with 
aquamarines containing similar inclusions has shown that 
the opaque black dendrites are usually ilmenite, while the 
red ones are hematite. 

Because the inclusions in this stone were all oriented in 
the basal plane of the host aquamarine, they produced a sil- 
very gray reflective aventurescence when examined with 
oblique fiber-optic illumination. One inclusion was particu- 
larly noteworthy because of its size, position in the host, 
and a general appearance of some type of ancient cuneiform- 
like writing (figure 16). While most inclusions of this type 
are microscopic, this one was eye-visible and measured 
more than 2 mm in longest dimension. It was also framed 
by an iridescent oval fracture, which is very unusual for 
such dendritic inclusions. And, as can be seen in figure 16, 
its position in the aquamarine made it very photogenic. 

Regardless of their appearance, such inclusions offer a 
message from nature if one is schooled in their interpreta- 
tion: They indicate that the color of the host is natural and 
has not been altered by heat treatment. 

John I. Koivula (johnkoivula@hotmail.com) 
AGTA Gemological Testing Center, Carlsbad 
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“Blood trail” in copal. In the Spring 2000 Gem News sec- 
tion (pp. 67-68), this contributor reported on a polished 
specimen of light yellow copal from Madagascar that con- 
tained brownish red fluid inclusions. The unusual appear- 
ance of this fluid and its visible absorption spectrum led to 
speculation that the inclusions might contain blood. 
However, because of the unusual nature of the inclusions 
and the rarity of the sample itself, no further testing was 
performed to identify them, since a more complete analy- 
sis would have required destructive opening of the voids. 

At the 2006 Tucson gem shows, this contributor dis- 
covered a second specimen of copal containing red-brown 
liquid, but from an entirely different locality—Colombia— 
which is also known to produce copal with interesting 
inclusions (see, e.g., Spring 2004 Lab Notes, pp. 58-59). 

Even to the unaided eye, this Colombian sample exhibit- 
ed numerous tiny bright brownish red bubbles. Microscopic 
examination revealed that the red drops were contained 
within spherical to somewhat distorted cavities in their 
copal host. Most of these inclusions appeared to be randomly 
scattered in the fossil resin, but in one instance (figure 17), 
they were arranged in a linear “blood trail.” Some of these 
inclusions also contained free-floating gas bubbles, confirm- 
ing that the red substance was indeed a liquid. 

Although no analytical equipment was available to 
identify the fluid, this Colombian specimen was also 
examined with a small diffraction grating spectroscope. 
The absorption spectrum was similar to that obtained 
from a human finger when illuminated by a strong fiber- 
optic light source. As with the first sample from Mada- 
gascar, this spectrum suggested that iron was present, at 
least as a coloring agent, in fluid inclusions from the 
Colombian copal. 

John I. Koivula 


Figure 17. Strongly resembling a trail of blood, this 
row of brownish red fluid droplets was discovered in 
a polished specimen of copal resin from Colombia. 
Similar fluid inclusions in the sample contained mov- 
able gas bubbles. Photomicrograph by J. I. Koivula for 
microWorld of Gems; magnified 15x. 
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Figure 18. The unusual two-phase orange fluid inclu- 
sions in this quartz from Bahia, Brazil, are situated in 
two different growth zones, suggesting that they are 
primary inclusions and not the result of healed frac- 
tures. Photomicrograph by J. I. Koivula for 
microWorld of Gems; magnified 10x. 


Colored fluid inclusions in quartz. Luciana Barbosa of 
the Gemological Center, Belo Horizonte, Brazil, always 
has a number of interesting inclusion specimens on 
display in Tucson, as both cut gems and as rough and 
polished crystals. This year, at the GJX show, she had 
some samples of rock crystal quartz with unusual fluid 
inclusions. 

One of these was a small faceted step-cut rectangular 
gem containing numerous two-phase fluid inclusions, 
with a liquid phase having a distinctive slightly pinkish 
orange color. According to Ms. Barbosa, this sample was 
from Bahia, Brazil. As seen in figure 18, the color of this 
fluid was somewhat different from what would be 
expected from a solution stained with iron oxide or 
hydroxide. These fluid inclusions were inert to UV radi- 
ation, and were situated in two growth zones at different 
depths in the quartz. Their general appearance along 
growth planes, and their widely differing size, suggested 
that they were primary fluid inclusions and not the 
result of fracture repair or regrowth. No daughter crys- 
tals were observed, and none of the gas bubbles moved 
when the specimen was tilted and examined with the 
microscope. Completing the picture were a number of 
very fine fibrous inclusions. 

Ms. Barbosa also had a selection of interesting 
faceted colorless quartzes that hosted bright blue fluid 
inclusions, the largest of which is shown in figure 19. 
The color of the fluid was reminiscent of a saturated 
copper sulfate solution. The source of this quartz was 
also reported as Bahia. 

Because of the bright blue color of the fluid, even 
very small inclusions were visible to the unaided eye. 
With magnification, it was noted that most of the fluid 
inclusions were two-phase, each containing a single gas 
bubble. Some of them, however, also appeared to have 
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inclusion in quartz from Bahia, Brazil, has a color 
reminiscent of a saturated copper sulfate solution. 
Photomicrograph by J. I. Koivula for microWorld of 
Gems; magnified 2x. 


minute solid phases along the inner walls of the inclu- 
sion chambers. The blue fluid fluoresced a weak to mod- 
erate chalky bluish white (light blue) to long-wave UV 
radiation. 

These inclusions seemed to be randomly arranged 
and of widely varying sizes. Most of the largest ones pos- 
sessed ragged-to-rough-looking outlines, but some of the 
smaller ones had a well-developed negative crystal form 
(figure 20), and a few had movable gas bubbles. Also pre- 
sent were occasional micaceous crystals (figure 21) and 
numerous jumbled ultra-thin fibrous inclusions, which 
were very similar in appearance to those observed in the 
specimen with the pinkish orange fluid. 

John I. Koivula 


Figure 20. A few of the smaller blue fluid inclusions 
in the Brazilian quartz had a well-developed negative 
crystal form. Photomicrograph by J. I. Koivula for 
microWorld of Gems; magnified 30x. 
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Figure 21. An occasional light brown micaceous crys- 
tal and numerous fibrous inclusions were also present 
in the quartz containing the blue fluid inclusions. 
Photomicrograph by J. I. Koivula for microWorld of 
Gems; magnified 15x. 


“Platinum quartz” with star. In the Winter 2003 GNI sec- 
tion (pp. 334-335), this contributor reported on a material 
from Brazil sold as “platinum quartz.” Initial examination 
proved that it was formed by a combination of two titani- 
um oxide minerals, rutile and brookite, included in rock 
crystal and light brown smoky quartz from Curvelo in 
Minas Gerais State. 

Over the past few years, this researcher has studied 
several hundred “platinum quartz” samples, as both 
fashioned gems and crystals. Through micro-observation, 
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it appears that the silvery fibers of rutile grew epigeneti- 
cally in relation to the elongated blades of brookite (i-e., 
as epitaxial overgrowths). Both the rutile and brookite are 
protogenetic to (i.e., grew before) the quartz containing 
them. 

At the recent Tucson gem shows, Kevin Lane Smith, 
a lapidary and jewelry designer based in Tucson, dis- 
played a most remarkable example of “platinum quartz” 
in his show room. This 94.75 ct shield-shaped colorless 
plate was polished on all sides. Unlike other “platinum 
quartz” examples this contributor has seen, this particu- 
lar gem contained a superb, silvery, six-rayed star (figure 
22) formed by the growth of numerous rutile fibers on a 
substrate that appeared to be three individual brookite 
blades arranged at angles of approximately 60° to one 
other. While four-rayed stars have been seen previously 
in this type of Brazilian quartz, this is the first six-rayed 
rutile star that this contributor has observed in this type 
of quartz. 

As an added optical bonus, the star was positioned so 
that the central brookite blades were parallel to the optic 
axis of the quartz host. And, since this particular quartz 
was twinned on the Brazil law, when observed between 
crossed polarizers the background of the rutile star was 
quite colorful (again, see figure 22). One always hesitates 
to apply the word unique to anything, since that implies it 
is the only one to exist. However, if this stone is not 
unique, then the circumstances that created it have at 
least resulted in a most unusual gem. 

John I. Koivula 


Figure 22. This polished 
“platinum quartz” 
from Curvelo, Minas 
Gerais, Brazil, displays 
a most unusual six- 
rayed star (approxi- 
mately 2.5 cm across) 
of silvery rutile needles. 
The colorful appear- 
ance of the background 
is created by Brazil-law 
twinning of the host 
quartz, as viewed 
between crossed polar- 
izers. Photomicrograph 
by J. I. Koivula for 
microWorld of Gems. 
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Table Showing 


Variations in Upals 


KIND OF OPAL 2500 AU. 


GERMIC!IDAL TUBE 


California Opal 
(mentioned above) 


Spangles Show 


Virginia Valley, Light Green 


Nevada 

Australian Milky Green 
Light Phosphor. 
Green 

Australian Very Light Green 
Hungarian Very Light Green 
Mexican Medium Green 

Light Orange None 

Cherry 


Common Opal 


Opalized Wood Dark Yellow Green 


Imitation Opal 
(Europe) 

It seems to show 
up the material used 

in the imitation. 


Australian Association... 
(From page 90) 


“The good name of the Fellowship of 
the Gemmological Association will only 
be built up over long years of straight 
dealing with the public. The process will 
be something like building up the good- 
will of a business. It is most important 


FALL, 1948 


Very Strong Green. 


Shows a fluorescence None 
but not typically Opal. 


3650 AU. 2500 AU. 
15 WATT BLACK COLD QUARTZ TUBE 
“LIGHT TUBE 
Dirty White, Cloudy Dirty White, 
No Fluorescence Cloudy 


No Fluorescence No Fluorescence 


Milky White Milky Green 
Moderate Phosphor. Light Phosphor. 
Green Green 


Blue-White Blue-White and 


Green 
Milky Milky 
None None 
None None 


Strong Yellow Green Very Strong Yellow Very Strong Yellow 


Green Green 
None None 
None 


that the good name and high ethical 
standard and reliability of the holders of 
the diploma be thoroughly established, 
for without these the diploma will have 
little value. You must have both high 
ethical standard and high order of pro- 
fessional competence. Neither is of much 
use without the other, The two must 
go together.” 
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CONFERENCE REPORTS 


New Madagascar mining laws. Madagascar has adopted a 
series of new laws to reduce restrictions on the trade and 
export of gems mined in that country. Under the new regu- 
lations, which went into effect in December 2005, foreign 
dealers and companies no longer need to go through a local 
business to buy and export rough and cut gems. Details of 
the new system were presented at a press conference during 
the AGTA show by Tom Cushman, a gem dealer who is 
also a consultant to the country’s government, and 
Pamphile Rakotoarimanana, director of Mines and Geology 
at the Ministry of Energy and Mines in Antananarivo. 

Interested dealers need to secure a business visa that 
will permit buyers to obtain a license from the Department 
of Mines and Geology for the purchase of gems. Buyers 
must keep a detailed record of their purchases, both rough 
and polished, which must be taken to the mines depart- 
ment for sealing before export. There, the buyer must pay 
an export duty of 2% on the stated value of gem rough; 
there is no duty for polished stones. The government main- 
tains a reference guide listing wholesale price ranges for 
gems found in the country, and values stated in an invoice 
must be consistent with those in the guide. 


aide 
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DIAMONDS 


Black diamond with unusual growth structures. The 
Dubai Gemstone Laboratory received a large black round 
brilliant mounted in a ring for identification (figure 23, 
left). As measured in the mounting, the stone was approxi- 
mately 20 mm in diameter and 12, mm deep. It was identi- 
fied as diamond with standard gemological testing and the 
presence of the 1332 cm7! diamond Raman peak. It was 
inert to both long- and short-wave UV radiation. With very 
strong fiber-optic illumination, the stone appeared dark 


Figure 23. This large 
(20 mm) apparently 
black diamond (left) 
had a dark brown 
bodycolor with intense 
fiber-optic illumination 
(right). Photos by 

S. Singbamroong, 

© Dubai Gemstone 
Laboratory. 
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Under the former system, foreign traders were not 
allowed to export gems at all, which resulted in 
widespread smuggling and cost the government millions 
of dollars in lost revenues. The country’s new presidential 
administration has embarked on a campaign to reform 
and liberalize the country’s economy in partnership with 
the World Bank. In addition, the government, in coopera- 
tion with various industry organizations including GIA, 
has established the Institute of Gemmology of 
Madagascar to train locals in identifying, evaluating, and 
polishing gemstones. 

Also announced at the press conference was the avail- 
ability of organized gem buying trips to Madagascar that 
are guided by Jim Fiebig of Fiebig Jewelers, Sturgis, 
Michigan. Mr. Fiebig conducts trips lasting from 7 to 13 
days that include visits to local markets, excursions to the 
country’s main gem-producing areas, and meetings with 
gem producers and miners (see www.gemstonetrips.com). 

Madagascar produces significant quantities of corun- 
dum, aquamarine, tourmaline, spinel, and spessartine and 
rhodolite garnets. 

Russell Shor (rshor@gia.edu) 
GIA, Carlsbad 


brown (figure 23, right). Due to the size of the stone and 
the nature of the mounting, it was not possible to perform 
a detailed investigation of the color origin using FTIR spec- 
troscopy. Nevertheless, there was no indication that the 
color was the result of treatment. 

Closer examination with fiber-optic illumination 
revealed some unusual growth features in this diamond 
(figure 24). Near the center of the table were dark bands 
that defined a roughly four-sided curvilinear structure. The 
shape of this feature is fairly typical of cuboid growth in 
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Figure 24. Curvilinear growth layers, which are fairly 
typical of cuboid growth, are visible near the center of 
the “black” diamond's table facet. A more puzzling, 
aggregate growth structure appears to radiate from the 
curvilinear core. Photomicrograph by S. Singbamroong, 
© Dubai Gemstone Laboratory; magnified 16x. 


diamond. Surrounding these dark bands were faint concen- 
tric bands and a radiating structure, which are suggestive 
of fibrous growth. 

Both of these growth types can be found in brown dia- 
mond. Cuboid growth is always curvilinear, never straight, 
with a mean orientation corresponding to cube faces (hence 
the name}. Moreover, because the table apparently inter- 
sected this growth pattern in a random orientation, the 
near-cubic orientation of the growth in the core was not 
immediately evident. Although the structure observed in 
the outer portion was strongly suggestive of fibrous growth, 
such diamond is typically opaque (relative to cuboid 
growth), and when it is brown, it is usually not as saturated 
as seen in the present stone. Therefore, the fibrous struc- 
ture seen in this dark brown diamond was rather puzzling. 
An alternate explanation for this diamond’s growth would 
be that the entire stone formed via spherulitic (fibrous) 
growth; however, a diamond spherulite of this size would 
be quite unusual. Only X-ray topography could unambigu- 
ously confirm the growth sequence, but this technique was 
not available to study this sample. 

If our interpretation is correct, this growth succession 
of a cuboid core followed by a fibrous overgrowth is quite 
unusual. Theoretically, there is no reason why there could 
not be a progression of cuboid to fibrous growth; the 
sequence from octahedral to fibrous growth in “coated” 
diamonds is well-known. It is therefore surprising that a 
cuboid-fibrous growth combination has not yet been previ- 
ously noted. The reason for the apparent rarity of this 
sequence of growth conditions is unknown at this time. 

Sutas Singbamroong (SSSUTAS@dm.gov.ae) 
Dubai Gemstone Laboratory 
Dubai, United Arab Emirates 


EF 
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COLORED STONES AND 
ORGANIC MATERIALS 


Sapphire with unusual color zoning. Recently, the Gem 
Testing Laboratory, Jaipur, India, encountered an 11.29 ct 
blue oval stone with unusual color zoning. The refractive 
index was measured at 1.760-1.770 and the hydrostatic 
specific gravity at 3.98, which identified the sample as 
corundum. 

The stone had been faceted with a large flat area on the 
pavilion, and the reasons for this were quickly apparent. 
When the sapphire was viewed table up, it appeared uni- 
formly blue (figure 25). From the side, however, it appeared 
almost colorless, with a strong blue color zone concentrat- 
ed on the large pavilion surface (figure 26). Although the 
stone was inert to long-wave UV radiation, with short- 
wave UV the blue area displayed strong chalky greenish 
blue fluorescence. A visible spectrum taken with a desk- 
model spectroscope showed a moderate absorption band at 
450 nm and a weak band at 470 nm. The optic axis of the 
stone was oriented parallel to the color plane. 

With magnification, clouds of minute globular inclu- 
sions were observed around a sugary crystal, along with 
some cloudy whitish healed “fingerprints.” Such inclu- 
sions are typically associated with high-temperature heat 
treatment of corundum. In addition, when the stone was 
immersed in methylene iodide and observed using diffuse 
illumination, straight parallel color zones were seen across 
the blue color plane (figure 27). There were additional blue 
zones present in the pavilion, though weaker in intensity, 
also parallel to the color plane. 

Although strong color zoning evoked suspicions of dif- 
fusion treatment, the absence of color concentrations 
along facet or girdle edges, the thickness and pattern of the 
color zones, and their location along only one side of the 


Figure 25. Although this 11.29 ct sapphire appears an 
attractive, uniform blue when viewed face up, its 
color is actually restricted to a narrow zone on the 
pavilion. Photo by G. Choudhary. 
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Figure 26. When viewed from the side, the colorless 


body and strong blue color plane of the sapphire in 
figure 25 are apparent. Photo by G. Choudhary. 


sample eliminated this possibility. Therefore, we conclud- 
ed that the stone had been cut from a piece of strongly 
color-zoned sapphire rough in which the blue color was 
restricted to narrow zones parallel to the prism faces. 
Strong blue/colorless zoning has been noted previously in 
sapphires from Songea, Tanzania, and Sri Lanka (as cited 
in the Winter 2004 GNI, pp. 354-355), as well as in some 
greenish blue sapphires from India. 
Gagan Choudhary (gtljpr_jpt@sancharnet.in) 
Gem Testing Laboratory, Jaipur, India 


Vayrynenite from Pakistan. For years, gem dealer Dudley 
Blauwet has sourced unusual gems and minerals from 
northern Pakistan, including an unusually transparent and 
brightly colored example of triplite, Mn,(PO,)F (see GNI: 
Winter 2004, pp. 346-347, and Fall 2005, p. 277). Recently, 
Mr. Blauwet obtained another gem-quality phosphate min- 
eral from this region, called vayrynenite (vuh-REN-i-nite}, 
MnBe(PO,)(OH,F). He obtained a few gem-quality crystals 
and fragments in June 2005, while on a buying trip to the 
Shigar and Braldu valleys of Pakistan. The stones reported- 
ly came from a granitic pegmatite near the village of 
Apaligun (Apo Ali Gun), in the Braldu Valley. This locality 
is only about 10 km upriver (east) of Dassu, which was the 
source of the triplite. Mr. Blauwet first encountered vayry- 
nenite from the Braldu Valley in 2004, and the identity of 
the material was confirmed by a mineralogical laboratory. 
Mr. Blauwet loaned one rough and one cut (2.02 ct) 
sample of the vaéyrynenite to GIA for examination (figure 
28), and the following gemological properties were deter- 
mined by one of us (EAF) on the faceted gem: color— 
orangy pink, with orange and pink pleochroism,; R.I.— 
1.640-1.663; birefringence—0.023; S.G.—3.22; and fluores- 
cence—inert to both long- and short-wave UV radiation. 
Vis-NIR spectroscopy showed a line at 413 nm and weak 
bands at approximately 435, 465, and 545 nm. Microscopic 
examination revealed numerous fractures and intercon- 
nected growth tubes; some of the smaller tubes contained 
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Figure 27. With immersion in methylene iodide and dif- 
fuse illumination, straight and parallel blue color zones 
are clearly visible across the color plane in the sapphire. 
Photomicrograph by G. Choudhary; magnified 35x. 


two-phase inclusions. The properties of this sample are 
comparable to those published in a Summer 1994 Lab 
Note on another faceted vayrynenite (p. 121). According to 
Minerals and Their Localities (J. H. Bernard and J. Hyr8l, 
Granit, Prague, Czech Republic, 2004, p. 640), vayrynenite 
has a Mohs hardness of 5 and has also been found in gem 
quality from a locality near Sassu (actually Sassi}, about 40 
km east of Gilgit in northern Pakistan. 

It is remarkable that two unusual gem-quality phosphate 
minerals showing similar colors have come from northern 
Pakistan’s pegmatites. In Mr. Blauwet’s experience, the crys- 
tals and fragments of both minerals are commonly stained 
with a black material (probably manganese oxides; again, see 
figure 28). He noted that the Pakistani triplite is commonly 
reddish orange to orangy brown in comparison to the pink- 
ish orange vayrynenite, which typically has a flatter and 
more prismatic crystal morphology than the triplite. 

BML 


Eric A. Fritz 
GIA Laboratory, Carlsbad 


Figure 28. Northern Pakistan is the source of this 
crystal and 2.02 ct step-cut vayrynenite. Courtesy of 
Dudley Blauwet Gems; photo by C. D. Mengason. 
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SYNTHETICS AND SIMULANTS 


A convincing moonstone doublet. The GIA GemTechLab 
recently encountered a 19.40 ct transparent slightly brown- 
ish gray cabochon that appeared to show intense blue adu- 
larescence (figure 29). It was represented as natural moon- 
stone, but microscopic observation immediately revealed a 
very distinct separation plane (figure 30), indicating that the 
specimen was assembled. The intense blue sheen was 
restricted to the approximately 0.5-mm-thick bottom por- 
tion of the assemblage (figure 31); this section also con- 
tained inclusions and apparent cleavage cracks in two 
directions that clearly suggested it was natural feldspar. 
The top portion, representing more than 95% of the sample 
volume, appeared to be glass, since gas bubbles were quite 
evident (again, see figure 30). These identifications were 
confirmed by specular reflectance FTIR spectroscopy. 

The base was apparently cut from gray labradorite 
exhibiting a blue sheen; the black needles and particles 
were identical to the inclusions typically seen in such 
material. The convex form of the glass top acted to focus 
and magnify the blue iridescence from the flat base. This 
gave rise to a very convincing blue-sheen effect, and gave 
the sample the appearance of an unusually transparent 
moonstone of very high quality. 

Thomas Hainschwang (thomas.hainschwang@gia.edu) 
GIA GemTechLab, Geneva, Switzerland 


A rutilated quartz doublet. Rutilated quartz has grown in 
popularity in recent years and occupies a distinct niche of 
the gem market. This, combined with its limited avail- 


Figure 30. The separation plane between the two halves 
of the doublet (feldspar base; glass top) is clearly appar- 
ent when viewed with magnification. A large gas bub- 
ble is visible in the upper part of the glass portion. 
Photomicrograph by T. Hainschwang; magnified 7x. 


Figure 29. This 19.40 ct cabochon appears to show 
strong adularescence, but it proved to be a doublet 
imitating a high-quality moonstone. Photo by T. 
Hainschwang. 


ability (nearly all material is found only in Bahia, Brazil), 
has led to a significant increase in price during the last 
two years. However, as with other gem materials, the ele- 
vated value has encouraged experimentation by enterpris- 
ing entrepreneurs. 

During a September 2005 trip to Tedfilo Otoni, Minas 
Gerais, these contributors were offered the seven-stone 
parcel shown in figure 32. The low price and a preliminary 
visual inspection raised questions about the authenticity 
of the stones, prompting us to perform a more detailed 
examination. The refractive indices were 1.544—-1.553, typ- 
ical for quartz. However, when viewed from the side, it 


Figure 31. The feldspar base of the doublet exhibited 
a strong blue iridescence, which created the illusion 
of adularescence when viewed through the glass top. 
Photo by T. Hainschwang. 
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Figure 32. The rutilated quartz cabochons (12-20 mm 


in longest dimension) in this parcel proved to be dou- 
blets. Photo by M. Macri. 


was evident that they were doublets, with a thin layer of 
semitransparent rutilated quartz joined by a transparent 
adhesive to a backing of transparent quartz that contained 
little or no rutile. The assembled nature of the samples 
was even more obvious when the samples were immersed 
in water, as shown in figure 33. 

Although a trained observer would easily detect this 
falsification in a loose stone, the same observer might fail 
to identify the doublets after they were mounted, since 
there were no gas bubbles or other evidence of the glue 
layer when they were viewed face-up with a loupe. 

Michele Macri (michele@mineral1.it) 
and Simone Macri 

Laboratorio di Gemmologia Geo-Land 
Rome, Italy 


An unusual triplet. For decades, a wide variety of assem- 
bled gems have been seen in the trade, incorporating both 
natural and synthetic materials. Occasionally some rather 
inventive and unusual combinations are used to create 
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Figure 33. When this cabochon (20 mm in diameter) 
was viewed from the side in immersion, its assem- 
bled nature was readily apparent. This doublet con- 
sists of a layer of rutilated quartz with a backing of 
transparent quartz that contains little or no rutile. 
Photo by M. Macri. 


the desired optical effect. Such was the case with a triplet 
that was designed to simulate cat’s-eye chrysoberyl. 

The 8.85 ct oval triplet (figure 34) formed part of a col- 
lection of rough and cut gems that was recently donated to 
GIA by H. Obodda, Short Hills, New Jersey. According to 
Herb Obodda, the triplet was manufactured in about 1960 
by C. Stastny, a New York City lapidary. He indicated that 
Mr. Stastny enclosed a piece of ulexite within a dome and 
base consisting of yellow synthetic corundum. The dome 
and base were confirmed as corundum in the GIA 
Laboratory, but a natural or synthetic origin was not deter- 
mined due to the nature of the sample. The dome had 
been carefully hollowed out to accommodate the core that 
was responsible for the chatoyancy. Although the identity 


Figure 34. In this 8.85 ct 
triplet, gas bubbles can be 
seen in the glue layer 
between the ulexite core 
and the synthetic sapphire 
dome (left). The profile 
view on the right shows 
the boundary between the 
dome and base of synthet- 
ic corundum. Gift of Herb 
@& Monika Obodda; GIA 
Collection no. 32391. 
Photos by C. D. Mengason. 
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of the chatoyant core could not be confirmed, its visual 
appearance was consistent with ulexite. The bright yellow 
color of the synthetic corundum is quite unlike that seen 
in typical cat’s-eye chrysoberyl. Nevertheless, the well- 
executed assembly of the triplet resulted in an attractive, 
even if artificial, appearance. 

BML 


MISCELLANEOUS 


New CRJP Code of Practices released. The Council for 
Responsible Jewellery Practices (CRJP) has produced a 
draft of its Code of Practices, which seeks to establish a 
worldwide standard of corporate conduct for the gem and 
jewelry industry. The CJRP is a foundation formed by a 
number of large mining and retailing firms and industry 
organizations to harmonize various corporate governance 
codes. Currently, the London-based organization is only 
seeking new members in the gold and diamond sectors. 

Released on February 10, 2006, the proposed code sets 
forth a series of guides that cover three basic areas: 


e Business ethics: Forbids member companies from 
engaging in bribery and corruption, requires full and 
accurate disclosure of all of the products sold by mem- 
bers, and stipulates full adherence to all laws regarding 
money laundering and Kimberley Process participation. 

e Social: Requires adherence to all fair labor standards, to 
workplace health and safety regulations, and to nondis- 
criminatory hiring and pay; also forbids the use of child 
labor with the exceptions noted by the International 
Labor Organization. 

e Environmental: Requires conducting business in an 
environmentally responsible manner and assessment of 
possible adverse effects arising from business activities. 


The code also provides for appointment of independent 
monitors to review member firms’ compliance with its 
provisions. 

The full proposal can be found at the Council’s web- 
site, www.responsiblejewellery.com. 

Russell Shor 


Update on the use of biological remains in gem materials. 
The Spring 2003 GNI section (p. 62) reported on LifeGem 
synthetic diamonds, which the company claims are pro- 
duced from carbon recovered from cremated human or 
animal remains. At the time, the process was described as 
“patent pending,” though no other information was avail- 
able. Since then, a number of patent applications covering 
this and similar processes have been published, and these 
applications are summarized here. 

The founders of LifeGem have submitted two patent 
applications for the methods LifeGem uses to recover and 
purify carbon from the cremation process for diamond syn- 
thesis (R. P. VandenBiesen et al., Method for Making 
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Synthetic Gems Comprising Elements Recovered from 
Complete or Partial Human or Animal Remains and the 
Product Thereof, U.S. patent application publication 
2003/0017932 A1, filed March 18, 2002, published January 
23, 2003; and R. P. VandenBiesen et al., Method of Making 
Synthetic Gems Comprising Elements Recovered from 
Remains of a Species of the Kingdom Animalia, U.S. 
patent application publication 2004/0031434 A1, filed 
August 19, 2003, published Feb. 19, 2004). These patent 
applications do not cover the method of synthesizing dia- 
mond using high-pressure and high-temperature growth 
conditions, since such processes were patented long ago by 
other parties (see, e.g., H. M. Strong, Novel Diamond 
Products and the Manufacture Thereof, U.S. patent 
4,042,673, issued August 16, 1977). 

A more recent Japanese patent application expands on 
the methods described by VandenBiesen et al. to include 
additional techniques for preparing the remains for crema- 
tion (E. Fukasawa, Artificial Gem and Its Producing 
Method, International [PCT] patent application WO 
2004/105540 Al, filed May 29, 2003, published December 
9, 2004). This application also covers the process of adding 
carbon when insufficient amounts have been recovered 
from cremation to produce a synthetic diamond of the 
desired size (with conventional cremation, most of the car- 
bon in the human body is lost when it is converted to car- 
bon dioxide). 

A similar but more extensive process is covered by a 
patent application submitted by R. E. Page of Streamwood, 
Illinois (Method for Making Synthetic Gems Comprising 
Elements Recovered from Humans or Animals and the 
Product Thereof, U.S. patent application publication 
2004/0154528 Al, filed Feb. 11, 2003, published Aug. 12, 
2004). This method covers not just diamonds but many 
other gem materials that are composed of elements found 
in the human body. These elements can be recovered and 
used for the growth of gem materials such as synthetic gar- 
net, spinel, quartz, and moissanite. Interestingly, the appli- 
cation also mentions a number of gems (such as tourma- 
line, pearls, and ivory) that are not currently synthesized; 
this was probably done to ensure that the patent covers 
these materials should synthetic varieties come on the 
market at a later date. 

Another team of inventors, from Edmonton, Alberta, 
Canada, has developed a method of incorporating human or 
animal remains into a glass filling material for diamonds 
(M. Weisbrot and V. Galon, Method of Encapsulating 
Material from Humans or Animals in a Natural Gem- 
stone and Its Product, International (PCT) patent applica- 
tion WO 2004/076058 A1, filed Feb. 25, 2004, published 
Sept. 10, 2004). The patent application describes a method 
of creating a high-refractive index glass from a mixture of 
calcium phosphate recovered from cremated remains, lead 
oxide, a chloride compound (such as NaCl or KCl), and a 
bromide or bismuth compound. The resulting glass is then 
injected in molten form into laser drill holes in natural 
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diamonds. This glass filling process is currently being 
employed by Memorial Gem Inc. of Edmonton; the dia- 
monds are sold through associated funeral homes. 
It should be emphasized that these patents are still in 
the examination stage, and none have been issued yet. 
This contributor thanks Dr. Karl Schmetzer, 
Petershausen, Germany, for bringing these patents to our 
attention, and Dr. Taijin Lu of GIA Research for translat- 
ing the Japanese patent application. 
Thomas W. Overton (toverton@gia.edu) 
GIA, Carlsbad 


ANNOUNCEMENTS 


AGTA Spectrum Awards competition. The 2007 AGTA 
Spectrum Awards will recognize outstanding colored gem- 
stone and cultured pearl jewelry designs from North 
America, as well as achievements in the lapidary arts. 
Winning entries will be displayed and award recipients 
honored at the 2007 AGTA GemFairs in Tucson and Las 
Vegas. The entry deadline is September 22; the competi- 
tion will be held in New York City during October. For 
entry forms and more information, visit www.agta.org or 
call 800-972-1162. 


Conferences 

SEG 2006. The annual meeting of the Society of Economic 
Geologists will take place May 14-16 in Keystone, 
Colorado. The program will include two sessions on 
Canadian diamonds. Visit www.seg2.006.org, call 720-981- 
7882, or e-mail seg2006@segweb.org. 


GAC-MAC 2006. The 2006 joint meeting of the Geological 
Association of Canada and the Mineralogical Association 
of Canada will take place May 14-17, in Montreal. 
Diamonds will be covered in some of the sessions. Visit 
www.er.ugqam.ca/nobel/gacmac/welcome.html. 


ICNDST-11. The 11th International Conference of New 
Diamond Science and Technology will be held in Raleigh- 
Durham, North Carolina, May 15-18, 2006. Among the 
topics covered will be HPHT synthesis and processing 
and the growth of CVD synthetic diamond. Visit 
http://lucy.mrs.org/meetings/workshops/2006/icndst. 


Bead Expo. The 2006 International Bead Expo will be held 
in Charleston, South Carolina, May 17-21. Over 60 work- 
shops and educational lectures on bead jewelry design and 
manufacture are scheduled. E-mail info@beadexpo.com or 
visit www.beadexpo.com. 


GAA-NSW conference. The 2006 conference of the New 
South Wales Division of the Gemmological Association of 
Australia will be held May 19-21 in Sydney. The event 
will also include a jewelry design competition and a post- 
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conference tour that will visit corundum and opal mines 
at Barrington Tops, Inverell-Glen Innes, and Lightning 
Ridge. Visit www.gem.org.au/conference.htm or e-mail 
nsw@gem.org.au. 


2006 Joint Assembly. Several mineralogical and geological 
societies are sponsoring this conference, which will be 
held May 23-26 in Baltimore, Maryland. Diamonds will 
be covered in a session titled “Earth's Carbon Cycle,” and 
granitic pegmatites will be included in a “Crustal Melts at 
Low Temperatures” session. Visit www.agu.org/meetings/ 
ja06, call 202-777-7330, or e-mail ja-help@agu.org . 


Maine Pegmatite Workshop. Taking place May 27-June 
3, 2006, in Poland, Maine, this educational event will fea- 
ture seminars and daily field trips to gem-bearing peg- 
matite quarries in Maine and New Hampshire. Visit 
http://homepage.mac.com/rasprague/PegShop or e-mail 
rasprague@mac.com. 


JCK Show—Las Vegas 2006. Held at the Sands Expo and 
Convention Center and the Venetian Hotel on June 3-7, 
2006, this gem and jewelry trade show will also host a 
comprehensive educational program beginning June 1. 
Scheduled seminars will cover industry trends, diamond 
cut, sales and marketing strategies, legal issues for retailers 
and manufacturers, and developments in gemology. The 
AGTA will also be offering seminars focusing on color and 
fashion on June 2, at the AGTA Pavilion. To register, call 
203-840-5684 or visit jckvegas2006.expoplanner.com. 


Diamonds at CIMTEC 2006. This large materials science 
convention will take place June 4~9, in Acireale, Sicily, 
Italy. Presentations on the growth and characterization of 
diamond will be included in “Diamond and Other New 
Carbon Materials,” which will form part of the 4th Forum 
on New Materials. Visit www.cimtec-congress.org. 


Bangkok Gems & Jewelry Manufacturers Fair. Held June 
14-18, 2006, this trade fair in Bangkok will include a silver- 
jewelry design contest and a colored gemstone cutting con- 
test, in addition to educational seminars on developments 
in jewelry design technology. Visit www.jewelmfg.com. 


18th European Workshop on Laser Ablation. Held July 
19-21, 2006, in Zurich, Switzerland, this biennial 
event focuses on material analysis using laser ablation- 
based methods such as LA-ICP-MS and LIBS. Visit 
www.laser2006.evento.ethz.ch. 


IMA 2006. The 19th General Meeting of the International 
Mineralogical Association will be held in Kobe, Japan, July 
23-28. The conference will include special sessions on 
“Natural and Artificial Gem Materials” and “Kimberlites, 
Diamonds and Mineral Inclusions from the Mantle”; other 
sessions will cover crystal growth, fluid inclusions, and 
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Figure 35. This inlaid pectoral ornament is a rebus for 
the throne name of Tutankhamun-Nebkheprure— 
which can be translated as “Re is the lord of manifes- 
tations.” A carnelian sun disk, symbol of the sun god 
Re, is clasped between the scarab beetle's front legs, 
while its wings are fashioned from carnelian, lapis, 
and turquoise. Photo © Andreas F. Voegelin; courtesy 
of the Field Museum, Chicago. 


mineralogical museums. Post-conference field trips will 
include visits to Japanese jadeite deposits. Visit 
www.congre.co.jp/ima2006 or e-mail 2006ima@congre.co.jp. 


JA New York Summer Show. Running July 30—August 2 
at the Jacob K. Javits Convention Center in New York 
City, this show will also feature a range of educational pro- 
grams and seminars. Topics to be covered include dia- 
mond cut, diamond treatments, store management, inter- 
net marketing, anti-money laundering compliance, and 
bench jewelry techniques. Visit www.ja-newyork.com or 
call 800-650-1591. 


Goldschmidt 2006. The 16th Annual V.M. Goldschmidt 


Conference will take place August 27—September 1 in 
Melbourne, Australia. This important geochemistry confer- 
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ence will feature a session titled “The deepest lithosphere 
and beyond: Diamonds and related research, a session in 
honour of Jeff Harris.” Visit www.goldschmidt2006.org or 
e-mail goldschmidt2006@tourhosts.com.au. 


Diamond 2006. The 17th European Conference on 
Diamond, Diamond-like Materials, Carbon Nanotubes, 
and Nitrides will be held September 3-8 in Estoril, 
Portugal. Presentations on the growth, processing, and 
characterization of diamond will be given at this meeting. 
Visit www.diamond-conference.elsevier.com or e-mail 
Nina Woods at n.woods@elsevier.com. 


Santa Fe Symposium changes venue in 2006. The 20th 
annual Santa Fe Symposium on jewelry manufacturing 
technology will be held in Nashville, Tennessee, on 
September 10-13. Visit www.santafesymposium.org. 


Exhibits 

Arctic jewelry. “Artic Transformations: The Jewelry of 
Denise and Samuel Wallace” is on exhibit at the George 
Gustav Heye Center in New York City through July 23, 
2006. Visit www.nmai.si.edu/subpage.cfm?subpage= 
exhibitions&second=ny. 


King Tut Returns. “Tutankhamun and the Golden Age of 
the Pharaohs,” an exhibition of more than 130 artifacts 
from the tomb of King Tut and other royal tombs in Egypt's 
Valley of the Kings, will be on display until April 23, 2006, 
at the Museum of Art in Fort Lauderdale, Florida. Among 
the items included are a gem-studded gold diadem and a 
jeweled pectoral ornament (figure 35). Only a few of the arti- 
facts in this exhibit were part of the famed 1977 exhibition, 
and many have never traveled outside Egypt. The exhibit 
will move to the Field Museum in Chicago May 26, 2006 
through January 1, 2007. Visit www.kingtut.org. 


Charles Loloma Retrospective. “Loloma: Beauty in Hopi 
Jewelry,” an exhibit of works by renowned Hopi jewelry 
artist Charles Loloma will be displayed through May 28, 
2006, at the Heard Museum in Phoenix, Arizona. An array 
of pieces incorporating unusual materials such as gold-set 
lapis lazuli, fossilized ivory, and ironwood will be on 
exhibit. Visit www.heard.org/show-exhibit.php?id=35 or 
call 602-252-8848. 
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A. World Diamond Council. 
B. Kimberley Process. 


Take the 
C. PATRIOT Act. 


D. Clean Diamonds Act. 

5. imaging is useful in 
revealing the damage and wear to 
the coating of a coated diamond. 

A 


. Magnetic resonance 
B. Positron emission tomogra- 
phy (PET) 
C. Scanning electron microscopy 
(SEM) 
D. Thermal emission 


6. Most Zambian emeralds are cut 
and distributed in 


A. China. 
B. India. 
C. Israel. 


The following 25 questions are based on information from the four 2005 issues of D. eastern Europe. 
Gems & Gemology. Refer to the feature articles and “Notes and New Techniques” in 
those issues to find the single best answer for each question; then mark your choice 
on the response card provided in this issue. (Sorry, no photocopies or facsimiles will 
be accepted; contact the Subscriptions Department—dortiz@gia.edu—if you wish to 


purchase additional copies of this issue.) Mail the card so that we receive it no later 


7. The first major discovery of quanti- 
ties of fancy-color yellow diamonds 
took place in the late 1860s in 


A. Australia. 
than Tuesday, August 1, 2006. Please include your name and address. All entries will B. Brazil. 
be acknowledged with a letter and an answer key after the due date. C. India. 


D. South Africa. 
Score 75% or better, and you will receive a GIA Continuing Education Certificate. 
If you are a member of the GIA Alumni Association, you will earn 10 Carat Points 
toward GIA’s Alumni Circle of Achievement. (Be sure to include your GIA Alumni 
membership number on your answer card ang submit your Carat card fon credit.) economia Mica Maine is 
Earn a perfect score, and your name also will be listed in an upcoming issue of alate. 
Gems & Gemology. Good luck! BR. fortis. 


8. Chemical analysis has shown that 
most of the gem tourmaline mined 


C. rossmanite. 
D. schorl. 


1. In Edward J. Giibelin’s classification 
system, mineral inclusions that 


3. Useful identifying characteristics of 


treated-color pink-to-red natural Ome G@hameleonidiamonds exhibit 


formed after the host gem crystal 
completed its growth are called 
A. genetic. 
B. epigenetic. 
C. protogenetic. 
D. syngenetic. 


2. The only chromophore used in the 
growth of Malossi synthetic emer- 


alds is 
A. chromium. 
B. iron. 
C. magnesium. 
D. vanadium. 
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diamonds observable through stan- 
dard gemological testing include: 
A. colored “graining” caused by 
plastic deformation. 
B. moderate-to-strong chalky 
UV fluorescence. 
C. the presence of unaltered 
natural mineral inclusions. 
D. all of the above. 


. The mechanism that the diamond 


industry devised to prevent conflict 
diamonds from entering the global 
diamond market is called the 
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temporary change in color when 
A. heated to approximately 
ISOC. 
B. heated to approximately 80°C. 
C. cooled to approximately 0°C. 
D. cooled to approximately —100°C. 


10. Some of the CVD synthetic dia- 


monds produced at the Laboratoire 
d'Ingénierie des Matériaux et des 
Hautes Pressions (LIMHP-CNRS) 
for research purposes were doped 
with nitrogen to improve their 
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. growth rates. 
. Clarity. 

. thickness. 

. color. 


On a > 


surveying is the main tool 
for emerald prospecting in Zambia’s 
Kafubu region. 
A. Ground-penetrating radar 
B. Infrared-thermographic 
C. Magnetic 
D. Seismic 


. The presence of inclusions such as 


may be characteristic of 
gem rhodonite from Broken Hill, 
Australia. 
A. galena 
B. sphalerite 
C. rutile 
D. both A and B 


Using a microscope and his knowl- 
edge of mineralogy, Edward J. 
Gtbelin was able to identify the 
inclusions of amphibole fibers that 
are characteristic of emeralds from 
, and thus determine the 

emerald’s origin. 

A. Brazil 

B. Colombia 

C. Nigeria 

D. Sandawana, Zimbabwe 


Long-lasting is a charac- 
teristic of all chameleon diamonds. 
A. fluorescence 
B. phosphorescence 
C. Raman effect 
D. tenebrescence 


Malossi hydrothermal synthetic 
emerald can be distinguished from 
its natural counterpart on the basis of 
A. microscopic features. 
B. chemical composition. 
C. spectroscopic measurements. 
D. a combination of all the 
above. 
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16. 


Ws 


19. 


Anomalous birefringence is an 
important identification feature for 
CVD synthetic diamonds because 

A. natural diamonds show dis- 
tinctly different strain charac- 
teristics such as banded and 
“tatami” patterns. 

B. HPHT synthetic diamonds 
commonly show no strain. 

C. the strain patterns in CVD syn- 
thetic diamonds show clear 
traces of their growth on a 
substrate. 

D. all of the above. 


The South African government is 
requiring that greater amounts of 
rough diamonds be manufactured 
within its borders through a series of 
initiatives referred to as 

A. Beneficiation. 

B. Supplier of Choice. 

C. Black Economic Empowerment. 

D. Development Diamonds. 


Emeralds from the Kafubu area of 
Zambia have refractive indices and 
specific gravities that are higher 
than those of most emeralds from 
____, but comparable to emer- 
alds from many other important 
localities. 

A. Brazil 

B. Colombia 

C. Pakistan 

D. Russia 


The coloration of treated-color 
pink-to-red natural diamonds from 
Lucent Diamonds is likely a result of 
A. HPHT treatment. 
B. irradiation using a high-energy 
electron beam. 
C. lower-temperature annealing 
in a vacuum. 
D. a combination of the above 
methods. 


20. The presence of which of the follow- 


ing internal features is evidence of 
synthetic origin in Malossi synthetic 
emeralds? 
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21. 


os 


23; 


24. 


25, 


A. Irregular growth structures 
B. Fingerprint-like inclusions 
C. A seed plate 

D. All of the above 


The GIA Laboratory’s studies have 
concluded that diamonds 
consistently occur in larger sizes 
than other colored diamonds. 

A. blue 

B. red 

C. pink 

D. yellow 


The discovery of abundant gem 
tourmaline in in the early 
1900s contributed to a decline in 
mining at Mt. Mica, Maine, during 
this period. 

A. Arizona 

B. California 

C. New Hampshire 

D. North Carolina 


The fastest-growing consumer mar- 
kets for diamond jewelry are 
A. India and China. 
B. the United States and Canada. 
C. Thailand and China. 
D. eastern Europe. 


One of the instruments Edward J. 
Gtibelin developed was the first 
desk-model designed 
specifically for gemological use. 

A. microscope 

B. polariscope 

C. refractometer 

D. spectroscope 


Which of the following is an identi- 
fying feature of CVD synthetic dia- 
mond? 
A. An emission at 737 nm in the 
photoluminescence spectrum 
B. Strong yellow fluorescence 
and phosphorescence 
C. Colorless euhedral mineral 
inclusions 
D. A weak, sharp absorption at 
3107 cm in the infrared 
absorption spectrum 
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Miniature Portraits 
from the 


Huntington Art balleries 


One of the really fine collections of 
jewel mounted English miniature portraits 
is housed in the Henry E. Huntington 
Library and Art Gallery, San Marino, 
California. 

Early in the 16th Century, when these 
portraits were first introduced, they were 
used on illuminated manuscripts and docu- 
ments. Later, they appeared as separate 
portraits in miniature. — 

Shortly after the middle of the 18th 
Century, with augmented activity in all 
the arts, the number of painters of this 
type of work increased amazingly. At 
the same time the miniature portrait took 
on a romantic significance, and became 
a coveted article of jewelry. The new 
miniature was enhanced by the opulence 
of its mounting—gold, enamel, diamonds, 
and pearls. The Huntington collection is 
representative of the last brilliant period 
of miniature painting in England and 


numbers more than 100. 

Shown on our cover is a likeness of 
the Hon. Mary Monckton by George 
Engleheart (1750-1829). This jeweled 
treasure is painted on ivory, 21%4”x1%.5", 
with a diamond and. enamel mount in 
crossed ribbon design. 

Shown at the bottom of the page are, 
left to right: The lovely likeness of the 
Countess of Seafield as painted by George 
Engleheart. On ivory, 1 15/16”x1 9/16”, 
the floriated mount—topped with a coro- 
net—has a complete circlet of rubies with 
brilliant-studded leaves. The secend 
shows Lady Louisa Manners by Richard 
Cosway, R. A. (1742-1821). This, too, 
is painted -on ivory, 234”x2%”, and ik , 
exquisitely circled with diamonds. The 
last, by Peter Paillou, is named simply 
“Portrait of a Lady” and was exhibited 
in the Royal Academy (1786-1800). Its 
filigree mount is encrusted with brilliants. 


Courtesy Henry E. Huntington Library and Art Gallery 
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Susan B. Johnson 
Jana E. Miyahira-Smith 
Stuart Overlin 


Photoatlas of Inclusions in 
Gemstones, Volume 2 


By E. J. Giibelin and J. I. Koivula, 
829 pp., illus., hardcover, publ. by 
Opinio Verlag, Basel, Switzerland. 
US$269.50* 


This long-awaited second volume con- 
tains an abundance of new informa- 
tion collected by Edward J. Gtibelin 
and John I. Koivula during the years 
since the publication of the original 
Photoatlas in 1986. Dr. Gibelin, a 
pioneer in the study of inclusions, 
supervised most of the preparatory 
work before he passed away in March 
2005. Mr. Koivula, his friend of many 
years and an eminent gemologist and 
inclusion photographer in his own 
right, was able to complete the book. 
With this middle volume— 
Volume 3 is expected to appear later 
this year—the authors have produced 
a superlative work: 2,400 unsurpass- 
able color photographs of inclusions in 
commercially significant gemstones, 
with clear captions and the necessary 
explanatory details. Its 829 pages are 
solidly bound, and a hard cover 
ensures that this classic work will 
withstand many years of consultation. 
The book is divided into four 
major sections. The first contains a 
foreword, details on how to use this 
volume, historical background, and a 
discussion on the value of inclusions. 
This is followed by a section on the 
inclusions themselves, how they 
appear with the microscope, and how 
they are identified by scientific meth- 
ods. (Most of the inclusions in the 
book were identified using analytical 
techniques such as X-ray diffraction, 
micro-X-ray spectrometry, or Raman 
spectrometry.) Once the inclusions 
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have been identified, they are often 
sufficient to identify the host gem 
material. This is where the book 
proves its value, for it contains a 
wealth of reference images that allow 
the observer to identify the inclu- 
sions—and the host gems—visually. 
The relevant topic is indicated at the 
top of every page, thus making the 
book much easier to use. 

In the third section, on inclusion 
characteristics, chapters such as 
Diagnostic Colors, Diagnostic Mor- 
phology, Fluid Inclusions, and 
Geological Correlation lead to the core 
of the book. This fourth section— 
Inclusions in Gems of Commercial 
Importance—is arranged alphabetically 
according to the host material, from 
amber to zoisite. For quartz alone, 
there are more than 120 pages of inclu- 
sion photos. Pictures of synthetic crys- 
tals and imitations are also included. 

The principal value of this volume 
is the vast number of different fea- 
tures depicted, bringing home to the 
reader the difference, for example, 
between natural oolitic opal and treat- 
ed opal that has been stained black. 
The first volume contained only 24 
photos of inclusions in tourmaline; 
the new one has 70, including recent 
arrivals (most notably copper-bearing 
“Paraiba” tourmaline). Again and 
again, the reader is surprised by the 
rare materials unknown to most 
gemologists that have been identified 
as inclusions (e.g., tangeite, ajoite, and 
papagoite), and thus are highly valu- 
able from both diagnostic and aesthet- 
ic viewpoints. The book ends with a 
summary, a glossary, and an index. 

It is quite clear that this beautiful- 
ly produced and comprehensive sec- 
ond volume, like the first, will be an 
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essential reference work for gemolo- 

gists, a source book for graphic 

designers, and edification for those 
who love beautiful pictures. 

HENRY A. HANNI 

SSEF Swiss Gemmological Institute 

Basel, Switzerland 


Schmuck Jewellery 1840-1940: 
Highlights Schmuckmuseum 
Pforzheim 


By Fritz Falk, 176 pp., 206 illus., 
hardcover, publ. by Arnoldsche Art 
Publishers, Stuttgart, 2004. 
US$60.00* 


The Schmuckmuseum Pforzheim in 
southwest Germany was founded in 
1961, making it a newcomer to the 
circle of the world’s great jewelry and 
art museums. From 1971 to 2003, 
under the ambitious directorship of 
art historian and master goldsmith 
Fritz Falk, the museum expanded its 
far-reaching collections of unique 
pieces. Here, Falk the author presents 
a selection of the museum’s most sig- 
nificant and beautiful pieces from the 
years 1840 to 1940, which aptly 
demonstrate a museum collection 
that has arrived. 

The content is bilingual, present- 
ed in original German with some- 
times clumsy English translations. 


“This book is available for purchase 
through the GIA Bookstore, 5345 
Armada Drive, Carlsbad, CA 92008. 
Telephone: 800-421-8161; outside 
the U.S. 760-603-4200. Fax: 760- 
603-4262. E-mail: myorder@gia.edu 
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One hundred years of artistic and 
industrial jewelry making are 
blocked into three sections: the 
revival period (1840-1895), art nou- 
veau (1898-1917), and the 1920s and 
1930s (1918-1940). Introductory 
notes to each period provide histori- 
cal background, with special empha- 
sis given to German contributions, 
particularly with regard to Pforz- 
heim. Known for centuries-old jewel- 
ry- and watch-making traditions and 
for its School for Applied Arts, Pforz- 
heim evolved into a jewelry-manu- 
facturing center during the industrial 
age. The town and its artists-manufac- 
turers were especially adept at trans- 
lating complex designs, such as art 
nouveau masterworks, into simplified 
and affordable mass-produced jewelry, 
a radical departure for its time in jew- 
elry making and marketing. 

Outstanding examples of each 
period abound, accurately rendered 
by clean photography, occasional 
full-page close-ups, and succinct cap- 
tions. Masterworks by Lalique, 
Falize, Giuliano, Fouquet, and other 
all-stars are joined by lesser-known 
pieces from Elisabeth Treskow, who 
is credited with recreating ancient 
granulation techniques in the late 
1920s, and Berliner Wilhelm Lucas 
von Cranach, whose 1900 octopus- 
and-butterfly brooch adorns the 
book’s cover. The talents of 
Pforzheim’s artists are evident in 
Theodor Wende’s three-dimensional 
goldwork, while pieces by other 
German artists-manufacturers dis- 
play the creative execution of jewelry 
inspired by masters, though rendered 
by a reductionist aesthetic often with 
the use of less costly, though lovely, 
materials. 

Pendants and brooches are some 
of the most spectacular pieces in the 
collection, accompanied by orna- 
ments of various types, as well as 
rings and necklaces, many of which 
presage the industrial styling identi- 
fied with German and Scandinavian 
designers to this day. The book’s bib- 
liography and annotated register of 
100 artists and workshops are useful 
reference tools. 
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While most (190) of the book's 
illustrations are well produced in color, 
text pages are accompanied by black- 
and-white period photographs and 
movie stills that readers should enjoy. 
A still of Brigitte Helm from 1927’s 
“Metropolis” shows the actress strik- 
ing a pose identified today with the 
look of pop star Madonna, reminding 
readers of the cyclical nature of art and 
fashion, as does an 1884 Pforzheim 
pendant in a style revived once more 
as modern chandelier earrings. 

Whether art historians and others 
will consider Schmuckmuseum on 
par with Europe’s other major jewelry 
collections remains to be seen. What 
is clear to date is that Falk has pre- 
sented us with a remarkable collec- 
tion—artfully rendered on these 
pages—that designers, art historians, 
and jewelry lovers will find worth 
seeking out. 

MATILDE PARENTE 
Libertine 
Indian Wells, California 


Working with Gemstones: 
A Bench Jeweler’s Guide 


By Arthur Anton Skuratowicz and 
Julie Nash, 128 pp., illus., publ. by 
MJSA/A]M Press, Providence, RI, 
2005. US$34.95* 


One of the most common—and most 
expensive—mistakes any jeweler can 
make is damaging a gemstone while 
manufacturing or repairing jewelry. I 
have heard the same story all too 
often, from beginners and experi- 
enced bench jewelers alike. The 
story goes like this: After doing a 
simple ring sizing, the jeweler exam- 
ines the finished product, only to dis- 
cover that the stone is now chipped, 
abraded, or discolored. The jeweler 
has no idea whether the damage 
occurred during soldering, pickling, 
polishing, or ultrasonic cleaning, but 
the end result is the same: A small 
profit on a $30 sizing job has now 
turned into a loss of $300 to replace 
the stone, not to mention a very 
upset customer. 
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Working with Gemstones: A 
Bench Jeweler’s Guide offers very clear 
and practical recommendations on 
how to handle gemstones at the bench 
and avoid such unfortunate situations. 
Based on Skuratowicz and Nash’s AJM 
column, this book provides a compre- 
hensive understanding of the charac- 
teristics of gemstones and how those 
traits affect the bench jeweler. 

A handy glossary is appropriately 
placed at the beginning of the book. 
The terms described in the glossary 
are integral to understanding the 
appearance of the stones as well as 
types of possible damage. These terms 
may be common knowledge for an 
experienced gemologist, but not nec- 
essarily for a beginning bench jeweler. 

Information on each individual 
stone is presented clearly, starting 
with a visual guide that shows the 
likelihood of damage during the most 
common bench procedures. Each pro- 
cedure’s level of sensitivity is rated on 
a scale of one to four. Following this 
basic information is a much more in- 
depth description of each stone’s char- 
acteristics. The discussion includes 
specific situations to be avoided, as 
well as common treatments that may 
dictate special handling. 

There are many photographs illus- 
trating stones that have been dam- 
aged by different operations, including 
chipping, abrasions, acid etching, and 
gem treatments, among others. 
Having good photos of these damaged 
stones might not save a gem that has 
already been damaged in your shop, 
but it will aid you in deciding which 
operation caused the damage, so that 
it can be avoided in the future. 

Every major gemstone typically 
used in the jewelry industry is cov- 
ered in this book, making it a fine 
resource for the beginning bench 
jeweler as well as anyone doing 
repair check-in at a retail store. In 
addition, some unusual, seldom- 
seen stones are included, making it a 
good reference for experienced jewel- 
ers as well. 


MARK MAXWELL, CMBJ 
Gemological Institute of America 
Carlsbad, California 
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COLORED STONES AND 
ORGANIC MATERIALS 


Determination and distribution characteristic [sic] of trace rare 
earth elements in pearls by ICP-MS. X. Wang, W. Ge, L. 
Jin, A. Li, S. Hu, and F. Huang, Chinese Journal of 
Analysis Laboratory, Vol. 24, No. 2, 2005, pp. 8-12 [in 
Chinese with English abstract]. 
The main trace elements in both saltwater and freshwater 
pearls (e.g., Na, K, Mg, Cr, Cu, Zn, Mn) have been extensively 
investigated by various researchers. However, these studies 
have typically omitted rare-earth elements (REEs) due to their 
extremely low concentrations. In this article, the authors ana- 
lyzed REEs using inductively coupled plasma—mass spectrome- 
try in powdered samples of both saltwater and freshwater cul- 
tured pearls from China. Four rare-earth standards were used, 
and two separate internal standards of '%In-!%Rh (indium- 
rhodium) were selected to compensate for the drift of analytical 
signals. 

It was found that the “matrix” elements of Ca and Mg do 
not interfere with the signals for the REEs. The total concentra- 
tion of REEs in the saltwater cultured pearls was about 0.6 
mg/] and in the freshwater samples was 0.3 mg/l. The ratio of 
Eu/Eu* (Eu* is the standardized reference value for europium) 
in the two saltwater cultured pearls was less than 1, while in 
four freshwater samples this ratio was greater than 1. The con- 
centration of REEs in the cultured pearls was related to their 
growth environment. TL 


Granitic pegmatites: An assessment of current concepts and 
directions for the future. D. London [dlondon@ou.edul, 


This section is designed to provide as complete a record as 
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Lithos, Vol. 80, No. 1-4, 2005, pp. 281-303. 

Granitic pegmatites are dike-like igneous bodies that are 
important sources of gem minerals such as tourmaline, 
beryl, and garnet, although in many cases they have a sim- 
ple mineralogy consisting only of feldspar, quartz, and 
mica. Geologists have offered various theories to explain 
their patterns of mineral zoning, variety of rock textures 
(from giant crystals to fine-grained layering), and unusual 
geochemical features, which differ from those of ordinary 
granites. The author, a leading pegmatite researcher, pre- 
sents an assessment of new thinking on the genesis of 
granitic pegmatites and describes several peculiarities that 
are still not fully understood. 

Field studies of pegmatite occurrences and their miner- 
al assemblages, and results of melt-crystallization experi- 
ments, suggest that some pegmatite dikes cooled over 
periods of weeks to months from temperatures of approxi- 
mately 500°C to perhaps 300°C (a much more rapid cool- 
ing period at lower temperatures than previously believed). 
The presence of a water-rich vapor or other separate fluid 
phase, proposed earlier to aid in the formation of giant 
crystals as well as exotic minerals, may play a much less 
significant role than previously thought. The author com- 
pares this new thinking with traditional ideas on the for- 
mation of pegmatites, and suggests it provides a better 
explanation for their distinctive features. The genesis of 
pegmatite-forming melts, how these melts appear to have 
been extracted from larger magma bodies without bringing 
pre-existing crystals with them, and how the observed 
similarities in chemical and mineral zoning among multi- 
ple pegmatite bodies can be generated on a regional scale, 
are all questions that await further investigation. 

JES 


Guest editorial: How fast do minerals grow? A. Pring and 

J. Brugger, Australian Journal of Mineralogy, Vol. 

11, No. 1, 2005, pp. 3-6. 
Little is known about the growth rate of most crystals in 
nature. Geochronology is not of much use in mineral 
kinetics. The growth of crystals in rocks need not be a 
continuous process, but may occur in discrete episodes, 
sometimes resulting in zoned crystals. For some gem peg- 
matitic dikes in San Diego County, California, it is possi- 
ble to calculate cooling rates using temperature estimates 
of the intruding magma and thermal conductivities of the 
host rocks. It has been deduced that cooling to <550°C at 
the center of these dikes occurred over approximately nine 
years for the 25-m-thick Stewart dike and in about five 
days for the <1-m-thick Himalaya dike. Growth rates for 
pegmatitic minerals such as the 10-cm-long black tourma- 
line crystals in the hanging wall of the Himalaya dike 
were at the remarkably high rate of 1 cm/day! For gypsum 
crystals growing in saline pools, growth rates of 0.5 mm 
per day have been recorded. Studies by the authors on the 
speed of replacement reactions and transformations of 
nickel sulfide minerals found that in the laboratory, the 
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transformation of pentlandite to violarite takes place over 
several weeks at 70°C and over several days at 120°C. 
RAH 


Pearls from the lion’s paw scallop. K. Scarratt [ken.scarratt@ 
gia.edu] and H. A. Hanni, Journal of Gemmology, 
Vol. 29, No. 4, 2004, pp. 193-203. 
Lion’s paw scallops produce some of the most attractive 
seashells in the world, and they can also host rare, beauti- 
ful, non-nacreous pearls. This article compares the charac- 
teristics of one perfectly round 5.91 ct “pearl” said to be 
derived from a Pacific lion’s paw with data taken from the 
shells of several Atlantic and Pacific lion’s paw scallops. 
Qualitative and quantitative chemical data, as well as 
infrared and UV-visible spectra, are presented for the 5.91 
ct “pearl.” 

The composition and surface appearance of lion’s paw 
“pearls” differ from those of other non-nacreous concre- 
tions (e.g., conch and melo “pearls”). The lion’s paw 
“pearls” are composed mainly of calcite (versus aragonite 
in the case of the other non-nacreous pearls) and they have 
a peculiar surface sheen. This sheen results from “fibrous 
structures” composed of a patchwork of uniquely ordered 
cells. WMM 


DIAMONDS 


Diamondiferous deposits in the Jequitai area (Minas 
Gerais, Brazil): A consequence of neotectonic pro- 
cesses. U. C. Penha [ulisses.penha@cvrd.com.br], J. 
Karfunkel, and N. Angeli, Neues Jahrbuch ftir 
Geologie und Paldontologie, Abhandlungen, Vol. 
236, No. 3, 2005, pp. 207-224. 

Small-scale mining operations extract diamonds from 

Tertiary conglomerates and Quaternary gravels of the Rio 

Jequitai. The geology of northern Minas Gerais State, 

Brazil, has been of interest since garimpeiros began dia- 

mond mining in the early 20th century. Neotectonic pro- 

cesses reactivated Proterozoic crustal features, which 
divided the relatively flat area into several distinct moun- 
tain ranges. Diamond production comes from deposits on 
the slopes of Serra do Cabral and Serra da Agua Fria. The 
uppermost areas of these mountains are covered by Early 

Cretaceous conglomerates that are poorly diamondiferous. 

The faulting created the Rio Jequitai graben, providing a 

depression for fluvial processes. The resulting erosion and 

transport by the river reworked and consolidated the dia- 
mond-poor conglomerates into the relatively diamond-rich 

(0.04-0.16 ct/m%) Tertiary conglomerates and Quaternary 

gravels. To date, no primary diamond-bearing deposits or 

minerals indicative of kimberlites/lamproites have been 
found in the region. EAF 


Geochemical diversity of Yakutian kimberlites: Origin 
and diamond potential (ICP-MS data and Sr, Nd, 
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and Pb isotopy). V. A. Kononova, Yu. Yu. Golubeva, 
O. A. Bogatikov, A. A. Nosova, L. K. Levsky, and G. 
V. Ovchinnikova, Petrology, Vol. 13, No. 3, 2005, 
pp. 227-252. 
The diamond-bearing kimberlites of the Nakyn field differ 
significantly from other Yakutian kimberlites in their 
chemical composition. Chemical and isotopic variations 
of kimberlites of the Yakutian diamond province were 
determined using new samples and the modern analytical 
techniques of ICP-MS and Sr, Nd, and Pb isotopic analysis. 
The data were used to help constrain kimberlite formation 
and emplacement conditions, as well as predict economic 
diamond potential. 

Three chemically distinct groups of kimberlites were 
established, corresponding to different lithospheric and 
lower-crustal compositions. The first group, located in the 
Nakyn field, consists of low-Ti (<1 wt.%) kimberlites 
with ages from 1.4-0.9 billion years. The crustal compo- 
nents in this region are dominantly biotite-amphibole- 
garnet plagiogneisses that underwent consolidation 
roughly 3.2—2.7 billion years ago. The second chemical 
grouping consists of medium-Ti (1.1-2.7 wt.%) kimber- 
lites, which are located among the southern group of 
pipes. They were emplaced 0.7-0.6 billion years ago. The 
lithosphere in this area is granulite-gneiss and includes a 
significant proportion of harzburgites. Consolidation took 
place 3.1-2.6 billion years ago. The high-Ti (>2.7 wt.%) 
kimberlites make up the third group and are located in 
the northern portion of the Siberian craton. This group 
was emplaced 0.8-0.5 billion years ago. The crust in this 
area consolidated 2.4—2.2 billion years ago and consists of 
pyroxene-plagioclase schists, enderbites, and charnock- 
ites. Pyrope from kimberlites is normally used as an indi- 
cator mineral for diamond prospecting, but pyrope is rare 
in the low-Ti kimberlites. An alternative method for pre- 
dicting diamond potential was developed that uses rare- 
earth element concentrations and isotopic ratios. 

EAF 


Typomorphic peculiarities of giant Yakutian diamonds. 
S. P. Bokalo, K. K. Kurbatov, and V. V. Bescrovanov 
[dsc@alrosa.mir.ru], Mineralogical Museums Sym- 
posium, St. Petersburg, Russia, 2005, pp. 333-334 
[in Russian]. 

Numerous very large diamond crystals have been found in 

the Yakutian diamond province in Siberia since 1959. So 

far, 343 crystals weighing >50 ct have been documented 

from the following Yakutian deposits: Mir pipe (112), 

Udachnaya pipe (108), Yubileinaya (Jubileynaya) pipe (65), 

additional unspecified pipes (41), and placers (17). The 

crystals, which are stored in special facilities in Moscow 
and Yukutsk, are available for scientific study. Morpho- 

logical and some physical properties were analyzed for 23 

representative large crystals from five pipes. 

Diamonds from the Mir pipe are always octahedral 
with smooth faces and sharp edges; they sometimes have 
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raised trigons on their faces. The largest stones from the 
Udachnaya pipe (>200 ct) have a characteristic irregular 
shape, but some form distorted octahedrons. The most 
distinctive feature of Udachnaya diamonds is their yel- 
lowish color, frequently with brown hues (i.e., the so- 
called tobacco tints). Diamonds from the Yubileinaya 
pipe are also octahedral but always have some develop- 
ment of rhombic dodecahedral faces. Diamonds from this 
pipe always display sheaf-like splintery striations on their 
faces, resulting in crystals with a dull appearance. Some 
of them have a yellowish green hue. 

The authors conclude that large Yakutian diamonds 
have specific features that enable their kimberlite source 
to be determined. BMS 


GEM LOCALITIES 


Aquamarine aus neuen Vorkommen in Brasilen. C. C. 
Milisenda [info@gemcertificate.com] and H. Bank, 
Gemmologie: Zeitschrift der Deutschen Gemmolo- 
gischen Gesellschaft, Vol. 54, No. 1, 2005, pp. 
47-51 [in German with English abstract]. 

Three sources of high-quality aquamarine from Minas 

Gerais, Brazil, are described: Padre Paraiso, Tatu, and 

Jacutinga. These deposits have recently started producing 

fine color and/or large aquamarines. 

Padre Paraiso is approximately 80 km north of Teofilo 
Otoni in the eastern edge of the state. This location pro- 
duces aquamarine of a pastel-colored greenish blue, with 
rough weighing up to 70 kg; faceted specimens as large as 
100 ct have been produced. Properties are n,=1.571-1.752, 
n,=1.565-1.566 (birefringence 0.006), and S.G.=2.66-2.67. 

Tatti is near the famous Santa Maria de Itabira deposit, 
in the central part of the state. Aquamarine from this area 
is intense blue, with faceted stones typically between 1 
and 10 ct. Properties are n,=1.583-1.585, n.=1.577-1.579 
(birefringence 0.006—0.008), and S.G.=2.72—2.74. 

The third locality is Jacutinga, 60 km south of Pocos 
de Caldas. This locality is now producing some stones of 
exceptional color. Although typically less than 3 ct, the 
faceted goods are of an unusually intense blue. Properties 
are n,=1.588-1.590, n,=1.580-1.590 (birefringence 0.008), 
and S.G.=2..74-2.75. DMK 


Chemical composition analysis of nephrites irom differ- 
ent localities in China. R. Liao and Q. Zhu, Journal 
of Gems and Gemmology, Vol. 7, No. 1, 2005, pp. 
25-30 [in Chinese with English abstract]. 

Nephrite, the more common and less costly type of jade, is 

a polycrystalline aggregate of amphibole of varying compo- 

sition. Unlike jadeite jade, which is restricted to certain 

types of metamorphic rocks in a few areas, nephrite jade is 
much more widespread. China is the major source for 
nephrite, with two new deposits recently discovered. In 
this article, the authors compare the chemical composi- 
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tions of nephrite from several localities in China: Hetian 
and Manashi in Xinjiang, Germu in Qinghai, Wenchuan in 
Sichuan, Xiuyan in Liaoning, Hualian in Taiwan, and a 
deposit discovered in the 1990s at Xiaomeiling (near 
Suyang in Jiangsu). Detailed chemical analysis revealed 
that the average chemical compositions came very close to 
the theoretical value of tremolite (Ca,Mg.Si,O,,[OH],). 
However, there were some differences in composition 
among the different localities. Variations in FeO and 
(FeO+MgO) appear to be an important indicator of geo- 
graphic origin. For example, nephrite from Hetian showed 
a rather tightly constrained iron content of about 0.75 
wt.% FeO, with (FeOQ+MgO) in a range of 24.2-26.7 wt.%. 
Samples from Xiuyan contained about 0.5 wt.% FeO and 
(FeO+MgO) of about 24 wt.%. Nephrite from Suyang had 
low contents of both FeO and (FeO+MgO). TL 


Mechanical mining vs. traditional mining in Sri Lanka: A 
note on gem mining in Kumbukkana-Okkampitiya 
gem fields. M. Vithanage and M. Rupasinghe, 
Canadian Gemmologist, Vol. 25, No. 3, 2004, pp. 
96-103. 

Gem mining in Sri Lanka dates back more than 2,000 
years and relies mostly on small-scale operations using tra- 
ditional methods. Recently, large-scale mechanized min- 
ing has commenced in two gem-producing areas 
(Kumbukkana and Okkampitiya) in the southeastern part 
of the country, which is underlain by rocks of the Vijayan 
Complex. Most of the deposits are secondary (e.g., eluvial), 
with the gem-bearing gravel layers found near, or a few 
meters below, the surface. Traditional mining is relatively 
environmentally friendly, in that almost all pits are shal- 
low. However, large-scale mechanized mining, using bull- 
dozers and tractors, is having a major negative impact on 
the area, both environmentally and socially, in part 
because of the lack of enforcement of existing legislation 
and the requirements of the mining licenses. 

Mechanized mining of riverbanks has caused large 
hardwood trees to fall, resulting in damage to the riverine 
ecosystem. Erosion of unconsolidated sediments from soil 
heaps created by the mechanized mining has fouled water- 
ways. Abandoned craters (up to 25 m7?) filled with water 
are breeding grounds for mosquitoes. The article concludes 
with a plea for the use of environmentally friendly mining 
methods, because the economy and the environment are 
interdependent, and damaging this balance may result in 
serious problems in the future. KSM 


INSTRUMENTS AND TECHNIQUES 


Application and development of digital image processing 
techniques in gemmology. Z. Qu, Journal of Gems 
and Gemmology, Vol. 7, No. 2, 2005, pp. 31-33, 41 
[in Chinese with English abstract]. 

In recent years, many software applications for digital 
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image processing in gemology (such as for diamond cut 
evaluation) have been developed to gather image-related 
quantitative information. In this article, the author reports 
on a digital image processing system developed by China 
University of Geosciences, Wuhan, to assist in diamond 
cut grading and building three-dimensional images of gem 
materials. 

The system consists of a light source with adjustable 
brightness and background illumination, a CCD (charged 
coupling device) camera, and a desktop computer with 
image-processing software. By measuring key spots (usu- 
ally facet junctions) on a faceted diamond, the system can 
calculate proportion data in less than 10 seconds. The cut 
data and a three-dimensional model of the diamond are 
saved in a database, which can be placed on the Internet 
for searching and viewing by potential customers. For a 
rough diamond crystal, several potential cutting plans can 
be calculated and displayed. 

The author claims that the system has reached a 
technological level equivalent to systems available else- 
where in the world for diamond cut measurement. These 
digital image processing techniques could also help study 
and identify inclusions and other characteristics in gem 
materials. TL 


Cameras and computers: Photographing jewelry in the 
digital age. C. McCarthy, Lapidary Journal, Vol. 59, 
No. 3, 2005, pp. 16-22. 
This article discusses the intricacies and difficulties inher- 
ent in jewelry and gemstone photography. Many of the 
challenges are related to the small size of the objects. Tips 
from top gem and jewelry photographers are offered on how 
to achieve the best results. Comparisons are made between 
film and digital photography, and today’s experts tend to 
find they are spending more time using a computer to digi- 
tally manipulate images than using a regular film camera. 
One major detriment to producing a good photograph 
is poor lighting. Opinions differ as to what is most effec- 
tive, with strobe, tungsten, and combination lighting 
techniques discussed. Digital photography tends to be 
much more forgiving in this respect than film. 
Professional gem photography web sites are listed for ref- 
erence to various lighting techniques by different photog- 
raphers. For best color in a faceted stone, the goal is to 
light up as many of the back or pavilion facets as possible. 
Cabochons require more diffuse light and careful arrange- 
ments to avoid reflections of the photographer or the 
equipment. Opals require a limited focal range, and emer- 
alds (due to their chromium component) tend to turn 
more blue or gray with film cameras. Digital photography 
seems to be gaining the upper hand in addressing this 
problem, as one can digitally manipulate and correct color 
results. Another factor is the proper use of backgrounds. If 
color accuracy is important, use a neutral background. 
Also discussed are prices for cameras of different qual- 
ities. Printers are reviewed as well. JEC 


GEMS & GEMOLOGY SPRING 2006 


Digital combination photography: A technique for pro- 
ducing improved images of microscopic minerals. 
D. I. Green, Australian Journal of Mineralogy, Vol. 
11, No. 1, 2005, pp. 13-24. 
It is difficult to produce sharp photographs of three-dimen- 
sional micro-minerals using conventional single-shot film- 
based techniques. Software combining the sharply focused 
areas of different digital photographs offers considerable 
advantages at magnifications greater than life-size and is 
virtually indispensable at high magnifications. The depth 
of field and resolution of the microscope must be mea- 
sured or calculated, and the size of the camera sensor (in 
megapixels) must be taken into account when deciding 
the most useful magnification. With a modern stereomi- 
croscope and a high-resolution objective, it is possible to 
produce good-quality images for printing at a linear magni- 
fication of up to 100x; for a more typical instrument, 
30x-50x is the limit. The author’s set-up for digital pho- 
tography is shown, and 27 example photomicrographs are 
presented. RAH 


Growth zoning and strain patterns inside diamond crystals 
as revealed by Raman maps. L. Nasdala [nasdala@ 
uni-mainz.de], W. Hofmeister, J. W. Harris, and J. 
Glinnemann, American Mineralogist, Vol. 90, No. 4, 
2005, pp. 745-748. 

Recent advances in high-resolution luminescence spec- 
troscopy have led to the widespread application of nonde- 
structive Raman analysis to research on gem diamonds. 
Two-dimensional Raman maps were created for a suite of 
diamond crystals from Canada’s Ekati mine (Panda pipe) 
to investigate the relationship between well-shaped, 
hexagonal plates of graphite and their octahedral diamond 
hosts. Analyses were done by the confocal Raman method, 
using 632.8 nm excitation from a He-Ne laser. Mapping 
was performed with a motorized X-Y stage and consisted 
of data sets containing 20,000-100,000 individual Raman 
spectra with lateral data resolution of 3-6 um. 

The focus of the data collection was the first-order dia- 
mond Raman band, which typically occurs at 1332 cm7! 
with a width (full width at half maximum, FWHM) of ~1.6 
cm-!. This band has been shown to become wider and 
shift toward higher wavenumbers in response to compres- 
sive strain. Immediately adjacent to the graphite inclu- 
sions, Raman shifts as high as 1336.7 cm! were measured, 
relative to the 1331.8 cm~ value for the bulk diamond 
host. Additionally the inclusions were bounded by regions 
with FWHM values up to ~3.7 cm"!. 

Contour plots of these data indicate that the origin of 
diamond growth texture was the graphite inclusions, and 
the surrounding patterns of diamond Raman peak varia- 
tions represent internal strain. Thus, these Ekati diamonds 
must have overgrown preexisting graphite crystals in con- 
ditions relatively close to the graphite-diamond equilibri- 
um boundary. 

CMB 
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Observation of “centre cross” diamond: Distinction 
between natural and synthetic. A. Abduriyim and 
H. Kitawaki, Gemmology, Vol. 36, No. 428, 2005, 
pp. 4-9. 
It can be difficult to differentiate sector zoning in natural 
and HPHT-grown synthetic diamonds with a gemological 
microscope due to similarities in their appearance. The 
cross-shaped sector zoning that is typical for synthetic dia- 
monds is rare in natural diamonds but has been observed 
in stones showing mixed-habit growth. However, differ- 
ences in sector zoning between natural and synthetic dia- 
monds can be seen clearly with cathodoluminescence (CL) 
or an X-ray analytical microscope. The authors examined a 
0.105 ct purplish red diamond and a 0.21 ct orange-red 
Chatham synthetic diamond using these techniques. CL 
images of the natural diamond sample showed distinctive 
boundaries and a complicated zig-zag growth in {111} ori- 
entations and curved rough, linear growth on {100} direc- 
tions interspersed with {111} growth. The synthetic sam- 
ple showed smooth crystal surfaces, with no major varia- 
tions in growth conditions. With the X-ray analytical 
microscope, the natural diamond sample showed distinc- 
tive boundaries as light/dark contrasts, but the synthetic 
sample showed only a homogenous light tone. 
HyeJin Jang-Green 


Oxygen isotope composition as a tracer for the origins of 
rubies and sapphires. G. Giuliani, A. E. Fallick, V. 
Garnier, C. France-Lanord, D. Ohnenstetter, and D. 
Schwarz, Geology, Vol. 33, No. 4, 2005, pp. 249-252. 

Oxygen isotope (8!8O) data are summarized for 249 natural 
rubies and sapphires (of various colors) from 106 primary 
and secondary (alluvial) deposits in 26 countries that repre- 
sent many of the more important sources of these gem 
materials. These data were obtained by an analytical tech- 
nique that involves heating approximately 1 mg of pow- 
dered sample with a laser, and reacting the heated powder 
with a fluorination agent (here, CIF,) to release oxygen 
from the gem sample that is then converted to CO, for 
analysis. 

The 8!8O data provide a good indication of the geolog- 
ic environment and rock type of the corundum host. On 
the basis of the samples analyzed, the authors grouped the 
rubies into five categories, and the sapphires (excluding 
pinks) into six categories, each representing a different 
type of host rock. There is an overlap in the data for sam- 
ples from some host rocks, so the analytical technique is 
not definitive in all cases. The authors found little varia- 
tion in the oxygen isotope ratio among corundum sam- 
ples collected from the same deposit. In addition, heat 
treatment of the corundum did not affect the isotope data. 
Although not definitive by itself, this minimally destruc- 
tive analytical technique provides an additional means of 
distinguishing the geologic origin of gem corundum, with 
material from some localities displaying a unique oxygen 
isotope signature. JES 
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JEWELRY HISTORY 


Characters of gemstones from Liangzhuang King’s tomb in 
Ming Dynasty in Zhongxiang, Hubei Province. M. 
Yang, J. Di, Y. Zhou, L. Fan, Z. Liang, L. Li, and H. 
Zhu, Journal of Gems and Gemmology, Vol. 6, No. 
3, 2004, pp. 22-24 [in Chinese with English abstract]. 

More than 750 pieces of mounted gem materials (out of a 

total of more than 5,000 specimens of gems and jewelry) 

were found in the tomb of King Liangzhuang, who died in 

1441. The tomb was discovered in 2001 in Zhongxiang, 

Hubei Province, China. The gem materials, which varied 

greatly in quality, were all well-polished cabochons. They 

were divided into 18 categories (the number of specimens 
identified in each category is shown in parentheses): ruby 

(173), sapphire (148), rock crystal (112), amber (93), agate 

(56), turquoise (54), emerald (50), nephrite (47), aventurine 

quartz (12), cat’s-eye chrysoberyl (10), spinel (5), glass (4), 

garnet (2), pearl (2), wood (2), zircon (1), feldspar (1), and 

cinnabar (1). Most of the rubies and sapphires were large 

(the largest sapphire was nearly 200 ct), with good color and 

few inclusions. Whereas most of the other gems were in 

good condition, about half the turquoise samples displayed 
evidence of dissolution or corrosion, such as a porous tex- 
ture and yellow or brown alteration colors. Drill holes in 
some of the necklace beads were noteworthy for their qual- 
ity and uniformity of size. Based on inclusions and other 
gemological properties, the authors suggest that the pearls 
and turquoise came from China, while the other gem mate- 
rials came from various parts of southeast Asia. EE 


The Western lapidary tradition in early geological litera- 
ture: Medicinal and magical minerals. C. J. Duffin, 
Geology Today, Vol. 21, No. 2, 2005, pp. 58-63. 

This article explores ancient lapidary literature, with 

examples of folklore, mythology, and medicinal or other 

non-ornamental uses. One of the earliest lapidary works is 
by Theophrastus, a successor to Aristotle, who classified 
gems into male and female species. The text, written 
about 315 BC, led to speculation about whether gems were 
able to breed within the earth. A century later, Damigeron 
described the uses of 50 stones, such as hematite to stem 
bleeding, diamond as a talisman rendering the wearer 
undefeatable (both in battle and in lawsuits), and sapphire 
to reduce envy. The article describes more familiar texts 
by Pliny and then traces similar works through medieval 
times, many of which drew on ancient Greek lore. Finally, 
it reviews a number of early printed books and concludes 
with a notation on the recent rebirth of this literature in 
works on “crystal healing.” RS 


PRECIOUS METALS 


Pt alloy materials for jewelry and ornaments. Y. Ning, 
Precious Metals, Vol. 25, No. 4, 2004, pp. 67-72 [in 
Chinese with English abstract]. 
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This article briefly reviews the history of jewelry and orna- 
ments made of platinum (Pt) and Pt alloys in China. It also 
summarizes selected basic properties (e.g., melting point, 
hardness, density, thermal properties) of Pt and its alloys 
as they apply to the manufacture of jewelry and orna- 
ments, again, primarily in China. 

Platinum jewelry was not popular in China before the 
early 1980s. But its popularity increased during the 1990s, 
and by 2002 about 46 tonnes of Pt (~ 52% of world pro- 
duction) were consumed by Pt jewelry manufactured in 
China (including Hong Kong). Platinum jewelry and orna- 
ments made in China are marked on the basis of their Pt 
purity (1000 being 100% pure). In practice, most Pt jewel- 
ry is alloyed, and the most commonly encountered puri- 
ties are 950Pt, 900Pt, and 850Pt; only a small percentage 
of Pt jewelry and ornaments are 800Pt. Unlike in the 
United States and European countries—which mainly use 
alloys of platinum-iridium (Pt-Ir), platinum-ruthenium 
(Pt-Ru), and a few other Pt alloys—in China platinum-pal- 
ladium (Pt-Pd) alloys, often with copper, cobalt, or ruthe- 
nium added, are most widely used for jewelry. The most 
common Pt alloys are Pt-5Pd, Pt-10Pd, and Pt-15Pd, all of 
which have excellent chemical properties (e.g., high resis- 
tance to corrosion and oxidation) and thermal properties 
that enable easy casting and manufacturing. The author 
suggests that new Pt-Pd based alloys, particularly with 
the addition of Cu and Co, should be developed in China 
because of their favorable physical properties and price 
advantages. TL 


SYNTHETICS AND SIMULANTS 


Gem show beads. S. Frazier and A. Frazier, Lapidary 
Journal, Vol. 58, No. 7, 2004, pp. 54-59. 
This article describes six bead materials that were misrep- 
resented but were interesting nonetheless. These materials 
were: glass purported to be moss agate (mossy glass); iri- 
descent synthetic quartz sold as “quartz crystal”; “sea 
bamboo,” a fine-grained limestone with coral fossils that 
had been dyed red; green and yellow synthetic quartz sold 
as “real quartz”; pink glass with bubbles labeled as “straw- 
berry quartz”; and dark pink glass described as “cherry 
quartz.” JEC 


Gemmological characteristics and identification of a kind 
of dyed red coral imitation. Q. Wei and Z. Qiu, 
Journal of Gems and Gemmology, Vol. 6, No. 1, 
2004, pp. 24-26 [in Chinese with English abstract]. 

Red coral is one of the most valued organic gem materials 

due to its rarity and beauty, and the Chinese market is 

flooded with various red coral simulants. In this article the 
authors describe a new type of dyed red coral that is very 
difficult to distinguish from natural-color red coral. 

The new red coral simulant is made from the Isis 
reticulate reef coral that naturally is gray-white or gray- 
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brown. Mineralogically, it is a high-magnesium calcite 
(determined by X-ray diffraction analysis). After the dye- 
ing process, it displays various shades of red that are dark- 
er along fractures and grain boundaries. The thickness of 
the dyed red layer is usually ~0.5-2.0 mm. The infrared 
spectrum of the dyed material is similar to that of natural 
red coral. Chemical analyses (including mass spectrome- 
try) indicate that the dyes used to create the red color are 
complicated, and those used in early imitations are differ- 
ent from those identified in the latest red coral simulants. 
The early dyes had a molecular weight of about 728 
g/mol, whereas the latest dyes are composed of a mixture 
of three organic components with molecular weights of 
312.8, 326.9, and 340.9 g/mol, these are very similar to 
the molecular weights of the organic components found 
in natural red corals. TL 


Luminescence study of defects in synthetic as-grown and 
HPHT diamonds compared to natural diamonds. J. 
Lindblom [joachim.lindblom@utu.fi], J. Hélsa, H. 
Papunen, and H. Hakkanen, American Mineralo- 
gist, Vol. 90, No. 2-3, 2005, pp. 428-440. 

Synthetic diamonds are becoming readily available in 

the marketplace, making it important that the optically 

active defects associated with different synthetic pro- 
cesses and post-growth treatments are well understood. 

Luminescence and absorption features were analyzed at 

room temperature and under cryogenic conditions 

(10-77 K) for six natural diamonds (colorless, yellow, 

brownish, and black), three nitrogen-rich synthetics 

(yellow to brown), two HPHT-annealed synthetics (yel- 

low), two boron-doped synthetics (blue), and two syn- 

thetics grown with a “nitrogen getter” (near colorless). 

The authors collected cathodoluminescence (CL), pho- 

toluminescence (PL), and time-resolved luminescence 

spectra (TRL), as well as UV-Vis-NIR and FTIR absorp- 
tion spectra. 

Absorption spectra indicated that the as-grown N-rich 
and B-doped synthetic diamonds were types Ib and IIb, 
respectively. After HPHT treatment, the N-rich samples 
changed to type IaA. The samples grown with a nitrogen 
getter were nominally type Ila; however, both those and 
the boron-doped samples showed evidence of minor N- 
related defects, indicating a synthetic growth environ- 
ment. The natural diamonds showed a weak hydrogen- 
related feature at 3107 cm~ that was not present in the 
synthetics. 

When exposed to UV and CL excitation, the as- 
grown N-rich samples showed a green star-shaped pat- 
tern that was blurred in the HPHT-treated samples. The 
blue and colorless samples showed no distinct patterns. 
Some of the natural diamonds showed octahedral 
growth patterns. The PL spectra of all the synthetic dia- 
monds revealed sharp Ni-related features from the cata- 
lyst used during growth. The natural diamonds showed 
broad PL bands without sharp superimposed lines. CL 
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and TRL spectra of the synthetic diamonds contained 
Ni-related and nitrogen-vacancy-related bands, as well 
as features that were attributed to possible chromium 
impurities inherited from the growth chamber. In both 
CL and UV-excited spectra, the natural samples showed 
complex N-related defects and a 491 nm band related to 
slip traces and plastic deformation. Interestingly, the 
CL band in natural diamonds also shifted from blue to 
green with increasing exposure time in the instrument. 
The most reliable features for distinguishing natural 
from synthetic diamonds are distinct luminescence pat- 
terns and the N3 defects that are present only in natural 
diamonds. However, because these features are not 
always present, luminescence spectroscopy is impor- 
tant for the separation. 

CMB 


Polymerization recycling of wasted [sic] turquoise. Y. 
Zhang and Q. Chen, Journal of Gems and 
Gemmology, Vol. 7, No. 1, 2005, pp. 31-35 [in 
Chinese with English abstract]. 

With the growth of the Chinese economy and jewelry 
industry, demand for various turquoise products is 
increasing rapidly. At the same time, waste materials 
from turquoise processing have become more common 
due to inefficient mining and manufacturing methods. It 
is estimated that several tons of turquoise waste materi- 
als are produced in China each year. In this article, the 
authors report on an attempt to recycle these waste 
materials by a variety of thermochemical polymerization 
processes. 

Turquoise waste materials from Bijiashan, Maanshan 
city, Anhui Province, China, were used for the experi- 
ments. After removal of iron oxides, the material was 
powdered to less than 200 mesh. The polymerization pro- 
cesses were mainly carried out by reaction with a solu- 
tion of hydrogen aluminum phosphoric acid (AIH,P;O,), 
followed by compression at 25-30 MPa for about 30-50 
minutes, and heating and hardening at different tempera- 
ture ranges (80, 120, 160, and 180°C). Various auxiliary 
materials for adjusting the solidification speed, reducing 
the water content, removing gas bubbles, and affecting 
color were added. 

The resulting products were investigated by powder 
X-ray diffraction, SEM, FTIR, and other advanced analyti- 
cal techniques. Gemological properties were also com- 
pared to natural turquoise. Some weak XRD peaks were 
found, corresponding to d-spacings of 4.144, 3.890, 1.4820, 
and 1.4543 A, possibly as a result of the added chemicals. 
The concentrations of P,O, and MgO were higher than 
those of natural turquoise, also probably related to the 
added materials. 

Thermochemical polymerization facilitates bonding of 
turquoise crystals to form a lumpy structure. Mechanical 
properties, such as density, strength, etc., were also 
improved. TL 
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TREATMENTS 


Glass-filled rubies: Clarity-enhanced rubies with glass- 
forming additives. T. Themelis [ted@themelis.com], 
Australian Gemmologist, Vol. 22, No. 4, 2005, pp. 
360-365. 

The filling of fractured rubies with glass containing Pb, Bi, 

Ta, and other oxides as additives, including chromophores, 

is described. Combinations of certain metal oxides in glass 

can effectively fill surface-reaching cavities in rubies at the 
relatively low temperature range of 900-1300°C. The 
structure of most of these fillers is amorphous glass (not 
necessarily SiO,), and the treated stones are referred to as 
glass-filled rubies. In Thailand, these rubies are known as 
ruby star or by their alternative name pao-mai, meaning 

“new burn” in Thai. This treatment is easily identified 

with a gemological microscope; its disclosure is mandato- 

ry, and the selling price is relatively low. 
RAH 


Identification of treated chicken-blood stones and imita- 
tions. L. Tian, Y. Cheng, H. Liu, and Z. Zhang, 
Journal of Gems and Gemmology, Vol. 6, No. 3, 
2004, pp. 18-21 [in Chinese with English abstract]. 

“Chicken-blood” stone, a fine-grained mixture of dick- 
ite/kaolinite and quartz with varying amounts of red 
cinnabar as the coloring agent, is among the most expen- 
sive ornamental materials in China. True chicken-blood 
stones come from only two localities: Changhua, in 
Zhejiang Province, and Balin, in Inner Mongolia. In this 
article, the authors compare natural chicken-blood 
stones from Changhua with various enhanced specimens 
and imitations using standard gemological techniques 
and several advanced techniques (e.g., X-ray diffraction, 
gas chromatography) to determine the characteristics of 
each material. 

Four main types of enhancements were recognized: 
agglutination, repairing with glue, coating with cinnabar 
powder and/or red pigments, and reconstruction. 
Agglutination can be detected by microscopic observation, 
which reveals the presence of glues (usually concentrated 
in fractures or shallow depressions), gas bubbles, and varia- 
tions in grain size and cleavage orientation between the 
natural cinnabar and the added material. Repairing with 
glue involves applying either a colorless artificial resin or a 
mixture of resin and dickite powder to broken surfaces. 
Stones artificially coated with cinnabar and/or red pig- 
ments are easily identified because the coloring materials 
are concentrated in surface regions. Reconstructed stones 
contain Pb,O,+PbO added to the cinnabar and/or red pig- 
ments. Imitations of chicken-blood stone usually have a 
base of kaolinite, chlorite, or talc. The specific gravities 
and other gemological properties of the imitations are suf- 
ficiently different from those of natural chicken-blood 
stone to enable easy identification. TL 
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Spectroscopic studies on irradiated enhanced fancy color 
diamonds. J. C. C. Yuan, M.-S. Peng, and Y.-F. 
Meng, Journal of Mineralogy and Petrology, Vol. 25, 
No. 3, 2005, pp. 47-51 [in Chinese with English 
abstract]. 

FTIR, UV-Vis-NIR, photoluminescence, and Raman spec- 

troscopy were used to study 10 natural diamonds with 

colors induced by radiation. Their visible absorption and 

low-temperature photoluminescence spectra showed a 

number of color-center peaks attributable to point defects. 

In addition to the N3 absorption feature, peaks at 595 and 

637 nm were also observed. The authors suggest that 

peaks at 575, 595, and 637 nm in the low-temperature 

photoluminescence spectra, in combination with the H1b 
color center at 4929 cm~! and the Hlc color center at 

5156 cm! in the near-infrared spectra, provide an indica- 

tion of irradiation in green diamonds, and are also impor- 

tant characteristics of other colors that are produced in 
diamond by irradiation. 
RAH 


Three dimensional fluorescence spectra representation of 
natural and treated amber. L. Qi, X. Yuan, G. Peng, 
and Y. Wang, Journal of Gems and Gemmology, 
Vol. 7, No. 1, 2005, pp. 10-16 [in Chinese with 
English abstract]. 

Amber is often treated by various laboratory processes such 
as heating, filling, and/or pressing. To determine character- 
istics for distinguishing natural from treated amber, the 
authors have investigated differences in various types of 
spectra, mainly analyzing features related to carbon and 
hydrogen, which are the major chemical components of 
amber. Forty-six samples of natural amber (mainly from 
Huxuan, Liaoning Province, China) and 39 samples of 
amber treated by various enhancement processes (collected 
mainly from an amber manufacturing factory in Shenzhen) 
were studied by a three-dimensional fluorescence spec- 
trophotometer and a UV-Vis spectrophotometer. All the 
samples were sliced and both sides were polished. 

Amber treated by heating and filling processes showed 
a cut-off (general absorption) in the UV region at about 
395 nm, due to unsaturated organic materials (unsaturat- 
ed ester copolymer and aromatic compounds from foreign 
sources) added during the treatment processes. The cut- 
off position varied depending on the materials added. 
Other spectral differences were noted. For example, 
346/437 nm (excitation/emission wavelength) was the 
characteristic peak for natural amber, while 354/415 nm 
was seen in heat-treated amber. Many luminescence cen- 
ters were also found. 

The spectral differences between natural and treated 
ambers can be explained by changes in the molecular 
bond structure of the carbon-hydrogen compounds during 
treatment. These differences could possibly be used for 
identification. TL 
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Book Review 


DIAMOND TOOL PATENTS l— 
Diamond Abrasive Wheels. Edited by P. 
Grodzinski, AM JI. Mech. E., 55 pp., 2 
tables, 1 appendix, name index, Industrial 
Diamond Information Bureau, Industrial 
Distributors (Sales) Ltd., 32-34 Holborn 
Viaduct, London, E. C. 1, August, 1948. 
Price 10/-. 


This book has been published as a com- 
panion compilation of a survey released 
by the Industrial Diamond Information 
Bureau in 1945, P. Grodzinski, assisted 
by D. L. C. Jackson and 'W. Jacobsohn, 
conducted a survey on diamond abrasive 
wheels and give their findings in the 
new edition. Approximately 400 patents, 
from many countries, having to do with 
the subject, are listed and classified in 
numerical order. 

GEM STONE LORE, by William 
Poese, Instructor in Lapidary Arts, pub- 
lished by Mineral Book Company, Colo- 
vado Springs, Colorado, 

This book deals chiefly with gem cut- 
ting and the legénd and history of the 
birthstone gems. In addition it contains 
reproductions of 31 letters written to the 
author by celebrities and well known pub- 
lic characters outlining their personal 
preferences for gemstones. 

MINERALOGICAL DICTIONARY, 
by Chambers, published by Chemical Pub- 
lishing Company, Inc., Brooklyn, 1948. 
Price $4.75. 

This mineralogical dictionary, first pub- 
lished in 1945, now available in a second 
edition is of interest chiefly for 40 color 
plates, mostly of typical crystals of the 
most important minerals. 

It is odd that a mineralogical diction- 
ary should have only 1,400 entries when 


FALL, 148 


there are more than 1,400 minerals. Opti- 
cal mineralogy seems to have been 
entirely neglected. Such terms as optic 
axis, dispersion, interference figure, etc., 
that are of primary importance to the 
mineralogist are not to be found in this 
work. In addition, although the jacket 
states that physical and chemical proper- 
ties are listed, this is not the case. While a 
word description of the chemical composi- 
tion is given, hardness, specific gravity, 
and the optic properties are never listed. 
However, those interested in having color 
plates of mineral crystals, including many 
of the gem minerals, and a rough descrip- 
tion of the more important minerals, with 
a number of other mineralogical terms, 
will find this book of value. In fact, there 
are many who would feel that the color 
plates alone make the book a worthwhile 
addition to their library. 


Gemological Digests... 
_ (From page 88) 


GIA Educational Boards 
To Meet in New York 


The Educational Advisory Board, Ex- 
aminations Standards Board, and the Ex- 
aminations Board of the Gemological 
Institute of America will meet Saturday, 
November 13, at the Hotel Pennsylvania 
in New York City, with Dr. Edward H. 
Kraus, president of the Institute, acting 
as chairman. 

Robert M. Shipley, Director of the 
G.LA., will attend the conference which 
will convene immediately following the 
last session of the combined meeting of 
the Geological and Mineralogical Soci- 
eties of America at the same hotel. 
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MISCELLANEOUS 


A valuation model for cut diamonds. M. G. M. S. Cardoso 
[margarida.cardoso@iscte.pt] and L. Chambel, 
International Transactions in Operational Research, 
Vol. 12, No. 4, 2005, pp. 417-425. 

The authors examined two theoretical approaches to pre- 

dicting diamond prices: decision trees and neural net- 

works. A decision-tree model operates by splitting 

(“branching”) a large data set into smaller groupings until 

all the data in each final group (or “leaf”) are statistically 

similar to one another. A neural-network model con- 
nects input nodes (one for each value of “nominal 
attributes” such as diamond shape or source of grading 
report, and one for each “ordinal attribute”—color, clari- 
ty, or weight) to outputs (the predicted price of test dia- 
monds) by way of an intermediate “hidden layer” of con- 
necting functions that are determined recursively, using 

a computer program. 

Pricing data for 2,778 diamonds sold in 2002 were 
obtained on the Internet and categorized according to dia- 
mond weight, color (coded in 27 classes, including brown 
hues), clarity (11 classes), shape (9 choices), and grading 
report (7 choices, including no report). Data from 65% of 
the diamonds were used to calculate parameters for the 
two types of models; the remaining diamonds were chosen 
to be statistically similar to the set as a whole, and were 
reserved to test the models’ prediction of their prices. 

Each type of model had its own advantages. The neu- 
ral-network model had better predictive capacity, in that 
it accounted for about 96% of diamond price variation. 
However, because of the “hidden layer” necessary to cal- 
culate prices, it did not provide good insights into the 
rationale for diamond pricing. 

Although the decision-tree models (two in this paper) 
only accounted for 85% of price variation, they had two 
advantages: reasons for price variations could be priori- 
tized, and the error of the price in each diamond group 
could be separately calculated. In this case, the most 
important variable was the type of diamond grading 
report (GIA, AGS, or HRD versus EGL, IGI, GGL, or 
none}, followed by carat weight. For example, price pre- 
dictions were much riskier for larger (>0.9 ct) diamonds 
with low clarity and no grading report than for H-or- 
lower-color diamonds between 0.98 and 1.5 ct with a 
grading report from GIA, HRD, or AGS. 

Nevertheless, the authors found that the Rapaport 
Diamond Report price list was better still at prediction 
(98% of price variation accounted for) and these models 
could not reliably extrapolate prices for diamonds that were 
not in the data set (e.g., 1 ct D-IF). However, both the neu- 
ral-network and decision-tree methods showed considerable 
promise, and the authors plan to extend their analysis to 
include such factors as cut quality grades and fluorescence, 
as well as a time-related dimension. 

Mary L. Johnson 
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Conflict diamonds: A new dataset. E. Gilmore, N. P. 
Gleditsch [nilspg@prio.no], P. Lujala, and J. K. Rad, 
Conflict Management and Peace Science, Vol. 22, 
No. 3, 2005, pp. 257-272. 

While studies have pointed to natural resources, diamonds 

in particular, as a cause of civil conflict, there has been no 

systematic means of evaluating such conclusions. Using 

diamonds as a model, the authors have constructed a 

dataset of various criteria to analyze whether, or to what 

extent, commodities are involved in fueling civil conflicts 

(available at www.prio.no/page///9649/47115.html). These 

factors include conflicts in producing countries; accessibil- 

ity of rebel groups to the production sites; and the ability 
to extract, export, and market the commodities. 

The authors hypothesize that primary diamond 
deposits in kimberlite pipes have a low probability of 
being the object of conflict because they require costly 
mining operations to exploit. Nations with secondary 
diamond deposits may show a greater incidence of civil 
strife than those without such a resource because these 
shallow deposits are easily exploited. The degree to 
which these factors incite and prolong conflict remains 
to be established; this dataset is intended to facilitate 
such research. 

RS 


Study on disease status of gem worker's silicosis. C. Chen, 
D. Zhang, C. Qiu, W. Li, and L. Hwang, China 
Journal of Public Health, Vol. 21, No. 3, 2005, pp. 
317-318 [in Chinese with English abstract]. 

Guangdong Province hosts one of the largest gem manu- 
facturing centers in China. This article reports on the 
prevalence of dust-related diseases, primarily silicosis, in 
workers at two Guangdong factories that produce jewelry 
and ornamental objects containing mainly colorless 
quartz, amethyst, and citrine. Workers are involved in 
stone selection, cutting and polishing, hole drilling, and 
assembling the final products. The study involved 1,078 
male and 485 female workers with an average age of 23.75 
years, who had been working at the factories for an aver- 
age of 1.23 and 4.72 years, respectively. In addition to 
examining the workers for lung functionality, the study 
evaluated hygienic conditions in the factories (particular- 
ly air quality). 

The average concentration of dust in the air within 
the factories was 2.4 mg/m%, of which 92.8% was silica. 
About 72% of the work sites sampled exceeded the 
national health standard of 1 mg/m* for particulates in 
air. About 4% of the workers were diagnosed with sili- 
cosis. These workers were relatively young (average 
27.12 years old) and had been subjected to excessive dust 
exposure for an average of 4.74 years. Improving envi- 
ronmental conditions in the gem factories is clearly the 
key to preventing lung-related diseases among their 
workers. 

TL 
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One Hundred Issues at Your Fingertips: 


The G&G Twenty-Five Year Index 


uppose you need to find everything G&G has pub- 

lished on the subject of tanzanite since 1981. Or you 

want to consult an article by a certain author but can’t 
remember which issue it appeared in. Rather than searching 
through all 100 issues, more than 7,300 pages in all, simply 
go online and let the free Gems & Gemology Twenty-Five 
Year Index (1981-2005) do the work for you. 


To use this powerful tool, visit www.gia.edu/gemsandgemology 
and click on “G&G Indexes.” There you will see links to a 
Subject Index of articles, Lab Notes, Gem News entries, edi- 
torials, and book reviews, as well as a separate Author 
Index. (Both indexes are PDF files, so to open them you will 
need Adobe Acrobat Reader installed on your computer; a 
link to this free software can be found on the “G&G Indexes” 
home page.) Locating information in either index is simple 
with Acrobat’s built-in search feature. On the toolbar that 
pops up with the specific index file, just click on the Search 
button (represented by a binoculars icon) and type in the 
word or phrase you want to search for. Every match for your 
search term will be listed in the order it appears in the index. 


The online index is cumulative and will be updated at the end 
of each volume year. For those who prefer a hard copy, the 
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print version of the Twenty-Five Year Index will be released this 
summer, at a cost of $9.95 in the U.S. and $14.00 elsewhere. 


Still other useful features continue to be added to the Gems 
& Gemology website. The previous Last Page announced 
free, unlimited access to the entire set of 1934-1980 back 
issues, available now. Beginning in mid-2006, G&G readers 
will also be able to subscribe to the new electronic version 
of the journal and purchase online issues from 1981 to the 
present—immediately. Even the rare out-of-print issues will 
now be readily available. A sample digital issue will be post- 
ed on our website to help you decide if you'd rather have 
the journal delivered to your desktop or, for a small addition- 
al charge, have both online access and the beautiful (and 
color controlled) print version. Letters will go out to all sub- 


scribers when this service goes live. 


The Twenty-Five Year Index and online issues are there to 
help G&G users find the gemological information they need, 
when they need it. As always, comments and suggestions are 
welcome: e-mail us at gandg@gia.edu. 


Stuart Overlin 
Associate Editor 
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EDITORIAL 
95 GIA Celebrates 75 Years... 
Alice S. Keller 
97 LETTERS 


FEATURE ARTICLES 


98 Applications of Laser Ablation—Inductively Coupled Plasma- 
Mass Spectrometry (LA-ICP-MS) to Gemology 


Ahmaajan Abduriyim and Hiroshi Kitawaki 


Summarizes the principles of this powerful technique and examines its useful- 
ness for detecting Be-diffusion treatment and determining locality of origin. 


pg. 116 
120 The Cullinan Diamond Centennial: 


A History and Gemological Analysis of Cullinans | and II 
Kenneth Scarratt and Russell Shor 
Offers previously undocumented details about the largest gem diamond ever 
found, as well as two of the famous diamonds that were cut from it. 
134 _ The Effects of Heat Treatment on Zircon Inclusions 
In Madagascar Sapphires 
Wuyi Wang, Kenneth Scarratt, John L. Emmett, Christopher M. Breeding, and Troy R. Douthit 


Documents the alteration of zircon inclusions during heat treatment of 
sapphires at different temperatures. 


Notes & NEw TECHNIQUES 


151 Faceting Transparent Rhodonite from Broken Hill, 
New South Wales, Australia 


Paul W. Millsteed 
Presents a technique for faceting transparent rhodonite. 
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Was 


his year marks GIA’s 75th anniversary, an appropriate occasion to celebrate the Institute’s many 
accomplishments over the decades. The more than 300,000 students who have completed its 
educational programs. The creation in 1953 of the International Diamond Grading System™, 


the industry standard for analyzing polished diamonds. The gemological instruments and research 


discoveries it has fostered. 


Yet GIA’s diamond anniversary is also an appropriate time to take stock of its service mission and con- 


sider the age-old question, “What have you done for me lately?” 


¢ Diamond cut, the most complex of the 4 Cs, has 
been the subject of extensive research at the 


Institute. January 1 saw the introduction of the GIA 


Diamond Cut Grading system for standard round 
brilliant cut diamonds in the D-to-Z color range. 


To familiarize the industry with the techniques and 


terminology of the new system, free seminars have 
been conducted in cities worldwide. The entire 


“GIA on Diamond Cut” series of research articles is 


available at www.gia.edu/research, and all three 
GeG diamond cut articles can be downloaded free 
at www.gia.edu/gemsandgemology. 


¢ Several other research efforts continue, such as identi- 


fying the latest generation of synthetic diamonds and 


detecting beryllium diffusion in a range of corundum 


colors. These studies are aimed at protecting public 
confidence in the industry, and the Institute’s 
researchers routinely present their results in journals 


and at conferences throughout the world. 


¢ In February, the GIA Laboratory expanded its identifi- 


cation services so that rubies, sapphires, and alexan- 
drites—in addition to emeralds—now receive their 
own gem-specific reports. In response to increasingly 


EDITORIAL 


sophisticated techniques for enhancing colored stones, 
the updated reports contain detailed information on 
any treatments that have been applied. 


¢ GIA Education is constantly updating its core dia- 


mond, colored stones, and jewelry manufacturing 
arts programs—most recently, a major revision of 
its Gem Identification course. This October, the 
GIA School of Business will launch a college-level 
degree program, culminating in a Bachelor of 
Business Administration (BBA) diploma, which 
will further raise the academic profile of gemology 
and the jewelry industry. 


On the international front, the Institute now has 
campuses in nine countries, with the Dubai campus 
scheduled to open in 2007. 


The Institute provides complimentary access to 
many informative resources, including: The Loupe, 
the news magazine for the industry; the GIA Insider, 
the Institute’s biweekly electronic newsletter; and the 
online tutorials “How to Buy a Diamond” and 
“How to Buy a Gemstone.” The Ge*G section of the 
website (www.gia.edu) includes a data depository, 
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INFORMATION ¢ 
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several free article downloads, and the entire set of 


back issues from 1934 through 1980. 


The Richard T. Liddicoat Gemological Library and 
Information Center, located at GIA’s Carlsbad head- 
quarters, serves as the repository of gemological 
knowledge for the public and members of the trade. 
The Library’s growing collection of some 38,000 
books, 300 periodicals, and 1,000 videos are avail- 
able for on-site research. Just e-mail library@gia.edu 
for assistance from the Library’s helpful staff. 


The constantly expanding GIA Museum in Carlsbad 
houses an extensive collection of gems and jewelry, 
making it a valuable educational resource for the 
Institute’s students and the public. Some samples 
may be loaned for nondestructive research. 
Scheduled tours of the museum’s galleries are avail- 
able on weekdays, and admission is free (to schedule 


a tour, call 760-603-4116). 


database of jobs available in the gem and jewelry 
industry. In addition, GIA students and graduates 
are eligible to receive free career preparation assis- 
tance. Two annual GIA Jewelry Career Fairs—in 
New York in July and Carlsbad in October—match 
jobseekers with companies and offer one-on-one 
career coaching, at no cost to attendees 

(e-mail careerservices@gia.edu). 


Over the years, through the generous support of the 
industry, GIA has awarded hundreds of scholarships to 
deserving students. In 2004 and 2005 alone, 54 schol- 
arships were awarded for a total of over $196,000. 


With more than 30 chapters worldwide, the GIA 
Alumni Association provides an important vehicle 
for continuing education as well as communication. 


And, of course, Gems & Gemology, which now goes 
to subscribers in more than 100 countries world- 
wide, continues to receive most of its funding direct- 


¢ The Institute’s career services department supports ly from GIA, as part of the Institute’s mission to 


jobseekers and employers by maintaining a free serve the industry and the gem-buying public. 

I do not normally use this forum to talk about GIA, as GexG is a technical journal for and about the entire gemological 
community. But without GIA, there would be no Gems & Gemology, just as there would be no International Diamond 
Grading System, no Graduate Gemologist diploma, and no Richard T. Liddicoat Gemological Library. That’s an 


Khaw 


Alice S. Keller 
Editor-in-Chief 


important message to share as the Institute celebrates 75 years of service. 


So, what have you done for us lately, GIA? More than we can say. 
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LETTERS 


MORE ABOUT “MEDUSA QUARTZ” 


Shortly after the publication of the Gem News 
International entry on gilalite-bearing quartz (Fall 2005, 
pp. 271-272), I received a reprint request from a marine 
biologist who specializes in medusa systematics, Dr. 
Francesc Pagés of the University of Barcelona. He was sur- 
prised by the striking similarity between the gilalite clus- 
ters we described and the medusa stage of Rhizostoma 
pulmo, an attractive but venomous jellyfish he commonly 
observes in the Mediterranean. Hence, he felt that the 
name chosen for this new variety of quartz was quite 
appropriate. 

He was also kind enough to send a photograph of a 
specimen he encountered recently. Placed beside the pho- 
tomicrograph of a gilalite cluster in “medusa quartz,” the 
resemblance is striking (figure 1). This provides a surprising 
and aesthetic link between gemology and marine biology. 

Benjamin Rondeau 
Muséum National d’Histoire Naturelle, Paris 


CHELSEA FILTERS AND SYNTHETIC EMERALDS 


The excellent article on the characterization of Malossi 
hydrothermal synthetic emerald will be of great value 
when gemologists start issuing “Country of Origin” cer- 
tificates for synthetic materials. Unfortunately, today it is 
of little practical use for the working gemologist. 

The authors confirmed what Basel Anderson, the 
developer of the Chelsea Filter, wrote almost 65 years ago 
(see Gem Testing for Jewellers, Heywood & Co., London, 
1942, p. 56), that is, it can differentiate natural emeralds 
from green glass, but it cannot separate natural from syn- 
thetic emeralds. 

On the other hand, the Hanneman-Hodgkinson 
Synthetic Emerald Filters have been successfully perform- 
ing this function for almost a decade. I believe the time 
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Figure 1. The medusa form of this jellyfish 
(Rhizostoma pulmo) on the left bears a striking 
resemblance to the gilalite inclusion in quartz on 
the right. Photos by Francesc Pagés and B. Rondeau 
(right, magnified 16x). 


has come for G#G to acknowledge their existence and in 
future articles of this nature require the notation of a 
gem/’s appearance through these filters. 

W. Wm. Hanneman, Ph.D. 

Granbury, Texas 

Editors’ Reply 
We thank Dr. Hanneman for his comments. Un- 
fortunately, there are some practical limits to the testing 
we can require from authors, especially if it involves 
equipment they may not have access to. Note that Gems 
& Gemology has recognized the utility of the Hanneman- 
Hodgkinson filters in the past (see E. Boehm, “Portable 
instruments and tips on practical gemology in the field,” 
Spring 2002 Gems # Gemology, pp. 14-27), and readers 
are referred to page 24 of that article for a discussion of 
their use. 
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APPLICATIONS OF LASER 
ABLATION—INDUCTIVELY COUPLED 
PLASMA—MAss SPECTROMETRY 
(LA-ICP-MS) TO GEMOLOGY 


Ahmadjan Abduriyim and Hiroshi Kitawaki 


Laser ablation—inductively coupled plasma—mass spectrometry (LA-ICP-MS) is an important 
technique for quantitative chemical analysis. The authors have applied this minimally 
destructive technique to gemology to take advantage of its high spatial resolution, rapid and 
direct analysis of gemstones (whether loose or mounted), and precise measurement of a wide 
range of elements—even in ultra-trace amounts. This article summarizes LA-ICP-MS princi- 
ples and describes the successful application of this technique to detecting beryllium diffu- 
sion treatment in corundum and identifying the geographic origin of emeralds. LA-ICP-MS is 
significantly less expensive than SIMS and more sensitive than LIBS, which is the least costly 


of the three instruments. 


a variety of new treatments, synthetics and simu- 

lants, and gem sources that have caused confusion 
in the trade. Several techniques—including UV-visi- 
ble, infrared, and Raman spectral analysis—have 
been employed to solve some of these problems. 
However, each of these techniques has limitations, 
and even in combination they have not been entire- 
ly successful in addressing all of these challenges. 
Now, chemical analysis by laser ablation—-inductively 
coupled plasma—mass spectrometry (LA-ICP-MS) 
has emerged as a powerful tool for gemologists. 

ICP-MS has been used for decades to chemically 
characterize materials, but historically this tech- 
nique has required dissolving solid samples in strong 
acids prior to analysis. The use of laser ablation with 
ICP-MS was developed by Gray (1985) and became 
commercially available in the early- to mid-1990s. 
Combined with the development of extremely sen- 
sitive mass spectrometers, laser ablation allowed 
ICP-MS to be used on gemstones with minimal 
damage, since the laser vaporizes only a microscop- 


| n recent years, gemologists worldwide have faced 
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ic amount of the sample for analysis. Additional 
advantages include a high spatial resolution (just a 
few micrometers), low detection limits, and high 
precision and accuracy. This technique is also partic- 
ularly attractive to scientists who want to study 
micro-spatial distributions of trace elements and iso- 
topic compositions, from light (helium) to heavy 
(uranium). In addition, the analysis is rapid and no 
sample preparation is required. As a result, LA-ICP- 
MS has become one of the most exciting instru- 
ments in gemology, geology, and materials science. 
LA-ICP-MS analyses provide quantitative data for 
major, minor, and trace elements in the analyzed 
samples, from which variation diagrams and “chem- 
ical element fingerprints” can be established. Such 
fingerprinting can reveal differences between sam- 
ples that may be attributed to the geographic origin of 


See end of article for About the Authors and Acknowledgments. 
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the sample or subsequent treatment. An introduc- 
tion to the potential use of this method in gemology 
was reported by Giinther and Kane (1999a,b). Due to 
the high cost of the instrumentation and the micro- 
destructive nature of the method, gemologists were 
slow to explore its full range of applications. At this 
time, however, the Gemmological Association of All 
Japan (GAAJ, in Tokyo), Gemological Institute of 
America (GIA, in Carlsbad), Central Gem Laboratory 
(CGL, in Tokyo), and Tiffany & Co.’s Merchandise 
and Testing Laboratory (in New Jersey) all have LA- 
ICP-MS systems for gemstone analysis (as well as 
other applications, such as metals testing). Other 
gemological labs use LA-ICP-MS systems at nearby 
universities. For example, the Giibelin Gem Lab 
(Lucerne, Switzerland), the GRS Gemresearch 
Swisslab (Lucerne), and the SSEF Swiss Gem- 
mological Institute (Basel) have access to the LA-ICP- 
MS facilities at the Swiss Federal Institute of 
Technology (ETH) Laboratory in Zurich. 

LA-ICP-MS has been applied to a variety of topics 
in earth sciences (see, e.g., Hirata and Nesbitt, 1995, 
Jeffries et al., 1995, Jackson et al., 2001; Norman, 
2001) and archeology (e.g., Pollard and Heron, 1996; 
Devos et al., 2000; Tykot, 2002). However, publica- 
tions on the application of LA-ICP-MS to gem materi- 
als were uncommon until relatively recently (Watling 
et al., 1995; Giinther and Kane, 1999a,b; Guillong and 
Giinther, 2001; Rankin et al., 2003; Saminpanya et al., 
2003; Wang et al., 2003; Abduriyim and Kitawaki, 
2006). 


APPLICATIONS OF LA-ICP-MS TO GEMOLOGY 


Figure 1. In late 2001, 
substantial numbers of 
beryllium diffusion— 
treated sapphires entered 
the gem trade, spurring a 
need for proper identifi- 
cation. Shown here are a 
collection of loose and 
mounted beryllium-dif- 
fused sapphires (the 
mounted stones include 
some untreated sap- 
phires). The bracelet and 
earrings are courtesy of 
Michael Couch # 
Assocs.; the loose sap- 
phires are courtesy of 
Deepam Inc. and Robert 
E. Kane. Photo by 
Harold & Erica Van Pelt. 


In this article, we will examine two areas in 
which LA-ICP-MS can be particularly useful: detect- 
ing new treatments and determining the geographic 
origin of gemstones (using the specific example of 
emeralds). 


Detection of New Treatments. Toward the end of 
2001, unprecedented amounts of saturated orange- 
pink to pinkish orange sapphires (the so-called pad- 
paradscha colors}, as well as yellow sapphires, became 
widely available on the worldwide jewelry market 
(Scarratt, 2002; Shida et al., 2002; see figure 1). Many 
studies subsequently revealed that beryllium (Be) had 
been diffused into the sapphires at high temperatures, 
with the Be originating from chrysoberyl (see, e.g., 
Emmett et al., 2003, and references cited therein). 
Because beryllium is a “light” (ie, low atomic 
weight} element, trace levels of Be cannot be detected 
by most analytical techniques, including energy-dis- 
persive X-ray fluorescence (EDXRF), energy-dispersive 
spectroscopy with a scanning electron microscope 
(SEM-EDS), and, in some cases, electron-microprobe 
analysis (EMPA). Secondary ion mass spectrometry 
(SIMS) has proved successful in detecting trace 
amounts of Be, but analyses are extraordinarily expen- 
sive (see, e.g., Emmett et al., 2003; Novak et al., 2004). 
For this reason, the present authors focused their 
attention on LA-ICP-MS. Since May 2003, GAAJ has 
offered an identification service for Be-diffused 
heat-treated corundum, using LA-ICP-MS. Recently, a 
less expensive instrument, laser-induced breakdown 
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South Africa Gives 
Hirthstone List 


Announcement has just been made by 
the South African Jewelers Association, 
Ltd., of an official list of Birthstones of 
the Month just adopted by its directors. 
The list as selected after careful consi- 
deration is shown below. 

These selections conform rather closely 
to the list of genuine stones established 
by the American National Retailer Jewel- 
ers Association, and clarified by the 
American Gem Society in this country as 


MONTH 


COLOR 
January Dark Red Garnet or Tourmaline 
February Purple Amethyst 
March . Pale Blue Aquamarine 
April White 

(tranparent) 
May Bright Green Emerald 
June Cream Pearl 
july Red Ruby 
August Pale Green 
September Deep Blue Blue Sapphire 
October Variegated Opal 
November Yellow Topaz 
December Sky Blue Turquoise 


OFFICIAL STONE 


Diamond or White Sapphire 


Birthstones of the Month. The list differs 
slightly in alternates, having added the 
choice of red tourmaline for January; 
white sapphire for April; and green tour- 
maline for August. The American list 
has a few substitutes which are not ac- 
cepted. by the South African group, 
namely, bloodstone for March ; moonstone 
for June; tourmaline for October ; citrine 
for November; and lapis lazuli for De- 
cember, 


MEANING 


Constancy and Fidelity 
Sincerity and Devotion 
Courage and Truthfulness 


Innocence and Love. 


Happiness and Courage 
Health and Longevity 


’ Dignity and Luck 


Peridot or Green Tourmaline Felicity and Grace 


Wisdom and Courage 
Hope and Good Luck 
Friendship and Gariy 


Prosperity and Success 
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spectroscopy (LIBS), has been applied to this problem, 
but it has some limitations, as discussed below. 


Geographic Origin Determination. Geographic ori- 
gin is an important consideration for many gem 
materials in some markets. Within Japan in particu- 
lar, geographic origin may be a critical factor in the 
sale of major gems such as corundum, emerald, tour- 
maline, alexandrite, and opal. However, without 
reliable and detailed analytical data, determination 
of origin may be difficult, if not impossible. Even the 
most experienced laboratories regard origin determi- 
nations as opinions based largely on the experience, 
literature, and/or data collected by that laboratory. 
Thus, there is a need for origin determinations based 
on a more rigorous scientific foundation. 


BACKGROUND 

Chemical Analysis of Gem Materials. EDXRF and 
SEM-EDS are the standard methods used in gemolog- 
ical laboratories for the nondestructive qualitative 
(and possibly quantitative) chemical analysis of gem 
materials (see, e.g., Stockton and Manson, 1981; Stern 
and Hanni, 1982; Muhlmeister et al., 1998). EDXRF is 
capable of measuring the chemical composition of a 
gemstone in a matter of minutes, by detecting the 
energy of emitted X-rays that are produced when the 
sample is exposed to an X-ray beam. With SEM-EDS, 
an electron beam scans across the specimen’s surface, 
producing signals from secondary or backscattered 
electrons that can be used to produce a high-resolution 
image. In addition, X-rays emitted from the sample 
can reveal its chemical composition. Using an attach- 
ment for energy-dispersive spectroscopy, a more pre- 
cise chemical composition can be obtained with the 
SEM at high spatial resolution. Although both EDXRF 
and SEM-EDS are limited in their detection and meas- 
urement of light elements, when combined with other 
analytical methods such as UV-Vis spectroscopy, they 
can identify some trace elements that provide useful 
information on the geologic occurrence, geographic 
origin, and causes of color in gem materials. 

EMPA is another well-established method being 
used in gemology (Dunn, 1977). This technique uses 
a high-energy focused beam of electrons to generate 
X-rays characteristic of the elements within a sam- 
ple. It can provide quantitative analyses of elements 
ranging from beryllium (in some cases) to uranium, 
at levels as low as 100 parts per million (ppm or pg/g, 
which are fractional weights). Thus far, this is the 
only fully quantitative technique that is nondestruc- 
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tive. Unfortunately, EMPA is not useful for analyz- 
ing beryllium in diffused corundum, since Be is pres- 
ent in amounts that are below the detection limit of 
the instrument. 

SIMS is a powerful micro-destructive technique 
for chemical analysis of a wide variety of solid mate- 
rials (Benninghoven et al., 1987). A beam of primary 
ions such as oxygen or argon is focused on the sam- 
ple, causing a very small amount of the surface to be 
sputtered. A portion of the sputtered atoms are ion- 
ized and extracted using an electrical field. The ion- 
ized atoms are then filtered according to their ener- 
gy and mass by an electrostatic sector and a magnet- 
ic field, at which point they go to a mass spectrome- 
ter for isotopic analysis. This technique can provide 
sensitivities near parts per billion (ppb or ng/g) for all 
elements from hydrogen to uranium. However, it is 
only available in some universities and research lab- 
oratories due to its high cost and sophisticated oper- 
ating requirements. 

LIBS can detect a full range of major, minor, and 
trace elements simultaneously (see, e.g., Garcia- 
Ayuso et al., 2002), and its low cost and easy opera- 
tion have attracted the interest of several gem labora- 
tories. A single-pulse high-energy Nd:YAG 1064 nm 
laser is used to vaporize a microscopic area of a sam- 
ple at high temperature (i.e., > 5000°C—-10,000°C), and 
the sputtered particles are broken down into a mix- 
ture of atoms, ions, and electrons. After the laser 
pulse has ended, excited electrons in the atoms drop 
down to a low energy level and discharge light. By 
detecting the wavelength and strength of this emis- 
sion with a high-resolution fiber-optic spectrometer, 
optical emission spectra can be generated that may 
then be converted to qualitative and semiquantita- 
tive chemical data. However, precise quantitative 
analyses cannot be obtained with this technique 
(Krzemnicki et al., 2004; Themelis, 2004). 


LA-ICP-MS Instrumentation. The LA-ICP-MS analy- 
sis process can be thought of in two main parts: sam- 
pling (ie., laser ablation and ionization in a plasma) 
and mass spectrometry. While mass spectrometry 
has been well developed for many decades, the sam- 
pling techniques of laser ablation and inductively 
coupled plasma were developed more recently. 


Mass Spectrometry. Following J. J. Thomson’s use of 
electromagnetic fields to separate ions for analysis 
(Thomson, 1911), scientists such as Dempster (1918), 
Aston (1919), and Stephens (1946) developed this 
technique into what it is today, a highly sensitive 


Gems & GEMOLOGY SUMMER 2006 


lons 


Molecules 


Spectra 


Separated by mass- 
to-charge ratio (m/z) 


_— il 
yw 
pe 


Detector 


Computer 


Figure 2. This chart shows how a mass spectrum is obtained from a sample. Gaseous molecules of the sam- 
ple (A) are ionized to form gaseous ions (B). The ions are separated according to their mass-to-charge ratio 
when they pass through a mass analyzer (C) to the detector (D). A computer (E) transforms the signal from 
each element into a spectrum, which is displayed on the screen (F). 


method capable of analyzing both chemical elements 
and small organic molecules. Early mass spectrome- 
ters required that the sample be in a gaseous state, 
but developments over time have expanded the appli- 
cability of mass spectrometry to include solutions 
and solids. A mass spectrometer is an instrument 
that measures the masses of elements or molecules 
of chemical compounds by separating charged parti- 
cles according to their mass-to-charge ratio (m/z; in 
most cases, the value of z = +1). The sample is ionized 
and the ions are electrostatically directed into a mass 
analyzer, where they are separated according to their 
m/z ratio and then sent to a detector (figure 2). A 
spectrum is then generated that represents the mass- 
es of components of a sample. 

The most popular mass spectrometer used in 
ICP-MS is the quadrupole mass analyzer (figure 3), 
which consists of four parallel metal rods arranged in 
a square. Each pair of opposite rods has a combined 
AC and DC electrical potential. When the DC and 
AC voltages are set to certain values, only ions with 
a specific m/z ratio are able to continue on a path 
between the rods. By sequentially selecting many 
combinations of voltages, the technician can detect 
an array of different ions. Semi-quantitative meas- 
urements of the mass spectrum or isotope ratios are 
obtained by measuring the intensities of the ions 
passing through the quadrupole mass analyzer as the 
voltages on the rods are varied. 
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Inductively Coupled Plasma. In the 1980s, inductive- 
ly coupled plasma at atmospheric pressure was devel- 
oped as a technique for ionizing samples. The sample 
(in solution or vaporized using a laser ablation system) 
is conveyed in a flow of argon gas into a torch that is 
inductively heated to approximately 10,000°C. At this 
temperature almost all matter in the sample is atom- 
ized and ionized, forming a plasma that provides a rich 
source of both excited and ionized atoms (Jarvis et al., 
1992). With the combination of ICP and MS technolo- 
gies, rapid quantitative elemental analysis with high 
accuracy and low detection limits became possible. 


Laser Ablation. The combination of laser ablation 
with ICP-MS has been widely used for multi-ele- 
mental determination and in situ isotopic analysis of 
solid materials (Gray, 1985; Arrowsmith, 1987). In 
the laser ablation process, the sample is placed in the 
ablation cell (which does not need to be under vacu- 
um), and a minute portion of its surface is vaporized 
using a pulsed high-energy laser beam that is direct- 
ed through the objective lens of a modified petro- 
graphic microscope. The surface of the sample is 
viewed with a charge-coupled device (CCD) camera 
mounted on the microscope, allowing for precise 
location of the laser spot. The laser pulses cause 
energetic atoms, ions, molecules, and solid particles 
to be ejected from the target, and these ablated 
aerosols are transported in argon or helium gas to the 
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Figure 3. This schematic diagram shows the components of a 213 nm Nd:YAG lIaser ablation system combined 
with a quadrupole ICP-MS instrument. The sample is placed in the ablation cell and the laser beam is focused 
onto the sample with the help of a CCD camera. The ablated material forms an aerosol, which is transported 

by an argon or helium carrier gas to the plasma of the ICP-MS. At the ICP, laser-ablated particles are vaporized 
and ionized. The ions are extracted by the vacuum interface and guided into the mass analyzer, where they are 


separated by their mass-to-charge ratio and finally detected. 


plasma of the ICP-MS. Helium is typically used as 
the carrier gas in the sample cell, and is combined 
with Ar in the tubing that leads to the ICP. During 
the ablation process, less material is left around the 
laser spot crater when using He as compared to Ar, 
so more of the sample can be transferred to the ICP, 
leading to a higher-intensity, more stable signal 
(Gtinther and Heinrich, 1999). Two types of laser 
have been widely used for ablating minerals or glassy 
materials: (1) an argon fluoride (ArF) excimer laser 
with a wavelength of 193 nm (Loucks et al., 1995; 
Gunther et al., 1997; Horn et al., 2000), and (2) a 
Nd:YAG 1064 nm (infrared) laser that is frequency- 
multiplied to UV wavelengths (fourth harmonic at 
2.66 nm and fifth harmonic at 213 nm; Jenner et al., 
1993; Jeffries et al., 1998). 


Data Quality Considerations. A mass spectrum 
consists of a series of peaks representing the distri- 
bution of components (atoms or molecules) by 
mass-to-charge ratio. The relative intensities of the 
various isotopes in the spectrum provide a semi- 
quantitative chemical analysis (Tye et al., 2004). To 
produce quantitative data, the analysis of a sample 
must be calibrated against an external standard of 
known composition, that is, by measuring the sig- 
nals for the elements of interest in the sample and 
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comparing them to the signals from a standard with 
known concentrations of those elements. Several 
calibration strategies have been developed for quan- 
tification of LA-ICP-MS analyses, including those 
using solid standards (glass, ceramic, cement, and 
metals} and those using standard solutions (Kanicky 
and Mermet, 1999). In general, the use of matrix- 
matched standards (e.g., a corundum standard for 
analyzing sapphires) is advantageous, because the 
ablation behavior will be similar for both the stan- 
dard and the sample. However, in many cases this 
approach is limited by a lack of suitable materials. 
For example, NIST (National Institute of Standards 
and Technology) glass is widely used as an external 
standard for successfully analyzing the trace-ele- 
ment contents of silicates and carbonates. However, 
the matrix of simple oxide minerals (e.g., corun- 
dum) is much different from the NIST glass. 
Variation in these matrices can give rise to inconsis- 
tencies in ionization efficiency, which will create 
differences in the signal of a given element in those 
materials (even if they contain identical concentra- 
tions of the element). 

To obtain accurate quantitative chemical data 
for gem corundum, the external standard should 
consist of a well-characterized homogenous sample 
of ultra-pure synthetic corundum that has been 
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doped with the element(s) of interest. However, if 
such a standard is not available, an internal element 
standard may be used to correct the analyzed sig- 
nals. In this procedure, the concentration of Al in 
the sample is measured using another quantitative 
technique, such as EMPA. Calibration for other ele- 
ments in the sample can then be achieved by com- 
paring the LA-ICP-MS signal for Al obtained from 
an external NIST glass standard to that obtained 
from the specimen. 


MATERIALS AND METHODS 


For our investigations of beryllium diffusion-treated 
corundum, we used LA-ICP-MS to analyze a total of 
121 faceted natural and synthetic rubies and sap- 
phires: 21 were unheated, 19 were subjected to tradi- 
tional heat treatment, and 81 were treated with Be 
diffusion and then repolished (table 1). Some of the 
stones treated by Be diffusion were analyzed before 
and after treatment to confirm that Be was diffused 
by the process; these samples included four colorless 
sapphires and four rubies, as well as eight colorless 
Verneuil synthetic sapphires and two pink flux- 
grown synthetic sapphires. At the request of the 
authors, treaters in Thailand heated the stones in a 
crucible together with powdered chrysoberyl to over 
1800°C in an oxidizing atmosphere (for 22, hours in 
Bangkok and more than 10 hours in Chanthaburi). 
Samples SCLO0O1, SCLO03, VCSO01, and VCS005 
were cut in half after Be-diffusion treatment and 
eight point analyses were performed by LA-ICP-MS 
on the cut cross-section of each sample. In addition, 
sample MPd-H1 was used for both LA-ICP-MS and 
SIMS analyses, with six point analyses across the cut 
cross-section. 

The emeralds analyzed by LA-ICP-MS for geo- 
graphic origin investigations consisted of 29 faceted 
Brazilian stones and 82 parallel-polished slabs, cabo- 
chons, and faceted samples from Colombia, Nigeria, 
Zambia, Zimbabwe, Pakistan, and Afghanistan 
(table 2). Of the latter samples, 50 parallel-polished 
slabs were supplied by Dr. Dietmar Schwarz; these 
emeralds were purchased or collected directly from 
the mine areas. The authors acquired the other sam- 
ples at the Tokyo and Tucson gem fairs. The sam- 
ples covered the color range from light green to deep 
green. FTIR and Raman spectroscopic analyses 
showed that, with only a few exceptions, the emer- 
alds were not filled with oil or resin. LA-ICP-MS 
data for 26 elements were obtained from three dif- 
ferent areas on each sample. Averaged data were 
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used for the ranges that are reported in table 2. 

The LA-ICP-MS analyses were obtained with a 
New Wave Research laser ablation system (using a 
Merchantek UP-213A/F laser) combined with a 
quadrupole ICP-MS instrument from Agilent 
(7500a series). The operating conditions of the LA- 
ICP-MS used for this study are indicated in table 3. 
Analytical sensitivity improves as the amount of 
vaporized sample increases, and our research 
showed that it was advantageous to inscribe our 
logo “GAAJ” on the girdle of all specimens during 
the laser ablation process (figure 4). This allowed 
us to obtain good sensitivity for light elements 
with the least “damage” to the sample. When test- 
ing for Be-diffused corundum, care was taken to 
avoid analyzing areas that might contain interfer- 
ing inclusions. This very small inscription proves 
the analysis has been conducted and does not 
affect the beauty of a gemstone. As with laser 
inscriptions that are currently performed on dia- 
monds, the LA-ICP-MS laser logo is barely visible 
with a 10x loupe. 

Calibration was done using NIST SRM 612 
multi-element glass (Pearce et al., 1997), with Al as 
the internal element standard (based on an average 
ALO, concentration of 99.00%, determined by 
EMPA) for corundum analyses; the same NIST stan- 
dard was used for emerald calibration. 

We monitored the signals of selected isotopes in 
the corundum and emerald samples, and the concen- 
trations of some of these elements in the samples 
were calculated (see table 3). “Blank” samples of car- 
rier gas were repeatedly analyzed (10 times) at regu- 
lar intervals to determine the detection limit of each 
element (table 4). The higher background counts for 
Na, Si, Ca, and Fe were related to mass interference 
from the sum of various elements in the air within 
the instrument—*Si (!2C!6O), 2°Si (C!°O!H), “Ca 
(PCI°O,), Fe (Ar!SO), 5’Fe (*°Ar'°O'H}—and/or 
contamination of the system with debris from the 
NIST SRM 612 calcium silicate glass where, for 
example, a silicon ion from the glass might be 
misidentified as a corundum impurity—*Na (”?Na), 
286i (285i), 8Ca (Ca or 27Al!SO}, “4Ca (28Si!S0), 56Fe 
(°Ca!°O or 78Si?8Si}before the measurements were 
made. Due to these possible interference problems, 
we monitored two isotopes each of Si, Ca, and Fe. 
Concentration levels in this article are described 
as trace elements (<10,000 ppm or <1 wt.%), 
minor elements (<10 wt.% or <100,000 ppm], and 
major elements. To facilitate comparison with the 
literature, some trace-element values have been 
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TABLE 1. Corundum samples analyzed by LA-ICP-MS for Be-diffusion investigations.® 


or ee : Be (ppm) 
Sample nos. No. of Description Origin Weight (ct) 
samples LA-ICP-MS LIBS SIMS 
Unheated 
SY001-002 2 Yellow Sri Lanka 0.23-0.76 bd bdl na 
SP001-002 2 Padparadscha Sri Lanka 0.63-0.85 bd na na 
EO001-002 2 Orange East Africa 0.30-1.32 bd na na 
MBO001-—002 2 Blue Madagascar 1.23-2.12 bd na na 
SCLO01-003 3 Colorless Sri Lanka 0.57-0.68 bd na na 
VCS001-010 10 Colorless Verneuil synthetic 0.85-1.03 bd na na 
Traditionally heated 
SY003-004 2 Yellow Sri Lanka 1.56-3.87 bd na na 
EOO03-004 2 Orange East Africa 0.47-2.31 bd na na 
MP001-—004 4 Pink Madagascar 0.42-4.01 bd na na 
TPLOO1—002 2 Purple Tanzania 0.59-—2.50 bd na na 
MBO003-005 3 Blue Madagascar 1.56-3.52 bd na na 
ECC001-002 2 Color change East Africa 0.40-4.01 bd na na 
(dark purple) 
SCLO04-005 2 Colorless Sri Lanka 0.50-0.71 bd na na 
TROO1—002 2 Ruby (dark red) Thailand 0.83-2.59 bd na na 
Be-diffusion treated” 
SY-H1-H8 8 Yellow Sri Lanka 0.63-2.96 1.8-8.1 Detected na 
(very low)° 
MPd-H1-H12 12 Pinkish orange Madagascar 0.34-4.36 bdl-8.44 Detected® bdl-9.5449 
EO001-003 3 Saturated orange East Africa 0.23-1.21 3.6-4.1 na na 
EO004-007 4 Orange East Africa 0.34-3.90 1.9-2.2 na na 
MP-H1-H4 4 Pink Madagascar 0.63-3.59 1.9-3.3 Detected! na 
TPL-H1—H10 10 Purple Unknown 0.32-3.81 2.6-7.8 na na 
MB-H1-H10 10 Blue Madagascar 0.89-3.68 1.4-6.3 na na 
MB-H11-H16 6 Blue Australia 3.82-4.77 3.4-15 na na 
MB-H17—H20 4 Blue China 2.65-5.26 2.9-6.7 na na 
ECCO01 1 Dark green-purple East Africa 0.32 2.6 na na 
ECC002 1 Dark purple East Africa 3.93 1.7 na na 
SCLO01-002 2 Light yellow Sri Lanka 0.48-0.56 1.4-5.4 na na 
SCLOO3-004 2 Light yellow Sri Lanka 0.40-0.62 bdl-2.3 na na 
TROO1-002 2 Ruby (bright red) Thailand 0.70-2.50 6.3-16 na na 
TROO3-004 2 Ruby (bright red) Thailand 1.18-2.52 0.43-2.43 na na 
VCS001-004 4 Colorless Verneuil synthetic 0.72-0.81 1.1-5.0 na na 
VCS005-008 4 Colorless Verneuil synthetic 0.77-0.94 bdl-1.6 na na 
FPS001 1 Whitish pink Flux synthetic 0.54 47 na na 
FPS002 1 Pink Flux synthetic 0.66 0.3 na na 


4 All analyses were performed on the girdle of faceted stones (the Be-diffused samples were repolished after treatment). For LA-ICP-MS: External stan- 
dard = NIST SRM 672, internal standard = 99.00% Al,O.,. For SIMS: Accuracy of Be is +10%, detection limit is 0.01 ppm Be, external standard = Be- 

implanted synthetic corundum. The following samples were analyzed by LA-ICP-MS before and after Be-diffusion treatment: EO0001-004, 
ECC001-002, SCLO01-004, TROO1—-002, and VCS001-008. These data include one point analysis of the re-polished girdle and eight point analyses of 
the cross-sections of samples SCLO01, SCLO03, VCSO01, and VCS005. Abbreviations: bdl=below detection limit, na=not analyzed. 
’ Samples shown in blue were Be-diffused in Bangkok for 22 hours at 1800°C, whereas the samples shown in green were Be-diffused in Chanthaburi 

for approximately 10 hours. The exact conditions are not known for the Be-diffusion treatment of samples SY-H1-H8, MPd-H1-H12, MP-H1-H4, TPL- 
H1-H10, MB-H1-H10, MB-H11-H16, and MB-H17-H20. 


© Sample SY-H1 only. 


¢ Sample MPa-H1 only: six point analyses of the sample's cross-section using both LA-ICP-MS and SIMS. 


® Sample MPad-H10 only. 
* Sample MP-H4 only. 


analyses to those obtained with SIMS, we analyzed 
six points on corundum sample MPd-H1 by both 
techniques. Each point analyzed by LA-ICP-MS 


converted to weight percent (wt.%) oxides from 
their simple elemental concentrations (ppm). 
To compare the accuracy of our LA-ICP-MS 
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TABLE 2. Range of chemical compositions by LA-ICP-MS of emeralds from eight localities.* 


Kaduna, Kafubu, Sandawana, Itabira- Santa Swat, Panjshir, Cordillera 
Property Nigeria Zambia Zimbabwe Nova Era, Terezinha, Pakistan Afghanistan Oriental, 
Brazil Brazil Columbia 
Sample no. ENNIO1-10 ENZAO1-10, ENZIO1-10 EBIO01-014 EBSO01-015 ENPAIO1-10 EAFO01-012 ENCOO1-10, 
EZ100-110 1EC001—-010 
No. of 10 20 10 14 15 10 12 20 
samples 
Color Bluish green Bluish green Pale green Green to Green to Green to Pale green Pale green to 
to light green to green to green deep green deep green deep green _ to green green to 
deep green 
Weight OSS SikOn On9= 3.29) 0.13-0.77 OM25 2225 0.55-3.01 0.15-0.83 0.20-1.77 0.45-3.67 
Type Rough and Mixed cuts Parallel pol- = Mixed cuts Mixed cuts Parallel pol- Mixed cuts Parallel pol- 
parallel pol- and parallel ished plates ished plates ished plates, 
ished plates —_ polished and cabo- and cabo- cabochons, 
plates chons chons mixed cuts 
Minor elements (wt.% oxides ) 
Na,O 0.22-0.64 0.93-1.87 1.97-2.30 1.33-2.18 1.61-2.48 1.11-2.01 0.79-1.55 0.33-0.82 
MgO 0.04-0.09 1.41-2.36  0.88-3.13 1.78-2.54 2.17-2.82 1.86-2.65 0.75-1.82 0.05-1.33 
FeOtt 0.48-0.96 1.238-2.17 0.84-1.13 1.13-1.42 1.42-2.34 0.30-1.29 0.28-0.76 bdl-0.23 
K,O 0.006-0.07 0.038-0.42 0.01-0.12 0.02-0.05 0.04-0.91 0.01-0.05 bdl-0.05 bdl-0.02 
CaO 0.03-0.07 bd-+0.06 0.05-0.28 bdl-0.02 0.10-0.26 0.01—-0.06 bdl-0.02 bdl-0.001 
Sc,0, 0.003-0.03 0.006-0.04  0.01-0.09 bdl-0.01 bdl-0.02 0.01-0.49  0.001-0.27 bdl-0.001 
VO, 0.01—-0.06 0.01-0.04  0.02-0.10 0.03-0.07 0.001-0.10 bdl-0.06 0.16-0.50 0.11-1.21 
Cr,0, 0.01-0.55 0.10-0.80 0.41-1.41 0.09-1.10 0.25-2.66 0.10-0.84 0.30-0.41 0.01-0.64 
Cs,O 0.009-0.01 0.07-0.15 0.01-0.30 bdl-0.01 0.36-0.64 bdl-0.02 bdl-0.009 bdl-0.003 
Trace elements (ppm) 
Li 54-200 820-1 ,260 161-1,370 90.5-305 220-954 163-500 98-229 10-92 
B bdl-2.3 bdl-10 bdl-2.0 bdl bdl bdl-2.1 bdl bdl 
Ti 5.0-63 8.2-30 3.1-61 S215 PISS) 3.5-53 bdl-30 bdl-51 
Mn 4.0-43 9.3-156 5.0-180 10-39 9.3-37 bdl-29 9.3-42 bdl-4.4 
Co bdl-1.3 ISH W2=75) bdl-4.9 bdl-3.0 bdl-3.2 bdl-5.4 bdl 
Ni bdl-6.1 6.1-44 3.2-62 17-26 21-105 2.3-26 bdl-27 bdl-5.2 
Cu bdl bdl-297 bdl-9.7 bdl-1.4 bdl-7.1 bdl-27 bdl-1.6 bdl-4.9 
Zn 14-91 21-970 9.1-254 31-117 6.4-32 bdl-6.9 96-135 bdl-3.9 
Ga 10-86 8:/=55 6.0-67 12-33 857=25 2.3-14 16-57 8.1-70 
Rb 6.0-64 24-319 10-570 37-65 46-110 3.1-38 21-44 bdl-5.7 
Sr bdl bdl bdl-14 bdl 5.4-39 bd bdl-1.1 bdl-1.4 
Sn bdl-3.4 bdl-4.2 bdl-10 bdl-1.5 bdl-5.8 bdl-3.3 bdl-1.3 bdl-5.1 
Ba bdl-2.0 bdl-20 bdl-5.4 bdl-2.0 bdl-3.5 bdl-6.5 bdl-20 bdl 
Pb bdl-7.2 bdl-110 bdl-8.8 bdl bdl-7.6 bdl-+1.1 bdl-1.4 0.1-180 
Bi bdl bdl-36 bdl-10 bdl-3.5 bdl-17 bdl-3.5 bdl-4.6 bdl-3.7 
Pat bdl bdl-8.7 bdl-2.1 bdl-1.0 bdl-4.3 bd bdl bdl-3.1 
Au bdl bdl-4.5 bdl-1.7 bdl-1.4 bdl-5.1 bd bdl bdl-9.6 


@ Be, Al, and Si were not calculated, and S, FF Cl, and HO were not measured in this study. The following elements in table 5 were not detected in 
this study: As, Br, Y, Zr, Ag, Cd, Cd, La, and Ce. Abbreviation: bdl = below detection limit. 


consisted of a 30 um round spot, and 10 seconds of 
ablation resulted in a crater about 2-3 um deep. 
The SIMS data were obtained at the Foundation of 
Promotion for Materials Science and Technology 
of Japan in Tokyo using a Cameca IMS-6f instru- 
ment. A beam current of 150 nA and accelerating 
voltage of 14.5 kV was used. The beam was com- 
posed of O**. The surface of the sample was ana- 
lyzed in a minute square pattern measuring 30 x 
30 pm, to a depth of about 150 nm. The sputtering 
rate was approximately 0.15 nm/s, under a vacuum 
of 3x10-’ Pascal (or about one-quadrillionth of 
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atmospheric pressure at sea level). For both the 
SIMS and LA-ICP-MS analyses of sample MPd-H1, 
beryllium concentrations were determined using a 
Be-ion-implanted external standard of pure syn- 
thetic corundum. (The Be-ion-implanted synthetic 
corundum was not used for the other LA-ICP-MS 
analyses of corundum in this article because its Be 
content was homogeneous to only a shallow level 
[i.e., within several nanometers to several hundred 
nanometers of the surface].) 

LIBS data were collected with an Ocean Optics 
2000+ instrument at the GAAJ Research Laboratory 
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in Tokyo. This instrument was developed recent- 
ly for gemological applications by the SSEF Swiss 
Gemmological Laboratory in cooperation with 
the manufacturer (Krzemnicki et al., 2004, 
Hanni et al., 2004). To investigate the detection 
limit of Be, we selected seven samples of Be 
diffusion-treated corundum (SY001-002, 
SY003-004, SY-H1, MPd-H10, and MP-H4) for 
comparison of the LIBS results with those from 
LA-ICP-MS. The LIBS spectra were obtained 
with Ar gas in the sample chamber and a 1064 
nm Nd:YAG laser (from Big Sky Quantel). The 
girdle of each sample was subjected to 20 single 
laser shots with a laser energy of 30 mJ, resulting 
in a laser hole measuring 100 pm in diameter. 
Emission spectra of detectable elements were 
recorded in the range of 200-980 nm. 


TABLE 3. LA-ICP-MS operating conditions. 


ICP-MS parameters 


Radio frequency (RF) power 1500 watts 
Carrier gas flow rate Ar ~1.20-1.23 L/minute, He 0.50 
L/minute 


Distance from the ICP torch 7mm 
to the sampler 


Sampler and skimmer 
Mass number (m/z) 
Integration time 


Laser ablation parameters 


Ni; 1 and 0.4 mm diameters 
2-260 

0.1 seconds per point (corundum) 
or 0.01 seconds per point (emerald) 


Wavelength 
Pulse duration 
Pulse frequency 
Output power 
Laser line size 


Laser point size 
Pre-ablation time 
Ablation time 


ICP-MS data acquisition time 


Isotope signals selected 

Be-diffused corundum 
Isotopes analyzed 
Signals monitored 


Emeralds 
Isotopes analyzed 


Signals monitored 


213 nm Nd:YAG laser 

5-10 nanoseconds 

10 Hz 

2.5 mJ 

16 um in width, logo size 8 x 230 
um, 4-7 um in depth 

30 um diameter, 2-3 um deep 

5 seconds 

25 seconds 

40 seconds 


9Bet 
27 A\+ 4TTi+ 538Cr+ 56Fe+ 57Fet 
698Gat 


7Lit, NBt 23Nat, 24MIg*, 39K+, 
43Cat, “4Cat, 45Sct, ArT it, SIV/t 
53Crt, 55Mn*, 58Fet 57Fet, 58Cot, 
60Ni*, 63Cut, 887+, 69Gar, 85Rb*, 
88Sr+ M18Sn+, 183Cg+, 187Bat, 
195Ptt 197Aut, 208P[pt +209Rj+ 
2Be*, 27 Alt, 28Si", 29Sj+ 
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Figure 4. During the laser ablation process, our 
research showed that inscribing the GAA] logo on the 
girdle of a gemstone provided sufficient material for 
analysis of one area; this inscription also proves that 
a sample has been analyzed by LA-ICP-MS. The tiny 
mark measures 80 x 230 um and penetrates the stone 
to a depth of ~5-10 pm. Photomicrograph by A. 
Abduriyim; magnified 80x. 


PRACTICAL APPLICATIONS 


Be-diffused Corundum. Mass spectra for typical LA- 
ICP-MS analyses of corundum are shown in figure 
5, as obtained by ablating the GAAJ logo using the 
conditions summarized in table 3. A detectable 
beryllium signal is shown in figure 5 for a Be-dif- 
fused sapphire, whereas the samples that did not 
undergo Be diffusion treatment have only a back- 
ground signal for Be. As shown in table 1, Be was 
below the detection limit (i.e., <0.1 ppm]! in all the 
unheated and traditionally heated corundum sam- 
ples of various colors (40 pieces in total). However, 
Be (on the order of several parts per million) was 
detected in all corundum samples, natural and syn- 
thetic, that had been treated by Be diffusion (81 
pieces; see, e.g., figure 6). In the 20 samples analyzed 
before and after Be diffusion, no Be was detected 
before treatment but significant amounts were 
measured in all samples after treatment, regardless 
of whether any color alteration occurred. No signif- 
icant color alteration was seen in any of the samples 


‘In this article, we use ppm to indicate the concentration of trace ele- 
ments. The concentration also can be written as ppmw (parts per mil- 
lion by weight), which is a fractional weight. The concentration of 
ions, as ion/cm®, is typically expressed as ppma (parts per million 
atomic). The mutual relation between these units is approximated by 
the following expression: 


(molecular weight of Al,O,) x ppmw 


ppma = : : 
5 x (atomic weight of element) 
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treated for approximately 10 hours (figure 7). With 
the 22-hour heating process, the synthetic sapphires 
remained colorless, whereas the natural sapphires 
became yellow. 

The concentration of Be was higher in the 
stones that were heated for 22 hours at 1800°C 
than in those that were treated for approximately 
10 hours. Figure 8 illustrates the Be concentrations 
measured across some representative samples. The 
stones that were treated for 22 hours contained 
4.2-4.4 ppm Be at the rim and 1.1-1.4 ppm at the 
center, and the repolished girdles had 5.0 and 5.4 
ppm Be. In contrast, the samples treated for the 
shorter time period contained only 1.0-1.3 ppm Be 
at the rim, with no Be detected in the core, and the 


TABLE 4. LA-ICP-MS detection limits for this study.? 


Average counts Detection limits 


Mase Somes (10 empty runs) 80 (ppm) 
7 Li 1,067 1.9 
9 Be 11 0.1 
11 B 152 1.6 
23° Na 4,321 17 
24 Mg 57 0.4 
27 Al 137 0.8 
28° Si 38,187 540 
29° Si 1,532 410 
39 K 761 3.4 
43° Ca 96 230 
44> Ca 1,423 240 
45 Sc 85 0.3 
47 Ti 11 0.6 
51 V 44 0.1 
53 Cr 353 14 
55 Mn 122 0.4 
56° Fe 2,630 12 
57° Fe 72 TA 
60 Ni 28 0.5 
63 Cu 39 0.3 
66 Zn 78 2.0 
69 Ga 30 0.1 
85 Rb 15 0.1 
838 Sr 4 0.01 
118 Sn 60 0.5 
133 Cs 23 0.1 
137 Ba 3 0.1 
195 Pt 19 0.1 
197 Au 24 0.1 
208 Pb 34 0.1 
209 Bi 28 0.1 


4 The average intensity of 10 empty runs was used to determine the 
detection limit of each element. 30 = 3 standard deviations. 


’Mass interferences are created by polyatomic ions formed from 
the combination of species derived from the plasma gas, sample 
matrix, etc. For example, '2C'°O overlaps 78Si, #°Ar'®O overlaps 
56Fe, 78Si®O overlaps “Ca, #°Ca'®O overlaps **Fe, and *°Na con- 
tamination from NIST SRM 612 overlaps *4Na from the sample. 
High background counts for Na, Si, Ca, and Fe were caused by 
mass interference. 
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repolished girdles contained 1.6 and 2.3 ppm Be. 

Comparative analyses of the cross-section of 
Be-diffused pinkish orange sapphire MPd-H1 using 
LA-ICP-MS and SIMS techniques are graphed in 
figure 9. The stone showed no concentrations of Be 
in the center and high concentrations in the rim. 
The pattern of Be concentration is very similar for 
both techniques, with slightly lower values 
obtained with LA-ICP-MS. For example, at the 
edge of the sample the Be concentration was meas- 
ured at about 9.5 ppm with SIMS and 8.0 ppm with 
LA-ICP-MS. The laser ablation pit was deeper than 
that vaporized by the SIMS beam, so it is clear that 
as the depth of ablation increases, the ratio of Be to 
intrinsic elements decreases. While the exact abla- 
tion depth cannot be controlled when using LA- 
ICP-MS, SIMS has a high spatial resolution that 
therefore can be used for depth profiling across a 
sample. 

Results from the LIBS study are shown in figure 
10, which presents the emission spectra of three 
corundum samples that underwent Be-diffusion and 
four that did not. There was no Be emission at 
313.068 nm in the spectra of the unheated yellow 
sapphires (SY001-002). In the spectra of the tradi- 
tionally heated yellow sapphires (SY003-004), an 
emission peak at 313.16 nm was detected which 
overlapped parts of Be spectra, with an intensity of 
just two counts. However, LA-ICP-MS found no 
measurable Be in that sample, but did show traces 
of vanadium. Emission related to V occurs at 313.16 
nm in the LIBS spectra, which is close to the wave- 
length of Be emission. 

A small Be emission peak (~2-3 counts) was 
detected in one Be-diffused yellow sapphire (SY-H1) 
in which 1.8 ppm Be was measured by LA-ICP-MS. 
Much higher Be concentrations were measured by 
LA-ICP-MS in a pink sapphire (MP-H4, 3.3 ppm) 
and in a pinkish orange sapphire (MPd-H10, 8.4 
ppm), and these samples had Be peaks in the LIBS 
spectra of ~5—6 counts and ~10-11 counts, respec- 
tively. For very low intensities of Be emission at 
313.068 nm, such as 2-3 counts, it is difficult to 
determine with LIBS whether or not a sample has 
been Be-diffusion treated; such stones should be 
tested on another area of the sample, or by another 
method such as LA-ICP-MS. 


Implications. With the increased use of LA-ICP-MS 
in gem laboratories and the importance of detecting 
low ppm levels of Be in corundum, the need for stan- 
dardization between gemological labs has grown. 
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LA-ICP-MS MASS SPECTRA 


ICP-MS data acquisition time 


Pre-ablation 


a Laser ablation time 
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Figure 5. Mass spectra for 
Be in corundum were gener- 
ated by laser ablating the 
GAA] logo for a 25-second 
period. The pre-ablation 
time was 5 seconds, and 35 
seconds were used for ICP- 
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MS data acquisition. A 
detectable Be signal is 
shown for a Be-diffused sap- 
phire, whereas samples that 
were either not heated or 
had been heated by tradi- 
tional methods do not show 
a Be signal above the back- 
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S6Fe and the common trace ele- 
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Clearly, a high level of confidence is needed in such 
analyses and a similar level of consistency is desired 
when comparing results between laboratories. While 
the results presented here are valid for the conditions 
of this study, the authors continue to work with 
other laboratories (particularly members of the 
Laboratory Manual Harmonization Committee) on 
an internationally agreed set of analytical parame- 
ters and standards. 


108 APPLICATIONS OF LA-ICP-MS TO GEMOLOGY 


the concentrations of these 
elements were not calculat- 
ed for this study. 


Under normal geologic conditions, it is difficult 
for Be atoms to enter the corundum lattice. 
However, natural corundum contains various types 
of inclusions (crystals, clouds, silk, etc.) that may 
host small amounts of Be. Further investigations 
into the chemical composition of inclusions in nat- 
ural corundum are under way. 

At present and notwithstanding ongoing research, 
GAAJ believes that when the concentration of Be is 


Figure 6. These Be-diffused 
sapphires and rubies 
(0.45-3.98 ct) are typical 
of the material that was 
analyzed by LA-ICP-MS 
for this study. Photo by 
Masaaki Kobayashi. 
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lower than the LA-ICP-MS detection limit of about 
0.1 ppm (or 0.2 ppma), and internal features indicate 
that the corundum has been heated (see, e.g., Emmett 
et al., 2003; Wang et al., 2006), the stone should be 
identified as having undergone traditional heat treat- 
ment (i.e., without beryllium diffusion). The laborato- 
ry report may state “indications of heating” only. 
However, care should be taken to ensure that proper 
parts of the stone are analyzed (e.g., at least three areas 
that are free from potentially interfering inclusions). 

GAAJ’s present policy also states that when a 
heat-treated stone contains more than 1 ppm (or 2 
ppma) of Be by LA-ICP-MS (using the external NIST 
glass standards), in areas that are free of inclusions, 
this stone should be identified as Be diffused. The lab- 
oratory report in this case should state that the stone 
shows “indications of heating, (shallow) color 
induced by (lattice) diffusion of a chemical element(s) 
from an external source” (Laboratory Manual Har- 
monization Committee Information Sheet #2, 
February 2004; available at www.agta-gtc.org/ 
information_sheets.htm). 
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Figure 7. Verneuil color- 
less synthetic sapphires 
(top left, samples 
VCS001-008, 0.86-1.01 
ct) and four of the five 
natural colorless 
sapphires (top right, 
samples SCLO01-004, 
0.50-0.68 ct) were treat- 
ed by Be diffusion, half 
for approximately 10 
hours (center row) 
and half for 22 hours 
(bottom row) at 1800°C 
in an oxidizing environ- 
ment. The synthetic sap- 
phires remained color- 
less even after 22 hours 
of Be diffusion (bottom 
left), whereas yellow 
color was produced in 
the natural sapphires 
SCLO01-002 after 22 
hours of Be diffusion 
(bottom right). Photos 
by Masaaki Kobayashi. 


Be diffusion-treated corundum commonly has a 
Be concentration ranging from a few to several hun- 
dred ppm. These values are sufficient to indicate Be- 
diffusion treatment, but the fact that some Be-dif- 
fused sapphires contain very low Be concentrations 
creates challenges for the laboratory gemologist. For 
example, if a very small amount of Be (e.g., less than 
1 ppm) is measured in several analyses of a stone 
from areas that are free of inclusions, this may, until 
ongoing research is completed, be regarded as falling 
within an area of uncertainty and this fact should be 
reflected in the identification report. 

Based on our experience using LIBS for routine 
corundum testing at GAAJ since May 2005, we feel 
that this technique can detect a minimum of ~1-2 
ppm (or 2—5 ppma) Be in corundum. Therefore, LIBS 
would not be expected to reliably detect the very 
low concentration of Be mentioned above. 


Geographic Origin Determination of Emerald. 
Emerald crystallizes in complex geologic environ- 
ments, and the crystals may reflect abrupt changes in 
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Contributors in This Tssue 


CALVIN N. JOYNER, civil engineer and government executive, 
has served the American, British, Chinese, and Korean govern- 
ments. At 24 he was president of an agricultural college in 
Mexico. He says he was not a great president, but the institution 
was not a very great college either. During the war years he 
headed the Civilian Lend-Lease in China and was concurrently 
attached to the staffs of General Stilwell and Wedemever as 
advisor on Chinese affairs. Until June of this year he was director 

’ 7 of the Department of Commerce, U. S. Army Military Govern- 
P| ment in Korea. It was during the 14 years he served the British 
Municipal Council, as Municipal Engineer in Tientsin, that the 
pictures of “Jade Street,” were made by him. Growing out of telescope making, while 
in China, his interest branched out into gem cutting and jade collecting. The Smith- 
sonian Institute exhibits a collection of hololithic jade rings and a number. of 
specimens of uncut jade donated by him. In defining jade, he is a strong conservative. 
“Jade,” says he, “is only what you can sell to a Chinese as jade. It must-come from 
Burma, Yunan, or Hsinkiang.” 


With VIRGINIA V. HINTON curiosity was the forerunner of 
a fascinating hobby which was to become an exciting career. 
Now manager of Foley’s Jewel Box in Houston, Texas, her 
interest in gemstones began 18 years ago when she took a 
position in a jewelry store in her native Georgia. Marriage 
to Architect Guerdon S. Hinton interrupted the career for a 
time but together they started a collection of gemstones, Then 
she enrolled in the G.I.A. and a whole new world was open to 
her. To her collection of gemstones she added instruments until 
today she has one of the finest private gemological laboratories 
in the country. She became the first woman Certified Gemolo- 
gist and, in 1944, was awarded a fellowship in the Gemmological Association of Great 
Britain. The American revision of Introductory Gemology was a collaboration of 
Mrs. Hinton and Robert Webster, the author. 


DAVID H. HOWELL, whose article Fundamental Problems of 
Light appears in this issue, was an early graduate of the Gemo- 
logical Institute of America. By working fourteen hours daily, 
seven days per week, he completed the entire four-year course 
in six months time. After receiving his Certified Gemologist 
title in December 1935, he went to Pomona College where he 
worked in color research with gemstone material. Later he 
became Research Associate in Mineralogy in the Claremont 
College (graduate school) and engaged in correlative work with 
mineral artifacts and materials to determine origins of certain 
artifacts. His principal field has been spectroscopy, developing 
new techniques for investigations of specific problems. 
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Figure 8. These graphs show the distribution of Be concentrations across cut cross-sections of synthetic sapphires 
VCS001 and VCS005 (left; 3.5 mm traverse) and natural sapphires SCLOO1 and SCLO03 (right; 2.1 mm traverse) 
that underwent Be diffusion for different amounts of time. Considerably more Be was recorded in the samples 
that were diffused longer; both pairs showed Be enrichments near their edges. (The relative error in the analyses is 
estimated to be +0.5 ppm Be.) No color modifications were seen in the synthetic sapphires, whereas the natural 
sapphires changed from colorless to yellow, but only after the longer period of Be diffusion (see figure 7). 


the geologic environment and/or mechanical stress. (Zambia and Zimbabwe), as well as Madagascar. The 
In contrast, other gem beryls, such as aquamarine, geologic characteristics of emerald deposits have been 
develop in relatively stable environments (e.g., within classified into two groups (Schwarz and Giuliani, 
cavities in granitic pegmatites). Emeralds have been 2000; Schwarz, 2004) as follows: 

mined from the five major continents, with famous 

localities in South America (Colombia and Brazil), Group 1—Crystallization associated with pegmatites 
Asia (Russia, Pakistan, and Afghanistan), and Africa e Category A: Pegmatite without schist-related 


Figure 9. The cut cross- 
Be-DIFFUSED CORUNDUM section of a Be-diffused 
a pinkish orange sapphire 
(sample MPd-H1) was 
analyzed for Be with 


ee both LA-ICP-MS and 
fe SIMS, using an external 
ae standard of Be-implant- 


ed synthetic corundum. 
The (natural) pink core 
of the sapphire is sur- 
rounded by orange and 
orangy pink outer zones 
that resulted from Be 
diffusion. Slightly high- 
er Be concentrations 
were consistently meas- 
ured in the SIMS analy- 
ses, except in the pink 
core, which did not 
contain any detectable 
Be by either technique. 
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Figure 10. LIBS spectra 
are shown in the range 
of 307-320 nm for non- 
heated sapphires (SY001 
and SY002), traditional 
heat-treated sapphires 
(SY008 and SY004), and 7 
Be diffusion-treated sap- 
phires (SY-H1, MP-H4, 
and MPd-H10). The Be 
emission peak is located 
at 313.068 nm. The 
large peaks around 308 
and 309 nm are due to 
Al. Be was only detect- 


LIBS SPECTRA 


— MPd-H10 
— MP-H4 
Be 
313.068 nm — SYH1 
— syY003, SY004 
ae Be=8.4 ppm — sy001, SY002 


ed in the samples that 
underwent Be diffusion 
treatment. 


emerald (Kaduna, Nigeria) 

Category B: Pegmatite and greisen with schist- 
related emerald (Kafubu, Zambia; Sandawana, 
Zimbabwe; and Itabira—Nova Era, Brazil] 


Group 2—Crystallization without the involvement 

of pegmatites 

¢ Category C: Metamorphic phlogopite schist— 
related emerald (Santa Terezinha, Brazil] 

¢ Category D: Talc-carbonate schist-related emer- 
ald (Swat, Pakistan) 

¢ Category E: Muscovite schist-related emerald 
(Panjshir, Afghanistan) 


Figure 11. These emer- 
alds are from the eight 
deposits that were ana- 
lyzed by LA-ICP-MS for 
this study. From left to 
right, top row: Santa 
Terezinha, Brazil (0.72 ct); 
Swat, Pakistan (0.83 ct); 
Panjshir, Afghanistan 
(0.48 ct); and Cordillera 
Oriental, Colombia (1.73 
ct). Bottom row: Kaduna, 
Nigeria (1.07 ct); Kafubu, 
Zambia (0.57 ct); Sanda- 
wana, Zimbabwe (0.68 
ct); and Itabira—Nova 
Era, Brazil (0.78 ct). Photo 
by Kohei Yamashita. 
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e Category F: Black shale with vein- and breccia- 
related emerald (Cordillera Oriental, Colombia) 


Representative emeralds from each of these geo- 
logic deposit types were selected for this study (see 
table 2 and figure 11). LA-ICP-MS analyses of 111 
gem-quality emeralds from the eight localities are 
summarized in table 2. The minor elements Na, Mg, 
and Fe and the trace elements K, Ca, Sc, V, Cr, and Cs 
were converted to oxide weight percent values for 
comparison with data reported on emeralds from the 
literature: Kaduna (Lind et al., 1986; Schwarz, 1996), 
Kafubu (Milisenda et al., 1999; Zwaan et al., 2005), 
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Sandawana (Zwaan et al., 1997), Itabira-Nova Era 
(Schrader, 1987; Schwarz, 1990b; Kanis, 2001; Zwaan, 
2001), Santa Terezinha (Hanni and Kerez, 1983, 
Schwarz, 1990a; Moroz et al., 1998; Pulz et al., 1998), 
Swat (Henn, 1988; Hammarstrom, 1989), Panjshir 
(Hammarstrom, 1989; Moroz et al., 1998) and 
Cordillera Oriental (Moroz et al., 1998). In addition, 
the trace elements Li, Ti, Zn, Ga, and Rb were all pres- 
ent in detectable quantities. However, B, Mn, Co, Ni, 
Cu, Sr, Sn, Ba, Pb, Bi, Pt, and Au were near or below 
the detection limits of our instrument. 

Average data for each of the 111 emeralds from 
the eight localities are plotted in two different chem- 
ical fingerprint diagrams (separate plots for minor 
and trace elements). The oxide weight percent ratios 
of the minor elements Cs,O+K,O versus FEO+MgO 
are plotted in figure 12. Based on Cs,O+K,O content, 
the Santa Terezinha, Kafubu, and Sandawana emer- 
alds could be separated from the Kaduna, Panjshizr, 
Itabira-Nova Era, and Colombian emeralds. The 
Cs,0+K,O concentrations were particularly high in 
the Santa Terezinha emeralds. Moreover, the 
FeO+MgO contents were useful for separating the 
Kaduna emeralds from the other localities, although 
there was considerable overlap with Colombian 
samples. However, a ternary diagram of Zn-Li-Ga 
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(figure 13) was quite effective at separating the 
Colombian emeralds from the Kaduna specimens, 
and also the Swat emeralds from the Itabira-Nova 
Era and Panjshir specimens (which overlap in figure 
12). The Swat specimens occupied the Li-dominant 
field, while emeralds from Sandawana, Kafubu, 
Itabira-Nova Era, Panjshir, and Santa Terezinha 
overlapped to various degrees in the Zn-Li region. 

The alkali granite-related Kaduna emeralds of 
Category A were characterized by relatively low Na, 
Mg, Cs, and K contents. Generally, the elements that 
are not intrinsic to beryl (i.e., Na, Mg, Fe, V, Cr, Cs, 
K, and Ca) were lower than 1.5 wt.% oxide, and the 
concentration of Fe was greater than the sum of the 
other nonintrinsic elements. The trace elements Li, 
Ti, Mn, Zn, Ga, and Rb were usually present in con- 
centrations significantly above background. 

The emeralds belonging to Category B (Kafubu, 
Sandawana, and Itabira—Nova Era) are associated with 
various metamorphic schist rocks containing phlogo- 
pite, biotite, talc, carbonate, and actinolite-tremolite 
(Schwarz et al., 1996). Their contents of Cr, as well as 
subordinate Na, Mg, and Fe, showed a wide variation. 
The Mg concentrations (generally between 1.41 and 
3.13 wt.% MgO) were higher than those of Na and Fe. 
Nevertheless, emeralds originating from these three 


Figure 12. This plot of 
minor-element concen- 
trations (Cs,0+K,O vs. 
FeO+MgoO, in wt.%) of 
emeralds from the eight 
localities shows various 

P amounts of overlap. 
Samples from Santa 
Terezinha are notable 

x * for their high Cs,0+K,O 
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Pegmatite-related group 
Category A: Kaduna, Nigeria 
Category B: Kafubu, Zambia 
Category B: Sandawana, Zimbabwe 
Category B: Itabira-Nova Era, Brazil 
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Non-pegmatite-related group 
Category C: Santa Terezinha, Brazil 
Category D: Swat, Pakistan 

Category E: Panjshir, Afghanistan 
Category F: Cordillera Oriental, Colombia 
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deposits showed similar ranges of FEO+MgO, and the 
Zambian samples had the highest sum of Cs,O+K,O 
and relatively enriched trace elements Li, Zn, Rb, and 
Pb. The Itabira—Nova Era emeralds showed the lowest 
concentration of Cs,0+K,O and overlapped with 
samples from Category D (Swat). Although the Swat 
emeralds showed considerable overlap with other cat- 
egories in figure 13, the trace elements Li, Sc, Mn, Ni, 
Zn, Ga, and Rb were particularly helpful in distin- 
guishing them. 

Category C emeralds from Santa Terezinha are 
hosted in carbonate-talc-phlogopite schists that 
had some metasomatic exchange between the Be- 
bearing fluid and the ultrabasic host rocks (Pulz 
et. al., 1998). Santa Terezinha emeralds had the 
highest sum of Na,O+MgO+FeO+V,O,+Cr,O, (up 
to 10 wt.%}, and also had the highest Fe, Cr, and 
Cs concentration measured in this study. In addi- 
tion, the Santa Terezinha emeralds contained the 
most Li (up to 950 ppm), with Na>Cs>Li. They 
also contained the trace elements Ti, Mn, Zn, Ga, 
and Rb (with Ba and Pb near the detection limits), 
as well as high levels of Ni, Sr, and Sn. 

Emeralds belonging to Category D (Swat, 
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Category B: Itabira-Nova Era, Brazil 


Non-pegmatite-related group 
Category C: Santa Terezinha, Brazil 
Category D: Swat, Pakistan 

Category E: Panjshir, Afghanistan 
Category F: Cordillera Oriental, Colombia 
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Pakistan), originating from talc-carbonate schist, also 
had high contents of Na,O+MgO+FeO+V,O,+Cr,O,, 
up to 6.85 wt.%. The range of FeO+MgO was dis- 
tinctly larger than for the Panjshir emeralds of 
Category E. The different populations of these two 
deposits are quite evident, especially in the trace ele- 
ments V, Ga, Rb, and Ba that are enriched in the 
Afghan emeralds. 

Compared to emeralds from the other deposits, 
the black shale-hosted Colombian emeralds of 
Category F were rather pure, with only about 4 wt.% 
of Na,O+MgO+FeO+V,O0,+Cr,O;. Generally Na, Mg, 
and Fe were low, but the two chromophores V and Cr 
were anomalously high, up to about 1.85 wt.% for 
V,O,+Cr,O,. The FeO+MgO content of Colombian 
emeralds was typically sufficient to distinguish them 
from neighboring populations of Nigerian and 
Afghan emeralds. 


Implications. Many of the minor and trace elements 
showed a wider range of concentrations in our sam- 
ples than were reported previously in the literature 
(table 5). Mg, K, and V were consistent with the 
analyses of emeralds reported in most localities, but 


Figure 13. The trace-ele- 
ment concentrations of 
emeralds from the eight 
localities are plotted in 
this Zn-Li-Ga ternary 
diagram. The Swat and 
some Santa Terezinha 
emeralds are Li-domi- 
nant, while Colombian 
stones have intermedi- 
ate Li-Ga contents. 
Emeralds from Kafubu, 
Sandawana, Itabira— 
Nova Era, and Panjshir 
are Li-Zn dominant, 
whereas the Kaduna 
specimens fall closer to 
the center of the plot. 
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our Colombian and Panjshir samples did contain 
somewhat greater contents of V. In addition, we 
found more Sc and Cs in emeralds from most of the 
eight localities; these elements were reported as 
below or near the detection limits in the literature. 
The highest amount of Cr found in this study was 
2.66 wt.% Cr,O, in emeralds from Santa Terezinha. 
We measured the highest Fe contents in emeralds 
from Santa Terezinha and Kafubu, but even greater 
concentrations of Fe were reported in samples from 
Swat by Hammarstrom (1989). 

Using proton-induced X-ray emission (PIXE], sev- 
eral trace elements that were not measured or 
detected in our samples {ie., PS, Cl, As, Br, Y, Zz, 
Ag, Cd, La, and Ce) were reported in the literature for 
emeralds from Kafubu, Sandawana, Santa Terezinha, 
Swat, and Colombia (again, see table 5). Compared 
to our LA-ICP-MS data, the PIXE analyses showed 
relatively high Ti, Mn, Co, Cu, Zn, Ba, Pt, Au, and Bi 
in emeralds from Kafubu, Sandawana, Santa 
Terezinha, Swat, and Colombia, but ICP-MS data 
from Pulz et al. (1998) showed a range similar to that 
measured in our emeralds from the Santa Terezinha. 
Using elements such as Li, Zn, Rb, and Pb, it may be 
possible to differentiate Colombian emeralds (figure 
14), arguably the world’s most important source, 
from those of other localities. 

Our LA-ICP-MS analyses of emeralds from the 
eight localities provided no consistent way of clearly 
distinguishing between pegmatite-related and non- 
pegmatite-related sources, but the various localities 
could be separated by a combination of chemical fin- 
gerprint diagrams (figures 12 and 13). In figure 12, the 
Kaduna emeralds correspond to the lowest concentra- 
tions of Cs,0+K,O and FeO+MgO, although a few 
data points overlap with the Colombian emeralds. 
However, there is absolutely no overlap in these local- 
ities in figure 13, so Colombian emeralds can easily be 
separated. Emeralds from Category B (Kafubu, 
Sandawana, and Itabira—Nova Era) plotted higher in 
the FeO+MgO field, and can be separated from Santa 
Terezinha, and Colombian stones on this basis. Swat 
emeralds completely overlap those from Itabira-Nova 
Era in figure 12, but figure 13 can be used to make a 
clear distinction between them. Category B emeralds 
overlap to some extent in both diagrams, but other 
trace elements can be used to separate them. Zambian 
stones showed the greatest sum of Cs,0+K,O and high 
values of Li, Zn, Rb, and Pb. Emeralds from 
Itabira—Nova Era had the least Cs,0+K,O values and 
low values of Li, Mn, Zn, and Rb. Moderate contents 
of Cs,0+K,O and the highest values of Li, Ti, Mn, and 
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Rb occurred in Sandawana emeralds. Notably, Santa 
Terezinha, which is one of the major sources of emer- 
ald in the market, had the highest concentrations of 
Fe, Cr, and Cs, with relatively high contents of Li, Ni, 
and Sr, enabling them be separated from Colombian 
emeralds. Therefore, chemical data obtained by LA- 
ICP-MS is effective for separating emeralds from each 
of the eight geographic origins analyzed for this study. 
However, for added confidence, the chemical data 
should be supported by optical properties and internal 
characteristics that would help substantiate the origin 
determination. Note that the diagrams provided in 
this article do not take into account all major emerald 
sources (e.g., samples from Russia and Madagascar 
were not included). 


COMPARISON OF LA-ICP-MS 
TO SIMS AND LIBS 
The advantages and disadvantages of using LA-ICP- 
MS, SIMS, and LIBS for analyzing gemstones are list- 
ed in table 6. LA-ICP-MS is qualitative to fully quan- 
titative, and can analyze a full range of major, minor, 
and trace elements, which makes it particularly use- 
ful for the geographic origin determination of gem 
materials. With further research, this technique may 
prove useful (in certain situations) for determining 
the geographic origin of diamonds (Watling et al., 
1995, Resano et al., 2003, Wang et al., 2003). Note, 
too, that LA-ICP-MS can be used to analyze solid 
materials with minimal damage; and because chem- 
ical dissolution of the sample is not necessary, there 
is no solvent-induced spectral interference. Both 
loose and mounted gem materials can be tested, 
without need for a conductive coating of carbon or 
gold and/or other charge balancing techniques, as are 
required for SIMS and EMPA techniques. For trace- 
element analysis using a well-characterized stan- 
dard, a larger number of elements can be accurately 
quantified with LA-ICP-MS than with SIMS or LIBS. 
Also, LA-ICP-MS can yield low detection limits, 
close to that of SIMS (Nenoyer et al., 1991). As with 
SIMS, the ablation area can be controlled from a 
minimum crater diameter of several micrometers to 
a maximum of several hundred micrometers (i.e., 
greater than the beam diameter that is possible for 
electron or ion microprobes; Reed, 1989). However, 
a pit diameter of at least 100 xm is required for LIBS 
analysis, and there is a risk that the stone may be 
damaged by the laser. 

The disadvantages of LA-ICP-MS analysis 
include mass interference and element fractiona- 
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TABLE 5. Chemical compositions of emeralds from the literature, for the eight localities in this study.* 


Kaduna Kafubu Sandawana acs Batis - Swat Panjshir anes 
Oxides Lind et al., Milisenda Zwaan et al., Schrader, 1987 Hanni et al., 1983 Henn, 1988 Hammar- Moroz et 
(wt.%)° — 1986 (4); et al., 1999 1997 (4) (1); Schwarz, (4); Schwarz, (10); Hammar- strom, 1989 —al.,1998 
Schwarz et (5); Zwaan 1990b (48); 1990a (14); Moroz strom, 1989 (2) (3); Moroz (2) 
al., 1996 (16) et al., 2005 Kanis, 2001 et al., 1998 (2) et al., 1998 
(27) (4); Zwaan, (3) 
2001 (23) 
Na,0 0.04—-0.33 0.74-1.99 2.07-2.41 0.79-1.93 1.46-2.18 1.08-2.11 0.01-1.61 <0.65 
MgO 0.01-0.20 1.26-2.90 2.52-2.75 — 1.39-2.64 1.27-3.36 2.21-3.10 0.22—-1.89 <0.76 
FeO = -0.11-1.13 0.34-1.31 0.45-0.82  0.41-1.30 0.48-1.82 0.20-2.51 0.21-1.16 <0.25 
K,0 bdl-0.05 bdl-0.26 0.03-0.06 <0.08 <0.16 <0.02 <0.09 <0.03 
CaO bdl-0.01 bdl-0.07 <0.03 <0.10 <0.10 bdl <0.07 <0.23 
Sc,0, bdl-0.03 bdl--0.03 bdl - - <0.19 - - 
V0, bdl-0.09 bdl-0.06 0.04—0.07 <0.08 <0.12 0.04—-0.07 0.03-0.29 <0.21 
Cr,0, bdl-0.08 bdl-0.63 0.61-1.33  0.06-1.42 0.06-1.54 0.61-1.33 0.10-0.54 <0.29 
Cs,0 bdl-0.05 bdl-0.23 0.06-0.10 <0.01 <0.20 - <0.27 <0.23 
Kaduna Kafubu Sandawana Itabira- Santa Terezinha Swat Panjshir Cordillera 
Trace Nova Era Oriental 
elements 
(ppm)° Yuetal., Calligaro —Calligaro Pulz et Calligaro Yuetal, Yuetal.,  Calligaro Yu et al., 
2000 (25) etal., et al., al., 1998 et al., 2000 (5) 2000(6) etal. 2000 (20) 
2000 (11) 2000 (22) (5) 2000 (8) 2000 (4) 
Li - - 580 800 - 24-30 580 = = 350 = = 
P - bdl-433 - - - - - bdl bdl-302 - - bdl-224 
S - bdI-10,707_—- - - - - 175-916 90-422 - - 83-923 
Cl - 109-1,188 = - - - - - 351-924 227-758 - - 356—-1,864 
Ti - bdl-89 - - - <118! - bdI-355 ~~ bdl-219 - - bdl-115 
Mn - bdl-156 - - - <154¢ - bdl-189 bd - - bdl-124 
Co - bdl-262 - - - - - bdl bdl-233 - - bdl-110 
Ni - - - - - 37-97 - - - - - - 
Cu - 44-329 - - - 2 - bdI-285 —_bdl-185 - - 42—1,070 
Zn - 22-212 - - - 2-8 - 50-187 20-93 - - bdl-203 
Ga - 19-273 - - - - - 53-261 17-35 - - 57-243 
As - bdl - - - - - bdl-44 bd - - bdl-32 
Br - bdl - - - - - bdl-82 bdl-75 - - bdl 
Rb - bdl-120 140 350 - <168! 140 bdl-30 bdl-122 6 - bdl-61 
Sr - bdl-29 - - - 2-38 - bdl-91 bd - - bdl 
Y - bdl-100 - - - <2 - bdl bd - - bdl-145 
Zr - bdl-98 - - - <4 = bdl bd = = 0 
Ag - - - - - <0.4 - - - - - - 
Cd = = - - - <0.5 - - - - - - 
Sn - = = = = > = = > 0 = = 
Ba - bdl-367 - - - <2 - bdl-233 282-978 - - bdI-1,265 
La - bdl—474 - - - - - 175-805 — bdl-546 - - bdl-1,371 
Ce = bdl-509 = = = - - bdI-669 —_bdl-443 - - bdl-2,335 
Pt - bdl-392 - - - - - bdI-132 —_ bdl-66 - - bdl-154 
Au - bdl-213 - - - - - bdI-123 —_bdl+96 - - bdl-260 
Pb - bdl-252 - - - <5 - bdl bdl-86 - - bdl 
Bi - bdl-335 - - - <5 - bdl-174 —bdl-58 - - bdl-90 
4 The number of analyzed samples is shown in parentheses after the corresponding reference. Abbreviation: bdl = below detection limit. 
» Analyzed by EMPA. 
© Analyzed by ICP-MS, except for Pulz et al. (1998), which used particle-induced x-ray emission (PIXE). 
2 Calculated as ppm by weight. 
tion. Element isotope determination with the ICP- polyatomic ions, resulting in mass spectral overlap 
MS may suffer a strong spectral interference from air and a high background. (With SIMS, the high vacu- 
entrainment, from the sample’s matrix, and from um required in the sample chamber eliminates the 
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mass interference from air, but matrix interference is 
still problematic.) The lack of adequate external 
standards for calibration for a wide variety of sam- 
ples of interest makes it difficult to obtain reliable 
quantitative results for some materials by LA-ICP- 
MS. Even with the use of a well-characterized stan- 
dard such as Be ion-implanted synthetic sapphire, 
LA-ICP-MS is not an effective technique for depth 
profiling due to fluctuations in the laser power den- 
sity and the rate of ablation. 

Assuming an instrument configuration that is 
equivalent to that used in this study, the cost of an 
LA-ICP-MS system is more than US$400,000, 
whereas a SIMS system exceeds $1,000,000. The 
newly introduced LIBS equipment is much less 
expensive, and can range from $50,000 to $90,000, 
but it is not as effective as LA-ICP-MS and SIMS for 
providing highly sensitive multi-element quantita- 
tive analysis of a small selected area. 


CONCLUSIONS 


A 213 nm Nd:YAG laser ablation system combined 
with a quadrupole ICP-MS instrument is a very sen- 
sitive and satisfactory method for the analysis of 
gem materials, as it is capable of ablating the gem- 
stone in a controlled way (e.g., with a laser logo on 
the girdle of the stone} to obtain a sensitive, stable 
signal for quantitative chemical analysis. LA-ICP- 
MS can be used to detect trace levels of Be {ie., 0.1 
ppm) in corundum to detect diffusion treatment, and 
can also provide data that can be used to create 
chemical fingerprint diagrams for geographic origin 
determination. 


Figure 14. Emeralds from Colombia have a distinc- 
tive chemical composition that is related to their for- 
mation in black shale. LA-ICP-MS analysis is there- 
fore useful for separating Colombian emeralds from 
those of other localities. This 1.77 ct emerald from 
the Coscuez mine in Colombia was photographed 
together with the pyrite-bearing black shale host 
rock. Courtesy of Ronald Ringsrud Co., Saratoga, 
California; photo © Robert Weldon. 


TABLE 6. Comparison of the advantages and disadvantages of LA-ICP-MS, SIMS, and LIBS. 


Characteristic LA-ICP-MS SIMS LIBS 
Resolution Highly sensitive Highly sensitive Sensitive 
Operation Technical personnel Technical personnel Lab staff 


Cost of instrument 
Element detection 


Focusing 


Be detection limit 


Spot size 
Crater depth 


Laser logo mark 
Calibration reference 
Sample chamber 


More than $400,000 
Simultaneous multi-element 


CCD auto focus with 
microscope 


>0.1ppm (this study) 


~5-160 um 

More than 1 um, depending 
on laser ablation used 

Possible 

External and/or internal standard 
No vacuum 


More than $1,000,000 
Simultaneous multi-element 


CCD auto focus with 
microscope 


>0.01ppm (this study) 


~1-300 um (beam scan) 


Several thousanaths to tenths of 
aum, depending on beam power 


Impossible 
External and/or internal standard 
High vacuum 


More than $50,000 


Simultaneous multi-element (based on 
spectral range of 200-980 nm) 


Manual 


>2 ppm (Krzemnicki, 2004; 
Themelis 2004) 
>100 um 


More than several um, depending on 
laser ablation used 


Impossible 
External standard 
No vacuum 
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THE CULLINAN DIAMOND CENTENNIAL: 
A HIsTORY AND GEMOLOGICAL 
ANALYSIS OF CULLINANS I AND II 


Kenneth Scarratt and Russell Shor 


The year 2005 marked a century since the discovery of the largest gem diamond ever found: the 
3,106 ct Cullinan. Eight decades after it was mined, a team of gemologists conducted the first 
modern examinations of the two largest diamonds cut from the rough, the 530 ct Cullinan | and 
the 317 ct Cullinan II, which have been part of the Crown Jewels of England since their presenta- 
tion to King Edward VII in 1908. This article traces the history of this famous piece of rough and 
its source, South Africa’s Cullinan (formerly Premier) mine, which has yielded more significant 
diamonds than any other single locality. It also presents the full details of the examination and 
grading of these two approximately D-color, potentially flawless historic diamonds. 


Cullinan was found a century ago, when the 

British Empire was at the apex of its power. 
Its discovery, telegraphed around the world, also 
brought fame to the then newly opened Premier 
mine near Pretoria, South Africa. For many years, 
the great diamond was a symbol of the world’s 
mightiest empire. At 3,106 ct, today it remains the 
largest gem diamond ever discovered, and two of the 
diamonds cut from it lie at the heart of the Crown 
Jewels of England (figure 1). Although much has 
been written about the original piece of rough and 
the diamonds fashioned from it, this article offers 
previously undocumented details about the famed 
Cullinan diamond, including the first comprehen- 
sive report on the gemological examination of the 
530 ct Cullinan I and the 317 ct Cullinan II. 


he huge rough diamond known as the 


THE PREMIER/CULLINAN MINE 

Located on a former farm 25 km east of Pretoria, the 
Premier mine (figure 2; renamed the Cullinan mine 
for its centennial in 2003) began full operation in 
1903. The Cullinan was discovered less than two 
years later, the first extremely large diamond from a 
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mine that, in its 100+ years of operation, has yield- 
ed more rough diamonds over 100 ct (300+) than any 
other single source, including more than 25% of all 
the 400+ ct diamonds ever discovered (De Beers 
Group, 2006). 

Among the other legendary diamonds that have 
come from the mine are (all weights are for the 
rough): the Taylor-Burton (240.8 ct), Premier Rose 
(353.9 ct), Niarchos (426.5 ct), Centenary (599.1 
ct), and Golden Jubilee (755.5 ct). The Fancy Vivid 
blue Heart of Eternity (27.64 ct polished—rough 
weight not disclosed) and the other 11 large blue 
diamonds that formed De Beers’s Millennium 
Collection also came from this mine (L. Hori, pers. 
comm., 2005). 

The Premier mine ceased operations several 
times during the past century and weathered a crit- 
ical redevelopment project. It first closed in 1914 at 
the outbreak of World War I and reopened two years 
later shortly before De Beers acquired a majority 
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Figure 1. The Cullinan I and II diamonds are focal 
points in the Crown Jewels of England. The 530 ct 
Cullinan I is set in the Sovereign’s Sceptre with 
Cross (left), and the 317 ct Cullinan II is set in the 
Imperial State Crown (above). Also shown in the 
crown is the Black Prince’s “Ruby” (actually, a red 
spinel; 170 ct) and St. Edward’s Sapphire. Photo of 
scepter by Alan Jobbins. Top photo, Crown ©/The 
Royal Collection © Her Majesty Queen Elizabeth II. 


an underground shaft through the sill to excavate 
the pipe from beneath would be economic. When 
open, the mine has consistently produced well over 
a million carats yearly. In 2004, the renamed 
Cullinan mine yielded 1.3 million carats (De Beers 
Group, 2004). 


stake. The Great Depression, which brought a pre- 
cipitous drop in world diamond sales, forced it to 
close again in 1932. The mine did not reopen until 
after World War II. De Beers acquired full owner- 
ship of the Premier mine in 1977 (De Beers Group, 
2006). At the time, continued operation seemed 
doubtful because excavations were nearing a 70-m- 
thick sill of volcanic rock that protruded through 
the entire kimberlite pipe at the 550 m mark. 
Because the mine remained so productive, De Beers 
ultimately determined that the expense of driving 
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Current mining is 763 m below the surface, and 
De Beers is investigating the extension of mining 
below 1100 m. This would add 20-25 years to the 
life of the mine (Fernandes, 2005). 


BACKGROUND OF THE 

CULLINAN DIAMOND 

On January 26, 1905, the manager of the Premier 
mine, Captain Frederick Wells, retrieved the large 
crystal (figure 3) from near the rim of the shallow pit 
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Figure 2. The Cullinan diamond mine (renamed from 
the Premier mine in 2003) has yielded more large dia- 
monds than any other source in history. The Cullinan 
diamond was found on the opposite side of the rim 
shown here. Photo courtesy of Diamond Trading Co. 


(“Some facts... ,” 1905). Announcement of this dis- 
covery touched off an immediate torrent of press 
reports that offered estimates of its value ranging 
from US$4 million to $100 million, and caused an 
80-fold jump in the share price of the Premier 
(Transvaal) Diamond Mining Company Ltd. (“The 
largest diamond,” 1905). Local newspapers began 
referring to the great crystal as the “Cullinan 
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Diamond” in reference to Sir Thomas Major Cul- 
linan, the chairman of the company and discoverer 
of the mine (Helme, 1974). 

T. M. Cullinan settled in gold-rush Johannesburg 
in 1887. Within several years, he became one of the 
town’s most prominent builders—a lucrative enter- 
prise during a period when the settlement grew 
from a collection of gold miners’ tents and shanties 
to a full-fledged city. The great Kimberley Diamond 
Rush had occurred years earlier, some 500 km to the 
south. In 1892, however, reports of sporadic dia- 
mond finds prompted Cullinan and several associ- 
ates to form a syndicate to prospect locally for dia- 
monds. The venture, the Driekopjes Diamond 
Mining Company, made several small diamond dis- 
coveries but was forced to cease activities when the 
South African War (also known as the Second Boer 
War) broke out in October 1899 (Helme, 1974). 

During the 1890s, prospectors found scattered 
alluvial diamonds within the Dutch-ruled Transvaal 
near Pretoria and traced their origins to springs on a 
farm called Elandsfontein that was owned by 
Willem Petrus Prinsloo. Although a number of pros- 
pectors made offers, the elderly Prinsloo consistent- 
ly rebuffed them (Helme, 1974). However, the end of 
the war in May 1902 left the Transvaal under British 
rule and the Prinsloo family destitute. The elder 
Prinsloo had died and the war had devastated the 
farm. 

Cullinan offered the three Prinsloo heirs £150,000 
for prospecting rights, to be paid out over an unspec- 
ified period of time, or £45,000 in cash for outright 
purchase. Prinsloo’s heirs accepted the latter option, 
after negotiating the price up to £52,000. Cullinan 
formed the Premier Diamond Syndicate to buy and 
develop the property and signed the transaction on 
November 7, 1902. At this point, the syndicate was 
renamed the Premier (Transvaal) Diamond Mining 
Company. Among the company’s shareholders was 
Bernard Oppenheimer, elder brother of Ernest 
Oppenheimer, who would later become director of 
De Beers Consolidated Mines (Helme, 1974). 

Sampling commenced within days of the sign- 
ing. By year’s end, 187 carats of diamonds had been 
collected, and reports circulated that the “true pipe 
of the Pretoria formation has been found” (Helme, 
1974, p. 52). In July 1903, as reports of the full scale 
of the Elandsfontein deposit began filtering out, the 
Transvaal legislature imposed a tax of 60% on the 
operation’s profits. By the following year, the 
Premier reported a yearly production of 749,653 
carats and profit of £667,738. 
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Following the Cullinan’s discovery, the compa- 
ny displayed the great diamond at the Standard 
Bank in Johannesburg. An estimated 8,000-9,000 
onlookers crowded the building to view it, though 
the company had issued only 3,000 visitor passes. 
The local newspaper, the Transvaal Leader, 
referred to the stone as the “Cullinan Diamond” in 
a February 2, 1905, report on the exhibition. The 
article also proposed the idea of purchasing the 
large piece of rough for £500,000 for presentation to 
King Edward VII of England who, because of the 
South African War, had extended his imperial rule 
to the Transvaal. 

The discovery also touched off a mystery that 
has never been solved. An interview with Dr. 
Molengraaff of the South African Mines, Com- 
merce and Industries Commission shortly after the 
big diamond was found noted that it was but a por- 
tion of a much larger stone, because only a relative- 
ly small section of the crystal had its “original nat- 
ural surface” (“More about ... ,” 1905, p. 71). He 
added that “four pieces of this original stone have 
been broken off along cleavage planes . . . each of 
these fragments must have been of considerable 
size” (“More about ... ,” 1905, p. 71). This conclu- 
sion was disputed later on, but most of those who 
disagreed had not examined the rough stone. No 
identifiable pieces have ever been found (R. Walker, 
pers. comm., 2006). 

In April 1905, the rough gem was dispatched to 
the Premier (Transvaal) Diamond Mining Company’s 
London sales agent, S. Neumann & Co., where it 
remained for more than two years while the 
Transvaal Legislative Assembly debated whether or 
not to buy it. By this time, Afrikaans leaders General 
Louis Botha and Jan Smuts had pledged to support 
British rule and thrown their influence behind the 
purchase. After the intercession of then-Colonial 
Under-Secretary Winston Churchill, the Transvaal 
legislature approved in August 1907 a resolution to 
purchase the diamond for £150,000 and made the 
offer formal in October. 

The monarch replied through the Secretary of 
State for the Colonies, Lord Elgin, that he would 
accept the diamond “as a token of the loyalty and 
attachment of the people of Transvaal, to his throne 
and person.” King Edward VII also promised that 
the diamond would be “preserved among the histor- 
ical jewels which form the heirlooms of the Crown” 
(Helme, 1974, p. 86). He received the rough dia- 
mond on November 9, 1907, the occasion of his 


66th birthday. 
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Figure 3. This model illustrates the Cullinan rough 
from two angles. Some geologists, based on the rela- 
tively small surface with naturals, had the opinion 
that the Cullinan rough was only part of a much 
larger crystal that had been cleaved by natural 
forces. Photo courtesy of the Diamond Trading Co. 


Following the Discovery, Controversy About the 
Weight. Although the Cullinan is perhaps the most 
documented diamond in history, reports of its actu- 
al weight varied because of inaccurate scales and 
the lack of standardization in carat weights. A 
“British carat” was equivalent to 0.2053 g while a 
“Dutch carat” equaled 0.2057 g; both differed from 
the metric carat, 0.2 g. The now-accepted weight of 
3,106 ct was based on the metric carat. The differ- 
ences prompted demands to create an internation- 
al carat weight standard (Spencer, 1910). 

Initial press reports cited the weighing at the mine 
as 3,032, ct. The Premier Company's Johannesburg 
office weighed the diamond at 3,024% ct, while the 
London office gave a reading of 3,025 %% ct. These dif- 
ferences, all in British carats, were attributed to the 
fact that the brass weights used to counterbalance the 
scales were not uniform (some having been worn 
after a great deal of use) and to the variation in alti- 
tude between Johannesburg and London. 

The man selected to cut the diamond was Joseph 
Asscher of Amsterdam. His firm, I. J. Asscher and 
Company of Amsterdam, had cut the 995 ct 
Excelsior diamond in 1903. Asscher weighed the dia- 
mond at 3,019% Dutch carats. 


The Cutting of the Cullinan. Even before the 
Transvaal legislature had enacted its resolution, 
Cullinan had engaged I. J. Asscher to polish the 
approximately 10 x 6 x 5 cm diamond. Ian Balfour’s 
Famous Diamonds (2000) offers a vivid, detailed 
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account of the cutting process, summarized here. 

On February 6, 1908, Asscher commenced exam- 
ining the diamond, which had two visible inclusions 
(Helme, 1974). Four days later, he began the cleaving 
operation (figure 4). The first blow broke the knife 
and left the diamond intact. The second blow, using 
a new cleaving knife (figure 5], split the stone into 
two sections; one weighing 1977.5 Dutch carats and 
the other weighing 1040.5 Dutch carats (now given 
as 2029.9 and 1068.8 ct, respectively). On February 
14, he cleaved the larger piece into two. The polish- 
ing fell to his staff, overseen by Henri Koe, a 20-year 
veteran. Polishing of the Cullinan I began March 2, 
1908. Asscher’s staff started work on May 29 on the 
section that would become the Cullinan II. 

The Cullinan yielded a total of nine major stones 
(see text below and figure 6), 96 smaller gems, and 
9.5 carats of unpolished “fragments.” 


Figure 4. Joseph Asscher reenacts the cleaving of the 
3,106 ct Cullinan rough. Photo courtesy of 
the Diamond Trading Co. 


124 CULLINAN | AND I] DIAMONDS 


Figure 5. The hammer and knife used to cleave 
the Cullinan diamond. The knife is seen here 
spanning two models of the rough Cullinan. 
Photo by Alan Jobbins. 


Work on the Cullinan I was completed 
September 12, 1908, and with three polishers work- 
ing 14 hours a day, all of the gems were finished by 
early November. On November 21, the two largest 
gems, Cullinan I (530.2 ct) and Cullinan II (317.4 
ct], were presented to King Edward VII at Windsor. 
The king named the large diamond the Great Star 
of Africa, though the Cullinan appellation has 
remained (Balfour, 2000). 

The Cullinans I and II (figure 7) were retained by 
the monarch for the Crown Jewels. Most of the other 
stones (with the exceptions noted below) were given 
to Asscher for his fee. King Edward purchased the 
Cullinan VI for his consort, Queen Alexandra. The 
people of South Africa purchased the other six major 
diamonds and presented them to Edward's daughter- 
in-law Queen Mary (consort of George V, and an avid 
jewelry collector) in 1910, the year her husband 
acceded to the throne. These now belong to her 
granddaughter, Queen Elizabeth IL. 

The major gems are: 


e¢ Cullinan I (also called the Great Star of 
Africa}—a 530.20 ct pear shape set in the 
Sovereign’s (or Royal) Sceptre with Cross on 
display in the Tower of London. 


¢ Cullinan II (also known as the Lesser Star of 
Africa}—a 317.40 ct cushion-shaped brilliant 
set in the Imperial State Crown on display in 
the Tower of London. 


¢ Cullinan Ml—a 94.40 ct pear shape that is set 
with the Cullinan IV (nicknamed “Granny’s 
chips”) in a brooch currently in the private col- 
lection of Queen Elizabeth II. In 1911, they had 
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been set in a detachable setting in Queen 
Mary’s crown, but she removed them and 
replaced them with replicas (Balfour, 2000). 


¢ Cullinan ITV—a 63.60 ct square-cut brilliant 
that is set with the Cullinan III (see above). 


¢ Cullinan V—an 18.80 ct heart shape set in a 
brooch for Queen Mary that is now owned by 
Queen Elizabeth IL. 


¢ Cullinan VI—an 11.50 ct marquise that was 
originally presented to Queen Alexandra by 
King Edward VII, and is now mounted in an 
emerald and diamond necklace owned by 
Queen Elizabeth IL. 


e¢ Cullinan VII—an 8.80 ct marquise set with 
the Cullinan VIII in a pendant now owned by 
Queen Elizabeth IL. 


¢ Cullinan VIII—a 6.80 ct modified cushion 
shape set with the Cullinan VII (see above). 


¢ Cullinan IX—a 4.39 ct pear shape mounted 
into a ring for Queen Mary that is now owned 
by Queen Elizabeth II. 


The remaining 96 polished diamonds with a total 
weight of 7.55 ct were sold by Asscher to various 
clients (Spencer, 1910). Two were purchased by Gen. 
Louis Botha, then prime minister of South Africa. 
Several small stones went to Arthur and Alexander 
Levy, the London diamond merchants chosen to 
oversee the cutting operation. 


CULLINAN | AND Il DIAMONDS 


Figure 6. These are 
replicas of the major 
polished stones cut 
from the 3,106 ct 
Cullinan rough. Top 
(left to right): IL, I, III. 
Bottom (left to right): 
VIII, VI, IV, V, VI, IX. 
Photo courtesy of the 
Diamond Trading Co. 


GEMOLOGICAL EXAMINATIONS 
OF THE CULLINANS I AND II 
Each February during the 1980s, a team from 
Garrard & Co., The Crown Jewellers, visited the 
Jewel House in the Tower of London to clean and, if 
necessary, repair the many crowns, scepters, and 
other items in the English Crown Jewels. These 
annual visits necessitated that the Jewel House, 
which is normally open for public viewing, be 
closed for the duration of each visit. 

When it was recognized that the descriptions of 
the Regalia (Holmes, 1937, 1959; Holmes, 1974; 
Mears, 1986) were outdated and needed to be 


Figure 7. The Cullinan II and I diamonds are shown 
here with a 1 ct round brilliant-cut for scale. Photo 
by Alan Jobbins. 
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revised, the annual cleaning periods were also used 
to conduct a thorough examination of the jewels, 
including a detailed gemological examination. These 
took place each February from 1986 to 1989. 

This effort originated when Alan Jobbins, curator 
of minerals and gemstones at the Geological Museum 
of London from 1950 to 1983, was asked by Claude 
Blair, formerly keeper of metalwork at the Victoria & 
Albert Museum, to organize the gemological portion 
of the Regalia’s examination with a view toward the 
production of a book (catalogue) on the subject. 
Jobbins then approached the senior author (KS, at the 
time head of the Gem Testing Laboratory of Great 
Britain [GTLGB; now the Gem Testing Laboratory of 
Gem-A]) and Dr. Roger Harding of the Geological 
Museum of London and asked that they join him in 
this endeavor. Subsequently, other gemologists were 
occasionally asked to be present during these exami- 
nations, including Nigel Israel (gemologist and 
appraiser) and Eric Emms (GTLGB], as well as Dr. 
Chris Welbourn of DTC Research, Maidenhead. The 
two-book set, The Crown Jewels: The History of the 
Coronation Regalia in the Jewel House of the Tower 
of London, was eventually published in 1998 (Blair et 
al., 1998). The work, of which only 650 were printed 
by the Stationery Office, London, at £1,000 per set, did 
not include details of the spectra, images of the dia- 
monds in the spectrometers, or the color grading 
images, which are included in the following report. 

With the exception of the George IV diadem, 
which was examined in 1989 on the premises of the 
GTLGB, all the gemological examinations of the 
Crown Jewels took place in the vault below the 
Waterloo Barracks in the Tower of London. Described 
here is the examination of the Cullinan I and II dia- 
monds. The smaller Cullinan diamonds, which are in 
the Queen’s personal collection and not part of the 
Crown Jewels, were not examined. 


MATERIALS AND METHODS 


The Cullinan I and II diamonds were graded for color 
and clarity in accordance with the normal CIBJO 
diamond grading practices in place at the time of the 
examination. First, both diamonds were thoroughly 
cleaned (figure 8), which was particularly important 
since both were still encased in their basket settings. 
Color grading was carried out within a standard light 
box, and the diamonds were compared against mas- 
terstones belonging to the GTLGB. Clarity grading 
was conducted using both a 10x loupe and a GIA 
GemoLite microscope set at 10x magnification. Due 
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Figure 8. The Cullinan II diamond is cleaned by 
Alan Jobbins prior to examination. Photo by K. 
Scarratt. 


Figure 9. The Cullinan II diamond, still in its basket 
setting, is positioned with Blu Tack in the beam of 
the Nicolet 510 FTIR to measure its infrared spec- 
trum. The inset provides a closer view of Cullinan II 
in the sample chamber. Photos by K. Scarratt. 
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to security restrictions, a temporary laboratory had 
to be set up within the vault housing the Crown 
Jewels, providing an environment that was less than 
ideal for diamond grading. 

For the other visual examinations, gemological 
and mineralogical microscopes with magnifications 
ranging from 10x to 70x were employed. Fluores- 
cence observations were made using a standard desk- 
top long-wave (365 nm)/short-wave (253.7 nm) ultra- 
violet (UV) lamp in the total darkness of the central 
core of the display units in the middle of the vault. 

At the time of these examinations, UV-visible 
and Fourier-transform infrared (FTIR) spectrometers 
were not found in most gem laboratories, so it was 
common practice when documenting diamond data 
to take a short-wave UV transparency image of each 
stone. These images were recorded by immersing 
photographic paper in a dish of water (emulsion-side 
up), placing the diamond table-down on the paper so 
that the water covered the entire stone, and then 
exposing the film to short-wave UV radiation by 
holding the same lamp used for the fluorescence 
observations about 30 cm directly above the paper. 
Once the paper was developed, if the center of the 
stone appeared dark (allowing for surface reflections 
from some facets), there was a good possibility that 
it was a type II diamond (i.e., transparent to short- 
wave UV); if the center was white, it was probably a 
type I diamond (i.e., opaque to short-wave UV). This 
procedure was performed on the Cullinans I and II 
using the underside of a workbench, a cardboard box, 
and a blackout curtain as a makeshift darkroom. 

Note that this technique is only rarely practiced 
in gem laboratories today, as FIIR spectrometers are 
commonly available and produce definitive data on 
a diamond's type classification. Although infrared 
spectroscopy was also carried out on the Cullinans I 
and II (see below}, the decision was made to conduct 
both tests to accommodate those gemologists who 
were not familiar with IR spectra. 

Both OPL (diffraction grating) and Beck (disper- 
sion) handheld spectroscopes were used to examine 
the visible-range spectra. 

UV-visible spectra were recorded between 220 
and 900 nm at room temperature using a Pye- 
Unicam PU8800 spectrometer with a scan rate of 0.5 
nm/s and a bandwidth of 0.5 nm. Mid-infrared spec- 
tra were recorded between 7800 and 400 cm”! using 
a Nicolet 510 bench at a resolution of 4 cm-!. The 
diamonds were too large for any of the standard sam- 
ple chamber accessories, such as a beam condenser, 
so none were used. To acquire the spectra, the dia- 
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Figure 10. This front view of the head of the 
Sovereign’s Sceptre with Cross with Cullinan I 
removed shows the screws that hold the basket set- 
ting in place. The scepter, which dates to 1660-1661, 
had to be slightly reworked to accommodate the 
Cullinan I diamond. Photo by Alan Jobbins. 


monds were held with the aid of the putty-like adhe- 
sive Blu Tack (figure 9), and the stones were aligned 
so the beams entered the table and exited the culet 
or vice versa. Note that, with diamonds of this size, 
such “parallel windows” are likely to be large 
enough to permit the collection of fairly good spec- 
tral data without the use of a beam condenser. 


RESULTS 


Cullinan I. General Description and Grading. The 
Cullinan I diamond is mounted in a yellow gold bas- 
ket setting that is held in the head of the Sovereign’s 
Sceptre with Cross (also known as the Royal Sceptre 
with Cross) by means of a series of screws (figure 10). 
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Figure 11. Cullinan I and Cullinan I, both in their 
basket settings, are being compared with master- 
stones and other diamonds of known color using a 
standard viewing environment. The pear-shaped dia- 
mond in the foreground had previously been color 
graded as “D”. Photo by Alan Jobbins 


The scepter dates to 1660-1661, but it has had vari- 
ous alterations that culminated with the addition of 
Cullinan I by Garrard & Co. in 1910 (Blair et al., 
1998). The basket setting designed for Cullinan I has 
a hook attachment at its narrow end that connects 
to a ring attachment on the basket setting of 


Cullinan II, allowing both to be mounted in a pin fit- 
ting and worn as a single brooch (figures 7 and 11). 

Cullinan Tis cut as a pear-shaped brilliant with 41 
crown and 34 pavilion (including one extra) facets; it 
measures 58.9 x 45.4 x 27.7 mm and weighs 530.20 
ct. The girdle is faceted. 

While it was possible to remove Cullinan I from 
the scepter, it was not possible to remove it from its 
basket setting. Therefore, grading for color and clar- 
ity was restricted by the presence of the yellow gold 
setting. However, when the stone was placed next 
to diamond color masterstones (in the +1 ct range], 
Cullinan I compared well with the one of least 
color, indicating that it approximated a D on the 
GIA color scale (again, see figure 11). Despite the 
reflections from the setting, the overall opinion of 
those examining the stone was that it is very prob- 
ably a D color. 

Affecting the clarity of Cullinan I were a number 
of surface imperfections: a small cleavage (“gletz”) 
on the pavilion and two further cleavages on the 
crown, an extra facet, and an area of colorless grain- 
ing (figure 12). Cullinan I appeared to be free of any 
other clarity features, indicating that it warranted a 
clarity description of “potentially flawless.” Given 
the historical significance of this very attractive dia- 
mond, though, it will likely never be recut. 


Extra or correction facet 


Area of colorless 


Figure 12. In this 
plotting diagram of 
Cullinan I, several clari- 
ty characteristics are 
shown, including cleav- ( 
ages on the pavilion o< 
and crown (see also 
inset) and some grain- 
ing within the stone. 
Photomicrograph by 

K. Scarratt. 


Small cleavage 
on crown 


128 CULLINAN | AND I] DIAMONDS 


\ Small cleavage 
\ 41: 
\ on pavilion 


graining within the stone 


Small cleavage on crown 
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UV-VIS ABSORPTION SPECTRA 


Figure 13. The UV- 
visible spectra recorded 
for the Cullinan I and 
Cullinan II diamonds 
are consistent with 
t type II diamonds. This 
“4 was supported by the 
A dark centers in the 
zs short-wave UV trans- 
fo) parency images also 
. shown here. 
/ 236 
Cullinan | Cullinan II 
T 
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WAVELENGTH (nm) 
Fluorescence. Cullinan I was inert to long-wave UV Figure 14. The infrared spectrum of Cullinan I is quite 
radiation, but fluoresced a weak greenish gray to similar to the spectra of other diamonds with low 
short-wave UV. After the short-wave lamp was quantities of impurities, which are designated type Ila. 
turned off, the diamond showed a weak green phos- 
phorescence for at least 18 minutes. IR ABSORPTION SPECTRUM 
UV-visible Spectroscopy. The UV-visible spectrum 
of Cullinan I (figure 13) revealed a featureless curve 
that rose slightly toward the shorter wavelengths, 
with total absorption occurring at 236 nm. This 
spectrum is consistent with that of type I diamonds 
(Wilks and Wilks, 1991). 
The dark center of the short-wave UV image ; \ 
obtained on Cullinan I also indicated a strong possibil- Ww 
; : S) 
ity that it was a type II diamond (again, see figure 13). Zz 
[==] 
co 
Infrared Spectroscopy. The infrared spectrum for 3 
Cullinan I (figure 14) is normal for a diamond with < 
an extremely low level of impurities and is consis- 
tent with that of type Ila diamonds (see, e.g., Fritsch 
and Scarratt, 1992). 
Cullinan II. General Description and Grading. 
Cullinan II also is set in a yellow gold basket setting 
(again, see figure 11) that is held in the center front —— 
of the Imperial State Crown by screws (figure 15). 7500 6500 ©5500 ©4500 ©3500» 25001500500 
Much of the content of the Imperial State Crown WAVENUMBER (cm-") 


dates to 1838, with Cullinan Il added in 1909, but 
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Figure 15. The front of the Imperial State Crown with 
Cullinan II and the large spinel known historically as 
the Black Prince’s “Ruby” removed for this examina- 
tion. These settings are flanked by two emeralds and 
two sapphires. Photo by K. Scarratt. 


the crown in its present state (again, see figure 1) was 
executed by Garrard & Co. for the Coronation of 
George VI in 1937; the arches were lowered for 
Queen Elizabeth II in 1953 (Blair et al., 1998). As 
with the Cullinan I diamond, the basket setting 
designed for Cullinan II has a ring attachment that 
allows the two diamonds to be connected and worn 
as a single brooch (again, see figure 7). 

Cullinan II is a cushion-shaped brilliant with 33 
crown and 33 pavilion facets (including the table 
and culet, but excluding one very small extra facet 
on the pavilion). It measures 45.4 x 40.8 x 24.2 mm 
and weighs 317.40 ct. The girdle is faceted. 

As with Cullinan I, grading for color and clarity 
was restricted because the diamond could not be 
removed from its basket setting. However, when 
the stone was compared to the same diamond color 
masterstones, Cullinan II compared well with the 
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one of least color, indicating that it approximated a 
D on the GIA color scale (again, see figure 11], 
despite the reflections from the gold-colored setting. 

The examination for clarity revealed a number of 
surface imperfections: a small chip at the girdle, a 
tiny pit with associated small “feathers” on the 
table, and a similar feature at the edge of a star facet. 
There are two small parallel cleavages on a star facet 
and two more near the girdle on a pavilion facet, as 
well as a small extra facet. A series of scratches runs 
diagonally across the table facet (figure 16). Cullinan 
II appeared to be free of any other imperfections. 
Like Cullinan I, the diamond is certainly potentially 
flawless, though, again, its historical significance 
would likely prohibit recutting. 


Fluorescence. Like Cullinan I, Cullinan II was inert 
to long-wave UV radiation (figure 17), but fluoresced 
a weak greenish gray to short-wave UV. After the 
short-wave lamp was turned off, however, Cullinan 
II displayed only short-lived phosphorescence, in 
contrast to that of Cullinan I. The reason for this 
discrepancy in two diamonds from the same piece 
of rough is still unknown. 


UV-Visible Spectroscopy. As might be expected 
(again, given that the two stones were cut from 


Figure 16. This plotting diagram of Cullinan II shows 
the general locations of some imperfections, including 
small pits with feathers, small cleavages, faint 
scratches, and a small chip and natural at the girdle. 
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Figure 17. The Imperial State Crown with Cullinan IT 
in place is shown during exposure to long-wave UV 
radiation. Note that the Cullinan II is inert under 
these conditions. A ruby inset in the red spinel (the 
Black Prince’s “Ruby,” which had been pierced during 
medieval times to be worn as a pendant) located 
above the Cullinan II and two rubies set in fleurs-de- 
lis show red fluorescence; several other diamonds 
show blue fluorescence. Photo by Alan Jobbins. 


the same rough], the spectrum produced was sim- 
ilar to that of Cullinan I (again, see figure 13). It 
revealed a curve that rose slightly toward the 
shorter wavelengths, a low absorbance band at 
265 nm (not present in the spectrum of Cullinan 
I), and total absorption occurring at 236 nm. As 
with Cullinan I, the dark center of the short-wave 
UV image for Cullinan II indicated that it was UV 
transparent. These results are consistent with 
type II diamonds. 


Infrared Spectroscopy. The infrared spectrum for 
Cullinan II was recorded between 7800 and 400 cm-! 
at room temperature. The spectrum is normal for 
a diamond with an extremely low level of impuri- 
ties, consistent with type Ila diamonds, and simi- 
lar to the infrared spectrum of Cullinan I (figure 
14). A slight hump centered near 1100 cm~! pres- 
ent in the spectrum of Cullinan II was the only dif- 
ference detected in the spectra of the two dia- 
monds (figure 18). 


CONCLUSION 

To date, the original Cullinan diamond is, at 3,106 
ct, the largest rough diamond on record. Last year, 
2005, marked the centennial of its discovery, and 
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2008 marks the centennial of the cutting of this his- 
toric piece of rough by Joseph Asscher. Although the 
530.20 ct Cullinan I has been surpassed in size by 
the 545.67 ct Golden Jubilee—a brown diamond cut 
in 1990 from rough that was also found at South 
Africa’s Premier mine—it remains the largest color- 
less cut diamond and one of the world’s most leg- 
endary gemstones, on view to millions of visitors 
each year in the Tower of London. It is a cornerstone 
of the Crown Jewels of England and, because of the 
period and circumstances of its discovery and acqui- 
sition, it remains a powerful symbol of the British 
Empire at its zenith. 

Despite its legendary status, a complete pub- 
lished gemological report on the diamond was not 
available until this article. These gemological 
examinations, which found the polished diamonds 
to be D color, potentially flawless in clarity, and 
type Ila, serve to enhance the Cullinan’s legendary 
stature. 


Figure 18. The infrared spectra of Cullinans I and II 
are expanded here to show the “nitrogen region” at 
1300-800 cm-'. The slight hump in the spectrum for 
Cullinan II occurs at ~1100 cm". 
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THE EFFECTS OF HEAT TREATMENT 
ON ZIRCON INCLUSIONS IN 
MADAGASCAR SAPPHIRES 


Wuyi Wang, Kenneth Scarratt, John L. Emmett, Christopher M. Breeding, and Troy R. Douthit 


Zircon inclusions in sapphires from Madagascar were studied to investigate the effects of heat 
treatment on their gemological and spectroscopic features. Progressive decomposition of zir- 
con and chemical reactions between zircon and the host sapphire occurred at temperatures 
between 1400°C and 1850°C. In unheated sapphires, transparent zircon inclusions displayed 
euhedral slightly elongated forms and clear interfaces with their corundum host. Most were 
confined within the host under relatively high pressures (up to 27 kbar), and showed evidence 
of natural radiation-related damage (metamictization). Subsolidus reactions (i.e., the decom- 
position of zircon into its component oxides without melting) of some zircon inclusions start- 
ed at temperatures as low as 1400°C, as evidenced by the formation of baddeleyite (ZrO,) 
and a SiO,-rich phase. Differences in the degree of preexisting radiation damage are the most 
likely cause for the decomposition reactions at such relatively low temperatures. Melting of 
zircon and dissolution of the surrounding sapphire occurred in all samples at 1600°C and 
above. This resulted in the formation of both baddeleyite and a quenched glass rich in Al,O, 
and SiO,. From these data and observations, a systematic sequence of both modification and 
destruction of zircon inclusions with increasing temperature was compiled. This zircon alter- 
ation sequence may be used (1) as a gemological aid in determining whether a zircon-bearing 
ruby/sapphire has been heated, and (2) to provide an estimate of the heating temperature. 


phires and rubies, many different treatments 

have been applied to mid- and low-grade 
corundum to enhance color and clarity. On an 
atomic level, by modifying trace-element concen- 
trations and defect configurations in the corundum 
crystal structure, selective light absorption in the 
visible spectrum can be changed to produce pleas- 
ant bodycolors and thus more valuable sapphires 
(see, e.g., Crowningshield, 1966; Beesley, 1982; 
Emmett and Douthit, 1993). Heating traditionally 
has been one of the most common treatments and 
remains so today. 

As would be expected, temperature is one of the 
most critical factors in the heat treatment of sap- 
phire. Modern technology has allowed sapphires to 
be exposed to higher temperatures, has produced 
more dramatic color changes in shorter periods of 


B ecause of the high demand for attractive sap- 
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time, and has expanded the range of material suit- 
able for enhancement. With the recent development 
of the beryllium-diffusion process, treatment tem- 
peratures as high as 1850°C, near the melting point 
of corundum (2030°C-2050°C), have become com- 
mon (Emmett et al., 2003). 

Zircon (ZrSiO,) is a common inclusion in 
Madagascar sapphires, which are important because 
they span the color spectrum (figure 1); stones from 
this locality may also be sourced for Be diffusion. 
Zircon is prevalent in corundum from many other 
geographic sources as well (see, e.g., Schwieger, 
1990; Guo et al., 1996; Hughes, 1997; Rankin, 2002, 
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Figure 1. Natural sap- 
phires, such as these 45 
princess cuts from 
Madagascar, come in a 
broad range of colors. 
Nevertheless, the high 
demand for fine ruby 
and sapphire has led to 
a wide variety of treat- 
ments, of which heat- 
ing to improve color 
and/or clarity is per- 
haps the most com- 
mon. These sapphires 
have a total weight of 
23.08 ct. Courtesy of 
Pala International, 
Fallbrook, California; 
photo © Jeff Scovil. 


Rankin and Edwards, 2003). During heat treatment, 
included mineral crystals are subjected to the same 
conditions as the corundum host, but since they 
have different thermodynamic and chemical prop- 
erties, they may expand, recrystallize, melt, or 
chemically react with the host corundum in very 
different ways that are dependent on the heating 
temperature, time, and other factors. Observation 
of destroyed or modified mineral inclusions using 
an optical microscope has long been used to identi- 
fy heat-treated sapphires (see, e.g., Giibelin, 1973; 
Scarratt, 1983; Giibelin and Koivula, 1986; Cozar 
and de Vincente-Mingarro, 1995; Hughes, 1997). 
However, systematic descriptions of morphological 
changes in response to heating for specific mineral 
inclusions such as zircon are not widely available 
(Cozar and de Vincente-Mingarro, 1995; Rankin 
and Edwards, 2003). 

Of particular concern in recent years, diffusion of 
a trace amount of beryllium (from several up to tens 
of parts per million) into corundum can lead to a fun- 
damental change in bodycolor (Emmett et al., 2003). 
Although the diffusion coefficient of Be in corundum 
is higher than that of many other elements, diffusion 
of Be into corundum is still a very slow process. A 
very high temperature (~1800°C) is often necessary to 
process the stone in a reasonable amount of time, 
although Be diffusion may occur at lower tempera- 
tures. Using the morphology of zircon inclusions to 
estimate the heating temperature could minimize 
the number of samples that would have to be submit- 
ted for trace-element analysis. 
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MATERIALS AND METHODS 


A total of 41 rough sapphires from Madagascar, rang- 
ing from 0.21 to 4.34 ct, were selected for this study 
based mainly on the possible occurrence of zircon 
inclusions. All of the samples were irregular in 
shape, and over half exhibited the flat morphology 
that is common for Madagascar sapphires. Most 
were from GIA’s collection of specimens obtained 
directly from the Ilakaka area of Madagascar; the rest 
(slightly less than one-third) were purchased from 
reliable sources in the market. All were known to be 
natural and untreated by heat or any other method. 
Twenty-five samples were heated to various tem- 
peratures so we could observe changes in their zircon 
inclusions; their properties and heating conditions are 
given in table 1. The remaining 16 were left unheated 
for comparison. After heating, most were pink or pur- 
plish pink of varying saturation, but some were near 
colorless or had slight blue or yellow hues. While we 
did note overall color changes, since the focus of this 
study was the zircon inclusions, we did not track 
color changes with temperature or attempt to control 
the atmosphere to achieve optimal coloration. 
Heating experiments were carried out using a 
vertical furnace with an oxidizing atmosphere in 
the facilities of Crystal Chemistry, Brush Prairie, 
Washington. Target annealing temperatures varied 
from 1400°C to 1850°C. For each experimental run, 
two to three samples were heated at the target tem- 
perature in a high-purity alumina crucible for 5 
hours; this time was considered adequate to reach 
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equilibrium conditions. To evaluate the effects of 
different heating durations, additional experiments 
at 1600°C and 1730°C were performed for 25 and 12 
hours, respectively. During each run, the tempera- 
ture was raised from room temperature to 1000°C at 
a rate of 300°C/hour, and then to the target temper- 
ature at a rate of 600°C/hour. Temperatures meas- 
ured in this study are believed to be accurate to 
about +1%, and fluctuation in each experimental 
run was less than +10°C. After annealing at the tar- 


TABLE 1. Heated (with experimental conditions) and 
unheated Madagascar sapphires studied for this report. 


Heating experiment 


Sample Weight — Thickness 

no. (ct) (mm) Temperature Duration — Environment 
(°C) (hours) 

75965 0.65 1.07 5) oat 

75966 0.89 1.41 1400 5 Oxidizing 

75967 1.29 108 8) 

65458 1.61 2.58 F 5 a 

65459 1.12 2.06 bas 5 Osan 

65460 1.05 2.50 - 5 me 

65461 = 110~—Ss«*1€62 oy 5 Pes 

65462 1.79 2.59 F 5 sce 

65463 «0.96 2.16 = 5 Gadaig 

56016 1.88 3.76 5) 

56017 3.32 4.25 ; 5 oy: 

75968 0.83 L2H 600 25 Oxidizing 

75969 1.18 1.80 25 

75970 0.70 1.21 25 

56018 3.25 3.64 4 5 rast 

56019 2.82 nd? oy 5 Ogalana 

56020 2.03 228 5 

56021 Dif nd 5) 

75971 0.35 0.91 1730 12 Oxidizing 

75972 0.64 1.14 12 

75973 0.75 Dal) 12 

56022 2.94 3.49 j 5 sats 

56023 190 332 en 5 Creat 

56024 Hp”, 2.36 4 5 ae 

56025 4.34 nd el 5 SE 

56536 0.65 nd 

75974 0.72 1.08 

75975 0.77 1.99 

75976 1.09 1.81 

76726 0.60 1.41 

76728 0.32 16 

76729 0.63 1.29 

76730 0.38 1.30 

76731 0.6 107 Not treated 

76732 0.21 0.62 

76733 0.53 1.56 

76734 0.23 1.07 

76735 0.31 1.42 

76736 0.30 1.07 

76737 0.40 1.09 

76738 0.92 1.99 


4 nd = not determined. 
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get temperature for 5 hours, in most cases the tem- 
perature was then decreased to room temperature 
over a period of 4 hours. Following the heating 
experiments, all samples were ground on both sides 
to at least 0.5 mm depth to remove possible surface 
contamination, and then polished for observation 
and analysis. 

In two unheated and all the heated sapphires, 
the surface-reaching zircon inclusions were ana- 
lyzed using a high-resolution analytical scanning 
electron microscope (LEO 1550 VP FESEM) 
equipped with an Oxford INCA Energy 300 energy- 
dispersive X-ray spectrometer (EDS) at the 
California Institute of Technology. A thin layer of 
carbon was coated over a polished surface of each 
sapphire to improve electrical conductivity. Since 
most zircon inclusions are very small and the 
decomposition products are even smaller, the 
results of quantitative elemental analysis were 
normalized. This way, a relative accuracy of better 
than 5% and a detection limit of better than 0.5 
wt.% could be obtained. The analyses were per- 
formed using an accelerating voltage of 20 kV, a 
focused electron beam with a a spot size of 1-2. um, 
and a beam current of 10 nA. Backscattered elec- 
tron (BSE) images were obtained to provide a 
means of mapping areas in a sample that contained 
elements of different atomic weights. 

Infrared absorption spectra of the host sapphire 
were recorded in the mid-infrared region (6000-400 
cm-!, 1.0 cm™! resolution) at room temperature with 
a Thermo-Nicolet Nexus 670 Fourier-transform 
infrared (FTIR) spectrometer equipped with a KBr 
beam splitter and MCT-B detector. Prior to analysis, 
the samples were cleaned using an ultrasonic bath 
with pure acetone to remove surface contamination. 
A 2-mm-diameter center portion of each sample was 
selected for analysis, and the rest of the sample was 
shielded using a clean metal mask. A 6x beam con- 
denser focused the incident beam through the sam- 
ple, and a total of 256 scans (per spectrum) were col- 
lected to improve the signal-to-noise ratio. 

Raman spectra of the zircon inclusions and their 
host sapphires were recorded at room temperature 
using a Renishaw 1000 Raman microspectrometer 
with a polarized Ar-ion laser at two different laser 
excitations (488.0 and 514.5 nm). The two lasers 
were used to help clarify the identity of some emis- 
sion peaks (Raman scattering vs. luminescence). 
The instrument was calibrated against the first- 
order Raman shift of a type Ila diamond at 1332.5 
cm7!. Spectra were collected using a confocal 
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Figure 2. Discrete zircon inclusions were common in 
the Madagascar sapphires. With magnification, the 
interfaces between the zircon inclusions and their 
host sapphire were almost always clear and transpar- 
ent, showing no frostiness or turbidity. The crystal 
faces were flat or somewhat rounded and shiny. 
Photomicrograph by W. Wang; magnified 90x. 


system with a grating of 1800 grooves per mm, slit 
width of 50 um, objective lens of 50x, and initial 
laser power of 20 mW. Up to 100 scans were accu- 
mulated to achieve a better signal-to-noise ratio. 
Raman spectra of the host sapphires were collected 
in the same orientation used for the inclusions by 
slightly moving the sample stage horizontally. 
Raman spectra of the zircon inclusions in both the 
unheated and heated sapphires were obtained by 
subtracting an appropriate percentage of the host 
sapphire spectrum (i.e., when Raman peaks from 
corundum disappeared entirely) from that collected 
directly from the inclusions. 

In addition, to better evaluate the spectral fea- 
tures of the zircon inclusions, we analyzed two 
faceted free-standing zircons (one blue and one color- 
less) in several random directions. We also analyzed 
a euhedral purple zircon crystal that had well-devel- 
oped prismatic morphology with the c-axis parallel, 
at 45°, and perpendicular to the laser polarization. 
The geographic sources of these single-crystal zir- 
cons are unknown. 


RESULTS 


Unheated Samples. In the 16 unheated sapphires, 
minor amounts of monazite and apatite were pres- 
ent, but zircon was the most common inclusion. 
Thirteen of the samples showed pink-purple col- 
oration; the other three were colorless, blue, and 
greenish yellow. Abundant zircon inclusions were 
observed in the colorless and 11 of the pink samples. 
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Figure 3. Clusters of zircon inclusions were present in 
many of the Madagascar sapphires. Aggregations 
usually consisted of less than 10 crystals, and no 
other minerals were observed as part of these clus- 
ters. In rare cases, up to 100 crystals were seen in a 
large cluster. Photomicrograph by W. Wang; magni- 
fied 90x. 


Microscopic Observation. Typically, the unheated 
zircon inclusions were transparent with a slightly 
elongate crystal habit and well-developed {110} form, 
although many were slightly rounded. They ranged 
from less than 10 um to about 100 um in the longest 
dimension, though most were smaller than 50 um. 
A few samples contained mostly individual inclu- 
sions (figure 2), while others displayed clusters (fig- 
ure 3). The latter usually consisted of less than 10 
zircon crystals and no other minerals; in two sam- 
ples, they showed as many as 100 crystals. 
Generally, the inclusions were randomly distributed 
within the host sapphire, but three samples showed 
linear orientation to some extent. Even when 
viewed at up to 100x magnification, their interfaces 
with the host sapphire were almost always clear and 
transparent. The crystal faces of the zircons were flat 
or slightly rounded, and reflective. Some of the larg- 
er zircons crystals and clusters were accompanied by 
radial fractures in the surrounding corundum (figure 
4), however, the depth of these fractures extending 
from the inclusion surface into the sapphire hosts 
was limited, with most no larger than the inclusion 
itself. Some were very subtle and could only be 
observed with carefully oriented lighting. Similar to 
the interface between the zircon inclusions and the 
host sapphire, these fractures were clean and 
smooth. No foreign material or apparent frosting 
was observed (again, see figure 4). 


SEM-EDS Analysis. Seven pristine zircon inclu- 
sions in two unheated sapphires (nos. 75974 and 
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Figure 4. Radial fractures were often present around 
larger zircon inclusions. The depths of the fractures 
were limited, and most were close to the size of the 
inclusions and only rarely reached the surface of 
the host sapphire. Photomicrograph by W. Wang; 
magnified 112x. 


75975) were chemically analyzed using SEM-EDS 
(representative data in table 2). BSE images of inclu- 
sions exposed at the surface showed uniform zircon 
crystals with sharp planar or slightly rounded 
boundaries (figure 5) and no evidence of decomposi- 
tion; a few displayed growth zoning. Chemical 
analysis revealed that these inclusions were nearly 


Figure 5. This backscattered electron image shows a 
uniform zircon crystal that has a sharp planar 
boundary with the surrounding host sapphire. Due 
to its high content of the heavy element zirconium, 
the zircon inclusion appears much brighter than the 
surrounding host sapphire. Image width 70 um. 


pure zircon (ZrSiO,) with only minor amounts of 
H{O, (from less than the instrument detection limit 
up to ~2, wt.%). 


Infrared Absorption Spectroscopy. The unheated 
host sapphires displayed few features in the mid-IR 
region other than a weak absorption at 3309 cm"! 


TABLE 2. Representative element concentrations (wt.% oxide) of zircon inclusions and of their reaction products 


after the heating experiments. 


ee eae Phase Na,O MgO A\LO, » KO CaO TiO, FeO ZO, CeO, HfO, 
Zircon a 8 ee 65.8 1.6 
75974 Unheated — Zircon . = - 32.4 65.7 5 1.9 
Zircon - - = 32.1 66.4 = 1.6 
75975 Unheated ta a 7 - ae ihe _ 7 
oT ROU ety i 876 ta 
e458 1450 atte «= =D 
reads 1000 Bote $0 = Bt 
ieee ie ae ge Ge Hk GS Ss = - Ss 
pects (OU ec ms ee 42 25 So 5 
56020 ie eee ee. ee a fo 
pedes We ee ae ne an Pe 
se0e4 1850 Met 


4_ = not detected. 
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ABSORPTION COEFFICIENT AT 3309 CM"! (cm) 


Figure 6. The hydrogen-related absorption coefficient 
at 3309 cm=! was much stronger in the unheated sap- 
phires from Madagascar than in the heated samples. 
Most of the latter, which were heated in an oxidizing 
environment, contained no structurally bonded 
hydrogen after treatment. 


produced by structurally bonded hydrogen. All but 
one of the unheated sapphires showed the 3309 cm7! 
absorption, with intensity of the absorption coeffi- 
cient varying from ~0.010 to ~0.055 cm~! (figure 6). 
These data indicate that trace hydrogen is common 
in unheated Madagascar sapphires. 


Raman Spectroscopy. Micro-Raman analysis pro- 
duced some interesting information on the zircon 
inclusions. All displayed seven or eight peaks in the 
region of 1050-200 cm! (figure 7, top spectrum). 
These peaks were much broader and weaker in 
intensity than the characteristic Raman peaks of 
synthetic end-member zircon in the 1050-200 cm7! 
region (again, see figure 7, bottom spectrum; G. 
Rossman, pers. comm., 2006; see also Nasdala et al., 
2003). The peaks above 1020 cm-! were also ob- 
served in the spectra from the blue and colorless free- 
standing zircons. Three peaks (v,—symmetric stretch- 
ing, v,—symmetric bending, v,—antisymmetric 
stretching [again, see figure 7]; Griffith, 1969; Syme 
et al., 1977) were relatively sharp with full width at 
half maximum (FWHM) of 6.7-11.2 cm-!, 13.6-18.4 
cm7!, and 10.1-13.5 cm~!, respectively, at 514.5 nm 
laser excitation. 

Most of the Raman peaks from the inclusions 
were shifted from the values of the two faceted free- 
standing zircon samples (figure 8). In particular, for the 
v, mode, the Raman peaks in these free-standing zir- 
cons had a very limited range of variation 
(1007.8-1008.4 cm~!). In the free-standing purple crys- 
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Figure 7. Strong Raman peaks overlying a relatively 
flat background were recorded in all analyzed zircon 
inclusions. Compared with synthetic end-member 
zircon (G. Rossman, pers. comm., 2006), a notable 
feature is the evident shifting of almost all Raman 
peaks. 


tal tested in several orientations, we observed signifi- 
cant variations in peak intensities, but no shifting in 
peak positions. When the c-axis was parallel to the 


Figure 8. Among the 23 analyzed inclusions in unheat- 
ed sapphires, the Raman peaks of only two inclusions 
fell in positions similar to those of synthetic end-mem- 
ber zircon (G. Rossman, pers. comm., 2006) or unheat- 
ed zircons analyzed in this study. All the other zircon 
inclusions exhibited much higher peak positions. In 
addition, a positive correlation was observed between 
peak positions. Similar positive relations were detected 
between other peaks (not shown). 
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Gem Collection of 
Chicago Natural History Museum 


by 


SHARAT KUMAR ROY, PhD. 
Chief Curator, Department of Geology 


HE “Gem Collection” of Chicago Nat- 

ural History Museum may also be called 
the “Gem and Jewelry Collection,” for it 
contains not only gems and gem minerals, 
but also gold and silver jewelry from var- 
ious countries. Both collections are displayed 
in Hall 31, known as H. N. Higinbotham 
Hall. The hali has been rebuilt architec- 
turally, and the style of installation and 
lighting of exhibits has been modernized. 
Tt has seventeen recessed-type wall-cases and 
eight “island-cases.’” The 
“island-cases” have an exte- 
rior of English hardwood, 
matching the trim of the 
hall; the interiors are of 
bird’s-eye maple; and the 
glass in-casings are framed 
in polished bronze. Con- 
cealed fluorescent lights 
supply the illumination. 
High on the wall, facing 
the entrance, is a Tiffany 
stained glass window that 
represents a mermaid rising 
from the sea. The hall was 
named in honor of the late 
Harlow N. Higinbotham, 
the donor of the» original 
and major part of the pres- 
ent gem collection. Mr. 
Higinbotham, a prominent 
leader in Chicago civil af- 
fairs during his life time, 
was a Trustee of the 


Bust of William II of Hol- 
land engraved in intaglio 
upon a ten carat pear shaped 
diamond. 


Museum and its second President, serving 
the Institution with great distinction. 

Much of the jewelry collection is in the 
nature of personal ornaments. Some of 
these are purely decorative; others are used 
for religious purposes and in mystic rites. 
The collection occupies fourteen wall cases. 
Of these, four are.devoted to gold ornaments 
and fetishes made in Quimbaya, Columbia. 
They date back to 500 A.D. and are fine 
examples: of work in precious metals in 
early America. 

The oldest and histori- 
cally the most interesting 
jewelry displayed is of Su- 
merian origin. Most of 
these pieces are made of 
lapis lazuli and gold, and 
are five thousand years old. 
They came from Early Dy- 
Mastic graves excavated at 
Kish, an ancient city of 
Babylonia, by the Chicago 
Natural History Museum 
and Oxford University 
joint expedition. 

The Egyptian gold jew- 
elry, dating from the 20th 
Century B.C. to the 2nd 
Century A. D., varies in 
fineness from 17 carats to 
23.5 carats. The latter 
grade is from the Graeco- 
Roman period in Egypt. 
The conquest of the Near 


WINTER 1948 - 49 
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Figure 9. At or below 1500°C, the morphology of the zircon inclusions did not change noticeably (left, 1400°C [sam- 
ple no. 75967); center 1450°C [no. 65459]; right 1500°C [no. 65460]). However, in some zircons, portions of the inter- 
face between the inclusion and the host became slightly turbid or frosted, as did some fractures around the inclu- 

sions. Photomicrographs by W. Wang; magnified 100x. 


vibrational direction of the incident laser beam, the v, 
and v, peaks almost disappeared entirely. The 
Seroneest intensities of v, and v, were observed when 
the c-axis was 45° to the vibrational direction. The 
three major peaks showed very limited positional 
variations when measured at different orientations 
(v,: 974.4-975.0 cm=!; v,: 438.7-438.9 cm-!; v,: 
1007.8-1008.1 cm-!). These values are similar to those 
from synthetic end-member zircon (again, see figure 7). 

In contrast, of the 23 zircon inclusions in 12 
unheated sapphires that were measured, only two 
fell within the positional ranges observed in the free- 
standing zircon samples. All the other inclusions 
yielded peaks that were shifted to much higher posi- 
tions (e.g., v,: 1014-1021 cm~!; again, see figure 8). 
The largest shift from ideal position was nearly 13 
cm~!. Similar peak shifting occurred for other peaks 
(v,, V,, and another major peak at ~360 cm-'), and a 
clear positive correlation was observed among the 


peaks (e.g., v, vs. v, in figure 8). Multiple inclusions 
within the same sapphire also showed large varia- 
tions in peak position. For example, in sample no. 
75975, v, of one zircon occurred at 1008.1 cm-!, but 
two other inclusions had positions ranging from 
1015.6 to 1017.7 cm~!. Similar large variations for 
the position» of v, were observed in sample no. 76732 
(1009.3 cm- ‘and 1014.8-1015.1 cm-}). Five zircon 
inclusions were analyzed in sample no. 76726, but 
the position of v, showed only a very limited range 
of variation (1014.4-1016.5 cm-}). 


Heated Samples. Visual Observation. Color changes 
were observed in these sapphires after heat treat- 
ment, with a deeper pink color in some stones and 
lighter pink in others. As noted earlier, we did not 
track systematic variations in color with tempera- 
ture. The zircon inclusions displayed distinct 
changes in crystal morphology after heating to suffi- 


Figure 10. As the temperature was increased to 1550°C (left [sample no. 65462]), the frosted/turbid regions 
became larger and more noticeable. At 1600°C (center [no. 56017]), the surfaces of nearly all the zircon inclusions 
became noticeably frosted, and only a few transparent regions remained. At 1680°C (right [no. 56018]), the zircon 
crystals lost their original outlines, resulting in irregular shapes. Photomicrographs by W. Wang; magnified 100x. 
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cient temperatures. Below 1550°C, the euhedral 
morphology generally remained unchanged (figure 
9). Crystal faces and edges were clearly observable, 
and the only detectable variation occurred at the 
interface between the zircon inclusions and the host 
sapphire. At temperatures as low as 1400°C, por- 
tions of the interface between some zircons and the 
host sapphire became slightly turbid or frosted, 
though most of the body of the zircons remained 
clear and transparent. Some radiating fractures 
around inclusions also became frosted. Other zircon 
inclusions in the same sample, particularly smaller 
ones, showed virtually no visible changes. Heating 
at 1450°C and 1500°C did not intensify the degree of 
frosting of the inclusion boundaries, and many 
inclusions (close to two-thirds) remained as pristine 
as those in unheated sapphires. 

When the temperature was increased to 1550°C, 
however, most of the zircon inclusions were 
noticeably affected, with the greater part of their 
surfaces frosted or turbid looking (figure 10, left). 
After heating at 1600°C, the zircon inclusions dis- 
played even more distinct morphological variations 
(figure 10, center). While the overall outline 
remained fundamentally unchanged, the crystal 
faces and distinct interface with the host sapphire 
almost entirely disappeared. Most notably, the sur- 


ZIRCON INCLUSIONS IN HEATED SAPPHIRES 


Figure 11. Melting and 
formation of discoid 
fractures began around 
1730°C (left, heated for 
12 hours [sample no. 
75973]) and intensified 
as the temperature 
increased (right, 1780°C, 
§ hours [no. 56022)). 
Photomicrographs by W. 
Wang; magnified 100x. 


faces of nearly all the inclusions were strongly mot- 
tled and frosted. In only a few (~5%}), did we observe 
isolated regions that were transparent and pristine- 
looking after heating at this temperature. When 
heated at 1680°C and above, the shapes of the 
inclusions became irregular, losing their euhedral 
outlines (figure 10, right). Development of melt 
aureoles, drip-like trails, and discoid fractures 
began at ~1730°C and intensified notably with 
increasing temperature up to the maximum of 
1850°C (figures 11 and 12). These melt-filled frac- 
tures showed basically the same orientation within 
the sapphire host and were nearly parallel to each 
other. Dendritic quenched crystals of baddeleyite 
(see next two sections for phase identification) were 
rare (~5%) after heating at 1680°C but common 
(>50%) at 1730°C and above. 


SEM-EDS Analysis. This is a powerful technique for 
detecting phase changes and their reaction products. 
Changes in some zircon inclusions occurred at tem- 
peratures as low as 1400°C. Subsolidus decomposi- 
tion reactions (a chemical reaction in which one solid 
phase turns into two or more separate solid phases 
without any melting) dominated below 1550°C. At 
these temperatures, the reaction was usually limited 
to the outermost rims of the zircon inclusions and 


Figure 12. At 1850°C, 
melt aureoles, drip-like 
trails, and discoid frac- 
tures were common. 
The variation in color 
in these inclusions is 
caused by the different 
colors of the host sap- 
phires. Photomicro- 
graphs by W. Wang; 
magnified 100x (left 
[sample no. 56024]) and 
55x (right [no. 56025)). 
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involved the formation of two phases with extreme- 
ly high contrast in the BSE images (figure 13). One 
inclusion showed no detectable reaction; in addition, 
it displayed clear growth zonation caused by varia- 
tions of HfO, content in different regions (figure 
13A). However, another inclusion in this sample was 
altered entirely, with no zircon surviving (figure 13C). 
Instead, very bright euhedral grains of baddeleyite 
(ZrO,) were surrounded by a dark, irregular SiO,-rich 
phase (refer to the Raman spectroscopy subsection 
below for phase identification and table 2 for chemi- 
cal composition). The baddeleyite developed as small 
elongated euhedral crystals up to several microme- 
ters in size. In contrast, the SiO,-rich phase occurred 
as an interstitial material phase among baddeleyite 
crystals. The baddeleyite contained up to 3 wt.% 
HfO,. Because of the very small grain sizes and strong 
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Figure 13. From 1400°C 
(A, B, C) to 1450°C (D), 
subsolidus decomposi- 
tion reactions mainly 
occurred at the rims of 
some zircon inclusions, 
as seen in these back- 
scattered electron 
images. The very bright 
areas are euhedral 
grains of baddeleyite 
(ZrO,), which are sur- 
rounded by a dark, 
irregular SiO,-rich phase 
containing up to 3 wt.% 
HfO,. One zircon inclu- 
sion decomposed entire- 
ly (C). BSE image 
widths 180 um (A); 

80 wm (B); 160 wm (C); 
140 um (D). 


overlap with surrounding minerals, we could not 
accurately determine the chemistry of the SiO,-rich 
phase. Most of the interiors of individual zircon crys- 
tals remained unchanged. In general, the overall 
euhedral crystal outline of the inclusions was not dis- 
turbed. In a few cases, the reactions occurred inter- 
nally but were limited in area. 

The progression of these subsolidus decomposi- 
tion reactions between 1400°C and 1550°C varied 
between samples and even between inclusions in 
the same sapphire. In sample nos. 75966 and 65458, 
which were heated to 1400°C and 1450°C, respec- 
tively, decomposition reactions were observed 
among a few isolated inclusions. Other zircons in 
the same sapphires showed no reaction at all (no. 
75966), while one zircon inclusion in sample no. 
75967 (heated to 1400°C) decomposed entirely (fig- 


Figure 14. Some zircon 
inclusions heated to 
1500-1550°C showed no 
observable changes 
(1500°C, left). Subsolidus 
reactions similar to those 
observed at 1400-1450°C 
(figure 13) were observed 
after heating at 1550°C 
(right). BSE image widths 
20 um. 
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Figure 15. When the zircon 
inclusions were heated to 
1600°C, both subsolidus decom- 
position (left) and melting reac- 
tions (right) were observed. 
Heating for longer periods 

(25 hours, right) caused the 
formation of larger baddeleyite 
crystals, the brighter grains 
(compare to 5 hours, left). BSE 
image widths about 150 wm. 


ure 13C). In contrast, none of the inclusions in sam- 
ple nos. 65459 and 65461, which were heated to 
1450°C and 1500°C, respectively, showed any 
observable changes (e.g., figure 14, left). A similar 
reaction to that occurring at 1400°C-1450°C was 
observed in one zircon inclusion after heating to 
1550°C (no. 65463, figure 14, right). 

After heating to 1600°C, both subsolidus decom- 
position and melting reactions were observed (figure 
15). Sample no. 75968, which was heated for 25 hours, 
exhibited limited decomposition reactions along the 
rim of a zircon crystal, but the baddeleyite crystals 
that formed were larger (about 10 um) than those seen 
after heating at lower temperatures and for shorter 
duration (2-3 um; figure 15, left). Nevertheless, the 
euhedral morphology and outline of the original zir- 
con were mostly preserved. Partial melting of a zircon 
inclusion occurred in sample no. 75969, which was 
also heated to 1600°C (figure 15, right). The melted 
inclusions consisted of baddeleyite crystals and 
Al,O,- and SiO,-rich quenched melt. The original 
euhedral crystal outlines were indistinct. 

Above 1680°C, partial melting occurred in near- 
ly all the zircon inclusions (figure 16). In addition, 
the baddeleyite crystals within the Al,O,- and SiO,- 
rich quenched glass matrix crystallized in a dendrit- 
ic structure that was very different from the individ- 
ual baddeleyite crystals that formed at lower tem- 
peratures. Reactions between the zircon inclusions 
and the host sapphire were intensified at tempera- 
tures at or above 1730°C, and the outlines of the 
original inclusions became difficult to discern (fig- 
ure 17). Up to 5 wt.% HfO, was detected in badde- 
leyite in these melted inclusions. The melt (i.e., the 
quenched glass) was mainly composed of Al,O, and 
SiO, with some ZrO, (up to 17 wt.%). The concen- 
trations of Al,O, and SiO, varied dramatically 
between different analysis locations. Average com- 
positions of the melts are listed in table 2. 
Significant amounts of Na,O, MgO, CaO, TiO,, 
and/or K,O were also detected in the melted por- 
tions of a few inclusions. 
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Infrared Absorption Spectroscopy. No absorption 
from either the zircon or the decomposition reaction 
products was detected by FTIR analysis after heating 
at any temperature. In addition, after heating in an 
oxidizing environment at high temperatures, most 
of the sapphire samples showed very little evidence 
of hydrogen. Of the 22 heated sapphires analyzed 
with FTIR, trace hydrogen was detected in only six. 
The intensity of the hydrogen absorption coefficient 
at 3309 cm~! varied from 0 to 0.040 cm~! (again, see 
figure 6). A very weak absorption at 3309 cm-! was 
detected in sample no. 56017 after heating at 1600°C 
for 5 hours, but in a similar sample (no. 75968) heat- 
ed at the same temperature for 25 hours, no hydro- 
gen-related absorption was present. Notably, our 
heating experiments in oxidizing conditions did not 
result in the complete removal of structurally bond- 
ed hydrous components. 


Raman Spectroscopy. In each of the heated samples, 
two to four inclusions were randomly selected for 
analysis. For sapphires heated at 1400°C and 1450°C, 


Figure 16. When heated above 1680°C, nearly all the 
zircon inclusions showed some degree of melting, in 
addition to subsolidus reactions. In this inclusion, the 
quenched baddeleyite had a dendritic structure. BSE 
image width 85 um. 
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Figure 17. For temperatures at or above 1730°C, the outlines of the original zircon inclusions were diffused, and 
reactions between the inclusions and the host sapphire intensified (1730°C, left; 1780°C, center; 1850°C, right). 
Tiny dendritic-like quenched crystals of baddeleyite also formed, and the melt often penetrated into surrounding 
discoid fractures. BSE image widths 130 um (left); 250 um (center); 80 um (right). 


the inclusions displayed only the characteristic zircon 
Raman peaks, and no obvious differences from 
unheated zircon inclusions were observed. In samples 
heated to 1500°C and above, variations in Raman 
spectra were apparent. In the four inclusions analyzed 
in sample no. 65461 (1500°C for 5 hours), two inclu- 
sions showed at least seven additional emission peaks 
in the scattering region of 1300-1050 cm~!, in addi- 
tion to the dominant peaks from zircon when excited 
with a 514.5 nm laser (figure 18, top spectrum). 

The characteristic zircon Raman peaks from 
most heated inclusions were shifted to higher 
wavenumbers (v, = 1012-1021 cm-') compared to 
those observed for the natural free-standing single 
zircons, as was the case with the zircon inclusions in 
unheated sapphires. Raman peaks from zircon were 
the dominant features until melting occurred at 
~1600°C. However, the FWHMs of the Raman peaks 
in the heated inclusions were significantly lower 
than those measured in the unheated zircon inclu- 
sions. For example, the average v, FWHM for zircons 
that remained intact after heating was 8.7 cm7! 
(1400°C), 8.5 em=! (1450°C), 8.4 em-! (1500°C), 7.9 
em! (1550°C), and 8.5 cm~! (1600°C). In contrast, 
the average v, FWHM for unheated zircon inclusions 
was 11.5 cm". 

The seven additional Raman peaks observed at 
1500°C in sample no. 65461 were present in all inclu- 
sions heated at 1600°C and above. A secondary laser 
with 488 nm excitation confirmed that these peaks 
were due to luminescence and not the Raman effect. 

The zircon-specific Raman peaks disappeared 
entirely from inclusions that were heated above 
1680°C, and were replaced by several weak Raman 
peaks below 1050 cm~! (figure 18, bottom spectrum). 
Of the more than 15 peaks that were recorded (not 
all of which are apparent in figure 18), several (645.5, 
476.4, 396.5, and 336.4 cm~!, and a characteristic 
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doublet at 182.1 cm7! and 194.4 cm~!) were consis- 
tent with the Raman spectrum for baddeleyite 
(Stefanc et al., 1999, Fredericci and Morelli, 2000, 
McKeown et al., 2000), confirming its presence in 
the heated inclusions. 


Figure 18. At least seven additional emission peaks in 
the 1300-1050 cm"! scattering region due to lumines- 
cence were recorded for inclusions in a sample heated 
to 1500°C when 514.5 nm laser excitation was used 
(top). Most of these luminescence peaks were much 
stronger when the sample was heated at 1680°C or 
above. At wavenumbers less than 1020 cm, there is 
a relatively weak spectrum for baddeleyite. 
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DISCUSSION 


Raman Spectroscopy of Unheated Zircon Inclusions 
and Metamictization. Details of the Raman spec- 
trum of zircon have been well known since the 
1970s. The three main peaks at 1008, 974, and 439 
cm~ are related to internal SiO, vibration modes. It 
is generally agreed that the three other peaks at 225, 
214, and 202 cm~ are lattice vibrational modes 
involving interactions between SiO, tetrahedra and 
Zr atoms (Griffith, 1969; Syme et al., 1977). 

As shown in figure 8, the Raman spectra from the 
zircon inclusions in unheated Madagascar sapphires 
were quite variable, particularly in the positions of 
the peaks. Shifting of peak v, was as high as 13 cm". 
The positions and relative intensities of Raman 
peaks are affected by many factors, including chem- 
ical composition, pressure, temperature, and crystal- 
lographic orientation. Analysis of the purple zircon 
crystal in multiple directions using 514.5 nm laser 
excitation demonstrated that relative peak intensity 
varied greatly with sample orientation. When the c- 
axis was parallel to the vibrational direction of the 
incident laser beam, the peaks v, and v, became very 
weak relative to other orientations, or they disap- 
peared entirely. However, the peak positions showed 
virtually no change when the sample was in differ- 
ent orientations, as the largest shift was <0.5 cm7!. 
These observations indicate that differences in crys- 
tal orientation most likely were not responsible for 
the shifting of Raman peaks observed in zircon 
inclusions from Madagascar sapphires. 

We also considered whether these large peak 
shifts could be explained by HfO, substitution, since 
HfO, is a common minor oxide in zircon inclusions 
in Madagascar sapphires. In a careful study of Raman 
peak positions in synthetic end-member zircon 
(ZrSiO,,) and hafnon (HfSiO,), Nicola and Rutt (1974) 
found that both had very similar Raman spectra, but 
the v, peak position in hafnon was about 10 cm! 
higher than that of zircon, and the v, and v, peaks 
were also shifted to higher positions (9-10 cm~!). In 
contrast, the 356 cm=! peak in zircon (ZrSiO,) 
occurred at 350 cm~! in hafnon (HfSiO,). Based on 
previous research (Hoskin et al., 1996), 3-5 wt.% 
HfO, in zircon is insufficient to cause the observed 
peak shift. 

Thus, we do not believe that the large peak shifts 
that we observed (6-13 cm7!, again, see figure 8) can 
be explained by either HfO, substitution or crystal 
orientation. Instead, the most likely scenario is that 
the zircon inclusions in Madagascar sapphires are 
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confined under relatively high pressures. It has been 
well documented that Raman peaks for many min- 
erals shift to higher wavenumbers with increasing 
pressure. The relationship between pressure and 
peak position is nearly linear, as observed from min- 
eral inclusions in natural diamonds (see, e.g., Liu et 
al., 1990; Izraeli et al., 1999; Sobolev et al., 2000). 
When a zircon crystal is originally trapped within a 
newly formed sapphire at moderate temperatures 
(250°C-1400°C; G. Rossman, pers. comm., 2003), its 
volume is the same as the space it occupies in the 
host sapphire. However, the coefficient of thermal 
expansion of zircon (3.2—5.4 x 10~°/°C; Bayer, 1972) 
is lower than that of corundum (7.6 x 10-§/°C; White 
and Roberta, 1983). Consequently, when the sap- 
phire is brought to the earth’s surface, where temper- 
ature and pressure are lower, differential expansion 
occurs between the inclusion and its host. The vol- 
ume of the host sapphire and the original space the 
inclusion occupied decreases more than that of the 
zircon inclusion itself, placing the zircon under pres- 
sure and creating stress in the host sapphire sur- 
rounding the inclusion. Where the stress exceeds the 
tensile strength of sapphire, fractures develop (again, 
see figure 4). Similar features are common in natural 
diamonds with mineral inclusions. Knittle and 
Williams (1993) studied the Raman peak shifting of 
zircon under pressure at room temperature and 
found that the four major peaks (v,, v,, v3,357 em!) 
shifted positively and linearly. Based on their exper- 
imental results, the largest shift of the v, peak in our 
data (13 cm~!) corresponds to 27 kbar of pressure. 
Similar pressures were calculated from the shifting 
of other peaks. 

Natural zircons also usually contain measurable 
amounts of radioactive trace elements. Radioactive 
decay of Th and U can damage zircon’s crystal lat- 
tice, a process referred to as metamictization, which 
causes expansion of the zircon; this expansion can 
create internal stress (e.g., Guo et al., 1996; Hughes, 
1997). Radiation damage also causes the Raman 
peaks of zircon to become less intense, broader, and 
to shift to lower wavenumber positions (Nasdala et 
al., 1995, 2003). 

Raman peaks of pristine, unheated zircons in 
Madagascar sapphires were mostly strong and sharp, 
overlying a nearly flat background and shifted to high- 
er wavenumbers (figures 7 and 8) than in free-standing 
and synthetic zircons. The observed shift to higher 
wavenumbers likely is a reconciliation of the com- 
pressive and tensile stresses caused by the competing 
mechanisms of thermal expansion and metamictiza- 
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tion. Even so, distinct radiation-related features were 
observed in these spectra. Crystalline zircon is a much 
better Raman scatterer than metamict zircon. As a 
result, the Raman spectra of metamict zircons are still 
dominated by peaks of crystalline zircon even with 
relatively high levels of radiation damage (Nasdala et 
al., 2003). Nasdala et al. (1995) found that the FWHM 
of the v, peak was a very good indicator for metamic- 
tization in zircon. In a well-crystallized zircon, the v, 
FWHM is less than 5 cm”. Partially metamict 
zircons commonly show FWHM values of more than 
10 cm-!, and highly metamict, X-ray amorphous sam- 
ples have values = 30 cm"!. 

The FWHM values of v, from unheated zircon 
inclusions in this study were in the range 10.1-13.5 
cm~!, with an average of 11.5 cm~!. These relative- 
ly high values strongly indicate that the zircon 
inclusions in the unheated samples were partially 
metamict. This conclusion is supported by the sig- 
nificant decrease of v, FWHM after heating experi- 
ments. Average FWHM values for sapphires heated 
to 1400°C were 8.7 cm7!, 8.5 cm! at 1450°C, 8.4 
cm! at 1500°C, 7.9 cm7! at 1550°C, and 8.5 cm! 
at 1600°C. We interpret this observed decrease to 
gradual recovery and repair of the radiation-dam- 
aged crystal structure through annealing at high 
temperatures. 

All of these observations indicate that the zir- 
con inclusions in the Madagascar sapphires were 
metamict to some extent. Radiation damage and 
differential thermal expansion during transport of 
the sapphires to the earth’s surface most likely 
generated the radial cracks surrounding the zir- 
cons. However, differences in the radioactive 
trace-element composition of individual inclu- 
sions would result in varying degrees of metamic- 
tization. Thus, significant variations in internal 
stresses for different inclusions in the same sap- 
phire would be anticipated. Indeed, large variations 
in v, positions between sample nos. 75975 (v, posi- 
tions for three zircon inclusions = 1017.7, 1015.6, 
and 1008.1 cm=!) and 76732 (v, = 1015.1, 1014.8, 
and 1009.3 cm~!) are probably the result of some 
combination of metamictization and differential 
thermal expansion. 


Reactions of Zircon Inclusions at High Temper- 
atures. Zircon inclusions experience a number of 
reactions and changes as they are exposed to increas- 
ing temperature (figure 19). Our microscopic obser- 
vations, SEM-EDS chemical analyses, and Raman 
spectroscopy revealed that decomposition of zircon 
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inclusions began at temperatures as low as 1400°C 
by the reaction: ZrSiO, (solid) + ZrO, (solid) + SiO, 
(solid). This subsolidus reaction involved no melt- 
ing up to 1550°C. It is evident that the decomposi- 
tion reaction was mostly limited to the rims of 
some zircon inclusions and did not occur for all of 
them. In rare cases, this reaction could occur 
throughout a whole inclusion, and no zircon sur- 
vived in these inclusions. The reaction occurred 
exclusively in the zircon crystals, and the host sap- 
phire was not involved. As a result, the overall mor- 
phology of the inclusions remained basically 
unchanged. However, the formation of tiny badde- 
leyite crystals and SiO,-rich phases along the rims 
of some of the zircons significantly changed their 
reflective optical properties, giving the interfaces 
between the inclusions and host sapphire a frosty 
appearance (figures 9 and 10, left). 

Both subsolidus and melting reactions were 
observed after heating at 1600°C. Decomposition 
reactions at this temperature (e.g., figure 15, left) 
were similar to those occurring at lower tempera- 
tures, except for the better crystallization of badde- 
leyite due to the higher temperature and longer 
periods of heating up to reach the target tempera- 
ture. However, melting of zircon inclusions was 
observed in a few samples heated under these con- 
ditions (e.g., figure 15, right) following the reaction: 
ZrxSiO, (solid) + Al,O, (solid) + ZrO, (solid) + melt 
(liquid). Above 1680°C, all the zircon inclusions 
showed evidence of melting. High concentrations 
of Al,O, in the melt (again, see table 2) provided 
ample evidence that the host sapphire was involved 
in the reaction at the highest temperatures. 
Melting of both the zircon inclusion and dissolu- 
tion of the surrounding sapphire destroyed the orig- 
inal euhedral outline of these inclusions, producing 
irregular shapes. Widespread formation of tiny den- 
dritic quenched crystals of baddeleyite caused the 
inclusion surfaces to appear severely mottled and 
frosted. Rapid volume expansion of the inclusions 
during melting generated high internal stresses, 
and caused the formation of discoid fractures in the 
surrounding sapphire. Zircon inclusions heated to 
these high temperatures may be identified by the 
presence of melt penetrating into the discoid frac- 
tures (again, see figures 11 and 12). 

Through subsolidus and melting reactions due 
to heating at various temperatures, new phases are 
introduced into the original zircon-corundum sys- 
tem. Just as the IR absorption spectra of sapphires 
with zircon inclusions before heating experiments 
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EFFECT OF TEMPERATURE ON ZIRCON INCLUSIONS IN MADAGASCAR SAPPHIRE 
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Figure 19. The morphology of zircon inclusions in the sapphires changed systematically as a function of heating 
temperature. Also shown are the general temperature ranges of common heat treatments. (References: “Hughes, 
1997, "McClure et al., 2006; ‘Emmett et al., 2003.) Photomicrographs by W. Wang. 


showed no zircon-related absorption, the IR 
absorption spectra of the heated samples did not 
show any features that could be attributed to reac- 
tion products. The main reason is that corundum 
has a strong absorption in the region below 1600 
cm, which masks any possible absorption in this 
region from reaction products. In addition, both 
the inclusions and the reaction products have a 
very limited volume compared to that of the host 
corundum, so the absorptions would be too weak 
to be detected even if they occurred above 1600 
cm~!. These observations indicate that IR absorp- 
tion spectroscopy is not very sensitive in detecting 
the presence of minor amounts of zircon inclu- 
sions in corundum or its decomposition products 
after heating. 


Lowered Melting Point of Zircon. Well-crystallized 
zircon is known to be stable up to 1690°C at ambi- 
ent pressure (Nasdala et al., 2003). Above this tem- 
perature, it decomposes into the constituent oxides 
ZrO, and SiO,. Zircon inclusions in sapphire form 
a simple Z1SiO, -Al,O, system, the lowest melting 
temperature of whieh should be 1700°C-1800°C 
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(Budinikov and Litvakovski, 1956). For the zircon 
inclusions in this study, both subsolidus and melt- 
ing reactions started at much lower temperatures. 
The main possible causes for this discrepancy are 
radiation-related metamictization and the coexis- 
tence of other minerals mentioned below. 

Internal structural damage from radiation could 
also affect the thermodynamic stability of zircon 
when heated. In an annealing study of radiation- 
damaged zircons (Zhang et al., 2000), it was found 
that heavily damaged samples tend to decompose 
into ZrO, and SiO, at high temperatures. In that 
study, tetragonal ZrO, was observed after anneal- 
ing between 852°C and ~1327°C, while monoclin- 
ic ZrO, (baddeleyite) appeared above 1327°C. Such 
a decomposition temperature range is much lower 
than that for well-crystallized zircon. Zhang et al. 
(2000) also pointed out that ZrO, and SiO, from 
the decomposition could rectystallize to fen new 
zircon around 1230°C. 

All of these factors indicate that the final decom- 
position products of a zircon after heating would 
depend on the intensity of radiation damage, the 
annealing temperature, and the duration of heating. 


Gems & GEMOLOGY SUMMER 2006 147 


This could explain the large variations in subsolidus 
decomposition for inclusions in individual sap- 
phires, as well as the zircon decomposition ob- 
served at temperatures as low as 1400°C. There are 
two possible explanations for the pristine appear- 
ance of some zircon inclusions after the heating 
experiments: Either no decomposition occurred 
because they had experienced minimal radiation 
damage, or subsequent recrystallization occurred 
after decomposition. As seen in the Raman spectra, 
a few zircon inclusions showed the same peak posi- 
tions as those of synthetic end-member zircon (fig- 
ure 8), indicating that decomposition may not occur 
in all inclusions. 

Although metamictization causes a dramatic de- 
crease in the temperature at which subsolidus 
decomposition reactions begin, it is less likely to 
affect the melting temperature of this system. 
Melting of zircon inclusions in these Madagascar 
sapphires was first observed at 1600°C, more than 
100°C lower than has been reported for a pure 
ZrSiO,-Al,O, system (Budinikov and Litvakovski, 
1956). Significant concentrations of MgO, CaO, K,O, 
and TiO, were detected in the melted parts of a few 
inclusions (again, see table 2). Since all the samples 
were polished after heating to remove contamina- 
tion, the most likely explanation is that these other 
minerals were originally present within or adjacent 
to the zircon inclusions. From the chemical compo- 
sition of the melt, possible minerals include calcite, 
dolomite, magnesite, and/or feldspar. 

Decomposition of zircon inclusions has also 
been reported in naturally heated corundum from 
Australian basalts (Guo et al., 1996). Similar to 
the studied sapphires, both partially reacted zir- 
cons and pristine inclusions were described in the 
same Australian corundum crystal. Guo et al. sug- 
gested that the presence of a SiO, phase with zir- 
con inclusions would significantly decrease the 
melting point of the system. Unfortunately, 
extensive micro-Raman spectroscopic analysis of 
the unheated zircon inclusions failed to detect 
any signal from coexisting minerals. This is prob- 
ably due to the sampling scale (um) of Raman 
analysis and the uneven distribution of the coex- 
isting minerals. In addition, small amounts of 
volatiles such as water and fluorine (undetectable 
with the spectroscopic and chemical techniques 
applied here), present as inclusions within or as a 
rim around the zircons, may also have a marked 
effect on decreasing the melting temperature of 
the ZrSiO,-Al,O, system. 
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Luminescence in the 542-552 nm Range. The 
presence of zircon decomposition reaction prod- 
ucts was also detected through luminescence fea- 
tures in the 1300-1050 cm~! (542-552, nm) range 
in the Raman spectra. Rankin and Edwards (2003) 
discovered at least seven emission peaks (514.5 
nm laser excitation) in the 1300-1050 cm7! region 
in zircon inclusions in extensively heated corun- 
dum crystals from Chimwadzulu Hill, Malawi. 
These peaks were thought to be due to lumines- 
cence from zircon decomposition reaction prod- 
ucts, leading to speculation that they might be 
useful for correlation to high-temperature treat- 
ment of sapphire. Our study confirmed that these 
peaks were luminescent. In addition, we found 
that these peaks first appeared in two of the four 
analyzed zircon inclusions at 1500°C, and they 
were present in all of them after heating to 
>1600°C. The nature and source of the lumines- 
cence is unknown, but it is clearly not related to 
ZrSiO,, because all of the zircon disappeared 
entirely after heating to >1680°C. 


Applications for Gem Identification. Visual evi- 
dence of modification or destruction of solid inclu- 
sions in sapphire and ruby are powerful clues for 
determining if a stone has been heated. Experi- 
mental results from this study can be used to deter- 
mine not only the possibility of heat treatment of 
sapphires with zircon inclusions, but also an esti- 
mate of the temperature applied (again, see figure 
19). When some zircon inclusions (but not all) dis- 
play limited frosted regions, well-preserved euhe- 
dral shapes, and only the characteristic zircon peaks 
in the Raman spectra, then the heating temperature 
is very likely <1450°C. With similar features seen 
under magnification but the occasional occurrence 
of luminescence peaks in the 542-552 nm region, 
the heating temperature might have reached 
1500°C-1550°C. Heat treatment at ~1600°C might 
be identified by frosting of most of the zircon inclu- 
sion surfaces with the overall outline of the crystal 
remaining virtually unchanged; zircon features in 
the Raman spectra may or may not be detected 
when a stone has been treated at this temperature. 
If the zircon inclusions appear irregular and form- 
less, but there is no evidence of melt-filled discoid 
fractures, the heating temperature was very likely 
around 1680°C. Treatment at this temperature also 
results in quenched dendritic crystals, a baddeleyite 
Raman spectrum, and strong luminescence in the 
542-552, nm region. The presence of melt-filled 
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discoid fractures and halos with quenched dendritic 
crystals indicates that the heating temperature was 
>1780°C. 

Any estimates of heating temperature must be 
based on careful observation of multiple zircon 
inclusions in a ruby or sapphire host. It is particu- 
larly important to examine multiple inclusions 
with samples that were possibly heated at 
<1550°C. Below this temperature, reactions in- 
volving zircon inclusions are very limited, and not 
all inclusions within a single stone will display the 
same features. 

We feel this experiment could have particular 
application to the identification of Be diffusion in 
sapphires. Usually, trace-element chemical analy- 
sis (e.g., SIMS, LIBS, or LA-ICP-MS) is required to 
confirm if a stone is Be diffused. However, these 
instruments are expensive and not always avail- 
able. Since treatment of Be diffusion in many 
cases requires a very high temperature (around 
1800°C), the appearance of the zircon inclusions 
could be useful in estimating the heating temper- 
ature, assessing the need for trace-element analy- 
sis, and determining the color origin of sapphires 
and rubies. 


CONCLUSIONS 

Pristine zircon inclusions in Madagascar sapphires 
usually exhibit a euhedral crystal form and trans- 
parent interfaces with the host sapphire; occasion- 
ally, they have small sets of surrounding fractures. 
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Figure 20. Many colors 
of Be-diffused sap- 
phires (here, 0.5-2.0 ct) 
have been seen in the 
marketplace. The mor- 
phology of inclusions 
can supply useful infor- 
mation in determining 
if a sapphire should be 
tested further for the 
presence of Be. Photo 
by Elizabeth Schrader. 


Most of the inclusions are under relatively high 
confining pressures due to differential thermal 
expansion and radiation damage related to their 
geologic history. Other minerals may coexist with 
zircon to form composite inclusions. The decom- 
position reaction and melting temperatures of 
these inclusions are apparently lower than they 
would be for a pure, well-crystallized ZrSiO,-Al,O, 
system. Microscopic and spectroscopic documenta- 
tion of the systematic modification or destruction 
of zircon inclusions as a function of temperature 
provides a useful tool for determining whether a 
zircon-bearing ruby or sapphire has been heated, 
and for estimating the heating temperature. 

Similar experimental studies are needed for other 
common mineral inclusions in ruby and sapphire to 
evaluate a wider range of heat-treatment conditions 
and to better constrain the temperature estimates. 
While these results may apply for the heat treatment 
of sapphires with zircon inclusions from localities 
other than Madagascar, a slight variation in the 
resulting modification or destruction of zircon inclu- 
sions is likely because metamictization significantly 
contributes to lowering the temperature of decom- 
position in these samples. Rubies and sapphires, 
including those from Madagascar, have historically 
been treated at a wide variety of temperatures: from 
very high, as with Be diffusion (figure 20), to lower 
temperatures than those examined in this study. To 
extend the possible usefulness of observed variations 
in zircon inclusions, similar heating experiments at 
800°C-1400°C are ongoing. 
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Left to right: The “Sun God Opal.” Cabochon cut, 1 inch by 34 inch, it is 
believed to have been kept in a Persian Temple for three centuries. Long 
tapering prongs of gold extend radially, resembling the rays of a miniature 
sun. 2) Star Sapphire from Ceylon weighing 87.9 carats. 3) Aquamarine, 
137.08 carats from Stoneham, Maine. Finest found in U. S. 4) Diamond in 
matrix from De Beers Mine, Kimberley, South Africa. 


East by the Greeks resulted in an increased 
use of .brightly-colored semi-precious stones, 
and a decline in the goldsmith’s workman- 
ship. Among the stones used were blood- 
stone, plasma, amethyst, carnelian, jasper; 
onyx, and garnet. Glass imitations of these 
stones were also used. 

The Etruscan jewelry displayed in an- 
other wall-case is the work of the gold- 
smiths of Etruria, Italy (7th to the 5th 
centuries B.C.). The esthetic qualities and 
extraordinary delicacy in execution of de- 
tail, and the .complex patterns of these 
objects have rarely been equaled. The goal 
of the jeweler must have been quality of 
workmanship, not the flamboyant display 
of colorful stones. The technique of apply- 
ing fine gold granulations and the use of 
looped or twisted’ wires reached its peak 
during this period. 

Three cases are devoted to Kyble jewelry, 
most of which is massive, and, in some in- 
stances, hideously splashy. It was collected 
among the Kybles a hill tribe of Algeria 
in North Africa. Similar ornaments are 
worn by the women of Morocco and Tunisia. 


Many of the ornaments are made of silver, 
but there are a few in which gold is used. 
The background consists of green, blue 
and yellow enamels, inset with large red 
stones of paste, and smaller ones of colored 
glass. In gaudiness, the Kyble jewelry has 
few rivals. It puts in the shade the gay cos- 
tume jewelry of today. 

The collection of jewelry from India. is 
relatively the most representative. It bears 
all the distinctive characters of Indian jew- 
elry—a delicacy of workmanship, lavish use 
of pearls and rubies, and the application 
of enamel. The delicacy is due mainly to the 
exquisite filigree work, of which the gold- 
smiths of India are masters. Although the 
collection is not old in point of time, the 
workmanship is the same as that found in 
pieces made centuries ago. India is reluc- 
tant to yield place to new; so are her gold- 
smiths. 

Apart from general human interest, the 
jewelry collection, as a whole, forms a major 
element in anthropological studies. 

The gem collection proper is one of the 
most complete and valuable in existence. It 
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FACETING TRANSPARENT RHODONITE 
FROM BROKEN HILL, 
New SOUTH WALES, AUSTRALIA 


Paul W. Millsteed 


Transparent rhodonite is considered one of the 
most difficult of all gems to facet because of its 
perfect cleavage and brittle, uneven fracture. 
This article describes a technique for success- 
fully faceting gem rhodonite that was devel- 
oped through experiments on eight crystals 
from the North mine at Broken Hill, New 
South Wales. This was accomplished through 
a systematic structural, crystallographic, and 
optical analysis and the use of a nonconven- 
tional faceting approach—the “greasy lap” 
technique. This method uses a mixture of 
petroleum jelly and diamond grit to charge a 
non-embedded lap, allowing the diamond grit 
to “roll free” during the lapping process. 


amed from the Greek rose or rhodos, in allu- 

sion to its characteristic pink color (Jasche, 

1819; Gaines et al., 1997), gem rhodonite 
commonly occurs as opaque or at best translucent 
material that is cut in cabochon form or as tablets 
(Koivula et al., 1994). Transparent, faceted gems (see, 
e.g., figure 1) are extremely rare and are sourced pri- 
marily from crystals found at Broken Hill, New 
South Wales, Australia, and Honshu, Japan (Bank et 
al., 1974; Gaines et al., 1997), with some facet-quali- 
ty material recently reported from Minas Gerais, 
Brazil (Quinn and Laurs, 2004). However, the pri- 
mary sulfide ore at Broken Hill has unquestionably 
been the richest source of gem rhodonite crystals in 
the world (see, e.g., figure 2; for more information on 


NOTES AND New TECHNIQUES 


the geology and history of rhodonite mining at 
Broken Hill, see Millsteed et al., 2005). 

Rhodonite has moderate hardness (52-642), and 
the familiar massive (microcrystalline) ornamental 
material is quite tough. A large percentage of massive 
rhodonite is found in sedimentary geologic environ- 
ments, and this likely contributes to recorded differ- 
ences in its texture and properties. In contrast, trans- 
parent gem rhodonite, such as from the metamorphic 
Broken Hill deposit, occurs in granular textured ore. 
Unlike the ornamental material, the transparent 
variety is very brittle and has gained a reputation as 
one of the most difficult gems to facet (Arem, 1977). 

The largest faceted rhodonite ever recorded from 
Broken Hill—currently on display at the Royal 
Ontario Museum in Toronto—weighs 10.91 ct and 
resembles a red spinel in color and clarity (see figure 
2. in Millsteed et al., 2005). Another stone, a 4.89 ct 
emerald cut, is part of the U.S. National Gem Col- 
lection at the Smithsonian Institution (figure 3, left; 
Post, 1997), while the Australian Museum recently 
acquired a 2.24 ct modified step cut (figure 3, right), 
also from Broken Hill (G. Webb, pers. comm., 2005). 
A4.5 ct faceted gem rhodonite from Broken Hill was 
recorded by Arem (1977). 

It must be recognized, however, that for every 
successfully cut rhodonite there have undoubtedly 
been numerous catastrophic failures, which has lim- 
ited the economic value of the rough. It is the 
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Figure 1. Rhodonite is one of the most difficult gem 
materials to facet. However, with proper techniques, 
attractive faceted stones can be created. The 0.86 ct 
Barion cut rhodonite shown here, which was faceted 
as part of this article, is mounted with a 1.0 ct yellow 
sapphire in a palladium-—white gold alloy. Photo by 
Ben Klimpsch. 


author's intent with this article to offer a technique 
for successfully faceting gem rhodonite and thereby 
enhancing its value to the industry. 


CRYSTALLOGRAPHIC AND 
OPTICAL PROPERTIES 


The successful fashioning of gem rhodonite requires 
an understanding of some basic crystallographic, opti- 
cal, and structural features of the material. By way of 
comparison, in diamond, which has a Mohs hardness 
of 10, each carbon atom is linked to four neighboring 
C atoms in a face-centered cubic unit cell. The close 
three-dimensional covalent linking (which completes 
the outer electron shell of each atom) is very strong, 
and this is manifested in diamond’s great hardness. 
Though perfect, its cleavage is quite difficult. 
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Rhodonite (MnSiO,), by contrast, is characterized 
by chains of SiO, that are arranged parallel to the c- 
axis, but bound together very weakly. The perfect, 
easy, splintery cleavages and the Mohs hardness of 
542-62 are expressions of this chain structure 
(Gaines et al., 1997). It is the extremely brittle nature 
of the cleavage planes—perfect along {110} and {110}, 
which are 92.5° to one other, and good along {001} 
(figure 4}—and the conchoidal-to-uneven fracture 
that make transparent rhodonite so difficult to facet. 

The highly prized intense pinkish to brownish 
red color of Broken Hill rhodonite incorporates three 
major directions of light vibration (again, see figure 
4) within the crystal lattice, which are referred to as 
X, Y, and Z (or a, f, and y): 


X = the axis of greatest ease of vibration. Light 
vibrating perpendicular to X travels with maxi- 
mum velocity; yellowish red pleochroic color. 


Z = the axis of least ease of vibration. Light vibrat- 
ing perpendicular to Z travels with minimum 
velocity; pale yellowish red pleochroic color. 


Y = the intermediate axis, at right angles to the 
plane of X and Z. Light travels at a velocity 
between X and Z; pinkish red pleochroic color. 


Figure 2. These two transparent rhodonite crystals 
(70.50 and 51.52 ct) are representative of the finest 
material found at Broken Hill. Clean, well-formed 
crystals such as these are considered most suitable 
for faceting. Courtesy of George Stacey; photo by 
P. Millsteed. 
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Figure 3. Though very rare, fine 
examples of faceted rhodonite 
do exist. The 4.89 ct emerald 
cut on the left is part of the 
U.S. National Gem Collection 
at the Smithsonian Institution 
in Washington D.C. The 2.24 ct 


The pleochroism in rhodonite is generally weak. 
The brown color component commonly seen in 
material from Broken Hill results from Fe impuri- 
ties in the rhodonite. The optic axis angle (2V) for 
gem rhodonite from Broken Hill has been meas- 
ured at 70° or 74° (Bank et al., 1973a,b), this pro- 
duces a biaxial-positive optic sign. These values fall 
within the accepted range of 61°-87° (Gaines et al., 
1997). 

While Brown and Bracewell (1993) make refer- 
ence to the problems associated with the cleavage 
and fracture in rhodonite from Broken Hill, no sys- 
tematic evaluation of its potential as a faceted stone 
has been elaborated to date. 


MATERIALS AND METHODS 


Eight transparent rhodonite crystals (1.15-5.28 ct) 
with minimal well-developed visible cleavage were 
used. All displayed a rich blend of pinkish red to yel- 
lowish brownish red. The intensity and variation of 
the color in each crystal was dependent on orienta- 
tion (again, see figure 4). All of the rough was dopped 
with the direction of the widest crystal face c (001) 
as the table orientation, taking advantage of the 
pinkish red absorption direction (Y). The prominent 
m {110} cleavage plane projected an acute plane 
downward from the c face, while the M {110} cleav- 
age plane is projected at 92.5° to m {110}, as illustrat- 
ed in figure 4. The crystals were initially dopped 
with Titon epoxy, a procedure recommended for 
most gems. It is not advisable to use a hot-wax 
dopping technique on a mineral as brittle and sensi- 
tive as gem rhodonite. 

The first three stones were fashioned using con- 
ventional faceting techniques, employing copper 
laps with embedded diamond grit and water as a 
lubricant. Stones 1 and 2 were cut by Robert Hunt 
and stone 3 by Scott Langford. When conventional 
faceting proved unsuccessful, the approach referred 
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modified step cut on the right 
is currently on display at the 
Australian Museum in Sydney. 
Photos by Chip Clark, Smith- 
sonian Institution, left; Stuart 
Humphreys, Australian 
Museum, right. 


to here as the “greasy lap” technique was adopted. 
This method was developed in 1985 by Ralph 
Westen as an alternative to conventional diamond- 
embedded laps, which use water as a lubricant. 
Generally, this method has proved successful to 
minimize scratching and cleaving in a variety of gem 
minerals (Westen, 1996). 

The greasy lap technique uses as little as a 
match-head-sized bead of petroleum jelly mixed 
with diamond grit to charge a non-embedded lap. 
This is a stable mixture: The diamond grit does not 
sink or separate from the petroleum jelly as it 
would with a less viscous oil. It is uniformly 
smeared across the lap surface using light finger 
pressure. The fundamental attribute of the tech- 
nique is the use of a “water-free” diamond paste. 
The success of the technique lies in its ability to 
reduce easy cleavage and the development of frac- 
tures, since the diamond grit “rolls free” during the 
lapping process. 

Four stages of lapping are generally required with 
the greasy lap technique: (1) a preforming stage on a 
copper lap using 240-grit (53.5 um) diamond, (2) a 
1,200-grit (15 um) diamond prepolishing stage using 
a copper lap, (3) a 3,000-grit (6 um) diamond prepol- 
ishing stage using a copper lap, and (4) a polishing 
stage on type metal (a mixture of 92% lead, 5% tin, 
and 3% antimony) using 100,000-grit (0.25 um) dia- 
mond. Any lap may be used in the greasy lap tech- 
nique; however, with continuous use over time, the 
diamond grit will eventually become embedded in 
the lap material through crystallization of the metal 
component. 

This technique was developed and used by Ralph 
Westen when he faceted stones 4 and 5. It was then 
adopted by Donna Naissen when she faceted stones 
6, 7, and 8. 

A scanning electron microscope (SEM) image was 
taken of stone 4 after it cleaved during faceting. The 
imaging was carried out at 15 kV and 1 nA. 
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RESULTS AND DISCUSSION 


The crystals were initially examined through a 
binocular microscope and then with a 10x loupe 
until the cleavage planes m {110} and M {110} were 
identified (again, see figure 4). For reasons of orienta- 
tion (which relate to optimum color and stone 
shape), typically the longest dimension of the rough 
crystal should be parallel to the M cleavage plane, 
and the shortest dimension should be parallel to the 
m cleavage plane. Cleavage fragments are generally 
regarded as unsuitable for faceting. 

As noted above, the cutting of crystal 1 was 
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Pale yellowish red (Z) 


Figure 4, Crystallo- 
graphic axes a [100], 

b [010], c [001]; light 
vibration directions X, 
Y, Z; and cleavage 
planes M {110}, m {110}, 
c {001} of rhodonite are 
shown from two per- 
spectives in these draw- 
ings (interpreted and 
compiled from Diehl 
and Berdesinski, 1970; 
Bank et al., 1973a, b, 
1974; Gaines et al., 
1997). When faceting 
thodonite, the c-axis 
should be placed per- 
pendicular to the table 
facet to take advantage 
of the pinkish red 
absorption direction. 
The blue lines represent 
the crystal faces of 
thodonite and serve as a 
guide to dopping the 
stone for faceting. 


M {110} 


begun by Mr. Hunt using a conventional faceting 
technique. After the pavilion and crown facets were 
almost completed, the stone suddenly cleaved in 
half along the M plane (figure 5). The crown was 
unrecoverable. 

Mr. Hunt’s cutting of crystal 2 appeared success- 
ful until the stone developed a major structural dis- 
location along a natural uneven internal fracture, as 
shown in figure 6. As Mr. Hunt cut the crown facets, 
cleaving became problematic. After several 
attempts, he stopped work on the stone. 

The polish on both stones was good; however, 


Gems & GEMOLOGY SUMMER 2006 


Splintery perfect basal cleavage of M {1 10} 


= \ } 
—, | 


< 


Pavilion facets 


Figure 5. The first rhodonite crystal (2.50 ct) cleaved 
along the M plane during faceting. Note the outline of 
the pavilion facets, which were almost completed. The 
crown was unrecoverable. Photo by P. Millsteed. 


none of the facets met very well due to repeated 
attempts to recut some of them. Severe chipping also 
occurred. These problems were likely due to the 
embedded diamonds in the conventional laps tearing 
at the brittle structure of the crystal, particularly the 
cleavage planes. 

Again using conventional faceting techniques, 
Mr. Langford attempted to cut crystal 3. He met 
with relative success (figure 7, left), but significant 
chipping was observed on some of the pavilion 
facets (figure 7, right). In addition, the girdle was 
thicker than average (1 mm), which may have 
reduced further chipping, fracturing, and cleaving 
at the crown/pavilion interface. The final polish 
was good. A freeform shape was used to minimize 
the loss of material during the faceting process. The 
finished stone also contained two large inclusions, 
of galena and spessartine, seen at the bottom of fig- 
ure 7 (left). 

After this initial trial, Mr. Westen concluded that 


Figure 7. This free- 
form 3.96 ct rhodonite 
was successfully cut 
using conventional 
faceting techniques 
(left). However, it still 
suffered chipping on 
the pavilion facets, 
and the girdle was 
unusually thick (right). 
Photo by P. Millsteed. 


Notes AND NEw TECHNIQUES 


Galena and spessartine inclusions 


Chipping on pavilion facets 


Internal fractures 


Figure 6. The stone produced from the second 
rhodonite crystal (3.00 ct) suffered structural splinter- 
ing along internal fractures, in addition to minor 
chipping on the pavilion facets. Photo by P. Millsteed. 


the fundamental limitations of gem rhodonite (the 
brittle structure, perfect cleavage, and a profound 
conchoidal-to-uneven fracture) required a new 
approach, the greasy lap technique. Stone 4 was then 
cut by Mr. Westen using this method, but he ran into 
difficulty when he cut the facets that were approxi- 
mately parallel to the m cleavage plane first instead 
of last. After he cut the 45° corners across the m 
plane, internal stresses were released along the 
plane, resulting in a delayed cleaving. This relation- 
ship is illustrated by the SEM image in figure 8, 
which shows the critical intersection point of the 
45° facets, with the facet approximately parallel to 
the m cleavage plane. A view of the m cleavage plane 
intersecting the table of the faceted rhodonite is also 
shown, along with the faint surface intersection of 
the M cleavage plane. Although this stone suffered 
structural failure, the final polish and facet meet 
were excellent. To obtain consistent and repro- 
ducible results, it therefore appears critical that the 


Chipping on the pavilion 


4 


thick girdle 
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facets approximately parallel to the m cleavage plane 
direction be cut last. 

Mr. Westen revised his technique accordingly 
and successfully faceted stone 5, a transparent 0.86 
ct Barion cut (figure 9), a significant turning point in 
the study. The stone was cut with the c face as the 
table orientation. Subsequent to the completion of 
stone 5, Ms. Naissen faceted three more stones 
using the greasy lap technique (again, see figure 9). 
The largest of these was a 3.72 ct emerald cut. 
Although the stones were relatively clean, they did 
show some small eye-visible fractures and inclu- 
sions. The rich pinkish to brownish red color and 
dispersive characteristics of gem rhodonite were 
successfully displayed in all of the stones faceted. In 
stone 5, however, dispersion was noticeably en- 
hanced by the style of cut. Stone 5 was subsequent- 
ly mounted in a palladium-—white gold alloy setting 
designed by jeweler Ben Klimpsch (again, see figure 
1). A yellow sapphire was incorporated into the 
piece to compliment the yellowish red pleochroic 
color of the rhodonite. During the setting procedure 
of any stone, even diamond, there is some risk of 
damage; with faceted rhodonite, this risk certainly 
is considerable. Mr. Klimpsch mounted the stone 
with a modified bezel technique (using great care 
and minimal pressure) combined with strategically 
placed resin mounts. 

The prerequisites and stages for the successful 


faceting of gem rhodonite, using the greasy lap tech- 
nique, were determined to be as follows: 

The cutting angles are culet 42°, crown 40°. The 
pavilion must be cut first and the crown second. 


The pavilion: 


e The longitudinal sections parallel to cleavage 
plane M must be cut first. 


e The 45° corner facets (across the m cleavage 
plane) are cut next. 


e The facets that are approximately parallel to 
the m cleavage plane are cut last. 


The crown: 
e The table facet parallel to c must be cut first. 


e The 45° corner facets (across the m cleavage 
plane) are cut next. 


e The facets that are approximately parallel to 
the m cleavage plane are cut last. 


Characteristically, for all of the cutters, the pres- 
sure applied to the lap was “normal” and without 
variation. Overriding the lap (applying too much 
pressure) is wasteful and results in undercutting 
(incomplete polishing of a facet). 

Although the original crystals chosen were pre- 
dominantly transparent, the presence of mineral 


Figure 8. This SEM image of the fourth rhodonite sample (left) shows the intersection of the cleavage plane m 
with facets of the crown and pavilion. The stone cleaved after the 45° crown facets were cut across the m 
cleavage direction (indicated as the critical intersection point). On the right is an SEM view of the m cleavage 
intersecting the crown of the faceted rhodonite. Note also the faint surface intersection of the M cleavage. 


SEM images by P. Millsteed. 


Critical intersection point 


m {110} 
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inclusions (Millsteed et al., 2005), fractures, and 
cleavages is characteristic of this mineral. As is 
done with emerald and similar gem materials that 
are often heavily fractured, (see, e.g., Webster, 
1995), it may be worthwhile to clarity enhance 
some gem rhodonites, provided that such is proper- 
ly disclosed. 

A recent review (Quinn and Laurs, 2004) suggest- 
ed that cutting the newly discovered Brazilian gem 
rhodonite also poses a challenge, although the pen- 
dant illustrated in that report showed that faceted 
gem rhodonite could be successfully mounted and 
set in jewelry. However, it is still advised that this 
be done with considerable caution. 
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Figure 9. Despite the 
inherent difficulties, 
transparent gem 
thodonite can be suc- 
cessfully faceted with 
proper techniques. 
Shown here are the five 
stones that were faceted 
as part of this study. 
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weigh 3.72, 3.96, 2.09, 
and 1.00 ct, respectively. 
The center stone (0.86 ct) 
was later set in the neck 
piece in figure 1. Photo 
by P. Millsteed. 


CONCLUSION 


The results of these trials provide a means to suc- 
cessfully facet transparent rhodonite in a variety of 
sizes and styles (again, see figure 9). Current record- 
ed weights of faceted rhodonite vary from 0.15 to 
10.91 ct. The minimum requirements to success- 
fully facet a rhodonite from Broken Hill are that the 
rough be transparent with little development of vis- 
ible cleavage planes. In more difficult cases, a 
thicker girdle may be used. With the proper use of 
the greasy lap technique, the effect of inclusions 
can be minimized, although careful consideration 
must be given to rhodonite’s structural and crystal- 
lographic properties. 
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Arthur Main of the Gemmological Association of Australia, 
Canberra, for his support with the manuscript and gemological 
testing; Peter Blythe of the Mineshaft, Canberra, for furnishing 
the yellow sapphire for the setting; Mr. George Stacey, a collec- 
tor in Canberra, for kindly loaning the rhodonite crystals in fig- 
ure 2; Dr. Frank Brink of the SEM unit in the Research School 
of Biological Sciences, Australian National University, Canberra, 
for providing access to SEM facilities and advice on the tech- 
nique; Dr. Wolf Mayer of the Department of Earth and Marine 
Sciences, Australian National University, Canberra, for his inter- 
pretation of the German references; and Gayle Webb of the 
Australian Museum, Sydney, and Jeffrey Post of the 
Smithsonian Institution, Washington, D.C., for providing images 
of their faceted rhodonites. 
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includes nearly every important variety of 
precious and semi-precious stones. There 
are examples of the finest cut, as well as 
crystals, cleavages, and rolled grains. The 
collection also includes magnificent exam- 
ples of ornamental stones, many of which 
are shown as found in nature. Others have 
been polished, and many have been carved 
by skilled craftsmen. Supplementary col- 
lections consist of some of the native forms 
of gold and platinum, the metals in which 
valuable jewels are usually mounted. 

Diamonds are displayed as they were 
found in gravels, as crystals in matrix, and 
as cut stones. One interesting specimen has 
engraved upon it in intaglio a bust of 
William II of Holland. It is a ten carat stone, 
pear-shaped, and half an inch long. The 
engraving is so delicate that it is necessary 
to use a magnifying glass to appreciate fully 
the workmanship. It was done by De Vries, 
the famous diamond cutter of Amsterdam, 
and is believed to have consumed all his 
spare time for five years. 


The gem varieties of corundum—sap- 
phires and rubies—are well repesented. Most 
of the sapphires are from Ceylon. They ex- 
hibit a wide range of color—blue, green, 
yellow, and_.white—and vary markedly in 
the ah of color. There are six large blue 
star Sapphires, three of which weigh more 
than 130 carats each. The rubies are from 
Burma, Ceylon, Russia, Brazil and North 
Carolina. The star rubies, of which there 
are two, are not as large as the star sap- 
phires, but the chatoyant bands composing 
the stars are well defined. Star quartz and 
Star garnets are shown among the semi- 
precious stones. Of more than usual interest 
are the two garnet spheres, each showing 
several “four-rayed stars.” Each is formed 
by the intersection of two chatoyant bands. 
Two of the angles in each star are 109° 28’, 
and two are 70° 32’. 

The collection of beryl gems—emerald, 
aquamarine, and golden beryl—is unusually 
choice. In addition to the cut emeralds, there 
are several uncut crystals, three of which 


Exhibit of carved and polished ornamental stones. In center foreground is 
a bowl of rose quartz crystal. In center rear is an elaborately carved rock 
crystal screen representing “The Finding of Moses.” A product of old 
Vienna, it is believed to be largest of its kind in existence. ¢ 
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BONE Pendant 


Animal bone may be one of the old- 
est jewelry materials in human socie- 
ty. Today, cow bone is most often 
seen, but camel bone is sometimes 


Figure 1. This large pendant proved 
to be made from dyed yellow 
bovine bone. Most bone jewelry is 
made from cow, sheep, or camel 
bone, since these are durable 
enough to wear yet soft enough to 
work with primitive tools. 
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used in Asia. In Africa, cattle are a 
symbol of wealth, and thus cow bone 
beads and jewelry, especially large 
pieces, represent wealth and prosper- 
ity. Bone has also been used as a sub- 
stitute for ivory. However, though 
the two may be similar in appear- 
ance, there are many differences. 
The large pendant in figure 1 
(33.90 x 15.05 x 10.25 mm) was sub- 
mitted to the East Coast laboratory for 
identification. With magnification, it 
showed parallel banded structures in 
some areas and irregular structures 
in others (figure 2). This was quite dis- 
tinct from the “engine-turned” ap- 
pearance of polished ivory. It also 
showed yellow dye concentrations; it 
is a common practice to stain bone to 
make it appear older than it actually 
is. The patterns of these dye concen- 
trations were apparent in the pen- 
dant’s moderate and very weak yellow 


€DITORS 


Thomas M. Moses and Shane F. McClure 
GIA Laboratory 


CONTRIBUTING EDITORS 
G. Robert Crowningshield 
GIA Laboratory, East Coast 


Cheryl Y. Wentzell 
GIA Laboratory, West Coast 


fluorescence to long- and short-wave 
ultraviolet (UV) radiation, respective- 
ly. The spot R.I. was 1.56 (within the 
typical range for organic gem materi- 
als). We could not determine the spe- 
cific gravity of the pendant because of 
the mounting, though this would have 
been a good test to distinguish 
between bone and ivory (ivory’s S.G. is 
1.7-2.0, while bone has a specific grav- 
ity of about 2.3). 

The Raman spectrum of the pen- 
dant (figure 3) matched that of a 
bovine (e.g., cow, buffalo, or bison) 
bone reference spectrum, so we con- 
cluded that this pendant was fashioned 
from stained bovine bone, probably 
cow bone. (Additional spectral data for 
this sample are available in the Gems 
@& Gemology Data Depository at 
www.gia.edu/gemsandgemology. 

Paul Johnson, Kyaw Soe Moe, 
and Carol Pearce 


Figure 2. With magnification, the bone pendant showed a parallel banded 
structure in some areas (left) and irregular structures elsewhere (right). Note 
the dye concentrations in some of the cracks and fissures. Magnified 40x. 
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DIAMOND 
With Circular Brown or Green 
Radiation Stains 


Green and brown “stains” are occa- 
sionally seen on both rough and 
faceted diamonds. These stains are 
believed to be the result of natural 
irradiation, with the brown color 
resulting when the green stains are 
subsequently exposed to _ heat. 
Although such stains are an impor- 
tant gemological feature, little is 
known about their physical proper- 
ties. Recently, the East Coast labora- 
tory examined two unusual natural 
diamonds, one with brown stains and 
the other with green stains (figure 4). 
However, unlike previously seen 
radiation stains, which usually show 
irregular outlines, all of these stains 
displayed nearly perfect circular 
shapes and each was centered on a 
clearly visible dark spot (figure 5). 

In the first diamond, a 1.47 ct rec- 
tangular blocked stone, extensive 
brown stains were present in the culet 
region. This stone would have shown 
a light yellow color without these 
brown stains. We observed brown 


Figure 4. Unusual radiation stains were observed in these two diamonds. 
Extensive brown stains were present in the culet region (and are reflected 
in the face-up view) of the 1.47 ct rectangular blocked diamond on the 
left, whereas a few green stains were seen in the girdle region of the 1.60 
ct Fancy Vivid green-blue diamond on the right. 


stains on areas that represented the 
pristine natural surface as well as on 
the slightly polished facets (again, see 
figure 5). For the most part, the brown 
circles were uniform in size, with 
diameters of about 35 um. All the 
stains had a dark center spot when 
viewed with diffused light. Overlap 
among the circles was common, and 


Figure 3. The Raman spectrum (with peaks from phosphate, carbonate [B- 
type], proteins [amide I and III], and CH, bending) proves that the pen- 
dant in figure 1 was made from bovine bone. 
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the color in some intersecting regions 
was dark brown. When viewed with 
fiber-optic illumination, the dark cen- 
ters showed very bright reflections, 
indicating that they were actually 
micro-fractures. 

In the other diamond, a 1.60 ct 
square shape, we observed green and 
yellowish green stains with a similar 
appearance on naturals in the girdle 
region, though with a much lower 
density as most appeared to have been 
polished off (figure 6). This stone was 
color graded Fancy Vivid green-blue. 
These features were somewhat differ- 
ent from those observed in the first 
diamond, in that very fine, well- 
developed etch channels began at the 
centers of the green circles; however, 
the diameters of the stains on the two 
stones were very similar. 

Both diamonds were type Ia with 
very high concentrations of nitrogen. 
Raman spectra were collected from 


Editor's note: The initials at the end of each item 
identify the editor(s) or contributing editor(s) 
who provided that item. Full names are given 
for other GIA Laboratory contributors. 
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Figure 5. The numerous brown 
stains on the 1.47 ct diamond 
show a nearly perfect circular 
shape. The region above the dot- 
ted line is slightly polished, 
while the region below the line 
is unpolished. Image width is 
about 1 mm. 


several dark brown stains (four analy- 
ses) and dark green stains (seven analy- 
ses) using micro-Raman spectroscopy 
with 633 nm laser excitation (figure 7). 
The brown stains showed strong, 
broad bands centered at 1630 cm“ and 
1316 cm7!. The 1630 cm~! band likely 
has been observed previously in irradi- 
ated diamond (A. M. Zaitsev, Optical 


- 


mz 


Figure 6. Circular green stains 
similar to those shown in figure 5 
were observed in the 1.60 ct 
Fancy Vivid green-blue diamond, 
though in this case thin, well- 
developed etch channels appear 
to begin at the dark centers. 
Image width is about 1 mm. 


Properties of Diamond: A Data Hand- 
book, Springer-Verlag, Berlin, 2001, p. 
114). The peak at 1316 cm~! may sig- 
nify low-quality diamond. Nano- 
crystalline diamond grown by chemi- 
cal vapor deposition methods, dia- 
mond powders, and neutron-irradiated 
diamond all can show a shift to lower 
wavenumbers from the standard 


Figure 7. Raman spectra of the dark brown (upper spectrum) and dark 
green (lower spectrum) stains showed little evidence of diamond. These 
results indicate that the material in the area of the stains is probably a 


mixture of various forms of carbon. 
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Raman peak for diamond, at 1332 cm~! 
(see, e.g., Zaitsev, 2001, pp. 93-94). 
The region of crystal distortion was 
limited, though, as areas close to the 
stains showed a very strong peak at 
1332, cm". 

Raman analysis of the green stains 
showed strong, broad bands centered 
at approximately 3010 cm~! and 2340 
cm7!, while only a very weak dia- 
mond peak at 1332, cm7! was detect- 
ed. The spectrum of the surrounding 
green-blue diamond (~100 um away), 
collected under the same conditions, 
showed a much stronger peak at 1332 
cm7!, while broad bands around 3010 
cm! and 2340 cm7! were also ob- 
served but with much weaker intensi- 
ties. These results indicated that the 
stained areas did not possess a pure 
diamond structure; instead, they were 
probably a mixture of various forms 
of carbon. Under the short-wave UV 
radiation of the DiamondView, the 
brown and green stains were inert 
and appeared dark, while the sur- 
rounding diamond displayed strong 
blue fluorescence. This observation 
is consistent with the conclusion 
that these stains represented areas of 
the diamond that were severely dam- 
aged by radiation. 

Wuyi Wang, Chin Cheung Cheung, 
and Thomas Gelb 


With Clarity Affected by 
Intense Graining 


The clarity grade of a faceted dia- 
mond is usually determined by the 
presence of inclusions, fractures, 
clouds, or etch channels. However, 
in the East Coast laboratory, we 
recently examined an unusual dia- 
mond with a clarity grade that was 
determined by intense internal 
graining. 

The 8.01 ct rectangular modified 
brilliant cut (11.86 x 11.00 x 6.97 
mm) in figure 8 was color graded 
Fancy Light blue. Infrared absorption 
spectroscopy showed a weak absorp- 
tion at 2803 cm-!, which confirmed 
that it was type IIb. Under the micro- 
scope, this stone appeared very 
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Figure 8. The clarity grade (VS,) 
of this 8.01 ct Fancy Light blue 
diamond is mainly due to its 
strong internal graining. 


clean, with no inclusions or fractures 
observed. However, intense graining 
was present throughout the entire 
diamond (figure 9, left), resulting in a 
clarity grade of VS,. The graining was 
dominated in one direction by sever- 
al broad and near-parallel lines. 
Graining perpendicular to this direc- 
tion was also observed, but it was 
less pronounced. When the diamond 
was examined between crossed 
polarizers, it displayed a pattern 
comparable to that of the graining 
(figure 9, right), indicating that the 
graining was a result of distortion of 
the diamond lattice. Intense lattice 
distortion will divert light as it pass- 
es through a diamond, causing a hazy 
or translucent appearance as well as 
anomalous birefringence. 

The intense internal graining may 
have contributed to other unusual 
features of this diamond. When 
exposed to short-wave UV radiation, 
it displayed weak-to-moderate orange 
fluorescence and a weak orange phos- 
phorescence that lasted over 10 sec- 
onds. Of those natural IIb diamonds 
that show observable fluorescence 
and phosphorescence to short-wave 
UV, most show yellow fluorescence 
and phosphorescence, but of much 
weaker intensity than what was 
observed in this stone. Internal grain- 
ing can have several causes (e.g., plas- 
tic deformation, uneven distribution 
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Figure 9. Intense graining can be seen throughout the blue diamond in fig- 
ure 8 (left). It is dominated by several broad and near-parallel lines oriented 
in one direction. Graining was also observed perpendicular to this direc- 
tion, but it was less intense. Birefringence imaging with crossed polarizers 
displayed a pattern similar to the graining (right). Magnified 22x. 


of impurities, or inclusions), however, 
the widespread distribution of linear 
graining in this diamond is most like- 
ly caused by plastic deformation. 
TMM and Wuyi Wang 


Coated Pink Diamonds 


Natural diamonds with a strongly 
saturated pink hue are rare, but a 
number of treatment techniques 
have been developed to induce or 
enhance a pink color in natural and 
synthetic diamonds. These methods 
include irradiation and subsequent 
annealing (e.g., Summer 1995 Lab 
Notes, p. 121), high pressure/high 
temperature annealing (e.g., Fall 2001 


Lab Notes, pp. 215-216), and coating 
(D. J. F. Evans et al., “Coated pink dia- 
mond: A cautionary tale,” Spring 
2005 Gems & Gemology, pp. 36-41). 

Recently, three intensely colored 
pink diamonds (0.70-1.05 ct) were 
submitted to the East Coast laborato- 
ry for identification. The colors were 
pink, orangy pink, and purple-pink 
(figure 10). When observed with mag- 
nification and regular diffused light, 
the pink coloration seemed evenly 
distributed, particularly when the 
diamonds were viewed face up. How- 
ever, when the stones were immersed 
in methylene iodide, we saw distinct 
pink color concentrations at the facet 
junctions. With reflected diffused 
light, an iridescent film-like coat- 


Figure 10. The intense pink color of these three diamonds (0.70-1.085 ct) 
proved to be the result of a surface coating. 
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Figure 11. An iridescent film was 
observed on the pavilion facets of 
all three diamonds when viewed 
with reflected diffused light. In 
addition, colorless spots and 
lines were seen on all the coated 
facets. Magnified 60x. 


ing—seen as interference colors on 
the surface—was easily visible on the 
pavilion facets of all three stones (fig- 
ure 11). In addition, we noted random 


colorless spots and lines on all the 
coated facets. Careful examination of 
all three diamonds confirmed that 
the coating was restricted to the 
pavilion; no coating was present on 
the table or crown facets. 

Infrared absorption spectroscopy 
showed that the emerald-cut stone 
(far left in figure 10) was type Ila, 
while the other two stones were type 
IaAB with low-to-high concentra- 
tions of nitrogen. In the UV-visible 
spectra of all three stones (figure 12), 
a broad absorption band was cen- 
tered at ~530 nm, similar to the ~550 
nm absorption band seen in most 
naturally colored pink diamonds. 
However, the peak at ~390 nm, 
which always appears with the 550 
nm band in natural pink diamonds, 
was not present. These spectroscopic 
features supported the visual obser- 
vation that the pink color resulted 
from a coating treatment rather than 
lattice defects, as would be the case 
with natural pink diamonds. As a 
cautionary note, it is possible to get a 


Figure 12. A broad absorption band centered at ~530 nm, similar to the 

~550 nm absorption band in most naturally colored pink diamonds, was 
observed in the UV-visible spectrum of the coated pink diamonds (here, 
type IaAB). However, the peak at ~390 nm, which is typical of natural 


pink diamonds, was not present. 
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good pink color appearance by coat- 
ing diamonds that have a slight 
brown hue; some brown diamonds 
have broad absorption bands at ~550 
and 390 nm, in which case the spec- 
tra of the coated stones will appear 
more “natural looking.” 

Identification of diamonds treated 
in this fashion is usually straightfor- 
ward (see, e.g., E. Miles, “Diamond 
coating techniques and methods of 
detection,” Winter 1963-64 Gems 
& Gemology, pp. 355-364). Never- 
theless, over the years, coated dia- 
monds have occasionally been sub- 
mitted to the laboratory for identifi- 
cation or grading. For example, a 
10.88 ct “pink” emerald-cut dia- 
mond switched with a 9.58 ct Fancy 
pink prior to an April 1983 Sotheby’s 
auction was identified in the GIA 
Laboratory as having been coated 
with nail polish (Summer 1983 Lab 
Notes, pp. 112-113). Using a thin 
blue film to coat diamonds with a 
slight yellow coloration can sub- 
stantially improve their apparent 
color grade (Winter 2003 Lab Notes, 
pp. 315-316). Although we did not 
try to identify the nature of the coat- 
ings on these three diamonds, Evans 
et al. (2005) performed elemental 
analysis on the coating of the pink 
diamond they studied. They sug- 
gested it might be calcium fluoride 
doped with gold. Since sophisticated 
film-coating techniques have long 
been used in the optical industry, 
we suspect that applying such a thin 
film over the pavilion facets of loose 
diamonds can be easily achieved in 
large quantities. We do know that a 
number of coated pink diamonds 
have entered the marketplace 
recently. 

As we have noted previously, it is 
GIA policy not to issue grading 
reports for diamonds treated with 
foreign materials (e.g., coating, frac- 
ture filling], since these treatments 
are not permanent. Accordingly, 
these three stones were returned to 
the client with an identification 
report only. 

Wuyi Wang, Thomas Gelb, and 
Surjit Dillon 
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Diamond with Unusual 
Etch Channel 


Etch channels, which are common in 
natural diamonds (both types I and 
Il), appear in various shapes: from 
narrow hollow triangles and lines, to 
irregular worm-like features. These 
channels usually have rhombic- 
shaped openings at the surface. 

The East Coast laboratory recent- 
ly examined a 2.33 ct J-color round 
brilliant with a very unusual etch 
channel in the pavilion that resem- 
bled a palm tree or hydra (figure 13). 
The diameter of the channel de- 
creased gradually with depth; six 
branches had developed before the 
etching process terminated. 

Infrared absorption spectroscopy 
revealed that the diamond was type 
IaA, with a very high concentration of 
nitrogen and moderately high hydro- 
gen. To investigate if the etch channel 
followed the diamond's growth zon- 
ing, we examined the stone with the 
DiamondView, which uses high-ener- 
gy short-wave UV radiation to indi- 
cate diamond growth patterns. The 
fluorescence image of this diamond 
(figure 14) displayed a complex zona- 
tion, with each zone representing a 
specific growth stage. The difference 
in configuration of the lattice defects 
was well reflected in the variations in 
fluorescence color and intensity, and 
from this it was clear that the etch 
channel had developed within a single 
growth zone. 

Although the mechanisms of 
etch-channel formation are still in 
debate (see, e.g., T. Lu et al., “Ob- 
servation of etch channels in several 
natural diamonds,” Diamond and 
Related Materials, Vol. 10, 2001, pp. 
68-75}, our examination of this dia- 
mond confirmed that the etch chan- 
nels follow localized lattice defects. It 
also indicated that the penetration 
direction of an etch channel may 
change within the same growth zone, 
and the etching process could be 
stopped as it meets other growth 
zones. 

Alina Nemirovskaya 
and Wuyi Wang 
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Figure 13. Resembling a palm 
tree, this unusual etch channel 
was discovered in a 2.33 ct round 
brilliant diamond. Magnified 80x. 


Diamond with Sapphire 

Inclusions 

Diamonds often contain interesting 
suites of inclusions. Because of the 
quantity of diamonds that come 
through the lab, we occasionally see 
mineral inclusions that are very rare. 

Such was the case with a 1.03 ct 
D-color SL, diamond we received (fig- 
ure 15), which revealed several rela- 
tively large included blue crystals 
when examined with magnification. 
Few mineral inclusions in diamond 
are blue, so this immediately sparked 
our interest. Fortunately, some of 
these inclusions reached the surface 
of the stone, so we were able to deter- 
mine their identity with Raman 
analysis. To our surprise, the crystals 
were sapphire. The largest crystal (fig- 
ure 16) measured approximately 0.6 x 
0.6 x 0.2 mm. 

Corundum inclusions in diamond 
are extremely rare. We located only 
three reports of ruby crystals trapped 
in diamonds (H. O. A. Meyer and E. 
Gtbelin, “Ruby in diamond,” Fall 
1981 Gems #& Gemology, pp. 153-156; 
G. Watt et al. “A high-chromium 
corundum (ruby) inclusion in dia- 
mond from the Sao Luiz alluvial 
mine, Brazil,” Mineralogical Maga- 
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Figure 14. DiamondView fluores- 
cence imaging revealed that the 
etch channel formed within a 
specific growth zone, indicating 
that its development was proba- 
bly controlled by localized lat- 
tice defects. 


zine, Vol. 58, 1994, pp. 490-493; M. T. 
Hutchison et al., “Corundum inclu- 
sions in diamonds: Discriminatory 
criteria and a corundum composition- 
al database,” Extended Abstracts, 8th 
International Kimberlite Conference, 
Victoria, British Colombia, June 
22-27, 2003, pp. 1-5), while just a sin- 
gle occurrence of blue sapphire (0.3 
mm in diameter) has been document- 
ed (Hutchison et al., 2003). Of these, 


Figure 15. This 1.03 ct diamond 
contained several large blue crys- 
tals that proved to be sapphire. 
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Figure 16. The largest blue crystal, 0.6 x 0.6 x 0.2 mm, had a mostly 
rounded shape (left, as seen through the pavilion). It reached the surface 
of the crown (right), enabling Raman analysis that showed it to be sap- 
phire. Magnified 40x. 


only one (a ruby; Meyer and Giibelin, 
1981) occurred in a gem diamond, and 
both the diamond (0.06 ct) and the 
inclusion (<0.4 mm) were very small. 
To the best of our knowledge, the blue 
sapphire inclusions described here are 
the first of their kind to be found in a 
gem diamond and represent the 
largest corundum inclusions reported 
in diamond to date. 

The occurrence of syngenetic sap- 
phire inclusions provides insight into 
the environment in which the host 
diamond crystallized. Corundum is 
widely reported to occur as an accesso- 
ry mineral in several types of alu- 
minum-rich, diamond-bearing eclog- 
ite xenoliths found in kimberlites. 
This association suggests that the dia- 
mond was most likely eclogitic and 
formed in a part of the earth’s crust 
that was deeply subducted into the 
mantle. In previous reports of corun- 
dum in diamond (e.g., Hutchison et 
al., 2003), additional mineral inclusions 
suggested a crystallization depth of 
700-800 km in the transition zone or 
lower mantle. 

SFM and Christopher M. Breeding 


IMITATION MELO “PEARLS” 

Recently, the West Coast laboratory 
received two unusual spherical 
objects for identification (figure 17). 
The client had purchased them in 
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Vietnam as rare, nonnacreous Melo 
“pearls,” which are produced by the 
Melo genus of mollusk and are 
notable for their orange color and 
interesting flame structure. Although 
these items had some visual similari- 
ties to Melo “pearls,” they proved to 
be a very different product. 

The first item was a translucent, 
banded, orange-to-white sphere that 
measured 2.7.75-28.05 x 27.15 mm. 
The second was a translucent, band- 
ed, light orange-yellow to orange 
ovoid that measured 27.40-27.65 x 
24.65 mm. Both had a prominent 
banded structure. The sphere had a 
coarse flame structure oriented per- 


pendicular to the banding (figure 18), 
but it was difficult to distinguish any 
flame structure on the ovoid. Al- 
though no dye was removed by swab- 
bing with acetone, low-power magni- 
fication revealed numerous fractures 
and some cavities, both with orange 
dye concentrations (again, see figure 
18). There were also wheel and polish- 
ing marks on the surfaces of the sam- 
ples, which indicated that they had 
been fashioned. Fluorescence was 
moderate to long-wave UV radiation 
and weak to short-wave UV, and was 
a combination of chalky orange and 
yellow; the uneven fluorescence pat- 
terns appeared banded, with either 
spots or swirls. 

Spot R.I’s gave a birefringence 
blink for both samples, with values of 
1.50-1.67 for the sphere and 1.52-1.67 
for the ovoid. The S.G. values were 
2.84 and 2.86, respectively. No absorp- 
tion bands were visible in the desk- 
model spectroscope. 

Coincidentally, we had recently 
completed the identification of a 
true Melo “pearl” submitted by Evan 
Caplan of Omi Gems, Los Angeles 
(figure 19). Although some of the 
properties (such as RI.) overlapped 
with the two other samples, there 
were distinct differences. When 
examined with magnification, the 
26.60 x 25.60 x 25.50 mm (129.81 ct} 
Melo “pearl” also presented a very 


Figure 17. This sphere and ovoid (158.69 and 142.43 ct, respectively) were 
submitted for identification as possible Melo “pearls.” They proved to be 
dyed shell, as evidenced by the prominent banded structure. 
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Figure 18. A close-up image of 
the sphere in figure 17 reveals a 
coarse flame structure oriented 
perpendicular to the banded shell 
structure, and the presence of dye 
concentrations in fractures and 
cavities. 


coarse flame structure, but the sur- 
face was slightly dimpled, especially 
at the bases of these flame struc- 
tures, and there was no banding. It 
had a porcelaneous luster that is also 
characteristic of conch “pearls.” 
(The same high luster was not seen 
in the samples in figure 17.) 

Its UV fluorescence was distinct- 
ly different from that of the other two 
samples as well. When exposed to 
long-wave UV radiation, the Melo 
“pearl” fluoresced a very weak brown 
that was mottled with weak-to- 
strong chalky greenish yellow spots; 
it was generally inert to short-wave 
UV, but also showed weak chalky 
greenish yellow spots. (For a more 
detailed discussion of the gemologi- 
cal properties of Melo “pearls,” 
please refer to K. Scarratt, “’Orange 
pearls’ from the Melo volutes [marine 
gastropods],” in D. J. Content, Ed., 
The Pearl and the Dragon: A Study of 
Vietnamese Pearls and a History of 
the Oriental Pearl Trade, Houlton, 
Maine, 1999, pp. 79-108.] 

Given the differences between the 
two samples and natural Melo 
“pearls” with regard to structure, the 
presence of dye, the UV fluorescence, 
and evidence of fashioning, it was 
obvious that the two samples were 
dyed imitations; the R.I. and banded 
structure indicated shell material. Ken 
Scarratt, of GIA Research in Bangkok, 
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Figure 19. The true nature of the 
imitations appears obvious when 
their structure is compared to 
that of this genuine Melo “pearl” 
(see also figure 28 on p. 310 of the 
Winter 2000 issue of G&G). 


reports that he has seen a number of 
such imitations and that they are 
being produced in Vietnam and 
Myanmar. Some are fashioned from 
actual Melo shells (i.e., those that are 
particularly thick in the whorl), 
whereas others are manufactured 
from the shell of Tridacna gigas (the 
giant clam), which is also being used 
as a source of bead nuclei. However, 
we must reiterate that Tridacna is pro- 
tected by a CITES agreement, and its 
importation is restricted (see the erra- 
tum in Winter 2004 Gem News 
International, p. 357). 

CYW 


MOONSTONE Imitations 
Moonstone, typically an orthoclase 
feldspar that displays the phenome- 
non of adularescence, is a popular and 
comparatively inexpensive gemstone. 
Despite its affordability, we do occa- 
sionally see moonstone imitations. 
We have even seen instances where a 
piece bears an amazing resemblance 
to moonstone, even though it clearly 
was never intended to imitate the 
feldspar. 

The 3.92 ct cushion shape in fig- 
ure 20 was submitted to the West 
Coast lab for identification. When 
viewed face up, it had a slightly yel- 
low bodycolor and what appeared to 
be blue adularescence; it looked very 
similar to albite moonstone from a 
relatively new find in Tanzania (see 
figure 20, right, and Spring 2005 Gem 
News International, pp. 60-61). 

However, microscopic examina- 
tion easily established that the cush- 
ion shape was not a genuine moon- 
stone. An obvious separation plane 
parallel to the girdle identified the 
stone as assembled (figure 21). 
Refractive index readings taken from 
the top and bottom of the stone were 
1.54-1.55, which showed those por- 
tions to be quartz. The source of the 
blue “adularescence” was a thin, 
transparent, foil-like material placed 
in the separation plane (figure 22). 


Figure 20. While visually very similar, these two stones are not the same 
material. The 3.92 ct cushion shape on the left is actually a quartz triplet, 
while the stone on the right is an albitic moonstone from Tanzania. 
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Figure 21. When the triplet in fig- 
ure 20 is viewed through the 
crown, the separation layer along 
the girdle can be seen to be the 
cause of the blue “adulares- 
cence” in this assembled stone. 
Note the scratches in the color 
layer. Magnified 10x. 


Figure 23. Though it bears a 
strong resemblance to moon- 
stone, the stone in this ring actu- 
ally is a very translucent color- 
less jadeite. 


_ 


» 


Figure 22. The central layer of the triplet is easily seen along the girdle. It 
is extremely thin compared to that of most triplets. Magnified 37x. 


When this phenomenon was observed 
through the crown, it created a very 
good imitation of moonstone. If this 
assemblage was bezel set in a ring, it 
could easily pass as a moonstone to 
the unaided eye. 

An “accidental” imitation of 
moonstone, set in a very nice piece of 
jewelry (figure 23), came into the 
West Coast lab several years ago. The 
oval cabochon was highly translu- 
cent, colorless, and appeared to have a 
white adularescence. However, the 
stone gave a spot RI. reading of 1.66, 
and microscopic examination re- 
vealed a fine-grained, somewhat 
fibrous structure that was typical of 
jadeite. With close examination, it 
was evident that the setting was of a 
construction commonly used with 
fine jadeite: a closed-back white metal 
mounting in which the back plate is 
highly polished on the side facing the 
stone. With semitransparent to very 
translucent jadeite, this polished 
backing reflects light back through 


the stone, often giving the appearance 
of an internal luminescence. In this 
case, it gave the jadeite its apparent 
adularescence. 

Though the effect of the reflector 
was clearly intentional, we refer to 
this example as an “accidental” imita- 
tion because it was certainly not 
intended to imitate moonstone. An 
exceptionally translucent jadeite such 
as this one is highly prized and has a 
value many times that of moonstone. 
Since this first encounter, we have 
seen a few similar examples come 
through the lab. 

SFM 
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COLORED STONES AND 
ORGANIC MATERIALS 


Alaskan amber. Few may think of Alaska as a source of 
amber, but the Inuit people have long collected this organ- 
ic gem from northern beach gravels between Harrison Bay 
and Smith Bay on the Arctic Ocean. In Gemstones of 
North America (D. Van Nostrand Co., Princeton, NJ, 
1959), J. Sinkankas noted that locals refer to the amber as 
auma, which translates as “live coal.” 

In 1943, an American soldier stationed in Alaska found 
a 117.8 g chunk of amber (figure 1) while strolling along 
the coast. Subsequent visits to the area yielded other 
smaller amber pieces, wooly mammoth teeth, and ivory 


Figure 1. This Alaskan amber specimen (117.8 g; 78 x 
59 x 36 mm) contains an unusually wide variety of 
trapped insects, some easily visible without magnifi- 
cation. Photo by R. Weldon. 
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tusk fragments. The amber in figure 1 was eventually 
acquired by Barry Schenck of M. M. Schenck Jeweler Inc., 
Chattanooga, Tennessee, who recently loaned it to GIA for 
examination. Mr. Schenck has counted more than 30 
insects trapped inside the piece, as well as other organic 
materials, including an apparent seedpod. GIA subsequent- 
ly purchased the piece (Collection no. 35840). 

Most of the insects were eye-visible, though others 
were best seen with magnification (up to 40x). Prominent 
were a mosquito, spiders, beetles, gnats, ants, and possibly 
a bee (see, e.g., figure 2). Other inclusions consisted of gas 
bubbles and debris that was probably associated with the 
trees from which the amber formed. The specimen also 
contained a network of fissures that are undoubtedly due 
to the stress from numerous freeze-thaw cycles that the 
fossil endured over time. 

Sinkankas (1959) noted that white cedar forests once 
covered vast swaths of the northern hemisphere, includ- 
ing Asia and Alaska. As resins oozed from the trees, they 
trapped a variety of insects. These exudations hardened 
over time, and the fossil resins were incorporated into 
sedimentary deposits. Geologic upheavals and erosion 
exposed these deposits, and in some cases the amber 


Editor's note: The initials at the end of each item identify the 
editor or contributing editor who provided it. Full names and 
affiliations are given for other contributors. 

Interested contributors should send information and illus- 
trations to Brendan Laurs at blaurs@gia.edu (e-mail), 760- 
603-4595 (fax), or GIA, The Robert Mouawad Campus, 
53845 Armada Drive, Carlsbad, CA 92008. Original photos 
will be returned after consideration or publication. 
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come from Brazil. These measure from three 


to five inches in length, and aie 


emerald color. The ‘argest aquaffiarine, in” 


the collection is the unusually perfect Crane 
aquamarine, which weighs 341 ‘cazdts. A 
smaller aquamarine, weighing 137.08 carats, 
from Stoneham, Maine, is the finest found 
thus far in the Upited States. A 34.4 carat, 
step-cut golden” beryl has been recently 
added to the collection. It is a gift of Dr. 
J. D. Willems of Chicago. Dr. Willems, 
an amateur lapidarist, cut and polished the 
specimen himself, The work, however, is of 
professional calibre. 

Like the beryl gems, the collection of 
blue, pink, white and golden cut topazes 


is select and extensive. Uncut topazes, ine 


cluding a gigantic crystal weighing 90 
pounds, are also well represented. 

There is also an excellent assortment of 
the gem varieties of quartz, crystalline and 
cryptocrystalline. Noteworthy among the 
crystalline variety is a rock crystal screen 
showing “The Finding of Moses” elaborately 
and exquisitely carved on a thin section of 
quartz. It is a masterpiece, but like many 
medieval masterpieces it presents a gross an- 
achronism. Pharaoh’s daughters are dressed 
in costumes of medieval princesses, and in 
the background there appear a number of 
castles of types found in the artist's rather 
than Moses’ time. 


Other semi-precious stones—tourmaline, 
Zitcon, garnet, sphene, turquoise, lapis la- 
zuli, jade, rhodonite and a host of others— 
are present in great variety and color. Many 
of these display such brilliancy that one 
may wonder why they are classed as semi- 
precious. “Gems,” such as pearls, amber, 
jet and coral are also exhibited. The col- 
lection of these objects from organic sources 
is also an excellent one. 

The high-grade ornamental stones, such 
as selenite, alabaster, and agate, used more 
for decoration than personal ornament, are 
represented both in the rough, and in cut 
polished and carved form. Among the agates, 
the moss agates are illuminated by trans- 
mitted light, which brings out clearly their 
“landscapes” and other imitative patterns. 


A final interesting feature of the gem 
exhibits is the several varieties of opal. 
From a historic standpoint, the most nore. 
worthy among them is the Sun-God’Opal 
from the collection of Philip Hope. This 
opal was kept in a Persian temple for three 
centuries. The manner of its mounting and 
its traditional name strongly indicate that it 
may have been used in rites connected with 
the worship of the sun. The followers of 
the prophet Zoroaster are sunworshippers 
and Zoroastrianism was the religion of Per- 
Sia previous to the conversion of the Per- 
stans to Mohammedanism. I was told that. 


Some of the filigree jewelry of India. The stones used to lend 
color and beauty on these objects are chiefly pearls and rubies. 


a 
“S 


Figure 2. Viewed with 10x magnification, details of 
the Alaskan amber become evident: A mosquito, spi- 
der, and possibly a bee are permanent neighbors, 
entombed together with hundreds of gas bubbles. 
Photomicrograph by R. Weldon. 


was loosened and tumbled by rivers or washed out to 

sea. Because amber floats in saltwater, it was carried by 

currents and deposited in a random fashion along 
Alaska’s coast. 

Robert Weldon (rweldon@gia.edu) 

GIA, Carlsbad 


Update on iridescent andradite from Mexico. During the 
past few years, additional production of iridescent andra- 
dite has come from the previously known mining area for 
this material that is located about 150-200 km southeast 
of Hermosillo, Sonora, Mexico. After two years of test 
marketing the garnet in Tucson, and a number of trips to 
the mine to purchase rough, Pala International (Fallbrook, 
California) and JOEB Enterprises helped reactivate the 
mine in January 2006. 

The andradite crystals commonly consist of two dis- 
tinct layers: an opaque dark brown core that is overgrown 
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by a layer of transparent greenish yellow material that 
shows the iridescence. Since the layer exhibiting the phe- 
nomenon tends to be very thin (i.e., less than 1-2 mm}, 
pieces of rough are carefully polished to help bring out 
their colors. The polished material exhibits a range of spec- 
tral colors from orange to blue; a few stones also are cha- 
toyant, and some show four-rayed stars. The color display 
is quite dramatic in daylight or with strong incandescent 
illumination; some of the initial material from this locali- 
ty has even been mistaken for black opal (see Fall 1987 
Gem News, pp. 173-174). The visual appearance of the 
material recently recovered is consistent with observa- 
tions reported for earlier production in the Summer 1988 
Gem News section (pp. 120-121). E. J. Gttbelin and J. I. 
Koivula attributed the color display to interference colors, 
and referred to their lamellar appearance as “kaleidoscopic 
stripes” (PhotoAtlas of Inclusions in Gemstones, Vol. 2, 
Opinio Publishers, Basel, Switzerland, 2005, pp. 482-484). 

The garnets are mined from a skarn deposit (figure 3). 
In 2003, local miners using only picks and shovels recov- 
ered enough material to bring two parcels to the U.S. The 
initial parcel consisted of about 20 small crystals ranging 
from 5 to 10 mm in diameter. The miners were encour- 
aged to polish as much of the production as possible for 
the 2004 Tucson gem show, and they subsequently pro- 
duced approximately 100 polished crystal fragments and 
cabochons. Marketed as Rainbow garnet, interest in high- 
er-quality material especially (e.g., figure 4) has been strong 
among designers and collectors. 

John McLean, Pala International’s mine foreman, sub- 
sequently worked with the local mine owners to introduce 
more effective mining methods through the use of explo- 
sives and a compressor to operate a pneumatic jackham- 


Figure 3. The iridescent andradite is mined from a 
skarn deposit, as shown in this boulder. The irides- 
cent garnet is cut from the greenish yellow material, 
which here has been mostly removed, leaving the 
underlying brown garnets. Photo by E. Boehm. 
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Figure 4. These cabochons and polished crystal frag- 
ments of Rainbow garnet (2.38-6.23 ct) are represen- 
tative of recent production from the previously 
known mining area in Sonora, Mexico. Courtesy of 
Pala International & JOEB Enterprises; composite 
photo by C. D. Mengason. 


mer. By the beginning of April 2006, they had achieved 
production of approximately 50 kg of material consisting 
of small crystals with areas of cutting quality. Today, sev- 
eral lapidaries are experimenting with polishing, cutting, 
and carving the material. Because the iridescence is 
restricted to such a thin overgrowth, they must exercise 
extreme caution to avoid cutting through it and exposing 
the dark underlying garnet. Nevertheless, sizable carvings 
have been produced from some of the crystal clusters (fig- 
ure 5). Most of the rough, however, has a finished yield of 
less than 10%, which is lower than the yield from most 
transparent gem rough (usually about 20%). As of June 
2006, approximately 70 finished gems had been produced, 
in sizes ranging from just under 2, ct to more than 20 ct. 
Edward Boehm (joebgem@aol.com) 
JOEB Enterprises, Solana Beach, California 


Two unusual star emeralds. The Gem Testing Laboratory, 
Jaipur, India, recently examined two fine bright green 
emeralds that showed asterism (5.40 and 11.37 ct; figure 
6). Both displayed a weak (though distinct) six-rayed star, 
with the strongest ray aligned parallel to the length of 
the stone. 

The gemological properties were consistent with natu- 
ral emerald: A spot R.I. was measured at around 1.59, the 
hydrostatic S.G. was 2.73, and both specimens exhibited 
the strong chromium absorption spectrum characteristic 
for emeralds when they were examined with a desk-model 
spectroscope. 

Observation of both cabochons with magnification and 
strong fiber-optic lighting revealed minute iridescent 
inclusions in abundance (figure 7). At higher magnifica- 
tion, these inclusions appeared to be hexagonal and trian- 
gular discs or platelets; some were elongated as well, simi- 
lar to knife-shaped rutile silk in corundum (see, e.g., K. 
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Figure 5. At 25.89 ct, this free-form carving is the 
largest fashioned Rainbow garnet known to this con- 
tributor. Carved by Bud Standley (Oceanside, 
California) and courtesy of Pala International, photo 
by Wimon Manorotkul. 


Schmetzer et al., “Asterism in beryl, aquamarine and 
emerald—an update,” Journal of Gemmology, Vol. 29, No. 
2, 2004, pp. 65-71). In transmitted light, the inclusions 
appeared gray, varying from translucent to opaque (figure 
8), whereas they appeared weakly birefringent in cross- 
polarized illumination. 

When the stones were viewed in immersion (using 
bromoform), the inclusions were seen to form cloudy 
planes that were mainly oriented perpendicular to the 


Figure 6. These emeralds (5.40 and 11.37 ct) show 
asterism as well as an attractive green color. Photo by 
G. Choudhary. 
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Figure 7. Magnification of the star emeralds in figure 
6 revealed iridescent hexagonal and triangular 
platelets that are mainly concentrated in planes per- 
pendicular to the c-axis. Although not visible in this 
image, some of the inclusions were elongated. 
Photomicrograph by G. Choudhary; magnified 50x. 


c-axis. These orientations are similar to those seen in 
star corundum. The maximum concentration of inclu- 
sions occurred at the center of both stones, causing the 
central area of the star to appear brightest when the 
stones were viewed with reflected light. Careful exami- 
nation showed that the inclusions within the planes 
were roughly aligned (figure 9); up to three directions of 
alignment could be seen that intersected at approximate- 
ly 60°. This, combined with the elongate habit of some of 


Figure 9. In this view looking down the c-axis of one 
of the star emeralds, two directions of inclusion align- 
ment (oriented at approximately 60°) can be seen. A 
third direction of alignment was also present in the 
samples; combined with the elongate habit of some 
of the inclusions, it was apparently responsible for the 
asterism. Photomicrograph by G. Choudhary; in 
immersion with transmitted light, magnified 35x. 
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Figure 8. When the star emeralds were immersed in 
bromoform and viewed with transmitted light, the 
inclusions in figure 7 appeared gray, with diaphaneity 
varying from translucent to opaque. Photomicrograph 
by G. Choudhary; magnified 50x. 


the inclusions, is apparently responsible for the asterism 
seen in these emeralds. 

Both stones also contained a number of long, tube-like, 
two-phase inclusions parallel to the c-axis (figure 10). 
Other inclusions present were colorless rhombohedrons 
and rounded colorless crystals. 

The source of these stones is not known, but star 
emeralds have been reported from Brazil (Nova Era and 
Santa Terezinha) and Madagascar (Mananjary area; see K. 
Schmetzer et al., 2004, and references therein). Although 
star emerald is unusual, the bright green color of these 
emeralds makes them even rarer. 

Gagan Choudhary (gtljpr_jpt@sancharnet.in) 
Gem Testing Laboratory, Jaipur, India 


Figure 10. Long, tube-like, two-phase inclusions were 
oriented parallel to the c-axis in the star emeralds. 
Photomicrograph by G. Choudhary; magnified 40x. 
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Figure 11. This 9.50 ct euclase from the Chivor emerald 
mine in Colombia is notable for its size and intense 
greenish blue color. Photo by C. D. Mengason. 


Faceted blue euclase from Colombia. The Spring 2003 Lab 
Notes section (p. 42) reported on an attractive crystal spec- 
imen of greenish blue euclase from Pauna, Boyaca District, 
Colombia (also see erratum, Spring 2004 Gems & 
Gemology, p. 65). Another source of blue euclase in 
Colombia is the famous Chivor emerald mine, also locat- 
ed in the Boyaca District, approximately 110 km southeast 
of Pauna. Most of the euclase has been produced sporadi- 
cally from a small area of this mine (i.e., the San Francisco 
tunnel). The site is located about 8 km from the nearest 
town and can only be reached by a four-wheel-drive vehi- 
cle or a helicopter. The euclase was initially found in the 
1980s, when a large amount of emeralds were produced 
from Chivor. The miners did not give much importance to 
the euclase because they lacked knowledge of the material 
and were focused on the important emerald production at 
that time. 

Recently, some fine gem-quality crystals of blue 
euclase have been appearing in the Colombian market, 
and the faceted gems are sometimes seen in parcels of cut 


Figure 12. This 10.00 ct 
fluorite exhibits a dis- 
tinct color change from 
blue in day or fluores- 
cent light to purple in 
incandescent light. 
Photos by N. Sturman. 
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emeralds offered in Bogota. The cut euclase is light-to- 
medium greenish blue, and the stones typically weigh less 
than 2, ct. By contrast, the 9.50 ct Chivor euclase in figure 
11 is notable for its size and intense greenish blue color; 
the rough was reportedly mined in 2005. 

The 9.50 ct euclase was loaned to the GIA Laboratory 
for examination, and the following gemological properties 
were recorded by Shane F. McClure: Color—greenish blue; 
pleochroism—near colorless, light purple, and blue-green; 
R.I—1.650-1.670,; biaxial optic figure; hydrostatic $.G.— 
3.10; fluorescence—inert to long- and short-wave UV radi- 
ation; and no spectrum was observed with the desk-model 
spectroscope. Examination with a gemological microscope 
revealed a large cleavage plane, inclusions of tiny transpar- 
ent colorless crystals, and strong angular graining and asso- 
ciated color zoning. 

In addition to Colombia, gem-quality euclase is 
known from Brazil and Zimbabwe (Summer 1993 Lab 
Notes, pp. 125-126). Nevertheless, euclase remains a rare 
stone. Unless a productive source is discovered in the 
future, the supply of this material will likely remain lim- 
ited to a few sporadic gems destined for museums and pri- 
vate collectors. 

Daniel A. Sauer 
(danielsauer@amsterdamsauer.com) 
Amsterdam Sauer, Rio de Janeiro 


BML 


Color-change fluorite. Fluorite shows a remarkable diversi- 
ty of color, crystal morphology, and optical properties— 
specifically, the UV fluorescence from which its name 
derives—that make it one of the most fascinating minerals. 
Fluorite is known to occur in almost every hue, and often 
exhibits distinct and beautiful color banding/zoning. Some 
fluorite shows a distinct color change. Such was the case 
with a 10.00 ct triangular modified brilliant that these con- 
tributors noticed in the local market. The stone appeared 
medium blue in daylight-equivalent fluorescent light and 
in indirect sunlight, but it changed to a medium purple in 
incandescent light (figure 12). 
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Figure 13. The UV-Vis absorption spectrum of the 
color-change fluorite shows absorption bands centered 
at ~400 and ~570 nm. The transmission windows in 
the blue-green and red regions, and a local absorption 
maximum in the yellow region, are consistent with 
that of other true color-change stones. 


The RI. (1.430) and hydrostatic S.G. (3.18) were con- 
sistent with fluorite, including an irradiated color-change 
fluorite reported in the Summer 2002 Gem News Inter- 
national section (p. 186). Magnification revealed promi- 
nent wavy color banding that was related to fine planar 
zones of minute pinpoint inclusions. Damage to one 
point of the stone (again, see figure 12) revealed the dis- 
tinct cleavage present in fluorite, as did some minor sur- 
face-reaching cleavage fractures. 

With a handheld spectroscope, the fluorite showed an 


Figure 14, These cut stones (2.06 and 5.52 ct) and crystal 
(14 g) of herderite are from northern Pakistan. Courtesy 
of Faroog Hashmi; photo by C. D. Mengason. 
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absorption band in the yellow-orange area of the spectrum 
and some absorption in the violet region. This could be 
seen more clearly in the UV-Vis spectrum (figure 13), with 
absorption bands centered at ~400 and ~570 nm. Con- 
sistent with other true color-change stones, the spectrum 
showed transmission windows in the blue-green and red 
regions and a local absorption maximum in the yellow 
region. As expected given the spectral features, the fluorite 
appeared very strong red through the Chelsea color filter. 
Although fluorite commonly fluoresces to UV radiation, 
this sample was inert, as was the irradiated color-change 
fluorite in the Summer 2002, GNI entry. However, the 
inert behavior of the present color-change fluorite does not 
necessarily indicate that it has been irradiated, since fluo- 
rite does not always show fluorescence. 

The Summer 2002, GNI entry mentioned that no fade 
testing was performed on the irradiated color-change fluo- 
rite described. Similarly, we did not perform fade testing 
on the present fluorite. Although fade testing could reveal 
the presence of unstable color centers that were created 
by exposure to radiation, it could not confirm whether 
this exposure occurred naturally or artificially. 

Nick Sturman (nick@commerce.gov.bh) 
and Abeer Al-Alawi 

Gem & Pearl Testing Laboratory 
Manama, Kingdom of Bahrain 


Herderite from Pakistan. Herderite-hydroxyl-herderite 
[CaBePO,(F,OH]] has been known from granitic pegmatites 
in Pakistan’s Northern Areas for several years. Well-formed 
crystal specimens of herderite from this region are sought 
after by mineral collectors, but the material is rarely trans- 
parent enough to be faceted. In June 2006, Farooq Hashmi 
(Intimate Gems, Jamaica, New York) loaned GIA some 
rough and cut examples of “lime” green herderite that he 
obtained during the past two years in the mineral market 
of Peshawar, Pakistan. The material was represented as 
coming from the Shigar Valley, as well as from the more 
general localities of Skardu and Gilgit, which are common 
gem and mineral trading areas in northern Pakistan. The 
most likely source of the gem herderite is the Kandahar 
mine, Baha, Braldu Valley (about 35 km north of Skardu), 
according to Dudley Blauwet (Dudley Blauwet Gems, 
Louisville, Colorado), who has extensive experience travel- 
ing to the gem and mineral localities of northern Pakistan. 
Mr. Blauwet also indicated that he recently obtained cut- 
table herderite from two additional locations in the Shigar 
Valley area: near Chhappu in the Braldu Valley, and at a 
new mine near Doko in the Basha Valley. 

The two faceted herderites (2.06 and 5.52. ct; figure 14) 
were characterized by one of us (EPQ) for this report; 
the properties of the smaller stone are listed first, as 
appropriate: color—light green and medium-light green; 
pleochroism—both stones showed weak-to-moderate 
green and yellowish green (a third color was not observed); 
diaphaneity—transparent; R.I.—1.587-1.616 and 
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1.586-1.616; birefringence—0.029 and 0.030; hydrostatic 
S.G.—3.02 and 3.04; Chelsea filter reaction—none; fluores- 
cence—weak-to-moderate blue and moderate-to-strong 
blue to long-wave UV radiation, weak violet and moderate 
violet to short-wave UV radiation; and a weak 585 nm 
absorption feature was observed with the desk-model spec- 
troscope for both stones. Microscopic examination of both 
samples revealed moderate-to-strong doubling and numer- 
ous partially healed fractures with negative crystals, some 
of which contained both a liquid and a gas. EDXRF spec- 
troscopy of the larger stone showed major amounts of Ca, 
P, and Sr, and minor Cr, Mn, Y, and Pb. The instrument 
cannot detect Be or F. 

The properties of these Pakistani samples are compara- 
ble to those previously reported for herderite (e.g., Spring 
2004 Lab Notes, pp. 61-62), although their refractive 
indices were somewhat higher. Based on the work of P. B. 
Leavens et al. (“Compositional and refractive index varia- 
tions of the herderite-hydroxyl-herderite series,” American 
Mineralogist, Vol. 63, No. 9-10, 1978, pp. 913-917), the R.L 
values of the Pakistani herderite indicate that the composi- 
tion is near the midpoint between the OH- and F-dominant 
end-members. Such a composition was also inferred from 
an RI. value (ng = 1.610) of a herderite from the Shigar 
Valley area by A. H. Kazmi et al. (“Gem pegmatites of the 
Shingus-Dusso area, Gilgit, Pakistan,” Mineralogical 
Record, Vol. 16, No. 5, 1985, pp. 393-411). Although we 
have referred to the material as herderite in this entry for 
simplicity, the correct mineralogical designation is 
herderite-hydroxyl-herderite. 

BML 


Elizabeth P. Quinn 
GIA GemTechLab, Geneva, Switzerland 


Jeremejevite from Myanmar and Sri Lanka. Jeremejevite 
is a rare gem that is mainly known from Namibia (Cape 
Cross and the Erongo Mountains) and the Pamir 
Mountains of Tajikistan (see K. Scarratt et al., “Jereme- 
jevite: A gemological update,” Fall 2001 Gems &@ 
Gemology, pp. 206-211; Fall 2002 GNI, pp. 264-265). 
More recently, a near-colorless 7.88 ct jeremejevite was 
documented from an additional locality, Madagascar 
(Winter 2004 GNI, pp. 340-341). With only a few sources 
of this rare gem known for many years, it is surprising 
that two more localities for gem-quality jeremejevite have 
just been reported: Myanmar (Burma) and Sri Lanka (fig- 
ure 15). 

The Burmese jeremejevite was recently documented 
by H. Kyi and K. Thu (“A new deposit of jeremejevite from 
the Mogok Stone Tract, Myanmar,” Australian Gem- 
mologist, Vol. 22, No. 9, 2006, pp. 402-405), who pictured 
a 4.35 ct light yellow faceted stone and indicated that 
gemmy crystals can reach 4.0 x 1.3 cm. They reported that 
the jeremejevite ranges from colorless to light yellow and 
was mined from alluvial deposits and associated pegmatite 
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Figure 15. These jeremejevites are from Sri Lanka 
(left, 5.26 ct) and Myanmar (right, 1.34 ct). Courtesy 
of Dudley Blauwet; photo by C. D. Mengason. 


dikes. Their samples came from a pegmatite on Loi-Sau 
mountain, which is located 19 km northeast of Mogok, 
near Pan-tara village; some pink tourmaline and quartz 
crystals were also produced from this mine (K. Thu, pers. 
comm., 2006). According to Bill Larson (Pala International, 
Fallbrook, California), who regularly travels to Myanmar, 
most of the jeremejevite was produced 1-2 years ago. 
Well-formed crystals have been found, with terminations 
that show varying development of pyramidal and basal 
forms (figure 16). 


Figure 16. Jeremejevite crystals from Myanmar are 
prismatic and commonly of gem quality. The crystal 
on the left is 21.6 x 5.4 mm. Courtesy of Bill Larson; 
photo by Wimon Manorotkul. 
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Figure 17. The Sri Lankan jeremejevite contained a con- 
spicuous inclusion formed by angular platelets that 
ranged from white to yellow to orange. This feature 
might have been created by a series of negative crystals 
that were epigenetically iron-stained. Photomicrograph 
by Shane F. McClure; magnified 15x. 


In late 2005, Dudley Blauwet loaned a 1.34 ct Burmese 
jeremejevite to GIA for examination (again, see figure 15). 
The following properties were determined by one of us 
(EAF): color—light yellowish orange; R.I—1.643-1.650; 
birefringence—0.007; hydrostatic $.G.—3.29; and fluores- 
cence—inert to long-wave and weak yellow to short-wave 
UV radiation. No absorption features were observed with 
the desk-model spectroscope. Microscopic examination 
revealed angular growth lines, growth tubes, and two- 
phase inclusions. The R.I. values of this stone fell within a 
slightly narrower range (yielding a lower birefringence) 
than was reported for Burmese jeremejevite by Kyi and 
Thu (2006; n, = 1.640 and n, = 1.653). 

Sri Lankan jeremejevite was brought to our attention 
by Mr. Blauwet in September 2005. He obtained a piece 
of rough that was reportedly from the Ratnapura area, 
and it was subsequently faceted into a 5.26 ct colorless 
gem with an interesting inclusion centered beneath the 
table (again, see figure 15). Mr. Blauwet’s supplier in Sri 
Lanka indicated that several small pieces of colorless 
jeremejevite have been found sporadically in the same 
area over the past few years. Examination of the 5.26 ct 
jeremejevite by one of us (EAF) yielded the following 
properties: color—colorless; R.I—1.640-1.649; birefrin- 
gence—0.009; hydrostatic S.G.—3.29; and fluores- 
cence—inert to long- and short-wave UV radiation. 
Again, no absorption features were observed with the 
desk-model spectroscope. Microscopic examination 
showed that the inclusion under the table consisted of a 
linear arrangement of angular platelets that ranged from 
white to yellow to orange (figure 17). Primary fluid 
inclusions of similar shape have been seen in jeremeje- 
vite crystals previously by J. I. Koivula (pers. comm., 
2005); he suggested that those in the Sri Lankan stone 
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are probably drained negative crystals that have been 
epigenetically iron-stained. No other inclusions were 
observed in this stone. Mr. Blauwet recently informed us 
about another colorless jeremejevite that was found in 
the Ratnapura area in May 2006, which is expected to 
yield a cut stone weighing ~2 ct. 

BML 


Eric A. Fritz 
GIA Laboratory, Carlsbad 


Pink opal from Monte Rosa, Peru. Peru is an important 
producer of a few lapidary materials, especially chryso- 
colla and blue and pink opal from the Acari mine near 
Nazca (460 km south of Lima), as well as “gem silica” 
(chrysocolla-stained chalcedony) from the Lily mine near 
Pisco (J. Hyr8l, “Gemstones of Peru,” Journal of 
Gemmology, Vol. 27, No. 6, 2001, pp. 328-334), 150 km 
south of Lima. Pink opal is a mixture of opal with paly- 
gorskite, and the color is caused by organic compounds 
called quinones (E. Fritsch et al., “Relationship between 
nanostructure and optical absorption in fibrous pink 
opals from Mexico and Peru,” European Journal of 
Mineralogy, Vol. 16, 2004, pp. 743-752). Pink and blue 
opals probably form in volcanic lake environments. 

Pink opal from the Acari mine is typically of 
mediocre quality, and only rarely has it been found in 
homogenously colored pieces large enough to be polished 
into gems. Much better quality material (e.g., figure 18) 
was found in 2002 at Monte Rosa, about 5 km east of Ica 
and 250 km southeast of Lima. At present, about 60 peo- 
ple are using primitive methods to mine the deposit via 
tunnels that reach almost 100 m underground. The satu- 
rated pink opal forms veins up to 30 cm thick. The veins 
sometimes contain very soft, felt-like aggregates of white 


Figure 18. This specimen of pink opal (9 cm long) was 
mined at a relatively new locality in Peru, known as 
Monte Rosa. Photo by J. Hyrsl. 
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palygorskite. Also typical in the opal are cavities, some- 
times with a sparkling surface caused by an overgrowth 
of drusy quartz crystals (figure 19). Some specimens of 
the pink opal are covered by a layer of milky white opal. 
However, the youngest phase of deposition identified 
was a crust of botryoidal colorless hyalite opal, up to 7 
mm thick, which commonly fluoresced green to short- 
wave UV radiation. So far, blue Cu-bearing opal has not 
been found at Monte Rosa. 

Gemological properties were collected on five cabo- 
chons and two pieces of polished rough pink opal that 
were obtained from a local dealer who regularly visits 
Monte Rosa: R.I.—1.475, hydrostatic $.G.—2.18-2.25, 
Mohs hardness—6, and fluorescence—inert to short- 
wave UV radiation and weak pinkish white to long- 
wave UV. These properties are identical to those report- 
ed for the Acari material (Hyr8l, 2001). Powder X-ray 
diffraction analysis confirmed that this material is a 
mixture of opal, palygorskite, and minor chalcedony. 

The Monte Rosa opal is available in large quantities 
(tonnes) from several dealers in Lima and at interna- 
tional gem shows. The relatively large size of the veins 
allows the material to be carved into large objects; an 
attractive fish carving measuring 60 cm in diameter 
was seen by this contributor in Lima. The mine owners 
plan to develop a large open pit, which will help guar- 
antee a steady production of this attractive material in 
the future. 

Jaroslav Hyrs1 (hyrsl@kuryr.cz) 
Kolin, Czech Republic 


Figure 19. Drusy quartz crystals have overgrown the 
pink opal within a cavity in this 7-cm-long sample 
from Monte Rosa, Peru. Note also the surrounding 
layers of milky white opal and the thin crust of botry- 
oidal colorless hyalite opal on the top of this sample, 
which represents the last stage of deposition in the 
vein. Photo by J. Hyrs1. 
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Figure 20. Prehnite from Australia is being mined by 
a new venture, and the higher-quality material is 
being polished into cabochons and faceted stones in 
colors ranging from yellowish green to yellow. The 
cabochons shown here weigh 9.52-45.80 ct, and the 
faceted stones are 1.55 and 7.19 ct. Gift of Robert 
Sielecki-Ausrox/Crystal Universe; GIA Collection 
nos. 32980-32984. Photo by C. D. Mengason. 


Update on prehnite from Australia. The Spring 2001 Gem 
News International section (pp. 71-72) reported on attrac- 
tive gem-quality prehnite from Wave Hill, Northern 
Territories. At the 2006 TGMS show in Tucson, Arizona, 
some new samples of prehnite from this deposit (e.g., fig- 
ure 20) were shown to this contributor by Robert Sielecki 
(Ausrox/Crystal Universe, Port Melbourne, Victoria, 
Australia). Mr. Sielecki reported that in early 2005, his 
company began exploring an area of Wave Hill that had 
been prospected for 30 years by Gerald Pauley, who 
became interested in collaborating on developing the 
prospect. The deposit is located near the small township 
of Kalkarindji on the edge of the Tanami Desert, approxi- 
mately 885 km (550 miles) by road south of Darwin. Mr. 
Sielecki stated that this area is underlain by ancient (early 
Cambrian) flood basalts of the Antrim Plateau Volcanics, 
and there are several minerals produced in addition to 
prehnite: scolecite, calcite, amethyst, smoky quartz, and 
agates. 

So far the prehnite has only been surface collected as 
part of a bulk-sampling program being conducted to 
assess the viability of the deposit for commercial produc- 
tion. A program of pitting and trenching will commence 
shortly, and full-scale mining is planned for late 2006, 
depending on the onset of the rainy season (which will 
limit access to the area). Preliminary results suggest that 
approximately 3% of the prehnite is of sufficient gem 
grade for polishing cabochons or faceted stones, with 95% 
of this yellowish green and the remainder yellow. While 
to date mostly small faceted stones have been cut from 
the weathered surface material, Mr. Sielecki expects to 
recover larger and more transparent rough once mining 
begins. The lower-quality prehnite is being fashioned into 
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Figure 21. The largest cabochon in figure 20 contains 
a conspicuous radiating internal feature that is 
attributed to the fibrous structure of the prehnite. 
Photo by C. D. Mengason. 


beads, carvings, and objects for the metaphysical market. 
Mr. Sielecki has trademarked the yellowish green 
prehnite as “SunJade” and the yellow material as “Golden 
SunJade.” In addition, an unusual green-to-yellow variety 
of prehnite, which contains radial white patterns resem- 
bling flowers, will be marketed as “Flower SunJade.” He 
indicated that the fibrous nature of the prehnite also pro- 
duces chatoyancy or adularescence in some cabochons. 
The largest cabochon with adularescence that has been 
cut so far weighed 61 ct. 

Mr. Sielecki donated three cabochons and two 
faceted stones of the Australian prehnite to GIA for 
examination (again, see figure 20). Since the gemological 
properties of this material were already reported in the 
Spring 2001 GNI entry, these samples were not charac- 
terized for this report. One of these samples contained 
the radial pattern mentioned above (figure 21). Raman 
analysis of the white radial inclusions by GIA research 
scientist Dr. Mike Breeding showed no difference from 
the surrounding prehnite. This indicated that the inclu- 
sions are structural features related to the fibrous nature 
of the material, rather than a foreign mineral. 

BML 


Prehnite from Mali. In 1994, gem-quality garnets were 
discovered in western Mali in the “Zone of Sangafé,” 
about 130 km east of Kayes and 100 km south of the bor- 
der with Mauritania (M. L. Johnson et al., “Gem-quality 
grossular-andradite: A new garnet from Mali,” Fall 1995 
Gems & Gemology, pp. 152-166). Initial mining of allu- 
vial deposits progressed into bedrock, and the mines were 
soon exhausted. More than 13 tonnes of garnet were 
recovered before most operations ceased. However, the 
Kayes region continues to support small-scale mining for 
garnet as well as epidote, chalcedony, vesuvianite, and 
prehnite. In December 2005, two of these contributors 
(RHC and DP) traveled to this region and observed mining 
for prehnite and associated minerals at several localities 
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near the villages of Bendoukou and Diakon. The most 
active locality was Djouga (N14°36’08.2”, W10°14’57.1”), 
located about 5 km north of Bendoukou village. 

Several types of minerals were available in the market 
in Mali’s capital, Bamako, but prehnite and garnet were 
dominant. We saw >1-m-high piles of rough “apple” green 
prehnite, although some of the material was weathered 
and discolored by iron stains. The cobbed prehnite is com- 
monly shipped in 120 kg bags to lapidary factories (mostly 
for beads) in Asia. The prehnite consisted of crusts, balls, 
and intergrown clusters of spheres or hemispheres that 
reached up to 5 cm in diameter but were typically 2-3 cm 
(see, e.g., figure 22). Most of the prehnite was oiled to 
improve its appearance. 

The prehnite is mined from a rather small area cen- 
tered around Bendoukou village. The deposits are associat- 
ed with localized diabase intrusions in the vast sedimenta- 
ry Taoudeni Basin lying north of the Niger and Senegal 
Rivers. The mineral occurrences are hosted within a 
Neoproterozoic (800-600 million years old) sequence of 
sandstones and calcareous rock, which overlay flat-lying, 
aeolian sandstones. The prehnite, epidote, garnet, and 
vesuvianite mineralization is hosted by brecciated calc- 
silicate rocks adjacent to the diabase intrusions. 


Figure 22. Prehnite balls joined with black epidote 
crystals create striking mineral specimens, such as 
this one from the Kayes region of Mali (5.1 cm tall). 
Photo © Jeff Scovil; Laura Delano collection. 
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Over the past three years, prehnite mining has become 
an important part of the economy of Bendoukou. The 
mines—actually, individual shafts—are worked by rudi- 
mentary methods (figure 23) and the material is hand-sort- 
ed on-site. We observed 50-75 independent miners during 
the trip, but the workforce fluctuates according to agricul- 
tural priorities; it grows to several hundred at the end of 
the dry season. There were about 120 shafts within a 200 x 
100 m area, reaching a maximum depth of about 24 m. 
They were dug randomly until prehnite-bearing rock was 
located, and then tunnels radiated outward from the shaft. 
The production included crusts of translucent gray-green, 
blue-green, and yellow-green prehnite up to a maximum of 
10 cm thick, although most are 2-5 cm thick. Many of 
these crusts have flat undersides and had grown on what 
may have been anhydrite crystals that subsequently dis- 
solved. Also found in this area were balls and intergrown 
spherical clusters of prehnite, sometimes intergrown with 
stout, black, prismatic epidote crystals up to about 5 cm 
long (again, see figure 2.2). 

Another area near Bendoukou, called Baga 
(N14°30’34.2”, W10°15’54.9”), produced prehnite crusts 
that varied in color from gray to grayish green. Specimens 
weighing at least 100 kg were produced at this deposit, but 
prehnite mining has ceased because of the poor color. Baga 
is also the source of some very fine epidote specimens, 
with crystals up to about 10 cm, as well as abundant 
small, rhombic dodecahedral yellow-brown garnets, some 
associated with epidote. 

Four polished samples of prehnite from unknown locali- 
ties in Mali were donated to GIA by Dudley Blauwet, and 
were characterized by one of us (EPQ). The samples consist- 
ed of three oval modified brilliants and one cabochon (figure 
24), and they yielded the following gemological properties: 
color—light-to-medium grayish green and yellow; diaphane- 
ity—transparent to semitransparent; R..—n,=1.617-1.619 
and n,=1.643-1.645 from the faceted stones; birefringence— 
0.026; hydrostatic $.G.—2.92—2..93; Chelsea filter reaction— 
very weak red reaction from the three green stones and no 
reaction from the yellow sample; and fluorescence—inert to 
both long- and short-wave UV radiation. No absorption was 
observed with the desk-model spectroscope. These proper- 
ties are comparable to those reported for prehnite by R. 
Webster (Gems, 5th ed., rev. by P. Read, Butterworth- 
Heinemann, Oxford, 1994, p. 361). Microscopic examina- 
tion of the four samples revealed a wavy fibrous aggregate 
structure that sometimes showed a radiating pattern, “fin- 
gerprints,” hazy clouds, and reflective thin films. The yel- 
low prehnite had some weak, irregular color zoning. 


Rock H. Currier (rockcurrier@cs.com) 
Jewel Tunnel Imports 
Baldwin Park, California 


Demetrius Pohl 
Sanu Resources Ltd., Los Angeles 


Elizabeth P. Quinn 
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Figure 23. Djouga is the most active mining area for 
prehnite in Mali. Simple hand methods are used to 
follow the prehnite veins underground for up to 24 m. 
Photo by R. H. Currier. 


Natural sapphire with unusual inclusions. A 3.56 ct blue 
cushion-shaped mixed cut (figure 25) was tested and certi- 
fied at the Gem Testing Laboratory, Jaipur, India. 
Refractive indices of 1.760-1.770 and a hydrostatic S.G. 
value of 3.99 confirmed the stone as corundum. 

With magnification, the sample displayed some unusu- 
al inclusion patterns. Long, parallel needle-like inclusions 
with some curved bends (figure 26, left) were present, 
along with long, slightly wavy fiber- or needle-like 


Figure 24. Although prehnite from Mali is typically 
sold to bead manufacturers, a small amount of the 
production is polished into cabochons and faceted 
stones (here, 17.91 ct and 1.62-2.19 ct, respectively). 
Gift of Dudley Blauwet; GIA Collection nos. 
32974-32977. Photo by Maha Calderon. 
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of late, a Chinese gentieman visited the gem 
room. on successive days for nearly three 
weeks and stood before the Sun-God Opal 
for two hours each day, in deep meditation. 
Apparently, the Chinese gentleman is an 
adherent of Buddhism. His devotion con- 
flicts with my notion that the opal might 
have been worshipped by the Zoroastrians, 
The opal is cabachon cut, one inch long, 


Land three quarters of an inch wide. It is 


carved to represent a human figure which 
is difficult to see because of the “fire.” The 
gem is mounted in an oval-shaped cup of 
gold inscribed with black figures, presum- 
ably of Near Eastern design. Long, taper- 
ing prongs of gold extend radially from it. 
_The resemblance to a miniature sun is 
striking. 

It has been mentioned before that the 
original gem collection was presented to 
the Museum by the late Harlow N. Higin- 
botham. This collection had been assembled 
through ‘the efforts of the noted gemologist, 
the late Dr. George F. Kunz, and had been 
exhibited by Tiffany and Company at the 
World’s Columbian Exposition in 1893. 
The history of the gem collection is thus 
the history of the Museum itself, for the 


At left, Topaz from Alabashka, Ural 
Mts., U.S.S.R. Cut stone weighs 166.85 
carats. Above, view of the central por- 
tion of Gem Room, Higinbotham 
Hall. 


Institution was founded upon the various 
natural history specimens exhibited at the 
Exposition. The gem collection was but 
a part of the whole, and, as is to be ex- 
pected, it has since then grown, keeping 
pace with the overall progréss and growth 
of the Museum. From time to time, pleces 
of gems and jewelry of high value, ob- 
tained by purchase, by Museum expeditions, 
or as gifts from benefactors, have been 
added to the original collection. The most 
notable gitts in recent years were made by 
Mrs. Richard T. Crane Jr., of Chicago and 
by Princé M. Sali of India. The most no- 
table addition resulting from an expedition 
came from the Marshall Field Brazilian 
Expedition, which was led by the late Dr. 
Oliver Cummings Farrington, thé author of 
“Gems and Gem Minerals,” and the first 
head of the Department of Geology in the 
Museum. His lifelong interest in gems and 
gem minerals was a potent factor in the 
steady growth of the collection, which is 
now one of the world’s most comprehensive 
assemblages of gems-and jewels. 
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Figure 25. Magnification revealed some unusual inclu- 
sions in this 3.56 ct sapphire. Photo by G. Choudhary. 


structures (figure 26, right). The visual appearance of both 
was similar to etch channels seen in stones such as scapo- 
lite (Summer 2004 GNI, pp. 172-173) or diamond. Addi- 
tionally, the stone contained a reddish brown to white 
inclusion, with a hexagonal cross-section, that resembled a 
hockey stick (figure 27). Its appearance varied from sugary 
to wavy to cloudy; in some areas, it gave the impression of 
a hollow tube filled with foreign material. 

When viewed at higher magnification using a fiber- 
optic light, the sapphire displayed three directions of 
platelets and short needles that were oriented at approxi- 
mately 60° to one another (figure 28), which indicated nat- 
ural origin. The overall undamaged inclusion pattern indi- 
cated that the sapphire had not been subjected to high- 
temperature heat treatment. 

Gagan Choudhary (gtljpr_jp1@sancharnet.in) 
and Meenu Brijesh Vyas 
Gem Testing Laboratory, Jaipur, India 


Sillimanite from India resembling moonstone. In mid- 
2005, these contributors received an interesting silliman- 
ite (figure 29) that showed an unusual blue-white sheen 
when strongly illuminated in certain orientations. The 
stone was donated to GIA by Scott Davies (American-Thai 
Trading, Bangkok), after he noticed its optical behavior in 
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a large parcel of transparent faceted sillimanites he had 
obtained in mid-2004 in Jaipur, India. 

The 6.65 ct oval modified brilliant displayed a weak-to- 
moderate blue-white sheen that was similar in appearance 
to the billowy adularescence displayed by some moon- 
stones. The following properties were obtained by one of 
us (EPQ): color—light gray; diaphaneity—transparent, 
R.I.—1.661-1.680; birefringence—0.019; hydrostatic 
S.G.—3.26; no Chelsea filter reaction; and inert to both 
long- and short-wave UV radiation. No absorption features 
were observed with a desk-model spectroscope. The prop- 
erties of this stone are generally consistent with those list- 
ed for sillimanite (fibrolite) by R. Webster (Gems, 5th ed., 
revised by P. Read, Butterworth-Heinemann, Oxford, 
England, 1994, p. 337). Microscopic examination revealed 
that the stone contained two-phase inclusions and numer- 
ous fine, parallel, whitish needles. 

Moonstone’s billowy sheen (known as adularescence) 
is caused when light is scattered off very thin alternating 
lamellae of albite and orthoclase feldspars. The exact cause 
of the bluish sheen displayed by this sillimanite is not yet 
fully understood and would require further research. It 
appears to be due to a combination of the scattering of 
light off submicroscopic particles (responsible for the 
bluish color of the sheen) and the reflection of light from 
the numerous fine needles throughout the stone (causing 
the sheen to be strongest in two directions; figure 30). If 
the stone had been cut en cabochon, we believe it would 
have shown chatoyancy. 

Elizabeth P. Quinn (equinn@gia.edu) and BML 


Sphene from Afghanistan. The Spring 2006 GNI section (pp. 
68-69) reported on some “golden” orange sphene from 
Pakistan that has been mined for the past two years. We 
were surprised, therefore, when we recently encountered 
another source of this uncommon gem from the same gen- 
eral region: Badakhshan, Afghanistan. This material was 
brought to our attention by Scott Davies and Dudley 
Blauwet, who both reported that it first appeared in late 
2005 in the gem market of Peshawar, Pakistan. Mr. Blauwet 


Figure 26. Needle-like 
inclusions with curved 
bends (left) and slightly 
wavy needle-like inclu- 
sions (right) in the 3.56 
ct sapphire are possibly 
etch channels. Photo- 
micrographs by G. 
Choudhary; magnified 
25x, 
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Figure 27. This inclusion in the 3.56 ct sapphire, 
which resembles a hockey stick, appears to be a hol- 
low tube that is filled with foreign material. 
Photomicrograph by G. Choudhary; magnified 30x. 


learned that the sphene is mined near the village of “Fargon 
Meeru” (Farghamiri), which is four hours by jeep down the 
Kokcha Valley from the lapis lazuli mines and four hours by 
jeep up from the capital of Badakhshan, Faizabad 
(Feyzabad). 

During a visit to Peshawar in early 2006, Mr. Davies 
was shown approximately 20 kg of rough material (consid- 
erably more than was available at that time from deposits 
in Pakistan). Unlike the Pakistani material, which varies 
from yellow to orange-brown (with rare greenish hues), the 


Figure 29. When viewed with strong lighting in cer- 
tain directions, this 6.65 ct sillimanite showed a 
weak-to-moderate blue-white sheen that is reminis- 
cent of the adularescence displayed by some moon- 
stones. Gift of G. Scott Davies; GIA Collection no. 
32498. Photo by C. D. Mengason. 
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Figure 28. Higher magnification reveals fine needles 
and platelets in the sapphire, which are oriented in 
three directions at approximately 60° to one another. 
They show that the sapphire has not undergone high- 
temperature heat treatment. Also visible is a portion 
of the “hockey stick” inclusion in figure 27. Photo- 
micrograph by G. Choudhary; magnified 70x. 


color of the Afghan sphene he examined fell into a narrow- 
er range of light-to-medium greenish yellow to brownish 
yellow (and, rarely, reddish orange). In addition, while the 
Pakistani sphene was typically seen as broken crystal frag- 
ments, the Afghan rough consisted of smaller but more 
complete crystals, with some showing glassy surfaces. He 
reported that most of the stones he has cut from 1.2. kg of 
selected rough weighed 1-2 ct, with a few in the 3-5 ct 
range, and only six clean gems were over 5 ct. The largest 
clean stone he has cut weighed 8.36 ct. 

Mr. Davies indicated that sizeable clean gems are diffi- 
cult to produce for two reasons: the abundance of inclu- 
sions and the twin plane that is typical of sphene. 
Fractures are common in the sphene, and it must be 


Figure 30. As seen here through the pavilion of the silli- 
manite in figure 29, the blue-white sheen shows linear 
concentrations that correlate to the orientation of par- 
allel needle inclusions. Photomicrograph by James E. 
Shigley; magnified 20x. 
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Figure 31. These brownish yellow to brownish green- 
ish yellow sphenes from Afghanistan (1.28-1.95 ct) 
show the narrow range of color that is typically seen 
in material from this locality. Gift of G. Scott 
Davies; GIA Collection nos. 32908-32912. Photo 

by Candice Grobon. 


faceted so that the twin plane does not intersect the 
crown or it will be easily seen. The twin plane does not 
appear to be a source of weakness; his cutters have not 
reported any breakage along it. Positioning the twin plane 
below the girdle restricts the cutter’s options for orienting 
the rough, and therefore reduces the size of the cut gems 
and decreases the overall yield. For example, Mr. Blauwet 
reported that he was able to facet only about 70 carats of 
clean 4-5 mm round brilliants from 450 grams of rough. 
The bright yellow color and dispersion shown by these 
stones gave a resemblance to yellow diamond. 

Mr. Davies donated five faceted samples (1.28-1.95 ct; 
figure 31) of the Afghan sphene to GIA, and gemological 
properties were collected by one of us (EPQ): color—brown- 
ish yellow to greenish yellow; trichroism—medium yel- 
low, yellow-brown, and yellow-green; diaphaneity—trans- 
parent; dispersion—strong with predominantly red and 
green flashes; R.I—above the limits of a standard refrac- 
tometer; hydrostatic $.G.—3.53-3.54,; Chelsea filter—weak 
pink; and fluorescence—inert to both long- and short-wave 
UV radiation. All of the sphenes displayed a 580 nm dou- 
blet along with a 510 nm line when viewed with a hand- 
held spectroscope. These properties are comparable to 
those reported for sphene by R. Webster (Gems, 5th ed., 
revised by P. Read, Butterworth-Heinemann, Oxford, 
England, 1994, pp. 375-376). Microscopic examination of 
the five samples revealed strong doubling, straight and/or 
angular transparent growth lines, partially healed fractures 
with two-phase negative crystals containing a liquid and a 
doubly refractive crystal (in all but one stone), one or more 
twin planes (in three samples), and a few small crystals (in 
two of the stones). 

EDXRE spectroscopy of three of the samples indicated 
Si, Ca, and Ti, as expected, along with varying amounts of 
Al, Fe, Nb, Zr, and Nd with some Y. Interestingly, these 
sphenes showed a subtle shift in their colors when viewed 
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under different light sources. In both incandescent light 
and natural daylight, three of the stones appeared brown- 
ish yellow and the other two were greenish yellow. But 
when they were viewed with a 5500 K non-daylight- 
equivalent fluorescent light, we observed that the three 
brownish yellow sphenes shifted to brownish greenish 
yellow and the two greenish yellow sphenes changed to 
yellow-green. This shift in color could be due to the inter- 
action between the rare-earth elements in the sphene and 
the emission bands of the fluorescent light. 

We previously reported on a material (manufactured 
glass) that exhibited a “color change” also believed to be 
caused by the interaction of rare-earth elements and cer- 
tain fluorescent light sources (see Winter 2005 GNI, pp. 
364-365). To fully understand this type of “color change,” 
however, more research would be needed. 

Elizabeth P Quinn and BML 


Uvite-dravite tourmaline from Morogoro, Tanzania. At 
the 2006 Tucson gem shows, Menahem Sevdermish of 
Advanced Quality A.C.C. Ltd., Ramat Gan, Israel, showed 
one of us (BML) some new tourmalines from Morogoro, 
Tanzania, that were available in a range of “earth tone” 
colors. The rough was recovered from alluvial deposits in 
January 2005, as waterworn pebbles weighing 0.1-5 grams. 
Most of the rough material (95%) that Mr. Sevdermish 
obtained weighed up to one gram. Larger pieces have been 
recovered, but most were too dark (only about one-third of 
the 2+ gram material was suitable for faceting). He esti- 
mated that an average of about 5-10 kg per month of fine 
facetable material was being produced. The faceted tour- 
malines typically range from 0.25 to 3 ct, although stones 
as large as 15 ct have been cut. 

Six faceted stones (0.93—9.05 ct; figure 32), representing 
the range of color of this tourmaline, were loaned to GIA 
by Mr. Sevdermish, and one of us (EPQ) recorded the fol- 
lowing properties: color—brownish orange, brown-yellow, 
orangy yellow, brownish yellowish green, and yellowish 
green, with one stone appearing bicolored in yellow-green 
and reddish brown due to its cut revealing strong pleochro- 
ism face-up; pleochroism—moderate to strong in brown- 
yellow, brown-orange, yellow-brown, or reddish brown, 
and yellowish green to green; diaphaneity—transparent, 
R.I.—n,=1.641-1.643, n,=1.622-1.623; birefringence— 
0.019-0.021; hydrostatic S.G.—3.05-3.07; Chelsea filter 
reaction—none to medium red; fluorescence—inert to 
long-wave UV radiation and weak-to-strong chalky green- 
ish yellow to short-wave UV (again, see figure 32). The 
properties of this stone are generally consistent with those 
listed for tourmaline by R. Webster (Gems, 5th ed., revised 
by P. Read, Butterworth-Heinemann, Oxford, England, 
1994, pp. 168-169); this reference also mentions the short- 
wave UV fluorescence in tourmaline of this color range 
from Tanzania. Microscopic examination revealed moder- 
ate doubling, straight and angular transparent growth 
lines, pinpoints and small clouds in two stones occurring 
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in linear stringers oriented near-parallel to the c-axis and 
also in three directions at +28° from the c-axis (perpendic- 
ular to the three pyramid faces), and a small semitranspar- 
ent crystal in one stone. 

The six samples were chemically analyzed by electron 
microprobe at the University of Oklahoma, Norman. 
Energy-dispersive X-ray analysis showed that the tourma- 
lines are Ti-bearing solid solutions between the end mem- 
bers uvite and alkali-deficient dravite. Alkali-deficient (or 
alkali-free) dravite is an aluminum-rich theoretical end- 
member in which Al** is accommodated in the normally 
divalent Y site by removal of cations from the X (alkali) 
site (G. Werding and W. Schreyer, “Alkali-free tourmaline 
in the system MgO-AL,O,-B,O,-SiO,-H,O,” Geochimica 
et Cosmochimica Acta, Vol. 48, 1984, pp. 1331-1344). 
Two of the samples were dominated by the alkali-deficient 
dravite component, three were dominated by uvite, and 
one of them was transitional between the end members 
(slightly uvite-dominant). The Ti concentrations (~0.5-1.1 
wt.% TiO,) were higher in the alkali-deficient dravite 


Figure 32. Tourmaline has recently been recovered 
from the Morogoro region of Tanzania in a range of 
“earth tone” colors (top, 0.93-9.05 ct). Chemical 
analysis of these samples revealed that they are 
uvite-dravite tourmalines. The stones display weak- 
to-strong chalky greenish yellow fluorescence when 
exposed to short-wave UV radiation (bottom). 
Courtesy of Advanced Quality A.C.C. Ltd.; photos by 
Candice Grobon (top) and Franck Notari (bottom). 
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Figure 33. This faceted stone (3.70 ct) and cabochon 
(14.97 ct) of triploidite were cut from a portion of the 
rough sample, which was obtained at a local mineral 
market in Guilin, China. Courtesy of John Lucking; 
photo © Jeff Scovil. 


samples. No Fe or other cations were found at the 
detectable concentration of ~0.3-0.5 wt.% on an oxide 
basis. The chemical analyses of these samples indicate 
that gemologists would best refer to them as tourmalines 
in the uvite-dravite series. 

Elizabeth P. Quinn and BML 


Triploidite from China. In August 2004, mineral collector 
John Lucking (Phoenix, Arizona) purchased a reddish 
orange mineral while visiting a local stone market in 
Guilin, China. The dealer represented the material as 
thodochrosite, but the color, luster, cleavage, and hardness 
suggested a different mineral. Mr. Lucking was unable to 
obtain reliable information on the source of the mineral, 
but based on the associated minerals and other material 
that he saw for sale, he believes that it came from the tin- 
polymetallic sulfide deposits near Dachang, Guangxi, 
China. After returning to the U.S., he asked Mark Kaufman 
(Kaufman Enterprises, San Diego, California) to cut a cabo- 
chon and a faceted stone from this material (figure 33). 

In March 2005, Mr. Lucking submitted samples to 
researchers at the Department of Geosciences of the 
University of Arizona, Tucson. Single-crystal X-ray diffrac- 
tion (XRD) and chemical analysis obtained by two of these 
contributors (MJO and RTD) identified the mineral as 
triploidite, which has an idealized formula of 
Mn,(PO,)(OH) and a Mohs hardness of 412-5. Powder 
XRD data and Raman spectra for the sample are available 
on the Internet at http://rruff.geo.arizona.edu/rruff (search 
for RO50186, and click the icon under “Options”). The 
results for both electron-microprobe analysis and a crystal 
structure refinement yielded an empirical formula of 
(Mn, 79M q 15Fe G'o6FeG'95Cap 04) Po.97F€G'03)O.4| OH 67F o 33)- 
The triploidite occurred with quartz (identified by Raman 
spectroscopy], pyrite (identified by XRD), and sphalerite 
(identified by XRD), which is consistent with an origin 
from a hydrothermal mineral deposit. 
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In March 2006, Mr. Lucking loaned the faceted stone 
and the cabochon (3.70 and 14.97 ct, respectively) to GIA, 
and donated some fragments of the triploidite. The follow- 
ing gemological properties were collected by one of us 
(EAF) on the polished samples: color—reddish orange, with 
very weak pleochroism in reddish orange and yellowish 
orange; diaphaneity—transparent (faceted stone) and 
translucent (cabochon), R.I.—1.660-1.679 (faceted stone} 
and a spot reading of 1.66 (cabochon); birefringence 0.019, 
hydrostatic $.G.—3.83 and 3.80; and fluorescence—inert 
to long- and short-wave UV radiation. A cutoff at 420 nm 
and an absorption band at 530-550 nm were seen in both 
samples with the desk-model spectroscope. Microscopic 
examination revealed numerous two-phase (liquid-gas) 
inclusions and fractures. 

The R.L values are lower than those reported for trip- 
loidite in mineralogy textbooks (e.g., 1.723-1.730 for a sam- 
ple with a Mn/Fe ratio of 3.3:1, C. Palache et al., The System 
of Mineralogy, Volume 2, John Wiley & Sons, New York, 
1966, pp. 853-855). However, lower R.I. values are expected 
for triploidite Mn end-member compositions (Palache et al., 
1966}, and this is consistent with the much higher Mn/Fe 
ratio of the gem-quality triploidite reported here. The S.G. of 
triploidite is typically reported as 3.70, which is considerably 
lower than the values recorded in the present study. 
Nevertheless, the density calculated from the crystal struc- 
ture refinement was 3.82, g/cm?, which is quite similar to 
the S.G. values that were measured hydrostatically. 

UV-Vis-NIR spectra of the two samples showed fea- 
tures similar to those noted in the desk-model spectro- 
scope (e.g., figure 34): A strong absorption at 400-420 nm 
(actually a doublet) and a broad peak at approximately 


Figure 34, This UV-Vis-NIR spectrum of the faceted 
triploidite shows a strong absorption at 400-420 nm 
and a broad peak at approximately 520-560 nm, as 
well as a series of absorption features in the UV 
region below 370 nm. 
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Figure 35. Laghman, Afghanistan is reportedly the 
source of these vayrynenites (0.09-0.17 ct). Courtesy 
of Farooq Hashmi; photo by C. D. Mengason. 


520-560 nm. A series of absorption features were also 
recorded in the UV region below 370 nm. 
To our knowledge, this is the first report of gem-quality 
triploidite. 
BML 
Eric A. Fritz 


Marcus J. Origlieri and Robert T. Downs 
Department of Geosciences 
University of Arizona, Tucson 


Vayrynenite from Afghanistan. The Spring 2006 Gem News 
International section (p. 75) documented a faceted vayrynen- 
ite from Pakistan, which had properties comparable to a 
vayrynenite from an unspecified locality that was described 
in the Summer 1994 Lab Notes section (p. 121). Since it is 
such a rare mineral, we were quite surprised when we 
received three more faceted vayrynenites in May 2006, this 
time from a different locality. The stones were supplied by 
Farooq Hashmi, who obtained the rough from Afghan sup- 
pliers in Peshawar, Pakistan; they reported that the material 
came from granitic pegmatites in Laghman Province, 
Afghanistan, but they did not know the identity of the min- 
eral. Over the course of the past two years, Mr. Hashmi saw 
a few parcels of this material in Peshawar, with a total 
weight of up to 20 grams, but only small pieces of gem rough 
were available. He noticed that the Afghan vayrynenite was 
more pink and less orange than the Pakistani material. 

Gemological properties of the three faceted stones 
(0.09-0.17 ct; figure 35) were collected by one of us (EAF): 
color—orangy pink, with orange and pink pleochroism, 
R.1I—n,=1.640-1.642 and n,=1.668-1.770; birefringence— 
0.028; hydrostatic S.G.—3.20-3.25; Chelsea filter reac- 
tion—none; and fluorescence—inert to both long- and 
short-wave UV radiation. An absorption line at 413 nm, 
and weak bands at 435, 465, 505, and 565 nm, were visible 
with the desk-model spectroscope in the two larger stones. 
With magnification, all three stones had numerous frac- 
tures and chips, and the largest vayrynenite also contained 
a “fingerprint.” EDXRF spectroscopy recorded the expect- 
ed Mn and P, as well as minor amounts of Fe. 

The n, and birefringence values of the Afghan vayrynen- 
ite were somewhat higher than those reported in the two 
Gems & Gemology entries referenced above, but they are 
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Figure 36. This 2.95 ct pale blue gem was identified 
as a flame-fusion synthetic sapphire treated by a dif- 
fusion process. Photo by G. Choudhary. 


still consistent with the values given for vayrynenite in 
mineralogy textbooks. The absorption in the blue-green to 
green region of the spectrum (i.e., at 500-570 nm) was 
somewhat different from the absorption features reported 
previously. While the Pakistani vayrynenite was also 
described as orangy pink, slightly more pink color was seen 
in these Afghan stones, which is consistent with Mr. 
Hashmi’s observations. 

BML and Eric A. Fritz 


Figure 37. When viewed with immersion, the blue 
color in the 2.95 ct synthetic sapphire is concentrat- 
ed along facet junctions, which is an indication of 
diffusion treatment. Also note the large surface- 
reaching fingerprint inclusion. Photomicrograph by 
C. Golecha. 
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SYNTHETICS AND SIMULANTS 


Diffusion-treated synthetic sapphire. Recently, a 2.95 ct 
transparent blue oval mixed cut (figure 36) was submitted 
for identification to the Gem Testing Laboratory, Jaipur, 
India. Initial testing produced values of R.I—1.763-1.772; 
birefringence—0.009; uniaxial negative optic sign; and 
hydrostatic S.G.—3.99. These were consistent with either 
natural or synthetic sapphire. 

When exposed to short-wave UV radiation, the speci- 
men showed a strong patchy chalky blue fluorescence fol- 
lowing the crown facets. The pavilion was inert, although 
a weak internal glow was observed through the pavilion 
that is commonly associated with synthetic material. 
There was no reaction to long-wave UV. Such an overall 
result could indicate the presence of an assembled stone. 
However, no other features were detected (such as a sepa- 
ration plane) that might indicate a composite material. 

With magnification and immersion of the stone in bro- 
moform, a slightly wavy “fingerprint” inclusion was 
observed that was oriented almost parallel to the optic axis 
(figure 37). On careful examination at higher magnifica- 
tion, this fingerprint appeared to be made up of opaque, 
dark, nonreflective flux-like particles arranged in linear 
and square-shaped patterns (figure 38). A similar but small- 
er fingerprint was seen inclined to the first; both reached 
the surface of the stone. No other inclusions were visible. 

Further examination with diffuse illumination con- 
firmed the source of the blue color. The patchy, shallow 
coloration and its confinement to the facet junctions 


Figure 38. This fingerprint inclusion in the synthetic 
sapphire consists of unusual square-shaped arrange- 
ments of flux particles. The linear trails are some- 
what similar to rows of mineral inclusions in natural 
stones. The flux was apparently trapped in surface- 
reaching fractures during the diffusion treatment. 
Photomicrograph by C. Golecha; magnified 35x. 
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Figure 39. Plato lines are seen when the synthetic 
sapphire is viewed between crossed polarizers in the 
optic-axis direction while immersed in bromoform. 
This feature is strongly indicative of Verneuil syn- 
thetic sapphires. Photomicrograph by G. Choudhary; 
magnified 40x. 


indicated that the specimen owed its color to a diffusion 
process (again, see figure 37). No curved color banding or 
angular color zoning was present, which would have been 
expected if the color was inherent to the sapphire, synthet- 
ic or natural. Since the use of flux is common with high- 
temperature heat treatment (which is typically required 
for diffusion treatment), we concluded that a pre-existing 
fracture may have trapped flux during the diffusion pro- 
cess. However, the square-shaped patterns of the flux par- 
ticles were highly unusual. 

The specimen, still immersed in bromoform, was then 
examined between crossed polarizers. When viewed down 
the optic axis, distinct Plato lines were observed (figure 
39), which are highly indicative of a Verneuil synthetic ori- 
gin (see Spring 1999 Gem News, pp. 58-59; S. Elen and E. 
Fritsch, “The separation of natural from synthetic color- 
less sapphire,” Spring 1999 Gems & Gemology, pp. 


Figure 40. All of the 
ruby rondelles in this 
necklace (13-23 mm in 
diameter) proved to be 
lead-glass filled. Photo 
by H. A. Hanni, © SSEF 
Swiss Gemmological 
Institute. 
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30-41). This feature consisted of two sets of lines (with 
one set being more prominent than the other) that formed 
a crisscross pattern in certain portions of the specimen. 
Plato lines have traditionally been seen only in pale-col- 
ored flame-fusion synthetic sapphires, and this is consis- 
tent with this sample since the blue color was a result of 
the surface diffusion treatment of a pale starting material. 

Synthetic materials with natural-appearing features are 
encountered from time to time (see, e.g., Spring 1991 Lab 
Notes, p. 45; K. Schmetzer and F. J. Schupp, “Flux-induced 
fingerprint pattern in synthetic ruby: An update,” Spring 
1994 Gems # Gemology, pp. 33-38; Fall 1996 Lab Notes, 
pp. 211-212; Fall 2003 Gem News International, pp. 
239-240). However, this is the first time we have seen flux 
inclusions trapped in a square-shaped arrangement. The 
cause of such an unusual inclusion pattern, as well as the 
unusual fluorescence characteristics, is unclear. Any sug- 
gestions or comments that might help explain these fea- 
tures are welcome. 

With other standard gemological properties being simi- 
lar, magnification is the key to separating natural from 
synthetic gemstones. However, the several reports of mis- 
leading natural-appearing features in synthetic materials 
reinforce the importance of careful examination. 

Acknowledgment: The author is grateful to Gagan 
Choudhary, assistant director of the Gem Testing 
Laboratory, Jaipur, for his helpful discussions. 

Chaman Golecha (chaman_golecha@yahoo.com) 
Gem Testing Laboratory, Jaipur, India 


TREATMENTS 

Lead glass-filled ruby bead necklace. Gem trade fairs pro- 
vide an excellent opportunity to screen gem materials 
currently in the market. During the recent BaselWorld 
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Figure 41. With magnification, numerous gas bubbles 
are apparent in the glassy substance filling fractures, 
twin planes, and cavities in this ruby bead. 
Photomicrograph by H. A. Hanni, © SSEF Swiss 
Gemmological Institute; magnified 15x. 


fair, the SSEF Swiss Gemmological Institute received a 
ruby necklace for an identification report. The necklace 
consisted of 41 translucent “raspberry” red rondelles 
with a total weight of 290 grams (figure 40). A microscop- 
ic inspection revealed the presence of undamaged inclu- 
sions such as rutile and negative crystals, indicating that 
the beads had not been subjected to high-temperature 
heat treatment. 

However, further examination with the microscope 
showed evidence of glass filling, such as faint bluish 
flashes and gas bubbles throughout the beads. In addi- 
tion, many fractures, twin planes, and cavities were 
filled with a glassy substance (figure 41). Some of the 
cavities even contained more than one gas bubble, 


Figure 43. These semitranslucent ruby crystals from 
an East African source are typical of the material 
used for lead-glass filling. Photo by H. A. Hanni, © 
SSEF Swiss Gemmological Institute. 
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Figure 42. This ruby bead contains filled fractures 
and twin planes, as well as cavities with multiple gas 
bubbles. Photomicrograph by H. A. Hanni, © SSEF 
Swiss Gemmological Institute; magnified 30x. 


another sign that the beads were glass filled (figure 42). 
The presence of the undamaged natural inclusions was 
not surprising, since modern fissure treatment in rubies 
can be done with lead-bearing glass at lower tempera- 
tures than are commonly used with the traditional 
borax process. Although the yellowish color in the larger 
cavities that is characteristic of lead-glass filling was not 
evident, analysis of the rondelles with EDXRF spec- 
troscopy did reveal the presence of Pb in addition to the 
expected Al, Cr, Fe, and Ga. 

While in Kenya recently, this contributor had the 
opportunity to see large amounts of rough Tanzanian 
corundum that was intended for lead-glass treatment in 
Thailand (figure 43). The tabular crystals were closer to 
pink sapphire than ruby, but filling of porous material usu- 
ally causes an increased saturation of the color. 

HAH 


ANNOUNCEMENTS 


AGTA Spectrum Awards competition. The 2007 AGTA 
Spectrum Awards will recognize outstanding colored gem- 
stone and cultured pearl jewelry designs from North 
America, as well as achievements in the lapidary arts. 
Winning entries will be displayed and award recipients 
honored at the 2007 AGTA GemFairs in Tucson and Las 
Vegas. The entry deadline is September 22; the competi- 
tion will be held in New York City during October. For 
entry forms and more information, visit www.agta.org or 
call 800-972-1162. 


NAJA conference scholarship. The National Association 
of Jewelry Appraisers is offering a scholarship for gemology 
students who are interested in exploring a career in gem 
and jewelry appraising. Open to GIA, FGA, FGAA, FGG, 
and FCGmA students, the scholarship covers the confer- 
ence fee for NAJA's 27th Annual Winter Educational 
Conference January 29-30, 2007, in Tucson. Applications 
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are available at www.najaappraisers.com or by fax to 
718-997-9057. The submission deadline is November 1, 
2006, and the selection will be announced December 1. 


Conferences 

Gems at IAGOD. The 12th Quadrennial International 
Association on the Genesis of Ore Deposits symposium 
will be held on August 21-24, 2006, in Moscow, Russia. 
The program will include symposia titled “Genesis of 
Gem Deposits” and “Genesis of Diamonds.” A field trip 
to diamond placer deposits of the Central Ural Mountains 
will take place on August 25-31. Visit www.iagod.sgm.ru 
or e-mail iagod@sgm.ru. 


Goldschmidt 2006. 16th Annual V.M. Goldschmidt 
Conference will take place August 27-September 1 in 
Melbourne, Australia. This important geochemistry confer- 
ence will feature a session titled “The deepest lithosphere 
and beyond: Diamonds and related research, a session in 
honour of Jeff Harris.” Visit www.goldschmidt2006.org or 
e-mail goldschmidt2006@tourhosts.com.au. 


Diamond 2006. The 17th European Conference on 
Diamond, Diamond-like Materials, Carbon Nanotubes, 
and Nitrides will be held September 3-8 in Estoril, 
Portugal. Presentations on the growth, processing, and 
characterization of diamond will be given at this meeting. 
Visit www.diamond-conference.elsevier.com or e-mail 
Nina Woods at n.woods@elsevier.com. 


Santa Fe Symposium changes venue in 2006. The 20th 
annual Santa Fe Symposium on jewelry manufacturing 
technology will be held in Nashville, Tennessee, on 
September 10-13. Visit www.santafesymposium.org. 


Minerals, Magmas and Megastructures. Diamonds will be 
among the topics included at the 2006 Geological Society 
Fermor Meeting, titled Minerals, Magmas and 
Megastructures, which will be held at the Natural History 
Museum in London on September 13-15, 2006. Visit 
www.geolsoc.org.uk/fermor2006. 


Clasp: A Convergence of Jewelers. This new conference 
aimed at small manufacturers, metalsmiths, jewelry 
designers, and bench jewelers will be held September 
15-17 in Nashville, Tennessee. The educational program 
will cover all aspects of the art, methodology, and business 
of jewelry making, from design to marketing. Visit 
http://secure.lenos.com/lenos/riogrande/clasp. 


Hong Kong Jewellery & Watch Fair. Held at the 
AsiaWorld-Expo (September 18-23, 2006) and the Hong 
Kong Convention & Exhibition Centre (September 
19-23), this show will also host GIA GemFest Asia (on 
pearls) on Thursday, September 21. RSVP to giahk@netvi- 
gator.net, or call +852-2303-0075 in Hong Kong. A num- 


188 GEM NEWS INTERNATIONAL 


ber of educational seminars are also planned. For more 
information visit www.jewellerynetasia.com/exhibitions. 


Gem and Mineral Conference in China. The 1st International 
Minerals & Gem Crystal Conference and Exhibition will be 
held October 9-10 in Beijing. The program includes educa- 
tional seminars on gem and mineral localities, collecting, and 
marketing in China, and optional visits to gem mines in 
Hunan Province. Visit www.aaamineral.com/Minerals/ 
conference/conference_details.asp. 


Exhibits 


Upcoming GIA Museum Exhibits. Beginning August 27, 
2006, in conjunction with the 4th International Gemolo- 
gical Symposium, the GIA Museum in Carlsbad will pre- 
sent “Celebrating Excellence in Gems & Jewelry,” an exhib- 
it featuring mineral specimens, finished gems, jewelry, and 
jeweled objects that are superlative examples of their type or 
have special provenance or historic significance. This exhib- 
it will remain open until November 30, 2006. 

During the International Gemological Symposium, there 
will be additional exhibit areas open throughout the 
Institute, including a display of important and historic dia- 
mond replicas from Graff; photos by noted photographers 
Harold & Erica Van Pelt, Tino Hammid, and Robert Weldon; 
and gems and jewelry from the GIA Collection; these will 
remain on view until March 2007. 


King Tut Returns. “Tutankhamun and the Golden Age of 
the Pharaohs,” an exhibition of more than 130 artifacts 
from the tomb of King Tut and other royal tombs in 
Egypt's Valley of the Kings, are on display at the Field 
Museum in Chicago through January 1, 2007. Among the 
items included are a gem-studded gold diadem and a jew- 
eled pectoral ornament. Only a few of the artifacts in this 
exhibit were part of the famed 1977 exhibition, and many 
have never traveled outside Egypt. Visit www.kingtut.org. 


ERRATA 

1. The biography for Dr. Wuyi Wang in the Spring 2006 
Most Valuable Article Award section (p. 3) should have 
read, “Wuyi Wang is a research scientist for GIA Research 
and Identification in New York. He holds a Ph.D. in geolo- 
gy from the University of Tsukuba in Japan, and has con- 
siderable experience in studying diamond geochemistry.” 
Gems &) Gemology regrets the error. 


2. In the Spring 2006 article by S. F. McClure et al., 
“Identification and durability of lead glass—filled 
rubies,” the carat weight given in figure 5 on p. 26 was 
in error. The correct weight of the stone is 2.31 ct, as 
stated on p. 33. We thank Brent Malgarin, Elegant 
Gems Ltd., Spokane, Washington, for bringing this to 
our attention. 
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The Heartless Stone: A Journey 
through the World of Diamonds, 
Deceit and Desire 


By Tom Zoellner, 294 pp., publ. by 
St. Martin’s Press, New York, 2006. 
US$24.95 


The mystique and value of diamonds 
is a double-edged sword, inspiring the 
passions that help fuel an industry 
with $65 billion in worldwide sales 
while engendering a great number of 
myths and not-so-noble emotions. 
Like several other mainstream books 
about diamonds, The Heartless Stone 
offers a pastiche of history, myth, 
assumption, fact, and misinformation 
into an engagingly written stew. The 
book describes diamond mining in 
Canada, Brazil, Angola, and Russia; 
provides an overview of “The Cartel” 
(the De Beers Diamond Trading 
Company); and examines diamond 
cutting in India as well as consumer 
markets of the U.S. and Japan. 
Unfortunately, much of this informa- 
tion is inaccurate. 

Typical of how information is 
presented in this book is the first 
chapter, in which the author juxta- 
poses his own ill-fated engagement 
and the diamond that sealed it with 
the history of the Central African 
Republic (CAR). He recounts the 
sociopolitical troubles of the CAR 
from its French colonial past through 
the reign of Emperor Bokassa in the 
1970s and ’80s, in the process main- 
taining that the republic is part of the 
“conflict diamonds” trade. Zoellner’s 
choice of the CAR as an example is 
odd, given that the country, while 
governed badly, has not experienced 
widespread conflict or civil war. Nor 
has it ever been named by the United 
Nations, Kimberley Process, or any 
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nongovernmental organization as a 
source of conflict diamonds—its 
economy, for the most part, is sus- 
tained by foreign aid. 

Even more problematic is his 
statement that conflict diamonds 
comprise 14% of the stones in the 
market. In reality, at the peak of the 
Angolan and Sierra Leone civil wars, 
conflict diamonds represented be- 
tween 4% and 5% of all diamonds in 
the market. Illicitly traded diamonds, 
those smuggled or under declared to 
avoid taxes, made up an estimated 
14% before the 2003 Kimberley 
Process forced accountability. 

In the chapter on the U.S. dia- 
mond market, titled “The Big 
Nothing,” the author states that the 
markup on diamond engagement 
rings and other diamond jewelry “is 
nothing short of outrageous,” adding 
that the term keystone was developed 
“several years ago” as a euphemism 
to disguise this fact. Of course, key- 
stone has been in use for many 
decades, and retail jewelry profit mar- 
gins are in fact in line with those of 
similar consumer products such as 
apparel and sporting goods. Mall jew- 
elers, Zoellner says, “have the power 
to foist some of the worst deals onto 
the consumer thanks to their mam- 
moth volumes,” failing to note that 
those same jewelers typically pay 
5-6% assessments on gross sales as 
part of their mall lease agreements. 
Zoellner does discuss the impact of 
the Internet but fails to note how 
deeply it has cut into the margins on 
diamond solitaires. 

The chapter on India, “The Stone 
Mills,” asserts on page 213 that chil- 
dren constitute 10% of the workforce 
in the country’s diamond industry, 
citing a 1997 statement from the 
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International Confederation of Free 
Trade Unions—which at the time 
represented the Belgian diamond 
workers’ unions in bargaining for 
benefits in the face of Indian compe- 
tition. Four pages later, however, 
Zoellner credits the same source for a 
statement that “20% of India’s [dia- 
mond] workers were underage.” In 
reality, an independent survey of 
India’s diamond labor force conduct- 
ed by Ferguson Associates in 2003 
found that less than 3% of India’s 
diamond workers were under 15 
years old, and many of these were 
apprentices of family-run businesses. 
The author also fails to point out that 
the great majority of India’s diamond 
workers earn wages well above the 
national average, and that in recent 
years Surat has made a dramatic 
transformation from one of the most 
poverty-stricken cities in India to a 
center of budding prosperity (as a 
recent visit by this reviewer attests]. 
Old myths long established as 
apocryphal, such as the “Belgian” 
(Asscher was Dutch) who cleaved the 
Cullinan diamond fainting after he 
struck the first blow (there is no evi- 
dence this occurred), are presented as 
fact. At the same time, newer myths, 
such as De Beers crushing the 
attempt to develop the Crater of 
Diamonds deposit in Arkansas into a 
viable mine, are given new life. On 
the latter, Zoellner spends pages 


*This book is available for purchase 
through the GIA Bookstore, 5345 
Armada Drive, Carlsbad, CA 92008. 
Telephone: 800-421-8161; outside 
the U.S. 760-603-4200. Fax: 760- 
603-4266. E-mail: myorder@gia.edu 
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Fundamental Problems 
of Light 


PART II 


DAVID H. HOWELL, C.G. 


INTERFERENCE 

Ros our thoughts to the con- 

cept of “elastic solids” for the propaga- 
tion of light, we may visualize what will 
happen when two elastic particles strike 
each other, their masses being different.” 
If the lighter particle strikes the heavier 
particle it will drive the heavier particle 
forward, but it will itself rebound so that 
its own motion will be suddenly reversed. 
Since a sudden reversal of a moving par- 
ticle’s motion corresponds to a change of 
PHASE of 1%4 Wave-length, or 180°, we 
can conceive that when a light wave mov- 
ing in air strikes a denser medium such as 
glass, the refracted ray will be in the same 
phase as the incident ray, BUT the reflected 
ray will undergo.a sudden change in phase, 
equivalent to the loss of half a wave length 
at the moment of teflection. 

If a heavier particle strikes a lighter, then 
the lighter particle is driven forward, but 
the motion of the heavier particle continues 
in its original direction. So that, in the case 
of a wave of light traveling in a denser 
medium and meeting a surface sepatating 
this medium from a less dense one, there 
will be no change in phase in either the 
refracted or reflected wave. This is shown 
in Figure 5. At the extreme left a vertical 
ray AO strikes the glass surface at MN, 
instantly part of the light is reflected back 
to A and its phase is changed 180°. (Broken 
line is reflected phase). That refracted and 
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passing into the glass begins a new set of 
vibrations which then proceed through the 
glass with the same phase as they had in 
air. This ray again re-enters air and since 
it is passing from a denser into a lighter 
medium there is no alteration in phase 
relationship. 

In the right hand portion of Figure 5, at 
the bounding surface MM, we see illus- 
trated an advancing ray AO incident at M, 
refracted at the point O and traveling thence 
to O' where part is reflected back within 
the glass towards O” and part re-entering 
the air at O’ and proceeding on to C. The 
curved line along this path of travel repre- 
sents the Phase of the vibrations in this 
ray AOO'C. It will be noted that there is 
no alteration in the phase of the vibration 
when the ray is reflected into the glass nor 
when it is reflected at the point O'. This 
follows the law of phase behavior. 

Now let another ray A’O”, with the 
same phase as ray AO, be incident upon 
MN at O” and strike with the same angle 
as AO. Part of this ray will be reflected at 
O” and travel towards B’ and part will 
enter the glass (not shown for clarity of 
drawing). The reflected ray O”B’ will suf- 
fer a phase reversal of 180°. This is illus- 


(Continued to page 114) 


*A Textbook of Physics—W. Watson, Long- 
mans, Green and Co., London, 8th Edi- 
tion, P. 543. ‘ 
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discussing the alleged potential of the 
“kimberlite” (actually lamproite) 
deposits at Murfreesboro despite 
extensive bulk sampling performed in 
the late 1990s by the state of 
Arkansas (which he dismisses as a 
few “core samples”) that clearly 
established the deposit as uneconomic 
(about 1.1 ct/100 tonne at $12.30/ct; 
see D. P. Dunne, “Diamond eco- 
nomics of the Prairie Creek lamproite, 
Murfreesboro, AR, USA,” Ore Geology 
Reviews, Vol. 22, No. 3-4, 2003, pp. 
251-262). 

No one disputes that conflict dia- 
monds remain an issue today: Even 
at less than 1% they are too numer- 
ous. And certainly not every dia- 
mond worker in India finds prosperi- 
ty and not every consumer in the 
USS. gets a great deal on a diamond. 
But these facts must be considered 
against the whole picture, which was 
not offered here. The tragedy of this 
book is that, like his literary prede- 
cessors Edward Jay Epstein, Matthew 
Hart, and Janine Roberts, Zoellner 
possesses the skill and drive to pro- 
duce a work that could have lasting 
value, but instead chose to perpetu- 
ate misinformation. 

RUSSELL SHOR 

Gemological Institute of America 

Carlsbad, California 


Making the Most of 
Your Flex-shaft 


By Karen Christians, 96 pp., illus., 
publ. by MJSA/AJM Press and the 
Ganoksin Project, Providence, RI, 
2006. US$34.95 


As Karen Christians states in her new 
book, one of the first power tools a 
new jeweler should purchase is a flex- 
shaft. This lightweight device’s elec- 
tric motor powers a flexible shaft that 
drives an assortment of rotational 
tools such as burrs and drills, or oscil- 
lating tools such as hammers. Making 
the Most of Your Flex-shaft is a clear- 
ly written, easy-to-understand guide 
to this important jewelry manufactur- 
ing tool. 
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Christians takes the time to care- 
fully show how the electric motor of 
the flex-shaft works, right down to 
internal views and schematics. 
Explaining torque vs. rpm or the rela- 
tionship between volts and ohms can 
be difficult, but she succeeds in using 
analogies to make it easy for the read- 
er to understand the inner workings 
of the machine. She also gives a brief 
history lesson on the inventors of the 
flex-shaft and chuck key (the tool 
used to tighten and loosen attach- 
ments on the handpiece). 

Christians then explains why dif- 
ferent models of the flex-shaft may fit 
different uses more or less effectively. 
Using this book as a guide, jewelers 
looking to purchase a flex-shaft will 
be able to choose a unit whose motor 
size will best suit their needs. 

Of course, the flex-shaft itself is 
only half the equation, the other 
being the tool that is attached to it. 
There are innumerable varieties of 
tools that can be used for operations 
such as cutting, grinding, texturing, 
and polishing, and each can be made 
from a range of different materials. 
Depending on the type of metal being 
worked or the speed being used, the 
right tool may be made from high- 
speed steel, from carbide, or from 
another material. Christians uses a 
handy chart to categorize the different 
operations a user may need to pre- 
form, and recommends the specific 
tool or variety of tools that is best for 
each. This can be of tremendous 
value to a beginner and can prevent 
the purchase of costly tools that will 
never be used. The category of polish- 
ing tools itself is so large that it has 
its own chart to explain all the differ- 
ent varieties a jeweler may need. 

In addition to the basics of the flex- 
shaft and its uses, there is some very 
helpful information on various add-on 
tools that are available, such as tools to 
assist in the stone setting process, wax 
carving jigs, and drill press attach- 
ments. This information on items that 
are clamped on or attached to the hand 
pieces is of value to the intermediate- 
level jeweler as well, and shows the 
flexibility of this tool platform. 
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Possibly the most important sec- 
tion of the book covers the mainte- 
nance that these fairly simple 
machines require. The flex-shaft is a 
relatively expensive purchase for a 
beginning jeweler, and good mainte- 
nance will greatly extend its operating 
life. Christians is very specific on the 
required lubrication and cleaning, and 
even the changing of the motor brush- 
es, to ensure optimal performance. 

Finally, a few choice tips and tricks 
on using the flex-shaft in unusual 
ways that even a seasoned jeweler 
may find useful are added near the end 
of the book. 

Overall, this is a very useful and 
easy-to-understand text covering the 
operation and maintenance of one of 
the most frequently used tools in the 
jeweler’s arsenal. I would recommend 
it for beginning- to intermediate-level 
jewelers. 

MARK MAXWELL 

JA Certified Master Bench Jeweler 

Gemological Institute of America 

Carlsbad, California 


Charming: The Magic of 
Charm Jewelry 


By Deborah Alun-Jones and John 
Ayton, 112 pp., illus., publ. by 
Thames & Hudson Inc., New York, 
2005. US$19.95* 


Judging from the attention they have 
received in the fashion media, charm 
bracelets have once again become de 
rigueur for the stylish woman. Yet for 
as long as there has been personal 
adornment, charms have been worn. 
Because charm jewelry often com- 
memorates important events in the 
wearer's life or represents personal 
beliefs, charms tend to have high sen- 
timental value. 

This book offers a lovely look at 
charms, their history, and the reasons 
they are worn. Heavily illustrated 
with photographs of wonderful 
charms and women wearing charm 
jewelry, it is broken into six chapters: 
Magical Talismans, Spiritual Devo- 
tion, Just for Luck, Love Tokens, 
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Style and Sensibility, and Milestones 
and Celebrations. Especially engaging 
are the brief anecdotes describing 
pieces worn by famous people, such 
as the charm bracelet of crosses given 
to the Duchess of Windsor by the 
Duke of Windsor. 

As a collector of charms, I greatly 
enjoyed this book. Attractive and 
interesting, it held my attention 
until the very end. It’s the perfect 
addition to the library of anyone who 
appreciates charm jewelry. 

JANA E. MIYAHIRA-SMITH 

Gemological Institute of America 

Carlsbad, California 


Bedazzled: 5,000 Years of Jewelry 


By Sabine Albersmeier for The 
Walters Art Museum, 64 pp., illus., 
publ. by D. Giles Ltd., London, 
2005. US$9.95* 


Each summer, travelers descend on 
European towns in search of the small 
museums that guidebooks call “little 
gems.” This slim volume captures 
the glint of a stateside gem, The 
Walters Art Museum of Baltimore, a 
city better known for crab cakes than 
classicism. 

Assistant curator of ancient art 
Sabine Albersmeier presents 50 key 
items from the Walters’ collection 
dating from the 2nd millennium BC 
to the early 20th century. These 
works were once part of the private 
collection of Henry Walters, son of 
railroad magnate and art collector 
William T. Walters. At his death in 
1931, the younger Walters bequeathed 
to the city and citizens of Baltimore 
an entire jewelry collection culled 
from World’s Fairs, expositions, and 
antiquarians around the globe. 

Highlights include two lavish 
gemstone-encrusted gold bracelets 
dating to the first century BC, which 
exemplify ancient Greek embellish- 
ments of inlay, cloisonné, and bead- 
ing. Spain’s 6th century Visigoth past 
is dramatized by two gemstone and 
glass fibulae, the ornamental pins 
used to fasten medieval garments. 
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Elaborate crucifixes and rings from the 
Renaissance are well represented by 
clean photography and color details. 

The collection’s later works 
include a stunning piece Walters 
acquired from René Lalique at the 
1904 Louisiana Purchase Expo- 
sition—a plique-d-jour enamel, glass, 
gold, and blue sapphire pansy brooch. 
Another floral masterpiece, a gold- 
stemmed Tiffany corsage ornament 
with Montana sapphires and deman- 
toid garnets, won the grand prize at 
the famed 1900 Paris Exposition 
Universelle. The Walters’ treasures 
are complemented by loans from the 
Zucker family ring collection, which 
include an interlocking ruby-and-dia- 
mond gimmel ring from 1631. 

A whirlwind summary of Western 
jewelry traditions and a compact glos- 
sary expand the 7” x 7” (about 18 x 18 
cm) catalogue’s accessibility to audi- 
ences beyond devotees of antiquity, 
history, and jewelry making. 

Albersmeier is organizing curator 
for the traveling exhibit, which is 
scheduled to visit Nashville’s Frist 
Center for the Visual Arts from 
September 2006 to January 2007 and 
the John and Mable Ringling Museum 
of Art in Sarasota, Florida, from 
February to May 2007. 


MATILDE PARENTE 
Libertine 
Indian Wells, California 


Modernist Jewelry, 1930-1960: 
The Wearable Art Movement 


By Marbeth Schon, 227 pp., illus., 
publ. by Schiffer Publishing Ltd., 
Atglen, PA, 2004. US$69.95 


Modernist jewelry came at a cross- 
roads of “isms”—Constructivism, 
Primitivism, Modernism, Surrealism, 
Cubism, Expressionism, Dadaism— 
each contributing to the overall artis- 
tic sensibilities. The pioneering mod- 
ernist designers developed their voic- 
es at a time when the art movement 
was prevalent, giving rise to a panoply 
of seemingly divergent aesthetics. 
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This book examines the work of 175 
of the most important American 
modernist jewelry artists. 

As with nearly every jewelry 
movement, some of the resulting 
works may appear crude or elemental. 
Indeed, one common theme during the 
modernist period was a lack of embel- 
lishment, as artists preferred the mate- 
rials left in their original state as much 
as possible. Gemstones, wood, and 
other natural materials were roughly 
tumbled and cut into bold shapes. 
Often the metal was allowed to show 
the “imperfections” of hammering, 
texturing, and natural patination, 
while the necessary functional parts of 
jewelry—findings, pins, etc.—were 
integrated into the overall design. 

Many of the biographical sketch- 
es in Modernist Jewelry give a true 
sense of the artists’ struggles and cre- 
ativity, though others are much 
briefer, in some cases because little 
information exists. For instance, the 
two gorgeous photos of Madeline 
Turner’s earrings and enamel work 
are accompanied by a mere two-sen- 
tence bio. For the modernist Arthur 
King, there are his maker’s marks 
and photos of a ring and a cuff 
bracelet, yet no biography. 

This book is especially interesting 
when the iconic jewelry of the artist 
appears with the bio. The maker’s 
marks are not shown as line drawings 
but as crisp images of the actual 
stampings, though only 73 hallmarks 
are presented. Also of benefit are pho- 
tos of the artists that visually connect 
the creator with the final product. 
“Prices”—or values, if you will—are 
used sparingly and appropriately as a 
range to reflect such variables as con- 
dition, rarity, and geography. 

Between 1930 and 1960, these 
modernist designers, jewelers, and 
metalsmiths laid the groundwork for 
the next two decades of metal work 
and wearable art jewelry, giving artis- 
tic sustenance to the generations of 
respected artists who have followed. 

GAIL BRETT LEVINE 
National Association of Jewelry 
Appraisers 

Rego Park, New York 
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COLORED STONES AND 
ORGANIC MATERIALS 


Beryl and its color varieties. A. Falster et al., Eds., extraLapis 
English, No. 7, 2005. 

This is an English translation of extraLapis No. 23, 
Aquamarine & Co. (2002), which has been updated with some 
new information. It begins with a summary of beryl-group 
mineralogy and crystallography that includes details on some 
of the more obscure minerals of the beryl group (i.e., pezzot- 
taite, bazzite, and stoppaniite). Emerald is given only passing 
mention, as it was addressed in a previous extraLapis volume, 
Emeralds of the World (see Fall 2002 Gems & Gemology, p. 
284). Reviews of all major localities follow, and recent informa- 
tion on new finds in Canada and Finland is provided. 

Some of the more interesting locality reviews include a 
detailed analysis of China’s future potential as a source of gem 
beryl, a review of beryl mining in southern California, and a 
discussion of the “mysterious golden water of Tajikistan” 
(heliodor reportedly from this locality is thought by the author 
to be irradiated goshenite from elsewhere). 

The issue concludes with a brief review of gem beryl pric- 
ing and a history of the discovery, mining, and industrial uses 
of beryllium. Like all extraLapis publications, this one is well 
illustrated with high-quality gem and mineral photographs as 
well as detailed maps and line drawings. TWO 


Les corindons 4 changement de couleur [Color-changing corun- 
dum]. L. Massi (laurent.massi@cnrs-imn.fr), Revue de 
Gemmologie a.f.g., No. 152, 2005, pp. 16-19 [in French 
with English abstract]. 

By examining natural and synthetic samples of color-change 
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corundum with UV-visible spectroscopy, the author 
describes four different types of color change, based on 
trace-element content. Type 1, which changes from blue 
(daylight) to purple (incandescent and fluorescent light], 
contains chromium, iron, and titanium. Type 2, which 
changes from green (daylight) to orange (incandescent/fluo- 
rescent}, contains only iron and titanium. The color 
change in type 3 sapphires, which involves green and red 
(daylight color is different from that seen with incandes- 
cent light, which is different from the color in fluorescent 
light), is due to vanadium. Type 4, which shows bluish 
green (daylight) and reddish violet (incandescent/fluores- 
cent}, contains chromium, iron, and nickel. 

Almost all natural color-change corundum belongs to 
type 1, although type 2 is also found in natural corundum. 
Type 3 can be seen in corundum of various origins. 
Verneuil synthetics show either type 1 or type 3. Type 4 
occurs in hydrothermal synthetics. 

A natural sapphire from Myanmar studied by the 
author showed purple, bluish green, and orangy yellow 
colors. This sapphire also contained nickel, which is 
unusual in natural corundum. RT 


Gem corals: Classification and spectroscopic features. V. 
Rolandi, A. Brajkovic [anna.brajkovic@unimib it], I. 
Adamo, R. Bocchio, and M. Landonio, Australian 
Gemmologist, Vol. 22, No. 3, 2005, pp. 285-297. 

Several gem corals of the classes Hydrozoa and Anthozoa 

of the phylum Cnidaria were analyzed by FTIR and 

Raman spectroscopy. Such spectroscopic characterization 

has proved useful for determining the main features of the 

mineral phases (calcite or aragonite) and of the organic 
contents in each sample. Chromophore complexes belong- 
ing to the carotenoid family were detected. Coral zoology 
is also discussed. RAH 


Identification of an imitation of pearl by FTIR, EDXRF 
and SEM. T. L. Tan, T. S. Tay, S. K. Khairoman, and 
Y. C. Low, Journal of Gemmology, Vol. 29, No. 5/6, 
2005, pp. 316-324. 
In recent years, there has been an increase in the quality 
and number of imitation pearls in the marketplace. Many 
imitation pearls now show strong iridescence and thus are 
not easily distinguished by visual observation. This article 
reports on an investigation showing that EDXRF and FTIR 
spectroscopy, in combination with scanning electron 
microscopy (SEM), can lead to reliable identification of 
both imitation and cultured pearls. Reactions to UV radia- 
tion were also studied. The objects tested in this investiga- 
tion were five natural-color freshwater cultured pearls, 
four dyed freshwater cultured pearls, four imitation pearls, 
one bead representative of those commonly used in cul- 
tured pearls, and one bead used for imitation pearls. 
EDXRF spectroscopy showed that both the naturally 
colored and dyed cultured pearls, as well as the bead used 
for pearl culturing, contained C, O, and Ca, the compo- 
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nents of calcium carbonate (CaCO,]. The EDXRF spectra 
of the imitation pearls showed only C and O, with peaks 
consistent with the presence of polymers. No Ca was pre- 
sent. EDXRF data for the imitation pearl bead showed the 
presence of O, Si, Al, and Na, with peaks indicating glass. 
FTIR data for the naturally colored and dyed freshwa- 
ter cultured pearls, as well as the cultured pearl bead, 
showed typical absorption peaks for CaCO,. The FTIR 
data for the imitation pearls and bead were very different 
and easily distinguished from that of the cultured pearls. 
Spectra for the imitation pearls revealed polymeric mate- 
rial but no CaCO, peaks. The imitation bead was opaque 
to infrared below 2500 cm! and showed a broad band 
centered at 3510 cm7!, which indicated that it was made 
from a different material than the imitation pearl coating. 
The SEM results also identified obvious differences 
between the cultured and imitation pearls. Both the natu- 
rally colored and dyed cultured pearls showed layered, 
contoured, flake-like patterns consistent with crystalline 
layers of CaCO. In contrast, the pearl imitations showed 
small cubic particles, all of approximately the same size, 
randomly distributed over the whole surface. The dense 
suspension of these polymeric cubes created the irides- 
cent effect that mimicked the iridescence of nacre. 
WMM 


Identification of seawater cultured pearls with dyed nucle- 
us. L. Li and M. Yang, Journal of Gems and Gem- 
mology, Vol. 7, No. 2, 2005, pp. 7-8 [in Chinese 
with English abstract]. 

Recently, saltwater cultured pearls with unusual colors 

have been seen in the Chinese market. These products 

were developed in 2002 by a company in Guangxi using 
dyed nuclei and other techniques. In this article, the 
authors, including one of China’s top pearl researchers 

(LL), report their preliminary results for the identification 

of these saltwater cultured pearls. 

Three loose cultured pearls (“rosy red,” orange, and 
bluish gray), one bluish gray pearl earring, and one “rosy” 
red pearl earring were collected for the investigation, and 
their undyed counterparts were used for comparison. To 
collect Raman spectra from the nuclei, the nacre was par- 
tially peeled off to expose the dyed surfaces. Microscopic 
observation was also performed. 

It was found that clear, parallel color bands from the 
dyed nucleus could be seen with strong transmitted light. 
The colored nuclei and colorless nacre layers could also 
be seen through the drill holes. The “rosy” red and bluish 
gray samples showed weak bluish white fluorescence to 
UV radiation. Raman spectra of the cultured pearl sur- 
faces were the same, regardless of whether the nuclei 
were dyed or untreated. However, Raman spectra of the 
actual dyed nuclei (even when taken through the drill 
hole) displayed a strongly fluorescent background and sev- 
eral weak peaks in the 1600-1400 cm7! range that are 
related to the dye materials. 
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The identification of these saltwater cultured pearls 
with dyed nuclei can be made using both traditional and 
advanced gemological techniques. DBE 


The study of phosphorus in seawater cultured pearls 
using FTIR. L. Wang, P. Zhou, Y. Liu, and Y. Tang, 
Spectroscopy and Spectral Analysis, Vol. 25, No. 6, 
2005, pp. 866-869 [in Chinese with English 
abstract]. 

The luster of saltwater cultured pearls is proportional to 
their phosphorus content. However, due to P’s low con- 
centration, it is unclear where and in what state this ele- 
ment exists. In this article, the authors report their investi- 
gations of structural variations in saltwater cultured pearls 
using high-resolution FTIR spectroscopy, powder X-ray 
diffraction (KRD) analysis, and differential thermal analy- 
sis (DTA) techniques. 

Cultured pearls of similar color and size were divided 
by luster into several groups of 50. The nacre layers were 
collected and crushed into powder; the powdered samples 
were further subdivided into several groups that were 
heated to 160°C for varying durations (2 hours, 4 hours, 
etc.). Analyses by FTIR, XRD, and DTA were conducted 
before and after heating. 

Several new IR absorption peaks (1083, 1049, 630, and 
600 cm-!) were seen in the heated samples. These peaks 
were not related to carbonates, and their intensities 
increased with heating time. XRD results showed two 
new diffraction peaks in the heated samples. Analysis of 
the FTIR and XRD results suggested that the P may be 
present in a hydroxyl apatite compound (called pahuite in 
the abstract) in the pearls. TL 


Study on relationship between luster and surface struc- 
ture of pearl. L. Cao, S. Guo, and L. Shi, Journal of 
Gems and Gemmology, Vol. 7, No. 3, 2005, pp. 
23-25 [in Chinese with English abstract]. 

The relationship between surface features and luster in 

pearls has been extensively investigated since the 1950s. 

Good luster generally results from uniform surface struc- 

tures; however, investigators are still trying to confirm 

this relationship. In this article, the authors investigate the 
surface features of Chinese cultured pearls. 

Pink freshwater cultured pearls from Jiangsu and 
Zhejiang Provinces and white saltwater cultured pearls 
from Guangdong Province were observed with polarized 
microscopy and scanning electron microscopy. The sam- 
ples were divided into three groups (poor, fair, and good) 
based on their luster. 

There was a clear relationship between luster and sur- 
face features. SEM images showed spots, voids, and for- 
eign materials on the surface of the freshwater cultured 
pearls with poor luster; in addition, the aragonite crystals 
in the nacre were not distributed uniformly and had an 
average size of about 4 um. Samples with good luster had 
aragonite crystals of about 3 um that were uniformly 
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arranged in a layered structure. The freshwater cultured 
pearls with fair luster had characteristics that were inter- 
mediate to those described above. There was a similar 
relationship between luster and surface structure in the 
saltwater cultured pearls; however, the size of the arago- 
nite crystals was about 2.5 um for samples showing good 
luster. 

The authors suggest that voids between the aragonite 
crystals in the cultured pearls showing poor luster could 
be filled to enhance their luster. TL 


DIAMONDS 


Diamond formation in metal-carbonate interactions. J. 
Siebert [julien.siebert@lmcp.jussieu.fr], F. Guyot, 
and V. Malavergne, Earth and Planetary Science 
Letters, Vol. 229, No. 3-4, 2005, pp. 205-216. 

While the earth’s inner core could contain the metal-car- 

bon alloy Fe,C, the carbon within the mantle is predomi- 

nantly composed of carbonates (and diamond). Thus, a bet- 
ter understanding of carbon alloy and carbonate chemistry 
would aid the understanding of diamond formation within 

a young Earth. Reduced silicon alloyed with iron metal 

reacts chemically with FeCO, (siderite) at pressures of 

10-25 GPa and temperatures of 1700-1800°C according to: 

2FeCO; + 3Sijin metal) ~ 2Fej.., metal) + 3SiO5 stishovite] + 2C diamond} 

The only source of C for diamond formation was the car- 

bonate phase. Prior research and modeling suggested car- 

bonate-containing fluids, not metals, were the likely car- 
bon source for diamond. 

Thermodynamic modeling of this reaction suggests 
that under mantle conditions, no Si-bearing metal can 
coexist with carbonates. Therefore, a high concentration of 
silicon would encourage diamond formation by reaction 
with the carbonates under the kinetically favorable condi- 
tions of high temperature and pressure. RAH 


Kalimantan diamond: Morphology, surface features and 
some spectroscopic approaches. T. T. Sun [fegem- 
lab@singnet.com.sg], P. Wathanakul, W. Atichat, L. 
H. Moh, L. K. Kem, and R. Hermanto, Australian 
Gemmologist, Vol. 22, No. 5, 2005, pp. 186-195. 

Alluvial diamonds are found around the Landak River in 
western Kalimantan (the Indonesian portion of Borneo), in 
the Linhaisai minette in the headwaters of the Barito River 
in central Kalimantan, and in the Banjarmasin-Martapura 
area of southeastern Kalimantan. Mining activities date 
back to 600 AD; fine blue, pink, and canary yellow dia- 
monds have been reported. 

A 2002 visit to the Banjarmasin-Martapura area, 
which produces about 200 carats per month, is described. 
After a general outline of the mining and trading activi- 
ties, the authors report the characteristics of 14 rough 
gem-quality diamonds that ranged from 0.03 to 1.82 ct 
and were colorless to yellow and brown. The diamonds 


GEMS & GEMOLOGY SUMMER 2006 


showed variable crystal habits (octahedron, tetrahexahe- 
dron, dodecahedron, and macle), and surface features con- 
sisted of percussion scars and common black and brown 
radioactivity stains. They showed predominantly blue 
and green (and minor yellow) cathodoluminescence. 
Inclusions identified by Raman spectroscopy consisted of 
diamond, zircon, perovskite, and diopside. FTIR spectra 
showed that both type IaA and type IaAB diamonds were 
present. RAH 


Kimberlites of Zimbabwe: Abundance and composition. 
A. D. Khar’kiv, E. F Roman’ko, and B. M. Zubarev, 
Russian Geology and Geophysics, Vol. 46, No. 3, 
2005, pp. 318-327. 

The authors provide data on several unusual kimberlite 

pipes in Zimbabwe, at Chingwisi and River Ranch in the 

south and Quest in the north. The Chingwisi pipe is 
capped with a hard calcium carbonate horizon known as 
calcrete; it formed within the upper few meters of the pipe 
and has a much different mineral composition (>90% car- 
bonates) than the underlying unaltered kimberlite. This 
suggests that such an outcrop of kimberlite could go 
unrecognized. However, indicator-mineral collection 
revealed many of the usual kimberlite pathfinders, includ- 
ing pyrope, picroilmenite, Cr-spinel, and clinopyroxene. 

Detailed chemical analysis of these indicators led the 

authors to conclude that the Chingwisi pipe has the poten- 

tial to host diamonds and is mineralogically similar to 
pipes in the Sakha area of Russia. 

The two Quest pipes yielded unique indicator-mineral 
chemistry. Although both are diamondiferous, only one 
G10 (high Cr) subcalcic garnet grain was collected, where- 
as abundant Na-bearing pyrope-almandine garnets were 
found (up to 40% of the indicators). This unique garnet 
signature was apparently used by Reunion Mining of 
Australia to search for more kimberlites in the region. 
The authors believe the garnets were derived from upper- 
mantle eclogites that were incorporated into the kimber- 
lite magma. Only generic information is provided for the 
River Ranch pipe, which hosts Zimbabwe’s single active 
diamond mine. 

Although Zimbabwe has a large Archean-aged craton 
(where Clifford’s Rule, simplified, suggests diamond-bear- 
ing kimberlites may be found}, all the diamondiferous 
pipes studied by the authors are located outside of this cra- 
ton. Thus, the data and conclusions made by the authors 
will allow scientists and explorers to modify their theories 
on diamond formation and emplacement. KAM 


Mineral inclusions in diamonds from the Panda kimber- 
lite, Slave Province, Canada. R. Tappert [rtappert@ 
ualberta.ca], T. Stachel, J. W. Harris, N. Shimizu, 
and G. P. Brey, European Journal of Mineralogy, 
Vol. 17, No. 3, 2005, pp. 423-440. 

The mineral inclusions in 90 diamonds from the Panda 

kimberlite (Ekati mine, Northwest Territories, Canada) 
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were chemically analyzed using electron microprobe and 
secondary ion mass spectrometry techniques, and nitrogen 
aggregation characteristics of the host diamonds were 
measured by IR spectroscopy. The Panda diamonds are 
derived principally from peridotitic sources (85%), with a 
minor content of eclogitic diamonds (10%). Ferropericlase- 
bearing diamonds (5%) contain combinations of this min- 
eral with olivine, with Mg-Al spinel + olivine, or with a 
pure silica phase. The chemical characteristics of these 
inclusions indicate a lithospheric origin from ferroperi- 
clase-bearing dunites; however, ferropericlase coexisting 
with CaSiO, (probably originally Ca-perovskite) is regard- 
ed as evidence for a lower-mantle origin. 

Major-element compositions indicate that the peri- 
dotitic diamonds formed in a moderately depleted envi- 
ronment. Inclusion geothermobarometry indicates forma- 
tion of the peridotitic diamonds in the temperature range 
1100-1250°C, following a geothermal gradient of 40-42 
mW/m?. The nitrogen contents in Panda diamonds vary 
strongly from below detection (<10 ppm) to 2700 atomic 
ppm. Taking the early Achaean Re-Os isochron date for 
sulfide inclusions in Panda diamonds at face value, the 
low aggregation states of undeformed diamonds may indi- 
cate mantle residence at relatively low temperatures 
(<1100°C); if this is the case, diamond formation beneath 
the central Slave Province may be restricted to short-lived 
and localized thermal events. An apparent increase in 
geothermal gradient with depth in the lithospheric man- 
tle beneath the central Slave Province during the time of 
kimberlite eruptions (Upper Cretaceous to Eocene) may 
reflect transient heating of the deep lithosphere during 
melt infiltration. RAH 


GEM LOCALITIES 


Basalt petrology, zircon ages and sapphire genesis from 
Dak Nong, southern Vietnam. V. Garnier 
[virginie_garnier@inrs-ete.uquebec.ca], D. Ohnen- 
stetter, G. Giuliani, A. E. Fallick, T. Phan Trong, V. 
Hoang Quang, L. Pham Van, and D. Schwarz, 
Mineralogical Magazine, Vol. 69, No. 1, 2005, pp. 
21-38. 

Sapphire deposits associated with basalt can be found 

throughout the world. Blue, green, yellow, and colorless 

sapphires are recovered from the Dak Nong mining dis- 
trict in Dak Lak Province, southern Vietnam. The mining 
targets are Quaternary and Upper Pleistocene eluvial and 
alluvial placers derived from the several-hundred-meters- 
thick basalt flows. The 23,000 km? basalt field is made up 
of a tholeiitic suite without any xenocrysts and an alkaline 
suite with mantle and lower-crustal xenocrysts. The sap- 

phire xenocrysts contain Fe (0.43-1.26 wt.%)}, Cr (33-1582 

ppm), Ti (35-1080 ppm), Ga (149-308 ppm), and V 

(28-438 ppm), and are poor in Zn and Mg. Their oxygen 

isotope (5!°O) composition ranges from 6.0 to 6.9%o, which 
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is not in equilibrium with the basalt values of 5.0-5.7%o. 
The chemical composition and O-isotope data from the 
analyzed sapphires, along with the presence of mantle 
xenoliths, suggest that the sapphires crystallized deep 
within the earth and not from the erupting basalt. The 
880 data of the corundum show that the crystals were 
formed in a magma chamber at the crust-mantle boundary 
and that the magma was contaminated by crustal materi- 
al. The U-Pb dating of zircons recovered from the sapphire- 
bearing placers indicates that there were two eruptive 
events occurring at roughly 6.5 and 1 million years ago. 
The dates for these basaltic eruptive episodes are in agree- 
ment with published data on other regional sapphire-bear- 
ing basalt fields. EAF 


Characteristics of cathodoluminescence spectra of jadeite 
jades from Burma. X. Yuan, L. Qi, and S. Zhang, 
Journal of Gems and Gemmology, Vol. 7, No. 2, 
2005, pp. 9-13 [in Chinese with English abstract]. 

Different types of jadeite jade display different characteris- 

tic cathodoluminescence (CL) spectra depending on their 

composition (e.g., the presence of color-causing impurities 
such as Cr**, Fe**, and Mn**). In this article, the authors 

investigated 97 jadeite samples of varying colors using a 

specially developed CL spectroscope. 

The BY-1 cathodoluminescence spectroscope features 
an interconnected UV-Vis spectrophotometer (Ocean 
Optics USB-2000) and a digital camera. The jadeite sam- 
ples were divided into five groups by color (white, purple, 
green, yellow-brown, and grayish green). Standard gemo- 
logical properties and IR spectra of all samples were 
obtained before testing with the BY-1 instrument. 

The CL colors and the corresponding spectral peaks 
varied depending on the jadeite color. White jadeite dis- 
played dark blue, light purple, or greenish yellow CL, with 
peaks at either 370 or 554 nm. Pinkish purple and purple 
jadeite showed bright purplish red to reddish purple CL, 
with peaks located at 370 nm (dominant) and 680 nm (sub- 
ordinate). Bluish purple jadeite displayed bluish purple CL; 
the peaks were at 370 nm (subordinate) and 508 nm (domi- 
nant). Light green to green jadeite showed bright green to 
yellowish green CL, with peaks at 554 and 760 nm, while 
dark green jadeite usually displayed dark red CL and peaks 
at 693 nm (subordinate) and 760 nm (dominant). 

Differences in CL features between natural and treat- 
ed jadeites were also seen, such as the presence of poly- 
mer in B-jade. TE 


Exfiltrative mineralization in the Bukantau ore district 
(Central Kyzyl Kum region, Uzbekistan). V. G. 
Pechenkin [pechenkin@urangeo.ru] and I. G. 
Pechenkin, Lithology and Mineral Resources, Vol. 
40, No. 5, 2005, pp. 462-471. 

The discovery of uranium deposits in the central Kyzyl 

Kum region of Uzbekistan led researchers to study the ore- 

bearing potential of young sedimentary sequences. Uplift 
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roughly 1.6 million years ago exposed Paleozoic basinal 
structures along rejuvenated faults. This movement 
allowed for the interaction of various ascending fluids 
with surface-related processes. The edges of the uplifted 
blocks were marked by the formation of erosional win- 
dows that served as discharge centers for ore-bearing solu- 
tions. The formation of manganese ore bodies and gem 
deposits occurred near these windows at different geo- 
chemical barriers. As portions of the Paleozoic fault blocks 
were uplifted, they underwent extensive fracturing and 
decompaction. Then, as metalliferous fluids derived from 
the sedimentary cover layers moved toward the erosional 
windows, they encountered a newly formed oxygenated 
barrier which caused the precipitation of manganese 
oxides. When this same fluid was drawn into the decom- 
pacted basement structures, turquoise was deposited on 
fault surfaces at the reductive (sulfide) geochemical barrier. 
Thus, turquoise and manganese deposits are vertically sep- 
arated in cross section although they were formed from 
the same ore-bearing solutions during a single geologic 
process. Throughout the section, opal was deposited on 
fault surfaces within zones of the most intense fracturing 
and folding. The slightly basic surface fluids had a relative- 
ly high Si solubility, so when the fluid encountered deeper 
acidic fluids the amorphous silica precipitated. Only the 
most recent tectonically active areas in the north-central 
portions of the district contain the complete sequence of 
turquoise, opal, and manganese oxides. EAF 


Gemstone resources of China. C. M. Ou Yang [cmouyang@ 

hkgemlab.com.hk], Australian Gemmologist, Vol. 

22, No. 4, 2005, pp. 349-359. 
The occurrence of gemstones in China is reviewed after 
brief notes on the geology of this large area. Two diamond- 
bearing kimberlite pipes in the Wafangdian district of 
Liaoning Province are yielding 80,000—90,000 carats/year 
(30-40% gem quality); 12 kimberlite pipes in Mengyin, 
Shangdong Province, produce 50,000 carats/year (10-15% 
gem quality). Alluvial deposits in Hunan Province yield 
20,000-30,000 carats/year (60-65% gem quality, but of 
small size). Chinese sapphire deposits are found mainly in 
alkaline basalts and derived alluvium, and are widely dis- 
tributed over 20 provinces. Ruby (mostly cabochon quali- 
ty) is found in impure marbles in Yunnan Province. 
Emeralds are associated with Precambrian pegmatites and 
greisen in the Wenshan district of southeastern Yunnan 
Province. Both transparent and chatoyant aquamarine is 
found mainly in the Altai pegmatite area of Xinjiang 
Province. Details are also given for gem-quality tourma- 
line, citrine, and amethyst, mainly from the Altai 
Mountains; gem-quality pyrope from Cenozoic alkali 
basalts of eastern China; and peridot from Tertiary alka- 
line basalts in Zhangjiangkou County, Hebei Province, 
and in Jiaohe County, Jilin Province. Occurrences of 
nephrite and bowenite (antigorite serpentine) are also 
described. RAH 
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The Italian island of Elba: A mineralogical jewel in the 
Tuscan archipelago. F. Pezzotta, extraLapis English, 
No. 8, 2005. 

Like the other issues in this series, this volume is an 

English translation of previously published work from 

extraLapis (in this case, No. 20, Ensel Elba Die 

Urlaubsinsel der Mineralogie, 2002), updated with some 

new information. 

The work begins with a review of the island’s miner- 
alogical history. Elba was a source of copper and iron in 
antiquity. Scientists began studying Elba’s mineralogy 
during the 18th century, and European mineral collectors 
were soon drawn to the island’s many diverse localities. 
More than 170 minerals have been identified on Elba (it 
is the type locality for nine of these), and specimens from 
Elba form an important part of many notable mineral 
collections. The island is particularly known for speci- 
mens of hematite, pyrite, spessartite, and of course, 
elbaite tourmaline. 

A short summary of Elba’s geology follows. The vol- 
ume then reviews in detail all of Elba’s major gem and 
mineral localities, including classic ones such as the 
Monte Capanne pegmatites and the historic ore deposits, 
as well as some lesser-known sites. Capsule spotlights of 
noted collectors are provided, as are high-quality pho- 
tographs of important specimens. 

Also included are sections on visiting Elba for collect- 
ing trips, suggestions for prospecting certain localities, a 
brief review of Elba’s snakes (some of which are ven- 
omous), and a concluding commentary that offers a tour- 
maline-related explanation for an element of the Greek 
myth of Jason and the Argonauts. TWO 


Jazidas minerais: Ametistas [Mineral deposits: Amethysts]. 
Diamond News, Vol. 6, No. 20, 2005, pp. 35—40 [in 
Portuguese]. 

This article gives a comprehensive description of amethyst 

deposits in Brazil’s Rio Grande do Sul State. Amethyst and 

other quartz varieties formed at approximately 50°C with- 

in lava deposits covering large areas of this state about 130 

million years ago. Amethyst is recovered via open-pit and 

underground mining, and at present there are 374 mining 
operations in eight municipalities of Rio Grande do Sul, 
more than half of which are in Ametista do Sul. Geodes of 

200-300 kg are common, and they can attain sizes up to 

3,000 kg and 3 m3. Some of the amethyst is heat treated at 

450-475°C to produce citrine. Amethyst production in 

2000 was 235 tonnes per month; 80% is exported, mainly 

to the U.S., Japan, and Germany, with 97% of the material 

exported as rough. Geodes must yield at least 25% cut- 
table crystals to be worth processing for facet rough, which 
is approximately 2% of the overall weight of the geode and 
about 0.5% yield after cutting. Amethyst and citrine repre- 
sent 12.5% of Brazil’s entire export of gem rough and 

10.6% of cut gems. The article explains the classification 

criteria for the geodes and cut stones, and is illustrated 
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with a geologic map of Rio Grande do Sul and photos of 
mines and samples. RT 


Musgravites from Sri Lanka. K. Schmetzer [schmetzerkarl@ 
hotmail.com], L. Kiefert, H.-J. Bernhardt, and M. 
Burford, Neues Jahrbuch flir Mineralogie, Abhand- 
lungen, Vol. 181, No. 3, 2005, pp. 265-270. 

This article presents the physical and chemical properties 

of four faceted musgravites (BeMg,AI.O,,) that are most 

probably from Sri Lanka; this represents the first data for 
this rare species originating from the numerous secondary 
deposits of this island. The musgravites were identified by 

Raman spectroscopy and electron-microprobe analysis. 

Their refractive indices and densities were determined and 

related to the contents of transition metals, especially Fe 

and Zn. Mineral and multiphase inclusions indicate the 
formation of these samples in different geologic environ- 
ments. A musgravite crystal containing spinel exsolution 
lamellae was possibly formed in high-grade metamorphic 
rocks, whereas two samples with graphite and magnesite 
inclusions may have originated in magnesian skarns. 

RAH 


“Paraiba-Turmaline” aus Quintos de Baixo, Rio Grande 
do Norte, Brasilien. C. C. Milisenda, Gemmologie: 
Zeitschrift der Deutschen Gemmologischen Gesell- 
schaft, Vol. 54, No. 2-3, 2005, pp. 73-84 [in 
German with English abstract]. 

Paraiba tourmalines were first produced from pegmatites 

at Sao José da Batalha near Salgadinho, Paraiba State, 

Brazil. Today they are also found in the Quintos de Baixo 

and Boqueiréo mines near Parelhas in the neighboring 

state of Rio Grande do Norte. At all three mines, the peg- 
matites intruded quartzites of the Ecuador Formation. 

The author describes the Quintos de Baixo mine, 
which began as a beryl mine in 1976. Mechanized under- 
ground mining for tourmaline started in 1996. 
Tourmaline is hand-picked and mostly occurs as crystal 
fragments averaging approximately 10 g. They are blue, 
green, bluish green, and red-violet, as well as color-zoned. 
The largest cut stone to date is “turquoise” blue and 
weighs 15 ct. 

Microprobe analyses of 12 samples showed elbaite 
composition, with copper and manganese as the most 
important trace elements (CuO: 0.32-1.96 wt.%; MnO: 
0.11-2.53 wt.%). Microscopic examination showed inclu- 
sions typical for tourmaline. The author points out that, 
like tourmaline from other locations, these stones can be 
color enhanced by gentle heating to approximately 600°C. 

RT 


The pegmatitic gem deposits of Molo (Momeik) and Sakhan- 
gyi (Mogok). H. Kyi [macgems@baganmail.net.mm], 
T. Themelis, and K. Thu, Australian Gemmologist, 
Vol. 23, No. 7, 2005, pp. 303-309. 


Molo, about 51 km northeast of Momeik in Myanmar’s 
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Shan State, is a new source of rare gems and minerals, 
including phenakite, petalite, hambergite, Cs-rich mor- 
ganite, and pollucite. Botryoidal-type tourmalines of vari- 
ous colors, aquamarine, topaz, and lepidolite also occur. 
All of these minerals are recovered from alluvial deposits 
and pegmatitic dikes that intrude the peridotite country 
rock. 

The pegmatite at Sakhan-gyi is about 16 km west of 
Mogok in the Mandalay Division, and is a source of aqua- 
marine, goshenite, topaz, and quartz. The pegmatite is 
about 15 million years old and intruded the Kabaing gran- 
ite (20-16 Ma). Brief details on these pegmatites and their 
minerals are presented. RAH 


Rubellite and other gemstones from Momeik township, 
northern Shan State, Myanmar. T. Hlaing and A. K. 
Win, Australian Gemmologist, Vol. 22, No. 5, 
2005, pp. 215-218. 
Colored tourmalines occur as euhedral gem-quality crystals, 
mushroom-shaped aggregates, and botryoidal masses in peg- 
matites near Molo village. Associated minerals with gem 
potential are aquamarine, trapiche morganite (characterized 
by the presence of a fixed six-rayed star), and hambergite; 
other associated minerals are quartz, orthoclase, lepidolite, 
and petalite. The tourmalines range from black schorl to 
green and pink fibrous tourmalines. The pink fibrous tour- 
malines have n, = 1.630, n, = 1.650, S.G. = 2.84-3.06, and 
are Mn-bearing (average 6.58 wt.% MnO). Hambergite 
forms as colorless prismatic crystals with n, = 1.557, n, = 
1.630, S.G. = 2.33, and hardness = 74. RAH 


Trapiche of Myanmar. K. K. Win, Australian Gem- 
mologist, Vol. 22, No. 7, 2005, pp. 269-270. 
Myanmar is the source of a range of gems that display a 
distinctive spoke-like star, often referred to as a trapiche. 
Representative examples are illustrated, including sap- 
phire, ruby, green tourmaline, aquamarine, morganite, and 
quartz. Three origins are suggested for the several types of 
trapiche gems: color-inducing trace elements, inclusions of 
other minerals, or intergrowths of the same mineral of dif- 
ferent color or orientation. RAH 


INSTRUMENTS AND TECHNIQUES 


Complementary use of PIXE-alpha and XRF portable sys- 
tems for the non-destructive and in situ characteri- 
zation of gemstones in museums. L. Pappalardo 
[lighea@Ins.infn.it], A. G. Karydas, N. Kotzamani, 
G. Pappalardo, F. P. Romano, and Ch. Zarkadas, 
Nuclear Instruments and Methods in Physics 
Research B, Vol. 239, 2005, pp. 114-121. 

The authors used a combination of two portable, custom- 

built chemical analysis systems to examine three red gem- 

stones set in Hellenistic (4th century BC to lst century 

AD) gold jewelry at the Benaki Museum in Athens, 
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Greece. The instruments consisted of a PIXE-alpha parti- 
cle spectrometer with a ?!°Po source for analyzing light 
elements (Na to Zn), and an XRF spectrometer with a Rh- 
anode X-ray tube source for detecting heavier trace ele- 
ments (Cr and Y). Overall sensitivities were in the 0.2-0.3 
wt.% range for each element. Both systems were calibrat- 
ed against known standards, and the two types of analyses 
were combined to get overall chemical compositions of 
the red gems. 

The gems were found to be garnets. Two had composi- 
tions consistent with almandine from an unknown 
deposit in India, while the third was an Fe- and Ca-bear- 
ing pyrope consistent with a Sri Lankan origin. 
Abstracter’s note: The captions “SiK” and “AIK” appear 
to have been reversed in figure 6 of the article. 

Mary L. Johnson 


Practical application for measuring gemstone dispersion 
on the refractometer. T. Linton, Australian Gem- 
mologist, Vol. 22, No. 4, 2005, pp. 330-344. 

The low-dispersion barium glass hemicylinder refractome- 

ter prism of the Eickhorst SR/XS refractometer allows mea- 

surement of refractive index in deep blue light (below 500 

nm). A summary is given of two relevant papers that were 

previously published. The combination of these measuring 
techniques and extrapolation of a wavelength dispersion 
curve using Sellmeier’s linear conversion permits extrapo- 

lation of refractive indices at the B (686.7 nm) and G (430.7 

nm) Fraunhofer lines. Previous B-to-G lists of the disper- 

sion of gemstones are inaccurate and provide conflicting 
data. A new list of values is presented for the dispersion of 

217 gem materials, measured at the C-F (656.3-486.1 nm) 

interval. Measurement of dispersion with the gemologist’s 

refractometer produces apparent dispersion, but with the 
use of a technique for subtracting apparent dispersion from 
the sum of true + apparent dispersion, this value can be 
converted to true dispersion. RAH 


Probing diamonds with ions. B. J. Griffin [bjg@cmm.uwa. 
edu.au] and R. Stern, Rough Diamond Review, No. 
8, 2005, pp. 42-44. 
A new analytical technique called nanoSIMS holds some 
promise for diamond research. This higher-resolution ver- 
sion of SIMS (secondary ion mass spectrometry) can pro- 
vide scientists with chemical information on the nanome- 
ter level, allowing them to better study internal diamond 
growth structures. 

The basic principle of SIMS is to “sputter” a sample 
with a beam of ions, and as this primary beam is very fine- 
ly controlled, it can scan across a sample surface. Charged 
particles (secondary ions) emitted from the sample are col- 
lected by a mass spectrometer, which can detect concen- 
trations of elements down to the ppb (parts per billion) 
range. NanoSIMS uses oxygen and cesium ion beams at 
resolutions of up to 100 and 25 nm, respectively. Although 
minimally destructive, it can ablate successive nanometer 
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layers of material from sample surfaces, providing depth 
profiles of elements. The ability of nanoSIMS to provide 
high-resolution, high-sensitivity chemical data in three 
spatial dimensions makes this technique quite promising, 
especially with respect to diamonds. 

NanoSIMS analysis of nitrogen in diamond is shown 
to be well correlated to cathodoluminescence data. Both 
techniques indicate zoning where nitrogen content differs 
from one region to another. NanoSIMS may be particular- 
ly useful for exploring the chemical and isotopic composi- 
tions of these growth structures due to its high resolution, 
and it reveals finer details than CL imagery. It is hoped 
that quantifying chemical data on the nanometer level 
will lead to insights into source classification, thereby 
allowing individual diamonds to be traced back to their 
point of geologic origin. 

DMK 


Quantitative trace-element analysis of diamond by laser 
ablation inductively coupled plasma mass spec- 
trometry. S. Rege [srege@els.mq.edu.au], S. Jackson, 
W. L. Griffin, R. M. Davies, N. J. Pearson, and S. Y. 
O’Reilly, Journal of Analytical Atomic Spec- 
trometry, Vol. 20, No. 7, 2005, pp. 601-611. 

LA-ICP-MS was used to quantitatively measure 41 trace 

elements in two fibrous diamonds from Botswana’s 

Jwaneng mine that were previously analyzed by instru- 

mental neutron activation analysis (INAA) and particle- 

induced X-ray emission (PIXE). A range of instrumental 
conditions showed that a 266 nm UV laser at 10 Hz pro- 

vided the best sensitivity, and that synthetic oil and a 

doped cellulose were the most suitable external standards. 

Typical detection limits were 5-20 ppb for the rare-earth 

elements and <500 ppb for the transition elements; Na 

and Fe had higher detection limits (2-3 ppm). Detailed 
analytical results are presented. The trace-element pat- 
terns obtained by this technique may be used for the char- 
acterization of diamonds in genetic studies. RAH 


Use of IR-spectroscopy and diffraction to discriminate 
between natural, synthetic and treated turquoise, and 
its imitations. A. Pavese [alessandro.pavese@unimi. it], 
L. Prosperi, and M. Dapiaggi, Australian Gem- 
mologist, Vol. 24, No. 4, 2005, pp. 366-371. 

An overview is given on the use of IR spectroscopy, com- 

bined in some cases with X-ray diffraction, for determining 

the nature of turquoise, whether natural, synthetic, treat- 
ed, or imitation. A total of 94 samples (32 natural, 12. syn- 
thetic, 16 treated, and 34 imitations) were analyzed by IR 
spectroscopy in reflectance mode; some treated turquoise 
specimens were also examined in transmission mode. 

Differences in the spectra between natural, treated, and 

synthetic turquoise were observed. X-ray diffraction was 

used to resolve ambiguities in identifying some turquoise 
imitations, and was particularly useful in the precise iden- 
tification of their constituent phases. RAH 
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Use and misuse of optical mineralogy constants in gemmol- 
ogy. D. B. Sturman [darkos@rom.on.ca], Australian 
Gemmologist, Vol. 22, No. 2, 2005, pp. 234-243. 

Dangers inherent in the direct transfer of optical data and 

concepts from mineralogy to gemology are highlighted; 

these can give rise to confusion and misunderstandings. In 
particular, the dispersion coefficient is not a reliable indi- 
cator of “fire” in faceted gemstones. The author suggests 
that faceted diamonds show strong “fire” not because of 
the large dispersion of diamond, but because of other fac- 
tors not yet well understood. Refractive index plays an 
equally important role. Factors contributing to doubling 
are described, and diagrams are presented for the estima- 
tion of the doubling effect in gemstones. RAH 


X-ray luminescence, a valuable test in pearl identifica- 
tion. H. A. Hanni [gemlab@ssef.ch], L. Kiefert, and 
P. Giese, Journal of Gemmology, Vol. 29, No. 5/6, 
2005, pp. 325-329. 
The majority of the world’s natural pearls come from salt- 
water oysters. Today, increasing numbers of beadless 
freshwater cultured pearls are entering the market. Traces 
of manganese (Mn) found in the nacre of freshwater cul- 
tured pearls and the shells of the mollusks that produce 
them cause them to luminesce to X-rays. In contrast, the 
nacre of saltwater-borne samples is inert to X-rays. By use 
of a sensitive camera, this visible luminescence can be 
recorded and displayed on a monitor. 

A difficulty in using this technique as a means of sepa- 
ration arises because Japanese Akoya cultured pearls and 
South Sea cultured pearls (both from saltwater) use fresh- 
water bead nuclei, which contain Mn and luminesce to X- 
rays. The thick nacre common to South Sea cultured 
pearls obscures the luminescence of the bead nucleus, so 
it is typically not seen on exposure to X-rays. However, 
the thinner nacre on Akoya cultured pearls allows the 
luminescence from the freshwater beads to shine through. 
Another concern is the presence of dye or natural pigment 
in the nacre, which may inhibit the luminescence reac- 
tion. Therefore, this article suggests that X-ray lumines- 
cence only be used as an additional test (after X-radiogra- 
phy) to help separate natural saltwater pearls from bead- 
less freshwater cultured pearls. WMM 


JEWELRY HISTORY 


The history of the Ekaterinburg faceting factory. N. 
Moukhina, Platinum, Vol. 1, No. 16, 2005, pp. 
62-65 [in Russian]. 

The Ekaterinburg stone cutting factory was established in 

1726, only three years after the founding of the city, 

which later became the center of the Urals mining and 

metallurgy industries. Initially, the factory made marble 
facades for buildings in St. Petersburg. In the mid-18th 
century, however, it began specializing in faceting gems 
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IVUY.. 


. Uh KUNE? 


—their distinctive characteristics 


VORY has served man from the very 


dawn of his existence; from ages past to 
present day a prime medium of the glyptic 
art; a material whose loveliness mere words 
fail to convey but which tempts lesser things 
to emulate its beauty. To most people ivory 
is inevitably connected with the elephant, 
but how many know all the varied sources 
of this prized material? How many would 
be prepared to explain its origin? And how 
many would be able by indisputable means 
to confirm the genuineness of an “ivory” 
specimen? 

It is remarkable that ivory, a material so 
often used by jewelers for jewelry, has never 
received attention by the gemologist—maybe 
the mineralogist, to whom ali students. of 
gems refer, has never conceived an under- 
standing for so truly organic a substance. 
Also true is the fact that the only books on 


by 


ROBERT WEBSTER, F.G.A. 


Longitudinal section of 
bone. X25. 


ivory mainly treat with the artistic and 
antiquarian side, referring only to the prop- 
erties and to other simulating materials by 
name and scant description. May this short 
article, therefore, tell something of the 
means which may be used to differentiate 
between ivory itself and the more common 
bone. 

Ivory, or more correctly dentine, forms 
the body mass of the teeth of all mammals. 
On the wearing face the dentine is covered 
by a layer of the harder enamel, and at the 
fang end, by the crusta petrosa or cement, 
neither of which have an importance in this 
work, for in general these layers are re- 
moved before the ivory, which requires no 
further preparation, is fabricated into 
worked pieces. It is obvious that only those 
mammals which have teeth large enough to 
supply dentine in pieces of sufficient size 
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and carving decorative stones (e.g., jasper, agate, 
rhodonite, and quartzite). The craftsmen excelled in 
“Russian mosaic”—constructing images from small 
pieces of malachite and jasper. The factory also operated a 
school for cutting, polishing, faceting, engraving, and 
making mosaics, and the best pupils were sent to St. 
Petersburg for additional training. 

Most of the artifacts produced in Ekaterinburg were 
items used to decorate the palaces of the emperors and 
other nobility. The loveliest materials were made of gray- 
ish green Kalkan jasper and serpentine. The article 
includes photographs of the factory’s museum of engrav- 
ing and jewelry art pieces, such as vases, plates, architec- 
tural details, and stone stamps. Notable among these is a 
mosaic map of France that received the Grand Prize at the 
1900 Paris Exhibition. This map was presented to France 
and exhibited in the Louvre for many years. BMS 


Ural gemmas. T. Parnyuk, Platinum, Vol. 1, No. 16, 2005, 
pp. 46-49 [in Russian]. 
Many gem carvings were produced by the Ekaterinburg 
stone cutting factory between 1796 and 1847, but only at 
the end of the 20th century was this unique art restored. A 
special feature of these works is the wide spectrum of mate- 
rials used: jasper, chalcedony, and agate, among others. 
Examples of articles made by I. Golubev, I. Nasibulin, G. 
Ponomarev, and A. Zhukov are described; some are shown 
in photographs. There are faces of well-known writers and 
women, fantastic bird figures, landscapes, flower symbols, 
and folk-tale subjects. The skill of the engravers is apparent 
through their use of the texture, color, and translucent prop- 
erties of the stones. Artifacts of Ural masters are very popu- 
lar at Russian and international expositions. BMS 


PRECIOUS METALS 


Giving gold jewelry and coins as gifts: The interplay of 
utilitarianism and symbolism. B. Ertimur and O. 
Sandikei, Advances in Consumer Research, Vol. 32, 
2005, pp. 322-327. 

Turkey is the world’s fifth largest market for gold jewelry, 

and gold jewelry and coins serve a number of cultural 

functions. They are important for gifts that mark certain 
rites of passage, as well as a form of women’s empower- 
ment and safeguard against misfortune. This article con- 
tains interviews with Turkish consumers discussing the 
reasons they purchased gold coins and jewelry. The 
authors conclude that gold is a preferred gift for many rea- 
sons: investment, adornment, tradition, confidence that it 
will be well-received, and a statement of a bond between 
giver and receiver. RS 


Gold—The emotional metal. J. Cross [jessica@virtualmetals. 
co.uk], Applied Earth Science, Vol. 114, 2005, pp. 
B101-107. 
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Gold differs from other commodities in that the vast 
majority of the metal mined over the centuries remains 
available in the form of existing bars, coins, and jewelry, 
and it attracts investors who have an emotional belief in 
it, beyond economic fundamentals. In addition, gold serves 
as an unofficial currency in unstable areas. 

This article examines how these factors affect three 
major components of the gold market: official sales, 
adornment jewelry, and investment. In the first compo- 
nent, governments hold gold as a hedge even though it 
ears no interest or return. Nevertheless, in 1999 nations 
of the European Union agreed to sell portions of their offi- 
cial holdings on an orderly basis (approximately 2,000 
tonnes from a total of ~16,000 tonnes during 1999-2004). 
In the jewelry sector, gold adornment items continue to 
be important in the Middle East and India. In the West, 
however, it goes through different periods of fashion. In 
the U.S., yellow gold is losing market share to other con- 
sumer items, and in the United Kingdom, it has been 
equated with crass popular culture. There are difficulties 
with the investment market as well, because there are no 
easy ways to invest directly in the metal. RS 


SYNTHETICS AND SIMULANTS 


Characteristics of large-sized ruby crystal grown by tem- 
perature gradient technique. C. Song [soocii@ 
mail.siom.ac.cn], Y. Hang, C. Xia, J. Xu, and G. 
Zhou, Optical Materials, Vol. 27, No. 4, 2005, pp. 
699-703. 

This article describes the use of the temperature gradient 

technique (TGT) to grow a large ruby crystal. The initial 

experiment produced a 75 x 45 mm boule. The bulk of the 
as-grown crystal, 60 x 30 mm, was of good quality with min- 
imal inclusions, showed only Cr** (no Cr?* or Cr* byprod- 
ucts}, and displayed a high degree of crystalline symmetry. 
Based on their previous work and the current study, 
the authors believe the inclusions are gas bubbles and for- 
eign impurities. Concluding remarks suggest that larger, 
higher-purity crystals can be achieved with the TGT pro- 
cess by implementing meticulous procedures for preparing 
the ingredient powders (Al,O, and Cr,O0,) and improved 
control of the thermal field during crystal growth. 
SW 


Growth of large high-quality type-Ila diamond crystals. 
X.-C. Wang, H.-A. Ma, C.-Y. Zang, Y. Tian, S.-S. Li, 
and X.-P. Jia [xjia@mail.jlu.edu.cn], Chinese Physics 
Letters, Vol. 22, No. 7, 2005, pp. 1800-1802. 

Colorless high-quality type Ila synthetic diamond crystals 

up to 4 mm in size have been grown by the temperature- 

gradient technique at pressures of 5.5 GPa and tempera- 
tures of 1200-1300°C. The solvent metal is an Fe-Co-Ni 
alloy. Ti is added to the solvent metal to reduce the N con- 
tent in the synthetic diamond, and Cu is added to inhibit 
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the formation of titanium carbide inclusions. Growth 
rates are about 1.1-1.6 mg/h. Within the growth chamber, 
a modified ring-shaped carbon source is used, with the 
opening in the ring positioned directly above the growing 
crystal. With this configuration, titanium carbide particles 
that form in the molten alloy during a growth run are able 
to float upward and away from the growing crystal, and are 
thereby less likely to become entrapped within the syn- 
thetic diamond as dark metallic inclusions. JES 


Synthesizing single-crystal diamond by repetition of high 
rate homoepitaxial growth by microwave plasma 
CVD. Y. Mokuno [mokuno-y@aist.go.jp], A. 
Chayahara, Y. Soda, Y. Horino, and N. Fujimori, 
Diamond & Related Materials, Vol. 14, No. 11/12, 
2005, pp. 1743-1746. 

Many promising technological applications have prompted 

ongoing research into optimizing the size, quality, and 

growth rate of single-crystal synthetic diamond produced 
by the chemical vapor deposition (CVD) method. In this 
article, three developments are summarized. Use of an 

“enclosed” substrate holder resulted in the growth of tabu- 

lar synthetic diamond crystals with smooth and flat sur- 

faces. With this apparatus, a 4.65 ct, 1-cm-thick (~5 x 5 x 

10 mm) single-crystal synthetic diamond was produced by 

24 repetitive stages of crystallization over a total growth 

time of about 150 hours. Some crystals grown in this way 

were then polished with six cube faces. Further repetitive 
growth stages on several of these faces resulted in a three- 
dimensional enlargement of the synthetic diamond. 

JES 


TREATMENTS 


Beryllium-treatment. A. Peretti, D. Gtinther, and A.-L. 

Graber, Contributions to Gemology, No. 4, 2005. 
The fourth installment of Contributions to Gemology 
compiles previously published research on Be diffusion 
treatment of corundum from the first two issues, with 
updates and corrections, and adds new photomicrographs 
of corundum inclusions. 

In the first section, using a variety of advanced methods 
(SEM, EDXRF, LA-ICP-MS, CL), as well as gemological and 
spectroscopic testing, the authors examine a wide variety 
of natural, synthetic, untreated, and treated (before and 
after) corundum. Although the originally published (2002) 
version of this report attributed the induced color changes 
to “internal movement of color centers,” the corrections in 
this edition clearly establish the role of Be diffusion. 

In the second section, the authors use LA-ICP-MS 
chemical analyses to further examine the mechanisms of 
the color changes induced by Be diffusion. In contrast to 
other published reports, they correlate the formation of 
orange color centers to the Ti/(Mg+Be) ratio; the presence 
of Si was not found to be related. Orange color was 
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induced when Ti/(Mg+Be}]>1. The role of other trace ele- 
ments in the formation of color centers was limited or 
nonexistent. 

The new material in the third section of this issue 
consists of several pages of high-quality inclusion pho- 
tomicrographs (untreated and treated corundum) with 
explanatory captions. TWO 


High-temperature annealing of optical centers in type-I 
diamond. A. T. Collins [alan.collins@kcl.ac.uk], A. 
Connor, C.-H. Ly, A. Shareef, and P. M. Spear, 
Journal of Applied Physics, Vol. 97, 2005, pp. 
083517-1-083517-10. 

The widespread availability of commercial high pressure, 

high temperature (HPHT) services for changing the color of 

brown gem diamonds to colorless or other fancy colors has 
led to the need for a better understanding of the optical 
defect changes that occur during annealing. Several type Ia 
natural diamonds and type Ib synthetic diamonds were 
irradiated with neutrons or 2, MeV electrons, annealed at 
800°C, then subsequently either annealed at 1000°C- 
1750°C and ambient pressure or subjected to HPHT condi- 
tions (2300°C, 5 GPa). One type IaA and one type IaB natu- 
ral diamond, both electron irradiated, were annealed at 
33-50°C intervals from 800°C-1600°C to study changes in 
the H1b and Hlc centers. For reference, one natural type Ia 
brown diamond was annealed at 1600°C-1750°C and sev- 
eral others were subjected to HPHT conditions. FTIR and 

Vis-NIR absorption spectra (room temperature and 77 K) 

and cathodoluminescence (77 K) measurements were col- 

lected before and after each heating step. 

Annealing of type IaA and IaB irradiated diamonds to 
1600°C revealed that the H4 defect was destroyed by con- 
version to H3, confirming that H3 is more stable than H4 
and explaining the absence of H4 in most natural dia- 
monds that have undergone long-term annealing in the 
earth. In addition, carefully controlled interval heating 
defined the temperature-dependent sequence of creation 
and destruction of the 594 nm, H1b, H1c, H2, H3, and H4 
centers. Annealing of irradiated type Ib synthetic dia- 
monds revealed the creation of both H3 and, surprisingly, 
N63 centers, as well as the increased development of Ni-N 
complexes. Annealing of the reference natural brown dia- 
monds resulted in the complete removal of H4 defects 
and the 491 nm CL line related to plastic deformation, as 
well as the development of H3 and H2 centers. The ease 
with which the 491 nm line was annealed out and its dis- 
tinct presence in natural brown diamonds suggests that 
plastic deformation occurred very late in their history, 
most likely during eruption to the surface. Finally, the 
data indicate that H2 and H8 centers are destroyed by 
HPHT treatment of dislocation-free diamonds, but their 
intensities are dramatically increased during HPHT 
annealing of natural brown diamonds (with abundant dis- 
locations). This suggests a dynamic, competitive process 
where the final diamond color depends on a combination 
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of annealing temperature, duration, and the defects pre- 
sent in the diamond before treatment. CMB 


Scale determination of wax and macromolecule polymer- 
filled jadeite jade. L. Qi, X. Yuan, G. Peng, and G. 
Yang, Journal of Gems and Gemmology, Vol. 7, No. 
3, 2005, pp. 1-6 [in Chinese with English abstract]. 

Jadeite can be enhanced by a variety of processes, such as 
pure bleaching, corrosion by alkalis/acids, waxing, and 
polymer filling. Treated jadeite can be identified by micro- 
scopic observation and FTIR spectroscopy. However, the 
relationships among these enhancement processes are 
unclear, and there has been no detailed investigation of the 
quantity of wax- and polymer-filling materials in treated 
jadeite. 

Enhancement experiments were mainly performed by 
one author (GY) at Xiangfa Jade Ltd Co., Foshan, China. A 
solution of oxalic acid and H,O, with diluted HCl was 
used at 115°C for the pure bleaching treatment, followed 
by waxing. In the polymer filling treatment, samples were 
first placed in a solution of H,PO, and H,O, or HNO, and 
H,O,, followed by a NaOH solution to precipitate solid 
particles into the voids created by the corrosion process, 
and finally were subjected to polymer filling. Various treat- 
ed jadeite samples were cut into ~1 cm? pieces and dried at 
210°C for 5 hours before FTIR spectra were obtained. 

In the bleached and waxed samples, the intensity of the 
C-H stretching bands at 2919 and 2850 cm~ increased with 
immersion time in the wax. A group of characteristic poly- 
mer-related bands in the 3100-2800 cm~! range (3053, 
2967, 2929, and 2874 cm~!) were detected, and slight differ- 
ences were noted in the fine structures of these bands in 
other samples reportedly treated by different factories. The 
absorption of CH, and CH, related to the amount of wax 
and polymer in the jadeite, was correlated to two parame- 
ters involving the 2919 and 2851 cm! bands. EL 


MISCELLANEOUS 


Diamonds, foreign aid and the uncertain prospects for 
post-conflict reconstruction in Sierra Leone. J. A. 
Grant. The Round Table, Vol. 94, No. 381, 2005, 
pp. 443-457. 

In the 1990s, Sierra Leone was racked by a gruesome civil 
war, which local diamond production played a role in sus- 
taining. Since 2002, with the assistance of international 
aid organizations, the United Nations, and various govern- 
ments, the country has been trying to rebuild its shattered 
economy and infrastructure. Sierra Leone’s two chief rev- 
enue sources are agricultural products and diamonds. 

The country has made significant progress in regain- 
ing a degree of control over its production of diamonds 
from alluvial fields in the interior. Official production 
rose from $1.2 million in 1999 to $126.7 million in 2004. 
One reason for this dramatic increase is the Kimberley 
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Process, which requires certification for rough diamonds 
indicating that they were mined and sold legitimately. 
However, some industry analysts believe that the majori- 
ty of Sierra Leone diamonds continue to be exported ille- 
gally to avoid the 3% export duty. In addition, entrenched 
corruption and limited law enforcement resources contin- 
ue to hinder attempts to regain full control of the coun- 
try’s diamonds and other resources. RS 


Economic feasibility of small-scale black-lipped pearl oys- 
ter (Pinctada margaritifera) pearl farming in the 
South Pacific. Q. S. W. Fong, S. Ellis, and M. Haws, 
Aquaculture Economics & Management, Vol. 9, 
2005, pp. 347-368. 

This article offers a detailed economic analysis of the costs 
involved in starting and operating a black pearl farm in the 
South Pacific. A number of island nations in that region 
have little private industry and remain heavily dependent 
on aid from foreign governments and development agen- 
cies. The authors analyzed the start-up costs—labor, 
equipment, seeding, land-lease, etc.—factoring in issues 
such as anticipated oyster mortality and percentage of 
rejected cultured pearls, to develop an economic model for 
cultured pearl production over a 20-year period. 

The authors project that an initial investment of about 
$200,000 would be needed to establish a farm with 25,000 
oysters in seed. Because of the time required for the pearl 
culturing, there would be no income for three years against 
yearly operating costs ranging from $160,000 to $236,000. 
Years four and five would bring income equaling 40% of 
expenses, while the operation would turn a small profit 
($44,000) in year six. Profits would begin in earnest in year 
seven, where returns of $143,000 would be realized against 
revenues of $437,000. These figures, however, are highly 
dependent on fluctuations in the market price for black 
cultured pearls (a 1% decrease in price would cause a 5% 
decrease in profits). In addition, a small farming operation 
would find it difficult to compete against large, established 
producers unless a number of farms created cooperatives to 
realize economies of scale. RS 


Finer points of cutting. D. Knoote [dean.knoote@ 
argylediamond.com.au], Rough Diamond Review, 
No. 8, 2005, pp. 27-28. 
This article reviews developments in the history of dia- 
mond bruting. Bruting began in the mid-16th century by 
rubbing the edge of one diamond against another to round 
the corners and form the face-up shape. Machine-driven 
bruting was introduced in the 19th century and is still 
used today. 

The bruting process is similar to lathing except the 
diamond sharp (cutting edge) is clamped to a long holder. 
By tucking the shaft under the arm and clasping the end 
holding the sharp, a bruter leverages the stick about a cra- 
dle block, and can exercise accurate control of the tool 
while sensing a feel for the cutting. 
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Manual bruting requires years of experience. The 
apprentice bruter first learns to center a diamond, which 
is critical to maximizing diamond yield. One of the most 
important skills is being able to shape the rough fast 
enough to maintain productivity but slowly enough to 
avoid bearding. Preserving weight versus improving clari- 
ty and geometry are also important considerations. 
Highly skilled and experienced bruters have an advantage 
over automatic systems, which are not yet as sensitive to 
subtleties in the process. 

Automated bruting was developed in the 1980s. These 
bench-top machines work by grinding two contra-rotating 
diamonds against each other. Automated bruting takes 
longer than manual bruting (~2 hours vs. 15-30 minutes}, 
but this is offset by an operator being able to monitor five 
or more operations at once. The process also creates very 
parallel girdles that are particularly suitable for the hold- 
ers used with automatic polishing machines. 

Laser bruting has the advantage of being able to create 
virtually any shape in about 30-40 minutes; multiple 
stones can be loaded into special cartridges for unattended 
operation. When coupled with a computerized scanning 
and imaging system, laser bruting machines can create 
shapes with perfect symmetry. One drawback is that once 
a cutting path is started, the cut is committed, unlike 
manual bruting where the bruter can monitor and adjust 
the process. 

With the advent of these technologies, the number of 
manual bruters has declined rapidly. The author predicts 
that they will soon become redundant, as have manual 
kerfers. HJ-G 


The history and prehistory of pearling in the Persian Gulf. 
R. Carter [racbahr@hotmail.com], Journal of the 
Economic and Social History of the Orient, Vol. 48, 
No. 2, 2005, pp. 139-209. 

The author examines pearling activities in this ancient 
area from three points of view: (1) written accounts about 
pearls and pearl harvesting in the Persian Gulf, (2) pearls 
and related archeological artifacts found at various sites in 
the region, and (3) indirect archeological evidence of possi- 
ble pearling activities. 

On the first point, the author found that the earliest 
explicit reference to pearling dates from the 4th and 3rd 
centuries BC in what is now Abu Dhabi and Bahrain. 
Pearling had become an established enterprise by the time 
of Alexander the Great. Centuries later, Pliny noted that 
pearls were the most highly prized valuable in Roman 
society and praised those from the Persian Gulf. By the 
15th century AD, pearling had become “quite a large 
industry,” with Bahrain as the primary center. Records of 
the Dutch East India Company from 1724 estimate that 
Bahrain pearlers extracted one million pearls annually. 
The industry continued to grow through the 19th centu- 
ry, with the vast majority of the trade going to India. 

On the second point, archeologists discovered pearls 
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in Late Stone Age (6th and 5th millennia BC) settlements 
in what is now Kuwait. Most of the pearls were irregular- 
ly shaped, and some were incorporated into ornaments. 
The author argues that these came from deliberate pearl 
fishing, though this issue is apparently in dispute. 

On the third point, the author reviews shifts in 
human population throughout the area that parallel the 
development of the pearling industry. 

By the beginning of the 20th century, pearling was the 
primary industry of the region, providing the foundation 
of wealth for many of today’s ruling families. The majori- 
ty of pearls still went to India. Starting in the 1920s, 
demand for Persian Gulf pearls declined dramatically 
with the availability of Japanese cultured pearls. The clo- 
sure of Kuwait’s pearl oyster market in 2000 ended 7,000 
years of pearling in the region. RS 


Pathology of pearl oyster mortality. M. Hirano, Y. Sugi- 
shita, S. M. A. Mobin, K. Kanai, and K. Yoshikoshi 
(ykazuma@net.nagasaki-u.a.c.jp), Journal of Aquatic 
Animal Health, Vol. 17, No. 4, 2005, pp. 323-337. 

Cultured pearl farming of the Pinctada fucata martensii 

oyster has been marked by mass mortality events in some 

western Japanese farms. First seen in the Kagoshima pre- 
fecture in 1993 and progressively identified in the Oita and 

Ehime prefectures, mass mortality of these cultured oys- 

ters was prominent throughout western Japan by 1997. 

This article presents the results of a case study of healthy 

and affected oysters. 

Based on a single strain of test oysters, mortality 
events were examined at several farms. Accompanied by 
water temperature data and growth and mortality rates, 
most of the information was derived from examinations 
of affected oysters using optical microscopy and transmis- 
sion electron microscopy. A histopathological examina- 
tion of these oysters was comprised of dissection, dehy- 
dration, and stabilization of specimens, followed by slic- 
ing them thinly. After drying, the structure of the tissue 
was examined by pathologists using microscopy. 

The pathologists found that the tissue of diseased oys- 
ters was characterized by blebbing and cell necrosis, 
spreading from the digestive organ to other regions. No 
viral, bacterial, mycotic, or parasitic organisms were 
detected. This is in contrast to earlier suggestions that 
their mortality was due to an infectious disease. Mass 
mortality events were demonstrated to be regular annual 
events, with very similar patterns between farms. Water 
temperature was found to be only an indirect factor in 
mass mortality events: It altered the timing and some- 
times the severity of the outbreaks, but it is not suspected 
to be the cause. One suspected environmental factor is 
the presence of neighboring fish farms, which are known 
to cause water pollution and deoxygenation resulting 
from decaying fish waste. This study speculates that at 
least some farms were probably influenced by organic pol- 
lution from these fish farms. DMK 
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The 


LAST Page 


A COLORED DIAMONDS 


CHRONOLOGY 


August 2006 marks the release of the second book in the GEMS & GEMOLOGY IN REVIEW series, on colored diamonds. 
This 340-page volume, edited by GIA Laboratory technical director John M. King, contains more than 100 articles and 
other reports on historic colored diamonds, characterization of colored diamonds, and color grading, which span 
70-plus years of GEMS & GEMOLOGY issues. A special feature is the 20-page booklet of color reference charts, which 
provides examples of GIA fancy-color grades for yellow, blue, orange, pink, and green diamonds. Some of these charts 
are updated versions of those previously seen in G&G, whereas others have never been published before. 


Following are some of the highlights in the history of colored diamonds in the marketplace, the public eye, and the 


gemological laboratory. 


1631-1668: Intrepid French gem dealer Jean-Baptiste Tavernier makes 
six voyages to India. In 1642, it is widely believed, he acquires a 
112.5 ct diamond crystal that becomes known as the Tavernier Blue. 
Following its theft from the French Treasury in 1792, the Tavernier 
Blue is recut and eventually yields the 45.52 ct Hope diamond. 


1726: A London merchant writes a letter offering the Dresden Green 
diamond to Friedrich Augustus, ruler of Saxony, for 30,000 pounds 
sterling—the first known documentation of this historic stone. 


Circa 1878: The Tiffany diamond, perhaps the most famous of all 
yellow diamonds, is recovered from the Kimberley mine in South 
Africa. The 287 ct piece of rough is subsequently fashioned into a 
128.54 ct square antique modified brilliant. 


1903: South Africa’s Premier mine (renamed the Cullinan in 2003) is 
discovered. In addition to producing large colorless diamonds, the mine 
becomes known as a source of superb blue diamonds. 


Mid-1950s: The GIA Gem Trade Laboratory begins issuing color grad- 
ing and origin-of-color reports for colored diamonds. 


1958: Harry Winston donates the Hope diamond to the Smithsonian 
Institution in Washington, D.C., where it is now seen by some four 
million museum visitors each year. 


Mid-1970s: Stanley Doppelt and Louis Glick’s Starburst cut and Henry 
Grossbard’s radiant cut are introduced. These experimental cuts are 
found to intensify the face-up color of yellow diamonds, which leads 
to a revolution in fancy-color diamond cutting. No longer are colored 
diamonds exclusively manufactured in the same shapes, cutting styles, 
and proportions as their colorless and near-colorless counterparts. 


August 1979: The first diamond crystals are found in the area now 


Available now: To order Gems & Gemology in Review: 
Colored Diamonds, visit www.gia.edu/gemsandgemology 
or call toll-free 800-421-7250, ext. 7142. Outside the 
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known as the Argyle mine in Western Australia, which soon becomes 
the world’s largest volume producer of diamonds. The production 
includes brown stones that are creatively marketed as “cognac” and 
“champagne” diamonds, as well as a small but consistent supply of very 
rare pink diamonds. 


April 28, 1987: At Christie’s in New York, a 0.95 ct Fancy purplish 
red diamond known as the Hancock Red sells for $880,000. At 
$926,000 per carat, it still holds the record per-carat price for any 
gem sold at auction. 


November 1988: Two gemologists from the GIA Gem Trade Laboratory 
visit the Green Vaults in East Germany to conduct the first complete 
gemological examination of the 41 ct Dresden Green, one of the few 
green diamonds whose bodycolor is known to be of natural origin. 


December 12, 1988: The unmounted Hope diamond is graded by the 
GIA Gem Trade Laboratory, the first time it has ever been graded by a 
widely recognized system. The historic diamond receives a color grade 
of Fancy Dark grayish blue and a VS, clarity grade. 


Early 1995: GIA formally introduces modifications to its colored 
diamond color grading system, which include two additional fancy- 
grade terms, Fancy Deep and Fancy Vivid. The system and its 
enhancements were first described in the Winter 1994 issue of 
Gems & Gemology. In 1996, the color of the Hope diamond is 
updated to Fancy Deep grayish blue. 


June 27-September 15, 2003: The “Splendor of Diamonds” exhibit 
appears at the Smithsonian Institution. The display features one color- 
less diamond and six spectacular colored diamonds, including: the 
101.29 ct Fancy Vivid yellow Allnatt, the 59.60 ct Fancy Vivid pink 
Steinmetz Pink, and the 27.64 ct Fancy Vivid blue Heart of Eternity. 


U.S. and Canada, call 760-603-4000, ext. 7142, or 
e-mail gandg@gia.edu. Price: $59.95 plus shipping and 
handling. 


GEMS & GEMOLOGY SUMMER 2006 


GEMS & GEMOLOGY SUMMER 2006 PAGES 95-204 VOLUME 42 NO. 2 


GEMOLOGICAL INSTITUTE OF AMERICA 


a 
c 


mie EMS A | euson 
EMOLOGY 


Proceedings of the 
4th International Gemological Symposium & 
GIA Gemological Research Conference 


August 2006 ¢ San Diego, California 


THE QUARTERLY JOURNAL OF THE GEMOLOGICAL INSTITUTE OF AMERICA 


“THANK YOU, SPONSORS" 


On behalf of the participants of the 2006 INTERNATIONAL GEMOLOGICAL SYMPOSIUM and 


GEMOLOGICAL RESEARCH CONFERENCE, GIA thanks the following sponsors for their financial support 


of these events: 


PREMIER SPONSOR ($250,000) 
The Steinmetz Group 


GIA’ 75th Diamond Anniversary Gala 


PLATINUM LEVEL ($100,000-$150,000) 
Dimexon Eurostar, Hearts On Fire 
Sunset Soirée 


Vicenza Fair 
Italian Evening: 


MOODS, SENSATIONS, DIFFERENTIATIONS 
The Soul and Future of Italian Jewelry 

JCK Magazine 

Full-Day Sponsor, Monday, August 28 
SAFDICO USA INC 

Full-Day Sponsor, Tuesday, August 29 


Charles & Colvard, Ltd. 
GIA Gemological Research Conference 


GOLD LEVEL ($35,000-$75,000) 
ABN Amro Bank/ The VNU Jewelry Group 


Opening Session with former Secretary of State 
Madeleine K. Albright 


TJF Group 


(in collaboration with Vicenza Fair on the Italian Evening) 


American Gem Society 
Registration Gift co-Sponsor 


Swarovski 
Poster Session 


SILVER LEVEL ($15,000-$30,000) 


IJB Jewelers Block Insurance 
Tuesday Debate Centers 


Rapaport Group of Companies 
Cybercafé 


Jewelers Mutual Insurance Co. 
Monday Debate Centers 


Instore Magazine 
The Daily Navigator 


BRONZE LEVEL ($5,000-$10,000) 

Israel Diamond Institute 

Monday Luncheon at the Poster Session and Bottled Water 
Fancy Collection 

Speaker Ready Room and Monday Morning Break 


“Eighternity” 
A Division of K.R. Gems & Diamonds Int'l. 
Tuesday Casual Luncheon 


H2 Events 

Cappuccino Kiosk 

MVI Marketing Ltd. 
Press Room 

CIBJO 

Symposium Highlights on Video 
Professional Jeweler 
Monday Afternoon Interlude 


True Knots By My Way Jewelry Co. Inc. 
Hotel Key Cards 


GRC TRAVEL GRANT SPONSORSHIPS 
($1,000) 


Kazanjian Bros. (multiple sponsorships) 

Dr. Alfred A. Levinson 

Alice S. Keller 

ESTET 

Robert E. Kane and Fine Gems International 
Massoni Gioielli dal 1790 

Sundance Diamonds 


Robert Kammerling Fund 


emological 
esearch 
onference 


August 26-27 


Proceedings of the 
4TH INTERNATIONAL 
GEMOLOGICAL SYMPOSIUM (August 27-29) and 


GIA GEMOLOGICAL RESEARCH CONFERENCE 
(August 26-27), San Diego, California 


72 


81 


84 
87 
93 
106 
111 
112 


119 
120 
157 


Wal 


Editorial 


Business and Science Converge at the 2006 Symposium and 
Gemological Research Conference 


Kathryn Kimmel and Alice Keller 


INTERNATIONAL GEMOLOGICAL SYMPOSIUM 


Keynote Addresses 


Opportunities and Danger: The World in 2006 
Madeleine K. Albright 


Transitions and Traditions 
Maurice Tempelsman 


Symposium Photomontage 


Abstracts of Speaker Sessions 
Diamonds: Mapping the Future 

Colored Stones: Seizing the Opportunities 
Identification Technology 

Cultured Pearls 

Jewelry: The Changing Landscape 
Reinventing Your Business 

Luxury Retailing 

Changing Tides in Distribution Channels 
Business Perspectives: Charting the Globe 
Hot Topic: Consumer Confidence—It’s All About Trust 


Debate Centers 


GEMOLOGICAL RESEARCH CONFERENCE 
Co-chair Address 


James E. Shigley and Brendan Laurs 


GRC Photomontage 


Abstracts of Oral Presentations 
Diamond and Corundum Treatments 
Gem Characterization Techniques 
General Gemology 

Geology of Gem Deposits 

Laboratory Growth of Gem Materials 
New Gem Localities 


Poster Session: A Marketplace of New Ideas 
Gemological Research Conference 
International Gemological Symposium 


INDEX OF PRESENTERS 


EDITORIAL 
STAFF 


PRODUCTION 
STAFF 


EDITORIAL 
REVIEW BOARD 


EMS & 
EMOLOGY. 


Editor-in-Chief 
Alice S. Keller 
akeller@gia.edu 
Managing Editor 
Thomas W. Overton 
tom.overton@gia.edu 


Technical Editor 
Sally Magana 
sally.magana@gia.edu 


Consulting Editor 
Carol M. Stockton 


Contributing Editor 
James E. Shigley 


Art Director 
Karen Myers 


Shigeru Akamatsu 

Tokyo, Japan 

Alan T. Collins 

London, United Kingdom 
G. Robert Crowningshield 
New York, New York 


John Emmett 
Brush Prairie, Washington 


Emmanuel Fritsch 
Nantes, France 


Henry A. Hanni 
Basel, Switzerland 


Editor 

Brendan M. Laurs 

The Robert Mouawad Campus 
5345 Armada Drive 

Carlsbad, CA 92008 

(760) 603-4503 

blaurs@gia.edu 


Associate Editor 
Stuart Overlin 
soverlin@gia.edu 


Circulation Coordinator 
Debbie Ortiz 

(760) 603-4000, ext. 7142 
dortiz@gia.edu 


Production Assistant 
Allison DeLong 


A.J. A. (Bram) Janse 
Perth, Australia 


Alan Jobbins 

Caterham, United Kingdom 
Mary L. Johnson 

San Diego, California 
Anthony R. Kampf 

Los Angeles, California 
Robert E. Kane 

Helena, Montana 


Thomas M. Moses 
New York, New York 


Editors, Lab Notes 
Thomas M. Moses 
Shane F. McClure 


Editor, Gem News International 
Brendan M. Laurs 


Editors, Book Reviews 
Susan B. Johnson 

Jana E. Miyahira-Smith 
Stuart Overlin 


Editors, Gemological Abstracts 
Brendan M. Laurs 
Thomas W. Overton 


Website: 
www.gia.edu 


George Rossman 
Pasadena, California 


Kenneth Scarratt 
Bangkok, Thailand 
James E. Shigley 
Carlsbad, California 
Christopher P. Smith 
New York, New York 


Christopher M. Welbourn 
Reading, United Kingdom 


SUBSCRIPTIONS 


MANUSCRIPT 
SUBMISSIONS 


COPYRIGHT 
AND REPRINT 
PERMISSIONS 


Subscriptions to addresses in the U.S. are priced as follows: $74.95 for one year (4 issues), $194.95 for three years (12 issues). 
Subscriptions sent elsewhere are $85.00 for one year, $225.00 for three years. Canadian subscribers should add GST. 


Special rates are available for GIA alumni and current GIA students. One year: $64.95 to addresses in the U.S., $75.00 else- 
where; three years: $179.95 to addresses in the U.S., $210.00 elsewhere. Please have your student or Alumni number ready 
when ordering. Go to www.gia.edu or contact the Circulation Coordinator. 


Single copies of this issue may be purchased for $24.95 in the U.S., $29.00 elsewhere. Discounts are given for bulk orders of 10 
or more of any one issue. A limited number of back issues are also available for purchase. Please address all inquiries regarding 
subscriptions and single copy or back issue purchases to the Circulation Coordinator (see above) or visit www.gia.edu. 

To obtain a Japanese translation of Gems &) Gemology, contact GIA Japan, Okachimachi Cy Bldg., 5-15-14 Ueno, 

Taitoku, Tokyo 110, Japan. Our Canadian goods and service registration number is 126142892RT. 


Gems &) Gemology welcomes the submission of articles on all aspects of the field. Please see the Guidelines for Authors on our 
Website, or contact the Managing Editor. Letters on articles published in Gems &) Gemology are also welcome. 


Abstracting is permitted with credit to the source. Libraries are permitted to photocopy beyond the limits of U.S. copyright law 
for private use of patrons. Instructors are permitted to photocopy isolated articles for noncommercial classroom use without fee. 
Copying of the photographs by any means other than traditional photocopying techniques (Xerox, etc.) is prohibited without the 
express permission of the photographer (where listed) or author of the article in which the photo appears (where no photographer 
is listed). For other copying, reprint, or republication permission, please contact the Managing Editor. 


Gems & Gemology is published quarterly by the Gemological Institute of America, a nonprofit educational organization 
for the gem and jewelry industry, The Robert Mouawad Campus, 5345 Armada Drive, Carlsbad, CA 92008. 


Postmaster: Return undeliverable copies of Gems &) Gemology to The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. 


Any opinions expressed in signed articles are understood to be the opinions of the authors and not of the publisher. 


ABOUT 
THE COVER 


The 4th International Gemological Symposium and GIA Gemological Research Conference presented technical and business 
issues affecting the colored stone, diamond, and pearl industries. Shown here are highlights of the collection of Dr. Edwatd J. 
Gtbelin, unveiled at GIA’s 75th Anniversary Gala held during Symposium, with a photomicrograph of a diamond octahe- 
dron under long-wave ultraviolet radiation as a backdrop. Like this cover, the breadth of subjects addressed at Symposium 
and the GRC underscored the important relationship between gemstones and the science that protects their integrity. 


Left to right, starting with the top row—13.72 ct South Sea pearl from the Philippines, 6.05 ct and 13.51 ct Mexican fire opals; 
(row 2)—19.45 ct Egyptian peridot, 13.60 ct Namibian scapolite, 4.10 ct diamond (not part of the Giibelin Collection), 11.18 ct 
tanzanite; (row 3)—13.85 ct Sri Lankan sapphire, 18.41 ct topaz, 10.92 ct Burmese spinel; (row 4)—5.21 ct South African 
thodochrosite, 2.59 ct Paraiba tourmaline from Brazil, 8.51 ct Sri Lankan spinel, 13.00 ct Madagascar sphene; (bottom row)— 
9.05 ct Sri Lankan “padparadscha” sapphire, 2.12 ct Paraiba tourmaline from Brazil. Photo of stones © GIA and 

Harold & Erica Van Pelt; photomicrograph by Christopher M. Breeding. 


Color separations for Gems & Gemology are by Pacific PreMedia, Carlsbad, California. 
Printing is by Allen Press, Lawrence, Kansas. 


© 2006 Gemological Institute of America All rights reserved. ISSN 0016-626X 


106 


Wave-like’ structure of 
the canals in ivory. X25. 


Ivory... 


“Engine turning” effect 
seen on the surface: of 


elephant ivory cut across 
the tusk. X15. 


Wave-like canal structure 


in thin section of ivory. 
X50. 


GEMS & GEMOLOGY 


Business and Science CONVERGE at the 


2006 SYMPOSIUM sia : 
GEMOLOGICAL REST CONFERENCE 


Id friends and new partners. Old challenges and new 

solutions. Old institutions and new business models. 

In late August, GIA hosted two events that attracted 
some of the oldest and most respected names in the gem and 
jewelry industry as well as some of the newest practitioners of 
gemology. Held in San Diego, California, the 4th 
International Gemological Symposium and first-ever GIA 
Gemological Research Conference surpassed all expectations. 


With an attendance of 1,332, Symposium (August 27-29) lit- 
erally offered something for everyone. At the opening session, 
former U.S. Secretary of State Madeleine Albright gave her 
thoughtful perspective on the geopolitical issues affecting the 
world today. She also unabashedly admitted her love of jewelry 
and how she would carefully select the brooch she wore on a 
particular day to signal her mood to the state leader with 
whom she was meeting. Out of respect for our industry, 
Secretary Albright generously waived her regular speaker’s fee 
for this occasion. 


In other keynote addresses, “retail anthropologist” Paco 
Underhill looked at how studying the behavior of shoppers 
can anticipate their wants and needs. Creativity expert Sir 
Ken Robinson stressed the importance of opening ourselves 
up to the imagination that came to us naturally as children. 
Catch Me If You Can’s Frank Abagnale captivated the audi- 
ence with tales of his early adventures as a master criminal— 
and his later career as a fraud-prevention expert. Mind-body 
pioneer Deepak Chopra provided clues to connecting with 
the world around us. In the closing ceremony, industry 
statesman Maurice Tempelsman focused on the value of tra- 
ditions and the imperative of transitions. Both Secretary 
Albright and Mr. Tempelsman kindly allowed publication of 


their prepared remarks in this Proceedings volume. 


During the speaker sessions that constituted the main pro- 
gram, successful business leaders and scientific experts shared 
their experience and intellect. They looked at the future of 
the diamond industry—exploration in Canada, the emerging 
Chinese market, the impact of the De Beers Supplier of 
Choice program, the importance of branding, and the need 
for fair trade initiatives. They examined the risks and rewards 
of reinventing their businesses, of pursuing new distribution 
channels, of seeking out untreated and underappreciated col- 
ored stones. They taught us the keys to good jewelry design, 
the challenges in luxury retailing, and the opportunities for 
researcher and retailer alike in new identification technolo- 
gies. Leading producers and distributors brought us up to 
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date on pearl farming in the South Seas, Tahiti, and China. 
And business experts from Japan, Dubai, Italy, and India 
foretold the future in these key trade centers. 


We are pleased to bring you abstracts of all the industry speak- 
er presentations in this volume, as well as summaries of the 
“hot topic” panel on consumer confidence and the six debate 
centers. The debate center themes—the Pit, the Ring, and the 
Jungle—give some idea of the intense, no-holds-barred 
exchanges between panelists as well as audience participants. 
Scenes from the various sessions, as well as from the incompa- 
rable evening events, are featured here in the photomontage. 


Of special interest to the Gems & Gemology reader, GIA’s 
first Gemological Research Conference (August 26-27) was 
an overwhelming success, drawing a sellout crowd of more 
than 700 registrants. This volume includes the abstracts of 
the 121 oral and poster presentations at that event, as well as 
28 posters in the Symposium Poster Session. Presenters and 
attendees alike came from some 32 countries and dozens of 
laboratory/research organizations. One of the event’s recur- 
ring themes was the need for gemologists to cooperate with 
one another to solve the very serious problems facing the 
industry. We hope the GRC was an important step in fur- 
thering that cooperation, and planning is already underway 
for the second conference, in August of 2009. 


To all who took the time to present at Symposium and the 
GRC, we cannot thank you enough. To all who traveled to 
San Diego to participate, we enjoyed having you as our 
guests. To our generous sponsors and our Board of 
Governors, we couldn’t have done it without you. And a 
huge thanks to the hundreds of GIA staff members who 
helped organize and run these events. As many attendees told 
us, you were the true stars. Special kudos go to former GIA 
president Bill Boyajian, the architect of the Symposium pro- 
gram; GRC co-chairs Brendan Laurs and Jim Shigley; Poster 
Session chair Dona Dirlam; event planner Carol Moffatt; 
and Symposium coordinator Kathy Gilmore. They put in 
countless hours over the last three years to provide a truly 
unique experience over four days in August. 


It was our privilege to join GIA chairman Ralph Destino, 
acting president Donna Baker, and Board chair Helene 
Fortunoff in hosting these events. 


Kathryn Kimmel and Alice Keller 
Co-chairs, 4th International Gemological Symposium 
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he World in 2006 


By Madeleine K. Albright 
Former U.S. Secretary of State 
Founder, The Albright Group LLC 


am truly delighted to be here—for the simple rea- 

son that I love jewelry. It doesn’t have to be expen- 

sive; it just has to look good. My dilemma is that, 

if you turn me loose in a shop, it all looks good. 
When it comes to gems, I am an enthusiast—in short, 
the perfect customer. And I have often said that I have 
no sins except the sin of buying jewelry. 

So I am grateful to the Gemological Institute of 
America for helping me understand that it is not a sin, 
but rather a sign of good character. And also for ensur- 
ing that every customer has a reasonable match between 
value and price. 

But I don’t have to tell you that the GIA is more than 
just another industry association. It was founded during 
the Depression, when optimism was harder to find than 
even the most precious of stones. The Institute soon 
became synonymous with professionalism and high 
standards, qualities that are forever in short supply. And 
from the time of Robert Shipley to the era of Bill 
Boyajian, Donna Baker, and Ralph Destino, it has been 
blessed with the rarest quality of all—outstanding and 
inspirational leadership. 

So I am honored to help you celebrate the Insti- 
tute’s 75th birthday—but even more the beginning of 
its second 75 years. Because the spirit of this confer- 
ence is less about acknowledging the past than about 
navigating the future. And we all have our means for 
doing that. 

Fifteen years ago, the first President Bush suggested 
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that the way to keep our bearings was to read his lips. 
When I was Secretary of State, I asked everyone to read 
my pins. The story began with Saddam Hussein. As 
Americas Ambassador to the United Nations, I had 
criticized Iraq for not meeting its obligations to the 
world community. So the Iraqi government published a 
poem which called me a “snake” and included the 
clever verse, “Albright, Albright, why do you fight the 
light?” 

Not long after, I had a meeting with an Iraqi official 
and so decided to wear a brooch in the shape of a ser- 
pent. At the subsequent press conference, reporters 
asked me about the brooch while the television cameras 
zoomed in. 

From then on, I used my pins as a diplomatic tool— 
reinforcing the message of the day. On patriotic occa- 
sions, I wore a brooch in the form of a golden eagle. 
When delivering speeches on the Middle East, I wore a 
pin given to me by Leah Rabin that was shaped like a 
dove. When I was in high spirits, I chose a balloon; 
when I was looking for someone to sting—a bumblebee; 
and in those rare moments when I was feeling devi- 
ous—a spider complete with web. 


Madeleine K. Albright served as the 64th secretary of state of the 
United States, 1997-2001. She is the founder of The Albright Group 
LLC, a global strategy firm, and the Mortara Distinguished Professor of 
Diplomacy at the Georgetown University Walsh School of Foreign 
Service in Washington, DC. 
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In her opening address at Symposium, former U.S. Secretary of State Madeleine Albright admitted her love of jewelry and her use of 
certain brooches to reinforce the message of a diplomatic visit. She then expressed her optimism that nations can profit from lessons of 
the past and create economic and political arrangements that will benefit all countries in the future. 


In case you are wondering, I am writing a book 
about all this—complete with photographs—to come 
out along with an exhibit in 2009. 


Of course, it should be no surprise to this audience that 
gems and jewelry can be used as forms of communica- 
tion. For as long as history has been recorded, precious 
gems have been searched for and fought over, used to 
show affection and to create alliances between one gov- 
ernment and another. As we know from the saga of 
Africa’ conflict diamonds, the beauty has sometimes 
been tainted with ugliness, just as good and bad are 
mixed in human nature. 

Diamonds were once believed to be fragments of stars 
and the teardrops of gods. But they are also at the heart 
of an industry that creates jobs and generates economic 
activity in ways that are very much down to earth. I am 
no expert on that industry, but it seems there are real sim- 
ilarities between what you do and what I did, between 
the business of gems and the art of diplomacy. Both are 
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inherently global. Both demand teamwork. Both respect 
tradition while embracing calculated risks. And both are 
grounded in knowledge and the capacity to learn. 

A big difference is that, in gemology, you develop the 
means for analyzing and grading gems; these become 
industry standards and are incorporated into the com- 
mon wisdom. As in science and math, knowledge accu- 
mulates when more becomes known and new technolo- 
gies are created—so today’s gemologists are more skilled 
than those of 75 years ago. In the arena of global poli- 
tics, however, knowledge seems to appear but then 
almost immediately to vanish. 

We study history, but constantly forget the lessons 
of the past; instead, we dwell on grievances that pro- 
voke fresh rounds of violence and hate. We develop 
technology in hopes that it will fulfill our fondest 
dreams only to find it bringing closer our worst night- 
mares. We turn to faith, but too often discover less a 
source of healing than a rationale for dividing the world 
between “us” and “them.” 

One of the questions I am asked most frequently, and 
especially in recent weeks, is whether I am an optimist or 
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Sec. Albright discovered this French antique eagle pin 
months before President Clinton nominated her and vowed 
she would buy it if she was chosen; she wore the pin during 

her swearing-in ceremony. The piece is one of Albright's 
large personal collection of brooches, the subject of her 
upcoming book project. Courtesy Madeleine K. Albright; 
photo by Robert Weldon. 


a pessimist. My answer is that | am an optimist who 
worries a lot. I am an optimist because I believe in our 
collective ability to make progress through political and 
economic liberty and respect for the rule of law. But I 
also worry. 

I worry about the plague of terrorism that is both 
contagious and widespread. I worry about the possibili- 
ty that globalization will cause the world’s most danger- 
ous weapons to fall into the hands of the globe’s most 
dangerous people. And I worry about the Middle East, 
where a new round of fighting has reminded us how 
much our future remains hostage to the past. 

At present, the international community's goal is to 
help the government of Lebanon bring the terrorist 
group Hezbollah under control so that it no longer acts 
as an independent military force. The problem is that 
the government in Beirut is weak, its population frag- 
mented, and its army unequal to the job. This makes 
Lebanon vulnerable to outside pressure, especially from 
Iran, whose influence is growing as an unintended con- 
sequence of the war in Iraq. 


RISKS OF THE FUTURE 


We sometimes forget that before Saddam Hussein 
invaded Kuwait, he invaded Iran, starting a war that 
lasted eight years and cost millions of lives. By removing 
Saddam Hussein, we eliminated a tyrant who was also 
the leading regional opponent of Iran’s undemocratic 
regime. The result has been to alter a balance of power 
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that had existed between Sunni and Shiite Muslims for 
more than 800 years. 

The long-term implications of this are perilous to 
predict. In the worst case, we could see a new political 
alignment that is inherently unstable and will invite a 
series of high-stakes showdowns, even wars. The poten- 
tial exists for fighting between Israel and Arabs on all 
sides, between Palestinian factions, among the various 
ethnic and faith communities in Lebanon, between 
Iran and its Sunni Arab neighbors, and between Turkey 
and the Kurds. 

Iraq, of course, is at the center of it all. I fully share 
the Bush administration's desire to see a united and 
democratic Iraq, living at peace with itself and its neigh- 
bors. But more than three years after the invasion, Iraq 
is divided and unstable, its civic life shaped more by bul- 
lets than by ballots and its future darkened by the possi- 
bility of full-fledged civil war. We desperately need uni- 
fying and visionary leadership in the Middle East. Such 
leadership must begin with the understanding that there 
can be no decisive military solution to any of the actual 
or potential conflicts in the region—not in Iraq, not 
between Israel and her neighbors, and not between Shia 
and Sunni Muslims. 

The real choice in every case isn’t between victory 
and defeat, but between compromise and endless war. 
For too long, the prevailing mentality in the region has 
been that the weak cannot afford to give up anything 
while the strong have no need to give up anything. 

There are also those who refuse to compromise 
because they are convinced that God is on their side. 
There are elements within Islam, Christianity, and 
Judaism alike who believe that wars in the Middle East 
have been foretold by scripture and that the final battle 
between good and evil will take place in that region. 
This isn’t a point I am inclined to argue, but I do know 
this: Armageddon is not a foreign policy. And there is 
nothing inevitable about murder and mayhem in the 
Middle East. To seize the sword instead of the olive 
branch—that is a choice. To teach children to hate—is 
a choice. To glorify murderers as martyrs—is a choice. 
To dehumanize and disrespect the dignity of others—is 
a choice. 

These are all choices, and what people have the 
capacity to choose, they have the ability to change. We 
cannot make choices for those who live in the Middle 
East and Persian Gulf. But we can try to persuade all 
sides that there can be no progress for any side through 
violence. This reality will never be accepted by everyone, 
but if it is understood broadly enough, there is a possi- 
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bility that we can start moving again in the direction of 
stability. That will demand sophisticated and hard-head- 
ed diplomatic engagement on the part of all concerned, 
including the United States. And it will require that the 
forces of moderation throughout the region do more to 
support each other, so that extremists are easier to isolate 
and indiscriminate killing is seen as the crime that it is, 
not as a sign of heroism, virtue, or strength. 

It has been natural, especially since 9/11, for pub- 
lic attention to be drawn to the threat posed by terror- 
ism and to the ongoing drama in Iraq. But the world 
elsewhere has not stood still. In fact, it has been 
engaged in a transformation as profound as any since 
the Industrial Revolution. 


OPPORTUNITIES IN 
A CHANGING WORLD 


This may well be one of those periods people look 
back upon and say that history moved from one era to 
another. As evidence, we can point not only to breath- 
taking advances in technology, but also to demo- 
graphic changes that are making almost every country 
more diverse and the world younger and more Asian. 
Today, China, India, and South Asia account for near- 
ly half of humanity. As they continue to develop, new 
tests will arise. 

On the technological side, we must find a way for 
billions of people to emerge from poverty into a middle- 
class lifestyle—without exhausting our resources or 
destroying the health of our planet. 

On the political and economic side, we will need to 
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Madeleine Albright was 
sworn in as the 64th 
Secretary of State of the 
United States on January 
23, 1997. She is shown here 
(wearing the antique eagle 
brooch) with two of her 
daughters, Katie and Anne, 
and President Bill Clinton. 
Photo © Wally McNamee/ 
Corbis Sygma. 


adjust to a future in which the balance between East and 
West is more equal. 

On the security side, we will have to cope with a 
series of problems that have their roots in such past trau- 
mas as the Second World War, the partition of India, the 
Chinese revolution, and the Korean conflict. 

The challenge for our leaders will be to establish poli- 
cies and maintain rules that build confidence so that strife 
is minimized and countries are able to prosper together 
instead of at each other’s expense. This will not happen 
automatically. We cannot assume that governments will 
make the right choices. Nor can we assume that the forces 
of enlightenment and freedom will prevail. 

As in Iraq, good intentions can lead to unintend- 
ed consequences. Those who feel threatened by glob- 
alization can be counted on to make their fears 
known—through nationalism, protectionism, and 
protests. Others persist in seeing the 21st century as 
a battleground for re-fighting the religious wars of the 
Middle Ages. 

I said earlier that 1 am an optimist who worries a lot. 
Without underestimating the dangers, I believe firmly 
that we do have the ability to profit from the past, to 
establish and live by the rule of law, and to create eco- 
nomic and political arrangements that work for the ben- 
efit of all countries. But to succeed, we must do the best 
possible job not simply of expressing what we believe, 
but also of understanding how and why others act as 
they do. 

We must remember that no matter how much we 
think we know, there is always more to learn. We must 
adjust constantly to change—but we must also recog- 
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nize what has not changed. For the most important 
principles, like the finest diamonds, are forever. Those 
principles are not national, but universal; not temporary, 
but permanent. They reflect the human condition and 
the aspirations we all share for a world that is more just, 
humane, and peaceful than it has ever been. 

For me, the core principle is simply that every life 
matters and that every individual counts. A philosophy 
that begins with respect for the dignity of every human 
being has a huge advantage when matched against the 
propaganda of those who see murder as pleasing to God. 
Such an outlook demands that we live up to our own 
highest ideals. It compels us to seek and value the con- 
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This dove pin was given 
to Secretary Albright by 
Leah Rabin, wife of late 
Israeli Prime Minister 
Yitzak Rabin. She wore it 
frequently when giving 
speeches on the Middle 
East. Photo © Deborah 
Feingold/Corbis. 


tributions of everyone. And it provides a basis for unity 
across every border of nation and race, gender and creed. 

It is said that all work that is worth doing is done in 
faith. As the Gemological Institute of America begins its 
second 75 years, I ask you to join with me in asserting the 
same faith in the future that inspired your predecessors 
who, in the midst of global depression, set forth with 
confidence to navigate the challenges of their time. 

In closing, let me say to every member and friend of 
the GIA that for all your past accomplishments, I con- 
gratulate you. For all you are doing and will do, I salute 
you. And for your kind attention and warm welcome 
here this afternoon, I thank you very much. 
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By Maurice Tempelsman 
Chairman, Lazare Kaplan International 


oday marks the third time I have had the privi- 

lege of being the closing keynote speaker at the 

International Gemological Symposium. As in 

1991 and 1999, I come away from these pro- 
ceedings with renewed confidence in our business, and in 
the talent, vigor, and integrity of those who make up our 
business, and will lead it into the future. 

The theme of my remarks this evening is “transition 
and tradition,” and let me begin by paying tribute to 
one of the most memorable of those traditions, the his- 
toric and indispensable role played by GIA since 1931 
in educating the public about our product, and build- 
ing confidence in an industry that, more than any other 
I know, is dependent on such confidence. It began with 
the pioneers—Robert Shipley, Richard Liddicoat, 
Robert Crowningshield, and other farsighted visionar- 
ies who foresaw with clarity the importance of gemo- 
logical education, product standards, and_ business 
ethics. Their prescience transformed the way we do 
business and, more importantly, laid the foundations 
for the way increasingly well-informed consumers come 
to the marketplace. 


AN INDUSTRY IN TRANSITION 


So we have our traditions, honorable ones, these and 
many others beside. Indeed, tradition befits a business 
that, now more than ever, is based not only on the 
authenticity of its product, but also on that product's 
origins in the mists of geologic history. And yet from our 
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own history we know that there is no tradition that 
stands exempt from the laws of change and transition. 
This too has venerable origins: Let us recall the very first 
man and woman, just cast out from the joys of an 
immutable, prehistoric Eden, the man (as ever) fierce in 
his confusion and despairing; and the woman turning to 
him and saying, “Adam, it looks as if we are in a time of 
transition.” Or words to that effect. 

So we of this generation are not the first human 
beings to coin what seems the motto of our time, name- 
ly that the only constant in life is change. But having 
said that, there is no doubt that the pace and frequency 
of today’s transitions are greater than once they were; 
and bringing the matter closer to home, there is also no 
doubt that such transitions are relatively new and chal- 
lenging for our particular industry. For well on seven 
decades, the diamond industry sat secure on the bedrock 
of measured supply. For reasons that are well familiar to 
this audience, those days, and those old familiar founda- 
tions, are gone, and they are gone forever. The funda- 
mentals of our industry are no longer driven by supply, 
but increasingly and inexorably by issues of ultimate 
consumer demand. For all those who are stakeholders 
along the diamond pipeline—from producer nations 
and mining companies upstream to manufacturers, 


Maurice Tempelsman is chairman of the Board of Directors of Lazare 
Kaplan International Inc., New York. He is also senior partner in the 
firm of Leon Tempelsman & Son, a company active in international 
mining, investments and business development and minerals trading. 
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distributors, retailers, and bankers downstream—there 
is no single fact, and no single transition, more impor- 
tant than this one. 


Supplier of Choice. The emblem of this transition is 
De Beers’s “Supplier of Choice” (or SOC). I know it has 
become fashionable in some circles to caricaturize SOC 
as the underlying cause of most of the unsettledness and 
challenges now facing the diamond business—but that 
is one fashion I do not subscribe to. I give credit to De 
Beers for having foreseen, and for having faced up to, 
the inevitability of this transition from an upstream cen- 
ter of gravity to one downstream, which rendered vul- 
nerable if not obsolete one of the most successful busi- 
ness models of the 20th century. We all know that it 
takes courage to reinvent one’s business model, and 
especially to do so proactively, before events impose their 
own form of restructuring. 

In essence, SOC is a form of quasi-franchise. The 
franchisor confers a degree of legal security and standing 
on the franchisee as the distributor of its product, in this 
case rough diamonds. The franchisor provides certain 
forms of support in addition to the product itself. The 
franchisee, in turn, is expected to live up to standards 
that augment the value of the franchise as a whole, to 
hold stock, and to invest alongside the franchisor in 
stimulating consumer demand for that stock. However 
novel this model may be for our industry, none of it 
is illogical, and none of it is in principle misconceived 
as a means of shaking up old complacencies— 
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In his third consecutive 
Symposium appearance, 
Maurice Tempelsman 
reminded the audience that 
there is no tradition that ts 
exempt from the laws of 


change and transition. 


of squaring the industry up to the test of a demand- 
driven world. 


Shrinking Liquidity. But if, as I have suggested, the 
introduction of SOC took courage and foresight, it also 
benefited from that other business essential that we all 
know well (though our egos may sometimes tempt us to 
downplay it)—namely, good luck. At the same time De 
Beers was bringing its new model to market, the world’s 
central bankers were pumping liquidity into the financial 
system, pushing down the cost of funds and effectively 
propping up prices for other assets. This, too, had a clear 
logic to it; and looking back to the dark events and mood 
of five years ago, we can all be thankful to former U.S. 
Federal Reserve Board chairman Alan Greenspan and 
others for having erred on the side of taking risk out of 
markets at a moment when global confidence, and the 
global economy, needed it. Certainly, the tide of buoyant 
prices and easy credit in the diamond business helped 
smooth waters that might otherwise have been roiling 
from the subsurface shifts in the industry's fundamentals. 
Or, viewed less benignly, that rising tide concealed the 
new dangers and difficulties that would have to be 
addressed by all when, inevitably, the high waters of liq- 
uidity began receding. 

I think we would all agree that the macroeconomic 
tide has now turned. Differences of opinion, and of analy- 
sis, may lead us to disagree on how fast, and how far, it 
will run in the other direction. Differences of sentiment, 
and of temperament, may lead us to disagree on how 
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hard, or how gently, our industry will be set down. These 
differences matter—they are, of course, what markets are 
made of, and as a relative optimist who believes that opti- 
mism is itself a vital prop for our industry, I hope that oth- 
ers will share my confidence. But it would be “irrational- 
ly exuberant,” if you allow me to borrow this phrase from 
Mr. Greenspan, to believe that discretionary consumer 
spending will be unaffected by higher interest rates and 
higher oil prices, or that credit lines will be unaffected by 
a higher perception of risk in financial markets. 


Greater Transparency. There is another sea change that 
deserves our attention. No one in this audience needs any 
education in the Kimberley Process, or in the antirmoney 
laundering and anti-terrorism financing measures intro- 
duced in this country and others in recent years. What is 
less well known is that a similar move toward greater 
transparency and oversight is underway in the diamond 
banking sector as well. In short, under the rubric of “Basel 
2,” banks are set to look beyond the old, familiar criteria 
of creditworthiness and commercial risk. They will focus, 
much more than ever before, on the operational or sys- 
temic risks their clients’ activities may pose for them. Put 
simply, they will want and need to know far more about 
how a client runs its own business: not just the mechan- 
ics, but the extent to which the business is operated sus- 
tainably, transparently, ethically, and so on. 

Make no mistake: As the chairman of a publicly listed 
company, I see this trend toward greater outside scrutiny 
as not only inevitable in today’s world but also desirable. 
It will, ultimately, strengthen the tradition of straight and 
honorable dealing that is fundamental to a business so 
heavily dependent on public and consumer sentiment. 
But it will also prove challenging for many. Not all com- 
panies are geared or set to thrive in the spotlight—much 
less under the microscope, which is inevitably what it 
becomes when challenges arise. And even for those com- 
panies that are, there is of course a real financial cost that 
comes with establishing and maintaining the necessary 
systems to accommodate such scrutiny—again, the expe- 
rience of being publicly listed is instructive. These 
increased systemic costs, and the increased fickleness of 
bankers in extending, pricing, and supervising credit 
would be one thing in an industry healthily profitable and 
healthily geared. They pose a much sterner test where— 
as in the case of the downstream diamond sector—prof- 
itability is already squeezed and debt is at record levels. 

To summarize, then: We have an industry undergo- 
ing a historic shift away from the governing fundamen- 
tals of over a half-century; we have SOC, coinciding 
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The De Beers Supplier of Choice program has brought 
important changes to its traditional method of distributing 
diamond rough to its sightholders. George and Lazare 
Kaplan are shown here examining a sight box during the 
1950s. Photo courtesy of LKI. 


with a transfer of the inventory burden downstream and 
the assumption by downstream players of greater finan- 
cial and other responsibilities; we are emerging from a 
period of extraordinarily benign economic and credit 
conditions that have held in check some of the latent 
pressures and contradictions flowing from the industry’s 
transition; and, despite these benign circumstances, we 
have razor-thin downstream margins and record levels of 
downstream indebtedness, at a time when bankers are 
starting to take a harder look. 

Does all this portend the worst? Not in my view, 
though some correction does seem inevitable. Does it 
signify the bankruptcy of SOC as an idea or in practice? 
No again, though it does seem to me that SOC in its 
present form is a holding point rather than an end 
point—that SOC is part of a process, rather than a final 
destination. Nor do I believe that ultimate destination 
will come inevitably or automatically. 

In short, I see the industry neither on an assured 
upward path nor on a steep slope to the abyss. Rather, 
it is at a vital crossroads. And I see three routes available 
to us. 


AN INDUSTRY AT A CROSSROADS 


Stay the Course. The first route is to stay on our pres- 
ent course without alteration, trusting in fate, habit, or 
rising markets to unwind some of the pent-up pressures 
that have grown in these years of transition and are now 
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visible, particularly downstream. There is a part of me 
that would like to believe in this route, and not merely 
because it is the path of least resistance. The business 
cycle is not new, and riding out downswings is another 
venerable tradition in our industry. Sometimes staying 
the course makes good sense, even when storm clouds 
loom ahead, both because we humans—especially 
those of us with an entrepreneurial bent—tend to be 
resilient, and because we tend sometimes to overmagni- 
fy the severity of the storms we can see coming. I am 
reminded of a quote from that greatest of American 
authors and wits, Mark Twain, who said toward the end 
of his days: “I am an old man and have known a great 
many troubles, but most of them never happened.” 
Regrettably, in this instance I must part company 
with Twain and instead heed the advice of another 
American whose wisdom I have come to value. Former 
Treasury Secretary and Secretary of State George 
Shultz once observed that, “if something is unsustain- 
able, sooner or later it will grind to a halt.” Well, at the 
end of the day I believe that our present industry 
course is just not sustainable. Boiled down to basics, 
there is simply not enough margin capturable down- 
stream to support the new investment that I agree 
must be made in this segment of the pipeline—invest- 
ment in stimulating consumer demand, investment in 
technology and markets, and investment in the sys- 
tems and practices needed to provide greater trans- 
parency and respond to outside scrutiny. Nor is there 
enough margin to offset the structurally enhanced risk 
the industry faces now that the old, traditional founda- 


The global diamond industry is facing difficult choices in the 
near future, choices that will have important ramifications for 
all members of the pipeline. Illustration by Karen Myers. 
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tions of price stability underwritten by a single domi- 
nant player are no more. 

So if we do not self-correct, I very much fear that a 
correction will be imposed upon us. And while many 
would survive such a correction, and some would even 
profit greatly from it, the process would be messy, 
painful, and unpredictable. Nobody really knows what 
unintended consequences might flow were an industry 
cloaked in an image of solidity, exclusivity, and time- 
lessness—an industry uniquely dependent on discre- 
tionary consumer perceptions—to be marred by busi- 
ness failure on a large scale, by potentially reckless deal- 
ing on the part of those threatened with such failure, by 
dramatic price volatility, or by any number of other ills 
that can beset troubled markets. 


Commoditization. The second course available to us 
stands at the other extreme. Indeed, it would largely 
take for granted that old traditions, old ways, are irrev- 
ocably lost, and assume that market volatility and, at 
the extreme, market chaos, are now our inevitable com- 
panions, and thus to be embraced rather than avoided. 
This course would treat diamonds as a commodity like 
any other. And, as in any commodity market, price 
would become the ultimate regulator. 

At the risk of overdramatizing, this would be the 
course of revolution; and it would come with all the 
unknowns that inevitably accompany the overturning of 
an established order. One has to ask, again, whether rev- 
olution would work for an industry whose defining 
catchword has been “forever’—more specifically, 
whether price volatility is readily compatible with pub- 
lic perceptions of diamonds as an enduring store not just 
of values, but of value. And the issues are not just ones 
of consumer perception. Unlike every other commodity 
market I know of, the diamond industry has no existing 
or readily available tools for laying off the risk of price 
movements. There are no financial hedging mecha- 
nisms. Everyone in the pipeline, from producer to con- 
sumer (to varying degrees, of course) has a “long” posi- 
tion. For those of us downstream, always being long was 
tolerable in times past, when there was an assurance of 
relative price stability. It could still be tolerable today, 
were margins high enough to cover the added risk pre- 
mium that flows from the removal of price stability. But 
as I have already noted, there are no such healthy mar- 
gins, nor any evident prospect of them. So if the course 
of revolution—the course of “commoditization” of dia- 
monds—is to be pursued, the development of workable 
hedging mechanisms would be essential. 
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The flood of small diamonds into the mass market in recent 
years, in combination with other factors, has increased pres- 
sures to treat diamonds as a commodity, with price being the 
ultimate regulator of market conditions. Photo courtesy of the 
Indo Argyle Diamond Council. 


Is this possible? Leaving aside the bigger issue of 
whether price volatility is good for our product, could we 
devise a futures market for diamonds that would effective- 
ly tackle the problem of pricing risk for individual indus- 
try players, at the same time that it provide a potentially 
valuable source of new liquidity for the diamond sector? 
Here I will freely confess to being out of my depth when 
it comes to specifics. But at least in theory it does not 
seem out of the question. Producers have some capacity 
to standardize boxes, and they already do so to an increas- 
ing extent. They would probably also have to be the 
anchors of an assured physical delivery system and at least 
at the outset effective underwriters of any futures market. 
These are not minor matters. As even the most ardent of 
revolutionaries in the broader world would admit, there 
comes a time when every revolution must deliver on the 
details, or itself face obsolescence. And many a revolution 
has come unstuck by simpler details than these. 

So revolution, like inaction, is possible, perhaps even 
plausible—but comes with its own significant chal- 
lenges. Between these two ends of the spectrum, inac- 
tion on the one hand and revolution on the other, there 
lies in my view a third plausible course—evolution. 
And, as ever, evolution holds the greatest chance of mar- 
rying the two strands of tradition and transition on 
which I have based my speech, and on which I believe 
our industry's future depends. 
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Evolution. To consider this third course we must 
return to SOC, which is emblematic of where the 
industry now stands, and which I earlier described as a 
quasi-franchise. Why did I append the qualifying word 
“quasi”? Because SOC in its present form stops short of 
the full-fledged franchise model we know from other 
business sectors, a model predicated on a much closer 
partnership, or symbiosis, between franchisor and fran- 
chisee. Let us take, for the mere sake of familiarity, the 
example of a car dealership. The dealer and the suppli- 
er enter into a long-term mutual commitment in 
which, among other things, the franchisor—the suppli- 
er—contractually binds itself to support the fran- 
chisee—the dealer—in tangible ways: by ensuring the 
dealer a sufficiently large and attractive geographic or 
product market for the dealer to operate in and pene- 
trate; by providing credit lines; by co-sponsoring and 
co-financing advertising and promotions that give the 
dealer a specific competitive edge; by adjusting prices 
downward when necessary and upward only when sus- 
tainable; and by these means and others, providing the 
solid base that enables the franchisee, the dealer, to go 
out and risk substantial amounts of his or her own cap- 
ital in building and mastering the market. Looked at 


The New York diamond district has long been the center of 
diamond distribution in the United States. As with other 
elements of the diamond pipeline, it has faced significant 
challenges and transitions in recent years. Photo by 
Elizabeth Schrader, 
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Though diamond mining has been a lucrative enterprise for 
nations such as Botswana, they remain dependent on a stable, 
successful manufacturing and distribution industry down- 
stream. Shown here is the recovery plant at the Jwaneng mine 
in Botswana. Photo courtesy of Debswana. 


another way, the franchise itself creates a capital value 
on which the franchisee can depend. 

Now in making this case I do not want to overstate 
it. Of course, cars are not diamonds; nor does the 
upstream brand power in the automobile business cor- 
respond to the downstream brand emphasis of the jew- 
elry sector; nor would the mutual commitments of car 
dealers and suppliers be identical to those appropriate 
to our industry. But the essential point remains: A true 
franchise entails more security and support for those on 
the downstream end of the pipeline than is now provid- 
ed under SOC or any other operative model in the dia- 
mond industry. And without that, the ability down- 
stream to carry inventory, to invest in a defensible mar- 
ket niche, to stimulate consumer demand through 
product differentiation and advertising or otherwise, to 
develop or apply new technologies that not only 
improve business processes but also lend “sizzle” to our 
underlying product, even to access financing on opti- 
mal terms—the ability to pursue all these vital goals will 
continue to be limited, and our business as a whole will 
be the worse for it. 

By suggesting a true franchise model as the viable 
“third way” forward for our industry, I do not want to 
focus attention exclusively on that point in the dia- 
mond pipeline where producers meet dealers and man- 
ufacturers. That is, as you know, an important part of 
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my company’s business; but it is not the only one. The 
essence of what I am calling a true franchise is one that 
has stronger, more mutually supportive, backward and 
forward linkages between different players and points 
within the pipeline—and that essential element need 
not, in fact should not, be confined to any one segment 
of that pipeline. Some players will seek to achieve this 
through so-called “vertical integration” within the 
bounds of a single company or group of affiliated com- 
panies. But that is neither easy to achieve nor right for 
everyone. Our industry will continue, and rightly so, to 
have a multiplicity of actors and specializations. It is 
making them work more symbiotically that is the key. 
And there, too, lies the key to building on, rather than 
discarding, our rich heritage of tradition. 


IN SEARCH OF A COMMON VISION 


We are blessed to live in a time—and at least most of us 
in this room are blessed to live in a place—where the 
opportunities for open dialogue, whether of the com- 
mercial or political kind, are more readily available than 
ever before. I dare say this makes us more the masters of 
our own fate than any generation of citizens or business- 
people that has preceded us. (It also makes distinguishing 
and choosing between incessant background chatter and 
words and ideas of true value more difficult—but that is 
something for another speech, at another moment.) In 
our extraordinarily globalized business, those who have a 
stake in the issues I have addressed run far beyond this 
gathering, and far beyond this country’s borders. The 
major diamond-producing nations, from Botswana to 
Russia, can no more rely on a healthy, steady market for 
their goods than can the mining companies that operate 
in those nations, if the pipeline is clogged or dysfunction- 
al at any given point. Nor can the bankers who finance 
that pipeline be complacent about its vulnerabilities. The 
stake of rough dealers and manufacturers—very arguably 
the pipeline’s weakest point at present—is self-evident. 
And I would strongly suggest that no polished distribu- 
tor or retailer can afford to ignore the health of their sup- 
ply chain. All five of these constituencies—producing 
nations, financiers, mining houses, their immediate cus- 
tomers for rough, and the ultimate customers for pol- 
ished—are crucial; and I would hope that at this cross- 
roads where I believe we now stand, we can find and 
engage one another to define a common vision, and per- 
haps even a common way forward. 
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People ° Places * Events 


Top: The Symposium opening sessions featured Todd Schroeder’ rendition of “Imagine” and a flag procession representing 
all 42 countries that participated. Middle: Former U.S. Secretary of State Madeleine Albright delivered the keynote 
address. Afterward, she was joined by GIA acting president Donna Baker for an in-depth question-and-answer session. 


Middle, far right: GIA chairman Ralph Destino welcomed attendees. 


Lefi: The opening session audience. Above: 
Symposium co-chairs Kathryn Kimmel (left) and 


~ A 8S Alice Keller (right) join Secretary Albright. 
7 . 
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GIAs 75th Diamond 
Anniversary Gala fol- 
lowed the Symposium 
opening session. The 
celebration was held 
at GIA headquarters 
in Carlsbad, 
California. 


\ - 
| DS 
Above lefi: Guests enjoy champagne en _—! 
route from the opening session to the GIA P 
campus. Above right: Ron Dupuis, Carol 
Besler, and Bill Boyajian. Near right: A = 
Living statue performs at the entrance to the 


gala. Far right: Yav Sapir, Shmuel Schnitzer, 
Sharona Schnitzer, and Efraim Raviv. 
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Lefi: Martin Coeroli, Robert Wan, and 
Bruno Wan of Tahiti Perles. Below: Ralph 
Destino and Secretary Albright view a 
GIA Museum display. 


After sunset, gala attendees enjoyed the 
music of Chris Isaak and a spectacular 


fireworks finale. 


Lefi: Steinmetz CEO Nir Livnat poses with a diamond- 
encrusted Formula One steering wheel and a 108 ct dia- 
mond that were loaned by the company. Above, right: 
Event planner Carol Moffat and Chris Isaak. 
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Top lefi: Monday breakfast keynote Paco Underhill unlocks the 
mysteries of shopping behavior. Top right: Eric Braunwart ana- 
lyzes the branding of colored stones. 


Middle: David Yurman 
(left) explains jewelry 
design and brand creation. 
Brian Cook (right) presents 
a poster on golden rutilated 
quartz from Bahia, Brazil. 
Near right: Designer 
Michael Bondanza dis- 
cusses recent technical 
innovations. Far right: 
Nadja Swarovski reveals 
her companys approach to 
reinventing itself. 
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Lefi: Dr. Chris Welbourn discusses technologies for identifying 
synthetic diamonds. Center left: Participants exit “The Ring” 
after Monday’ ethical dilemmas debate. Below: A scene from 

the synthetic diamonds debate in “The Pit.” 


Monday evening’ Sunset Soirée offered 
Southern California-style entertainment. 
Above: Sheldon Kwiat, Martin Rapaport, and 
Hertz Hasenfeld. Above, right: an aerial view 
of the soirée and the synchronized swimming 
performance. Right: Glenn Rothman, Susan 
Rothman, and Rajiv Mehta. 
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Below: Tuesdays Hot Topic panel on consumer confidence included 
(from left) Jeffrey Fischer, Esther Fortunoff Green, Sally Morrison, and 
Thomas Moses. Right: Breakfast keynote Frank Abagnale, of “Catch 

Me If You Can’ fame, discusses fraud prevention and document security, 


a — 


Middle, left: Greg Fant discusses eBays impact as a jewelry 
selling channel. Middle, center and right: Audience member 
Shigeru Akamatsu and speaker Joel Schechter during the 
Cultured Pearls session. Above: Catherine Coquillard talks 
about QVCS strategy as a jewelry retailer. Right: Creativity 
expert Sir Ken Robinson explores innovation and leadership. 
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Top lefi: Leonid Tcharnyi speaks out during the Internet debate 
center while Niels Ruddy Hansen and Elizabeth Chatelain look on. 
Top right: Mind-body pioneer Deepak Chopra at the Tuesday lunch. 
Middle: the G&G booth (lefi) and a break between sessions (right). 


Bottom: Maurice Tempelsman (left) delivers Tuesday’ closing address. 
Middle: Helene Fortunoff at the closing session. Right: Panelist Charles 
Carmona voices his opinion during the Appraisals debate. 
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Below: Corrado Facco, Helene Fortunoff, Paola De Luca, and Eddie Prentice. 
Center right: Robyn Lewis of the Italian Jewelry Guild. 


Symposium closed with “Moods, 
Sensations, Differentiations: The Soul and 
Future of Italian Jewelry.” Below left: 
TJF creative director Paola De Luca. 
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Center lefi: Hea Shin Kim, Robert M. Shipley IIL, 
Robert Buscher, Michael Rae, and Cecilia Gardner 
enjoy the Italian wines and cuisine. Lefi: Kathryn 
Kimmel and one of the models. 
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can have importance as a source of commer- 
cial ivory; these are, in general, those ani- 
mals whose teeth are modified into the form 
of tusks. 

The main source of ivory is from the two 
existing species of the order Proboscidea; 
the African elephant (Elephas africanus), 
and to a lesser extent from the Asiatic ele- 
phant (Elephas maximus), the so-called 
Indian elephant. The tusks of the elephants 
are not canines as tusks usually are, but the 
incisor teeth of the upper jaw. They are 
teeth which grow during the whole of the 
animal’s life, and being subject to no habit- 
ual attrition from an opposed tooth, being 
worn only by the occasional use in digging 
roots, arrive at an extraordinary length and 
follow the curve originally impressed upon 
it by the form of the socket. The tusks con- 
sist of ivory only, though there may be a 
patch of enamel at the tip in young “teeth” 
—the term used throughout the ivory trade 
for the tusks. oe 


Microphotograph of thin section of 
ivory showing grain band and wave- 
- like canal structure. X25. 


A further member of the proboscidea 
remains to be mentioned—one that excites 


awe and imagination—the woolly mammoth 
(Elephas primigenius), a prehistoric ele- 
phant which lived and roamed Europe, Asia 
and North America before the great ice 
ages. Well may the reader wonder how such 
a creature can have an application in an 
article on modern ivory, for surely the tusks 
of these warrior animals of the past would, 
after the countless years, be blackened and 
destroyed. The fact is that many of these 
great beasts, with their inordinately long 
and curved tusks, were overwhelmed by the 
ice flow which descended from the north 
during the periods of glaciation. This fossil 
ivory has been literally kept in refrigeration 
and has been found in some quantity in the 
icy arctic wastes about Siberia’s Lena river, 
and, except for perhaps a slight brittleness, 
differs little from recent ivory. 

The large thick-skinned aquatic animal, 
often termed “sea or river horse”, which 
inhabits the rivers of Central Africa, the 
hippopotamus (Hippopotamus amphibius) 
produces ivory from its large canine teeth. 
The tusks, weighing one to six or more 
pounds and covered by a particu- 
larly hard variety of enamel, con- 
sists of an ivory whiter and of finer 
grain than that of the elephant, but 
of less commercial importance 
today. Two denizens of the deep 
supply an ivory which had, and to 
some extent still has, particularly in 
Scandinavian countries, a commer- 
cial significance. The first of these 
is the walrus (Odobaenus rosma- 
rus), an amphibious animal of the 
seal family characterized by the 
enormous development of the ca- 
nine teeth of the upper jaw. The 
other is the narwhal (Monodon 
monoceros), a species of arctic whale 
whose spirally cwisted “horn” is an incisor 
tooth projecting straight out from the ani- 
mal’s head on the left side, being one of the 
only two teeth possessed by the creature, the 
other being the right incisor which is gen- 
erally only rudimentary, although occasion- 
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Magellan’s Guide to the Diamond Universe 


Elliot Tannenbaum 


erdinand Magellan's voyage 485 years ago physically 
proved that the world is a globe and thereby forced a 
change in the way people looked at the universe and 
their place in it. Yet it took hundreds of years for the general 
populace to fully understand the ramifications of this discovery. 
This can be used as a metaphor for the diamond industry, 
which has changed over the past 25 years from a small opera- 
tion centered in a few cities into a truly global business. But 
the assumptions and attitudes of the industry have not kept 
pace with its growth, and it functions much as if it has not yet 
discovered that the “earth is round.” So in order to have a 
meaningful discussion of diamond distribution, we have to 
challenge our assumptions about the diamond pipeline in 
particular and the diamond industry in general. 


Challenging Assumptions 

Knowing the Consumer. Our understanding of consumers is 
obsolete in terms of their numbers, spending power, geographic 
location, and access to information. Today’s consumer has been 
empowered by technology to take control of the transaction. 


Reaching the Consumer. The single vertical pipeline is obso- 
lete, and today there is a multi-channeled path to the con- 
sumer. Coupled with a growing globalized market, this forces 
us to redefine such concepts as standardization vs. variation, 
globalization vs. localization, large companies vs. small. The 
result will be a forced rearrangement of companies into spe- 
cialties that maximize their individual strengths. 


Defining the Product. Our past understanding of the nature 
of the product we sell has become obsolete as a result of the 
introduction of branding, which redefines our product and 
therefore who our competition is. As part of the wider luxury 
goods category, diamond manufacturers and retailers will have 
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to invest much larger sums of money on branding—on the 
scale of other luxury goods industries. 

This can be looked at as a threat or an opportunity, as can 
other changes in the industry, for example: 


1. The multiplicity of certification labs is often seen as a 
threat or a nuisance, but it actually provides an opportuni- 
ty to give consumers a multi-dimensional understanding of 
diamonds, and create a more effective price-point system. 

2. The upcoming movie about conflict diamonds is seen as a 
threat, but it should be considered an opportunity to improve 
the public image of the legitimate diamond industry by pub- 
licizing the industry's effective activities against the trade in 
conflict diamonds. The role of diamonds as the engine of 
Africa’s growth is already evident to nations such as Botswana, 
and this is the time to carry the message to the world at large. 


Rough Diamond Supply. Control of rough is shifting from the 
DTC to a larger group of mining companies and governments. 
Increased government involvement will lead to price increases, 
putting pressure on manufacturers from one direction. From 
another direction, manufacturers will be pressured by consumers 
to provide impeccable provenance. Combined, the two pressures 
will force manufacturers to come up with innovative solutions. 
This has already been done successfully by the food industry on 
the levels of supply, distribution, and retailing. 


Conclusion 

The changes required by our evolution into a global industry 
will be all-encompassing at every level of the trade. These 
changes will be as threatening, and as promising, to our indus- 
try as Magellan’s discovery was to his generation. 


Mr. Tannenbaum is partner of Leo Schachter Diamonds in New York. 
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The Canadian Diamond Industry: Where to Now? 


Martin Irving 


anada’s appearance in the diamond world was sud- 

den and unexpected, both by the industry and by 

Canadians themselves. Yet this impact has been 
impressive, and the country’s potential is immense. The 
1991 discoveries by Chuck Fipke and Stewart Blusson led 
to the first wave of diamond activity in Canada, the open- 
ing of two world-class mines in the Northwest Territories 
(NWT): Ekati (1998) and Diavik (2003). The second wave 
consists of production from smaller mines: Jericho 
(Nunavut, 2006), Snap Lake (NWT, 2007), and Victor 
(Ontario, 2008). Canada is the number-one target for glob- 
al diamond exploration expenditures, which should ensure 
a third and fourth wave of production in the future. The 
third wave will likely include production from 
Saskatchewan, Quebec, and additional localities in the 
NWT and Nunavut. By 2016, it is estimated, Canada will 
be producing approximately 27 million carats a year for a 
total value of about US$3.5 billion. The province of 
Saskatchewan will likely be an important player in the 


Over the next 10 years, dia- 
mond production from 
Canada will more than dou- 
ble, as several new mines come 
on line. Sources are respective 
company data from web sites 
and “Economic Impact of 
Diamond Mining” in Current 
Analysis by RBC Financial 
Group, June 2006. 


Diamond Production (millions of carats) 
on 
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future of Canadian production, since it encompasses the 
world’s largest diamondiferous kimberlite field (with an 
estimate of more than 1.2 billion tonnes of ore). 

However, the Canadian industry is more than just dia- 
mond mining. Canada’s financial markets have become crit- 
ical sources of equity funding for global diamond exploration 
companies, and its geoscience community is a key source of 
knowledge and expertise. Canada-based diamond companies 
have taken new and innovative approaches to the diamond 
business. The development of “Canadian” brands has 
impacted polished diamond marketing. Canadian companies 
are involved in diamond-related research and development, 
security, publications, training, and tourism. Canada is now 
truly a diamond jurisdiction—and its role will continue to 
evolve as the industry grows. 


Mr. Irving (mirving@ir.gov.sk.ca) is manager of the Minerals Sector, 
Strategic Sector Branch, Industry and Resources for the Government 
of Saskatchewan in Saskatoon. 
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Developments and Challenges of the 
China Diamond Market 


Lawrence Ma 


hina’s diamond industry has three facets: diamond 

processing, jewelry manufacturing, and domestic 

consumption. China processes around 4.5 million 
carats of diamonds each year, which translates into almost $1 
billion in cut stones. In 2005, the country exported more than 
$6 billion in jewelry; diamond jewelry represented more than 
$1.25 billion of that total. By 2010, China is expected to 
account for 10% of global diamond jewelry exports. And 
China is now one of the few countries whose annual domes- 
tic consumption of jewelry exceeds $10 billion. With an aver- 
age growth rate of 8%, China’s jewelry market is predicted to 
surpass $20 billion by 2010, which would account for 10% of 
the world market. 


Driving Forces for Growth 

The Chinese diamond market has experienced great changes 
in the past decade, including the shift from a small manu- 
facturing base to the world’s second largest polishing center 
and most promising consumer market. The strong perform- 
ance is a consequence of economic growth plus geographic 
and demographic strength, supplemented by suitable policy 
adjustments. 

China has the world’s fastest expanding major econo- 
my; it has grown at an annual rate of about 10% for the 
past two decades, which continued at 9.9% in 2005. By 
2025, urban households in China will make up one of the 
largest consumer markets in the world, spending about 
$2.5 trillion annually—almost as much as all Japanese 
households spend today. 

In addition, China is a vast country, with 27 cities that 
exceed 3 million in population. Understanding the cultural as 
well as tax differences between provinces is crucial to the suc- 
cess of a business in China. Among the overall Chinese pop- 
ulation of more than 1.3 billion, the largest age groups are 
20-29, followed by 30-39. These figures alone reflect the 
enormous growth potential of China's diamond market. 

Policy adjustments following China’s accession to the 


World Trade Organization and the establishment of the 
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Shanghai Diamond Exchange (SDE) and the Shanghai Gold 
Exchange provided more stimulus for growth of the Chinese 
jewelry industry. 

Today, foreign enterprises are allowed to 100% own and 
operate retail businesses in China. And after years of lobbying 
by the Shanghai Diamond Exchange for a reduction in the 
value-added tax (VAT), the government finally approved a 
VAT adjustment effective July 1, 2006. The VAT rate for pol- 
ished diamonds imported through SDE was cut to 4% (from 
17%). With these moves, the Chinese government is creating 
one of the world’s most favorable markets for diamonds. 


Challenges and Opportunities Ahead 

The size of China's population, the increase in wealth and 
income, and the growing awareness of western lifestyles prom- 
ise a bright future for the diamond market in China. There are 
opportunities for growth and development in which local 
companies and foreign enterprises can take part. However, 
much work remains to be done and care has to be exercised, 
especially given the many different consumer markets that 
China encompasses. As the jewelry retail market continues to 
grow, there is a lack of expertise and management to support 
this rapid expansion. Finding the right partner is vital to the 
long-term, healthy growth of the diamond industry. 

China is evolving from a relatively monolithic, poor 
country into a vibrant marketplace with complex and rapid- 
ly developing consumer segments. Price competition alone 
will no longer be the best means of survival. After years of 
rapid market development, consumers are becoming more 
sophisticated and demand for unique designs and branded 
jewelry is rising. 

There are many challenges in the Chinese diamond mar- 
ket, but for companies that anticipate the changes that lie 
ahead, the opportunities will be as vast as the country itself. 


Mr. Ma is executive director of Lee Heng Diamond Co. Ltd. in 
Hong Kong. 
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Battle of the Minds 


Glenn Rothman 


hy did so many of us come from all over ba 
the world to San Diego, to the GIA i 
symposium? Well, some of us came to © 


see friends and colleagues, learn something new, find 
a potential customer, or be seen or, better yet, heard. 
But all of us came to figure out “Where am I going 
to end up in all of this massive change? How will it 
affect me personally, my family, my business, my 
job, my customers, and the entire diamond world?” 

This is a very unifying thought. We may be a 
heterogeneous group—vendors, customers, com- 
petitors, service providers, trade organizations, and 
publications—but we're all in the same boat: 
“Where will I be in my career in seven years, at the 
next Symposium?” Can we continue to grow, learn, 
and thrive through these market changes? 

I can hear some of you asking “How tough is the 
business environment out there? Maybe I'd be much 
better off if I liquidated my inventory and placed my capital 
in tax-free bonds. At least I know I could safely earn 4% net 
profit a year, without any risk, and without working. Or per- 
haps I could use my skills to prosper in another industry. My 
intuition is telling me the playing field is going to get harder. 
Low margins (so I don’t have room to make any real mis- 
takes), tough supply, my customers don’t want to pay me, and 
my expenses are going up, including the cost of money.” 

These are huge challenges and they are industry wide, 
because we all depend on each other in some way to contin- 
ue growing consumer demand. 

What we have lost sight of is the magical life of our pre- 
cious diamond. Life is light, and the power and magic of light 
is what a diamond does. It is a magical crystal that captures all 
the light, bounces it around internally like no other material, 
and sends it back to your eyes in a rainbow of colors. It is 
many millions of years old. That is continuance! A diamond 
symbolizes and acknowledges all of life’s stages, all of our 
changes in identities. Diamonds are indeed forever, as they 
become part of a family legacy from generation to genera- 
tion—my mother’s diamond, my grandmother's diamond. 

When you really think about, a diamond is a brand in itself. 
It has a brand promise, intrinsic meaning, and iconic status; 
emotional value is created in the mind of its owner. And this is 
where the challenges and opportunities arise. Brands need. to 
focus on the brand’s promise, its emotional value. Every time 
we think outside or contrary to that promise we have 
problems. We are off-brand. Our minds have wandered to price 
or supply. We are transaction motivated, when the focal point 


26 


ATH INTERNATIONAL GEMOLOGICAL SYMPOSIUM 


should be on the diamond and the life it brings. 

DTC, retailers, manufacturers, and an entire trade 
have spent many hundreds of millions of dollars creating 
the brand meaning, creating the emotional desire, and 
yet we act ofFbrand and sell price. What we need to do 
as an industry is strengthen this brand, with true enthu- 
siasm and excitement at every level of the pipeline. 

Many of you think you cant change so you don’t 
change. Yet it starts with you. I have a good friend, 
Gary Hill, who calls it “the Battle of the Minds.” 
Our primary focus is on a good deal: How much 
back of Rap can I buy it for and how many Rap 
points can I make when I sell it? This is a description 
of a commodity-based, transaction-driven business 
model. The only profitable level of this business 
model is in the mining end. If you are an extremely 
sophisticated, cutting-edge manufacturer, you have a 
chance at a decent return on capital. Everyone else in 
the middle is challenged by no real margins. The real success 
stories have developed niche business models and have over- 
come the “Battle of the Minds.” When we begin to embrace 
the business practice of being “on-brand,” in focusing on the 
meaning of the diamond, we start to believe in margin. 

The battle of the minds over margin at retail starts with 
the store owners, who define themselves as expert price spe- 
cialists. The battle is with their own identity. 

The battle for salespeople is a little easier, because they 
believe in the owner and the business. They can be trained 
and given incentives to overcome their mindset. And then it 
goes to the consumer, which is even easier. 

My personal theory is that the diamond-buying public 
wants to pay more for their diamond and its life-changing 
experience. It is a measure of who they are and how much 
they love the recipient. Ifa man is really in love, he wants to 
pay more. Of course, there will always be the bottom 20% of 
consumers who are not buying the diamond’s brand prom- 
ise. They are only purchasing because they have to. They will 
buy price, and most likely on the Internet if at all possible. 

Our goal as an industry should be to strengthen the pas- 
sion, excitement, and meaning of our precious diamond. Do 
you know what will happen if each and every one of us con- 
tributes to the excitement? Instead of all the luxury dollars 
going to adventure travel, home entertainment centers, and 
expensive handbags, shoes, and clothing, the dollars and mar- 
gins will flow back to the meaning and passion of diamonds. 


Mr. Rothman is CEO and founder of Hearts On Fire in Boston. 
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Diamond Industry of the Future 


Martin Rapaport 


he diamond industry is undergoing a period of 
fundamental restructuring. All segments of the dis- 
tribution pipeline are under severe pressure. 

African governments are asserting control over diamond 
resources, demanding black ownership of mining companies 
and questioning why African jobs are going to Indian cutters. 
De Beers sightholders, forced to establish downstream mar- 
keting channels or lose their rough diamond allocations, are 
destroying vital middlemen and competitive markets, result- 
ing in an almost total lack of liquidity and a financial crisis. 

Retailers are also under pressure as higher oil prices and 
interest rates diminish the middle-class luxury wallet. Profits 
are low, competition is fierce, and liquidity is very tight or 
nonexistent. 

In my view, mining companies with their overpriced 
rough and downstream demands have turned diamond cut- 
ting into a losing business. How can cutters pay cash for 
rough and sell polished on long-term credit only to have 
retailers return the diamonds they fail to sell? Our first-class 
cash diamond business has been reduced to a beggar’s market, 
where cutters beg retailers to take diamonds on memo. The 
industry is losing its pride and confidence in diamonds. 

And now let us consider the movie “The Blood Diamond.” 
While industry organizations and their PR firms tell us and our 
customers that the Kimberley Process has taken care of the con- 
flict diamonds problem, the fact is that Sierra Leone is today the 
second poorest country in the world. The problem is not the 
movie or holiday sales. It is the fact that one million diamond 
diggers in West Africa are suffering and the diamond industry 


Figure 1. These diamond diggers are panning for rough in the Kono 
region of Sterra Leone. Diggers are paid anywhere from 60 cents and 
a cup of rice to $2.30 per day. Photo by Aryeh Rapaport. 


ATH INTERNATIONAL GEMOLOGICAL SYMPOSIUM 


Figure 2. Some diggers in the Kono region are financed by “support- 
ers” who pay the diggers medical bills, plus a cup of rice and a dollar 
a day, in exchange for diamonds found by the digger. Diggers often go 
into debt to their supporters, creating a cycle of poverty and inden- 
ture. With Fair Trade diamonds, the diggers can operate independ- 
ently of supporters and have a chance to create a better income. Fair 
Trade diamonds will give money back to the diggers communities to 
develop schools, hospitals, and wells. Photo by Aryeh Rapaport. 


does not care. How can it be that over the years more than one 
billion dollars of diamonds have come out of Sierra Leone, and 
yet it is the poorest country with one of the highest infant mor- 
tality rates in the world? Does anyone care? Do you care? 

The time for change has come. While solutions including 
the establishment of cash commodity diamond markets and 
Fair Trade diamonds from West Africa exist, the core issue 
challenging our industry is our ethics. 

We must recognize that large firms do not have the right 
to use their market power to willfully destroy efficient small- 
er firms. That we need fair competitive markets that provide 
equal opportunity for all. That not paying a bill on time is 
dishonest and unethical. 

We must recognize that the diamond dream must be 
shared by all and that we must be responsible for what we 
buy. The diamond dream cannot be only for mining com- 
panies, their large clients, and western women. The dream 
must be shared with African diggers who are as much a part 
of our industry as anyone else. We must accept the fact that 
no matter how good our intentions, our dream must never 
be someone else’s nightmare. 


Mr. Rapaport (rap@diamonds.net) is chairman of the Rapaport Group 
of Companies in New York. 
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Untreated and Underappreciated Gems 


Edward Boehm 


$ treatment techniques become increasingly sophisti- 

cated, many consumers are asking for untreated natu- 

ral gems. This trend coincides with the greater aware- 
ness and knowledge of today’s consumer when making expen- 
sive jewelry purchases. Untreated rubies, sapphires, emeralds, 
and diamonds command significantly higher prices because of 
their rarity as compared to their treated counterparts. Gems 
that typically are not treated, such as spinel, garnet, and other 
more esoteric stones, are also gaining popularity as consumers 
become more aware of alternatives to the Big Three. 

In some gem species such as corundum, untreated gems are 
particularly scarce, and this has resulted in considerably higher 
prices for all-natural stones. From 1995 to 2005, prices for treat- 
ed corundum decreased while those for untreated rubies and sap- 
phires grew significantly. The price decreases can be attributed to 
some extent to the discovery of the flux-filling and Be-diffusion 
processes at the same time greater supplies of corundum emerged 
from sources in Myanmar, Vietnam, and Madagascar. 

The greater popularity of colored gems has forced designers 
and manufacturers to think outside the box when choosing 
from the multitude of varieties available. Of the Big Three, yel- 
low sapphire is still the most underappreciated and underval- 


This photo shows three spinels from Tanzania: an 11.13 ct lavender 
cushion cut, an 11.25 ct hot orangy pink round, and an 11.40 ct 
pink oval. Photo by Robert Weldon; courtesy of JOEB Enterprises. 
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ued, though it has gained considerable ground in the past few 
years. Spinel, garnet, tourmaline, and a variety of lesser-known 
gems such as prehnite and maw-sit-sit present intriguing oppor- 
tunities for the designer, less-expensive alternatives for the con- 
sumer, and higher profit margins for the dealer or retailer when 
compared to their well-established counterparts. 

Yellow sapphire has not enjoyed the same success as its blue 
and pink siblings in recent years, even though it has the same 
potential. Pink sapphires, along with other pink gems, gained 
momentum due to the publicity surrounding celebrity-worn 
pink diamonds. Yellow sapphires could serve as a far less expen- 
sive alternative to yellow diamonds. 

Red spinel, long mistaken for ruby or used as a low-cost 
alternative, has finally gained recognition over the past five 
years. This untreated gem still commands much lower prices 
when compared even to some heat-treated ruby, though this sit- 
uation is changing. Pink and blue spinels are also gaining 
ground on other gems of similar color, but they are still consid- 
erably undervalued. The image of spinel has improved dramat- 
ically in recent years, a situation that should continue as avail- 
ability increases from newer sources in Vietnam and Tanzania. 

Garnets provide a wide range of color options, tend to be rel- 
atively free of inclusions, are seldom treated, and are available in 
larger sizes. Rich green tsavorite garnets gained considerable atten- 
tion in the 1980s and 1990s as an alternative to expensive emer- 
alds. When the emerald market collapsed in the late 90s, partial- 
ly due to the introduction of new filling techniques, the “emerald” 
green tsavorite garnets were no longer such an attractive alterna- 
tive, since prices for larger 3-5 ct gems had nearly equaled those 
of low-to-medium quality emeralds. Today, tsavorite and the fash- 
ionable “mint” green grossular garnets are very affordable and are 
regaining ground as gems in their own right. Recent discoveries in 
southern Madagascar may provide additional supply. 

Relatively unknown gems such as prehnite, apatite, pecto- 
lite, cat’s-eye sillimanite, maw-sit-sit, and many others are gain- 
ing recognition as fashion-conscious designers begin to use 
more affordable and unique gem materials. Retailers who elect 
to carry these designer pieces and properly train their staff to sell 
such untreated and underappreciated gems will ultimately ben- 
efit from the higher profit margins and broader range of clien- 
tele they will attract to their stores. 


Mr. Boehm (joebgem@aol.com) is president of JOEB Enterprises in 
Solana Beach, California. 
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New Colored Stone Treatments 


Shane F. McClure 


reatments to colored stones are more prevalent than 

ever before. We try to keep up with them, but one cer- 

tainty in the colored stone world is that as soon as a lab- 
oratory comes close to understanding a treatment, another one 
will come along. Since the last Symposium in 1999, a number 
of new treatments have come to the market. Some examples: 


¢ “Olive” green quartz appeared earlier this year in mass 
quantities. This color was previously known to be pro- 
duced by heating some amethyst, but it had never been 
seen in large quantities. In the case of this new material, the 
color proved to be the result of irradiation. 


e A somewhat unusual treatment showed apparent asterism 
due to fine, oriented scratches on the surface of a cabochon. 
This treatment was easily detectable with a microscope and 
was apparently only on the market for a short time. 


¢ Asynthetic ruby overgrowth on a natural corundum base was 
originally thought to be the same as chromium diffusion. 


For the last few years, the most significant colored stone treat- 
ments have been related to corundum. This began with the dis- 
covery of beryllium diffusion, which changed the way the trade 
thought about corundum treatments. It also created the need to 
increase our understanding of the gem material itself. Unlike tita- 
nium diffusion, which only affected blue sapphires and did not 
penetrate deeply into the stone, Be diffusion affected many col- 
ors of corundum and could penetrate throughout the stone, 
making identification—and therefore disclosure—much more 
complicated. In addition, beryllium was not detectable using the 
instrumentation available in most gemological laboratories. It 
took more than a year and considerable resources to gain even a 
rudimentary understanding of the effects of the treatment. 

One thing became abundantly clear to the laboratories: 
They needed to take their technology to another level. The abil- 
ity to detect light elements (ie., elements with low atomic 
weight) was now essential, but it required instrumentation pre- 
viously not used in gemology to any great degree: highly sensi- 
tive chemical analysis techniques such as secondary ion mass 
spectrometry (SIMS), laser ablation—inductively coupled plas- 
ma-—mass spectrometry (LA-ICP-MS; figure 1), and laser- 
induced breakdown spectroscopy (LIBS). The major gemolog- 
ical laboratories were all forced to embrace at least one of these 
techniques, either by acquiring the equipment (at great 
expense) or using external analytical facilities. 


Mr. McClure (smcclure@gia.edu) is director of West Coast identifica- 
tion services at the GIA Laboratory in Carlsbad, California. 
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Figure 1. LA-ICP-MS analyses of this sapphire showed highly vari- 
able Be content. Photomicrograph by S. EF McClure; magnified 30x. 


The difficulties created by Be diffusion made many 
gemologists hypersensitive to the potential of new treatments. 
Therefore, when an unusual type of color zoning was noticed 
in blue sapphire, there was concern that it represented anoth- 
er type of diffusion treatment. This was supported by the sim- 
ilarity of its appearance to known beryllium-treated blue sap- 
phires—a blue central core surrounded by a colorless or near- 
colorless outer zone. Using all our newly acquired resources, 
along with the cooperation of the person who was performing 
the treatment, we concluded that there was no beryllium or 
any other unusual foreign element being diffused into the 
stone. It was simply a modification of standard heat treatment 
and did not require an additional disclosure. 

In 2004, a technique that improved the apparent clarity of 
rubies surfaced. The treated rubies showed characteristics sim- 
ilar to clarity-enhanced diamonds—numerous very low-relief 
fractures, gas bubbles in the fractures, and blue and orange 
flash effects. Laboratories around the world soon established 
that a high-lead-content glass with a refractive index nearly 
identical to corundum was being used to fill fractures in very 
low-quality ruby from Madagascar. The change in the mate- 
rial was astounding: The treatment enabled faceted stones to 
be cut from material that was essentially worthless. However, 
the treatment was readily identifiable with magnification. 

The biggest problem currently facing gemological labora- 
tories is a new form of beryllium treatment, now focused on 
blue sapphire. The stones are heated with beryllium at high 
temperatures for long periods (at least two to three weeks). 
Based on our knowledge of the behavior of beryllium in sap- 
phire, the goal of the treatment should be to lighten stones that 
are too dark. However, the treaters insist that blue color is 
being added to light colored stones. We are not currently aware 
of any scientific hypothesis that would support their assertion. 

Some of these stones have unusual inclusions—with the 
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appearance of crop circles, spirals, and supernovas—that are 
the best indicators of this treatment. None of the stones exam- 
ined to date has exhibited unnatural color zoning. 

This treatment has forced the GIA lab to perform chemical 
analysis on all corundum samples that show evidence of high- 
temperature heat treatment. This practice has yielded some 
unexpected results. We have found a number of cases where the 
Be content varies significantly in different areas of the same stone 
(again, see figure 1), as well as several instances where the Be con- 
tent was directly associated with inclusions, particularly fine- 
grained clouds (figure 2). We are not yet sure of the implications 
of these findings, but it is very likely that a Be content only asso- 
ciated with inclusions is not the result of diffusion treatment. 


Figure 2. This cloud-like inclusion in a blue sapphire was deter- 


mined to contain beryllium, but no beryllium was detected in the 
surrounding host. It seems very unlikely that the stone could be diffu- 
sion treated. Photomicrograph by S. FE McClure; magnified 21x. 


The Impact of Treatments on Selling Colored Stones 


Joseph Menzie 


reatments are processes applied to natural gems that 

require specific disclosure; such disclosure has had a 

tremendous effect on how customers view our prod- 
ucts. Enhancements are trade-accepted processes such as heating 
of sapphires and oiling of emeralds. Although we have not seen 
an impact of “treatments” on the sales of colored stones, we 
have seen a slow erosion of trade and consumer confidence. 

Yes, there is more demand for untreated gemstones. Yes, the 
prices for these natural stones are rising due to the economic 
principles of supply and demand. Yes, gemstone dealers are ques- 
tioned more frequently about the integrity of their products. Yes, 
it appears that certification has replaced professional integrity 
and knowledge. However, the majority of the stones that require 
certification are single fine gemstones, which only comprise 
about 4—6% of our total turnover. Laboratories, through dili- 
gence and research, protect the integrity of all gems. 

The issues surrounding many gemstone enhancements 
and treatments predate the time that most of us entered the 
industry. Since the 1970s, however, the trade has had to deal 
with a number of relatively new treatments, many with a sig- 
nificant impact on the salability of the original gem material, 
as traced by the following brief chronology. 


Early-to-mid 1970s. More-sophisticated heating techniques 
were developed for geuda sapphire, which enabled more mer- 
chandise to enter the market and at lower prices. Natural 
untreated sapphires became more highly valued. 


Mid-1980s. Mong Hsu rubies entered the market and prices 
dropped due to the increased supply. Glass and borax were dis- 
covered to be not merely a by-product of the treatment process 
but rather intentionally added. Prices for untreated ruby soared 
and there was higher demand for heated rubies, without fill- 
ing. Nevertheless, consumers ultimately benefited, since there 
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was more diversity, more products, and more affordable pric- 
ing for the treated product. 


Mid-1990s. “The emerald scare” was created by the filling of 
emeralds with a variety of products such as paraffin, Opticon, 
Palma, cedarwood oil, and Joban—some with hardeners. The 
emerald business reeled from the loss of confidence and assurance. 

Today, we speak only about the degree of “clarity enhance- 
ment.” The prices for unenhanced emeralds have skyrocketed, 
whereas finer-clarity emeralds with minimal enhancement have 
started to regain the prestige they had lost. The mass manufactur- 
ers have incorporated the various qualities of calibrated emeralds 
into their designs, and consumers have benefited again. There are 
now products on the market for all levels of purchasers. 


From 2001 to 2006. The introduction of Be-diffused fancy- 
color sapphires to the market caused prices to drop due to the 
large quantities of product available. The trade waited for—and 
received—answers to the identification question. Today, treated 
smaller stones and calibrated sizes are used in offshore mass 
manufacturing. Pricing is commensurate with the greater sup- 
ply, and consumers have more choices. Prices of untreated 
pinks, yellows, and other fancy-color sapphires have again taken 
off, with consumers protected by certification when necessary. 
The fancy-color sapphire market has begun to rebound. 

Now we are facing several questions about Be-diffused blue 
sapphire: Does it turn dark stones lighter or light stones darker? 
What amount of beryllium is present in untreated and treated 
blue sapphires? What temperature is used in the heating process 
and over what period of time? Do sophisticated techniques of 
chemical analysis adequately distinguish treated from untreated 
sapphires? Are there extraordinary inclusions present in these 


Mr. Menzie is president of Joseph M. Menzie Inc. in New York. 
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ally narwhals are found with two “horns”. 
Both walrus and narwhal ivory are coarser 
in texture than either ivory from the hippo- 
potamus or elephant. Small articles have at 
times been fashioned from the tusks of the 
boar and from the conical teeth of the 
cacholot (sperm) whale, but such material 
has scant importance. : 

Bone is the hard material of the skeleton 
or framework of mammalia, rep- 
tiles, birds and certain fishes. It is 
a substance near to ivory in com- 
position; they both consist essen- 
tially of calcium phosphate and 
an organic material which may be 
keratin or albumen. For purposes 
of the arts only the solid part of 
bone, termed the compact tis- 
sue, is used; the more cellular 
center portion, the cancelleous tis- 
sue, and the gelatinous bones of 
fishes have no application. The 
long bones of the ox are those 
most used, and bone, unlike ivory, 
requires preparation by degreas- 
ing before being worked into the 
required shape. The production of worked 
bone is chiefly in the Central European 
countries and in France. 

In attacking the question of the distinc- 
tion between ivory and bone the gemologist 
naturally considers first those methods with 
which he is most familiar. The use of a 
lens to examine the external structure will 
often reveal features which tend to indicate, 
if not to satisfy, what the material is. Ele- 
phant ivory may show a typical graining, 
straight in the direction of the length of the 
tusk, and in sections. cut across the tusk a 
characteristic “engine turning” effect may 
be observed. This “engine turning” if seen, 
proves conclusively that the material is 
ivory, and ivory from one of the elephants, 
for it is never seen in the ivory from the 
other animals, nor in bone. The surface of 
worked bone generally shows small dark 
colored dots or short lines, the significance 
of which will be discussed later, but it is 


wise to consider this effect as an indication 
only and not treat it as conclusive proof. 
The hardness is about 214 (Moh’s scale) 
and the refractive index about 1.55 in both 
bone and ivory and thus give no assistance 
in identification. The density of ivory was 
found by the writer experimentally to be 


Longitudinal section of bone showing 
large haversian canal. X50. 


lower than for bone and to have a much 
wider range. Elephant (and mammoth) 
ivory has a density of between 1.70 and 
1.90; hippopotamus ivory between 1.80 and 
1.85, and the coarser walrus and narwhal 
material, and that from the teeth of the 
boar and the whale, ranges 1.90 to 2.00. 
Bone, as used in the arts, was found to have 
a range of 1.95 to 2.20; most of the speci- 
mens tested, however, gave a density value 
of 2.05 = .04. 

Probably the simplest and most efficient 
method to distinguish ivory from bone is 
by examination of the internal structure. 
This may be conveniently done by removing 
a small peeling with a sharp knife from an 
inconspicuous part of the specimen; pressing 
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sapphires, and if so, at what magnification can they be 
observed? Laboratories perform a very important function in 
this regard; without their leadership in making scientific deter- 
minations on new materials entering the market, we would 
have neither the protection nor the confidence in guaranteeing 
the integrity of our products. 

In summary, treatments have caused confusion in the dis- 


tribution of various gems. Natural-color large, important 
gemstones have increased in price, and there continues to be 
a price advantage for stones that are simply enhanced by what 
the trade considers routine processes (e.g., heat) over those 
that are treated by more complex processes. Consumers are 
protected by certification. They have more choices, and enjoy 
broader pricing options. 


Branding Techniques and the Fashion Industry 


Eric Braunwart 


rands, and the practice of branding, have been promi- 

nent in most industries for years. Brands are meant to 

bring a specific company’s product to mind in a posi- 
tive sense, even if the product is identical to one a competitor 
might be selling as a commodity. The goal is to embed a spe- 
cific brand name, and the benefits it represents, in the con- 
sumer’s subconscious. Examples we all know are Band-Aid, 
Kleenex, and Escalator. Escalator—now a generic term—is an 
example of what can happen to a brand name when the owner 
does not support and enforce it. 

Branding has been a catchword in the jewelry industry for 
a number of years now. As competition has grown, jewelry 
companies have developed brands to help their products 
stand out from the crowd. For the most part, the brand names 
selected (e.g., Overnight Settings and Fire Citrine®) are meant 
to trigger a response from the potential buyer as to the prod- 
uct’s quality, uniqueness, romantic appeal, image of wealth, 
and so forth. The companies will define the elements they 
want to capture in their brand—for instance, fair labor prac- 
tices, environmental protection, and cultural appreciation— 
and then promote these elements along with the brand name. 

Remember, almost anything can be branded, but only cer- 
tain things can be trademarked or patented. A trademark or 
patent in and of itself is not a brand. A retail jeweler may want 
to brand an image of wealth, exclusivity, friendliness, or your 
“friend in the diamond industry.” These would constitute ele- 
ments of a brand; often the name attached to the brand is 
then trademarked as a “touchstone” for the consumer. Retail 
jewelers have done this using their own names (e.g., Tiffany) 
for years, as have certain designers. 

A relatively new development is the branding of specific 
gems, such as Seafoam Tourmaline® (see figure) and Grape 
Garnet®. Columbia Gem House developed gemstone brands 
to denote specific elements, such as origin, consistency of qual- 
ity, commitment to fair trade principles, and romantic associ- 
ations with the particular color. Grape Garnet was developed 
specifically to avoid the pitfalls of what is now a “ruined” 
brand: rhodolite garnet. Today, any pyrope almandine garnet, 
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This attractive material is sold under the brand name 


Seafoam Tourmaline. 


no matter what color or origin, is sold as rhodolite. Grape 
Garnet is also pyrope almandine, but it is from a single loca- 
tion and is always a rich “wine” purple color. The name stands 
for more than just a chemical structure. 

The use of branding will continue to grow in the jewelry 
and colored stone industries. It will help define and separate 
products in a very overcrowded and somewhat confused. mar- 
ketplace. It will become even more important as the Internet 
grows in importance for purchasing. People will want to know 
what they are buying and they will grow to trust—or, if done 
poorly, distrust—certain jewelry brands they see. Brands will 
also develop to add targeted emotional responses and benefits. 
This is becoming increasingly important as women gain more 
control over the jewelry dollars spent. Branding, when executed 
correctly, makes the jewelry product and the buying experience 
more valuable than just the cost of the components involved. 


Mr. Braunwart (ericb@columbiagemhouse.com) is president and CEO 
of Columbia Gem House, Inc. in Vancouver, Washington. 
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New Technologies Used to Identify Colored Stone Treatments 


George R. Rossman 


he detection of treatments in gem materials involves 

the application of a variety of complementary ana- 

lytical methods that range from careful observation 

at low magnification to expensive and involved analyses with 

elaborate instruments. The need for the latter is driven by the 
increasing sophistication of treatment technology. 

Significant advances have been made in the chemical analy- 

sis of minerals with the introduction of a variety of highly sen- 

sitive methods for elemental analysis. For example, researchers 

are scrutinizing several new instruments for their possible appli- 

cation to the detection of beryllium diffusion in corundum. 


The EPR spectrum of a Be-diffused natural corundum (top) is 
very different from that of an untreated (control) sample of synthet- 
ic corundum. The term “¢” is a calculated physical property that is 
proportional to the applied magnetic field strength. The graph plots 


the absorption caused by resonating electrons in paramagnetic 
centers as the magnetic field is varied. 
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Like laser ablation—inductively coupled plasma—mass_ spec- 
troscopy (LA-ICP-MS), laser-induced breakdown spectroscopy 
(LIBS) provides rapid and comparatively inexpensive analysis of 
a wide range of elements, with many detected in the parts-per- 
million range. It is a quickly evolving technology that can give 
results within minutes from the time the sample is introduced 
into the instrument. Secondary ion mass spectroscopy (SIMS) 
likewise can determine a wide range of elements, with many in 
the parts-per-billion range. However, SIMS requires consider- 
able sample and instrument preparation time, and the cost of 
the analysis is significantly higher than with LA-ICP-MS and 
especially LIBS. The application of these methods to gemolog- 
ical analysis has been reviewed by Abduriyim and Kitawaki 
(2006). If properly calibrated, SIMS can also determine the iso- 
topic composition of major and minor components in solids. 
To date, this application has been primarily directed at origin 
studies, but it may be useful in the future for the detection of 
treatments, coatings, and synthetics. 

Electron paramagnetic resonance (EPR) spectroscopy has 
existed for more than 50 years but has not found widespread 
application in gemology. A sample is placed in a high-frequency 
microwave field and subjected to an intense, variable magnetic 
field. Ions containing unpaired electrons will produce strong 
absorption of the microwaves at characteristic magnetic field 
strengths. EPR is an exquisitely sensitive technique for detecting 
certain components, such as those produced when ultra-high- 
temperature treatments are applied to gem minerals. The O- ion 
that forms in beryllium-diffused corundum is a compelling 
method for identification (see figure). Beryllium-diffused corun- 
dum, in particular, could motivate improvements in the sample- 
size limitations (~3 mm) of many current instruments. 

Advances in electron microscopes have also allowed 
improved detection of coatings and fillings. Resolutions in the 
0.01 um range are now routinely attained. Currently, these 
instruments are providing spectacular insight into such treat- 
ments as well as greatly improved imaging of natural inclusions 
and defects in stones. 
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Identification Technologies for Diamond Treatments 


Alan T. Collins 


he major treatments used to improve the appearance 

of natural diamonds include laser drilling, typically 

followed by acid treatment, to remove black inclu- 
sions; the filling of large surface-reaching fractures with 
high-refractive-index glass; and color enhancement by vari- 
ous procedures. Two of the most important developments in 
the last decade are: 


¢ A new type of laser drilling, the KM treatment (Kiduah 
Meyuhad means “special drill” in Hebrew), for removing 
inclusions (Horikawa, 2001). This procedure produces an 
internal, surface-reaching fracture that looks more like a 
“feather” than a traditional laser-induced channel, but still 
allows introduction of an acid to dissolve the inclusion. 


¢ High-pressure, high-temperature (HPHT) processing, 
which causes dramatic changes in color (figure 1). 
Recently, the HPHT process has been combined with the 
older techniques of radiation and heat treatment to pro- 
duce fancy pink-to-red specimens. Diamonds enhanced in 
this way by Lucent Diamonds Inc. (Wang et al., 2005) are 
illustrated in figure 2. 


Of equal, if not greater, importance is the ability of 
HPHT processing to produce colorless or near-colorless 
stones from brown type Ha diamonds (see, e.g., Moses et al., 
1999). This treatment also occasionally results in pink or 
(more rarely) blue specimens (Hall and Moses, 2000), which 
have absorption spectra that are similar to those of naturally 
colored diamonds. 

Although most color enhancement of diamonds is done 
legitimately, and the process declared, some treated diamonds 
may be fraudulently described as having a natural color as they 
travel through different distribution channels. Therefore, it is 
vital that gem-testing laboratories have the expertise to recog- 
nize color-enhanced diamonds and that research into their 
characterization and identification continues to keep up with 
the new enhancement techniques as they are introduced. 

All colored diamonds need to be examined carefully; fur- 
thermore, in principle, any colorless or near-colorless diamond 
is potentially a type [la diamond that has been color-enhanced 
(from brown) by HPHT processing. Fortunately, it is quick and 
easy to determine whether a diamond is type IIa (by using the 
DiamondSure or a similar instrument), and the majority of dia- 


Dr. Collins (alan.collins@kcl.ac.uk) is professor of physics at King’s 
College London. 
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Figure 1. Some brown type Ia diamonds, such as this 1.07 ct 
crystal fragment (left, before treatment), can be transformed to 
yellow to green with HPHT processing (right, afier treatment). 
Photo by Elizabeth Schrader. 


monds (around 99%) are not, in fact, type IIa. 

Visual inspection with a 10x loupe and an optical micro- 
scope (to detect drill holes and feathers produced by lasers, as well 
as the “flash effect” associated with glass-filled fractures [McClure 
and Kammerling, 1995]), together with optical absorption and 
luminescence spectroscopies, enables detection of most treated 
diamonds (some more readily than others). Visual evidence of 
graining, as well as graphitized cracks and inclusions, also give 
important clues that the diamond has been subjected to HPHT 


Figure 2. The color in these pink-to-red diamonds was produced by 
a treatment that involves HPHT annealing, irradiation, and low- 
pressure annealing at relatively lower temperatures. Loose stones 
(0.15—0.33 ct) courtesy of Lucent Diamonds; necklace courtesy of 
Avirom Associates. Photo © Harold & Erica Van Pelt. 
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processing (Reinitz et al., 2000). However, despite the range of 
assessment techniques available, it is likely that a few diamonds 
will be encountered for which it is not possible to say with cer- 
tainty whether the color is natural or enhanced (Collins, 2001). 
Recent research (Eaton-Magafia et al., 2006) indicates that the 
phosphorescent behavior of blue diamonds produced by HPHT 
processing is different from that of natural blue diamonds, and 
this observation may provide an additional analytical tool for 
examining certain stones. The KM laser treatment can often be 
verified by examining polishing marks on the diamond's surface 
by differential interference microscopy (Horikawa, 2001). These 
investigations and other ongoing research will hopefully address 
the challenges of the future. 


REFERENCES 


Collins A.T. (2001) The colour of diamond and how it may be changed. Journal of 
Gemmology, Vol. 27, No. 6, pp. 341-359. 

Eaton-Magana S., Post J.E., Walters R.A., Heaney P.J., Freitas Jr., J.A., Klein PB., 
Butler J.E. (2006) Luminescence of the Hope diamond and other blue diamonds. 
Gems & Gemology, Vol. 42, No. 3, pp. 95-96. 

Hall M., Moses T.M. (2000) Gem Trade Lab Notes: Diamond—Blue and pink, 
HPHT annealed. Gems & Gemology, Vol. 36, No. 3, pp. 254-255. 

Horikawa Y. (2001) Identification of a new type of laser treatment (KM treatment) 
of diamonds. Journal of Gemmology, Vol. 27, No. 5, pp. 259-263. 

McClure S.F., Kammerling R.C. (1995) A visual guide to the identification of filled 
diamonds. Gems & Gemology, Vol. 31, No. 2, pp. 114-119. 

Moses T.M., Shigley J.E., McClure S.F, Koivula J.., Van Daele M. (1999) 
Observations on GE-processed diamonds: A photographic record. Gems & 
Gemology, Vol. 35, No. 3, pp. 14-22. 

Reinitz I.M., Buerki P.R., Shigley J.E., McClure S.F., Moses T.M. (2000) 
Identification of HPHT-treated yellow to green diamonds. Gems # Gemology, 
Vol. 36, No. 2, pp. 128-137. 

Wang W., Smith C.P., Hall M.S., Breeding C.M., Moses T.M. (2005) Treated-color 
pink-to-red diamonds from Lucent Diamonds Inc. Gems & Gemology, Vol. 
41, No. 1, pp. 6-19. 


Identification of Synthetic Diamonds: 
Present Status and Future Developments 


Christopher Welbourn 


he subject of synthetic diamonds has received significant 
media attention over the last few years. Often, these 
goods are portrayed as being so perfect that it is virtual- 
ly impossible to distinguish them from natural diamonds. The 
fact is, however, that the synthetic diamonds currently on the 
market can be readily identified. Even with projected develop- 
ments in synthesis technology, it is likely that all synthetic dia- 
monds produced in the foreseeable future will continue to be 


identifiable. 


Present Status: Colored HPHT 

Synthetic Diamonds 

The majority of commercially available synthetic diamonds are 
yellow in color and produced by high-pressure, high-tempera- 
ture (HPHT) processes (see, e.g., Shigley et al., 2002). The yel- 
low color is caused by isolated nitrogen impurities. Other colors 
may also be produced—namely, blue, green, and pink (Shigley 
et al., 2004a). These colors result either from the addition of 
boron to the synthesis capsule or from irradiation treatment con- 
ducted after synthesis. 


Dr. Welbourn (C.Welbourn@warwick.ac.uk), formerly head of 
physics at the DTC Research Centre, is an associate fellow at the 
University of Warwick in Coventry, United Kingdom. 
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Striated orange fluorescence, seen in this DiamondView image, is 
characteristic of CVD synthetic diamond containing trace amounts of 
nitrogen. Courtesy of the DIC Research Centre. 


HPHT synthetic diamonds have a characteristic cubo-octa- 
hedral morphology, frequently modified by dodecahedral and 
trapezohedral facets. The incorporation of impurities, in partic- 
ular nitrogen and boron, is different for each type of growth sec- 
tor, and this leads to distinctive color zoning and fluorescence 
patterns that demonstrate the characteristic morphology 


(Welbourn et al., 1996). 
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Future Developments: Colorless HPHT 

and CVD Synthetic Diamonds 

For many years now, the Diamond Trading Company 
(DTC) Research Centre in the UK has been conducting a 
research program to address the kinds of synthetic diamond 
that may pose identification challenges in the future. To sup- 
port this program, the DTC has commissioned a leading 
industrial synthetic diamond manufacturer, Element Six, to 
produce both HPHT and chemical vapor deposition (CVD) 
material aimed at probing potential weaknesses in existing 
identification strategies and enabling the development of 
new identification techniques. 

Although several reports over the years have referred to 
the production of colorless to near-colorless synthetic dia- 
monds, it does not appear that this material is generally avail- 
able at present. This is probably due to the fact that it is sig- 
nificantly more difficult to produce good-quality synthetic 
diamonds when steps are taken to reduce nitrogen impurity 
levels. Nevertheless, research on colorless material from 
Element Six and other sources has shown that, although 
color zoning is absent, the characteristic morphology is still 
evident in patterns of fluorescence. These patterns are most 
conveniently observed by using the DiamondView instru- 
ment developed at the DTC Research Centre (Welbourn et 
al., 1996). Colorless to near-colorless HPHT synthetic dia- 
monds have another easily observable characteristic, that of 
strong, long-lived phosphorescence following exposure to a 
UV lamp. Most colorless natural diamonds do not show 
phosphorescence. 

Although some CVD synthetic diamonds have been 
made available for gemological study (see, e.g., Wang et al., 
2003), no such material appears to be currently available for 
jewelry use in significant volumes. 

Martineau et al. (2004) reported on CVD synthetic dia- 
mond produced by Element Six. This and other studies have 
shown that a common characteristic of CVD material is 
orange fluorescence (see figure). This fluorescence is due to 
nitrogen-vacancy defects. Although CVD synthetic dia- 
monds are usually type II (i.e., relatively nitrogen-free), nitro- 
gen is generally present in trace amounts in the CVD reactor 
unless strenuous efforts are made to exclude it. Therefore, it 
is also present in the growing diamond, since nitrogen tends 
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to be readily incorporated. Nonetheless, CVD material of 
sufficiently high purity so as not to show orange fluorescence 
has been produced (again, see Martineau et al., 2004). 
DiamondView images of this kind of material essentially 
only show fluorescence from dislocations; however, the pat- 
terns of this fluorescence are quite different from those of 
natural type II diamonds. 


Identification Strategies 


Colored HPHT synthetic diamonds may be identified 
through observation of color zoning with a gemological 
microscope. Other helpful identification features are fluores- 
cence behavior and, where present, inclusions (see, e.g., 
Shigley et al., 2004b). 

Diamonds in the D-Z color range may be rapidly 
screened using the DiamondSure instrument, which is an 
automatic UV/visible spectrometer. Only those giving a 
“Refer” result (about 2% of the general diamond popula- 
tion) need to be investigated further. For stones in the D-J 
range, the HRD D-Screen instrument or the SSEF 
Diamond Spotter may also be used for screening. These 
instruments test for short-wave UV transmission. Referred 
stones may then be checked with a UV lamp: Strong, long- 
lived phosphorescence provides a good indication of an 
HPHT synthetic in this color range, whereas orange fluores- 
cence may indicate a nitrogen-containing CVD synthetic 
diamond. Ultimately, referred stones should be sent to a 
gem testing laboratory where use of a Diamond View instru- 
ment, together with various types of spectroscopic measure- 
ment, should positively identify all synthetic diamonds, 
both HPHT and CVD. 
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Identifying Treated and Synthetic Gems: 
The Dealer’s Perspective 


Robert E. Kane 


n gem treatments and synthetics, there have been more 

developments in the last 10 years than in the previous 50 

combined. Since the 1999 Symposium, we have seen, for 
example, the commercial availability of (1) HPHT-treated 
diamonds in a variety of colors, (2) various colors of faceted 
synthetic gem-quality diamonds, (3) beryllium-diffused 
corundum, (4) poor-quality opaque corundum that has been 
transformed into transparent red gems by filling fractures with 
high-lead-content glass, and (5) “diffusion ruby,” which 
proved to be synthetic ruby overgrowth on natural corun- 
dum. It is critical that we identify and disclose these products 
if we are to maintain consumer confidence. 

Although most of these treatments and synthetics are 
based on sophisticated technology, many can still be detect- 
ed through precise gemological testing and observation. And 
when routine testing does not yield a definitive identifica- 
tion, major gemological laboratories can identify nearly all of 
them using advanced instrumentation. This presentation dis- 
cusses approaches that members of the industry can take to 
deal with the constant influx of these new materials. 

When examining a gem, the experienced gemologist sys- 
tematically rules out the treatments and synthetics known for 
that particular stone. By running through a list of possibilities 
and how they are identified, one can identify the gem in ques- 
tion using standard observation and testing, or make an 
informed decision on a proper course of action, such as sub- 
mitting the gemstone to an internationally respected gem lab- 
oratory for testing. The challenge is to recognize when the 
identification is beyond your knowledge level—to know when 
you dont know. 

By not facing these difficult issues, and thus buying and sell- 
ing “blindly,” you open yourself and your company up to loss 
of reputation and to liability that could result in financial loss. 


Gem Identity Assurance Program 

One way to address these identification challenges is to devel- 
op a “gem identity assurance” program for your company 
based on gemological knowledge, trust in your suppliers, 
security through lab reports, and determining the level of risk 
that is acceptable in a given situation. 


Mr. Kane (finegemsint|@msn.com) is president and CEO of Fine Gems 
International in Helena, Montana. 
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Gemological Knowledge. Decades of scientific research by 
groups such as De Beers, GIA, and others have provided 
practical solutions to identification problems created by the 
proliferation of treated and synthetic gems. You can—and 
should—take advantage of this information by (1) regularly 
reading the gemological journals; (2) attending seminars 
held during trade shows such as at Tucson, Las Vegas, Basel, 
Bangkok, and Hong Kong; (3) taking specialized training at 
laboratories such as SSEF and AGTA; and (4) availing your- 
self of resources such as the De Beers CD-ROM Diamonds 
and books on specific topics—for example, GIA’s Gems & 
Gemology in Review: Synthetic Diamonds. There are also 
many educational programs available around the world to fit 
most needs. 

There is no substitute for up-to-date gemological knowl- 
edge and solid experience. To this end, you should also con- 
sider purchasing your own gem-testing equipment, a portable 
lab, or—depending on your circumstances—a complete 
advanced testing laboratory. 


Figure 1. Careful examination of this 8 ct sapphire with a darkfield 
binocular microscope and diffused lighting revealed subtle curved 
color zoning—proving that what appeared to be a magnificent natu- 
ral gem was actually a flame-fusion or Verneuil synthetic sapphire. 
Photo by Robert Weldon, GIA. 
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Trust in Your Suppliers and Financial Recourse. It is very 
important to buy gems from a trusted and knowledgeable 
supplier—one who will refund your money if testing reveals 
that the gem is not what it was represented to be. Always 
demand full disclosure regarding treatments and synthetics in 
writing on the invoice—if the seller will not comply, then find 
a new supplier. Buy from companies that belong to organiza- 
tions such as ICA (International Colored Gemstone 
Association), AGTA (American Gem Trade Association), 
AGS (American Gem Society), TGJTA (Thai Gem & Jewelry 
‘Traders Association), WFDB (World Federation of Diamond 
Bourses), and the like. Members of such organizations must 
adhere to rules of ethical behavior, and the organizations can 
and will issue sanctions if these rules are violated. 


Security through Laboratory Reports. Establish a compa- 
ny policy whereby all gems over a certain monetary value, or 
certain kinds of gemstones, must have a report from an inter- 
nationally recognized gem lab. On expensive gems, obtain 
reports from at least two different labs. This is particularly 
important when geographic locality reports are required 
(because these determinations are not an exact science, the 
second lab may indicate a different origin, in which case a 
third report is needed). Lab reports help protect you from 
future liability problems with your clients. 


Risk Tolerance. Determine what level of risk is acceptable. 
Certainly, the buying and selling of a 1 ct purplish red dia- 
mond warrants an updated GIA lab report. Yet it may be rea- 
sonable to accept the word of your supplier (who knows the 
chain of custody and guarantees it in writing) when purchas- 
ing small amethysts, various colors of small sapphires, or 
parcels of emerald melee. Although you do run some risk that 
a mistake has been made, for most dealers the risk is manage- 
able. Again, though, this depends on the specific situation. Ifa 
parcel of 2.0 mm yellow sapphires are going into an expensive 
piece of jewelry featuring 200 such stones, testing (or at least 
spot-testing) would be required to ensure accurate representa- 
tion of the entire piece. 


Buying and Testing Scenarios 


Following are two examples of buying and testing situations. 


Scenario 1: A Large Blue (Synthetic) Sapphire. A dealer is 
offered an 8 ct superbly cut, clean, intense blue sapphire—set 
in an antique mounting—for $10,000. However, it is not 
accompanied by a lab report. During very careful examination 
with a darkfield binocular microscope and diffused lighting, 
she sees subtle curved color zoning—proving that what 
appeared to be a magnificent natural gem was actually a 
flame-fusion or Verneuil synthetic sapphire. In 2005, a natu- 
ral-color Sri Lankan sapphire of this size and apparent quality 
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Figure 2. This 3+ ct “unheated” Mogok ruby contained evidence 
of clarity enhancement, which reduced the visibility of a surface- 


reaching fracture. 


sold for $30,000; a comparable Burmese sapphire sold for 
$55,000. If it seems too good to be true, it probably is! 


Scenario 2: A 3+ ct “Unheated” Mogok Ruby. One gem deal- 
er offers another a 3+ ct ruby, accompanied by a report from a 
gem lab stating: “Burma (Myanmar), no indication of thermal 
treatment.” Microscopic examination revealed inclusions char- 
acteristic of untreated Mogok rubies, such as unaltered rutile 
needles and small calcite crystals. It also revealed a small fracture 
extending from the crown facets toward the girdle. The second 
dealer’s prospective buyer was willing to pay in excess of 
$100,000 for the stone, but wanted a report from a certain U.S. 
laboratory. That lab reported evidence of clarity enhancement— 
specifically, foreign material filling the surface-reaching fracture, 
which is typically done in an attempt to reduce the fracture’s vis- 
ibility. After the stone was soaked in acetone for several days 
(with the first dealer’s permission), the filler was no longer pres- 
ent, causing the fracture to become more prominent. The client 
was no longer interested in the ruby, and the gem dealer lost the 
sale. As mentioned above, with high-value gems it is good to 
obtain reports from two different laboratories. 


Navigating the Challenges Ahead 


To maintain vitality and confidence in our industry, it is crit- 
ical that we stay up to date on technological developments in 
gem synthesis, treatment, and identification. Learn what is in 
the market, how to identify it, and when to refer a gem to a 
recognized laboratory for advanced analytical testing. Buy 
from a trusted and experienced source. With expensive gems, 
this can be backed up by laboratory reports. The rapid 
advances in technology will inevitably bring challenges to the 
gem and jewelry industry—some will present positive oppor- 
tunities, while many others will create daunting gem identi- 
fication issues. Vigilance in pursuing knowledge will insure 
that our industry continues to flourish. 
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The Challenges and Opportunities 
Of Growing and Marketing South Sea Cultured Pearls 


Nicholas Paspaley, AC 


ver the last 50 years, the cultured pearl industry has 

undergone a significant transformation. It has 

changed from a period when Japanese and (later) 
South Sea cultured pearls were effectively the only cultured 
pearls in the marketplace to the situation today, where there are 
a large variety of cultured pearls available from many different 
localities and of many different types. 

In the pre-culturing era, all oceanic (saltwater) pearls were 
classified as Oriental pearls, and South Sea pearls fell into this 
generic category. With the advent of pearl culturing, however, 
pearls became more accurately known for the type of oyster that 
produced them and the region in which those oysters grew— 
hence the term South Sea pearls. 

Naturally occurring pearls from the Pinctada maxima oys- 
ter native to the South Seas have been traded for thousands of 
years. But in past centuries, many natural South Sea pearls were 
undoubtedly traded simply as Gulf pearls. Because of its spec- 
tacular nacre (see figures), the South Sea pearl oyster historical- 
ly has produced some of the most significant natural pearls in 


The Pinctada maxima oyster is renowned for the quality of its nacre. 
Courtesy of Paspaley Pearling Co. 
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The nacre of the South Seas Pinctada maxima oyster is an impor- 
tant factor in the production of very fine cultured pearls from this 
region, as illustrated by this 20 mm example. Courtesy of Paspaley 
Pearling Co. 


the world. Therefore, it follows that this oyster has the ability to 
produce magnificent cultured pearls as well. 

However, the competition for market share between gem 
producers as well as between different pearl types is fierce. At 
the same time, there are significant gaps in the expertise 
required to grow pearl oysters and conduct pearl farming com- 
pared to many other fields of knowledge. There are very few 
experts today who have a broad knowledge on a comprehensive 
range of pearl and pearl farming issues. 

The challenge for the South Sea cultured pearl industry 
today is twofold: to produce pearls of a superior quality, on the 
basis of which they can be differentiated in the wider pearl mar- 
ket, and to improve the level of knowledge and understanding 
of pearls in the marketplace. 


Mr. Paspaley is executive chairman of the Paspaley Pearling 
Company Pty. Ltd. in Darwin, Australia. 
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The Tahitian Cultured Pearl 


Robert Wan 


he Tahitian cultured pearl industry is the second largest 

industry in French Polynesia and the primary source of 

foreign currency from direct exports. It has a major soci- 
ocultural and economic impact on the nation. With more than 
7,000 Polynesians earning their livelihood within the pearl 
industry, it is an integral part of the fabric of Polynesian life. 

The meteoric popularity of the Tahitian cultured pearl in 
the 1980s triggered a veritable boom in the industry. For 
many years, this market demand made pearl farming a lucra- 
tive endeavor, but the industry reached its saturation point in 
the year 2000. Flagrant overproduction and slack quality 
control, combined with a slowdown of the world economy, 
dealt the Tahitian pearl industry a serious setback. Suddenly, 
pearl farming was no longer a viable activity. 

According to the official figures from the French Polynesian 
Pearl Culture Bureau, this glut caused many pearl farms to close 
and others to consolidate. In only seven years, the number of 
pearl farming operations decreased from 2,700 registered in 
1998 to only 800 remaining in activity at the end of 2005— 
half of them shell producers, the other half pearl producers. 

Drastic measures had to be taken to ensure a stable pro- 
duction and a quality standard for the Tahitian cultured 
pearl. Consequently, the French Polynesian Government 
established the Pearl Culture Bureau in 2001. This organiza- 
tion aimed to enforce strict quality controls and production 
regulations on the supply side of the spectrum. These includ- 
ed the following measures: 


¢ Limit the number of pearl farming concessions 

¢ Limit the number of production and export licenses 

¢ Shut down pearl culturing activity in certain lagoons 

¢ Establish a firm classification system aimed at ensuring that 
only high-quality product enters the world market 

¢ Strictly control a minimum required nacre thickness in all 
exported cultured pearls 

¢ Destroy all rejects to prevent their commercial use 


All these regulations combined with an effective marketing 
program, conducted by the nonprofit GIE Perles de Tahiti, 
resulted in a marked increase in the total value of Tahitian cul- 
tured pearl exports of 14% in 2004 and 16% in 2005, accom- 
panied by trading price increases of 30% from 2003 to 2004 and 
20% from 2004 to 2005. Confidence has been restored to the 
market, and production in 2006 has remained stable to date. 

Maintaining the viability of Tahitian pearl culturing activi- 
ty is the principal objective of Perles de Tahiti. The specific 


objectives include: 
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Pearl culturing is the second largest industry in the group of islands 
that is French Polynesia. Photo by Michel Roudnitska. 


¢ Export cultured pearls and cultured pearl jewelry totaling 
$200 million in 2012 


¢ Limit the number of active producers on the island to 1,000 
¢ Perpetuate the pearl-bearing oyster resources 


¢ Improve the quality of production 


The future of the Tahitian pearl industry is critical to 
French Polynesia, and its direction will dictate the future 
social, cultural, and economic well-being of the islands. 
Protection of the environment is a pivotal aspect of this. The 
life of a Polynesian and his family depends on his livelihood. 
The islands and their lagoons are our heritage and our future, 
worth every bit of our protection. Pearl culture is indeed a 
miracle of nature and of man. We must give back to nature 
what she has so graciously given us. 


Mr. Wan (contact@robertwan.com) is CEO and founder of Tahiti 
Perles Company in Papeete, French Polynesia. 
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Chinese Freshwater Cultured Pearl Revelutien Evolution 


Joel Schechter 


even years ago, we presented “Chinese Freshwater 

Cultured Pearl Revolution” at the last GIA symposium. 

In a very controversial session, we predicted the enor- 
mous impact China would have on the pearl markets. 

Nearly a decade later, the entire industry has changed. Huge 
quantities of affordable cultured pearls now are harvested annu- 
ally—by conservative estimates, more than 1,200 tons of fresh- 
water cultured pearls were harvested in 2005 (figure 1)—put- 
ting pressure on other pearl-producing countries. The pearl 
industry is now in a Darwinian “survival of the fittest” mode. 
Rounder and brighter cultured pearls from China (figure 2) 
have totally altered Japan’s previous dominance as the major 
pearl power. Large sizes are beginning to affect the South Sea 
markets. Even golden and Tahitian pearls are not immune to 
China’s fury, as improved color enhancements allow freshwater 
cultured pearls to mimic colors from all over the globe. 


What does the future look like for the next decade? With 


Figure 1. China is producing some 1,200 tons of freshwater cultured 
pearls annually, but for the Chinese industry to thrive more controls 
are needed on processing, marketing, and the quality of goods that are 
released into the market. Photo courtesy of Honora. 


Figure 2. Chinese cultivators are now producing rounder, better- 
quality cultured pearls. Photo courtesy of Honora. 


11-14 mm bead-nucleated freshwater pearls beginning to show 
up in the marketplace, China appears to be taking even sharp- 
er aim at South Sea producers. And while the quantities har- 
vested in China continue to rise, can anything be done to sup- 
port pricing? Are more affordable cultured pearls a good thing 
for the market as a whole? 

Interestingly, China’s exports are rising dramatically, but total 
revenues have not kept up. Falling prices have badly hurt many 
of the growers, creating a “sell it before it drops further” mental- 
ity. All this continues to put financial pressure on the country’s 
market. While China produces 95% of the world’s cultured 
pearls, pearl associations estimate it keeps only about 8% of the 
revenue they ultimately generate—an amazing statistic. 

To keep prices up, China needs to tackle the issues sur- 
rounding the low image of its cultured pearls. Better processing, 
improved marketing, and elimination of low-end products are 
vital to support higher values for the market. 


Mr. Schechter (joel@honora.com) is president and CEO of Honora in 
New York. 


Focusing on Cultured Pearl Treatments 


Kenneth Scarratt 


rom their inception in a cloud of controversy, cultured 
pearls have grown considerably in stature and today 
stand proud as one of the most desired items of adorn- 
ment. Since they were first introduced, techniques have 
evolved that have given a wide variety of choice to the buying 


public. Cultured pearls, both beaded and nonbeaded, are now 
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available in a wide range of sizes and colors from freshwater 
and saltwater sources. 

As with other gem materials, some cultured pearls are 
rarer or otherwise more desirable than others. This being the 
case, the desire to alter or improve the appearance of those 
that are less attractive is great. Treatments often applied to 
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flat on a 3 x I glass microscope slip and 
adding a drop of oil (clove oil; R.1==1.54, 
or oc-monobromo-naphthalene; R.I—=1.66) 
and observing the structure with a low- 
power microscope. Ivory shows a series of 
alternating light and dark bands correspond- 
ing to the grain (especially apparent if the 
peeling be rather thick), and a close-grained 
regular texture of brownish hair-like mark- 
ings which undulate wave-like across, and 
at right angles to, the grain lines. These fine 
canals, usually filled with a brownish gela- 
tinous solution to which ivory owes its beau- 
tiful polish, in life conduct the sensitive 
netve fibrils which radiate outwards from 
the central canal in the tsk, It is by the 
observation of these wave-like canals that 
ivory is completely distinguished, but some 
care is necessary for there are directional 
differences. Should the peeling be a longi- 
tudinal section which is parallel to the 
radius of the tusk the wave-form is most 
pronounced, but if still longitudinal but at 
right angles to the first direction, i.e. tangen- 
tial to the length of the tusk, the section 
cuts off the canals across the tubes and a 
series of dots are seen, which do, however, 
appear to show a tendency to produce a 
wave-like picture. Transverse sections show 
the fibres in length but with a less pro- 
nounced undulatory form. It is thus best to 
try for peelings in two different directions. 

A peeling of bone, similarly treated, ex- 
hibits a totally different picture. A section 
cut across. the bone shows a pattern consist- 
ing of a number of circular or oval spaces 
surrounded by a concentric structure which 
contains a number of small seed-like spaces 
or lacunae. Numbers of these spaces are 
dispersed throughout the whole of the tissue 
which is transversed by many fine meander- 
‘ing canals, The larger circular spaces with 
their attendant concentric sttucture are the 


canals which in life pipe the vital fluids 
through the bone structute, the system being 
called the. haversian system after an 18th 
Century English anatomist, Clopton Havers. 
In longitudinal sections the haversian sys- 
tems are cut parallel, or at an oblique angle, 
to their length, hence the. open spaces are 
oval, long and parallel, or may be branched 
and appear like twigs. In such sections there 
is no sign of concentric structure but the 
main mass of bone contains myriads of 
lacunae. The cross section when viewed 
between crossed-nicols shows the cut-across 
haversian systems to be built of radial crys- 
tallites, for. each system shows an ‘extinction 
cross’, and either section, if of suitable 
thickness, shows strong polarisation colors. 

The bluish white fluorescence color ex- 
hibited by both ivory and bone when irra- 
diated by long-wave ultra-violet light 
(approx. 3650A°) did not convince the 
writer thar fluorescence is a quick and easy 
test to distinguish ivory from bone. Whether 
the short wave-length ultra-violet light lamp 
(approx. 2650A°), so much used in Amer- 
ica, would give a better distinction can only 
be found by experiment. We in England da 
not have this lamp so cannot give the 
answer. 

“Summing up”, the examination of the 
internal structure will clearly show the dif- 
ference between ivory and bone. It is a 
method applicable to a specimen whether it 
be mounted or embellished with gems or 
other materials, or be alone but of such a 
size that a density test, itself unreliable 
owing to the present use of certain plastics, 
cannot easily be carried out. The objection 
that a peeling might damage the specimen 
is rarely valid, for in most worked ivory 
there is some part or raw place where the 
knife can be dexterously employed without 
apparent damage. 
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cultured pearls include bleaching, dyeing, irradiation, coating, 
and heating. Some of these can be identified with standard 
gemological testing (e.g., in many cases, evidence of dye or a 
coating can be readily seen with magnification); in others, the 
advanced instrumentation offered by a well-equipped labora- 
tory may be required (such as UV-Vis reflectance spec- 
troscopy to determine dye in some “golden” cultured pearls). 
In addition, an array of composites are available. 

Although the treatment of cultured pearls has not received 
focused attention within the industry, history shows that these 
treatments will eventually be debated and pressure will be 
placed on laboratories, dealers, and retailers alike to identify 


and disclose them. Indeed, the debate has already begun with- 
in industry organizations such as CIBJO. 

With such a large choice in untreated and treated cul- 
tured pearls available, it is essential that the industry be able 
to explain the different products to the public. Education 
needs to keep up with advances in culturing, manufacturing, 
and treatment processes, and laboratories need to develop 
reporting systems that properly describe this important 
product. 


Mr. Scarratt (ken.scarratt@gia.edu) is director of GIA Research 
(Thailand) in Bangkok. 


Branding Cultured Pearls: From a Retail Perspective 


Meyer Hoffman 


ver the years, the retail landscape has undergone 

many changes. Consumers have become savvier 

and more demanding, retailers have created an 
“environment” or buying experience to attract these sophisti- 
cated consumers, and manufacturers and suppliers have devel- 
oped appealing “brands” to set themselves apart from the 
competition. The most prominent examples can be found in 
the apparel industry, where leading fashion designers have 
truly captured the hearts and wallets of the high-end con- 
sumer with strong brand identities and distinct product 
assortments. More recently, apparel retailers have created their 
own brand significance by setting themselves apart from the 
high-end fashion world with innovative store concepts and 
individually developed product lines. 

These examples, of course, are not unique to apparel; they 
can extend across most industries, including cultured pearls. 
Although it has evolved over the years, this industry will only 
remain relevant as long as companies create distinct brand 
experiences that appeal to a discerning consumer. This is not 
limited to the high end, as it extends across all price points. 


Critical Factors 


Companies must clearly define and market their brand 
essence, strive for differentiation, and target their audience 
with precision. 

Defining one’s brand essence can take many forms, but it 
must remain clear and consistent over time. There are many exam- 
ples of established houses that have successfully reinvented them- 
selves (Burberry), as well as newly created brands that are aggres- 
sively targeting Generations X and Y (Abercrombie & Fitch). 


Mr. Hoffman (MHoffman@mikimotoamerica.com) is executive vice president 
and chief operating officer of Mikimoto (America) Co. Ltd. in New York. 
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Creating differentiation is crucial in today’s retail environ- 
ment. There are too many look-alike products or generic copies 
that offer no value added and, consequently, are not appealing 
to an affluent audience. In today’s highly competitive market- 
place where product life cycles are getting shorter, it is impera- 
tive that successful brands strive to create a point of difference. 

Finally, attracting a well-defined audience will ensure that 
companies achieve increasing sales and sustain a profitable 
business model. Generational marketing (including psycho- 
graphic profiling) is one aspect of defining and attracting the 
most appropriate audience for your product (see figure). 


Generation X, with almost 45 million consumers in the U.S., is now 
an important part of Mikimotos primary target market because of 
their purchasing power. 


77 million 


71 million 


58 million 


45 million 


U.S. Population (millions) 


Matures Boomers Gen X Gen Y 
(61 yrs and older) (46-60 yrs old) (30-45 yrs old) 
Generation 
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(9-29 yrs old) 


Technical Innovations 


Michael Bondanza 


ewelry making is a very unique field of play. It’s a high- 

ly demanding craft that combines creative design with 

the science of metallurgy and mineralogy, and anything 
else you can think of—sort of an all-inclusive art and science 
project. It’s what attracted me to the field, just as it surely 
attracted many of you. 

Over the course of many years, the brilliant designer 
Steven Kretchmer often called me to discuss the latest high- 
tech stuff: CAD/CAM software, wax printers, and so forth. 
Steven was buying into this, and he said I should look into 
getting them also. We both did our homework. He bought a 
CAD/CAM system because it could do what he needed, and 
he felt he could design for the machine (figure 1). 

I passed on it, remembering a time when I had bought the 
most advanced ultrasonic drill on the market—it was built by 
an aerospace company and was the Cadillac of ultrasonic 
drills—only to find that, after hundreds of hours and thou- 
sands of dollars, I was able to carve only three diamond 
cameos. They were beautiful cameos in the style of ancient 
Greek and Roman coins, but to say that my return on invest- 
ment on that drill was less than zero would be generous. 

Using machines, we can build parts that are precise and flaw- 
less in finish, in one-tenth the time. Laser engraving can be used 
when the hardness of the metal or stone doesnt allow the tradi- 
tional methods of hand engraving or diamond wheel carving. 
But at times I have used machines and been perplexed by the 
mechanical look and feel. Something was missing. Where was 


Figure 1. Steven Kretchmers Astra pendant, platinum with 24K 
gold inlay, was made with CAD/CAM and printed in wax. 
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Figure 2. These Venus 
earrings by Steven 
Kretchmer are a perfect 
example of science and 
technology working 
together with artistic 
design. The earrings are 
made of hardened 18K 
gold with discs of 
Polarium®, a high-tech 
metal alloy he developed, 
and diamonds set in 
platinum. 


the human element of design aesthetics to make it come alive? 

Here’s the point I’m trying to make: Now that we can mix 
digitally almost any procedure and technique, let’s not forget 
the artistic creative element that adds the human touch. The 
Venus earrings in figure 2 are a perfect example of science and 
technology working together with artistic design. In this feat 
of engineering, magnetic fields suspend the diamond disks. 
The result is seriously well balanced yet playful. In this case, 
it’s not necessarily the handwork; it’s more the curious and 
whimsical balancing act of the parts and how they become 
alive when worn. 

The most outstanding products, from cars to computers, 
clothes, cut stones or jewelry, are those that combine the art 
of design with the science of technique. Both design and tech- 
nique should blend seamlessly. It’s what I term a “value-added 
attitude,” and you'll find that this is part of every culture. It’s 
the definition of advanced and sophisticated work—in other 
words, good taste. 

Does the new technology standardize the outcome? How 
does the creative process interact with the new technology? One 
must see the new technology as someone else’s creative act, and 
not as the creator: It’s just a tool. 


Mr. Bondanza is designer of Michael Bondanza Inc. in New York. He 
kindly agreed to give this talk in place of Steven Kretchmer, who 
passed away July 8, the victim of a motorcycle accident. 
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The Mark of Excellence in Jewelry 


Diana Singer 


ewelry has graced the human form since civilization’s 

inception: as talisman, to display wealth, or for the sheer 

pleasure of adornment. Some jewels stand the test of time 
and are considered desirable many decades after their produc- 
tion (figure 1), and there are simple reasons why this has been 
the case for hundreds of years. 

Quality of workmanship is a major factor in the equa- 
tion. Obvious considerations include bright, clean, well-cut 
stones and correctly assembled and finished component 
parts. More subtle elements may include a-jouring (French 
for “to the day”), the carving away of excess metal from the 
underside of a stone setting to provide maximum light 
return); thrumming, the meticulous polishing away of excess 
metal with rouge-impregnated thread; decorative metal 
detailing on sides and within undergalleries; intricate engrav- 
ing; and metal beadwork. A properly constructed piece will 
be as beautiful on the underside as it is from the front, and 
the trained eye knows to look for this. 

Excellence in design is a more difficult concept to grasp, as 
the critical elements are more subtle. Intelligent use of color— 
its absence or its presence—can be a major contributing factor. 
A monochromatic piece may project restrained elegance, while 
the application of “hot” colors (red, yellow, orange) or “cool” 


Figure 1. This Egyptian-motif buckle brooch by J. Chaumet 
(ca. 1928) was made with platinum and 18K yellow gold, 
rubies, emeralds, sapphires, and diamonds. Sleek and sophisti- 
cated, the brooch is as wearable today as it was when it was 
created. Photo by Tino Hammid. 
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Figure 2. This Edwardian corsage ornament of pink topaz and dia- 
monds set in platinum (ca. 1890) demonstrates the Fibonacci Series. 
Photo by Tino Hammid. Gift to the GIA Museum from Stephen 
and Eileen Silver, S. H. Silver Co. 


colors (blue, green, purple) will, respectively, excite or calm the 
eye. Often, the absence of color or detail will create a negative 
space that emphasizes the simplistic strength of the design. 

Mathematics is another critical factor in good design. 
The Golden Mean, a mathematical proportion first 
described by Euclid in 300 BC, postures that the most bal- 
anced rectangle is one whose ratio is 1:1.61. This balance is 
echoed not only in architecture, painting, and sculpture, but 
also in many aesthetically pleasing jewels. Look for it—you 
will be surprised at how often you see it. Yet another interest- 
ing concept is that of the Fibonacci Series, a naturally occur- 
ring ratio that reverberates from the astronomical to the 
molecular level. For our purposes, this curving line (figure 2) 
translates to the graceful spiral of an earring, or the strong 
geometrics of a shell brooch. As creatures of nature, we silent- 
ly respond to these themes on many levels. 

The above concepts all work in tandem to define the pieces 
that we remember and cherish. Fashions change: Preferred met- 
als may be white or yellow from year to year; garnets may be in 
one season and out the next. However, truly good design, be it 
outrageous or elegant, has the strength necessary to stand out in 
a crowd. In the final analysis, the true mark of excellence in jew- 
elry is its ability to endure over time. 


Ms. Singer (Sparky401 @aol.com) is president of D&E Singer Inc. in 
New York. 
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Jewelry Design and Brand Creation: 
Designing Over the Years 


David Yurman 


he key to creating and building a successful brand is in 

many ways akin to a journey. The journey begins with 

creativity. Designers should have a “laboratory” to 
maximize their creativity. In addition, they must have respect 
for what they do, so the public and retailers will respect their 
work. It’s all about the creative process. Be passionate about 
what you do. Creativity is the most important thing next to 
human life—cherish it and respect it. 

Another important step on this journey is to master the 
art of smart business practice and to anticipate and prepare for 
the challenges ahead. To transfer the passion of the creative 
process from designer to consumer necessitates a clever mar- 
keting strategy. Consider your competition. You can build 
strength through advertising; good marketing creates a part- 
nership between retailers and consumers. Jewelry is an emo- 
tional purchase, and retailers must connect with their cus- 
tomers and encourage the consumer's choice. 

One of the many challenges that designer/luxury brands 
face is the rapid globalization and consolidation of not only 
their own business, but of all business in their respective 
industries. Designers must embrace change and adapt to it. 
Constantly ask questions: Where are we going? How did we 
get here? Are we making the right choices? 

The key to building a successful brand is to focus on 
these points: creativity, good business practices, a master 
planning process, independent spirit, and keeping the origi- 
nal vision alive. In the course of mastering the business 
skills, we have to strive to remain focused on the most 
important asset that we have—creativity. Creativity is the 
essential DNA of David Yurman. 
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This David Yurman Mosaic Collection cuff contains green tour- 


maline, lemon and Madeira citrine, peridot, chrome tourmaline, 
green onyx, smoky quartz, and diamonds in 18K gold. Each 
bracelet in the series is one-of-a-kind and signed by the artist. 


Mr. Yurman is chairman/designer of David Yurman, New York. 
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The Power of Branding and Brand-Partnering at Retail 


Lee Michael Berg 


ithin the past 10 years, a distinct shift in market- 

ing has occurred in our industry. What was 

largely a reactive industry has since evolved into 

one driven by creative marketing ideas. Direct mail and 

Internet access have created a sophisticated consumer whose 

shopping options have driven luxury goods retailers and sup- 

pliers into global market competition. Consequently, they 

have been compelled to define themselves in new ways easily 

recognized and remembered by the consumers they target. 
Branding has become that imperative factor. 

Today, branding and brand-partnering are core to the 

business philosophies of many successful retailers. As part of 

an industry built on and sustained by emotion, we at Lee 


Lee Michaels Fine Jewelrys advertising slogan “We Are Known by 
the Company We Keep” captures the importance of brand-part- 
nering at retail. 


We Are Known 
by the Company 
We Keep. 
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Michaels realize that our brand must evoke that emotion in 
our company community and with our customers. We recog- 
nize that our brand is a marketable asset, the most effective 
means for differentiating us in the marketplace. In valuing our 
business, how well we have built our brand directly correlates 
to our company’s financial value. While we ultimately control 
the effectiveness of our brand, we know our brand-partners 
contribute substantially to that effectiveness and value. 

Our advertising slogan, “We are known by the company 
we keep,” captures the importance we place on brand-part- 
nering. We know that whenever we sell any branded mer- 
chandise, we have engaged a business partner who helps 
define us to our customers and to other vendors. Suppliers 
and especially customers evaluate our worthiness to a signifi- 
cant degree based on the brand-partners with whom we align 
our company. Successful brand-partnering requires integrity, 
shared goals, and truly caring about each other’s business—in 
essence, growing brand-partners into brand-enhancers. 

When adding brand-partners, we apply a checklist: Is the 
brand added for the right reason? Does it fit our culture and 
growth strategy? How many of that category do we need? 
When is too much, too much? Does the brand qualify as “a 
best of the best”? Will it make a difference to our company 
associates and to our customers? We vigilantly assess if we 
have aligned our name with the right brand-partners, seeking 
the super brands that have proven staying power. But, 
because we know we cannot be all things to all brand-part- 
ners, we are very selective in the secondary brand tier as well. 

The most important brand we represent is our own. Our 
first core value states that “the most important thing we sell 
is our name.” We reinforce our brand through consistent 
restatement in everything associated with our name, from 
advertising to store decor to packaging to after-the-sale serv- 
ice. Because we believe our brand is a living entity, we brand 
inside our company first; when our company associates 
believe it, they live it. In giving life to our brand, no detail is 
insignificant. We do not reinvent our brand, only how we 
advertise and support it. 

In any company, the president/CEO is the ultimate 
brand manager. That requires setting the direction, keeping 
the focus on the brand’s purpose and its brand-partnerships, 
and ensuring the consistency of everything we do in meeting 
our standards. Consistency is the keystone of branding. 


Mr. Berg (LeeB@Imfj.com) is president and CEO of Lee Michaels Fine 
Jewelry in Baton Rouge, Louisiana. 
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Reinventing Swarovski 


Nadja Swarovski 


he Swarovski company’s journey began with my 

great-great-grandfather, Daniel Swarovski. Raised in 

humble circumstances in Bohemia, he started out 
cutting crystals manually using grinding stones. It was a slow 
process, so he took inspiration from inventors such as 
Thomas Edison and Siemens to create a machine that would 
cut crystals with greater speed, precision, and quality. Daniel 
Swarovski patented such a machine in 1892, and three years 
later he moved the company to the Austrian town of 
Wattens, where it is still based today. 

During the early twentieth century, the products of his 
new crystal-cutting techniques saw an explosion in popularity. 
Swarovski crystals became fixtures within the fashion industry 
and were worn by royalty and Hollywood stars alike. Yet with- 
out a brand identity, the company had little profile beyond the 
trade. From Coco Chanel to Marilyn Monroe, Swarovski crys- 
tals were everywhere—but the brand was nowhere. 

As the second half of the century progressed, Swarovski 
diversified and forged brand identities in a range of new areas: 
chandelier components, cut gems, prisms for binoculars, 
and—in the late 1980s—fashion jewelry. Yet the company’s 
best-known enterprise happened by accident, in 1972. While 
my grandfather was talking on the telephone one day, he sub- 
consciously tinkered with some chandelier components and 
crystal glue. By the time he put down the phone, he had cre- 
ated the world’s first Swarovski animal: a crystal mouse. From 
this beginning, the company became strongly identified with 
consumer goods and giftware by the end of the 1970s. 

The latest chapter begins at the start of the 21st century, 
when we decided to rebuild the brand. At the time, Swarovski 
was known mainly for its crystal figurines, and its true brand 
essence was going unnoticed. We had to look into the heart of 
our company to rediscover that essence. Our task was to recon- 
nect the Swarovski brand to its true heritage to achieve recog- 
nition of its seminal role in design, glamour, and fashion. Ours 
was thus a story of renewal rather than makeover. 

Building on the success of the Daniel Swarovski haute cou- 
ture fashion jewelry that was launched in the late 1980s, we 
sought to change the perception of crystal as a mere diamond 
look-alike and reestablish it as a light-filled, life-enhancing 


material in its own right. The pillars of our strategy were: 


Ms. Swarovski is vice president of international communications at 
Swarovski, in London. 
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e A designer outreach program to build relationships with 


influential young stars in the making, helping them discov- 
er the possibilities of crystal through product briefings, tech- 
nical guidance, and tailored service 

* Opening showrooms in major fashion centers around the 
world 


¢ Actively communicating these activities to raise our profile 


The strategy has worked, resulting in unprecedented sales 
and brand recognition. Swarovski has returned to the fore- 
front of fashion, and our products are highly visible in the 
music and motion picture industries. At the same time, our 
cutting-edge chandelier components have reinvented that 
market. Most importantly, the name Swarovski is once again 
synonymous with fabulous design and glamorous style, from 
high fashion to the animal kingdom, bringing us full circle 
with our past. Our identity today is formed by the romance 
of the stone, expert cutting technology, and the transforma- 
tional power of great design. 

Swarovski’s past provided a strong foundation for rein- 
venting our company, but the heart of the process was seeing 
the world differently—looking at product design with new 
eyes and experimenting with stimulating new ideas. By rais- 
ing the Swarovski brand to its rightful status, we've built on 
our heritage and taken the company successfully into the 


world of glamour and design. 
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Reinventing = Transformation 


Steve Robbins 


rom my perspective, reinventing a business is synony- 

mous with transformation. It is comprised of elements 

of fear, some pain, and excitement with both risk and 
reward—it is not for the faint of heart. 

First, a little history. I come from three generations of jew- 
elers. I grew up working summers and every Christmas in my 
father’s jewelry store in downtown Pasadena, California. After 
graduating from college, I joined my father and my brother 
Skip in the family business. The first transformation was from 
being a downtown jeweler to opening stores in regional shop- 
ping centers. Over the course of about 10 years, we opened 14 
stores across Southern California in this format. At first there 
were three or four other jewelry stores in each mall, and we 
would double our closest competitor’s volume. By the time we 
had opened the fourteenth store, there were 20 competitors in 
each mall. We began to realize that a small, privately owned 
general jeweler couldn't conquer the big chains with brute 
force alone. At this point, instead of doubling competitors’ 
revenues we were either number one in revenues in most malls 
(by a very small margin) or in some cases number two. We 
found ourselves in the middle of the retail parade. 


Elements of Transformation 
Looking at the Marketplace through the Customers’ Eyes. 


In looking at our stores through our customers’ eyes, we began 
to see that we really didn’t offer customers anything they 
couldn't buy from 20 other jewelers in the mall. Looking at 
these jewelers objectively, in fact, we couldn't see any signifi- 
cant differences other than the name over the store. So grow- 
ing a business without a sustainable competitive advantage 
would leave us at a huge disadvantage going forward. We 
knew, though, that our strongest product category was always 
engagement rings, and we began to realize the marketplace 
was not offering these customers the experience they needed 
at an emotionally charged point in their lives. 


Looking Inside Yourself and Your Organization for 
Strengths, Passions, and Abilities. Being young newlyweds 
ourselves, my brother and I identified with customers in that 
same phase of life. We also felt that, working with various 
members of our team, we had the skill set to build a business 
in the singular category of engagement rings. 


Planning and Resources. In the late 1980s, we planned our 


Mr. Robbins (srobbins@robbinsbros.com) is chairman and CEO 
of Robbins Bros., World’s Biggest Engagement Ring Store®, 
headquartered in Los Angeles. 
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From its Southern California roots, the Robbins Bros. chain of 
Jreestanding engagement ring stores has expanded into Texas, with 
a third Houston-area location opening in September 2006. The 
Baybrook store, shown here, opened in the city of Webster in 2005. 


strategy. We flew across the country looking at niche opera- 
tions and destination stores in a number of retail categories. 
By the time we returned to California, we were convinced 
that in order to get to the front of the retail parade we need- 
ed to reinvent ourselves in a comprehensive way. We 
brought in two consultants to help us plan, one a market- 
ing/media consultant and the other a financial business 
strategist. Along with plenty of support from other mentors, 
we developed a four-stage plan, with the end goal of being a 
dominant player in our market in engagement rings and 


wedding bands. The plan: 


1. Run a closing sale to fund the transition. 


2. Reopen in the same mall locations in an exclusively 
engagement ring format, changing our name, our prod- 
ucts, and our media message. Open as Robbins Bros., The 
Engagement Ring Store. 


3. When resources allowed, open our first World’s Biggest 
Engagement Ring Store, a 9,000 square foot, freestanding 
destination store. 


4. If the first store was successful, transition out of malls alto- 
gether to freestanding stores. Our initial plan called for a 
five-year transition, which later was accelerated to two years. 


The Mission. Our mission statement was all about focus: “To 
Dominate the Engagement Ring Business in Southern 
California.” Every decision we made going forward has been 
related to this mission. At that time, we also developed our 
organizational values, the foremost among them being “Love 
the Customer.” 
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Selling Constituencies. We then had to convince everyone 
else that our unconventional plan would work. As one would 
imagine, we met with a lot of resistance; our move from a very 
stable and profitable business to a counterintuitive business 
plan required some selling on our part. We interviewed 20 
banks before we found one that would support our vision. We 
left some of our vendors behind and were very well support- 
ed by others. Our people also needed to be convinced, so we 
held a company meeting. Skip and I dressed up as Generals 
Patton and MacArthur and laid out the battle plans for 
“Operation Domination.” By the end of that meeting, with a 
lot of enthusiasm and probably some trepidation among the 
troops, our company moved forward. 


Family Business to 

Business Family to National Brand 

We needed to build competencies in all key areas to achieve 
success in this new niche. We needed financial discipline 
and board-level advice. Besides reinventing the business, we 
had family transitions—purchasing shares in the company 
from our parents, and finally a transaction where I pur- 
chased shares from my brother. He moved to Seattle, back 
to our roots, and opened his own successful chain of stores 
while I continued to build Robbins Bros. It was then that 


our family business transformed into a business family. 

After several years spent expanding further in Southern 
California, with a market share of over 23%, as well as develop- 
ing a very strong business model, corporate culture, and region- 
al brand, it was time to revise our mission statement: “To 
Dominate the Engagement Ring Business in the U.S.” We 
then began to plan a national expansion. Along with a new 
board of directors, I brought in new financial sponsors who had 
participated in the growth of many successful retailers. In 
November, we will open our fourth store in Texas, our first mar- 
ket outside Southern California. This year we will also hit our 
first milestone of $100 million. Within 10 years, we aspire to be 
a billion-dollar company—as we become a national retail brand 
with a dominant share of engagement ring sales. 


Principles Learned Along the Way 


¢ Develop a sustainable competitive advantage 
e Leverage core competencies 
¢ Seek advice from mentors, outside boards, and partners 


¢ Build a business that is bigger and better than any single 
person (including myself) 


¢ Keep the focus on the brand, business model, and corpo- 
rate culture 


The Diamond Dealer’s Perspective 


Hertz Hasenfeld 


asenfeld-Stein has been a New York diamond man- 

ufacturer specializing in premium diamond cuts 

directed to up-market retailers since 1948. When 
we undertook a comprehensive review of our business, we 
examined four key areas: (1) sourcing of rough diamonds; (2) 
manufacturing; (3) operations, including inventory and prod- 
uct mix; (4) sales and marketing. 

When necessary, our company will seek supplies beyond 
our allocations from the Diamond Trading Company, 
including working with other diamond manufacturers. To 
keep up with the growing demands on our manufacturing, 
we opened New York’s first robotic diamond cutting opera- 
tion to cut round brilliants, and we opened a factory in 
China to facilitate our production of fine-make fancy cuts. 

Operationally, we upgraded our information technology 
capabilities and hired professional managers to allow the com- 
pany to develop more accurate sales projections. Finally, our 
sales and marketing review resulted in strategic marketing 
support for our retail clients. This included the development 
of private label programs rather than focusing on building our 
own diamond brand. 


48 ATH INTERNATIONAL GEMOLOGICAL SYMPOSIUM 


There was certainly a learning curve involved in the 
growing process, including the introduction of a 70-facet 
round brilliant that diamantaires and retailers alike agreed 
was very attractive. However, we soon learned that con- 
sumers would not pay the premium the extra production 
costs demanded. We also learned a valuable lesson from the 
failed introduction of a “Freedom Ring” that was designed 
with a diamond, ruby, and blue sapphire. 

But we learn from our mistakes, our challenges, as well as 
our successes. For Hasenfeld-Stein, expanding our produc- 
tion to China was challenging at the very least, but the result 
was an unparalleled Princess Cut that opened up new custom 
branding opportunities for our retail customers. 

Our experience as a diamond manufacturer is certainly 
analogous to jewelry manufacturers and retailers alike. And 
when you add the constant changes across the diamond 
industry today, all of us must continuously review—and 
modify—our operations to stay efficient and competitive. 


Mr. Hasenfeld (hertzh@hasenfeld-stein.com) is vice president of 
Hasenfeld-Stein, New York. 
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Defeating the Bling 


Emmanuel Perrin 


he story of the House of Van Cleef & Arpels dates 

back to 1896, when Alfred Van Cleef, a stonecut- 

ter’s son, wed Estelle Arpels, the daughter of a pre- 
cious stones dealer. Thus, it was under the auspices of love 
that the House’s distinguished history began. In 1906, Van 
Cleef & Arpels was the first jeweler to open a boutique on 
Place Vendéme. The rest, as they say, is history. The Mystery 
Setting, one of the House’s signature technical innovations, 
was patented in 1930; Grace Kelly, Empress Farah, Elizabeth 
Taylor, Maria Callas, the Duchess of Windsor, and 
Jacqueline Kennedy were all devoted clients. In 1999, Van 
Cleef & Arpels was acquired by Richemont, the prestigious 
luxury group. 

One hundred years on, how does a house whose reputa- 
tion is synonymous with understated elegance, refinement, 
femininity, and grace evolve and yet stay at the forefront of 
luxury jewelry in an age characterized by the flashy, excessive, 
and “in your face” glamour known as “bling”? 


Defeating the Bling: The Recipe 


1. Being a rock star isn’t enough. Today’s aesthetics seem to 
be defined by one word—b/ing—the sweet sound of over- 
indulging in oversized diamonds. Too often, sheer size 
alone seems to be the driving criterion in selecting a piece 
of jewelry. This isn’t the case at Van Cleef & Arpels, where 
exceptional diamonds are part of an exceptional stone col- 
lection, and unique design goes hand in hand with unpar- 
alleled craftsmanship. 

2. Capitalize on the House’s strengths. Une Journée a Paris, 
created to commemorate our centennial, uses technical 
innovations to bring to life, for the first time, designs from 
the 1930s, 40s, and ’50s. The Collection follows a day in 
the life of a Parisienne who sets out on a stroll through the 
city before reaching the Ritz for the collection’s launch. 
The House’s French origins are celebrated and are matched 
with distinctive aesthetics and incomparable technique. 
Foliage in the Tuileries gardens inspires graceful earclips, 
while the Eiffel Tower lends its iconic lines to the Eiffel 
necklace (figure 1). 


Mr. Perrin is CEO and president of Van Cleef & Arpels North 
America, New York. 
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Figure 1. The Eiffel necklace was inspired by the graceful, iconic 
lines of the Eiffel Tower. 


3. Get rid of the dust through a more modern marketing- 
oriented approach. Over the years, Van Cleef & Arpels 
has strengthened its relationship with its clientele by 
updating and adapting its iconic products to evolving 
tastes and trends. A prime example of this is the evolution 
of Alhambra, one of our signature collections. First patent- 
ed in 1974 as a three-strand yellow gold and onyx bracelet, 
Alhambra reemerged in 1978 with additional designs— 
one of which, gold and mother of pearl, remains one of our 
bestsellers, nearly 30 years later. Today, Alhambra features 
three designs, as well as 10 colors and stones. 

Its most recent embodiment is the Centennial 
Alhambra, launched as part of the House’s centennial. 
Here, motifs cherished over the years in other Van Cleef 
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& Arpels pieces, namely the butterfly and the emblemat- 
ic clover, are incorporated into Alhambra’s iconic vocab- 
ulary. New motifs, such as the heart, leaf; and star, have 


also been added and lend a fun and youthful touch. 


Nowhere is the House’s stylistic evolution and search for 
evolving markets more evident than in its Alhambra advertis- 
ing campaign. The classic still-life images feature the product 
gracefully intertwined with nature, as if an extension of it— 
for instance, a Socrates ring emerges petal-like from a hem- 
lock. This poetic and organic quality is carried over to the new 
campaign with the addition of a playful, more youthful note: 
a mother-of-pearl Alhambra bracelet “grows” gracefully amid 
blades of grass and a ladybug (figure 2). While grounded in 
the House’s signature style, the new campaign surprises and 
delights with the refreshing turn it has taken. The centennial 
approach has also been voiced through other marketing tools 
(launches, events, and boutique displays), thus emphasizing 
the cohesiveness of the brand. 


Conclusion 

For Van Cleef & Arpels, defeating the bling means sticking to 
what the House does best, namely, constantly reinterpreting 
its signature style and designs, thus strengthening its bond 
with existing clientele and reaching out to new markets, 
searching uncompromisingly for the highest-quality stones, 
and always using the most brilliant craftsmanship. Our cen- 
tennial has provided the occasion to showcase Van Cleef & 
Arpels as a versatile and modern brand with a subtle approach 
in the face of ephemeral bling. 
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Figure 2. The recent Alhambra advertising campaign showcases 
the signature style of Van Cleef & Arpels in a more whimsical, 
youthful manner. 


Gems & GEMOLOGY FALL 2006 


Heview ot 


Hiamond Industry 


by 


DR. SYDNEY H. BALL 


As digested by Kay Swindler 


In his 23rd Annual Review of the Dia- 
mond Industry, as written for, and published 
by, the JEWELERS CIRCULAR-KEY- 
STONE, Dr. Sydney H.° Ball, mining 
engineer, diamond consultant, and G.I.A. 
Educational Advisory Board member, brings 
a clear, comprehensive and authoritative pic- 
ture of interest to every retailer and whole- 
saler in this country and abroad. 

The report, which covers all phases of 
the diamond industry for the year 1947, 
should be read by all interested in any phase 
of the industry. As usual, in addition to 
thorough coverage of domestic and foreign 
markets, cutting, production, imports, re- 
search, government dealings, identifications, 
attempted diamond synthesis, fashions in 
jewels, it also gives detailed information on 
investments, smuggling, thefts, war loot, 
demand, government regulations and many 
other significant reports. 

Although figures regarding diamond pro- 
duction are not available from all countries, 
Dr. Ball believes a fair degree of accuracy 
can be accredited to the estimates showing 
1947 production about 95 percent of the 
previous year, according to weight. The loss 
shown was industrials. According to 
value, 1947 production was approximately 
92.5 percent of 1946. 

The Belgian Congo was the principal 
producer of diamonds during 1947, yield- 
ing by weight 56 percent of all mined. 


in 


Although the British Commonwealth shows 
only 31.1 percent of the weight for the 
year, the value of diamonds from this source 
represented 68 percent of all produced dur- 
ing the year. The Belgian Congo, the Union 
of South Africa, and Tanganyika produced 
less than in the previous year while the 
Gold Coast, Sierra Leone, South West Af- 
rica, and Venezuela produced more. 

Since in Tanganyika only 20 percent of 
the yield is industrial, it becomes oné of the 
important diamond fields of the world due 
to the quality of its production. 

INDUSTRIAL DIAMONDS 

About 6,907,000 carats of industrials of 
which 4,500,000 carats were crushing bort, 
were produced in 1947. Imports of this 
country in 1947 were between 4,000,000 
and 4,500,000 carats which compares with 
the previous year’s consumption of indus- 
trials. Dr. Ball warns that the supply of bort 
is still light and in certain grades short and 
that it should be considered a precious mate- 
rial by all and be utilized carefully. He fur- 
ther points out that there is no satisfactory 
substitute for the industrial diamond. Prices 
of industrials are steadier than those of 
gemstones. 

CUTTING 

According to Dr. Ball, it will be still 
some time before more gem rough is avail- 
able. He further predicts, due to the over- 
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Building a Luxury Clientele 


Martin Katz 


hy is /uxury one of those terms that evoke so 

much emotion? Is it because we all desire it so 

much we immediately respond to the word? The 
very indulgence it suggests has such an inviting notion that 
providers of luxury fill our senses through glossy magazines 
and marble and glass stores. There is an imprecise line 
between necessity and luxury, and I for one cannot quite say 
where that line is; thus, I believe luxury is a necessity. So how 
do we build a clientele for such a necessity? 

There are several essential components to the architecture 
of luxury client development. The retail world is so smitten 
with the branding bug that there is a rush to attach one’s name 
to a celebrity or high-profile jewelry line in the hopes of being 
recognized as a luxury brand. However, association alone will 
not brand you, and brand alone will not maintain a luxury 
client if your store message is ambiguous or inconsistent. You 
first have to individualize what is inside your jewelry box 
before you can brand the outside of your box. Here are three 
important fundamentals to secure your client following. 


Voice 


For our customers, jewelry is intensely personal, so it should 
be just as personal for us as jewelry professionals. The jewelry 
we sell should reflect who and what we are as jewelers. It’s 
imperative to find your own “voice” in style, taste, and quali- 
ty and be consistent in it with an unwavering dedication. Your 
“voice” will conceptualize how you want to be recognized as a 
jeweler and how your store name will come to be perceived. 
It defines the type of jewelry you carry or the style of your 
inventory. As your fingerprint, it becomes so recognizable and 
associated with quality that the luxury client will seek you out. 


Consistency 

Once you clearly define who you are as a jewelry company, 
your “voice” will become focused and apparent to the cus- 
tomer. This refined store “voice” defines how you want your 
client to feel when they see your name or see your jewelry. It 
is human nature to seek security in what is known, depend- 
able, and comfortable. For that reason, consistency in quality, 
design style, and the philosophy of the way you run your busi- 
ness are the crucial components that make for client comfort 
and confidence. With international brands like Hermes or 


Mr. Katz (info@martinkatz.com) is president and founder of Martin 
Katz, Ltd. in Beverly Hills, California. 
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Louis Vuitton, for example, luxury buyers always know what 
they will get in both service and product quality, even though 
these companies offer a wide array of product styles and cate- 
gories. If your store products and customer service impart the 
same positive impressions time and again, luxury clients will 
seek you out as both a brand and a place where they can 
splurge with confidence, and then spend without reservation 
for something truly special. 


Service 


To develop any sense of brand and a luxury following, you 
must also stand for something special. What services can you 
offer and how easy do you make it for someone to buy from 
your store? Offering special services as standard practice will 
make clients feel special and confident that they are dealing 
with a sophisticated firm. Standing behind your product in 
ways that your customers don’t expect can go a long way 
toward building a great following. For instance, replacing 
missing pavé stones at no charge on an expensive ring you 
sold two years ago gives a client a great sense of confidence in 
your store because of how you stand behind what you sell. 
You dont have to do it, but it actually is a small price to pay 
for such customer faith, and the client is sure to spend much 
more in the future. If you think about it, there are many ways 
to serve your client above and beyond what others are willing 
do just because these small costs scare them away. Look at the 
big picture and stand out from the others. Keep defining 
yourself by these actions, which then create reputation, meld 
luxury and quality to your name, stimulate your clientele, and 
ultimately build brand awareness and a luxury client follow- 
ing. Find your own voice and speak out. 
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The Auction House as a Purveyor of High-End Jewelry 


Daryl Wickstrom 


s an auction house, Sotheby’s is unique in the world 

of luxury brands and consistently ranks among the 

highest in terms of recognition, price-point, and 
aspirational qualities. Yet the value proposition that Sotheby's 
offers clients is far from the discreet and highly personalized 
sales experience that awaits a client of a top-end jeweler or 
fashion house. 

Sotheby's is currently experiencing rapid growth. For the first 
six months of this year, auction sales increased 50% over the first 
half of 2005. The last period of exceptional strength in the auc- 
tion industry, which ended in the early 1990s, largely relied on 
an over-heated Japanese market. Today’s auction market is fueled 
by a broader variety of constituencies. Not only do we see 
growth in purchasing within our traditional high-net-worth 
client base in the U.S., Europe, and Asia, but we also see it with- 
in the new wealth developing in the emerging economies of 
Russia and the former Soviet Republics, as well as China, India 
and the Middle East. 

Sotheby's recognized this trend early in the process, and has 
been actively cultivating relationships with both our traditional 
clients as well as those clients new to our world. To support these 
development efforts, Sotheby’s has invested in state-of-the-art 
information systems that give us extraordinary intelligence and 
understanding of our clients’ purchasing activity, and enable us 
to pursue well-executed strategies to identify and cultivate the 
most promising relationships in a direct and personal manner. 

In Sotheby’s efforts to broaden its client base and deepen our 
relationship with our existing clients, the jewelry business plays 
a critical role. Unique among our many categories of property, 
jewelry has an almost universal appeal. It is a natural entry point 
for new clients to our business, and is a logical crossover purchase 
for dedicated collectors active in other categories. There is also 
significant interest from the media in many of the jewels we are 
entrusted to sell. This media interest generates publicity not only 
for the specific items featured in such reports, but also for our 
brand generally and for the jewelry business in particular. 

‘To distinguish its jewelry business in a crowded marketplace, 
Sotheby’s focuses on those attributes that clients most associate 
with the brand—our expertise, authority, and market knowl- 
edge. We also leverage our worldwide presence—by sourcing the 
most exquisite gems and jewelry from our private and trade 
clients throughout the world, directing them to the most advan- 
tageous sales rooms, and insuring that all of our clients globally 


Mr. Wickstrom is managing director of Sotheby’s Global Auction 
Division in New York. 
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are aware of items that might hold particular interest for them. 


Our selling efforts are aided by a variety of well-known 
approaches, including traveling exhibitions, personal outreach 
by our top specialists and private client representatives, and our 
well-researched catalogues. Sotheby’s emphasizes to its clients the 
wide range of periods and styles, price-points, and variety 
offered. This includes both single-stone pieces and. intricately 
designed historical jewels, as well as contemporary pieces from 
the world’s important jewelry houses. We educate our clients on 
the significance and exceptional quality of the production of 
many of these houses. When appropriate, we also work to edu- 
cate our clients on the timeless appeal of many of the jewels we 
offer and their resonance with today’s fashions and tastes. 

Last year, Sotheby’s embarked on a unique partnership with 
the Steinmetz Diamond Group to offer our clients a line of 
important and rare diamonds and exceptional pieces of dia- 
mond jewelry in an exclusive, private manner. Sotheby's 
Diamonds is a natural extension of our jewelry auction busi- 
ness, and responds directly to our clients’ often-expressed desire 
to purchase important pieces outside of auction. Since launch, 
the business has received uniformly positive press coverage and 
the support of Sotheby’s clients, who understand the differences 
between this venture and our traditional auction model. 

As we move further into the twenty-first century, we are 
confident of our future and the future of the jewelry auction 
business. Sotheby's is building on an exceptional history, includ- 
ing having conducted the sale of the only three 100+ carat D- 
color diamonds ever sold at auction. With the recent addition 
of Sotheby's Diamonds to our jewelry portfolio, we anticipate 
further growth in this important part of our business. 
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In Pursuit of Elusive Luxury 


Ralph Esmerian 


or the greater part of history, when kings and queens, 

popes, emperors, maharajahs, and other aristocrats were 

the luxury clientele, jewelers received royal appointments 
to make pieces of unparalleled magnificence—items that are 
the museum treasures of today. During the Industrial 
Revolution in the 19th century, the number of luxury con- 
sumers grew dramatically. Jewelers rose to the occasion, satisfy- 
ing the demands of their new clients with quality, craftsman- 
ship, and original designs. The virtuosity that started in the 
1890s continued well into the twentieth century. It was a long 
period of excellence during which jewelers attracted discerning 
clients by creating superior work. 

Today, the creation of luxury lies as much in the hands of 
marketing experts as it does with the designers and jewelers. 
One important factor in determining luxury in the twenty-first 
century is the retail price category—high numbers immediate- 
ly classify the item as luxury. They sanctify and bless the prod- 
uct. There is a proliferation of goods offered by familiar name 
brands—many very commercially fabricated, but luxuriously 
priced and brilliantly marketed. The historic element of quality 
is of secondary consideration. Indeed, quality is not often a pre- 
requisite to the luxury brand, since it is more difficult to 
achieve, let alone be noticed in today’s marketplace. 

Diamonds steal the spotlight from all. Reports and certifi- 
cates identify stones, basically replacing the work of eyes and 
instinct, so essential in determining the character of a gem. For 
centuries, stones were mined, cut, and set in jewelry with scien- 
tific testing neither available nor required. Now, commerce 
takes precedent over historic knowledge, aesthetic beauty, rarity 
of material, and skilled workmanship. 

Investing in great stones and making adventurous jewelry 
has always been a gamble. The piece might sell within weeks or 
perhaps years. Timing was never a given. Distinctive gems and 
designs were symbols of high standards in a jeweler’s inventory. 

Today, corporate owners of jewelry firms do not appear to 
have the necessary knowledge, ability, or will to create some- 
thing of quality that is special. They are accountable to share- 
holders and business partners who could be selling shoelaces 
or paperclips—but they can read a bottom line. Numbers are 
the common denominator that all can crunch. If, at the end 
of a fiscal year, there is no proper explanation for why the spe- 
cial stones or interesting designs are still in stock, the owners 
balk at the time-honored ideal of making great jewelry and 
waiting for the right customer. The decision is usually made 


Mr. Esmerian is president of R. Esmerian Inc. in New York. 
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La Bretonne és considered an Art Nouveau icon for French jewelry 
at the turn of the century. It was created by a Parisian jeweler with 
diamonds, opals, amethysts, enamel, and gold. Courtesy of R. 
Esmerian Inc. 


to stick to the “bread and butter,” the norm, and “safe” pieces. 

Corporate involvement is where the jewelry world is 
heading because of the capital it takes to market and sell a 
product worldwide. It is essential for these corporate lead- 
ers—so well versed in graphs, statistics, percentages, mark- 
ups, and the sales language of retailing—to understand that 
the legacy of jewelers is quality. They should develop strong 
eyes to discern the colors and shapes of stones. They should 
encourage their designers to takes risks and make original 
collections. And they should educate themselves about the 
history of jewelry. We should all aspire to the ideal of our 
predecessors. Luxury should once more refer to quality and 
specialness and not only be a catchword for mass production 
and high-priced designer names. 
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The Multichannel Retailer 


Catherine Coquillard 


etail distribution for the jewelry industry has never 

been more diverse, or exciting, than it is today. 

Product lines that once depended entirely on bricks- 
and-mortar retailers now have significant choice in where, and 
how, they will be sold. 

QVC, which is celebrating its 20th anniversary this year, 
boasts an impressive history of growth in the company and 
the products it sells. Not only has it experienced double-digit 
increases annually for the past 19 years, but QVC was also the 
number two television network in terms of revenue in 2005, 
according to Broadcast and Cable magazine. In addition, the 
company’s Internet business ranked among the top five online 
retailers. With a reach into 90 million homes, and an operat- 
ing model that’s open 24/7 (24 hours a day, seven days a 
week), QVC’s ability to reach customers in new and diverse 
ways has never been better. 

What does this mean for the consumer? A lot. 
Multichannel retailing brings a new level of excitement that 
is unsurpassed in traditional retail. QVC takes on an extend- 
ed role in the consumer's eyes to be that of educator. Because 
of the network’s broadcast capabilities and ability to demon- 
strate the products it showcases, QVC is able to teach its cus- 
tomers, first-hand, about those products. Information on 
how to wear the latest trends, the intricacies of color palettes, 
new gems, and karat weight in gold—all are communicated 
to the viewers, making them very savvy and knowledgeable 
jewelry consumers. 

QVC also acquaints its customers with the designers who 
previously may have been only a name in a case tent card. It’s 
an opportunity for them to meet the designer, learn about his 
or her inspiration and personal commitment to the collection, 
and feel like they have made a friend. It gives the customer the 
chance to identify with the designer and the product. By 
bringing both new and established designers into the homes 
of consumers, QVC is able to create a level of brand loyalty 
and identification that is difficult to achieve in a convention- 
al retail environment. 

TV shopping also does something completely unexpect- 
ed: It supports the business of traditional retail. Shoppers who 
learn about the newest designer or fashion trend take that 


Ms. Coquillard is vice president of jewelry merchandising at QVC, 
Inc., West Chester, Pennsylvania. 
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knowledge right to the store counter. According to Joel 
Schechter, president of Honora Industries (a major importer 
of freshwater cultured pearls), “We consistently see a higher 
volume of sales at traditional retailers following Honora shows 
on QVC.” This phenomenon has been demonstrated in the 
fashion and beauty arenas as well. 

with the ability to 


connect consumer to product in unprecedented ways. The 


Fast, flexible, and ever-evolving. . . 


tides of distribution are definitely changing, and multichannel 
retailers are well positioned to ride the waves. 
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The Internet as a Complementary Distribution Channel 


Greg Fant 


onsumers and retailers are beginning to realize the full 

promise of e-commerce. The volume of searching, 

buying, and selling activity on the web has hit record 
levels, and future growth and consumer preference for online 
shopping are predicted at an even greater pace. According to the 
analytical service eMarketer, by 2007 U.S. online buyers are 
projected to spend 32% more online compared to 2005 
($1,187 vs. $897). As online shopping has become mainstream, 
the breadth of items being purchased over the Internet has 
expanded to larger products, such as cars and big-screen TVs, as 
well as to other big-ticket items such as fine jewelry. 

For manufacturers and retailers, e-commerce offers exclu- 
sive business advantages not available in other channels. E- 
commerce enables closer ties to end users, creating more loyal 
and repeat customers, with 24/7 access, and offers a global 
reach. Quality improvements are easily derived from cus- 
tomer feedback and more direct communication channels. In 
addition, manufacturers can understand more about their 
primary market by analyzing the behavior of their online 
market. Even those trying to catch up with the “first movers” 
find that it is never too late to create or expand an online 
presence. Why? Because these companies can take advantage 
of the best practices developed by these first movers, by 
embracing tried and true marketing techniques and the gen- 
eral advances that have occurred as a result of early successes 
or failures. Major brands such as Hewlett-Packard, The 
Sharper Image, Dell, and Harman Kardon are already lever- 


Mr. Fant is vice president and divisional merchandise manager of the 
Lifestyles categories for eBay Inc., San Jose, California. 
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As shown here, eBay has experienced dramatic growth in gross 
global merchandise value since 2000, with a compound annual 
growth rate of 30% over the last five years. 


aging this by selling through eBay. 

Within these overarching trends, eBay has had an especial- 
ly profound influence on e-commerce. With 203 million regis- 
tered users worldwide, including 90 million users in the USS., 
eBay is a powerful channel for branded retailers, manufacturers, 
and wholesalers to sell jewelry and watches. For example, in the 
second quarter of 2006, eBay’s Jewelry & Watches category 
delivered $1.7 billion worldwide annualized gross merchandise 
volume. The sheer velocity of trade in this category is stagger- 
ing, with a diamond ring sold every two minutes and more 
than two watches sold every minute. eBay is the top jewelry site 
in terms of both unique visitors and page views, according to a 
March 2006 report from Nielsen/NetRatings. 


The Multichannel Approach 


Beryl Raff 


t seems that “multichannel” is the new face of, and 
requirement for, successful retailing. Why is that, and does 
it apply only to retailing? What about the many other 
facets of the jewelry industry? The overwhelming evidence in 
favor of jumping on the multichannel bandwagon has to do 


Ms. Raff (braff@jcpenney.com) is executive vice president and gen- 
eral merchandise manager of fine jewelry for JCPenney Co., Inc., 
Plano, Texas. 


ATH INTERNATIONAL GEMOLOGICAL SYMPOSIUM 


with the ever-increasing presence of the Internet in everyone’s 
life. (The definition of “everyone” has become much larger, for 
that matter: Internet accessibility is now crossing all demo- 
graphic profiles, including gender, age, income, and ethnicity.) 
Simply put, the role of the Internet goes well beyond just being 
able to purchase online. It also provides a tool for research, 
information, and brand imaging. People have become 
“Internet dependent” both before and during a purchase. 
And where is the jewelry industry positioned in this 
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cyberspace world? If you focus on pure online sales volume, 
both in total and in relation to the overall jewelry market, it 
appears that the Internet has hardly made a dent. But is 
there good growth potential that shouldn't be ignored? If 
you separate jewelry into fashion vs. higher-price point 
items, perhaps the challenges become more apparent. Fine- 
jewelry purchases often come with an emotional attach- 
ment—particularly if they are gifts. Being confident you are 
purchasing the “right” item is a bigger challenge online than 
in a store. The higher price points also command a higher 
confidence in online security and privacy issues. However, 
studies have shown that purchasers of fine jewelry do make 
use of the Internet for considerable research, information 
gathering, and comparison efforts—even if they ultimately 
buy in a brick-and-mortar store. This is an important sup- 
porting role that the Internet can provide for your business, 
with or without the option of purchasing online. Having a 
“presence” online—even if only in an informational sense— 
can ensure your inclusion in a consumer's candidate pool of 
places to shop or buy. 

So how can each retailer or jewelry industry business put 
the multichannel concept to work for them? Certainly, giving 
your customers an option to shop and purchase in their pre- 
ferred manner—online, in-store, or by catalog—can be lucra- 
tive. The dollar value of a multichannel customer is consis- 
tently shown to be significantly higher than that of a single- 
channel customer. In addition, a multichannel approach can 
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Source: Forrester 2005 


Gross revenue (in billions of U.S. dollars) from online sales in the 
United States is projected to see significant growth through the end 
of the decade. Data courtesy of Forrester Research, Inc. 


also be put to use to create and build a favorable brand image 
for your company. It can provide support to store sales associ- 
ates in terms of selling tools, information, and customer inter- 
action. Furthermore, it can fulfill the important role of 
research and product information. 

Bottom line: Multichannel can be multipurpose. 
Moreover, it is a direction and a concept that is worthy of 
exploration by members of the jewelry industry. 


Online vs. Offline: 
Are They Really in Opposite Corners of the Ring? 


Ofer Azrielant 


he U.S jewelry distribution landscape has changed 

dramatically over the past 25 years. Where there were 

once only independent storefronts and retail chains, 
there are now major department stores, large wholesalers, 
mammoth discounters, and TV retailers servicing customers 
way beyond the reach of the traditional mom-and-pop shop. 
Since the Internet joined the fray in the late 1990s, many 
have considered it a threat to offline distribution channels. 
But Jewelry.com believes time has shown that not only is 
there nothing to fear, but in fact there is everything to gain. 
The Internet benefits not only the consumer, but all offline 
distributors as well. 

The late 90s witnessed the rise and fall of many dot-com 
players in the jewelry industry—Miadora.com, Enjewel.com, 
and Tjewelry.com, to name just a few. And while there are 
successful pure-play jewelry sites such as Blue Nile and 
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Ice.com online today, their share of overall jewelry sales is not 
as significant as once was imagined. According to Jupiter 
Research, online jewelry sales in 2005 comprised only 3.5% 
of the $57.3 billion jewelry market in the United States— 
with pure-play jewelry e-tailers representing less than 1% 
($500 million) of that amount. So why is the Internet such a 
powerful presence in the jewelry retail landscape today? 
Jupiter tells us that for every one dollar spent online, six dol- 
lars are spent offline—and that by 2010, nearly half of total 
retail sales will be influenced by the Internet (figure 1). In 
other words, the Internet’s true power does not lie in trans- 
acting commerce, but rather in facilitating commerce. 
Jewelry.com is such a facilitator. 


Mr. Azrielant (ofer@andin.com) is CEO and chairman of Jewelry.com 
in New York. 
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For Every $1 SPENT ONLINE, $6 ARE SPENT OFFLINE 


Online Retail Sales and Online-Influenced Retail Sales Forecast 
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By 2010, nearly half of total retail sales will be influenced by the Internet 


Source: Jupiter Research 


Figure 1. This bar graph shows that for every $1 spent online, 
$6 are spent offline. The source of the graph is a study by Jupiter 
Research called “US Online Retail Forecast 2005-2010,” 
published January 19, 2006. 


Jewelry.com began life in 1999 as one of several emerg- 
ing jewelry e-tailers, only to fall during the dot-com crash a 
year later. When its original owner, Miadora, closed its doors 
in 2000, it may have signaled the death of yet another dot- 
com victim, but it also signified the rebirth of Jewelry.com 
as a true jewelry portal bringing consumers and industry 
closer together. With its unique coalition of retailers, suppli- 
ers, and industry organizations, Jewelry.com harnesses the 
power of the Internet to influence jewelry sales across all dis- 
tribution channels. Today, nearly 40 million visitors use this 
site annually to research gems and jewelry (figure 2), learn 
about fashion trends, and browse hundreds of jewelry styles. 
Jewelry.com benefits the industry not only by sending 
potential consumers to retailers’ websites and/or storefronts, 
but also through a range of key consumer insight initiatives, 
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which include conducting strategic research using its vast 
user database, tracking consumer purchasing patterns, and 
marketing key idea brands such as “The Right Hand Ring” 
and “Journey.” The 2005 “October Is Right Hand Ring 
Month” promotion in conjunction with the Diamond 
Promotion Service, for example, was responsible for more 
than 100,000 referrals to retail partners, a jump in compa- 
rable sales from 16% to 53% during the month, and an 
almost doubling of consumer awareness of the 
category—from 40% to 76%. 

It’s clear the online and offline worlds are not in oppo- 
site corners of the ring. On the contrary, they rely on each 
other now more than ever before. Jewelry.com is a proud 
trailblazer of this distribution strategy and will continue to 
harness the magic of the Internet to increase jewelry market 
share within the luxury world. 


Figure 2. Potential consumers can visit the Jewelry.com page titled 
“Understanding Diamond Cut” to learn more about this aspect of a 
diamonds appearance. 


Jewelry 


— 


Wizard 


Understanding Diamond Cut 
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The Jewelry Market in Japan: 2020 


Yasukazu Suwa 


t took about 2,700 years to mine and fashion an estimat- 

ed 0.8 tons of diamonds before the South African discov- 

ery in 1867. Currently, about 3.6 tons of polished dia- 
monds are produced each year. Since the beginning of the 
20th century, annual diamond mining production has tripled 
every 30 years. Nevertheless, ifall the diamonds polished since 
the beginning of time were brought together, they would only 
fill a single double-decker bus (see figure). 

In addition, only a small percentage of gemstone produc- 
tion is of the finest quality. This percentage gets even smaller 
as production increases. More than ever, we must realize that 
truly fine gemstones are entrusted to us by Nature. After 
individuals own them for a relatively short time, these gems 
change hands, either as heirlooms or as estate pieces. As the 
world market becomes more borderless, fine gemstones and 
jewelry circulate freely—back and forth between the United 
States, Europe, Japan, China, and so on. Since new produc- 


tion of fine-quality gemstones is limited, recirculation is a 
major source of high-quality material. 

Advances in treatments make it possible to convert some 
previously unusable material into beautiful stones, but these 
lack the rarity of naturally beautiful gems. Synthetic stones 
might be attractive, but because theoretically there are no lim- 
itations to the quantity that can be produced over time, again 
they lack the rarity intrinsic to the value of a natural gem. 


The Current Japanese Jewelry Market 

The emergence of the modern Japanese market began around 
1960. Japan’s share of global loose diamond imports rose to 
20% by 1985, peaked at 34% in 1991, then declined to 12% 
by 2005; currently, its share of the world retail market for jew- 
elry is about 10%. Meanwhile, the nation’s retail market shrank 
from ¥3 trillion to ¥1.3 trillion between 1991 and 2005. 


World Production of Polished Diamonds (in tons) and 


Global Distribution (by value). 
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A single double-decker bus could 
transport all the diamonds fash- 
toned since recorded time. As this 
chart shows, at one point (in 1991) 
Japan consumed 34% by value of 
all newly polished diamonds, but 
today it has less than a 12% market 
yen =: share. Estimates for total quantity of 
ae polished diamonds, shown at the 
bottom of the chart, were derived 
from A.A. Levinson, J.J. Gurney, 
and M.B. Kirkley, “Diamond 
sources and production: Past, pres- 
ent, and future,” Gems & 
Gemology, Vol. 28, No. 4 pp. 
234-254. Figures above the bottom 
Line show total estimated production 
of polished diamonds for specified 
periods. The market shares for pol- 
ished diamonds for 1985, 1991, 
and 2004 are based on Diamond 
Trading Company estimates. 
Mining production estimates for 
1991 through 2015 are courtesy of 
Andrew Coxon, DeBeers LV. 
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In 1985, the relative values of Japanese imports of dia- 
monds, colored stones, and finished jewelry were 70%, 15%, 
and 15%, respectively. By 2005, this distribution had changed 
to 46%, 6%, and 48%. Diamond imports fell due to a dras- 
tic drop in sales of small-carat-size engagement rings. Relative 
imports of finished jewelry increased as about half the domes- 
tic manufacturers went out of business. This increase includ- 
ed “superbrand” goods as well as less-expensive jewelry from 
Thailand, China, and India. 

‘Twenty years ago, most Japanese consumers saw them- 
selves as comfortably middle class. Today, 80% of the popula- 
tion feels that they are in the lower middle class, and few feel 
that they are rich. The Japanese jewelry business must now 
deal with two very different market segments. 


Looking Forward 
The future holds a number of scenarios for Japan and the 
global jewelry industry: 


1. Japan will maintain its 10% shave of the world’ polished dia- 
mond market through 2020, but jewelry imports will contin- 
ue to grow relative to loose gemstone imports. Meanwhile, the 
jewelry market will become more polarized. Japan’s high- 
end consumers will prefer rare, high-quality untreated 
gemstones, and they will be asset conscious and more glob- 
al in their purchases. The faster-growing low-end market 
will be dominated by commercial, treated, and even syn- 


thetic stones; these shoppers will be more price conscious 
and purchase locally. Within this polarized market, high- 
end gemstone-oriented jewelry will remain the driving 
force behind all jewelry sales. The low-end jewelry market 
will follow the trends and styles that are established by the 
more affluent market. 


2. Branding and traceability will be more important to consumers 
worldwide. Where jewelry is made will matter less to con- 
sumers, while a manufacturer’s reputation for quality and 
reliability will mean more. Traceability and positive deter- 
mination of country of origin will become more important 
as consumers become more sensitive to issues such as “con- 
flict” diamonds, child labor in developing countries, and 
other political and human rights concerns. 


3. Recirculation will be more prevalent in the fine jewelry mar- 
ket. Just as the supply of gemstones is now more global, 
customers for fine jewelry are more mobile than ever. They 
purchase fine-quality gemstone-oriented jewelry from all 
over the world. This trend will continue in the future. The 
role of gemological laboratories in distinguishing country 
of origin and methods of treatment will become increas- 
ingly important as fine qualities circulate between markets. 


Mr. Suwa (suwa@suwagem.com) is president of Suwa & Son, Inc. 
in Tokyo. 


The Italian and European Goldsmith Industry: 
Current Status and Possible Future Scenarios 


Leopoldo Poli 


iven the social, political, and cultural events of the 

last decade, the question before us is whether there 

will be genuine opportunities for growth and devel- 
opment for the Italian and European goldsmith industries. 
Recent events have generated crises and related difficulties, 
but in markets the word crisis is always synonymous with 
opportunity, and opportunities are truly what make the differ- 
ence in the success of a company. The challenge for the next 
decade or two will be to transform some players in the gold- 
smith world from passive into active participants who turn 
change into opportunities. 


Mr. Poli is co-owner of La Nouvelle Bague in Florence, Italy. 
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Crises 
The economic crisis throughout Europe has put a growing 
number of jewelry companies at risk. Problems related to 
unemployment and the erosion of salaries have made the pur- 
chasing power of the middle classes precarious. Only compa- 
nies that know how to invest in the emotions of their clien- 
tele—persuading them to spend less in other luxury areas— 
have maintained a solid market share. Italy, in particular, has 
been at a disadvantage due to the introduction of the euro. 
The second crisis is foreign competition. China, India, 
and Turkey, all new players on international markets, have 
started exporting products of increasingly high quality, ben- 
efiting from lower costs due to their highly competitive 
local wages. 
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Italy’ long, rich history of jewelry design and manufacturing has 
made it a trendsetter in the modern market. Photo ©Leopoldo Poli. 


Third, there is a crisis in the motivation to acquire gold 
jewelry. Other consumer market segments have taken over the 
role of jewelry, which has witnessed a decline in the myth of 
ostentation together with the emergence of “functionality” 
—new electronic gadgets, exotic travel, and health spas. 


Today’s European Players 
Today, there are four main players in Europe's gem and jew- 
elry industry, which have mixed prospects for the future: 


¢ Historic jewelry brands: They have their own history, com- 
bined with a strong tradition in both production and mar- 
keting. These firms can be expected to maintain a sizable 
market share, though it has been diminished by producers 
from lower-wage nations. The ones who will remain strong 
are those who organize themselves in a market-oriented way, 
seizing new opportunities, anticipating trends, and commu- 
nicating the product emotionally via brand identity. 

¢ Emerging steel and silver brands: These young compa- 
nies entered the market in response to the need for a new 
type of jewel, precious in design if not necessarily in the 
materials used. They have built on the emotion and sym- 
bolism of their product, aiming it at the youth market. The 
winners will be those who know best how to interpret the 
trend for “hot” metals, by discovering materials and 
designs that fit in with current styles. 
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¢ Fashion companies: These are fashion brands that have 
entered the jewelry market in order to deliver a “total 
look.” They put forward industrial products that make an 
effort to present a distinctive design and are sophisticated 
technologically, flaunting their Italian workmanship. 

¢ Small artisanal companies: These are small, traditional 
manufacturing companies that develop their brands and are 
characterized by high-quality craftsmanship. Some are dis- 
appearing because others have eroded their market share, 
and some are winners thanks to the intrinsic strength of the 
artisanal product. Those companies that put forward inno- 
vative designs, distinct from mass-produced items, will suc- 
ceed. Opportunities for these companies are both in the 
specialist sector serving the big brands, and in the promo- 
tion of their own brands with a high-quality product. 


Trends and the Trendsetter 


The strength of a brand is measured in emotional terms; the 
key is to conduct a dialogue in a differentiated way with one’s 
clientele. Choosing the right communication means signifi- 
cantly enhancing the value of a product so that a larger slice of 
the population will want to trade up (see, e.g., M. J. Silverstein 
and N. Fiske, Trading Up, the New American Luxury, Portfolio, 
New York, 2003). 

In every area of business, the most enthusiastic client is the 
trendsetter. Successful producers cater to tastemakers who 
influence and “infect” other groups of consumers. By know- 
ing the trendsetters and working with them, we can achieve 
success without excessive investments in advertising, because 
the product is truly exceptional. 

Industrial production that lacks “added value” will be 
penalized. Therefore, we should continue to develop prod- 
ucts with strong artisanal characteristics that value their ori- 
gins and traditions. Italy has an enviable tradition of fashion 
and design. In this respect, our competitors are at a disadvan- 
tage because they are not creators of trends. 


The European jewelry market is facing a variety of new challenges 
and competition. To survive, companies will need to anticipate design 


trends and protect their brand identity. Photo icant claus Poli. 
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The Triclinic System 


and Feldspars 


The triclinic crystal system is the sixth 
and last to be illustrated in our series of 
color plates. This system is interesting be- 
cause it is at the same time the simplest 
and most complex. To the mathematical 
crystallographer it is the simplest because 
it is the general case, there being no special 
conditions such as right angles or axes of 
equal length. In actual practice it is the most 
complex since any calculations made on tri- 
clinic crystals are difficult and tedious. 

The triclinic system is the least symmet- 
rical of the six, some crystals having only 
a center of symmetry and others no sym- 
metry whatever. Triclinic crystals are always 
described by referring them to three axes 
of reference. These axes are all of different 
length and all of the angles between them 
are oblique. 

Only six gem minerals crystallize in the 
ticlinic system. These are turquoise, labra- 
dorite feldspar, microcline feldspar, axinite, 
rhodonite, and kyanite. Of these turquoise is 
by far the most important, labradorite and 
microcline are fairly common, but axinite, 
rhodonite and kyanite are rarely seen as 
gems. 

Turquoise is only very farely found in 
crystals, but is usually massive and fine- 
grained. Labradorite is usually found in 
large cleavage masses and rarely in good 
individual crystals. It is noted especially 
for its flashes of color, caused by interfer- 
ence of light in intricately twinned crystals. 
Labradorite is a member of a continuously 
variable member of the feldspar group 
known as plagioclase. Another member of 
the plagioclase series is albite, a crystal of 
which is shown in figure B of the color 


plate. Microcline, another member of the 
feldspar group, is sometimes used as a gem, 
especially the green variety known as ama- 
zonite or amazonstone. Axinite is @ com- 
plex silicate not common as a mineral and 
still less so in gem quality. It is rarely found 
in pale yellow or brown crystals having 
sufficient transparency to be cut as gems, 
but is never seen in the jewelry trade. A 
crystal of axinite is shown in A of the color 
plate. Rhodonite, a silicate of manganese, 
is red in color and nearly opaque. It is used 
occasionally as an ornamental stone, very 
rarely in jewelry. A crystal of rhodonite is 
shown in C of the color plate. Kyanite, sili- 
cate of aluminum, is a rather common min- 
eral but very rarely found in gem quality. 
When of gem quality, however, it is a beau- 
tiful stone since it has a fine sapphire blue 
color. It is never seen except in collections. 


Feldspars 


The feldspars form one of the most im- 
portant mineral groups. They are silicates of 
aluminum with potassium, sodium and cal- 
cium. The feldspar group is very complex 
and is made up of several members. Some 
crystallize in the monoclinic system, some 
are triclinic. All have good cleavage in 
two directions, hardness about six and spe- 
cific gravity ranges from 2.55 to 2:75. 

The important members of the feldspar 
group are orthoclase, microcline and. plagio- 
clase. Orthoclase is the monoclinic form of 
potassium feldspar, while microcline has the 
same chemical composition but is triclinic. 
Plagioclase is the name applied to a con- 
tinuously variable series of feldspars rang- 
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The Gulf Perspective 


Amit Dhamani 


he Gulf region, comprised of the United Arab 

Emirates (UAE), Saudi Arabia, Qatar, Kuwait, 

Bahrain, and Oman, is one of the fastest-rising com- 
mercial centers on the global map. The state of Dubai, in the 
UAE, has embarked on an aggressive growth strategy by lib- 
eralizing its economy and reaching out to global partners in 
many key industries, making it the gateway to the Gulf. With 
gross domestic product (GDP) growth of 9.4% last year, the 
second highest in the world, Dubai has become a major 
upscale tourist and business destination for travelers from 
Europe, Russia, India, and neighboring Asian countries. 

More than 120 shipping lines and 105 airlines connect 
Dubai to 145+ global destinations. Supported by a superior 
transportation, telecommunications, and finance infrastruc- 
ture, Dubai is well equipped to manage some of the world’s 
most sophisticated and ambitious projects to date. 

Liberal tax and property-ownership laws have attracted 
wealthy expatriates, creating a business boom. Out of a pop- 
ulation of 1.2 million, 60% are from 140 different nations. 
Fueled by oil and the booming real estate and retail sectors, 
the region has one of the world’s highest per-capita incomes; 
coupled with the growth of tourism and. the population's 
affinity for gems and precious metals, its jewelry market has 
grown at a faster rate than anywhere else in the world. Jewelry 
sales reached $15 billion in the Gulf countries last year, of 
which diamond jewelry sales accounted for $3.5 billion; these 
figures are growing by leaps and bounds. 

In Dubai alone, estimated retail jewelry sales were $3 bil- 
lion last year, with half of this for diamond jewelry. The aver- 
age per-capita jewelry sale was $2,500, the world’s highest by 
far. With approximately 850 retail jewelry outlets in Dubai at 
present, and tourists accounting for 54% of jewelry purchas- 
es, these figures are bound to continue rising in the future; it 
is estimated that 40 million tourists will be visiting this region 
by 2015, up from 9 million presently. 

Consumers in the Gulf region tends to prefer diamonds in 
all shapes at 0.50 ct and above, usually D-I color and 
VVS-SI clarity ranges, with certificates from international 
labs. Diamond watches are quite popular, especially interna- 
tional brands. As with many other major markets, the favored 
colored stones are emeralds (see figure), rubies, and sapphires. 
Among the many retailers already operating in the Gulf coun- 
tries are world-renowned houses such as Tiffany, Cartier, 
Bulgari, De Beers, Chopard, Dhamani, and Damas. 


Mr. Dhamani (amit@dhamani.com) is managing director of Dhamani 
Jewels in Dubai, United Arab Emirates. 
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There is a growing market in the Gulf region in general, and Dubai 
in particular, for fine jewelry such as this emerald and diamond 
necklace. The heart-shaped Colombian emerald weighs 160.53 ct. 
Courtesy of Dhamani Jewels. 


With the establishment of the DMCC (Dubai Multi 
Commodities Centre), the Dubai Gold and Commodities 
Exchange, the Dubai Diamond Exchange, the Dubai Gem 
Certification, and the Dubai Cut Diamond, Dubai has become 
a major global player. DMCC is the arm of the Government of 
Dubai that is helping create market opportunities for all busi- 
nesses. To date, 850 international companies have listed with 
the DMCC. The 64-floor Al-Mas Tower, which is scheduled 
for completion by the end of 2007, is solely dedicated to dia- 
mond traders, local and international. All told, Dubai’s jewelry 
retail space is expected to triple in the next few years. 

Dubai also hosts international jewelry shows and exhibi- 
tions year-round, with the ICA Congress set to be held there in 
2007. These events serve as yet another platform for interna- 
tional jewelry companies to make their way into this market. 

With new developments taking place at a rapid pace, 
Dubai and the Gulf hold enormous growth potential for all 
international businesses. Dubai welcomes the world’s gem 
and jewelry industry to be a part of history in the making. 
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India: The Jewel in the Crown 


Rajiv P. Mehta 


s one of the fastest-growing economies in the world, 

India has undergone a radical transformation in the 

last decade. In addition to significant government 
deregulation, the business environment has been supported 
by a stable political environment, an independent judiciary, a 
strong banking structure, and well-regulated capital markets. 
According to the IMD Global Competitiveness database, the 
overall ease of doing business in India is now comparable to 
that of China. 

India is already home to the world’s largest diamond cut- 
ting and polishing industry, but what is noteworthy is its 
recent evolution into a major hub for the global gem and jew- 
elry industry. India is the third largest consumer market in 
terms of polished wholesale prices, accounting for 7% of the 
world’s total, after the U.S. (50%) and Japan (13%). But in 
terms of growth, India leads the list. 

This competitive position in the industry is the result of 
growth in several areas. Over the years, India has created a 
highly skilled and comparatively cheap workforce that is being 
effectively utilized to set up large, low-cost production opera- 
tions for domestic and export markets. On the organizational 
front, companies are adopting innovative strategies in manu- 
facturing and distribution, while focusing on quality. 

India’s $1.2 billion consumer market for diamond jewelry 
is highly dynamic, with urbanization and rising per-capita 
income resulting in changing customer preferences and 
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demand patterns. Today, diamonds are no longer an indul- 
gence: Quality, reliability, and wearability are critical purchase 
triggers. Realizing the need to continuously improve the skill 
set of its labor force, India has invested in a large number of 
institutions to support the design and development of jewel- 
ry products. For example, the Indian Diamond Institute in 
Gujarat, supported by the Union Government and the Gems 
and Jewelry Export Promotion Board, offers courses in three 
languages and the Indian Institute of Gems & Jewelry in 
Mumbai imparts international training in all aspects of jewel- 
ry design and manufacture. At the same time, liberalization of 
government policy overall has served the country’s gem and 
jewelry industry well. Special economic zones and continued 
governmental support for foreign direct investment and joint 
ventures all along the diamond chain promise a bright future 
for the industry. 

Today, India has the potential to grow and develop in 
every aspect of the gem and jewelry industry. In the midst of 
global competition and expanding markets, the identification 
of the right opportunities and the shaping of a well-defined 
and forward-looking strategy will determine success in the 


days ahead. 


Mr. Mehta (rajiv.mehta@dimexon.com) is chief executive officer, 
Dimexon Diamonds Ltd., in Mumbai. 
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Consumer Confidence: It’s All About Trust 


PANELISTS 

John Calnon 

Jeffrey Fischer 

Esther Fortunoff Greene 
Sally Morrison 

Thomas M. Moses 
Michael L. Rae 

Chaim Even-Zohar 


MODERATOR 
Cecilia L. Gardner 


theme that ran through most of the discussion was the 
importance of being proactive—proactive in commu- 
nication, in education, in training, and in improving 
the environmental and social problems created by our industry. 


Metals Perspective 

John Calnon addressed the “No Dirty Gold” campaign 
launched by two nongovernmental organizations on Valentine's 
Day 2006, and detailed the World Gold Council’s proactive 
response. These environmental issues are important, he said, 
but they need to be balanced against the positive social benefits 
of mining. Gold production is vital to the economy of many of 
the world’s poorest countries. It creates stable incomes and a 
skilled workforce. Additionally, North America (including the 
US. and Canada) is the world’s largest gold-producing region, 
with some 390 tonnes mined annually, and these countries have 
some of the most stringent environmental regulations any- 
where. The Responsible Mining Assurance Initiative is working 
toward sustainable and responsible gold mining practices. 


Synthetic Diamonds 

Jeffrey Fischer summed up a means for natural and synthetic 
diamond markets to co-exist in three words: detection, disclosure, 
and differentiation. The laboratories are fundamental to detec- 
tion, and ongoing research is necessary to stay ahead of those 
who might try to pass off synthetic diamonds as natural stones. 
Disclosure is also critical. Mr. Fischer reiterated, “Ignorance and 
error are not reasonable excuses.” Synthetic and natural dia- 
monds must also be clearly differentiated. The most con- 
tentious aspects of the current debate concern nomenclature 
and marketing. The natural diamond trade overwhelmingly 
believes that synthetic is the most appropriate term. Mr. Fischer 
felt the term cultured should not be borrowed from the pearl 
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Managing Director, U.S. World Gold Council 

President, Fischer Diamonds, Inc. 

Executive Vice President, Fortunoff 

Director, Diamond Information Center 

Senior Vice President, Gem Laboratory and Research, GIA 
CEO, Council for Responsible Jewellery Practices 
Managing Director, Tacy Ltd. 


President, CEO, and General Counsel, JVC 


industry, but that man-made and laboratory-grown are accept- 


able. He strongly recommended that marketing campaigns 
complement each other: If natural and synthetic diamonds are 
denigrated by opposing advertising, then both segments will 
lose because consumer confidence will certainly falter. 


Retail Perspective 

Esther Fortunoff Greene urged retailers to properly train their 
buyers and sales associates. Salespeople should provide more 
specific education to their customers. Finally, she recognized 
that while retailers may not believe they are behaving unethical- 
ly, if they have not tested their products they may unknowing- 
ly be misleading their consumers about their jewelry. Therefore, 
retailers should independently verify the products they are sell- 
ing and reiterate their ethical standards to their suppliers. 


The “Blood Diamond” Movie 


Sally Morrison recounted the Diamond Information Center’s 
ongoing efforts to deal with questions about conflict diamonds 
that may be generated by the upcoming movie The Blood 
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Diamantaire Edward Asscher addresses the panel during the 
Consumer Confidence session. 


Diamond. Beyond the millions of people who will see the actu- 
al movie, many millions more will be exposed to the film’s mar- 
keting campaign. The DIC’ goal is to create a properly propor- 
tioned response to the film and media attention surrounding it, 
and to view the event as an opportunity to educate the public 
about the beneficial programs that have been made possible 
with diamond-related money. The website www.diamond- 
facts.org is a focal point for this effort. Many of the issues raised 
in the movie have been addressed by the Kimberley Process, 
and many government leaders of producer nations, as well as 
U.S. ambassadors to those nations, are supporting this effort. 


Lab Issues 


Tom Moses recounted GIA’ efforts to identify new sources, 
synthetics, treatments, and simulants as they enter the market. 
To be proactive, he advised that laboratories invest in all nec- 
essary equipment and maintain adequate and trained technical 
staff. Labs must also implement quality-assurance programs to 
ensure consistency. He emphasized the need to disseminate 
new information accurately and widely, to maintain consumer 
confidence. He believes that a global industry-wide strategy is 
necessary to address synthetics and treatments; fragmented 
solutions will not deal effectively with new technologies. 


Responsible Jewelry Practices 

The gem and jewelry industry has unique challenges, warned 
Michael Rae, because so much of the product’s value is derived 
from people’s emotions and dreams. For jewelry to be a reposi- 
tory of these dreams, then trust is vital. “If those goods are taint- 
ed, then people’s dreams will become nightmares.” To maintain 
that trust, the industry needs to demonstrate that their products 
have not been sullied at any step from mine to retail. Consumers 
want to know that their purchase has not harmed, but has 
instead benefited, people and the planet. Mr. Rae advised that 
the industry advertise evidence, such as schools and clinics, that 
demonstrates jewelry is a worthy representation of people's 
dreams. He also pointed out that after a long string of corporate 
scandals in other industries, third-party monitoring is now the 
benchmark of trust. The jewelry industry should embrace and 
welcome such monitoring to maintain the public’s confidence. 
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Anti-Money Laundering and 

Combating Terrorism Financing 

Money laundering and the financing of terrorism are issues 
that are taken seriously by governments all over the world. 
Chaim Even-Zohar reported that the majority of government 
concerns specific to the jewelry industry are those involving 
cash transactions. He also felt that the perception of most gov- 
ernments is exaggerated. For example, he dismissed the posi- 
tion of the Canadian government that organized crime is 
developing an interest in Canadian diamonds. Mr. Even- 
Zohar’s answer to this was, “Total baloney. No basis in fact.” 
He suggested to retailers that if the issue is raised to them, the 
proper response is that all transactions are performed through 
legitimate banking systems. A retailer cannot be more knowl- 


edgeable than the banks. 


From the Audience 

Tom Moses and Esther Fortunoff Greene were asked about pos- 
sible misperceptions that consumers may have regarding grading 
reports. When the public sees “Laboratory,” they may believe 
there is a greater scientific basis to a grade than what actually 
exists. Tom Moses replied that instrumental measurements do 
support the conclusions of color grading, the most subjective of 
the 4Cs. GIA also maintains grading tolerances and has a quali- 
ty assurance program. Although grading reports are not perfect, 
they create a far better metric than existed a few decades ago. 

Ms. Greene responded that, as a retailer, it was difficult to 
reconcile reports from different labs that have different grading 
systems. She went on to say that pre-packaged, mass-produced 
grading reports that are not specific to a particular gemstone are 
also a major problem. Another attendee said that such reports 
typically have extremely inflated values and asked the panel 
when something would be done. Moderator Cecilia Gardner 
replied that the Jewelers Vigilance Committee is the proper 
authority to report deceptive, inflated appraisals. She promised 
that the JVC would investigate any reports of unethical dealing. 

One audience member asked about the habit in the jew- 
elry industry to not “name and shame” people involved in ille- 
gal activity. Ms. Gardner responded by recounting the legal 
consequences of discussing an open investigation and the civil 
liability of publicly discussing allegations. Mr. Even-Zohar 
said that the trade organizations and diamond bourses need to 
take more responsibility. 

Another attendee asked the panelists to identify tasks that 
the audience should proactively tackle before the next 
Symposium. The panel answered that increased transparency, 
increased communication and cooperation between industry 
segments, education, and training would serve the trade well. 
Michael Rae emphasized that all members of the trade need a 
clean, safe, and fair industry—we need to do it and we need 
to tell people that we are doing it. 
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The Great Synthetic Diamond Debate 


PANELISTS 

Tom Chatham 
Bryant Linares 

S. Clark McEwen 
Charles A. Meyer 
Shmuel Schnitzer 
James Shigley 
Ronnie Vanderlinden 


MODERATOR 
Whitney Sielaff 


he debate concentrated primarily on the name these 
products should be given in the marketplace. The syn- 
thetic diamond manufacturers said the term synthetic 
was unacceptable. However, some representatives of the natural 
diamond trade insisted that the products should be so labeled. 

Speaking for manufacturers, Clark McEwen said his firm 
uses cultured to describe its products because, he maintained, 
the public associates the term synthetic with fake, and not 
products with the same chemical, optical and physical prop- 
erties as the natural material. Gemesis’ goods, he noted, are 
absolutely the same as natural diamond. 

Moderator Whitney Sielaff reported that a recent survey 
of retailers by his magazine found that 67% of respondents 
believed synthetic gemstones were not “real.” Tom Chatham 
added that the word synthetic is actually misleading because 
the public confuses these stones with other products such as 
diamond simulants. He said some sellers of simulants already 
market their products as “synthetic diamonds.” Chatham's 
father fought the same issue over his synthetic emeralds many 
years ago with the Federal Trade Commission. “In the end, 
the FTC agreed to allow him to use the term created to make 
sure there was no confusion with imitation products.” 

Shmuel Schnitzer, honorary president of the World 
Federation of Diamond Bourses, argued that the word synthet- 
ic was best because “that is what they are.” He explained that the 
WEDB has come a long way toward accepting the product in 
recent years. “The WFDB and International Diamond 
Manufacturers Association had long opposed using grading 
reports for synthetic diamonds, but relented at the June 
Congress.” In fact, many WFDB members had opposed allow- 
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Chatham Created Gems & Diamonds, San Francisco 
Apollo Diamond, Inc., Boston 

Gemesis Corporation, Sarasota, Florida 

Consultant to synthetic diamond producers 

World Federation of Diamond Bourses, Ramat-Gan, Israel 
GIA Research, Carlsbad, California 

Diamex/Russian Classics Inc., New York 


Editorial Director, National Jeweler Group 


ing synthetic manufacturers to use the term diamond in any 
context, regardless of the FTC ruling that would allow them to 
do so. 

Dr. James Shigley, GIA’s research director, noted that GIA 
had always used the scientific definition of the term—mean- 
ing products that have the same physical, chemical and opti- 
cal properties as the natural material—but has recognized that 
synthetic often is interpreted as “fake” by members of the pub- 
lic, so in recent years it has been using terms like /ab-grown 


Tom Chatham, a leading seller of lab-grown diamonds, argues 
against the use of the word synthetic to describe these products. 
Also shown here are (from left) Whitney Sielaff; Ronnie Vander- 
linden, Clark McEwen, Bryant Linares, and Shmuel Schnitzer. 
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that more clearly describe the material. Jeweler Amit Dhamani of Dubai called on synthetic dia- 


Members of the audience complained that there was little mond manufacturers to come up with a single word to 
agreement between synthetics manufacturers over what to call describe their product “so consumers will not be confused.” 
their products—cultured, created, lab-grown, man-made, etc. Ronnie Vanderlinden, who sells both synthetic and natural 
Cultured pearl dealer and jewelry manufacturer Avi Raz said it diamonds, said that /ab-grown or a similar term would be best 
was confusing and stressed “please do not call them cultured.” because it is self-explanatory. 


“The WFDB agreed, as a compromise, that reports 
should only use the term synthetic and that reports should carry 


a different look and grading terms from naturals.” 


—Shmuel Schnitzer 


“The natural diamond industry wants 
to use the term synthetic as a stick to beat and undermine the 
message of manufacturers of lab-grown diamonds. Consumers 


are entitled to a clear and unbiased representation of the product.” 


—Charles Meyer 


“There is a good niche for these products 
in the market because they make the purchase of 
colored diamonds possible for many consumers who cannot 


afford natural fancy-color diamonds.” 


—Ronnie Vanderlinden 


“No synthetic product ever disrupted 
the gemstone market. But history shows that if 
synthetic gems cost more than 10% of comparable 


naturals, they wont fly.” 


—Kurt Nassau 
Editor’s note: All quoted remarks from the 

Debate Centers are used with permission 

from the individual being quoted. 
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Gemstone Treatments: Friend or Foe? 


PANELISTS 

Israel Eliezri 

John L. Emmett 
Bev Hori 

Richard W. Hughes 
Antoinette Matlins 
Stefan Mayer 


MODERATOR 
Letitia Chow 


lways a contentious subject, the debate over gem 

treatments highlighted deep divisions and contradic- 

tions within the community regarding both use and 
disclosure. Some participants felt that treatments bring beau- 
ty to the average consumer in the form of otherwise rare gem- 
stones. Others believed that treatments give nearly all gem- 
stones the rarity and value of costume jewelry. One sentiment 
expressed was that both the salesperson and the consumer at 
the retail counter often do not know enough about gem treat- 
ments and are not being properly educated. However, others 
asserted that consumers are aware of treatments and vote with 
their wallets that these treatments are acceptable. One panelist 


Stefan Mayer shares his views with (from left) Richard Hughes, 
John Emmett, Bev Hori, Letitia Chow, and Israel Eliezri 
during the gem treatments debate in “The Pit.” 
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recalled being taught in her G.G. courses that the three proper- 
ties of a gemstone are beauty, durability, and rarity. Yet in the 
industry's rush to bring the first property to larger numbers of 
people, it has sacrificed the other two. Many treated stones 
show reduced durability, and new treatments may prove to be 
unstable with time as they are passed down through the gener- 
ations. Ifa treatment is not disclosed, then any resulting loss in 
durability will also not be disclosed. Consumer confidence will 
be lost, family heirlooms will become rarer, and the reservoir of 
public trust will be drained. 

Several jewelers and retailers said they would only sell stones 
with simple treatments, such as oiling of emeralds, since for 
many other treatments the starting material is piles and piles of 
what originally appeared to be worthless rubble. Others ques- 
tioned whether, if a treatment is so drastic, the result is still a 
natural stone. Could it be a simulant, or a hybrid? 

Participants agreed. that there is little possibility now of 
reducing the number of treated gems or the extent of treat- 
ment, and that the future will likely bring more treatments 
and a larger supply of treatable rough. Many audience mem- 
bers felt that, at present, consumers have only a general or 
incomplete awareness of gem treatments; few know how com- 
mon treatments are or how striking the difference can be. 

Others expressed confidence that regardless of how 
many gems are treated, the industry will adapt. Even if a 
new treatment, such as beryllium diffusion, temporarily 
upsets the market, the value of definitively untreated stones 
is ultimately pushed higher. With each new disclosure, the 
market corrects itself and niches are created at all price 
ranges. However, many felt the industry needs to do a bet- 
ter job of regulating itself before the government imposes its 
own rules—as has happened with other equally complex 
industries. Treatments are certainly in our future. Full and 
proper disclosure will have to be as well. 
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“In the past, treated stones 


were the extreme, and the bulk of gems Teatn the word: Vo. If you cant 


liver 1 ’s goin remain a pearl 
on the market were natural. Today, natural deliver a pearl that’s going to pearl, 


Eee ge ts eae TIS en nN then let them do without pearls. Offering consumers 


perenne pearls with nacre so thin that it cracks and peels in a matter 


ae of weeks or months, leaving nothing more than the shell bead 

—Israel Eliezri , _ tiie p 

at its core, isn’t the answer. Don’t give them a product that’s 
going to destroy consumer confidence 


ultimately in the product.” 
—Antoinette Matlins 


“The general perception is 
that what we have is something 
that is almost wonderful and we just 
help it along a little bit. Well that may have 
been true a thousand years ago, but 
it isn’t true today.” 
I think someone needs to ask 
—John Emmett 
the consumer what they think is acceptable. I think 

we need to very clearly explain what these treatments are, 


and ask what they want disclosed and what they dont.” 


—Eric Braunwart 


“Those ladies on TV are showing how 
gorgeous the stones are with those beautiful 
southern accents; they disclose, they talk all about 
those treatments and they're selling more color... . 


ce . 
é You frequently find transactions 
because those are the colored stone professionals a Me 


and they tell their people what they do to the stones, taking place in major chain stores, as well as 


enulinte nego en nih abana in other venues, with salespeople who dont 


fe ee ee have a clue what they are selling. 


—Antoinette Matlins 


“Natural pearls used to be more popular than diamond. 
Look what's happened to that business today, where natural pearls can 
hardly be found. That’s what we're facing with the colored stone market. Are we 


going to kill these precious things? Is everything going to become glass?” 


—Richard Hughes 
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THE @ RING 


Ethical Dilemmas in the Jewelry Industry 


PANELISTS 
Ruth Batson 
Frank Dallahan 


American Gem Society, Las Vegas, Nevada 
Manufacturing Jewelers and Suppliers of America, 


Providence, Rhode Island 


Douglas Hucker 
Dione Kenyon 
Matthew A. Runci 


SPECIAL COMMENTATOR 
Michael Josephson 


MODERATOR 
Peggy Jo Donahue 


he session began with a lecture by ethicist Michael 
Josephson. Josephson argued that ethical practices 
are also good business practices. In contrast, 
improper conduct by a few people in an industry can create 
havoc for everyone. He also discussed what he called the Six 
Pillars of Character: trustworthiness, respect, responsibility, 
fairness, caring, and citizenship. 
Though the audience and panelists were in agreement 
that good ethics are important, the participants sparred over 
what constituted ethical behavior. Does trading in Burmese 


Moderator Peggy Jo Donahue (far left) joined panelists Doug 
Hucker, Dione Kenyon, Ruth Batson, Matt Runci, Frank 
Dallahan, and ethicist Michael Josephson in “The Ring’ for the 
ethical dilemmas debate. 
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gemstones benefit Burmese workers or merely take advantage 
of a “loophole” in the U.S. import ban? Using the audience 
response system, audience members voted on a series of eth- 
ical questions; some showed significant differences of opin- 
ion, while others had wide agreement. 

Should gem dealers buy gems from Myanmar (Burma)? 
Forty-six percent voted no; 35% indicated yes if the gems 
are cut elsewhere, thereby not violating the U.S. import ban 
on Burmese products; and 19% said they had not heard of 
these problems. 

The discussion over the import ban showed deep divi- 
sions within the audience. A few who had worked with arti- 
sanal miners in Myanmar and Sierra Leone spoke most pas- 
sionately about continuing to import, as they had seen the 
benefits that the gem trade was bringing to these people. 

The audience was then asked if it was ethical to copy a 
design at the request of a customer, assuming minor changes 
are made to avoid infringing the copyright. Forty-one per- 
cent voted yes; 59% indicated no. A brief skirmish ensued, 
with Chanel clothes, Gucci handbags, and minivans offered 
up as examples of other products that have been copied but 
slightly modified. 

The discussion then moved to whether suppliers and retails 
should take action to correct unsafe working conditions among 
lapidary workers. Eighty-one percent voted yes; 7% indicated 
no. Several of the panelists pointed out that today’s customers 
often hold retailers accountable for the ethical behavior of oth- 
ers in their supply chain, so these are important issues. 

The debate ended with the panelists recounting that 
many of these issues are complex; however, the complexity 
does not negate personal responsibility to take a firm stand. 
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“T just don't want you to think that if you 
follow the law or find gamesmanship evasion of the law, 


then you've met your ethical obligations.” 


—Michael Josephson 


“People don't go to jail for 
their ethical misjudgments, they go 


to jail for acting on their ethical misjudgments.” 


—Douglas Hucker 


“In today’s world, our industry is subject to 
scrutiny on a much wider scale. There are not only issues with retail, 
but also all the way back to the mines. Included are manufacturers and gem traders. 
We have a shared responsibility for each other's best practices, and 


together we answer to the consuming public.” 


—Frank Dallahan 


“The complexities in this industry are 
enormous—enormous—and how a person in this 
industry acts is very much based on their own moral character, 
their own moral upbringing, and how they perceive the 


situation in which they find themselves.” 


—Cecilia Gardner 


“The inherent blurriness 
of policy decisions should not make blurry the 
fact that you should be honest, that you should be fair, 
that you should be caring. Although there are 
shades of gray, it doesn't mean that 


there is no black and white.” 


—Michael Josephson 
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Printed in England. 


FELDSPARS 


Labradorite, showing the broad display of colors common 
to it, is shown at (A). Aside from occasional use as gem 
material, it is widely used as an ornamental stone. Figure (B) 
shows a crystal of Amazonite from Pike’s Peak, Colorado. This 
is a common jade substitute. The illustration of sunstone at (C) 
does not reveal the identifying characteristics, namely the red- 
dish or yellowish cast, a result of the reflections from metallic 
inclusions. A moonstone cat’s eye is shown at (D) and a large 
precious moonstone at (E.). Specimens from the collection of 
British (Natural History) Museum, London. 


PLATE XVI 


THE @ ANG 


The Great Internet Debate 


PANELISTS 

Elizabeth Chatelain 
Niels Ruddy Hansen 
Au-Co Mai 

Leonid Tcharnyi 
Jonathan Weingarten 


MODERATOR 
Cheryl Kremkow 


an traditional retail jewelers compete with the 

Internet? The consensus among panelists and audi- 

ence members was that while the Internet has taken 
sales from retail jewelers, and resulted in lower margins, retail- 
ers can successfully battle the competitive threat. 

Moderator Cheryl Kremkow, employing the audience 
response system, polled the audience on a number of ques- 
tions, with panelists and audience members then debating the 
issues. Starting with demographics, the audience proved to be 
evenly divided between retailers, wholesalers, and other pro- 
fessions. Over two-thirds of the participants reported operat- 
ing a web site, though a slight majority of those felt it was not 
worth the time and expense. 

Moving to opinion questions, Kremkow asked the audi- 
ence whether they thought diamonds were cheaper on the 
Internet: 78% responded “yes.” She then asked what retailers 
do when customers come into their store with Internet prices. 


An audience member takes the floor during the Internet debate. 
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MVI Marketing Ltd., Paso Robles, California 
Niels Ruddy Hansen APS, Brondby, Denmark 
Emitations.com, San Diego, California 
Pricescope, Inc., Ontario, Canada 

Good Old Gold, Massapequa Park, New York 


Editor-in-Chief, Modern Jeweler 


Panelists Leonid Tcharnyi, Liz Chatelain, and Jonathan 
Weingarten listen as Au-Co Mai discusses Internet retailing strategy. 


About 40% stated that they held their price; the remainder 
were divided between matching the price or trying to get the 
customer to “trade up.” 

Weingarten stressed that consumers today do a great deal 
of research on the Internet about products and prices, and 
quite often they know more than the staff of many retailing 
operations. “Frankly, it’s embarrassing to see that happen.” 
He said it was crucial to have a well-trained sales team 
“instead of just putting a minimum-wage face in front of a 
customer.” Weingarten, who sells a significant amount of 
diamonds and jewelry over the Internet in addition to 
through his store, said he used his web site to reinforce the 
expertise and reputation of his staff. 

One key advantage Internet sellers have over retailers is that 
buyers usually do not have to pay sales tax. The audience was 
split 50-50 over whether Internet transactions should be subject 
to such taxes in the purchaser's state. Several retailers said requir- 
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ing Internet sellers to pay sales tax would level the playing field, 
particularly on big ticket items. Mai, however, countered that 
many traditional retailers also sell online and that mail order 
and catalog operations also do not collect sales taxes from buy- 
ers not in their home states. “If you change the law for the 
Internet, you will have to do it for everyone,” she said. 
Hansen stated that the Internet was not the force in 
European retailing that it was in the U.S., but that pur- 
chasers must pay a Value Added Tax. “If you buy from 
other EU countries, you must pay the VAT of the country 
where you purchase. If you buy from countries outside the 
EU, you must pay the VAT of your country of residence, 


ce 
Consumers want to buy from someone 


which can be as much as 25% in Denmark and Sweden.” 
An interesting turn in the discussion came when 
Kremkow polled the audience on what sites they thought 
consumers preferred when buying jewelry over the Internet. 
An overwhelming majority felt the most popular sources 
would be sites run by well-known jewelers with a store front. 
In fact, based on research performed by MVI, the most pop- 
ular sources were Internet-only retailers and auction sites. 
The discussion closed with one final question, how the 
audience felt about manufacturers selling direct to the public 
through their own web sites. On this, almost three quarters 


(70%) felt they should not be doing it. 


who can earn their loyalty. This is the big advantage of 


brick-and-mortar stores.” 


—Elizabeth Chatelain 


“Those who treat their 
products like a commodity will get 
a commodity-type response—customers 


will go for the cheaper price if the retailer 


“If you sell the same products 
that are offered on the Internet, you 


will get killed by the competition.” 


—FEtienne Perret 


“On a daily basis, I have clients 


coming in with Internet price lists. But 


does not focus on selling an experience or there 1s a Way the retail jeweler can thrive in an 


providing value-added services.” Internet environment. I do it through value-added services. 


Ay CaNiags People coming to me 


... know they’ going to get expertise 

from me that they're not going to receive from another 
web site. There’s a difference between a sales clerk 

and a gemologist.” 


—Jonathan Weingarten 


“Consumers want to research their 
purchases on the Internet beforehand. If you can give 
them the best research tools, they're going to appreciate that. They will 


come into your store with printouts from your website.” 


—HElizabeth Chatelain 
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Locality of Origin: Does It Really Matter? 


PANELISTS 

Ahmadjan Abduriyim 
Lore Kiefert 

William Larson 
Alfredo J. Molina 
Christopher Smith 


MODERATOR 
Gary Roskin 


wo themes dominated the debate: Are geographic 
distinctions important if gems from different loca- 
tions are similar in quality and color? And, can labo- 
ratories adequately distinguish gems from different localities? 
Country of origin for colored stones is extremely important 
to many consumers, so it is also to jewelers and laboratories. 
Gems with sought-after provenances such as Kashmir sapphires 
or Burmese rubies can carry premiums of 50—100% over like- 
quality stones from other locations. Some panelists pointed out 
that the reputations and prices for these gemstones are a histor- 
ical carry-over from times when there were few sources and the 
geographic designation was indicative of a stone’s quality. With 
so many sources today, is such a distinction still relevant? 
Proper nomenclature for “Paratba” tourmaline also fig- 


In “The Jungle,” moderator Gary Roskin (far lefi) and panelists Chris 
Smith, Bill Larson, Lore Kiefert, Ahmadjan Abduriyim, and Alfredo 
Molina debated the importance of distinguishing between gems from 

different localities. 
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Pala International, Inc., Fallbrook, California 
Molina Fine Jewelers, Phoenix, Arizona 

GIA Laboratory, New York 


Gemstone Editor, /CK Magazine 


ured significantly in the discussion. For some, the term has 
transcended its geographic origin and now represents a specif 
ic color. Others questioned the appropriateness and legality of 
that opinion and preferred terms such as Paratba-like for 
“electric” blue tourmalines from Nigeria or Mozambique. 
Some participants expressed confusion about a seeming con- 
tradiction with this gemstone: If Parafba tourmaline has tran- 
scended geographic origins, then why hasn’t Burmese ruby? 

Several retailers asserted that while a report showing local- 
ity of origin is important information for a customer, the jew- 
eler is selling the stone, not the report. Origin information 
helps provide a story and background, which adds to the 
stone’s romance, but even with a story, the gem still has to be 
beautiful. A pale blue sapphire cannot be made beautiful 
because its report says “Kashmir.” 

The retailers urged the scientists and laboratories to talk 
more with each other and unify their opinions. The laborato- 
ries exist to serve the consumer, and the consumer loses trust 
when laboratories issue conflicting origin reports. The labora- 
tory representatives assured the audience that they are work- 
ing in that direction and reiterated that origin determinations 
are an opinion—an expert opinion—but still an opinion. 
Several expressed the hope that as more research is published 
using new technologies such as LA-ICP-MS and LIBS, the 
expert opinions that have been derived from years of experi- 
ence will become more scientifically based. 

GIA’s new source-type classification for corundum, which 
is based on geologic distinctions and independent of a coun- 
try’s borders, was mentioned numerous times as an alternative 
to geographic origin [Editor’s note: The abstract discussing this 
classification may be found on p. 102]. One audience member 
asserted that this classification system is well grounded in the 
work of Dr. Edward Giibelin, whose research showed geolog- 
ic correlations between gemstones and overlaps among many 
different localities. 
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“T, too, have often seen & , : 
From the consumer's standpoint, 


stones where one laboratory will : . ; , 

2 they're buying romance. They're buying a 
say Burma ruby, and another laboratory : 
certain amount of provenance that has absolutely 
will say Siam ruby. When that happens, and 


nothing to do with ... a scientific point of view. I think 
the customer gets the two reports, they 


: 3 most people here would agree that it’s not what we 
lose confidence in our trade. PSop aS 


want, it’s what the consumer wants.” 
—Roland Nafiule , 


—Alfredo Molina 


“Paraiba is a lousy name for a color. 
I think this issue highlights the opportunity 
for good governance ... Where do we draw the line here? 
I dont have a problem with Paratba-like or Paratba-type— 
if it’s attached to a locality. What would be 
wrong with, say, Paraiba Africana?” 


—Brian Cook “There's no problem at all 


in my mind with specifying the 
locality if you can do so with certainty. 


But I think you also need to define 


acy = 
Pll show you Mozambique stones varieties or variety modifiers or just give an 


that will stun. They're absolutely drop-dead explanation that such-and-such blue sapphire 


gorgeous. So what are you going to do? Are you has the characteristics of the finest from 


going to call them something else?” Kashmir, or call it a Kashmir-like 
—William Larson sapphire, rather than calling it 
simply Kashmir sapphire.” 
—Anthony Kampf 


“Frankly, there is very little published on 
this issue in the scientific journals. Now, this is changing, 
and the development of ICP-MS and LIBS and so on is probably going 
to bring a great deal of increased scientific certainty about what you can say. 


Still, locality of origin at present is not very different from branding.” 


—Emmanuel Fritsch 
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Appraisal Issues: Searching for Value 


PANELISTS 

Cosmo Altobelli 
Charles I. Carmona 
Richard Drucker 
Jerry R. Ehrenwald 
Ronald R. Harder 
Gail Brett Levine 
Tom Tivol 


MODERATOR 
Hedda T. Schupak 


n the Appraisals War Room during the 1999 Symposium, 

overvalued or “inflated” appraisals were considered the 

major problem. Since then, according to the 2006 pan- 
elists and audience members, either not much has changed or 
the situation has gotten even worse; this subject dominated 
the heated debate. Several panelists alleged that so-called 
appraisal mills issue thousands or tens of thousands of over- 
valued appraisals annually. 

When another panelist defended such appraisals as the 
value of what might be charged in a different market, such as 
on New York’s Fifth Avenue, an attendee countered that a fine 


Ron Harder (center) discusses the role of insurance companies during 
the jewelry appraisals debate. The other members of the panel are 
(from left) Charlie Carmona, Tom Tivol, Richard Drucker, Jerry 

Ehrenwald, Gail Brett Levine, and Cos Altobelli. 
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Editor-in-Chief, JCK Magazine 


store would not sell the types of diamonds offered with these 
appraisals—giving, as an example, one with a shallow crown 
and a deep pavilion. 

The discussion over what an appraisal should represent was 
protracted. Should it be closer to the sales price instead of near- 
ly twice that amount? Should it be close to the replacement 
cost, and if not, is it ethical that insurance companies collect 
premiums on values higher than replacement costs? Should the 
retailer take responsibility for showcasing overvalued appraisals? 

Other attendees argued that the responsibility lay with 
consumers, because they do not demand proper appraisals 
and do not try to confirm a value by getting a second opin- 
ion. These attendees maintained that inflated appraisals were 
the natural outcome of rampant discounting. 

Some conceded that while it is shameful that these prob- 
lems exist, inflated appraisals continue through a lack of unity, 
focus, and agreement among the various industry organiza- 
tions. This sentiment was echoed later when insurance com- 
panies were criticized for underwriting overvalued appraisals; 
several people responded that it was not the responsibility of 
the insurance industry to fix problems in the jewelry industry 
or to question the standards established by the appraisal 
industry. Several attendees rallied for action and leadership. 

One panelist pointed out that the Council of Jewelry 
Appraisal Organizations was assembled in 1991 with repre- 
sentatives from three appraisal organizations and a purpose of 
addressing industry abuses. Although it had a small budget 
and has been inactive recently, it could be the proper vehicle 
for future change and might help restore accreditation and 
credibility to the industry. 
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“Ninety-nine-point-eight 
percent of claims are handled with 


“These appraisal 


no problems whatsoever. And the reason 


wnulls Gb jypy @ eeu is we go back to the original seller of the 


OPEN [GsRGS, Die aie product to do the replacement for us. Those 


Srl SHO be GTN SA ss are the people who knew the product they sold originally, 


aids to create a false sense of value 
and we get the price from them, rather than from a 


and quality for the diamonds, 


replacement company.... We do not want to be 


emstones, and jewelry they offer oe 
8 pee es in a position to destroy the relationship 


for sale. They have no place in ; . s 
y P between the retailer and his customer. 


an honest, ethical, fair, and 
—Ronald Harder 


competitive business 


environment.” 


—Charles Carmona 


“The problem is ... that there are some 
30,000 people doing appraisals. My estimate to that is there are 
29,500 of them doing them badly.” 


—Richard Drucker 


“Every single report issued, we have the ability 
to substantiate the values within correct appraisal markups, 
as per /CK’s published articles regarding retail margins. You may want 
to disagree with me—you can. I can only say that we are 100% liable and 
responsible for the reports we issue. The key here is the ability 
to differentiate an IGI report from reports 


issued by ‘appraisal mills.” 
—Jerry Ehrenwald 


“If you've received an inflated appraisal... 
you may or may not have been harmed. It doesn’t matter, because the 
inflated appraisal is a deceptive trade practice in and of itself. So therefore, 
it violates the FT'C Guides.” 


—Cecilia Gardner 
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2006 GIA GEMOLOGICAL 
RESEARCH CONFERENCE 


The identification and characterization of natural, synthetic, and treated gem mate- 
rials remain essential to ensure continued confidence among consumers. Today, 
gemological research to address these issues is expanding in many exciting directions 
that encompass a range of scientific fields. To bring together researchers from these 
diverse disciplines, as well as a wide variety of participants from academia and the 
gem and jewelry industry, GIA hosted the Gemological Research Conference 
(GRC) in San Diego on August 26-27, 2006. This conference provided an open 
forum for scientists and other specialists from around the world to discuss cutting- 
edge developments in gemology. The program consisted of 60 oral presentations 
(including 12 invited speakers) and 61 posters, covering the six conference themes. 
Each abstract was reviewed by selected GRC committee members and edited for 
clarity. All 121 of these abstracts, plus 28 abstracts from the Symposium Poster 
Session, are reproduced on the following pages. 


More than 700 people registered for the GRC, and two sold-out field trips to the 
Pala gem-pegmatite district were held before and after the conference. GIA thanks 
Charles & Colvard Ltd. for their generous financial support of this inaugural event. 
In addition, several donors supplied funds for GRC travel grants (see inside front 
cover of this issue). The Pala mine owners, as well as Pala International/The Collector 
in Fallbrook, are thanked for making their properties available and providing excel- 
lent service during the field trips. 


Our goal is to hold the Gemological Research Conference on a regular basis. The 
next GRC is scheduled for the San Diego area in August 2009. We look forward 
to seeing—and working with—all of you there. 


James E. Shigley and Brendan M. Laurs 
Co-Chairs, 2006 Gemological Research Conference 
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Organizing Committee 


The following research scientists and gem dealers are thanked for their help in review- 
ing abstracts, chairing sessions, and providing advice in shaping the content and form 
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of the 2006 GIA Gemological Research Conference. 
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esearch Alan T. Collins King’s College, London 
onference Filip De Weerdt HRD Research, Lier, Belgium 
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Geology of Gem Deposits 
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New Gem Localities 
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Anthony R. Kampf 
Robert E. Kane 
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People ¢ Places * Events 


Top left and top right: GRC co-chairs James 
Shigley and Brendan Laurs. Middle: Oral pre- 
senter Richard Drucker analyzes pricing trends. 


Above: Christoph 
Krahenmann, Mona Lee 
Nesseth, and Betty Sue 
King. Near right: Walter 
Leite and Cristina 
Baltar with Sergio 

Costa. Far right: 
Pornsawat Wathanakul 
reports on beryllium- 


treated blue sapphires. 


Near right: Poster pre- 
senter A.J.A. (Bram) 
Janse and Poster Session 
chair Dona Dirlam. Far 
right: Makhmout 
Doumans poster presen- 
tation. 
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Top, left to right: Speakers 
Ahmadjan Abduriyim, Jim 
Clanin, and Nikolai 
Sobolev. Above: Saturday 
lunch. Middle: Lore Kiefert 
poses a question. Near right: 
top, attendees visit some of 
the 93 posters; below, 
Michael Wise presents his 
poster on hiddenite deposits. 


Above: Dino DeGhionno 
and Emmanuel Fritsch. 
Directly above: the Saturday 
evening cocktail reception. 


GRC presenters 
Elisabeth Strack (far 
left) and Menahem 
Sevdermish (second from 
right) enjoy a break 
with their colleagues. 
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Printed in England, 


CRYSTALS: TRICLINIC SYSTEM 


The mineral axinite (A) takes its name from its wedge or 
axe shaped crystals. Gems occur in clove brown. honey yellow 
and rarely in blue. Principal locality is Bourg d’Oisans, France. 
Albite (B) is the soda feldspar. The crystals are triclinic and 
frequently twinned. Its name, due to its unusually white appear- 
ance is derived from the Latin albus (white). Rhodonite (C) 
at its best finds wide use as an ornamental stone. This fine 
erystal is from Franklin Furnace, New Jersey. Specimens from 
the collection of British (Natural History) Museum, London. 


PLATE XVII 


Above: Kunzite specimens from the 


Elizabeth R mine. Right: Stewart mine 


owner Blue Sheppard guides a group of 
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participants. 
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Two field trips to the 
Pala pegmatite district 
rounded out the GRC. 
Top left: Elizabeth R 
mine owner Roland 
Reed shows specimens to 


field trip participants. 


Top right: Israel Elezri 
inspects a screening 
apparatus. Middle, left: 
Roland and Nata 
Schluessel stand next to 
a kunzite-bearing pock- 
et. Below: Pala Chief 
mine owner Bob 
Dawson with field trip 
participants. 
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Diamond and Corundum Treatments 


Identification of Heat-Treated Corundum 

Hiroshi Kitawaki (h-kitawaki@gaaj-zenhokyo.co.jp), Ahmadjan Abduriyim, 
and Makoto Okano 

Gemmological Association of All Japan (GAAJ), Tokyo 

In accordance with September 2004 revisions to regulations 
concerning disclosure on gem identification reports, 27 labora- 
tories belonging to the Association of Gemmological 
Laboratories Japan (AGL) began issuing descriptions of heat 
treatment in corundum. However, some reports from different 
gem laboratories were not consistent with the treated status of 
certain stones (especially between Japanese and overseas labora- 
tories). Here we introduce the methods used in our laboratory 
for identifying heated and unheated corundum. In addition, we 
studied the identification characteristics of various kinds of 
heated synthetic corundum. 

Detailed observation of internal features is very important to 
identify heat-treated corundum. Most crystal inclusions have a 
lower melting point than the host corundum, and may melt or 
become discolored by heat treatment. Liquid inclusions are often 
“healed” by heating, and some substances such as flux can be 
observed in fractures as residues. Additionally, absorption spectra 
in the UV-Vis and IR regions may show changes after heating. 

Non-basalt-related blue sapphires heated in a reducing 
atmosphere show absorptions related to O-H bending that are 
not seen in unheated samples. Similarly, heated Mong-Hsu 
rubies show absorptions related to O-H bending because of the 
dehydration of diaspore inclusions. Laser tomography is 
extremely useful in the identification of heated and unheated 
corundum, and can clearly detect scattering images of crystal 
defects such as dislocations, as well as variations in fluorescence. 

Synthetic ruby can also be heated, and the resulting alter- 
ation of internal features can make these stones more difficult to 
identify. In the early 1990s, large numbers of heat-treated 
Verneuil synthetic rubies flooded the gem market in parcels of 
Vietnamese rubies. Several years later, heat-treated Kashan syn- 
thetic rubies appeared on the market. These stones were larger 
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and caused identification challenges in gemological laboratories. 
Recently, Ramaura synthetic rubies have been heated, and this 
created new problems in identification. When fused orange flux 
is observed under magnification, it can provide an indication of 
a heated Ramaura synthetic ruby. However, minute inclusions, 
color distribution, and growth zoning should be carefully ob- 
served, as they appear quite similar to those of natural ruby. 


Treated Diamond: A Physicist’s Perspective 

Mark E. Newton (m.e.newton@warwick.ac.uk) 

Department of Physics, University of Warwick, Coventry, United Kingdom 

The technologies for the synthesis of diamond via high pres- 
sure, high temperature (HPHT) and chemical vapor deposition 
(CVD) techniques are becoming more refined. The progress is 
created by scientists and technologists wishing to exploit the 
remarkable properties of diamond in a wide variety of applica- 
tions, as well as producing gem-quality synthetic diamonds. 
Synthetic diamond can be treated, post synthesis, to modify the 
as-grown properties and to improve performance in some high- 
tech devices. Also, treatments can change the color of natural 
and synthetic gem diamond. 

In parallel with the developments in diamond synthesis and 
treatments, the understanding of the defects (both intrinsic and 
impurity related) that influence the color of natural and syn- 
thetic diamond continues to improve. The physics of diamond 
defect interactions has been extensively studied over the last 30 
years, and observing the defects that are created or destroyed 
through HPHT annealing, irradiation, and combinations of 
both has contributed to our present understanding of diamond. 
From this body of knowledge, we have developed the discrimi- 
nation techniques that can be used in gem laboratories to iden- 
tify treated diamonds. 

In nature, annealing typically occurs at modest tempera- 
tures compared to those used in laboratory HPHT annealing 


Editor’s note: Underlined author signifies presenter. 
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treatments. At elevated temperatures, the nitrogen impurity 
atoms common to most diamonds become mobile and aggre- 
gate into defects containing two or more nitrogen atoms. The 
relatively low temperature allied with geologic time scales 
ensures that in nature the forward aggregation reaction domi- 
nates. However, HPHT treatments (for example to remove 
brown color) are by necessity carried out over very much short- 
er time scales (minutes to a few hours), and significantly high- 
er temperatures are required to achieve the desired reaction. The 
higher temperature also substantially raises the probability of 
the reverse aggregation reaction (i.e., breaking up nitrogen 
aggregates). The single substitutional nitrogen defect center 
(often referred to as the C center) produced in this process is a 
relatively willing electron donor, and its presence often controls 
the charge state of other defects. The observation of negatively 
charged versions of defects (e.g., the negatively charged nitro- 
gen-vacancy defect observed at 637 nm and the negatively 
charged nitrogen-vacancy-nitrogen defect known as the H2 
center) is often key for the identification of treated diamonds. 
However, it is typically the defect combinations not observed in 
nature that enable conclusive identification of a treated dia- 
mond rather than the spectroscopic identification of a single 


type of defect. 


Role of Beryllium in the Coloration of 


Fe- and Cr-doped Synthetic Corundum 

Visut Pisutha-Arnond (pvisut@gmail.com)!”, Tobias Hager’, Pornsawat 
Wathanakul', Wilawan Atichat', Jitrin Nattachai', Tin Win*®, Chakkaphant 
Sutthirat!?, and Boontawee Sriprasert!® 

'Gem and Jewelry Institute of Thailand, Bangkok; *Department of Geology, 
Chulalongkorn University, Bangkok; *Institute of Gemstone Research, University of 
Mainz, Germany; “Department of Earth Science, Kasetsart University, Bangkok; 
>GEMOC Key Center, Macquarie University, Sydney, Australia; (Department of 
Mineral Resources, Bangkok 

X-ray irradiation and Be-diffusion heating experiments were 
performed on an iron-doped (colorless) synthetic corundum 
and a chromium-doped (pink) synthetic corundum to evaluate 
the role of beryllium in causing color in the Be-Fe-Al,O, and 
Be-Cr-Al,O, systems. 

The iron-doped corundum, containing around 140-170 
ppm by weight of Fe with negligible concentrations of other 
trace elements, was irradiated with X-rays (60 kV, 53 mA) for 
30 minutes, then the color was faded for one hour with a 100- 
watt light bulb, and finally the sample was heat treated in a cru- 
cible with ground chrysoberyl in an electric furnace at 1780°C 
in an oxidizing atmosphere for 50 hours. The chromium-doped 
corundum, containing around 160-210 ppm by weight of Cr 
with negligible concentrations of other trace elements, was also 
irradiated with X-rays (80 kV, 4 mA) for 4 hours, then faded for 
4 hours with a 100-watt light bulb, and subsequently heat treat- 
ed with ground chrysoberyl at unspecified conditions by a Thai 
treater. At each stage of the experiments, the samples were pho- 
tographed and UV-Vis absorption spectra were recorded. 

Both the irradiation and Be-diffusion experiments on the 
iron-doped synthetic corundum created defect centers that 
had similar UV-Vis absorption curves and produced yellow 
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coloration. The yellow color was unstable when induced by 
irradiation, but was stable after Be diffusion. 

Experiments on the chromium-doped synthetic corun- 
dum produced orange coloration (and similar UV-Vis absorp- 
tion patterns) by both irradiation and Be-diffusion heating 
methods. Again, the orange color was unstable when induced 
by irradiation (and quickly faded to pink), but remained stable 
after Be diffusion. These results confirm that divalent Be acts 
as a stabilizer of defect centers or color centers in iron-doped 
and chromium-doped synthetic corundum. Hence, the spec- 
trum produced by the irradiation of Fe-doped or Cr-doped 
synthetic corundum was attributed to “metal-related unstable 
color centers,” while that produced in synthetic corundum 
doped with Be+Fe or Be+Cr was caused by “Be** + metal- 
related stable color centers.” 


The Treatment of Ruby and Sapphire, with 
Implications for Gem Identification and the 
Integrity of the Product 
Kenneth Scarratt (ken.scarratt@gia.edu) 
GIA Research (Thailand), Bangkok 
Corundum treatments include impregnating fractures with 
oils, heating to a variety of temperatures to clarify and change 
color, sealing fractures through “flux-assisted healing,” over- 
growing with synthetic corundum, diffusing foreign elements 
to change color (e.g., Ti for blue and Be for yellow to orange), 
and the filling of fractures and cavities with glass. While some 
of these treatments have been carried out in a rudimentary 
manner for a long time (see figure), in line with advancements 
in technology they have become highly developed over the last 
four decades. The latest evolution has resulted in the availabili- 
ty of beryllium-diffused blue sapphires. 

With advanced treatment technology, it is now possible to 
transform large volumes of previously unsalable opaque or 


The “blowpipe technique” as originally used in Sri Lanka 
will slightly alter the color of some corundum. Photo by 
Kenneth Scarratt. 
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fractured corundum into transparent stones with distinct and 
salable colors. These advances have created concern about the 
integrity of the product, particularly over the last decade 
because of an increased emphasis on proper treatment disclo- 
sure. A combination of technical ability and demand on the 
mass marketing level has encouraged the production of ruby 
and sapphire hybrids, where the distinction between natural, 
treated, and synthetic is becoming increasingly blurred. 

Proper treatment disclosures depend on the development 
and application of effective identification techniques in gemo- 
logical laboratories. While simple and inexpensive techniques 
are still effective for detecting many corundum treatments, oth- 
ers such as low-temperature heating and some situations involy- 
ing beryllium diffusion require a more sophisticated approach. 
The level of testing sophistication required exceeds the reach of 
most gemological laboratories, and this is resulting in a situa- 
tion where only the extremely well-equipped and well-funded 
laboratories can offer definitive services to support proper treat- 
ment disclosure. 

It appears likely that the majority of existing gemological 
laboratories will eventually become limited in their scope and 
will need to “refer” stones to specialists within the few well- 
equipped establishments worldwide. If the industry is to receive 
the proper support, this change will require more cooperation 
and less competition between gemological laboratories. 


Indications of Heating in Corundum from 
Experimental Results 


Chakkaphan Sutthirat (c.sutthirat@gmail.com)!”, Krittaya Pattamalai’, 
Somruedee Sakkaravej', Sureeporn Pumpeng!, Visut Pisutha-Arnond!”, 
Pornsawat Wathanakul!, Wilawan Atichat', and Boontawee Sriprasert!? 
'Gem and Jewelry Institute of Thailand, Bangkok; *Department of Geology, 
Chulalongkorn University, Bangkok; *Department of Mineral Resources, Bangkok; 
“Department of Earth Science, Kasetsart University, Bangkok 
Heating experiments were conducted to improve the color in 
gem corundum from several deposits. The corundum samples 
came from both metamorphic-type (e.g., Ilakaka-Sakaraha in 
Madagascar and Songea in Tanzania) and basaltic-type (e.g., Bo 
Phloi in Thailand) origins. Experimental heat treatments were 
performed using electric furnaces, with maximum temperatures 
ranging from 800°C to 1650°C for durations of 1-3 hours at 
each peak temperature. Heating in an oxidizing environment was 
done to remove the blue shade of the purple varieties; however, 
under this condition a yellow coloration can be developed in 
some corundum. Heating in a reducing environment was done 
to intensify the color of the blue sapphires. Physical and chemi- 
cal properties were investigated before the heating experiments; in 
addition, color change, absorption spectra, chemical analyses, and 
alteration of inclusions were carefully observed after each heating 
step. The experiments clearly revealed that optimal temperatures 
to reduce blue coloration ranged between 800°C and 1000°C, 
whereas higher temperatures (at least 1400°C) were more suitable 
for intensifying the blue component of the corundum. 

Among the FTIR absorption peaks found in corundum, the 
O-H stretching peak at about 3309 cm! is most crucial for iden- 
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tifying high-temperature treatments, as suggested by many 
researchers. However, the step-heating experiments yielded 
ambiguous results on the effect of high-temperature heating (in 
both oxidizing and reducing environments) on the 3309 cm"! 
peak. Some samples of both basaltic and metamorphic types con- 
tained this O-H stretching peak before heating, and it decreased 
rapidly or disappeared after the step-heating experiments. 
However, this OH peak was absent from some unheated stones, 
and then developed during some stages of heating, but was sub- 
sequently destroyed at higher temperatures. A few of the sap- 
phires appeared to have no OH peak before or after heating. 
Based on this study, FTIR spectra are unlikely to provide conclu- 
sive evidence for the high-temperature treatment of corundum. 

Physical changes in some inclusions were observed during 
the step heating. Small healing fractures and tension discs 
appeared to develop even at the lowest temperature and shortest 
heating duration (800°C for one hour), and gradually expanded 
at higher temperatures. Turbidity in tiny zircons was observed at 
800°C, whereas large zircon inclusions usually became turbid at 
temperatures of at least 1400°C. Rutile needles started to dis- 
solve into the host corundum at temperatures as low as 1600°C. 
Mica inclusions appeared to show some changes at 1000°C. 
Brown-to-black rutile was altered to reddish brown after heating 
at 800°C, especially in an oxidizing environment. 


HPHT Treatment of Type IaB Brown Diamonds 

ef Van Royen (j.van.royen@wtocd.be), Filip De Weerdt, and Olivier De Gryse 
Hoge Raad voor Diamant (HRD) Research, Lier, Belgium 

The transformation of brown diamonds to colorless using high 
pressure, high temperature (HPHT) processing has become 
one of the most important diamond treatments. The common 
candidates for this treatment are type Ila brown stones. 
However, type IaB brown diamonds also can be turned (near) 
colorless by HPHT treatment. The properties of HPHT-treat- 
ed type Ila diamonds have been studied extensively, but relative- 
ly little information is available about the changes in type IaB 
material as a consequence of this treatment. Therefore, we stud- 
ied the characteristics of 10 type laB brown diamonds before 
and after HPHT processing. 

The rough diamonds were fashioned into rounded sin- 
gle-cut stones ranging from 0.20 to 0.53 ct. These diamonds 
were characterized with UV-Vis and IR absorption spec- 
troscopy, and with Raman photoluminescence spectroscopy. 
Visual and instrumental color grading were performed, and 
clarity grades were determined. Moreover, every stone was 
examined with a Diamond View fluorescence imaging instru- 
ment and a D-Screen diamond screening device. 

After characterization, the diamonds were subjected to 
HPHT treatment. Five samples were heated to 2200°C for 10 
minutes, and five stones were subjected to 2300°C for 3 min- 
utes, at stable conditions for diamond. Subsequently, the sam- 
ples were polished to round brilliants with weights ranging 
from 0.16 to 0.41 ct, and the same characterization methods 
were applied. 


Gems & GEMOLOGY FALL 2006 


The diamonds originally showed B-center concentrations 
between 5 and 50 ppm. After treatment, the brown color dis- 
appeared. They showed color grades ranging from G to O, 
with the more intense colors associated with the higher-tem- 
perature treatment. This is related to the production of isolat- 
ed nitrogen impurities (C centers). When examined with the 
D-Screen, all samples showed an orange light indication, iden- 
tifying them as diamonds that should be further tested for 
HPHT treatment. 

In conclusion, type IaB diamonds can be made (near) col- 
orless with HPHT treatment at relatively low temperatures. 
Gemological laboratories should systematically test near-color- 
less diamonds—not only type Ila, but also type IaB—for 
HPHT treatment. 


Beryllium-Assisted Heat Treatment 

Experiments on Blue Sapphires 

Pornsawat Wathanakul (pwathanakul@gmail.com)'”, Tobias Hager’, 
Wilawan Atichat’, Visut Pisutha-Arnond**, Tin Win?, Pantaree Lomthong', 
Boontawee Sriprasert™®, and Chakkaphant Sutthirat”4 

‘Department of Earth Science, Kasetsart University, Bangkok; ?Gem and Jewelry 
Institute of Thailand, Bangkok; *Institute of Gemstone Research, University of Mainz, 
Germany; “Department of Geology, Chulalongkorn University, Bangkok; >GEMOC 
Key Centre, Macquarie University, Sydney, Australia; *Department of Mineral 
Resources, Bangkok 

Beryllium has been used extensively in corundum heat-treat- 
ment processes since at least 2000. Corundum samples of meta- 
morphic origins from Madagascar and Sri Lanka with specific 
internal features (milky, silky, or silky-milky) were heat treated 
for this study, with and without Be, by blue-sapphire experts in 
Thailand. Prior to the heating experiments, the samples con- 
tained a moderate amount of fine inclusions; the milky ones 
were translucent and were near colorless to very light blue. The 
samples with silky inclusions were also translucent, and were 
colorless to a pastel light blue color; they were commonly zoned 
with internal silvery reflections. The silky-milky category con- 
tained a mixture of these two types. 

Each sample was cut into 3—4 pieces, and an untreated por- 
tion from each group was retained. The samples were studied 
using electron microscopy, FTIR and UV-Vis-NIR absorption 
spectroscopy, and LA-ICP-MS; the latter three techniques were 
utilized after each step of the heating experiments. SEM-EDS 
investigations showed that the milky stones contained what 
were probably very fine particles of rutile and ilmenite, where- 
as the silky corundum contained rutile and possibly members 
of the ilmenite-geikielite series. 

The corundum samples were heated (without Be) in a fuel 
furnace to about 1650°C for 70 hours in a reducing atmos- 
phere. The milky type mostly turned transparent blue, whereas 
the silky and silky-milky sapphires became blue but had a tur- 
bid appearance. These turbid samples were then reheated with 
Be in an electric furnace at 1650°C for 70 hours in an oxidiz- 
ing atmosphere. After this process, the sapphires became more 
transparent and lighter in color. These stones could be further 
enhanced (color intensified) by reheating at ~1500°C for a few 
hours in a reducing atmosphere. 
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To explain these phenomena, we postulate an increase of 
Ti* solubility by building clusters/nanoclusters of BeTiO,. 
The solubility of titanium can be explained by charge com- 
pensation of the Ti** with the Be** replacing two Al** in the 
corundum structure. In addition to MgTiO, and FeTiO, 
clusters, BeTiO, would also readily be incorporated into the 
corundum. However, the beryllium in the corundum struc- 
ture could possibly be situated in both octahedral and/or 
tetrahedral sites. Further experiments and analyses are still 
being carried out to confirm the incorporation of beryllium 
into blue sapphires. 


Gem Characterization Techniques 


Applications of LA-ICP-MS (Laser 
Ablation—Inductively Coupled Plasma— 


Mass Spectrometry) to the Gemological Field 

Ahmadjan Abduriyim (ahmadjan@gaaj-zenhokyo.co.jp) and Hiroshi 
Kitawaki 

Gemmological Association of All Japan (GAAJ), Tokyo 

In recent years, gemological laboratories have been faced with 
diverse gem identification issues that are difficult to solve and 
have caused confusion for many gemologists. Chemical 
analysis by LA-ICP-MS has been successfully applied to cer- 
tain gemological problems that in some cases were not solv- 
able by the other techniques that are routinely available in 
gemological laboratories. 

For example, high-temperature Be-diffusion treatment of 
corundum has become widespread, but this element cannot be 
detected by most analytical instruments and only trace amounts 
of it are necessary to alter corundum color. LA-ICP-MS can 
perform a local “micro-destructive” (several micrometers to a 
hundred micrometers) analysis to determine the element com- 
position, and can detect the presence of Be at the parts-per- 
million level. 

There is demand for geographic origin determination for 
high-value colored stones such as ruby, sapphire, emerald, and 
Cu-bearing tourmaline. Without high-quality, detailed ana- 
lytical data, indications of origin may sometimes be unreli- 
able, even when based on the experience of laboratory gemol- 
ogists and data uniquely collected by that laboratory. To move 
away from subjective opinion, a more sophisticated scientific 
basis is needed for geographic origin determination, such as 
chemical fingerprinting using quantitative chemical data. For 
example, diagrams for the following elements are helpful for 
determining geographic origin: Cr,O,/Ga,O, versus 
Fe,O,/TiO, for corundum, Cs,O+K,O versus Na,O+MgO 
and Ga-Zn-Li for emerald, and Ga+Pb versus CuO+MnO 
and CuO+MnO versus Pb/Be for Cu-bearing tourmaline. 

Identifying the parent oyster species of cultured pearls is 
another challenge for gemologists. Recently white-lip cul- 
tured pearls of relatively small size (about 8 mm in diameter) 
have appeared on the market. Conversely, a few Akoya cul- 
tured pearls of 10 mm or larger are also on the market, and 
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they command a much higher price than white-lip cultured 
pearls of the same size. Therefore, it is important to distin- 
guish these two materials despite their similar appearances. 

Shell beads manufactured from the freshwater Anodonta 
mussel have been used for bead nuclei in cultured pearls. 
Depletion of this mussel has resulted in the use of nuclei 
made of shell from the saltwater mollusk Tridacna squamosa. 
Due to the lower durability of this substitute, and the 
requirement under the Washington Convention that export 
of Tridacna products take place only with official permission, 
the identification of shell-bead nuclei in cultured pearls is 
becoming a requirement for the pearl industry. Using a laser 
beam diameter of only 30 um to drill a hole through a sam- 
ple, the concentration of trace elements such as Li, Si, Ti, 
Mn, Fe, Ga, Sr, Ag, Sn, and Ba can be used to identify the 
bead material. 


High-Energy Ultraviolet Luminescence Imaging: 
Applications of the DTC DiamondView for 
Gem Identification 


Christopher M. Breeding (christopher.breeding@gia.edu)', Wuyi Wang’, 
Andy H. Shen!, Shane FE. McClure!, James E. Shigley', and Dino 
DeGhionno! 

'GIA Laboratory, Carlsbad; 7GIA Laboratory, New York 


The use of UV fluorescence and phosphorescence for the iden- 
tification of diamonds and colored stones is not new. 
Gemologists have known for decades that natural and laborato- 
ry-grown gems often have distinctive reactions to UV radiation. 
Treatments commonly cause changes in fluorescence reactions 
as well. While standard handheld UV lamps are excellent for 
the observation of bulk fluorescence colors and distribution 
patterns, they are not very effective in revealing weak and/or 
highly detailed patterns. The Diamond Trading Company's 
DiamondView instrument uses very high-energy ultra-short- 
wave (<230 nm) UV radiation to induce fluorescence in dia- 
mond and reveal growth patterns that facilitate the separation 
of natural from synthetic stones. The instrument incorporates a 
high-resolution camera along with aperture and exposure 
adjustment features to digitally capture even the faintest lumi- 
nescence. When combined with gemological observations 
and/or high-tech spectroscopic analysis (such as laser-induced 
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photoluminescence), the high-energy UV imaging capability of 
the DiamondView has applications that extend far beyond syn- 
thetic diamond identification. For example, the occurrence and 
localized distribution of many defect centers such as H3 in dia- 
mond can be clearly resolved even when there is no other gemo- 
logical evidence for their presence. In many cases, it is possible 
to detect HPHT treatment of type Ib blue diamonds through 
the presence or absence of particular luminescence features such 
as dislocation networks and red phosphorescence (see figure). 
High-energy UV fluorescence imaging is also useful for colored 
stone identification. For example, subtle curved growth zoning 
in lightly colored or high-clarity synthetic sapphires can often 
be detected using this technique. Various types of fracture-fill- 
ing materials commonly used in ruby, sapphire, and emerald 
can also be seen with the instrument. The DiamondView’s abil- 
ity to capture high-resolution images of very weak or highly 
detailed fluorescence patterns in diamonds and colored stones 
establishes it as another important tool for gemological research 
and future identification challenges. 


Imaging Spectroscopy: A Developing Frontier for 
Gem Analysis 

Nicholas Del Re (nickd@eglusa.com) 

EGL USA, New York 


Visual and optical cues are highly valuable for identifying and 
characterizing gems. In the past 25 years, increasingly sophisti- 
cated treatments and enhancements have impacted the gem 
trade. In response, measurements of gems have been evolving 
from qualitative to more quantitative analysis. Advanced instru- 
mentation such as UV-Vis-IR and Raman spectroscopy, XRE, 
SEM, SIMS, and LIBS are now used by gemological laborato- 
ries. These methods are highly beneficial, but they have shown 
limitations in sampling and detection when performing com- 
positional and spatial analyses. For example, an instrument will 
sample a specimen for a selected number of times after it has 
been positioned in the sample chamber. Often, expected results 
are not observed, which may initiate additional testing that 
requires reorientation of the specimen in the chamber and sig- 
nificant time consumption. As the data are typically obtained 
from a small area, they provide limited results in most cases. 
Imaging spectroscopy (i.e., hyperspectral or chemical 


Phosphorescence images from a 
1.14 ct type IIb diamond before 
and after HPHT treatment 
(repolished to 1.07 ct) are shown 
with the DTC DiamondView. 
HPHT treatment caused the 
disappearance of the distinctive 
red phosphorescence. Prior to 
treatment, the diamond was 
graded Fancy gray. After treat- 
ment, the color was Fancy 
Intense blue. 
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This diagram illustrates the different types of information 
sought, and the type of sensor used to acquire it, in a hyper- 
spectral imaging system. Afier Elachi (2006); courtesy of 
Opto-Knowledge Systems. 


imaging), although not entirely new to the field of gemology, 
has only been used sporadically. With recent advances, howev- 
er, it merits a closer look. A triangle (see figure) can be used to 
depict the cornerstones of a hyperspectral imaging system. 
These are spectrometers, imagers, and radiometers. Respec- 
tively, these components capture spectral, spatial, and intensity 
information. The information from each of these components 
is comprised of several dimensions. For example, there are 
numerous spectral bands in the volume sampled. This allows 
for analysis to be taken to an “nth” dimension. The concept of 
n-dimensional space, also known as hyperspace, is used when 
dealing with multidimensional systems. Hyperspace is the log- 
ical extension of three-dimensional space for examining more 
complex multivariable situations. These situations can be han- 
dled by multivariate image analysis and chemometrics, which is 
the application of mathematical or statistical methods to chem- 
ical data. Chemometrics can be applied to a gem as it is 
mapped, so that spatial, chemical, structural, functional, and 
possibly temporal data can be acquired simultaneously. This 
methodology can offer more complete solutions for today’s dif 
ficult gemological problems. Various applications are being 
explored for specific problems such as detecting HPHT treat- 
ment in diamond, natural versus treated coloration for lavender 
jadeite and “golden” pearls, natural versus synthetic quartz, Be- 
diffusion treatment of sapphires, and the color grading of gems. 
REFERENCE 

Elachi C. (2006) Introduction to the Physics and Techniques of Remote Sensing. Wiley 
Interscience, New York. 


The Present and Future Potential of Raman 
Spectroscopy in the Characterization of 
Gems and Minerals 


M. Bonner Denton (mbdenton@u.arizona.edu)! and Robert T. Downs? 


‘Department of Chemistry, University of Arizona, Tucson; *Geosciences Department, 
University of Arizona, Tucson 


A number of important breakthroughs have occurred in recent 
years that allow Raman spectroscopy to be considered as a rou- 
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tine but powerful analytical tool for identifying and character- 
izing natural crystalline compounds. The long-standing limita- 
tion in sensitivity and the detection limit capabilities of conven- 
tional Raman have now dropped to the levels of parts per mil- 
lion and lower. These developments have resulted from a com- 
bination of technological advances in optical components, 
sources, and detector technology. 

Advanced technologies developed for fiber-optic telecom- 
munication are now being applied to implement an entirely 
new generation of miniature spectrometers. Optical systems for 
entire spectrometers can be built in volumes of cubic millime- 
ters. New approaches for optical component fabrication, 
mounting, and alignment have been developed that yield high- 
ly robust systems capable of providing exceedingly high levels of 
performance. Performance considerations and. design “trade- 
offs” include resolution, excitation, wavelength, sensitivity, size, 
and weight. A new generation of handheld Raman spectroscop- 
ic instrumentation is currently being introduced that will find 
application in diverse fields such as process control, product 
quality control, medical diagnostics, and environmental analy- 
sis, as well as in the analysis of gems and minerals. 

The use of Raman spectra to assist in the nondestructive 
identification of gems, however, requires a credible database as 
well as appropriate search algorithms. Such a database is cur- 
rently being developed by the RRUFF project as a public 
domain asset (http://rruff.info), sponsored by Mike Scott. 


Report on the Progress of the RRUFF Project: An 
Integrated Database of Raman Spectra, X-ray 
Diffraction, and Chemical Data for Minerals 


Robert T. Downs (rdowns@u.arizona.edu)! and M. Bonner Denton? 


'Geosciences Department, University of Arizona, Tucson; *Department of Chemistry, 
University of Arizona, Tucson 
Recent advances in the miniaturization and optimization of 
Raman spectroscopic techniques provide the promise of hand- 
held instruments that can be used to quickly and routinely 
identify and characterize naturally occurring crystalline com- 
pounds. For these reasons, we are building a database of 
Raman spectra that may be used to identify and characterize 
minerals and inorganic gem materials. The RRUFF project is 
the largest, most comprehensive research study of minerals ever 
undertaken. Samples of all known minerals are being subject- 
ed to X-ray diffraction to obtain cell parameters, constrain the 
symmetry, and provide identification. When required, crystal 
structures are also being determined. This is especially neces- 
sary when variations in site occupancies can affect the Raman 
spectral behavior. Electron-microprobe analysis is being con- 
ducted on each sample to obtain an empirical formula. 
Fragments of the characterized samples are oriented for Raman 
spectroscopy in the directions necessary to measure symmetry 
effects of orientation. These fragments are glued onto titanium 
pins and polished to ensure the highest-quality spectra. 

The Raman spectrum of a mineral is analogous to its diffrac- 
tion pattern, inasmuch as it provides a unique “fingerprint” of 
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the mineral, influenced by the crystal structure and the bond 
strengths of the constituent arrangement of atoms. Therefore, a 
complete library of spectra is essential to the accurate identifica- 
tion of unknown samples. Also under investigation is how well 
a mature Raman database can be used to estimate chemical 
composition, site occupancy, and order-disorder, as well as to 
determine the orientation of the sample. At the time of writing 
this abstract, the database contains about 1,700 minerals in var- 
ious stages of examination. Most of the major rock-forming 
minerals are present. About 25 samples are being added to the 
project each week. The data are freely available via the Internet 
at hetp://rruff.info. 


Gem Characterization: A Forecast of Important 
Techniques in the Coming Decade 

Emmanuel Fritsch (emmanuel.fritsch@cnrs-imn. fr) 

Institut des Matériaux Jean Rouxel, Nantes, France 

Such a “crystal ball” subject is by nature difficult, as no one 
can pretend to truly predict the future. Nevertheless, trends 
can be identified, some that have been extremely robust over 
dozens of years, while others are newer, more subjective, and 
tentative. Gemologists look for a technique that will make it 
possible to perform a certain identification task for which 
existing techniques fail. This is called an enabling technolo- 
gy, and new techniques important in the coming decade will 
belong to this category. 

Let us not forget that the foundation of good gemological 
work is observation supported by some simple tools and a good 
binocular microscope, the so-called “classical gemology.” This 
approach will remain the most useful and often the only neces- 
sary step. It is too often occulted by hyped “high-tech” instru- 
ments. Also, it is clear that some classical physics techniques, 
already routine in gemology, will continue to play an important 
role. These include UV-Vis and IR absorption spectroscopy, 
Raman scattering, and EDXRF chemical analysis. 

There are three domains in which useful progress can be 
predicted, as they all look at more subtle parameters than those 
commonly explored so far. The first is luminescence. Emission 
spectra proved to be an enabling technology for the detection 
of HPHT-treated diamonds. But there are many more possibil- 
ities, in particular the use of excitation spectra and of time- 
resolved luminescence, which offer an almost infinite range of 
nondestructive possibilities to analyze gem materials. 

Second, trace-element analysis is certainly not new to 
gemology, but it is likely to develop considerably in the coming 
decade. Advances will be motivated by identification and geo- 
graphic origin issues. LIBS, LA-ICP-MS, and of course 
EDXREF can be useful. They each present different advantages 
and drawbacks in terms of sample damage, accuracy, cost, and 
detection of light elements. 

Third, isotopic studies appear promising, as they have 
moved into the realm of nearly nondestructive techniques, 
with SIMS and other ion probes. They have been applied suc- 
cessfully using '8O alone to determine the origin of emeralds, 
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and extensive work on corundum should lead to useful results. 
Many other isotopes are under study, for example, in diamond. 

It is difficult to conceive that developing all these new, typ- 
ically costly technologies will be achieved successfully by isolat- 
ed institutions. The building of well-documented, useful data- 
bases will likely foster more collaboration between gemological, 
academic, and industrial labs. 


Autoradiographic Investigations of Impurity 
Distributions in Diamond 
Delara S. Khamrayeva (delaras@rambler.ru)! and Yulia P. Solodova* 


Institute of Nuclear Physics of Academy of Sciences, Ulugbek, Tashkent, Uzbekistan; 
?Moscow State Geological Prospecting University, Moscow, Russia 


Note: The senior author was unable to deliver the presentation due to a travel delay, 

and it could not be rescheduled. 

This work aims to understand the influence of Co, Ni, Ti, Cr, 
Mn, and Cu impurities on the quality, microstructure, and 
morphology of type I natural diamond using the autoradi- 
ographic technique. The first step in our study was the deter- 
mination of the trace-element composition of the diamonds 
using instrumental neutron activation analysis (INAA) and 
instrumental gamma activation analysis (IGAA). The dia- 
mond specimens were irradiated by neutrons in a nuclear 
reactor, and for INAA the radionuclides were identified by 
their energy lines in a gamma spectrum and by their half-life 
periods. Quantitative trace-element contents were measured 
by comparing the radionuclide activity of the element in the 
diamond to that of a standard. For IGAA, the gamma spectra 
of irradiated samples were measured by means of a Ge(Li) 
detector and multi-channel pulse analyzer. 

The second step involved a study of the spatial distribu- 
tion of trace elements in the diamonds by activation radiogra- 
phy. This method is based on the registration of secondary 
beta radiation. After irradiation, the radioactive samples are 
placed on photographic emulsion, which is used as a detector. 
The sensitivity of this technique was 108 beta particles/cm’, 
and the spatial resolution of the radiograph was about 
200-300 um. A selective autoradiograph was obtained. for 
each trace element, based on the assessment of the nuclear 
physical parameters, the concentration of radionuclides, and 
the range of travel of the beta particles. The exposure varied 
from one hour for short-lived radionuclides to 10 days for 
long-lived radionuclides. 

Using INAA, we found the following trace elements 
(0.001—200 ppm) in 156 diamonds from Siberia (0.04—1.6 ct): 
Mg, Ca, Sc, Ti, Mn, Ni, Co, Cr, Cu, Zn, Fe, Sr, Y, Zr, Ru, Sb, 
Ba, Ce, Eu, Ir, Au, and U. For the autoradiographic study, we 
selected 12 cubic, four octahedral, and two rounded rhombo- 
dodecahedral diamond crystals that did not contain any eye-vis- 
ible inclusions. The selected crystals were sliced into plates ori- 
ented parallel to {100}, {110}, or {111}. The plates ranged from 
3 to 5 mm, and their thickness was 200—300 um. Traces of Co 
(0.01-1 ppm) were detected in all samples. The Co autoradi- 
ograph showed lamellar, zonal, micro-zonal distributions of this 
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element in the octahedral and rhombo-dodecahedral crystals. 
Traces of Cu (0.1-10 ppm) were concentrated in the central 
part of the cubic crystals, or in fibrous portions of the other 
cubic crystals. Similar concentrations of Cu also were found in 
a cross-like distribution in the rhombo-dodecahedral crystals. 
Traces of Ti (1-80 ppm) were noted in cubic diamonds having 
a fibrous structure. Traces of Mn (0.1-1 ppm) were uniformly 
distributed in the octahedral and rhombo-dodecahedral crys- 
tals, but were concentrated in the central or fibrous portions of 
the cubic crystals. 


Automating the Infrared and Raman Spectral 


Analysis of Gemstones 
Steve Lowry (steve.lowry@thermo.com) and Jerry Workman 


Thermo Electron Corporation, Madison, Wisconsin 


In many gemological laboratories, FTIR and Raman spec- 
troscopy are considered advanced analysis techniques requiring 
a knowledgeable scientist to visually examine the spectrum to 
provide a reliable assessment. However in many industries, mul- 
tivariate statistical analysis techniques are frequently employed 
to automatically extract valuable information from FTIR and 
Raman spectra. These techniques treat the spectra as vectors and 
apply sophisticated mathematical algorithms to compute a 
result based on the sample vector and a set of reference spectra 
of fully characterized samples. Most of these techniques have a 
quality index or standard error value that can be used as a thresh- 
old for passing the sample or referring it to a technician for fur- 
ther review. Here we provide examples of how these automated 
analysis techniques might be applied to problems described in 
the recent gemological literature. 


1. Sample identification by infrared spectral searching. A correla- 
tion or similarity value is calculated between the spectrum of 


This example shows a classical least-squares method to auto- 
matically verify the presence of small peaks in a diamond’ 
infrared spectrum based on standard error. 
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a sample and each reference spectrum in a “library.” The ref- 
erence spectra that are most similar to the sample are identi- 
fied and reported with a match value. Our example identifies 
a green stone as a hydrothermally grown synthetic emerald. 


2. Material verification: The QC Compare algorithm can be 
used to verify the composition of a stone. For diamond ver- 
ification, you might include spectra from all types of dia- 
monds in the diamond class, but for diamond typing you 
would create separate classes for each type of diamond. 


3. Confirming the presence (or absence) of an important peak: 
The presence or absence of small peaks in the spectrum due 
to trace-level “impurities” may indicate that a stone is syn- 
thetic or treated. Classical least-squares techniques (see fig- 
ure) determine the amount of each reference spectrum that 
is required to minimize the difference between the sample 
spectrum and a linear combination of the reference spectra. 
Our example measures the small hydroxyl peak at 3310 
cm! that is generally present in the spectrum of a natural 
ruby or sapphire, but disappears when the stone has been 
beryllium-diffusion treated. 


4, Quantitative analysis of trace components. The intensity of a 
peak in the infrared spectrum is proportional to the concen- 
tration of the component and the path length of the infrared 
beam. An example of this is calculating the concentration of 
the various nitrogen types in a diamond. 


Automated workflows can be created that combine these 
computational techniques with instrument setup and spectral 
preprocessing to provide an easy, reliable technique for analyz- 
ing gemstones. 


X-ray Diffraction Using Area Detectors for 

Mineral and Gem Characterization 

Jeffrey E. Post (postj@si.edu) 

National Museum of Natural History, Smithsonian Institution, Washington, DC 
X-ray diffraction is the fundamental method for determining 
crystal structures and for identifying crystalline phases. A pow- 
der X-ray diffraction pattern provides a “fingerprint” that iden- 
tifies a gem, mineral, or other crystalline material. During the 
past decade, technological advances in detectors have revolution- 
ized the use of X-ray diffraction for a variety of crystallographic 
applications. Area CCD (charge-coupled device) and imaging 
plate detectors are orders of magnitude more sensitive to X-rays 
than traditional films and scintillation or solid-state detectors. 
New-generation diffractometers and microdiffractometers fitted 
with area detectors and conventional X-ray tubes make it possi- 
ble to routinely collect high-quality X-ray diffraction patterns 
from a broad variety of samples using typical exposure times of 
5—10 minutes. The area detectors permit collection and integra- 
tion of the full set of Debye-Scherrer diffraction rings, providing 
improved counting statistics and reduced preferred orientation 
effects. The combination of the large-area detector, full pattern 
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integration, and sample oscillation/rotation permits the nonde- 
structive collection of “powder” diffraction patterns from single 
crystals, including faceted gemstones. Because in most cases it is 
possible to collect patterns that do not have preferred orienta- 
tion, the success rate for identification using search-match soft- 
ware and the International Centre for Diffraction Data database 
is extremely high. The method is particularly useful to gemolo- 
gists for quick and accurate identification of rare and unusual, or 
new, gems; for example, we recently identified the first reported 
wadeite gemstone, for which diagnostic information is not 
included in standard gemological databases. Area detector dif- 
fractometers also provide information about the crystallograph- 
ic orientation of gemstones. Numerous examples are available of 
X-ray diffraction studies using a Rigaku D/MAX Rapid microd- 
iffractometer with an imaging plate detector for a variety of sam- 
ples, including powders, single crystals, and mounted and unset 
gems. 


Characterization of Nanofeatures in Gem Materials 
George R. Rossman (grr@gps.caltech.edu) 

California Institute of Technology, Pasadena 

The inclusions in gem minerals that are commonly observed 
with an optical microscope occur at a scale of a micrometer or 
larger. In addition to these inclusions, there are also a multitude 
of inclusions and features that are larger than the individual 
atoms that cause color in common gems, but are so small that 
they cannot be clearly resolved with optical methods. These fea- 
tures can be nearly 1,000 times smaller than features seen with 
optical microscopes, and are measured in nanometers. Such fea- 
tures can cause iridescence, opalescence, asterism, and turbidity 
in gem materials. High-resolution scanning electron micros- 
copy allows us to image features on the nano-scale. When 
images are combined with chemical analysis and electron dif- 
fraction patterns, a whole world of previously inaccessible min- 
eralogy becomes available for investigation. 

Opals are a classic example of a gem that contains nano- 
scale features that are the origin of color. A microscopic jour- 
ney into opals will demonstrate the spectacular differences that 
occur when the nanofeatures (silica spheres) are arranged either 
in ordered or disordered patterns. Iridescence in garnets, 
feldspars, and several ornamental stones is also due to sub- 
micrometer-sized features. Star phenomena in stones occur 
because of oriented inclusions. Both the bodycolor and aster- 
ism in rose quartz arise from inclusions of an aluminoborosil- 
icate phase related to dumortierite that are a few hundred 
nanometers in width. Stars, and particularly turbidity, in sap- 
phire and ruby have been long attributed to myriad minute 
rutile inclusions. Rarely have these inclusions been identified 
by direct analysis. High-resolution imaging of the submicro- 
scopic inclusions often fails to find rutile, but instead finds an 
aluminum oxide phase with a stoichiometry that is consistent 
with diaspore. 

An additional observation frequently made during high- 
resolution imaging is that the surface quality of stones varies 
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widely. Sub-micrometer-scale surface features from the polish- 
ing process are often observed at high magnification and illus- 
trate that there is a wide range of variation in the quality of 
surface finish. 


Infrared Spectra of Gem Corundum 

Christopher P. Smith (christopher.smith@gia.edu) and Carolyn van der Bogert 
GIA Laboratory, New York 

Hydrogen may be incorporated into corundum, forming struc- 
turally bonded OH groups. These create a variety of charge- 
compensation mechanisms that result in specific bands or series 
of bands in the mid-infrared region of the absorption spectrum. 
OH groups may occur naturally, or they may be induced or 
removed through heating. 

Commonly, OH absorptions occur as a series of peaks, 
even though the individual peaks may or may not relate to a 
singular charge-compensation mechanism. For example, a 
common OH peak positioned at 3309 cm”! is often associat- 
ed with additional peaks at 3295 (shoulder), 3265, 3232, and 
3186 cm™!. A number of other such correlations have been 
made, and a naming convention was developed to facilitate 
rapid reference. These include the 3309-series, 3161-series, 
4230-series, 3394-series and 3060-series, as well as others. 
The association of these series with certain color varieties of 
corundum and various geologic environments was studied, as 
well as their application toward identifying the unheated or 
heated condition of a stone. 

Past researchers have attributed the 3161 cm™! band (3161- 
series; see figure) to OH groups involved in charge-compensa- 


The 3161 cm™ mid-infrared spectral feature in this natu- 
ral-color yellow sapphire from Sri Lanka actually consists of 
at least six bands. Observations of the occurrence and 
removal of these absorptions during heating experiments, 
combined with LA-ICP-MS quantitative chemical analyses, 
strongly suggest that the 3161-series is related to structurally 
bonded OH associated with Mg*. 
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ing from albite, the pure sodium member 
to anorthite, the pure calcium member. 
Intermediate members of this plagioclase 
series are termed oligoclase, andesine, lab- 
radorite and bytownite. 

The most important gem varieties of feld- 
spar are moonstone, sunstone, amazonite 
and labradorite. Moonstone, shown in D 
and E of the color plate, is a variety of 
orthoclase which exhibits the property of 
adularescence. Sunstone may be either ortho- 
clase, or a member of the plagioclase series 
such as oligoclase, which shows reddish 
flashes due to reflection from inclusions of 
a foreign mineral such as hematite. Amazon- 
ite, shown in B of the color plate, is a 
green variety of microcline. It is used widely 
as a gemstone, especially as a substitute for 
jade. Labradorite, shown in A of the color 
plate, is used as a gem when it shows vivid 
flashes of color due to interference of light 
by twinned crystals. 


Diamond Review 
(From page 112) 


amount of rough for cutting and the result- 
ing lowering of wages for such work, that 
a number of cutting centers will disappear 
or languish. Among the centers to cut larger 
stones Dr. Ball believes Holland, America, 
and South Africa are most likely to survive. 
Belgium and possibly Palestine are selected 
as the two centers most likely to continue 
among the cutters of small stones. 

At the end of 1947, 15,500 cutters were 
employed. At the beginning of that year 
there were from 3,000 to 3,500 in the 
United States. However, both America and 
Palestine, Dr. Ball reports, are feeling the 
competition exerted by Belgium since early 
in 1946 when that country regained its place 
as the world’s premier diamond cutting 
center. ; 

Palestine during 1947 lost much of the 
phenomenal ground it had gained during 
1946. At the beginning of that year 4,500 
cutters were employed. This number was 


reduced to 500 during 1947. Wages were 
also lowered. Smuggling and black markets, 
as well as the increased political unrest in 
the Holy Land, have been responsible for 
the retardation of diamond cutting in that 
center. 

In Holland a shortage of Jabor is not 
deterring the country from making a brave 


attempt to regain its former position in the 


cutting industry. The Netherlands has not 
however, as yet, regained the position as a 
dealer in industrial diamonds which it held 
in prewar days. 

In South Africa about 48 employers and 
some 600 artisans are engaged in this im- 
portant and exacting work. That country 
and the United States have the highest wage 
scale of all cutting centers although in April 
of 1947 cutters in South Africa accepted a 
wage cut of 25 percent. 

During the war years from 3,000 to 3,500 
aftisans were employed in Brazil where the 
diamond cutting industry has been func- 
tioning for more than a hundred years. At 
that time the principal source of cutters was 
from Belgium and The Netherlands. Now 
that many of these Belgian and Dutch refu- 
gees have returned to their homelands, it is 
believed in the immediate future the total 
number of cutters in Brazil will be nearer a 
few hundred. 

Although rumors persist that cutting has 
been resumed at Idar-Oberstein, no authen- 
ticated reports are given. One report denies 
that diamonds are being cut at the German 
gem center and claims that all the 3,500 
prewar diamond cutters are polishing syn- 
thetic stones. * 

In Cuba, at one time during the war, 
3,000 cutters were employed. This number 
had dwindled to 1,000 by the end of 1946 
and gteater reductions are believed to have 


taken place more recently. The 600 cutters 
(Continued to page 126) 


*In the next issue of Gems & Gemology we hope 
to have an article on the present activities at Idar- 
Oberstein which is now being prepared by Prof. 
Dr. Schlossmacher, director of the Gemological 
Instirute of that city. 
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tion with Si**, However, empirical testing of natural corundum 
has found that the 3161-series occurs most commonly in natu- 
ral-color yellow-to-orange and padparadscha sapphires from 
low-iron metamorphic environments, which owe their color 
partially or wholly to trapped-hole centers. LA-ICP-MS chem- 
ical data and heating experiments suggest that the 3161-series is 
actually due to structurally bonded OH associated with Me”*. 

The authors have also accumulated an IR spectral reference 
library of mineral inclusions in corundum. When the spectra of 
the foreign minerals are superimposed on the IR spectrum of 
corundum, they may be positively identified. Such minerals 
include apatite, boehmite, calcite, diaspore, gibbsite, goethite, 
kaolinite, mica, monazite, and sphene. 


Investigation by Synchrotron X-ray Diffraction 
Topography of the Crystal Structure Defects in 
Colored Diamonds (Natural, Synthetic, and Treated) 
oe C.C, Yuan (joeyuan@solstargd.21cn.com), Ming-sheng Peng, and 

Yu-fei Meng 

Institute of Gems and Minerals Material, Sun Yat-sen University, Guangzhou, China 
Diamonds are not only important for jewelry, but also have a 
variety of industrial applications. The presence of defects can 
often produce desirable properties in diamond. For example, 
plastic deformation may cause diamonds to appear pink or 
red. 

In addition to spectroscopic methods and transmission 
electron microscopy, we have recently used synchrotron “white- 
beam” X-ray diffraction topography to observe the microstruc- 
tures and defects in diamonds. The use of synchrotron X-ray 
radiation has the advantages of high intensity, polarization, and 
collimation, along with a small beam size and an adjustable 
energy level. This nondestructive method provides an ideal and 
effective way to detect crystal structure defects. Compared to 
conventional X-ray topography, it requires much less exposure 
time and provides higher resolution. However, it involves com- 
plex equipment that is not easy to operate. 

We used the “white beam” of 4W1A X-ray synchrotron 
radiation in Beijing, China, to investigate crystal structure 
defects and obtain diffraction patterns of 34 faceted colored 
diamonds (six natural-color diamonds, three HPHT-grown 
synthetic colored diamonds, six HPHT-treated colorless and 
colored diamonds, ten irradiated colored diamonds, and nine 
fixed-orientation polished colorless or brown natural diamond 
films). We calculated and defined the index of each diffraction 
spot on the Laue pattern for each sample. The diffraction spots 
varied from even, oval, and stretched, to fragmented shapes 
that corresponded to an increase in the degree of deformation 
of the diamonds. Various crystal structure defects, such as dis- 
locations, twins, and numerous inclusions, were also located in 
the samples. 

From this study, the extent of defect deformation could be 
classified as very weak, weak, moderate, and strong (see table in 


the GerG Data Depository at www.gia.edu/gemsandgemology). 


All of the brown diamonds had strong defect deformation. 
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Diamonds with impurities such as nitrogen, boron, and 
hydrogen (as determined by spectroscopic methods) had 
weak-to-moderate degrees of defect deformation. Most of the 
irradiated natural diamonds showed weak-to-moderate 
degrees of defect deformation. Colorless and yellowish green 
diamonds that were HPHT treated from natural brown start- 
ing material showed moderate-to-strong degrees of defect 
deformation. HPHT-grown synthetic diamonds showed a 
moderate degree of defect deformation. 


General Gemology 

Color Quantification: A Spectrographic 

Imaging Approach 

Donna Beaton (dbeaton@eglusa.com) 

EGL USA, New York 

The colored stone market would benefit from a universally 
accepted color classification system developed from gemstone- 
specific analytical methods. In the corundum family, it is 
important to accurately categorize ruby, sapphire, and fancy 
sapphire colors such as pink, violet, orange, and the highly 
prized “padparadscha.” Apart from defining tolerances, as in 
corundum, a well-designed system should also evaluate the 
extent of change-of-color, matching, or metamerism. This 
report focuses on developing methods to evaluate gemstone 
color and define color ranges, using padparadscha sapphire as 
the case study and incorporating a previously accepted defini- 
tion for that gemstone (i.e., orangy pink or pinkish orange, of 
medium-to-light tone, and low-to-intense saturation; see, ¢.g., 
Crowningshield, 1983). 

Aside from the difficulty of correlating the perception of 
color to the physical properties that scientists are able to meas- 
ure, there are additional problems of assessing the color of trans- 
parent, faceted, crystalline materials that are not encountered by 
most industries that exercise color standards. With gemstones 
one must consider not only the light that is reflected off the sur- 
face, but also light that is transmitted through the stone, and 
light that has traveled through the stone and is reflected off 
facets internally. The doubly refractive nature of many gem- 
stones also influences the nature of light that is returned to the 
eye. So, in choosing a technique/instrument for this study, it 
was important to find one able to accommodate the nature of 
the gemstone as well as its interaction with a light source. 

Quantitative color information was gathered using a 
GemSpec digital imaging spectrophotometer manufactured by 
GemEx Systems. This instrument uses a high-intensity xenon 
light source to measure the spectral response of the entire 
unmounted stone in a face-up position. Data for specific light- 
ing conditions and CIE-defined standard light types are 
obtained through algorithms utilizing spectral responses. In 
this study, a standard CIE illuminant, a standard 2° observer 
configuration, and suffuse lighting conditions were used. 
These conditions were chosen to best represent the majority of 
gem-buying environments, in which artificial “full-spectrum” 
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This two-dimensional “slice” of Munsell color space is shown 
for a chroma (saturation) level of 5-7. The “padparadscha” 
space in this view is shaped like a tapered parabola. 


lighting is used. The data were analyzed in Munsell Notation, 
CIE xyY, and CIELAB color models. For the Munsell system, 
a physical model was built, with data points that represent the 
average overall color of each stone from each subgroup: ruby, 
pink sapphire, fancy sapphire, orange sapphire, orangy pad- 
paradscha, padparadscha, and pinkish padparadscha. For the 
CIE color spaces, the data were plotted on graphs (see, e.g., fig- 
ure). The results of this study indicate that a three-dimension- 
al color space could indeed be defined that correlates with a 
person’ perception of what color a padparadscha sapphire 
should be, and could serve as a criterion to evaluate future pad- 
paradscha candidates. 

REFERENCE 

Crowningshield R. (1983) Padparadscha: What's in a name? Gems & Gemology, Vol. 19, 
No. 1, pp. 30-36. 


Rare Reverse Color Change in a Blue Zircon from 
Myanmar (Burma) 

George Bosshart (george.bosshart@swissonline.ch)! and Walter A. Balmer” 
'Horgen-Zurich, Switzerland; *Bangkok, Thailand 

A 6.45 ct round brilliant-cut zircon originating from Mogok 
exhibited an exceptional color change. The gemstone 
appeared violetish blue in daylight and bluish green in incan- 
descent light. Identical reactions were observed with the day- 
light-equivalent illuminant D65 and the incandescent illu- 
minant A in a Gretag-MacBeth light booth (for method and 
terminology, see Liu et al., 1999). This phenomenon is oppo- 
site to the color change of alexandrite, which displays green 
hues in daylight and purple hues in incandescent light. 
CIELAB color analysis of this zircon with a Zeiss MCS 311 
multichannel color spectrometer revealed a 75° change in 
hue angle when recorded in a direction parallel to the optic 
axis (approximately parallel to the table facet; see figure). In 
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a direction perpendicular to the optic axis, the change in hue 
angle was 65°. 

Besides the main constituents of zircon (Zr and Si), qual- 
itative chemical analysis by EDXRF showed evidence of 
hafnium as a minor element and traces of uranium. The lat- 
ter identification was supported by radiation spectroscopy. 
Additional minor EDXRF peaks correlated to erbium and 
holmium; however, the presence of either element was not 
fully confirmed. Gaft et al. (2005) listed ytterbium, erbium, 
and dysprosium as the predominant rare-earth elements 
(REEs) in natural zircons. 

The reverse alexandrite effect of this zircon is due to 
uncommon and strongly polarized absorption features in the 
visible region of the spectrum. They consisted of at least 10 
multiband absorption maxima dispersed across the entire 
400-700 nm range (and of another eight groups of bands up 
to 1800 nm in the near-infrared region). The absorption peaks 
located at 656/661, 590, and 683/691 nm (in order of decreas- 
ing amplitude) were due to U**. All other bands were due to 
traces of REE (George R. Rossman, pers. comm., 2006). 

No indications of thermal treatment, such as altered inclu- 
sions, were detected in this zircon. The only microscopic fea- 
tures were indistinct growth planes and one mirror-like fracture. 
Raman spectra did not deviate from those of nonheated zir- 


This chromaticity diagram of the uniform CIELAB color 
space shows the 75° change in hue angle exhibited by the 
6.45 ct zircon between daylight-equivalent illuminant D65 
and incandescent illuminant A. The diameter of the circle 
represents a saturation of 10%. It is rare for zircon to show 
any color change, and even rarer for color-change gemstones 
to exhibit an incandescent illumination color in the green 
range, far outside the red region. 
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cons. Low-temperature heat treatment, nevertheless, cannot be 
ruled out completely. 

A reverse REE-related color change has not been previous- 
ly documented in zircon or any other gemstone. The exact 
mechanism of the color change in this blue zircon may be 
explained by factors such as complex interactions between 
REEs and transition metal ions (Thomas Pettke, pers. comm., 
2006), multiband transmittance, visual response, and chro- 
maticity adaptation to the different types of illumination. 
However, it is not well understood. 

REFERENCES 
Gaft M., Reisfeld R., Panczer G. (2005) Luminescence Spectroscopy of Minerals and 
Materials. Springer-Verlag, New York. 


Liu Y., Shigley J.E., Fritsch E., Hemphill S. (1999) A colorimetric study of the alexan- 
drite effect in gemstones. Journal of Gemmology, Vol. 26, No. 6, pp. 371-385. 


Social, Political, Economic, and Gemological 

Impacts on Pricing Trends 

Richard B. Drucker (rdrucker@gemguide.com) 

Gemworld International Inc., Northbrook, Illinois 

For more than two decades, Gemworld International has been 
tracking prices of colored stones and diamonds. Historical 
trends in pricing during this time period have shown fluctua- 
tions according to social, political, economic, and gemologi- 
cal factors. A prediction of future trends based on past histo- 
ry will provide insight for buying decisions in the years ahead. 
A variety of factors influencing gem pricing are reviewed in 
this presentation. 

The introduction of certain treatments caused prices to 
decline in some gem varieties. In the mid-1990s, industry 
awareness that fractures in emeralds were being filled with 
Opticon was disastrous for the emerald market. The treatment 
caused an immediate scare and a decline in confidence in emer- 
alds. Today, acceptance and proper disclosure of emerald treat- 
ments have improved, and the emerald market is rebounding. 

A downturn in ruby prices began in the mid-to-late 1990s. 
Heat-treated rubies (often with glass residues) from Mong Hsu, 
Myanmar, flooded the market earlier that decade. The large 
supply of low-cost material, coupled with a decrease in demand, 
created a severe decline in ruby prices. Prices have plateaued and 
are expected to rise. 

Beryllium diffusion of sapphire and ruby continues to be a 
problem for the industry. While struggling with their detection, 
we are now faced with an abundant supply of goods in the 
$50-$100/ct range. This has negatively impacted the price of 
traditionally heated sapphires as well as beryllium-treated sap- 
phires. Conversely, prices of untreated gems are going up as 
demand for these increases. 

Terrorism in 2001 that was falsely linked to tanzanite 
caused a temporary sharp drop in prices for that gem. Political 
action by the gem trade, combined with a reduction in supply, 
have caused tanzanite prices to rise. 

The new Supplier of Choice system of diamond distribu- 
tion imposed by the Diamond Trading Company is a major 
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contributor to the large diamond price increases experienced in 
recent years. Not since the early 1980s has the industry experi- 
enced such rapid price hikes. However, the change in distribu- 
tion channels has effectively created a more efficient system for 
selling diamonds at all levels, thereby reducing profit margins. 
So, the full rough price increases have not been carried through 
from rough to mid-level distribution, to the retailer, and to the 
consumer. 


Luminescence of the Hope Diamond and Other 


Blue Diamonds 


Sally Eaton-Magajfia (sally. magana@gia.edu)!, Jeffrey E. Post”, Jaime A. 
Freitas Jr.', Paul B. Klein', Roy A. Walters’, Peter J. Heaney‘, and James E. 
Butler! 


‘Naval Research Laboratory, Washington, DC; *Department of Mineral Sciences, 
Smithsonian Institution, Washington, DC; *Ocean Optics Inc., Dunedin, Florida; 
“Department of Geosciences, Pennsylvania State University, University Park 

A striking feature of the Hope Diamond is its long-lasting 
orange-red phosphorescence (see, e.g., figure 5 in Crowning- 
shield, 1989). Other than visual and photographic observation, 
this luminescence has not been studied. Our experiments 
employed a technique not often used in gemology, phosphores- 
cence spectroscopy, which was performed on 60 natural blue 
diamonds from the Aurora Butterfly and Aurora Heart collec- 
tions, in addition to the Hope Diamond and the Blue Heart 
diamond. The data were collected using an Ocean Optics deu- 
terium lamp, a fiber-optic assembly to transmit the light, and a 
USB 2000 spectrometer to record the phosphorescence spectra. 
Because of the risk of damaging these unique gems, we could 
not perform several scientifically desirable experiments (such as 
spectroscopy at liquid nitrogen temperatures). Most lumines- 
cence measurements were taken at room temperature, so the 
majority of the spectra showed broad peaks and no sharp lines. 

Nearly all spectra of the blue diamonds examined showed 
a combination of greenish blue (500 nm) and red (660 nm) 
phosphorescence. The intensities and the half-lives of each 
luminescence peak differed for each diamond, which would 
account for the variety of phosphorescence colors (blue to 
red) reported by previous researchers. The peak shapes were 
not significantly different between diamonds, and the peak 
maxima did not shift with time after the first second. 

Blue diamonds are typically type IIb and contain boron 
impurities. For comparison, we tested four blue HPHT-grown, 
type IIb synthetic diamonds. These stones exhibited a phospho- 
rescence peak at 500 nm (and also at 575 nm in one diamond), 
but not at 660 nm. 

Prior research has demonstrated that donor-acceptor pair 
recombination is a likely cause of several bands observed by 
laser-induced photoluminescence and phosphorescence in syn- 
thetic diamonds (see, e.g., Watanabe et al., 1997). In this sce- 
nario, holes that are trapped on acceptors (such as boron) and 
electrons trapped on donors recombine and emit light equiva- 
lent to the difference in energy that they possess while separat- 
ed. This is the first study of natural type IIb diamonds that 


demonstrates a similar mechanism operating in natural stones. 
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Elbaite from the Himalaya Mine, Mesa Grande, 
California 

Andreas Ertl (andreas.ert!@a1.net)', George R. Rossman’, John M. Hughes’, 
Ying Wang”, Julie O'Leary, M. Darby Dyar*, Stefan Prowatke®, and 
Thomas Ludwig* 

‘University of Vienna, Austria; Division of Geological and Planetary Sciences, 
California Institute of Technology, Pasadena; *Miami University, Oxford, Ohio; “Mount 
Holyoke College, South Hadley, Massachusetts; University of Heidelberg, Germany 
Detailed chemical, Mossbauer, infrared, and structural data 
were obtained on 12 crystals from gem pockets in the 
Himalaya mine, San Diego County, California, which is a 
source for pink and multicolored gem tourmaline. Some of 
these tourmalines varied strongly in composition. One crystal 
(sample I, see figure and table) had increasing Ca content (lid- 
dicoatite component) and decreasing Zn content (up to -1 
wt.% ZnO) from the Fe-rich core to the Al- and Li-rich rim. 
The black core (zone 1) was an Al-rich, Mn-bearing schorl. 
The outer core (zone 2) was a dark yellowish green, Fe- and 
Mn-bearing elbaite with ~4 wt.% MnO. A yellowish green, 
intermediate Mn-rich elbaite zone (zone 3) contained a rela- 
tively high Mn content of ~6 wt.% MnO. Next there was a 
light pink elbaite zone (zone 4) with essentially no Fe and 
<100 ppm Mn** that was responsible for the color. The near- 
colorless elbaite rim (zone 5) had the highest Li content and 
~1 wt.% MnO. Méssbauer studies of 20 mg samples from the 
different color zones within this crystal showed that the rela- 


Himalaya mine.! 


tive fraction of Fe** increased continuously from the Fe-rich 
core to the Fe-poor rim, reflecting the increasing fugacity of 
oxygen in the pegmatite pocket. Within the core of the crys- 
tal, the Si site contained ~0.3 apfu (atoms per formula unit) 
Al whereas in the rim it contained ~0.2 apfu B, consistent 
with the average Si-O distances. The intermediate zones con- 
tained mixed occupancies of Si, Al, and B. 

A near-colorless, late-stage elbaite (sample II) from the 
Green Cap pocket (extracted in 1998) had ~2 wt.% MnO, ~2 
wt.% FeO, and surprisingly -0.3 wt.% MgO (dravite/uvite 
component), which is unusual in late-stage elbaite. This sam- 
ple contained 1.6 wt.% CaO, the highest Ca content of the 
tourmalines in this study. 

A gem-quality, light pink elbaite crystal (sample III) had the 
highest boron concentration (~0.3 apfu B) at the Si site (which 
produced a lower Si-O distance) of the three samples; it also 
contained the highest Al,O, content (~43 wt.%) and essential- 
ly no Fe and only small amounts of Mn. 

Analysis of water in elbaites is problematic because the crys- 
tals often contain fluid inclusions. Thus, conventional methods 
that extract water from a bulk sample may give erroneous val- 
ues. Methods such as IR spectroscopy, which allow the distinc- 
tion between structural OH and fluid inclusions, offer advan- 
tages for future tourmaline analyses. 


A Close Look at Gemstone Color Grading: 

Definition of the Key Color 

Yulia Grozman (yulia@appraisalplus.biz) 

Appraisal Plus, Valley Village, California 

Color is the most important factor for determining gemstone 
quality in colored stones; it is also the most difficult to meas- 
ure objectively. In colored stones, every facet has a different 
color (i.e., different hue, saturation, and tone). Despite serious 
efforts conducted by GIA, there is still some ambiguity in 
color determination methods. In its Colored Stone Grading 
Manual, GIA formulated the following procedure to assign 
the color. The tone is an average of all the areas of the stone, 


Colors and chemical compositions of three tourmalines from the 


Sample no. Zone no. Color Y site W site 

1 Black Fess Al, Ming Fes Li ;2n9 , 0.1 (OF)p 4Fo 4202 
2 Black Al, ;MingsLiy FegsFeg* Zn, , 0.2 F7(OH)o5 
3 Yellowish green Al, ,MingSLi, 02 Fy g(OH)o 5 
4 Light pink Al, sli, ; 0.4 Fy g(OF)o.20p 2 
5 Near colorless Al, sLi, Mn2*+O)5 Fy 7(OH)o 

ll - Near colorless Al, slip Min3+Fee5Mg, Oo. Fo g(OH)y 5 

Ill - Light pink AL, Li, oLo.3 (OH) sFo5 


This <4-cm-wide tourmaline slice 
(sample 1) has a schorl core surround- 
ed by elbaite. Photo by A. Wagner. 


Abbreviation: [] = vacancy. 


'The Z site was occupied by Al,, and the V site was occupied by (OH),, in all the tourmaline samples. 
The X site was mainly occupied by Na. The T site was mainly occupied by Si with minor Al/B contents. 
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while the hue and saturation are based on the “key color.” The 
GIA manual describes key color as “the most representative 
color that flows through the stone as you rock it.” However, 
the “most representative color” is very different for dark and 
light stones. In light stones, areas with the highest saturation 
will be most visible and thus define the key color. In dark 
stones (e.g., almandine or sapphire), the flashes (or scintilla- 
tion) produce the strongest perception of color. The present 
study attempts to advance GIA standards by introducing a 
new approach for determining the key color and instrumen- 
tal measurements. The results of the study are color maps with 
proposed grade borders for gems such as ruby, sapphire, emer- 
ald, and others. 

More than 300 gemstones were measured using a GemEx 
imaging spectrophotometer. This measuring system uses an 
array of photo detectors, instead of the single photo detector 
typical of other brands, and measures the color of a specific 
area of a stone. The results are displayed in the Munsell color- 
order system with the tolerance of +0.5 units of hue, +0.5 
units of chroma (saturation), and +0.25 units of value (tone). 
The resulting maps utilized the existing GIA Colored Stone 
Grading System that was expanded to 50 hue units (instead 
of 33), and they used Munsell units for tone and saturation. 

The key color was specified manually and quantified 
using the result of the measurements. These measurements 
provide the quantitative base for further statistical analysis of 
the obtained images to develop a formal algorithm for 
instrumental key color determination. The development of 
this algorithm will open a way to design an efficient and 
comprehensive color measurement device for the gem and 
jewelry industry. 


Natural “CO,,-rich” Colored Diamonds 


Thomas Hainschwang (thomas.hainschwang@gia.edu)', Franck Notari', 
Emmanuel Fritsch’, Laurent Massi’, Christopher M. Breeding®, and 
Benjamin Rondeau* 


'GIA GemTechLab, Geneva, Switzerland; "Institut des Matériaux Jean Rouxel, Nantes, 

France; *GIA Laboratory, Carlsbad; ‘Muséum d’Histoire Naturelle, Paris, France 

This study of apparently monocrystalline, so-called CO,,-rich 
diamonds was performed on several hundred samples that 
were light to dark brown (appearing black) with various mod- 
ifying colors, including “olive” (mixtures of green, brown, 
gray, and yellow), yellow, and almost red. The color was usu- 
ally heterogeneously distributed in the form of patches or 
non-deformation-related color banding. Characteristic plate- 
like inclusions were present in nearly all samples. These 
appeared small, extremely thin, transparent to opaque, and 
rounded or hexagonal. In general, they were concentrated 
within certain colored sectors of the diamonds that often 
exhibited distinct birefringence. The FTIR spectra were char- 
acteristic for all samples, with two bands at various positions 
from 2406 to 2362 cm”! and 658 to 645 cm™!. These bands 
have been previously interpreted as the v, and v, bands of 
CO, due to inclusions of pressurized solid carbon dioxide 


(CO,,) in its cubic form (Schrauder and Navon, 1993; Wang 
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et al., 2005). Practically all samples fluoresced a distinct yel- 
low to greenish yellow to long- and short-wave UV radiation, 
and they showed lasting yellow phosphorescence. 

The one-phonon IR absorptions varied dramatically from 
standard type Ia peaks to very complex bands, which in many 
cases were inclusion-related. In some diamonds, unknown ab- 
sorptions dominating the one-, two-, and three-phonon regions 
were observed, and no satisfactory explanation for their pres- 
ence could be given. In many samples, the bands observed in 
the FTIR spectra corresponded to inclusions of carbonates 
and silicates, notably calcite, mica, and hydrous minerals. 
Some of the diamonds showed a more-or-less distinct type Ib 
character. 

Our calculations of the theoretical v, and v, band positions 
at various pressures have caused us to strongly doubt the previ- 
ous interpretation of the IR bands at 2406-2362 cm™! and 
658-645 cm™!. In most cases, the observed absorption posi- 
tions and shifts (up to 50 cm™') did not correspond to the cal- 
culated values and appeared to be random. Furthermore, the v 
and v, bands exhibited highly variable widths (FWHM) and 
intensity ratios. HPHT-treatment experiments on “CO,,-rich” 
diamonds also brought unexpected results. A possible reason for 
this is that the CO, molecules are integrated into the structure 
of the diamonds and that the CO, is not present as inclusions. 

There are some indications that the hexagonal polymorph 
of diamond (lonsdaleite) could be present in these diamonds. 
Further analysis may confirm the identity of the hexagonal 
platelets as lonsdaleite inclusions, as was previously suggested 
by Kliya and Milyuvene (1984). 

REFERENCES 
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Genetic Classification of Mineral Inclusions in Quartz 
Jaroslav Hyr¥1 (hyrsl@kuryr.cz) 
Prague, Czech Republic 
Quartz is a mineral with the highest-known number of different 
mineral inclusions; over 150 minerals have already been identi- 
fied in quartz, according to Hyr$l and Niedermayr (2003). This 
book contains a detailed description of inclusions in quartz 
(including how they were identified), which are listed according 
to the mineralogical system (elements, sulfides, etc.). For this 
report, only the most important occurrences are listed according 
to their genetic type. This approach is important to gemologists 
working with specimens of an unknown provenance, because it 
can help with finding a correct locality. 

The following genetic types of geologic environments pro- 
duce the majority of quartz with inclusions: 


Alpine fissures 
© Typical localities. the Alps in Austria and Switzerland, Polar 
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Urals in Russia, northern Minas Gerais and Bahia in Brazil, 
Nepal, and Arkansas in the U.S. 

Typical inclusions: mica (white muscovite, brown biotite), 
chlorite (green clinochlore), epidote, actinolite, hematite, 
ilmenite, rutile, anatase, brookite, titanite, carbonates (calcite, 
siderite), pyrite, black tourmaline (schorl), cavities after anhy- 
drite, galena, chalcopyrite, fibrous sulfosalts (boulangerite, 
cosalite, meneghinite, etc.), and monazite 


Granitic pegmatites 

© Typical localities. Minas Gerais in Brazil, Madagascar, and 
Tongbei in China 

© Typical inclusions: black or colored tourmaline (elbaite), mica 
(muscovite and lepidolite), garnet (spessartine and alman- 
dine), albite, apatite, columbite, beryl, and microlite 

Alkaline pegmatites 

© Typical localities: Mount Malosa in Malawi, Row Mountain 
in Russia, and Zegi Mountain in Pakistan 

¢ Typical inclusions: aegirine, astrophyllite, epididymite, zircon, 
and riebeckite 

Tungsten deposits 

¢ Typical localities: Panasqueira in Portugal, Kara-Oba in 
Kazakhstan, Yaogangxian in China, Pasto Bueno in Peru, and 
Kami in Bolivia 

¢ Typical inclusions: arsenopyrite, chalcopyrite, pyrrhotite, 
sphalerite, stannite, helvite, cosalite, carbonates (siderite and 
thodochrosite), fluorite, and wolframite 

Ore veins 


¢ Typical localities. Berezovsk in Russia, Messina in South 
Africa, and Casapalca in Peru 


¢ Typical inclusions: pyrite, galena, sphalerite, chalcopyrite, 
tetrahedrite, stibnite, molybdenite, cinnabar, gold, and Cu- 
silicates (ajoite, papagoite, and shattuckite) 

Monomineralic quartz veins with amethyst 


¢ Typical localities: Mangyshlak in Kazakhstan, Madagascar, 


and Brazil 

© Typical inclusions: goethite (“cacoxenite”) and hematite (“lep- 
idocrocite” or “beetle legs”) 

Amethyst geodes in basalts 

© Typical localities. Rio Grande do Sul in Brazil and northern 
Uruguay 

¢ Typical inclusions: goethite, fluorite, and cristobalite 

Dolomitic carbonates 


© Typical localities. Herkimer in New York, Bahia in Brazil, 
Sichuan in China, and Baluchistan in Pakistan 

© Typical inclusions: calcite, pyrite, graphite, hydrocarbons 
(“anthraxolite”), and natural petroleum oil 
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The Hkamti Jadeite Mines Area, Sagaing Division, 
Myanmar (Burma) 
Robert E. Kane (finegemsint|@msn.com)! and George E. Harlow” 


'Fine Gems International, Helena, Montana; *American Museum of Natural History, 
New York 

The Hkamti jadeite area, Sagaing Division, northwestern Myan- 
mar, is perhaps the world’s most important producer of Imperial 
jadeite jade. In February 2000, the first group of Westerners vis- 
ited the jade mines around the mining town of Nansibon 
(25°S LAN, 95°51.5°E), 24 km southeast of Sinkaling/ 
Hkamti and ~50 air-km northwest of Hpakan, which is the 
trading center in Myanmar’s Jade Tract (see e.g., Hughes et al., 
2000). 

The Hkamti region has two mining centers—Nansibon 
and Natmaw—-separated by 32 air-km. At Nansibon, peb- 
bles and boulders of jadeite are hosted in a serpentinite boul- 
der conglomerate, which is steeply inclined at 60°-90°E 
(Avé Lallemant et al., 2000). The jadeite is concentrated in 
high-energy, alluvial-fanglomerate channel deposits after 
being weathered from veins or blocks within serpentinite. 
The discovery of ancient Chinese mining tools indicates that 
the Nansibon jadeite area has been mined for centuries. At 
Natmaw, jadeite has been mined from a primary “dike” as 
well as recovered as alluvial boulders from the Natmaw 
River. Based on petrologic and textural interpretations, 
including cathodoluminescence imaging, Nansibon and 
other jadeitite formed as vein crystallizations from a hydrous 
fluid in ultramafic rock (see Harlow and Sorensen, 2005; 
Sorensen et al., 2006). Nansibon and Natmaw jadeitite is 
nearly pure jadeitic pyroxene, consisting primarily of jadeite 
with minor albite; traces of zircon, graphite, and oxidized 
pyrite(?); abundant fluid inclusions; and rare sodic amphi- 
bole selvages. This mineralogy is roughly comparable to 
jadeitite from the Jade Tract. Glassy albitite is found with 
the jadeitite, and cobbles in the serpentinite conglomerate 
include garnet amphibolite, epidote-blueschist, granitic 
rocks, garnet- or chloritoid-pelitic schists, quartz, and mar- 
ble. The Hkamti jadeite region appears to be a partially 
buried, westward branch of the Sagaing fault system that 
defines the main Jade Tract, suggesting considerable poten- 
tial for future exploitation. 

All mineral mining in the country falls under the control of 
the Myanma Gem Enterprise (MGE), a subsidiary of the 
Ministry of Mines, Myanmar. All the jadeite mining concerns in 
Nansibon are cooperative joint-ventures between the govern- 
ment and private Myanmar companies or individuals. At the 
time of the authors’ visit to the area in 2000, roughly 175 one- 
acre claims were active. Excavation was mostly carried out by 
modern open-cut operations; however, jadeite was detected sim- 
ply by manual inspection of disaggregated conglomerate. 
During this visit, jadeite samples were collected in a wide range 
of colors (see figure). 
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This selection of cabochons (0.77-15.58 ct) acquired at 
Nansibon shows the range of colors in jadeite jade from the 
area mines. Courtesy of the American Museum of Natural 
History; photo by D. Finnin. 
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“T61B-05.” 
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Identification of Pigments in Freshwater Cultured 
Pearls with Raman Scattering 


Stefanos Karampelas (steka@physics.auth.gr)'?, Emmanuel Fritsch’, Spyros 
Sklavounos!, and Triantafyllos Soldatos! 
‘Aristotle University of Thessaloniki, Greece; Institut des Matériaux Jean Rouxel, 
Nantes, France 
Understanding the nature of the pigments in natural-color sam- 
ples can help separate them from their treated equivalents. This 
study was carried out on more than 30 untreated freshwater cul- 
tured pearls from the mollusk Hyriopsis cumingi covering their 
typical range of colors (violet, pink, orange, gray, and white). 
Raman analysis was performed using four excitation wavelengths 
in the visible range, three using an argon-ion laser (514.53, 
487.98, and 457.94 nm) and one with a krypton-ion laser 
(647.14 nm). The Raman scattering results were compared with 
UV-Vis-NIR absorption spectra (obtained in reflectance mode). 
All of the colored cultured pearls showed the two major 
Raman resonance features of polyenic (polyacetylenic) com- 
pounds assigned to C-C stretching (-1130 cm™!) and C=C 
stretching (~1500 cmz!), regardless of their specific hue. These 
peaks were not detected in the white cultured pearls, and are 
therefore believed to relate to the coloration. The exact position 
of the C-C stretching demonstrated the absence of methyl 
groups attached to the polyenic chains; thus these compounds 
are not members of the carotenoid family. 
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With changes in excitation wavelength, we noted varia- 
tions in the position, shape, and relative intensities of the two 
most intense bands (see figure). The exact position of the C=C 
stretching band of polyenic molecules depends strongly on the 
chain length (ie., number of C=C bonds). Decomposition 
with constraints of the broad peak around 1500 cm”! revealed 
up to nine pigments in the same sample, with a general chem- 
ical formula R-(-CH=CH-) —R’(R and R’ are the end-group 
pigments, which cannot be detected using Raman scattering) 
with n = 6-14. All of our samples were colored by a mixture 
of at least four pigments (n = 8-11), and the different colors 
were attributable to various pigment mixtures. Raman scatter- 
ing results paralleled qualitatively those obtained by UV-Vis- 
NIR diffuse reflectance. 

Our preliminary studies on cultured freshwater pearls from 
the same genus (Hyriopsis) but other species (H. schlegeli [Biwa 
pearls] and H. schlegeli x H. cumingi [Kasumiga pearls]) have 
shown that these pigments seem to be characteristic of all cul- 
tured pearls originating from this mollusk’s genus. Moreover, 
other organic gem materials such as shell, corals, nonnacreous 


The Raman spectra shown here for a grayish purple cultured 
pearl from H. cumingi at various excitation wavelengths are 
characteristic of polyenic compounds. Focusing on the region 
most ‘sensitive to C=C stretching bonds (about 1500 cm“, 
see inset), changes in the position, shape, and relative intensi- 
ties of the peaks are quite apparent. At least five pigments, 
having a general formula of R-(-CH=CH-) -R’, can be iden- 
tified from these peaks: at 1504 (n = 12), 1512 (n = 11), 
1522 (n = 10), 1532 (n = 9), and 1543 (n = 8) cm". All 
the peaks are normalized to the main aragonite peak at 1086 
cn. The spectra are offset vertically for clarity, 
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“pearls,” etc., appear to have a similar origin of color. Finally, 
our measurements on some freshwater cultured pearls that were 
color-treated in different ways prove that the origin of color in 
the treated freshwater cultured pearls is different, and therefore 
they can be identified with Raman analysis. 


Quantifiable Cut Grade System within an 

Educational Setting 

Courtenay Keenan (ckeenan@auroracollege.nt.ca), Mike Botha, and 
Robert Ward 

Aurora College, Yellowknife, Northwest Territories, Canada 

The diamond cutting and polishing industry in Canada’s 
North is unique in that detailed and robust occupational 
standards were formulated by the Government of the 
Northwest Territories. Developed with these standards was 
an innovative Occupational Certification process for workers 
employed in this industry. This unique situation required the 
development of a truly quantifiable cut grading system 
whereby objective, precise feedback relating to the quality of 
the workmanship is given. 

The evaluation for cut quality and finish was first devel- 
oped to best assess the quality of workmanship of the certifica- 
tion candidates. A demerit system is used whereby each dia- 
mond is allotted 100% and demerits are incurred at a rate of 
2% per fault in the areas of finish and symmetry. The system 
describes a fault as any of the following features apparent with 
10x magnification: 


¢ Aberrations present on the surface of the diamond as a result 
of the polishing process (including polish lines, abrasions, 
and burn marks) 

¢ Faceting errors such as merged facets, open facets, and extra 
facets 


With the advent of computerized proportion scopes (e.g., 
Sarin Technologies), the cut grade system assumes that the stones 
under assessment have proportions acceptable to the market. 

If properly used by trained graders, this system is scientific, 
objective, and repeatable. Standardized worksheets (complete 
with diagnostic diagrams) have been developed to assist the 
grader and provide an objective paper reference. This system 
differs from past cut grade systems by offering precise, numeri- 
cal feedback. Although this system has been applied most often 
to round brilliants, it is applicable to all diamond cuts. 

The Quantifiable Cut Grade System is used by the Aurora 
College Diamond Cutting and Polishing Program to provide 
students with objective, numerical, and visual feedback on the 
quality of their work. Students and staff can reference the 
worksheets to track skill development and identify potential 
problem areas. The program exit criteria use this cut grade sys- 
tem by requiring students to achieve at least 70% (<15 faults) 
for each diamond polished to be considered suitable for entry 
into the industry. 

Students who successfully complete the training program 
and enter the diamond polishing industry in the Northwest 
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Territories may apply for Occupational Certification based on 
these standards after just two years, inclusive of training time. 
These certification candidates must complete their practical 
examinations with no stone falling below an 80% grade. 


Monochromatic X-Ray Topographic Characterization 
of Pezzottaite with Synchrotron Radiation 

Shang-i Liu (gemedwardliu@yahoo.com.hk), Ming-sheng Peng, and 

Yu-fei Meng 

Institute of Gems and Minerals Material, Sun Yat-sen University, Guangzhou, China 
Synchrotron radiation X-ray topography is a nondestructive 
characterization technique for imaging the defect microstruc- 
ture of crystalline materials. In this research, monochromatic 
X-ray surface-reflection topographic images were obtained of 
gem-quality pezzottaite from Madagascar using synchrotron 
radiation. 

Compared to polychromatic (“white”) X-ray topography, 
the monochromatic technique provides an image of a certain 
lattice plane instead of a “superimposed” image of a series of 
atomic planes of the same orientation. It provides a higher res- 
olution image with specific information about the orientation 
and features of dislocations and strain patterns in the sample. 
Since surface reflection topography is extremely sensitive to 
surface microstructure, sample preparation (i.e., polishing) is 
essential. 

X-ray topographic reflection images for (0006), (00012), 
and (00018) lattice planes at different angular positions along 
the rocking curve (a curve of the diffraction intensity versus the 
angular distance from a reference plane) were collected for 
seven pezzottaite samples. The full width at half maximum 
(FWHM) and the shape of the diffraction rocking curves 
reflect the degree of deformation of the sample. The pezzottaite 
samples exhibited various degrees of crystal perfection. Some 
crystals showed a mosaic structure containing orientation con- 
trast (a type of X-ray topographic contrast that arises from por- 
tions of a sample that are crystallographically misoriented and 
show variations in diffracted intensity), but with a relatively 
sharp single-peaked rocking curve, which indicates fairly good 
crystallinity. However, other samples showed low degrees of 
crystal perfection, having a fairly wide rocking curve (angles 
ranging from 300-500 seconds FWHM) with several sharp 
peaks (see figure). 

X-ray topographic images from the imperfect crystals 
showed large amounts of strain and dislocations with a mosaic 
structure. Microscopic tubes were observed in the topographs 
of all seven samples. They were predominantly seen at the 
boundaries between different domains and along dislocations. 
We believe that the dislocations are caused by stress and the het- 
erogeneous chemical composition of the material—as revealed 
by backscattered electron imaging and chemical analysis by 
electron microprobe and high-resolution inductively coupled 
plasma—mass spectrometry for Be and Li. Local variations in 
the crystal structure may cause internal strain resulting in lattice 
dislocation. This would explain the formation of the “tabby” 
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This X-ray topograph (inset) and diffraction rocking curve 
taken in (00018) reflection show a low degree of crystal perfec- 
tion with significant lattice dislocation within pezzottaite. 


extinction effect and anomalous biaxial character seen in some 
pezzottaite samples between crossed polarizers. 


Universal Color Grading System 

Yan Liu (yanliu@liulabs.com) 

Liu Research Laboratories, South El Monte, California 

A Universal Color Grading System has been developed for accu- 
rate color grading of colored stones and colored diamonds. This 
system is based on the uniform CIELAB color space with 22 hue 
names, seven lightness levels, and four saturation intensities. The 
color name grid is optimally designed to use the least number of 
color samples to represent the maximum number of color names 
for each hue (i.e., 12 samples to represent 20 color names; see 
figure). The 22 hues are arranged on a hue circle in CIELAB 
color space according to a previous study (Sturges and Whitfield, 
1995). The hues are divided into cool and warm hues, and their 
saturation intensities and lightness levels are uniformly distrib- 
uted according to the Color Name Charts of Kelly and Judd 
(1976). The significant advantage of this system is that gemstone 
color can be accurately graded at the fineness of level 6 in the 
Universal Color Language, and not just approximately estimat- 
ed as is done by other color grading systems and methods. 

Color grades provided by the Universal Color Grading 
System consist of a color name (arranged in order of saturation, 
lightness, and hue) and the corresponding CIELAB color coor- 
dinates in the form of (C,,*, L*, h,,), which represent chroma, 
lightness, and hue angle. A sample color grade for ruby is Vivid 
Medium Red (80.0, 50.0, 26.8). The color name is a verbal 
description of the color, and the color coordinate is used for 
accurate color communication. 

A computer color imaging system called TrueGemColor 
has also been developed for color grading of colored stones and 
colored diamonds using this Universal Color Grading System. 
The TrueGemColor system is precisely profiled in the CIELAB 
color space, and more importantly it can be calibrated by users 
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for their individual computer monitors. The TrueGemColor 
system provides a reference color to match the face-up average 
color of a gemstone under a standard lighting environment. 
The reference color can be continuously changed by adjusting 
the hue, lightness, and saturation values on the screen. The 
color name and CIELAB coordinates of the matched reference 
color are automatically assigned as the color grade for the gem- 
stone. Gem laboratories and jewelers will always see the same 
color if they enter the same color coordinates of the color grade 
using the TrueGemColor system. 
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Chameleon Diamonds: A Proposed Model to Explain 


Thermochromic and Photochromic Behaviors 
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Rossman’, Thomas Hainschwang’, Stéphane Jobic!, and Rémy Dessapt! 
‘Institut des Matériaux Jean Rouxel, University of Nantes, France; "Division of 
Geological and Planetary Sciences, California Institute of Technology, Pasadena; >GIA 
GemTechLab, Geneva, Switzerland 

Chameleon diamonds are an unusual variety of colored dia- 
mond that typically change from grayish green to yellow when 
heated (thermochromic behavior) or kept in the dark (pho- 
tochromic behavior). This report is based on a study of more 
than 40 chameleon diamonds, including the 22.28 ct Green 


This name grid of the Universal Color Grading System was 
developed to use the least number of color samples to repre- 
sent the maximum number of color names. 
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Chameleon and a 31.31 ct oval gem, the largest documented 
chameleon diamonds known to date. 

As described previously for chameleon diamonds, the sam- 
ples were type IaA, indicating that A aggregates largely dominat- 
ed the nitrogen speciation. They contained moderate-to-large 
amounts of hydrogen, in addition to some isolated nitrogen and 
traces of nickel. Their UV-Vis absorption spectra comprised the 
continuum typical of type Ib material—even if this character is 
not detectable with IR spectroscopy—and, in addition, a 480 
nm band and a broad band centered at around 800 nm. It is 
mainly in the red part of the visible spectrum that the color 
change occurs because when heated or kept in the dark, the 
essential change in the UV-Vis absorption spectrum is the signif 
icant decrease of the very broad band at 800 nm (see figure). 

We propose an electronic model that is consistent with all 
observed color behaviors in chameleon diamonds. The model is 
based on the premise that, from a physical standpoint, yellow is 
the stable color whereas green is the metastable one. According 
to the literature (i-e., Goss et al., 2002), the most plausible model 
for the hydrogen-related center in diamond is N...H-C (in 
which the hydrogen atom is located near a bond center between 
N and GC, but closer to C than to N). Since chameleon dia- 
monds are predominantly type IaA, with moderate-to-large 
amounts of hydrogen, it therefore seems reasonable to suggest 
that a possible center responsible for the chameleon effect is a 
nitrogen-hydrogen complex involving the sequence N...H-C. 
REFERENCE 7 
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Source Type Classification of Gem Corundum 
Shane E McClure (smclure@gia.edu) 
GIA Laboratory, Carlsbad 


The visual characteristics that gemologists and gem traders look 
for when examining a gemstone—such as hue, tone, saturation, 
and diaphaneity—are the direct result of the geologic environ- 
ment in which the stone formed. This environment determines 
the stone’s chemical composition, growth structures, and inclu- 
sion suites, all of which affect its overall appearance. These fac- 
tors are common for all gems, but are particularly significant in 
corundum. 

While many different types of growth environments are pos- 
sible, for corundum they can be broadly categorized into two 
main groups: metamorphic and magma-related; the latter will be 
referred to simply as magmatic in this abstract. The largest dis- 
tinction between these environments is that the metamorphic 
corundum formed in the earth’s upper crust, whereas the mag- 
matic corundum crystallized much deeper in the earth at mid- 
crust or lower-crust/mantle levels. Eruptive forces are necessary to 
transport corundum from the latter group to the earth’s surface 
(typically in an alkali basaltic magma), so it is referred to as mag- 
matic. While these two broad categories of sources for corundum 
may be readily distinguished by a combination of standard 
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These UV-Vis absorption spectra of a 0.34 ct chameleon 
diamond at various temperatures show the removal of the 
very broad band at about 800 nm when the diamond is 
heated to 425 K, resulting in a change in color from gray- 
ish green to yellow. 


gemological and advanced analytical techniques, they can also 
commonly be recognized visually by a knowledgeable observer. 

Beyond these two broad source designations, there exists a 
potential to further classify rubies and sapphires of all colors 
based on their dominant inclusion features and other physical 
characteristics. These inclusion features may influence the face- 
up appearance of a ruby or sapphire. For example, “milky” 
zonal clouds of submicroscopic particles are responsible for the 
“soft” appearance or “velvety texture” of blue Kashmir sap- 
phires. Other possible features are concentrations of rutile nee- 
dles, platelets, and particles that are commonly referred to as 
“silk,” which are typical of rubies and sapphires from Mogok, 
Myanmar (Burma). Such features, although commonly associ- 
ated with a specific geographic source (e.g., Kashmir or 
Myanmar), more accurately distinguish a particular “type” of 
ruby or sapphire. Each corundum type shares other proper- 
ties—including absorption spectra, chemical trends, and 
growth structures—which may be encountered in stones from 
more than one deposit or country. 

What is proposed here is a classification for rubies and sap- 
phires using a system that is objective, repeatable, teachable, and 
relevant. It does not attempt to pinpoint geographic locality or 
a specific deposit, but it does provide information that directly 
relates to a stone’s appearance and position in the marketplace. 
The intent is to supply information to the trade that will be use- 
ful and consistent in representing their stones, which in turn 
should benefit the consumer as well. 


Color Communication: 
The Analysis of Color in Gem Materials 


Menahem Sevdermish (smenahem@gemewizard.com) 
Advanced Quality A.C.C. Ltd., Ramat Gan, Israel 
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Light 
(From page 104) 

trated by the broken line for phase relation- 
ship along the reflected path O”B’. Follow- 
ing the relationship of phase in the former 
ray, we note the difference in phases and 
find that interference of light will occur at 
O” when the reflected and refracted rays 
meet. In fact the point O” would appear 
to be dark when viewed at the angle shown 
for the path of the rays B’O” (reflected) 
and B’O”0Q’ (the refracted). 

Thus we see that if the path difference in 
a substance such as glass is such that the 
distance traveled is equal to a whole wave- 
length (§0) or any whole multiple of this 
distance, total interference will occur and 
a dark area or band will be produced. In 
Figure 5 we see that the path O to O’ to O” 
is equal to two wave lengths. 

If this distance, however, is a half wave- 
length 1/2§) or an odd multiple of half 
waves, the light will be intensified over the 
normal reflected light. 


A 
K. B 


Figure 4. Unpolarized ray AO in 
striking surface of glass MN will be 
reflected (OB) and refracted (OX) 
with same amount of partial polari- 
zation. However, since only a small 
percentage of total ray is reflected, 
ray OX will have more polarized 
light than ray OB. 


Maximum Illumination = 1/2§), 3/2{. 
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POLARIZATION 

In the following portion of this article 
we shall take up the underlying principles 
of the polarization of light. Heretofore, we 
have been dealing with light in its simplest 
form and, for the most part, we have ig- 
nored the vibrational directions of wave 
motion. Now we shall be required to think 
in a more complex manner. Polarization is 
the process of resolving the extremely com- 
plex vibrations of ordinary light into vibra- 
tions taking place in definite directions or 
in definite planes. 

A classic example usea to show motion 
progressing forward and a particle moving 
in a transverse plane also is the action seen 
in a simple coil spring when it is expanded 
and contracted. If we expand a simple coil 
spring, having one end securely fastened, 
and which we may regard as the origin of 
motion, our fitst and most obvious motion 
is that along the direction of stretching 
whereby the coils are moved apart. How- 
ever, in order to produce this effect, mo- 
tion had to be conveyed along each part of 
the whole. The progress of this: motion 
followed the coils from side to side, front 
to back and then repeated this all over 
again. This circular advance is similar to 
the transverse motion of light. The total 
forward motion which is that seen as the 
separating of the coils, is analogous to longi- 
tudinal motion. Now, as said before, polari- 
zation is the mechanics whereby this type 
of compound transverse, longitudinal mo- 
tion is reduced to a forward motion and 
one single transverse vibration. 

Figure 4 shows at A an incident ray of 
unpolarized light which strikes the surface 
of a piece of glass. The reflected ray OB 
is partially polarized as is the refracted ray 
OX. The amount of polarized light in 
rays OB—-OX is exactly the same. How- 
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The tremendous growth of Internet-oriented activities, 
together with the progress made in digital imagery and high- 
definition computer screens, has prompted this author to 
explore possibilities in the digital assessment of the color of 
gems. 

This presentation describes the creation of digital images 
of gemstones in color space, and the subsequent analysis of 
these images. A sampling, measuring, and recording system 
was developed to locate the precise position of these images in 
color space (see figure). This resulted in the incorporation in 
a database of over 15,000 colors, and over 150,000 images 
that are combinations of colors and various cutting shapes. 
Measurements of the color in each image were taken in 
400-10,000 spots, each using a specially designed formula. 
The make-up of these spots can be thought of as the “DNA” 
of the color, and it is unique to each image. 

The accumulated database of these predefined digital 
images can be used as a visual comparative tool to evaluate the 
color of actual gemstones. In addition, such a digital analysis 
and measuring system can be used to perform important tasks 
in gemological laboratories, research centers, and educational 
facilities where it is important to quantify gem colors. We are 
also exploring the possible adaptation of the system to the 
fashion industry by scanning the designed material and 
matching a gem color to it. At present, we are using the sys- 
tem to assess the correlation between the colors of colored 
stones and fancy-color diamonds. We are exploring the cre- 
ation of an Internet-oriented trading platform based on the 
digital data of the system, and the possible application of the 
system as a testing tool for color blindness. 

An automatic digital analysis of the color of a gem, which 
combines the system with a simple digital imaging tool that 
provides a constant illumination and viewing environment 
while capturing the gem image, is presently being beta tested. 
Three fundamental methods that can be used to calibrate a 
computer monitor—visual calibration, ICC profile-based cal- 
ibration, and mechanical calibration—are also being evaluat- 
ed as an important component of this system. 


Sapphires from Ban Huai Sai, Laos 


Sutas Singbamroong (sssutas@dm.gov.ae)!, Abdalla Abdelqadir Yousif', and 
Theerapongs Thanasuthipitak” 


‘Dubai Gemstone Laboratory, Dubai, United Arab Emirates; 7Department of 
Geological Sciences, Chiang Mai University, Chiang Mai, Thailand 
Gem corundum from the Ban Huai Sai area, Bokeow 
Province, northwest Laos, has been mentioned only occa- 
sionally in the literature, and limited gemological and spec- 
troscopic data have been published on samples from this 
area (Johnson and Koivula, 1996; Sutherland et al., 2002). 
This study presents a more complete characterization of this 
material. 

To date, relatively small amounts of gem corundum have 
been produced at this locality by mechanized mining as well 
as primitive extraction methods. Estimates of total corundum 
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The main screen of this computerized system designed for color 
communication (Gemewizard software) displays 31 master hues. 
Tone/saturation grids were developed for each hue, as shown here 
or blue. 


production are unavailable. The material is recovered from 
alluvial deposits derived from basaltic rock. Most of the 
corundum is blue sapphire, with the crystals typically weigh- 
ing less than 1 ct. 

A total of 306 unheated and 68 heated, gem-quality 
corundum samples (blue, milky blue, green, and yellow) were 
obtained from three mining areas near Ban Huai Sai—Huai 
Ho, Huai Sala, and Huai Kok. These samples were studied 
using standard gemological and spectroscopic methods 
(Raman, UV-Vis-NIR, FTIR, EDXRE, and LA-ICP-MS) to 
identify the inclusions, characterize the spectra, analyze the 
chemical composition, and investigate the causes of color. 

The physical, chemical, and spectral properties of the 
corundum samples from Ban Huai Sai were consistent with 
those of other basaltic corundums. They can easily be distin- 
guished from sapphires of other origins on the basis of their 
absorption spectra and chemical composition, which are 
both influenced by the comparatively high Fe contents in the 
basaltic sapphires. Nevertheless, the sapphires investigated 
here can be separated from material from all other sources by 
a combination of: (1) the presence of monazite inclusions, 
which are the most common type of mineral inclusion after 
feldspar (see figure); (2) the characteristic absorption spec- 
trum with distinctive Fe?*-Ti* intervalence charge-transfer 
bands, which are in the range of 520-650 nm and seen in 
both unheated and heated samples; and (3) significant con- 
centrations of Ti and Fe. 
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This unheated sapphire from the Ban Huai Sai area, Laos, 
contains a conspicuous inclusion of yellow monazite. 
Photomicrograph by S. Singbamroong, © Dubai Gemstone 
Laboratory; magnified 25x, oblique illumination. 


Fancy-Color Diamonds: Better Color 
Appearance by Optimizing Cut 
Sergey Sivovolenko (serg@next.msu.ru)! and Yuri Shelementiev” 


1OctoNus Software, Moscow, Russia; 7Diamond Design, Moscow, Russia 


Considerations for cutting fancy-color diamonds include yield, 
brightness, saturation, and color distribution. Here we present 
a system for selecting rough diamonds and determining the 
optimal shape and proportions during the cutting process. 
The color coordinates of a diamond may be calculated 
based on the absorption coefficient at every wavelength. These 
coordinates for various thicknesses and hues can be plotted on 
a saturation vs. brightness diagram (see figure; note that hue can 
also change with thickness). According to our research, chroma 
and colorfulness values (Hunt, 2004) may be used to evaluate 
the potential of a particular rough diamond to achieve a certain 


In this diagram, colors in 
the yellow hue range are 
plotted according to satura- 
tion (S uv) and brightness 


color grade when faceted. 

Because fancy-color grades depend in part on the path 
length of light through the cut stone, for every rough dia- 
mond with its particular size and spectrum there are restric- 
tions on the possible shapes that can be used to obtain the 
fancy-color grade. 

By using OctoNus ray-tracing software and a computer 
model of the scanned rough diamond, one can estimate the 
average light path of any cut from any piece of rough. The few 
best shapes are optimized based on the diameter, length-to- 
width ratio, and total depth that correspond to the optimal 
average light path data. During the optimization process, the 
cut proportions are varied and the light path length is calculat- 
ed for every set of cut parameters. 

Numerical metrics for dark zones, average saturation, and 
color distribution enable predictions of the cut stone’s color 
grade. For such calculations, we consider a diamond as a mosa- 
ic of small differently colored areas and calculate their color 
coordinates. A color grade for each proportion set can be deter- 
mined from a histogram containing information about the total 
area of each color weighted by its brightness. After the comput- 
er calculates color grades for various cut proportions, those with 
the best color can be determined. 

For the best computer-predicted proportions, the color 
contrast and distribution are checked visually with photorealis- 
tic color images of the diamond in different lighting conditions. 
Using the software, the cutter can compare different faceting 
plans according to weight, proportions, and color, and will be 
able to decide which cut diamond has more value. While the 
proposed technology does not grade the color of a real dia- 
mond, both the optimization software and the cutter’s expert 
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judgment may enhance colored diamond appearance by 
increasing both color brightness and saturation while avoiding 
negative optical effects. 
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European Freshwater Pearls: 
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European pearls from the freshwater mussel Margaritifera mar- 
garitifera have been known since Roman times. The mussel 
prefers rivers and streams in cool, mountainous areas. The 
shell’s length can reach 16 cm. The maximum age is 130 years, 
and the reproduction cycle is highly specialized, as the glochidi- 
ae require a host fish (either trout or salmon) in their first year. 

The distribution area stretches from northwestern Spain 
through France, Belgium, and Luxemburg to central Europe, 
with a connected area of Germany (Bavaria and Saxony), the 
Czech Republic, and Austria (Miihlviertel), apart from the 
northern German Liineburg Heath (see figure). Western 
Europe has occurrences in Ireland, England, and mostly in 
Scotland. The mussel is also found in northern Europe, in 
Scandinavia and Russia. 

The European pearl mussel is listed in the International 
Union for Conservation of Nature and Natural Resources’ 
Invertebrate Red Data Book as “vulnerable,” as populations have 
decreased by 80-90% during the last 100 years. (Fishing for 
them is now forbidden in all countries.) European freshwater 
pearls are therefore studied largely for historical interest. For 
example, the Griine Gewélbe Museum in Dresden has a neck- 
lace with 177 Saxonian pearls. 

Fourteen pearls (2.5—-8 mm) were examined in detail for 
this study: two came from Scotland, three from Russia, and 
nine from Liineburg Heath. The pearls were provided by a 
Scottish jeweler, a Russian biology station on the Kola 
Peninsula, and a family in Liineburg Heath. The colors includ- 
ed whitish gray, violetish pink, and brown, and their luster was 
medium to low. They consisted of barrel and egg shapes, baro- 
ques, drops, and one “triplet.” Their fluorescence to long- and 
short-wave UV radiation was inert to weak blue and red. 
Surface structures seen with the optical microscope (20x—40x) 
consisted of wavy lines and a nail-type pattern; on some pearls 
no structure was visible. 

Computer tomograms revealed concentric growth struc- 
tures and distinct cores of organic matter. X-radiographs 
showed no structures or irregular, linear deposits of organic 
material. Both methods can be used to prove that an inserted 
nucleus is not present. These European pearls showed a certain 
resemblance to Chinese and Japanese freshwater cultured 
pearls, mostly to those of pre-1990 production. A distinctive 
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These European freshwater pearls (4.58.5 mm) are from 
Liineburg Heath in Germany. Photo by Elisabeth Strack. 


difference is that none of the 14 pearls examined showed fluo- 
rescence to X-rays, which is a characteristic feature of the Asian 
freshwater cultured pearls. 


Developing Corundum Standards for 

LA-ICP-MS Trace-Element Analysis 

Wuyi Wang (wwang@gia.edu)', Matthew Hall!, Andy H. Shen’, 

and Christopher M. Breeding? 

'GIA Laboratory, New York; ?GIA Laboratory, Carlsbad 

The trace-element composition of ruby and sapphire is useful 
for detecting treatments and for assessing geographic origin. 
LA-ICP-MS is a powerful chemical analysis technique, but it is 
prone to problems created by matrix effects between standards 
and the tested samples. The signal intensity from a given ele- 
ment is determined not only by its concentration, but also by 
concentrations of coexisting elements, as well as by the structure 
of the sample. The most reliable method of standardization is 
to use reference materials with the same major-element compo- 
sition and crystal structure as the sample being analyzed. For the 
LA-ICP-MS analysis of gem corundum, it is therefore prefer- 
able to develop element-in-corundum standards rather than 
using NIST glasses, which have very different compositions and 
structures than corundum. 

Synthetic corundum crystals were grown using the Czoch- 
ralski method with various trace-element dopants, including 
Mg, Ti, Cr, Fe, V, and Ga. Extensive LA-ICP-MS analysis 
showed that the relative standard deviations (RSDs) of the 
doped trace-element concentrations were less than 7% (except 
for Mg, ~11%). This is comparable to the compositional vari- 
ations in NIST 612 glass that were measured by the same 
instrument. 

It is technically difficult to grow corundum with a relatively 
high content of Fe (up to several thousand ppm) using the 
Czochralski method. Therefore, Fe-rich natural corundum was 
used instead. The distribution of Fe in many such samples was 
measured, and a few were shown to be very homogeneous, with 
an RSD of <5%. 

To produce a beryllium-in-corundum standard, high-puri- 
ty synthetic corundum disks (22.0 mm in diameter and 3.6 
mm thick) were coated on both flat surfaces with a thin layer of 
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BeO in a binder and dried. The disks were heated to 1800°C 
in an oxygen atmosphere for 100 hours, and then ground on 
both sides to a depth of 0.3 mm and polished. Extensive LA- 
ICP-MS analysis showed that the RSD of Be concentrations 
was ~4% horizontally and ~8% vertically (with depth). 

Absolute concentrations of the doped trace elements in 
the various standards were determined using SIMS analyses, 
which were calibrated using ion-implanted corundum stan- 
dards (see table). 

LA-ICP-MS analysis was performed on the trace element— 
doped corundum standards and NIST glasses using the same 
analytical conditions to evaluate the matrix effects. The NIST 
glasses were much more easily ablated by the laser, and they also 
generated significantly higher counts/ppm than the synthetic 
corundum. As a result, the LA-ICP-MS—measured concentra- 
tions of trace elements in corundum would be much lower 
than the true values when NIST glass standards are used for cal- 
ibration. 


Acknowledgments: The authors are grateful to Q. Chen, J. 
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Geology of Gem Deposits 


Garnet Inclusions in Yogo Sapphires 
Andrea Cade (acade@eos.ubc.ca) and Lee A. Groat 
Department of Earth and Ocean Sciences, University of British Columbia, Vancouver, 
Canada 
Yogo sapphires from central Montana are famous for their 
natural blue color. Although these stones have been mined 
intermittently for more than a century, little is understood 
about the deposit itself! The sapphires are found in an Eocene 
ultramafic lamprophyre dike on the eastern flank of the Little 
Belt Mountains. The dike is a member of the Central 
Montana Alkalic Province, a suite of alkalic rocks intruded 
from the Late Cretaceous to the Paleocene. The dike is trace- 
able for more than 5 km and ranges in width from more than 
7 m to less than 10 cm, pinching out in some places. 

At the surface, the dike material weathers quickly and 
resembles the “yellow ground” of kimberlite. The sapphires 


Trace-element concentrations in corundum standards 
developed for LA-ICP-MS analysis. 


Element Concentration (ppm by weight) 
Be 15.2+0.5 
Mg 16:14:22 
Ti 189 +4 
Vv 243 + 27 
Cr 2928 + 28 
Fe 95.1 + 5.6; 8540 + 177 
Ga 99.4 + 3.0; 948 + 43 
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are found as macrocrysts within the dike. Several hypotheses 
have been presented for the origin of the sapphires, includ- 
ing xenocrysts from the crust, crystallization during contact 
metamorphism of the base of the crust by the lamprophyric 
magma, crystallization from the magma, and xenocrysts 
from the mantle. The corroded exterior of the sapphires 
indicates that they were not in equilibrium with the magma 
at the time of emplacement, but this does not exclude the 
possibility that they crystallized from the melt. The purpose 
of the present research was to study the origin of the sap- 
phires using the composition of mineral inclusions, particu- 
larly garnet, within the crystals. 

Fourteen garnet inclusions from seven sapphire crystals 
were examined. The garnet crystals were subhedral to euhe- 
dral and pale reddish orange (see figure). Mg, Fe, Ca, Cr, Ti, 
and Na contents of garnets can be used to distinguish 
between different parageneses. An electron microprobe was 
used to collect this preliminary geochemical data. The garnet 
inclusions were Cr-poor (0.02 wt.%), low in TiO, (0.12 
wt.%) and NaO (0.02 wt.%), and had values of 10.7, 14.0, 
and 11.2 wt.% for MgO, FeO.,, and CaO, on average, 
respectively. This indicates that the garnet inclusions were 
formed in the mantle in Group II eclogite (B), according to 
the classification of Schulze (2003), and that the sapphires 
are xenocrysts in the melt, also originating from the mantle. 
Although corundum in mantle eclogite is known, this is the 
only known economic deposit. 

REFERENCE 
Schulze D. (2003) A classification scheme for mantle-derived garnets in kimberlite: A 
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These reddish orange inclusions in a Yogo sapphire are eclogitic 
garnets. Photomicrograph by A. Cade. 
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Geology and Mining of 

Southern Tanzanian Alluvial Gem Deposits 

Jim Clanin (jclanin54@aol.com) 

JC Mining Inc., Hebron, Maine 

Alluvial gem deposits are found throughout southern Tanzania. 
They are distributed in the Ruvuma region, from Songea in the 
west to Tunduru in the east and on into the area around 
Ngurumihiga and Kitowelo in the Liwale region. The deposits 
are associated with the Kalahari Formation, and consist of 
unconsolidated eolian sandstone (up to 60 m thick) resting on 
top of a fluvial basal conglomerate (up to 4.5 m thick). The 
gems are hosted by the conglomerate, with bigger and better 
stones generally recovered from the thicker conglomerate layers 
with the coarser-sized clasts. Many gem varieties are found 
throughout the region. The most important gems are alexan- 
drite, cat’s-eye alexandrite, blue sapphire, ruby, and color- 
change garnet, spinel, and corundum. Diamonds are occasion- 
ally recovered. 

Just east of the town of Tunduru lies the Muhuwesi River. 
There are two types of alluvial deposits along this river. To the 
north of the bridge on the Tunduru-Masasi road the gems are 
hosted by Kalahari conglomerates, and to the south of the 
bridge they are mined from reworked Kalahari sediments in 
bedrock channels. Gems from the latter area are generally small- 
er, but there is a greater variety. 

In the Liwale region, Kitowelo is the name of a mining vil- 
lage situated along the Nambalapi River; the village is located 
about 125 km northeast of Tunduru. Here, the Kalahari 
Formation is also being exploited for alluvial gems. Locally, this 
formation is called the Mbemburu Sand Series and covers 
more than 1,300 km’. There are three areas near Kitowelo 
where the conglomerate is extensive (e.g., up to 1.75 m thick 
with cobbles reaching 30 cm across) and such layers have pro- 
duced gems of 10 g and larger. 

In the Tunduru-Liwale region, 17 different gem minerals 
have been found along the rivers. Altogether, 46 varieties of 
those species have been described in the literature. There also 
appears to be a great deal of potential for more alluvial deposits 
throughout the region, particularly in areas that lie outside of 
the modern-day river valleys. 


Geologic Origin of Opals Deduced from 
Geochemistry 


Eloise Gaillou (eloise.gaillou@cnrs-imn.fr)', Aurélien Delaunay', Emmanuel 
Fritsch!, and Martine Bouhnik-le-Coz* 


‘Institut des Matériaux Jean Rouxel, Nantes, France; "Laboratoire de Géochimie, 
Rennes, France 


Seventy-seven opals from 11 countries were characterized and 
then chemically analyzed by inductively coupled plasma—mass 
spectrometry (ICP-MS) in order to establish the nature of the 
impurities, correlate the mode of formation with the physical 
properties of the opals, and evaluate the use of geochemistry for 
establishing geographic origin. 

The main impurities present were, in order of decreasing con- 
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centration, Al, Ca, Fe, K, Na, and Mg (more than 500 ppm). 
Other noticeable elements in lesser amounts were Ba, Zr, Sr, Rb, 
U, and Pb. For the first time, a distinction was found between 
various kinds of opal deposits according to their geochemistry. 
Compared to those from sedimentary deposits, volcanic opals 
were characterized by relative anomalies in Eu and Ce in their 
rare-earth element (REE) patterns. Opals from each volcanic 
deposit could be distinguished mostly according to their Ca con- 
tent (or, if necessary, using Mg, Al, K, or Nb). For example, vol- 
canic opals from Ethiopia could be separated by a high Ca con- 
tent, the presence of Nb, and a positive Ce anomaly in their REE 
patterns. The opals could also be separated according to their Ba 
content; sedimentary opals had Ba concentrations higher than 
110 ppm, while volcanic opals were generally poor in Ba (see fig- 
ure). The restricted range of all element concentrations for play- 
of-color opals around the world indicates that they must have 
very specific conditions of formation compared to those of com- 
mon opals. 

An initial interpretation of the “crystallochemistry” of this 
amorphous material looked at the crystallographic site of cer- 
tain impurities as well as their substitutions. The main replace- 
ment is the exchange of Si** by Al** and Fe**. This modifica- 
tion involves a charge imbalance neutralized by the presence of 
additional cations (mainly Ca?*, Mg”, Mn?*, Ba**, K*, and 
Na‘). It was also shown for the first time that the chemistry of 
an opal influences its physical properties. For example, greater 
concentrations of iron correlated to darker colors (from yellow 
to “chocolate brown”). This element inhibits luminescence, too, 
whereas only trace amounts of U (1 ppm, sometimes less) 
induce a green luminescence. 

Host rocks from Mexico and Brazil were analyzed to under- 
stand the conditions of opal genesis and the mobilization of ele- 
ments during the weathering process. The geochemistry of an 
opal depends mostly on the host rock, although it may be mod- 
ified by processes of dissolution during the weathering. 


Diamond Occurrence and Evolution in the Mantle 

Jeff Harris (j-harris@ges.gla.ac.uk) 

Department of Geographical and Earth Sciences, University of Glasgow, United Kingdom 
The types and chemical compositions of syngenetic minerals 
included in diamonds indicate that diamond formation with- 
in the earth extends over the depth range from 700 km (some 
30 km below the upper/lower mantle boundary) to about 150 
km. The presence of ferropericlase with Mg- and Ca-per- 
ovskite-structured silicates in the same diamond help define 
the lower-mantle origin. Diamonds from the transition zone 
(660 to 410 km) are identified by rare occurrences of spinel in 
orthorhombic olivine inclusions. Diamond formation, not 
only within the transition zone, but also in the asthenosphere 
and lithosphere (410 to 200-150 km), is identified by a sys- 
tematic variation in the composition of a garnet inclusion 
called majorite. Trace-element patterns within the majorites 
indicate that the carbon forming these diamonds may have a 
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Opals from volcanic and sedimentary origins can be separat- 
ed on the basis of their barium (Ba) concentrations, regard- 
less of whether they are amorphous (opal-A) or poorly crys- 
tallized (opal-CT). 


crustal component that is best explained by diamond forma- 
tion in a subducting slab. 

The above mineral assemblages are rare relative to those 
trapped in diamonds that form at the base of cratons at depths 
of 180-150 km. These inclusions identify two principal 
growth environments for diamond: peridotitic (olivine, 
orthopyroxene, Cr-pyrope garnet, chromite, and rare clinopy- 
roxene, with Ni-Fe sulfides) and eclogitic (jadeitic clinopyrox- 
ene and pyrope-almandine garnet, with rutile, kyanite, and 
Ni-Fe sulfides). Study of these inclusions provides information 
on the temperature and pressure of diamond formation (950 
to 1250°C, and generally between 5 and 6 GPa—the latter 
equivalent to 150 to 180 km depth), as well as the genesis ages 
of the diamonds (between 1 and 3.5 billion years old). The age 
of the earth is 4.5 billion years. 

Studies of the carbon isotopes and the total nitrogen con- 
tents in the host diamond can be linked to the geochemical 
information obtained from the inclusions. For all lower-mantle 
diamonds, the carbon isotopic ratio (6!°C) is that of the man- 
tle at -5%o with nitrogen contents of zero (type II diamonds). 
For diamonds in the transition zone and asthenosphere, 6!°C 
ratios vary widely (—3.5%o to —24%o), but again the diamonds 
are invariably type II. Peridotitic diamonds formed beneath cra- 
tons have a narrow 5'°C signature centered around —5%o with 
nitrogen contents averaging 200 ppm. For eclogitic diamonds, 
there is also a major 8'°C peak at —5%o, but with tails to more 
depleted values of -30%o and enrichments of up to +5%o. 
Nitrogen contents average 300 ppm. 

Diamond genesis may occur either as a direct conversion 
from graphite, or through chemical reactions involving man- 
tle carbonates or methane. Because of resorption and plastic 
deformation (the latter causing diamond to become brown), 
the shape and color of deep diamonds are not good. With 
shallower diamonds, there is a broader color range and 
resorption processes are more clearly defined, with octahedral 
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diamonds changing to rounded dodecahedrons, for example. 
Such shape changes probably occur during kimberlite gene- 


sis and emplacement. 


Geochemical Cycles of Gem-Forming Elements: 
What It Takes to Make Tourmaline, Beryl, Topaz, 
Spodumene, and other Pegmatitic Gems 

David London (dlondon@ou.edu) 

School of Geology and Geophysics, University of Oklahoma, Norman 


Granitic pegmatites are the principal or sole sources of 
important colored gems that include varieties of beryl, tour- 
maline, spodumene, topaz, spessartine, and a few others. In 
addition to the common constituents of Si, Al, and O, each 
of these minerals contains an essential structural component 
(ESC) that is comparatively rare: Li in spodumene, Be in 
beryl, B in tourmaline, F in topaz, and Mn in spessartine. 
Therefore, the formation of these potential gem minerals is 
controlled largely by the geologic abundance of the rare ESC 
that each contains. 

The average abundance of Li, Be, B, E and Mn (see table) 
may be grouped according to four categories: (1) in the earth’s 
crust; (2) in rhyolite obsidians that represent the unfractionated 
igneous precursors to granitic pegmatites; (3) a representative 
concentration of each ESC in granitic pegmatites that notably 
contain spodumene, beryl, tourmaline, topaz, or spessartine; 
and (4) the approximate concentration of each element needed 
to precipitate its characteristic mineral (i.e., reach saturation) in 
granitic melts at pressures of ~ 100-300 MPa and at magmatic 
temperatures of ~600—650°C. 

Most gem-bearing pegmatites evolve from granitic melts, 
which originate by partial melting of sedimentary and 
igneous rocks in mountain belts at the margins of continents, 
and beneath rift zones within the continental interiors. The 
common rock-forming minerals that participate in melting 
reactions include quartz, feldspars, micas, amphiboles, 
clinopyroxene, cordierite, garnet, spinel, and perhaps olivine. 
Ifa rare ESC is compatible in one of these minerals (e.g., as 
is Be in cordierite), then that host mineral may sequester the 
ESC if the mineral does not participate in the melting reac- 
tion, or it may provide a source of the rare ESC if that host 
mineral is a major contributor to the formation of the 
granitic melt. For the rare elements Li, Be, EK and Mn, the 
micas—biotite and muscovite—are the most important min- 
erals for determining the rare-element enrichment in the 
granitic melt at source. Micas and metamorphic tourmaline 
also contribute most of the B. 

‘Two important observations emerge from the data in the 
table. First, the formation of minerals with rare ESCs requires 
an extraordinary degree of chemical refinement via crystal 
fractionation. In general, these rare minerals become saturat- 
ed in pegmatite melts only after >95% of the original granitic 
melt has solidified. Though this evolutionary relationship 
from granite to pegmatite has long been assumed, it has not 
previously been demonstrated, and contradictory models have 
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persisted in the scientific arena. Second, the pegmatites do not 
always appear to contain sufficient ESCs to form these gem 
minerals at magmatic temperatures. There are several possible 
explanations for this conundrum, including the likely case 
that the ESCs of some gem minerals only become sufficient- 
ly concentrated to produce gem crystals after extended frac- 
tional crystallization of the pegmatite magmas themselves. As 
temperature falls, lower concentrations of rare ESCs are need- 
ed to crystallize the gem-forming minerals. Recent modeling 
suggests that pegmatite dikes—miarolitic gem pegmatites in 
particular—solidify ~200°C below the temperatures expected 
of granitic magmas. At these lower temperatures, near 
~400—450°C, the “saturation” and “pegmatite” concentra- 
tions of the ESCs converge to similar values. 


Elemental abundance of rare elements that form 
essential structural components in pegmatitic gem 
minerals (in ppm). 


Li Be B F Mn 
Crust! 20 3 20 625 950 
Obsidian? 57 4 30 900 700 


Pegmatite 30008 550* 1900° 6400° 1200° 
Saturation 70008 150’ ~— 60008 30000 =10000'° 


7 Mason B., Moore C.B. (1982) Principles of Geochemistry, 4th ed. 
John Wiley & Sons, New York, 344 pp. 

? Macdonald R., Smith R.L., Thomas J.E. (1992) Chemistry of the 
Subalkalic Silicic Obsidians. U.S. Geological Survey Professional 
Paper 1523, 214 pp. 

8 Stewart D.B. (1978) Petrogenesis of lithium-rich pegmatites. 
American Mineralogist, Vol. 63, pp. 970-980. 

* London D., Evensen J.M. (2008) Beryllium in silicic magmas and 
the origin of beryl-bearing pegmatites. In E.S. Grew, Ed., Beryllium: 
Mineralogy, Petrology, and Geochemistry, Mineralogical Society of 
America Reviews in Mineralogy & Geochemistry, Vol. 50, pp. 
445-486. 

5 London D., Morgan G.B. VI, Wolf M.B. (1996) Boron in granitic 
rocks and their contact aureoles. In E.S. Grew and L. Anovitz, Eds., 
Boron: Mineralogy, Petrology, and Geochemistry of Boron in the 
Earth’s Crust, Mineralogical Society of America Reviews in 
Mineralogy, Vol. 33, pp. 299-330. 

8 Cerny P. (2005) The Tanco rare-element pegmatite deposit, 
Manitoba: Regional context, internal anatomy, and global compar- 
isons. In R. Linnen and |. Sampson, Eds., Rare-element 
Geochemistry of Ore Deposits, Geological Association of Canada 
Short Course Handbook 17, pp. 127-158. 

7 Evensen J.M., London D., Wendlandt R.F. (1999) Solubility and 
stability of beryl in granitic melts. American Mineralogist, Vol. 84, 
pp. 733-745. 

8 Wolf M.B., London D. (1997) Boron in granitic magmas: Stability 
of tourmaline in equilibrium with biotite and cordierite. Contributions 
to Mineralogy and Petrology, Vol. 130, pp. 12-30. 

° London D., Morgan G.B. VI, Wolf M.B. (2001) Amblygonite-mon- 
tebrasite solid solutions as monitors of fluorine in evolved granitic 
and pegmatitic melts. American Mineralogist, Vol. 86, pp. 225-233. 
10 London D., Evensen J.M., Fritz E., lcenhower J.P, Morgan G.B. 
VI, Wolf M.B. (2001) Enrichment and accommodation of man- 
ganese in granite-pegmatite systems. 11th Annual Goldschmidt 
Conference, Abstract 3369, Lunar Planetary Institute Contribution 
1088, Lunar Planetary Institute, Houston, Texas (CD-ROM). 
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The Miarolitic Stage in Granitic Pegmatites: How 
Mother Nature Makes Big, Clear Crystals 

David London (dlondon@ou.edu) 

School of Geology and Geophysics, University of Oklahoma, Norman 

Gem material is rare for three reasons: (1) many gem-forming 
minerals are uncommon in nature, (2) the potential gem crys- 
tals need to be large enough for jewelry applications, and (3) the 
crystals must possess a high degree of transparency. One envi- 
ronment in which a variety of minerals achieve large, clear crys- 
tal perfection is clay-filled cavities or “pockets” within granitic 
pegmatites. These cavities, also termed miaroles, are the final 
portions of granitic pegmatites to solidify. 

Industrial mineralogists can create large, clear single crystals 
of normally insoluble oxides and silicates by growth in high- 
temperature fluxed melts. These fluxes, which include H,O, 
excess alkalis, B, R and sometimes FE promote the growth of 
large, clear crystals in two ways. First, the fluxes decrease the vis- 
cosity of melts and, as a result, enhance diffusive mass transport 
of nutrients from the melt to the growing crystal surface. 
Second and more important, the fluxes interfere with the nucle- 
ation of crystals from the melt, such that when a crystal does 
nucleate, it can grow to a large size. When a flux-rich melt is in 
contact with silicate crystals, it can dissolve other silicate solids 
or liquids along the crystal surface, leaving the crystal inclusion- 
free, and hence transparent. 

Nature appears to use the same process in the growth of 
gem crystals within miarolitic pegmatites. The pegmatite-form- 
ing process creates the necessary fluxes by concentrating alkalis, 
H,0O, B, P and F in the melt along the boundary interfaces of 
growing crystals. While the crystal growth rate remains high, 
these fluxed boundary layers of melt can concentrate rare ele- 
ments and dissolve solid phases. The transition from ordinary 
pegmatite to that enriched in rare elements and gem-quality 
crystals denotes a change in the medium of crystallization from 
the bulk pegmatite melt (which contains some flux but is typi- 
cal of granitic compositions) to the fluxed boundary liquid 
itself, The fluxed medium may exist at low temperatures, and 
once the fluxes are removed by crystallization or lost to sur- 
rounding rocks, then the remainder of the silicate material 
solidifies into fine-grained aluminosilicate clays. Together with 
the flux-rich crystalline phases like tourmaline (enriched in B), 
topaz (F), montebrasite (P) and other rare minerals, the primary 
pocket clays may constitute the last remains of the original gel- 
like fluxed boundary medium. The excess, soluble components 
of the fluxes are lost to the surrounding rocks. Localized reac- 
tions between the pocket fluids and the pegmatite host rocks 
may be useful for the indirect discovery of gem-bearing cavities. 


Some Open Questions on Diamond Morphology 
Benjamin Rondeau (rondeau@mnhn.fr)! and Emmanuel Fritsch? 


'Muséum National d’Histoire Naturelle, Paris, France; “Institut des Matériaux Jean 
Rouxel, Nantes, France 


The geologic conditions of natural diamond formation can 
sometimes be inferred from diamond morphology. For 
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example, the observation of micromorphology helps estab- 
lish the mode of growth that derives from the driving force 
(a combination of all parameters that affect crystal growth 
such as saturation, temperature, and pressure; see Sunagawa, 
1981). Nonetheless, the geologic significance of the many 
diamond morphologies remains unclear. For example, a high 
hydrogen content is apparently needed for cuboid growth 
(Rondeau et al., 2004). However, the exact conditions trig- 
gering such growth are still a matter of speculation, as cuboid 
diamond has never been reproduced by synthesis. Fibrous 
diamond develops under very high driving force (very favor- 
able growth conditions), much higher than layered, octahe- 
dral growth (Sunagawa, 1981). Coated diamonds, showing a 
fibrous overgrowth on an octahedron, are thought to have 
developed during kimberlite eruption (Boyd et al., 1994) 
when pressure diminishes dramatically (and hence, driving 
force increases) by the overgrowth of fibrous rims on pre- 
existing octahedra. This model is contradictory to the gener- 
al observation that diamond crystals are very often partially 
dissolved, as this dissolution is believed to occur in the kim- 
berlite magma as the diamonds are transported to the surface. 
So, what are the geologic conditions in which fibrous growth 
may occur? 

Moreover, a diamond. showing a fibrous core embedded 
inside a layered, octahedral rim (see figure) may signify that 
slow octahedral growth can occur after a stage of rapid fibrous 
growth. Does this signal an abrupt change of growth condi- 
tions? And what kind of geologic event could cause such an 
abrupt transition? 

Also, thermodynamic diagrams predict that, generally, 
the hopper morphology (with hollow, step-like faces and 
straight edges) develops under intermediate conditions of 
driving force, between the two above-mentioned growth 
modes. Nonetheless, hopper morphology has never been 
observed in natural diamond (even if the term /opper has 
been misused on occasion for skeletal cuboid or mixed-habit 
natural diamonds; see Koivula et al., 2004). There is no the- 
oretical reason to believe that hopper growth is not possible 
in natural diamond, since it is observed in certain synthetic 


This unusual diamond 
(prepared as a 1-mm-thick 
plate) shows a fibrous core 

surrounded by an octahe- 
dral rim; photo by B. 
Rondeau. The schematic 
diagram shows the inferred 
growth layers and their crys- 
tallographic orientations. 
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diamonds, but why is it not observed in nature? Does this 
mean that natural diamond grows under conditions for 
which fibrous growth immediately follows layered growth by 
increasing driving force? 

To answer these questions requires future cooperation 
between various fields of science (thermodynamics, crystal 
growth, spectroscopy, petrology, geochemistry, etc.). Also, 
experimentation is needed to further support certain hypothe- 
ses on the formation of unusual diamonds. 
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The Gel Model for the Formation of Gem-bearing 
Pockets within Granitic Pegmatites, and Implications 
for Gem Synthesis 

Matthew C. Taylor (taylor@sci.muni.cz) 

Institute of Geological Sciences, Masaryk University, Brno, Czech Republic 

Previous theories describing the crystallization of gem “pockets” 
(cavities) within granitic pegmatites have focused on three ori- 
gins: (1) supercritical aqueous solutions (water-rich fluids) 
exsolved from silicate melts; (2) water-rich melts that contain 
significant amounts of additional fluxes (e.g., boron, phospho- 
rus, fluorine); and (3) dissolution or “solution” cavities that 
formed by the hydrothermal alteration of preexisting minerals 
(London, 2003). Evidence now suggests another possible origin 
for pegmatites and their associated gem pockets: crystallization 
from supercritical silicic gels (Taylor, 2005). Aqueous-phase and 
fluxed-melt techniques of crystal growth have been extensively 
exploited to create many kinds of facetable synthetics, but some 
gem varieties still elude researchers. Given the hypothesis 
described below for pegmatite pocket formation, basic growth 
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procedures in subcritical gels (Henisch, 1970) might be adapt- 
ed to supercritical gels that are dispersed after crystal growth and 
provide a future direction for gem synthesis, particularly for 
tourmaline. 

The crystallization of granitic pegmatites is now thought 
to occur mostly below 400°C but in what are still considered 
magmatic conditions (Sirbescu and Nabelek, 2003). The 
transition from massive pegmatite into pockets typically starts 
with blocky crystals of K- and/or Na-feldspar, followed by 
gem minerals such as spodumene, tourmaline, and beryl 
(aquamarine), and accompanied by bladed albite (“cleave- 
landite”). Some gem minerals may also appear late, as shown 
by beryl (morganite) and topaz that grew on cleavelandite. All 
of these minerals, however, predate ubiquitous massive quartz 
as well as quartz crystals in pockets. Pegmatitic tourmaline 
may exhibit evidence of periodic precipitation (i.e., Liesegang 
rings) and oscillatory compositional zoning that are not found 
in a melt or aqueous liquid/vapor where convection can occur, 
but these features have been described in gels. These phenom- 
ena suggest that gem crystal growth in pegmatites is occurring 
at supercritical aqueous conditions within a dense silicic gel. 

The gel model of pegmatite crystallization can be used to 
explain the formation of gem-bearing pockets through the 
release of fluids that accompany cooling and crystallization of 
silicic gels. When consolidating pegmatites cool through the 
critical temperature of their pore fluids (e.g., steam condensing 
to liquid water), depending on pore diameters, gels may order 
into crystalline solids (i.e., massive quartz) or disperse into col- 
loidal solutions (sols). These sols then precipitate as quartz 
crystals within pockets, along with zeolites, clays, and/or opal 
below the critical temperature. The release and ultimate accu- 
mulation of fluids from silicic gels give rise to pockets in peg- 
matites and, at times, an abundance of loose gem crystals with- 
in the cavities. 
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The Sandawana Model of Emerald Formation 

J. C. (Hanco) Zwaan (zwaanj@naturalis.nl) 

National Museum of Natural History, Netherlands Gemmological Laboratory, Leiden 
Sandawana emeralds formed at the contact between green- 
stones of the Mweza Greenstone Belt and rare-element granitic 
pegmatites, which were intruded during the main deformation 
event that occurred 2.6 billion years ago at the southern border 
of the Zimbabwe craton. Subsequently, a Na-rich fluid was 
injected along shear zones, causing albitization of the pegmatite 
and phlogopitization in the greenstone wall-rock. Coeval duc- 
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tile deformation is indicated by boudinage and folding of peg- 
matites, by differentiated layering in associated amphibole-phl- 
ogopite schist, and by the presence of (micro) shear zones. The 
synkinematic growth of phlogopite, emerald, fluorapatite, 
holmquistite, and chromian ilmenorutile indicates enrichment 
of Na, K, Li, Be, F B Rb, Cs, Ta, and Nb in the emerald-bear- 
ing shear zone. This suggests that emerald formation is closely 
related to syntectonic K-Na metasomatism. In this process, 
microcline, oligoclase, quartz (from the pegmatite), and chlorite 
(from the greenstones) were consumed, in favor of albite (in the 
pegmatite), phlogopite, some new actinolite and cumming- 
tonite, holmquistite, fluorapatite, and emerald (at the contact 
and in the greenstone). Mass balance calculations indicate that 
a Na- and F-rich hydrous fluid must be involved in these alter- 
ations that ultimately caused emerald formation. The presence 
of small, isolated, highly saline brine inclusions in emerald sup- 
ports this calculation. 

Apatite-phlogopite thermometry gives temperatures of 
560—650°C, which is interpreted as the range for emerald for- 
mation. These temperatures imply contact metamorphic rather 
than regional metamorphic conditions. Because of the intimate 
spatial and temporal relationship with magmatic activity, the 
pegmatitic/hydrothermal nature of the involved fluid, and the 
near-magmatic temperatures of phlogopite and apatite forma- 
tion, a magmatic source for the Na-rich fluids is very likely. 

The Sandawana data lead to a new model of emerald for- 
mation: It is a product of contact metasomatism between 
ultramafic rocks and rare-element pegmatites during a defor- 
mation event involving late-stage magmatic/hydrothermal 
activity channeled by shearing. This model does not fit into 
genetic classification schemes proposed in the literature, and it 
demonstrates that no single theory can be applied to all schist- 
type emerald deposits. Gem-quality emeralds can be formed in 
very different geologic settings, as long as basic conditions are 
fulfilled: namely, the availability of beryllium and chromium 
(+ vanadium); means of transport to bring the elements 
together (fluids of magmatic, hydrothermal, metamorphic, or 
combined origin); conditions in which emerald may form as a 
stable mineral (temperatures of 300—600°C); and sufficient 
space to grow transparent and well-formed crystals. 


Laboratory Growth of Gem Materials 
Growth of CVD Synthetic Diamond 


James E. Butler (james.butler@nrl.navy.mil) 

Gas/Surface Dynamics Section, Code 6174, Naval Research Laboratory, Washington, DC 
Natural diamonds are like snowflakes or graduate students. 
No two are alike, and many can be gems! Chemical vapor 
deposition (CVD) of single-crystal synthetic diamond can 
now exceed the quality and purity of natural diamonds, and 
it has the technological advantage of reproducibility. For 
example, various groups have demonstrated growth rates 
exceeding 100 um per hour, and produced single crystal 
plates with lateral dimensions exceeding 10 mm, a rod of over 


Gems & GEMOLOGY FALL 2006 111 


10 ct, and various colors ranging from colorless (“D”) to blue. 
CVD synthetic diamond will ultimately be most valuable in 
advancing technologies such as electrical power production 
and transmission, advanced optics, medical sensors, electron- 
ics, and communications, among others. 

The technological exploitation of diamond is driven by 
the extreme and useful material properties of diamond, and 
it requires repeatability, control, and uniformity unavailable 
in natural diamonds. The main use (i.e., gem versus indus- 
trial) for CVD single-crystal synthetic diamond will depend 
on the market value of the ultimate device. Significant sci- 
entific and technological barriers exist to the growth of sin- 
gle-crystal CVD synthetic diamond. These include substrate 
quality, preparation, and availability; the CVD growth 
process; suppression of crystal twin formation; and gas puri- 


ty and doping. 


Growth, Morphology, and Perfection of Single 
Crystals: Basic Concepts in Discriminating Natural 
from Synthetic Gemstones 

Ichiro Sunagawa (i.sunagawa@nifty.com) 

Tachikawa, Tokyo, Japan 

Natural gem crystals form under various growth conditions, 
and may undergo individual growth and post-growth processes 
that influence their crystal morphology and degree of perfection 
and homogeneity. In contrast, synthetic crystals are forced to 
grow within a limited time, with growth usually initiated on a 
seed, under different conditions from their natural counter- 
parts. Their growth peculiarities are recorded, even in nearly 
perfect single crystals, through the various forms of imperfec- 
tions and heterogeneities. These can be visualized even in eye- 
clean samples if the appropriate methods are applied. 

In distinguishing natural from synthetic gemstones, gemol- 
ogists need to understand how crystals grow, and how their 
morphology, perfection, and homogeneities are influenced by 
their growth conditions. Important considerations include: 


¢ The nature of the growth technique employed and the phas- 
es involved (melt, solution, or vapor phases) 


The role of driving force for growth (mass transfer and heat 

transfer; polyhedral, hopper, and spherulitic morphology) 

¢ The structure of the solid-liquid interface (rough and 
smooth interface, thermodynamic and kinetic roughening 
transition) 

¢ The growth mechanism (adhesive type on rough interface, 

two-dimensional nucleation growth, or spiral growth mecha- 

nism on smooth interface) 


The origin of lattice defects (dislocations generated from the 
seed or substrate surface and forming inclusions, element par- 
titioning related to kinetics) 


The methods in which the morphology of crystals and ele- 
ment partitioning are controlled (growth sectors, growth 
banding, kinetically controlled element partitioning) 
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These concepts can be used to demonstrate the importance 
of the science of crystal growth in gemology, as is evident in a 
comparison of the similarities and differences among natural, 
HPHT-grown, and CVD-grown synthetic diamonds. 


New Gem Localities 
Amethyst Mining in Zambia 
Bjorn Anckar (bjorn.anckar@geologem.com) 


European Union Mining Sector Diversification Programme, Lusaka, Zambia 


One of the world’s largest producers of amethyst is the 
Republic of Zambia in south-central Africa. Amethyst mining 
takes place in several parts of the country, but only three local- 
ities have any significance in the gem trade. The most impor- 
tant occurrence is the Mapatizya mining area in the Kalomo 
District of southern Zambia. Amethyst has been mined here 
since its discovery in the late 1950s. At present there are about 
60 registered mining plots but only about 10 can be consid- 
ered active producers. Currently, there is one large operator 
and a few moderate-scale operations. There are also a number 
of small-scale mining operations as well as an abundance of 
artisanal miners and illegal diggers. About 5,000 people have 
settled in the immediate area and depend on amethyst mining 
for their livelihood. The local climate is very arid, and agricul- 
ture is at the subsistence level or lower. The poverty of the area 
is striking. 

Amethyst mining by the large- and moderate-scale opera- 
tors is accomplished in open pits using bulldozers and excava- 
tors. Small-scale operators dig pits and tunnels using only picks 
and shovels. Processing is very labor intensive, and includes 
washing, sorting, cobbing, sawing, and final sizing/grading of 
large amounts of mined material. 

Production in Zambia over the last decade averaged about 
1,000 tonnes of amethyst annually. The vast majority of this 
production is low grade and mostly exported to China for 
carving and bead making. A small portion of the total pro- 
duction constitutes facet grade with a vivid purple “Siberian” 
hue. Faceted amethyst from Zambia ranges from melee to 
>50 ct. Heat treatment is not performed, as the material turns 
an unattractive grayish green. Frequent bush fires and intense 
sunlight in the area have turned all surface-exposed amethyst 
veins to this color. 

Amethyst mines are also located in central Zambia, in 
Chief Kaindu’s area north-northwest of Mumbwa. The area is 
most noted for its production of specimens of attractive 
amethyst druses; some are quite large and weigh several tonnes 
(see figure). The crystals are generally large, ranging from 2 to 
13 cm. One locality, the Lombwa mine, produces material that 
shows patchy portions of distinct citrine and amethyst, but the 
two colors tend to blend and the material is difficult to cut into 
attractive pieces of ametrine. 

A vast area with several amethyst mines is located along the 
border of Zambia and the Democratic Republic of Congo, 
between Solwezi and Mwinilunga in northwestern Zambia. 
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ever, since only a small percentage of the 
total ray AO is reflected, the ray OB has 
a much higher percentage of polarized light 
than tay OX. 

At this point it should be pointed out 
that two terms ate used in describing and 
illustrating the direction of polarization. 
Older books on optics refer to plane of 
polarization, whereas newer books refer to 
plane of vibration. Before polarization was 
well understood, light reflected from a sur- 
face was said to be polarized in the plane of 
incidence or reflection. Now, however, it is 
definitely known that the plane of vibra- 
tion is parallel to the reflecting surface, or 
perpendicular to the plane of incidence. 


Hence, the older term plane of polarization 
is at right angles to the actual plane of 
vibration. The term plane of vibration will 
be used uniformly in this discussion. 

In Figure 4, let AO be the incident 
beam at the point O upon glass surface 
MN. Light is vibrating in all directions 
concentric around ray AO, but by resolution 
of vectors may be considered to be vibrat- 
ing in but two planes, that of the page 
represented by lines, that at right angles 
to the page, i.e., emerging from the page, 
by dots. The vibration represented by lines 
is in plane of incidence, the vibration rep- 
resented by dots being in parallel plane to 
surface of glass. Now the majority of those 


Figure 5. When a light wave strikes a denser medium, the refracted ray 
will continue on in same phase as the incident ray, but the reflected ray 
will undergo a change in phase equivalent to one half wave length. When 
passing from the dense medium to a less dense medium, neither the refracted 


nor reflected ray will change phase. 
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The material is often very clear but tends to be pale and is 
mainly exported to China for carving and bead making. 
Amethyst from this area responds well to heating, and a large 
portion of the production is treated to citrine. The Chafukuma 
mine is considered the producer of the best-quality amethyst in 
this area. 


Emerald Mineralization in Northwestern 
Ontario, Canada 


Allison A. Brand (allisonbrand@hotmail.com)!, Lee A. Groat!, Mary I. 
Garland’, and Robert Linnen? 


‘Department of Earth and Ocean Sciences, University of British Columbia, Vancouver, 
Canada; *London, Ontario, Canada; “Department of Earth Sciences, University of 
Waterloo, Ontario, Canada 

The Taylor 2 (also known as Ghost Lake) emerald occurrence 
in northwestern Ontario is associated with a pegmatite of the 
Mavis Lake Pegmatite Group proximal to the 2,685 million- 
year-old Ghost Lake Batholith. The Taylor 2 pegmatite con- 
sists of three separate limbs that intrude a wide zone of chlo- 
rite schist near the eastern end of an altered ultramafic sill. 
Most of the beryl and emerald occurs in a “zone of mixing” 
between the southern and central limbs of the pegmatite. 
The rock in this zone consists of relict orange K-feldspar crys- 
tals (<30 cm) in a matrix of anhedral bluish plagioclase, 
quartz, fine-grained black phlogopite, blue apatite crystals 
(<1 cm), and black tourmaline crystals (<2 cm). The beryl 
occurs as euhedral crystals up to 2.3 x 1.8 cm; most are 
opaque to translucent and white to pale green in color; about 
10% are emerald. Stones weighing up to 0.82 ct have been 
faceted, but most are not truly transparent. Electron-micro- 
probe analyses of the emeralds showed an average Cr,O, 
concentration of 0.27 wt.% (maximum 0.46 wt.% Cr,O,, or 
0.04 Cr atoms per formula unit [apfu]), and a maximum 
V,O, concentration of 0.05 wt.%. The FeO and MgO con- 
centrations were relatively low, with maximum values of 0.54 
and 0.70 wt.% (0.04 Fe and 0.10 Mg apfu), respectively. The 
saturation of the green color increased with substitution of 
Mg, Fe, Cr, and V for Al at the Y-site. The emeralds showed 
average Na,O and Cs,O contents of 0.81 and 0.13 wt.% 
(0.15 Na and 0.01 Cs apfu), respectively, but a white beryl 
from the central limb of the pegmatite contained 1.38 wt.% 
Na,O and 1.10 wt.% Cs,O. 

Whole-rock compositions were obtained for eight differ- 
ent rock units in the detailed map area. Relative to Be crustal 
abundance (<5 ppm) and the normal range of granites (2-20 
ppm), the compositions showed high concentrations of Be 
(89 ppm) in the Taylor 2 pegmatite and elevated Cr in the 
chlorite schist (2610 ppm) and the altered ultramafic sill 
(3050 ppm). Geochemical similarities support the hypothe- 
sis that the chlorite schist is the faulted analogue of the 
altered ultramafic sill. The absence of beryl in the latter unit 
may be due to lower amounts of fluid and/or F concentra- 
tions (-150 ppm versus ~1300 ppm for the chlorite schist). 

The Taylor 2 emeralds most likely formed through meta- 
somatism driven by granitic magmatism. However, the pres- 
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This large amethyst specimen, shown with Nyambe Nyambe 
of Jagoda Gems Ltd. in Lusaka, was mined from Chief 
Kaindu’ area in central Zambia. Photo by B. Anckar. 


ence of a displaced wall zone, boudins in the pegmatite, and 
ductile deformation of both the pegmatite and wall zone sug- 
gest that some degree of shearing was involved. This occur- 
rence is unique among Canadian emerald localities, as emer- 
ald occurs proximal to the intrusion, whereas at Lened in the 
Northwest Territories and Tsa da Glisza in the Yukon 
Territory, emerald occurs distal to the intrusion within quartz 
veins. Therefore, this study may provide new insights for 
emerald exploration. 


Sapphires from New Zealand 

Lore Kiefert (Ikiefert@agta-gtc.org)', Michael S. Krzemnicki?, Garry Du 
Toit!, Riccardo Befi!, and Karl Schmetzer? 

'AGTA Gemological Testing Center, New York; "SSEF Swiss Gemmological Institute, 
Basel, Switzerland; *Petershausen, Germany 

The authors recently examined gem corundum from an alluvial 
deposit on the South Island of New Zealand. The waterworn 
pebbles (see figure) were found close to Dunedin, during the 
reworking of an old gold mining area. Thirty samples were 
studied, ranging from approximately 3 to 8 mm. The 26 rough 
samples were transparent to translucent pink (18), transparent 
to translucent orange to orangy pink (5), and translucent blue 
(3), and the four polished stones were pink (2 faceted), violetish 
pink (star sapphire cabochon), and pinkish orange (cabochon). 
All of the stones were examined with a gemological microscope, 
and selected samples underwent EDXRF and LIBS chemical 
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analysis and UV-Vis and FTIR spectroscopy. In addition, quan- 
titative electron-microprobe analysis was performed on five of 
the sapphires. 

Using a combination of spectroscopic and chemical data, 
the sapphires could clearly be divided into two types: basaltic 
and metamorphic. The basaltic sapphires were semitransparent, 
with rutile inclusions. They showed intense blue coloration and 
lacked the bluish green appearance that is typical of other 
basaltic sapphires. UV-Vis spectra were typical of the basaltic 
type, with a strong Fe** component and no indication of Cr. 
Analysis of trace elements showed high Fe, Ti, and Ga concen- 
trations, with no or low V and Cr. 

The metamorphic sapphires were purplish pink to pink and 
orange, with UV-Vis spectra dominated by Cr**. The pinkish 
orange cabochon had spectroscopic features showing Cr3* and 
an additional color center, similar to Sri Lankan “padparadscha” 
sapphires. The metamorphic sapphires had low Fe and Ga val- 
ues and a higher Cr concentration than the basaltic type. The 
contents of Ti and V were in the same ranges as in the basaltic 
sapphires. 

In addition to the chemical elements mentioned above, var- 
ious amounts of the trace elements Na, Mg, K, Ca, Si, and Zr 
were observed when the sapphires were analyzed by LIBS and 
the electron microprobe. 

The characteristics of the sapphires from New Zealand are 
in agreement with data from Australian corundum found in the 
Barrington Tops region (New South Wales) and sapphires from 
Pailin, Cambodia, as described by Sutherland et al. (1998). 
Both deposits also produce bimodal corundum suites with 
magmatic and metamorphic origins. 


Sapphires from the Dunedin area of New Zealand show a 
wide range of colors. The blue sample is of basaltic origin, 
while the pink and orange stones are from a metamorphic 
source. From left to right, the polished samples weigh 0.88 
ct, 4.02 ct, 0.65 ct, and 1.04 ct. Photo by Min Htut. 
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A Fluid Inclusion Study of the Syenite-Hosted “True 
Blue” Aquamarine Occurrence, Yukon Territory, 
Canada 

Robert L. Linnen (rlinnen@uwaterloo.ca)!, David Turner’, and Lee A. Groat? 
"Department of Earth Sciences, University of Waterloo, Ontario, Canada; *Department 
of Earth and Ocean Sciences, University of British Columbia, Vancouver, Canada 
Dark blue, gem-quality beryl (also called “True Blue” aquama- 
rine) occurs at a unique locality in the Pelly Mountains in 
south-central Yukon Territory. The semitransparent-to-translu- 
cent aquamarine crystals are contained in tension-gash, crack- 
seal quartz veins, commonly with siderite/ankerite, fluorite, 
and allanite as accessory minerals. The veins are hosted by a 
Be- and REE-rich Mississippian syenite, near the contacts with 
coeval metavolcanic rocks. The veins also contain fragments of 
metamorphosed wallrock that are interpreted to be associated 
with a Jurassic thrusting event. 

Fluid inclusions have been observed in several vein miner- 
als (beryl, quartz, fluorite, and carbonate), although most of the 
microthermometric data in this study are from beryl. Type 1 
inclusions are composed of aqueous liquid-vapor phases and are 
predominantly secondary, with a smaller population of isolated 
inclusions that are probably primary. Type 2 are liquid-only 
aqueous inclusions that are either secondary or originated by 
necking-down. Type 3 are rare, vapor-rich carbonic inclusions 
that have a poorly constrained origin. Type 4 are liquid-liquid- 
vapor (aqueous-carbonic) inclusions and have a similar distri- 
bution as type 1 inclusions. Types 1 and 4 form a fluid inclu- 
sion assemblage that is synchronous with beryl mineralization, 
but because the crack-seal veins underwent multiple stages of 
opening, both primary and secondary inclusions were trapped. 

The salinities of type 1 inclusions range from ~6 to 24 
wt.% NaCl,,; they homogenize to a liquid at 139-238°C, 
and there is an inverse correlation between salinity and 
homogenization temperature. The initial melting temperature 
decreases with increasing salinity, to a minimum of —32°C, 
which suggests the presence of divalent cations such as Ca** 
and Fe**. The Fe content is particularly important since this 
element is the most likely chromophore in these aquamarines. 
Type 4 inclusions range in composition from ~5 to 16 wt.% 
NaCl,q, and homogenize to a liquid at 271-338°C. The pres- 
ence of variable amounts of CO, in type 1 inclusions and vari- 
able salinity in type 4 inclusions suggests that they have 
recorded three-component fluid mixing. Based on the geolog- 
ic setting of an apparent relationship with Jurassic tectonism 
and the compositions and temperatures of the fluid inclu- 
sions, the aquamarine most likely originated through the 
remobilization of Be and Fe from the syenite by metamorphic 
fluids. This is quite unlike the origin of typical gem-quality 


aquamarine, which forms in granitic pegmatites. 
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Chromium Chalcedony from Turkey and Its Possible 
Archeological Connections 

Cigdem Lule-Whipp (cigdem@gialondon.co.uk) 

GIA London, United Kingdom 

The ancient Romans used green chalcedony as a seal stone 
and in jewelry, but the source of the material has remained a 
mystery. Pliny the Elder (1st century AD) mentioned that it 
came from India; however, no green chalcedony has been 
found there during modern times. Several researchers have 
suggested that the Roman chalcedony more likely originated 
from chromium mines in Anatolia. In this study, four rough 
green chalcedony samples from Turkey were characterized 
and compared to similar Roman seals from various antique 
collections. The samples came from the only known source 
of Turkish green chalcedony: Saricakaya, Eskisehir, in 
Central Anatolia. 

The Turkish chalcedony was translucent to opaque, medi- 
um dark bluish green, and generally uniform in color. 
Diaphaneity was variable within the samples, but chromite 
inclusions were evenly distributed. Polished areas displayed vit- 
reous luster, but the broken edges of rough material appeared 
waxy due to the granular structure. Drusy quartz was observed 
as a secondary filling in the fissures and cracks. The R.I. values 
were between 1.53 and 1.54, and the S.G. (obtained hydrosta- 
tically) was 2.58. The polariscope showed a typical aggregate 
reaction. The absorption spectrum showed chromium emis- 
sion lines in the red region, indicating that this element was the 
cause of the green color. The more translucent material 
appeared red when viewed with a Chelsea filter and transmit- 
ted light. The physical and optical properties of the Anatolian 
material are within the range of other varieties of chalcedony. 

The Anatolian samples were analyzed by whole-rock induc- 
tively coupled plasma (ICP) and SEM-EDS. The high Cr con- 
tent and the presence of euhedral chromite inclusions indicat- 
ed that this material was not chrysoprase. The SEM analyses 
also showed areas containing thorium. Geologic relationships 
and the high Cr content suggest that the Anatolian chalcedony 
formed via the silicification of serpentinite. 

Chromium chalcedony from other localities has been stud- 
ied by other researchers. The first occurrence was discovered in 
Zimbabwe in 1953, and the variety was named “mtorolite” 
(Smith, 1967). Another source was discovered more recently in 
Western Australia (Krosch, 1990; Willing and Stocklmayer, 
2003). Other chromium-bearing chalcedonies have been 
reported from sources such as Bolivia, the Balkans, and the Ural 
Mountains (Hyr3l, 1999). 

Chromium chalcedony from Anatolia and the Roman seals 
from various collections were compared by means of 
microscopy and SEM analyses. These chalcedonies showed no 
differences in color, Chelsea filter reaction in transmitted light, 
contents of Cr and Ni, or the amount and distribution of 
chromite inclusions in the matrix. In contrast, the significant 
layering of black inclusions that is characteristic of “mtorolite” 
was not present in the Roman seals. 
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India—Old Sources and New Finds 

H. M. Sultan Mohideen (jeweljem@vsnl.com) 

Madras Gem Institute, Alwarpet, Chennai, India 

Since ancient times, India has been a major source of gems, 
most significantly diamonds. Famous diamonds such as the 
Koh-i-noor and the Darya-e-noor were found in central India 
in the state of Andra Pradesh. However, with subsequent dia- 
mond finds in other locations such as Brazil and Africa, the 
importance of India as a source of gems diminished. 

For more than a century, Jaipur has been a center of gem 
cutting, where most of the gem rough (mainly emerald) 
imported from Brazil and Africa was processed. Today, Jaipur 
is a large cutting center for almost all varieties of gems. But 
with countries like Brazil developing their own cutting and 
polishing industries, and with competition from other process- 
ing centers such as China and Thailand which have skilled and 
inexpensive work forces, the Indian gem industry has been 
striving to find its own local sources of rough. This has led to 
a sudden interest in exploring and exploiting old mining areas 
and new localities. 

The state of Tamil Nadu, near Sri Lanka, produces high- 
quality aquamarine, moonstone (in all colors), iolite, star 
ruby, and many other lesser-known gems such as kor- 
nerupine, diopside, enstatite, sphene, bytownite, and all 
known quartz varieties. Karnataka and Andra Pradesh States 
produce many ornamental stones such as green aventurine, 
jasper, and chalcedony, and fine gems such as star ruby. In the 
past decade, large finds of cat’s-eye chrysoberyl and alexan- 
drite were discovered. The state of Orissa has diamonds as well 
as nearly all gem garnet varieties (except green colors), 
chrysoberyls, beryl (green, yellow, and blue), fluorite, apatite, 
cat’s-eye sillimanite, moonstones, and ruby. The state of Bihar 
produces very high quality blue moonstone, rose quartz, and 
garnet (hessonite). 

The oldest kimberlite pipes in India are located in the dis- 
tricts of Panna in Madhya Pradesh, Raipur in Chhattisgarh, and 
Vajrakartrr and Golconda in Andhra Pradesh. Recently many 
new kimberlite pipes have been located in these areas by the 
Geological Survey of India. 

There is a renewed interest by the government of Kashmir 
in exploring the old mines and surrounding areas for the 
famous blue sapphires. New finds of gem-quality colored tour- 
maline are reported from this area. 

Today, with the exception of organized diamond mining at 
Panna by the state-owned National Mineral Development 
Corp., all other gems are mined illegally. This is due to strict 
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environmental laws and no pragmatic gem mining policy. Most 
Indian gems find their way into the gem markets of Sri Lanka, 
Thailand, and Hong Kong, 


New Gem Localities in Madagascar 

Federico Pezzotta (federico.pezzotta@comune.milano.it) 

Natural History Museum, Milan, Italy 

Madagascar is host to an abundance and variety of gem mate- 
rials as a result of its long and complex geologic history. The 
upper Archean to Neoproterozoic crystalline basement of 
Madagascar experienced locally unusual and even unique 
geologic conditions during several mountain-building 
events. Erosion of these rocks occurred during the late to 
post-tectonic uplift of the basement, and deposited Permian- 
Mesozoic sediments along the western margin of the 
Mozambique basin, locally forming immense paleoplacer 
deposits (e.g., at Ilakaka). More recently, the morphologic 
and climatic conditions of the island during the past few mil- 
lion years resulted in the formation of abundant secondary 
residual and alluvial gem deposits. 

Even though research and mining of Madagascar’s gems 
has continued for more than a century, many large areas in 
the island remain poorly explored and have significant poten- 
tial for the discovery of new deposits. Within the last few 
years, the country’s improved political situation has allowed 
for important developments in the scientific research, min- 
ing, and trading of gems. 

Recently, two major gem discoveries occurred in 
Madagascar, both in Fianarantsoa Province: (1) a series of mul- 
ticolored tourmaline deposits, of both primary and residual 
nature, in a large area between the villages of Ambatofitorahana 
and Ambohimasoa, along the national road connecting the 
towns of Ambositra and Fianarantsoa; and (2) a multicolored 
sapphire deposit of residual nature located 17 km south of the 
village of Ranotsara, southeast of the town of Thosy. 

The tourmaline deposits are related to a large rare-ele- 
ment miarolitic pegmatite field, surprisingly rather undocu- 
mented in the available geologic maps, that extends in a 
northeast-southwest direction for a distance of -40 km. 
Initial discoveries of tourmaline in the area were made in 
1995-1996 with the mining of the primary and secondary 
residual deposits of Valozoro, a few kilometers southeast of 
Ambatofitorahana. No additional significant discoveries were 
made until August-September 2005 when, in the Anjoma 
area (located a few kilometers southwest of Ambato- 
fitorahana), an enormous quantity of multicolored tourma- 
line (weighing several tonnes, but mainly of carving quality) 
was found close to the surface at Anjomanandihizana (also 
known as Nandihizana). Soon afterward, additional multi- 
colored tourmaline deposits were discovered south of this 
area; the most important ones are Fiadanana (a few kilome- 
ters south of Valozoro), Ankitsikitsika (about 15 km south of 
Anjomanandihizana), and Antsengy (northwest of the village 
of Ambohimahasoa). Local gem dealers refer to this entire 
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area as Camp Robin, from the name of a village in the cen- 
ter of the district in which much of the gem trading occurs. 

The new sapphire deposit, named Marosely, was discov- 
ered in October 2005. Transparent bipyramidal sapphire crys- 
tals, with colors ranging from blue to purple and, rarely, pur- 
plish red (ruby), have been recovered mainly in small sizes (less 
than 0.4 g). Larger crystals of gem quality are rare, but occa- 
sionally they exceed 2 g and produce good-size cut stones (see 
figure). These crystals originated from the high-grade meta- 
morphic bedrock, and were concentrated in near-surface resid- 
ual deposits through erosion. The total production of sapphire 
rough from Marosely, through June 2006, is estimated at 
about 500 kg. 


Afghanistan Gem Deposits: Studying Newly 
Reopened Classics and Looking for New Deposits 
Lawrence W. Snee (Isnee@usgs.gov) 

Global Gems and Geology and U.S. Geological Survey (retired), Denver, Colorado 

As we refine our understanding of the geologic framework of 
gem deposits, and as we apply new technology to exploration, 
we improve our chances of finding new deposits—both in 
new areas and in newly reopened areas. Currently the U.S. 
Geological Survey (USGS) is assisting with the Afghanistan 
reconstruction effort. Our involvement includes geologic 
mapping, mineral resource assessment, airborne geophysics 
(gravity and magnetics), aerial photography (orthophoto and 
synthetic aperture radar), and airborne hyperspectral imaging. 
All data are being analyzed and published in collaboration 
with the Afghan Geological Survey. 

The Afghan government is particularly interested in the 
careful study and reassessment of their gem deposits. Despite 
less-than-perfect logistics, between 2004 and early 2006, this 
author visited the Panjsher emerald mines (see figure), the 
Jegdalek ruby deposits, and the lapis mines of Badakhshan, 
as well as other mineral resource areas that contain gold, cop- 
per, chromium, and iron. The USGS intends to continue vis- 
iting promising areas to examine and document the mines, to 
collect samples for laboratory analysis, and to conduct limit- 
ed on-ground geologic mapping. Laboratory studies of the 
samples are ongoing and include petrographic, geochemical, 
geochronologic, X-ray diffraction, fluid inclusion, and hyper- 
spectral measurements. Various sources of satellite imagery, as 
well as the new airborne data, are being used to define the 
geologic framework and extent of the gem deposits. We are 
also translating and evaluating existing geologic maps and lit- 
erature; much of this literature is in Russian and of limited 
availability, but several dedicated Afghan geologists were able 
to save copies during the many years of war. Collaboration 
with other colleagues and governments in south-central Asia 
will increase our understanding of the regional extent and 
potential for similar deposits throughout the region. 

As Afghanistan regains political stability, additional oppor- 
tunities will open for exploitation of known gem deposits, and 
new ones will undoubtedly be found. The Afghans believe that 
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These sapphires are from a new deposit known as Marosely located 
southeast of lhosy in south-central Madagascar. The largest stone 
weighs 2.2 ct, and the color of both stones is natural. Photo by 
Bruno Drera. 


of all their mineral resources, the gem deposits have the great- 
est potential to be easily and quickly developed. However, 
mining methods and mine safety must be improved to ensure 
the adequate development of these resources. The Afghan gov- 
ernment, USAID, the World Bank, and the Asian 
Development Bank are currently in the process of contracting 
experts to help the local Afghan miners develop safe and prof- 


itable gem mining in Afghanistan. 


The New Komsomolskaya Mine in Yakutia, Russia: 
Unique Features of its Diamonds 

Nikolai V. Sobolev (sobolev@uiggm.nsc.ru) 

Institute of Geology and Mineralogy, Siberian Branch of the Russian Academy of 
Sciences, Novosibirsk, Russia 

The Komsomolskaya diamond mine is located in the Daldyn- 
Alakit diamondiferous kimberlite field in the Sakha region of 
western Yakutia, Siberia. Its position is 15 km northeast of the 
Aikhal diamond mine. Its age (358 million years) is within the 
range of all productive Yakutian diamond mines (344-362 mil- 
lion years). As with other Yakutian diamond mines, Kom- 
somolskaya produces a high proportion of perfect diamond 
octahedra. Some of these diamonds contain mineral inclusions 
that are dominated by chromite (about 60%), which is typical 
of the peridotitic suite of inclusions found in diamonds of the 
same size fraction from other Yakutian diamond. deposits. 
However, there are several features of the Komsomolskaya dia- 
monds that are unique to this deposit. These include a higher 
proportion of whole crystals compared to other Yakutian 
mines, which results in a higher than average price-per-carat of 
the diamond production. Additionally, there is a much higher 
proportion (more than 10 times) of diamonds containing 
eclogitic inclusions as compared to other Yakutian mines. 
Evidence for a much deeper source of some of the diamonds is 
provided by the discovery of an inclusion within a microdia- 
mond that consisted of a majoritic garnet containing a pyrox- 
ene solid solution. This mine is also unique for containing the 
highest proportion (on a worldwide basis) of diamond inclu- 
sions of extremely Cr-rich pyrope. Therefore, compared to all 
the well-known Yakutian diamond mines, Komsomolskaya 
shows a number of unique features. 
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In-situ Corundum Localities in Sri Lanka: 
New Occurrences 


Saman Tennakoon!, Mahinda Rupasinghe (mrmahinda@yahoo.com)!, and 
Chandra B. Dissanayake* 

'Sabaragamuwa University of Sri Lanka, Buttala; *Department of Geology, University 
of Peradeniya, Sri Lanka 

Sri Lanka is famous for fine gemstones, particularly corun- 
dum. Most are obtained from alluvial gem gravels that 
occur as lenses and bands in the riverbeds and stream val- 
leys of Sabaragamuwa Province, particularly in the Ratna- 
pura district. Precambrian metamorphic rocks underlie 
90% of the island and are divided into four major litholog- 
ic divisions—the Highland, Vijayan, Wanni, and Kadugan- 
nawa Complexes. Most of the major gem fields in Sri Lanka 


Geologist Abdul Wasay of the Afghan Geological Survey 
shows the structural attitude of the emerald-bearing zone of 
one of the many Panjsher emerald mines at Khenyj, 
Afghanistan. Photo by L. W. Snee. 
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A series of in-situ corundum occurrences have been found in 
the region around the towns of Wellawaya and Buttala, 
which are 11 km apart in southeastern Sri Lanka. 
Geologically, this area lies near the boundary between the 
Highland and Vijayan Complexes. 
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lie in the Highland Complex. High-grade Precambrian 
metamorphic rocks of granulite-facies conditions are char- 
acteristic of these gem-bearing source rocks. Although there 
have been isolated examples of in-situ gem discoveries in Sri 
Lanka over the past 100 years, the origin of these deposits 
has not been thoroughly studied. 

In 2004, the authors discovered five corundum deposits 
in the region around the towns of Wellawaga and Buttala, 
near the boundary between the Highland and Vijayan 
Complexes in southeastern Sri Lanka (see figure). The first 
new deposit was located in Gampanguwa, where well- 
formed, hexagonal, translucent pale blue and gray corundum 
crystals were found on a mountain top. The crystals varied 
from 1 to 15 cm (most were 5 cm), and they were hosted by 
partially weathered rock that was easily breakable. The quan- 
tity of corundum at this deposit is unknown. 

The second deposit was discovered on a mountain top in 
Bubulagama, which lies 3 km from the Gampanguwa de- 
posit. Bluish and pinkish corundum crystals were found in 
the partly weathered source rock. Although these crystals (1 
to 3 cm long) were of low gem quality, the deposit contained 
a greater amount of corundum than at Gampanguwa. Gen- 
erally the corundum crystals were accompanied by biotite, 
sillimanite, perthitic potassium feldspar, plagioclase, and 
accessory spinel. 

The other corundum deposits were found in the villages 
of Galbokka, Makaldeniya, and Gampaha, which are close 
to the other two deposits. Landslides had occurred earlier in 
these regions, and gem-quality pale blue corundum and 
milky-colored “geuda” were found in the overburden. 

The Kirindioya River, which flows through this area, con- 
tains alluvial deposits with a variety of gem minerals, such as 
corundum, spinel, garnet, zircon, and tourmaline. The in-situ 
occurrences mentioned above may be the source of alluvial 
corundum in this region. Geologically, an important feature of 
these five corundum localities is that they lie along the bound- 
ary between the Highland and Vijayan Complexes. 
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ABSTRACTS OF POSTER SESSIONS: 
A MARKETPLACE OF NEW IDEAS 


This section contains abstracts of poster presentations that were given at the Gemological 
Research Conference and the International Gemological Symposium. The GRC poster 
abstracts were reviewed by the GRC Committee (see p. 80), and the Symposium posters 


were reviewed by the Symposium Poster Session Committee: 


Shane Elen GIA Research, Carlsbad 
Sheryl Elen Richard T. Liddicoat Library and Information Center, GIA, Carlsbad 
Al Gilbertson GIA Research, Carlsbad 


Caroline Nelms _ Richard T. Liddicoat Library and Information Center, GIA, Carlsbad 


Thomas W. Overton Gems & Gemology, GIA, Carlsbad 


Robert Weldon _ Richard T. Liddicoat Library and Information Center, GIA, Carlsbad 


All of the poster presenters and committee members are thanked for making the poster 
session, which was kindly sponsored by Swarovski, such an important and informative 


part of the GRC and Symposium. 
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Diamond Treatments 


High-Pressure, High-Temperature (HPHT) 

Diamond Processing: What Is this Technology and 
How Does It Affect Color? 

Sonny Pope (spope@sundancediamonds.com) 

Sundance Diamonds, Orem, Utah 

HPHT processing of gem diamond is actually a simple 
process to understand. If a diamond is heated to above 750°C 
in air, it will start to burn. However, if the diamond is under 
extreme pressure (i.e., similar to natural diamond formation), 
then even temperatures up to 2000°C will not cause signifi- 
cant degradation. These extreme annealing temperatures cre- 
ate the conditions for diamond to change color. 

While the concept is easily understood, many do not 
fully appreciate the investment and maintenance demanded 
by this technology. Sundance Diamonds uses a propriety 
press that was developed for HPHT processing that costs 
close to $1 million. Providing the extreme conditions neces- 
sary for this process creates the need for continual mainte- 
nance with costly materials. Sundance Diamonds could not 
survive without its parent company and their team of scien- 
tists and engineers to support and maintain the equipment. 
Even with continual investment to reduce the risks and opti- 
mize the outcome, HPHT treatment remains a volatile 
process with the possibility of fracture and complete loss of 
the diamond being treated. 

Traditionally, the HPHT process has been used to reduce 
brown hues in type Ia diamonds to appear colorless or near 
colorless. Now, through years of research, almost any brown 
diamond can benefit from HPHT technology. Nitrogen, a 
common diamond impurity, can be manipulated at high tem- 
peratures to yield colors that are rare in nature. Green and 
intense yellow were the first colors to show promise; with irra- 
diation, pink and purple stones are now possible. With ongo- 
ing research we hope to be able to present a whole rainbow of 
reproducible colors. All of these niche colors offer the poten- 
tial for additional usability and profit from brown diamonds. 
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Natural Diamond Enhancement: 
The Transformation of Intrinsic and Impurity 
Defects in the Diamond Lattice 


Victor G. Vins (evins@academ.org)', Alexander P. Yeliseyev’, Sergei V. 
Chigrin', and Alex G. Grizenko? 


'New Diamonds of Siberia Ltd., Novosibirsk, Russia; "Institute of Mineralogy and 
Petrography, Siberian Branch of the Russian Academy of Science, Novosibirsk; *Lucent 
Diamonds Inc., Lakewood, Colorado 

Changes in diamond crystal structure that occur during high- 
pressure, high-temperature (HPHT) treatment are discussed 
in this report. About 1,200 type Ia and about 10 type Ila dia- 
monds with varying degrees of brown color associated with 
plastic deformation were investigated in this study. Two types 
of changes took place during HPHT treatment at tempera- 
tures ranging from 1800 to 2300°C: (1) decrease in plastic 
deformation, and (2) thermally activated aggregation and dis- 
sociation of nitrogen-related defects. 

A decrease in plastic deformation occurred at all tempera- 
tures of the HPHT treatment and was accompanied by a reduc- 
tion of dislocation density of at least 1,000 times and, therefore, 
an almost complete decoloration of the type Ha diamonds. 
Dislocation movement within the crystal lattice started at tem- 
peratures exceeding 1800°C, and this caused the formation of 
vacancies and interstitials; their concentrations were always 
higher in diamonds exhibiting greater dislocation density. 

In the type Ia diamonds, vacancies were trapped at the 
main nitrogen aggregates (A and B), which led to the forma- 
tion of H3 and H4 color centers, respectively. Under HPHT 
conditions H4 centers were not stable. They dissociated fol- 
lowing the model: H4 — H3 + H3. As a result, a large num- 
ber of H3 centers formed in the diamond lattice, causing an 
attractive yellow-green color. At temperatures ranging from 
2000 to 2100°C, dislocations in the type Ia diamonds 
destroyed B defects as they moved through the lattice and cre- 
ated simpler nitrogen-related defects, such as N3 and C cen- 
ters. Absorption spectra of the treated diamonds revealed 
increased absorption due to N3 centers and a new absorption 
at wavelengths below 550 nm due to C centers. The formation 
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of C centers, which are electron donors, was accompanied. by 
a change of the charge state for some H3 centers, leading to the 
formation of H2 centers (H3 + e° — H2). The absorption due 
to the H2 centers caused an intense green color in the type Ia 
diamonds. 

Thermally activated changes in type Ia diamonds began at 
temperatures exceeding 2150°C, with A centers dissociating 
to form two C centers. The formation of additional C centers 
caused an increase in the concentration of H2 centers to the 
detriment of H3 centers, which made the type Ia diamonds 
greener. At temperatures exceeding 2200°C, in addition to the 
dissociation of A to C centers, there was also aggregation of A 
defects into B defects. In some samples, an increase in inten- 
sity was recorded from B~ carbon aggregates (platelets). 

Knowing the above-mentioned regularities, and diamond 
characteristics such as the nitrogen content in A and B forms 
and the degree of plastic deformation (based on the saturation 
of brown color), we can choose HPHT treatment conditions 
to produce more desirable diamond colors. 


Gem Characterization Techniques 


The Gemstones of the Shrine of the Three Magi 

(ca. 1200 AD) in Cologne Cathedral, Germany 

Manfred Burianek (manfred. burianek@uni-koeln.de) 

Institute of Crystallography, University of Cologne, Germany 

Unique medieval works of art like the Shrine of the Three 
Magi (see figure) are maintained in their religious context 
and are almost inaccessible for scientific examination. 
Fortunately, as part of an all-embracing scientific documen- 
tation of this famous reliquary, the Building Administration 
of Cologne Cathedral provided the author with the opportu- 
nity to perform the first gemological examination of the gem 
materials (except the engraved stones) contained in the 
shrine. The 800-year-old shrine is a unique late Romanesque 
masterwork from the Rhine-Maas art circle, and is the largest 
reliquary in the Western world. It is decorated with more 
than 1,700 stones and 304 cameos from various periods of its 
complex history. Due to the special location and the large size 
of the reliquary (110 x 152 x 221 cm), the gemstones could 
only be examined through direct observation with a loupe. In 
addition to describing the gemstone inventory in the shrine, 
this study was undertaken with the following goals in mind: 


1. Dating the gemstone polishing by looking for era-typical 
characteristics (e.g., shape, surface marks, etc.) 


2. Determining the original (medieval) gem inventory 


Qo 


. Determining the possible medieval gem sources 

4. Developing statistics and schemes for the scientific docu- 
mentation of changes in the gem inventory during restora- 
tion (especially in 1961-1973) 

5. Performing nondestructive identification of any simulants 

(removed during the 1961-1973 restoration, predomi- 

nantly glass and assembled stones, ca. 16th—19th century) 
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Numerous gems embellish this lower left front section of the 
Shrine of the three Magi in Cologne Cathedral, Germany. 
Photo by the Building Administration of Cologne Cathedral. 


The gem inventory of the shrine is dominated by sapphire 
(430 pieces), ruby (60), emerald (141), garnet (525), 
amethyst (268), and pearls (211). The shrine also contains 
beryl, rock crystal (including the so-called Large Citrine, ~380 
g), chalcedony, some pieces of millefiori, and ancient glass. 

The medieval-era gem inventory of the shrine consists of 
about 200 remarkable sapphires and 50 emeralds. Nearly 100 
of the sapphires were drilled for their former usage as beads, 
which signifies their secondary use in the shrine. The internal 
features of the sapphires suggest a Sri Lankan origin. For the 
origin of the medieval emerald inventory, Egyptian sources 
can be considered. 

This contribution demonstrates some techniques and 
provides results from a gemological characterization of an out- 
standing reliquary, and also shows the problems and uncer- 
tainties that can arise during the analysis of gemstones in 
ancient works of art in general. 


Defects in Single-Crystal CVD 

Synthetic Diamond Studied by Optical 

Spectroscopy with the Application of Uniaxial Stress 
David Charles (david.charles@kcl.ac.uk)!, Alan T. Collins!, Gordon Davies', 
and Philip Martineau 

'King’s College, London, United Kingdom; *Diamond Trading Company (DTC) 
Research Centre, Maidenhead, Berkshire, United Kingdom 

It is now possible to grow gem-quality, single-crystal synthetic 
diamond by chemical vapor deposition (CVD). We can 
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expect that, at some time in the future, it will become viable 
to commercially produce this material for the gem trade. It is 
straightforward for a well-equipped gemological laboratory to 
differentiate CVD synthetic diamond from natural diamond 
and from synthetic diamond produced by high-pressure, 
high-temperature synthesis. Nevertheless, it is important to 
understand the defects that are characteristic of CVD synthet- 
ic diamond. One valuable technique in characterizing defects 
in diamond is the measurement of optical absorption and 
luminescence spectra, together with the application of uniax- 
ial stress. Such measurements can determine the symmetry of 
a given defect. In principle, this knowledge may help to estab- 
lish an atomic model for the defect. In favorable cases, iso- 
topic substitution can indicate the chemical nature of one or 
more of the constituents of a defect. 

The CVD synthetic diamond samples, shaped as rectangular 
blocks (approximately 1.25 mm long), were squeezed between 
two hardened steel anvils that generated stresses up to approxi- 
mately 2 GPa. Stresses were applied along the [001], [110], and 
[111] crystal directions; this was typically achieved by using two 
specimen orientations, one with (001), (110), and (110) surfaces 
and the other with (111), (110), and (112) surfaces. 

Photoluminescence and cathodoluminescence (CL) spec- 
tra from single-crystal CVD synthetic diamond are normally 
dominated by emission of a zero-phonon line at 575 nm, 
associated with the nitrogen-vacancy center in its neutral 
charge state. In addition, such specimens frequently exhibit 
sharp emission lines at 466.5, 467.0, 496.8, 532.8, and 562.5 
nm in the CL spectra. While under uniaxial stress, the 466.5, 
496.8, and 562.5 nm centers showed no emission parallel to 
the [001] growth direction, indicating that a preferential ori- 
entation occurred during growth. We found that the symme- 
tries were “rhombic I” for the 466.5 and 496.8 nm defects, 
and “monoclinic I” for the 562.5 nm center. A plausible struc- 
ture for the rhombic I centers is V-X-V, where the V are 
vacancies and X is a carbon atom or an impurity atom. 

Comparison of the CL emission line positions in speci- 
mens grown with !°N and '4N added to the gas phase showed 
an isotope shift for the 532.8 nm line. This clearly demon- 
strates that the defect giving rise to this line involves nitrogen; 
unfortunately the uniaxial stress measurements indicated that 
the symmetry of this defect is low. Consequently, determining 
the detailed structure of this center will present a challenge. 


These DiamondView 
images of natural, colorless 
type Ila diamonds show 
dislocations as dark net- 
works (left) and bright net- 
works (right). 


122 2006 GEMOLOGICAL RESEARCH CONFERENCE 


Overview of Dislocation Networks in 


Natural Type Ila Diamonds 

Katrien De Corte (k.de.corte@wtocd.be)!, Ans Anthonis!, Jef Van Royen!, 
Maxime Blanchaert', Julien Barjon’, and Bert Willems? 

"Hoge Raad voor Diamant (HRD) Research, Lier, Belgium; *Groupe d’étude de la 
Matiére Condensée (GEMAC), CNRS—Université de Versailles St Quentin, Meudon 
Cedex, France; *Electron Microscopy for Materials Science (EMAT), University of 
Antwerp, Belgium 

The characteristics of dislocation networks in a representative 
suite of untreated natural colorless (D to J) type Ia diamonds 
submitted to the HRD lab are reported here. The majority of 
these diamonds had dislocation networks that could be ob- 
served by cathodoluminescence and the DTC DiamondView 
instrument. The presence and features of dislocation net- 
works may help in identifying natural diamonds. 

Both “elongated” and polygonized. dislocation networks 
that are linked with slip planes were commonly observed in the 
diamonds. The dislocation nets outlined cells that were mostly 
5-50 pm in diameter. 

Furthermore, based on the strength of luminescence of 
the networks compared to that of the surrounding back- 
ground, the diamonds could be divided into two groups: 
those with dark networks and those with bright networks (see 
figure). Most diamonds of the best color grade D belonged to 
the latter group. The relation between luminescence, disloca- 
tions, and other defects is not fully understood. 

Natural type Ila diamonds frequently have dislocation net- 
works. These may also be present in natural type IIb and nat- 
ural type IaB diamonds. So far, dislocation networks have not 
been reported in the luminescence patterns of high pressure, 
high temperature (HPHT)-grown synthetic diamonds (which 
are characterized by cubo-octahedral growth). In general, dis- 
locations in CVD synthetic diamonds are predominantly 
aligned parallel to the growth direction, whereas in natural dia- 
monds a three-dimensional network is typical. DiamondView 
images of orange-luminescent CVD diamonds can show stria- 
tions that result from differential uptake of impurity-related 
defects on risers and terraces of steps on the growth surface 
(Martineau et al., 2004). For the rare natural type Ila dia- 
monds that show orange luminescence, dislocations show up 
as dark networks in DiamondView images, possibly because 
the dislocations have a local quenching effect on the orange 
nitrogen-vacancy luminescence (P. M. Martineau, pers. 
comm., 2006). 


FALL 2006 


Gems & GEMOLOGY 


vibrations parallel to the surface of the 
glass at the point of reflection are reflected 
towards B and thus the reflected ray OB is 
a polarized ray, vibrating in plane parallel 
to the surface of the glass, but said to be 
plane polarized in the plane of incidence. 
To prove this point experimentally, one 
need only examine light reflected from 
such a surface through a Nicol prism or 
similar analyser. Rotation of the Nicol will 
cause this reflected ray to darken and lighten 
depending upon its orientation. Polariza- 
tion from a single reflecting surface, how- 
ever, is seldom complete and the amount 
or degree to which the reflected tay is 
polarized is controlled by the refractive 
index of the substance and the angle of the 
incident light. 

A physicist by the name of Sir David 
Brewster in studying the behavior of plane 
surface reflections and polarization found 
there was an angle at which polarization 
became maximum. Also the intensity of the 
polarized reflected tay varied in a similar 


Nicol Tees 


Cale‘te 


manner with changes of incidence and 
reflection. 

Brewster's Law says the angle of inci- 
dence for maximum polarization is that 
angle whose tangent is the index of refrac- 
tion of the reflecting substance. 

In formula form then: 
sin i sin i 


== N or =tani=N 


sin 5 cos 1 

This relationship is such that the angle 
between the reflected ray and the refracted 
ray is 90°. 

But what of the refracted ray? This 
brings before us a very interesting phenom- 
enon. The refracted ray is partially polar- 
ized and the same absolute amount of plane 
polarized light is present in it as there is 
in the reflected ray. There is another inter- 
esting fact which should be pointed out. 
Those rays which are transmitted and which 
are not perpendicular to the reflecting sur- 
face have their planes of polarization shifted. 
A light ray which passes through a succes- 
sion of glass plates becomes thereby more 


Figure 6. In general 
when a beam of light 
passes through a 
doubly refractive ma- 
terial it is broken into 
two beams (ordinary, 
o, and extraordinary, 
e), each having differ- 
ent characteristics and 
different planes of po- 
larization. Right hand 
figure is a cross sec- 
tional view of a Cal- 
cite Prism or Nicol 
Prism wherein one 
component of the two 
rays in the former 
Calcite crystal is elim- 
inated and a single 
resultant plane polar- 
ized ray evolved. 
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Luminescence, Reflected-Infrared, and 
Reflected-Ultraviolet Digital Photography: 
Gemological Applications 

Shane Elen (selen@gia.edu)! and Sheryl Elen? 

'GIA Laboratory, Carlsbad; 7R.T. Liddicoat Jr. Gemological Library and Information 


Center, GIA, Carlsbad 

Until the advent of relatively inexpensive digital cameras, 
luminescence photography was a time- and film-consuming 
process. Reflected infrared and ultraviolet film photography, 
a process that records the IR or UV light reflected by a sam- 
ple, was typically beyond the reach of the average photogra- 
pher. However, digital photography produces near-instanta- 
neous results with no film costs, and also provides an oppor- 
tunity to visualize features that are subtle or invisible to the 
human eye. 

Visible luminescence can provide visual information 
that relates directly to a gemstone’s history. When prop- 
erly documented, luminescence images become a valu- 
able identification and teaching tool. However, many 
luminescence images, particularly of pearls, suffer from 
poor exposure, lack of detail, and poor color definition. 
Through the application of the correct lighting and the 
use of filters, digital photography and image processing 
can resolve many of these drawbacks, often resulting in 
fine detail that is normally difficult to observe by eye or 
capture on film. 

The UV and near-IR regions of the spectrum often con- 


These UV-Vis spectra com- 
pare the reflectance of nat- 
ural- and treated-color eo 
“golden” cultured pearls. 
The natural-color sample 
(right) exhibits weak 705 
reflectance in the UV 


tain valuable absorption information that may be used to 
identify natural, synthetic, and treated gem materials. These 
data beyond the visible range are typically obtained by spec- 
troscopy. However, it is possible to visualize these regions of 
the spectrum through false-color photography. Fortunately, 
the charge-coupled devices (CCDs) used in many digital cam- 
eras are sensitive to these invisible regions of the spectrum and 
record them in one, or more, of the visible color channels 
(red, green, or blue). 

In the gemological literature, the authors found only two 
prior applications of reflected IR photography for cut and 
polished gem materials (Komatsu and Akamatsu, 1978; 
Fjordgren, 1986), and none for UV-reflected photography. 
This may be partially indicative of the difficulties related to 
these techniques when using 35 mm photographic film. 

Possible gemological applications include pre-screening 
of gem parcels, educational aids, and the identification of 
natural, synthetic, and treated gem materials, such as pearls 
(see figure). However, luminescence and reflected UV or IR 
photography could potentially be applied to any natural 
gem material in which the synthetic or treated-color coun- 
terpart exhibits different luminescence or reflectance proper- 
ties in the UV or near-IR region of the spectrum. These 
might include, but are not limited to, identifying natural 
and treated blue sapphires, identifying diamond types and 
simulants, and separating blue sapphires of metamorphic 
and magmatic origin. 

REFERENCES 
Fjordgren O. (1986) Infrared detective. Lapidary Journal, Vol. 39, No. 12, pp. 39-41. 
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UV-Vis REFLECTANCE SPECTRA 


region of the spectrum 
because its pigmentation 
readily absorbs ultraviolet 
wavelengths. The black- 
and-white photo (bottom) 
records UV light reflected 
from the surface of the cul- 
tured pearls. Here, the nat- 
ural-color sample appears 
darker than the treated- 
color one due to its lower 
ultraviolet reflectance. 
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Magnetic Separation of Gemstones 
Sylvia M. Gumpesberger (sgumpesberger@hotmail.com) 
Canadian Gemmological Association, Toronto, Ontario, Canada 
Some gems are more magnetic than others, making the mag- 
netic separation of gem materials possible. Historically, this 
approach was hindered by the low strength of available mag- 
nets such as aluminum-nickel-cobalt (“Alnico”). Powerful 
and focused neodymium-iron-boron (NdFeB) magnets were 
used by this author to more closely examine the magnetic 
characteristics of gem materials. A 0.6 x 2.5 cm rod-shaped 
magnet and a pair of 0.25 x 0.6 cm disk magnets were select- 
ed for this study through experimentation. 

Initial and key separations were made using three methods 
of different mechanical advantage: 


¢ Direct method: magnet pulled responsive gems across a 
low friction surface. 


¢ Pendulum method: responsive gems attracted a magnet 
suspended from a thread; conversely, the magnet attracted 
responsive gems suspended in a gem bag. 


¢ Floating method: magnet attracted or repelled responsive 
floating gems or responsive gems attracted or repelled a 
floating magnet. 


Mathematical formulas were not needed. Hundreds of 
specimens were tested, including gems in nonmagnetic set- 
tings. Quarantined space minimized competing magnetic 
fields and air currents while using the more sensitive pendu- 
lum or floating magnet methods. 

Starting with the direct method for loose stones, the gems 
exhibiting observable magnetic interactions were separated 
out, which immediately narrowed the range of possible gem 
identifications. The pendulum and occasionally the floating 
methods offered greater mechanical advantage or sensitivity 
for testing larger specimens, as well as those lacking flat faces 
such as gem rough, those in nonmagnetic settings, and sam- 
ples requiring detection with very subtle susceptibilities (i.e., 
diamagnetic or repellant materials, garnet-and-glass doublets 
topped with a thin slice of garnet, etc.). 

The testing showed that gems containing essential Fe 
and/or Mn tended to respond to varying degrees, with Mn- 
rich specimens exhibiting a stronger response. The possible 
influences of element valence and magnetic inclusions were 
pondered, as were the challenges regarding isomorphous 
replacement in some gems (e.g., Fe and Mn in tourmaline 
and garnet). Certain colors of cubic zirconia and all colors of 
gadolinium gallium garnet (GGG) also responded, the latter 
relatively strongly. Many useful initial and key separations 
were made (e.g., see table in the GeG Data Depository at 
http://www.gia.edu/gemsandgemology). Notable separa- 
tions within the garnet group included spessartine vs. hes- 
sonite, demantoid vs. tsavorite (approaching end-member 
grossular), and almandine vs. pyrope (approaching end 
member). 
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A Variation on the Crossed Filters 


Approach Using Pocket LED Light Sources 

Sylvia M. Gumpesberger (sgumpesberger@hotmail.com) 

Canadian Gemmological Association, Toronto, Ontario, Canada 

Gemologists have widely employed UV radiation to stimu- 
late fluorescence in gem materials. However, the recent com- 
mercial availability of pocket-sized, near-monochromatic 
light emitting diode (LED) units has revived the use of G. 
G. Stokes’ crossed filters approach because LEDs easily sub- 
stitute for filtered incident light, as previously demonstrated 
by crossing a blue LED with a red filter (see Lamarre, 2002; 
Gumpesberger, 2003; Hoover and Williams, 2005). (Note: 
Crossed filters should not be confused with crossed polariz- 
ing filters.) 

The author has experimented with variations on the clas- 
sic crossed filters approach to determine which qualities of 
light stimulate visible red luminescence in Cr-bearing gems 
including ruby, red spinel, emerald, and alexandrite. The 
experiments tested various frequencies of near-monochro- 
matic LED sources including red, yellow, green, blue, and 
long-wave UV (with peak outputs of 630, 592, 525, 470, 
and 370 nm, respectively) and a red LED pocket laser 
(630-680 nm), in combination with gel color filters. The 
observed effects were compared to those produced by con- 
ventional long- and short-wave UV lamps. Short-wave LEDs 
do not currently exist. 

In a dark environment, each LED light source was 
individually directed at each gem specimen at close 
range. Single and combined gel filters were selected to 
absorb various incident wavelengths while transmitting 
some visible red fluorescence. In the case of the red LED 
and laser LED pocketlights, care was taken to select a 
combination that absorbed the visible red incident wave- 
lengths while transmitting the longer visible red fluores- 
cent wavelengths. 

In many cases, crossing filters with various visible incident 
wavelengths stimulated a more evident red fluorescence in 
these Cr-bearing specimens than conventional long- and 
short-wave UV incident wavelengths. Visible red incident 
wavelengths were often surprisingly effective, notably in emer- 
ald (i.e., the red luminescence was distinct from the transmis- 
sion of red incident light). 

To simplify potentially complex light/filter combinations, 
gemologists could benefit from crossing visible blue and visi- 
ble red LED pocketlights with a Chelsea filter to effectively 
detect the presence of Cr in gem materials. Further experi- 
mentation is continuing with diamonds, which have shown 
varying results. 
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Cathodoluminescence Spectroscopy to 

Identify Types of Natural Diamond 

Hisao Kanda (kanda.hisao@nims.go.jp) 

National Institute for Materials Science, Tsukuba, Japan 

Natural diamonds are classified into types IaA, IaB, Ib, Ila, 
and IIb. IR absorption spectroscopy is useful for identifying 
diamond type. However, this method is limited because it 
only provides average information from a bulk volume; it is 
difficult to obtain a spectrum from a microscopic area. 
Since both type I and type II domains may be found in the 
same crystal, identifying the distribution of diamond types 
within microscopic regions of a sample would provide a 
better understanding of its composition. 

Cathodoluminescence (CL) spectra have the potential 
to identify diamond types on a microscopic (i.e., microm- 
eter) scale. Although a variety of luminescence bands have 
been reported in diamond (see Zaitsev, 2001), a direct 
correlation between these bands and diamond type has 
not been well established. 

Thirty natural diamonds were polished along {110} 
faces. The samples were cooled to about 80 K, and CL 
spectra were acquired from various points on the polished 
surfaces and CL images were also taken of the surfaces 
using a scanning electron microscope fitted with a spec- 
trometer. Micro-FTIR spectra were taken of a small area 
(0.1 x 0.1 mm) on the polished surfaces. 

According to the FTIR measurements, four of the dia- 
monds were type Ila. No type IIb diamonds were encoun- 
tered. The micro-FTIR spectra showed an inhomogeneous 
distribution of nitrogen impurities. Nitrogen-free (i.e., type 
Ia) regions were found even in the type Ia crystals. 

The following correlations between the diamond types 
and CL bands were determined: 


1. Type IaA: N9 system with a zero phonon line (ZPL) at 
236 nm, and band-A with a maximum at ~-415 nm. 

2. Type IaB: peaks at 243.5, 246, 248, and 256 nm, and 
the N3 system with a ZPL at 415 nm. 


3. Type Ila: FE system, appearing at 235, 242, and 250 nm. 


The CL spectra also provided information on the plas- 
tic deformation of the diamonds. The presence of the 
2BD system, the band-A line, the 490.7 nm line, the H3 
system, or the 575 nm system can each provide evidence 
of plastic deformation. There are two types of band-A 
luminescence: in type IaA, it has a maximum at ~415 nm, 
while diamond containing plastic deformation has a 
band-A maximum at ~435 nm. The various broad bands 
were described by Collins (1992). 

The CL measurements detected nitrogen impurities more 
sensitively than the IR spectra, and nitrogen-related peaks were 
observed in the CL spectra of type IIa diamonds. Despite this 
inconsistency, CL measurements can provide approximate 
information on diamond type within a microscopic area. 
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The Identification of Gemstones by 
Photoluminescence: Synthetic and Natural 

Mg-Al Spinels 

Leonardo Maini', David Ajo!, and Sylvana Ehrman (sjehrman@msn.com)? 
‘Istituto di Chimica Inorganica e delle Superfici, Consiglio Nazionale delle Ricerche, 
Padova, Italy; * Scientific Methodologies Applied to Cultural Heritage Inc., Silver 
Spring, Maryland 

Spectroscopic properties of transition-metal ions, even at 
trace levels, allow the use of optical spectroscopy as a non- 
destructive test for discerning between natural and syn- 
thetic gemstones (both loose and mounted). The most 
important peculiarity of the spinel structure is cation 
inversion and, for some synthetic crystals, the presence of 
vacancies arising from an Al:Mg ratio higher than 2. Both 
cationic disorder and vacancies give rise to a great variety 
of photoluminescent behaviors of Cr>* in Mg-Al spinels. 

Due to the particular interaction between the Cr** 
ion and its local environment in the spinel structure, 
the mere collection of spectral data referring to samples 
of known origin seems to be inadequate to provide any 
general predictive criterion for assessing the origin of 
unknown samples. We propose a multidisciplinary com- 
prehensive approach, based on the synthesis through 
different methods (Verneuil and flux) of appropriate 
spinel standards in our laboratories, in order to compare 
under uniform conditions their spectral features to 
those of natural spinels (both untreated and heated). 
Both natural spinels and their synthetic analogues were 
analyzed by means of electron microprobe and X-ray 
diffraction to define the composition and structural 
details of each sample. 

Accurate photoluminescence (PL) spectra of 16 of 
these crystals were then collected at 6, 77, and 298 K, 
using different laser excitation wavelengths. The careful 
interpretation of the spectra of this set of samples provid- 
ed general predictive criteria, and many hints on the 
conditions under which PL can effectively be used as a 
probe to identify the origin of chromium-doped spinels. 
Our criteria focus, among others, on intensity ratios 
measured under certain excitation wavelengths, as well as 
on line widths in the region between 680 and 700 nm. A 
coherent description of the dependence of the spectral 
features upon the history of each sample was achieved. 
We proved for the first time that even spinels with the 
same cation inversion and chemical composition— 
which are almost identical under extensive X-ray diffrac- 
tion analysis—can show wide variations in their PL spec- 
tral differences that are mainly related to the short-range 
Cr?* environment. 
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Fingerprinting Gem Beryl Samples Using Laser- 
Induced Breakdown Spectroscopy (LIBS) and Portable 
X-ray Fluorescence (PXRF) 

Nancy J. McMillan (nmcmilla@nmsu.edu)', Catherine E. McManus’, Tori 
L. Gomez!, Russell S$. Harmon?, Frank C. De Lucia Jr.3, and Andrzej W. 
Miziolek? 

'Dept. of Geological Sciences, New Mexico State University, Las Cruces; 
?Environmental Sciences Division, U.S. Army Research Office, Research Triangle Park, 
North Carolina; “Weapons & Material Research Directorate, U.S. Army Research 
Laboratory, Aberdeen, Maryland 

Minimally destructive chemical analysis of gem-quality min- 
erals has many possible applications, including the finger- 
printing of single stones, the identification and tracking of 
stolen or lost stones, and evaluating the provenance of gem- 
stones. The ideal methods for gem analysis should be simple 
to use, reliable, and minimally destructive. The challenge, 
however, is that simple and minimally destructive techniques 
tend to yield results with poorer precision and accuracy than 
traditional, laboratory-based analytical techniques. As part of 
a larger study on the chemical fingerprints of beryls, the pres- 
ent authors have obtained data on beryls by four simple, 
rapid, and portable techniques: LIBS spectra in air, LIBS spec- 
tra in argon, PXRF spectra, and PXRF elemental concentra- 
tions. LIBS is exceptional in its ability to detect the presence 
of light elements (e.g., Li, B, Be, and Na), allowing for accu- 
rate determination of stoichiometric relationships. PXRF is 
complementary in that it detects heavy elements well, but in 
general cannot detect elements lighter than P. 

Six gem-quality uncut beryls (aquamarines from Pakistan, 
Mozambique, India, and China; heliodor from Brazil; mor- 
ganite from Afghanistan) were analyzed by the four tech- 
niques with the goal of uniquely identifying individual speci- 
mens. Five LIBS spectra, containing peaks for most elements 
lighter than La, were collected from different locations on the 
same crystal face, each after a single cleaning shot. Three 
PXRE spectra were collected from each sample (15 mm diam- 
eter area); elemental concentrations (Ti, Cr, Mn, Fe, Co, Cu, 
Zn, Rb, Sr, Ag, Ba, and Hg) were then calculated from the 
spectra by the PXRF software. The LIBS analyses left craters 
of approximately 100 um in diameter on the surfaces of the 
crystals; PXRF analysis was nondestructive. 

The following calculations were made to evaluate the 


Percentage of gem-quality beryl specimens that were 
successfully fingerprinted using variations of LIBS and 
PXRF and different calculations. 


ence LIBS LIBS PXRF PXRF 
elo in air in argon concen- spectra 
trations 
Single shot/ 
single shot 14.2% 61.7% 61.1% 66.7% 
Single shot/ 


average spectrum 96.7% 90.0% 83.3% 100% 
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parameters by which each stone could be uniquely identified: 
(1) the ratio of regression of a single-shot LIBS spectrum, sin- 
gle PXRF spectrum, or PXRF concentrations to each of the 
other spectra or concentrations; and (2) the ratio of the 
regression of a single LIBS spectrum, single PXRF spectrum, 
or PXRF concentrations to the average spectrum or concen- 
trations for that specimen. Identification success rates, as 
defined by the highest correlation coefficients of the linear 
regressions, are given in the table. 

These results will be verified and expanded in two ways: 
(1) using a larger and more diverse sample set, and (2) testing 
the double-pulse LIBS technique for this purpose. 


Color Grading of Color-Enhanced Natural 


Diamonds: A Case Study of Imperial Red Diamonds 
Sergei Smirnoy', Sergei Ananyev’, Victoria Kalinina', Victor Vins 
(evins@academ.org)*, and Alex Grizenko* 

‘Siberian Gemological Center, Novosibirsk, Russia; 7Krasnoyarsk State University of 
Nonferrous Metals and Gold, Krasnoyarsk, Russia; 7New Diamonds of Siberia Ltd., 
Novosibirsk; “Lucent Diamonds Inc., Lakewood, Colorado 

Natural fancy-color diamonds are rare and highly valued by 
the gem trade. The development of various color enhance- 
ment techniques has led to the appearance of commercially 
available yellow, green, and red color-enhanced natural dia- 
monds. Although the color grading of natural-color dia- 
monds is challenging, it is becoming a routine procedure for 
producers of color-enhanced diamonds. In the system for nat- 
ural-color red and pink diamonds presented by King et al. 
(2002), some grades covered a wide range of tones and satu- 
rations of the same hue, and the system required comparison 
with a collection of reference diamonds (which would be 
extremely expensive). The lack of generally accepted color 
grading scales and relatively inexpensive master stones for col- 
ored diamonds created the need to develop special scales and 
color grading procedures for the pink and red color-enhanced 
diamonds known under the trademark “Imperial Red.” 

The color scale is based on the standard approach to describ- 
ing colored gemstones. The GIA GemSet Color Book was used 
to compare the colors. All diamond samples (more than 200) 
were observed with a daylight lamp, a GIA DiamondLite, and 
the overhead daylight lamp of a Gemolite Ultima B gemologi- 
cal microscope. Most of the Imperial Red diamonds were grad- 
ed as red with an orange or purple modifying color. Some sam- 
ples were graded as purple with a red modifying color. Based on 
the color description and the ratio of diamonds of different color 
grades, a color-grading chart for Imperial Red diamonds was 
developed (see figure). The most attractive samples within each 
color grade were determined to have a tone less than 6 and a sat- 
uration greater than 4. The least attractive samples showed dark 
tones (7-8) and low saturations (1—2). 

Prices for color-enhanced diamonds were calculated 
using color coefficients and this color chart. Assuming that 
the cost of color-enhanced diamonds cannot be lower than 
enhancement expenses, or higher than the price for colorless 
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4 Excellent 


TONE 


SATURATION 


This color chart was developed for color grading Imperial 
Red diamonds. 


diamonds, we determined the coefficients that increase the 
price of color-enhanced diamonds (from yellow to red). 
Depending on tone and saturation, the price increase extends 
diagonally across the chart shown here from left to right and 
from the bottom to the top. To help customers understand 
the price differences between different color grades of 
Imperial Red diamonds, the following terms are used: Dark, 
Deep, Light, Brilliant, and Excellent. The color-grading 
chart can be used for all types of color-enhanced diamonds. 
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Study of the Biaxial Gemstones on the Refractometer 
Darko B. Sturman (darkos@rom.on.ca) 

Royal Ontario Museum, Toronto, Ontario, Canada 

Observations on the refractometer of biaxial gemstones are 
best shown on diagrams where rotation angles are plotted on 
the horizontal axis with corresponding refractive indices on 
the vertical axis. In general, two shadow edges are observed 
during the rotation. Each shadow edge has one position where 
6 can be determined. The polarizing filter must be used to dis- 
tinguish between the “true” and “false” B before the optic sign 
can be determined. 

Sometimes, optic sign is insufficient for identifying biaxi- 
al gemstones with overlapping refractive indices (e.g., for 
topaz/danburite or peridot/sinhalite/diopside), and terms 
such as “strongly negative” or very complex descriptions of the 
movements of the shadow edges are required. However, these 
complex descriptions, as well as the use of the polarizing filter, 
can be avoided in many cases by the simple determinations of 
the optic angles for both possible “8” readings (one from each 
shadow edge). It takes only several seconds longer to record 
these “B” readings at the time when y and © indices are deter- 
mined. The procedure for determining the optic angle is as 
simple as determining the optic sign. Partial birefringences y- 
6 and B-o are calculated first, and then entered into a diagram 
where the optic angle is found. 
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This observation gives two solutions that are compared to 
the optic angles of gemstones with overlapping refractive 
indices. In many cases only one match is found. However, on 
rare occasions when two calculated optic angles match the 
optic angles of two different gemstones, the only solution is to 
use the polarizing filter. 


Inclusions in White-Gray Diamonds of 


Cubic Habit from Siberia 

Sergey V. Titkov (titkov@igem.ru)', Yulia P. Solodova’, Anatoliy I. 
Gorshkoy!, Larisa O. Magazina', Anatoliy V. Sivtsov!, Elena A. Sedova’, 
Murad D. Gasanov’, and Georgiy G. Samosorov” 


Mnstitute of Geology of Ore Deposits, Petrography, Mineralogy, and Geochemistry, 
Russian Academy of Sciences, Moscow, Russia; "Russian State Geological Prospecting 
University, Moscow 

Some kimberlite pipes of the Siberian platform contain 
unusual semitransparent diamonds of cubic habit that are 
white-gray or milky gray. In some stones, zones with straight 
or curved boundaries showing various color intensity (from 
white and light gray to dark gray) can be observed. The col- 
oration is caused by the presence of numerous fine inclusions. 
The nature of the inclusions and the cause of the white-gray 
coloration were examined in this study. 

The microinclusions were studied with a JEOL JEM-100C 
transmission electron microscope (TEM) equipped with a 
Kevex 5100 energy-dispersive X-ray spectrometer, and with a 
JEOL JSM-5300 scanning electron microscope equipped with 
an Oxford LINK ISIS energy-dispersive X-ray spectrometer. 
Micrometer-sized inclusions were identified by their chemical 
composition as determined by energy-dispersive spectroscopy 
and by the structural parameters calculated from TEM electron 
diffraction patterns. Three white-gray diamond cubes were 
studied from the Jubileynaya kimberlite pipe. 

The diamonds contained abundant microinclusions of 
calcite, which likely caused their coloration. In addition, they 
contained. various assemblages of microinclusions of native 
Cu and Fe, Fe-Cr and Fe-Cr-Ni alloys, polydymite, Cu and 
Fe-Ni sulfides, anhydrite, apatite, and some other minerals. 
Microinclusions of native metals and sulfides were most 
abundant in darker zones of the diamonds. 

In some early work, carbonate inclusions in diamond were 
thought to have an epigenetic origin. Later research demon- 
strated that carbonate inclusions in perfect octahedral dia- 
mond crystals actually may have a primary origin (McDade 
and Harris, 1999; Leost et al., 2003). It therefore may be sug- 
gested that in white-gray diamonds, primary inclusions of 
aragonite or disordered calcite (which are stable at the pres- 
sures and temperatures within the diamond stability field; see 
Suito et al., 2001) later transformed into calcite upon cooling. 
Alternatively, the diamonds initially may have entrapped car- 
bonate melt or fluids, from which calcite later crystallized, as 
suggested for various unusual inclusions in cubic diamonds 
that are not stable at the pressures and temperatures of dia- 
mond crystallization (Klein-BenDavid et al., 2006). 
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General Gemology 
Ruby-Sapphire Quality Grading for the Gem Trade 
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Chakkaphant Sutthirat!? 
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Grading systems for color, clarity, and cut have been devel- 
oped by the Gem and Jewelry Institute of Thailand-Gem 
Testing Laboratory (GIT-GTL) to improve the overall quali- 
ty grading of ruby and sapphire from various global sources. 
These quality grading systems are used for communication in 
the gem and jewelry trades in Thailand and Japan (currently 
for ruby). This ongoing research has been expanded from the 
ruby and sapphire grading systems previously established by 
GIT-GTL. 

Ruby and sapphire quality factors were determined 
from the results of a questionnaire that was given to gem 
traders in Thailand. These data were then used as a basis to 
establish eight preliminary sets of master stones that includ- 
ed ruby and various sapphires (blue, orange-pink, purple, 
pink, orange, yellow, and green). Each set contained 15 
stones of varying quality. These master stone sets were then 
sent to gem traders to solicit opinions. The outcome data 
were then integrated into the color, clarity, and cut grading 
systems. Eight final standard (master stone) sets were then 
developed, composed of 25 oval-shaped, 0.75 ct stones cov- 
ering five quality grades (Excellent, Very good, Good, Fair, 
and Poor). 

For color grading, the stones were placed 15-25 cm from 
the standard light source (Macbeth 5000 K with an intensity 
of 1200 lux), and were visually graded face-up at a distance of 
30 cm and viewed perpendicular to the table surface. The hue, 
tone, and saturation of the stones were considered; dispersion 
and scintillation were excluded. 

For clarity grading, a Dialite Flip light source was posi- 
tioned to the side of the stones (1 cm away), which were 
placed on a dark background and graded using a 10x loupe. 
For confirmation purposes, the clarity of the stones was grad- 
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ed again with the unaided eye at 30 cm distance (and 15-20 
cm from the light source) in the face-up position against a 
white background. The clarity grading was evaluated by using 
the GIT-GTL scoring system. As for the cut grading, factors 
for brilliance, face-up proportions, profile proportions, and 
finish were taken into consideration. The overall quality grad- 
ing was usually performed by at least three experienced 
gemologists. 

The final evaluation of these corundum standard sets by 
gem traders in Thailand revealed that they are generally com- 
patible with the quality grading being used in the trade. GIT- 
GTL is currently using these master stone sets for ruby-sap- 
phire grading for some clients in Thailand and Japan. 


Coated Topaz 

Riccardo Befi (rbefi@agta-gtc.org), Lore Kiefert, and Min Htut 

AGTA Gem Testing Center, New York 

Coated topaz has become quite popular, and the material is 
now available in a wide variety of colors such as pink, orange, 
blue to green, and with a multicolored effect. Though attrac- 
tive, most of the coatings are produced using a simple dye or 
a sputtering method as described by Schmetzer (2006), and 
are easily scratched off. Some of the coatings (especially pink) 
initially deceived gemologists because the coatings were 
applied only to the pavilion. Therefore, EDXRF analysis (nor- 
mally performed on the table) only detected topaz. When 
such stones are analyzed from the side, the coating can be 
detected by its high Ti concentration. 

Another type of coating produces green and blue colors, 
and the manufacturer claims that this process is diffusion- 
related rather than a simple coating. An examination by the 
authors showed that the coloring agent is not removed as 
easily as with other colors of coated topaz, and neither 
scratching nor exposure to acetone affected it. However, 
overnight immersion in hydrofluoric acid, which dissolves 
silica minerals, caused a discoloration (see figure), but no 
etching of the topaz. Subsequent experiments on green- 
coated topaz by immersion in hydrochloric acid and hydro- 
fluoric acid for one hour appeared to dissolve the coating 
just as efficiently. These experiments proved that diffusion 
of chemical elements into the topaz itself had not occurred. 
However, some chemical reaction between the topaz and 
the coating must have taken place to prevent the coating 
from being easily removed. Analysis with EDXRF spec- 
troscopy revealed Co as the color-giving element, while 
LIBS analysis showed additional traces of Ca, Na, Li, and K 
in the top layer. 

Schmetzer (2006) described, among others, a process 
which produces a more durable surface coating, and is the one 
most likely applied to our samples. This technique is based on 
heat treatment of faceted gem materials in a transition 
metal—bearing powder. The transition metal used for blue-to- 
green colors is Co, the most prominent element found in the 
coating of our topaz samples. 
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This 5.57 ct “diffused” (coated) topaz is shown before (left) 
and afier (right) immersion in hydrofluoric acid. Photo by 
Min Htut. 
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Three-Dimensional Solid Modeling in Applied 
Diamond Crystallography 

Mike Botha (mbotha@auroracollege.nt.ca), Courtenay Keenan, and Robert 
Ward 

Aurora College, Yellowknife, Northwest Territories, Canada 

Aurora College offers a diamond polishing training program 
in Yellowknife. The curriculum consists of applied mathemat- 
ics, applied diamond crystallography, diamond history, dia- 
mond grading, and three-dimensional solid modeling with a 
significant practical diamond polishing component. The pro- 
gram is designed to provide students with the cognitive and 
practical skills to successfully enter the Canadian secondary 
diamond industry. The program attracts local, national, and 
international students. Up to 30 students graduate from this 
program each year. 

Since diamond is the hardest known material, we have the 
dilemma that only diamond is available to cut diamond. 
Therefore, students need to understand directional hardness 
and know to avoid cutting facets in octahedral and hexahedral 
directions. A sound understanding of the crystal structure is 
imperative if a diamond is to be fashioned cognitively to the 
highest possible cut grade. 


Three-Dimensional Solid Modeling 


To enable our students to quickly assimilate the complexities 
of the diamond crystal, we have developed a course using 
Autodesk Inventor to demonstrate the following: 


¢ Tetrahedral structure 

© Unit cell 

¢ Mathematical cube analysis 

* Crystal morphologies 

e Assembly of various crystal models relative to coordinates 
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e Animation of the preceding assembly 
¢ Interrelation of diamond crystal morphologies 
¢ Crystal planes 


Diasphere 

This is a new concept in applied diamond crystallography and 
allows the students to correctly identify the hexahedral, octa- 
hedral, and dodecahedral planes. It also explains the polishing 
directions and points of directional transition in relation to 
the different crystal planes in three dimensions. The purpose 
of this training model is to enable students to cut and polish 
diamonds without having to “find the grain” of a diamond. 
Lower costs are achieved by saving time and equipment. 


Application 

Once students fully grasp and apply the knowledge, they are 
able to polish diamonds and avoid the surface anomalies asso- 
ciated with facets being too close to octahedral and hexahedral 
planes, thus resulting in a higher quality finish. 


Characterization of Sapphires from Yogo, Montana 
Andrea Cade (acade@eos.ube.ca)!, Branko Deljanin”, Lee Groat', and 
Marina Epelboym? 

‘Department of Earth and Ocean Sciences, University of British Columbia, Vancouver, 
Canada; 7EGL Gem Lab, Vancouver; 7EGL USA, New York 

Yogo sapphires from central Montana are well known for their 
natural blue color. They are found as tabular crystals in an 
Eocene ultramafic lamprophyre dike. The sapphires have 
been mined intermittently for more than 100 years, but little 
gemological data are available. 

An examination of 12 faceted stones and 20 rough sap- 
phires showed that they were predominantly blue to violet 
blue, with lesser quantities of purple and pink. Typically they 
were evenly colored and did not show color zoning. The sap- 
phires were lightly included and often “eye-clean” and trans- 
parent. Fluid inclusions were uncommon. The most common 
mineral inclusions (predominantly identified visually using a 
gemological microscope) were rutile, sulfides, and garnet 
(identified by SEM); less commonly observed were biotite, 
calcite, and analcime. Rutile formed orange-to-brown, subhe- 
dral-to-euhedral crystals; no exsolved rutile needles were seen. 

The refractive indices were n, = 1.669-1.770 and n, = 1.760— 
1.762, yielding a birefringence of 0.008—-0.009. Specific gravi- 
ty varied from 3.97 to 4.03. Pleochroism was observed as 
weak-to-medium blue and purple in the blue stones, and as 
medium-to-strong purple and brownish orange in the purple 
sapphires. The purple stones exhibited moderate red fluores- 
cence to long-wave UV radiation, while the blue stones 
showed faint red or no fluorescence. 

UV-Vis-NIR spectroscopy was performed on 22 samples 
using a Varian Cary 50 Scan spectrophotometer. The blue 
stones had sharp bands at 375, 387, and 450 nm attributed 
to Fe** absorption, and broad absorption maxima at 590 and 
700 nm attributed to Fe**-Ti** charge transfer. Narrow bands 
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at 400, 560, and 695 nm (attributed to Cr), in combination 
with the bands observed in the blue stones, were responsible 
for the color of the purple sapphires. The chemical composi- 
tion of 50 samples (15 faceted and 35 rough stones weighing 
0.05-1.21 ct) was analyzed by EDXRF spectroscopy using a 
Key Master XRF gun. The EDXRF data confirmed that Fe 
and Ti were the cause of color in the blue stones, while Cr, Fe, 
and Ti were the chromophores in the purple sapphires. 


Statistical Study of the Performance and 
Predictive Value of Color Measurement Instruments 
for Cape-Colored Rough Diamonds 
Tom Ceulemans (info@chromascope.be) and Eva Van Looveren 
Chromascope, Antwerp, Belgium 
The price of rough diamonds is determined by their potential to 
give polished stones of a certain quality. Besides evaluating the 
possible size, clarity, and cut of the finished goods, estimating the 
final color is one of the main problems for the trader. For pol- 
ished diamonds, one can use master stones to evaluate cape 
color, but for rough diamonds this method cannot be used. The 
trader has to rely on his own experience and/or the use of color 
measurement devices currently available on the market. This 
study investigated how predictive these instruments are com- 
pared to visual inspection by an experienced diamond trader. 
More than 300 cape-colored rough diamonds were exam- 
ined. The stones had various origins, and showed UV fluores- 
cence reactions that varied from inert to very strong. The dia- 
monds had an average weight of 2.43 ct, and while some were 
makeables, most of them were sawables. All of them were type 
Ta with colors between D and M. The origin of the yellow cape 
color was the presence of N3 centers. This center is caused by 
the grouping of three nitrogen atoms and creates a zero-phonon 
line at 415.5 nm in the blue region of the visible spectrum. 
The color of the stones was visually evaluated before and 
after cutting by experts, and by using two commercial color 
measurement instruments: the Yehuda color machine and 
the Chromascope cape color measurement device. A statisti- 
cal evaluation was made between: (1) the visual and instru- 
mental color grade estimations, and (2) the color grade 
results of the rough stones versus the corresponding polished 
results measured in the different ways. The results showed 
that no method gives a 100% guaranteed color estimation, 
but the success rate of the methods varied between 70% and 
90% within a one color grade error margin. The exact 
amount of error depended on the method used (visual, 
Yehuda, or Chromascope), the intensity of fluorescence, the 
diamond’s origin, and the homogeneity of the color. 


“Bahia Gold” Golden Rutilated Quartz, Serra da 
Mangabeira, Novo Horizonte, Bahia, Brazil 
Brian Cook (brian@naturesgeometry.com) 


Nature’s Geometry, Laguna Beach, California 


Golden rutilated quartz deposits are located 400 km west of 
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Salvador, central Bahia, in the Serra da Mangabeira moun- 
tain range. The range (16 x 80 km) is oriented in a north- 
northwest direction, and composed mainly of peralkaline 
intermediate to felsic volcanic and volcaniclastic rocks of the 
Rio dos Remedios group (within the Espinhaco super- 
group). The volcanism took place in the Middle Proterozoic 
(1.7-1.2 billion years ago), and was accompanied by pyro- 
clastic and clastic sedimentation (Cordani and Blazekovic, 
1970). The rocks have undergone very slight to phyllitic 
metamorphism, and are situated at the western scarp of the 
Chapada Diamantina. The Brasiliano thermo-tectonic cycle 
(Upper Proterozoic) is responsible for gold mineralization 
and for abundant quartz veining throughout the region. 
Rutilated, smoky, and colorless quartz crystals are found in 
pockets and fissures of the quartz veins. The majority of pro- 
duction has been recovered from weathered rock down to 20 
m below the surface. 

Optical-grade quartz was collected from the surface of 
the Serra da Mangabeira in the 1940s. Smoky quartz and 
quartz with golden rutile needles were considered unsuit- 
able for optical use and tossed aside. Eventually the rutilat- 
ed quartz found its way to the stone centers of Governador 
Valadares and Teofilo Otoni in Minas Gerais. The broad- 
bladed golden rutile associated with hematite only occurs 
within this narrow volcanic range. Rarely, rutile oriented 
epitaxially on brilliant hexagonal hematite crystals produces 
“rutile stars.” It is thought that the golden-to-copper color 
of the rutile is related to its iron content. 

Electric percussive hammers have increased quartz pro- 
duction in the area by allowing the deposits to be explored to 
greater depths. In the past, most mining was limited to hand 
working the weathered layers. Today, hand labor is reaching to 
40 m depth with drifts to 25 m. Mechanization, along with 
higher demand since 2002, has resulted in a rush for the ruti- 
lated quartz. Up to 1,000 garimpeiros worked the deposits 
during the dry season (May—November) in 2005, but pro- 
duction figures are difficult to estimate. Thousands of kilo- 
grams of quartz may be produced monthly. The quality and 
size of rutilated quartz varies widely and is very inconsistent. 
All grades are usable, since there is an established bead and 
carving grade market. The gem-grade material represents less 
than 10% of production, and is in strong demand. 
Production is likely to be more regulated in the future as fed- 
eral and state agencies are beginning to monitor the area. 
REFERENCE 
Cordani U.G., Blazekovic A. (1970) Idades radiometricas das rochas vulcanicas dos 
Abrolhos. Congreso Brasileiro de Geologia XXIV, Brasilia, pp. 29-30. 


Software for Gemstone Grading and 


Appraisal Valuation 
Richard B. Drucker (rdrucker@gemguide.com) 


Gemworld International Inc., Northbrook, Illinois 
Since 1982, Gemworld International has published a com- 
prehensive pricing guide for the gem and jewelry industry, 
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called The Guide. In 2000, Gemworld became owner of 
Guide Appraisal Software, further developing the methods 
by which appraisers could grade and price gemstones. 
Integrating the GIA colored stone grading system of hue, 
tone, and saturation, along with clarity and cut parameters, 
gem grading and pricing can be entirely produced electron- 
ically. By integrating known gemological formulas with 
researched pricing from The Guide, reasonably accurate 
wholesale valuations can be achieved. Appraiser input then 
can incorporate extrapolated results into meaningful retail 
appraisals. 

GIA teaches colored stone and diamond evaluation 
methods. The diamond scale is universally accepted. Colored 
stones are more diverse and subjective in grading. For this 
reason, based on clarity, we differentiate between “types” of 
gems and grade them accordingly. An emerald is typically 
more included than an aquamarine, so GIA classifies emer- 
ald as a “type II” gem and aquamarine as a “type I” gem. 
Appraisal software can easily classify all gems and adjust for 
clarity grading. By entering the hue, tone, and saturation 
based on the GIA system or the Gemewizard system that is 
now being used by GIA Education, an overall color grade for 
the gem can be obtained. Finally, cut can be assessed using 
standard accepted proportion analysis. The GIA course uses 
the following cut grading categories: excellent, very good, 
good, fair, and poor. Combining the color, clarity, and cut by 
weighting each factor appropriately, the grade can then be 
applied to pricing grids. 

Appraisers constantly face the challenge of accurately and 
consistently assessing gems for grading and valuing. Today, 


this can be achieved more reliably through technology-based 
software. 


Demantoid from Iran 


Garry Du Toit (gdutoit@agta-gtc.org)', Wendi Mayerson”, Carolyn van der 
Bogert”, Makhmout Douman’, Riccardo Befi!, John I. Koivula*, and Lore 
Kiefert! 


'AGTA Gemological Testing Center, New York; ?GIA Laboratory, New York; *Arzawa 
Mineralogical Inc., New York; “AGTA Gemological Testing Center, Carlsbad 
Demantoid was first found in Iran in October 2001. The 
deposit is located in Kerman Province in southeast Iran at 
1500 m above sea level. So far, approximately 120 kg of mate- 
rial has been mined, of which 5% was of gem quality. Cat’s- 
eye demantoid is produced rarely (Douman and Dirlam, 
2004). Besides the green demantoid variety, light yellow, 
orange, light orange, and brownish orange andradite are 
found at the same location. The garnets occur as clusters and 
as single well-formed crystals that are hosted by regionally 
metamorphosed asbestiform rocks within serpentine. 
Associated minerals include chlorite, apatite (large colorless 
crystals), and an attractive banded opaque material consisting 
of layers of apatite and calcite. Another associated mineral was 
identified as an amphibole, probably manganoriebeckite. 
Twelve rough and 27 faceted demantoids were analyzed 
for this study. Sixteen samples were magnetic. The more 
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transparent samples contained “fingerprints” along with 
straight and curved fibrous needles, consistent with those seen 
in Russian demantoids. These samples also revealed fractures 
along growth planes, which were also seen in the cat’s-eye 
samples examined earlier; such fractures have been observed 
repeatedly in the Iranian material, and may distinguish them 
from the Russian material. The R.I. was above 1.81, and the 
S.G. was determined as 3.82 by the hydrostatic method. Both 
readings are consistent with the properties of demantoid from 
Russia. A desk-model spectroscope revealed a strong band at 
443 nm and two bands at 622 and 640 nm, indicating Fe** 
and Cr** as the chromophores. These chromophores have also 
been found in demantoids from Pakistan (Milisenda et al., 
2001). EDXRF spectroscopy showed significant chromium 
in several of the samples. 

REFERENCES 

Douman M., Dirlam D. (2004) Gem News International: Update on demantoid and 
cat’s-eye demantoid from Iran. Gems & Gemology, Vol. 40, No. 1, pp 67-68. 
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Fluorescence of Fancy-Color Natural Diamonds 


Sally Eaton-Magafia', Jeffrey E. Post”, Roy A. Walters?, Peter J. Heaney*, and 
James E. Butler! 

'Naval Research Laboratory, Washington, DC; *Department of Mineral Sciences, 
Smithsonian Institution, Washington, DC; *Ocean Optics Inc., Dunedin, Florida; 
“Dept. of Geosciences, Pennsylvania State University, University Park 

Gemological characterizations of diamonds commonly con- 
tain descriptions of fluorescence and phosphorescence. 
Typically, these include the color and relative intensity in 
response to short-wave (254 nm) and long-wave (365 nm) 
UV radiation. In addition, the corresponding spectra can be 
useful for indicating the presence of multiple centers that can- 
not be visually detected, the location of peak maxima, and 
peak shape. 

The Aurora Butterfly, a collection of 240 loose colored 
diamonds (total weight of 166.94 ct), was on temporary dis- 
play at the Smithsonian National Museum of Natural 
History from January to July 2005. It provided a unique 
opportunity to study the fluorescence reactions of a wide 
variety of colored diamonds. The diamonds were exposed to 
a UV source with wavelength varying from 250 to 425 nm, 
and the emission spectra were recorded. To avoid the risk of 
damaging these valuable gems, we could not perform some 
scientifically desirable experiments (e.g., low-temperature 
spectroscopy). An Ocean Optics deuterium lamp was used 
to excite the luminescence, and a fiber-optic assembly trans- 
mitted the UV radiation to the diamond and the emitted 
fluorescence from the sample. A USB 2000 spectrometer 
recorded the fluorescence and phosphorescence spectra. In 
the fluorescence measurements, a series of filters were used 
to block the visible light of the lamp. 

The fluorescence peak locations and shapes were segregated 
into three categories, which corresponded well with the dia- 
monds’ bodycolors. Fancy white, pink, and yellow diamonds 
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Emission spectra of the UV fluorescence are shown at various 
excitation wavelengths for Aurora Butterfly no. 213, a 0.46 
ct yellow-green diamond. 


showed two emission peaks centered at 450 and 490 nm that 
are possibly caused by the N3 defect or dislocations. Green and 
violet diamonds exhibited an asymmetric peak at 525 nm, like- 
ly due to H3 centers (see figure). Orange and “chameleon” dia- 
monds showed a broad symmetric peak at 550 nm, and nitro- 
gen platelets are tentatively assigned as the responsible center 
(Collins and Woods, 1982). Depending on the length of the 
“tail” of the emission band extending to 600 nm, the observed 
fluorescence could be either yellow or orange. 

Since fluorescence is caused by certain defect centers in 
diamonds, different colored diamonds with similar fluores- 
cence spectra likely have similar optically activated defects. 
Fluorescence spectroscopy could therefore be a useful tech- 
nique for classifying colored diamonds. 


Acknowledgments: We are grateful to Alan Bronstein for his 
time and for providing access to the Aurora collections, to 
Thomas Moses and Wuyi Wang of the GIA Laboratory in 
New York who loaned a DiamondView instrument for this 
project, and to Russell Feather, gem collection manager at 
the Smithsonian Institution, for his assistance. 
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The Braganga “Diamond” Discovered? 

Rui Galopim de Carvalho (ruigalopim@labgem.org) 

Labgem, Sintra, Portugal 

The famous Braganca diamond (internationally spelled 
“Braganza’) has been in the imagination of gem lovers since 
it was first mentioned in the early 19th century. Its reported 
1,680 ct weight would make it second only to the Cullinan 
among the world’s largest rough gem diamonds. The 
Braganga, named after the dynastic name of King D. Joao VI 
(1767-1826) of the House of Braganga, is reportedly a large 
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pale-colored pebble that was found in Brazil. The fascination 
with the mysterious Braganga is based on the fact that the 
existence of this diamond has never been proven. 

Modern authors have stated that this stone, if it ever exist- 
ed, was not a diamond but a topaz. This is consistent with the 
fact that in 19th century Brazil, colorless topaz was being pro- 
duced for Portuguese jewelry manufacturing. The negligible 
difference in specific gravity between diamond and topaz, and 
the fact that both can show perfect cleavage planes, may have 
contributed to a possible misidentification. 

The ongoing study of Portuguese Royal Treasuries at the 
Royal Palace of Ajuda has made it possible to access rare doc- 
uments, gems, and jewelry. In addition to the fabulous gem- 
set jewelry, a few Brazilian mineral specimens were once in the 
collection of King D. Joao VI. Among those was a very light 
greenish blue rounded pebble weighing 342 grams that was 
referred to as an aquamarine in the 19th century and later 
confirmed as beryl in the 1950s (see figure). A simple conver- 
sion from grams to metric carats yields 1,710 ct (i.e., 342 g x 
5 ct/g), which is quite close to the reported 1,680 ct of the 
Braganga. However, this carat value referred to old carats, and 
not the post-1907 universally accepted 1 ct = 200 mg = 1/5 g. 
The 1,710 ct value may easily be converted to 1,680 old 
carats, assuming a conversion factor of 1 ct = 203.5 mg, an 
admissible figure around Europe in the 19th century. 

The fact that a round gem pebble exists in the collections 
documented in the King D. Joao VI inventory, and that the 


This 342 g (62 x 61 mm) Brazilian aquamarine has a his- 
tory, weight, and general description that are consistent with 


those given for the Braganca diamond in the literature. 
Photo © Palacio Nacional da Ajuda, Lisbon; courtesy of 
IPPAR—Instituto Portugués do Patriménio Arquitecténico. 


Gems & GEMOLOGY FALL 2006 


A 


and more completely polarized. Each suc- 
ceeding plate causes surface reflection and 
consequent weakening of vibrations in this 
direction which causes thereby more devia- 
tion in the resultant polarized planes. Ulti- 
mately the shift (or resolution) will become 
quite complete and the emergent light will 
be completely polarized in the plane of the 
light perpendicular to the original surface 
of the plates. Experimentally seven or eight 
glass plates are sufficient to produce light 
which is quite completely polarized by 
reflection. It is interesting to note that po- 
larization always takes place in two mutually 
perpendicular planes, never at any angle 
other than 90°, and the absolute amount 
of polarized light is always the same in 
each of the two planes. 
ANISOTROPIC MATERIALS 

Polarization may also be produced by 
substances which have a proper crystalline 
structure. It occurs in anisotropic materials 
whenever light enters the specimen in a 
direction which is not parallel to an optic 
axis. In such substances the light not only 
suffers polarization but it is decomposed 
into two components which travel through 
the crystal with different velocities and are 
polarized in mutually perpendicular planes. 
This phenomenon of beam splitting is called 
double refraction. One of the refracted 
beams is called the ordinary ray for, in its 
refraction, it obeys the ordinary laws of 
refraction. The other, however, behaves in 
an eccentric fashion for it is bent out of 
the plane of incidence. This abnormal be- 
havior occurs even at perpendicular inci- 
dence and the ray has been called the ex- 
traordinary ray (Symbols w & e, omega 
and epsilon). 


A 


Figure 7. Examination of anisotropic 
material between crossed polaroids. 
(See article for complete explanation.) 


In Figure 6 at the left hand side is pic- 
tured a Rhomb of Calcite looking sidewise 
at the crystal and parallel to its long axis 
(crystallographic) or optic axis. A ray of 
light incident upon the under side or basal 
section a d, will upon entering the Calcite 
break into two rays. One will follow the 
ordinary laws of refraction and is bent 
(deflected) from its original path accord- 
ing to the previous relationships of inci- 
dent angles to refracted angles. This ray is 
called the Ordinary Ray and has been given 
the designatory syinbol o to identify it. 

This ray o will have its vibrations polar- 
ized, i.e, the plane of polarization will 
have a definite position to the crystallog- 
raphy of the Calcite crystal structure. The 
direction of the vibrations in the ordinary 
ray are shown in the upper portion or pro- 
jection of the basal section. 

The other or extraordinary ray, symbol- 
ized by e does not follow the regular re- 
fraction laws; however, the vibrations in 
this ray are plane polarized. This plane is 
perpendicular to the plane of vibrations in 
the ordinary ray. This plane is shown in the 
upper projection of the rhomb at e. 

At the right hand side of Figure 6 is 
drawn a cross sectional view of a Calcite 
Prism or Nicol Prism wherein one com- 
ponent of the two rays in the former Cal- 
cite crystal may be eliminated from con- 
sideration and a single resultant plane polar- 
ized ray evolved. Two crystals of Calcite are 
usually cut with the angles and faces as 


WINTER 1948 - 49 
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description and weight are consistent with what is reported as 
the Braganga diamond, may not be enough to say that they 
are the same. The search for further documentation is contin- 
uing that may confirm or deny that the Braganga is neither a 
diamond or a topaz, but most probably an aquamarine in the 
actual inventory of the Portuguese Royal Treasuries. 


The Evolution of the American Round Brilliant 
Diamond (aka American Cut), 1860-1955 

Al Gilbertson (al.gilbertson@gia.edu) 

GIA Research Department, Carlsbad, California 

Today “American Cut” is synonymous with “Ideal Cut.” This 
is a product of education that primarily came from GIA and 
the American Gem Society. The terms are equated with pro- 
portions espoused by Marcel Tolkowsky in 1919. Mr. 
Tolkowsky was Belgian, not American, and the terms 
American Cut and Ideal Cut were in use before 1919 with 
almost identical proportions. The trade has largely accepted 
this simplification of history and is unaware of why the term 
American is associated with this cutting style. Tracing the his- 
tory of the American Cut, a term incorrectly associated with 
Mr. Tolkowsky and proportions espoused by him, also paral- 
lels the search to equate the value of a faceted diamond with 
its appearance. Quality of cutting is often judged by a dia- 
mond’s appearance. This history follows a quest for cutting 
the most attractive diamonds that began before Henry Morse, 
but was revitalized by him in the 1860s. Prior to his involve- 
ment, David Jeffries (1750) and John Mawe (1823), as well as 
others, talked about cutting diamonds for their beauty. Until 
the late 1800s, diamonds were primarily cut to maximize 
weight and not beauty. 

Mr. Morse revolutionized diamond cutting by using mech- 
anized bruting and measuring angles with the first angle gauge. 
Prior to this, hand bruting made it very slow and difficult to 
make a diamond uniformly round in shape, and most were 
squarish. Other American innovations that followed were 
mechanical dops and sawing. Early ray tracing and mathemat- 
ical calculations for best cutting angles performed by Americans 
such as Henry Whitlock and Frank Wade corresponded to the 
angles in use for the American Cut. Merchandising of the 
American Cut (see figure) became easier as Americans boasted 
that they could do things as well as or better than Europeans. 
The patriotic timbre of the American view of their contribu- 
tions to diamond cutting can be a bit strong, yet it is a vital con- 
tribution to the evolution of the American Cut. 

The early proportions gave way to very slight changes pro- 
posed by Mr. Tolkowsky. Advocates of early proportions for the 
American Cut, including Mr. Wade, embraced Mr. Tolkowsky’s 
slightly different proportions. Mr. Wade's efforts and GIA’s sup- 
port (starting in 1931) of the American Cut’s proportions solid- 
ified its position in the trade. The final validation that placed the 
American Cut firmly as a diamond with beauty and value came 
with the changes in GIA course material in 1953, which evalu- 
ated cut and associated its evaluation with current market prices. 
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This poster was used in retail stores to discuss proportions 
for the American Cut as early as 1915. It was supplied 
to trade members by J. R. Wood and Sons. 


Funding for Gemological Research: 
Ideas and Case Studies 
Lee A. Groat (lgroat@eos.ubc.ca) 


Department of Earth and Ocean Sciences, University of British Columbia, 
Vancouver, Canada 


Research on gem materials and deposits ranges from basic to 
applied science, and has implications for a wide variety of 
topics from advanced materials to our understanding of geo- 
logical processes. For example, gem deposits are rare because 
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the required geological conditions are exceptional, and thus are 
often worthy of scientific study. In turn, the more we know 
about gem deposits, the more successful we should be at find- 
ing new ones. The obvious model is diamonds and kimber- 
lites, but surprisingly little is known about the origin of most 
colored stone deposits. This is especially important as tradi- 
tional sources decline. 

Of course, research costs money, for student stipends and 
salaries, instruments, analyses, transportation, journal page 
charges, conference fees, and a myriad of other expenses. 
Funding can come from a variety of sources, including gov- 
ernments and industry. Agencies such as the Natural Sciences 
and Engineering Research Council (NSERC) in Canada, and 
the National Science Foundation (NSF) in the United States, 
support research in mineralogy, materials science, and related 
fields through grants to individuals in academic institutions 
and museums in some cases. Proposals undergo a highly com- 
petitive peer-review process. NSERC has a number of 
Partnership Programs, including Collaborative Research and 
Development (CRD) grants, which support well-defined 
projects undertaken by university researchers and their pri- 
vate-sector partners. CRD awards cover up to half of the total 
eligible direct project costs, with the industrial partner(s) pro- 
viding the balance in cash and in kind. Similar programs exist 
with granting agencies in other countries. Government geo- 
logical surveys are another possible source of funding. 

Mining companies may also support gem research, pro- 
vided there is a clear plan with detailed budgets and time- 
lines. It also helps to show a willingness to get one’s hands 
dirty in the field. Sometimes numerous meetings are neces- 
sary before a company will commit to funding a project. 
Funding can be both monetary and in-kind (transportation, 
accommodation, data, etc.). Companies need to understand 
the regulations that the researcher must adhere to in any uni- 
versity-industry partnership. One of the best ways to cooper- 
ate is to have the company fund a graduate student. This cre- 
ates good public relations and there is the possibility that the 
student will become an employee upon graduation. A major 
labor shortage is developing in the geosciences, and such col- 
laboration is one way for a company to build a relationship 
with a potential employee. 


Relationship between Texture and 

Crystallization Degree in Nephrite Jade from 

Hetian, Xinjiang, China 

Mingyue He (hemy@cugb.edu.cn) 

School of Gemmology, China University of Geosciences, Beijing 

China is one of the most important countries of the world’s 
ancient civilizations, with a history of mining and using jade 
that extends for thousands of years. Nephrite was and remains 
the most important jade in Chinese culture. This study used 
petrographic microscopy and powder X-ray diffraction to study 
the relationship between texture and “crystallization degree” in 
nephrite from Hetian in Xinjiang Province. The crystallization 
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degree, which is also referred to as crystallinity, is the degree of 
structural order in a solid (often represented by a fraction or 
percentage) and provides a measure of how likely atoms or mol- 
ecules are arranged in a regular pattern (i.e., into a crystal). 

Microscopic observation of the jade revealed a crystal- 
loblastic texture. Based on the spatial relationships among the 
constituent grains, this crystalloblastic texture could be subdi- 
vided into the following seven types: felt-fiber intertexture, 
rimmed fiber, leaf fiber, broom, radial fiber, replacement relic, 
and replacement metasomatic (pseudomorph). The overall 
fabric of the jade could be classified as either blocky or schis- 
tose. The former is the most important and popular for gem 
material, while the latter is subject to fracturing along folia- 
tion and, thus, is not commercially significant. 

X-ray diffraction (XRD) analysis indicated that the jade is 
composed fundamentally of tremolite. In general, the XRD 
pattern for Ziyu material (an alluvial deposit) was consistent 
with that of tremolite, while there were weak diffraction peaks 
for accessory minerals such as serpentine in Shanliao material 
(a primary deposit). The higher-angle diffraction peaks indi- 
cate that the material is well crystallized. The indices of crystal- 
lization (calculated from the XRD patterns) of tremolite in 
Hetian jade were lower than that of standard coarse-grained 
tremolite. Within the Hetian jades, the indices of crystalliza- 
tion were relatively higher for the majority of Shanliao samples 
(which have a coarser grain size), which showed strong, sharp, 
and rather symmetric diffraction peaks. The indices of crystal- 
lization were lower for the Ziyu jade and a small amount of the 
Shanliao jade (in which the grain size was relatively fine), as 
shown by diffraction peaks that were weak, dispersed, and less 
symmetric. The crystallization degree was therefore consistent 
with the textural features seen with the microscope. 


Integrating the Diamond Project 


Development Process 
Karin O. Hoal (khoal@mines.edu) 
Colorado School of Mines, Golden, Colorado 


Diamond project development by producers affects the market 
because geologic source is tied to a geopolitical location, and 
mining methods may adversely affect sales. The diamond proj- 
ect development process refers to how diamond projects are 
developed to improve recovery, reduce environmental impact, 
and contribute to local communities (see table). The visibility of 
programs such as the Diamonds and Human Security Project 
(www.pacweb.org/e/images/stories/documents/sierraleone_e.pdf) 
the Diamond Development Initiative (www.casmsite.org/ 
Documents/DDI_Accra_Oct05.pdf), and Diamonds for 
Development (www.diamondsfordevelopment.com) shows 
how project development affects producers through to retail- 
ers, as well as the public’s perception of goodwill accompany- 
ing any mining-related activity, however far removed (ie., 
jewelry). Diamond project development is particularly impor- 
tant to mineral-rich African countries that rely on mining rev- 
enues for infrastructure and development. 
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At the Colorado School of Mines, we are establishing the 
first interdepartmental geometallurgical research center with 
state-of-the-art QemScan instrumentation, that will be used 
for new applications in diamonds and gems (e.g., rapid indi- 
cator mineral assessment, stone source identification tech- 
niques, materials characterization) among other mineral 
studies. In association with the USGS, research in Liberia 
illustrates how diamond project development is enhanced 
by integrating geology, resource assessment, extraction and 
characterization techniques, and marketing initiatives in a 
revitalizing industry with a new government. Past export fig- 
ures for Liberia from the 1950s to 1980s, including traf- 
ficked stones, averaged about 300,000—600,000 carats/year, 
declining to 3,700 carats in 2001 (Greenhalgh, 1985; 
Coakley, 2004). While production is on hold until UN sanc- 
tions are lifted (perhaps by December 2006), exploration 
efforts and some artisanal operations continue and there is 
considerable potential for new deposit discoveries. 

Liberian geologic and mineral assessment includes identi- 
fying (1) the boundaries of the West African Craton, (2) 
potential lithospheric delamination by the Pan African oroge- 
ny and subsequent diabase dike swarms, (3) structural con- 
trols, (4) potential sites conducive to kimberlite emplacement, 
(5) erosional and weathering profiles for alluvials, (6) second- 
ary reworking sites, and (7) the potential for paleodrainage 
and marine deposits. These geologic factors help determine 
elements of the project development process, such as extrac- 
tion techniques, processing methods for difficult materials, 
laboratory facility methods, geometallurgical characterization, 
and a mining plan. Community development follows, 
through geological survey assistance, certification programs, 
GPS-database systems of mining sites and recovery values, 
and training-the-trainer programs. Recovery and sales of 
rough diamonds through cooperatives with government- 
appointed monitors are geared toward a sustainable system 


Some components of integrated diamond project development. 
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that benefits sellers with the best prices, brings income to 
communities, and develops branding initiatives for conflict- 
free, high-quality Liberian stones. 

REFERENCE 

Coakley G.J. (2004) The Mineral Industry of Liberia. U.S. Geological Survey Minerals 
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Melo “Pearls” from Myanmar 
Han Htun!, William Larson’, and Jo Ellen Cole (jocole2@cox.net)? 
'Stalwart Gem Laboratory, Yangon, Myanmar; *Pala International, Fallbrook, 


California; *Cole Appraisal Services, Carlsbad, California 

Non-nacreous “pearls” produced by Melo volutes are found 
along coastal areas of Myanmar, as well as Indonesia, Thailand, 
Cambodia, and Vietnam. Occurring in a range of colors, the 
most prized is an intense orange hue. In Myanmar, the volutes 
are called Ohn kayu (coconut shell), and the orange pearls 
derived from them are called Ohn pale. The volutes are fished at 
a depth of 30-50 m from a muddy sea bottom. A non-nacre- 
ous pearl forms when an irritant enters the mollusk’s mantle, 
and the size and color of the Melo pearl is determined by the 
size and lip color of the parent mollusk. 

In addition to a strong orange coloration, the best-quali- 
ty Melo pearls exhibit an attractive silky flame-like structure 
and a porcelaneous luster. The microscopic “flames” are actu- 
ally thin lamellar-like structures composed of intercalated 
calcite and aragonite crystals that display different optical 
behaviors. The lamellae are almost parallel to one another, 
and when oriented perpendicular to the axis of the pearl they 
produce a pseudo-chatoyancy effect. Some Melo pearls show 
a regular pattern of parallel elongated striations that impart a 
silky sheen. 

Melo pearls are generally round, but a near-spherical or 
true round shape is very rare. They may vary from a few mil- 
limeters to more than 32 mm in diameter. Fluorescence is 
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variable, mostly chalky blue or orange. The refractive index 
typically ranges from 1.51 to 1.64, with lower values rang- 
ing from 1.50 to 1.53 and the higher values ranging from 
1.65 to 1.67. Variations could be greater if a larger sample 
group were studied. With exposure to the UV radiation in 
sunlight, both the Melo shells and their pearls are known to 
fade in color. 

The majority of Burmese Melo pearls are fished from the 
Mergui Archipelago and traded in the town of Myeik (or 
Mergui). The color, shape, size, and quality of the flame 
structure are considered in determining their price. Imitation 
Melo pearls have been created by polishing round pieces cut 
from the thickest portion of the volutes shell. They display a 
different flame structure pattern that consists of concentric 
radiating flames and parallel-banded layers displaying the 
pseudo-chatoyancy effect. 

Melo pearls are among the rarest gems in the world. 
Myanmar coastal areas offer an ideal environment for the 
habitat of Melo gastropods, and it is certain that many more 
of these exotic orange pearls will be retrieved from Myanmar 
waters in the future. 


Global Rough Diamond 

Production from 1870 to 2005 

A.J. A. (Bram) Janse (archonexp|@iinet.net.au) 

Archon Exploration Pty. Ltd., Perth, Western Australia 

Data for annual global rough diamond production from 1870 
to 2005 were compiled and analyzed. Assembling these data 
was an arduous and difficult task because the figures for sev- 
eral countries may vary as much as 10% between various pub- 
lications. To maintain consistency, production figures were 
taken from sources that are believed to be reliable and were 
published in the U.S. These sources include Minerals Yearbook 
(published by the U.S. Bureau of Mines from 1934 to 1966 
and thereafter by the U.S. Geological Survey). For the period 
from 1870 to 1934, the “Gemstones and Precious Stones” 
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This graph shows the 
annual global rough 

diamond production 
from 1870 to 2005, 

subdivided according 
to the major sources. 


chapters in The Mineral Industry and Mineral Resources of the 
United States, as well as Wagner (1914), were consulted. 

Global production, as indicated by carat weight, was 
divided into 10 major source countries or regions (see figure 
and a data table in the G&G Data Depository at 
http://www.gia.edu/gemsandgemology). The data show a 
spectacular increase in 1985 when the Argyle mine in 
Australia began production. Declines in South African pro- 
duction were caused by World War I in 1915, the sudden 
influx of diamond jewelry put on the market by Russian 
émigrés in 1921-22, and the global depression in the early 
1930s. Starting in the 1930s, production from West Africa 
and the Congo increased greatly and peaked in the period of 
1955-1975. Russian production began in 1960 and 
increased starting in 1985, during the same time as produc- 
tion in Botswana (beginning in 1971) and Australia (begin- 
ning in 1983) began to rise significantly. The latest entry is 
Canada, which began production in 1998. 

Data and statistics for 27 diamond-producing countries 
have been tabulated (again, see table in the GeG Data 
Depository). South Africa ranks first in value (although 
fourth in volume), mainly because of its long history in 
production; Botswana ranks second in value and fifth in 
volume, although its production history dates only from 
1970; Russia is third in value and third in volume; while 
Namibia, although ranking only eighth in volume, is fourth 
in value because of the high value of the diamonds from its 
beach deposits. Congo-Zaire is first in volume, but because 
of the low diamond value it ranks fifth in value, and like- 
wise Australia ranks second in volume but is only eighth in 
value. The total global production up to 2005 is estimated 
at 4.5 billion carats, valued at $315 billion with an average 
value per carat of $70. 

REFERENCE 
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Johannesburg, South Africa, 347 pp. (reprinted in 1971 by C. Struik, Cape Town, 
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Identification of Beryl Varieties: “Beryl Color Circle,” 
“Color Memory,” and a Proposed New Variety— 
Chromaquamarine 

Ariinas Klei$mantas (arunas.kleismantas@gf-vu.lt) 

Geology and Mineralogy Dept., Vilnius University, Lithuania 

The goals of this study were to create a method to classify gem 
beryl varieties and identify indications of heated beryls. In 
addition, based on a study of material from Zambia and 
Australia, a new beryl variety is proposed. 

With increasing heating temperature, the color of beryl 
containing Fe** changes as follows: yellowish brown — yellow 
— slightly yellow — slightly green — colorless with slightly 
green-blue — slightly blue. This observed sequence was calcu- 
lated theoretically by using Goethe's Color Circle and 
Maxwell’s Triangle (Agoston, 1982). When transferred to the 
CIE (1931) color space diagram, the color spectra for various 
beryl varieties show a consecutive sequence: golden beryl => 
heliodor — green beryl — goshenite > aquamarine. Golden 
beryl and heliodor clearly distinguish themselves as separate 
varieties in this CIE (1931) diagram, and their designation 
should be based on their hue—yellow for golden beryl, and 
greenish yellow for heliodor. 

A new proposed variety—chromaquamarine—can be 
distinguished on this same color diagram. Chemical analysis 
with a JXA-50A scanning electron microscope of five chro- 
maquamarines (four from Kafubu, Zambia, and one from 
Poona, Australia) and 26 emeralds from different localities 
showed that the chemical composition of chromaquamarine 
is close to that of emerald, but with a considerably larger 
amount of FeN* (0.475-1.11%) than either Cr>* 
(0.081—0.146%) or V** (<0.018%). The hue of chromaqua- 
marine varies from greenish blue to bluish green. However, 
because of the presence of chromium, this material cannot 
be considered to belong to the iron-bearing beryls, and must 
be closer to emerald. 

Having made use of the Goethe Color Circle, a new dia- 
gram—a “Beryl Color Circle’—has been devised to reflect 
the diversity of beryl varieties (see figure), and shows the vari- 
ety of stones with similar hues. 

From the absorption spectra of heated beryl, it was found 
that after heating, beryl possesses a “color memory” because 
the color centers remain after the heat treatment. This could 
help indicate whether or not a beryl has been heated. 
REFERENCE 
Agoston G.A. (1982) Color Theory and Its Application in Art and Design. Mir Publishers, 
Moscow, pp. 62-113 (in Russian). 


Gemological Properties of Colorless 
Hyalophane from Busovaca, Bosnia-Herzegovina 
Goran Kniewald (kniewald@irb.hr)! and Vladimir Bermanec* 


'Center for Marine and Environmental Research, Rudjer Boskovic Institute, Zagreb, 
Croatia; “Institute of Mineralogy and Petrology, University of Zagreb, Croatia 


Hyalophane has the formula K,Ba[AI(AI,Si)Si,O,], and is a 


mineral belonging to the solid-solution series of K-Ba 
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This “Beryl Color Circle” was compiled according to color- 
causing impurities elements and their position in the beryl 
crystal structure. 


feldspars with the end-members orthoclase K[AISi,O,] and 
celsian Ba[Al,Si,O,]. Gem-quality hyalophane has been 
found in the Busovaca area in central Bosnia-Herzegovina, 
some 50 km northwest of Sarajevo. It occurs in stratabound 
hydrothermal veins associated with Paleozoic chlorite and 
amphibolite schists (Bermanec et al., 1999). This occurrence 
has been described previously in the literature, and data on 
crystal morphology, chemistry, and optical properties have 
been published (Baric, 1972; Bank and Kniewald, 1985). A 
colorless, transparent cut hyalophane was shown to be biaxial 
with refractive indices of n, = 1.541, n= 1. 546, and n, = 
1.549, giving a birefringence of 0.008; the hydrostatic seen 
ic gravity was 2.89 (Bank and Kniewald, 1985). The identity 
of the studied hyalophane was confirmed with powder X-ray 
diffraction. 

Before the onset of war in Bosnia during the 1990s, 
some additional crystals of gem-quality hyalophane were 
found and several stones ranging from 0.5 to 1.5 ct were cut 
from this material. Attempting to identify hyalophane with 
standard gemological tables is difficult, since this mineral is 
not mentioned in the common gemological literature. To 
our knowledge, this is the only known occurrence of gem- 
quality hyalophane. 

REFERENCES 
Bank H., Kniewald G. (1985) Farbloser hyalophane von Busovaéa, Jugoslawien. 
Zeitschrift der Deutschen Gemmologischen Gesellschaft, Vol. 34, No. 3/4, pp. 169-170. 
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Some Dissolution Features 

Observed in Natural Diamonds 

Taijin Lu (tlu@gia.edu)!, Mary L. Johnson”, and James E. Shigley! 

IGIA Research, Carlsbad; 7Mary Johnson Consulting, San Diego, California 

Most natural diamonds have been subjected to at least one 
dissolution process since their nucleation and growth in the 
mantle (Orlov, 1977). This dissolution not only modifies the 
external morphology, but it also leaves various etch figures on 
the surfaces of the crystal. Besides the best-known feature— 
trigons (small triangular depressions seen on some octahedral 
crystal faces)—many other dissolution features can be 
observed. In this presentation, some less common etch figures 
are discussed: etch channels (Lu et al., 2001), etch figures at 
twin boundaries, discoid sculptures (Wang et al., 2004), and 
nested etch patterns. 

Etch channels of various forms, from parallel lines to 
irregular ribbon- or worm-like shapes, can be seen in both 
type I and type II diamonds from various localities (see, e.g., 
Johnson et al., 1998). These channels have surface openings 
with rhombic or modified rhombic shapes and, internally, 
they often terminate at mineral inclusions. They appear to 
originate either from the outcrop of a bundle of dislocations 
perpendicular to {111} planes, or along dislocation dipoles 
elongated along the <110> direction in the diamond. The 
final internal morphology of the channels varies depending on 
the interaction with other defects during the dissolution 
processes (Lu et al., 2001). 

Etch figures associated with twin boundaries (contact 
twins) usually display high symmetry (such as hexagonal or 
rhombic forms). Most etch figures can be removed by polish- 
ing, but they will appear at the same locations if the faceted 
stone is etched again because twin boundaries penetrate deep 
inside most diamonds. Dislocations at the kinks of zigzag- 
like twin boundaries are preferential sites for the formation of 
these etch figures during selective dissolution processes. 

Discoid sculptures and nest-like etch patterns on diamond 
surfaces are much less common than the etch channels and 
etch figures associated with the twin boundaries. “Crater-like” 
depressions were seen randomly scattered on the surface of a 
2.70 ct diamond crystal with a modified dodecahedral/ 
octahedral form, and were probably due to selective dissolu- 
tion under specific chemical conditions (Wang et al., 2004). 
An etch pattern with triangular nested steps was seen on an 
octagonal face of a thick plate-like diamond crystal from 
Argyle, Australia (see figure). This pattern may have been 
caused by a selective and slow layer-by-layer dissolution of a 
fractured surface. 

REFERENCES 
Johnson M.L., Schwartz E., Moses T.M. (1998) When a drill hole isn’t. Rapaport 
Diamond Report, Vol. 21, No. 45, pp. 1, 19, 21, 23, 25, 26. 
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This 1.66 ct diamond crystal from the Argyle mine shows a 
large nested triangular etched pattern completely covering 
one surface. Photo by Taijin Lu. 
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The Role of Brillianteering Variations in the 
GIA Cut Grading System 


Ilene Reinitz (ireinitz@gia.edu)', Al Gilbertson”, and Ronnie Geurts? 
'GIA Laboratory, New York, 7GIA Research, Carlsbad; 3GIA Antwerp, Belgium 


The GIA cut grading system for round brilliant diamonds 
includes seven components addressing appearance, crafts- 
manship, and design. We related these components to the 
average proportions, descriptions of girdle thickness and 
culet size, and the polish and symmetry grades provided in 
the GIA Diamond Grading and Dossier reports. The grading 
system also includes evaluation of cutting variations applied 
during the brillianteering process—purposeful, symmetric 
displacement of the upper and/or lower girdle facets, known 
in the trade as painting and digging out (see figure). 

Because these facets (often called “halves” by diamond 
cutters) cover about 40% of the surface of the round bril- 
liant, and are part of so many light paths through it, these 
brillianteering techniques can affect the overall appearance 
of a round brilliant as much as or more than variations in 
the average proportions. In some cases, painting (movement 
of the halves toward the adjacent bezel or main) or digging 
out (movement of the halves toward each other) is done 
specifically to manipulate the face-up pattern; in other cases, 
these techniques allow greater weight recovery, or ease the 
removal of inclusions. The average proportions are fully 
established before the upper and lower halves are polished, 
so they cannot describe the extent to which either bril- 
lianteering technique was applied. Painting and digging out 
can be assessed in several ways, but the most direct visual 
estimate is made from the appearance of the diamond’s 
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girdle in profile view. Asymmetries such as uneven crown 
height or wavy girdle can interfere with the assessment of 
brillianteering variations. 

Like other appearance factors, we determined the impact 
of painting and digging out on overall appearance by analyz- 
ing human observations of round brilliant diamonds of 
common proportions, with and without various degrees of 
brillianteering variations. The many possibilities available to 
the diamond cutter for varying the half facets lead to a wide 
variety of visual effects. Brillianteering variations can reduce 
contrast, or increase it. They can enhance fire, sometimes at 
the expense of brightness, or they can enhance brightness, 
sometimes at the expense of fire. In general, moderate-to- 
significant brillianteering variations create differences in 
face-up appearance that may appeal to the taste of some dia- 
mond consumers, but severe variations cause defects in 
appearance that merit a low cut grade. Such variations are 
indicated with a comment on the grading report when it is 
the grade-setting factor. In conjunction with the overall 
grade, this comment alerts the report holder to look at the 
diamond’s appearance and to make a personal judgment. 


Preliminary Observations of a 
New Polishing Process for Colored Gems 


Peter Richardson (peter@aurumplus.com)!, Tom Stout”, Carley McGee- 
Boehm}, William Larson*, and Edward Boehm? 


'Aurum Plus, San Bernardino, California; 7Veeco Instruments Inc., Tucson, Arizona; 
3JOEB Enterprises, Solana Beach, California; 4Pala International, Fallbrook, California 
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A new process for polishing colored gems, diamonds, and fin- 
ished jewelry—called PolishPlus—was introduced in 2003. 
Colored stones such as opal, amethyst, corundum, emerald, 
spinel, tanzanite, and tourmaline appear to show improve- 
ment in transparency, luster, brilliance, or phenomenon. 
Pearls, especially older worn pieces, show significant improve- 
ment in luster and surface quality. Mounted pieces of jewelry 
may be polished using this process, improving the appearance 
of the gems as well as providing brighter and smoother metal 
surfaces. This could prove useful to the antique and estate jew- 
elry market, where removing a gemstone from its original set- 
ting for repolishing can sometimes compromise the value of 
the entire piece of jewelry. 

The polishing process involves the use of various patent- 
pending and proprietary polishing mediums that employ 
special methods designed specifically for polishing gems and 
jewelry. PolishPlus employs a dry finishing medium 
(“MiracleMedia”), and special vibratory finishing machines 
with oscillatory motions of over 6,000 cycles per minute. The 
object being polished is bombarded from multiple directions 
with successive grits to sizes below 0.02 microns (which is 
about 1,000 times finer than the conventional industry stan- 
dard grit). The polishing process can take from several hours 
to several days, depending on the material being polished. 
There are virtually no limitations on the size or shape of mate- 
rial that can be polished. 

In an effort to scientifically substantiate the improvements 
in appearance, the authors have tested and photographed 
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numerous gem samples before and after the polishing. The 
experiments seem to indicate that the optical improvements are 
the result of a higher degree of polish than has previously been 
achieved on these gemstones. This results in more light enter- 
ing the gem due to less hindrance from surface anomalies, and 
therefore a more beautiful gemstone. Using the Wyko optical 
profiling systems by Veeco Metrology Group, we measured the 
topography of the gemstones and metal surfaces at extremely 
high magnification. The instrument uses optical phase shifting 
and white light vertical scanning interferometry to produce 
detailed subnanometer measurements that are displayed on a 
computer monitor as three-dimensional color images. Samples 
with apparent visual improvements resulting from the 
PolishPlus process had improved polish to subangstrom levels. 


Identification of Dyed Chrysocolla Chalcedony 
Andy Shen (andy.shen@gia.edu), Eric Fritz, Dino DeGhionno, and 
Shane McClure 

GIA Laboratory, Carlsbad 


Chrysocolla chalcedony (marketed as “gem silica”) is probably 
the most valuable variety of chalcedony. The material is col- 
ored by minute chrysocolla inclusions and usually ranges from 
an intense-to-vivid blue to blue-green. The diaphaneity of 
gem-grade material is semitransparent to semitranslucent. The 
color of this type of chalcedony is easily enhanced by soaking 
in water (Koivula et al., 1992; Johnson and Koivula, 1996). 
Furthermore, because colorless or milky chalcedony absorbs 
aqueous solutions readily, it can easily be dyed with inorganic 
cobalt or copper salts to simulate chrysocolla chalcedony. 

Chrysocolla is a hydrous copper silicate mineral that forms 
from the weathering of copper minerals. Therefore, visible 
inclusions of chrysocolla together with other copper minerals 
(such as malachite) within the chalcedony provide the best evi- 
dence of natural origin. Visible absorption spectra and miner- 
alogical associations are the main gemological criteria. Ifa chal- 
cedony is dyed with cobalt, characteristic absorption lines 
(triplet at 620, 657, and 690 nm) may be seen with a hand- 
held spectroscope. However, for samples dyed by a copper 
solution with no clear mineral inclusions, we found that UV- 
Vis-NIR spectroscopy is necessary to identify them. 

We recorded UV-Vis-NIR spectra of 29 untreated and 10 
treated samples. A typical UV-Vis-NIR absorption spectrum 
(250-2500 nm) of natural chrysocolla chalcedony shows four 
distinct broad bands. A broad band covering 527-1176 nm 
(centered at ~721 nm) is due to the crystal-field effect of the 
Cu** ion in the chrysocolla lattice (Burns, 1993, p. 238). A 
band around 1300-1700 nm correlates to total OH content. 
The molecular water content is represented by a band at 
1800-2100 nm. A band at 2128-2355 nm represents struc- 
turally bonded OH (Graetsch, 1994; Shen and Keppler, 
1995). Furthermore, the concentrations associated with the 
four bands can be calculated if the path length and the absorp- 
tion coefficient are known. We employed a simpler approach 
by looking at the ratio of the integrated areas under the Cu?* 
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(527-1176 nm) band and the structurally bonded OH 
(2128-2355 nm) band. All of the chalcedony colored by 
chrysocolla had a ratio between 7 and 44, whereas all of the 
samples dyed with copper solutions had a ratio from 0.5 to 3. 
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Study of Interdependence: Fancy-Color Diamond 
Appearance, Cut, and Lighting Conditions 


Sergey Sivovolenko (serg@next.msu.ru)! and Yuri Shelementiev” 


!OctoNus Software, Moscow, Russia; 7Diamond Design, Moscow 


To optimize diamond cut proportions, we should consider 
three factors: illumination, the diamond, and human percep- 
tion. These factors can be approximated by using computer 
modeling. During color grading, a diamond is compared 
against color master-stones in standard illumination and 
viewing conditions. However, diamonds are shown, sold, or 
worn in many different environments. Even if two of the 
above factors are fixed, a change in the third condition can 
dramatically change the overall perception of a diamond. 

To study variations in a stone’s appearance, we pho- 
tographed yellow cubic zirconia in various faceted shapes 
using a symmetric ring-shaped, daylight-equivalent lamp and 
other illumination conditions. The same stones and lighting 
conditions were then modeled in DiamCalc software, and 
their three-dimensional models were obtained using a non- 
contact measuring device (Helium Polish scanner developed 
by OctoNus). The three-dimensional models contain infor- 
mation about each cut stone’s shape, facet arrangement, real 
symmetry features, slope (angle), and index (azimuth) angles 
of each facet. 

The DiamCalc software can closely model the appearance 
of polished colored stones in any lighting condition, and thus 
it is possible to model the appearance of any colored diamond 
in any cut, as represented in the figure. Even though these 
results were obtained for cubic zirconia, diamond appearance 
can be modeled with this software by using the appropriate 
refractive index in the calculations. 

It is advisable to use several controlled lighting conditions 
when designing and optimizing new cuts because of diamond’s 
variability in appearance under different lighting conditions. 
Diamond proportions with an inconsistent appearance under 
different types of lighting can be avoided. A good diamond 
cut should have an attractive appearance under all lighting 
conditions. One can use computer models of several common 
illuminations to predict a stone’s appearance before it is cut. 
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Comparative Investigation of Diamonds from 

Various Pipes in the Malaya-Botuobiya and 
Daldyn-Alakit Areas (Siberia) 

Yulia P. Solodova (gigia@rol.ru)', Elena A. Sedova', Georgiy G. Samosorov’, 
and Konstantin K. Kurbatov? 

'GIA Russia, Moscow; ?Russian State Geological Prospecting University, Moscow; 
3ALROSA Diamond Sorting Center, Mirny, Sakha, Yakutia, Russia 

A selection of at least 2,000 diamond crystals from the 
Siberian craton, representing various size-weight groups, was 
examined from the following pipes: Dachnaya and 
Internationalaya in the Malaya-Botuobiya (M-B) area, and 
Udachnaya, Aikhal, and Jubileynaya in the Daldyn-Alakit (D- 
A) area. The mineralogical features and physical properties of 
diamonds within each area were quite similar, and they 
showed less variation than a comparison of diamonds from 
pipes from different areas. 

According to Orlov’s (1984) mineralogical classification, 
category I diamonds were prevalent (up to 98.8%) in the M- 
B area, and those remaining were category VIII. About two- 
thirds of the category I diamonds consisted of well-formed, 
flat-faced octahedrons. The proportion of category I dia- 
monds was somewhat less (71-96%) from the D-A area. The 
balance of those diamonds were from a number of other cat- 
egories (II, III, IV, V, VIII), consisting of flat-faced. crystals, 
rounded crystals, and intermediate forms. 

Category I diamonds from the M-B area were yellow and 
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Various images of five cuts 
(round, princess, radiant, 
oval, and trilliant) were pro- 
duced by modeling with 
DiamCale software (here, for 
yellow cubic zirconia) under 
various illumination condi- 
tions. The round, princess, 
and radiant cuts are scanned 
models with real symmetry 
deviations, while the oval 
and the trilliant cuts are 
parametrical models. Each 
row contains images of the 
same cut modeled in different 
lighting conditions. “Magna 
Colorscope” lighting represents 
color grading illumination; 
these stones are tilted by 15° 
from the face-up position. 
The ring illuminations are 
symmetrical, while the office 
and jewelry store variations 


Office petty represent “real situation” 
(white background) lighting environments. 


brown. Purple diamonds were also noted from both of those 
pipes. In crystals from the D-A area, browns dominated over yel- 
lows, or these colors were present in approximately equal 
amounts. Also present were gray diamonds and diamonds with a 
green skin. Intensely colored diamonds were rare from both areas. 

Blue or pink fluorescence to long-wave UV radiation was 
noted in diamonds from both areas. Some diamonds from the 
D-A area showed yellow or green fluorescence. 

IR absorption spectra showed that diamonds from the M- 
B area contained nitrogen, mostly as A centers. In D-A area 
diamonds from Udachnaya, the occurrence of nitrogen as B2 
centers was higher than in those from the other pipes. 
Differences in B1 and H centers between diamonds from the 
two areas were not significant. 

Diamonds from some of the pipes were studied using 
electron paramagnetic resonance (in collaboration with the 
Institute of Geology of Ore Deposits, Petrography, 
Mineralogy and Geochemistry of the Russian Academy of 
Sciences, Moscow). Paramagnetic centers containing Ni were 
found in diamonds from Jubileynaya, M2 centers were 
recorded in those from Internationalaya, and N1 centers were 
found in diamonds from Dachnaya. 

Raman spectroscopy (in collaboration with the Institute 
of Element Organic Synthesis, Moscow) demonstrated that 
the average full width at half maximum (FWHM) values 
of the diamond Raman lines ranged from 2.4 to 3.4 cm™!, 


Gems & GEMOLOGY FALL 2006 141 


“Keshi” cultured pearls are observed in a variety of sizes, 
shapes, and colors. 


In octahedral and dodecahedral crystals, the Raman FWHM 
was 2.4-3.0 cm™!, and for the cuboid diamonds it was 
3.2-4.0 cm™!. Brown and gray diamonds had greater FWHM 
values than colorless and slightly yellow ones. 
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The “Keshi’ Pearl Issue 
Nick Sturman (nick@commerce.gov.bh) and Ali Al-Attawi 


Directorate of Precious Metals and Gemstone Testing, Ministry of Industry and 
Commerce, Manama, Kingdom of Bahrain 


The word Keshi has traditionally been used to describe small 
natural saltwater pearls (“seed” pearls) as well as similarly sized 
pearls that resulted as a byproduct of the Japanese cultured 
pearl industry. Nowadays, the term is predominantly used to 
describe cultured pearls with sizes well above those that would 
be considered seed-like. Hence, Keshi is now used generically 
to describe any pearl byproduct without a bead nucleus that 
is produced by the culturing process (e.g., see figure), regard- 
less of the ocean in which the pearl farm is located. 

The contentious aspect of Keshi cultured pearls revolves 
around the following question: Can gemological laborato- 
ries differentiate between all Keshi cultured pearls and natu- 
ral pearls? In our opinion and experience, the answer to this 
question is no. Some Keshi cultured pearls are instantly rec- 
ognizable by their overall visual appearance, and their cul- 
tured origin can be further validated by their internal struc- 
tural features, as revealed by X-radiography. In other cases, 
laboratories are faced with an identification issue that may 
be either straightforward (i.e., the X-radiographic structures 
are quite distinct, classifying them as tissue-nucleated cul- 
tured pearls) or difficult (i.e., they exhibit natural-appearing 
structures). 

Quantity testing of Keshi cultured pearls (i.e., in rows, 
necklaces, or parcels) may be thought of as less complicated 
because the test results are based on those samples that show 
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the most evident structures. However, this is not always true, 
and we often have to issue mixture, majority/minority, or 
even natural reports on parcels of what appear to be Keshi 
cultured pearls. When individual pearls are submitted (i.e., 
for a full test as opposed to batch testing), the situation may 
be trickier since only the structure of a single sample, and 
not a group of pearls, is available to the gemologist. If the 
structure appears natural by X-radiography, then a natural 
report can be issued. In our experience, individual pearls 
with internal structures that are undoubtedly natural will 
pass as such in most, if not all, laboratories. 

We do not have a solution to the differences in opinion 
that exist in the trade regarding what constitutes a “Keshi 
pearl,” and believe that a good deal of research still needs to 
be carried out on the subject. 


A System to Describe the Face-up Color Appearance 


of White and Off-white Polished Diamonds 
Thomas E. Tashey Jr. (ttashey@sbcglobal.net)'? and Myriam C. Tashey* 


ID Gemological Laboratory, Ramat Gan, Israel; 7Professional Gem Sciences, 
Chicago, Illinois 

The traditional color grading of polished diamonds in the D- 
to-Z range is performed by observing them table-down in a 
standardized viewing environment, and comparing them to 
master stones of known bodycolor, also in the table-down 
position. Observing the diamonds table-down facilitates dis- 
cerning subtle differences in the amount of color or of shades 
or tonal differences between them. There is generally a good 
correlation between the bodycolor observed table-down and 
the face-up color appearance of similarly sized and propor- 
tioned round brilliants. However, fancy-cut diamonds can 
show significantly more color face-up than round brilliants of 
the same color grade. Conversely, diamonds with strong blue 
fluorescence can appear to have less color face-up than non- 
fluorescent stones of the same color grade. 

We propose a system to describe and classify the face-up 
color appearance of colorless and near-colorless polished 
diamonds. Face-up color appearance standards can be made 
from certain master comparison diamonds, and the color of 
polished diamonds can then be compared face-up to these 
standards. These standards should be nonfluorescent, very 
well made, round brilliant-cut diamonds that range from 
6.0 to 7.0 mm in diameter. The colors of these master dia- 
monds should be G, J, L, N, S, and W. The stones should 
be slowly rocked (tilted back and forth through an angle of 
+30° from the table normal) while placed next to one anoth- 
er for comparison. Using this technique for fancy-cut dia- 
monds, it should be noted that more yellow color will be 
observed in the table area than in their outer crown facets. 
Conversely, the round brilliants will show the most yellow 
color in their crown facets outside of the table area as they 
are rocked back and forth. 

To describe color, we propose the standardized. descrip- 


tions of Top White, White, Near White, Yellowish White, 
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shown and cemented together along the 
long diagonal direction af with balsam. 
The incident ray of light, incident at d, 
breaks into the two components as before 
the ordinary and the extraordinary trays. 
The ordinary ray in its progress meets the 
bounding edge of the crystal and balsam 
at the diagonal in such an angle that it is 
totally reflected (greater than the critical 
angle for the calcite and balsam combination 
—which is in this case 77° to the normal) 
and travels towards O and thus does not 
enter into the upper crystal of Calcite of the 
compound Nicol. 


The second ray e (the extraordinary) 
however passes through the prism with 
almost no deviation from its original course. 
Its index of refraction and that of the 
Canada Balsam are nearly the same, hence 
the ray suffers almost no deflection at this 
point and passes out of the upper face of 
the prism. The light enters the upper prism 
and upon emergence at the top of the 
combination belongs wholly to one ray 
and is all vibrating parallel to the shorter 
diagonal of the rhomb and surface. 

Combining two such Nicols one may 
observe the effects upon minerals when 
subjected to plane polarized light. Such a 
combination of two Nicols may be known 
as a Polariscope, Polarizer and Analyzer de- 
pending whether one speaks of the com- 
ponents separately or the combination as 
a whole. 


When sections of double refracting min- 
erals are examined in polarized light cer- 
tain interference effects are commonly ob- 
tained that are of great importance. As 
shown above with calcite when an aniso- 
tropic substance is placed in a ray or beam 
of ordinary light, two rays are produced 
which have different characteristics and dif- 
ferent planes of polarization. This is true 
of sections of all double refracting min- 
erals, in general. Let us consider what might 
take place when a general section of an 
anisotropic mineral is placed in a polari- 
scope between polarizer and analyzer, the 


planes of vibrations of which are at right 
angles to each other. That is to say the pas- 
sage of light is extinguished and the Nicols 
are said to be crossed. 

In Figure 7, let the outline represent 
such a section. The double arrows marked 
o and e show the two possible directions 
of vibration of light in the section. The 
direction P-P’ represents the plane of vibra- 
tion of light which emerges from the polar- 
izer, below and A-A’ shows the direction 
in which light must vibrate when it emerges 
from the analyzer above, in order to be seen. 


In the first case to be considered, at the 
left in the figure, the directions o and e 
are taken as parallel to P-P’ and A-A’ 
respectively. The light that enters the sec- 
tion from below must all vibrate parallel 
to the direction P-P’. It enters the mineral 
and must vibrate there as the ordinary (0) 
ray. There will be no extraordinary ray 
vibrating in the direction of e, as a vibra- 
tion parallel to the ordinary ray (0) cannot 
be resolved into another at right angles 
to it. The light will leave the section, there- 
fore still vibrating parallel to P-P’ and 
enter the analyzer above it. It will be en- 
tirely lost in the analyzer (at the balsam 
layer) since the Nicols are crossed and 
only rays vibrating in the direction A-A’ 
can be passed through the analyzer. Thus 
the section in this position will appear dark 
through the polariscope. 

The same reasoning may be used if the 
section is turned 90° from its present posi- 
tion. Thus it may be seen that there are or 
will be four positions in one revolution of 
the section about an axis perpendicular to 
A-A’ and P-P’ when the section will appear 
dark and no light will pass through the 
polarizer system. At each of these four posi- 
tions the section is said to be extinguished. 

In the central portion of the figure we 
show an oblique section. The directions 
A-A’ and P-P’ are the analyzer and polar- 
izer directions as before. Also, o and e show 
the vibration directions in the section. To 
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Pale Yellow, and Very Light Yellow, as well as additional clas- 
sifications for the fancy color range (see figure). This pro- 
posed system is based on standardized color nomenclature, 
and is also supported by Munsell color system standards. 

Diamonds that have moderate or stronger blue UV lumi- 
nescence should first be observed table-down with a UV filter 
to screen out the fluorescence. However, the face-up color 
appearance of these fluorescent diamonds should be observed 
without the UV filter, and any color enhancement due to the 
fluorescence should be allowed to upgrade their face-up 
appearance classification. 

These standardized descriptions are suggested in addition 
to the traditional color grade listed on a diamond report. 


Digital Color Communication for Gemstones, with 
an Exploration of Applications within Our Industry 


Thom Underwood (thomu@cox.net)!, Menahem Sevdermish”, and 
Liat Sevdermish? 
‘Quantum Leap, San Diego, California; 7Advanced Quality A.C.C. Ltd., Ramat 


Gan, Israel 
The continuing maturation of the computer graphic interface 
has provided an environment suitable for effective gemstone 
color display and communication. Gemewizard is a suite of 
digital tools providing a variety of solutions for gem color 
communication for students, gemologists, gemstone brokers, 
appraisers, and web-based jewelry companies. 

Current applications include the Gemesquare, one tool 
within the Gemewizard suite that is used by GIA for the 
instruction of gemstone color science in their classrooms. 


Quantum Leap Appraisal Software has seamlessly integrated 
with Gemesquare to virtually communicate gemstone color in 
the jewelry appraisal process. The Stuller Company uses 
aspects of Gemewizard to improve communications within 
their gemstone ordering process. 

Empirical measurement of gemstone color has proven elu- 
sive and impractical, as well as too expensive for common gem 
industry applications such as appraising and gem brokerage. 
Consequently, previous and currently available systems such 
as Gem Dialogue, GemSet, Color Scan, and the ColorMaster 
have relied on the human eye to compare the color(s) in a 
gemstone with the similar color(s) presented by the given sys- 
tem. Gemesquare falls in this “comparative” category, but it 
uses a flat-screen LCD computer monitor to present the color 
palette to the user. While each color system may analyze and 
present the color palette differently, the common thread is the 
attempt to consistently “place” a gemstone within a reason- 
ably small portion of color space, thereby effectively commu- 
nicating the gemstone’s color. 

The digital environment used by Gemesquare has many 
positive aspects as well as some weaknesses. Its strengths reside 
in its digital roots, making it convenient to calibrate the virtu- 
al color space, easy to integrate into commercial and profes- 
sional applications, and simple to propagate the system and 
results to a potentially universal user base. Its weaknesses also 
reside in its digital roots, raising questions of monitor calibra- 
tion (both comparative and over time), a monitor's inability 
to display very highly saturated colors, and questions regard- 
ing gem-viewing environments. 


This chart shows the boundaries of the proposed color nomenclature on the D-to-Z scale and continuing into the fancy-color range; it applies 
or round brilliant—cut diamonds that are well made, 6.0-7.0 mm, and nonfluorescent. © Professional Gem Sciences 2006. 
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This thin slice of iris agate from Mexico was backlit using 
pinpoint fiber-optic illumination to reveal the iridescence in 
the agate bands. The field of view is approximately 2.5 cm 
wide; photo by R. Weldon. 


Photographing Phenomenal Gemstones 

Robert Weldon (robert.weldon@gia.edu) 

Richard T. Liddicoat Gemological Library & Information Center, GIA, Carlsbad 
Phenomenal gemstones pose unique challenges to gemolo- 
gists. Chief among them is how to best light the gems to 
reveal their optical characteristics, such as chatoyancy, aster- 
ism, play-of-color, color change, iridescence (see figure), 
schiller effect, and labradorescence. Lighting the gem for 
photography parallels the actions taken by a gemologist to 
observe such phenomena. 

Lighting is the most important aspect to consider when 
photographing phenomenal gems. With chatoyancy or aster- 
ism, the direction and intensity of the light source are crucial. 
Whether a light source is diffuse, or pinpointed and direct, 
also plays a role. A traditional three-point lighting system (in 
which gems are back- and side-lit) is not used for chatoyant or 
asteriated gems because the various light sources may cause 
phenomenal effects to appear in unintended parts of the gem. 
Even if side lighting is diffused, distracting reflections appear 
in cabochon-cut gemstones. Photographers prefer to rely on a 
single light source, aimed perpendicular to the convex top of 
the cabochon, to bring out asterism and chatoyancy. 

A light source’s color temperature is also important to ren- 
der the correct color balance in photographs of gems and 
minerals. With digital photography, this adjustment can be 
corrected “in-camera.” Color-change phenomena in gems are 
observed under specific lighting color temperatures. However, 
in both digital and film photography, capturing accurate color 
change under various lighting conditions is not as straightfor- 
ward; in many cases “corrections” are made with direct obser- 
vation and photo-editing software. 

Not all phenomenal gemstones of a particular type require 
similar lighting. To observe play-of-color in opal, direct, 
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pinpoint lighting is often thought to be ideal, but that is not 
always true. Some opals are successfully lit, and their play-of- 
color displayed, with diffused light—or with a combination 
of direct and diffused light. 

Phenomenal feldspars, such as moonstone, sunstone and 
labradorite, require diffused illumination to exhibit the phe- 
nomena. In moonstones, diffused lighting, as well as the 
physical orientation of the gem, allows the photographer to 
judge where the gem’s adularescence appears strongest (i.e., 
its photogenic angle). Adularescence is most obvious when a 
moonstone is photographed against a dark background. 
Copper platelet inclusions in American sunstones, which 
cause the schiller effect, may reflect too strongly with direct 
lighting, creating hot spots. In such cases, the gem may need 
to be tilted, or the camera angle changed, so that a plane of 
inclusions is softly illuminated. The goal is to illuminate the 
inclusions to show moderate-to-strong relief and sharp detail. 


Recent Trends in World Gem Production 

Thomas R. Yager (tyager@usgs.gov) 

USS. Geological Survey (USGS), Reston, Virginia 

Estimates of world colored gemstone production are inherently 
difficult because of the fragmentary nature of the industry, the 
lack of governmental oversight in many countries where colored 
gemstones are mined, and the wide variation in quality of the 
production. Therefore, global production figures for colored 
gemstones have not been published previously by the USGS, 
although data are available for some individual countries. 

Based on government data, company reports, and a review 
of the colored gemstone mining literature, the overall emerald, 
ruby, sapphire, and tanzanite production from 1995 to 2004 
have been estimated. Amethyst and garnet production figures 
for selected countries also have been compiled. 

Global emerald production increased from about 3,600 kg 
in 1995 to 5,900 kg in 2004; output rose in Colombia, Brazil, 
Madagascar, and Zambia. Colombia’ status as the world’s lead- 
ing emerald producer was challenged by Brazil and Zambia. 
Brazil’s emerald production increased sharply because of the 
development of large-scale mechanized mines. 

World ruby production is also estimated to have increased, 
from about 4,400 kg in 1995 to 9,100 kg 2004. This increase 
was primarily attributable to greater production in Kenya, 
which tends to mine cabochon-grade ruby. Production declines 
in Myanmar and Tanzania were reversed in 2001 and 2004, 
respectively. Madagascar’s ruby output increased because of the 
discovery of the Andilamena and Vatomandry mining areas. 

Global sapphire production is estimated to have declined 
from about 26,200 kg in 1995 to 22,600 kg in 2004 as produc- 
tion increases in Madagascar and Sri Lanka were more than off- 
set by decreases in Australia and Tanzania. In Australia, large- 
scale mining operations shut down or reduced output because 
of high production costs. Tanzania’s production fell because of 
the depletion of near-surface deposits by artisanal and small- 
scale miners. In Madagascar, the discovery of sapphire at Ilakaka 


Gems & GEMOLOGY FALL 2006 


and Sakaraha led to substantial increases in production from 
1998-2000, but output has declined in 2003-04. Sri Lanka's 
production of geuda increased in 2003-04. 

Tanzanite production declined from about 6,500 kg in 
2002 to 3,100 kg in 2004 because of a lack of new deposits 
being discovered and higher costs associated with the increasing 
depths of small-scale mines in Blocks B and D at Merelani; cut- 
backs in production have not been offset by mechanized min- 
ing in Block C. 

Gem production has shifted rapidly between countries and 
within countries in recent years. With the depletion of near-sur- 
face alluvial deposits, colored gemstone mining is likely to shift 
from small-scale to large-scale operations. 


Geology of Gem Deposits 


The Importance of Surface Features and Adhering 
Material in Deciphering the Geologic History of Alluvial 
Sapphires—An Example from Western Montana 

Richard B. Berg (dberg@mtech.edu)! and Christopher F Cooney” 


'Montana Bureau of Mines and Geology, Butte, Montana; ?Gem Mountain, 
Philipsburg, Montana 

Western Montana hosts three large alluvial sapphire districts: 
terraces along the Missouri River east of Helena, placers along 
Dry Cottonwood Creek 25 km northwest of Butte, and plac- 
ers in the Gem Mountain (Rock Creek) area 90 km northwest 
of Butte. Though the Gem Mountain district is the largest, 
the geologic processes leading to its formation are poorly 
understood. A detailed study of Gem Mountain sapphires 
and their adhering material by optical microscopy, scanning 
electron microscopy, energy-dispersive X-ray spectroscopy, 
and X-ray diffraction analysis has proven useful in decipher- 
ing their geologic history. 

In the Gem Mountain district, metasedimentary rocks 
of the Proterozoic Belt Supergroup are overlain by Tertiary 
felsic volcanic rocks (both lava flows and tufts). Sapphires 
recovered adjacent to weathered volcanics exhibit two types 
of adhering material. The most abundant is fine-grained 
kaolinitic clay that includes small glass shards. The surfaces 
of some of these sapphires, as revealed by removal of the 
kaolinitic coating, are almost completely covered by con- 
choidal fractures. Internal conchoidal fractures are also coat- 
ed with a very thin layer of kaolinite. We interpret these fea- 
tures to indicate that these sapphires were brought to the 
surface by violent volcanic eruption, and the accompanying 
volcanic ash was weathered into kaolinite. Small remnants of 
adhering felsite on other samples are evidence that some of 
the sapphires in this district weathered from a volcanic rock. 
Careful removal of the felsite reveals a highly irregular sur- 
face, characterized by small flat depressions surrounded by 
mesa-like features that either formed during growth of the 
sapphire or by resorption during magmatic transport. 

Whereas the bedrock sources for many well-document- 
ed alluvial sapphire deposits are basalt, we conclude that the 
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sapphires in the Gem Mountain sapphire district were 
derived from Tertiary volcanic rocks of felsic composition. 
This interpretation is based on adhering felsic volcanic rock 
and associated volcanic ash. Abrasion during fluvial trans- 
port produced microscopic chips that are typically concen- 
trated on projections on the surface of the sapphires. 


Mining of Pegmatite-related Primary Gem Deposits 
Jim Clanin (jclanin54@aol.com) 
JC Mining Inc., Hebron, Maine 


Mining gems from pegmatites requires a variety of techniques 
to remove the gem material without destroying it, and each 
deposit presents its own set of challenges. For nearly 30 years 
the author has mined several types of pegmatites around the 
world, and has developed mining techniques for various situ- 
ations based on the geology and the available resources. 

Granitic pegmatites with miarolitic cavities—such as 
those at the Cryo-Genie mine, San Diego County, California, 
and the Mt. Mica mine, Oxford County, Maine—should be 
mined with the utmost care to avoid drilling into or blasting 
near a gem “pocket.” Mining at the Cryo-Genie usually con- 
sisted of drilling and blasting the individual blocks of peg- 
matite (i.e., between naturally occurring joints), while at Mt. 
Mica this was performed in two stages. First, the area above 
the core zone was removed to produce a bench, and then the 
bench was carefully blasted in search of pockets. 

The John Saul ruby mine, Mangare, Kenya, is a metaso- 
matic deposit where a desilication process resulted in a 
syenitic pegmatite called a plumasite. The pegmatite averages 
about 1 m thick and is the host for the ruby. There are no 
pockets associated with this pegmatite, but some areas have 
contained 40 vol.% of ruby. Since the mine is located within 
the boundaries of the Tsavo National Park, blasting was not 
permitted, so jackhammers and numerous workers were 
employed to remove the rock. 

The Landaban Rhodolite group of mines is located near 
Mt. Kilimanjaro, Tanzania. The garnet is hosted by a near- 
vertical granitic pegmatite, within a 10-m-thick zone that is 
quartz-poor and feldspar-rich. Local miners traditionally 
utilized a hammer and chisel to move the rock and a gun- 
nysack to remove the tailings. By using air-powered jack- 
hammers and a chute system to remove the tailings, the 
removal of pegmatite rock was increased from about 1.4 to 
52 tonnes per day. 

The Ambodiakatra emerald mine in eastern Madagascar is 
similar to the emerald deposits of Zambia. In these deposits, 
the pegmatite—hydrothermal vein system is not the host for 
the gem material, but is the source of the Be needed for emer- 
ald crystallization. Open-pit mining was used to exploit this 
deposit and was conducted 24 hours per day, six days per 
week until the rainy season began. Holes to be loaded with 
explosives were bored with sinker drills during the night, 
blasting occurred in the morning, and the remaining time was 
spent removing the blasted rock with large excavators. 
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What Determines the Morphology of a 
Resorbed Diamond? 


Yana Fedortchouk (yana@uvic.ca) and Dante Canil 

School of Earth and Ocean Sciences, University of Victoria, British Columbia, Canada 
Diamond resorption in kimberlite melts produces a variety of 
surface features. The most common are trigons, square etch 
pits, and the substitution of primary octahedral morphology 
with the hexoctahedron. The mechanism of diamond resorp- 
tion in kimberlite magmas is not well understood, and therefore 
the causes of certain resorption features are unknown. Our 
experiments demonstrate that the fluid phase of kimberlite 
magma oxidizes diamonds. The composition of this fluid deter- 
mines the shape of the diamond and the intensity of the surface 
resorption. Understanding the processes that lead to various 
natural diamond shapes will help to predict the quality of dia- 
monds in a kimberlite pipe, to understand how these features 
can be imitated, to provide information on their mantle source, 
and to possibly distinguish diamonds from various localities. 

We studied diamond oxidation at 100 kPa in a CO,-CO 
gas-mixing furnace with controlled oxygen fugacity at 
1000-1100°C. The diamonds were cut into cubes so that etch 
features on {100} surfaces could be studied. The square etch 
pits produced on {100} surfaces in the oxidized runs (high 
CO,/CO ratio) differed in orientation, size, and shape from 
those produced at reducing conditions (low CO,/CO ratio). 
The crystal edges were more rounded after the oxidized runs. 

High-pressure experiments also were conducted, in a pis- 
ton-cylinder apparatus at 1 GPa and 1350°C, in H,O and CO, 
fluids. The oxidation was studied on {111} faces (octahedrons) 
and {100} surfaces (cut cubes). The primary octahedral mor- 
phology was much better preserved in CO, than in H,O. 
Oxidation in H,O produced a few large flat-bottom trigon etch 
pits on the {111} faces, and square etch pits on the {100} sur- 
faces. In CO, the whole diamond surface became covered with 
numerous small trigons and some hexagonal etch pits on {111} 
faces, and square etch pits on the {100} surfaces. 

The diamond lattice has different positions of open bonds in 
the three primary crystal planes: {111}, {110}, and {100}. We 
propose that the configuration of the molecules present in the 
fluid determines how fast they react with certain faces of a dia- 
mond. Differences in activity of the volatiles will (1) determine 
the diamond oxidation rate in the three crystal planes, (2) result 
in faster or slower disappearance of the primary octahedral mor- 
phology, and (3) determine the shape and number of etch pits 
on the diamond surface. Further experiments using fluid com- 
positions relevant to natural kimberlite, and a better understand- 
ing of the chemistry of the reaction of volatiles with diamond, 
will help to explain the variety of natural diamond forms. 


Jadeite Jade from Guatemala: 

Distinctions among Multiple Deposits 

George E. Harlow (gharlow@amnh.org)', Sorena S. Sorensen’, 

Virginia B. Sisson*, and John Cleary4 

‘Department of Earth and Planetary Sciences, American Museum of Natural History, 
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New York; *National Museum of Natural History, Smithsonian Institution, 
Washington, DC; *American Museum of Natural History, New York; “Ventana Mining 
Co., Reno, Nevada 


The New World jade of Middle America came from 
deposits of jadeitite (jadeite rock) in serpentinite mélanges 
straddling the Motagua fault zone in central Guatemala. 
Sources north of the fault are now known to extend 100 km 
from east to west; to the south there are three distinct jadeite 
sources within a 15 km diameter zone. 

Jadeitites north of the fault are associated with high pres- 
sure—low temperature metamorphic rocks (eclogites and gar- 
net amphibolites) in serpentinites from Pachalum (Baja 
Verapaz Department) to Rio Hondo (Zacapa Department). 
These jadeitites are all similar: whitish to gray-green with 
rare streaks of Imperial green (see figure), generally coarse 
grained (millimeter-to-centimeter scale), with albite, white 
mica, omphacite, and late analcime and 7o quartz. Darker 
green jadeitite is more common away from the fault. Other 
rocks used as “jade” and found with jadeitite include deep- 
green omphacitite (Jaguar) and omphacite-taramite rock (Jade 
Negro), a metasomatised mafic rock. Albitites are associated 
with jadeitite, and the assemblage indicates formation at 6-10 
kbar and 300—400°C. 

The jadeitites south of the Motagua fault zone (again, 
see figure) are sourced from three areas in the mountains of 
Jalapa and Zacapa Departments, and are individually 
distinctive: 


1. Near Carrizal Grande, jadeitites coexist with lawsonite 
eclogites and blueschists. Colors vary from medium to 
dark green to blue-green (when light—Olmec Imperial; 
when dark—New Blue) with veins of dark green and/or 
blue omphacite; the translucency surpasses most north- 
ern jade. Phengitic muscovite is common, followed by 
titanite, lawsonite, omphacite, minor quartz, garnet, 
and rare analcime. Jadeite grain size is medium to fine 
(submillimeter), and alteration is minor. Assemblages 
indicate formation at 12-20 kbar and 300—400°C. 


2. La Ceiba jadeitites are generally moderate-to-intense dark 
green, with occasional white, lavender, and dark Imperial 
color, and coexist with omphacite-glaucophane blueschists. 
Grain size is fine, translucency is good, but intense fractur- 
ing on the millimeter-to-centimeter scale makes this mate- 
rial difficult to work. Inclusions and veins consist of quartz, 
omphacite, diopside, cymrite, actinolite, titanite, and vesu- 
vianite. Formation conditions are 10-14 kbar and 


300-400°C. 


3. La Ensenada jadeitite (marketed as Lila or Rainbow jade) is 
whitish and opaque with green, blue, orange, and “mauve” 
streaks and spots. It is a fine-grained jadeite-pumpellyite 
rock, veined with grossular (the source of orange color), 
omphacite, and albite, and contains minor titanite but no 
quartz. This rock is essentially iron-free and coexists with an 
iron-free-chlorite rock and lawsonite blueschists that 


formed at 6—9 kbar and from <200°C to ~300°C. 
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Mineral Assemblages and the Origin of Ruby in the 
Mogok Stone Tract, Myanmar 


George E. Harlow (gharlow@amnh.org)', Ayla Pamukcu’, Saw Naung U°, 
and U Kyaw Thu‘ 


‘Department of Earth and Planetary Sciences, American Museum of Natural History, 
New York; "University of Chicago, Illinois; *Mogok, Myanmar; “Macle Gem Trade Lab, 
Yangon, Myanmar 

The Mogok Stone Tract of Myanmar (Burma) is legendary for 
producing the finest rubies and spinels; however, the geology 
of the marble-hosted assemblages is complex. In particular, 
rubies have been ascribed to metamorphism of aluminous 
sediments, but Iyer (1953) argued that the association of 
ruby-bearing marble with pneumatolytic veins emanating 
from nearby intrusives was critical. In spite of difficulties in 
gaining access to mines and samples, progress has been made 
recently in understanding the characteristics and origins of 
gem minerals from the Tract. 

Mineral assemblages involving corundum have been 
studied utilizing collections at the American Museum of 
Natural History (~300 specimens from more than 30 
mines) and those of the Burmese authors (~900 specimens 
from ~20 additional localities). The hosting Mogok 
Metamorphic Belt of marbles and schists was formed from 
Proterozoic sediments (>750 million years ago [Ma]) that 
were metamorphosed and intruded by syenitic-to-granitic 
magmas during collision with a Gondwana fragment 
(Burma Block) in Cretaceous time (~150 Ma), and later 
with the Indian Block commencing in Eocene time (~50 
Ma), with metamorphism continuing to ~20 Ma and intru- 
sions to ~15 Ma. This complex geologic record helps explain 
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Some representative colors 
and textures of jadeite jade 
from Guatemala are shown 
here for samples recovered 
from either side of the 
Motagua fault zone: north 
side—Carrizal Grande, La 
Ceiba, and La Ensenada; 
south side—El Chol and 
Rio Hondo(2). Photos by 
G. Harlow. 


Rio Hondo? 
(13 cm) 


the diverse mineral assemblages in the Mogok marbles. 

The assemblage of ruby + calcite + graphite + muscovite + 
pyrite is most common, but colorless minerals adjacent to 
ruby may have been overlooked. Dattaw produces ruby in 
marble with conspicuous blue cancrinite/davyne and. less 
obvious scapolite + colorless sodalite + nepheline as well as 
phlogopite + spinel + pargasite + tourmaline. Similar assem- 
blages with scapolite, sodalite, nepheline, datolite, or moon- 
stone are found elsewhere in the Mogok Tract at Kolan, Lay 
Oo, Ongaing, Pyant Gyi, Sakan Gyi, and the sources between 
Kabaing and Sinkwa: Wet Loo, Kyakpyatthart, and Thurein 
Taung. The silicates are typical of skarns, and they provide 
support for a likely interaction between magmas (or their flu- 
ids) and marble. The fact that rubies are surrounded by or 
connected to skarn-silicate veins may indicate ruby crystalliza- 
tion is affected or even produced by the skarn reactions. 

Recent work on painite (CaZrBAI,O,,; see Rossman et 
al., 2005 and http://minerals.caltech.edu) from mines in the 
Kabaing—Sinkwa area suggests growth during a skarn-forming 
event between leucogranite and marble. Associated minerals 
support this interpretation: scapolite, tourmaline, and mar- 
garite (as well as ruby). A conspicuous textural feature of these 
specimens is ruby crystallized on painite, demonstrating 
corundum growth during skarn formation. 


REFERENCES 
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Major Diamond Mines of the World: Tectonic 
Location, Production, and Value 
A,J.A. (Bram) Janse (archonexp|@iinet.net.au) 
Archon Exploration Pty. Ltd., Perth, Western Australia 
The spatial distribution of the world’s major diamond mines 
is intimately related to the age of the earth’s crust (see fig- 
ure). According to Clifford-Janse terminology, the three age- 
defined tectonic crustal elements are archons, protons, and 
tectons. At present, all diamond mines developed on kim- 
berlite pipes are located within the boundaries of an archon, 
while those developed on lamproite pipes are located on a 
proton. Even though only one major diamond mine is 
underlain by a lamproite pipe (the Argyle mine in Australia), 
several small diamond mines on lamproite pipes and other 
occurrences of diamond-bearing lamproites support this 
view. The figure also shows that major diamond mines large- 
ly cluster into three regions of the world: southern Africa, 
Siberia, and western Canada. 

The tabulated data (see table in the GeG Data 


Depository at www.gia.edu/gemsandgemology) show that 


Jwaneng in Botswana has the greatest current value and very 
high current production, followed by Udachnaya in Siberia, 
Orapa in Botswana, Ekati and Diavik in Canada, and 
Venetia in South Africa. The Argyle mine in Australia has a 
high production, but a low value. The most important pro- 
ducers for the next decade are likely to be Jwaneng, Orapa, 
Venetia, and Diavik, with Jubileynaya, Nyurba (Russia), 
Catoca (Angola), and Murowa (Zimbabwe) having slightly 
less importance. Argyle will continue to produce large quan- 
tities of near-gem material. The monetary values for the top 
six mines are in the same league as a major gold mine or a 
medium-sized oil field. 

Data were also tabulated for seven advanced projects for 
which production is planned in the near future (although 
Jericho already commenced production in the first quarter of 
2006, it is a small mine compared to Snap Lake). Victor is also 
small, but it has an extraordinary high value. Gahcho Kué is 
currently only a resource, not yet a proven reserve and only 
indicated reserves are available. Camafuca is an elongated pipe 
or the fusion of five pipes in a line underneath the bed of the 


Most of the world’s major diamond mines are located in Archean-age portions of the earth’ crust. Also shown are several projects 
that are expected to begin producing diamonds in the near future. 
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Chicapa River, and it will be first operated by a five-year 
dredging program. 

The major mines of the future are Arkhangelskaya and 
Grib (both in Russia), but Grib’s opening is hampered by lit- 
igation. The Arkhangelskaya pipe will be the first of the 


Lomonosov cluster of five pipes to open in 2007. 


Geology of Placer Gem Deposits 
James M. Prudden (jpruddenpgsgems@yahoo.com) 


Prudden Geoscience Services, Elko, Nevada 


Placer gem depositional environments consist of colluvial, 
fluvial, and beach deposits. The weathering of primary gem- 
bearing deposits forms overlying eluvial deposits, and the 
down-slope migration of the residual gems by both gravity 
and water creates colluvial deposits. Fluvial systems range 
from youthful through mature and old-age sedimentological 
regimes with associated channel geometries that determine 
the hydraulic energy and therefore the locations of gem dep- 
osition. Fluvial systems commence with straight steep-chan- 
nel gradients, with low depth-to-width ratios containing 
unsorted clasts and larger gems. This evolves into to the 
downstream, low-energy, old-age fluvial systems with low 
channel gradients that host bedded, well-sorted smaller clasts 
deposited in a meandering fashion within a broad flood 
plane. Gems in this environment are smaller and more 
rounded. At the point where the river enters a marine or 
lacustrine environment, the resulting abrupt gradient change 
is very favorable for gem deposition. Wave energy and long- 
shore currents further winnow and transport gems in beach 
environments. Alpine and continental glaciers are nature’s 
“bulldozers,” and the braded fluvial streams that are fed from 
their melt water effectively concentrate the contained gems 
from the glacial rubble. 

Gem characteristics such as specific gravity, hardness, shape, 
and durability will influence their related depositional environ- 
ments and survivability, thus favoring the economic concentra- 
tion of certain gems in the fluvial “milling” environment. 

Select case histories of a variety of placer deposits illus- 
trate the practicality of applying detailed geology and sedi- 
mentology to placer gem exploration: (1) Australian Tertiary 
modified paleo-colluvial type sapphire deposits, derived from 
the weathering of alkaline basalts, have been a major global 
source of sapphires. (2) Namibian long-shore diamond distri- 
bution along the Atlantic Ocean coast constitutes the world’s 
most valuable diamond deposit, extending westward 100 km 
to the continental shelf edge and 200 km northward. The 
diamonds were originally liberated from South African kim- 
berlites (and possibly more distant sources) by post- 
Gondwana erosion of the southern African craton, which 
commenced in the humid Middle Cretaceous with the for- 
mation of the ancient Karoo and Kalahari Rivers. 
Subsequent erosion of these diamondiferous placers was 
accomplished by the Orange River in the Miocene. 
Prolonged winnowing of the diamonds increased their value 
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by about 500%. (3) Fluvial reworking of glacial sediments in 
British Columbia, Canada, concentrated sapphires and gar- 
nets from several cubic kilometers of glacial material. (4) A 
fluvial diamond deposit in Chinas Hunan Province was 
deposited on complexly weathered karst bedrock, which 
presents challenges to sampling and mining. 


Three Parageneses of Ruby and Pink Sapphire 
Discovered at Fiskenzsset, Greenland 

William Rohtert (william.rohtert@gte.net)! and Meghan Ritchie” 

'True North Gems Inc., Vancouver, British Columbia, Canada; 7Department of Earth 
Sciences, University of Cambridge, United Kingdom 

In the Fiskenzsset district of southwest Greenland, gem- 
quality corundum mineralization is widespread, well devel- 
oped, and locally abundant. Corundum mineralization is 
observed in three paragenetic styles: metamorphic, metaso- 
matic, and hydrothermal. There are 18 corundum showings, 
including nine principal ruby occurrences, recognized across 
a geographic domain measuring 20 x 60 km. Ruby mineral- 
ization typically occurs at the hanging-wall contact of the 
Archean-age, cumulate-layered, Fiskenesset anorthosite 
complex. The same intrusive contact with an overlying 
amphibolite covering a discontinuous basal package of 
metasedimentary rocks is also an environment known for 
chromite and platinum mineralization. 

The metasomatic deposits contain ruby, pink sapphire, 
sapphirine, kornerupine, pargasite-tschermakite, phlogopite, 
and red spinel in matrix association with plagioclase, horn- 
blende, enstatite, gedrite, sillimanite, and anthophyllite. The 
hydrothermal deposits contain ruby, dolomite-magnesite, and 
kyanite with fuchsite. The metamorphic deposits consist 
mainly of ruby, hornblende, biotite, and anorthite. 
Individually, the ruby-bearing zones measure up to 20 m 
thick and up to 200 m long. They occur as single showings, 
but also as multiple showings in alignment, collectively up to 
2 km in strike length. 

In 2004, True North Gems collected and processed 3 
tonnes from the Siggartartulik (metasomatic) occurrence, his- 
torically the best-known ruby location in the district. This 
sample returned 9.73 kg/tonne total corundum, which was 
divided into 1.5% gem, 33.5% near-gem, and 65.0% non- 
gem (where gem is transparent to semitransparent, near-gem is 
translucent to semitranslucent, and non-gem is opaque). 
Typically, the gem-grade material is faceted, while near-gem is 
made into cabochons and non-gem produces beads. In 2005, 
the same company collected five 3-tonne, mini-bulk samples, 
one from each of the following showings: Lower Annertussoq, 
Upper Annertussoq, Kigutilik, Ruby Island (Tasiusarsuaq), 
and Qaqgatsiaq. These samples were processed by standard 
mineral extraction techniques routine to the modern diamond 
industry, including dense-media separation and optic sorting, 
at the laboratory of SGS Lakefield Research Ltd. in 
Peterborough, Ontario, Canada. A total of 889.1 kg of 
corundum-rich concentrate was obtained, along with 29.8 kg 
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of nonliberated hand-picked corundum on matrix, and anoth- 
er 9.6 kg of hand-picked liberated ruby and pink sapphire. 
Preliminary results are encouraging for the Kigutilik (metaso- 
matic) and Upper Annertussoq (hydrothermal) showings. 
Optic-sorting results indicate that the hydrothermal-type 
deposit shows the highest percentage of gem-quality ruby. 
Fiskenesset is an advanced exploration project on trajectory for 
production feasibility in 2008. 


Controls on Mineralization in Block D’ of the 
Merelani Tanzanite Deposit, Tanzania 

Reyno Scheepers (admin@searchmin.com) 

Unit for Gemstone Geology, University of the Free State, Bloemfontein, South Africa 
Tanzanite is found at only one location on Earth, the west- 
ern slopes of the Lelatema mountain range ~60 km south- 
southeast of Mount Kilimanjaro in northeastern Tanzania. 
The Lelatema Mountains form part of the Eastern Granulite 
Complex of the Mozambique Orogenic Belt. Tanzanite min- 
eralization resulted from a prolonged geologic history, and it 
shows the delicate interrelationship between primary deposi- 
tion, diagenesis, metamorphism, structural geology, and geo- 
chemistry to create one of nature's most remarkable gems. 
The geology of Block D’ is an example of the typical miner- 
alization style of a tanzanite deposit. Three mining shafts 
have been sunk at Block D’, which borders Block D to the 
north side. 

The deposit is flanked to the west and east by 040° strik- 
ing dolomitic marble units that dip ~45° northwest. 
Sillimanite-kyanite-garnet gneiss occurs parallel to the 
dolomitic marbles. Within and parallel to the sillimanite- 
kyanite-garnet gneisses are zones of graphite-kyanite gneiss. 
The graphite-kyanite gneiss hosts several subparallel layers of 
metasomatic rocks consisting of calcic plagioclase, grossular, 
diopside, and zoisite. These layers are also wrapped around 
boudins (sausage-shaped structures) with relict skarn cores, in 
which quartz-diopside layers acted as competent units during 
metamorphism and boudin formation. 

The boudin zones are repeated throughout the succession 
by tight isoclinal folds, verging northwest with fold axes 
plunging 20° from horizontal in a north-northeasterly direc- 
tion. Further deformation of the stratigraphic sequence took 
place during folding associated with Pan-African metamor- 
phism (620-500 million years ago). 

The stratigraphic succession is typical for a sequence 
developed in a shallow marine shelf environment with inter- 
mittent addition of volcano-sedimentary material. Vanadium 
was introduced into the succession by the volcanic compo- 
nent, and organically enriched and further concentrated dur- 
ing early diagenesis by adsorption on clay minerals. The vol- 
canic component is further evident by the abnormally high 
enrichment of Zn in specific layers of the sequence. 

Quartz-diopside skarn layers developed during prograde 
metamorphism (850°C and 13 kbar). These layers were 
boudinaged and folded during two-dimensional shortening. 
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V-bearing grossular garnet (tsavorite) crystallized in trap sites 
associated with boudinage. During an extended period of 
isobaric cooling, dewatering, and retrograde reaction, tsa- 
vorite reacted to form quartz, calcite, and tanzanite (V-bear- 
ing zoisite; Scheepers and Olivier, 2003). The ore body was 
further complicated by a series of shearing events that creat- 
ed secondary boudins and renewed tanzanite crystallization. 
REFERENCE 
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Texture and Composition of Kosmochlor and 
Chromian Jadeite Aggregates from Myanmar: 
Implications for the Formation of Green Jadeite 
Guang-Hai Shi (shigh@cugb.edu.cn)!, Bernhard Stéckhert”, and 

Wen-Yuan Cui? 

'School of Gemology, China University of Geosciences, Beijing; “Institut fiir Geologie, 
Mineralogie und Geophysik, Ruhr-Universitat Bochum, Germany; *School of Earth 
and Space Sciences, Peking University, Beijing 

The jadeite mines of Myanmar (Burma) are the principal 
source of top-grade jade, including Imperial jadeite. 
Petrologically, Imperial jadeite is a fine-grained, Cr-bearing 
jadeitite. However, it is unclear how Cr** from chromite impu- 
rities became incorporated into the jadeite. We have studied the 
textures and compositions of kosmochlor and chromian jadeite 
aggregates (including maw-sit-sit) collected from the Myanmar 
jadeitite area to explore how the best-quality jadeite formed. 

There are four distinct textures of kosmochlor and chro- 
mian jadeite: (1) spheroidal or ellipsoidal aggregates sur- 
rounding relict chromite; (2) spheroidal or ellipsoidal aggre- 
gates with a core of low-Cr jadeite; (3) granoblastic textures in 
undeformed coarse-grained clinopyroxene rocks, and (4) 
recrystallized fine-grained aggregates of deformed low-Cr 
jadeitite (see figure). 

Electron-microprobe analysis revealed four composi- 
tional pairs of coexisting kosmochlor (Ko) and chromian 
jadeite (Jd) along the Ko—Jd join. Sharp compositional 
boundaries between them suggest the possibility of miscibil- 
ity gaps or different stages of replacement of kosmochlor by 
jadeite. However, replaced textures of kosmochlor by jadeite 
exclude the possibility of miscibility gaps. The correlation 
between the textures and compositions of kosmochlor and 
jadeite is more likely associated with replacement at differ- 
ent stages of formation or spatial differences in the chemical 
environment. The presence of relict chromite in spheroidal 
or ellipsoidal aggregates with kosmochlor indicates a meta- 
somatic origin of the jadeitites from original peridotites that 
reacted with an aqueous solution rich in Na, Al, and Si at a 
minimum pressure of 1.0 GPa and temperatures of 
250-370°C (Shi et al., 2005). Recrystallization during later 
ductile deformation of the clinopyroxene rocks formed fine- 
grained aggregates of chromian jadeite, including the 
Imperial jadeite. 

The textural and compositional features of the studied 
samples suggest that the chromium in the jadeite came from 
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chromite in the adjacent host serpentinite. The chromium 
was incorporated into the jadeite via the following sequence: 
(1) metasomatic reactions of chromite to kosmochlor, form- 
ing spheroidal textures or granoblastic textures; (2) replace- 
ment reactions of kosmochlor to chromian jadeite, accompa- 
nied by metasomatism; and (3) replacement reactions of chro- 
mian jadeite to Cr-bearing jadeite (about 0.3 wt.% Cr,O, in 
Imperial jadeite), accompanied by recrystallization induced by 
deformation. Further evolution of the final sequence led to 
the formation of light green jadeite with lower Cr contents. 
These processes were influenced by the local mineral assem- 
blage, the characteristics of deformation/metamorphism 
induced by shearing, the pressure-temperature conditions, 
and local fluid compositions. 
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Pegmatite Genesis—Complex or Simple 
Emplacement? Revisiting Southern California 
Pegmatites 
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* Eugene E. Foord is deceased. 


Are complex zoned pegmatites the product of a single injec- 
tion event and the subsequent rapid cooling of late magmatic 
volatile-rich residual silicate melt? Some field and mineral par- 
agenesis relationships suggest that some pegmatites were not 
the result of a single emplacement event. Pegmatite conduc- 
tive cooling models (e.g., Webber et al., 1999) predict that 


crystallization and cooling of the magma occurred rapidly, on 
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The four types of textures 
exhibited by kosmochlor 
and chromian jadeite 
aggregates in Myanmar 
jadeite are: (A) spheroidal 
or ellipsoidal aggregates 
with a residual chromite 
core; (B) spheroidal or 
ellipsoidal aggregates with a 
core of low-Cr clinopyrox- 
ene; (C) granoblastic tex- 
tures consisting of relict 
chromite surrounded by 
kosmochlor and chromian 
jadeite; and (D) deformed 
and partially recrystallized 
chromian jadeite. 
Photomicrographs by 
Guang-Hai Shi; plane 
polarized light. 


the order of days or years, at the most. The conductive cool- 
ing models also assume single-stage emplacement. 

Snee and Foord (1991) used argon thermochronology to 
define the emplacement age and cooling history of gem- and 
specimen-producing granitic pegmatites and their host rocks 
in the Pala, Ramona, and Mesa Grande districts of San Diego 
County, California. The results showed that the pegmatites 
were emplaced into cool (<150°C) country rocks that are sev- 
eral million years older than the individual pegmatites. The 
apparent ages of white mica from the pegmatites ranged from 
100 to about 93 million years. Surprisingly, the muscovite 
cores of several zoned-mica samples of the Little Three peg- 
matite were up to 1.3 million years older than their correspon- 
ding rims of similar composition. More recent work at other 
mines in southern California also document anomalous dif- 
ferences in the apparent ages—within single pegmatites. 
These mica age differences are due either to differential cool- 
ing rates, to different argon closure temperatures, or to differ- 
ent times of crystallization (e.g., a complex multi-event peg- 
matite emplacement). Field, mineral paragenesis, and. fluid 
inclusion evidence (Cook, 1979) suggest that the classic 
zoned Harding pegmatite in New Mexico may also be a prod- 
uct of complex emplacement processes. 

We have begun a more comprehensive study of these peg- 
matites to better understand observed mica age differences and 
pegmatite genesis, emplacement, and evolution processes. 
Along with revised mineral paragenesis and recognized complex 
cross-cutting field relationships, new argon and U-Pb 
geochronology, fluid inclusion microthermometry and gas- 
solute chemistry, noble gas and stable isotope compositions, 
and field relationships should provide insights into the magma- 
volatile processes, sources of components, and pegmatite 
emplacement rates and processes. Additional studies, such as 
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that of Smith et al. (2005), which showed that incorporation of 
Li, FE Rb, and Cs in the mica structure resulted in lower argon 
closure temperatures in lepidolite, will be done to evaluate the 
effects of chemical zonation in white mica on argon retention. 
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Geology of “True” Hiddenite Deposits 
Michael A. Wise (wisem@si.edu) 


National Museum of Natural History, Smithsonian Institution, Washington, DC 


Spodumene (LiAISi,O,) is a relatively common mineral that is 
found predominantly in lithium-rich granitic pegmatites. 
‘Transparent, facetable spodumene may crystallize in miarolitic 
cavities or “pockets” that develop within some pegmatites that 
are emplaced at shallow crustal levels. Gem-quality spodumene 
may display lilac-to-pink colors (kunzite), pale yellow hues, or 
various shades of green. Gemmy gray to gray-blue spodumene 
may also occur, but these colors are not stable in sunlight and 
rapidly fade to pink hues. The color of chromium-bearing spo- 
dumene (hiddenite) varies from yellowish green to light green, 
bluish green, “grass” green, and to bright “emerald” green, the 
rarest and most desired color. Although “emerald” green spo- 
dumene, which was originally found near the town of 
Hiddenite, North Carolina, is considered to be the standard, 
the name /iddenite has also been misleadingly applied to ordi- 
nary pale green spodumene. The distinction between “true” 
hiddenite and other green varieties is significant and is based 
on differences in coloring agents, mode of formation, intrinsic 
properties (e.g., luminescence), and geologic setting, 

The Hiddenite area of western North Carolina constitutes 
the most significant emerald-producing region in North 
America, and is the world’s only confirmed locality for “true” 
hiddenite, which occurs in cavities hosted by steeply dipping 
quartz veins that crosscut highly deformed migmatitic schists 
and quartz-biotite gneiss. Associated minerals that line the 
cavity walls include: albite, calcite, chabazite, clinochlore, 
graphite, muscovite, pyrite, quartz, and rutile. Emerald, 
which occurs in similar quartz veins in the area, is never found 
together with “true” hiddenite. The crystal morphology of cal- 
cite, quartz, rutile, and pyrite can be used to differentiate 
between hiddenite-bearing and emerald-bearing veins. 

Electron-microprobe analyses of “true” hiddenite showed 
fairly uniform major-element chemistry; only iron concentra- 
tion varied within narrow limits (0.68—1.63 wt.%, as Fe). 
The chromium content was low (typically less than 0.2 wt.% 
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Cr,O,), but significantly higher than that of green spo- 
dumene from granitic pegmatites, which typically do not con- 
tain chromium. Vanadium was generally below the detection 
limit of the microprobe (<0.1 wt.% V,O,). 

The crystallization temperature and pressure of “true” hid- 
denite as determined by fluid inclusion studies were well 
below the experimentally determined P-T stability field for 
spodumene from pegmatites. Stabilization of spodumene to 
low pressures (<1 kbar) and low temperatures (< 250°C) may 
be related to the presence of relatively high concentrations of 
Fe and Cr, the source of which is currently unknown. The 
paragenesis of the open fissures at Hiddenite is typical of 
Alpine-type veins and represents the first documented occur- 
rence of spodumene formed under hydrothermal conditions. 


Laboratory Growth of Gem Materials 


Optical Characterization of CVD Synthetic Diamond 


Plates Grown at LIMHP-CNRS, France 
Ans Anthonis (anan@hrd.be)!, Olivier De Gryse!, Katrien De Corte', Filip 
De Weerdt!, Alexandre Tallaire”, and Jocelyn Achard? 


"Hoge Raad voor Diamant (HRD) Research, Lier, Belgium; *Laboratoire d’Ingénierie 
des Matériaux et des Hautes Pressions—Centre National de la Recherche Scientifique 
(LIMHP-CNRS), Université Paris 13, France 
In this study, eight monocrystalline CVD synthetic diamond 
plates, grown in 2004 by the diamond group at LIMHP- 
CNRS, were investigated for the first time. The nitrogen con- 
tent intentionally added to the gas phase ranged between 0 
and 6 ppm. The samples were studied by optical microscopy, 
surface luminescence imaging (DiamondView), and FTIR, 
laser-induced photoluminescence (PL), and UV-Vis spec- 
troscopy. Seven of the plates received a Gran color grade of 
“E” or better (ie., colorless), and the eighth plate was brown. 
All the samples were type Ia and had a thickness between 175 
and 785 um and horizontal dimensions between 3.8 and 5.7 
mm. They showed typical orange or blue fluorescence in the 
DiamondView, depending on the amount of nitrogen (more 
nitrogen caused a more orange fluorescence). When viewed 
with crossed polarizers and diffuse illumination, each sample 
showed. cross-shaped birefringence patterns. These patterns 
have never been observed in natural diamonds. The patterns 
were more distinct in specimens with a higher amount of 
nitrogen added to the gas phase during growth. 
Spectroscopic analysis revealed the presence of a feature at 
737 nm (related to Si-V defects) in absorption and/or PL (see 
figure, left spectrum). In addition, the PL spectra of most of 
the samples showed N-V centers (575 nm peak), and some 
showed a doublet at 596.5/597.5 nm and/or a peak at 533 
nm. The FTIR spectra of some samples showed H-related 
peaks at 3323 and 3123 cm”!. All these characteristics are in 
agreement with the results of Martineau et al. (2004). 
HPHT treatment of the brown sample in a BARS press 
(2300°C for 15 minutes) caused the brown color to decrease. 
The fluorescence in the DiamondView changed from orange 
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Pink Diamond 
Gift to H.BR.H. 
Princess Elizabeth 


AS a wedding gift, Dr. J. T. William- 
son presented Her Royal Highness 
The Princess Elizabeth with a rough 54 
carat diamond of a deep pink color which 
had been found in his Tanganyika mine. 

Gems & Gemology is informed by the 
Diamond Trading Company, Lrd., that in 
February, 1948, after very careful exam- 
ination of the crystal, its cutting and polish- 
ing was entrusted to the firm of Briefel & 
Lemer of London. Upon examination of 
the diamond, the cutter recommended a 
brilliant cut and estimated a total recovery 
of approximately 15 carats. 

The rare colored stone is described by the 
Diamond Trading Company as pure and of 
an original vague heart shape with one con- 
cave side. There was some risk that this 
cavity would not disappear when it was 
polished to its estimated dimensions, with 
the result that any recutting would greatly 
reduce its weight. The diamond was con- 
sidered of such rarity and beauty that Mr. 
Breifel determined to polish it to shape 
and so avoid any risks in sawing or cleaving. 

At the “cross-work” stage the pink 
diamond weighed 38.5 carats and still re- 


Comparative size of rough stone 
shown by thumb and forefinger. 


tained its rare pink color which was con- 
stant through the stone. Hopes were raised 
that the diamond might, when finished, 
weigh considerably more than the minimum 
guaranteed by the firm. 

The polishing was completed April 14, 
1948 and the result was a perfect brilliant 
of a deep pink color weighing 23.6 carats. 
The future of the unique pink diamond is 
not at present known as Her Royal High- 
ness has not yet decided on the manner in 
which the stone will be mounted. 


Below the 54 carat crystal is shown 
with a two carat brilliant, an English 
sixpence and a dime. Rough crystal 
cut to 23.6 carats when completed. 


in the as-grown sample to green in the treated sample. An 
additional FTIR peak at 3027 cm! appeared, and the H-relat- 
ed peaks at 3323 and 3123 cm"! disappeared. PL spectroscopy 
(see figure, right spectrum) revealed the annealing of the N-V 
centers. The peak at 737 nm was still clearly visible and had 
broadened. The 596.5/597.5 nm doublet was not observed, 
and new features at 451-459 nm were recorded after treat- 
ment. 

All the samples (as-grown and HPHT treated) could clear- 
ly be identified as CVD synthetic diamond through a combi- 
nation of microscopic observation and spectroscopic analysis. 
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New Data for Distinguishing between Hydrothermal 


Synthetic, Flux Synthetic, and Natural Corundum 
Alexei S. Bidny (bidny@mail.ru), Olga S. Dolgova, Ivan A. Baksheev, and 
Trina A. Ekimenkova 


Division of Mineralogy, Department of Geology, Lomonosov University, Moscow, Russia 


The synthesis of colored corundum became widespread long 
ago. The most common growth techniques are Verneuil 
(flame fusion), flux, and hydrothermal. Each of these meth- 
ods may be used to grow large crystals of various colors, there- 
by making synthetic corundum readily available and inexpen- 
sive. Differentiating natural and synthetic corundum is not 
challenging. Microscopy, FTIR, UV-Vis, and EDXRF data 
are sufficient in all cases to make this distinction. 

For this study, 34 rough samples consisting of natural 
corundum from various deposits, and synthetic corundum 


grown by the flux and hydrothermal methods, were studied 
by spectroscopic techniques and oxygen isotopic analysis. 

The IR spectra of the hydrothermal synthetic samples 
showed strong absorption bands related to OH complexes at 
3600-3100 cm™'. These “water” bands were much less evi- 
dent in the spectra of the natural stones, and were absent from 
the flux synthetic corundum. 

Photoluminescence spectra were also collected to distin- 
guish between natural and flux synthetic corundum. The exci- 
tation spectra for red photoluminescence caused by chromi- 
um impurities displayed a pair of broad bands with maxima 
at 410 and 550 nm in all samples. However, the synthetic 
corundum (both flux-grown and hydrothermal) also dis- 
played an excitation band at 290 nm (see figure, left spec- 
trum). (Editor’s note: An excitation spectrum plots the inten- 
sity of radiation emitted by a sample as the wavelength of exci- 
tation is varied.) The emission region for that electron transi- 
tion lies between 380 and 490 nm, and therefore may excite 
red chromium fluorescence, so identifying the center respon- 
sible for the 290 nm band is difficult. 

Distinctive features were revealed in the UV absorption 
spectra of the samples. In addition to common chromium and 
iron absorptions there was a band at 342 nm in the spectra of 
the flux synthetic corundum (see figure, right spectrum). 

Oxygen isotopic composition was studied by a MAT-250 
mass spectrometer at GEOCHI RAS (Institute of Geochemistry 
and Analytical Chemistry, Russian Academy of Sciences), 
Moscow, Russia. The isotopic composition of the natural sam- 
ples and flux synthetic corundum were quite different from 
those of the hydrothermal synthetics. The 6!8O value for most 
of the natural samples ranged from +2.0 to +9.1%o, although 


These photoluminescence spectra (514 nm excitation) were taken of CVD synthetic diamonds before (left) and after (right) 


HPHT treatment. 
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values up to +23.0%o have been reported for natural corundum 
(Giuliani et al., 2005). The 5'!°O value for the flux synthetic 
corundum ranged from +4.8 to +14.8%0o, and for the 
hydrothermal synthetic samples it ranged from —5.8 to -0.7%o. 
In combination with standard gemological observations, 
isotopic analysis can help distinguish natural and hydrother- 
mal synthetic corundum. Since isotopic analysis is a destruc- 
tive technique, it may best be used for rough corundum. 


Acknowledgments: The isotopic study was financially support- 
ed by the Gemological Centre of Lomonosov Moscow State 
University. 
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Study of Fancy-Color and Near-Colorless 
HPHT-grown Synthetic Diamonds from Advanced 
Optical Technology Co., Canada 
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Laboratory-created diamonds now on the market are grown 
under high-pressure, high-temperature (HPHT) conditions, 
and in the last few years, they have become more available in 
the jewelry trade. EGL USA has studied yellow-to-orange 
synthetic diamonds from Chatham Created Gems and the 
Gemesis Corporation (Woodring and Deljanin, 2004), and as 
a result of this research is offering a laboratory service of test- 
ing and certifying synthetic diamonds. 


This is the first study of synthetic diamonds created by 
Advanced Optical Technologies Corp. (AOTC), based in 
Ottawa, Canada. They are producing as-grown yellow-to- 
orange, blue, and near-colorless synthetic diamonds, as well as 
pink-to-purple ones that are produced by the irradiation and 
annealing of as-grown yellows. Produced in Europe using 
Russian BARS-type presses, the crystals typically weigh 1-4 
ct, and the polished samples are 0.50—2 ct. Recently AOTC 
has started commercially selling their synthetic diamonds for 
jewelry purposes in North America under the name “Adia 
Created Diamonds.” All of the faceted stones are certified and 
laser inscribed as “AOTC-created” at EGL in Vancouver, 
Canada. Since the color of AOTC-created diamonds is stable, 
EGL is grading them with the same terminology that is used 
for natural diamonds. 

We examined the following AOTC synthetic diamonds: 
247 yellow to orange (Fancy Light to Fancy Vivid), 68 blue 
(light to Fancy Vivid), eight pink to purple (Fancy Intense to 
Fancy Deep), and five near colorless (D to I). Some con- 
tained gray metallic inclusions that were irregular in shape 
and very different from crystals seen in natural diamonds. 
Their clarity grades ranged from VVS to I, with the majori- 
ty (59%) in the VVS to VS categories. 

Most synthetic diamonds from other producers can be 
identified by a characteristic cross-shaped UV lumines- 
cence pattern that is stronger in short-wave than in long- 
wave UV radiation. The majority of the AOTC-created 
diamonds did not show characteristic color zoning nor any 
fluorescence pattern when illuminated with a standard UV 
lamp, so we used UV sources with higher intensity such as 
the DiamondView and a custom-made EGL instrument 


Natural and synthetic corundum can be differentiated by their excitation spectra (left) and UV absorption spectra (right). 
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(at wavelengths of 220, 254, and 365 nm). With this UV 
illumination, we could observe the cubo-octahedral color 
zoning that is typical of HPHT-grown synthetic diamonds. 
These new AOTC-created synthetic diamonds can be sep- 
arated from their natural counterparts based on careful obser- 
vation with the microscope, and through the use of crossed 
polarizers, the DiamondView, and advanced spectroscopy. 
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A Refined Infrared-Based Criterion for Successfully 
Separating Natural from Synthetic Amethyst 
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Since the first commercial manufacture of synthetic amethyst 
about 30 years ago, the separation from natural material has 
been difficult for gemologists. Even today, significant quanti- 
ties of synthetic material are mixed into parcels of natural 
amethyst. This has had a negative effect on consumer confi- 
dence, and has prompted further research into identifying 
the material. 

Synthetic amethyst crystals are grown in either a near- 
neutral NH,F solution or an alkaline K,CO, solution. The 
identification of material grown in the NH,F solution is 
straightforward using standard microscopy (i.e., diagnostic 
twinning and color zoning) or by recording specific IR 
absorption bands at 3684, 3664, and 3630 cm™!. However, 
the vast majority of synthetic amethyst in the market today 
was grown in the K,CO, solution, and it is sometimes diffi- 
cult to identify this material using standard gemological 
techniques. This problem is particularly noteworthy for 
larger gems of good color that do not contain inclusions or 
diagnostic twinning. 

IR absorption spectra of amethyst in the region of ROH 
stretching (particularly from 3900 to 3000 cm!) reveal sever- 
al bands that have been used for the separation of natural 
from synthetic amethyst. The presence or absence of certain 
features in this region (i.e., the 3595 or 3540 cm”! bands) are 
helpful for making the separation. However, some rare excep- 
tions to such criteria have been found. 

The current study is based on the measurement of the 
intensity and shape of these IR spectral bands in 33 natural 
and nine synthetic amethysts at various resolutions. IR absorp- 
tion spectra were recorded on oriented samples (cut parallel 
and perpendicular to the c-axis), randomly orientated samples 
(parallel-polished plates), and faceted stones. Most of the IR 
spectra were obtained using a diffuse reflectance accessory as a 
beam condenser. Using a resolution of 0.5 cm”! (significantly 
higher than the standard 4 cm”! resolution), the 3595 cm™! 
band was documented in all of the natural samples and rarely 
in the synthetics (see figure). In the synthetic amethyst con- 
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taining this band, its full width at half maximum (FWHM) 
was about 7 cm! (£1 cm™!), which was approximately twice 
that measured for the natural amethyst (3.3 cm7! + 0.6 cm”). 
This new, refined criterion worked for all of our samples, and 
it provides an additional means of recognizing synthetic 
amethyst grown from alkaline K,CO, solutions. 


New Gem Localities 


Ultraviolet Mineral Prospecting for Sapphire on 
Baffin Island, Nunavut, Canada 
Luc Lepage! and William Rohtert (william.rohtert@gte.net)” 


‘Department of Geological Sciences and Geological Engineering, Queens University, 
Kingston, Ontario, Canada; *Irue North Gems Inc., Vancouver, British Columbia, 
Canada 


The Beluga sapphire occurrence on Baffin Island, Nunavut, 
Canada, is a metamorphic-type deposit with a hydrothermal 
overprint. Sapphire mineralization occurs as a late metamor- 
phic and hydrothermal replacement within a coarse-grained, 
calc-silicate gangue consisting principally of anorthite, calcite, 
diopside, dolomite, phlogopite, potassic feldspar, and scapolite 
with lesser amounts of apatite, graphite, muscovite, pyrrhotite, 
spinel, and zircon. Rare phases include nepheline, rutile, 
dravite tourmaline, sanbornite, thomsonite, and zirconolite. 
To date, 12 gem corundum occurrences, including blue, 


IR absorption spectra are shown at resolutions of 4 cm~! 
and 0.5 cm for a randomly oriented faceted synthetic 
amethyst (0.6 ct) grown in K,CO, solution (produced in 
the U.S. by Sawyer) and for natural amethyst from 
Namibia (taken parallel to the c-axis). The 3595 cm 
band is rarely recorded in synthetic amethyst; when it is 
present, the FWHM of this band (at 0.5 cm=' resolution) 
can be used to conclusively identify this material. The 
spectra are offset vertically for clarity. 
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colorless, pink, and yellow sapphires, have been discovered 
over a lateral distance of 2,700 m and across an elevation 
range of 50 m. These occurrences lie within four geographic 
clusters, measuring from 220 x 100 m to 600 x 200 m, each 
comprising multiple showings of gem corundum in close 
association with abundant, coarse-grained, fluorescent scapo- 
lite. The latter mineral association triggered the development 
of a scapolite surveying technique that greatly increased the 
effectiveness of sapphire prospecting on the Beluga property. 
The very strong yellow fluorescence of scapolite to long-wave 
UV radiation is due to trace amounts of sulfur, a known acti- 
vator element, within its crystal structure. The origin of the 
sulfur is unclear, but it appears to be closely related to the 
hydrothermal event that produced the sapphires. 

Scapolite is one of the brightest fluorescent minerals 
known, and its yellow luminescence could easily be distin- 
guished from the cyan-greens of the fluorescent calcite pre- 
cipitates and the pale whites of the lichen-covered rocks. 
However, under Arctic twilight conditions, a classic UV 
lamp can only produce scapolite fluorescence from a short 
distance (<1 m), while the light emitting diode (LED) UV 
lamp can increase this distance to well over 5 m. The mod- 
ern LED technology also produces UV radiation that does 
not require further filtering, saving considerable battery 
power while producing the same UV output. Fluorescence 
was further enhanced by using special long-pass filters to 
block the shorter wavelength colors (violets and blues), and 
carefully selecting the LED wavelength that is closer to the 
optimum excitation wavelength of scapolite (i.e., a slightly 


These tourmaline crystals (~2 kg total weight) were recently 
mined in the Camp Robin area of central Madagascar. 
Photo by Roberto Appiani. 
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longer wavelength than conventional long-wave UV). 
From drift prospecting to the interpretation of hydrother- 

mal contacts within the mineralized zones, scapolite fluores- 

cence was a powerful tool at all stages of sapphire exploration 


at this locality. 


Gemological Investigation of Multicolored 
Tourmalines from New Localities in Madagascar 
Margherita Superchi (superchi@mi.camcom.it)', Federico Pezzotta”, and 
Elena Gambini! 

'CISGEM of the Milan Chamber of Commerce, Milan, Italy; "Natural History 
Museum, Milan, Italy 

The Proterozoic crystalline basement of central Madagascar 
is characterized by the presence of one of the most impor- 
tant concentrations of rare-element, gem-bearing peg- 
matites in the world. Although gems have been actively 
mined in this area for more than a century, new discoveries 
are occasionally made by local miners in wild and relatively 
unexplored areas. Over the past few years, a series of new 
mining areas have been established, mainly for multicol- 
ored tourmaline. 

Several gem tourmaline samples from these new localities, 
consisting of crystal fragments, slices, and cut gemstones and 
cabochons, were selected for chemical analysis and spectro- 
scopic studies. They originated from the following deposits: 


1. Manapa area (southwest of Antsirabe): pegmatites at 
Ampanodiana (red-purple), Ambatomigaby (“ruby” red to 
purple), Ambesabora (purplish red, purple, azure blue, and 
vivid blue), and Antsikoza (purple). 


2. Camp Robin area (between Ambositra and Fianarantsoa): 
Anjomanandihizana and Fiadanana-Valozoro deposits 
and the Ankitsikitsika and Antsengy pegmatites. The sam- 
ples from these localities were multicolored, mainly in 
pink, purple, red, “olive” green, yellow-brown, and yellow. 
Homogeneous red crystals also have been produced from 
the Camp Robin area (see, e.g., the figure). 


In addition, a selection of rough and cut tourmaline (red- 
purple to bright blue) was characterized from the Anjahamiary 
pegmatite, located close to Tranomaro village, in the Fort 
Dauphin area of southern Madagascar. These samples were 
collected in 1999-2000. 

The tourmalines were studied with UV-Vis and FTIR 
absorption spectroscopy, Raman spectroscopy, and electron- 
microprobe analysis using an energy-dispersive system. The 
preliminary data indicate that regardless of their color, the 
tourmalines range in composition from Ca-rich elbaite to lid- 
dicoatite. No traces of Cu have been found in the azure blue 
and vivid blue samples from the Ambesabora and 
Anjahamiary deposits. Significant amounts of the trace ele- 
ments Bi and Pb have been found in multicolored tourma- 
lines from the Antsengy pegmatite. Traces of Pb, but not of 
Bi, have been found in multicolored tourmalines of the 
Anjahamiary pegmatite. 
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Colored Stones 


ICA Colored Gemstone Worldwide Mining Report 


Edward Boehm (joebgem@aol.com)', Jean Claude Michelou’, Bryan 
Pavlik?, and Jacqui Grande* 


'JOEB Enterprises and ICA, Solana Beach, California; ?Vice President ICA, New York; 
3Bryan’s Feine Edelsteine, Vienna, Austria; “Radiance International, San Diego, 
California 


If diamond is the “King of Gems,” then the rest of the king- 
dom is proudly represented by the diverse and colorful char- 
acters of colored gemstones. The International Colored 
Gemstone Association (ICA) publishes a yearly mining and 
market update in their quarterly magazine, InColor. ICA 
Ambassadors from almost every gemstone-producing coun- 
try provide the latest information about their local market 
trends and mining production. 

These reports include gemstone mining and develop- 
ments, such as export regulations in Madagascar and Nigeria, 
new emerald production in Afghanistan and Colombia, cop- 
per-bearing tourmalines from Mozambique, opal and chryso- 
prase from Australia, ruby from Greenland, iridescent andra- 
dite garnets from Mexico, and current tanzanite production. 

Since 1985, ICA has strived to promote the appreciation 
for and sales of colored gemstones throughout the world. 
With over 500 members, the ICA is a direct link to the 
sources and has established closer international communica- 
tion between miners, cutters, wholesale dealers, manufactur- 
ers, researchers, and retailers from around the world. The 
ICA is uniquely qualified to provide the most up-to-date 
information on gemstone mining and production from 
almost every producing country in the world. 


Rare Reverse Color Change in a 


Blue Zircon from Myanmar 
George Bosshart (george.bosshart@swissonline.ch)' and Walter A. Balmer” 
'Horgen-Zurich, Switzerland; *Bangkok, Thailand 


This presentation was also included in the GRC. Please refer 
to pp. 94-95 to read the abstract. 
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The Past, Present, and Future of 
Demantoid Green Garnet from Russia 
Nikolai B. Kouznetsov (demantoidking@yahoo.com) 
Stone Flower, LLC, Fallbrook, California 


Demantoid evokes “beauty” or “green fire” with a charac- 
teristic horsetail inclusion. It was the most desirable stone 
of the Russian Czar’s court. This stone became famous for 
its unique characteristics, such as its high index of refrac- 
tion (1.89) and dispersion (0.057; for comparison, dia- 
mond is 0.044). Demantoid is the chromium-green gem 
variety of andradite garnet discovered in the Central Ural 
Mountains of Russia in the mid-19th century. Finnish min- 
eralogist Nils Nordensheld gave the gem its name, which 
means “diamond-like.” Demantoid was very popular in 
Russia from about 1875 to 1920 and was used by Carl 
Fabergé and other court jewelers. New York’s Tiffany & Co. 
had its chief gemologist, George E Kunz, travel to Russia to 
buy demantoids. But after the Bolshevik revolution in 
1917, the fiery green gems ceased to be of any interest to 
the new government. 

Since the late-1980s, with the fall of the Soviet Union, 
demantoid returned to the international gem market and 
serious efforts were made to find more demantoid deposits. 
In the 1990s, Pala International’s William Larson and the 
author started to work intensively at several mining areas in 
Russia. In the summer of 2002, we introduced a large quan- 
tity of gem-quality demantoid (tens of thousands of carats) 
to the international gem market. With financial growth and 
political stability in Russia, several Russian companies have 
successfully mined demantoids and the needs of miners are 
now being addressed. Recently, several hundred kilograms of 
rough were excavated in various parts of the Central Urals. 
Slowly, the stone is carving its niche in the world industry, 
being sought not only by wealthy collectors, but also by big 
jewelry companies (e.g., in Japan, it is used in various set- 
tings including wedding rings). Demantoid is on the path to 
being known and recognized worldwide. 
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The Techniques and Art of Cutting 

“The World’s Largest Gemstone Pendant,” Bahia: 

A Natural, Transparent, Rutile Quartz Sculpture 

Glenn Lehrer (glenn@lehrerdesigns.com)! and Lawrence Stoller? 

‘Lehrer Designs, Inc., Larkspur, California; 7CrystalWorks, Inc., Bend, Oregon 
Artists Glenn Lehrer and Lawrence Stoller transformed a nat- 
ural, doubly terminated rutile crystal weighing 370 kg (814 
Ib) into “The World’s Largest Gemstone Pendant.” Finished, 
it weighs 201 kg (443 Ib), and measures ~1.5 m (5 ft) in 
length. It now hangs suspended in the Martin Katz Gallery of 
the GIA headquarters in Carlsbad. Initially, the artists antici- 
pated that it would take 18 months to complete the sculpture. 
Instead, it took seven and a half years. Several factors con- 
tributed to the challenge of its cutting and have set Bahia far 
apart from any other large, transparent gemstone. 


1. The size and external quality of the crystal places it as one 
of the largest, finest pieces to be unearthed. The logistics of 
moving the piece, as well as cutting it, made Bahia a tech- 
nical challenge. 

2. The exceptional clarity and transparency of the Bahia crys- 
tal is in the 98% optical range, rare for its size. Also notable 
are the formations of bursts and curves of golden rutile 
needles. This occurrence is very desirable in quartz. Among 
the highlights is a roughly 30 cm twinned “star” of rutile 
needles floating at the center of the quartz. 

3. Unusual combinations of lapidary skills and engineering 
were required to sculpt Bahia. Cutting and polishing as 
large a gemstone as Bahia required lapidary equipment 
that did not exist at that time. Also, cutting a large flat face 
on a gemstone is exponentially more difficult and more 
time consuming, in order to achieve an optical polish, than 
it is on smaller surfaces. 

4, Designing the metal frame to hold the 201 kg fragile quartz 
crystal suspended from a ceiling presented many challenges. 


The risks multiplied at every stage—from the discovery of 
two natural internal cleavages to the uncertainty of successful- 
ly hanging a fragile crystal of this weight. The risk of damag- 
ing the stone at any point along the seven-and-a-half year jour- 
ney helped make the ultimate success of Bahia even greater. 
Perhaps most important, Bahia is a wonder to behold. It offers 
the opportunity to experience the beauty and wonder of the 
natural endowments of the earth and our relationship to it. 


The Emerald Business in South America 

Andrew Lucas (alucas@gia.edu)!, Eric Welch’, Jean Claude Michelou’, 
Marcelo Ribeiro’, Luiz Martins‘, Pedro Padua!, and Sergio Martins* 

'GIA Course Development, Carlsbad; “ICA, Bogota, Colombia; *Belmont LTDA, 
Ttabira, Minas Gerais, Brazil; “Stone World, Sa6 Paulo, Brazil 

South America is considered by many in the gemstone indus- 
try to be the most important continent for emerald produc- 
tion. Colombia is the number one exporter of emeralds to 
the United States, and Brazil is also a highly important com- 
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mercial source of emeralds. This information was obtained 
during two trips to the mining areas organized by the 
International Colored Gemstone Association (ICA) and sub- 
sequent correspondence with ICA members. 

The techniques used to explore and develop new mines, 
such as the Piteiras mine in Minas Gerais, Brazil, are typically 
more common for diamond mines than for colored stone 
mines. Emerald cutter and wholesaler Stone World of Sao 
Paulo, Brazil, formed a joint venture with Seahawk Minerals to 
vertically integrate the operation from mine to cutter to whole- 
sale office. The Belmont mine, also in Minas Gerais, began in 
a more traditional process for colored stone mines. Emeralds 
were found on this property, which still operates as a cattle 
ranch. The Belmont mine began as a highly successful open- 
pit operation, which continues today. The most advanced 
resources in geological modeling and mine planning have led 
to the opening of an underground mine to complement the 
open-pit operation. Belmont has an extensive sorting opera- 
tion for their rough to meet the needs of their customers. 

The La Pita area in Colombia has become the major com- 
mercial emerald-producing area in the country, with most 
production coming from the Consorcio mine. A number of 
other productive underground mines also exist in this area by 
the Rio Minero, including the La Pita Tunnel, Cunas, El 
Totumo, and Polveros mines. The Puerto Arturo mine in 
Muzo is still in production and under control of the Carranza 
group, which also has a minor partnership in the Consorcio 
mine and an influential stake in the Cunas mine. Many of the 
mine stakeholders in Colombia, whether they have interests 
in the La Pita, Muzo, Coscuez, or Chivor areas, are also 
involved in cutting and wholesale sales of polished goods. 


Afghanistan Gem Deposits: Studying Newly 
Reopened Classics and Looking for New Deposits 
Lawrence W. Snee (Isnee@usgs.gov) 

US. Geological Survey (retired), Denver, Colorado 

This presentation was also included in the GRC. Please refer 
to pp. 116-117 to read the abstract. 


Diamonds 


An Exact Replica of the Original Mogul 

Cut Koh-i-Noor Diamond 

John Nels Hatleberg (biggems@earthlink.net) 

BigGems, New York 

The saying “Whoever owns the Koh-i-Noor rules the world” 
depicts the incomparable status this diamond has command- 
ed throughout history. The Koh-i-Noor’s documented 
account dates to the early 16th century and the memoirs of 
Babur, the first Mogul emperor. When the British annexed 
the Punjab region of India in 1849, the Koh-i-Noor was sur- 
rendered to Queen Victoria. The jewel was showcased at the 
Crystal Palace Exhibition of 1851. Afterwards the diamond 
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was recut, reduced from its Mogul form of 186.2 ct to a stan- 
dard oval brilliant cut of 105.60 ct. The Koh-i-Noor is now 
displayed at The Tower of London, set in the Queen Elizabeth 
The Queen Mother’s Crown. 

In Famous Diamonds, Ian Balfour (1987) states that the 
directors of the British Museum called for a mold of the Koh- 
i-Noor to be made prior to the recutting of the diamond. In 
1992 a curator of the Natural History Museum London, Peter 
Tandy, and I located a plaster cast inscribed “This is a copy of 
the original Koh-i-Noor diamond prior to its recutting 1851” 
and initialed “NSM,” for Neville Story-Maskelyne, the keep- 
er of the collection at that time. The accuracy of this cast, 
formed from the diamond itself, made it possible to create a 
replica of the original form of the Koh-i-Noor. 

Thirteen years later, at the request of the Natural History 
Museum London, the author created a replica of the first cut- 
ting of the Koh-i-Noor for inclusion in their 2005 
“Diamonds” exhibition. This replica invites questions about 
the present diamond and its Mogul predecessor. Significantly, 
the replica refutes the assumption that the recutting was a 
“disaster” due to the resultant weight loss of 43%. The origi- 
nal Koh-i-Noor was a 4 grainer crystal that was superficially 
covered in facets to maximize weight retention. This repre- 
sents the habit, preference, and perhaps limits of Indian dia- 
mond cutting during the Mogul period. The “recutting” 
process was therefore more of a “cutting” process in which a 
crystal form was the starting material. The weight loss could 
thus be viewed as standard industry yield. 

Upon examination of the replica, one can discredit the 
arguments that the Koh-i-Noor was recut because it was 
primitively fashioned or because it was not brilliant. The 
replicas sheer size, coupled with its particular cutting 
angles and indices, has resulted in a highly brilliant and 
dispersive jewel. 

Within the domain of diamonds, the Koh-i-Noor above 
all others demands to be regarded in the realm of the fantas- 
tic. This replica of the original Koh-i-Noor has been called its 
perfect complement. Further study of this replica will help 
clarify more of the history of this colossal jewel. 

REFERENCE 
Balfour I. (1987) Famous Diamonds, 1st ed. William Collins & Sons, London. 


Diamond Grading Laboratory Peer Review 

Garry Holloway (garryh@ideal-scope.com) 

Ideal-Scope, Melbourne, Australia 

A proposed new international Diamond Grading Review 
Association (DGRA) will study diamonds graded by major 
labs that have been suggested to have large grading errors. 
Volunteer experts will assess diamonds with claims of erro- 
neous grades. If they believe other major labs would give more 
than one grade difference, the stone will be sent anonymous- 
ly to other labs for grading. DGRA will publish the results of 
stones that differ by two or more grades (or three or more 
AGS cut grades) in color, clarity, cut, or finish at 
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www.pricescope.com. Market forces and peer pressure would 
motivate labs to improve their processes. If discrepancies are 
not found, then publication of these grading reports could 
dispel myths and promote confidence within the trade and 
consumers. 


Background. Diamond grading is subjective, but “myths” 
abound that labs make “mistakes.” The DGRA% aim is to 
determine the validity of these claims. For example, in a 2004 
survey conducted by Pricescope.com, none of 16 stones were 
given the same color and clarity grading by the tested three 
labs (AGS, EGL-USA, and GIA), but none of the reports dif- 
fered by more than two grades. When owners who submit- 
ted a diamond think a grade is inaccurate, they can either 
challenge it or send the stone to another lab, which is ineffi- 
cient and costly. “Softly graded” diamonds cause a lack of 
confidence and tarnish the diamond and jewelry industry. 


The Process. Volunteer experts will oversee an Internet forum 
where anyone who believes a diamond has been graded 
wrongly by two or more grades in color or clarity may anony- 
mously post the following information: 


¢ A legible certificate image. 

e Evidence of grade errors such as microscope photos, col- 
orimeter or spectral data, independent appraisers’ opin- 
ions, cut data such as Firescope, Ideal-scope, ASET, or 
H®&A images. Proportion data, three-dimensional models, 
or reports from Brilliancescope, ImaGem, or Isee2 may 
also be submitted. 


Expert discussions in a private forum may result in a request 
for the owner to forward the stone for further testing. Experts 
should be independent of major labs to protect the reputa- 
tions of the experts and the laboratories. Diamonds that pro- 
vide appropriate illustrations of inaccurate grading may be 
purchased. Grading reports of diamonds with more than one 
grade difference will be published on the forum, and be made 
available to trade journals and public media. The DGRA will 
be partially funded through donations. 


Color Treatment of Diamonds and their 

Potential in Designer Jewelry 

Etienne Perret (etienne@etienneperret.com) 

Etienne Perret & Co., Camden, Maine 

Diamonds with unusual bodycolors have always been treas- 
ured by connoisseurs. Since they are extremely rare, colored 
diamonds have typically been owned by royalty and the 
wealthiest collectors. Artists, experimenters, and scientists 
have tried for generations to artificially achieve colors simi- 
lar to those seen in natural-color diamonds. The first color- 
enhancing techniques were not permanent and often not 
disclosed. Many of these early experiments involved types of 
irradiation that made the finished diamond unsafe to wear. 
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Sir William Crookes, a physicist with a love of gemstones, in 
1904 conducted a series of experiments using radium salts to 
expose diamonds to radiation. The diamonds turned a dark 
green. Unfortunately, the treatment also left the diamonds 
strongly radioactive. Mr. Crookes donated a treated dia- 
mond octahedron to the British Museum in 1914, where it 
remains today: still radioactive and still green. 

Creative experimentation led to the development of treat- 
ment techniques yielding safe, permanent, and attractive col- 
ors in diamonds. Electron bombardment, sometimes in com- 
bination with heat, is the most common and safest way to 
alter a diamond’s color. With different combinations of bom- 
bardment intensity, exposure durations, and heat, a wide vari- 
ety of colors has been achieved. 

Most treated-color diamonds available in the market are 
in a price range similar to that of fine colorless diamonds. The 
diamonds chosen for treatment usually exhibit a slight brown 
or gray color. Parcels of diamonds, often hundreds of carats at 
a time, are sent to a treatment facility. The cost to color treat 
diamonds is usually between $50 and $200 per carat for most 
of the standard colors—blue, green, orange, yellow, and black. 
Reds, purples, and pinks are made from the rare type Ia dia- 
monds and, therefore, are more costly. 

The rainbow of colors that are available today allows jew- 
elry designers to use far more than colorless diamonds in jew- 
elry (see figure). They can now “paint” with combinations of 
colors to create unique items that were never possible with 
standard diamond jewelry. We now see rose gold pendants set 
with purple and orange diamonds, yellow gold rings set with 
yellow, green, and blue diamonds, or brooches using black 
and colorless diamonds. 

Thanks to these new color treatment processes, diamond 
jewelry in a wide variety of colors is possible at a price that is 


affordable for much of the jewelry-buying public. 


These rings with channel-set treated diamonds illustrate the 
variety of colors that may now be achieved in the laboratory. 
Photo by Etienne Perret. 
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The AGS Performance Cut Grading System 

Peter Yantzer (pyantzer@agslab.com) and Jason Quick 

American Gem Society Laboratories, Las Vegas, Nevada 

In May 2005, the American Gem Society (AGS) introduced 
a new cut-grade system that reflects the Society’s transition 
from a proportion-based cut-grade system to one based on 
performance. The performance grading system considers 
more physical measurements of a diamond and uses more 
computer analysis than the previous system. It also uses crite- 
ria based on newly developed technology. 

In the performance system, all facets of a diamond are 
measured in three dimensions rather than two. The measure- 
ments are used by a computer program to trace light rays 
traveling through a diamond. The ray-tracing program meas- 
ures the quantity and characteristics of the light being 
returned to the viewer. 

The methodology can be applied to all shapes and facet 
arrangements, with different performance thresholds for 
each shape. The Princess shape proved to be difficult to 
model. Unlike the standard Round Brilliant, the Princess 
has two crown main angles and two pavilion main angles. 
This difference increased the number of proportion combi- 
nations substantially. 

Proportion factors in the new system include pavilion 
angles, crown angles, table percentage, star facet length, lower 
girdle facet length, girdle thickness, culet size, weight ratio, 
durability, and “tilt.” Durability is a factor when the crown 
angles are less than 30°. “Tilt” determines at what point the 
girdle reflects in the table. 

Light performance categories include brightness, disper- 
sion, leakage, and contrast. Contrast is the pattern of light and 
dark regions seen when observing a faceted diamond. It can 
produce positive or negative optical effects. 

A diamond is first analyzed using a non-contact measur- 
ing device, which also creates a three-dimensional model. By 
importing the three-dimensional model into the AGS ray- 
tracing software, the grader receives values for proportions 
and light performance. 

The grader then analyzes the girdle, culet, symmetry, and 
polish characteristics of the diamond. All these factors form 
the three elements of the final cut grade: Light Performance, 
Proportion Factors, and Finish. 


From Alexander the Great to Elihu Yale: 
A Study of India and the Diamond Trade 
Benjamin Zucker (zuckerbenj@aol.com) 
Precious Stones Company, New York 
About 2,000 years ago, the only known diamonds were of 
Indian origin and were not cut or faceted. There are four gold 
rings each set with an uncut octahedral diamond crystal in 
known private collections. 

The Indian diamond crystal was cherished for its color- 
lessness, which allowed it to act as a prism splitting white light 
into prismatic colors. 
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The earliest known important diamond dates from the 
4th century A.D. The diamond originates from an Indian dia- 
mond mine and is mounted in a massive Roman gold ring 
with an opening at the bottom so the adamantine or “all-con- 
quering” spirit of the diamond might flow into the wearer of 
the ring. 

In the early 15th century, diamond dust and a slow mov- 
ing diamond wheel were developed to grind down one point 
of the diamond converting it to a perfect “table cut.” A table 
cut diamond ring from Antwerp dated at 1620 shows the 
increase in brightness achieved by the European cutters. 
Similarly, when the rose cut was perfected in the early 17th 
century, the observed fire in a diamond was greatly 
enhanced. 

In the late 17th century, various cutting centers developed 
in London, Antwerp, Paris, and Amsterdam. Uncut dia- 
monds were shipped by Elihu Yale and other diamond traders 
from Madras to European cutters. The European brilliant cut, 
often with high crown angles much like the Indian cut dia- 
monds, as well as a more symmetrical pavilion faceting plan, 
greatly increased the brightness and fire of the diamond. 

Jean Baptiste Tavernier, a knowledgeable European travel- 
er to India, noted that Indian diamond cutters placed a great 
many facets on a diamond primarily to hide inclusions. The 
open Indian culets have long been regarded as “weight savers.” 
In fact, this style actually increased diamond brightness. 

Marcel Tolkowsky’s proportions, designed to maximize 
brightness, may create a diamond with less “charm” or “char- 
acter” than the earlier cuts. Recent GIA cutting standards, 
using engineering and scientific solutions, try to bridge the 
lessons learned centuries ago in India and in Europe with 
today’s desire for diamonds that have high brightness and a 
large amount of fire. 


Gemology Education 


Case Study Madagascar: 
Progress and Development through Education 
Tom Cushman (tomcush@cox.net) 
Institut de Gemmologie de Madagascar (IGM), Antananarivo, Madagascar 
Although blessed with abundant mineral wealth, Madagascar 
is one of the world’s poorest countries. It was known since the 
1890s as “L'le des Beryls,” or “Island of Beryls,” though more 
recently it has become an important source of sapphires and 
rubies. The gem deposits of Madagascar are staggering; how- 
ever, most remain unprospected and undeveloped. 

The challenge to Madagascar is how a country with one 
of the world’s lowest per capita incomes, 50% illiteracy, and a 
seriously degraded infrastructure can better manage and prof- 
it from its mineral wealth. One solution, proposed by the 
Mineral Resources Governance Project (PGRM), was to open 
the Institute of Gemmology of Madagascar (IGM). 

IGM, a World Bank—funded project, opened in October 
2003 in the capital city, Antananarivo. IGM’s first offering 
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was the GIA Gemstone Identification Extension Course 
taught in French by Ms. Marisa Zachovay. Since then, the 
four Malagasy gemology instructors have graduated 20 new 
FGA (Fellow of the Gemmological Association) gemolo- 
gists, and have assisted in writing an original two-week 
“Practical Gemology” course. The instructors have also writ- 
ten, and offered to over 1,200 rural participants, a Malagasy 
language one-day “Gemmologie Pour Tous” (Gemology for 
Everyone) class. Recently, a gemstone laboratory opened in 
Antananarivo. 

IGM’s lapidary course has taught meetpoint faceting to 
over 300 cutters. The results of that course are readily 
apparent in the improved cuts of offerings at the twice- 
monthly gemstone market held in Antananarivo and 
throughout the island. 

To offer the most varied gem education possible, IGM 
invited GIA to present its Gem Identification, Diamond 
Grading, and Colored Stone Grading extension courses, 
in French in 2004 and in English in 2005. HRD was 
invited to present its French language Diamond Grading 
course in 2005. 

The opportunities for the Malagasy to benefit from 
their new competencies and value-added products are not 
limited to the local market. IGM sponsored workshops to 
change the law to allow non-resident foreign buyers to 
legally export gems from Madagascar, leading to an increase 
in gem exports, and has assisted Malagasy gem dealers in 
exhibiting at international venues including Mauritius, 
Bangkok, and Tucson. 


The Gem & Mineral Council of the Natural History 


Museum of Los Angeles County 


Anthony R. Kampf (akampf@nhm.org)', Charles I. Carmona’, Danusia 
Niklewicz?, Mary L. Johnson‘, and Dona M. Dirlam> 


'Mineral Sciences Department, Natural History Museum of Los Angeles County, Los 
Angeles, California; *Guild Laboratories, Inc., Los Angeles, California; *Paradise 
Associates, Santa Monica, California; “Mary Johnson Consulting, San Diego, 
California; *GIA, R.T. Liddicoat Gemological Library & Information Center, Carlsbad 
In 1985, a group of leaders and enthusiasts in the Los Angeles 
gem and mineral community—including Richard. T. 
Liddicoat, Jr., George R. Rossman, Douglas J. Macdonald, 
Hyman Savinar, Cosmo Altobelli, and Ernest Lever—helped 
to found a support organization for the gem and mineral pro- 
gram at the Natural History Museum of Los Angeles County. 
More than two decades later, this organization, known as The 
Gem & Mineral Council, continues to thrive as one of the 
foremost museum gem and mineral support and public pro- 
gramming organizations, serving as a model for other such 
organizations around the world. 

The Gem & Mineral Council provides its members with 
wide-ranging opportunities to advance their knowledge and 
appreciation of gems and minerals. At the same time, the 
Council has generated much-needed support for the museum's 
Mineral Sciences Department, allowing it to maintain active 
acquisition, exhibition, education, and research programs. 
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Among the more than 200 events staged by the Council 
over the years have been educational lectures by world- 
renowned experts, exclusive social events, and domestic and 
international field trips. International tours have included vis- 
its to Brazil, East Africa, Germany, Russia, and Thailand. 

In 1996, the Council initiated an innovative fund-raising 
program called “Adopt-A-Mineral” to promote the growth of 
the museum’s collection. A person or group can adopt a gem 
or mineral by making a tax-deductible contribution equiva- 
lent to the current estimated value of the specimen. In return, 
the adopted specimen permanently bears the donor's name or 
designation. Forty-six specimens have been adopted thus far, 
with nearly $60,000 raised. 

In 1998, the Council published The Photo-Atlas of 
Minerals CD-ROM, which quickly became the most popular 
mineral reference CD-ROM, with nearly 6,000 copies sold. 
Now a greatly expanded DVD-ROM version, containing 
nearly 16,000 images, is available. 

Over the past two decades, The Gem & Mineral Council 
has been essential to the museum’s gem and mineral collec- 
tion, exhibition, research, and programming efforts. 
Additional information is available on the Council’s website: 
www.nhm.org/gmce. 


Course Development at the 

Gemological Institute of America 

Duncan Pay (dpay@gia.edu) 

GIA Course Development, Carlsbad 

GIA’s founder, Robert M. Shipley, conducted his first gemol- 
ogy class on the campus of the University of Southern 
California. He then wrote additional course material and 
offered it through Distance Education. Later, he offered 
short-term, on-site courses to jewelers nationwide. 

Today, the Course Development department researches 
and writes GIA’s texts. The department includes researchers, 
writers, and editors. We also employ video specialists, gemol- 
ogists, jewelry specialists, and graphic artists and transfer other 
specialists into Course Development as needed. 

To ensure that our materials meet industry needs, we 
have a rigorous course-development process. Once we estab- 
lish a need for a new course or a substantial course revision, 
our curriculum committee meets to decide course objectives 
and student outcomes. In addition, we solicit input from 
many segments of the industry when we develop our new 
course objectives. 

Once outlines are approved, our writers compose drafts 
guided by the department’s subject specialists and 
Education Department management. Next a selected group 
from GIA Education, GIA Research, and others in the 
Institute with knowledge in that particular subject reviews 
the content. We then implement the reviewers’ comments 
and lay out the assignment with appropriately placed text, 
photographs, illustrations, and captions. 

Once the assignment has the “look and feel” of a complet- 


162 ATH INTERNATIONAL GEMOLOGICAL SYMPOSIUM 


ed product, it is often submitted for review to an external sub- 
ject specialist. We also send drafts to internal subject special- 
ists, who use their wide range of experience to review the 
information for accuracy and proper terminology. 

As the written course material progresses through the 
review process, we work on classroom presentations, instruc- 
tor notes, and teaching schedules with Education manage- 
ment and faculty. 

Outside of faculty contributions, the most important 
feedback about our education programs comes from the 
industry. We receive input from our Board of Governors and 
industry advisory groups, as well as from alumni and current 
students. 

Our ongoing contact with the jewelry industry and our 
Research Department keeps us abreast of new discoveries, 
synthetic materials, and treatments. We also subscribe to com- 
mercial price lists and trade publications. We monitor indus- 
try and general news for events that may affect course materi- 
al. Course development at GIA is a continual, dynamic 
process that we believe leads to clearly written, attractive, and 
valuable material that benefits all our students. 


Gemological Institute of America’s 
Public Outreach Programs 


Kimberly Vagner' (kvagner@gia.edu), Larne Boyles”, Dona Dirlam’, Elise 
Misiorowski‘, Patricia Syvrud', Peggy Tsiamis*, and Yvette Wilson” 

IGIA Institute Advancement, Carlsbad; 2>GIA Guest Services, Carlsbad; 3GIA, R.T. 
Liddicoat Gemological Library and Information Center, Carlsbad; 4GIA Museum, 
Carlsbad 

GIA’s nonprofit mission—to ensure the public trust in gems 
and jewelry—is manifested through its core programs of edu- 
cation, research, and laboratory sciences. Over the past four 
years, complimentary programs have been developed to 
expand GIA’s public outreach in support of this critical mis- 
sion. These programs are valuable assets to the public, the 
industry, and the Institute. 


GIA Library, As the largest gemological library and reference 
center in the world, with over 38,000 titles, the Richard T. 
Liddicoat Gemological Library and Information Center is the 
heart of the Institute. Expert library staff members are acces- 
sible by phone, e-mail, or in person to answer questions, and 
the library is open to the trade and the public for on-site 
research. Impressive progress with the GIA Digital Asset 
Management System, Oral History project, and a growing 
number of new titles emphasizes that the library is growing 
and evolving to meet the needs of the public, the industry, 
and the Institute. 


GIA Museum. The GIA Museum is committed to advancing 
the world’s understanding of gemstones, gemology, and jewel- 
ry (see figure). Through development and growth of the per- 
manent display collection, providing GIA instructors access to 
the gems in the collection, and collaboration with the Research 
and Gems & Gemology departments, the GIA Museum has 


Gems & GEMOLOGY FALL 2006 


New Classification 


of Hough Uiamonds 
in Use by Ue Beers Company 


E BEERS CONSOLIDATED MINES, LTD., 

have recently supplied the Gemolog- 
ical Institute of America with the following 
classifications now in use by that company 
in grading rough diamonds at the Dutoit- 
span, Wesselton and Bultfontein mines (De 
Beers and Kimberley closed). Graduates 
and advanced students of the Institute will 
notice that the new classifications differ 
somewhat in terminology from the older 
classifications contained in the Institute’s 
diamond course. This new classification will 
now replace the old one in that course. 
a) Close Goods. 


b) Irregulars and Shapes as in “a” but 
not necessarily symmetrical or octa- 
hedral. 

c) Spotted Stones. 

d) Cape and Yellow Spotteds as in ‘“‘c’” 
but of a progressively deepening yel- 
low color. 

e) Browns. Stones of a progressively 
deepening brown color. 


Description 


a) Close Goods 
b) Irregulars and Shapes 
c) Spotreds a 
d) Cape and Yellow Spotted 
e) Browns 


£)0 EGreens epee Le OE ae ee oe LY 
iS) Melee Ae eit tet einen, es 

i (Cleavage) 22 2 es 

i) Chips 

J) Macles 

k) Flats 

1) Sand 


f) Greens. Stones of a progressively deep- 
ening green color. 

g) Melee “a’ to “f” in sizes under one 
carat and larger than “I.” 

h) Cleavage. Broken pieces of a reason- 
able thickness, and not “twinned” 
(Macled or Naated). 

i) Chips as in “h” but under one carat 

_ in weight. 

j) Macles. Twinned crystals of a reason- 
able thickness. 

k) Flats. Thin pieces, whole or broken, 
including thin macles. 

1) Sand. All qualities in a very small size, 
passing through a .070 inch sieve. 

m) Industrials. Diamonds not suitable for 
cutting, and allocated to industrial 
uses, including bort, which is only 
suitable for crushing into diamond 
powder. 

The percentages of each classification as 
of 1948 was estimated by the Sorting Room 
of De Beers Consolidated Mines, Ltd., as a 
comparison. 


Bultfontein Wesselton Dutoitspan 
40 1.91 3,44 
=, 19 73 5.56 
15.78 6.30 8.05 
43 54 9.54 
50 94 2.38 
a ee = 1.50 
15.39 10.67 5.79 
6.10 6.38 17.83 
4.76 5.04 417 
Es 5.25 3.71 7.39 
5.63 11.21 9.05 
2.04 2.80 82 
42.09 49.77 24.48 


120 


GEMS & GEMOLOGY 


The Mikimoto Rotunda at the GIA Headquarters in 
Carlsbad frequently houses impressive collections of gemstones 
and jewelry. Photo by Robert Weldon. 


proven itself to be a strong and viable presence in the Institute. 
Exhibits are rotated on a regular basis to benefit GIA’s many 
visitors and students. 


GIA Guest Services. This department hosts thousands of pub- 
lic and industry guests each year. The Carlsbad campus is 
open weekdays, and (pre-scheduled only) tours of current 
exhibits are free and available to the public year-round, except 
when the Institute is closed for special events and holidays. As 
part of its service to the Institute, the successful GIA Junior 
Gemologist Program™ is taught on campus and on site at 
county elementary schools. A docent training program was 
created to support the increasing demand for tours. 


Gemology Topics 


Digital Asset Management for 

Gem and Jewelry Photography 

Judy Colbert (jcolbert@gia.edu), Peggy Tsiamis, Sharon Bohannon, Kathleen 
Dillon, and Kevin Schumacher 

GIA, R.T. Liddicoat Gemological Library and Information Center, Carlsbad 
Photography of gemstones and jewelry is an important com- 
munication medium in the gem and jewelry industry. 
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Photos are used for educational purposes, marketing materi- 
als, editorial publications, and other practical applications. 
However, professional photography can be very expensive. 

At GIA, organization of photographs will assist archiving, 
easy access and retrieval, and retaining the information associ- 
ated with each photographic image. Since the preferred for- 
mat for photography is now digital, a digital asset manage- 
ment (DAM) system is fundamental to maintaining any sig- 
nificant collection of digital images. Images that were original- 
ly taken with film can be converted to digital images through 
scanning. 

In 2004, GIA’s Visual Resources Library, in conjunction 
with committees of members from various departments 
throughout the Institute, launched a plan for an enterprise- 
wide DAM system to manage the increasing number of digi- 
tal images being generated and acquired. 

The key to successful implementation lies in planning the 
policies and procedures. The first step is to assess the needs of 
the individual or business (in this case, GIA) and examine the 
current image archiving methods. How many images are 
there now and how large will the collection grow? How many 
people need access? Who will the users be and what is their 
level of technical expertise? Will the system need to be 
accessed from multiple locations? Is there a need to restrict 
access to certain images? What is the budget? These are just 
some of the questions that need to be answered before search- 
ing for the right software solution and the required computer 
equipment and peripherals. 

Another step in the planning process is to consider the 
metadata requirements for the images. “Metadata” means 
“data about data.” Information is vital to identify the con- 
tent of an image, provide useful details such as the photog- 
rapher and copyright information, and communicate other 
physical attributes related to the image. A list of the 
required metadata fields should be compiled in a thesaurus 
to use as keywords to aid in the retrieval of assets in a search 
of the database. 


Cross-referencing Identification System (CIS): 
Database and Tool for Diamond Research 

Branko Deljanin (brankod@eglcanada.ca)' and Dusan Simic? 

‘European Gemological Laboratory, Vancouver, Canada; 7>EGL USA, New York 

The growth of the EGL USA Group and its opening of new 
laboratories in North America have created a need for better 
communication and databases for rough and polished dia- 
monds coming to our labs for testing. The basic idea is to store 
all data (identification number, weight, size, shape, screening 
results with DiamondSure, color, clarity, fluorescence, UV-Vis- 
NIR absorption, FTIR, photoluminescence [PL], and 
cathodoluminescence [CL] spectra, along with other necessary 
advanced tests, as appropriate) in one system called the Cross- 
referencing Identification System (CIS). The system will be 
interactive and will enable the searching and cross-referencing 
of data. It will permit statistical analysis of each of the cate- 
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gories. For example, it could easily calculate the percentage of 
each characteristic that is present in the diamonds tested by the 
laboratories. 

There are three levels of the CIS system: 


¢ Level I: ABCD (4 groups) contains basic information, flu- 
orescence, and absorption testing in the visible region of 
the spectrum. This level is sufficient to positively identify, 
for example, most yellow diamonds with cape lines. 

¢ Level II: A12-D21 (8 groups) contains, in addition to the 
data from Level I, FTIR and UV-Vis-NIR absorption data. 
Level II is sufficient for the identification of all cape dia- 
monds, as well as most irradiated, type Ia HPHT-treated, 
and synthetic diamonds. 

¢ Level III: Al-D1 (16 groups) is the highest level of identi- 
fication and will record, in addition to the data from Levels 
I and II, the amount of impurities, PL spectra, “hot” CL, 
photo of “cold” CL, chemical analysis with X-ray fluores- 
cence (XRF), as well as photography in visible light, UV 
radiation, and under crossed polarizers. Data collected at 
this level makes it possible to identify all treatments of dia- 
monds and all synthetic diamonds. 


The goal of this new system is to standardize communica- 
tion both within EGL USA group and internationally, and to 
increase the database chronicling old and new treatments of 
natural and synthetic diamonds. 

International labs with advanced instruments also could 
connect with the CIS system and exchange “virtual samples” 
to increase the database and detect more treatments and syn- 
thetics. Diamond mining companies, diamond manufactur- 
ers, wholesalers, and retailers would benefit by the increased 
confidence in selling their products with proper disclosure. 


Challenger Gemological Spectrometer 

Nick Michailidis (igimfg@adelphia.net) 

Imperial Gem Instruments, Santa Monica California. 

The Challenger gemological spectrometer is designed for col- 
ored gemstone and diamond identification (see figure). 
Certain wavelengths of light passing through transparent or 
translucent material are absorbed due to the chemical struc- 
ture of the material. Each material has a signature that is as 
unique and identifiable as a human fingerprint. 

The spectrum with a conventional spectroscope is viewed 
with the naked eye and limited to the visible spectrum 
(400-700 nm). Imperial Gem Instruments developed the 
Challenger gemological spectrometer to eliminate the limita- 
tions of the visual spectroscope. It increases the viewing spec- 
trum range from 370 nm in the near-ultraviolet to 1000 nm 
in the near-infrared region. 

The optical system of the Challenger is interfaced with a 
high-resolution black-and-white video camera to display the 
spectrum of a gemstone on a black-and-white monitor. As the 
spectrum is scanned from 370 nm to 1000 nm, a digital 
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meter displays the wavelength reading. Although a color spec- 
trum is more desirable, color video cameras have an internal 
filter to view only the visible spectrum. In addition, a color 
video camera and monitor has 380-420 lines resolution com- 
pared to 900-1000 lines resolution for a black-and-white 
monitor. The Challenger can display many absorption or flu- 
orescence bands not visible with a conventional spectroscope 
as well as reveal the presence of multiple bands grouped 
together. 

The Challenger is a simplified spectrophotometer 
designed to identify gemstones and diamonds by viewing the 
spectrum on a monitor rather than having to print out and 
read a spectrum curve. Also, the price is many times less than 
that of a spectrophotometer. 

The Challenger has the capability to detect many features 
of gemstones including: 


¢ Rhodochrosite’s spectrum has a dark band from 405 to 
415 nm followed by three bands at 385, 390, and 398 nm. 
The conventional spectroscope shows a cutoff at 415 nm. 

¢ Red spinel has 13 absorption and fluorescence bands rang- 
ing from 685 to 721 nm. Only two or three fluorescence 
bands from 685 to 700 nm are observed in a convention- 
al spectroscope. 

¢ Irradiated diamonds often have an absorption band at 741 
nm, which is beyond the range of a conventional spectro- 
scope. 

¢ Beryl has a weak band at 920 nm and a stronger band at 
956 nm. Synthetic emeralds do not have these bands. 


¢ Golden Imperial topaz has a weak band at 962 nm. 


A synthetic Nd:YAG specimen is tested using the Challenger 
gemological spectrometer. The monitor shows the presence of 
numerous absorption and fluorescent lines that aid in iden- 


tifying the stone. Photo by Nick Michailidis. 
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e White jadeite with greenish speckles shows bands at 430 
and 437 nm and a chromium-related band at 690 nm. The 
conventional spectroscope shows only the 437 nm band. 


Silicosis Risks for Lapidary Workers in 

Developing Countries 

Thomas W. Overton (tom.overton@gia.edu) 

GIA, Carlsbad 

Silicosis is an incurable disease of the lungs caused by inhala- 
tion of crystalline silica dust. As these crystals tend to be long 
and narrow, they lodge in the lung tissue, gradually sinking to 
the lower half of the lungs. Scarring, inflammation, and fibro- 
sis of lung tissue typically result. Over several years’ exposure, 
this will progressively debilitate normal lung functions, caus- 
ing chronic cough, shortness of breath, weight loss, breathing 
difficulties, and, in severe cases, death. Secondary tuberculosis 
is also common among those suffering from silicosis, as the 
presence of silica dust is believed to interfere with the body’s 
immune response to the TB bacillus. 

Long a bane of the mining, glass-making, and stone- 
working industries, silicosis has also been recognized as a risk 
for lapidary workers. Both quartz (e.g., amethyst, citrine, 
chalcedony) and opal are forms of silica and will produce sil- 
ica dust during manufacturing. Typically, the sawing and 
grinding stages produce more airborne dust than faceting/pol- 
ishing because of the coarser tools used. 

Silicosis is perhaps the world’s oldest occupational disease, 
and the dangers of long-term inhalation of silica dust have 
been known since the 19th century. Western countries such as 
the United States have enacted strict workplace safety regula- 
tions to protect workers who may be at risk, and western lap- 
idaries typically have easy access to inexpensive protective gear. 
However, protections for lapidary workers in developing 
countries have been uneven, and safety regulations, if any, are 
often poorly enforced (see figure). 

A number of recent studies have indicated that silicosis is 
a major occupational hazard in the gem manufacturing indus- 
try of Guangdong Province, China. Efforts to protect and 
compensate workers have encountered stiff resistance from 
factory owners and government authorities. However, atten- 
tion to this issue among trade organizations and health min- 
istries is increasing, and some improvements have been noted 
by these groups. 

Similar problems have been reported in the gem polishing 
industries of India and Brazil. One recent study of a group of 
Brazilian stone carvers reported a 53.7% prevalence of silicosis. 

The risks of silicosis can be greatly reduced by a number 
of preventative measures. These include: training workers to 
be mindful of the risks of dust inhalation; issuing protective 
masks and clothing; proper ventilation; frequent cleaning of 
work areas; the use of water during polishing; proper mainte- 
nance and operation of polishing equipment (dull tools and 
excessive polishing speeds can generate more airborne dust); 
and regular monitoring of worker health. 
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Rose quartz and jade are processed in this workshop in 
Haifeng County, Guangdong Province, China. Ventilation is 
Limited to the small wall-mounted fan on the lefi. Note also 
the exposed belts and pulleys on the drive motors, and the 
loose electrical cables sharing space with water hoses. Photo 
courtesy China Labor Bulletin. 


Subjectivity in Gemology 
Ronald Ringsrud (ron@emeraldmine.com) 
Ronald Ringsrud Co., Saratoga, California 
The analytical mind cannot encapsulate the full experience of 
viewing a beautiful gem. The detailed objective perceptions of 
the intellect are supplemented by another style of perception— 
that of subjective perception. It is holistic and devoid of the men- 
tal activity of analysis. Connoisseurs of gems develop the ability, 
during a lifetime of viewing fine gems, to go beyond the bound- 
aries of the intellect and witness the glorious aesthetics that a fine 
gemstone has to offer. From a physiological standpoint, this 
could be called shifting from brain activity dominated by the left 
hemisphere (responsible for analysis and discrimination) to that 
of the right hemisphere (contextual and nonverbal functions). 
Gemology’s fullest expression as a discipline is exemplified 
when both objective and subjective approaches are used. 
Therefore, physics, optics, and chemistry are taught in gemo- 
logical institutes alongside history, romance, and folklore. The 
work of gemologist Dr. Edward Giibelin expressed not only 
objective science but also subjectivity: gemstone certificates 
from his laboratory had the usual page of objective determi- 
nations for the gemstone, but also a page of subjective descrip- 
tion outlining the beauty, uniqueness, and rarity of the gem. 
Dr. Giibelin went on to encourage work in the use of 
poetry to describe gemstone aesthetics, which, in an indus- 
try sustained by the romancing sale of gemstones, should be 
recognized as worthy of the highest endeavor. 
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Frederick Kunz decried the arbitrary alteration of the 
birthstone chart by an association of jewelers in 1912. He rec- 
ognized the multicultural reality that gemstones are special to 
people born on certain months. Modern understanding of an 
ancient eastern astrological system sheds new light on this. 
Practitioners of traditional Asian medicine prescribed gems 
not only as talismans but also as pharmaceuticals. 

Gemology is perhaps more suited to address subjectivity 
than other sciences simply because its focus, gemstones, 
involves the complete expressions of the highest subjective 
qualities: allure, fineness, attraction, timelessness, glamour, 
and charm. The role of subjectivity in gemology is interdisci- 
plinary and should elevate our expectations of future gemolo- 
gists and gemstone dealers. 


Exploring the Variances of Color System Terminology 
Howard Rubin (GemDialog@aol.com) 
GemDialogue Systems, Rego Park, New York 


Abstract withdrawn. 


Gemstone Marketing 


Giving Back Wisely: 

Philanthropy as an Investment for Retail Jewelers 

Jerry Buckley (jerrybuckley17@aol.com) 

BUCKLEY Consulting, Solana Beach, California 

There is a long tradition of “giving back” to the community 
by members of the jewelry industry. Today, many worthwhile 
causes seek support from local family jewelry stores, regional 
and national chains, as well as the global luxury brands. But 
too often, philanthropic decisions are made based on criteria 
such as “Who's asking?” and “How much will it cost me?” 
rather than a carefully defined plan. 

With so much competition in the marketplace, retail jew- 
elers have an opportunity to create relationships with charita- 
ble organizations based upon their civic, spiritual, and cultur- 
al values while at the same time securing strategic advantages 
in marketing and public relations. 

The key to success in maximizing the value of a gift to a 
charity and the positive marketing impact of corporate contri- 
butions is to create an annual philanthropic plan and budget. 
Determine precisely why and where you want your company 
name associated with a charity. The answers will guide you to 
the types of organizations to support. Museums, preparatory 
schools, and arts groups all have followings that may fit the 
demographics you wish to reach. You have a right to request 
information about the frequency and methods by which your 
company name will be featured. In addition, it is vital to know 
the individuals that you will encounter at special events, meet- 
ings, or exhibitions. 

Careful thought also should be given to ways to feature in- 
store events that allow other donors to check out your goods. 
Possibilities include a small attractive memento with your 
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company name or a drawing for a special item. 

The charity should prepare a formal proposal with all of 
the benefits that your business will receive. If you have ideas 
for other benefits, suggest your ideas in addition to those list- 
ed by the charity. Finally, have the charity prepare a written 
pledge agreement that includes the gift amount, the benefits 
you will receive, a payment schedule, and the amount that is 
a tax-deductible gift. 


Marketing in the 21st Century 
Pam Welborn (Pam Welborn@austin.rr.com) 


The Color Source, Austin, Texas 

In the 21st century, successful companies will have to bring their 
products to market efficiently. In the jewelry industry, this trend 
will favor those companies whose capabilities include gem rough 
sourcing, as well as in-house cutting, design, and manufacturing 
operations, and even distribution channels. Such companies can 
control quality and cost at every stage of production and will 
provide savings in terms of lower per-unit costs. Also, by control- 
ling the design function and by associating with trusted partners 
in foreign markets, such companies can tailor their jewelry prod- 
ucts to reflect the distinctive cultural designs of those markets for 
greater acceptance and sales. The Internet can also be used to 
post an online catalog of jewelry items, sell the products, and 
facilitate a rapid delivery service to the targeted market. 

The increased efficiency of all these efforts will shorten the 
delivery time from the manufacturing center to the end con- 
sumer. A higher level of contact with the consumer using the 
Internet and call centers, located in favorable labor countries, 
will decrease response time and increase customer satisfaction. 

Such companies are Internet savvy, computer driven, and 
focused on high quality standards of manufacturing. They are 
able to produce jewelry items for a specialized, niche market 
as well as produce a limited edition or an exclusive design for 
a national market. Global opportunities are limited for most 
companies. Therefore, a major upheaval in the next 10 years 
is likely as the jewelry industry adapts to this new paradigm. 


Jewelry 
Products of Endangered Species Used in Jewelry 


Charles I. Carmona (cicarmona@aol.com)! and Jo Ellen Cole? 
'Guild Laboratories, Inc, Los Angeles, California; ?Cole Appraisal Services, Vista, 


California 
The historic use of gem materials derived from endangered 
species used in jewelry and objets dart has contributed to pre- 
cipitous declines in the populations of many animal species, 
the greatest of which occurred in the decades of the 1970s and 
1980s. The convergence of an increasing demand for ivory, 
coupled with heavier firepower and greater access for poach- 
ers, led to estimated drops in elephant populations of 50% 
and in rhinoceros populations of 90% during these decades. 
To deal with this manmade ecological catastrophe, the 
United Nations in 1973 initiated the Convention on 
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International Trade in Endangered Species (CITES). Beginning 
with just a few dozen signatories in the early 1970s, restrictions 
on the international trade in endangered species have now been 
agreed to by 169 nations. Of the three-part treaty, Appendix I 
lists species currently threatened with extinction and 
Appendices II and III list species that are not currently threat- 
ened, but may become so if trade is not closely controlled. 

In 2006, we can see positive signs of progress in the last 
15 years. Jewelers in the western world have nearly eliminat- 
ed animal ivories from their inventories, replacing them with 
vegetable ivories, bone, or simulants. Other threatened species 
among birds, turtles, corals, and wild mollusks have not fared 
quite as well. 

The difficult questions that we face at the beginning of the 
new millennium relate to balancing the survival of some 
species with the reality of the trade in their products. Ivory is 
the most recognizable product of endangered species used in 
jewelry, and its regulation has elicited broad international 


public support. 


Brazilian Colored Gemstones in Portuguese 
18th—19th Century Jewelry 
Rui Galopim de Carvalho (ruigalopim@labgem.org) 
Labgem, Sintra, Portugal 
Although much has been written about the secondary diamond 
deposits discovered in the mid-1720s near Diamantina, Brazil, 
there has been little mention of the numerous and various col- 
ored gemstones that started to emerge from various parts of 
Brazil in the mid-18th century, mostly from Minas Gerais. 
Since the beginning of the colonial age in the 16th centu- 
ry, famous explorers made several incursions into the interior 
of Brazil. They focused on the search for precious materials 
(e.g., gold, diamonds, and emeralds) but had little success 
compared to the rich emerald resources of the New Granada 
territories in present-day Colombia. However, these campaigns 
eventually discovered significant quantities of other colored 
gemstones and gold. When these gems arrived in Europe, they 
found a privileged niche in Portuguese jewelry. In addition to 
the famous Imperial topaz that is known to have been discov- 
ered in the Ouro Preto mining region in the mid-1700s, large 
quantities of amethyst, mostly of light tones, were extensively 
used in Portugal in the 18th century. Some had a colored foil 
backing to enhance their color appearance. At the same time, 
a yellow-green chrysoberyl, locally known as “crisolita,” also 
became popular. It was sometimes used in conjunction with 
topaz, creating a rather typical motif (see, e.g., figure). 
Colorless topaz in large quantities, along with colorless quartz 
(rock crystal), had an even greater impact in silver jewelry, 
especially in closed settings with reflective foil backings. In 
these jewels, colorless gem culets were sometimes painted with 
a black dot to simulate a brilliant diamond. The design of these 
jewels was quite similar to diamond jewelry of the same peri- 
od. These topaz- and quartz-set jewels were probably intended 
to be lower-cost alternatives to diamond-set jewels. 
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This magnificent silver and enamel jewel (16.8 x 8.8 cm), 
in typical 18th century floral motif, is set with chrysoberyls, 
Imperial topaz (some with colored foil backing), and dia- 
monds. Photo by Carlos Pombo Monteiro, courtesy 
Fundagao Eugénio de Almeida, Evora, Portugal. 


With the influx of the Brazilian gemstones, gem-set jewelry 
changed completely, specifically in Portugal but also elsewhere 
in Europe, due to the massive amount and variety of new col- 
ored gems. Jewelry became multicolored, sparkling pieces that 
had noble metals serving mostly as a skeletal support. 


Colored Gemstone Promotion in 

Small Scale Markets: The Portuguese Case 

Rui Galopim de Carvalho (ruigalopim@labgem.org) 

Labgem, Sintra, Portugal 

Despite Portugal’s discovery of the sea route to India in the 
16th century and the gem finds in Brazil in the 18th century, 
Portugal today has essentially no gem industry tradition. 
Portuguese consumers and trade professionals do not possess 
much gem-related knowledge. Portugal’s national jewelry 
industry, though strong in its manufacturing sector, has weak 
response from domestic consumers, especially in comparison 
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to competition from other luxury goods. This makes promo- 
tion of the industry essential. 

With the support of the International Colored Gemstone 
Association (ICA), many activities have been created with the 
goal of establishing a long-term strategy to promote colored 
gemstones in Portugal. Out of necessity, these activities need- 
ed a low budget, yet they required commitment and strong 
public relations work to inspire the involvement of others. A 
few examples follow: 


¢ The ICA Digital Slide Library, a resourceful photo archive, 
was extensively used to illustrate articles in the general and 
trade press as well as gemological communiqués and other 
releases. The local trade associations, two manufacturing 
and two retailer organizations, and two trade magazines 
(Comercio de Lisboa and Jéias de Familia), published those 
stories, spreading the word of color among their public and 
trade audiences. 


¢ ICA-sponsored seminars were held at Portojdia, the biggest 
national trade show in Portugal, discussing matters such as 
new gem treatments, disclosure, communicating and using 
color, from designer to the consumer. Similar events 
occurred during the 2006 show in September. Winning 
posters from ICA’s 2005 Poster Competition were on dis- 
play to inspire new designers to participate in the forthcom- 
ing competition in 2007 in Dubai. 


¢ Museum guided tours brought jewelry students, teachers, 
and the public to their collections, showing the use of gem- 
stones from medieval times through today. More than 20 
lectures were provided on these topics, often emphasizing 
Portuguese history. 


¢ ICA is collaborating with embassies of gem producing and 
processing countries to co-host events focusing on those 
resources, while also promoting their culture, tourism, and 
economy and creating a networking platform for their 
national companies to do business in Portugal. 


For this promotional strategy, spreading the word about 
colored gemstones is the most important aspect. Synergies in 
other parts of society, including the press, as well as educating 
the consumer about colored gemstones and nurturing the 
next generation of jewelry designers, are critical to creating an 
adequate infrastructure to increase jewelry awareness. 


Magnificent Jewels in Portugal 

Rui Galopim de Carvalho (ruigalopim@labgem.org) 

Labgem, Sintra, Portugal 

Little is known internationally about the jewelry and gem 
wealth of Portugal. While Portugal never had domestic gem 
mining activity, the significant collection of religious, royal, 
and civil jewelry surely deserves introduction to the interna- 
tional gem community. This poster showcases seven magnifi- 
cent jewels in Portuguese collections that have had few oppor- 
tunities to be presented to a wide audience. 
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The Reliquary of the Holy Cross, made in 1699 in silver and 
gold, decorated with enamel, displays in the top a relic of the 
Holy Cross. This magnificent devotional piece is set with 
more than 800 rose-cut and small table-cut diamonds, 105 
fine Colombian emeralds, and more than 400 Burmese 
rubies, red spinels, and rose-cut blue Ceylon sapphires. The 
Ecce Homo hessonite garnet fine carving is on the back of 
the piece. © Museu de Arte Sacra da Sé de Evora, courtesy 
of the Archdiocese of Evora. 


The Reliquary of the Holy Cross (1699) in the treasury of 
Evora’s Cathedral is a great example of a late 17th century 
Portuguese religious object (see figure). This is an enamel-dec- 
orated silver and gold reliquary that is set with diamonds, 
Colombian emeralds, Burmese rubies, spinels, sapphires, and 
an Ecce Homo (Jesus with the crown of thorns) hessonite gar- 
net carving. In the 18th century, gems were available in larger 
quantities and wider varieties. The Bemposta Monstrance (ca. 
1775-80) is a majestic (97 cm high) silver and gold mon- 
strance made in Portugal by Adam Gottlieb Pollet and set with 
more than 4,000 cut gems; it is currently housed at the Museu 
Nacional de Arte Antiga, in Lisbon. The Aura of Senhor Santo 
Cristo dos Milagres (ca. 1785) at the Esperanga Convent in the 
Azores is a gold and silver rococo ornament set with nearly 
7,000 gems, including a fine group of four large pear-shaped 
Imperial topazes. Of particular interest is an unusually large 
(32.4 cm high) bodice flower ornament from the mid-to-late 
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18th century, possibly of religious application, now at the 
Museu Nacional Soares dos Reis, Oporto. This piece is set with 
more that 1,600 cut stones, including Imperial and colorless 
topaz, amethyst, colored foil-backed quartz, and chrysoberyl. 
Among the nonreligious pieces, the tobacco box (ca. 1756) 
of the Portuguese king José I is one of the finest examples of mid- 
18th century French goldsmith work. The piece has delicate 
chisel artistic work and is set with large diamonds and buff-top 
emeralds; it is part of the Royal Treasures at the Palécio Nacional 
da Ajuda in Lisbon. Also in this collection is the mid-19th-cen- 
tury Star Necklace of Queen Maria Pia made by Portuguese 
goldsmith Estevao de Sousa; it is set with diamonds and is 
notable for its unique design and fine workmanship. A collec- 
tion by renowned French artist René Lalique at the Calouste 
Gulbenkian Foundation is plentiful and includes the dragonfly 
corsage ornament (ca. 1897-98), which is made in gold and 
enamel and set with chrysoprase, moonstone, and diamonds. 


Gemological Needs in Insurance Documentation 

David W. Hendry, Jr. (dhendry@jcrs.com) 

JCRS Inland Marine Solutions, Inc., Oakland, California 

The key problem associated with jewelry insurance is that 
insurers have no reliable source for the quality and accuracy of 
the documentation used for making insurance decisions. 
Whatever documentation is provided originates with the jew- 
eler or appraiser, is given to the agent by the insurance cus- 
tomer, and then ripples through the submission, underwrit- 
ing, policy issuance, and claims processes. Whatever determi- 
nations are made are only as good as the original information 
and then acted upon based on the training, knowledge, and 
know-how of the insurers using it. 

The problem of accurate jewelry documentation has two 
major causes. First, jewelers and appraisers are part of an unreg- 
ulated industry that is represented by various organizations, 
among which there is little consensus or uniformity concern- 
ing professional qualifications, specialized training, certifica- 
tions, or licensing procedures. Second, insurers are largely 
untrained and unaware of critical jewelry and appraisal issues, 
despite the existence of jewelry insurance appraisal standards. 

This problem is easily illustrated by a particular practice of 
a well-known “big box” retailer that sells high-value jewelry. 
While basic descriptions, quality, and pricing of certain items 
seem generally accurate, the items are typically sold with an 
accompanying “appraisal” that states a value at twice the pur- 
chase price. Although the customer may have received “a real- 
ly good deal,” the untrained agent—and every other untrained 
insurance professional in the chain—does not question the 
accuracy of the appraisal. 

One remedy to the documentation problem can come 
from the insurance industry itself. For several years, uniform 
appraisal standards and forms have been available. Originally 
known as ACORD forms, the developer recently made these 
forms freely available to all insurers, jewelers, and consumers as 
can be viewed at www.jiso.org. These forms ask for more than 
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the obvious and cursory information. Precise gemological 
descriptions and measurements of table percentage, crown 
angle, girdle thickness, pavilion percentage, and culet size are 
necessary for preparing accurate and complete appraisals that 
can meet insurance industry standards. 

The use of standard appraisal forms increases insurance 
industry understanding and effectively communicates impor- 
tant technical details in a manner that insurers will instantly rec- 
ognize. Jewelers, appraisers, and insurers who use high-quality 
jewelry insurance documentation can properly insure jewelry, 
confidently settle claims, and cultivate trust and cooperation 
between insurers and jewelers and their mutual customers. 


Pearls 


Natural Pearl Formation as Seen Through 
Macro Photography 
KC. Bell (KCBnaturalpearls@cs.com) 
KCB Natural Pearls, San Francisco, California 
The formation of natural pearls is usually provoked by the 
arrival of an invading parasite into the host mollusk, followed 
by a natural survival response by the mollusk. This parasite will 
either enter the host mollusk when the shell is open or by bor- 
ing through the shell from the outside. If the mollusk is unable 
to stop the invasion upon penetration of the shell by secreting 
fresh layers of nacre (thereby creating a blister-shaped pearl on 
the interior of the shell), the invading parasite may continue to 
live in the shell of the host. If the parasite penetrates and enters 
the interior of the shell, the mollusk will try to encase the liv- 
ing invader in layers of pearl nacre (see figure). 

Often this parasite will decompose during the pearl form- 
ing process. The end of this process is often evident as a dark- 
ish coloring on the central nacreous layers of the pearl. Other 


This 30 mm abalone blister pearl shows the remains of a 
parasites shell at the nucleus of the pearl. 
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times, this encasing and subsequent decaying process leads to 
a gaseous void in the interior of the pearl where evidence of 
the original parasitic stimulus can be seen. From the outside 
looking in, the invader is clearly seen encased in pearly nacre. 

On rare occasions, young pearls with early nacreous layers 
can be found where the parasite is recognizable within the 
pearl “sarcophagus.” The final evidence of this natural pearl 
process is clearly seen with macro photography. 

Photographs of half-cut natural oriental pearls, abalone 
pearls, and other pearl species often illustrate nacre growth 
lines surrounding the pearl’s center, physical structure, para- 
site habitation of shells, and parasites encased in pearly nacre. 
The images also show the evidence of parasitic stimulation 
usually needed for natural pearl formation. 


Marketing of the Tahitian Cultured Pearl 

Raitu T. Galenon (raitu.galenon@perlesdetahiti.net) 

GIE Perles de Tahiti, Papeete, French Polynesia 

The official recognition in 1976 by GIA contributed to veri- 
fying the natural color authenticity of the Tahitian cultured 
pearl, and the adoption by the World Jewellery Confederation 
(CIBJO) of the trade name Tahitian Cultured Pearl. This has 
made it possible for this jewel to establish an international 
reputation. 

The Tahitian cultured pearl industry was prosperous in 
the early 1980s. This caused many individuals in the fishing 
industry to try the pearl farming business. It was similar to the 
California gold rush. Until 1997, the business was profitable 
because there were not enough pearls on the market. 

Unfortunately, the combined situation of the world econ- 
omy and overproduction in French Polynesia had a negative 
impact on the market for Tahitian cultured pearls. Pearl sales 
could not cover the costs of production anymore, and many 
pearl farmers went bankrupt. The official figures from the Pearl 
Cultured Ministry show that of the 2,700 pearl farms regis- 
tered in 1998, only 800 remained in activity at the end of 
2005. Half of them are shell producers, the other half produce 
cultured pearls. 

The French Polynesian government, to ensure the sta- 
bility of production and a quality standard for the Tahitian 
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cultured pearl, has implemented the following regulations 
since 2001: 


e Limitation of pearl farming concessions 
e Limitation of production and export licenses 
¢ Shutdown of the pearl-culturing activity in certain lagoons 


¢ Strict control of a minimum thickness of nacre (0.8 mm) 
on all exported pearls 


These regulations combined with a good marketing pro- 
gram conducted worldwide by a nonprofit economic interest 
group, “Perles de Tahiti,” have resulted in an overall increase in 
the Tahitian cultured pearl trading price, as shown in the table. 

These official figures from the French Polynesian Statistics 
Institute relate the history of the loose Tahitian cultured pearl 
market, from the general decrease in prices through 2003 to 
the rebound of the industry in 2005, when production leveled 
and the trading price stabilized. 

Pearl-culturing activity in French Polynesia has a major 
economic and social impact. With the development strategy 
implemented by the government and the support of various 
local and international companies, the long-term future looks 
promising. 


Tahitian cultured pearls exports, 1994-2005. 


Year Trollon. il AS 
aie kg) (USSg 
1994 117 2,815 41.42 
1995 103 3,240 31.98 
1996 152 5,100 29.88 
1997 136 4,788 28.44 
1998 135 6,056 22.21 
1999 153 8,182 18.64 
2000 155 11,364 13.65 
2001 107 10,498 10.15 
2002 116 11,007 10.56 
2003 95 9,957 9.58 
2004 110 8,493 12.90 


2005 127 8,137 15.62 


Gems & GEMOLOGY FALL 2006 


to the presenters, all coauthors. 


A 

Abduriyim, Ahmadjan, 
74-75, 84, 87-88 

Achard, Jocelyn, 152-153 

Ajo, David, 125 

Al-Attawi, Ali, 142 

Albright, Madeleine K., 2-6 

Altobelli, Cosmo, 76-77 

Ananyev, Sergei, 126-127 

Anckar, Bjorn, 112-113 

Anthonis, Ans, 122-123, 
152-153 

Atichat, Wilawan, 85, 86, 
87, 128 

Azrielant, Ofer, 56-57 


B 
Baksheev, Ivan A., 153-154 
Balmer, Walter A., 94-95 
Barjon, Julien, 122-123 
Batson, Ruth, 70—71 
Beaton, Donna, 93-94 
Befi, Riccardo, 113-114, 
128-129, 131 
Bell, K. C., 169-170 
Berg, Lee Michael, 45 
Berg, Richard B., 145 
Bermanec, Vladimir, 
137-138 
Bidny, Alexei S., 153-154 
Blanchaert, Maxime, 
122-123 
Boehm, Edward, 28, 
139-140, 157 
Bohannon, Sharon, 163 
Bondanza, Michael, 42 
Bosshart, George, 94-95 
Botha, Mike, 100, 129 


INDEX TO PRESENTERS 


INDEX OF PRESENTERS 


This index includes Symposium keynote speakers Madeleine K. Albright and Maurice Tempelsman, session speakers, and Debate 
Center and Consumer Confidence panelists. For the Gemological Research Conference and the Poster Sessions, it includes, in addition 


Bouhnik-le-Coz, Martine, 
107 
Boyles, Larne, 162-163 
Brand, Allison A., 113 
Braunwart, Eric, 31 
Breeding, Christopher M., 
88, 97, 105-106 
Buckley, Jerry, 166 
Burianek, Manfred, 121 
Butler, James E., 95—96, 
111-112, 131-132 


Cade, Andrea, 106, 
129-130 

Calnon, John, 63—64 

Canil, Dante, 146 

Carmona, Charles I., 
76-77, 161-162, 
166-167 

Ceulemans, Tom, 130 

Chandayot, Pongchan, 128 

Charles, David, 121-122 

Chatelain, Elizabeth, 72—73 

Chatham, Tom, 66—67 

Chigrin, Sergei V., 120-121 

Clanin, Jim, 107, 145 

Cleary, John, 146-147 

Colbert, Judy, 163 

Cole, Jo Ellen, 135-136, 
166-167 

Collins, Alan T., 33-34, 
121-122 

Cook, Brian, 130 

Cooney, Christopher F., 
145 

Coquillard, Catherine, 54 

Cui, Wen-Yuan, 150-151 

Cushman, Tom, 161 


D 

Dallahan, Frank, 70-71 

Davies, Gordon, 121-122 

De Corte, Katrien, 
122-123, 152-153 

DeGhionno, Dino, 88, 140 

De Gryse, Olivier, 86-87, 
152-153 

De Lucia, Frank C., Jr., 126 

De Weerdt, Filip, 86-87, 
152-153 

Del Re, Nicholas, 88—89 

Delaunay, Aurélien, 107 

Deljanin, Branko, 129-130, 
154-155, 163-164 

Denton, M. Donner, 89, 
89-90 

Dessapt, Rémy, 101-102 

Dhamani, Amit, 61 

Dillon, Kathleen, 163 

Dirlam, Dona M., 
161-162, 162-163 

Dissanayake, Chandra B., 
117-118 

Dolgova, Olga S., 153-154 

Douman, Makhmout, 131 

Downs, Robert T., 89, 
89-90 

Drucker, Richard B., 
76-77, 95, 130-131 

Du Toit, Garry, 113-114, 
131 

Dyar, M. Darby, 96 


E 

Eaton-Magaiia, Sally, 
95-96, 131-132 

Ehrenwald, Jerry R., 76-77 

Ehrman, Sylvana, 125 


GEMS & GEMOLOGY 


Ekimenkova, Irina A., 
153-154 

Elen, Shane, 123 

Elen, Sheryl, 123 

Eliezri, Israel, G8—69 

Emmett, John L., 68—69 

Epelboym, Marina, 
129-130, 154-155 

Ertl, Andreas, 96 

Esmerian, Ralph, 53 

Even-Zohar, Chaim, 63—64 


F 

Fant, Greg, 55 

Fedortchouk, Yana, 146 

Fischer, Jeffrey, 63-64 

Foord, Eugene E., 151-152 

Freitas, Jaime A., Jr., 95-96 

Fritsch, Emmanuel, 90, 97, 
99-100, 101-102, 107, 
109-110, 155 

Fritz, Eric, 140 


G 

Gaillou, Eloise, 107 

Galenon, Raitu T., 170 

Galopim de Carvalho, Rui, 
132-133, 167, 167-168, 
168-169 

Gambini, Elena, 156 

Garland, Mary I., 113 

Gasanov, Murad D., 
127-128 

Geurts, Ronnie, 138-139 

Gilbertson, Al, 133, 
138-139 

Gomez, Tori L., 126 

Gorshkov, Anatoliy L., 


SPRING 2006 171 


127-128 

Grande, Jacqui, 157 

Greene, Esther Fortunoff, 
63-64 

Grizenko, Alex G., 120-121, 
126-127 

Groat, Lee A., 106, 113, 114, 
129-130, 133-134 

Grozman, Yulia, 96-97 

Gumpesberger, Sylvia M., 
124 (2) 


H 

Hager, Tobias, 85, 87 

Hainschwang, Thomas, 97, 
101-102 

Hall, Matthew, 105-106 

Hansen, Niels Ruddy, 72-73 

Harder, Ronald R., 76-77 

Harlow, George E., 98-99, 
146-147, 147 

Harmon, Russell S., 126 

Harris, Jeff, 107-108 

Hasenfeld, Hertz, 48 

Hatleberg, John Nels, 
158-159 

He, Mingyue, 134 

Heaney, Peter J., 95-96, 
131-132 

Hendry, David W., Jr., 169 

Hoal, Karin O., 134-135 

Hoffman, Meyer, 41 

Holloway, Garry, 159 

Hori, Bev, 68—69 

Htun, Han, 135-136 

Htut, Min, 128-129 

Hucker, Douglas, 70-71 

Hughes, John M., 96 

Hughes, Richard W., 68-69 

Hyr3l, Jaroslav, 97-98 


I 


Irving, Martin, 24 


172 INDEX TO PRESENTERS 


J 

Janse, A.J.A. (Bram), 136, 
148-149 

Jobic, Stéphane, 101-102 

Johnson, Mary L., 138, 
161-162 

Josephson, Michael, 70-71 


K 

Kalinina, Victoria, 126-127 

Kampf, Anthony R., 
161-162 

Kanda, Hisao, 125 

Kane, Robert E., 36—37, 
98-99 

Karampelas, Stefanos, 
99-100, 155 

Katz, Martin, 51 

Keenan, Courtenay, 100, 129 

Kenyon, Dione, 70-71 

Khamrayeva, Delara S., 
90-91 

Kiefert, Lore, 74-75, 
113-114, 128-129, 131 

Kitawaki, Hiroshi, 84, 87-88 

Klein, Paul B., 95-96 

Klei¥mantas , Arunas, 137 

Kniewald, Goran, 137-138 

Koivula, John I., 131 

Kouznetsov, Nikolai B., 157 

Krzemnicki, Michael S., 
113-114 

Kunwisutpan, Chotima, 128 


Kurbatov, Konstantin K., 
141-142 


if 

Landis, Gary P., 151-152 

Larson, William, 74-75, 
135-136, 139-140 

Lehrer, Glenn, 158 

Lepage, Luc, 155-156 


Levine, Gail Brett, 76-77 

Linares, Bryant, 66-67 

Linnen, Robert L., 113, 114 

Liu, Shang-i, 100-101 

Liu, Yan, 101 

Lomthong, Pantaree, 87 

London, David, 108-109, 
109 

Lowry, Steve, 91 

Lu, Taijin, 138 

Lucas, Andrew, 158 

Ludwig, Thomas, 96 

Lule-Whipp, Cigdem, 115 


M 

Ma, Lawrence, 25 

Magazina, Larisa O., 
127-128 

Mai, Au-Co, 72-73 

Maini, Leonardo, 125 

Martineau, Philip, 121-122 

Martins, Luiz, 158 

Martins, Sergio, 158 

Massi, Laurent, 97, 101-102 

Matlins, Antoinette, 68—69 

Mayer, Stefan, 68-69 

Mayerson, Wendi, 131 

McClure, Shane F., 29-30, 

88, 102, 140 

McEwen, S. Clark, G6—67 

McGee-Boehm, Carley, 
139-140 

McManus, Catherine E., 126 

McMillan, Nancy J., 126 

Mehta, Rajiv P., 62 

Meng, Yu-fei, 93, 100-101 

Menzie, Joseph, 30-31 

Meyer, Charles A., 66-67 

Michailidis, Nick, 164-165 

Michelou, Jean Claude, 157, 

158 

Misiorowski, Elise, 162—163 

Miziolek, Andrzej W., 126 


GEMS & GEMOLOGY 


Mohideen, H. M. Sultan, 
115-116 

Molina, Alfredo J., 74-75 

Morrison, Sally, 63-64 

Morton, Douglas M., 
151-152 

Moses, Thomas M., 63—64 


N 

Nattachai, Jitrin, 85 

Newton, Mark E., 84-85 
Niklewicz, Danusia, 161-162 
Notari, Franck, 97 


O 

Okano, Makoto, 84 
O'Leary, Julie, 96 
Overton, Thomas W., 165 


P 

Padua, Pedro, 158 

Pamukcu, Ayla, 147 

Paraskevopoulos, 
Konstantinos M., 155 

Paspaley, Nicholas, 38 

Pattamalai, Krittaya, 86 

Pavlik, Bryan, 157 

Pay, Duncan, 162 

Peng, Ming-sheng, 93, 
100-101 

Perret, Etienne, 159-160 

Perrin, Emmanuel, 49-50 

Pezzotta, Federico, 116, 156 

Pisutha-Arnond, Visut, 85, 
86, 87, 128 

Poli, Leopoldo, 59-60 

Pope, Sonny, 120 

Post, Jeffrey E., 91-92, 
95-96, 131-132 

Prowatke, Stefan, 96 

Prudden, James M., 149 

Pumpeng, Sureeporn, 86 


SPRING 2006 


A study of these figures reveals that only 


half of the production of Wesselton is suit- 


able for cutting; that in Bultfontein this 
figure is less than 66%; and in Dutoitspan 
less than 75%. Since flawless stones of fine 
color are cut from the first two classifica- 
tions (a) Close Goods and (b) Irregulars 
and Shapes, it can be seen that only about 
2% of the average total production of the 
three mines is of this quality. 

Here is again evidence of the few dia- 
monds of fine color and purity in compari- 
son to the proportionate number of dia- 


monds sold as blue white and perfect. A 
comparison of this table with the older and 
similar tables in the Institute’s diamond 
course shows that the percentage of fine 
stones is decreasing, especially in the Bult- 
fontein mine. It is the Dutoitspan which 
shows improvement in percentage of all the 
better qualities. 

It is believed that the following statistics, 
also prepared by De Beers Consolidated 
Mines, Ltd., should likewise be of interest 
to our readers. 


TOTAL PRODUCTION OF DIAMONDS 


From 1888 to 30th June, 1948 


Mine 
De Beers Mine 
Kimberley Mine —-.- 
Wesselton Mine -..-------- 
Bultfontein Mine 
Dutoitspan Mine 


Total —.. 
Tailings (30th June, 1901 to 30th June, 1915) _.... 


Grand Total — we 


Metric Carats 
_ 23,201,71914 
14,624,822 - 
16,096,230 
17,412,795 
8,831,712%4 


. 80,167,28114 
3,350,1113%4 


— 83,517,393 


Pees onen Laboratory 
Erected in South Africa 


Recently erected in Johannesburg, South 
Africa, is a Diamond Research Laboratory 
which is devoted exclusively to investiga- 
tions on all phases of the diamond. 

Sponsored and maintained by Industrial 
Distributors Limited, research is concerned 
with immediate practical problems on meth- 
ods of recovery and’ extraction, improve- 
ments in diamond tools and the extension 
of their uses, the application of scientific 
control and instrumentation to.the diamond 
cutting and polishing industry. Long term 
theoretical investigations on the relation- 
ships between the structure and properties 
of the diamond, how and why stones differ 
in physical properties, and functidnal char- 
acteristics are also a part of the research 
conducted. 


All types of diamonds are examined by 
X-ray procedures. There is also a Micro- 
scopical Room and a Spectrographic Room. 
In the Cutting and Polishing Room experi- 
enced. diamond cutters: are employed. Not 
only do they endeavor to affect possible’ 
improvements in their own art, but they 
also provide cut stones for other reseatch 
workers in both industrial and gemstone in- 
vestigations made at the ‘Laboratory. 

The staff of the Laboratory is composed 
of experienced chemists, physicists and en- 
gineers from Europe and South Africa. Its 
director, Dr. R. $. Young, was previously 
associated with large research organizations 
in Northern Rhodesia and Canada. 

Industrial Distributors Limited, sponsors 
of the Research Laboratory, includes the fol- 
lowing primary producers: Anglo American 


Corporation of South Africa Limited, De 
(Continued to page 124) 
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G. ROBERT CROWNINGSHIELD 


V2 i, emology lost one of its original pioneers with the pass- 
- ing of G. Robert Crowningshield on November 8 at the 
(YS age of 87. During a career that spanned six decades, his 
wide-reaching achievements as a researcher, author, and 

educator helped shape modern gemology. 


Born in Colorado Springs, Colorado, Bob Crowningshield graduat- 
ed from San Diego State College (now San Diego State University) 
with a degree in natural science. As an officer in the U.S. Navy 
from 1942 to 1946, he read books on gems to pass the long hours 
at sea and even arranged an unscheduled stop in Colombo, the 
capital of Ceylon (now Sri Lanka) and a bustling trade center for 
gems. As fate would have it, the owner of the first jewelry store he 
visited had a son who had graduated from GIA’s resident program 
in Los Angeles in 1939. When the young man told Crowningshield 
of a school dedicated to the science of gems, his destiny became 
clear, and he enrolled at GIA once his tour of duty was over. 


After graduating from the Institute in 1947, Crowningshield stayed 
on campus in Los Angeles as an instructor. Two years later, he was 
sent to New York to help start up GIA’s East Coast office, where he 
worked for more than four decades, rising to the position of vice 
president. 


Crowningshield championed the spectroscope as a tool for gemo- 
logical research. Pencil in hand, he sketched absorption spectra for 
every stone he examined. His collection of hand-drawn illustra- 
tions, first published in Richard T. Liddicoat’s 1962 edition of the 
Handbook of Gem Identification, demonstrated the value of the 
spectroscope to gemologists. So did a historic discovery that solved 
the mystery of irradiated yellow diamonds. 


One morning in 1956, Crowningshield was viewing the spectrum 
of a large yellow diamond when he noticed something odd: an 
absorption line just below the 600 nm mark. He suspected the line 
was evidence of irradiation, a colorizing treatment that was 
becoming widespread with the dawn of the atomic age. When his 
subsequent research confirmed that irradiated yellow diamonds 
could be identified by the absorption line at around 592 nm, it was 
a breakthrough the diamond industry had been waiting for. 


Crowningshield’s career was marked by many other “firsts” and 
singular contributions to gemology. With Liddicoat, Bert Krashes, 
and other GIA colleagues, he developed the GIA Diamond 
Grading System in the early 1950s. He is personally credited with 
devising GIA’s system and nomenclature for fancy-color diamonds. 
Crowningshield’s studies in the early 1960s demonstrated how tis- 
sue-nucleated freshwater cultured pearls could be identified 
through X-radiography. He coauthored one of the first characteri- 
zations of tanzanite in a 1968 Lapidary Journal article and pub- 
lished the Summer 1971 G&G initial report on General Electric’s 
gem-quality synthetic diamonds. His Spring 1983 G&G article on 
orangy pink to pinkish orange “padparadscha” sapphire is regarded 
as a classic explanation of this gem’s color. Crowningshield’s final 
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G&G article, from the 
Summer 1989 issue, 
was on the first formal 
grading of the famed 
Hope diamond. 


Many other discover- 
ies were set forth in 
Crowningshield’s 
long-running G&G 
column, which con- 
tained brief notes 
from the New York 
lab (and eventually 
became the journal’s present-day Lab Notes section). Between 
1957 and 1999, he turned out more than 1,000 observations of 
interesting and unusual gems. His 1970 note on “milky” graining 
in diamonds was the first articulation of what has become an 
important feature in the clarity grading of diamonds, as described 
in the lead article in this issue. 


His scientific achievements alone would have earned Bob 
Crowningshield a place in gemological history, but they don’t tell 
the whole story. His reputation for accuracy and integrity played a 
key role in establishing GIA’s diamond grading reports as an indus- 
try standard. Crowningshield was also a respected educator who 
taught scores of jewelers across the United States and presented at 
all but two American Gem Society (AGS) Conclaves from 1951 to 
1993. (A complete review of his career can be found in Thomas 
Moses and James Shigley’s “G. Robert Crowningshield: A 
Legendary Gemologist,” Fall 2003 G&G, pp. 184-199.) 


After stepping down from his day-to-day role in the New York 
office, Crowningshield remained in Manhattan’s Upper West Side. 
He still paid visits to the laboratory and continued to inspire the 
Institute’s next generation of gemologists. In retirement, he was hon- 
ored with Modern Jeweler's Lifetime Achievement Award in 1995 
and the AGS Lifetime Achievement Award in 2003. GIA established 
the G. Robert Crowningshield Research Fund in 2003 to advance 
his vision of safeguarding the integrity of gems through knowledge. 


To this editor, Bob Crowningshield was a friend, a teacher, and 
a remarkable fountain of knowledge. | was frequently amazed 
at his ability to recount the properties of stones he had seen 
decades before. A brilliant writer and researcher, a kind and 
patient colleague, Bob Crowningshield will be missed—and well 
remembered—by the legions of people he influenced. 


Alice S. Keller 
Editor-in-Chief 
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THE IMPACT OF INTERNAL WHITISH AND 
REFLECTIVE GRAINING ON THE 
CLARITY GRADING OF D-TO-Z COLOR 
DIAMONDS AT THE GIA LABORATORY 


John M. King, Thomas M. Moses, and Wuyi Wang 


Unlike many other characteristics that affect the clarity grade of a diamond, determination of 
the impact of “whitish” graining and “reflective” graining requires analysis that goes beyond 
visibility at 10x magnification. The importance of this determination is further underscored by 
the fact that such graining often is the only characteristic present in large, high-clarity, high- 
color diamonds. This article reviews the history of reporting on such graining by the GIA 
Laboratory, considers the causes of the different types of graining most commonly encoun- 
tered, and examines the methodology and critical assessment GIA graders use to determine the 
impact of such graining on the clarity grade of a diamond. 


ne of the most misunderstood features in 

diamond clarity grading is the impact of 

graining, especially internal “whitish” or 
“reflective” graining (see, e.g., figure 1). R. E. Kane’s 
1980 Gems & Gemology article, “The Elusive 
Nature of Graining in Gem Quality Diamonds,” 
gave the reader an overview of the causes of grain- 
ing, illustrated the range of appearances associated 
with it, and generally outlined its relationship to 
clarity grading at the GIA Laboratory (see also 
Kane, 1982). The present article looks at this sub- 
ject 25 years—and literally millions of diamonds— 
later. 

For the purposes of diamond grading, graining 
refers to optical discontinuities that are observable 
with a 10x loupe or a standard gemological micro- 
scope. The overall transparency of a diamond can 
be affected by these discontinuities to varying 
extent. While fractures and cleavages are also dis- 
continuities, an important difference is that with 
graining no open space (i.e., air/diamond interface} 
is present. Whitish graining can be classified into 
banded, tatami, and overall haziness, whereas 
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reflective graining typically consists of internal 
reflective planes. 

Many of the forms graining takes (e.g., surface 
lines or colored bands) are readily observed, and 
their relationship to clarity can be understood with 
standard diamond grading conditions and criteria 
(i.e., ease of visibility at 10x magnification and loca- 
tion). But whitish graining and reflective graining 
are often more difficult to distinguish and relate to 
clarity, since their visibility is influenced more by 
optical factors such as the type of lighting and the 
angles of observation in relation to the lighting. 


Note: The photomicrographs provided in this article represent a static 
view of a graining feature, and are often taken from a viewing angle in 
which the feature is most obvious. It is important to remember that 
one factor in determining graining’s impact on a clarity grade is the 
effect of subtle movement of the diamond during observation. While 
the feature illustrated in the image may appear obvious, the determi- 
nation mentioned in the caption reflects Laboratory awareness of all 
the factors that influence the clarity grade. 

See end of article for About the Authors and Acknowledgments. 
GEMS & GEMOLOGY, Vol. 42, No. 4, pp. 206-220. 
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Also, because such graining is a natural part of the 
diamond structure, many trade members do not 
believe it should be a clarity characteristic. 
However, undeniably there are varying degrees of 
visibility associated with whitish and reflective 
graining, which has resulted in considerable debate 
over the impact it should have on the clarity grade 
(Nir Livnat, pers. comm., 2006). 

Other challenges to understanding the impact of 
such graining on the clarity grade relate in part to 
the fact that a more complex decision-making pro- 
cess is required to assess whitish or reflective grain- 
ing than is usually required with most other internal 
features. This process must take into account the 
ability not only to discern the feature at 10x magni- 
fication, but also to determine its form (i.e., lines, 
planes, broad areas), texture (i.e., cottony, sheen-like, 
hazy), and the angle(s) at which it is visible. 

In the early years of diamond grading at GIA, the 
complexity of assessing whitish graining was com- 
plicated by the fact that this characteristic was 
encountered only infrequently at the laboratory. In 
recent years it has been further complicated (and its 
importance enhanced) by other factors. For one, in 
our experience whitish graining is most commonly 
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Figure 1. The 30+ ct 
pear shape and 18 ct 
oval shown here are 
representative of the 
large colorless to near- 
colorless diamonds in 
which whitish graining 
may affect the clarity. 
This effect is often mis- 
understood due to the 
elusive nature of such 
graining. The photomi- 
crograph illustrates a 
classic example of 

the cottony banding 
encountered in whitish 
graining that will have 
an impact on the clari- 
ty grade. Photo 

© Harold & Erica Van 
Pelt; photomicrograph 
by Vincent Cracco, 
magnified 21x. 


encountered in large (e.g., over 4 ct) diamonds. Most 
of these large diamonds are type II (a diamond type 
that is relatively free of nitrogen) and often absent of 
solid inclusions (see, e.g., Moses and Wang, 2.006). 
Another factor is that the complex interaction of 
light with a diamond’s cut when viewed in the face- 
up position may restrict the observation of this 
often subtle, visually elusive feature to the pavilion, 
where such graining can impact the most critical 
clarity determination of Flawless/Internally 
Flawless (FL/IF) versus VVS, (figure 2). This rein- 
forces the importance of consistent interpretation of 
this feature, given the potential impact on the value 
of the diamond. 

While reflective graining (figure 3) is observed 
more often in smaller, type I diamonds and fre- 
quently in association with other inclusions, its 
assessment requires many of the considerations— 
and complex decision making—described above for 
whitish graining. Therefore, this article will focus 
on assessing the appearances and grading of whitish 
graining in particular, with specific reference to 
reflective graining where appropriate. 

Following an overview of GIA’s history of 
reporting on graining (particularly whitish), we will 
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summarize the causes of whitish and reflective 
graining and then describe the system GIA uses to 
determine the effect of such graining on a dia- 
mond’s clarity grade. 


HISTORY OF REPORTING AND CLARITY 
GRADING WHITISH GRAINING AT GIA 


The evolution of grading whitish graining is an 
interesting case study of how diamond grading has 
developed since its early days. As with many areas 
of study, in diamond grading the collection of data 
over time allows the observers to make refinements 
and clarify the methods used to make assessments. 
This section presents an overview of the developing 
awareness of this feature and changes in reporting 
through the years. 

While GIA has issued diamond grading reports 
since the mid-1950s, it was only in the late 1960s 
and the 1970s that requests for its grading services 
began to grow. With the investment craze of the 
late 1970s—when purchases of goods such as dia- 
monds, silver, and gold were promoted as a hedge 
against inflation—demand for “certificate” goods 
rose dramatically. This resulted in huge increases 
in report production and staffing at GIA. Even 
though the boom had become a bust by the end of 
1980, the trade was now using grading reports rou- 
tinely in diamond transactions. In fact, laboratory 
records show that GIA graded more diamonds in 
the decade of the 1980s than in the previous 25 
years of diamond grading combined. 

Consequently, early reporting on diamonds 
with whitish graining was generalized, with broad 
categories for the appearances and descriptions 
used. Several years elapsed before senior graders 
had examined enough diamonds with graining to 
enable them to review and refine the grading crite- 
ria related to this feature. A review of reports and 
personal notes written by celebrated gemologist G. 
Robert Crowningshield during the late 1960s and 
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~~ Figure 2. Illustrated here are 
two appearances associated 
with whitish graining that 
affects the clarity grade. 
These diamonds had no 
other internal features visi- 
ble at 10x and the graining 
was only seen through the 
pavilion, which resulted 

in a clarity grade of VVS,. 
Photomicrographs by 
Vincent Cracco; magnified 
21x< (left) and 15x (right). 


A 


early 1970s indicates that it was not until this peri- 
od that diamonds with low diaphaneity were seen 
in the laboratory. The Spring 1970 issue of Gems e& 
Gemology (p. 157) provides insight into the devel- 
oping awareness of this distinctive appearance 
when Crowningshield reported the following on 
examining a “milky” diamond: 


We were reminded of certain important dia- 
monds we have graded recently that were just 
slightly misty but in which no zones nor paral- 
lel bands could be seen and no particles what- 
ever, even under highest magnification. Two 
such stones were top color and free of any 
imperfections otherwise. It was acknowledged 
that the slightly lower transparency did affect 
the value, but we have been at a loss how to 
arrive at a meaningful grade. It is possible that 
these stones represent a new source of gem dia- 
monds. If so, we must arrive at an acceptable 
grade for them so as to be fair to the diamonds 
and to potential customers. 


The following year, Crowningshield (1971a) 
speculated that these “grained stones” might be 
from Russia. However, diamantaire Louis Glick 
(pers. comm., 2006) recently confirmed that he and 
others had purchased and manufactured similar dia- 
monds in the late 1960s and early 1970s that origi- 
nated from Sierra Leone. As more of these dia- 
monds were submitted to the laboratory, it became 
clear that this feature often occurred in larger dia- 
monds high on the D-to-Z color grading scale. It 
also became apparent that this “misty” appearance 
was being seen in diamonds from many sources. 
Recognizing that the loss of transparency affected 
value, as mentioned above, the laboratory began to 
systematically report on readily observed graining 
during the early 1970s. The earliest reporting took 
the form of a comment. For example, in June 1970 
an important 13+ ct, D-color diamond with suffi- 
cient graining to impact its transparency was graded 
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IF with an asterisk following the clarity grade. The 
corresponding comment stated: “Near transparent 
due to unusual internal texture.” 

This approach continued throughout much of 
the early 1970s: Diamonds that exhibited graining 
but had no other inclusions received clarity grades 
of FL or IF together with a comment regarding their 
reduced transparency. Changes in the wording of 
the comment indicated the continued evolution in 
thinking as more diamonds with graining were 
seen. For example, comments from the early 1970s 
often described the appearance without noting an 
impact on clarity grade. The comment noted above 
for the 13+ ct diamond from 1970 is one such 
example, and a 1973 comment for a 5+ ct pear- 
shaped diamond stated: “Nothing generally regard- 
ed as a flaw or imperfection observed, however 
whitish internal graining is present.” Less-descrip- 
tive comments were seen later in 1973, such as the 
simple “Graining is present” noted on the report 
for a 2, ct marquise brilliant graded IF. 

Although early in the 1970s Crowningshield 
(1971b) described an example where he felt the 
graining affected the clarity grade, it took much of 
the decade for the laboratory staff to reach a level of 
certainty as to when the appearance of whitish 
graining could diminish clarity as much as frac- 
tures or solid inclusions. A 1977 report on a 4+ ct 
marquise brilliant noted a clarity grade of VVS, and 
included a comment stating: “Based on extensive 
whitish graining.” A 6+ ct pear shape was also grad- 
ed VVS, with a comment noting: “Based on parallel 
whitish graining not shown [on the report dia- 
gram].” By the late 1970s, not only was the degree 
of other internal graining that did not affect the 
clarity grade (referred to as transparent graining) 
noted on the report (see below), but clarity grades 
lower than VVS, were also assigned for whitish 
graining when the effect was severe. 

During the 1980s, whitish graining was rou- 
tinely treated like other clarity characteristics and 
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Figure 3. Reflective graining is 
seen here as: left, an obvious 
reflective plane; right, linear 
“fingers” extending along a 
plane that is more transparent 
than the “fingers.” With no 
other inclusions noted, both 
diamonds would receive a 
clarity grade of VVS,, since 
the graining was only visible 
through the pavilion. Photo- 
micrographs by Mitchell 
Moore and Vincent Cracco. 


graded on its visibility at 10x magnification with 
the microscope and loupe. On occasion, the grad- 
ing decision was based on visibility with the 
unaided eye. At that time, the methodology used 
to assess graining (i.e., angle at which the stone 
was observed, distance and angle of the feature in 
relation to the light source, and degree of visibility) 
was still broadly defined in the grading process. 
The use of such broadly applied methods resulted 
in a greater range of interpretation of this feature 
and, therefore, finer and more limited areas of 
graining that could potentially affect the clarity 
grade. Such assessments were quite different from 
those made in the first half of the previous decade, 
when large areas of graining did not affect the clar- 
ity grade per se. 

This evolution in the assessment of graining 
resulted in perceived inconsistencies in report- 
ing when diamonds of similar appearance, grad- 
ed at different times over a period of many 
months or years, were seen together. While the 
laboratory instituted a number of policies inter- 
nally to ensure more consistent performance, 
the lack of external communication on the sub- 
ject left the trade in doubt about the grading pol- 
icy. In looking back over 50 years of reporting 
and grading graining at the GIA Laboratory, we 
can summarize the related policies as follows, in 
chronological order: 


e 1950s through the late 1960s—Whitish graining 
was not considered a clarity characteristic and 
was not noted on the report. With no other 
inclusions present, a diamond would be graded 
FL/IF. Observed graining was sometimes noted 
for “in-house” identification. 


Early 1970s—Whitish graining was usually not 
considered a clarity characteristic, but the 
reduced diaphaneity was acknowledged through 
a report comment. A diamond could receive a 
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Gemological Digests 


Wietccou M' Gzoylkonm=ne| 
By Radium 


A step cut seven carat brown topaz has 
recently been presented to the U. S. Nat- 
ional Museum by Nicola G. D’Ascenzo of 
Philadelphia, Pennsylvania. This stone is 
of unusual interest because its original pale 
blue color was changed to a deep rich brown 
by exposure to radium radiation. 

The following information regarding the 
topaz was very kindly supplied by Mr. 
D’Ascenzo:. The stone was irradiated by 
three grams of radium contained in 30 
glass tubes, which in turn were placed 
inside of thin-walled brass tubes. These 
tubes were stacked to a depth of two inches 
in a lead container and the stone, in a 
paper envelope, was laid on top of them. 

At intervals, the topaz was examined for 
color and induced radioactivity. At the end 
of one week it had turned light amber, at 
the end of a second deeper amber, at the 
end of a third no further change and at 
the end of four weeks still no further 
change. At no time was any induced radio- 
activity detected. The experiment was car- 
ried out during the period of September 17 
to October 18, 1948. No indication of fad- 
ing or change of color has been observed 
since that time, during which the stone has 
been kept on a gem paper, but examined 
numerous times in strong daylight. 

Further experiments were also carried 
out-on other gems with interesting results. 
A yellowish white sapphire crystal turned 
dark amber in two weeks with no further 
change in four weeks. A purplish white 
sapphire turned olive in one week with no 
further change in four weeks. A blue-gray 
star sapphire changed to a more pronounced 


gray in a week, to gray with an olive tint 
in two weeks and no further change in four 
weeks. A blue sapphire and a brown star 
sapphire showed no change after four weeks. 


By George Switzer, Associate Curator, 
Dwision Mineralogy and Petrology, U. S. 
National Museum, Published by permission 
of the Secretary, Smithsonian Insttution, 
Washington, D. C. 


GIA Educational 
Boards Meet 


One of the most important recommen- 
dations made by the GJA Educational 
Boards during their meeting November 13 
at the Hotel Pennsylvania in New York 
City, was the consolidation of the Educa- 
tional Advisory Board and the Examination 
Standards Board of the Institute. Presented 
as a fecommendation by the committee, 
headed by GIA’s president Dean Edward 
H. Kraus, the proposal will go to the GIA 
Board of Governors for final approval. 

Further recommendation was that foreign 
members or those unable to attend meet- 
ings be known as Honorary Members of 
the Educational Advisory Board. It was 
also suggested that active members be se- 
lected for periods of one, two, and three 
years with no limitations on reelection. 
An increase in trade representation was 
also felt desirable in order to secure a 
better balance of trade and educational 
membership. 

Those Board Members in attendance at 
the New York meeting in addition to Chair- 
man Dean Edward H. Kraus were Dr. Syd- 
ney H. Ball, Dr. William F. Foshag, Dr. 
Harry H. Hess, Dr. Ralph J. Holmes, Dr. 
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grade of FL/IF and yet have one of a number of 
different report comments noting the presence of 
graining. 


e Mid-1970s to about 1980—Whitish graining was 
routinely considered a clarity characteristic. If it 
was easily seen at 10x magnification, with no 
other internal features visible, the appropriate 
clarity grade was assigned with a comment not- 
ing that it was based on whitish graining. If trans- 
parent graining was present, the diamond was 
assigned a FL or IF clarity grade, with an addition- 
al report comment noting the degree of graining 
(i.e., significant, moderate, or slight). Other types 
of graining (e.g., reflective or colored bands) were 
plotted on the report diagram and noted in the 
key to symbols. 


e About 1980 to the mid-1980s—Whitish graining 
was considered a clarity characteristic and noted 
in a report comment when it affected the clarity 
grade. During this period, all diamonds were 
given an assessment for transparent graining (sig- 
nificant, moderate, slight, or nil), and the degree 
of observed graining that did not affect clarity 
was given its own entry line on all reports. We 
continued to plot other types of graining that 
affected the clarity grade on report diagrams. 


e Late 1980s to the early 1990s—Whitish graining 
was considered a clarity characteristic and noted 
in a report comment when it affected the clarity 
grade. However, graining that was not severe (i.e., 
that did not impact the clarity grade) was again 
indicated on in-house records only (for identifica- 
tion}—unless it was significant, in which case it 
was still reported in a comment. Other types of 
graining that affected clarity were plotted on the 
report diagram. 


e Mid-1990s to the present—Whitish graining con- 
tinues to be considered a clarity characteristic 
and, when severe enough to affect the clarity 
grade, is noted in a report comment (“The clarity 
grade is based on internal graining that is not 
shown [on the report diagram]”). Any other type of 
graining that affects the clarity grade is no longer 
plotted on the report diagram but appears as a 
report comment, with the same wording as for 
whitish graining. Significant transparent, colorless 
graining (that does not affect the clarity grade) con- 
tinues to be recorded in a report comment, with 
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the current terminology being “Transparent inter- 
nal graining is present.” For all graining observed, 
whether or not it affects the clarity grade, the pre- 
cise type and its degree are noted internally for 
identification purposes. 


OVERVIEW OF THE CAUSES OF WHITISH 
AND REFLECTIVE GRAINING 


An “ideal” or “perfect” diamond is composed solely 
of carbon, and all the carbon atoms are packed in a 
cubic structure that is repeated continuously 
throughout the crystal. Physical properties, includ- 
ing optical characteristics, are uniformly distributed 
in such a diamond. However, virtually all diamond 
crystals contain discontinuities in this regular pat- 
tern of carbon atoms. For example, plastic deforma- 
tion is a common feature in natural diamonds. 
When stress is applied to a diamond above a certain 
temperature, the crystal lattice is distorted along 
specific planes. This causes a disruption in the regu- 
larity of the crystal lattice that is known as a dislo- 
cation, and these dislocations remain after the stress 
is released (Wilks and Wilks, 1991). The presence of 
impurities (i.e., other elements, such as nitrogen or 
boron) will also disturb the packing of carbon atoms 
in the diamond lattice. In addition, some carbon 
atoms may not be positioned correctly within the 
lattice structure. 

The dislocation of carbon atoms is the predomi- 
nant cause of graining features in diamond; such 
dislocations can be introduced either during or 
after the diamond has formed (Wilks and Wilks, 
1991). When these lattice defects or dislocations 
occur with sufficient density to change the stone’s 
refractive index or other physical properties, they 
may create optical disturbances strong enough to 
be observed with 10x magnification that may have 
a negative impact on the overall transparency of a 
faceted diamond. This section focuses on the caus- 
es of whitish and reflective graining. For a brief 
overview of the causes of some other types of 
graining that are commonly encountered during 
diamond grading at the Laboratory, see box A. 


Banded or Tatami Whitish Graining. Some whitish 
graining appears as straight or wave-like lines or 
bands in an otherwise “clean” diamond (figure 4, 
left). Sometimes a group of nearly parallel lines or 
bands may occur together. These lines are more vis- 
ible when the stone is examined in a specific orien- 
tation, and will disappear when the stone is rotated. 
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One notable feature of these lines is their whitish or 
silky appearance when examined with a microscope 
and darkfield illumination; another is their domi- 
nant development in one direction. 

When these whitish lines or bands are well devel- 
oped in two major directions, a cross-hatched or 
“tatami” pattern is produced (figure 4, right; Lang, 
1967; Moses et al., 1999). In extreme cases, the grain- 
ing is so intense and widespread that the observer 
has the sensation of looking through a screen (i.e., 
the “crisp” appearance is diminished; see, e.g., 
Moses and Wang, 2.006). 

Dislocations in the diamond lattice are the main 
cause of banded or tatami graining. Lattice distortion 
affects many physical properties, such as refractive 
index. Instead of light following its typical path 
through the diamond, in the distorted region it is 
refracted or diffused due to the difference in R. I. 
between that region and the surrounding lattice 


Figure 5. When examined with crossed polarizers, the 
graining planes in figure 4 (right) are delineated by the 
high-order interference colors associated with disloca- 
tions in the diamond lattice. Photomicrograph by W. 
Wang; magnified 27x. 
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rd 


~~" Figure 4. One form of 

_ whitish graining appears 
as wave-like linear bands 
observed over a wide area 
of the diamond (left). 
Whitish “tatami” graining 
is seen when bands devel- 
op in two directions (right). 
Photomicrographs by 
Vincent Cracco; magnified 
12x (left) and 15x (right). 


(Fontanella et al., 1977; Balzaretti and da Jornada, 
1996). As a result, when examined with crossed 
polarizers, high-order interference colors may be 
observed along the graining planes (figure 5). 


Hazy Whitish Graining. Cloud-like inclusions in 
diamond typically are composed of numerous tiny 
microscopic crystals and occur in the cubic growth 
sector (Shah and Lang, 1963; Fritsch and Scarratt, 
1993). When these inclusions are too small to be 
recognized as individual pinpoint-like crystals with 
standard microscopic examination, they collective- 
ly appear as an overall haziness (figure 6) due to the 
scattering of light. Such haziness may occur in a 
very small region, but it typically is seen through- 
out most of the stone; on rare occasions, it may 
occur as bands (see Jang-Green, 2006). Because this 
overall haziness appears to be related to the growth 
structure (and the individual pinpoints cannot be 
resolved at the 10x magnification used for clarity 
grading), in gemology it is usually considered a form 
of whitish graining. 


Reflective Graining. Plastic deformation often gen- 
erates a number of closely spaced parallel planes in 
some types of diamonds (usually type IaA with 
high concentrations of nitrogen). It is widely 
believed that the areas on both sides of the plane 
slid slightly relative to one another, creating the so- 
called slip bands (Wilks and Wilks, 1991; Fritsch et 
al., 2006). Occasionally, the damage to the diamond 
lattice along slip planes is intense within a very 
narrow region. When these slip bands are viewed 
with reflected light in a specific orientation, they 
may appear as reflective graining (again, see figure 
3). As noted above, there are fundamental differ- 
ences between reflective graining and a fracture or 
cleavage, since the former involves no air/diamond 
interface and typically will be observed only in a 
specific orientation. 

Although understanding the cause and resultant 
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BOX A: OTHER TYPES OF GRAINING SEEN IN D-TO-Z DIAMONDS 


le addition to whitish and reflective graining, two 
other types of graining are commonly encountered 
in D-to-Z diamonds during the grading process: sur- 
face graining and colorless transparent internal grain- 
ing. These either relate to, or may be confused with, 
internal reflective graining. The following provides a 
brief description of their typical appearances and caus- 
es, aS well as a summary of how each may affect the 
clarity grade. 


Surface Graining. As mentioned in the main text, 
plastic deformation is the likely cause of reflective 
graining. The parallel planar features (slip bands) gen- 
erated in this process may appear to be completely 
internal or to originate from the surface of the dia- 
mond where discernable lines are seen (i.e., surface 
grain lines; see figure A-1). In some cases, these slip 
bands are only visible on the surface, where they are 
most easily seen with reflected light. They may not be 
evident internally if the optical disturbance was quite 
limited and not severe enough to appear as reflective 
planes. Nevertheless, if extensive, they may affect the 
clarity grade. 

Another common cause of surface graining is a 
change in crystallographic orientation (i.e., twinning). 
For example, a macle is a twinned diamond crystal 
with a flattened morphology caused by a 180° rotation 
in the crystal orientation. Since diamond hardness is 
dependent on crystallographic orientation (e.g., the 
{111} direction is much harder than the {110} direc- 
tion), the plane of the twinned crystal may be visible 
on the surface as a grain line after faceting. This line is 
brought out during the polishing process, when a shal- 
low step is created at the twin boundary due to the 
differences in hardness across the twin plane. 

Surface graining can also relate to growth sectors 
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Figure A-1. Occasionally sur- 
face grain lines (left) “ring” 
the diamond and, when the 
same stone is viewed table 
up, create a “spider-like” web 
appearance due to reflections 
(right). If they are extensive 
and obvious in the face-up 
position, these surface grain 
lines can affect clarity (here, 
VVS,). Photomicrographs by 
W. Wang; magnified 60x 
(left) and 30x (right). 


that formed differentially during the crystallization of 
the diamond. Different growth sectors in a single-crys- 
tal diamond may have significant differences in impu- 
rity concentration (e.g., nitrogen), resulting in observ- 
able optical discontinuities at the growth sector 
boundaries due to slight differences in R.I. The planes 
may (see below) or may not be visible internally, 
depending on the degree of associated optical distur- 
bance. Variations in impurity concentrations between 
various growth sectors will also affect their hardness. 
Diamond with a high concentration of nitrogen (up to 
several hundred parts per million) is distinctly softer 
than pure diamond (Field, 1979; Yan et al., 2004). 
Surface graining formed in this way follows diamond 


Figure A-2. Surface grain lines may be caused by varia- 
tions in impurity concentrations (and thus hardness) 
among different growth sectors. Photomicrograph by 
W. Wang; magnified 70x. 
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growth zones, usually as straight and distinct lines. 
For example, the fine graining in figure A-2 exhibited 
a nearly hexagonal outline on the table facet. 

Graining formed due to twinning or variations in 
growth sectors is normally not extensive and often 
appears subtle. In clarity grading, a diamond with no 
other clarity characteristics except surface graining 
cannot receive a grade of Flawless, but a grade of 
Internally Flawless is possible. Extensive, numerous 
surface grain lines can affect the clarity grade of an 
otherwise Internally Flawless diamond, and may 
result in grades of VVS or lower depending on the 
visibility of the graining when the diamond is exam- 
ined face up. 


Colorless Transparent Internal Graining. As men- 
tioned in the main text (see Nature”), graining that 
appears as bright lines (showing no internal plane) 
that fade with slight movement of the diamond is 
often confused with reflective graining. These areas of 
graining are usually transparent and rarely affect clari- 
ty. Two mechanisms are commonly associated with 
transparent graining. 

One cause is the expansion of inclusions. During 
transport to the earth’s surface, differential expansion 
occurs between a solid inclusion and the host dia- 
mond in response to decreasing pressure and tempera- 
ture. The volume of the diamond (and thus the space 
the inclusion occupies) changes very little, but some 
mineral inclusions will expand significantly 
(Schrauder and Navon, 1993; Sobolev et al., 2000). 
This expansion exerts stress and may create a local 
lattice distortion in the surrounding diamond. 
Occasionally, graining with a wave-like appearance 
may be seen surrounding a small mineral inclusion. 
These lines are usually developed in a specific orienta- 
tion, starting at the inclusion. Transparent grain lines 
formed in this way are relatively short and proportion- 
al to the size of the inclusions (figure A-3). 
Microscopic observation with crossed polarizers typi- 
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Figure A-3. Grain lines may 
be caused by the expansion 
of inclusions during trans- 
port of the diamond to the 
earth’s surface. The extent 
of grain lines is typically 
proportional to the size of 
the inclusion (minute on 
the left as denoted by the 
arrow, and larger on the 
right). Photomicrographs 
by W. Wang; magnified 
100x (left) and 70x (right). 


cally shows very high-order interference colors due to 
the internal strain surrounding such inclusions (see, 
e.g., Lu et al., 2001). 

A second cause of colorless, transparent internal 
graining is octahedral growth zoning, which is typi- 
cally referred to in a diamond as “cubic graining” due 
to its square or rectangular outline corresponding to 
an octahedral growth sector (figure A-4; see Wilks and 
Wilks, 1991; Sunagawa, 2006). This type of graining is 
caused by variations in impurity concentrations in 
different growth sectors, as described above. The 
graining is created by optical differences at the bound- 
aries of these growth zones. Like graining caused by 
the expansion of inclusions, this type of graining is 
occasionally confused with reflective graining since it 
will appear bright in some positions. 


Figure A-4. Transparent internal graining that follows a 
diamond's octahedral growth sector typically has a 
square or rectangular outline. This type of graining typi- 
cally fades in and out of view as the diamond is moved; 
it is not common for such graining to impact the clarity 
grade. Photomicrograph by W. Wang; magnified 40x. 
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Figure 6. A whitish overall haziness believed to be the 
result of submicroscopic inclusions is also referred to 
as whitish graining in gemology. It appears to be relat- 
ed to the growth structure of the diamond. The trans- 
parency of this 5.68 ct diamond was noticeably affect- 
ed when viewed face-up, which would result in a 
grade in the SI range even if no other inclusions were 
present. Photo by Vincent Cracco. 


appearance of whitish and reflective graining in a 
diamond helps the grader identify its presence, the 
greater challenge is assessing the degree to which 
such graining affects the clarity grade. Following is 
the protocol used in the GIA Laboratory to observe 
graining and determine whether it influences the 
clarity grade—and, if so, to what degree. 


THE GIA SYSTEM FOR GRADING WHITISH 
AND REFLECTIVE GRAINING 

The most important aspect of grading whitish and 
reflective graining is the initial determination as to 
whether the graining has any impact on the clarity 
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of the diamond. Again, it is important to remember 
that visibility at 10x magnification is not the only 
determining factor, as illustrated by many of the 
examples provided below. Once it has been estab- 
lished that a graining feature has an impact, the 
other criteria for determining a diamond's clarity 
grade also come into play (i.e., visibility from the 
crown or pavilion, and ease of visibility—subtle, 
noticeable, or obvious with the loupe, or readily 
seen with the unaided eye). 

As with other aspects of grading, a controlled 
observation environment and assessment method- 
ology are critical for consistent results. In fact, any 
determination requiring visual observation also 
requires strict control of the lighting, viewing envi- 
ronment, and spatial relationship of the observer to 
the object. 


Light Source and Viewing Environment. The abili- 
ty to observe graining is strongly impacted by opti- 
cal effects. Therefore, the control of lighting for 
both the surrounding environment and that used 
for examination of the diamond is critical. In the 
GIA Laboratory, observations are made in a room 
with subdued fluorescent ceiling lights that limit 
surface reflection and optimize the natural 
light/dark contrasts observed in the diamond. 
Windows are shaded to control external lighting. 
Initially, features are located and identified with a 
GIA Instruments microscope. The microscope’s 
well light source (used to create the darkfield illu- 
mination seen through the microscope oculars) 
consists of one 25 watt halogen bulb. Halogen 
bulbs have output in the long-wave ultraviolet 
region of the spectrum which, on rare occasions, 
could cause confusion between haziness caused by 
graining and the “oily” disruption in transparency 
that can be observed in very strongly fluorescent 
diamonds. In the instances where graining is ques- 
tioned in very strongly fluorescent diamonds, a UV 
filter is placed over the microscope well. The filter 
prevents the light source’s UV component from 
exciting fluorescence in the diamond, so any 
noticeable haziness observed in the microscope is 
considered the effect of graining. Once features are 
located and identified at 10x magnification in the 
microscope, the final grade is determined using a 
fully corrected 10x loupe and the microscope’s 
overhead light source: two 4-watt, 6-inch-long (15 
cm) fluorescent bulbs with a color temperature of 
approximately 6500 K (the cover for the overhead 
light source also filters UV). Fluorescent lights are 
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readily available worldwide and are a diamond 
industry standard. It has long been the position of 
the GIA Laboratory that in serving the interests of 
the industry we must use practical equipment that 
can be duplicated by the trade. For this reason, we 
make our final clarity grade determination using 
fluorescent lights. 


Viewing Geometry. Both whitish graining and reflec- 
tive graining are often elusive, and subtle changes in 
the viewing angle between the observer and the dia- 
mond can result in these features fading in and out 
of visibility. For initial assessments in the micro- 
scope, we have noted that different graders may 
reach different conclusions when near a clarity- 
grade boundary depending on the relationship of the 
stone holder and angle of the diamond to the 
observer (i.e., whether they place the holder on the 
right or left side of the microscope, as is usually 
determined by whether they are right- or left-hand- 
ed) or when the distance from the diamond to the 
light source in the microscope well differs. These 
potential conflicts are minimized through the use of 
the loupe and overhead light in the final determina- 
tion. The diamond is held in a stone holder or 
tweezers approximately 2-3 inches (5-8 cm) below 
the microscope’s fluorescent overhead light source 
and from equal to the front edge of the light to 2 
inches (5 cm) in front of it (figure 7). This position 
creates a dark field for determining the contrast 
between areas of graining and the rest of the dia- 
mond. In our experience, it is helpful to have a 
black background behind the light and the stone 
whenever a diamond is being examined with a 
loupe. This practice, which creates a consistent 
background and uncluttered visual field behind the 
diamond, is useful for evaluating graining as well. 

Because the observation of whitish or reflective 
graining may be fleeting, the diamond must be 
examined through a range of motion. If the charac- 
teristic fades from view with little movement, it is 
not likely to affect the clarity grade. The images in 
figure 8 illustrate the way an internal grain line can 
be obscure and then appear obvious and then 
obscure again through a subtle range of motion. In 
this instance, the graining feature faded from view 
with very slight movement, so it did not affect the 
clarity grade. Also important is the angle at which 
the graining is seen relative to a facet. Graining 
observed at an extreme angle to a facet (figure 9) is 
less likely to impact clarity than one seen perpen- 
dicular to the facet. 


IMPACT OF GRAINING ON CLARITY GRADING DIAMONDS 


Figure 7. A consistent observation methodology is 
critical to assess the effect of graining on clarity. 
The final determination is made with a loupe as the 
diamond is held under the microscope’s overhead 
light source—approximately 2-3 inches (5-8 cm) 
below the light source and in an area between the 
front edge of the lamp casing to approximately 

2 inches beyond that edge. A black background is 
placed behind the light and the stone to keep the 
visual field clear and create a dark field for viewing. 
Photo by Valerie Power. 


Clarity Factors. As the student of diamond grading 
knows, determination of a clarity grade requires con- 
sideration of five factors: size, nature, number, relief, 
and location. All of these factors also enter into the 
process of assigning a clarity grade with respect to 
graining. While they are discussed separately here, 
they are weighed together for the final determination. 
As mentioned previously, for whitish and reflective 
graining, the critical first decision in this process is 
whether or not the observed graining is a clarity char- 
acteristic. Once that has been established, the same 
standard guidelines used for other internal features 
are applied to establish the clarity grade. Our experi- 
ence has been, with whitish graining in particular, 
that the distinction between FL/IF and VVS is the 
most common and certainly the most important 
clarity determination. It is much more unusual to 
encounter diamonds with extensive whitish graining 
that would result in their being graded below VVS,,. 
In the following discussion, the grades indicated 
assume that there are no additional internal features 


that would affect the clarity of the diamond. 
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Figure 8. These three photos illustrate the way some graining fades in and out of view when the diamond is 
moved through a range of motion. The photo on the left shows, through the pavilion, a very subtle area of grain- 
ing that, when moved slightly (center) becomes quite obvious. Yet, with little continued movement (right) it 
disappears. In instances such as this, the graining would not affect the clarity grade. Photomicrographs by 


Vincent Cracco; magnified 21x. 


Size. Whitish or reflective graining is less likely to 
have an effect on the clarity grade if it is observed in 
only a small area within a single facet (figure 10), 
especially if it is seen only through a pavilion facet. 
With such limited whitish or reflective graining, a 


Figure 9. Some graining is visible only at extreme 
angles to the facet through which it is viewed, such as 
that seen on the far right in this 10+ ct pear-shaped 
diamond. In instances such as this where the graining 
is in a limited area and only observed at an extreme 
angle, it does not impact the clarity grade. Photo- 
micrograph by Vincent Cracco; magnified 10x. 
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diamond may still be graded FL/IF. Conversely, 
when whitish or reflective graining is observed read- 
ily through the pavilion, a VVS, grade will result 
(with even lower grades issued for such graining vis- 
ible through the crown or table, as discussed under 
“Location” below). 


Nature. Whitish graining that forms in distinct cot- 
tony or sheen-like bands will affect clarity when it is 
readily visible with the loupe through a subtle range 
of motion. When whitish graining is not well 
defined (figure 11) and does not noticeably diminish 
transparency, it is still possible that the stone will 
receive a grade of FL/IF. With regard to reflective 
graining, distinct internal reflective planes will affect 
the clarity grade (figure 12, left). However, isolated 
bright lines—with no internal planes visible—will 
not readily affect clarity, and the diamond could 
receive a FL/IF grade (figure 12, right, and box A). 

A noticeable overall haziness (again, see figure 6) 
will also impact the stone’s transparency and thus 
its clarity grade. If such graining is visible only 
through the pavilion or is subtle face-up, typically a 
VVS grade will apply (figure 13, left). Noticeable 
haziness observed through the crown of the dia- 
mond will likely result in a clarity grade of VS (fig- 
ure 13, center). Obvious and eye-visible haziness in 
grades in the SI range (figure 13, right). At the labo- 
ratory, reference diamonds exhibiting a gradation of 
haziness are used to help determine the boundary at 
which clarity is affected. 


Number. As is the case with pinpoint inclusions, a 
diamond may have numerous whitish bands or 
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Figure 10. When graining is seen in limited areas, such 
as that evident near the culet in this diamond, it is 
not likely to affect the clarity grade. Photomicrograph 
by Vincent Cracco; magnified 10x. 


reflective grain lines and still receive a clarity grade as 
high as VVS, if the bands or lines are only observed 
through the pavilion. However, the higher the quan- 
tity of grain lines observed through the crown, the 
more likely it is that the clarity grade will decrease 
accordingly. Often, the extent of the area over which 
bands or lines occur [i.e., “size” versus “number”) is 
more relevant than the quantity of lines. 


Figure 11. One type of whitish graining that usually 
affects the clarity grade is banding (i.e., alternating 
cottony or sheen-like lines or bands with dark areas 
between, as in figures 1 and 2). Whitish graining 
that has a more amorphous appearance, as illus- 
trated here, and does not diminish transparency 
when observed through a range of motion, would 
not affect the clarity grade. Photomicrograph by 
Vincent Cracco; magnified 12x. 


Relief. In the clarity grading of solid inclusions, relief 
refers to how readily a feature stands out from the 
surrounding diamond. For graining, relief is complex 
because, as mentioned above, it is not only a matter 
of visibility at 10x magnification, but it is also a 
question of the form and texture it takes. Because of 
this, the contrast exhibited by the graining is very 
important. Similar to the examples given in 
“Nature” above, a sheen-like area of graining that 
does not appear to band (figure 14, left) or affect 
transparency face-up may not affect the clarity grade, 
whereas the same characteristic seen with alternat- 
ing dark bands would likely lower the grade (figure 
14, right), because the contrast of grain lines with 
dark bands results in the greater visibility of the fea- 
ture. If this feature is visible with the loupe through 
the pavilion only, the highest grade possible would 


Figure 12. An obvious reflective 
internal plane (left) reduces the 
clarity grade of an otherwise 
clean diamond to VVS, if only 
seen through the pavilion. Bright 
lines with no internal planar 
depth (right) typically would not 
affect the clarity grade, as they 
usually fade with subtle move- 


— ? ment. Photomicrographs by 
Se Vincent Cracco (left, 25x) and 
— | al Mitchell Moore (right, 20x). 
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Figure 13. As overall haziness becomes more noticeable in the face-up position, the clarity grade is lowered 
accordingly. The 3+ ct round brilliant-cut diamond on the left has subtle haziness, which is responsible for the 
VVS clarity grade. More noticeable is the haziness in the 3+ ct cushion cut in the center, which resulted in a VS 
clarity grade. The haziness in the half-carat round brilliant on the right was so pronounced that it was graded 
in the SI range. Photos by Yuan Chan. 


likely be VVS,. When visible through the crown of 
the diamond, location and size will result in a grade 
of VVS, or lower. 

As noted above and illustrated in figure 8, range 
of motion is important in assessing relief as well. 
A readily observed grain line that fades out with 
very subtle movement is less likely to impact clar- 
ity than one that remains visible when moved 
through a greater range. 

With regard to relief, it is important to mention 
one other type of graining that is noted on labora- 
tory reports. Transparent, colorless graining that 
has an overall rain-like or silvery appearance (fig- 
ure 15) when the diamond is viewed face-up (with- 
out diminishing transparency or forming bands) 
usually does not affect clarity but, as mentioned 
earlier, is reported in the comments section as 
“Transparent internal graining is present.” 


Location. Location is very important in determin- 
ing the impact of whitish or reflective graining on 
the clarity grade of the diamond. Again as noted 
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above, when such graining is observed through the 
crown, it will likely have a greater impact (i.e., 
resulting in a lower grade) than graining observed 
through the pavilion only, and an even lower grade 
will be given if the graining is seen in the table 
area. Location will take precedence over size 
(extent) as well. For example, long lines or bands 
covering large areas of numerous facets will likely 
be graded VVS, if they are only visible from the 
pavilion. As part of “location,” the angle of obser- 
vation is considered as well. Consequently, a very 
limited area of graining observed at an extreme 
angle through the crown or pavilion may not 
impact the clarity grade (again, see figure 9). 


SUMMARY 


The GIA Laboratory strives to report consistently 
on all aspects of diamond grading. This article out- 
lines the history and development of reporting on 
a feature that may significantly impact the clarity 
grade of some of the largest, highest-quality dia- 


Figure 14. Overall uninterrupt- 
ed sheen-like graining (left) 
that does not affect overall 
transparency when observed 
through a range of motion 
may not impact the clarity 
grade. The contrast seen with- 
in bands of graining (right) is 
more likely to affect the grade 
given. Photomicrographs by 
Vincent Cracco; magnified 
15x (left) and 47x (right). 
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monds encountered. The process of assessing the 
effect of graining on a clarity grade involves all the 
classic factors of size, nature, number, relief, and 
location. However, it also requires consideration of 
important additional factors, including an under- 
standing of the elusive nature of graining, its visi- 
bility under standard grading procedures, its form 
and texture, and the angle at which it is observed. 
In the early years of diamond grading at GIA, 
staff members saw relatively few diamonds with 
whitish graining in particular. As a result, such 
diamonds were categorized broadly, typically with 
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Gemolo 


gical Digests 


Cornelius Hurlbut, Dr. George Switzer, 
Lloyd Lassner, Richard. T. Liddicoat. Charles 


H. Church, Eastern Member of the GIA. 


Operating Committee, and G. Robert 
Crowningshield, GIA Director of Educa- 
tion at its Eastern Headquarters, were guests. 

Other members of the GIA Educational 
Advisory Board who were unable to attend 
the November 13 meeting included: Rob- 
ett M. Shipley, GIA Director and Chair- 
man of the Board; Dr. Paul F. Kerr, Co- 
lumbia University; B. W. Anderson, Lon- 
don; George Engelhard, Chicago; P. M. 
Fahrendorf, New York; Dr. R. P. D. Gra- 
ham, Montreal; Paul Grodzinski, London; 
Dr. John W. Gruner, Minneapolis; David 
H. Howell, Claremont, California; Dr. 
Frederick K. Morris, Boston; Gus H. Nie- 
meyer, New York; Robert M. Shipley, Jr., 
Los Angeles; Prof. W. D. Shipton, St. Louis; 
Dr. Chester B. Slawson, Ann Arbor, Mich- 
igan; G. F. H. Smith, London; Dr. L. J. 
Spencer, London; and Alpheus F. Williams, 
Capetown, South Africa. 


Lerten Gud at 1aane) in 
Canada Doubted 


Several months ago a northern prospector, 
John J. Johnson, reported the discovery of 
five rough diamonds in a wall of blue 
ground approximately 100 miles from Flin 
Flon, Saskatchewan. He claimed that one 
of the stones was as large as a marble and 
had been valued in the rough at $300 by 
a jeweler. 

Although Johnson made application for 
exclusive prospecting rights, the Saskatche- 
wan Départment of Natural Resources and 
Industrial Development advises the Gemo- 
logical Institute that no diamonds have 
been passed to anyone in the Saskatchewan 
Department of Mineral Resources for exam- 


ination or identification. Actually, according 
to the Senior Geologist of the Saskatchewan 
Department of Natural Resources, no quali- 
fied person has ever seen one of the dia- 
monds reported found in the province. 

Tt would seem with these facts at hand 
that the. possibility of Canada’s becoming 
a second South Africa in. the immediate 
future is rather doubtful. Should these five 
stones have proved genuine it would have 
marked the first time that diamonds have 
been found in kimberlite in: Canada al- 
though geologists believe that the discov- 
ery of a pipe at some spot adjacent to the 
Hudson Bay region is not improbable since 
alluvial diamonds have been found in = In- 
diana, Ohio, Michigan, and Wisconsin. 
Study of the regions in which they have 
been discovered indicates that they have 
been carried down by a retreat of ice in 
the Pleistocene period from an original 
source believed to be located somewhere 
in Central Canada. Whether this deposit 
exists at this time cannot. be stated with 
certainty, since it could have been com- 
pletely eroded during the glacial movements. 


Gemolbogist Titres 
Awarded by A.GS. 


Since last reported in this publication 
twelve Certified Gemologist titles have been 
awarded by the American Gem Society to 
former GIA graduates. 

These twelve men are Gilbert B. Oakes, 
E. J. Scheer, Inc., Rochester, N. Y.; Richard 
N. Talcott, Talcott Brothers, Olympia, 
Washington; Lester B. Benson, Gemological 
Institute, Los Angeles; Edward H. Schewe, 
Louis Esser Company, Milwaukee; David 
Widess, J. Widess & “Sons, Los Angeles; 
Thornton J. Manry, The Green Jewelry 
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IDENTIFICATION OF 
“(CHOCOLATE PEARLS” TREATED BY 
BALLERINA PEARL Co. 


Wuyi Wang, Kenneth Scarratt, Akira Hyatt, Andy Hsi-Tien Shen, and Matthew Hall 


Treated cultured pearls with a “chocolate” coloration have entered the market from several 
sources. Gemological, spectroscopic, and chemical analyses were performed on both untreated 
and treated cultured pearls to provide a better understanding of the “chocolate” treatment pro- 
cess that is used by one company (Ballerina Pearl Co.) and to determine how these products can 
be identified. It is likely that the organic components in black cultured pearls were bleached to 
create the brown coloration; no foreign coloring agent was detected. Cultured pearls treated by 
this method can be identified based on their unusual coloration, characteristic fluorescence, 
UV-Vis-NIR reflectance and Raman spectra, and trace-element composition. 


appearance, cultured pearls are frequently 
treated by bleaching, dyeing (such as with sil- 
ver nitrate), or exposure to radiation. A “new” color 
for cultured pearls was introduced to the market in 
2000 (figure 1; see, e.g., “U.S. gem labs...,” 2004, 
Zachovay, 2005; “GIA identifies...,” 2006; Strack, 
2006; “Study shows...,”” 2006). The induced brown 
color reportedly results from the bleaching of 
“black” Tahitian cultured pearls. These are now 
known in the trade as “chocolate pearls” and have 
become quite popular (Sanchez, 2004). They are 
available from several sources, including Ballerina 
Pearl Co. in New York and Shanghai Gems SA in 
Geneva (“Better techniques,” 2006). The companies 
treating these cultured pearls assert that no color is 
added during treatment (Sanchez, 2004). However, it 
is unlikely that all the “chocolate pearls” marketed 
today have been treated using the same technique. 
To better understand the treatment process being 
used by one company (Ballerina Pearl Co.) and how 
these new products can be identified, we analyzed 
the gemological, chemical, and spectroscopic proper- 
ties of several of these “chocolate pearls” as well as 
silver-dyed Tahitian cultured pearls and untreated 
gray and brown Tahitian cultured pearls. In addition, 


o achieve an attractive and consistent color 
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we asked Ballerina Pearl Co. to treat four Tahitian 
cultured pearls specifically for this study. 


MATERIALS AND METHODS 


A total of 196 cultured pearls weighing 3.75—2.1.40 ct 
(9.5-19.7 mm in diameter) were selected for this 
study (see, e.g., figure 2; a representative list is given 
in table 1). These included 29 natural-color Tahitian 
cultured pearls (NCTCP) from GIA’s collection that 
were obtained directly from pearl farmers. Of these, 
19 were dominated by gray coloration and the other 
10 by brown coloration. These samples have been in 
GIA’s collection for at least five years, and the labora- 
tory confirmed that they were natural color. The 
“chocolate” cultured pearls (CCP; 160 samples) and 
silver [Ag]-dyed Tahitian cultured pearls (DTCP; three 
samples) were supplied by Ballerina Pearl 
Co. and its distributor Emiko Pearl International. 
We cut through the nacre of two CCPs (Bal-12 
and Bal-13) to examine color variation with depth. 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 42, No. 4, pp. 222-235. 
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Details of the treatment remain proprietary, but 
Ballerina Pearl Co. did disclose that two steps are 
involved (A. Auerbach, pers. comm., 2006). At our 
request, Ballerina Pearl Co. subjected four represen- 
tative undrilled NCTCPs (samples Bal-02, Bal-16, 
Bal-18, Bal-19) to their two-step treatment process 
to induce the “chocolate” color. We examined three 
of them after each of the two steps; sample Bal-02 
was only examined after the final step. 

The color of all samples was described in accor- 
dance with the GIA pearl classification system 
(Gemological Institute of America, 2000). Visual fea- 
tures were observed using a standard gemological 
microscope. Reactions to UV radiation were checked 
in a darkened room with conventional 4-watt long- 
wave (366 nm) and short-wave (254 nm) lamps. 

Infrared reflectance spectra were recorded for 46 
samples (all 29 NCTCPs, 10 CCPs of varying colors, 
three DTCPs, and the four NCTCPs studied before 
and after treatment). The spectra were collected in 
the mid-infrared region (6000-400 cm-!; 1.0 cm! 


“CHOCOLATE PEARLS” BY BALLERINA PEARL Co. 


Figure 1. Samples of intense 
brown “chocolate pearls” are 
shown in this necklace (12.0- 
13.7 mm) and ring (12.9 mm) 
that Ballerina Pearl Co. has 
produced from Tahitian black 
cultured pearls with their pro- 
prietary treatment process. 
Natural-color Tahitian cultured 
pearls with dominant brown 
coloration are rare. Courtesy of 
Emiko Pearls International; 
photo by Robert Weldon. 


resolution) at room temperature with a Thermo- 
Nicolet Nexus 670 Fourier-transform infrared 
(FTIR) spectrometer equipped with a KBr beam 
splitter and MCT-B detector. Instead of using the 
destructive KBr pellet method, we employed a dif- 
fuse reflectance technique that focuses the incident 
infrared beam on the sample’s surface. Diffused 
light traveling through the outermost layer provides 
information about the absorption characteristics of 
that sample. A total of 512 scans (per spectrum) 
were collected to improve the signal-to-noise ratio. 

Reflectance spectra in the UV-Vis-NIR range of 
190-850 nm were collected on 98 samples (all 29 
NCTCPs, 62, CCPs of varying colors, three DTCPs, 
and the four samples examined before and after treat- 
ment) using a PerkinElmer Lambda 950 spectrometer 
at room temperature (step interval = 0.25 nm, slit = 
2.0 nm). A black metal disk with a center hole of ~6.0 
mm in diameter was used to select a specific area of 
each cultured pearl for analysis while securing the 
sample against the light integration sphere. 
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NCTCP 


Aki-14 Aki-17 


Aki-11 Aki-12 


Bal-05 Bal-09 Bal-10 
DTCP 
Bal-07 Bal-08 


Raman and photoluminescence spectra of 37 
samples (19 NCTCPs of both gray and brown col- 
ors, 11 CCPs of varying colors, three DTCPs, and 
the four samples examined before and after treat- 
ment) were recorded at room temperature using a 
Renishaw inVia Raman microspectrometer that 
was equipped with an Ar-ion laser operating at 
two excitation wavelengths (488.0 and 514.5 nm) 
and a He-Nd laser with 632.8 nm excitation. We 
calibrated the instrument using the Raman shift 
of a single-crystal silicon reference. Initial laser 
power was adjusted for maximum signal intensity 
while avoiding oversaturation. Up to 10 scans per 
spectrum were collected to improve the signal-to- 
noise ratio. 

Chemical composition was determined qualita- 
tively with a Thermo-Noran Spectrace QuanX ener- 
gy-dispersive X-ray fluorescence (EDXRF) spectrom- 
eter, and quantitatively using a Thermo X Series 
inductively coupled plasma—mass spectrometer 
(ICP-MS) combined with a New Wave UP213 laser 
ablation system for sampling. We analyzed 47 sam- 
ples (all 29 NCTCPs, 11 CCPs of varying colors, 
three DTCPs, and the four samples examined before 
and after treatment) using EDXRF, and 70 cultured 
pearls (27 NCTCPs, 38 CCPs, two DTCPs, and three 
samples examined before and after treatment) using 
LA-ICP-MS. For EDXRF analysis, all X-ray filter 
options (none, cellulose, Al, thin Pd, medium Pd, 
thick Pd, thin Cu, and thick Cu) were applied indi- 
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CCP 


Bal-12 Bal-13 


Figure 2. Shown here are 
some of the cultured 
pearls (9.05-13.47 mm 
in diameter) examined 
as part of this study (top 
row, natural color; mid- 
dle row, treated “choco- 
late” color; bottom row, 
silver nitrate dyed). 
Photos by Jessica Arditi 
and Jian Xin (Jae) Liao. 


vidually with accelerating voltages of 8, 10, 12, 20, 
20, 28, 50, and 50 kV, respectively. A collimator of 
3.5 mm diameter was used. Beam current was auto- 
matically controlled to maintain a 50% dead time in 
data collection. Live time for data accumulation was 
100 seconds. All spectra were collected at ~0.01 
Pascal. For the LA-ICP-MS analysis, a laser beam 
with a wavelength of 213 nm was rastered across the 
pearl surface along a 1-2 mm line (figure 3). The 


Figure 3. This scanning electron microscope image of a 
NCTCP (Aki-01) shows the platelet structure of the 
nacre and the effects of the laser penetration into the 
nacre during LA-ICP-MS analysis. A minute depres- 
sion with a length of ~1 mm, width of 40 um, and 
depth of ~20 um was created during the analysis. 
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TABLE 1. Representative samples of natural-color Tahitian, “chocolate,” and silver-dyed Tahitian cultured pearls 
examined for this study. 


Sample Color Luster Surface (extent Size (mm) Fluorescence to UV radiation 

no. of spotting) Long-wave Short-wave 

Natural-Color Tahitian Cultured Pearls (NCTCPs) 

Aki-01 Greenish gray High Heavy ~10.11-10.39 Weak greenish yellow Weak greenish yellow 

Aki-02 Black High oderate ~10.66-14.14 Very weak orange Very weak greenish yellow 

Aki-03 Gray and greenish gray Medium Light ~12.29-19.74 Weak orange Very weak greenish yellow 

Aki-04 Dark greenish gray (with rosé) High Heavy ~11.62-13.01 Very weak orange Very weak greenish yellow 

Aki-05 Greenish gray Medium oderate ~13.54—-17.46 Very weak orange Very weak greenish yellow 

Aki-06 Dark greenish gray (with orient) High Light ~11.10-16.37 Very weak yellow Very weak greenish yellow 

Aki-07 Dark greenish gray (with rosé) High oderate ~10.41-12.48 Inert Inert 

Aki-08 Dark greenish gray (with rosé High Heavy ~11.22-13.49 Very weak yellow Very weak greenish yellow 
and orient) 

Aki-09 Dark greenish gray (with rosé) High oderate ~10.90-11.80 Very weak orange Very weak greenish yellow 

Aki-10 Dark greenish gray Medium Heavy ~12.56-14.96 Very weak orange Very weak greenish yellow 

Aki-11 Dark violetish gray High Heavy ~9.50—9.56 Inert Inert 

Aki-12 Greenish gray (with rosé) High oderate ~9.05—9.52 Very weak yellow Very weak greenish yellow 

Aki-13 Orangy brown and dark gray Medium oderate ~13.9 Weak greenish yellow Very weak greenish yellow 

Aki-14 Orangy brown Medium Heavy ~11.7 Weak yellow Very weak greenish yellow 

Aki-15 Pinkish brown Medium Heavy ~11.8 Weak yellow Very weak greenish yellow 

Aki-16 Orangy brown Medium Heavy ~12.8 weak orange Very weak greenish yellow 

Aki-17 Pinkish brown Medium Heavy ~10.4 Very weak yellow Very weak greenish yellow 

Aki-18 Pinkish brown Low Heavy ~12.2 Very weak orange Inert 

Aki-19 Dark brown High Moderate ~9.9 Very weak orange Inert 

Aki-20 Dark greenish gray (with rosé) High Moderate ~10.0 Very weak yellow Inert 

Aki-21 Orangy brown Low Heavy ~11.4 Weak orange Very weak yellow 

Aki-22 Dark brown Low Heavy ~10.6 Very weak orange Inert 

Aki-23 Orangy brown Medium Heavy ~10.9 Weak orange Very weak greenish yellow 

“Chocolate” Cultured Pearls (CCPs) 

Bal-03 Yellowish brown High Light ~11.99-12.05 na’ na 

Bal-12 Dark brown Medium Moderate ~10.0 Very weak reddish orange Inert 

Bal-13 Yellow-brown Medium Moderate ~10.8 Moderate reddish orange Very weak orange 

Bal-14 Pink-brown Medium Light ~14.0 Moderate reddish orange Weak orange 

Bal-56 Orange-brown High na ~12.3 oderate reddish orange Weak greenish yellow 

Bal-57 Orange-brown High na ~12.1 oderate reddish orange Weak greenish yellow 

Bal-58 Orange-brown High na ~11.8 oderate reddish orange Weak greenish yellow 

Bal-59 Orange-brown High na ~12.1 oderate reddish orange Weak greenish yellow 

Bal-60 Orange-brown High na ~12.6 oderate reddish orange Weak greenish yellow 

Bal-61 Orange-brown (with rosé) High na ~12.3 oderate reddish orange Weak greenish yellow 

Bal-62 Orange-brown (with rosé) High na ~11.7 oderate reddish orange Weak greenish yellow 

Bal-63 Orange-brown High na ~12.0 oderate reddish orange Weak greenish yellow 

Bal-64 Orange-brown High na ~12.3 oderate reddish orange Weak greenish yellow 

Bal-65 Orangy brown High na ~13.7 oderate reddish orange oderate greenish yellow 

Bal-66 Orange-brown (with rosé) High na ~12.2 oderate greenish yellow oderate greenish yellow 

Bal-67 Orange-brown (with rosé) High na ~12.0 oderate reddish orange Weak greenish yellow 

Bal-68 Orange-brown High na ~12.9 oderate reddish orange Weak greenish yellow 

Bal-69 Orange-brown High na ~12.1 Weak reddish orange ert 

Bal-70 Dark brown High na ~12.2 Weak reddish orange ert 

Bal-71 Orangy brown High na ~12.9 oderate reddish orange Weak greenish yellow 

Dyed Tahitian Cultured Pearls (DTCPs) 

Bal-07 Dark brownish pink Medium Moderate ~10.0-10.5 Inert ert 

Bal-08 Dark pink-brown Medium Moderate ~10.0-10.5 nert nert 

4na = not analyzed. 
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Figure 4. The induced dark brown color was dis- 
tributed evenly in the nacre of CCP sample Bal-12 
(left, 10.0 mm), which was cut to a depth of ~1 mm. 
In CCP sample Bal-13 (right, 10.8 mm), yellow- 
brown color was distributed evenly through most of 
the outer layer of the nacre (~1.5 mm thick). The 
same hue, though lighter, was observed in the inter- 
face region between the nacre and the nucleus. 
Photo by Jian Xin (Jae) Liao. 


laser rastered across the line only once and the abla- 
tion depth was about 20 um at this condition, which 
ensured that the composition of only the outermost 
layer of the nacre was measured. 


RESULTS 


Gemological Observations. Most of the “black” 
NCTCPs showed greenish gray to dark greenish 
gray coloration, which was sometimes inhomoge- 
neous (again, see figure 2). Overtones of violet, blue, 
yellow, green, and “rosé” were common. Ten of the 


NCTCPs showed distinct orangy or pinkish brown 
colors. Good-quality specimens (~70% of samples in 
this study) typically showed medium-to-high luster. 

The CCPs were dominated by a brown col- 
oration, although some also exhibited yellowish, 
greenish, pinkish, or orangy hues (again, see figure 
2). The tone of the brown color varied significantly 
among samples, from light to very dark. Orient was 
usually not observed. Similar to the NCTCPs, the 
CCPs showed medium to high luster. The three 
DTCP samples exhibited dark brown coloration 
with clear pink overtones and medium luster. 

When the nacre in one dark brown “chocolate 
pearl” (Bal-12) was cut to a depth of ~1 mm (figure 
4, left), we observed that the dark brown color was 
distributed evenly with depth. However, in the yel- 
low-brown CCP (Bal-13) that was cut ~1.5 mm 
through the nacre layer into the nucleus (figure 4, 
right), the hue was distributed evenly throughout 
most of the outer nacre, but showed lighter tone at 
the nucleus interface. 

Most of the gray NCTCPs fluoresced very weak 
orange, yellow, or greenish yellow to long-wave UV 
radiation, and very weak greenish yellow to short- 
wave UV. The brown NCTCPs displayed very simi- 
lar reactions. However, the blemishes seen on the 
surface of most of the brown cultured pearls exhibit- 
ed strong greenish yellow fluorescence; this was 
rarely observed in the gray NCTCPs. Of the 160 
CCPs tested, the vast majority (157) displayed weak 
(~60%) to moderate (~40%) chalky reddish orange 
fluorescence to long-wave UV. This fluorescence 


TABLE 2. Gemological features of four samples before and after "chocolate" treatment by Ballerina Pearl Co. 


Bal-02 Bal-16 Bal-18 Bal-19 
eae Untreated Treated Untreated Preparatory Treated Untreated Preparatory Treated Untreated Preparatory Treated 
treated treated treated 
Color Greenish — Greenish Dark brown = Dark brown Dark brown Dark green- Green brown Orangy Dark green- Orange- — Orangy brown 
gray brown ish gray (with rosé) brown ish gray brown (with rosé) 
(with rosé) (with rosé) (with rosé) 
Luster Medium Medium Medium Medium High Medium High High High High High 
Surface (extent Light Light Heavy Heavy Heavy Moderate Moderate Moderate Moderate Moderate Moderate 
of spotting) 
Size (mm) ~11.41-11.73 ~10.22-10.34 ~10.65-10.81 ~10.95-11.26 
Weight (ct) 10.65 10.64 7.74 7.12 771 8.44 8.42 8.40 9.74 9.70 9.69 
Fluorescence 
To long-wave Very weak Moderate Very weak Very weak  Veryweak Veryweak Very weak Moderate Very weak Very weak Moderate 
UV orange greenish yellow reddish reddish yellow reddish reddish yellow reddish reddish 
yellow orange orange orange orange orange orange 
To short-wave Very weak Weak green-_ Inert Inert Inert Very weak Inert Very weak Veryweak Very weak Very weak 
UV greenish —_ish yellow greenish greenish greenish = orangy red greenish 
yellow yellow yellow yellow yellow 
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was not observed in the NCTCPs, and only three 
CCPs displayed weak-to-moderate greenish yellow 
or yellow fluorescence to long-wave UV. When 
exposed to short-wave UV radiation, 156 CCPs 
showed weak-to-moderate greenish yellow fluores- 
cence (in four, the reaction was inert). No clear cor- 
relation between the intensity of fluorescence and 
the tone of brown color was observed. The three 
DTCP samples showed no reaction to either long- or 
short-wave UV. 

The variations in major gemological features 
exhibited by the four cultured pearls treated by 
Ballerina Pearl Co. for this study are summarized in 
table 2. Distinct changes in color were induced in 
the three gray samples (Bal-02, Bal-18, and Bal-19) by 
the preparatory process, and the brown color was 
further enhanced in the second step of treatment 
(figure 5). The hue of dark brown Bal-16 remained 
basically unchanged, although the tone was reduced, 
resulting in a more “chocolate” appearance. After 
treatment, these “chocolate pearls” lost a slight 
amount of weight (0.1-0.5%) but the blemishes 
appeared the same. A slight improvement in luster 
was observed in two of the four specimens (Bal-16 
and Bal-18). A notable difference between samples 
was observed in their long-wave UV fluorescence. In 
three samples (Bal-16, Bal-18, and Bal-19), it changed 
from very weak yellow to distinct reddish orange, 
with an intensity varying from very weak to moder- 
ate. In sample Bal-02, it changed from very weak 
orange to moderate greenish yellow. 


Infrared Reflectance Spectroscopy. The NCTCPs 
displayed consistent absorption features in the mid- 
infrared region. These features included strong 
absorption bands at 1514-1506 and 878 cm"! and 
weak-to-moderate bands at 1780, ~1084, 713, and 
700 cm! (figure 6). The gray and brown NCTCPs 
showed identical features, which are generally con- 
sistent with the mineral aragonite (again, see figure 
6}, in particular with the occurrence of the peak at 
1084 cm=!. However, the peak at 878 cm"! for the 
NCTCPs is very different from the 860 cm! peak in 
aragonite, and occurs at nearly the same position as 
seen in calcite. As expected, no absorption peaks 
related to organic components were detected from 
the NCTCPs. Infrared reflectance yielded nearly 
identical absorption features for the CCPs and 
DTCPs as for the NCTCPs (figure 7). The four 
NCTCPs treated for this study showed no detectable 
variation in their mid-infrared reflectance spectra 
after the treatment. 
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NCTCP 


CCP 
(Preparatory 
treated) 


CCP (Treated) 


Bal-02 Bal-16 Bal-18 Bal-19 


Figure 5. These four Tahitian cultured pearls (top; 
10.22-11.73 mm in diameter) were treated by the 
Ballerina Pearl Co. in a two-stage process to produce 
“chocolate pearls.” An intense brown color was creat- 
ed in the preparatory treatment (middle) and then 
enhanced in the final step (bottom). Photos by Jessica 
Arditi and Jian Xin (Jae) Liao. 


Figure 6. The mid-infrared reflectance spectra of the 
NCTCPs are similar to the spectrum of aragonite, in 
particular with the occurrence of a peak at 1084 cnr". 
However, the peak at 878 cm! for the NCTCPs is 
much higher in position than the 860 cm~ peak in 
aragonite, and occurs at nearly the same position as 
seen in calcite. Gray and brown NCTCPs examined 
for this study displayed identical absorption features. 
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Figure 7. The mid-infrared absorption spectra of the 
CCPs and DTCPs were nearly identical to those of the 
NCTCPs in figure 6. 


UV-Vis-NIR Reflectance Spectroscopy. Broad ab- 
sorption bands centered at ~220, 283, ~407, 
497-500, and ~650-694 nm occurred consistently 
in the NCTCPs (figure 8), though the height of the 
spectral baselines varied greatly. (In general, the 
darker a cultured pearl is, the lower its UV-Vis-NIR 
spectral baseline will be.) There was considerable 
variability among the NCTCP samples in both 
position and shape of the band at ~650-694 nm. 
The center of this band shifted as much as ~44 nm. 
In many of the brown NCTCPs, this band occurred 
as a shoulder (e.g., Aki-18 in figure 8), and was less 
distinct than bands recorded from gray NCTCPs. 
Notably, the baselines of the reflectance spectra 
were nearly horizontal for all the NCTCPs (both 
gray and brown), which means that the percentage 
of light reflectance at ~320 nm is very close to that 
at ~600 nm. (These two wavelength regions are rel- 
atively unaffected by absorption bands and, there- 
fore, provide good reference points to judge the 
baseline.) 

In the CCPs, the absorption bands described 
above were weaker in intensity or barely present. 
They also shifted slightly in position (figure 9). The 
band at 497-500 nm in the NCTCPs shifted consis- 
tently to higher wavelengths (510-529 nm) in the 
CCPs. The four “chocolate pearls” in figure 9 dis- 
played similar brown colors, but the reflectance 
spectral baseline was inversely proportional to the 
tone of the brown color; that is, the baseline 
decreased as the tone increased. The baselines of all 
these spectra increased in general absorption toward 
lower wavelengths (higher energy]; the reflectance 
percentage at ~320 nm was much lower than at 
~600 nm. In the DTCPs, the spectral variations 
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Figure 8. The UV-Vis-NIR reflectance spectra of the 
NCTCPs of various colors displayed a series of strong 
absorption bands, as well as a nearly flat baseline. 


were even more dramatic. Only the peaks at ~220 
and ~283-285 nm (and a weak absorption at ~700 
nm in sample Bal-07) were clearly defined (figure 
10). All other peaks observed in the NCTCPs and 
CCPs were generally less distinct (e.g., those located 
at 415 and 515 nm) or absent in the DTCPs. Instead, 
a broad absorption band ranging from ~320 to ~700 


Figure 9. In contrast to the spectra shown in figure 
8, the UV-Vis-NIR reflectance spectra of the CCPs 
exhibited baselines that increased in general 
absorption toward the low-wavelength (high-ener- 
gy) side. The absorption bands (due to organic com- 
ponents) are less distinct, and some have shifted 
position, compared to those observed in the 
NCTCPs. Bal-57, Bal-60, and Bal-64 are orange- 
brown; Bal-70 is dark brown. 
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Figure 10. The UV-Vis-NIR reflectance spectra of these 
two DTCPs are very different from those of the 
NCTCPs and the CCPs. The spectra are dominated by 
a broad absorption band that ranges from ~320 to 
~700 nm and is centered at ~500 nm. 


nm and centered at ~500 nm was recorded. In con- 
trast to the NCTCPs and CCPs, the reflectance per- 
centage at ~320 nm in the DTCPs was much higher 
than at ~600 nm (again, see figure 10). 

Clear variations in reflectance features before and 
after treatment were recorded in the four NCTCPs 
that were “chocolate” treated for this study (figure 
11). The nearly flat baseline before treatment 
increased in general absorption toward the low- 
wavelength (high-energy) side of the spectrum, and 
the four absorption bands at 283, ~407, 497-500, and 
~650—694 nm became broader and weaker and, con- 
sequently, less distinct. In addition, the band at ~407 
nm shifted to 402—403 nm, the band at 497-500 nm 
moved 8-18 nm to higher wavelengths, and the band 
at ~650-694 nm shifted 10-14 nm to lower wave- 
lengths. It should be pointed out that the ~407 nm 
band observed in figure 8 could occur as low as 403 
nm in some NCTCPs (e.g., figure 11). After treat- 
ment, the reflectance percentage decreased dramati- 
cally in the region of 250-560 nm in three samples 
(Bal-02, Bal-18, and Bal-19], but this effect was less 
evident when the starting material was very dark in 
color (Bal-16). 


Raman and Photoluminescence Spectroscopy. 
When excited by 488, 514, and 633 nm lasers, all 
the cultured pearls showed strong photolumines- 
cence. Broad emission bands centered at ~620, 650, 
and 725-750 nm were observed (figure 12). Sharp 
Raman scattering peaks from carbonate compo- 
nents of the nacre overlaid these strong photolumi- 
nescence bands. Consistent luminescence features 
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Figure 11. After treatment, the baseline of the UV- 
Vis-NIR reflectance spectrum of sample Bal-19 
increased in general absorption toward the low-wave- 
length (high-energy) side; this appears to be a useful 
feature for identifying this type of “chocolate pearl.” 
Also, absorption bands associated with organic com- 
ponents became less distinct. 


were observed in the spectra of the gray NCTCPs 
(12 samples), as well as in the spectra of those domi- 
nated by brown (seven samples). There were some 
subtle differences in the spectra of the gray and 
brown NCTCPs. Emission bands at 620 and 650 


Figure 12. Strong photoluminescence was observed 
in both the NCTCPs and CCPs, with broad emis- 
sion bands centered at ~620, 650, and 725-750 nm. 
The sharp peaks overlying those photoluminescence 
bands are caused by Raman scattering from carbon- 
ate components of the nacre. The spectra are shifted 
vertically for clarity. 
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Gemological Digests 


Company, Kansas City; Dr. George Switzer, 
Smithsonian Institution; Herbert E. Reid, 
Henry C. Reid & Son, Bridgeport, Connecti- 
cut; George Robert Crowningshield, Gemo- 
logical Institute, New York City; Franz F. 
Pulver, Bronx, New York: T. C. Brown, 
Lemon & Son, Louisville; and Wesley Sav- 
age, Wm. H. Gilchrist, Santa Barbara, 
California. - 


A.G.S. Names Three 
To New Exam Board 


James G. Donavan Jr.,. Donavan and 
Seamans, Los Angeles, and president of the 
American Gem Society, has named three 
Certified Gemologists and Registered Jew- 
elers to serve as members of the Society’s 
new Examinations Board. The three are Ken- 
neth G. Mappin, C.G., R.J., F.G.A., of 
Mappin’s Limited, Montreal; Samuel J. 
Tyack, C.G., R.J., of Shreve, Crump and 
Low Company, Boston; and John F. Von- 
dey, C.G., R.J., ‘of Vondey Jewelry and 
Gem Shop, San Bernardino, California. 
Each of these men is a graduate of the Gem- 
ological Institute of America. 

The Board, which was ordered by a vote 
of the Society's members, provides a highly 
qualified governing body to administer and 
control its educational.standards and quali- 
fications. Members of the Board ‘are ap- 
pointed by the president and may include 
educators and authorities in the field of 
gemology who are not necessarily associated 
with the Society. 

Duties of the new Board will be to insti- 
tute. gemological examinations and offer 
them to Society membership in order to 
provide a direct manner of meeting. the 
educational requirements for its various 
titles and classifications of membership. 


The examinations, when accepted, may 
be taken by any member who, by virtue 
of experience and gemological knowledge, 
is deemed qualified. No formal study courses 
or graduation from gemological schools or 
universities offering gemological degrees, is 
necessary under these provisions. The So- 
ciety also recognizes the courses of the Gem- 
ological Institute of America and the Gem- 
mological Association of Great Britain as 
providing the educational requirements for 
its titles. Final decision as to educational 
qualifications of any candidate now rests 
with the Board, which is also responsible 
for the annual examinations required of 
all title holders of the Society. 


Research Laboratory 
(From page 121) 


Beers Consolidated Mines Limited, Consoli- 
dated Diamond Mines of South West Africa 
Limited, Consolidated African Selection 
Trust Limited, Sierra Leone Selection Trust 
Limited, Societe Miniere du Beceka, Societe 
Internationale Forestiere et Miniere du 
Congo, and Companhia de Diamantes de 
Angola. 


Andalusite Crystal 
Weighs 85 Carats 


What is believed to be one of the finest 
known andalusite crystals in the world 
was obtained by Allan Caplan, New York 
importer, in Minas Geraes during the sum- 
mer of 1948. Weighing 85 carats in the 
rough, it is estimated that the crystal will 
cut to approximately 50 carats. This would 
make the stone exceed in size any known 
gem andalusite. . 

In describing the crystal, shown in the 
accompanying photograph on page 125, its 
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Figure 13. The Raman spectra of NCTCP Bal-19 
changed considerably with the “chocolate” treat- 
ment, as the intensity of absorption due to organic 
components decreased significantly after the initial 
stage. These spectra were collected using 488 nm laser 
excitation and were normalized to the intensity of the 
Raman peak for aragonite at 1085 cm™. The spectra 
are shifted vertically for clarity. 


nm in the brown NCTCPs were comparatively less 
distinct than in the gray NCTCPs. In addition, a 
band centered at ~750 nm in the gray NCTCPs 
occurred at ~725 nm in the brown NCTCPs. The 
brown NCTCPs showed photoluminescence fea- 
tures very similar to those of the 11 CCPs (again, 
see figure 12) and three DTCPs analyzed in this 
study (not shown in figure 12). When normalized to 
the intensity of the Raman scattering peak at 1085 
cm"! associated with the carbonate component of 
cultured pearls, the photoluminescence intensity of 
the CCPs was generally stronger than that of the 
NCTCPs. The weakest photoluminescence was 
observed in the DTCPs. 

In the NCTCP samples, a strong peak at 1085 
cm, a moderate peak at 704 cm~!, and weak peaks 
in the region of 300-100 cm (271, 214, 190, 153, 
and 143 cm~!) were observed in the Raman spectra 
of all samples when using 488 and 514 nm laser 
excitations (figure 13). Several broad bands were 
observed in the region of 1700-1300 cm™!, with cen- 
ters at approximately 1610, 1568, 1464, 1404, and 
1325 cm. A weak and broad peak also occurred at 
~669 cm7!. When 633 nm laser excitation was 
applied, the peak at 704 cm! resolved into a dou- 
blet at 701 and 705 cm“, and peaks in the region of 
300-100 cm became less distinct. The broad bands 
in the 1700-1300 cm! region and the peak at ~669 
cm"! also were present in the Raman spectra with 
633 nm laser excitation. 
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In the four cultured pearls treated for this 
study, the intensity of the Raman peaks described 
above decreased significantly after the first stage 
of treatment: Most peaks were nearly absent 
below 1500 cm™!, with the notable exceptions of 
the 1085 and 704 cm"! peaks. Completion of the 
treatment depressed the peaks even further (again, 
see figure 13). 

We also examined the full width at half maxi- 
mum (FWHM) of the 1085 cm"! peak in our sam- 
ples from spectra collected using 514 nm laser exci- 
tation. In general, FWHM values were similar for all 
three sample categories: 5.4-7.8 cm"! for the 
NCTCPs, 5.9-8.7 cm=! for the CCPs, and 6.2-8.2 
cm! for the DTCPs. 


Chemical Analysis. In addition to the major ele- 
ment Ca, EDXRF analysis also detected a strong Sr 
signal in the nacre of all the cultured pearls tested. 
The only notable difference between the three 
groups of samples was that a strong Ag signal was 
recorded in the dyed cultured pearls. No other ele- 
ments were observed with EDXRF. 

Many trace elements were detected in the nacre 
of the cultured pearls with LA-ICP-MS, largely due 
to its much higher sensitivity (table 3). In the 
NCTCPs, relatively high concentrations of Na 
(5100-8200 ppm], Sr (1080-2320 ppm), K (66-410 
ppm), Mg (66-274 ppm], and P (5.0-24.1 ppm) were 
detected. Traces of Li (0.33-0.58 ppm], B (12-24 
ppm), Cr (1.5-4.5 ppm), Mn (up to 3.8 ppm), Zn (up 
to 18.7 ppm), Cd (up to 8.9 ppm], Ba (up to 2.9 ppm], 
Pb (up to 1.8 ppm), and Ag (0.01-1.8 ppm) were also 
detected. Other elements (again, see table 3) either 
were not detected or were near the detection limits 
for this instrument. 

The composition of the CCPs was very similar to 
that of the NCTCPs. Concentrations of almost all 
elements fell in very similar ranges. One exception 
was the significantly lower concentration of K (aver- 
age 47 ppm} in the CCPs compared to the NCTCPs 
(average 197 ppm). Another clear difference was the 
higher Pb concentrations in the CCPs (average 12.7 
ppm) than in the NCTCPs (average 0.5 ppm). In 
before/after experiments, K concentrations in two 
samples (Bal-18 and Bal-19) decreased significantly 
after treatment. However, the opposite results were 
recorded in sample Aki-16. No significant variations 
in Pb were measured in the samples before and after 
treatment (table 3). In the DTCPs, elevated concen- 
trations of Ag (1800-1870 ppm) and slightly enriched 
Sm (0.24—0.29 ppm; NCTCPs and CCPs had con- 


GEMS & GEMOLOGY WINTER 2006 


TABLE 3. Representative composition of natural-color and “chocolate” treated Tahitian cultured pearls determined by 


LA-ICP-MS (opm by weight).@ 


Sample no. Li B Na Mg P K Cr Mn Zn As Sr Ag Cd Ba Pb 
Natural-Color Tahitian Cultured Pearls (NCTCPs) 

Aki-04 042 18.55 6526 68.39 9.41 197.8 3.71 0.48 3.84 0.85 1181 0.12 0.05 0.71 0.52 
Aki-05 044 1857 6057 83.19 20.18 183.1 3.96 0.64 8.34 1.08 1240 0.02 015 2.80 0.45 
Aki-06 0.36 13.79 5798 77.28 =24.08 = 227.4 3.86 0.56 1.12 0.87 1081 0.01 0.04 0.30 0.17 
Aki-07 0.37 16.93 6181 146.8 8.12 260.9 3.89 0.36 2.33 0.36 1203 0.04 8.92 0.38 1.24 
Aki-08 0.35 15.61 5600 114.1 765 162.7 4.02 0.10 4.05 0.62 1778 0.06 0.14 0.44 0.36 
Aki-14 0.35 13.83 5113 2428 8.48 281.4 3.63 nd° 7.53 0.51 1845 0.13 1.02 081 0.24 
Aki-15 045 15.83 5879 136.0 14.51 142.2 4.20 0.29 4.45 0.61 1891 0.16 0.03 0.82 0.35 
Aki-16 0.34 15.88 5653 178.6 9.39 164.4 3.34 1.21 5.91 0.43 1932 0.16 0.21 0.62 0.34 
Aki-17 0.35 16.31 6463 = 104.1 9.39 247.8 4.09 0.27 5.72 0.33 1581 0.20 0.09 0.52 0.41 
Aki-18 046 =13.02 7281 196.2 nd 314.9 2.64 0.44 5.83 053 1292 0.09 0.64 0.64 0.49 
“Chocolate” Cultured Pearls (CCPs) 

Bal-24 0.35 13.78 5464 135.9 8.55 61.54 ~—- 1.06 2.20 3132 nd 1415 0.49 0.05 043 13.29 
Bal-27 0.31 1418 6487 115.9 floats 4430 4.45 6.93 3.64 0.02 1196 0.40 0.02 0.44 13.91 
Bal-30 040 1864 6762 82.51 10.51 58.85 4.88 1.19 5.47 nd 1473 0.19 nd 0.49 8.54 
Bal-33 0.26 11.30 5487 175.5 8.51 15.14 3.61 1.00 La nd 1095 0.06 0.03 050 11.03 
Bal-36 0.26 11.01 5546 «114.1 6.27 36.16 3.12 1.28 2.45 0.07 1283 860.15 0.02 0.22 8.20 
Bal-37 0.31 13.18 6932 171.6 nd 21.88 5.17 iloil 6.01 035 1444 0.30 nd 0.60 16.02 
Bal-40 0.34 8.75 5667 143.8 B85 Se = 8al8 0.92 8.85 0.10 1514 0.20 0.00 092 22.25 
Bal-43 0.36 1430 5760 105.7 10.60 20.65 2.88 1.07 11.48 0.38 1106 0.27 0.00 038 19.62 
Bal-46 044 1419 6599 184.8 4.98 54.11 3.50 1.86 2.92 nd 1584 = 0.13 0.02 0.32 4.88 
Bal-49 039 17.00 6177 119.8 15.85 55.89 3.39 2.66 15.99 0.00 1272 0.32 0.03 0.73 25.99 
Dyed Tahitian Cultured Pearls (DTCPs) 

Bal-07 0.46 = 20.11 7720 = 104.2 10.34 85.79 3.60 0.72 4.22 0.32 1571 1800 0.22 2.66 0.17 
Bal-08 0.51 19.11 7947 = 123.6 9.16 86.66 3.26 0.21 6.12 0.17 = =1188 1870 0.07 0.51 0.18 
NCTCPs Before and After Treatment 

Bal-16 045 1566 6387 142.5 5.60 74.45 3.23 2.67 16.56 nd 1970 = 0.11 0.13 1.09 0.26 
Bal-16 (1st) 046 13.35 5724 179.0 nd 4568 3.52 2.00 2.00 Ohiauet2223 OI 0.02 0.68 0.37 
Bal-16 (2nd) 0.73 11.93 6009 165.2 9.03 146.1 0.10 2.90 1.81 0.16 2458 0.04 0.06 0.76 0.31 
Bal-18 0.37 13.88 6335 158.5 15.08 139.6 3.36 0.76 6.37 0.02 1723 0.03 0.08 3.14 0.45 
Bal-18 (1st) 0.37 13.62 5867 164.9 nd 54.06 2.69 0.39 3.07 nd 1890 0.06 0.07 0.64 0.45 
Bal-18 (2nd) 049 16.96 5874 195.4 19.84 59.45 0.07 0.93 1.47 0.06 1908 0.02 0.00 0.62 0.36 
Bal-19 046 17.32 6694 139.2 850 118.6 3.70 1.20 4.79 0.03 1455 0.01 0.06 0.34 0.31 
Bal-19 (1st) 0.38 15.88 5570 137.3 nd 30.11 3.49 1.39 1.53 0.06 1433 0.04 0.03 0.67 0.26 
Bal-19(2nd) 050 1712 5739 158.1 17.03 92.36 0.03 1.92 0.70 010 1464 0.01 nd 0.18 0.19 


4 | aser ablation parameters: 40 um spot diameter, 30% (0.007 mJ) laser energy, 10 Hz repetition rate, and a 20 wm/s raster rate. NIST SRM 610 and 
612 glass reference materials (Pearce et al., 1996) were used as external standards for calibration. The content of calcium throughout the nacre of all 
cultured pearls is nearly constant (~50 wt.% CaO), so this was employed as an internal standard in the data reduction for all samples. The following iso- 
topes were monitored to determine elemental concentrations: ’Li, °Be, 'B, 2°Na, 24Mg, 3'P, 99K, “Ca, #4Ca, Se, "V, ©8Cr, Mn, Fe, 5Co, Ni, 
Cu, 867p, Ga, 2Ge, 75As, 82Se, 85Rb, 88Sr, soy, 07r, °3Nb, Mo, 107Ag, MCd, 115]n, 18S, 121Sb, 1305, 187Ba, 199, a, 140Ce, 141Pr, 146Nid, 147Sm, 
153Ey, 57Gd, 1°Tb, 163Dy, 15Ho, 16Er, 19Tm, 172Yb, 175Lu, 178Hf, 8'Ta, 182W, 185Re, 197Au, 25T], 205Pp, 209Bi, 282Th, and 288U. Those isotopes 
marked in boldface roman type were not included in this table, as their concentrations were either below or near the instrumental detection limits. 


© nd = not detected. 


centrations up to 0.05 ppm) were measured, while 
concentrations of other elements remained similar 
to those recorded for the untreated samples. 


DISCUSSION 


Pearl nacre consists of overlapping platelets of crys- 
talline calcium carbonate (CaCO,}) in the form of 
aragonite, with the principal crystal axes of these 
platy crystals oriented at right angles to the surface. 
Various organic components occur between the 
aragonite platelets, producing a range of pearl colors 
(e.g., Kiefert et al., 2004; Strack, 2006). 


“CHOCOLATE PEARLS” BY BALLERINA PEARL Co. 


Raman spectroscopy is a very effective tech- 
nique for mineral identification, and in general 
Raman peaks are much sharper than overly strong 
photoluminescence bands. In aragonite, the most 
intense Raman peak occurs near 1085 cm~!. Also in 
aragonite, a doublet may be observed at ~705 and 
~701 cm7!, whereas in calcite, the other common 
polymorph of CaCO,, only a single band at ~711 
cm! occurs (Urmos et al., 1991). Raman spectro- 
scopic analysis of the untreated and treated 
Tahitian cultured pearls confirmed that aragonite is 
the only carbonate mineral component present in 
our samples (figure 13). As expected, no evidence for 
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calcite (i.e., 711 cm™! peak) was observed in the 
Raman spectra of the natural-color, “chocolate” 
treated, or dyed Tahitian cultured pearls. 

Other Raman features are attributed to various 
types of organic components, such as conchiolin 
and porphyrin (Goebel and Dirlam, 1989; Liu, 2003; 
Huang, 2006). The intensities of these organic com- 
ponent bands varied significantly among the 
NCTCPs, but they clearly increased with the tone 
of the cultured pearl colors (not shown in figure 
13). After the first stage of treatment, the intensity 
of Raman peaks due to organic components 
decreased, especially below 1500 cm7!; the peaks 
were even weaker after the treatment was complet- 
ed (again, see figure 13). 

For the most part, the Raman peak intensities of 
aragonite in the CCPs were comparable to those of 
the natural-color samples (figure 13). While many 
CCPs showed relatively weak organic peaks in the 
region of 1700-1300 cm !, a few samples like Bal-03 
showed strong peaks (not shown). The weaker 
Raman scattering peaks for organic components in 
most of the CCPs, and the decreased intensity of 
these peaks in the four NCTCPs treated for this 
study, strongly indicate that the treatment mainly 
involves modifying the organic components 
between aragonite platelets (see figure 3). 

In the DTCPs, we could not detect organic- 
related components and other Raman peak intensi- 
ties were much weaker than in the NCTCPs and 
CCPs. Furthermore, the dyed cultured pearls did 
not show Raman peaks in the region 300-100 cm~!, 
but they did have a broad band centered at ~141 
cm7!. A Raman band at 240 cm“! previously report- 
ed in dyed cultured pearls by Kiefert et al. (2001) 
was observed in one sample (Bal-08), with 633 nm 
laser excitation only. 

Infrared reflectance spectroscopy showed more 
complicated results. Most absorption features were 
consistent with aragonite, in particular the occur- 
rence of the 1084 cm! peak, which is unique to arag- 
onite. However, the 878 cm! band, which was con- 
sistently observed in all the untreated Tahitian cul- 
tured pearls, matched the peak position of calcite 
well. In aragonite, the same peak usually occurs at 
higher wavenumbers than 860 cm~! (Weir and 
Lippincott, 1961; Adler and Kerr, 1962; Frech et al., 
1980). We believe this peak is not related to calcite 
(as shown by the lack of calcite in the Raman spec- 
tra), so the cause of this relatively strong absorption 
at 878 cm“! remains unclear. Our spectroscopic anal- 
ysis revealed nearly identical Raman and infrared 
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absorption features (figures 6, 7, and 13) for the arago- 
nite peaks in both the untreated and “chocolate” 
Tahitian cultured pearls, indicating that the aragonite 
platelets in Tahitian cultured pearls remained basi- 
cally unchanged during the “chocolate” treatment. 

The vast majority of the NCTCPs showed weak 
yellow, orange, or greenish yellow fluorescence to 
long-wave UV. In contrast, the CCPs typically dis- 
played characteristic reddish orange fluorescence. 
This difference in fluorescence was confirmed by 
the four cultured pearls processed for this study. 
The causes of the variation in fluorescence color are 
not clear; this may be attributed to modification of 
organic components or defects in the constitutional 
aragonite. 

The dyeing of pearls with silver salts to turn 
them black has been practiced for many decades. 
First, the pearls are immersed in a silver nitrate 
solution (AgNO) for a period of time in a dark envi- 
ronment, and then they are exposed to a strong light 
source or are treated with hydrogen sulfate. The Ag- 
dyeing process leads to the deposition of AgO as 
extremely fine particles (Strack, 2006). These parti- 
cles both strongly absorb visible light (inducing the 
dark brown coloration) and effectively block fluores- 
cence, which is why no fluorescence could be 
detected in the DTCPs. 

A relatively flat baseline in the UV-Vis-NIR 
reflectance spectra of the NCTCPs—with broad 
absorption bands at ~407, 497-500, and 650-694 
nm—is consistent with the observed gray or brown 
colorations (again, see figure 8). The absorption 
band at ~283 nm is derived from protein contained 
in conchiolin, a common feature of all cultured 
pearls (see, e.g., Iwahashi and Akamatsu, 1994). The 
absorption bands at ~407 and 497-500 nm are 
derived from porphyrin pigment. The ~407 nm 
absorption is called the “Solet band,” which is com- 
mon to all porphyrins (see, e.g., Iwahashi and 
Akamatsu, 1994). Depending on the fine structure 
of the porphyrin, this band can occur anywhere 
from 390 to 425 nm (Britton, 1983). The ~650-694 
nm absorption band is derived from black pigment 
in cultured pearls. In addition, there are spectro- 
scopic variations among geographic sources of 
“black” cultured pearls. For example, the 661-694 
nm band, which we observed consistently in our 
Tahitian cultured pearls, was not reported in 
Mexican cultured pearls (Kiefert et al., 2004), even 
though they showed very similar coloration. The 
presence of these bands provides a good indication 
for substantial quantities of organic components. 
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Our analysis of a large number of CCPs revealed 
that the baseline of their UV-Vis-NIR reflectance 
spectra consistently increased in general absorption 
toward lower wavelengths (higher energies; figure 
9). This absorption increased over the whole region 
of visible light, resulting in the intense brown col- 
oration. A decrease in intensity (or virtual absence} 
of these three absorption bands in the 300-700 nm 
region after treatment, as observed in the CCPs and 
the four cultured pearls treated for this study (fig- 
ures 9 and 11), also indicates that the organic com- 
ponents are dramatically modified. Observation of 
such modified spectra provide good evidence for 
bleaching during the treatment. 

Pearl formation is mainly a process of deposition 
of aragonite by mollusks. Tahitian cultured pearls, 
like all of the samples in this study, form in seawa- 
ter, which contains minor or trace amounts of vari- 
ous elements. Since the geochemical properties of 
strontium are very similar to those of calcium, it is 
common for pearls to contain relatively high 
amounts of Sr (see table 3). Seawater also contains 
significant amounts of sodium and potassium, their 
presence in the cultured pearls was well reflected in 
the compositions we measured with LA-ICP-MS. 
However, little information is available regarding 
the incorporation of Na and K in pearls. While Na 
and K may partially enter the aragonite lattice, 
these elements also may be enriched at the inter- 
faces between aragonite platelets. It is interesting to 
note that the untreated NCTCPs also contained 
traces of Ag (up to 1.8 ppm by LA-ICP-MS analysis, 
but not detectable by EDXRF). However, much 
higher concentrations of Ag are needed to induce 
any observable coloration, as in the Ag-dyed cul- 
tured pearls. 

LA-ICP-MS analysis of NCTCPs and CCPs (table 
3) revealed that both groups had very similar compo- 
sitions, except for less potassium and relatively high- 
er concentrations of lead in the CCPs. A decrease in 
K concentration was correlated with some samples 
treated in this study (table 3), but contradictory 
results were also observed. In addition, the samples 
analyzed before and after treatment did not show any 
detectable variation in Pb concentrations. When not 
locked into a crystal lattice, K can be a very mobile 
element (Albarede and Hofmann, 2003). The lower 
abundance of K in the CCPs strongly indicated that 
most of the K in the NCTCPs is located at the inter- 
faces between aragonite platelets and can be partially 
removed in the treatment. Nevertheless, the differ- 
ences in K and Pb concentrations between NCTCPs 
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and CCPs were not confirmed in the before/after 
treatments. The causes for these inconsistencies are 
not clear. On the basis of these data and observations, 
it is reasonable to believe that color changes caused 
by the “chocolate” treatment are mainly related to 
the reorganization of organic pigments that are pre- 
sent between the aragonite platelets, without the 
introduction of a foreign coloring agent. The chemi- 
cal data suggest that the treatment did not add any 
chemical elements and, therefore, is fundamentally 
different from the Ag-dyeing treatment. 


IDENTIFICATION 


Identification of Ballerina-treated “chocolate” cul- 
tured pearls requires a combination of gemological 
observation, spectroscopic analysis, and trace-ele- 
ment composition. Natural-color cultured pearls 
rarely show intense brown coloration without a dis- 
tinct orient or rosé overtone (Scarratt, 1984). 
Suspicion should be raised for samples that show 
pronounced “chocolate” coloration. 

Most (157 of 160 samples) of the Ballerina CCPs 
we studied showed a weak-to-moderate reddish 
orange fluorescence to long-wave UV radiation. The 
remaining three samples showed greenish yellow 
fluorescence to long-wave UV, which is similar to 
the reaction of many untreated Tahitian cultured 
pearls. Consequently, reddish orange fluorescence 
to long-wave UV is a useful indication of treatment, 
but caution must be exercised since there are excep- 
tions. While DTCPs and CCPs can have a similar 
color appearance, DTCPs are usually inert to both 
long- and short-wave UV radiation. 

Spectroscopic and chemical analyses supply 
information that is essential for identification. The 
high concentrations of Ag in dyed cultured pearls 
can be detected easily with either EDXRF or LA- 
ICP-MS. Relatively low concentrations of K and ele- 
vated contents of Pb, combined with a concentration 
of Ag consistent with NCTCPs (i.e., <2 ppm) may 
provide indications of this type of “chocolate” treat- 
ment. UV-Vis-NIR reflectance spectroscopy is also 
very useful due to the systematic differences 
between NCTCPs, CCPs, and DTCPs. An impor- 
tant feature of the reflectance spectra of brown 
NCTCPs is that the baseline is nearly flat, similar to 
that seen with gray NCTCPs. However, the base- 
lines of all the CCPs we examined always increased 
in general absorption toward the low-wavelength 
(high-energy) side of the spectra. Untreated cultured 
pearls from Mexico and South America may show a 
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similar reaction to long-wave UV as CCPs (Kiefert et 
al., 2004); however, we may expect quite different 
reflectance spectra in the UV-Vis-NIR range. In addi- 
tion, very weak or no absorptions at ~407, 497-500, 
and 650-694 nm provide good evidence of bleaching 
treatment. Strong photoluminescence with peaks at 
~620 nm and ~725 nm relative to Raman peaks from 
aragonite is a good indication of bleaching treat- 
ment, but it is not conclusive. 


CONCLUSION 


In addition to the well-known Ag-dyeing method, 
brown “chocolate’”-colored cultured pearls can be 
produced using a newly developed bleaching treat- 
ment. This method is able to turn black cultured 
pearls from Tahiti (and very likely other sources) 
with less attractive or non-uniform colors into 
those with uniform and pleasing brown colors, and 
potentially increase their market value. No chemi- 
cal evidence of foreign coloring agents was detected 
following Ballerina’s bleaching process. Treated 
brown cultured pearls, either bleached or dyed, can 
be identified based on a combination of their gemo- 
logical properties, chemical composition, and spec- 
troscopic features. 

It is important to note that treated cultured 
pearls with similar “chocolate” colors are also pres- 
ent in the market from sources other than Ballerina 
Pearl Co. (figure 14). Since the treatment process is 
proprietary, and the starting materials may come 
from various sources, there is no guarantee that 
“chocolate pearls” from other companies will show 
analogous results. 
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LEOPARD OPAL: PLAY-OF-COLOR 
OPAL IN VESICULAR BASALT FROM 
ZIMAPAN, HIDALGO STATE, MEXICO 


Robert Raymond Coenraads and Alfonso Rosas Zenil 


“Leopard opal” consists of vesicular basalt impregnated with play-of-color opal, and is known 
only from Zimapan, Hidalgo State, Mexico. The formation of this ornamental stone was made 
possible by an abundance of silica derived from the chemical breakdown of overlying volcanic 
ash layers, the permeability of the underlying basalt, and the presence of pores in the basalt of 
an aesthetically pleasing size. The even distribution and small size of the opal-filled vesicles 
makes the rock attractive when cut or carved and polished. Veinlets and irregular masses of 
play-of-color opal showing various bodycolors (red, white, and colorless to pale blue) have 
also been deposited along joints and fractures within the basalt flow. This opal deposit, which 
may have been worked in pre-Columbian times, has been explored only by a number of small 
test pits in recent years, and significant potential remains for its future development. 


ne of the authors (ARZ) spent much of his 

youth as a gambusino, or prospector, explor- 

ing remote areas of the Mexican country- 
side on horseback. In 1965, while investigating some 
bushes where a fox was hiding, he noticed flashes of 
color in a lump of vesicular basalt that proved to con- 
tain opal. Further prospecting led to the discovery of 
the deposit itself higher on the hillside. However, it is 
possible he had only rediscovered it, as an old shal- 
low trench suggested that the deposit could have 
been worked for opal much earlier, perhaps by pre- 
Columbian inhabitants of the region. (There are no 
records of opal having been found in this area by the 
Spaniards, nor are the authors aware of any recent 
opal mining other than that of ARZ.) Shortly there- 
after (in 1965), ARZ staked the mining claims that 
are known today as Gemma and Desiré. 

Because of the striking spotted appearance of the 
opal against its black basaltic host, this unique mate- 
rial became known as “Leopard opal.” Word spread, 
and soon the material attracted the attention of an 
American, Foster Conton, who visited the prospect 
and returned to the U.S. with a 6 kg sample given to 
him by ARZ. He gave the specimen to Albert Eugene 
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Upton, who after months of research and study 
decided to have the stone carved into an art piece 
that would have historical significance for Mexico: a 
likeness of Cuauhtémoc, the last emperor of the 
Aztecs (figure 1). Artisan Rafael Tapia of Taxco, 
Mexico, was commissioned to undertake the carving, 
which took seven months to complete and had a 
final weight of 3.375 kg. The silver headdress and 
mounting were made by Alejandro Gomez. The 
complete statue stands approximately 48 cm high 
and weighs a total of 8.2. kg (E. Littig, pers. comm., 
1999). Photos of this carving were published in 
Lapidary Journal (Leipner, 1969), which also adver- 
tised rough and cabochon-cut pieces of “black matrix 
opal” from this deposit. In 1970, Mr. Upton donated 
the carving to Sacred Heart College (now Newman 
University), in Wichita, Kansas. Apart from some 
samples cut and polished locally in Mexico or by for- 
eign lapidaries over the years (e.g., figure 2), and an 
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appearance of the material at the 1996 Tucson gem 
shows (Johnson and Koivula, 1996), there has been 
little public exposure of Leopard opal, and the deposit 
has lain in relative obscurity for the last several years. 

This is the only known opal deposit in the 
Zimapan area. The historical significance and geo- 
logic setting of the site, as well as the small-scale 
mining activities carried on there, have not been 
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Figure 1. Leopard opal, 
vesicular basalt impreg- 
nated with play-of-color 
opal, can be polished 
into cabochons for use 
in jewelry or employed 
as a carving material. 
This bust (3.375 kg) 
shows the likeness of 
Cuauhtémoc, the last 
emperor of the Aztecs. 
The carving is by Rafael 
Tapia, and the silver 
work is by Alejandro 
Gomez; it is part of the 
Newman University 
collection in Wichita, 
Kansas. Photo by 
Charles Rasico, cour- 
tesy of Newman 
University. 


described previously in the literature. To date it has 
been explored only by a number of small test pits, 
but the authors believe significant potential 
remains for its future development. 


A History of Mexican Opal. Long before its redis- 
covery in modern times, opal was mined and 
appreciated as a gem material by the pre-Columbian 
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Figure 2. This pre-classical-style jaguar head (44.76 x 
42.45 x 11.30 mm) carved from Leopard opal was 
fashioned by Kevin Lane Smith of Tucson, Arizona. 
Photo by Maha Calderon. 


peoples of Mexico and Central America. There are 
two terms in Nahuatl, the Aztec language, that are 
used to describe opal: quetza litzle pyolitli, meaning 
“stone which changes color in movement” (or “bird 
of paradise stone”) and huitzitziltecpatl, “stone like 
a bird of a thousand colors” (or “hummingbird 
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Figure 3. The Leopard opal deposit is located south- 
west of the town of Zimapdn in Hidalgo State, Mexico 
(after CETENAL, 1972). 
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stone”). Some of these Mexican opals were taken to 
Europe and the present United States by the 
Spaniards in the early 16th century (White, 1998). 
The Spanish monarchy, however, had more of an 
interest in finding Mexican gold, and opal is not men- 
tioned on the invoices of precious objects sent by the 
Spanish conquistador Hernan Cortés to Charles V of 
Spain during this period (Leechman, 1961). 

Eventually, many of the pre-Columbian opal 
mines were closed and their locations lost. It is 
interesting to note that Zimapan is indicated as 
the source of many old opal specimens in muse- 
ums around the world (see, e.g., Leechman, 1961, 
Heylmun, 1984b). One such example is a ring con- 
taining a “fire opal of Zimapan” (Ball, 1931) worn 
by Antonio Eusebio de Cubero in a 17th century 
portrait by Diego Velazquez. 

In the mid-1800s, the opal deposits in the state 
of Querétaro were rediscovered (see, e.g., Koivula et 
al., 1983). Numerous small open-cut mines began 
operating in the district (Heylmun, 1983a), and the 
capital, Querétaro City, became Mexico’s most 
important cutting and polishing center (Webster, 
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1983). The region has made Mexico famous for its 
fire opal, an orange-red (fiery) opal that often dis- 
plays play-of-color. Most Mexican fire opal is open- 
pit mined from hard pink-to-red Cenozoic rhyolite 
using labor-intensive hand methods (see, e.g., 
Mallory, 1969a,b; Zeitner, 1979). 

In the last 150 years, opal has been found 
throughout Mexico’s Central Volcanic Belt (Heyl- 
mun, 1984a) in the states of Querétaro, Hidalgo, 
Guanajuato, San Luis Potosi, Guerrero, Michoacdn, 
Jalisco, and Nayarit. Detailed locality maps and 
descriptions of the mines were published in a series 
of articles by Heylmun (1983a,b,c). The wide vari- 
ety of opal types found in Mexico and their local 
nomenclature are described by Heylmun (1984a). 

Other Mexican opals, in addition to fire opals, 
show play-of-color, and some of these are legendary 
among early Mexican production. The Aztec Sun 
God opal, a 36 x 34 x 15 mm, 94.78 ct stone, is 
believed to originate from Mexico; it has a transpar- 
ent pale blue bodycolor and displays blue, green, 
yellow, and red play-of-color (White, 1998). This 
opal is carved into an image of the sun with a 
human face. Another notable opal, El Aguila 
Azteca (The Aztec Eagle), was discovered in an 
excavation in Mexico City around 1863 and is 
believed to have been part of the treasures of the 
Aztec ruler Moctezuma II (1502-1520). This 32 ct 
eagle’s head was said to “exhibit an infinite series 
of prismatic colors from a pale lavender to deep 
ruby red” (White, 1998, p. 46); its present where- 
abouts are unknown. 


LOCATION 


The Leopard opal deposit is located 14 km south- 
west of the town of Zimapan in Hidalgo State at 
20°41.8’ N, 99°27.7’ W (figure 3). The site is not 
open to the public, and permission to visit must be 
obtained from the second author (ARZ). The mine 
is accessed by a rough dirt track that winds its way 
to the base of La Piedra Grande (The Big Rock, or 
Tandhé in the local Otomhé language), a peak that 
forms part of a NW-SE trending range. The last 
kilometer of the track must be negotiated using a 
4-wheel drive vehicle or on foot. The mine is locat- 
ed at an elevation of about 2000 m, at a break in 
slope caused by a change in rock type (figures 4 and 
5). A number of small pits and trenches that have 
produced opal-bearing material may be seen here 
lying in a trend that follows the geologic contact 


(figure 6). 
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Figure 4. The Leopard opal workings are located at 
2000 m on a ridge that projects eastward from the 
side of the peak known as La Piedra Grande or 
Tandhé (right, background). The workings (yellow 
arrow) are located along the contact between the 
softer white tuffs and breccias above and the harder 
dark vesicular basalts below. The road leading to the 
mine can be seen as a light line on the darker unit. 
Photo by R. Coenraads. 


GEOLOGIC SETTING 

The geology of the region around Zimapan was 
described by Carrillo and Suter (1982). The opal 
deposit is hosted by a sequence of undifferentiated 
Tertiary-Quaternary age volcanic rocks. On the 
northeastern slopes of the range (again, see figures 4 
and 5), the lower portion of the sequence consists of 
intercalated lava flows, the most dominant being a 
massive red-brown quartz porphyry that is clearly 
visible in the field as a cliff-forming unit. Above 
these lava flows, and extending to the top of the 
range, is a series of light-colored units ranging from 
fine ash-fall tuffs and breccias to layers of pyroclas- 
tic blocks (solid rocks blown out of an erupting vol- 
cano) up to 50 cm across. The entire volcanic 
sequence has been tilted about 20° southwest and 
has been offset locally by faulting. 

At the mine site, a discontinuous unit of vesicu- 
lar basalt is found along the contact between the 
lava flows and overlying pyroclastic layers (again, 
see figure 5). Vesicular basalt forms when water 
vapor and gases such as carbon dioxide cannot 
escape quickly enough from the cooling lava, thus 
leaving open cavities, or vesicles. The basalt erupt- 
ed as a lava flow that probably filled a small valley. 
The vesicles are typically stretched into cylindrical 
shapes, formed as the hardening (but still plastic) 
lava continued to flow downhill. There are more 
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owner states: “Its dimensions are 32x 21 
x18 millimeters. It is crystallized in the 
orthorhombic system and has a hardness of 
7.5. The pleochroism is very strong, chang- 
ing from yellow-green to red when viewed 
parallel to the long axis of the crystal.” 


Report Kimberlite Pipe 
In Belgian Congo 


Evidence of a kimberlite pipe in the 
Belgian Congo has been established for the 
first time since alluvial diamonds were dis- 
covered in the gravels of Sasatchie River, 
in the Kasai region, by George Young 30 
years before. A report of this find was made 
by Dr. Ivan De Magnee gf the University 
of Brussels at the International Geological 
Congress in London last year. A portion of 
the abstract presented, as published in the 
Diamond News, follows. 

“At the end of 1946, a geophysical pros- 
pecting mission (Belgian centre for geo- 
physical prospecting studies) had the good 


fortune to verify the existence of kimberlite, 
“yellow ground,’ hidden under a_ thick 
sandy covering. 

“The decomposed kimberlite is enclosed 
between horizontal limestones of the Bushi- 
maie (Precambrian) system. Electric bor- 
ings indicated that the limestones were dis- 
tinguished by an electrical resistivity higher 
than that of the yellow ground. 

“A series of sections of resistivity in 
diverse directions show an oval zone of low 
resistivity, covering about 15 hectares.* This 
zone was considered to represent the extent 
of a pipe of kimberlite. 

“Eventually shafts were dug one way 
and the other for verification of the limits 
assigned to the kimberlite.”’ 

The pipe is said to be approximately 
400 meters in diameter. Altered to yellow 
ground, it contains characteristic crushing 
bort. Further work indicates the existence 
of other pipes. 

For the past 15 years the Belgian Congo 
has been the largest producer of diamonds 
in the world. It currently produces about 
75% of the world’s crushing bort, while 
of the 5,474,469 carats produced by the 
district in 1947 only 7.1% were diamonds 
of gem quality. Since the. discovery of 
alluvial diamonds in 1916 there has been 
an all time production in the colony of 
109,068,500 carats although the major 
portion has been industrials. 


Gift to the Institute 


Recently Dr. Edward J. Gubelin of Lu- 
cerne, Switzerland presented the Gemolog- 
ical Institute of America with 32 additional 
Photomicrograph Color Slides showing in- 
clusions in gemstones. This new collection 
from Dr. Gubelin includes Siam Sapphire, 
Fluorspar, Moss Agate, Diamond, Ceylon 


Ruby, Aquamarine, Adventurine quartz, 
*Corresponding to 371% actes. 
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Figure 5. The zone of opalization occurs within the top few meters of a vesicular basalt that is overlain by ash and 


breccia layers, as seen in the cross-section on the left. The entire sequence dips about 20° southwest. In the photo 
on the right, looking across the valley to the north of the exploration area, the contact between the well-bedded, 
whitish volcanic tuffs and breccias, and the underlying darker, featureless basalts is clearly visible. The bedding 
and the contact are folded and displaced by faulting (visible as diagonal lines). Photo by R. Coenraads. 


gas bubbles toward the top of the lava flow because 
the gases that slowly rose through the still-molten 
interior remained trapped below the hardened 
upper skin. Here, the vesicles are sufficiently 
numerous that the rock has become quite porous 
and permeable to groundwater. The basalt was, in 
turn, overlain by ash-fall tuff and breccia units 
deposited during a series of explosive volcanic erup- 
tions. The ash-fall units are also very porous, and 
the feldspar and silica glass—rich portions have 
largely weathered to clay. The presence of abun- 
dant cryptocrystalline silica films coating the sur- 
faces of faults and fractures in the lower units sug- 
gests that the reaction associated with this weath- 
ering process liberated significant quantities of sili- 
ca, which migrated downward and precipitated into 
any available open space. 

The elongated vesicles or gas cavities in the 
basalt are filled with transparent colorless opal to 
semi-opaque opal of various bodycolors ranging 
from white to pink or pale blue. In some hand speci- 
mens, the different bodycolors appear to run in par- 
allel bands or patches (figure 7). The opal displays 
play-of-color ranging from red to violet. 

Together with the vesicle-filling opal, two dis- 
tinct generations of play-of-color opal are also 
found filling fractures in the basalt. These are a 
translucent reddish orange opal (figure 8) typical of 
the fire opal for which Mexico is renowned, and a 
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colorless, transparent to pale blue translucent vari- 
ety similar to the opal found in the basalt vesicles. 


EXPLORATION AND MINING 


Since 1965, occasional activities by one of the 
authors (ARZ) and his family have left several small 
shallow exploration and mining pits spread out 
along the geologic contact for a distance of several 
hundred meters. The section of the old trench found 
by ARZ, and thought by the authors to be pre- 
Columbian workings (again, see figure 6, right), also 
follows the contact. The excavations by ARZ show 
that opal has permeated the top of the basalt flow, 
but with a patchy and discontinuous distribution 
parallel to the contact. Exposures in the pit shown 
in figure 6, left, reveal that the concentration of opal 
in vesicles and along fractures is highest at the 
upper surface of the basalt, which is in direct con- 
tact with the overlying tuffs. The concentration of 
opal falls off rapidly within several meters. At 
greater distances from the contact, the basalt vesi- 
cles are empty. Approximately 1,500 kg of Leopard 
opal have been removed from these excavations 
using simple hand-mining techniques, and almost 
all of this production has been sold in the U.S. The 
6 kg piece used for the Cuauhtémoc carving (again, 
see figure 1) is the largest found to date. Most pieces 
recovered weigh less than 1 kg. 
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and the vesicular basalt. The top of the black basalt lava flow has been exposed, with the hollows and depressions 
of its surface still filled by white tuff. The opal is concentrated in the vesicles and fractures in the top of this basalt 
flow. In the photo on the right, the surface expression of the contact between the white tuff (left) and the darker 
basalt (right) is clearly visible, and a shallow depression can be seen running along the contact. This trench may 
represent pre-Columbian workings of this opal deposit, as the types of opal recovered here are consistent with 


those used in pre-Columbian pieces. Photos by R. Coenraads. 


The fire opal and pale blue opal is found in thin 
veins (again, see figure 8) crisscrossing the deposit. 
The veins thicken in places up to about 2 cm, but 
the opal tends to fragment into small pieces when 
dug out. Most is milky and sun-damaged, but it 
recovers its original appearance and play-of-color 
when wet. To date, there has been no exploration 
for this vein opal at depth, where unweathered 
material may exist. It is possible that this was the 
type of opal being sought in the pre-Columbian 
workings, as it closely matches descriptions of the 
above-mentioned historic pieces, and it is the only 
known locality of such material in the Zimapan 
area. 

More extensive exploration and deeper mining 
of the geologic contact in the vicinity of the earlier 
workings could yield good quantities of opal. The 
geologic contact also needs to be followed along 
strike, beyond the known area of opal occurrence, 
where it may have the potential to produce similar 
opal-bearing material on adjacent hillsides. 
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Figure 7. This sample of vesicular basalt (15 cm) 

was collected near the contact of the lava flow and 
overlying tuffs and breccias. Most of the vesicles in 
this sample are filled with transparent-to-translucent 
opal, and a distinct zonation in opal bodycolor is vis- 
ible. Photo by R. Coenraads. 
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— _ * aM 
Figure 8. Translucent opal displaying an orange-red 
bodycolor (fire opal) fills cracks and fractures in the 
vesicular basalt near the contact. The opal appears to 
have deposited at the narrowing ends of fractures; 
some of it shows play-of-color. A Mexican coin (2.5 
cm) is provided for scale. Photo by R. Coenraads. 


Figure 9. Samples of opal from Zimapén used for this 
study include a 205 ct polished sample (top), a 100 ct 
polished sample (center), and a 6.87 ct cabochon (cen- 
ter left) of Leopard opal; 9 g of fire opal (bottom right); 
and 5 g of colorless to pale blue opal (bottom left). 
Photo by R. Coenraads. 
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MATERIALS AND METHODS 


About 2. kg of Leopard opal and chips of opal from 
the veins were collected by the authors for study. 
The material, shown in figure 9, includes 9 g of red- 
dish orange fire opal, 5 g of colorless to pale blue opal, 
and a 6.87 ct cabochon from the personal collection 
of ARZ. Prior to gemological testing, flat faces were 
polished on several of the vein opal chips, and two 
pieces of the rough Leopard opal were ground smooth 
and polished on one side, yielding final weights of 
205 ct and 100 ct. These two Leopard opal samples 
were prepared according to the guidelines recom- 
mended for this porous material (Leipner, 1969). The 
material was soaked in water prior to slabbing, sawn 
using a water-soluble mixture (i.e., not oil), and was 
polished with darker polishes rather than light-col- 
ored polishes that are difficult to remove from the 
pores. Excessive wheel speed and pressure were 
avoided, as these can generate heat that might dam- 
age the opal. The 6.87 ct cabochon showed minor 
undercutting of the opal spots, since opal, with a 
Mohs hardness of slightly less than 6, is softer than 
the feldspar of the basalt matrix, which has a hard- 
ness of 6-6.5. Specimens with a more careful sample 
preparation showed no variation in surface relief. 

All samples were examined with a 45x binocular 
microscope and viewed in a darkened room with a 
Raytech short- and long-wave UV lamp. Spot refrac- 
tive index (R.I.) readings were conducted using a 
Topcon refractometer, and specific gravity (S.G.} 
was determined for opal pieces without matrix 
using an Oertling R42 hydrostatic balance. A stan- 
dard thin section (0.03 mm) of the Leopard opal was 
cut at New South Wales University in Sydney for 
study with a polarizing petrologic microscope. 

Small pieces of fire opal and colorless “crystal” 
opal from veins within the Leopard opal deposit, both 
exhibiting good play-of-color, were crushed for X-ray 
diffraction (KRD) analysis at the Australian Museum 
laboratory in Sydney, and the results were compared 
to standard scans by Diffraction Technology, 
Canberra, Australia. Other samples from the veins 
were etched in hydrofluoric acid vapor for times vary- 
ing between 90 seconds and several minutes to reveal 
their internal structure, gold coated, and then imaged 
using the scanning electron microscope (SEM) at the 
University of Technology, Sydney. 


RESULTS 


In hand specimens, the black basalt takes a high 
polish, thereby providing a good background for the 
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“leopard spots” of play-of-color opal. The loupe and 
binocular microscope provide conclusive identifica- 
tion of the material. In figure 10, the 205 ct sample 
shows a distinct elongation and orientation of its 
opal-filled vesicles, and also a marked opal bodycol- 
or zonation from blue to white, similar to that visi- 
ble in some of the rough hand specimens (again, see 
figure 7). Figure 11 shows several views of the vesi- 
cles of the 100 ct sample; these are filled with trans- 
parent opal displaying play-of-color domains that 
are continuous over several vesicles. Detailed exam- 
ination (figure 11, center) revealed that the vesicles 
are highly irregular in shape. Although some have 
remained empty (see the bottom right corner of the 
photo), most appear connected to one another by 
channels along which the silica-bearing fluids could 
migrate. The inside walls of the vesicles are white, 
which suggests that a thin coating of another miner- 
al was deposited before the vesicles were filled with 
opal (again, see figure 11). At higher magnification 
(figure 11, right), long thin colorless feldspar crystals 
are visible in the dark basalt matrix. 

The thin section (figure 12) revealed that the 
basalt in this specimen is unweathered and consists 
of abundant microscopic (0.1-0.2 mm) euhedral 


Figure 10. This detail from the 205 ct polished sample 
in figure 9 displays oriented (bottom right to top left) 
irregularly shaped vesicles filled with opal that varies 
in bodycolor from blue (bottom) to yellow, pink, and 
white (top). Photo by Graham Henry; field of view is 
18 mm high. 


Figure 11. In this series of photomicrographs, the 100 ct polished sample in figure 9 also shows oriented vesi- 
cles filled with colorless opal displaying play-of-color. A domain displaying red play-of-color continues over 
two vesicles (left). At higher magnification (center), this sample shows an irregular-shaped vesicle that illus- 
trates the interconnected channelways through which the silica-bearing fluids originally migrated. At right, 
the basalt host reveals numerous elongated transparent feldspar crystals oriented parallel to the direction of 
elongation of the vesicles. These would have been parallel to the original flow. Photomicrographs by Graham 
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Henry; height of field of view is 11 mm (left), 4 mm (center), 3 mm (right). 
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polarized (normal) light, the opal in the cavities appears colorless. A thin yellowish line (appearing white in hand 
specimens) is visible around the opal in each cavity. This unknown fibrous mineral lined the inside of the vesicles 
prior to deposition of the opal. The basalt is comprised of abundant well-formed rectangular crystals of white 
feldspar together with minor opaque minerals (black grains) in a brown glassy groundmass. At center, the thin sec- 
tion of Leopard opal is viewed between crossed polarizers. The elongated feldspar crystals show a preferred orienta- 
tion approximately parallel to the lava flow direction, and the opal displays blue and green diffraction colors. In 
some cases, the opal diffraction color is consistent across several vesicles, while in others several opal domain 
boundaries lie within a single cavity. At right, the homogenous blue color indicates that the opal precipitated as a 
single domain of ordered spheres across the large irregularly shaped vesicle. Photomicrographs by R. Coenraads; 
height of field of view is 0.9 mm (left), 2.2 mm (center and right). 


feldspar crystals, these are oriented more-or-less par- 
allel to the direction of the original lava flow (figure 
12, center). The vesicles vary in size up to ~1-3 mm, 
and are also elongated in the direction of flow 
(again, see figure 12, center). When viewed between 
crossed polarizers, some of the opal in the vesicles 
remained dark upon rotation through 360°, as 
would be expected from an amorphous material, 
while some displayed diffraction colors (figure 12, 
center and right). Such colors are typical in thin sec- 
tions of opal showing play-of-color (R. Flossman, 
pers. comm., 1999) because of the pseudo-crys- 
talline nature of the material caused by the regular 
arrangement of its silica spheres. Consistent colors 
are often visible over several adjacent vesicles, indi- 
cating that the orderly deposition and arrangement 
of silica spheres proceeded unimpeded within the 
framework of the host basalt. 

Viewing Leopard opal with UV radiation high- 
lights the inhomogeneous nature of the material. 
The basalt matrix is inert to UV, while the opal 
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stands out as bluish white spots (stronger under 
long-wave than short-wave UV) against the black 
background (figure 13). 

Determinations of S.G. and R.I. are not meaning- 
ful for Leopard opal, since they will invariably 
reflect a mixture of basalt, opal, and porosity (for 
example, the 6.87 ct cabochon showed a 4% weight 
gain when left in water overnight). The S.G. range 
of small pieces of opal without matrix was 
2.05-2.15. A spot R.I. of ~1.46 was obtained from 
pieces of opal with polished faces, which is consis- 
tent with prior tests (Johnson and Koivula, 1996). 

The XRD scans for the reddish orange and color- 
less opal showed them both to be opal-CT, that is, 
having a disordered cristobalite-like structure with 
varying degrees of tridymite stacking (Elzea and 
Rice, 1996). 

Etching of the opal for SEM imaging proved to be 
more difficult than expected, implying that etch rates 
for both the spheres and their matrix are more uni- 
form than those seen in most other opal. We were 
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Figure 13. When this 
6.87 ct cabochon (left, 
under normal lighting) is 
exposed to long-wave 

UV radiation (right), the 
basalt matrix is inert, 
while the opal stands 
out as bluish white spots 
(stronger under long- 
wave than short-wave 
UV) against the black 
background. Photos by 
Robert Weldon. 


therefore unable to use the SEM to discern the inter- 
nal structure responsible for the opal’s play-of color. 


DISCUSSION 

Opal-CT is typical of volcanic opal from Mexico 
(Smallwood, 2000; Fritsch et al., 2002), and this iden- 
tification indicates that the Zimapan opal formed at 
reasonably low temperatures, probably between 
100°C (Elzea et al., 1994) and 190°C (Rondeau et al., 
2004). According to Elzea et al. (1994), it may have 
precipitated originally at even lower temperatures 
(~45°C; Rondeau et al., 2004) as opal-A (i-e., with an 
amorphous pattern) from silica-rich solutions due to 
water interacting with silica-rich volcanic ash and 
tuff, and then converted to opal-CT during heating 
associated with regional tectonic uplift. There 
appear to have been at least two phases of opal depo- 
sition, as indicated by the presence of opal of two 
distinct bodycolors in the veins. As the orange-red 
bodycolor of fire opal is caused by iron-rich nanoin- 
clusions (Fritsch et al., 2002), some of the silica-bear- 
ing fluids undoubtedly were iron-bearing. 

The simultaneous occurrence of a number of fac- 
tors, all critical to the formation of opal showing 
play-of-color in a vesicular basalt, highlights the rar- 
ity of this Mexican Leopard opal and the low likeli- 
hood of finding a similar deposit elsewhere: 


1. Availability of silica. It is reasonable to assume 
that the silica-bearing solutions responsible for 
the deposition of the opal in the vesicles and frac- 
tures within the basalt flows percolated down- 
ward from the immediately overlying felsic tuffs 
and breccias. 


2. Permeability of the vesicular basalt and porosity 
with an advantageous size. Permeability is 
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essential for the silica-bearing solutions to pene- 
trate the basalt and reach most of the open 
spaces. The size of the vesicles is also important, 
since the abundant, but small, vesicles and their 
uniform distribution, are necessary for an appeal- 
ing product. Fractures in the basalt have allowed 
accumulations of pale blue opal and fire opal 
that are also of interest. 


3. Environmental factors. These would have favored 
the formation of opal instead of cryptocrystalline 
silica, and also favored formation of play-of-color 
opal over common opal (potch). The silica-bear- 
ing waters would need to be introduced over a 
sufficiently long period of time and at relatively 
low temperatures to lead to the precipitation of 
opal-CT (Elzea et al., 1994). We can assume that 
the deposit has not been subject to a significant 
heating event, which would have led to recrystal- 
lization of the opal into a more common cryp- 
tocrystalline silica product. 


CONCLUSION 


Significant potential for Leopard opal exists within 
the upper portion (top few meters) of the vesicular 
basalt flow, adjacent to the contact with the overly- 
ing tuffs and breccias. There is also potential for the 
recovery of play-of-color opal and fire opal from 
cracks and fractures in the upper surface of the 
basalt. Apart from the shallow trenches that may 
represent pre-Columbian workings and the small 
exploration pits opened up by one of the authors 
(ARZ), the Zimapan deposit of Leopard opal has not 
been developed and few in the gemological com- 
munity are aware of the potential of this material. 
At least several hundred meters of contact exposed 
on the hillside remain unexplored. 
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THE CAUSE OF IRIDESCENCE IN 
RAINBOW ANDRADITE 
FROM NARA, JAPAN 


Thomas Hainschwang and Franck Notari 


“Rainbow” andradite from Nara, Japan, occurs as relatively small orangy brown crystals that 
show attractive iridescence in almost the entire range of the spectrum. The material is nearly 
pure andradite, as determined by its chemical composition and Vis-NIR and specular 
reflectance FTIR spectra. Microscopy revealed that two different types of lamellar structures 
appear to be responsible for the iridescent colors. These lamellar structures cause predominantly 
thin-film interference and most likely diffraction of light. The terms interference and diffraction 
are explained and correlated to the structure and iridescence observed in these garnets. 


arnets with optical phenomena are not 

commonly encountered, although several 

types are known, including color-change, 
star, cat’s-eye, and, rarely, iridescent garnets. Color- 
change garnets are usually pyrope-spessartine, 
while star garnets are generally almandine or 
pyrope-almandine. Iridescence in garnet is known 
only in andradite and grossular-andradite (also 
called “grandite”’). 

These iridescent garnets are mainly known from 
Sonora, Mexico (see Koivula, 1987; Koivula and 
Kammerling, 1988; Badar and Akizuki, 1997; Boehm, 
2006). They were initially described several decades 
ago from a locality in Nevada (Ingerson and 
Barksdale, 1943), the same authors mentioned simi- 
lar andradites from Japan (Kamihoki, Yamaguchi 
Prefecture, Chugoku Region, Honshu Island). 
Iridescent garnet from Japan’s Nara Prefecture (figure 
1) was discovered in 2004, and the material has been 
described by Shimobayashi et al. (2005). More recent- 
ly, iridescent andradite was found in New Mexico 
(Burger, 2005). The purpose of this article is to 
describe the new iridescent garnet from Japan and to 
attempt a detailed explanation of the color phe- 
nomenon observed in this attractive material. 
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LOCATION, GEOLOGY, MINING, 
AND PRODUCTION 


“Rainbow” andradite from Nara Prefecture was first 
recovered in early 2004 by several groups of mineral 
collectors near the old Kouse magnetite mine at 
Tenkawa in the Yoshino area (Y. Sakon, pers. 
comm., 2005). This region lies approximately 60 
km southeast of Osaka, and is about 400 km east of 
the Kamihoki locality described by Ingerson and 
Barksdale (1943; figure 2). Rocks in this area form 
part of the regional metamorphic Chichibu belt, 
which lies just south of the Sanbagawa belt 
(Takeuchi, 1996). 

The first garnets recovered were not of high 
quality, but in September 2004 a local mineral col- 
lector (J. Sugimori) found an outcrop containing 
gem-quality andradite [i.e., strongly iridescent and 
relatively “clean” material). Over the next four 
months, he used hand tools to follow the vein to 
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a depth of 5 m. Well-formed crystals showing 
spectacular iridescence (again, see figure 1) have 
been sold through the Internet and mineral dealers 
in Japan. Several hundred kilograms of this 
Rainbow andradite were recovered, and a small 
proportion of it was gem quality. Some cabochons 
have been cut, and rare faceted examples also exist 
(figure 3). In August 2005, local authorities from 
Tenkawa village prohibited additional garnet 
recovery from the area to curtail a mining rush [Y. 
Sakon, pers. comm., 2005). 


MATERIALS AND METHODS 


To characterize this material, and better understand 
the cause of the phenomenon, we examined 60 iri- 
descent garnets from Nara that we obtained from 
Japanese gem and mineral dealers involved with 
mining there: a 2.19 ct freeform cabochon (again, 
see figure 3], three rough samples with polished 
faces (4.84, 6.12, and 8.03 ct), and 56 rough samples 
(0.25-3.60 g). For comparison, we examined one par- 
tially polished Rainbow garnet of 18.82 ct from 
Sonora, Mexico. 

All samples were examined with a gemological 
microscope, using reflected and transmitted light, to 
study their iridescence and microstructure. The 
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Figure 1. A new source 
of Rainbow andradite 
from Nara, Japan, has 
produced samples with 
spectacular irides- 
cence, as seen in these 
unpolished specimens. 
The crystal face on the 
left (photomicrograph 
by T. Hainschwang) is 
magnified 20x, and the 
crystal in the inset is 
1.7 cm wide (photo by 
Ms. Bee). 


luminescence of all the samples was observed using 
a standard long- and short-wave ultraviolet (UV) 
lamp (365 and 254 nm, respectively). We deter- 
mined refractive index and specific gravity (by 
hydrostatic weighing) for three of the Nara samples. 

We used a JEOL 4800 scanning electron micro- 
scope (SEM) equipped with an energy-dispersive 
X-ray (EDX) spectrometer to obtain images in 
backscattered electron (BSE) mode and semiquan- 
titative chemical point analyses of one 6.22 ct 
Nara sample. The sample was prepared as a 
cuboid, with one face polished parallel to a dodec- 
ahedral face and four faces polished perpendicular 
to dodecahedra, in order to resolve the structure of 
the material; the dodecahedral face remained 
unpolished. The beam voltage was 15 kV, with a 
beam current varying from 10 to 200 pA, depend- 
ing on the magnification used. 

The trace-element composition of five larger 
(8.40-15.87 ct) Nara crystals was investigated with 
a Thermo Noran QuanX energy-dispersive X-ray 
fluorescence (EDXRF) system with a Si detector 
cooled by a Peltier battery. The EDXRF spectra 
were recorded with acquisition times of 300-1000 
seconds, under vacuum to limit the presence of 
argon, and with sample rotation to avoid diffraction 
artifacts. 
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Rock Crystal, Opal Glas, Moonstone, AI- 
mandine, and four of Reconstructied Rubies. 
This increases his contribution of excellent 
colored photomicrograph slides in the Insti- 
tute’s library to approximately 250. 

Dr. Gubelin, who is a member of the edi- 
torial board of this publication and the only 
research member of the Institute, is now 
completing a book concerning the recog- 
nition of characteristic gemstone inclusions 
as a means of identifiation. This book will 
be published by the G.LLA. and released 
early this spring. j 


Diamond Review 
(From page 113) 


in Puerto Rico experienced difficulties dur- 
ing 1947 due to a shortage of rough. 

During the past two years Great Britain 
has increased its cutting industry from 500 
to approximately 650. In France there are 
some 580 cutters and 120 apprentices. Can- 
ada’s infant diamond industry is said to 
employ some 600 men cutting and setting 
diamonds. 

Of negligible importance in the cutting 
industry are India, Borneo, Mexico, Vene- 
zuela, British Guiana, and Egypt. 

INDUSTRY FUTURE 

In 1947, for the first time in several years, 
a new use was introduced for the consump- 
tion of diamonds commercially. Being sensi- 
tive to radioactivity, colorless crystals .are 
being used as counters for alpha, beta, and 
gamma rays, replacing the Geiger-Muller 
counter. The practical indestructibility of the 
diamond as compared tothe ordinary 
counter, plus its small size, doubles its use- 
fulness both for use in the human body and 
in industrial equipment. It is a new alarm 
instrument to protect lives of atomic 
workers. 

According to Dr. Ball, 1947 was a good 
year for the diamond industry although not 
as prosperous a one as 1946. He optimizes: 
“The industry is in an enviable position, its 
stocks are low, and the operating units are 


in a strong financial position. The world 
today seems capable of absorbing all the 
gemstones the mines can produce and gov- 
ernment stockpiles would welcome an over- 
supply of industrials.” 


Light 
(From page 118) 


better understand the resolution of the vibra- 
tions and their amplitudes let us construct 
at the right side, Figure 5 A a line P-P’ 
which we will say represents the amplitude 
of vibrations in plane or direction P-P’ 
which enters the section from below hav- 
ing passed through the polarizer. Now 
the vibration P-P’ will be resolved into two 
vibrations at right angles to each other and 
which will be parallel respectively to o 
and e of the section. In the figures o and e 
graphically represent the direction and am- 
plitudes of such vibrations by application 
of the principles of the parallelogram of 
forces. The two rays emerge from the 
analyzer above. Since the planes of vibra- 
tion in the analyzer are parallel to A-A’ 
and P-P’, these two rays o and e will resolve 
each into two new rays which will vibrate 
now parallel to A-A’ and P-P’. The two 
rays designated and shown as P and P’ in 
Figure 5B, will be absorbed by the analyzer 
but the rays marked A and A’ will emerge 
and meet the eye. These are developed 
graphically as previously stated. The section, 
therefore, will’ be illuminated. It follows 
that the section will be illuminated in all 
positions in which the directions of vibra- 
tions of the polarizer and analyzer are 
inclined to the vibrating directions within 
the section proper. Maximum transmission 
through the whole will be when the vibra- 
tion directions in the section are at an angle 
of 45° as referred to the polarizer system. 

In addition to being illuminated, the 
section, if thin, will also be colored. This 
color is due to interference and is known as 
the Interference Color of a (or the) thin 
section. 

(to be continued ) 
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The infrared spectra of five Nara samples 
exhibiting smooth crystal faces were recorded at 4 
cm! resolution with a PerkinElmer Spectrum BXII 
FTIR spectrometer equipped with a Deuterated Tri- 
Glycine Sulfate (DTGS) detector. A PerkinElmer 


RUSSIA 


(Area enlarged above) 


Figure 2. Rainbow 
andradite from Nara 
Prefecture was first 
recovered in early 2004 
from the Tenkawa area, 
located approximately 
60 km southeast of 
Osaka. This deposit is 
about 400 km east of 
Japan’s original source 
for this garnet, near 
Kamihoki. 


JAPAN 


fixed angle specular reflectance accessory was used 
for specular reflectance spectra. 

We recorded visible—near infrared (Vis-NIR} 
absorption spectra in the 400-1000 nm range for 
three highly transparent samples and a small trans- 


Figure 3. Both cabochon-cut and faceted Rainbow andradite have been produced, typically in freeform shapes. 
The cabochon on the left weighs 2.19 ct (photo by T. Hainschwang) and the faceted stones on the right are 
6.43-11.39 ct (gift of Keiko Suehiro, GIA Collection nos. 36136-36138; photo by C. D. Mengason). 
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parent chip (in order to resolve the 440 nm band), 
using a custom-made SAS2000 system equipped 
with an Ocean Optics $D2000 dual-channel spec- 
trometer with a resolution of 1.5 nm. A 2048-ele- 
ment linear silicon CCD detector was employed. 


RESULTS 


Standard Gemological Testing. All of the Nara 
garnets had an orangy brown bodycolor, but they 
exhibited a variety of iridescent colors. Depending 
on the viewing orientation and the particular crys- 
tal face, the phenomenon varied from a single 
color to a range of colors that shifted as the face 
was moved (see, e.g., figure 4). Some samples also 
exhibited “white” flashes that appeared to result 
from several overlapping colors due to the com- 
bined interference from multiple layers. 
Microscopic examination indicated the pres- 
ence of a rather complex lamellar (thin-layered) 
structure (figure 5). Observation of well-formed 
dodecahedral crystals demonstrated that the irides- 
cence-causing lamellae were most probably orient- 
ed parallel to the dodecahedral {110} faces. Thus, 
six sets of lamellae were present in these garnets, 
each parallel to two {110} faces. These lamellae 
caused broad flashes of one or two nonspectral col- 
ors (usually “golden,” pinkish red, and blue-green) 
visible on the {110} faces, always of a relatively 
weak intensity (figure 6). (“Nonspectral” colors 
are combinations of spectral colors, which can be 
seen as a continuous spectral distribution or a 
combination of primary colors; most colors are 
nonspectral mixtures.) Brighter and more varied 
colors were seen on faces oblique to the {110} faces 
(again, see figures 1 and 4). These irregular striated 
faces were apparently formed by intergrowth, dis- 
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Figure 4. Very colorful 
and strong iridescence, 
varying from a range of 
spectral colors (left) to 
broad flashes of a single 
color (right), can be 
seen in the andradite 
as the viewing angle 
changes. Colors such as 
these were seen on 
faces oblique to {110}. 
Photomicrographs by 
T. Hainschwang; mag- 
nified 40x (left) and 
60x (right). 


tortion, and possibly twinning. According to 
Shimobayashi et al. (2005), the {211} trapezohedral 
faces are also present on some of the Nara garnets, 
but we did not see them on our samples. The iri- 
descent colors were not only observed on the sur- 
face of the garnets, but they were also seen deep 
within the more transparent stones. 

Besides the lamellar structure parallel to {110}, 
we also observed an irregular, wavy, step-like 


Figure 5. A complex lamellar structure was apparent 
in the garnets. Thin-film lamellae oriented parallel to 
the dodecahedral {110} faces formed the predominant 
microstructure of the bright, colorful parallel bands. 
Photomicrograph by T. Hainschwang; magnified 10x. 
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Figure 6. Weak iridescence created broad flashes of nonspectral colors on the dodecahedral {110} faces of the 
Nara andradites. The colors included “golden” and pinkish red (left, 6.44 ct), greenish blue (center, 9.16 ct), 
and less commonly bluish purple (right, magnified 15x). The photo on the right also shows (at bottom) the 
intense lamellar iridescence that is oblique to the dodecahedral face. Photos by T. Hainschwang. 


lamellar structure on the dodecahedral faces (figure 
7), which was more distinct on practically all faces 
inclined to the dodecahedra. These two types of 
lamellar structure are apparently unrelated growth 
phenomena. Shimobayashi et al. (2005) measured a 
spacing of ~10—20 um in the wavy structure; how- 
ever, they did not assign any phenomenon to these 
lamellae. In contrast, our microscopic observations 
suggested that this lamellar structure does play a 
role in the iridescence, even though the lamellae are 
relatively widely spaced, clearly above the spacing 
of 100-1000 nm required for a thin-film interfer- 
ence phenomenon (Hirayama et al., 2000). On cer- 
tain faces, crossed iridescent colors could be seen 
that appeared to be caused by both the narrow 
lamellae and the widely spaced wavy lamellae (fig- 
ure 8). We believe that the moiré-like pattern 
caused by these crossed iridescent colors is also the 
result of an interference effect: The crossed grids 
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cause interference and therefore appear distorted. 

The refractive index of these garnets was above 
the limit of the refractometer (>1.81), as expected 
for andradite. The specific gravity varied slightly 
from 3.79 to 3.82. As expected for iron-bearing gar- 
nets, the samples were inert to short- and long-wave 
UV radiation. 


EDXRF Chemical Analysis. The EDXRF data con- 
firmed that these samples were basically the calci- 
um-iron garnet andradite. Traces of Al and Mn were 
detected, which most likely indicated very small 
grossular and spessartine components. 


SEM-BSE Imaging and EDX Chemical Analysis. 
The SEM analysis was performed on a face pol- 
ished perpendicular to {110}. BSE imaging (figure 9) 
revealed a structure consisting of fine lamellae 
(with different chemical compositions) parallel to 


Figure 7. In addition to 
the fine lamellar struc- 
tures parallel to {110}, 
coarser-scale, wavy, step- 
like structures were seen 
on practically all faces 
inclined to the dodeca- 
hedra. They appear to 
produce iridescence col- 
ors through a diffraction 
effect. Photomicrographs 
by T. Hainschwang; 
magnified 30x (left) and 
45x (right). 
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Figure 8. On some of the faces, a moiré pattern was 
visible, which was apparently related to the wavy 
structure seen on most of the faces of these garnets. 
The example shown here has overlapping bright pink 
to blue to greenish blue iridescence on a face that is 
oblique to a dodecahedral face. Photomicrograph by 
T. Hainschwang; magnified 25x. 


the {110} face. In the BSE image, darker zones are 
of lower mean atomic number and lighter zones 
are of higher mean atomic number. 

The lamellae were of varying thicknesses, rang- 


Figure 9. In this backscattered electron (BSE) image of 
the fine lamellae parallel to {110}, the brighter zones 
(with a higher mean atomic number) correspond to 
pure andradite, while the darker zones (with a lower 
mean atomic number) are andradite with a grossular 
component. BSE image width ~80 um. 
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ing from about 100 nm to approximately 10 um; 
they appeared to average 100-1000 nm (0.1—1 um). 
This range is in good agreement with that deter- 
mined by Shimobayashi et al. (2005). 

The semiquantitative EDX chemical point anal- 
yses performed on darker and lighter lamellae indi- 
cated higher aluminum and lower iron in the dark- 
er (lower mean atomic number) zones, whereas the 
lighter (higher mean atomic number) zones were 
richer in iron and poorer in aluminum. The darker 
zones on the BSE image contained about 1-1.5% 
less iron than the brighter zones and about the 
same or more aluminum. Thus, the brighter lamel- 
lae were nearly pure andradite (Ca,Fe,[SiO,],), and 
the darker ones were andradite with a slightly ele- 
vated grossular (Ca,A1,[SiO,],) component. 

The minute spessartine component (i.e., man- 
ganese) detected by EDXRF analysis was not iden- 
tified by the SEM-EDX technique, since the con- 
centration was below the detection limit of the 
instrument. 


FTIR Spectroscopy. The specular reflectance FTIR 
spectra indicated that the samples were almost 
pure andradite (commonly a perfect match with 
our reference spectrum; see figure 10). 


Vis-NIR Spectroscopy. Vis-NIR spectroscopy (fig- 
ure 11) showed a typical andradite spectrum, with 


Figure 10. A comparison of the specular reflectance 
FTIR spectra of the Japanese Rainbow garnet with 
andradite (demantoid) from Russia and grossular (tsa- 
vorite) from Kenya indicates that the Japanese materi- 
alis almost pure andradite. 
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a distinct absorption at 440 nm and a very broad 
band centered in the near-infrared range at 860 
nm, both assigned to Fe** (Manning, 1967). In 
thicker specimens, the 440 nm absorption could 
not be resolved due to complete absorption start- 
ing at about 450 nm. In addition, a very weak band 
at 480 nm was detected. 


DISCUSSION 


The Nara locality in Japan represents the second 
discovery of a commercial source for attractive iri- 
descent garnets after Sonora, Mexico. However, 
the Japanese material appears very different from 
the Mexican garnets, which have a more greenish 
bodycolor and show lamellar stripe-like irides- 
cence, sometimes causing a star (figure 12). The 
Japanese garnets may resemble some brown opals 
such as those from Ethiopia (e.g., figure 13), and 
the iridescence is similar to that of high-quality 
labradorite from Finland. 

The iridescence in this Japanese Rainbow andra- 
dite is caused by their lamellar structure: alternat- 
ing microscopic layers of slightly different compo- 
sition and varying width. Some layers are nearly 
pure andradite, while the others are andradite with 
a grossular component. The spacing of the layers, 
as revealed by SEM-BSE imaging, is suitable for 
thin-film interference of visible light, and diffrac- 
tion-related interference may occur when light hits 
the edges of these layers. (See box A for a more 
detailed discussion of diffraction and interference, 
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Figure 11. The Vis-NIR spectrum of a small transpar- 
ent chip of Rainbow andradite is characterized by 
Fes+-related absorptions at 440 and 860 nm, plus a 
weak broad band at 480 nm. The Fe**-related 
absorptions are encountered in all andradite. 


and the distinctions between them.) The chemical 
differences detected in adjacent layers and the asso- 
ciated differences in R.I., combined with this finely 
layered structure, clearly point toward multilayer 
thin-film interference as the main cause of the col- 
orful iridescence. 

Both diffraction grating and multilayer interfer- 
ence structures are present when the garnets are 
viewed at oblique angles to the dodecahedral faces. 
This explains why the most intense iridescent col- 
ors can be observed on faces oblique to {110}. The 
much weaker and less colorful iridescence visible 


Figure 12. Iridescent Mexican “grandite” (grossular-andradite) garnets have a different appearance from the Japanese 
material. The 18.82 ct Mexican garnet shown on the left has a distinct four-rayed star. Its layer-like iridescence (right, 
magnified 30x) is quite distinct from that of the Japanese Rainbow andradite. Photos by T. Hainschwang. 
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on {110} faces (figure 6) can be explained by a simple 
thin-film interference effect. 

The other, rather wavy step-like structure visible 
on almost all faces is likely not responsible for any 
color dispersion due to thin-film interference, 
because its spacing is much greater than the wave- 
length of visible light. However, some weaker iri- 
descent colors, which overlap the dominant irides- 
cent colors (figure 7), appear to be caused by a 
diffraction effect from this structure. This may be 
explained by comparison to a planar diffraction grat- 
ing, which will disperse visible light even with a 
spacing of 20 gratings/mm (a spacing of 50 um; see, 
e.g., Newport Corp., 2006). The wavy lamellae, with 
their step-like surface, could act like a planar 
diffraction grating having between 50 and 100 grat- 
ings/mm. Similar effects can be seen with the low 
groove density (less than 87 grooves/mm) present in 
the shells of most mollusks; Liu et al. (1999) related 
these grooves to weak iridescence caused by diffrac- 
tion. Indeed the more widely spaced, wavy, step- 
like lamellar structure in the garnets is very remi- 
niscent of the step-like structure seen in the nacre- 
ous aragonite layer of shell (Liu et al., 1999, 
Fengming et al., 2004). 

However, shell iridescence has also been 
described as a mixed-layer interference and diffrac- 
tion phenomenon (Tan et al., 2004), and as a thin- 
film interference phenomenon (Fritsch and 
Rossman, 1988). A similar structure consisting of 
both straight lamellae parallel to {110} and wavy 
lamellae has been described in iridescent garnets 
from the Adelaide mining district, Nevada, by 
Akizuki et al. (1984). The same authors described 
the lack of this wavy structure in iridescent garnets 
from Kamihoki, Japan. 

Further evidence for a combination of fine 
lamellae and a wavy lamellar (diffraction grating) 
structure as the cause of iridescence in these gar- 
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Figure 13. In some cases, 
the Japanese Rainbow 
andradite (left) resembles 
brown opal from Ethiopia 
(right). The 6.43 ct andra- 
dite is a gift of Keiko 
Suehiro, GIA Collection 
no. 36137 (photo by C. D. 
Mengason). The 41.2 g 
Ethiopian opal nodule is 
GIA Collection no. 36538 
(photo by Robert Weldon). 


nets is provided by the moiré pattern visible on 
many of the faces (again, see figure 8). Moiré pat- 
terns are caused by interference due to the superpo- 
sition of two similarly spaced fine patterns, such as 
grids; interference on these grids results in their 
distorted appearance, as seen in the two intersect- 
ing sets of iridescent color lamellae in figure 8. In 
these garnets, we have a total of six sets of straight, 
narrow multilayer structures (each of them follow- 
ing two of the 12 {110} faces) plus the larger, wavy 
lamellar structure that does not relate to the dodec- 
ahedral faces. Thus, on faces oblique to a simple 
{110} face, several of these structures and their asso- 
ciated color patterns will overlap and cause very 
colorful iridescence. 

Combinations of multilayer interference and 
lamellar diffraction grating structures have been 
credited with causing the bright blue iridescence 
seen in Morpho didius butterflies (Vukusic et al., 
1999, Iwase et al., 2004) and, together with scatter- 
ing, for the bright green iridescence in Papilio 
blumei butterflies (Tada et al., 1999). In Morpho did- 
ius butterflies, the iridescence-causing structure con- 
sists of overlapping tiles on which Christmas 
tree—-like microstructures can be seen; these struc- 
tures cause multilayer interference in one direction, 
and diffraction in an orientation approximately per- 
pendicular to the layer-like structure due to its 


“roughness.” 


CONCLUSIONS 


First discovered at this locality in 2004, andradite 
from Nara, Japan, shows an attractive iridescence 
that is probably caused by a combination of a nar- 
rowly spaced lamellar structure following the 
rhombic dodecahedron {110} and another wavy, 
widely spaced, step-like lamellar structure (not 
parallel to the {110} faces) that is visible on almost 
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BOX A: IRIDESCENCE, INTERFERENCE, AND DIFFRACTION 


Traditionally, the term iridescence has been used in 
gemology to describe only thin-film interference in specif- 
ic phenomenal gems, such as iris agate, Ammolite, and 
pearls (see e.g., Fritsch and Rossman, 1988). Today, irides- 
cence is frequently used to describe any diffraction and/or 
thin-film interference—related color phenomena. This is 
likely because interference and diffraction in minerals are 
closely related phenomena that often occur together, and 
it can be very difficult to distinguish them without a 
detailed analysis of the near-surface structure (Vukusic et 
al., 1999; Iwase et al., 2004). 

The main difference between diffraction and thin-film 
interference is the interference-causing path of the light 
rays. In diffraction, light waves pass through a grating—or, 
in the case of garnet, reflect from a patterned, edged sur- 
face—and interact with one another. The spacing of these 
edges needs to be regular and narrow, but not necessarily on 
the order of the wavelength of visible light, in diffraction 
gratings, a spacing as low as 20 grooves/mm is sometimes 
used to create diffraction-related interference and thus dis- 
perse the white light into its spectral colors (Newport Corp., 
2006). In multilayer films, both reflected and refracted light 
waves from each boundary between the layers interact with 
one another, and the interference may be observed if the 
film thickness is within the range of visible light (Hirayama 
et al., 2000). Some details on the two mechanisms are sum- 
marized below; an in-depth discussion of the theory, mathe- 
matics, and physics of diffraction and interference can be 
found, for example, in Born and Wolf (1999). 

The effects caused by the coherent addition of wave 
amplitudes are known as “interference effects” (Born 
and Wolf, 1999). When two (or more) waves with equal 
amplitudes are in phase (i.e., crest meets crest and 
trough meets trough), then the waves enhance each 
other, and the resulting wave is the sum of their ampli- 
tudes; this is called constructive interference. If the 
waves are out of phase (i.e., crest meets trough], then the 
waves cancel each other out completely; this is destruc- 
tive interference (see, e.g., Mathieu et al., 1991). 

Thin-film interference of visible light occurs when 
light interacts with a lamellar material consisting of fine 
layers that have different refractive indices. These layers 
can be of any state: gaseous, liquid, solid, or even “empty” 
(vacuum). For example, a soap bubble shows iridescence 
due to the thin-film interference between the outside- 
air/soap and soap/inside-air interfaces. The width of the 
layers must be approximately the same as the wavelength 
of light, that is, somewhere between 0.1 and 1 um. When 
light passes through such a material, it is refracted, and 
then parts of it are reflected off each layer. The reflected 
waves are partially or completely in phase or out of phase, 
thus creating constructive or destructive interference. An 
example of simple double-layer interference of a “white” 
light source is shown in figure A-1. The figure has been 
simplified because the interference of “white” light is 
quite complicated, since it is composed of all wavelengths 
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from the UV to the NIR, and each wavelength is refracted 
differently when entering (and at every boundary with) a 
thin film. 

Diffraction is caused by the bending, spreading, and 
subsequent overlapping of a wavefront when passing 
through a tiny opening or openings in an otherwise opaque 
obstacle (e.g., the slits in a diffraction grating) or at bound- 
aries and edges (figure A-2). The light passing through the 
opening(s) or reflecting off a patterned, edged surface may 
experience destructive and constructive interference, thus 
creating dark and bright fringes, respectively, when the 
openings or edges of the lamellae are small enough (see, 
e.g., Mathieu et al., 1991). The slit width or pattern spac- 
ing needs to be small but not necessarily on the order of 
the wavelength of light (see, e.g., Liu et al., 1999; Newport 
Corp., 2006). Experiments performed by one of the authors 
(TH) with translucent curtain fabric with thread thickness 
+0.08 mm (80,000 nm) and spacing of 0.25 mm (250,000 
nm) between both the horizontal and vertical threads con- 
firm that such a relatively large grid will cause a very dis- 
tinct diffraction pattern and light dispersion. With a 
diffraction grating, the effect functions as follows: A large 
number of identical, equally spaced slits (hence the occa- 
sional use of the term multiple-slit interference) or lamel- 
lae edges will cause many positions of entirely destructive 
interference fringes between intense constructive interfer- 
ence fringes. A planar diffraction grating used for visible 
light has a groove density of about 20 to 1800 grooves per 
mm. A number of different theories exist to explain 
diffraction, for more details see Born and Wolf (1999). 

It is important to note that these effects are not limited 
to visible light. Bragg diffraction, also called Bragg interfer- 
ence, is the term for the scattering and interference effect 
that occurs when X-rays interact with a crystal lattice. 


Thin-Film Interference 
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Figure A-1. This diagram shows thin-film interfer- 
ence of monochromatic light from a simple double- 
film consisting of a layer of oil floating on water. 


GEMS & GEMOLOGY 


WINTER 2006 


Diffraction Mechanism 


Diffracted 
spectrum 


Wavefront 


22. Specular 
| reflection 


ae ae, 


3 
s 
r=] 
i2) 
c 
o 
co) 
> 
5 
= 


Pattern size 


Diffraction Intensity 


Figure A-2. The effect of wave interference caused by 
diffraction on multiple slits is shown here (top left) 
along with the associated approximate diffraction 
intensity (bottom left). The waves are bent and 
spread (diffracted) on passing through the slits, and 
the resulting waves interfere with one another. 
Although shown here at a single wavelength, the 
diffraction of white light would project a rainbow 
pattern. Diffraction created by the reflection of 
white light off a patterned surface also can show a 
rainbow pattern (top right). 


Intensity —> 


<_—_—o— 
Center 


German physicist Max von Laue suggested in 1912 that 
molecules in crystalline substances could be used as 
diffraction gratings. He found that X-rays were reflected 
and scattered from the individual atoms distributed in 
equally spaced lattice planes and that the reflected and 
scattered waves would constructively and destructively 
interfere to create X-ray diffraction patterns (see, e.g., Diehl 
and Herres, 2004). Based on Laue’s findings, English physi- 
cists W. H. Bragg and his son W. L. Bragg explained why 
the cleavage faces of crystals appear to reflect X-ray beams 
at certain angles of incidence. The Bragg equation describes 
at what angles X-rays will be most efficiently diffracted by 
a crystal when the X-ray wavelength and atomic distance 
are known (Diehl and Herres, 2004). 

Both Bragg’s law and diffraction can be used to 
explain play-of-color in opal, where light beams are 
diffracted from opposite sides of very small, regularly 
arranged spheres with diameters of 150-400 nm (Fritsch 
and Rossman, 1988; Townsend, 2001). Bragg’s law can 
also be applied to the theory of diffraction gratings. The 
atoms of a crystalline substance and the spheres in opal 
are very often represented as layers to explain the Bragg 
law of diffraction, since they are equally and regularly 
spaced. Such diagrams are unfortunately confusing, since 
they often appear identical to figures explaining thin-film 
interference phenomena. Again, it must be emphasized 
that diffraction does not take place on the layers them- 
selves, but rather on individual atoms or spheres. 
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In gem materials, “pure” diffraction-related interfer- 
ence of light likely is limited to opals showing play-of- 
color, since the opal structure behaves much like a crys- 
talline structure consisting of tiny atoms: The size of the 
atoms (approximately equal to X-ray wavelengths) allows 
diffraction of X-rays, while the size of the opal spheres 
(approximately equal to the wavelength of visible light) 
allows diffraction of visible light. 

The effect of a multilayer substance such as “spectro- 
lite” feldspar (labradorite) on light has been described as a 
diffraction effect by certain authors (e.g., Fritsch and 
Rossman, 1988) and these authors also limited the term 
thin-film interference to a simple double-film (as in iris 
quartz) such as shown in figure A-1. In the opinion of the 
present authors, double-layer and multilayer effects both 
represent thin-film interference phenomena, with the 
multilayers being more complex than the simple double- 
layers (see Hirayama et al., 2000). 

Therefore, we conclude that the phenomenon of iri- 
descence in gem materials is always an interference phe- 
nomenon; the only difference is whether the interference 
is caused by thin-film interference or by diffraction. Thus, 
there are gems with iridescence caused purely by thin-film 
interference (e.g., iris quartz); others with diffraction-relat- 
ed interference (e.g., diffraction of visible light in opal); and 
still others where dominant thin-film interference com- 
bined with some diffraction occurs, as in the Japanese 
Rainbow andradite described in this article. 
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all faces. The iridescence on the {110} faces likely 
is caused by thin-film interference from the 
straight lamellae, which have a separation of 
100-1000 nm. The wavy lamellae, with a spacing 
of 40 um, cannot produce iridescence by thin-film 
interference, and therefore possibly act similar to a 
diffraction grating. The combination of these two 
optical effects creates the striking iridescence 
observed in this Rainbow andradite, which can 
rival the phenomenal colors of the finest “spectro- 
lite” feldspar (labradorite) from Finland. In some 
cases, these stones may resemble brown opals 
from Ethiopia. Due to the prohibition of further 
garnet recovery by the local authorities from 
Tenkawa village, the material is slowly becoming 
scarce in the market but samples can still be seen, 
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especially on the Internet. Future availability of 
this attractive garnet will thus solely depend on 
the local authorities in Japan. 
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The name of ROBERT WEBSTER has long 
been synonymous with gemology in England. His 
present association with B. W. Anderson and the 
London Gemmological Laboratory is the logical 
culmination of years of training and experience 
dating back to 1914 when he was first employed 
as a jewelers and pawnbrokers assistant. Students 
of gemology in this country know him well for 
his Gemmologists Compendium. 

Born at the turning of the century, Robert 
Webster was educated at St. Marks College, Chel- 
sea, London; S.W. and South Western Polytechnic. 
After serving in the overseas army from March 
1918 to 1920 (he was awarded the Military Medal 
September 1918), he returned to the jewelry trade 
and a course in gemology at Chelsea Polytechnic from 1932 to 1934, receiving his 
Fellowship Diploma of the Gemmological Association of Great Britain the latter year. 

Robert Webster, a member of the Mineralogical Society since 1943, is one of 
only two to date who have been awarded the Research Diploma of the Gemmological 
Association of Great Britain. This was a result of his thesis “An investigation into the 
properties of ivory and of materials used in its simulation and into methods whereby 
they may be severally distinguished.”—1946. 


DR. SHARAT K. ROY, Chief Curator of Geology at the Chicago Natural His- 
tory Museum, was born in India late in the nineteenth century. He attended the 
University of Calcutta and the University of London (England) before coming to the 
United States, He spent one year in the department of geology at the New York 
State Museum in Albany and then joined the staff of Chicago-Natura!l History Museum 
(then Field Museum of Natural History) as an 
assistant curator in the Department of Geology, 
He has served continuously with the museum 
since that time, becoming Chief Curator in 1947. 

Dr. Roy, who served with the British-Indian 
Army in World War I and who now holds a 
commission as major in the United States Army 
Air Force reserve, received the degree of Doctor 
of Philosophy at the University of Chicago. He 
was a member of the Second Rawson-MacMillan 
Subarctic Expedition of Field Museum in 1927-28 
and collected ores, lithological specimens and 
Cambrian fossils in Newfoundland the following 
year. In 1945, on leave from the Army, he col- 
lected economic geology specimens and Permian 
fossils in the eastern mine regions of India and 
the Salt Range of Northern India. 

In recognition of his exploratory work in the 
Arctic the United States Geodetic Survey in 1944 
honored him by designating as “Mount Sharat” 
one of the mountain peaks on Baffin Island. 
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Lizards in IMITATION AMBER 
As the saying goes, “When it rains, it 
pours.” In this case, it’s pouring lizards. 
Recently, not one but two items resem- 
bling lizards trapped in amber were 
submitted to the West Coast laboratory 
for identification reports (figure 1). 
Although we occasionally see speci- 
mens with insects or animals enclosed 
in amber or amber imitations (ie., 
plastic or copal), it is unusual to have 
two such pieces submitted within days 
of each other. Having both samples in 
the laboratory at the same time offered 
a special opportunity to examine the 
similarities and differences between 
two potentially rare specimens. 

The first sample (58.14 x 35.75 x 
24.41 mm; figure 1, left) contained a 
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Shane F. McClure 


badly decomposed lizard with a broken 
tail and one foot missing. Microscopic 
examination between crossed polariz- 
ers revealed a narrow strain zone sur- 
rounding the lizard’s body. Gas bubbles 
and bits of fiber were also present, but 
these were inconclusive for determin- 
ing whether the host material was 
amber, copal, or plastic. A spot refrac- 
tive index (RL) reading of 1.55 was 
obtained—a bit high for amber, but 
still inconclusive. The fluorescence 
was chalky greenish yellow to both 
long- and short-wave ultraviolet (UV) 
radiation, which was also not conclu- 
sive. The hydrostatic specific gravity 
(S.G.) was ~1.18. For confirmation, the 
piece was placed in a saturated saline 
solution (S.G. = 1.13). It was observed 
to sink at a rate that was consistent 
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with an S.G. of ~1.18-1.20. However, 
since the presence of the lizard would 
affect the S.G. of the specimen, further 
testing was necessary. 

The separation of amber from 
plastic or copal is gemologically chal- 
lenging, because the easiest and most 
reliable tests are destructive. There- 
fore, we decided first to analyze the 
sample with our Raman system using 
excitation from a 785 nm diode laser. 
The 785 nm laser is useful because it 
eliminates many problems related to 
sample fluorescence. The resulting 
Raman spectrum (figure 2) indicated 
that the specimen was neither amber 
nor copal, but rather a polystyrene 
plastic. All the gemological properties 
reported above were consistent with 
polystyrene. After consultation with 


Figure 1. These two specimens proved to be imitations of amber with lizards enclosed. On the left, the lizard 
was encased in polystyrene; the sample on the right was an assembled piece consisting of a copal base, a plastic 


top, and a lizard molded between them. 


260 


LAB NOTES 


Gems & GEMOLOGY 


WINTER 2006 


the client, we tested a small area with 
a hot point: The acrid odor confirmed 
our identification. 

The second sample (74.5 x 31.9 x 
25.32 mm; figure 1, right) was more 
easily identified than the first. The 
lizard was in much better condition, 
having undergone markedly less 
decomposition. Using magnification 
and reflected light, we saw a separa- 
tion plane between the part of the 
sample below the lizard and the part 
above, clearly indicating that the 
specimen had been assembled. 
Microscopic observation also revealed 
numerous gas bubbles concentrated 
along this separation plane. The base 
of the specimen contained clouds, 
fractures, and various particles, where- 
as the upper portion showed a wide 
strain pattern, flow lines, and gas bub- 
bles around the lizard’s body. The RI. 
was 1.54 for the lower portion and 
1.57 for the upper part. Both halves 
showed chalky greenish yellow to yel- 
low UV fluorescence, but the lower 
half showed slightly stronger fluores- 
cence when exposed to long-wave UV. 

When the second sample was 
immersed in the saturated saline 
solution, it floated with the base up, 
suggesting an S.G. of ~1.10 for that 
portion—enough to flip the piece 
over, but not to sink it. The base had 
been left rough and pitted, providing a 
surface on which to conduct hot point 
and acetone tests where small blem- 
ishes would not be noticeable. When 
the pitted surface was exposed to 
heat, the odor was resinous and con- 
sistent with either amber or copal. 
Application of acetone to a small area 
of the base softened the material and 
left the area slightly etched, a reaction 
consistent with copal (amber would 
not be affected). Both the top and bot- 


Editors note: All items are written by staff 
members of the GIA Laboratory, East Coast 
(New York City) and West Coast (Carlsbad, 
California). 
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Figure 2. Raman spectroscopy (785 nm excitation) was effective in identi- 
fying the material encasing the lizard in figure 1 (left) as polystyrene. Note, 
however, that the spectra of amber and copal are too similar for this tech- 
nique to conclusively separate those two materials. 


tom parts were analyzed using the 
785 nm Raman system for compari- 
son to the first sample. The spectrum 
for the lower half of the piece indicat- 
ed amber or copal, whereas the spec- 
trum from the upper half did not 
match amber, copal, or polystyrene. 
The R.I, S.G., Raman spectrum, and 
microscopic features were consistent 
with a plastic top, but not with poly- 
styrene specifically. Thus, our final 
conclusion was that this second piece 
was an assembled specimen consist- 
ing of a copal base, a plastic top, and a 
lizard molded between. 

These two items illustrate some of 
the means and materials that can be 
used to create imitations of creatures 
preserved in amber (see the Winter 
2005 Gem News International, pp. 
361-362, for yet another example). 
These circumstances also illustrate 
the ongoing quest of gemological labo- 
ratories to develop new and effective 
nondestructive testing methods to 
supplement or replace traditional 
destructive tests. 

Kimberly Rockwell 


GEMS & GEMOLOGY 


Large DEMANTOID of 
Exceptional Color 


Recently, the East Coast laboratory 
received the 5.82 ct transparent green 
round-brilliant-cut stone in figure 3 
for identification. Standard gemologi- 
cal properties (R.1I.=OTL, singly 


Figure 3. This 5.82 ct demantoid 
garnet is notable for its exception- 
al color and size, as well as its 
unusual pattern of inclusions. 
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Figure 4. The demantoid in figure 3 contained striking inclusions 
composed of randomly oriented curved fibers encircled by small, 
bright, disc-like features. Magnified 50x. 


refractive, moderate dispersion, S.G. = 
3.84, and chrome lines and a 470 nm 
cutoff seen with the desk-model spec- 
troscope) identified the gem as a 
demantoid garnet. 

The classic Russian demantoids 
are famous for their easily observed 
“horsetail” inclusions—golden yel- 
low curved needles radiating from a 
point like the tail of a horse. These 
needles were originally believed to be 
the asbestiform amphibole byssolite 
but more recently have been identi- 
fied as chrysotile (see W. R. Phillips 
and A. S. Talantsev, “Russian deman- 
toid, czar of the garnet family,” 
Summer 1996 Gems & Gemology, 
pp. 100-111; M. O'Donoghue, Gems, 
Butterworth-Heinemann, Oxford, 
England, 2006, p. 209). Microscopic 
examination of this stone revealed 
needles in a random orientation, as 
has been observed in some deman- 
toids from a few of the newer Russian 
localities. Also present were bright 
disc-like inclusions along the curved 
needles (figure 4), which gave the 
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inclusion scene an exotic appearance. 
The combination of the stone’s rel- 
atively large size and strong color sat- 
uration was also unusual, as most fine 
demantoids are less than one carat or, 
if larger, often have more yellow in the 
bodycolor. The owner of the stone, 
Isaac Aharoni of Isaac Aharoni Inc., 
New York, reported that he purchased 
it in Russia. This was the second large 
demantoid garnet we have seen 
recently, as we also identified a 3.20 ct 

demantoid for Mr. Aharoni. 
Wendi M. Mayerson 


DIAMOND 
Unusually Large Fancy White 
Diamond with Whitish Banding 


Diamonds occasionally contain sub- 
microscopic inclusions, which usual- 
ly induce a brownish or grayish color 
appearance and can have a negative 
impact on clarity. In rare cases, these 
tiny inclusions can produce a translu- 
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cent milky “white” color by scatter- 
ing light that passes through the 
stone (see E. Fritsch and K. Scarratt, 
“Gemmological properties of type Ia 
diamonds with an unusually high 
hydrogen content,” Journal of Gem- 
mology, Vol. 23, No. 8, 1993, pp. 
451-460; Summer 2000 Lab Notes, p. 
156; and the article by J. M. King et 
al. on pp. 206-220 of this issue). Such 
was the case with the unusually large 
(30.87 ct) diamond in figure 5, which 
was recently examined by the East 
Coast laboratory. 

This Fancy white pear modified 
brilliant measured 27.96 x 15.91 x 
11.53 mm and was submitted for a 
Colored Diamond Identification and 
Origin Report. The diamond fluo- 
resced strong blue to long-wave UV 
radiation and moderate-to-strong 
blue to short-wave UV. When the 
short-wave UV lamp was turned off, 
it phosphoresced weak blue for more 
than 30 seconds. No absorption lines 
were visible with a desk-model spec- 
troscope, and the absorption spec- 
trum in the mid-infrared region 
revealed that it was a nearly pure 
type IaB diamond with a very high 
concentration of nitrogen. These 
properties, except for the unusual 
phosphorescence, are typical for type 
IaB Fancy white diamonds (again, see 
the Summer 2000 Lab Note). Strong 
absorption peaks were also present 
at 3105 and 1405 cm~!, caused by 
structurally bonded hydrogen, a 
common feature of cloud-bearing 
diamonds (again, see Fritsch and 
Scarratt, 1993). 

In addition to its size, an unusual 
feature of this diamond was the 
occurrence of straight whitish band- 
ing observed throughout the entire 
stone (figure 6]. In the overwhelming 
majority of instances, whitish grain- 
ing caused by submicroscopic inclu- 
sions is part of the growth structure 
and results in a homogenous, milky 
appearance. The strong banding of the 
submicroscopic inclusions, which is 
undoubtedly the cause of the white 
coloration, is something we have only 
rarely observed in other type IaB 
Fancy white diamonds (see Spring 
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Figure 5. The color of this 30.87 
ct Fancy white diamond is due 
to milky bands of submicroscop- 
ic inclusions. Also present are 
numerous partially graphitized 
stress fractures. 


1992, Gem News, p. 58). Also visible 
internally were many rounded crys- 
tals, surrounded by partially graphi- 
tized stress fractures (again, see fig- 
ures 5 and 6). However, it is the large 
size and the unusual color and band- 
ing throughout the stone that make 
this diamond special. 

HyeJin Jang-Green 


Prolonged Change of 
Color in Pink Diamond 


Change of color in diamonds occurs 
most frequently in “chameleon” dia- 
monds, which are predominantly 
greenish yellow to yellowish green in 
ambient conditions but change to pre- 
dominantly brownish or orangy yel- 
low after gentle heating or prolonged 
storage in the dark. In rare instances, 
however, some diamonds have been 
known to change color temporarily 
when cryogenically cooled or exposed 
to ultraviolet radiation. 
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Figure 6. The submicroscopic 
inclusions in the diamond in fig- 
ure 5 are concentrated in bands, 
something that is rarely seen in 
Fancy white diamonds. 
Magnified 15x. 


The East Coast laboratory recently 
received a 0.84 ct pink diamond for 
color grading. As is typical of type Ia 
pink diamonds, it exhibited obvious 
pink graining and moderate green 
transmission luminescence when 


viewed with magnification. It fluo- 
resced strong blue to long-wave UV 
radiation and weaker blue to short- 
wave UV. The exposure to UV radia- 
tion resulted in an obvious change in 
apparent color from Fancy Deep pink 
to Fancy Deep orangy pink (figure 7; 
we were not able to determine 
whether the change resulted from 
long- or short-wave UV). 

Although the lab has reported on a 
few similar stones in recent years (see 
Summer 2002 Lab Notes, pp. 
165-166; Winter 2005 Lab Notes, pp. 
342-344), the color change has always 
been temporary, with the diamond 
reverting to its stable color in a mat- 
ter of a few seconds to a few hours in 
normal lighting. Thus, we were sur- 
prised to see that this particular dia- 
mond retained its orangy pink color 
for approximately two weeks. 

Mindful of the time constraints 
on lab report services, we attempted 
to accelerate the return of the pink 
stable color state. Gentle heating 
with an alcohol flame, the technique 
typically used to induce a color 
change in chameleon diamonds, had 
no apparent effect. We then cooled 
the diamond by immersing it in liq- 
uid nitrogen, which produced a mini- 
mal color shift toward pink. Repeated 
immersions—or perhaps simply the 
passage of time—eventually restored 
the original deep pink color. 


Figure 7. The 0.84 ct Fancy Deep pink diamond on the left changed to 
Fancy Deep orangy pink after exposure to UV radiation (right). Unlike 
similar diamonds seen by the lab in the past, this change of color persist- 


ed for about two weeks. 
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UV-VIS ABSORPTION SPECTRA 
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Figure 8. UV-Vis spectroscopy performed on the diamond in figure 7 in 
both stable and unstable color states showed a decrease in the 550 nm 
band that is responsible for the pink color of natural pink diamonds. 


UV-visible spectroscopy performed 
during both color states showed the 
broad band at 550 nm that is typical- 
ly responsible for natural pink color 
(figure 8; also see the Winter 2005 
Lab Note). Exposure to UV radiation 
caused a decrease in the intensity of 
this band, resulting in a transmis- 
sion window in the orange region 
and an apparent orangy pink color in 
the diamond. However, we were not 
able to determine why the orangy 
pink color had such a prolonged 
duration. 

It was later suggested by the 
client that moderate heating of this 
diamond might result in a shift 
toward purple, as it had “turned pur- 
ple” during recutting. Under nonlab- 
oratory conditions in the client’s 
office and with the client’s assis- 
tance, we were able to heat the dia- 
mond using an electric coil hot 
plate. Although an accurate fancy- 
color grade could not be established 
without using the lab’s standard 
viewing environment and proce- 
dures, we were indeed able to dis- 
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cern a shift toward purplish pink. 
This change of color, however, last- 
ed only a few minutes. Advanced 


testing was not possible off site, so 
we could not obtain comparable UV- 
Vis spectral data. 

Although change of color in dia- 
mond as a result of exposure to UV 
radiation is not anew phenomenon, 
this stone’s two-week sustained 
change is particularly noteworthy. 


Siau Fung Yeung and Wuyi Wang 


Strand of Natural Nacreous and 
Non-nacreous PEARLS 


The East Coast laboratory recently 
received for identification a gradu- 
ated strand of 105 round to near- 
round colored pearls ranging from 
2.35 to 5.90 mm (figure 9). From 
their worn condition, all appeared 
to be fairly old. 

Most of the pearls in the strand 
were non-nacreous and a variegated 
brown (often modified by orange, 
red, or purple) in color. These pearls 
were somewhat worn, and a number 
of them had a dried-out appearance; 
some were cracked or even broken. 
As explained in a Fall 2005 Gem 
News International entry (p. 267), 


Figure 9. This unusual strand proved to be comprised of non-nacreous pen 
shell and clam pearls, as well as natural saltwater pearls. 
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Figure 10. With 90x magnifica- 
tion, the columnar crystalline 
growth structure of one of the 
pen shell pearls is visible on this 
broken surface. 


such deterioration is typical of the 
non-nacreous pearls from pen shell 
mollusks. The surfaces of these 
pearls also showed an unusual inter- 
locking crystalline pattern similar to 
that seen on the non-nacreous pen 
shell products (E. Strack, Pearls, 
Ruhle-Diebner-Verlag, Stuttgart, Ger- 
many, 2.006). 

Spaced between the brown non- 
nacreous pearls were eight other 
porcelaneous pearls ranging from 
white to yellowish orange and pink, 
which exhibited varying degrees of 
color saturation and flame structure. 
Based on their distinctive structure, 
these appeared to be giant clam 
pearls from Tridacna gigas. 

Finally, there were six white-to- 
“cream” colored nacreous pearls. 
These pearls exhibited good luster, 
various overtone colors, and a 
platelet-layered nacre structure, all 
characteristics consistent with natu- 
ral saltwater pearls. 

An X-radiograph revealed natural 
growth structures in all the pearls. 
The pen shell pearls displayed a 
columnar crystalline growth struc- 
ture, which was also visible with 
magnification where one was broken 
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(figure 10), while the clam pearls and 
nacreous pearls revealed either no 
visible structure or a layered concen- 
tric growth structure typical of those 
pearl types. 

Exposure to long-wave UV radia- 
tion produced varied reactions. The 
pen shell pearls displayed fluores- 
cence ranging from weak-to-strong 
chalky red and orangy red. The clam 
pearls displayed moderate pink and 
yellow fluorescence with some 
chalkiness as well. The nacreous 
pearls displayed no fluorescence 
when exposed to X-rays. Each of 
these reactions was consistent with 
the apparent pearl type. 

It is quite uncommon to see a 
strand composed of a combination 
of natural nacreous and non- 
nacreous pearls from three differ- 
ent types of mollusks, and this 
proved an interesting identifica- 
tion exercise. 

Akira Hyatt 


[Editors’ note: Though past G&G 
and GIA Laboratory style has been 
to place quotation marks around 
the word pearl when referring to 
non-nacreous pearls, the decision 
has been made to discontinue this 
practice. ] 


POUDRETTEITE 

The East Coast laboratory received a 
3.90 ct transparent light purplish pink 
pear mixed cut for identification (fig- 
ure 11). Standard gemological proper- 
ties showed it to be a doubly refractive 
uniaxial gemstone with refractive 
indices of 1.515—-1.535 and a hydrostat- 
ic S.G. of 2.50. Microscopic examina- 
tion revealed needle-like growth/etch 
tubes of varying thickness, many with 
orange-yellow epigenetic staining; 
some “fingerprints” showed similar 
staining (figure 11, right). A two-phase 
(liquid-gas) inclusion was also present. 
The stone showed moderate pinkish 
purple and blue-green pleochroism. It 
was inert to long-wave UV radiation, 
but showed a very weak yellow reac- 
tion to short-wave. These properties 
were not a match to any gemstone 
found in the GIA Lab Manual, so we 
turned to more advanced testing. 
Raman spectroscopy confirmed that 
the stone was a faceted example of the 
mineral poudretteite. 

Discovered in the mid-1960s, but 
not recognized as a new mineral by the 
International Mineralogical Associ- 
ation until 1986 (C. P. Smith et al., 
“Poudretteite: A rare gem species from 
the Mogok Valley,” Spring 2003 Gems 


Figure 11. This 3.90 ct poudretteite (9.45 x 10.04 x 6.58 mm) is the first 
ever submitted to the GIA Iab (face-up, left). Eye-visible orange-yellow 
epigenetic staining is present in both “fingerprints” and needle-like 
growth/etch tubes (pavilion up, right). 
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# Gemology, pp. 24-31), poudretteite 
is extremely rare. The first seven crys- 
tals, named after the family who 
owned and operated the quarry in 
Mont Saint-Hilaire, Quebec, where 
they were found, were quite small— 
the longest measured just 5 mm. A 
comprehensive study of a 3.00 ct 
poudretteite purchased in Myanmar’s 
Mogok Valley in 2000 was published 
in the Spring 2003 Gems #) Gemology 
(again, see Smith et al.). The properties 
of the stone we examined were consis- 
tent with those described by Smith et 
al. This is the first poudretteite sub- 
mitted to the GIA Laboratory for an 
identification report. 

Wendi M. Mayerson 


Unusual Gem PYROXMANGITE 


Pyroxmangite is another gem material 
for which basic gemological tech- 
niques are inadequate to assign a spe- 
cific identification. It is difficult to dis- 
tinguish from other similar minerals, 
in particular rhodonite, without 
advanced techniques. Pyroxmangite 
usually forms in metamorphosed 
manganese ore deposits and other 
manganese-rich rocks and minerals. It 
is found in Japan; Broken Hill, New 
South Wales, Australia; Minas Gerais, 
Brazil; and Colorado, among other 
localities. It is usually closely associat- 
ed with rhodonite (J. W. Anthony et 
al., Handbook of Mineralogy, Vol. 2, 
Mineral Data Publishing, Tucson, 
Arizona, 2003). Because it is typically 
massive and polycrystalline, and it 
may be intergrown with rhodonite, 
facet-quality material is rare. 

The East Coast laboratory recently 
received one faceted specimen, a 
transparent red 0.68 ct modified 
lozenge step cut measuring 6.53 x 4.87 
x 3.07 mm (figure 12). It had refractive 
indices ranging from 1.728 to 1.743, 
with strong purplish red to strong 
orangy red pleochroism and an S.G. of 
3.71. Examination with a microscope 
using up to 60x magnification 
revealed large two-phase inclusions 
and whitish tubules containing a dark 
gray to black material. Two directions 


266 LAB Notes 


Figure 12. This 0.68 ct modified 
lozenge step cut proved to be a rare 
faceted example of pyroxmangite. 


of cleavage were visible at the surface 
along with a few cavities, and the 
stone took only a moderate polish. 
With a desk-model spectroscope, we 
observed a strong band at 410-420 
nm, a sharp line at 503 nm, and a 
broad band at 540-560 nm, indicative 
of a high manganese content. 

We were able to measure the 
refractive indices and specific gravity 
with enough precision to narrow the 


possible identification to either pyrox- 
mangite or rhodonite (table 1). Unfor- 
tunately, chemical and spectroscopic 
analyses are not useful in separating 
these two minerals, because their 
chemical compositions and spectral 
characteristics are so similar. Both 
belong to a group of minerals called 
(Ca,Mn)SiO, pyroxenoids. These 
pyroxenoids (which include rhodo- 
nite, ferrosilite III, wollastonite, bus- 
tamite, and the pyroxmangite-pyrox- 
ferroite series) are part of a larger 
group of minerals called chain sili- 
cates, because their basic structure 
comprises chains of silica tetrahedra 
(SiO,). Differing amounts of Ca, Mn, 
Mg, and Fe result in different miner- 
als with slightly different chain 
lengths, and these slight variations in 
crystal structure allow the separation 
of pyroxmangite from rhodonite 
using a technique developed in the 
early 20th century, powder X-ray dif- 
fraction (XRD) analysis. 

Powder X-ray diffraction can dis- 
tinguish two minerals with very sim- 
ilar crystal structures by determining 


TABLE 1. Properties of rhodonite and pyroxmangite.* 


Property Rhodonite Pyroxmangite 
Formula (Mn,Fe,Mg,Ca)SiO, MnsiO,° 
Refractive indices 
Oo 1.711-1.734 1.728-1.748 
B 1.716-1.739 1.730-1.742 
y 1.724-1.748 1.746-1.758 
Optic character Biaxial positive Biaxial positive 
Color Pink, red, gray, yellow Pink, red 
Pleochroism Yellowish red, pinkish red, Moderate red, purplish red, 


Specific gravity 

No. of SiO, per unit cell 
XRD pattern 

Spacing in A (Intensity) 


pale yellowish red 


orangy red 


3.57-3.76 3,61-3.80 
5 7 

2.772 (100) 2,967 (100) 
2.980 (65) 2.188 (45) 
2.924 (65) 4.73 (35) 
3.14 (30) 2.630 (35) 
3.34 (25) 1,422 (30) 
3.10 (25) 3,47 (25) 
2.651 (18) 3,04 (25) 


4From J. W. Anthony et al., Handbook of Mineralogy, Vol. 2, Mineral Data Publishing, Tucson, Arizona, 
2003). Note: Because pyroxmangite cannot be separated from rhodonite using gemological properties 
alone, X-ray diffraction analysis was used to compare the crystal structure of each mineral. 
’Pyroxmangite frequently also contains iron, because it forms a series with pyroxferroite (Fe,Mn,Ca)SiO,,. 
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the spacing and angles between the 
atomic planes of the crystal structure. 
For analysis, a very small amount of 
material is scraped from the girdle of 
a faceted stone or the base of a cabo- 
chon. X-rays are transmitted through 
this powdered sample, and some of 
the X-rays are diffracted by the crystal 
structure to cast a characteristic pat- 
tern of arcs on photographic film or 
digital imaging equipment. The pat- 
tern for an unknown sample is then 
compared with a library of patterns of 
known materials. 
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LAB NOTES 


Comparing the XRD pattern of 
the submitted stone with reference 
patterns of pyroxmangite (with a 
seven-silica tetrahedral chain) and 
rhodonite (with a five-silica tetrahe- 
dral chain) indicated that the submit- 
ted stone had a crystal structure with 
a seven-silica tetrahedral chain and 
atomic spacing consistent with 
pyroxmangite (table 1). 

This rare faceted pyroxmangite 
is a prime example of a gem that 
requires advanced techniques in 
conjunction with good gemological 
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testing to distinguish it from other 
similar minerals. 
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Update on Diamond Trading in Sierra Leone. During the 
decade-long civil war in Sierra Leone, the Revolutionary 
United Front (RUF) rebel army committed widespread 
atrocities against innocent civilians, drawing global con- 
demnation by governments, human rights groups, and 
concerned citizens. The RUF was partially funded by the 
country’s diamond resources, bringing the issue of con- 
flict diamonds in Sierra Leone to world attention in the 
late 1990s. Meanwhile, similar diamond-funded conflicts 
were being waged in other African nations, such as 


Figure 1. The town of Koidu, in the Kono district of 
eastern Sierra Leone, was at the center of the county’s 
protracted conflict because of the area’s diamond 
resources. Today, the residents are working to rebuild 
the town and the local economy. Photo by R. Taylor. 
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Angola and the Democratic Republic of Congo. This situ- 
ation led to the Kimberley Process for certifying dia- 
monds from mine to market, which was implemented in 
2002. With the signing of the Lomé Peace Agreement 
between the Sierra Leone government and the RUF earlier 
that year, peace has returned to the country. 

In August 2006, GIA Education instructor Ric Taylor 
traveled through the Sierra Leone diamond mining areas of 
Koidu, Tongo, Kenema, and Bo, some of which were once 
controlled by the rebels. He saw no evidence of continuing 
conflict, and residents and journalists in these areas con- 
firmed that there is no desire to return to war. In the town 
of Koidu (figure 1), in the diamond mining district of Kono 
in eastern Sierra Leone, one can still see the bare walls of 
buildings that were looted and burned, but many others 
have been rebuilt and have roofs of corrugated metal or 
plastic sheeting. There are several large new mosques that 
were built with donations from Pakistan. 

Once a thriving town, Koidu is still struggling to return 
to normal. Today, it houses an office of the Integrated 
Diamond Management Program (IDMP), formerly the 
Peace Diamond Alliance, a group organized by the U.S. 
Agency for International Development (USAID) in 2002 to 
end the role of diamonds in funding the Sierra Leone 


Editor’s note: The initials at the end of each item identify the 
editor or contributing editor who provided it. Full names and 
affiliations are given for other contributors. 

Interested contributors should send information and illus- 
trations to Brendan Laurs at blaurs@gia.edu (e-mail), 760- 
603-4595 (fax), or GIA, The Robert Mouawad Campus, 
5345 Armada Drive, Carlsbad, CA 92008. Original photos 
can be returned after consideration or publication. 
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Management Program’s school in Koidu are taught to 
grade rough diamonds by shape, clarity, color, and size. 
This is part of several efforts to help the miners receive 
fair value for their diamonds. Photo by R. Taylor. 


conflict. According to Dr. Sahr Tongu, the head of the 
Koidu office, the name was changed because the organiza- 
tion’s original purpose of ending the trade in conflict dia- 
monds in Sierra Leone was achieved. Now, the IDMP 
works to develop the diamond industry for the benefit of 
Sierra Leone’s people. The organization operates a school 
in Koidu that trains students to grade rough diamonds (fig- 
ure 2). In a two-week course, students learn to grade dia- 
monds by shape, clarity, color, and size. Determining 
value, however, is much more difficult than grading, 
and requires at least three to five years of experience. 


Figure 4. In 2002, 
Koidu Holdings began 
mining this kimberlite 
in Sierra Leone (No. 1 
Pipe), which today pro- 
duces several thou- 
sand carats of dia- 
monds every month. 
Photo by R. Taylor. 
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Figure 3. Most diamond mining in Sierra Leone exploits 
alluvial deposits. Here, diamond-bearing gravels are 
screened by independent miners. Photo by R. Taylor. 


Fortunately, Sierra Leone’s Ministry of Mineral Resources 
provides a valuation service for miners in Koidu, which 
helps them receive fair prices for their diamonds. 

While most of Sierra Leone’s production comes from 
alluvial deposits (figure 3), diamonds are also being recov- 
ered from three small kimberlite pipes in the Kono district. 
The major producer is Koidu Holdings, which mines the 
No. 1 Pipe at Koidu by open-pit methods (figure 4). 
Development of the mine began in 2002, with the first pro- 
duction in January 2004. Approximately 20,000 tonnes of 
kimberlite are processed each month, yielding 6,000—10,000 
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carats, depending on grade variations within the pipe. The 
largest rough diamond recovered to date weighed 84 ct. 

According to the Sierra Leone government’s Gold and 
Diamond Department, there has been an increase in the 
annual legal export of diamonds since 2000. Official figures 
for 2001 were approximately 222,520 carats; by 2004, 
reported exports had increased to nearly 691,760 carats (fig- 
ures for 2005 dropped slightly to 668,700 carats). 
Interestingly, the value per carat has risen dramatically. In 
2001, the overall value was $116.94/ct; by 2005 it reached 
$212.26/ct. According to Frank Karefa-Smart, diamond 
business advisor to the IDMP, this improvement in value 
and total exports is due to the fact that higher-quality dia- 
monds that were once smuggled out of the country are now 
exported legally. 

The possession of rough diamonds is strictly con- 
trolled, and three different types of licenses are required for 
their handling. A mining license allows miners to dig for 
diamonds but not to buy them from other miners. A deal- 
er’s license is for those who buy from the miners, but it is 
not sufficient to export the stones; this requires an export 
license, which costs Sierra Leoneans US$40,000 a year. 
Foreigners who purchase diamonds in Sierra Leone can 
export them using a local exporter’s license for a fee of 
about 1.5% of the government-declared value. 

Diamonds are evaluated for export at the Gold and 
Diamond Department, which assesses a 3% export tax 
(based on the value of the rough diamonds on the interna- 
tional market). The stones are then packaged and the 
paperwork completed according to the Kimberley Process. 

Peace has been restored in Sierra Leone, and the 
Kimberley Process seems to have been effective in bring- 
ing Sierra Leone’s diamonds into legal channels. However, 
further development at the mining level is an important 
next step in maximizing the economic benefit for the peo- 
ple who need it most. 

Ric Taylor (rtaylor@gia.edu) 
GIA Education, Carlsbad 


Jewelry repair damages a diamond. The SSEF Swiss Gem- 
mological Institute recently received a mounted yellow 
pear-shaped diamond with a small chip on the crown (fig- 
ure 5) and an associated black inclusion that was visible 
with a gemological microscope. It was accompanied by a 
grading report that did not mention the chip or inclusion, 
and stated the clarity as VS,. The inconsistency of this 
clarity grade with such an obvious chip/inclusion suggest- 
ed that these features were created after the diamond was 
graded. The chip was about 1.0 x 0.5 x 0.3 mm and had the 
appearance of a cleaved depression. An SEM image (figure 
6) showed a stepped crater, with the black spot at its deep- 
est point. The client asked us to identify the black inclu- 
sion and determine the cause of the apparent damage. This 
was the first time we had encountered such a feature. 
Chemical analysis performed during the SEM investi- 
gation (using a detector for light elements) showed that 
only carbon was present in the black inclusion, and a 
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Figure 5. The chip (see arrow) on the crown of this yel- 
low pear-shaped diamond appears to have been created 
by a misdirected shot from a laser soldering gun. A 
prong in the setting showed evidence of recent repair by 
laser soldering. A dark spot at the bottom of the pit was 
identified as graphite. Photo by H. A. Hanni; © SSEF. 


Raman spectrum confirmed the presence of graphite. The 
association of graphite with such a crater could be 
explained by a pinpoint source of intense heat, causing a 
transformation from diamond to graphite. This would 
have resulted in a volume increase of ~1.6x (the density of 
diamond being 3.52. g/cm vs. 2.16 g/cm? for graphite), cre- 
ating sufficient expansion to cause the chip. 

Careful observation of the setting revealed that one of 
the prongs on the pendant had recently been repaired by 
laser soldering. An accidental shot from a laser soldering 


Figure 6. This SEM image of the chip in figure 5 
shows the stepped shape of the crater walls and a 
small depression at the base of the pit corresponding 
to graphite. A phase transformation from diamond to 
graphite produced by the intense heat of a laser sol- 
dering gun would cause a sudden volume expansion, 
creating the chip. Image © SSEF/ZMB. 
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gun would have enough energy to cause the phase transi- 
tion from diamond to graphite. This case shows that great 
care must be taken to avoid accidentally damaging a gem- 
stone with a laser soldering gun. 

HAH 


COLORED STONES AND 
ORGANIC MATERIALS 


Green augelite from Peru. Augelite, monoclinic 
Al,(PO,)(OH);, is a very rare collector’s stone. Until now, 
the best specimens—yellow-green crystals up to 2. cm— 
came from Rapid Creek, Yukon Territory, Canada, where 
they formed within fractures in shales. And the only fac- 
etable material was from an historic andalusite deposit at 
the Champion mine, Mono County, California, which was 
worked during the 1920s and ’30s. This site produced col- 
orless crystals typically to 1 cm (exceptionally up to 2.5 
cm), but faceted stones usually weighed a maximum of ~1 
ct and were quite rare; the largest one known to this con- 
tributor is 4.00 ct (Patricia Gray, pers. comm., 2006). 

However, a new source of gem-quality augelite appeared 
in early 2006, when druses of well-formed light green crys- 
tals up to 2. cm (exceptionally up to 5 cm) were discovered 
in a quartz vein at the small Ortega mine in Ancash 
Department, northern Peru (see T. P. Moore, “What’s New 
in the Mineral World?” June 30 and October 27, 2006 
updates at www.minrec.org/whatsnew.asp}. Reportedly, 
two brothers from Lima had reopened an abandoned mine 
in search of quartz crystals with Japan-law twinning. They 
were surprised to find very fine augelite at the deposit. 

The augelite crystals (e.g., figure 7) are usually milky, and 
only small areas near the surface are facetable. The green 
color is inhomogeneous, so to get the best color the rough 
must be carefully oriented for cutting. The faceting process is 
also complicated by two cleavages (perfect in the {110} direc- 
tion, good in the {210} direction). Gemological properties were 
measured on three cut stones (0.20-1.19 ct): RI—n,=1.575, 
ng=1.576, and n,=1.590; birefringence—0.015; and fluores- 
cence—light yellow to short-wave and inert to long-wave UV 
radiation. In addition, three crystals were used to measure 
hydrostatic S.G. values of 2.69-2.70; the Mohs hardness was 
determined as 5.5. These properties are comparable to those 
reported for augelite by M. O’Donoghue (Gems, 6th ed., 
Butterworth-Heinemann, Oxford, England, 2006, p. 385). The 
largest cut stone seen by this contributor was 1.19 ct, but 
larger stones should be produced in the future. 

Jaroslav Hyrsl (hyrsl@kuryr.cz) 
Prague, Czech Republic 


Bicolored beryl from the Erongo Mountains, Namibia. In 
mid-2006, Jo-Hannes Brunner (Pangolin Trading, 
Windhoek, Namibia) informed us about a new find of 
bicolored beryl from Namibia’s Erongo Mountains. This 
area is famous for producing fine specimens of aquamarine, 
black tourmaline, jeremejevite, and other minerals (see the 
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Figure 7. A former quartz mine in northern Peru has 
produced some fine specimens of augelite; the 
faceted stones weigh 1.19 ct (left) and 0.94 ct (right). 
Photo by J. Hyrsl. 


Fall 2002 GNI section, pp. 264-265 and 266-268; B. 
Cairncross and U. Barhmann, “Famous mineral localities: 
The Erongo Mountains, Namibia,” Mineralogical Record, 
Vol. 37, No. 5, 2006, pp. 361-470). Only a small amount of 
the bicolored beryl was recovered, in early 2006, and a few 
stones have been cut and set into jewelry (figures 8 and 9). 
Mr. Brunner donated several pieces of rough and one 
cut bicolored beryl to GIA for examination. The cut stone 
(13.68 ct; again, see figure 8) was examined by one of us 
(KR) and showed the following properties: color—bicolored 
light greenish blue and yellowish green, with a sharp 
demarcation between the two colors; R.I—1.562-1.569 for 
the blue portion and 1.577-1.584 for the green portion; bire- 
fringence—0.007 (both colors); hydrostatic $.G.—2.68; fluo- 


Figure 8. This bicolored beryI1 (13.68 ct) was cut from 
material recovered in early 2006 from the Erongo 
Mountains in Namibia. Gift of Jo-Hannes Brunner; 
GIA Collection no. 36705. Photo by Robert Weldon. 
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Figure 9. This necklace is set with two bicolored 
beryls (38 ct total weight) from the Erongo 
Mountains. Courtesy of Gudrun Bellwinkel, African 
Art Jewellers, Swakopmund, Namibia. 


rescence—green portion = inert, and blue portion = inert to 
short-wave and very weak green to long-wave UV radia- 
tion. A weak line at 427 nm was seen in both color por- 
tions with the desk-model spectroscope. These properties 
are consistent with those reported for aquamarine by M. 
O'Donoghue (Gems, 6th ed., Butterworth-Heinemann, 
Oxford, England, 2006, pp. 162-164), except that the refrac- 
tive index values in that publication are slightly higher 
(1.572-1.590) than those recorded for the blue portion of 


Figure 10. This bicolored beryl (2.9 cm tall) from the 
Erongo Mountains shows bluish green and brownish 
orange coloration. Juergen Tron collection; photo 

© Jeff Scovil. 
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this sample. Microscopic examination revealed numerous 
fractures and two-phase (fluid-gas) inclusions in the blue 
part of the stone. The green portion was more heavily 
included and showed parallel growth structures, opaque 
inclusions, and densely spaced clusters of growth tubes. 

In addition to the light greenish blue and yellowish 
green colors described here, the bicolored beryl may also 
be composed of bluish green and brownish orange portions 
(see figure 10 and the photo on p. 393 of Cairncross and 
Barhmann, 2.006). 

Kimberly Rockwell (krockwell@gia.edu) 
GIA Laboratory, Carlsbad 
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Diopside from Afghanistan. “Olive” green and “chrome” 
green diopside reportedly from Badakhshan, Afghanistan, 
were brought to our attention by Farooq Hashmi (Intimate 
Gems, Jamaica, New York), who obtained the gem-quality 
rough while on a buying trip to Peshawar in January 2006. 
The two diopside varieties come from separate deposits 
that have been worked on an irregular basis for at least 
two years. 

Mr. Hashmi obtained 3-4 kg of the “olive” green diop- 
side from various parcels that totaled about 15 kg. The 
cobbed rough typically contained abundant inclusions, and 
the limited quantities of clean transparent pieces mostly 
weighed <3 grams each. The “chrome” diopside was avail- 
able in larger quantities (i.e., parcels weighing up to 30-40 
kg), and was reportedly cobbed from pods of material mea- 
suring up to several centimeters in diameter that were 
hosted by black mica schist. Extracting the gem-quality 
pieces was challenging due to the cleavage of the diopside. 

Mr. Hashmi had a few stones faceted from each diop- 
side variety, and loaned/donated them to GIA for examina- 
tion by one of us (EPQ). Gemological testing of three 
“olive” diopsides (1.33-2.75 ct; figure 11) showed the fol- 
lowing properties: color—medium to medium-dark yel- 
low-green; pleochroism—very weak, brownish yellow and 
gray-green; R..—n,=1.674-1.675 and n,=1.701-1.703; bire- 
fringence—0.027—-0.028; and hydrostatic $.G.—3.29-3.30. 
These properties are consistent with those reported for 
diopside by W. A. Deer et al. (An Introduction to Rock- 
forming Minerals, 2nd ed., Longman Scientific and 
Technical, Essex, England, 1992, pp. 170-176). There was 
no Chelsea filter reaction, and the stones were inert to 
both long- and short-wave UV radiation. Absorption fea- 
tures at approximately 450, 505, and 550 nm were visible 
with the desk-model spectroscope. Microscopic observa- 
tion revealed moderate doubling of the facet junctions, 
small transparent low-relief doubly refractive crystals and 
needles in stringers and planes, and small dark crystals. 
The stones also contained clouds and stringers of minute 
particles (which appeared dark in diffused light but white 
or gray in darkfield illumination); some of the clouds were 
planar. One of the stones displayed twinning, while anoth- 
er sample had partially healed fractures. EDXRF spec- 
troscopy of two of the samples indicated the presence of 
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Figure 11. These yellow-green diopside samples 
(1.33-2.75 ct) reportedly came from Badakhshan, 
Afghanistan. The stone in the center (GIA Collection 
no. 36612) is a gift of Intimate Gems. Photo by 

C. D. Mengason. 


major amounts of Si, Ca, and Mg; minor Fe; traces of Mn 
and Sr; and possibly Y and Zn. 

Gemological testing of four faceted “chrome” diopsides 
(0.57-0.77 ct; figure 12) showed the following properties: 
color—medium-dark to dark green; diaphaneity—transpar- 
ent; pleochroism—moderate, brownish yellow and green; 
R1I—n,=1.678 and n,=1.705; birefringence—0.027; S.G.— 
3.30-3.32; Chelsea filter reaction—none; and fluorescence— 
inert to both long- and short-wave UV radiation. Again, these 
properties were consistent with those of diopside reported by 
Deer et al. (1992). Absorption features at approximately 505, 
550, 640, 660, and 690 nm were visible with the desk-model 
spectroscope; the lines in the red end of the spectrum are 
consistent with the presence of Cr, while the other features 
are probably due to iron. Microscopic examination revealed 
moderate doubling of the facet junctions, small low-relief 
doubly refractive transparent crystals and needles, and small 
dark crystals. The stones also contained clouds and stringers 
of particles and needles (which appeared dark in diffused 
light but white or gray in darkfield illumination); some of the 
clouds were planar, and the stringers had a wavy stair 
step-like configuration. Two of the stones had partially 
healed fractures and two contained larger, doubly refractive, 
low-relief acicular crystals. EDXRF spectroscopy of three of 
the samples indicated the presence of major amounts of Si, 
Ca, and Mg; minor Fe; traces of Cr, Ti, Mn, and Sr; and possi- 
bly V. The absorption spectra and the detection of Cr in 
these samples by EDXRF indicate that the intense green 
color of this diopside is likely due to chromium. 

Elizabeth P. Quinn (equinn@gia.edu) 
GIA Laboratory 
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California jadeite with copper inclusions. The Spring 1996 
Lab Notes section (pp. 46-47) reported on jadeite beads 
from Guatemala with inclusions of native copper. 
Recently, a slab of mottled gray-green jadeite containing 
metallic inclusions was brought to our attention by Steve 
Perry (Steve Perry Gems, Davis, California). The sample 
was sliced from a boulder that was recovered by Nancy 
Stinnett and Michael Humenik of Watsonville, California, 
from the well-known jadeite locality of Clear Creek, San 
Benito County, California. 
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Figure 12. Badakhshan, Afghanistan, was also given as 
the source of these “chrome” diopsides (0.57-0.77 ct). 
Courtesy of Intimate Gems; photo by C. D. Mengason. 


The optical and physical properties of the sample 
were consistent with jadeite, as was the Raman spectrum 
obtained in the GIA Laboratory. A few “copper’’-colored 
metallic flakes (e.g., figure 13) were the only inclusions 
visible at 10x magnification. Using a four-probe high- 
impedance conductance test on the largest inclusion 
(employing an ohm meter with separate probes to mea- 
sure the voltage drop and current across the inclusion, 
and incorporating its measurements into a simple calcu- 
lation), one of us (RM) determined that the electrical 
properties were consistent with native copper. A review 
of the literature found that copper was previously docu- 
mented in Clear Creek jadeite by R. C. Coleman 
(“Jadeite deposits of the Clear Creek area, New Idria 
District, San Benito County,” Journal of Petrology, Vol. 
2, 1961, pp. 209-247). His description, “Native copper is 
present as small isolated blebs (less than 1 mm) within 
the jadeite ...,” is consistent with the appearance of the 
inclusions in the slab we examined. 

Roger Merk (merksjade@cox.net) 
Merk’s Jade, San Diego, California 
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Figure 13. The metallic inclusions in this jadeite from 
Clear Creek, California, consist of native copper. The 
largest copper inclusion measures approximately 

2 mm in longest dimension. Courtesy of S. Perry; pho- 
tomicrograph by R. Merk, magnified 10x. 
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Labradorite from Chihuahua, Mexico. Gem-quality color- 
less to pale brownish yellow labradorite is known from 
several localities in western North America, including 
those in Oregon, Utah, and New Mexico (in the U.S.}, as 
well as Mexico, among others (see J. D. Lindberg, “The 
source of the facet quality feldspar crystals from Rincon, 
New Mexico,” Lapidary Journal, Vol. 38, No. 8, 1984, pp. 
1070-1073; J. D. Lindberg, “Golden labradorite,” Lapidary 
Journal, Vol. 44, No. 3, 1990, pp. 20, 22, 24; and M. 
O'Donoghue, Gems, 6th ed., Butterworth-Heinemann, 
Oxford, England, 2006, pp. 263-267). Particularly large and 
transparent material has come from Mexico’s Sierra Madre 
Occidental mountain range in western Chihuahua State; 
Lindberg (1990) reported that the largest faceted stone 
weighed 92 ct and that even larger ones could be cut. In 
early publications, such feldspar may have been erroneous- 
ly referred to as orthoclase (e.g., E. M. Barron, “The gem 
minerals of Mexico,” Lapidary Journal, Vol. 12, No. 1, 
1958, pp. 4-16 passim). Similar labradorite has been found 
in the bordering state of Sonora (J. T. Gutmann, “Crystal 
chemistry, unit cell dimensions and structural state of 
labradorite megacrysts from Sonora, Mexico,” Schweizer- 
ische Mineralogische und Petrographische Mitteilungen, 
Vol. 56, No. 1, 1976, pp. 55-64). 

Recently, large quantities of the pale yellow labradorite 
from the Casas Grandes area of Chihuahua State have 
entered the gem market. According to a major supplier of 
this material, Bill Barker of Barker & Co., Scottsdale, 
Arizona, the feldspar is mined from weathered volcanic 
rock using a simple hand screening apparatus. The deposit 
is located in a remote area on a gentle hillside (figure 14), 
and the extent of the labradorite-bearing region is not yet 
known. Mr. Barker reported that his factory has faceted 
several hundred thousand carats of the material, which is 
notable for its uniform color, high transparency, and abili- 
ty to take a good polish. A variety of shapes have been cut, 
including oval, cushion, radiant, trilliant, and Portuguese 
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Figure 14. Large quanti- 
ties of transparent pale 
yellow labradorite have 
been mined from this 
remote area near Casas 
Grandes, Chihuahua 
State, in north-central 
Mexico. Courtesy of 
Barker & Co. 


round. The faceted goods are typically 5-10 ct, with larger 
stones in the 30-60 ct range. 

The gemological properties of Mexican labradorite are 
not well documented in the literature, so we characterized 
several stones that were donated by Mr. Barker and 
obtained from the GIA Collection. These included one 
sample known to be from Casas Grandes, two stones stated 
to be from Chihuahua State, and two labeled simply as 
“Mexico” (figure 15). The following properties were deter- 
mined by one of us (KR): color—light brownish yellow, 
with weak pleochroism; R.I—1.560-1.571; birefringence 
0.009-0.010; S.G.—2.71-2.72; fluorescence—inert to long- 
wave and very weak orange to short-wave UV radiation; 
and no absorption lines visible with the desk-model spec- 
troscope. These properties are comparable to those reported 
for labradorite by M. O’Donoghue (Gems, 6th ed., 
Butterworth-Heinemann, Oxford, England, 2006, pp. 
263-267), except for slightly lower S.G. values in that pub- 
lication (2.68-2.71). Microscopic examination revealed pin- 
point stringers in small discreet parallel planes, some very 
fine wispy clouds, small dark opaque crystals with thin- 
film halos, twinning, and series of very thin reflective 
platelets at an angle to the clouds and stringers. 

All five of the faceted stones, as well as four pieces of 
rough Casas Grandes labradorite that were donated by Mr. 
Barker, were chemically analyzed by LA-ICP-MS by one of 
us (CMB). The use of NIST glass standards allowed for 
semiquantitative (rather than quantitative) analyses, but 
extensive LA-ICP-MS analyses of plagioclase samples of 
known composition from a variety of sources showed that 
normalizing the major-element data provides a reliable 
way of determining plagioclase composition with this 
technique. All nine samples of the Mexican feldspar 
showed a rather narrow compositional range that identi- 
fied them as labradorite. Expressed in terms of the albite 
(Ab), orthoclase (Or), and anorthite (An) feldspar end-mem- 
bers (corresponding to Na, K, and Ca, respectively], the 
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Figure 15. At 1.91-18.56 ct, these samples of 
labradorite from Mexico were characterized for this 
report. The 16.15 ct oval is a gift of Barker & Co., 

GIA Collection no. 36692; the other samples are GIA 
Collection nos. 32878, 32879 (both heart and triangle), 
and 34467 (pear shape, gift of H. Obodda, Short Hills, 
New Jersey). Photo by Robert Weldon. 


Mexican labradorite samples had compositions in the 
range of ~Ab,. ,,Or, ,ANc<¢ «,. Each stone was analyzed in 
two or three spots, revealing only minor variations in com- 
position; the largest variation in anorthite content in a sin- 
gle stone was An. «,. In addition to Si, Al, Ca, and Na, all 
the stones contained traces of K, Fe, Sr, Mg, Ti, Ba, Mn, P, 
Ga. It should be noted that electron-microprobe analysis of 
a Chihuahua labradorite at the University of Oklahoma 
measured a composition of ~Ab,,Or,An.. along with 
traces of Fe, K, Mg, Sr, and Ba (Dr. George Morgan, pers. 
comm., 2006). Trace amounts of Fe** in the tetrahedral 
site of the plagioclase causes the pale yellow color (see 
http://minerals.caltech.edu/COLOR_Causes/Metal_Ion/ 
index.htm). 

Although Mexican plagioclase was reported by 
O'Donoghue (2006) as ranging from labradorite to bytown- 
ite (a feldspar in the compositional range of Anjo, 99), all the 
samples analyzed in this study were labradorite. 

BML 


Kimberly Rockwell and 
Christopher M. Breeding 
GIA Laboratory, Carlsbad 
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Gem news from Mogok, Myanmar. In April 2006, this 
contributor participated in a field excursion to the Mogok 
area with geology students and staff from Panglong 
University. The information for this report was also gained 
from additional contacts and students in Myanmar. 


e The tailings at the Kadottak ruby mine were being pro- 
cessed by a crushing, washing, and sorting operation for 
small rubies (<0.5 ct). The material is sold in bags 
weighing 50-100 kg that are sent to Thailand for heat 
treatment. The treated ruby is then sold to Thai and 
Indian jewelers. 


e The Pein Pyit area was experiencing a boom in gem 
prospecting for ruby, sapphire, red spinel, zircon, and 
moonstone. 

¢ Prospecting for sapphire was taking place in the 
Napheik and Pazunzeik areas north of Sinkwa village. 


¢ The Kadaykada mining area (for ruby, sapphire, spinel, 
zircon, moonstone, and topaz) has been exhausted, and 
work has shifted to the nearby Lone-Cho area for ruby 
and spinel. 


e¢ The workings at the Bawbadan primary ruby deposit 
have attained a depth of 1,000 feet (328 m), and ground- 
water is a problem for mining. The high price of diesel 
fuel has restricted use of pumps, so mining has ceased 
at lower levels. Only small areas of corundum-mineral- 
ized marble in the upper portion of the deposit were 
being worked. 


e Primary and secondary deposits in the Dat Taw Valley 
were being worked for pink sapphire, ruby, and other 
gems by a new influx of miners, mostly at higher lev- 
els of the deposits. 


e Only small amounts of sapphire were coming from the 
Shwepyiaye Plot, and secondary deposits in the area 
have been exhausted. Permission to work a new plot in 
the area has been applied for, and it could yield good 
results in the future. 


¢ Kwetsaung Taung in Thabeikkyin township was pro- 
ducing pink sapphires and pale red rubies that are 
opaque to translucent due to abundant parting planes. 
Translucent pale-to-moderate blue sapphires were also 
found in this area. 


e Claims owned by UMEHL (Union of Myanmar 
Economic Holdings Limited) in the Pyaunggaung area 
were still producing peridot. 

e Quartz and topaz were being mined in the Sakangyi 
area. The quartz crystals are sold in China. 

e Painite production from Wetloo (a skarn deposit) and 
Thurein-taung (a secondary deposit) has declined, and 
good crystals fetch high prices. 


e Prices were also high for rubellite from the Momeik area. 


In conclusion, formerly insignificant gem materials in 
Myanmar are becoming more important and commanding 
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good prices. Small shops selling crystals have appeared 

along the roads and also in some homes. The Mogok area 

is full of miners, houses, and new asphalt roads, and gem 
prices are quite high. 

U Tin Hlaing 

Dept. of Geology (retired) 

Panglong University, Myanmar 


Moonstone from Madagascar. In mid-2005, we were 
informed about a new find of moonstone in Madagascar by 
Fabrice Danet (Style Gems, Antsirabe, Madagascar). 
According to Mr. Danet, there has been confusion among 
local gem dealers between moonstone and labradorite 
(spectrolite), the latter is abundant on the market and inex- 
pensive. He also noted that some early reports on 
Madagascar’s minerals by French geologists had confused 
the labradorescence in plagioclase with the adularescence 
in K-feldspar (moonstone). 

Mr. Danet indicated that the new moonstone is mined 
from a granitic pegmatite that is located between 
Sahambano and Manivola, about 20 km east-northeast of 
Thosy in the southern part of the island. Although the min- 
ing rights were obtained by a small French company 
(Tany Hafa Co.), the mine also occasionally has been 
worked by local people. A few kilograms of rough have 
been produced, mostly in small sizes, yielding cabochons 
that exceptionally range up to 11 ct. The cutting yield is 
rather low due to the orientation of the adularescence 
within cleavage fragments of the material. 

Mr. Danet donated a parcel of the rough moonstone, 
along with a rectangular modified brilliant and an oval 
cabochon, to GIA for examination (see, e.g., figure 16). 
Gemological testing of the two polished stones by one of 
us (EPQ) yielded the following properties (those for the 
faceted stone are listed first; the cabochon had a flat pol- 
ished back): color—very light yellow-gray and light gray- 
ish yellow, with a moderate bluish adularescence; 
diaphaneity—transparent to semitransparent; R.I.— 
1.526-1.531 and 1.525-1.530; birefringence—0.005; 
hydrostatic $S.G.—2.57 and 2.58; Chelsea filter reac- 


Figure 16. These moonstones (0.82 and 2.20 ct) are 
from southern Madagascar. Gift of Fabrice Danet; 
GIA Collection nos. 36695 (cabochon) and 36696 

(faceted stone). Photo by C. D. Mengason. 
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Figure 17. The 70 ct fire opal in this ring was determined 
to be of natural origin. Photo by T. Hainschwang. 


tion—none; and fluorescence—very weak violet-blue to 
long-wave and weak-to-moderate orangy red to short- 
wave UV radiation. No absorption features were visible 
with the desk-model spectroscope. Most of these proper- 
ties are comparable to those reported for the moonstone 
variety of K-feldspar by M. O’Donoghue (Gems, 6th ed., 
Butterworth-Heinemann, Oxford, England, 2006, p. 270). 
Although the R.I. values of the Madagascar samples are 
higher than those provided for moonstone by this refer- 
ence (1.518-1.526], they are consistent with the refrac- 
tive indices given for K-feldspar in mineralogy text- 
books. Microscopic examination revealed clusters of 
very small transparent (sometimes whitish) doubly 
refractive crystals and very small dark crystals, along 
with stringers and clouds comprised of clusters of simi- 
lar but much smaller crystals. EDXRF spectroscopy 
showed a composition that was consistent with K- 
feldspar. 

Elizabeth P. Quinn and BML 


A large phenomenal fire opal with possible uranium-relat- 
ed luminescence. This contributor recently examined a 
high-quality 70 ct fire opal with very strong play-of-color 
(figure 17). The transparent bright orange opal was 
mounted in a ring, and was analyzed to verify its natural 
origin for a recent auction at Sotheby’s. 

The stone was identified as opal by specular 
reflectance FTIR spectroscopy. Although the spectra of 
natural and synthetic opal are similar, minor details 
sometimes allow them to be distinguished by this 
method. In this case, the spectrum matched perfectly 
with that of natural opal. The lack of a “snake-skin” 
structure during microscopic observation of the play-of- 
color also indicated natural origin. The opal exhibited 
very distinct orange net-like color zoning (figure 18, left). 
This zoning was also observed when the stone was 
exposed to short-wave UV radiation: The pale-colored 
zones fluoresced weak-to-moderate green, while the 
strongly colored “net” was almost inert (figure 18, right). 
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Figure 18. The color 
zoning of the fire opal in 
figure 17 (left) was mir- 
rored in its unusual pat- 
tern of green lumines- 
cence to UV radiation 
(right). The lumines- 
cence was stronger in 
the pale-colored zones 
than in the intense 
orange “net.” Photos by 
T. Hainschwang. 


With long-wave UV, the fluorescence was much weaker 
but still discernable. 

Green luminescence in opal has been attributed to ura- 
nium impurities in the form of the uranyl ion UO}* (E. 
Fritsch et al., “Luminescence of oxidized porous silicon: 
Surface-induced emissions from disordered silica micro- to 
nano-structures,” Journal of Applied Physics, Vol. 90, No. 
9, 2001, pp. 4777-4782). Such uranium impurities can be 
present in very low concentrations and therefore may not 
be detected by EDXRF spectroscopy (E. Fritsch, pers. 
comm., 2006). 

Indeed, EDXRF chemical analysis of this opal did not 
show the presence of uranium, but it did reveal trace 
amounts of iron. The appreciable iron concentration 
possibly explains why the more intensely colored zones 
were nearly inert to UV radiation, since yellow-to- 
orange color in fire opal has been attributed to nanoin- 
clusions of an iron-containing mineral (E. Fritsch et al., 
“Mexican gem opals: Nano- and micro-structure, origin 
of color and comparison with other common opals of 
gemological significance,” Australian Gemmologist, 
Vol. 21, No. 6, 2002, pp. 230-233). Iron is known to effi- 
ciently quench luminescence in minerals; thus, if pre- 
sent in sufficient quantity, it can suppress uranium- 
related luminescence of opal (again, see Fritsch et al., 
2001), even when present within nanoinclusions (E. 
Fritsch, pers. comm., 2006). 

Some opals contain rather large quantities of urani- 
um. For example, a nonphenomenal yellow opal from 
Madagascar showing very strong green fluorescence was 
previously analyzed by this contributor. The presence of 
uranium was easily detected by EDXRF, while Fe was 
very low. Radioactivity was clearly measurable with a 
Geiger-Miiller counter, and had an intensity 20 times 
greater than the natural background level with the detec- 
tor held 9 mm from the sample. 

No radioactivity was detected in this 70 ct fire opal, so 
the presence of uranium could not be verified by the 
Geiger-Miiller counter. The content of uranium in this 
noticeably fluorescent opal is apparently less than 10 ppm, 
which was the EDXRF detection limit of this element for 
the instrument. 

Thomas Hainschwang (thainschwang@yahoo.com) 
Geneva, Switzerland 
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“Sunset” quartz: A new gem material from Brazil. In July 
2006, a new deposit of yellow-to-orange quartz was discov- 
ered in northern Minas Gerais State, Brazil. The material 
was found by Jean-Claude Nydegger, when he noted some 
quartz veins containing transparent-to-opaque areas that 
varied from white to yellow-orange (e.g., figure 19). Closer 
examination revealed a few thin bands with an attractive 
yellow-orange color. 

Approximately 1,500 kg of quartz were extracted from 
the veins, but only 5 kg of this was gem quality. The first 
parcel of stones faceted from the material is shown in fig- 
ure 20. The cut gems typically weigh 1-10 carats; the 
largest known to these contributors is 19.5 ct (figure 21). 
Due to the resemblance of the colors to those of a setting 
sun, these contributors suggest that the material be called 
“Sunset” quartz. 

Initial examination with a 10x loupe revealed a num- 
ber of yellow-to-orange needles in the quartz. Depending 
on the abundance and color of the needles, the quartz var- 
ied from pale yellow (in very slightly included samples), to 
yellow or orange (in samples that were more heavily 
included). Heating experiments done by Mr. Nydegger 


Figure 19. A yellow-orange variety of quartz has been 
found within milky white quartz veins in northern 
Minas Gerais, Brazil. The orange areas of the veins, 
referred to as “Sunset” quartz, are relatively rare. 
This sample is 10.5 cm wide; photo by M. Maczri. 
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showed that the yellow-to-orange quartz can be perma- 
nently changed to deep orange at 350°C. However, heating 
of the colorless and light yellow quartz resulted in no 
change of color. The heated and unheated quartz may 
show the same range of color; it is impossible to reliably 
distinguish them from one another by visual appearance or 
standard gemological testing. Some, but not all, of the 
heated samples contained fractures that apparently formed 
due to the heating process. 

Standard gemological testing was performed on three 
faceted samples that had been heated. In addition, two 
samples were prepared (a doubly polished slab of unheated 
material and a thin section of the heated quartz) for obser- 
vation using an optical microscope in both reflected and 
transmitted light, as well as with a scanning electron 
microscope (SEM). The inclusions in these two samples 
were chemically analyzed using a Cameca SX-50 electron 
microprobe (accelerating voltage of 15 kV and sample cur- 
rent of 15 nA) at the IGAG-CNR (L'Istituto di Geologia 
Ambientale e Geoingegneria—Consiglio Nazionale Delle 
Ricerche) in Rome. 

The faceted stones yielded the following gemological 
properties: color—yellow, yellow-orange, orange; 


Figure 21. This 19.5 ct Sunset quartz is the largest sam- 
ple known to the authors. Photo by Federico Caprilli. 
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Figure 20. The stones 
in this first parcel of 
faceted Sunset quartz 
ranged from approxi- 
mately 1 to 19.5 ct. 
Photo by M. Macri. 


diaphaneity—transparent to translucent; R.I.—n,=1.543, 
n,=1.552; birefringence—0.009; and $.G.—2.65. Micro- 
scopic observations revealed a large number of randomly 
oriented needle-shaped inclusions in all samples (e.g., fig- 
ure 22). The needles ranged up to a few millimeters long, 
with diameters of 1-3 um. Their strong yellow-orange 
hue was responsible for the overall color of the quartz, 
and their abundance also resulted in the slightly milky 
appearance. When viewed with crossed polarizers, the 
inclusions showed birefringence. 

Backscattered electron images of the polished slab and 
the thin section obtained with the SEM showed that the 
needles’ surfaces had an irregular outline (figure 23). 
Suitable inclusions for chemical analysis could not be 
found in the unheated sample, but the needles in the heat- 
ed quartz were shown by the SEM to be Al- and Fe-rich, 
with a lower Si content than the quartz host. Electron- 
microprobe analysis of the needles in this sample con- 
firmed that they contain major amounts of Si, Al, and Fe, 
along with traces of K. The high iron content is probably 
responsible for the color of the inclusions. 

While only a small quantity of Sunset quartz has been 
faceted, a significant amount of opaque orange material 


Figure 22. The Sunset quartz is colored by abundant 
yellow-orange needle-shaped inclusions. Photomicro- 
graph by M. Macri; transmitted light. 
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suitable for cabochons and carvings is expected to become 
available. 

Acknowledgments: Mario Solini, Elisa Melis, Alfredo 
Mancini, and Paolo Ballirano are thanked for their gener- 
ous assistance. 

Michele Macri (michele.macri@uniroma1.it), 
Adriana Maras, and Pier Francesco Moretti 
Universita di Roma “La Sapienza,” Italy 


Marcello Serracino 
IGAG-CNR of Rome, P. A. Moro, Italy 


Swedish Blue (slag) and Swedish Iron Ore. David Olson 
(Ingeborgs Stenar AB, Stockholm, Sweden) recently 
informed us about two unconventional gem products 
from Sweden. He reported that a blue-patterned material 
called Swedish Blue is cut from slag (a byproduct of smelt- 
ing ore to extract metals) that was produced from the 
Middle Ages until about 1865, when the Bessemer pro- 
cess of smelting iron ore was invented. This slag comes 
from central Sweden, where there was once an abundance 
of small smelters in operation. The slag was produced 
when the silica-rich portions of the ore floated to the sur- 
face and were poured off as a waste product. The other 
material, banded iron ore, comes from a small mine near 
Nora, which is located 26 km north of Orebro in south- 
central Sweden. This mine is one of the few sources that 
produces a banded iron ore solid enough to cut and polish; 
it is sold as Swedish Iron Ore. 

Mr. Olson gave GIA three cabochons of Swedish Blue 
and two of Swedish Iron Ore (figure 24), and these were 
examined by one of us (KR). The Swedish Blue had the 
following properties: color—finely banded, semitranslu- 


Figure 23. In this backscattered electron image, the 
dark spots represent the surface expression of the 
needle-like inclusions in the Sunset quartz. Note 
the irregular outline of the central needle. Image by 
M. Serracino. 
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Figure 24. The blue samples are composed of slag 
(15.17-26.90 ct), and the banded cabochons are iron 
ore (16.95-34.00 ct), both from Sweden. The green 
areas shown by the slag correspond to areas of trans- 
mitted light. Gift of Ingeborgs Stenar AB; GIA 
Collection nos. 36700-36704. Photo by Robert Weldon. 


cent very light gray to translucent blue with a strong yel- 
lowish green component in transmitted light; R.L—1.58 
(spot reading) or 1.583 (flat surface); hydrostatic $.G.— 
2.74-2.76; fluorescence—weak blue to long-wave and 
very weak blue to short-wave UV radiation, and no diag- 
nostic absorption lines were visible with the desk-model 
spectroscope. Microscopic examination showed randomly 
distributed gas bubbles of various sizes and very small 
metallic spheres and particles. EDXRF spectroscopy per- 
formed by GIA Laboratory senior research associate Sam 
Muhlmeister revealed major amounts of Si and Ca; minor 
Mg, Al, and Fe; and traces of K, Mn, Rb, Sr, Y, Zr, Ba, and 
the rare-earth elements La and Ce. 

The Swedish Iron Ore had the following properties: 
color—zebra-like, broadly banded translucent black to 
opaque metallic black; R.I—1.54 from a translucent band 
and over-the-limits of the standard refractometer (>1.81) 
from a metallic band; $.G.—3.91-4.44 (variation due to 
different ratios of translucent and metallic material); UV 
fluorescence—inert; and no diagnostic absorption features 
visible with the desk-model spectroscope. EDXRF spec- 
troscopy performed by Mr. Muhlmeister indicated major 
amounts of Si and Fe, and traces of Al and Sb. 
Microscopic examination showed that the black translu- 
cent areas were composed of a near-colorless transparent 
material that was heavily included with opaque black par- 
ticles; the near-colorless areas were identified as quartz by 
Raman spectroscopy. The metallic bands are formed by a 
dense accumulation of black opaque particles that were 
identified as hematite with Raman analysis. At the inter- 
face of each of these layers were a few scattered very dark 
red particles that were only visible at higher magnifica- 
tion (~25x). 

Mr. Olsen indicated that he sold about 1,000 cabo- 
chons (of both materials combined) into the market at the 
2006 Tucson gem shows. 

Kimberly Rockwell and BML 
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Tourmaline mining at Nandihizana, Madagascar. In mid- 
October 2005, a new tourmaline deposit was discovered at 
Nandihizana, a village located 130 km south of Antsirabe 
(and only 10 km west of National Road 7). This area lies 
within the region known as Camp Robin, where several 


Figure 26. The main pit at Nandihizana measured 
about 75 m long and 14 m deep. The mined material 
was removed in buckets using ropes and ladders. 
Photo by F. Danet. 
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Figure 25. This 
overview of the 
Nandihizana tourma- 
line mining area shows 
some of the workings, 
as well as the mining 
camp in the back- 
ground. Photo by F. 
Danet. 


tourmaline deposits have been worked over the past few 
years (see, e.g., Fall 2006 GWG, pp. 116, 156). 

This contributor recorded the frenzy of mining activity 
that occurred when about 5,000 diggers and gem traders 
descended on the site (figures 25-27). The government 
attempted to control the influx, but this proved impossi- 
ble. It is interesting to note how virtually any new gem 
discovery in Madagascar is followed by an immediate rush 
of such large proportions. 

The tourmaline was mined from soil and a large 
underlying granitic pegmatite with a north-south strike 
and a subvertical dip. The pegmatite was composed of 
white perthite feldspar, abundant green amazonite, 
quartz, small amounts of black tourmaline, lepidolite, 
and yellow danburite (sometimes showing chatoyancy). 
The tourmaline production consisted of many colors, 
including yellow, light green, “olive” green, strawberry- 
like red, and violetish red. Unfortunately, most of the 
material was heavily included, and well-formed crystals 
were rare. Nevertheless, the demand for tourmaline of all 
qualities is quite high in Madagascar, so the production 
was readily consumed by African and Chinese traders for 
carving purposes. Only a few stones have been faceted 
(see, e.g., figure 28). 

Tourmaline production from Nandihizana has 
declined in recent months. In March 2006, at a mine 
located near Nandihizana, several hundred kilograms 
of fan-shaped dark green and dark purple tourmaline 
crystals were recovered in groups measuring up to 20 
cm long. 

Fabrice Danet (fabdanet@wanadoo.mg) 
Style Gems, Antsirabe, Madagascar 


GEMS & GEMOLOGY WINTER 2006 


Figure 27. Miners at the Nandihizana main pit are 
shown here working the primary pegmatite deposit 
for tourmaline. Photo by F. Danet. 


Green uvite from Afghanistan. In the Winter 2002 GNI 
section (pp. 357-358), we reported on some samples of 
brownish orange uvite from Afghanistan that were loaned 
to GIA by Farooq Hashmi. Mr. Hashmi has also loaned us 
several fragments and well-formed crystals of green tour- 
maline (figure 29) that are also reportedly from Afghani- 
stan. The material was obtained in mid-2006 during a buy- 
ing trip to Peshawar, Pakistan. Mr. Hashmi first noted this 
tourmaline in the Peshawar market in 2002. Interestingly, 
a single faceted stone obtained at that time by Mr. Hashmi 
within a small parcel of the green tourmaline crystal frag- 
ments proved to be tsavorite. 

The following properties were recorded by one of us 
(EPQ) on four of the most intensely green crystals: color— 
medium-dark to dark green with some of the samples 
appearing darker green toward the pyramidal termination 
due to angular color banding oriented parallel to those 
faces; dichroism—moderate-to-strong greenish blue and 
greenish yellow, diaphaneity—transparent to translucent; 
hydrostatic $.G.—3.04; Chelsea filter reaction—moderate- 
to-strong red; and fluorescence—inert to long-wave UV 
radiation, and weak to moderate mottled chalky orange- 
yellow to short-wave UV. Although some of the crystal 
faces were nearly flat and fairly smooth, it was not possi- 
ble to measure accurate refractive indices due to growth 
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Figure 28. These tourmalines were cut from material 
recovered in the Camp Robin area of Madagascar. 
The pink stone weighs 4.75 ct. Photo by F. Danet. 


features on the surfaces. UV-Vis-NIR spectroscopy of two 
of the crystals revealed broad absorption bands centered at 
420 and 605 nm (for the o-ray) and at 440 and 600 nm (for 
the e-ray) together with subtle absorption features at 679, 
687, and 692 nm that are most likely related to chromium. 
Observation with a desk-model spectroscope showed gen- 
eral absorption to 480 nm and a broad band centered at 
600 nm, but no lines were seen in the red region. 
Microscopic examination revealed numerous fractures, 
platy low-relief doubly refractive crystals, partially healed 
fractures, two-phase inclusions containing a doubly refrac- 
tive crystal and a liquid, two-phase inclusions containing a 
dark solid and a liquid, and three-phase inclusions. Two of 
the crystals contained clouds and one sample contained 
small, low-relief, pale brown inclusions that were possibly 
singly refractive. 

EDXREF spectroscopy of two of the crystals revealed 
major amounts of Si, Al, and Mg; traces of Ca, Sr, V, Cr, 
and Ti; and possibly traces of Na, Ga, and Fe. The presence 
of major amounts of Mg and some Ca is consistent with 


Figure 29. These crystals of green tourmaline 
(6.45-14.25 mm) from Afghanistan are apparently 
colored by vanadium and subordinate chromium. 
The crystals located in the center and second from 
the left were among the samples that were tested 
for this report. Courtesy of Intimate Gems; photo 
by C. D. Mengason. 
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the tourmaline species uvite. The EDXRF (and UV-Vis- 
NIR) results were comparable to similar-colored samples 
of “chrome” tourmaline from Tanzania and Kenya (one 
sample tested from each locality), but our preliminary data 
suggest that the Afghan material contained less Ti, Cr, V, 
and Sr. Notably, the tourmalines from all three localities 
contained more V than Cr, and did not show particularly 
strong Cr absorption features in the visible spectra. The 
intense green color of these particular tourmaline samples 
(typically referred to as “chrome” tourmaline by the trade) 
appears to be caused more by vanadium than by chromi- 
um. An early study of the Tanzanian tourmaline also indi- 
cated that vanadium is the main chromophoric element 
(R. Webster, “Tanganyika tourmaline,” The Gemmologist, 
Vol. 30, No. 356, 1961, pp. 41-45). 

Elizabeth P. Quinn and BML 


SYNTHETICS AND SIMULANTS 


Synthetic corundum “gem rough” in Tanzania. While on 
a gem buying trip to Tanzania, gem dealer Farooq 
Hashmi was offered some unusually transparent sam- 
ples that were represented as rough spessartine and sap- 
phire. Although he was suspicious of their authenticity 
due to their high clarity and the relatively low asking 
price, he purchased some for further examination. 

In one case, a small parcel of bright orange broken frag- 
ments was sold to him as spessartine. Straight parallel 
stepped patterns on some of the surfaces resembled the 
etch features that may be seen on rough spessartine. 
Examination of five of these samples (1.0-3.9 g; figure 30) 
by one of us (EAF) showed the following properties: 
color—orange; hydrostatic S.G.—4.01, fluorescence—inert 
to long- and short-wave UV radiation; and general absorp- 
tion to 500 nm and a line at 690 nm observed with the 
desk-model spectroscope (proving that they were not spes- 
sartine). Microscopic examination revealed no inclusions, 
while the surface of the samples showed conchoidal frac- 
tures as well as the straight parallel stepped areas men- 
tioned above that had the appearance of cleavage/parting 
planes. Due to the unpolished nature of the samples, it 
was not possible to obtain R.I. readings, so the material 
was identified by Raman spectroscopy as corundum. The 
strong orange color prompted us to check for the presence 
of Be using LA-ICP-MS. Analysis of one sample by GIA 
Laboratory research scientist Dr. Andy Hsi-Tien Shen 
showed that it contained Fe, Cr, and Mg (besides the 
expected Al). The lack of Ga proved that the material was 
synthetic corundum. 

In another case, Mr. Hashmi was offered a multicol- 
ored parcel of waterworn rough that was represented as 
Umba sapphire. He singled out one purple sample (figure 
31) that appeared more waterworn and transparent than 
the others. The following properties were collected by 
one us (EAF): color—reddish purple; pleochroism—pur- 
ple to light pink; $.G.—3.99, fluorescence—moderate-to- 
strong red to long-wave UV radiation, and very weak red 
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Figure 30. These fragments of synthetic sapphire 
(1.0-3.9 g) were sold as spessartine in Tanzania. 
Courtesy of Intimate Gems; photo by Robert Weldon. 


internally and moderate chalky white on the surface to 
short-wave UV; and absorption lines at 470, 480, and 
680 nm were seen with the desk-model spectroscope. 
Microscopic examination showed a rounded abraded 
surface with numerous small chips and fractures; no 
inclusions could be seen in the stone’s interior. Raman 
analysis provided a spectral match to corundum. LA- 
ICP-MS analysis by Dr. Shen showed that in addition to 
Al, this sample contained only Cr and Ti; it had no Ga. 
Therefore, this sample was also identified as synthetic 
corundum. 

Mr. Hashmi obtained these samples in Dar es Salaam, 
but he also reported seeing similar orange material in 
Arusha. According to gem dealers in Tanzania, the synthet- 
ics are brought in by Asian merchants who then use local 
African dealers to sell the material. Mr. Hashmi also report- 
ed that in Dar es Salaam, synthetic spinel is being sold as 
natural red spinel in fragments or abraded octahedral- 
shaped “crystals.” 

Eric A. Fritz (efritz@gia.edu) 
GIA Laboratory, Carlsbad 


BML 


Figure 31. Although it has the appearance of a 
waterworn piece of gem rough, this 3.2 g sample was 
fashioned from synthetic sapphire. It was obtained 
in Tanzania from a multicolored parcel that was 
represented as Umba sapphire rough. Courtesy of 
Intimate Gems; photo by Robert Weldon. 
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Small treated synthetic pink diamonds set in a ring. 
Recently, the Dubai Gemstone Laboratory received a yel- 
low metal ring set with 12, pink round brilliants for identifi- 
cation. The round brilliants averaged 2.8 mm in diameter 
and exhibited a saturated color that varied from orangy pink 
to brownish purplish pink (figure 32, left). They gave a posi- 
tive (diamond) reaction to a thermal conductivity tester. 

With strong fiber-optic illumination, nine of the 12 
samples showed unevenly distributed weak-to-moderate 
green luminescence (figure 32, right). The reaction to ultra- 
violet radiation was also striking. When exposed to long- 
wave UV, all displayed a distinctive weak-to-strong yel- 
lowish orange, orange, or orangy red fluorescence, with the 
same nine samples also showing zones of greenish yellow 
to green (figure 33, left). The reaction to short-wave UV 
was similar but stronger, and the zoning was more clearly 
defined (figure 33, right). In both cases, the green fluoresc- 
ing areas showed the cross-shaped, hourglass, or three- 
armed growth sector patterns that are typical of synthetic 
diamond. There was no phosphorescence reaction in any 
of the stones. DiamondView luminescence images of the 
nine samples displayed additional distinctive features 
characteristic of synthetic diamond. 

Microscopic examination revealed metallic inclusions 
in six of the samples (e.g., figure 34) and a cloud of reflec- 
tive pinpoint inclusions in one; among these were the 
three samples that did not show the green luminescence 
zoning mentioned above. Immersed in water and exam- 
ined with diffused light, the nine samples that did have 
green zoning showed uneven color distribution, with dis- 
tinct zones of yellow and pink (figure 35). Such zoning is 
also a typical feature of synthetic diamond. 

Due to the small size of the synthetic diamonds and 
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Figure 32. The round bril- 
liants in this ring (average 
2.8 mm diameter) proved 
to be treated-color pink 
synthetic diamonds. With 
strong fiber-optic illumi- 
nation (right), nine of 
them showed unevenly 
distributed green lumines- 
cence. Photos by S. Sing- 
bamroong, © Dubai 
Gemstone Laboratory. 


Figure 33. When exposed to 
long-wave (left) and short- 
wave (right) UV radiation, 
most of the treated synthet- 
ic pink diamonds revealed 
zones of greenish yellow to 
green over a red back- 
ground, with cross-shaped, 
hourglass, or three-armed 
patterns. Photos by S. 
Singbamroong, © Dubai 
Gemstone Laboratory. 


the nature of the mounting, it was not possible to perform 
UV-Vis absorption spectroscopy. However, low-tempera- 
ture photoluminescence spectra recorded for two samples 
with a Raman microspectrometer using a 514.5 nm argon 
laser showed emission peaks at 575 and 637 nm, which 
are indicative of irradiation and annealing treatment, as 
well as a 658 nm band due to nickel impurities that is 
indicative of synthetic origin (see J. E. Shigley et al., “Lab- 
grown colored diamonds from Chatham Created Gems,” 
Summer 2004 Gems &) Gemology, pp. 128-145). 


Figure 34. Needle-like metallic inclusions were 
seen in this treated-color synthetic pink diamond. 
This image also shows a cross-shaped pattern of 
green luminescence to visible light. Photomicro- 
graph by S. Singbamroong, © Dubai Gemstone 
Laboratory; magnified 50x. 
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Figure 35. When viewed with diffused light while 
they were immersed in water, most of the synthetic 
diamonds in figure 32 showed distinct yellow and 
pink color zoning, another clue to their synthetic ori- 
gin. Photomicrograph by S. Singbamroong, © Dubai 
Gemstone Laboratory; magnified 8x. 


The infrared spectra of two samples revealed features 
that were a mixture of type Ib, IaA, and IaB (with 
IaA>>lIaB, Ia>Ib). They also revealed a peak at 1450 cm“, 
providing additional evidence of irradiation and annealing 
(W. Wang et al., “Treated-color pink-to-red diamonds from 
Lucent Diamonds, Inc.,” Spring 2005 Gems & Gemology, 
pp. 6-19). EDXRF chemical analysis of two samples 
revealed the presence of Ni and Fe. 

On the basis of the color zoning, luminescence charac- 
teristics, and chemical/spectroscopic properties, we identi- 
fied the 12 small round brilliants as treated-color pink syn- 
thetic diamonds. 

Sutas Singbamroong (ssutas@dm.gov.ae) 
and Abdalla Abdelqadir Yousif 

Dubai Gemstone Laboratory 

Dubai, United Arab Emirates 


Figure 36. Represented as “chocolate pearls,” these 
variously colored samples (up to 12.7 mm) were 
examined for this report. One of them (second from 
the left) proved to be silver treated, while no silver 
was detected in the other cultured pearls. The sample 
on the far left was bleached but not dyed. Slicing 
and/or polishing the other samples revealed narrow 
(~0.05 mm) concentrations of brown color at their 
surface. Photo by H. A. Hanni, © SSEF. 


Gee 
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Update on “chocolate” Tahitian cultured pearls. Treated- 
color brown Tahitian cultured pearls were introduced a few 
years ago as “chocolate pearls,” and there have been a num- 
ber of conflicting reports about the coloration mechanism 
(see, e.g., “Trade raises questions about ‘chocolate pearls,’” 
Jewellery News Asia, No. 241, September 2004, pp. 160-162, 
M. Zachovay, “’Chocolate’ Tahitian cultured pearls,” 
Summer 2005 Gem News International, pp. 183-184; 
“Better techniques improve brown pearls,” Jewellery News 
Asia, No. 262, June 2006, p. 60). Good-quality but overly 
dark Tahitian cultured pearls are said to be treated to lighten 
the surface color. This treatment is claimed to be stable and 
to penetrate deeply into the cultured pearls, sometimes even 
turning their bead nuclei brown. 

According to some of these reports, the treatment some- 
how affects the melanin (dark pigment) molecules in the 
nacre. It is not clear, though, how the surface color could be 
lightened by modification of the melanin, while at the same 
time the originally white bead in the center could turn 
brown. Though the color would still be considered “treat- 
ed,” the process is represented as superior to simple dyeing. 

The SSEF Swiss Gemmological Institute has been 
seeking test material for some time to learn more about 
this mystery, and we recently received five samples repre- 
sented as “chocolate pearls” from three different dealers 
(in England, Japan, and Switzerland) for research purposes 
(see, e.g., figure 36). Each sample was sawn in half, and/or 
a small flat spot was polished on the surface, to reveal the 
depth of color penetration. 

The results were surprising and confirm that common 
sense is always helpful when facing such mysteries. One 
of the samples (far left in figure 36) was bleached but not 
dyed. The other four cultured pearls showed distinct color 
concentrations in their outermost layers, the thickness of 
which was about 0.05 mm (see, e.g., figure 37). The under- 
lying nacre was gray to light brown (figure 38); in none of 
these samples was the underlying nacre darker than the 
surface. Furthermore, there was no apparent darkening of 
the bead in any of our samples. These results are nearly 
identical to properties exhibited by cultured pearls that 
have been dyed, such as those treated with silver nitrate or 
more modern dyes. When the samples were tested for the 
presence of silver using EDXRF spectroscopy, one revealed 
this element—indicating that it was treated by the tradi- 
tional silver nitrate method—but silver was not found in 
any of the other cultured pearls. 

Future research on a broader selection of “chocolate 
pearls” is necessary before we can make a better determi- 
nation of the treatment process. In our experience, a non- 
destructive gemological test to detect this treatment is not 
yet available; however, polishing a tiny flat spot (e.g., 
around a drill hole) would show a color concentration con- 
fined to a superficial layer. The SSEF laboratory would 
welcome additional “chocolate pearls” for further testing. 

HAH 
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Figure 37. In this cross-section of one of the “choco- 
late pearls” (middle sample in figure 36), the white 
bead and a thin ~0.05 mm surface layer of brown col- 
oration is clearly visible, while the nacre underlying 
the dark surface is lighter and predominantly gray. 
Photo by H. A. Hanni, © SSEF. 


Treated violetish blue to violet quartz from Brazil. Blue 
quartz is quite rare, and the color of almost all such report- 
ed natural material is produced by mineral inclusions (see, 
e.g., K. Schmetzer, “Methods for the distinction of natural 
and synthetic citrine and prasiolite,” Journal of 
Gemmology, Vol. 21, 1989, pp. 368-391). Such quartz has 
an orange tint when viewed in transmitted light, due to 
scattering by the minute particles. Thus far, the only blue 
quartz not colored by inclusions has been synthetic mate- 
rial that is colored by cobalt or heat-treated and iron-bear- 
ing (K. Nassau and B. E. Prescott, “Smoky, blue, greenish- 
yellow, and other irradiation-related colors in quartz,” 
Mineralogical Magazine, Vol. 41, 1977, pp. 301-312). 


Figure 39. The Montezuma area in Minas Gerais, 
Brazil, is once again being mined for amethyst (such 
as the 4 cm crystal pictured here). This material can 
be turned green by heat treatment and violetish blue 
to violet by subsequent irradiation. The cut stones 
weigh about 3-4 ct. Photo by R. S. Giittler. 
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Figure 38. Polishing a small flat area (1.6 mm in 
diameter) on one of the “chocolate pearls” revealed 
the shallow depth of the surface-related color concen- 
tration. Photomicrograph by H. A. Hdnni, © SSEF. 


A new variety of violetish blue to violet quartz (figures 
39 and 40) has recently been produced through the heating 
and gamma irradiation of amethyst from a mine near 
Montezuma, in the Rio Pardo region in northern Minas 
Gerais. This deposit, often called the Montezuma mine, 
initially became famous during the 1960s for amethyst 
that could be turned green by heating, known today as 
“prasiolite” or “greened amethyst” in the trade (J. P. 
Cassedanne and J. O. Cassedanne, “Axinite, hydromagne- 
site, amethyst, and other minerals from near Vitoria da 
Conquista (Brazil),”” Mineralogical Record, Vol. 8, 1977, 
pp. 382-387; Summer 2.004 Lab Notes, p. 167). One of the 


Figure 40. These samples show the coloration of the 
Montezuma mine quartz as untreated amethyst (left, 
2.40 ct), heated green quartz (center, 3.54 ct), and heat- 
ed and irradiated violet quartz (right, 2.37 ct). Gift of 
Henrique Fernandes and Gabriel Freitas, Pinkstone 
International, Governador Valadares, Brazil; GIA 
Collection nos. 36697-36699. Photo by Robert Weldon. 
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veins at this deposit is now being mined again, yielding 
about 500 kg/month of amethyst, of which about 1-2% is 
gem quality. 

It is well known that heat may reduce the oxidation 
state of iron in amethyst, and at about 300-500°C the 
purple color will change to colorless or yellow or green 
(see, e.g., E. Neumann and K. Schmetzer, “Mechanism of 
thermal conversion of colour and colour centres by heat 
treatment of amethyst,” Neues Jahrbuch ftir Mineralogie 
Monatshefte, Vol. 6, 1984, pp. 272-282). The resulting 
green quartz is quite stable to heat, unlike the pale green 
quartz that has been produced with gamma irradiation 
(but no heat treatment) from colorless to very slightly 
green quartz from Rio Grande do Sul State. This latter 
quartz loses much of its green color when heated to about 
150-200°C or exposed to strong sunlight. The two types 
of treated green quartz may be distinguished by their dif- 
ferent responses to the Chelsea filter (see H. Kitawaki, 
“Green quartz,” www.gaaj-zenhokyo.co.jp/index-e.html) 
or the Aquamarine filter (G6ttinger Farbfilter, Germany). 
Viewed with each of these filters using incandescent 
light, the heated variety (derived from amethyst) appears 
green due to absorption in the red part of the spectrum at 
about 750 nm (produced by Fe**), whereas the irradiated 
material (derived from colorless quartz) appears red due to 
an as-yet-unexplained weak absorption peak at about 620 
nm and efficient transmission in the red spectral region. 

Gamma irradiation experiments were undertaken by 
one of us (HCK) to improve the green color of heated 
(350-450°C) Montezuma amethyst at Embrarad Ltda., a 
commercial irradiation facility near Sao Paulo. The irradi- 
ation unexpectedly produced a range of colors from violet 
to violetish blue to deep blue. According to the Color 
Atlas 5510 (Mitsumara Suiko, Shoin, Japan, 1986), the 
colors ranged from 4.25PB2/10 to 8.75PB4/3 (deep blue to 
deep purplish blue). The optical properties were typical 
for quartz, but with strong violetish blue and reddish 
orange pleochroic colors when viewed with a dichroscope 
perpendicular to the c-axis. Although the coloration 
appears to be distributed evenly in cut material, detailed 
microscopic examination showed color concentrations 
along zones parallel to the rhombohedral sectors. 
Preliminary experiments by HCK have shown that the 
stability of the coloration is comparable to that of 
amethyst when exposed to strong UV radiation or moder- 
ate heating (400-—500°C). 

The color-producing mechanism has not yet been 
investigated, but it may involve a charge transfer between 
traces of Fe?* and Fe** in interstitial sites of the quartz 
structure (G. Lehmann, “Farben von Mineralien und ihre 
Ursachen” Fortschritte der Mineralogie, Vol. 56, No. 2, 
1978, pp. 172-252), which produces absorption in the red 
end of the spectrum and enhances transmission in the 
blue-to-violet range. 

About 100 kg of rough gem-quality green quartz have 
been stockpiled. At the time of this report, only a small 
amount had been irradiated to violetish blue. Research is 
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currently being undertaken to improve the process for pro- 

ducing the blue color, and initial contacts are being made 

with gem suppliers to develop the market for this unique 
treated gem. 

Rainer Schultz Giittler (rainersg@usp.br) 

University of Sado Paulo, Brazil 


Hisahiro Claudio Kohigashi 
Sao Paulo, Brazil 


Circular ring-like inclusions in a diffusion-treated sap- 
phire. The Gem Testing Laboratory, Jaipur, India, recently 
examined an interesting 6.64 ct blue oval mixed cut. The 
refractive indices of 1.762—1.770, birefringence of 0.008, 
and hydrostatic specific gravity of 3.98 identified the 
sample as a natural or synthetic corundum. It was inert 
to UV radiation (both long- and short-wave) and dis- 
played a weak iron-related band at 450 nm in the desk- 
model spectroscope. 

When viewed face-up, the sample showed uneven col- 
oration (figure 41). The cause of this became evident when it 
was immersed in methylene iodide: The areas of patchy col- 
oration followed the facet outlines, and the facets around 
the culet appeared colorless or pale colored (figure 42). This 
confirmed the material as diffusion treated; the colorless 
areas likely resulted from repolishing after treatment. 

Microscopic examination revealed straight, hexago- 
nal zones that were slightly cloudy and whitish (figure 
43, left), which were indicative of natural origin. In addi- 
tion, the stone contained some irregular cloudy patches. 
At higher magnification, these milky zones were seen to 
consist of fine pinpoint inclusions (figure 43, right), as 
are commonly encountered in heat-treated natural 
corundum. 

The stone displayed an interesting feature when viewed 
with magnification and illuminated with a fiber-optic light: 


Figure 41. This 6.64 ct blue sapphire showing uneven 
patchy coloration owes its color to diffusion treat- 
ment. Photo by G. Choudhary. 
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Figure 42. Immersion of the 6.64 ct diffused sapphire in 
methylene iodide revealed obvious color concentra- 
tions, as shown in this view of the pavilion. Photo by 
G. Choudhary. 


groups and rows of circular rings composed of fine white 
particles (figure 44). Such inclusions have been reported 
previously in beryllium-treated corundum (Fall 2003 Lab 
Notes, p. 220; A. Peretti and D. Giinther, “The beryllium- 
treatment of fancy sapphires with a new heat-treatment 
technique, Part C: Inclusions,” Contributions to 
Gemology, No. 4, 2005, p. 54), as well as in traditionally 
heated sapphires exposed to very high temperatures (AGTA 
GTC Laboratory Update,www.agta.org/consumer/news/ 
20060329labupdate.htm, March 29, 2006). So far such 
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inclusions have not been encountered in unheated sap- 
phires; it may therefore be concluded that these inclusions 
are likely a side effect of exposure to high temperatures, 
regardless of whether such conditions involved a diffusion 
process (using beryllium or other elements) and irrespective 
of the final color. 

Due to a lack of sophisticated equipment such as LIBS 
or LA-ICP-MS, we could not test for the presence of berylli- 
um, so the stone was simply identified as diffusion treated. 

Gagan Choudhary and Chaman Golecha 
(gtlipr_jp1@sancharnet.in) 
Gem Testing Laboratory, Jaipur, India 


Diffusion-treated synthetic sapphire with unusual fluores- 
cence. Recently, the Gem Testing Laboratory, Jaipur, 
India, received a 5.85 ct blue oval mixed cut for identifica- 
tion (figure 45). Initial testing gave R.L, birefringence, optic 
sign, and hydrostatic S.G. values consistent with a natural 
or synthetic sapphire. 

The specimen had a blotchy color appearance similar 
to that often seen in sapphires subjected to diffusion treat- 
ment. Furthermore, its hue was typical of the diffusion- 
treated sapphires that we commonly encounter. 

When exposed to short-wave UV radiation, the speci- 
men showed a strong patchy chalky blue fluorescence that 
followed the facet pattern. However, careful examination 
revealed that only the star and upper girdle facets showed 
this reaction, whereas the table and kite facets remained 


Figure 43. The 6.64 ct sap- 
phire contained straight, 
hexagonal, milky zones that 
suggest a natural origin 
(left). The milky zones were 
composed of fine pinpoint 
inclusions (right), which are 
commonly associated with 
heat-treated corundum. 
Photomicrographs by G. 
Choudhary; magnified 20x 
(left) and 40x (right). 


Figure 44. The ring-like 
inclusions in the sapphire 
(left) are indicative of high- 
temperature heat treatment 
(in this case by a traditional 
surface-diffusion process). 
At higher magnification, the 
circular inclusions were seen 
to be composed of fine parti- 
cles. Photomicrographs by 
G. Choudhary; magnified 
25x (left) and 70x (right). 
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Figure 45. This 5.85 ct blue oval mixed cut was iden- 
tified as a flame-fusion synthetic sapphire treated by 
a diffusion process. Photo by C. Golecha. 


inert (figure 46). The pavilion was also inert, but a weak 
internal glow—as is commonly associated with synthetic 
corundum—was observed through this portion of the 
stone. There was no reaction to long-wave UV radiation. 
This fluorescence reaction reminded us of the diffusion- 
treated synthetic sapphire that one of us (CG) reported pre- 
viously (see Summer 2006 GNI, pp. 185-186). In that case, 
however, the patches were random, not following any spe- 
cific symmetry. No features such as a separation plane 
were detected that might indicate a composite material. 
Microscopic examination with diffuse illumination 
and immersion in methylene iodide confirmed that the 
specimen owed its color to a diffusion process (figure 47). 
However, no color concentrations were seen in the star or 
upper girdle facets. Also, no curved color banding or angu- 
lar color zoning was present, which would have been 
expected if the color was inherent to the specimen. The 
presence of Plato lines between crossed polarizers is 
strongly indicative of a flame-fusion synthetic sapphire. 
When we compared the color concentrations to the flu- 
orescence reaction (figure 48), it was clear that only the 
facets lacking color reacted to short-wave UV radiation, 
those portions showing color concentrations in immersion 
were inert. This pattern was probably caused by “over pol- 
ishing” of the star and upper girdle facets after the diffu- 
sion treatment, which removed the inert shallow col- 
oration and exposed the untreated, colorless synthetic sap- 
phire portion that fluoresced to short-wave UV. The same 
thing likely occurred to the sample reported in the 
Summer 2006 GNI section, although in that case the 
“over polishing” did not follow any specific pattern. 
Chalky blue fluorescence is commonly associated with 
synthetic and treated sapphires. Typically, synthetic sap- 
phires show fluorescence throughout the volume of the 
sample, while heat-treated natural sapphires display fluo- 
rescence corresponding to the stone’s color zoning, and dif- 
fusion-treated natural or synthetic sapphires have chalky 
blue fluorescence in patches on the surface. Traces of Ti, 
combined with the high temperatures experienced during 
the growth of the synthetic corundum or during heat treat- 
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Figure 46. When exposed to short-wave UV radiation, 
the diffusion-treated synthetic sapphire in figure 45 
showed an unusual pattern of symmetrical chalky 
blue fluorescence: The star and upper girdle facets flu- 
oresced chalky blue, while the table, kite, and pavil- 
ion facets were inert. Photo by C. Golecha. 


ment processes, are responsible for the fluorescence, which 
can be quenched by the simultaneous presence of iron or 
magnesium (see R. W. Hughes and J. L. Emmett, “Heat 
seeker: UV fluorescence as a gemological tool,” www.agta- 
gtc.org/articles/heat_seeker_uv_fluorescence.htm). For dif- 
fusion-treated sapphires, fluorescence is typically observed 
in stones with low iron content as patches corresponding 
to the colored areas of the stone. However, for this synthet- 
ic sapphire, that behavior was reversed (again, see figure 
48): The fluorescence was present in the colorless regions 
(i.e., those without a surface diffusion layer). 

The fluorescence pattern is consistent with an insuffi- 
cient concentration of a luminescence quencher (e.g., iron) 


Figure 47. Viewed through the pavilion with immer- 
sion, the blue color in this 5.85 ct synthetic sapphire 
was concentrated on specific facets, which indicates 
diffusion treatment. The pale or near-colorless appear- 
ance of the star and upper girdle facets is likely due to 
“over polishing” after the diffusion process. 
Photomicrograph by C. Golecha. 
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Figure 48. A comparison of 
the diffusion-treated synthet- 
ic sapphire viewed with short- 
wave UV radiation (left) and 
in immersion (right) shows 
that the colored facets are 
inert. This is likely caused by 
diffused element(s) quenching 


in the synthetic sapphire, and such an element was possi- 
bly part of the surface diffusion process. We could not con- 
firm if the quenching element was added purposely in an 
attempt to negate the tell-tale chalky blue fluorescence, or 
whether it was a contaminant that was diffused uninten- 
tionally. Traditionally, surface diffusion treatments have 
used titanium oxide, iron oxide, and aluminum oxide. For 
a detailed review of the diffusion process and chemistry, 
see R. E. Kane et al., “The identification of blue diffusion- 
treated sapphires,” Summer 1990 Gems & Gemology, pp. 
115-133. 
Gagan Choudhary and Chaman Golecha 
(gtljpr_jp1@sancharnet.in) 
Gem Testing Laboratory, Jaipur, India 


CONFERENCE REPORTS 


32nd Annual GSJ Gemological Conference. The Gem- 
ological Society of Japan was founded in 1973 by Dr. Ichiro 
Sunagawa and several other gemologists. Since then, annu- 
al GSJ conferences have taken place throughout Japan. 
Although the official language at these meetings is 
Japanese, international speakers are welcome to give pre- 
sentations in English. The 2006 GSJ conference was held 
July 22-23 at Kobe Design University. Nineteen presenta- 
tions were given on diamonds, colored stone and pearl 
treatments, LA-ICP-MS and LIBS applications, and other 
topics. Abstracts from this and some previous GSJ confer- 
ences are available at wwwsoc.nii.ac.jp/gsa/index-e.html. 

The 2006 conference also included a field trip to a cul- 
tured pearl bead nucleus factory on Awaji Island. The 
beads are made from several types of freshwater mussels, 
such as the washboard (Megalonaias gigantea), mapleleaf 
(Quadrula quadrula), ebonyshell (Fusconaia ebena), three- 
ridge (Amblema plicata), and the pigtoe (Fusconaia flava). 
Approximately 120,000-130,000 momme (1 momme = 
3.75 g) of bead nuclei are produced annually. 

Next year’s GSJ conference will be held at the Tsukuba 
public library, Tsukuba City on June 2-3, 2007. 
Ahmadjan Abduriyim (ahmadjan@gaaj-zenhokyo.co.jp) 

Gemmological Association of All Japan, Tokyo 


International Mineralogical Association Biennial Meeting. 
Over 800 researchers from some 50 countries attended the 
19th general meeting of the IMA in Kobe, Japan, July 
23-28, 2006. The conference included a session titled 
“Natural and Artificial Gem Materials.” One of these con- 
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the UV fluorescence. Photo- 
micrographs by C. Golecha. 


tributors (EF) discussed the several causes of brown color in 
diamonds, the most common being associated with brown 
graining resulting from plastic deformation. Recent work 
suggests that this brown color can be qualitatively correlat- 
ed with a series of near-infrared absorption bands known as 
the “amber center,” which possibly consists of a particular 
arrangement of two nitrogen and two carbon atoms in the 
diamond lattice. A system to classify several European fos- 
sil resins (i.e., amber) on the basis of optical, spectroscopic, 
and chemical properties was discussed by Prof. Corina 
Ionescu of Babes-Bolyai University in Cluj-Napoca, 
Romania. Her work indicates that these ambers can be 
divided into three chemically and structurally different cat- 
egories. Dr. Carlo Aurisicchio of the Institute of 
Geosciences and Georesources in Rome described a study 
to establish the country of origin of emeralds using trace- 
element analysis determined by secondary ion mass spec- 
trometry (SIMS) in combination with inclusion characteris- 
tics and oxygen and hydrogen isotope ratios. Unique pat- 
terns of trace elements are distinctive of at least some 
important emerald localities. A theoretical modeling study 
supported by heat-treatment experiments involving berylli- 
um diffusion in corundum was carried out by Dr. Jun 
Kawano of the Yamanashi Institute of Gemmology and 
Jewellery Arts in Kofu, Japan. His work suggests that Be dif- 
fusion in corundum can occur at lower temperatures (1300 
K and possibly lower) than previously thought. Several 
potential applications for LA-ICP-MS chemical analysis to 
solve identification problems in gemology were discussed 
by Dr. Ahmadjan Abduriyim of the Gemmological 
Association of All Japan in Tokyo. Examples included the 
detection of Be in diffusion-treated sapphires and the deter- 
mination of the geographic source of blue sapphires and 
Cu-bearing tourmalines. 

This same session also included several poster presen- 
tations. Dr. Hisao Kanda of the National Institute for 
Materials Science in Tsukuba, Japan, studied the broad- 
band luminescence (known as band-A, extending between 
400 and 550 nm) in natural diamonds using cathodolumi- 
nescence spectroscopy. Two kinds of band-A lumines- 
cence were documented: (1) a band with a maximum at 
about 415 nm in type Ia diamonds that displays a pattern 
that follows the growth structure and, hence, appears to be 
produced by defects introduced during growth; and (2) a 
band with a maximum at about 435 nm in all diamond 
types, with a pattern that follows slip planes and is there- 
fore produced by defects created by plastic deformation 
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Mai-Munene Falls on the Kasai River 


KIMBERLITE Uiscovery 
in the Diamond Fields of BAKWANGA 


I. de MAGNEE, Ph.D 


University of Brussels 


The celebrated Kasai diamond field is, 
quantatively, the leading diamond producer 
of the world. Since the opening of the 
mines in 1913, until the end of 1946, the 
total production of diamond has exceeded 
90,000,000 metric carats (18 tons). 

In 1945 the production reached 10,386,- 
000 carats, i., about 73% of the world 
production .(URSS excluded). This per- 
centage is measured in weight, not in value: 
more than 90% of the Congo diamond is 
of industrial grade, mostly crushing boart 
quality. ‘ 

The diamond-bearing alluvial gravels 
occur along the valleys of the important 
tributaries of the big Kasai River. Flats and 
low terraces are mined by hand- and’ hy- 
draulic methods. The gravel is washed and 
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concentrated in mobile plants of the South 
Africa type (trommels, rotating pans and 
jigs). Final concentration and hand picking 
ate performed in two modern and very 
efficient “central plants.” One is located at 
Tshikapa, headquarters of the Forminiere 
Company, the other at Bakwanga, center of 
the Miniere de Bécéka Company. The For- 
miniere is general contractor for all dia- 
mond properties. 

The diamondiferous alluvials of the left- 
bank tributaries of the Kasai (see map fig. 
1) cross the frontier between the Belgian 
Congo and Portuguese Angola. The Angola 
Diamond Company, in cooperation with 
the Forminiere, works the Angolan deposits 
(yearly production about 800,000 carats, 
mostly of good gem. quality), The shaded 
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during post-growth processes. Prof. Norimasa Shimo- 
bayashi of the Department of Geology and Mineralogy, 
Kyoto University, described iridescent andradite from 
Tenkawa, Nara Prefecture, Japan. The iridescence is 
thought to arise from a fine lamellar structure in which 
the layers have slightly different Al/Fe ratios. 

Several presentations in other sessions were of gemo- 
logical interest. Dr. George Harlow of the Department of 
Earth and Planetary Sciences, American Museum of 
Natural History, New York, spoke about the need for all 
mineralogical museums to standardize the data used to 
describe mineral samples in their collections in order to 
make this information more accessible and useful. Dr. 
Satoshi Matsubara of the National Science Museum in 
Tokyo described a special jade exhibit at the museum that 
took place in 2004-2005. Prof. Georges Calas of the 
Institut de Minéralogie et de Physique des Milieux 
Condensés, University of Paris, described various 
improved spectroscopic techniques for characterizing tran- 
sition metals, such as Cr in minerals, which are important 
coloring agents. In a study of four highly included 
(“cloudy”) diamond crystals from two kimberlites in 
Siberia, Dr. Alla Logvinova of the Institute of Geology and 
Mineralogy, Russian Academy of Sciences, Novosibirsk, 
found a variety of mineral and fluid phases in nanometer- 
sized inclusions. The similarity with the phase assem- 
blages in analogous inclusions in diamonds from Canadian 
kimberlites indicates a similarity in their diamond form- 
ing environments in the mantle. Dr. Galina Kudrayvtseva 
of Moscow State University described the characteristics 
of gem-quality type I diamonds from the Grib kimberlite 
in the Arkhangelsk region in northwestern Russia. Many 
of the diamond crystals were colorless and of good clarity. 
Among the mineral inclusions identified were chromite, 
olivine, diopside, orthopyroxene, and Fe/Ni sulfides. 

Dr. Anastasia Shuskanova of the Institute of Experi- 
mental Mineralogy, Russian Academy of Sciences, 
Chernogolovka, demonstrated that although sulfide melts 
allow the growth of diamond, they are not consistent with 
the inclusion suites observed in natural diamonds. 
Therefore, sulfide melts are at best immiscible droplets in 
silicate-carbonate melts during diamond growth. Dr. Dan 
Schulze of the Department of Geology, University of 
Toronto, Canada, studied the chemical composition of 
eclogitic diamonds from the Quebrada Grande region of 
Venezuela. These diamonds are thought to result from 
crystallization of biogenically derived carbon that originat- 
ed in subducted oceanic crust. Dr. Nikolai Sobolev of the 
Institute of Geology and Mineralogy, Russian Academy of 
Sciences, Novosibirsk, reported some new trace-element 
data—for Ni, Mn, Ca, Co, Cr, and Al—in olivine inclusions 
within diamonds. Olivine is the most typical type of inclu- 
sion in peridotitic diamonds. Dr. Makoto Arima of the 
Geological Institute of Yokohama National University, 
Japan, discussed how various factors, such as local thermal 
and chemical conditions, influence both the growth and 
resorption of diamond crystals during their long residence 
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in the earth’s mantle. Dr. Ben Harte of the Grant Institute 
of Earth Science, University of Edinburgh, Scotland, stud- 
ied majoritic (high-Si) garnet inclusions in alluvial dia- 
monds from the Sao Luiz River in Juina Province, Brazil. 
These single-crystal inclusions appear to indicate that the 
diamonds formed at depths greater than 400 km. 

Discoveries of blue sodalite fashioned for personal 
adornment as long ago as 1300 BC in the central Andes led 
to a study by Dr. Masaaki Shimizu of the Department of 
Earth Sciences, University of Toyama, Japan. The source 
of this material was identified as Cerro Sapo in Bolivia, 
and its distribution in archeological sites has revealed 
valuable information on historical trade routes across 
South America. 

Separately from the conference, the Gemological 
Association of All Japan (GAAJ) organized a short field trip 
to the Hirayama Co. pearl nucleus factory near Kobe. The 
company uses 22, tonnes of freshwater mussel (Anadonta) 
shells annually to produce about 700 kg of bead nuclei. 
The manufacture of these beads consists of 20 steps, and 
the finished beads range from 1 to 15 mm in diameter. The 
final polish is obtained with a garnet-based powder. The 
best-quality beads are used for Japanese Akoya cultured 
pearls, while the others are sent to China. 

James E. Shigley 
GIA Research, Carlsbad 


EF 


ANNOUNCEMENTS 


Ge#G online conference calendar. A regularly updated list 
of conferences and museum announcements pertaining to 
gems is now available on the GWG web site at 
www.gia.edu/gemsandgemology. 


GIA’s Russell Shor wins Liddicoat Journalism Award for 
Gems &) Gemology article. GIA senior industry analyst and 
frequent GG contributor Russell Shor won the 2006 AGS 
Richard T. Liddicoat Journalism Award in the category of 
Industry/Trade Reporting for his Fall 2005 GwG article “A 
review of the political and economic forces shaping today’s 
diamond industry” (pp. 202-233). This is the third G#G 
article so honored since the competition began in 2003. 


Visit Gems &) Gemology in Tucson. Meet the editors and 
take advantage of special offers on subscriptions and back 
issues at the GWG booth in the publicly accessible 
Galleria section (middle floor) of the Tucson Convention 
Center during the AGTA show, January 31-February 5, 
2007. GIA Education’s traveling Extension classes will 
offer hands-on training in Tucson with “Gem Identi- 
fication” (January 29—February 2), and several free semi- 
nars will be offered by GIA staff February 3-4. To enroll, 
call 800-421-7250, ext. 4001. Outside the U.S. and Canada, 
call 760-603-4001. The GIA Alumni Association will host 
a dance party in Tucson on February 2 celebrating the 
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Association’s 25th anniversary. To reserve tickets, call 
760-603-4204 or e-mail events@gia.edu. 


Conferences 

NAJA Annual Conference. The National Association of 
Jewelry Appraisers is holding its 27th annual Winter 
Educational Conference January 29-30, 2007, during the 
Tucson gem shows. Visit www.najaappraisers.com. 


Rapaport International Diamond Conference 2007. 
Scheduled for February 5 in New York, this conference will 
focus on the most important issues confronting the dia- 
mond industry, including conflict diamonds, the internet, 
and branding. Call 877-987-3400 or e-mail conference@ 
diamonds.net. 


Hasselt Diamond Workshop. Held February 28—March 2, 
2007, at Hasselt University, Diepenbeek—Hasselt, Belgium, 
this conference will cover the physics of diamond defects 
and characterization of CVD synthetic diamond. Visit 
www.imo.uhasselt.be/SBDD2007. 


PDAC 2007. The Prospectors and Developers Association of 
Canada convention will take place March 4~7 in Toronto. 
Diamonds will be featured in a session called “Diamond 
Facets from Exploration to Environment,” and also will be 
included in other sessions. Visit www.pdac.ca/pdac/conv. 


WJA in New York. The Women’s Jewelry Association 
“Women In the Know” business conference will be held 
on March 16, 2007, at the Fashion Institute of Technology 
in New York City. Visit www.womensjewelry.org. 


Bead Expo. The 2007 International Bead Expo will be held 
in Oakland, California, April 11-15. Over 60 workshops 
and educational lectures on bead jewelry design and manu- 
facture are scheduled. Visit www.beadexpo.com. 


BASELWORLD 2007. The BASELWORLD show will be 
held April 12-19 in Basel, Switzerland. GIA will host 
GemFest Basel on April 14, 4-6 p.m., at the Basel 
Convention Center, Hall Montreal. Kenneth Scarratt, 
director of GIA Research (Thailand), will be speaking on 
GIA's Pearl Classification System. RSVP by April 5 at 
events@gia.edu. During the show, Gems & Gemology edi- 
tor-in-chief Alice Keller will be available at the GIA Booth 
in Hall 2, Stand W23. Visit www.baselshow.com, call 800- 
922-7359, or e-mail visitor@baselworld.com. 


Sinkankas Jade Symposium. Jade will be featured at this 
year’s John Sinkankas Memorial Symposium, held April 
21, 2007, at GIA Carlsbad. A variety of experts will speak 
on jade localities, inclusions, treatments, appraising, lap- 
idary work, and literature at this all-day educational event. 
E-mail merksjade@cox.net. 
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2007 ICA Congress. The International Colored Gemstone 
Association Congress will be held May 5-9 in Dubai, 
United Arab Emirates. The theme will be “Embracing 
Global Trends from Mine to Market.” Presentations will 
be given by industry leaders on gem sources, manufactur- 
ing centers, marketing, branding, laboratory services, and 
education/ethics/economics. Visit www.gemstone.org/ 
gem-news. 


Granitic Pegmatites: The State of the Art. Held May 6-12, 
2007, at the Universidade do Porto, Portugal, this work- 
shop will focus on the study of granitic pegmatites, and 
will include a field trip to rare-element pegmatites in 
northeastern Portugal and central-western Spain. Visit 
www .{c.up.pt/peg2007. 


2007 GAA-NSW Conference. The 2007 conference of the 
New South Wales Division of the Gemmological 
Association of Australia will be held May 18-20 at 
Hadley’s Hotel in Hobart, Tasmania. Subjects will include 
the history of gems and lapidary, rare ivories, and Art 
Deco/Art Nouveau jewelry. Visit www.gem.org.au/ 
conference.htm. 


GAC-MAC 2007. The 2007 joint meeting of the Geological 
Association of Canada and the Mineralogical Association 
of Canada will take place May 23-25 in Yellowknife, 
Northwest Territories. The conference will include a spe- 
cial session titled “Diamonds: Exploration to Production— 
A Northern Canada Perspective.” A “Geology of Gem 
Deposits” short course is also scheduled, as well as a field 
trip to the Ekati and Diavik diamond mines. Visit 
www.nwtgeoscience.ca/yellowknife2007. 


Maine Pegmatite Workshop. The 5th Maine Pegmatite 
Workshop will be held May 26-June 3, 2007, in Poland, 
Maine. In addition to the in-depth curriculum, field trips 
to gem-bearing pegmatites in New England are planned. 
Visit homepage.mac.com/rasprague/PegShop. 


New Diamond and Nanocarbons. Scheduled for May 28-31, 
2007, in Osaka, Japan, this conference will address recent 
developments in the growth and characterization of syn- 
thetic diamond. The NDNC is a merger of the International 
Conference of New Diamond Science and Technology 
(ICNDST) and the Applied Diamond Conference (ADC). 
Visit www2..convention.co.jp/NDNC2007. 


First European Gemmological Symposium: “Presence and 
Future of Gemmology.” Honoring the 75th Anniversary of 
the German Gemmological Association, this international 
symposium will take place June 22-24, 2007, in Idar- 
Oberstein, Germany, and will feature numerous scientists 
in gemology and well-known business leaders from the 
gem and jewelry industry. Visit www.dgemg.com/ 
gemmologen_eng/index.php?seite=aktuell. 


Gems & GEMOLOGY WINTER 2006 291 


30th International Gemmological Conference. Scheduled 
for July 15-19, 2007, in Moscow, Russia, this conference 
will cover new gem deposits, synthetics, treatments, gem 
identification methods, and markets. The talks will be 
given only by IGC delegates, but the conference is open to 
observers and students. E-mail balvlad@iem.ac.ru. 


Exhibits 


Colored diamonds at the Natural History Museum. On 
loan from Alan Bronstein and Harry Rodman, the Aurora 
Collection of 296 naturally colored diamonds is now on 
display at the Natural History Museum in London. 
Visit www.nhm.ac.uk/about-us/news/2006/november/ 
news_9996.html. 


Jewelry History at the Newark Museum. “Objects of 
Desire: 500 Years of Jewelry,” an exhibition of more 
than 200 jewelry pieces from the collection of the 
Newark Museum, New Jersey, is on display through 
February 26, 2007. The collection covers American and 
European jewelry from the 1500s to the modern era. Visit 
www.newarkmuseum.org. 


Symbols of Identity—Jewelry of Five Continents. On dis- 
play through March 2007 at the Mingei International 
Museum in San Diego, this exhibit features examples of 
personal adornment from native cultures in North and 
South America, Africa, Asia, and Europe. Visit 
www.iingei.org/curex.html. 


Gold at AMNH. “Gold,” an exhibition exploring the his- 
torical fascination with this precious metal, is on display 
at the American Museum of Natural History in New York 
through August 19, 2007. The exhibit includes both rare 
natural specimens and significant cultural artifacts. Visit 
www.amnh.org/exhibitions/gold. 


Jewelry of Ben Nighthorse. Ben Nighthorse Campbell, 
who was a U.S. senator from Colorado from 1992-2004, 
has enjoyed a successful second career as an innovative 
jewelry designer. This collection of his work, which 
debuted at the Smithsonian Institution’s National 
Museum of the American Indian in 2004, is on display at 
the Colorado History Museum in Denver through 
December 31, 2007. Visit www.coloradohistory.org. 


South Sea Pearls at the GIA Museum. “White Magic,” an 
exhibit of South Sea cultured pearl jewelry, will be on 
view at the GIA Headquarters in Carlsbad January 19-May 
15, 2007. The exhibit features jewelry suites by 17 of 
today's top designers, including Henry Dunay, David 
Yurman, Stephen Webster, Casa Vhernier, and Orlando 
Orlandini. Advance reservations are required; to schedule 
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a tour, call 760-603-4116 or e-mail museum@gia.edu. 


French Jewelry at the Legion of Honor. “Masterpieces of 
French Jewelry,” an exhibition of notable French jewelry 
pieces from American collectors, will be on display at the 
Legion of Honor art museum in San Francisco, February 
10-June 7, 2007. Among the pieces included are the Taj 
Mahal diamond necklace by Cartier, given to Elizabeth 
Taylor by Richard Burton in the 1970s, and an Art 
Nouveau brooch owned by Jacqueline Kennedy Onassis. 
Visit www.thinker.org/legion/exhibitions. 


Native American Jewelry. “Shared Images: The Jewelry 
of Yazzie Johnson and Gail Bird” will be on display 
February 17 through June 2007 at the Heard Museum in 
Phoenix, Arizona. The exhibit includes examples of 
their belts, earrings, bracelets, rings, and necklaces. Visit 
www.heard.org. 


ERRATA 


1. In the Spring 2006 GNI entry on pyrope-spessartine 
from Tanzania (pp. 66-67), the second sentence should 
have indicated that the garnets came from Tanzania, 
rather than Madagascar. 


2. In table 3 (p. 106) of the Summer 2006 LA-ICP-MS arti- 
cle by A. Abduriyim et al., next to the parameter “Laser 
line size,” the GAAJ logo size should have been report- 
ed as 80 x 230 mm. 


3. The Summer 2006 GNI section included a note on jere- 
mejevite from Myanmar and Sri Lanka (pp. 175-176). 
The jeremejevite reported to be from Sri Lanka actually 
came from Madagascar (see Winter 2004 GNI, pp. 
340-341). The rough came to Sri Lanka via dealers who 
purchased the material in Madagascar. We thank E. 
Gamini Zoysa (Mincraft Co., Mount Lavinia, Sri Lanka) 
for bringing this to our attention, and Dudley Blauwet 
(Dudley Blauwet Gems, Louisville, Colorado) for con- 
firming this with the dealer who purchased the rough in 
Sri Lanka. 


4. In the Fall 2006 Gemological Research Conference 
poster session abstract on demantoid from Iran (by G. 
Du Toit et al., p. 131), the banded opaque material con- 
sisting of layers of apatite and calcite actually comes 
from a different part of Iran, rather than being associat- 
ed with the demantoid deposits. 


5. The Fall 2006 International Gemological Symposium 
poster session abstract on the Bahia sculpture (by G. 
Lehrer and L. Stoller, p. 158) erroneously described its 
source material as a rutile crystal. Bahia was carved 
from a rutilated quartz crystal. 
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This year, hundreds of 
readers participated in the 
2006 Gems & GEMOLOGY 
Challenge. Entries arrived 
from around the world, 
as readers tested their 
gemological knowledge 
by answering questions 
listed in the Spring 2006 
issue. Those who earned 
a score of 75% or better 
received a GIA 
Continuing Education 
Certificate recognizing 
their achievement. The 
Participants who scored 
a perfect 100% are 
listed here. 


_ Congratulations! 


See pages 81-82 of the 
Spring 2006 issue for the 
questions: 1 (b), 2 (a), 

3 (b), 4 (b), 5 (c), 6 (b), 
7 (d), 8 (a), 9 (a), 10 (a), 
11 (c), 12 (d), 13 (d), 

14 (b), 15 (d), 16 (d), 

17 (c), 18 (b), 19 (d), 

20 (d), 21 (d), 22 (b), 

23 (a), 24 (d), 25 (a) 


CHALLENGE WINNERS 


WINNERS 


AUSTRALIA Coogee, Western Australia: Helen Judith Haddy. Cronulla, 
NSW: Ava Quibranza Livne » BELGIUM Brussels: Sheila Sylvester. 
Diksmuide: Honoré Loeters. Ghent: J. G. J. Loyens. Ruiselede: Lucette 
Nols » CANADA Vancouver, British Columbia: John R. J. Scott. St. 
Catharines, Ontario: Alice J. Christianson. Bobcaygeon, Ontario: David 
R. Lindsay. Kingston, Ontario: Brian Randolph Smith » ENGLAND 
London: Despina Nicole Sideras » GERMANY Leipzig: Noomi Levinsson 
» HONG KONG Causeway Bay: Cristina O. Pierley-O’Brien © ITALY 
Aosta: Fabrizio Troilo. Civitavecchi: Luigi Ceretti. Padova: Marco Maso 
THE NETHERLANDS Rotterdam: E. Van Velzen * RUSSIA Moscow: 
Vadim Prygov » SCOTLAND Aberdeen: Helen L. Plumb. Edinburgh: 
James Heatlie, A. Ewen Taylor » SPAIN Valencia: Monika Bergel 
> SWITZERLAND Zollikon: Adrian Meister ° THAILAND Bangkok: 
Somapan Asavasanti, Alexander Ross, Pattarat Termpaisit. Samutprakarn: 
Thomas Estervog » UNITED STATES California Carlsbad: Martin 
Harmon, Brenda Harwick, Michael T. Jakubowski, Mark Johnson, 
Douglas Kennedy, Abba Steinfeld, Heng H. Taing, Louisa Turner, Lynn 
Viall, Mike Wobby, Philip York, Marisa Zachovay. Fremont: Ying Ying 
Chow. Lancaster: Samuel Denson. Marina Del Rey: Veronika Riedel. 
Orange: Alex Tourubaroff. Rancho Cucamonga: Sandy MacLeane. 
Florida Clearwater: Tim Schuler. Georgia Atlanta: Ella Golden. Hawaii 
Ewa Beach: Jane J. Chen. Makawao: Alison Fahland. Illinois Chicago: 
Heidi Harders. DuQuoin: William Duff. Indiana Carmel: Mark A. 
Ferreira. Maine Milbury: Bernard M. Stachura. Temple Hills: Bobby 
Mann. Minnesota Minneapolis: Andy Stevens. Nevada Reno: Allen P. 
Salgado, Terence Terras. New Jersey Moorestown: Rosemarie C. Hill. 
New York New York: HyeJin Jang-Green, Wendi Mayerson, Anna 
Schumate, Carolyn van der Bogert. North Carolina Advance: Blair 
Tredwell. Kernersville: Jean Bonebreak. Ohio Cuyahoga Falls: Catherine 
Lee. Oregon Cottage Grove: Lyndeth Esgar. Medford: Julia Ann Horton. 
Pennsylvania Schuylkill Haven: Janet Steinmetz. Rhode Island Rumford: 
Sarah A. Horst. South Carolina Sumter: James Markides. Texas 
Livingston: Janet S. Mayou. Virginia Hampton: Edward Goodman. 
Herndon: Lisa A. Marsh-Vetter. Kilmarnock: Mary K. Helne. Washington 
Battle Ground: Joseph Bloyd. Bellingham: Mary L. Harding. Millcreek: 
Nicki Taranto. Seattle: Janet Suzanne Holmes. 
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REVIEWS 


Susan B. Johnson 
Jana E. Miyahira-Smith 
Stuart Overlin 


Agates: Treasures of the Earth 


By Roger Pabian with Brian Jackson, 
Peter Tandy, and John Cromartie, 
184 pp., illus., publ. by Firefly Books, 
Buffalo, NY, 2006. US$35.00 


Written by four recognized authori- 
ties in the field, this book fills a long- 
standing need for a reliable introduc- 
tory guide to the agates of the world. 
Though beautifully illustrated, it is 
not a coffee table book; it is a stan- 
dard hardcover book size, measuring 
8.25 x 6 inches (15.5 x 21 cm). Most 
of its 184 pages feature stunning 
agate photos in full color. These are 
not just “eye candy” but, for the most 
part, really do fit in with the text. 
Almost every picture has an informa- 
tive caption. 

The first 47 pages introduce the 
reader to what an agate is—not an 
easy task, with 19 pages devoted to 
definitions of some of the more 
important types. 

The part that should be of the 
greatest interest and importance to 
every reader—whether a beginning 
“rockhound,” a seasoned collector, or 
a geoscientist interested in the miner- 
alogy of quartz—is the 100-page sec- 
tion titled “Sources of Agates.” 

There is a very brief (four page) 
section on lapidary. A chapter on imi- 
tations and forgeries of agates is disap- 
pointingly brief (two pages), just 
enough to whet the reader’s appetite. 
The authors did not bother to rehash 
the ancient history of agate scams but 
concentrated instead on cutting-edge 
technology. Most of these scams were 
new to us, and we have long collected 
such triumphs of warped genius. 

The book finishes with 14 pages 
of historical material that is interest- 
ing but too brief to give more than a 
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small taste of the subject. The index 
is, happily, quite adequate. 

There are a few warts on the toad, 
however. We found the bibliography 
to be somewhat lacking, even if per- 
haps better than the current (often 
low) standard. The references are 
divided into journals and books. The 
journal articles could be a bit more 
extensive, but at least they are orga- 
nized alphabetically by author. The 
books, strangely, are organized alpha- 
betically by the first word in the title. 
Of the 44 books referenced, seven 
started with “The” and are alphabet- 
ized under the letter t. Additionally, 
five journals (four in English) are list- 
ed along with eight websites. Con- 
sidering the prospective audience for 
this book, it would have been kinder 
to many of the readers to suggest 
more journals. Also, all three volumes 
of John Sinkankas’ Gemstones of 
North America should have been 
cited, especially since volume two is 
probably the best available source for 
references to agate articles. 

We were a bit shocked that none 
of the authors’ own various works 
were listed in the bibliography. Only 
the second edition of Webster’s Gems 
was included. 

There are a number of other rather 
trivial objections and corrections that 
could be listed. The description of 
Mexican “coconuts” (page 17) is very 
poor. The picture showing “marble- 
like” patterns (page 25) is actually 
Mexican lace agate. The magnificent 
picture of brecciated agate (page 22) is 
not attributed to any locality, but 
almost certainly comes from Schlott- 
witz in Germany. The comment on 
page 23 that chalcedony is brittle 
would certainly be disputed by any- 
one who has spent time trying to 
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break up a large piece. Perhaps they 
should have mentioned that heat 
treatment makes chalcedony more 
brittle, a fact probably discovered by 
Neolithic people. 

In spite of these few things we 
would quarrel with, this is a wonder- 
ful book, suitable for a wide variety 
of readers. Every rockhound and jew- 
eler could benefit from having it on 
their shelves, and it should be made 
available to educational institutions 
of all levels. 

SI and ANN FRAZIER 
El Cerrito, California 


Bling Bling: Hip Hop’s 
Crown Jewels 


By Minya Oh, 208 pp., illus., publ. 
by Wenner Books, New York, 2005. 
US$27.50 


Since this book’s publication in 
2005, the imprint of rap music and 
its lifestyle successor hip-hop on 
America’s cultural scene has only 
grown larger. The title phrase, a refer- 
ence to showy or expensive jewelry, 
gained further acceptance as part of 
the lexicon by its inclusion in the lat- 
est editions of the Webster’s and 
Oxford dictionaries. Today, the 
catchy phrase needs no repetition: 
one “bling” will do. 

Despite its inner-city roots and 
the raw personalities of its more out- 
rageous ambassadors, hip-hop culture 
has spun off jewelry trends and cloth- 
ing fashions admired and emulated in 
unexpected places, from elite shop- 
ping boulevards to grade schools in 
America’s small towns to villages 
around the world. When impresario 
Russell Simmons embarked on a fact- 
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finding mission to Africa in late 2006 
to research how the diamond industry 
might work with his jewelry compa- 
ny to help empower Africans’ lives, 
the jewelry world and major media 
outlets took notice. 

In her first book, pop-culture 
reporter and radio show host Minya 
Oh presents a range of iconic figures 
from the world of hip-hop—rappers, 
producers, and the jewelers who 
answered the call to adorn them. A 
series of interviews, interspersed 
with photographs culled from news 
features, wire services, and personal 
snapshots, include some of hip- 
hop’s biggest names from the 1970s 
to the present, nearly all of them 
proponents of bling. Most have a 
story to tell about jewelry, if not a 
detailed remembrance of their first 
piece or the significance they place 
on being “iced.” 

Oh’s interviews exemplify how, in 
many ways, hip-hop’s pervasive influ- 
ence catapulted some of jewelry’s 
hottest trends of the last 20 years to 
the far reaches of pop and mainstream 
culture, and often did so more effec- 
tively than any organized marketing 
campaign. Examples include the 
resurgence of extravagant and pavé 
diamond jewelry; the revitalization of 
the entire men’s jewelry category; the 
flashy appeal of oversized or outra- 
geous watch styles; the appeal of eth- 
nic jewelry, beads, and medallions; 
the craving for colored diamonds; the 
ghetto-fabulous fashion of huge hoops 
and “doorknocker” earrings; and the 
revival of rose gold. 

As Grammy Award-winning rap 
artist and actor Ludacris explains in 
his foreword, bling (which he uses to 
refer to anything with many dia- 
monds) has the power to completely 
transform one’s image and imbue 
one’s persona with star quality, if 
not a sense of immortality. In the 
history of wealth’s accoutrements 
and mystique, such insights are 
hardly novel. To no one’s surprise, 
he and other rappers also spell out 
one of bling’s biggest benefits: get- 
ting women. 

The book’s pages are filled with 
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the pictures, profiles, and patois of LL 
Cool J, Slick Rick, Missy Elliott, Lil’ 
Kim, 50 Cent, Public Enemy’s Chuck 
D, and others, sporting “dookie 
ropes” (heavy gold chains), massive 
earrings, Jesus-head pendants, mon- 
ster watches, and custom pieces 
that—though seen—may still not be 
believed. Well-known Hollywood 
actors and rappers alike are pho- 
tographed baring mouth jewelry from 
braces-like diamond grills to gold 
teeth. 

The influences of individual jew- 
elers are prominently featured in the 
book, which also includes a buyer's 
guide with contact information. Most 
often cited is Yakov Arabov who, as 
Jacob the Jeweler, has outfitted some 
of hip-hop’s biggest stars. (Arabov 
made a different kind of news in mid- 
2006 after his indictment on drug- 
related money laundering charges, to 
which he has pleaded not guilty.) 

This is not a book for the faint- 
hearted or those seeking a scholarly 
socio-cultural treatise. The heavy 
lingo and profanity-laced language 
begins on page one of the foreword 
and doesn’t let up. Oh’s questions are 
often more styled to music television 
chatter, or just plain street talk, than 
a focused or probing read. Ironically, 
the most articulate and complete-sen- 
tence responses, though appearing 
more e-mailed than spoken, come 
from West African—born jewelry 
designer Chris Aire, one of the few 
subjects to raise the issue of conflict 
diamonds as he urges his clientele to 
bling the right way. 

Anyone interested in understand- 
ing the formative jewelry mindset of 
today’s pop culture, Generation 
Next, and men’s fashion may want to 
flip through this book’s pages. Its jar- 
ring photographs, with heavy grain 
and often-poor focus, are not for 
everyone, but they tell a story that 
jewelers, designers, and others will 
find hard to ignore as long as 
America’s celebrity limelight shines 
on hip-hop and its bling. 

MATILDE PARENTE 
Libertine 
Indian Wells, CA 
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Masterpieces of French Jewelry 
from American Collections 


By Judith Price, 144 pp., illus., publ. 
by Running Press, Philadelphia, PA, 
2006. US$29.95 


In France, as author Judith Price 
points out in this companion book to 
the similarly titled exhibit, the office 
of the Minister of Culture carries 
clout that is unparalleled anywhere 
else in the developed world. While 
such influence is testimony to respect 
for that country’s traditions, it also 
underscores a boundless creativity in 
cuisine, cinema, couture, and other 
areas that, no matter how far-reach- 
ing, remains at its core unmistakably, 
fabulously French. 

As anewly moneyed elite emerged 
in 19th century America and quickly 
claimed a place at the global table of 
prosperity, they too looked to France 
for all things haute, including jewelry. 

Those elite, this exhibit’s curators, 
and the author all chose well. The 
exhibit’s 150 pieces, culled from 
museums, galleries, and private col- 
lections, represent jewelry artists 
whose works typify major periods 
from Art Nouveau to the contempo- 
rary styling of Paris-based New 
Yorker Joel Arthur Rosenthal, more 
familiar as JAR. 

Exhibit sponsors include titans 
from the worlds of jewelry and finance 
in partnership with the National 
Jewelry Institute, a nonprofit organiza- 
tion founded in 2002 that Price serves 
as president and whose mission is to 
preserve and educate the public about 
fine jewelry as art. 

Striking pieces from anonymous 
private collectors include a Boucheron 
brooch ca. 1894 with engraved dia- 
mond butterfly wings and a ruby 
body; a 1913 garland-style Cartier 
bow brooch; a 1925 Art Deco jazz- 
band charm bracelet and a sun ray 
handbag in gold and diamonds by 
Sterlé ca. the 1950s; and one of the 
book’s many exquisitely detailed 
minaudieéres. 

Featured designs by Van Cleef & 
Arpels, innovators of the invisible set- 
ting and an exhibit sponsor, include a 
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1980s platinum “mystery-set” emer- 
ald and diamond bracelet with ear- 
rings as well as a ruby, diamond, and 
sapphire flower brooch created for the 
USS. bicentennial, both from the col- 
lection of Iris Cantor. 

Elizabeth Taylor’s 40th birthday 
present from Richard Burton embod- 
ies the eternal history of love’s 
tragedy and triumph. Set with ruby in 
gold ca. 1970 by Cartier Paris, the 
pendant’s cornerstone diamond— 
heart-shaped and inscribed—dates to 
the 17th century, when it was given 
by Mogul emperor Shah Jahan to his 
second wife, in whose memory the 
Taj Mahal was built. 

Magnificent pieces by Lalique, 
Fouquet, and other well-known artists 
are as sensitively rendered as those by 
unknown (presumably French) artists, 
as in the artful gold earrings and sculp- 
ture bracelet ca. 1948 that flaunt spiky 
citrine briolettes with rubies. 

Gentle editing might have 
improved the book’s editorial content, 
which occasionally reads like an effu- 
sive, albeit earnest, term paper. 
Collectors’ commentaries, billed as 
back stories, are not especially illumi- 
nating given the creative and histori- 
cal gravity of the pieces that grace 
each page. Their behind-the-scenes 
remarks might have been better 
placed together at the back of the 
book to avoid jarring segues from Art 
Nouveau on one page to Caddyshack 
II references on the next. 

At 11 inches (27.5 cm) square, the 
book is an ideal coffee-table size. The 
typesetting is clear and well-spaced 
for easy scanning or reading. 
Although the various photography 
credits fill the entire last page, the 
images demonstrate consistently high 
quality and harmony across styles, 
eras, and collectors. Readers keen for 
detail will appreciate their large sizes. 

While the exhibit’s debut at The 
Forbes Galleries in New York ended in 
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late December 2006, lovers of fine jew- 
elry and period pieces have yet another 
reason to visit San Francisco in spring- 
time. There, inside the Beaux-Arts 
confines of The Legion of Honor, the 
exhibit can be enjoyed February 
10-June 10, 2007, after which its com- 
panion book will bring pleasure for 
years to come to Francophiles, jewelry 
historians, designers, and all who 
appreciate timeless artistry. 

MATILDE PARENTE 


The Jeweler’s 
Directory of Gemstones 


By Judith Crowe, 176 pp., illus., 
publ. by Firefly Books, Buffalo, NY, 
2006. US$29.95 


This book is a practical guide to both 
common and exotic gems for jewelry 
designers, hobbyists, and consumers. 
Its goal, stated upfront, is to provide 
information on the nature of gems— 
their sources, markets, and quality 
factors—and to show how they can be 
used creatively and appropriately in 
jewelry. This is achieved through 
clear, concise writing, careful organi- 
zation, and beautifully photographed 
jewels. 

Three sections take the reader 
through (1) the basics of gemology 
and the gem trade, (2) a variety of gem 
materials, and (3) the principles of 
design and jewelry manufacturing 
(with an emphasis on handcrafted 
jewels). The first section also covers 
information on gem properties, inclu- 
sions, formation, mining methods, 
and cutting techniques, with a good 
overview of the mining and cutting of 
diamonds. 

The second section, which covers 
35 gems such as diamond, corundum, 
lapis, and the organic materials, begins 
with a look at color and clarity treat- 
ments in general. Each gem is given 
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one or more well-illustrated pages 
covering sources, quality factors, pric- 
ing, and (where pertinent) information 
about synthetics and treatments. 
Authoritative sections on pearls, coral, 
amber, and shell (and their imitations) 
will be especially useful for con- 
sumers baffled by the range of prod- 
ucts available in these categories. In 
this section, though, there are several 
stones whose inclusion made me 
wonder what the author had chosen to 
omit: Did hemimorphite and tug- 
tupite edge out pectolite and azur- 
malachite? And an otherwise-strong 
entry on diamond would, I think, have 
benefited from a paragraph or two on 
the importance of cut and its relation- 
ship to appearance in modern-cut 
stones. As it is, the choice of a yellow- 
ish old mine cut for the Grading 
Factors page is an odd one. 

The third section will be of help 
to anyone interested in jewelry design 
or in working with a jeweler to com- 
plete custom work. Its discussion of 
settings, finishes, and the care and 
feeding of delicate stones, rough 
gems, and beads benefits tremendous- 
ly from a firm grounding in color and 
design theory and the basic principles 
of jewelry engineering. The images 
chosen to illustrate these topics are 
extraordinary: beautifully cut gems, 
graceful and wearable studio jewels, 
and clear and precise drawings, all of 
which make the book a visually strik- 
ing and useful reference. 

The Jeweler’s Directory of Gem- 
stones ends with an index and several 
useful appendices: a list of trade groups 
and laboratories in North America and 
Europe, a glossary, a short bibliography 
of books, and a list of useful websites. 
Well-known gemology and geology 
writer Cally Hall is credited as a con- 
tributing author. 


LISA SCHOENING 
Gemological Institute of America 
Los Angeles, California 
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Application of geochemical ratios for delineating gem-bearing 
areas in high grade metamorphic terrains. P. N. Rana- 
singhe [nalakaranasinghe@hotmail.com], C. B. Dissana- 
yake, and M. S. Rupasinghe, Applied Geochemistry, 
Vol. 20, 2005, pp. 1489-1495. 

Gems account for 80% of the annual mineral foreign-based 
income of Sri Lanka, and roughly 25% of the island’s landmass 
is gem bearing. Traditionally, luck has played a large role in the 
discovery of new Sri Lankan gem deposits, and developing an 
effective, scientifically based approach to prospecting would 
greatly benefit the expansion and overall economic health of 
the country. 

Trace-element data for stream sediment samples collected 
from six river basins in different regions of Sri Lanka were ana- 
lyzed to identify geochemical ratios indicative of the gem-bear- 
ing potential of these alluvial deposits. Previous studies have 
indicated that the Rb/Sr ratio has potential for delineating gem- 
bearing localities. However, there are only small differences in 
the ratios that point to gem potential (>1) vs. no gem potential 
(<0.4), creating a high possibility of error. Trends among vari- 
ous elements were studied using Spearman rank correlation, 
and those showing high correlations were selected to calculate 
ratios. The elements Rb, Ba, Sr, Ti, Nb, and Zr were highly cor- 
relative, and Rb x Ba/Sr* gave the best representation for locat- 
ing gem-bearing areas. Ratios >4 appear to indicate locations 
with high gem potential, and ratios <1 point toward areas with 
no-to-low gem potential. However, field testing by pilot explo- 
ration programs must be carried out before this method is 
applied to large gem exploration surveys. EAF 
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The content and distribution of microelements in 
Pinctada martensii and its manual nucleus inserted 
pearl layer. F. Huang, C. Deng, W. Song, and H. 
Huang, Guangdong Weiliang Yuansu Kexue 
[Science of Trace Elements, Guangdong], Vol. 12, 
No. 10, 2005, pp. 38-41 [in Chinese with English 
abstract]. 
The Japanese pearl oyster Pinctada martensii is one of the 
major mollusks used for culturing saltwater pearls in 
China, particularly in waters of the Guangxi, Guangdong, 
and Hainan Provinces. Although trace elements have been 
studied previously in mollusks and cultured pearls, the 
research has mainly concentrated on the “pearl layer’ tis- 
sue (where the nucleus would be inserted) of the mussels 
used for producing freshwater cultured pearls. In this arti- 
cle, the authors used inductively coupled plasma—atomic 
emission spectrometry (ICP-AES) to investigate the trace 
elements in various portions of a P. martensii oyster aged 
26 months (76 x 63 x 31 mm shell size) from Guangdong. 
Eleven trace elements were detected in the tissue of 
the oyster: Se, Si, V, Zn, P, B, Cd, Co, Cu, Fe, and Mn. 
There were clear variations in the concentration and dis- 
tribution of these elements between different portions of 
the oyster. The pearl layer showed enrichment in Se, Si, 
and Zn, while B, Co, Fe, and Mn were higher in the cuticle 
of the oyster. P was greatest in the visceral sac portion, and 
Cu and Cd were highest in the adductor muscle. V con- 
tents were greatest in the pearl layer, cuticle, and adductor 
muscle. The pearl layer contained the smallest weight-per- 
cent ratio of Cu/Zn. The contents of these trace elements 
(in ppm by weight) in the pearl layer were 0.09 Se, 9.32 Si, 
0.13 V, 45.9 Zn, 77.7 P, 1.73 B, 0.46 Cd, 22.8 Cu, 158 Fe, 
and 18.9 Mn; no Co was detected. TL 


Influence of supergene conditions upon quality of fossil 
ivory. A. N. Smirnov, Proceedings of the Russian 
Mineralogical Society, Vol. 135, No. 1, 2006, pp. 
130-139 [in Russian with English abstract]. 

Fossil ivory (from tusks of the extinct Siberian mammoth) 

is a natural composite that consists of organic components 

(ie., collagen, up to 55%), water (10-11%), and hydroxyl- 

apatite (up to 34-50%). Electron-microprobe data show a 

composition of 18.3-25.9 wt.% CaO, 14.9-21.6 wt.% 

P,O,, and 0.2-1.8 wt.% MgO. 

The tusks remain well preserved while embedded in 
permafrost, but they are unstable when exposed on the 
surface (and especially in placers) since they lack an outer 
enamel layer. They may become discolored due to the for- 
mation of vivianite (blue) in fractures, or the presence of 
“azovskite” (a brown-red iron phosphate) as a surface 
film. Although such colors can be decorative, they are a 
negative result of weathering. 

Reserves of mammoth ivory are significant, but there 
are some limitations on the sale of this material under 
regulations imposed by the Sakha (Yakutia) government. 

BMS 
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A miscellany of organics. G. Brown [austgem@gem.org.aul], 
Australian Gemmologist, Vol. 22, No. 6, 2005, pp. 
264-268. 

The identification of amber may involve one or more 

potentially destructive tests in addition to the nonde- 

structive ones. Careful examination with a loupe may 

reveal flow structures and their two-phase inclusions; a 

sink/float test may be performed in an aqueous supersatu- 

rated salt solution (amber, copal resin, and polystyrene 
will float, whereas other polymer imitations of amber 
will sink); the sectility may be tested using magnification 
and a sharp scalpel; and, finally, an estimate of solubility 
in an appropriate volatile organic solvent may be made, 
applying a small drop to an inconspicuous area. The 
author suggests the hot point test is too destructive and 
less exact than sometimes assumed. Notes are also 
included on paua (abalone) shell objects (i.e., checking for 
color enhancement), “rattlers” (bead-nucleated cultured 
pearls that have missing internal layers), and imitation 
lacquer ware. 

RAH 


A new geochemical tool to separate basaltic from meta- 
morphic blue sapphires: The Ga/Mg ratio. J.-J. 
Peucat [peucat@univ-rennes1.fr], P. Ruffault, E. 
Fritsch, C. Simonet, M. Bouhnik-Le Coz, and B. 
Lasnier, Revue de Gemmologie a.f.g., No. 153, 
2005, pp. 8-12 [in French with English abstract]. 

While the separation of “metamorphic” from “basaltic” 

sapphires has typically been made by evaluating a combi- 

nation of Fe, Ti, Cr, V, and Ga contents, this article pro- 
poses the use of Fe, Mg, and Ga. Numerous sapphires were 
analyzed by LA-ICP-MS from known sources originating 
in alkali basalts (e.g., Pailin, Cambodia), syenites (Garba 

Tula, Kenya), metamorphic rocks (Ilakaka, Madagascar), 

metasomatic/plumasitic rocks (Kashmir, India), and rocks 

with as-yet-disputed origins (Yogo Gulch, Montana). 

Reasons for the systematic variations in trace-element 

content of sapphires from different geologic settings are 

discussed. The authors show that the determination of the 

Ga/Mg ratio in combination with Fe and Mg contents pro- 

vides an easy separation of “metamorphic” from 

“basaltic” sapphires. 

RT 


The origin of asterism in almandine-pyrope garnets from 
Idaho. M. J.-F. Guinel and M. G. Norton, Journal of 
Materials Science, Vol. 41, No. 3, 2006, pp. 719-725. 

As is well known, the presence of star-like reflected pat- 

terns in certain gem materials is due to oriented inclu- 

sions. In star corundum, these inclusions are needle-like 
and often referred to as “silk”; they scatter light at right 
angles to their length. In this study, oriented rutile needles 
were also determined to be the cause of weak four- and 
six-ray stars in almandine-pyrope from Emerald Creek, 
Latah Country, Idaho. Garnet thin-sections were subjected 
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to optical microscopy, electron-microprobe analysis, trans- 
mission electron microscopy, and electron diffraction. In 
particular, electron diffraction of the acicular inclusions 
showed overlapping patterns for rutile and the host garnet. 
This technique also was used to measure the orientation 
between the host garnet (g) and the rutile inclusions (r): 
(011],//[010},, (022),//(100),, (400),//(001),. Four-rayed stars 
had needles oriented in the <111> directions, while six- 
rayed stars also had needles along <011>; cat’s-eyes had 
silk only along <011>. The authors suggest that these find- 
ings may be extended to asteriated garnets from other 
sources. DMK 


A spectroscopic index for estimating the age of amber. H. 
Kimura, Y. Tsukada, H. Mita, Y. Yamamoto, R. 
Chujo, and T. Yukawa, Bulletin of the Chemical 
Society of Japan, Vol. 79, No. 3, 2006, pp. 451-453. 

Two samples of copal and four of amber were studied by 

18C cross-polarization magic-angle sample-spinning nucle- 

ar magnetic resonance spectrometry. In this nondestruc- 
tive method, the sample is spun at an angle of 54.7° rela- 
tive to the magnetic field direction of °C. This allows 
individual atoms to be identified and located, and repre- 
sented by a spectrum showing “chemical shift” in ppm. 

Four peaks were observed in the olefinic carbon region of 

the spectrum (160-100 ppm), at approximately 148, 141, 

127, and 108 ppm. The 148 and 108 ppm peaks represent 

exocyclic methylene carbons of C, and C,,, respectively. 

The intensities of these two peaks decreased as the age 

increased, while the other two peaks broadened. The “R 

value,” a spectroscopic index, was calculated by dividing 

the sum of the intensities of the 148 and 108 ppm peaks 

by the sum of the 141 and 127 ppm peaks. The highest R 

values of 1.38 and 1.44 were obtained for Madagascan 

copal (50-60 years) and Colombian copal (400-600 years), 
respectively. The R values decreased as the age 
increased—0.32 for Dominican amber (12-20 million years 

[Ma]} and 0.15 for Baltic amber (35-55 Ma). The lowest R 

values (zero) were obtained for ambers from two localities 

in Japan: Kuji (83-89 Ma) and Choshi (112-125 Ma). 

The inversely proportional relationship between R 
value and amber age suggests that the rate of amber for- 
mation (i.e., cross-linkage between the exocyclic methy- 
lene groups of labdane polymers) is extremely slow, with 
a half-life of ~13 million years. It further indicates that cli- 
matic temperature fluctuations do not affect the rate of 
amber formation. 

KSM 


Tsavorite: Une pierre africaine [Tsavorite: An African 
gem]. V. Pardieu, Revue de Gemmologie a.f.g., No. 
154, 2005, pp. 8-11 [in French]. 

This article reviews tsavorite’s history as a gem and its 

current status, particularly in comparison to emerald. The 

author suggests that tsavorite has better qualities than 

emerald: although slightly softer, it is not brittle; it is more 
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brilliant (higher R.I. and dispersion, and thus not so 
“sleepy”); and it is much rarer, with only eight sources 
known (in Kenya, Tanzania, and Madagascar). However, 
while emeralds have been appreciated since antiquity and 
are readily available in almost all sizes and qualities, tsa- 
vorite was discovered only a few decades ago, and is still 
little known and too rare to become a public favorite. 

RT 


DIAMONDS 


The “amber centres” and their relation to the brown 
colour in diamond. L. Massi [laurent.massi@cnrs- 
imn.fr], E. Fritsch, A. T. Collins, T. Hainschwang, 
and F. Notari, Diamond and Related Materials, 
Vol. 14, 2005, pp. 1623-1629. 

Understanding the cause of brown color in diamond has 

become more important in recent years with the use of 

high pressure, high temperature (HPHT) treatment to 
change brown diamonds to more attractive colors. Brown 
graining, produced by plastic deformation and infrared- 
active defects known as amber centers, is common in 
brown diamonds. However, the origin of these features 
and their relation to one another is poorly understood, so 
the authors studied 100 faceted samples (0.2—2.0 ct) of 
these brown diamonds using UV-Vis-NIR and FTIR 

absorption spectroscopy at room temperature and at 77 K. 

Most of the diamonds fluoresced yellow to short-wave 
and blue to long-wave UV radiation. The UV-Vis-NIR 
absorption spectra (250-850 nm range) revealed a progres- 
sive increase in absorption toward lower wavelengths, 
resulting in the brown color. The infrared absorption 
spectra (~10,000-1000 cm=! range) indicated that all the 
diamonds with amber centers also contained A-aggregates 
of nitrogen. Four distinct amber center groups (AC1-—4) 

were identified, with major peaks at approximately 4676, 

4170, 4137, 4113, 4098, and 4067 cm~!. Further investiga- 

tion of the most common amber center (AC1, at 4168 

cm!) revealed an increase in its intensity with greater 

concentration of A-aggregates and depth of brown color. 

The authors interpreted AC1 as a defective A-aggregate 

(N-C-C-N*) that has been plastically deformed perpendic- 

ular to a {111} glide plane. This explains the association of 

type IaA nitrogen, brown graining, and the amber center, 
and is thought to correlate with the previously reported 

W7 defect in these types of diamonds. 

CMB 


Diamonds from the desert. M. Forrest, Materials World, 
March 2006, pp. 27-29. 

Namibia’s diamonds are mined from alluvial and marine 

deposits. Although many of the diamonds retrieved from 

Namibia’s Atlantic Coast have been traced to the Orange 

River, which drains the Kimberley area of South Africa, 

diamonds have also been found at the mouth of the Ugab 
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areas of map fig. 1 show the extension of 
the Kasai gem quality diamond fields and 
the location of the Bakwanga industrial 
diamond deposit, limited to a small area 
along the Bushimaie River, at about 200 
miles east of Tshikapa. 


Bakwanga produces more than 90% in 
weight of the Congo diamonds, but only 
29% is of gem quality. 


GEOLOGY 


The geological background of the Kasai 
diamond fields is quite similar to those of 
the Guiana and Venezuela placers. 


A series of soft and nearly horizontal 
sandstones rests on the granites‘and meta- 
morphic rocks of the Basement Complex. 
The sandstones ate presumably of Mesozoic 
age (Karroo), Their lower division is 
diamondiferous, although conglomerates are 
poorly developed. 

The big ‘rivers cut across the sandstone 
blanket: part of their present course is 
established on the granitic basement rocks. 
In recent times the fast flowing waters of 
these rivers acted as efficient concentrators 
of the diamonds weathered or eroded out 
of their sandstone matrix. Obviously, the 
sandstones are secondary sources. Until 
1946, no primary source was known and 
the origin of the diamonds remained an 
unsolved problem. It seemed improbable 
that kimberlite pipes could be discovered, 
because the post-kimberlite sandstones 
blanket more than 99% of the surface of 
the basement rocks, 

In the extensive gem diamond fields 
astride the Congo-Angola borderline, the 
discovery of kimberlite is still a remote 
possibility. The dense minerals which ac- 
company the diamond in the concentrates 
do not give any clue, because they are not 
of kimberlite origin. 

But the geological situation at the Bak 
wanga deposit is more or less different. 
Here a thick series of flat-bedded limestones 
and dolomites rests on the basement granite. 
The plateau-sandstones overlie the older 
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limestone series (Bushimaie Series) but 
are tather deeply eroded and dissected by 
the Bushimaie River. The slopes of the 
valley are cut in the limestone, Downstream 
of Bakwanga, the flats of the river are 
very rich in diamonds, on a length of a 
few miles. 

The Bakwanga mining town is located on 
top of a small plateau, about 100 meters 
above the Bushimaie. This hill lies between 
the river and a small left-bank tributary, 
which is also diamondiferous. So are the 
alluvial gravels and sands which blanket 
the hill slopes. Those slope gravels are 
mostly a rubble of angular pieces of silici- 
fied limestones with occasional sink ‘holes 
filled with rich gravels. 

On top of the hill, the gravels are con- 
cealed underneath a thick overburden of 
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River in the northern part of the country. No primary 
source has been located for the diamonds found in this 
northerly coastal region, but an Australian venture now 
has some promising leads in eastern Namibia. 

Mount Burgess Mining has been prospecting for this 
primary source by following the upper headwaters of the 
Ugab at Tsumkwe, near Namibia’s borders with 
Botswana and Angola. Although only non-diamondifer- 
ous kimberlites have been found in this area, their pres- 
ence indicates that this is in fact a kimberlitic province. 

Prospecting for kimberlites and diamondiferous grav- 
els is challenging in this arid, inhospitable region. Most of 
the prospective area is deeply buried beneath sands of the 
Kalahari Desert, requiring a great deal of drilling along 
with geomagnetic surveys. Sediment sampling of the Aha 
Hills to the east of this region, speculated to be part of the 
paleo-watershed draining into the Ugab, revealed G10 gar- 
nets and eight macrodiamonds. If the Tsumkwe region is 
indeed the source of the far-off marine terrace diamonds 
of Namibia’s Atlantic shore, it would represent a signifi- 
cant gain for this country’s mineral assets. 

DMK 


Geodynamic controls on diamond deposits: Implications 
for Australian occurrences. C. J. O’Neill [cjoneill@ 
rice.edu], L. Moresi, and A. L. Jaques, Tectono- 
physics, Vol. 404, 2005, pp. 217-236. 

Conventional diamond exploration guidelines predict that 

economic diamond occurrences are restricted to Archean 

cratons (i.e., Clifford’s Rule). In the lower portions of such 
cratons, the lithosphere is thick and cool, and diamond is 
the stable form of carbon. However, Australia’s economic 
diamond deposits do not fit well within these Archean cra- 
tonic guidelines. Seismic tomography shows that the 
deposits lie at step-changes in lithospheric thickness with- 
in Proterozoic craton-like provinces of thick (2200 km) 
lithosphere. The central Proterozoic regions of the 
Australian continent contain the thickest portions of 
lithosphere, not the predicted Archean areas. The step-like 
changes in lithospheric thickness focus stress gradients 
and affect melt migration paths. Economic diamond pipes 
originate where conditions favorable to diamond stability 
and alkaline volcanism occur simultaneously. The conflu- 
ence of these factors at abrupt changes in lithospheric 
thickness marks them as potential exploration targets. 
EAF 


Paragenesis of inclusions in diamonds from the Botoubin- 
skaya kimberlite pipe, Nakyn field, Yakutia. Z. V. 
Spetsius [spetsius@yna.alrosa-mir.ru], S. I. Mit- 
yukhin, A. S. Ivanov, and S. V. Banzeruk, Doklady 
Earth Sciences, Vol. 403, 2005, pp. 808-811. 

Inclusions in diamonds from kimberlite pipes are impor- 

tant because they contain detailed information on the 

temperature and pressure of the diamond's formation, and 
they also provide a window into the chemical makeup of 
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the upper mantle. Representative diamonds from the 
Botoubinskaya pipe were studied to investigate the dia- 
monds’ source region. The sulfide minerals pyrrhotite and 
pentlandite, as well as monosulfide solid solutions, togeth- 
er constituted more than 50% of the inclusions. The abun- 
dance of sulfide minerals is typical of the majority of the 
Yakutian kimberlites. The remaining inclusions were 
formed by common olivine, garnet, spinel, pyroxene, and 
rutile. Based on these data, a reconstructed initial compo- 
sition of sulfide melts suggests that more than half of the 
diamonds were associated with eclogitic source rocks. 
EAF 


The re-engineering of the ground handling system at 
Cullinan diamond mine. A. W. Bester, Journal of 
the South African Institute of Mining and 
Metallurgy, Vol. 105, No. 3, 2005, pp. 149-162. 

The kimberlite pipe at South Africa’s Cullinan diamond 

mine is currently exploited using a technique known as 

“mechanized panel retreat block caving.” The ore body is 

first undercut by drilling and blasting, which is followed 

by caving. The ground handling system ensures the 
removal of the broken ground at the same rate it is pro- 
duced. The mining array includes inclined ore passages, 
box fronts (where ore is loaded into train cars), a crushing 
system, a conveyor system, and the hoisting infrastruc- 
ture. Two blocks (BA5 and BB1 East), are currently active; 

a new block (BA West) is scheduled to be mined in 2011. 

Improvements to the current ground handling system will 

be needed for efficient operation when BA West becomes 

active. 

To reach the goal of handling 3.8 million tons annual- 
ly from the current 3.2, the author proposes a two-fold 
solution: (1) increase the number of shifts for each work- 
day from two to three, and (2) upgrade the machinery 
using a larger train system, trucks, or a conveyor belt sys- 
tem. The train option would be familiar to employees, 
and would have lower operating costs since it uses elec- 
tricity (compared to trucks, which use diesel fuel). 
However, a high initial expense would be incurred to 
upgrade the train infrastructure. The diesel truck option 
includes two choices: conventional trucks or Combi 
trucks with removable ore containers. The operating and 
maintenance costs for the conventional trucks would be 
higher than the train option. Combi trucks have advan- 
tages over conventional trucks (e.g., they require fewer 
vehicles and therefore a smaller capital investment) but 
higher operating costs. The author did not discuss the 
conveyor belt system in detail but concluded that coordi- 
nation among the different blocks is essential for an effi- 
cient ground handling system. KSM 


A venture into the interior of natural diamond: Genetic 
information and implications for the gem industry 
(Part I: The main types of internal growth struc- 
tures). G. P. Bulanova, A. V. Varshavsky, and V. A. 
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Kotegov, Journal of Gemmology, Vol. 29, No. 7/8, 

2005, pp. 377-386. 
The growth history and internal structure of diamond has 
been studied with a variety of techniques, such as anoma- 
lous birefringence (ABR), X-ray topography, photolumines- 
cence (PL) and cathodoluminescence (CL) imaging, and 
Fourier-transform infrared (FTIR) spectroscopy. The 
authors studied diamond plates using CL and FTIR, and 
discussed the effects of different types of internal struc- 
tures on cutting and polishing. The plates were polished 
from octahedral diamond crystals (2-5 mm) from 
Yakutian kimberlites. 

CL images are two dimensional and can reveal 
detailed features of diamonds to a depth of 1-5 um. To 
study a diamond’s growth history effectively, it is impor- 
tant to polish a plate that incorporates the genetic center 
from which the diamond grew (not necessarily the geo- 
metric center). The authors suggest that the best direction 
for polishing the central plate is a dodecahedral {110} 
plane, which can be located by the combined application 
of CL, ABR, and PL imaging, since these techniques 
together can show three-dimensional internal structure. 

Examination with an optical polarizing microscope 
can detect a variety of defects, including twinning, crystal 
aggregates, and plastic and brittle deformation—these can 
cause local “hard” directions for cutting and polishing 
(“soft” directions, such as the cubic and dodecahedral 
planes, are so-called because they are easier to cut and 
polish). ABR and PL imaging can be used to locate single 
or multiple growth centers. If a diamond has two growth 
centers, the authors suggest that it is best to cut between 
the centers or keep both centers contained in the largest 
section. Cutting through a growth center or directly 
through inclusions is not recommended since it can cre- 
ate cracks. KSM 


Water-related IR characteristics in natural fibrous dia- 
monds. D. A. Zedgenizov, A. A. Shiryaev [shiryaev@ 
ns.crys.ras.ru], V. S. Shatsky, and H. Kagi, 
Mineralogical Magazine, Vol. 70, No. 2, 2006, pp. 
219-229. 

Water molecules can be trapped inside diamond as 

hydrous components (e.g., HOH or OH) during diamond 

formation in the upper mantle. Infrared spectroscopy can 
detect the bending vibration of HOH and stretching vibra- 
tion of OH. Studying these hydrous species can give more 
understanding about mantle-derived fluids that are criti- 
cal in mantle metasomatism and diamond formation. In 
this study, 35 cuboid diamonds with fibrous structures 
from Russia (Yakutia), Democratic Republic of the 

Congo, and Canada were polished into 100-200 um thick 

plates. Most of them were type IaA and a few were type 

Ila; B aggregates and platelets were also observed in some 

diamonds. 

At room temperature, the HOH-bending vibration 
was detected as a broad band at around 1650 cm"! and the 
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OH-stretching (both symmetric and asymmetric) as a 
broad band between 3600 and 2800 cm=!. These broad 
bands were decomposed into components (Gaussian 
peaks) using computer software. The broad bands of 
HOH-bending consisted of at least two components, 
whereas those of OH-stretching had at least three compo- 
nents. The observation of both symmetric and asymmet- 
ric OH-stretching indicated that water molecules were 
formed in different aggregate states or species among the 
samples. At higher temperatures, the broad bands of 
HOH-bending shifted toward higher wavenumbers. The 
broad bands of OH-stretching did not shift upon heating, 
but their shape and intensity changed. At low tempera- 
tures (-150°C), the spectra were the same as at room tem- 
perature, suggesting that water molecules may exist as 
supercooled fluids inside the diamonds. At high pressure 
and room temperature, water undergoes a phase transi- 
tion to various polymorphs of ice. The HOH-bending 
vibration band for liquid water, ~1650 cm~!, shifted to 
1690 cm! at ~0.6 GPa and 1620 cm”! at ~1.8 GPa. These 
bands are associated with ice VI and ice VI, respectively. 
In this study, the authors concluded that water molecules 
were formed as a residual fluid inside micro-inclusions 
and in the diamond lattice. Various water species were 
also detected within some samples, suggesting that 
fibrous diamonds may form during several growth events. 

KSM 
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Emerald mining in Afghanistan. A. Kalukiewcz, Mining 
Engineering, Vol. 57, No. 9, 2005, pp. 17-21. 
This article describes the improvements being made to 
safety, viability, and recovery through mechanization of 
emerald mining in Afghanistan. At roughly 3,000-—4,000 m 
above sea level, the remote mountainous region where the 
emeralds are found has very little in the way of transport 
or support infrastructure. With irregular fuel supplies and 
no electricity, previous mining operations used hand tools 
to drill holes for blasting with TNT salvaged from leftover 
military ordnance. There was no ventilation for noxious 
blasting residues, illumination was provided by kerosene 
lamps, and the high shattering characteristics of TNT 
damaged or destroyed otherwise recoverable emeralds. 
Between 1997 and 2000, a Polish team of experts 
improved mining methods and equipment at one of the 
Khenj deposits in the Panjshir Valley. The team set forth 
several objectives: to enhance the safety of the miners, 
promote better techniques to recover the emeralds, and 
ensure longer-term profitability. They considered the 
hardness of the rocks to determine the optimal types of 
hydraulic drills and hammers, installed electrical genera- 
tors, and made appropriate modifications to the equip- 
ment to account for the high altitude. They also stock- 
piled 1-2 years’ worth of spare parts to support the initial 
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delivery of five full sets of drills, hammers, and other 
tools. Dynamite was used instead of TNT, due to its 
lower brisance (i.e., explosive velocity); it shattered fewer 
emeralds and was safer for workers. Mining lamps were 
instituted, as was proper ventilation. Although no roof 
support (other than for portals) was planned, anchors with 
wire net lagging would help safeguard the tunnels against 
collapse. 

With these changes and a two-week training session 
for about 20 miners and mechanics, the recovery of gem- 
quality material increased as fewer crystals were shat- 
tered by blasting and the workers were able to reach eight 
times deeper (400 m) than was previously possible. 

DMK 


Discovery of corundum and its mineralogical properties 
in north Jiangsu. Y. Sun and F. Yan, Jiangsu 
Geology, Vol. 30, No. 2, 2006, pp. 87-88 [in Chinese 
with English abstract]. 

Gem-quality ruby and sapphire are known from many 

localities in China, such as Shandong, Yunnan, Hainan, 

Heilongjiang, Qinghai, and Jiangsu Provinces. This article 

reports on a new source of ruby from northern Jiangsu. 

Field geologic surveys found that the ruby is hosted by 
an ultrabasic serpentine-garnet rock body measuring 
approximately 1000 x 180 x 250 m. Pyrope, ruby, augite, 
and some nickel-containing minerals are the major con- 
stituents. The ruby crystals (typically up to 3 mm) are 
purplish red and semitranslucent to transparent. The 
smaller their size, the more saturated the color. The ruby 
contains abundant fractures, has refractive indices of 
n,=1.766 and n,=1.757, and contains 0.37-0.56 wt.% 
Cr,O3. 

The authors indicate that the ruby formed due to 
hydrothermal alternation of the ultrabasic rock, and they 
suggest that additional ruby deposits might be found in 
northern Jiangsu and southern Shandong Provinces. 

TL 


Exploration et exploitation des gemmes en Australie 
[Exploration and mining of gems in Australia]. F. L. 
Sutherland, Revue de Gemmologie a.f.g., No. 155, 
2006, pp. 13-19 [in French]. 

This article focuses on Australian opal, diamond, corun- 

dum (mainly sapphire), and cultured pearls, which make 

up the majority of the country’s gem production. A variety 
of other gems are summarized, including beryl, topaz, 
nephrite, quartz, and other silicates. Australia is still the 
source of over 90% of the global supply of opal. It produces 
about 50% of South Sea cultured pearls, and the culturing 
operations are expanding. Australia continues to be an 
important source of sapphire, although new treatments 
and competition from other sources have caused difficul- 
ties in this market. Meanwhile, the Argyle diamond mine 

will continue operating until at least 2012. 

RT 
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Kosmochlor and chromian jadeite aggregates from the 
Myanmar jadeitite area. G. H. Shi [shiguanghai@ 
263.net.cn], B. Stéckhert, and W. Y. Cui, Miner- 
alogical Magazine, Vol. 69, No. 6, 2005, pp. 
1059-1075. 

Four distinct textures and related compositions of kos- 

mochlor and Cr-bearing jadeite from rocks in the 

Myanmar jadeitite area are described. One of these four 

textures involved recrystallized fine-grained aggregates in 

deformed jadeite. The concomitant redistribution of Cr 
from chromite into kosmochlor, Cr-bearing jadeite, and 
finally jadeite with <1 wt.% Cr,O, together with the high 
transparency related to the fine-grained microstructure, 
produced the gemologically important Imperial jadeite. 
RAH 


New discovery in Sri Lanka—Green, semi-translucent to 
opaque, opal. S. I. Glaser, Midlands Focus, No. 8, 
2006, pp. 25-26. 

The author describes a trip to Rawana Falls near Ella in Sri 

Lanka, where she found semitranslucent to opaque green 

opal scattered among the material that was being sold as 

agate by local miners. This opal came from a small village 
not far from Wellawaya. The colors included yellow-green, 

“apple” green, and dark green to blackish green. The RL. 

was 1.45, S.G. was 2.00, and absorption features for a large 

dark green sample were seen across the green-blue, blue, 
and violet regions of the spectrum. Smaller samples had 
absorption features in the far end of the blue and red 
regions. Some of the opal was noted as being fragile and 
porous (emitting bubbles when immersed in water). 

H]-G 


Oxygen isotope studies on placer sapphire and ruby in the 
Chanthaburi-Trat alkali basaltic gemfield, Thailand. 
T.-F. Yui [tfyui@earth.sinica.edu.tw], C.-M. Wu, P. 
Limtrakun, W. Sricharn, and A. Boonsoong, Lithos, 
Vol. 86, 2006, pp. 197-211. 
Ruby and sapphire are found in secondary deposits related 
to the weathering of alkali basalts in southeastern 
Thailand. However, the question remains as to whether 
the gems crystallized directly from the basalt as phe- 
nocrysts or were simply transported by the basalt as 
xenocrysts. The authors studied the oxygen isotope values 
of gem corundum from the Chanthaburi-Trat region to 
clarify their origin. 

The three mining areas around Chanthaburi-Trat 
(labeled western, central, and eastern zones) displayed 
markedly different 8!8O values for rubies versus sap- 
phires. Sapphires from the western zone (at Khao Phloi 
Waen]) yielded values of +5.1 to +6.2%o. 5!8O values for 
rubies from the central (at Tok Phrom and Bo Na Wong} 
and eastern (at Nong Bong and Bo Rai} zones were much 
lower (and more varied): +2.4 to +3.9%o at Tok Phrom; 
+2.1 to +3.1%0 at Bo Na Wong; +1.6 to +4.2%0 at Nong 
Bong; and +1.3 to +3.7%o at Bo Rai. Furthermore, the 6'8O 
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values for olivine phenocrysts within the basalt were 
found to be within a limited range of +4.8 to +5.0%o. 

The authors conclude that the corundum and olivine 
could have been in oxygen isotopic equilibrium with one 
another. Thus, ruby and sapphire could not have grown 
as phenocrysts alongside olivine in the alkali basalt. The 
authors theorized that the sapphires, with their more 
homogeneous 8!8O values, crystallized from evolved 
mantle alkali magmas in the lower crust/upper mantle. 
Ruby, with its lower and more variable 8!8O values, crys- 
tallized from mafic metamorphic rocks in the upper 
mantle. Both gems were brought to the surface by later 
alkali basalt magmatism. The authors tentatively pro- 
pose garnet pyroxenite as the primary source of the 
corundum. KAM 


The sapphire and spinel deposit of An Phu, Luc Yen min- 
ing district, Yenbai Province, Vietnam. D. Blauwet, 
Mineralogical Record, Vol. 37, No. 3, 2006, pp. 
225-238. 

The An Phu mine, near An Phu village in the Luc Yen 

mining district about 100 km from Hanoi, Vietnam, has 

been the source of attractive specimens of ruby and large 
red spinel crystals, as well as phlogopite, pyrite, dravite, 
and green edenite crystals embedded in a white marble 
matrix. Mining methods are primitive, and much of the 

extraction is by hand tools. The mine is reportedly 90% 

worked out, and activity may cease in the next few years; 

however, high-quality material is still being recovered. 

Some rounded gem rough is also found in alluvial deposits 

in the same area. It is reported, however, that pegmatitic 

tourmaline and beryl labeled as An Phu are actually from 
the nearby Minh Tien pegmatite. RAH 


A SIMS study of the transition elemental distribution 
between bands in banded Australian sedimentary 
opal from the Lightning Ridge locality. P. S. Thomas 
[paulthomas@uts.edu.au], L. D. Brown, A. S. Ray, 
and K. E. Prince, Neues Jahrbuch ftir Mineralogie, 
Abhandlungen, Vol. 182, No. 2, 2006, pp. 193-199. 

The distribution of trace elements in banded Australian 

sedimentary opal from the Lightning Ridge region was 

investigated with secondary ion mass spectrometry (SIMS} 
using both spot and spatial analysis (i.e., stepping incre- 
mentally across the sample). 

The opal was found to be fairly homogeneous within 
bands, but it showed a relatively sharp change in compo- 
sition at the interface between bands for trace elements 
such as Ti, V, Co, Cu, Zn, and Y. However, numerous ele- 
ments did not vary significantly between bands (i.e., Na, 
Mg, Al, K, Ca, Mn, and Fe), which may suggest that the 
adjacent bands in the opals formed simultaneously. These 
observations are consistent with earlier reported LA-ICP- 
MS results, and they support the solution-depletion sedi- 
mentation model proposed as the mechanism for band 
formation in this opal. RAH 
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INSTRUMENTS AND TECHNIQUES 


Attenuated total reflection Fourier transform infrared 
spectra of faceted diamonds. P. Thongnopkun and S. 
Ekgasit [sanong.e@chula.ac.th], Analytica Chimica 
Acta, Vol. 576, 2006, pp. 130-135. 

Attenuated total reflection (ATR) Fourier-transform 
infrared (FTIR) spectroscopy is a highly sensitive surface- 
characterization technique. An infrared beam is reflected 
off the interface between the sample being analyzed and 
another crystal with a higher refractive index (in this case, 
germanium), and a wave that decays rapidly with distance 
is generated at this interface due to the total internal 
reflection (TIR) phenomenon. The incident angle must be 
greater than the critical angle for TIR to occur. One draw- 
back of the ATR measurement is that an air gap or a thin 
film of foreign material on the sample surface will prohibit 
acquisition of good-quality spectra. However, ATR FTIR 
spectroscopy can be applied to large or small, opaque or 
transparent, colored, or highly fractured gems with a flat 
surface. The molecular information obtained from an ATR 
spectrum is directly correlated to the structure and compo- 
sition at the surface, and can be used for gem identifica- 
tion, classification, and detection of treatments. 

The authors demonstrated the utility of ATR FTIR 
spectroscopy by comparing the ATR spectra of three ~0.1 
ct round brilliant-cut diamonds (table size ~3 mm, types 
IaB, IaA, and IaAB; before and after cleaning in an alkali 
solution) with corresponding diffuse reflectance and trans- 
flectance spectra. The ATR spectra of the diamonds with 
low nitrogen agreed well with the diffuse reflectance and 
transflectance spectra, while the stone with high nitrogen 
showed more detail in the one-phonon region. 

Kimberly Rockwell 


Transflectance spectra of faceted diamonds acquired by 
infrared microscopy. S. Ekgasit [sanong.e@chula.ac.th] 
and P. Thongnopkun, Applied Spectroscopy, Vol. 59, 
No. 9, 2005, pp. 1160-1165. 
Most methods of measuring IR absorption are not feasible 
or accurate for mounted diamonds. The authors connected 
an infrared microscope (with a 15x Cassegrain objective) to 
an FTIR spectrometer to collect infrared spectra of loose and 
mounted round brilliant-cut diamonds. These “trans- 
flectance” spectra were then compared to diffuse reflectance 
spectra taken from the same diamonds. Although the 
shapes of the spectral features appeared somewhat different 
(e.g., many large peaks were broader at their bases}, the spec- 
tral positions were similar, and diamond type and treat- 
ment-related features could be detected. 

This method works on round brilliant-cut diamonds 
because they are faceted to reflect light off the pavilion 
facets back through the crown; the infrared beam is 
assumed to follow similar paths. Nitrogen- and hydrogen- 
bearing impurities, color centers, and the like absorb specif- 
ic wavelengths as the beam travels through the diamond, 
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creating spectral absorbance features. Compared to diffuse 
reflection, transreflectance allows resolution of much more 
detailed absorption features in the one-phonon region for 
diamonds with high nitrogen content. 

Mary L. Johnson 


Diffraction enhanced imaging: A new X-ray method for 
detecting internal pearl structures. J. Schltiter 
[jochen.schlueter@uni-hamburg.de], M. Lohmann, J. 
Metge, and B. Reime, Journal of Gemmology, Vol. 
29, No. 7/8, 2005, pp. 401-406. 

Despite its limitations, X-radiography has traditionally 

been one of the most important methods of pearl identifi- 

cation. An alternate method developed by these authors, 
diffraction enhanced imaging (DEI), was found to show 
internal growth features and structures more clearly than 
conventional X-radiographs. DEI employs a monochro- 
matic X-ray beam generated from synchrotron radiation, 
and is based on the separation of scattered and nonscat- 
tered X-rays behind the sample. Two kinds of images can 
be generated, based on either extinction or refraction con- 
trast. Although DEI is currently too expensive for routine 
pearl testing, it is useful for scientific purposes. 

Al 


Filtres colorés Hanneman pour pierres gemmes 
[Hanneman color filters for gemstones]. L. Gautron 
[3genvt@wanadoo.fr], Revue de Gemmologie a.f.g., 
No. 153, 2005, pp. 20-24 [in French]. 

Color filters have proven to be useful and inexpensive 

tools for the quick separation of various gems. This article 

reviews filters developed over the past 25 years by gemolo- 
gists William Hanneman and Alan Hodgkinson. 

Generally, incandescent light must be used and the stones 

observed in front of a white background (such as a sheet of 

paper). The following filters, designed to distinguish cer- 
tain groups of stones, are discussed: the “Aqua filter” for 
blue stones, the “Ruby filter” for red stones, two filters for 
natural and synthetic emeralds (in combination with the 

Chelsea filter), a filter for natural and dyed lavender jade, a 

filter for tanzanite and its simulants, and a “Bead buyer's 

& parcel picker’s filter set.” Transmission spectra of all fil- 

ters are shown, as well as photos of sample stones seen 

through them. RT 


Possibilities of X-ray non-destructive diagnostics of 
turquoise in jewellery. M. V. Cherednik and E. A. 
Goilo, Abstracts of the International Symposium on 
Mineralogical Museums, St. Petersburg, V. G. 
Krivovichev, Ed., St. Petersburg State University, 
2005, p. 356 [in Russian]. 

Due to the differences in orientation of microcrystals in 

turquoise and its imitations, standard powder X-ray diffrac- 

tometry can be used for identification. A Russian-made 

diffractometer DRON-2 with a Co anode was used, with a 

20 angle interval of 10-50°. The most intense reflections 


304 GEMOLOGICAL ABSTRACTS 


were recorded in a narrow 20 interval of 27-37°, so only 
5-10 minutes were needed for identification. 

Of the 15 samples tested, 12 were identified as 
turquoise; the other three proved to be colored calcite, 
gibbsite, and plastic. Studies also were undertaken of 
some specific minerals of the turquoise group (chal- 
cosiderite, coeruleolactite, and planerite) containing Fe, 
Ca, and trace-element impurities. From differences in 
unit-cell parameters, it was possible to identify the pres- 
ence of certain elements and determine geographic origin. 

BMS 


Synchrotron micro-X-ray fluorescence analysis of natural 
diamonds: First steps in identification of mineral 
inclusions in situ. H. Sitepu, M. G. Kopylova 
[mkopylov@eos.ubc.ca], D. H. Quirt, J. N. Cutler, 
and T. G. Kotzer, American Mineralogist, Vol. 90, 
No. 11-12, 2005, pp. 1740-1747. 

Diamond inclusions record information about the chemi- 

cal composition of the earth’s mantle that is useful for 

mantle petrology research and diamond exploration. Using 
quantitative in situ spectroscopic techniques known as 
uSXRF (synchrotron micro-X-ray fluorescence) and 
uXANES (micro-X-ray absorption near edge structure), 
mineral inclusions were nondestructively identified in 
three diamonds (up to 3 mm in size) from the Jericho kim- 
berlite in Canada. uSXRF was also used to analyze the 

compositions of several kimberlite indicator minerals (e.g., 

chromite, clinopyroxene, and garnet). Unlike time-con- 

suming destructive methods of inclusion analysis, these 
techniques take only minutes and can be used on samples 
as small as 5-10 um. High-resolution maps for Ti, Cr, Fe, 

Ni, Cu, and Zn distributions within the diamonds were 

also collected, with detection limits of 5-10 ppm. The 

uSXREF analyses indicated that elemental distributions 
within the diamonds were heterogeneous (with the signal 
confined to the outer ~0.5 mm surface of the stones). All 
visible inclusions, as well as several that were not visible 
with an optical microscope (~10 um), were clearly 
observed in the element maps. Inclusions identified using 
uSXRF consisted of green eclogitic clinopyroxene, light 
orange eclogitic garnet, colorless peridotitic olivine, purple 
peridotitic garnet, and opaque sulfides. Analysis of the 

inclusions by uXANES showed absorption lines at 6010, 

6008.5, and 6006 eV, suggesting that Cr** in the inclusions 

occurred as regular or distorted octahedra. These data were 

consistent with the identified minerals. CMB 
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As-grown, green synthetic diamonds. C. M. Breeding, J. E. 
Shigley, and A. H. Shen, Journal of Gemmology, 
Vol. 29, No. 7/8, 2005, pp. 387-394. 

Synthetic diamonds showing a green bodycolor face-up 

with no evidence of post-growth irradiation are described. 
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The eight samples studied were from a set of 129 synthetic 
diamonds supplied by Chatham Created Gems. The 
authors ruled out irradiation as the cause of the green body- 
color based on the lack of general radiation (GR) peaks in 
the UV-Vis-NIR absorption spectra that are normally asso- 
ciated with irradiated diamonds. Instead, they found that 
the green color resulted from blue (boron-rich) and yellow 
(nitrogen-rich) color zones corresponding to specific inter- 
nal growth sectors. This conclusion was supported by an 
investigation of synthetic diamonds with bodycolors rang- 
ing from dark blue to grayish greenish blue to light yellow- 
ish green to brownish orangy yellow, via face-down immer- 
sion in water and absorption spectroscopy. Immersion in 
water revealed distinct blue, yellow, and colorless zones, 
and the spectroscopic data showed a correlation between 
the simultaneous decrease of the 2457 cm! peak (corre- 
sponding to the presence of boron) and increase of the 270 
nm and 1344 cm"! peaks (corresponding to the presence of 
nitrogen) from the dark blue to the brownish orangy yellow 
sample. The authors suggest that the boron and nitrogen 
ratios were deliberately controlled during growth of the 
synthetic diamonds to manipulate the face-up bodycolors 
from blue to green to yellow. [Editors’ note: Yellow, blue, 
green, and pink synthetic diamonds from Chatham 
Created Gems were described in the Summer 2004 Gems 
#) Gemology, pp. 128-145] ]S-S 


Development of high-quality large-size synthetic dia- 
mond crystals. H. Sumiya, N. Toda, and S. Satoh, 
SEI Technical Review, No. 60, 2005, pp. 10-15. 
Researchers at Sumitomo Electric Industries in Itami, 
Japan, have been leaders in the production of large synthet- 
ic diamonds for various industrial and scientific applica- 
tions (e.g., optical parts, radiation detectors, high-pressure 
anvils, and monochromators for X-rays). This article 
reports on colorless type Ila synthetic diamond crystals 
weighing 7-8 ct (~10 mm diameter) produced at a growth 
rate of 6-7 mg/hr by the temperature-gradient method at 
high pressure and temperature. The use of a high-purity 
carbon source material, a high-quality seed, and an Fe-Co 
solvent with Ti added as a nitrogen getter reduced the con- 
centration of chemical impurities (such as N, B, and Ni) in 
these crystals to levels below 0.1 ppm. The use of Cu in 
the solvent inhibited the formation of TiC inclusions in 
the synthetic diamonds. The high crystalline quality of 
these crystals resulted from optimizing the metals and 
additives used in the solvent and precisely controlling the 
temperature throughout the growth process. 
JES 


Distinguishing natural from synthetic amethyst: The 
presence and shape of the 3595 cm7! peak. S. 
Karampelas [steka@physics.auth.gr], E. Fritsch, T. 
Zorba, S. M. Parakevopoulos, and S. Sklavanounos, 
Mineralogy and Petrology, Vol. 85, 2005, pp. 45-52. 

This study examines the conditions under which the 3595 
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cm! IR absorption band can be used to separate natural from 
synthetic amethyst. The band is present in most natural 
amethyst but is also rarely found in some synthetic 
amethyst, thus limiting its use as an identification criterion. 
In this study, the intensity and shape of the 3595 cm™ band 
was measured as a function of crystallographic orientation in 
four natural and two synthetic samples from various sources. 
Resolution was increased to 0.5 cmr!, and the full width at 
half maximum (FWHM) of the 3595 cm~! peak was then 
measured. In the synthetic amethyst the FWHM was about 
7 cm"!, which is about twice that measured for the natural 
amethysts (3 cm™!). The authors propose using this criterion 
to separate natural from synthetic amethyst. Al 


Grow(th of] large high-quality diamonds with different 
seed surfaces. C.-Y. Zang, X.-P. Jia [jiaxp@jlu.edu.cn], 
H.-A. Ma, S.-S. Li, Y. Tian, and H.-Y. Xiao, Chinese 
Physics Letters, Vol. 23, No. 1, 2006, pp. 214-216. 
The authors documented the crystal morphology and quali- 
ty of type Ib synthetic diamonds grown by the temperature- 
gradient method at high temperatures (~1250-1350°C) and 
pressures (5.5 GPa), with a Ni-Mn-Co alloy used as the 
metal solvent. Seeds consisting of 0.5 mm industrial dia- 
monds with well-developed {111} or {100} faces were cho- 
sen to initiate crystallization. The best conditions for 
growing large, high-quality synthetic diamond crystals 
occurred at temperatures approximately 50°C higher with 
the {111} seeds as compared to the {100} seeds. For growth 
from {100} seeds, more tabular crystals formed at relatively 
lower temperatures for the conditions selected, while 
more-equant crystals formed at higher temperatures. In 
contrast, growth from {111} seeds produced the opposite 
morphologies. Regardless of the seed selected, metal inclu- 
sions were less common within the tabular as compared 
to the equant synthetic diamond crystals. The authors 
suggest that the optimum growth rates were approximate- 
ly 2.5 mg/h for the tabular synthetic diamond crystals and 
1.5 mg/h for the equant crystals. JES 


High pressure-high temperature growth of diamond crys- 
tals using split sphere apparatus. R. Abbaschian 
[rabba@eng.ucr.edu], H. Zhu, and C. Clarke, 
Diamond and Related Materials, Vol. 14, No. 11-12, 
2005, pp. 1916-1919. 

Diamond growth under conditions of high temperatures 

(~1300-1700°C) and high pressures (~5—6.5 GPa) takes place 

by the “temperature gradient” method. In this process, a 

molten catalyst dissolves carbon from a source (graphite or 

diamond powder), and transports it to a growth site where 
the carbon precipitates on a diamond seed. Various types of 
machinery are used for this process, with synthetic dia- 
mond crystals up to several carats grown in time periods of 
approximately 100 hours or less. Introduction of the split- 
sphere (or BARS) apparatus has lowered the capital and 
operational costs for diamond synthesis. 

In this article, the authors, who were associated with 
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the Gemesis Corp., Sarasota, Florida, review the use of 
the split-sphere apparatus for producing gem-quality type 
Ib yellow synthetic diamonds. According to their experi- 
ence, higher growth temperatures (above ~1350°C) yield 
better-quality crystals with more intense colors. Type Ila 
(colorless) and type IIb (blue) crystals can also be grown by 
this process, but at appreciably slower growth rates and 
within a more restricted range of temperature and pres- 
sure conditions. [Editors’ note: Gemesis synthetic dia- 
monds were described in the Winter 2002 Gems & 
Gemology, pp. 301-309. ] JES 


Prospects for large single crystal CVD diamonds. S. S. Ho, 
C. S. Van, Z. Liu, H. K. Mao, and R. J. Hemley, 
Industrial Diamond Review, Vol. 66, No. 1, 2006, 
pp. 28-32. 

Chemical vapor deposition (CVD) has been optimized for 

fabricating single-crystal synthetic diamond at very high 

growth rates (up to ~100 um/h). Single-crystal material >1 
cm in thickness and weighing more than 10 ct can now be 
produced with a range of optical and mechanical proper- 
ties for various applications. High-pressure, high-tempera- 
ture annealing can significantly increase the hardness. The 
process can produce synthetic diamond with improved 
optical properties in the ultraviolet-to-infrared range, open- 
ing prospects for new technological and scientific applica- 
tions. Illustrations are given of a 5 ct (12 x 6 mm) single- 
crystal CVD synthetic diamond (without the seed portion) 
cut from a 10 ct block, and of a 0.2 ct brilliant-cut synthet- 
ic diamond produced from a 1 ct block. RAH 


Silica and alumina transfer in supercritical aqueous fluids 
and growing of topaz monocrystals in them. V. S. 
Balitsky, D. V. Balitsky, S. D. Balitsky, C. Auri- 
sicchio, and M. A. Roma, Geochemistry Inter- 
national, Vol. 44, No. 2, 2006, pp. 175-181. 

To date, large crystals of topaz have not been grown syn- 

thetically. However, it is known that topaz (as well as 

quartz) can grow and dissolve under temperature gradients 
in granitic pegmatites. This prompted experiments to 
determine the growth conditions for topaz single crystals. 

The authors hydrothermally grew synthetic topaz crystals 

measuring 2.5-5.0 mm thick, 8-15 mm wide, and 20-40 

mm long in times ranging from 20 to 60 days. They used 

natural topaz seed plates (2 x 8 x 40 mm) in an autoclave 

containing acidic to near-neutral fluoride-bearing aqueous 
fluids and topaz and quartz fragments. The temperature 

ranged from 550 to 780°C and the pressure was 20-180 

MPa. These growth conditions were based on the authors’ 

investigations of the transfer of silica and alumina during 

the growth and dissolution of quartz, corundum, and topaz 
in supercritical aqueous fluids using a defined temperature 
gradient. The synthetic topaz crystals were compared to 
natural topaz using electron-microprobe analysis for 
chemical composition, high-precision XRD patterns for 
unit-cell parameters, IR spectroscopy for characteristic 
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absorptions, and standard gemological techniques for 
refractive index and density. In all cases, there was a 
match between the natural and synthetic crystals, verify- 
ing the identity of the hydrothermally grown topaz. 

]S-S 


Synthesis of precious opal in a hydrothermal solution. V. 
V. Potapov and D. V. Kamashev, Glass Physics and 
Chemistry, Vol. 32, No. 1, 2006, pp. 89-98. 

The authors explored the growth of colloidal silica particles 

and of ordered supramolecular structures in hydrothermal 

solutions to understand the formation of play-of-color opal. 

They correlated the temperature and pH of the silicate 

mineral-containing hydrothermal solution to the rate of 

nucleation of orthosilicic acid molecules and the forma- 
tion, size, and concentration of colloidal silica particles via 
polycondensation. The silica particles had diameters main- 

ly in the 1-50 nm range. However, play-of-color opal is a 

supramolecular structure composed of particles with diam- 

eters in the range of hundreds of nanometers. The authors 
propose that the supramolecular structure of play-of-color 
opal forms either at higher temperatures where the nucle- 
ation rate for new particles is decreased and larger particles 
are produced, or from complexes of smaller particles (i.e., 
aggregates). Based on their observations of colloidal silica 
particle sizes in hydrothermal solutions, they judged that 
play-of-color opal forms from aggregates of the colloidal sil- 
ica particles. They determined that the best nucleation rate 
for these particles occurs between 120 and 150°C and that 
the optimum settling velocity for the supramolecular struc- 
ture is at rates of less than 10 mm/day. The specific cubic 
packing orientation of the spheres is pH and particle-size 
dependent, with the closest cubic packing (characteristic of 

play-of-color opal) occurring at pH values greater than 9. 

]S-S 


TREATMENTS 


Change in cathodoluminescence spectra and images of 
type II high-pressure synthetic diamond produced 
with high pressure and temperature treatment. H. 
Kanda [kanda.hisao@nims.go.jp], A. Abduriyim, and 
H. Kitawaki, Diamond and Related Materials, Vol. 
14, No. 11-12, 2005, pp. 1928-1931. 
Natural diamonds showing evidence of plastic deforma- 
tion often exhibit mosaic patterns that may be observed by 
cathodoluminescence (CL) imaging and the presence of 
2BD peaks (at ~260, 270, and 285 nm) in CL spectra. 
However, no direct correlation between these characteris- 
tics and plastic deformation in diamond has previously 
been demonstrated. The authors used colorless high pres- 
sure, high temperature (HPHT)-grown synthetic diamonds 
showing little evidence of plastic deformation and subject- 
ed them to HPHT treatment that induced plastic deforma- 
tion through non-hydrostatic stress (i.e., by applying non- 
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uniform pressure, such as along one axis direction). 
Although brown coloration in natural diamond (generally 
ascribed to plastic deformation) can be altered by HPHT 
treatment, no color alteration was seen in these synthetic 
diamonds in response to the treatment. Comparison of the 
CL images and spectra of the synthetic diamonds before 
and after the HPHT treatment showed development of 
both the mosaic pattern and the 2BD bands, which sup- 
ports the relationship between plastic deformation and 
these CL features. The authors suggest that HPHT treat- 
ment may have two effects: annealing and plastic deforma- 
tion. If the diamond is treated under hydrostatic condi- 
tions, then the annealing affect would likely be dominant, 
whereas treatment under non-hydrostatic conditions will 
cause plastic deformation. Sally Eaton-Magania 


Proton irradiation of natural and synthetic diamonds. M. A. 
Viktorov and M. B. Kopchikov, Moscow University 
Geology Bulletin, Vol. 60, No. 5, 2005, pp. 62-75. 

Proton irradiation could have commercial potential as a 

diamond treatment, similar to neutron and electron irradi- 

ation. Both neutrons and electrons are capable of deep pen- 
etration into diamond, creating uniformly distributed 
color. In this study, natural and synthetic diamonds were 
irradiated with 30-100 MeV protons in a Model I-100 lin- 
ear accelerator, producing a uniform green coloration. The 
diamonds showed reduced or inert UV-activated fluores- 
cence and reduced cathodoluminescence. The visible 
absorption spectra of the natural diamonds showed the 
development of weak peaks at 503 nm (associated with 
the H3 defect}, 637 nm [(N-V]*], and 741 nm (GR1) follow- 
ing proton irradiation. In the synthetic diamonds, the 
authors observed the development of a CL peak (at liquid 
nitrogen temperature) at 575 nm [(N-V)°], and a weak peak 
at 637 nm in the visible absorption spectra. Nickel-related 
defects in the synthetic diamonds remained stable. 

Residual radioactivity in both the natural and synthetic 

diamonds was negligible and short-lived. The authors con- 

clude that diamond treatment by proton irradiation is sim- 
ilar to electron and neutron irradiation, and could perhaps 
be used on a commercial scale. Sally Eaton-Magana 


MISCELLANEOUS 


Deadly dust: The silicosis epidemic among Guangdong 
jewelry workers and the defects of China’s occupa- 
tional illnesses prevention and compensation sys- 
tem. China Labor Bulletin, CLB Research Series No. 
1, December 2005, 47 pp., www.clb.org.hk/fs/view/ 
downloadables/Deadly_Dust_Dec2005.pdf. 

Silicosis is an incurable disease of the lungs caused by 

chronic inhalation of crystalline silica dust. Over several 

years’ exposure, the disease will progressively debilitate 

normal lung functions, possibly resulting in death. Long a 

bane of the mining, foundry, glass-making, and stone- 
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working industries, silicosis has recently been recognized 
as a risk for lapidary workers. 

The general dangers of silicosis have been known for 
decades, and Western countries such as the U.S. have 
enacted strict workplace safety regulations. Although 
China has similar regulations, this report alleges that 
widespread failures in enforcement on the part of local 
governmental and judicial authorities have resulted in an 
epidemic of silicosis among Chinese jewelry workers. 
Further, deliberate efforts by jewelry companies to con- 
ceal the problems from investigators and cumbersome 
procedures for obtaining compensation for workplace 
injuries have hampered efforts to aid at-risk workers. 

After a background discussion of these issues, the 
report presents seven case studies examining efforts by 
workers afflicted with silicosis to obtain compensation 
and medical care from their employers. Although in most 
cases the afflicted workers were ultimately able to obtain 
some compensation, this came only after sustained efforts 
by the lapidary companies to evade responsibility. The 
report alleges that the problems can be traced to employ- 
ers placing profits ahead of worker safety, overly compli- 
cated regulations and compensation procedures, and 
endemic corruption in the Chinese judicial system and 
local governments. Recommendations for improvement 
include a thorough government investigation of work- 
place conditions and worker health; greater enforcement 
of existing workplace safety laws; and streamlining the 
compensation process to make it easier for lapidary work- 
ers, many of whom are unsophisticated migrants from the 
Chinese countryside. TWO 


Green dreams. C. Zarin, New Yorker, Nov. 21, 2005, pp. 
76-83. 

This article traces the mysterious history of a magnificent 
suite of gold and emerald jewelry belonging to New York 
jeweler Fred Leighton. Leighton acquired the suite from a 
man who claimed to have salvaged it from the wreck of 
the great Spanish treasure fleet of 1715, which sank during 
a hurricane off the coast of Florida. The fleet was carrying 
a fortune in gold, silver, and gems for the Spanish royal 
court, including emeralds from the Muzo and Chivor 
mines in Colombia. 

The author follows the stories of various treasure 
hunters who have searched the wrecks of this fleet and 
other treasure ships that foundered in the area, including 
the Maravilla, which was lost in 1656. Although multiple 
appraisers believed that the suite consists of genuine arti- 
facts, and salvagers have been working the area since the 
1970s, the author discovered that neither local divers nor 
the state had any record of this emerald jewelry being 
recovered from the 1715 fleet. The author postulates the 
jewels may have come from the Maravilla or from anoth- 
er Spanish wreck off the coast of Panama. Further 
research found that the diver who had owned them before 
Leighton gave conflicting stories about their origins. 
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Leighton tells the author, “with [antique] jewelry, some- 
times you never know what the hell it is.” RS 


How community institutions create economic advantage: 
Jewish diamond merchants in New York. B. 
Richman, Law & Social Inquiry, Vol. 31, No. 2, 
2006, pp. 383-420. 

Richman explores how tight-knit communities can foster 

economic activity by placing enormous pressure for honesty 

and trust on all members, as well as providing a ready trad- 
ing network, particularly with similar groups around the 
world. The author divides New York's diamond trade into 
two groups: the long-term players who have built business- 
es and are dependent on ethical behavior to maintain their 
connections; and the “independent contractors,” who are 
usually from the ultra-Orthodox community. These latter 
dealers are generally brokers, often working on very small 
commissions sufficient to maintain their religious studies. 
Community pressure and family-based-reputation values 
mean they can be entrusted with many thousands of dollars 
worth of diamonds, which allows the industry to support an 
extensive network of credit sales with minimal fear of loss. 
The diamond industry can extend this network 
through other parts of the world by dealing with a similar 
community in Antwerp, and through the Jains and 

Angadias in India, who maintain comparable traditions in 

their country. The institutions of this community also 

provide dispute resolution and sanctions so members do 
not have to resort to the courts. RS 


It’s a deal. O. Galibert, Luxx Jewellery, 2006-2007, pp. 
136-140. 

Practical questions for customers wishing to purchase 

gemstones include: Is it a good idea to purchase gems from 

their place of origin, and is it worth the trouble? Are the 

Internet and auction houses good alternative sources to 

traditional jewelers? 

Knowledge and trust are vital when selecting and pur- 
chasing gems. Considerations such as the reputation, edu- 
cation, and reliability of the seller may be questioned. 
Accurate and up-to-date information is a key component 
to making wise purchases. Several websites are recom- 
mended, as well as technical journals (e.g., Gems & 
Gemology and Journal of Gemmology). Major purchases 
should always be accompanied by a grading or identifica- 
tion report from a reputable laboratory. 

Buying from an internationally known jeweler tends to 
be expensive, but the authenticity and artistry of the jewelry 
are, consequently, of a high standard. Nevertheless, many 
smaller stores around the world have outstanding merchan- 
dise and do business in an ethical way. Such artisan-fueled 
jewelry stores (ie., JAR, Taffin, etc.) are recommended for 
their selection of rare pieces and fine-quality design. 
Purchasing over the Internet is also an alternative, but since 
the buyer does not see the actual merchandise at the time of 
purchase, a more “hands-on” approach is suggested. 
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Auction houses offer the advantage of viewing several 
pieces at once, which can be advantageous when consid- 
ering a purchase of jadeite, for example. Auction houses 
also offer services like phone bidding, secured payments, 
and international shipping. Private viewings are some- 
times available for the serious bidder and provide an extra 
opportunity for examination of the pieces. JEC 


Microhardness, toughness, and modulus of Mohs scale 
minerals. M. E. Broz [broz@cems.umn.edul], R. F. 
Cook, and D. L. Whitney, American Mineralogist, 
Vol. 91, 2006, pp. 135-142. 

Most involved in the geosciences are familiar with the 
Mohs scale. First published in 1825, the scale can be used 
as an aid in mineral identification. Although commonly 
referred to as a “hardness” scale, these authors correctly 
point out that it is more appropriately labeled a relative 
scratch-resistance guide, which is influenced not only by 
hardness, but also by fracture toughness and elastic modu- 
lus (resistance to elastic deformation). This qualitative 
scale ranks 10 minerals in order of increasing scratch resis- 
tance: talc, gypsum, calcite, fluorite, apatite, orthoclase 
feldspar, quartz, topaz, corundum, and diamond. The 
authors performed modern hardness tests (microindenta- 
tion and depth-sensing indentation) on all of the minerals 
except diamond, and compared them to the Mohs scale 
scratch-resistance test in an effort to quantify the material 
properties of the scale. 

The data collected showed that the Mohs scale is not 
linear with any of the three parameters measured: hardness, 
toughness, or modulus. As an example, fluorite (Mohs 4) 
actually had higher modulus than orthoclase feldspar (Mohs 
6). Thus, the authors concluded that there is no quantitative 
method to predict the relationship of Mohs number and 
material properties. Earth science instructors should consid- 
er this conclusion when teaching the use of the Mohs scale 
as an aid to mineral identification. KAM 


The path of stones. B. Bilger, New Yorker, Oct. 2, 2006, 
pp. 66-79. 

The gem mining and trading situations in Madagascar are 
described through the eyes of American dealer Tom 
Cushman. Mr. Cushman has been active in Madagascar 
for nearly 15 years, before many others, and is currently 
working to help educate the local Malagasy in gemology 
and stone cutting so they can become less dependent on 
foreign dealers. 

The article describes the rough-and-tumble situation in 
Ilakaka, the area in which large sapphire deposits were dis- 
covered in 1998, with the colorful characters involved. 
This includes several miners—such as Jean Noel, the local 
businessman who sought (and found) his fortune in gem 
mining—and the local gangster, La Bombe, who thrived by 
intimidation and murder. The article also describes how 
Thai, Sri Lankan, and later African dealers moved in to 
take control of gem trading in the area. RS 
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doublet (GNI)Sp06:76-77 

synthetic ruby/quartz/spinel compos- 
ite (LN)Sp06:54 

ulexite-synthetic sapphire triplet imi- 
tating cat’s-eye chrysoberyl 
(GNI)Sp06:77-78 

Asterism 

in coated quartz imitation of sapphire 
(LN)Sp06:60 

in emerald (GNI)Su06:171-172 


Auctions 
sale of luxury jewelry at 
(Wickstrom)F06:52 
Augelite 
green, from Peru (GNI)W06:271 
Australia 
faceting rhodonite from New South 
Wales (Millsteed)Su06:151-158 


prehnite from Northern Territories 
(GNI)Su06:177-178 


B 


Baddeleyite 
as inclusion in heat-treated sapphire 
(Wang)Su06:134-150 


Basalt 
as matrix of Leopard opal 
(Coenraads)W06:236-246 
Beryl 
bicolored, from Namibia 
(GNIJW06:271-272 
color circle and varieties (Klei8man- 
tas)F06:137 
fingerprinting using LIBS and XRF 
(McMillan}F06:126 
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fine red sand, probably windblown (see 
schematic cross section, fig, 2). 

During 1946, deep prospecting pits were 
laid out on top of the hill. Most of them 
reached the bed rock limestone, but some 
did find under the gravel a very decom- 
posed conglomeratic ‘rock, containing some 
recognizable pieces of gneiss and granite. 
Quite. unexpectedly those pits struck a shal- 
low water level. 


IDENTIFICATION OF THE 
KIMBERLITE 
At the end of 1946, Bakwanga was 
visited by a geophysical crew, headed. by 
the author. 
Of course, the peculiar findings on top 


of the hill attracted full attention and the 
Figure 1 


22? 


existence of kimberlitic yellow ground be- 
came at once an attractive hypothesis. 

We may recall here that the dark kim- 
berlite rock alters readily in the tropical 
climate, Changing first into a soft “blue- 
ground,” the thorough near-surface oxida- 
tion changes it into “yellow ground.” This 
loose material retains only, in a recognizable 
shape, the very stable components of the 
kimberlite. Very characteristic are the 


“heavy minerals:” a part diamond itself, 


the yellow ground contains an abundance 
of jet black magnesian ilmenite and red 
garnet; also, in small amounts, some other 
characteristic minerals, among which the 
green chrome-diopside is very striking. 

In the Bakwanga gravels the character- 
istic ilmenite is abundant. Red garnet is 
present and its percentage increases uphill. 
Green diopside is rare, but was found in 
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see also Aquamarine; Emerald 
Beryllium diffusion, see Diffusion treatment 
Bleaching, see Treatment 
Bone 
bovine, dyed yellow, in pendant 
(LN)Su06:160-161 
Book reviews 
Agates: Treasures of the Earth 
(Pabian)W06:294 
Bedazzled: 5,000 Years of Jewelry 
(Albersmeier)Su06:191 
Bling Bling: Hip Hop’s Crown Jewels 
(Oh)W06:294-295 
Charming: The Magic of Charm 
Jewelry (Alun-Jones and 
Ayton)Su06:190-191 
The Heartless Stone: A Journey 
Through the World of Diamonds, 
Deceit and Desire 
(Zoellner)Su06:189-190 
The Jeweler’s Directory of Gemstones 
(Crowe)W06:296 
Making the Most of Your Flex-Shaft 
(Christians)Su06:190 
Masterpieces of French Jewelry from 
American Collections 
(Price)W06:295-296 
Modernist Jewelry, 1930-1960: The 
Wearable Art Movement 
(Schon)Su06:191 
Photoatlas of Inclusions in 
Gemstones, Volume 2 (Gitbelin and 
Koivula)Sp06:83 
Schmuck Jewellery 1840-1940: 
Highlights Schmuckmuseum 
Pforzheim (Falk)Sp06:83-84 
Working with Gemstones: A Bench 
Jeweler’s Guide (Skuratowicz and 
Nash)Sp06:84 
Bosnia-Herzegovina 
hyalophane from Busovaca 
(Kniewald)F06:137-138 
Branding 
of colored stones (Braunwart)F06:31 
of cultured pearls (Hoffman)F06:41 
of diamonds (Rothman)F06:26 
of jewelry—(Berg)F06:45, 
(Yurman)F06:44; Italian and 
European (Poli)F06:59-60 
of Robbins Bros. (Robbins)F06:47 
of Swarovski (Swarovski)F06:46 
Brazil 
Braganga “diamond” from (Galopim 
de Carvalho)F06:132 
colored stones from, in historic 
Portuguese jewelry (Galopim de 
Carvalho)F06:167 
Cu-bearing tourmaline from 
(Abduriyim)Sp06:4—21 
emerald mining and trading in 
(Lucas)F06:158 
muscovite from Minas Gerais 
(GNI)Sp06:65-66 
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quartz—with colored fluid inclusions, 
from Bahia (GNI)Sp06:71—-72; dou- 
blet (GNI)Sp06:76-77; Platinum 
variety, with star inclusion from 
Minas Gerais (GNI)Sp06:72, rutilat- 
ed, from Bahia (Cook)F06:130; 
Sunset variety from Minas Gerais 
(GNI)W06:277-279; treated green 
and violetish blue, from Minas 
Gerais (GNI)W06:285-286 
Brillianteering, see Diamond, cuts and 
cutting of 
Burma, see Myanmar 


C 


Calcareous concretions 
Melo pearls—and dyed shell imitation 
of (LN)Su06:166-167; from 
Myanmar (Htun)F06:135-136 
pen shell and clam (LN)W06:264-265 
California, see United States 
Canada 
aquamarine from Yukon Territory 
Linnen)F06:114 
diamond sources and industry outlook 
Irving)F06:24 
emerald from Ontario (Brand)F06:113 
sapphire from Baffin Island 
Lepage)F06:155-156 
Cathodoluminescence 
to identify diamond type 
Kanda)F06:125 
Chalcedony 
chrysocolla-colored, separation from 
dyed (Shen)F06:140 
Cr-bearing, from Turkey (Lule- 
Whipp)F06:115 
“Challenge,” see Gems &) Gemology 
Chemical composition, see Electron- 
microprobe analysis; Scanning elec- 
tron microscopy [SEM]; Spectrometry 
[various]; Spectroscopy [various]; spe- 
cific gem materials 
Chemical fingerprinting 
of beryl (McMillan)F06:126 
of emerald and Cu-bearing tourmaline 
(Abduriyim)Sp06:4-21 [erratum 
(GNIJW06:292] 
of opal (Gaillou)FO6:107-108 
Chemical vapor deposition [CVD], see 
Diamond, synthetic 
China 
diamond industry outlook (Ma)F06:25 
freshwater cultured pearls from 
(Schechter]F06:40 
nephrite from Hetian (He}F06:134 
silicosis among lapidary workers in 
(Overton)F06:165 
triploidite from (GNI)Su06:183-184 


“Chocolate pearls,” see Pearl, cultured 
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Chrysoberyl 
cat’s-eye, imitated by ulexite-synthet- 
ic sapphire triplet (GNI)Sp06:77-78 
Chrysocolla, see Chalcedony 
Clam pearl, see Calcareous concretions; 
Pearl 
Clarity grading, see Grading 
Coating 
of diamond to produce pink color 
(LN)Su06:163-164 
of quartz to imitate star sapphire 
(LN)Sp06:60 
of topaz (Befi)F06:128-129 
Colombia 
assembled emerald matrix specimen 
from (LN)Sp06:59-60 
copal from (GNI)Sp06:70 
emerald mining and trading in 
(Lucas)F06:158 
euclase from the Chivor mine 
(GNI)Su06:173 
Color, cause of 
in chameleon diamonds 
(Massi)F06:101-102 
due to nanofeatures (Rossman)F06:92 


Color change 
in fluorite (GNI)Su06:173-174 
reverse, in zircon from Myanmar 
(Bosshart)F06:94 


Color, description of 
using Gemewizard software— 
(Sevdermish)F06:102-103, 
(Underwood)F06:143 
using spectrographic imaging 
(Beaton)F06:93-94 
see also Color grading 
Color grading 
definition of key color in 
(Grozman)F06:96—97 
of D-to-Z diamonds 
(Tashey)F06:142-143 
of treated-color pink to red diamonds 
(Smirnov)F06:126-127 
“universal” system for (Liu)F06:101 


Color zoning 
of facets on diffusion-treated sapphire 
(GNIJW06:287-289 
in sapphire, unusual colorless-blue 
(GNI)Sp06:74-75 
in small treated pink synthetic dia- 
monds (GNI)W06:283-284 
in tortoise shell and its imitations 
(Hainschwang)Sp06:36-52 
Computer software 
for appraisals (Drucker)FO6:130-131 
Gemewizard, for color communica- 
tion (Sevdermish)F06:102-103, 
(Underwood)F06:143 
for modeling diamond crystallography 
(Botha)F06:129 
OctoNus, for optimizing cut of fancy- 
color diamonds (Sivovolenko) 
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F06:104-105 


Conference reports 
Gemological Society of Japan confer- 
ence (GNI)W06:289 
International Mineralogical 
Association meeting (GNI)W06:289 
Madagascar mining laws, at Tucson 
show (GNI)Sp06:73 
“Conflict” diamonds 
and the movie Blood Diamond 
(Rapaport)F06:27, (Symposium 
panel)F06:63-64 
return to legitimate trading in Sierra 
Leone (GNI)W06:268-270 
Copal 
as amber imitation, containing a 
lizard (LN)W06:260-261 
from Colombia, with “blood trail” 
inclusions (GNI)Sp06:70 
Corundum, see Ruby; Sapphire 
Crowningshield, G. Robert 
obituary (Keller)W06:205 
Crystallography 
of diamond—{Rondeau)F06:109-110; 
3-D modeling of (Botha)F06:129 
of rhodonite (Millsteed)Su06:151-158 


Cullinan diamonds, I and II 
history and gemological characteriza- 
tion of (Scarratt)Su06:120-132 
Cullinan (formerly Premier) mine 
history of (Scarratt)Su06:120-132 
Cultured pearl, see Pearl, cultured 
Cutting, see Diamond, cuts and cutting 
of; Lapidary arts 
CVD [chemical vapor deposition] -grown 
synthetic diamonds, see Diamond, 
synthetic 


D 


De Beers 
Supplier of Choice transition 
(Tempelsman)F06:7-12 
Demantoid, see Andradite 


Diamond 

with blue sapphire inclusions 
(LN)Su06:165-166 

Braganca, possible identification of 
(Galopim de Carvalho)F06:132 

from Canada (Irving)F06:24 

cape, color measurement of rough 
(Ceulemans)F06:130 

cathodoluminescence to identify type 
(Kanda)F06:125 

color nomenclature on the D-to-Z 
scale (Tashey)F06:142-143 

Cross-referencing Identification 
System (CIS) for (Deljanin) 
F06:163-164 

Cullinans I and II (Scarratt) 
$u06:120-132 
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damaged by laser (GNI)W06:270-271 
dislocation networks in type Ila (De 
Corte)F06:122-123 
geologic origin of (Harris)F06:107-108 
graining, impact on clarity grading of 
King]W06:206-220 
in India, history of 
Zucker)FO6:160-161 
in Liberia (Hoal)F06:134-135 
marketing and economics of— 
Irving)F06:24, (Ma)F06:25, 
Rapaport)F06:28, (Rothman)F06:26, 
Tannenbaum)F06:23, 
Tempelsman)F06:7-12; in Sierra 
Leone (GNI)W06:268-270 
mines and mining (Hoal)F06:134-135 
modeling crystallography of 
Botha)F06:129 
morphology of— 
Fedortchouk}F06:146, 
Rondeau)F06:109-110 
production—from 1870 to 2005 
Janse)F06:136, and distribution 
Suwa}F06:58-59 
from Russia—Komsomolskaya mine 
Sobolev)F06:117; Siberia 
Solodova)F06:141-142; white to 
gray, from Siberia 
Titkov)F06:127-128 
sources—(Janse)F06:148-149 
trace elements in type I 
Khamrayeva)F06:90-91 
see also Grading; other Diamond entries 


Diamond, colored 
black, with unusual growth structures 

GNI)Sp06:73-74 

blue—phosphorescence of (Eaton- 

Magaria)F06:95—96; light blue, with 

clarity determined by graining 

LN)Su06:162-163 

with brown and green radiation stains 

LN)Su06:161-162 

brown-orange, translucent 

LN)Sp06:57-59 

chameleon coloration model 

Massi)F06:101-102 

chronology of (LP)Su06:204 

CO,-rich (Hainschwang)F06:97 

cutting to optimize color 
(Sivovolenko)F06:104—105, 140-141 

fluorescence of (Eaton- 
Magaria)F06:131-132 

Hope diamond, phosphorescence of 
(Eaton-Magania)F06:95-96 

pink—with etch channels and glide 
planes (LN)Sp06:56; with prolonged 
change of color (LN)W06:263-264 

white, 30.87 ct (LN)W06:262-263 

white to gray, from Siberia, inclusions 
in (Titkov)F06:127-128 

X-ray topography of (Yuan)F06:93 

see also Diamond, inclusions in; 
Diamond, synthetic; Diamond 
treatment 
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Diamond, cuts and cutting of 

Cullinans I and II 
(Scarratt)Su06:120-132 

evolution of the American round bril- 
liant (Gilbertson)F06:133 

Koh-i-Noor diamond, replica of 
(Hatleberg)F06:158-159 

manufacturing (Hasenfeld)F06:48 

to optimize fancy-color appearance— 
(Sivovolenko}F06:104-105, 140-141 

two stones from the same crystal 
(LN)Sp06:56-57 

use of 3-D modeling in (Botha)F06:129 

see also Grading; other Diamond entries 


Diamond, inclusions in 

dissolution features (Lu)FO6:138 

etch channel (LN)Su06:165 

fingerprint-like, in natural-color and 
HPHT-treated (LN)Sp06:54—55 

graining, impact on clarity grading— 
(King)W06:206-220; in light blue 
(LN)Su06:162-163 

micro-inclusions in translucent 
brown-orange (LN)Sp06:57-59 

in white to gray diamonds from 
Siberia (Titkov)F06:127-128 

whitish banding in Fancy white 
(LN)W06:262-263 


Diamond, synthetic 

consumer confidence issues 
(Symposium panel)F06:63—64 

CVD-grown—{Welbourn)F06:34-35; 
from LIMHP-CNRS, France 
(Anthonis)F06:152-153; growth and 
use of (Butler)FO6:111-112; and 
HPHT-grown (Welbourn)F06:34—35,; 
luminescence spectra of defects in 
(Charles)F06:121-122 

HPHT-grown—from Advanced 
Optical Technology Co., Canada 
(Deljanin)F06:154-155; and CVD- 
grown (Welbourn)F06:34—35 

nomenclature issues (Symposium 
Debate Center)F06:66-67 

patent applications for incorporating 
biological remains into 
(GNI)Sp06:78-79 

treated pink (GNI)W06:283-284 

X-ray topography of (Yuan)F06:93 

Diamond treatment 

coated pink (LN)Su06:163-164 

color grading system for treated-color 
pink to red (Smirnov)F06:126-127 

and defect deformation, imaged with 
X-ray topography (Yuan)F06:93 

HPHT—in annealing of CVD synthet- 
ic diamonds (Anthonis)F06:152-153, 
of brown diamonds (Vins) 
F06:120-121; defects created and 
destroyed by (Newton)F06:84-85; 
DiamondView imaging of type IIb 
diamonds (Breeding)F06:88; impact 
on color (Collins)F06:33, 
(Pope)F06:120; producing finger- 
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print-like inclusions 
(LN)Sp06:54-55; of type IaB brown 
diamonds (Van Royen)F06:86 
jewelry potential of 
(Perret)F06:159-160 
laser drilling using KM (Kiduah 
Meyuhad) treatment (Collins)F06:33 


Diamond View imaging 

of CVD synthetic diamond 
(Welbourn)F06:34-35 

of diamond with unusual etch chan- 
nel (LN)Su06:165 

of dislocation networks in type Ila dia- 
monds (De Corte)F06:122-123 

and gem identification 
(Breeding)F06:88 

of translucent brown-orange diamond 
(LN)Sp06:57-59 

of two diamonds from the same crys- 
tal (LN)Sp06:56-57 


Diffraction 
as cause of iridescence in Rainbow 
andradite (Hainschwang) 
W06:248-2.58 


Diffusion treatment 
of corundum, with beryllium— 
(McClure)F06:29-30, 
(Wathanakul)F06:87; detection 
using EPR (Rossman)F06:32; detec- 
tion using LA-ICP-MS, LIBS, and 
SIMS (Abduriyim)Su06:98-118 
[erratum (GNI)W06:292], F06:87-88 
of sapphire, with circular inclusions 
(GNI)W06:286-287 
of synthetic corundum— 
(GNI)Su06:185-186, (Pisutha- 
Arnond)F06:85; showing unusual 
fluorescence (GNI)W06:287-289 
Diopside 
from Afghanistan (GNI)W06:272-273 
Disclosure 
of treated gems—(Symposium Debate 
Center)F06:68-69; corundum 
(Scarratt)F06:85—86; and synthetic 
gems (Kane)F06:36-37 


Dravite, see Tourmaline 


Dubai 
retailing and trading in 
(Dhamani)F06:61 


Durability 
of lead-glass filling in rubies 
(McClure)Sp06:22-34 [erratum 
(GNI)Su06:188] 
Dyeing 
of bovine bone (LN)Su06:160-161 
of chalcedony to imitate chrysocolla 
chalcedony (Shen)F06:140 
of “chocolate pearls” 
(GNI)W06:284-285 
identification of silver-dyed cultured 
pearls (Wang)W06:222-235 
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of shell to imitate Melo pearls 
(LN]$u06:166-167 


E 


Editorials 
“Business and Science Converge at 
the 2006 Symposium and 
Gemological Research Conference” 
(Kimmel and Keller)F06:1 
“GIA Celebrates 75 Years. . .” 
(Keller)Su06:95-96 
“Remembering G. Robert 
Crowningshield” (Keller)W06:205 
“Symposium 2006: Navigating the 
Challenges Ahead” (Keller)Sp06:1 
Education 
at GIA—course development 
(Pay)F06:162; public outreach 
(Vagner)F06:162-163 
in Madagascar (Cushman)F06:161 


EDXRF, see Spectroscopy, energy-disper- 
sive X-ray fluorescence 
Elbaite, see Tourmaline 
Electron-microprobe analysis 
of emerald from Ontario, Canada 
Brand)F06:113 
of hiddenite from North Carolina 
Wise)F06:152 
of massive pink muscovite from Brazil 
GNI)Sp06:65-66 
and the RRUFF project database 
Downs)F06:89—90 
Emerald 
assembled, with internal inscriptions 
LN)Sp06:59-60 
from Canada (Brand)F06:113 
chemical fingerprinting of 
Abduriyim)Sp06:4—21 
production of (Yager)F06:144—145 
from Sandawana, Zimbabwe 
Zwaan)F06:111 
with six-rayed star 
GNI)Su06:171-172 
in South America (Lucas)F06:158 
see also Beryl 


Endangered species 
trade in gem materials of 
(Carmona)F06:166-167 


Energy-dispersive spectroscopy [EDS], see 
Scanning electron microscopy [SEM] 

England 
Cullinan diamonds in the Crown 

Jewels of (Scarratt)Su06:120-132 

Enhancement, see Coating; Diamond 
treatment; Dyeing; Treatment; specif- 
ic gem materials 

EPR, see Spectroscopy, electron paramag- 
netic resonance 

Errata 


to “Bahia sculpture” 
(Lehrer)FO6:158—description of 
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source material (GNI)W06:292 

to “Demantoid from Iran” (Du 
Toit)F06:131—origin of banded 
opaque material (GNI)W06:292 

to “Dr. Edward J. Gtibelin Most 
Valuable Article Award” 
(Editorial)Sp06:2-—3—author bio 
(GNI)Su06:188 

to “Identification and durability of 
lead glass—filled rubies” 
(McClure)Sp06:22—34—carat weight 
of sample (GNI)Su06:188 

to “Jeremejevite from Myanmar and 
Sri Lanka” (GNI)Su06:175-176— 
geographic origin (GNI)W06:292 

to “LA-ICP-MS” 
(Abduriyim)Su06:98—-118—table 3, 
logo size (GNI)W06:292, 

to “Pyrope-spessartine from 
Tanzania” (GNI)Sp06:66—67— 
geographic origin (GNI)W06:292 

Ethics 

and appraisal issues (Symposium 
Debate Center)F06:76-77 

Council for Responsible Jewellery 
Practices (GNI)Sp06:78 

in the jewelry industry (Symposium 
Debate Center)F06:70-71 

and maintaining consumer confidence 
(Symposium panel)F06:63-64 

Euclase 
from Colombia (GNI)Su06:173 


Europe 
freshwater pearls from (Strack)F0O6:105 


F 


Faceting 
of rhodonite from Australia 
(Millsteed)Su06:151-158 
see also Diamond, cuts and cutting of; 
Lapidary arts 
Fair Trade practices 
in Africa (Rapaport)F06:27 
see also Ethics 
Fakes, see specific gem materials simulated 


Feldspar 
albitic moonstone, imitation of 
(LN)Su06:167-168 
moonstone K-feldspar from 
Madagascar (GNI)W06:276 
sillimanite resembling moonstone 
(GNI)Su06:180-181 
see also Hyalophane; Labradorite 
Filling, fracture or cavity 
of ruby with lead glass 
(McClure)Sp06:22-34 [erratum 
(GNI)Su06:188] 
see also Inclusions 


Filters, see Instruments 
Fluorescence, ultraviolet [UV] 
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of assembled emerald matrix speci- 
men (LN)Sp06:59-60 

of diamond—colored (Eaton- 
Magania)F06:131-132; Cullinan II 
diamond (Scarratt)Su06:120-132 

of diffusion-treated sapphire 
(GNI)W06:287-289 

of hatiyne-sodalite from Myanmar 
(GNI)Sp06:64-65 

of opal—fire, with play-of-color 
(GNI)W06:276-277; Leopard 
(Coenraads)W06:236-246 

of small, treated pink synthetic dia- 
monds (GNI)W06:283-284 

of tortoise shell and its imitations 
(Hainschwang)Sp06:36-52 

of tourmaline from Tanzania 
(GNI)$u06:182-183 


Fluorescence, X-ray, see Spectroscopy, 
energy-dispersive X-ray fluorescence 
[EDXRE] 

Fluorite 
color-change (GNI)Su06:173-174 


Fracture filling, see Filling, fracture or 
cavity 


G 


Garnet 
marketing of (Boehm)F06:28 
see also Andradite; Grossular; Pyrope- 
spessartine 


Gemewizard 
color communication software 
(Sevdermish)F06:102-103, 
(Underwood)F06:143 


Gemological Research Conference, GIA 
[2006] 
proceedings of (Kimmel}F06:1 
Gems & Gemology 
“Challenge”—Sp06:8 1-82; winners 
and answers W06:293 
Edward J. Gitbelin Most Valuable 
Article Award Sp06:2-3 [erratum 
(GNI)Su06:188] 
Twenty-Five Year Index (LP)Sp06:94 
Geographic origin 
and colored stone value factors 
(Symposium Debate 
Center)F06:74-75 
Geology 
of placer gem deposits 
(Prudden)F06:149 
Geopolitics 
and world affairs (Albright)F06:2—6 
GIA (Gemological Institute of America) 
75th anniversary of 
(Keller)Su06:95-96 
2006 International Gemological 


Symposium and Gemological 
Research Conference (Keller)Sp06:1, 
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(Kimmel]F06:1 
see also Education 


Glass 
in doublet with labradorite 
(GNI)Sp06:76 
see also Filling, fracture or cavity 
Grading 
of diamond—|Keenan)F06:100; by 
AGS (Yantzer)F06:160; by GIA, role 
of brillianteering in (Reinitz) 
F06:138-139; impact of graining on 
(King)W06:206-220; peer review 
(Holloway)F06:159 
importance of (Kane)F06:36-37 
issues related to consumer confidence 
(Symposium panel)F06:63—64 
of ruby and sapphire (Atichat)F06:128 
see also Color grading 
Graining 
in diamond—Fancy Light blue 
(LN)Su06:162-163; internal whitish 
and reflective, impact on clarity 
grading (King)W06:206-220; 
translucent brown-orange 
(LN)Sp06:57-59; whitish banding in 
Fancy white (LN)W06:262-263 
Greenland 
ruby and pink sapphire from 
Fiskenzsset (Rohtert)F06:149-150 


Grossular 

62.81 ct tsavorite, from Tanzania 
GNI)Sp06:62 
Growth structure 

unusual, in black diamond 
GNI)Sp06:73-74 
Guatemala 

jadeite from the Motagua fault zone 
Harlow)F06:146-147 
Gulf region 

jewelry retailing and trading in 
Dhamani)F06:61 


H 


Haiiyne 
mixture with sodalite, from Myanmar 
(GNI)Sp06:64-65 
Heat treatment 
of corundum—{Kitawaki)F06:84, indi- 
cations of (Sutthirat)F06:86; infrared 
spectroscopy of (Smith)F06:92—93 
of Cu-bearing tourmaline from 
Mozambique (Abduriyim)Sp06:4—21 
effect on zircon inclusions in 
Madagascar sapphires 
(Wang)Su06:134-150 
see also specific gem materials 


Herderite 
from Pakistan (GNI)Su06:174-175 


Hiddenite 
from North Carolina, geology of 
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(Wise)F06:152 
High-pressure, high-temperature [HPHT] 
synthesis, see Diamond, synthetic 
High-pressure, high-temperature [HPHT] 
treatment, see Diamond treatment 
History 
of the American round brilliant 
(Gilbertson)F06:133 
of the Cullinan diamonds and 
Cullinan/Premier mine 
(Scarratt)Su06:120-132 
of diamond trading in India 
(Zucker]F06:160-161 
of the Koh-i-Noor diamond 
(Hatleberg)F06:158-159 
of Portuguese jewelry—{Galopim de 
Carvalho)F06:168-169; with 
Brazilian colored stones (Galopim 
de Carvalho)F06:167 


Hope diamond 
phosphorescence of (Eaton- 
Magantia)F06:95-96 
Hom 
as a tortoise shell imitation 
(Hainschwang)Sp06:36-52 
HPHT (high pressure, high temperature), 
see Diamond, synthetic; Diamond, 
treatment 
Hyalophane 
from Bosnia-Herzegovina 
(Kniewald)F06:137-138 


ICA, see International Colored Gemstone 
Association 
Imaging spectroscopy, see Spectroscopy, 
imaging 
Imitations, see specific gem materials 
imitated 
INAA, see Instrumental neutron activa- 
tion analysis 
Inclusions 
in adularescent sillimanite 
(GNI)Su06:180-181 
in amber from Alaska 
(GNI)Su06:169-170 
in aquamarine—from Canada, fluid 
(Linnen)F06:114; from India, 
cuneiform (GNI)Sp06:70 
in copal from Colombia (GNI)Sp06:70 
in demantoid, curved fibers 
(LN]W06:261-262 
in emerald, star (GNI)Su06:171-172 
in imitation amber, lizard 
(LN]W06:260-261 
in jadeite from California, copper 
(GNI)W06:273 
in jeremejevite (GNI)Su06:175-176 
in quartz—(Hyrsl)F06:97-98; from 
Brazil, colored fluid; 
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(GNI)Sp06:71-72,; needles in Sunset 
quartz from Brazil; (GNI) 
W06:277-279; rutile star in 
Platinum quartz from Brazil 
(GNI)Sp06:72 

in rubies, lead glass—filled— 
(McClure)Sp06:22-34 [erratum 
(GNI)Su06:188]; bead necklace 
(GNI)Su06:186-187 

in sapphire—cloud-like, with Be 
traces, in untreated sapphire 
(McClure)F06:29-30; diffusion- 
treated (GNI)W06:286-287; heat- 
treated (Wang)Su06:134-150; from 
Laos, monazite (Singbamroong) 
F06:103-104; unusual 
(GNI)Su06:179-180; from Yogo, 
Montana (Cade)F06:106; of zircon, 
in heat-treated sapphire 
(Wang)Su06:134-150 

in synthetic sapphire, diffusion-treat- 
ed (GNI)Su06:185-186 

in tourmaline from Nigeria, Cu-bear- 
ing (Abduriyim)Sp06:4-21 

see also Diamond, inclusions in 


India 
aquamarine with cuneiform inclu- 
sions from (GNI)Sp06:70 
gem sources in 
(Mohideen)F06:115-116 
history of diamond trading in 
(Zucker]FO6:160-161 
jewelry retailing in (Mehta)F06:62 
sillimanite from—resembling moon- 
stone (GNI)Su06:180-181; transpar- 
ent, from Andra Pradesh 
(GNI)Sp06:67-68 
Infrared spectroscopy, see Spectroscopy, 
infrared 


Instrumental neutron activation analysis 
[INAA] 
of trace elements in diamond 
(Khamrayeva)F06:90-91 


Instruments 

for color measurement of rough cape 
diamonds (Ceulemans)F06:130 

filters, use in separating gems 
(Gumpesberger)F06:124 

magnets, use in separating gems 
(Gumpesberger)F06:124 

refractometer, for identifying biaxial 
gemstones (Sturman)F06:127 

see also Analytical techniques; 
Cathodoluminescence; 
DiamondView imaging; Electron- 
microprobe analysis; Refractometer; 
Scanning electron microscopy; 
Spectrometry [various]; 
Spectroscopy [various]; X-ray diffrac- 
tion analysis; X-ray topography 


Interference (optical effect) 
in iridescent andradite 
(Hainschwang)W06:248-258 
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International Colored Gemstone 
Association [ICA] 
world mining report (Boehm)F06:157 


International Gemological Symposium, 
4th [2006] 
proceedings of (Kimmel)F06:1 


Internet 
distribution of jewelry— 
(Azrielant)F06:56—-57, (Fant)F06:55, 
(Raff)F06:55-56, (Symposium 
Debate Center)F06:72—73 
Iran 
demantoid from Kerman Province (Du 
Toit)FO6:131 [erratum 
(GNIJW06:292] 


Iridescence 
in andradite—from Japan 
(Hainschwang)W06:248-258,; from 
Mexico (GNI)Su06:170-171 
in labradorite-glass doublet 
(GNI)Sp06:76 
Tron ore 
banded, from Sweden (GNI)W06:279 


J 


Jade, see Jadeite; Nephrite 
Jadeite 
colorless translucent, resembling 
moonstone (LN)Su06:167-168 
with copper inclusions, from 
California (GNI)W06:2.73 
from Guatemala (Harlow)F06:146-147 
from Myanmar—formation of 
(Shi)FO6:150-151; Hkamti area 
(Kane)F06:98-99 
Japan 
jewelry market, analysis of 
(Suwa)F06:58-59 
Rainbow andradite from Nara 


Prefecture (Hainschwang) 
W06:248-258 


Jeremejevite 
from Myanmar and Sri Lanka 
(GNI)Su06:175-176 [erratum 
(GNIJW06:292] 


Jewelry 
brooches, Madeleine Albright collec- 
tion of (Albright)F06:2-6 
design—{Bondanza)F06:42, 
Esmerian)F06:53, 
Perret)F06:159-160, (Perrin)F06:48, 
Poli)F06:59, (Singer)F06:43, 
Yurman)F06:44 
Italian and European goldsmiths 
Poli)FO6:59-60 
luxury—(Esmerian}F06:53, 
Katz)F06:51, (Perrin)F06:48, 
Wickstrom)F06:53 
quality factors (Singer)F06:43 
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retailing—(Berg)F06:45; in the Gulf 
region (Dhamani)F06:61; in India 
(Mehta)F06:62; via the Internet 
(Azrielant)F06:56-57, (Fant)F06:55, 
(Raff)F06:55-56, (Symposium 
Debate Center)F06:72-73; issues 
related to consumer confidence 
(Symposium panel)F06:63—64, via 
television (Coquillard)F06:54 

technical innovations in manufactur- 
ing (Bondanza)F06:42 

Jewelry repair 

diamond damaged by laser 

(GNIJW06:270-271 


K 


“Keshi” pearl, see Pearl, cultured 


Koh-i-Noor diamond 
replica of (Hatleberg)F06:158-159 


L 


Labradorite 
in doublet with glass, imitating moon- 
stone (GNI)Sp06:76 
pale yellow, from Mexico 
(GNIJW06:274-275 
LA-ICP-MS, see Spectrometry, laser abla- 
tion—inductively coupled 
plasma-—mass 
Laos 
sapphires from Ban Huai Sai 
(Singbamroong)F06:103-104 
Lapidary arts 
cutting the Bahia quartz sculpture 
(Lehrer)F06:158 [erratum 
(GNIJW06:292] 
faceting rhodonite from New South 
Wales (Millsteed)Su06:151-158 
silicosis risks in (Overton)F06:165 
see also Diamond, cuts and cutting of 
Laser drilling, see Diamond treatment 
LED [Light-emitting diode], see Lighting 
methods 
Legal issues 
Madagascar mining laws, revisions to 
(GNI)Sp06:73 
and trade in tortoise shell 
(Hainschwang)Sp06:36-52 
see also Endangered species; Ethics; 
Patents 


Letters 
Chelsea filters and synthetic emeralds 
(Let)Su06:97 
more about “Medusa” quartz 
(Let)Su06:97 
Liberia 
diamond industry development in 
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(Hoal)F06:134-135 


LIBS, see Spectroscopy, laser-induced 
breakdown 
LifeGem, see Diamond, synthetic; 
Patents 
Lighting 
and fancy-color diamond appearance 
(Sivovolenko)F06:140-141 
for photography of phenomenal gems 
(Weldon)F06:144 
using LED and crossed filters to iden- 
tify gems (Gumpesberger]F06:124 
see also Grading; Instruments 


Luminescence, see 
Cathodoluminescence; DiamondView 
imaging; Fluorescence, ultraviolet 
[UV]; Phosphorescence; 
Photoluminescence 


M 


Madagascar 

gemological education in 
(Cushman)F06:161 

mining laws in (GNI)Sp06:73 

moonstone from Ihosy (GNI)W06:276 

sapphire from—(Pezzotta) 
F06:116-117; heat treatment of 
(Wang)Su06:134-150 

tourmaline from—{Superchi}F06:156; 
mining at Nandihizana 
(GNI)W06:280-281; and sapphire 
(Pezzotta)FO6:116-117 


Magnetism, see Instruments 


Mali 
prehnite from Kayes region 
(GNI)Su06:178-179 


Marketing and distribution 

of colored gemstones in Portugal 
(Galopim de Carvalho)}F06:167-168 

of cultured pearls—(Hoffman)F06:41; 
Chinese freshwater 
(Schechter)F06:40; South Sea 
(Paspaley)F06:38; Tahitian 
(Galenon)F06:170, (Wan)F06:39 

of diamonds in Japan (Suwa)F06:58-59 

of jewelry—(Berg)F06:45, 
(Welborn)F06:166; in the Gulf 
region (Dhamani)F06:61; in India 
(Mehta)F06:62; via the Internet 
(Azrielant)F06:56-57, (Fant)F06:55, 
(Raff)F06:55-56, (Symposium 
Debate Center)F06:72-73; issues 
related to consumer confidence 
(Symposium panel)F06:63—64; luxu- 
ry (Esmerian)F06:53, (Katz)F06:51, 
(Perrin)F06:48, (Wickstrom)F06:53; 
via television (Coquillard)F06:54 

through philanthropy 
(Buckley)FO6:166 

Robbins Bros. strategy 
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(Robbins)F06:47 

of Swarovski products 
(Swarovski)F06:46 

of untreated and underappreciated 
gems (Boehm)F06:28 

see also Diamonds; Internet 

Maw-sit-sit 
from Myanmar (Shi)F06:150-151 


Melo pearl, see Calcareous concretions 


Metals 
and consumer confidence 
Symposium panel)F06:63-64 
in Italian and European jewelry 
Poli)F06:59-60 
Mexico 
iridescent andradite from Sonora 
GNI)Su06:170-171, W06:248-258 
labradorite from Chihuahua 
GNI)W06:274-275 
Leopard opal from Hidalgo 
Coenraads)W06:236-246 


Microprobe, see Electron-microprobe 
analysis 


Microscopic techniques, see Inclusions; 
Scanning electron microscopy [SEM] 
Middle East, see Gulf region 
Mining and exploration 
of pegmatite-related primary deposits 
(Clanin)F06:145 
of sapphire from Baffin Island, Canada 
(Lepage)F06:155-156 
see also specific countries and specific 
gem materials 


Mogok, see Myanmar 
Montana, see United States 
Moonstone, see Feldspar; Labradorite 


Most Valuable Article award, see Gems 
&) Gemology 
Mozambique 
Cu-bearing tourmaline from—chemi- 
cal composition of (Abduriyim) 
Sp06:4-21; 42.38 ct (GNI)Sp06:62 
Muscovite 
massive pink, from Brazil 
GNI)Sp06:65-66 
Museums and gem collections 
Gem & Mineral Council of the 
Natural History Museum of Los 
Angeles County 
Kampf)F06:161-162 


Myanmar 

jadeite—formation of 
Shi)F06:150-151; from Hkamti 
Kane)F06:98-99 
Melo pearls from Mergui Archipelago 
Htun)F06:135-136 
Mogok—formation of ruby from 
Harlow)F06:147; gem production 
from (GNI)W06:275-276, jeremeje- 
vite from (GNI)Su06:175-176; mas- 
sive haiiyne-sodalite from 
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(GNI)Sp06:64—65; zircon with 
reverse color change from 
(Bosshart)F06:94 


N 


Namibia 

beryl from Erongo Mountains 
(GNIJW06:271-272 

Nephrite 

from Hetian, China (He)F06:134 

New Zealand 

sapphires from Dunedin area 
(Kiefert)F06:113-114 

Nigeria 

Cu-bearing tourmaline from 
(Abduriyim)Sp06:4-21 

Nomenclature 

of “Keshi” pearls (Sturman)F06:142 

of “padparadscha” sapphire 
(Beaton)F06:93-94 

of “Paraiba” tourmaline (Symposium 
Debate Center)F06:74-75 

of synthetic diamond (Symposium 
Debate Center)F06:66-67 


North Carolina, see United States 


O 


Obituary 
G. Robert Crowningshield 
(Keller)W06:205 
Opal 
fire, 70 ct, with play-of-color 
(GNI)W06:276-277 
geographic origin of (Gaillou)F06:107 
Leopard variety, from Mexico 
(Coenraads)W06:236-246 
pink, from Peru (GNI)Su06:176-177 


P 


Pakistan 
herderite from Northern Areas 
Province (GNI)Su06:174-175 
sphene from North West Frontier 
Province (GNI)Sp06:67—68 
vayrynenite from Braldu Valley 
(GNI)Sp06:75 
“Paraiba” tourmaline, see Tourmaline 
Patents 
applications, for methods of incorpo- 
rating biological remains into gem 
materials (GNI)Sp06:78-79 
Pearl 
formation (Bell)F06:169-170 
freshwater, from Europe 
(Strack)F06:105 
pen shell, clam, and nacreous, in a 
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strand (LN)W06:264-265 


Pearl, cultured 

branding of (Hoffman)F06:41 

Chinese freshwater (Schechter]F06:40 

“chocolate pearls”—examined by the 
SSEF laboratory (GNI)W06:284-285,; 
identification of 
(Wang)W06:222-235 

freshwater, identification of pigments 
in (Karampelas)F06:99-100 

“Keshi,” characterization of 
(Sturman)F06:142 

nuclei identification using LA-ICP-MS 
(Abduriyim)F06:87—-88 

South Sea (Paspaley)F06:38 

Tahitian—{Wan)F06:39, identification 
of untreated, “chocolate,” and dyed 
(Wang)W06:222-235; marketing of 
(Galenon)F06:170 

treatments (Scarratt)FO6:40-41 

UV-Vis spectra of natural- and treated- 
color yellow (Elen)F06:123 


Pegmatites 

crystallization of (Taylor)F06:110-111 

formation of gems in 
(London)F06:108-109, F06:109 

geology of, in Southern California 
(Snee)F06:151-152 

mining primary deposits 
(Clanin)F06:145 


Pen shell pearl, see Pearl 


Peru 
augelite from Ancash Department 
(GNIJW06:271 
opal from Monte Rosa 
(GNI)Su06:176-177 


Pezzottaite 
X-ray topography of (Liu)F06:100-101 
Philanthropy 


as investment for retail jewelers 
(Buckley)F06:166 


Phosphorescence 
of type IIb diamond—{Eaton- 
Magafia)F06:95-96, (Breeding)F06:88 


Photography 
digital asset management system 
(Colbert)F06:163 
luminescence, reflected-IR and reflect- 
ed-UV (Elen)F06:123 
of phenomenal gems (Weldon)F06:144 


Photoluminescence 
of CVD synthetic diamond, before and 
after HPHT annealing 
(Anthonis)F06:152-153 
to separate natural and synthetic 
spinel (Maini)F06:125 
Plastic 
as an amber imitation, with lizard 
“inclusion” (LN)W06:260-261 
as a tortoise shell imitation 
(Hainschwang)Sp06:36-52 
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Plato lines, see Sapphire, synthetic 
Polishing 
using PolishPlus technique 
(Richardson)F06:139-140 


Portugal 
Braganca “diamond” (aquamarine?) in 
the Portuguese Royal Treasuries 
(Galopim de Carvalho)F06:132 
historical jewelry—{Galopim de 
Carvalho)F06:168-169; with 
Brazilian colored stones (Galopim 
de Carvalho)F06:167 
marketing colored gemstones in 
(Galopim de Carvalho)F06:167-168 
see also Diamond, cuts and cutting of; 
Faceting; Lapidary arts 
Poudretteite 
3.90 ct pink (LN)W06:265-266 


Prehnite 
from Australia (GNI)Su06:177-178 
from Mali (GNI)Su06:178-179 
Premier mine, see Cullinan mine 
Pricing 
of gems—social, political, economic, 
and gemological impacts on 
(Drucker)F06:95 
see also Appraisals 
Pyrope-spessartine 
from Tanzania (GNI)Sp06:66-67 [erra- 
tum (GNI)W06:292] 


Pyroxmangite 
separation from rhodonite 
(LN)W06:266-2.67 


Q 


Quartz 
coated, to imitate star sapphire 
(LN)Sp06:60 
with colored fluid inclusions, from 
Brazil (GNI)Sp06:7 1-72 
genetic classification based on inclu- 
sions (Hyrsl)F06:97-98 
“Platinum” variety with large rutile star 
inclusion, from Brazil (GNI)Sp06:72 
rose, massive pink muscovite as imi- 
tation of (GNI)Sp06:65—66 
rutilated—from Bahia, Brazil 
Cook)F06:130; cutting the Bahia 
sculpture (Lehrer)F06:158 [erratum 
GNI)W06:292); with transparent 
quartz in doublet (GNI)Sp06:76-77 
Sunset” variety, from Brazil 
GNI)W06:277-279 
treated green and violetish blue, from 
Brazil (GNI)W06:285-286 
triplet imitating moonstone 
LN)Su06:167-168 
see also Amethyst 


Quartz, synthetic, see Assembled gem 
materials 
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R 


Rainbow andradite, see Andradite 
Refractometer, see Instruments 
Religious artifacts 
and gem identification 
(Burianek)FO6:121 
from Portugal (Galopim de 
Carvalho)F06:168-169 


Research 
funding of (Groat)F06:133-134 


Rhodonite 
faceting of, from New South Wales, 
Australia (Millsteed)Su06:151-158 
separation from pyroxmangite 
(LN)W06:266-2.67 
RRUEFF project, see Spectroscopy, Raman 
Ruby 
from Greenland (Rohtert)F06:149-150 
infrared spectra of (Smith)F06:92-93 
lead glass-filled—bead necklace of 
(GNI)Su06:186-187; identification 
and durability of 
(McClure)Sp06:22-34 [erratum 
(GNI)Su06:188] 
from Mogok, Myanmar—formation of 
(Harlow]F06:147; production of 
(GNI)W06:275-276 
production of (Yager)F06:144—-145 
quality grading of (Atichat)F06:128 
source type classification of 
(McClure)F06:102 
standards for LA-ICP-MS analysis 
(Wang)F06:105-106 
treatment of—{Scarratt]F06:85-86,; 
identification of heat treatment 
(Kitawaki)F06:84, (Sutthirat)F06:86 


Ruby, synthetic 

separation from natural 
(Bidny)F06:153 

treatment of—beryllium diffusion 
(Pisutha-Arnond)F06:85; identifica- 
tion of heat treatment 
(Kitawaki)F06:84 

see also Assembled gem materials 


Russia 

demantoid—from Ural Mountains 
(Kouznetsov)F06:157; 5.82 ct, pur- 
chased in (LN)W06:261-262 

diamond—from Komsomolskaya 
mine (Sobolev)F06:117; inclusions 
in white-to-gray diamonds from 
Siberia (Titkov)F06:127-128; from 
Siberia (Solodova)F06:141-142 


Rutilated quartz, see Quartz 


S 


Sapphire 
from Canada (Lepage)F06:155-156 
with color zoning (GNI)Sp06:74-75 
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grading of (Atichat)F06:128 

from Greenland, pink 
(Rohtert)F06:149-150 

imitated by synthetic sapphire 
(GNIJW06:282 

inclusions in (GNI)Su06:179-180 

as inclusions in diamond 
(LN)Su06:165-166 

infrared spectra of (Smith)F06:92-93 

from Laos 
(Singbamroong)F06:103-104 

from Madagascar—heat treatment of 
(Wang)Su06:134—150; from 
Marosely (Pezzotta)F06:116-117 

marketing of (Boehm)F06:28 

from Montana—Gem Mountain/Rock 
Creek (Berg)F06:145; Yogo 
(Cade)F06:106, F06:129-130 

from Myanmar, production from 
Mogok (GNI)W06:275-276 

from New Zealand 
(Kiefert)F06:113-114 

production of (Yager)F06:144-145 

source type classification of 
(McClure)F06:102 

from Sri Lanka, in situ deposits 
(Tennakoon)F06:117-118 

standards for LA-ICP-MS analysis 
(Wang)F06:105—106 

star, coated quartz imitation of 
(LN)Sp06:60 

treatment of—{Scarratt]F06:85-86, 
diffusion, with beryllium 
(Wathanakul)F06:87; diffusion, with 
circular inclusions 
(GNI)W06:286-287; indications of 
heating (Kitawaki)F06:84, 
(Sutthirat)F06:86 


Sapphire, synthetic 

diffusion-treated—with beryllium 
(Pisutha-Arnond)F06:85; showing 
Plato lines (GNI)Su06:185-186; 
showing unusual fluorescence 
(GNI)W06:287-289 

forming triplet with ulexite 
(GNI)Sp06:77-78 

imitating gem rough (GNI)W06:282 

separation from natural 
(Bidny)F06:153 


Scanning electron microscopy [SEM] 

of diamond damaged by laser 
(GNIJW06:270-271 

of lamellae in Rainbow andradite from 
Japan (Hainschwang)W06:248-258 

of lead glass-filled rubies 
(McClure)Sp06:22—34 [erratum 
(GNI)Su06:188] 

of needle-like inclusions in Sunset 
quartz from Brazil 
(GNI)W06:277-279 

of rhodonite cleavage 
(Millsteed)Su06:151-158 

of zircon inclusions in heat-treated 
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sapphire (Wang)Su06:134—150 
Shell 


dyed yellow, as Melo pearl imitation 
(LN]Su06:166-167 


Sierra Leone 
diamond mining and trading in 
(GNIJW06:268-270 
Silicosis 
in lapidary workers (Overton)F06:165 
Sillimanite 
from India—resembling moonstone 
(GNI)Su06:180-181; transparent 
(GNI)Sp06:67-68 


SIMS, see Spectrometry, secondary ion 
mass 


Slag 
blue, from Sweden (GNI)W06:279 


Sodalite 
with hatiyne, from Myanmar 
(GNI)Sp06:64-65 


South Sea cultured pearl, see Pearl, cultured 


Spectrometry, laser ablation-inductively 
coupled plasma-—mass [LA-ICP-MS] 
applications (Abduriyim)Su06:98-118 

[erratum (GNI)W06:292], F06:87—88 
of cultured pearls (Wang)W06:222—235 
developing corundum standards for 

(Wang)F06:105-106 
of opal (Gaillou)FO6:107-108 
of tourmaline (Abduriyim)Sp06:4-21 


Spectrometry, secondary ion mass [SIMS] 
of corundum, and comparison to LA- 
ICP-MS (Abduriyim)Su06:98-118 
[erratum (GNI)W06:292] 


Spectroscopy, electron paramagnetic 
resonance [EPR] 
of Be-diffused corundum 
(Rossman}F06:32 


Spectroscopy, energy-dispersive X-ray flu- 
orescence [EDXRF] 
of beryl (McMillan)F06:126 


Spectroscopy, imaging 
and gem identification (Del 
Re}F06:88-89 


Spectroscopy, infrared 

of amethyst and synthetic amethyst 
Karampelas)F06:155 
of andradite from Japan 
Hainschwang)W06:248-258 
automation of analysis (Lowry]F06:91 
of corundum (Smith)F06:92-93 
of cultured pearls 
Wang)W06:222-235 
of diamond—CO,-rich colored 
Hainschwang)F06:97; Cullinan I 
and II (Scarratt)Su06:120-132,; 
translucent brown-orange 
LN)Sp06:57—59 
of haiiyne-sodalite from Myanmar 
GNI)Sp06:64-65 
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of tortoise shell and its imitations 
(Hainschwang)Sp06:36-52 


Spectroscopy, laser-induced breakdown 
[LIBS] 
of beryl (McMillan)F06:126 
of corundum, and comparison to LA- 
ICP-MS (Abduriyim)Su06:98-118 


Spectroscopy, photoluminescence 
of cultured pearls (Wang)W06:222-235 
of natural and synthetic corundum 
(Bidny)F06:153 
of tortoise shell and its imitations 
(Hainschwang)Sp06:36-52 


Spectroscopy, Raman 

of amber and its simulants 
(LN]W06:260-261 

automation of analysis (Lowry)F06:91 

of bovine bone (LN)Su06:160-161 

of cultured pearls (Wang)W06:222-235 

of diamond with brown and green 
radiation stains (LN)Su06:161-162 

of gems and minerals— 
(Denton)F06:89; (Downs)F06:89-90 

of pigments in freshwater cultured 
pearls (Karampelas)F06:99-100 

of zircon inclusions in heat-treated 
sapphire (Wang)Su06:134-150 


Spectroscopy, UV-Vis 

of diamond—coated pink 
(LN)Su06:163-164; Cullinan I and II 
(Scarratt)Su06:120-132,; pink with 
prolonged change of color 
(LN]W06:263-264 

of fluorite, color-change 
(GNIJ$u06:173-174 

of natural and synthetic corundum 
(Bidny)F06:153 

of natural- and treated-color yellow 
cultured pearls (Elen)F06:123 

of triploidite from China 
(GNI}$u06:183-184 


Spectroscopy, UV-Vis-NIR 
of andradite from Japan 
(Hainschwang)W06:248-258 
Challenger spectrometer 
(Michailidis)F06:164-165 
of chameleon diamonds 
(Massi)F06:101-102 
of cultured pearls—(Elen)F06:123, 
(Wang)W06:222-235 
of hatiyne-sodalite from Myanmar 
(GNI)Sp06:64-65 
of tortoise shell and its imitations 
(Hainschwang)Sp06:36-52 
of tourmaline from Mozambique 
(Abduriyim)Sp06:4—21 
Spessartine 
synthetic sapphire fashioned to imi- 
tate gem rough (GNI)W06:282 


Sphene 
from Afghanistan (GNI)Su06:180-182 
from Pakistan (GNI)Sp06:68-69 
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Spinel 
from Mahenge, Tanzania 
(GNI)Sp06:69 
marketing of (Boehm)F06:28 
photoluminescence to separate from 
synthetic (Maini)F06:125 
Spinel, synthetic 
photoluminescence to separate from 
natural (Maini)F06:125 
see also Assembled gem materials 
Spodumene, see Hiddenite 
Sri Lanka 
aquamarine from Akkerella 
(GNI)Sp06:63-64 
in situ corundum deposits in 
(Tennakoon)F06:117-118 
jeremejevite from (GNI)Su06:175-176 
[erratum (GNI)W06:292] 
SSEF (Swiss Gemmological Laboratory), 
see Pearl, cultured 
Subjectivity 
in gemology (Ringsrud})F06:165-166 
Supplier of Choice 
future of (Tempelsman)F06:7-12 
Surface coating, see Coating 
Sweden 
blue slag and banded iron ore from 
(GNI}W06:279 
Synthetics 
differentiating from natural counter- 
parts (Sunagawa)F06:112 
see also specific gem materials 


T 


Tahitian cultured pearl, see Pearl, cultured 
Tanzania 
geology and mining of Tunduru 
deposits (Clanin)F06:107 


Merelani—geology of Block D’ tanzan- 


ite mine (Scheepers)F06:150; tan- 
zanite, recent production of 
(Yager)F06:144-145, tsavorite, 62.81 
ct from (GNI)Sp06:62, 
pyrope-spessartine from Lindi 
Province (GNI)Sp06:66-67 [erratum 
(GNIJW06:292] 
spinel from Mahenge (GNI)Sp06:69 
synthetic corundum sold as gem 
rough in (GNI)W06:282 
uvite-dravite from Morogoro 
(GNI)$u06:182-183 


Tanzanite 
geology of, at Merelani Block D’ 
(Scheepers)F06:150 
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production of (Yager)F06:144-145 


Topaz 
coated (Befi)F06:128-129 
Tortoise shell 
characterization of, and imitations 
(Hainschwang)Sp06:36-52 
Tourmaline 
from California (Ertl)F06:96 
Cu-bearing—42.38 ct from 
Mozambique (GNI)Sp06:62; chemi- 
cal composition of, from Brazil, 
Nigeria, and Mozambique 
Abduriyim)Sp06:4—21; nomencla- 
ture of (Symposium Debate 
Center)F06:74—-75 
from Madagascar— 
GNI)W06:280-281, 
Pezzotta)F06:116-117, 
Superchi)F06:156 
uvite from Afghanistan 
GNI)W06:28 1-282 
uvite-dravite, from Tanzania 
GNI)Su06:182-183 


Treatment 
of amethyst from Brazil 
GNI)W06:285-286 
of colored stones— 
McClure)F06:29-30; and effect on 
marketing (Menzie)F06:30-31 
of cultured pearls— 
Scarratt)F06:40-41; “chocolate” 
Wang)W06:222-2.35, 
GNI)W06:284-285; dyed Tahitian 
Wang)W06:222-2,35 
disclosure of (Symposium Debate 
Center]F06:68-69 
effect on gem pricing (Drucker)F06:95 
lead-glass filling of ruby— 
(McClure)Sp06:22-34 [erratum 
(GNI)Su06:188]; in bead necklace 
(GNI)Su06:186-187 
safeguards when dealing with 
(Kane)F06:36-37 
see also Coating; Diamond treatment; 
Diffusion treatment; Dyeing; specif- 
ic gem materials 
Triploidite 
from China (GNI)Su06:183-184 
Tsavorite, see Grossular 


Tucson Gem and Mineral shows 
highlights of (GNI)Sp06:62-73 
Turkey 
chalcedony from Central Anatolia 
(Lule-Whipp)F06:115 


Turquoise 
variscite resembling (LN)Sp06:61 
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U 


Ulexite 
forming triplet with synthetic sap- 
phire (GNI)Sp06:77-78 
United States 
amber from Alaska 
(GNI)Su06:169-170 
hiddenite from North Carolina 
(Wise)F06:152 
jadeite with copper inclusions from 
San Benito County, California 
(GNI)W06:273 
pegmatites in Southern California 
(Snee)F06:151-152 
sapphire from Montana 
(Cade)F06:106, F06:129-130; 
(Berg)FO6:145 
tourmaline from the Himalaya mine, 
California (Ertl)F06:96 


Uvite, see Tourmaline 


Vv 


Variscite 
resembling turquoise (LN)Sp06:61 
Vayrynenite 
from Afghanistan (GNI)Su06:184-185 
from Pakistan (GNI)Sp06:75 


X 


X-radiography 
of lead-glass filler in ruby 
(McClure)Sp06:22-34 [erratum 
(GNI)Su06:188] 
X-ray diffraction analysis 
and the RRUFF project database 
(Downs)F06:89-90 
using area CCD detectors 
(Post)F06:9 1-92 
X-ray topography 
using synchrotron beam—of colored 
diamonds (Yuan}F06:93; of pezzot- 
taite (Liu)FO6:100-101 
XRF, see Spectroscopy, energy-dispersive 
X-ray fluorescence 


Z 


Zimbabwe 
emeralds from Sandawana 
(Zwaan)F06:111 
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A 


Abduriyim A.: Applications of LA-ICP- 
MS (laser ablation-inductively coupled 
plasma-—mass spectrometry) to the 
gemological field, 87-88 (Fall) 

Abduriyim A., Kitawaki H.: 
Applications of laser ablation—induc- 
tively coupled plasma—mass spectrom- 
etry (LA-ICP-MS) to gemology, 98-118 
(Summer) 

Abduriyim A., Kitawaki H., Furuya M., 
Schwarz D.: Paraiba-type copper-bear- 
ing tourmaline from Brazil, Nigeria, 
and Mozambique: Chemical finger- 
printing by LA-ICP-MS, 4-21 (Spring) 

Albright M.K.: Opportunities and danger: 
The world in 2006, 2—6 (Fall) 

Anckar B.: Amethyst mining in Zambia, 
112-113 (Fall) 

Anthonis A.: Optical characterization of 
CVD synthetic diamond plates grown 
at LIMHP-CNRS, France, 152-153 
(Fall) 

Atichat W.: Ruby-sapphire quality grad- 
ing for the gem trade, 128 (Fall) 

Azrielant O.: Online vs. offline: Are they 
really in opposite corners of the ring? 
56-57 (Fall) 


B 


Beaton D.: Color quantification: A 
spectrographic imaging approach, 93-94 
(Fall) 

Befi R.: Coated topaz, 128-129 (Fall) 

Bell K.C.: Natural pearl formation as seen 
through macro photography, 169-170 
(Fall) 

Berg L.M.: The power of branding and 
brand-partnering at retail, 45 (Fall) 

Berg R.B.: The importance of surface fea- 
tures and adhering material in deci- 
phering the geologic history of alluvial 
sapphires—an example from western 
Montana, 145 (Fall) 
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Bidny A.S.: New data for distinguishing 
between hydrothermal synthetic, flux syn- 
thetic, and natural corundum, 153-154 (Fall) 

Boehm E.: 

ICA colored gemstone worldwide 
mining report, 157 (Fall) 

Untreated and underappreciated gems, 
28 (Fall) 

Bondanza M.: Technical innovations, 42 
(Fall) 

Bosshart G.: Rare reverse color change in 
a blue zircon from Myanmar (Burma), 
94-95 (Fall) 

Botha M.: Three-dimensional solid mod- 
eling in applied diamond crystallogra- 
phy, 129 (Fall) 

Brand A.A.: Emerald mineralization in 
northwestern Ontario, Canada, 113 
(Fall) 

Braunwart E.: Branding techniques and 
the fashion industry, 31 (Fall) 

Breeding C.M.: 

High-energy ultraviolet luminescence 
imaging: Applications of the DTC 
DiamondView for gem identifica- 
tion, 88 (Fall) 

see also Wang W. 

Buckley J.: Giving back wisely: 
Philanthropy as an investment for 
retail jewelers, 166 (Fall) 

Burianek M.: The gemstones of the 
Shrine of the Three Magi (ca. 1200 AD) 
in Cologne Cathedral, Germany, 121 
(Fall) 

Butler J.E.: Growth of CVD synthetic dia- 
mond, 111-112 (Fall) 


Cc 


Cade A.: 
Characterization of sapphires from 
Yogo, Montana, 129-130 (Fall) 
Garnet inclusions in Yogo sapphires, 
106 (Fall) 
Carmona C.L: Products of endangered 
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species used in jewelry, 166-167 (Fall) 

Ceulemans T.: Statistical study of the 
performance and predictive value of 
color measurement instruments for 
cape-colored rough diamonds, 130 (Fall) 

Charles D.: Defects in single-crystal CVD 
synthetic diamond studied by optical 
spectroscopy with the application of 
uniaxial stress, 121-122 (Fall) 

Clanin J.: 

Geology and mining of southern 
Tanzanian alluvial gem deposits, 
107 (Fall) 

Mining of pegmatite-related primary 
gem deposits, 145 (Fall) 

Coenraads R.R., Zenil A.R.: Leopard opal: 
Play-of-color opal in vesicular basalt 
from Zimapan, Hidalgo State, Mexico, 
236-246 (Winter) 

Colbert J.: Digital asset management for 
gem and jewelry photography, 163 
(Fall) 

Collins A.T.: Identification technologies 
for diamond treatments, 33-34 (Fall) 

Cook B.: “Bahia Gold” golden rutilated 
quartz, Serra da Mangabeira, Novo 
Horizonte, Bahia, Brazil, 130 (Fall) 

Coquillard C.: The multichannel retailer, 
54 (Fall) 

Cushman T.: Case study Madagascar: 
Progress and development through edu- 
cation, 161 (Fall) 


D 


De Corte K.: Overview of dislocation net- 
works in natural type Ila diamonds, 
122-123 (Fall] 

Del Re N.: Imaging spectroscopy: A 
developing frontier for gem analysis, 
88-89 (Fall) 

Deljanin B.: 

Study of fancy-color and near-color- 
less HPHT-grown synthetic dia- 
monds from Advanced Optical 
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the problematic decomposed rock together 
with ilmenite, garnet, and orange zircon. 
This fact was of course a favorable omen, 
but not the absolute proof that the ques- 
tionable rock was yellow ground. Further 
clues had to be found. : 


The material in a kimberlite pipe often 
resembles a true explosion-breccia: the dark 
kimberlite matrix encloses angular and 
rounded pieces of various rocks, each of 
which can be traced down to the formations 
cut by the chimney. Very characteristic in 
all diamond-bearing pipes are the eclogite 
fragments. Eclogite is a heavy rock consist- 
ing of green diopside and red pyrope gar- 
net, The diamond seems associated inti- 
mately with this rock of deep origin and 
several experts consider it the true source 
of the gem. 


Our party found in the decomposed rock 
a single fragment of eclogite and several 
pieces of other garnet-bearing metamorphic 
rocks. This was very significant and the 
presence of kimberlite was inferred, al- 
though the decomposed rock did not have 
the usual aspect of yellow ground: the rock 
was reddish and contained quartz grains. 
It was interpreted as an eluvial mixture 
with the sandy overburden and it was pre- 
dicted that normal yellow ground would be 
found underneath. This conclusion turned 
out to be true, when later the prospecting 
pits were deepened, 


No olivine, nor any blueground have 
been found as yet. It is to be foreseen that 


the decomposition and oxidation are very 
deep, because the surrounding limestones 
are fissured and practically dry down to 
the base of the hill. 


The peculiar orange-colored zircons are 
well known in several South African. kim- 
berlite pipes. 


ELECTRICAL MAPPING OF THE 
KIMBERLITE MASS 


The approximate contours of the kim- 
berlite mass were known on one side, 
thanks to the prospecting pits. 

A couple of “electrical soundings” te- 
vealed at once that the electrical resistivity 
of the yellow ground was very much lower 
than the resistivity of the surrounding lime- 
stones. It seemed that electrical profiles 
could determine approximately the bounda- 
ries of the kimberlite, 

In three days work,: six profiles were 
laid out in a radial pattern and measured 
with a suitable electrode interval. Gen- 
erally, the sudden increase of resistivity as- 
sociated with the limestone contact showed 
up nicely. The boundary was crossed in 
ten different points. Some difficulties arose 
in connection with the irregularities of 
the surface of the bedrock, under the 
sandy overburden. ; 

Finally the inferred contours of the kim- 
berlitic mass. were drawn by interpolation. 
The contour enclosed an oval area of about 
160,000 square meters, Later pitting did 
substantially confirm the geophysical pre- 
diction. 


The Mighty Waters of the Kasai River 


J 


J 


Technology Co., Canada, 154-155 
(Fall) 

Cross-referencing Identification 
System (CIS): Database and tool for 
diamond research, 163-164 (Fall) 

Denton M.B.: The present and future 
potential of Raman spectroscopy in the 
characterization of gems and minerals, 
89 (Fall) 

Dhamani A.: The Gulf perspective, 61 
(Fall) 

Douthit T.R, see Wang W. 

Downs R.T.: Report on the progress of 
the RRUFF project: An integrated 
database of Raman spectra, X-ray 
diffraction, and chemical data for min- 
erals, 89-90 (Fall) 

Drucker R.B.: 

Social, political, economic, and gemo- 
logical impacts on pricing trends, 95 
(Fall) 

Software for gemstone grading and 
appraisal valuation, 130-131 (Fall) 

Du Toit G.: Demantoid from Iran, 131 
(Fall) 


E 


Eaton-Magana S.: 

Fluorescence of fancy-color natural 
diamonds, 131-132 (Fall) 

Luminescence of the Hope diamond 
and other blue diamonds, 95-96 
(Fall) 

Elen S.: Luminescence, reflected-infrared, 
and reflected-ultraviolet digital photog- 
raphy: Gemological applications, 123 
(Fall) 

Emmett J.L., see Wang W. 

Ertl A.: Elbaite from the Himalaya mine, 
Mesa Grande, California, 96 (Fall) 

Esmerian R.: In pursuit of elusive luxury, 
53 (Fall) 


F 


Fant G.: The Internet as a complementary 
distribution channel, 55 (Fall) 

Fedortchouk Y.: What determines the 
morphology of a resorbed diamond? 

146 (Fall) 

Fritsch E.: Gem characterization: A fore- 
cast of important techniques in the 
coming decade, 90 (Fall) 

Furuya M., see Abduriyim A. 


G 


Gaillou E.: Geologic origin of opals 
deduced from geochemistry, 107 (Fall) 
Galenon R.T.: Marketing of the Tahitian 
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cultured pearl, 170 (Fall) 

Galopim de Carvalho R.:: 

The Braganca “diamond” discovered? 
132-133 (Fall) 

Brazilian colored gemstones in 
Portuguese 18th-19th century jew- 
elry, 167 (Fall) 

Colored gemstone promotion in small 
scale markets: The Portuguese case, 
167-168 (Fall) 

Magnificent jewels in Portugal, 
168-169 (Fall) 

Gilbertson A.: The evolution of the 
American Round Brilliant Diamond 
(aka American Cut), 1860-1955, 133 
(Fall) 

Groat L.A.: Funding for gemological 
research: Ideas and case studies, 
133-134 (Fall) 

Grozman Y.: A close look at gemstone 
color grading: Definition of the key 
color, 96-97 (Fall) 

Gumpesberger S.M.: 

Magnetic separation of gemstones, 
124 (Fall) 

A variation on the crossed filters 
approach using pocket LED light 
sources, 124 (Fall) 


H 


Hainschwang T.: Natural “CO,-rich” col- 
ored diamonds, 97 (Fall) 

Hainschwang T., Leggio L.: The charac- 
terization of tortoise shell and its imi- 
tations, 36-52 (Spring) 

Hainschwang T., Notari F.: The cause of 
iridescence in Rainbow andradite from 
Nara, Japan, 248-258 (Winter) 

Hall M., see McClure S.F., Wang W. 

Harlow G.E.: 

Jadeite jade from Guatemala: 
Distinctions among multiple 
deposits, 146 (Fall) 

Mineral assemblages and the origin of 
ruby in the Mogok Stone Tract, 
Myanmar, 147 (Fall) 

Harris J.: Diamond occurrence and evolu- 
tion in the mantle, 107-108 (Fall) 

Hasenfeld H.: The diamond dealer’s per- 
spective, 48 (Fall) 

Hatleberg J.N.: An exact replica of the 
original Mogul cut Koh-i-noor dia- 
mond, 158-159 (Fall) 

He M.:: Relationship between texture and 
crystallization degree in nephrite jade 
from Hetian, Xinjiang, China, 134 (Fall) 

Hendry Jr., D.W.: Gemological needs in 
insurance documentation, 169 (Fall) 

Hoal K.O.: Integrating the diamond pro- 
ject development process, 134-135 
(Fall) 
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Hoffman M.: Branding cultured pearls: 
From a retail perspective, 41 (Fall) 

Holloway G.: Diamond grading laborato- 
ry peer review, 159 (Fall) 

Htun H.: Melo “pearls” from Myanmar, 
135-136 (Fall) 

Hyatt A., see Wang W. 

Hyrsl J.: Genetic classification of mineral 
inclusions in quartz, 97-98 (Fall) 


Irving M.: The Canadian diamond indus- 
try: Where to now? 24 (Fall) 


J 


Janse A.J.A. (Bram): 
Global rough diamond production 
from 1870 to 2005, 136 (Fall) 
Major diamond mines of the world: 


Tectonic location, production, and 
value, 148-149 (Fall) 


K 


Kampf A.R.: The Gem & Mineral 
Council of the Natural History 
Museum of Los Angeles County, 
161-162 (Fall) 

Kanda H.: Cathodoluminescence spec- 
troscopy to identify types of natural 
diamond, 125 (Fall) 

Kane R.E.: 

The Hkamti jadeite mines area, 
Sagaing Division, Myanmar 
(Burma), 98-99 (Fall) 

Identifying treated and synthetic 
gems: The dealer’s perspective, 
36-37 (Fall) 

Karampelas S.: 

Identification of pigments in freshwa- 
ter cultured pearls with Raman 
scattering, 99-100 (Fall) 

A refined infrared-based criterion for 
successfully separating natural from 
synthetic amethyst, 155 (Fall) 

Katz M.: Building a luxury clientele, 51 
(Fall) 

Keenan C.: Quantifiable cut grade 
system within an educational setting, 
100 (Fall) 

Keller A.S.: 

GIA celebrates 75 years..., 95-96 
(Summer) 

Remembering G. Robert 
Crowningshield, 205 (Winter) 

Symposium 2006: Join us as we navi- 
gate the challenges ahead, 1 (Spring) 

see also Kimmel K. 
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Khamrayeva D.: Autoradiographic inves- 
tigations of impurity distributions in 
diamond, 90 (Fall) 

Kiefert L.: Sapphires from New Zealand, 
113-114 (Fall) 

Kimmel K., Keller A.: Business and sci- 
ence converge at the 2006 Symposium 
and Gemological Research Conference, 
1 (Fall) 

King J.M., Moses T.M., Wang W.: The 
impact of internal whitish and reflec- 
tive graining on the clarity grading of 
D-to-Z color diamonds at the GIA 
Laboratory, 206-220 (Winter) 

Kitawaki H.: 

Identification of heat-treated corun- 
dum, 84 (Fall) 
see also Abduriyim A. 

Klei8mantas A.: Identification of beryl 
varieties: “Beryl Color Circle,” “Color 
Memory,” and a proposed new vari- 
ety—chromaquamarine, 137 (Fall) 

Kniewald G.: Gemological properties of 
colorless hyalophane from Busovaca, 
Bosnia-Herzegovina, 137-138 (Fall) 

Kouznetsov N.B.: The past, present, and 
future of demantoid green garnet from 
Russia, 157 (Fall) 


L 


Leggio L., see Hainschwang T. 

Lehrer G.: The techniques and art of cut- 
ting “the world’s largest gemstone 
pendant,” Bahia: A natural, transpar- 
ent, rutile quartz sculpture, 158 (Fall) 

Lepage L.: Ultraviolet mineral prospect- 
ing for sapphire on Baffin Island, 
Nunavut, Canada, 155-156 (Fall) 

Linnen R.L.: A fluid inclusion study of 
the syenite-hosted “True Blue” aqua- 
marine occurrence, Yukon Territory, 
Canada, 114 (Fall) 

Liu S.: Monochromatic X-ray topographic 
characterization of pezzottaite with 
synchrotron radiation, 100-101 (Fall) 

Liu Y.: Universal color grading system, 
101 (Fall) 

London D.: 

Geochemical cycles of gem-forming 
elements: What it takes to make 
tourmaline, beryl, topaz, spo- 
dumene, and other pegmatitic 
gems, 108-109 (Fall) 

The miarolitic stage in granitic peg- 
matites: How Mother Nature 
makes big, clear crystals, 109 (Fall) 

Lowry S.: Automating the infrared and 
Raman spectral analysis of gemstones, 
91 (Fall) 

Lu T.: Some dissolution features observed 
in natural diamonds, 138 (Fall) 
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Lucas A.: The emerald business in South 
America, 158 (Fall) 

Lule-Whipp C.: Chromium chalcedony 
from Turkey and its possible archeolog- 
ical connections, 115 (Fall) 


M 


Ma L.: Developments and challenges of 
the China diamond market, 25 (Fall) 
Maini L.: The identification of gemstones 
by photoluminescence: Synthetic and 

natural Mg-Al spinels, 125 (Fall) 

Massi L.: Chameleon diamonds: A pro- 
posed model to explain thermochromic 
and photochromic behaviors, 101-102 
(Fall) 

McClure S.F:: 

New colored stone treatments, 29-30 
(Fall) 

Source type classification of gem 
corundum, 102 (Fall) 

McClure S.F., Smith C.P., Wang W., Hall 
M..: Identification and durability of lead 
glass—filled rubies, 22-34 (Spring) 

McMillan N,J.: Fingerprinting gem beryl 
samples using laser-induced breakdown 
spectroscopy (LIBS) and portable X-ray 
fluorescence (PXRF), 126 (Fall) 

Mehta R.: India: The jewel in the crown, 
62 (Fall) 

Menzie J.: The impact of treatments on 
selling colored stones, 30-31 (Fall) 

Michailidis N.: Challenger gemological 
spectrometer, 164-165 (Fall) 

Millsteed P.: Faceting transparent 
rhodonite from Broken Hill, New 
South Wales, Australia, 151-158 
(Summer) 

Mohideen H.M. Sultan: India—Old 
sources and new finds, 115-116 (Fall) 

Moses T.M., see King J.M. 


N 


Newton M.: Treated diamond: A physi- 
cist’s perspective, 84-85 (Fall) 
Notari F., see Hainschwang T. 


O 


Overton T.W.: Silicosis risks for lapidary 
workers in developing countries, 165 


(Fall) 


P 


Paspaley N.: The challenges and opportu- 
nities of growing and marketing South 
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Sea cultured pearls, 38 (Fall) 

Pay D.: Course development at the 
Gemological Institute of America, 162 
(Fall) 

Perret E.: Color treatment of diamonds 
and their potential in designer jewelry, 
159-160 (Fall) 

Perrin E.: Defeating the bling, 49-50 (Fall) 

Pezzotta F.: New gem localities in 
Madagascar, 116 (Fall) 

Pisutha-Arnond V.: Role of beryllium in 
the coloration of Fe- and Cr-doped syn- 
thetic corundum, 85 (Fall) 

Poli L.: The Italian and European gold- 
smith industry: Current status and pos- 
sible future scenarios, 59-60 (Fall) 

Pope S.: High-pressure, high-temperature 
(HPHT) diamond processing: What is 
this technology and how does it affect 
color? 120 (Fall) 

Post J.: X-ray diffraction using area detec- 
tors for mineral and gem characteriza- 
tion, 91-92 (Fall) 

Prudden J.M.: Geology of placer gem 
deposits, 149 (Fall) 


R 


Raff B.: The multichannel approach, 
55-56 (Fall) 

Rapaport M.: Diamond industry of the 
future, 27 (Fall) 

Reinitz I: The role of brillianteering vari- 
ations in the GIA Cut Grading System, 
138-139 (Fall) 

Richardson P.: Preliminary observations 
of a new polishing process for colored 
gems, 139-140 (Fall) 

Ringsrud R.: Subjectivity in gemology, 
165-166 (Fall) 

Robbins S.: Reinventing = Transfor- 
mation, 47-48 (Fall) 

Rohtert W.: Three parageneses of ruby 
and pink sapphire discovered at 
Fiskenzsset, Greenland, 149-150 (Fall) 

Rondeau B.: Some open questions on dia- 
mond morphology, 109-110 (Fall) 

Rossman G.R.: 

Characterization of nanofeatures in 
gem materials, 92 (Fall) 

New technologies used to identify col- 
ored stone treatments, 32 (Fall) 

Rothman G.: Battle of the minds, 26 (Fall) 


S 


Scarratt K.: 
Focusing on cultured pearl treat- 
ments, 40-41 (Fall) 
The treatment of ruby and sapphire, 
with implications for gem identifi- 
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cation and the integrity of the prod- 
uct, 85-86 (Fall) 

see also Wang W. 

Scarratt K., Shor R.: The Cullinan dia- 
mond centennial: A history and gemo- 
logical analysis of Cullinans I and II, 
120-132 (Summer) 

Schechter J.: Chinese freshwater cultured 
pearl sevehitier evolution, 40 (Fall) 

Scheepers R.: Controls on mineralization 
in Block D’ of the Merelani tanzanite 
deposit, Tanzania, 150 (Fall) 

Schwarz D., see Abduriyim A. 

Sevdermish M.: Color communication: 
The analysis of color in gem materials, 
102-103 (Fall) 

Shen A.: 

Identification of dyed chrysocolla 
chalcedony, 140 (Fall) 

see also Wang W. 

Shi G.-H.: Texture and composition of 
kosmochlor and chromian jadeite 
aggregates from Myanmar: Impli- 
cations for the formation of green 
jadeite, 150-151 (Fall) 

Shor R., see Scarratt K. 

Singbamroong S.: Sapphires from Ban 
Huai Sai, Laos, 103 (Fall) 

Singer D.: The mark of excellence in jew- 
elry, 43 (Fall) 

Sivovolenko S.: 

Fancy-color diamonds: Better color 
appearance by optimizing cut, 
104-105 (Fall) 

Study of interdependence: Fancy-color 
diamond appearance, cut, and light- 
ing conditions, 140 (Fall) 

Smirnov S.: Color grading of color- 
enhanced natural diamonds: A case 
study of Imperial Red diamonds, 
126-127 (Fall] 

Smith C.P.: 

Infrared spectra of gem corundum, 
92-93 (Fall) 

see also McClure S.F. 

Snee L.W.: 

Afghanistan gem deposits: Studying 
newly reopened classics and looking 
for new deposits, 116-117 (Fall) 

Pegmatite genesis—Complex or sim- 
ple emplacement? Revisiting south- 
ern California pegmatites, 151-152 
(Fall) 

Sobolev N.V.: The new Komsomolskaya 
mine in Yakutia, Russia: Unique fea- 
tures of its diamonds, 117 (Fall) 

Solodova Y.: Comparative investigation 
of diamonds from various pipes in the 
Malaya-Botuobiya and Daldyn-Alakit 
areas (Siberia), 141-142 (Fall) 

Strack E.: European freshwater pearls: 
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Origin, distribution, and characteris- 
tics, 105 (Fall) 

Sturman D.B.: Study of the biaxial gem- 
stones on the refractometer, 127 (Fall) 
Sturman N.: The “keshi” pearl issue, 142 

(Fall) 

Sunagawa I.: Growth, morphology, and 
perfection of single crystals: Concepts 
in discriminating natural from synthet- 
ic gemstones, 112 (Fall) 

Superchi M.: Gemological investigation 
of multicolored tourmalines from new 
localities in Madagascar, 156 (Fall) 

Sutthirat C.: Indications of heating in 
corundum from experimental results, 
86 (Fall) 

Suwa Y.: The jewelry market in Japan in 
2020, 58-59 (Fall) 

Swarovski N.: Reinventing Swarovski, 46 


(Fall) 


T 


Tannenbaum E.: Magellan’s guide to the 
diamond universe, 23 (Fall) 

Tashey T.E.: A system to describe the 
face-up color appearance of white and 
off-white polished diamonds, 142-143 
(Fall) 

Taylor M.C.: The gel model for the for- 
mation of gem-bearing pockets within 
granitic pegmatites, and implications 
for gem synthesis, 110-111 (Fall) 

Tempelsman M.: Transitions and tradi- 
tions, 7-12 (Fall) 

Tennakoon S.: In-situ corundum locali- 
ties in Sri Lanka: New occurrences, 
117-118 (Fall) 

Titkov S.V.: Inclusions in white-gray dia- 
monds of cubic habit from Siberia, 
127-128 (Fall) 


U 


Underwood T.: Digital color communica- 
tion for gemstones, with an exploration 
of applications within our industry, 143 
(Fall) 


Vv 


Vagner K.: Gemological Institute of 
America’s public outreach programs, 
162-163 (Fall) 

Van Royen J.: HPHT treatment of type 
IaB brown diamonds, 86-87 (Fall) 

Vins V.: Natural diamond enhancement: 
The transformation of intrinsic and 
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impurity defects in the diamond lat- 
tice, 120-121 (Fall) 


WwW 


Wan R.: The Tahitian cultured pearl, 39 
(Fall) 

Wang W.: 

Developing corundum standards for 
LA-ICP-MS trace-element analysis, 
105-106 (Fall) 

see also King J.M., McClure S.F. 

Wang W., Scarratt K., Emmett J.L., 
Breeding C.M., Douthit T.R.: The 
effects of heat treatment on zircon 
inclusions in Madagascar sapphires, 
134-150 (Summer) 

Wang W., Scarratt K., Hyatt A., Shen 
A.H., Hall M.: Identification of “choco- 
late pearls” treated by Ballerina Pearl 
Co., 222-235 (Winter) 

Wathanakul P.: Beryllium-assisted heat 
treatment experiments on blue sap- 
phires, 87 (Fall) 

Welborn P.: Marketing in the 21st centu- 
ry, 166 (Fall) 

Welbourn C.: Identification of synthetic 
diamonds: Present status and future 
developments, 34—35 (Fall) 

Weldon R.: Photographing phenomenal 
gemstones, 144 (Fall) 

Wickstrom D.: The auction house as a 
purveyor of high-end jewelry, 52 (Fall) 

Wise M.A.: Geology of “true” hiddenite 
deposits, 152 (Fall) 


Y 


Yager T.R.: Recent trends in world gem 
production, 144-145 (Fall) 

Yantzer P.: The AGS performance cut 
grading system, 160 (Fall) 

Yuan J.C.C.: Investigation by synchrotron 
X-ray diffraction topography of the 
crystal structure defects in colored dia- 
monds (natural, synthetic, and treated), 
93 (Fall) 

Yurman D.: Jewelry design and brand cre- 
ation: Designing over the years, 44 
(Fall) 


Z 


Zenil A.R., see Coenraads R.R. 

Zucker B.: From Alexander the Great to 
Elihu Yale: A study of India and the 
diamond trade, 160-161 (Fall) 


Zwaan J.C. (Hanco): The Sandawana 
model of emerald formation, 111 (Fall) 
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is pleased to ° 


announce the winners of the ey 
he first-place article was “The Impact of 
Internal Whitish and Reflective Graining on 
the Clarity Grading of D-to-Z Color Diamonds at for 2006, as voted by the journal’s readers. 
the GIA Laboratory” (Winter 2006), which reviewed We extend our sincerest thanks to all the 
the elusive nature of this type of graining in dia- 


subscribers who participated 
monds and the methodology that GIA graders use to in the voting. 
determine its impact on diamond clarity grades. Receiving 
second place was “Identification and Durability of Lead 
Glass—Filled Rubies” (Spring 2006), a study of this new corundum 

treatment and techniques to identify it. Third place was awarded to “‘Paraiba’-type Copper-bearing Tourmaline from 
Brazil, Nigeria, and Mozambique: Chemical Fingerprinting by LA-ICP-MS” (Spring 2006), which described how this 
analytical technique can separate—on the basis of chemical composition—bright blue-to-green copper-bearing tourma- 
line from the localities in which it has been found. 


The authors of these three articles will share cash prizes of $2,000, $1,000, and $500, respectively. Following are brief 
biographies of the winning authors. 


John M. King Thomas M. Moses 


FIRST PLACE 


THE IMPACT OF INTERNAL WHITISH AND REFLECTIVE GRAINING 
ON THE CLARITY GRADING OF D-TO-Z COLOR DIAMONDS 
AT THE GIA LABORATORY 


John M. King, Thomas M. Moses, and Wuyi Wang 


John M. King is technical director of the GIA Laboratory in New York 
and the editor of Gems & Gemology in Review: Colored Diamonds. 

Mr. King, who is also a noted artist, received his Master of Fine Arts 
degree from Hunter College, City University of New York. Thomas M. 
Moses is senior vice president, GIA Laboratory and Research, New York. 
Wuyi Wang is manager, Research Projects, GIA Laboratory, New York. 
Dr. Wang holds a Ph.D. in geology from the University of Tsukuba in 
Japan, and has considerable research experience in diamond geochemistry 


Wuyi Wang and diamond treatment. 
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SECOND PLACE 


IDENTIFICATION AND DURABILITY OF LEAD GLASS—FILLED RUBIES 
Shane F. McClure, Christopher P. Smith, Wuyi Wang, and Matthew Hall 


Shane F. McClure is director of Identification Services at the GIA 
Laboratory in Carlsbad, California. A popular lecturer, Mr. McClure is also 
well known for his articles on gem identification and is coeditor of G#G’s 
Lab Notes section. Christopher P. Smith is vice president and chief 
gemologist at American Gemological Laboratories, New York City; at the 
time the article was written, he was director of Identification Services at 
the GIA Laboratory in New York. Mr. Smith has written numerous arti- 
cles for G#G and other publications, and is a member of the GWG 
Editorial Review Board. Wuyi Wang was profiled in the first-place entry. 
Matthew Hall is manager of Identification Services at the GIA Laboratory 
in New York. Mr. Hall has a bachelor’s degree in geology from Franklin 
and Marshall College and a master’s in geology and geochemistry from 
the University of Maryland. 


THIRD PLACE 


“PARA(BA”-TYPE COPPER-BEARING TOURMALINE FROM BRAZIL, 
NIGERIA, AND MOZAMBIQUE: CHEMICAL FINGERPRINTING BY LA-ICP-MS 


Ahmadjan Abduriyim, Hiroshi Kitawaki, Masashi Furuya, and Dietmar Schwarz 


Ahmadjan Abduriyim is manager of the Research Laboratory at the 
Gemmological Association of All Japan (GAAJ) in Tokyo. Dr. Abduriyim 
has a B.Sc. in geochemistry, petrology, and mineralogy from Beijing 
University, and M.Sc. and Ph.D. degrees in mineralogy from Kyoto 
University. Hiroshi Kitawaki is director of the Research Laboratory at 
GAAJ. Mr. Kitawaki has a B.Sc. degree in geology from Niigata 
University, Tokyo, and more than 15 years of experience in diamond and 
colored stone research and education. Masashi Furuya is director of the 
Japan Germany Gemmological Laboratory in Kofu, Japan. Mr. Furuya has 
multiple degrees in German from Reitaku University, Kashiwa, Japan, 
and over 30 years of experience in the jewelry industry. Dietmar Schwarz 
is research manager at the Gtibelin Gem Lab in Lucerne, Switzerland. 
Dr. Schwarz is a former scientific lecturer at the German Academic 
Exchange Service and professor of mineralogy and gemology at Ouro 
Preto Federal University, Minas Gerais, Brazil. 
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MORE ON SYNTHETIC CORUNDUM 

“GEM ROUGH” 

The report on synthetic corundum “gem rough” in 
Tanzania (Winter 2006 Gem News International, p. 282) 
is both interesting and helpful, and Mr. Farooq Hashmi is 
kind to alert the industry and provide these samples for 
analysis. However, I would add that although laser abla- 
tion-inductively coupled plasma—mass spectrometry (LA- 
ICP-MS) is wonderful when it is accessible, simple pocket 
instruments such as rare-earth magnets can instantly pro- 
vide useful information for those dealing with gems in 
remote locations. 

By applying the magnetic separation approach that I 
presented at last summer’s Gemological Research 
Conference in San Diego (see the Fall 2006 Gems & 
Gemology, p. 124) to distinguish between spessartine 
rough and orange sapphire rough, gem dealers might 
avert this potentially costly misrepresentation. Mn-rich 
spessartine generally can be characterized by a relatively 
strong magnetic response, using the direct or pendulum 
method. Though not diagnostic, the lack of such a 
response (as with sapphire) could quickly flag this materi- 
al as something other than spessartine. 

Your readers may find the magnetic separation table in 


IN MEMORIAM: 
DAVID HARGETT (1953-2007) 


Gemologist and author David Hargett passed 
away recently in New York, the city he called 
his home for most of his adult life. He was 53. 
Dave worked for the GIA Laboratory in New 
York for 16 years as a colleague of current GIA 
Laboratory senior vice president Tom Moses 
and their gemological mentor, G. Robert 
Crowningshield. Dave began his career with 
GIA in January 1977 after obtaining his Graduate 
Gemologist (G.G.) diploma in Santa Monica, California, 
followed later by a bachelor’s degree from New York 
University. 

At the East Coast GIA Laboratory, Dave served for 
several years as manager of the Gem Identification 
Department, where he was instrumental in developing 
many of the techniques still used today to recognize 
synthetic and treated colored stones, as well as cultured 
pearls and enhanced diamonds. The author or co-author 
of many Gems &) Gemology Lab Notes on unusual gem 
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the G&WG Data Depository (http://lgdl.gia.edu/pdfs/ 

gumpesberger-table.pdf) helpful, there is also a related 

article in the Winter 2006 issue of Canadian Gem- 

mologist (S. Gumpesberger, “Magnetic separation of gem- 
stones,” Vol. 27, No. 4, pp. 120-124). 

Sylvia Gumpesberger 

Canadian Gemmological Association 

Toronto, Ontario 


FALL 2006 ISSUE REQUIRED READING 


Unaccustomed as I am to writing letters of this kind— 
especially to Ge)G—scientific integrity compels me to 
acknowledge and commend your Fall 2006 issue. 

As one unable to attend, I found your coverage of the 
4th International Gemological Symposium extremely 
interesting. 

On the other hand, your 2006 GIA Gemological 
Research Conference was simply outstanding. The infor- 
mation imparted both by the speakers and through the 
poster presentations should be required reading for all 
who would call themselves gemologists. 

Keep up the good work. 

Dr. W. Wm. Hanneman 
Poulsbo, Washington 


materials, in 1989 he also co-authored the 
award-winning Koivula et al. article on “The 
Characterization and Identification of Filled 
Diamonds.” Dave was very fond of gemologi- 
cally related travel, and he particularly 
enjoyed exploring the gem mining areas of 
Mexico and Central America. In its Summer 
1990 issue, GG published Dave’s definitive 
paper on the jadeite deposits of Guatemala. 
Dave left GIA in 1992 and started his own 
consulting business, which allowed him to focus on 
areas of gemology he had come to enjoy. 

Those who were fortunate enough to know Dave 
Hargett as a friend remember him as a kind and generous 
person with an amazing sense of humor. Those who 
worked with him remember him as an excellent gemolo- 
gist with a keen and curious mind. Through his dedicat- 
ed gemological research and an overall strong work ethic, 
he gained the respect and admiration of gemologists all 
over the world. He will be missed by many, both within 
and outside the gemological community. 
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CONCLUDING REMARKS 


According to its outcrop area, the first 
Bakwanga pipe ranks among the biggest 
known kimberlite masses. Recently an even 
bigger kimberlite mass has been discovered 
on the plateau extending westwards from 
Bakwanga. This mass seems to have a vety 
elongated shape. 

Both masses have still to be prospected 
in detail and the mean diamond content is 
still unknown, Similar occurrences may be 
discovered in the near future along the 
Bushimaie, in connection with other allu- 
vial diamond concentrations known in the 
vicinity of Bakwanga, But it remains doubt- 
ful that such primary sources will be dis- 
covered in the big Kasai gem diamond dis- 
trict although the presence of kimberlite 
is practically certain. : 

The kimberlitic origin of the biggest 
known industrial diamond deposit is now 
proved beyond doubt. At Bakwanga, the 
geological situation is similar to the classi- 
cal South African diamond fields, except 
that the age of the kimberlite intrusions is 
probably per-Karroo (pre-Triassic) . 

It is to be expected that spectacular min- 
ing developments will be seen at Bakwanga 
in the near future. In the opinion of the 
author, no shortage of the supply of indus- 
trial diamond has to be feared for many 


years to come. The single Bakwanga de- 
posit can meet any increased demand, 


Geological conditions in the Belgian 
Congo are similar to those of South Amer- 
ica, where no true diamondiferous kimber- 
lites have been discovered so far as I 
know. The Bakwanga discovery should en- 
courage a new search for hidden kimberlite 
pipes in the South American diamond dis- 
tricts. 


The Bushimaie Valley 
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PINK-TO-RED CORAL: 
A GUIDE TO DETERMINING 
ORIGIN OF COLOR 


Christopher P. Smith, Shane F. McClure, Sally Eaton-Magana, and David M. Kondo 


Pink-to-red coral has a long history as an ornamental gem material in jewelry, carvings, and 
sculptures. However, due to a variety of environmental and legal factors, the supply of high- 
quality, natural-color coral in this color range has dramatically decreased in recent years— 
and the quantity of dyed coral on the market has increased. From a study of more than 1,000 
natural- and treated-color samples, this article summarizes the procedures that are useful to 
identify the color origin of pink-to-red coral. A variety of techniques—including magnifica- 
tion, exposure to acetone, and Raman analysis—can determine if the color of a piece of such 
coral is dyed. Although there are limitations to the use of magnification and acetone, Raman 
analysis can establish conclusively that the color is natural. 


oral is an organic gem material that has been 
used for ornamental purposes (figure 1) for 
several thousand years (see, e.g., Walton, 
1959). Amulets of red coral dating back to 8000 BC 
were uncovered in Neolithic graves in Switzerland, 
coral jewelry was made in Sumeria and Egypt around 
3000 Bc, and Chinese cultures have valued coral high- 
ly since about 1000 Bc (Liverino, 1989). The material 
also is mentioned in the ancient writings of both 
Theophrastus (Greece, 4th century BC) and Pliny 
(Italy, 1st century AD; Caley and Richards, 1956). Due 
to its distinctive natural form, coral has been used not 
only for jewelry, but also for dramatic carvings and 
sculptures that highlight the natural form of the coral 
branch (figure 2). The region centered around Torre 
del Greco near Naples, Italy, has a long tradition as an 
important fashioning center for coral (Bauer, 1969, 
Pizzolato, 2005). This is largely because the 
Mediterranean Sea has been a major source of the 
world’s pink-to-red ornamental coral. Today, com- 
mercial quantities of pink-to-red coral also are found 
off the coasts of Japan and China (Henn, 2.006). 
Fine specimens of attractive pink-to-red coral are 
the most desirable yet among the least available. 


4 ORIGIN OF COLOR IN PINK-TO-RED CORAL 


This limitation has led to the practice of dyeing 
pale-colored and white coral into the more highly 
valued shades of pink to red. Commonly, the coral 
is bleached prior to the dyeing process so that better 
penetration and more homogeneous coloration may 
be achieved (figure 3). Additionally, polymer 
impregnation—with or without a coloring agent— 
may be used to enhance the appearance of coral and 
give it a smoother surface, which makes it more 
comfortable to wear (see, e.g., Pederson, 2004). 

The present article looks at the current status of 
this ornamental material—its formation, supply, 
and the potential impact of environmental consider- 
ations—as well as the techniques used to distin- 
guish between natural-color and dyed corals. In par- 
ticular, this article will outline some of the proce- 
dures typically used by gemologists and gemological 
laboratories to determine the origin of color for 
pink-to-red coral. 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 43, No. 1, pp. 4-15. 
© 2007 Gemological Institute of America 
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GENERAL BACKGROUND 


Formation/Biology. Because it shows aspects of the 
mineral, animal, and plant kingdoms, coral was not 
properly classified until the 17th century (Liverino, 
1989). A branch of coral is the skeletal remains of a 
colony of tiny animals called coral polyps (figure 4). 
The term coral can refer to both the marine animal 
and the material produced from its skeletal 
remains. Polyps are simple organisms with a 
mouth surrounded by tentacles and gastrovascular 
function. A polyp colony consists of three different 
parts: the sclerax, the coenosarc, and the polyps 
themselves. The sclerax is the hard skeleton left 
behind by the coral polyps, and it is this material 
that can be worked as a gem material. The 
coenosarc is the tissue that binds the polyps to the 
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Figure 1. For thousands 
of years, coral like the 
branch shown here has 
been fashioned for use 
as carvings and in jew- 
elry. Although the har- 
vesting of gem-quality 
pink-to-red coral has 
decreased steadily in 
recent years because of 
environmental and 
other problems, leading 
to a proliferation of 
dyed material, fine 
pieces such as these 
beads (13-17 mm) and 
cabochons (24 mm) 
continue to enter the 
marketplace. Courtesy 
of R. H. & Co., 
Glendale, California; 
photo by Harold & 
Erica Van Pelt. 


skeleton. In addition to organic macromolecules 
such as proteins, polysaccharides, and lipids, the 
coral skeleton also contains biogenic (i.e., biologi- 
cally generated) carbonates (CaCO,)}. The two 
major polymorphs are calcite and aragonite (see, 
e.g., Rolandi et al., 2005; Bocchio et al., 2006). The 
polyps precipitate the major components of most 
coral branches from sea water (Liverino, 1989): 
calcium carbonate (82-87%) and magnesium 
carbonate (~7%). 

A new coral colony is originally created through 
sexual reproduction, but it continues to grow 
through gemmation, whereby a polyp separates off a 
portion of itself to create a new polyp. Coral requires 
a sturdy foundation such as rocks, other coral, or 
debris (e.g., a shipwreck), and it has a growth rate of a 
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few millimeters up to 1-2 cm per year (Liverino, 
1989; Chadwick, 1999). 

Pink-to-red coral in the Mediterranean Sea can 
grow at depths of 5-300 m. The red coral harvested 
from the waters near Japan and China is often 
recovered from depths down to 400 m (Liverino, 
1989; O’Donoghue, 2.006), but it has been discov- 
ered near Hawaii at depths down to 1,000 m 
(O’Donoghue, 2006). According to Rolandi et al. 
(2005), there are two classes of coral that have skele- 
tons tough enough to be used as gem materials and 
for carvings: Hydrozoa and Anthozoa. Within these 
classes, there are again two orders that produce a 
majority of the species of pink-to-red corals used for 
ornamental purposes: Stylasterina and Coralliidae, 
respectively. However, various species of pink-to- 
red coral typically have not been differentiated 
within the jewelry industry (Pederson, 2004). 


Present Coral Supply and Environmental Consider- 
ations. By some estimates, coral reefs cover about 
0.25% of the oceans’ subsurface area and support 
approximately 25% of all known ocean species 
(Chadwick, 1999). However, beds of coral species 
that are large enough to support harvesting are 
becoming increasingly scarce. The annual harvest of 
red coral in the Mediterranean Sea decreased from 
about 100 tonnes in 1976 to about 25 tonnes in 2000 
(Tsounis, 2005). To reach such coral forests, divers 
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Figure 2. Coral lends 
itself to extraordinary 
carvings, such as this 
Asian-inspired piece 
(28.6 cm tall x 30.5 cm 
wide) that conforms to 
the natural form of the 
coral branch. Photo © 
Harold & Erica Van Pelt. 


must now go to greater depths than in the past. As 
an example, along Costa Brava in the northwest 
Mediterranean Sea, only 10% of the dives to retrieve 
coral are to depths of less than 30 m, while 70% are 
to depths of 30-50 m (Tsounis, 2005). 

A wide range of factors are responsible for 
depleting the world’s total coral supply, including 
global warming, industrial pollution, oil spills, 
thermal stress caused by heated discharge from 
power plants, destructive fishing through the use of 
cyanide and dynamite, human overpopulation in 
coastal areas, and, finally, overharvesting of the 
coral itself. Given the depths at which most of the 
pink-to-red coral beds are principally found, over- 
harvesting has had the greatest impact. Japan and 
other countries, such as the U.S. (Hawaiian 
islands), that wish to preserve a sustainable supply 
of coral have established strict limits on the quanti- 
ties and types of coral that may be harvested (Laurs, 
2000; Prost, 2001). These restrictions also limit the 
available areas and depths at which harvesting is 
permissible. 

Note that the chemical bleaching performed on 
some harvested coral prior to dyeing is very different 
from the “bleaching” that other species of coral 
(usually not considered gem material) have experi- 
enced over the last few years. This latter bleaching, 
which has been the subject of much media attention 
(e.g., Fountain, 2004; Bierman, 2005; Doney, 2006), 
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is the natural response of a living coral ecosystem to 
environmental changes such as increases in water 
temperatures and differences in the acidity and 
salinity of the water (Chadwick, 1999). Typically, 
many shallow-water corals coexist in a symbiotic 
relationship with various colored algae, which indi- 
rectly provide the polyps’ primary source of food. 
Environmental stressors may cause the algae to 
leave the coral’s surface, exposing the white skele- 
ton. The previously vibrant corals then appear quite 
bleak. Deprived of their major food source, they 
have difficulty surviving (Doney, 2.006). 

The reduction in supply of high-quality, natural- 
color coral has led to a greater amount of dyed- 
color, lower-quality coral in the most highly valued 
shades of pink to red. Some U.S. dealers report that 
a large portion, as high as 90-95%, of the new coral 
entering the market is color-enhanced (Prost, 2001). 


Origin of Color. In the 1980s, carotene was estab- 
lished as the cause of color in pink-to-red coral 
(Merlin and Delé, 1983; Merlin, 1985). Carotene is 
one of more than 600 related natural pigments that 
are collectively grouped as carotenoids and are pro- 
duced primarily in phytoplankton, algae, and plants 


Figure 3. The coral branch on the left (67 mm) has 
been bleached, which is commonly performed prior 
to dyeing to improve the penetration of the dye and 
allow for a more homogeneous coloration after dye- 
ing. The branch on the right has been dyed red. Also 
clearly evident in these two samples of Corallium 
rubrum are striations parallel to the length of the 
branches. The grooves are canals that the coral 
polyps used to transport nutrients and are one of the 
most distinguishing characteristics of the coral struc- 
ture. Photo by Jessica Arditi. 
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Figure 4. Red coral trees, such as this 
12-cm-high living sample from the 
Mediterranean Sea, form the support 
structure for the white-colored polyps 
(major features illustrated at right). 
Photo © Georgios Tsounis. 


(Rolandi et al., 2005). Carotenoids are responsible 
for a broad range of colors in both plants and ani- 
mals, depending on the complex formed and its 
incorporation into the host. For example, carrots are 
a vibrant orange due to alpha- and beta-carotene, 
tomatoes are red due to lycopene, and flamingos are 
pink due to the presence of astaxanthin in their 
diet; all of these colorants are carotenoids. In coral 
skeletons, various carotenoids are also responsible 
for yellow, orange, brown, and blue-to-violet hues. 
The specific color is influenced by the carotenoid’s 
incorporation into the skeleton (Rolandi et al., 
2005). In addition, carotenoids form complexes with 
other materials—most notably proteins—that may 
significantly influence the color exhibited. 


Gemological Properties. The identification of coral is 
made through a variety of properties. GIA’s Gem 
Identification Lab Manual (2005) indicates that key 
tests include: refractive index (1.486—1.658), birefrin- 
gence (0.172—accompanied by a birefringence blink), 
and magnification. The ribbed, pitted, and scalloped 
structures of natural coral (refer to the “Microscopic 
Examination and General Observations” section 
below) provide a readily available means of separat- 
ing coral from its most commonly encountered imi- 
tators, including shell and plastic, with magnifica- 
tion. Reconstituted coral is produced from low-quali- 
ty coral that has been pulverized, mixed with an 
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Figure 5. Natural-color coral can span a wide range 
of hues, including these examples (2.5-11.8 mm) of 
the most valuable shades of pink to red. These 
strands of coral belong to the following species: (1) 
Melithaea ochracaea, (2) Corallium elatius, (3) 
Corallium rubrum, (4) Corallium elatius, (5) 
Corallium species, (6) Corallium secundum, and 
(7) Corallium rubrum. Photo by Jessica Arditi. 


epoxy, reformed into blocks, dyed, and then used to 
make jewelry (Weldon, 2003). It does not show a sur- 
face pattern or a ribbed structure. 

A careful RI. reading, $.G. determination, and 
infrared spectroscopy—combined with observation 
of specific growth-structures—may provide clues to 
the particular species of the coral. Such tests may 
also help determine if the coral species is predomi- 
nantly composed of calcite or aragonite (Kaczo- 
rowska et al., 2003; Pederson, 2004; Rolandi et al., 


Figure 6. Coral (here, 
3.5-18.0 mm) can be dyed 
almost any color, but it is 
seen most commonly in the 
gem trade as pink to red. 
Photo by Jessica Arditi. 
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2005); however, these topics are outside the scope of 
this article. Because so little has been published in 
the recent gemological literature on the identifica- 
tion of dye in coral, especially given the analytical 
techniques that are now available, we conducted 
numerous tests—standard gemological exams and 
more sophisticated spectroscopic analyses—on 
known treated and untreated samples to determine 
which methods were most effective. 


MATERIALS AND METHODS 


One of the authors (CPS) acquired seven strands of 
coral beads covering four species of the 
Coralliidae order—Corallium elatius, Corallium 
rubrum, Corallium secundum, and Melithaea 
ochracaea—as well as samples of unknown 
species (figure 5), all of which were represented as 
natural color. They ranged from pinkish orange to 
pink and red. In addition, 11 strands of coral—all 
represented as dyed—were obtained (see, e.g., fig- 
ure 6). Most of these belonged to the Corallium 
rubrum species, with the dyed colors ranging from 
pink-orange and various shades of light pink to 
red. Included in this group were two strands of 
Melithaea ochracaea that had been treated with a 
colored polymer. We also analyzed 10 known nat- 
ural-color and dyed coral specimens from the GIA 
reference collection and 24 dyed samples from the 
collection of one of the authors (SFM). In all, well 
over 1,000 pieces of natural-color and dyed coral 
were included in this study. 

All of the samples were examined using a stan- 
dard GIA Gemolite binocular microscope with 
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fiber-optic illumination. Acetone and a cotton 
swab, such as a Q-tip, were used to test inconspicu- 
ous areas of the coral on a random sample of 
approximately 50 pieces of each group (natural-color 
and treated) for the presence of dye. 

A Renishaw System 1000 Raman micro-spec- 
trometer with an argon-ion laser (514 nm excita- 
tion) was used to analyze 40 natural-color and 40 
dyed samples (including approximately 10 with a 
colored polymer), covering the complete color 
range. For the Raman analysis, we used a variety of 
magnifying lenses, from 5x to 50x. The integration 
times varied from 3 to 20 seconds per grating 
sequence. The spectra were taken over two different 
ranges. The first extended from 2000 to 100 cm7! 
and covered the standard range used to identify the 
key Raman bands of a material. The second extend- 
ed from 517 to 1000 nm, with the intent of measur- 
ing Raman bands outside of the previous range as 
well as any photoluminescence bands that might be 
present (refer to Raman Spectroscopy below). 

Reflectance spectra of 10 natural-color and 14 
dyed coral samples that varied from pink to red were 
acquired for the 200-850 nm range with a Perkin 
Elmer Lambda 950 ultraviolet/visible/near-infrared 
(UV-Vis-NIR) spectrometer utilizing an integrating 
sphere, with a 1.0 nm scan interval and 141 nm per 
minute scan speed. Although reflectance spectra are 
typically shown as % reflectance (%R), the authors 
have elected to portray the spectra in absorbance, as 
the negative log of %R divided by 100 (i.e., -log[“8}]}, 
since most spectra in gemological publications are 
shown using absorbance. To confirm the validity of 
this approach, we performed absorption spec- 
troscopy on thin slices made from seven of the 
samples (four pink-to-red natural-color and three 
dyed) using the same spectrometer and measuring 
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Figure 7. The parallel striations that are obvious in 
“rough” coral are also clearly evident after the mate- 
rial has been fashioned, so they readily separate 
coral from its simulants. Note, however, that this 
structure is visible in both natural-color and dyed 
coral. Photomicrograph by C. P. Smith; fiber-optic 
illumination, magnified 18x. 


conditions. The two types of spectra, reflectance 
(converted to absorbance) and absorbance, were vir- 
tually identical. 


RESULTS AND DISCUSSION 


Microscopic Examination and General Obser- 
vations. The structures of the most common orna- 
mental corals—Corallium elatius, Corallium 
rubrum, and Corallium secundum—typically con- 
sist of two patterns. The first is a ribbed or striated 
pattern that extends roughly parallel to the length 
of the coral branch (figure 7). The other is a concen- 
tric, scalloped structure (figure 8). Natural features 


Figure 8. A concentric 
scalloped pattern is also 
characteristic of natural 
coral and will readily 
distinguish it from its 
most common imitators 
shell and plastic. 
Photomicrographs by 
C. P. Smith; fiber-optic 
illumination, magnified 
15x (left, dyed coral) 
and 25x (right, natural- 
color coral). 
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Figure 9. The red coral species Melithaea ochracaea 
(sometimes referred to as “red king coral”) is notable 
for its distinctive patterning. This piece measures 2.8 
cm at the base. Courtesy of Holly Smith; photo by 
Elizabeth Schrader. 


dotting the coral surface, which may be described as 
pits and pock marks, also are common and charac- 
teristic of many Corallium species. The unusual 
patterns (figure 9) and the open and porous structure 
(figure 10) of the red coral species Melithaea ochra- 
caea are particularly distinctive. Such features were 
observed in all the coral beads examined in this 
study, both natural-color and dyed, depending on 
their species. 

Coral occurs naturally in a broad range of attrac- 


tive pinkish orange to pink and red colors (again, 
see figure 5). Similarly, coral may be dyed to virtual- 
ly any color; however, only results for coral that has 
been dyed pale pink to deep red and pink-orange are 
reported in this study (again, see figure 6). In some 
instances, the colors achieved by dyeing appear very 
similar to those seen in natural-color coral. 
Commonly, though, the dyed coral is very different 
in appearance from its natural-color counterpart 
(see, e.g., figure 11). Therefore, visual observation of 
color may provide an important clue to the pres- 
ence of dye. In addition, the surface pits and cavities 
common to coral readily act as receptacles for dye 
concentrations (figure 12), as do fractures or separa- 
tions in the concentric growth pattern. In such 
instances—where visual observation is insuffi- 
cient—the use of acetone and a cotton swab may be 
effective to identify the presence of dye (figure 13). 
This reaction was observed in many of the dyed 
samples we tested; however, it was very faint in 
several samples and not evident at all in a few. A 
piece of coral may also be immersed in acetone to 
see if any dye leaves the coral structure and turns 
the acetone pink (although we did not conduct this 
test on our samples). However, both of these tech- 
niques are somewhat destructive, as a positive test 
removes some of the color imparted by the dye. For 
this reason—and because, as our testing with a cot- 
ton swab showed, the results are not always conclu- 
sive—we also investigated two nondestructive ana- 
lytical techniques. 


Figure 10. The characteristic “open” structure of Melithaea ochracaea is evident whether the coral is fashioned 
with the channels open (left, magnified 15x) or if it has been impregnated with a polymer (right, magnified 
25x). Today it is common to treat this species of coral with a polymer to reduce its rough texture and allow it 
to take a better polish. The polymer has a yellow-orange color, as may be seen in the open pores of the treated 


sample. Photomicrographs by C. P. Smith. 
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Figure 11. Often the dyes used to treat coral will 
impart a vivid red hue, as in this 14 mm bead, that is 
not found in nature. Photo by Jessica Arditi. 


Raman and Photoluminescence Spectroscopy. The 
Raman spectra of these four species of coral typical- 
ly exhibit a combination of bands associated with 
both the coral matrix (CaCO,) and the compounds 
responsible for the color (figure 14). A distinct band 
positioned at approximately 1087 cm~!, with subor- 
dinate peaks at approximately 714 and 283 cm7|, is 
indicative of the calcium carbonate phase forming 
the skeleton of the coral. All of the samples we test- 
ed with Raman spectroscopy, both natural-color 
and dyed, showed this feature. 


Figure 13. Acetone has traditionally been used to 
confirm the presence of dye in coral. Commonly this 
test involves dipping a cotton swab in acetone and 
then rubbing the cotton on an inconspicuous area of 
the sample to see if any of the color rubs off. 
Occasionally, the item is immersed in acetone to 
see if the liquid will discolor slightly. In both cases, 
this test may be destructive to the color of the sam- 
ple. Photo by Jessica Arditi. 
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Figure 12. Coral can be a brittle material, as well as 
somewhat porous. Breaks or cavities at the surface 
commonly contain concentrated remnants of the dye 
that was used to color it. The very dark red masses 
obvious near the drill hole in this sample readily iden- 
tified this bead as dyed, even without magnification. 
Photomicrograph by C. P. Smith; magnified 13x. 


Natural color in pink-to-red coral may be readily 
identified by the presence of certain organic pigments 
incorporated into the coral skeleton. A pair of 
distinct Raman peaks positioned at approximately 
1520 and 1123 cm~!, with subordinate peaks at 
approximately 1297 and 1020 cm|, identify carotene 


Figure 14. The Raman spectrum of coral identifies 
the biogenic calcium carbonate phase of the skeleton 
(CaCO,), with peaks positioned at approximately 
1087, 714, and 283 cm~. The Raman spectrum of 
natural-color coral typically reveals additional peaks 
related to organic pigments, such as those positioned 
here at 1520, 1123, and 1020 cm“. 
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Figure 15. Carotene is the organic pigment responsible 
for the pink-to-red shades of natural-color coral. In the 
Raman spectra of these three natural-color corals, the 
intensity of the carotene peaks (with two dominant 
peaks at approximately 1520 and 1123 cm~! and 
minor peaks at approximately 1297 and 1020 cm~) 
correlates directly with the saturation of color. The 
bands marked in blue, with the main peak positioned 
at ~1087 cm~, identify the calcium carbonate phase 
(CaCO,) of the coral. 


(Urmos et al., 1991; Kaczorowska et al., 2003; 
Rolandi et al., 2005). In our experience, the intensity 
of these carotene peaks directly correlates to the satu- 
ration of the pink-to-red color, as was the case with 
the natural-color samples we tested (figure 15). 

Using the full spectral range of the 514 nm Ar- 
ion laser (517-1000 nm; figure 16), we observed a 
series of peaks positioned at approximately 543 
(1020 cm-}, 546 (1123 cm=), 551 (1297 cm-}, 558 
(1520 cm7), 578, 581, 587, 591, 595, 601, 607, 609, 
618, 637, 653, 670, 685, and 702 nm, as well as other 
subordinate peaks, all of which are due to carotene 
pigments. In contrast, the dyed pink-to-red coral 
samples did not exhibit the Raman spectrum associ- 
ated with carotene. Instead, they typically showed 
an increase in underlying photoluminescence in the 
standard Raman spectral range of 2000-100 cm™!, in 
addition to a series of very weak peaks positioned at 
approximately 1608, 1492, 1482, 1455, 1378, 1353, 
132.7, 1290, 1032, 906, 817, and 701 cm! (figure 17; 
details of many of these peaks cannot be observed at 
the scale shown). With the extended spectral range 
(517-1000 nm}, we observed that the dominant pho- 
toluminescence of the dye was centered between 
approximately 630 and 665 nm, the asymmetry of 
this photoluminescence structure indicating that it 
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Figure 16. By scanning the full Raman spectral range 
capable with a 514 nm excitation Ar-ion laser 
(517-1000 nm), carotene pigments are seen to be 
responsible for a range of peaks in the same samples 
as illustrated in figure 15. 


likely consists of multiple bands (figure 18). In the 
Melithaea ochracaea samples that had been treated 
with a colored polymer, we noted a compound spec- 
trum of carotene peaks and a dominant broad lumi- 
nescence band. 

Since the dye or colored polymer may be incor- 


Figure 17. The Raman spectra of dyed pink-to-red 
coral are identified by the increasing photolumines- 
cence extending beyond 2000 cm", as well as the 
absence of peaks associated with carotene. Often a 
series of very weak peaks attributed to dye may also 
be evident, such as the structure seen here between 
1700 and 1300 cm~ in the green spectrum. The red 
spectrum illustrates a common occurrence, where the 
luminescence of the dye is so strong that no other 
structure or Raman peaks are evident. 
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Figure 18. Photoluminescence in the 517-1000 nm 
spectral range clearly illustrates the differences 
between the series of very strong carotene peaks in the 
area of ~540-700 nm in natural-color coral and the 
dominant photoluminescence band structure centered 
at ~630-665 nm in dyed red coral. 


porated unevenly, our samples also confirmed the 
wisdom of analyzing several areas on the piece in 
question. In some areas with a partial natural col- 
oration, we noted a combination of spectral fea- 
tures: the presence of carotene-related peaks indi- 
cating natural color, together with the significantly 
increased broad luminescence indicating dyed color. 
In such instances, the intensity of the carotene- 
related peaks was not consistent with the saturation 
of color in the area analyzed. 


Reflectance Spectroscopy. The UV-Vis-NIR spectra 
of the pink-to-red coral samples were dominated by 
a series of broad absorption bands. In the natural- 
color samples, the primary absorption responsible 
for the color consisted of a multiple-band structure 
composed of at least three independent bands locat- 
ed at approximately 465, 498, and 525 nm (figure 19). 
At the tail of this absorption on the high-wavelength 
side, most of the natural-color samples showed 
another broad absorption feature positioned at ~665 
nm. Also seen in most of the samples were absorp- 
tions positioned at approximately 370, 392, 415, and 
445 nm, as well as other broad bands deeper in the 
UV region at approximately 280 and 315 nm. 

In the dyed samples, the spectra were dominated 
by an absorption feature that saturated the detector 
in the spectral range between approximately 400 and 
550 nm (figure 20). The 465, 498, and 525 nm bands 
noted in the natural-color corals were not evident. 
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Figure 19. As these three representative spectra indi- 
cate, natural-color pink-to-red coral has a series of 
broad absorption bands in the UV-Vis-NIR region. The 
predominant absorption consists of a multiple-band 
structure with individual positions located at ~465, 
498, and 525 nm. The same general combination of 
absorptions was recorded in all the natural-color coral 
tested during this study. 


We also did not record the weak broad bands at 
approximately 315, 370, 392, 415, and 445 nm that 
are present in natural-color coral. However, the 


Figure 20. The absorption spectra of these three 
samples of dyed coral have a predominant absorp- 
tion in the 400-550 nm range, similar to that seen 
in the natural-color coral shown in figure 19. 
However, several of the associated, subordinate 
broad absorption bands present in natural-color 
coral are not seen. In addition, there is a slightly 
modified absorption trend in the deep UV region. 
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A NEW TECHNIQUE 


FOR GEMSTONE IDENTIFICATION 


ROBERT M. SHIPLEY, Jr. 


NOEL S. ALTON 


ESEARCH directed toward extension and 
R simplification of known procedures of 
gemstone identification and diamond grad- 
ing has been in progress for the past year. 


The aim has been to develop methods 
and equipment to fit the following specifica- 
tions; (1) capable of being easily and 
quickly applied, (2) simple enough to per- 
mit use by jewelers and others with relative- 
ly little mathematical background, and (3) 
applicable to cut stones, both mounted and 
unmounted. It is now possible to report 
some advances in the technique of iden- 
tification of gems, together with relatively 
simple and inexpensive equipment to im- 
plement this technique. 

Three newly developed pieces of equipment 
form the basis of a revised system of gem 
identification. These are the Analyzing Re- 
fractometer, the Gemological Microscope, 
and the Sortagem. Equipment is available 
in a rather wide price range: the total cost 
varies from $78.50 to $715.00. 


THE GEM REFRACTOMETER 


The newly developed Gem Refractometer 
provided the basic requirement necessary in 
perfecting the Analyzing Refractometer 
mentioned above. While the Gem Refrac- 
tometer is but a simplified version of the 
Abbey Refractometer, it represents a very 
significant advance in gem testing instru- 


ments, for it fills a definite need for a re- 
fractometer which, though very inexpensive, 
is highly accurate and easy to use. In order 
to produce an instrument which could be 
manufactured inexpensively,.a rather novel 
design was adopted. The housing consists 
essentially of two plates, each, one eighth 
of an inch wide, and separated by only one 
eighth of an inch. Between these are held 
the optical elements of the instrument, thus 
providing an optical system one eighth of 
an inch wide throughout. The dense glass 
element is a hemicylinder rather than a 
hemisphere or prism as in most refractom- 
eters, it being found that certain aberra- 
tions common to the hemispherical element 
were thus eliminated. The scale is produced 
photographically and is inserted into op- 
posed arc-shaped recesses in the side plates. 
The curved. shape of the scale reduces to 
a minimum the parallax and the lack of 
sharp focus found in the usual jewelers’ 
refractometer design. Instead of a prism, a 
first surface mirror of .050 glass is inserted 
in slots in the side plates. The screw focus- 
ing eyepiece is mounted on a yoke which 
pivots around an axis located at the ap- 
parent center of the glass hemicylinder, as 
projected through the reflecting surface of 
the mirror. Optical parts are thus reduced 
to a minimum, hence eliminating many of 
the basic errors of this general type of re- 
fractometer. The result is an instrument 
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Figure 21. Pink-to-red 
coral, with its natural 
variations in color, can be 
carved to create unique 
pieces of jewelry such as 
this image of a woman’s 
face (56 mm high). 
Courtesy of Castelnuovo 
d’Aiassa Designs, Mount 
Hamilton, California; 
photo by Harold & 
Erica Van Pelt. 


broad feature at 665 nm was weakly present in a few 
of the dyed specimens. In addition, we also noted 
three weak bands in the UV region of the spectrum 
positioned at approximately 237, 285, and 325 nm. 


IDENTIFICATION 


Once it has been established that an item is coral, 
several tests may be conducted to determine if its 
pink-to-red color is natural or dyed. The visual 
appearance of the coral may provide an indication of 
the origin of color, but such observations should not 
be considered conclusive. Additionally, although 
microscopic examination alone can prove the pres- 
ence of dye in color-treated coral (through concen- 
trations of color in surface pits, cavities, or frac- 
tures), the lack of such features is insufficient to 
prove that the color of a specimen is natural. 
Historically, gemologists have used acetone to con- 
firm the presence of dye, but as our experiments 
showed, not all dyed coral will respond to acetone. 
In those cases where acetone is inconclusive or the 
use of this potentially destructive test is not advis- 
able, the coloring agent may be conclusively and 
nondestructively identified with Raman spec- 
troscopy. By establishing the presence of carotene in 
the Raman spectrum—with its two dominant peaks 
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located at approximately 1520 and 1123 cm~!—and 
correlating it to the intensity of color, it is possible 
to confirm the natural color of pink-to-red coral. In 
contrast, dyed pink-to-red coral is characterized by a 
dominant underlying photoluminescence band cen- 
tered between approximately 630 and 665 nm, usu- 
ally without specific carotene-related peaks (again, 
see figure 18). Because dye may be unevenly dis- 
tributed, it is important to analyze several areas on 
the sample. In areas that contain a partial natural 
coloration, the spectra will show a combination of 
carotene-related peaks (that will not correspond to 
the intensity of color, as would be the case with 
untreated pink-to-red coral) and significantly 
increased broad photoluminescence centered at 
approximately 630-665 nm. 

The study revealed some potentially interesting 
trends in the UV-Vis-NIR spectra of the natural- 
color and dyed samples. However, more testing is 
needed to establish the consistency of these findings 
and their usefulness in making this distinction. 


SUMMARY AND CONCLUSION 

Coral has been used in jewelry and objets d’art for 
thousands of years, and it continues to be very popu- 
lar in many markets today (figure 21). Attractive 
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shades of pink to red are typically considered the 
most valuable. Unfortunately, the global supply of 
gem-quality coral is diminishing, as overharvesting 
and other factors have had a detrimental effect on 
existing coral beds. This has led to an increased use 
of dyes to expand the availability of the most sought- 
after colors. In some cases, microscopy or testing 
with acetone is sufficient to identify the presence of 
a dye. However, the use of acetone to remove color 
may be somewhat destructive, and the results are 
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not always conclusive. UV-Vis-NIR reflectance spec- 
troscopy may provide clues to the natural or dyed 
condition of a piece of coral, but further work is nec- 
essary to confirm the applicability of this testing pro- 
cedure. However, Raman analysis is a nondestruc- 
tive method that can conclusively determine the 
natural origin of such colors, as well as the presence 
of dye. Carotene, the natural coloring agent for pink- 
to-red coral, may be readily identified by its signa- 
ture Raman spectrum. 
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SERENITY COATED 
COLORED DIAMONDS: 
DETECTION AND DURABILITY 


Andy H. Shen, Wuyi Wang, Matthew S. Hall, Steven Novak, Shane F. McClure, 
James E. Shigley, and Thomas M. Moses 


Gemological, spectroscopic, and chemical properties of diamonds treated using the new Serenity 
Technologies coating technique for inducing various “fancy” colors are reported. This technique 
produces colors that include intense blue, green, yellow, and orange to pink to purple-pink. The 
presence of a coating can be identified with magnification by observation of an interference-relat- 
ed colored (often bronzy) film, scratches, and colorless and/or dark areas on the surface of the 
pavilion facets. UV-Vis absorption spectra and chemical analysis provide confirmation of the 
treatment. Chemical analysis also revealed that the coating is a SiO, film doped with Au and/or 
Ag for blue, pink, and yellow coloration, or with a surface Fe,O, film for orange. No evidence 
was detected of either chemical diffusion or implantation of foreign elements into the diamond. 
While the colors produced by this treatment are stable to some standard jewelry repair and clean- 
ing procedures, they are not considered permanent. 


marketplace, and the high price-per-carat val- 

ues due to their rarity, have created a market 
niche for treated colored diamonds that are moder- 
ately priced and more readily available. In this article, 
we describe a new type of treated diamond that is 
surface-coated with a thin layer of foreign material to 
create the apparent color (figure 1). This treatment is 
carried out on a commercial basis by Serenity 
Technologies Inc. of Temecula, California. Serenity 
cooperated with GIA to treat several diamonds, 
which were documented both before and after the 
treatment process. GIA also examined more than 100 
diamonds treated by this method that were obtained 
in the marketplace. Some features of this type of 
coated diamond were recently reported (see 
Epelboym et al., 2006; Wang et al., 2006a; Kitawaki, 
2007; Moses et al., 2007). The present article expands 
our understanding of this material by detailing the 
gemological and spectroscopic features of the coated 
diamonds, the nature of the coatings used, and the 
durability of the coatings during standard conditions 
of jewelry repair, care, and wear. 


| he importance of fancy-color diamonds in the 
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BACKGROUND 


For centuries, merchants have used various forms of 
coating, dyeing, or “painting” to add a thin layer of 
colored foreign material to part or all of a gem- 
stone’s surface with the intent of masking an under- 
lying bodycolor or creating a more desirable color 
appearance. In 1950, Edward Gtibelin discussed the 
physics related to several possible newer gemstone 
coatings, including CaF, and SiO, (Giibelin, 1950). 
One of the first reported examples of this treatment 
in modern history was a blue-coated diamond 
briefly described by Crowningshield (1959). Because 
of the apparent proliferation of coated diamonds at 
that time, several practical methods were developed 
to aid gemologists (Miles, 1962, 1964). In these arti- 
cles, Eunice Miles described the detection of such 
coatings by careful examination with a binocular 
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microscope. She used a combination of reflected 
and diffused transmitted light to examine the facets 
for iridescent colors, scratches, a spotty or blotchy 
appearance to the color, or areas where the color 
had been removed (e.g., along facet junctions). 
Coated diamonds continued to be reported periodi- 
cally in the Lab Notes column of Gems &) Gemo- 
logy over the next several decades (see, e.g., Crown- 
ingshield, 1965; Liddicoat, 1966; Fryer, 1983; 
Hargett, 1989; Sheby, 2003). 

The coating materials used in the past varied in 
adhesion, durability, and extent of coated area on 
the diamond’s surface. Although we do not know 
for certain, we believe that a variety of coating 
materials were used. These older color-treatment 
processes may seem unsophisticated or outdated 
in comparison to permanent techniques such as 
irradiation and high-pressure, high-temperature 
(HPHT) annealing, which are most prevalent 
today. However, recent technological advances 
could have significant implications for the applica- 
tion of coatings onto diamonds with respect to 
their color, thickness, and durability. This “mod- 
ernization” of coating materials and application 
technologies was evident in diamonds recently 
identified as having a thin coating of calcium fluo- 
ride (CaF) doped with gold to produce a pink color 
(Evans et al., 2005; Wang et al., 2006b). 

The number of coated diamonds being submit- 
ted to the GIA Laboratory has increased dramatical- 
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Figure 1. A variety of col- 
ors can be produced on 
polished diamonds by a 
new coating technique 
from Serenity Techno- 
logies, Inc. These color- 
treated diamonds are 
now being sold commer- 
cially in the jewelry mar- 
ket. The stones shown 
here range from 0.01 to 
0.70 ct. Composite photo 
by Jessica Arditi and Jian 
Xin (Jae) Liao. 


ly in recent months. Most of these diamonds have 
CaF, coatings and appear pink and strongly saturat- 
ed, but others are much lighter in tone (e.g., figure 
2). These lighter coated diamonds have proved to be 
a challenge for even our most experienced gemolo- 
gists, as the interference colors associated with the 
coating are very subdued and areas (such as facet 
junctions) where the film might have been polished 
off are not readily discernable. Therefore, the pres- 
ence of the CaF, coating can be missed if careful 
examination protocols are not followed. 


Figure 2. The light pink coloration of these diamonds 
(each about 1 ct) is created by a thin coating of calci- 
um fluoride doped with gold. This gives a convincing 
resemblance to the color of some natural pink 
diamonds and creates a challenge in gem identifica- 
tion. Photo by C. D. Mengason. 
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Figure 3. These six diamonds (0.34—0.40 ct) were col- 
orless or near-colorless before being subjected to a 
new coating process to create their gray-violet, yellow, 
purplish pink, and pink-to-orange color appearances. 
Additional information is provided in table 1. 
Composite photo by Jian Xin (Jae) Liao. 


Consequently, when we learned that a new 
source was introducing large quantities of coated 
diamonds with various colors into the marketplace, 
we undertook the following investigation into the 
characterization and identification of this treated 
material. We also studied the durability of these 
coated diamonds to standard jewelry manufactur- 
ing, repair, and cleaning procedures, as well as to 
household products they might come into contact 
with during consumer wear. 


MATERIALS AND METHODS 

Materials. A total of 102 coated diamonds were 
obtained from dealers who had their diamonds treat- 
ed by Serenity Technologies (see, e.g., figure 1). The 
hues of these diamonds included blue (16 samples}, 
green (16), orange (16), pink (20), purple-pink (18), and 
yellow (16). The green and yellow diamonds were all 
round brilliant cuts with weights of 0.01-0.03 ct. No 
larger coated diamonds with these colors were avail- 
able in the market during this study. The other colors 
ranged from 0.03 to 0.70 ct and were faceted into var- 
ious styles. According to the treater, there is no limi- 
tation on the size of diamond that can be coated by 
this process (J. Neogi, pers. comm., 2007). In addition, 
Serenity Technologies agreed to treat six colorless to 
near-colorless natural diamonds that GIA supplied 
(0.34—0.40 ct; see figure 3 and table 1), which allowed 
us to examine their gemological and spectroscopic 
properties before and after treatment. 
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Gemological Examination. All samples were 
observed with a gemological microscope and various 
lighting conditions. Electrical conductivity of two 
blue-coated diamonds was tested using the method 
previously described by King et al. (1998). Reactions 
to UV radiation for all samples were checked in a 
darkened room with conventional four-watt long- 
wave (366 nm] and short-wave (254 nm) Ultraviolet 
Products lamps, and—for the six GIA before/after 
stones—with the DTC DiamondView deep-ultravio- 
let (<230 nm) imaging system (Welbourn et al., 1996). 
The colors of these treated diamonds were described 
in accordance with the GIA colored diamond grading 
system (King et al., 1994) to facilitate discussion of 
color changes during these experiments. Note that 
GIA does not issue grading reports on coated dia- 
monds, so these color designations should be inter- 
preted as equivalent colors only. 


Spectroscopic Analysis. Absorption spectra were 
recorded for all six of the before/after samples and sev- 
eral randomly selected market samples (eight blue 
and 21 orange, purple-pink, or pink coated diamonds, 
the yellow and green samples were too small to ana- 
lyze). They were recorded in the mid-infrared 
(6000-400 cm=!, 1 cm” resolution) and near-infrared 
(up to 11,000 cm, 4 cm" resolution) ranges at room 
temperature with a Thermo-Nicolet Nexus 670 
Fourier-transform infrared (FTIR) spectrometer 
equipped with KBr and quartz beam splitters. A dif- 
fuse reflectance apparatus was used to focus the inci- 
dent beam on the sample, and a total of 512 scans per 
spectrum were collected to improve the signal-to- 
noise ratio. Absorption spectra in the ultraviolet/visi- 
ble/near-infrared (UV-Vis-NIR) range were recorded 
on two samples of each color except green with a 
Thermo-Spectronic Unicam UV500 spectrophotome- 
ter over 250-850 nm (sampling interval of 0.1 nm). 
The samples were mounted in a cryogenic cell and 
cooled to liquid nitrogen temperature (-196°C). 

Raman and photoluminescence (PL) spectra were 
recorded on four (gray-violet, orange, purplish pink, 
and yellow) of the six diamonds treated for this 
study—both before and after treatment—using a 
Renishaw inVia Raman confocal microspectrometer 
with an Ar-ion laser operating at two excitation 
wavelengths, 488.0 and 514.5 nm. Raman spectra 
were collected at room temperature. Up to five scans 
were accumulated to achieve a better signal-to-noise 
ratio. For the PL analyses, the samples were cooled 
by direct immersion in liquid nitrogen. The lasers 
were carefully focused on the coated surfaces. 
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Chemical Analysis. We used several techniques to 
determine the chemical composition of the coating 
materials. Three coated diamonds (orange, pink, and 
blue; 0.30, 0.30, and 0.59 ct, respectively) were 
imaged and chemically analyzed using a high-reso- 
lution analytical scanning electron microscope 
(LEO 1550 VP FESEM) at the California Institute of 
Technology in Pasadena. This instrument was 
equipped with an Oxford INCA Energy 300 X-ray 
energy-dispersive spectrometer (EDS) system. The 
analysis was performed using an accelerating volt- 
age of 20 kV and electron beam current of 10 nA; no 
additional coating (e.g., carbon) was applied. 

Chemical analysis was also performed with a 
Thermo-Noran Spectrace QuanX energy-dispersive 
X-ray fluorescence (EDXRF) spectrometer on a few 
samples of each color from the market group as well 
as on the six GIA samples after treatment. A colli- 
mator of 3.5 mm diameter was used. Beam current 
was automatically controlled to maintain a 50% 
dead time in data collection. The live time for data 
accumulation was 100 seconds. All spectra were 
collected under vacuum at ~0.01 Pa. 

Analysis of the pink, purple-pink, yellow (no. 
79539, table 1), orange, and blue surface coatings 
was carried out by secondary ion mass spectroscopy 
(SIMS) sputter depth profiling by the Evans 
Analytical Group, East Windsor, New Jersey 
(Wilson et al., 1989). This technique measures ele- 
mental signals while a small cavity (80 x 80 um) is 
slowly etched into the surface of the sample. 
Polished diamond facets provide ideal flat surfaces 
for this analysis so that profiles with high depth res- 
olution can be acquired. Therefore, we could dis- 
cern the chemical composition of any chemically 


distinct layer with a thickness of several nanome- 
ters within the coatings. This analysis was carried 
out using a Phi 6600 quadrupole-based SIMS instru- 
ment. Depth profiles were acquired at one location 
on each diamond using an oxygen ion beam focused 
to a diameter of approximately 10 um. This beam 
was rastered over an area of 50-80 um? with a sput- 
tering rate of 0.2 nm/second depth. This low sput- 
tering rate was necessary to adequately sample the 
very thin coatings on these diamonds. Mass spectra 
were acquired for each sample to detect the chemi- 
cal elements present in the films, and then the most 
abundant signals were selected to be followed in the 
depth profiles. The depth scales were calibrated 
against a SiO, film of known thickness. Note that 
the green stones acquired from the market were too 
small to be tested by this method. 


RESULTS 


Gemological Features. These coated diamonds 
were remarkable for the large variety of natural- 
looking colors (again, see figure 1). All of the com- 
mercial samples except the yellow diamonds were 
strongly saturated, corresponding to the GIA 
grades of Fancy Intense to Fancy Vivid. Most of 
the yellow samples showed some degree of brown 
modifier, and only a few of the blue diamonds had 
a modifying hue. A yellow modifier was seen in 
many of the green and orange diamonds. The 
before/after experiments confirmed the produc- 
tion of yellow, orange, orangy pink, purplish pink, 
and pink colors by this new coating method 
(again, see figure 3; table 1 lists the corresponding 
color grades). It is interesting to note that a Fancy 


TABLE 1. Characteristics of six diamonds before and after coating.@ 


Fluorescence to Fluorescence to 


Sample ie Clarity Color short-wave UV long-wave UV 
no. c 
Before After Before After Before After 
79538 0.36 VS, | Fancy gray-violet Inert Iner Weak blue Weak blue 
79539 0.37 VS, | Fancy Light yellow Weak yellow Weak yellow — Strong blue Strong blue 
79540 0.38 VS, J Fancy Intense Inert Inert Moderate blue Moderate blue, 
orangy pink chalky 
79541 0.34 WS, E Fancy Vivid orange Inert Inert Inert Inert 
79542 0.40 WS, E Fancy Intense pink Inert Inert Weak blue Very weak blue 
79543 0.40 VS, F Fancy Deep Inert Inert Moderate blue Weak blue 
purplish pink 


@ Note that although these six samples were of relatively high color and clarity, the industry typically sends lower-quality diamonds for this coating treatment. 
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Figure 4. An interference-related colored film—here, a 
purple film on a green-coated diamond—was 
observed when the diamonds were viewed with dif- 
fused reflected light. Photomicrograph by W. Wang; 
magnified 105x. 


gray-violet color was produced on sample 79538, 
instead of the pure blue color we observed in many 
samples obtained from the market. Microscopic 
examination did not reveal any damage to the dia- 
monds from this treatment process. 

The color of all the coated samples appeared 
evenly distributed when they were examined face- 
up with magnification and diffused light. However, 
when their pavilion facets were viewed in diffused 
reflected light, the coating was visible as an interfer- 
ence-related colored film on the surface of all sam- 
ples. This feature was particularly evident in the 
green-coated diamonds, which displayed an intense 
purple interference color (figure 4). Often, the color 
appeared bronzy. Randomly distributed colorless 
spots, dark stains, and scratch lines were also 
observed on some coated facets (figure 5), but many 
of the facets did not show such damage. For all the 
samples examined in this study, the coating was 
seen only on the pavilion facets; it was not observed 
on the table or crown facets. 

Unlike natural-color pink diamonds, no pink 
graining was evident in the pink-coated diamonds 
when they were examined with magnification and 
darkfield illumination. Common internal features 
in natural-color diamonds (e.g., the high clarity 
observed in type IIb blue diamonds and the patchy 
distribution of color in natural yellow-orange dia- 
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Figure 5. Colorless spots, dark stains, and scratches 
occurred randomly on some coated facets. Photo- 
micrograph by W. Wang; magnified 112x. 


monds) were generally missing in their coated coun- 
terparts. Instead, inclusions of varying sizes were 
typically seen, indicating the relatively low clarity 
of some of the stones selected for this treatment. 

The coating had little effect on the UV-activated 
fluorescence in the six before/after samples (see 
table 1). After treatment, these six samples exhibit- 
ed the same color of fluorescence to both long- and 
short-wave UV radiation, but the intensity to long- 
wave UV was weaker in two of them (nos. 79542 
and 79543). In addition, chalky fluorescence devel- 
oped in sample 79540 after the treatment. 

Likewise, there seemed to be no correlation 
between UV-activated fluorescence and the coated 
color for the diamonds obtained from the market. 
Blue fluorescence of varying intensity was the 
most common (~80%) reaction to long-wave UV 
among the 102 diamonds, followed by weak yel- 
low fluorescence (~20%). Weak-to-moderate yel- 
low fluorescence to short-wave UV radiation was 
very common (~80%), while some samples 
appeared inert (~15%). 

The DiamondView instrument did not show any 
obvious fluorescence variations on either the table 
or the pavilion after the coating treatment for any 
colors except orange. Before treatment, sample 
79541 showed blue fluorescence in the Diamond- 
View; after the orange coating was deposited, we 
observed a moderately strong orange fluorescence 
from the pavilion. 
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Figure 6. This absorption spectrum of a blue-coated 
diamond in the mid-infrared region shows that it 
is type IaAB with a moderately high to very high 
concentration of nitrogen (>250 ppm) and high 
hydrogen. No boron-related absorption was 
detected in any of the treated blue diamonds. 


Spectroscopic Features. Infrared absorption spectra 
for the 21 randomly selected orange, purple-pink, 
and pink treated diamonds indicated that they were 
all type IaAB with very high concentrations of 
nitrogen. The spectral features of many samples 
(>50%) were similar to those of cape yellow dia- 
monds. Eight blue samples analyzed in this study 
showed moderately high to very high concentra- 


tions (well over 250 ppm; type IaAB) of nitrogen. 
Two of these stones had higher concentrations of 
B-aggregate and were rich in hydrogen, as evi- 
denced by the 3107 cm! peak in figure 6. No 
boron-related absorptions, such as those observed 
in natural or synthetic type Ilb diamonds, were 
detected in any of the blue diamonds analyzed. 
Identical mid- and near-infrared absorption spectra 
were recorded in the six diamonds before and after 
treatment, and all showed cape series features. We 
did not observe any absorption features in these 
regions of the spectrum that could be attributed to 
the coatings. 

Consistent absorption features in the UV-Vis- 
NIR region were recorded from samples of the same 
color categories; typically, they differed from those 
associated with their natural-color counterparts (fig- 
ure 7). Absorption by the N3 system (zero phonon 
line at 415 nm) was detected in all of these samples 
with varying intensity, indicating the natural origin 
of these treated diamonds. The pink-coated dia- 
monds showed an absorption band centered at ~525 
nm that was so broad that a significant amount of 
blue light was absorbed (full width at half maxi- 
mum [FWHM] ~89 nm). A similar broad absorption 
band occurred in the purplish pink diamonds. 
However, the center of this band shifted to ~540 
nm, and it was slightly narrower (FWHM ~82. nm). 
As a result, absorption of blue light was less intense 


Figure 7. The visible spectra of the Serenity coated diamonds (left) exhibited absorption features that were dis- 
tinctly different from the spectra of their natural-color counterparts (right). Spectra are offset vertically for clarity. 
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Figure 8. Backscattered electron imaging taken with 
the SEM reveals a thin film on the pavilion of this dia- 
mond. Some damage to the coating is visible along 
this facet junction. Image by Chi Ma. 


than in the pink-coated diamonds. In the blue 
samples, a broad band extended from 500 to ~700 
nm, with the maximum at ~576 nm—absorbing a 
wide range of visible light and creating a transmis- 
sion window in the blue region. In the orange-coat- 
ed diamonds, we observed a decrease in absorption 
from the UV region to ~560 nm, as well as a weak 
feature at ~530 nm. The yellow-coated diamonds 
displayed a smooth decrease in general absorption 
from the UV region to ~550 nm. Although the other 
coated diamonds showed absorption features in the 
region of 520-580 nm, no such features were 
observed in the yellow-coated diamonds. 

No Raman or photoluminescence signals 
attributable to the coatings were detected. The spec- 
tra before and after treatment were nearly identical. 


Electron Imaging and Chemical Composition. The 
back-scattered electron images generated by the scan- 
ning electron microscope confirmed the presence of a 
thin surface film on the pavilion facets of all three 
diamonds tested (e.g., figure 8). The thickness of the 
coating could not be determined with this technique, 
but these images showed it to be <100 nm. Some vis- 
ible damage to the coating, or lack of deposition, was 
seen along facet junctions of each of the three dia- 
monds. The irregular embayments near the facet 
junctions are not known to occur on the surface of a 
polished diamond, and they are a strong indication 
that a coating has been applied. EDS chemical analy- 
sis detected Fe, Si, O, and C in the orange-coated 
diamond, and Si, Au, O, and C in the pink- and blue- 
coated diamonds. Since these films are very thin, 
the concentrations of these chemical elements could 
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SIMS: PINK-COATED DIAMOND 
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Figure 9. This SIMS depth profile reveals a silicon 
dioxide (SiO,) coating with oscillating metal-bearing 
layers (Au>Ag) on one of the pink samples. The ele- 
mental intensities are shown on a logarithmic scale. 


not be determined reliably. Only carbon was detected 
on the crown facets. 

Using EDXRF analysis, we detected Fe and Si in 
an orange-coated diamond, and Au and Si in the 


Figure 10. The SIMS depth profile of a blue coating 
shows similar chemical components as in the pink 
film, but with the added presence of Ti. (The boron 
signal is likely due to contamination.) However, the 
signal intensity of Ag is much higher than that of Au, 
and parallel trends for Al and Ti are observed. The 
blue coating also exhibits fewer variations in the 
apparent number of film layers. The elemental inten- 
sities are shown on a logarithmic scale. 
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SIMS: YELLOW-COATED DIAMOND 
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Figure 11. In the yellow coating, the concentration of 
Ag is very high, while Au is virtually undetectable. 
Unlike the other colors analyzed, the outermost layer 
(~6 nm) of the yellow coating appears to contain 
carbon. Two isotopes of silver (!%Ag and !%Ag) were 
identified for this sample. The elemental intensities 
are shown on a logarithmic scale. 


blue, pink, and purple-pink diamonds, similar to the 
observations of other researchers (Kitawaki, 2007). 
Signals of Fe and Au were usually very clear. 
Although Si has been shown by other techniques to 
be a major element of the coating, with this type of 
analysis it appeared as a weak “shoulder” beside a 
strong diffraction peak. 

The depth profiles as measured by SIMS 
showed that these films, except the orange, consist 
of silicon and oxygen (likely as SiO,) with various 
impurity elements added as coloring agents (fig- 
ures 9-12). The interface between the coating and 
the diamond is marked by an increase in the inten- 
sity of the carbon signal, which then levels off 
within the diamond. 

In the pink-coated diamond, Au had a higher 
intensity than Ag in the SiO, film (figure 9). 
Oscillations in the Au and Ag intensities with 
depth indicate that the film is composed of three 
SiO, layers (about 30 nm total thickness) that con- 
tain varying amounts of Au and Ag. A very thin 
layer of Al metal appears to be present between the 
diamond and the SiO, layers. 

The blue-coated diamond had a SiO, layer only 
14 nm thick that was doped with both Au and Ag 
(figure 10); Al is evident as well. This film also con- 
tained significant Ti. A very weak boron signal was 
also seen in the blue coating; this likely is due to 
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Figure 12. The orange coating was the only color ana- 
lyzed that had a surface layer of iron oxide (likely as 
Fe,O,). Beneath the iron oxide layer is a SiO, film and 
an Al adhesion layer. The orange coating contains 
virtually no Au or Ag. The elemental intensities are 
shown on a logarithmic scale. 


contamination. Its intensity decreased gradually 
with depth before reaching the diamond, and then 
it decreased sharply. In addition, there was no 
increase in boron intensity as the sputtering ion 
beam reached the diamond surface, whereas the 
intensity of carbon increased gradually. 

The SiO, film of the yellow-coated diamond was 
found to be Ag-doped, with virtually no Au detected 
(figure 11). It is interesting to note that a high con- 
centration of carbon was observed in the outermost 
layer of the coating. After attaining a maximum in 
the near-surface region, the intensity of the carbon 
signal decreased with increasing sputtering depth 
before reaching the diamond—a profile that was not 
observed for other elements including Si. An ~9 nm 
layer of Al and Ti was identified between the SiO, 
coating and the diamond. The total thickness of the 
coating on the yellow diamond was about 52. nm. 

In contrast to the other colored samples, the orange- 
coated diamond had a surface coating of nominally 
undoped iron oxide approximately 39 nm thick (figure 
12). Beneath the iron oxide film was a SiO, film about 
19 nm thick, with an underlying Al layer of ~4 nm. 


DURABILITY TESTING 

When a new gem treatment method is introduced, 
inevitably the question arises “Is it durable?” To test 
this, we set up a limited series of experiments that 
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which gives readings which are both more 
intense (as a result of the reduction in the 
number of glass-air surfaces) and at the 
same time more accurate than those from 
any comparable refractometer of more con- 
ventional design. The Gem Refractometer, 
complete with instructions for use, contact 
liquid, and box, sells for the remarkably 
low price of $29.00. 


THE ANALYZING 
REFRACTOMETER 


The clarity and accuracy of readings of 
the Gem Refractometer have made possible 
a significant extension of the use of the re- 
fractometer in gem testing. As a course of 
investigation the authors undertook to com- 
bine the principle of the refractometer with 
that of the polariscope in the hope of ob- 
taining a further analysis of the refractive 
index readings. This combination had been 
tested some ten years ago, with negative 
results on the refractometers then available. 
Also, it had been used by Cutler West in 
1938 to obtain sharper readings from thin 
plastic films. When the polariscope principle 
was combined with the newly developed 
Gem Refractometer the anticipated results 
were achieved. The new instrument result- 
ing from these developments is called the 
Analyzing Refractometer; it enables one to 


make the following determinations for any 
gem whose tefractive index is not over 1.80: 

1) Refractive Index of isotropic material, 
w and e indices for uniaxial minerals, @r 8 
and Y indices of biaxial gems. 

2) Isotropic or anistropic or. crypto- 
crystalline. 

3) Presence of anomalous double re- 
fraction. 

4) Birefringence (accurate within .002 
in most cases). 


5) Birefringence of cryptocrystalline 
material. 
6) Optic character (uniaxial, biaxial, 


positive or negative). 

7) Estimate of 2V in special cases. 

The above determinations may be made 
on opaque as well as transparent material, 
mounted or unmounted, and hence furnish 
information heretofore unobtainable with 
any other gem testing instruments. Not all 
of the above information can be obtained 
with cabochon cut gems, but at minimum 
the accurate R. I. and approximate bire- 
fringence of cabochon stones can be ob- 
tained. The above information is sufficient 
to identify over 95% of all gems, without 
further tests other than ascertaining that 
the gems are neither synthetic nor assem- 
bled. 

It has long been known that the shadow 
edges seen in the refractometer are produced 


The New Gem Refractometer 


focused mainly on the conditions such treated dia- 
monds might encounter in real-life situations. The 
tests included controlled heating; standard jewelry 
setting, repair, and cleaning procedures; exposure to 
common household cleaners; and scratching. 


Methods. Controlled Heating. Controlled heating 
experiments were performed using a Lindberg/Blue M 
Moldatherm box furnace. One sample of each color 
(pink, purple-pink, yellow, green, blue, and orange) 
was heated at 300-800°C for 30 minutes in air, with a 
100°C increment between each step. In each experi- 
ment, the target temperatures were reached and then 
the samples were placed in the oven. 


Jewelry Setting, Repair, and Cleaning. Three coated 
samples (pink, blue, and orange) were exposed to a 
series of procedures designed to assess this treat- 
ment’s durability to standard jewelry manufactur- 
ing, repair, and cleaning practices. The samples had 
to be larger than 0.30 ct to fit in a standard solitaire 
setting that would allow adequate viewing of the 
pavilion. After each test, the stones were examined 
carefully with a standard gemological microscope 
and photographed as appropriate. Only one of the 
stones (the pink) was used for the rhodium plating 
test, and seven other coated diamonds were exposed 
to sulfuric acid. 


1. Setting: The diamonds were mounted in standard 
14K white gold rings, the prongs filed, and then one 
pavilion facet of each mounted diamond was pol- 
ished using a wheel charged with a Tripoli or Rouge 
compound for about 5 seconds (as would be the case 
if the jeweler inadvertently touched the stone while 
polishing a prong). 


2. Retipping of Prongs: The procedures used were simi- 
lar to those previously performed on lead glass—filled 
rubies (McClure et al., 2006): 


A. The rings were soaked in a borax solution and 
gently heated. A small bead of low-temperature 
solder (“easy flow,” melting temperature 621°C 
[1150°F]) was dipped in Battern’s flux (a mixture 
of borax and ammonium chloride) and placed 
on top of a prong. Using a bench jeweler’s torch, 
the solder was heated until it flowed around the 
broken prong. 


B. Following the same procedure, a high-tempera- 
ture solder (“hard flow,” melting temperature 
788°C [1450°F]) was tested on a different prong, 
where the adjacent coating seemed undamaged. 


C. A small drop of Battern’s flux was placed on the 
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coating and the stone was heated to the melting 
temperature of the low-temperature solder. 

3. Rhodium Plating: This simple electrode plating 
process for white-metal jewelry involves immers- 
ing the set object in a sodium hydroxide bath, as 
well as in a sulfuric acid bath containing dissolved 
rhodium. In both baths, the jewelry serves as an 
electrode with current passing through it. The ring 
set with the pink-coated diamond was plated and 
cleaned with ultrasonic and steam cleaners. 

4. Steam Cleaning: A standard steam cleaner (40-50 
psi) was used on the three mounted diamonds, held 
~2.5 cm from the nozzle for 10-30 seconds. 

5. Immersion in a Pickling Solution (Sodium 
Bisulfate): The three rings were immersed for one 
minute in a warm pickling solution after the low- 
and high-temperature retipping processes, and then 
steam cleaned for a several seconds. 

6. Exposure to Sulfuric Acid: Seven other coated dia- 
monds were boiled in sulfuric acid for 30 minutes, a 
method commonly used to clean master stones. We 
included one sample of each color (two were pink). 
Except for one orangy pink sample (0.50 ct), all of 
these samples were small (0.01-0.07 ct). 


Exposure to Common Household Cleaners. The 
durability of 15 coated diamonds (pink, yellow, 
green, blue, and orange) was tested by exposure to 
kitchen detergent (water-diluted Palmolive}, rubbing 
alcohol (isopropyl), acetone (reagent grade), and 
bleach (undiluted Clorox, which is 5.25% sodium 
hypochlorite). The diamonds were immersed in each 
substance and removed for observation after one 
minute, 5 minutes, and every 10 minutes up to one 
hour, then every hour for 6 hours. Another observa- 
tion was made after 24 hours of immersion, and the 
last was made after 48 hours. All samples were then 
reimmersed and transferred to an ultrasonic cleaner 
for 60 minutes. Note that the limited time span of 
the testing may not correlate with the long-term 
durability of the coatings. 


Scratch Tests. We tested seven coated diamonds of 
pink, blue, and orange colors using the following 
materials: a household sandpaper (Mohs hardness ~ 
9), a synthetic corundum boule (Mohs hardness = 9), 
an abrasive powdered cleanser (Mohs hardness ~ 7), 
and a stainless steel needle (Mohs hardness ~ 5.5). 
The coated surface was gently rubbed against these 
materials. The powdered cleanser was made into a 
slurry and spread on a cloth, and the diamonds were 
gently rubbed between two layers of the cloth for 10 
minutes. 
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TABLE 2. Summary of durability tests on different colors of coated diamonds. 


Testing method Blue Green Orange Pink Purple-Pink Yellow 
Jewelry setting and repair 
Controlled heating No damage No damage No damage No damage No damage No damage 
in air up to 500°C 
(figure 13) 
Controlled heating Color became pink — Cloudy appearance ~Cloudy appear- Cloudy appear- Cloudy appear- Cloudy appear- 
in air from 600°C to at 600°C; cloudy ap- at 700°C, coating ance, coating ance, coating ance, coating ance, coating 
800°C (figure 13) pearance at 800°C loss at 800°C loss at 800°C loss at 800°C loss at 800°C loss at 800°C 
Setting—filing No damage N/T@ No damage No damage N/T. N/T 
Setting—polishing No damage N/T. No damage No damage N/T N/T 
(Tripoli or Rouge on 
metals) 
Setting—polishing Damaged N/T Damaged Damaged N/T N/T 
(Tripoli or Rouge on 
a pavilion facet; 
igure 15) 
Retipping—low- Color changed N/T. Burned appear- Reacted to N/T N/T 
temperature (easy (figure 16)/reacted ance (figure 17) _ flux (figure 18) 
low) solder to flux 
Retipping—high- Color changed N/T Changed color/  Reacted to N/T N/T 
temperature (hard (figure 16)/reacted burned appear- flux (figure 18) 
low) solder to flux ance (figure 19) 
Exposure to Reacted N/T N/T Reacted N/T N/T 
Battern's flux (figure1 8) 
Rhodium plating N/T N/T N/T Dissolved (fig- — N/T N/T 

ures 20 and 21) 
Jewelry cleaning 
Steam cleaning No damage N/T No damage No damage N/T N/T 
(10-30 seconds) 
Pickling solution No damage N/T No damage No damage N/T. N/T 
(one minute) 
Sulfuric acid bath Damaged Damaged Damaged Damaged Damaged Damaged 
(boiling; 30 minutes) (figure 22) 
Ultrasonic cleaning No damage No damage No damage No damage No damage No damage 
Exposure to household chemicals 
Kitchen detergent No damage No damage No damage No damage N/T No damage 
(diluted Palmolive) 
Isopropyl alcohol No damage No damage No damage No damage N/T No damage 
Acetone No damage No damage No damage No damage N/T No damage 
Bleach (undiluted Color changed Color changed No damage No damage N/T Color changed 
Clorox—two days) (figure 23) (figure 23) 
Scratch tests 
Sandpaper (3M Scratched N/T Scratched Scratched N/T N/T 
Wetordry Tri-M-ite 
silicon carbide paper) 
Synthetic corundum Scratched N/T Scratched Scratched N/T N/T 
boule 
Powdered cleanser Scratched N/T Scratched Scratched N/T N/T 
slurry (Waxie brand) (figure 24) 
Stainless steel Not scratched N/T. Not scratched Not scratched N/T N/T 


needle point 


a N/T = not tested. 


Results. The results of the durability testing are list- 
ed in table 2. and summarized below. 


Controlled Heating. All colors remained virtually 
the same up to 500°C (figure 13). Only the blue- 
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coated stone turned pink after heating at 600°C. 
However, severe damage to the coatings (as well as 
the diamonds) was observed after heating at 
700-800°C: Almost all samples became cloudy, 
and on all of them microscopic examination 
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revealed that most of the coating had peeled off, 
with only small remnants remaining (figure 14). It 
should be mentioned that even untreated diamonds 
would display surface damage if heated at this tem- 
perature in air. 

Epelboym et al. (2006) studied the impact of 
annealing similar coated diamonds in a vacuum, 
which reduced the effects of oxidation. They report- 
ed that while some stones began to change color at 
temperatures as low as 300°C, most changed color 
at 900-1000°C. 


Not 
heated 
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Jewelry Setting, Repair, and Cleaning. No damage 
was noted from the filing or polishing of the prongs, 
but the coatings on all three diamonds were removed 
where the pavilion facet was polished with a wheel 
charged with either Tripoli or Rouge (figure 15). 

The most dramatic changes during retipping 
were seen in the blue-coated diamond. This Fancy 
gray-blue sample turned Fancy purplish gray after 
the low-temperature solder procedure (figure 16). 
This is not surprising, given the results of the heat- 
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. ing tests (again, see figure 13). The blue-coated dia- 

mond turned pink at 600°C, and the easy-flow sol- 

der has a nominal melting temperature of 621°C. 

aa & => & } The orange coating showed a burned appearance on 

a relatively large area adjacent to the retipped prong 


(figure 17). The pink-coated diamond did not show 


any obvious color alteration after retipping with 
either type of solder. However, the pink and blue 
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Figure 13. Heating of the coated diamonds in air 
demonstrated that the coatings are stable up to 
500°C, as shown here, but substantial change could 


occur between 600°C and 800°C. The blue coating Figure 15. Note the difference in reflection on this 
turned pink after heating at 600°C for 30 minutes. pavilion facet of the orange sample after polishing 
Composite photo by Jessica Arditi. (with Tripoli), which removed the coating where it 
touched the stone. Photomicrograph by A. H. Shen; 
magnified 40x. 


Figure 14. After heating at 800°C for 30 minutes, 
most of the green coating peeled off this diamond and 
only a small portion remained. Photomicrograph by 
W. Wang; magnified 70x. 
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coatings reacted with the Battern’s flux, as shown 
by mottled features that did not exist before testing 
(figure 18). 

After the higher-temperature retipping process, 
the blue-coated diamond appeared more purple, but 
retained its equivalent grade of Fancy purplish gray 
(again, see figure 16). The original Fancy Vivid 
orange sample changed to a Fancy Intense yellowish 
orange and had a burned appearance (figure 19). 

After retipping and rhodium-plating, the pink- 
coated diamond remained Fancy Intense pink, but 
there was a slight change of color and obvious damage 
to the surface (figure 20), as the film showed signs of 
dissolution (figure 21). This is not surprising because 
the coating can be completely dissolved in strong sul- 
furic acid, as described below. 

No damage was seen in any of the stones with 
steam cleaning, ultrasonic cleaning, or immersion 


Figure 17. The film on the orange-coated diamond was 
damaged (“burned”) over a relatively large area during 
the retipping process with a low-temperature solder. 
Photomicrograph by A. H. Shen; magnified 20x. 


Figure 16. Retipping of a 
prong with a low-temper- 
ature solder caused a pro- 
nounced change in the 
appearance of this 0.36 ct 
coated diamond, from 
Fancy gray-blue (left) to 
Fancy purplish gray (cen- 
ter). The subsequent use 
of high-temperature sol- 
der caused the color to 
become slightly more 
purple (right). Photos by 
Jian Xin (Jae) Liao (left) 
and Robison McMurtry 
(center and right). 


in a pickling solution. However, boiling in sulfuric 
acid entirely removed the coatings from six of the 
seven samples, restoring their original light yellow 
or light brown coloration (e.g., figure 22). However, 
a very light pink hue was preserved in the purplish 
pink coated diamond, and examination with the 
microscope revealed some coating remnants. In 
comparison, examination of such coated dia- 
monds at intervals shorter than 30 minutes by Kita- 
waki (2007) found no effect after three minutes of 
boiling with aqua regia (25% nitric acid and 75% 
hydrochloric acid) and no macroscopic evidence of 
damage after 10 minutes of boiling. 


Exposure to Common Household Cleaners. There 
was no observable damage to the pink and orange 
coatings with exposure to the various chemicals. 
The blue, green, and yellow samples were stable in 


Figure 18. Exposure to Battern’s flux, which was used 
during the retipping process, caused a mottled appear- 
ance on this area of the pavilion in the pink-coated 
stone. Photomicrograph by A. H. Shen; magnified 40x. 
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Figure 19. This orange-coated diamond (0.30 ct) was 
Fancy Vivid orange before the retipping test, but 
changed to Fancy Intense yellowish orange during 
exposure to the high-temperature solder. The sample 
also developed a burned appearance. Photos by Jian 
Xin (Jae) Liao (left) and Robison McMurtry (right). 


the detergent, alcohol, and acetone, but the colors of 
all three had faded after two days of immersion in 
the bleach (e.g., figure 23). Although prolonged expo- 
sure to bleach for this amount of time is unlikely in 
normal household use, regular exposure over 
months or years could produce the same result. 


Scratch Tests. The stainless steel needle did not 
scratch the coatings, but the sandpaper, the tip of 
the synthetic corundum boule, and the powdered 
cleanser slurry did cause damage. For example, after 
the stones were rubbed with a powdered cleanser 
slurry, their coatings showed a mottled pattern (fig- 
ure 24). According to the Materials Safety Data 


Figure 21. After the rhodium plating process, this 
pavilion facet on the pink-coated diamond in figure 20 
showed damage that was not evident prior to the test. 
The pattern on the area adjacent to the girdle suggests 
dissolution of the coating. Photomicrograph by A. H. 
Shen; magnified 40x. 
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Figure 20. These images show that the jewelry repair 
tests had some effect on this 0.40 ct pink-coated dia- 
mond’s apparent color. While the stone was graded 
Fancy Intense pink both before and after the tests, fol- 
lowing rhodium plating approximately 10% of the sur- 
face showed evidence of damage in the form of uneven 
color distribution (see, e.g., circled areas). Photos by 
Jian Xin (Jae) Liao (left) and Robison McMurtry (right). 


Sheets (MSDS) database, the powdered cleanser we 
used contained a bleach agent, calcium carbonate, 
and crystalline silica. 


DISCUSSION 


Nature of the Treatment. Diamond treatments to 
alter color are now routine. Well-known methods 
include irradiation (with and without subsequent 
heat treatment) and HPHT annealing. The treated 
colors produced by these methods generally are 
caused by defects similar to those present in natural 
diamonds. Consequently, most such treated colors 
are considered permanent with respect to the condi- 


Figure 22. When this pink-coated diamond (0.50 ct) 
was boiled in sulfuric acid for 30 minutes, the 
coating was completely removed and the sample 
regained its original light yellow coloration. Photos 
by Jian Xin (Jae) Liao. 
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tions that a diamond would be subjected to during 
jewelry manufacture, repair, cleaning, and wear. In 
contrast, the treated diamonds in this study all 
received their perceived color from the presence of a 
thin coating, as confirmed by microscopic examina- 
tion as well as SEM and SIMS analyses. Compared 
to some other coatings seen in the laboratory, the 
Serenity Technologies coating appeared to be very 
even, and the numerous colors produced were quite 
natural. Strong saturation was seen in all the hues 
except yellow. 

The consistently high concentrations of Si and O 
in all the coatings demonstrate that the film has 
SiO, as a major component, while other metals or 
metal oxides appear to have been intentionally 
introduced as dopants or additional layers. Au 
and/or Ag likely are the major dopants in the pur- 
ple-pink, blue, and yellow diamonds, while a high 
content of Fe was detected in an orange diamond. 
These thin coatings have strong selective absorp- 
tions in the visible light region, which induce the 
various colors that are observed. These observations 
are consistent with a recently published patent 
application (Neogi and Neogi, 2006). 

According to the SIMS analyses, the coatings are 
very thin (<60 nm). Interference of light reflected 
from the coating surface and from the interface with 
the diamond creates the colors observed with dif- 
fused reflected light (again, see figure 4). However, 
the presence of the thin coatings cannot be detected 
using standard techniques for recording Raman spec- 
tra or infrared absorption spectra. The sampling 
depth of the Raman microspectrometer used in this 
study is ~3 um, which is about two orders of magni- 
tude thicker than the coatings. As a result, the 
Raman spectra were dominated by the underlying 
diamond, and no scattering signal could be detected 
from the coatings. Although many details, such as 
the presence of a silica layer and gold impurities, cor- 
respond to those reported by Epelboym et al. (2006), 
this study could not confirm their observation of a 
Raman peak associated with silicon carbide (SiC). 

The SIMS depth profiles showed gradual, rather 
than abrupt, changes in the elemental concentra- 
tions at the transition between the coating and the 
diamond. However, this should be interpreted as an 
artifact of the SIMS sputtering method and resolu- 
tion. In reality, there is likely a distinct interface 
between the coating and the diamond, with no sig- 
nificant interdiffusion of the elements. 

Metal layers in these coatings are commonly 
used to help the subsequent nonmetal layers 
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Before 


Figure 23. The coatings were removed from these dia- 
monds (0.01—0.02 ct) by immersion in undiluted 
Clorox bleach for 48 hours. Top—a Fancy Deep green- 
yellow diamond (left) received a color grade of N on 
the D-Z color scale (right). Bottom—a Fancy Light yel- 
low diamond (left) was graded V color (right). Photos 
by Robison McMurtry. 


adhere to the underlying substrate material 
(Mattox, 1998). Most commonly, Cr, Ti, or Pt have 
been used as adhesion promoters; however, thin 
films of these metals may be more opaque than Al 
(Ohring, 1992). Very thin layers of Al and/or Ti 
(several nanometers) detected immediately above 
the diamond surface on all the samples we tested 
by SIMS were probably applied to help the coatings 


Figure 24. A mottled pattern was evident on this 
pavilion facet of a pink-coated diamond after being 
rubbed with a slurry of a powdered household 
cleanser for 10 minutes. Photomicrographs by A. H. 
Shen; magnified 40x. 


SPRING 2007 29 


GEMS & GEMOLOGY 


Figure 25. Sometimes surface features on the pavilion 
of a diamond are more visible when viewed through 
the table, as with these scratches in the coating on a 
0.59 ct stone. Photomicrograph by S. F. McClure; 
magnified 26x. 


adhere to that surface. The authors also detected a 
similar thin layer of Al in a pink diamond coated 
with CaF,. We believe that the improved binding 
between the diamond and the coating that results 
from the use of metal adhesive layers is responsible 
for the greater evenness in color along the facet 
junctions than earlier coatings seen in the GIA 
Laboratory. 


Identification. Microscopic examination should be 
the first step in the identification of any colored dia- 
mond. Unlike some of the pink CaF,-coated dia- 
monds, which could be difficult to detect with mag- 
nification, these silica-coated diamonds typically 
may be identified by an experienced gemologist using 
a gemological microscope. First, since these coatings 
were only found on the pavilion, it is important to 
examine the entire diamond when looking for treat- 
ment. Many gemologists will inherently begin exam- 
ination of any stone with the microscope by looking 
at and under the table facet using darkfield illumina- 
tion. What they often do not do is look deeper 
through the table to the pavilion. This type of exami- 


nation is useful for several identification scenarios, 
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but coatings in particular are often more visible in 
this viewing geometry (figure 2.5). 

Flipping the stone over and examining the surface 
of the pavilion with diffused reflected light has 
proved to be the best method of detecting these coat- 
ed diamonds. Transmitted light is also very helpful. 
With these two techniques, the coating is revealed by 
interference-related colors (again, see figure 4) or a 
bronze appearance at the surface (figure 26), small 
uncoated areas or irregularities in the coating (figures 
27 and 28), and damage to the coating such as 
scratches or abrasions along facet junctions or else- 
where (figure 29). Additionally, the GIA sample that 
received an orange coating (no. 79541) showed 
whitish marks that made the stone look as if it need- 
ed to be cleaned, but they could not be wiped off (fig- 
ure 30). These methods are similar to those recom- 
mended by Miles (1962 and 1964) for coated dia- 
monds seen in the 1950s and ’60s, which are also 
used to detect coatings on other gems, such as “Aqua 
Aura” quartz (Kammerling and Koivula, 1992). For 
additional confirmation, immersion in methylene 
iodide shows concentrated color in the surface region. 

Part of the normal testing procedure for a pink 
diamond is to check for colored graining and the 
strain patterns typically associated with it. As stated 
earlier, the Serenity Technologies coated pink dia- 
monds did not show any evidence of colored grain- 
ing. However, a number of the CaF, coated diamonds 
we have seen (including some of those in figure 2) did 
display planar brown graining with associated strain 
patterns. We emphasize this as a word of caution, for 
if a gemologist was not careful, he or she might easily 
mistake this for the graining and strain present in 
most natural pink diamonds. Light brown diamonds 
typically show these features, and we believe these 
stones are likely candidates for coating. 

By the same token, there is no assurance that a 
pink diamond that does not display colored graining 
or strain patterns is treated based on this fact alone. 


Figure 26. These coatings often 
have a bronze-colored appear- 
ance when viewed in reflected 
light (left), which makes their 
presence obvious when com- 
pared to the reflected-light 
appearance of an uncoated 
facet, here seen on the crown 
of the same diamond (right). 
Photomicrographs by S. F. 
McClure; magnified 23x. 
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Figure 27. Occasionally, areas are left uncoated on 
these diamonds and can have several different appear- 
ances. Here, with reflected light, they are visible as 
rectangular patches on a blue-coated stone. 
Photomicrograph by John I. Koivula; magnified 10x. 


A rare type of natural pink diamond, often referred 
to as a “Golconda pink,” can follow this scenario, in 
which case the UV fluorescence becomes impor- 
tant. These diamonds fluoresce orange to both long- 
and short-wave UV radiation (stronger to long- 
wave), which would be an unlikely scenario for a 
coated diamond. 

Other techniques that we used to characterize 
the coatings, such as SEM and SIMS, also can iden- 
tify the presence of this treatment, but they are not 
available to the vast majority of gemologists and are 
not necessary. However, an anomalous IR or UV- 
Vis spectrum should alert the gemologist to the pos- 
sibility of treatment, and EDXRF analysis will help 
determine if the coating is primarily CaF,, SiO,, or 
some other material. 


Coating Durability. The color permanence of these 
diamonds is entirely determined by the durability of 
the coatings—how stable the films themselves are 
and how strongly they adhere to the diamond’s sur- 
face. SiO, films, occurring either as amorphous sili- 
ca or as quartz, have a Mohs hardness close to 7, 
which is significantly higher than the hardness of 4 
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for the CaF, diamond coating described by Evans et 
al. (2005), but considerably lower than that of dia- 
mond (10). Therefore, it was not surprising that 
these coatings were not damaged by scratching with 
a metal needle (~5.5 hardness), while the CaF, coat- 
ings we examined in the GIA Laboratory did show 
signs of damage when similarly tested. SiO, is also 
chemically more stable than CaF,, but it still can be 
damaged by strong chemical solutions and harder 
materials such as abrasive cleaners. 

The limited durability of coated diamonds, as 
revealed in this study and others (e.g., Epelboym et 
al., 2006; Kitawaki, 2007), is expected in accordance 
with the kind of coating material applied. When 
working with these coated diamonds, jewelers must 
be careful not to directly expose them to high heat 
and polishing compounds, to rhodium plating, or to 
cleaning in a sulfuric acid bath. Retailers should 
advise consumers not to wear the diamonds on 
their hands while doing household chores that 
involve bleach or abrasive cleansers. 


Color Origin of the Coatings. Recently, SiO, films 
doped with Au and Ag have been extensively inves- 
tigated for their interesting optical properties (Liz- 
Marzan, 2004; Yu et al., 2005; Armelao et al., 2006). 
When SiO, is doped with Au and then heated, the 
Au forms uniformly spaced nanoparticles within 
the film that create an apparent color due to Mie 
scattering (Simmons and Potter, 2000). Since the 
concentrations obtained from SIMS were not cali- 
brated against known samples, it is difficult to cal- 
culate the exact composition of the coatings. In 
addition, one major drawback of SIMS is that sensi- 
tivity factors used to translate measured counts to 
actual concentrations may differ between elements 
by many orders of magnitude. However, Au and Ag 
have approximately equal sensitivity factors, so 
their relative intensities reasonably can be com- 
pared. Additionally, the presence of Au and Fe in 


Figure 28. Reflected 
light (left) and transmit- 
ted light (right) can both 
be used to see the small 
rounded uncoated areas 
on these diamonds. 
Photomicrographs by 
John I. Koivula (left, 
25x) and S. F. McClure 
(right, 23x). 
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Figure 29. Scratches or other damage to a coating 
often make it easier to detect. Photomicrograph by 
S. F. McClure; magnified 35x. 


the EDS and EDXRF analyses confirmed that these 
elements are major components of the coatings. 
Finally, it is important to reiterate that these analy- 
ses are based on depth profiles obtained at one loca- 
tion of one diamond for each color of coating. 


Pink Coating. It has been reported that Au-doped 
films heated to 500°C acquire a light pink color due 
to an absorption peak at 533 nm (Yu et al., 2005). 
This is consistent with the absorption spectra of our 
pink-coated diamond (figure 7) and the concentration 
profile shown in figure 9. Interestingly, Au was first 
added to glass in Roman times to cause a red color 
(Wagner et al., 2000). Deposition of these thin films 
to create fancy-color diamonds therefore appears to 
be a modern application of an ancient practice. 


Blue Coating. As the concentration of Ag nanoparti- 
cles increases within silica, the absorption band 


Figure 30. The numerous irregularities on the surface 
of this orange-coated sample made the diamond 
appear to need cleaning, but the marks did not wipe 
off. Photomicrograph by S. F. McClure; magnified 22x. 
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shifts toward the red region of the spectrum, to as 
high as 600 nm (Link and El-Sayed, 1999). This 
would make the color of the film appear blue. The 
intensity of the Ag signal (in absolute counts) in the 
blue film was the highest of any of the doped silica 
films we measured, and the blue color may be due 
to a high concentration of nanoparticles of Ag with- 
in this film (Link and El-Sayed, 1999). The change of 
color from blue to pink with heating at 600°C (fig- 
ure 13) may indicate that such a nanoparticle con- 
figuration is unstable at these temperatures, possi- 
bly reverting to a more dispersed form similar to 
that of the pink film. 

The apparent color of the blue-coated diamonds is 
not derived from boron. Extensive infrared absorption 
analysis confirmed that all the blue diamonds in this 
study were type IaAB with significant amounts of 
nitrogen (e.g., figure 6). None of the samples dis- 
played electrical conductivity or exhibited any boron- 
related absorption features in their visible or infrared 
spectra. These observations rule out any involvement 
of ion-implantation of boron in this treatment. 
Additionally, these diamonds probably will not be 
confused with natural type Ia nonconductive gray-to- 
blue diamonds (see, e.g., Fritsch and Scarratt, 1992). 
In our experience, most of those diamonds show vio- 
let, gray, or greenish overtones and do not show the 
same blue hues that are observed in type IIb dia- 
monds or these blue-coated diamonds. 


Yellow Coating. Silver was the major dopant in the 
SiO, film, and Au was not detected by SIMS. It is 
unclear if the elevated carbon peak near the surface 
is intentional or due to contamination, and addi- 
tional experiments are needed to make that deter- 
mination. Silver doping of silica produces nanoparti- 
cles with an absorption peak near 411 nm, which 
may cause the samples to appear yellow (Scalisi et 
al., 2004). This is not entirely consistent with the 
gradual increase in absorption from ~550 nm to 
lower wavelengths observed in this study (again, see 


figure 7). 


Orange Coating. In contrast to the other colors, in 
which silica was the major component of the films, 
SIMS analysis revealed a high concentration of Fe in 
the orange coating. Deposited films of Fe,O, appear 
brown or red-brown, whereas films of FeO and 
Fe,O, are black (Peng et al., 2003). Therefore, it is 
reasonable to surmise that the coating on the 
orange diamond is composed of Fe,O,, with the 
thickness tailored to produce a desirable orange 
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color. Unfortunately, we could not measure the oxi- 
dation state of the iron, which would have con- 
firmed this identification. 


GEMOLOGICAL REPORTING 
ON COATED DIAMONDS 


Due to the unstable nature of diamond coatings and 
the fact that a foreign material has been applied to 
the pavilion facets, all coated diamonds submitted 
to the GIA Laboratory are issued an identification 
report, but not a quality grading report. No color 
grade is provided. The identification report states 
that the diamond is “Surface Coated” and provides 
information about the diamond’s carat weight, cut- 
ting style, and measurements. An additional com- 
ment explains that “A foreign material has been 
artificially applied to the surface, which precludes 
quality analysis.” Other laboratories have similar 
practices and have indicated that coated diamonds 
either will not be issued a grading report (Kitawaki, 
2007) or will be reported as “color-treated” (Epel- 
boym et al., 2006). 


CONCLUDING REMARKS 


A new coating method has been developed to 
change the apparent color of diamonds. The col- 
oration appears evenly distributed, and several col- 
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by light which has been modifted. in the 
specimen being tested. This was pointed out 
as early as 1906 in Pockel’s Lehrbuch der 
Kristelloptik, and reemphasized by Schloss- 
macher in his 1932 revision of Bauer’s 
Edelsteinkunde. The explanation of this 
modification of the shadow edges by the 
specimen and the further modification oc- 
curring in the Analyzing Refractometer are 
too complex to be attempted in this paper; 
however, the results obtained with the 
Analyzing Refractometer are easily explain- 
ed and interpreted. 


Crossed polarizers, one before the aper- 
ture of the Analyzing Refractometer and 
one over the eyepiece, furnish an extinc- 
tion position comparable to that achieved 
with the crossed polarizers in a polariscope. 
When a doubly refractive specimen is 
placed in suitable contact with the surface 
of the dense glass of the Analyzing Re- 
fractometer, the effect is that of a light bar 
between two dark fields; i. e., the two in- 
dices (of the fast and slow rays) are joined 
by a bright area of light. This bar shows 
directly both the high and low indices and 
the birefringence of the gem for that partic- 
ular orientation. Furthermore, the behavior 
of the bar of light, when the stone is rotated 
on the glass surface, allows the determina- 
tion of optic character. When no bar is 
seen, the specimen is either isotropic or is a 
doubly refractive substance with an optic 
axis lying in the plane of contact with the 
dense glass and parallel to the optic axis of 
the refractometer. The reading almost dis- 
appears as the shadow edge can be seen 
only faintly. However, with many singly ,re- 
fractive stones, enough anomalous double 
refraction is present to produce a light 
line at the normal position of the refractive 
index shadow edge. As would be expected 
from an analysis of the nature of anomalous 
double refraction, the bright line in this 
case is too narrow to measure, proving the 
presence of double refraction, but with bire- 


fringence approaching zero. 


When, upon rotation of the specimen, 
one side of the birefringent bar remains 
fixed in all positions of the specimen, the 
material is uniaxial. If the lower index side 
of the bar (the fast ray of the mineral) is 
fixed, the fast ray is proved to be the or- 
dinary ray, and the mineral is positive in 
sign. When the higher edge of the bire- 
fringet bar is fixed during rotation, the 
ordinary ray is the slow ray and the sign 
is negative. 

When both edges of the birefringent bar 


shift during rotation of the specimen, the 
mineral is biaxial. During a rotation of 
180° a low point for the low index and 
a high point for the high index will be 
reached. These points may be at the same 
rotational position of the specimen, or at 
90° from one another, depending upon 
orientation. In either case, the lowest read- 
ing seen during rotation is @ and the high- 
est is Y . The second reading seen in each 
position of the stone represents an inter- 
mediate index of refraction; of the two 
intermediate readings thus obtained one is 
B and the other 8, or “false § .” If it is 
desired to determine the optic sign of a 
biaxial mineral, it will in some cases be 
necessary to use a second facet at as great 
an angle as possible from the first and obtain 
a second series of readings. In this second 
position, @ and y ate again obtained by 
rotation, as are B and B 2. a and Y will 
be identical with these obtained in the first 
position, and of the four readings for B 

thus obtained two will be identical and will 
be the true value for 6 If this value.of B 
is nearer that of & , the sign is positive, if 
nearer that of Y , the sign is negative. 


For most minerals used as gems, 2V 
is a relatively small angle, and the values 
of both Bo and Bi will lie nearer @ than 
Y , or vice versa. Hence, a valid analysis of 
sign is obtained from a single contact sut- 
face. The writers have found this to be 
generally true even for such stones as feld- 
spar and chrysoberyl, for which optic sign 


138 


GEMS & GEMOLOGY 


Nov. 14, www.eglcanada.ca/EN/research. 

Evans DJ.F., Fisher D., Kelly C.J. (2005) Coated pink diamond— 
A cautionary tale. Gems & Gemology, Vol. 41, No. 1, pp. 
36-41. 

Fritsch E., Scarratt K. (1992) Natural-color nonconductive gray- 
to-blue diamonds. Gems &) Gemology, Vol. 28, No. 1, pp. 
35-42. 

Fryer C. (1983) Gem Trade Lab Notes: Painted pink diamond— 
the big switch. Gems #& Gemology, Vol. 19, No. 2, pp. 
112-113. 

Gtbelin EJ. (1950) New process of artificially beautifying gem- 
stones. Gems e) Gemology, Vol. 6, No. 8, pp. 243-254. 

Hargett D. (1989) Gem Trade Lab Notes: “Coated” diamond. 
Gems & Gemology, Vol. 25, No. 2, p. 104. 

Kammerling R.C., Koivula J.I. (1992) An examination of “Aqua 
Aura” enhanced fashioned gems. Journal of Gemmology, Vol. 
23, No. 2, pp. 72-77. 

King J.M., Moses T.M., Shigley J-E., Liu Y. (1994) Color grading of 
colored diamonds in the GIA Gem Trade Laboratory. Gems 
&) Gemology, Vol. 30, No. 4, pp. 220-242. 

King J.M., Moses T.M., Shigley J.E., Welbourn C.M., Lawson 
S.C., Cooper M. (1998) Characterizing natural-color type IIb 
blue diamonds. Gems & Gemology, Vol. 34, No. 4, pp. 
246-268. 

Kitawaki H. (2007) New coating treatment on diamond. 
Gemmology Journal, Vol. 38, No. 448, pp. 6-7. 

Liddicoat R.T. Jr. (1966) Developments and highlights at the 
Gem Trade Laboratory in Los Angeles: Coated diamond. 
Gems & Gemology, Vol. 12, No. 1, p. 26. 

Link S., El-Sayed M.A. (1999) Spectral properties and relaxation 
dynamics of surface plasmon electronic oscillations in gold 
and silver nanodots and nanorods. Journal of Physical 
Chemistry B, Vol. 103, No. 40, pp. 8410-8426. 

Liz-Marzan L.M. (2004) Nanometals—Formation and color. 
Materials Today, Vol. 7, No. 2, pp. 26-31. 

Mattox D.M. (1998) Handbook of Physical Vapor Deposition 
(PVD) Processing. Noyes Publications, Westwood, NJ, 917 pp. 

McClure S.F., Smith C.P., Wang W., Hall M.S. (2006) 
Identification and durability of lead glass-filled rubies. Gems 
& Gemology, Vol. 42, No. 1, pp. 22-34. 


SPECIAL OFFER! 


Twenty-Five Years 
at Your Fingertips 


Miles E.R. (1962) Diamond-coating techniques and methods 
of detection. Gems #& Gemology, Vol. 10, No. 12, pp. 
355-364, 383. 

(1964) Coated diamonds. Gems e&) Gemology, Vol. 11, No. 
6, pp. 163-168. 

Moses T., Shigley J.E., McClure S.F. (2007) A coat of many colors. 
Rapaport Diamond Report, Vol. 30, No. 5, pp. 1, 36-37. 

Neogi S., Neogi J. (2006) Abrasion Resistant Coatings with Color 
Component for Gemstones and Such. U.S. Patent Application 
20060182883, Aug. 16, 2006. 

Ohring M. (1992) The Materials Science of Thin Films. Academic 
Press, San Diego, CA, 750 pp. 

Peng Y., Park C., Laughlin D.E. (2003) Fe,O, thin films sputter 
deposited from iron oxide targets. Journal of Applied Physics, 
Vol. 93, No. 10, pp. 7957-7959. 

Scalisi A.A., Compangnini G., D’Urso L., Puglisi O. (2004) 
Nonlinear optical activity in Ag-SiO, nanocomposite thin 
films with different silver concentration. Applied Surface 
Science, Vol. 226, No. 1/3, pp. 237-241. 

Sheby J. (2003) Gem Trade Lab Notes: Coated diamonds. Gems 
& Gemology, Vol. 39, No. 4, pp. 315-316. 

Simmons J.H., Potter K.S. (2000) Optical Materials. Academic 
Press, San Diego, CA. 

Wagner F.E., Haslbeck S., Stievano L., Calogero S., Pahnkhurst 
Q.A., Martinek K.-P. (2000) Before striking gold in gold-ruby 
glass. Nature, Vol. 407, No. 6805, pp. 691-692. 

Wang W., Moses T., Shen A. (2006a) From GIA Research—New 
“coated” diamonds. GIA Insider, Dec. 1, 2006, www.gia.edu/ 
newsroom/issue/2798/2675/insider_newsletter_details.cfm#5. 

Wang W., Gelb T., Dillon S. (2006b) Lab Notes: Coated pink dia- 
monds. Gems &) Gemology, Vol. 42, No. 2, pp. 162-163. 

Welbourn C.M., Cooper M., Spear P.M. (1996) De Beers natural 
versus synthetic diamond verification instruments. Gems & 
Gemology, Vol. 32, No. 3, pp. 156-169. 

Wilson R.G., Stevie F.A., Magee C.W. (1989) Secondary Ion Mass 
Spectrometry: A Practical Handbook for Depth Profiling and 
Bulk Impurity Analysis. John Wiley & Sons, New York. 

Yu G.Q., Tay B.K., Zhao Z.W., Sun X.W., Fu Y.Q. (2005) Ion 
beam co-sputtering deposition of Au/SiO, nanocomposites. 
Physica E, Vol. 27, No. 3, pp. 362-368. 


EMS & 
EMOLOGY. 


Twenty-five years of GEMS & GEMOLOGY 
means a lot of valuable research. Fortunately, 
we've got it all—articles, lab notes, gem Ye : 


news, editorials, and book reviews—indexed 
in this one handy volume. It’s an invaluable 


Inde 


tool for the serious gemologist, for the 
far-from-invaluable price of just $14.95. 


($19.95 internationally) FREE shipping! 


34 SERENITY COATED COLORED DIAMONDS 


a¥ 
To order, visit www.gia.edu/gemsandgemology and click on Ordering and Renewals. 
Call 800-421-7250 ext. 7142 within the U.S., or 760-603-4000 ext. 7142. 


GEMS & GEMOLOGY SPRING 2007 


acai ne ee e 


—¥) eer 


Re 
—_*" 


The best of 
CSeEMS & 
EMOLOGY. 


on two of the most important subjects 
in the diamond world today—Over 70 years 
of compiled research. 


PURPLISH 
RED 


Order 
Yours Today! 


Visit www. gia.edu/gemsandgemology 
and click on Ordering and Renewals. 
Or call 800-421-7250, ext. 7142 
(outside the U.S. and Canada, 
760-603-4000, ext. 7142) 


¢ More than 30 years of cutting-edge 
synthetic diamond research by leading 
gemological researchers and producers— 
50 separate entries comprising more than 
300 pages of material 


e Editorial commentary by Dr. James 
Shigley of GIA Research 


e PLUS! Includes two wall charts in a 
sturdy bound-in pouch: the Separation of 
Synthetic and Natural Diamonds, and 
Characteristics of HPHT-Grown Synthetic 
Diamonds 


$49 ‘ 95 plus shipping 


COLORED DIAMONDS 


¢ 317 pages of award-winning articles 
and exceptional color photography 


e Editorial commentary by colored dia- 
mond color-grading expert John King, 
technical director of the GIA Laboratory 


e PLUS! The GIA Colored Diamonds 
Color Reference Charts booklet explains 
and illustrates GIA color grades and 
descriptions for the most common fancy 
colors, including yellow, pink, blue, and 
yellow-green 


$ 59 ° 5 plus shipping 


TRAPICHE TOURMALINE FROM ZAMBIA 


Thomas Hainschwang, Franck Notari, and Bjérn Anckar 


Well-formed crystals of green tourmaline from northwestern Zambia show a growth pattern 
reminiscent of trapiche emerald/ruby when sliced perpendicular to the c-axis. In fact, such 
slices were originally encountered in parcels sold as emerald in Zambia. The trapiche 
appearance most likely originates from skeletal growth, with the pattern formed by a black 
carbonaceous substance (mostly graphite) that partially filled growth tubes concentrated in 
three areas: (1) along the three edges of the trigonal pyramids r {1011} or r’ {0117}, (2) at 
the interface between the trigonal pyramids and the prism a {1120}, and (3) between indi- 
vidual growth sectors of the prism a. Spectroscopic and chemical analyses indicate that the 
tourmaline is uvite that is colored green by a vanadium-related mechanism. To the authors’ 
knowledge, this is the first occurrence of trapiche tourmaline. 


als in terms of its chemical composition and 

color distribution. The extraordinary color 
zoning of many tourmalines was illustrated by 
Benesch (1990). Triangular zones containing a trigo- 
nal star-like pattern (following the edges of the trig- 
onal pyramid) are common in some multicolored 
tourmalines, particularly in liddicoatite from 
Madagascar. Other growth phenomena are not com- 
mon in tourmaline, so two of the authors (TH and 
EN) were interested when, in November 2005, they 
encountered some sliced crystals of green tourma- 
line from Africa that exhibited a growth structure 
similar to the trapiche pattern known to occur in 
emerald and ruby (see, e.g., figure 1). The third 
author (BA) first saw such material in 2004 and 
2005 in Lusaka, Zambia, within “salted” parcels of 
rough emerald and as separate lots of this green 
tourmaline that were being offered as emerald (fig- 
ure 2). Zambian gem traders called the material 
“Mercedes Benz tourmaline” (or “emerald”) due to 
the shape of the trapiche-like inclusions in the cores 
of the slices, which may resemble this automobile 
company’s logo (again, see figure 1). 


ourmaline is one of the most complex miner- 
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LOCATION AND PRODUCTION 

Most of this trapiche tourmaline reportedly comes 
from the Kavungu mine adjacent to the tiny village 
of Jivunda in Chief Sailunga’s area, which lies 
southeast of Mwinilunga in northwestern Zambia 
(figure 3). The locality is accessed by driving 230 km 
west from Solwezi on the Mwinilunga road and 
turning south for 35 km to reach Jivunda on the 
road going toward Ntambu. Local gem traders also 
report another locality for this tourmaline in the 
Kampanda area, which is located southwest of 
Mwinilunga near the border with Angola. 

According to the Jivunda villagers, the Kavungu 
deposit has been known for at least 10 years, but it 
was not significantly exploited until 2004, when 
commercial mining was attempted under the 
assumption the material was emerald. However, this 
activity was short-lived, and the equipment was 
removed when the mine investor realized that the 
gems were another mineral altogether. Children 
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Figure 1. A distinct trapiche pattern is seen in this tourmaline slice (12.8 x 10.6 mm) from Zambia. Photos by 
T. Hainschwang (left—overhead light; right—transmitted light). 


from Jivunda continue to recover the tourmaline by 
hand from the various pits dug over the years (see, 
e.g., figure 4), which they sell to passing traders. The 
tourmaline is fairly abundant; during a two-hour 
mine visit in December 2006, one of the authors (BA) 
witnessed the recovery of more than 100 crystals by 
a few of the children. It must be noted, though, that 
only about 1-2.% of the tourmaline is found as near- 
euhedral to euhedral crystals that are suitable for slic- 
ing or cutting thin cabochons that show the trapiche 
pattern. Facetable material is extremely rare and 
restricted to small pieces (<0.10 ct), due to the dark 
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color of the tourmaline. For these reasons, the 
trapiche tourmaline is seldom encountered on the 
international market. 


GEOLOGY 


The bedrock at the Kavungu mine consists of an 
impure and distinctly banded marble that has been 
selectively weathered into a typical karst landform, 
with solution-resistant areas of marble that are sur- 
rounded by lateritic soil (figures 4 and 5). The tour- 
maline has been found only in these residual laterite 


Figure 2. Well-formed 
crystals of green tourma- 
line—which may display 
a trapiche appearance 
when cut into slices— 
have been sold as emer- 
ald in Zambia. The crys- 
tals shown here range 
from 0.8 to 2.6 cm Iong. 
In general, only a small 
percentage of the tour- 
maline shows a near- 
euhedral shape and a 
noticeable trapiche pat- 
tern when sliced. Gift of 
Bjorn Anckar, GIA 
Collection no. 36754; 
photo by Robert Weldon. 
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Figure 4. Previous mining efforts have left several 
pits at the Kavungu site. Tourmaline is encountered 
in the lateritic soil between the marble outcrops. 
Photo by B. Anckar, December 2006. 
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layers, so its precise petrologic setting is unknown. 
Villagers report that the tourmaline crystals are occa- 
sionally seen “in the hard rock,” but no such sample 
was encountered at the time of the visit by author BA. 

The Kavungu mine area is underlain by 
metasedimentary rocks of the Wamikumbi 
Formation of the Neoproterozoic Katanga System 
(Klinck, 1977). The Katanga System has been affect- 
ed by three deformation phases of the Lufilian 
orogeny. The immediate area of the Kavungu mine 
was initially mapped as biotite schists (see map 
appended to Klinck, 1977). More recently, the 
Geological Survey Department remapped the 
Kavungu mine area as dolomitic marbles (D. Lombe 
and E. Mulenga, pers. comm., 2006). Klinck (1977) 
studied the area but did not encounter the tourma- 
line locality. He did, however, describe a location 
only 2, km southeast of the Kavungu mine with out- 
crops of banded calcite and calcite-scapolite marbles 
that he called the “Mujimbeji Marble Member.” 
Both of these marbles contain abundant phlogopite, 
minor quartz, and accessory pyrite. Klinck (1977) also 
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reported that they contain minor bands of dolomitic 
marble and very fine-grained graphitic schist. 

It is reasonable to believe that the tourmaline 
(which was identified as uvite; see below) is meta- 
morphic in origin and formed within these impure 
Mg-bearing marbles (see, e.g., Giibelin, 1939, 
Anovitz and Grew, 1996}, where it was most likely 
hosted by local graphite-bearing zones (as shown by 
the presence of graphite in the trapiche inclusions). 
Boron, which is an essential element for tourmaline 
crystallization, is highly mobile in metamorphic 
aqueous fluids. Klinck (1977) speculated that the 
abundance of scapolite in the marble is due to evap- 
orite layers in the original sediments; evaporites are 
commonly enriched in boron. 


MATERIALS AND METHODS 

For this study, we examined two doubly terminated 
crystals (5.01 and 12.74 ct) and 30 slices of trapiche 
tourmaline (0.33-5.29 ct), 28 of which were cut 
from three similar crystals. The slices were 1-1.5 
mm thick and cut perpendicular to the c-axis. In 
addition, 16 trapiche emeralds (14 cabochons and 
two crystals) from Muzo, Colombia, were examined 
microscopically to provide a comparison of their 
growth patterns and structures. 

The trapiche tourmaline samples were tested by 
standard gemological methods for refractive index 
(on two polished slices) and specific gravity (deter- 
mined hydrostatically for the two crystals). The fluo- 
rescence of all samples was observed using a standard 
long- and short-wave UV lamp (365 and 254 nm, 
respectively). Microscopic examination of all sam- 
ples was performed in both reflected and transmitted 
light with a Leica MZ12 binocular microscope. 

The trace-element composition of three samples 
(one crystal and two slices from two different crys- 
tals) was measured qualitatively with a Thermo 
Noran QuanX energy-dispersive X-ray fluorescence 
(EDXRF) system, using a Si detector cooled by a 
Peltier cooling stage. Quantitative chemical analysis 
of two other slices (26 spots total) by electron micro- 
probe was obtained with an ARL-SEMQ instrument 
(15 kV accelerating voltage, 15 nA beam current, and 
3 pm beam diameter). Analyses were calibrated with 
natural mineral and synthetic compound standards; 
ZAF and MAN correction procedures were applied 
to the data (see, e.g., Donovan and Tingle, 1996). 

Polarized specular reflectance infrared spectra were 
recorded for three samples (one from each of the three 
crystals that were sliced) at 4 cm7! resolution with a 
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Figure 5. Local miner and gem dealer Stanley 
Kabwita is shown next to an outcrop of distinctly 
banded marble in a pit at the Kavungu tourmaline 
mine. Photo by B. Anckar, December 2006. 


Perkin Elmer Spectrum BXII FTIR (Fourier-transform 
infrared) spectrometer equipped with a DTGS (deu- 
terium triglyceride sulfate) detector and a fixed-angle 
specular reflectance accessory. We used reflectance 
mode, because these spectra give more precise infor- 
mation about the structure of the samples—specifical- 
ly, detection of the intrinsic one-phonon absorptions 
of tourmaline—than do spectra in transmission mode. 

Visible-near infrared (Vis-NIR) absorption spectra 
in the 400-1000 nm range were recorded for two 
slices (both of which had been analyzed by EDXRF 
and FTIR spectroscopy) on a custom-made system 
equipped with an Ocean Optics SD2.000 dual-channel 
spectrometer that had a resolution of 1.5 nm. A 2048- 
element linear silicon charge-coupled device (CCD) 
detector was also used. We employed a Hitachi U- 
3000 spectrophotometer to collect polarized spectra of 
the same two slices in the UV-Vis-NIR range from 
250 to 800 nm. Only the ordinary ray was deter- 
mined, owing to the dark color of the tourmaline. 

Micro-Raman spectra of the inclusions in one slice 
were recorded with a Renishaw 1000 Raman micro- 
scope using a 514 nm laser. Integration times of 10 
seconds and up to three scans per spectrum were used. 

For X-ray diffraction analysis, a crystal fragment 
of the tourmaline was mounted on a Nonius Kappa 
CCD diffractometer equipped with graphite- 
monochromated Mo-Ko radiation. 
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Figure 6. The trapiche tourmaline crystals consisted 
of the hexagonal prism a {1120} and the trigonal 
pyramids r {1011} and r’ {0111}; the 180° rotation of 
the pyramids is evident (left). An idealized drawing 
of a slice cut perpendicular to the c-axis is shown 
on the right. The arrows indicate the orientation of 
the channels; in the inner sectors, they are nearly 
parallel to the c-axis, while those in the outer sec- 
tors are close to perpendicular to the c-axis. 


RESULTS 

Crystal Morphology and Trapiche Pattern. The 
tourmaline crystals showed an unusually well- 
formed and simple habit consisting of the hexagonal 
prism a {1120} that was terminated by the positive 
(on one end) and negative (on the other end) trigonal 
pyramids r {1011} and r’ {0117} (figure 6, left). As the 
indices of the pyramids indicate, the pyramids were 


rotated 180° to one another; thus, the term polar or 
hemimorph for tourmaline crystals in general. The 
prism faces were smooth, as is typical of uvite but 
uncommon for most other tourmalines, which have 
striated and rounded faces (Benesch, 1990). The 
basal pinacoid c {0001} was well developed in some 
crystals seen by one of the authors (BA). 

The trapiche motif was formed by black inclu- 
sions that were concentrated along the three edges of 
the trigonal pyramid (forming the central trigonal 
“star’’), at the interface between the trigonal pyramid 
and the hexagonal prism (hexagon surrounding the 
trigonal star), and extending from the six edges of the 
internal prism toward the six edges of the external 
prism (six outer “arms”; figure 6, right). The black 
inclusion material appeared to be hosted by growth 
channels that showed two crystallographic orienta- 
tions. One set followed the vertical growth direction 
of the pyramidal faces (parallel to the “faces” of the 
core formed by the r sectors) making up the central 
trigonal star. The other set appeared at first glance to 
be perpendicular to the prism, but was likely inclined 
at the same angle as the pyramidal faces; these chan- 
nels formed the six “arms” connecting the r sectors 
with the prism, and accentuated the hexagon sur- 
rounding the trigonal star. The progression of slices 
from each crystal showed that the pyramidal faces 
were dominant at one end and decreased in impor- 
tance toward the other end, where growth of the 
prism strongly dominated (see, e.g., figure 7). This 
structural arrangement was present in all samples, 
including the two unsliced crystals. The trapiche 


Figure 7. These series of slices were cut perpendicular to the c-axes of two crystals of trapiche tourmaline. Each 
series shows a progression in the dominance of various growth sectors, as marked by the black inclusions that 
form the trapiche patterns. Photos by T. Hainschwang (upper row—FN 7665-7674, up to 13.4 x 10.6 mm; lower 


row—TH 682-6810, ~8.4 mm in diameter). 
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pattern was clearly visible only in the relatively thin 
slices, since the very dark green color impeded obser- 
vation of the gray-to-black trapiche pattern in the 
uncut crystals unless they were examined with very 
strong transmitted light. 


Standard Gemological Testing. The trapiche tourma- 
line had a deep green bodycolor with very weak 
pleochroism. The refractive indices were 1.620-1.640, 
yielding a birefringence of 0.020. The specific gravity 
varied from 2.82 to 2.99. The samples were inert to 
long-wave UV radiation, but they fluoresced a weak-to- 
moderate chalky yellow to short-wave UV on the 
prism faces only. However, the pyramidal faces did not 
show UV fluorescence (figure 8). Microscopic observa- 
tion revealed that the black inclusion material respon- 
sible for the trapiche pattern was concentrated in elon- 
gate growth channels within the tourmaline (figure 9). 


Chemical Analysis. EDXRF spectroscopy of the three 
samples identified them as Mg-Ca tourmaline with 
minor Na in two cases. Electron-microprobe analyses 
(table 1) of two other slices gave chemical composi- 
tions that correspond to near end-member uvite 
(Dunn, 1977a). All of the analyses performed on both 
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Figure 8. Chalky yellow 
short-wave UV fluores- 
cence was shown by 
the slices and crystals 
of trapiche tourmaline. 
However, the faces of 
the trigonal pyramid 
were inert. Photos by 
T. Hainschwang 
(samples TH 682-6810; 
~8.4 mm in diameter). 


slices showed nearly identical compositions, regard- 
less of spot location (e.g., whether on the dark 
trapiche pattern or the green central area). Traces of 
the chromophores vanadium, chromium (with 
V>Cr), titanium, iron, and sometimes Mn also were 
detected in these two samples. In addition, traces of 
strontium were detected by EDXRF spectroscopy, 
and minor fluorine and traces of sodium and zinc 
were measured by electron microprobe; the latter 
technique also found minute amounts of potassium 
and bismuth in the dark trapiche pattern areas. 


FTIR Spectroscopy. The polarized specular 
reflectance FTIR spectra of the trapiche tourmaline 
samples were almost identical to the reference spec- 
tra of most of the “chrome” tourmalines (uvite to 
intermediate uvite-dravite) from Landanai, 
Tanzania, in the authors’ database. The polarized 
spectra showed strongly pleochroic absorptions, 
with the ordinary and extraordinary rays being dis- 
tinctly different (figure 10). Besides the widely vary- 
ing intrinsic bands between 1500 and 450 cm~!, the 
peak at 3550 cm~! (related to structural hydroxyl 
groups; Rosenberg and Foit, 1979) was only detected 
in the extraordinary-ray spectrum. 


Figure 9. As seen here in trans- 
mitted light, two sets of growth 
channels are apparent in the 
trapiche tourmaline (left), one 
following the vertical growth 
direction of the pyramidal faces, 
and one nearly perpendicular to 
the prism. Some channels are 
empty, while others are filled 
with a black carbonaceous 
material (right). Photomicro- 
graphs by T. Hainschwang; mag- 
nified 10x (left) and 40x (right). 
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TABLE 1. Representative chemical composition by elec- 
tron microprobe of two trapiche tourmaline slices.* 


Slice 1 Slice 2 
Chemical 
ve Green Black Green Black 
POMPOSIOR central trapiche central — trapiche 
region> ray region ray 
Oxide (wt.%) 
SiO, 36.03 35.96 36.06 36.10 
TiO, 0.33 0.19 0.15 0.12 
B,O, (calc) 10.55 10.51 10.57 10.56 
Al,O3 26.78 26.74 26.70 26.70 
Cr,O, 0.15 0.13 0.06 0.06 
Bi,O, nd nd nd 0.08 
V,O, 0.34 0.28 0.35 0.32 
FeO 0.01 nd 0.01 nd 
nO 0.01 nd nd nd 
gO 15.12 14.99 15.10 15.09 
CaO 5.03 4.96 5.39 5.28 
ZnO nd nd 0.03 0.07 
Na,O 0.43 0.43 0.62 0.60 
K,O nd 0.08 nd 0.02 
H,O (calc) Sal 3.09 3.13 3.21 
F 1.12 1.13 1.09 0.91 
Subtotal 98.96 98.49 99.26 99.12 
-O=F 0.47 0.48 0.46 0.38 
Total 98.49 98.01 98.80 98.74 
lons on the basis of 31 (O,OH,F) 
Si 5.934 5.949 5.931 5.942 
Ti 0.041 0.024 0.018 0.014 
B 3.000 3.000 3.000 3.000 
A 5.190 5.214 5.177 5.180 
Cr3+ 0.020 0.017 0.007 0.007 
Bis+ nd nd nd 0.003 
3+ 0.044 0.038 0.047 0.042 
Fe?* 0.001 nd 0.001 nd 
n 0.001 nd nd nd 
g 3.712 3.695 3.701 3.701 
Ca 0.887 0.878 0.949 0.931 
zn nd nd 0.003 0.008 
Na 0.138 0.137 0.199 0.191 
K nd 0.018 nd 0.003 
F 0.584 0.593 0.565 0.475 
OH 3.416 3.407 3.435 3.526 


@Contents of B,0, and HO were calculated by stoichiometry. 
Abbreviation: nd=not detected. Detection limits (wt.%): FeO=0.005, 
MgO=0.014, MnO=0.005, K,O=0.015, ZnO=0.029, and 
Bi,0,=0.020. In addition, Cu was analyzed but below the detection 
limit (0.009 wt.% CuO). 

©The chemical composition recorded in this analysis corresponds to the fol- 
lowing formula: (Cap ss/N@o 138) 1.0269 2.71AVo.198"Mo.041€o.001MMo.001)2.943 


Als oa 1.00" o.044Cl**y o2o/6(BOs)o(Sis 926.0666 1g(OH, 4 iP o.seaa- 
End-member uvite has the general formula CaMg.{AlMg)(BO;).(Sis0,)(OH),. 


UV-Vis-NIR Spectroscopy. The ordinary-ray spec- 
trum of the tourmaline was characterized by two 
broad bands, one centered at 415 nm and the other 
at 610 nm (figure 11). The resulting strong broad 
transmission window centered at 520 nm is respon- 
sible for the green coloration. 
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Figure 10. These polarized specular reflectance FTIR 
spectra are indicative of uvite. The spectral bands are 
very pleochroic, as shown by the variations in the 
absorption characteristics of the ordinary and 
extraordinary rays. The x-axis scale is compressed 

in the 4000-2000 cm region. 


Micro-Raman Spectroscopy. The Raman spectra of 
the black inclusions in the trapiche pattern were 
characterized by graphite peaks mixed with multiple 
unknown peaks. Raman analysis also revealed rare 
iron oxide inclusions—most likely hematite—and 
inclusions of dolomite within the trapiche pattern. 


X-Ray Diffraction. X-ray diffraction analysis gave 
lattice parameters of a = 15.96(1) A and c = 7.20(1) A. 
The relatively high value of the lattice parameter c 


Figure 11. The polarized UV-Vis-NIR spectrum of a 
trapiche tourmaline (ordinary ray) shows two broad 
bands centered at approximately 415 and 610 nm, 
which are characteristic for vanadium-colored green 
gems such as tsavorite and some tourmaline. 
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clearly indicated that there was some Mg at the Z 
site (~1 atom per formula unit). These parameters 
are consistent with the uvite species of tourmaline. 


DISCUSSION 


Win (2005) documented a sample of green tourma- 
line from Mong Hsu, Myanmar, that appeared to 
show a trapiche pattern. However, the authors of the 
present article believe that the star-like motif in that 
sample is due to color zoning rather than the skele- 
tal growth that is associated with trapiche material. 

The chemical and spectroscopic properties of 
the Zambian trapiche tourmaline identify it as near 
end-member uvite, with traces of Na, Fe, V, and Cr. 
Chemically, uvite is distinguished from other tour- 
malines by its Ca-Mg content, and the dravite com- 
ponent is indicated by Na. The identification as 
uvite was verified by X-ray diffraction analysis and 
lattice parameter calculations. 

Standard gemological, spectral, and chemical data 
for the trapiche tourmalines correspond to those 
recorded for the majority of “chrome” tourmalines 
from Landanai, Tanzania, from the authors’ 
database; these are, in most cases, colored by vanadi- 
um, with a minor influence from chromium 
(Schmetzer and Bank, 1979). The deep green color of 
the trapiche tourmaline also is most likely due to 
vanadium (V**). Although chromium and vanadium 
both cause broad absorption bands centered at about 
the same position in the UV-Vis-NIR spectrum (e.g., 
600-610 [V*"] and 588 nm [Cr**]; 418-440 nm [V*"] 
and 417 nm [Cr**]; Schmetzer, 1978), the characteris- 
tic weak Cr** absorption at 687 nm (Schmetzer, 
1978) was not apparent. And while the presence of 
Fe and Ti was confirmed by chemical analysis, the 
438-444 nm band due to Fe**>Ti** charge transfer 
(Schmetzer, 1978) was not evident in the absorption 
spectra of the chemically analyzed samples. 
Additionally, the ratio of V:Cr determined by the 
chemical analyses showed that vanadium is strongly 
dominant. This is consistent with the UV-Vis-NIR 
spectra, which were uniquely characterized by the 
two broad bands due to V** (see also Schmetzer and 
Bank, 1979; Schmetzer, 1978). 

Dietrich (1985) described the yellow UV fluores- 
cence in some tourmaline (particularly uvite) as 
“mustard-yellow”; a similar hue was apparent in our 
samples (again, see figure 8). The lack of this chalky 
yellow luminescence on the pyramidal faces can 
most probably be explained by a higher iron content 
in those sectors at the end of crystal growth; iron 
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Figure 12. The trapiche pattern in the tourmaline is 
particularly evident when slices of the material are 
observed with strong transmitted light. Photo by 
Robert Weldon. 


impurities are known to quench yellow fluorescence 
in dravite and uvite (and in many other gems; Dunn, 
1977a,b). 

The trapiche pattern most likely formed by skele- 
tal growth, resulting in microscopic channels with 
two crystallographic orientations: one following the 
vertical growth direction of the pyramidal faces (par- 
allel to the “faces” of the core formed by the {1011} 
sector); and one nearly perpendicular to the prism, 
most likely inclined at the same angle as the pyra- 
midal faces (again, see figure 9). These channels are 
responsible for the significant variations in specific 
gravity; the greater their abundance, the lower the 
measured S.G. value. 

The trapiche pattern is emphasized by the pres- 
ence of a black carbonaceous material within these 
channels (figure 12). These inclusions are most likely 
related to the lithology of the host rock, as in trapiche 
emeralds from Colombia. This is supported by the 
presence of layers and bands of very fine-grained 
graphitic schist in the marble at the mine site. Our 
visual and microscopic observations suggest a forma- 
tion process very similar to that of trapiche emeralds 
from Muzo, Colombia (see also box A). Muzo trapiche 
emerald formed in beds of carbonaceous limestone 
intercalated with black shale (Pogue, 1917). Another 
trapiche gem related to carbonates is corundum (ruby 
and violet-to-purple sapphire) from Myanmar, which 
formed in marbles via contact metasomatism 
(Sunagawa, 2005). The trapiche tourmaline described 
here most likely formed in impure Mg-bearing mar- 
bles. The close association of all three trapiche gem 
varieties with limestone or marble suggests that they 
share a similar formation mechanism. 
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is difficult to obtain by ordinary methods 
with the refractometer. However, if B is 
nearer & and Bi nearer Y. of vice versa, 
then the two facet method must be used. 

If a translucent or opaque stone is being 

tested and neither edge of the bar shows 
any motion when the specimen is rotated, 
the material is most likely cryptocrystalline 
without regular orientation of individual 
crystal grains. In this case optic character 
obviously cannot be determined, but the 
width of the bar is valid as a measure of 
birefringence. The Analyzing Refractometer 
is of particular value in cases of opaque 
cryptocrystalline material, since no direct 
proof of the doubly refractive nature of 
such cut stones can be obtained by any other 
known means. Chalcedony, nephrite, and 
other such gem materials are in this classifi- 
cation. 
Inasmuch as the shadow edge seen in the 
refractometer is determined by the refracted 
ray which lies in the plane of contact be- 
tween the specimen and the surface of the 
dense glass of the instrument, and is orient- 
ed along the long axis of the refractometer, 
non-characteristic readings may be obtained 
if the specimen is oriented so that.a princi- 
pal crystallographic axis lies in this plane. 
A variant of as little as 1° from exact 
orientation will nullify this effect so these 
conditions are of relatively little concern in 
applied gemology. 

However, an understanding of these 
special conditions is essential if absolute 
accuracy is desired. There are two such 
directions in a uniaxial mineral and three 
in a biaxial mineral, as would be expected. 
If a uniaxial mineral is cut so that the 
principal or axis lies exactly -perpendicular 
to the plane of contact, the maximum’ bire- 
fringence of the stone will be read at all 
points during rotation, i.e., there will be 
no variation in the birefringent bar. Deter- 
mination of optic sign must be made by 
using a second facet in order to get a varia- 
tion of the birefringent bar, or by removing 
the polarizer from the system and_ identi- 
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fying the ordinary and extraordinary tays 
by means of their vibration directions as 
shown by the analyzer alone. If the C axis 
lies in the plane of contact, rotation of the 
specimen through 90° will bring the bire- 
fringent bar from its. maximum position 
to zero. Since this orientation gives the 
most diagnostic result it is to be welcomed 
rather than avoided. 


With a biaxial mineral, if the plane con- 
taining the optic axes (the XZ plane) cor- 
responds with the contact surface, the result 
is extremely interesting and valuable. A 
complete rotation of the specimen will cause 
the birefringent bar to show: four positions 
of disappearance or nulls, which correspond 
to the four “ends” of the two optic axis. 
In this orientation an estimate of 2.V may 
be obtained since the acute angle between 
two such nulls is a direct measure of 2.V , 
Furthermore, the birefringent area, as the 
stone rotates past extinction, will shift from 
a bat below the null point to a bar above 
the null point. The two maximum width 
bars represent the readings for‘@ and B 
and the readings for B and y-, the null 
occurring at the true reading of B.. When 
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BOX A: THE TRAPICHE GROWTH PHENOMENON 


The trapiche growth phenomenon in gems is com- 
monly associated with emeralds showing a black 
“fixed star’—like pattern that originate from the 
Muzo, La Pena, and Coscuez mines in Colombia 
(e.g., figure A-1). The earliest observation of such 
emeralds was made by Bertrand (1879). Subsequent 
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work led to much confusion and error, such as 
ascribing their unusual pattern to twinning (Munoz, 
1948). The first thorough analysis of this material, 
with the logical conclusions pointing toward a 
growth phenomenon due to different growth rates, 
was published by Nassau and Jackson (1970). 


Figure A-1. These trapiche 
emeralds are representa- 
tive of such material from 
Colombia. The observed 
pattern and the presence 
and orientation of growth 
channels are similar to 
the ones seen in the 
trapiche tourmalines. 
Photos by T. Hainschwang 
(left—TH A15, 10.8 x 8.4 
mm; right—FN 6776, 8.6 
x 8.4mm). 


Figure A-2. In these trapiche 
rubies from Mong Hsu, skele- 
tal growth is responsible for 
the “star.” On the left (5.7 x 
5.0 mm), typical skeletal 
growth formed a simple star; 
on the right (8.2 x 6.6 mm), 
very strongly developed skele- 
tal growth resulted in a star 
motif of the gemmy sectors 
that is created by triangular 
opaque skeletal arms. Photos 
by T. Hainschwang. 


Figure A-3. Much of the materi- 
al currently sold as “trapiche” 
sapphire is in fact not the result 
of skeletal growth. Only the 
star in the unusual sample on 
the right is due to skeletal 
growth; in the sample on the 
left, the star-shaped pattern is 
due to the variable exsolution 
of inclusions. Photos by T. 
Hainschwang (left—TH A18, 
9.2 x 9.1 mm; right—TH A17, 
6.5 x 5.7 mm). 
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Sunagawa (2005) attributed the trapiche phe- 
nomenon in both beryl and corundum to skeletal 
(or dendritic) growth, in which the edges and cor- 
ners grow much faster than the faces of a crystal. 
This phenomenon typically occurs on rough inter- 
faces, under conditions of rapid growth due to local 
buildup of undissipated latent heat on crystal faces, 
or simply due to undersaturation of the surrounding 
solution of a fast-growing crystal. In extreme cases, 
it can cause fine, tree-like protuberances and 
branching growth forms (see, e.g., Libbrecht and 
Rasmussen, 2003). 

Trapiche rubies from Mong Hsu (Myanmar) and 
Vietnam were described by Schmetzer et al. (1996; 
see also figure A-2). An explanation for their forma- 
tion was given by Sunagawa et al. (1999), who pro- 
posed dendritic (skeletal) growth followed by layer- 
by-layer growth. Subsequent publications cited basi- 
cally the same explanation—rapid growth and 
changes in growth conditions—to explain the 
trapiche pattern in these rubies. The interpretations 
differed slightly from author to author (see, e.g., 
Garnier et al., 2002; Sunagawa, 2005), especially 
concerning the different growth stages and whether 
the skeletal arms were formed before, or at the 
same time as, “regular” growth. 

Similar-appearing “trapiche” sapphires are also 
present on the market. However, these sapphires 
owe their “star” to variable exsolution of mineral 
inclusions within the different sectors (figure A-3, 
left; see also Schmetzer et al., 1996). In some unusu- 
al “trapiche” sapphires from Mogok, the pattern 
results from the distribution of chromophores, 
resulting in a white star-shaped pattern on a blue 
background (sample in author TH’s collection). 
True trapiche sapphires resulting from skeletal 
growth are very rare, and the only samples the 
authors know of are violet-to-purple sapphires from 
Mong Hsu (figure A-3, right). 

It is not yet clear whether there should be differ- 
ent nomenclatures for the various “fixed star” pat- 
terns that are being offered as “trapiche” in the 
marketplace, especially for sapphire. It is evident 
that true trapiche corundum (i.e., formed by skele- 
tal growth) is much rarer than the others described 
above; this is particularly true for the violet-to-pur- 
ple trapiche sapphires. 

The trapiche phenomenon is also known in 
other minerals, such as quartz and andalusite, 
which the authors are currently studying. 
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Our comparison of the tourmalines to trapiche 
emeralds showed nearly identical growth patterns, 
with tubes filled by carbonaceous inclusions oriented 
in two crystallographic directions in both gems. The 
same is true for the development of the pinacoid in 
emerald versus the development of the trigonal pyra- 
midal faces in tourmaline: In both, from the beginning 
to the end of growth, a cone-like sector developed as 
the result of a decrease in the pinacoid/pyramid in the 
positive c-axis direction and their enlargement in the 
negative direction. This is most evident when a crys- 
tal is sliced parallel to the prism faces (Nassau and 
Jackson, 1970). In the trapiche tourmaline studied 
here, the pyramid sector could be reconstructed by 
observation of the slices cut perpendicular to the c- 
axis (figure 7). It has been determined that in doubly 
terminated uvite crystals the positive direction grows 
about twice as fast as the negative one (Takahashi and 
Sunagawa, 1998). Since fast-growing faces diminish in 
crystals (and eventually disappear; Sunagawa, 2005), 
we concluded that the direction with the diminishing 
{1011} sector core was the positive c-axis direction, 
and the direction with the growing {1011} sector core 
was the negative c-axis direction. 

A distinctive feature of the trapiche pattern in this 
tourmaline is the presence of a trigonal “star” within 
the core formed by the {1011} sector, corresponding to 
the edges of the trigonal pyramid. Such a pattern is 
not known in either corundum or beryl; when a cen- 
tral sector is present in those gems, it is always free of 
trapiche motifs. One possible scenario for the devel- 
opment of trapiche tourmaline appears to be rapid 
crystal growth (i.e., somewhere between normal 
growth and skeletal growth; see also Sunagawa et al., 
1999, and box A). The presence of this skeletal motif 
within the core formed by the {1011} sector indicates 
that this trapiche tourmaline grew rapidly from the 
beginning of crystallization. Slightly faster growth at 
the edges would result in the formation of growth 
channels and the trapping of black inclusions to form 
the trapiche pattern. Evidence for rapid growth rates 
can be seen in snowflakes, which can show all stages 
from normal hexagonal growth to entirely dendritic 
growth (Libbrecht and Rasmussen, 2003). The chan- 
nels were formed by rapid growth and the associated 
black inclusions were trapped in the tourmaline at 
the faster-growing edges, since a rapid growth rate is 
one factor that causes more inclusions to be trapped 
within a gem (Nassau and Jackson, 1970; Sumiya et 
al., 2005). The accumulation of black inclusions on 
the faces of the core formed by the {1011} sector is 
likely related to a change in growth conditions. 
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CONCLUSION 


These unusual green tourmalines from Zambia pro- 
vide a rare example of tourmaline containing a 
skeletal trapiche pattern. The tourmaline samples 
analyzed are nearly pure uvite, colored by vanadium. 
The black pattern shown by slices of this trapiche 
tourmaline is formed by growth channels that con- 
tain carbonaceous material. The pattern is unusual 
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Figure 1. These three blue diamonds (0.42, 0.55, and 2.03 ct), which were color graded Fa 
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ncy Light blue (marquise) 


and Fancy Intense blue (triangular and pear shapes), showed unusual phosphorescence in the DiamondView. 


DIAMOND 
Blue Diamonds Showing Multiple 
Colors of Phosphorescence 


Recently, three blue diamonds—a 0.42 
ct marquise, a 0.55 ct triangular step 
cut, and a 2.03 ct pear shape (figure 
1)—were submitted to the East Coast 
laboratory for diamond grading (0.42 
and 2.03 ct) and identification and ori- 
gin (0.55 ct) reports. The 0.42 ct dia- 
mond was color graded Fancy Light 
blue, and the 0.55 and 2.03 ct dia- 
monds were graded Fancy Intense 
blue. Gemological examination and 
photoluminescence spectra proved 
that the three stones were natural- 
color diamonds. No color zoning was 
observed. There was no reaction to 
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long-wave ultraviolet (UV) radiation, 
and the 0.55 and 2.03 ct samples fluo- 
resced very weak yellow to standard 
short-wave UV, no phosphorescence 
was observed. 

Since phosphorescence in the 
Diamond Trading Company (DTC) 
DiamondView can be a useful means 
of separating natural from synthetic 
blue diamonds, as part of our exami- 
nation we used this instrument to 
excite the samples with high-energy 
short-wave (<230 nm) UV radiation 
for five seconds at room temperature. 
After the UV source was turned off, 
individual images were taken with 1, 
4, and 10.2 seconds of camera expo- 
sure time at different time delays 
(from 0.1 to 10 seconds) in an attempt 
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to record the decay of the phosphores- 
cence. We were surprised to see differ- 
ent colors of phosphorescence at vari- 
ous time delays in all three diamonds 
(see, e.g., figure 2): blue phosphores- 
cence from 0.1 to 1 second, purplish 
blue and pink after 2, seconds of delay, 
and orangy red and red between 5 and 
10 seconds of delay. The latter colors 


Editors note: All items are written by staff 
members of the GIA Laboratory, East Coast 
(New York City) and West Coast (Carlsbad, 
California). 
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were easier to see with longer expo- 
sure times (again, see figure 2). 

Generally, natural blue diamonds 
are observed to phosphoresce blue to 
green or, rarely, red and orangy red, 
whereas synthetic blue diamonds usual- 
ly phosphoresce blue or sometimes 
orange (J. M. King et al., “Characterizing 
natural-color type IIb blue diamonds,” 
Winter 1998 Gems & Gemology, pp. 
246-268). S. Eaton-Magana et al. 
(“Luminescence of the Hope diamond 
and other blue diamonds,” Fall 2006 
Gems & Gemology, pp. 95-96) recently 
reported that the phosphorescence spec- 
tra of natural blue diamonds typically 
show a blue-green band centered at 500 
nm and an orange-red band centered at 
660 nm. The variation in relative inten- 
sities of these two bands, along with 
their respective decay times, creates the 
different colors of observed phosphores- 
cence. Thus, although orangy red phos- 
phorescence may be seen only rarely by 
visual observation, it is almost always 
present. 

K. Watanabe et al. (“Phosphore- 
scence in high-pressure synthetic dia- 
mond,” Diamond and Related Mate- 
tials, Vol. 6, No. 1, 1997, pp. 99-106) 
reported observing a change in phos- 
phorescence colors from blue to orange 


in synthetic blue diamonds. However, 
the latter hue was not the orangy red 
phosphorescence seen in natural dia- 
monds; nor did the luminescence peak 
reported for this color (2.1 eV or 590 
nm) match that for the red phosphores- 
cence in natural diamonds (660 nm). 
Our ongoing DiamondView studies 
indicate that natural blue diamonds 
usually show consistent phosphores- 
cence colors, either blue or red, 
although sometimes in slightly differ- 
ent hues of each during the decay peri- 
od. However, these three blue dia- 
monds showed multiple colors of phos- 
phorescence: Combinations of the col- 
ors blue and red were observed as the 
two peaks decayed at different rates. 

Interestingly, photoluminescence 
spectra of the three diamonds did not 
show the 776.5 nm peak that has 
been associated with red phosphores- 
cence in natural blues (Fall 2005 Lab 
Notes, pp. 258-259). The phenome- 
non of multiple phosphorescence 
colors is rare in natural blue dia- 
mond, but it can be explained by the 
presence of the 500 and 660 nm 
luminescence bands, and the fact 
that the 500 nm band decays before 
the 660 nm band. 

Kyaw Soe Moe and Paul Johnson 


Figure 2. DiamondView images of the 0.42 ct blue diamond, taken with 
various camera exposure times and time delays, reveal a progression of 
phosphorescence colors. The phosphorescence color changed from blue to 
red as the decay time increased from 0.1 to 10 seconds. 
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Diamond with “Etched 
Dislocation Loops” 


While gemologists are familiar with 
common diamond clarity characteris- 
tics such as cleavage cracks (feathers) 
and mineral inclusions (crystals and 
pinpoints), microscopically visible fea- 
tures that appear to have resulted from 
structural dislocations are much more 
unusual. The West Coast laboratory 
recently received for grading a near- 
colorless round brilliant—cut diamond 
that fell into this “unusual” category. 
What made this diamond interesting 
was a formation of filamentary curved 
loops clearly visible through a gemo- 
logical microscope (figure 3). These 
loops seemed to defy the monocrys- 
talline structure of gem-quality dia- 
monds, where angular and straight- 
edged internal features are the norm 
and distinctly curved structural fea- 
tures are unexpected. 

Dislocations are defects in the crys- 
tal lattice structure of a mineral. 
Whether natural or synthetic, truly per- 
fect crystals are almost unknown, and 
dislocations are very common. This is 
as true of diamond as it is of any other 
crystalline material. 

It is also well known that dia- 
monds often undergo plastic deforma- 
tion in the earth; linear surface grain- 
ing and internal graining are visual 
manifestations of this. During dia- 
mond growth, plastic deformation as 
well as the precipitation of microscop- 
ic-to-submicroscopic foreign matter 
on growing surfaces can increase dis- 
location density, and the presence of a 
dislocation can itself cause the devel- 
opment of additional dislocations. 

Most individual dislocations can- 
not be seen with an optical microscope 
unless their density in a particular area 
is sufficiently high. In that case, they 
may produce visible strain in their 
host or, if they are subjected to etching 
and become hollowed out, may scatter 
light and appear white. The curved fea- 
tures in this diamond seem to fall into 
the latter group, in that they appeared 
white when examined through a 
gemological microscope. This contrib- 
utor welcomes any alternate hypothe- 
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Figure 3. Microscopically visible 
filamentary “dislocation trails,” 
like the curved loops shown here, 
are very unusual internal features 
in diamond. Magnified 15x. 


ses that might explain these unusual 
distinctly curved features that are 
sometimes seen in diamonds. 

John I. Koivula 


HPHT-Annealed Yellow-Orange 
Diamond with a Strong 480 nm 
Absorption Band 


Diamonds with a strong absorption 
band centered at 480 nm usually show 
chameleon behavior or a yellow-orange 
coloration with a brown component of 
varying saturation. Typically, they also 
show strong yellow to yellow-orange 
fluorescence to both long- and short- 
wave UV radiation and weak yellow 
phosphorescence to short-wave UV. 
Little is known about the defect(s) 
responsible for this absorption band 
and the typical luminescence features, 
but—unlike many other defects—the 
artificial inducement of this defect (or 
defects) has never been reported. In 
addition, significant concentrations of 
this defect are only rarely seen in color- 
treated diamonds. 
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The East Coast laboratory recently 
examined a known high-pressure, 
high-temperature (HPHT) annealed 
diamond with a strong 480 nm absorp- 
tion band, which provided a special 
opportunity to examine the response 
of this feature to HPHT annealing. 
This 0.88 ct emerald-cut was color 
graded Fancy Intense yellow-orange 
(figure 4). The color distribution was 
patchy, and some areas were more 
intensely colored than others, with 
clear and distinct boundaries. Obser- 
vation with the microscope revealed 
many tiny pinpoint inclusions in a lin- 
ear arrangement; some pinpoints had 
surrounding haloes. Strong linear 
graining dominated in one direction 
throughout the entire stone, a good 
indication that the diamond had a 
strong brown hue before HPHT treat- 
ment. In contrast to most diamonds 
with the 480 nm absorption band, this 
stone displayed strong orange fluores- 
cence to long-wave UV radiation and a 
moderately strong orange reaction to 


Figure 4. The absorption band 
centered at 480 nm in the visible 
spectrum of this 0.88 ct HPHT- 
annealed Fancy Intense yellow- 
orange diamond (figure 5) is rarely 
seen in a treated diamond. 


short-wave UV, and no phosphores- 
cence was observed. The fluorescence 
image seen when the diamond was 
exposed to the high-energy short-wave 


Figure 5. The UV-Vis absorption spectrum of the diamond in figure 4 
showed a strong, broad 480 nm band despite HPHT annealing. The band 
centered at ~270 nm and the peak at 271.5 nm are due to isolated nitro- 
gen. The spectrum also showed several other sharp absorption features 
that could not be assigned to particular defects. 
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UV radiation of the DiamondView was 
dominated by a strong orange color 
with many unevenly distributed sharp, 
parallel green lines. 

The UV-Vis absorption spectrum 
(taken at -196°C) showed a strong and 
broad band centered at 480 nm, in 
addition to some sharp peaks in the 
430-600 nm range. There were many 
moderately strong and broad bands in 
the 420-530 nm region, as well as one 
at ~620 nm (figure 5). A broad band 
centered at ~270 nm and a sharp peak 
at 271.5 nm were due to trace isolated 
nitrogen, a common feature of this 
type of natural diamond that can be 
additionally enhanced by HPHT treat- 
ment. The infrared absorption spec- 
trum showed a weak peak at 1332, cmz! 
and a relatively strong peak at 1085 
cm_!, the assignment of the latter peak 
is unclear. In contrast, the IR absorp- 
tion spectra of natural-color diamonds 
with a 480 nm absorption band usual- 
ly have some unassigned peaks in the 
1330-1100 cm! region. 

Study of this interesting diamond 
strongly indicated that the defect(s} 
responsible for the 480 nm absorption 
band and yellow or yellow-orange flu- 
orescence persisted through HPHT 
treatment. Despite the differences in 
the IR absorption spectra and the 
absence of phosphorescence, identifi- 
cation of a diamond showing the 480 
nm band as HPHT-treated could be a 
challenge in the laboratory. 

Wuyi Wang 


Translucent Greenish 
Yellow Diamonds 


Translucent diamonds bearing micro- 
inclusions are not encountered often 
in the laboratory, but they have been 
reported from time to time. As the 
popularity of colored diamonds in- 
creases, we are seeing a broader range 
of them with this feature (see, e.g., the 
following Lab Notes: Winter 2004, pp. 
325-326; Summer 2005, pp. 165-167; 
and Spring 2006, pp. 57-59). We 
recently examined two large diamonds 
with such micro-inclusions, and it 
appears that both were cut from the 
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Figure 6. These two translucent greenish yellow diamonds—10.95 ct (left) 
and 11.40 ct (right)—have some unusual inclusions as well as gray zones 
on their tables that seem to mirror each other. 


same piece of rough. 

The two translucent greenish yel- 
low stones (10.95 and 11.40 ct; figure 6) 
were submitted to the East Coast labo- 
ratory for identification reports. Micro- 
scopic examination revealed small 
black inclusions and numerous frac- 
tures, some of which contained orange 


stains (figure 7). We also saw gray 
zones, which were darkest in their cen- 
ters, on the table facets (again, see fig- 
ures 6 and 7). When observed in the 
DiamondView instrument with high- 
energy short-wave UV radiation, these 
gray zones corresponded to growth sec- 
tors (figure 8). The fluorescence images 


Figure 7. Numerous orange-stained fractures and small black inclu- 
sions (graphite) were present in the two diamonds (left, magnified 
30x). Note how this irregularly shaped gray zone is darker in the center 


(right, magnified 15x). 
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Figure 8. When the table facets were examined in the DiamondView, the 
gray zones (see figures 6 and 7) proved to be growth sectors. Note how 
they are indeed mirror images of each other in the two stones (A and B = 
11.40 ct; C and D = 10.95 ct). All the growth sectors originated from cubic 
growth and later developed into octahedral growth. 


of the two diamonds actually mirrored 
each other, which suggests that they 
were cut from the same crystal. 

The small black inclusions were 
identified as graphite by Raman spec- 
troscopy. The micro-inclusions were 
identified as water, carbonates, calcite, 
quartz, and micas by Fourier-trans- 
form infrared spectroscopy (figure 9). 
The broad OH-stretching (3600-2800 
cm!) and the HOH-bending (~1650 
cm!) bands indicated the presence of 
different water phases and suggested 
that these diamonds were formed pro- 
gressively through different growth 
events (see D. A. Zedgenizov et al., 
“Water-related IR characteristics in 
natural fibrous diamonds,” Mineral- 
ogical Magazine, Vol. 70, 2006, pp. 
219-229). The quartz bands at 808 and 
783 cm! were shifted from their nor- 
mal positions of 798 and 778 cm". 
The shifted positions correspond to a 
residual pressure of 1.5 GPa (at room 
temperature) inside the diamond, this 
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suggests that high internal pressure 
was trapped in these diamonds during 
growth in the earth’s upper mantle 
(see M. Schrauder and O. Navon, 
“Hydrous and carbonatitic mantle flu- 
ids in fibrous diamonds from Jwaneng, 
Botswana,” Geochimica et Cosmo- 
chimica Acta, Vol. 58, 1994, pp. 
761-771). 

The fibrous texture is not associat- 
ed with this micro-inclusion assem- 
blage. As seen in figure 8, the cubic 
growth developed into octahedral 
growth at later growth stages. A dia- 
mond showing a similar growth se- 
quence was reported in the Spring 2006 
Lab Note mentioned above. The yellow 
color, which was unevenly distributed 
throughout the two diamonds, was 
caused by C-centers (i.e., single substi- 
tutional nitrogen, at 1344 cmr'), 

Diamonds such as these create 
special concerns during cutting. It is 
recommended that a diamond with 
two growth sectors be sawn between 
the two sectors to avoid causing 
cracks (see G. P. Bulanova et al., “A 
venture into the interior of natural 


Figure 9. The mid-infrared spectra of both diamonds (top, 11.40 ct, bot- 
tom, 10.95 ct) revealed the presence of numerous micro-inclusions. The 
different modes of the water bands suggest that they were formed by dif- 
ferent growth events. The spectra have been offset for clarity. 
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diamond: Genetic information and 
implications for the gem industry 
[Part I: The main types of internal 
growth structures],” Journal of Gem- 
mology, Vol. 29, 2005, pp. 377-386). 
Likewise, the elevated temperatures 
used for cutting can release the high 
pressure trapped inside fluid-bearing 
micro-inclusions, which could also 
have contributed to the numerous 
fractures in these two diamonds. 

The DiamondView images and 
infrared spectra proved that the dia- 
monds were natural, with natural 
color. The micro-inclusions were 
formed from the trapped fluids in 
which the diamonds grew (again, see 
Schrauder and Navon, 1994). Even 
though these diamonds were translu- 
cent, their micro-inclusions and 
growth sectors provided us with valu- 
able geologic information related to 
the growth environment of diamond 
crystals and the challenges that crys- 
tals grown in some environments can 
pose for the cutting process. 

Kyaw Soe Moe, Paul Johnson, and 
HyeJin Jang-Green 


Unusual Natural-Color 
Black Diamond 


Black diamonds in the market today 
commonly receive their color from 
heat treatment at ambient pressure or 
intense irradiation. These treatments 
create either graphite inclusions or 
absorption centers (from the damaged 
diamond lattice) that strongly absorb 
visible light and result in a black 
appearance. In comparison, we see 
very few gem-quality black diamonds 
of natural color in the lab, and the nat- 
ural color is usually ascribed to 
graphite inclusions (R. C. Kammerling 
et al., “An investigation of a suite of 
black diamond jewelry,” Winter 1990 
Gems & Gemology, pp. 282-287) or 
metallic inclusions such as magnetite 
(S. V. Titkov et al., “An investigation 
into the cause of color in natural black 
diamonds from Siberia,” Fall 2003 
Gems & Gemology, pp. 200-209). 
Recently, the East Coast laboratory 
examined a 3.14 ct natural-color black 
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Figure 10. This 3.14 ct black dia- 
mond is colored by extremely 
dense clouds of micro-inclusions. 
The small “window” on the 
pavilion is an area that did not 
contain inclusions. 


cut-cormnered rectangular brilliant dia- 
mond (figure 10) that showed some 
interesting gemological features and 
yet another cause of color. 

Unlike most natural diamonds, in 
which octahedral growth is well 
developed, this black diamond was 
dominated by cubic growth and had a 
high concentration of hydrogen. These 
cubic growth sectors exhibited green- 
ish yellow fluorescence to short-wave 
UV radiation in the DiamondView 
instrument (figure 11). They also con- 
tained dense clouds of tiny inclusions 
that were readily visible with magnifi- 
cation. These small inclusions were 
evenly distributed in the cubic growth 
sectors and absorbed almost all the 
light entering the diamond. As a 
result, it was graded Fancy black. 

Micro-inclusions occur frequently 
in natural diamonds and normally 
induce an overall brownish or grayish 
hue (see Winter 2004 Lab Notes, pp. 
325-326; Spring 2006 Lab Notes, pp. 
57-59, and Spring 2006 Gem News 
International, pp. 73-74), but a resulting 
black appearance is rare (when exam- 
ined with very strong lighting, areas 
along the edges of the octahedral 
growth sectors were seen to be dark 
brown). The spectrum in the mid- 
infrared region for this diamond dis- 
played extremely strong hydrogen-relat- 
ed absorptions (e.g., 3107 cm=!}, a com- 
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Figure 11. When exposed to high- 
energy short-wave UV radiation 
in the DiamondView, the black 
diamond in figure 10 exhibited 
typical greenish yellow fluores- 
cence in its cubic growth sectors. 


mon feature of natural diamonds with 
micro-inclusions that are restricted to 
certain growth sectors. The mineralogy 
of these tiny inclusions is not well 
known. 

Another unusual feature of this 
diamond was its poorly developed 
octahedral growth sectors. These 
were much smaller than the cubic 
sectors, and contained almost none of 
the micro-inclusions. As a result, 
these transparent areas formed small, 
symmetrical colorless “windows” in 
the diamond (figures 10 and 12). 

The well-developed cubic growth 


Figure 12. Unlike the cubic 
growth sectors, the black dia- 
mond’s octahedral sectors con- 
tained no micro-inclusions, and 
these areas consequently formed 
transparent “windows” through 
the stone. Magnified 45x. 
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pattern, unusual inclusions, and inter- 

esting color distribution combined to 

make this natural-color black dia- 
mond gemologically interesting. 

Chincheung Cheung and 

QianWen (Mandy) Liu 


SYNTHETIC DIAMOND, 
Possibly Grown at Higher 
Temperatures 


The gemological features of most syn- 
thetic diamonds show little variety. 
Many articles have been written on 
the subject, and most of the features 
are quite familiar to gemologists, 
which is why a synthetic diamond 
recently submitted to the East Coast 
laboratory was so interesting. 
Standard testing procedures estab- 
lished that the 1.35 ct cut-cornered rec- 
tangular modified brilliant in figure 13 
was a synthetic diamond. The sample 
was color graded Vivid yellow, which 
in itself was unusual, as most HPHT 
synthetic diamonds we see have an 
orangy component to their color. 
Examination with 60x magnification 
did not reveal any large metallic inclu- 
sions, but numerous pinpoint-like 
micro-inclusions were present. Also 
seen was a subtle yellowish patchy 
color zoning in a very limited region in 
the center; this is not common in yel- 
low synthetic diamonds. When illumi- 
nated with a fiber-optic light, the sam- 
ple showed unevenly distributed mod- 
erate green luminescence that corre- 
sponded to the color zoning (figure 14). 
Notably absent was the characteristic 
hourglass-like color zoning seen in 
most HPHT-grown synthetic dia- 
monds (see J. E. Shigley et al, “An 
updated chart on the characteristics of 
HPHT-grown synthetic diamonds,” 
Winter 2004 Gems &) Gemology, pp. 
303-311). Also, in contrast to type Ib 
synthetic diamonds, which are inert or 
display weak fluorescence when 
exposed to long-wave UV radiation, 
this synthetic diamond displayed 
unevenly distributed moderate-to- 
strong green fluorescence. Further- 
more, also unlike most other synthet- 
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Figure 13. The Vivid yellow color 
of this 1.35 ct cut-cornered rec- 
tangular modified brilliant is 
unusual for a synthetic diamond. 


ic diamonds, the intensity of the fluo- 
rescence was weaker when exposed to 
short-wave UV. 

Observation with the Diamond- 
View instrument revealed an internal 
growth-sector arrangement showing 
well-developed octahedral growth 
zonation and a four-fold cross-shaped 
pattern from very poorly developed 
cubic growth sectors (figure 15). 

In further contrast to typical 
HPHT-grown synthetic yellow dia- 
monds, which are dominated by iso- 
lated nitrogen, the nitrogen in this 
sample was highly aggregated. Its mid- 
infrared absorption spectrum was 
dominated by A-form nitrogen (>200 
ppm as shown by the 1282. cm! peak}, 
and only an extremely weak absorp- 
tion due to isolated nitrogen at 1344 
cm! was detected (figure 16). When 
viewed with a handheld spectroscope, 
a weak but sharp band at 546 nm was 
observed, which is evidence of nickel 
impurities. Many other Ni-related 
defects were present in the sample’s 
photoluminescence spectrum. 

These observations indicated that 
this synthetic diamond likely was 
grown at a relatively high tempera- 
ture, ~1700°C, compared to the 1400- 
1500°C for typical synthetic diamonds 
(see, e.g., J. E. Shigley et al., “The gemo- 
logical properties of Russian gem-qual- 
ity synthetic yellow diamonds,” 
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Figure 14. When the synthetic dia- 
mond in figure 13 was illuminated 
using a fiber-optic light, unevenly 
distributed moderate green lumi- 
nescence was seen to correspond 
to the patchy color zoning. 


Winter 1993 Gems & Gemology, pp. 
228-248). At very high temperatures, 
octahedral growth sectors are selective- 
ly developed and cubic growth sectors 
are minimized (H. Sumiya et al., 
“Growth rate of high-quality large dia- 
mond crystals,” Diamond and Related 
Materials, Vol. 237/239, 2002, pp. 
1281-1285). Most nitrogen in synthet- 
ic diamonds grown at such a high tem- 
perature is aggregated. 

Another possibility is prolonged 


Figure 15. In the DiamondView 
instrument, the synthetic dia- 
mond showed green fluorescence 
with a cross-shaped pattern. 
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the contact surface of a biaxial stone cor- 
responds with the XZ or the YZ plane, 
(that is with one of the two principal planes 
which lie at right angles to the plane of 
the optic axes or XZ plane) the motion 
of the birefringent bar is similar to that 
in a uniaxial mineral, in that one edge of 
the bar remains fixed. As pointed out above, 
stich specific orientations are rare even in 
the most accurately fashioned gemstones; 
however, if possible it is advisable to use 
a second facet and obtain confirmed read- 
ings before making positive identification 
of the mineral. 


The Analyzing Refractometer is available 
in three different models varying in accur- 
acy and cost. The simplest of these is a 
combination of the Gem Refractometer with 
a polarizing eyepiece and a set of three 
filters consisting of two. polaroid filters 
with parallel and 45° vibration directions, 
and a red filter which gives sharper shadow 
edges and easier reading of the birefringent 
bar. The eyepiece and set of filters sell 
for $6.00, and the minimum set of Analyz- 
ing Refractometer equipment therefore costs 
$35.00. 


An intermediate instrument is the Gem 
Analyzing Refractometer. This instrument 
consists of a built-in light source, with a 
slide to shift from white light to red light 
for observation of the birefringent bar, and 
a rotating disc on the shaft of the refracto- 
meter to permit rapid shift from ordinary 
light to light polarized parallel to the sur- 
face of the dense glass hemicylinder or at 
45° to the hemicylinder surface. The analyz- 
er on this instrument is set on a ring which 
forms part of the yoke of the refractometer. 
Zero points for positioning the analyzer 
with respect to the parallel and 45° posi- 
tions of the polarizing filters are marked 
on the ring, and the vibration directions of 
the filters are marked on the rotating filter 
ring. These features permit much more 
accurate orientation of the analyzer with 
respect to the polarizer, and the instrument 


in its complete form is more accurate than 
the basic refractometer with the added 
filter set. The Gem Analyzing Refractom- 
eter sells for $65.00 

The most accurate form of this device 
is the Gem Master Analyzing Refractom- 
eter. It is essentially the same as the Gem 
Analyzing Refractometet except for the ad- 
dition of a built-in sodium vapor lamp, 
which serves as a monochromatic source 
of light. This instrument also has the same 
rotating filter disc and analyzer as the Gem 
Analyzing Refractometer. The Gem Master 
Analyzing Refractometer gives readings so 
sharp that estimation of .001 of refractive 
index is possible. Therefore, the measure- 
ment of birefringence and the analysis of 
optic character and sign are possible even 
when the birefringence is as small as .005. 
The Gem Master Analyzing Refractometer 
sells for $135.00. 


THE GEMOLOGICAL MICROSCOPE 


For many years gemologists have used 
modifications of the standard petrographical 
microscope for gemstone identification, Even 
with special attachments made to handle 
cut gems, such equipment has never proved 
entirely satisfactory because it is designed 
for use with prepared thin sections of 
minerals and rocks. In order to make avail- 
able a mictoscope which will permit the 
use of standard procedures of optical miner- 
alogy with cut stones, and even with mount- 
ed stones, the Gemological Microscope was 
developed. This is a very versatile instru- 
ment; when used properly, the optic con- 
stants of any unmounted transparent gem 
are teadily obtained. and the majority of 
mounted stones can be handled with reason- 
able efficiency. The instrument contains a 
built-in light source which gives a large 
area of illumination and a relatively high 
working point. This feature avoids the 
severe limitations imposed by the condens- 
ing system of a standard petrographical 
microscope. The gemological microscope 
also incorporates rotating stage, centering 
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Figure 16. While many HPHT-grown synthetic yellow diamonds are predom- 
inantly type Ib due to isolated nitrogen, this sample proved to be type IaA 
with a trace of type Ib (the small peak at 1344 cm"); the peak intensity at 
1282 cnr! indicated a nitrogen concentration of >200 ppm in the A centers. 


annealing at high temperatures after 
initial growth, but the very limited 
development of cubic growth in this 
synthetic diamond indicated that it 
was more likely to have crystallized 
at higher temperatures directly. While 
HPHT-grown synthetic yellow dia- 
mond is becoming more common in 
the jewelry market, samples such as 
this one are encountered only rarely. 
QianWen (Mandy) Liu 


Heat-Treated Blue SAPPHIRE 
with Unusual Dendrites 
The laboratory routinely receives 
large numbers of blue sapphires for 
examination. Many of these stones 
show relatively typical signs of heat 
treatment in the form of melted and 
resolidified mineral inclusions, heat- 
decrepitated primary and secondary 
fluid inclusions, and color zoning 
attributed to internal diffusion. 

It has also been demonstrated 
through experimentation with syn- 
thetic corundum that the precipitation 
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of inclusions formed by exsolution, 
such as fine needles of silk-like rutile, 
can be controlled during the growth 
process. As would be expected, this is 
true of natural corundum as well. 
During the heat treatment of nat- 


ural corundum, preexisting exsolved 
rutile can be dissolved back into the 
corundum lattice structure to clarify 
a rutile-clouded stone. This “break- 
down” begins to occur at approxi- 
mately 1250°C and progresses more 
rapidly as the temperature and time- 
at-temperature both increase. 

In some instances, however, the 
rutile is not completely reabsorbed, 
leaving behind tiny crystallite rem- 
nants aligned in typical corundum 
exsolution patterns; these are some- 
times accompanied by clouds of 
color resulting from internal diffu- 
sion. The rutile may also partially 
recrystallize back into the corundum 
host. When this occurs, the rutile 
usually reappears as very fine, short 
needles or extremely small dust-like, 
light-scattering particles. Good ex- 
amples of this type of controlled 
exsolution can be found in both 
flame-fusion (Verneuil) grown star 
sapphires and rubies and cabochon- 
cut natural stones that have asterism 
induced by lattice diffusion. 

Recently the laboratory received a 
relatively large (20+ ct), faceted, trans- 
parent blue sapphire for identification. 
The many inclusions, all of which 
showed evidence of heat treatment, 
made the identification as a natural 
but heat-treated stone relatively easy. 


Figure 17. The rows of unusual tree-like inclusions in this sapphire proba- 
bly formed through exsolution as a result of the heat-treatment process. 
Their composition is unknown. Magnified 10x. 
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However, the examination also 
revealed an inclusion with a dendritic 
pattern that was unique in our experi- 
ence. This feature was very elusive in 
that it was only visible when a fiber- 
optic light was directed at a specific 
angle oblique to the plane of the table 
facet. These dendrites were arranged 
in consecutive rows and displayed an 
obvious arborescent habit, as illustrat- 
ed in figure 17. They also appeared to 
occupy the same plane in their host. 
This, combined with their reflective 
thin-film behavior and crucial direc- 
tional visibility, led to the conclusion 
that they were the result of post-treat- 
ment exsolution. The fact that they 
were composed of numerous tiny indi- 
vidual disk-like crystallites also sug- 
gested that they originally formed as 
continuous branching dendrites that 
then contracted down into individual 
droplets as the corundum cooled 
before they finally solidified. 

This is only one theory, of course. 
Readers are invited to convey their 
own thoughts as to the origin of these 
unusual inclusions. 

John I. Koivula 


YTTRIUM ALUMINUM GARNET 
(YAG) with a Dislocation Spiral 
Crystalline compounds, whether nat- 
ural or synthetic, can show two main 
types of structural dislocations. The 
first, edge dislocations, are offsets 
within atomic planes; these can be 
thought of as an extra half-plane of 
atoms inserted between two parallel 
planes in an otherwise “perfect” crys- 
tal structure. The other type, screw 
dislocations, are helical in nature; 
these can be compared to a spiral 


Figure 18. This unusual elongated 
dislocation spiral was discovered 
in a faceted green YAG. It 
appears to consist of numerous 
minute particles of growth 
residue, as well as gas bubbles 
that were captured as the spiral 
developed. Magnified 10x. 


staircase or the auger-like pattern on 
a screw, hence the name. As far as 
gemstones are concerned, the screw 
dislocation is visually the most inter- 
esting of the two types. 

A screw dislocation forms in a gem 
crystal when a helical pattern develops 
around a linear defect that starts at a 
point source, such as an inclusion or a 
strain knot. The spiral form becomes 
visible when there is sufficient strain 
to cause small fractures to develop 
along the central dislocation line 


and/or when fluid inclusions are cap- 
tured along it as the crystal grows. 

While we occasionally encounter 
beautifully formed dislocation spirals 
decorated by fluid inclusions and 
minute fracture patterns in gems such 
as topaz (orthorhombic) and beryl 
(hexagonal), these are somewhat 
expected, since both minerals have 
central axes of symmetry around 
which a spiral structure might form. 
However, using a gemological micro- 
scope, we had never seen an inclusion 
spiral in a material formed in the iso- 
metric (cubic) crystal system. It was, 
therefore, somewhat surprising when 
just such a spiral-shaped inclusion for- 
mation (figure 18) was observed during 
the otherwise routine identification of 
a faceted transparent green yttrium alu- 
minum garnet (YAG). 

Whether it is a doubly refractive 
synthetic such as corundum or 
chrysoberyl, or a singly refractive 
material such as spinel or YAG, if a 
melt-grown crystalline rod is sawn in 
two lengthwise and both halves are 
polished, the sawn sections will some- 
times display centrally located strain 
oriented parallel to their length. 
During growth, this central strain 
zone could develop as a visible spiral 
in the host, which would explain this 
unusual inclusion in a YAG. From 
that, we surmised the green YAG was 
probably grown by a melt technique 
rather than from a flux. 

John I. Koivula 
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The 2007 Tucson gem shows brought together the usual 
fantastic quality and quantity of gems and minerals, but 
there was little in the way of new gem localities or varieties. 
Instead, additional production from known localities was 
brought to market, with the most exciting example being 
the widespread availability of copper-bearing tourmaline 
from Mozambique (see Gem News International, Winter 
2005, pp. 360-361, and Spring 2006, p. 62), which was avail- 
able from numerous dealers mainly as heated blue-to-green 
material. One notable stone at this year’s American Gem 
Trade Asociation (AGTA) show was a 325.13 ct tsavorite 


Figure 1. This 325.13 ct tsavorite is from Merelani, 
Tanzania. Courtesy of Michael Couch & Associates, 
West Des Moines, Iowa; photo by Robert Weldon. 
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from Merelani, Tanzania (figure 1), that was reportedly cut 
from the same piece of rough as the 62.81 ct stone pictured 
in last year’s Tucson report (Spring 2006 GNI, pp. 62-63). 
Also of interest were two enormous slabs of Australian 
tiger’s-eye in jasper (e.g., figure 2) that were displayed at the 
53rd Tucson Gem & Mineral Show, where this year’s 
theme was the minerals of Australia. The specimens were 
mined from the Marra Mamba Formation at Mt. Brockman 
in Western Australia. Another example of minerals at 
Tucson on a grand scale are the amethyst and citrine crystal 
“cathedrals” from Brazil in figure 3, which were on display 
at the JG & M Expo show. Additional items are described 
below, with more to be included in the Summer 2007 GNI 
section. G@#G thanks the many friends who shared material 
and information with us this year. 


COLORED STONES AND 
ORGANIC MATERIALS 


“Emerald” green fluorite from India. Although green fluo- 
rite is rather common, saturated “emerald” green stones 
are known mainly from the emerald mines of Colombia 


Editor’s note: The initials at the end of each item identify the 
editor or contributing editor who provided it. Full names and 
affiliations are given for other contributors. 

Interested contributors should send information and 
illustrations to Brendan Laurs at blaurs@gia.edu or GIA, The 
Robert Mouawad Campus, 5345 Armada Drive, Carlsbad, 
CA 92008. Original photos can be returned after considera- 
tion or jublication. 
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Figure 2. Shown here is one of two large slabs of Australian tiger’s-eye in jasper (220 cm x 50 cm x 4 cm) that 
were displayed at this year’s Tucson Gem & Mineral Show. The photo on the right highlights some of the 
details of the piece. Courtesy of David Vaughan, Australian Outback Mining, Perth, Western Australia; photos 
by Robert Weldon. 


(see, e.g., P. Vuillet, “La fluorite verte de Penas Blancas,” 
Revue de Gemmologie, No. 140, 2000, pp. 21-25). We 
were therefore interested to receive a 3.99 ct bright green 
fluorite (figure 4) reportedly from Bihar, India, that was 
donated to GIA by Dudley Blauwet (Dudley Blauwet 
Gems, Louisville, Colorado) at the AGTA show. Mr. 
Blauwet obtained the stone in Jaipur, India, in November 
2006. He was shown approximately 1,000 carats of the cut 
green fluorite, and obtained 200-300 carats ranging from 2 
to 58 ct each. The material showed various degrees of satu- 
ration of the green color, and some of the larger stones 
were color zoned, with blue bands seen in certain orienta- 
tions. No treatments were indicated by the dealer. 
Examination of the 3.99 ct fluorite by one of us (EAF) 
showed the following properties: color—green; R.I—1.439, 


Figure 3. Displayed within their shipping crates are 
three large crystal “cathedrals” of amethyst and citrine, 
with owner Tina Sim shown for scale. The citrine color 
was created in Brazil by heating amethyst; it undoubt- 
edly required a very large oven. Courtesy of Gemstone 
Material Interiors, Tucson, Arizona; photo by B. Laurs. 


hydrostatic S.G.—3.19; Chelsea filter reaction—none; fluo- 
rescence—inert to long- and short-wave UV radiation; and 
no absorption lines visible with the desk-model spectro- 
scope. Microscopic examination revealed planar fluid inclu- 
sions, traces of the characteristic cleavage exhibited by fluo- 
rite, and minute primary three-phase inclusions (figure 5). 
Many of these inclusions exhibited a tetrahedral or modified 
tetrahedral habit, which is a relatively well-known identify- 
ing characteristic of fluorite. Judging from the low relief of 
the fluid inclusions, the liquid filling them appeared to be a 
saturated brine with a refractive index less than, but very 
near to, that of the fluorite host. In addition to the transpar- 
ent daughter phase(s), some of the three-phase inclusions 
appeared to contain a tiny opaque solid phase with a brassy 
color and metallic luster (probably a sulfide mineral). Vuillet 
(2000) also reported seeing three-phase inclusions in green 
fluorite from Colombia. However, several other properties 


Figure 4. This 3.99 ct “emerald” green fluorite is 
reportedly from Bihar, India. Gift of Dudley Blauwet, 
GIA Collection no. 36751; photo by C. D. Mengason. 
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Figure 5. The green fluorite contained numerous tiny 
three-phase inclusions. Photomicrograph by John I. 
Koivula; magnified 40x. 


reported by Vuillet (2000) were not observed in our green 
fluorite: a “rose” Chelsea filter reaction, absorption at 
560-580 nm, intense blue long-wave UV fluorescence, and 
moderate blue-violet short-wave UV fluorescence. 
Therefore, we suspected that the origin of color in the 
Indian fluorite might be different from that of the 
Colombian material examined by Vuillet. 

Fluorite can show a variety of colors that are caused by 
complex centers involving rare-earth ions and/or oxygen; 
green is commonly due to traces of Sm” (H. Bill and G. 
Calas, “Color centers, associated rare-earth ions and the 
origin of coloration in natural fluorites,” Physics and 
Chemistry of Minerals, Vol. 3, 1978, pp. 117-131). Indeed, 
Vuillet (2000) indicated that the green fluorite from 
Colombia is colored by Sm?* (green), with a blue-violet 
component caused by luminescence from traces of Eu**. 
However, a UV-Vis-NIR spectrum of our 3.99 ct fluorite 


Figure 6. This UV-Vis-NIR spectrum of the green 
fluorite shows absorption features at 335, 400, 
~590, and ~710 nm, which are consistent with 
yttrium- and cerium-associated color centers as 
the cause of the bright green coloration. 
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(figure 6) did not show features consistent with Sm?*. 
Instead, the spectrum indicated the presence of yttrium 
(Y)- and cerium (Ce)}-associated centers (Bill and Calas, 
1978), with absorptions recorded at 335, 400, ~590, and 
~710 nm. As expected, EDXRF spectroscopy showed 
traces of Y and very minute amounts of Ce; no Sm was 
detected. According to Bill and Calas (1978), the produc- 
tion of deep green to yellowish green coloration in fluorite 
by Y- and Ce-associated centers is quite rare. 
Eric A. Fritz (eric.fritz@gia.edu) 
and John I. Koivula 
GIA Laboratory, Carlsbad 


BML 


Cat’s-eye leifite from Mont Saint-Hilaire, Canada. Leifite, 
Na,(Si,Al,Be),(O,OH,F),,, is an alkali pegmatite mineral that 
has been found rarely as transparent facetable pieces at 
Mont Saint-Hilaire, Quebec, Canada (see Gem News, 
Spring 1993, p. 60, and Spring 1995, pp. 65-67). At the Gem 
& Jewelry Exchange (GJX) show, gem cutter Brad Wilson 
(Coast to Coast Rare Stones International, Kingston, 
Ontario, Canada) showed this contributor two cat’s-eye 
leifite cabochons that he had recently cut from Mont Saint- 
Hilaire material. He noticed the potential for chatoyancy in 
a few small pieces of rough that he acquired over the past 
few years, and stabilized this fibrous material with epoxy 
prior to cutting. So far he has cut seven pieces of the cat’s- 
eye leifite, ranging from approximately 0.5 to 2.78 ct; the 
best two stones are shown in figure 7. Mr. Wilson reported 
that most of the leifite production at Mont Saint-Hilaire 
took place between 1988 and 1991, and that the fibrous 


Figure 7. These cabochons of the rare mineral leifite 
(1.60 and 0.62 ct) are notable for their chatoyancy. 
Courtesy of Coast to Coast Rare Stones International; 
photo by Robert Weldon. 
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material was found at the end of this period. The leifite 
finds in 1988-1990 were described by L. Horvath and R. A. 
Gault (“The mineralogy of Mont Saint-Hilaire, Quebec,” 
Mineralogical Record, Vol. 21, No. 4, 1990, pp. 284-359). 
While the transparent leifite documented in the Spring 1995 
Gem News entry was light purplish pink, all the fibrous 
material obtained by Mr. Wilson was white to light gray. 
BML 


Play-of-color opal from Piaui, Brazil. A variety of opals are 
known from Brazil’s Piaui State, which is that country’s 
most important source for this gem (see J. Knigge and C. C. 
Milisenda, “Brazilian opals from Pedro II,” Gemmologie: 
Zeitschrift der Deutschen Gemmologischen Gesellschaft, 
Vol. 46, No. 2, 1997, pp. 99-105). These include white or 
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Figure 8. These recently mined opals 
from Piaut, Brazil, are notable for 
their high quality, as shown by their 
strong play-of-color (left, 38.36 ct), 
transparency (center, 18.42 ct), and 
even chatoyancy (above, 15.90 ct). 
Courtesy of Opalas Pedro II; 

photos by Robert Weldon. 


light opal (see reference above and Spring 1991 Gem News, 
p. 49, as well as Spring 1999 Gem News International, pp. 
53), fire opal (“Reporter’s Notebook,” Colored Stone, Vol. 
15, No. 3, 2002, p. 44-45), and matrix opals (Fall 2002 Gem 
News International, pp. 268-269). 

During the AGTA show, Juscelino Souza (Opalas Pedro 
Il, Pedro 0, Piaui, Brazil) and Robb Darula (From Earth To 
Art and Mystic Jewelry and Gemstones, Mystic, 
Connecticut) showed this contributor some rough and cut 
play-of-color Piaui opals that were notable for their unusu- 
ally high quality, including one cabochon with a cat’s-eye 
(figure 8). Their samples were obtained since mid-2006 
from some new mines in the same area near Pedro II (or 
Pedro Segundo) that has historically produced play-of-color 
opal (e.g., figures 9-10). The gentlemen had approximately 


Figure 9. Workers use 
hand tools and dry 
sieves to mine for opals 
at this alluvial deposit 
near Pedro II in Piaui, 
Brazil. Courtesy of 
Opalas Pedro II. 
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Figure 10. This alluvial mining operation for Piaui 
opal employs a pump to remove groundwater from 
the workings. Courtesy of Opalas Pedro II. 


2,000 carats of polished opal that were cut from the top 2% 
of the production. The samples were derived from about 30 
mining sites that are exploring alluvial deposits. The opal is 
typically recovered at least 0.5 m below the surface, with 
some of the pits reaching as deep as 3 m. There has also 
been opal production from primary deposits in the area. 
Carvings of some older Piaui opal were featured in a 
jewelry series called the Opal Natural Wonder Collection 
that was also seen in Tucson. The pieces were created by 


Judy Wallace (Wallace Goldsmithing, Sarasota, Florida) 
using material that was mined in the early 1970s, and 
demonstrated how the opal carvings can be creatively incor- 
porated into wearable designs (e.g., figure 11). 

In the future, more opal production from the Pedro II 
area is anticipated as additional mines are rejuvenated. Mr. 
Darula reported that the renewed mining efforts are in part 
due to cooperation from the state government, which is 
interested in promoting awareness of Piaui’s opals and has 
recently published a pamphlet on them in Portuguese (Pedra 
Primeira de Pedro Segundo, Servigo de Apoio as Micro e 
Pequenas Empresas do Piaui, Sebrae, Piaui, 2007, 44 pp.). 

BML 


Prehnite from Merelani, Tanzania. At the Pueblo Gem & 
Mineral Show, Steve Ulatowski (New Era Gems, Grass 
Valley, California) had rough and cut prehnite from the tan- 
zanite mines at Merelani, Tanzania. He obtained a total of 
about 20 kg of mixed-grade rough prehnite while on buying 
trips to Tanzania in November 2.006 and January 2007. The 
prehnite formed aggregates that were mostly yellow, with 
white areas on some pieces. Some of these aggregates were 
intergrown with violet tanzanite, gray graphite, and/or pale 
green diopside (identified based on their visual appearance 
and typical mineral association at Merelani). So far, he has 
cut five pieces into faceted stones and cabochons. 

Mr. Ulatowski loaned one faceted stone, one cabochon, 
and several pieces of rough to GIA for examination (e.g., 
figure 12). Characterization of the two polished stones by 
one of us (EAF) showed the following properties: color— 
greenish yellow, with no pleochroism; R.I—1.617 to 1.639 
and a spot reading of 1.62; birefringence 0.022; hydrostatic 


Figure 11. Carved Piaut opals have been incorporated into some creative jewelry designs. The opal in the moth 
brooch weighs 25.00 ct, and the frog is 43.88 ct. Courtesy of Wallace Goldsmithing; photos by Robert Weldon. 
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S.G.—2.91 and 2.96; Chelsea filter reaction—none; fluores- 
cence—inert to long-wave UV radiation and weak yellow 
to short-wave UV; and no absorption features visible with 
the desk-model spectroscope. Microscopic examination 
revealed fine oriented fibers throughout the stones, numer- 
ous fractures, and planar fluid inclusions. These properties 
are comparable to prehnite from Mali (see Summer 2006 
Gem News International, pp. 178-179), and similar to 
prehnite from Australia (see Spring 2001 GNI section, pp. 
71-72), except for the fluorescence; the Australian stones 
described in 2001 fluoresced weak yellow to long-wave 
UV radiation and weak orange to short-wave UV. 
To the best of our knowledge, this is the first report of 
gem-quality prehnite from Tanzania. 
Eric A. Fritz and BML 


Colorado rhodochrosite near end of availability. The Sweet 
Home mine in Colorado’s Alma mining district has been 
known since 1872, when it was initially exploited for sil- 
ver. More recently, however, the mine has become famous 
for producing world-class rhodochrosite crystals (see T. 
Moore et al., “The Sweet Home mine,” Mineralogical 
Record, Vol. 29, No. 4, 1998, entire issue). In their best 
qualities, rhodochrosite crystals from Sweet Home are 
well-formed, largely translucent-to-transparent rhombohe- 
drons, with a saturated orangy red color (e.g., figure 13). 

In 1991 the mine was taken over by an investment cor- 
poration called Sweet Home Rhodo Inc. and overseen by 
veteran miner Bryan Lees (The Collector’s Edge, Golden, 
Colorado). In 1992, the company reached its heyday after 
producing a series of magnificent crystal specimens. 
Although the corporation’s main objective was to recover 
mineral specimens for collectors, broken crystals were 
sent for cutting; approximately 100 cut stones over half a 
carat were produced annually between 1992 and 1996 (K. 
Knox and B. Lees, “Gem rhodochrosite from the Sweet 
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Figure 12. The tanzanite 
mines at Merelani, 
Tanzania, are the 
source of this prehnite. 
The polished stones 
weigh 1.62 and 2.14 ct. 
The rough pieces con- 
sist of yellow-to-white 
prehnite aggregates that 
in some cases are inter- 
grown with violet tan- 
zanite, gray graphite, 
and/or pale green diop- 
side. Courtesy of New 
Era Gems; photo by 
Robert Weldon. 


Home mine, Colorado,” Summer 1997 Gems e&) Gemology, 
pp. 122-133). The Sweet Home mine finally ceased opera- 
tions after the 2004 mining season and the site has been 


Figure 13. A gem rhodochrosite crystal (33.9 g, 
with embedded tetrahedrite crystals) from the 
Sweet Home mine in Colorado is shown here with 
a trilliant weighing 7.14 ct. Courtesy of Beija-flor 
Gems; photo by R. Weldon. 
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reclaimed, including the closure of the portal and removal 
of the dumps. Mr. Lees’ company still owns the mine and 
the property, and he is investigating ways of turning the 
site into an open-space park. 

The cut rhodochrosite and material suitable for cutting 
was sold to a group of investors that includes gem dealer 
Robert Van Wagoner (Beija-flor Gems, Haiku, Hawaii), 
who was exhibiting at the GJX show. Because the stock 
was sold to the group as a single parcel, and because the 
mine is no longer in production, Mr. Van Wagoner and his 
associates are now the main dealers trading in cut 
rhodochrosite from the Sweet Home mine. 

Rhodochrosite is soft and has perfect cleavage in three 
directions, so it is notoriously difficult to facet (again, see 
Knox and Lees, 1997). Mr. Van Wagoner reported that cut 
yields can range between 5% and 20%, depending on the 
quality of the rough and the expertise of the cutter. The 
smaller material (i.e., <2 ct) is faceted into calibrated sizes, 
in 0.5 mm increments, as oval, round, princess, cushion, 
and emerald cuts, as well as some trilliants. Stones >2 ct are 
cut in free sizes (again, see figure 13); so far, the largest clean 
rhodochrosite they have cut weighed 12 ct, although they 
have faceted heavily included gems up to 30-40 ct. In addi- 
tion, cabochons (in both calibrated and free sizes) and pol- 
ished rhombohedra are produced. Mr. Van Wagoner indicat- 
ed that some of the cabochons have shown chatoyancy and 
four-rayed stars. He added that some of the cabochons and 
polished rhombohedrons are stabilized during the cutting 
process, while the faceted stones are completely untreated. 

The cut rhodochrosite is being sold by Mr. Van 
Wagoner and his associates mostly as loose gems, although 


Figure 14. A variety of colors and textures are shown 
by this serpentinite from Argentina, which is marketed 
as “Andes Jade.” The image on the right shows the 
translucency and execution of detail in the carving by 
Mark Zirinsky, which measures 5.5 x 3.5 cm. Courtesy 
of Patagonia Minerals; photos © Jeff Scovil. 
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some jewelry pieces have been manufactured from the 
material. They expect that stocks of cut Sweet Home 
thodochrosite will not last beyond two-to-three years, after 
which relatively few stones will be available in the market. 
Robert Weldon (rweldon@gia.edu) 

GIA Library, Carlsbad 


Serpentinite from Argentina, marketed as “Andes Jade.” At 
the Arizona Mineral & Fossil Show (InnSuites Hotel venue) 
and Tucson Electric Park, Jorge Dascal (Patagonia Minerals, 
Buenos Aires, Argentina) had some serpentinite from cen- 
tral-western Argentina that he was selling with the market- 
ing name “Andes Jade.” The material ranged from light-to- 
dark green, to bluish green, to black; Mr. Dascal has recog- 
nized 12 specific color varieties. The diaphaneity was nearly 
opaque to translucent. He had 11 tonnes available in Tucson, 
as rough blocks (25 x 20 x 20 cm to 50 x 40 x 35 cm}, broken 
polished pieces (15 x 10 x 10 cm), sawn slices, and a few 
cabochons, as well as an interesting carving that was crafted 
by Mark Zirinsky of Denver, Colorado (figure 14). 

Mtr. Dascal indicated that X-ray diffraction analyses of 
several samples performed at the University of Bonn in 
Germany showed the material to be a mixture of the ser- 
pentine minerals antigorite and lizardite, together with 
magnesite and minor magnetite. Some of the pieces were 
strongly magnetic. Light red-brown specks in some of the 
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serpentinite were identified as garnets by a local university 
laboratory. A Mohs hardness of 5-6 has been suggested 
by experienced local artisans and Chinese carvers, with the 
lighter green material being harder than the darker colors. 
Mr. Dascal reported that he first found the Andes Jade 
in early 2004, received mining rights in early 2006, and 
constructed a road to the deposit in preparation for mining 
in late 2006. The deposit has been worked as an open cut, 
using hand tools and pneumatic drills. The reserves appear 
to be extensive, and Mr. Dascal plans to start mining soon 
on a full-time, year-long basis. 
BML 


New variscite production from Western Australia. At the 
Arizona Mineral & Fossil Show (Mineral & Fossil 
Marketplace venue), Glenn Archer and David Vaughan 
(Australian Outback Mining, Perth, Western Australia) had 
some attractive green variscite that they recently mined 
from the Meekatharra District in central Western Australia. 
Although variscite has been known from this area for 
decades, they have been exploring a part of the district that 
had not previously been mined, at Woodlands Station, locat- 
ed 100 km east of Mt. Augustus. They started prospecting in 
2002 in an area where a mining company had mapped a 
phosphatic shale horizon, but it took more than a year of 
exploration before they found a vein system containing high- 
quality variscite. After a lengthy process that involved peg- 
ging the claim, negotiating for the native title, and obtaining 
the necessary permits, they began exploratory mining with a 
backhoe in late 2004. However, little production was 
obtained initially due to the very hard nature of the rock. 

In 2005 they brought in larger machinery, including a 
D-8 bulldozer, and produced 8 tonnes of various grades of 
variscite mixed with matrix material. Mining in 2006 
yielded 4-5 tonnes of mixed-grade variscite, which was 
greener and of better quality than the previous material. 
Although this material was obtained from a maximum 
depth of just 3 m, it required moving a substantial amount 
of overburden to follow the vein system under the neigh- 
boring hillside. 

The variscite has been recovered from a <1-m-wide 
layer containing several veins ranging from 2.5 to nearly 4 
cm thick. So far the variscite has been mined over a 50-m- 
long area of the vein system, but the material is present 
along strike for 8,500 m. Due to the remoteness of the area 
and the oppressively hot climate, mining has taken place 
for only a 10-day period once a year during the cool season 
(May through September). During the 2006 campaign, the 
mining crew consisted of five people and employed a bull- 
dozer, backhoe, and two trucks. 

The variscite from Australian Outback Mining’s claim 
was first sold at the 2006 Tucson show as broken pieces, 
slabs, and partially polished pieces. During the 2007 show, 
they had both rough and polished variscite; they reported 
that about 10 kg had been fashioned thus far as cabochons 
and carvings (see, e.g., figures 15-16). The color ranged 
from light-to-dark yellowish green, with attractive pat- 
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Figure 15. Attractive patterning and a range of color is 
shown by this variscite, which was recently mined 
from a new claim in central Western Australia. The 
cabochon in the center is 56 x 25 mm; the specimen 
on the left was carved by Dalan Hargrave. Courtesy 
of Australian Outback Mining; photo © Jeff Scovil. 


terns created by orangy brown veining. The variscite 
reportedly is not treated or stabilized in any way. 

In March 2007, particles of native gold were discovered 
in this variscite by researchers at CSIRO (Australia's 
Commonwealth Scientific and Industrial Research 
Organisation). Working under a funded research grant, the 
origin, characterization, and formation of the gold particles 
in the variscite is being investigated by Drs. Ernie Nickel, 


Figure 16. This toad (5 x 7 x 8 cm) was carved from 
the new Australian variscite in Idar-Oberstein, 
Germany. Courtesy of Australian Outback Mining; 
photo by Robert Weldon. 
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objective mounts, accessory slot and quartz 
wedge, and slide-in analyzer and Amici- 
Bertrand lens, as found in petrographical 
equipment. It can therefore be used as a 
normal petrographical microscope, and gives 
excellent results with the usual rock and 
mineral sections. For gem use it has the 
additional features of the Gemological In- 
stitute’s stone holder, together with a sup- 
port arm embodying sufficient relief to 
permit 360° rotation of the stage with the 
stone holder in place. A particularly valu- 
able feature is the special immersion cell, 
which also permits use of the stone holder. 
This cell is equipped with a “bath tub 
drain” feature which allows the user to 
empty the liquid directly from the cell into 
a tank below the stage of the instrument. 
This saves a great deal of time, and elimin- 
ates the mess which is unavoidable when a 
large bath of liquid is lifted off the stage 
of the instrument. 

The gemological microscope as set up for 
work with fashioned stones includes objec- 
tives of 3X, 10X, and 21X. Objectives of 
higher magnification may be used but the 
writers have found that they are seldom 
or never required. Oculats are standard 
Huygens. 5X and 10X. The instrument also 
incorporates a calibrated fine adjustment, 


by means of which the Schaulnes method 
of refractive index determination may be 
employed. 

The writers have found the following 
order of procedure preferable: (1) Locate 
and classify inclusions. Usually relative low 
magnification (50X) will suffice, although 
higher magnification is sometimes mneces- 
sary. (2). Pleochroism, if any, can be 
noted by rotation of the microscope stage. 
(3) By using the 21X objective and slip- 
ping the analyzer and Bertrand lens into 
place, an interference figure is obtained and 
“tracked” by motion of the isogyves; optic 
character and sign are then analyzed. 

The stone holder is of particular value 
at this point since it permits rotation around 
one axis directly and the stone can be shifted 
manually in the jaws in order to rotate it 
around an axis at tight angles to the first. 
By means of these two motions the optic 
axis figure is readily located in most cut 
stones. If, however, the fashioning of the 
stone will not allow light to pass through 
it parallel to an axis, preventing the obtain- 
ing of an axis figure, immersion in a liquid 
whose index approaches that of the speci- 
men will remedy the situation. The writers 
have found that the use of only two liquids 
gives satisfactory results in every case. Pure 
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Figure 17. Tiny inclusions of native gold are present 
in some of the Australian variscite. Photomicrograph 
by J. I. Koivula; magnified 20x. 


Robert Hough, and Elena Hancock at the Australian 
Resources Research Centre in Perth. GIA also recently 
documented gold inclusions in the variscite, after receiv- 
ing a donation of several polished plates from gem cutter 
Dalan Hargrave (GemStarz Jewelry, Spring Branch, Texas). 
Microscopic examination revealed isolated tiny brassy 
inclusions in three of the slabs (e.g., figure 17), and EDXRF 
spectroscopy detected traces of gold in those samples, 
along with Fe and As with the expected Al and P. LA-ICP- 
MS analysis of an inclusion in one sample by GIA research 
scientist Dr. Andy Shen confirmed its identity as gold. 
BML, Eric A. Fritz, and John I. Koivula 


INSTRUMENTS AND TECHNIQUES 

Portable Raman spectrometer and the CrystalSleuth soft- 
ware. At the AGTA show, Bear and Cara Williams (Bear 
Essentials, Jefferson City, Missouri) showed this contribu- 
tor a portable Raman spectrometer (figure 18) they had 
recently purchased for their own gemological research and 
in-house laboratory. Their instrument, the Enwave 
Optronics EZRaman L System, uses a 785 nm laser excita- 
tion source (532, and 670 nm lasers are also available} and is 
operated with a standard laptop computer. It is used in con- 
junction with a comprehensive Raman spectral library that 
is freely downloadable from the RRUFF Project web site at 
http://rruff.info/about/about_software.php. (For more on 


= GNI Regular Features 


the RRUFF Project, see the abstracts by R. T. Downs and 
M. B. Denton in the Fall 2006 issue of G#G, pp. 89-90.) 
The Windows-based software, called CrystalSleuth, is capa- 
ble of analyzing and manipulating Raman spectra, as well 
as powder X-ray diffraction data. It can be used to remove 
background noise, compare multiple spectra, and identify 
an unknown sample by referencing peak positions against 
the on-line RRUFF Project database. While the current 
database is strongly oriented toward mineralogy, there are 
obvious overlaps with gemology. 

Mr. Williams indicated that it typically takes about 
five minutes to get a well-defined Raman spectrum that 
can then be saved to his database or compared to the 
RRUFF database using the CrystalSleuth software. He is in 
the process of building his own Raman spectral database 
that includes information on the origin and any known 
treatment of every gem sample that he analyzes. 

This portable Raman spectrometer was purchased for 
under $20,000, and continued technological advances are 
expected to make such instrumentation even smaller and 
more affordable in the future. This, combined with the 
availability of the free CrystalSleuth software, is poised to 
make Raman spectroscopy a more accessible tool for the 
professional gemologist and conscientious gem dealer. 

BML 


Figure 18. Bear Williams set up his portable Raman 
spectrometer at the AGTA show in Tucson. Photo 
by Robert Weldon. 


COLORED STONES AND 

ORGANIC MATERIALS 

Amethyst from the Democratic Republic of the Congo. 
During a buying trip to Tanzania in mid-2006, gem dealer 
Farooq Hashmi (Intimate Gems, Jamaica, New York) 
obtained some rough amethyst that was reportedly mined 
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from the Democratic Republic of the Congo. He noted that 
in recent years up to several hundred kilograms of gem-quali- 
ty rough amethyst from the DRC has been sold in Tanzania 
annually, in addition to even larger quantities from Zambia. 
Mr. Hashmi loaned us a crystal fragment and three 
faceted stones (3.31-22.11 ct; figure 19) that were representa- 
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Figure 19. This amethyst (3.31-22.11 ct) was reportedly 
sourced from the Democratic Republic of the Congo. 
Courtesy of Intimate Gems; photo by Robert Weldon. 


tive of the more attractively colored DRC amethyst. The cut 
stones were examined by one of us (EAF), and gave typical 
properties for amethyst: color—purple; R.I—1.546-1.555; 
birefringence—0.009, hydrostatic $.G.—2.65; and inert to 
both long- and short-wave UV radiation. Microscopic exami- 
nation revealed “fingerprints” consisting of minute two- 
phase (liquid and gas) inclusions, as well as a few sprays of 
reddish needles (e.g., figure 20) that had the appearance of the 
hematite inclusions commonly found in amethyst (see also 
E. J. Gubelin and J. I. Koivula, Photoatlas of Inclusions in 
Gemstones, Vol. 2., Opinio Publishers, Basel, Switzerland, 
2005, p. 562). The stones did not exhibit Brazil-law twinning 
in the polariscope, but they did produce a typical quartz 
“bull’s-eye” uniaxial optic figure. FTIR spectroscopy showed 
typical features for amethyst and no unusual peaks (e.g., no 
3543 cm! peak, as has been documented in material from a 
few localities as well as in some synthetic amethyst). 

Eric A. Fritz and BML 


Figure 21. These faceted brown-orange andradites 
from Iran (1.25 and 1.64 ct) contain striking green 
color zones. Photo by M. Douman. 
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Figure 20. The DRC amethyst contained sprays of 
reddish needles that resemble the hematite inclu- 
sions commonly encountered in amethyst. Photo- 
micrograph by Robert Weldon; magnified 10x. 


Color-zoned andradite from Iran, with calcite inclusions. 
The recent GIA Gemological Research Conference includ- 
ed a poster describing Iranian demantoid (G. Du Toit et al., 
“Demantoid from Iran,” Fall 2006 Gems & Gemology, p. 
131). Since then, one of the poster authors and present 
contributors (MD) obtained some unusual andradite sam- 
ples from Iran, including two faceted brown-orange stones 
(1.25 and 1.64 ct; figure 21) with distinct zones of green 
color centered under their tables. The 1.25 ct sample was 
examined in detail for this report. The specific gravity 
(3.79) and refractive index (1.86) values confirmed that it 
was andradite. Magnification revealed parallel, nearly par- 
allel, and curved fibrous inclusions with some associated 
fractures (figure 22). 


Figure 22. Parallel, nearly parallel, and curved fibrous 
inclusions were present in the color-zoned andradite, 
together with associated fractures. Photomicrograph 
by E. Gaillou; magnified 20x. 
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Figure 23. This graph shows the Cr,O, content 
inferred from 64 point analyses that were performed 
across the 2.5-mm-diameter table of the 1.25 ct color- 
zoned andradite. The green color was apparent in 
regions where the Cr,O, concentration exceeded 0.7 
wt.%, and the saturation of the green color correlated 
well with chromium content. 


To explore the possible correlation between chemical 
composition and color, we obtained numerous microanaly- 
ses of this sample using a Princeton Gamma Tech energy- 
dispersive detector attached to a JEOL 5800 scanning elec- 
tron microscope. In addition to the Si, Ca, Fe, and Al expect- 
ed for andradite, both the brown and green zones contained 
traces of Mg, Mn, and V. However, the green areas also con- 
tained Cr,O, concentrations above 0.7 wt.%, and the color 
intensity increased with chromium content (figure 23). 
There was no correlation between the green color and other 


Figure 25. The emerald contained parallel jagged three- 
phase inclusions, as are commonly seen in Colombian 
emeralds. Photomicrograph by M. Vyas; magnified 25x. 
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Figure 24. This 4.77 ct emerald exhibited some 
unusual growth features. Photo by G. Choudhary. 


elements. This is in agreement with previous studies stat- 
ing that the green color of demantoid is caused by Cr** (see 
E. Fritsch and G. R. Rossman, “An update on color in gems. 
Part 3: Colors caused by band gaps and physical phenome- 
na,” Summer 1988 Gems &) Gemology, pp. 81-102), and it 
was supported by visible absorption spectroscopy. The spec- 
trum of the stone showed a broad band with two apparent 
maxima at 620 and 640 nm that are likely due to Cr**. 
There was also total absorption in the violet and blue 
regions of the spectrum, presumably due to Fe**-Ti** charge 
transfer (see S. M. Mattson and G. R. Rossman, “Fe?*-Ti** 
charge transfer in stoichiometric Fe?*, Ti**—minerals,” 
Physics and Chemistry of Minerals, Vol. 16, No. 1, 1988, 
pp. 78-82); this caused the areas of brown color in the stone. 

The Raman spectrum of the entire 1.25 ct sample 
(taken without the use of a microscope) showed the 


Figure 26. Rain-like growth tubes oriented parallel to the 
three-phase inclusions were also present in the emerald. 
Photomicrograph by G. Choudhary; magnified 30x. 
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Figure 27. These unusual 
growth features in the emer- 
ald appear to be formed by 
an aggregation of hexagonal 
subcrystals. Also note the 
six-fold sector zoning within 
the individual subcrystals 
(left). Photomicrograph by 
G. Choudhary, magnified 
40x, crossed polarizers (left); 
and C. Golecha, magnified 
25x, transmitted light (right). 


expected andradite peaks, as well as smaller peaks corre- 
lating to calcite. Although calcite inclusions have been 
described in garnet previously, they are found mostly in 
grossular (especially hessonite and tsavorite; E. J. Giibelin 
and J. I. Koivula, Photoatlas of Inclusions in Gemstones, 
Vol. 2, Opinio Publishers, Basel, Switzerland, 2005, pp. 
471-475). To our knowledge, calcite has not been reported 
previously in demantoid. Further research is necessary to 
determine if the calcite is present as the fibrous inclusions 
mentioned above, or as micro-inclusions that were not vis- 
ible with a gemological microscope. Additional research is 
also needed to determine if calcite is present in 
andradite/demantoid from other localities, or if it is char- 
acteristic of the material from Iran. 
Stefanos Karampelas (steka@physics.auth.gr) 
Department of Geology 
University of Thessaloniki, Greece; 
Institut des Matériaux Jean Rouxel (IMN) 
Université de Nantes, France 


Eloise Gaillou and EF 
IMN 


Makhmout Douman 
Arzawa Mineralogical Inc., New York 


Emerald with unusual growth features. Recently, the Gem 
Testing Laboratory, Jaipur, India, received a 4.77 ct green 
gem for identification (figure 24). Its refractive index was 
1.571-1.577, giving a birefringence of 0.006; the hydrostat- 
ic S.G. was 2.67. The stone had a strong chromium spec- 
trum and was inert to UV radiation. These properties are 
consistent with emerald, natural or synthetic. Notably, 
when viewed with the polariscope, it exhibited strong 
strain patterns with patches of color in the optic axis direc- 
tion (i.e., perpendicular to the table facet). 

With magnification, the stone revealed a number of 
jagged three-phase inclusions oriented parallel to the optic 
axis (figure 25). Such inclusions are common in Colombian 
emeralds. Parallel growth tubes with a rain-like appearance 
(figure 26) were present in the same orientation; these are 
often observed in beryl, but they are unusual in Colombian 
emerald. The stone also had a roiled appearance (or “heat- 
wave” effect) when viewed table-up. 

Although the inclusions indicated a natural origin, the 
causes of the unusual polariscope reaction and heat-wave 
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effect were not clear. Examination of the stone with crossed 
polarizers while immersed in bromoform revealed a mosaic 
pattern when viewed along the optic axis (figure 27, left), 
somewhat similar to that seen in some Colombian emeralds 
(see, e.g., E. J. Gtibelin and J. I. Koivula, Photoatlas of 
Inclusions in Gemstones, Vol. 1, ABC Edition, Zurich, p. 
252). In plane-polarized transmitted light, these features 
appeared to be formed by the boundaries of intergrown 
columnar hexagonal subcrystals (figure 27, right). Most of 
these subcrystals followed the same orientation as the two- 
phase inclusions described above. When viewed with diffuse 
illumination (still in immersion), the hexagonal columns 
appeared slightly darker green than the interstitial areas and 
could be seen extending throughout the stone. Although the 
crystals followed the same orientation, some irregular 
boundaries between individual subcrystals were also visible, 
as was six-fold sector zoning (again, see figure 27, left). 

It was clear that the roiled appearance of this emerald 
was due to intergrowth of the hexagonal subcrystals when 
viewed table-up (i.e., along the optic axis), while wavy 
growth features were seen in a direction perpendicular to 
the optic axis (figure 28). The latter patterns were similar 
to the chevron-like growth zoning that is typically seen in 


Figure 28. Wavy growth features similar to the chevron- 
like growth zoning associated with synthetic emeralds 
were prominent when this natural emerald was viewed 
from the side (i.e., perpendicular to the optic axis). Such 
features indicate disturbed or rapid growth. Photo- 
micrograph by C. Golecha; magnified 35x. 
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Figure 29. Attractive grossular (hessonite) has been 
produced recently from the Anza Borrego Desert in San 
Diego County, California. The cut stones shown here 
weigh 1.31-6.26 ct, and the etched crystal weighs 3.5 g. 
Courtesy of Paul Vollom; photo by R. Weldon. 


synthetic emerald, and are indicative of disturbed or rapid 
growth. However, FTIR spectra taken in various directions 
showed that the strength of the peak at approximately 
5270 cm was characteristic of natural emerald (see, e.g., 
Fall 2005 Gem News International, pp. 265-266). The IR 
spectrum, as well as the overall inclusion pattern, con- 
firmed the natural origin of this emerald. 
Gagan Choudhary and Chaman Golecha 
(gtI@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Grossular and clinozoisite from San Diego County, 
California. For decades, small quantities of gem-quality 
grossular (hessonite) have been intermittently produced 
from skarn deposits in southeastern San Diego County J. 
Sinkankas, Gemstones of North America, Van Nostrand 
Co., Princeton, NJ, 1959, pp. 288-289). Since 2004, 
renewed mining at one such claim has yielded good-quality 
hessonite as well as facetable clinozoisite. Paul Vollom 


Figure 31. In addition to “fingerprints,” one of the gar- 
nets contained a primary two-phase fluid inclusion. 
Photomicrograph by J. I. Koivula; magnified 20x. 


i ’ 


68 GEM NEWS INTERNATIONAL 


Figure 30. These 2.24 and 0.74 ct clinozoisite samples 
from the Anza Borrego Desert were examined for this 
report. Courtesy of Paul Vollom; photo by R. Weldon. 


(Omega Gems & Minerals, San Diego) and Roger Smith 
(Bishop, California) have been working the claim using 
hand tools and a portable gasoline-powered drill and jack- 
hammer. The deposit is situated in a rugged area east of 
Jacumba, near the border with Mexico, in the Anza Borrego 
Desert. In some regards, this area conspires to limit human 
access to its mineral wealth, presenting an array of obsta- 
cles such as huge boulders, cholla cacti, rattlesnakes, and 
scorpions. Nevertheless, Mr. Vollom has recovered 7 kg of 
hessonite (e.g., figure 29), including a 46.8 g etched crystal. 
He estimated that 2. kg of this production would be suitable 
for cutting cabochons between 0.33 and 0.50 ct, and 1 kg 
could be faceted into the following sizes: >5 ct (5%), 2-5 ct 
(20%), <2, ct (35%), with the remaining 40% consisting of 
smaller stones. So far he has cut 36 hessonites, most rang- 
ing from 2 to 6 ct each. In addition, he has obtained 50 g of 
clinozoisite, and by the end of 2006 he had faceted 10 
stones weighing ~0.75-3.00 ct (e.g., figure 30). 

In January 2007, Mr. Vollom supplied several rough 
and cut samples of each gem to GIA for examination. 
Four faceted hessonites (1.31-6.26 ct) and one etched 


Figure 32. Lamellar color zoning is evident in this 
Anza Borrego hessonite. Photomicrograph by J. I. 
Koivula; magnified 10x. 
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and apparent orange color of these inclusions is due to the presence of an air interface with the host garnet. The 
more typical low-relief appearance of the quartz inclusions in the Anza Borrego hessonite is shown on the right. 
Photomicrographs by J. I. Koivula; magnified 10x (left) and 15x (right). 


crystal (3.5 g), which represented the range of color from 
this locality (again, see figure 29), were selected for char- 
acterization by one of us (EAF). The following properties 
were obtained on the cut stones: color—yellowish orange 
to orange to reddish orange; R.L—1.743 to 1.747; hydro- 
static S.G.—3.63 to 3.65; fluorescence—inert to both 
long- and short-wave UV radiation; and weak general 
absorption to 520 nm observed with the desk-model spec- 
troscope. These properties are consistent with those 
reported for grossular by C. M. Stockton and D. V. 
Manson (“A proposed new classification for gem-quality 
garnets,” Winter 1985 Gems & Gemology, pp. 205-218). 
Microscopic examination revealed growth tubes, two- 
phase (liquid and gas) inclusions (figure 31), transparent 
planar growth zoning, lamellar color zoning (figure 32), 
and colorless needles (figure 33) that were identified as 
quartz by Raman spectroscopy. 

Examination of two cut clinozoisites (0.74 and 2.24 ct; 
again, see figure 30) showed the following properties: 
color—brownish greenish yellow to brownish yellow- 
green, with moderate colorless to greenish yellow or yel- 
low-green pleochroism; R.I.—n,=1.711 and 1.712, 
n,=1.720; birefringence—O.008 and 0.009; hydrostatic 
S.G.—3.40; Chelsea filter reaction—none; fluorescence— 
inert to long- and short-wave UV radiation; and an absorp- 
tion line at 455 nm visible with the desk-model spectro- 
scope. Microscopic examination revealed transparent 
angular growth structures and “fingerprints” consisting of 
two-phase (liquid and gas) inclusions. The physical proper- 
ties are consistent with those reported for clinozoisite by 
W. A. Deer et al. (Rock-Forming Minerals—Vol. 1B, 
Disilicates and Ring Silicates, 2nd ed., The Geological 
Society, London, 1997, pp. 44-134). The R.L, birefringence, 
and S.G. of clinozoisite increase with iron content; the val- 
ues of the samples tested here correlate to the lower range 
of iron that has been measured in clinozoisite (i.e., ~4 
wt.% Fe,O,; see Deer et al., 1997). 

Eric A. Fritz, John I. Koivula, 
Robert Weldon, and BML 
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New pegmatite gem production from Tsarafara, 
Madagascar. Spodumene, tourmaline, and morganite were 
recently recovered as well-formed crystals and gem rough 
from a pegmatite at Tsarafara, near Mount Ibity in the 
Sahatany Valley of central Madagascar. The gems came 
from two pockets that were found in September 2006. The 
mine has been worked by local miners, using hand meth- 
ods, in shafts down to 20 m deep (figure 34). This contribu- 
tor visited the mine three times in October 2006 to docu- 
ment the production. Tsarafara is also known as 
Ankadilava or Ambalaroy in the literature. 


Figure 34. A weathered pegmatite at Tsarafara, Mada- 
gascar, recently produced some fine spodumene, tour- 
maline, and morganite. The miners constructed a sim- 
ple windlass to remove the material from each of the 
two shafts shown here. Photo by F. Danet. 
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Figure 35. This green spodumene crystal from 
Tsarafara measures 7 cm long. Photo by F. Danet. 


The spodumene ranged from colorless to pale green 
(e.g., figure 35), pale blue, and pink (rarely bicolored blue- 
pink). At least 150 kg were produced, in translucent to 
eye-clean crystals up to 50 cm long. The largest crystal 
(not seen by this author) reportedly measured about 80 cm 
long. Most of the spodumene was exported as mineral 
specimens for collectors and as rough for Asian lapidaries; 
only a few cut stones have been seen in Madagascar. 

Hundreds of tourmaline crystals were produced, com- 
monly with a black “skin” and concentric internal layers 
of violet-pink, dark green, grayish green to bluish green, 
brownish yellow, and/or colorless. Although some of the 
tourmaline has been faceted into multicolored gems (gray- 
ish green, dark green, and violet) weighing up to 30 ct, a 
significant amount of the material has been cut into 
attractive slices that typically measure 1-8 cm in diameter 
(e.g., figure 36). Most of the rough, which was of low quali- 
ty and recovered in small sizes, was sold to African traders 
for the Asian market (to make carvings and beads). 

The Tsarafara pegmatite also yielded a few kilograms 
of morganite, mostly with a pale yellowish orange color. 
The best morganite consisted of eye-clean orangy pink 


Figure 37. The best-quality morganite from Tsarafara 
is notable for its transparency and orangy pink color 
(here, 31.8 ct). Photo by F. Danet. 
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Figure 36. Tourmaline from Tsarafara has been cut 
into colorful slices (here, 1-4 cm in diameter). 
Photo by F. Danet. 


crystals that measured up to 10 cm in diameter. In 
December 2.006, this contributor saw a clean 66 g yellow- 
ish orange piece of morganite that would probably yield an 
~100 ct faceted stone. Most of the well-formed crystals 
have been retained as specimens for collectors, with some 
broken pieces cut into faceted stones (e.g., figure 37). 

By the end of 2006, almost all of the deep workings had 
collapsed due to flooding from the rainy season. The min- 
ers therefore shifted to higher ground in the southern part 
of the mine, where they found narrow, elongate crystals of 
multicolored tourmaline (brown, grayish green, violet, and 
pink). The termination of some of the crystals contained 
abundant hollow tubes that created chatoyancy when cut 
into cabochons. Nearly all of the workings were subse- 
quently destroyed during heavy rains in early 2007. 

Fabrice Danet (fabdanet@wanadoo.mg) 
Style Gems, Antsirabe, Madagascar 


Pezzottaite from Myanmar. In late 2006, small pink beryl- 
like crystals (e.g., figure 38) were recovered from Khat- 
Chel, near Molo, in the Momeik area of Myanmar’s 
Mogok District. They were brought to the attention of 
these contributors by Patrick de Koenigswarter of MinerK, 
St. Julia de Gras Capou, France, who suspected that they 
were pezzottaite. They reportedly came from a granitic 
pegmatite known to have produced near-colorless twinned 
phenakite crystals, fibrous pink “mushroom” tourmaline, 
and other minerals such as petalite and hambergite. 

Six crystals and crystal groups were studied for this 
report. Individual crystals were slightly tabular and com- 
posed mainly of basal pinacoid faces combined with pris- 
matic faces; no pyramidal faces were observed. Composite 
basal terminations were occasionally present; these 
appeared flower-like and were very slightly concave (again, 
see figure 38). There were no signs of corrosion on the crys- 
tal surfaces. Some of these crystals were of gem quality or 
had portions that were transparent enough to be faceted. 
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Strong pinkish orange (“salmon”) to purplish pink 
dichroism was visible, even to the unaided eye. When 
viewed with magnification and polarizing filters, or a 
dichroscope, the pleochroism was very strong, shifting 
from orange to purple in all samples (e.g., figure 39). 

The refractive indices were 1.594—-1.609, with a bire- 
fringence of 0.015. The crystals were uniaxial negative, 
and specific gravity ranged from 2.92, to 2.95. These prop- 
erties are very high for beryl, but within the lower range of 
those described for pezzottaite (B. M. Laurs et al., 
“Pezzottaite from Ambatovita, Madagascar: A new gem 
mineral,” Winter 2003 Gems & Gemology, pp. 284-301, 
H. Hanni and M. S. Krzemnicki, “Caesium-rich morganite 
from Afghanistan and Madagascar,” Journal of 
Gemmology, Vol. 28, No. 7, 2003, pp. 417-429). The very 
strong pleochroism is also distinctive for pezzottaite. 
Some samples showed weak greenish white fluorescence 
to short-wave UV radiation only, with no phosphores- 
cence. We have often observed such short-wave-only UV 
fluorescence of various colors (orange to yellow to green) 
in near-colorless morganite. 

A surface parallel to the c-axis was polished on two 
crystals, exposing inhomogeneous color distribution and 
an hourglass growth pattern, both of which are common 
in beryl-group minerals. Growth sectors under basal faces 
contained more inclusions than those under prism faces, 
and a darker pink color was seen in growth sectors parallel 
to the basal face. 

To confirm the presence of pezzottaite, we performed 
X-ray diffraction, chemical analyses, and Raman spec- 
troscopy. X-ray diffractograms obtained at Blaise Pascal 
University using a CRG Sigma 2080 powder diffractome- 
ter on several portions of a crystal clearly showed the split- 
ting of peaks indicative of the presence of a trigonal phase 
(such as pezzottaite, compared to hexagonal beryl). 
Quantitative chemical analyses were obtained on the 
same crystal at Blaise Pascal University (on a Cameca 
SX100 electron microprobe), and on the crystal shown in 
figure 38 at the University of Nantes (with a PGT energy- 
dispersive detector attached to a Jeol 5800 scanning elec- 
tron microscope); similar results were obtained from both 
samples. The crystals were strongly zoned in Cs content, 
ranging from 5.12 to 9.97 wt.% Cs,O for the one studied 
in Nantes and 2.5 to 12 wt.% Cs,O for the one analyzed in 
Clermont Ferrand (figure 40). The trace-element (Na, Rb, 
Ca) contents were also consistent with published analyses 
of pezzottaite (from Madagascar). 

Using a Jobin Yvon T6400 dispersive Raman spectrom- 
eter, Raman spectra were obtained on several points of the 
crystal studied in Nantes, corresponding to locations of 
variable Cs content. All spectra were very similar to those 
published by Laurs et al. (2003), and all showed the peak at 
about 1103 cm~!, reported as being indicative of the pez- 
zottaite structure. 

These analyses were sufficient to confirm that the 
crystals were dominantly pezzottaite (with the possible 
presence of a small amount of beryl). This is the third 
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Figure 38. This crystal of pezzottaite (8.2 x 6.2 mm) 
was recovered from the Momeik area near Mogok, 
Myanmar. The use of plane-polarized light shows the 
pleochroic colors of the material. Note the very slight- 
ly concave surface formed by the composite basal ter- 
mination on the right side of the crystal. Courtesy of 
P. de Koenigswarter; photo by E. Fritsch. 


Figure 39. This composite photo of two polished faces 
containing the c-axis (at about 90° to one another) of 
one crystal taken through a polarizing filter (ordinary 
ray, left; extraordinary ray, right) shows the very 
strong orange and purple pleochroism of the pezzot- 
taite. An “hour-glass” growth pattern is also visible, 
as well as pink growth bands parallel to the c-axis. 
The dashed square (upper left photo) marks the area 
analyzed by SEM in figure 40. Photos by B. Devouard. 
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reported occurrence for pezzottaite, after Madagascar and 
Afghanistan, and the first in Myanmar. The Burmese 
pezzottaite first debuted at the Munich gem show in 
early November 2006 (R. De Ascengao Guedes and L.-D. 
Bayle, “Munich 3-5 novembre 2006,” Le Régne Minéral, 
No. 72, 2006, pp. 4-15), where it was represented as 
being from Kaha Chee in the Momeik area of the Mogok 
District. 
Bertrand Devouard and Jean-Luc Devidal 
(devouard@opgc.univ-bpclermont.fr) 
Blaise Pascal University 
Clermont Ferrand, France 


Yves Lulzac 
Nantes, France 


EF 


Cat’s-eye prehnite. Recently, the Dubai Gemstone 
Laboratory received three translucent oval grayish yellow- 
ish green chatoyant cabochons for identification (4.95-5.40 
ct; figure 41). At first glance, they resembled cat’s-eye 
quartz in their chatoyancy and coloration. However, stan- 
dard gemological testing proved that all three stones were 
cat’s-eye prehnite. 

All showed a spot R.I. of 1.62, with hydrostatic S.G. 
values ranging from 2.87 to 2.92. They were inert to both 
long- and short-wave UV radiation, and showed no 
pleochroism, no characteristic absorption spectrum, and 
no reaction to the Chelsea color filter. These properties are 
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Figure 40. Strong chemi- 
cal zoning is apparent in 
these SEM images of the 
Burmese pezzottaite. 
The image taken in 
backscattered electron 
(BSE) mode illustrates 
variations in overall 
atomic number, with 
lighter areas containing 
heavier elements (i.e., 
Cs). The distributions of 
Si, Cs, and Rb are also 
shown, with lighter 
areas corresponding to 
higher concentrations of 
those elements. The 
images reveal complex 
growth patterns. Images 
by B. Devouard. 


comparable to those reported for prehnite by R. Webster 
(Gems, 5th ed., revised by P. G. Read, Butterworth- 
Heinemann, Oxford, U.K., 1994, p. 361). Microscopic 
examination of the three samples revealed numerous 
extremely thin parallel channels or platelets as the cause 
of the chatoyancy, as well as small fissures (figure 42). 

Reflectance IR spectroscopy and Raman analysis con- 
firmed the identification as prehnite. EDXRF chemical 
analysis revealed the expected Ca, Si, and Al, as well as 
minor amounts of Fe. 


Figure 41. These three chatoyant cabochons (5.40, 5.02, 
and 4.95 ct) were identified as cat’s-eye prehnite. Photo 
by S. Singbamroong, © Dubai Gemstone Laboratory. 
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Figure 42. Numerous extremely thin parallel channels or 
platelets are the cause of the chatoyancy in the cat’s-eye 
prehnite. Small fissures can also be seen near the right 
side of this view. Photomicrograph by S. Singbamroong, 
© Dubai Gemstone Laboratory; magnified 20x. 


Cat’s-eye prehnite is quite rare, and this is the first 
time we have seen it in our laboratory. The origin of these 
stones is unknown. 

Sutas Singbamroong (sssutas@dm.gov.ae) 
and Ayesha Rashid Ahmed 

Dubai Gemstone Laboratory 

Dubai, United Arab Emirates 


Cat’s-eye topaz from Sri Lanka. The Summer 1990 Gem 
News section (p. 164) reported on a 3.53 ct pale blue-green 
cat’s-eye topaz with strong chatoyancy caused by a dense 
pattern of very fine, parallel etch ribbons. This was the 
first time that this rare gem material was reported in 
Gems & Gemology. We were therefore interested to 
examine another cat’s-eye topaz, of significantly larger size 
(33.06 ct) and greater transparency, that was brought to our 
attention by Dudley Blauwet (Dudley Blauwet Gems, 
Louisville, Colorado). He obtained the cabochon (figure 43) 
while on a buying trip to Sri Lanka in late November 
2006; the rough was reportedly recovered from the well- 
known gem mining area near Embilipitiya, in Uva 
Province, southern Sri Lanka. 

Gemological testing clearly identified this gem as 
topaz. Microscopic examination revealed the cause of the 
chatoyancy to be numerous ultra-thin, parallel, acicular 
inclusions that appeared to be etch channels (figure 43, 
inset). 

Mr. Blauwet’s supplier indicated that a total of four 
pieces of the cat’s-eye topaz were found, and that the other 
three samples were purchased by rare-stone dealers in Sri 
Lanka’s capital city, Colombo. 

BML and John I. Koivula 


Tourmaline (dravite and liddicoatite) from northeastern 
Mozambique. Gem tourmaline is well known from 
granitic pegmatites in the Nampula and Zambézia 
provinces of Mozambique (S. Lachelt, Geology and Mineral 
Resources of Mozambique, Direcc4o Nacional de Geologia 
Mogambique, Maputo, 2004, 515 pp.). Cabo Delgado 


GEM NEWS INTERNATIONAL 


Figure 43. This 33.06 ct topaz from Sri Lanka is notable 
for its chatoyancy, transparency, and size. As shown in 
the inset, the chatoyancy is caused by numerous 
reflective, ultra-thin, parallel inclusions that appear to 
be etch channels. Courtesy of Dudley Blauwet, photo 
by Robert Weldon; photomicrograph by J. I. Koivula, 
magnified 30x. 


Province in northeastern Mozambique was mentioned by 
Lachelt (2004) as a pegmatite locality, but to our knowledge 
no gem tourmaline has been reported from there. However, 
Farooq Hashmi (Intimate Gems, Jamaica, New York) 
recently showed us some rough and cut samples of tourma- 
line that reportedly came from Cabo Delgado. Mr. Hashmi 
obtained two parcels of this tourmaline in Dar es Salaam, 
Tanzania, in mid-2006. One parcel consisted of about 2 kg 


Figure 44. This tourmaline, showing a range of color 
from orangy yellow to green to orangy brown, was 
reportedly mined in Cabo Delgado Province, Mozam- 
bique. Chemical analysis showed that all of this tour- 
maline is dravite. The yellow trilliant weighs 1.67 ct 
and was cut by Matt Dunkle, Aztec, New Mexico. 
Courtesy of Intimate Gems; photo by C. D. Mengason. 
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methylene iodide is used for all gems whose 
refractive index is over 1.65, toluene for 
those below 1.65. If greater accuracy is de- 
sired, or if a demonstration is being made 
to a user jess versed in the analysis of in- 
terference figures, it is of occasional value 
to mix liquids to the index of the speci- 
men. Howevef, such mixing of liquids ts 
time consuming and is not of great value 
since the non-parallel faces of a gem will 
produce aberrations in the interference 
figure even when the specimen is immersed 
in a liquid of exactly its own index. 


The gemological microscope sells at a 
basic price of $401.50, with 5X ocular, 
3X, 10X, and 21X objectives, and stone 
holder. The complete instrument has in 
addition to the above, quartz wedge, immer- 
sion cell, centering nosepiece, a 10X ocular, 
and sells for $558.00, almost $200.00 below 
the cost of any other comparable equipment. 


THE SORTAGEM 


The third device which has been dev- 
eloped is a simple key-sort system for 
identification. It ‘consists of 110 cards, 
each covering a mineral species which may 
appear as a fashioned gemstone. The Sorta- 
gem has been found of great value since 
it affords rapid and accurate correlation of 
the optical constants obtained with the 
Analyzing Refractometer and/or the gem- 
ological microscope. This is particularly 
true since the properties employed in mak- 
ing up the Sortagem are those for typical 
gem quality material. Extended mineralogic- 
al tables incorporating some of these con- 
Stants may of course be used, but all such 
tables known to the -writers have several 
defects: (1) they include constants for all 
minerals, are not limited to gem species, 
(2) they cover all types of each mineral, 


not the relatively constant gem varieties, 
(3) each property is tabulated separately, 
and coordination of a series of properties 
is difficult. 


The Sortagem system is based primarily 
on refractive index, birefringence, optic 
character and sign. In general, the first test 
made on a cut stone will be determination 
of refractive index, The Gem refractometer 
permits indices to bé obtained even from 
cabochon gems, and gives a positive indica- 
tion when an index is over 1.8. When 
index is over 1.8, or for some reason can- 
not be obtained, further sorting is done on 
the basis of single or double refraction, 
color, transparency, and metallic or non- 
metallic luster. In case these readily-obtained 
properties prove inconclusive, a series of 
slots permit a sort to be made on the basis 
of .05 steps of specific gravity, Any of the 
foregoing properties may be used for the 
first sort if desired. If the Analyzing Refrac- 
tometer is used. the second sort will usually 
be on the basis of birefringence. Optic char- 
acter and sign may be used for the third and 
fourth sorts if identification is not conclu- 
sive after the second test. Major gemstones 
can be sorted out quickly, as can gems 
showing phenomena such as asterism, cha- 
toyancy, etc. 


The manipulation of any key-sort system 
results in a series of segregations of the 
cards. With the Sortagem a recommended 
procedure is to lay these individual “sorts” 
in separate piles; eliminations which were 
made on the basis of any measurement 
whose accuracy is questionable can thereby 
be checked very rapidly by reviewing the 
proper pile of cards. The Sortagem sells 
for $25.00, complete with case and handle- 
type sorting rod. 
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of broken fragments that ranged from green to yellow, 
orange, and brown. Most of the rough was of cabochon 
quality, with individual pieces averaging 1-2 g. The other 
parcel contained more-transparent pieces that were water- 
worn, they averaged 3 g each and ranged from greenish 
brown to brownish or grayish green. Mr. Hashmi saw sev- 
eral 2-3 kg parcels of the latter material while in Tanzania, 
and more recently he has seen the rough appear in the New 
York market. Although he purchased all of these tourma- 
line samples in Tanzania, he was informed by multiple 
sources that the material in both parcels came from Cabo 
Delgado. Mr. Hashmi loaned GIA several fragments and 
one faceted stone from the first parcel (e.g., figure 44), and 
one piece of rough and several faceted stones that were cut 
from the second parcel (e.g., figure 45). 

Examination of the cut stone from the first parcel by 
one of us (EAF) showed the following properties: color— 
orangy yellow, with very weak colorless-to-yellow 
pleochroism, R.I.—n,=1.632, n,=1.612; birefringence— 
0.020; hydrostatic $.G.—3.02; Chelsea filter reaction— 
none; fluorescence—inert to long-wave UV radiation and 
weak yellow to short-wave UV; and a weak absorption 
band at 500 nm visible with the desk-model spectroscope. 
Microscopic examination revealed numerous negative 
crystals and lint-like aggregates of colorless inclusions. 
The several rough pieces from the first parcel (green, green- 
ish yellow, orange, orangy brown, and brown) that were 
briefly tested showed moderate-to-strong pleochroism, 
were inert to long-wave UV radiation, and fluoresced very 
weak to moderate yellow to short-wave UV. The lighter 
colored samples had a stronger reaction to short-wave UV. 
Microscopic examination revealed planes of fluid inclu- 
sions and some negative crystals (figure 46), as well as rare 
colorless low-relief crystals, black disks, and a rounded 
brassy inclusion (figure 47). A colorless low-relief inclu- 
sion in one of the rough pieces was identified as an amphi- 
bole by Raman analysis. 

The properties reported above are consistent with tour- 
maline, and the samples were identified as dravite by LA- 
ICP-MS chemical analysis performed by Dr. Mike Breeding 
of the GIA Laboratory in Carlsbad. All of the stones con- 
tained minor amounts of Fe and traces of Ti, Ga, and Sr. 
While the color of some of this Mozambique tourmaline is 
similar to dravite-uvite from Kenya, the refractive indices 
reported for the latter are considerably higher 
(n,=1.643-1.646 and n,=1.622-1.624; see H. A. Hanni et al., 
“Golden yellow tourmaline of gem quality from Kenya,” 
Journal of Gemmology, Vol. 27, No. 7, 1981, pp. 437-442). 
However, the gemological properties of the Mozambique 
samples are comparable to those documented in samples 
with a similar hue range from Morogoro, Tanzania 
(Summer 2006 Gem News International, pp. 182-183). 

LA-ICP-MS analysis of the cut stones and rough sam- 
ple from the second parcel (again, see figure 45) showed 
that they consisted of either dravite or, surprisingly, liddi- 
coatite. The three dravites were darker than most of the 
six liddicoatites that were tested. 
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Figure 45. Also reportedly from Cabo Delgado, this 
greenish brown to brownish/grayish green tourmaline 
was loaned for study from a separate parcel. The six 
stones in the top two rows proved to be liddicoatite 
(3.08-5.09 ct, including the piece of rough on the 
upper right), while the three on the bottom are 
dravite (2.43-4.37 ct). Courtesy of Intimate Gems; 
photo by C. D. Mengason. 


The dravite samples from the second parcel showed 
the following properties: color—dark brownish green to 
dark grayish green, with moderate green-to-colorless 
pleochroism; R.L.—n,=1.640, n,=1.620; birefringence— 
0.020; hydrostatic $S.G.—3.04-3.06; Chelsea filter reac- 
tion—none; fluorescence—inert to long- and short-wave 
UV radiation; and an absorption band at 500 nm visible 
with the desk-model spectroscope. Microscopic examina- 
tion revealed only a very small “fingerprint” in one sam- 
ple; no other inclusions or growth features were seen. LA- 
ICP-MS analysis showed that along with the elements 
normally associated with tourmaline, these dravite sam- 
ples contained traces of Ti, Sr, and V. 

The liddicoatite samples had the following properties: 
color—light brownish green to dark greenish brown, with 


Figure 46. Negative crystals were common in some of 
the dravites shown in figure 44. Photomicrograph by 
Robert Weldon; magnified 15x. 
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Figure 47. Also present in one of the dravite samples were colorless low-relief crystals (identified as an amphi- 
bole by Raman analysis), black disk-shaped crystals (probably graphite), and a minute rounded crystal with a 
brassy luster (probably pyrite; see arrow). The latter two inclusions were too deep in the stone for identification 
by Raman analysis. The birefringence of the amphibole inclusions is shown in the photo on the right, taken in 
cross-polarized light. Photomicrographs by J. I. Koivula; magnified 15x. 


weak-to-moderate green-to-colorless pleochroism; R.L— 
n,=1.640, n,=1.620; birefringence—0.020; hydrostatic 
S.G.—3.06; Chelsea filter reaction—none; fluorescence— 
inert to long- and short-wave UV radiation; and a weak 
absorption band at 500 nm visible with the desk-model 
spectroscope. In general, the stones were of high clarity; 
microscopic examination revealed angular color zoning, 
small transparent crystals, and growth tubes. Two of the 
stones contained a distinct dark green-to-brown triangular 
color zone (e.g., figure 48). The gemological properties are 
typical of liddicoatite (see D. M. Dirlam et al., “Liddicoatite 
tourmaline from Anjanabonoina, Madagascar,” Spring 2002, 
Gems & Gemology, pp. 28-53), but the homogeneous 


Figure 48. A distinct triangular color zone is visible 
in this 3.08 ct liddicoatite when it is viewed at an 
angle to the table. Courtesy of Intimate Gems; 
photo by Robert Weldon. 
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brownish green to greenish brown coloration of most of the 
stones is rather unusual for gem-quality liddicoatite (see, 
e.g., Winter 2002, Gem News International, pp. 356-357). 
We could find only one literature reference to liddi- 
coatite from Mozambique: a chemical analysis of a sample 
from Muiane, Zambézia Province (T. G. Sahama et al., 
“On tourmaline,” Lithos, Vol. 12, 1979, pp. 109-114). 
Gem dravite and liddicoatite are not geologically associat- 
ed with one another in nature, so it is likely that the sam- 
ples from that alluvial parcel originally came from differ- 
ent deposits in Mozambique. This is also suggested by the 
very different trace-element signature for the liddicoatite, 
as measured by LA-ICP-MS: Ti, Mn, Ga, Sr, Pb, and Bi. 
Eric A. Fritz, BML, and John I. Koivula 


Turquoise from Nacozari, Sonora, Mexico. In October 2006, 
we were informed by Jack Lowell (Colorado Gem & 
Mineral Co., Tempe, Arizona) about new production of 
turquoise from a large open-pit copper mine located about 
110 km south of the U.S. border from Douglas, Arizona. Mr. 
Lowell reported that the Nacozari turquoise occurs in nod- 
ules that can weigh up to 1.4 kg, and that while much of the 
material is chalky, a significant portion is very hard with 
excellent color. He obtained about 30 kg of the turquoise, 
consisting of nodules (figure 49), samples that appear to be 
pseudomorphs after apatite (figure 50), and an unusual piece 
that contained abundant sulfide minerals (figure 51). 

Mr. Lowell loaned GIA several rough and polished 
samples for examination, and the three polished stones 
(5.79-12.32 ct; figure 49) were characterized by one of us 
(EAF]: color—greenish blue, with no pleochroism; spot 
R.I—1.59 to 1.60, with no birefringence visible on the 
refractometer; hydrostatic $.G.—2.64 to 2.69; Chelsea fil- 
ter reaction—none; fluorescence—uneven moderate 
chalky blue to long-wave UV radiation, and inert to short- 
wave UV; and an absorption band at 430 nm visible with 
the desk-model spectroscope. These properties are consis- 
tent with those reported for turquoise by M. O’Donoghue 
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Figure 49. Attractive turquoise has been produced 
recently from a copper mine at Nacozari, Sonora, 
Mexico, south of Douglas, Arizona. The cabochons 
shown here weigh 5.79-12.32 ct, and the nodule is 
123 g. Intergrowths of quartz (white) and molybden- 
ite (gray) are visible in the nodule. Courtesy of Jack 
Lowell; photo by Robert Weldon. 


Figure 50. The crystal form shown by these turquoise 
specimens (2.5-10 cm long) suggests that they are 
pseudomorphs after apatite. Photo by Jack Lowell. 
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Figure 51. This 59.59 ct freeform turquoise cabochon 
contains numerous sulfide inclusions. The dark spots 
are Superglue-filled cavities. Courtesy of Jack Lowell; 
photo by Robert Weldon. 


(Gems, 6th ed., Butterworth-Heinemann, Oxford, U.K., 
2006, pp. 323-328), except that the R.I. values of the 
Mexican material are slightly higher. However, in the 
experience of the GIA Laboratory, the lower R.I. values 
reported for turquoise in the literature are typical for 
chalky, less dense turquoise. Microscopic examination of 
the cabochons revealed small inclusions of rounded quartz 
grains, mica “books,” and anhedral pyrite grains (all of 
which were confirmed by Raman spectroscopy). 

Three pieces of rough material (17-123 g) and one heavi- 
ly included freeform cabochon (59.59 ct) were also exam- 
ined. The morphology of two of the rough pieces was consis- 
tent with that of pseudomorphs after apatite; such pseudo- 
morphs have also been documented from Anhui Province in 
China (see Q.-L. Chen and Y. Zhang, “Features of gem-min- 
eralogy of apatite-pseudomorphic turquoise,” Journal of 
Gems #) Gemmology, Vol. 7, No. 4, 2005, pp. 13-16). All of 
the Nacozari rough material exhibited reactions to long- and 
short-wave UV radiation that were similar to those of the 
cabochons described above, as well as the 430 nm absorption 
band with the desk-model spectroscope. The larger piece of 
rough (figure 49) contained inclusions and intergrowths of 
pyrite, quartz, mica, and molybdenite (confirmed by Raman 
analysis). The inclusions in the freeform cabochon (figure 51) 
were identified with Raman microspectroscopy as pyrite and 
covellite, while marcasite, molybdenite, and epoxy were 
detected in minute cavities in the sample (figure 52). The 
presence of epoxy can be explained by the fact that Mr. 
Lowell used Superglue to stabilize the sample and ensure 
that the pyrite grains would be retained during the polishing 
process. FTIR spectroscopy showed no evidence of polymers 
(or waxes} in any of the other samples. 
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Figure 52. Raman analysis identified the inclusions 
in the turquoise cabochon in figure 51 as pyrite and 
covellite (silver metallic; see arrows). The dark areas 
are cavities that are filled with Superglue; Raman 
analysis of the cavity linings showed the presence of 
marcasite and molybdenite. The light brown areas 
consist of residue from the polishing wheel. 
Photomicrograph by J. I. Koivula; magnified 15x. 
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Future production of turquoise from the Nacozari 
deposit is uncertain, since the miners prefer to avoid the 
turquoise-bearing zones because the mineralogy of those 
areas is unfavorable for the ore treatment processes used to 
obtain copper. 

Eric A. Fritz, John I. Koivula, BML 


TREATMENTS 


Lead glass-filled rubies with hollow backs set in a closed- 
back mounting. Recently, the SSEF Swiss Gemmological 
Institute received the ear pendant in figure 53 for analysis. 
It was set with what appeared to be three rubies and two 
diamonds. The ear pendant was purchased in the United 
States, and the client had been informed that it contained 
valuable Burmese rubies. 

The red stones, which appeared to be rose cut, were set 
in a closed-back mounting, so it was necessary to unset 
them for analysis. This revealed the first of several surpris- 
es: Their bases had been carefully hollowed out, creating 
thin (~1 mm) concave ruby slices (figure 53, right). As the 
stones were heavily included, this deception was not 
apparent when they were mounted. An estimation of their 
weight based on measurable dimensions would have been 
overly high. 

The red stones were easily identified as rubies based 
on standard gemological testing (R.I—1.762-1.770, bire- 
fringence—0.008; hydrostatic $S.G.—3.96; UV fluores- 
cence—dull red to long-wave and inert to short-wave; and 
a Cr spectrum in a handheld spectroscope). A close look 
with the microscope revealed a narrow set of intersecting 
fissures along rhombohedral twinning planes; these fis- 
sures contained many gas bubbles and glassy swirls. 


Figure 53. Although sold 
as a valuable jewel set 
with Burmese rubies, 
the ear pendant on the 
left turned out to be a 
clever fraud. When 
unmounted and 
observed from the back 
(right), the stones 
proved to be concave 
slices of lead glass-filled 
ruby. Photos by M. S. 
Krzemnicki, © SSEF. 
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Occasionally, blue flashes were observed. These features 
are well-known evidence of lead-glass filling in rubies 
(see, e.g., GAAJ Research Laboratory, “Lead glass impreg- 
nated ruby,” www.gaaj-zenhokyo.co.jp/researchroom/ 
kanbetu/2004/gaaj_alert-040315en.html, March 15, 2004; 
V. Pardieu, “Lead glass filled/repaired rubies,” 
www.aigslaboratory.com/Filearticle/55.pdf, January 17, 
2005; S. F. McClure et al., “Identification and durability of 
lead glass—filled rubies,” Spring 2006 Gems # Gemology, 
pp. 22-34]. Also noted were a hexagonal zoning pattern 
and linear particle trails with some rutile needles, indicat- 
ing that the rubies probably had not been subjected to 
high-temperature heat treatment. 

Chemical analysis of all three stones with EDXRF spec- 
troscopy revealed chromium and iron as the main trace ele- 
ments. Traces of gallium, very little titanium, and (with 
high excitation) very distinct lead peaks were also detected. 
Based on the microscopic observations and chemical analy- 
ses, the stones were identified as lead glass—filled rubies. 
Any filling of fissures with a glass involves heating. When 
the chemical composition of the stones was compared to 
those in the SSEF reference database, it matched that of 
material from Africa, such as from Madagascar or 
Tanzania. A Burmese origin could be excluded. 

The degree of care and effort expended to produce this 
item was astonishing. Although ultimately the stones were 
easily identified, they proved unequivocally that the only 
way to evaluate gems presented in a closed-back setting is 
to unmount them. The risk of fraud is too great otherwise. 

Michael S. Krzemnicki (gemlab@ssef.ch) 
SSEF Swiss Gemmological Institute 
Basel, Switzerland 


MISCELLANEOUS 


October 2006 Myanmar Gem Emporium, and other gem 
news from Myanmar. Attended by 1,495 gem merchants 
from 10 countries, the second session of this twice-yearly 
government sale of Myanmar gem materials took place 
October 19-29 in the Myanmar Convention Center, 
Yangon. Colored gemstones and pearls were sold in both 
tender and competitive bidding. The stones sold in tender 
consisted of ruby (45%), blue sapphire (41%), and other 
gems (14%; e.g., purple, yellow, and colorless sapphire; 
spinel; zircon; moonstone; peridot; danburite; topaz; gar- 
net; and aquamarine). Gems sold in competitive bidding 
included ruby, sapphire, spinel, peridot, and quartz. 

Jadeite sales took place in a separate venue. Over the 
first eight months of the 2006-2007 budget year, 
Myanma Gem Enterprise (under the Ministry of Mines) 
reported sales of US$300 million. 

The Myanmar Pearl Enterprise (also under the 
Ministry of Mines) in February 2006 held the first cultured 
pearl sale for local merchants; the entire stock was sold for 
2 million kyat (~US$323,500). During a second sale in 
December 2006 (a tender system), most of the cultured 
pearls offered were “gold” colored, and 90% of the lots 
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sold. Myanmar is now producing cultured pearls from 
eight farms, of which three are government-run, two are 
managed by domestic private companies, and three are run 
by foreign firms. Total yearly production is estimated at 
750 kg. 

Petrified wood from Natogyi township, central 
Myanmar, has been selling well along the China-Myanmar 
border in Muse; it is used as a decorative stone. Some of the 
petrified wood is opalized, and pieces showing green color 
are the most highly prized. 

The small gem shops in Yangon continue to sell syn- 
thetic material alongside natural gems. Those noted by 
this contributor included gadolinium gallium garnet (all 
colors), blue synthetic corundum (offered as irradiated blue 
topaz), and glass imitations of peridot. In addition, various 
small cultured pearls from India were available. 

U Tin Hlaing 
Dept. of Geology (retired) 
Panglong University, Myanmar 


ANNOUNCEMENTS 


Ge@G online calendar. A regularly updated list of confer- 
ences and museum exhibits pertaining to gems is now 
available on the GWG web site at www.gia.edu/ 
gemsandgemology. 


Conferences 


Gem-A Scottish Branch Annual Conference. A variety of 
topics will be covered at this conference, hosted by the 
Scottish Branch of the Gemmological Association and Gem 
Testing Laboratory of Great Britain, to be held May 4-7, 
2007, in Perth, Scotland. Visit www.scotgem.demon.co.uk/ 


conf2007.html. 


2007 ICA Congress. The International Colored Gemstone 
Association Congress will be held May 5-9 in Dubai, 
United Arab Emirates. The theme is “Embracing Global 
Trends from Mine to Market.” Presentations will be given 
by industry leaders on gem sources, manufacturing cen- 
ters, marketing, branding, laboratory services, and educa- 
tion/ethics/economics. Visit www.gemstone.org/congress. 


Granitic Pegmatites: The State of the Art. Held May 6-12, 
2007, at the Universidade do Porto, Portugal, this work- 
shop will focus on the study of granitic pegmatites, and 
will include a field trip to rare-element pegmatites in 
northeastern Portugal and central-western Spain. Visit 
www .{c.up.pt/peg2007. 


2007 GAA-NSW Conference. This year’s conference of 
the New South Wales division of the Gemmological 
Association of Australia will be held May 18-20 in 
Hobart, Tasmania. Subjects will include the history of 
gems and lapidary, rare ivories, and Art Deco/Art 
Nouveau jewelry. Visit www.gem.org.au/conference.htm. 
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Santa Fe Symposium 2007. The 21st annual Santa Fe 
Symposium on jewelry manufacturing technology will be 
held in Albuquerque, New Mexico, May 20-23. Visit 
www.santafesymposium.org. 


GAC-MAC 2007. This year’s joint meeting of the 
Geological Association of Canada and the Mineralogical 
Association of Canada will take place May 23-25, in 
Yellowknife, Northwest Territories. The conference will 
include a session on Canadian diamonds. A “Geology of 
Gem Deposits” short course will take place May 21-22, 
and a post-conference fieldtrip to the Ekati and Diavik 
diamond mines is scheduled for May 26-27. Visit 
www.nwtgeoscience.ca/yellowknife2007. 


Maine Pegmatite Workshop. The 5th Maine Pegmatite 
Workshop will be held May 26-June 3, in Poland, Maine. 
In addition to the in-depth curriculum, field trips to gem- 
bearing pegmatites in New England are planned. Visit 
homepage.mac.com/rasprague/PegShop. 


New Diamond and Nanocarbons. Held May 28-31, in 
Osaka, Japan, this conference will address recent develop- 
ments in the growth and characterization of synthetic dia- 
mond. NDNC is a merger of the International Conference 
of New Diamond Science and Technology (ICNDST) and 
the Applied Diamond Conference (ADC). Visit 
www2.convention.co.jp/NDNC2007. 


JCK Show-Las Vegas 2007. Held June 1-5, this gem and 
jewelry trade show will also host a comprehensive educa- 
tional program May 30-31. Seminars will cover industry 
trends, diamond cut, sales and marketing strategies, legal 
issues for retailers and manufacturers, and new develop- 
ments in gemology. To register, call 203-840-5684 or visit 
jckvegas2007.expoplanner.com. 


PegCamp 2007—West. This one-week course, held June 
3-10 in Mesa Grande, California, will cover the mineralo- 
gy, internal structure, and evolution of granitic pegmatites 
through the field examination of pegmatites and related 
granites. Visit www.pegmatology.com/pegcamp.htm. 


Essentials of Color Science. Munsell Color Science 
Laboratory's Summer Short Course 2007 will take place 
June 5-8 at the Rochester Institute of Technology, 
Rochester, New York. The session will include lectures on 
color perception and appearance, digital color imaging 
systems, colorimetry, spectrophotometry, and color 
appearance models. Visit www.cis.rit.edu/mcsl/outreach/ 
courses.php. 


First European Gemmological Symposium: “Presence and 
Future of Gemmology.” Honoring the 75th Anniversary of 
the German Gemmological Association, this international 
symposium will take place June 22—24, in Idar-Oberstein, 
Germany, and will offer presentations by gemological 
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researchers and business leaders from the gem and jewelry 
industry. Visit www.dgemg.de/gemmologen_75. 


PegCamp 2007—Rockies. This one-week course, held July 
8-15 in Canon City, Colorado, will cover the mineralogy, 
internal structure, and evolution of granitic pegmatites 
through the field examination of pegmatites and related 
granites. Visit www.pegmatology.com/pegcamp.htm. 


30th International Gemmological Conference. Held July 
15-19 in Moscow, Russia, this conference will cover new 
gem deposits, synthetics, treatments, gem identification 
methods, and markets. Only IGC delegates may give pre- 
sentations, but the conference is open to observers and 
students. E-mail balvlad@iem.ac.ru. 


ECROFI-XIX: European Research on Fluid Inclusions. 
This conference will be held on July 17-20 at the 
University of Bern in Bern, Switzerland. The program will 
include a session titled “LA-ICP-MS Workshop: Analysis 
and data interpretation of inclusions in minerals.” A pre- 
conference field trip on July 16 will take participants to 
the Bernese Alps and will include a visit to a large Alpine 
cleft lined with quartz crystals and other minerals. Visit 
illite.unibe.ch/ecrofi/index.htm 


AOGS2007. The Asia Oceania Geosciences Society's 4th 
Annual Meeting will take place July 30-August 4 in 
Bangkok, Thailand. The conference will include a session 
titled “Gem Materials in Bio- and Geosphere.” Visit 
www.asiaoceania.org/aogs2007. 


PegCamp 2007—East. This one-week course, held August 
6-13 in Poland, Maine, will cover the mineralogy, internal 
structure, and evolution of granitic pegmatites through the 
field examination of pegmatites and related granites. Visit 
www.pegmatology.com/pegcamp.htm. 


NAJA 28th Annual Mid-Year Education Conference. The 
National Association of Jewelry Appraisers will hold this 
conference August 11-14 at the Cobb Galleria Convention 
Center in Atlanta, Georgia. Visit www.NAJAappraisers.com. 


Goldschmidt 2007. The 17th Annual V. M. Goldschmidt 
Conference will take place August 19-24 in Cologne, 
Germany, and will feature a session titled “Applied geochem- 
istry—from brines and rare-earth elements to diamonds” in 
honor of long-time GWG contributor Dr. Alfred A. 
Levinson. The session will consist of two parts: “Exploration 
Geochemistry” and “Gem Mineralogy, Diamonds and 
Gemstones.” Visit www.goldschmidt2007.org. 


24th European Crystallographic Meeting. Held August 
22-27 in Marrakech, Morocco, this conference will 
include a session titled “Crystallography in Art and 
Archeology.” Visit www.ecm?24.org. 
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Diamond Symposium in Kimberley. The Geological 
Society of South Africa’s Directorate of Professional 
Programmes will host this colloquium August 
30-September 2 in Kimberley, South Africa. The confer- 
ence program will include field trips to diamond deposits. 
Visit WWW.gssa.Org.za. 


IV International Conference on the Application of Raman 
Spectroscopy in Art and Archaeology. This meeting, held 
September 5-8 in Modena, Italy, will explore current 
trends and advanced techniques in the application of 
Raman spectroscopy to art and cultural heritage research. 
Visit www.chimica.unimore.it/RAA2007/raa2007.htm. 


Diamond 2007. The 18th European Conference on 
Diamond, Diamond-like Materials, Carbon Nanotubes, 
and Nitrides will be held in Berlin, Germany, on 
September 9-14. Presentations on the growth, process- 
ing, and characterization of diamond will be given. Visit 
www.diamond-conference.elsevier.com or e-mail 
diamond-conference@elsevier.com. 


II International Conference “Crystallogenesis and 
Mineralogy.” Held October 1-5 in St. Petersburg, Russia, 
this conference will explore mineral formation, crystal 
growth in nature and the laboratory, and crystal mor- 
phology. Visit www.minsoc.ru/KM2007. 


CGA Gem Conference 2007. The Canadian Gemmolo- 
gical Association's annual gemological conference will 
take place October 19-21 in Vancouver, British Colombia. 
Visit www.gemconference2007.com. 


Mineralientage Miinchen. The 44th Munich mineral show 
in Germany will take place November 2-4 and feature a 
special exhibit on gem crystals from Pakistan. Visit 
www.mineralientage.com. 


Art2008. Scheduled for May 25-30, 2008, in Jerusalem, 
Israel, the 9th International Art Conference on Non- 
destructive Investigation and Analysis will focus on 
items of cultural heritage, but will have implications for 
gem testing. Visit www.isas.co.il/art2008. 


ICAM 2008. Gems will be one of the subjects covered at 
the 9th International Congress for Applied Mineralogy 
on September 8-10, 2008, in Brisbane, Australia. Visit 
www.icam2008.com. 


Exhibits 

Colored diamonds at the London Natural History 
Museum. On loan from Alan Bronstein and Harry 
Rodman, the Aurora Collection of 296 naturally colored 
diamonds is now on display at the Natural History 


Museum in London. Visit www.nhm.ac.uk/about-us/ 
news/2.006/november/news_9996.html. 
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Bernd Munsteiner carvings at the GIA Museum. From 
mid-May 2007 to March 2008, “Reflections in Stone” will 
showcase gem carver Bernd Munsteiner’s work during the 
period 1966-2003. The exhibit will include carved quartz, 
tourmaline, and beryl, ranging from pieces set in jewelry 
to large table-top sculptures. Advance reservations are 
required; to schedule a tour, call 760-603-4116 or e-mail 
museum @gia.edu. 


Symbols of Identity—Jewelry of Five Continents. On dis- 
play through May 31, 2007, at the Mingei International 
Museum in San Diego, this exhibit features examples 
of personal adornment from native cultures in North and 
South America, Africa, Asia, and Europe. Visit 
www.iingei.org/curex.html. 


French Jewelry at the Legion of Honor. “Masterpieces of 
French Jewelry,” an exhibition of notable French jewelry 
pieces from American collectors, will be on display at the 
Legion of Honor art museum in San Francisco through June 
7, 2007. Among the pieces included are the Taj Mahal dia- 
mond necklace by Cartier, given to actress Elizabeth Taylor 
by Richard Burton in the 1970s, and an Art Nouveau brooch 
owned by former first lady Jacqueline Kennedy Onassis. 
Visit www.thinker.org/legion/exhibitions. 


Native American Jewelry. “Shared Images: The Jewelry of 
Yazzie Johnson and Gail Bird” will be on display through 
June 2007 at the Heard Museum in Phoenix, Arizona. The 
exhibit includes examples of their belts, earrings, bracelets, 
rings, and necklaces. Visit www.heard.org. 


Gold at AMNH. “Gold,” an exhibition exploring the his- 
torical fascination with this precious metal, is on display 
at the American Museum of Natural History in New York 
through August 19, 2007. The exhibit includes both rare 
natural specimens and significant cultural artifacts. Visit 
www.amnh.org/exhibitions/gold. 


Jewelry of Ben Nighthorse. Ben Nighthorse Campbell, who 
represented Colorado in the U.S. Senate from 1992, to 2004, 
has enjoyed a successful second career as an innovative 
jewelry designer. This collection of his work, which debut- 
ed at the Smithsonian Institution’s National Museum of 
the American Indian in 2004, is on display at the Colorado 
History Museum in Denver through December 31, 2007. 
Visit www.coloradohistory.org. 


ERRATUM 

The Summer 2006 issue contained a GNI entry on 
triploidite from China (pp. 183-184). Subsequent chemical 
analyses of this material showed that it is triplite, rather 
than triploidite. The chemical formula has been revised as 
follows: (Mn; g)Fe**y 2;Mq 15Cap 04)(P} 994) Fo, go Oo 20): 
The authors regret this error in the identification of 
the material. 
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Take the 


THE FOLLOWING 25 
QUESTIONS are based on 
information from the Spring, 
Summer, and Winter 2006 
issues of GEMS & GEMOLOGY 
(the Fall 2006 Symposium/ 
GRC proceedings issue is not 


covered because it is principal- 


ly an abstract volume). Refer 
to the feature articles and 


“Notes and New Techniques” in those issues to 
find the single best answer for each question. 


All answers can be found in the 2006 issues—no further research is necessary. 
Mark your choice on the response card provided in this issue. (Sorry, no photo- 


copies, scans, or facsimiles will be accepted; go to www.gia.edu/gemsandgemology 
to purchase additional copies of this issue.) Mail the card so that we receive it no 
later than Monday, August 6, 2007. All entries will be acknowledged with a letter 
and an answer key after the due date, so please remember to include your name 
and address (and write clearly!). 


Score 75% or better, and you will receive a GIA CONTINUING EDUCATION 


CERTIFICATE, and if you are a member of the GIA Alumni Association, you 
will earn 10 Carat Points. (Be sure to include your GIA Alumni membership 


number on your answer card and submit your Carat card for credit.) 
Earn a perfect score, and your name also will be listed in the Fall 2007 


issue of GEMS & GEMOLOGY. Good luck! 


1. In Ballerina “chocolate pearls,” 
the coloration is apparently a 


result of 


A. a new silver nitrate dyeing 


process. 


B. modification of organic 
components in the nacre. 

C. modification of aragonite 
components in the nacre. 

D. modification of organic 
components in the bead 


nucleus. 
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2. Testing by the GIA Laboratory 


showed that the lead-glass 
material used to fill fractures 


and cavities in rubies could be 


damaged by 

A. steam and/or ultrasonic 
cleaning. 

B. immersion in pickling 
solution. 

C. exposure to household 
oven cleaner. 

D. both B and C. 


3. One possible indicator that a 
cultured pearl is silver dyed is its 


A. 


B. 


reaction to rubbing with 
acetone. 

inert reaction to long- and 
short-wave UV radiation. 


. distinctive FTIR spectrum. 
. Raman spectrum that 


indicates the presence of 
organic components. 


4. The gemological properties that 
make transparent rhodonite so 
difficult to facet include 


A. 


multiple perfect, brittle 
cleavages. 


. Mohs hardness of 2.5-3.5. 
. large inclusions of galena 


and spessartine. 


. both A and C. 


5. The Cullinan I is the largest 


A. 
B. 
c 
D. 


currently in existence. 
rough diamond 
faceted diamond 
faceted colorless diamond 
flawless diamond 


6. Tortoise shell used as a gem 
material was most commonly 
taken from the shell of the 


A. 


green turtle. 


B. loggerhead turtle. 
G: 
D. hawksbill turtle. 


Kemp’s Ridley turtle. 


7. One useful indication of treatment 
in Ballerina “chocolate pearls” is 


A. 


(ep 


D. 


their reddish orange fluo- 
rescence to long-wave UV 
radiation. 


. an increase in general 


absorption toward the high- 
wavelength (low-energy) side 
of their UV-Vis-NIR spectra. 
a strong band around 1514 
cmt in their FTIR spectra. 
both A and B. 


8. Which of the following is/are 
believed necessary for the 
formation of Leopard opal? 


A. 
B. 


(Sy 
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Availability of silica 
Permeability and porosity of 
the host vesicular basalt 
Environmental factors 
favoring the formation of 
play-of-color opal 


. All of the above 
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10. 


aS 


eas 


13: 


14. 


82 


. Reflective graining in diamonds is 


believed to be caused by 
A. micro-inclusions of water 
and carbonates. 
B. damage during polishing. 
C. plastic deformation. 
D. compressive strain caused 
by multiple growth centers. 


The colorful appearance of 
Rainbow andradite from Japan is 
a result of the combination of 
what two optical effects? 


A. Thin-film interference and 
some diffraction 

B. Dispersion and some diffraction 

C. Refraction and thin-film 
interference 

D. X-ray diffraction and dispersion 


The presence of a lead-glass filler 
in rubies is most easily detected by 
A. X-ray diffraction analysis. 

B. observation with magnification. 

C. LA-ICP-MS. 

D. heating to temperatures 
sufficient to melt the filler. 


The most reliable nondestructive 
method for separating tortoise 
shell from its imitations is 
A. reaction to short-wave 
ultra-violet radiation. 
B. specular reflectance 
infrared spectroscopy. 
C. visible absorption spectroscopy. 
D. hot-point testing. 


What standard gemological mea- 
surement(s) is/are not meaningful 
for the characterization of Leopard 
opal? 

A. Refractive index 

B. Specific gravity 

C. UV fluorescence 

D. Both A and B 


Cu-bearing elbaite tourmaline 
has been reported from Brazil, 
Mozambique, and 

A. Madagascar. 

B. Afghanistan. 

C. Nigeria. 

D. Namibia. 
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ilSy, 


16. 


ls 


18. 


iS), 


Internal graining in a diamond 
that is noticeable from a narrow 
viewing angle but fades with very 
subtle movement 


A. would lower the clarity one 
grade. 

B. would mandate a clarity 
grade no better than VS. 

C. would prevent a clarity 
grade of Internally Flawless. 

D. would likely not affect the 
clarity grade. 


Lead glass-filled rubies tested by 
the GIA Laboratory began to 
show sweating and beading of 
the glass filler when heated to 

A. 500°C. 

Boo0ce: 

C, WOON. 

D. 1000°C. 


The large variation in the reactions 
shown by zircon inclusions in 
Madagascar sapphires heated to 
1400-1550°C was likely due to 

A. sample contamination. 

B. beryllium diffusion treatment 
of some of the tested 
sapphires. 

C. natural radiation damage. 

D. hafnium oxide (HfO,) 
substitution. 


Chemical analysis of Rainbow 
garnet from Japan established 
that it was composed of alternating 
layers of 
A. andradite and grossular. 
B. andradite and andradite 
with a grossular component. 
C. andradite and spessartine. 
D. andradite and grossular 
with an andradite component. 


For trace-element analysis using 
a well-characterized standard, 
LA-ICP-MS can accurately quantify 


A. more elements than both 
LIBS and SIMS. 

B. more elements than LIBS 
but fewer than SIMS. 

C. more elements than SIMS 
but fewer than LIBS. 

D. fewer elements than both 
LIBS and SIMS. 
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20. 


calle 


22. 


23: 


24. 


255 


Beryllium diffusion-treated 
corundum commonly has a Be 
concentration of 

A. <1 ppm. 

B. a few hundred ppb. 

C. a few to several hundred ppm. 

D. >1,000 ppm. 


Infrared spectroscopy established 
that the Cullinan I and II diamonds 
are 


. type la. 
. type Ib. 
. type Ila. 
. type IIb. 


LSP @y (os) 35 


Formation of discoid fractures 
was observed around zircon 
inclusions in corundum that had 
been heated to 


IS S{ONE. 
1620°C. 
1680°C. 
mV 02C: 


9Om> 


The “greasy lap” technique for 
faceting transparent rhodonite 
uses a mixture of diamond grit and 

A. axle grease. 

B. petroleum jelly. 

C. olive oil. 

D. mineral oil. 


CIBJO and LMHC use the term 
Paraiba tourmaline to describe 
elbaite of moderate to strong 
color saturation that contains Cu 
and is 

A. blue. 

B. bluish green to greenish blue. 

Gxgreens 

D. any of the above. 


After graining features have been 
identified, GIA graders make the 
final determination of their 
impact on a diamond's clarity 
grade using 
A. a 10x loupe and fiber-optic 
light. 
B. a microscope and darkfield 
illumination. 
C. a 10x loupe and fluorescent 
light. 
D. both A and B. 
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Pearls 


By Elisabeth Strack, 678 pp., illus., 
publ. by Riihle-Diebener-Verlag, 
Stuttgart, Germany, 2006. € 106.10 
(US$115.00)* 


Broad in scope and deep in detail, this 
is the most comprehensive book ever 
written about pearls. It is a rich and 
valuable resource for industry profes- 
sionals, students, and anyone with a 
personal interest in the subject. Pearls 
is the expanded, updated, English-lan- 
guage edition of Perlen, which was 
published in German in 2001. Like 
the original, the new edition is just 
under 8 x 10 inches (20.3 x 25.4 cm), 
hardcover, and printed on high-quali- 
ty coated stock with excellent color 
reproduction. 

The book is divided into two sec- 
tions: “Natural Pearls” and “Cultured 
Pearls.” Chapters then thoroughly 
cover the history, biology, types, geog- 
raphy, formation, structure, farming, 
properties, grading, marketing, test- 
ing, treating, imitating, care, and uses 
of pearls. Pearls is well-illustrated 
with color photos, maps, charts, and 
explanatory diagrams. An extensive 
bibliography follows each chapter, 
and there are eight indices, arranged 
by various topics. 

That one person gathered the 
information, wrote the text, shot 
many of the photos, and assisted with 
the translation of this book is astound- 
ing and commendable. Pearls is broad 
and deep, so it necessarily took years 
to research and write. That led to one 
of its few flaws: Some of the informa- 
tion is unavoidably outdated. A sec- 
ond minor drawback is that the 
English is a little awkward in places. 
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Pearls is an excellent choice for 
anyone seeking a wealth of informa- 
tion about natural and cultured pearls. 

DOUG FISKE 

Gemological Institute of America 

Carlsbad, California 


Not Your Mama’s Beading: 
The Cool and Creative Way to 
String ‘Em Along 


By Kate Shoup Welsh, 224 pp., illus., 
publ. by Wiley Publishing 
[www.wiley.com], Hoboken, NJ, 
2006. US$14.99 


As a longtime beader, I have read my 
share of books on the subject. They 
are usually quite informative, and I 
often learn new techniques from 
them. However, I wouldn’t go so far 
as to say that I actually had fun read- 
ing them. That was until I found 
Not Your Mama’s Beading. With 
project titles such as “Swinging by 
the Chandeliers,” “The Short and 
Winding Rope,” and “Girls Gone 
Bridaled,” the table of contents (not 
to mention the book title) makes it 
clear that Kate Shoup Welsh has a 
great sense of humor. Imagine hav- 
ing a conversation with your funni- 
est friend, and you'll get a sense of 
this book’s voice. 

The book is divided into three sec- 
tions, with several chapters in each. 
The first section looks at beads 
throughout history, including their 
use in trade and fashion. It also has an 
informative overview on materials 
and tools. The section closes with a 
chapter that teaches basic beading and 
stringing techniques for the beginner. 
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The second section consists of 
specific projects that range from very 
easy to somewhat complicated, 
grouped by type. There are chapters 
on necklaces, rings, bracelets, miscel- 
laneous personal adornments, and gift 
items. Some of the more interesting 
(yet simple) projects include book- 
marks, zipper pulls, and even bulletin 
board tacks. Each includes the esti- 
mated cost, a materials list, and a rat- 
ing of the level of commitment need- 
ed to complete the project. The dia- 
grams included for the more compli- 
cated projects are clear and easy to fol- 
low. There is truly something for 
everyone here. 

The beader will find a wealth of 
helpful information in the third sec- 
tion. Included here are patterns, illus- 
trations of different types of tools and 
findings, and charts of bead and wire 
sizes. There are also some nicely pre- 
pared lists of absolute essentials for 
bead stringing, bead stitching, and 
wireworking kits. 

I highly recommend Not Your 
Mama’s Beading. The creative bead- 
er will find some great projects to 
try and will enjoy some laughs along 
the way. 


JANA E. MIYAHIRA-SMITH 
Gemological Institute of America 
Carlsbad, California 


*This book is available for purchase 
through the GIA Bookstore, 1949 
Kellogg Ave., Carlsbad, CA 92008. 
Telephone: 800-421-8161, ext. 4200; 
outside the U.S. 760-603-4200. Fax: 
760-603-4266. E-mail: myorder@ 
gia.edu or visit www.gia.edu 
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Un the Alexandrite Color 
of Crystal 


by 


S. V. GRUM-GRZHIMAILO 


translated by 
GEORGE TUNELL, Ph. D 


ISCOVERED in the preceding century, 
Dizi. has attracted attention by 
its special property of changing color de- 
pending on the illumination: by day it is 
green, in artificial light, rose-colored. 

The nature of this phenomenon is ex- 
plained in a series of works; nevertheless, 
until the present time, no detailed investiga- 
tion of the alexandrite color has been car- 
ried out. In the present work the results of 
such an investigation of a crystal of alex- 
andrite are given. For the study, a plate 1.68 
mm in thickness was cut from a crystal 
parallel to the plane of the optic axes, that 
is, parallel to the face (010). 

Transmission curves for eaves with vibra- 
tions in the directions Z and X* were 
measured with a Konig-Martens spectro- 
photometer. They are presented in the lower 
part of the figure (full lines). Along the 
axis of ordinates in the figure 1/1o is plotted 
(lo intensity of light incident upon the 
crystal, 1 intensity of light transmitted 
through the crystal), along the axis of ab- 
scissae the wave length is plotted. Maxima 
in the absorption spectrum, corresponding 
to minima in the transmission curve, occur 
in the yellow and violet parts of the spec- 
trum. 

The curves show that the color of alex- 
andrite is caused by the red rays (beginning 
approximately at 620 and the bluish- 
green rays (from 530 to 460 ), for 
which the crystal is transparent. 


With this distribution of regions’ of trans- 
mission in the spectrum, the color is very 
sensitive to change in the relative intensity 
of blue-green rays in the light illuminating 
the crystal. The latter differs markedly for 
daylight and electric light, which appears 
to be the cause bringing out the change in 
color of alexandrite. With illumination by 
daylight, the blue-green rays play a domin- 
ant role in the perception of the color, and 
the crystal appears green. With artificial 
light, poor in these rays in comparison with 
daylight, its color depends principally on 
the red rays, the result of which is that the 
crystal appears rose-colored. 


As is well known, three color coordin- 
ates can be determined from the absorption 
curve by calculation, and thus the color 
tone characterizing the color of the object 
can be found. Carrying out such calcula- 
tions, it can. be shown that the color of 
alexandrite must change with changing 
illumination. 


Curves of natural alexandrite for both 
waves were calculated by the method of 
selected ordinates, treated by Hardy and 
Pineo’, for a source of light A (gas filled 


1. Originally published in the Memoirs of the 
Russian Mineralogical Society (Zapiski Vserossis- 
kogo Mineralogicheskogo Obshchestva, second series, 
volume 75, pages 253-255, 1946);. Translated by 
George Tunell. 


2. The curve for the wave with vibrations 
along Z has a minimum at 580 mu, that for the 
wave with vibrations along X has a minimum at 
560 mu. 
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Special Exhibition Jadeite: 
Treasure of Orient 


By the National Science Museum 
[www.kahaku.go.jp/english], 202 
pp., illus., publ. by the Mainichi 
Newspapers Co., Tokyo, 2004 [in 
Japanese; no price information 
available]. 


In Japan, most people believe that 
jadeite jade comes from China due to 
its strong association with Chinese 
culture. In fact, other than Myanmar 
(Burma), Japan is the only Asian coun- 
try where jadeite has been found. The 
Japanese National Science Museum 
and the Mainichi Newspapers Co. 
(one of the largest newspaper compa- 
nies in Japan) organized a special 
jadeite exhibition, held from No- 
vember 2004 to February 2005, and 
this book was published as a compan- 
ion to that exhibit. 

The first part of the book reviews 
the history of jadeite and nephrite 
jade in Chinese culture, with photos 
showing typical jewelry and art 
objects from the Qing Dynasty 
(1644-1911). The second part intro- 
duces the mineralogy and geology of 
jadeite. This is the first work known 
to this reviewer that systematically 
describes Japanese jadeite localities 
and their exploration, as well as 
their petrology and mineralogy. 
Included are maps of the localities 
and photos of rough jadeite. As an 
example, the use of jadeite from 
Itoigawa River, in Niigata Prefec- 
ture, can be traced back about 5,000 
years, although an accurate miner- 
alogical identification was first 
reported only in 1939, in the Journal 
of Mineralogical and Petrological 
Sciences. Several new silicate miner- 
als characteristically associated with 
Itoigawa jadeite, such as blue 
itoigawite, have been discovered in 
this region. 

The third part of the book covers 
most of the known ancient jadeite- 
using cultures in Japan and Korea. 
Manufacturing techniques such as 
hole-drilling, shaping, and polishing, 
as well as early distribution networks, 
are described and summarized. 
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The book concludes with a brief 
introduction to the basic gemology of 
jadeite. Well-known gem identifica- 
tion techniques, such as FTIR and 
Raman spectroscopy, are reviewed, as 
are common jadeite treatments. This 
section also includes some attractive 
photos of jadeite jewelry, carvings, 
and other products belonging to 
Japanese collectors. 

This is an educational book cover- 
ing a number of elements that may be 
unfamiliar to Western readers. 

TAJJIN LU 


Vista, California 


Hope Diamond: The Legendary 
History of a Cursed Gem 


By Richard Kurin, 388 pp., illus., 
publ. by Smithsonian Books 
[www.smithsonianstore.com], 
Washington, DC, 2006. $24.95 


What other jewel has captured the 
imagination and adoration of so 
many people as the Hope diamond? 
Many books have been written about 
the Hope, ranging from scholarly 
treatises to folkloric musings. This 
version is more of a historical jour- 
ney, covering more than 300 years 
and three continents, featuring major 
and minor royal players as well as 
famous jewelers. 

The book begins by recounting the 
history of what came before the Hope 
diamond, with rich details of 15th- 
century trade routes, products, cus- 
toms, and systems of commerce along 
the thousands of miles between India 
and Europe. Exactly where and when 
the original diamond was purchased 
by French gem merchant Jean-Baptiste 
Tavernier is still unclear. Research 
reveals that it might have come from 
the former mine of Kollur in the 
Golconda region, which the author 
was successful in locating (though no 
mining currently takes place, as the 
area is a wilderness reserve). It might 
have been purchased from a corrupt 
mine supervisor (who should have 
turned such a stone over to the Sultan 
of Golconda), not from one of the mer- 
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chants who acted as middlemen. It is 
delicious that even these facts remain 
in question today. What is more of a 
puzzle is why Tavernier held on to the 
diamond for 15 years, through hard 
times—having his ship sunk, being 
imprisoned, finding himself in the 
middle of an armed conflict—and 
never sold it until he returned to 
France. 

Tavernier eventually did sell the 
diamond, along with more than a 
thousand others, to King Louis XIV on 
December 6, 1668. It was entered into 
the royal accounts as 112° ct. This is 
the point in time where the account of 
the blue diamond as we know it 
becomes available, as it is whittled 
down through its journey from one 
hand to another. All the historical 
highlights as well as the years of disap- 
pearance are there—the looting of the 
Crown Jewels during the French 
Revolution, the extravagance of 
England’s King George IV, and the 
Gilded Age in America. Also fascinat- 
ing is the transition of Tavernier’s 
“beau violet” to the “French Blue of 
the Crown,” the “George IV Dia- 
mond,” and, finally, Henry Philip 
Hope’s modest designation of “No. 1.” 
Yet even Mr. Hope’s acquisition of the 
diamond, like Tavernier’s, is shrouded 
in mystery—though the author theo- 
rizes that it was discreetly sold to pay 
George IV’s enormous debts after his 
death in 1830. However, we do know 
that the diamond that is now 
ensconced with high honor at the 
Smithsonian Institution has been 
slimmed down to 45.52 ct. 

This book is armchair traveling at 
its best. It is also one of the best- 
researched books on the subject, with 
more than 50 pages of credits and 
sources for photographs, illustrations, 
text excerpts, and lyrics, with sub- 
stantial endnotes and references. 
Should you put the book down for a 
while, you can bring yourself up to 
date with the timeline. One of the 
more fascinating features is the two- 
page appendix on the diamond's value 
from 1668 to 1958. This poses a real 
appraiser’s challenge—assessing a 
2007 value! 
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Finally, Dr. Kurin notes in the epi- 
logue that there are 21 missing docu- 
ments that could complete the histor- 
ical picture of the Hope. “In all then,” 
he says, “there are still discoveries to 
be made.” 

GAIL BRETT LEVINE 
National Association of 
Jewelry Appraisers 
Rego Park, New York 


OTHER BOOKS RECEIVED 


Precious Minerals (Gemology). 
By Ruslan I. Kostov, 453 pp., illus., 
publ. by PENSOFT [www.pensoft.net], 
Sofia, Bulgaria, 2003 [in Bulgarian; 
no price information available]. This 
is a very detailed monograph intend- 
ed for mineralogists, gemologists, 
jewelry designers, and art critics. The 
first section, “Principles of Gem- 
ology,” recounts the history of 
gemology and jewelry in the Middle 
East, Egypt, Greece, Rome, India, 
China, and the Americas. It also pro- 
vides a detailed description of gems 
described in the Bible. The second 
section is devoted to the principles of 
crystallography and mineralogy. The 
third (and largest) section describes 
virtually all precious, semiprecious, 
and decorative stones, as well as met- 
als and alloys. The last section covers 
methods of identification, study, 
faceting, and evaluation. 

Also included are six appendices 
with lists of about 750 of the 
world’s largest diamonds and about 
150 of the largest brilliant-cut dia- 
monds (with weight, name, color, 
date of discovery, and deposit), a 
glossary of mineral names in four 
languages (Bulgarian, Russian, En- 
glish, and German), a dictionary of 
gemological materials and terminol- 
ogy (in Bulgarian), and two lists of 
stones with hardness and colors 
indicated. 


BORIS SHMAKIN 

Institute of Geochemistry 
Siberian Branch 

Russian Academy of Sciences 
Irkutsk, Russia 
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Faceting History: Cutting Diamonds 
and Colored Stones. By Glenn Klein, 
242 pp., illus., publ. by the author 
[www.glennklein.com], Lake Forest, 
CA, 2005, US$21.99. Award-winning 
faceter Glenn Klein chronicles the 
development of gem-faceting proce- 
dures and equipment over the cen- 
turies. Faceting History begins with 
background on the early appreciation 
of gems and the evolution of cut 
designs before delving into the 
advances made over the past hundred 
years. The scholarly text is well sup- 
plemented by facet diagrams and his- 
torical photos and illustrations. 


STUART OVERLIN 
Chicago, Illinois 


Symposium on Agate and Crypto- 
crystalline Quartz. Daniel Kile, 
Thomas Michalski, and Peter Modres- 
ki, Eds., 144 pp., illus., publ. by 
Friends of Mineralogy (Colorado 
Chapter), Colorado School of Mines 
Geology Museum, and U.S. Geo- 
logical Survey, 2005, US$20.00. The 
Symposium on Agate and Crypto- 
crystalline Quartz, held September 
10-13, 2005, in Golden, Colorado, 
examined the mineralogy, origin, and 
worldwide occurrence of agate and 
other forms of cryptocrystalline quartz. 
This booklet contains summaries of 33 
presentations delivered by speakers 
from the United States and five other 
countries. Accompanying the text are 
tables and illustrations, plus a series of 
color plates. 


STUART OVERLIN 


The Art of Diamond Cutting, 2nd ed. 
By Sofus S. Michelsen and Basil 
Watermeyer, 147 pp., illus., publ. by 
Sofus S. Michelsen [sofus_sidney@ 
direcway.com], Port Angeles, WA, 
2005, US$49.95. Intended to help the 
experienced colored stone faceter 
move into diamond cutting, this work 
provides basic instruction in the five 
steps of polishing diamonds: analyzing 
the rough, cleaving/sawing, bruting, 
blocking, and brillianteering. Also 
included are a brief description of the 
modern diamond industry and sugges- 
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tions on how independent cutters can 
gain work and sell finished stones, a 
guide to grading and pricing rough 
diamonds, and a glossary of diamond 
terminology. 


THOMAS W. OVERTON 
Gemological Institute of America 
Carlsbad, California 


Alexandrite. By Yury S. Kozlov, 143 
pp., illus., publ. by Nauka Publishers 
[www.maik.rssi.ru], Moscow, 2005, 
€33.00. This mineralogical mono- 
graph, a translation of the 2003 
Russian-language edition, reviews the 
current scientific knowledge of the tit- 
ular gem. Chapters cover chemical and 
gemological properties, the Ural 
mines, crystallography, X-ray spectral 
analysis, and cathodoluminescence 
studies of alexandrite color characteris- 
tics. Also included are 60 pages of color 
plates of alexandrite mineral speci- 
mens as well as appendices providing 
information on alexandrite dealers and 
pricing. 


THOMAS W. OVERTON 


MEDIA REVIEW 


Aphrodite’s Drop: The Power of 
Pearls. A Faction Films production 
[www.factionfilms.co.uk], London, 
75 min., 2005, available in DVD for- 
mat, £30.00. In this documentary, 
director Sylvia Stevens offers an 
engaging glimpse at the world of 
pearls, from their colorful past to the 
emergence of cultured pearls in the 
20th century and today’s elegant jew- 
elry creations. Aphrodite’s Drop takes 
the viewer behind the scenes of mod- 
ern pearl production to reveal the diffi- 
cult labor and painstaking quality con- 
trol behind each of these treasures. 
Historic footage and exotic location 
shots from the South Seas cut away to 
interviews with industry insiders such 
as Ward Landrigan (Verdura), Martin 
Coeroli (Perles de Tahiti), Andy 
Muller (formerly of Golay Buchel), and 
Joanna Hardy (Sotheby’s London). 


STUART OVERLIN 
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COLORED STONES AND 
ORGANIC MATERIALS 


Characterization of vaterite in low quality freshwater-cultured 
pearls. H. Y. Ma [mhyyy@126.com] and I.-S. Lee, 
Materials Science and Engineering C, Vol. 26, 2006, pp. 
721-723. 

Vaterite is a relatively unstable phase of calcium carbonate that 

is rarely seen in nature. However, low-quality freshwater cul- 

tured pearls from Leidian, southern China, were found to con- 
tain vaterite. These formed part of a sample suite consisting of 

4-8 mm cultured pearls that ranged from high quality (good 

luster and white or very light yellow color) to low quality (“Ius- 

terless” and yellowish brown color). 

The cultured pearls were sliced in half, and their internal 
concentric structure was observed with an optical microscope. 
In the low-quality samples, a layer near the center was filled 
with irregular crystals (3 um in longest dimension), this was 
overlain by a layer of needle-shaped crystals (45 um long). The 
outermost layer consisted of irregular granular crystals (3-45 
um) that were mixed with organic materials. The optical prop- 
erties of the crystals in the outer layer were consistent with 
vaterite; this was confirmed by X-ray diffraction analysis, 
which also documented aragonite and calcite in the samples. 
Micro-region infrared spectra further confirmed the presence 
of vaterite, with absorption bands at 1087 and 1050 cm! (v,); 
830 cm (v,]; 1489, 1450, and 1420 cnr (y,), and 762 and 743 
em (v,). 

Vaterite was not detected in any of the high-quality cul- 
tured pearls; instead, aragonite was the main component. The 
authors suggest that the presence of vaterite may influence 
the quality of freshwater cultured pearls—the more vaterite, 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editors and their reviewers, and space limitations may require 
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the lower the quality. A high content of organic materials 
may contribute to the stability of vaterite in such cul- 
tured pearls. KSM 


Development of pearl aquaculture and expertise in 
Micronesia. M. Ito [hiroito@mail.fm], World Aqua- 
culture, Vol. 37, No. 3, 2006, pp. 36-42. 

The article details a six-year project to develop pearling 
operations in the eastern-central Pacific islands of Micro- 
nesia (specifically, the Marshall Islands, Palau, and the 
Federated States of Micronesia). Working with U.S. gov- 
ernment agencies, the College of Micronesia began a pro- 
ject to culture black pearls. One difficulty was a lack of 
wild oyster stock from which to collect spat (embryonic 
oysters). A low-cost hatchery was constructed to develop 
the stocks and serve as a training facility for pearling 
workers. 

The article also recounts difficulties faced by the estab- 
lished black cultured pearl industry in French Polynesia, 
which were caused by overproduction coupled with eco- 
nomic difficulties in a number of key Asian markets. 

RS 


OH in naturally occurring corundum. A. Beran 
[anton.beran@univie.ac.at] and G. R. Rossman, 
European Journal of Mineralogy, Vol. 18, No. 4, 
2006, pp. 441-447. 

Corundum is nominally anhydrous, but it may contain 
traces of OH. This impurity is useful for providing a possi- 
ble indication of geologic origin, and it also can be affected 
by heat treatment. Using FTIR spectroscopy, the authors 
detected OH defects in ~20% of 159 natural sapphire and 
ruby samples tested, as shown by the presence of an 
absorption peak at 3310 cm~!, sometimes with weaker 
peaks at 3233 and 3185 cm. Strong OH absorptions were 
correlated to saturated blue color and to blue sapphires 
from basaltic sources. 

The absorption coefficient of the 3310 cm™! peak was 
less than 0.5 cm"! for all samples. Given the total absorp- 
tion of OH peaks in the IR spectra, the authors describe 
techniques for estimating the actual concentration of OH 
in a corundum sample. Using certain approximations, 
they report that the absolute concentration of OH in 
corundum generally corresponds to less than 0.5 ppm 
H,O, though it ranged up to 10 ppm H,O. DMK 


DIAMONDS 


Characteristics of diamondiferous Plio-Pleistocene littoral 
deposits within the palaeo-Orange River mouth, 
Namibia. R. I. Spaggiari [spaggiari.renato@debeers- 
group.com], B. J. Bluck, and J. D. Ward, Ore Geology 
Reviews, Vol. 28, 2006, pp. 475-492. 

Over 75 million carats of diamonds, of which 95% are gem 

quality, have been produced from Namibian gravel deposits 
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within the past 100 years. The Orange River system, both 
modern and ancestral, transported diamonds from various 
sources in southern Africa to the Namibian coast. The dia- 
monds were then swept northward by the prevailing cur- 
rents and deposited in a variety of sedimentary environ- 
ments. Although somewhat of an oversimplification, dia- 
mond size and grade both decrease in a northerly direction 
from the mouth of the Orange River. 

Using mine records dating from 1947 and eight years of 
geologic observations of various open-pit mines and 
trenches, the authors provide valuable insights into the 
details of the diamond deposits. They focused on barrier 
beaches and spits proximal to the mouth of the Orange 
River that formed during Late Pliocene and Early 
Pleistocene times, when diamond output from the Orange 
River was lower than usual. The authors theorized that 
the large quantity of diamonds in these deposits must 
have been partially sourced by reworking pre-existing 
beach sediments. Within both the barrier beaches and 
spits, diamond size and grade varied considerably and was 
correlated to the energy of ocean waves in each deposition- 
al environment (e.g., subtidal, intertidal, and back barrier). 
Intertidal settings (high wave energy) in both barrier beach- 
es and spits had average stone sizes of 1-2 ct and grades of 
1.5-6 carats per hundred tons; these deposits were most 
economic. The authors suggest that relating sediments to 
their depositional environment should lead to more accu- 
rate sampling and mining programs. KAM 


Electron energy loss spectroscopic studies of brown dia- 
monds. U. Bangert, R. Barnes, L. S. Hounsome 
[hounsome@excc.ex.ac.uk], R. Jones, A. T. 
Blumenau, P. R. Briddon, M. J. Shaw, and S. Oberg, 
Philosophical Magazine, Vol. 86, No. 29-31, 2006, 
pp. 4757-4779. 

The origin of brown coloration in type Ila diamonds is of 

particular interest to the gem trade due to the widespread 

use of high-pressure, high-temperature (HPHT) treatments 
to decolorize natural and synthetic diamonds. The mecha- 
nisms responsible for their brown coloration, however, are 
widely disputed. Electron energy loss spectroscopy (EELS) 
and theoretical modeling were performed on natural and 

CVD synthetic type Ila brown diamonds, before and after 

HPHT annealing. In addition, a natural type Ila colorless 

diamond was included for reference purposes. 

EELS examines the local electronic structure of 
extended defects in diamond by measuring the energy loss 
of an electron beam, which is caused by inelastic scatter- 
ing when electrons in the beam come in contact with 
electrons in the sample. EELS has a spatial resolution of 
~10 nm and energy resolution down to 0.3 eV. Trans- 
mission electron microscopy (TEM) has revealed that 
there are large differences between the dislocation densi- 
ties observed in CVD synthetic (10° cm”) and natural (10° 
cm) diamonds, even though both have similar brown 
colors and absorption spectra. Furthermore, it has shown 
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that the number of dislocations does not change signifi- 
cantly with HPHT treatment. 

EELS analysis confirmed that dislocations do not lead 
to additional energy losses in brown or HPHT-treated col- 
orless diamonds, indicating that dislocations cannot be a 
major source of brown color. EELS also revealed the pres- 
ence of graphitic inclusions in some natural brown dia- 
monds that disappear with HPHT treatment, and there- 
fore may have contributed to their color. Most important- 
ly, EELS analysis of a striated brown/colorless natural 
type Ila diamond revealed an increase in energy loss in the 
brown portions due to sp? and m-bonded defects. Positron 
annihilation studies, TEM, and modeling suggest these 
defects are {111} disks of vacancy clusters that are likely 
responsible for the brown color and produce an absorption 
spectrum similar to that seen in type Ila natural and CVD 
synthetic brown diamonds. The concentration of vacancy 
clusters decreased with HPHT treatment and the loss of 
brown color. The authors suggest that these defects form 
by climb-and-collapse processes in natural diamonds and 
during the growth of CVD synthetic diamonds. HPHT 
annealing at ~2200°C likely results in dissolution of the 
collapsed defects and the removal of brown color in natu- 
ral diamonds; whereas in CVD synthetic diamonds, the 
decoloration probably occurs by a mechanism known as 
hydrogen passivation of the vacancy disks at ~1900°C. 

CMB 


Origin of brown coloration in diamond. L. S. Hounsome 
[hounsome@excc.ex.ac.uk], R. Jones, P. M. Mar- 
tineau, D. Fisher, M. J. Shaw, P. R. Briddon, and S. 
Oberg, Physical Review B, Vol. 73, 2006, pp. 
125203-1-125203-8. 

The brown color in synthetic diamonds produced by 
chemical vapor deposition (CVD) is typically ascribed to 
nitrogen and/or hydrogen defects created during growth, 
while brown coloration in natural type Ila diamonds is 
thought to relate to defects caused by plastic deformation. 
The authors deviate from these theories and speculate that 
brown coloration in both natural and CVD synthetic dia- 
monds is caused by other types of defects. In the absorp- 
tion spectra of both types, the authors observed the same 
underlying continuum, which suggests that the brown 
color is due to a single type of defect. 

The authors believe that vacancies are involved with 
brown coloration because nitrogen-vacancy defects have 
been formed in experiments that transformed natural 
brown diamonds into colorless stones. To test this 
hypothesis, they performed calculations utilizing quan- 
tum mechanics of a hypothetical diamond containing a 
“disk” of vacancies within the structure. The resulting 
theoretical absorption spectra compared well against 
experimental spectra. In their modeling, disks containing 
<200 vacancies remained stable due to surface reconstruc- 
tion. The authors proposed two mechanisms to help 
explain the reduction of brown color during annealing. 
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First, dangling bonds are created by the interruption of the 
crystal structure at the surface where the carbon atoms 
are not fully bonded, and these open bonds introduce sur- 
face defect states that are similar to those created by the 
presence of impurities. The researchers modeled the 
effects of using hydrogen to eliminate these dangling 
bonds and found that the surface states were no longer 
optically active. Second, modeling of large vacancy disks 
(i-e., >200 vacancies) showed that they will likely collapse 
into optically inactive dislocation loops. SE-M 


Morphology of diamonds with the surface graphitized at 
the high P-T conditions. V. M. Sonin, E. I. Zhimulev, 
and A. A. Chepurov, Proceedings of the Russian 
Mineralogical Society, Vol. 135, No. 1, 2006, pp. 
112-117 [in Russian]. 

Natural and synthetic octahedral diamond crystals weigh- 

ing 20-50 mg were packed in MgO powder and subjected 

to a pressure of 7.0 GPa and a temperature range of 
2300-2400°C for 1-10 minutes. Their surfaces were exam- 
ined after the resulting graphite films were removed using 

a mixture of 10% solution of K,Cr,O, and concentrated 

H,SO,. 

All of the crystal faces became dull from corrosion. 
After short periods of treatment, small dimples with flat 
bottoms and mostly irregular contours formed, sometimes 
with triangular shapes oriented along edges. Longer periods 
of treatment produced thicker graphite films, and all crystal 
surfaces—including defects and cracks—were evenly cov- 
ered with irregularly contoured dimples that did not follow 
the crystal symmetry. This corrosion morphology differs 
significantly from etch features generated by solution or 
oxidation processes. However, similar corrosion morpholo- 
gy was seen in the authors’ experiments with diamond 
crystals in silicate melts, but at lower pressures and tem- 
peratures. The authors propose that the corrosion morphol- 
ogy seen on natural diamond crystals, even when graphite 
films are not present, is evidence of surface graphitization 
through post-formation transformation processes. BMS 


Study of the transformation of hydrogen-containing centers 
in diamond at high PT parameters. I. N. Kupriyanov, 
Yu. N. Pal’yanov [palyanov@uiggm.nsc.ru], V. S. 
Shatsky, A. A. Kalinin, V. A. Nadolinnyi, and O. P. 
Yur’eva, Doklady Earth Sciences, Vol. 406, No. 1, 
2006, pp. 69-73. 
Hydrogen is second only to nitrogen in abundance as an 
impurity in diamond. However, little has been published 
about the interactions of H defects (most notably IR 
absorptions at 3107 and 1405 cm~) in the diamond lattice 
at elevated pressures and temperatures. A better knowl- 
edge of H defect behavior may increase understanding of 
the influence of fluids deep within the earth’s mantle 
where diamonds form. 
To evaluate changes in the 3107 cm™! H absorption 
and the concentration and degree of aggregation of nitro- 
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gen defects at elevated pressure and temperature, seven 
diamond crystals from the Udachnaya, Mir, and Aikhal 
kimberlite pipes in Russia and a few HPHT-grown syn- 
thetic diamonds were annealed at 7 GPa and 1800, 1900, 
and 2000°C, using a multi-anvil split-sphere apparatus. 
The samples were analyzed before and after annealing 
using FTIR and photoluminescence spectroscopy and 
electron paramagnetic resonance (EPR; X-band frequency). 

The synthetic diamonds contained high concentra- 
tions of N (2000-3000 ppm) and a strong 3107 cm! line 
before annealing. The natural samples consisted of type 
IaB, Ia, and IaAB diamonds with hydrogen centers. Some 
of the IaAB samples had a brown color that is typical of 
plastically deformed diamonds. After annealing, the IR 
spectra of all the samples (except those that were plasti- 
cally deformed) showed no change in the 3107 cm! line 
or in nitrogen aggregation. Only the platelet-related B’ 
defects showed a reduction. This suggests that the 3107 
cm! H defect is relatively stable. However, the plastically 
deformed type IaAB brown diamonds showed a gradual 
decrease in the intensity of both the B’ defect and the 
3107 cm! absorption line. The natural diamonds showed 
similar, yet variable, results in their photoluminescence 
and EPR spectra. After annealing, N3 and H3 defects gen- 
erally increased and the 490.7 nm system decreased dra- 
matically; these effects were most prominent in the plas- 
tically deformed brown diamonds. The combined results 
indicate a clear relationship between the reduced intensi- 
ty of the 3107 cm" H defect absorption line during 
annealing and the high concentration of plastic deforma- 
tion defects in the brown diamonds. This correlation is 
most likely due to interactions between hydrogen-con- 
taining defects and migrating dislocations/vacancies 
within the deformed diamond lattice. CMB 


TEM imaging and analysis of microinclusions in dia- 
monds: A close look at diamond-growing fluids. O. 
Klein-BenDavid [ofrak@vms.huji.ac.il], R. Wirth, 
and O. Navon, American Mineralogist, Vol. 91, 
2006, pp. 353-365. 

Most natural diamonds grow from highly concentrated, 
high-density fluids, some of which can be trapped inside 
the crystal. During cooling, micro-inclusions (<1 Um) may 
form, and the fluids remain inside the inclusions as residu- 
al, low-density fluids. Therefore, fluid-bearing micro-inclu- 
sions are a key source of information about diamond-form- 
ing fluids and the crystallization environment in the 
earth’s mantle. 

Transmission electron microscopy (TEM) can be used 
to determine the size, crystallography, and mineralogy of 
micro-inclusions. The authors examined three fibrous 
coated diamonds (two gray and one green) from the 
Diavik mine in Canada and one from the Jubileynaya 
mine in Siberia. Tiny slices of the diamonds (10 x 15 x 0.2, 
tum) were extracted from different zones by milling with a 
focused ion beam. 
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A variety of micro-inclusions (diameters 30-700 nm) 
were found by TEM imaging, including carbonates 
(dolomite and magnesite), apatite, high-silica mica, halides, 
and pyroxene. Vacant spaces adjacent to the mineral phases 
in the micro-inclusions were most likely occupied by low- 
density fluids prior to milling by the ion beam. The pres- 
ence of halides along with carbonates confirmed that dia- 
monds can grow from chlorine-carbonate-rich fluids. 
Cavities of a few micrometers in size in two diamonds 
were filled with Al- and Si-rich minerals. 

FTIR spectroscopy showed that the diamonds were 
type IaA and contained water. The chemical composition 
of the micro-inclusions (analyzed by electron microprobe} 
suggested that the trapped fluids consisted of carbonatitic 
+ hydrous-silicic fluids, carbonatitic + hydrous-saline flu- 
ids, hydrous-saline fluids, and carbonatitic + S-Fe-Ni-rich 
fluids. KSM 
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Gemmology, geology and origin of the Sandawana emer- 
ald deposits, Zimbabwe. J. C. Zwaan [zwaan@natu- 
ralisnnm.nl], Scripta Geologica, No. 131, 2006, pp. 
1-212. 

Emeralds from the Sandawana deposits, Zimbabwe, have 

relatively high refractive indices (n,=1.590-1.594, 

n,=1.584-1.587) and specific gravity values (2.74-2.77), 
with evenly distributed color ranging from medium-to- 
dark green, and dichroism of yellowish green to bluish 
green. They contain inclusions of actinolite and cumming- 
tonite needles and long prismatic laths of albite and 
apatite, as well as phlogopite, calcite, dolomite, quartz, 
and ilmenorutile; partially healed fissures were also seen. 

Electron-microprobe analyses were performed on four 

gem-quality medium-to-dark green emeralds, and one 

light green emerald extracted from a pegmatite, all from 
the Zeus mine. Microprobe analyses are reported for 

numerous inclusions, and the trace-element contents of 22, 

emeralds were also measured. 

The emeralds had relatively high concentrations of Cr, 
Na, Mg, Li, and Cs, and are readily distinguished from 
emeralds from most other localities by traditional gemo- 
logical techniques. The Sandawana emeralds formed at the 
contacts between the Mweza greenstones and granitic peg- 
matites emplaced during the main deformation event at 
the southern end of the Zimbabwe craton. A late-stage Na- 
rich “solution-melt” containing F, P, Li, Be, and Cr caused 
albitization of the pegmatite and phlogopitization in the 
greenstone host rock. Synkinematic growth of phlogopite 
was accompanied by emerald, fluorapatite, holmquistite, 
and chromian ilmenorutile, indicating Na-K metasoma- 
tism in the emerald-bearing shear zone. RAH 


The Silver Bow sapphire occurrence, Montana: Evidence 
for a volcanic bedrock source for Montana’s alluvial 
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sapphire deposits. A. L. Berger [alberger@vt.edu] and 
R. B. Berg, Economic Geology, Vol. 101, No. 3, 
2006, pp. 679-684. 
The first confirmed bedrock source of the alluvial sapphire 
deposits in southwest Montana has been found 9 km west 
of Butte. The source rock of the Silver Bow occurrence is a 
sapphire-bearing felsic lapilli tuff of the Eocene-age 
Lowland Creek volcanic field. A felsic composition is 
atypical of known primary sapphire deposits and may rep- 
resent a previously unrecognized deposit type. Mass wast- 
ing of this volcanic unit during the Quaternary Period 
resulted in the deposition of several debris flows, which 
constitute the majority of the sapphire deposit. Two dis- 
tinct corundum populations were recovered from the 
debris flows: over 5,500 pale-colored predominantly green, 
blue-green, and yellow-green sapphires; and 54 dark blue 
sapphires. The pale-colored sapphires had surface features 
indicative of resorption—and in some cases, spinel reac- 
tion rims—suggesting their origin as refractory magmatic 
xenocrysts of originally metamorphic origin. In contrast, 
the dark blue sapphires showed little if any evidence of 
reaction rims and had no adhering reaction minerals, this 
is consistent with a magmatic phenocryst origin. 
RAH 


Smaragd aus Dayakou, China [Emerald from Dayakou, 
China]. B. Ottens, Lapis, Vol. 31, No. 4, 2006, pp. 
13-20, 50 [in German]. 

A considerable number of emerald specimens from 

Dayakou, China, have appeared on the market. The author 

visited the deposit, which is in a remote area of Yunnan 

Province just north of the border with Vietnam. The emer- 

alds are a byproduct of scheelite mining, and are typically 

hosted by massive quartz; freely grown crystals with pina- 
coid terminations are rare. Typically the emeralds form 
prismatic, sometimes extremely long crystals (allegedly, up 
to 1.5 m). They can show good color and contain 0.2-0.3% 

Cr and 0.9-1.3% V. Only a small percentage of the crystals 

are transparent, and the material is cut almost exclusively 

into cabochons. The article is illustrated with many pho- 
tographs of landscapes, mines, and emerald specimens. 
RT 


Smaragde selbstgesammelt: Die Fundstelle von 
Minnesund in Norwegen [Collecting emeralds: The 
deposit at Minnesund in Norway]. P. Imfeld and S. 
Weiss, Lapis, Vol. 31, No. 5, 2006, pp. 32-35, 54 [in 
German]. 

Minnesund, better known as Eidsvoll or Byrud, is a small 

but historically interesting emerald deposit in Norway 

near Lake Mjésa. It was first described in 1876 and exploit- 
ed by underground mining from 1899 to 1909, producing 
deep-green prismatic crystals up to 5 cm long. Together 
with chromium (0.1—-0.3%), the Minnesund emeralds con- 
tain relatively high amounts of vanadium (0.9-1.5%) and 
iron (0.2-1.8%). Today, collectors can search the mine 
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dumps and placers along the lake shore for a fee of approxi- 
mately US$10. With some patience, it is still possible to 
find small emerald-bearing specimens as well as (some- 
times fine) single crystals. The article shows pictures of 
old and new material. RT 


Study of melt inclusions in the Nezametnoye corundum 
deposit, Primorsky region of the Russian Far East: 
Petrogenetic consequences. V. A. Pakhomova 
[pakhomova@nm.ru], B. L. Zalishchak, E. G. 
Odarichenko, M. I. Lapina, and N. S. Karmanov, 
Journal of Geochemical Exploration, Vol. 89, 2006, 
pp. 302-305. 

The Nezametnoye placer deposit is known for corundum, 

zircon, gold, and ores of tungsten and tin. The igneous 

intrusive complex is mainly composed of granitoid rocks; 
these are cut by thin dikes of Neogene basalt. Meta- 
somatism is observed in all rocks except basalt. The corun- 
dum crystals are barrel or tabular shaped and may show 
growth zones, silkiness due to rutile needles, and asterism. 
The corundum contains inclusions of rutile, zircon, 
albite, hercynite, columbite, monazite, and fluorite. 

Silicate melt inclusions are also present; analysis by scan- 

ning electron microscopy revealed that the glasses are 

composed of 59-62 wt.% SiO, with Al, Na, K, Fe, Ca, P, 

V, and Cl. Raman spectroscopy showed that primary fluid 

inclusions are dominated by CO,. Analysis of the melt 

and fluid inclusions showed the corundum probably 
formed at 780-820°C and 1.7-3 kbar in a granosyenite 
magma. The authors did not find any genetic relationship 
between the basalt and corundum mineralization, as was 
postulated in previous studies of the deposit. KSM 
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Applications of large size spectroscopic instrument in 
identification of jadeite. Y. Liu, Q. Deng, and L. 
Wang, Spectroscopy and Spectral Analysis, Vol. 26, 
No. 3, 2006, pp. 577-582 [in Chinese]. 

Due to high demand for genuine jadeite, a wide variety of 

jadeite-like materials and simulants exist in the Chinese 

market, such as “Australia jade” (dyed quartzite), dyed 
quartz, glass, and various mineral and rock look-alikes. 

These simulants can be accurately identified through 

methods such as FTIR and Raman spectroscopy, X-ray 

diffractometry, and electron-microprobe analysis, as well 
as standard gemological testing. In this article, the 
authors investigated several jadeite simulants (dolomite- 
tremolite, plagioclase-actinolite, plagioclase, marble, pla- 
gioclase-serpentine-quartz, and anorthite) from the 

Chinese market and compared their gemological and 

spectroscopic properties. 

Each material showed characteristic features. 

Dolomite-tremolite displayed clear cleavages within indi- 

vidual grains (0.3—2 cm grain size), as well as carbonate IR 
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absorption bands at 1432 and 883 cm~ and five tremolite- 
related IR bands from 1204 to 926 cm-!. Plagioclase-acti- 
nolite commonly contained dark spots (0.5-4.0 cm); five 
tremolite peaks at 1095, 1047, 993, 957, and 921 cm! 
were found in the IR spectrum when the beam was 
focused on the dark spots. The plagioclase sample resem- 
bled jadeite in its surface and structural features; however, 
its X-ray diffraction pattern matched plagioclase, with 
diffraction peaks at 3.198 and 3.225 A. “Marble jade” 
could be distinguished by grain sizes of 0.05—-0.1 cm, its 
fracture pattern, and relatively low hardness; the X-ray 
diffraction pattern showed that the major components 
were dolomite, mica, quartz, and calcite. Plagioclase-ser- 
pentine-quartz showed the closest appearance to jadeite, 
but had a specific gravity of 2.93 (well below that of jadeite 
at ~3.30). The authors’ identification of anorthite was 
mainly based on its Raman spectrum. TL 


Neoteric optical media for refractive index determination 
of gems and minerals. M. Deetlefs [quill@qub.ac.uk], 
K. R. Seddon, and M. Shara, New Journal of 
Chemistry, Vol. 30, 2006, pp. 317-326. 
Ionic liquids may offer a substitute for a gemologist’s 
immersion liquids. Ionic liquids are composed entirely of 
anions and cations (i.e., negatively and positively charged 
molecules), are stable, and can be tailor-made to specific 
refractive indices. This article describes how several similar 
high-R.I. ionic liquids based on polyhalide anions and 1- 
alkyl-3-methylimidazolium cations were prepared, charac- 
terized, and assessed for mineralogical and gemological use. 

Following the synthesis of the ionic liquids, their puri- 
ty and physical properties were characterized. The syn- 
thesized liquids had R.L.’s ranging from 1.410 to 2.080. 
The authors demonstrated how immersion of four sample 
materials (colorless quartz, orange beryl, brown corun- 
dum, and cubic zirconia) aided observation of inclusions. 
The effects of time, impurities, and different cation func- 
tional groups on physical properties and stability were 
also addressed. 

The authors concluded that ionic liquids offer tunable 
properties and are less hazardous than the heavy liquids 
currently used for gemology, which are hard to work 
with, unpleasant, and somewhat toxic. Although the liq- 
uids investigated in this paper with an R.I.>1.8 were 
opaque to the unaided eye, these materials offer some 
promise as a gemological tool. Editor’s note: Although 
ionic liquids have been referred to as “green solvents,” 
very little is known about their toxicity to humans and 
their impact on the environment. DMK 


JEWELRY HISTORY 


The emerald and gold necklace from Oplontis, Vesuvian 
area, Naples, Italy. C. Aurisicchio [carlo.aurisichio@ 
uniromal.it], A. Corami, S. Ehrman, G. Graziani, 
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and S. N. Cesaro, Journal of Archeological Science, 

Vol. 33, No. 5, 2006, pp. 725-734. 
The authors performed gemological and chemical analysis 
of 19 emerald crystals believed to be part of a gold neck- 
lace found in an excavated Roman villa in Oplontis 
(Naples), with the intention of determining the possible 
commercial exchange routes that brought gems to ancient 
Rome. This villa was buried during the eruption of Mount 
Vesuvius in 79 AD. 

The crystals appeared greasy, were semitransparent to 
opaque, and ranged from bluish to deep green. They were 
all drilled and exhibited etching, scratches, and other 
damage. The emeralds had relatively high refractive 
indices (n,=1.588, n,=1.581), suggesting an extensive 
amount of aluminum substitution. Microscopic analysis 
revealed characteristic fine tubules, two-phase liquid/gas 
inclusions, mica flakes, and limonite, all oriented parallel 
to the optic axis. 

Analysis of the emeralds by electron microprobe, pro- 
ton-induced X- and gamma-ray emission (PIXE/PIGE}, and 
FTIR spectroscopy indicated that they all likely originated 
from the same source. Comparing their chemical compo- 
sitions to those of known historic emeralds suggested two 
possible sources: the El Sikait (Egypt) and Habachtal 
(Austria) deposits. Statistical analysis of the data led the 
authors to strongly favor an Egyptian origin for the 
Oplontis emeralds. P] 


JEWELRY RETAILING 


All that glitters. A. Gengler, Money, Vol. 35, No. 10, 
2006, pp. 163-165. 
The rising values of diamonds and precious metals are 
causing jewelry prices to increase at the retail counter. 
However, shoppers may be able to circumvent higher-cost 
items by seeking jewelry that has been in stock for a long 
time. The article also provides tips on how to beat higher 
prices on some specific types of jewelry: opting for palladi- 
um in place of more costly platinum, considering 14K gold 
instead of 18K, and seeking treated or “light-sized” dia- 
monds (e.g., 0.90 ct instead of a full carat). RS 


Net worth. S. O’Laughlin, Brandweek, Sept. 18, 2006, pp. 
22-26. 
Online sales of jewelry and luxury goods are expected to 
double to $6.1 billion between 2005 and 2010. The dia- 
mond jewelry company Blue Nile sells 5-10 items priced at 
$10,000 each day. The advent of online sales has changed 
how luxury firms are marketing their goods by creating 
customizable product options and highly sophisticated web 
sites. According to a 2006 survey, 93% of individuals with 
a net worth >$10 million made an Internet purchase in the 
previous 12, months. Several trends have helped. After the 
ostentation of the 1990s, the wealthy have become lower- 
key in their lifestyles, and the Internet can allow customers 
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to buy very expensive items inconspicuously. Additionally, 
many wealthy people are time-starved and respond to the 
convenience of online purchases. Finally, they have estab- 
lished a level of comfort with buying luxury goods and ser- 
vices online. The article also describes how traditional lux- 
ury retailers have established an online presence and how 
new Internet-only marketers have arisen during the past 
several years, allowing the wealthy in areas outside tradi- 
tional centers of affluence to purchase luxury goods with- 
out having to travel. RS 


PRECIOUS METALS 


Pt and Pd vie for market share. C. Hewitt, Metal Bulletin 

Monthly, No. 431, November 2006, pp. 34-39. 
The use of platinum in jewelry manufacturing has 
decreased over the past three years, in part due to the 
steeply rising price of the metal. Consumer demand for 
platinum remains robust, but the high cost of maintaining 
stocks of this jewelry has led wholesalers and retailers to 
cut inventories and send dated pieces back to the manu- 
facturers. Manufacturers have in turn switched a larger 
proportion of their output to more profitable white gold 
and palladium. 

The Chinese market accounts for 45% of the platinum 
used in jewelry, and in 2005 demand was down to its low- 
est in seven years. This record drop occurred in part 
because 2005 was considered an inauspicious year for mar- 
riage and in part because of rising per-ounce prices. At the 
same time, Chinese demand for palladium rose 71% after 
consumers were introduced to new 99% palladium (Pd990) 
and 95% palladium (Pd950) alloys and were encouraged by 
retailers to consider palladium as a good investment. 

Palladium, although rising in value at a similar rate to 
platinum (but still much lower priced in absolute terms}, is 
gaining in popularity as manufacturers search for a cheaper 
but viable substitute for platinum. Additionally, the lower 
density of palladium means that almost twice the number 
of products of identical volume can be produced from a 
given weight of palladium compared to platinum. 

North American interest in palladium grew last year 
as more manufacturers were exposed to it through the 
efforts of the Palladium Alliance International (PAI). This 
organization has also initiated marketing in the profitable 
Chinese markets of Beijing and Shanghai. Global demand 
for palladium is forecast to rise approximately 8% in 
2007. JEC 


SYNTHETICS AND SIMULANTS 


Gemological characteristics of GE synthetic jadeite jade. 
S. Cao, L. Qi, Q. Guo, and Y. Lu, Journal of Gems 
and Gemmology, Vol. 8, No. 1, 2006, pp. 1-4 [in 
Chinese with English abstract]. 
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General Electric has been developing a proprietary process 
for producing synthetic jadeite since the 1980s. The 
authors studied two cabochons of this material using elec- 
tron-microprobe analysis, cathodoluminescence, and visi- 
ble-range, FTIR, and Raman spectroscopy. 

It was difficult to visually distinguish the synthetic 
jadeite from its natural counterpart, and the materials 
had similar gemological properties. The major chemical 
components of the synthetic jadeite were SiO, 
(59.74-61.72 wt.%), Al,O, (23.90-24.97 wt.%), and 
Na,O (13.65-14.85 wt.%); the trace elements were 
Cr,0, (0.05-0.07 wt.%), K,O (0.02-0.04 wt.%], and CaO 
(0.02—0.06 wt.%). IR absorption spectra displayed char- 
acteristic peaks at 3614, 3471, and 3373 cm", which dif- 
fered from natural jadeite; however, Raman peaks locat- 
ed at 1039, 989, 700, and 376 cm7! were similar to those 
of the natural counterpart. The visible absorption spec- 
tra of the synthetic jadeites were dominated by two 
strong and broad bands centered at 630 and 445 nm (due 
to Cr**); in contrast, natural jadeite sometimes shows a 
weak band at 437 nm due to Fe** substitution for Al**. 
The synthetic jadeite also showed strong red cathodolu- 
minescence. TL 


High-rate growth of large diamonds by microwave plasma 
chemical vapor deposition with newly designed 
substrate holders. Y. Horino [y-horino@aist.go.jp], 
A. Chayahara, Y. Mokuno, H. Yamada, and N. 
Fujimori, New Diamond and Frontier Carbon 
Technology, Vol. 16, No. 2, 2006, pp. 63-69. 

To meet the demands of electronic semiconductor device 

applications, the achievable diameters of synthetic dia- 

mond wafers will need to increase. High-pressure, high- 
temperature (HPHT) growth is not practical for producing 
synthetic diamonds with large diameters. Chemical vapor 
deposition (CVD) is presently the most promising tech- 
nique. This article describes two developments that 
increased the growth rate of microwave plasma-grown 
CVD synthetic diamond films: the design of custom sub- 
strate holders and the addition of nitrogen to the growth 
chamber. The sample holders have a stepped structure 
composed of two layers, with the radius of the upper layer 
varying between experiments. The emission from the 
microwave plasma increased in intensity as the radius of 
the upper layer decreased, which resulted in a faster growth 
rate. Adding nitrogen to the chamber further doubled the 
growth rates and also resulted in a macroscopically smooth 

(100) face. Growth rates greater than 100 m/hour were 

achieved for (100) synthetic diamond when the new sub- 

strate holders were coupled with the addition of nitrogen. 

The largest crystal grown by this method was 4.65 ct, with 

a maximum thickness of 10 mm. The synthetic diamond 

films were evaluated by optical and atomic force 

microscopy, micro-Raman and cathodoluminescence spec- 
troscopy, and X-ray diffraction analysis to assess crystal 
quality and impurity levels. JSS 
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Spotting a fake. S. Lawson [simon.lawson@dtc.com], 
Physics World, Vol. 19, No. 6, 2006, pp. 23-27. 
This article describes the formation and properties of 
natural and synthetic diamond, and describes how spec- 
troscopy and fluorescence imaging using two different 
instruments developed by the Diamond Trading 
Company can confidently and rapidly distinguish most 
synthetics from their natural counterparts. The 
DiamondSure is a compact testing device built around a 
microspectrometer: It compares the diamond’s spec- 
trum to a reference database, thereby giving the sample 
a “pass” or “refer” evaluation within a few seconds. 
The vast majority of natural diamonds (98%) are 
“passed,” while all synthetics, simulants, and 2% of 
natural stones get a “refer” message, indicating they 
should be sent to a lab for further testing. The other 
instrument, the DiamondView, is used to generate ultra 
short-wave UV fluorescence patterns that image the 
growth history of the sample. Since the growth patterns 
of HPHT-grown synthetic diamonds are distinctive, 
this device is very useful for separating them from natu- 
ral stones. DMK 


MISCELLANEOUS 


Accepting jewelry as collateral. H. Hoff [hhoff@ 
markspaneth.com], The Secured Lender, Vol. 62, 
No. 6, 2006, pp. 94-95. 
Most lenders shy away from accepting diamond jewelry 
as collateral for commercial loans. One reason is the pop- 
ular belief that jewelry inventory is more vulnerable to 
theft or fraud than, for example, apparel. However, the 
author notes that jewelry is less theft-prone than people 
realize. In addition, diamond jewelry has a close-out 
value of around 35%-40%—and possibly more than 
50%—as compared to 15%-20% for garments. The 
author also points out that, in the event goods cannot be 
sold, the diamond and gold components can be converted 
to funds. However, the author recommends that lenders 
who work with jewelry engage an expert to properly eval- 
uate the inventory. RS 


Continuity and change in the international diamond mar- 
ket. D. L. Spar, Journal of Economic Perspectives, 
Vol. 20, No. 3, 2006, pp. 195-208. 
The author describes changes in the diamond market 
over the last decade and how De Beers, the dominant 
player, has responded to them. Through its marketing 
arm, the Diamond Trading Company, De Beers still con- 
trols most of the (large) production from Botswana and 
South Africa. Before 1990, however, it controlled a much 
greater share of the diamond market through contracts 
with governments of producing nations. Beginning in the 
1990s, changes to the industry resulted from political 
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developments (such as the fall of the Soviet Union and 
the end of apartheid in South Africa), new discoveries in 
Canada, and the emergence of the anti—conflict diamond 
movement. 

The author offers a lengthy history of De Beers’s 
operations since 1888, then discusses recent challenges, 
particularly noting that the conflict diamond issue has 
worked to the company’s benefit by driving consumer 
demand to producers, such as De Beers, who can guar- 
antee the “integrity” of their diamonds. Moreover, 
although De Beers has lost market share in recent years, 
its sight system has proved extremely successful judg- 
ing by how new entrants into the market have adopted 
it. RS 


Diamond aren’t forever. V. Walt, Fortune, Vol. 154, No. 
11, 2006, pp. 50-56. 

The article discusses the issues depicted in the movie 
Blood Diamond, noting that the vast majority of dia- 
monds come from well-run mining operations in non- 
conflict countries, as well as from the former conflict 
area of Koidu in Sierra Leone. However, a minority of 
diamonds are still traded outside of official networks in 
violation of the Kimberley Process. The article also high- 
lights the existence of several “fair trade” diamond oper- 
ations in Sierra Leone that attempt to insure equitable 
returns to miners and villagers. RS 


Visual problems among electronic and jewelry workers in 
Thailand. O. Unitmanon, W. Pacharatrakul, K. 
Boonmeepong, L. Thammagurun, N. Laemun, S. 
Taptagaporn, and V. Chongsuvivatwong [cvi- 
rasak@medicine.psu.ac.th], Journal of Occupational 
Health, Vol. 48, No. 5, 2006, pp. 407-412. 

The authors examined a group of Thai jewelry and elec- 

tronics workers in Samutprakan Province, southeast of 

Bangkok, to determine the prevalence of visual disorders 

and visual strain, and to identify possible corrective mea- 

sures. Although 18 factories were contacted, only seven 
agreed to participate in the study. Among the sampled 
workers, 91.5% were female and the average age was 

26.2. Fifty-two percent of the workers had at least one 

kind of vision problem that might have affected their per- 

formance, and 48.3% of the work sites had substandard 
illumination levels. 

The corrective measures included improvement of 
lighting conditions, the introduction of short breaks, and 
correction of visual performance problems (e.g., by pre- 
scription glasses). Six months after implementation, 
improvements were noted among the electronics workers 
but not the jewelry workers. The authors theorize that 
because the jewelry workers were already required to 
move about the factory as part of their jobs (taking a com- 
pleted jewel to the next station for finish work), the addi- 
tional break times would not have had a significant effect 
on the visual strain they experienced. TWO 
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lamp with color temperature 2848°K) and 
for a source C—“daylight’ (color tempera- 
ture 6500°K). 

- Calculations for source A showed ae 


the color tone for waves vibrating along Z 
corresponds to a wave length of 675 mp 
(ted), and for waves vibrating along X, 
591 my._.(yellow-orange) ; ‘the color satura- 
tion and brightness are nearly the same in 
the two cases. These values correspond very 
well with the color of alexandrite as observ- 
ed under the microscope in polarized light 
with artificial illumination. It is rose-colored 
for light vibrating along Z and yellowish 
for light vibrating along X. 

Calculations of these same -curves for 
source C give quite different values. The 
brightness is the same for both waves; 
the saturation differs markedly, which is 
confirmed by observations under the micro- 
scope with daylight. The results for the 
‘color tone are close together—about 568- 
570mp, which corresponds to a yellow- 
gteen color of the object, although it 
actually has a green color. This discrepancy 
can be explained by the incomplete coin- 
cidence in the distribution of energy in 
daylight and in light source C and by 
some inexactness of the results of the 
calculation, caused by the fact that the points 
on the curve for the short wave part of 
the visible spectrum were not measured, 
but found by extrapolation, which, accord- 
ing to what was said above, should affect 
the results of the calculations for daylight 
more than those for artificial light, Still, 
notwithstanding this discrepancy, the tre- 
sults of the calculations indicate sufficiently 
convincingly, that with artificial light the 
color of the crystal has a tone correspond- 
ing to a longer wave part of the spectrum 
than with daylight, as is actually observed. 

The color of the investigated specimen 
of alexandrite is caused by chromium (it 
contains 0.34% CrO;); it contains no vana- 
dium.* It does not follow that the alex- 
andrite color is a specific property of 
crystals of BeO.A1:03 (colored by trivalent 


144 


chromium in sixfold coordination). The 
chromium ion can produce the alexandrite 
color in other crystals possessing a structure 
differing from that of alexandrite. 

Thus, for example, a crystal of corundum 
containing about 30% Cr:0s also changes 
its color—from gteenish in daylight to rose- 
violet in electric light. 

Crystals of CroQ;.A1.0; have the spectral 
transmission curve characteristic of Cr°+ 
(coordination number 6), which with in- 
creasing concentration of chromium grad- 
ually shifts toward the red end of the 
spectrum.’ A crystal having a concentra- 
tion of chromium for which the maximum 
and minimum on the curve correspond to 
the same wave lengths as in the case of a 
crystal of alexandrite, has the alexandrite 
color. As an example, the curve (dotted) 
in the figure pertains to a specimen with 
29.2% CroOs and 70.8% A1l:O:, which ap- 
peared as a baked, finely crystalline mass, 
annealed at 1750°.° The specimen was 
measured in reflected light on the Pulfrich 
ore photometer (a barite plate serving as 
a standard). 

The alexandrite color also does not ap- 
pear to be a peculiarity associated solely 
with the presence of trivalent chromium. 
Thus, for example, it can be obtained in 
the case of corundum if certain other color- 
ing ions are introduced. Abroad, where 
synthetic gems ate manufactured, artificial 
alexandrite is produced, It is corundum, 
colored, according to Brauns,’ by vanadium 
and cobalt. 

It should be mentioned that by the 
method of: Verneuil by which corundum 
is synthesized, large boules cannot be ob- 

N. G. Fedorov, Obshchee Tsvetovedenie, 
1939, P. 150. (A. C. Hardy and O. W. Pineo. 
The computation of trichromatic excitation values 
by the selected ordinate method. Journal of the 
Optical Society of America, volume 22, page 430, 
1932; the original article of Hardy and Pineo is 


more accessible to American readers than the Rus- 
sian textbook by Federov. Translator). 

4. §. V. Grum-Grzhimailo, Trudy Laborarorii 
Kristallografii Akademii Nauk SSSR, volume 2, 
p. 73, 1940. 

5. §. Grum-Grzhimailo (Grum-Grzhimailo), 
Acta Physicochimica URSS, volume 20, number. 6. 
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Take the 


G&G Challenge 


"LO celebrate the 20th anniversary of 


the G&G Challenge, we're hoping to get every Gems 
&) Gemology reader to participate (see pp. 81-82 of 
this issue). The multiple-choice quiz, prepared by 
the journal’s editors, is designed to reinforce key 
concepts from the past year’s articles. But there’s no 
need to cram or memorize facts for this test: Just 
have the Spring, Summer, and Winter 2006 issues of 
G&G on hand so you can review each article and 
carefully select the best answer. (The Fall 2006 
Symposium/GRC proceedings issue is not covered 
because it consists primarily of abstracts, with no 
peer-reviewed articles.) 

As gemology confronted rapid technological 
changes in the 1980s, the Challenge was created to 
encourage readers to keep up with developments by 
reading GWG carefully. Since its debut in the Spring 
1987 issue, the Challenge has consistently drawn an 
enthusiastic response from around the world. Those 
who successfully complete it can receive a GIA 
Continuing Education Certificate, 10 Carat Points in 
the GIA Alumni Association recognition program, 
and (for all those scoring 100%) special acknowledg- 
ment in the journal. But in addition to these tangible 
rewards, many participants simply enjoy the stimula- 
tion of continually learning and testing their gemo- 
logical knowledge. 

No one better exemplifies the spirit of lifelong 
learning than loyal Challenge participant Alice 
Christianson of St. Catherine’s, Ontario, Canada. Ms. 
Christianson came to gemology in the 1970s as a pho- 
tographer, after a local jeweler hired her to shoot pic- 
tures of gems. She enrolled at GIA, graduating in 
1981, and began building a library of gemological 
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books and journals, including Gems # Gemology. 
Now at age 83, Ms. Christianson has taken part in the 
Challenge every year except 1998, when she was 
recovering from a stroke. She has earned a perfect 
score nearly every time. 

“It covers so much, and you get so much more 
out of the issues,” she says of the Challenge. “You 
don’t just stick them on the shelf. Every time I look 
at one, I find something I missed the first time.” 

If you've never participated in the Challenge before, 
why not make this year’s your first try? Whatever your 
gemological background may be, the GG Challenge 
offers a unique resource that will enhance your profes- 
sional knowledge. We don’t need your answer card 
until Monday, August 6, but why wait? Sharpen your 
pencil and take the Challenge today! 


Stuart Overlin 
Associate Editor 


What are the benefits of 
participating in the G&G Challenge? 


A. Receiving a GIA Continuing Education 
Certificate 


Recognition in the Fall 2007 issue of G&G 


Earning 10 Carat Points as a GIA 
Alumni Association member 


. The satisfaction of improving your 
gemological expertise 


Answer: All of the above! 
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ANNOUNCING GEMS & GEMOLOGY “RAPID COMMUNICATIONS” 


The current issue marks the beginning of a new feature for G#G. “Rapid Communications” are short articles (2-3 
pages) that provide brief descriptions of notable gem materials, localities, and identification or treatment tech- 
niques—as well as related topics such as museum exhibits and historical jewelry—as quickly as possible and in a 
readily accessible format. If a manuscript is submitted for Rapid Communications no later than eight weeks before 
the print date of an issue, and is deemed publishable by the editors and the reviewers, every effort will be made to 
include it in that issue. We feel that readers and authors alike will benefit from the expedited publication of brief, 
high-quality research results in Gems &) Gemology. For more information, visit www.gia.edu/gemsandgemology 


and click on “Publishing in G&G.” 


CULTURED PEARL TERMINOLOGY 


When dealing with gemologists, students, and people in the 
pearl trade, I find that most—despite their education about 
pearls—have incorrect and misleading ideas about how a cul- 
tured pearl is formed and the meaning of certain terms. 

In Gems & Gemology, the terms bead nucleated and tis- 
sue nucleated are often used (see, e.g., K. Scarratt et al., 
“Characteristics of nuclei in Chinese freshwater cultured 
pearls,” Summer 2000, pp. 98-109; S. Akamatsu et al., “The 
current status of Chinese freshwater cultured pearls,” Summer 
2001, pp. 96-113). The combination of these two terms creates 
the idea that a cultured pearl is nucleated with either a bead or 
a piece of mantle tissue, and the term nucleation suggests that 
there is something in the center of the cultured pearl, either a 
bead or a tissue graft. However, the former does not lead to a 
cultured pearl if no tissue is added. 

The point is that all cultured pearls are “tissue nucleated.” 
And, since all cultured pearls start with a piece of mantle tis- 
sue, this expression does not adequately differentiate between 
the two types. It is thus confusing and of no use. 

Further, the term tissue nucleated causes people to think 
that the grafted tissue is in the cultured pearl. However, 
research (by myself and others) has indicated that tissue cells 
from the transplant become part of the pearl sac and do not 
remain as a residue in the center of the pearl (Joseph Taylor, 
Atlas South Sea Pearl Ltd., pers. comm., 2006). They do not 
form a nucleus. 

The X-ray—visible dark structure in the center of these cul- 
tured pearls is often a void and preliminary precipitation from 
the growing surface of what will become the pearl sac. The 
transplanted mantle-tissue cells that produce the nacre grow 
into a pearl sac by multiple cell division, making a small 
pocket. This pocket produces an initial crust of CaCO, on its 
inner surface, but this crust does not completely fill the space, 
leading to the cavity in the center of a beadless cultured pearl 
(see, e.g., SSEF Tutorial 1 CD-ROM, 2001; H.A. Hanni, “A 
short review of the use of ‘keshi’ as a term to describe pearls,” 
Journal of Gemmology, Vol. 30, No. 1/2, 2004, pp. 51-58). 


LETTERS 


Brendan M. Laurs, Editor 


For clarity’s sake, I proposed several changes that appear 
in the new CIBJO Pearl Book: 


¢ Omission of the terms nucleus, nucleation, bead nucleat- 
ed, tissue nucleated 

° Use of the term grafting for the introduction of mantle- 
tissue cells (with or without a bead) 

© Use of the term beading for the introduction of a material 
that gives the shape to the pearl sac (to grow or already 
present), regardless of the shape of that bead 

° Use of the terms beaded cultured pearl and non-beaded 
(beadless) cultured pearl for the resulting products 


These proposals were accepted by the commission for the 
new CIBJO rules, and I would appreciate seeing Gems & 
Gemology adhere to them. 

H. A. Haénni 
SSEF Swiss Gemmological Institute, Basel 


Reply: We appreciate Dr. Hanni’s comments and suggestions. 
In light of the recent revisions to the CIBJO nomenclature 
tules (see the related announcement on p. 182 of the Gem 
News International section), and with the agreement of Mr. 
Scarratt and Mr. Akamatsu, we are encouraging our contribu- 
tors to use the new terminology and are updating the jour- 
nal’s style guidelines accordingly. — Editors 


PIGMENTS IN NATURAL-COLOR CORALS 


We read with interest the article titled “Pink-to-red coral: A 
guide to determining origin of color,” by C. P. Smith et al., in 
the Spring 2007 G&G (pp. 5-14). This approach truly parallels 
the work we recently published on the origin of color of fresh- 
water cultured pearls (see S. Karampelas et al., “Identification 
through Raman scattering of pigments in cultured freshwater 
pearls,” Fall 2006 Gems & Gemology, pp. 99-100; S. 
Karampelas et al., “Determination by Raman scattering of the 
nature of pigments in cultured freshwater pearls,” Journal of 
Raman Spectroscopy, Vol. 38, No. 2, 2007, pp. 217-230). In 
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these articles, we mentioned the possibility of extending the 
type of study we did from freshwater cultured pearls to corals, 
among other materials. We also demonstrated that the signal 
identified by Smith et al. as due to “carotene” in the 
Corallium genus (as well as in Melithaea ochracaea) is actual- 
ly due to mixtures of polyenes. 

Polyenes (or polyacetylenes) are organic compounds that 
contain several sequences of alternating double and single 
carbon-carbon bonds, the polyenic chain. Polyenic molecules 
can have various substitutions on their terminal ends. The 
polyenes in freshwater cultured pearls are short polymers 
containing between five and 14 acetylene monomers. 
Carotenoid pigments are also polyenic molecules and they, 
too, have various substitutions on their terminal ends. 
However, they additionally have four methyl groups attached 
to their chain. 

The main Raman scattering peak of polyenes is at about 
1130 (+15) cm, whereas carotenoids produce a main peak at 
about 1155 (+10) cm. This is because the latter peak results 
from the coupling of the single carbon-carbon stretching 
vibration in the central part of the chain, with the CH, in 
plane-bending modes. Thus, for carotenoids that contain 
methyl groups in their polyenic chain, the position of this 
band is shifted by about 20 cm~! compared to polyenic chains 
without CH,. 

This, however, does not take away from the general 
method proposed by the authors, which we confirm from our 
own experience works very well, even if the use of Raman 
spectroscopy to conclusively identify the presence or absence 
of dye in coral is still little known. 

Stefanos Karampelas (steka@physics.auth.gr) 
Department of Geology 

University of Thessaloniki, Greece; 

Institut des Matériaux Jean Rouxel (IMN) 
Université de Nantes, France 


Emmanuel Fritsch, IMN 


Reply: We want to thank and acknowledge Dr. Karampelas 
and Dr. Fritsch for this clarification and the excellent 
research they have conducted. It is a bit unfortunate that our 
publications came out in parallel; however, theirs was a very 
important discovery, and we strongly encourage the readers 
of G&G to review their articles. 

Christopher P. Smith and Shane F. McClure 


MORE ON DYED CORAL 


Reading the article by C.P. Smith et al. in the Spring 2007 
GeaG, I was surprised that no mention was made of bamboo 
coral (belonging to the genus Isis), as, in my experience, that 
is the coral type that we frequently encounter in modern, 
lower-end jewelry and carvings. It is available at every fair, 
market, and in the less exclusive shop. 

While it is true that expensive or antique red coral items 
tend to be Corallium corals—dyed or not—there are masses 
of bamboo coral about that are simulating red Corallium 
coral. 

Bamboo coral also has the striations that are typical of 
Corallium corals, but whereas the Corallium’s striations are 
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very fine—0.25 to 0.5 mm apart—those of bamboo coral are 
~1 mm apart, so the two corals are easily distinguishable. 
Further, bamboo coral items often show a hint of the nodes of 
horny material that separate the internodes of calcium car- 
bonate. These do not occur in Corallium corals and so help 
with identification. As regards color, bamboo coral does not 
naturally occur in red, so any bamboo coral encountered in 
red (and quite often orange) is dyed, and therefore does not 
need to be tested. 

I feel that to omit mention of bamboo corals altogether 
could lead your readers to believe that any coral displaying stri- 
ations is a Corallium coral which needs to be tested. This is 
not the case. 

Maggie Campbell Pedersen 
Organic Gems, London, England 


Reply: We would like to thank Ms. Pedersen for her insight- 
ful comments. Within the content of the article, we did not 
state that the presence of striations in and of themselves 
would identify a piece as Corallium coral, and, as we indi- 
cated, the identification of coral species was outside the 
scope of the paper. Our intent was to detail those tech- 
niques that are most effective and routinely utilized to 
make a proper identification of natural-color and dyed pink- 
to-red coral. Although bamboo coral was not specifically 
discussed in our study, it is possible that some of the “sam- 
ples of unknown species” may have been bamboo coral. In 
this regard, all samples tested could be positively identified 
as being either natural color or dyed based on the tech- 
niques described. We feel confident that those same tech- 
niques would properly identify an item of dyed pink-to-red 
bamboo coral or other coral species. 

Christopher P. Smith and Shane F. McClure 


PROPER TERMINOLOGY FOR DIAMOND GROWTH 


I appreciated the detailed description of diamonds with 
atypical growth patterns in the Spring 2007 Lab Notes sec- 
tion (“Translucent greenish yellow diamonds,” pp. 50-52, 
and “Unusual natural-color black diamond,” pp. 52-53). 
However, I was dismayed by the incorrect terminology used 
to describe these nearly cubic growth modes. Both notes 
used the term cubic to describe very different materials, 
namely a fibrous cube and mixed-habit cuboid-octahedral 
growth. The terms cuboid and fibrous cube have been 
agreed upon since the early 1970s (see M. Moore and A. R. 
Lang , “On the internal structure of natural diamonds of 
cubic habit,” Philosophical Magazine, Vol. 26, No. 6, 1972, 
pp. 1313-1325) and have been used extensively since by 
authors dealing with diamond morphology (e.g., C. M. 
Welbourn et al., “A study of diamonds of cube and cube- 
related shape from the Jwaneng mine,” Journal of Crystal 
Growth, Vol. 94, 1989, pp. 229-252). This terminology has 
been more recently reviewed in an article of mine (B. 
Rondeau et al., “Diamants cubiques et presque cubiques: 
Quelques définitions utiles sur la morphologie,” Revue de 
Gemmologie a.f.g., Vol. 153, 2005, pp. 13-16 [“Cubic and 
nearly cubic diamonds: Some useful definitions on mor- 
phology,” in French). 
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The term cubic should be used only for [100] growth sec- 
tors leading to smooth faces with sharp edges; these are 
observed only in synthetic diamond. The term cuboid has 
been ascribed to a slow, undulating growth mode in the 
{100} cubic direction in the mean (again, see Moore and 
Lang, 1972). The term fibrous cube describes a diamond that 
grew rapidly in the fibrous mode of octahedral growth (anal- 
ogous to dendritic growth). Fibrous diamonds commonly 
incorporate micro-inclusions of water, brines, carbonates, 
quartz, and the like, in various proportions, as revealed by 
infrared spectroscopy (see, e.g., E. Tomlinson et al., “Trace 
element composition of submicroscopic inclusions in coated 
diamond: A tool for understanding diamond petrogenesis,” 
Geochimica et Cosmochimica Acta, Vol. 69, No. 19, 2005, 
pp. 4719-4732, and references therein). 

Clearly, the diamonds described in the first note corre- 
spond to a fibrous cube—not cubic growth—that shows 
growth layers, not growth sectors. The black diamond 
described in the second note most probably corresponds to a 
mixed-habit diamond with octahedral and cuboid growth 
sectors (not cubic growth sectors). Details on how such 
mixed growth may leave an apparently colorless core are 
given in B. Rondeau et al. (“Three historical ‘asteriated’ 
hydrogen-rich diamonds: Growth history and sector-depen- 
dent impurity incorporation,” Diamond and Related 
Materials, Vol. 13, 2004, pp. 1658-1673). 

This use of the terms cubic diamond and cubic sectors 
is hence confusing for readers, who would expect to see 
them only when dealing with synthetic diamonds (as previ- 
ously discussed in numerous Gems &) Gemology articles on 
the subject). I would greatly appreciate it if you could, in 
the future, help authors use the correct terminology for 
describing the many different nearly cubic morphologies of 
diamonds. 

Benjamin Rondeau 
Muséum National d’Histoire Naturelle, Paris 


Reply: I appreciate Dr. Rondeau’s detailed and valuable com- 
ments. The term cuboid is indeed used widely for natural dia- 
monds. However, the term cubic for natural diamonds has 
also been used extensively. To cite a few examples, M. Moore 
et al. used cubic growth to explain the fourth mode of dia- 
mond growth (“Cubic growth of natural diamond,” Acta 
Crystallographica, Vol. A62, No. al, 2006, p. s65). H. Kagi et 
al. applied the term cubic growth habit to a natural cuboid 
diamond (“Near-infrared spectroscopic determination of salin- 


LETTERS 


Figure 1. In the left image 
(adapted with permission 
from Zedgenizov et al., 2004), 
nearly straight growth layers 
can be seen in a cuboid dia- 
mond. The DiamondView 
image of a 2.50 ct greenish 
gray round brilliant natural 
diamond at right shows 
cubic {100} growth sectors, 
which are dominated by 
octahedral {111} sectors. 
Image by Kyaw Soe Moe. 


ity and internal pressure of fluid inclusions in minerals,” 
Applied Spectroscopy, Vol. 60, 2006, pp. 430-436). I. 
Sunagawa described cuboid diamonds using cubic or cuboid 
morphology (Crystals: Growth, Morphology and Perfection, 
Cambridge Press, Cambridge, UK, 2005, p. 188). K. J. 
Westerlund et al. explained the Klipspringer eclogitic dia- 
monds using the phrase cubic and octahedral growth zones 
(“A metasomatic origin for late Archean eclogitic dia- 
monds...,” South African Journal of Geology, Vol. 107, 2004, 
pp. 119-130). D. A. Zedgenizov et al. discussed cuboid dia- 
monds and used cubic habit (“Carbonatitic melts in cuboid 
diamonds from Udachnaya kimberlite pipe (Yakutia): 
Evidence from vibrational spectroscopy,” Mineralogical 
Magazine, Vol. 68, No. 1, 2004, pp. 61-73). R. M. Davies et al. 
used fibrous cubic growth layers for natural diamonds 
(“Diamonds from Wellington, NSW...,” Mineralogical 
Magazine, Vol. 63, 1999, pp. 447-471). Y. L. Orlov et al. also 
used the term cubic growth sectors for natural diamonds (“A 
study of the internal structure of variety II diamonds by X-ray 
section topography,” Physics and Chemistry of Minerals, Vol. 
8, No. 3, 1982, pp. 105-111]. 

I do agree that cuboid is appropriate for undulating 
growth in the cubic direction in a natural diamond. 
However, I believe that cubic is the appropriate term for 
natural diamond growth with straight or nearly straight lay- 
ers. Moore et al. (2006) proposed that the fourth mode of 
diamond growth occurred in {100} planes or cube facets; it is 
rare but can be found in nature. A fine example can be seen 
in figure 1 (left), which shows cubic growth layers in a 
cuboid diamond. Readers would be confused if we used 
cuboid growth for such a specimen. From time to time in 
the GIA Laboratory, we have observed cubic {100} growth 
sectors along with octahedral {111} sectors in natural dia- 
mond, as seen in figure 1 (right). Consequently, neither I 
nor my colleagues agree that the term cubic should be lim- 
ited to synthetic diamonds. 

With respect to the Spring 2007 lab note on translucent 
greenish yellow diamonds, in the DiamondView images 
accompanying the entry one can see many growth layers 
originating from three different sources. Therefore, I think 
it is appropriate to use growth sectors (or cuboid growth 
sectors), which are composed of growth layers. Please also 
note (as mentioned in the entry) that these layers are not 
associated with a fibrous texture, and thus the term fibrous 
cube is not appropriate for these two diamonds. 

Kyaw Soe Moe 
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GLOBAL ROUGH DIAMOND 
PRODUCTION SINCE 1870 


A. J. A. (Bram) Janse 


Data for global annual rough diamond production (both carat weight and value) from 1870 to 
2005 were compiled and analyzed. Production statistics over this period are given for 27 dia- 
mond-producing countries, 24 major diamond mines, and eight advanced projects. Historically, 
global production has seen numerous rises—as new mines were opened—and falls—as wars, 
political upheavals, and financial crises interfered with mining or drove down demand. Production 
from Africa (first South Africa, later joined by South-West Africa [Namibia], then West Africa and 
the Congo) was dominant until the middle of the 20th century. Not until the 1960s did production 
from non-African sources (first the Soviet Union, then Australia, and now Canada) become impor- 
tant. Distinctions between carat weight and value affect relative importance to a significant degree. 
The total global production from antiquity to 2005 is estimated to be 4.5 billion carats valued at 
US$300 billion, with an average value per carat of $67. For the 1870-2005 period, South Africa 
ranks first in value and fourth in carat weight, mainly due to its long history of production. 
Botswana ranks second in value and fifth in carat weight, although its history dates only from 
1970. Global production for 2001-2005 is approximately 840 million carats with a total value of 
$55 billion, for an average value per carat of $65. For this period, USSR/Russia ranks first in weight 


and second in value, but Botswana is first in value and third in weight, just behind Australia. 


Ithough diamonds from alluvial deposits 
have been known since antiquity (figure 1), 
production from primary deposits (kimber- 
lites and, since 1985, lamproites) began only in the 
1870s. Over the last 135 years or so, annual produc- 
tion has risen from ~1 million carats (Mct) in 1872 
to 176.7 Mct in 2005, though this increase has been 
anything but smooth. Production has followed the 
ups and downs of the world economy, with sudden 
increases brought about by new discoveries and just 
as precipitous drops caused by political upheavals 
and similar events. An awareness of the production 
figures for the modern history of diamond mining 
not only helps us understand the impact of both 
political developments and geologic factors over 
time, but it also helps the exploration geologist, dia- 
mantaire, and jeweler alike plan for future additions 
and disruptions to the supply chain. 
This article represents an expanded version of the 
data and illustrations previously published in Janse 
(2006a,b), and is a companion piece to Boyajian (1988) 
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and Shor (2005). Assembling the data for annual glob- 
al rough diamond production (gem, near-gem, and 
industrial) was a difficult task, because the numbers 
for several countries may vary more than 10% 
between different publications. To achieve as much 
consistency as possible, production figures were 
taken from sources that are believed to be reliable 
and, for the most part, that were continuously pub- 
lished in the United States. For the period 
1870-1934, these included The Mineral Industry 
(from the Scientific Publishing Co.) and Mineral 
Resources of the United States (compiled by the U.S. 
Bureau of Mines). For the period 1934-2005, data 
were taken from Minerals Yearbook (also by the U.S. 
Bureau of Mines). Wagner (1914) was consulted for 
early South African production. For 2004 and 2005, 


See end of article for About the Author and Acknowledgments. 
Gems & GEMOLOGY, Vol. 43, No. 2, pp. 98-119. 
© 2007 Gemological Institute of America 
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Kimberley Process Certification Scheme production 
reports were also used. A cut-off date of December 
31, 2005, was selected because that is the most 
recent year for which robust data are available. 
Although 2006 production figures for some mines 
have been released as of the date of publication of 
this article (mid-2007), incorporating them would dis- 
tort the overall picture, as Kimberley Process data for 
2006 have not yet been released. Figures for produc- 
tion data are necessarily best estimates compiled 
from the most reliable sources, but the trend and 
amplitude of changes in production and cumulative 
totals are considered by the author to be as close to 
reality as possible. 

In the first part of this article, data are presented 
in a series of graphs illustrating: (1) annual produc- 
tion by country (divided into 10 groups: eight major 
source countries, one region [West Africa, including 
Guinea, Sierra Leone, Liberia, Ivory Coast, and 
Ghana], and one group representing other and minor 
producers [including Lesotho, Swaziland, Rhodesia/ 
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Figure 1. Diamonds 
have been valued since 
antiquity, but only 
since the late 19th cen- 
tury have they become 
an important element 
of the world economy. 
They were first known 
in India, and then 
Indonesia and Brazil, 
but it was the 1867 dis- 
covery in South Africa 
that would launch the 
modern diamond mart- 
ket. Though India is no 
longer an important 
producer, it remains an 
essential link in the dia- 
mond supply chain 
through its polishing 
and trading centers. 
Shown here is an Indian 
diamond and emerald 
necklace from the early 
19th century. Courtesy 
of Christie’s Images. 


Zimbabwe, Central African Republic, Tanzania, 
Brazil, Venezuela, Guyana, China, United States, 
India, and Indonesia)); (2) percentage of total by coun- 
try; (3) percentage by type of deposit; and (4) percent- 
age by category of diamond. The first three cate- 
gories are further divided according to carat weight 
and U.S. dollar value of production. 

In the second part of the article, data are given 
regarding the ownership, location, size, and other 
aspects of the 24 historically most important dia- 
mond mines and eight major advanced diamond 
projects currently in development. In the third part, 
data are provided for historic and contemporary pro- 
duction for the 27 most significant diamond-pro- 
ducing countries through 2005. 


ANNUAL PRODUCTION BY COUNTRY 

By Carat Weight. Historically, production has been as 
much a function of changes in demand as it has been 
of the introduction or closure of mining operations. 
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tained with a content of chromium suffi- 
cient to give the alexandrite color (a series 
of experiments showed that the boule does 
not grow when the content of chromium 
exceeds a few per cent). 


In order to determine what is the color- 
ing agent in artificial alexandrite (the data 
in patents being often inexact), we carried 
out an investigation of an imported boule 
of alexandrite, ‘which had a light green 
color in daylight and a light rose-violet 
color in electric light, similar, to natural 
alexandrite. Spectral analysis of the artificial 
alexandrite, carried out in the All Union 
Institute of Mineral Raw Materials, showed 
the presence of a large quantity of Al and 
the complete absence of Be. Its color, ac- 
cording to this analysis, must be attributed 
to the content of Cr and V (tenths of a 
per cent). Other impurities present in 
the specimen, judging from the appearance 
of its curve, do not play a role in its colora- 
tion. In the specimen traces of Fe, Si, Ti 
were detected, also a little Mg; no other 
basic elements were present. 


By the introduction of two coloring ions 
in the crystal investigated, giving transmis- 
sion curves very similar in appearance, a 
disposition of the curve is attained similar 
to that of matural alexandrite (see figure, 
curves 1, measured on the spectrophoto- 
meter); the plate, cut almost parallel to 
the optic axis, was approximately 1.5 mm. 
thick. 


The regions of transmission occur at ap- 
proximately the same wave lengths as in 
the case of natural alexandrite. A difference 
is the absence of the peculiarity character- 
istic of color caused by chromium—the dis- 


6. The specimen was prepared in the Lenin- 
grad State Ceramic Institute by N. K. Antonevich. 

7. .Brauns, R. Centrallblatt fiir Mineralogie, 
Geologie and Paldontologie, Abteilung A, 1926, 
page 233. 


placement of one maximum of absorption 
(minimum on the curve) in relation to the 
corresponding maximum 4 for the other 
of the two waves ptopagated in the crystal. 


The general similarity of the curves of 
artificial and natural alexandrite cause their 
characteristic change of color with change 
of illumination. 


Thus the alexandrite color does not ap- 
pear to be a characteristic property of 
crystals with the structure of alexandrite, 
and it is not caused solely by the trivalent 
chromium ion. 
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Figure 1. Transmission curves. of crystals 
with the alexandrite color. I) Synthetic 
alexandrite; II). Natural alexandrite; II) 
Crystals of composition 29.2% Cr.O; and 
70.8% ALO:. 
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Figure 2 shows the annual production (by weight) of 
rough diamonds for the 10 most important diamond- 
producing regions from 1870 to 2005; more detail is 
provided below. For the most part, the regions are dis- 
cussed and plotted chronologically by date of earliest 
production; South Africa is introduced first as it is his- 
torically the most important. 


South Africa. After mining of diamonds began in 
1869, South African production rose rapidly to 1 Mct 
in 1872, and thereafter to 5 Mct in 1907, in 1909, and 
in 1913, with a few peaks and dips during this peri- 
od. A dip in 1900 was due to the Boer War and the 
Siege of Kimberley. A peak in 1907 in response to 
rapidly growing U.S. demand was not reached again 
until 1966; it was followed by a sharp dip in 1908 
due to a financial crisis in the U.S., and then produc- 
tion went back up again the next year. A steep drop 
in 1914 and 1915 was caused by World War I (WWI), 
but then production rose quickly and stayed at a 
moderate level from 1916 to 1920. In 1921-22, pro- 
duction fell again due to a general depression in the 
economy (the aftereffects of WWI and the 1918-19 
flu pandemic) as well as a sudden influx of jewelry 
on the market due to the combination of Russian 
émigrés from the Bolshevik revolution having to sell 
their valuables to survive just as the new Soviet gov- 
ernment was selling confiscated jewels (Janse, 1996). 

Beginning in 1923, South African production rose 
again in response to the discovery of the Lichtenburg 
alluvial field and the Namaqualand beach deposits 
along the Atlantic coast, but it was extremely low 
from 1932, to 1944 as a result of the Great Depression 
of the 1930s and the impact of World War II. The 
Premier mine closed in 1932, and the Kimberley 
mines were closed for several years during this peri- 
od. In 1948, the Premier and Kimberley mines 
reopened, causing production to rise gradually over 
the next two decades. There was a jump in 1968 
when the Finsch mine came into full operation, after 
which production continued to rise gradually to 10 
Mct in 1986. The global stock market crash in 
October 1987 precipitated a slight decline in produc- 
tion, but the upward trend resumed and gained 
momentum in 1992 when the Venetia mine came on 
stream. Production has climbed steadily since then 
to 15.56 Mct in 2005. 


South-West Africa (SWA)/Namibia. Production 
began in 1909 and quickly reached 1 Mct annually 
during 1912-13 under German administration; it 
then fell to virtually zero in 1914-15 because of 
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WWI. Production resumed after the war but did not 
reach the 1 Mct mark again until 1962. It reached 2 
Mct in the late 1960s and again in the 1970s, but 
then dropped to 0.9 Mct in the late 1980s. Production 
increased to 1.5 million in the 1990s, and in 2005 it 
amounted to 1.87 Mct. 


Congo/Zaire/Democratic Republic of the Congo 
(DRC). The 1932-80 period was the heyday (in 
terms of its share of world production) for this 
region. Congo production began in 1917 and reached 
18 Mct annually in 1961. After independence in 
1960, it eventually declined to less than half that by 
1981; however, it rose to 26 Mct in 1998. The fall of 
then-President Mobuto Sese Seko and the ensuing 
unrest led to a brief decline. Conditions stabilized in 
2001, as Joseph Kabila took over from his assassinat- 
ed father, and diamond production rose again to 
around 30 Mct in 2005. 


Angola. Production began in 1921, but not until 1969 
did it reach 2, Mct, where it stayed until 1974. From 
1975 to 1995, production saw many ups and downs 
due to the country’s protracted internal unrest. After 
conditions improved in 1995 and the Catoca mine 
came on stream in 1998, official annual production 
reached 3 Mct in 1999. Still, estimates by Cilliers and 
Dietrich (2000) indicate that, during the 1990s, 
“informal” production was much higher than the 
official figures, accounting for more than twice the 
official production in 1996 and 1997. Some sources 
estimate that the total of official production plus 
UNITA’s smuggled production reached close to $1 
billion in 1996 (Partnership Africa Canada, 2004a). It 
was also claimed that UNITA alone accounted for $1 
billion (Partnership Africa Canada, 2005a). These dis- 
parate reports illustrate how difficult it is to estimate 
illicit or informal production. Where it exists to a sig- 
nificant degree, production figures—both official and 
unofficial—must be viewed with caution. 

After the conflict eased in 2000, the government 
was able to assert greater control, and official pro- 
duction rose to its maximum level of 7.1 Mct. This 
was due to an increase in both licensed and unli- 
censed artisanal alluvial mining, and to expansion of 
Catoca, which is at present Angola’s sole producing 
kimberlite pipe. 


West Africa. West African production became signifi- 
cant in the early 1930s. It stayed around 2.5 Mct until 
1954, then rose to its maximum level of 7.5 Mct in 
1960. Civil disorder over a large part of the region and 
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CARAT WEIGHT BY COUNTRY/REGION 
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Figure 2. This chart 
shows global diamond 
production by carat 
weight from 1870 to 
2005 for eight countries, 
one region in Africa, and 
all other producers 
(“Other”). South Africa’s 
early dominance gave 
way to production from 
the Belgian Congo in the 
1930s, which in turn was 
eclipsed by production 
from Russia, Botswana, 
and Australia. 


South Africa Other [1 SWA/Namibia [1 Congo/Zaire/DRC TAngola Mil West Africa LIUSSR/Russia 


Botswana ClAustralia Mi Canada 


an increase in illicit production brought the official 
level down during 1960-65. It reached a peak in 
1972, after which it declined from 1984 to 1990. It 
rose again after 1997, amounting to 2.4 Mct in 2005. 


Soviet Union/Russia. Soviet production commenced 
in 1960, and sources used to estimate the caratage 
mined indicate that it rose quickly to 7 Mct in 1967 
and 10.3 Mct in 1977. It stayed around this level 
until 1985 and then rose to 24 Mct in 1990. 
Following the dissolution of the Soviet Union in 
1991, there was a slight dip in 1993, and from then 
on a gradual increase to 23 Mct in 2002. 

These were the estimated figures, however, as 
the actual numbers were considered state secrets 
during this period. It appears now that in fact the 
annual Russian diamond production by weight has 
been significantly underestimated for years, since 
production was only reported in monetary values. 
Based on the assumption that the overall value per 
carat was similar to that of South Africa and 
Botswana, Russia’s annual production was esti- 
mated at around 20-23 Mct for the last 10 years. 
When Russia became the annual president for the 
Kimberley Process in 2005, Alrosa (Russia’s major 
diamond mining company) released data at the end 
of 2004 that showed the US$1.68 billion value for 
2003 was actually based on $51/ct (Janse, 2005) 
and not on the values of about $80/ct given in 
world diamond production figures reported by rep- 
utable sources (e.g., Government of Northwest 
Territories, 2001-2004; Even-Zohar, 2002). This 
raised the production for 2003 from the assumed 
19 Mct to a staggering 33 Mct. 


GLOBAL DIAMOND PRODUCTION SINCE 1870. 


The lower value per carat was due to the fact that 
Russian mines recover diamonds down to 0.2 mm, 
which increases the grade and the cost, but lowers 
the value per carat. The production for 2004 was 
worth about $2.2. billion, with an average value of 
$56.74/ct, which equates to an annual production of 
38.7 Mct for 2004 (Kimberley Process Certification 
Scheme, 2004). The value of production for 2005 was 
$2.53 billion, with an average value per carat of 
$66.61 (Kimberley Process Certification Scheme, 
2005). This translates to an annual production of 38 
Mct for 2005. This higher value per carat may be due 
to the fact that new mines—the Nyurba open pit 
and the Aikhal and Internationalaya underground 
operations—have adopted a screen-size cut off of 
1.5—2 mm, as is the custom for Western mining 
companies, which increases the average value per 
carat (screen size and its effects on grade and value 
are discussed in more detail in the Major Diamond 
Mines/Current Value section below). 


Botswana. Production began in 1970 and rose to 2.5 
Mct in 1972, when the Orapa mine reached full 
capacity. Orapa’s expansion in 1979 and the open- 
ing of the Letlhakane mine brought the level up to 5 
Mct in 1980; this doubled to 10 Mct in 1983 as the 
Jwaneng mine came on board, and doubled again by 
1997, after further expansion of Orapa. It has 
climbed steadily since, to about 32 Mct in 2005. 


Australia. Meaningful production commenced after 
a diamond-bearing lamproite was discovered near 
Lake Argyle in 1979 (Shigley et al., 2001). The first 
diamonds (0.5 Mct in 1982) came from alluvial 
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deposits nearby; alluvial and surface mining pro- 
duced 7 Mct in 1985. When mining of the AK1 pipe 
began in 1986, production soared to 29 Mct that 
first year, then rose gradually to a peak of 43.3 Mct 
in 1994. Annual production dropped sharply from 
40.9 Mct in 1997 to 26.7 Mct in 2000 due to recon- 
struction of the open pit, which necessitated the 
removal of much barren ground. Production further 
declined to 26 Mct in 2001 with the mining of 
lower-grade ore, after which it rebounded to about 
33 Mct in 2005. The open pit will be phased out by 
2008, when underground mining will commence. 
(The Argyle underground mine is discussed further 
in the Advanced Diamond Projects section below.) 


Canada. The latest entry is Canada, which began 
production in 1998 (Kjarsgaard and Levinson, 2002) 
and reached 5 Mct in 2002, all derived from the 
Ekati mine. With the opening of the Diavik mine in 
2003, production rose to 11 Mct that year and then 
to the 2005 level of 12.8 Mct. 


Other Producers. Individual production from the 
remaining producers has generally been less than 
0.5% (by weight) of global annual production. The 
exceptions are the Central African Republic (0.22% 
by weight, 0.51% by value}, which for many years 
has produced about 400,000 carats valued at about 
$60 million annually, and Lesotho (0.03% by 
weight, 0.55% by value}, which started mining in 
2004 and in 2005 produced 52,000 carats worth 
$64.3 million. Notably, Lesotho has produced some 


VALUE BY COUNTRY/REGION 


US$ (BILLION) 


large diamonds valued at over $1,240/ct (Kimberley 
Process Certification Scheme, 2005). Its production 
will tend to increase as the country’s two diamond 
mines (Letseng and Liqhobong) are developed fur- 
ther. Production in Zimbabwe (0.31%) commenced 
in 2004 and is planned at 250,000 carats (worth $36 
million) annually, though the current political situa- 
tion makes this uncertain. Tanzania (0.13% by 
weight, 0.22% by value) produced 220,000 carats 
worth $25.5 million in 2005 and will probably stay 
at this level. Estimates for annual Brazilian produc- 
tion (including informal production) have been up to 
1 Mct in the past, according to U.S. sources, but 
Kimberley Process data for 2005 put it at 300,000 
carats worth $21.85 million. Including Guyana and 
Venezuela, South America currently accounts for 
700,000 carats worth $57 million, which is only 
0.4% by weight and 0.5% by value of global produc- 
tion. Similarly, annual production for China was 
estimated at 1.1-1.2 Mct by USS. sources, but was 
only 71,764 carats worth $1 million for 2005 by 
Kimberley Process data. Other minor producers in 
2005 were India (60,000 carats worth $98 million) 
and Indonesia (17,557 carats worth $5 million). 


Worldwide. Global production for 2005 was 176.7 
Mct, a staggering amount compared to earlier years: 
1.9 Mct in 1900; 4.2, Mct in 1925; 15.2 Mct in 1950; 
41.6 Mct in 1975; and 126 Mct in 2000 (though the 
number for 2000 represented a dip because of the 
decrease in Australian production from 1997 to 
2000; see above). 


Figure 3. This chart 
shows production by 
(year 2000) U.S. dollar 
value for the same 
regions as in figure 2. 
Here, Congo/Zaire/DRC 
production for the most 
part is much less impor- 
tant than that of the 
higher-value alluvial dia- 
monds from West Africa, 
and Australia’s produc- 
tion is no longer as sig- 
nificant as that from 
Russia and Botswana. 
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Figure 4. These charts 
compare the data in fig- 
ures 2 and 3 as percent- 
ages of world production 
by country. The early 
dominance of Congo/ 
Zaire/DRC production 
is clear when considered 
by carat weight (top), 
again giving way to 
Australia, Russia, and 
Botswana. Considered 
by dollar value (bot- 


tom), however, the allu- 
vial production from 
West Africa is dominant 
from 1935 to the early 
‘70s, while the lower 
value of Australia’s 
production greatly 
reduces its impact. 


South Africa Other [ SWA/Namibia Congo/Zaire/DRC Angola MiWest Africa IUSSR/Russia 
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By Value. The graph for annual values of production, 
based on year 2000 U.S. dollars (figure 3), shows 
quite different features compared to the graph for 
carat weight. The significant value of the South- 
West Africa production from 1910 to 1913 is quite 
distinct. In contrast, the band for Congo/Zaire/DRC 
from 1930 to 2005 is narrower due to the low value 
per carat. Angola shows an increase during the last 
decade, but the thickness of the band for West Africa 
from 1935 to 1975 is quite remarkable due to the 
high value of the diamonds from Sierra Leone and 
Guinea. The greatest contrast is shown by Australia: 
The band from 1985 to 2000 for value is very thin 
compared to that for carat weight (again, see figure 
2), due to the low average value and the large quanti- 
ties of diamonds produced. 


GLOBAL DIAMOND PRODUCTION SINCE 1870. 


RELATIVE PERCENTAGES FOR 
EACH COUNTRY BY WEIGHT AND VALUE 


The annual production data have also been plotted as 
percentages of total production by weight and value 
for the same groups as in figures 2, and 3. This gives a 
better understanding of the relative significance of 
the producing countries. Figure 4 (top) shows the 
dominance of South African production by weight 
from 1870 to about 1930. A small shift occurred in 
1909, when production from the coastal deposits in 
South-West Africa commenced, but a dramatic shift 
occurred after 1930, when most diamonds came from 
alluvial operations in the Belgian Congo and West 
Africa. The proportion from those two regions had 
started to decline by 1970, after production first 
from the USSR and then from Botswana entered the 
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market, with another big shift occurring when 
Australia’s Argyle mine came on stream in 1986. 

The percentages for value (figure 4, bottom) also 
show the dramatic shift after 1930, but here we see 
the greater impact of the higher value per carat 
brought by the rough from South-West Africa and 
especially West Africa. The shift after 1985, when 
Australian production commenced, is less pro- 
nounced, because the value of Australian rough is 
low, especially as compared to the diamonds from 
Botswana. 


RELATIVE PERCENTAGES 

BY TYPE OF DEPOSIT 

The relative proportions of diamonds produced from 
pipes (primary kimberlite or lamproite deposits], 
alluvials (secondary deposits formed by erosion and 
subsequent river transport), or beach (littoral 
deposits, discharged from river mouths into the 
ocean) have varied greatly over time. The two graphs 
in figure 5 show the percentages of annual produc- 
tion by weight and value represented by these three 
types of deposits. 


By Weight. Although the earliest diamonds to enter 
the marketplace came from alluvial deposits in 
India (from antiquity to the mid-18th century) and 


Brazil (from the 1720s onward], truly commercial 
quantities did not become available until the dis- 
covery of diamonds related to kimberlite pipes in 
South Africa starting in the late 1860s (see, e.g., 
Janse, 1995). Diamond production rose from tens of 
thousands of carats in the late 1860s to more than 
one million carats in 1872, almost all produced 
from the pipes at Kimberley (figure 6). During this 
period, only minor production came from alluvial 
deposits in Brazil and South Africa. From 1872 to 
1909, pipe production reigned supreme. 

For the next 50 years, 1910-60, the relative pro- 
portions of diamonds produced from primary versus 
alluvial and beach deposits shifted dramatically. 
Large beach and alluvial deposits were discovered, 
first along the coast of South-West Africa and later 
in the Belgian Congo, Angola (figure 7), West Africa, 
and South Africa (along the coast of Namaqualand 
and inland near Lichtenburg). By 1935, pipe produc- 
tion had dropped to less than 4% of the total versus 
95% alluvial production (the remainder representing 
beach production). The sudden rise in alluvial pro- 
duction and dip in beach production (from German- 
occupied South-West Africa) in 1915 are anomalies 
due to WWI. Otherwise, production from beach 
deposits is significant from 1909 to 192.5 and reached 
peaks of 12% in 1912 under German administration 
(SWA), and 16% in 1920 under the new administra- 


Figure 5. Shown here are the trends in global diamond production by type of deposit, as percentages of the total. 

In carat weight (left), pipe production from South Africa constituted the bulk of world production until alluvial 
deposits from West Africa and Central Africa (the Belgian Congo and Angola) came on stream in the 1930s. With the 
discovery of large primary deposits in Russia, Botswana, Australia, and (most recently) Canada, pipe production has 
made a comeback since the 1960s. The trends by value (right) are similar, although South-West Africa/Namibia’s 
beach production (and its high-value diamonds) are more significant, and the dominance of pipe production since 
the 1970s is not as pronounced, in large part because of the low-value diamonds from Australia’s Argyle deposit. 
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tion of the Consolidated Diamond Mines of South 
Africa, after which it declined in proportion to the 
rise in alluvial production. 

Pipe production started to make a comeback in 
the 1960s, when modern methods of prospecting 
(stream sampling surveys for indicator minerals and 
airborne magnetic surveys) resulted in the discovery 
of large kimberlite pipes in South Africa (Finsch}, 
Botswana (Orapa; figure 8), and Siberia (Mir and 
Udachnaya}, which came on stream from the middle 
of the decade into the early 1970s. By 1990, with 
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Figure 7. The discovery 
of alluvial deposits else- 
where in Africa signaled 
a shift from pipe mining 

to alluvial mining that 
persisted until the mid- 

dle of the 20th century. 
The rich alluvial 
deposits in Angola are 
worked by both large 
mechanized mining 
operations and small 
groups of artisanal dig- 
gers, such as these min- 
ers in Lunda-Norte 
Province in northwest 
Angola. Photo © 2007 
Olivier Polet/Corbis. 
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Figure 6. This 1872 
photo shows the chaotic 
conditions that existed 
at the Kimberley pit in 
South Africa shortly 
after diamond mining 
there began in earnest. 
Annual world produc- 
tion by this point had 
already leaped from a 
few tens of thousands of 
carats to over a million. 
Photo © Bettmann/ 
Corbis. 


numerous additional discoveries, production of pri- 
mary deposits represented 80% of the total, and this 
number has continued to creep upward since then. 
Although these discoveries reestablished the domi- 
nance of pipe production, they also began to shift the 
focus away from Africa. Before 1960, African coun- 
tries accounted for nearly all the world’s diamonds 
(again, see figure 4). In 1980, however, African pipe, 
alluvial, and beach deposits combined accounted for 
70% of the total, with 25% from Siberia (virtually all 
pipe}, and 5% from others (mainly alluvial). 
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The percentages shifted again when the Argyle 
AK1 lamproite pipe was discovered in 1979 and 
came on stream in 1986. Argyle is the world’s 
largest single deposit in terms of production by 
weight, and at its peak in 1994 it yielded up to 40% 
of world production (though only 7% by value); that 
year, most of the remaining diamonds came from 
Russia (15%) and Africa (42%). Production from the 
Argyle pipe pushed global pipe production over 
80%. Although Argyle’s annual production had 
declined by 2000, it is likely that global pipe produc- 
tion will stay at this level due to recently discovered 
pipes in Canada, Russia, and Angola. 


By Value. The annual production by value for each 
type of deposit shows a pattern similar to that for 
carat weight, except that the dominance of alluvial 
production from 1925 to 1980 is more pronounced. 
It clearly demonstrates the high value of beach 
deposits during their active years for the periods 
1910 to 1930 and 1960 to 1990, though tapering off 
toward 2005. After 1980, the Argyle pipe is far less 
dominant because of the low value of its diamonds, 
while the high value of African alluvial production 
has retained its importance. 


RELATIVE PERCENTAGES BY 

CATEGORY OF DIAMOND 

The production data given thus far have included all 
qualities of diamond, gem and non-gem. Figure 9 
shows the division into gem, industrial, and (over 
the last two decades) near-gem diamonds. 
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Figure 8. Discovered in 
1967 (and shown here in 
2005), the Orapa mine in 
Botswana is one of the 
largest kimberlite deposits 
ever developed. Though 
later eclipsed in value by 
the Jwaneng mine (discov- 
ered in 1973), it remains a 
key element in Bots- 
wana’s diamond industry. 
The discovery of large 
mines there and in Russia 
through modern prospec- 
ting methods helped 
reestablish the dominance 
of pipe production in the 
1960s and 1970s. Photo by 
Robert Weldon. 


Before 1870, the percentage of gem-quality dia- 
monds was high because all production was derived 
from alluvial deposits, and primitive mining methods 
were geared to recovering larger, good-looking stones. 
In the early days of pipe mining, recovery was still 


Figure 9. The shifts in type of production (gem, indus- 
trial, and near-gem) in large part mirror the changes 
in technology and the types of deposits being mined. 
Early mining methods were not geared for the recov- 
ery of industrial diamonds, but this changed as 
modern pipe mining evolved. The peak in industrial 
production during the middle of the century reflects 
the large input of low-value diamonds from the 
Congo/Zaire. This began to fall as higher-value 
diamonds from Russia and other sources came on 
stream. Only since 1985, with the opening of the 
Argyle mine, is near-gem production indicated. 
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Figure 10. This map shows the tectonic location of 24 major diamond mines and seven advanced diamond pro- 
jects. All major mines developed on kimberlite pipes are located within the boundaries of an archon, while those 


developed on lamproite pipes are located on a proton. 


carried out by jigging, sieving, and hand sorting, and 
this tendency continued until about 1885. When 
recovery from the pipe mines became more mecha- 
nized, there was a progressive increase in the percent- 
age of smaller stones and industrial diamonds, so that 
the proportion of gem-quality rough dropped gradual- 
ly from 50% in 1885 to 30% in 1905. After this 
point, the gem percentage increased to 45% from 
1910 to 1925 because of the emergence of the beach 
deposits, which yield mainly gem-quality stones. It 
declined again from 1925 to 1955 due to the large 
output from the Mbuji Maye mines in the Belgian 
Congo, which have a high percentage of small and 
industrial diamonds. From 1960 to 2000, gem dia- 
monds varied between ~20% and ~30% of total pro- 
duction, but since then the proportion has increased 
because of the new Canadian mines, which have a 
high percentage of gem-quality diamonds, and the 
decreasing output from Argyle. The Argyle mine— 
and the corresponding development of a low-cost cut- 
ting industry in India to fashion small stones from 
rough that once would have been used for industrial 
purposes—is also responsible for the relatively new 
category, “near-gem” diamonds. Between 1985 and 


GLOBAL DIAMOND PRODUCTION SINCE 1870. 


1995, “near gems” represented as much as 17% of 
total production. 

As would be expected, gem-quality diamonds 
are responsible for almost all production by value. 
Only in the last 20 years has the near-gem category 
had any significance. Between 1985 and 1995, it 
rose to represent as much as 10% of the total value 
of diamonds produced. With the declining produc- 
tion at Argyle, however, it had dropped to less than 
4% by 2005. 


THE MAJOR DIAMOND MINES 


The world’s 24 major diamond pipe mines (both his- 
torical and currently active) and seven (eight if 
Argyle’s underground operation is included) 
advanced projects are plotted on figure 10, which 
shows the three tectonic crustal elements according 
to the Janse (1994) terminology—archons, protons, 
and tectons—which was developed from Clifford’s 
Rule that kimberlites are restricted to cratons older 
than 1,500 million years (Clifford, 1966). Thus far, 
all major diamond mines developed on kimberlite 
pipes are located within the boundaries of an archon, 
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Figure 11. The Argyle diamond mine in northern 
Australia is the world’s largest single producer of dia- 
monds by weight, though the open pit is nearing the 
end of its active life. Argyle is also the only major 
mine situated on a lamproite pipe. Photo © Roger 
Garwood and Trish Ainslie/Corbis. 


while those developed on lamproite pipes are located 
on a proton. Even though only one major diamond 
mine is underlain by a lamproite pipe (Argyle in 
Australia; figure 11), several small diamond mines 
on lamproite pipes and other occurrences of dia- 
mond-bearing lamproites (not shown on figure 10) 
are also located on protons and hence support this 
view. Figure 10 also shows that to date major dia- 
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mond mines (other than Argyle) have clustered into 
three regions of the world: southern Africa, Siberia, 
and western Canada. 

Data for ownership, location, size, annual pro- 
duction, ore reserves, value, and “life” for the 24 
mines are compiled in table 1. Included is the status 
as of 2005 for 16 major active pipe mines. For com- 
parison, historical data for seven important but 
inactive De Beers mines and the Mir open pit mine 
(closed in 1998; figure 12) are also provided. Table 1 
comprises 15 columns, some of which are discussed 
in more detail below. 


Name of Mine (Col. 1). Most of the mines are devel- 
oped on a single pipe bearing the same name. In 
recent years, however, it has been found that an 
economically viable “mine” can be established by 
combining the volumes of several small pipes. Five 
such mining areas are included here: (1) Murowa, 
which draws ore from four small pipes; (2) Mbuji 
Maye, which includes production from the kimber- 
lite pipes of Tshibua and its derived secondary 
deposits, as well as additional smaller pipes nearby; 
(3) Argyle, which for some periods (1983-1985, 
1989-2002) drew up to 20% of its production from 
nearby alluvial deposits; and (4) Ekati and (5) 
Diavik, which draw ore from, respectively, five and 
two (increasing to four) pipes. 


Majority Owner (Col. 2). Most of the older mines 
are (or were) owned outright by De Beers (in South 
Africa) or by De Beers in joint venture with local 
governments, such as Debswana (50% Botswana] 
and Mwadui (25% Tanzania). The Canadian mines 
are also jointly owned: Ekati (BHP 80%; Charles 
Fipke and Stewart Blusson, the original prospectors, 
10% each) and Diavik (60% Rio Tinto, 40% Aber 
Resources; figure 13). Catoca is owned by a consor- 
tium of four entities: Endiama (an Angolan paras- 
tatal [government-owned] company) 32.8%, Alrosa 
32.8%, Odebrecht (a Brazilian company) 16.4%, and 
Dau-monty Finance Corp. (a Lev Leviev company) 
18%. 


Size (Col. 4). It should be noted that in several cases 
only part of the total volume of a pipe is mined. For 
example, at Argyle the southern part—with a sur- 
face outcrop of 12 hectares—has been mined for 
most of its life, while only in the last two years has 
mining progressed to shallow northern parts of the 
pipe. The size given for Mbuji Maye is for Tshibua 
pipe 1 only. 
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TABLE 1. Historic and production data for 24 major diamond mines discovered since 1869. 


Col. Col. 2 Col. 3 Col.4 = Col. 5 Col. 6 Col. 7 Col.8 Col.9 Col.10 Col. 11 Col.12 = Col.13 = Col. 14 “Col. 15 
; Majority Size  Yearof Year of Annual Grade Current Current Annual Total pro- Total pfo- past life Future 
Name of mine owner Country (ha)® discovery —openin production (cpht)! value value value duction duction (yt) lite (yr 
Y opening“ (ket/yr)° ($/ct)4($/t)— (M$/yn@—(Mety’ (M$) 
Bultfontein® De Beers South Africa 97 1869 1901 874 54 Ths) 40 66 24.5 1,838 105 Closed 
2005 
Dutoitspan” De Beers South Africa 10.8 1869 1905 540 32 140 45 76 20 2,800 100 Closed 
2005 
Jagersfontein" De Beers South Africa 10 1870 1902 363 12 200 24 23 O15) 1,900 60 Closed 
1971 
Koffiefontein” De Beers South Africa 10.3 1870 1898 110 if 250 18 28 12 3,000 98 Closed 
2005 
De Beers" De Beers South Africa oat 1871 1871 600 72 100 (2. 60 36.4 3,640 68 Closed 
1960 
Kimberley" De Beers South Africa 3.7 1871 1871 500 200 80 160 40 32.7 2,900 44 Closed 
1914 
Wesselton” — De Beers South Africa 8.7 1891 1897 576 37 90 38 52 28.5 2,565 99 Closed 
2005 
Premier/ De Beers South Africa 32.2 1902 1903 1,250 40 75 30 94 146 10,950 103 5 
Cullina 
Finsch De Beers South Africa 17.9 1961 1965 2,000 36 if 27 150 nals) 8,475 4] 21 
Venetia De Beers South Africa 12.7 1980 1991 6,800 122 90 110 612 68 6,120 15 11 
wadui De Beers Tanzania 146 1940 1942 317 11 145 16 46 19 Piod 64 5 
Orapa Debswana Botswana 118 1967 1971 16,000 95 50 48 800 222 11,100 35 23 
LetIlhakane Debswana Botswana 11.6 968 1976 1,100 29 200 58 220 22 4,400 30 if 
Jwaneng Debswana Botswana 45 1973 1982 15,600 140 110 154 1,716 238 26,180 24 23 
urowa Rio Tinto Zimbabwe 4 1997 2004 250 90 65 60 16 0.3 20 1 19 
buji Maye IBA DRC 18.6 1946 1924 9,000 500 15 75 135 500 7,500 90 20 
Catoca consortium Angola 66 1985 1997 6,000 45 15 34 450 23 lee 9 20 
ir! Alrosa Russia 6.5 1955 1957 4,000 300 80 240 320 90 7,200 42 20! 
Udachnaya — Alrosa Russia 27 1955 1976 20,000 120 55 66 1,100 540 29,700 31 20) 
Jubileynaya  Alrosa Russia 50 1989 1997 10,000 56 45 25 450 50 2,250 9 20 
yurba Alrosa Russia nd 1998 2004 5,000 90 55 50 275 6 330 2 20 
Argyle Rio Tinto Australia 46 1979 1985 30,476 310 13 40 396 700 9,100 21 10! 
Ekati BHP Billiton Canada il 1992 1998 6,000 100 140 140 840 a2 4,480 7 ie 
Diavik Rio Tinto Canada 5 1994 2003 8,475 372 88 327 746 21 1,848 2 20 


aSources: De Beers Consolidated Mines (1880-2005); Wagner (1914); Hamilton (1994); Wilson and Anhaeusser (1998); Government of the Northwest 
Territories (2001-2005); Even-Zohar (2002, 2007); BHP Billiton (2007); Rio Tinto Diamonds (2007a,b); and author's files. 

Values for sizes of pipes are modified from Janse (1996) and author's files; 1 ha (hectare) = 2.47 acres. 

° Annual production figures are in thousands of carats (kct/yn); for the first seven mines listed and for the Mir open pit (all of which are now inactive), see notes “h” and “i.” 

Values for grade in cpht (carats per hundred tonnes) and $/ct (U.S. dollars per carat) are approximate and vary from year to year as different types of 
ore are mined. Except for the first seven mines listed and for Mir (see notes “h” and “i”), the latest robust values are from 2003 and are extrapolated to 
2005 by the author. 

°Figures for annual value (in millions of U.S. dollars) were calculated by multiplying annual production (col. 7) by $/ct (col. 9). 

‘Total production figures (in millions of carats) were estimated by adding annual production figures, including from tailings, for the years of the life of the 
mine (col. 14). 

9Total production values to date (in millions of U.S. dollars) are calculated by multiplying total production (col. 12) by value per carat (col. 9). 

"The annual data for the five old Kimberley mines, Jagersfontein, and Koffiefontein (shaded in gray) are values chosen by the author from typical years of 
production throughout the life of the mine. Figures for grade were chosen likewise, and comparative values for $/ct were recalculated taking the De 
Beers mine as $/ct=$100. 

' The Mir open pit closed in 1998; the figures for annual production, grade, and $/ct are derived from an average year in the 1980s. 

/ Future production for Argyle, Mir, and Udachnaya is for underground workings only. 


Years of Discovery and Opening (Cols. 5 and 6). In impact—are required before authorities will issue 
general, the time between discovery and commence- permits and banks will lend money. The dates for 
ment of mining varies from six to 10 years. This time Mbuji Maye appear to conflict because mining on 
frame has expanded in recent decades, as several associated alluvial deposits commenced in 1924, but 
stages of studies—e.g., scoping, pre-feasibility, feasi- the kimberlite deposits were not recognized until 
bility, water use, and environmental and social 1946 (Magnée, 1946). 
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CLHAYSUBERYL 


Chrysoberyl, in its several varieties, is 
one of the most beautiful and costly of all 
gems. In spite of this, it is not well known 
to the layman and has not attained the 
popularity it deserves. 

Chrysoberyl is an oxide of beryllium 
and aluminum. It crystallizes in the ortho- 
rhombic system and the crystals are twinned 
so as to have a hexagonal appearance. This 
is well illustrated in figure A of the color 
plate. The hardness of chrysoberyl is 814, 
placing it third in hardness. among gems, 
being exceeded only by corundum (ruby 
and sapphire) and diamond. Its specific 
gravity ranges from 3.65-3.68 .and_refrac- 
tive index from 1.746 to.1.755. 

There are three gem varieties of 
chrysoberyl, chrysolite chrysoberyl (B), 
alexandrite (C and E), and cat’s eye (D), 
Chrysolite chrysoberyl is yellowish green in 
color, and is the most common. and, least 
costly variety. Alexandrite.is the rarest and 


most highly prized variety because of its 
remarkable property of possessing different 
body color under different lighting condi- 
tions. In daylight a fine alexandrite is 
emerald green in color, while under yellow 
attificial light it is columbine-red. Cat’s eye 
is also very rare and unusual because of its 
fine chatoyancy, resulting in a very sharp 
“eye.” Chrysoberyl cat’s eye is also some- 
times called cymophane. 


The term chrysoberyl means golden beryl 
while chrysolite chtysoberyl alludes to 
chrysoberyl having the color of chrysolite 
(an obsolete name for peridot). Alexan- 
drite was named in honor of Alexander II 
of Russia. Cymophane is derived from two 
Greek words meaning wave and to appear, 
in allusion to its chatoyancy. 


Most: gem. chtysoberyl comes from allu- 
vial deposits in Brazil and Ceylon; the finest 
alexandrites come from the Ural Mountains. 


Gemologist Diplomas 


Awarded Twenty-Four 


Students of the Gemological Institute of 
Ametica who may now call themselves 
gemologists, and who have received their 
diplomas in the “Theory of Gemology” 
from the G.LA. since the first of the year, 
are: 


Joseph W. Beauregard 
Irving B. Gerson 
Thomas J, Hummel 
Douglas N. Letendre 
Frank E. Mabry 
Harold D. MacRitchie 
Richard Moriarty 
Darwin R. Neumeister 
Wesley Savage 


B. H., Shields, Jr. 
Jared E. Wootten 
Mary (Mrs. Geo.) Beattie 
Maurice Brodman 
T.C. Brown 

Jack Cohen 

Everett Hardy 

Harold Hyde Hubbard 
Russell Mastin 

E.N. Nelson 

Edward Novy 

Franz Pulver 

Harry Robinson, Jr. 
Walter E. Singer 

John Young 
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Annual Production (Col. 7). This figure is reported 
in thousands of carats recovered during 2005, except 
for the first seven mines listed and for the Mir open 
pit (all now inactive), for which—for comparison to 
currently active mines—a production value was 
chosen by the author from a past year that appeared 
typical. Annual productions vary through time and 
generally increase when the mine plants are 
expanded and decrease as the deposit is depleted. In 
some cases, the open pit becomes too deep and the 
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Figure 12. The Mir pit in 
Yakutia, which ceased 
open-pit mining in 1998, 
was the first major dia- 
mond mine to be devel- 
oped in what was then 
the Soviet Union. The 
discovery of Mir and sev- 
eral other large kimber- 
lite pipes in this region 
represented the first 
meaningful non-African 
production to enter the 
world market in over 100 
years. Photo taken in 
1995 by James Shigley. 


pit walls need to be reconstructed (as happened to 
Argyle in 1999, when annual production fell from 
nearly 41 Mct/yr to 27 Mct/yr; see figure 2), or the 
mining method switches from open pit to under- 
ground (e.g., figure 14). 


Grade (Col. 8). Grade—the yield of carats per 100 
tonnes (cpht)—is the quotient of carats recovered 
during the year divided by tonnes (metric tons) of ore 
mined. It varies considerably between pipes. Grades 


Figure 13. Canada’s dramat- 
ic rise up the rankings in 
world diamond production 
has been the result of rich 
mines such as Diavik, 
shown here in a September 
2006 image. A large dike 
had to be constructed to 
hold back the waters of Lac 
de Gras and allow safe 
open-pit mining of the A154 
South and A154 North kim- 
berlite pipes in the fore- 
ground. Just left of the A154 
open pit, work has begun to 
expose the A418 pipe; pro- 
duction from that pipe is 
expected to begin in late 
2007 or early 2008. Photo by 
Jiri Hermann, courtesy of 
Diavik Diamond Mines Inc. 
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also vary within a pipe. In many cases, the near-sur- 
face weathered rocks are higher in grade than the 
deeper rocks. For example, at Kimberley the grade 
was well over 200 cpht for the first 250 m of mining, 
but it had decreased to 40 cpht at closure in 1914 
and averaged just over 100 cpht for the life of the 
mine (Janse, 1996). 


Current Value (Cols. 9 and 10). Data for the average 
value per carat are not publicly listed by many min- 
ing companies, but they can be derived from the 
reports on sales of parcels of diamonds mined dur- 
ing the year and from estimates from diamond val- 
uers and diamantaires who have inspected the run- 
of-mine product. 

In some mines, such as Jagersfontein and 
Koffiefontein, the grade was very low (below 12 cpht), 
but the $/ct was high (over $200/ct); thus, the mines 
were viable. At Argyle the initial grade was very high 
(600 cpht) but the value per carat for the first produc- 
tion was very low ($7/ct}, and the mine would only 
be viable if operating costs could be kept low. This 
was done primarily by mining large volumes of ore, 
which kept the average cost per tonne down. In some 
mines—such as Jwaneng (Botswana), Mir (Siberia), 
Ekati (Canada), and Diavik (Canada}—both the grade 
and $/ct are high, making them very profitable. Value 
per carat is influenced not only by the quality but 
also by the average size of the diamonds recovered. 
Generally, this is between 0.4 and 0.5 ct; diamonds 
over 2. ct are rare, amounting to only about 7% by 
weight (but 44% by value) of world production (Even- 
Zohar, 2002). 

The product of multiplying the current grade (col. 
8) by dollar value per carat (col. 9) gives the average 
value per tonne in the ground ($/t; col. 10), which is 
one of the major factors in deciding if a project is 
economically viable. The second major factor is rev- 
enue, that is, the quotient of the value per tonne in 
the ground divided by the cost of mining it. Very 
approximately, this figure needs to be above one to 
make a viable mine, but several other factors (such 
as the time value of money, political risks, and envi- 
ronmental restrictions) must be factored into the 
decision to proceed with construction. In general, 
the $/t varies between 30 and 100. Because data on 
mining cost per tonne are usually not publicly avail- 
able, a column for revenue is not included. 

Grade, value per carat, value per tonne, and ore 
reserves (see Past and Future Lives below) are all 
interrelated. Grade is typically a result of the recov- 
ery plant’s cut-off screen size. If the bottom screen 
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Figure 14. Open pit mines eventually reach a depth at 
which the costs of further recovery by open-pit min- 
ing exceed the revenue produced. The mine will 
either close or shift to underground mining if there 
are sufficiently valuable reserves to make it econom- 
ic. This miner working underground in the De Beers 
Finsch mine is using an automatically synchronized 
operated multiple drill in preparation for planting 
explosives to blast out another mass of kimberlite. 
Photo © Hervé Collart/Sygma/Corbis. 


size is small (0.2 mm), many very small diamonds 
will be recovered in addition to commercially sized 
diamonds (1.5 to 2 mm) and the grade is high (as are 
ore reserves), but the cost of recovery goes up and 
the value per carat goes down because of the large 
quantity of small diamonds recovered from a tonne 
of ore. In general, most mines use bottom cut-off 
screen sizes between 1.5 and 2, mm, as the revenue 
from recovering more small diamonds usually does 
not compensate for the higher cost of recovery. 
However, this is a purely economic decision that has 
to be considered for each deposit on its own. Some 
mines have recently lowered this cut-off to 0.85-1.2 
mm (see Tahera Diamond Corp., 2007), since the 
market for smaller rough has grown as cutters 
(mainly in Indian cottage industries) have become 
adept at manufacturing very small stones (Even 
Zohar, 2002). Raising the bottom cut-off, as Argyle 
did in 1994 (from 0.4 mm to 1.5 mm), lowers the 
grade, lowers ore reserves, decreases cost, but 
increases the value per carat and thus revenue. 
Likewise, costs increase when the top screen size is 
set high in order to recover possible large diamonds, 
but the revenue from these diamonds can compen- 
sate for the higher costs if the mine produces enough 
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of them. A top size of 25 mm is most common, but 
for some mines that have historically produced large 
diamonds, such as Premier/Cullinan, the top screen 
size is 36 mm. 


Past and Future Lives (Cols. 14 and 15). Several 
active mines—such as Murowa, Catoca, Jubiley- 
naya, Nyurba, Ekati, and Diavik—have existed for 
less than 10 years, and this affects the data for total 
amount of diamonds recovered and their value, 
which are too low to give a representative rank. 
Therefore, those mines for which reliable data on 
future ore reserves are available (all except 
Jubileynaya and Nyurba) are included in the table 
for advanced projects (table 2). Most major mines, 
except those based on several small pipes, have life 
expectancies of 50-100 years (e.g., the Kimberley 
mines and Premier/Cullinan). However, most min- 
ing companies and analysts do not attempt to calcu- 
late ore reserves, and thus life, beyond 20 years 
because such estimates eventually become too 
speculative. 


ADVANCED DIAMOND PROJECTS 

During the last few years, four of the old under- 
ground De Beers mines in Africa have been closed, 
and several open-pit mines—Argyle in Australia and 


Mir (and possibly others, such as Udachnaya) in 
Russia—have reached or come close to their eco- 
nomic depth limit. It is therefore important to be 
aware of the development of advanced projects, 
which will contribute to the future supply of rough 
diamonds. It is hoped that data on planned under- 
ground mines in Russia eventually will also become 
available to complete these estimates. 

Data for seven major advanced diamond projects 
and one planned underground mine are compiled in 
table 2. In contrast to many established mines, 
most companies now developing advanced projects 
publish data, updated regularly, on their capital 
cost of construction, year of projected opening, ore 
reserves, grade, value per carat, planned annual pro- 
duction, and life expectancy. This is because—in 
contrast to bygone times—many governmental or 
stock exchange regulations now require this infor- 
mation to protect shareholders and control wild 
fluctuations in stock prices. Such data also help 
government regulatory agencies draw up regional 
development plans. Note, however, that this is not 
the case for some countries, such as Russia in the 
recent past, where these data are traditionally con- 
sidered privileged information and not disclosed, or 
for others where such regulations do not exist or 
are not enforced. Because pre-mine data for four 
young mines in table 1 are available (Ekati, Diavik, 


TABLE 2. Historical and production data for eight advanced diamond projects and four young mines.* 


Col. 4 Col. 2 Col.3 Col. 4 Col. 5 Col. 6 Col. 7 Col. 8 Col.9  Col.10 Col.11 = Col. 12 Col. 13 Col. 14 
Name of Majority Size Year of Capital cost Ore reserves Grade Reserves Value Value Value Prolected —projecteg 
project/mine owner County (ha) opening —(M$) (Mt)  (cpht) (Mct)  ($/ct + = ($A) =~ (M$) an life (yr) 
Jericho Tahera Canada 3 2006 90 2.6 120 Sal 90 108 280 0.4 8 
Snap Lake De Beers Canada 3 2007 580 23 146 33 76 111 2,500 1.5 20 
Victor De Beers Canada 16 2008 750 27.4 23 6.3 450 105 2,850 0.6 2 
Gahcho Kué De Beers Canada 3 2012 745 14.4 164 23.6 77 126 1,800 1 20 
Grib ADC/AGD Russia 14 nd nd 98 68 67 79 53 5,300 4 20 
Arkhangelskaya  Severalmaz Russia 15 2006 400 110 52 57 48 25 2,740 3 20 
Camafuca Endiama Angola 160 2006 25 13 40 5.2 117 47 608 0.2 5 
Argyle UG Rio Tinto Australia 12 2008 800 100 370 370 13 48 1,200 16 10 
Ekati BHPB Canada 11 1998 880 78 109 85 84 92 7,100 5 17 
Diavik Rio Tinto Canada 5 2003 1,170 27 395 107 62 245 6,300 8 20 
Murowa Rio Tinto Zimbabwe 4 2004 61 19 90 ly 70 63 1,200 0.5 17 
Catoca consortium Angola 66 1997 nd 271 70 189 15 53 14,000 8 20 


aSources: Hamilton (1994); De Beers Consolidated Mines (2001-2005); Government of the Northwest Territories (2001-2005); Even-Zohar (2002, 
2007); Tahera Diamond Corp. (2006); BHP Billiton (2007); De Beers Group (2007a,b,c); Rio Tinto Diamonds (2007a,b,c); Severalmaz (2007); and 
author's files. All figures for reserves, grade, $/ct, and annual production are derived from bankable feasibility studies and will probably change during 
actual mining. Abbreviations used here are the same as for table 1; “nd” means no data are available. The rows shaded in blue—Ekati, Diavik, Murowa, 


and Catoca—are recently opened mines, included for comparison. 
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Murowa, and Catoca), they have been included here 
for comparison. 

The above notwithstanding, these figures must be 
viewed with some caution. In general, when a project 
becomes a mine, it is often found that estimated 
costs of construction are too low, so ore reserves are 
calculated on the low side to be safe. Further, grade 
and value per carat can prove to be quite different 
when mining has actually progressed during the first 
year or so, and the life of a mine is often extended as 
additional ore reserves are discovered while the mine 
is in operation. 

Table 2 comprises 14 columns, some of which 
are described here in more detail. 


Name of Prospect (Col. 1). Jericho is a small mine 
developed on a small pipe, but neighboring small 
pipes may be mined in the future. The data in this 
table are for Jericho pipe 1 only. (Jericho data are 
placed in this table even though it opened in August 
2005, because it only came into actual production 
in March 2006; Tahera Diamond Corp., 2006). Snap 
Lake is not a near-vertical pipe but rather a shallow- 
ly inclined (about 15°) dike. Victor is a complex of 
three coalescing pipes that have different ore 
reserves, grades, and values per carat; data values are 
averaged over the whole pipe system. Gahcho Kué 
is a complex of four neighboring small pipes. The 
Arkhangelskaya pipe is the first of a group of five 
large pipes in the Lomonosov cluster to be devel- 
oped into a mine. Camafuca is an elongated pipe (or 
the fusion of five pipes in a line) underneath the bed 
of the Chicapa River. Consequently, Camafuca I 
(the first stage of operation) will be developed as a 
dredging operation, lasting five years. “Argyle UG” 
represents data for the underground mine, which is 
planned to go into production in 2008. 


Majority Owner (Col. 2). Three of the four advanced 
projects in Canada are owned by De Beers Canada. 
Development of the Russian Grib project has halted 
because of protracted litigation involving future 
ownership. This was to be vested in a new compa- 
ny, Almazny Bereg, in which the equities would be 
ADC (Canada-based Archangel Diamond Corp.) 
40% and AGD (Arkhangelskgeodobycha) 60%, but 
AGD has so far refused to transfer title to the new 
company. Arkhangelskaya is 97% controlled by 
Severalmaz, a subsidiary of Alrosa; the rest is held 
by local authorities. De Beers once held an interest 
in this project, but it sold its equity to Severalmaz 
several years ago. Camafuca is owned by a consor- 
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tium of Endiama (an Angolan parastatal company) 
51%, Welox (a Lev Leviev company) 31%, and 
SouthernEra Diamonds (a Canada-based company) 
18% free carried. (Free carried interest means that 
the company has equity in the development of the 
project, but does not have to contribute to the cost 
of development. Such interest either ends at the 
“decision to mine,” when the risk has virtually dis- 
appeared, or lasts to the commencement of mining, 
after which the cost of contributing can be subtract- 
ed from the profit from mining.} 


Size (Col. 4). The size given for Snap Lake is arbitrary; 
while its surface footprint is quite small, the dike 
extends underground for an as-yet-undetermined dis- 
tance of at least 2 km down dip. The sizes of Gahcho 
Kué, Ekati, Diavik, and Murowa are a total for sever- 
al small pipes, not all of which are currently mined 
(but are likely to be mined in the future). 


Year of Opening (Col. 5). The scheduled year of 
opening for the Grib pipe cannot be given, again 
because of the litigation over ownership. Arkhangel- 
skaya started overburden stripping in 2003; actual 
mining began on a small scale in 2006. 


Capital Cost (Col. 6). This figure, often called capex 
(capital expenditure), represents construction costs 
only. Thus, the capital costs for Grib cannot be stat- 
ed, as no mine construction has taken place. The 
capital costs for Arkhangelskaya are for the first 
stage of mining the pipe itself. The second stage, 
constructing a larger plant and a larger open pit in 
which the Arkhangelskaya pipe and the adjacent 
Karpinskaya 1 and 2. pipes will be mined, will begin 
in late 2007. The capex for Diavik is high because 
the pipes are located under water in Lac de Gras, 
which was too large to simply drain. Thus, develop- 
ment of Diavik required the construction of large 
encircling dikes (again, see figure 13), which were 
expensive to construct because of severe climatic 
conditions and environmental issues. In contrast, 
the first stage for Camafuca is a dredging operation, 
which is relatively simple and has a low cost com- 
pared to open-pit mining. Murowa is on land in an 
area of easy access and requires only small open pits; 
both African sites (unlike the Canadian mines) have 
comparatively low labor costs. 


Ore Reserves (Col. 7). Given here in millions of 
tonnes (Mt), reserves are determined by sampling, 
which usually involves drilling many holes over a 
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TABLE 3. Historical and contemporary production data and rankings for 27 diamond producing countries: Totals to 2005.# 


Total prod. Total prod. % World % World Rank in Rank in Value/ct — Value/ct 
Country oe cae fare (to 2005) (oot -05) prod. prod. world prod. world prod. — (to 0) ‘s) 
(Mct)4 (Mct)4 (to 2005)® (2001-05)? ~— (to 2005) (2001-05) ($/ct)' — (2001--05)' 

South Africa 1867 1870 1870 614 65 15 9 4 5 95 90 
SWA/Namibia 1908 1899 1908 94 8 2 1 8 8 373 373 
Botswana 1959 1966 1970 485 148 12 19 5 3 90 90 
Rhodesia/Zimbabwe 1903 1907 1913 1.5 0.3 20 19 145 145 
Swaziland 1973 1973 1984 0.6 nd 24 25 90 90 
Lesotho 1955 1939 1968 0.6 0.08 23 22 1,000 1,000 
Southern Africa 1,196 221 29 29 
Angola 1912 1952 1916 111 ail 3 4 it it 155 155 
Congo/Zaire/DRC 1907 1946 1913 991 114 25 15 1 4 20 20 
Congo Republic 1932 nd nd 30 nd 
Gabon 1939 1946 nd 4 nd 
CAR 1914 nd 1930 21 2 0.5 15 13 160 160 
Tanzania 1910 1925 1925 20 1 0.5 14 16 120 120 
Central Africa Upleae 148 29 20 
Guinea 1932 1952 1936 14 25 17 11 150 150 
Sierra Leone 1930 1948 1932 yf 25 1 9 10 220 220 
Liberia 1910 1955 1955 21 0.5 13 17 100 100 
Ivory Coast 1928 1960 1958 8 ie 18 15 140 140 
Ghana 1919 1994 1920 114 5 3 1 6 9 30 30 
West Africa 214 12 5 2 
Brazil 1725 1973 1727 36 24 1 11 12 75 75 
Guyana 1887 nd 1890 6 15 19 14 95 95 
Venezuela 1883 1982 1913 16 0.3 16 19 60 60 
South America 58 4 2 
Canada 1971 1948 1998 51 45 1 6 10 6 115 115 
United States 1843 1885 1921 <1 nd 25 25 200 200 
USSR/Russia 1829 1954 1960 684 175 16 23 3 1 55 60 
Australia 1851 1972 1883 720 154 li 20 2 2 17 li 
China 1870 1965 1980 13 0.4 1 12 18 20 20 
India antiquity 1870 antiquity 1 0.4 21 21 165 165 
Indonesia 800 nd 800 i 0.01 24 23 280 280 

Total global 4,115 761 100 100 67 65 

plus 10% illicit ~4,500 ~840 67 65 


aSources: The Mineral Industry (1870-1934); Mineral Resources of the United States (1870-1934); Wagner (1914); Minerals Yearbook (1934-2005); 
and Kimberley Process Certification Scheme (2004, 2005). Abbreviations used here are the same as for table 1; “nd” means no data are available. 


’Sources: Janse and Sheahan (1995); Kjarsgaard and Levinson (2002). 


©Note that for several countries, mining began, closed, and sometimes reopened, e.g., Zimbabwe (Somabula, 1913-1930; River Ranch, 1992-1998; 
Murowa, 2004—-present); Lesotho (Letseng, 1968-1982, reopened 2004); United States (Arkansas, 1921-1924; Kelsey Lake, 1995-1996); Russia 
(Urals, 1890-1917; Siberia, 1960-present); Australia (New South Wales, 1883-1948; Argyle, 1980-present). 

%Calculated by summing up each country's annual production, illicit production is added as 10% of total global production. 


specific grid pattern into a pipe to a certain depth 
and analyzing the number and value of the dia- 
monds recovered from the drill cores (in some cases, 
trial mining may be used as well). The larger the 
diameter of the cores and the more numerous the 
holes, the better the ore-reserve calculation will be. 
Also, the deeper the holes, the more potential ore 
can be outlined (i.e., as a three-dimensional model of 
reserves) for further calculations. However, drill 
diameter and depth are constrained by practical and 
technical parameters, and there are strict guidelines 
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for the calculation of ore reserves. There is also a 
practical limit to the depth to which ore reserves can 
be calculated. Generally, a pipe narrows to a fissure 
at depth, which results in smaller volumes in cross- 
cut or plan and thus higher costs of mining; at some 
point, the mining costs will exceed the value per 
tonne of ore. Also, the deeper the reserves are pro- 
jected, the less reliable the results are. Of course, the 
larger the pipe’s surface outcrop, the larger the cross- 
cut volumes at depth will be, so large pipes can have 
ore reserves calculated as deep as 500 m, which is 
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Total value —‘ Total value % World % World Rankin — Rank in 
(to 2005) (2001-05) value value value value 
(BS)! (BS)! (to 2005)® + (2001-05)@ (to 2005) (2001-05) 
58 5.9 22 13 | 3 
a 3 13 5 4 6 
45 13.3 17 26 2 1 
0.2 0.04 24 20 
0.05 24 24 
0.6 0.08 23 17 
139 22 pe 44 
17 48 6 10 7 5 
24 2.3 8 5 5 8 
aie 0.3 1 1 1 
25 0.1 2 5 
44 fe 16 15 
2 0.4 1 10 10 
12:5 0.5 5 1 6 9 
2 0.05 13 19 
1 0.2 18 ie 
3.5 0.15 14 14 
21 dra 8 2 
3 0.2 5 2 
1 0.1 0 9 16 
1 0.02 1 6 21 
i) 0.3 2 1 
6 5.2 3 11 9 4 
<0.1 25 25 
38 10.5 14 21 3 2 
12 2.6 5 5 8 if 
0.3 Ie 23 
0.2 0.07 20 18 
0.3 22 22 
266 49.5 100 100 


°Figures in the percentage columns may not appear to add up correctly, as 
there are several countries in the list with less than 1%. 

Given as present-day values to compare the relative significance of 
countries only; they are not the values at the time of each year's 
production. 


the case for the Arkhangelskaya pipe, where ore 
reserves were calculated down to 460 m. In practice, 
though, ore-reserve projections generally are not car- 
ried beyond 100-150 m below surface level. 


Value (Cols. 10-12). The value per carat for Victor 
is very high, as the run-of-mine diamonds recovered 
thus far are remarkable for their white color, with 
very few brown or yellow diamonds. The value for 
Camatfuca I is also high for pipe diamonds, but in 
this case the figures may include some proportion of 
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alluvial diamonds recovered in the dredging opera- 
tion. The high overall value for Grib ($5.3 billion) 
makes it clear why ADC persists in its legal battles 
to retain its part ownership in the project. The large 
Catoca mine has a very high potential value ($14 
billion), while Ekati and Diavik are outstanding at 
$7.1 billion and $6.3 billion. 

The value for Arkhangelskaya ($48/ct) multiplied 
by grade (52. cpht) gives a suspiciously low value per 
tonne: $25/t. In general, new mines are not consid- 
ered economic below $40/t, which makes this figure 
an obvious discrepancy. Unofficial sources say that 
the value per carat of Arkhangelskaya is in fact simi- 
lar to that for Grib (~$80/ct), which would increase 
the figure to $42/t, more in line with general eco- 
nomic considerations. 


Projected Production (Col. 13). Grib and Arkhangel- 
skaya should be significant mines. Projected annual 
production for Grib is 4 Mct. For Arkhangelskaya, 
plans call for a large recovery plant with a through- 
put of 5.6 Mt annually; if the grade (52, cpht) applies 
to all three pipes projected to be mined, then an 
annual production of about 3 Mct can be assumed, 
which will commence in 2010. Catoca is still 
increasing its annual production, which may even- 
tually reach 8 Mct. Argyle UG will have a very high 
annual production, though with a comparatively 
low total value of $1.2 billion. 


Projected Life (Col. 14). The Jericho mine is project- 
ed to be relatively short lived, at eight years, but 
additional reserves may be discovered in neighbor- 
ing pipes. The five-year life for Camafuca I is only 
for the dredging operation, during which time the 
reserves and a mining plan covering all or part of 
the pipe will be established, for a projected life of at 
least 20 years. 


THE TWENTY-SEVEN DIAMOND 

PRODUCING COUNTRIES 

Data and statistics for 27 diamond-producing coun- 
tries (for both total production and 2001-2005) are 
listed in table 3. Not included are countries for 
which the occurrence of diamonds or kimberlite/ 
lamproite has been recorded but no diamonds are 
mined (e.g., Algeria, Finland, Greenland, Kenya, 
Mali, Mauritania, Mozambique, and Thailand), or 
for countries from which diamond exports are 
recorded but no diamond mines are known (e.g., 
Burkina Faso, Guinea-Bissau, Nigeria, Rwanda, 
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Figure 15. Not all diamond production has come from 
organized mining. A significant—though difficult to 
quantify—percentage has come from informal, or 
“illicit,” mining by artisanal means. This 1996 photo 
taken in Sierra Leone shows local diggers using primi- 
tive methods to extract diamond-bearing gravels. The 
diamonds produced are often smuggled out of mining 
areas to avoid taxes or to obtain higher prices. Photo © 
Patrick Robert/Sygma/Corbis. 


Senegal, and Uganda). The Republic of Congo 
(Congo-Brazzaville) and Gabon are partially includ- 
ed in the list, as their diamond outputs are recorded 
in Minerals Yearbook for some years, but alleged 
production for both has been included in the total 
for the Congo/Zaire/DRC in calculating percent- 
ages, rank, and value. 


Illicit Mining. It is important to note again that the 
amount of illicit or informal production can be esti- 
mated only very broadly, since it results from the 
work of artisanal diggers (again, see figure 7, and fig- 
ure 15}, who are typically unlicensed and unregulat- 
ed by official governmental agencies, and work 
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mainly on alluvial deposits or on the surface por- 
tions of pipes or fissures (dikes). Their output may be 
purchased by diamond buyers (who also may or may 
not be licensed) on the spot, but more often it is 
smuggled to another country to avoid paying taxes 
or to obtain a higher price in a more stable currency 
(Even-Zohar, 2002). The amount of illicit digging has 
varied greatly over time. It was high in Sierra Leone 
in the 1950s (Laan, 1965; Hall, 1968) and very high 
in Angola, Zaire/DRC, and Sierra Leone in the 
1990s, often far outstripping the official or formal 
production (Partnership Africa Canada, 2004a,b, 
2005a,b, 2006). In the 1990s, a large part of the pro- 
ceeds of illicit production was used to purchase arms 
and supplies to equip rebel forces, which often occu- 
pied the alluvial diamond fields in these countries 
and engaged in mining by forced local labor. (This 
type of illicit production gave rise to the terms blood 
diamonds or conflict diamonds, further discussion 
of which is beyond the scope of this article.) The per- 
centage of illicit digging is high in some places, any- 
where from 20% to 100%, while in more regulated 
countries (such as Canada) it is low or nearly nonex- 
istent. Consequently, a modest (and arbitrary) 10% 
figure for illicit digging has been added to total global 
production. 


Historical Production. As noted earlier, historical 
production before 1870 was minor in today’s terms 
and was restricted primarily to India and Brazil, with 
some production from Indonesia. Information on 
diamond mining before the mid-1800s can be found 
in Lenzen (1970), Levinson et al. (1992), and Janse 
(1996), among other authorities. Diamond mining 
began in India in antiquity (and was first recorded in 
a Sanskrit text, the Arthasastra, written by Kautilya 
in the late fourth century BC; Rangarajan, 1992), with 
minor production from Borneo beginning about 800 
AD (Legrand, 1980). Diamonds only became impor- 
tant in the world economy with the commencement 
of mining in Brazil in the mid-1700s (Lenzen, 1970). 

The most important historical producer was 
South Africa, which dominated the market from 
1872 to 1932. Over the full period 1870-2005, it 
ranks fourth in carat weight and first in value 
because of its long history of production. South- 
West Africa/Namibia ranks eighth in carat weight 
but fourth in value due to the high quality of dia- 
monds in the beach deposits (figure 16). 

From 1932 to 1970, the Congo, Angola, and 
West Africa dominated diamond production. The 
Congo/Zaire/DRC ranks first in carat weight up to 
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2005, but due to the low quality of diamonds from 
Mbuji Maye, it ranks only fifth in value. Sierra 
Leone and Guinea rank ninth and 17th in carat 
weight, but sixth and 10th in value due to the high 
quality of their diamonds. Ghana ranks sixth in 
carat weight and 14th in value, again due to the rel- 
atively small size and consequent low value of its 
diamonds. Angola ranks seventh in both carat 
weight and value over the life of mining there. 

From 1970 to 1985, legitimate production from 
Zaire and West Africa declined because of political 
upheavals, while newly commenced production from 
kimberlite pipes in Siberia and Botswana, and 
increasing production in South Africa, became domi- 
nant. The Soviet Union/Russia ranks third in both 
carat weight and in value, while Botswana ranks fifth 
in carat weight and second in value. 

Production from Australia’s Argyle diamond mine 
entered the market in 1986 and soon introduced a 
large volume of industrial diamonds. The market 
absorbed this amount partly by developing the near- 
gem category of diamonds and partly by scaling back 
production in South Africa. Consequently, while 
Australia ranks second in carat weight, it reaches only 
eighth in value. Canada’s production of high-quality 
diamonds entered the market in 1999, and its rank of 
10th in carat weight and ninth in value are low only 
because of its recent entry. 

Brazil dominated world production from 1750 to 
1870, but it has been far less significant since that 
period. Virtually every major river system in Brazil 
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Figure 16. Namibia’s 
beach mines, despite 
their relatively small 
production by weight, 
have long been an 
important contributor 
to the world market 
because of the very high 
value of the diamonds 
they produce. The dia- 
monds are recovered 
from crevices in the 
bedrock after the over- 
lying sand has been 
removed, as shown here 
in 2005. Photo by 
Robert Weldon. 


contains alluvial diamonds, but the country current- 
ly has no diamond mines developed on a kimberlite 
or lamproite pipe. All major production has come 
from alluvial localities in Minas Gerais and Bahia, 
with lesser production from Roraima. Recently, the 
30,000 ct/yr Chapada alluvial project in Mato Grosso 
commenced mining, while prospecting for economic 
kimberlites in Bahia, Minas Gerais, and Rondonia 
has shown promising results. Brazil’s total historical 
production, as compiled from the U.S. source publi- 
cations used, is 55 Mct, but Barbosa (1991) estimated 
diamond production up to 1985 as 100 Mct (too neat 
a figure for this author’s liking). As about 20 Mct 
were produced from 1985 to 2005, the total produc- 
tion for Brazil would be 120 Mct if Barbosa’s figure is 
accepted. (Note: This illustrates the uncertainty 
involved in compiling the totals of individual coun- 
tries, but it does not significantly affect the global 
total of 4.5 Bet.) Brazil ranks 11th in lifetime carat 
weight, but would replace Angola as sixth if the 
higher figure was valid. 

Other minor producers include British Guiana 
(now Guyana) and Venezuela, which commenced 
production in the late 1890s; the Central African 
Republic and Tanzania, beginning in the 1930s; and 
China in the 1980s; however, their combined pro- 
duction has never reached more than 1% by weight 
and 2.% by value of modern global production. 


Contemporary Production. Data for 2001-2005 give 
a modern perspective to the relative significance of 
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the producing countries. Russia now ranks first in 
carat weight and second in value, while Botswana is 
first in value though third in carat weight, just 
behind Australia. In the future, Botswana will proba- 
bly exceed Australia in carat weight, since its pro- 
duction is still increasing while Australia’s is declin- 
ing as Argyle switches to underground production. 
Botswana will probably stay first in value, as Russia 
has to overcome a gap of nearly $5 billion to catch 
up. South Africa has not changed much, with its 
rank of fifth in carat weight and third in value, but 
the new success story is Canada, which after only a 
few years is fourth in value and sixth in carat weight 
and may overtake South Africa in the near future. 

The DRC is now fourth in carat weight and 
eighth in value and will probably maintain these 
rankings, since production is likely to increase as its 
civil disorders have diminished. Also, with the 
western and eastern Kasai being intensively 
prospected, new discoveries are likely to be made. 
Angola ranks seventh in carat weight and fifth in 
value and is climbing through the ranks, as produc- 
tion from the large Catoca pipe mine is still increas- 
ing and additional pipe mines (Camafuca, 
Camatchia, and Camagico; data for the last two 
have not been released) will come on stream in the 
future. Namibia ranks eighth in carat weight and, 
despite a modest 8 Mct, sixth in value due to the 
quality of its diamonds. Likewise, the high value of 
diamonds from Sierra Leone gives this country a 
rank of ninth in value for a carat weight of 2.5 Mct. 
The unknown player is China, for which no robust 
data are available. According to the Kimberley 
Process figures, its total production has been only 
2.5 Mct, and it thus has a very low rank in weight 
and value. However, diamonds are being aggressive- 
ly sought in China, and an important discovery 
could change the situation greatly. 

Global production for 2001-2005 was 840 Mct 
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with a value of $55 billion, for an average value per 
carat of $65. 


CONCLUSION 


The history of modern diamond production spans 
135 years. Although alluvial deposits have been 
known since antiquity, diamond production from 
primary deposits (kimberlites and lamproites) com- 
menced only in the 1870s and has increased by 
leaps and bounds ever since to a staggering total of 
4.5 billion carats. 

It is interesting to note that nearly 20% of this 
total was produced during the last five years. During 
the last 10, nine new mines have commenced pro- 
duction or come very close: Nyurba and Arkhangel- 
skaya (Russia), Ekati, Diavik, and Jericho (Canada), 
Murowa (Zimbabwe); and Catoca, Camafuca, 
Camatchia, and Camagico (Angola). Four additional 
advanced projects are waiting in the wings: Snap 
Lake, Victor, and Gahcho Kué (Canada); and Grib 
(Russia). This will more than counterbalance the 
closing of seven old mines. As it is predicted that 
demand for rough will outstrip production during 
the next five years, and a gap of $20 million in sup- 
ply and demand by 2015 has been quoted (Even- 
Zohar, 2007), this new production can easily be 
accommodated in the diamond market. 

Primary deposits were first discovered in South 
Africa and exploration spread from there to identify 
diamond-producing pipes in Tanzania (1940s), Siberia 
(1950s), Botswana (1960s), Angola (1970s), Australia 
and northwest Russia (1980s), and Canada and north- 
west Russia (1990s). Thus, it appears that at least one 
major diamond mine or field has been discovered 
every 10 years since the 1940s. If this trend contin- 
ues, then a major new discovery is imminent. This 
may perhaps be in China, where prospecting for dia- 
monds is being vigorously pursued at present. 
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CHRYSOBERYL 


One unfamiliar with characteristic crystal forms could be 
confused with the chrysoberyl crystal at (A). Although this 
Russian chrysoberyl appears to be hexagonal in form, it is 
really a twinned crystal of the orthorhombic system. It is known 
as a psuedo-hexagonal form in which chrysoberyl frequently 
occurs. Chrysolite chrysoberyl is shown at (B) while (C) and 
(E) show a fine alexandrite under daylight and artificial light 
respectively. (D) is the well-known precious cat’s eye. The 
rough specimen at (F) contains chrysolite chrysoberyl, garnet, 
and other minerals. Specimens from the collection of British 
Museum (Natural History), London. 


PLATE XVUI 


DURABILITY TESTING OF 
FILLED EMERALDS 


Mary L. Johnson 


Researchers treated 128 emeralds with nine emerald fillers—Araldite 6010, cedarwood oil, paraffin 
oil, unhardened and surface-hardened Opticon, a mixture of cedarwood oil and Canada balsam, 
surface-hardened Norland Optical Adhesive 65, and the solid fillers Gematrat and Permasafe— 

and then exposed them (along with 14 unfilled emeralds) to common conditions of wear and 
cleaning. All emeralds were held for about six years, and most were then subjected to one of the fol- 
lowing durability tests: exposure to long-wave UV radiation (a component of sunlight), to mild heat 
and incandescent light in a display case, to five chill-thaw cycles, and to a desiccation environment; 
ultrasonic cleaning with either warm water or BCR; and cleaning with steam or mild chemical 
solvents. Changes were evident in about 35% of the filled emeralds after the mild exposure tests 
(i.e., time, UV radiation, display case); those with liquid fillers were especially susceptible. The des- 
iccation environment made fissures visible in a majority of emeralds. Hard fillers damaged their host 
emeralds by expanding cracks during durability testing, while chill-thaw cycling extended cracks in 
both filled and unfilled emeralds. Emeralds with liquid fillers were most susceptible to appearance 
changes due to ultrasonic cleaning and exposure to ethanol or acetone. Some observations on the 


effectiveness of different fillers on emerald appearance are also provided. 


rated, slightly bluish green color (figure 1). 

However, this beauty comes with disadvan- 
tages. Compared to diamonds, sapphires, and rubies, 
emeralds are softer and more brittle; they also are 
almost invariably included. As a result, emerald inclu- 
sion scenes are commonly romanced as jardins—the 
French word for “gardens’”—by the retail world. 
Because inclusions and, especially, surface-reaching 
fissures detract from emerald’s transparency and dis- 
tinctive color, emeralds have been oiled—or filled— 
for centuries (see, e.g., Jennings et al., 1993; Weldon, 
1997) to make these features less obvious. 

In addition, open fissures in emeralds can collect 
polishing compounds, skin oils, and dirt. Internal 
fluid inclusions can break open (see, e.g., Koivula, 
1980); likewise, solid inclusions can be plucked out 
during fashioning. Consequently, the vast majority 
of fashioned emeralds in the market today have 
some type of filling. 

Over the last few decades, different sources and 
trading centers have tended to use different fillers for 
emeralds: cedarwood oil and Canada balsam in 


he finest emeralds are renowned for their satu- 
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Colombia, paraffin oil (mineral oil) in Zimbabwe and 
Zambia, and Opticon in Brazil (see, e.g., Ringsrud, 
1983; Kammerling et al., 1991; Koivula et al., 1993, 
1994a; Kennedy, 1998; for more on the history of 
emerald filling, see the G&G Data Depository at 
www.gia.edu/gemsandgemology). Although these 
practices require disclosure, for many years fillers 
were used to enhance the appearance of emeralds 
without much public comment. In the 1990s, how- 
ever, controversies erupted over the use of epoxies 
and similar substances to fill emeralds, as little was 
known about their durability and they were consid- 
ered synthetic or “unnatural” by some in the trade. 
When these controversies were brought to the atten- 
tion of consumers (see, e.g., Costanza, 1998, 
“Jewelry scene...,” 1998), most of whom did not 
know that emeralds are customarily filled, the emer- 
ald market plummeted (see, e.g., Drucker, 1999). 


See end of article for About the Author and Acknowledgments. 
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In the late 1990s, GIA began a systematic study 
of emerald fillers. The goal was to understand what 
these filling substances were, how to distinguish 
them from one another, and how to characterize 
their effects on emeralds. The first article, Johnson 
et al. (1999), examined 39 possible filling substances 
and characterized their physical, optical, and spec- 
troscopic properties. The second article, McClure et 
al. (1999), showed how to determine the extent to 
which an emerald is filled (an important factor in 
evaluating the quality of the emerald). The present 
article examines the changes in filled emeralds with 
time and with consumer-focused durability testing. 

The durability and stability of 36 gem materials, 
including emerald, were reviewed by Martin (1987). 
Previous studies of filler durability were made by 
Kammerling et al. (1991) on cedarwood oil, Canada 
balsam, and surface-hardened Opticon in emeralds 
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Figure 1. Their saturated 
slightly bluish green 
color makes emeralds 
such as the Colombian 
stones in this suite quite 
popular with consumers. 
However, emeralds are 
commonly filled, and 
consumer and seller 
alike should be aware of 
potential durability 
problems under condi- 
tions of normal wear 
and care. Necklace (46.5 
ct) and earrings (17.5 ct) 
courtesy of Grando, Inc., 
Los Angeles; photo by 
Harold & Erica Van Pelt. 


and other types of beryl; by Koivula et al. (1989) and 
Kammerling et al. (1994) on fracture filling in dia- 
monds; and by C. M. Ou Yang on polymer-impreg- 
nated jadeite (see, e.g., Johnson and Koivula, 1996). 
Some specific durability tests were performed on 
emeralds with the solid fillers Gematrat and 
Permasafe (“New emerald process...,” 1997; 
Ringsrud, 1998; Weldon, 1999), but information on 
these tests is limited. 


BACKGROUND 

What makes an emerald filler “ideal”? Participants at 
the First World Emerald Congress (held in Bogota, 
Colombia, in 1998) agreed that it should be colorless 
and stable within the emerald (Lurie, 1998). It should 
also be permanent under routine conditions of wear 
and care, and yet easily removed if the emerald needs 
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to be evaluated for recutting (Federman, 1998a). 

Physical properties used to discriminate among 
fillers include their solid or liquid nature (liquids ooze 
out of fissures or move when approached by a hot 
point), viscosity, scent, and other properties not easi- 
ly ascertained within an emerald, such as specific 
gravity. Optical properties include color and refrac- 
tive index (RI); the latter determines how visible a 
filled feather is and whether it shows a “flash effect.” 
Clues to the identity of the filling substance may also 
be provided by Fourier-transform infrared (FTIR) and 
Raman spectroscopy. For more on these properties, 
see Johnson et al. (1999) and Notari et al. (2002). 

For the purpose of the present study, nine fillers 
were chosen to represent four important classes of 
commercial filling substances. 


1. Soft (liquid) fillers: Araldite 6010 (sometimes 
called “palma”), cedarwood oil, unhardened 
Opticon, and paraffin oil 


2.. Semi-hard (slow-flowing and possibly solidifying) 
fillers: the 50:50 mixture of cedarwood oil and 
Canada balsam 


3. Surface-hardened fillers: Norland Optical 
Adhesive 65 (a long-wave UV-setting adhesive, 
typically used fully hardened, but surface-hard- 
ened in this study) and Opticon 


4. Hard fillers: Gematrat (Johnson and Koivula, 1997; 
Federman, 1998b) and Permasafe (“New type...,” 
1998; Michelou, 1999; Weldon, 1999) 


This study did not include any of the less common 
fillers from Johnson et al. (1999), colored fillers such as 
green Opticon or Joban oil, or fillers developed since 
this study began, such as Groom’s ExCel or ExCel 
1.52 (see, e.g., Roskin, 2002, 2003; Gomelsky, 2003; 
“Myth of the month...,” 2006). In addition, this study 
did not test the claim that emeralds become more 
brittle after treatment under pressure, the ease of 
removal of the filler and subsequent refilling, or the 
properties of emeralds that had been enhanced by 
more than one filler. The main objective was to deter- 
mine whether the appearance of an emerald treated 
with a specific filler changed with time, exposure to a 
variety of environments, or cleaning. 


MATERIALS AND METHODS 

Samples. The study collection consisted of 142, fash- 
ioned emeralds, ranging from 0.16 to 4.24 ct and aver- 
aging slightly less than 1 ct. All important gem 
sources were represented: 49 from Colombia, 23 from 
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Zambia, 12 from Brazil, and six from Zimbabwe. The 
remaining 52 were from unknown sources (see G#G 
Data Depository). These were mainly emerald cuts, 
but they also included cabochons and brilliant cuts of 
various shapes. Many of these samples were donated, 
the rest were taken from GIA collections. All had 
eye-visible, surface-reaching fissures, and most would 
have been graded as having moderate-to-significant 
enhancement after filling. 

Most of the emeralds were cleaned (to remove 
preexisting stains or fillers in fissures) by Arthur 
Groom—Gematrat in New York, using a proprietary 
method. However, 16 emeralds filled with Permasafe 
and five filled with Gematrat were acquired already 
treated. Fourteen of the cleaned emeralds were 
retained unfilled for comparison purposes. Most of 
the remaining emeralds were treated at GIA using 
fillers acquired for Johnson et al. (1999) from sources 
listed in table 1 of that article. These fillers were: 
Araldite 6010 prepolymer resin; Merck cedarwood oil 
for clearing; Opticon 224 prepolymer resin, both 
without its catalyst and with surface hardening; 
Schroeder paraffin oil; a 50:50 mixture of cedarwood 
oil with Sigma Canada balsam; and Norland Optical 
Adhesive (NOA), type 65. The physical, optical, and 
spectroscopic properties of these fillers can be found 
in Johnson (1999). Most samples were filled at GIA 
using either a “Mini Oiler” (see, e.g., Koivula et al., 
1994b) or a “Color Stone Oiling Unit” (again, see 
Johnson et al., 1999). 

Fourteen emeralds were filled with NOA 65 and 
then exposed to long-wave UV radiation; however, 
leakage from some samples showed that the filler 
had not solidified below the surface. Hence, NOA 65 
is considered a surface-hardened filler throughout 
this article, although it may not be so for other gem 
materials (or other emeralds). This incomplete hard- 
ening of the filler may have been due to the experi- 
mental procedure used here, as the output intensity 
of the long-wave lamp may not have reached the 
energy density recommend by Norland Optical. 
(Although NOA type 65 was used for this study 
based on information received from the emerald 
trade, the company currently recommends that type 
71 be used for gemstone filling.) 

Fifteen emeralds used in this study were filled 
with paraffin oil in vacuum chambers by Colgem 
Ltd. Eighteen were filled with a 50:50 mixture of 
cedarwood oil and Canada balsam by Ron Ringsrud 
using heat, vacuum, pressure, and refrigeration to 
approximate processes used in Colombia. Fourteen 
were filled with Opticon and then surface hardened 
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TABLE 1. Types of filled emeralds subjected to the 10 durability tests. 


Ultrasonic —_ Ultrasonic 


Filler type ae hs i pe cee Desiccation cleaning in — cleaning in Steam lei : Totals 
water BCR 

None 2 1 2 2 2 1 q 1 2 14 

Araldite 6010 1 2 1 2 2 1 1 2 1 i163 

Cedarwood oil 3 2 1 1 2 1 1 1 1 13 

Unhardened 3 2 2 2 1 1 1 1 2 15 

Opticon 

Paraffin oil 4 1 2 2 1 1 1 1 2 15 

Canada balsam 4 2 1 2 2 1 2 2 2 18 

mixed with 

Cedarwood oil 

Norland Optical 2 2 2 2 i | 1 1 2 14 

Adhesive 65 

Surface-hardened 2 2 2 2 2 1 1 1 1 14 

Opticon 

Gematrat | 1 2 | q | q q 1 10 

Permasafe 2 2 2 2 2 | q 2 2 16 
Totals 24 17 17 18 16 10 11 13 16 142 


4 Although all samples were stored for about 6 years, two samples were examined for both the time test and a different durability test (nos. 4477 and 


4481). These two additional samples are not included in the “Time only” total. 


by Ray Zajicek. Details of their methods are provid- 
ed in the GG Data Depository. Five emeralds were 
filled with Gematrat by Arthur Groom—Gematrat. 
Twenty-one emeralds, mentioned above, were 
obtained pre-filled with Permasafe or Gematrat. All 
filling work was performed in 1998 and early 1999. 
The filled emeralds were rechecked after treat- 
ment for standard gemological properties (such as RI, 
specific gravity, and weight), and 57 stones with larg- 
er fissures were selected for FTIR characterization of 
their fillers. Macrophotographs of 110 emeralds were 
taken and then the emeralds were set aside to await 
durability testing. These durability tests were per- 
formed in 2004-2006, following a period of about six 
years to allow for changes of the fillers with time. 


Durability Testing. Ten tests were chosen to assess 
the durability of the various commercial emerald 
fillers: time alone (~6 years), exposure to long-wave 
UV radiation (a component of sunlight), exposure to 
heat and incandescent light in a display case, mulkti- 
ple chill-thaw cycles, one year in a desiccation envi- 
ronment, ultrasonic cleaning with either warm water 
or buffing compound remover (BCR), and cleaning 
with steam or two mild organic solvents. These tests, 
which are described in detail in box A, were selected 
to mimic likely causes of changes in the appearance 
of filled emeralds in retail and consumer environ- 
ments. Note that all 142 samples were exposed to the 
passage of time and, where photos were available, 
checked against those photos before further durabili- 
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ty testing. Detailed observations of changes with 
time alone were made of 26 samples treated with the 
different fillers or left untreated and then classified 
into four degree-of-change categories: obvious, slight, 
very slight, and no changes observed (see below). The 
degrees of change due to time in the remaining sam- 
ples were not categorized but were assessed for their 
appropriateness for additional durability testing. 
Then, 118 emeralds were each subjected to an addi- 
tional exposure or cleaning test (again, see box A). 

Durability tests are typically conducted by cutting 
each sample into multiple parts and testing each part 
(see, e.g., Johnson and Koivula, 1996). However, the 
fissures in the emeralds were not evenly distributed 
throughout the stones, and a goal of this study was to 
monitor the effect of the durability tests on the over- 
all appearance of fashioned emeralds. Therefore, this 
study took a different approach, and instead com- 
pared emeralds to photographs. 

The original emerald-filler study began with 181 
emeralds, and at least two emeralds were intended 
for each filler and each durability test. However, after 
the original filler study (Johnson et al., 1999), some 
samples were set aside for other experiments. The 
remaining 142 samples discussed here were exam- 
ined and allocated such that each filler was represent- 
ed in each test (table 1); however, the most-changed 
samples were allocated to the time test (with the rest 
randomly distributed among the remaining tests). 


Imaging Protocol. Usable photos were taken of 115 
123 
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BOX A: DURABILITY TESTING 


For this study, 10 tests were conducted—five repre- 
senting exposure during normal wear, display, and 
storage of emerald-set jewelry; and five representing 
techniques that might be encountered in cleaning an 
emerald—as described below. 


1. Exposure to the passage of time 

Goal: There is anecdotal evidence that some emerald 
fillers deteriorate or leak out with time, which this 
test sought to investigate. 


Test description: The best method for assessing the 
impact of time is, simply, to allow time to pass. In 
an examination of tests for archival materials in 
other disciplines, we found no other test that exactly 
duplicated time’s effects (see, e.g., “Rate of paper 
degradation ...,” 2001). The sample emeralds were 
kept in a sealed container (a zippered plastic bag) in 
ambient conditions (usually in the dark, but occa- 
sionally exposed to fluorescent lighting, in an office 
in southern California with heating/air condition- 
ing on workdays only). This also provided a stan- 
dard for comparison for changes from more active 
tests. 

After noting how much time had passed since fill- 
ing, 26 of the emeralds were compared against a photo 
of their appearance immediately following filling. 


2. Exposure to long-wave UV radiation 

Goal: Long-wave UV (at about 365.4 nm) may have 
an effect on filled emeralds (as previously shown for 
fracture-filled diamonds; see, e.g., Kammerling et al. 
1994). This type of radiation is also found in sun- 
light, so long-wave UV testing mimics one aspect of 
long-term exposure to sunlight. (Short-wave UV was 
not used, because it is not a significant component 


of sunlight.) 


Test description: Seventeen emeralds were placed 
face-up, about 2.5 cm away from the filtered source 
of long-wave UV radiation from a GIA four-watt 
long-wave/short-wave unit, within a viewing cabi- 
net. Emeralds were exposed for 200 hours (corre- 
sponding to 3,400 hours [~9 months] of exposure to 


emeralds after cleaning and, as appropriate (since 
some were left unfilled), before filling, “before” photos 
were not available for 21 emeralds that were acquired 
already filled. Shortly after filling, 110 samples were 
photographed, 24 filled samples were photographed 
after six years had elapsed and before the durability 
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sunlight, according to Kammerling et al., 1994). 
After this time, the emeralds were reexamined. 


3. Exposure in a display case 

Goal: The appearance of a filled emerald may change 
over time in the light and mild heat of a display envi- 
ronment. This test was an attempt to monitor that 
effect. 


Test description: A display case was set up with a 
black velvet background and placed under three 50- 
watt halogen lights (using the manufacturer’s rec- 
ommendation for distance of 4 feet, [~1.2 m]}, tem- 
peratures of 25.9-26.3°C were recorded in the case. 
Seventeen emeralds were arranged in the center of 
the case (directly under a light), and exposed to 720 
hours of illumination (equivalent to thirty 24-hour 
days) in 128-hour continuous intervals, then reex- 
amined. 


4. Exposure to chill-thaw cycling 

Goal: Temperature changes (such as might be caused 
by wear in cold climates) may affect filled emeralds. 
This test was also performed on fracture-filled dia- 
monds by Kammerling et al. (1994). 


Test description: Eighteen emeralds were placed in 
two layers of sealed clear plastic bags in aluminum 
foil (as barriers to humidity changes) sitting on ice in 
a refrigerator overnight (measured air temperature 
9°C). The bags were removed and allowed to thaw for 
an hour or so, then the emeralds were examined 
while in their inner bags to check for drastic damage. 
The emeralds were wrapped again and rechilled, for a 
total of five chill-thaw cycles. 


5. Exposure to dry air (desiccation) 

Goal: There are many claims in the trade press that 
emerald fillers can “dry out.” To test these reports, 
the filled emeralds were exposed to a desiccation 
environment (storage at ambient temperature in a 
dry chamber with a silica gel desiccant). This test 
was designed to simulate consumer storage (e.g., in a 
bank vault) and is relevant to wear in dry climates. 


tests that followed. Due to other exigencies, not all 
samples could be photographed immediately before 
filling, after filling, or after the time test. Therefore, 
the comparison used to gauge the effect of the durabil- 
ity test on the emerald’s appearance was either a 
photo taken immediately after filling or one taken six 
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Test description: Sixteen emeralds were placed on 
transparent glass dishes in a clear-windowed closed 
chamber with a desiccant (a 40 g unit of Hydro- 
sorbent silica gel that included indicator beads; see 
www.dehumidify.com). The emeralds were exam- 
ined visually once a week through the windows of 
the chamber, and were removed and checked for 
damage monthly, then returned to the chamber. 
After one year, the emeralds were removed from the 
chamber and reexamined. 


6. Cleaning: ultrasonic cleaning in water 

Goal: Ultrasonic cleaners use vibration in a heated 
liquid (e.g., water or a jewelry cleaner) to loosen and 
“shake off” dirt particles. The combination of heat, 
vibration, and the immersion liquid may affect the 
appearance of a filled emerald. 


Test description: Ten emeralds were placed loose in 
three batches in beakers with 40 mL of tap water in a 
Gesswein Ultrasonic Cleaner model 87 and allowed 
to “clean” for 30 minutes, while the temperature 
was monitored (it increased from 33°C to 63°C dur- 
ing the process). The emeralds were rinsed in tap 
water, dried in air, and reexamined. 


7. Cleaning: ultrasonic with cleaning solution 

Goal: Typical jewelry cleaning with a cleaning solu- 
tion in an ultrasonic cleaner may have a greater 
impact on the appearance of a filled emerald than 
vibrating in water alone. This test was an attempt to 
monitor that effect. 


Test description: Eleven emeralds were placed loose 
in three batches in beakers of common jewelry clean- 
er Oakite Buffing Compound Remover (BCR; see, 
e.g., http://www.landainternational.com/catalog/ 
prod226.shtml) in a Gesswein Ultrasonic Cleaner 
model 87 and allowed to clean for 30 minutes, while 
the temperature was monitored (it increased from 
39°C to 63°C during testing). The emeralds were 
rinsed several times in tap water, allowed to dry in 
air, and reexamined. 


8. Cleaning: steam 


Goal: Since jewelry is often steam cleaned (although 
this cleaning technique is usually not recommended 


years after filling and immediately prior to the dura- 
bility test. This protocol necessitated that we split the 
reporting of the data for each durability test into two 
categories: one in which the comparison includes the 
effects of time (ie., “test + time’) and one in which 
the comparison photo already shows the effect of time 
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for emeralds), we wished to see whether steam clean- 
ing affects the appearance of a filled emerald. These 
emeralds were cleaned for shorter times than tests 
involving filled diamonds (see, e.g., Koivula et al., 
1989; Kammerling et al., 1994) or other beryls 
(Kammerling et al., 1991) due to the less durable 
nature of emeralds. 


Test description: The tables of 13 emeralds were steam 
cleaned for 30 seconds, using a Gesswein portable steam 
generator, with the emeralds held in rubber-tipped 
tweezers. After drying in air, they were reexamined. 


9. Cleaning: mild chemical solvent (ethanol) 

Goal: Since fillers are carbon-based (i.e., organic) 
chemicals, often they can be dissolved by various 
alcohols (which are also organic chemicals). Hence, 
we wished to see whether exposure to a common 
mild solvent such as ethanol would affect the appear- 
ance of emeralds filled with the different substances. 


Test description: Sixteen emeralds were placed in 
high-purity ethanol (denatured, high-purity liquid 
chromatography [HPLC] grade) in two beakers held 
for 24 hours in a fume hood. Room temperature was 
21°C. The emeralds were removed from the ethanol, 
dried in air, and then reexamined. 


10. Cleaning: stronger, but still relatively mild chemi- 
cal solvent (acetone) 

Goal: Ethanol is considered a very mild solvent for 
organic chemicals such as oils and resins. Hence, a 
slightly stronger common solvent may show a more 
pronounced effect on the appearance of filled emer- 
alds, and it is common practice to try first with the 
weakest solvent. Acetone is also a component in fin- 
gernail polish remover, so this test might have bear- 
ing on some accidental damage in the home. 
Possibly, cleaning in acetone alone might have differ- 
ent results than cleaning in acetone after ethanol. 


Test description: The 16 emeralds used in test 9 were 
examined (compared to macrophotographs to categorize 
their appearance) and then placed for 24 hours in two 
beakers filled with spectroscopic-grade acetone (Aldrich 
Chemical Company no. 15,459-8) in a fume hood at 
22°C. The emeralds were then removed from the ace- 
tone, dried in air, and compared with the pretest images. 


li.e., “test’”’). In most cases, photos were also taken 
after the durability tests. 

Although filled emeralds can look quite different 
owing to choices of lighting among the various pho- 
tographers (e.g., figure 2) and the use of film (as in 
the earliest images) or digital (such as those taken 
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Figure 2. This emerald, filled with a mixture of cedar- 
wood oil and Canada balsam (no. 4728; left), had an 
obvious change due to ultrasonic cleaning in BCR 
(right). However, the appearance of the emerald in these 
photos, along with all the emerald photos, was influ- 
enced by changes in the choice of positioning, intensity 
of light, film, and processing choices by the different 
photographers. Therefore, the fissures visible parallel to 
the long axis of the emerald are not as evident in the 
right image, and the emerald’s color looks different. 


Figure 3. Changes in emerald appearance after dura- 
bility tests (before, left; after, right) were divided 


into four categories: obvious (no. 4706, 0.79 ct, ultra- 


sonic cleaning in water); slight (no. 4633, 1.09 ct, 
ultrasonic cleaning in BCR); very slight (no. 4936, 
2.95 ct, steam cleaning); and no observed changes 
(no. 4757, 0.46 ct, ethanol and acetone cleaning). 


Obvious 


Very : 
slight / 2% 
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immediately before and after the durability testing], 
the positions of fissures did not change. In this arti- 
cle, the backgrounds have been made uniform to 
facilitate the comparisons and the color of some 
images has been adjusted to more closely match the 
actual color of the stone at the time of the observa- 
tion. The images were not otherwise manipulated. 


Observations of Overall Appearance. It was usually 
possible to reproduce the overall appearance of an 
emerald in a photo by holding the stone under a high- 
intensity incandescent lamp, shifting its position, 
and then comparing the appearance of the emerald 
itself to its archived image on a computer monitor. 
The following factors were noted: any change in visi- 
bility of fissures and other inclusions to the unaided 
eye; any discoloration or change in transparency of 
the filler; and overall changes in transparency and 
color distribution in the emeralds. 

For comparison purposes, changes in emerald 
appearance (with the table up) due to durability test- 
ing were put into four categories (figure 3), listed 
here from greatest to least change: 


¢ Obvious: The after-testing emerald differed from 
the before-testing image at first glance, and vary- 
ing the lighting environment could not make the 
emerald match the photo. 


e Slight: The after-testing emerald resembled the 
before-testing image at first glance, but further 
examination of the emerald showed some change. 


¢ Very slight: Only subtle changes were seen in care- 
ful examination of the after-testing emerald and 
the before-testing image. These were confirmed by 
microscopic examination of the emerald. 


¢ No observed changes: No changes were seen, even 
with careful examination. Note, however, that 
microscopic examination, or photography from a 
different direction (e.g., of the pavilion side), might 
have revealed differences in appearance. 


Spectroscopy. Infrared spectra were taken in 
reflectance mode using a Nicolet Magna 550 Fourier- 
transform infrared (FTIR) spectrophotometer and its 
successors; details of spectral acquisition methods 
were published in Johnson et al. (1999). FTIR spectra 
were recorded for 57 emeralds (not all of which are 
included in table 1) with evident filled fissures. The 
goals were to see if quantitative measurements of 
filler loss could be made and to monitor any change 
in the FTIR spectra due to durability testing. All 
FTIR data are provided in the GG Data Depository. 
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RESULTS 

Initial Effectiveness of Emerald Fillings. Although 
this research did not focus on the effectiveness of 
the fillers, we did observe the changes in appear- 
ance they produced. The most dramatic examples 
for eight of the fillers—those that had the greatest 
impact on apparent clarity—are shown in table 2. It 
is possible that a professional filling laboratory 
would have been even more effective. The exam- 
ples provided in table 2 show that the presence of a 
filler can improve the apparent color distribution in 
emeralds, by getting rid of “white” areas caused by 
air-filled feathers. 


Durability Testing. The results for the durability 
tests are provided in table 3. The following types of 
changes were seen: Feathers were more evident, had 
opened up at the surface (cavities in the fissures 
were visible with magnification), leaked (oily fluid 
leaking out of fissures was visible with magnifica- 
tion), delaminated (a new opening along one side of 
the filler in the fissures was seen with magnifica- 
tion), extended (the length of the fissures increased), 
and new feathers were seen. Also, the filler deep 
within fissures could crystallize or turn cloudy. As 
expected, these durability tests had no observed 
impact on the unfilled emeralds, with one excep- 
tion (no. 4806), which reacted to the chill-thaw 
cycles. 

FTIR spectra proved not to be useful for tracking 
differences over time, since almost all filled emer- 
alds tested had some filler left after several years, and 
we found that the amount of filler indicated in the 
spectra depended on the path light took through the 
emerald. In no case did we see any changes besides 
intensity in the spectral features of the filler. 


Time. Thirteen of the 23 filled emeralds showed no 
observed change with time (see table 3). The emer- 
ald filled with Araldite 6010 showed a very slight 
change, a cloudy band throughout the stone (figure 
4). Slight changes were seen in six emeralds: two 
filled with cedarwood oil (emptying of feathers), two 
filled with paraffin oil (whitening at the surface or 
crystallization at depth: figure 5), one filled with a 
mixture of cedarwood oil and Canada balsam (feath- 
er more evident}, and one filled with surface-hard- 
ened NOA 65 (feathers leaking fluid onto their sur- 
face). Three emeralds showed obvious changes 
(feathers opening up) due to time alone—two filled 
with unhardened Opticon and one filled with paraf- 
fin oil (figure 6). 
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TABLE 2. Changes in emerald appearance according 
to filler type.? 


Filler/Sample no. 


Before filling 


After filling 


Araldite 6010 
No. 4508° 


Cedarwood oil 
No. 4479° 


Unhardened 
Opticon 


No. 4578° 


Paraffin oil 
No. 49224 


A 50:50 mixture 
of Canada 
balsam and 
Cedarwood oil 


No. 4495° 


Norland Optical 
Adhesive 65 


No. 4710° 


Surface- 
hardened 
Opticon 


No. 49239 


Gematrat 
No. 4708° 


@ Due to lack of “before” images, emeralds filled with Permasafe are not 
included in this table. All photos in this table were taken by Maha Calderon. 
© From Colombia. ° From Zambia. 7 From Zimbabwe. ® From Brazil. 


Exposure to Long-Wave UV Radiation. No changes 
were observed in 13 of the 16 filled emeralds with 
exposure to long-wave UV radiation, and none 
showed obvious changes. An emerald filled with 
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TABLE 3. Observed changes in the emeralds categorized according to durability tests and filler type.* 


Soft (liquid) fillers 


Semi-hard fillers 


Durability No 
test filler Araldite 6010 Cedarwood oil Unhardened Opticon Paraffin oil Cedarwood oil mixed 
with Canada balsam 
Time only o observed change Very slight (4584) No observed change No observed change No observed change — No observed change 
(4477, 4502, 4596) (4481,4719); 4515); (4774); 4702, 4742, 4917): 
Slight (4479, 4704) Obvious (4763, 4799) Slight (4599, 4640); + — Slight (4800) 
Obvious (4747) 
Long-wave UV 0 observed change No observed change No observed change No observed change ~ No observed change 0 observed change 
(4707*) (4566): (4744): 4585, 4937) (4563 (4598): 
Very slight (4506) Slight (4777) Slight (4770) 
Display case o observed change No observed change — Slight (4638*) No observed change —__No observed change 0 observed change 
(4477*, 4587) (4574) 4486); (4493); (4492) 
Slight (4594*) Very slight (4934) 
Chill-Thaw cycling 0 observed change No observed change No observedchange Noobserved change ~ No observed change 0 observed change 
(4472*): (4950*): (4481*) 4500); (4511*, 4801) (4751): 
Slight (4806) Slight (4508) Slight (4478) Obvious (4505) 
Desiccation o observed change No observed change Very slight (4507); Obvious (4807*) Very slight (4593) Slight (4470, 4715) 
(4755, 4919) (4570*): Slight (4920) 
Slight (4775) 
Ultrasonic cleaning in o observed change = Slight (4931) Obvious (4576*) Obvious (4706) Slight (4739) Slight (4495) 
water (4568) 
Ultrasonic cleaning in o observed change Obvious (4600 Obvious (4804) Slight (4722) Obvious (4484) Slight (4633); 
BCR (4930) Obvious (4728) 
Steam o observed change No observed change Very slight (4513*) | No observed change — Slight (4952*) No observed change 
(4636) (4592): (4918) (4483*, 4569) 
Slight (4938) 
Ethanol o observed change Obvious (4797 Obvious (4735) Obvious (4578, 4814) — Slight (4922): Slight (4639); 
(4720, 4786) Obvious (4716) Obvious (4773) 
Ethanol + Acetone o observed change Obvious (4797 Obvious (4735) Obvious (4578, 4814) Obvious (4716, 4922) Obvious (4639, 4773) 


(4720, 4786) 


aSample numbers are given in parentheses. Note that although all samples showed the effect of time, some samples only had comparison photos that were 
taken prior to the time exposure, so the changes reported reflect both the effect of time and the additional test (i.e., test + time). However, some samples 
had comparison photos taken only after the time exposure, so the changes reported reflect only the difference seen with the additional durability test 


(.e., test only, as indicated by an asterisk). 


Araldite 6010 showed a very slight change, with a 
feather near the tip slightly more evident. Two 
emeralds showed slight changes: One filled with 
cedarwood oil and one with a mixture of cedarwood 
oil and Canada balsam had feathers open up. 


Display Case Environment. Nine of the 15 filled 
emeralds showed no observed change. Two emer- 
alds showed very slight changes: One filled with 
paraffin oil showed crystallization similar to that 
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seen in figure 5, while feathers looked more evi- 
dent in a Permasafe-filled emerald. Three emeralds 
had slight changes: Feathers were more evident in 
a cedarwood oil-filled emerald, a surface feather 
had opened up in an emerald filled with unhard- 
ened Opticon, and a deep feather appeared to be 
opening up in an NOA 65-filled emerald. One of 
the two Gematrat-filled emeralds showed an obvi- 
ous change (figure 7), with feathers opening up at 
the surface. 


Figure 4, A 1.48 ct emerald 
filled with Araldite 6010 
(no. 4584; left, immediate- 
ly after filling) showed a 
very slight change with 
time (center): a cloudy 
band throughout the stone 
that became more evident 
(right; magnified 15x). 
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Surface-hardened fillers Hard fillers—rigid solids 


orland Optical © Surface-hardened Gematrat Permasafe 
Adhesive 65 Opticon 

0 observed 0 observed No observed 0 observed 
change (4733); change (4586, change (5347) —— change (5583, 5587) 
Slight (4573) 4785) 

0 observed 0 observed No observed 0 observed 
change (4772, change (4504, change (5344) ~— change (5586, 
4794) 4575) 5589") 

0 observed 0 observed No observed 0 observed 
change (4565): change (4567, change (4473*); — change (5585); 
Slight (4494) 4622) Obvious (4708) Very slight (5574) 

0 observed 0 observed Obvious (4816*) No observed 
change (4810, change (4942*); change (5578, 
4949") Slight (4745) 5579) 

0 observed 0 observed Obvious (91843) No observed 
change (4796) change (4805): change (5582); 

Very slight (4923) Slight (5452*) 
Slight (4444*) Very slight (4475) No observed 0 observed 
change (5357*) — change (5573) 
Slight (4710) Very slight (4729*) Slight (5356) 0 observed 
change (5581) 
No observed Very slight (4936) — Slight (5350*) 0 observed 
change (4749) change (5588): 
Very slight (5580) 
No observed No observed Slight (4795) Very slight (5575): 
change (4581, change (4721) Slight (5576) 
4757) 
No observed Slight (4721) Slight (4795) Very slight (5575); 
change (4757): Obvious (5576) 


Slight (4581) 


Chill-Thaw Cycles. One of the two unfilled emeralds 
showed a slight change in appearance, with more 
extended fractures. Eleven of the 16 filled emeralds 
had no observed change. Three filled emeralds 
showed slight changes: Feathers were slightly more 
evident in an emerald filled with Araldite 6010, there 
was a fresh-looking feather on the bezel of an emer- 
ald filled with unhardened Opticon, and filler was 
oozing out of an emerald filled with surface-hardened 
Opticon. An emerald filled with a mixture of cedar- 
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wood oil and Canada balsam (figure 8) had an obvi- 
ous appearance change, with a glassy feather on the 
pavilion now visible through the crown. Feathers had 
extended and cracked further in an emerald filled 
with Gematrat, causing an obvious change in appear- 
ance (figure 9). The changes in this last emerald and 
the unfilled one that was altered are particularly sig- 
nificant in that the emeralds themselves—not just 
the fillers—were damaged. 


Desiccation. Four of the 14 filled emeralds had no 
observed changes. Three emeralds showed very 
slight changes: One filled with cedarwood oil and 
one filled with surface-hardened Opticon showed 
very slightly more evident feathers; and one that 
was filled with paraffin oil showed surface feathers 
opening up subtly. Five emeralds showed slight 
changes: One filled with Araldite 6010, one filled 
with Permasafe, and two filled with a mixture of 
cedarwood oil and Canada balsam showed slightly 
more evident feathers; while one that was filled 
with cedarwood oil showed feathers appearing to 
open up at depth. Two filled emeralds—one with 
unhardened Opticon (figure 10) and one with 
Gematrat—showed obvious changes, in the form of 
more prominent feathers. 


Ultrasonic Cleaning in Water. The two emeralds 
filled with Gematrat or Permasafe had no observed 
changes. The emerald filled with surface-hardened 
Opticon had a very slight change, with feathers 
open at the surface. Four emeralds showed slight 
appearance changes: Surface-reaching feathers were 
opened up more in the emeralds filled with Araldite 
6010 and paraffin oil; and fissures were more evi- 
dent in the emerald filled with a mixture of cedar- 
wood oil and Canada balsam and the one filled with 
NOA 65. The emerald filled with cedarwood oil (fig- 
ure 11) not only had obvious, open fissures, but 
with magnification it also revealed material leaking 
onto its surface. Similarly, several feathers had 


Figure 5. A 0.74 ct emer- 
ald filled with paraffin 
oil (no. 4599; left, after 
filling) showed a slight 
change with time 
(center): crystallization 
at depth (right, magni- 
fied 35x). 
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SATIN-SPAR, LAZULITE, CHLORASTROLITE 


Figure (A) shows a fine specimen of the translucent fibrous, 
silky gypsum better known as satin-spar from Perm, Russia. The 
blue stone at (B) is lazulite, often confused with lazurite, 
Zematt, Switzerland. The light bluish green mineral at (C) is 
chloastrolite. In addition to its mottled appearance it possesses 
a chatoyant effect that readily identifies it. The Isle Royal in 
Lake Superior is the principal source of this material. The 
fibrous specimen at (D) is calcite, satin-spar, from Alston Moor, 
Cumberland. Specimens from the collection of British Museum 
(Natural History), London. 


PLATE XIX 


opened up in the unhardened Opticon-filled emer- 
ald (again, see figure 3), an obvious change. 


Ultrasonic Cleaning in BCR. All the filled emeralds 
except the one that was filled with Permasafe 
showed changes with this test. The emerald filled 
with surface-hardened Opticon showed a very slight 
change, with open feathers more cleaned out at 
depth. Four emeralds showed slight changes: One 
filled with unhardened Opticon, one filled with a 
mixture of cedarwood oil and Canada balsam (again, 
see figure 3), and one filled with Gematrat (figure 12) 
had feathers emptied out. An emerald filled with 
NOA 65 (figure 13) showed slightly more iridescent 
glassy feathers. Four filled emeralds showed obvious 
changes: One with Araldite 6010 (figure 14), one 
with cedarwood oil, one with paraffin oil, and one 
with a mixture of cedarwood oil and Canada balsam 
were partly emptied. 


Figure 7. A 1.65 ct Gematrat-filled emerald (no. 4708; 
left, after filling) showed the most obvious change in 

the display-case test (right), with feathers opening up 
at the surface. 
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Figure 6. This 3.57 ct emer- 
ald filled with paraffin oil 
(no. 4747; left) showed 
obvious changes due to 
time alone (center). 
Feathers, especially to 
right of center, were 
observed as more open 
(right, magnified 40x). 


Steam Cleaning. Perhaps because of the short time 
used in this test, differences in appearance were 
slight at most, and longer steaming may have 
resulted in further changes (see, e.g., Kammerling 
et al., 1991). Six filled emeralds had no observed 
changes. Three filled emeralds showed very slight 
changes: One with cedarwood oil had a little open- 
ing up of surface-reaching fissures; one with sur- 
face-hardened Opticon (again, see figure 3) had very 
slightly more evident feathers; and one with 
Permasafe had a very small crack forming at the 
end of a hollow tube. Three emeralds—one each 
filled with Araldite 6010, paraffin oil, and 
Gematrat—showed slight changes (i.e., more evi- 
dent feathers). 


Mild Chemical Solvents. As the same samples were 
used for both ethanol and acetone, the results will 
be provided together. 

One emerald filled with NOA 65 had no ob- 
served changes after both tests. An emerald filled 
with Permasafe showed very slight changes, with 
one small fissure slightly emptied out. Three emer- 
alds showed slight changes after acetone cleaning, 
with feathers open or more visible at the surface: one 
with NOA 65, one with surface-hardened Opticon 
(this sample had no observed change after ethanol 
cleaning), and one with Gematrat. Three emeralds 
showed slight changes with ethanol, but obvious 
changes with acetone, in which the filler was com- 
pletely cleaned out relative to the post-ethanol 
appearance; these included ones filled with paraffin 
oil, a mixture of cedarwood oil and Canada balsam, 


Figure 8. A 0.27 ct emerald 
(no. 4505; left, before filling), 
which was filled with a 
mixture of cedarwood oil 
and Canada balsam (cen- 
ter), had an obvious appear- 
ance change after five chill- 
thaw cycles (right): A glassy 
feather on the pavilion was 
visible through the crown. 
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Figure 9. A 0.47 ct Gematrat- 
filled emerald (no. 4816; left, 
after filling) showed obvious 
changes after five chill-thaw 
cycles (center). The photomi- 
crograph (magnified 40x) 
shows that some of the fis- 
sures have opened up and 
become more extensive. 


Figure 10. This 0.95 ct 
emerald (no. 4807; left) 
was filled with unhard- 

ened Opticon (center) 
and showed an obvious 

change, in the form of 
more prominent feathers 
(right), after a year ina 
desiccation chamber. 


Figure 11. A 1.09 ct emerald 
filled with cedarwood oil (no. 
4576; left) showed an obvious 

change after 30 minutes of 
soaking in water in an ultra- 
sonic Cleaner (center). Exami- 
nation with 30x magnifica- 
tion and reflected light shows 
the raised material leaking 
from the dark fissures (right). 


and Permasafe (figure 15). The remaining six filled 
emeralds showed obvious changes (i.e., emptying) 
with ethanol alone; these included one filled with 
Araldite 6010 (figure 16) one filled with cedarwood 
oil, both filled with unhardened Opticon, one filled 
with paraffin oil, and one filled with a mixture of 


Figure 12. A 1.49 ct emerald filled with Gematrat (no. 
5356; left, after filling) showed a slight change follow- 
ing 30 minutes of ultrasonic cleaning in BCR (right), 
with feathers somewhat emptied out. 
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cedarwood oil and Canada balsam (figure 17). 
Although we did not specifically test for the ease 
with which a filler could be removed (or reapplied), 
the FTIR spectra confirmed that ethanol and acetone 
could remove some fillers such as Araldite 6010 and 
cedarwood oil (see Ge?G Data Depository). 


Figure 13. This 1.50 ct emerald filled with surface- 
hardened NOA 65 (no. 4710; left, after filling) 
showed a slight change—slightly more iridescent 
glassy feathers—after 30 minutes of ultrasonic 
cleaning in BCR (right). 
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Figure 14. The fissures in this 0.74 ct emerald filled 
with Araldite 6010 (no. 4600; left, after filling) had 
been partly emptied out following 30 minutes of ultra- 
sonic cleaning in BCR, an obvious change (right). 


DISCUSSION 


What Conditions Affect the Appearance of Filled 
Emeralds? The results of the five exposure tests 
(time and exposure to long-wave UV |i.e., “sun- 
light”], the mild heat and light in a display case, 
chill-thaw cycling, and desiccation) and five clean- 
ing tests (ultrasonic in water, ultrasonic in BCR, 
steam, and soaking in ethanol followed by soaking 
in acetone) give some guidance as to the safety of 
exposing emeralds to certain environmental condi- 
tions and to various cleaning techniques. 

About 40% of the filled samples categorized (10 
of 23) showed noticeable changes (from very slight 
to obvious) due to time alone. However, it should 
be noted that about half the samples in the time 
test were in the soft category, and that those emer- 
alds had the most dramatic changes. Therefore, all 
categories of fillers are not equally represented in 
this statistic. A better gauge of the emerald fillers is 
that about 35% (19 of 54) of the filled emeralds 
changed in appearance without exposure to any par- 
ticularly harsh conditions (i.e., with exposure only 
to time, long-wave UV, or the mild heat and light of 
a display case). 

The exposure test that changed the highest per- 
centage of samples was a year in a desiccation envi- 
ronment after the basic time test. Desiccation made 
feathers appear more evident in 10 of the 14 filled 
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emeralds, more than 70%. This suggests that filled 
emeralds, like opals and pearls, should not be kept 
in safe deposit boxes or other “dry” environments, 
and emeralds worn in dry climates may need to be 
clarity enhanced more frequently. The chill-thaw 
cycles led to permanent damage of two emeralds 
themselves (i.e., not just their fillers). Although this 
test did not have the highest percentage of emeralds 
that showed changes, it produced the most catas- 
trophic changes. It is, therefore, important to avoid 
severe changes in temperature with any emerald, 
since this is the only test that affected an unfilled 
emerald used as a control sample. 

Ultrasonic cleaning in either water or BCR, and 
soaking in solvents such as ethanol and acetone, 
affected the appearance of most of the filled emer- 
alds (29 of 33; ~90%). Thus, cleaning filled emeralds 
risks changing their appearance. Steam cleaning is 
also risky, as noted by Kammerling et al. (1991), but 
it was done very gently in this study. In general, it 
should be considered potentially dangerous. 


Grouping Fillers by Viscosity. Rather than treat all 
the fillers individually, it made sense to consider 
them in groups to see whether any results could be 
generalized. In Johnson et al. (1999), we grouped 
emerald fillers by their spectral properties; in this 
study, however, the changes seen involve fillers 
leaking, solidifying, or delaminating from feather 
walls (and sometimes cracking the emeralds). 
Therefore, these fillers were grouped by their viscous 
properties—that is, their ability to flow. (Although 
fillers can discolor and react with the atmosphere, 
these properties may not be associated with their 
viscosity.) The results by filler type are given in fig- 
ure 18, which also suggests the probable durability 
behavior of untested fillers with similar viscosity. 


Soft Fillers. Only soft fillers showed obvious changes 
with time (however, it is possible that changes in 
other emeralds in subsequent durability tests may 


Figure 15. This 0.26 ct 
emerald filled with 
Permasafe (no. 5576; 
left, after filling) had a 
slight change after soak- 
ing in ethanol (center), 
but an obvious change 
after exposure to ace- 
tone (right). 
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Figure 16. A 0.80 ct emerald 
filled with Araldite 6010 
(no. 4797; left) showed obvi- 
ous changes following a day 
in ethanol (center). After a 
day in acetone (right), not 
only did the fissures look 
empty, but there was also 
no evidence of filler in the 
emerald’s FTIR spectrum. 


have been influenced by the time factor). In addition, 
emeralds with soft fillers showed obvious changes 
with desiccation, ultrasonic cleaning, and organic 
solvents. Soft fillers can crystallize (see, e.g., figure 
5), leak out (see, e.g., figure 11), harden (i.e., become 
rigid), or evaporate. In general, fissures looked empti- 
er with time and other exposure tests, and especially 
after cleaning in organic solvents. Of the soft fillers, 
unhardened Opticon showed the most instances of 
obvious changes with exposure tests (3 of 10 cases), 
but one of 10 emeralds filled with paraffin oil also 
showed an obvious change, due to time alone. 


Semi-Hard Filler. The semi-hard filler (a 50:50 mix- 
ture of cedarwood oil and Canada balsam) showed 
better results than soft fillers during the exposure 
tests; with one of 11 samples showing an obvious 
change (when subjected to the chill-thaw cycles; fig- 
ure 8). The feathers in this sample became more evi- 
dent, and some filler leakage was noted. Obvious 
changes were seen with ultrasonic cleaning and 
soaking in organic solvents in three of the five sam- 
ples. Although Canada balsam solidifies over 
decades (see, e.g., figure 19), there was no evidence 
of solidification in these samples over about six 
years. 


Figure 17. This 1.00 ct emerald, filled with a mixture 
of Canada balsam and cedarwood oil, looks yellowish 
in fissures after filling (no. 4773; left), but much of this 
color went away (along with the filler) after soaking in 
ethanol (right). 
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Surface-Hardened Fillers. No obvious changes were 
seen in the emeralds with surface-hardened fillers, 
although several showed slight changes. For 
instance, filler was oozing out of emerald no. 4745 
after chill-thaw durability testing, suggesting that 
the hard surface of the Opticon had cracked, which 
allowed the softer filler at greater depths to escape. 


Solid Fillers. There were no obvious changes from 
time alone in emeralds treated with the hard fillers 
Gematrat and Permasafe; but three of 16 emeralds 
(all three filled with Gematrat) showed obvious 
changes with other types of exposure (display case, 
chill-thaw cycles, and desiccation). Feathers became 
more evident, showing separation of the filler from 
the emerald (i.e., delamination along the width; fig- 
ure 20) and extension of fissures at the edges of the 
filled areas (again, see figure 9). Although slight 
changes in the samples treated with Permasafe were 
observed under these conditions, one emerald (no. 
5587), which showed no macroscopic change over 
time, revealed fissures extending in length beyond 
the filled area when examined with the microscope. 
Thus, further fracturing of emeralds with both of 
these hard fillers was observed under various condi- 
tions, suggesting that hard fillers in general might 
cause such problems due to differential thermal 
expansion (like granite being cracked by ice). 

One emerald treated with Permasafe showed 
obvious changes (partial emptying of fissures) after 
cleaning with ethanol and acetone (again, see figure 
15). Otherwise, appearance changes related to the 
cleaning of emeralds with hard fillers were slight at 
most. 


Nature of Appearance Changes and Damage in 
Emeralds. The changes that cause the greatest con- 
cern are those that damaged the emeralds them- 
selves, by feather extension (again, see figure 9). 
(Fissure widening may also damage emeralds, but 
this study generally did not distinguish widening 
from fissures opening up, delaminating, or becom- 
ing more evident, all of which could be due to 
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Figure 18. The observed changes in the filled emeralds varied dramatically (from none to obvious) depending on 
the viscosity of the filler and the type of durability test. Generally, cleaning the filled emeralds led to much more 
noticeable differences in their appearance than the exposure tests. 
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Figure 19. This magnified (20x) image of Canada bal- 
sam (poured on a slide in the mid-20th century) 
shows cracks, gas bubbles, and an irregular surface. 
Anecdotal evidence indicates that Canada balsam 
solidifies and gets darker over decades. 


changes in the filler rather than the emerald.) The 
next level of concern is for changes that occur with- 
in filled fissures (cloudy or crystallizing filler], as the 
changed material invariably affects the apparent 
clarity of the emerald and may be hard to remove. 
Open, leaking, and more evident feathers also cause 
worries for jewelers since these are likely to dismay 
customers. 

Most of the exposure conditions (e.g., the long- 
wave UV component of sunlight, mild heat and light 
las approximated by a display-case environment], 
along with cold and temperature fluctuations [chill- 
thaw cycling]} did not significantly affect the appear- 
ance of most filled emeralds. However, repeated 
exposure to cold should be avoided, since this 
extended the fissures in two emeralds, and one sam- 


Figure 20. Delamination, or separation of the filler in 
fissures from the host emerald, makes this fissure in a 
Gematrat-filled emerald (no. 4816) more obvious after 
chill-thaw testing. Photomicrograph by Shane F. 
McClure; magnified 25x. 
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ple showed the filler delaminating from the walls of 
the fissures (again, see figure 20). 

Two emeralds filled with paraffin oil showed 
filler crystallization at depth (again, see figure 5) 
under mild conditions (time, display case exposure). 
Cloudy filler was seen in one sample filled with 
Araldite 6010 (figure 4); Johnson et al. (1999) noted 
that such resins form cloudy emulsions with water 
in emeralds, which might account for the change 
seen here. Since cloudy or crystallized material 
might require additional effort to remove from a 
filled emerald, these emeralds might need extra 
attention during refilling. 

The most common exposure-related appearance 
change, with 16 cases, was the greater visibility of 
preexisting feathers. These changes apparently did 
not represent damage to the emerald (as seen by 
comparing “before filler” images to “after testing” 
images), but they exposed its natural (prefilled) state 
after the filler had leaked out or evaporated (again, 
see figures 8 and 10). Four cases of more evident fis- 
sures after testing involved surface-hardened or hard 
fillers; these represent some change besides leakage 
or evaporation. The most obvious explanation 
would be that the hard filler separated from the 
emerald surface, thus letting out filler (seen as leak- 
age) or letting in air. 

Another common change, with 11 examples 
seen in the exposure tests, was the apparent open- 
ing up of preexisting feathers. In most of these cases 
presumably the fissures were already open at the 
surface (again, see figure 6) so that fillers evaporated, 
but fissures opening wider is another possible cause 
for this change. 

Four emeralds with more evident or open feathers 
after the exposure tests contained hard fillers: two 
with Gematrat (figure 7), and two with Permasafe. 
The changes occurred during the display-case and 
desiccation tests. As with sample no. 5587 men- 
tioned above, which cracked microscopically over 
time, these samples suggest that hard fillers may 
cause appearance changes—or even damage emer- 
alds—without being subjected to particularly harsh 
circumstances. 


CONCLUSIONS 

Durability testing was performed on 142 emeralds 
using nine fillers. About 35% of the filled emeralds 
changed in appearance due to rather mild durability 
testing. The desiccation test affected the highest 
percentage of the samples subjected to those condi- 
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Figure 21. Emeralds create memorable pieces of jewel- 
ry such as these two rings (left, 3.30 ct; right, 16.16 ct). 
However, to help preserve their beauty, filled emer- 
alds need to be treated with care and not subjected to 
extreme environments. Courtesy of Grando Inc., Los 
Angeles; photo by Harold & Erica Van Pelt. 


tions, but the chill-thaw cycles led to the most 
damage to individual stones. 

Every filler type showed changes with one or 
more types of exposure. In most cases after testing, 
the filled emeralds resembled their unfilled condi- 
tion, with feathers that were opening or more visi- 
ble. Emeralds with soft fillers were the most likely 
to be affected. Such changes might not damage the 
emeralds, but they could distress a customer who 
had not realized the emerald was filled. A few of the 
emerald fillers showed crystallization at depth 
(paraffin oil) or cloudiness (Araldite 6010). In other 
emeralds, many with hard fillers, the fissures 
appeared to have been extended or broadened. The 
surface-hardened fillers showed the least damage 
from exposure tests, with no obvious changes. 

In the cleaning tests, a desirable filler would be 
durable during jewelry cleaning (e.g., ultrasonic 
tests], but easily removed with the “right” solvent. 
However, almost every filler that was easily 
removed (with either ethanol alone, or ethanol and 
acetone} was also easily changed by ultrasonic 
cleaning, which is probably the most common 
method used for cleaning jewelry. Surface-hardened 
and hard fillers were the most durable in jewelry 
cleaning. 

The following limitations of this study should 
be made clear to the reader: (1) Only a limited 
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number of samples with each filler were tested, (2) 
the study did not include tests independent of the 
time factor; (3) it did not test any fillers first in use 
after 1998, such as the successors of Gematrat (the 
ExCel types), NOA 71, or “Perma”; and (4) the data 
for acetone are not independent of the ethanol 
results. Additionally, although this study dealt 
with emeralds that were filled after faceting, recent 
reports describe significant durability problems 
related to emeralds filled while in the rough or pre- 
formed state (Roskin, 2007). Finally, variations in 
locality of origin, prior filling history, and original 
clarity of the emeralds could also affect the out- 
come of these durability tests. It is clear that more 
work remains to be done. 

Fillers add risk by hiding or disguising existing 
durability problems. There is also the risk involved 
in cleaning and filling the emerald—and removing 
damaged fillers. None of the fillers used for this 
study were stable to all the tests, but the results 
imply that the best candidate with regard to the 
durability of the filled emerald’s appearance under 
conditions of normal wear and care appears to be a 
surface-hardened liquid. Additional concerns apply, 
though. For example, surface-hardened liquids may 
be difficult to remove in the event of an appearance 
change, or a client’s desire to have an untreated 
stone; and viscous liquids usually require pressure if 
they are to be introduced into emeralds, creating 
additional risks in the filling process (see, e.g., 
Kennedy, 1998). 

Although emeralds are often set with diamonds 
(figure 21), these results show that emeralds should 
not be treated in the same manner. Emerald appear- 
ance can be quite variable over time and quite sus- 
ceptible to environmental conditions. 

So what should a jeweler tell a client? The bot- 
tom line is that filled emeralds—which are most 
emeralds—require maintenance and disclosure. 
Here is a possible script: 

“Like pearls, and unlike most diamonds, your 
emerald is a delicate stone. It has probably had its 
fissures filled and sealed in some fashion. You 
should clean it only with soap and water, and avoid 
ultrasonic cleaning or harsh chemicals. If you notice 
a change, bring it back and we will be happy to have 
it resealed (just as we would help you by cleaning 
your jewelry, or replacing watch batteries). If you 
are concerned about the extent to which it is 
enhanced, we can get a laboratory report for you.” 
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NOTES & NEW TECHNIQUES 


CONTINUITY AND CHANGE IN 
CHINESE FRESHWATER PEARL CULTURE 


Doug Fiske and Jeremy Shepherd 


The great majority of Chinese freshwater cul- 
tured pearls are produced by implanting tissue 
pieces in the mantle of Hyriopsis cumingii 
mussels. Farmers have experimented with 
bead nucleation, but until recently the meth- 
ods tried did not produce the quantity or 
quality necessary for economic success. In the 
late 1990s, Chinese researchers imported 

H. schlegelii mussels from Japan, began 
propagating them in hatcheries, and started 
cross-breeding them with native H. cumingii 
mussels. Using the two pure species and the 
hybrid, Chinese farmers produce tissue- 
implantation-only cultured pearls and have 
developed a method called coin-bead/spheri- 
cal-bead nucleation. This method has yielded 
significant quantities of jewelry-quality 
baroque shapes and lesser quantities of jewel- 
ry-quality rounds and near-rounds. Continued 
experimentation is expected to increase the 
percentage of rounds and near-rounds. 


freshwater pearl culturing provinces in China. 

One author (DF) had visited the area in 1998, and 
the other (JS) had visited several times a year since 
1996. The authors’ purposes were to gather informa- 
tion for the revision of the GIA Pearls course (DF) 
and for the online forum Pearl-Guide.com (JS), and 
to buy commercial quantities (JS) of Chinese fresh- 
water cultured pearls (CFCPs). The authors found 
that, like virtually everything in China, freshwater 
cultured pearl production is changing rapidly. This 


| n April 2007, the authors traveled to some of the 
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article reviews the current situation and describes 
some of the changes. Unless otherwise indicated, 
the information came from interviews with 
Chinese pearl farmers, processors, and dealers, and 
from the authors’ observations while visiting pearl 
farms in Anhui, Jiangsu, and Zhejiang provinces. 


PAST AND PRESENT 


Since about 1970, when small “rice” pearls first 
appeared internationally, the overwhelming majori- 
ty of CFCPs have been produced by implanting tis- 
sue pieces from donor mussels in the mantles of 
host mussels, waiting several years, and harvesting 
the resulting cultured pearls. At an unknown time 
after the introduction of this process, farmers began 
producing a far smaller volume of bead-nucleated 
CFCPs. Over the years, they experimented with 
various means of bead nucleation. 


Tissue Pieces Only. Today, the great majority of 
CFCPs are produced by implanting donor-mussel 
tissue pieces in the mantles of Hyriopsis cumingii 
(triangle shell, san jiao fan bang in Mandarin 
Chinese) mussels, waiting three to five years, and 
harvesting the resulting cultured pearls. For 2006, 
the most frequently cited volume was 1,500 metric 
tons (J. Chan, T. Shou, F. Tian, and W. Zhan, pers. 
comms., 2007). About 800 metric tons were suit- 
able for use in jewelry (J. Chan, pers. comm., 2007), 
some of superior quality (figure 1). 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 43, No. 2, pp. 138-145. 
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Bead Nucleation. Akamatsu et al. (2001) reported 
three bead-nucleation methods then used in 
Chinese freshwater pearl culture. Of these, the pre- 
sent authors found only “bead nucleation by direct 
operation” still being practiced by some Chinese 
freshwater pearl farmers. To understand this 
method and its results, it is helpful to use the terms 
first generation and second generation. 

With direct operation, first generation is the 
implantation of tissue pieces as mentioned above. 
Generally, the mussel mortality rate at first-gener- 
ation harvest is 90% (W. Zhan, pers. comm., 2007). 
At that time, technicians assess the health of the 
surviving mussels and the quality of the cultured 
pearls produced. They return some mussels to the 
water to create second-generation cultured pearls. 
Technicians implant some of the original pearl 


*As used by Chinese freshwater cultured pearl farmers, processors, 
and dealers, the term keshi does not fit the CIBJO definition, which 
refers to a similar product but restricts it to saltwater pearl culture. 
This article reflects Chinese usage, which defines keshi as a second- 
generation cultured pearl created in a pearl sac that formerly held a 
cultured pearl or shell bead of any shape. 
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Figure 1. These round 
(6.5-7.5 mm), natural- 
color, exceptional- 
quality Chinese fresh- 
water cultured pearls 
were grown with tissue 
implantation only. 
They were not treated 
in any way. The 
authors were not pre- 
sent at the harvest and 
could not identify the 
mussel that produced 
them. Courtesy of 
PearlParadise.com; 
photo by Kevin 
Schumacher. 


sacs with a spherical bead nucleus or a nucleus of 
one of several other shapes. They leave other pearl 
sacs empty to produce what Chinese farmers call 
“Keshi”* pearls. The ensuing pearl-growth period 
is three to four years (W. Zhan, pers. comm., 2007). 
With the direct-operation method, second-gener- 
ation cultured pearl quality is worse than first gen- 
eration, and there is a lower incidence of rounds and 
near-rounds. The second-generation harvest con- 
tains many buttons and baroques, some with tails (J. 
Chan, Y. Lou, and W. Zhan, pers. comms., 2007). 


RECENT DEVELOPMENTS 


During our trip, we learned of two important devel- 
opments in Chinese freshwater pearl culture. One 
involved the introduction of a non-native mussel, 
its hybridization with a native mussel, and the evi- 
dent use of both pure species and the hybrid in pearl 
culture. The other development was an innovative 
bead-nucleation process. 


H. schlegelii in China. Some Chinese pearl farmers 
reported that H. cumingii is still the only mussel 
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STANDARDIZING THE 
NOMENCLATURE UF GEMS) 


by 


EDWARD H. KRAUS, Ph.D. 


It has long been the practice to give 
minerals and gems names that indicate 
either some chatacterizing -physical pro- 
petty, an important chemical constituent, 
or the locality where first found; also some 
miineral names honor a scientist or the dis- 
coverer of the mineral. Thus, we have 
azutite because of its characteristic color; 
zircon because it is a compound of the 
element zirconium; feldspar from the Ger- 
man word feldspath meaning a mineral 
found in the field; vesuvianite, because it 
was first found on Mount - Vesuvius; brazil- 
ianite, the recently described gem mineral 
from Brazil, and smithsonite, honoring 
James Smithson, who founded and endowed 
the Smithsonian Institution in Washington, 


DEG: 


Many names are the heritage of. the dis- 
tant past, and are well established and can- 
not easily be replaced by more. accurate 
scientific names. For example, amethyst from 
the Greek meaning “without drunkeness,” 
because the gem was supposed to be a 
remedy for intoxication. I do not suppose 
that this ancient belief is ever mentioned 
today to a prospective buyer. Then, too, 
many popular names have been in use for a 
long time. Some of them are desirable and 
should be retained. This is especially true 
of gem minerals which occur in many varie- 
ties, thus the ruby and. sapphire. varieties of 
corundum, and the varieties of beryl known 


as emetald, acquimarine, morgenite, and 
goshenite. There are, however, other popu- 
lar names which are designed to increase 
the sale value, whereby a cheaper stone is 
given a name resembling or suggesting that 
of a more valuable gem. For example, the 
red pyrope garnet has frequently been called 
by such misleading trade names as American 
ruby, Arizona ruby,:Cape ruby, and the like. 
Rose quartz has often been designated as 
Bohemian ruby, and the somewhat mislead- 
ing term rubellite is applied to red or pink 
tourmaline. These terms, which are long 
standing, as well as some of more recent 
date such as starlite, introduced by George 
F. Kunz for the blué zircon the result of 
heat treatment, should be discontinued. 
During the past:20 years much progress 
has been made in Europe and in the United 
States and Canada towards standardizing gem 
names. In 1928 the National Association 
of German Jewelers, Goldsmiths, and Silver- 
smiths, the Chamber of Industry and Com- 
merce in Idar adopted a nomenclature which 
was especially designed to meet the needs of 
the trade and of science. The nomenclature 
was compiled by Professor R. Brauns of 
the University of Bonn, Professor K. Sch- 
lossmacher of the University of Koenigsberg, 
and O. Holstein in charge of the Technical 
School at Idar. The list gives the mineral 
1) “An address presented before the 1949 Con- 


clave of the American Gem Society in 
Boston, 


SPRING 1949 
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Figure 2. When the CBSB-nucleated freshwater cul- 
tured pearls known as “fireballs” first appeared on the 
wholesale market in 2002, luster and surface quality 
were poor, as this strand (10-11 mm) shows. Courtesy 
of PearlParadise.com; photo by Kevin Schumacher. 


they use to culture freshwater pearls. However, a 
large pearl-farming company in Zhuji said that 80% 
of its mussels are H. cumingii and 20% are H. 
schlegelii (pond butterfly shell, ci die bang in 
Mandarin Chinese). That company estimated that 
generally in China, 70% of the freshwater cultured 
pearl production is from H. cumingii, while 30% is 
from H. schlegelii. In Japanese, “pond butterfly” is 
ikecho, also called the Biwa pearly mussel. 

M. Fujita began culturing freshwater pearls in H. 
schlegelii at Lake Biwa, Japan, in 1914 (Pearl 
Museum, 1998). Freshwater pearl culture continues 
at Lake Biwa to this day, although pollution has 
severely reduced the volume (Pawasarat, 2007). Due 
to their colors and quality, Japanese Biwa cultured 
pearls have achieved something of a legendary sta- 
tus in pearling circles. 

Evidence indicates that some Chinese freshwa- 
ter pearl farmers have been culturing pearls in H. 
schlegelii and in the H. cumingii x H. schlegelii 
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Figure 3. The CBSB-nucleation method recently pro- 
duced these four baroques and one “keshi” (center). 

They were sieve-sized at 13-14 mm. Excellent luster 
and variable color are often seen in CBSB-nucleated 
pearls harvested today. Courtesy of Sea Hunt Pearls; 
photo by Kevin Schumacher. 


hybrid for several years. A search of the Chinese- 
language scientific literature reveals a strong pres- 
ence of H. schlegelii in China, its superiority to H. 
cumingii as a pearl-bearing mussel, and the superi- 
ority of its hybrid with H. cumingii to either pure 
species with respect to pearl culture (e.g., Lei, 2005; 
Xu et al., 2005; Xie et al., 2006). 


Coin-Bead/Spherical-Bead (CBSB) Nucleation. This 
method involves implanting a coin-shaped bead and 
tissue piece at first generation, and often only a 
spherical bead at second generation. The process pro- 
duces the CFCPs called “fireballs” (figure 2), other 
baroque shapes, “keshis,” “coin pearls,” and rounds 
and near-rounds. The volume is significant and 
growing rapidly, but producers will not give specifics 
(J. Chan and W. Zhan, pers. comms., 2007). Rounds 
range from 10 to 15.5 mm, while baroques can mea- 
sure up to 25 mm long. Natural colors include 
“lavender,” purple, “peach,” “gold,” blue, and white 
(see, e.g., figure 3). Several colors often appear in the 
same cultured pearl. We believe this method (figure 
4) is used with H. cumingii, H. schlegelii, and the H. 
cumingii x H. schlegelii hybrid. 

Fireballs first appeared on the wholesale market 
in 2002. They and other CBSB pearls have been 
mentioned and shown in some trade publications, 
and the production method has been touched 
upon, but not explored in detail (Federman, 2006; 
Wong, 2006). In standard pearl terminology, fire- 
balls are baroques. They come in an infinite vari- 
ety of shapes. What they have in common is a bulb 
somewhere in the cultured pearl and, sometimes, 
a spiked tail stretching from it. As noted above, 
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Coin-Bead/Spherical-Bead (CBSB) 


= _ Incision 


5 Tissue piece 


Nucleation and Alternatives oe 


Process begins when the Hyriopsis cumingii 
mussel measures about 14 cm in diameter 
and is three to four years old. 


Implant coin beads and tissue pieces 
in posterior ventral margin of each valve. 


Wait one year. 


Leave “coin pearls” in mantle to grow, or 
harvest “coin pearls” and return mussel to 
water to grow “keshis.” Choice varies within 
each mussel and among all mussels. 


Wait one year. 


Harvest “coin pearls” or “keshis,” and 
implant spherical beads in existing pearl 
sacs. Or don’t harvest “coin pearls” or 
“keshis,” and let either or both continue to 
grow. Choice varies within each mussel 
and among all mussels. 


Wait one or two years. 


Harvest CBSB pearls and/or “coin 
pearls” and “keshis.” 


Total pearl-growth period is three or four years. 
Mussel is six to eight years old at final harvest. 
Alternatives are shown in one mussel and can 
vary among mussels. 


Empty pearl or 
“keshi” sac 


“Coin pearl” 
“Keshi” 

Spherical bead 
CBSB round pearl 


a 


e 
gs 
ce) 
2) 
g 


Shells are shown open for illustration purposes only. 


CBSB baroque pear! 


Figure 4. Illustrated here are the various options for coin-bead/spherical-bead nucleation in H. cumingii 
as practiced on some freshwater pearl farms in China. Evidence indicates the method is also used with 
H. schlegelii and the H. cumingii x H. schlegelii hybrid. Illustration by Karen Myers. 
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Figure 5. These “coin pearls” and “keshis” were har- 
vested prematurely for demonstration purposes about 
17 months after coin beads were implanted. One year 
after implantation, the farmer left these “coin pearls” 
in the mussels to continue to grow. At that time, he 
harvested other “coin pearls” and returned the H. 
cumingii mussels to the water to let them develop 
“keshis.” The “keshis” shown are about five months 
old. Courtesy of He Jainhua; photo by Valerie Power. 


however, other pearls cultured by the same means 
are round or near-round. 

When Chinese freshwater pearl farmers use H. 
cumingii to start the process that yields fireballs 
and other shapes, the mussel measures about 14 cm 
in diameter and 19 cm laterally. At that size, it is 
between three and four years old. Technicians 
implant two or three coin-shaped shell beads, each 
accompanied by a 1-mm-square donor-mussel tis- 
sue piece, in the posterior ventral margin of each 


valve. The low number of beads helps ensure bigger 
and better-quality cultured pearls. The unusually 
small tissue piece helps minimize or eliminate 
the tail on the resulting “coin pearl” (J. He, pers. 
comm., 2007). 

After one year, farmers decide on one of two 
steps to take next. First, their technicians can har- 
vest the “coin pearl” and return the mussel to the 
water for another year to produce an often petal- 
shaped “keshi” pearl. Second, they can let the 
“coin pearl” continue to grow for an additional 
year (figure 5). 

After the second year, farmers make one of three 
choices for each pearl sac. First, their technicians 
can harvest the “coin pearl” or “keshi” and place a 
9-12.5 mm spherical bead in each of the empty 
pearl sacs. Second, they can let the existing “coin 
pearl” continue to grow. Third, they can let the 
existing “keshi” continue to grow. After the choice 
is made, technicians return the mussel to the water 
for one or two additional years. At this stage, a two- 
year pearl-growth period produces bigger and better- 
quality cultured pearls (J. He, pers. comm., 2007). 

X-radiography at the GIA Laboratory in 
Carlsbad revealed the internal features of the three 
different kinds of cultured pearls produced by this 
method (figure 6). X-ray fluorescence and EDXRF 
testing of the beads in round and baroque samples 
proved they were of saltwater-mollusk origin (fig- 
ure 7). Beads used in saltwater pearl culture and the 
direct-operation freshwater pearl culture method 


Figure 6. The photograph (left) and composite X-radiograph (right) are of the same CBSB-nucleated cultured pearls 
and are configured in parallel. The top sample shows a spherical bead nucleus, the one on the left shows a coin 
bead nucleus, and the one on the right is a “keshi” with no nucleus. The samples were sieve-sized at 12-14 mm. 
Courtesy of Sea Hunt Pearls; photo by Kevin Schumacher, X-radiograph by Cheryl Wentzell. 
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Figure 7. A 13.4 mm CBSB-nucleated round pearl sawn in half on the drill-hole axis revealed a 10.7 mm shell bead 
(left). An 11 x 23 mm CBSB-nucleated baroque pearl sawn in half on the long axis revealed a 9 mm shell bead 

(right). X-ray fluorescence and EDXFF tests proved the beads to be of saltwater origin. Courtesy of Sea Hunt Pearls; 
photos by Kevin Schumacher. 


described above are virtually always of freshwater- 
mussel origin. 

During the final CBSB one- or two-year pearl- 
growth period, H. cumingii typically deposits 
0.5-0.75 mm of nacre per year on the “coin pearl,” 
on and often adjacent to the spherical shell bead, 
and on the “keshi.” In two years, a 12 mm spherical 
bead can become a 15 mm round or near-round cul- 
tured pearl, or a baroque cultured pearl with or 
without a tail (J. He, pers. comm., 2007). 

How the tail develops or why it does not is not 
precisely known. Speculation centers on what hap- 
pens when a technician places a spherical bead in a 
coin-shaped pearl sac. The result depends on the 
size of the spherical bead and sac, where in the sac 
the technician presses the spherical bead, the elas- 
ticity of the sac, and how the mantle tissue reacts. 
The technician’s skill and his or her possible intro- 
duction of random epithelial cells can also affect the 
final product (J. He and G. Latendresse, pers. 
comms., 2007). 

The incision that permits removal of a coin bead 
and insertion of a spherical bead is lateral and faces 
the technician. If the mussel accepts the spherical 
bead and heals the incision, the pearl sac closes and 
the mantle tissue deposits nacre. If the mussel 
expels the spherical bead, a “keshi” pearl forms in 
the sac and becomes whatever shape the sac adopts 
after the incision heals. 

If the pearl sac completely conforms to the 
spherical bead (figure 8), it deposits nacre only on 
the bead, and a round or near-round cultured pearl 
results. If the pearl sac does not conform to the 
spherical bead, it deposits nacre on the bead and in 
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any void that remains in the sac. In that case, a 
baroque cultured pearl results, with or without a 
tail. Baroques occur more frequently than rounds 
and near-rounds. 


Figure 8. This spherical bead in an H. cumingii 
mussel was on its way to becoming a CBSB-nucle- 
ated cultured pearl. The cultured pearl would prob- 
ably have been round or near-round when harvest- 
ed, because the formerly coin-shaped pearl sac had 
conformed closely to the spherical bead. A techni- 
cian implanted the spherical bead about five 
months before the photo was taken, along with 
other spherical beads that had been removed at the 
time of photography. Photo by Valerie Power. 
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CONCLUSION AND PROJECTION 


Chinese freshwater pearl farmers are creative, 
industrious, and resourceful people. They originated 
pearl culture about 800 years ago by creating blister 
pearls in Cristaria plicata mussels. In the 1960s and 
1970s, they flooded the market with wrinkled, 
oddly shaped “rice” pearls, also grown in C. plicata. 
In the 1980s, farmers switched to H. cumingii mus- 
sels, maintained a huge volume, and began improv- 
ing their product in every value factor. In the late 
1990s, Chinese researchers imported H. schlegelii 
from Japan, propagated the species in hatcheries, 
and produced a hybrid with H. cumingii. We believe 
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Figure 9. The 12-14 
mm baroque CFCPs in 
these strands were pro- 
duced using the CBSB- 
nucleation method. 
Those in the multicol- 
ored strand are natural 
color, while those in 
the white strand were 
bleached. A 15 mm 
bleached round CFCP 
is shown for compari- 
son. The authors could 
not identify the mussel 
that produced these 
CFCPs. Courtesy of Sea 
Hunt Pearls; photo by 
Kevin Schumacher. 


farmers later began using H. cumingii, H. schlegelii, 
and the hybrid to grow tissue-only and CBSB-pro- 
cess cultured pearls (figure 9). 

The CBSB method is the latest in a long chain 
of successes that have resulted from constant 
experimentation. Some observers now predict that 
within two years, Chinese freshwater pearl farm- 
ers will discover how to control shape using the 
CBSB method (J. Lynch, pers. comm., 2007), will 
continue to improve quality, and will consistently 
produce rounds, near-rounds, and whatever other 
shapes and quantities the market demands and can 


absorb. 


GEMS & GEMOLOGY SUMMER 2007 


ABOUT THE AUTHORS 

Mr. Fiske (dfiske@gia.edu) is a writer/editor in the Course 
Development department at GIA in Carlsbad, California. Mr. 
Shepherd is the founder of PearlParadise.com Inc. and 
Pearl-Guide.com in Los Angeles. 


ACKNOWLEDGMENTS 

The authors gratefully acknowledge Jack Lynch of Sea Hunt 
Pearls in San Francisco for supplying Chinese freshwater 
cultured pearl samples for examination and photography, 
and You Hong Qing of Xuwen Jinhui Pearl Co. in Xuwen, 
China, for research assistance. Special thanks to Faye Tian 
of Holy City Pearl Co. in Zhuji, China, for being a gracious 
guide and host. The authors thank Cheryl Wentzell, Sam 
Muhlmeister, and Dino DeGhionno of the GIA Laboratory in 


REFERENCES 


Akamatsu S., Li T., Moses T., Scarratt K. (2001) The current sta- 
tus of Chinese freshwater cultured pearls. Gems & 
Gemology, Vol. 37, No. 2, pp. 96-109. 

Federman D. (2006) Fireball cultured pearls. Modern Jeweler, Vol. 
105, No. 6, pp. 51-52. 

Lei S. (2005) Aquaculture varieties: Hyriopsis schlegelii artificial 
breeding. Journal of Beijing Fisheries, No. 4, pp. 62-63. 

Mikimoto Pearl Island (1998) Pearl Museum. Toba City, Japan. 

Pawasarat C. (2007) Biwa on the edge. Colored Stone, Vol. 20, 
No. 3, pp. 26-30. 


Carlsbad for the X-radiographs/X-ray fluorescence testing, 
EDXRF analysis, and sawing, respectively. The authors are 
grateful to Gina Latendresse of The American Pearl 
Company in Nashville, Tennessee, for her expertise. The 
authors are especially grateful to pearl farmers Cai Shui 
Miao, He Jainhua, and Yang Jinlong of Zhejiang Province; to 
Joyce Pan, Shao Wei Huan, Wang Jian, and Zhan Wei Jiang 
of Grace Pearl Co. in Zhuji and Hong Kong; to Lou Yongqi 
and Shou Tian Guang of Shanxiahu Pearl Group Co. in 
Zhuyji; to Lu Ling Hong of Heng Feng Jewellery Craft Factory 
and Zhou Hai Lin of Joint Venture Pearls Cultivation Holding 
Co. in Weitang, Jiangsu Province; and to Johnny Chan of 
the Hong Kong Pear! Association. Thanks also to Melissa 
Wong of Jewellery News Asia in Hong Kong for her gener- 
ous assistance. 


Wong M. (2006) Production of bead-nucleated freshwater pearls 
on upward trend. Jewellery News Asia, No. 261, p. 62. 

Xie N., Li Y., Zheng H., Wang G., Li J., Oi N., Yuan W. (2006) 
Comparison of culture and pearl performances among 
Hyriopsis schlegelii, Hyriopsis cumingii and their reciprocal 
hybrids. Journal of Shanghai Fisheries University, Vol. 15, 
No. 3, pp. 264-269. 

Xu X., Qiu Q., Sun X., Luo J., Hu G., Jiang Y. (2005) A compara- 
tive study of Hyriopsis schlegelii and H. cumingii mussels in 
pearl production. Jiangxi Fishery Sciences and Technology, 
No. 1, pp. 39-41. 


Whether it’s the young family member just starting their gemology 
education or the client you’ve done business with for decades, 
we’re sure there’s someone on your list who would love a gift 
subscription to Gems &) Gemology. Order now and we'll even 
include this personalized gift card. And if you've got a long gift 

list, ask about our special rates for bulk subscription orders. 


The Quarterly Journal That Lasts A Lifetime 


To order, visit and click on Gift Subscriptions. 


Call : within the U.S., or ext. 


NOTES AND NEW TECHNIQUES Gems & GEMOLOGY SUMMER 2007 145 


Rapid Communications 


YELLOWISH GREEN DIOPSIDE AND 
TREMOLITE FROM MERELANI, TANZANIA 


Eric A. Fritz, Brendan M. Laurs, Robert T. Downs, and Gelu Costin 


tion (typical of diopside, which is a pyroxene) shown by 
- ; : other crystals in the parcels. 
Four similar-appearing yellowish green samples Mr. Ulatowski loaned one example of both types of 


from Block D at Merelani, Tanzania, were identified crystals to GIA for examination (figure 1), and we also 
as diopside and tremolite. The gems are identical in 


color, but their standard gemological properties are 
typical for calcic pyroxene and amphibole. The 
identification of the diopside was made with Raman 
spectroscopy, while single-crystal X-ray diffraction 
and electron-microprobe analyses were used to 
confirm the amphibole species as tremolite. 
Absorption spectroscopy (in the visible-mid-infrared 
range) revealed that the two gem materials are col- 
ored by V?*, Cr?*, or both. 


Figure 1. These yellowish green crystals were recov- 
ered from Block D at Merelani in the latter part of 
2005. A blocky morphology is shown by the diopside 
crystal (1.6 cm tall; left and bottom), whereas the 
tremolite crystal has a flattened, diamond-shaped 
cross-section. Photos by Robert Weldon. 


A t the 2006 Tucson gem shows, Steve Ulatowski 
showed one of the authors (BML) some yellowish 
green crystals that he purchased as diopside while on buy- 
ing trips to Tanzania in August and November 2005. The 
material was reportedly produced during this time period 
from Block D at Merelani, in the same area that yielded 
some large tsavorite gem rough (see Laurs, 2006). Mr. Ula- 
towski obtained 1,200 grams of the green crystals, mostly 
as broken pieces ranging from 0.1 to 50 g (typically 1-5 g). 
More recently, in May 2007, he obtained some additional 
pieces of gem-quality material weighing 0.1-2 g. The 
“mint” green color is quite attractive, but most of the 
rough is not cuttable due to the presence of cleavage 
planes and, in some cases, the flat morphology of the crys- 
tal fragments. 

In 2006, Mr. Ulatowski was informed by a few of his 
customers that the flatter crystals might be tremolite, 
rather than diopside. This was consistent with the dia- 
mond-shaped cross-section of these crystals (typical of an 
amphibole}, which was distinct from the blocky cross-sec- 


See end of article for About the Authors and Acknowledgments. 
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Figure 2. This diopside (3.39 ct) and amphibole 
(probably tremolite, 0.63 ct) were cut from two yel- 
lowish green crystals recovered from Merelani. Photo 
by Robert Weldon. 


studied two gemstones (0.63 and 3.39 ct) that were cut 
from Mr. Ulatowski’s stock (figure 2). Gemological proper- 
ties and various types of spectra (visible—-near-infrared, 
Raman, and energy-dispersive X-ray fluorescence [EDXRF}]} 
were collected on the faceted stones at GIA by one of us 
(EAF). Electron-microprobe analyses (Cameca SX50 instru- 
ment,15 kV accelerating voltage, 10 nA current, 10 mm 
defocused beam, natural mineral standards) and single- 
crystal X-ray diffraction analysis were performed on the 
amphibole crystal at the University of Arizona; this sam- 
ple was donated by Mr. Ulatowski for inclusion in the 
RRUFF Project (ID no. RO70422 at http://rruff.info). 


Results and Discussion. The gemological properties of 
the cut stones are shown in table 1. Their optical proper- 
ties and SG values are consistent with those reported for 
calcic pyroxene (larger stone; see Deer et al., 1978) and cal- 
cic amphibole (smaller stone; Deer et al., 1997), but further 
work was needed to determine the particular mineral 
species. Raman analysis of the pyroxene (faceted stone as 
well as crystal) identified it as diopside, and the RI values 
indicated that it contained very little iron. The specific 
amphibole species could not be identified by Raman analy- 
sis, but single-crystal X-ray diffraction and electron-micro- 
probe analyses of the crystal proved that it was tremolite. 
Although the cut amphibole was not analyzed by these 
techniques, its properties are consistent with tremolite. 
EDXRF spectroscopy of the faceted amphibole showed 
major amounts of Si, Mg, Ca, and Al, and traces of Mn, Fe, 
V, Ti, K, and Cr. However, since there is overlap in the 
EDXRF peaks for V and Cr (as well as for Na and Zn), and 
since this technique is only qualitative, there are some 
uncertainties regarding the presence of the minor/trace 
elements that were detected in the cut stone. Using an 
electron microprobe, wavelength-dispersive X-ray spec- 
troscopy (WDS) of the tremolite crystal showed the pres- 
ence of Si, Mg, Ca, Al, Na, K, V, and F (listed in order of 
relative peak intensity). An average of 15 point analyses of 
the same sample by electron microprobe provided the fol- 
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lowing composition (wt.%): Si0,=52.34, Al,O,=6.70, 
MgO=21.81, CaO=13.05, Na,O=0.73, K,O=0.67, 
V,O;=0.32, F=0.47, and total 96.05; this corresponds to the 
chemical formula: (Oy 7,Naq ,;Ko 14) s_)(C4y.96N ao oa) s-2 
(Mg4 5sAlo 41Vo.04)s-5(Si7.33A10.67)s-sO221(OH); 80 
Foaolz-o- Phe elements Cr, Ti, Fe, Mn, and Zn did not show 
detectable peaks in the WDS scan, so their concentrations 
(if present) are at or below the detection limits of the elec- 
tron microprobe. Since the faceted stone was not cut from 
the same crystal that was analyzed by microprobe, differ- 
ences in the presence of Mn, Fe, Ti, and Cr in these sam- 
ples may be attributed to natural chemical variations in the 
material. By comparison, EDXRF spectroscopy of the 
faceted diopside showed major amounts of Si, Ca, and Mg, 
and traces of Mn, Fe, V, Cr, Ti, Zn, and Al. 

Visible-near-infrared spectroscopy of the two cut stones 
showed similar absorption features, with broad peaks at 
434/455 and 652 nm that are related to V** or Cr**, or both 
(figure 3). Similar absorptions were documented by 
Schmetzer (1982) in green tremolite from Lualenyi, Kenya, 
and in green diopside from Merelani. A shoulder at ~690 nm 
in both samples is due to Cr** (see, e.g., Cr-diopside spectra 
at http://minerals.gps.caltech.edu/files/visible/pyroxene/ 
index.htm). The yellowish green color of both the diopside 
and the tremolite appears to be related to the presence of 
trace amounts of V** and Cr** in the octahedral sites; Na 
and K enter the structure by a coupled substitution such as 
V* (or Al?) + Nat (or K*) @ Mg?* + Mg?*. 

The yellowish green color of these stones is unusual 
in amphiboles and pyroxenes, although a comparable 
color appearance has been reported for amphiboles (parga- 
site and edenite) from China and Pakistan (see Kanaan, 
2002; Blauwet et al., 2004; Lu et al., 2006). A similar diop- 
side was documented by Koivula and Kammerling (1991) 
from the Lelatema Hills of Tanzania; its properties were 


TABLE 1. Properties of yellowish green diopside and 
tremolite from Merelani, Tanzania. 


Property Diopside Tremolite 
Weight 3.39 ct 0.63 ct 
Color Yellowish green Yellowish green 
Pleochroism None seen None seen 
RI 1.670-1.700 1.610-1.635 
Birefringence 0.030 0.025 
SG (hydrostatic) 3.30 3.07 
Chelsea filter reaction None None 
UV fluorescence 
Long-wave Very weak orange Weak orange 
Short-wave Weak greenish Moderate greenish 


yellow yellow 
Spectroscope spectrum No features visible No features visible 


Microscopic features Only minor surface Growth tubes and 
abrasions planar fluid inclusions 


Gems & GEMOLOGY SUMMER 2007 147 


comparable to those of the diopside described here, except 
for somewhat different fluorescence behavior (weak red- 
dish orange to long-wave UV, and strong yellow-green to 
short-wave}. Fryer (1992) reported on a yellowish green 
diopside from Merelani that had a lower birefringence 
(0.019; RIs = 1.670 and 1.689) and an absorption spectrum 
typical of “chrome diopside.” A somewhat less distinct 
yellowish green bodycolor is shown by diopside 
(“Tashmirine”) from central Asia (Shor and Quinn, 2002). 


Conclusion. Small amounts of gem-quality diopside 
and tremolite containing traces of V and possibly Cr 
have been recovered from Block D at Merelani. While 
pale green diopside is locally present in the Merelani 
area, the distinct yellowish green color of this diopside 
and tremolite is unusual. Future production of these 


Figure 3. The Vis-NIR spectra of the faceted yellowish 
green diopside and amphibole samples are dominat- 
ed by absorption features related to V** and/or Cr** 
in the visible range and hydrous components in the 
infrared region (for the amphibole). 
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gems is uncertain, and will depend on the mineraliza- 
tion encountered during further mining for tanzanite, 
green grossular, and other gems at this famous locality. 
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POLYMER-IMPREGNATED TURQUOISE 


Kyaw Soe Moe, Thomas M. Moses, and Paul Johnson 


A large “Persian” turquoise cabochon was impregnat- 
ed with a material that was also present in cavities on 
its base. Raman spectroscopy identified the filler as a 
UV-hardened polymer. Although such polymers have 
been seen as fillers in other gems, especially emerald, 
this is the first time the GIA Laboratory has seen 
turquoise treated with this material. 


| urquoise has a cryptocrystalline structure that is 
composed of very fine, randomly oriented groups of 
tightly stacked parallel growths of pseudo-rhombohedral 
crystals (see King, 2002), which contributes to the porous 
nature of the material. Turquoise is a relatively stable 
mineral, as evidenced by a necklace showing no sign of 
deterioration that was found on the skeleton of a Native 
American dated to 1350 AD (again, see King, 2002). 
However, because it is porous, turquoise is vulnerable to 
skin oils or dirt when used in jewelry, both of which can 
produce a change in color. It is well known that the 
appearance and durability of turquoise may be enhanced 
by plastic impregnation, in a process referred to in the 
trade as stabilization. 

During the 2007 Tucson gem show, these contributors 
encountered a 19.08 ct cabochon represented as Persian 


RAPID COMMUNICATIONS 


turquoise (figure 1). Although no treatments were dis- 
closed, the sample had several small cavities and one large 
one in its base that were filled or partially filled with a 
transparent material (figure 1, right). Since this sample 
offered an excellent opportunity to characterize the materi- 
al used for stabilization, we purchased it to conduct further 
studies in the laboratory. We collected standard gemologi- 
cal properties, as well as Raman spectra (using a Renishaw 
inVia Raman microspectrometer with a 514 nm laser at 
room temperature) and infrared spectra (using a Nicolet 
6700 FTIR spectrometer equipped with a DRIFT accessory). 


Results and Discussion. The spot RI was 1.60, and the 
SG (measured hydrostatically) was 2.48; the presence of 
the filler may be responsible for the relatively low SG 
value. With the desk-model spectroscope, the turquoise 
showed a 430 nm band (of moderate strength, due to iron 
absorption) and a weaker “smudge” at 460 nm. The 
turquoise was inert to long- and short-wave UV radiation, 
although the cavity edges fluoresced yellow to short-wave 
UV. There was no indication of dye when the sample was 
exposed to a thermal reaction tester (the color of any dye 
would be expected to bleed as the sample “sweated” next 
to the hot point). However, the transparent filler in the 
large cavity on the base of the cabochon emitted an acrid 
odor when tested with the hot point. 

The characteristic bands in the Raman spectrum of the 
filler exposed on the base matched those of Norland 


Figure 1. This 19.08 ct tur- 
quoise cabochon (top view 
on the left) was represented 
as “Persian,” with no treat- 
ment disclosed. A large 
cavity visible on the base 
(right) is partially filled 
with a clear polymer, and a 
whitish residue can be seen 
in the rest of the cavity. 
The arrow points to a small 
transparent lump of the 
polymer, through which 
the blue color of the 
turquoise can be seen. 
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names, the various varieties, and the terms 
commonly used in the trade. The gems listed 
are classified as follows: 1) precious stones, 
2) semi-precious stones, 3) synthetic stones, 
4) doublets, and 5) imitations. Although 
the list does not attempt to indicate accept- 
able terms or those that should be discon- 
tinued it was nevertheless a valuable step 
forward. 

Later it was proposed that this nomen- 
clature be adopted internationally, and ac- 
cotdingly it was referred to the Bureau of 
the International Association of Manufac- 
turers, Wholesalers, and Retailers of Jewelry 
and Gold and Silverware. This Association 
is commonly known as the B.1.B.O.A. using 
the abbreviation of the French name of the 
organization. It was organized in 1926 at 
Amsterdam and has its headquarters at the 
Hague, Netherlands. To obtain the coopera- 
tion of the various countries, members of 
the B.I.B.0.A., it was obvious that certain 
changes and modifications must be made. 
Professor H. Michel of the Museum of 
Natural History in Vienna and B. W. And- 
erson, in charge of the Diamond, Pearl, and 
Precious Stone Trade Section of the London 
Chamber of Commerce, tendered valuable 
assistance in revising the nomenclature and 
gem descriptions. Representatives of Great 
Britian, France, and ftaly assisted in trans- 
lating the material into different languages. 
At the Congress of the B.J.B.O.A. held in 
Rome in 1933, the nomenclature was adopt- 
ed and a year later, 1934, the Congress at 
The Hague entrusted Professor K. Schloss- 
macher and G. Gobel of Paris with the 
task of preparing the manuscript for the 
printer. The publication known as the 
B.I.B.O.A. nomenclature or list was issued 
in 1935. Thirty-nine mineral species used 
as gemstones are listed, as are also pearl, 
coral, and amber. Futhermore, reference is 
made to synthetic ruby, sapphire, and em- 
erald, colored stones, reconstructed materials, 
doublets, and imitations. 

In 1936, the National Association of 
Goldsmiths of Great Britain approved for 


the ttade standard gem descriptions. These 
were adapted from the B.I.B.O.A. list for 
use ptimarily in Great Britain. Also in 1936 
a vety helpful contribution entitled Edel- 
Stetme (Precious Stones) was published in 
Switzerland. It contains concise informa- 
tion concerning gems in general, and a list 
of the names and descriptions of those gem- 
stones commonly encountered in the trade. 
Here too, the recommendations of the 
B.1.B.O.A. ate followed and accordingly the 
term Semi-precious is not used, gems being 
classified as precious and ornamental. 

In 1938 at Lucerne, Switzerland, at the 
meeting of the B.1.B.O.A. there was further 
discussion concerning the practice of classi- 
fying some gemstones as semi-precious. It 
was revealed that this unfortunate term was 
introduced in the trade during an economic 
crisis and for purely commercial reasons, 
At that meeting it was decided to discard 
the term semi-precious and that instructions 
to that effect be sent to the members of the 
B.1.B.O.A. It was also agreed that this action 
should be stressed at the next international 
meeting to be held in Prague, Czechoslo- 
vakia in 1939, but unfortunately that meet- 
ing did not take place, 

In 1945, the Precious Stone Dealers’ 
Association of New York adopted a single 
list of Preferred. Names for twenty gem- 
stones. I believe the organization is now 
called the American Stone Importers’ Asso- 
ciation but that the list continues to be 
known as the P.S.D.A. list, During the 
same year, 1945, two dictionaries appeared, 
namely the Jewelers’ Dictionary, issued by 
the Jewelers’ Circular-Keystone, and the 
Dictionary of Gems and Gemology by R. M, 
Shipley and others. These dictionaries are 
very important contributions. They are very 
complete and have many cross references 
which aid greatly in their use. As is the 
case with all dictionaries, the definitions 
do not always agree, for they tend to reflect 
the opinions of the editors, 

Although the recommended preferred 
and non-acceptable names are not assembled 
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Figure 2. The Raman spectrum of the filling material 
exposed on the base of the turquoise cabochon shows 
bands that are characteristic of Norland Optical 
Adhesive 65. Some additional Raman bands (i.e., at 
1242, 1183, 808, 720, 641, 597, and 523 cm“) suggest 
that this photopolymer may have been plasticized 
with other polymers. The Raman spectrum of epoxy 
resin, which is commonly used for gemstone impreg- 
nation, is shown for comparison. 


Optical Adhesive 65 (NOA 65, figure 2). This spectrum is 
quite different from that of the polymers typically used for 
gemstone filling/impregnation in the trade (e.g., for emer- 
ald and jade), such as epoxy resin. Bands characteristic of 
NOA 65 were observed at ~1730 (C=O stretching), ~1600, 
1453 (CH,-bending), and 1000 cm! (styrene phenyl ring; 
see Clarke et al., 1999; Miliani et al., 2002). In addition, 
strong bands in the 3100-2800 cnr! region (not shown in 
the figure) are due to C-H stretching, and their intensity is 
related to the alkyl group (see Norbygaard and Berg, 2004). 
Raman spectroscopy of the top of the cabochon showed 
turquoise bands along with the major NOA 65 bands. This 
suggests that the NOA polymer was present throughout 
the stone, in addition to filling the cavities. Reflectance IR 
spectroscopy of the top of the cabochon (figure 3) showed 
turquoise peaks at ~1120, 1050, and 1000 cnr, as well as 
an absorption at ~1740 cm" that is the carbonyl band usu- 
ally associated with polymers (see Learner, 1998; Fritsch et 
al., 1999). Since Raman spectroscopy eliminated the possi- 
bility of other types of polymers that can be identified by IR 
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spectral features in the 2700-3300 cm"! region, figure 3 
focuses instead on the 2000-1000 cm! region, where dis- 
tinctive bands due to plastics/polymers have been docu- 
mented in impregnated turquoise. 

NOAs are colorless liquid photopolymers. After curing 
with UV radiation, they become solid and thus polishable. 
The main advantages of NOAs for gem treatment are trans- 
parency, lack of color, and color stability; they can also pro- 
vide mechanical stabilization of porous materials, such as 
turquoise, due to their high tensile strength. According to 
the company’s web site (www.norlandprod.com), the NOA 
photopolymers are inert to sulfuric acid but exposure to ace- 
tone, dimethyl formamide, and ethylene dichloride will 
cause them to swell or soften (based on one-hour exposure 
time). NOAs are widely used in optical lamination (e.g., 
optical lenses, safety windows, holographic displays, and 
flat panel displays) as relatively thin films, 3 um to ~1 mm. 
Although uncommon, such UV-hardened polymers have 
been used in the gem trade (e.g., Johnson et al., 1999, 
www.norlandprod.com/ApplicationsPageAdhesives.asp}. 

In addition to the Raman bands that are characteristic 
of NOA 65, we observed some minute extra Raman bands 
at 1242, 1183, 808, 720, 641, 597, and 523 cm”. Thus, we 
cannot eliminate the possibility of other NOA adhesives in 
the filler or plasticization with other polymers. Although 
we could not conclusively identify the filling material(s) in 
this turquoise, the characteristic Raman bands suggest that 
that it consists mainly of a UV-hardened polymer. IR 
absorption bands for plastic have been documented in 
impregnated turquoise at 1725 cm" (Lind et al., 1983), 1734 
cnr! (Dontenville et al., 1986), and at 1744 cmr! (Pavese et 


Figure 3. The reflectance IR spectrum of the cabochon in 
figure 1 reveals turquoise peaks at ~1120, 1050, and 
1000 cm. The absorption band at ~1740 cm is 
caused by carbonyl, which is usually found in polymers. 
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al., 2005). These studies and the present work (i.e., the IR 
absorption band at ~1740 cm!) suggest that various poly- 
mers/plastics have been used for stabilizing turquoise. 


Conclusion. The use of a UV-hardened polymer for 
impregnating/filling a turquoise cabochon was document- 
ed using Raman and FTIR spectrometry. While such poly- 
mers have been previously used in gem trade (e.g., to fill 
emeralds), this is the first time we have seen them applied 
to turquoise. 
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DIAMOND 
With Bimineralic Inclusions 


In the GIA Laboratory, diamond 
graders and staff gemologists examine 
thousands of diamonds each year to 
determine their grade, possible treat- 
ments, and their natural or synthetic 
origin. During this process, they often 
encounter mineral inclusions, the col- 
ors of which can cover the entire visi- 
ble-light spectrum from violet to red as 
well as near colorless, with diaphane- 
ity ranging from transparent to com- 
pletely opaque. 

Occasionally, these mineral inclu- 
sions may warrant further study. When 
they are close enough to the host dia- 


Figure 1. A hint of underlying red 
color can be seen emanating 
from the largest of these other- 
wise opaque-looking inclusions. 
The visual appearance suggests 
an opaque sulfide coating over 
transparent color-change garnet. 
Magnified 25x. 


LAB NOTES 


mond’s surface to be fully identified (for 
instance, by Raman microanalysis), the 
results may be surprising, as was the case 
with the blue sapphire inclusions we 
reported on recently (Summer 2006 Lab 
Notes, pp. 165-166). More often, though, 
interesting solid inclusions are too deep 
inside their host to be conclusively 
“identified” by other than visual means. 

This was the situation we encoun- 
tered with the two crystals shown in 
figure 1, which were observed in a light 
yellow 1.20 ct round brilliant—cut dia- 
mond. These inclusions were interest- 
ing because at first they appeared to be 
opaque, displaying a brassy metallic 
luster in reflected light as if they were 
sulfides such as pyrite or pyrrhotite, 
both of which are known inclusions in 
diamond. Closer examination, howey- 
er, revealed that the interiors of these 
inclusions were actually deep purplish 
red when viewed with incandescent 
light, and that the color shifted toward 
blue-green in fluorescent light. Using 
polarized light, and examining the crys- 
tals from several different viewing 
angles, we did not detect pleochroism 
in either inclusion, which suggests that 
they were optically isotropic. 

The interior color of the inclusions 
was well masked by the sulfide-like 
coatings. Only a few gaps in the coatings 
allowed the bodycolor of the inclusions 
to be observed from certain viewing 
directions (again, see figure 1). As a 
result of this microscopic examination, 
we concluded that these inclusions were 
likely color-change garnets that were 
coated by an overgrowth of a sulfide or 
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sulfides at some point before they were 
completely sealed in the diamond. 
While we have encountered 
change-of-color garnets in diamonds 
on rare occasions (see, e.g., Fall 1982 
Lab Notes, p. 169; Winter 1989 Lab 
Notes, pp. 237-238), and have often 
observed sulfides as crusts (sometimes 
mixed with graphite) filling cracks 
around inclusions, this is the first 
time we have noticed what appeared 
to be opaque sulfides as thin coatings 
on otherwise transparent inclusions. 
Similar inclusions may have been 
overlooked in the past as more com- 
mon sulfides, but we will now watch 
for them during future examinations. 
John I. Koivula and Laura Dale 


HPHT-Treated Type la Diamond 
With a Green Component 
Caused by the H2 Defect 


High-pressure, high temperature (HPHT) 
treated type Ia diamonds are often yel- 
low with a secondary green hue of 
varying saturation, which primarily 
results from fluorescence caused by 


Editors’ note: All items are written by staff 
members of the GIA Laboratory, East Coast 
(New York City) and West Coast (Carlsbad, 
California). 
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Figure 2. The strong green color 
component of this 5.82 ct Fancy 
Deep green-yellow HPHT-treated 
diamond is unusual due to a 
high concentration of H2 defects. 


the H3 defect (503.2 nm; see, e.g., I. 
Reinitz et al., “Identification of HPHT- 
treated yellow to green diamonds,” 
Summer 2000 Gems & Gemology, pp. 
128-137]. While the H2. defect (zero- 
phonon line at 986.3 nm] is also very 
common in HPHT-treated type Ia dia- 
monds, its contribution to bodycolor, 
if any, is usually quite limited. 
However, in the East Coast laboratory, 
we recently examined an unusual dia- 
mond in which H2 absorption was the 
primary cause of the green color. 

This known-HPHT-treated round- 
cut 5.82 ct diamond was color graded 
Fancy Deep green-yellow (figure 2). The 
color was evenly distributed except for 
an area of very weak brown that fol- 
lowed internal graining. Very small 
cloud-like features were seen at the cen- 
ter of the diamond, but it was otherwise 
free of inclusions. When exposed to 
long-wave ultraviolet (UV) radiation, it 
displayed a moderately strong greenish 
yellow fluorescence; to short-wave UV, 
it fluoresced a very weak greenish yel- 
low. No phosphorescence was observed. 
In the DiamondView, moderate blue 
and greenish yellow fluorescent growth 
zones were seen, in addition to several 
nearly inert regions with a triangle 
shape (figure 3); these latter features are 
rarely observed on polished facets of 
untreated natural diamonds. 

Infrared absorption spectra showed 
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that this diamond contained a high 
concentration of nitrogen as type Ia 
with a very low hydrogen content. In 
addition to a strong H2 absorption, the 
near-infrared spectra also revealed 
some unusual features in the 6500- 
4400 cm”! region (6456.5, 5765.0, 
5395.2, 4931.2, and 4397.8 cm, figure 
4). The assignment of these absorp- 
tions is unknown, and to the best of 
the authors’ knowledge they have not 
been previously reported. The UV-Vis- 
NIR spectrum also showed very 
strong N3, H3, and H2 absorptions 
(figure 5); very weak absorptions were 
observed at 536.1 and 575.9 nm. The 
side band of the H2 defect extended 
out to ~600 nm and efficiently blocked 
red and orange light. As a result, a 
transmission window in the 504-600 
nm region was created, leading to the 
apparent green-yellow bodycolor. 
Despite the high concentration of 
H3 defects in this diamond, only weak 
green luminescence to visible light 
was observed, which could not entire- 
ly explain the strong green compo- 
nent. In addition, the green color was 
more saturated and clearly darker than 
that of typical HPHT-treated green- 


Figure 3. The nearly inert “trigons” 
in the blue fluorescing regions of 
this DiamondView image are 
rately observed on polished facets 
of untreated natural diamonds. 


yellow diamonds. All these observa- 
tions strongly indicated that the H2 
defect, along with more common 
defects, caused the attractive green- 
yellow hue of this rare diamond. 
Wuyi Wang and Matthew Hall 


Figure 4. The near-infrared absorption spectra of this diamond revealed some 
unusual features in the 6500-4350 cm region. Assignment of these absorp- 
tions is unclear, and they have not been reported in other natural or treated 
diamonds, except for the sharp peak at 4496 cm due to hydrogen. The two 
spectra were collected using different sources with different sensitivities. 
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Figure 5. The UV-Vis-NIR absorption spectrum showed very strong 
absorptions of N3, H3, and H2 centers. The side band of the H2 defect 
extended well into the visible region, which induced the strong green 


color component. 


Diamond with Intense 
“Rainbow Graining” 


Gemologists who grade diamonds are 
familiar with internal graining and 
how, in certain manifestations under 
current diamond grading standards, it 
can negatively impact the clarity grade 
of a diamond (see, e.g., J. M. King et al., 
“The impact of internal whitish and 
reflective graining on the clarity grad- 
ing of D-to-Z color diamonds at the 
GIA Laboratory,” Winter 2006 Gems 
& Gemology, pp. 206-220). One type 
of internal graining referred to as phan- 
tom or colorless graining is typically 
just that, colorless and sometimes rela- 
tively difficult to see, though it is also 
the most common. Within this catego- 
ry, however, there is a most unusual 
type of phantom graining that is both 
very colorful and extremely rare. On 
the infrequent occasions that it has 
been reported, it has been referred to as 
rainbow graining (see, e.g., J. I. Koivula, 
The Microworld of Diamonds, 
Gemworld International, Northbrook, 
IL, 2000, p. 94; J. M. King et al. 
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“Characterization and grading of natu- 
ral-color yellow diamonds,” Summer 
2005 Gems &) Gemology, pp. 88-115, 
and figure 15 therein). 

Phantom or colorless internal 
graining bands are actually contact 
zones or layers between competing 
growth planes in the diamond’s crystal 
structure; these cause a slight-to-heavy 


Figure 6. This is the most intense 
display of “rainbow graining” in 

a diamond that we have encoun- 
tered in the GIA Laboratory. Field 
of view approximately 2.1 mm. 
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distortion of the surrounding crystal 
lattice, making the grain area visible. It 
is also well known that diamonds 
often undergo plastic deformation, par- 
ticularly in the {111} octahedral planes, 
which may result in numerous parallel 
internal phantom grain lines. 

If the layers of phantom graining 
are sufficiently fine and numerous, 
then rainbow graining may be ob- 
served. However, in addition to possi- 
bly being the rarest form of internal 
graining, rainbow graining is also one of 
the most elusive and easily overlooked, 
in that it is highly directional and can 
thus be viewed only in specific direc- 
tions in its host. In most directions, it 
looks like common colorless phantom 
graining, but a slight tilt of the diamond 
causes the grain layers to act as a dif- 
fraction grating, resulting in a spectral 
display of colors. This optical effect is 
essentially the same as that shown by 
iris agates and some transparent natu- 
ral glasses that exhibit very fine growth 
layers (see also T. Hainschwang and E. 
Notari, “The cause of iridescence in 
“rainbow” andradite from Nara, 
Japan,” Winter 2006 Gems # Gem- 
ology, pp. 222-235, for a general discus- 
sion of this effect in gem materials). 

Recently, while investigating the 
color origin of a light yellow round 
brilliant-cut diamond of over a carat 
in weight, we encountered the 
strongest and most vivid display of 
rainbow graining that we have ever 
seen (figure 6). It was fortunate that 
there were also a few small mineral 
inclusions to focus on while taking 
this photomicrograph, because rain- 
bow graining does not have any specif- 
ic focal point; as a result, photos of this 
type of graining can appear as if the 
entire image is out of focus. 

John I. Koivula and Alethea Inns 


Natural Color Hydrogen-Rich 
Blue-Gray Diamond 


Prior to the 1990s, virtually all natural- 
color blue diamonds were thought to 
be type Ib and electrically conductive. 
Since then, the lab has seen, on rare 
occasions, nonconductive type Ia gray- 
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Figure 7. In GIA’s color grading system, the 0.24 ct type Ia pear-shaped diamond in the center is described with 
the same terminology (blue-gray) as the 0.63 ct marquise on the left, but—because it falls at the extreme opposite 
end of that color range—it has a different appearance. The 0.18 ct pear shape on the right is also a type Ia dia- 
mond, but its violet-gray color is more typical of that seen in diamonds with a color related to hydrogen defects. 


to-blue diamonds that owe their color 
to the presence of hydrogen-related 
defects (see E. Fritsch and K. Scarratt, 
“Natural-color nonconductive gray-to- 
blue diamonds,” Spring 1992 Gems # 
Gemology, pp. 35-42). 

Recently, the East Coast laborato- 
ry had an opportunity to examine a 
nonconductive blue-gray diamond 
that had other unusual characteristics. 
The 0.24 ct pear brilliant cut was color 
graded Fancy blue-gray (figure 7, cen- 
ter). When examined with magnifica- 
tion, it showed a number of moderate- 
ly sized indented naturals and some 
feathers breaking the surface. At high 
magnification using a fiber-optic light, 
we also saw very fine clouds. The 
color appeared evenly distributed— 
unlike type Ib blue diamonds, which 
commonly show color zoning. Very 
weak strain, which looked to be asso- 
ciated with some of the surface-reach- 
ing inclusions, was visible when the 
stone was examined with crossed 
polarizers. 

The diamond fluoresced a moder- 
ate blue to long-wave UV radiation and 
a moderate yellow to short-wave UV. 
In the desk-model spectroscope, ab- 
sorption bands were present at 415 
(N3}, 425, and a broad band centered at 
550 nm. These features confirmed that 
the diamond was type Ia. With FTIR 
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spectroscopy, the diamond showed 
sharp hydrogen peaks at 4703, 4168, 
3236, 32.35, 3107, 2811, 2785, 1547, and 
1498 cm (again, see Fritsch and 
Scarratt, 1992). The UV-Vis spectrum 
showed a similar absorption as that 
seen in the desk-model spectroscope, 
with the addition of an increase in 
absorption from about 600 nm toward 
the infrared region, which can be asso- 
ciated with hydrogen-rich diamonds 
(see K. Iakoubovskii and G. J. Adriaens- 
sens, “Optical characterization of natu- 
ral Argyle diamonds,” Diamond and 
Related Materials, Vol. 11, No. 1, 2002, 
pp. 125-131, E. Fritsch et al., “Thermo- 
chromic and photochromic behaviour 
of ‘chameleon’ diamonds,” Diamond 
and Related Materials, Vol. 16, No. 2, 
2007, pp. 401-408). 

What was so unusual about this 
diamond was its color appearance, 
which was closer to the green side of 
the blue hue range rather than the 
more typical appearance closer to the 
violet boundary. This suggests that 
these nitrogen- and hydrogen-related 
defects can give rise to colors other 
than gray-to-blue or violet. 

It is important to note that the 
color differences described here are 
quite subtle even when observed with 
standard color-grading conditions. In 
the GIA system for color grading col- 
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ored diamonds, fewer terms are used 
as the color becomes darker in tone 
and/or weaker in saturation because 
the human eye makes fewer distinc- 
tions (see J. M. King et al., “Color grad- 
ing of colored diamonds in the GIA 
Gem Trade Laboratory,” Winter 1994 
Gems & Gemology, pp. 220-242, fig- 
ure 23). Therefore, even though this 
diamond was slightly greener in hue, 
it was still described as blue-gray due 
to its location in color space. While 
the subtle color difference noted 
between this diamond and type Ib 
blue-gray diamonds under controlled 
conditions is not considered notice- 
able enough to warrant a change in 
terminology, it is sufficient to repre- 
sent a rare appearance for this color 
description (see, e.g., J. M. King et al., 
“Characterizing natural-color type Ib 
blue diamonds” Winter 1998 Gems & 
Gemology, pp. 246-268). 

Jason Darley and John M. King 


Type Ila Diamond with Intense 
Green Color Introduced by 
Ni-Related Defects 

Nickel-related defects are common 
in HPHT-grown synthetic diamonds. 
They have also been documented in 
some natural diamonds, though they 
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Figure 8. This oval-cut 2.81 ct 
Fancy Intense yellowish green 
diamond is colored mainly by 
Ni-related defects. 


are rarely the main contributor to 
bodycolor in these stones or their 
function is not clear. However, the 
East Coast laboratory recently char- 


Figure 9. The diamond in figure 8 
showed moderately strong green 
fluorescence in the DiamondView, 
with narrow dark green bands 
and a few blue ones. These fea- 
tures ruled out a synthetic origin. 


Qo 
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acterized an intensely colored natural 
yellowish green diamond that proved 
to be colored by Ni-related defects. 

This oval-cut 2.81 ct diamond was 
color graded Fancy Intense yellowish 
green (figure 8). Color distribution 
was even, and the few small pinpoints 
noted resulted in a clarity grade of 
VS,. A small natural with typical 
etching features was present near the 
girdle. The diamond displayed strong 
yellow fluorescence to long-wave UV 
radiation and very strong greenish 
yellow fluorescence to short-wave 
UV, with no phosphorescence seen at 
these wavelengths. When examined 
with the DiamondView, the stone 
showed moderately strong green fluo- 
rescence with narrow dark green 
bands and a few blue ones (figure 9); a 
weak yellow phosphorescence was 
also observed. The evenly distributed 
fluorescence features and the absence 
of a typical HPHT-synthetic growth 
pattern ruled out a synthetic origin 
for this diamond. 


The infrared spectrum did not 
show any absorption in the one- 
phonon region, nor any boron-related 
absorption, and established the stone 
as a type Ila. Only very weak absorp- 
tions at 3107 and 1405 cm"! due to 
hydrogen and a weak peak at 1332 
cm! (very likely from N*) were ob- 
served. The UV-Vis spectrum showed 
weak but distinct absorptions at 
350-370 nm, 460-480 nm, and 
600-650 nm (figure 10). All these 
sharp absorptions, except for the 
608.1 and 637.5 nm peaks, are known 
to originate from Ni-related defects 
(see, e.g., S. C. Lawson and H. Kanda, 
“An annealing study of nickel point 
defects in high-pressure synthetic dia- 
mond,” Journal of Applied Physics, 
Vol. 73, 1993, pp. 3967-3973). The 
spectrum also had broad absorption 
bands with maxima at approximately 
310, 520, and 688 nm. The 688 nm 
band extended to ~600 nm, and limit- 
ed the transmission of red and orange 
light. Because of all these selective 


Figure 10. Ni-related defects with absorptions at 350-370 nm, 460-480 
nm, and 642.5 nm, together with the broad band around 688 nm and 
additional peaks at 608.1 and 637.5 nm, created a transmission window in 
the 540-550 nm region, which resulted in the yellowish green bodycolor. 
The 688 nm band is associated with the 1.40 eV center (zero-phonon line 
at 883.1 and 884.8 nm), which occurred as predominant emissions in the 


PL spectra (figure 11). 
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Figure 11. The PL spectra confirm the extremely strong emissions from 
Ni-related defects (e.g., the 883.1/884.8 nm pair). However, most of these 
sharp emission peaks remain unclear in assignment. 


absorptions, a transparent “window” 
centered around 540-550 nm is creat- 
ed, leading to the yellowish green body- 
color. The 688 nm band is associated 
with the 1.40 eV center (zero-phonon 
line at 883.1 and 884.8 nm, again, see 
Lawson and Kanda, 1993), which 
occurs as predominant emissions in 
photoluminescence (PL) spectra col- 
lected with various laser excitations 
(e.g., figure 11, spectrum collected 
using 514 nm laser excitation). Other 
strong emission peaks were recorded, 
most of which remain unclear in 
assignment. In contrast, some com- 
mon emissions in natural diamonds 
(e.g., H3, H4, N-V centers) are absent. 
Green in natural diamonds can be 
introduced by a number of known 
defects or defect combinations. Selec- 
tive absorptions from the GR1 and 
some hydrogen-related defects, along 
with fluorescence of the H3 defect, 
are considered the main causes. Ni- 
related defects have long been recog- 
nized as color contributors in HPHT 
synthetic diamonds, depending on the 
concentration of isolated nitrogen, 
but they have not been reported as a 
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major color contributor in natural dia- 
mond. The absence of these previous- 
ly mentioned defects and the almost 
exclusive occurrence of Ni-related 
defects (in particular the 1.40 eV cen- 
ter) strongly indicate that the intense 
green hue of this diamond is caused 
by Ni-related defects. The size, high 
clarity, and attractive Ni-related 
intense green color of this diamond 
make it very unusual. 

This rare diamond reveals anoth- 
er cause of green color in naturally 
colored diamonds. The 1.40 eV cen- 
ter—which is caused by the intersti- 
tial charged ion Ni*—has been docu- 
mented in chameleon diamonds (see, 
e.g., J. E. Shigley et al., “Photolumines- 
cence features of chameleon dia- 
monds,” Proceedings of the 55th De 
Beers Diamond Conference, Coventry, 
UK, 2004, pp. 4.1-4.2; T. Hainschwang 
et al., “A gemological study of a collec- 
tion of chameleon diamonds,” Spring 
2005 Gems &) Gemology, pp. 20-35), 
as have other Ni-related defects (e.g., 
the 1.563 eV center with a zero- 
phonon line at 793.5 nm). 

Wuyi Wang and Tom Moses 
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Diamond with Zigzag Cleavage 


In addition to its superior scratch and 
indentation hardness, the other phys- 
ical property for which diamond is 
best known is its four directions of 
perfect {111} octahedral cleavage. This 
property has been used to help pre- 
shape diamond rough through the 
process of cleaving for as long as dia- 
monds have been fashioned as gems. 
In a gem diamond, however, a cleav- 
age is also the single most damaging 
internal feature or clarity characteris- 
tic that a stone can possess. Some- 
times referred to as a “feather,” a 
prominent cleavage can significantly 
affect the structural integrity of its 
host diamond, particularly if it is 
exposed to the surface where it can 
absorb water and other unwanted 
matter that might alter its visibility. 
That is where glass filling is particu- 
larly useful, because it seals surface- 
reaching cleavage cracks, preventing 
the introduction of unwanted and 
unsightly debris, at the same time 
that it reduces the apparent visibility 
of those cracks. 

During the course of testing to 
determine the color origin of a round 
brilliant-cut diamond, we recently 
encountered a relatively shallow sur- 
face-exposed cleavage system that 
had a most unusual elongated zigzag 
pattern, much like a zipper. This sys- 
tem extended into the crown and 
table of its host and, as shown in fig- 
ure 12, appeared to result from a com- 
bination of at least two directions of 
cleavage. To the best of our knowl- 
edge, this is the first time such a well- 
developed pattern has been encoun- 
tered in the GIA Laboratory. 

Its presence and clear presentation 
as a cleavage pattern also make it the 
ideal subject to once again point out 
that in the fields of crystallography, 
gemology, and mineralogy there is a 
distinct and definable difference be- 
tween cleavage and fracture. Es- 
sentially, a fracture is a break in a min- 
eral other than along a cleavage plane. 
In fact, very few single-crystal gem- 
quality diamonds ever actually frac- 
ture. Diamond is very tough, and 
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Figure 12. Extending from the 
edge of the crown into the table 
facet of this diamond, this most 
unusual 3.2-mm-long zigzag crack 
shows at least two directions of 
the diamond's perfect cleavage. 


when it breaks, it almost always 
breaks along a cleavage plane or a 
combination of two or more of its four 
cleavage directions. 
John I. Koivula and 
Cheryl Y. Wentzell 


HPHT-Grown SYNTHETIC 
DIAMOND Crystal with Unusual 
Morphology and Negative Trigons 


Recently, the East Coast laboratory 
examined a 1.56 ct highly saturated red 
crystal (7.25 x 5.75 x 3.42 mm; figure 
13). Gemological and spectroscopic 
characterization identified it as an 
HPHT-grown synthetic diamond that 
apparently was artificially irradiated 
and annealed. In the past, we have had 
the opportunity to document similarly 
color-treated pink to purplish pink syn- 
thetic crystals and red synthetic faceted 
diamonds (T. M. Moses et al., “Two 
treated-color synthetic red diamonds 
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seen in the trade,” Fall 1993 Gems & 
Gemology, pp. 182-190). However, this 
specimen differed from samples we had 
previously seen. 

Consistent with other HPHT- 
grown synthetic diamonds, features 
such as subtle growth sector—related 
color zoning and remnants of the seed 
crystal were apparent when the sam- 
ple was examined with a gemological 
microscope. The sample fluoresced 
bright orange in the DiamondView, 
and a cross-shaped green fluorescence 
pattern was observed through the 
{111} faces. The green pattern suggest- 
ed the possibility of a higher concen- 
tration of H3 centers in this area, 
while the strong orange color is most 
likely a result of high concentrations 
of N-V centers. 

Many HPHT-grown synthetic dia- 
mond crystals have a distinctive cuboc- 
tahedral morphology (J. E. Shigley et al., 
“Lab-grown colored diamonds from 
Chatham Created Gems,” Summer 
2004 Gems &) Gemology, pp. 128-145), 
typically with both cubic {100} and 
octahedral {111} faces having equiva- 
lent surface area. In contrast (but simi- 
lar to natural diamond}, this synthetic 
specimen had well-developed octahe- 
dral growth but virtually no cubic 
faces. The highly developed {111} faces 
suggest that it may have been grown at 
higher temperatures than most HPHT- 
grown synthetics, possibly in excess of 
~1800°C (I. Sunagawa, “Morphology of 
natural and synthetic diamond crys- 
tals,” in I. Sunagawa, Ed., Materials 
Science of the Earth’s Interior, Terra 
Scientific Publishing Co., Tokyo, 1984, 
pp. 303 -330). 

In addition, indented triangular 
etch regions were present on almost 
every octahedral surface. Triangular 
features have been reported on synthet- 
ic diamonds in the past (see, e.g., J. E. 
Shigley et al., “Gemological properties 
of near-colorless synthetic diamonds,” 
Spring 1997 Gems & Gemology, pp. 
42-53); however, in those cases, they 
protruded from the surface, creating 
small pyramids. On this synthetic dia- 
mond, the triangular etch marks were 
negative (i.e., indented], very similar to 
trigons observed on natural diamonds. 
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Figure 13. This deeply saturated 
1.56 ct red synthetic diamond 
crystal displays well-developed 
octahedral faces and the presence 
of negative trigons. Magnified 15x. 


Thus, it appears that the occurrence of 
negative trigons may not always be a 
useful criterion for the separation of 
natural from HPHT-grown synthetic 
diamonds. 

Also with magnification, we 
observed a few metallic flux particles 
and graphitized inclusions, both of 
which are characteristic of HPHT- 
grown synthetics. A large graphitized 
fracture was seen breaking the surface 
on both sides, and both ends of the 
crystal were heavily etched and pit- 
ted, with some deeply pitted areas 
filled with graphitized material. 

The red color of this synthetic dia- 
mond was more highly saturated than 
other color-treated red synthetic dia- 
mond crystals submitted to the labo- 
ratory, which were more pink. The 
infrared spectrum showed mostly type 
Ib nitrogen with some type IaA aggre- 
gates, which is consistent with a rela- 
tively high growth temperature. The 
overall nitrogen concentration from 
the IR absorption spectrum was calcu- 
lated to be ~100 ppm. This absorption 
in general is higher than that of other 
pink HPHT-grown synthetic dia- 
monds we have examined (again, see 
Shigley et al., 2004). Obvious Hla 
(1450 cmv!) and H1b (4935 cm), as 
well as H2 (986.3 nm), absorptions 
indicate that this synthetic diamond 
underwent irradiation and annealing. 

Matthew Hall and Jason Darley 
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in lists in these dictionaries, as was done 
by the organizations referred to earlier, 
these publications contributed very valuable 
information concerning the usage and ac- 
ceptability of names and the- correct des- 
criptions of the various stones. 

More recently the Gemmological Associa- 
tion of Great Britain revised the earlier 
British list. which was adopted in 1936. 
The new list was published in April, 1948 
number of the Journal of Gemmology. 
Thirty-two gemstones are described in one 
list as to mineralogical species, varieties, 
color, and correct trade names. As only one 
list is used there is no reference whatever 
to precious ot semi-precious stones. ‘There 
ate special cautions, which are printed in 
italics; for example, under chrysoberyl and 
“quartz cat’s-eye;’ and under zircon it is 
used on its own, but qualified by the name 
of species, i., chrysoberyl cat’s-eye, or 
“quartz cat’s-eye’; and under zircon it is 
indicated that “the terms jacinth and hya- 
cinth should not be used.” 

At the annual meeting of the Educational 
Advisory Board of the Gemological Insti- 
tute of America in 1947 a committee ‘of 
the American Gem Society asked the Board 
to recommend a nomenclature. Accordingly, 
at the time of the Conclave held in Wash- 
ington in 1948, a sub-committee on nomen- 
clature was appointed by the Board. This 
committee was asked to consider the topaz- 
citrine question and especially the sugges- 
tion from the Precious Stone Dealers’ 
Association that the descriptive name fopaz- 
quariz be an acceptable synonym for citrine 
and that the term gwartz-topaz be aban- 
doned, and that it would then be optional 
to use either citrine or topaz-quartz as a 
name for the transparent yellow variety of 
quartz. 


Professor C. B, Slawson, Chairman of 
the Sub-Committee, submitted a statement 
to the Educational Advisory Board which 
was read at its meeting in New York on 
November 13, 1948 in which he reported 
that “The matter was informally discussed 


after the meeting of the Educational Ad- 
visoty Board and it was the general con- 
clusion that this designation should be 
considered acceptable but that no formal 
action was taken by the Sub-Committee.” 
After considerable discussion of this report, 
a motion was adopted by the Board that 
topaz-quartz be accepted as a synonym for 
citrine, as the term topaz has long been in 
general use to designate a color. It should 
be stated that the vote on this action was 
not unanimous. Moreover, during the past 
two decades the Germans and the B.I.B.0.A, 
admitted the use of topaz-quartz, but the 
1936 Swiss list did not recognize the term. 
The recent 1948 British nomenclature does 
not list topaz-quartz; it also indicates that 
quattz-topaz is incotrect. Only citrine is 
admitted. 

Furthermore, at the meeting of the Edu- 
cational Advisory Board it was voted that 
the Gemological Institute of America 
should prepare a complete nomenclature 
list and submit the same for consideration 
to the Educational Advisory Board. It was 
hoped that this could be done so that it 
might be reported at the Boston Conclave, 
It was also suggested that in preparing the 
list serious consideration bé given to the 
desirability of classifying gemstones as 1) 
precious, 2) synthetic, and 3) imitation, 
and that the term sem-precious be omitted. 

Due to the very heavy load being car- 
ried currently by the Gemological Insti- 
tute of America at its headquarters in 
Los Angeles and the development of the 
Eastern headquarters in New York, the 
preparation of the list is still underway. 
It is expected that the list may be completed 
and be ready for consideration at the next 
meeting of the Educational Advisory Board 
and subsequently be transmitted to the 
American Gem Society. 

A study of the various nomenclatures 
clearly indicates that very serious attempts 
have been made to approve names which 
express as accurately as possible the true 
character of gem stones and that all mis- 
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Idocrase in JADEITE: 
A Heavenly Home 


The GIA Laboratory sees a wide vari- 
ety of jade items for identification. 
These examinations are usually rou- 
tine and generally do not offer any 
surprises. A recent exception was pro- 
vided by a mottled translucent green- 
and-white bangle bracelet. The gemo- 
logical identification as jadeite and 
the determination that it had not 
been treated were both straightfor- 
ward. The surprise came during the 
microscopic examination, when we 
were searching for possible dye con- 
centrations in any surface-reaching 
cracks. 

While no dye was observed in the 
bangle, this inspection did reveal the 
presence of several small euhedral-to- 
subhedral translucent white to light 
brown modified prismatic inclusions 
(figure 14) that appeared to have crys- 
tallized in the tetragonal system. 
While it is often very difficult to iden- 
tify inclusions that are completely 
enclosed in a massive material such 
as jade, several were exposed on the 
bracelet’s surface, so they made con- 
venient targets for Raman micro- 
analysis. This conclusively identified 


Figure 15. This unusual pattern appears to have been generated when 


opal was deposited over a surface covered with numerous more-or-less 
evenly spaced microcrystals of quartz. Field of view is 4.2 mm. 


one inclusion as idocrase, a tetragonal 
mineral known to mineralogists as 
vesuvianite. 

Since jadeite and idocrase are both 
minerals formed through metamor- 
phism, and since they have common 
mineral associations as well, it is not 
completely surprising to find inclu- 


Figure 14. During an otherwise routine gem identification, it was a pleas- 
ant surprise to find these relatively well-formed translucent crystals of 
idocrase included in a jadeite bangle bracelet. Field of view is 5.2 mm. 
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sions of idocrase in jadeite. However, 
this is the first time we have encoun- 
tered such idocrase inclusions, and 
mineralogical texts do not list jadeite 
and idocrase as mineral associates. 
This discovery adds a bit of new infor- 
mation to the gemological literature 
and increases our knowledge of gem- 
quality jadeite jade. 

With its long-standing popularity 
as a gemstone and carving material, 
and in view of its rich history, jade is 
often referred to as the “stone of heay- 
en.” Now we know it is also a home 
to idocrase. 

John I. Koivula, Mike Breeding, 
and Eric Fritz 


OPAL with Unusual Structure 


Opal is one of the most fascinating of 
the phenomenal gems. Not only is it 
well known for its myriad play-of- 
color patterns, but it is also prized as a 
fossilizing agent and preservative of 
the structural features of other materi- 
als it replaces or envelops. In the past, 
GIA Laboratory staff members have 
seen opalized clams and other mol- 
lusks, portions of dinosaur bones pre- 
served by opal, and opalized wood and 
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Figure 16. The play-of-color creates a hazy glow over the quartz casts on 
the base of their opal host. Field of view is 4.2 mm. 


bark showing excellent cell detail (see, 
e.g., Fall 2001 Lab Notes, pp. 218-219). 

We recently had the opportunity 
to examine an opal that appeared to 
have a columnar structure of relative- 
ly evenly spaced cells, so that it 
resembled synthetic opal without the 


SPECIAL OFFER! 


aid of magnification. The 1.09 ct 
translucent light brown cushion- 
shaped tabular cabochon measured 
10.02 x 7.72 x 1.98 mm. Our client 
was told that it came from an opal 
field in Queensland, Australia, but 
the structure had generated a certain 


amount of suspicion about its origin. 
Standard gemological testing easily 
identified the opal as natural. With 
magnification, it appeared that the 
unusual structural pattern was gener- 
ated when the opalizing solution was 
deposited over a drusy surface covered 
with numerous uniformly spaced 
quartz microcrystals, as shown in fig- 
ure 15. The blue and green play-of- 
color displayed by the opal highlighted 
this structure like a colorful mist, 
adding a mysterious, alien haziness to 
the gem (figure 16) that seemed to float 
over the surface as the stone was 
moved. Throughout the years in the 
GIA Laboratory, we have had the 
opportunity to identify many mar- 
velous opals from a variety of localities 
worldwide, but this is the first time we 

have encountered such a structure. 
John I. Koivula 
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DIAMONDS 


Bar code technology applied to diamonds. Inscribing dia- 
monds using lasers and other technologies has become a 
routine method for identifying a stone and personalizing it 
for individual situations. At the same time, bar coding has 
evolved from the traditional one-dimensional array of lines 
to a two-dimensional matrix code that can hold far more 
information. 

Diamond laser inscription technology has now pro- 
gressed to the point where a miniature matrix code can be 
inscribed on the girdle of a diamond (see, e.g., figure 1). 
Instead of just a grading report number, the matrix code 
can store all of the information in the report itself, such as 
clarity, cut, and color grades, as well as country of origin (if 
known), the name of the manufacturer, and other 
specifics. This has distinct advantages for diamond dealers 
and manufacturers when managing inventory, security 
issues, and finances. Unlike traditional laser inscriptions, 
which can be read with a loupe or a microscope, a matrix 
code requires a scanner to decode the information. While 
this does entail investment in additional equipment, it can 
also provide confidentiality to the owner of the stone. 

One manufacturer of the inscription and code-reading 
equipment, PhotoScribe Technologies of New York, 
noted that the cost of applying a diamond matrix code is 
comparable to that of current laser inscriptions. 

Russell Shor (rshor@gia.edu) 
GIA, Carlsbad 


U.S. Supreme Court ruling may affect viability of some 
diamond cut patents. On April 30, 2007, the United 
States Supreme Court handed down a decision in the case 
of KSR International v. Teleflex (available online at 
www.supremecourtus.gov/opinions/O06pdf/04-1350.pdf). 
Although this case involved a patent for an automobile 
gas pedal, the ruling affects the standards by which the 
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U.S. Patent and Trademark Office (USPTO) awards 
patents, and consequently it may affect the validity of a 
number of patents on diamond cut designs. 

A general review of U.S. patent law as it applies to 
diamond cuts can be found in the Winter 2002 GwG (T. 
W. Overton, “Legal protection for proprietary diamond 
cuts,” pp. 310-325). One of the factors that the USPTO 
considers in awarding a patent is whether the claimed 
invention is a development that would be “obvious” to 
a person having ordinary skill in the relevant field. An 
obvious invention is not eligible for a patent. Until the 
KSR International case, the U.S. Court of Appeals for 
the Federal Circuit (which has jurisdiction over patent 
disputes) applied a fairly narrow definition of obvious- 
ness: whether a specific motivation or suggestion to 
combine prior inventions or knowledge (referred to as 
prior art in patent law) could be found in the patent lit- 
erature, the nature of the problem, or the knowledge of a 
person having ordinary skill in the field. The justifica- 
tion for this narrow test was the straightforward recogni- 
tion that nearly all inventions involve some synthesis of 
previous knowledge, and that fact alone does not make 
an invention obvious. 


Editor’s note: The initials at the end of each item identify the 
editor or contributing editor who provided it. Full names and 
affiliations are given for other contributors. 

Interested contributors should send information and 
illustrations to Brendan Laurs at blaurs@gia.edu or GIA, The 
Robert Mouawad Campus, 53845 Armada Drive, Carlsbad, 
CA 92008. Original photos will be returned after consideration 
or publication. 
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Figure 1. This simulated data matrix bar code on the 
girdle facet of a diamond reads “PhotoScribe.” The 
data matrix measures 80 x 80 tum; the same inscrip- 
tion using letters would require about 10 times the 
space. Courtesy of PhotoScribe Technologies, New 
York City; magnified 130x. 


In this case, the invention consisted of an adjustable 
electronic gas pedal design that was a combination of sev- 
eral previous patents covering the component parts and 
the method by which they were arranged. Teleflex (the 
patent holder) sued KSR for infringement. Although KSR 
argued that the progress of science would have inevitably 
led to the combination at issue here (and previous patents 
had addressed the problem in a general sense}, the Federal 
Circuit upheld the patent because, looking strictly at the 
language in the previous patents, there was no specific 
suggestion to combine them. 

The Supreme Court, however, held that the Federal 
Circuit was applying this test too rigidly. Instead, the 
Court held that obviousness should be determined against 
a general background considering the scope of the prior 
art, the differences between the prior art and the inven- 
tion, and the level of ordinary skill—essentially, much 
more of a holistic, common sense approach. Where a cer- 
tain combination of elements is something obvious to 
try—as it was in this case—the invention itself is likely 
obvious as well. 

Although this new standard implicates a broad range 
of issues, this contributor believes it presents a particular 
hazard to diamond cut patents, since so many recent cut 
designs are minor variations of previous cuts (see, e.g., 
Overton, 2002; Spring 2004 Gem New International, pp. 
75-76}. As the Supreme Court stated, “If a person of ordi- 
nary skill can implement a predictable variation, [the 
law] likely bars its patentability” (KSR International, p. 
13). Further, the Court held that when there is market 
pressure to solve a problem for which there are a finite 
number of predictable solutions, an invention resulting 
from the pursuit of known options is likely the product 
not of innovation but of ordinary skill and common 
sense. For this reason, it will likely be more difficult to 
defend those cut patents that are but minor evolutions of 
previous designs. There is, after all, little question that 
there has been substantial market pressure in recent 
years for manufacturers and jewelers to develop in-house 
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variations of traditional round and square diamond cuts. 
This decision (which effectively overturns several 
decades of established precedent) still needs to be inter- 
preted and applied by the Federal Circuit and the USPTO, 
so it is premature to say whether any particular diamond 
cut patent is in danger. It does, however, counsel caution 
in the enforcement of existing cut patents and in the 

development of new designs. 

Thomas W. Overton (toverton@gia.edu) 
GIA, Carlsbad 


COLORED STONES AND 
ORGANIC MATERIALS 


First discovery of amazonite in Mexico. Amazonite is a 
bluish green variety of potassium feldspar that has been 
found on every continent except Antarctica (see M. 
Ostrooumovy, “L’amazonite,” Revue de Gemmologie, 
Vol. 108, 1991, pp. 8-12). More than 100 large ama- 
zonite deposits are known, and there are numerous 
smaller ones. Recently, blue to bluish green amazonite 
was discovered for the first time in Mexico (figures 2 and 
3). This material is hosted by the Penoles pegmatite, 
which is located about 60 km southeast of the village 
Valle de Allende (Sierra de Penfioles, Allende municipali- 
ty, Chihuahua State). The pegmatite is genetically relat- 
ed to a Li-F granite of Miocene age (32 million years, 
according to K-Ar dating); this is younger than all other 
known amazonite deposits. The pegmatite consists of an 
outer zone of coarse-grained albite-oligoclase and quartz 
with a small amount of pale blue amazonite. Toward 


Figure 2. Amazonite was recently discovered in 
Chihuahua State, Mexico. This specimen is 28 cm 
wide; photo by Juan Manuel Espinosa. 
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Figure 3. These beads and cabochons (4.82-11.32 ct) 
of Mexican amazonite were recently cut in the miner- 
alogical laboratory at the University of Michoacan. 
Photo by Robert Weldon. 


the interior, the pegmatite attains >50 vol.% amazonite, 
which occurs as distinctly blue crystals up to 2-3 cm in 
longest dimension that are associated with albite, 
quartz, and micas (biotite and zinnwaldite). The central 
zone of the pegmatite consists mainly of a quartz core 
with bluish green crystals of amazonite. Chemical anal- 
ysis (by EDXRF spectroscopy] of the amazonite from the 
outer zones to the core of the pegmatite showed increas- 
ing K, Rb, Cs, Pb, Tl, Ga, Be, Sr, U, and Th, and decreas- 
ing Al, Na, Fe, and Ba. X-ray diffraction analysis and 
optical microscopy showed that the amazonite is micro- 
cline with a high degree of Al-Si order. 

Five samples of rough amazonite (measuring 1-2 cm 
in longest dimension) were gemologically characterized 
for this report, and the following properties were deter- 
mined: color—blue and bluish green, pleochroism—weak 
to moderate; RI—n,=1.516—1.520, ng=1.518-1.525, and 
n,=1.525-1.529; birefringence—0.007-0.010; hydrostatic 
SG—2.56-2.60; and fluorescence—yellow-green to long- 
wave and inert to short-wave UV radiation. Microscopic 
examination revealed perthitic and microperthitic tex- 
tures with albite. 

UV-Vis absorption and electron paramagnetic reso- 
nance spectroscopy, UV fluorescence, and heating/irradi- 
ation experiments on the Mexican amazonite showed 
that the various shades of the blue-green color are 
caused by absorption bands in the red-orange region (at 
625 and 740 nm) and in the near-UV region (380 nm) of 
the spectrum. All of the absorption bands were strongly 
polarized in the B-direction [i.e., perpendicular to (001)] 
and weakly polarized in the a-direction [i.e., perpendicu- 
lar to (010)]. The coloration mechanisms of the Mexican 
material are the same as for other amazonite (see M. 
Ostrooumov et al., “On nature of color of amazonite,” 
in M. Ostrooumov, Ed., Amazonite, Nedra, Moscow, 
1989, pp. 151-161). 

Although the economic potential of the Mexican ama- 
zonite discovery has not been evaluated, and the material 
is not yet available commercially (there has been no orga- 
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nized mining to date), the deposit shows mineralogical, 
geochemical, and geological characteristics that are analo- 
gous to other important amazonite deposits worldwide 

(Ostrooumov, 1991). 
Mikhail Ostrooumov (ostroum@zeus.umich.mx) 
University of Michoacén, Mexico 


Jacinto Robles Camacho 
National Anthropology and History Institute 
Mexico City 


Astorite—A rhodonite-rich rock from Colorado. Astorite is 
the trade name for a rhodonite-rich gem from Colorado 
(although this term also has been used as a synonym for 
richterite, which is an amphibole, and the name asterite 
has been applied to star sapphire; see J. de Fourestier, 
Glossary of Mineral Synonyms, Canadian Mineralogist 
Special Publication 2, Mineralogical Association of 
Canada, Ottawa, Ontario, 1999, p. 29). Astorite originates 
from the Toltec mine in the San Juan Mountains of south- 
western Colorado, approximately 18 km from Silverton. 
This historic mine, which was originally opened for gold 
and other metals, was once the property of Colonel John 
Jacob Astor IV, who among other accomplishments co- 
founded the Waldorf-Astoria Hotel in New York City 
before perishing on the RMS Titanic in 1912 (J. C. Zeitner, 
“Astorite: A new gem material,” Rock # Gem, Vol. 32, 
No. 9, 2002, pp. 70-71; J. R. Yakabowski, “Astorite—A 
distinctive new gem material,” Wire Artist Jeweller, Vol. 
6, No. 6, 2003, pp. 4-5). 

Since May 2003, the Astorite claim has been held by 
Keith and Connie McFarland of K&C Traders in Silverton. 
The material is mined from a vein approximately 0.20.4 
m wide, and is worked on a small scale by drilling and 
blasting. There is no road leading to the mine, and it is 
only accessible for part of the summer season, so the pro- 
duction is limited to less than a ton of mixed-grade rough 
material per year. 

Several samples of Astorite have been donated to the 
GIA Collection by the McFarlands; these consist of seven 
cabochons (six were between 5.67 and 7.09 ct, while the 
largest weighed 58.84 ct) and two tumbled pieces (10.96 
and 12.41 ct). Since we were not aware of a previous 
gemological description of this material, we characterized 
some of these samples for this report. As can be seen in 
figure 4, the samples displayed an attractive mixture of 
pink, gray, black, and brown. Although the material 
superficially resembled rhodonite, a visual inspection 
established that it was a polymineralic aggregate. 
Gemological properties were determined on two of the 
cabochons (6.71 and 58.84 ct}: color—predominantly pink 
with bands of gray and brown and small patches of black 
(larger cabochon), or black and pink with small patches of 
gray and brown (smaller sample); spot RI, taken on pink 
areas—1.71; SG—3.22 and 3.42 for the larger and smaller 
cabochons, respectively; diaphaneity—translucent to 
opaque; luster—subvitreous; and no spectrum seen with 
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the desk-model spectroscope. The samples were mostly 
inert to long-wave UV radiation, with patches of violet 
and orange in some areas, and a similar but weaker reac- 
tion to short-wave UV. The areas of violet fluorescence 
corresponded to transparent colorless material, while 
those with orange fluorescence generally correlated to 
pale brown/“peachy” colored material. Probably because 
of the heterogeneous nature of our samples, these results 
differed somewhat from those for rhodonite, which has 
the following properties: RI—1.733-1.747 (spot reading 
usually 1.73); SG—3.5 + 0.3; absorption spectrum—a 
broad band centered at around 545 nm and a line at 503 
nm; and UV fluorescence—inert (Gem Reference Guide, 
GIA, Santa Monica, CA, 1995, pp. 201-202). 

Raman spectroscopy was performed to further charac- 
terize both samples. The Raman spectra of some pink 
areas provided good matches for rhodonite, while other 
pink areas were identified as rhodochrosite or a mixture 
of both rhodonite and rhodochrosite. Some of the gray 
areas were identified as quartz (which probably caused 
the lower SG value of the larger cabochon, in which it 
was more abundant). The transparent colorless areas 
with violet fluorescence matched fluorite (for which this 
fluorescence color is consistent). Raman spectra from 
small whitish gray areas matched calcite (which could 
possibly be responsible for the orange fluorescence, as 
could rhodochrosite). Various spots analyzed in the black 
areas gave matches to chalcocite, galena, pyrite, and 
sphalerite. EDXRF spectroscopy of a pink area on the 
larger sample was consistent with rhodonite. Hence, 
these two samples of Astorite were characterized as a 
rock composed of rhodonite, quartz, and rhodochrosite, 
with traces of calcite, chalcocite, fluorite, galena, pyrite, 
and sphalerite. This composition is consistent with the 
literature, except that calcite and chalcocite were not 
previously mentioned and additional components were 
listed by Zeitner (2002) and Yakabowski (2003): chal- 
copyrite, tennantite, tetrahedrite, native metals, helvite, 
tephroite, and friedelite. 

The McFarlands indicated that the Astorite is polished 
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Figure 4. This material, sold under the trade name 
Astorite, proved to be a rock composed of rhodonite, 
quartz, rhodochrosite, and other minerals. The largest 
piece in the center weighs 58.84 ct. Gift of Keith and 
Connie McFarland, GIA Collection no. 37095 (all 
samples); photo by Maha Tannous. 


into cabochons of graduated sizes ranging from 5 mm 

rounds to 40 x 50 mm ovals. They also produce freeform 
and inlaid Astorite jewelry. 

Sam Muhlmeister and 

Karen Chadwick (karen.chadwick@gia.edu) 

GIA Laboratory, Carlsbad 


Color-change bastnisite-(Ce) from Pakistan. In February 
2007, the Asian Institute of Gemological Sciences (AIGS) 
Laboratory in Bangkok had the opportunity to examine an 
unusual 2.09 ct bastnasite (figure 5), which is a rare-earth 
carbonate mineral. It was submitted for identification and 
study by gem dealer Scott Davies (American-Thai Trading, 


Figure 5. This unusual 
2.09 ct bastndsite shows 
a distinct color change, 
from brownish yellow 
in daylight/fluorescent 
light (left) to orange in 
incandescent light 
(right). Photos 

© Scott Davies. 
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Bangkok), due to its distinct color change; he reported that 
very few of the bastnasites he has cut have displayed any 
significant change of color. 

Mr. Davies purchased the original piece of rough in 
Peshawar in 2006. The material was reportedly mined at 
the Zagi Mountain deposit northwest of Peshawar, which 
is known for bastnasite and other rare-earth minerals (H. 
Obodda and P. Leavens, “Zagi Mountain, Northwest 
Frontier Province, Pakistan,” Mineralogical Record, Vol. 
35, No. 3, 2004, pp. 205-220). Bastnasite gemstones up to 
nearly 20 ct have been faceted from this locality (see 
Summer 1999 Lab Notes, pp. 136-137; Obodda and 
Leavens, 2004). 

The following gemological properties were determined 
on this sample: color—brownish yellow in daylight/fluo- 
rescent light and orange in incandescent light; diaphane- 
ity—transparent; RI—1.720 and >1.81 (i.e., over the limits 
of our standard refractometer); optic character—uniaxial 
positive; SG (measured hydrostatically)—5.09; and inert to 
both long- and short-wave UV radiation. Except for the 
color change, these properties are comparable to those 
reported for bastnasite in the Summer 1999 Lab Note and 
by W. L. Roberts et al. (Encyclopedia of Minerals, 2nd ed., 
Van Nostrand Reinhold, New York, 1990, pp. 73-74). 

The visible spectrum obtained with a spectrophotome- 
ter showed typical rare-earth absorptions at 444, 461, 468, 
482, 511, 521, 532, 578 (strong), 625, 676, 688, and 739 nm 
(strong). X-ray micro-fluorescence (KRMEF) analysis, per- 
formed at the Central Institute of Forensic Science (CIES) 
Laboratory in Bangkok, revealed the presence of cerium as 
well as minor amounts of lanthanum, praseodymium, and 
iron. The IR spectrum showed peaks at 6484 (strong), 
6320, 5827, 5070, 4464, 4294, ~4000 (strong), 3590, 3494, 
3407, and 3154 cm™!. Raman spectroscopy revealed peaks 
at 1736, 1435, 1095 (strong), 735, 397, 350, and 260 cm7!. 
The visible, IR, and Raman spectra—available in the GWG 
Data Depository at www.gia.edu/gemsandgemology—are 
in agreement with the bastnasite-(Ce) data we have in our 
library, and are also comparable to previous reports (e.g., 
the Summer 1999 Lab Note). 

The origin of the unusual color-change behavior in this 
bastnasite is unknown. There are a number of gem materi- 
als, both natural and synthetic, in which color change is 
linked to the presence of rare-earth elements. Examples 
include color-change monazite, fluorite, zircon, and some 
types of manufactured glass. The process responsible for 
this color behavior is complex. It is known, however, that 
light-induced electronic transitions of the rare-earth ele- 
ments (i.e., f-f transitions) are responsible for most of the 
sharp absorptions seen in the visible spectrum of these 
minerals (e.g., L. R. Bernstein, “Monazite from North 
Carolina having the alexandrite effect,” American Miner- 
alogist, Vol. 67, 1982, pp. 356-359), and it is these sharp 
absorptions that are responsible for any change of color. 
Therefore, the color change in the present bastnasite may 
be due to the specific proportions of its constituent rare- 
earth elements. The rare earth-induced color behavior is 
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Figure 6. This 30.32 ct citrine from Minas Gerais, 
Brazil, contains abundant inclusions of pyrite. GIA 
Collection no. 36747; photo by Robert Weldon. 


in contrast to the “alexandrite effect” exhibited by alexan- 
drite and color-change garnet, among other minerals, 
which is due to a small number of broad bands linked to 
chromium and/or vanadium absorption. 

To the best of our knowledge, color change has not 
been reported previously in bastnasite, and this was the 
first example of color-change bastnasite seen in the AIGS 
Laboratory. 

Acknowledgments: This contributor wishes to 
acknowledge K. Plagbunchong, S. Arepornrat, and T. 
Thongtawee of the CIFS Laboratory for assistance with the 
XRME analysis. 

Laurent Massi (info@aigslaboratory.com) 
AIGS Gem Laboratory, Bangkok 


Citrine with pyrite inclusions. At the 2007 Tucson gem 
shows, these contributors were shown some unusual 
faceted stones and cabochons of citrine that contained 
conspicuous inclusions of pyrite. The material was 
offered by Michele Macri (Laboratorio di Gemmologia 
Geo-Land, Rome, Italy), who indicated that it was mined 
in approximately 2002 in Minas Gerais, Brazil. Until 
recently, only clean citrine gemstones had been cut from 
the rough, while all the material containing inclusions 
had been stockpiled. Mr. Macri obtained ~1 kg of the 
rough material containing pyrite inclusions from the 
mine owner, which yielded about 400 carats of faceted 
stones and cabochons. The color of the citrine reportedly 
is natural, and the material has not been treated in any 
way. According to the mine owner, the property was 
closed in 2005, but the deposit still contains additional 
reserves of the material. 

A 30.32 ct dark brownish orange oval buff-top citrine 
was donated to GIA by Mr. Macri and examined for this 
report (figure 6). Standard gemological testing verified that 
this gem was quartz, while the condition of the pyrite (fig- 
ure 7) and intact fluid inclusions provided evidence that the 
citrine was natural and untreated. Although beautifully 
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Figure 7. Measuring approximately 1.6 mm across, 
this well-formed cubic pyrite inclusion in the citrine 
illustrated in figure 6 shows a metallic luster, brassy 
color, and surface details that are characteristic of this 
sulfide mineral. Photomicrograph by J. I. Koivula. 


formed pyrite crystals are known to occur in colorless rock 

crystal, such inclusions are very unusual in both amethyst 

and citrine. The inclusions of pyrite examined for this 
report are the best we have seen to date in any citrine. 

John I. Koivula (jkoivula@gia.edu) 

GIA Laboratory, Carlsbad 


BML 


Unusual danburite pair. At the 2007 Tucson gem shows, 
this contributor saw an unusual matched pair of yellow 
danburites set as earrings (figure 8) at the booth of Pillar & 
Stone International (San Francisco, California). The stones 
had a total weight of 34.60 ct and displayed a strikingly 
saturated yellow hue. According to the owners, Roland 


Figure 9. The danburites contained multiple overlap- 
ping “fingerprint” inclusions. Photomicrograph by 
Hpone Phyo Kan-Nyunt; magnified 20x. 
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Figure 8. This matched pair of bright yellow danburites 
weighs a total of 34.60 ct. Courtesy of Pillar # Stone 
International, San Francisco; photo by Judy Chia. 


and Nata Schltissel, they were mined west of the town of 
Kyatpyin, in Myanmar’s Mogok region. 

The refractive indices of the yellow danburites were 
n,=1.630 and n,=1.634, yielding a birefringence of 0.004, 
and they fluoresced blue to both long- and short-wave UV 
radiation. These properties matched those described in the 
Gem Reference Guide (Gemological Institute of America, 
Santa Monica, CA, 1995, pp. 84-85), except that reference 
did not mention the saturated yellow color, and the bire- 
fringence we obtained was lower than the reported value 
of 0.006 (probably because the mountings prevented us 
from measuring the maximum birefringence). Danburite 
has a Mohs hardness of 7-7.5. 

With magnification, both samples showed overlapping 
“fingerprints” (figure 9). One had elongate growth tubes that 
sometimes ended in a curled shape (figure 10). No growth 


Figure 10. One of the danburites also contained elon- 
gate growth tubes. Photomicrograph by Hpone Phyo 
Kan-Nyunt; magnified 20x. 
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Figure 11. These crystals of gem-quality fluorite (8.6 g 
total weight) were selected to show the range of color 
of material from a new source in southern Ethiopia. 
Photo by M. Macri. 


banding was observed; however, one of the danburites 
showed variable color concentration between the center of 
the stone and the rim. No other inclusions or growth fea- 
tures were present. 

EDXREF chemical analysis revealed Ca and Si as major 
elements; this is consistent with the chemical formula of 
CaB,(SiO,), for danburite (boron cannot be detected with 
EDXRF). In addition, a minor amount of Sr was detected. 
The Raman spectrum matched that of our danburite refer- 
ence, confirming the identification. 

According to Mark Smith (Thai Lanka Trading Ltd., 
Bangkok), yellow danburite is known from several alluvial 
and primary deposits in the Mogok region. Recently, it has 
been recovered from pegmatites near Molo in the Momeik 
area; a pegmatite in this same region has also produced 
pezzottaite (see Spring 2006 Gem News International, pp. 
70-72). Other in-situ deposits are known at Dat Taw, 
Sakangyi, and an important new locality called Lay Gyi. 
Mr. Smith also noted that the local miners are adept at 
identifying danburite (due to its distinctive etched surface 
and characteristic growth-tube inclusions), and they value 
it highly as a jewelry stone. 

Lore Kiefert (lkiefert@agta-gtc.org) 
AGTA Gemological Testing Center 
New York 
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Fluorite from Ethiopia. Ethiopia has grown rapidly in 
gemological importance during the past several years. 
Among other developments, it has become a significant 
source of gem-quality opal (see, e.g., M. L. Johnson et al., 
“Opal from Shewa Province, Ethiopia,” Summer 1996 
Gems & Gemology, pp. 112-120). As a result of this grow- 
ing interest, there has been much recent exploration for 
gem materials and efforts to open new mines. 

In March 2007, one these contributors (MM) encoun- 
tered a new gem material at the Bologna mineral show in 
Italy. Mr. Tesfay Desta, an Ethiopian dealer, had an inter- 
esting 500 g parcel of some unidentified gem-quality 
rough. The material was reportedly from a mine in the 
Guji zone, southern Ethiopia. Five samples (figure 11) were 
purchased for testing. 

The crystals weighed approximately 1-2 g each, and 
were crystallized as pentagonal icositetrahedra with slight- 
ly concave faces. They were colorless, reddish brown to 
brownish red/pink, and pale blue-violet. The following 
gemological properties were determined from two of the 
samples using standard techniques: RI—1.434, SG—3.16; 
fluorescence—inert to moderate green to long-wave UV, 
inert to strong green to short-wave; and phosphores- 
cence—moderate green. Internal features consisted of fluid 
inclusions, and straight parallel growth features and color 
zoning. These properties are consistent with those for fluo- 
rite (see M. O'Donoghue, Gems, 6th ed., Butterworth- 
Heinemann, Oxford, UK, p. 411), although the crystal 
habit is unusual for this mineral. 

X-ray powder diffraction data collected for three sam- 
ples on a parallel-beam Bruker AXS D8 Advance automat- 
ed diffractometer confirmed the identification as fluorite. 
The lattice parameter a extracted via Rietveld refinement 
is a = 5.46378(1) A, in agreement with V. A. Streltsov et al. 
(“Electronic and thermal parameters of ions in CaF,: 
Regularized least squares treatment,” Kristallografiya, 
Vol. 33, 1987, pp. 90-97). 

At the Verona mineral show in late May 2007, Mr. 
Desta had a 25 kg parcel of rough Ethiopian fluorite that 
included some color-change material. The color appeared 


Figure 12. Some of the 
fluorite from Ethiopia 
(here, 21.0 g total 
weight) shows a color 
change from blue or 
grayish blue in sunlight 
to purple or reddish pur- 
ple in incandescent light. 
Photos by M. Macri. 
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blue to grayish blue (similar to iolite) in sunlight and in day- 
light-equivalent fluorescent light, and purple (like amethyst) 
to reddish purple in incandescent light (figure 12). In addi- 
tion, some of the deep reddish brown fluorite crystals 
appeared deep red (like rhodolite) in incandescent light. The 
other colors did not show the color-change effect, so it was 
estimated that only 3-5% of the stones show this behavior. 
Ethiopian fluorite has the potential to be an interesting 
collector’s gem. According to Mr. Desta, the total weight 
of rough material available on the market as of May 2007 
was approximately 200 kg. 
Michele Macri (michele@mineral1.it), 
Adriana Maras, Elisa Melis, and Paolo Ballirano 
Department of Earth Sciences 
University of Rome “La Sapienza” 
Rome, Italy 


Heliodor and other beryls from Connecticut. For more 
than a century, granitic pegmatites of the Middletown 
District in Connecticut have been known for producing 
small amounts of gem beryl and tourmaline, although 
they have been principally mined for industrial feldspar, 
mica, beryl, and other minerals (see E. N. Cameron et al., 
Pegmatite Investigations, 1942-1945, in New England, 
U.S. Geological Survey Professional Paper 255, 1954, 347 
pp.; J. A. Scovil, “The Gillette Quarry, Haddam Neck, 
Connecticut,” Mineralogical Record, Vol. 23, No. 1, 1992, 
pp. 19-28). A variety of beryl colors have been reported 
from these pegmatites, including colorless, “golden” yel- 
low, blue to green, and pink (e.g., Scovil, 1992). 

At the 2007 Tucson gem shows, Jim Clanin (JC 
Mining, Hebron, Maine) obtained two faceted heliodors 
from Connecticut that were notable for their saturated 
“golden” yellow color (figure 13). The stones were pur- 
chased from Jan Brownstein (Songo Pond Gems, Bethel, 
Maine), who had cut them from a collection of gem rough 
that he recently obtained from the Howard Hewitt estate. 
This beryl collection consisted mostly of rough pieces, pol- 
ished rough, and preforms of various colors (e.g., figure 14) 
that were mined by Mr. Hewitt over the past several 
decades from three quarries in Connecticut: Merryall (or 
Roebling) in Litchfield County (“golden” yellow), Slocum 
near East Hampton (“lemon” yellow), and Turkey Hill 
near Haddam (pale blue, with inclusions; John Betts, pers. 
comm., 2007). In total, Mr. Brownstein obtained a few 
kilograms of the Connecticut beryl, and he has faceted 
about 250 stones so far with a maximum weight of ~18 ct. 
All of the rough material consisted of broken pieces that 
most likely were derived from beryl crystals that were 
“frozen” in the pegmatite matrix; there was no evidence of 
any crystal faces indicative of growth in gem pockets. 

Examination of the two cut heliodors (1.54 and 2.36 ct) 
by one of us (EAF) showed the following properties: color— 
orangy yellow to orange-yellow, with no pleochroism; RI— 
1.575-1.581; birefringence—O0.006; hydrostatic SG—2.73 
and 2.75; Chelsea filter reaction—none; and fluorescence— 
inert to long- and short-wave UV radiation. These proper- 
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Figure 13. Strong “golden” yellow coloration is shown 
by these attractive beryls (2.36 and 1.54 ct) from 
Connecticut. Courtesy of Jim Clanin; photo by 
Robert Weldon. 


ties are consistent with those reported by M. O’Donoghue 
(Gems, 6th ed., Butterworth-Heinemann, Oxford, UK, 
2006, pp. 124-129) for aquamarine, which O’Donoghue 
indicates has properties equivalent to yellow beryl. 
Microscopic examination revealed numerous fine growth 
tubes and clouds of pinpoint-sized particles. The stones dis- 
played a weak absorption band around 500 nm when 
observed with the desk-model spectroscope, as mentioned 
for strongly colored yellow beryl by O’Donoghue (2006). 
This reference also indicated that the Merryall mine has 
been the only important source of yellow beryl in the 
United States. 

BML 


Eric Fritz 
GIA Laboratory, Carlsbad 


Figure 14. Beryl from Connecticut comes in a variety 
of colors, as shown by these gemstones (1.87—3.18 ct) 
and preforms (1.3-2.5 g). Courtesy of Jan Brownstein; 
photo by Robert Weldon. 
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leading and meaningless terms be discarded. 
Naturally, there are and always will be 
honest differences of opinion as to the 
proper terms and descriptions which should 
be used not only within a given country, 
but also between different nations. These 
differences are readily detected when one 
compares the nomenclatures referred to, 
as well as the usages followed in the various 
books on gems and gemology which. have 
been published in recent years, There is, 
however, one very striking and important 
recommendation, namely that. the term 
semi-precious be discardéd. The American 
Gem Society is to be commended for 
adopting at the Washington Conclave its 
Ruling A-7, which reads, ‘““Members shall 
not employ the term ‘semi-precious’ in re- 
ferring to any gem stones.” 

This is not the time or place ta discuss 
in detail which terms should be approved 
in the proposed standard nomenclature or 
which ones should be discarded. That can 
best be done by comparing the various lists 
and then making decisions which meet to 
the best advantage the requirements of 
science, the trade, and the general public. 
It is hoped that at the next Conclave a 
standard nomenclature may be presented 
which may receive the general approval of 
the various groups represented at these 
meetings. It is also to be hoped that through 
the cooperation and exchange of ideas with 
the gemological groups in various parts of 
the world, before long, a truly international 
nomenclature may be adopted, In fact, it 
is of great interest to know that at the 
conference of the B.I.B.O.A. held in Paris 
in October, 1948, action was taken to 
have the BI.B.O.A. list restudied. This is 
being done by Monsieur George Gobel, 
Paris; Mr. B. W. Anderson, London; Dr. E. 
Gubelin, Lucerne, Switzerland; Dr, J. Boh- 
nan, Hilversum, Netherlands; and Dr. } 
Schlossmacher, Idar Germany. It is t. 
desire of the officers of the B.I.BO.A. that 
a list be prepared that may be adopted by 
as many national associations as possible, 
and thus be truly international. 


G.1.A. GRADUATES 
RECEIVE DIPLOMA 


Six new graduates of the G.1.A., who 
were fecent recipients of the diploma in 
the “Theory and Practice of Gemology,” 
ate: 


Lester B. Benson, Jr. 
Ward H. Cook 

G. R, Crowningshield 
Robert Fudge 

Robert Sprattord 

O. F. Stoops 


Each of the six has completed the four 
Correspondence Courses and passed all ex- 
aminations of the GIA. In addition to 
attending Resident Classes A and B, they 
also had to pass final stone examinations 
at their close. 


DR. HURLBUT REVISES 
DANA’S, BOOK 


In the third edition of Dana’s Minerals 
and How to Study Them, reviser Cornelius 
S. Hurlbut, Jr, member of the G.I.A. Ed- 
ucational Advisory Board and Professor of 
Mineralogy at Harvard University, has writ- 
ten the chapter describing mineral species 
to conform to the almost universally ac- 
cepted chemical classifications. 


Welcomed by amateur collectors will be 
the author’s suggestions for starting a well- 
rounded mineral collection. Also added are 
two appendixes, one listing the common 
minerals according to prominent elements 
and the other indicating minerals which are 
most important for a small collection. . 


Published January, 1949, John Wiley & 
Sons, Inc., New York City, $3.90. 


IN NEXT ISSUE 


Radioactive Diamond by John A. Hardy; 
Reconstructed Rubies, Basil Anderson; Dr. 
Gubelin and Dr. Alexander; Vegetable 
Ivory by Robert Webster; Idar-Obersteim by 
Dr. Schlossmacher; and others, 
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Cat’s-eye K-feldspar and other chatoyant gems from 
Tanzania. A wide variety of cat’s-eye and star gems have 
been reported from Tanzania and Kenya, including 
apatite, beryl, corundum (ruby and sapphire), garnet 
(almandine, grossular, and rhodolite), kyanite, 
kornerupine, scapolite, tourmaline, and zoisite (N. R. 
Barot et al., “Cat’s-eye and asteriated gemstones from 
East Africa,” Journal of Gemmology, Vol. 24, No. 8, 1995, 
pp. 569-580). During the 2007 Tucson gem shows, Anil 
Dholakia (Anil B. Dholakia Inc., Franklin, North 
Carolina) showed one of these contributors (BML) some 
cabochons that he was selling as cat’s-eye feldspar from 
Tanzania. He indicated that such material has been iden- 
tified as labradorite by some gemologists, and also shows 
a close resemblance to Tanzanian cat’s-eye scapolite. The 
feldspar/scapolite confusion was reinforced by gem dealer 
Scott Davies, who purchased some Tanzanian rough sold 
as “red moonstone” in 2004 that proved to be scapolite. 
He indicated that both gems show good chatoyancy and 


Figure 15. All of these 
chatoyant gems 
(6.45-19.32 ct) are cur- 
rently available from 
Tanzania. From left to 
right, they are scapolite, 
K-feldspar, opal, and 
apatite. Courtesy of 
Anil B. Dholakia Inc.; 
photo by Robert 
Weldon. 


have a similar color range (light brownish red to very dark 
reddish brown). 

Mr. Dholakia loaned some cabochons of each gem to 
GIA for examination, as well as chatoyant opal and apatite 
from Tanzania for comparison. A representative sample of 
each gem (6.45-19.32 ct; figure 15) was selected for charac- 
terization by one of us (EAF), and the results are given in 
table 1. 

The properties of the cat’s-eye feldspar were consistent 
with alkali feldspar, rather than labradorite (a calcic plagio- 
clase). This was confirmed by EDXRF analysis, which 
detected major amounts of Al, Si, and K, and traces of Ca 
and Ba. Similar alkali feldspars were documented by U. 
Henn et al. (“Chatoyancy and asterism in feldspars from 
Tanzania,” Gemmologie: Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 54, No. 1, 2005, pp. 
43-46), although only faint asterism was seen when our 
sample was rotated in front of a fiber-optic light source. 
Henn et al. (2005) attributed the optical phenomena to ori- 


TABLE 1. Properties of some chatoyant gems from Tanzania.* 


Property K-feldspar Scapolite Opal Apatite 
Weight (ct) 19.32 13.70 6.45 15.13 
Color Orangy brown Brown-red Orange-brown Yellowish green 
RI (spot) 1.53 1.55 1.45 1.63 
SG (hydrostatic) 2.59 2.75 2.09 3.23 
Fluorescence 
Long-wave Inert Inert Inert Inert 
Short-wave Very weak red Very weak red Inert Inert 
Spectroscope spectrum General absorption to No features seen General absorption to Line at 530 nm and 
510 nm 550 nm doublet at 580 nm 
Inclusions Fine black needles, small Small red angular platelets, Long needles with an Fine iridescent needles or 


reddish trigonal platelets, 
and long orangy rectangular 
platelets 


fine red needles, and small 
black dendritic platelets 


almost fibrous appearance 


growth tubes 


4No pleochroism or reaction to the Chelsea filter was seen in any of the samples. 
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ented lath-shaped inclusions of hematite. A similar K- 
feldspar (from an undisclosed source) was described in a 
Summer 1997 Lab Note (p. 137), but in that cabochon the 
platy inclusions were too large and poorly oriented to 
account for the chatoyancy or asterism. 

The properties obtained for the chatoyant scapolite are 
consistent with those previously reported for this gem 
variety (e.g., Summer 2003 Gem News International, pp. 
158-159; Spring 1984 Lab Notes, pp. 49-50) except that 
the RI we measured was slightly lower. Since the refrac- 
tive indices (and specific gravity) of scapolite increase with 
greater Ca content, our results indicate a composition that 
is closer to the marialite end member (3NaAI1Si,O,¢NaCl) 
of the solid-solution series with meionite (2CaAL,Si,O,e 
CaCO,). A further decrease in Ca content would be 
expected to cause a spot-RI value that is at or slightly 
below 1.54 (e.g., P. C. Zwaan and C. E. S. Arps, “Properties 
of gemscapolites [sic] from different localities,” Zeitschrift 
der Deutschen Gemmologischen Gesellschaft, Vol. 29, 
No. 1-2, 1980, pp. 82-85), which is quite similar to that of 
K-feldspar. 

The properties of the other chatoyant gems document- 
ed in this study are consistent with those described in the 
literature for Tanzanian opal (Summer 1998 Gem News, 
pp. 138-140) and apatite (E. Giibelin and K. Schmetzer, 
“Eine neue Edelstein-Varietat aus Tansania: Gelbe, grtine 
und rétlich-braune Apatit-Katzenaugen,” Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 31, No. 4, 
1982, pp. 261-263). 

The cat’s-eye K-feldspar can be readily separated from 
chatoyant opal and apatite by its standard gemological 
properties. However, distinguishing it from scapolite 
might be difficult in cases where a stone cannot be 
unmounted for SG measurement. In such situations, a 
careful RI reading can separate the two minerals, but an 
accurate identification may depend on performing more 
advanced (spectroscopic) testing. 

Eric Fritz (eric.fritz@gia.edu) 
GIA Laboratory, Carlsbad 
BML 


Green opal. During the 2007 Tucson gem shows, one of 
these contributors (BML) was shown some cabochons of 
bright green opal by Hussain Rezayee (Pearl Gem Co., 
Beverly Hills, California). Mr. Rezayee obtained the rough 
in December 2004 while in Turkey, but he was not able 
to confirm its source. From several tons of mostly low- 
quality material, he selected 100 kg of usable pieces that 
ranged from 20 g to 1 kg. He subsequently cut about 5,000 
carats of cabochons, which weighed up to 70-80 ct each. 
He reported that none of the cabochons were treated in 
any way. 

Five of the opal cabochons (5.36-17.74 ct; e.g., figure 
16) were loaned to GIA by Mr. Rezayee for examination, 
and the following gemological properties were determined 
by one of us (KMR): color—semitranslucent-to-translucent 
light green; spot RI—1.46-1.47; hydrostatic SG— 
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Figure 16. Although the rough material was pur- 
chased in Turkey, these green opal cabochons 
(5.36-17.74 ct) have properties comparable to those 
recorded for Serbian material. Courtesy of Hussain 
Rezayee; photo by Robert Weldon. 


2.10-2.13; fluorescence—weak green to long-wave and 
very weak green to short-wave UV radiation, with no 
observable phosphorescence; and general absorption below 
450 nm and above 620 nm seen with the desk-model spec- 
troscope. These properties are consistent with those 
reported for green opal from Serbia in the Fall 1995 Gem 
News section (p. 208), except that the sample documented 
in that report was opaque and also inert to short-wave UV. 
Microscopic examination of Mr. Rezayee’s samples 
revealed fine veins and cavities lined with small spheroids 
of botryoidal opal (identified by JIK). EDXRF chemical 
analysis (performed by EAF) detected minor amounts of 
Ni, as well as traces of Ca and V. 

The Fall 1995 Gem News entry indicated that the 
properties of the Serbian material are comparable to those 
of green opal from Tanzania (see J. I. Koivula and C. W. 
Fryer, “Green opal from East Africa,” Winter 1984 Gems 
& Gemology, pp. 226-227), and that green Ni-bearing opal 
has also been found in Poland, Australia, and Peru. The 
opal described in the present report is most likely from 
Serbia, given its similarity to the material described previ- 
ously and information provided to Mr. Rezayee at the 
2007 Tucson shows by a German opal dealer, who indicat- 
ed that the opal was very similar to material from the 
province of Kosovo. 

Kimberly M. Rockwell (krockwell@gia.edu), 
John I. Koivula, and Eric A. Fritz 
GIA Laboratory, Carlsbad 


BML 


Chinese akoya cultured pearls. In 2006, Chinese farmers 
produced about 20 tonnes of akoya cultured pearls along 
the southern coasts of Guangdong and Guangxi provinces 
(You Hong Qing, Xuwen Jinhui Pearl Co., pers. comm., 
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Figure 17. These Chinese akoya cultured pearl 
strands are composed of natural-color, silver-blue 
baroques (7.5-11.3 mm) and bleached white rounds 
that show a rosé overtone produced by “pinking” 
(7.5-8 mm). Courtesy of J. Shepherd; photo by Kevin 
Schumacher. 


2007). The production region extends east from the 
Vietnam border past Beihai, around the Leizhou Peninsula 
and Hainan Island, and continues east toward Hong Kong. 
Beihai in the west and Xuwen on the peninsula are two 
processing centers. Between the Beihai area and the 
Leizhou Peninsula’s east side, there are more than 2,000 
akoya pearl farms. About 100 farms maintain more than 
500,000 nucleated mollusks, about 200 culture 
200,000-500,000 mollusks, and about 1,700 maintain 
fewer than 200,000. 

Chinese akoya farmers identify the mollusk they use 
as Pinctada fucata martensii. This is the same species that 
farmers in Japan identify as the akoya mollusk. However, 
there has been so much hybridization with closely related 
species that P. fucata martensii’s purity as a cultured pearl 
producer in China and Japan is questionable (Shigeru 
Akamatsu, Mikimoto Co., pers. comm., 2006; You H. Q., 
pers. comm., 2007). On Chinese akoya farms, all the mol- 
lusks are hatchery bred, although hatcheries do introduce 
wild mollusks to ensure genetic diversity. There are at 
least 12 hatcheries in the pearl-culturing region, two of 
which are government-run facilities on Hainan Island. 

In April 2007, the present authors visited several pearl 
farms and nucleation facilities on Longye Bay near Xuwen. 
Nucleators there implanted one or two spherical shell- 
bead nuclei ranging from 5 to 7.75 mm, each with a tissue 
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piece from a donor mollusk, in host mollusks that mea- 
sured 6.4-7 cm in diameter. At that size, the mollusks are 
about 18 months old. We were told that the pearl-growth 
period ranges from six months to two years, but 10-12 
months is most common. Nacre thickness (per radius) 
ranges from 0.1 to 1.2 mm, while 0.4-0.6 mm is most 
common. Cultured pearl sizes range from 2 to 11 mm. 
Shapes are round, near-round, semibaroque, baroque, drop, 
pear, and oval. Colors include bleached white with a rosé 
overtone produced by “pinking” (immersing the cultured 
pearls in an extremely dilute red pigment) and natural sil- 
ver-blue (figure 17). Quality ranges from commercial to 
gem grade. 

According to Mr. You, processors in the Xuwen area 
bleach about 98% of the akoya cultured pearls they han- 
dle. Many are also heavily dyed, with black being the most 
common color. A medium-volume processing factory pro- 
duces about 10,000 temporary strands (16-16.5 inch 
[40-42 cm]) per year, while a large factory produces about 
42,000 such strands annually. 

About 50% of the Chinese akoya cultured pearls are 
sold in Hong Kong, either at trade fairs or by direct sale 
through five Hong Kong wholesalers. Local wholesalers in 
the culturing region sell the balance by direct sale. In 2006, 
the top wholesale markets were Japan, the U.S., and Europe. 

The 2006 volume was down from the 27 metric tons 
produced in 2005, and production is expected to dip again 
in 2007 (You H. Q. and Cissy Wong, pers. comms., 2007). 
The decline is partly due to falling demand, but the 
motives of hundreds of independent Chinese akoya pearl 
farmers also contribute. For akoya farmers in China, pearl 
culturing is very much a dollars-and-cents business. When 
the short-term gain looks better in shrimp farming or 
another type of aquaculture, many farmers switch prod- 
ucts. The akoya volume we see now can be determined by 
how the farmers’ economic picture looked about a year ago. 

Doug Fiske (dfiske@gia.edu) 
GIA Course Development, Carlsbad 


Jeremy Shepherd 
PearlParadise.com Inc., Los Angeles 


Pyrope-almandine from Tanzania. John D. Dyer (Precious 
Gemstones Co., Edina, Minnesota) had some attractive 
orange-red to orangy red garnets that he marketed as “rose 
malaya” at the 2007 Tucson gem shows. This trade name 
was based on the identification of the material as pyrope- 
spessartine by independent gemologists. The garnets 
reportedly have been produced since mid-2005 from 
Tanzania’s Umba Valley. 

Mr. Dyer loaned three samples and donated an addi- 
tional 1.35 ct garnet to GIA for examination (figure 18). 
The following properties were determined on all four 
stones by one of us (EAF): color—orange-red; RI—1.742,; no 
birefringence; hydrostatic SG—3.80; Chelsea filter reac- 
tion—none; fluorescence—inert to long- and short-wave 
UV radiation; and absorption lines at 504, 520, and 573 nm 


GEMS & GEMOLOGY SUMMER 2007 


Figure 18. These attractive orange-red garnets 
(1.35-6.92 ct) from Tanzania’s Umba Valley proved 
to be pyrope-almandine. The trilliant is a gift of 
Precious Gemstones Co.; GIA Collection no. 36746. 
Photo by Robert Weldon. 


visible with the desk-model spectroscope. There was no 
observable shift in color between daylight-equivalent and 
incandescent light sources. These properties are similar to 
those reported for pyrope-spessartine, but they are more 
consistent with pyrope-almandine, according to C. M. 
Stockton and D. V. Manson (“A proposed new classifica- 
tion for gem-quality garnets,” Winter 1985 Gems & 
Gemology, pp. 205-218). Microscopic examination 
revealed no inclusions and only minor surface abrasions 
on the stones. 

EDXRF spectroscopy of the 1.35 ct garnet showed 
major amounts of Si, Al, Mg, and Fe, as well as minor Ca 
and Mn. Electron-microprobe analysis of the other three 
samples at the University of New Orleans confirmed the 
identification as pyrope-almandine, yielding the following 
components: 71.1-73.1% pyrope, 18.9-21.7% almandine, 
7.0-8.5% grossular, and 0.2-0.4% spessartine, along with 
traces of the andradite component. 

East Africa is a common source for pyrope-almandine 
that typically ranges from reddish orange to red-purple, 
with the latter color referred to as rhodolite by the gem 
trade. The red-purple coloration of rhodolite is very differ- 
ent from the orange-red color of the pyrope-almandine 
examined for this report. Rhodolite also commonly con- 
tains abundant oriented needle-like rutile crystals (e.g., P. 
C. Zwaan, “Garnet, corundum, and other gem minerals 
from Umba, Tanzania,” Scripta Geologica, Vol. 20, 1974, 
pp. 1-41), which were not seen in the pyrope-almandine 
garnets we studied. 

East Africa is also known for producing pyrope-spessar- 
tine in the pink to red to orange to yellow-orange range, 
which has been marketed as malaya garnet (see Stockton 
and Manson, 1985; K. Schmetzer and H. Bank, “Garnets 
from Umba Valley, Tanzania—Members of the solid solu- 


GEM NEWS INTERNATIONAL 


tion series pyrope-spessartine,” Neues Jahrbuch fiir 
Mineralogie, Monatshefte, Vol. 8, 1981, pp. 349-354). A 
wide range of compositions have been reported for malaya 
garnets from East Africa, with most having a 30-55% 
spessartine component, but some having as low as 
10-30% spessartine (Stockton and Manson, 1985). 

The garnets examined for this report did not contain 
enough spessartine component to be called malaya gar- 
nets, and they are best referred to as pyrope-almandine 
since they lack the purple hue of rhodolite. 

Troy Blodgett (tblodgett@gia.edu) and Eric Fritz 
GIA Laboratory Carlsbad 


William B. Simmons and Alexander U. Falster 
University of New Orleans 
New Orleans, Louisiana 


Pink-to-red tourmaline from Myanmar. Rubellite tourma- 
line from Myanmar is well known as fibrous mushroom- 
like crystals from the Mogok area (see T. Hlaing and A. K. 
Win, “Rubellite and other gemstones from Momeik 
Township, northern Shan State, Myanmar,” Australian 
Gemmologist, Vol. 22, 2005, pp. 215-218). From late 2006 
to February 2007, well-formed prisms of pink-to-red tour- 
maline were mined from a pegmatite located about 80 km 
northeast of Mandalay, at Letpanhla in Singu Township. 
The pegmatite is hosted by rocks of the Mogok metamor- 
phic belt that strike in a north-south direction. 

The tourmaline crystals had typical striated prism 
faces and were terminated by rhombohedral faces (e.g., 
figure 19). This contributor estimates that ~5 kg of 
fine-quality crystals were produced, as well as >100 kg 


Figure 19. A new source of Burmese tourmaline was found 
in late 2006 at Letpanhla, located between Mogok and 
Mandalay. The Letpanhla crystals shown here range from 
3.5 to 7.1 cm tall. Courtesy of Pala International, 
Fallbrook, California; photo by Robert Weldon. 
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Figure 20. This 31.5 ct cabochon of Letpanhla tour- 
maline shows a saturated pink color that is consider- 
ably more intense than is typically seen in tourma- 
line from this locality. Courtesy of U Tin Hlaing. 


of lower-quality pink material. The tourmaline typical- 
ly contains fine tubes parallel to the c-axis and abun- 
dant fluid inclusions (trichites). Several hundred cabo- 
chons have been cut, ranging from 5 to 50 ct each (e.g., 
figure 20). Rare cat’s-eye cabochons also have been pro- 
duced from the Letpanhla material (figure 21). 

There appears to be good potential for additional finds 
of tourmaline and other pegmatite minerals from the 
Mogok metamorphic belt in the area between Thabeikyin 
and Sagyin. 

U Tin Hlaing 
Dept. of Geology (retired) 
Panglong University, Myanmar 


SYNTHETICS AND SIMULANTS 


Glass object with circular bands. Rock crystal quartz is 
often used as a carving material for various symbolic 
objects in India, but these items are commonly imitated 
by colorless glass, so they are routinely sent to gemological 
laboratories for identification. Recently, at the Gem 
Testing Laboratory in Jaipur, India, we received an approx- 
imately 188 ct colorless specimen (figure 2.2) in the shape 
of a “Shivling,” which is the symbol representing Lord 
Shiva in Hindu theology. 

Our initial observation included the use of fiber-optic 
lighting to look for tell-tale signs of glass, such as gas bub- 
bles or swirls. The most conspicuous feature was a curved 
zone of whitish bands visible through the base of the 
object (figure 23, left); these bands resembled the curved 
striae seen in flame-fusion synthetic sapphire. However, 
the specimen had a lighter heft than would be expected 
for that material. When viewed from the side (in a direc- 
tion perpendicular to the axis of curvature of the whitish 
bands), straight parallel lines were seen (figure 23, center). 

At higher magnification, the curved bands appeared to 
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Figure 21. Chatoyant tourmaline has also been cut 
from the Letpanhla material (here, 6.24 and 7.21 ct). 
Photo by Mark Smith, Thai Lanka Trading Ltd., 
Bangkok. 


be composed of planes of white pinpoint inclusions (figure 
23, right) that created a hazy effect in some areas of the 
specimen. Also present were scattered whitish crystallites 
and gas bubbles. 

The combination of the white crystallites, gas bubbles, 
and swirls identified the material as glass; a spot RI value of 
1.52, was consistent with this identification. Still, further 
tests were performed for our records. Examination between 
crossed polarizers revealed a strain pattern (as is typically 
seen in glass) along the edges of the curved whitish zone. 
When exposed to short-wave UV radiation, a strong pink- 
ish purple fluorescence was confined to this zone, which 
was bordered by a narrow fringe of blue fluorescence (figure 
24); the sample was inert to long-wave UV. We have noted 


Figure 22. This 188 ct “Shivling,” approximately 4.0 cm 
tall, was represented as rock crystal quartz, but proved 
to be manufactured glass. Photo by G. Choudhary. 
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Figure 23. A zone of concentric whitish bands, similar to those seen in flame-fusion synthetic sapphire, was visi- 
ble through the base of the glass object (left); note the white crystallites along the inner edge of the zone. When 
the glass object was viewed from the side (center), the curved whitish bands appeared as straight parallel 
planes, as would be expected for a cross-section through concentric cylindrical tubes. At higher magnification 
(right), the circular bands were seen to be composed of planes of white pinpoint inclusions. Photomicrographs 
by G. Choudhary; magnified 10x (left and center) and 65x (right). 


similar fluorescence behavior in many colorless glasses. 

In the past we have encountered some unusual fea- 
tures in glass, but this was the first time we had seen these 
circular features. 

Gagan Choudhary (gtl@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Heat-treated Kashan flux-grown synthetic ruby. In March 
2006, a 10.12 ct transparent purplish red oval mixed cut 
(figure 25) was submitted for identification to the Dubai 
Gemstone Laboratory. The client indicated that it had 
been purchased in and originated from Myanmar. 

Standard gemological testing established the following 
properties: RI—1.762-1.770; birefringence—0.008; optic 
sign—uniaxial negative; pleochroism—moderate orangy 
red to purplish red; SG (determined hydrostatically}—3.98, 
fluorescence—strong red to long-wave and moderate red to 


Figure 24. The zone containing the whitish bands exhib- 
ited strong pinkish purple fluorescence to short-wave 

UV radiation (upper left in this photo), and the edge of 
this zone fluoresced blue. Photo by G. Choudhary. 


short-wave UV radiation, with a strong chalky blue lumi- 
nescence on the surface; and “chrome” lines seen in the 
absorption spectrum with a desk-model spectroscope. 
These properties were consistent with ruby, while the 
strong chalky blue surface fluorescence to short-wave UV 
radiation suggested heat treatment. 

When examined with magnification, this sample at 
first showed internal features that looked very much like 
those seen in flux-assisted heated natural rubies (figure 
26). However, when examined carefully, these inclusions 
proved to be various forms of flux residue, such as are 
found in flux-grown synthetics. Also apparent were 
white, high-relief, parallel rods; feather-like structures or 
“fingerprints”; rain-like structures resembling comets; 
and discoid features with so-called paint splash inclusions 
(figure 27). These inclusions are typical of Kashan flux- 
grown synthetic ruby. Also present were dissolved white 
flux-filled negative crystals with associated discoid fis- 


Figure 25. This 10.12 ct sample proved to be a heat- 
treated Kashan flux-grown synthetic ruby. Photo by 
S. Singbamroong, © Dubai Gemstone Laboratory. 
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Figure 26. The synthetic ruby contained internal fea- 
tures that resemble those seen in flux-assisted heated 
natural rubies. Photomicrograph by S. Singbamroong, 
© Dubai Gemstone Laboratory; magnified 6x. 


sures, which are indicative of heat treatment (figure 28). 
UV-Vis absorption spectroscopy showed broad bands 
centered at 410 and 560 nm, and a small peak at 694 nm; 
these are typically responsible for ruby color. However, the 
spectrum also showed UV transmission at 305 nm that 
was stronger than the visible-region transmission at ~475 
nm (blue region), which is suggestive of synthetic ruby (G. 
Bosshart, “Distinction of natural and synthetic rubies by 
ultraviolet spectrophotometry,” Journal of Gemmology, 
Vol. 18, No. 2, 1982, pp. 145-160). Note that the opposite 
trend in the 305 and ~475 nm transmission windows was 
recently documented in polarized spectra of a heat-treated 
Kashan synthetic ruby by K. Schmetzer and D. Schwarz 
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(“The causes of colour variation in Kashan synthetic rubies 
and pink sapphires,” Journal of Gemmology, Vol. 30, No. 
5/6, 2007, pp. 331-337); this is probably due to the higher 
Ti content of the sample that they heated. Infrared spec- 
troscopy revealed no peaks related to the OH-group 
(hydroxyl), as expected for flux-grown synthetic ruby. 
EDXRF analysis revealed traces of Ca, Ti, V, Cr, Mn, Fe, 
and Ga; no Ni, Cu, La, W, Pt, Pb, Bi, or Mo was detected. 
The low amounts of Fe, V, and Ga, combined with slightly 
higher amounts of Ti, are distinctive of Kashan flux-grown 
synthetic ruby (see S. Muhlmeister et al., “Separating natu- 
ral and synthetic rubies on the basis of trace-element 
chemistry,” Summer 1998 Gems & Gemology, pp. 
80-101). We also compared the EDXRF results to those for 
our reference collection of flux-grown synthetic rubies, and 
these matched very well the spectrum of the Kashan speci- 
men in our collection. Our EDXRF data also fell within the 
values listed by Schmetzer and Schwarz (2007), except for 
slightly higher V and the presence of a trace of Ga. 

Since the 1990s, a variety of heat-treated synthetic rubies 
have been reported (see, e.g., H. Kitawaki, “Heat treated syn- 
thetic ruby,” Research Lab Report, GAAJ Research 
Laboratory, May 23, 2005, www.gaaj-zenhokyo.co.jp/ 
researchroom/kanbetu/2005/kan_2005_O6en.html). Heat 
treatment of synthetic ruby makes identification more dif- 
ficult and complicated. Thus, more careful examination 
and sophisticated testing were necessary to complete this 
identification. 

Sutas Singbamroong (sssutas@dm.gov.ae) 
and Nazar Ahmed 

Dubai Gemstone Laboratory 

Dubai, United Arab Emirates 


~ 


Figure 27. Various forms 
of flux residue were 
found in the synthetic 
ruby: white, high-relief, 
parallel rods (top left, 
magnified 40x); feather- 
like structures or “fin- 
gerprints” (top right, 
20x); rain-like struc- 
tures resembling comets 
(bottom left, 32x); and 
discoid features with 
“paint splash” inclu- 
sions (bottom right, 
16x). Photomicrographs 
by S. Singbamroong and 
N. Ahmed, © Dubai 
Gemstone Laboratory. 
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Figure 28. Dissolved white flux-filled negative crys- 
tals with discoid fissures, indicative of heat treat- 
ment, were also observed in the synthetic ruby. 
Photomicrograph by S. Singbamroong, © Dubai 
Gemstone Laboratory; magnified 50x. 


Synthetic star sapphire with hexagonal features. 
Hexagonal color/growth zoning is a classic identifying 
feature for natural corundum. Recently, however, at the 
Gem Testing Laboratory in Jaipur, India, we encountered 
a synthetic star sapphire (figure 29) with hexagonal zon- 
ing. Our initial examination indicated that the sample 
was a natural sapphire with a diffusion-induced star, as 
suggested by the wavy appearance of the rays and the 
presence of “silk” inclusions. The 4.63 ct cabochon fluo- 
resced chalky blue to short-wave UV radiation and 
showed chromium lines when observed with the desk- 
model spectroscope. 

With magnification and immersion, a hexagonal zone 
was evident in the core of the cabochon when it was 
viewed from above (figure 30, left). This zone was sur- 
rounded by a wavy stress pattern (see figure 30, left and 
right). Also present were fine needles oriented in three 
directions, which were responsible for the star effect. 

When the cabochon was viewed from the back, howev- 
er, we were surprised to discover numerous tiny whitish 
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Figure 29. This 4.63 ct cabochon proved to be a syn- 
thetic star sapphire with hexagonal zoning in its core, 
which initially suggested natural origin. Photo by 

G. Choudhary. 


pinpoints (likely gas bubbles) arranged in curved clouds 
(figure 31, left). When the stone was viewed in immersion 
with diffused illumination, curved color bands also 
became apparent (figure 31, right). These features are diag- 
nostic of a flame-fusion synthetic origin. 

The cause of the hexagonal zone is not clear. We specu- 
late that it may have been the result of a crystallographical- 
ly oriented concentration of silk in the core. Using higher 
magnification and a strong fiber-optic light, we noted a con- 
centration of needles in the core as compared to the sur- 
rounding area. This was the first time we observed both 
hexagonal zoning and curved color bands in a single sam- 
ple. It provides an important reminder that a gemologist 
should avoid making an identification without considering 
all of the evidence presented by a sample. If this stone had 
been mounted in a closed-back setting, it would have been 
very difficult to make a correct identification. 

Gagan Choudhary and Chaman Golecha 
Gem Testing Laboratory, Jaipur, India 
(gtl@gjepcindia.com) 


Figure 30. The central 
hexagonal core was visi- 
ble when the synthetic 
star sapphire was 
observed with magnifica- 
tion and immersion (left). 
A wavy stress pattern was 
present in the area sur- 
rounding the core (left 
and right). Photos by G. 
Choudhary; magnified 
30x (right). 
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Pink synthetic spinel colored by iron. Recently, the SSEF 
Swiss Gemmological Institute was asked to test a parcel of 
stones represented as pink sapphires. Among them was a 
15 ct antique cushion shape (figure 32) with inclusions 
that were very different from those seen elsewhere in the 
parcel. In addition to slightly curved dotted lines, there 
were many stretched and irregular hollow tubes (figure 33). 
These were similar to the features described by E. J. 
Gtbelin and J. I. Koivula (Photoatlas of Inclusions in 
Gemstones, ABC Edition, Zurich, 1986, p. 514) and L. 
Kiefert (Fall 2003 Gem News International, pp. 239-240) 
in flame-fusion synthetic spinel. 

Gemological testing revealed that the specimen was 
singly refractive with an RI of 1.728; the hydrostatic SG was 
3.64. With crossed polarizing filters, the sample showed 
prominent anomalous birefringence. However, in contrast 
to chromium-bearing pink and red spinel, it showed no 
reaction to long- or short-wave UV radiation. EDXRF spec- 
troscopy revealed a preponderance of Al over Mg, which is 
characteristic for flame-fusion synthetic spinel. Iron was the 
only trace element present. Cr, V, Co, Zn, and Ga were all 
at or below the detection limit (0.001—0.002 wt.% oxide). 


Figure 32. This unusual 15 ct flame-fusion synthetic 
spinel proved to be colored by iron. Photo by M. S. 
Krzemnicki, © SSEF. 


Figure 31. Curved clouds 
of whitish pinpoints 
(apparently gas bubbles) 
were evident on the base 
of the cabochon (left). 
With immersion and dif- 
fused illumination, curved 
color bands were also seen 
(right); these are conclu- 
sive of synthetic origin. 
Photomicrographs by G. 
Choudhary; magnified 25x 
(left) and 20x (right). 


The identification of the stone as a flame-fusion synthet- 
ic spinel was further confirmed by Raman spectroscopy, 
which showed relatively wide Raman peaks at 866, 786, 
693, and 413 cm™!, compared to the characteristic narrow 
peaks at 764, 662, and 406 cm” in natural and flux-grown 
synthetic spinel. The broadening and shift in these peaks is 
due to structural disorder in Verneuil-synthetic nonstoichio- 
metric spinel resulting from excess Al (P. Schaub, 
“Spectroskopische Untersuchungen an Al-Spinell,” unpub- 
lished diploma thesis, University of Basel, Switzerland, 
2004). The absence of Cr was further confirmed by a Raman 
photoluminescence spectrum (514 nm laser), which showed 
no characteristic chromium emission bands. 

Pink flame-fusion synthetic spinel is very rare, 
because chromium is not readily introduced as a chro- 
mophore during the Verneuil process. The UV-Vis absorp- 
tion spectrum showed a predominant broad absorption 
band at 553 nm, a smaller absorption centered at 630 nm, 
a series of smaller absorption shoulders at 442, 472, and 
530 nm, and an absorption cut-off at 400 nm (figure 34). 
Light violet-pink spinels colored by iron (attributed to 


Figure 33. These curved particle trails and straight/ 
kinked hollow tubes identified the sample in figure 
32 as a flame-fusion synthetic. Photomicrograph by 
M. S. Krzemnicki, © SSEF; magnified 30x. 
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Figure 34. The UV-Vis absorption spectrum of the 
synthetic pink spinel in figure 32 shows absorption 
bands that are attributable to iron. 


spin-forbidden electronic transitions of tetrahedrally coor- 
dinated Fe?*) have shown similar absorption bands (see V. 
T. Gritsyna et al., “Spectroscopic features of iron-doped 
magnesium-aluminum spinel crystals,” Journal of 
Applied Spectroscopy, Vol. 45, No. 2, 1985, pp. 837-840; 
M.N. Taran et al., “Electronic absorption spectroscopy of 
natural (Fe?*, Fe**)-bearing spinels of spinel s.s.-hercynite 
and gahnite-hercynite solid solutions at different tempera- 
tures and high-pressures,” Physics and Chemistry of 
Minerals, Vol. 32, No. 3, 2005, pp. 175-188). It is possible 
that very low concentrations of cobalt also contribute to 
the pink color of this sample. 

Although flame-fusion synthetic spinel is typically an 
easy identification, this specimen was unusual in terms of 
its pink color, the abundance of inclusions, and the 
absence of any reaction to UV radiation. Most flame- 
fusion synthetic spinels are colorless, yellowish green to 
dark green, or light blue to blue. They often show a red- 
dish fluorescence to long-wave UV radiation (due to 
cobalt) and a chalky white fluorescence to short-wave UV. 
Nevertheless, the RI and SG values, and the absence of 
naturally occurring inclusions, provide identification crite- 
ria for an experienced gemologist. 

Michael S. Krzemnicki (gemlab@ssef.ch) 
and Pierre Lefévre 

SSEF Swiss Gemmological Institute 
Basel, Switzerland 


A new imitation of Imperial topaz. Topaz is a popular gem 
due to its attractive appearance, ready availability, and gen- 
erally low price. The one exception—which is both rare 
and costly—is the deep yellow-orange-pink variety known 
as Imperial topaz. By far the most important source of this 
gem is the Ouro Preto area in Minas Gerais, Brazil. Unlike 
many other gem materials, synthetic Imperial topaz is not 
commercially available, and common imitations such as 
citrine, synthetic spinel, and glass are easily detectable. 
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While in Minas Gerais in August 2006, one of these 
contributors (MM) was offered two loupe-clean rough sam- 
ples that were represented as Imperial topaz, which he sub- 
sequently had cut (figure 35). The two pieces had an irregu- 
lar triangular shape, which the dealer indicated would max- 
imize the yield from the rough. The color and the vitreous- 
to-subadamantine luster resembled Imperial topaz. 

The two pieces (1.18 and 2.03 ct) were analyzed in the 
Department of Earth Science of the University of Rome 
“La Sapienza,” and the following gemological data were 
obtained: color—orange-yellow-“rose”; diaphaneity— 
transparent; RI—n,=1.770 and n,=1.761, birefringence— 
0.009; optic character—uniaxial negative; SG—4.05;, fluo- 
rescence—inert to long- and short-wave UV radiation; and 
no inclusions were seen with a gemological microscope. 
These properties identified the pieces as corundum, their 
synthetic origin was strongly suggested by the lack of any 
natural-appearing inclusions (typical of flame-fusion mate- 
rial) and the relatively inexpensive price. The synthetic 
origin was confirmed by LA-ICP-MS analysis at GIA of the 
2.03 ct sample (donated to GIA by Mr. Macri); the lack of 
Ga was characteristic of flame-fusion synthetic corundum. 
The instrument did find traces of Cr, Ni, Ti, and Mg, but 
no Be, which indicates that the color of the synthetic 
corundum was not influenced by Be-diffusion treatment. 

Although the color and luster of this synthetic corun- 
dum are strikingly similar to Imperial topaz, the two 
materials can be easily separated by their standard gemo- 
logical properties. Still, this imitation could present a prob- 
lem for the unsuspecting buyer. Interestingly, similar-col- 
ored synthetic corundum was recently sold as spessartine 
in the Tanzanian market (see Winter 2006 Gem News 
International, p. 282). 

Michele Macri (michele@minerali.it) 
and Adriana Maras 

University of Rome “La Sapienza” 
Rome, Italy 


Andy H. Shen 
GIA Laboratory, Carlsbad 


Figure 35. These two samples of synthetic corundum 
(2.03 and 1.18 ct) were sold in Minas Gerais, Brazil, 
as Imperial topaz. Photo by M. Maczi. 
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American Synthetie Lrystals 


SAPPHIRE TO TITANIA 
by 
A. K. SEEMANN 


LINDE AIR PRODUCTS CO. 


Editor’s note: The following article is 
the principal parts of a talk delivered by 
the author before the 1949 Conclave of 
the American Gem Society in Boston. 

In 1944 the writer was privileged to ad- 
dress the American Gem Society relative to 
the establishment of a synthetic crystal in- 
dustry in the United States. Since that time 
this country has emerged from World War 
IJ and has accomplished the transition from 
a war to peacetime economy. It will be ob- 
setved that in a few short years American 
synthetic crystal developments have not only 
caught up with Europe, but have advanced 
into new fields, as exemplified by the star 
stones and, more recently, titania. Of equal 
importance are technological advances of a 
fundamental nature which add to the knowl- 
edge of crystals and to the successful manu- 
facture of new physical forms for commerce 
and the arts. 

This paper will describe the process by 
which many of. these crystals are grown, 
their composition, properties, crystal habits, 
and commercial importance. An attempt 
will also be made to review the significant 
technical advances made by American in- 
dustry. 

The process for the production of syn- 
thetic corundum crystals was first described 
by A. Verneuil, in a French paper published 
in 1904. Up to that time “reconstructed” or 
“Geneva” rubies, made by fusing together 


Titania 


small chips of natural ruby, had been the 
nearest approach to a man-made ruby gem- 
stone. The early crystals made by Verneuil 
were in the form of small balls weighing 
two to three grams. In spite of the fact that 
carrot-shaped and later cylindrical-shaped 
crystals weighing over 100 gtams each have 
been produced, the crystals made by the 
Verneuil technique are still called boules, 
corresponding to the original French desig- 
nation. 


As it is known today, a corundum boule 
is a single crystal of alpha aluminum oxide, 
normally produced in diameters of 14 to 1 
inch and in lengths of 1 to 214 inches. The 
clear, uncolored crystal is usually designated 
as clear or white sapphire. If the boule is 
colored red by the addition of chromic 
oxide, it is ruby with essentially the same 
chemical’ composition as the natural stone. 
Alternately, the addition of small amounts 
of titania and iron oxide results in a blue 
sapphire crystal. 

Synthetic spinel boules (MgO in A103) 
are also grown by the Verneuil process. 
These crystals can be made either cleat or 
colored in a wide variety of tints and shades 
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GLOBAL JEWELRY CONSUMPTION 
by Value, 2015 (2005) 


China 
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Figure 36. This chart shows the estimated global jew- 
elry consumption by value for the eight key world 
markets, projected to 2015 (total US$230 billion). 
Shown in parentheses are values for 2005 (total $146 
billion). Modified from The Global Gems and 
Jewellery Industry—Vision 2015: Transforming for 
Growth, by KPMG India. 
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KPMG report predicts growth for the global jewelry indus- 
try. KPMG is a global network of professional firms that 
provide audit, tax, and advisory services. In December 
2006, KPMG India released a comprehensive study of the 
diamond and jewelry industry worldwide, The Global 
Gems and Jewellery Industry—Vision 2015: Transforming 
for Growth (see www.in.kpmg.com/pdf/Gems_Jewelry_ 
report_06.zip). The report predicts that global jewelry sales 
will grow by a combined 4.3% annually, from about US 
$146 billion in 2005 to $230 billion in 2015 (figure 36). The 
study also indicates that 2015 sales have the potential to 
reach $280 billion, if the industry were to reform its mar- 
keting practices, adopt more transparent and professional 
business methods, and invest more in product research. 

Diamond jewelry accounted for 47.2% of world jewel- 
ry sales in 2005, according to the report, followed by plain 
gold at 41.6%. Platinum was 6.2% (mainly in Japan and 
China), with colored stones and cultured pearls at 5%. The 
U.S. accounted for 30.8% of world jewelry sales, with 
China second at 8.9%, and Japan and India tied for third at 
8.3% each (again, see figure 36). Italy was the largest 
European consumer, with a 5% world market share, while 
the UK accounted for 3.1%. 

Within the 2005 value chain that comprised the total 
sales of $146 billion, retail margins accounted for nearly 
half ($67.2 billion), while rough diamond production was 
$12.7 billion and polished wholesale diamond sales were 
$17.6 billion. Precious metals accounted for $40.6 billion, 
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and jewelry manufacturing costs were pegged at $20.6 bil- 
lion. (The sales figures of the individual categories total 
$158.7 billion, rather than $146 billion, due to some over- 
lap between them.) However, the report offered few details 
about colored stone and cultured pearl sales, citing the 
lack of transparency and available statistics. (Note, 
though, that the Jewelers of America’s Cost of Doing 
Business Survey for 2006 reported that colored stone jew- 
elry accounted for 9% of U.S. retail jewelry sales.} 

In 2015, diamond jewelry is projected to decline to 
41% of worldwide sales, with plain gold remaining steady 
at ~41%. Platinum will rise slightly to 7% (with another 
6% added for palladium jewelry). Synthetic diamonds will 
likely grab some market share from natural diamonds. 
KPMG also sees a decline in U‘S. retail share of global 
demand to 25.6%, losing ground to China (13.4%) and 
India (12.3%). Japan will see its market share halved to 
3.7%. Between 2005 and 2015, KPMG predicts, the indus- 
try will see further fragmentation of diamond sources and 
heavy consolidation in the wholesale and retail sectors. 

The De Beers Diamond Trading Company’s share of 
rough diamond production is expected to fall to less than 
40% (from about 55% in 2005), as more small mining 
companies market their goods through rough diamond 
traders. Additionally, more rough will be sold on the open 
market through invitational auctions, or through “part- 
ner” players upstream in the manufacturing and retailing 
sectors. The polished diamond and finished jewelry mar- 
kets will see the rise of large, fully integrated mine-to- 
retail players. Manufacturers will concentrate in low-wage 
countries, although there will be an increase in smaller 
niche manufacturing. The industry will undergo consoli- 
dation, as difficult cash flow, financing problems, and 
unsustainable inventory positions force a number of merg- 
ers and cause others to go out of business. 

The KPMG report offered recommendations for improv- 
ing marketing and business practices that could, purportedly, 
result in an additional 15% growth over the 10-year period: 


e Promote jewelry as a category, combining separate (and 
often competing) campaigns by the diamond, gold, and 
colored stone/cultured pearl sectors into a unified effort 
that enhances the value proposition of jewelry. 


e Identify and serve new consumer needs and segments, 
create new occasions to sell jewelry, and make jewelry 
more accessible to consumers. 


e Create more innovative designs and products in estab- 
lished markets, while generating demand in emerging 
markets. 


e Improve the industry’s public image. Lack of trans- 
parency and concerns over quality and treatments 
dampen consumer demand and discourage involvement 
by the financial industry. 


e Attract talent from outside the industry—particularly 
the luxury goods sector—and professionalize family- 
owned businesses. 
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The report noted that reducing finance costs by adopt- 
ing these reforms (i.e., making the industry more attrac- 
tive to lenders) and improving credit practices could 
increase cash flow. Adoption of these measures could gen- 
erate an additional $50 billion in annual sales by 2015. 

Russell Shor (rshor@gia.edu) 
GIA, Carlsbad 


CONFERENCE REPORTS 


Sinkankas Symposium: The Jades. This fifth annual sym- 
posium in honor of John Sinkankas took place April 21 at 
GIA in Carlsbad. Approximately 140 people attended the 
sold-out event, which was co-hosted by GIA and the San 
Diego Mineral and Gem Society. As in previous years, the 
Symposium was organized by Roger Merk (Merk’s Jade, 
San Diego) and the participants were treated to displays of 
items from various collections (see, e.g., figure 37). 

Fred Ward (Gem Book Publishers and Friends of Jade, 
Malibu, California) surveyed the various uses for jade (i.e., 
jewelry, decorative objects, utensils, and ritual items) and 
described several important localities for jadeite and 
nephrite. In particular, he indicated that Myanmar is the 
world’s leading source of jadeite jade, whereas most 
nephrite jade comes from British Columbia, Canada. Si 
Frazier (El Cerrito, California) surveyed various types of 
jade, including an interesting slab of white to pale blue 
jadeite from Myanmar that showed distinct patches of a 
brighter blue in transmitted light (figure 38). Mary Lou 
Ridinger (Jades S.A., Antigua, Guatemala) described sever- 
al varieties of Guatemalan jadeite that have been mined 
from seven quarries discovered near the Motagua fault 
zone from 1974 to 2004. She indicated that her company’s 
manufacture of realistic replicas of jade artifacts has drasti- 
cally reduced the demand for illegally recovered antique 
jades from Guatemala. 

Don Kay (Mason-Kay Inc., Denver, Colorado) outlined 
value factors for fine jadeite according to its color and form 
(i.e., beads, bangles, and carvings). Pure green colors are 
much more valuable than lavender, yellow, red, and black 
varieties. In recent years, semitransparent colorless “ice” 
jadeite (from Myanmar) has commanded high prices, but it 
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Figure 37. This peacock and lotus flower carving of 
Burmese jadeite (12 cm tall, without the wooden 
stand) was on display during the 2007 Sinkankas 
Symposium. Courtesy of William Larson; photo by 
Wimon Manorotkul. 


is seldom seen on the market. Mr. Kay demonstrated how 
high-quality jadeite bangles give a distinct “chime” when 
tapped together; the sound is not as distinct in jadeite with 
an inferior structure or that has been polymer impregnated 
(or both). Richard Hughes (AGTA Gemological Testing 
Center, Carlsbad) described some of the challenges he 
faced during his three visits to the Burmese jade mines 
near Hpakan, most recently in 2004: obtaining permission 
from the government, dealing with the politics of the area, 
and enduring the rugged travel conditions that required 
several types of transportation and negotiating roads that 
were impassable due to deep mud. 


Figure 38. This unusu- 
al slab of Burmese 
jadeite (7.4 cm long) 
appeared white to pale 
blue in reflected light 
(left), but showed dis- 
tinct patches of a 
brighter blue in trans- 
mitted light (right). 
Courtesy of Si Frazier; 
photos by George 
Rossman. 
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Dale Blankenship (San Diego) outlined several steps— 
and the corresponding equipment—that he uses for carv- 
ing jade: trimming with a saw, coring with a drill press, 
grinding with a rotating wheel and a flex-shaft tool, sand- 
ing with a flex-shaft tool using resin rods dipped in a dia- 
mond compound, and polishing with Linde A and Linde B 
media. John Koivula (GIA, Carlsbad) described the inclu- 
sions that have been found in jade: zircon, chromite, vesu- 
vianite, native copper, aegirine, lawsonite, albite, pyrite, 
and muscovite. Dr. George Rossman (California Institute 
of Technology, Pasadena) differentiated the origins of color 
in jadeite and nephrite. In jadeite, green is caused by Cr** 
substituting for Al**, while a lavender hue is produced by 
Mn**, red-orange is due to microscopic grains of hematite, 
while yellow is probably caused by grains of an iron 
hydroxide such as lepidocrocite. Green in nephrite is 
mainly due to Cr** with some contribution from Fe**. 

BML 


ANNOUNCEMENTS 


New CIBJO Blue Book available. CIBJO—The World 
Jewellery Confederation has released an updated version 
(2006-1) of its Blue Book, which provides standardized 
guidelines pertaining to the nomenclature, treatments, 
and/or care requirements for diamonds, colored stones, 
and pearls. The updated Blue Book was ratified at the 
March 2007 CIBJO Congress in Cape Town, South Africa. 
PDF files for each of the three sections are available for 
free download at www.cibjo.org. 


AGTA Spectrum Awards competition. The 2008 AGTA 
Spectrum Awards will recognize outstanding colored gem- 
stone and cultured pearl jewelry designs from North 
America, as well as achievements in the lapidary arts. 
Winning entries will be displayed and award recipients 
honored at the 2008 AGTA GemFairs in Tucson and Las 
Vegas. The entry deadline is September 25; the competi- 
tion will be held in New York City during October. For 
entry forms and more information, visit www.agta.org or 
call 800-972-1162. 


Conferences 

PegCamp 2007—East. This one-week course, held August 
6-13 in Poland, Maine, will cover the mineralogy, internal 
structure, and evolution of granitic pegmatites through the 
field examination of pegmatites and related granites. Visit 
www.pegmatology.com/pegcamp.htm. 


NAJA 28th Annual Mid-Year Education Conference. The 
National Association of Jewelry Appraisers will hold this 
conference August 11-14 at the Cobb Galleria Convention 
Center in Atlanta, Georgia. Topics will include financial 
tips for appraisers, appraising antique jewelry, and expand- 
ing appraisal skill sets. Visit www.najaappraisers.com. 
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Goldschmidt 2007. The 17th Annual V. M. Goldschmidt 
Conference will take place August 19-24 in Cologne, 
Germany, and will feature a session titled “Applied geo- 
chemistry—from brines and rare-earth elements to dia- 
monds” in honor of longtime Ge#G contributor Dr. Alfred A. 
Levinson. The session will consist of two parts: “Exploration 
Geochemistry” and “Gem Mineralogy, Diamonds and 
Gemstones.” Visit www.goldschmidt2007.org. 


24th European Crystallographic Meeting. Held August 
22-27 in Marrakech, Morocco, this conference will include 
a session titled “Crystallography in Art and Archeology.” 
Visit www.ecm?24.org. 


Diamond Symposium in Kimberley. The Geological 
Society of South Africa’s Directorate of Professional 
Programmes will host this colloquium August 23-24 in 
Kimberley, South Africa. The conference program will 
include field trips on August 25 to diamond deposits in the 
Kimberley area. Visit www.gssa.org.za and www.r1ca.co.za. 


IV International Conference on the Application of Raman 
Spectroscopy in Art and Archaeology. This meeting, held 
September 5-8 in Modena, Italy, will explore current 
trends and advanced techniques in the application of 
Raman spectroscopy to art and cultural heritage research. 
Visit www.chimica.unimore.it/RAA2007/raa2007 htm. 


Diamond 2007. The 18th European Conference on Dia- 
mond, Diamond-like Materials, Carbon Nanotubes, 
and Nitrides will be held in Berlin, Germany, 
September 9-14. Presentations on the growth, process- 
ing, and characterization of diamond will be given. Visit 
www.diamond-conference.elsevier.com. 


GIA GemFest Hong Kong. This free educational seminar 
will be held during the Hong Kong Jewellery and Watch 
Fair September 27, 8:30-10:30 a.m., in Room 210B of the 
Hong Kong Convention and Exhibition Centre. Dr. 
Mink Stavenga, dean of GIA’s School of Business, will 
speak on the state of the global jewelry industry, and 
senior vice president of Laboratory & Research Tom 
Moses and director of GIA Research (Thailand) Ken 
Scarratt will provide an update on the GIA Laboratory's 
current activities. To RSVP by September 14, visit the 
GIA Alumni Association web site at www.gia.edu, e- 
mail: events@gia.edu or giahk@netvigator.com, or phone 
760-603-4205 (in the U.S.) or +852-2303-0075 (in Hong 
Kong). 


II International Conference “Crystallogenesis and 
Mineralogy.” Held October 1-5 in St. Petersburg, Russia, 
this conference will explore mineral formation, crystal 
growth in nature and the laboratory, and crystal morpholo- 
gy. Visit www.minsoc.ru/KM2007. 
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CGA Gem Conference 2007. The Canadian Gem- 
mological Association’s annual gemological conference 
will take place October 19-21 in Vancouver, British 
Colombia. Visit www.gemconference2007.com. 


GSA Annual Meeting. The Geological Society of America 
will be holding its annual meeting October 28-31, 2007, 
in Denver, Colorado. The program will include a short 
course (on Oct. 28) covering the fundamentals and applica- 
tions of laser ablation-inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) to the geological sciences and 
other fields. Visit www.geosociety.org/meetings/2007. 


Mineralientage Miinchen. The 44th Munich mineral show 
in Germany will take place November 2-4 and feature a 
special exhibit on gem crystals from Pakistan. Visit 
www.mineralientage.com. 


Art2008. Held May 25-30, 2008, in Jerusalem, Israel, the 
9th International Art Conference on Non-destructive 
Investigation and Analysis will focus on items of cultural 
heritage, but will have implications for gem testing. Visit 
www.isas.co.il/art2008. 


Quebec 2008: GAC-MAC-SEG-SGA. Held May 26-28 in 
Quebec City, Canada, this joint conference organized by 
the Geological Association of Canada, Mineralogical 
Association of Canada, Society of Economic Geologists, 
and the Society for Geology Applied to Mineral Deposits 
will include a symposium titled “Challenges to a Genetic 
Model for Pegmatites.” Visit www.quebec2008.net. 


SEG-GSSA2008: Africa Uncovered—Mineral Resources for 
the Future. Diamond presentations will be covered at this 
conference, hosted by the Society of Economic Geologists 
and the Geological Society of South Africa in Muldersdrift, 
South Africa, on July 6-9. Visit www.seg-gssa2008.org. 


Goldschmidt 2008. Held July 13-18 in Vancouver, British 
Columbia, Canada, this geochemistry conference will 
include a session titled “Diamonds and Fluids in the 
Mantle.” Visit www.goldschmidt2008.org. 


Exhibits 


Exhibits at the GIA Museum in Carlsbad. From now 
through March 2008, “Reflections in Stone” will showcase 


famed gem carver Bernd Munsteiner’s work during the 
period 1966-2003. On display in the Mikimoto Rotunda, 
the exhibit includes carved quartz, tourmaline, and beryl, 
ranging from pieces set in jewelry to large table-top sculp- 
tures. Also currently on display in the S. Tasaki Student 
Lecture Hall is “Celebration of Life,” an exhibit of 21 
award-winning tanzanite jewelry designs from the 
Tanzanite Foundation’s Celebration of Life Awards held in 
New York in January. The exhibit will only be on display 
at GIA during July and August; this is also the final U.S. 
visit for this collection. Advance reservations for both 
exhibits are required; to schedule a tour, call 760-603-4116 
or e-mail museum@gia.edu. 


Gold at AMNH. “Gold,” an exhibition exploring the his- 
torical fascination with this precious metal, is on display 
at the American Museum of Natural History in New York 
through August 19, 2007. The exhibit includes both rare 
natural specimens and significant cultural artifacts. Visit 
www.amnh.org/exhibitions/gold. 


Wine and Gems in Dijon. “Colour Sparkles: Legendary 
Wines and Gemstones,” a unique exhibition of fine gems 
and fine wines, is being held in the Sciences Garden at the 
Parc de l’Arquebuse, Dijon, France, through December 9, 
2007. Items from the French National Museum of Natural 
History are on display with wines from the great vintners 
of Burgundy and beyond. The exhibit includes both wine 
tasting and hands-on experiments in light and color. Visit 
www.dijon.fr/fiche/eclats-de-couleurspierres-et- 
vins-de-legende.evt.5604.php. 


Jewelry of Ben Nighthorse. Ben Nighthorse Campbell, 
who represented Colorado in the U.S. Senate from 
1992-2004, has enjoyed a successful second career as an 
innovative jewelry designer. This collection of his work, 
which debuted at the Smithsonian Institution’s National 
Museum of the American Indian in 2004, is on display at 
the Colorado History Museum in Denver through 
December 31, 2007. Visit www.coloradohistory.org. 


Gems! Colors of Light and Stone at the Bowers Museum. 
The Michael Scott collection has returned to the Bowers 
Museum in Santa Ana, California, with an expanded dis- 
play of rare colored stones, carvings, and sculptures. The 
exhibit will run until June 16, 2008. Visit www.bowers.org. 


For regular updates from the world of GEMs & GEMOLOGY, visit our website at: 
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www.gia.edu/gemsandgemology 
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REVIEWS 


EDITORS 

Susan B. Johnson 

Jana E. Miyahira-Smith 
Thomas W. Overton 


Gemmology, 3rd Ed. 


By Peter G. Read, 324 pp., illus., 
publ. by Elsevier Butterworth- 
Heinemann, Burlington, MA, 2005. 
US$39.95 


Peter Read’s third edition of Gem- 
mology is a comprehensive work 
covering the fundamentals of gemol- 
ogy and mineralogy. This book was 
developed to assist students of the 
British gemmological association 
(Gem-A), but the scope goes well 
beyond that of a simple textbook. 
This revised edition has been updated 
to include new treatments such as 
HPHT processing of diamonds and 
beryllium diffusion of sapphires, new 
synthetics such as CVD diamonds, 
and new instrumentation such as the 
Raman spectrometer. 

The book consists of 20 chapters, 
beginning with a comprehensive 
review of the development of gemolo- 
gy over the past 170 years, including 
new synthetics and new gem finds. 
Naturally, some of the rarer new gem- 
stones such as musgravite are not 
mentioned because of the time limit 
one has to impose when writing such 
a summary. The second chapter is a 
short overview of the geology of gem 
deposits, occurrences, major gem 
localities, and mining techniques. 
Chapter 3 covers the chemical compo- 
sition of gems, and Chapter 4 
describes their crystallographic sys- 
tems. The next three chapters describe 
the mineral properties relevant to 
gems, such as cleavage, parting, and 
fracture; hardness; and specific gravity 
and relative density (including the 
measurement of SG and the use of 
heavy liquids). 
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Discussed next are the optical 
properties of gemstones and related 
identification methods. Chapter 8 
explains the electromagnetic spectrum 
and discusses color and selective 
absorption, coloring elements, and 
color centers, in addition to describing 
luster, sheen, and transparency. 
Chapter 9 covers reflection and refrac- 
tion, and the refractometer and its use. 
It also discusses optic axes, signs, and 
characters, and how these are used to 
identify gems. Chapter 10 describes 
polarization and pleochroism, and 
explains the use of the polariscope and 
the dichroscope. Spectroscopy and var- 
ious spectroscopic techniques, from 
the handheld spectroscope to various 
high-tech spectrometers, are covered 
in the next chapter. 

Chapter 12 examines lumines- 
cent, electrical, and thermal proper- 
ties, while the loupe, microscope, and 
Chelsea filter are described in the 
ensuing chapter. The next section 
explores gemstone enhancement, 
from ancient to the most recent prac- 
tices; synthetics, from a history of 
early gem synthesis up to CVD syn- 
thetic diamond; key features to distin- 
guish between synthetic and natural 
gems; simulants of non-organic gems; 
and organic gem materials and their 
simulants. 

The design and cutting of gem- 
stones are well summarized in 
Chapter 19. Great emphasis is given 
to the “critical angle,” which is 
important for a stone’s internal reflec- 
tion; also covered are polishing meth- 
ods and different diamond grading 
systems. The text closes with a prac- 
tical guide to identifying gemstones 
along with a very useful flow chart, 


GEMS & GEMOLOGY 


guiding the gemologist from simple to 
more advanced tests. 

The 10 appendices provide sum- 
maries of properties and other infor- 
mation for most organic, inorganic, 
and synthetic gem materials. These 
are very useful, though the bibliogra- 
phy could have been slightly larger. 
Also included are suggestions for 
Gem-A students, a review of gem- 
stone weighing, and an index. 

There are some minor drawbacks 
to this excellent textbook, such as 
the photos (which are mostly black 
and white), the omission of Mada- 
gascar as a major source of corun- 
dum, and the section on refractome- 
ters (some of which are no longer 
available). However, these are small 
details and do not detract from the 
large amount of important and rele- 
vant information provided, not only 
for the gemologist but for anyone 
involved with gemstones. 

LORE KIEFERT 
AGTA Gemological Testing Center 
New York City 


The Art of Enameling 


By Linda Darty, 176 pp., illus., publ. 
by Lark Books [www.larkbooks.com], 
Asheville, NC, 2006. US$17.95 


It has been my personal experience 
with jewelry manufacturing instruc- 
tional books that while there might 
be a tremendous amount of knowl- 
edge between the covers, there are 
inevitably blank spots, often with 
some critical piece of information 
about a project missing. This always 
made the concepts more difficult to 
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understand and apply when I tried 
the project myself. With this book, 
however, Linda Darty has created a 
truly complete text that encompass- 
es all the major enameling tech- 
niques. Each of these is thoroughly 
explained, with photographic and 
technical support. 

The book starts with an overview 
of enameling fundamentals. What is 
vitreous enamel? How is it manufac- 
tured? What are the material choices 
the artist has with this medium? The 
equipment list is extensive and 
detailed. Multiple choices are ex- 
plained for each tool category, includ- 
ing their pros and cons. This level of 
detail allows beginning enamelists to 
more accurately and economically 
choose which tools to purchase, based 
on the type of enameling they want to 
pursue. 

Throughout the book are “histori- 
cal highlights,” in sidebars, that 
review when specific techniques 
began and who pioneered them. The 
book is also loaded with “hot tips,” 
little gems of information that are 
usually acquired only after years of 
experience and experimentation. Each 
one is clear and concise, with direct 
application to both basic enameling 
and more advanced techniques. 

Following the fundamentals are 
full and clear descriptions of the 
enameling process, beginning with 
the various metal substrates and pro- 
ceeding through the cleaning and 
preparation of materials. Explanations 
are given for the different methods of 
applying enamel to the metal, dry sift- 
ing as well as wet inlaying and liquid 
enamel. The firing process is broken 
down into its phases, illustrating the 
“sugar coat” texture that occurs at 
lower temperatures and moving 
through the “orange peel” and fully 
fused surfaces. 

Colors, both transparent and 
opaque, are described in detail. The 
traits of each category are given, cov- 
ering firing temperatures and soft vs. 
hard enamels, as well as how the col- 
ors interact with one another and dif- 
ferent metals. These are some of the 
most complex and subtle aspects of 
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enameling, and they typically can 
only be learned with experience. 
Darty gives the reader a significant 
head start with her explanations and 
tips. 

The next section deals with all the 
traditional enameling styles. It 
includes a description of each, as well 
as many practical examples using 
high-quality photographs. To demon- 
strate each technique, Darty walks 
the reader step by step through the 
making of an actual piece. All the 
steps are photographed well, and the 
technique is explained in detail. A 
thorough understanding of the diffi- 
culties and pitfalls—as well as advan- 
tages—of each technique can be 
learned from reading carefully 
through each step. 

The last section of the book pre- 
sents 12 different projects for readers 
to attempt themselves. These are 
explained in exacting detail, with 
each project broken down into easily 
digested steps. All the major enamel- 
ing techniques are represented in this 
section. 

Overall, I believe this is one of the 
best and most inspirational technical 
manuals for enameling ever pub- 
lished. Its clear and easily understood 
details make it an excellent reference 
for any metalsmith and aspiring 
enamelist, and even the more experi- 
enced enamelist. 

MARK MAXWELL 

JA Certified Master Bench Jeweler 
Gemological Institute of America 
Carlsbad, California 


The Smale Collection: 
Beauty in Natural Crystals 


By Steve Smale, with photos by Jeff 
Scovil and Steve Smale, 204 pp., 
publ. by Lithographie LLC 

[www .lithographie.org], East 
Hampton, CT, 2006. US$50.00 


The author describes this book, a 
gallery of some of the best mineral 
specimens in the Steve and Clara 
Smale Collection, as “neither a scien- 
tific book nor art book but a coffee 
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table book.” If so, one should serve 
“premium blend” to go with this 
beautifully bound and illustrated vol- 
ume! Although tailored for mineral 
collectors, gemologists should appre- 
ciate the natural forms of the gem 
minerals pictured throughout. 

Steve Smale is a world-renowned 
mathematician who, with his wife, 
Clara, has lived in and traveled to 
many of the areas that have played 
major roles in the development of 
their collection. The introduction 
describes the collection’s history and 
the places and people that influenced 
it. Cited are works by Desautels, 
Halpern, Wilson, and Bartsch and 
their thoughts on what defines a 
mineral masterpiece. The author 
agrees with much of what these 
experts say but also explains his own 
criteria: ideal form with variations 
and exceptions; ideal matrix; the cru- 
cial role of the specimen’s horizon 
(the point where the upper ridge of 
the overall specimen meets the 
“sky’), the impact of damage; the 
importance of completeness; econo- 
my (which demands that every part 
of the specimen play a role in its pre- 
sentation), judicious trimming (done 
by professionals); the integrity of the 
specimen (as it is presented), with 
disclosure of any defects that are not 
readily apparent; and related docu- 
mentation. 

The specimens are arranged in 
order of acquisition from the collec- 
tion’s beginnings in 1969. The earli- 
est of the 99 photographs were taken 
by the Smales, the rest by Jeff Scovil. 
Nearly all of the pieces are represent- 
ed by full-page color photos with a 
caption on the opposite page that 
gives the name of the mineral or 
principal minerals, together with the 
locality, dimensions, and a brief 
background of the piece and its 
acquisition. Smale prefers using pop- 
ular or family names rather than sci- 
entific ones and follows this conven- 
tion in his specimen titles. He also 
discusses his personal approach to 
photography, based on his observa- 
tions of still life and the works of 
master photographers. The gallery is 
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followed by a short bibliography and 
index. 
This book offers a glorious look at 
a world-class mineral collection and 
the couple who put it together. All 
the specimens depicted truly belong 
in this visually stimulating work. 
There is very little to fault other than 
a few inconsistencies in the specimen 
titles and the lack of explanation for 
why each specimen is exceptional. 
“Old masters” of the mineral world, 
such as the pyrargyrite from St. 
Andreasberg, Germany, are joined by 
modern-day classics, like the jereme- 
jevite from Cape Cross, Namibia. I 
especially enjoyed the tourmalines 
and topazes but might give top honors 
to the rhodochrosite from Colorado’s 
Sweet Home mine. While I wish I had 
a collection of such importance, at 
least I can enjoy this book for many 
years to come. 
MICHAEL EVANS 
Gemological Institute of America 
Carlsbad, California 


Horn: Its History and Its Uses 


By Adele Schaverien, 281 pp., illus., 
publ. by the author [www.hornhistory- 
uses.com.au], Wahroonga, NSW, 
Australia, 2006. US$60.00 


Well written and very interesting, 
this self-published and passionate 
effort offers a comprehensive review 
of the history of horn and its craft 
that did not exist until now. The 
author, who took up hornwork in 
1976 and is one of a small number of 
people working with horn today, 
spent 16 years researching her craft 
and its history, in addition to pho- 
tographing a wide variety of horn 
items of both utilitarian and decora- 
tive character. 

The book is divided into three sec- 
tions. The first covers the regulation 
of horn craft and trade from medieval 
times to the present day. The next 
section focuses on materials, tools, 
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and techniques. The last section con- 
tains numerous illustrations and pho- 
tos along with a history of horn 
objects detailed by type, from combs 
to window panes. 

Before the development of plastic, 
horn served as a common material for 
lightweight objects such as fans, 
combs, jewelry, snuff boxes, and 
more. Its processing was extremely 
malodorous (think of burning hair), 
and skilled craftsmanship was 
required to create beautiful and useful 
objects. Hornworking techniques 
ranged from simply using the natural 
form of horn to make items such as 
drinking vessels and baby bottles, to 
more complicated processes that 
required pressing it into plates or 
leaves that could later be molded. 
Schaverien’s fascinating historical 
account of how this was done—the 
book focuses primarily on British 
horning history—takes us back to a 
time of innovation, when man needed 
to make creative use of available 
organic materials. 

To the gemologist, horn is a semi- 
transparent-to-opaque, yellow to 
brown to almost black material with 
an RI of 1.560. It has resinous-to-vitre- 
ous polish luster, uneven-to-splintery 
fracture, and resinous-to-dull fracture 
luster. When examined with magnifi- 
cation, it reveals an undulating, 
fibrous structure. In more general 
terms, horn can be material from the 
projection of an animal’s head made 
of a sheath of hardened protein over 
bone, or it can be a solid outgrowth of 
keratin and hair (as on a rhinoceros or 
the bill of a bird). The most common 
items covered in this book are made 
from the horn of bovine and ovine 
species, including buffalo, bison, and 
certain types of antelope. 

Horn is a material that often does 
not survive the test of time because it 
tends to decompose. Only small num- 
bers of antique horn pieces remain in 
museums and private collections. 
This book is not only one of impor- 
tance to both horners and historians, 
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but it will also serve as an essential 

reference tool for museum curators, 
librarians, and antique collectors. 

MARY MATHEWS 

Gemological Institute of America 

Carlsbad, California 


OTHER BOOKS RECEIVED 


Laboratory Created Diamonds. By 
Sharrie Woodring and Branko Del- 
janin, 39 pp., illus., publ. by Euro- 
pean Gemological Laboratory-USA 
[www.eglusa.com], New York City, 
2005 [no price information avail- 
able]. Intended as an aid for retail 
jewelers and appraisers, this short 
booklet provides a basic review of the 
manufacture and identification of 
synthetic diamonds. Part I reviews 
the history and technology behind 
HPHT and CVD synthetics, includ- 
ing post-growth treatments. Part II 
covers the various means of identifi- 
cation, from basic gemological exam- 
inations to more advanced tech- 
niques such as cathodoluminescence 
and Raman spectroscopy. 


THOMAS W. OVERTON 
Gemological Institute of America 
Carlsbad, California 


Gem Raw Materials and Their Oc- 
currence in Serbia, 2nd ed. By Ilic’ 
Miloje, 152 pp., illus., publ. by the 
Yugoslavian Gemological Associ- 
ation, Belgrade, 2006 [in Serbo- 
Croatian, with English summary, no 
price information available]. This 
book reviews the gems that have 
been found in Serbia, including their 
occurrences and geologic settings. 
Though little if any organized min- 
ing is currently taking place, the 
author believes economic deposits of 
chalcedony, quartz, and opal, among 
others, may yet be developed. 
Several pages of color plates illus- 
trate notable specimens of Serbian 
gem materials. 


THOMAS W. OVERTON 
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COLORED STONES AND 
ORGANIC MATERIALS 


Fossils in amber: Unlocking the secrets of the past. D. Penney 
[david.penney@manchester.ac.uk], Biologist, Vol. 53, 
No. 5, 2006, pp. 247-251. 
Some of the more fascinating aspects of amber are its fossil 
inclusions: Many small forms of life are captured with excep- 
tional clarity. It is also important for its ability to capture inter- 
actions between organisms and for the comparisons it offers to 
current evolutionary processes. This article discusses some of 
the factors affecting the scientific community’s ability to 
extrapolate from the amber fossil record, and looks at the par- 
ticular value of the two most significant deposits (in the Baltic 
region and the Dominican Republic). 

As with more familiar fossils preserved in carbonate rocks 
and sediments, the rarity of fossils in amber means that many 
taxonomic studies suffer from the availability of very few 
specimens, and this lack of adequate data worsens the older 
(and thus rarer) the amber samples are. The author also men- 
tions the uncertainty involved in applying knowledge of cur- 
rent life to paleocommunities that may or may not have 
behaved similarly, as well as how scientists must try to com- 
pensate for possible bias toward the preservation of certain 
groups in amber. As an example, arboreal and hunting spiders 
are discussed in terms of their ecological niches (body size and 
web building in trees vs. hunting); experiments have shown 
with regard to size that modern tree resins trap spiders uni- 
formly, allowing scientists in this case to form reasonable 
comparisons between much older fossils and more recent 
ecologies. 

Other topics discussed range from using fossils in amber to 
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help study global climates (as biology can be a sensitive 
recorder of the environment) and the possibility of 
cloning extinct species using their fossil DNA (which is 
described as minimal). DMK 


Genesis and composition of lazurite in magnesian skarns. 
S. M. Aleksandrov and V. G. Senin, Geochemistry 
International, Vol. 44, No. 10, 2006, pp. 976-988. 

Gem-quality lazurite occurs in the Hindu Kush 

Mountains of Badakhshan, Afghanistan (Sar-e-Sang lapis 

lazuli deposits), and in the Pamir Mountains of Tajikistan 

(Lyadzhvardara). It is also found in several additional 

localities, such as the Lake Baikal region of eastern Russia 

(Slyudyanka and Malaya Bystritsa). At each of these loca- 

tions, it is hosted by aluminosilicate rocks that are associ- 

ated with Fe-poor, Mg-rich skarns. The skarns are formed 
by the metasomatic alteration of dolomites along their 
contact with igneous intrusive rocks. To produce lazurite, 
it is necessary for the alkaline hydrothermal or magmatic 
solutions that formed the skarns to contain sulfur (as both 
sulfate and sulfide) along with chlorine. However, the 
lazurite mineralization appears to postdate skarn forma- 
tion. The magnesian skarns can also be sources of other 
gem minerals, including corundum and spinel. Chemical- 
composition data are provided for lazurite from a number 
of world deposits. JES 


Herkunftsbestimmung von SiifSwasserzuchtperlen mit 
Laser Ablations ICP-MS [Provenance determination 
of freshwater cultured pearls using laser ablation 
ICP-MS]. D. E. Jacobi, U. Wehrmeister, T. Hager, 
and W. Hofmeister, Gemmologie: Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 55, 
No. 1-2, 2006, pp. 51-58 [in German with English 
abstract]. 

In Japan, freshwater pearls are cultivated mainly in Lake 

Biwa and Lake Kasumigaura. In the latter, a crossbreed of 

the mussel Hyriopsis schlegeli with H. cumingii is used, 

and freshwater shell beads are implanted. By contrast, 

Chinese cultivators generally use H. cumingii and 

Cristaria plicata mussels, and the cultured pearls are bead- 

less. However, as the quality of the Chinese products con- 

tinually improves, it is becoming increasingly difficult to 
distinguish Kasumigaura cultured pearls from Chinese 
products by standard visual methods. 

The authors performed LA-ICP-MS analyses on 41 
Kasumigaura samples and a number of Chinese freshwa- 
ter cultured pearls to determine the concentrations of 
trace elements (Li, Be, Mg, Mn, Co, Ni, Cu, Zn, Sr, Ba, 
and Ag). All showed high Mn contents, which clearly dis- 
tinguished them from saltwater cultured pearls. 
Kasumigaura samples showed lower and less variable 
Ba/Sr ratios than their Chinese counterparts, these reflect 
different trace-element compositions that are typical for 
the waters in which they were cultivated. 

RT 
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Mineralogy of fossil resins of northern Eurasia. M. A. 
Bogdasarov, Proceedings of the Russian Miner- 
alogical Society, Vol. 135, No. 6, 2006, pp. 66-78 [in 
Russian with English abstract]. 

The authors investigated the diagnostic properties and 

genesis of fossil resins from Cretaceous, Tertiary, and 

Quaternary sediments of northern Eurasia on the basis of 

their physical and chemical characteristics (e.g., morpholo- 

gy, size, mass, density, optics, mechanical and thermal 
properties, and chemical composition). The constitution of 
amorphous organic minerals with a polymeric structure 
allows the use of IR spectroscopy and other analytical 
methods. A summary of results from an investigation of 
the amber-bearing provinces of Baltic-Dnieper, northern 

Siberia, and the Russian Far East showed that the resins of 

Baltic-Dnieper are amber (succinite). The amber-like mate- 

rials from northern Siberia and from some Far Eastern 

areas are mainly represented by the fragile resins retinite 
and gedanite, which have no value for jewelry. In contrast, 
the widespread fossil resins from the Sakhalin coast 

(Russian Far East) are rumanite and have a high potential 

for jewelry use. RAH 


The nanostructure of fire opal. E. Fritsch, E. Gaillou 

[eloise.gaillou@cnrs-imn.fr], B. Rondeau, A. Barreau, 

D. Albertini, and M. Ostroumov, Journal of Non- 

Crystalline Solids, Vol. 352, 2006, pp. 3957-3960. 
Fire opal is typically transparent and characterized by an 
orange bodycolor. This color is caused by the absorption of 
light by needle-like iron oxide nanoparticles. Fire opal 
forms in rhyolitic tuffs, and gem-quality material is mined 
around the world. The authors studied 60 fire opals from 
Mexico, Brazil, Ethiopia, Kazakhstan, Tanzania, Slovakia, 
and the United States, and found that their structure was 
different from other types of opal that display play-of- 
color. 

Narrow ranges of R.I. and S.G. values suggest that fire 
opal is a homogeneous material. Raman spectra showed a 
broad band at 325 cm“ with minor shifts. Fire opals are 
less amorphous than most play-of-color opals, with char- 
acteristics of opal-CT. Scanning electron microscopy and 
atomic force microscopy revealed that the structure of fire 
opal consists of random aggregations of near-spherical 
grains with an average diameter of 20 nm—far smaller 
than the 150-300 nm spheres composing the majority of 
play-of-color opal. The authors propose that these near- 
spherical grains or “‘nanograins” are fundamental building 
blocks of fire opal and possibly of many other varieties of 
opal as well. KSM 


Vetri naturali [Natural glasses]. M. C. Venuti, Rivista 
Gemmologica Italiana, Vol. 1, No. 1, 2006, pp. 
25-37 [in Italian]. 

Natural glasses are formed in three situations: (1) during the 

cooling of certain volcanic rocks (e.g., obsidian), (2) during 

the impact of extraterrestrial bodies (e.g., impactite and tek- 
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by the addition of small percentages of 
the oxides of cobalt, chromium, titanium, 
nickel, iron, and vanadium. Perhaps the 
most popular colored spinels for gemstones 
are the blue and aquamarine. 

The basic process for growing corundum 
and spinel boules has changed little from 
that first developed by Verneuil. 

The powdered oxides are held in a hop- 
pet with a fine mesh screen bottom. Tap- 
ping the hopper causes the powder to feed 
intermittently into the oxygen stream and 
to be carried down through the center tube 
of the diffusion-type oxy-hydrogen burner. 
Hydrogen is fed to the flame through an 
annular passage surrounding the oxygen- 
powder tube. The tip of the oxy-hydrogen 
powder burner discharges the flame into a 
cylindrical ceramic furnace, usually split 
down the middle for easy opening and with 
a small rectangular slot in one side for 
viewing the boule during the growth pro- 
cess. The boules are grown on a ceramic 
pedestal, centered in a refractory furnace. 
and supported by a table with a vertical 
screw adjustment. Fig. 3 shows such a split 
furnace opened up with the finished boule 
still standing on its ceramic pedestal. 

At the start of the boule growth process, 
the powder feed rate is adjusted somewhat 
higher, and the flame intensity lower than 
for the steady boule growth condition. The 
powder feed-rate is varied by changes in 
the tapping frequency and amplitude of 
the hammer blow. The flame intensity is 
vatied by adjusting the oxy-hydrogen gas 
ration and precise regulation of the actual 
volumes of these gases fed to the flame. 
The powder falling through the flame builds 
up a sintered mass on the end of the ceramic 
pedestal, and if the flame conditions are 
favorable, a single crystal soon begins to 
emerge from the mass. By careful control 
of the flame intensity, this single crystal is 
made to grow out of the sintered mass 
until it forms a tod about the diameter of 
a match stick and 14 inch long. At this 
point, the adjustment is: changed and a 


small ball is made to form on the end of 
the rod, which is progressively broadened 
to resemble a mushroom. When the dia- 
meter is increased to the size desired for 
the boule being grown, the growth condi- 
tions are adjusted to give a uniform, diam- 
eter cylindrical section, These steady con- 
ditions of powder feed, flame intensity, and 
boule lowering rate, afte maintained until 
the boule is of the desired length, and then 
the growth process is stopped. 

As a general rule, the clear stones are 
easiet to grow than the coloted ones; the 
greater the amount of coloring agent added, 
the more difficult the fusion and the great- 
er the probability of the boule cracking 
when the flame is shut off at the end of 
the growth cycle. Fig. 2 shows the boules 
in various stages of growth. 

The alumina and alumina-magnesia spinel 
powders used as starting materials in the 
boule process are prepared by the calcina- 
tion of aluminum ammonium sulphate and 
magnesium sulphate for the spinel crystals. 

The alums are formed by precipitation 
from hot, aqueous solutions. While spectro- 
graphic analysis is used to control quality in 
the various steps of powder preparation, it 
has been our experience that one is never 
really sure of powder quality until after a 
boule has been grown. Some impurities, 
such as iron, magnesia and silica, can be de- 
tected immediately by éye in a clear sap- 
phire boule in concentrations as low as a 
few parts per million. The fact that spinel 
boules contain about 12% magnesia, com- 
plicates the preparation of corundum and 
spinel powders in the same plant. 

Calcination of the alums to the alumina 
or spinel powders is effected in’ muffle fur- 
naces. At the end of the calcining cycle, the 
boule powders ate removed from the fur- 
nace and allowed to cool in still air. For 
clear sapphire, the alum crystals are calcined 
are prepared by adding the proper amount 
directly to alumina powder. Colored powders 
of colorant solution to the alum before it is 
placed in the calcination furnace. The fact 
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tite), and (3) from lightning strikes (fulgurite). The author 
explains their formation and describes the many varieties of 
obsidian. Obsidian is used as an ornamental stone, and 
some tektites (moldavite and Libyan desert glass) can be 
faceted. However, synthetic glass is frequently offered as 
natural; examples include beer bottle glass and transparent 
“obsidian” from Mount St. Helens. The author states “with 
absolute certainty” that natural facetable obsidian does not 
exist and that the only known facetable natural glasses of 
good quality are moldavite and Libyan desert glass. RT 


DIAMONDS 


Diamonds from the Udachnaya pipe, Yakutia. V. Rolandi 
[vanda.rolandi@unimb.it], A. Brajkovic, I. Adamo, 
and M. Landonio, Australian Gemmologist, Vol. 
22, No. 10, 2006, pp. 387-397. 

The authors studied 10 octahedral greenish yellow to 

brownish orange-yellow diamond crystals (0.07—0.62 ct) 

from the Udachnaya mine, Sakha Republic, Russia. The 
main surface features included growth layers, shield- 
shaped laminae, negatively oriented trigons, dislocation 
planes, and etch features. Inclusions of Cr-spinel and Mg- 
ilmenite indicated that eight of the stones were peridotitic 

(P-type) diamonds, while two with inclusions of rutile, 

chromite, and garnet were eclogitic (E-type). All were iden- 

tified as type IaAB diamonds. Their cathodoluminescence 

(CL) color reactions, surface features, and inclusions sug- 

gest that these diamonds may have formed at a tempera- 

ture of ~1200°C and pressures over 5 GPa, but were later 
subjected to fluctuations in temperature and pressure, 
leading to two or more different growth stages. Raman, 

FTIR, and CL spectra are presented. RAH 


Directional chemical variations in diamonds showing 
octahedral following cuboid growth. D. A. Zedgeni- 
zov, B. Harte [ben.harte@ed.ac.uk], V. S. Shatsky, A. 
A. Politov, G. M. Rylov, and N. V. Sobolev, Contri- 
butions to Mineralogy and Petrology, Vol. 151, 
2006, pp. 45-57. 
Most natural diamonds develop with either octahedral or 
cuboid morphology. However, some may show a mixed 
growth mechanism—which usually evolves from octahe- 
dral to cuboid—resulting in so-called coated diamonds. In 
this study, the authors examined 16 diamonds from 
Siberia that showed a reversal in this growth sequence. 
The samples were polished into thin plates (50-70 
um) for study of their internal growth morphologies in 
detail. The cuboid cores were densely populated with 
micro-inclusions but did not show the well-defined 
fibrous structures typically present in coated diamonds. 
Some fibrous structures could be observed in the core dur- 
ing the early stages of growth. However, they were modi- 
fied by high-temperature annealing during subsequent 
octahedral growth. With photoluminescence imagery 
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(excited using an ultraviolet wavelength), the cuboid 
zones fluoresced yellow to greenish yellow while the 
octahedral zones fluoresced blue to dark blue. X-ray 
topographs showed a dark diffraction contrast of the 
cuboid core created by numerous dislocations. 
Cathodoluminescence images showed that octahedral 
growth on the cuboid core began with numerous small 
octahedral apexes that evolved to larger octahedral faces. 

The micro-inclusions were identified by FTIR spec- 
troscopy as carbonates (calcite and dolomite-ankerite}, 
water, apatite, quartz (shifted from the normal spectral 
position], and silicates. The spectra showed that the cubic 
cores had large amounts of nitrogen B-aggregates, whereas 
the octahedral portion had A-aggregates. The appreciable 
nitrogen aggregation in the core suggests that these dia- 
monds resided in the mantle for long periods. The quanti- 
ties of nitrogen, hydrogen, vacancies, dislocations, and 
micro-inclusions decreased from core to rim, suggesting 
various modes of growth kinetics, such as a slower 
growth rate in the octahedral zone than the cuboid core 
and changes in the source fluid’s composition. 

Photoluminescence spectra revealed H4 and N3 cen- 
ters in the cuboid cores, whereas octahedral zones showed 
a much higher intensity of N3 centers but no H4 defects. 
SIMS analysis revealed a carbon isotopic composition that 
was “lighter” in the core and “heavier” in the octahedral 
zone. The concentration of nitrogen was 846-1410 ppm in 
the cuboid cores to 200-600 ppm in the octahedral zones. 
Carbonates and water in the micro-inclusions suggested 
that these diamonds crystallized from fluid containing C, 
O, H, and N. The authors also concluded that the compo- 
sition of the diamond-forming fluid fell between carbon- 
ate-rich and hydrous end-members. 

KSM 


Natural, untreated diamonds showing the A, B and C 
infrared absorptions (“ABC diamonds”), and the H2 
absorption. T. Hainschwang, F. Notari, E. Fritsch, 
and L. Massi, Diamond and Related Materials, Vol. 
15, 2006, pp. 1555-1564. 

Natural diamonds showing a combination of types IaAB 
and Ib (i.e., infrared absorptions related to A aggregates, B 
aggregates, and isolated nitrogen [C defects]) are considered 
extremely rare. Such diamonds are also notable for their 
weak-to-strong H2 absorption. The authors studied nine 
brown-to-yellow diamonds (0.01—0.21 ct), six of which 
were so-called ABC diamonds. Most of them appeared 
inhomogeneous; the darker core had a phantom cloud of 
cuboid shape created by small particles, while the lighter 
rim, created by octahedral growth, showed higher clarity. 
FTIR spectra showed additional differences between the 
core and the rim: The core contained high quantities of 
aggregated nitrogen, while the rims had lower concentra- 
tions, most as type Ib. All the ABC diamonds were inert to 
long- and short-wave UV excitation, but most showed 
luminescence in response to 425 nm light. 
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The H2 center is commonly observed in treated dia- 
monds, but it is largely unknown in natural, untreated 
diamonds. However, it was seen in these diamonds along 
with a previously undocumented absorption peak at 905 
nm that was tentatively attributed to hydrogen-related 
defects. The authors propose that the strong H2 absorp- 
tion is caused by the large amount of isolated nitrogen 
along with A centers and the presence of vacancies. The 
hydrogen-related absorptions are suggestive of rapid 
growth in an environment that was rich in carbon, nitro- 
gen, and hydrogen. SE-M 


Some observations on diamondiferous bedrock gully trap- 
sites on Late Cainozoic, marine-cut platforms of the 
Sperrgebiet, Namibia. J. Jacob [janajacob@namdeb. 
com.nal, J. D. Ward, B. J. Bluck, R. A. Scholz, and H. 
E. Frimmel, Ore Geology Reviews, Vol. 28, 2006, 
pp. 493-506. 

This article reviews the bedrock morphology underlying 

the diamondiferous beach placer deposits of Namibia. It 

has been well established, since the discovery of diamonds 
there in 1928, that the Orange and Vaal river systems have 
been transporting diamonds from the southern African 
interior to the Atlantic coast since at least the mid-Eocene 

(~40-50 Ma). Longshore drift from the prevailing winds 

has further transported diamonds northward along the 

Namibian (specifically Sperrgebiet) coast for up to 120 km 

from the Orange River mouth to Chemeis Bay—a zone 

known as Mining Area No. 1 (MA1). This zone’s underly- 
ing bedrock consists of alternating hard (meta-arenite) and 
soft (chloritic schistose) layers of Late Proterozoic meta- 
sediments beveled into platforms by wave action during 
the Quaternary Period. Differential wave erosion of the 
alternating layers has created “gullies’”—actually, large 
crevices (up to 100 m long by 4 m wide and 7 m deep}— 
which make superb trap sites for dense clastic material 

(such as diamonds) that is being transported along the 

beach. 

The authors used air photo techniques, field mapping 
(of exposures from mining activity), and airborne laser 
topographic surveys to identify three major gully types: (1) 
swash-parallel, (2) strike-parallel, and (3) joint gullies. 
Swash-parallel gullies occur only in the southernmost 
section of MAI and are perpendicular to the paleo-wave 
fronts. Since the sediment load in the south is both high 
(in volume) and coarse (in grain size), the wave action 
overrides local geologic structures such as joints. As this 
coarse bedload (highest diamond counts) decreases to the 
north, bedrock lithology and structure become the domi- 
nant factors in gully formation. 

The central section of MA1 is dominated by strike- 
parallel gullies, which are directly related to the dip of 
bedrock foliation (bedding parallel) of 80-89°W. In the 
north, where the sediment load is both at its lowest and 
finest, only joint gullies have formed along preexisting 
cracks in the bedrock. Further, it was found that all the 
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gullies are deeper and closed (i.e., creating the best dia- 
mond trap sites) on their seaward margins, while they are 
shallower and somewhat open on their landward end. A 
specific example was measured by tacheometric survey 
giving detailed elevations throughout the gully. The shal- 
low incision on the landward margins of the gullies is 
attributed to lower wave energy (being further from the 
sea) of the tidal system. A model is also presented illus- 
trating the growth of “pot holes” in the bedrock that 
eventually coalesce into longer and longer gullies. 

KAM 


GEM LOCALITIES 


Amethyst-bearing lava flows in the Parana Basin (Rio Grande 
do Sul, Brazil): Cooling, vesiculation and formation of 
geodic cavities. D. Proust [dominique.proust@ 
hydrasa.univ-poitiers.fr] and C. Fontaine, Geo- 
logical Magazine, Vol. 144, No. 1, 2006, pp. 53-65. 

Large amethyst geodes (up to 2.5 m) are found in tholeiitic 

basalt lava flows near the town of Ametista do Sul in the 

state of Rio Grande do Sul, Brazil. This study was under- 
taken to better understand the degassing and cooling histo- 
ry of these lava flows that permitted the formation of the 
large amethyst geodes. Whereas some geologists have 
invoked the role of surface water in geode formation, the 
present authors conclude that the cavities resulted from 
the exsolution of water and other gases from the cooling 
lava. They attribute the elongate shape and abnormal size 
of some geodes to rapid cooling and the coalescing of mul- 
tiple exsolving gas bubbles, respectively. JES 


Ar-Ar and U-Pb ages of marble-hosted ruby deposits from 
central and southeast Asia. V. Garnier, H. Maluski, 
G. Giuliani [giuliani@crpg.cnrs-nancy.fr], D. 
Ohnenstetter, and D. Schwarz, Canadian Journal of 
Earth Sciences, Vol. 43, No. 4, 2006, pp. 509-532. 
Ruby deposits hosted by marbles are distributed along the 
Himalayan mountain fold belt that formed during the 
Tertiary collision of the Indian plate with Asia, as well as 
in the Indochina crustal block extruded along shear zones 
during this collision. These metamorphic deposits are 
found in Tajikistan, Afghanistan, Pakistan, Nepal, 
Myanmar, and Vietnam. This study was undertaken to 
relate the age of their formation to the geologic events 
associated with the continental collision. Ruby itself is 
not suitable for age dating, but inclusions in ruby, and cer- 
tain associated minerals, can both be dated by certain 
techniques. 

Ar-Ar age dates of between 25 and 4.6 Ma document 
Oligocene-Miocene cooling ages for the ruby-bearing 
metamorphic belts, which in turn represent minimum 
ages for ruby formation. These ages are in agreement with 
published data on the tectonic-metamorphic history of 
the marbles hosting the rubies. U-Pb age dates of 54-36 
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Ma for zircon inclusions give a maximum Eocene age for 
ruby mineralization in Vietnam. The specific time of for- 
mation of each ruby deposit depended on its location 


within the fold belt. JES 


Contrasts in gem corundum characteristics, eastern 
Australian basaltic fields: Trace elements, fluid/ 
melt inclusions and oxygen isotopes. K. Zaw 
[khin.zaw@utas.edu.au], F. L. Sutherland, F. Della- 
pasqua, C. G. Ryan, T.-F. Yui, T. P. Mernagh, and 
D. Duncan, Mineralogical Magazine, Vol. 70, No. 6, 
2006, pp. 669-687. 

Corundum xenocrysts from alkali basalt fields differ in 

their lithospheric origins (magmatic vs. metamorphic) and 

hence in their characteristics. Detailed comparisons are 
made between sapphires from Weldborough in northeast- 
ern Tasmania and those from Barrington in New South 

Wales. The Tasmanian sapphires had a magmatic signature 

(high Ga, average 200 ppm), and were dominated by Fe (avg. 

3300 ppm) and variable Ti (avg. 400 ppm) as chromophores. 

They contained Cl, Fe, Ga, Ti, and CO,-rich fluid inclu- 

sions, and yielded 8!8O values (5.1-6.2%o) in the mantle 

range. Geochronology on coexisting zircons suggested sev- 
eral sources (200-47 Ma) that were disrupted by the 
basaltic melts (47 + 0.6 Ma). Corundum from Barrington 

included magmatic sapphires (avg. 170 ppm Ga; 6!8O 

4.6—-5.8%o) with relatively more Fe (avg. 9000 ppm) and less 

Ti (avg. 300 ppm). Zircon dating suggested that gem forma- 

tion preceded and overlapped Cenozoic basaltic melt gener- 

ation (59-4 Ma). The Barrington samples also consisted of a 

metamorphic sapphire-ruby suite (low Ga, avg. 30 ppm), 

with Cr as an important chromophore (up to 2250 ppm). 

Fluid inclusions were CO,-poor, but melt inclusions sug- 

gested some alkaline melt interaction. The 8!8O values 

(5.1-6.2%o) overlapped magmatic sapphire values. The for- 

mation of the metamorphic suite may be attributed to 

interactions at contact zones between Permian ultramafic 
bodies and later alkaline fluids. RAH 


Famous mineral localities: The Erongo Mountains, 
Namibia. B. Cairncross [bc@rau.ac.za] and U. 
Bahmann, Mineralogical Record, Vol. 37, No. 5, 
2006, pp. 361-470. 

This article provides a detailed review of the mineral 

wealth of the Erongo Mountains in Namibia. Originally 

mined for tin by German settlers in the early 1900s, this 
region was found to contain abundant pegmatites and 
their accompanying wealth of minerals. Fine crystals of 
aquamarine, schorl, and jeremejevite are known from vari- 
ous areas of the mountain complex. One of Erongo’s most 
important finds happened in April 2000, when the first 
major pocket of aquamarine was discovered on the farm 

Bergsig 167. Various localities and their geology are dis- 

cussed along with the types of minerals that come from 

each. Vast areas have yet to be explored because much of 
the land is privately owned and large northern and western 
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sections form part of the Erongo Mountain Nature 
Conservancy. Numerous maps, diagrams, and photographs 
of the region and its minerals are provided. JEC 


Formation of emeralds at pegmatite-ultramafic contacts 
based on fluid inclusions in Kianjavato emerald, 
Mananjary deposits, Madagascar. Ye. Vapnik [vapnik@ 
bgu.ac.il], I. Moroz, M. Roth, and I. Eliezri, 
Mineralogical Magazine, Vol. 70, No. 2, 2006, pp. 
141-158. 

Emeralds from Kianjavato on the eastern coast of 
Madagascar are hosted by the Ifanadiana-Angavo shear 
zone and formed via metasomatic processes near the con- 
tact between pegmatite and hornblendite. Fluid inclusions 
in emerald and quartz samples were studied by microther- 
mometry and Raman analysis. Three main populations of 
inclusions were found: CO,-rich, CH,-rich, and H,O-rich 
with a salinity of ~2 wt.% NaCl. Based on fluid-inclusion 
data, the emeralds crystallized at 250-450°C and 1.5 kbar. 

Fluid inclusions were also studied in emeralds from 
Ianapera in southern Madagascar. Those emeralds are 
hosted by the Ampanihy shear zone and formed in the 
absence of pegmatites; they were found to contain mostly 
CO,-related fluid inclusions. 

Both shear zones resulted from collisional forces relat- 
ed to the formation of the early supercontinent 
Gondwana. At Kianjavato, the intrusion of granitic peg- 
matites shortly after this collisional event contributed the 
bulk of the fluids to the metasomatism. The regional 
deformation event is thought to have taken place at 
530-500 Ma, and phlogopite related to the emerald-bear- 
ing veins has been dated by *°Ar/*?Ar at 490 + 8 Ma. 
Mantle-derived CO,-rich fluids were channeled by the 
shear zones, while H,O-rich fluids of crustal origin are 
related to pegmatite emplacement. The introduction of 
CO,-rich fluids into graphite-bearing host rocks created a 
reducing environment that generated the CH,-rich fluids. 
While pegmatite-host rock interactions were the main 
driving force behind the metasomatic formation of the 
Kianjavato emerald deposits, the presence of CO,-rich 
fluid inclusions suggests that fluids from the shear zone 
also played a role. EAF 


The variation of gemmological properties and chemical com- 
position of gem-quality taaffeites and musgravites 
from Sri Lanka. K. Schmetzer [schmetzerkarl@ 
hotmail.com], L. Kiefert, H.-J. Bernhardt, and M. 
Burford, Australian Gemmologist, Vol. 22, No. 10, 
2006, pp. 485-492. 

The gemological, chemical, and spectroscopic properties of 

two transparent faceted taaffeites, a semitransparent taaf- 

feite crystal, and a faceted transparent musgravite from Sri 

Lanka were determined. The grayish violet color of two 

taaffeites and the musgravite was caused by various 

amounts of iron, and the purplish red taaffeite contained 
traces of chromium in addition to moderate iron. 
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Variations in the RI and SG values of these specimens 
were correlated to their chemical composition, and in par- 
ticular the sum of the concentrations of transition ele- 
ments based on electron-microprobe analysis. The RI and 
SG values of taaffeite and musgravite overlap, so for an 
unequivocal determination a combination of X-ray diffrac- 
tion analysis, quantitative chemical analysis, and/or 
Raman spectroscopy may be necessary. RAH 


INSTRUMENTS AND TECHNIQUES 


Gemmologia a basso costo. Costruirsi una bilancia per il 
peso specifico delle gemme [Gemology at low cost. 
How to construct a specific gravity scale for gems]. 
P. F. Moretti, Rivista Gemmologica Italiana, Vol. 1, 
No. 1, 2006, pp. 61-64 [in Italian]. 
The author describes how to set up a simple specific gravi- 
ty apparatus using low-cost materials (<€50). He discusses 
the problems and pitfalls of its construction, the measure- 
ment procedure, and possible errors (and how to reduce 
them). He also explains the difference between SG and 
density and why this difference can be ignored. 
RT 


JEWELRY HISTORY 


Italian gemology during the Renaissance: A step toward 
modern mineralogy. A. Mottana [mottana@ 
uniroma3.it], Geological Society of America Special 
Paper 411, 2006, pp. 1-21. 

Significant advances in the study of gems and minerals 

occurred in Italy during the height of the Renaissance in 

the 16th century. Italy hosted the superior universities in 

Europe at the time (such as Ferrara and Padua) and these 

academic centers, together with the rediscovery of ancient 

knowledge from the Greeks, Romans, and Arabs, led to 
the publication of a number of works on minerals and 
gems. Around 1469, the first of what became numerous 
editions (over the next 150 years) of Pliny’s 37-volume 
encyclopedia Naturalis historia was printed in Venice. 

These and other books served to transfer historical knowl- 

edge of gems from Italy to the other countries of Europe. 

The book Speculum lapidum by Leonardi (1502) serves as 

a marker between the speculations about gems prevalent 

during the Middle Ages and early scientific studies that 

commenced during the Renaissance. The writer Agricola, 

a native of Saxony who spent 1522-1526 as an apprentice 

in Italy, went on to publish information (both accurate and 

inaccurate) on minerals and gems in his De natura fossili- 

um in 1546. 

In the book De Ja pirotechnia, written primarily on 
metallurgy by Biringuccio and published in Venice in 
1540, the author describes gems as stones having a special 
color, and divides them into transparent and translucent 


GEMOLOGICAL ABSTRACTS 


categories. This was followed in 1544 by Mattioli’s I dis- 
corsi, a book describing the (primarily medicinal} uses of 
minerals, gems, and other materials. A 1565 Italian trans- 
lation of Speculum lapidum helped spread gemological 
knowledge among the general population, who were 
largely ignorant of Latin. During this same period, anoth- 
er book appeared in Italy that described the relationship 
between weight and value of 10 important gems, includ- 
ing diamond. 

The growth of the arts in Italy during the Renaissance 
contributed indirectly to the development of gemology, 
because gems were used to decorate art objects (e.g., book 
covers and crucifixes) as well as for jewelry, carvings, 
cameos, and intaglios. The book De subtilitate by Cardano 
summarized an enormous amount of information on gems 
when it appeared in 1560. He ranked the key properties of 
gems as brightness, hardness, murkiness, and color. In 
order of commercial value, he listed the important stones 
as emerald, opal, ruby, diamond, pearl, sapphire, chrysolite 
(peridot), hyacinth (zircon), and smoky quartz. In a book 
published in 1568, the artist Cellini described the four 
main gems, in their order of value at the time, as ruby, 
emerald, diamond, and sapphire. 

Published in 1587, the book Questo é ‘ libro lapidario 
(compiled by Costanti) discussed how Renaissance mer- 
chants evaluated gems. For example, a good diamond 
should be well pointed and possess a square outline, equal 
faces, sharp edges, transparency, and good reflectivity. 
The book provided detailed tables of price vs. weight for 
diamond, ruby, emerald, and spinel. It also showed how 
gem merchants at the time were interested in learning 
the sources of gems and where they could be obtained at 
the best prices. 

This period also witnessed the establishment in Italy 
of several museums with collections of materials from 
the natural world, including minerals and gems. Finally, 
improvements in the cutting of gemstones also took 
place; for example, Peruzzi is credited with introducing a 
four-fold symmetrical diamond cut with 58 facets, which 
became a precursor of the modern brilliant cut. 

Near the end of the 1500s, Italy began to lose its posi- 
tion in culture and trade, and gemological knowledge 
shifted northward to Antwerp, which then became the 
center of diamond cutting. JES 


SYNTHETICS AND SIMULANTS 


Distribution of nitrogen-related defects in diamond single 
crystals grown under nonisothermal conditions. Y. 
V. Babich [babichyv@uiggm.nsc.ru] and B. N. 
Feigelson, Inorganic Materials, Vol. 42, No. 9, 2006, 
pp. 971-975. 

Nitrogen impurity—related defects are important in both 

natural and synthetic diamonds. Experimental data on 

their distribution in internal growth sectors are presented 
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for yellow-brown synthetic diamonds grown from an 
iron-nickel solvent at 6 GPa and 1370-1550°C for 
80-126 hours. At each of the selected conditions, the 
exact growth temperature of a crystal was varied upward 
and downward in a stepwise manner, with several slight- 
ly higher and lower isothermal periods lasting from 6 to 
22, hours and with temperature differences of up to 110°C 
between periods (relative to the nominal growth temper- 
ature). The crystals were then cut into flat plates for 
examination. 

The total nitrogen concentration in a plate ranged 
from 100 to 250 ppm. Nitrogen was present as C defects 
(S150 ppm), A defects (S245 ppm), and N* centers ($25 
ppm). Within a crystal, C defects prevailed at the periph- 
ery, while A defects prevailed around the seed. The A 
defects predominated in material grown during lower- 
temperature periods, while C defects predominated in 
synthetic diamond grown at higher temperatures. A 
reduction in growth temperature was also accompanied 
by a rise in N* concentration. The lower-temperature 
growth regions displayed yellow-green luminescence, 
which is a result of their higher nickel content (and 
increased concentration of nickel-nitrogen centers). The 
degree of nitrogen aggregation was influenced by nickel 
incorporation into the diamond structure on changes in 
growth temperature. The N* concentration increased in 
response to cooling steps in growth conditions, indicating 
that the concentration of substitutional nickel increases 
with carbon supersaturation and with growth rate. Thus, 
temperature plays a key role in determining the rate of 
nitrogen incorporation into the diamond structure and 
subsequent transformation of nitrogen-related defects. 

JES 


High-pressure and high-temperature annealing affects on 
CVD homoepitaxial diamond films. K. Ueda 
[kueda@will.brl.ntt.co.jp], M. Kasu, A. Tallaire, and 
T. Makimoto, Diamond and Related Materials, 
Vol. 15, 2006, pp. 1789-1791. 

High-pressure, high-temperature (HPHT) annealing of 

homoepitaxial synthetic diamond films of 1 um thickness 

grown via chemical vapor deposition (CVD) is reported. 

HPHT annealing proved advantageous for optical and elec- 

tronic applications in that it improved the crystalline qual- 

ity by decreasing the crystalline defects. A cubic-anvil-type 
high-pressure apparatus and a graphite heater were used to 
anneal the films at 1200°C and 6 GPa for one hour in 

NaCl. The samples were studied before and after anneal- 

ing using cathodoluminescence (CL) spectroscopy and 

Hall-effect measurements. CL spectroscopy revealed 

improved crystalline quality and improved optical charac- 

teristics after HPHT annealing, through both a decrease in 
nonradiation centers and a decrease in emission bands due 
to interstitial carbon atoms and boron-related defects. The 

Hall-effect measurements showed an increase in hole 

mobility (the synthetic diamond films showed p-type 
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semiconductivity due to unintentional boron doping) with 
HPHT annealing, indicating a decrease in crystalline 
defects. The authors also observed changes in nitrogen- 
vacancy states as a result of HPHT annealing. JS-S 


Inclusions of metal-solvent and color in B-containing 
monocrystals of artificial diamond. A. I. Chepurov, 
E. I. Zhimulevy, I. K. Federov, and V. M. Sonin, 
Proceedings of the Russian Mineralogical Society, 
Vol. 6, No. 135, 2006, pp. 97-101 [in Russian with 
English abstract]. 
Crystals of type IIb synthetic diamond (0.1—2 ct) were 
grown with a cuboctohedral habit along with minor faces 
of {110}, {311}, and {511}. The crystals varied from blue to 
dark blue depending on the amount of boron; a character- 
istic feature was a sectorial structure expressed in a 
nonuniform distribution of color. Metal inclusions corre- 
sponded in composition to that of the metal solvent. The 
IR spectrum of a boron-bearing diamond crystal is present- 
ed together with figures showing the dependence of the a 
cell parameter of the metallic inclusions on the iron con- 
tent of the Fe-Ni alloy. RAH 


The nature of Ti-rich inclusions responsible for asterism 
in Verneuil-grown corundum. C. Viti [vatic@unisi.it] 
and M. Ferrari, European Journal of Mineralogy, 
Vol. 18, No. 6, 2006, pp. 823-834. 

Verneuil-grown star corundum with variable zoning and 

coloration hosts three sets of acicular inclusions at 120°. 

The inclusions are up to 20-30 um long and 0.1-0.4 um 

wide; they are elongated parallel to the {110} faces and are 

polysynthetically twinned on {110}. Electron diffraction 
and high-resolution transmission electron microscopy 

(TEM) show that the inclusions are almost isostructural 

with the corundum matrix, even if slightly distorted to a 

monoclinic lattice. Chemical data obtained by TEM sug- 

gest a possible TiO, stoichiometry, thus indicating the 
presence of Ti** cations, coupled with vacancies, within 
the distorted corundum-like structure. Close to the ends of 
the TiO, needles, local stoichiometry is consistent with 
the presence of Ti2* cations, possibly formed during post- 
growth annealing. RAH 


The state of the art in the growth of diamond crystals and 
films. V. P. Varnin, V. A. Laptev, and V. G. Ralchen- 
ko [ralchenko@nsc.gpi.ru], Inorganic Materials, Vol. 
42,, Supp. 1, 2006, pp. S1-S18. 

This article reviews the history and current status of the 

high-pressure synthesis of diamond single crystals and the 

more recent development of the low-pressure growth of 
polycrystalline and single-crystal synthetic diamond thin 
films. Synthesis methods include so-called static process- 
es, such as the temperature-gradient technique in which 

diamond growth takes place on a seed in the presence of a 

molten metal solvent-catalyst. Lower-quality crystals up 

to 25 ct, and gem-quality crystals up to 5 ct, have been pro- 
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duced in small quantities by this method using belt, 
multi-piston, and multi-anvil equipment. High-pressure 
growth methods also include “dynamic” processes, where 
diamond synthesis occurs in a graphite-metal mixture sub- 
jected to the pulsed action of very high pressures generated 
by a shock wave, and explosive detonation of a graphite 
mixture, with tiny diamond crystallites being produced in 
both cases. Metastable low-pressure growth of diamond 
thin films has been perfected by using several variations of 
the chemical vapor deposition (CVD) technique. Here, the 
presence of hydrogen in the growth chamber is important 
to prevent the nucleation and growth of nondiamond car- 
bon phases. Production of synthetic diamond by all of 
these methods has led to its increased use in numerous 
technological applications. JES 


TREATMENTS 


High pressure-high temperature (HPHT) natural diamond 
enhancement. M. A. Viktorov and M. B. Kopchi- 
kov, Moscow University Geology Bulletin, Vol. 61, 
No. 3, 2006, pp. 61-68. 

The authors examined two brown diamond crystals, both 

before and after HPHT treatment, to document changes in 

their gemological properties. Annealing conditions 

employed temperatures of 1973-2073 K and a pressure ~6 

GPa for five hours. 

After treatment, the color of one crystal changed to 
yellow-green, and its UV fluorescence (long- and short- 
wave) became a more intense yellowish green. Its absorp- 
tion spectrum displayed strong 415 and weak 503 nm 
bands, and an increase in overall absorption across the 
spectrum. The photoluminescence spectrum showed a 
pronounced 503 nm band. The color and UV fluorescence 
of the other crystal remained basically unchanged, 
although yellow phosphorescence that was present before 
the treatment was removed. Its absorption and PL spectra 
exhibited similar changes to those of the first crystal. 
Both samples displayed a change in cathodoluminescence 
colors from blue to yellowish green after treatment. 

The authors discuss the changes in optical defects that 
occur during HPHT annealing, and conclude that a care- 
ful selection of diamonds for this type of treatment is nec- 
essary to achieve particular color changes. JES 


Optical study of the annealing behaviour of the 3107 cm 
defect in natural diamonds. F. De Weerdt [fdw@hrd.be] 
and A. T. Collins, Diamond and Related Materials, 
Vol. 15, 2006, pp. 593-596. 

Hydrogen is a common impurity in diamond, and may be 

observed in the mid-infrared spectral range as the bend 

(1405 cm~!) and stretch (3107 cm~!) modes of the C-H 

vibration; however, hydrogen concentration and the inten- 

sity of the 3107 cm“! absorption are not proportional in 
diamond. The authors monitored the effect of HPHT 
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annealing on the 3107 cm™! defect in 14 natural type Ia 
diamonds. One set of diamonds was annealed at 2100°C 
and 7.0 GPa, and the other set at 2200°C and 7.5 GPa. In 
most diamonds, the 3107 cm~! absorption consistently 
decreased with increased annealing time, while some 
showed an initial increase and then a decrease thereafter. 
This general decrease was not surprising, as the 3107 cm7! 
defect is not stable at the high temperatures used in HPHT 
annealing and may be destroyed. 

Assuming first-order kinetics and an infrared-inactive 
reservoir of available hydrogen in the diamond, the 
authors created a simple model of the 3107 cm™! defect’s 
concentration. For the samples that showed a continual 
decrease in absorption, the calculations indicate that the 
dissociation rate is higher than the aggregation rate. In the 
diamonds showing an initial increase, the aggregation and 
dissociation rates are approximately equal. Using this 
model, the total hydrogen concentration in the diamond 
may be considered proportional to one of the calculated 
parameters. However, these calculated results for total 
hydrogen concentration did not show a correlation with 
nitrogen, so a relationship between nitrogen and hydrogen 
concentrations in diamond could not be inferred from the 
data. SE-M 


Study on the wax enhancement for the unearthed jade 
wares by FTIR technique from ancient tombs of 
Shang-Zhou period in Henglingshan site of Boluo 
County, Guangdong Province. Z. Qiu, M. Wu, and 
Q. Wei, Spectroscopy and Spectral Analysis, Vol. 
26, No. 6, 2006, pp. 1042-1045 [in Chinese with 
English abstract]. 

Jade (nephrite and jadeite) and jade-like materials (such as 

serpentine and fine-grained quartzite) have played an 

important role in Chinese culture since ancient times. 

Waxing has long been used by Chinese artisans to enhance 

the luster of polished jade. However, the early history of 

this treatment is unknown. In this article, the authors 
used FTIR techniques to study various jade and jade-like 
materials from the famous tombs of Henglingshan 

(1600-221 Bc) in Guangdong Province. In addition to these 

95 pieces (13 nephrite, 82 quartz and fine-grained 

quartzite), two modern wax-treated jadeite samples, two 

wax-treated quartzite “jade” pieces, and pure wax samples 
were analyzed for comparison. 

Two or three characteristic absorption bands at 2960, 
2920, and 2850 cm-! were found in the IR spectra of the 
ancient quartzite materials, resembling those of the pure 
waxes at 2956, 2918, and 2850 cm~!. Absorption bands 
located at 2960 (very weak), 2925, and 2855 cm7! were 
detected in the modern jadeite pieces. These results sug- 
gest that the ancient wares were enhanced with wax, and 
that the wax materials were very similar to those used on 
modern jadeite. Thus, it appears that wax enhancement of 
jade and jade-like materials in China can be traced back 
more than 2,000 years. TL 
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MISCELLANEOUS 


Angola: The new blood diamonds. R. Marques, address 
to the School of Oriental and African Studies, 
London University, Nov. 28, 2006, www.business- 
humanrights.org/Links/Repository/606731. 

Although the civil war in Angola is long over, the govern- 

ment has recently enacted highly restrictive laws in the 

diamond-bearing provinces of Lunda Norte and Lunda Sud 
that deprive the local population of livelihoods outside of 
diamonds, reports Angolan journalist Rafael Marques. The 
laws prohibit all non-diamond-related economic activity, 
including fishing, farming, and traditional industries. 
Often, with the knowledge and cooperation of mining 
companies, private security forces commit human rights 
abuses in these areas in the name of security. In addition, 
conflicting and confusing regulations allow many loop- 
holes through which mining companies can exploit the 
independent diamond diggers. Because the activities of 
the independent diggers are officially prohibited, they are 
denied rights and protection. Yet they routinely supply 
the licensed buying offices with diamonds. The article 
concludes that the top officials of the Angolan govern- 
ment benefit from this situation, and thus do not want to 
change it. RS 


A cartel’s response to cheating: An empirical investiga- 
tion of the De Beers diamond empire. D. J. 
Bergenstock [bergebst@muhlberg.edu], M. E. Deily, 
and L. W. Taylor, Southern Economic Journal, Vol. 
73, No. 1, 2006, pp. 173-189. 

This paper examines how De Beers reacted to massive 
Russian rough diamond sales during the 1990s, when it 
still controlled a majority of the rough diamond market. 
The authors found a correlation between rising Russian 
state budget deficits after the Soviet era and increased dia- 
mond “leaks’”—sales outside the country’s contract with 
De Beers. They believe that, in contrast to traditional car- 
tel behavior of aggressive discounting to chasten entities 
that “cheat” by dealing independently, De Beers facilitated 
the Russians in nontraditional ways to maintain diamond 
price stability. These included both negotiation and 
accommodation (by going against its stated policy of refus- 
ing to buy leaked Russian diamonds from the open mar- 
ket, and actually absorbing large quantities of such goods 
under the guise of “Zairian” origin). 

Although the strategy was successful in the short 
term by protecting diamond prices, it came at a high cost 
in the form of accumulating inventories, which contribut- 
ed to the firm’s decision in 2000 to end its custodial role 
of the diamond market and change its direction to a com- 
pany selling branded diamonds. RS 
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Conflict diamonds and the Kimberley process: Mission 
accomplished or mission impossible? T. Hughes. 
South African Journal of International Affairs, Vol. 
13, No. 2, 2006, pp. 115-130. 

The Kimberley Process (KP), fully ratified in 2003, is a 

mechanism designed to stop the entry of conflict dia- 

monds into the legitimate market by requiring all rough 
diamond imports to carry certificates stating that they 
were mined and exported in accordance with local laws. 

Claims that the KP has helped dramatically reduce the 

flow of such stones are tempered by criticism that it is not 

airtight, although it has been credited with preventing the 
re-ignition of civil wars in Angola and Sierra Leone and 
with keeping new wars from getting worse in the Ivory 

Coast and Democratic Republic of the Congo. All these 

countries have reported substantial increases in legitimate 

diamond exports since the inception of the KP. 

However, the system is subject to abuse, with several 
countries issuing KP certificates without adequate paper- 
work to back claims they were legitimately mined or 
imported. Additionally, the KP fails to address the situa- 
tion of artisanal diggers who often work in unacceptable 
conditions. Several programs such as the Diamond 
Development Initiative are a step in that direction. 
However, as long as artisanal mining continues unregu- 
lated, dependent on warlords and powerful middlemen, 
the KP will be difficult to enforce. RS 


Diamonds by Linares, Gemesis may cut De Beers, Rio 
Tinto sales. D. Rossingh, Bloomberg.com, June 11, 
2007, www.bloomberg.com. 

This article provides an update on the commercial produc- 
tion of synthetic diamonds, noting that current output 
from all producers (largely Gemesis of Sarasota, Florida) is 
about 100,000 carats per year, compared to 155 million 
carats of natural diamonds. The report quotes market ana- 
lysts stating that the output of synthetics will increase to 
about one million carats per year when other sources, 
including Boston-based Apollo Diamond Co., begin produc- 
tion. The analysts maintained that the average price of syn- 
thetic diamonds was $2,500 per carat against an average of 
$8,000 per carat for a natural diamond of similar weight. 

The article also traces the history of Gemesis and 
Apollo. Apollo has produced about 1,000 stones since its 
beginnings in 1990 but plans to expand to hundreds of 
thousands of carats by 2012. Gemesis executives claim 
that synthetic diamonds will comprise 10% of the rough 
diamond market within five years. 

Some analysts quoted believed synthetics would dent 
sales of the large diamond mining companies, while oth- 
ers said that synthetics would help meet predicted short- 
ages of natural diamonds. RS 
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that the alum melts in its water of hydra- 
tion during the early stages of calcination 
insures the uniform distribution of colorant 
in the alumina powder. 

After cooling, the alumina in the calcin- 
ation dishes is in the form of a light, fri- 
able cake, which is then screened to provide 
the powder used in the boule growth ap- 
paratus. 

The crystallographic form of the boule 
powder is gamma alumina. On calcination 
at higher temperatures, the powder is trans- 
formed to alpha alumina with a substantial 
increase in tultimate particle size. 

The alpha alumina powder has found ex- 
tensive application as an improvement over 
levigated alumina for metallographic polish- 
ing. Direct calcination at carefully controlled 
temperatures insures a uniform particle size 
not obtainable by levigation. This polishing 
powder is used to advantage in the polishing 
of some of the softer gemstones. 

The synthetic corundum crystals are of 
considerable interest as gemstones. However, 
the hardness of the crystals and their ability 
to take a high polish exhibiting low fric- 
tion recommends them as a bearing material 
for watches and instruments. Therefore, it 


is not a mete coincidence that the produc- 
tion of synthetic corundum crystals for a 
long time was centered in a relatively small 
area in southeastern France and Switzer- 
land, near to the tremendous watch industry. 
It was not until the demands of modern 
instrument warfare forced the United States 
to develop its own industry that facilities for 
growing corundum crystals were establish- 
ed here as a war measure in 1941 and 1942. 

While the general information on the 
production of synthetic corundum and spinel 
boules was available to the embryo United 
States industry in the form of a few widely 
scattered technical papers, details of the 
European plant equipment and process con- 
trol were closely guarded trade secrets. Thus, 
it took several years for this country to 
reach the frontiers of knowledge in the 
boule growth process and to manufacture 
these boules on a large scale for the war 
effort. The first years of research and devel- 
opment effort in the United States were 
directed toward reaching these frontiers. 
However, it is the primaty purpose of this 
discussion to present some of the technical 
advances which have been made in the art 
of American industry. Briefly, these include 


Figure 1. A bank of boule production 


furnaces used 


in the manufacture of 


Linde Synthetic Crystals. 


Save the Date for the 
2009 Gemological Research Conference 


tries came to GIA’s first-ever Gemological Research 

Conference (GRC), in San Diego, California. Those 
who attended the two-day conference or read the cover- 
age of it in our Fall 2006 issue understand the caliber of 
this international event. 


| ast year, more than 700 participants from 32 coun- 


At this time, | am delighted to announce that the second 
Gemological Research Conference is set for August 21-23, 
2009. This event, which is again being co-chaired by 
Gems & Gemology editor Brendan Laurs and GIA distin- 
guished research fellow Dr. James Shigley, will also take 
place in San Diego, at the Town & 
Country Resort and Convention 
Center. Participants will learn 
about new technical develop- 
ments and have the opportunity to 
discuss the critical issues facing 
gemology with speakers and 
attendees from around the world. 


For 2009, the GRC has been 
expanded to a three-day event. 
It will again feature a compelling 
lineup of keynote speakers and 
oral and poster presentations. Among the new additions to 
the program are panel discussions and a gem photography 
competition and workshop. We are pleased to welcome 
the collaboration of the Mineralogical Society of America 
in organizing one of the conference sessions. A major goal 
of the GRC is to promote interest in gemology among sci- 
entists from a variety of disciplines, and to share problems 
and potential solutions as we address the increasingly com- 
plex challenges in gem identification and characterization. 
We look forward to the involvement of our colleagues in 
the mineralogical community, as well as that of the myriad 
academics, researchers, and experts from other fields who 
appreciate the complexity and beauty of diamonds and 
other gems. 


The dual-track program will address a number of important 
research topics. Track 1 will focus on gem treatments, syn- 
thetics and simulants, gem localities, the geology of gem 
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deposits, diamond characterization, colored stone identifi- 
cation, inclusions, new technologies, and more. Track 2 
will explore areas such as pearls and organic gems, color 
description, jewelry manufacturing technology, market 
research and analysis, gem pricing, gems in objects of cul- 
tural heritage, and jewelry history, among others. 


Rounding out the 2009 GRC program are educational field 
trips to the gem pegmatite mines in San Diego County and 
evening social events, including Gems & Gemology’s 75th 
anniversary party. 


Travel grants will again be avail- 
able to selected presenters who 
demonstrate appropriate need. 
The GRC travel grant fund pro- 
vides financial assistance to wor- 
thy scientists who otherwise 
would not be able to participate. 
In 2006, grants were given to 20 
deserving presenters from 12 
countries. Please contact editor 
Brendan Laurs (blaurs@gia.edu) or 
myself if you are interested in con- 
tributing to this fund. Information 
on applying for a grant will be released with the formal call 
for abstracts next year. 


Now is the time to make plans to participate in the 2009 
GRC—block out the dates, select your research topic, and 
invite friends and colleagues to join you for the single most 
important event in the global gemological community. For 
more information, please visit www.grc2009.gia.edu or 
e-mail grc2009@gia.edu. All of us at Gems & Gemology 
look forward to seeing you there. 


 Hhdtr 


Alice S. Keller 
Editor-in-Chief 
akeller@gia.edu 
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MORE ON POLYMER-IMPREGNATED 
TURQUOISE 


In the Summer 2007 issue, K. S. Moe et al. (“Polymer- 
impregnated turquoise,” pp. 149-151) documented the 
spectroscopic properties of a turquoise cabochon and con- 
cluded that it had been impregnated with an ultraviolet 
(UV) radiation—hardened polymer. Comparing the spectro- 
scopic properties of the “filler” with that of Norland 
Optical Adhesive 65 (a known photopolymer for various 
technical applications), the authors further concluded that 
this type of material, which was previously known in 
gemology only for emerald fracture filling, is also now 
being used for turquoise. 

It should be noted, however, that the radiation poly- 
merization of impregnated turquoise has been known for 
more than 25 years. H. Breault and A. E. Witt (Turquoise- 
Plastic-Composite, U.S. patent 4,075,365, issued Feb. 21, 
1978) described the impregnation of natural turquoise 
with a liquid monomer in which polymerization is possi- 
ble through catalytic, thermal, or radiation initiation. In 
particular, a monomer consisting of the dimethracrylate of 
triethylene ether glycol is used for the impregnation, and 
polymerization is carried out by Co gamma irradiation. 

In addition, it is known from another U.S. patent (E. 
Proksch and H. Eschweiler, Porous, Heat-Sensitive Sub- 
strates Coated with Synthetic Resins, U.S. patent 
3,935,364, issued Jan. 27, 1976) that natural porous stone 
material can be coated with a liquid synthetic resin (of 
different components) that is then polymerized and hard- 
ened by UV or electron irradiation. Further details, espe- 
cially the compounds used with these processes, can be 
found in the patent documents. 

Based on information obtained from the trade (H. 
Zimmermann, pers. comm. 2006, 2007), it appears that 
several different companies are now engaged in the 
impregnation and polymerization of turquoise. To assist 
impregnation of the rough with the liquid monomer, the 
untreated material is sometimes placed in an autoclave. 
The exact chemical composition of the monomer is pro- 
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prietary, but copper sulfate is sometimes added to intensi- 
fy the color (H. Zimmermann, pers. comm., 2006, 2007). 
The polymerization is performed mainly by Co gamma 
or electron irradiation. 

Over the last few years, BCS Stones GmbH, Harx- 
heim, Germany, has treated several thousand kilos of 
rough per year by polymerization via electron irradiation. 
Production figures of other companies are not available at 
the moment. 

Karl Schmetzer 
Petershausen, Germany 


RAMAN PEAKS IN CORAL 


The article “Pink to Red Coral: A Guide to Determining 
Origin of Color” in the Spring 2007 issue (pp. 4-15) is 
very informative, and the analysis is very detailed and 
systematic. However, the article also states that there is a 
Raman peak at 1123 cm! (see figures 14 and 15). 
Recently, I performed Raman analysis on the same type 
of natural red coral but observed a peak at 1132 cm“, not 
1123 cm. This result also matched well with the 
Renishaw Raman Library. I would appreciate it if the 
authors could clarify if the peak value they report is an 
error or a variance in data. 
C. G, Zeng 
Nan Yang Gemological Institute 
Singapore 


REPLY 


We want to thank Mr. Zeng for pointing out a typographi- 
cal error made early in our data record that was carried 
throughout the text of our article. The last two numbers 
for the position of this peak were inadvertently reversed. 
The correct identification of the peak position should 
indeed be 1132 cm and not 1123 cm“. 
Christopher P. Smith, Shane F. McClure, 
and David M. Kondo 
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FROM SINGLE SOURCE TO GLOBAL 
FREE MARKET: THE TRANSFORMATION OF 
THE CULTURED PEARL INDUSTRY 


Russell Shor 


Over the past 15 years a combination of market forces, environmental events, and scientific 
research has radically changed the cultured pearl industry from a single commodity dominated 
by one producer to a highly diverse industry operating throughout the Pacific region. The new 
products, consistent quality, and broader marketing programs in turn led major designers and 
retailers in the United States and Europe to take a much greater interest in cultured pearls. During 
this period, consumer interest has expanded from the traditional small and medium white round 
Japanese akoya cultured pearl to the larger South Sea and Tahitian goods, as well as numerous 


previously “undesirable” shapes and colors. 


formed the cultured pearl industry (figure 1) 

since the early 1990s, when Japanese akoyas 
constituted more than 70% of global pearl produc- 
tion by value. (Note: Because the recovery of natu- 
ral pearls is now negligible, all uses of the term 
pearl in this report will refer to cultured pearls 
unless otherwise indicated.) At that time, 
Japanese firms and individual farmers kept a tight 
hold on the grafting techniques they had pioneered 
decades earlier. Both black pearls from French 
Polynesia and South Sea pearls from Australia, 
Indonesia, and the Philippines were rising in popu- 
larity, but these were generally sold through long- 
established Japanese firms that purchased entire 
crops and marketed them worldwide. Freshwater 
pearl culturing in China was still in its infancy as 
far as higher-quality goods were concerned. 

By the mid-1990s, infectious diseases had killed 
an estimated three-fourths of the oysters being oper- 
ated in Japanese waters, while the best Chinese fresh- 
water cultured pearls (FWCPs) began to rival the 
mid-range akoyas in quality. As the Japanese pearl 
producers struggled to recover, a severe economic 


nvironmental and economic forces have trans- 
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downturn hit other parts of Asia, pressuring Japanese 
banks to tighten the credit they had been giving local 
distributors to purchase large quantities of South Sea 
and black pearls. As a result, large pearl farms 
throughout the Pacific region broke out of their role 
as “contract” producers for the Japanese firms and 
began conducting auctions under their own auspices. 

These larger producers also sought to differenti- 
ate their goods through marketing and branding 
initiatives, particularly for the top qualities. 
Eventually, new grafting techniques led to an 
entirely new array of products for a category that 
had been known for nearly a century for its same- 
ness and simplicity—round and white. These new 
pearls included fancy colors such as pastel pinks, 
violets, “golds,” and browns, and featured previous- 
ly less desirable shapes such as baroques and ringed 
goods (“circles”). 


See end of article for About the Author and Acknowledgments. 
Gems & GEMOLOGY, Vol. 43, No. 3, pp. 200-226. 
© 2007 Gemological Institute of America 
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Yet these developments have not been without 
new challenges, as the greater number of pearl 
farms throughout the Pacific (figure 2) has led to 
overproduction and precipitous price fluctuations in 
some sectors of the market. 

This article will chart how a combination of 
diversified production, economic and ecological 
events, and intensive branding and marketing 
efforts transformed the pearl industry. Once defined 
by a single basic product with a staid fashion image, 
it now embraces an array of colors and shapes that 
have captured the interest of contemporary jewelry 
designers and major retailers. 


BACKGROUND 


Japan Dominates 20th Century Pearl Culturing. The 
cultured pearl industry began in Japan in the first 
years of the 20th century, after Tatsuhei Mise and 
Tokichi Nishikawa developed the basic technique 
still used today for bead-nucleated pearls (a bead 
inserted into the gonad of the mollusk along with a 
piece of mantle tissue). Over the ensuing decades, 
their innovations were parlayed into a major com- 
mercial enterprise by pearl entrepreneur Kokichi 
Mikimoto (figure 3). Few of the early products 
resembled the round, lustrous gems associated with 
Japanese cultured pearls today; most were small and 
irregular or mabe (half) pearls. By the 1920s, howey- 
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Figure 1. Since the early 
1990s, the pearl industry 
has seen dramatic change, 
as new types of pearls and 
new sources challenge the 
former domination of 
Japanese farms and dealers. 
The traditional 6-7 mm 
akoya product (bottom two 
rows) has been joined by 
new ones from French Poly- 
nesia (top two rows), China 
(third row), and the South 
Seas. Some of the newer pro- 
ducers and distributors are 
focusing on higher-end prod- 
ucts, such as the diamond 
and Tahitian cultured pearl 
earrings shown here. Ear- 
rings courtesy of Mastoloni, 
New York; South Sea strand 
(9-12 mm) courtesy of The 
Collector Fine Jewelry, 
Fallbrook, Calif. Photo by 
Harold & Erica Van Pelt. 


er, round pearls 2-3 mm in diameter had become 
more common and helped fuel a worldwide fashion 
boom (figure 4). In addition, limited numbers of 
South Sea pearls were being cultured by Japanese 
firms operating primarily out of Indonesia and the 
Philippines. 

In 1931, a total of 51 Japanese farms produced 
over one million pearls. During that decade, farm- 
ers began experimenting with collecting spat 
(embryonic oysters) and raising them in tanks so 
they would not have to rely on oysters collected 
from the wild. This change contributed to a major 
increase in production: Within seven years, 289 
farms cultured 11 million pearls, nearly all for 
export (Muller, 1997b). 

In the 1940s, World War II devastated the 
pearling industry along with the rest of the Japanese 
economy, with only one-third of the farms able to 
remain in business at even a subsistence level. 
During the post-war reconstruction, however, Miki- 
moto’s internationally renowned brand helped the 
nation recover (Strack, 2006). Pearl production 
exploded through the 1950s, reaching 300 million 
shells in operation by 1962, with another 100 mil- 
lion added by 1966, when official production peaked 
at an all-time high of 39,522 kan, or 148.2 metric 
tons (tonnes). Some estimates placed this number 
much higher, in the neighborhood of 65,000 kan, or 
2.43.8 tonnes, largely because of a 47-fold increase in 
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the number of pearl farms between 1951 and 1966 
(Strack, 2006). (Most pearl production is still report- 
ed in traditional Japanese weight measures: 1 kan 
equals 1,000 momme; 1 momme equals 3.75 grams, 
or 0.13 oz.) 

During the 1950s and ’60s, Japanese companies 
established the basic sales and distribution proce- 
dures that most saltwater pearl producers use to 
this day: Farmers divide their goods by quality and 
sell them at competitive auctions conducted by one 
of the several producers’ organizations (Muller, 
1997). Back then, the buyers at these auctions were 
large Japanese wholesalers who sent the goods for 
processing (technically treatments—see Box A), 
which included tumbling to improve luster, bleach- 
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Figure 2. Originally 
confined to a few areas 
in Japan, cultured pearl 
production has now 
spread across the 
Pacific region. This 
map indicates the 
approximate areas 
where major pearl 
farming now takes 
place. The Pinctada 
maxima oyster pro- 
duces white and gold- 
en pearls, and the P. 
margaritifera produces 
black pearls. 
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ing to remove some blemishes, and the coloring 
agent cosin to create the valued pink overtone 
(Muller, 1997; Strack, 2006). 

As demand increased in the United States and 
elsewhere, Japanese exporters established close ties 
with pearl dealers in many regions (figure 5). These 
included Mastoloni, Honora, Albert Asher, and 
Imperial-Deltah in the U.S., and Schoeffel and 
Golay Buchel in Europe, then the two major con- 
sumer markets. By the time sales peaked in the 
mid-1960s, the pearl industry had established 
deeply entrenched distribution channels (many of 
which remain in existence today), even through a 
severe decline in sales and production at the end of 
that decade (Muller, 1997b). 
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tionized the pearl industry by launching its first inter- 
nationally recognized brand. Mikimoto drew on the 
efforts of his son-in-law, zoologist Tokichi Nishikawa, 
and carpenter Tatsuhei Mise to develop the pink-to- 
white round akoya cultured pearls with which the 
Mikimoto name became synonymous. Photo © 
Horace Bristol/Corbis. 


Because the pearl industry was so vital to Japan’s 
post-war economy, Kokichi Mikimoto spearheaded 
an effort to keep pearl culturing technology and 
marketing in the hands of his countrymen (Strack, 
2006). The result was the so-called Three Principles 
enacted by Japan’s Administrator of the Fisheries 
Agency based on the Foreign Exchange Act. These 
principles were: 


1. The technology of pearl culturing and 
manufacturing should not be given to foreign 
countries. 


2. All pearls cultured in foreign farms should be 
exported to Japan, regardless of the country in 
which they were produced. 


3. Any Japanese company that plans to culture 
pearls in foreign countries should submit to 
the Fisheries Agency their plans as to the oys- 
ter species, number of oysters to be operated, 
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and culturing areas. The culturing of akoya 
pearls in foreign countries is prohibited (S. 
Akamatsu, pers. comm., 2007). 


These principles had a profound effect on pearl 
production worldwide. Although culturing opera- 
tions would emerge in Australia, Indonesia, the 
Philippines, French Polynesia, and China, their pro- 
duction and especially distribution were largely 
controlled by Japanese firms (Muller, 1998). And 
there was no real challenge to Japanese supremacy 
until the mid-1990s, when economic and natural 
forces would combine to create a free market and 
diversified industry throughout the Pacific region. 
These forces would affect pearl production in much 
the same way that world events have diminished 
the once-dominant role of the De Beers Diamond 
Trading Company (Shor, 2005). As with the dia- 
mond industry, the trend toward globalization, free 
markets, and resource producers seizing greater 


Figure 4. Aggressive marketing by Mikimoto helped 
return pearls to fashion in the 1920s. Famed silent film 
actress Louise Brooks is shown here wearing a dramat- 
ic pearl rope. Photo © Sunset Boulevard/Corbis. 
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Box A: PEARL TREATMENTS 


Like many gem materials, akoya cultured pearls have a 
long history of “accepted” treatments. In the early years 
of the 20th century, Japanese producers developed a 
number of processes to improve the appearance of their 
pearls before placing them on the market. None of 
these were disclosed, and they remain undisclosed to 
this day. In recent years, however, some of these pro- 
cesses have grown more sophisticated, blurring the 
boundary between an “acceptable process” and a “treat- 
ment”—as foreign substances are employed in some 
cases to improve or change color or add luster. 

The first step in traditional akoya processing, called 
maeshori, involves immersing the pearls in a solvent, 
usually methyl alcohol, for cleaning. Originally per- 
formed before bleaching to make that process more 
effective, it is now used alone on virtually all cultured 
pearls to improve their luster (Akamatsu, 2007). In some 
cases, however, luster-enhancing coatings are applied. 
Typically, such coatings are considered a treatment. 

The next step in the traditional process is bleaching 
(figure A-1), which removes dark organic compounds 
and creates a purer white. This usually involves 
immersing the cultured pearls in dilute hydrogen perox- 
ide under low heat in controlled lighting conditions. 
After bleaching, some are treated with an additive to 
create the slightly pinkish overtone seen in many 
akoyas. In the 1920s and 1930s, the Japanese producers 
used cosin, a vegetable dye; today, they employ a vari- 
ety of coloring agents (Strack, 2006). 

The final step in traditional processing is tumbling, 
which improves luster. CIBJO does not require that the 
steps in the traditional process be disclosed (CIBJO, 
2006). 

However, dyeing and irradiation have been used for 
many years to alter pearl color (figure A-2). Typically, 
the bright, obvious colors that result from most dyes do 
not resemble anything found in nature. Yet some dyes 
can simulate attractive natural colors. One of the most 
common agents is silver nitrate, which has been used on 
both saltwater and freshwater cultured pearls to chemi- 
cally darken the nacre and imitate naturally colored 
black pearls (Crowningshield, 1988) as well as fancy col- 
ors (Hurwit, 1998). This treatment is detectable by X-ray 
fluorescence analysis (Komatsu and Akamatsu, 1978). 
Irradiation of both freshwater and saltwater cultured 
pearls is also used to simulate black pearls and, in some 
cases, enhance the appearance of orient 
(Crowningshield, 1988; Li, 2001). 

In the late 1990s, increasing amounts of dyed “gold- 
en” South Sea pearls began appearing in the market, 
which also caused alarm within the trade (“Treatments 
cause concern in industry,” 1997; Strack, 2006). Some 
companies used heat treatment to create this color. Still 
other such pearls were found to be both heat treated 
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Figure A-1. Virtually all akoya cultured pearls 
are bleached to improve whiteness. The process 
involves immersion in a heated hydrogen perox- 
ide solution combined with fluorescent illumina- 
tion. Photo by Niels Ruddy Hansen. 


and dyed (Elen 2001, 2002). Most recently, bleaching of 
some black Tahitian cultured pearls is believed to cre- 
ate fancy colors, such as the popular “chocolate pearls” 
currently in the marketplace (Wang et al., 2006), though 
dyed pearls of that color are in the market as well. 

As with all gem treatments, some methods of 
enhancing poor-quality material to improve appear- 
ance and increase value remain a challenge for identifi- 
cation and disclosure. 


Figure A-2. Large quantities of Inexpensive fresh- 
water cultured pearls are dyed to achieve differ- 
ent appearances and sometimes unnatural colors, 
such as the broad spectrum of products shown 
here at a trade show. Photo by Robert Weldon. 
Cia Se. - “ACs bas 
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control over distribution proved the catalyst to 
unraveling a century-old system. 


The Mid-1990s: A Turning Point for Japan. Into the 
1990s, Japanese-produced akoya cultured pearls 
(from the Pinctada martensii oyster) remained the 
industry mainstay. In 1993, for example, the total 
production value of Japanese akoyas was estimated 
at $600 million, while the white South Sea goods 
totaled $120 million and French Polynesian black 
cultured pearls totaled $75 million (Muller, 1998). 

Consumer demand for pearls had revived from a 
lull in the United States and Europe during the 
1980s, and was further stimulated by growing Asian 
economies. While prices for akoyas rose strongly as a 
result, production from Japanese farms was actually 
declining: By 1993, it had fallen to about 35% of 1962 
levels. To accommodate demand, some producers 
began rushing their goods to market in as little as six 
months after implantation. Although Japanese 
akoyas had historically been cultivated to a nacre 
thickness of 1 mm on average, complaints of nacre 
peeling from pearls with coatings less than 0.2 mm 
thick began to surface, largely in Japan (Shor, 1994a). 
The Japanese government’s Pearl Inspection Office 
did not permit export of akoyas with such thin nacre, 
but there were no corresponding restrictions on 
domestic sales. 

Also in the mid-1990s, with prices reaching 
record highs, Japanese pearl farmers began facing 
their first significant competition in lower price 
ranges—from Chinese freshwater cultured pearls. 
Once predominantly small and irregularly shaped, 
these were now being produced as semi-rounds in 
sizes similar to those of medium akoyas (6-7 mm). 
Japanese farmers were also facing increasing land 
and labor costs, as well as stronger pollution-control 
measures. At the same time, a fluctuating yen 
caused prices of better-quality pearls to increase 
fourfold for U.S. consumers—their primary mar- 
ket—in less than a decade. 

To deal with these challenges, many Japanese 
producers and distributors decided to focus on the 
higher-quality market (figure 6) by increasing mini- 
mum nacre thickness and concentrating on pearls 
larger than 7 mm, which prior to 1990 had consti- 
tuted only 5% of Japanese goods. Consequently, by 
the early 1990s, 8-9 mm akoyas accounted for 
about 25-30% of Japan’s total production (Shor, 
1994a; Strack, 2006). 

Soon, however, Japanese domination of the cul- 
tured pearl industry would be assaulted by three 
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forces: cataclysmic natural events, the Asian finan- 
cial crisis, and the growing independence of non- 
Japanese producers. 


Natural Forces. In November 1994, pearl dealers and 
producers assembled in Kobe, Japan, where many of 
the large Japanese pearling companies are headquar- 
tered. The primary aim of this convention was to 
establish a fund to support global advertising and 
marketing for pearls and pearl jewelry. Tragically, 
less than two months later, while participants still 
mulled over the proposal, a large earthquake (7.3 on 
the Richter scale) destroyed much of the city and 
killed more than 6,400 people. Although the earth- 
quake did not affect the pearl farms, it did cause 
delays in the ham-age (unprocessed akoya pearl) auc- 
tions (“Kobe earthquake,” 1995). 


Figure 5. Collaboration between Japanese producers 
and pearl dealers in the U.S. and Europe helped make 
akoya cultured pearl necklaces and earrings a classic 
jewelry staple by the middle of the 20th century. 
Photo courtesy of Mikimoto & Co. 
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In addition, unusually warm ocean tempera- 
tures, which can affect luster, and attempts to 
increase production by operating too many shells in 
areas too small to properly nurture them (Muller, 
1997a) resulted in a poor 1995 harvest. While the 
Japanese industry spoke of recovery (Earthquake, 
strong yen slow sales,” 1995), further disasters 
awaited—events from which the industry has not 
yet recovered. 

In the summer of 1996, a sudden and mysterious 
malady began killing pearl oysters in farms near 
Shikoku, a small island off southern Honshu. 
Within a few weeks, mortality was running at one 
million mollusks per day. By fall, the illness had 
spread to the primary pearling area of Mie, eventual- 
ly killing two-thirds of the 300 million shells in 
operation there. No one in the Japanese pearl indus- 
try or government could agree on a concrete reason 
for the mass deaths. Some blamed ocean pollution 
caused by other industries, or weather conditions 
that diminished the pearl oysters’ chief food source, 
plankton. “Red tides”—massive invasions of plank- 
ton that smothered the mollusks by depleting oxy- 
gen levels in the water—were cited in some circles. 
Still others speculated that overreliance on hatch- 
ery-bred oysters had left crops less resistant to dis- 
ease and pollution. However, nearly everyone noted 
that the high cultivation density was the catalyst 
for the widespread devastation (Federman, 1997, 
Strack, 2006). By 2001, production from Japanese 
farms had fallen to $120 million (Strack, 2006), a 


206 TRANSFORMATION OF THE CULTURED PEARL INDUSTRY 


Figure 6. Faced with 
challenges from Chinese 
and other producers, 
many Japanese akoya 
farmers reoriented their 
businesses to concen- 
trate on the higher end of 
the market. These 7 mm 
akoya cultured pearls 
have a tsavorite and dia- 
mond clasp designed by 
Ilka Bahn. Courtesy of 
The Collector Fine 
Jewelry; photo by Harold 
& Erica Van Pelt. 


mere 20% of 1993 levels. Ultimately, the National 
Research Institute of Aquaculture in Japan conclud- 
ed that the massive mortality of the akoya oyster 
was caused by an infectious disease (S. Akamatsu, 
pers. comm., 2.007). 

By the early 2000s, the mortality rate had 
decreased to a (still high) 20-30% and production 
appeared to have stabilized, partly because a signifi- 
cant percentage of the cultured pearls represented as 
“Japanese” were actually imported from South 
Korea and China, primarily Hainan Island (R. 
Torrey, pers. comm., 2007). Japanese production, or 
akoya cultured pearls from the P. martensii mol- 
lusk that are marketed as Japanese, has stabilized at 
a level of about 25 tonnes, a far cry from the almost 
150 tonnes reported for 1966. 


A Financial Crisis. With the collapse of Japan’s 
1980s “bubble” economy beginning in 1990, most 
of the country’s large banks had to cope with bil- 
lions of dollars in nonperforming loans. This caused 
the nation’s economy to stagnate, although the 
national government averted a full-blown depres- 
sion by subsidizing some of the banks’ losses. The 
rest of Asia continued to boom through the 1990s, 
allowing many Japanese banks to reap returns from 
outside the country’s borders. Then, in 1997, the 
Asian boom ended abruptly after several very large 
corporations in Indonesia and Thailand defaulted on 
loans, touching off runs on those nations’ stock 
markets. Within three months, the currencies of 
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Thailand, Indonesia, South Korea, and several other 
nations collapsed, leaving many Japanese banks— 
which had financed major infrastructure projects in 
those countries—caught in the middle. The banks 
had no choice but to cut their credit facilities to 
many Japanese industries, including pearl produc- 
ers and distributors (N. Paspaley, pers. comm., 
2007). As a result, producers outside the country 
lost some of their biggest customers—who no 
longer had the financial resources to buy up entire 
harvests—and were forced to develop their own dis- 
tribution channels. 


Emerging Producers. All of these developments 
meant that by the end of the 1990s the Japanese dis- 
tributors, though still significant buyers, no longer 
held direct control over a large majority of the 
world’s pearl production (R. Torrey, pers. comm., 
2007). The once-dominant akoya pearl was now shar- 
ing the market with competitors, as the late 1990s 
also saw increased production of other types of pearls. 
Today, the main types of cultured pearls on the mar- 
ket, besides akoyas and akoya-like goods, are: 


e South Sea cultured pearls from the Pinctada 
maxima, a large saltwater oyster primarily 
found and cultivated in Australia, Indonesia, 
the Philippines, and Myanmar (Burma). These 
cultured pearls range from silvery white (pre- 
dominantly Australia and Myanmar) to 
creamy white (Indonesia and the Philippines). 
Typically, they are much larger (routinely over 
10 mm in diameter) and significantly more 
costly than akoyas. 


e “Black” cultured pearls from the Pinctada 
margaritifera, an oyster primarily cultivated in 
the waters around French Polynesia. While the 
most costly appear black with high irides- 
cence, they actually vary greatly in color, 
shape, and size, and thus have a wide price 
range. 


e Freshwater cultured pearls, primarily from 
Hyriopsis cumingii mussels native to China. 
These generally are much less expensive than 
the other types, because the pearling opera- 
tions in China are so prolific. The vast majori- 
ty of FWCPs are white or off-white, though 
recently some farms have cultivated fancy col- 
ors and many are dyed or irradiated. Unlike 
producers elsewhere, most of the Chinese cul- 
tivators do not implant the mollusks with 
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beads, but only with pieces of mantle tissue, 
which yield primarily baroque pearls—and 
occasionally rounds. 


Most recently, “golden” pearls from the gold- 
lipped P. maxima are being cultivated in the 
Philippines, with some coming from Australia, 
Indonesia, and Myanmar. Like the South Sea goods, 
these are sold in the luxury market. 


SOUTH SEA WHITE CULTURED PEARLS 


For the purposes of this article, all pearls cultivated in 
the P. maxima oyster are referred to as South Sea 
pearls. There are two major types of P. maxima: the 
white lipped, found mainly around Australia, 
Myanmar, and parts of Indonesia; and the gold lipped, 
found farther north, primarily around the Philippines, 
though some also occur around Indonesia. 

By some accounts, pearl culturing in Australia 
predates culturing in Japan. An Australian, Queens- 
land fisheries commissioner William Saville Kent, 
has been credited with culturing mabe and even 
spherical pearls as early as 1890, but he did not docu- 
ment his techniques before his death in 1906, and 
there are no records of his farm after a 1910 Journal of 
Science reference to the purchaser succeeding “in 
growing spherical pearls using techniques bought 
with the farm” (O’Sullivan, 1998). 

What is known is that, in 1917, shortly after 
Mikimoto started mass production of cultured 
akoyas with the Mise-Nishikawa method, the 
Mitsubishi company of Japan established a P. maxi- 
ma pearl farm in the Philippines. Others followed, 
and several survived until the outbreak of World 
War II. Although these farms were abandoned dur- 
ing hostilities, the decade following the end of the 
war brought a revival of P. maxima pearl culturing 
activity. 


Australia. Pearling in this region dates back more 
than 400 years, when aboriginal populations harvest- 
ed P. maxima shells and natural pearls, which were 
sold to Indian traders and ultimately ended up in 
Persia (present-day Iran). After the Europeans arrived 
in Australia, pearling fleets went to the western and 
northwestern coasts to harvest the shells for mother- 
of-pearl, then an important material for creating dec- 
orative objects, buttons, and inlay. The natural 
pearls themselves were a serendipitous by-product. 
The fleets were also active around Indonesia, the 
Philippines, and Burma (now Myanmar). 
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single crystal rods up to 2/10 inch in dia- 
meter and up to 18 inches in length; an- 
nrealed whole boules which do not split 
down the middle in the manner of the con- 
ventional European product; sapphire balls 
0.040 - 0.750 inch in diameter, ground to 
precision ball bearing tolerances; and. star 
ruby and blue sapphire gemstones. In addi- 
tion, the process has been adapted recently 
to the production of rods and boules of 
titania (TiO.), a material with very in- 
teresting optical and electrical properties. 

In making jewel bearings for watches, 
etc., from split boules, the common prac- 
tice is to slice the boule into thin, half- 
moon wafers; to cross-hatch these wafers 
into tiny squares; and then to grind the 
squares into circular discs. This process is 
tedious, time consuming, wasteful of mate- 
rials and above all, expensive. The advan- 
tages in starting with a cylindrical rod of 
about the right diameter for the jewel bear- 
ing, are obvious. Only one slicing operation 
would be required to arrive at the same 
point obtained by the many operations on 
boules. 

Once the frontiers of knowledge on the 
boule process were reached, it -was only 


natural that the above thinking should dir-° 


ect the research and development efforts 
toward the growth of corundum crystals in 
the form of rods. This has now resulted in 
the development of apparatus and tech- 
niques for growing corundum rods which 
do not split down the middle in the manner 
of conventional! boules, 

In the early development of rod, it was 
found that some rods split longitudinally 
along the plane common to the growth 
axis and c-crystallographic axis, while others 
did not. This plane in the crystal is the 
same as that on which all boules split. A 
study of this factor revealed a close cor- 
relation between cracking tendency and 
crystallographic orientation of the rod. It 
was found that rods with a c-axis orienta- 
tion (angle between c-axis and growth 
direction) of less than 30 degrees usually 


would split longitudinally when’ subjected 
to the slightest stress. Rods with a c-axis 
Orientation greater than 75 degrees tended 
to develop notches and flat sides causing 
them at times to be subject to transverse 
cracking. The first rods were grown from 
crystal seeds cut from boules with little 
regard for crystallographic orientation. The 
previously mentioned effects observed in 
rods led to a systematic study of the orien- 
tation of boules grown with random seeding. 

The peak of the frequency distribution 
curve as a function of c-axis orientation was 
found to correspond with the most stable 
tod orientation; i. e., 50 to 70 degrees. How- 
ever, at this point unexpected correlation 
between rod lIength and c-axis orientation 
was . observed. 

Since our rod growing equipment was 
not designed for growing rods of infinite 
length, the curve is obtained by cutting off 
the rod after 1 to 2 feet of growth and seed- 
ing the next rod with the top section of the 
preceding one. It should be noted that the 
rate of orientation change is highest at the 
smallest angles between c-axis and direction 
of growth. This rate of change slowly de- 
creases with increase of the orientation 
angle until it becomes asymptotic for an 
orientation of 90 degrees. The curve forms 
the basis for orientation control of rods in 
production. 

The availability of sapphire rods in long 
lengths permitted the investigation of a 
whole new series of phenomena not possible 
with boule sections. For example, while 
single crystals of corundum exhibited te- 
markable strength and rigidity at high 
temperatures, if the temperature is made to 
approximate the melting point of 2050°C., 
corundum rod can be bent into a helix. 
This bending process is related to the crys- 
tallographic orientation of the rod. Experi- 
ence indicates that the bending is a combin- 
ation of slippage on the basal plane, and 
actual crystal lattice distortion. The best c- 
axis orientation in rod for bending has been 
found to be 45 degrees. Rods with an orien- 
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In 1954, a joint pearl culturing venture between 
Tokuichi Kuribayashi (founder of Pearl Shell 
Fishing Co., which harvested P. maxima shells 
along Australia’s coast in pre-war years) and Alan 
Gerdau of the Otto Gerdau Co. (an Australian- 
owned firm in New York) began operation in what 
is now Kuri (after Kuribayashi) Bay in Western 
Australia. Called Pearls Pty., it was headquartered 
in Broome, some 386 km (240 miles) south of Kuri 
Bay. Kuribayashi also established a Tokyo branch 
called Nippo Pearl Co. (Muller, 1997b). 

The technical team at Kuri Bay was led by 
Junichi Hamaguchi, who perfected a method of cre- 
ating substantially bigger pearls by inserting a larger 
nucleus into the oyster without rejection. This 
enabled the Kuri Bay pearls to be harvested after 


Figure 7. The Duchess of Windsor, who was known for 
her stylish jewelry, helped establish South Sea cul- 
tured pearls as a fashion item when she purchased the 
necklace shown here (center strand) in this photo with 
the Duke of Windsor that was taken in the 1960s. 
Photo by Maurice Tabard, Camera Press Ltd., London. 
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only 18 months of cultivation (N. Paspaley, pers. 
comm., 2007). As a result, Kuri Bay became very 
profitable, and Nippo Pearl Co. dominated produc- 
tion and supply of South Sea pearls until the mid- 
1980s. 

A number of other pearl farms followed soon after- 
ward in Western Australia, where oysters were more 
plentiful; among the operators were Paspaley, Broome 
Pearls, Arrow Pearls, and Roebuck Deep Pearls. 
Through most of the 1960s, Australian producers sold 
their entire output in bulk lots to Japanese whole- 
salers (N. Paspaley, pers. comm., 2007). 

The first highly publicized “branding” opportu- 
nity for the Australian product came in 1964, when 
Van Cleef & Arpels sold the Duchess of Windsor a 
necklace featuring 29 Australian cultured pearls, 
graduated in size from 11 to 15 mm (Sotheby’s, 
1987; figure 7). Twenty-three years later, the neck- 
lace brought $198,000 at the Sotheby’s auction of 
her jewels (Strack, 2006). 

During the early years of Australia’s industry, 
Japanese grafters, many of whom worked for or 
owned pearling firms, traveled there to implant the 
nuclei into the local mollusks (figure 8), as they did 
in other pearl-producing countries. They usually 
brought their own nuclei, made from the Mississippi 
River freshwater mussel. For their work, the techni- 
cians received a portion of the resulting crop. In 
accordance with Japanese code (discussed above) that 
forbade the transfer of pearling techniques to non- 
Japanese—and their desire to protect their own 
livelihoods—the technicians refused to train Aus- 
tralians (Strack, 2.006). 

In the 1970s, a number of Australian farms expe- 
rienced severe problems with mollusk mortality 
and declining pearl quality. Although the situation 
had stabilized by the end of the decade, mortality 
rates remained very high—60% to 70% through the 
1980s—primarily due to neglect during the implan- 
tation operations and outmoded grafting and har- 
vesting practices. In 1984, for example, the entire 
harvest from all producers totaled only 40 kan, or 
150 kg (Strack, 2006). 

A 1988 study of the pearling industry by the 
Western Australian government, which noted the 
problems with overharvesting (Shor, 1995b), result- 
ed in a licensing system that imposed limits on the 
number of firms permitted to collect wild oysters 
and quotas on the numbers of mollusks that could 
be collected and operated. As part of this 1990 
industry regulation package, the Western Australian 
government issued permits to 16 firms that limited 
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their catch quotas and—to prevent rapid spread of 
disease and blight—testricted the number of oysters 
operated from hatchery stocks. The legal limit was 
570,000 for wild oysters under operation, plus an 
additional 320,000 from hatcheries, with the result 
that some 700,000—770,000 shells were in operation 
at any particular time (Tisdell and Poirine, 2000), or 
approximately one-thousandth the estimated num- 
ber of akoya oysters that were under cultivation in 
Japan in 1988. Another reason for favoring wild oys- 
ters is that they tend to produce the extremes in 
quality, while pearls cultured from hatchery oysters 
tend to be more uniformly medium quality (N. 
Paspaley, pers. comm., 2007). 

In cooperation with Hamaguchi, Paspaley’s 
farms had introduced new pearl culture technolo- 
gies during the 1970s and ’80s, including tech- 
niques that allowed the use of young pearl oysters 
and the insertion of a second nucleus into a pearl 
sac produced by harvesting of the first pearl. 
Although initially there were some problems with 
these second insertions in terms of oyster mortality 
and the quality of the pearls, these were overcome 
by making the incision to extract the first pearl in a 
different area of the mollusk, and changing the 
mantle tissue used in the second grafting (N. 
Paspaley, pers. comm., 2007). With current meth- 
ods, the initial grafting yields pearls averaging 
11-12 mm and has a success rate (with the oyster 
surviving to yield a commercially viable pearl) gen- 
erally over 90%, comparable to akoya. For the sec- 
ond grafting, a shell bead the size of the just- 
extracted pearl is inserted, yielding a pearl that 
ranges from 14 to 16 mm. However, the yield is 
lower, 65% on average, and the quality of color and 
luster is not always as high as the first pearl. Some 
oysters are operated a third time to yield 17-20 
mm pearls, but the quality and success rate are 
often lower still (Strack, 2006). 

By 1989, Australian production had climbed to 
140 kan and was poised for a sharp increase. In 
October of that same year, Paspaley purchased 
Pearls Pty. and its Australian parent, the Otto 
Gerdau Co., to become the dominant producer in 
Australia. That same month, Paspaley conducted 
the first auction of South Sea pearls outside Japan. 
The sale of 24 kan at the Darwin, Australia, event 
brought $35 million, with prices for the top quali- 
ties surpassing their estimates by 40-100%. For the 
first time, Japanese buyers faced major competition 
from firms in other countries, including Hong Kong 
and the United States (Torrey, 2005; Strack, 2006). 
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Figure 8. The skill of Japanese technicians was 
instrumental in establishing the South Sea cultured 
pearl industry in Australia. Here, the technician is 
preparing to implant a bead in the oyster. Photo by 
R. Shor. 


Extreme top qualities of South Sea pearls over 15 
mm are estimated to be a tiny minority of produc- 
tion (figure 9), which accounts for their value. 
Round and nearly round pearls below 15 mm 
account for about 20% of Australian production, 
less in Indonesia and the Philippines. Symmetrical 
shapes (primarily drops) account for about 50% of 
Australian production, 20% in Indonesia and the 
Philippines. Baroque shapes account for about 30% 
of Australian production and as much as 70% of 
Indonesian and Philippine production (Strack, 2006; 
Branellac, 2007). 

In the 1980s, the Australian government had 
expanded the number of pearling licenses, which 
attracted a number of new operations—including 
Clipper Pearls and Blue Seas Pearling. Following the 
slump in demand from Japanese buyers after the 
Asian financial crisis in the late 1990s, most of 
these new Australian pearl farms (which accounted 
for 20% of the country’s production) decided to 
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Figure 9. Large, top-quality South Sea cultured pearls 
such as these are very rare. Courtesy of Paspaley. 


market their pearls through Australian wholesale 
agents (N. Paspaley, pers. comm., 2007). Since the 
mid-1990s, Australian production has increased in 
measured steps; by 2005, total output had reached 
850 kan (3.19 tonnes), six times the amount record- 
ed for 1989 (Muller, 2005). 


Indonesia. Although Japanese firms started cul- 
turing pearls in Indonesia during the 1920s, it 
was not until the early 1970s that an industry 
took shape—again with Japanese involvement. 
During the 1980s, a number of Japanese and Aus- 
tralian companies began operations in the island 
nation with P. maxima oysters. Indonesia's 
pearling operations are located on small islands 
throughout the archipelago. In 2006, there were 
107 documented farms; Japanese and Australian 
companies operated nearly half of them; the 
remainder were locally owned, the most domi- 
nant being Concorde Pearls (Sertori, 2006; N. 
Paspaley, pers. comm., 2007). Yet there were, and 
still are today, many undocumented farms, some 
encroaching on areas claimed by established 
operations (Sertori, 2006). Since the govern- 
ment’s ban on harvesting wild P. maximas in 
1997, all pearls are cultured from hatchery-bred 
oysters. These pearls tend to be more uniform in 
quality and smaller in size—8-12 mm on aver- 
age, though they can be as large as 16 mm. In 
addition, the colors tend to be warmer than the 
Australian goods, at their best showing tints of 
yellow, pink, and “gold” (Muller, 1999). 
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Indonesia’s pearl production has fluctuated dra- 
matically over the past 15 years. Violent storms and 
a catastrophic earthquake in December 1992, devas- 
tated much of the oyster population (Muller, 2005), 
causing production to fall from an estimated 600 
kan in 1991 to 300 kan in 1994. It continued to 
slide over the next four years to 200-250 kan. By 
2000 output had rebounded to 600 kan, but an 
earthquake again brought disaster and the following 
year’s crop amounted to about 400 kan. Some 
observers believed the earthquakes altered the 
nutrients in the water, while others maintained that 
El Nifio cycles changed the water temperature 
around the islands. Still others blamed the overpop- 
ulation of prime pearling areas (Muller, 2005), since 
Indonesia—unlike Australia—does not impose lim- 
its on the number of shells in operation or the num- 
ber of farms in any specific area. 

By 2005, however, output had jumped to 1,022 
kan (3.83 tonnes) worth $85 million (Muller, 2005; 
Strack, 2006), with qualities from established farms 
rivaling the best Australian goods. While substan- 
tially higher by weight than Australia’s production 
of 850 kan, this was still well below Australia in 
value ($123 million). Most of Indonesia’s output is 
marketed generically by dealers from Australia, 
Europe, Hong Kong, and Japan. 

Serious challenges remain, however. Theft has 
become a significant problem, as most of the farms 
are located in remote areas with no law enforce- 
ment and are difficult to guard effectively. In addi- 
tion, most of the illicit pearls are stolen before the 
culturing process is complete, then sold as 
Indonesian goods, which gives buyers a poor 
impression of Indonesian pearls (Sertori, 2006). 


Myanmar. Burma was once known as the source for 
the best South Sea cultured pearls because of their 
large size (17+ mm], subtle color, and high luster 
(figure 10). That was before neglect, disease, and 
government seizures all but halted production by 
the end of the 1980s. 

During the 1950s, a Japanese firm, the South 
Seas Pearl Co., began a joint venture to produce 
Burmese pearls. With the expulsion of Japanese 
businesses following a military coup in 1962, the 
Burmese government assumed control of the indus- 
try and employed local Australian and Japanese 
technicians to keep the farms running. The first 
commercial harvest under the new regime, in 1969, 
yielded 3,485 cultured pearls weighing just over 
1.92, kan (7.20 kg). During the 1970s and ’80s, the 
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country continued to produce relatively small quan- 
tities of pearls, but of extraordinary quality. 
Production peaked in 1983 at just over 17 kan 
(63.75 kg, Myanmar Pearl Enterprise, 2003). All the 
pearls were sold at government-sponsored auctions 
in the capital Rangoon (now Yangon). 

Explanations for the exceptional quality of these 
Burmese cultured pearls vary. The most common is 
that very small nuclei were used to prevent nucleus 
rejection, and the beads were left in the oyster for 
four years. Hence, the resulting pearls had very 
thick pearl nacre and closely resembled natural 
South Sea pearls. 

The industry suffered, however, after another 
military coup in 1988 (as a result of which the coun- 
try was renamed Myanmar in 1989) and a failed 
1990 attempt to restore democracy brought waves 
of social and economic upheaval. The pearl farms 
fell into neglect, and the mollusks suffered from 
bacterial infection. By the early 1990s, production 
was negligible. 

Later that decade, however, the Japanese firm S. 
Tasaki Shinju and an Australian joint venture with 
the government, Myanmar Atlantic Ltd., estab- 
lished new operations. These and other enterprises 
have since revived production to some degree, but 
the newer Burmese cultured pearls have not 
achieved the extraordinary quality of the earlier 
goods (Strack, 2006). Myanmar’s production totaled 
179 kan in 2005, 102 kan of which was produced by 
the S. Tasaki Shinju operations (“Myanmar expect- 
ed to produce 220 kan in 2006,” 2006). 


Philippines. Like other Pacific locales, the 
Philippine pearl industry has its roots in the P. max- 
ima mother-of-pearl fishing industry that flourished 
during the 19th century. Attempts to establish oper- 
ations date back to 1914, but pearl culturing in the 
Philippines did not begin in earnest until the South 
Seas Pearl Co. became involved there in 1962. 
Several non-Japanese companies launched opera- 
tions in the nation’s southern islands during the late 
1970s, and by 1994 the Philippines’ 120 kan produc- 
tion ranked third behind Australia and Indonesia, 
with 20 large and medium-sized farms (Strack, 
2006). Unlike Australia, where most of the cultur- 
ing is done with wild oysters, the vast majority of 
Philippine pearls are cultured from hatchery stock 
(Torrey, 2005). 

In 2005, there were 37 farms that produced an 
estimated 450 kan, valued at $25 million. Although 
Philippine farms produce many fine-quality goods, 


TRANSFORMATION OF THE CULTURED PEARL INDUSTRY 


Figure 10. Although their total production has 
never been great, Burmese South Sea cultured 
pearls are renowned for their size, luster, and color. 
The loose pearl is approximately 16.5 mm in diam- 
eter. Courtesy of The Collector Fine Jewelry; photo 
by Harold & Erica Van Pelt. 


the average per-momme value of Philippine produc- 
tion ($55) that year was about one-third that of 
Australia’s producers (Muller, 2005). It is important 
to reiterate, however, that the P. maxima found in 
Philippine waters, mainly around the southern 
islands, has a gold-lipped shell, as opposed to the 
white or silvery lip of the Australian or Indonesian 
variety, which imparts a warmer, creamy character 
to the resulting white pearl. However, at least one 
major farmer used the gold-lipped P. maxima to 
consistently produced bright “golden” pearls, which 
will be discussed below. 


BLACK PEARLS 


Natural black pearls from the black-lipped P. marga- 
ritifera oyster were part of Polynesian culture and 
legend long before European explorers first arrived in 
the 16th century (see, e.g., Goebel and Dirlam, 1989). 
After the Marquesas Islands became a French protec- 
torate in 1842, a mother-of-pearl fishing industry 
flourished under the colonial government through 
the rest of the 19th century. Natural pearls were a 
valued by-product of this industry, though it was 
estimated that only one oyster in 15,000 would yield 
a pearl of any size (Tisdell and Poirine, 2000). The 
only other major source of black pearls was several 
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thousand miles across the Pacific—along Mexico’s 
Baja California peninsula around La Paz (Goebel and 
Dirlam, 1989}, where the Spanish commenced pearl 
fishing from the Pteria sterna oyster in the 16th cen- 
tury (Carifio and Monteforte, 1995). 

In 1961, the Fisheries Service of the French 
Polynesian government began a trial culturing pro- 
ject in conjunction with two Japanese firms: Nippo 
Pearl Co., which had provided technical assistance 
to Australia’s early producers, and Tayio Gyogo Ltd., 
which also operated in Australia. That pilot project 
on Bora Bora, approximately 240 km (150 miles) 
northeast of Papeete, the French Polynesian capital 
on the island of Tahiti, produced a number of good- 
quality black pearls, but there was no commercial 
follow-up (Tisdell and Poirine, 2000). 

In the early years of culturing with P. margari- 
tifera, the public’s lack of familiarity with black 
pearls led to rumors that they were dyed. In addi- 
tion, there was widespread belief that colors other 
than white were simply not marketable (Tisdell 
and Poirine, 2000; Strack, 2006). One pearl farmer, 
Jean Claude Brouillet, carried an array of black 
pearls to top jewelers in London, Paris, New York, 
and Tokyo in the early 1970s, and later described 
how the president of Cartier in Paris “used them as 
playthings” during their meeting (Tisdell and 
Poirine, 2000). 

A turning point came after Robert Crowning- 
shield (1970) reported on his examination of a black 
cultured pearl in Gems & Gemology, finding the 
color to be natural. GIA’s decision in the mid-’70s 
to offer identification reports stating the origin of 
color gave these pearls much-needed credibility 
(Moses and Shigley, 2003). 

The French Polynesian government, seeing 
potential employment for people on the outlying 
islands, aggressively encouraged the development of 
new pearl farms. Two entrepreneurs stepped in: 
Robert Wan, a French Polynesian resident of 
Chinese descent; and Salvador Assael, a New York 
importer born in Italy. Wan purchased and enlarged 
Tahiti Perles, an operation begun by Australian 
William Reed, while Assael worked with Brouillet 
to expand his concern by building infrastructure and 
hiring expert Japanese technicians. By 1976, the Wan 
farm was on its way to becoming one of French 
Polynesia’s largest producers (figure 11), acquiring 
Brouillet’s farm nine years later. 

Assael began marketing his pearls in the U.S. in 
1973 and soon became one of the largest distribu- 
tors for a number of producers, including Wan. This 
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marked the first measurable success of a producer 
and distributor of any type of pearl who had no 
Japanese affiliation (Goebel and Dirlam, 1989). 

Then, in 1979, the smaller farms grouped togeth- 
er in a cooperative called Groupement d’Intérét 
Economique (GIE) Poe Rava Nui, under an initiative 
by the government’s Fisheries Service (Luke, 2005). 
The GIE provided economic support for small pearl 
farmers and organized a central auction of its mem- 
bers’ harvests in Papeete that continues to the pre- 
sent day (Strack, 2006). 

All this progress came at a price, however. The 
market’s growing acceptance of black cultured 
pearls and the high prices realized for top-quality 
goods, coupled with government incentives to 
develop the industry, launched a “pearl rush” that 
saw hundreds of new farms start up during the early 
1980s. The overexploitation of the waters around 
certain atolls caused massive mortality—an esti- 
mated 50% of the seven million oysters under oper- 
ation in 1985-1986. Inspectors found no specific 
bacteria or disease and concluded that overpopula- 
tion and slow currents were responsible. In those 
two years, there were 69 cooperative units and 20 
larger private farms located across 18 islands—and 
this was only a fraction of what would come in the 
1990s (Tisdell and Poirine, 2000). 

As Australian and French Polynesian pearl pro- 
duction increased to sustainable levels, the next step 
would be to establish these goods in the marketplace. 


BREAKING AWAY—FROM JAPAN 
AND “GRANDMOTHER” 


With other transitions in the 1990s, South Sea and 
French Polynesian pearl producers accelerated their 
efforts to cultivate and market their goods indepen- 
dently of the Japanese. They also worked to dispel 
the conservative fashion image of pearls. 

By the middle of the decade, these producers 
were selling nearly all of their pearls worldwide 
through competitive auctions held in Hong Kong 
and Kobe, in a variety of currencies. Unlike akoya 
auctions, where the only significant buyers were 
Japanese, buyers at these auctions came from every 
corner of the globe (Shor, 1995b; M. Coeroli, pers. 
comm., 2007). Now that they had largely separated 
themselves from the distribution channels for 
akoyas, the next step for South Sea and French 
Polynesian pearl farmers was to establish unique 
brands for their products. 

Global advertising was a central issue at another 


GEMS & GEMOLOGY FALL 2007 


Figure 11. After overcoming a variety of economic and technical challenges, pearl farms in French Polynesia were 
producing commercial quantities of black pearls by the late 1970s. Shown here is a pearl boat working a Robert Wan 
farm on the island of Marutea Sud, approximately 1,850 km (1,000 nautical miles) east of Tahiti. The workers are 
cleaning marine life from the oysters prior to returning them to the water for further growth. Photo by Amanda Luke. 


landmark pearling convention in 1994. Although 
this Honolulu conference, “Pearls 94,” was boy- 
cotted by Japanese producers, dealers, and 
researchers, it was truly an international gathering, 
with 645 participants from 38 countries (Strack, 
2006), and provided a unique opportunity for the 
exchange of technical and market information. 

The main proposal to emerge from Honolulu was 
a $2 million program to educate consumers about 
the different types of pearls and stimulate demand to 
offset the increased yield anticipated from China 
(discussed below) and other producers (Shor, 1994). 
It would have been funded by a “tax” from each pro- 
ducer on the value of their exports. 

While that proposal was never adopted, producer 
organizations embraced the need to inform con- 
sumers, and many soon developed educational and 
promotional efforts of their own. Specifically, in 
1995 Australian producers established the South 
Sea Pearl Consortium to promote their product as a 
luxury pearl cultured in Australian waters. At the 
same time, French Polynesian producers, with gov- 
ernment support, began marketing programs 
through their own organization, Perles de Tahiti, to 
heighten awareness of black pearls. Implicit in the 
messages of both organizations was the fact that 
their products were distinct from the Japanese 
akoya: the Australians’ by size and limited produc- 
tion, the Tahitians’ by color. 
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South Sea Pearl Consortium. This group began as 
an alliance of Australian producers (Paspaley and 
Broome Pearls) and international wholesalers 
(Nippo Pearl Co. and Hamaguchi Pearling Co. of 
Japan, Cogent Trading of Hong Kong, and Assael 
International of the United States). Seeded with an 
initial contribution of $2 million from its members, 
the consortium began a consumer advertising cam- 
paign that stressed the luxury aspects (large size and 
top color) of South Sea pearls. Later in 1995, the 
members of the Pearl Producers Association of 
Western Australia joined the consortium and agreed 
to fund its ongoing promotions with a contribution 
of 1% of all proceeds from their pearl auctions 
(Shor, 1995a). The consortium, which opened mem- 
bership to Indonesian and Burmese pearling firms 
after 2000, also worked to improve grafting tech- 
niques and to safeguard quality by prohibiting its 
members from treating their pearls (Strack, 2006). 


Perles de Tahiti. Unlike the early Australian pearling 
industry, producers in French Polynesia for the most 
part did not operate under direct Japanese owner- 
ship, though they relied on Japanese expertise for 
grafting and maintenance of the oysters. For a time, 
French Polynesia sold the vast majority of its pro- 
duction to Japanese distributors. Once again, howev- 
er, independence had a price, which was to be paid 
in the 1990s. 
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The French Polynesian government, anxious to 
increase employment and gain critical foreign trade, 
had maintained a very liberal policy toward granting 
pearl farming licenses. As a result, the number of 
farms—most of them small and undercapitalized— 
multiplied tenfold, from 69 in 1986 to more than 
700 in 1994. However, many of these did not 
employ skilled technicians or follow the culturing 
process long enough—some less than 18 months 
(Tisdell and Poirine, 2000)—to produce a good-quali- 
ty pearl (e.g., figure 12). Thus, production climbed 
dramatically from 575 kg (153.3 kan) in 1990 to 
11,364 kg (3,030.4 kan) in 2000, while the average 
price per gram declined from $42 to $13.65 over the 
same period and continued sliding to a low of $9.58 
in 2003 (Coeroli and Galenon, 2.006). 

In the mid-1990s, however, Perles de Tahiti 
launched a campaign to promote “black” pearls as a 
product distinct from Japanese or South Sea pearls. 
The initial budget of US$650,000, financed by a 
2.5% “tax” levied on producers, went toward coop- 
erative advertising with luxury retailers in the 
United States, France, Italy, and Japan. As part of 
the branding process, Perles de Tahiti named their 
product “Tahitian” cultured pearls, despite the fact 
they were cultivated on islands throughout the 
French Polynesian archipelago (again, see figure 2). 
Around the world, the name Tahiti conjured up 
favorable images of a pleasant, exotic locale (M. 
Coeroli, pers. comm., 2007). 

A key step in establishing the Perles de Tahiti 
brand was to impose quality standards. In 1999, the 


Figure 12. Overproduction and lax controls caused a 
flood of poor-quality black cultured pearls on the mar- 
ket in the 1990s, hurting prices and forcing the govern- 
ment to impose quotas and quality standards. Photo 
by Robert Weldon. 
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government introduced a minimum quality stan- 
dard for exports: a nacre layer at least 0.6 mm thick 
(to take effect September 1, 2001), to be increased to 
0.8 mm (effective July 1, 2002). At least 80% of the 
shell bead nucleus had to be covered and heavy 
blemishes could affect no more than 20% of the 
surface (M. Coeroli, pers. comm., 2007). Roundness 
and color were not addressed. The government also 
restricted the number of producers through a licens- 
ing system that limited the number of operations in 
a particular area, as well as the number of shells 
that could be operated (Tisdell and Poirine, 2000). 

Results were slow to come, however, since there 
was considerable excess inventory, and initially the 
government did not have sufficient resources for 
comprehensive inspection. Not until 2004 did the 
French Polynesian government fully enforce the 
quality control measures it had enacted in 1999. 
Production declined to just over 8,000 kg (2,133 
kan) that year, and it has remained fairly stable 
since then, while the average price began to increase 
substantially (M. Coeroli, pers. comm., 2007). At 
least 35% of the pearls produced during this period 
were not cleared for export (Strack, 2006). 

The second step in the Perles de Tahiti marketing 
plan was to work with jewelry designers and manu- 
facturers to create fashion-forward products that 
would update the image of cultured pearls (e.g., figure 
13). The global jewelry design competition it 
launched in 1999 represented a sharp break from pre- 
vious pearl marketing efforts, which concentrated on 
strands because they made the most extensive use of 
the product. By 2006, the annual contest was attract- 
ing 6,000 entries from 39 countries (Coeroli and 
Galenon, 2006). Perles de Tahiti also believed that 
showing celebrities wearing fashionable pearl pieces 
would dispel the “grandmotherly” image of pearls. In 
2007, Perles de Tahiti budgeted $6.4 million for mar- 
keting: $2 million in the United States, $2 million in 
Japan, and the remainder divided between Europe 
and emerging markets such as Brazil, India, China, 
and the Middle East. 

The efforts of producers to market their goods 
independently of Japan, coupled with the disasters 
besetting the Japanese pearl farms, showed tellingly 
in USS. pearl imports. In 1996, Japan was the source 
of 62% of all pearls imported into the United States. 
By 1999, that portion had fallen to 45%, and by 
2001 it had dropped to 35%. Over the same period, 
direct imports from Australia increased from 12% 
to 20% and imports from French Polynesia rose 
from 5% to 9%. 
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CHINESE CULTURED PEARLS 


Freshwater. During the first century of pearl cultur- 
ing, nearly all of the product came from saltwater 
mollusks. In the 1930s, freshwater cultured pearls 
became a relatively small segment, consisting pri- 
marily of small, irregularly shaped Japanese goods 
from Lake Biwa near Kyoto and Lake Kasumigaura 
near Tokyo (Strack, 2006). In the early 1990s, how- 
ever, round and semi-round freshwater cultured 
pearls from Chinese producers emerged as a low- 
cost alternative to akoyas and, by the end of the 
decade, to South Sea pearls. One important distinc- 
tion was that unlike the saltwater products, which 
were grown with a bead and a piece of mantle tis- 
sue, Chinese FWCPs were grown using only man- 
tle-tissue implants, with no beads. Another was 
that dozens of pearls could be cultured in a single 
freshwater mussel—as opposed to typically one or 
two pearls per oyster for saltwater pearls. 

Chinese FWCP production began in the early 
1960s under the auspices of Shanghai University 
and the Fisheries Institute of Zhanjiang, in 
Guangdong Province. Typically these pearls, which 
were cultured using the Cristaria plicata mussel, 
were small, irregularly shaped goods (commonly 
referred to in the trade as “rice krispies,” because of 
their resemblance to the breakfast cereal; figure 14). 
At first, Japanese dealers purchased the entire pro- 
duction, mixing them into Biwa goods and market- 
ing them as such, even as output soared from an 
estimated 155 kan (581.3 kg) in 1974 to 3,109 kan 
(11,659 kg) in 1979 (Strack, 2006). 

However, Chinese production continued to sky- 
rocket, reaching approximately 80 tonnes during 
the mid-1980s, a level the Japanese dealers could no 
longer absorb. The unfettered flow of pearls sent 
prices plummeting, particularly as millions deemed 
unsuitable for fine jewelry use were dyed various 
colors and fashioned into costume jewelry (Aka- 
matsu et al., 2001). Still, these “rice krispie” pearls 
were a vastly different product from the traditional 
akoya spheres that had been the mainstay of the 
pearl industry, so the oversupply from China had 
little effect on the traditional market. That would 
soon change. 

A number of farms (e.g., figure 15), now financed 
by large Hong Kong traders and several major 
Japanese producers, began to experiment with the 
Hyriopsis cumingii (triangle) mussel, which could 
produce a semi-round to round, akoya-like piece 
(Akamatsu et al., 2001). The first crops of “potato” 
pearls (so called because of their off-round shape and 
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Figure 13. In an attempt to raise the profile of black 
cultured pearls and broaden their appeal beyond tra- 
ditional strands, Perles de Tahiti sponsored a series of 
design contests that led to innovative black pearl 
jewelry. The suite shown here (8.0-11.0 mm), 
designed by Mari Saki of Nagahori Corp., Tokyo, was 
an award-winning submission in 2006. Courtesy of 
GIE Perles de Tahiti. 


Figure 14. The flat baroque shape of early Chinese 
freshwater cultured pearls led to the moniker “rice 
krispie” pearls. Advances in culturing technology and 
a change to a different species of mussel brought 
about dramatic improvements in quality in the 1990s. 
Photo by Maha Calderon. 
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the fact their color resembled that of a peeled pota- 
to) were approximately 3-6 mm in diameter, with a 
fairly dull luster. They appeared in the market in 
1992, the same year the Chinese government 
removed export controls on all pearls. 

This development caused great concern in the 
Japanese industry. A strand of round Chinese 
FWCPs cost 10-30% of a similar-size akoya neck- 
lace, and the quality was improving with each har- 
vest. In addition, as with the C. plicata mussel, sev- 
eral tissue insertions could be made in a single mol- 
lusk (figure 16), which resulted in multiple pearls 
from each mussel. A delegation of Japanese pearl 
producers journeyed to China in late 1993 to seek 
that government’s help in imposing production lim- 
its and export restrictions on both freshwater and 
saltwater (see below) pearls. A key member of the 
delegation said that while the Chinese government 
did promise to impose export limits (Shor, 1994a), 


Figure 15. Chinese 
freshwater pearls are 
produced from pond 
farms large and small 
across the country, such 
as the one shown here 
in Zhuji, Zhejiang 
Province. Photo by 
Valerie Power. 


the mission was ultimately unsuccessful because 
exports continued to climb. 

Round Chinese FWCPs made their major U.S. 
debut in 1995, at the JCK Las Vegas trade show 
(Torrey, 1995; Shor, 1995b). Estimates of Chinese 
FWCP production ran as high as 500 tonnes that 
year, and doubled again by 1997 (Strack, 2006). As 
larger (7+ mm) goods appeared in the market, contro- 
versy erupted after claims began circulating in the 
trade that these pearls were nucleated with reject 
FWCPs rather than being formed by tissue implants 
only. However, a comprehensive study by Scarratt et 
al. (2000) found no evidence of such nuclei. In recent 
years, though, some Chinese pearl farmers have had 
considerable success with shell bead nucleation of 
hybrid (H. cumingii and H. schlegelii) mussels to bet- 
ter control shape (Fiske and Shepherd, 2.007). 

By the end of the decade, Chinese FWCPs had 
improved significantly in shape, size, and surface 


Figure 16. Much of the enormous production of Chinese freshwater cultured pearls is due to the fact that the 
mussels used can produce dozens of pearls at a time (left); akoya oysters (right) typically produce no more than 
one or two pearls each. Photos by Doug Fiske (left) and Valerie Power (right). 
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quality, with substantial advances in grafting and 
cultivation techniques. Although the culturing of 
7-8 mm pearls could take anywhere from five to 
seven years (and larger pearls required the use of 
fewer implants], the sheer volume that could be 
produced from a single mussel meant that the quan- 
tities of such goods would remain high. 

Investors from Hong Kong began organizing pro- 
ducers, especially those that turned out finer-quality 
goods, into a centralized distribution operation. One 
of the largest of these firms, founded in 1983, was 
Man Sang Holdings. Man Sang invested heavily in 
building a pearl-processing infrastructure within 
China, particularly in Shenzhen, approximately 160 
km (100 miles) north of Hong Kong. In 2006, Man 
Sang reported sales of $48.5 million (Man Sang 
annual report, 2006). 

Since 2004, when output exceeded 1,500 tonnes, 
many Chinese FWCP producers have strived for 
innovations at the top end (figure 17). Some exam- 
ples are pastel-colored and South Sea-sized (12-14 
mm) products with high luster that command 
exceptional prices (“HKPA enhances freshwater 
pearl promotion,” 2007). 

At an average weight of 0.7 g per cultured pearl, 
that 1,500 tonnes equates to 2.14 billion pieces. 
However, production estimates note that only 
about half of these are suitable for adornment 
(many poor-quality pearls are crushed and used in 
cosmetics and other products). About 2% are round 
and near-round, regardless of other value factors 
such as color or blemishes. Very high quality, truly 
round goods over 8 mm that can compete in appear- 
ance with akoyas or even South Sea pearls are a 
minute percentage, about 0.0025% of the total. 
Only one in 500,000 is of exceptional quality (Shou 
Tian Guang, pers. comm., 2007). 


Saltwater. The Chinese saltwater cultured pearl 
(SWCP) industry dates back to 1958, when the Zhan- 
jiang Fisheries Institute began an experimental pro- 
ject near Hainan Island in the South China Sea. 
Employing the P. chemnitzii, a slightly different vari- 
ety of oyster from the Japanese P. martensii, the pro- 
ject reportedly had a small but consistent output 
through the 1960s, though production statistics were 
never released. Japanese dealers purchased entire har- 
vests and marketed them as akoyas from Japan 
(Strack, 2006). 

In the late 1980s, as the Chinese economy began 
to liberalize, entrepreneurs started farms all along 
the country’s southern coast. By 1993, China’s 
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Figure 17. After years of quality improvements, the 
best Chinese freshwater cultured pearls are capable of 
competing with top products from Japan and other 
areas. This necklace (4—8.5 mm) and pendant (8.5 and 
11 mm) were designed by Cornelis Hollander Designs, 
Scottsdale, Arizona. Photo by Robert Weldon; cour- 
tesy of the American Gem Trade Association. 


annual production of SWCPs—some with a nacre 
thickness of 2 mm, more than three times that of 
most Japanese goods—had reached 5-10 tonnes, 
compared to Japan’s production of 80-90 tonnes 
(Strack, 2006). Because of the long cultivation peri- 
ods (two to three years}, a large percentage of these 
goods were irregularly shaped. 

When the oyster mortality crisis struck akoya 
pearl farms in the mid-1990s, Japanese importers 
became even more dependent on Chinese farms to 
augment their supplies. Chinese SWCPs were simi- 
lar in size (4-6 mm) to the average Japanese akoya 
pearl and very similar in appearance. Also during 
the mid-1990s, Chinese farmers began using P. 
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tation of zero and 90 degrees are almost 
impossible to bend. The above analysis, 
shows that the rod bends easiest in the 
plane containing the c-axis and the growth 
axis. 

It has also been found possible to stretch 
sapphire rod heated to temperatures approx- 
imating the melting point. Here again, rods 
with a c-axis orientation of 45 degrees are 
easiest to stretch, since it is believed that 
the elongation takes place as a result of 
slippage on the basal plane. This hypothesis, 
regarding the mechanism of the bending 
and stretching phenomena, is given some 
confirmation by the fact that the stretched 
section changes from a circular to an ellip- 
tical cross section. The minor axis of the 
ellipse corresponds with the c-axis growth- 
direction plané of the rod. 

The availability of long lengths of corun- 
dum rod permitted, for the first time, the 
observation and study of the phenomena of 
flame polishing. A cylindrical rod about 
0.100 inch in diameter can be given an ex- 
cellent polish by slowly moving it through 
an oxy-gas flame at such a rate that the sur- 
face heals over all of the grinding surface 
marks. 

The flame polishing operation is compar- 
atively inexpensive and fast, as compared 
with diamond polishing, and has found com- 
mercial application in such widely diversi- 
fied objects as ruby rod gemstones and 
thread guides. The flame polishing technique 
has also been found to be particularly ap- 


plicable in forming the tip of a sapphire 
phonograph needle. The high polish and 
uniformity of curvature on the tip obtain- 
able with the flame process were especially 
desirable. 

Tests indicate that the life of a sapphire 
phonograph needle is markedly affected by 
the crystallographic orientation of the needle 
tip. The useful life of a sapphire needle can 
be varied by an order of magnitude by con- 
trolling the crystallographic orientation of 
the tip with respect to record groove. In 
order to obtain maximum needle life, a two- 
fold control of the needle tip orientation is 
necessary; (1) the plane defined by the c- 
axis and the normal to the record face must 
be nearly parallel to the tangent to the 
record groove at the point of contact and 
(2) the angle between the caxis and record 
face should approach zero. For practical 
purposes a tolerance of + 15 degrees is 
recommended for these two controls. 

Once the process for growing small dia- 
meter sapphire rods was an accomplished 
fact, research attention was directed toward 
the problem of growing rods greater than 
0.125 inch in diameter which would not 
split. There are very few articles of com- 
merce made from sapphire which could not 
be made better and more economically from 
a whole cylinder rather than a half boule. 
Annealing of the sapphire boules at very 
high temperatures has yielded encouraging 
results in this problem. It is now possible 
to anneal whole boules, as large as 34 inch 


Figure 2, Steps in the growth of a Linde synthetic ruby boule. 
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martensii to produce true akoyas and became a 
major supplier of oyster stocks after the destruction 
caused by infectious disease (“Japan buys oysters in 
China,” 1997). However, bad weather and disease 
created problems in China as well, eventually forc- 
ing as many as one-fourth of the 3,000-4,000 farms 
out of business. 

By the late 1990s, Chinese SWCP production, 
now more than 20 tonnes a year, was approaching 
that of Japan, which had continued to fall (from 40 
tonnes in 1997 to 25 the following year). The more 
advanced farms were routinely producing goods as 
large as 8.5 mm, but quality remained an issue. 
The locally produced nuclei tended to be more 
blemished and more difficult to fashion into near- 
perfect spheres than the beads from the American 
Unio mussel that the Japanese preferred. In addi- 
tion, the Chinese farmers now rushed the pearls to 
market much more quickly than in previous years, 
and the often thin nacre (under 0.4 mm) tended to 
make Chinese pearls less lustrous (Strack, 2006). 
As with the FWCP producers, however, the more 
sophisticated SWCP operations worked to improve 
the overall quality of their product. Hong Kong 
firms, later joined by the Japanese, began establish- 
ing large processing centers in the SWCP centers as 
well—and sharing many Japanese quality-enhanc- 
ing techniques (Strack, 2006). 


OTHER PRODUCERS 


Pacific Rim. South Sea pearls are produced in other 
Pacific nations such as Thailand, New Zealand, and 
Papua New Guinea, some as government-sponsored 
pilot projects and others under the aegis of large cor- 
porations such as Man Sang, Golay Buchel, Tasaki, 
and several large Australian firms. 

During the 1990s, the Cook Islands began to 
steadily increase production of black pearls, the 
vast majority of which were irregular in shape and 
bore a distinctive ribbed pattern. The main pearling 
island of Manihiki was home to about 75 pearl 
farms (some 60% of the total}, most of them selling 
to Australian dealers through local cooperatives 
(Strack, 2006). However, many believe that the 
Cook Islands’ industry is actually much more 
extensive, as large quantities of pearls are smuggled 
out of the country each year to avoid customs 
duties (Stanley, 2003). 

Note, too, that Okinawa has produced small 
quantities of black cultured pearls intermittently 
since the 1920s (Muller, 1997b). The Ryukyu Pearl 
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Figure 18. American entrepreneur John Latendresse 
was successful in producing freshwater cultured 
pearls (fancy shapes, for the most part) in the U.S. 
during the 1980s and 1990s, but the last substantial 
harvest was in 2002. This freshwater cultured pearl 
fish pin set with sapphires and rubies was designed 
by Glen J. Engelbrecht. Courtesy of the American 
Pearl Co., Nashville, Tennessee. 


Co., founded in the 1960s, is still cultivating high- 
quality black pearls in that area (S. Akamatsu, pers. 
comm., 2007). 

Since 1999, small quantities of akoya-like pearls 
have been produced in Vietnam by several locally 
owned firms, as well as Japanese and Australian 
companies (Strack, 2006). South Korea also supports 
a relatively small akoya production, largely under 
Japanese ownership (R. Torrey, pers. comm., 2007). 


North America. Black pearls have been found along 
the Gulf of California (also known as the Sea of 
Cortez) since pre-Columbian times, and were noted 
by Spanish explorer Forttin Jiménez as early as 
1533. Natural pearls were a major export from Baja 
California until the oyster beds were nearly deplet- 
ed at the beginning of the 20th century. Although 
several attempts were made to culture pearls in the 
Gulf of California, not until the 1990s did an opera- 
tion yield commercial quantities of round cultured 
pearls from the native P. sterna oyster. In 2006, 
Perlas del Mar de Cortez produced about 5,000 cul- 
tured pearls in a wide variety of darker colors. The 
firm markets half of its production to local jewelry 
manufacturers and the remainder to wholesalers, 
primarily in the U.S. (Kiefert et al., 2004). 
Freshwater cultured pearls from Tennessee have 
received a great deal of press attention over the 
years—far more than actual production would nor- 
mally warrant. After many years of experimenting 
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with different grafting methods and mussel species, 
American Pearl Company founder John Latendresse 
succeeded in creating a wide variety of pearls with 
fancy shapes—bars, buttons, drops, and coins— 
determined mainly by the shape of the bead nucleus 
(figure 18). Since Latendresse’s death in 2000, the 
company has undergone many changes. The farm’s 
last substantial harvest was in 2002, resulting in 
87,294 cultured pearls from approximately 75,000 
mollusks, the smallest harvest in 15 years. During 
the 20 years of production, Latendresse kept about 
15-20% of the harvest for “rainy days,” leaving the 
firm with considerable inventory (G. Latendresse, 
pers. comm., 2007). Today, the pearl farm in 
Camden, Tennessee, is primarily a tourist attraction. 


CULTURING IS NO LONGER A 
BLACK-AND-WHITE ISSUE 


“Golden” Pearls. It has long been known that the 
gold-lipped P. maxima in Philippine waters creates, 
on rare occasions, bright yellow or “golden” pearls. 
Before the 1990s, these colors were not considered 
desirable in many markets, particularly Asian ones, 
and most farmers tried to develop grafting methods 
that would avoid them (R. Torrey, pers. comm., 
2.007). Nevertheless, Jewelmer, a partnership be- 
tween French-born pearl farmer Jacques Branellac 
and Manila businessmen Eduardo and Manuel Co- 
juangco, spent most of the 1980s breeding P. maxi- 
ma in a hatchery in Bugsuk on Palawan Island to 
develop an oyster that would consistently yield 
golden pearls and result in a brandable product very 
different from other South Sea pearls (Torrey, 2004). 

Once researchers found the best combination of 
nutrients and other factors to increase the likeli- 
hood of creating golden pearls (figure 19), they began 
breeding large numbers of spat in hatcheries, then 
raised them in sea beds. Jewelmer’s golden pearls 
averaged 11-13 mm after 18-24 months of cultur- 
ing (Torrey, 2001, 2003). Although the company’s 
production figures are proprietary, its 2006 produc- 
tion has been estimated at 70% of the total 
Philippine production of 450 kan (R. Torrey, pers. 
comm., 2007). A 2007 report stated 30% of the 
pearls Jewelmer produced were golden, but less than 
10% were “deep golden” in color (Parels-AEL, 
2.007). 

Beginning in 1999, Jewelmer started marketing 
golden pearls as a glamour item by staging lavish 
fashion shows annually at the mid-September Hong 
Kong Jewelry and Watch Fair—chosen because it 
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attracts most of the world’s key pearl buyers, who 
attend the major pearl auctions held in conjunction 
with the fair (Torrey, 2004). The company also 
advertises extensively (its marketing budget is con- 
fidential) in trade publications and some consumer 
magazines around the world, again stressing the 
golden pearl as a fashionable luxury item. Jewelmer 
was one of the first producers to launch a major 
effort to brand and sell its pearls downstream to 
jewelry designers and retailers through world trade 
shows instead of marketing them all generically to 
wholesalers though auctions (Torrey, 2001). 

The push to create trade and consumer accep- 
tance of golden pearls (figure 20) served as a catalyst 
for the entry of other fancy colors that had once 
been regarded as undesirable. These new colors 


Figure 19. Once an undesirable oddity in many mart- 
kets, golden cultured pearls became an important 
product during the early 2000s. Courtesy of Jewelmer. 
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with more familiar white and “black” colors helped 
build rapid acceptance and consumer demand 
(Federman, 1998a). 

About the same time, naturally colored violet, 
lavender, “apricot,” “copper,” and even purplish red 
Chinese FWCPs began filtering into the market. As 
a result, pearl wholesalers such as Schoeffel, Golay 
Buchel, and others began the hitherto unheard-of 
practice of mixing saltwater and freshwater pearls 
together in the same pieces to achieve multi- 
colored looks (Federman, 1998b; figure 2.1). 

As these colors gained favor in the market, pro- 
ducers began studying how to achieve them more 
predictably. On the Fiji Islands, J. Hunter Pearls 
launched a specialty line of fancy colors cultured 
from the P. margaritifera that included various 
shades of green, blue, gold, and “rose.” The compa- 


Figure 21. Improvements in culturing and production 
led to greater numbers of fancy-colored pearls entering 
the market. Designers soon began mixing colors to 
achieve attractive combinations, sometimes even 
combining salt- and freshwater cultured pearls (~10 
mm). Necklace courtesy of Albert Asher Pearl Co., 
Figure 20. As dealers and consumers began to appreci- New York; photo by Robert Weldon. 

ate the beauty and fashion possibilities of golden cul- 
tured pearls such as these (~12 mm), the door was 
opened to a variety of other fancy colors. Necklace 
courtesy of Baumell Pearl Co., San Francisco; photo 
by Robert Weldon. 


would help thrust pearls into the center of the fash- 
ion world (Honasan, 2001). 


Other Fancy-Colored Pearls. Although Tahitian 
pearls are typically called “black,” the majority are 
actually shades of green or gray. On occasion, other 
colors—including yellow-green, “bronze,” and light 
blue—show up in production. Like their white 
pearl—producing counterparts, French Polynesian 
farmers initially deemed these colors undesirable to 
the point that many chose not to market them at all 
(R. Torrey, pers. comm., 2.007). 

In 1996, however, a number of companies began 
selling fancy-colored goods. One of these was Swiss 
pearl wholesaler Golay Buchel, which ran an ad in 
U.S. magazines touting a yellow-green Tahitian 
pearl necklace as “pistachio pearls,” shown next to 
luxury-priced golden and white pearls. The compa- 
ny reported that coupling the yellow-green necklace 
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ny, founded in 1999, also specializes in larger sizes, 
averaging 11 mm (J. Hunter Pearls Fiji, 2007). 


BRANDING AND MARKETING 


The cultured pearl is the only segment of the jewel- 
ry industry that grew from a branded product, thus 
setting a precedent for others to follow. Kokichi 
Mikimoto’s relentless efforts to popularize cultured 
pearls were instrumental in creating the Mikimoto 
brand. In 1899, just three years after the first cultur- 
ing successes (at that time, primarily mabe pearls), 
Mikimoto established a retail store in Tokyo’s pre- 
mier shopping district, Ginza. The first overseas 
Mikimoto store opened in London in 1913, followed 
by Shanghai, Bombay (now Mumbai), New York, 
Los Angeles, Chicago, and Paris, all by 1929. Today, 
Mikimoto remains one of the most recognizable 
names in the jewelry industry. 

In the ensuing years, cultured pearls outside the 
Mikimoto brand became generic, albeit precious, 
items, much like diamonds and colored stones. The 
pearl crises of the 1990s—the loss of most of Japan’s 
akoya crops, overproduction and quality problems 
with Tahitian goods, and the Asian banking crisis— 
forced producers to seek large new clients outside 
Japan and, in many cases, assume the costly burden 
of holding inventory (N. Paspaley, pers. comm., 
2007). As a result, some of these producers, too, faced 
the need to establish a brand identity. 

Fearing a commoditization that would lead to a 
destructive discounting cycle, and determined to 
keep inventories from accumulating, large, well- 
financed producers such as Perles de Tahiti and 
Paspaley turned to designer jewelry to give their 
products individuality and shore up demand for the 
higher end (M. Coeroli, pers. comm., 2007; N. 
Paspaley, pers. comm., 2007; figure 22). A number of 
these efforts were successful, drawing attention from 
the fashion press, and mainstream fashion designers 
and retailers in the United States and Europe began 
featuring pearls (figure 23). Pearl specialists such as 
Heinz and Tove Gellner of Wiernshein, Germany, 
and Christianne Douglas of London created innova- 
tive pieces, which received substantial fashion press 
coverage, from necklaces and brooches to long “body 
wraps” using a mixture of pearl varieties. Robert 
Wan, the largest producer of Tahitian pearls, com- 
missioned his own designer lines of jewelry, which 
were displayed at major trade shows around the 
world (M. Coeroli, pers. comm., 2007). 

In Europe, an Italian pearl importer created 
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Figure 22. The necklace and matching earrings shown 
here were part of the White Magic collection commis- 
sioned by Paspaley in 2005 to showcase the design 
possibilities of its South Sea cultured pearls. Jewelry 
by Giséle Moore, London; photo courtesy of Paspaley 
and the South Sea Pearl Consortium. 


Utopia, a branded fashionable jewelry line, from 
South Sea pearls (figure 24). The company launched 
the brand in 1997 because confusion over different 
types of pearls and publicity surrounding treatments 
had begun to undermine consumer confidence (P. 
Gaia, pers. comm., 2.007). It kept custody of the sup- 
ply chain from farm to inventory, and guaranteed 
that each pearl was untreated (Johnson et al., 1999). 
Backed by international marketing, Utopia expanded 
from a local operation serving Italian retailers to one 
with a presence in most major world markets within 
a decade (A. Gaia, pers. comm., 2007). 

David Yurman, who in 2004 had more than 200 
retail locations, was one of the first to enthusiasti- 
cally embrace pastel-colored pearls. That year he 
introduced an extensive pearl line that employed all 
major varieties and mixed various colors (Zimbalist, 
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Figure 23. In response to price fluctuations and 
problems with production quality, black-pearl pro- 
ducers moved to protect demand for high-end goods 
by working with designers and retailers to create a 
variety of fashionable designs. Shown here is a 
suite by J. Grahl Design, Balboa Island, California. 
Photo by Sylvia Bissonette; © J. Grahl Design. 


2.004). Such mixing proved difficult because of opti- 
cal effects. For example, a black pearl placed next to 
a white one should be 10-15% larger because, side 
by side, the white appears larger. Yurman continued 
to feature cultured pearls heavily in 2007 (figure 25), 
with 69 pieces. He commented on his website that 
pearls “have become the focus of my collections 
this year” (David Yurman, 2.007). 

Pearl retailing also underwent a revolution. In 
2004, Tiffany & Co. launched a major pearls-only 
retail chain operation, Iridesse. While there still was 
no well-defined or documented consumer rush 
toward pearl jewelry, Tiffany believed there was 
substantial unrealized commercial potential for this 
product, based on a number of factors: 
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e Advances in pearl farming and culturing tech- 
niques were sufficient to guarantee a stable 
supply of all types of pearls, particularly higher 
qualities. 


e The varied colors, shapes, and sizes of pearls 
lent themselves to a versatility of design and 
purpose that was underrealized in the market- 
place. 


e The wide variation in prices among pearl types 
allowed development of both distinctive, 
contemporary jewelry pieces and traditional 
strands. As a result, Iridesse offers pearl jewelry 
ranging from $80 to $40,000. 


Iridesse commissioned several designers, including 
Christian Tse of Pasadena, California, and Coleman 
Douglas of London, to create unique pieces and help 
the chain establish a completely separate identity 


Figure 24. Utopia has built its brand on the guarantee 
that its pearls are untreated. Aimed at fashion- 
conscious consumers, Utopia uses unconventional 
designs such as the necklace shown here, which com- 
bines white and golden South Sea pearls, fancy-color 
sapphires, and diamonds. Courtesy of Utopia, Milan. 
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from its parent company, which historically has 
offered few pearl pieces (R. Cepek, pers. comm., 2007). 

Iridesse had opened six stores by the end of 2005, 
and nine more followed in 2006. The firm opened its 
16th store—in the Century City Shopping Center 
in Los Angeles—in May 2007, making Iridesse a 
mid-sized chain in its own right (“State of the 
majors,” 2007). 

The newfound diversity of pearls, coupled with 
the creations of jewelry designers and the expansion 
of major retailers into this arena, has widened the 
public’s perception of this gem beyond the strand of 
white spheres once worn only on formal occasions. 
Indeed, keshis, baroque shapes, and ringed pearls, 
which were traditionally difficult to sell, are 
increasingly in demand as more designers work 
with them (Gomelsky, 2007). Today, the no-longer- 
traditional strand of cultured pearls has assumed an 
important role in the wardrobe of the strong female 
professional (figure 26). By late 2006, suppliers of all 
types of pearls reported that business in the U.S. 
had increased by as much as 40% in one year on the 
strength of all the factors mentioned above 
(Henricus, 2006). 


FUTURE 


The past 15 years have provided the world’s pearling 
industry with strong lessons on the benefits and pit- 
falls of a free market and the challenges that nature 
can present. 

On the demand side of the market—if trends in 
diamond and colored stone consumption can be 
used as a reliable guide—it is likely that emerging 
economies such as India, China, and Turkey will 
show substantially higher demand for cultured 
pearls in coming years. Indeed, Asian nations have a 
strong cultural affinity for them. On the production 
side, it is certain that new ventures will enter the 
market, because start-up costs are relatively low. 
For instance, a saltwater farm with 25,000—30,000 
mollusks can be launched for as little as $200,000, 
with a break-even point of less than five years (Fong 
et al., 2005). 

This low barrier to entry makes pearl farming 
attractive to entrepreneurs and governments in 
countries with long coastlines and high unemploy- 
ment. A number of nations, primarily in the Pacific 
Rim, are currently engaged in start-up pearl pro- 
jects. These include New Zealand (cultured abalone 
pearls), the Marshall Islands (black cultured pearls), 
Vietnam (freshwater as well as akoya-like), and 
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Figure 25. Designer David Yurman has made a signifi- 
cant move into pearl jewelry with products such as 
this diamond, blue topaz, and cultured pearl neck- 
lace. Photo © David Yurman. 


Figure 26. Speaker of the House of Representatives 
Nancy Pelosi, one of the most powerful women in the 
United States, is known for her attractive pearl neck- 
laces. Photo © Mike Theiler/Reuters/Corbis. 
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Figure 27. The world pearl market will likely see con- 
tinued innovations and new products in the years 
ahead. The diamond and mother-of-pearl pendant 
shown here is highlighted by an 11 mm carved black 
pearl that was cultured over an amethyst bead. 
Jewelry courtesy of Galatea, San Dimas, California; 
photo by Robert Weldon. 


New Guinea (South Sea). However, China’s vast 
production and low operating costs will likely 
thwart any start-ups that do not attempt to differen- 
tiate their products. 

One new venture is returning to the area where 
pearling began some 3,000 years ago: the Persian Gulf. 
Although natural pearl production there all but ended 
by the 1960s as oil became the economic focal point, 
the region retains an intense historical affinity for 
pearls. In early 2007, the Dubai Multi Commodities 
Centre formed a joint venture with Arrow Pearls of 
Australia to culture akoya pearls in the region. The 
Dubai government granted the venture, Pearls of 
Dubai, five concession areas to establish pearl farms. 
In the summer of 2007, the enterprise began a pilot 
project of 100,000 oysters that will be harvested early 
in 2009. Ultimately, it seeks to produce a branded 
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“Dubai” line of cultured pearls, 8-9 mm goods mar- 
keted through local jewelers (N. Haddock, pers. 
comm., 2007). Several ventures in other emirates 
along the Gulf are in the planning stages. 

Moreover, new types of cultured pearl products 
will certainly enter the market. Faceted pearls were 
in vogue during the early part of this decade, and in 
June 2007, a jewelry designer from California intro- 
duced black pearls with gemstone bead nuclei, cul- 
tivated in Vietnam. The designer, Chi Huynh of 
San Dimas, uses beads made from amethyst, cit- 
rine, and turquoise, then carves the resulting pearl 
to reveal portions of the stone beneath (Roskin, 
2007; figure 27). 

Nature, of course, will continue to impact pearl 
production worldwide. The effects of disease and 
overexploitation are well documented, as is the dam- 
age caused by earthquakes and typhoons. Pearl farms 
in Asia escaped the devastation of the December 
2004 Sumatra-Andaman tsunami (“Tsunami report- 
ed to have little impact on industry,” 2005). In 
China, though, a powerful August 2007 typhoon 
reportedly destroyed nearly half the akoya stocks 
under operation (“Chinese akoya production plum- 
mets after typhoon,” 2.007). Still other environmental 
concerns remain. In particular, pearl producers 
Jacques Branellac and Nicholas Paspaley addressed 
the issue of global warming at the GIA GemFest 
seminar held April 14 of this year in Basel, 
Switzerland (Paspaley, 2007; Branellac, 2007). They 
expressed their concerns that the future might see an 
increase in the number of catastrophic storms, rising 
sea levels, saltwater intrusion into freshwater culti- 
vation areas, a greater incidence of disease and para- 
site proliferation, and higher water temperatures. 

The unpredictability of nature, coupled with the 
proliferation of producers around the world, will 
probably result in more supply booms and busts in 
coming years. Despite the intensive, sophisticated 
branding efforts of some major producers, pearling 
remains a highly fragmented industry. However, it 
is also likely that the popularity of pearls in world 
markets will grow even more rapidly as the product 
continues to improve, and pearl farmers, jewelry 
designers, and retailers promote it to traditional 
and emerging consumer populations. 


CONCLUSION 

While Japanese producers, technicians, and distrib- 
utors remain an integral part of the trade they cre- 
ated more than a century ago, the past 15 years 
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have seen sweeping transformations in the cultured 
pearl industry. After decades of Japanese domina- 
tion with a single product—the akoya strand—two 
major producers, both with vastly different prod- 
ucts, entered the market simultaneously: 
Australians with large white South Sea pearls and 
French Polynesians with their exotic black pearls. 
Early on, both positioned their products as a luxury 
alternative to the akoya, creating major marketing 
campaigns to establish distinct identities for their 
pearls. And both sought control over production 
and distribution of their own goods. 

Meanwhile, producers in other nations—such as 
Indonesia and the Philippines—began penetrating 
the market in earnest. The behemoth, however, 
was China. Drawing from literally thousands of 
freshwater pearl farms, China first challenged 
Japan’s traditional dominance at the low end of the 
market with its huge, largely unregulated flow of 
freshwater “rice krispie” pearls. In time, the 
Chinese began producing an array of new products 
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A STUDY OF NAIL-HEAD SPICULE 
INCLUSIONS IN NATURAL GEMSTONES 


Gagan Choudhary and Chaman Golecha 


Nail-head spicules are inclusions that have tra- 
ditionally been associated with hydrothermal 
synthetic quartz and emerald. They are caused 
primarily by rapid growth conditions and dis- 
turbances during crystallization of their host. 
However, these or similar-looking inclusions 
have also been found in natural gems. The 
authors examined a natural emerald and blue 
sapphire showing true nail-head spicules, and 
a yellow sapphire, spinel, diamond, and rock 
crystal quartz with inclusions that strongly 
resembled them. Nail-head spicules remain a 
notable feature of rapid and disturbed growth, 
but they do not confirm a stone’s natural or 
synthetic origin without further examination. 


Ithough the identification of any gem 

material requires testing with a variety of 

instruments, in most cases the stone’s nat- 
ural or synthetic origin can be determined conclu- 
sively by features seen with magnification. For 
example, curved lines/bands (flame fusion), 
“hounds tooth” patterns (hydrothermal), and 
“wispy veil” inclusions (flux) are all classically 
associated with synthetics. 

Nail-head spicules are typically associated with 
synthetic hydrothermal (and occasionally flux- 
grown) emerald (figure 1) and synthetic quartz (fig- 
ure 2). However, such inclusions have been report- 
ed in a number of natural and other synthetic gem 
materials (table 1), including natural emerald 
(DelRe, 1992; Rockwell, 2003). Similar-appearing 
features have been observed in photomicrographs 
of natural sapphires from Madagascar (Kiefert et al., 
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1996; Milisenda and Henn, 1996), though they have 
not been described in detail. 

This article documents nail-head spicules and 
similar-appearing features in a variety of natural 
gem materials, which could potentially lead to their 
misidentification as synthetics. 


NAIL-HEAD SPICULES AND 
THEIR FORMATION 


Nail-head spicules are wedge-shaped two-phase (liq- 
uid and gas) inclusions capped by crystals that act as 
growth obstacles. In synthetic materials, they may 
occur in numerous places throughout the sample, 
but they mainly appear near the seed plate. 
According to Giibelin and Koivula (1986), since the 
fluid component is in direct contact with the crystal 
cap, an inclusion of this kind is technically a three- 
phase inclusion. 

Relatively disturbed growth is the primary cause 
of nail-head spicules. During growth of the host 
crystal, a small crystal or platelet is deposited on its 
surface. As the crystal continues to grow past the 
inclusion, a tapered void is created, which traps the 
hydrothermal growth medium such that, upon 
cooling, it becomes two phases consisting of liquid 
and a gas bubble. In flux-grown synthetics, such 
voids may contain flux (Schmetzer et al., 1999). In 
the case of synthetic emeralds, the crystal cap is 
usually phenakite, beryl, or chrysoberyl, and may 
even be gold from the crucible (again, see table 1). 


See end of article for About the Author and Acknowledgments. 
GEMS & GEMOLOGY, Vol. 43, No. 3, pp. 228-235. 
© 2007 Gemological Institute of America 


GEMS & GEMOLOGY FALL 2007 


in diameter and several inches long, so ef- 
fectively that the boules can be sawed, drill- 
ed and polished without fracturing, and the 
finished articles perform as well in service 
as those previously cut from half boules. 
The annealing process is carried out in a 
specially designed oxy-gasfired high-temper- 
ature furnace with a maximum temperature 
in the order of 1900°C. 

The constant seatch for new industrial 
applications for corundum quite often leads 
into fields where the physical and chemical 
properties of sapphire are fine, but the phy- 
sical shape and form are not available. This 
was true for sapphire balls desired last year 
for use in the ballpoint fountain pens. Some 
1 mm. balls of sapphire were available from 
Switzerland, but the diameter and sphericity 
tolerance of these imported balls were not 
good enough for the pen application. Since 
sapphire shows a considerable difference in 
hardness as a function: of crystallograhic 
orientation, it is not surprising that the first 
attempts to grind sapphire balls resulted in 
miniature models of the crystal habit shapes 
shown in the standard crystallographic text 
books. However, after considerable process 
and machine development work, we are now 
able to manufacture 1 mm. sapphire balls 
toa sphericity tolerance of 0.000010 inch. 
In addition to the small 1 mm. size, a pro- 
cess for making sapphire balls up to 34 of 
an inch in diameter has been developed. 
Here again, as in the case of flame-polished 
rods, an industrial development contributes 
to the jewelry field. Small ruby balls are 
used as melee in fraternity pins and other 
jewelry pieces. 


At the present time spinel boules in a 
variety of colors are available in this country. 
They include white, ruby, garnet, golden, 
blue, pink, green, topaz, and aquamarine. 
Additional colors will be made when a suf- 
ficient demand develops. Several of the 
crystals are supplied as whole, annealed 
boule. This materially reduces fabrication 
costs and obviously increases the yield of 
finished carat weight. It has also been an 


object of our research to develop colored 
boule of greater homogeneity. It is character- 
istic of certain colored varieties that the 
colorant segregates at the outside of the 
boule and thereby creates additional diffi- 
culties for the lapidary desiring to fashion 
the most attractive gemstones. Some success 
has been attained in improving this condi- 
tion. 

Probably the most startling contribution 
of American technology was the announce- 
ment a little more than a year ago of the 
synthesis of the star sapphire and star ruby. 
Since their introduction there has been much 
speculation as to the method by which they 
ate manufactured but, unfortunately, the 
technique cannot be disclosed at this time. 
Patent applications are pending and upon 
their issuance the story will become public. 
They are sapphire and the asterism is caused 
by rutile needles. While some of the stones 
are not completely asterated, a better under- 
standing of the factors influencing asterism 
has greatly increased the percentage of com- 
pletely asterated material. Basically, star 
sapphire and star ruby are unsuited to. mass 
production techniques so that there is very 
little chance that they will ever fall into 
the category of common synthetics. They 
are a custom made laboratory product and 
will remain so, 


The latest contribution to American gem- 
stones is a synthetic titania or, as it is 
known mineralogically, rutile. Titania is 
titanium dioxide and is found in nature 
in many localities but seldom in large single 
transparent crystals suitable for gemstone 
purposes. Titania is of great commercial 
importance as a pigment material for the 
same reasons that it bids fair to become a 
popular gemstone material—high refractive 
index and high dispersion. ‘This tetragonal 
crystal has a refractive index of 2.616-2.903 
and chromatic dispersion of 0.155-0.205. 
When compared with the diamond—refrac- 
tive index 2.417 and dispersion 0.063—it is 
at once apparent why the gemstone varieties 
possess such popular appeal. The crystal is 
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Figure 1. At left is a classic nail-head spicule in a hydrothermally grown synthetic emerald. On the right is a spicule 
breaking the surface of a flux-grown synthetic emerald. Note the black material at the surface break. 
Photomicrographs by John I. Koivula (left, magnified 80x) and G. Choudhary (right, magnified 60x). 


These flat platelets/crystals are not always easily 
resolved with a standard gemological microscope. 

In synthetic emeralds, nail-head spicules develop 
most readily when growth occurs on a seed plate 
inclined at an angle to the crystallographic axes, as 
in the case of Biron material (Kane and Liddicoat, 
1985). To the best of the authors’ knowledge, no 
detailed research has been performed on the forma- 
tion of nail-head spicules in synthetic gem materi- 
als, and further correlation with the growth condi- 
tions is beyond the scope of this article. 


MATERIALS AND METHODS 


Six stones are documented in this report: two sap- 
phires, an emerald, a spinel, a diamond, and a sam- 
ple of rock crystal quartz. All were faceted except 
the spinel (a pebble), and all were submitted for test- 
ing at the Gem Testing Laboratory, Jaipur, India. 
The emerald was brought in by a gemologist who 
had purchased it as a natural specimen of Sanda- 
wana (Zimbabwe) origin but was concerned about 
its identity due to the presence of nail-head spicules 
along some planes. The remaining stones were sub- 
mitted for routine identification reports. 

Standard gemological tests were conducted on 
all six stones; however, we could not determine the 
refractive index of the spinel as it was water-worn. 
We examined the internal features of the samples 
with both a binocular gemological microscope, with 
fiber-optic and other forms of lighting, and a hori- 
zontal microscope. Infrared spectra (in the 
6000-400 cm=! range for all stones, with particular 
attention in the 3800-3000 cm™! range for the 
quartz) were recorded using a Nicolet Avatar 360 
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Fourier-transform infrared (FTIR) spectrometer at 
room temperature with a transmission accessory. 
Multiple infrared spectra were collected to find the 


Figure 2. Nail-head spicules are also seen in synthetic 
quartz, where they are commonly situated along the 
seed plate, as in this synthetic citrine. Photo- 
micrograph by C. Golecha; magnified 30x. 
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TABLE 1. Selected reports of nail-head spicules and similar inclusions in natural and synthetic gem materials. 


Gem material Inclusions References 
Natural 

Emerald Tapered voids with flat platelets, filled with two-phase inclusions Rockwell (2003) 
Spicule-like inclusion capped by a yellowish crystal (calcite) DelRe (1992) 

Diamond Hexagonal columnar indented natural Smith (1991) 
Etched out needle-like crystals Chapman (1992) 

Sapphire Rounded apatite crystals accompanied by growth tubes Kiefert et al. (1996) 
Apatite crystals at the ends of hollow tubes Milisenda and Henn (1996) 

Pezzottaite Fine growth tubes emanating from crystals of tourmaline Laurs et al. (2003) 


Hydrothermal emerald (Biron) 


Hydrothermal emerald (Chinese) 
Hydrothermal emerald (Linde) 


Hydrothermal emerald (Russian) 


Hydrothermal emerald (Regency) 


Flux emerald (Chatham) 


Synthetic 


Short “needle” emanating from a tiny cluster of euhedral 
phenakite crystals 

Cone-shaped void filled with a fluid and a gas bubble, with a 
phenakite crystal at its base; nail-head spicules at the edge of 
gold inclusions 

Needle-like tubes with one or two phases associated with 
beryl or chrysoberyl crystals at broader ends. 

Phenakite crystals with wedge-shaped voids extending 

from them 

Growth tubes filled with liquid or two phases, associated with 
doubly refractive crystals 

Reddish brown crystals with pointed growth tubes containing 
liquid and gas 

Elongated cone-shaped spicules associated with tiny birefringent 


Sechos (1997) 


Kane and Liddicoat (1985) 


Schmetzer et al. (1997) 
Liddicoat (19983) 


Schmetzer (1988) 


Gubelin and Koivula (1997) 


Schmetzer et al. (1999) 


“phenakite” crystals, and filled with colorless or yellowish 


molybdenum 
Flux emerald (Nacken) 


Cone-shaped cavities with tiny crystals (beryl), partially filled with Schmetzer et al. (1999) 


multicomponent inclusions: V-bearing polymerized molybdate, 
nonpolymerized molybdate, isolated aluminous silicates 


Wedge-shaped nail-like inclusions with a “phenakite” crystal at 


Nassau (1980) 


the wider end, filled with flux; rarely, large dark brown tapered 


inclusions with a polycrystalline appearance 
Hollow or two-phase (liquid and gas) inclusions, capped by a 


Hydrothermal red beryl 


Shigley et al. (2001) 


colorless or colored solid inclusion of unknown nature 


Hydrothermal quartz (citrine) 


“Breadcrumb” inclusions associated with a two-phase spicule 


Gubelin and Koivula (1974) 


orientation of best transmission. In the case of the 
quartz, spectra were taken according to the optic- 
axis direction as well (both parallel and perpendicu- 
lar to the c-axis). 


RESULTS AND DISCUSSION 


The gemological properties of the six stones are 
summarized in table 2. In all cases, these were con- 
sistent with those reported in the gemological liter- 
ature for natural samples of each material. 


Sapphire (Specimen 1). Viewed with magnification, 
this stone exhibited many crystalline inclusions and 
some elongate inclusions, mainly concentrated along 
the wider girdle end. Also observed were elongated, 
somewhat conical or rectangular inclusions terminat- 
ed by crystals; these appeared to be nail-head spicules. 

When the specimen was immersed in methylene 
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iodide, the nature of the inclusions became clearer. 
All the nail-head spicules were oriented in a single 
direction parallel to the optic axis (figure 3). Each 
typically consisted of a cluster of crystal-like termi- 
nations connected to an elongated conical cavity; 
several also exhibited two-phase inclusions within 
the cones. Those spicules with a rectangular tube- 
like projection were somewhat similar to the inclu- 
sion patterns illustrated by Kiefert et al. (1996) and 
Milisenda and Henn (1996). Most of the spicules 
were situated among a group of birefringent trans- 
parent colorless crystals, many of which had highly 
reflective faces (figure 4). Also observed were coni- 
cal apatite crystals, which are commonly associated 
with Sri Lankan origin (Hughes, 1997). Viewed with 
diffused illumination (while still in immersion), the 
sapphire showed strong hexagonal growth zoning 
with uneven patches of color. 

A weak undulating chevron pattern, which indi- 
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Sapphire 


p Emerald Spinel Diamond Rock crystal 
roperty quartz 
Specimen 1 Specimen 2 
Color Blue Yellow Yellowish green Blue Light yellow Colorless 
Weight (ct) 3.09 5.00 12.56 13.84 0.61 5.00 
Cut style Cushion mixed Oval mixed Octagonal step Rough Round brilliant Oval mixed 
RI 1.762-1.770 1.762-1.770 1.584-1.591 nd OTL 1.542-1.551 
SG 3.99 3.99 2.73 3.61 3.52 2.64 
Absorption spectrum — nd nd Typical chromium Iron band at nd nd 
spectrum? 460 nm 
UV fluorescence 
Long-wave Strong “apricot” Strong “apricot” Inert Inert Medium blue Inert 
Short-wave Similar, but Similar, but Inert Inert Weak blue Inert 
weaker weaker 


4Abbreviations: nd=not determined, OTL=over the limits of the standard refractometer. 


’Band at 580-625 nm, line at 640 nm, and doublet at 680 nm. 


cated the rapid growth necessary for formation of 
nail-head spicules, was seen mainly where the 
spicules were concentrated. (Unfortunately, these 


Figure 3. Nail-head spicules are oriented parallel to 
the optic axis in this natural blue sapphire, seen here 
immersed in methylene iodide. Each consists of a 
cluster of crystal terminations connected to a cone. 
Some of the cones are two-phase inclusions. Photo- 
micrograph by C. Golecha; magnified 40x. 
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features could not be resolved clearly for photogra- 
phy.) This undulating pattern somewhat followed 
the hexagonal color zoning. A literature search 
turned up no reports of nail-head spicules in syn- 
thetic sapphires, so this stone was particularly 
unusual, as this chevron pattern is often seen in 
hydrothermal synthetics. 

The natural origin of this sapphire was easily 
confirmed with standard instruments and the pres- 
ence of other features such as zoning and fluores- 
cence. However, another similar spicule (figure 5) 
was present near the pavilion, which could have led 


Figure 4. Viewed with crossed polarizers, the crystal 
clusters in the blue sapphire proved to be birefrin- 
gent. Also note the conical elongated apatite crystals, 
which are commonly observed in Sri Lankan sap- 
phires. Photomicrograph by C. Golecha; immersion, 
magnified 25x. 


Gems & GEMOLOGY FALL 2007 231 


Figure 5. A single spicule (upper right) was present 
near the pavilion of the blue sapphire. Identification 
by standard techniques could be difficult if the stone 
was cut with this inclusion alone. Photomicrograph 
by C. Golecha; immersion, magnified 30x. 


to misidentification had the stone been cut with 
that inclusion alone. 


Sapphire (Specimen 2). This yellow sapphire con- 
tained numerous etch channels, and one of them 
reached a crystalline inclusion, giving the general 
appearance of a nail-head spicule (figure 6). The iden- 


Figure 7. In this emerald, small, dark conical inclu- 
sions can be seen projecting from the parallel planes 
in the background, similar to nail-head spicules pro- 
jecting from the seed plate in a synthetic emerald. 
However, the presence of abundant curved, fibrous 
tremolite-like inclusions indicates a natural origin: 
Sandawana, Zimbabwe. Photomicrograph by G. 
Choudhary; magnified 20x. 
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Figure 6. This etch channel in a yellow sapphire is in 
contact with an included crystal, resulting in a nail- 
head spicule-like appearance. Photomicrograph by G. 
Choudhary; magnified 30x. 


tification of the stone and its natural origin was easi- 
ly established; however, the inclusion could create 
confusion for a novice gemologist. 


Emerald. This stone contained abundant curved, 
tremolite-like fibrous inclusions (figure 7), which 
proved its natural origin and indicated its source as 
Sandawana (Gtbelin and Koivula, 1986). When it 
was viewed from various angles, however, numer- 
ous nail-head spicules were observed in a single 
direction originating from parallel planes (figures 7 
and 8) that were oriented perpendicular to the optic 
axis. The effect was very similar to that seen in 


Figure 8. At higher magnification, the parallel growth 
planes in figure 7 showed abundant nail-head spicules; 
also note the two-phase inclusions at the broader end. 
Photomicrograph by G. Choudhary; magnified 35x. 
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ber of long, conical etch features resemble oriented 
spicule inclusions. Photomicrograph by C. Golecha; 
magnified 30x. 


synthetic emeralds. In this case, the crystals at the 
base of the spicules could not be resolved, and all 
the spicules appeared to originate from the plane 
itself. 

Also present were liquid “fingerprints,” flat 
reflective films oriented along the basal plane, and 
angular zoning. Confirmation of natural origin came 
from FTIR spectra taken in various directions for 
best transmission, which showed the strong peak at 
5270 cm! that is characteristic of natural emerald 
(e.g., Choudhary, 2005). Nail-head spicules have 
been previously encountered in natural emeralds 
(DelRe, 1992; Rockwell, 2003), so this sample served 
as a further reminder of the need for careful and 
complete examination. 


Figure 10. Spicule-like inclusions, some displaying a 
sharp bend, were observed in various directions point- 
ing toward the interior of the spinel pebble. Photo- 
micrograph by C. Golecha; magnified 20x. 


Spinel. Magnification revealed numerous surface- 
reaching conical inclusions (figure 9) pointing toward 
the interior of the pebble from various directions. 
Some also exhibited a sharp angular bend (figure 10). 
Careful examination revealed that the inclusions 
broke the surface with rhomboid or sub-hexagonal/ 
rounded cross sections (figure 11) that varied with the 
direction of entrance into the stone, which suggested 
that the shapes were determined by the growth orien- 
tation. Some of these inclusions were filled with a 
brownish epigenetic material (figure 11, right). 

At certain angles, these inclusions were highly 
reflective, with flat surfaces intersecting each other 
in a pyramidal arrangement. Although their overall 
characteristics were indicative of etch channels, the 


Figure 11. These spicule-like inclusions in spinel appear to be etch channels. Their cross sections varied from rhom- 
boid (left) to sub-hexagonal or rounded (right). Also note the brownish epigenetic filling material (right). 
Photomicrographs by G. Choudhary; magnified 30x (left) and 45x (right). 
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Figure 12. This diamond contains some nail-head 
spicule—like inclusions that are actually crystals with 
stress cracks at one end. Given the formation condi- 
tions of diamond, true nail-head spicules are not pos- 
sible. Photomicrograph by C. Golecha; magnified 30x. 


possibility of these being elongated needles cannot 
be ruled out (Chapman, 1992). The authors have 
observed similar inclusions in a few flux-grown syn- 
thetic emeralds, where the spicules broke the sur- 
face and appeared to be filled with a black material. 

Although etch channels are common in a num- 
ber of natural gems, in this specimen they closely 
resembled nail-head spicules. Due to the absence of 
any other visible inclusions, this specimen could 
have easily confused a novice gemologist. 


Diamond. Because diamonds form at conditions of 
very high temperature and pressure, they do not con- 
tain fluid inclusions that are resolvable with a gemo- 
logical microscope. However, this diamond possessed 
several crystal inclusions with stress cracks (figure 
12) that at certain angles appeared to be short needles 
associated with a crystal. The combination gave a 
strong resemblance to nail-head spicules. These fea- 
tures were mainly concentrated near the crown in 
random directions. The diamond's natural origin was 
ascertained by the presence of naturals on the girdle. 


Rock Crystal Quartz. Scattered inclusions consist- 
ing of whitish aggregates were concentrated along 
two parallel planes in this stone (figure 13). The 
scene resembled the “breadcrumb” inclusions often 
present along the seed plate in synthetic quartz. In 
certain orientations, some of these whitish clusters 
closely resembled nail-head spicules (figure 14) and 
seemed to be formed by the orientation of crystal 
inclusions almost perpendicular to each other. At 
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Figure 13. Inclusions are concentrated along two par- 
allel planes in this faceted quartz. The pattern resem- 
bles a common inclusion scene in synthetic quartz: 
“breadcrumbs” along a seed plate. Photomicrograph 
by C. Golecha; magnified 15x. 


higher magnification, the clusters proved to be 
aggregates of a whitish mineral (figure 15). The mor- 
phology of the clusters resembled muscovite flakes 
(Giibelin and Koivula, 2005), but we could not con- 
clusively identify them due to lack of access to 
Raman spectroscopy. 

Further analysis with FTIR spectroscopy showed 
absorptions in the 3600-3000 cm“! region, along with 
a strong peak at 3483 cm! that is characteristic for 
natural crystalline quartz. Similar spectra were record- 


Figure 14. The aggregation patterns of these inclusions 
in quartz strongly resemble nail-head spicules at 
certain orientations. Photomicrograph by C. Golecha; 
magnified 35x. 
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Figure 15. At higher magnification, the inclusions in 
figure 14 proved to be aggregates of a natural mineral, 
possibly muscovite. Photomicrograph by C. Golecha; 
magnified 45x. 


ed parallel and perpendicular to the optic axis, with 
only minor differences in the intensity of the peaks. 

Although the pattern of the whitish crystal aggre- 
gates indicated a natural specimen, the presence of 
spicule-like inclusions and the concentration of the 
inclusions along a defined plane could have led to 
the stone’s misidentification as synthetic without 
careful examination. 
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NOTES AND NEW TECHNIQUES 


CONCLUSIONS 


Nail-head spicule inclusions have long been associ- 
ated with hydrothermally grown synthetic gem 
materials. Such inclusions indicate rapid, disturbed 
growth, which is the case for most synthetics but 
also for some natural gems. Similar-appearing inclu- 
sions may be produced by a combination of other 
features. Much like the spiral “fingerprint” inclu- 
sions that were once considered characteristic of 
Biron synthetic emerald (Giibelin and Koivula, 
1986), the mere appearance of nail-head spicules 
should not be considered conclusive proof of syn- 
thetic origin. When such inclusions or similar struc- 
tures are present, a more detailed examination is 
necessary to determine the nature of the sample. 
Such instances serve as reminders of the importance 
of not relying on any one feature for the identifica- 
tion of a gem material. 
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COPPER-BEARING TOURMALINES FROM 
NEW DEPOSITS IN PARAIBA STATE, BRAZIL 


Masashi Furuya 


Two new deposits of Cu-bearing tourmaline have 
been found in Paraiba State, Brazil, not far from the 
original source at Mina da Batalha. The Glorious 
mine has produced a limited amount of gem-quality 
material with a composition that is similar to the 
tourmaline from Mina da Batalha. Initial work at the 
second locality, known as Mineragao Batalha, has 
not yet produced any gem-quality material. 


n 2006, new finds of copper-bearing elbaite tourmaline 

were made at two locations in Paraiba State, near the 
town of Junco do Serid6. This small town is located 
approximately 18 km northeast of Mina da Batalha, the 
site of the original discovery of the now world-famous 
“electric-blue Paraiba” Cu-bearing tourmalines (e.g., 
Fritsch et al., 1990). One of the new deposits, known as 
the Glorious mine, has produced gem-quality Paraiba tour- 
maline with some colors that resemble those found at 
Mina da Batalha (figure 1). The other locality—the 
Mineracao Batalha mine—has not been worked as exten- 
sively but shows potential to produce gem-quality materi- 
al in the future. This report provides a preliminary descrip- 
tion of these new tourmaline deposits. 


Glorious Mine. Location. The Glorious mine is located 
approximately 2, km west of Junco do Serid6 at the follow- 
ing coordinates: longitude 36°43’59”W and latitude 
7°00’18”S. This new deposit falls within a zone of gem 
pegmatite dikes that extends from Mina da Batalha north- 
ward into neighboring Rio Grande do Norte State, where 
there are two similar gem-tourmaline deposits at the Alto 
dos Quintos (also known as Wild) and Mulungu (Terra 


See end of article for About the Authors and Acknowledgments. 
GEMS & GEMOLOGY, Vol. 43, No. 3, pp. 236-239. 
© 2007 Gemological Institute of America 


236 RAPID COMMUNICATIONS 


Branca) mines near Parelhas (Shigley et al., 2001; see figure 
2). Over the years, pegmatites in the area have been mined 
intermittently on a small scale as sources of high-quality 
white kaolinite clay that is used for ceramics, with tour- 
maline often recovered as a byproduct. 


Geology and Mining. The first report on the mining of 
Cu-bearing tourmaline from the Glorious deposit was pub- 
lished by Furuya and Furuya (2007). The nearly vertical 
pegmatite dike ranges from 20 cm to 2 m wide, and is part- 
ly kaolinitized. It is hosted by quartzite of the Equador 
Formation (again, see Shigley et al., 2001), and consists of 
feldspar (partially altered to kaolinite), quartz (sometimes 
smoky or amethyst), mica (dark reddish violet), and lesser 
amounts of black and colored tourmaline. The gem tour- 
maline is found as crystals and fragments embedded in 
kaolinite or in partially decomposed pegmatite. The tour- 
maline colors include blue, green-blue, green, and violet, 
with the most valuable blue material representing about 
20% of the production. The violet material turns blue on 
heating, but the green material does not change significant- 
ly with heat treatment (H. Sakamaki, pers. comm., 2007). 
In some cases, the crystals are color zoned from the center 
outward, with a pink core, a bright blue zone, and a very 
dark green (almost black) exterior. 

Like most gem mining in Brazil, recovery of tourmaline 
at the Glorious mine involves a small-scale operation. A 
Japanese company—Glorious Gems Co. Ltd., under the 
ownership of H. Sakamaki—operates the mine with a 
license from the Brazilian government. Approximately 25 
employees work full-time at the mine; they use heavy 
machinery to remove as much as 20 tonnes of pegmatite 
material each day. Preliminary mining activities began in 
March 2006, with full operation three months later follow- 
ing the construction of a washing plant. The pegmatite is 
accessed by two shafts (and associated trenches), located 
about 100 m apart; as of March 2007, they had been exca- 
vated to a depth of 30 m (e.g., figure 3). The west shaft was 4 
m wide, and the east shaft was 2 m wide. At the bottom of 
each shaft, tunnels extended sideways along the pegmatite. 

The tourmaline is found both in cavities and “frozen” 
within quartz or kaolinitized feldspar. The pegmatite mate- 
rial is usually so decomposed that it can easily be broken 
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Figure 1. These unheated Cu-bearing tourmalines are from the new Glorious mine in Paraiba State, Brazil. 
The faceted stones weigh 0.15—0.34 ct, and the rough material ranges from 2 to 5 mm. Most of the Glorious mine 
production is green and violet, and the balance contains various shades of blue. The violet material heat treats to 


blue. Photos by T. Komuro (left) and M. Furuya (right). 


up with hand tools in the mine and then hauled to the 
surface in buckets. On occasion, the miners use a pneu- 
matic drill to break up the pegmatite. All material 
removed from the dike is washed and hand-picked to 
recover the tourmaline. The largest tourmaline crystal 
(6.0 g, but with many cracks) was found at a depth of 10 
m in December 2006. Many smaller pieces were found at 
~30 m depth. The largest clean crystal recovered thus far 
measured 3 x 3 x 12 mm. 


>z 
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The total production to date of unheated blue tourma- 
line is approximately 500 g, with only about 200 pieces of 
sufficient size and quality to be faceted (~40 carats esti- 
mated after cutting). So far about 100 pieces of blue to 
greenish blue to violet tourmaline have been cut, each 
weighing around 0.20 ct. 


Materials, Methods, and Results. Ten faceted stones 
(0.15—-0.34 ct) and 15 pieces of rough tourmaline (0.08-0.60 
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Figure 3. Excavation of the west shaft at the Glorious 
mine began in March 2006. As of March 2007, the 
trench and associated tunnels in this area reached a 
depth of 30 m. Photo by M. Furuya. 


ct, average 0.30 ct) from the Glorious mine were studied 
for this report. The rough samples ranged from blue to 
green, and also included pink, violet, and brown, but only 


Figure 4. Located just 4 km from the original Mina da 
Batalha deposit, the Mineracao Batalha mine was 
being explored by a shaft 20 m deep in April 2007. 

Photo by M. Furuya. 
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the chemical data for the blue-to-green rough samples are 
reported below. Gemological properties of the faceted tour- 
malines were as follows: color—greenish blue to blue to 
violet; RI—n,=1.638-1.640 and n,=1.618-1.620, birefrin- 
gence—0.018-0.021; SG—3.06-3.10; and fluorescence— 
inert to both long- and short-wave ultraviolet radiation. As 
is typical with other gem tourmalines, the Glorious sam- 
ples contained two-phase (liquid and gas) inclusions and 
fluid-filled trichites. These inclusions resemble those seen 
in Paraiba tourmaline from Mina da Batalha. 

Semiquantitative chemical data for all the samples 
were obtained by energy-dispersive X-ray fluorescence 
(EDXRF) spectroscopy. In addition, samples from other 
known deposits of Cu-bearing tourmaline were analyzed by 
the same instrument, for comparison (table 1); the colors 
included blue, “neon” blue, greenish blue to bluish green, 
and green. The Glorious mine tourmalines had an elbaite 
composition, and most samples had Cu>Mn, as in other 
Brazilian Paraiba-type tourmalines. The faceted Glorious 
mine samples contained more Cu than the tourmalines 
that were analyzed from the other localities. 


Mineracao Batalha Mine. This deposit (figure 4) is locat- 
ed a short distance from the Glorious mine (about 10 min- 
utes by vehicle}, and only 4 km north of Mina da Batalha. It 
was first recognized by A. Campos in October 2006. Two 
months later, Mr. Sakamaki invested in this deposit, which 
is currently operated by companies run by both men. A 


Figure 5. At this underground exposure (20 m depth), 
the Mineracao Batalha pegmatite is up to 30 cm 
wide. It is surrounded by very hard quartzite of the 
Equador Formation. Photo by M. Furuya. 
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grown by a modification of the well known 
Verneuil technique from very pure titania 
powder. The boule size varies up to 300 
carats and probably could be very much 
larger. To date no colorless varieties have 
been grown. The nearest are tinged with 
yellow. Many beautiful shades, including 
red, blue, green, brown, and yellow can 
be made so that a whole new series of gem- 
stones will be offered to the public, Titania 
is a comparatively soft gemstone material 
and there were grave questions regarding its 
durability, Fortunately however, it is rather 
tough and field testing of titania rings indi- 
cates. that while the material will scratch, its 
brilliance will probably assure several years 
of wear before repolishing is necessary. 


SPRING 1949 


Synthesis of titania is umique in that the 
as-grown boule must be heat-treated to ob- 
tain a tfamsparent material. As-grown the 
boule is black and opaque—similar in ap- 
pearance to carbon. In this form the material 
is mot completely oxidized, the oxygen 
deficiency being in the order of 0.01%. 
When treated in an oxidizing atmosphere 
at elevated temperature, the transparent 
form results. This change is reversible and 
is accompanied by a profound change in 
electrical resistivity. The oxygen deficient 
titania is a semi-conductor, while the fully 
oxidized form is highly resistant. This sug- 
gests the commercial employment of titania 


Figure 3. Close-up of a boule furnace 
opened for photography. 


TABLE 1. Average semiquantitative chemical composition of some minor and trace elements (wt.% oxide) in 
blue-to-green Cu-bearing tourmaline from the Glorious, Minera¢gao Batalha, and six other mining areas.? 


: B F ae Alto 
Property/oxide Glorious parc Hira Mulungu pee aie re Ligonha, 
Mozambique 

Sample type Cut Rough Rough Cut Cut Cut Cut Cut Cut 

No. samples 10 9 6 10 10 2 10 10 10 
MnO 1.83 1.97 2.50 1.10 0.90 0.37 2.97 1.84 2.42 
CuO 3.34 2.35 3.26 2.63 1.67 1.417 1.88 0.56 0.62 
Ga,O, 0.04 0.03 0.04 0.04 0.04 0.03 0.03 0.03 0.03 
Bi,O, 0.71 0.54 0.62 0.77 0.13 0.22 0.36 0.09 0.42 


4 Data collected by EDXRF using an Edax Eagle uProbe, operated by K. Danjo, using 30 kV voltage, 1,000 mA current, and a 100 uum spot size. 
Chemical data were calculated assuming 1.62 wt.% Li,O, 10.94 wt.% B,O,, and 3.13 wt.% H,O, as reported for Cu-bearing elbaite by Fritsch et al. (1990). 


decomposed (partially kaolinitized) pegmatite dike that is 
20-70 cm wide (figure 5) is being explored by a single shaft 
that was about 20 m deep in April 2007. Mining began in 
early 2007, with a crew of 15 workers using hand tools and 
a pneumatic drill. Dynamite is sometimes needed because 
the host quartzite is much harder here than at the Glorious 
mine. Miners typically remove about 5 tonnes of pegmatite 
material each day for washing and sorting by hand. 

The copper-bearing tourmaline at Mineracao Batalha 
is found within kaolinitized feldspar, in areas that are rich 
in black tourmaline, rubellite, and smoky quartz. Many of 
the crystals are bicolored, with a beautiful blue outer 
layer and a pink-to-violet core (figure 6). The larger crys- 
tals can attain weights up to 5 g, but the material recov- 
ered to date contains numerous inclusions and is too frag- 
ile for cutting; no stones had been cut at the time of this 
writing. 


Figure 6. Tourmaline from the Mineracdo Batalha 
mine is commonly color zoned, with an “electric” blue 
rim and a pink-to-violet interior. Photo by M. Furuya. 
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EDXREF analyses of six small blue crystals of Mineracdo 
Batalha tourmaline (again, see table 1) revealed contents of 
Cu and Mn similar to those for blue tourmaline from Mina 
da Batalha. Given the close proximity of this new mine to 
Mina da Batalha, the owners are optimistic that it will pro- 
duce good material in the future. 


Conclusion. In 2006, mining began at two new Cu-bear- 
ing tourmaline deposits in Brazil’s Paraiba State: the 
Glorious and Mineracao Batalha mines. The ongoing dis- 
covery of Cu-bearing tourmaline in this region indicates 
that its numerous pegmatites have not been fully explored 
for gem material. The bright blue coloration shown by 
some of the tourmalines from these two new occurrences 
is comparable to that of the copper-bearing tourmalines 
first discovered almost 20 years ago at Mina da Batalha. 
Given the high value of this material on the gem market, 
any new supply of such tourmalines is significant. 
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NATURAL TYPE IA DIAMOND WITH GREEN-YELLOW 
COLOR DUE TO NI-RELATED DEFECTS 


Wuyi Wang, Matthew Hall, and Christopher M. Breeding 


Commonly seen in HPHT-grown synthetic dia- 
monds with a green component, nickel-related 
defects were identified for the first time in a type la 
natural diamond with a strong green component. 
The 1.75 ct Fancy green-yellow diamond showed a 
strong peak at 1332 cm” in the IR absorption spec- 
trum, strong absorption from the 1.40 eV center and 
the associated ~685 nm band in the Vis-NIR spec- 
trum, and extremely strong emissions from Ni-relat- 
ed defects in the photoluminescence spectra—all of 
which proved that nickel was the primary cause of 
the green color. 


ickel is widely used as a catalyst in high-pressure, 

high-temperature (HPHT) synthetic diamond growth 
processes. Consequently, Ni-related lattice defects are 
common in HPHT-grown synthetic diamonds, and can 
produce a green color component when the nitrogen con- 
centration is sufficiently low (Lawson et al., 1998). The 
occurrence of trace amounts of Ni has also been confirmed 
in some natural diamonds—including, but not limited to, 
chameleon diamonds, yellow-orange diamonds colored by 
a broad absorption band at ~480 nm, H-rich diamonds, and 
even some colorless type Ila diamonds (Shigley et al., 2004; 
Hainschwang et al., 2005; and the present authors’ unpub- 
lished research). 

In a recent study, Wang and Moses (2007) provided the 
first evidence of Ni-related defects producing green color 
in a natural gem diamond: a 2.81 ct type Ila Fancy Intense 
yellowish green oval cut. However, the general role of Ni 
as a color-producing center in many natural diamonds 
remains unclear. Soon after studying the type Ia diamond 
noted above, GIA’s New York laboratory examined a type 
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Ia natural diamond with a strong green color component 
that also proved to be the result of Ni-related defects. 


Materials and Methods. A 1.75 ct cushion-cut diamond 
(figure 1) was submitted to the New York laboratory for a 
grading report and color graded Fancy green-yellow. To 
fully document that both the stone and the color were nat- 
ural, we conducted standard gemological testing, fluores- 
cence imaging (Diamond Trading Company [DTC] 
DiamondView}, and detailed spectroscopic testing. Infrared 
absorption spectra were collected using a Thermo 6700 
Fourier-transform infrared (FTIR) spectrometer (6000-400 
cm!, 1 cm"! resolution, up to 1,024 scans, at room temper- 
ature). UV-visible-near infrared (UV-Vis-NIR) spectra were 
collected with an Ocean Optics high-resolution spectrome- 
ter (Model HP-2000+, 250-1000 nm, 1 nm resolution, deu- 


Figure 1. This 1.75 ct cushion-cut Fancy green-yellow 
diamond is colored mainly by Ni-related defects. 
Photo by Jian Xin (Jae) Liao. 


FALL 2007 


GEMS & GEMOLOGY 


Figure 2. The presence of included crystals of reddish orange almandine-rich garnet (left, image width 
0.98 mm) and pale green omphacite (right, image width 0.65 mm) demonstrates that this natural diamond 
crystallized in an eclogitic environment. Photomicrographs by W. Wang. 


terium-tungsten-halogen source, at liquid-nitrogen temper- 
ature). Photoluminescence and Raman spectra were col- 
lected using a Renishaw inVia Raman microscope (488, 
514, 633, and 830 nm laser excitations, various scan ranges, 
at liquid-nitrogen temperature). To test the diamond’s color 
stability and any possible thermochromic properties, we 
heated it with an alcohol lamp to a temperature of ~350°C. 


Results and Discussion. Observation with a gemologi- 
cal microscope indicated that the green-yellow color was 
distributed evenly throughout the stone, with no evi- 
dence of treatment visible. Microscopy also revealed col- 
orful euhedral mineral inclusions (100-150 um in longest 
dimension) that were surrounded by small fractures. The 
reddish orange and pale green crystals (figure 2) were 
identified as almandine-rich garnet and omphacite, 
respectively, by Raman spectroscopy. These inclusions 
are typical of diamonds from eclogitic environments 
(Meyer, 1987; Koivula, 2000). The presence of natural 
mineral inclusions proved that the diamond was not syn- 
thetic. Furthermore, careful microscopic examination 
with various lighting configurations confirmed no coat- 
ing was present. 

The diamond fluoresced strong orangy yellow to long- 
wave UV radiation and moderate greenish yellow to short- 
wave UV; we observed no phosphorescence with standard 
handheld gemological UV lamps. When examined with 
the DTC DiamondView, the stone showed a large varia- 
tion in fluorescence (figure 3). Some zones displayed 
unevenly distributed linear green luminescence features. 
Other regions showed moderate greenish yellow lumines- 
cence. Still other parts of the stone displayed banded blue 
fluorescence. Weak greenish yellow phosphorescence was 
also observed at the ultra-short wavelengths. The large 
variation in fluorescence colors and the absence of a typi- 
cal HPHT-synthetic diamond growth pattern confirmed 
that this stone was natural. 
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The infrared absorption spectrum showed a clear band 
at 1282 cm~!, indicating the diamond was type IaA,; the 
nitrogen concentration was calculated to be about 36 ppm. 
Distinct absorption peaks were also noted at 3107 and 
1405 cm™!, showing the occurrence of hydrogen impuri- 
ties. A relatively strong peak at 1332 cm suggested that 
N* (which sometimes serves as a proxy for Ni content in 
diamond) might also be present. Isolated substitutional 
nitrogen acts as an electron donor, and some nickel-related 
defects are observed in the negatively charged state 
(Lawson et al., 1998). A strong 1332 cm™! absorption is 
consistent with the detection of Ni-related defects in this 
diamond. 


Figure 3. The green-yellow diamond showed distinc- 
tive zoned fluorescence in the DiamondView that 
also ruled out a synthetic origin. Areas of green, 
greenish yellow, and blue fluorescence occurred in 
different parts of the diamond. Image by W. Wang. 
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The Vis-NIR absorption spectrum (figure 4) showed 
weak but distinct absorptions between 350 and 370 nm 
(357.0, 360.2, 363.5, 367.0 nm, not shown in the figure due 
to the high UV background) and between 460 and 480 nm 
(468.0, 473.3, 477.4 nm). These series of peaks are known to 
originate from Ni-related defects (Collins and Stanley, 1985; 
Lawson and Kanda, 1993a; Yelisseyev et al., 1996). They are 
identical to those reported for the type Ia, Ni defect-colored 
yellowish green diamond seen previously (Wang and Moses, 
2007). Unlike the type Ia diamond, however, this type Ia 
stone exhibited additional weak absorptions at 415.2 nm 
(zero-phonon line [ZPL] of the N3 center and a common fea- 
ture in type Ia diamonds) and 427.1 nm, but it lacked fea- 
tures in the 600-650 nm range (608.1, 637.5, 642.5 nm). An 
outstanding characteristic of the Vis-NIR absorption spec- 
trum of the type Ia green-yellow diamond was the strong 
absorption of the 1.40 eV center (unresolved ZPL doublet at 
~884 nm) and the associated ~685 nm band; these are likely 
caused by interstitial Ni* (Isoya et al., 1990; Lawson and 
Kanda, 1993b). We also observed a sharp peak at 793.0 nm, 
another well-known Ni-related defect, but it was much 
weaker than the 884 nm peak. The 685 nm band was strong 
and broad, extending from 585 nm to about 735 nm, and 
efficiently blocked the transmission of red and orange light. 
Combined with a gradual increase in absorption from ~555 
nm to the high-energy (low-wavelength) side due to 
unknown causes, the 685 nm absorption generated a trans- 
mission window centered at ~555-585 nm that resulted in 
the observed green-yellow bodycolor. 

The photoluminescence spectrum collected with 830 
nm laser excitation was dominated by the 883.1/884.8 nm 
doublet (i.e., the 1.40 eV center; figure 5). When 514 nm 


Figure 4. Strong absorption from the 1.40 eV center (ZPL 
at ~884 nm) and the associated ~685 nm band are the 
dominant features in the Vis-NIR absorption spectrum 
of the 1.75 ct Fancy green-yellow diamond. The 1.40 eV 
center, which is due to interstitial Ni*, is the main cause 
of the diamond’s green component. 
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laser excitation was used, the spectrum exhibited a broad 
band centered at ~640 nm, with numerous sharp emis- 
sions superimposed between 560 and 760 nm. These PL 
features are typically associated with the broad 480 nm 
absorption band that occurs in some natural yellow-to- 
orange diamonds and all chameleon diamonds, both of 
which reportedly contain Ni-related defects (Collins, 
2001). However, these features are not believed to corre- 
late directly with the 1.40 eV center. Unlike the green-yel- 
low stone presented here, those types of diamonds do not 
show Ni-related defects in the Vis-NIR absorption spec- 
trum. Spectroscopy also revealed that some common 
defects in type Ia natural diamonds (e.g., H3, H4, N-V cen- 
ters) were not detected in this diamond. 

Green color in natural diamonds can be introduced by 
a number of known defects or defect combinations, 
including absorptions from GR1, H2, and some hydrogen- 
related defects, and/or the luminescence of the H3 defect 
(Collins, 1982, 2001). The absence of any of these centers 
and the almost exclusive occurrence of Ni-related defects 
(in particular the 1.40 eV center), strongly indicate that the 
green component of this diamond is caused by Ni. 

A final interesting property of the green-yellow diamond 
is that when heated (~350°C), the stone changed color 
slightly to a more yellow (less green) hue. After approxi- 
mately 15 seconds, the original color was restored when we 
cooled the stone at room temperature. This weak ther- 
mochromism, together with other gemological and spectro- 


Figure 5. PL spectra confirmed the presence of 
extremely strong emissions from Ni-related defects 
(e.g., the 883.1/884.8 nm doublet). Numerous sharp 
emissions in the range 560-760 nm and a very broad 
luminescence band centered at ~640 nm strongly 
indicate an association between this diamond and 
natural yellow-orange and chameleon diamonds, 
which exhibit broad 480 nm absorption bands. The 
640 nm feature is an emission band of an unknown 
defect that caused very weak absorption at ~480 nm. 
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scopic similarities between this stone and chameleon dia- 
monds, may indicate that Ni-related defects play a role in 
the thermochromic and photochromic diamond properties 
exhibited by both of these unusual types of diamonds. 


Conclusions. Spectroscopic evidence from this rare type Ia 
gem diamond, as well as the yellowish green type Ia stone 
described recently, proves that Ni-related defects are direct- 
ly responsible for the green component of the bodycolor. 
Diamonds colored by Ni may, in fact, be more common 
than has been believed, as reexamination of previously col- 
lected spectra seems to indicate. Therefore, nickel-related 
defects may represent another important cause of green 
color in natural diamonds. 
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Large Cat’s-Eye AQUAMARINE 


The East Coast laboratory had the 
opportunity to examine an unusually 
large collector-quality specimen of 
cat's-eye aquamarine. The 201.18 ct 
stone, which measured 37.31 x 30.38 
x 22.55 mm, was cut as a high-domed 
oval cabochon and displayed a fairly 
sharp, straight eye (figure 1). 
Chatoyancy in beryl is usually 
caused by tube-like inclusions or 
growth tubes oriented parallel to the 
c-axis (see, e.g., Summer 1992 Gem 
News, pp. 131-132, Spring 2004 Gem 
News International, pp. 66-67). How- 
ever, emerald from the Coscuez mine 


Figure 2. Growth zones parallel to 
the length of the aquamarine in fig- 
ure 1 contained reflective crystals 
and films. Field of view 7.3 mm. 
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Figure 1. This unusually large 
(201.18 ct) aquamarine displayed 
a distinct chatoyant band. 


Figure 3. At low magnification, the 
reflective flat crystals and films in 
the aquamarine appeared as hazy 
linear clouds. Field of view 24 mm. 


EDITORS 

Thomas M. Moses and 
Shane F. McClure 

GIA Laboratory 


in Colombia has been reported to dis- 
play chatoyancy caused by “hazy lin- 
ear clouds” (Winter 1996 Gem News, 
pp. 284-285). A case of “pseudo- 
chatoyancy” in a brown beryl was ob- 
served as being caused by light trans- 
mission through closely spaced twin 
planes (Winter 1999 Lab Notes, p. 
202). Technically, this was not true 
chatoyancy, which by definition is 
caused by reflections from oriented 
inclusions. 

The cabochon we examined was a 
medium greenish blue, had a spot RI 
of 1.58, and displayed 427 and 537 nm 
absorption lines in the desk-model 


Figure 4. Very fine parallel 
reflective needles were dispersed 
throughout the large aquama- 
rine, perpendicular to the growth 
zones. Field of view 4.1 mm. 
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spectroscope, all of which are consis- 
tent with aquamarine. It had oriented 
inclusions in two directions. Parallel 
to the length of the stone were regu- 
larly spaced growth zones delineated 
by planes of reflective flat crystals and 
films (figure 2), some of which were 
sufficiently fine to appear as hazy lin- 
ear clouds under low magnification 
(figure 3). Perpendicular to these 
zones throughout the stone were very 
fine reflective needles (figure 4). The 
uniform distribution of these perpen- 
dicular sets of inclusions resulted in 
the straight and distinct chatoyant 
band. 

The size, color, and well-defined 
chatoyancy of this cat’s-eye aquama- 
rine made it a very notable gemstone. 

Donna Beaton 


Dyed Blue CHALCEDONY 
Detected by UV-Vis-NIR 
Spectroscopy 


The 25.87 ct blue bead in figure 5 
was recently submitted to the West 
Coast lab. Refractive indices of 
1.539-1.550, a granular fracture, and 
a slightly banded structure identified 
the bead as chalcedony. Color con- 
centrations around the drill holes 
suggested the presence of dye, but 
there was no evidence of the absorp- 
tion lines characteristic of cobalt (at 
620, 657, and 690 nm) in the hand- 
held spectroscope. The other possi- 
bility was the use of a copper solu- 
tion to enhance the color. 

Standard nondestructive gemo- 
logical tests are often inadequate to 
determine the presence of a copper- 
based dye in blue chalcedony. To ver- 
ify that the chalcedony was dyed, we 


Editors’ note: All items are written by staff 
members of the GIA Laboratory, East Coast 
(New York City) and West Coast (Carlsbad). 
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Figure 5. This 25.87 ct blue chalcedony bead proved to be colored by a 
copper-based dye. Note the subtle banding characteristic of chalcedony 
and, on the right, the suggestion of dye around the drill hole. 


applied a technique developed by A. 
Shen et al. (“Identification of dyed 
chrysocolla chalcedony,” Fall 2006 
Gems & Gemology, p. 140) that uses 
the ultraviolet-visible-near infrared 
(UV-Vis-NIR) spectrum. In accor- 
dance with this technique, we calcu- 
lated the ratio of the area (the inte- 
grated absorbance) under the peaks 
representing Cu** in the lattice vs. 
the integrated absorbance under the 
peak representing structural OH. As 
reported by Shen et al. (2006), for nat- 
ural blue chalcedony this ratio 
ranges from 7 to 44; samples dyed 


with copper solutions have a ratio 
ranging from 0.5 to 3. For this sample 
we calculated a ratio of 2.3, which 
fell into the range for dyed material 
(figure 6). 

While the lab seldom uses des- 
tructive testing, this client allowed us 
to polish a flat on the bead to confirm 
the presence of dye (figure 7). Visible 
color concentrations in the drill hole 
and penetrating the surface of the 
stone corroborated the results of the 
Shen et al. (2006) test. With this spec- 
troscopic approach, we feel we now 
have an acceptable nondestructive 


Figure 6. The UV-Vis-NIR spectrum of the chalcedony bead revealed a ratio 
of Cu** to structural OH of 2.3, which indicates that the bead was dyed. 
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Figure 7. A polished flat on the 
bead in figure 5 clearly shows 
distinct concentrations of color 
around the drill hole and on the 
surface of the stone, confirming 
the presence of dye. Field of 
view 11.8 mm. 


method of establishing the presence of 
a copper-based dye in blue chalcedony. 
Alethea Inns 


DIAMOND 

A Historic “Piggyback” Diamond 
In the Winter 1985 Lab Notes section 
(p. 233), John Koivula described a 
“piggyback” yellow diamond: two 
diamonds mounted together to create 
the illusion of a larger stone. Dr. Max 


Figure 8. Although the “center 
stone” in this pendant appears to 
be one large yellow diamond, it 
is in fact an assemblage of two 
smaller stones. 
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Bauer referred to such stones as “gen- 
uine doublets” (Precious Stones, J. B. 
Lippincott Co., Philadelphia, 1904, p. 
96). After more than 20 years, we 
recently had a chance to examine this 
same doublet again—now as part of a 
unique, award-winning piece of jewel- 
ry designed by Virginia jeweler 
Charlie Kingrea (figure 8). 

The fabrication of the jewel al- 
lowed for it to be disassembled into 
two separate pendants, as shown in 
figure 9. These were held together by 
a handmade 18K white and yellow 
gold retaining assembly: The table of 
the smaller diamond was centered on 
the back or “culet’” of the large dia- 
mond, giving the illusion of a single 
larger stone. As mentioned in the 
1985 Lab Note, the “face-up” appear- 
ance of the doublet was approximate- 
ly equal to a 9-9.5 ct stone. 

Although we were not able to 
remove the diamonds from their 
mountings, we were able to examine 
them more carefully this time and, 
specifically, to determine the origin of 
their deep yellow color. As reported in 


Figure 9. When the pendant is dis- 
assembled, it becomes apparent 
that the “center stone” consists of 
two diamonds set in an unusual 
“piggyback” configuration. 
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the 1985 Lab Note, the top diamond 
weighed 4.72, ct and measured 17.50 x 
12.55 x 2.46 mm; the bottom one 
weighed 2.41 ct and measured 12.50 x 
7.23 x 4.48 mm. In both states, we 
observed a dull chalky green reaction to 
long-wave UV radiation, with a short- 
wave reaction that was similar but 
weaker. The color distribution seemed 
even, but due to the flat nature of the 
two pieces, uneven color distribution 
would have been difficult to observe. 
Both stones showed a 415 nm line in 
the desk-model spectroscope, with the 
503 nm pair (496 and 503 nm) and a 595 
nm distinct line indicating that they 
had been irradiated and annealed. 

We have not examined another 
“genuine doublet” in over 20 years and 
welcomed the opportunity to review 
this type of assemblage. In addition, we 
were able to see it in a well-designed 
setting that highlighted the custom-fit- 
ted diamonds and also allowed us to 
establish their origin of color. 

Thomas Gelb and 
Thomas M. Moses 


Natural Type IIb Blue DIAMOND 
with Atypical Electroluminescence 


In scientific terms, electrolumines- 
cence is the nonthermal emission of 
light caused by the application of an 
electric field (H.-E. Gumlich et al., 
“Electroluminescence,” in D. R. Vij, 
Ed., Luminescence of Solids, Plenum 
Press, New York, 1998, p. 221). In the 
case of type Ib diamonds, when boron 
impurities replace carbon atoms in the 
diamond lattice, they can act as elec- 
tron acceptors (i.e., holes) and conduct 
electricity through the absence of elec- 
trons. Nearly all type Ib diamonds are 
electrically conductive at room tem- 
perature, which may be observed 
using a simple gemological conduc- 
tion meter. They also usually exhibit 
blue electroluminescence, visible as 
blue sparks, when an electric current 
is applied in a dark environment. 

In the course of standard colored 
diamond testing, a natural type IIb 
Fancy Light blue diamond (figure 10) 
showed unusual electroluminescent 
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Figure 10. This 0.41 ct type Ib 
Fancy Light blue diamond 
proved to have some unusual 
characteristics. 


properties. Instead of the typical blue 
sparks, this diamond produced a fire- 
works-like display of both blue and 
intense orange-to-red electrolumines- 
cence during conductivity testing (fig- 
ure 11). Photoluminescence (PL) analy- 
sis of the stone revealed an extremely 
large 575 nm peak (figure 12); we are 
unaware of any prior report of this 
intense feature in a type IIb diamond. 
In nitrogen-bearing diamonds, the 575 


Figure 11. Orange-red sparks 
(electroluminescence) were obvi- 
ous when the blue diamond was 
tested using a standard gemologi- 
cal conduction meter. 


nm peak is attributed to the neutral 
nitrogen-vacancy center [N-V]°. This 
defect has been well documented as a 
cause of orange fluorescence (P. M. 
Martineau et al., “Identification of syn- 
thetic diamond grown using chemical 
vapor deposition [CVD],” Spring 2004 
Gems & Gemology, pp. 2-25), and we 
postulate that it might also be the 


Figure 12. The photoluminescence spectrum of the diamond in figure 10 
had an extremely large 575 nm peak, which previously has not been 
reported in the spectra of type IIb diamonds. The orange-red electrolumi- 
nescence is most likely due to the [N-V]° center and related side bands. 
Laser excitation was 514.5 nm. 
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cause of the orange-red electrolumi- 
nescence. However, additional work is 
required to precisely determine the 
source of the orange-red sparks. 
Orange and orangy red phosphores- 
cence have been observed in both syn- 
thetic and natural type Ib diamonds 
(K. Watanabe et al. “Phosphorescence 
in high-pressure synthetic diamond,” 
Diamond and Related Materials, Vol. 
6, No. 1, 1997, pp. 99-106; S. Eaton- 
Magania et al. “Luminescence of the 
Hope diamond and other blue dia- 
monds,” Fall 2006 Gems # Gem- 
ology, pp. 95-96], but we do not 
believe that the mechanisms ascribed 
by those authors apply to this unusual 
diamond. 

DiamondView images showed 
mottled areas of orange-red fluores- 
cence (figure 13), likewise suggesting 
localized concentrations of [N-V]° 
defects. The surrounding blue lumi- 
nescence is typical of type II dia- 
monds. Strong, uniform blue phospho- 
rescence was also observed using the 
DiamondView, although no phospho- 
rescence was seen with long- or short- 
wave UV excitation. Zoned fluores- 
cence and electroluminescence sug- 
gest the presence of both nitrogen and 
boron-related defects in significant 
concentrations. Although no nitrogen 
was detected in the diamond’s FTIR 
spectra, the occurrence of nitrogen- 


Figure 13. DiamondView imaging 
of the 0.41 ct blue diamond 
revealed mottled areas of orange- 
red fluorescence (top left) that are 
likely due to localized concentra- 
tions of [N-V]° defects. 
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related features in the PL spectra clear- 
ly indicate its presence, but probably 
at concentrations below the level of 
detection that may be achieved in 
FTIR spectroscopy. Consequently, this 
diamond likely formed in a geologic 
environment that was atypical for 
most type I and type II diamonds. 

It is a gemological treat to see a 
seemingly normal type Ib blue dia- 
mond, such as this one, unveil an 
extraordinary fireworks display of blue 
and orange electroluminescent sparks 
when tested with a conduction meter. 

Alethea S. Inns 
and Christopher M. Breeding 


An Unsuccessful Attempt at 
Diamond Deception 


The gem and jewelry industry is 
unfortunately and inevitably subject 
to a certain amount of fraud. One 
such case was revealed recently when 
the West Coast laboratory received a 
“D color, IF clarity” diamond for an 
update service along with a photo- 
copy of what appeared to be its previ- 
ous GIA report. The submitted stone 
matched the accompanying report in 
most respects, including color, shape, 
table and depth percentages, lack of 
fluorescence, and weight (reported to 
two decimal places), so at first glance 
nothing seemed out of the ordinary. 
The diamond was found to be type 
Ila and was sent for advanced testing, 
which revealed that it had been treated 
by high pressure and high temperature 
(HPHT) to change its color. However, 
the report copy submitted with the 
stone did not indicate the presence of 
any treatment; at that point, we under- 
took a detailed investigation. 
Preliminary examination with a 
microscope showed that the diamond 
was inscribed with a number corre- 
sponding to the GIA report, but the 
inscription was of poor quality and 
lacked the distinguishing letters 
“GIA” as well as a cut-brand inscrip- 
tion that was documented in the 
report. A trained eye confirmed that 
the inscription was not the work of 
GIA. Further observation revealed the 
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Figure 14. The strong whitish 
internal graining in this purport- 
edly IF stone raised suspicions as 
to its true identity. Such graining 
is commonly observed in HPHT- 
treated diamonds. Field of view 
is 2.6 mm across. 


presence of whitish internal graining 
(figure 14), which was not mentioned 
on the report and would have preclud- 
ed a clarity grade of Internally Flawless 
(see J. M. King et al., “The impact of 
internal whitish and reflective graining 
on the clarity grading of D-to-Z color 
diamonds at the GIA Laboratory,” 
Winter 2006 Gems & Gemology, pp. 
206-220). While in some circum- 
stances we might have suspected that 
the stone had been treated since the 
report was issued, it did not make 
sense that anyone would subject a dia- 
mond that was already top color to 
HPHT treatment. 

In addition to the problems with 
the inscription and the internal grain- 
ing, there was also a discrepancy in dia- 
mond type: The submitted stone was 
type Ila, and our records indicated that 
the stone for which the report had 
been issued was type I. Closer exami- 
nation of the dimensions revealed that 
while the length, width, and depth 
measurements of the submitted stone 
were extremely close to what was stat- 
ed on the report, its weight was 0.0028 
carats more than the weight of the dia- 
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mond for which the original report had 
been issued, according to the laborato- 
ry’s internal database. If the stone had 
been repolished (e.g., to remove part of 
the inscription) since the report was 
issued, the process should have 
removed weight—and certainly would 
not have added any. It was clear that 
an HPHT-treated stone had been pur- 
posely cut and inscribed to match the 
GIA report of a diamond with a natu- 
ral origin of color. 

We do not know who performed 
this fraudulent act, or when and where 
it occurred; we only know that a decep- 
tion was attempted. The stone eventu- 
ally left the West Coast laboratory with 
a new report listing a clarity grade of 
VVS, (based on its whitish internal 
graining) and the inscription “HPHT 
PROCESSED,” in keeping with GIA 
policy for these treated-color diamonds. 

Laura L. Dale 
and Christopher M. Breeding 


KYANITE Resembling 

Blue Sapphire 

The West Coast laboratory recently 
received an 8.54 ct dark blue oval gem 
(figure 15) for a corundum report. The 
stone had a striking visual resemblance 


Figure 15. This 8.54 ct kyanite was 
initially mistaken for sapphire 
because of its intense blue color 
and internal features that resem- 
bled those seen in corundum. 
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crystals as continuous recorders of the oxy- 
gen content of furnace atmospheres. On page 
151 is shown a titania gemstone. 


The vety high refractive index and’ dis- 
persion of titania, plus the fact that the 
crystal is dichroic presents a problem to the 
lapidary who is unappreciative of the effects 
of these properties in the finished stone. 
Only too often is the comment made that 
the polished stone—usually diamond cut— 
is opalescent and lacks the favorable charac- 
teristics of similar high index stones, such 
as the diamond and zircon. 

Titania loses much of its beauty if the 
table of the stone is not normal or parallel 
to the c-axis of the crystal. The boules which 
we furnish are grown at zero orientation, 
i.e, the growth direction and c-axis coin- 
cide within a few degrees. It is only neces- 
sary that the table of the stone be a longi- 
tudinal or transverse cut of the boule. 

To achieve the most pleasing gemstones 
it is obviously necessary to hold facet angles 
to close tolerances in accordance with rec- 
ommendations established by several rec- 
ognized authorities. For the round stone 
these are: 

Crown: Main, 30°; Star, 15°; Girdle, 35°. 

Pavilion: Main, 40°; Girdle, 4114°. 

These are angles to the table. The cut 
used is the standard round brilliant having 
57 facets—24 pavilion and 33 crown, in- 
cluding the table. The table has usually 
been made 0.6 the diameter of the girdle. 

However, a slight improvement in ap- 
pearance of finshed stones can be accom- 
plished by cutting the table diameter 0.4 
the girdle diameter. In this way the table is 
less noticeable. 

Proper polishing techniques are quite as 
important as the aforegoing factors and 


Figure 5. Top: Black, opaque, synthetic 
titania (reduced state), as it is produced 
in koule and rod form. Bottom: Almost 
colorless, clear, synthetic titania (after 
oxidation), in boule and rod form. This 
is the material from which the popular, 
brilliant, titania night stone is cut. . 
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Figure 16. The cluster of zircon 
crystals at the top of this inclu- 
sion scene in the kyanite can 
appear with similar morphology 
in metamorphic blue sapphires. 
The quartz crystal on the bottom 
would be uncharacteristic for 
corundum. Width of view 1.2 mm. 


to blue sapphire and some features that 
supported this initial impression, such 
as its inclusions and visible spectrum. 
However, RI values of 1.710-1.730 and 
an SG of 3.68 ruled out corundum and 
instead indicated kyanite. 

The inclusion scene contained 
several elements that are commonly 
present in blue sapphire, such as clus- 
ters of zircon crystals (figure 16) and 
rutile (both identified using Raman 
spectroscopy). A large transparent 
quartz crystal (again, see figure 16) was 
the only inclusion that would be 
uncharacteristic for blue sapphire. 
Growth tubes resembled those seen in 
corundum; however, these could be 
distinguished by their intersection 
angles. Corundum growth tubes inter- 
sect at 60°/120°; in kyanite, they inter- 
sect at 90° (figure 17). Angular blue 
zoning confined above a colorless zone 
in the bottom half of the pavilion also 
resembled that seen in sapphire, but it 
did not show corundum’s characteris- 
tic hexagonal growth features. 
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Figure 17. Unlike corundum 
growth tubes, which intersect at 
60°/120°, growth tubes in kyan- 
ite intersect at 90°. Width of 
view 1.2 mm. 


In the visible spectrum, the kyan- 
ite displayed red transmission and 
corresponding lines in the desk-model 
spectroscope due to Cr content, 


which can also appear in Cr-bearing 
blue sapphires. The 450, 460, and 470 
nm iron lines that are occasionally 
present in blue sapphire were absent, 
but weak 430 and 445 nm lines 
caused by Fe** substituting for Al** 
(see Spring 2002 Lab Notes, pp. 
96-97) could have been mistaken for 
corundum iron lines. The chemical 
formulas of kyanite (Al,SiO,) and 
corundum (AL,O,) are similar. 

Further testing using UV-Vis-NIR 
spectrophotometry also highlighted 
the similarities between blue sapphire 
and kyanite spectra (figure 18). Note 
the 380-385 nm and 430-450 nm 
regions, corresponding to Fe** substitu- 
tion for Al**, as well as the broad band 
at ~610 nm, which is responsible for 
the blue color and caused by the Fe?*- 
Fe** charge transfer in kyanite. The 
broad band in blue sapphire is caused 
by a combination of Fe?*-Fe** and Fe?*- 
Ti* charge-transfer mechanisms. 

The many similarities had led the 
client to believe the stone was a blue 
sapphire. However, the RI, SG, and 
closer examination of the inclusions 
provided a correct identification as 
kyanite. 

Alethea Inns 


Figure 18. The UV-Vis-NIR spectrum of the kyanite showed similarities 
with that of metamorphic blue sapphire, particularly in the 380-385 
and 430-450 nm regions (where Fe** substitutes for Al**). The broad 
bands centered at ~610 nm in both kyanite and sapphire are caused by 


charge-transfer mechanisms. 
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Figure 19. This crystal (27.30 x 
21.10 x 19.10 mm), originally 
thought to be a diamond, proved 
to be phenakite. 


PHENAKITE as a 
Rough Diamond Imitation 


The GIA Laboratory regularly receives 
near-colorless transparent crystals, 
pieces of rough, or fragments for iden- 
tification, often because they were 
sold as, or are hoped to be, diamond. 
Such was the case with a 67.94 ct 
near-colorless transparent crystal (fig- 
ure 19) that was recently submitted to 
the East Coast laboratory. 

The specimen was similar enough 
to a (water-worn) dodecahedron-like 
diamond crystal to prompt submis- 
sion to the laboratory. It showed 
abundant dissolution features, paral- 
lel growth striations (figure 20), 
trigon-like features (figure 21), and an 
orangy red included crystal. However, 
initial physical indications, such as a 
lack of either adamantine luster or 
dispersion (both of which could have 
been obscured by the irregular sur- 
face) and a low “heft,” suggested that 
it was not diamond. In addition, dur- 
ing spectroscopic testing the sample 
was placed on a block cooled by liquid 
nitrogen. When it was removed, the 
crystal did not feel cool to the touch 
as a diamond should have, indicating 
low thermal conductivity. 

Further testing revealed that the 
specimen was doubly refractive and 
uniaxial, with a spot RI of approxi- 
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mately 1.65 and a hydrostatic specific 
gravity of 2.96. These properties ruled 
out glass, cubic zirconia, and dia- 
mond. The crystal had a weak pinkish 
violet reaction to short-wave UV radi- 
ation, revealed no absorption lines in 
the spectroscope, and had no trans- 
mission luminescence. Step-like stri- 
ations were evident, but the trigon- 
like features were raised (again, see 
figure 21), not depressed as usually 
seen in natural diamond. 

Raman spectroscopy confirmed 
that the specimen was phenakite, 
Be,SiO,, which has a trigonal rhombo- 
hedral structure with one cleavage 
direction, and is often confused with 
quartz. It has a specific gravity that is 
lower than diamond, but the rough 
exhibits features that could be mistak- 
en for those of natural diamond. 
Interestingly, its etymology comes 
from the Greek word phenakos, 
meaning “to deceive.” 

Donna Beaton, Joshua Sheby, 
and Riccardo Befi 


Figure 20. The crystal showed 
parallel, step-like growth stria- 
tions, similar to what is seen on 
some rough diamonds. Width of 
view 8.9 mm. 
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Glass-Filled SYNTHETIC RUBY 


Recently, the East Coast laboratory 
was asked to identify the 12.84 ct red 
oval mixed cut in figure 22. Standard 
gemological testing produced results 
consistent with the published values 
for ruby. 

However, examination with mag- 
nification and immersion in methyl- 
ene iodide revealed that the specimen 
was heavily fractured in an unnatural 
honeycomb pattern (figure 23), simi- 
lar to what is typically seen as a 
result of quench crackling. It fluo- 
resced strong red to long-wave—and 
moderate red to short-wave—UV 
radiation, with an orangy yellow 
reaction in the fractures that indicat- 
ed a foreign material was present. At 
higher magnification, the fractures 
appeared reflective and showed a blue 
flash effect, a common feature in 
glass- or resin-filled materials. Laser 
ablation-inductively coupled plas- 
ma-mass spectroscopy (LA-ICP-MS)} 
analysis revealed a significant amount 


Figure 21. Trigon-like features 
were also present in the crystal 
featured in figure 19, but unlike 
those seen in diamond they were 
raised rather than indented. 
Width of view 7.5 mm. 
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Figure 22. This 12.84 ct specimen 
(15.95 x 10.80 x 7.74 mm) proved 
to be a quench-crackled, glass- 
filled synthetic ruby. 


of lead (Pb) in the filler material, con- 
firming that the specimen was lead- 
glass filled. No other inclusions were 
seen. When the sample was immersed 
in methylene iodide and examined 
with a horizontally configured micro- 
scope, we observed subtle curved stri- 
ae through a few upper girdle facets, 
conclusive proof of its synthetic origin 
(figure 2.4). 

It is becoming more common to 
see lead-glass filling in low-quality 
natural rubies (see, e.g., S. F McClure 
et al., “Identification and durability of 
lead glass-filled rubies,” Spring 2006 
Gems & Gemology, pp. 22-34). The 
laboratory still sees melt-grown syn- 
thetic corundum, often in an altered 
form, but it is unusual to see a syn- 
thetic ruby that has been subjected to 
two treatments: quench crackling to 


Figure 23. When viewed at 7.5x 
magnification while immersed in 
methylene iodide, the synthetic 
ruby showed a honeycomb frac- 
ture pattern typical of quench 
crackling in corundum. 


imitate natural fractures, and lead- 
glass filling to minimize the visibility 
of the fractures. 

On several occasions over the 
years, the GIA Laboratory has report- 
ed on treated synthetic corundum. 
The most dramatic examples were in 
flame-fusion synthetic corundum dur- 
ing the early 1980s (see J. I. Koivula, 
“Induced fingerprints,” Winter 1983 
Gems & Gemology, pp. 220-227). 
Other related instances were a glass 
filling in a flame-fusion synthetic ruby 
(Winter 1990 Lab Notes, p. 298) and a 
quench-crackled synthetic that had 
been “oiled” to conceal the fractures 
(Fall 1992. Gem News, pp. 208-209). 
We can only hypothesize that our 
12.84 ct sample was yet another 


Figure 24. Curved striae were also 
observed when the quench-crack- 
led synthetic ruby was viewed at 
12x magnification while immersed 
in methylene iodide. 


instance in which significant steps 
were taken to mimic the natural 
material. 
HyeJin Jang-Green 
and Riccardo Befi 
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DIAMONDS 


Large diamond mine to be developed in Saskatchewan, 
Canada. Kimberlite bodies were first discovered near Fort a 
la Corne in central Saskatchewan in 1989 by Uranerz, a 
German uranium exploration company. In contrast to the 
usual vertical pipe- or carrot-shaped morphology, the Fort 
a la Corne kimberlites form complexes of lens-like, hori- 
zontally elongated bodies lying underneath approximately 
90-100 m of overburden (sand, mudstone, and glacial till). 
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The original kimberlite volcanoes erupted into a shallow 
sea during the Cretaceous period (~100 million years ago}, 
and the volcanic ejecta were preserved by quick burial 
under mud (now mudstone). The resulting shapes—exten- 
sive low domes, shallow bowls, and flat pancakes—consti- 
tute hundreds of millions of tonnes of kimberlite. 

The kimberlite field is located in flat terrain about 60 
km east of Prince Albert (see, e.g., figure 1). Uranerz discov- 
ered the kimberlites by drilling into airborne magnetic 


Figure 1. The large Fort a 
la Corne kimberlite field 
in Saskatchewan has 
demonstrated consider- 
able promise as a future 
diamond producer. 
Shown here is the Orion 
exploration site and 
core/sample processing 
facility. Courtesy of 
Shore Gold Inc. 
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anomalies discernable on government maps. As the 
Uranerz managers were not experienced with diamond 
exploration, they formed joint ventures, first with Cameco 
Corp. (a Canadian uranium exploration and mining compa- 
ny) and subsequently with Canada-based Kensington 
Resources and De Beers. Eventually, geologists identified a 
field of 72 kimberlites, of which 63 were located on the 
joint-venture Fort 4 la Corne (FALC) property. Initial FALC 
ownership was Kensington Resources 42.5%, De Beers 
42.5%, Cameco 5%, and UEM (successor to Uranerz) 10%. 
FALC budgeted evaluation efforts at $15 million annually 
(increasing to $24 million) and focused on bodies 140/141 
and 150, from which diamonds up to 10.23 ct were recov- 
ered in the top clay-rich layer. 

In 1995, Canada-based Shore Gold Inc. acquired adjoin- 
ing leases at the southeast end of what is now the FALC 
property and there discovered the Star kimberlite complex, 
which covers 240 ha in a shallow bowl] shape and is up to 
~88 m at its thickest part. Extensive drilling has shown that 
the deposit formed by successive layers of overlapping kim- 
berlite pulses from one or more feeder pipes. Initial figures 
for the Star complex were ~276 million tonnes (Mt) at a 
grade of 14.25 carats per hundred tonnes (cpht), yielding 40 
million carats (Mct) of diamonds with an average value of 
$135/ct, for an estimated worth of $5.5 billion (e.g., figure 2). 

In October 2005, Shore Gold and Kensington Resources 
agreed to merge, as several of the kimberlite complexes 
overlapped their property boundaries. In September 2006, 
Kensington Resources, by then a subsidiary of Shore Gold, 
acquired the shares of Cameco, UEM, and, later that month, 
of De Beers as well. They then sold 40% equity to New- 
mont Canada; Shore Gold controls the remaining 60% in 
the new joint venture, called FALC-JV. Thus, the Star and 
FALC complexes are now merged into one operation. The 
most promising FALC kimberlites, 140/141 and 150, are 
now grouped into a unit called the Orion Belt, which is 
aligned with Star in a northwest trend. Kimberlite resources 
are estimated at 360-400 Mt in Orion South and 800 Mt in 
Orion North; these could yield up to 120 Mct at $160/ct. 

Evaluation drilling and processing of samples from the 
Star complex in the period June to September 2007 led to 
the recovery of 10,251 diamonds from approximately 
46,000 tonnes of kimberlite. The combined weight of the 
diamonds amounted to 1,269.58 carats, with at least 12 
stones ranging from 4.21 to 49.5 ct (57 were >2 ct and 157 
were >1 ct). In some drill core samples, up to 30-40% of 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu or 
GIA, The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. Original photos can be returned after 
consideration or publication. 
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Figure 2. This selection of diamond crystals (1.62-10.10 
ct) was recovered from the Star complex during 2006. 
Courtesy of Shore Gold Inc. 


the diamonds recovered were >1 ct. In general, approxi- 
mately 70% of the diamonds recovered were classified as 
“white” and 20% as “off white.” 

The combined yield of Star and Orion could be up to 
200 Mct worth $30 billion, which would be mined in sev- 
eral open pits. The first mine in the Star complex is tenta- 
tively scheduled to open in 2012. As this is approximately 
when the predicted gap between world rough supply and 
demand should start to widen, this new production would 
be most welcome. 

A. J. A. (Bram) Janse 
Archon Exploration Pty. Ltd. 
Carine, Western Australia 


Spurious “spiral phantom” in diamond. These contribu- 
tors recently examined a faceted pink diamond from 
Australia’s Argyle mine, in which we observed what 
appeared to be a spiral structure (figure 3). At first, we 
thought this feature was a screw dislocation decorated by 
impurities, such as those observed in beryl and topaz. 
Further, it was perfectly oriented along the diamond’s 
octahedral direction, as evidenced by several incipient 
cleavages that were limited by graining planes (again, see 
the areas delineated on figure 3). We were very excited 
because such a structure has never been observed in dia- 
mond (either natural or synthetic}, and is very rare in cubic 
minerals (see, e.g., Spring 2007 Lab Notes, p. 55). 

However, while preparing the sample for Raman and 
infrared analysis, we discovered that the inclusion had 
mysteriously disappeared. We then realized that this 
“screw dislocation” was in fact nothing more than a dust 
particle adhering to the diamond’s surface! 

This episode underlines the fact that microscopic 
observation, although very useful in gemology, needs to be 
conducted with care even by experienced gemologists. 
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Figure 3. What at first appeared to be an oriented 
screw dislocation in a pink diamond was in fact only 
a dust particle on the surface of the gem. The white 
lines indicate the diamond's octahedral direction. 
Photomicrograph by B. Rondeau; magnified 60x. 


Careful cleaning of samples before examination, while 

sometimes tedious, is an important step in any gemologi- 
cal investigation. 

Benjamin Rondeau (rondeau@mnhn. fr) 

Muséum National d’Histoire Naturelle 

Paris, France 


Emmanuel Fritsch and Franck Notari 


Figure 4. Axinite from Baluchistan, Pakistan (here, 
2.32-18.62 ct), is notable for its unusual color zoning. 
All of these stones except for the pear shape were 
characterized for this report. Courtesy of Herb 
Obodda; photo by C. D. Mengason. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Color-zoned axinite from Pakistan. In June 2005, Herb 
Obodda (H. Obodda, Short Hills, New Jersey) informed us 
about a new find of color-zoned axinite from Baluchistan, 
Pakistan. By November 2005, his supplier had purchased 6 
kg of the material, which local shepherds had recovered 
over an eight-month period. The supplier described the 
locality as being in a remote part of the Taftan Mountains. 
Most of the production was heavily included, but Mr. 
Obodda selected ~100 g of transparent pieces of rough that 
were notable for their distinct patches of pleochroic color. 
The largest crystal measured 19 mm in longest dimension, 
and the largest stone he had cut weighed 18.62 ct (figure 4). 

Mr. Obodda loaned or donated to GIA five crystals and 
eight cut axinites. Figure 4 shows the range of color seen in 
the faceted stones. Overall, the samples were medium to 
light brown, which was modified by strong pleochroism 
and color zoning in reddish purple, orangy red, blue to vio- 
let, green, and pink. The most common color zoning con- 
sisted of violetish blue areas that appeared strongest when 
the light was polarized in the reddish purple direction of 
the host axinite; these zones became much fainter as the 
polarizer was rotated 90° (figure 5). A particularly striking 
example of the pleochroic colors was shown by the axinite 
crystal in figure 6. 

The following properties were determined on five cut 
stones: RI—n,=1.668-1.671, n,=1.679-1.680; birefringence 
0.009-0.012; hydrostatic SG—3.28-3.30; Chelsea filter reac- 
tion—none; fluorescence—inert to long- and short-wave UV 
radiation; and weak absorption lines at approximately 440, 
470, 495, 515, and 535 nm visible with the desk-model spec- 
troscope. These properties are comparable to those reported 
for axinite by M. O’Donoghue (Gems, 6th ed., Butterworth- 
Heinemann, Oxford, UK, 2006, p. 386), except that we did 
not see an absorption peak at 415 nm. Microscopic examina- 
tion revealed “fingerprints” composed of two-phase (fluid and 
gas) inclusions, as well as transparent angular growth zoning. 


Figure 5. Violetish blue color zones are seen in the red- 
dish purple pleochroic direction (left) of this 2.97 ct 
axinite from Pakistan; the colors almost disappear 
when the polarizer is rotated 90° (right). Gift of Herb 
and Monika Obodda, GIA Collection no. 37121; 
photos by Robert Weldon. 
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Figure 6. The strong pleochroism and unusual color zoning in the Pakistani axinite are well illustrated by this 
crystal, seen in two views as the polarizer was rotated 90°. Courtesy of Herb and Monika Obodda; photomicro- 
graphs by S. F. McClure, magnified 10x. 


Electron-microprobe analyses of two of the crystals at 
the University of New Orleans showed they were ferro- 


TABLE 1. Representative electron-microprobe analyses 
of a color-zoned axinite crystal from Baluchistan, Pakistan.® 


Oxide (wt.%) Light brown zone Blue zone 
SiO, 42.81 42.74 
TiO, 0.04 0.05 
B,O,° 6.18 6.17 
Al,O, 17.49 17.47 
FeO* 8.61 8.57 
MnO 0.12 0.10 
MgO 2.98 2.99 
CaO 19.57 19.57 
Na,O 0.03 0.06 
K,O 0.02 nd 
H,0° 1.60 1.60 

Total 99.46 99.30 
lons per 16 (O,OH) 
Si 4.012 4.012 

Ti 0.003 0.004 
B 1.000 1.000 
Al 1.932 1.933 
Fe?* 0.675 0.672 

n 0.010 0.008 

g 0.417 0.418 
Ca 1.965 1.968 
Na 0.006 0.010 
K 0.003 nd 
OH 1.000 1.000 


@ Data were collected using an ARL-SEMQ electron microprobe with 15 kV 
(for sodium) and 25 kV accelerating voltages, 15 nA beam current, and 3 um 
beam diameter. The measurements were calibrated with natural mineral and 
synthetic compound standards, and a ZAF correction procedure was 
applied to the data. Cr, V, Bi, Pb, Zn, and F were analyzed for but not 
detected. Abbreviation: nd = not detected. 

Calculated by stoichiometry. 

° All Fe reported as FeO. 
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axinite (Ca,Fe**Al,BO[OH]|Si,O,],); the RI and SG values 
reported above are also consistent with this identification 
(W. A. Deer et al., Rock-forming Minerals: Disilicates and 
Ring Silicates, 2nd ed., Vol. 1B, Geological Society, 
London, 1997, pp. 603-623). One of the crystals contained 
blue zones that were accessible for microprobe analysis, 
but we could not discern any systematic differences in 
composition from the surrounding light brown area (table 
1). Laser ablation-inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) analyses of a similar color-zoned 
crystal at GIA revealed distinctly more Ti and Mn in the 
blue zone than in the light brown area (0.09 vs. 0.01 wt.% 
TiO,; 0.31 vs. 0.18 wt.% MnO). UV-Vis spectroscopy of 
these same blue and light brown areas showed much 
stronger absorption at ~580 nm in the blue zone. Further 
research on precisely oriented samples would be required 
to evaluate the origin of the unusual coloration of this 
axinite. 
Eric A. Fritz (eric.fritz@gia.edu), 
Shane F. McClure, and Andy H. Shen 
GIA Laboratory, Carlsbad 


Brendan M. Laurs 


William B. (Skip) Simmons and Alexander U. Falster 
University of New Orleans, Louisiana 


Multicolored fluorite from Brazil. Although fluorite is gen- 
erally not a good jewelry stone because of its low hardness 
(Mohs 4) and four perfect cleavages, its availability in large 
sizes and a wide variety of colors—sometimes within the 
same gem—makes it very popular with collectors. 
Argentina has produced large quantities of transparent 
multicolored fluorite in yellow, orange, green, purple, and 
brown, among other colors. It is found in veins that are 
hosted by granite at the Valcheta and Los Menucos mines, 
both in Rio Negro Province. 

In early 2007, a new source of multicolored fluorite 
was found in Brazil, reportedly in Bahia State. This fluorite 
may show dozens of very thin layers in yellow and pink 
shades, but most striking is the presence of “sapphire’- 
blue zones. These occur near the surface of the crystals, 
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Figure 7. These attractive samples of multicolored fluorite were recovered from a new source in Brazil. The larger 
stone in the left photo weighs 18.36 ct, and the fluorite in the right image is 77.36 ct. Photos by J. Hyrsl. 


with the inner portions usually pink or yellow. Depending 
on the orientation of the color zones, faceted stones can be 
produced with a resulting blue, pink, or multicolored (e.g., 
figure 7) face-up appearance. 

This contributor recently examined several samples of 
this material. The rough was available only as cleavage frag- 
ments with few crystal faces and no matrix. Two of the 
pieces with crystal faces had small ($1 mm in diameter) yel- 
low metallic inclusions, visually identified as chalcopyrite, 
located about 1 mm beneath the surface. Such inclusions 
point strongly to an origin in a hydrothermal copper deposit. 

As of May 2007, at least 1,000 carats of cut stones were 
available in Brazil, ranging from ~1 to 77 ct each, and more 
will almost certainly be produced in the future. Although 
this fluorite makes a nice collector’s gemstone, there is 
also the possibility that the blue material may be offered 
as a sapphire imitation, in much the same way that some 
green fluorite has been found mixed with emeralds of the 
same color. 

Jaroslav Hyrsl (hyrsl@kuryr.cz) 
Prague, Czech Republic 


Cr/V-bearing kyanite from Madagascar and elsewhere. 
Madagascar has become known for a wide variety of inter- 
esting and exotic gems. In 2004, an attractive blue kyanite 
was faceted by Fabrice Danet (Style Gems, Antsirabe, 
Madagascar) from a mixed parcel of mostly rhodolite, zir- 
con, and amethyst that was represented as coming from 
the eastern coastal area of Madagascar. Preliminary testing 
showed that the stone contained Cr and V, so Mr. Danet 
donated it to GIA for further testing. We were unaware of 
the prevalence of Cr and V in kyanite, so we were pleased 
to investigate the properties of this stone. 

The 0.98 ct oval modified brilliant (figure 8) had the 
following characteristics: color—medium-dark greenish 
blue; pleochroism—moderate greenish blue, gray-purple, 
and near colorless; diaphaneity—transparent to semi- 
transparent; RI—1.716-1.731; birefringence—0.015; SG— 
3.69; Chelsea filter reaction—strong red; fluorescence— 
weak to moderate red to long-wave UV radiation and very 
weak green to short-wave UV. These properties are com- 
parable to those reported for kyanite by R. Webster 


256 GEM NEWS INTERNATIONAL 


(Gems, 5th ed., revised by P. G. Read, Butterworth- 
Heinemann, Oxford, UK, 1994, pp. 348-349). Lines in the 
red end of the spectrum at 670 and 690 nm were visible 
with a desk-model spectroscope, along with a broad band 
centered at approximately 575 nm. Microscopic examina- 
tion revealed fine needles in parallel orientation through- 
out the stone, small transparent doubly refractive crystals 
and needles, low-relief transparent crystals that appeared 


Figure 8. Gem-quality kyanite is available in a range of 
colors. The 0.98 ct greenish blue faceted oval in the 
center (gift of Fabrice Danet, GIA Collection no. 
36693) is reportedly from eastern Madagascar; it was 
characterized in detail for this report. For comparison, 
chemical analyses were obtained for four additional 
kyanites: a 12.76 ct bluish green crystal from Namibia, 
a6.31 ct blue rectangular step cut from Brazil, a 1.43 ct 
blue cabochon from Nepal, and a 1.05 ct dark greenish 
blue rectangular step cut from Andilamena, also in 
eastern Madagascar. Courtesy of Franck Notari 
(Namibia, Brazil, and Andilamena) and the GIA 
Collection (Nepal); photo by Robert Weldon. 
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TABLE 1. Significant trace-element composition (in ppm) of kyanites from four countries, determined by 


LA-ICP-MS on two spots of each stone.@ 


Namibia Brazil Nepal Madagascar Madagascar 
Element (FN4258) (FN138) (GIA16111) (FN5688) (0.98 ct oval) 
1 2 1 2 1 2 1 2 1 2 

Fe 4,160 4,223 1,960 1,471 2,013 1,674 1,965 1,937 1,460 1,387 

Cr 261 270 178 187 62 63 4,982 3,143 553 504 

V 22 25 39 33 60 50 370 331 81 77 

Ti 46 35 32 23 37 28 87 67 179 452 

Ga 9 10 18 16 22 18 35 34 81 67 
Pb nd nd nd 1 nd nd 2.1 2.4 5.3 6.5 


@ Data collected using a Thermo X-Series ICP-MS equipped with a New Wave 213 nm laser-ablation sample introduction system. Laser parameters 
were 40 um spot size, 7 Hz repetition rate, 60% power, and 25 second dwell time. Concentrations were calculated using NIST 610, 612, and 614 


glasses as reference standards. Abbreviation: nd = not detected. 


to be singly refractive, cleavages, “fingerprints,” and 
stringers of particles oriented perpendicular to the direc- 
tion of the fine needles. 

Energy-dispersive X-ray fluorescence (EDXRF) spec- 
troscopy indicated the presence of major amounts of Si and 
Al, as expected, as well as traces of Fe, Cr, V, Ti, and Ga. 
Trace-element analyses by LA-ICP-MS were obtained from 
this kyanite and, for comparison, from four additional 
kyanite samples from Namibia, Brazil, Nepal, and 
Andilamena, Madagascar (again, see figure 8, and table 1). 
All of the samples contained Fe, Cr, V, Ti, and Ga, and very 
small amounts of Pb were measured in a few of the analy- 
ses. The stone provided by Mr. Danet contained more V 
and Cr than the three non-Madagascar samples, but signifi- 
cantly less of both elements than the (darker) kyanite from 
Andilamena. The Namibian sample showed relatively high 
Fe, and Fe was the only enriched trace element in the 
Nepalese kyanite. Compared to the other samples, both of 
the kyanites from Madagascar showed more elevated con- 
centrations of Ti, Ga, and Pb. The color variations in these 
kyanites are apparently due to differences in their contents 
of the chromophoric elements Fe, Cr, V, and Ti, but estab- 
lishing the precise coloration mechanisms would require 
additional research. 

Elizabeth P. Quinn (equinn@aglgemlab.com) 
American Gemological Laboratories 
New York 


Christopher M. Breeding 
GIA Laboratory, Carlsbad 


Blue-green opal from Iran. Gem-grade blue-green opal has 
traditionally come from the Andes Mountains in Peru (see 
Summer 1991 Gem News, pp. 120-121; Spring 1994 Lab 
Notes, pp. 43-44). According to Makhmout Douman 
(Arzawa Mineralogical Inc., New York), a new deposit was 
recently found in Iran, about 110 km northwest of the 
town of Shahr-e Babak in Kerman Province. As of October 
2007, mining efforts had nearly stopped due to groundwa- 
ter seeping into the pits. Only a few stones have been pol- 
ished, due to the cracked nature and shallow thickness of 
the pieces of rough that have been recovered so far. 
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Mr. Douman loaned two cabochons (2.40 and 2.59 ct; 
figure 9) and one rough sample to GIA, and the following 
properties were obtained on the polished stones (with 
those for the smaller cabochon given first here): color— 
bluish green and green-blue; diaphaneity—translucent; 
RI—1.45 and 1.47; hydrostatic SG—2.06 and 2.00; Chelsea 
filter reaction—none; fluorescence—inert to both long- 
and short-wave UV radiation; and a 600 nm cutoff seen in 
the desk-model spectroscope. Microscopic examination 
revealed milky white clouds in both samples. The smaller 
cabochon also showed a moss-like inclusion at the base. 
The 1.47 RI value is slightly high for opal, which typically 
ranges from 1.44 to 1.46 (R. Webster, Gems, 5th ed., 
revised by P. G. Read, Butterworth-Heinemann, Oxford, 
UK, 1994, p. 244). 

The Raman spectra of both samples closely matched 
the opal reference spectrum. Opals intrinsically contain 
enough water to saturate the mid-infrared region of the 
spectrum. Therefore, spectroscopy in the near-IR range 
was used to examine the hydroxyl-related characteristics, 
and the results closely matched those of published spectra 


Figure 9. A new source of blue-green opal (here, 2.40 
and 2.59 ct) has been discovered in Iran. Courtesy of 
Makhmout Douman; photo by Robert Weldon. 
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for opal (H. Graetsch, “Structure of opaline and micro- 
crystalline silica,” in P. J. Heaney et al., Eds., Silica. 
Physical Behavior, Geochemistry and Materials 
Applications, Reviews in Mineralogy, Vol. 29, Miner- 
alogical Society of America, Washington, DC, 1994, pp. 
209-229). EDXRF spectroscopy of the two samples 
showed major amounts of Si, minor Cu, and traces of Fe. 
UV-Vis-NIR spectroscopy showed typical Cu?* absorp- 
tions at 527-1176 nm, indicating that copper is the cause 
of the blue-green coloration. 
Kevin G. Nagle (knagle@gia.edu) 
GIA Laboratory, Carlsbad 


A remarkably large fire opal carving. Fire opals are well 
known in the gem trade, and—based on the number of 
trade queries these contributors have received—they are 
becoming more popular in India. Fire opal is found in a 
range of orange, red, yellow, and brown hues, with or with- 
out play-of-color. 

Recently, we had the opportunity to examine and test 
an unusually large specimen of semitransparent brownish 


Figure 10. This fire opal carving (13.90 x 10.30 x 4.30 
cm) is unusual for its large size, attractive color, and 
translucency. Photo by G. Choudhary. 
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Figure 11. The fire opal carving displayed milky zones 
when illuminated with a strong fiber-optic source. As 
the light was moved around the sample, these zones 
appeared to radiate from its center. Photomicrograph 
by G. Choudhary; magnified 2x. 


orange fire opal (figure 10), which did not show play-of- 
color. This 492 g (2,460 ct) carving was fashioned after 
Lord Mahaveera (one of the ancient Indian sages who 
established the tenets of Jain Dharma). Its identification as 
fire opal was established by its spot refractive index of 1.46 
and low heft (it was too large for specific gravity testing). 
The carving was inert to UV radiation. 

Examination with a microscope and fiber-optic illumi- 
nation revealed some milky zones composed of fine pin- 
point inclusions. These zones gave a slight haze to the 
carving, although this was visible only with strong light- 
ing. As the fiber-optic light was moved around the speci- 
men, the milky zones appeared to radiate outward from 
the center (figure 11). Milky zones or clouds are common- 
ly encountered in opals, but the radiating pattern has not 


Figure 12. Tiny dendritic inclusions, some of which 
were encased in fluid-like bubbles, were also present 
in the fire opal carving. Photomicrograph by G. 
Choudhary; magnified 45x. 
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while specific recommendations can be made, 

they are by no means the final word. In or- 

der to retain plane facets and sharp facet 

intersections it is necessary to use a fairly 

hard lap. Present recommendations are for 

cutting on diamond (400 mesh) impreg- 

nated copper laps as for sapphire. Prelimin- 

aty polishing is done with 10 micron dia- 

mond on a tin lap with olive oi! lubricant. 

Final polish is with Linde “A” alumina 

powder on a 50-50 Tin-Lead solder lap. The = 
Linde “A” alumina (with water) gives a geet. 
good clear polish that has been impossible 

with diamond (even 0-1 micron). 

For all facets, except the table, it has been 
found important to use flat, unscored laps 
both for diamond and Linde “A” alumina 
to avoid severe rounding, particularly of 
facet intersections, as this rounding detracts 
considerably from the appearance of the 
stone. Scored laps can be used for tables, 
where rounding is not severe because of 
the large surface. The scored laps will give — 
an unscratched table which cannot be ob- 
tained with a flat lap. Scratching caused by 
the flat lap is not so severe on the smaller 


facets, and what little occurs must be ac- : 
cepted in order to obtain flatness of the 
facets. a) 


Because titania is relatively soft, dia- : : 
mond polishing is not recommended. We _ a 
have found our alpha alumina polishing 
powder to be quite satisfactory but continu- 
ing research on. other polishing media may 
develop a better agent. 

At this point a word of caution is ap- 
propriate. Because titania may be oxidized 
or reduced at elevated temperatures, lapidary * 
work should avoid any high temperatures. 
This includes sawing as well as facetting 
and polishing. It is well known that high 
surface temperatures may be reached in the 
cutting and polishing operations with re- 
sultant unfavorable discoloration or even 
fracture. 

NOTE: The term “Linde” is a registered 
trade-mark of The Linde Air Products Com- 
pany, a Unit of Union Carbide and Carbon 
Corporation. 


_ sl 


we 
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Figure 13. This 13.88 ct non-nacreous pearl exhibits 
some interesting surface and internal structures. 
Photo by N. Sturman. 


been documented previously to our knowledge. At higher 
magnification, dendritic inclusions were also seen; some 
of these were surrounded by what appeared to be fluid- 
filled bubbles (figure 12). Although dendritic inclusions are 
common in opals, it is unusual for them to be encased in 
such a fashion. A similar inclusion in an opal was illustrat- 
ed by E. J. Gtibelin and J. I. Koivula (Photoatlas of 
Inclusions in Gemstones, Vol. 2, Opinio Publishers, Basel, 
Switzerland, 2005, p. 492). 

Although fire opal is known from many localities, 
especially Mexico and Brazil, the client did not know the 
source of this carving. Large specimens of fire opal, but 
with a much darker color, also have been reported from 
Juniper Ridge, Oregon (see Spring 2003 Gem News 
International, pp. 55-56). The carving documented in the 
present entry was exceptional due to its large size com- 
bined with its attractive color and translucency. In addi- 
tion, despite the tendency of some fire opal to crack or 
“craze,” this carving showed no evidence of such damage. 

Gagan Choudhary (gtl@gjepcindia.com) 
and Mustaqeem Khan 
Gem Testing Laboratory, Jaipur, India 


An unusually translucent non-nacreous pearl. Approxi- 
mately 95% of the work submitted to the Gem & Pearl 
Testing Laboratory of Bahrain is pearl related. Hence, it is 
no surprise that from time to time a particularly interesting 
pearl makes its way to our laboratory. Such was the case 
with the 13.88 ct unevenly colored brown to dark brown 
non-nacreous pearl in figure 13. This specimen measured 
14.46-14.73 x 10.58 mm and exhibited moderate-to-signifi- 
cant surface-reaching cracks. It was obtained in India by a 
client who noticed the sample’s unusual translucency 
when viewed with a strong light source (figure 14), creating 
suspicion that the item might not be a pearl. 

X-radiography revealed a distinct radial structure (fig- 
ure 15), which in our experience is quite typical of some 
non-nacreous pearls, with a much less defined concentric 
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Figure 14. When viewed with a fiber-optic light, the 
pearl in figure 13 had unusual translucency. Photo by 
N. Sturman. 


structure following the exterior button shape. In general, 
the absence of large amounts of organic material (i.e. con- 
chiolin) within the structure of non-nacreous pearls is the 
reason for the poorly defined concentric structure in such 
X-radiographs. However, this is not always the case, and 
obvious concentric structures may be observed in some 
non-nacreous pearls. Likewise, the prominence of the radi- 
al crystalline structure in X-radiographs may vary from 
pearl to pearl. 

Microscopic observation showed that the pearl’s radial 
columnar structure was manifested on its surface as a cel- 
lular pattern that was readily apparent with both transmit- 
ted and overhead fluorescent light (figure 16). The trans- 
mitted-light pattern varied slightly with orientation, but 
the form was consistent overall. Such patterns are typical 
of many non-nacreous pearls we have previously seen. 


Figure 15. The X-radiograph of the non-nacreous pearl 
revealed a fine radial structure. 
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in both transmitted (left) and overhead fluorescent (right) light. Photomicrographs by N. Sturman; magnified 40x. 


Exposure to long-wave UV radiation produced a moderate 
chalky “mustard”-yellow fluorescence, similar to what we 
have noted before, although fluorescence reactions in non- 
nacreous pearls are variable. The fluorescence, together 
with other visual observations, led us to believe that no 
artificial coloration was present, and a report was issued 
accordingly. Although we have seen pearls with a similar 
surface structure, we had never seen one as translucent as 
this sample. 

Coincidentally, a group of similar looking non-nacreous 
pearls (~2-5 ct) were submitted to our laboratory shortly 
before this entry was finalized for publication. Their visual 
features were consistent with those reported above for the 
13.88 ct pearl. We used our newly installed Renishaw inVia 
Raman spectrometer, equipped with a CCD-Peltier detec- 
tor and argon-ion laser (514 nm), to analyze the spectra of 
the columnar structures where they intersected the sur- 
face. Raman peaks at 1087, 712, and 282 cm~! matched the 
most prominent peaks of a calcite sample from our refer- 
ence collection, and were also consistent with information 
in the literature on differentiating calcite from aragonite in 
pearls (e.g., see K. Scarratt and H. Hanni, “Pearls from the 
lion’s paw scallop,” Journal of Gemmology, Vol. 29, No. 4, 
2004, pp. 193-203). We therefore concluded that these 
pearls, like the earlier one, were formed of calcite rather 
than aragonite, as would be expected for such columnar 
structured non-nacreous pearls. 

Nick Sturman (nick@commerce.gov.bh) 
and Ali Al-Attawi 

Gem & Pearl Testing Laboratory 
Manama, Kingdom of Bahrain 


A possible diamond inclusion in quartz from Diamantina, 
Brazil. Quartz has more recorded inclusions than any 
other mineral, and rock crystal quartz with interesting 
inclusions is a popular collector’s stone. One long-held 
dream of this (and likely every) collector is finding an 
example of quartz containing a diamond inclusion. 
Although this possibility seems unlikely considering the 
geologic origins of diamond, a report published several 
decades ago mentioned three diamonds embedded in 
Brazilian quartz crystals—one from Bahia and two from 
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Minas Gerais—but did not report their dimensions or 
other details (W. D. Johnson and R. D. Butler, “Quartz 
crystal in Brazil,” Bulletin of the Geological Society of 
America, Vol. 57, No. 7, 1946, pp. 601-650). The current 
whereabouts of those crystals are unknown. 

When considering a possible occurrence of diamond in 
quartz, a probable source is the area around Diamantina in 
northern Minas Gerais. Diamonds were first discovered 
there in 1725, and they are still mined today on a small 
scale. The diamonds are found in sedimentary rocks (con- 
glomerates), as well as in younger reworked alluvial and 
eluvial deposits. This same area is also perhaps the world’s 
largest producer of collectible transparent quartz with 
inclusions, and many tons of polished and faceted quartz 
(mostly with muscovite, chlorite, and rutile inclusions) are 
produced from Diamantina crystals every year. This mate- 
rial comes from Alpine-type (hydrothermal) veins that are 
hosted by quartzite. The quartzite formed via regional 
metamorphism of sandstone (the same event also meta- 
morphosed the conglomerates), and fractures in the 


Figure 17. This quartz crystal (7 cm long) from 
Diamantina, Brazil, contains an inclusion that 
appears to be a diamond. Photo by J. Hyrsl. 
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quartzite were subsequently filled with veins of low-tem- 
perature hydrothermal quartz. In this environment, it 
seems possible (although not likely) that a diamond crystal 
derived from the conglomerates could have been weath- 
ered-out into alluvial sands that were later metamor- 
phosed into quartzites and then protogenetically incorpo- 
rated into the cross-cutting quartz veins. 

While in Brazil in June 2006, this contributor 
encountered a well-formed quartz crystal from the 
Diamantina area that contained an inclusion strongly 
resembling diamond (figure 17). The sample measured 7 
cm long, and several millimeters under the surface it 
contained a hexoctahedral crystal (~6 mm) with an asso- 
ciated layer of light green fine-grained micaceous mate- 
rial (probably chlorite or Cr-bearing muscovite). The 
included crystal was very pale yellow and showed an 
adamantine appearance (figure 18), as is typical of dia- 
mond. The large difference in refractive indices between 
the inclusion and its quartz host (as would be expected 
for a diamond inclusion) made the included crystal’s sur- 
face appear mirror-like, although its transparency was 
evident with a strong focused light source. The surface 
of the crystal was covered by small trigons, a typical fea- 
ture for natural diamond crystals. 

The author had only about 30 minutes to study the 
sample, and did not have access to advanced analytical 
techniques such as Raman spectroscopy that would be 
needed to confirm the identity of the inclusion as dia- 
mond. Nevertheless, all of the observed properties support 
this extremely rare occurrence, and a very close examina- 
tion of the sample did not reveal any features indicating 
that it was manufactured. Unfortunately, the astronomic 
price of this piece reserved it for wealthy collectors only. 

Jaroslav Hyrsl 


Figure 18. A closer view of the quartz inclusion (~6 
mm in diameter) shows the hexoctahedral form and 
adamantine appearance that are typical of diamond. 
Photo by J. Hyrsl. 


GEM NEWS INTERNATIONAL 


Figure 19. Depending on the viewing angle or the 
location of the light source, several subtle chatoyant 
bands can be seen in this 44.85 ct quartz cabochon 
from Brazil (shown in three different viewing posi- 
tions). In the center, the cabochon is seen face-up 
with the light source perpendicular to the dome. The 
views on the left and right show the effects of moving 
the light source and tilting the stone, respectively. 
Photos by T. Hainschwang. 


An unusual type of phenomenal quartz. This contributor 
recently examined five quartz cabochons (44.85-220.67 ct; 
e.g., figure 19) that displayed a weak cat’s-eye or star effect 
when viewed in different orientations. According to the 
owner of the samples, the rough material was found in 
Brazil, but the precise location is not known. 

With the light source directly overhead, each sample 
showed a subtle vertical ray that had—on closer examina- 
tion—an additional, even weaker ray apparent at an angle 
of ~90° to the main chatoyant band (figure 19, center). 
When the samples were tilted or the light source was 
moved, four more rays became visible (figure 19, left and 
right). The samples could thus be called 2-ray (face up) or 
6-ray star quartz, even though the appearance of these rays 
was quite unusual. 

In all the cabochons, a dense aggregation of inclusions 
was present only at or near the base, while the top of the 
domes consisted of transparent colorless quartz. The inclu- 
sions were clearly responsible for the chatoyancy/asterism. 
Examination with magnification indicated that they were 
members of the chlorite group, and this was confirmed by 
specular reflectance infrared spectroscopy. The inclusions 
formed foliated worm-like aggregates, which is quite char- 
acteristic of the ripidolite variety of chlorite. For the most 
part, the chlorite-group mineral inclusions were pink to 
purple-red, with only small areas showing the more com- 
mon green color (figure 20). Pink to red is mentioned in 
several references as a possible color of chlorite-group min- 
erals, although it is much less common than green. 
Interestingly, the chatoyant bands were created by light 
reflecting only from the pink-to-red inclusions; the rays 
were interrupted wherever the green material was present. 
This was apparently due to the lower surface luster of the 
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Figure 20. The unusual phenomenal behavior shown 
by the quartz cabochons proved to be caused by light 
reflecting from foliated worm-like aggregates of a 
pink to purple-red chlorite-group mineral. The green 
chloritic inclusions were apparently not responsible 
for the chatoyant behavior because of their lower sur- 
face luster. Photomicrograph by T. Hainschwang; 
field of view 1.8 mm. 


green inclusions (as seen in figure 20); this distinct differ- 
ence in luster suggests that the pink and green inclusions 
are different minerals of the chlorite group, rather than the 
same mineral with different coloration. 

Star quartz has been known for more than a century, 
and most colorless material originates from Sri Lanka, 
while star rose quartz is known from various localities (e.g., 
Madagascar). Both phenomena are generally caused by fine 
included needles, which have been identified as rutile 
(especially in rose quartz), sillimanite, and dumortierite (see 
K. Schmetzer and M. Glas, “Multi-star quartzes from Sri 
Lanka,” Journal of Gemmology, Vol. 28, No. 6, 2003, pp. 
321-332). Schmetzer and Glas (2003) discussed quartz that 
showed up to five different groups of needle-like inclusions, 
resulting in up to 18 intersecting light bands. 

All known star patterns in gems are caused by crystallo- 
graphically oriented epigenetic needle-like inclusions that 
are formed by exsolution processes. In the present samples, 
however, the chatoyancy/asterism is apparently due to chlo- 
ritic inclusions that pre-dated (or mostly so) the growth of 
the quartz (i.e., they are protogenetic). It is most unusual 
that irregular chloritic inclusions that do not form crystallo- 
graphically oriented aggregates could cause the phenomenal 
behavior. The weakness of the rays made it impossible to 
determine from which faces of the chloritic inclusions the 
chatoyant bands were reflected, and therefore the precise 
mechanism for this interesting behavior remains a mystery. 

Thomas Hainschwang 

(thomas. hainschwang@gemlab.net) 
GEMLAB Gemmological Laboratory 
Ruggell, Liechtenstein 
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A new gemstone from Italy: “Violan quartz.” Violan is a 
mineralogically obsolete term for violet-to-blue, Mn-bear- 
ing diopside and omphacite. The Praborna mine, near 
Saint-Marcel, Aosta Valley, northern Italy, is one of the 
only known localities for this type of clinopyroxene (A. 
Mottana et al., “Violan revisited: Mn-bearing omphacite 
and diopside,” Tschermaks Mineralogische und Petro- 
graphische Meitteilungen, Vol. 26, No. 3, 1979, pp. 
187-201), which occurs in euhedral crystals and massive 
lamellar-to-fibrous aggregates. Violan” is also known from 
southern Baffin Island, Nunavut, Canada, where it is found 
as massive aggregates in calc-silicate lenses (C. D. K. Herd 
et al., “Violet-colored diopside from southern Baffin Island, 
Nunavut, Canada,” Canadian Mineralogist, Vol. 38, 2000, 
pp. 1193-1199). The attraction of “violan” as a collectable 
mineral stems from its rarity and deep violet color, which 
may range into blue (presumably due to the presence of 
both Mn?* and Mn**; Mottana et al., 1979). 

At the Verona Mineral Show in May 2007, an Italian 
geologist had two pear-shaped cabochons of colorless 
quartz with violet inclusions (12 and 20.5 ct; e.g., figure 21) 
that were sourced from a newly discovered quartz-rich 
vein in the Aosta Valley. A few tens of kilograms of gem- 
quality rough were available, and further production is 
expected as mining proceeds. 

Standard gemological techniques and electron-micro- 
probe analyses were used to characterize both cabochons. 
The gemological data identified the pieces as quartz: 


Figure 21. This 12 ct quartz cabochon contains deep 
violet and bluish violet inclusions of “violan” (Mn- 
bearing diopside and omphacite). Photo by M. Macri. 
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Figure 22. This backscattered electron image shows a 
polymineralic inclusion in the quartz cabochon that 
consists of “violan,” Mn oxide (romanéchite), and Mn- 
rich piemontite-Sr. Image collected by M. Serracino. 


color—colorless; diaphaneity—transparent to milky; spot 
RI—1.54; and SG—2.67. The samples contained conspic- 
uous deep violet and bluish violet mineral inclusions that 
were 0.1-1 mm in diameter. Rare opaque black and 
translucent red inclusions also were present. 

The violet inclusions were identified as “violan” using 
a Cameca SX-50 electron microprobe (accelerating voltage 
of 15 kV and sample current of 15 nA) at IGAG-CNR 
(Istituto di Geologia Ambientale e Geoingegneria— 
Consiglio Nazionale Delle Ricerche}, Rome, Italy. Other 
inclusions present in smaller amounts were black Mn 
oxide (romanéchite) and red Mn-rich piemontite-Sr, a 
mineral of the epidote group (figure 22). Chemical analyses 
of the various inclusions are reported in table 1. 


TABLE 1. Electron-microprobe analyses of inclusions in a 
cabochon of violan quartz from Aosta Valley, northern Italy.2 


Oxide (wt.%) “Violan” Romanéchite Piemontite-Sr 
No. analyses 7 1 4 

SiO, 55.10-57.00 0.14 32.80-34.29 
TiO, 0.05-0.17 0.75 nd-0.05 
A\,O3 1.17-8.76 0.25 8.64-14.32 
Cr,03 nd nd nd-0.05 
MgO 7.61-12.43 0.01 nd-0.04 
CaO 11.20-18.18 nd 11.47-14.91 
MnO 4.92-6.20 72.54 22.22-28.71 
FeO 2.72-4.94 nd 0.20-0.45 
SrO nd nd 10.87-15.66 
BaO nd-0.06 17.68 nd-0.45 
Na,O 3.60-8.19 0.07 nd-0.03 
K,O nd-0.04 nd nd 
Total 98.76-100.85 91.42 96.93-97.88 


4 Abbreviation: nd=not detected. 
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To the best of our knowledge, this is the first occur- 
rence of “violan” in quartz, and thus further enriches the 
gallery of known quartz inclusions (e.g., J. Hyrsl and G. 
Niedermayr, Magic World: Inclusions in Quartz, Bode 
Verlag, Haltern, Germany, 2003). This material may be 
interesting for gem collectors and jewelers alike because of 
the attractive color of the inclusions. 

Michele Macri (michele@minerali.it) and Adriana Maras 
DST, Universita di Roma “La Sapienza” 
Rome, Italy 


Fabrizio Troilo 
Istituto Gemmologico Italiano 
Milan, Italy 


Marcello Serracino 
IGAG-CNR, Rome 


New sources of marble-hosted rubies in South Asia. 
Beginning with the 2007 Tucson gem shows, information 
has become available on several new deposits of marble- 
hosted ruby in South Asia. 

At the Tucson Gem & Mineral Society (TGMS) show, 
Dudley Blauwet (Mountain Minerals International, 
Louisville, Colorado) had a bright red ruby crystal embed- 
ded in white marble (figure 23) that reportedly came from 
the Khash district in Badakhshan, Afghanistan. He pur- 
chased the specimen in mid-December 2006 in Peshawar, 
Pakistan, from a Panjshiri dealer. Mr. Blauwet indicated 
that the marble matrix appeared much more granular than 
that typically seen hosting ruby from the well-known 
occurrence at Jegdalek, Afghanistan. He obtained several 
additional ruby specimens from the Khash district while 
in Peshawar in June 2007. 


Figure 23. This marble-hosted ruby specimen report- 
edly was mined in Badakhshan, Afghanistan. The 
ruby is ~2 cm wide. Courtesy of Dudley Blauwet; 
photo by Robert Weldon. 
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Figure 24. The Basha Valley of northern Pakistan is 
the source of these rubies; the 1.09 ct stone was char- 
acterized for this report. Courtesy of Herb Obodda; 
photo by Robert Weldon. 


In May 2007, Herb Obodda loaned GIA rough and cut 
specimens of ruby (figure 24) from a mining area near Bisil 
village in the Basha Valley of northern Pakistan. He 
obtained these samples during a buying trip to Peshawar, 
where he also saw 20 ruby specimens and ~50 carats of 


Figure 25. The Basha Valley rubies are mined from 
marble layers in steep terrain. Photo by 
Dudley Blauwet. 
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Figure 26. The origin of this ruby (1.9 cm wide) is the 
Ahmadabad area in the Hunza Valley of northern 
Pakistan. Gift of Dudley Blauwet, GIA Collection no. 
37127; photo by Robert Weldon. 


faceted stones from this mining area. The faceted rubies 
had been cut in Karachi, and ranged from clean 0.10 ct 
stones to rather included 2 ct pieces. According to Mr. 
Blauwet, this material was first seen on the market in 
2004 with dealers in Skardu, Pakistan, who indicated it 
was from the Shigar Valley (which lies just downstream of 
the Basha Valley). Mr. Blauwet visited the Bisil ruby 
deposit in June 2007, and saw two mining areas located in 
steep mountainous terrain at an elevation of ~2900-—3050 
m (e.g., figure 25). A series of small open cuts explored a 
steeply dipping marble layer that locally contained pale 
blue bands enriched with kyanite. Mr. Blauwet saw a 
rough ruby weighing ~2 g that he estimated could yield a 5 
ct faceted stone, and he obtained 48 g of “mine run” ruby 
rough that he donated to GIA. Raman analysis of the asso- 
ciated minerals by GIA staff gemologist Eric Fritz identi- 
fied calcite (white matrix material), rutile (small black 
grains), a bright green amphibole, and a mica. 

The faceted Basha Valley ruby that Mr. Obodda loaned 
to GIA (1.09 ct; again, see figure 24) was characterized by 
GIA senior staff gemologist Cheryl Wentzell, and the fol- 
lowing properties were obtained: color—purplish red; RI— 
1.762-1.770; birefringence—0.008,; hydrostatic SG—4.00; 
fluorescence—moderate red to long-wave UV radiation, 
and very weak red to short-wave UV; and a typical ruby 
absorption spectrum seen with the desk-model spectro- 
scope. Microscopic examination revealed closely spaced 
repeated lamellar twinning, fractures, “fingerprints,” 
translucent white inclusions on the surface (calcite identi- 
fied by Raman analysis; probably part of the matrix], color- 
less mineral inclusions (magnesite), an elongate metallic 
inclusion (chalcocite), narrow flattened dark brown crys- 
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tals, rare short white needles, cotton-like linear clouds 
intersecting at 60°/120°, and long needles. 

Mr. Blauwet also reported that one of the original ruby 
mining areas in the Hunza Valley, called Ahmadabad, had 
recently been reactivated. During his June 2007 trip to 
Pakistan, he obtained an attractive crystal specimen from 
this locality (figure 26). Drilling and blasting began in July 
2007, shortly before the deposit was visited by Jim Clanin 
(JC Mining, Hebron, Maine). Mining is being done by 
Global Mining Corp. (part of the Shahzad International 
Group of Companies, Islamabad, Pakistan), using a gaso- 
line-powered drill and dynamite. Mr. Clanin indicated 
that the company plans to explore a ruby-bearing marble 
layer that is 2.4 m thick and dips 35-60°. At the time of 
his visit, they were preparing a portal for an underground 
mining operation (figure 27). After obtaining some ruby 
production, the company plans to build a road to the area, 
which will allow them to expand their mining activities. 

Brendan M. Laurs 


Cr/V-bearing green spodumene from Afghanistan. 
Spodumene (LiAI1Si,O,) is a clinopyroxene; its name is 
derived from the Greek spodumenos (“burnt to ash”), in ref- 
erence to the gray/ash-colored, non-gem material that has 
been mined commercially as a source of lithium ore (J. 
Sinkankas, Mineralogy, Van Nostrand Reinhold, New York, 
1964, pp. 494-497). Common colors for gem-quality spo- 
dumene include pink-to-“lilac” (kunzite), pale greenish yel- 
low (triphane}, pale violet-blue, pale green, and colorless. In 
addition, a distinctive chromium-bearing “emerald”-green 
spodumene (hiddenite) is known principally from 
Hiddenite, North Carolina (e.g., M. A. Wise and A. J. 
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Figure 27. Drilling and 
blasting are used to pre- 
pare for an underground 
mining operation at the 
Ahmadabad ruby mine. 
Photo by Jim Clanin. 


Anderson, “The emerald- and spodumene-bearing quartz 
veins of the Rist emerald mine, Hiddenite, North Carolina,” 
Canadian Mineralogist, Vol. 44, 2006, pp. 1529-1541). 

In late 2006, Dudley Blauwet and Herb Obodda 
informed us about a new find of a distinctly green spo- 
dumene in Afghanistan. Mr. Blauwet first encountered this 
material in June 2006 while on a buying trip to Peshawar, 
Pakistan. At that time, local traders did not know the iden- 
tity of the gem rough. It was typically available as small 
cleavage fragments, quite unlike the large well-formed 
crystals of spodumene that are coveted from Afghanistan 
(e.g., L. Natkaniec-Nowak, “Spodumenes from Nuristan, 
Afghanistan,” Australian Gemmologist, Vol. 23, 2007, pp. 
51-57). Farooq Hashmi, who visited Peshawar in June 
2007, saw a 30 kg mixed-quality parcel of the green spo- 
dumene, and another 2 kg lot of higher-quality material; 
most was pale colored but some pieces were “emerald” 
green and appeared pink with the Chelsea filter. The main 
supplier of the spodumene told him that it came from 
“Waigal,” which is several hours’ walk from the village of 
Wadigram in the Nuristan area. It was reportedly found at a 
small digging in a single pegmatite in an area where other 
pegmatites are mined for blue tourmaline and kunzite. 

Mr. Blauwet and Mr. Obodda loaned or donated to GIA 
several pieces of rough and a 1.45 ct faceted sample of the 
green spodumene (e.g., figures 28 and 29). Examination of 
the cut stone gave the following properties: color—light 
green, with no visible pleochroism; RI—1.662-1.678; bire- 
fringence 0.016; hydrostatic SG—3.25; fluorescence—inert 
to long- and short-wave UV radiation; Chelsea filter—weak 
positive reaction (grayish pink), and no absorption lines vis- 
ible with the desk-model spectroscope. These properties 
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Figure 28. This Cr/V-bearing spodumene from 
Afghanistan (1.3 g total weight) ranges from green to 
light yellow-green, and a portion of the green area was 
separated to retain as a reference for fade-testing exper- 
iments. Sunlight exposure for three weeks did not 
cause discernable fading; note that the yellow-green 
portion on the bottom appears relatively pale colored 
due in part to the narrow thickness of the sample in 
that area. Gift of Herb and Monika Obodda, GIA 
Collection no. 36750; photo by Robert Weldon. 


are consistent with those reported for spodumene by J. W. 
Anthony et al. (Handbook of Mineralogy, Vol. 2, Mineral 
Data Publishing, Tucson, AZ, 1995, p. 747), except that the 
SG is slightly higher than published values (3.03-3.23). 
Microscopic examination revealed multiple fractures and 
one long needle-like inclusion. 

Some of the rough samples (e.g., figure 28) showed a 
noticeable gradation from green to yellow-green. Green in 
spodumene can also be produced by artificial irradiation; 
however, the induced color fades when exposed to sun- 
light for a few hours (G. R. Rossman, “Color in gems: The 
new technologies,” Summer 1981 Gems & Gemology, pp. 


Figure 30. UV-Vis absorption spectroscopy of the larger 
sample in figure 28 (thickness of 2-5 mm) showed a 
transmission window at ~420-600 nm that is responsi- 
ble for the green color. This window is more pro- 
nounced in the darkest green portion. 


UV-VIS ABSORPTION SPECTRA 
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Figure 29. This 1.45 ct spodumene was cut from the 
Afghan material. Gift of Dudley Blauwet, GIA 
Collection no. 37118; photo by Robert Weldon. 


60-71; K. Nassau, “Treatments used on spodumene: 
Kunzite and hiddenite,” Colored Stone, Vol. 1, No. 7, 
1988, pp. 16-17). To test the color stability of this Afghan 
spodumene, the rough sample was divided into two pieces, 
the larger portion of which was left in the Southern 
California sun for three weeks. When compared to the 
control portion, it showed no indication of fading (again, 
see figure 28). 

Further testing was conducted to determine the cause 
of color. EDXRF spectroscopy of the cut stone showed 
traces of the chromophoric elements Mn, Fe, Cr, and V. 
Electron-microprobe analyses of a rough sample donated to 
the University of New Orleans by Mr. Blauwet showed an 
average of 0.13 wt.% MnO and 0.02 wt.% FeO (all iron 
expressed as FeO; average of 6 analyses); Cr and V were 
below the detection limits of the instrument. (By compari- 
son, Wise and Anderson [2006] reported up to 0.14 wt.% 
Cr,O, and 0.08 wt.% V,O, in spodumene from Hiddenite, 
North Carolina.) LA-ICP-MS analyses at GIA of another 
rough sample showed systematic variations in Cr and V, 
with the highest amounts measured in the green portions 
of the sample; there were no distinct differences in Fe and 


TABLE 1. LA-ICP-MS analyses of three areas on a 
color-zoned spodumene from Afghanistan.? 


Element (ppm) Green Green Yellow-green 
Fe 6,920 6,770 7,130 
Mn 1,450 1,420 1,530 
Cr 282 256 143 
Vv 72 63 59 


2 Data collected using a Thermo X-Series ICP-MS equipped with a New 
Wave 213 nm laser-ablation sample introduction system. Laser parameters 
were 40 um spot size, 7 Hz repetition rate, 60% power, and 30 second dwell 
time. NIST 610 and 612 glasses were used as standards for calibration, and 
Si was used as the internal standard. 
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Mn content according to color (table 1). The composition of 
the yellow-green portion was similar to data reported for a 
green-yellow spodumene from Afghanistan by Natkaniec- 
Nowak (2007). 

The UV-Vis absorption spectrum of the sample in figure 
29 showed that its coloration was caused by a transmission 
window at ~420-600 nm (figure 30), which is characteristic 
of Cr- + V-bearing spodumene (E. W. Claffy, “Composition, 
tenebrescence and luminescence of spodumene minerals,” 
American Mineralogist, Vol. 38, 1953, pp. 919-931). The 
greener portion of the sample had greater absorbance in the 
550-700 nm region, which in spodumene is attributed to Cr 
and/or V (R. G. Burns, Mineralogical Applications of 
Crystal Field Theory, 2nd ed., Cambridge University Press, 
Cambridge, UK, 1993, pp. 188-189). 

There may be some debate as to whether the Afghan 
samples could be properly referred to as hiddenite. A sur- 
vey of the literature showed that there is no consistent def- 
inition for this variety of spodumene. Although this term 
is typically used to refer to yellow-green to green Cr-bear- 
ing spodumene, it is unclear if the saturation of the green 
color is important to the definition. To our knowledge, Cr- 
bearing spodumene is now known from Brazil, India, 
Siberia, and Afghanistan, in addition to the original area 
near Hiddenite, North Carolina. 

Karen M. Chadwick (karen.chadwick@gia.edu) 
and Andy H. Shen 
GIA Laboratory, Carlsbad 


Brendan M. Laurs 


William B. (Skip) Simmons and Alexander U. Falster 
University of New Orleans, Louisiana 


SYNTHETICS AND SIMULANTS 


Large beryl triplets imitating Colombian emeralds. The 
Dubai Gemstone Laboratory recently received five large 
(~13.6-16.3 ct) transparent green emerald cuts for identifi- 
cation (figure 31). The client who submitted these samples 
prior to purchase had been informed that they were good- 
quality emeralds from Colombia. 

The following gemological properties were obtained: 
RI—n,=1.588-1.596 and n,=1.570-1.578; hydrostatic SG— 
2.69-2.71; fluorescence—inert to both long- and short- 
wave UV radiation; Chelsea filter—green reaction; and a 
smudgy band in the red region of the spectrum seen with a 
desk-model spectroscope. These properties were consis- 
tent with emerald except for the absence of chromium 
lines in the absorption spectra, which prompted a more 
detailed investigation of the cause of color. 

Observation of the samples in profile view with diffused 
transmitted light showed green-appearing crowns and color- 
less pavilions (figure 32), which established that they were 
assemblages. Microscopic examination of both halves 
revealed the two-phase (liquid and gas) inclusions, “finger- 
prints,” and parallel growth tubes that are typical of beryl, as 
well as small flattened, rounded, and irregularly shaped gas 
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Figure 31. These large faceted samples (~13.6-16.3 ct), 
originally represented as Colombian emeralds, proved 
to be beryl triplets composed of two pieces of near-col- 
orless beryl held together by green cement. Photo by 
S. Singbamroong, © Dubai Gemstone Laboratory. 


bubbles along the separation plane in each of the assem- 
blages. Examination with immersion in a direction parallel 
to the girdle plane proved that the samples were triplets 
composed of two pieces of near-colorless beryl (crown and 
pavilion) held together by green cement (figure 33). 


Figure 32. Seen in profile view, with diffused trans- 
mitted light, the assembled nature of this triplet is 
evident. Note also the parallel growth tubes and fin- 
gerprints in both top and bottom pieces of the con- 
struct, which are typical for natural beryl. Photo by 
S. Singbamroong, © Dubai Gemstone Laboratory. 
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Figure 33. Immersion in benzyl benzoate with diffused transmitted light readily revealed the layer of green 
cement in the beryl] triplets. Photos by S. Singbamroong, © Dubai Gemstone Laboratory. 


FTIR spectroscopy performed on all samples (through 
the crown and pavilion) revealed features that were very 
similar to those of some synthetic resins used in the frac- 
ture filling of emerald. 

The properties of these samples are consistent with 
those reported for beryl assemblages that have been pro- 
duced by the firm Kammerling of Idar-Oberstein, Germany, 
since 1966 and marketed under the trade name “Smaryll” 
(see R. Webster, Gems, 5th ed., revised by P. G. Read, 
Butterworth-Heinemann, Oxford, UK, 1994, p. 462). Beryl 
doublets and triplets have been used to imitate emerald 
since the early 20th century; though less common today, 
they continue to show up in the marketplace. 

Sutas Singbamroong (sssutas@dm.gov.ae) 
and Moza Rashed AI Falasi 

Dubai Gemstone Laboratory 

Dubai, United Arab Emirates 


Glass imitation of blue spinel. During a buying trip to 
Peshawar, Pakistan, in late 2004, Farooq Hashmi was 
offered a blue pebble with a waterworn appearance that 
was represented as spinel (figure 34). The piece reportedly 
came from an undisclosed river in northeastern 
Afghanistan. Mr. Hashmi obtained the piece, but its bright 
blue color and “alluvial” nature—both of which would be 
highly unusual for spinel from Afghanistan—caused him 
to doubt its authenticity. 

Examination of the 5.5 g pebble showed the following 
properties: color—blue, with no pleochroism; spot RI— 
1.53; hydrostatic SG—2.48; Chelsea filter reaction—none; 
fluorescence—inert to long-wave, and weak yellow to 
short-wave, UV radiation; and a typical cobalt spectrum 
(absorption bands near 530, 590, and 650 nm) seen with 
the desk-model spectroscope. Microscopic examination 
revealed numerous gas bubbles, flow lines, white “bread- 
crumb” inclusions, and white crystalline masses. These 
properties are consistent with those reported for cobalt- 
bearing glass by G. Bosshart (“Cobalt glass as a lapis imita- 
tion” Winter 1983 Gems & Gemology, pp. 228-231). With 
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only a cursory examination, the devitrified crystalline 
masses in the glass (figure 35) could be mistaken for natu- 
ral inclusions. 

To help supplement GIA’s database of information on 
gem imitations, EDXRF analysis was performed. In addi- 
tion to the expected major amount of Si, there were minor 
amounts of Fe and Ca, as well as traces of Al, K, Ti, Co, 
Zn, and As. These elements are comparable to those docu- 
mented by Bosshart (1983). Even after more than two 
decades, Co-bearing glass imitations are still appearing in 
the gem market. 

Eric A. Fritz 


Figure 34. This 5.5 g pebble was represented as blue 
spinel from a new deposit in Afghanistan, but proved 
to be Co-bearing glass. Gift of Intimate Gems, GIA 
Collection no. 37273; photo by Robert Weldon. 
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sydney Hobart Ball 


It was with extreme sadness that the 
Gemological Institute learned of the death 
of Sydney H. Ball, who passed away sud- 
denly April 8, in his home in New York 
City. He was 71 years of age. 

His knowledge of precious stones and 
the diamond industry, his long and success- 
ful business experience, and his friendly 
interest in all things gemological were gifts 
which he gave gladly and freely. The loss 
of Sydney Ball as a friend 
and advisor of the Gemo- 


in Southwestern Nevada and Southeastern 
California and the product of this reseatch 
was the first accurate topographic and geo- 
logic mapping ever made of Death Valley, 

Early in his career Dr. Ball had made a 
study of Tertiary dikes and Pleistocene 


‘glacial deposits, which for the first time 


recognized the existence of mountain gla- 

ciers of two distinct ages in the so-called 
Front Range. 

In 1907 Dr. Bali be- 

came technical head of a 


prospecting expedition to 


logical Institute and to 


the Belgian Congo. The 


those students who profited 


party found a diamond in 


by his knowledge and con- 
cern will long be felt. 

Since 1933 he was a 
member of the Educa- 
tional Advisory Board of 
the G.J.A. and his review 


of, and work on, the dia- 
mond courses was one of 
the many contributions he 
has made to the Institute. 


the area, which led to the 
opening of the Belgian 
Congo and the Angola dia- 
mond fields. For his ser- 
vice he was named Cheval- 
ter de VOrdre Royal du 
Lion by the late King AI- 


bert I of Belgium; later an 
officer of the order; and in 


He leaves a vacancy on that 


Board which will be diffi- 


January, 1948, Comman- 
deur de l’Ordre de Leopold 


cul to fill, With Dr. Ed- 


I, 


ward Kraus and H. T, 


He was a member and 


Dickinson he was made, in 


former president of the 


1943, one of the three first 


Society of Economic Geol- 


Honorary Members of the 


ogists, former president of 


Gemological Institute. In 


the Mining and Metallur- 


May, 1948 he was a mem- 


gical Engineers, and a 


ber of the first Board of 


governor of the Explorers’ 


Visitors at the G.LA. in 


Club. For many years he 


Los: Angeles. His interest 


also served in a consulta- 


in the work being accom- 
plished was evidenced by 
the thoroughness of his 
three day study of the operation of all 
G.I.A. departments, He was also a member, 
since 1934, of the Examinations Standards 
Board of the G.I.A. He was one of five 
authorities comprising the Editorial Bow 
of Gems and Gemology. 


Born in Chicago, he studied at the Uni- 
versity of Wisconsin, specializing in geol- 
ogy and engineering. Later, while with the 
United States Geological Survey he made ex- 
tensive surveys of Idaho, Colorado, Nevada, 
California, Wyoming and Arizona, with 
much of the information collected still used 
as a guide for prospectors. He was also 
assigned to map geologically a large area 


Sydney H. Ball 


tive capacity for the Societe 
Internationale Forestiere et 
Mintere du Congo, the 
Companhia de Diamantes de Angola, and 
the United States Bureau of Mines. He was 
a founder of the House of Jewels at the 
New York World’s Fair, and a member of 
the Jewelers Publicity Committee. 


A prolific writer in his field, Dr. Ball 
was the author of the Annual Review of the 
Diamond Industry, published by the JEW- 
ELERS CIRCULAR-KEYSTONE, for the 
past 29 years. Since 1934 he contributed 
the chapter on gemstones to the United 
States Bureau of Mines’ Minerals Yearbook, 
He was the author of many reports on the 
mineral resources of western states. In re- 
cent years his writings were largely devoted 


160 


GEMS & GEMOLOGY 


Figure 35. The blue glass pebble contained devitrified 
crystalline masses, which could incorrectly suggest a 
natural origin. Photomicrograph by E. A. Fritz; field 
of view 1.6 mm. 


TREATMENTS 


Dyed greenish blue chalcedony from Brazil. At the 2007 
Tucson gem shows, Ketan Dholakia (J.D.S. Inc., Royal 
Palm Beach, Florida) showed one of us (BML) some bright 
greenish blue dyed chalcedony. Originally bluish gray, the 
chalcedony was reportedly treated in Europe by a new 
method that provides good color stability. Mr. Dohlakia 
indicated that unlike other dyed-blue chalcedony that may 
be susceptible to fading, this new material is stable to 
exposure to sunlight (tested for several months) as well as 
to alcohol and acids. Large pieces (>20 kg) of the bluish 
gray chalcedony are mined from an area in Brazil that is 
near the border between the Paraiba and Rio Grande do 
Norte states. Only small pieces of rough (from the translu- 


Figure 36. This dyed chalcedony (0.82 and 0.71 ct) 
was reportedly treated by a new process in Europe, 
using bluish gray material from Brazil. Gift of Ketan 
Dholakia, GIA Collection no. 36749; photo by 
Robert Weldon. 
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cent-to-transparent areas of the boulders) are treated, to 
ensure that the dye penetrates the entire stone. The mate- 
rial is marketed as “Paraiba chalcedony” because of its 
bright blue color and its source region in Brazil. 

The first batches of this treated chalcedony were 
released in January 2007. In March, Mr. Dohlakia reported 
that he had begun machine cutting smaller pieces, yield- 
ing round brilliants and princess cuts ranging from 2 to 4 
mm (stones <2.5 mm show good transparency). So far, he 
has sold 10,000 carats of machine-cut stones, as well as 
40,000 carats that range from 6 x 4 to 12 x 10 mm. 

Gemological properties were obtained on two faceted 
samples of the treated chalcedony that Mr. Dohlakia 
donated to GIA (figure 36): color—greenish blue; diaphane- 
ity—translucent; RI—1.540 with little to no birefringence 
and 1.541-1.546 (birefringence 0.005); hydrostatic SG— 
2.57 and 2.59; fluorescence—inert to long- and short-wave 
UV radiation; Chelsea filter—yellowish reaction; and two 
absorption bands and a cutoff (at 660 or 690 nm, depending 
on the intensity of the light) were all seen in the red region 
of the spectrum with a desk-model spectroscope. 
Microscopic examination revealed homogeneous interiors 
with no inclusions, although one of the stones did exhibit 
very subtle banding. The properties of these stones are 
comparable to those listed for chalcedony in general by M. 
O'Donoghue (Gems, 6th ed., Butterworth-Heinemann, 
Oxford, UK, 2006, pp. 306-307), except that the range for 
the ordinary ray in that publication is lower (1.530-1.539). 
EDXRE analysis of both samples performed by staff gemol- 
ogist Karen Chadwick detected significant amounts of Co, 
in addition to traces of Cu (which is the cause of color in 
natural chrysocolla chalcedony). UV-Vis spectroscopy did 
not show any features related to Cu, but it did reveal 
absorptions related to Co at 624, 660, and 690 nm. The 
presence of cobalt is consistent with a dye origin for the 
greenish blue color of this material. 

Kimberly M. Rockwell (kim.rockwell@gia.edu) 
GIA Laboratory, Carlsbad 


Brendan M. Laurs 


CONFERENCE REPORTS 


First European Gemmological Symposium: “Presence and 
Future of Gemmology.” Approximately 200 attendees and 
guests celebrated the 75th anniversary of the German 
Gemmological Association at a gemological symposium 
in Idar-Oberstein, Germany, June 22-24, 2007. Extended 
abstracts of the presentations have been published in a 
special issue of Gemmologie: Zeitschrift der Deutschen 
Gemmologischen Gesellschaft (Vol. 56, No. 1/2, 2007); 
descriptions of selected technical presentations are pre- 
sented here. 

Dr. Volker Lorenz (University of Wiirzburg, Germany) 
discussed the geology and future potential of the Argyle 
diamond mine in northern Australia. He cited evidence for 
the formation of diamondiferous lamproite pipes at Argyle 
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and elsewhere in northern Australia during phreatomag- 
matic volcanic eruptions (i.e., involving the contact 
between magma and groundwater). One of the present 
contributors (JES) described recent color coatings on dia- 
monds, as well as the coating of other gem materials 
(including cultured pearls) with colorless “diamond-like 
carbon” thin films, which have so far proved difficult to 
detect with instrumentation typically found in gem-test- 
ing laboratories. Although marketed to allegedly improve 
the appearance and durability of these gem materials, such 
claims about these ultra-thin colorless coatings need to be 
substantiated by further studies. 

Christopher P. Smith (American Gemological Labora- 
tories, New York) described the properties of blue sapphires 
that were initially reported to have been diffusion treated 
with beryllium—but were found to have been surface treat- 
ed with cobalt. A very thin layer (~250 nm) of cobalt alumi- 
nate (Co,Al,O.) produced a blue surface coloration that 
appeared mottled when viewed with magnification and 
showed three distinctive broad absorption bands, at ~550, 
585, and 625 nm. Dr. Henry Hanni (SSEF Swiss Gem- 
mological Institute, Basel) reviewed modern pearl testing 
techniques, which employ X-ray imaging and lumines- 
cence, EDXRF, UV-Vis-NIR, and Raman spectroscopy, 
scanning electron microscopy, and LA-ICP-MS. Another of 
these contributors (JIK) discussed how inclusions can pro- 
vide unique information on a gem’s identity and origin, and 
described some of the challenges encountered when the 
gemologist must rely on nondestructive analytical meth- 
ods for their identification. 

Dr. Dietmar Schwarz (Giibelin Gem Lab, Lucerne, 
Switzerland) described the geologic settings and condi- 
tions of formation at a number of marble-hosted ruby 
deposits located between Afghanistan and Myanmar. 
These deposits are related to major geologic structures 
associated with the collision of the Indian and Eurasian 
continental plates. The rubies apparently formed by meta- 
morphism of sediments containing evaporates; F and Cl 
in these layers acted to concentrate Al from the marbles 
for corundum formation. Dr. Pornsawat Wathanakul 
(Gem and Jewelry Institute of Thailand, Bangkok) report- 
ed on gem corundum from the Nam Khun—Nam Yuen 
area in Ubon Ratchathani Province, Thailand. Blue-green- 
yellow varieties of sapphire are recovered from alluvial 
sediments; violet-red rubies are much less common. The 
sapphires contain few inclusions, but typically display 
color zoning; heat treatment produces greenish yellow to 
yellow colors. Dr. Hanco Zwaan (Netherlands Gem- 
mological Laboratory, Leiden) reviewed the theories of 
emerald origin in several geologic environments. He went 
on to describe the formation of emeralds at Sandawana, 
Zimbabwe, as the result of metamorphism along the con- 
tact of ultramafic rocks and pegmatites during a major 
deformation event that involved magmatic-hydrothermal 
activity and shearing. New gemological data on both 
emerald and alexandrite from the Malysheva mine near 
Ekaterinburg in the Ural Mountains, Russia, were sum- 
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marized by Dr. Lore Kiefert (AGTA Gemological Testing 
Center, New York). Dr. Margherita Superchi (CISGEM, 
Milan, Italy) reported on the composition and Raman 
spectra of multicolored tourmalines from the Sahatany 
and Betafo areas in central Madagascar; the tourmalines 
were found to be predominantly liddicoatite. Dr. Herbert 
Roeser (University of Ouro Preto, Brazil) described recent 
work on the heat treatment of Brazilian beryls. A change 
or homogenization of beryl color was achieved by heating 
samples for 1-2 hours at temperatures of 350-900°C. The 
color changes were green to blue, yellow to blue or color- 
less, and pink to colorless. Beryl is not suitable for a color 
diffusion treatment that requires exposure to higher tem- 
peratures for longer periods of time, but it can be colored 
by a surface coating. 
James E. Shigley (jshigley@gia.edu) 
GIA Research, Carlsbad 


John I. Koivula 
GIA Laboratory, Carlsbad 


30th International Gemmological Conference. Over 100 
delegates, observers, and guests participated in the 30th 
IGC, July 15-19, 2007, at the Russian Academy of Sciences 
in Moscow. Highlights of some of the approximately 90 
oral and poster presentations made during the conference 
are summarized here. 

Dr. Nikolai Bezmen (Institute of Experimental Miner- 
alogy, Chernogolovka, Russia), reported that slight 
improvements in the color grades of near-colorless gem dia- 
monds could be obtained by apparently altering the state of 
their nitrogen impurities (using “hydrogen high diffusive 
mobility”) and thereby reducing the yellow coloration. 
Progress in the long-standing effort to distinguish between 
natural and laboratory irradiation when assessing the color 
of green diamonds was reported by George Bosshart 
(Horgen-Ztirich, Switzerland). A shallow green surface col- 
oration on diamond crystals may be caused by natural 
exposure to alpha particles emitted by several radionuclides 
(8U, 2Th, Rn, and ?°Rn), while the much rarer green 
bodycolor is the result of natural gamma and possibly beta 
irradiation. A. V. Buzmakov (Institute of Crystallography, 
Moscow) described a three-dimensional X-ray tomography 
system that could be used to investigate the inclusions in 
opaque, fibrous diamond crystals. John Chapman (Rio 
Tinto Diamonds, Perth, Australia) reviewed the means of 
distinguishing natural, treated, and synthetic pink dia- 
monds. He emphasized the particular difficulty presented 
by pink surface-colored diamonds, especially in small sizes. 
Dr. Maya Kopylova (University of British Columbia, 
Vancouver, Canada) discussed the properties (crystal shape, 
mineral inclusions, and infrared spectra) and inferred geo- 
logic conditions of formation (i.e., at depths of 160-200 km 
about 1.8 billion years ago from a source that contained a 
substantial contribution of carbon of crustal origin) of the 
eclogitic diamonds from the Jericho kimberlite in the 
Northwest Territories. Dr. A. A. Marakushev (Institute of 
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Experimental Mineralogy) described the conditions of for- 
mation that result in very large diamond crystals, and sug- 
gested that periods of recrystallization could contribute to 
their growth. 

Dr. Ichiro Sunagawa (Tachikawa, Japan) discussed dif- 
ferences in diamond growth in natural and laboratory 
environments as evidenced by crystal morphology and sur- 
face features. Characteristics indicative of this difference 
in growth environment include crystal shape, internal 
growth sector structure, and perfection of crystal faces and 
edges. In contrast to synthetic diamonds, natural dia- 
monds undergo deformation and dissolution processes 
during their long residence time in the mantle and subse- 
quent eruption to the earth’s surface. The identification of 
small yellow synthetic diamonds found mixed with natu- 
ral-color diamonds in commercial pieces of jewelry in 
Japan was discussed by Hiroshi Kitawaki (Gemmological 
Association of All Japan, Tokyo). Dr. Victor Vins (New 
Diamonds of Siberia Ltd., Novosibirsk) reviewed the 
methods used in irradiation or HPHT annealing to change 
the color of diamonds. In a study of HPHT-treated brown- 
ish or greenish yellow and yellowish green diamonds pro- 
duced by the Ijin Co. in Korea, Boontawee Sriprasert 
(Department of Mineral Resources, Bangkok) reported on 
photoluminescence features by which they can be identi- 
fied (e.g., peaks at 637, 578 and 575 nm, with the 637/575 
ratio being greater than 1). 

In two presentations, Dr. Carlo Aurisicchio (Instituto 
de Geoscienze e Georisorse, Rome) described how a com- 
bination of chemical composition data obtained by the 
electron microprobe and secondary ion mass spectrome- 
try techniques, along with gemological properties, could 
be used to determine the geographic origin of emeralds 
found in ancient pieces of jewelry. Dr. Olga Balitskaya 
(Russian State Geological Prospecting University, 
Moscow) presented a genetic gemological classification 
of natural, treated, and synthetic quartz. Dr. Vladimir 
Balitsky (Institute of Experimental Mineralogy) summa- 
rized the current production of treated gems (by irradia- 
tion, heating, diffusion, coatings, dyeing, and impregna- 
tion) and more than 30 synthetic gem materials from 
Russia. T. V. Bgasheva (Mendeleyev University of 
Chemical Technology, Moscow) described heating exper- 
iments—1100-1400°C, using mainly reducing atmo- 
spheres—conducted to reduce the orange component in 
Cr-Fe orange-red sapphires. Dr. Aleksandr Bulatov 
(Institute of Biochemical Physics, Moscow) reviewed the 
production and technological uses in Russia of silicon 
carbide (synthetic moissanite]. Nantharat Bunnag 
(Chiang Mai University, Thailand) reported that the dark 
core in some rubies from Mong Hsu, Myanmar, has a 
chemical composition corresponding to eskolaite (Cr,O,), 
which forms a solid solution with corundum. Dr. Henry 
Hanni (SSEF Swiss Gemmological Institute, Basel) 
reviewed the current heating and filling treatments of 
ruby and sapphire, and the gemological means available 
to recognize them. 
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Figure 37. In a process referred to as chromophore 
cannibalization, the color of this blue sapphire is 
bleached directly adjacent to the parallel needle-like 
inclusions, indicating that the inclusions possessed a 
higher affinity for the chromophoric elements (Fe and 
Ti) than their sapphire host. This provides proof that 
the host sapphire is of natural color and that no heat 
treatment has taken place. Photomicrograph by J. I. 
Koivula; field of view 1.1 mm. 


Dr. P. V. Ivannikov (Lomonosov Moscow State Uni- 
versity) reviewed the limitations and advantages of color 
cathodoluminescence in gem identification. It is especially 
helpful when used in conjunction with a scanning electron 
microscope to identify the causes of this luminescence. 
One of these contributors (JIK) discussed evidence for both 
chromophore diffusion and infusion (“cannibalization”), 
where inclusions interact with their host gemstone to 
redistribute color-causing trace elements (figure 37). 
Efforts to improve the production of synthetic opal with 
natural-looking play-of-color patches were reviewed by Dr. 
V. M. Masalov (Macreol Ltd., Chernogolovka). Dr. V. N. 
Matrosov (Belarussian State Technical University, Minsk) 
described the growth, properties, and uses of synthetic 
alexandrite. Dr. Visut Pisutha-Arond (Gem and Jewelry 
Institute of Thailand, Bangkok) described an unusual sap- 
phire+hercynite+nepheline+zircon mineral assemblage 
from Kanchanaburi, Thailand. One of these contributors 
(REK) provided a preliminary report on the sapphires from 
Tasmania, Australia. Once the Scotia mine is fully opera- 
tional, the Australian-U.S. joint venture expects to pro- 
duce 250 kg of corundum per month. Y. B. Shapovalov 
(Institute of Experimental Mineralogy) reported on contin- 
uing experiments to synthesize gem-quality tourmaline in 
the laboratory by producing thin layers (less than 0.5 mm) 
of dark-colored material on natural elbaite seed crystals. 

In separate presentations, Dr. Pornsawat Wathanakul 
(Gem and Jewelry Institute of Thailand) and one of these 
contributors (SFM) discussed evidence for the natural occur- 
rence of trace amounts of beryllium associated with clouds 
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of tiny inclusions in blue sapphires from Madagascar and Sri 
Lanka (up to 18 ppm and 13 ppm, respectively). Dr. Michael 
Krzemnicki (SSEF Swiss Gemmological Institute) reviewed 
the use of both the LIBS and LA-ICP-MS techniques for the 
chemical distinction of various colored stones and pearls. 
Dr. Boris Shmakin (Institute of Geochemistry, Russian 
Academy of Sciences, Irkutsk, Russia) described occur- 
rences of amazonite feldspar in eastern Siberia at 
Slyudyanka, Priolkhonye, and Etyka. Elisabeth Strack 
(Gemmologisches Institut, Hamburg, Germany) described 
emeralds in jewelry objects of Mogul origin (mid-1700s) in 
the State Hermitage Museum in St. Petersburg, and present- 
ed evidence that suggests these emeralds were from 
Colombia. Dr. Lin Sutherland (Australian Museum, Sydney) 
indicated that gem corundum from the Mercaderes—Rio 
Mayo area in Colombia formed by crystallization of 
hydrous metasomatic fluids associated with Late Cenozoic 
Andean volcanism. Dr. Chakkaphant Sutthirat (Gem and 
Jewelry Institute of Thailand) discussed what appear to be 
two different geologic origins for rubies and sapphires from 
deposits in Thailand. In both instances, the corundum 
appears to have formed in particular layers within the upper 
mantle or crust prior to being transported to the surface by 
basaltic volcanism. Theerapongs Thanasuthipitak (Chiang 
Mai University) described the mineral composition of inclu- 
sions in blue sapphires from the Bo Ploi region of 
Kanchanaburi. These inclusions consist of several types of 
spinels along with pyrochlore, ilmenorutile, baddeleyite, 
and possibly other minerals. 

E. A. Akhmetshin (Mendeleyev University of Chemical 
Technology, Moscow) reported on the chemical treatment 
of cultured pearls using cationic dyes that interact with 
their organic components to produce a range of colors with 
a uniform appearance. 

The 31st IGC conference is planned for 2009 in 
Tanzania. 

James E. Shigley, John I. Koivula, and Shane F. McClure 


Robert E. Kane 
Fine Gems International 
Helena, Montana 


“Diamonds in Kimberley” symposium. Approximately 
350 people attended this symposium in Kimberley, South 
Africa, hosted by the Geological Society of South Africa on 
August 23-25, 2007. A main topic of discussion was allu- 
vial diamond deposits of the Vaal and Orange rivers, 
which are mined by relatively small companies. 

The formal presentations were opened by Jerry 
Mndaweni, of the Department of Minerals & Energy, 
Northern Cape Province, which is where Kimberley and 
many other pipe and alluvial deposits are located. He 
stressed the willingness of the government to facilitate the 
development of mines within the framework of the “new 
order” (i.e., mining licenses applied for after May 2004, 
when the new mining law came into effect, require pro- 
jects to have a Black Economic Empowerment partner 
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with at least 26% equity that is not free carried). André 
Fourie (De Beers Consolidated Mines, Kimberley) dis- 
cussed recent changes at some De Beers properties, includ- 
ing the closure of their three Kimberley mines in the past 
few years, the sale of the Koffiefontein mine to Petra 
Diamonds, and the sale of a 26% equity in De Beers 
Consolidated Mines to Ponohalo Holdings (a Black 
Economic Empowerment group). He also described two 
new ventures: reopening of the Voorspoed mine (Free State 
Province) and launching of the new vessel Peace in Africa, 
which will mine ocean floor deposits off the coast of 
Namaqualand. Gavin Armstrong (Gondwanaland 
Diamonds, Kimberley), Petrus Wolmarans (Impulelo 
Technologies, Honeydew, South Africa), and Ian Downie 
(i to i Technologies, Stellenbosch, South Africa) discussed 
recent improvements in diamond recovery plants, includ- 
ing re-treating old tailings dumps. Processing tailings and 
developing or reopening alluvial deposits have much faster 
lead-in times (1-2 years) compared to developing primary 
pipe deposits (8—10 years). 

Among the many excellent presentations on the sec- 
ond day, Norman Lock (Mineral Exploration and 
Evaluation Specialists [MSA], Parkhurst, South Africa) dis- 
cussed differences in evaluating two pipe deposits: the 
Jwaneng pipe in Botswana, which required drilling through 
a 45 m overburden of Kalahari sands, and the Argyle pipe, 
which was exposed on the surface and could be evaluated 
by many shallow drill holes and the use of microdiamond 
(0.1-0.8 mm) to macrodiamond ratio diagrams. Dr. 
Herman Grutter (BHP Billiton, Vancouver, Canada) dis- 
cussed new techniques for evaluating kimberlites in 
Canada using the thermobarometry of garnet and clinopy- 
roxene; the latter is now considered a significant diamond 
indicator mineral, along with garnet, ilmenite, and 
chromite. 

Dr. John Bristow (Rockwell Diamond Inc., Houghton, 
South Africa) gave a detailed review of alluvial deposits of 
the lower Vaal and middle Orange rivers, where many 
100+ ct diamonds have been recovered from terraces and 
paleochannels up to 120 m above the present water level 
of the Vaal River. Mining is still taking place in areas 
where underlying gravels are buried under a hard calcrete 
cap that could not be penetrated by early diggers. Dr. 
Bristow concluded that compared to pipes, alluvial 
deposits present greater uncertainties with respect to con- 
tinuity, grade, price consistency, and resource evaluation. 

The symposium was preceded by a one-day field trip to 
the LetSeng diamond mine in Lesotho. The LetSeng mine 
is the world’s highest altitude (3,100 m) and lowest-grade 
(1.5-2 cpht) diamond deposit, with the highest quality and 
largest average diamond size (>$1,200/ct). It has produced 
18 diamonds >100 ct since the mine was resurrected in 
2003. Stones of this size make up 2% of production, 10.8+ 
ct stones account for 14% by weight and 74% by value. 
The first large high-quality diamonds (95, 125, and 215 ct; 
the last sold for $38,000/ct) were recovered in 2003-2004 
from nearby alluvial deposits in the Qaqa River, which 
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drains the LetSeng Main pipe and Satellite pipe (15.9 and 
5.2 ha in size, respectively). Recent production is derived 
from rubble and surface layers of kimberlite in the pipes. 
The quality of the diamonds is exceptional, cutting mainly 
D-Flawless or D-VVS, stones. A recently recovered 603 ct 
type Ila D-color diamond, named the “Lesotho Promise,” 
is the 15th largest rough diamond ever found and sold for 
$20,500/ct. Such high diamond values are unusual for 
kimberlite mines: In general, such pipe diamonds have 
values of $50-200/ct, whereas those from the Vaal and 
Orange River alluvial deposits are $400-1200/ct. 

The symposium concluded with a choice of field trips 
to the MSA indicator mineral laboratory or to nearby his- 
torical diggings, many of which are still operating. 

A. J. A. (Bram) Janse 


Diamond 2007. The 18th European Conference on 
Diamond, Diamond-Like Materials, Carbon Nanotubes, 
and Nitrides was held September 9-14 in Berlin. Topics of 
particular interest to the gemological community included 
the effects of irradiation and high-pressure, high-tempera- 
ture (HPHT) treatments, silicon- and nickel-related optical 
defects, and pink diamond identification. 

Bozidar Butorac and coauthors from King’s College, 
London, presented results from the theoretical modeling of 
defect migration in diamond. The data indicate that 
defects like N-V and N-V-H are energetically very difficult 
to break apart, but they readily combine to form more 
complex structures at high temperatures. These results 
explain many lattice changes produced by HPHT treat- 
ment of gem diamonds. Dr. Igor N. Kupriyanov and coau- 
thors from the Institute of Geology and Mineralogy, 
Novosibirsk, Russia, presented results from HPHT treat- 
ment experiments on mixed type Ib-IaAB and type IIb 
HPHT-grown synthetic diamonds. Their results indicate 
that HPHT annealing at temperatures lower than those 
typically used for treatment (~1800-2100°C) resulted in an 
increase in the concentration of isolated nitrogen and 
platelet defects. HPHT treatment to 2300°C did not affect 
single substitutional boron defects in the type Ib samples. 

J. G. Seo from Hanyang University, Seoul, South 
Korea, and coauthors presented FTIR absorption and pho- 
toluminescence spectra of natural diamonds that were 
subjected to electron-beam radiation of varying intensity. 
Their results indicated that lattice defects associated with 
isolated nitrogen increased more than those located near 
aggregated nitrogen atoms due to differences in lattice 
bond energies. Rolando Larico and coauthors from the 
University of Sao Paulo, Brazil, introduced models of sev- 
eral possible configurations for nickel-nitrogen defects in 
diamond. 

Dr. James Rabeau from Macquarie University, New 
South Wales, Australia, discussed single color centers (N-V, 
Si-V, and Ni) in CVD synthetic diamond and the nature of 
their occurrence. This contributor and coauthors discussed 
several natural colorless type Ia and type I gem diamonds 
that contained the Si-V defect center (737 nm), a feature pre- 
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viously reported only from CVD-grown synthetic diamond. 
Dr. M. D. Sastry from the Gemmological Institute of 
India, Mumbai, and coauthors described photolumines- 
cence features in heavily irradiated and annealed pink dia- 
monds. Branko Deljanin and coauthors from the European 
Gemological Laboratory, Vancouver, Canada, summarized 
methods (including fluorescence, spectroscopy, and electri- 
cal conductivity) for separating natural, synthetic, irradiat- 
ed and HPHT-treated, and surface-coated gem-quality pink 
diamonds. He discussed the Cross-referencing Identi- 
fication System (“CIS”) fluorescent method, involving 
micro-imaging of long- and short-wave UV fluorescence, 
as an effective tool for screening pink diamonds, particu- 
larly melee and those stones set in jewelry. 
Christopher M. Breeding 


ANNOUNCEMENTS 


Visit Gems &) Gemology in Tucson. Meet the editors and 
take advantage of special offers on subscriptions and back 
issues at the G#G booth in the publicly accessible Galleria 
section (middle floor) of the Tucson Convention Center dur- 
ing the AGTA show, February 6-11, 2007. GIA Education’s 
traveling Extension classes will offer hands-on training in 
Tucson with “Colored Stone Grading” (February 5-7), 
“Pearls” (February 8), and “Identifying Diamond 
Treatments” and “Identifying Ruby” (February 9). Several 
free seminars will also be offered by GIA staff February 
10-11. To enroll, call 800-421-7250, ext. 4001. Outside the 
U.S. and Canada, call 760-603-4001. The GIA Alumni 
Association will host an auction, dance, and cocktail party 
(with heavy hors d’oeuvres) at the Marriott University Park 
Hotel in Tucson on February 8, starting at 6:30 p.m. To pur- 
chase tickets, call 760-603-4204 or e-mail events@gia.edu. 


MJSA Vision Awards competition. The 2008 Manu- 
facturing Jewelers & Suppliers of America Vision Awards 
Design Competition recognizes designers whose work has 
a profound influence on the future of jewelry design. The 
entry deadline is December 30, and winners will be hon- 
ored on April 13, 2008, at the MJSA Expo New York show. 
For entry forms and more information, call 800-444-6572 
or visit Www.imjsa.org. 


Conferences 

Mineral Exploration Roundup 2008. This international 
conference will take place in Vancouver, British Colum- 
bia, January 28-31. The program will include a short 
course titled “Kimberlites: Geological Principles Relevant 
to Evaluation, Resource Classification and Mining.” Visit 
www.amebc.ca/roundupoverview.htm. 


NAJA Annual Conference. The National Association of 
Jewelry Appraisers is holding its 29th annual Winter 
Educational Conference February 4-5, 2008, during the 
Tucson gem shows. Visit www.najaappraisers.com. 
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Hasselt Diamond Workshop. Held February 25-27, 2008 
at Hasselt University, Diepenbeek—-Hasselt, Belgium, this 
conference will cover a variety of diamond-related research 
subjects. Visit www.imo.uhasselt.be/SBDD2008. 


PDAC 2008. The Prospectors and Developers Association 
of Canada convention will take place March 2-5 in 
Toronto. The technical session will include an update on 
the Canadian diamond industry (including progress at Snap 
Lake and Victor) and a review of current diamond prospect- 
ing in India. Visit www.pdac.ca/pdac/conv. 


Pittcon 2008. The 59th Annual Pittsburgh Conference 
and Exposition on Analytical Chemistry and Applied 
Spectroscopy will be held in New Orleans, Louisiana, 
March 2-6. Among the topics covered will be chemical 
analysis of art objects. Visit www.pittcon.org/technical/ 


index.html. 


Bead Expo. The 2008 International Bead Expo will be held 
in Portland, Oregon, March 27-30. Over 60 workshops 
and educational lectures on bead jewelry design and manu- 
facture are scheduled. Visit www.beadexpo.com. 


BASELWORLD 2008. The BASELWORLD show will be 
held April 3-10 in Basel, Switzerland. During the show, 
Gems & Gemology editor-in-chief Alice Keller will be 
available at the GIA Booth in Hall 2, Stand W23. Visit 
www.baselshow.com, call 800-922-7359, or e-mail 
visitor@baselworld.com. 


Sinkankas Garnet Symposium. Garnet will be featured in 
the sixth annual John Sinkankas Memorial Symposium, 
held April 19, 2008, at GIA in Carlsbad. A variety of 
experts will speak on garnet localities, inclusions, treat- 
ments, appraising, lapidary work, and literature at this all- 
day educational event. E-mail merksjade@cox.net. 


Quebec 2008: GAC-MAC-SEG-SGA. Held May 26-28 in 
Quebec City, Canada, this joint conference organized by 
the Geological Association of Canada, Mineralogical 
Association of Canada, Society of Economic Geologists, 
and the Society for Geology Applied to Mineral Deposits 
will include special sessions on “Diamonds: from Mantle 
to Jewellery” and “Challenges to a Genetic Model for 
Pegmatites,” as well as a short course called “Rough 
Diamond Handling.” Visit www.quebec2008.net. 


Exhibits 

Gemstone Treasures from Namibia. The diversity and 
majesty of Namibia’s gems are presented in a special exhib- 
it at the Deutsches Edelsteinmuseum in Idar-Oberstein 
until December 2, 2007. Visit www.edelsteinmuseum.de/ 
edelsteine_Namibia.htm. 
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Wine and gems in Dijon. “Colour Sparkles: Legendary 
Wines and Gemstones,” a unique exhibition of fine gems 
and fine wines, is being held in the Sciences Garden at 
the Parc de l’Arquebuse, Dijon, France, through 
December 9, 2007. Items from the French National 
Museum of Natural History are on display with wines 
from the great vintners of Burgundy and beyond. The 
exhibit includes both wine tasting and hands-on experi- 
ments in light and color. Visit www.dijon.fr/fiche/ 
eclats-de-couleurspierres-et-vins-de-legende.evt.5604.php. 


Jewelry of Ben Nighthorse. Ben Nighthorse Campbell, 
who represented Colorado in the U.S. Senate from 1992 
through 2004, has enjoyed a successful second career as an 
innovative jewelry designer. This collection of his work, 
which debuted at the Smithsonian Institution’s National 
Museum of the American Indian in 2004, is on display at 
the Colorado History Museum in Denver through 
December 31, 2007. Visit www.coloradohistory.org. 


Exhibits at the GIA Museum. On display through March 
2008, “Reflections in Stone” showcases famed gem carver 
Bernd Munsteiner’s work during the period 1966-2003. 
The exhibit includes carved quartz, tourmaline, and beryl, 
ranging from pieces set in jewelry to large table-top sculp- 
tures. Advance reservations are required; to schedule a 
tour, call 760-603-4116 or e-mail museum@gia.edu. 


Gems! Colors of Light and Stone. The Michael Scott col- 
lection has returned to the Bowers Museum in Santa Ana, 
California, with an expanded display of rare colored 
stones, carvings, and sculptures. The exhibit will run until 
June 16, 2008. Visit www.bowers.org. 


The Lester and Sue Smith Gem Vault. Opening November 
17, 2007, at the Houston Museum of Natural Science in 
Texas, this new permanent exhibit hall will complement 
the museum’s existing Cullen Hall of Gems and Minerals 
with extraordinary polished jewels, as well as a 1,869 ct 
emerald crystal specimen from North Carolina. Visit 
www.hmns.org/generic/Gem_Vault_press_room.asp?r=1. 


ERRATA 


1. The caption for figure 1 of “Polymer impregnated 
turquoise” by K. S. Moe et al. in the Summer 2.007 issue 
(pp. 149-151) should have included the name of the pho- 
tographer: Jian Xin (Jae) Liao. Gems &) Gemology regrets 
the omission. 


2. The Summer 2007 GNI conference report on the 
Sinkankas jade symposium (pp. 181-182) pictured a 
Burmese slab that was indicated as jadeite. Subsequent 
Raman analysis of several spots on this slab, combined 
with UV-Vis spectroscopy, by Dr. George Rossman 
(California Institute of Technology, Pasadena, Cali- 
fornia) have shown that it was composed of diopside. 


GEMS & GEMOLOGY FALL 2007 


Challenge en 


This year, hundreds of 
readers participated in the 
2007 GEMS & GEMOLOGY 
Challenge. Entries arrived 
from around the world, 
as readers tested their 
gemological knowledge 
by answering questions 
listed in the Spring 2007 
issue. Those who earned 
a score of 75% or 

better received a GIA 
Continuing Education 
Certificate recognizing 
their achievement. The 
participants who scored a 
perfect 100% are 

listed here. 


Congratulations! 


€ 


ANSWERS 


qu " 

3 (B), 4 (A), 5 (C), 6 (D), 
7 (A), 8 (D), 9 (C), 10 (A), 
11 (B), 12 (B), 13 (D), 

14 (C), 15 (D), 16 (C), 

17 (C), 18 (B), 19 (A), 

20 (C), 21 (C), 22 (D), 

23 (B), 24 (D), 25 (C) 


CHALLENGE WINNERS 


AUSTRALIA Queensland, Cairns: Elizabeth Cassidy. Queensland, Gold Coast: 
Bert J. Last. Western Australia, Coogee: Helen Judith Haddy ¢ BELGIUM Brussels: 
Brigitte Revol MacDonald, Sheila Sylvester. Diegem: Guy Lalous. Diksmuide: 
Honoré Loeters. Hemiksem: Daniel DeMaeght. Koksijde: Christine Loeters. 
Overijse: Margrethe Gram-Jensen. Ruiselede: Lucette Nols e CANADA Ontario, 
St. Catharines: Alice J. Christianson. Ontario, Kingston: Brian Randolph Smith 

e HONG KONG Causeway Bay: Cristina O. Piercey-O’Brien e INDONESIA 
Jakarta: Warli Latumena ¢ JAPAN Tokyo, Koganeishi: Naoko Tokikuni 

e LITHUANIA Vilnius: Saulius Fokas e MYANMAR Yangon: Thuzar Aung 

e PORTUGAL Vila do Bispo, Algarve: Johanne Jack e SCOTLAND Edinburgh: 
James Heatlie, Alec Ewen Taylor e SPAIN Barcelona: Jose M. Sanchez-Lafuente. 
Valencia: Monica Bergel. Vitoria: Ignacio Borras Torra ¢ SRI LANKA Kandy: 
Senarath B. Basnayake e SWEDEN Jarfalla: Thomas Larsson e SWITZERLAND 
Zurich: Eva Mettler © SYRIA Aleppo: Hagop Topjian ° THAILAND Bangkok: 
Alexander Ross. Samutprakarn: Thomas Estervog e UNITED KINGDOM Kent, 
Tenterden: Linda Anne Bateley. West Midlands, Birmingham: Anu D. Manchanda 
e UNITED STATES Arkansas, Greenbrier: Beverly A. Brannan. Arizona, Cave 
Creek: Nelson Crumling. California, Carlsbad: Martin Harmon, Brenda Harwick, 
Mark Johnson, Abba Steinfeld, Jim Viall, Lynn Viall, Philip York. Fremont: Ying 
Ying Chow. Pacifica: Diana L. Gamez. Rancho Cucamonga: Sandy MacLeane. 
San Jose: Wendy Bilodeau. Colorado, Alamosa: Michael Cavaliere. Delaware, 
Bridgeville: Thais Anne Lumpp-Lamkie. Florida, Clearwater: Tim Schuler. Hawaii, 
Haiku: Alison Fahland. Idaho, Twin Falls: Frederick House. Illinois, DuQuoin: 
William C. Duff. Maryland, Baltimore: Alissa Ann Leverock. Chevy Chase: 
Andrea R. Blake. Patuxent River: Pamela Stair. Maine, Newport: Cynthia Loreen 
Edwards. Massachusetts, Waban: Jane Prager. Michigan, Linden: Mary L. Mason. 
Paw Paw: Ellen Fillingham. Missouri, Perry: Bruce Elmer. Nevada, Las Vegas: 
Diane Flora. New Jersey, Cranbury: Edward Rosenzweig. Monmouth Beach: 
Michele Kelley. New York, New York: Lois Tamir. North Carolina, Kernersville: 
Jean Bonebreak. Ohio, Steubenville: Vincent A. Restifo. Rhode Island, Rumford: 
Sarah Horst. South Carolina, Sumter: James Markides. South Dakota, Piedmont: 
Randell Kenner. Tennessee, Knoxville: Lynn Shepard. Texas, Amherst: Joanne 
Hayworth. The Woodlands: Davena Liepman. Washington, Battle Ground: Joseph 
Bloyd. Bellingham: Mary L. Harding. Mill Creek: Nicki Taranto. Seattle: Janet 
Suzanne Holmes. Wisconsin, Beaver Dam: Thomas Wendt. Milwaukee: William 
Bailey.e VIETNAM Ho Chi Minh City: Khoan Nhut Nguyen 
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BOOK 


REVIEWS 


EDITORS 

Susan B. Johnson 

Jana E. Miyahira-Smith 
Thomas W. Overton 


Adventures at the Bench: 
Tricks to Overcome a Jeweler’s 
Daily Challenges 


By Juergen Maerz, 110 pp., illus., 
publ. by MJSA Press 
[www.mjsa.org/info_press.php], 
Providence, RI, 2006. US$34.95 


You may know Juergen Maerz, aka 
“Mr. Platinum,” as the gold- and sil- 
versmith from Idar-Oberstein who 
became one of the first Jewelers of 
America Certified Master Bench 
Jewelers. With an impressive back- 
ground as an educator in the United 
States, he has been the director of 
technical education for PGI (Platinum 
Guild International) for many years. 

The foreword (by Alan Revere, 
director of the Revere Academy of 
Jewelry Arts in San Francisco) is titled 
“A Bag of Timesaving Tricks”; one 
might argue that lifesaving would 
have been the more appropriate adjec- 
tive. While Mr. Maerz’s vast back- 
ground certainly would have allowed, 
it does not appear he had any inten- 
tion of writing the equivalent of a 
Wagnerian “Ring Cycle,” with an 
underlying progression or plot. 
Instead, he has opted for a compilation 
of apparently randomly chosen arti- 
cles, a little in the style of Schubert's 
lieder, his exquisite songs. 

The overall design of this book is 
contemporary in the sense that both 
aesthetic and functional considera- 
tions have been taken into account. 
Adventures at the Bench is divided 
into five sections: “Bench Tricks & 
Tales,” “Basic Platinum Fabrication,” 
“Lasers & Platinum,” “Step-by-Step 
Projects (With a Few Tricks),” and 
“Bench Resources.” “Bench Tricks” 
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is a compilation of 29 techniques, 
each a page in length with up to six 
illustrations. These cover everything 
from how to distinguish platinum 
from white gold alloys to how to 
make sanding laps with a compact 
disc. The three subsequent sections 
cover three to nine projects apiece, 
each about two to five pages long, 
with numerous sequential how-to 
illustrations. “Bench Resources” con- 
cludes the book with an appendix of 
sponsored overviews of refiners, cast- 
ers, and similar providers of goods and 
services to the trade. 

Efficiency of communication is 
the mark of an experienced educator, 
and Adventures at the Bench stands 
out with its tightly focused articles. 
Descriptions are complete, detailed, 
and coherent, yet the wording is still 
concise. The illustrations, all but one 
of which are photographs, are remark- 
ably accurate in their sequential con- 
text. Mr. Maerz clearly understands 
how to keep even the longest of pro- 
jects from being excessively complex 
or difficult. Every now and then, he 
throws in a humorous account of the 
kind of hard learning experience-cum- 
disaster to which every jaded gold- 
smith can relate. 

Purists may seize on the quality of 
the photographs. Shooting all but a 
dozen of the 400 or so color photos 
covering such a wide range of subjects 
would be a challenge for any profes- 
sional photographer, let alone an ama- 
teur. While one would have hoped for 
more attention to the image process- 
ing, the sequential illustrations still 
come across clearly by merit of their 
underlying coherence. 

At a time when a goldsmith’s 
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skills are no longer passed from mas- 
ter to apprentice over the course of 
years, Adventures at the Bench serves 
as a welcome reference for students as 
well as self-taught tradespeople and 
bench jewelers, regardless of their 
background. Business owners, gemolo- 
gists, and designers alike will find Mr. 
Maerz’s oeuvre an indispensable addi- 
tion to their libraries, as it answers 
many potential questions concerning 
procedures for the shop floor. 
ROBERT ACKERMANN 
Design Instructor 
Gemological Institute of America, 
Carlsbad, California 


Jeweled Garden: 
A Colorful History of Gems, 
Jewels, and Nature 


By Suzanne Tennenbaum and Janet 
Zapata, 216 pp., illus., publ. by 

The Vendome Press, New York, 
2006. US$50.00 


As an eternal muse, Nature has 
inspired creative expression from pre- 
historic cave paintings to ibermodern 
architect Santiago Calatrava’s wind- 
swept wonders. Jewelry artists turn to 
the natural world as a perennial design 
theme, perhaps in part to honor the 
jewelers’ earth-sprung medium. 

In Jeweled Garden, a collaborative 
effort by jewelry collector Suzanne 
Tennenbaum and decorative arts his- 
torian Janet Zapata, readers are served 
a cornucopia of jeweled delights that 
transcend the book’s modest subtitle. 
Following a brief historical introduc- 
tion, the authors set their sights on 
the fertile 200-year period from the 
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early nineteenth century to the pres- 
ent. Under their guidance, the narra- 
tive unfolds with cohesion and a 
sense of time and place, all richly 
detailed by 375 full-color photographs 
and informed text. 

In one fine example after another, 
the book illustrates how nineteenth 
century jewelry artists embraced 
botanical imagery, just as apprecia- 
tion for the decorative qualities of 
plants took root beside their tradition- 
al uses as foods and medicines. 
Naturalist expressions such as the 
2,637-diamond rose blossom brooch 
by Parisian jeweler Théodore Fester 
(1854) are followed by the enamel and 
gemstone orchid and iris brooches 
intricately fashioned by Henri Vever 
and Paulding Farnham for Tiffany & 
Co. decades later. 

Five of the book’s six chapters 
examine art movements of the twen- 
tieth century to the present, from Art 
Nouveau to the as-yet-unnamed pres- 
ent-day style the authors cite as dis- 
tinctive and individualist. Art Deco 
tutti frutti styles yield to the natural- 
ist revival of the 1930s and 1940s, 
typified by Cartier’s stunning dia- 
mond palm tree (1939), which was 
said to have been inspired by African 
and Asian explorations. Foliate and 
floral artistry blossomed to new levels 
as design houses and artists such as 
Fulco di Verdura, Paul Flato, Seaman 
Schepps, and lesser-known trendset- 
ter Suzanne Belperron incorporated 
carvings, cabochon, and dome-shaped 
bombé forms in their work. 

With fashion designer Christian 
Dior’s “New Look” inaugurating the 
jet-set style of the 1950s and ’60s, 
designs emerged that evoked stylized 
conservatism, as in Van Cleef & 
Arpels’ invisibly set flower-head 
brooches, as well as playfulness, exem- 
plified by a knotted gold watch by 
Pierre Sterlé and a quirky en tremblant 
wisteria brooch by Marchak (ca. 1955). 

The book concludes with the indi- 
vidualist styling of jewelry’s new 
designer breed. The venerable orchid 
brooch motif takes on a modern flair 
in an exquisite design ca. 1960 by 
Oscar Ghiso of the Buenos Aires—based 
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design house. Peridots and brown dia- 
monds comprise an inventive pussy 
willow brooch by Edmond Chin (2002) 
alongside floral feasts by JAR, Bulgari, 
Stefan Hammerle, and others. 

The narrative takes a slight stum- 
ble in the last chapter, occasionally 
veering into branding slogans and 
ending as though out of steam. 
Overall, however, the text is written 
with scholarly insight, a keen eye for 
the extraordinary, and the authors’ fit- 
ting enchantment with their subject 
matter. An index would have been 
nice, and a brief glossary of special- 
ized terms might have helped readers 
missing green thumbs, although a few 
are explained in the book’s useful 
endnotes. 

The book’s superb production and 
multisourced photography are accent- 
ed by artful layout and clear legends. 
Bygone images of publicity materials, 
royals in regalia, rare archival pho- 
tographs, and artists’ sketches further 
enhance the book’s visual delights. 

While Jeweled Garden will 
intrigue anyone interested in jewelry 
design, fashion, and history, this 10- 
inch-square volume deserves a wider 
audience beyond the jewelry cog- 
noscenti. Gorgeous to look at and a 
joy to read, it will also bring endless 
pleasure to aesthetes of every stripe, 
nature lovers, gardening enthusiasts, 
and all who stop to smell the roses. 

MATILDE PARENTE 
Libertine 
Indian Wells, CA 


Pedras Preciosas No Arte e 
Devocao: Tesouros Gemolédgicos 
na Arquidiocese de Evora 
[Precious Stones in Art and 
Devotion: Gemstone Treasures 
of the Archdiocese of Evora] 

By Rui Galopim de Carvalho, 154 
pp., illus., publ. by Fundagao 
Eugénio de Almeida, Evora, Portugal, 
2006 [in Portuguese and English, no 
price information available]. 
Written by a man who is perhaps 
Portugal’s best-known and most- 
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respected gemologist, this book is a 
testament to the author’s passion for 
gemology and the trust he has won 
from those who guard his country’s 
historical treasures. Having estab- 
lished himself over the last decade 
through his gemological classification 
of various important Portuguese 
museum collections, Mr. Galopim 
was invited by the Eugénio de 
Almeida Foundation and the Inven- 
tory of the Movable Cultural Heritage 
of the Archdiocese of Evora project to 
write this book. The goal was the cor- 
rect identification of the gemstones 
and precious metals contained in the 
many jeweled objects belonging to the 
Archdiocese, and the dissemination of 
the artistic heritage they represent. 

To say that the author succeeded 
in his goal is an understatement. 
Pedras Preciosas is more of a cross 
between a history book and a gem 
identification manual than a muse- 
um catalog. Mr. Galopim educates 
the reader on many aspects of gemol- 
ogy in each chapter: the history and 
historical sources of the gemstones 
referenced, name derivations, gemo- 
logical testing techniques used, and 
current sources of production. The 
book ends with multiple pages of 
footnotes and a glossary. 

Although rich in history and a 
valuable gemological guide, as a cata- 
log of the collection it left me wanting 
more. Organized by gemological mate- 
rial, each section refers to only one or 
two pieces and provides little history 
about them, so the significance of each 
item is unclear. Were these the most 
important pieces belonging to the 
Archdiocese? Or were they the ones 
the author found most interesting 
gemologically? The general quality of 
the photographs is very good, and I 
would have enjoyed seeing more 
images of the collection instead of pho- 
tomicrographs of the inclusions used 
to aid in the identification. In addition, 
it is evident that the book was written 
primarily for a Portuguese-speaking 
audience, as photographs of the pieces 
are included only in the first, 
Portuguese, half and omitted in the 
English section. I think the book 
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would have been even more effective if 
photos had been included with the 
English section, too. 

Overall, I am sure the Archbishop 
of Evora, who contributed an intro- 
duction, was pleased with this lovely, 
very readable book. Thanks to Mr. 
Galopim, the people of Portugal have 
gained another valuable and attractive 
reference work on their historical reli- 
gious treasures. 

PATRICIA SYVRUD 
Carlsbad, California 


Shamelessly: Jewelry from 
Kenneth Jay Lane 


By Nancy N. Schiffer, 240 pp., illus., 
publ. by Schiffer Publishing Ltd. 
[http://www.schifferbooks.com], 
Atglen, PA, 2007. US$59.95 


Costume Jewelry for 
Haute Couture 


By Florence Muller, 271 pp., illus., 
publ. by The Vendome Press, New 
York, 2007. US$75.00 


Costume jewelry plays a critical but 
often underappreciated role in the 
awareness and interest in jewelry 
overall. It mirrors the contemporary 
styles of precious gem and metal jew- 
elry, and it makes these trends afford- 
able for a broader spectrum of society. 
These two books review similar yet 
distinct examples of the best that cos- 
tume jewelry has to offer. 
Shamelessly: Jewelry from Ken- 
neth Jay Lane features one of the 
most notable designers in the cos- 
tume jewelry genre. Right out of 
design school in the mid-1950s, KJL 
landed a job in the art department at 
American Vogue. Diana Vreeland, 
Vogue’s editor-in-chief, became a 
close friend and introduced him to a 
wide circle of New York’s most influ- 
ential society mavens. When KJL 
began designing and fabricating jewel- 
ry in 1964, he would give these 
friends pieces to wear, and their 
patronage launched his career. Bold 
and stylish, with a flair for the dra- 
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matic, KJL’s costume jewelry has 
been worn by an impressive list of 
luminaries, including the Duchess of 
Windsor, Britain’s Princess Margaret, 
Jacqueline Kennedy Onassis, Nancy 
Reagan, Hillary Rodham Clinton, 
Joan Collins, Audrey Hepburn, Jessica 
Simpson, and Paris Hilton, to name 
just a few. 

The book is laid out in what 
might be considered an extended out- 
line form. A brief biographical chap- 
ter, “KJL Himself,” is followed by 
three chapters that each contain 11 
short sections on related themes. 
Under “Design Inspirations,” for 
example, there are sections on 
ancient Egypt, China, India, and other 
cultures, while “Motifs” contains sec- 
tions on flowers, fruit, birds, and so 
forth. Each section is lavishly illus- 
trated with color photos of jewelry, 
KJL with his royal and celebrity 
friends, models and actresses wearing 
his jewelry, and magazine covers and 
spreads featuring his work. 

There is very little text. A brief 
paragraph introduces each chapter and 
section, and the remaining text con- 
sists of photo captions interspersed 
with amusing and telling quotes from 
the designer about his work. 
Unfortunately, the captions cause 
some confusion, as the descriptions of 
the gem materials are not consistent. 
While some of the jewelry uses natu- 
ral gem materials (mother-of-pearl, 
tiger’s-eye, and bone), most of it con- 
tains imitation gems. A small caveat 
at the beginning lists the synthetic 
gem materials that appear in the book. 
Amethyst, jade, and ivory aren’t on 
the list, yet they appear in the cap- 
tions. Is the “amethyst” a natural vari- 
ety of quartz, a synthetic, or glass? Is 
the “jade” a nephrite carving or mold- 
ed glass? Is the “ivory” actually carved 
natural bone—elephant ivory would 
be highly unlikely—r is it plastic? 

Despite these shortcomings, 
Shamelessly: Jewelry from Kenneth 
Jay Lane is a charming compendium 
that collectors and appraisers will find 
useful for identifying the work of this 
legend in his own time. 

Costume Jewelry for Haute 
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Couture, originally published in 
French as Les Paruriers, Bijoux de la 
Haute Couture, was the catalog for an 
exhibition of the same name that 
went on view in France in 2006. The 
term paruriers refers to manufactur- 
ers of costume jewelry for the French 
haute couture fashion houses. 

Because the cost of natural gems 
and precious metals imposes certain 
limitations on the size and nature of a 
fine piece of jewelry, haute couture 
houses of the early 1900s, such as 
Poiret and Chanel, hired paruriers to 
create costume jewelry as accessories 
for their latest dress designs. Costume 
jewelry, using imitation gems set in 
inexpensive metals, could look extrav- 
agant yet still remain affordable. 

Paruriers collaborated with the 
fashion house to create an agreed- 
upon design. They were selected for 
their imagination, fashion sense, good 
taste, and high quality of fabrication. 
Because pieces were stamped with 
the couturier’s name, if they were 
marked at all, the parurier’s contribu- 
tion to high fashion remained virtual- 
ly unknown until recently. 

The design aesthetic of haute cou- 
ture jewelry is in a class by itself. Like 
the clothing it accompanies, it is on 
the vanguard of jewelry design, 
intended for dramatic impact on the 
catwalk. Highly unconventional and 
exaggerated for effect, haute couture 
jewelry incorporates a wide range of 
materials, including glass, plastic, 
enamel, beads, wood, shell, fabric, and 
feathers, in bold, eye-catching pieces 
that cannot be ignored. Few of these 
pieces imitate precious jewelry 
designs: Most break new ground in 
terms of color, size, movement, and 
style. 

The book is organized into three 
main chapters. The first outlines the 
origins and history of costume jewel- 
ry from antiquity to the 19th century. 
It goes on to describe how jewelry by 
paruriers departed from the main- 
stream and was elevated to an art 
form through its alliance with haute 
couture. The second chapter, by far 
the largest, gives very brief historical 
profiles for the haute couture houses 
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Gemological Uigests 


NEW GIA BOARD MEETS IN 
MONTREAL 


The first meeting of the newly elected 
Board of Governors of the Gemological 
Institute of America met April 24 at the 
Mount Royal Hotel in Montreal. Last meet- 
ing of the outgoing board was held April 
5 in Boston. 


New members of the G.1.A.’s governing 
body are Earl Jones, C. G., Jones Brothers 
Jewelers, Pekin, Illinois; Ernest Meyer, 
Meyer’s, Grand Island, Nebraska; Glynn 
Cremer, C. G., La Crosse, Wisconsin; and 
Maurice Adelsheim, Minneapolis. Others 
continuing to serve on the Board are: H. 
Paul Juergens, C. G., Chairman, Juergens & 
Andersen, Chicago; J. Lovell Baker, C. G. 
Henry Birks & Sons, Ltd., Montreal; 
Charles H. Church Church & Company, 
Newark; Myron Everts, A. A. Everts Compr 
any, Dallas; Edward F. Herschede Sr., C. G. 
Frank Herschede Company, Cincinnati; O. 
C. Homann, C. B. Brown Company, Omaha; 
Geo. Carter Jessop, J. Jessop & Sons, San 
Diego; Lazare Kaplan, Lazare Kaplan & 
Sons, New York City; John S. Kennard, C. 
G., Kennard & Company, Boston; E. A. 
Kiger, C. A. Kiger Company, Kansas City; 
P. K. Loud, Wright, Kay & Company, 
Detroit; Charles D Peacock III, C. G., C. 
D. Peacock, Inc., Chicago; Leo J. Vogt, C. 
G., Hess & Culbertson Jewelry Company, 
St Louis; and Jerome B. Wiss, C. G., Wiss 
Sons, Inc. Newark. 


Outgoing members on the board are: 
Paul $ Hardy, Hardy & Hayes Company, 
Pittsburgh; Burton Joseph, S. Joseph & 
Sons, Des Moines; C. I. Josephson, C. G., 
C. I Josephson Jewelers Moline, Illinois; 
and Fred Thurber, C G., Tilden-Thurber, 
Providence. 


THE HOPE DIAMOND 
CHANGES OWNERSHIP 


The Hope Diamond, owned from 1911 
until the time of her death in 1947 by 
Evalyn Walsh McLean, was recently pur- 
chased by the firm of Harry Winston, Inc., 
New York City. Included in the collection 
purchased by Winston is the 100-carat pear 
shaped Star of the East. 

Purchase price of the much publicized 
44-carat blue diamond has not been revealed 
but it is stated that the gem with other stones 
in the collection were insured for $1,100, 
000 for their trip from Washington, D. C. 
to New York City. 


SYDNEY BALL 


to precious stones. From 1917 until his 
death he was a member of the firm of 
Rogers, Mayer and Ball, consulting engin- 
eers of New York City. He searched for 
minerals in the United States, Mexico, 
Cuba, Haiti, Peru, Chile, Venezuela, Green- 
land, Russia, Portugal, and Japan and has 
published many papers on economic geol- 
ogy of these regions. His latest writing was 
A Roman Book on Precious Stones, now at 
the printer’s awaiting completion of print- 
ing. This book was the embodiment of his 
long cherished aim — to present an edition 
of Pliny’s amazing 37th book on gems and 
minetals suitable for place among authori- 
tative gemological volumes, without losing 
the fascination of a tale well told — the dra- 
matic tale of gemstones and jewelry in 
Roman History, The book includes a mod- 
ernized version of Philomen MHolland’s 
translation of the 37th book of The History 
of the World, written by C. Plinius the 
Elder in the first century. 


Surviving is a daughter, Mary Virginia 
Ball. His wife, Mary Ainslie Ball, died in 
1945. 
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followed by apparently everything 
that could be gleaned about the 
paruriers. The final chapter, “The 
Jewelry Trade and Its Demands,” dis- 
cusses materials, techniques, and the 
manner of collaboration between 
paruriers and couturiers from the 
1930s to the present day. 

The translation from French to 
English makes this book a challeng- 
ing read, but it is worth forging ahead. 
Costume Jewelry for Haute Couture 
champions this exclusive niche in the 
costume jewelry world. The author 
has researched the subject in depth, 
and has supplemented the text with 
footnotes, an index of designers, and 
an extensive bibliography. 

Throughout, the book is hand- 
somely illustrated with color images 
of the jewelry itself and fashion mod- 
els wearing various pieces. Historic 
black-and-white photos of the work- 
shops, advertisements, models on the 
runway, and the paruriers themselves 
add tone and balance to the whole. 

Costume Jewelry for Haute 
Couture provides insight into a little- 
known segment of the jewelry world, 
illustrating the important link 
between jewelry design and clothing 
fashion in the 20th century. Jewelry 
historians will find this perspective 
informative and enlightening. 

ELISE B. MISIOROWSKI 
GIA Museum 
Carlsbad, California 


OTHER MEDIA RECEIVED 


Pearl Oyster Information Bulletin, No. 
17. By various authors, 48 pp., illus., 
publ. by the Secretariat of the Pacific 
Community, www.spc.int/Coastfish/ 
News/POIB/17/POIB17.pdf, De- 
cember 2006, free. This electronic 
newsletter, back in publication after a 
nearly three-year hiatus, includes 
abstracts of selected presentations at 
the 2005 and 2006 World Aqua- 
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culture Society conferences and the 
2006 International Symposium on 
Genetics in Aquaculture. Also includ- 
ed is a report from the Secretariat of 
the Pacific Community Regional 
Pearl Meeting in Fiji in December 
2005, as well an article on pearl cul- 

turing in Africa. 
THOMAS W. OVERTON 
Gemological Institute of America 
Carlsbad, California 


The Jeweled Menagerie: The World of 
Animals in Gems. By Suzanne 
Tennenbaum and Janet Zapata, 216 
pp., illus., publ. by Thames & 
Hudson, New York, 2007, US$34.95. 
This is a paperback version of the 
2001 work by Tennenbaum and 
Zapata (see the Winter 2001 Gems & 
Gemology, pp. 344-345, for the full 
review). 

TWO 


Kimberlite and Related Rocks of India. 
By Fareeduddin and M. S. Rao, Eds., 
271 pp., illus., publ. by the Geological 
Society of India [www.gsi.gov.in], 
Bangalore, 2007, Rs20. This special 
issue of the Journal of the Geological 
Society of India (Vol. 69, No. 3) is the 
product of a conference and related 
field work that took place in Bangalore 
in November 2005. The topics include 
a historical review of diamond explo- 
ration in India, a review of current 
knowledge of Indian kimberlites and 
lamproites, and detailed analyses of 
known occurrences throughout India. 


TWO 


Paraiba Tourmaline “Electric Blue 
Brilliance Burnt into Our Minds.” By 
Masashi Furuya, 23 pp., illus., publ. 
by the Japan Germany Gemmolo- 
gical Laboratory [jggl@sapphire.co.jp], 
Kofu, Japan, 2007, ¥1,500. This illus- 
trated guide to “Paraiba” tourmaline 
was written for a broad audience, 
including gemstone enthusiasts and 
dealers. Contained in the booklet are 
chemical and gemological properties 
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of many types of tourmaline, as well 
as a brief account of Paraiba tourma- 
line’s introduction into the gemstone 
market. The author describes the his- 
tory and current activity at many of 
the mining areas for copper-bearing 
tourmaline in Brazil, Nigeria, and 
Mozambique through location maps 
and 120 color photos of gemstones 
and mining operations. This discus- 
sion includes his personal accounts of 
visits to most of the “Paraiba” mining 
areas in Brazil. Chemical (EDXRF) 
and absorption spectroscopy data are 
provided for tourmalines from many 
of the mines. Mr. Furuya also gives a 
brief evaluation of the future market 
for Paraiba tourmaline. 


CHRISTOPHER M. BREEDING 
GIA Research 
Carlsbad, California 


The Geology of Gem Deposits. Edited 
by Lee A. Groat, 276 pp., illus., publ. 
by the Mineralogical Association of 
Canada [www.mineralogicalassocia- 
tion.ca], Quebec, 2007, US$50.00. 
This volume was published to accom- 
pany a two-day short course that was 
held May 21-22, 2007, in Yellowknife, 
Canada, in conjunction with the joint 
annual meeting of the Geological and 
Mineralogical associations of Canada. 
The book consists of 10 chapters on 
different gemstones; each chapter is 
written by experts on the geologic 
occurrence of these gem materials. 
These chapters summarize the presen- 
tations made at the two-day meeting, 
which covered the following topics: 
the geology of diamonds, corundum, 
emerald, other gem beryls such as 
aquamarine, jade, and several other 
important gem minerals; gem occur- 
rences in pegmatites; and a review of 
colored gem occurrences in Canada. 
Suggestions for gem exploration are 
provided. 
JAMES E. SHIGLEY 
GIA Research 
Carlsbad, California 
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GEMOLOGICAL ABSTRACTS 


COLORED STONES AND 
ORGANIC MATERIALS 


Characteristic spectral features of iron as a gemstone chro- 
mophore. G. Pearson [gpearson@netspace.net.au], Aus- 
tralian Gemmologist, Vol. 22, No. 10, 2006, pp. 
430-446. 

The spectral features of iron-bearing beryl, chrysoberyl, spinel, 

peridot, natural and synthetic sapphires from several localities, 

and some additional gems were recorded using digital UV-Vis 
spectroscopy. Some shared features, repeatedly observed when 
the data were converted into transmission spectra, show char- 
acteristics not reported previously in the gemological litera- 
ture. At the same time, however, certain spectral features long 
considered to be “diagnostic for iron” were not seen in the 
transmission spectra. The most prominent visible-range 
absorption peak for iron in the examined materials occurred in 
the deep blue to violet region of the spectrum, which is diffi- 
cult to observe directly because of the lower sensitivity of 
human vision at such wavelengths. RAH 


Determination by Raman scattering of the nature of pigments 
in cultured freshwater pearls from the mollusk Hyriopsis 
cumingi. S. Karampelas [steka@physics.auth.gr], E. 
Fritsch, J.-Y. Mevellec, J.-P. Gauthier, S. Sklavounos, and 
T. Soldatos, Journal of Raman Spectroscopy, Vol. 38, No. 
2, 2007, pp. 217-230. 

Raman spectra were recorded for 30 untreated Chinese fresh- 

water cultured pearls of various colors, using seven excitation 

wavelengths between 363 and 1064 nm. The spectra of all the 
colored cultured pearls exhibited two major Raman features 
due to polyenic compounds assigned to double and single car- 
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bon-carbon bonds (at about 1500 and 1130 cnr!, respec- 
tively). These features were absent in similar spectra 
recorded for white cultured pearls. Using a single excita- 
tion wavelength, the authors observed changes in the 
intensities, shapes, and positions of these two peaks for 
samples of different colors. Using several excitation wave- 
lengths from the same location on the same sample, they 
noted similar changes in these peaks. The exact position of 
the Raman peak for the single carbon-carbon stretching 
vibration of polyenic molecules depends strongly on the 
number of double carbon-carbon bonds in their polyenic 
chain (there are between 6 and 14 such bonds). 

By using a constrained decomposition of double car- 
bon-carbon Raman peaks at about 1500 cm~!, the authors 
detected up to nine different pigments in the same cul- 
tured pearl. All colored samples contained at least four 
pigments, and the various pearl colors could be explained 
by different mixtures of these pigments in various propor- 
tions. Further spectroscopic studies are under way to bet- 
ter understand the exact nature of these polyenic pig- 
ments, which may produce coloration in other biogenic 
materials. There is no evidence that these pearl pigments 
are carotenoids, as they were previously described in the 
literature. JES 


Gem corals: X-ray diffraction, solid state NMR, elemental 
analysis. R. Bocchio [rosangela.bocchio@unimi.it], 
S. Bracco, A. Brajkovic, A. Comotti, and V. Rolandi, 
Australian Gemmologist, Vol. 22, No. 12, 2006, pp. 
524-532. 
Gem corals are derived mainly from branching calcareous 
skeletons formed by colonies of marine animals called 
polyps. The skeletons consist of calcium carbonate 
(CaCO,, as aragonite or calcite) as well as some organic 
substances (proteins, polysaccharides, and lipids). 
Hydrozoa and Anthozoa are the only two classes of the 
phylum Cnidaria that produce calcareous skeletons useful 
for gem purposes. 

The authors examined the crystallographic and chemi- 
cal features of 21 gem-quality Hydrozoa and Anthozoa 
corals using powder X-ray diffraction analysis, *C magic 
angle spinning nuclear magnetic resonance, and LA-ICP- 
MS. The corals consisted of either calcite (seven samples) 
or aragonite (14 samples); the Ca content was higher in the 
latter samples. The authors found the Mg/Ca and Sr/Ca 
ratios to be reliable in discriminating between the two 
types: In calcitic corals, Mg was high and Sr was low, 
while the opposite trend was noted in aragonitic corals. In 
the calcitic samples, the unit-cell volume increased with 
decreasing Mg content; in the aragonitic samples, the unit- 
cell volume increased with increasing Sr. Trace-element 
contents (Li, B, Ti, V Cr, Co, Ni, Zn, Rb, Y, Zr, Nb, Cs, Ba, 
Pb, and U) overlapped in both types of coral. HJ-G 


Gemmological characteristics of pink jadeite jade with 
white ribbons. Q.-M. Ouyang, H.-S. Li, X. Guo, and 
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J. Yan, Journal of Gems and Gemmology, Vol. 8, 

No. 3, 2006, pp. 1-3. 
The authors studied the gemological properties of Burmese 
pink jadeite containing white ribbons and veins, and fur- 
ther characterized the material using polarized micros- 
copy, electron-microprobe analysis, Raman and infrared 
spectroscopy, and cathodoluminescence (CL). The samples 
ranged from opaque to semitransparent, had an average SG 
of 3.35, and were inert to UV radiation. The white veins 
showed uneven thickness and wavy, cloud-like shapes. 

IR spectroscopy revealed that both the pink masses 
and white veins were composed of jadeite. Microscopic 
observation revealed a coarse texture in the pink area, 
while the white veins were fine grained. CL imaging 
showed that the pink area luminesced bluish purple (the 
same as lavender jadeite), while the white veins lumi- 
nesced yellowish green (the same as white jadeite). 
Electron-microprobe analysis detected Fe and Mn in the 
pink portion (similar to lavender jadeite). The authors 
suggest that Fe and Mn caused the pink bodycolor, and 
shear stress caused the white veins. 

Qianwen (Mandy) Liu 


Identification of the horse origin of teeth used to make the 
Japanese kakuten using DNA analysis. H. Kakoi, M. 
Kurosawa, H. Tsuneki [htsuneki@pha.u-toyama.ac.jp], 
and I. Kimura, Journal of Gemmology, Vol. 30, No. 
3/4, 2006, pp. 193-199. 

Small ornamental objects such as netsuke and ojime from 
the Edo period in Japan (ca. 1615-1868) are considered col- 
lectors’ items today. Netsuke are miniature carvings that 
were used to fasten a small container to a kimono sash, 
and ojime are sliding beads on cords that kept the contain- 
er closed. 

Kakuten (the term refers to the red crown of a Japa- 
nese crane) are a type of ojime consisting of reddish 
striped beads that generally measure 19-21 x 30-32 mm. 
Using high magnification and FTIR spectroscopy, the 
authors concluded that two kakuten samples analyzed 
came from the tooth of a grass-eating animal. DNA analy- 
sis of the species-specific mitochondrial cytochrome b 
gene (CYTB) sequence showed that the material was 
made from the tooth of a horse. HJ-G 


Looking after organic gems. R. Child, Organic Gems 
Magazine, No. 1, 2006, www.maggiecp.co.uk/ 
free_organic_gems-magazine/looking_after_organic_ 
gems.html. 

This article addresses the storage and care of organic gem 
materials, underscoring their special nature. The author 
divides them into two groups: purely organic materials, 
which are relatively stable to temperature and moisture 
but react rapidly to light and pollution; and materials that 
have undergone some sort of fossilization or other alter- 
ation (such as ivory, bone, or pearls), which may be 
attacked by chemicals or easily damaged by shock. 
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Temperature, humidity, pollution, and light are all 
identified as agents of damage. High temperatures can dry 
out materials and accelerate deterioration. Alternating 
high and low humidity can adversely affect an object’s 
shape and size. High humidity can also encourage mold 
growth and insect activity. Atmospheric pollutants, 
which are often acidic, can cause both aesthetic and struc- 
tural damage to objects. Ultraviolet radiation, present in 
all light sources, is a major cause of fading and surface 
deterioration. JEC 


The origin of jadeite-forming subduction-zone fluids: CL- 
guided SIMS oxygen-isotope and trace-element evi- 
dence. S. Sorensen [sorensen@si.edu], G. E. Harlow, 
and D. Rumble If, American Mineralogist, Vol. 91, 
2006, pp. 979-996. 

Jadeite (NaAISi,O,), a member of the pyroxene group, is 

valued as a gem and is also scientifically important for 

studying fluid-rock interactions in subduction zones. 

Jadeite can be found in primary deposits at eight locations 

worldwide, as well as in a few secondary deposits. It may 

form as veins, dikes, or rounded masses in serpentine- 
matrix mélanges associated with eclogite, garnet amphibo- 
lite, or blueschist. 

The authors studied thin sections of jadeite that were 
pale green (Guatemala), white with bright green stringers 
(Japan and Kazakhstan), light “straw” color (United 
States), chalky white (Myanmar), or pale pink (Myanmar). 
Various cathodoluminescence (CL) colors suggested that 
one or more cycles of crystallization occurred. A CL 
sequence of red or blue followed by green was observed in 
all samples except the U.S. jadeite. That sample con- 
tained prismatic crystals (up to 3 cm long) showing 
numerous red and blue oscillation zones. Electron-micro- 
probe analyses revealed that traces of rare-earth elements 
were relatively abundant in the green zones. Oxygen-iso- 
tope analysis of the Guatemalan sample suggested that 
8!8O was heavier in green to yellow-green CL zones than 
in red, blue, or dark green zones. However, the opposite 
trend was observed in the Japanese and chalky white 
Burmese samples. The latter were found to consist of low- 
temperature jadeite, as evidenced by jadeite-albite oxygen 
isotope-based temperature estimates. The low average 
8!8O value of the Guatemalan sample suggested that it 
may have formed from heterogeneous fluids that interact- 
ed with metagabbros and metamorphosed pillow basalts 
in subduction complexes. 

In the chalky white Burmese sample, early-formed 
blue and red CL zones were overgrown by oscillatory yel- 
low-green zones, and subsequently by blue and red zones. 
A sudden decrease in Zr from the yellow-green to blue CL 
zones suggested that this jadeite crystallized in an open 
rather than closed system. 

This study concluded that the chemical composition 
of jadeite grains records the evolution of the fluids in 
which they grew. The devolatilization of blueschist, 
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which is rich in saline fluids and Na, could yield jadeite- 
forming fluids. Jadeite formation occurs in a serpentinite 
host within active subduction zones and thus may repre- 
sent a variety of subduction-zone fluids. Veins or patches 
of the highly valued Imperial jadeite, which contain Cr, 
formed during the latest stages of crystallization. 

KSM 


Special vaterite found in freshwater lackluster pearls. L. 
Qiao [biomater@mail.tsinghua.edu.cn], Q. Feng, and 
Z. Li, Crystal Growth and Design, Vol. 7, No. 2, 
2007, pp. 275-279. 
Calcite, aragonite, and vaterite are the three main phases 
of calcium carbonate. Vaterite is a rare, unstable crys- 
talline form that may act as the precursor to the formation 
of calcite and aragonite in pearls. The authors documented 
vaterite in freshwater cultured pearls from southern China 
with poor luster, and also vaterite in association with arag- 
onite in commercial-grade samples. The vaterite forms 
tablet-shaped crystals that measure approximately 8 x 2 x 
0.4 um. The stacking arrangement of the tablets often 
gives the appearance of “brick and mortar,” similar to the 
structure of nacre. This indicates that the growth mecha- 
nisms for vaterite and nacre are similar. EAF 


DIAMONDS 


Canada: A world class diamond producer. Mining Engi- 
neering, April 2007, pp. 46-49. 

The first of several world-class diamond-bearing deposits 
was found in Canada’s Northwest Territories in 1991. The 
mines are located in remote areas close to the Arctic 
Circle, and they are only accessible by air or by an ice road 
that is constructed each winter. Canada became a major 
producer with the opening of the Ekati mine in 1998. The 
Canadian diamond industry is now worth more than $2 
billion annually and employs around 1,200 people, with an 
additional 1,000 workers in support industries. 

Canada has been a leader in the movement to control 
the trade in conflict diamonds. There is considerable inter- 
est in Canadian diamonds due to the guarantee of origin 
and the country’s high social and environmental standards 
for mining. It is expected that within 10 years at current 
growth rates, Canada will supply 15-20% of world dia- 
mond production by value. The article speculates that 
within 20 years, this figure could approach 50%. EAF 


Diamond, subcalcic garnet, and mantle metasomatism: 
Kimberlite sampling patterns define the link. V. G. 
Malkovets, W. L. Griffin [wgriffin@els.mq.edu.aul], 
S. Y. O'Reilly, and B. J. Wood, Geology, Vol. 35, No. 
4, 2007, pp. 339-342. 

A study of kimberlites in the Daldyn-Alakit region of the 

Sakha Republic of Russia has revealed a genetic relation- 

ship between diamond and a common indicator mineral: 
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subcalcic, Cr-bearing pyrope. Both minerals appear to have 
been formed by metasomatic processes within harzbur- 
gitic rocks at depths of 140-190 km in the earth’s mantle, 
and were then transported to the surface by kimberlitic 
volcanism. The authors suggest that diamond formation 
in the mantle is probably due to the oxidation of a 
methane-rich, silicate-bearing fluid by iron present in 
chromite. The latter mineral also appears to be involved in 
a separate chemical reaction to form the pyrope. The dis- 
tribution of diamond in the mantle likely reflects the loca- 
tion of metasomatizing fluid conduits within the harzbur- 
gite, which originally contained no diamond or pyrope. 

JES 


Dichroism and birefringence of natural violet diamond crys- 
tals. A. F. Konstantinova [afkonst@ns.crys.ras.ru], 
S. V. Titkov, K. B. Imangazieva, E. A. Evdishchenko, 
A. M. Sergeev, N. G. Zudin, and V. P. Orekhova, 
Crystallography Reports, Vol. 51, No. 3, 2006, pp. 
465-471. 
The authors studied the optical properties of 12, purple dia- 
mond crystals from the kimberlite fields in Yakutia, 
Russia. [Abstractor’s note: According to one of the 
authors, the word violet in this article was mistranslated 
from Russian and should be purple.] These octahedral 
crystals (0.4-0.8 ct) had purple lamellae parallel to the 
{111} planes. From among these crystals, the authors fash- 
ioned thin plates: two oriented parallel to the lamellae and 
two oriented perpendicular to them. UV-Vis absorption 
spectra of each plate were recorded as the angular position 
between the diamond and the analyzer was varied. Both 
types of lamellae orientation showed bands centered at 
~390, 456, 496, and 550 nm, with the intensity of absorp- 
tion varying with the angle between the plate and the ana- 
lyzer. The 550 nm band—typically associated with plasti- 
cally deformed brown, pink, and purple diamonds—was 
most pronounced in the plates with the purple lamellae 
oriented perpendicular to the beam. The variation in 
absorption with orientation indicated that these purple 
diamonds were weakly dichroic. From these data, the 
authors calculated the diamonds’ birefringence. When a 
beam was oriented perpendicular to the lamellae, the bire- 
fringence was smaller (~5.4 x 10-5) than when it was posi- 
tioned parallel to the lamellae (~8.2 x 10~). However, the 
researchers cautioned that this apparent difference may be 
related to the experimental geometry. SE-M 


Mining for a greater future at Mwadui. W. Mutagwaba, J. 
Seegers, and R. Mwaipopo, African Mining, 
January-February 2007, pp. 48-52. 

The area surrounding the Mwadui diamond mine in 

Tanzania is worked by ~12,000 unlicensed, unregulated 

artisanal miners. The majority of these operations are both 

illegal and dangerous. However, simply expelling the arti- 
sanal miners would create greater problems by depriving 
thousands of people of a livelihood. In an effort to improve 
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safety and help maintain employment in the area, the 
Tanzanian government, the established mining communi- 
ty, and the artisanal miners have collaborated on a new 
program. The Mwadui Community Diamond Partnership 
helped create a network of formal channels that the arti- 
sanal miners can use to obtain mining permits, purchase 
equipment, and sell the diamonds they find. One of many 
benefits of this new arrangement is that the diamonds sold 
by these miners can now be certified through the 
Kimberley Process and legally enter the world diamond 
trade. EAF 


Placer diamonds from Brazil: Indicators of the composition 
of the earth’s mantle and the distance to their kim- 
berlitic sources. R. Tappert [rtappert@ualberta.netl, 
T. Stachel, J. W. Harris, K. Muehlenbachs, and G. P. 
Brey, Economic Geology, Vol. 101, 2006, pp. 
453-470. 

The small number of known primary deposits in Brazil 
cannot account for the widespread abundance of the coun- 
try’s placer diamonds. If additional primary deposits exist, 
locating them will be difficult due to extensive tropical 
weathering, which can destroy the indicator minerals used 
for prospecting. Characterizing Brazil’s alluvial diamonds 
and their associated mineral inclusions may give clues to 
their origin, yet there have been very few studies of this 
type. 

Sixty-eight alluvial diamonds originating from three 
placer deposits (Arenapolis, Boa Vista, and Canastra) were 
analyzed by microscopy to determine visible morphologic 
features, colors, and surface textures, and by secondary- 
electron imagery with high-resolution CL to reveal inter- 
nal zoning patterns. The major-element composition of 
the inclusions was determined using electron-microprobe 
analysis. Most of the diamonds studied were colorless, 
although brown and yellow bodycolors were represented 
in all the deposits. Green and brown radiation spots were 
common. Examination of the inclusions revealed that the 
majority of the diamonds belonged to a peridotitic (deep- 
seated, olivine-rich) suite. The diamonds from Arenapolis 
probably originated from distant kimberlitic sources, 
while those from Boa Vista and Canastra came from near- 
by sources. P] 


The vacancy as a probe of the strain in type Ila diamonds. 
D. Fisher [david.fisher@dtc.com], D. J. F. Evans, C. 
Glover, C. J. Kelly, M. J. Sheehy, and G. C. Summer- 
ton, Diamond and Related Materials, Vol. 15, No. 
10, 2006, pp. 1636-1642. 

Crystallographic strain is present in many diamonds. It is 

generally introduced by defect centers (usually either atom- 

ic point defects or extended defects such as dislocations) 
that are in part created when the diamond is subjected to 
deformation. Brown color in type Ia diamonds (which gen- 
erally contain <1 atomic ppm nitrogen) is associated with 
plastic deformation, with the color being distributed along 
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deformation-related slip bands. Brown diamonds exhibit 
more strain than do colorless type Ila diamonds. 

This study was undertaken to correlate variations in 
strain with the depth of brown color, and to monitor 
changes in this strain during decolorization by HPHT 
treatment. More than 200 type Ila diamonds were pol- 
ished into flat parallel plates, and changes in strain were 
monitored by carefully measuring the width of the photo- 
luminescence (PL) peak at 741.1 nm both before and after 
HPHT annealing. This feature exists due to a neutral 
vacancy defect (the GR1 center) in the diamond structure, 
which can be detected even at low concentrations by PL 
spectroscopy. 

The width of the PL peak at 741.1 nm increased with 
the strength of brown color. Visible-range spectroscopy 
revealed that the brown color in the untreated samples 
was due to general absorption that increased toward 
shorter wavelengths, with deeper color associated with 
stronger absorption. HPHT annealing resulted in a signifi- 
cant reduction in this absorption, producing colorless or 
light yellow bodycolors (the latter being due to the gener- 
ation of a small amount of single nitrogen). The treat- 
ment removed the GR1 center, so this defect was reintro- 
duced by electron irradiation. 

The PL data suggested a possible link between the 
degree of plastic deformation in type IIa diamonds, the 
amount of strain as indicated by the GR1 peak width, and 
the depth of the brown color. HPHT annealing to remove 
the brown color was accompanied by a reduction in the 
amount (but not the total removal) of strain, as assessed 
by the GR1 peak width. JES 


Zoning in diamonds from “Mir” kimberlite pipe: FTIR 
data. E. A. Vasilyev and S. V. Sofroneev, Proceedings 
of the Russian Mineralogical Society, Vol. 136, No. 
1, 2007, pp. 90-101 [in Russian with English 
abstract]. 

FTIR microspectroscopy of plates prepared from diamonds 

from Russia’s Mir pipe showed that B1 defects formed due 

to annealing during crystal growth, but that B2 centers 
developed mainly after growth. The secondary formation 
of the B2, defects was related to the aggregation of admixed 
nitrogen. Since the kinetics of this process correspond to 
the decomposition of an oversaturated solid solution, there 
are possibilities for determining the temperature and dura- 
tion of diamond growth. RAH 
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Corundum-bearing metasomatic rocks in the Central 
Pamirs. M. S. Dufour [dufourms@rambler.ru], A. B. 
Koltsov, A. A. Zolotarev, and A. B. Kuznetsov, 
Petrology, Vol. 15, No. 2, 2007, pp. 151-167. 

Gem-quality corundum occurs at scattered localities in 

the Muzkol metamorphic complex in the Central Pamir 
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Mountains of southeastern Tajikistan. It is associated 
with scapolite, biotite, muscovite, and chlorite, as well 
as with smaller amounts of tourmaline, apatite, rutile, 
and pyrite. The corundum occurrences are spatially relat- 
ed to zones of metasomatic alteration in calcite and 
dolomite marbles. The widespread alteration of the mar- 
bles by silica-undersaturated fluids (which are thought to 
have originated from associated crystalline schists) took 
place during the final stages of a regional metamorphic 
event. Inferred conditions of corundum formation are 
temperatures of 600-650°C and pressures of 4-6 kbar. 
Corundum formation appears to have been related to 
desilication reactions between the fluids and the impure 
marble host. JES 


Emeralds from the Delbegetey deposit (Kazakhstan): 
Mineralogical characteristics and fluid-inclusion 
study. E. V. Gavrilenko [egavr@ccia.uned.es], B. 
Calvo-Pérez, R. Castroviejo-Bolibar, and D. Garcia 
del Amo, Mineralogical Magazine, Vol. 70, No. 2, 
2006, pp. 159-173. 

Gem-quality emeralds have been recovered from north- 
eastern Kazakhstan, approximately 100 km south of 
Semeytau (formerly Semipalatinsk). The mineralization 
occurs along the contact between granite and sandstone, at 
the intersection of two major faults. Emeralds are associat- 
ed with quartz, muscovite, tourmaline, and fluorite in 
small metasomatic veins along an east-west trending frac- 
ture zone. To date, the largest emerald crystals recovered 
are 15 mm long, but most are smaller. 

Twelve crystals were examined for this study (four of 
which were subsequently faceted). The emeralds were 
pale to intense bluish green, and had a prismatic habit and 
distinct color zoning parallel to the prism and pinacoid 
faces. The crystals exhibited numerous dissolution pits 
and furrows. Refractive indices were n,=1.566-1.570 and 
n,=1.558-1.562; SG was 2.65 + 0.005. The samples fluo- 
resced weak red to long-wave UV radiation, and were 
inert to short-wave UV. Visible-range spectra recorded 
from optically oriented polished plates exhibited broad 
regions of absorption at ~430 and 610 nm, and sharp 
bands at 636, 657, and 680 nm. Near-infrared spectra dis- 
played a broad band centered at 810 nm and a sharp band 
at 956 nm. Electron-microprobe analyses of 10 crystals 
yielded average values of 0.29 wt.% Cr,O3, 0.07 wt.% 
V,O,, and 0.25 wt.% FeO. The values for MgO, MnO, 
Na,O, and K,O were 0.05 wt.% or smaller. The samples 
were generally free of mineral inclusions—the two excep- 
tions being small biotite platelets and numerous tiny 
rutile needles along linear zones. Vapor-filled (and, to a 
lesser extent, fluid-filled) inclusions were common. 
Estimated conditions of emerald crystallization— 
420-600°C and 570-1240 bar—suggest a shallow depth of 
formation. According to the authors, the gemological fea- 
tures of these emeralds are quite distinctive from those of 
other natural or synthetic emeralds. JES 
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The emerald- and spodumene-bearing quartz veins of the 
Rist emerald mine, Hiddenite, North Carolina. M. 
Wise [wisem@si.edu] and A. Anderson, Canadian 
Mineralogist, Vol. 44, 2006, pp. 1529-1541. 
The formation conditions and mineral composition of 
hydrothermal veins at the Rist mine in Hiddenite, North 
Carolina, were investigated to provide a foundation for 
future fluid-inclusion studies, isotopic analysis, and 
examinations into relationships between emerald and Cr- 
bearing spodumene (hiddenite) mineralization and 
granitic pegmatites. The mine is located in the deformed 
Inner Piedmont belt of western North Carolina. This area 
of metamorphosed sillimanite-grade rocks extends from 
North Carolina to Alabama and is nearly 100 km wide. 
Emerald and hiddenite formed within quartz veins and 
open cavities that occupy tensional fractures in the folded 
metamorphic rocks. The early stage of vein development 
is characterized by the deposition of massive quartz fol- 
lowed by Ca-Fe-Mg carbonates. The crystallization of Be-, 
Li-, Ti-, and B-bearing minerals, contaminated by Cr and 
V, occurred shortly after the formation of the cavities. 
Late-stage coatings of pyrite, chabazite, and graphite sug- 
gest that low-temperature reducing conditions were pres- 
ent during the final stages of mineral formation. A num- 
ber of investigators have pointed out the resemblance of 
these formations to European “Alpine clefts” (i.e., 
hydrothermal veins). To date, no relationship has been 
found between these emerald- and hiddenite-bearing 
veins and pegmatites. EAF 


Neues Vorkommen kupferfiihrender Turmaline in 
Mosambik [A new find of cuprian tourmalines in 
Mozambique]. C. C. Milisenda [info@gemcertifi- 
cate.com], Y. Horikawa, K. Emori, R. Miranda, F. H. 
Bank, and U. Henn, Gemmologie: Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 55, 
No. 1-2, 2006, pp. 5-24 [in German with English 
abstract]. 

At present, copper-bearing elbaites are known from Brazil, 

Nigeria, and Mozambique. Such tourmalines can show 

unusually intense “electric” or “neon” blue coloration 

caused mainly by Cu?*. After outlining the Brazilian and 

Nigerian occurrences, the authors describe the most 

recent find of Cu-bearing elbaite from near “Mawoko” 

(Mavuco) in the Alto Ligonha region of Mozambique. 

These tourmalines, which derive from pegmatites that 

formed during or after the Pan-African orogenesis, are 

mined from secondary deposits. They show a wide range 
of colors including purple, violet- and pink-to-blue, green- 
ish blue, yellowish green, and green. Most, but not all, of 
the purple-to-violet material can be treated to “turquoise” 
blue by heating at around 600°C. Gemological and chemi- 
cal analyses showed that the tourmalines are elbaite col- 
ored by Cu and Mn, as in their Brazilian and Nigerian 
counterparts. 

The new find in Mozambique has revived the ques- 
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tion of nomenclature. In accordance with CIBJO regula- 
tions, the trade has widely accepted the term Paratba 
tourmaline as the designation for Cu-colored elbaite, 
regardless of origin. Nevertheless, a determination of ori- 
gin is sometimes desired. The authors performed LA-ICP- 
MS analyses of 107 samples from all known deposits. It 
appears that the Pb/Be ratio versus CuO+MnO (wt.%) is 
characteristic for each occurrence, and may serve as a 
means to determine origin. However, this has yet to be 
confirmed by a larger number of analyses. RT 


Old opal fields revisited at Coober Pedy. I. J. Townsend, 
[townsend.jack@myaccess.com.au], Australian 
Gemmologist, Vol. 22, No. 10, 2006, pp. 475-478. 

In 2004, the South Australia government provided funds to 

the Coober Pedy Miners Association to purchase an auger 

drilling rig for the purpose of obtaining new drill-hole data 
and investigating new methods of locating opal. By the 
end of February 2006, over 700 exploratory drill holes had 
been sunk to an average depth of about 20 m and a num- 
ber of new finds had been made, including some alongside 
areas that had been considered worked out. Additional 
subsidized exploration is continuing, and the data are 
being made available by the South Australia government. 
RAH 


Oxygen isotope systematics of gem corundum deposits in 
Madagascar: Relevance for their geologic origin. G. 
Giuliani [giuliani@crpg.cnrs-nancy-fr], A. Fallick, M. 
Rakotondrazafy, D. Ohnenstetter, A. Andria- 
mamonjy, T. Ralantoarison, S. Rakotosamizanany, 
M. Razanatseheno, Y. Offant, V. Garnier, C. 
Dunaigre, D. Schwarz, A. Mercier, V. Ratrimo, and B. 
Ralison, Mineralium Deposita, Vol. 42, No. 3, 2007, 
pp. 251-270. 

The authors measured the oxygen isotopic composition of 

gem corundum samples from 22 localities in Madagascar. 

Primary deposits are hosted by magmatic and metamor- 

phic rocks. Secondary deposits, found in detrital basins 

and karsts, are the most economically important sources 
of the gem corundum. 

Oxygen isotope ratios (!8O/!°O) can provide a reliable 
indication of corundum’s geologic origin. The Madagascar 
samples from primary deposits displayed a wide range of 
3180 values, from 1.3 to 15.6%o. Isotope ratios for meta- 
morphic rubies fell into two groups: 1.7-2.9%o for samples 
collected from cordierite-rich rocks, and 3.8-6.1%o for 
those recovered from amphibolites. Magmatic rubies from 
xenoliths in alkali basalts had values of 1.3-4.7%o. Data for 
sapphires also fell into two groups: 4.7—9.0%o for samples 
from pyroxenites and gneisses, and 10.7-15.6%o for those 
from skarns. Samples from secondary deposits exhibited 
isotope ratios from —0.3 to 16.5%; in some instances, a 
magmatic or metamorphic source could be ascertained. 
The oxygen isotope data pointed to a common link for 
corundum from India, Sri Lanka, and East Africa. JES 
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Les saphirs multicolores de Sahambano et Zazafotsy, 
région granulitique d’Ihosy, Madagascar [The multi- 
colored sapphires from Sahambano and Zazafotsy in 
the granulitic domain of Ihosy, Madagascar]. T. 
Ralantoarison, A. Andriamamonjy, Y. Offant, G. 
Giuliani, A. F. M. Rakotondrazafy, D. Ohnenstetter, 
D. Schwarz, C. Dunaigre, A. Fallick, M. Raza- 
natseheno, S. Rakotosamizanany, B. Moine, and P. 
Baillot, Revue de Gemmologie, No. 158, 2006, pp. 
4-13 [in French with English abstract]. 

This article describes the geologic setting, formation, and 
mineralogical properties of two sapphire deposits in south- 
ern Madagascar, at Sahambano and Zazafotsy. Both are sit- 
uated near Ihosy in a shear zone formed during the remo- 
bilization of ancient continental crust 950-450 million 
years ago. This process led to the formation of sapphires 
when metasomatic fluids interacted with feldspathic 
gneisses. 

The sapphires are idiomorphic and show various 
habits from prismatic to tabular. Colors include gray and 
blue; various shades of orange, pink, “mauve” to red, and 
“fuchsia”; and some “padparadscha.” The color depends 
on the local composition of the host rocks, which supply 
the chromophores Fe and Cr. Electron-microprobe analy- 
ses showed that the color was determined by Fe/Cr; Fe 
content was nearly constant and always higher than Cr, 
which decreased from the red to blue hues. 

Both deposits supply beautiful mineral specimens, but 
only a very small percentage of the corundum produced 
would be suitable for gem material after heating. 

RT 


Stichtite from western Tasmania. R. S. Bottrill [rbottrill@ 
mrt.tas.gov.au] and I. T. Graham, Australian Jour- 
nal of Mineralogy, Vol. 12, No. 2, 2006, pp. 
101-107. 

The Dundas area of western Tasmania is the type locality 

for stichtite. This colorful but uncommon mineral, 

Mg,Cr,(CO,)(OH),,¢4H,O, is most plentiful on Stichtite 

Hill, near the Adelaide and Red Lead silver-lead-crocoite 

mines; several other localities are listed, all near Dundas. 

The host rocks are serpentinized dunite. The stichtite is 

pale pink to deep purple, fine grained, and commonly con- 

tains disseminated chromite grains. It is hosted by massive 
yellowish green to dark green serpentine, making the 
material suitable for attractive ornamental carvings. 

RAH 


Les tourmalines magnésiennes d’Afrique de 1|’Est 
[Magnesium-bearing tourmalines from East Africa]. 
C. Simonet [cedric@ssm-kenya.com], Revue de 
Gemmologie, No. 157, 2006, pp. 4-7 [in French]. 
The author describes the occurrences and gemological 
properties of Mg-bearing tourmalines from two regions in 
East Africa: the gem-bearing belt of southern Kenya, 
which extends into the Umba Valley of Tanzania, and the 
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Masai steppe in Tanzania. The tourmalines are mined 
from plumasites (similar to ruby at the John Saul mine) or 
from anatectic (e.g., Yellow mine) and ultrabasic peg- 
matites (small placer deposits) or pegmatites associated 
with marbles (e.g., Landanai). 

In contrast to “real” chrome tourmalines, which con- 
tain up to 8% Cr,O,, the green material from East Africa 
is Mg-rich (dravite-uvite series) and is colored by no more 
than 1 wt.% Cr,O;. These tourmalines also occur in 
brown-to-yellow hues, the latter due to titanium. Some 
show a color-change effect. 

Although these tourmalines are bright and beautiful 
gems, their share in the market will always be restricted 
because of their rarity and irregularity of production. RT 


INSTRUMENTS AND TECHNIQUES 


Noninvasive methods for the investigation of ancient 
Chinese jades: An integrated analytical approach. 
F. Casadio [fcasadio@artic.edu], J. G. Douglas, and K. 
T. Faber, Analytical and Bioanalytical Chemistry, 
Vol. 387, 2007, pp. 791-807. 

The authors explored means of analyzing ancient Chinese 

jades using nondestructive desktop and portable spectrom- 

eters. Proper characterization of ancient and modern jades 

is important for identification of the sample’s mineralogy, 

provenance, and archeology. 

Six ancient jades (all nephrite, Neolithic through Han 
dynasties) and several samples from contemporary 
Chinese mines were investigated with the portable equip- 
ment. A Raman spectrometer was successful in identify- 
ing nephrite, although minor problems with fluorescence 
were noted. With this technique, it was also possible to 
estimate iron content, which could then be correlated to 
geologic origin. XRF and visible reflectance spectroscopy 
showed that the jades’ colors did not correspond to their 
chemical composition. This is in contrast to previous 
research suggesting that increasing iron content correlates 
to a darker color. In addition to the above methods, a heat- 
ing experiment was performed to investigate the identifi- 
cation of possible ancient treatment practices, as well as 
modern forging techniques. Using a sectioned pebble of 
low-iron tremolitic nephrite, the conversion of tremolite 
to diopside through heating was easily detectable with 
Raman spectroscopy. DMK 


Optical optimization. M. Prost, Colored Stone, Vol. 20, 
No. 2, 2007, pp. 32-35. 
About 10 years ago, the plastics industry implemented 
optical systems for sorting resins by color and type. 
Manufacturers in other fields found that the same process 
worked with glass, paper, and organic products. More 
recently, the technique has been applied to the recovery of 
gems, first with diamonds and then with colored stones 
such as emerald, ruby, sapphire, tanzanite, and topaz. As 
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long as at least 10% of the gem is exposed from the 
matrix, it can be detected in any size from 0.5 to 300 mm. 
The technology involves dropping crushed ore onto a 
conveyer belt that is continuously scanned with high-reso- 
lution sensors. As the crushed ore falls, it is lit from a cer- 
tain angle by specially designed light sources. The sensors 
analyze the resulting spectrum of transmitted light and 
detect the gems using customized parameters involving 
light, color, and/or shape. Jets of compressed air then knock 
the gems out of the ore stream into a collection receptacle. 
Though highly efficient, the equipment is also expen- 
sive, costing US$450,000 to $1 million, plus shipping, 
installation, operation, and maintenance costs. Depending 
on the type of gem mineral and individual deposit, pay- 
back on the investment might occur in 6-24 months, but 
strong financial backing is required in case the deposit 
does not yield enough production to cover the expense. 
One effect of this technology is to render economic many 
deposits in well-developed countries where labor costs are 
high. Although optical sorting also reduces theft and labor 
costs, it displaces local workers in the process. JEC 


JEWELRY HISTORY 


A Historia da Joalheria. A evolucao das jéias através dos 
tempos [The history of jewelry. The evolution of 
jewels through the ages]. M. A. Franco, Diamond 
News, Part I: Vol. 6, No. 22, 2005, pp. 50-60; Part II: 
Vol. 6, No. 23, 2006, pp. 49-60; Part II: Vol. 6, No. 
24, 2006, pp. 47-58 [in Portuguese]. 

This three-part series gives a comprehensive survey of the 

history of jewels, covering most of the important aspects 

of the topic: the development of methods and techniques 
of jewelry production (e.g., granulation, enamel, diamond 
cutting), the materials used (metals, stones), the trade 
channels, the evolution of style, and the symbolic, healing, 
and ornamental functions of jewelry. Part I covers the peri- 
od from the beginnings of adornment in the Paleolithic 

Age through the high cultures of the ancient world to the 

end of the Roman Empire. Part II deals with the develop- 

ments of Byzantium through the Middle Ages to the 

Turkish conquests in the 15th century. Part III starts with 

the discovery of the New World and describes develop- 

ments up to the French Revolution. Each part contains a 

foldout synopsis and is well illustrated with examples of 

important jewels. RT 


Problems that may be encountered when identifying gem- 
stones in antique jewelry: Some practical tips. R. 
Bauer, Australian Gemmologist, Vol. 22, No. 10, 
2006, pp. 455-459. 

Identifying gemstones set in jewelry can be awkward at best 

and extremely difficult to impossible at worst. Antique jew- 

elry can be especially challenging because of the fabrication 
methods used in earlier eras. For example, high-set prongs 
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that were popular during the Victorian period can be a detri- 
ment to otherwise useful testing equipment. 

Synthetic and imitation materials became very plenti- 
ful in the late 19th and early 20th centuries. Commonly 
encountered imitations include those for pearls, turquoise, 
and coral. Imitation pearls typically are coated glass beads; 
the coating may show visible peeling. Turquoise and coral 
were often imitated by a ceramic material that tends to 
exhibit “pocked” surface indentations. When synthetics 
were first introduced, they tended to be viewed as fine gem- 
stones and were set into equally fine 9K, 15K, and 18K gold 
settings. During the Art Deco period (ca. 1920-1940) syn- 
thetic rubies and sapphires were commonly set into dia- 
mond bracelets to reduce the expense of creating the jewel- 
ry and because their color could be easily matched. The 
testing of amber and its imitations is also reviewed. 

Descriptions of old diamond cuts are provided, and 
weight-estimation techniques are discussed. The “bulge 
factor” common in older cut diamonds can be related to 
the size of the culet facet: a small culet can add 5-10% to 
the estimated weight of the stone, medium culets 25%, 
and large culets as much as 35%. When estimating the 
weight of rose cuts, often the depth is hidden; a rule of 
thumb is to use 34% of the width as a given depth for such 
diamonds. Color is reflected in rose cuts more than in bril- 
liant-cut diamonds, so a rose cut should always be graded 
from the side rather than face-up. When tilting the piece of 
jewelry, note whether the color in the upper third of the 
stone has changed. If so, the gem is picking up color from 
the mounting. JEC 


JEWELRY RETAILING 


Service with a style. D. Wellman, Retail Merchandiser, 
Vol. 46. No. 12, 2006, pp. 28-29. 
Independent retailer O. C. Tanner of Salt Lake City, Utah, 
is profiled in this report on how to build repeat business. 
Tanner vice president Curtis Bennett noted that many 
retailers fail because they regard staff as a labor cost 
instead of an investment. Many of his employees have 
been with the operation 15-25 years, which has created a 
high comfort level among his customer base. Additionally, 
such long-term employees are knowledgeable and work to 
make sure customers are satisfied, which creates a strong 
bond of trust. RS 


SYNTHETICS AND SIMULANTS 


Emeraude synthétique hydrothermale russe a «givres» 
[Russian hydrothermal synthetic emerald with 
“feathers” |. J. M. Arlabosse, Revue de Gemmologie, 
No. 158, 2006, pp. 14-16 [in French]. 

This note describes the special characteristics of Russian 

hydrothermal synthetic emeralds. Their standard gemo- 
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logical properties overlap those of natural emeralds. FTIR 
spectroscopy, however, shows differences in structural 
H,O and the absence of CO, peaks in the synthetic mate- 
rial. The included “feathers” also differ from similar inclu- 
sions in natural emeralds. RT 


Thick single crystal CVD diamond prepared from CH,- 
rich mixtures. G. Bogdan [anna.bogdan@uhasselt.be], 
K. De Corte, W. Deferme, K. Haenen, and M. 
Nesladek, Physica Status Solidi (A), Vol. 203, No. 
12, 2006, pp. 3063-3069. 
The authors explored a growth technique for producing 
high-purity and low-defect synthetic diamonds for both 
electronics and gemstone applications using single-crystal 
chemical vapor deposition (CVD). The synthetic diamond 
films were characterized for surface quality, optical quali- 
ty, and crystalline defects. 

The films were grown on (100)-oriented type Ib sub- 
strates in an ultra-pure gas phase in the following condi- 
tions: microwave power 600 W, temperature 700°C, pres- 
sure 180 torr, methane concentrations 6-16%, and growth 
rates of 3-4 um/hr. Thicknesses of 270-730 um were 
achieved. 

The resulting films were identified as type Ila based on 
FTIR spectroscopy. Some of the film surfaces were smooth, 
with surface roughness as low as 0.5—1 nm, as determined 
by atomic force microscopy. Nomarski contrast imaging 
showed some of the films to be highly uniform without a 
mosaic structure. The samples showed cross-shaped bire- 
fringence patterns, corresponding to the presence of disloca- 
tions; such birefringence is standard for CVD-grown syn- 
thetic diamond. Color grading of the samples was per- 
formed using a Gran colorimeter, and thinner films had 
better color grades than thicker films. The authors interpret 
this to mean that the structural quality and defect density 
are detrimentally affected with increasing deposition time. 
[Abstractor’s note: This conclusion may be a misinterpre- 
tation, since color grading was not normalized to sample 
thickness. ] JS-S 


TREATMENTS 


The adverse impact of scatter on the tone of Shandong 
sapphire. L. Jianjun [geoli@vip.sina.com], Australian 
Gemmologist, Vol. 22, No. 10, 2006, pp. 408-412. 

Dark-colored sapphires from Shandong Province, China, 

contain abundant microinclusions that scatter incident 

light. This effect greatly reduces both the transmission and 
internal reflection of the light, resulting in a dark tone. 

During heat treatment, the presence of these inclusions 

gives rise to fractures due to thermal stress, and some of 

the inclusions may expand in size, causing a further scat- 
tering of light. The author concludes that standard heat 
treatment cannot be used to lighten the tone of Shandong 
sapphires. RAH 
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Bleaching and micro-cracking phenomena induced in vari- 
ous types of sapphires by keV-electron beam irradia- 
tions. B.-H. Lee [bhlee@daiyan.pwr.eng.osaka-u.ac jp], 
T. Teraji, and T. Ito, Nuclear Instruments and 
Methods in Physics Research B, Vol. 248, 2006, pp. 
311-318. 

Various natural and synthetic sapphires were irradiated 

with increasing electron fluence levels, and the resulting 

irradiation-induced phenomena and cathodoluminescence 

(CL) spectroscopic measurements were reported. Study 

specimens included Be diffusion-treated natural sapphires, 

untreated natural sapphires, and orange, red, and colorless 

Verneuil synthetics. Each specimen was irradiated at room 

temperature in a vacuum chamber with a working pres- 

sure of 3-5 x 10+ Pa using electron beams at various flu- 
ences up to ~6 x 10° electrons/cm*. 

Increasing levels of electron irradiation produced a 
reversible color change—or “bleaching”—in all colored 
specimens and subsequent irreversible “micro-cracking” 
in the surface and subsurface regions. These changes were 
dramatically reduced by coating the samples with a thin 
metal surface layer, which indicates that the phenomena 
were induced by the presence of accumulated charges in 
the specimens. Be-diffused samples were the most sensi- 
tive to the electron radiation levels; sensitivity of the 
untreated natural sapphires was variable and sample- 
dependent. CL studies showed that the intensity of the F*- 
center peak (330 nm) was affected by increasing electron 
radiation levels, while the Cr**-center peak (697 nm) 
remained almost unchanged. SW 


Change of cathodoluminescence spectra of diamond with 
irradiation of low energy electron beam followed by 
annealing. H. Kanda [hisao@nims.go.jp] and K. 
Watanabe, Diamond and Related Materials, Vol. 
15, No. 11-12, 2006, pp. 1882-1885. 

The authors recorded the effects of irradiation and subse- 

quent annealing on the CL spectra of HPHT-grown synthet- 

ic diamonds. The samples were irradiated at 20 kV using a 

1000 nA beam current in the CL system, and CL spectra 

were then recorded using a beam current of 40 nA. The irra- 

diated portions of the synthetic diamond surface showed the 
development of peaks at 420 and 540 nm along with a broad 
band centered at ~410 nm. CL peaks at 485, 535, and 545 nm 
were diminished; however, these peaks were still recorded 
from nonirradiated sections of the synthetic diamond sur- 
face. The CL spectra of the irradiated portions were stable at 
room temperature for one year, but they showed dramatic 

changes after annealing at 500°C for 10 minutes. The 420 

and 520 nm peaks disappeared, and the 485, 535, and 545 nm 

peaks reappeared. The broad band at 410 nm that developed 
during irradiation survived annealing at this temperature. 

Since the electron beam energy of 20 kV was deemed too 

low to create new defects such as vacancies and interstitials, 

the authors surmised that the observed changes in the CL 
spectra are related to the ionization of defects. SE-M 
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hokichi Mikimoto 
Cultured Pearl Czar 


by 


WILLIAM F. FOSHAG, Ph.D. 


Curator of Geology 
U. S. National Museum, Washington, D.C. 


Kokichi Mikimoto was born in Toba, Mie 
Prefecture, Japan, in 1858. Toba is a village 
near Ago Bay, an area well known from 
ancient times for its pearl fisheries. Miki- 
moto’s family was engaged in the prepara- 
tion and sale of macaroni. Mikimoto as a 
youth, however, was of an enterprising na- 
ture and traveled to Tokyo and other large 
cities selling pearls and other sea products 
of the Ago region. 

At the national Exposition in Tokyo in 
1890 Mikimoto exhibited a collection of 
natural pearls from Ago Bay, Among the 
members of the jury of awards was Dr. 


Kakichi Mitsurkuri, a well known Japanese- 


biologist, who showed t6 Mr. Mikimoto a 
Chinese fresh watér mussel shell with Bud- 
dha images coated with nacre on the inside 
of the shell, and. suggested that similar 
growths could be grown in Japanese oys- 
ters. Mikimoto was much impressed by this 
suggestion and soon after began his experi- 
ments in pearl culture at Ago Bay. Using 
the old Chinese system of introducing a 
foreign body within the pearl oyster shell, 
he soon succeeded in producing half pearls 
attached to the shell and obtained a patent 
from the Japanese government for his pro- 
cess in 1896, 

In 1908 Mikimoto obtained a Japanese 
patent for a method of producing com- 
pletely round pearls. In 1916 Tokichi- Nish- 
ikawa, a son-in-law of Mikimoto, obtained 
several Japanese patents for somewhat simi- 
lar processes. Mikimoto’s process involved 


162 


completely surrounding the nucleus with 
epithelium tissue. Nishikawa simplified the 
process by using no more than a small piece 
of epithelium in contact with the nucleus. 
It is possible that Nishikawa’s experiments 
were stimulated by the researches of F. Al- 
verdes in Germany, in 1913, who induced 
pearl formation in wxios by the introduction 
of a small nucleus and some epithelium 
cells into the body of the animal, It was, 
however, largely to Mikimoto’s endeavors 
that pearl culture was brought to a high 
stage of commercial development. 

The important production of round 
pearls began about 1920 and reached a 
maximum of 30 million oysters under cul- 
tivation in 1936-37. 

Today, Kokichi Mikimoto, at 91 years 
of age, continues in active charge of his 
fisheries. Although others are similarly en- 
gaged in pearl culture, Mikimoto remains 
the dominant figure in the industry. 


MISCELLANEOUS 


The age of gold: A day out. J. Ogden, Gems & Jewellery, 
Vol. 16, No. 2, 2007, pp. 12-13. 
A trip by Swiss researchers to pan for gold in the river 
sands of the Grosse Fontanne near Lucerne yielded gold 
grains that contained unexpectedly high levels of trapped 
helium, results that were confirmed by a comparison to 
native gold from other sources. The helium is believed to 
arise from the radioactive decay of uranium. Further 
development of this dating technique may provide a 
rough method for dating gold samples, since any trapped 
helium would be released by heating and working of the 
gold. The method may never be more accurate than speci- 
fying either “many centuries old” or “new,” but it should 
be sufficient for evaluating authenticity as an adjunct to 
traditional art historical, technical, and analytical 
approaches. RAH 


Diamond and jewelry industry crime. K. Ross, FBI Law 

Enforcement Bulletin, February 2007, pp. 17-21. 
Jewelry was among the fastest-growing categories of stolen 
property in the U.S. between 1999 and 2003, ranking sec- 
ond in value behind automobiles. The enormous number 
of jewelry outlets, manufacturers, and wholesalers pro- 
vides favorable conditions for criminals to steal jewelry 
and funnel it back into the legitimate market. The high 
value of these goods also makes them attractive for storing 
and moving proceeds of crime in ways that are difficult to 
detect by authorities. 

Several factors hinder law enforcement’s ability to 
clamp down on jewelry crime, including the easy conceal- 
ment of diamonds and jewelry and their untraceability. 
Identifying stolen products is difficult because law 
enforcement agencies typically have only a limited 
knowledge of these items, such as the Four Cs of a dia- 
mond. Without the ability to identify specific characteris- 
tics, authorities find it very difficult to track such goods. 
In addition, their lack of knowledge and training in dia- 
monds may make it difficult to properly enforce 
Kimberley Process legislation, in both the U.S. and 
Canada. 

The growing diamond mining industry in Canada also 
is creating new criminal opportunities. By analogy, South 
Africa’s diamond mining industry loses approximately 
12% of its annual production to theft, and a similar per- 
centage in Canada would total $180 million. RS 


The secret world of diamonds. G. Kennedy, ACC] 
Journal, Vol. 43, No. 12, 2006, pp. 40-45. 

The diamond industry in Antwerp is changing. The trade, 
once dominated by Hasidic Jews, is now giving way to 
Indian firms that years ago had served as cutting contrac- 
tors for lower-quality rough. The Indian companies now 
control about 70% of Antwerp’s trade by volume. 
However, Antwerp manufacturers still specialize in the 
difficult goods and precisely cut premium stones. 

The article also discusses how the traditional secrecy 
of the diamond world deters attempts to create invest- 
ment vehicles from diamonds, although one firm has 
launched a diamond-based fund. It further discusses the 
conflict diamond issue from a variety of viewpoints. 

RS 


Widespread lead contamination of imported low-cost jewel- 
ry in the U.S. J. D. Weidenhamer [jweiden@ashland. 
edu] and M. L. Clement, Chemosphere, Vol. 67, No. 
5, 2007, pp. 961-965. 

The significant dangers of lead exposure, especially in chil- 
dren, have been known for decades, but most research has 
focused on lead contained in paint and gasoline. However, 
several recent incidents of fatal lead poisoning in children 
have directed attention toward the lead content of low- 
cost imported jewelry. 

The authors obtained 139 pieces of inexpensive (<$10) 
jewelry from retail stores in Ohio, Delaware, Florida, and 
Michigan. Almost all (130) were imported from China, with 
the remainder from India (2), South Korea (3), or unknown 
sources (3). Each item was tested to determine both its total 
lead content and the accessibility of the lead to acid leach- 
ing (to simulate dissolution in the digestive tract). 

The results were divided between jewelry that was 
manufactured in accordance with federal standards (0.06 
wt.% lead) and that containing dangerous levels of lead. 
Although somewhat less than half of the tested items 
(41.4%) were below the limit, more than half of the 
assayed items contained 250 wt.% lead, and almost a 
quarter (24.1%) exceeded 90 wt.%. Six of 10 samples test- 
ed for lead leachability exceeded the U.S. Consumer 
Product Safety Commission guidelines. 

The authors speculate that the source of the lead is 
likely scrap metal, possibly from recycled electronic 
waste. Given the high neurotoxicity of lead to young chil- 
dren, they conclude that such inexpensive pieces of jewel- 
ry pose a threat to children’s health. TWO 
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Latest-Generation CVD-Grown Synthetic Diamonds 
from Apollo Diamond Inc. 


Wuyi Wang, Matthew S. Hall, Kyaw Soe Moe, Joshua Tower, and Thomas M. Moses 
Presents the gemological and spectroscopic properties of Apollo’s latest 
products, which show significant improvements in size, color, and clarity. 
Yellow Mn-rich Tourmaline from the Canary Mining Area, Zambia 


Brendan M. Laurs, William B. Simmons, George R. Rossman, Eric A. Fritz, 
John I. Koivula, Bjdrn Anckar, and Alexander U. Falster 


Explores the vivid “canary” yellow elbaite from the Lundazi District of 
eastern Zambia, the most important source of this tourmaline. 
Fluorescence Spectra of Colored Diamonds Using a 

Rapid, Mobile Spectrometer 


Sally Eaton-Magafia, Jeffrey E. Post, Peter J. Heaney, Roy A. Waliers, 
Christopher M. Breeding, and James E. Butler 


Reports on the use of fluorescence spectroscopy to characterize colored 
diamonds from the Aurora Butterfly and other collections. 


An Examination of the Napoleon Diamond Necklace 
Eloise Gaillou and Jeffrey E. Post 


Provides a history and gemological characterization of this historic necklace. 
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G&G IN THE BUSH 


So there I am, out in the middle of the Tanzanian 
bush at Tunduru, spitting distance from Mozam- 
bique, on the Muhuwesi River. I’m haggling over a 
parcel of sapphire with a miner named Joseph. He 
reaches into his bag and pulls out one of the most 
dog-eared documents I’ve ever laid eyes on (figure 1). 

It’s one of his most treasured possessions. 
I thought you and your readers might get a kick out 

of this photo. 

Richard W. Hughes 
Fallbrook, CA 


REPLY 


The GwG editors indeed enjoyed the photo, and we 
would dearly like to replace Mr. Mayunga’s tattered 
issue. Any G#G readers who plan to travel to the 
area in the near future should contact us so that we 
can send a replacement (and a copy of this issue) for 
him. 


MORE ON COATED 

COLORED DIAMONDS 

Although the Spring 2007 article by A. H. Shen et al., 
“Serenity coated colored diamonds: Detection and 
durability,” imparted a vast amount of technical infor- 
mation, I believe it also omitted important elements 
and warnings that would be of use to GWG readers 
lacking technical backgrounds. 

I note that the authors did not show pre- and post- 
treatment spectra of the same diamond, but rather 
chose to compare arbitrary treated diamonds with their 
natural counterparts, a comparison that may be mis- 
leading for the vast majority of readers, as it discounts 
the inevitability that natural very light fancy-colored 
diamonds will be, and probably have been, color 
enhanced by this or similar treatments. This important 
fact was not stressed enough. 


LETTERS 


Figure 1. Tanzanian miner Joseph Mayunga, who 
lives along the eastern side of the Muhuwesi River 
near Mining Area number 8, displays a weathered 
copy of the Winter 1996 Gems & Gemology. He was 
given the issue by a Sri Lankan gem dealer in 
thanks after closing a large deal for chrysoberyl 
rough. Photo by R. W. Hughes. 


In the case of the yellow color treatment, the 
authors noted the presence of the N2 center in natural 
yellows and the implied absence in treated yellows 
(see figure 7). I sincerely doubt that this is the general 
case, as it would depend strongly on the starting mate- 
rial. I consider this element of the figure somewhat 
misleading. 

In addition, I do not think that the authors stressed 
and warned strongly enough that treated melee of this 
type will surely show up in mounted goods without 
disclosure, and that few if any jewelers and appraisers 
will have a realistic chance of discriminating them 
from untreated goods. This is a legal liability problem 
for all in the trade and one that requires attention from 
industry authorities, and perhaps the authors would 


GEMS & GEMOLOGY WINTER 2007 291 


have some suggestions on how the trade could appro- 
priately, and simply, handle that. 

Finally, GIA has the data to present ratios of treat- 
ed spectra normalized to the untreated spectra such 
that the relative effects of a particular treatment can 
be predicted. It would be in the best interest of educa- 
tion that these data be made available on the G#G 
web site. In fact, I would suggest that in the future 
ASCII text spectral information (wavelength vs. 
absorbance) files for all spectra presented in G#G be 
made so available. 

Martin D. Haske 
Brookline, Massachusetts 


REPLY 


We appreciate Mr. Haske’s thoughtful comments. We 
did, in fact, collect pre- and post-treatment spectra of the 
same stones. However, we felt that the vast majority of 
readers would be more interested in seeing the differ- 
ence between a treated diamond and a natural diamond 
with similar color. Such information, in our opinion, is 
more useful in gem identification than simply compar- 
ing pre- and post-treatment spectra. 

Indeed, not every yellow diamond shows the N2 
absorption feature in its spectra. However, the apparent 
color of these treated yellow diamonds is quite close to 
that of the “cape” diamonds known to the trade, and 
these natural stones typically do display the N2, N3, 


and cape absorption lines. Therefore, we tried to show 
the difference in spectral features between these treated 
stones and natural-color diamonds of similar hue. 
However, we do agree that we should have pointed this 
out in the figure caption. 

We agree wholeheartedly that the issue of treated 
melee is an important one. In fact, this is a problem 
with any gemstone treatment. We know that there are 
irradiated and HPHT-treated melee diamonds in the 
market, but there is no easy or simple solution to this 
dilemma. Once the coated stones are mounted, espe- 
cially in a bezel setting, it can be very difficult to cor- 
rectly identify them. We feel the best approach to this 
problem is to educate the trade and the public to the 
existence of such treatments, and to promote vigilance 
in the trade by providing identification information. 
These were the main purposes of this article. 

With respect to the raw spectral data, the GWG 
editors have informed us that they will be happy to 
collect and post such data files in the Gems & 
Gemology Data Depository, at the discretion of the 
authors involved. 


Andy H. Shen, Shane F. McClure, and James E. Shigley 
Carlsbad, California 


Wuyi Wang, Matthew S. Hall, and Thomas M. Moses 
New York, New York 


Steven Novak 
East Windsor, New Jersey 


IN MEMORIAM 
MASASHI FURUYA (1948-2007) 


Gems & Gemology author Masashi 
Furuya passed away suddenly on 
October 23 at the age of 59. Mr. 
Furuya, the founder and director of the 
Japan Germany Gemmological Labora- 
tory in Kofu, Japan, had recently com- 
pleted an article titled “Copper-bearing 
Tourmalines from New Deposits in 
Paraiba State, Brazil” for the journal’s 
Fall 2007 issue (pp. 236-239). He was 
also a co-author of “Paraiba-type 
Copper-bearing Tourmaline from 
Brazil, Nigeria, and Mozambique: 
Chemical Fingerprinting by LA-ICP-MS” (Spring 
2006), which received third place in last year’s Edward 
J. Gttbelin Most Valuable Article Awards. 

After studying German at Reitaku University, Mr. 
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Furuya traveled to Idar-Oberstein and 
received a Diploma in Gemmology 
from the German Gemmological 
Association in 1972. Four years later, he 
was awarded a Diploma in Gemmology 
from the Gemmological Association of 
Great Britain. Throughout his career, 
Mr. Furuya visited many new gem-pro- 
ducing localities and introduced those 
goods to the Japanese market. He estab- 
lished the Japan Germany Gem- 
mological Laboratory in 1994 and had 
served as a delegate to the International 
Gemmological Conference since 1999. Mr. Furuya is 
survived by his wife, Kimiko, and son and daughter, 
Masaki and Rena. His son will continue the work of 
the Japan Germany Gemmological Laboratory. 
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LATEST-GENERATION CVD-GROWN 
SYNTHETIC DIAMONDS FROM 
APOLLO DIAMOND INC. 


Wuyi Wang, Matthew S. Hall, Kyaw Soe Moe, Joshua Tower, and Thomas M. Moses 


Gemological and spectroscopic properties of 43 CVD synthetic diamonds from Apollo Diamond 
Inc. were examined to characterize the latest generation of their CVD products. These samples, 
which included both faceted gems and partially polished crystals, were provided as representa- 
tive examples of Apollo’s 2006-2007 production. Relative to the Apollo CVD products examined 
in 2003, the new samples showed significant improvements in size, color, and clarity. In addition 
to colorless and near-colorless material, fancy orange-to-pink colors are now produced. These 
high-quality CVD-grown diamonds, comparable in color and clarity to natural diamonds, can be 
identified using a combination of gemological and spectroscopic properties. 


the laboratory has been aggressively pursued 

for several decades, due to the value that dia- 
mond holds in the semiconductor, optics, and gem 
industries. While the growth of gem-quality single- 
crystal diamonds under high-pressure, high-temper- 
ature (HPHT) conditions has been intensely studied 
and well documented, the synthesis of single-crystal 
diamond by the chemical vapor deposition (CVD) 
technique is relatively new and has evolved rapidly 
over the past few years. Before 2003, the CVD tech- 
nique was primarily used to grow polycrystalline 
diamonds of micrometer size. Badzian and Badzian 
(1993) reported the growth of CVD single-crystal 
synthetic diamond as thick as 1.2 mm; subsequent- 
ly, several other groups (e.g., Doering et al., 1999, 
Linares and Doering, 1999) reported the CVD 
growth of undoped and boron-doped single-crystal 
diamond of approximately 1 mm thickness. Yan et 
al. (2004) reported the successful synthesis of 
“thick” nitrogen-doped free-standing single-crystal 
diamond using the microwave plasma CVD tech- 
nique, a discovery that led to numerous new appli- 


he ability to grow high-quality diamond in 
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cations for this material. Since then, significant 
improvements in growth technique and, conse- 
quently, crystal quality have been reported 
(Martineau et al., 2004; Yan et al., 2004; Tallaire et 
al., 2005; Wang et al., 2005; Miyatake et al., 2007). 
Apollo Diamond Inc. of Boston, Massachusetts, 
demonstrated its ability to grow single-crystal CVD 
synthetic diamonds of moderate gem quality sever- 
al years ago (Wang et al., 2003). For the most part, 
the samples examined in 2003 were relatively small 
and of limited thickness for faceting purposes. 
Nearly all of these early crystals were predominant- 
ly brown with varying degrees of saturation. 
Colorless CVD-grown diamonds, both nitrogen 
doped and high purity, were also synthesized by 
LIMHP-CNRS in France (Achard et al., 2005; Wang 
et al., 2005], but the reported crystals were usually 


See end of article for About the Authors and Acknowledgments. 
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Figure 1. The latest- 
generation CVD synthetic 
diamonds produced by 
Apollo Diamond Inc., which 
are now available in the 
gem market, showed signifi- 
cant improvement in quality 
compared to those reported 


less than 1.6 mm thick. More recent CVD products 
from Apollo, however, have shown substantial 
improvements in quality. 

Apollo Diamond began to formally introduce its 
CVD-grown diamonds to the general public in 2007. 
They are currently available through Bostonian 
Jewelers, a Boston retailer, and via inquiries directed 
through the company’s website at www.apollodia- 
mond.com. Due to the potential impact that gem- 
quality CVD synthetic diamonds might have in the 
consumer market, the jewelry industry has shown 
great interest in developing a better understanding 
of these products, improvements in their quality, 
and their potential use in jewelry applications, as 
well as the ability of gem-testing laboratories to 
identify this material and separate it from natural 
diamonds. In this report, we characterize the proper- 
ties of CVD synthetic diamonds produced by Apollo 
from 2006 to 2007 that are representative of their 
current generation of products (figure 1). 


CVD GROWTH 

The CVD method of growing diamond is very dif- 
ferent from the well-known HPHT technique. The 
CVD method involves gaseous reagents—typically 
a small amount of methane (CH, as the source of 
carbon) in hydrogen (H,}—in a chamber with a sin- 
gle-crystal diamond substrate usually with {100} ori- 
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by Wang et al. in 2003. 
These representative sam- 
ples weigh 0.24-0.67 ct. 
Photo by Robert Weldon. 


entation. More than one substrate can be placed in 
the reaction chamber to grow several synthetic dia- 
mond crystals simultaneously. A reaction among 
these components is initiated with a plasma, hot fil- 
ament, or combustion flame. Carbon atoms, prod- 
ucts of a series of chemical reactions, deposit as dia- 
mond on a substrate at relatively low temperatures 
(~1000°C) and low pressures (between 10 and 200 
torr). The reactants, products, and reactive species 
are transported throughout the chamber by diffu- 
sion and convection. On the substrate surface, vari- 
ous reactions (adsorption, diffusion, and desorption) 
occur among the chemical species, leading to the 
deposition of synthetic diamond and, ultimately, 
the growth of a continuous layer of synthetic dia- 
mond. Goodwin and Butler (1997) reviewed the 
important features of the growth environment and 
critical aspects of the growth process. 


MATERIALS AND METHODS 

CVD Samples. For this study, Apollo Diamond pro- 
vided a total of 43 CVD synthetic diamonds to the 
GIA Laboratory for examination; 31 were faceted, 
and the remainder were fashioned into cylinders or 
partially polished plates. The samples were segregat- 
ed into three color groups: colorless to near colorless 
(29), fancy orange to pink (11), and dark brown (3). 
The entire suite ranged from 0.13 to 1.20 ct. See 
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1 (The three groups of latest-generation Apollo CVD-grown synthetic diamonds examined for this study. 


Sample Weight : Fluorescence to Fluorescence to 
ee a eneDe a ict oe ey long-wave UV short-wave UV 
Near colorless 
AP-01 Round brilliant Very good 0.15 E VVS, nert nert 
AP-02 Princess na 0.30 fe VS, Very weak orange Very weak orange 
AP-03 Round brilliant Very good 0.19 F VVS, nert nert 
AP-04 Round brilliant Very good 0.14 G VS, nert ner 
AP-05 Round brilliant Excellent 0.21 F VS, nert ner 
AP-06 Round brilliant Very good 0.16 G VS, nert nert 
AP-07 Round brilliant Good 0.20 | Sl, nert Very weak orange 
AP-08 Round brilliant Very good 0.27 VS, nert nert 
AP-09 Round brilliant Very good 0.23 VVS, nert Very weak orange 
AP-10 Round brilliant Excellent 0.27 J Sl, nert Very weak orange 
Aa Round brilliant Very good 0.20 VVS, nert nert 
AP-13 Round brilliant Good 0.21 L VS, nert nert 
AP-14 Round brilliant Very good 0.25 | VS, nert nert 
AP-15 Round brilliant Very good 0.30 | Sl, nert ner 
AP-16 Round brilliant Good 0.25 M VS, nert nert 
AP-17 Round brilliant Very good 0.20 J VVS, nert ner 
AP-18 Round brilliant Excellent 0.62 K I, nert Very weak orange 
AP-19 Round brilliant Good 0.28 H VS, Very weak orange Inert 
AP-20, Round brilliant Excellent 0.26 | Sl, Very weak orange Very weak orange 
AP-21 Cylinder na 0.36 na na nert Inert 
AP-22 Cylinder na 0.24 na na nert Inert 
AP-23 Cylinder na 0.19 na na nert Inert 
AP-24 Cylinder na 0.31 na na nert Inert 
AP-25 Cylinder na 0.37 na na nert Inert 
AP-26 Cylinder na 0.52 na na nert Very weak orange 
AP-27 Cylinder na 0.13 na na nert Inert 
AP-28 Cylinder na 0.52 na na nert Inert 
AP-29 Cylinder na 0.32 na na nert Inert 
AP-30 Cylinder na 0.25 na na nert Inert 
Orange to pink 
AP-31 Tabular na 1:05 Brownish orangy pink na Weak orange, Very weak orange 
chalky 
AP-32 Tabular na 1.20 Pinkish brown na Very weak orange Very weak orange 
AP-33 Rectangular na 0.71 Fancy Dark brownish Sl, Weak orange, Very weak orange 
pinkish orange chalky 
AP-34 Princess na 0.28 Fancy Dark pink- VS, Weak orange, Very weak orange 
brown chalky 
AP-37 Round brilliant na 0.34 Fancy brown-pink VVS, Weak-to-moderate Very weak orange 
orange, chalky 
AP-38 Round brilliant na 0.40 Fancy orange-brown Sl, Moderate orangy Weak orangy 
yellow yellow 
AP-39 Round brilliant na 0.62 Fancy brown-orange Sl, Moderate orangy Weak orangy 
yellow yellow 
AP-40. Round brilliant na 0.18 Fancy brown-pink VVS, Weak orange, Weak orange 
chalky 
AP-41 Round brilliant na 0.16 Fancy brown-pink VVS, Weak orange, Very weak orange 
chalky 
AP-42 Round brilliant na 0.58 Fancy brownish VVS, Moderate orange, Weak orange, 
orangy pink chalky chalky 
AP-49 Round brilliant na 0.19 Fancy brownish pink VS, Weak orange, Weak orange, 
chalky chalky 
Dark brown 
AP-35 Round brilliant na oles Fancy Dark yellowish Sl, Inert Inert 
brown 
AP-50 Round brilliant na 0.46 Fancy Dark orangy VS, Inert Inert 
brown 
AP-51 Round brilliant na 0.29 Fancy Dark orangy Sl, Inert Inert 
brown 
4G/A’s cut grading system applies only to colorless or near-colorless round brilliant cut diamonds. For other shapes and fancy colors, 
“na” (not applicable) is indicated. 
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table 1 for a full description of the individual sam- 
ples. These CVD-grown diamonds are representative 
of current Apollo Diamond production processes. 


Gemological Examination. For the purpose of this 
study, experienced GIA diamond grading staff deter- 
mined color and clarity grades on all faceted sam- 
ples using the standard conditions and methodology 
of GIA’s clarity and color grading systems (see, e.g., 
King et al., 1994). We examined the internal fea- 
tures of all the samples using both a standard gemo- 
logical binocular microscope and a research micro- 
scope with a variety of lighting techniques. 
Reactions to ultraviolet radiation (again, see table 1) 
were checked in a darkened room with a conven- 
tional four-watt combination long-wave (365 nm) 
and short-wave (254 nm) UV lamp. We also exam- 
ined all samples for their fluorescence and phospho- 
rescence properties, as well as growth characteris- 
tics, using the Diamond Trading Company (DTC) 
DiamondView deep-ultraviolet (<230 nm) lumines- 
cence imaging system (Welbourn et al., 1996). 


Spectroscopic Analysis. All samples were tested by 
all of the following methods. To avoid surface con- 
tamination in the spectroscopic analysis, we 
cleaned the samples thoroughly in acetone using an 
ultrasonic bath. Infrared absorption spectra were 
recorded in the mid-infrared (6000-400 cm-!, 1 cm7! 
resolution) and near-infrared (up to 11000 cm", 4 
cm! resolution) ranges at room temperature with a 
Thermo-Nicolet Nexus 670 Fourier-transform 
infrared (FTIR) spectrometer equipped with KBr and 
quartz beam splitters. We used a diffuse reflectance 
apparatus to focus the incident beam on the sample, 
and collected a total of 512 scans (per spectrum) to 
improve the signal-to-noise ratio. Spectra in the 
mid-infrared and near-infrared regions were normal- 
ized based on the two-phonon and three-phonon 
absorptions of diamond, respectively. Absorption 
spectra in the ultraviolet to visible to near-infrared 
(UV-Vis-NIR) range (250-850 nm) were recorded 
with a Thermo-Spectronic Unicam UV500 spec- 
trophotometer that used a sampling interval of 0.1 
nm for all samples. The synthetic diamonds were 
mounted in a cryogenic cell and cooled to liquid 
nitrogen temperature (~77 K). 

Raman and photoluminescence (PL) spectra were 
recorded using a Renishaw InVia Raman confocal 
microspectrometer with an Ar-ion laser operating at 
two excitation wavelengths: 488 nm (for the 
490-950 nm range) and 514.5 nm (for the 517-950 


New CVD-GROWN SYNTHETIC DIAMONDS FROM APOLLO 


nm range). We collected PL spectra in the 640-850 
nm range using a He-Ne laser (633 nm), and in the 
835-1000 nm range using a NIR laser (830 nm). For 
PL analysis, all samples were cooled by direct 
immersion in liquid nitrogen. Three scans were 
accumulated to achieve a better signal-to-noise ratio. 


GEMOLOGICAL OBSERVATIONS 


Shapes. Most of the 31 faceted samples were round 
brilliants (two were princess cuts and one was a 
rectangular cut); they ranged in size from 0.14 to 
0.71 ct. All the faceted gems exhibited standard cut 
dimensions. Based on the GIA cut grading system 
for round brilliant diamonds (Moses et al., 2004), 
most (14 of 18) of the colorless/near-colorless round 
brilliants were graded as excellent or very good. 

Both ends of the 10 near-colorless cylinders were 
polished for quantitative spectroscopic analysis and 
better examination of internal features. These cylin- 
ders varied in diameter from 2.40 to 3.75 mm and in 
thickness from 1.51 to 2.56 mm. All displayed dis- 
tinctive groove patterns on their edges, indicating 
that each was laser cut from a larger crystal; similar 
grooves were seen on the girdles of many of the 
faceted samples (figure 2). The two partially pol- 
ished plates (1.05 and 1.20 ct) exhibited a tabular 
morphology (figure 3), which is characteristic of as- 
grown CVD synthetic diamonds. 


Color. An outstanding feature of the 43 CVD-grown 
diamonds were the colors represented (again, see 
table 1). Twenty-nine samples were colorless, near 
colorless (figure 4), or only very slightly colored, and 
these are collectively referred to as the “near-color- 
less” group in this article. Of the 19 samples in this 
group given color grades (table 1; the cylinders were 
not color graded), four were colorless (E to F), 12 
were near colorless (G to J), and three displayed very 
slight coloration (K to M}. All the faceted Apollo 
samples in this group, except for the colorless ones, 
had a slightly brown component with no yellow 
apparent. Of the 14 fancy-color CVD products, 11 
had significant orange or pink (or both) components 
with moderate-to-strong saturation (e.g., figure 5, 
a—c), and the other three samples were dark brown 
(e.g., figure 5d). Although the hue descriptions are 
similar between some of the samples in the 
“orange-to-pink” group and the three in the “dark 
brown” group (again, see table 1), these latter three 
specimens showed distinctly darker tone than the 
other 11 fancy-color samples and the predominant 
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hue in all three was brown. Two samples in the 
“orange-to-pink” group were graded Fancy Dark, 
but both displayed a distinct orange-to-pink hue. 
Throughout this article, gemological and spectro- 
scopic features will be presented and discussed in 
terms of these three color groups. 


Clarity. GIA lab staff also determined clarity grades 
for the 31 faceted CVD-grown diamonds. Nine were 
given VVS grades (29%), 12 were VS (39%), and nine 
were SI (29%). One sample fell into the I (“includ- 
ed”) category. Cavities, fractures, small inclusions, 
and pinpoints (figure 6) were the most common 
clarity grade-setting internal features. The fractures 
and cavities varied from micrometer to millimeter 
scale, and most were surface reaching. Unlike what 
is typically seen in natural diamonds, the fractures 
in the CVD samples were usually not connected to 
inclusions. In general, the small inclusions and pin- 
points were randomly distributed. In rare cases, 
numerous pinpoints and small inclusions occurred 
together in cloud-like groups (figure 6c). Internal fea- 
tures were typically light in color with only a few 
small dark inclusions observed. 


po — . 
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Figure 2. Most of the partially 
polished CVD-grown crystals 
examined were cylindrical 
with distinctive laser grooves 
along the outer rims. The 
diameter of this cylinder (left, 
sample AP-21) is 3.46 mm. 
The laser grooves were still 
visible on the girdles of many 
of the faceted round brilliants 
(right, sample AP-10, field of 
view 1.0 mm). Photomicro- 
graphs by W. Wang. 


Reactions to UV Radiation. Observation of the sam- 
ples while they were exposed to conventional short- 
and long-wave UV lamps revealed a close correla- 
tion between fluorescence and bodycolor (table 1). 
For the near-colorless group, only eight of the 29 
samples showed very weak orange fluorescence to 
short- and/or long-wave UV radiation; the remain- 
ing samples were inert to both wavelengths. In con- 
trast, all the samples in the orange-to-pink group 
showed orange fluorescence of very weak to moder- 
ate intensity to long-wave UV, with obvious turbid- 
ity (“chalkiness”) in eight of the 11 samples. When 
exposed to short-wave UV, all of these CVD sam- 
ples displayed very weak to weak orange to orangy 
yellow fluorescence. No UV fluorescence was 
observed in the three diamonds in the dark brown 
group. None of the samples in the present study 
showed phosphorescence to conventional long- or 
short-wave UV radiation. 

When exposed to the high-intensity ultra-short 
wavelengths of the DTC DiamondView, most of 
the near-colorless group of synthetic diamonds dis- 
played strong pinkish orange fluorescence (figure 7a 
and 7c), and a few fluoresced strong orange or 


“ L Figure 3. These two par- 
= . tially polished CVD 
~~ crystals (1.05 and 1.20 
~~ ct) had a tabular mor- 


phology that is charac- 
teristic of CVD synthet- 
ic diamonds. Photos by 
Jian Xin (Jae) Liao. 
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Figure 4. These faceted CVD samples from Apollo Diamond (0.15—0.30 ct) range from E to H on the GIA color 


grading scale. Photos by Jian Xin (Jae) Liao. 


orangy red (figure 7b). An interesting feature was 
the occurrence of regions with irregularly patterned 
strong blue fluorescence. The size of these regions 
varied significantly between samples. In some of the 
samples, the blue fluorescence was concentrated 
near the culet (figure 7c), and in others it was on the 
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table facet. In the latter case, a violetish blue fluo- 
rescence was typically observed as well (figure 7d). 
All samples were also checked for phosphorescence 
in the DiamondView (all under the same condi- 
tions). Weak-to-moderate blue phosphorescence 
was seen in 15 of the 29 samples in the near-color- 


Figure 5. Some of the 
CVD samples showed 
attractive fancy colors: 
(a) 0.71 ct, Fancy Dark 
brownish pinkish 
orange; (b) 0.34 ct, 
Fancy brown-pink; (c) 
0.28 ct, Fancy Dark 
pink-brown; (d) 0.33 ct, 
Fancy Dark yellowish 
brown. Photos by Jian 
Xin (Jae) Liao. 
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Figure 6. Most of the faceted CVD synthetic diamonds studied had high clarity grades, in the VVS and VS 


ranges. The internal features that most affected the clarity grades were: (a) surface-reaching fractures (field of 
view 2.5 mm); (b) surface-reaching cavities (field of view 1.4 mm); and (c) pinpoints and clouds (field of view 0.9 


mm). Photomicrographs by W. Wang and K. S. Moe. 


less group (figure 8). Within this group, we did not 
observe any systematic changes in fluorescence/ 
phosphorescence in the DiamondView as the color 
grade increased from E to M. In general, the phos- 
phorescence colors appeared evenly distributed 
throughout the CVD-grown diamonds, with no vari- 
ations visible even in samples showing the distinct 
zonations of blue and orange-to-pink fluorescence. 
The orange-to-pink CVD synthetic diamonds 


ike 
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showed stronger reddish orange fluorescence in the 
DiamondView (figure 9a-d) than was seen in the 
near-colorless samples; none showed the irregularly 
patterned blue fluorescence. In general, the fluores- 
cence in the orange-to-pink samples was evenly dis- 
tributed, with only three of the 11 samples showing 
bands of weaker orange color. These bands were 
uniform in thickness, oriented parallel to the table 
facet, and had sharp, well-defined boundaries (figure 


Figure 7. In the DTC 
DiamondView, most of 
the near-colorless group 
of CVD synthetic dia- 
monds displayed strong 
pinkish orange fluores- 
cence (a and c), and 
some fluoresced strong 
orange or orangy red (b). 
Several had very irregu- 
lar regions with strong 
blue (c) or violetish blue 
(d) fluorescence. Photos 
by W. Wang. 
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9b). Narrow growth striations were visible in many 
of the samples due to variations in fluorescence 
intensity, and evenly distributed weak green fluo- 
rescence (figure 9c) was also observed in five of the 
11 orange-to-pink samples. Of all the fancy-color 
CVD synthetic diamonds studied, only one of the 
orange-to-pink samples (AP-34) showed weak blue 
plus some small areas of green phosphorescence (fig- 
ure 10) in the DiamondView. 

The three dark brown CVD synthetic diamonds 
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Figure 8. The Diamond- 
View revealed blue phos- 
phorescence of weak 
(left) to moderate (right) 
intensity in about half of 
the CVD-grown dia- 
monds in the near-color- 
less group. All the phos- 
phorescence images were 
collected under the same 
conditions. Photos by W. 
Wang and K. S. Moe. 


showed orangy red fluorescence in the Diamond- 
View, but with much weaker intensity than that of 
the other two groups. The irregularly patterned blue 
fluorescence observed in the near-colorless group 
also occurred in the brown samples, but was very 
limited in distribution. 


Graining and Birefringence. Graining was a com- 
mon feature in all the CVD synthetic diamonds 
studied. In contrast to that observed in natural dia- 


Figure 9. The fancy-color 
CVD synthetic dia- 
monds with distinct 
orange-to-pink colors 
showed a more intense 
reddish orange fluores- 
cence (a-d) than the 
near-colorless group 
when examined with 
the DiamondView. 
Three of the 11 samples 
in this group showed 
bands of weaker orange 
fluorescence (b), possi- 
bly due to variations in 
crystal growth condi- 
tions. Five also dis- 
played distinct green flu- 
orescence (c). Photos by 
W. Wang and K. S. Moe. 
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Figure 10. Only one (AP-34) of the 14 fancy-color 
CVD-grown diamonds phosphoresced in the 
DiamondView, showing weak blue with minor 
amounts of green luminescence. Photo by W. Wang. 


monds, the internal graining in most of the CVD 
samples showed indistinct boundaries that appeared 
fuzzy. Only three samples showed graining with rel- 
atively well-defined edges (see, e.g., figure 11). 
Strong birefringence was another important fea- 
ture of these CVD samples. Under magnification 
with crossed polarizers, all the samples displayed 
very high-order interference colors (figure 12). The 
CVD products commonly showed red, blue, green, 
and even white interference colors that were in sharp 
contrast to the gray colors that are typical of natural 
type Ila diamonds. While bands of interference colors 
occurred in a few samples, most displayed irregular 


Figure 11. Internal graining was well developed but 
“fuzzy” in most of the CVD synthetic diamonds 
studied. Graining with clearly observable outlines, 
as seen here in sample AP-18, was rare. Photomicro- 
graph by W. Wang; field of view 2.4 mm. 


patterns. No correlation was observed between body- 
color and interference color or pattern; comparable 
interference features occurred in both the near-color- 
less and fancy-color CVD groups. 


RESULTS OF SPECTROSCOPIC ANALYSIS 


Infrared Absorption Spectroscopy. Several distinct 
features in the IR spectra correlated directly with 
the bodycolors of the CVD synthetic diamonds. In 
the mid-infrared region, samples in the near-color- 
less group showed no detectable absorptions relat- 
ed to nitrogen or boron impurities, indicating they 


Figure 12. When examined with crossed polarizers, type Ila CVD synthetic diamonds usually show much 
higher-order interference colors than natural type Ila diamonds, as illustrated by the samples shown here: 
(a) type Ila faceted CVD-grown diamond; (b) type Ila cylindrical CVD-grown crystal; and (c) interference 
pattern of a typical natural type Ila diamond. Photomicrographs (fields of view 1.8, 3.8, and 1.4 mm, respec- 
tively) by W. Wang and K. S. Moe. 
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MID-IR ABSORPTION SPECTRA 


AP-12 
(near-colorless 
group) 


0.1 cm 


AP-33 
(orange-to-pink 
group) 


AP-35 
(dark brown group) 


ABSORPTION COEFFICIENT — 


WAVENUMBER (cm) 


Figure 13. CVD synthetic diamonds from the near- 
colorless group (e.g., AP-12) showed only a weak 
absorption at 1332.1 cm". In the fancy-color CVD 
diamonds (e.g., AP-33, AP-35), more intense peaks 
were observed. Spectra shifted vertically for clarity. 


were all type Ila, and exhibited only a weak peak 
at 1332.1 cm! (figure 13). All the fancy-color sam- 
ples showed stronger absorption at 1332.1 cm. 
Additionally, all were classified as type Ila; howev- 
er, they showed a weak absorption at 1344.5 cm™! 
(~0.1 cm™! in intensity) that was due to the pres- 
ence of ~5 ppm of isolated nitrogen. In addition, 
weak but distinct absorptions at 1371.0, 1362.3, 
and 1352.9 cm! were consistently recorded in the 
fancy-color CVD-grown diamonds, but did not 
occur in the near-colorless group. 

Differences between the near-colorless and fancy- 
color samples were also noted in the region of 
3200-2700 cm! (figure 14). In this range, CVD sam- 
ples in the near-colorless group showed only the 
gradual increase in absorption that is intrinsic to dia- 
mond. In contrast, all the fancy-color samples exhib- 
ited a sharp absorption at 3123.0 cm! with signifi- 
cant intensity caused by a hydrogen-related lattice 
defect (Fuchs et al., 1995a,b). Many other weak and 
broad features also occurred in this region, including 
peaks at 2901.7, 2807.5, and 2727.8 cml. 

The integrated intensities of the absorptions (i.e., 
the areas under the peaks) at 1371.0 and 1352.9 
cm-!, as represented in figure 13, displayed positive 
linear correlations with each other (figure 15, left; a 
similar correlation for the 1362.3 peak is not shown) 
and with the H-related peak at 3123.0 cm" (figure 
15, right), but no correlation was observed with the 
concentration of isolated nitrogen (i.e., the 1344.5 
cm! peak). 
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MID-IR ABSORPTION SPECTRA 


3123.0 


AP-33 
(orange-to-pink group) 


AP-35 
(dark brown group) 


AP-12 
(near-colorless group) 


ABSORPTION COEFFICIENT — 
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WAVENUMBER (cm?) 


Figure 14. In the near-colorless group of CVD synthetic 
diamonds (e.g., AP-12), no absorption at 3123.0 cnr! 
was recorded. In contrast, that H-related absorption is 
very strong in the fancy-color CVD diamonds (e.g., AP- 
33, AP-35). Spectra shifted vertically for clarity. 


We also observed significant variations in the 
near-infrared range (figure 16). For the near-colorless 
CVD group, the samples ranging in color from F to J 
showed only two very weak absorptions at 6855 and 
5562 cm~!, whereas the E-color sample (AP-01) had 
no detectable absorptions in the entire NIR region. 
The K-to-M CVD synthetic diamonds generally 
showed two additional weak absorptions at 7353 and 
6425 cm-!. While all of these absorptions were <1.0 
cm~ in integrated intensity, NIR features in the K-to- 
M samples appeared slightly stronger than those in 
samples from the rest of the near-colorless group. 

The orange-to-pink CVD samples exhibited 
much stronger absorptions at 7353 (average integrat- 
ed intensity 2.12 cm~) and 6425 cm~!. However, 
they did not show the peaks at 6855 and 5562, cm7!, 
instead, many sharp peaks occurred in the range 
9000-4200 cm-!, including the strong absorptions at 
7917 and 7804 cm~! reported by Twitchen et al. 
(2007) as the 1263 and 1281 nm lines. This group of 
samples showed other major NIR peaks at 7533, 
6963, 6828, 6425, 6064, 5219, 4888, 4672, and 4337 
cm! (again, see figure 16, left). All the lines were 
sharp and relatively strong in intensity. 

The three dark brown CVD synthetic diamonds 
showed absorption features that were very similar to 
those of the K-to-M colors, with two additional 
sharp and strong peaks at 8752, and 7837 cm~!, and 
two sharp peaks at 7225 and 7189 cm (figure 16, 
right). In these three dark brown diamonds, all the 
peaks were very strong and linearly correlated with 
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MID-IR PEAK INTEGRATED INTENSITIES 
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Figure 15. In the fancy-color CVD synthetic diamonds, the integrated intensities displayed positive linear correla- 
tions between (left) absorptions at 1352.9 cnr! and 1371.0 cnr", and (right) those absorptions (represented here by 
the peak at 1352.9 cm) and the H-related absorption at 3123.0 cnr. 


one another in integrated intensity (figure 17]. For 
example, the average integrated intensity of the 7353 
cm! peak in the dark brown samples was 89.2 cm~. 


UV-Vis-NIR Absorption Spectroscopy. The E-to-J 
CVD-grown diamonds in the near-colorless group 
showed no specific features in the UV-Vis region 
except for a very slight increase in absorption from 
~500 nm to the high-energy (low-wavelength) side 
(e.g., sample AP-22 in figure 18). An extremely weak 


and broad band at ~270 nm was recorded in the 
slightly brown samples. Sample AP-16, which had 
the most brown (“M”) in the near-colorless group, 
also had the highest-intensity absorption at ~270 nm 
of the near-colorless samples. The broad ~270 nm 
band is caused by trace amounts of isolated nitrogen. 

Analysis of the samples in the orange-to-pink 
group revealed some consistent absorption features, 
including broad bands at ~270 nm and ~520 nm, a 
gradual increase in absorption from ~450 nm to the 


Figure 16. Some distinct correlations were observed between absorptions in the near-infrared region and the body- 
colors of the CVD samples. Generally, the orange-to-pink samples (e.g., AP-33) showed stronger peaks than those 
in the near-colorless group (e.g., AP-04 and AP-13; left). In dark brown CVD diamonds (e.g., AP-51; right), very 
strong absorptions were consistently observed. Note the difference in scale between the spectra on the left and 


right; also, spectra on the left have been shifted vertically for clarity. 
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Figure 17. Six absorption peaks in the near-infrared 
region of the dark brown CVD synthetic diamonds 
displayed positive linear correlations. 


high-energy (low-wavelength) side, and sharp peaks 
at 413.5, 419.4, 425.0, 495.3, 503.3, 637.0, 666.7, 
685.3, and 712.1 nm (see spectrum of sample AP-31 
in figure 18). Among the sharp absorptions, the 637.0 
nm peak, the zero phonon line (ZPL) of the nitrogen- 
vacancy [N-V]- center, was the strongest. In the 
three dark brown samples, absorption increased 
gradually from ~600 nm to the high-energy (low- 
wavelength] side with a broad band centered at ~520 
nm (figure 19). Only two sharp, but weak, absorp- 
tions at 624.5 and 637.6 nm were recorded. A broad 
shoulder centered at ~370 nm appeared in samples 
AP-35 and AP-50; however, the feature is difficult to 
discern in sample AP-51 due to very strong absorp- 
tion in this region. All these broad features are simi- 
lar to those reported in as-grown brown CVD syn- 
thetic diamond by, for example, Martineau et al. 
(2004, figure 11), Twitchen et al. (2004, 2007), and 
Hounsome et al. (2005). 


Photoluminescence and Raman Spectroscopy. 
Numerous emission lines were recorded with four dif- 
ferent lasers, some of which were observed with mul- 
tiple excitation wavelengths. The major PL features 
are summarized below on the basis of individual laser 
excitation in the defect’s most sensitive region. 
When blue laser (488 nm) excitation was 
employed (figure 20), all the CVD synthetic dia- 
monds in the near-colorless group displayed weak 
and sharp peaks at 543.3 and 546.1 nm. Weak peaks 
at 501.2, 534.0, 534.4, and 540.0 nm also occurred in 
over 70% of the samples in this group (not shown); 
in general, these weak peaks were either all present 
or all absent. A weak emission at 512.2 nm (not 
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UV-VIS ABSORPTION SPECTRA 
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Figure 18. In the UV-Vis region, absorption spectra 
from CVD samples of the near-colorless group (e.g., 
AP-22) are generally flat. Broad bands at ~270 nm 
and ~520 nm and some sharp peaks including a ZPL 
at 637.0 nm were consistently recorded in CVD sam- 
ples with orange-to-pink coloration (e.g., AP-31). 


shown) was also observed in about half the samples 
tested. An outstanding feature in the near-colorless 
group was the occurrence of a weak 3H emission 
(ZPL at 503.5 nm) in about 70% of the samples. 
Only one sample (AP-14) showed a very weak H3 
emission (ZPL at 503.1 nm). All the orange-to-pink 
CVD samples showed extremely strong H3 emis- 
sions as well as a cluster of weak emissions at 
493.7-500.9 nm with major lines at 494.6, 498.1 
(not shown), and 546.1 nm. Moderate H3 emissions 


Figure 19. This absorption spectrum is typical of the 
dark brown CVD synthetic diamonds. 
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were also recorded in all three dark brown CVD 
samples, together with a 512.2 nm peak (not 
shown). Additional weak emissions at 540.0 (not 
shown], 543.3, and 546.1 nm were present in some 
of the samples of this group. 

Green laser (514.5 nm) excitation revealed strong 
emission systems of N-V centers in the CVD sam- 
ples of all colors (575 and 637.0 nm [not shown]; fig- 
ure 21). Doublet emissions at 596.5 and 597.0 nm 
occurred in all samples of the near-colorless group. 
The same doublet appeared in all three dark brown 
samples, but with an additional weak peak at 595.3 
nm. In contrast, these features were absent in the 
orange-to-pink CVD synthetic diamonds. In addition, 
all three dark brown samples exhibited weak peaks, 
as shown in the inset to figure 21, at 555.0, 557.1, and 
559.1 nm, with the strongest intensity at 559.1 nm. 
These correspond to Raman shifts at 1418, 1486, and 
1550 cm7!, respectively. The last of these is due to 
the presence of non-diamond carbon (Zaitsev, 2001). 
The Raman shifts of these three peaks were con- 
firmed based on the same energy shift (i.e., these fea- 
tures appeared at different wavelengths, but with the 
same Raman shift, when excited by the two different 
lasers) using 488 nm laser excitation but with weaker 
intensity than those obtained from 514.5 nm laser 
excitation. 

When excited by a red laser (633 nm), all the 
samples in the near-colorless group showed weak 
silicon-related emission (figure 22), which is usually 
composed of two very sharp peaks at 736.6 and 
736.9 nm (generally referred to as the 737 nm 
defect; Vavilov et al., 1980; Clark et al., 1995, 
Iakoubovskii et al., 2001). We should point out that 
this emission also was present in 75% of the sam- 
ples of this group when 488 or 514.5 nm laser exci- 
tation was used. In addition, weak emissions at 
664.0, 665.8, and 833.8 nm (not shown) were record- 
ed with the red laser in about half the samples in 
the near-colorless group. In all the orange-to-pink 
samples, a weak emission occurred at 823.4 nm. 
However, the Si-related 737 nm emission was 
observed in eight of the 11 samples. While most Si- 
related emissions were very weak in this group, two 
samples (AP-38 [figure 22] and AP-39) displayed 
extremely strong peaks. None of the orange-to-pink 
samples showed Si-related emission peaks when 
488 or 514.5 nm laser excitation was used. Of the 
three dark brown CVD synthetic diamonds, only 
one (AP-50) showed a very weak emission at the Si- 
related 737 nm defect (again, see figure 22). No 
emission at 737 nm was observed in the other two 
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Figure 20. When blue laser (488 nm) excitation was 
used, the PL spectra showed H8 emission in the orange- 
to-pink (e.g., AP-41) and dark brown (e.g., AP-35) CVD 
samples. A weak 3H emission occurred in most of the 
CVD samples in the near-colorless group (e.g., AP-05). 
Other peaks, such as at 543.3 and 546.1 nm, were also 
observed among the various color groups. 


dark brown samples with any laser excitation. 
Infrared laser excitation at 830 nm produced 
many weak and sharp emission features in the 


Figure 21. The PL spectra of all CVD synthetic dia- 
monds examined in this study were dominated by 
N-V center emission systems at 575 nm (the 637 nm 
peak is not shown) when green laser (514.5 nm) exci- 
tation was employed. In addition, Raman scattering 
peaks at 1418, 1486, and 1550 cm! (555.0, 557.1, 
and 559.1 nm) were observed in all three dark brown 
CVD synthetic diamonds (inset) but not in any sam- 
ple of other colors. 
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Figure 22. Si-related emission peaks at 736.6 and 
736.9 nm were recorded with varying intensities in 
the PL spectra of most CVD synthetic diamonds. 
These features were best seen when red laser excita- 
tion at 633 nm was used. 


850-880 nm region for the near-colorless group of 
CVD-grown diamonds, including peaks at 851.1, 
855.5, 864.0, 866.0, 867.4, 869.0, and 878.6 nm (fig- 
ure 23). We also observed weak peaks at 946.1 and 
951.3 nm in all samples of this group. In the orange- 
to-pink CVD-grown diamonds, we recorded even 
more weak emissions, including those at 847.2, 
850.1, 864.8, 867.7, 869.4, 881.2, 924.7, 943.0, 945.9, 
954.4, and 956.1 nm. The dark brown CVD samples 
exhibited fewer emissions, among them weak peaks 
at 855.2, 861.5, 878.3, 887.2, 888.0, 940.1, 947.4, and 
951.3 nm. 


DISCUSSION 


Improvements in Gem Quality. As previously 
reported (Wang et al., 2003), gem-quality synthetic 
diamonds grown by Apollo Diamond Inc. represent- 
ed some of the first examples of single-crystal mate- 
rial grown by the CVD process that were intended 
for the jewelry trade. Most of the samples produced 
at the time that article was published showed limit- 
ed thickness due to the tabular morphology of the 
CVD crystal. For the most part, the few faceted syn- 
thetic diamonds studied were a very strong brown, 
relatively small (<0.30 ct}, and received moderate- 
to-low clarity grades (VS,—SL). In comparison, the 
2006-2007 Apollo Diamond products showed sub- 
stantial improvements in color, with colorless, 
near-colorless, and fancy orange-to-pink material 
representative of the gem-quality CVD-grown dia- 
monds that are now commercially available. 
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Figure 23. Many weak emission lines were detected 
in the infrared region of the PL spectra when 830 nm 
laser excitation was used. Clear differences were 
observed among the near-colorless, orange-to-pink, 
and dark brown CVD samples. 


In addition to the previously documented near- 
colorless and brown CVD material, Martineau et al. 
(2004) reported on high-quality single-crystal CVD 
synthetic diamond with blue color produced by 
boron doping during crystal growth and on a 0.85 ct 
round-cut as-grown fancy brownish pink CVD syn- 
thetic diamond (see sample N§8 in table 3 of that ref- 
erence). Until the present article, little was known 
about the gemological and spectroscopic features of 
orange-to-pink CVD synthetic diamonds produced 
by Apollo Diamond. These very attractive colors, as 
shown in figures 1 and 5, are comparable to some 
top-quality fancy-color natural diamonds. 

Improvements in clarity were also observed. The 
clarity grades of over 67% of the samples provided 
from Apollo’s recent production fell in the range 
VVS,-VS,. Only a few were in the SI-I range. 
Improved clarity was mainly achieved by reducing 
the amount of larger inclusions and pinpoints. While 
most of the samples examined for this study con- 
tained some pinpoints, very few contained other 
inclusions that could be resolved even under magni- 
fication up to 100x. However, several fractures were 
observed, particularly in the samples fashioned as 
cylinders. Significant internal stress was indicated 
by strong birefringence in many specimens (figure 
12). As with natural diamonds, internal stress in 
these CVD synthetic diamonds—or the stress of the 
cutting process—is likely to contribute to cracking. 
Improvements in the CVD growth process have led 
to larger faceted gems. Even though most of the 
faceted gems in the current study were still under 
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0.30 ct, the fact that many samples over half a carat 
were available and that those cut as round brilliants 
were well proportioned (table 1) indicates that thick- 
er crystals are used to create the latest-generation 
Apollo products. In brief, the overall color and clarity 
of the CVD synthetic diamonds examined in this 
study is similar to that of the Element Six CVD 
products reported by Martineau et al. (2004). 

It should be noted, though, that the CVD syn- 
thetic diamonds examined by Martineau et al. are 
not commercially available. Apollo products similar 
in quality to those described in this report have 
been introduced to the gem trade. All of these CVD- 
grown products carry a distinctive inscription that 
identifies them as Apollo Diamonds. 


Causes of Improved Clarity and Color. Production 
of top-quality CVD synthetic diamonds using a rela- 
tively high growth rate continues to be a challenge, 
leading to extensive testing of various combinations 
of growth parameters. Achard et al. (2005) reported 
that incorporating as little as 10 ppm of nitrogen in 
the total gas phase could increase the crystal growth 
rate by a factor of 2.5 with no degradation of the sur- 
face morphology or color. However, Achard et al.’s 
samples were not of gem thickness, so the color 
could not be graded using accepted gemological 
techniques. 

According to Martineau et al. (2004), based on 
growth conditions and additional treatment after 
growth, CVD synthetic diamonds may be divided 
into four groups, including high purity and nitrogen 
doped. The nitrogen-doped product contains a 
detectable amount of N-bearing lattice defects in 
UV-Vis absorption and/or photoluminescence spec- 
troscopy, whereas high-purity samples do not. The 
occurrence of N-V centers, observed as very strong 
emission systems in the PL spectra of all the Apollo 
CVD samples tested for the present study (figure 2.1), 
indicated that all the samples contained nitrogen. 
Even in the colorless (E and F) CVD samples, emis- 
sion from the N-V centers was readily detectable. 
However, there is a strong correlation between 
increasing color and greater N-V emission (normal- 
ized to the Raman peak height). This is further evi- 
dence that nitrogen plays a leading role in the deter- 
mination of color in the CVD-grown diamonds. 

The reasons for nitrogen doping in these CVD 
samples were different for each color group. For the 
near-colorless group, nitrogen was controlled at rel- 
atively low levels to achieve high growth rates 
while maintaining crystal quality (Linares and 
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Doering, 2003). IR absorption spectroscopy did not 
detect any nitrogen impurities in samples of this 
group. However, the extremely weak, broad band 
seen at ~270 nm in the UV-Vis-NIR absorption 
spectra of the samples with a slightly brownish hue 
is due to isolated nitrogen in concentrations at the 
ppm (parts per million) level. Non-diamond carbon, 
deposited during CVD diamond growth, is known 
to cause brown color in CVD synthetic diamonds; 
however, the absence of non-diamond carbon (fig- 
ure 2.1), and the weak correlation between the con- 
centration of isolated nitrogen and the color grades, 
suggests that the slight brownish hue in near-color- 
less samples could be caused by a combination of 
the detected defects such as isolated nitrogen and 
N-V centers; additionally, non-diamond carbon 
could be present, but in concentrations too low to 
be detected with Raman spectroscopy. 

The impact of nitrogen doping in the fancy-color 
CVD synthetic diamonds is more complicated. 
Higher concentrations of nitrogen were added into 
the gas phase and, as a result, more nitrogen was 
incorporated into the diamond lattice during growth. 
Relatively high concentrations of isolated nitrogen 
were revealed in the IR and UV-Vis-NIR absorption 
spectra (figures 13 and 18). Only 5 ppm of isolated 
nitrogen is needed to produce yellow-to-orange color 
in diamond. Moderately strong absorption from the 
[N-V]- defect (ZPL at 637.0 nm; figure 18) in combi- 
nation with the broad ~520 nm band likely resulted 
in selective absorption of orange light, and produced 
a pink color. Assignment of the ~520 nm broad band 
is unclear, but in these samples it functioned very 
similarly to the ~550 nm broad absorption band 
known to cause the color in many natural pink dia- 
monds by selectively absorbing green-to-orange 
light. The ~520 nm broad band could have been the 
main color contributor for this group of diamonds. 

The dark brown diamonds are distinctive due to 
the presence of non-diamond carbon (figure 21), 
which was not detected in either of the other two 
CVD groups studied. The combination of relatively 
high concentrations of isolated nitrogen, a weak-to- 
moderate absorption band at ~520 nm, and the pres- 
ence of non-diamond carbon resulted in a gradual 
increase in absorption from the low-energy to high- 
energy (high-wavelength to low-wavelength) side of 
the UV-Vis-NIR absorption spectra. Consequently, 
brown coloration was produced in these samples. 


Defect Interrelations and Their Implications. 
Absorptions with varying intensities at 3123.0, 
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1371.0, 1362.3, and 1352.9 cm7! occurred in the 
fancy-color CVD samples (again, see figures 13 and 
14). The 3123.0 cm™! absorption is routinely 
observed in nitrogen-doped single-crystal CVD syn- 
thetic diamonds (Wang et al., 2003; Martineau et al., 
2004). The absorption was studied via isotopic sub- 
stitution with 2D (i.e., deuterium, isotope of hydro- 
gen with mass 2, amu) and determined to be a vibra- 
tion involving a single hydrogen atom (Fuchs et al., 
1995b). Recent investigation of the 3123.0 cm! 
absorption using a combination of annealing and 
uniaxial-stress experiments suggested that the 
NVH- defect is responsible (Cruddace et al., 2007a). 

The negative nitrogen-vacancy-hydrogen com- 
plex, NVH-, was first identified in single-crystal 
CVD synthetic diamond using electron paramagnet- 
ic resonance (EPR) spectroscopy (Glover et al., 
2003). Hydrogen is a common IR-active impurity in 
natural type Ia and occasionally type Ia diamonds, 
often showing a sharp absorption at 3107 cm". 
Chrenko et al. (1967) first found this absorption, and 
Woods and Collins (1983) proposed that it originat- 
ed from a C-H stretching vibration mode. 

The variation in peak positions of hydrogen- 
related absorption is one of the most important 
spectroscopic differences between natural and CVD 
synthetic diamonds. Positive correlations in intensi- 
ty among all these four peaks (figure 15) indicated 
that the other three peaks (1371.0, 1362.3, and 
1352.9 cm) could also be related to or caused by 
the NVH- defect. Meanwhile, recent studies 
(Cruddace et al., 2007a,b) using uniaxial-stress 
experiments revealed different symmetries of these 
centers. These discrepancies are not fully under- 
stood. Based on the relationship Cruddace et al. 
(2007a) established, we calculated that the concen- 
trations of NVH~ defect varied from 1.3 to 4.3 ppb in 
these fancy-color CVD synthetic diamonds. 

Many of the peaks in the near-infrared region 
(8752, 7353, 6855, 6425, and 5562 cm~!; figure 16) 
were reported in Wang et al. (2003). These peaks 
were present in the near-colorless and dark brown 
samples, but with an additional one at 7837 cm". 
Interstitial hydrogen and hydrogen trapped at vacan- 
cies are potential candidates for the absorption at 
7353 cm7! (Goss, 2003). In the dark brown samples, 
these absorptions were extremely strong, which per- 
mitted accurate determination of their integrated 
intensities and thus allowed us to investigate their 
correlations. Similar positive linear correlations also 
occurred among six absorption peaks (8752, 7837, 
7353, 6855, 642.5, and 5562, cm!) in the near-infrared 
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region (figure 17), but none of these peaks showed 
any observable correlation with the 3123.0 cm7! 
absorption in intensity. All these observations indi- 
cate that the six absorption peaks in the near-IR 
region of the dark brown samples are very likely 
related to or caused by the same defect, but not the 
NVH- defect. 

An outstanding feature of the PL spectrum of the 
orange-to-pink CVD-grown diamonds is the strong 
H83 center (figure 20). The occurrence of H3 is rein- 
forced by the green fluorescence (figure 9c). The H3 
defect is in the neutral charge state (N-V-N)°. This 
defect forms in nitrogen-bearing diamonds through 
combination of the nitrogen A aggregate and a 
vacancy. Formation of this defect usually involves 
irradiation and annealing at relatively high tempera- 
tures (e.g., Collins, 1982, 2001) or is associated with 
distinct plastic deformation features. While very 
common in irradiated/annealed type Ia diamonds, 
varying concentrations of the H3 defect also occur 
in some natural-color type Ia diamonds. The H3 
defect can be a major contributor to the yellow 
color in some natural diamonds (King et al., 2005). 
In natural type Ila diamonds, though, the H3 defect 
is observed in extremely low concentrations or is 
not detectable even when very sensitive PL spec- 
troscopy is employed. Strong H3 emissions, as 
observed in the PL spectra of the orange-to-pink 
CVD samples in this study, are extremely rare in 
natural type Ila diamonds, as well as in CVD syn- 
thetic diamonds of other colors. The occurrence of 
relatively high concentrations of the H3 defect in 
this specific group indicates a possible link to the 
production of orange-to-pink hues. 

The 3H defect that was observed in most dia- 
monds in the near-colorless group is widely believed 
to be introduced by radiation and has a complicated 
annealing behavior. Heating to 300—400°C may 
increase the 3H center intensity considerably 
depending on the concentration of nitrogen in the 
diamond (Zaitsev, 2001). This defect can be stable at 
temperature as high as 1000°C (Steeds et al., 1999). 
Most CVD diamond growth occurs at >800°C and it 
is more likely that the 3H center was introduced 
during the crystal growth process. 

Twitchen et al. (2007) first reported the develop- 
ment of 7917 and 7804 cm~! absorptions in the 
near-infrared region (corresponding to the 1263 and 
1281 nm peaks in the reference) in CVD synthetic 
diamonds when annealed to 1400-1500°C at ambi- 
ent pressure. In a recent uniaxial stress and anneal- 
ing study, Cruddace et al. (2007c) further found that 
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the 7354 cm system annealed out in the tempera- 
ture range of 1300-1600°C at ambient pressure, and 
two lines at 7917 and 7804 cm7! appeared. These 
two peaks, as well as many others, were observed in 
all the Apollo fancy orange-to-pink samples with 
varying intensities (figure 16). 

In addition, features similar to those seen in 
prior research were observed in the UV-Vis-NIR 
absorption spectra. Weak absorption peaks at 503.3 
(due to H3 defects) and 666.7 nm (figure 18) in their 
orange-to-pink CVD synthetic diamonds developed 
when brown CVD synthetic diamond was annealed 
(Twitchen et al., 2007). The absorption feature at 
approximately 624 nm disappeared when their sam- 
ple was heated in the range of 1200-1400°C 
(Twitchen et al., 2007). In the present study, a fea- 
ture at 624.5 nm was seen in the spectra of the dark 
brown samples (figure 19) but not in those of the 
orange-to-pink group. The mechanism for the 
occurrence of the spectroscopic features observed 
with IR/UV-Vis-NIR absorption and PL spec- 
troscopy in the orange-to-pink CVD synthetic dia- 
monds studied for the present report is not well 
understood, and further investigation is ongoing. 


Identification Features. The progress made over the 
past few years toward the efficient growth of single- 
crystal CVD synthetic diamond has opened a range 
of possible industrial and jewelry applications (fig- 
ure 24). Several other organizations and institutes 
(e.g., Element Six, Carnegie Institute, LIMHP-CNRS 
in France, and the National Institute for Material 
Sciences in Japan) have demonstrated the capability 
to grow single-crystal CVD diamond with products 
of varying sizes and quality. In addition, Apollo 
Diamond Inc. has begun producing and marketing 
CVD-grown gems to the jewelry industry. 
Identification and separation of CVD synthetic 
diamonds from natural diamonds can be achieved 
through careful attention to the gemological and 
spectroscopic properties. While not conclusive, sev- 
eral gemological observations serve as good indica- 
tions of CVD material: strong internal graining with 
an indistinct “fuzzy” appearance, high-order inter- 
ference colors (figure 12a), occurrence of pinpoints 
and occasional clouds (figure 6), and remnant laser 
grooves on the girdles (figure 2b). These gemological 
features do, however, appear in some natural dia- 
monds (Moses et al., 1999). Crystal inclusions are 
not commonly present in either CVD or natural 
type Ila diamonds, but when they are present, their 
appearance can be diagnostic of natural origin. 
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Early products from Apollo with varying satura- 
tions of brown color displayed a weak orange fluo- 
rescence to UV radiation that was considered a use- 
ful indication of CVD synthesis (Wang et al., 2003; 
Martineau et al., 2004). However, this feature is 
absent from most of the new products due to 
improvements in the growth technique and crystal 
quality. Most of the samples in the near-colorless 
and dark brown groups were inert, and only a few 
near-colorless samples showed very weak orange 
fluorescence under the UV lamp. The very weak to 
moderate orange fluorescence observed in the 
orange-to-pink samples, on the other hand, was 
similar to that seen in some natural pink diamonds 
(King et al., 2002), which also makes this property 
problematic as an identification criterion. 

Fluorescence and phosphorescence images 
obtained from the DTC DiamondView continue to 
be very useful for identification of CVD synthetic 
diamonds. Orange fluorescence with irregularly pat- 
terned areas of blue fluorescence, narrow growth 
bands, and blue phosphorescence (figures 7—9) 
appear to be characteristic features of CVD-grown 
diamonds, if present. Most natural type Ila dia- 
monds show relatively uniform blue fluorescence 
and rarely show phosphorescence in the Diamond- 
View. Although a few natural type Ila diamonds 
show orange fluorescence, the co-existence of 
orange and irregular blue fluorescent regions has not 
been observed in natural stones. In addition, natural 
type Ila diamonds often show characteristic internal 
features (e.g., “mosaic” networks of polygonized 
dislocations) that likely would not occur in CVD 
synthetic diamonds. Natural diamonds with trace 
amounts of isolated nitrogen rarely show any pink 
hue, or dominant red-orange fluorescence in the 
DiamondView. 

Spectroscopic features are very important for 
CVD identification. For near-colorless samples, the 
occurrence of weak absorptions in the near-infrared 
region (7353, 6855, 6425, 5562 cm7!; figure 16) 
and/or a very weak absorption band at ~270 nm in 
the UV-Vis-NIR region are indicative of CVD 
growth. Occurrence of a 3123.0 cm™ absorption in 
the mid-infrared region was considered to be an 
important feature of the early CVD synthetic dia- 
monds (Wang et al., 2003), but this absorption was 
absent in all of the near-colorless group tested. 
Important identification features from photolumi- 
nescence spectroscopy (figures 20-23) include 
strong emissions from N-V centers, the 596/597 
doublet, and emissions at 534.0, 543.3, 546.1, 736.6, 
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Figure 24. CVD lab-grown diamonds are now avail- 
able in fine jewelry, such as these stackable rings set 
in yellow and white gold. Courtesy of Apollo 
Diamond Inc. 


736.9, 946.1, and 951.3 nm. These luminescence 
features can be activated by lasers of various wave- 
lengths. Occurrence of the 3H defect in most of the 
near-colorless group of CVD samples (figure 20) is 
not well understood, and this feature has also been 
reported in CVD synthetic diamonds from another 
producer (Wang et al., 2005). 

Many of the previously listed emissions 
(596/597 doublet, and emissions at 534.0, 543.3, 
546.1, 736.6, 736.9, 946.1, and 951.3 nm) are specific 
to CVD synthetic diamonds and have not been 
detected in natural diamonds (Martineau et al., 
2004; Wang et al., 2005). However, it should be 
pointed out that the Si-related 737 nm emission 
was recently found in natural type Ila and low-nitro- 
gen diamonds (Breeding et al., 2007). Since the Si- 
related 737 nm emission is extremely rare in natu- 
ral diamonds, its occurrence in photoluminescence 
spectroscopy is still a very useful indicator of a CVD 
synthetic diamond. 

For those CVD synthetic diamonds with orange- 
to-pink and dark brown colors, IR absorption spec- 
troscopy proved more useful for identification than 
photoluminescence. Occurrence of a sharp 3123.0 
cm! absorption (figure 14) from an H-related defect 


New CVD-GROWN SYNTHETIC DIAMONDS FROM APOLLO 


and the combination of absorptions at 1371.0, 
1362.3, 1352.9, and 1344.5 (due to isolated nitrogen) 
are specific to these fancy-color CVD synthetic dia- 
monds (figure 13). Very strong absorptions at 8752, 
7837, 7353, 6855, 6425, and 5562 cm~! in dark 
brown samples and numerous (7917, 7804, 7533, 
7353, 6963, 6828, 6425, 6064, 5219, 4888, 4672, and 
4337 cm!) sharp absorption peaks in the near- 
infrared region of orange-to-pink samples (figure 16) 
are characteristic identification features for these 
two groups. The ~520 nm broad absorption band in 
UV-Vis-NIR spectra (figures 18 and 19) is slightly 
lower in position than the 550 nm band in natural 
diamonds. The well-known 596/597 photolumines- 
cence doublet emissions were entirely absent in the 
orange-to-pink CVD synthetic diamonds, and the 
Si-related 737 nm emission occurred in few of the 
fancy-color CVD-grown diamonds. 

The identification of CVD synthetic diamonds 
from natural stones may be achieved based on a 
combination of various gemological and spectro- 
scopic features. There is no single feature that will 
ensure proper identification of all CVD synthetic 
diamonds, and testing in a properly equipped gemo- 
logical laboratory is needed to guarantee confident 
identification. 


CONCLUSIONS 


Compared to earlier-generation products, the CVD 
synthetic diamonds submitted by Apollo Diamond 
Inc. as representative of their 2006-2007 produc- 
tion showed significant improvements in color 
and clarity. Relatively larger, well-proportioned, 
faceted CVD products have also become more 
common. Colorless, near-colorless, and attractive 
fancy-color material is now being produced. The 
new products are comparable in quality to many 
natural diamonds in the marketplace. The gem 
sizes (0.14—0.71 ct) reflect the highest-volume seg- 
ment of the natural diamond market. These CVD 
synthetic diamonds exhibited unusual internal 
graining, high birefringence, complex fluorescence 
zoning, and several distinct spectroscopic features. 
All of these CVD synthetic diamonds can be iden- 
tified, but a combination of various gemological 
and, especially, spectroscopic features is required 
to do so consistently and accurately. We anticipate 
that CVD diamond growth techniques will contin- 
ue to improve and CVD products with even better 
quality will eventually be introduced to the gem 
market. 
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YELLOW MN-RICH TOURMALINE FROM 
THE CANARY MINING AREA, ZAMBIA 


Brendan M. Laurs, William B. (Skip) Simmons, George R. Rossman, Eric A. Fritz, 
John |. Koivula, Bjorn Anckar, and Alexander U. Falster 


The most important source of yellow gem elbaite is the Canary mining area in the Lundazi 
District of eastern Zambia. The tourmaline has been mined since 1983 from both pegmatite and 
eluvial/alluvial deposits, in colors typically ranging from yellow-green to yellow to orange and 
brown; much of the orange-to-brown material is heated to attain a “golden” or “canary” yellow 
color. The tourmaline is Mn-rich (up to 9.18 wt.% MnO documented in the literature) and con- 
tains traces of Ti and little or no Fe. The distinctive composition of this tourmaline is probably the 
result of the crystallization of abundant schorl from an unusual B-rich, Li-poor pegmatite magma, 
which depleted Fe while conserving Mn until the late-stage crystallization of gem pockets. 


elbaite has been intermittently mined from a 
small area in eastern Zambia. Marketed as 
Canary tourmaline since 2001, this material is 
notable for its vivid yellow color and high Mn con- 
tent—among the highest ever recorded in any tour- 
maline (e.g., Shigley et al., 1986). Starting in 2002, 
organized purchasing and mining initiatives 
brought greater quantities of this elusive tourmaline 
to the market, particularly in Japan, where it has 
gained popularity and commanded high prices 
(Federman, 2002; “Supplier to vertically inte- 
grate...,”” 2004). Although most of the cut tourma- 
line available is in melee sizes (<0.20 ct}, exception- 
al faceted stones up to 50 ct have been cut (figure 1). 
Due to its unusual color and composition, this 
tourmaline attracted considerable attention in the 
mineralogical literature when it first entered the 
marketplace (see Nuber and Schmetzer, 1984; 
Schmetzer and Bank, 1984a; Rossman and Mattson, 
1986; Shigley et al., 1986). While some of these arti- 
cles did not specify the locality within Zambia, oth- 
ers stated “near Chipada,” which refers to the 
largest town (Chipata) in eastern Zambia, located 


| ince the early 1980s, gem-quality yellow 
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near the border with Malawi. However, there are no 
gem-bearing pegmatites in the Chipata area, and the 
actual locality is the Lundazi District, located ~160 
km to the north (as indicated by Rossman and 
Mattson, 1986). Since the location was kept secret 
for many years, some more recent reports have 
named the source locality as Mozambique (Wong, 
2001) or Malawi (e.g., Boehm, 2001; Federman, 
2002). The enriched manganese content of this 
Zambian elbaite has led some authors to refer to it 
as tsilaisite (Schmetzer and Bank, 1983, 1984b; 
Kane, 1986).# 

While in Zambia in August 2004, three of the 
authors (BML, WBS, and BA) visited the most 
important deposit for yellow elbaite, known as the 
Canary mining area, to gather information on the 
geology and production of this unusual material, 
and to obtain samples for gemological characteriza- 
tion and chemical analysis. Two days were spent at 
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the deposit with Tommy Wu (Shire Trading Ltd., 
Hong Kong], who was leasing the mine in partner- 
ship with a Zambian company. Since then, Mr. Wu 
has updated information on the mining and produc- 
tion, and supplied additional samples for our 
research. 


LOCATION AND ACCESS 

The Canary mining area is located at coordinates 
12°23.764’ S, 32°53.471’ E, and ~1,440 m elevation. 
This position lies 32 km west-southwest of Lundazi 
(figure 2 inset), from which the deposit can be 
reached in about one hour by car on moderately well- 
maintained dirt roads. Two small villages are located 
near the mining area: Muchapansala and Chanya- 
lubwe. The mining camp (figure 3) is powered by a 
generator and obtains drinking water from a well. 
The deposit can be worked roughly 10 months of the 
year, excluding the rainy season from late December 


@Tsilaisite is the name proposed by Kunitz (1929) for a hypothetical 
Mn-rich tourmaline end member, after the first locality where high-Mn 
tourmaline was documented (Tsilaisina, Madagascar). The term 
appeared in a list of new mineral names published by Dunn et al. 
(1985), although it had not been approved by the Commission on 
New Minerals and Mineral Names of the International Mineralogical 
Association. Tsilaisite was recently included in a list of discredited 
minerals (Burke, 2006), because no samples have been documented 
with sufficient Mn to attain the end-member composition. Therefore, 
we have placed the term in quotes when referring to the Mn-rich end- 
member composition in this article. 
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Figure 1. Commercial 
quantities of Mn-rich 
“canary” yellow elbaite 
come from just one 
deposit, the Canary 
mining ared in eastern 
Zambia. Although the 
material is typically cut 
in melee sizes, this 
exceptional stone 
weighs 50.26 ct. Cour- 
tesy of Shire Trading 
Ltd.; photo © Harold #& 
Erica Van Pelt. 


to early February. In the past, the deposit also has 
been referred to as the Kaombeka or Doost-Chiwele 
mine (Njamu, 2003). 


HISTORY AND PRODUCTION 


Initial gem discoveries in the Lundazi District proba- 
bly occurred in the late 1970s through activities of 
local villagers (Patney and Tether, 1988). The Canary 
mining area was originally worked for electronic- 
grade quartz (ca. 1982), and the brown tourmaline 
was tossed into the mine dumps (Njamu, 2.003). 
Yellow tourmaline from eastern Zambia was first 
documented by Schmetzer and Bank (1983). It is like- 
ly that the material came from the Canary mining 
area (known as Kaombeka at the time}, which is the 
most important source of this tourmaline in the area. 
A survey of the literature revealed only one other yel- 
low tourmaline—producing site in the Lundazi 
District, which was mapped by O’Connor (1998) as 
the Chamunjili mine, located 18 km northeast of the 
Canary mining area. To the authors’ knowledge, this 
locality has not been active for several years. 

The first organized search for tourmaline in the 
Canary mining area occurred in 1987 (when it was 
still known as Kaombeka). At that time, the main 
pegmatite was worked by the Small Mines Unit of 
Zambian Consolidated Copper Mines (ZCCM). 
Although Zgambo (1995) reported that ZCCM 
removed 540 m° of material from two pits, yielding 
242, kg of gem rough, the total production of tour- 
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maline (of all qualities) obtained by ZCCM was 
probably several tonnes (T. Wu, pers. comm., 2004). 
The largest single gem pocket was reportedly dis- 
covered in the mid-1990s by a subsequent owner; it 
produced approximately 3 tonnes of tourmaline, of 
which 0.5 tonne was of good gem quality (T. Wu, 
pers. comm., 2004). This pocket was found at a 
depth of about 4 m, and two smaller cavities— 
which yielded up to 100 kg of tourmaline—were 
encountered at approximately the same depth as 
mining proceeded to the east. As of November 
1997, the deposit lay idle and the pit was filled with 
water (O’Connor, 1998). 

In 2001, Mr. Wu together with Rita and Arun 
Mittal entered a purchasing agreement with as 
many as 60 local miners working the eluvial and 
alluvial deposits. They began creating a market for 
yellow tourmaline in Japan (and, to a lesser extent, 
in the U.S. and Europe) with gems cut from 3-4 kg 
of good-quality rough material. In late 2002, Mr. Wu 
and the Mittals formed a partnership to lease the 
area under the name Canary Mining Ltd. By the end 
of 2002, Canary Mining had amassed ~800 kg of 
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Figure 2. The Canary mining area is located in 
eastern Zambia, 32 km west-southwest of Lundazi. 
The mining area is covered by the Tumbuka, 
Kabelubelu, and Canary concessions. Most Canary 
tourmaline production has come from Kabelubelu. 
The Canary concession has been a source of “dou- 
ble blue” aquamarine, but not tourmaline. 
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rough tourmaline. Most of this would cut small 
stones of 3 mm or less, but a few large gems (e.g., 
30, 14, and 11 ct} also were faceted. 

In February 2003, Canary Mining began working 
secondary deposits near the original pegmatite, with 
modest results over the next five months. From 
December 2.003 to August 2004, they used an exca- 
vator to explore primary deposits on the property 
(figure 4). However, they did not recover any tour- 
maline from the new areas tested, and the main pit 
appeared to be exhausted. Subsequent work has 
focused on intermittently mining the secondary 
deposits, typically producing 30-40 kg per month 
(or ~2 kg of tourmaline per day, consisting of 
500-800 g of good gem rough). The 50 ct tourma- 
line in figure 1 was cut from this material (T. Wu, 
pers. comm., 2.006). 

In July 2007, Canary Mining Ltd. was acquired 
by Canary Gemstone International DMCC, a hold- 
ing company formed in Dubai, with Mr. Wu and 
Mrs. Mittal as major shareholders. The influx of 
capital obtained through this venture will allow for 
the expansion of mining activities in 2008. 
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part of the Lundazi District. Photo by W. B. Simmons. 


GEOLOGY 


Pegmatites in the Lundazi area are known for pro- 
ducing mica and gem-quality aquamarine, spessar- 
tine, tourmaline (green, pink, or yellow), and rose 
quartz. These pegmatites and their gems have been 
described by Thomas (1982), Patney and Tether 
(1988), Zgambo (1995), Johnson et al. (1997), 
Milisenda et al. (2000), and Njamu (2003). Patney 
and Tether (1988) defined two belts of gem-bearing 
pegmatites in the Lundazi District, and indicated 
that they are broadly synchronous with the late 
Pan-African Sinda Batholith (~489 million years old 
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Figure 3. The mining camp for Canary tourmaline, shown here in the dry season (August), is located in a remote 


[Ma]}. Snelling et al. (1972) dated an undeformed 
pegmatite near Lundazi at 485 Ma. 

The Canary mining area is underlain by 
Precambrian metamorphic rocks of the Irumide 
Foldbelt (e.g., Johns et al., 1989). O’Connor (1998) 
mapped the deposit within leucocratic gneiss (con- 
taining biotite, garnet, and sillimanite) of the 
Lumezi Gneiss Group. Deep soils cover the area, 
and the best exposures of the basement rocks are 
found in some mining pits and along the stream 
that crosses the mining claims. 

The main pegmatite in the Canary mining area 


Figure 4. Canary Mining 
Ltd. used a large excava- 
tor to explore primary 
deposits from December 
2003 to August 2004. 
The main pegmatite is 
being mined down-dip 
from the area that pro- 
duced large amounts of 
tourmaline in the mid- 
1990s; Asok Napa (in 
the foreground) was the 
mine’s general manager 
during that time. Photo 
by Tommy Wu. 
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Figure 5. The contact between the footwall of the 
main pegmatite and the weathered host rock is 
marked by the sharp boundary to the right of the 
hammer (see yellow line). The hammer is sitting 
on the medium-grained border zone, which is sepa- 
rated from the coarse-grained feldspar-rich inter- 
mediate zone by a vein of black tourmaline + 
K-feldspar. Photo by B. M. Laurs. 


is a lens-shaped body that discordantly intrudes 
biotite gneiss, it strikes east-west (~100°) and dips 
moderately south. At the time of the authors’ 2004 
visit, a large open pit (~16 m deep) partially filled 
with water marked the site where most of the peg- 
matite had been removed. Based on the extent of 
the workings, the pegmatite is believed to have 
been at least 60 m long and perhaps 18 m at its 
widest point (Njamu, 2003). Exposures of the foot- 
wall showed a medium-grained border zone (~15 cm 
wide) and in places a discontinuous aplitic zone that 
abruptly transitioned into a coarse-grained interme- 
diate zone consisting mainly of K-feldspar and sub- 
ordinate sodic plagioclase (figure 5). The hydrother- 
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mal leaching of quartz had resulted in vugs that 
contained euhedral overgrowths of albite and black 
tourmaline needles. We also observed conspicuous 
veins (up to 10 cm thick) of black tourmaline + K- 
feldspar + albite cross-cutting the pegmatite. The 
host gneiss adjacent to the pegmatite was locally 
biotized and tourmalinized near the contact, but the 
minimal alteration overall indicated that the peg- 
matite had little interaction with the wallrock. 

The large cavity found in the mid-1990s was in 
the central-northwestern part of the pit, in or near 
the core of the pegmatite. This pocket also con- 
tained abundant quartz crystals and “cleave- 
landite” feldspar. Although remains of these miner- 
als were found on the mine dump, there was no 
evidence of any micas, such as the lepidolite that is 
commonly associated with gem tourmaline in 
granitic pegmatites. 

The Canary deposit is distinctly different from 
other gem-bearing pegmatites in the area in that it 
lacks micas and is not a source of aquamarine. 
Zgambo (1995) indicated that rose quartz, mica, 
beryl, and gem-quality pink tourmaline were 
encountered during mining in 1987, but no evidence 
of these minerals was seen during our visit. There 
was also no evidence of the allanite, magnetite, and 
blue/pink/green tourmaline that were reported by 
Njamu (2003). One of the present authors (BA) noted 
some spessartine in the mine dumps in 2003, but no 
garnet was seen in the pegmatite itself. 

A reconnaissance survey of past workings in the 
surrounding area during the authors’ visit revealed 
two additional pegmatites with similar mineralogy, 
but they were much smaller than the main peg- 
matite and reportedly did not yield any gem tour- 
maline in situ (T. Wu, pers. comm., 2004). In addi- 
tion, pegmatites with a distinctively different min- 
eralogy were seen in the area. These quartz-rich peg- 
matites contained biotite (in sparse amounts, and 
typically no schorl) as the mafic mineral, and 
formed segregations in a granitoid rock or cross-cut- 
ting dikes in biotite gneiss. They were mined for 
dark blue (or “double blue”) aquamarine (Laurs, 
2004), which is frozen within the pegmatites rather 
than forming in cavities; therefore, the beryl rarely 
yields cut stones larger than 0.5 ct. Ductile deforma- 
tion (the presence of bent and deformed crystals) of 
the beryl-bearing pegmatites indicated that they are 
older than the undeformed feldspar- and black tour- 
maline-rich type of pegmatite that contains Canary 
tourmaline. In places the deformed pegmatites 
underlie the eluvial deposits mined for tourmaline, 
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Figure 6. Secondary deposits downslope from the main Canary pegmatite are typically mined to a depth of 


1-1.5 m (left). The miners recovered the gem rough by wet-screening the excavated material using water from 


a flooded mining pit (right). Photos by B. Anckar, June 2003. 


which has created confusion about the original 
source of this gem material. O’Connor (1998) also 
documented at least two phases of pegmatites in 
this part of the Lundazi District, and indicated that 
the magnetic signature of the area suggests it may 
be underlain by a large granitic body. 

According to Mr. Wu, other pegmatites located 
within a few kilometers of the Canary mining area 
have produced spessartine and chrysoberyl. 


MINING AND PROCESSING 


The Canary mining area consists of three mining 
concessions, covering a total of 600 ha (6 km”). 
From west to east, these are the Tumbuka, 
Kabelubelu, and Canary licenses (again, see figure 
2). During the authors’ visit in 2004, 13 workings 
were seen, most of which were located on the 
Kabelubelu concession. These ranged from large 
open pits to small exploration trenches, in both pri- 
mary and secondary (alluvial and eluvial) deposits. 
Most of the Canary tourmaline produced since 
2000 has come from the Kabelubelu concession, 
from secondary deposits located downslope of the 
main pegmatite. Mining was done by hand (figure 6, 
left) or with a small excavator to a depth of ~1-1.5 
m (exceptionally, down to 5 m). The most favorable 
soil horizon for tourmaline was marked by a con- 
centration of quartz fragments or pebbles. Miners 
wet-screened the material using 4 x 4 mm mesh 
(figure 6, right) or processed it through a simple 
washing plant (figure 7) consisting of a cement 
mixer, vibrating screens with mesh from 5 cm to 1 
cm, and a sorting table (Njamu, 2003). Using water 
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from a seasonal stream that flows through the min- 
ing area, the washing plant can process about 10-12 
tonnes of material per day. 

Mining of the primary deposits (for both tourma- 
line and aquamarine) was done using a large excava- 
tor (again, see figure 4), a pneumatic hammer, and 
by hand with picks, shovels, pry bars, hammers, and 
chisels. To avoid breaking the gem material, Canary 


Figure 7. The washing plant that is also used to pro- 
cess material from the secondary deposits consists of 
a cement mixer followed by a series of vibrating 
screens. The water tank is filled from a small reservoir 
made in a seasonal stream that flows through the 
mining area. Photo by B. M. Laurs. 
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Figure 8. The yellow tourmaline in this slab (2.2 cm 
wide) is cut by veins and masses of black and brown 
tourmaline and brownish pink K-feldspar. A brecciat- 
ed texture resulted from the late-stage influx of the 
tourmaline + K-feldspar. Photo by W. B. Simmons. 


Mining Ltd. has limited the use of explosives. Since 
2.003, the mine has employed up to 20 workers from 
local villages, who are paid a salary and provided 
three meals a day (T. Wu, pers. comm., 2004). 

The rough is sorted in Lusaka, and the material 
suitable for faceting (about 5-10% of the produc- 
tion) is cut in Bangkok. As mined, the tourmaline 
ranges from yellowish green to yellow, orange, and 
brown. Large pieces (up to 40 kg) have been recov- 
ered, but these typically consist of a brecciated 
assemblage of yellow to brownish yellow tourma- 
line that has been fractured and intruded by 
black/brown tourmaline + K-feldspar (figure 8), 


requiring extensive processing to obtain small 
pieces of gem rough. However, some high-quality 
transparent yellow areas have been found within 
such material (figure 9). The veinlets of black tour- 
maline may show a scalloped texture along their 
planes of contact with the yellow tourmaline (figure 
10), which suggests that the fractures were etched 
by hydrothermal fluids before being intruded by the 
schorl. 

About 30% of the tourmaline is vivid yellow as 
mined. After being pre-formed, most of the other 
colors are heat treated to 500°C (and again to 550°C, 
as needed) in air to reduce the brown/orange compo- 
nent (see figure 19 of Kane, 1986). Heating does not 
always completely remove the brown hue (even 
after the second treatment}, and it has no effect on 
the green component (T. Wu., pers. comm., 2006). 
The resulting hues range from bright yellow to 
brownish yellow to yellowish green (figures 11 and 
12). Preliminary experiments at higher tempera- 
tures have succeeded in creating a pinkish red color 
from brownish yellow material (see box A). 

According to Mr. Wu, most of the Canary tour- 
maline is faceted as calibrated stones in a variety of 
common shapes, in sizes ranging from 2, mm to 10 x 
8 mm. About 5% of the production consists of larg- 
er stones that are faceted in free sizes, typically 
around 1 ct, with a very few stones in the 1-5 ct 
range. Briolettes have been cut from material con- 
taining minute fluid inclusions (figure 13). As of 
November 2007, enough rough material had been 
stockpiled to produce an estimated 20,000 carats of 
small (2-3 mm) cut stones. 


Figure 9. These two views show a sample (6.5 cm in maximum dimension) containing a central core of gem-quality 
yellow tourmaline that is surrounded and partially cross-cut by black tourmaline (schorl). Courtesy of Shire 
Trading Ltd.; photos by Robert Weldon. 
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Figure 10. A distinctive scalloped pattern is visible at 

the interface between a cross-cutting veinlet of schorl 
and the surrounding tourmaline. Photomicrograph by 
J. I. Koivula; field of view is 2.5 mm. 


Canary tourmaline publicly debuted in the gem 
trade at the International Jewellery Tokyo show in 
January 2001 (“Capturing the Canary...,” 2003). 
Until the middle of this decade, most of the produc- 
tion was sold in Japan, but then demand shifted 
toward manufacturers in Thailand and Hong Kong 
that produce mass-market jewelry for U.S. cus- 
tomers (“Substantial increase in sales...,” 2005). 

In addition to the yellow elbaite, black tourma- 
line from the Canary mining area has been polished 
into beads and cabochons for the Japanese market. 
This schorl also has been powdered for use in the 
cosmetics industry in Japan. 


MATERIALS AND METHODS 


Thirty-one Canary tourmalines were gemologically 
characterized at GIA: five unheated cabochons 
(5.38-18.02 ct) and 26 heat-treated faceted stones 
(0.38—2.16 ct]. We measured refractive indices with 
a Duplex II refractometer. Specific gravity was cal- 
culated by the hydrostatic method with a Mettler 
CM1200 electronic balance. Fluorescence to UV 
radiation was documented in a darkened room 
using a standard 4-watt long-wave (365 nm) and 
short-wave (254 nm) UV lamp. We also examined 
the samples with a Chelsea filter and a desk-model 
spectroscope. Internal features were observed using 
a standard binocular gemological microscope. 

The chemical composition of 21 grain mounts of 
unheated yellow-to-orange-to-brown and yellow- 
green tourmaline (from one to six analyses per sam- 
ple) was measured by electron microprobe at the 
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Figure 11. These unusually large (7.32-12.60 ct) 
heated Canary tourmalines show the yellow to 
“golden” yellow color range that is typical of this 
material. Courtesy of Shire Trading Ltd.; photo by 
C. D. Mengason. 


Figure 12. These unheated cabochons (10.45—18.02 
ct) and heated cut stones (1.92 and 2.16 ct; GIA 
Collection nos. 37339 and 37340) have a distinctive 
yellowish green color that is less common in Canary 
tourmaline than the yellow to “golden” yellow. All 
of these samples were gemologically characterized 
for this report. Courtesy/gift of Shire Trading Ltd.; 
photo by Robert Weldon. 
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BOX A: PRELIMINARY STUDY OF 
HIGHER-TEMPERATURE HEAT TREATMENT OF CANARY TOURMALINE 


Andreas Ertl (andreas.ert]@A1 .net) 
Institut fir Mineralogie und Kristallographie, Universitat Wien, Austria 


George R. Rossman 


Most Canary tourmaline is heat treated to 500-550°C 
to reduce the brown/orange component and produce 
the characteristic bright yellow coloration. Pieczka 
and Kraczka (2004) pointed out that heating of Mn?*- 
bearing tourmalines above ~550°C initiates oxida- 
tion. Therefore, the yellow coloration would be 
expected to change to pink-red when Mn”* is oxi- 
dized to Mn**. To investigate the effect of treating 
Canary tourmaline at higher temperatures, a faceted 
brownish yellow sample was heated to 700°C for 20 
hours in air, using a Nabertherm furnace. The sam- 
ple had been previously heated to 500—550°C to bring 
out the yellow color (figure A-1). This elbaite was 
Mon-rich (~6.5 wt.% MnO) and poor in Fe, Ti, Mg, Cr, 
and V, which were below the detection limits of X- 
ray energy-dispersive spectral (EDS) analysis. 
(However, the instrument used, a JEOL-EDAX ana- 
lytic system, had relatively high detection limits for 
iron and titanium, at ~0.3 wt.% FeO and TiO,.) A 
slow heating/cooling rate was employed (50°C/hour) 
to reduce the possibility of fracturing. 

After heating, the brownish yellow sample was 
brownish red (figure A-1), as expected for the oxida- 
tion of Mn?* to Mn** (the visible-NIR absorption spec- 
trum [figure A-2] showed a broad band near 532 nm, 
which is due to Mn**). The brown component of the 
red color probably resulted from traces of Fe in the 
sample (below the detection limit of the EDS analy- 
sis), as indicated by weak Fe bands in the absorption 
spectrum. Therefore, the heat treatment of very-low 
iron material would be expected to yield a purer pink- 
red coloration. 

In addition, two slabs of yellow-green tourmaline 
that were heated for seven days at 700°C or for five 
days at 750°C also showed distinct changes. These 
slabs turned nearly opaque, but were dark orangy red 
when viewed through very thin edges. Both of those 
samples experienced a total loss of hydroxide, as 
observed in their Raman spectra. 

After heating, we observed pervasive tiny cracks 
in all samples, which most likely were caused by the 
release of water during the oxidation process. It is 
possible that such cracking could be minimized by 
heating the tourmaline to lower temperatures 
(>600°C but <700°C) and/or a shorter time, but addi- 
tional experiments would be needed to test this. 

Gamma-irradiation experiments on brownish yel- 
low Zambian Mn-bearing elbaite by Reinitz and 
Rossman (1988) also generated a pink-red color. In 
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Figure A-1. This 0.18 ct Mn-rich tourmaline from 
the Canary mining area turned brownish yellow 
after conventional heating to 550°C (left) and 
brownish red after higher-temperature treatment to 
700°C (right). Photos by A. Wagner. 


their sample, they documented a decrease in the 
intensity of the Mn?* absorption bands and a corre- 
sponding increase in the Mn** band. This irradiation 
mechanism does not remove hydroxide from the 
crystal and is a fundamentally different way of gener- 
ating Mn* than the high-temperature oxidation. 


Figure A-2. The visible-NIR absorption spectrum of 
the heated brownish red tourmaline in figure A-1 
shows features related to Mn**, Fe?*, and OH. 
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University of New Orleans. Also analyzed were 
eight of the faceted stones that were gemologically 
characterized for this study: four yellow to orangy 
yellow and four yellowish green. Data were collect- 
ed using an ARL-SEMQ electron microprobe with 
15 kV (for sodium) and 25 kV accelerating voltages, 
15 nA beam current, and 3 um beam diameter. The 
measurements were calibrated with natural mineral 
and synthetic compound standards, and a ZAF cor- 
rection procedure was applied to the data. 

To investigate the origin of color before and after 
heating, we first oriented a brownish orange sample 
using the optical interference pattern and then 
sliced and polished it so that the c-axis lay in the 
plane of the slices. We prepared one slice for spectra 
in the visible and near-infrared region (2.59 mm 
thick; 350-1100 nm) and another for spectroscopy 
in the UV-near Vis region (0.59 mm thick; 250-450 
nm). We retained a portion of each slice in its 
unheated state and then heated the remaining por- 
tions (packed in sand) at a rate of 10°C/minute to 
550°C, where they were held for two hours before 
they were cooled at 20°C/minute. We obtained 
spectra on transparent 340 x 340 um areas of the 
heated and unheated samples using a custom-made 
microspectrometer with a silicon diode-array for the 
visible region, an indium-gallium-arsenide diode- 
array for the near-infrared region, and a silicon CCD 
detector for the UV-near Vis region. 

We also prepared and treated a yellow-green sam- 
ple using the same procedure as for the brownish 
orange sample, but it did not change color on heat- 
ing to 600°C for two hours in air, so no further test- 
ing was done on it. One faceted brownish yellow 
Canary tourmaline that had previously been heated 
to 500-550°C was subjected to further heating to 
700°C (again, see box A). In addition, two yellow- 
green slabs (0.9 and 1.7 mm thick) were heated in air 
to 500°C (two hours), 600°C (two hours), 700°C 
(seven days, one sample}, and 750°C (five days, the 
other sample). Results for the latter two experiments 
are also described in box A (no changes in coloration 
were seen after the first two heating sessions). 


RESULTS 


Gemological Properties. The gemological properties 
of these Zambian samples are summarized (and com- 
pared to yellow tourmalines from Kenya; see 
Discussion) in table 1. Of the 31 Canary tourmalines, 
11 were yellowish green (e.g., figure 12) and 20 were 
yellow to orangy yellow (figure 14). Microscopic 
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Figure 13. These briolettes of Canary tourmaline 
are notable for their large size. The largest stone is 
65.74 ct, and the combined weight of the matched 
pair is 26.70 ct. Due to the presence of fluid inclu- 
sions, which can cause the material to fracture, 
none of the stones have been heated. Courtesy of 
Joeb Enterprises, Solana Beach, California; photo 
by C. D. Mengason. 


Figure 14. Gemological properties were collected 

on these yellow to orangy yellow heated Canary 
tourmalines (0.38-1.79 ct). Gift of Shire Trading Ltd., 
GIA Collection nos. 37333-37338; photo 

by Robert Weldon. 
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TABLE 1. Gemological properties of yellow tourmaline 
from Zambia and Kenya. 


‘ Zambia® Kenya? 
P rt 
eee Elbaite Dravite-uvite 
Color range Yellowish green or Greenish yellow or 
yellow to orangy yellow yellow to brownish yellow 
Pleochroism Yellowish green, yellow, Yellow or orangy yellow 
or orangy yellow to pale to pale yellow or green- 
yellowish green, yellow, ish yellow 
or orangy yellow 
RI (spot) 1.62 
No 1.645-1.649 1.642-1.650 
ny 1.623-1.625 1.619-1.630 
Birefringence 0.020-0.025 0.020-0.023 
SG 3.11-3.17 3.04-3.05 
UV fluorescence 
Long-wave Inert Inert 
Short-wave Inert Inert to moderate yellow 
Chelsea filter No reaction No reaction 
Absorption General absorption to Wide 440 nm band or 
spectrum ~460 nm general absorption to 


Internal features 


Growth tubes, groups 
of two-phase (liquid- 
gas) fluid inclusions, 
and planar fluid 
inclusions 


480 nm 

Small growth tubes, 
fluid inclusions, and 
two-phase (liquid-gas) 
inclusions 


@Data from this study. Slightly lower RI and SG values were reported for two 
samples by Boehm (2001): 1.620-1.641 and 3.10, respectively. Milisenda 
et al. (2000) give a lower SG value (3.05) for yellow tourmaline from Zambia. 


’Data from Hanni et al. (1981), Johnson and Koivula (1996), and Simonet 


(2000). 


observation revealed internal features that are typical 
of tourmaline (figure 15), such as growth tubes, 
groups of two-phase (liquid and gas) inclusions along 
healed fractures, planar fluid inclusions, and a few 
angular primary three-phase fluid inclusions. The 


majority of the stones also contained transparent lin- 
ear growth zoning. In general, the yellow to orangy 
yellow samples were small (<1.80 ct) and of high clar- 
ity; two were devoid of any internal features and 
showed only minor abrasions. The yellowish green 
stones ranged from slightly included (faceted stones) 
to moderately included (cabochons). 

The physical properties of all samples were 
remarkably similar, regardless of color or heat 
treatment, except that the unheated stones con- 
tained more two-phase inclusions. This is consis- 
tent with the fact that (to reduce the risk of break- 
age) only very clean material is heat treated. There 
were no differences in the RI and SG values, or 
reaction to UV radiation, between the two color 
groups or the heated/unheated stones. 


Chemical Composition. The electron-microprobe 
analyses showed that all samples were elbaite (e.g., 
figure 16), with 1.14-7.59 wt.% MnO and 0.04—0.54 
wt.% TiO,; iron was typically below the detection 
limit (0.016 wt.% FeO}, but in rare cases it ranged up 
to 0.21 wt.% FeO (see table 2 and the G&G Data 
Depository). The faceted stones had compositions 
similar to those of the rough stones, except for a nar- 
rower range of Mn contents (~4—6.5 wt.% MnO} and 
no Fe was detected. The enriched Mn and low Fe 
content of Canary tourmaline is evident in figure 17. 


UV-Vis-NIR Spectroscopy. Absorption spectra were 
collected on two sets of slices cut from a brownish 
orange sample that was heated to yellow (e.g., figure 
18). The UV-near Vis spectra of both slices showed a 


Figure 15. Inclusions seen in Canary tourmaline (particularly in unheated samples) include a group of secondary 
two-phase (liquid-gas) fluid inclusions that appear to have developed as the result of fracture healing (left, magni- 
fied 45x); growth tubes oriented parallel to the optic axis (or c-axis) direction (center, magnified 30x); and angular 
primary three-phase fluid inclusions (right, magnified 30x). Photomicrographs by J. I. Koivula. 
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Figure 16, All the tour- 
maline samples ana- 
lyzed by electron micro- 
probe were elbaite. 
Shown here are the data 
for the rough samples; 
the compositions of the 
faceted stones over- 
lapped the area occu- 
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pied by these samples. 
e 
Elbaite Liddicoatite 
Na wNGa 
0 0 20 30 40 50 60 70 80 90 100 
Figure 17. The Mn-rich, Fe-poor composition of broad band at ~320 nm due to Mn?*-Ti** intervalence 
Canary tourmaline is clearly illustrated by this charge transfer (IVCT), which was only slightly more 


plot, which shows the atoms per formula unit 
(apfu) of these elements. Also indicated for compar- 
ison is the Mn content required to attain the hypo- 
thetical Mn tourmaline end member “tsilaisite.” 


pronounced in the heated sample (figure 19). The tail 
of this feature extended into the visible region, caus- 
ing absorption of the violet-to-blue wavelengths (fig- 
ure 20). The unheated sample showed both Mn?* 


CHEMICAL COMPOSITION 


© Mn needed for “tsilaisite” Figure 18. These two slabs (~8 mm tall) were cut from 


the same piece of rough, and oriented with the c-axis 

in the plane of the slices. The brownish orange slab is 

unheated, while the yellow slice was heated for two 
- hours at 550°C. 


Mn (apfu) 


Fe (apfu) 
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Figure 19. These UV-near Vis absorption spectra were collected on unheated brownish orange (left) and heat-treated 
yellow (to 550°C; right) slices of tourmaline (each 0.59 mm thick). No significant differences are seen after heating. 


(sharp band at ~412 nm) and Mn** (band centered at 
532, nm) features in the Vis-NIR spectra (Rossman 
and Mattson, 1986; Reinitz and Rossman, 1988). The 
Mn** band was absent from the heated sample, but 
that was the only change observed. Weak broad 
bands near 700 and 1060 nm are associated with Fe?* 
(Mattson and Rossman, 1987). An Fe** band near 700 
nm overlaps a Mn** band in the same region (Reinitz 
and Rossman, 1988). Features near 980 nm are over- 
tones of the OH-stretching vibrations (Rossman and 
Mattson, 1986). 


DISCUSSION 

Gemological Properties. The gemological properties 
of the Canary tourmalines are typical for Mn-rich 
elbaite, and are comparable to those given in previ- 


ous reports on yellow Zambian tourmaline (see 
Schmetzer and Bank, 1984b; Kane, 1986; Shigley et 
al., 1986; Milisenda et al., 2000; Boehm, 2001). Note, 
though, that none of our rough or cut samples exhib- 
ited the black needle-like inclusions mentioned in 
the literature (e.g., Boehm, 2001; Genis, 2001). 
According to Mr. Wu, such needles typically occur 
in the greenish yellow material but are usually 
removed during the cutting process. 

For comparison, table 1 summarizes the proper- 
ties of yellow tourmaline from Kenya, the only 
other known commercial source of yellow gem 
tourmaline. Whereas the Zambian material is 
elbaite, the Kenyan tourmaline is dravite-uvite 
(Mg-rich; see Simonet, 2000). Nevertheless, most of 
their physical properties overlap with two excep- 
tions: (1) the Kenyan tourmalines have lower SG 


Figure 20. These Vis-NIR absorption spectra were collected on the unheated (left) and heat-treated (right) tourma- 
line slices shown in figure 18 (2.59 mm thick). The Mn** absorption at 532 nm disappeared after heating to 550°C. 
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TABLE 2. Electron-microprobe analyses of tourmaline of various colors from the Canary mining area.? 


Grain mounts® Faceted stones® 
Chemical 
composition Greenish  Yellow- Pinkish Bright Light Light Yellow- Dk. brownish Brownish Yellow Yellowish 
yellow brown brown yellow brown yellow green orange orange® green 
Oxide (wt.%) 
SiO, 36.26 36.22 36.33 36.34 36.32 36.56 36.58 36.58 36.59 36.64 36.54 
TiO, 0.31 0.33 0.24 0.41 0.44 0.17 0.14 0.15 0.13 0.43 0.10 
B,O, calc. 10.71 10.80 10.73 10.82 10.75 10.84 11.00 10.96 10.98 10.90 10.85 
Al,O, 37.56 38.58 37.90 38.54 37.85 39.68 41.54 41.79 41.86 38.87 40.02 
VO, 0.15 nd 0.03 nd 0.02 nd nd nd nd nd nd 
FeO nd 0.08 nd nd nd nd nd nd nd nd nd 
MnO 7.39 7.16 6.61 6.34 6.33 4.41 2.68 1.62 1.31 6.21 4.00 
MgO nd nd nd nd nd nd nd nd 0.05 nd nd 
CaO 0.03 0.06 0.08 0.40 0.46 0.03 0.02 nd 0.05 nd nd 
ZnO nd nd nd nd nd nd nd 0.02 0.02 nd nd 
Li,O calc. 1.32 1.29 1.44 1.48 1.54 1.59 1.75 1.82 1.88 1.51 1.60 
Na,O 2.48 2.47 2.65 2.43 2.50 2.44 2.54 2.34 2.47 2.40 2.36 
K,O 0.11 0.03 0.06 0.02 0.02 0.02 0.03 nd 0.02 0.02 0.01 
H,O calc. 3.20 3.19 3.24 3.28 3.46 3.26 3.25 3.21 3.27 3.22 3.19 
F 1.05 1.13 0.98 0.97 0.53 1.01 1.16 1.21 1.10 Ho) WAT 
Subtotal 100.56 101.33 100.30 101.05 100.22 100.01 100.68 99.58 99.72 101.36 99.85 
-O=F 0.44 0.47 0.41 0.41 0.22 0.42 0.49 0.51 0.46 0.48 0.49 
Total 100.12 100.86 99.89 100.64 100.00 99.58 100.20 99.07 99.26 100.88 99.36 
lons per 31 (O,OH,F) 
Si 5.884 5.825 5.885 5.834 5.869 5.860 5.779 5.802 5.790 5.840 5.856 
TAI 0.116 0.175 0.115 0.166 0.131 0.140 0.221 0.198 0.210 0.160 0.144 
Tet. sum 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 
B calc. 2.999 2999 2.999 2.999 2.999 2.999 2.999 2.999) 22999 3.000 3.000 
AlZ 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 
ALY 1.067 1.188 1.121 1.127 1.078 1.355 1.514 1.613 1.598 1.142 1.414 
Vs 0.019 nd 0.003 nd 0.003 nd nd nd nd nd nd 
Ti 0.038 0.039 0.030 0.050 0.053 0.021 0.016 0.017 0.016 0.052 0.013 
Fe?* nd 0.010 nd nd nd nd nd nd nd nd nd 
Mn 1.015 0.975 0.907 0.863 0.866 0.598 0.359 0.204 0.176 0.838 0.543 
Mg nd nd nd nd nd nd nd nd 0.012 nd nd 
Li calc. 0.859 0.835 0.938 0.958 0.999 1.026 1.110 1.163 1.195 0.967 1.030 
Zn nd nd nd nd nd nd nd 0.002 0.002 nd nd 
Y sum 2.999 2.999 2.999 2.999 2.999 2.999 2.999 2.999 2.999 3.000 3.000 
Ca 0.006 0.014 0.014 0.069 0.079 0.004 0.003 nd 0.009 nd nd 
Na 0.782 0.769 0.832 Onion 0.785 0.759 0.778 0.718 0.757 0.743 0.734 
K 0.024 0.005 0.013 0.003 0.004 0.004 0.006 nd 0.004 0.005 0.002 
Vacancy 0.189 0.216 0.141 0.170 0.133 0.232 0.213 0.282 0.230 0.253 0.263 
X sum 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
F 0.539 0.572 0.502 0.490 0.269 0.510 0.578 0.608 0.549 0.577 0.594 
OH calc. 3.461 3.428 3.498 3.510 3.731 3.490 3.422 3.392 3.451 3.423 3.405 
Mol.% tourmaline species 
Elbaite 80.0 77.3 84.3 76.0 78.7 76.3 78.3 71.8 76.0 74.6 73.6 
Rossmanite 19.4 21.7 14.3 17.0 13.3 23.3 21.4 28.2 23.1 25.4 26.4 
Liddicoatite 0.6 14 1.4 7.0 8.0 0.4 0.3 0.0 0.9 0.0 0.0 


8Cr, Cu, Bi, Ba, Pb, and Cl were analyzed for but not detected. Abbreviation: nd = not detected. 

>Grain mounts were prepared by mounting pieces taken from rough samples in epoxy and polishing them smooth; representative analyses are shown for the 
main colors analyzed, and arranged by decreasing Mn content. For the faceted stones, the average of five analyses across the table of each sample is shown 
for the stones with the highest and lowest Mn contents. 

°This sample was also used for heat treatment (it became yellow; see figure 18) and spectroscopy. 


values; and (2) it is not uncommon for the Kenyan Raman spectra of a yellowish green Canary tour- 
stones to fluoresce yellow to short-wave UV radia- maline sample are available at http://rruff.info 
tion, while the Zambian tourmaline is inert. (sample RO70077). A Raman peak located at ~850 
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Figure 21. The vivid yellow color of Canary tourma- 
line is quite distinctive for gem elbaite. The rela- 
tively large examples shown here weigh 25.00 ct 
(pear), 18.00 ct (oval), and approximately 6 ct each 
(smaller pear shapes). Courtesy of Joeb Enterprises; 
photo by Robert Weldon. 


cm! in the spectra is stronger than in any other 
tourmaline analyzed for the RRUFF database, with 
the exception of the dark green portion of a color- 
zoned Mn-poor sample from Brazil (RO60566; R. 
Downs, pers. comm., 2007). The origin of this 
strong Raman peak is unknown. 


Chemical Composition. In addition to the Lundazi 
District of Zambia, significant occurrences of yellow 
Mn-rich elbaite are known from Tsilaisina in central 
Madagascar (Duparc et al., 1910), Elba Island in Italy 
(Bosi et al., 2005), Austria (Ertl et al., 2003, 2004}, 
Nepal (Rossman and Mattson, 1986; Burns et al., 
1994), the Malkhan District in Russia (Mashkovtsev 
and Zagorsky, 1997), and the Pamir Mountains in 
Tajikistan (Mashkovtsev and Zagorsky, 1997). 
Recently, substantial amounts of this tourmaline 
have come from the Muva area in Mozambique 
(unpublished data of BML and WBS). 

The highest Mn content found in the samples 
analyzed for this study was 7.59 wt.% MnoO. This is 
considerably less than the 9.18 wt.% MnO measured 
by Shigley et al. (1986), which approaches “tsilaisite” 
composition (i.e., 10.7 wt.% MnO needed to attain a 
50:50 ratio of tsilaisite:elbaite). Schmetzer and Bank 
(1984b) reported 6.3-6.9 wt.% MnO in a yellow 
Zambian tourmaline, and Rossman and Mattson 
(1986) measured 6.18-6.85 wt.% oxide in their yel- 
low to yellow-green samples. These values are simi- 
lar to the higher Mn contents measured in this study, 
but our values ranged considerably lower (1.14 wt.%) 
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among the greenish yellow to yellow to brownish 
yellow samples we analyzed (see G#G Data 
Depository). The maximum Mn contents measured 
in our samples are only about two-thirds the amount 
needed to attain a “tsilaisite” composition (figure 17). 

Kunitz (1929) documented a systematic decrease 
in RI values with lower Mn content in elbaite. The 
limited range of RI values obtained for the polished 
stones in this study (table 1) is consistent with the 
rather narrow range of Mn contents (~4—-6.5 wt.% 
MnO, see GG Data Depository) that was mea- 
sured in eight of these stones by electron micro- 
probe analysis. 


Cause of Color. The yellow-green coloration is due 
to a Mn” plus Mn?*-Ti* intervalence charge transfer 
interaction that is responsible for absorbing the vio- 
let-to-blue portion of the spectrum (Rossman and 
Mattson, 1986). Variations from greenish yellow to 
yellow to brown are due to Fe**-Ti* IVCT; in con- 
trast, the green color of typical elbaites from granitic 
pegmatites is associated with much higher Fe and 
lower Ti contents (Rossman and Mattson, 1986). 

The unheated brownish orange tourmaline 
(again, see figure 18) initially owed its color to a 
superposition of a Mn* absorption centered in the 
530 nm region of the tourmaline spectra. After 
heating for two hours at 550°C, the sample lost the 
530 nm absorption band and turned yellow. It has 
long been recognized that Mn** can be thermally 
reduced to Mn** by heating pink tourmaline at 
temperatures between 500°C and 600°C (Reinitz 
and Rossman, 1988). However, heating to higher 
temperatures causes the Mn”* to be re-oxidized to 
Mn** and create pink color, as shown in box A. 

The Mn** and Mn?*-Ti* IVCT features in the 
spectra of the heated brownish orange tourmaline 
were not significantly altered. It follows, then, that 
yellow-green Canary tourmaline does not change 
color on heating to 500-600°C because it does not 
contain the Mn** component. 


Formation of Canary Tourmaline. Gem tourmaline 
typically consists of pink, green, or blue elbaite that 
is mined from the lepidolite-bearing inner zones of 
complex LCT (lithium, cesium, tantalum) peg- 
matites. In contrast, Mn-rich (and Ti-bearing) yel- 
low elbaite from the Canary mining area appears to 
have formed in a pegmatite with a simpler mineral- 
ogy. The enrichment of Mn in granitic pegmatites is 
usually associated with significant amounts of Li 
(Cerny et al., 1985), leading to its incorporation into 
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A Radioactive Diamond 


by 
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Consulting Engineer, New York City 
Library Member, G.LA. 


N THE SPRING of 1938 the writer was 
I shown two diamonds, both a deep lively 
green, one, a brilliant, weighed 0.71 cts. 
and the other, stepcut, weighed approxi- 
mately 8 cts. The stones had been brought 
to this country from Belgium to be sold 
after first being exhibited at the New York 
World’s Fair. The smailer of the two was 
purchased but the ultimate disposition of 
the other remains a complete mystery. It 
was certainly never exhibited at the Fair and 
all subsequent attempts to trace it or the 
importer ended in failure. 

The brilliant was mounted in a “gypsy” 
setting shortly after purchase. It survived 
the setter’s “boiling” as well as occasional 
cleaning with C.P. ammonia over a period 
of two years without any visible diminution 
of color. It was full cut in perfect propor- 
tion with no surface imperfections. There 
were, however, a number of “carbori’” spots 
visible under a 10X loupe. 

In early November, 1940, the ring was 
handed to the maker (a man of consider- 
able experience) to have the setting shaved 
because it was too heavy for comfort. When 
returned, the stone had changed to a golden 
yellow. It had not been removed from its 
setting. There is no question of substitution 
involved. Aside from the known integrity 
of the maker, identification by means of 
the inclusions was easy and much later, 
when the stone was removed, the weight 


chetked exactly. It may be assumed that the 
cleaning pan boiled dry: there seems to be 


no other reasonable explanation. Certainly 


it was not subjected to dry heat long enough 
or at too high a temperature to. “burn”. the 
stone. 

In the days which immediately followed, 
it appeared to darken up a bit and gain a 
few greenish glints. This may perhaps have 
been imaginary and the result of wishful 
thinking. 

The stone, incidentally, is not visibly 
phosphorescent, nor does it fluoresce. 

Inspired by the statements of sevetal 
authorities, which attributed a green color 
to radioactivity, the stone was suspended in 
a metal box approximately one: millimeter 
above a piece of Eastman film (Panatomic 
X) for three hours, which, when developed 


Plate I. Panatomic X 


SUMMER 1949 


Li-micas or Li-phosphates. Spessartine crystalliza- 
tion is an even more important mechanism for 
depleting Mn from the pegmatite system, and the 
Mn content of tourmaline has been shown to be 
influenced by the abundance of garnet in the peg- 
matite (Novak et al., 2000). Although minor 
amounts of spessartine were observed by one of us 
(BA) in a tailings pile at the Canary mine, we infer 
that it was not a common mineral in the pegmatite. 
We suggest that the rarity of Mn-rich yellow elbaite 
in nature is due to the need for an unusual combina- 
tion of high B and Mn with low Li in pegmatite- 
forming magma. 

The formation of Canary tourmaline required 
that Mn (and some Ti} was conserved until the final 
stage of pegmatite crystallization (in gem pockets). 
However, the bright yellow coloration of this tour- 
maline (natural or after heat treatment) will only 
develop in the absence of significant Fe. The most 
likely mechanism for conserving Mn while deplet- 
ing Fe is early crystallization of abundant schorl, 
since Fe is much more compatible in schorl than 
Mn (Wolf and London, 1997; London et al., 2001). 
Although little primary schorl was seen in the 
remaining portions of the pegmatite footwall during 
our visit, we saw abundant black tourmaline in an 
earlier photo of the pegmatite. 

The enriched B content of the original pegmatite 
magma promoted schorl crystallization, rather than 
the formation of micas or spessartine (which would 
deplete Mn). The formation of schorl also consumed 
some Ti, but schorl is much less efficient than 
biotite at scavenging Ti from the pegmatite melt 
(Icenhower and London, 1995). Therefore, since 
biotite was apparently absent from the Canary peg- 
matite, there was still enough Ti available during 
the crystallization of the gem pockets to develop the 
yellow color in Canary tourmaline via Mn?*-Ti** 
intervalence charge transfer. 

Following pegmatite crystallization, the influx of 
an unusual B-, Fe-, K- and Na-rich fluid (apparently 
from an external source) resulted in local tourma- 
line + K-feldspar + albite veining and quartz dissolu- 
tion; the same event also brecciated some of the yel- 
low elbaite with black tourmaline + K-feldspar + 
albite assemblages. 


CONCLUSION 


This study presents additional information on Mn- 
rich yellow gem tourmaline from the Lundazi 
District of eastern Zambia. The principal source of 
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Figure 22. Canary tourmaline is set with diamonds 
in this ring (2.28 ct center stone) and pair of ear- 
rings. Ring courtesy of Tommy Wu, and earrings are 
from Henry Jewelry Inc., Los Angeles; photo by 
Robert Weldon. 


this elbaite is the Canary mining area, where it has 
been mined from eluvial/alluvial and primary (peg- 
matite) deposits since the early 1980s. The gemo- 
logical properties are typical of elbaite, but the 
chemical composition is notable for high Mn and 
low Fe combined with relatively enriched Ti for 
gem tourmaline. This composition probably result- 
ed from the evolution of a B-rich, Li-poor granitic 
pegmatite in which early crystallization of abun- 
dant schorl removed the Fe while conserving Mn 
until the late-stage formation of gem 
tourmaline—bearing pockets. 

Most of the tourmaline is heat treated to 
500-550°C to reduce the brown/orange component. 
Although some relatively large stones have been 
faceted (e.g., figure 21), most are <1 ct. Considering 
the amount of Canary tourmaline that has been sold 
into marketplace, it is still relatively uncommon to 
encounter it in jewelry (figure 22). Although the 
potential reserves of this tourmaline are unknown, 
abundant melee could be cut from the current stock- 
piles of rough, and additional mining is expected to 
increase the availability of larger material. 
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FLUORESCENCE SPECTRA OF 
COLORED DIAMONDS USING A 
RAPID, MOBILE SPECTROMETER 


Sally Eaton-Magaiia, Jeffrey E. Post, Peter J. Heaney, Roy A. Walters, 
Christopher M. Breeding, and James E. Butler 


Numerous natural-color colored diamonds from the Aurora Butterfly of Peace and other collec- 
tions were studied using a new type of fluorescence spectrometer that has many advantages for 
gemological research, including high portability, low cost, and rapid collection times. For com- 
parison, 10 irradiated diamonds were also studied. With only two exceptions, the natural-color 
diamonds could be separated into three categories—based on the peak wavelength and shape of 
the fluorescence spectra—that generally corresponded to their bodycolors: (1) ~450 and ~490 
nm, recorded mainly for pink, yellow, and fancy white diamonds; (2) ~525 nm, mainly for green- 
yellow or yellow-green and brown diamonds; and (3) ~550 nm, mainly for orange, gray-green 
(including chameleon), and type la blue-gray or gray-blue diamonds. A spectrum that is anoma- 
lous for the diamond's bodycolor may indicate that it has been treated, and in some cases, fluo- 
rescence spectroscopy can help determine diamond type. 


rior fluorescence studies performed at GIA 
found that about 35% of near-colorless gem 
diamonds fluoresce to long-wave UV radia- 
tion, with 97% of those diamonds showing blue flu- 
orescence (Moses et al., 1997). However, colored 
diamonds more commonly show fluorescence, and 
in a wider variety of colors (e.g., figure 1). Given the 
methodology with which fluorescence is typically 
observed, it is sometimes difficult to determine the 
underlying mechanism of this behavior and, specifi- 
cally, the influence of the natural, synthetic, or 
treated nature of the diamond on its fluorescence. 
Becquerel (1868) and Dyer and Matthews (1958) 
were among the first scientists to study the fluores- 
cence properties of diamonds. Dyer and Matthews 
studied the luminescence of the 415.5 and 504.0 nm 
systems (now identified as the N3 and H3 defects, 
see, e.g., Collins, 1982a) and found that these features 
were related to blue and green fluorescence, respec- 
tively. A review by Fritsch and Waychunas (1994) 
detailed the observed fluorescence and phosphores- 
cence of diamonds according to their bodycolor. 
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While a large number of peaks and defect centers 
have been chronicled in natural diamonds using UV- 
Vis absorption, cathodoluminescence, and photolu- 
minescence spectroscopy (see, e.g., Zaitsev, 2001], 
spectral data for fluorescence and phosphorescence 
are limited in the gemological literature, since lumi- 
nescence is typically described by visual observations 
(again, see Fritsch and Waychunas, 1994). However, 
visual assessment of fluorescence and phosphores- 
cence tells only part of the story. The color discerned 
by the unaided eye may represent a combination of 
two or more wavelength regions. For example, 
Anderson (1960) asserted that although most fluo- 
rescing diamonds appear to luminesce blue, a yellow 
or green component may be present but masked by 
the stronger blue emission. He used color filters and a 
spectroscope to try to identify some of the relevant 
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Figure 1. The colored diamonds in the Aurora Butterfly of Peace were assembled over a 12-year period by Alan 
Bronstein and Harry Rodman of Aurora Gems Inc., New York (these photos date from 2005). The 240 stones 
(0.09-2.11 ct; total weight of 166.94 carats) show nearly the full spectrum of color and cut styles available in 
natural colored diamonds. The collection is shown here in standard daylight-equivalent illumination (left) and 


long-wave UV radiation (right). Photos by Robert Weldon. 


peaks. Also, a spectral peak may exhibit a long tail 
that will cause the observed color to differ from that 
of other diamonds in which fluorescence is con- 
strained to a narrower wavelength range. 

The gem collection at the Smithsonian 
Institution’s National Museum of Natural History 
provided an opportunity to study the fluorescence 
and phosphorescence characteristics of a wide vari- 
ety of colored diamonds. The materials came from 
the permanent collection, including the DeYoung 
Red and the DeYoung Pink, along with a temporary 
exhibit of the Aurora Butterfly collection (Solotaroff, 
2003; “Rodman, Bronstein...,” 2005; Eaton-Magana, 
2006a; again, see figure 1), which is a suite of 240 
colored diamonds that had been loaned to the muse- 
um by Alan Bronstein and Harry Rodman of Aurora 
Gems. Additionally, we examined some natural and 
treated diamonds from GIA collections. The lumi- 
nescence properties of 67 natural-color blue dia- 
monds, including the Hope Diamond and the Blue 
Heart, are discussed in separate publications (Eaton- 
Magana et al., 2006b, 2.008). 

The present study also provided an opportunity 
to test a new-generation charge-coupled device 
(CCD) spectrometer for the routine measurement of 
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fluorescence and phosphorescence spectra of gem 
diamonds. This spectrometer is highly mobile [it is 
about the size of a deck of playing cards), extremely 
durable, easy to set up in minutes, permissive of 
rapid data collection, and relatively inexpensive (see 
box A for more information). 


MATERIALS AND METHODS 


Samples. This article provides fluorescence results 
for 72, colored diamonds: 62 natural, untreated (as 
indicated on their gem laboratory reports) and 10 
irradiated (table 1). Nine of the natural-color and one 
of the treated samples were rough; all of the others 
were faceted. Most of the diamonds (48) were select- 
ed from the Aurora Butterfly collection, and the 
remainder came from GIA collections (22) and the 
National Gem Collection (2). We selected the sam- 
ples according to the rarity of their bodycolor (e.g., 
purple and red) or the presence of visual fluorescence 
across the range of bodycolors. Therefore, this is not 
a random sampling of colored diamonds, and general 
statistics of fluorescing vs. nonfluorescing diamonds 
should not be inferred from these data. Our intent 
was to detect trends that might be useful for colored 
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SCHEMATIC OF EXPERIMENTAL SETUP 


Ocean Optics DH-2000 
deuterium UV 
light source 


Corning 7-54 filter 


Computer 
(not shown 
in photo) 


Cross section 
of cable 


From light 
source 


Ocean Optics 
USB 2000 


To spectrometer 
spectrometer 


Figure 2. This photo and diagram illustrate the components of the mobile instrument (composed principally of 
Ocean Optics equipment) used for fluorescence and phosphorescence spectroscopy. When phosphorescence spectra 
were recorded, the Corning 7-54 filter and the variable filter were removed. Photo by S. Eaton-Magana. 


diamond characterization and, ultimately, identifica- 
tion. The very slightly yellow (G-to-I grade; Fryer 
and Koivula, 1986) 127 ct Portuguese Diamond was 
also examined to provide an example of how fluores- 
cence intensity is related to the size of a diamond. 

At GIA and the Smithsonian, all samples were 
tested for visible fluorescence and phosphorescence 
using standard 4-watt long- and short-wave UV 
lamps. The color descriptions in table 1 were taken 
from grading reports issued by gemological laborato- 
ries. For the purposes of this article, the diamonds are 
assigned a “key bodycolor” (see table 1) according to 
their dominant bodycolor, although each group may 
include various modifying hues. For example, within 
the pink color group, most were graded solely as 
pink, and a few were purplish pink or reddish pur- 
plish pink. Due to the variety of fluorescence results, 
diamonds with a green component are sorted accord- 
ing to their specific (dominant plus modifying hue) 
color description. Several diamonds graded as green- 
yellow to yellow-green are grouped together (key 
bodycolor given as yellow-green). Similarly, three dia- 
monds graded as blue-gray or gray-blue are grouped 
together (key bodycolor given as blue-gray). 


Fluorescence and Phosphorescence Spectroscopy. 
The instrumentation used to measure fluorescence 
and phosphorescence spectra consisted of a deu- 
terium lamp UV source (215-400 nm}, filters to 
control the wavelengths of incident light, a sample 
holder, a fiber-optic bundle to deliver incident 
light and collect the emitted signal, an Ocean 
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Optics USB 2000 CCD spectrometer, and a com- 
puter (see figure 2). The UV source used for most 
of the fluorescence and phosphorescence spectro- 
scopic measurements was an Ocean Optics DH- 
2000. The UV radiation was filtered to ~250-—400 
nm, and was transferred through a bundle of six 
optical fibers (600 um diameter each). A seventh 
fiber in the core of the bundle channeled the emit- 
ted light from the diamond to the spectrometer 
(figure 2, right). The tip of the fiber-optic bundle 
was placed directly in contact with the table of 
each sample, which enabled us to illuminate and 
measure approximately equivalent volumes of 
each sample. Thus, we were able to compare rela- 
tive intensities of signals from a wide range of 
sample sizes. The CCD spectrometer used in these 
experiments is described further in box A. 

For the fluorescence measurements (again, see 
figure 2, right), we used a Corning 7-54 filter to 
block visible light (~400—650 nm) from the deuteri- 
um UV source and a variable filter (Ocean Optics 
LVF-HL) to deliver only a narrow band (full width at 
half maximum [FWHM] = 22 nm) of UV radiation 
to the sample. This narrow band was varied 
between 250 and 400 nm (e.g., figure 3). The fluores- 
cence recorded by the spectrometer at each excita- 
tion wavelength was collected for 30 seconds. Since 
excitation intensity varied with wavelength (again, 
see figure 3), the measured fluorescence spectra 
were scaled uniformly over the wavelength range. 
Except for one sample to monitor the change, no 
radiometric (i.e., wavelength-dependent) calibration 
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Box A: THE MOBILE CCD SPECTROMETER 


The Ocean Optics USB 2000 CCD spectrometer 
measures wavelengths from 340 to 1020 nm and has 
a 200 um slit width that provides a 10-nm FWHM 
resolution. This small mobile spectrometer was con- 
figured for exceptional sensitivity of broad spectral 
structures so that phosphorescence decay could be 
measured. The accuracy of the spectrometer’s wave- 
length position was confirmed using the 435.8 and 
546.1 nm lines from a mercury lamp. However, for 
the majority of the data, the spectrometer was not 
radiometrically calibrated, which would adjust the 
relative intensities obtained across the wavelength 
range. We have elected to provide the uncorrected 
data (i.e., the direct output from the spectrometer), as 
these are the spectra most likely to be produced by 
others using this type of instrumentation. 

The CCD spectrometer was initially selected for 
the blue diamond study reported in Eaton-Magana et 
al. (2006b, 2008), because its ability to resolve low- 
intensity luminescence allowed the collection of 
time-resolved phosphorescence spectra. In addition, 
the portability and ease of use enabled us to take the 
instrument to the gems, providing access to many 
more stones than would otherwise have been possi- 
ble. The experimental apparatus shown in figure 2 
was easily transported to and quite effectively used in 
the vaults of the Smithsonian Institution and in the 
business office of a diamantaire. When fitted with 
appropriate filters, the spectrometer proved effective 
for rapidly recording fluorescence spectra, permitting 
the study of a large number of colored diamonds 
within the limited time constraints of their availabil- 
ity. Nevertheless, it should be noted that this CCD 
spectrometer might be inappropriate for investiga- 
tions that require the higher resolution of traditional 
research spectrofluorometers. 

An important strength of the Ocean Optics spec- 
trometer is that the fiber tip, when placed on the 
table of the stone, illuminates approximately similar 
volumes for each stone. Therefore, comparison of rel- 
ative intensities is a reasonable possibility and likely 
more so than when luminescence is measured 
through a stone or from multiple facets of a stone as 
occurs in traditional measurements. We were able to 
compare the measured fluorescence intensities of the 
diamonds tested with this equipment since we used 
a consistent configuration and testing method; how- 
ever, we do not feel that the absolute intensities we 
obtained could be reliably compared to data collected 
using similar experimental setups. 

Comparison of the mobile CCD spectrometer 
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Figure A-1. The latest CCD spectrometer from 
Ocean Optics, the USB 4000, is an updated version 
of the model used for this study. Courtesy of Ocean 
Optics, Inc. 


with a standard spectrofluorometer revealed some 
distinct advantages and disadvantages. Speed is one 
advantage of the CCD instrument: The spectrofluo- 
rometer took four hours to collect the series of spec- 
tra for each sample shown in figures 7 and 11, 
whereas the CCD spectrometer generated its spec- 
tra in mere seconds. Additionally, a spectrofluorom- 
eter cannot record time-dependent spectra, such as 
phosphorescence spectra, because the instrument 
slowly scans across the wavelength range. The 
CCD spectrometer is ideal for collecting such spec- 
tra, as data for the entire wavelength range may be 
collected simultaneously over integration periods as 
short as 0.5 second. 

The spectral resolution of the CCD spectrometer 
is lower than that of the spectrofluorometer and 
most other standard spectroscopy equipment avail- 
able in a gemological laboratory, as smaller peaks 
typically are obscured by dominant bands, and in 
most cases only the general shape of the band is pro- 
vided. Consequently, spectra obtained using the 
Ocean Optics system may need to be cross-refer- 
enced initially with other spectroscopic methods to 
fully analyze the defects causing the observed fluo- 
rescence. 

Last, but of singular importance for small labs 
especially, the CCD spectrometer is quite economi- 
cal. The latest model (figure A-1) currently sells for 
about $2,300. 
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TABLE 1. Summary of fluorescence results for 62 natural-color and 10 treated-color diamonds examined 


for this study, organized by fluorescence category. 


Fluorescence 


Peaks (nm) 


: Observed Key observed with 
Sample Color he Shape apa Lae - long-wave UV bodycolor pig 350 nm excitation 
P Py fluorescence® group category (dominant peak in 
bold type) 
Natural-Color Diamonds: Category 1 
B55°4 Pink 0.48 ~=Pear nt Strong blue Pink 1 450, 490 
B58 Pink 0.44 ~~ Pear nt Strong blue Pink 1 450, 486 
B594 Purplish pink 0.36 = Pear nt Strong blue Pink 1 451, 488 
B121 Deep pink 0.53 Marquise _ nt Weak blue Pink 1 451, 491 
B224 Reddish 0.67 Marquise nt Very weak blue Pink 1 460, 500 
purplish pink 
B226 Pink 0.42 ~~ Pear nt Moderate blue Pink 1 450, 490 
DeYoung Pink? Fancy Light 2.09 Pear nt Very strong blue Pink 1 460, 485 
purplish pink 
GIA 12172-9 Faint pink 0.16 Rough UV-Vis-NIR, FTIR Moderate chalky blue Pink 1 450, 490 
GIA 21194 Pink 0.42 Rough UV-Vis-NIR, FTIR Moderate blue Pink 1 450, 484 
GIA 21232 Deep pink 0.61 Rough UV-Vis-NIR, FTIR Moderate greenish blue Pink 1 450, 485 
Bi Intense yellow 1.47 — Trillion nt Weak blue Yellow 1 450, 490 
B157 Yellow 1.04 Oval nt Moderate blue Yellow 1 453, 495 
B1734 Yellow 1.06  Half-moon nt Weak blue Yellow 1 453, 495 
B434 Fancy white 1.93 Pear FTIR Moderate blue Fancy white 1 450, 497 
B146 Fancy white 2.11. Pear FTIR Moderate blue Fancy white 1 450, 485 
B2234 Fancy white 1.92 Marquise FTIR Weak blue Fancy white 1 450, 500 
B190 Gray green 0.88 Marquise FTIR Moderate white 1 450, 490 
(chameleon) 
B11 Green 1.15 Cushion nt Moderate blue Green 1 450, 490 
Natural-Color Diamonds: Category 2 ae 
B17 Yellow-green 0.55 ~~‘ Radiant nt Strong yellowish green —Yellow-green 2 441, 526 
B96¢ Green-yellow 0.97 Oval nt Strong green-blue Yellow-green 2 449, 518 
B137 Yellow-green 1.20 Pear nt Very strong green Ve low-green 2 525 
B194 Green-yellow 0.51 Ova nt Very strong green -Yellow-green 2 445, 527 
B213 Yellow-green 0.46 Marquise nt Strong green Yellow-green 2 447, 523 
B236! Intense green- 0.91 Radiant nt Very strong greenish Yellow-green 2 445, 523 
yellow blue 
B239! Intense green- 1.03 Radiant nt Very strong green -Yellow-green 2 446, 524 
yellow : 
B98 Brown 0.54 Round nt Moderate red 2 510 
B100 Greenish 1.40 Pear nt Weak yellowish green 2 520 
orangy brown 
B167 Yellowish brown 0.76 Marquise nt Weak yellowish green 2 450, 520 
GIA 12172-1 Yellowish brown 0.66 Rough UV-Vis-NIR, FTIR Very strong orange 2 532 
GIA 12172-5a Pinkish orangy 0.40 Rough UV-Vis-NIR, FTIR Moderate orangy yellow 2 520 
brown 
GIA 12172-5b Orangy brown 0.26 Rough UV-Vis-NIR, FTIR Very strong yellow 3rown 2 525 
B164 Violet 0.31 Shield Inert Violet 2 445, 524 
GIA 12172-2 Faint yellow 0.58 Rough UV-Vis-NIR, FTIR Moderate chalky blue Yellow 2 450, 520 
Natural-Color Diamonds: Category 3 
B13 Gray-blue 0.31 Heart FTIR Strong green Blue-gray 3 530 
B31 Gray-blue 0.58 Round FTIR Moderate blue Blue-gray 3 450, 530 
B187¢ Blue-gray 0.62 Marquise FTIR Weak blue Blue-gray 3 532 
B163 Violet 0.36 Pear Weak green Violet 3 535 
B244 Gray-green 0.34 Round FTIR Strong yellowish white 3 450, 547 
B32 Gray-green 1.74 Round FTIR Moderate chalky yellow 3 450, 545 
(chameleon) 
B70 Gray-green 1.01. Half-moon’ FTIR Strong orangy yellow 3 555 
(chameleon) 
B87 Gray-green 1.00 Marquise FTIR Strong yellowish white 3 450, 542 
(chameleon) 
B127 Gray-green 0.31 Round FTIR Moderate orangy yellow 3 553 
(chameleon) 
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Peaks (nm) 
Fluorescence 


. Observed Ke observed with 
Sample Color Weight shape Other ; long-wave UV saavcelol spectra 350 nm excitation 
(ct) spectroscopy fluorescence? group , sie (dominant peak in 
gory bold type) 
Natural-Color Diamonds: Category 3 (cont.) 
B184 Gray-green 0.95 Pear FTIR Moderate yellow 3 555 
(chameleon) 
B231° Chameleon 0.79 Kite FTIR Strong yellow 3 449, 548 
B234 Chameleon 1.37. Oval FTIR Strong yellow 3 450, 555 
GIA 12172-8b Gray-green 0.52 Rough UV-Vis-NIR, FTIR Moderate orange-yellow 3 540 
GIA 487947202 Fancy Dark 0.70 ~~ Pear UV-Vis-NIR, FTIR Moderate yellow 3 450, 548 
grayish yellowish 
green (chameleon) 
GIA 487988302 Fancy brownish 2.11 Heart UV-Vis-NIR, FTIR Very strong orangy & 558 
greenish yellow yellow 
(chameleon) 
GIA 488015402 Fancy Deep 0.65 Rectangle UV-Vis-NIR, FTIR Very strong orangy 3 554 
brownish greenish yellow 
yellow (chameleon) 
B2 Brownish yellow- 1.02 Emerald nt Moderate yellowish Orange 3 540 
orange orange 
B33 Vivid yellow- 1.17 Pear nt Strong yellow-orange Orange 8 555 
orange 
B56 Vivid yellowish 1.67 Oval nt Moderate yellow-orange Orange & 552 
orange 
B72 Yellowish orange 0.77 Round nt Moderate yellow Orange 3 450, 546 
B78 Brownish yellow- 0.63 Round nt Weak orange Orange 3 560 
orange 
B166 Yellow-orange 0.81 = Oval nt Moderate orange Orange & 545 
B218 Orange 0.45 ~~ Pear nt Very strong orange Orange 3 450, 548 
GIA 12172-8a Yellowish orange 0.19 Rough UV-Vis-NIR, FTIR Moderate whitish orange Orange 3 535 
Other Natural-Color Diamonds 
B172 Yellow-orange 0.52 Round nt Weak brownish orange Orange Other 610 
B181 Yellow-orange 0.58 Round nt Very weak brownish Orange Other 608 
orange 
B39 Purple 1.60 Oval nt Inert Purple Inert None 
B232 Purple 0.17 Oval nt Inert Purple Inert None 
DeYoung Red® Brownish red 5.03 Round nt Very weak yellow [Red sIneert None 
Treated-Color Diamonds 
GIA 21503 Green 0.31 Round FTIR Inert Green 1 450, 490 
GIA 21506 Bluish green 0.20 Round UV-Vis-NIR, FTIR — Inert Green 2 460, 520 
GIA 21509 Bluish green 0.42 Round UV-Vis-NIR, FTIR Strong blue Green 1 450, 490 
GIA 21510 Green 2.05 Round FTIR Inert Green 1 450, 495 
GIA 21512 Green 0.32 Round UV-Vis-NIR, FTIR Strong blue Green 1 450, 490 
GIA 21513 Greenish blue 0.26 Round UV-Vis-NIR, FTIR Weak bluish green Blue 1 450, 487 
GIA 21518 Green 0.26 Rough FTIR Inert 1 450, 490 
GIA 21542 Greenish yellow 0.39 Marquise  UV-Vis-NIR, FTIR Moderate greenish Yellow-green 2 450, 525 
blue 
GIA 22020 Greenish yellow 0.44 Round UV-Vis-NIR, FTIR Strong greenish yellow Yellow-green 2 444, 525 
GIA 22700 Brownish orangy 0.90 Round FTIR Inert Yellow 2 523 


yellow 


4 For all samples tested by FTIR, the diamonds were classified as type la. Abbreviation: nt = not tested. 

» Observed using standard long-wave UV lamps. 

° A map showing the location of the diamonds in the Aurora Butterfly collection as they correspond to figure 1 is provided in the G&G Data Depository. 
9 This diamond showed blue fluorescence when examined with the DiamondView instrument. 

® This diamond showed blue fluorescence, accompanied by areas of green, when examined with the DiamonaView instrument. 

‘This diamond showed green fluorescence when examined with the DiamondView instrument. 
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RADIATION SPECTRA 


INTENSITY (counts) 


WAVELENGTH (nm) 


Figure 3. This plot shows the spectra of radiation used 
to excite the diamonds for the fluorescence spec- 
troscopy measurements. A Corning 7-54 filter removes 
the light in most of the visible region of the spectrum 
(~400-650 nm). A variable filter further reduces the 
light to a narrow band in the UV region. The position 
of the variable filter determines the wavelength of 
maximum intensity of the UV radiation. Shown here 
are three experiments using an empty sample cham- 
ber with the variable filter positioned to give 250, 300, 
and 350 nm as the peak intensity. Unfiltered light is 
present at wavelengths higher than 650 nm. 


was performed. Despite the filters, in some cases 
the spectra contained second-order artifacts [i.e., at 
twice the excitation wavelength) that were caused 
by the spectrometer grating. 

The filters were removed for the phosphores- 
cence measurements, because the filtered incident 
UV radiation necessary to perform the fluorescence 
measurements was insufficient to excite measur- 
able phosphorescence in many of the diamonds. 
(Similarly, some samples might have exhibited fluo- 
rescence that was too weak for this system to 
detect.) The phosphorescence spectra were collected 
after an exposure period of 20 seconds; our initial 
testing indicated that longer exposure times did not 
yield significantly better results. During decay, the 
spectra were collected over integration times of 0.5, 
1, and 2 seconds. 

For the purpose of describing the fluorescence, 
we assigned intensity designations relative to the 
entire dataset. The empirical boundaries we used to 
describe fluorescence strength were based on the 
peak intensity over the 30-second collection period: 
very weak (<20 counts), weak (20-100 counts), 
moderate (100-600 counts), strong (600-1000 
counts}, and very strong (>1000 counts). These 
descriptors generally correspond to visual percep- 
tions of fluorescence intensity. 
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At GIA in Carlsbad, we used a Thermo Aminco 
Bowman II Luminescence spectrofluorometer to 
investigate the fluorescence spectra of four dia- 
monds (GIA nos. 12172-5b, 12172-8b, 21194, and 
21542) to provide a comparison with the measure- 
ments made using the Ocean Optics equipment. 
Fluorescence was excited at wavelengths ranging 
from 220 to 400 nm (5 nm intervals), and the fluo- 
rescence spectra were recorded in the 370-750 nm 
range (1 nm resolution). 


DiamondView Imaging. Fourteen samples were 
examined with the DiamondView instrument, which 
uses ultra-short-wave UV radiation at <230 nm, and 
the resulting fluorescence and phosphorescence were 
imaged using a CCD camera. We wished to compare 
the results obtained with ultra-short-wave UV to 
those from conventional UV lamps. Additionally, the 
DiamondView should illustrate any spatial differ- 
ences in the observed fluorescence spectrum. The 
samples imaged by DiamondView were randomly 
selected from the Aurora Butterfly collection. 


Absorption Spectroscopy. To assess the identity of 
the fluorescence bands, we measured ultraviolet— 
visible-near infrared (UV-Vis-NIR) and Fourier- 
transform infrared (FTIR) spectra that would better 
show the defects present in the diamonds. 

We obtained UV-Vis-NIR spectra on most of the 
22, samples from the GIA collections (see table 1) at 
the GIA Laboratory in Carlsbad using a Thermo- 
Spectronic Unicam UV500 spectrophotometer over 
the range of 250-850 nm with a sampling interval 
of 0.1 nm. The faceted samples were cooled in a 
cryogenic cell using liquid nitrogen and oriented 
with the beam passing through the girdle plane. 

We recorded FTIR spectra on all 22 diamonds 
from the GIA collections at GIA Carlsbad and on 15 
diamonds from the Aurora Butterfly collection at 
GIA New York (see table 1). Spectra were collected 
in the mid-infrared range (6000-400 cm"!, at 1 cm"! 
resolution) at room temperature with a Thermo- 
Nicolet Magna IR 760 FTIR spectrometer at GIA in 
Carlsbad and a Thermo-Nicolet Nexus 670 FTIR 
spectrometer at GIA in New York. We ran a total of 
1,024 scans per sample to improve signal-to-noise 
ratios. The concentrations of A and B aggregates 
were calculated from these spectra using an algo- 
rithm derived from Kiflawi et al. (1994) and Boyd et 
al. (1995). The FTIR spectra were baseline corrected 
and normalized using the two-phonon region of a 


type Ila diamond. 
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and enlarged produced the auto-photograph 
shown in Plate J, indicating definite radio- 
activity. A similar photograph was taken at 
the University of Michigan; see Figure 244, 
Page 146, Gems & Gem Materials, Fifth 
Edition (Kraus & Slawson, 1947). 

~The questions which naturally came to 
mind as a result of this experience were: 

(1) If the stone had been deliberately 
exposed to some powerfully radioactive 
source prior to 1938, would. activity still 
be present, would it account for the color, 
and was the color only a “surface phenome- 
non?” 

(2) If the radioactivity was an inherent 
quality of the stone, was it the cause of the 
color and since the activity still existed, 
would the stone recover its original color 
without exposure to some radioactive source? 
What was the nature of the radioactive sub- 
stance within the stone? 

Various amateurish attempts were made 
to find answers to these questions. The stone 
was kept wrapped in heavy lead foil for 
long periods with no visible change in color. 
Auto-photographs were made under varying 
conditions and exposures and with films 
which ranged from dental “bite wings” to 
Wratten “M” plates, and so forth. It was 
not until the interest of our G.I.A. Presi- 
dent, Dr. Edward H. Kraus, then Dean of 
the College of Literature, Science, and the 
Arts at the University of Michigan, was en- 
listed that any real progress was made. 

In December, 1940 the stone, still in its 
setting, was forwarded to Dr. Kraus to 
determine the strength of radioactivity and 
whether it was constant or slowly decreasing 
in value. He wrote that “Professor J. M. 
Cork (of the Department of Physics) says 
that the radioactivity is rather strong and 
that he believes that it is inherent and 
undoubtedly caused by a content of uranium. 
He feels that it is inadvisable to wear the 
fing.” 

Needless to say the stone was immediately 
removed from its setting. As an interesting 
sidelight, dental film applied overnight to 


the wearer's finger indicated the calcium in 
the bone had already been attacked by the 
stone’s emissions. 

While the ting was at the University of 
Michigan and later, the writer tested, by 
photographic film, as many colored dia- 
monds as it was possible to obtain but with 
uniformly negative results. The colors in- 
cluded pink, brown, canary yellow, golden 
yellow, and blue. . 

In the spring of 1941 the stone was 
returned to Dr. Kraus for further observa- 
tion. The report submitted by Professor 
Cork shortly thereafter is quoted in its 
entirety because of its concise appraisal of 
this unusual stone. 

“Obsetvations have been made of the 
tadioactivity of this particular diamond, by 
absorption measurements with an electro- 
meter and with a Wilson Cloud Chamber. 
Tt would reasonably be supposed that any 
natural radioactivity would be due to 
occluded thorium or uranium in the dia- 
mond, It was at once apparent, however, 
that this could not possibly be the case as 
the radioactivity of the diamond was four 
times greater than would have been observed 
from a comparable mass of pure uranium 
or thorium. Jt must, therefore, come from 
some of the daughter products in one of 
the radioactive series which although present 
in small quantities could exhibit strong 
radioactivity. 

“From the energy of the Beta radiation 
and the maximum range of the alpha par- 
ticles emitted, it now appeats. quite certain 
that the radioactivity is due to Radium D 
and its subsequent products. This activity 
has a half life of 16.5 years and decays by 
beta and alpha emission through RaE (5 
Da), RaF (136 da) to lead. The strong 
beta rays observed agree exactly in charac- 
teristics with those from RaE and the alpha 
particles are similar in properties to those 
from RaF. 

“The radioactivity was not lessened by 
immersing the diamond in boiling acids or 
lapping the surface. This indicates that it 
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RESULTS 


The results of the spectroscopic measurements are 
described below according to three main categories 
of diamonds that exhibit similar fluorescence spec- 
tra at long wavelengths. In most cases, these cate- 
gories corresponded well to the diamonds’ bodycol- 
ors, which are discussed within each grouping. FTIR 
and UV-Vis-NIR spectroscopic data are also 
described below. Phosphorescence spectra for these 
samples, and for an additional 32 natural-color dia- 
monds from the Aurora Heart and Aurora Butterfly 
collections, can be found in the GWG Data 
Depository at www.gia.edu/gemsandgemology. A 
summary of the phosphorescence results for the 
natural-color diamonds is reported in box B. 


Category 1: Fluorescence Spectra with Dominant 
Peaks at ~450 and ~490 nm. All diamonds described 
in this section showed similar fluorescence spectra 
(see, e.g., figure 4). Most of the natural-color dia- 
monds had yellow, fancy white, and pink bodycol- 
ors, but one green and one gray-green natural-color 
diamond also followed this fluorescence pattern. Six 
irradiated diamonds also showed this fluorescence 
pattern with weak-to-moderate intensity; they had 
green to greenish blue bodycolors. 

All 10 pink diamonds, including the DeYoung 
Pink, showed moderate fluorescence with peak 
intensity at ~450 and ~490 nm. One pink diamond 
examined with the high-resolution spectrofluorom- 
eter (GIA 21194) showed the zero-phonon line (ZPL) 
at 415 nm related to the N3 defect and its lower- 
energy (higher-wavelength) sideband. 

In general, most yellow diamonds show weak or 
no fluorescence; of those that do fluoresce, blue has 
been reported as the dominant color (King et al., 
2005). Here, three of the four natural-color yellow 
diamonds without a greenish component exhibited 
moderate-to-strong fluorescence with peaks at ~450 
and ~490 nm. 

The three fancy white diamonds showed moder- 
ate fluorescence peaks at the same wavelengths. 
One green and one gray-green (chameleon) diamond 
showed moderate-to-strong fluorescence intensities 
that were consistent with category 1. 


Absorption Spectra. The UV-Vis-NIR spectra for 
three natural-color diamonds and three treated sam- 
ples from the GIA collections with category 1 fluo- 
rescence showed the N3-related ZPL at 415 nm. 
The FTIR spectra of these diamonds, as well as four 
diamonds from the Aurora Butterfly collection, 
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Figure 4. Category 1 fluorescence spectra (excited by 
350 nm radiation) of natural-color diamonds with 
various bodycolors show similar peak positions and 
shapes due to the presence of the N3 defect. 


showed them to be type Ia, generally with both A 
and B aggregates in various concentrations. All 
three fancy white diamonds tested by FTIR spec- 
troscopy showed significant concentrations of 
hydrogen, as evidenced by the 3107 cm" peak. 


Category 2: Fluorescence Spectra with a Dominant 
Peak at ~525 nm. Figure 5 shows a compilation of 
350 nm-excited fluorescence spectra for the seven 
diamonds in the yellow-green group, six brown, and 
two other natural-color diamonds (violet and yel- 


Figure 5. Category 2 fluorescence spectra (excited 
by 350 nm radiation) of natural-color diamonds 
with various bodycolors show similar peak loca- 
tions and shapes. The responsible mechanism is 
the presence of H3 centers. 


CATEGORY 2 FLUORESCENCE SPECTRA 


— Yellow-green diamonds 


2000-4 — Brown diamonds 


— Other colored 
diamonds (yellow 
and violet) 
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BOX B: PHOSPHORESCENCE SPECTROSCOPY OF 
NATURAL-COLOR DIAMONDS 


Phosphorescence is quite rare in natural near-color- 
less diamonds, and its presence has been used to indi- 
cate a synthetic origin, as many such gems grown at 
high pressures and temperatures display some phos- 
phorescence (Shigley et al., 2002). In our study, how- 
ever, we recorded measurable phosphorescence on 56 
of the 94 natural-color diamonds examined (see 
GwG Data Depository), with an intensity ranging 
from very weak to moderate, except for a few colors 
such as gray-green and blue that phosphoresce quite 
strongly (again, see Eaton-Magana et al., 2008). None 
of the irradiated diamonds we tested showed measur- 
able phosphorescence. In our samples, there was a 
larger variety of peak shapes and positions in the 
phosphorescence than fluorescence spectra across all 
bodycolors, but general consistency within most 
bodycolors. Diamonds showing phosphorescence 
that is strong or that appears anomalous from the 
spectra obtained for natural stones may be suspect. 
Some diamonds showing strong phosphorescence 
(i.e., gray-green [most of which were chameleon] 
stones) are discussed in detail below, and the remain- 
ing bodycolors will be briefly summarized. 

The empirical boundaries employed for describing 
phosphorescence spectra were: very weak, less than 5 
counts; weak, 5-20 counts; moderate, 20-100 counts; 
strong, 100-300 counts; and very strong, >300 counts. 
When recording phosphorescence spectra, we evaluat- 
ed its half-life instead of its duration. Half-life is 
defined as the time necessary for the initial intensity 
to decrease by one-half (see Watanabe et al., 1997). The 
more common term in gemology, duration, may be 
appropriate for visual observations, but it is actually a 
combination of two independent variables: initial 
intensity and the rate of decay. With phosphorescence 
spectroscopy, we are able to separate these variables to 
better distinguish one diamond from another. 
Additionally, the observed duration may be influenced 
not only by initial intensity, but also by the size of the 
stone. Therefore, half-life is preferable as it provides a 


low) that showed distinctive asymmetry: a strong 
onset of fluorescence at ~500 nm, a peak maximum 
at ~525 nm (+7 nm), and a long tail on the high- 
wavelength side. Most of the spectra in figure 5 also 
showed a secondary peak at ~450 nm. 

The yellow-green diamonds predominantly 
showed weak-to-moderate fluorescence intensity at 
~445 nm and very strong asymmetric fluorescence 
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better measure of the differences between the rates of 
phosphorescence decay because it is not influenced by 
these other factors. The longer the half-life is, the 
slower the rate of phosphorescence decay will be. 
Additionally, the shape of the decay curve (i.e., the rate 
at which intensity decreases with time) can indicate 
the mechanism causing the phosphorescence (again, 
see Watanabe et al., 1997). 

Within most of the color groups, there were wide 
variations in calculated half-lives, with values 
between 0.2 and 4.8 seconds (for comparison, the half- 
life of the Hope Diamond is 8.2 seconds and the 
longest half-life we measured was 2.5.2, seconds [B2.34]]). 

The pink diamonds phosphoresced at weak-to- 
moderate intensity in a variety of wavelengths (half- 
life: 0.2-4.8 seconds). Two of the four yellow dia- 
monds showed very weak phosphorescence centered 
at ~600 nm (half-life: 1.3-3.5 seconds); the other two 
did not show measurable phosphorescence. The 
three fancy white diamonds phosphoresced at moder- 
ate-to-strong intensity at ~450 and ~490 nm, identi- 
cal to their fluorescence (half-life: 1.2-2.1 seconds). 
Six of 10 diamonds in the yellow-green group phos- 
phoresced; they generally showed weak phosphores- 
cence at 570-585 nm (half-life: 1.7-4.7 seconds). 
Seven violet and three type Ia blue-gray diamonds 
had weak-to-moderate phosphorescence at 565 nm 
(half-life: 0.25-4.2 seconds), and 4 of the 11 orange 
diamonds showed weak phosphorescence at a variety 
of wavelengths. None of the brown diamonds 
showed phosphorescence. 

Therefore, while pink and orange diamonds 
showed a variety of phosphorescence patterns within 
their bodycolor range, we observed consistency with- 
in the color range for the other diamonds tested. Of 
particular interest were the gray-green (including 
chameleon) diamonds. 

All eight gray-green (including chameleon) dia- 
monds in the Aurora Butterfly collection and the four 
tested at GIA exhibited moderate phosphorescence 


centered at ~525 nm. Figure 6 shows fluorescence 
spectra at different excitation wavelengths for a 
green-yellow diamond that is representative of all 
seven diamonds of this color range. 

The six brown diamonds showed weak-to-moder- 
ate fluorescence spectra with peaks centered at 
510-532, nm. Figure 7 shows fluorescence spectra for 
one sample (GIA 12172-5b) obtained from the spec- 
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Figure B-1. Sample B231, a 0.79 ct chameleon diamond (A), shows greenish yellow phosphorescence in the 
DiamondView (B). Its phosphorescence spectra illustrate the decay of the diamond’s phosphorescence with 
time (C). The phosphorescence spectrum at the back of the three-dimensional plot was taken immediately 
after the UV lamp was extinguished. The decay in intensity of the peak maximum (557 nm) with time is also 
provided (D). The calculated half-life is 13 seconds. Photos by Jian Xin (Jae) Liao (A) and S. Eaton-Magafia (B). 


with peaks at 557-562 nm. These diamonds showed 
the greatest consistency in peak position of any of the 
color groups, and greater consistency in their phos- 
phorescence than fluorescence spectra. The half-lives 
were long, ranging from 3.4 to 25.2 seconds. These 
samples had a similar rate of decay as that described 
by Watanabe et al. (1997) for synthetic type Ib dia- 


trofluorometer compared to spectra obtained from 
the CCD spectrometer. The spectrofluorometer data 
show ZPLs for the N3 and H8 centers at 415 and 503 
nm, respectively, along with their related sidebands. 
Due to the lower resolution of the CCD spectrome- 
ter, only the sidebands are observed in figure 7 (right). 

A yellow diamond had a weak fluorescence spec- 
trum, and a violet diamond showed a moderate fluo- 
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monds. Figure B-1 shows a typical phosphorescence 
peak for the gray-green (chameleon) diamonds, and a 
corresponding plot of the decay of the phosphores- 
cence maximum at 557 nm. Additional research is 
necessary to fully characterize the phosphorescence 
mechanism in these diamonds and to explain the 
variability in the measured half-lives. 


rescence spectrum. Four irradiated diamonds also 
showed category 2 fluorescence: weak spectra were 
measured for the brownish orangy yellow and bluish 
green samples, and strong to very strong spectra 
were obtained from the greenish yellow samples. 


Absorption Spectra. UV-Vis-NIR absorption spec- 
tra were collected for four natural and three treated 
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Figure 6. The fluorescence spectra of sample B194, 
a 0.51 ct green-yellow diamond, show a dominant 
peak at ~525 nm (1.e., category 2 fluorescence). The 
most intense fluorescence occurs when the stone is 
excited by UV radiation at ~350 nm. Photo by Jian 
Xin (Jae) Liao. 


diamonds from the GIA collections that had cate- 
gory 2, fluorescence spectra (again, see table 1). All 
UV-Vis-NIR spectra showed the H3-related ZPL at 
~504 nm. This peak was only observed in dia- 
monds showing the category 2 fluorescence spec- 
tra. FTIR spectra of these diamonds along with an 
additional treated diamond showed they were type 
Ia, generally with both A and B aggregates in vari- 
able amounts. 


Category 3: Fluorescence Spectra with a Dominant 
Peak at ~550 nm. Figure 8 shows a compilation of 
the category 3 fluorescence spectra, excited by 350 
nm UV radiation, obtained from orange, violet, 
gray-green (including chameleon), and the type Ia 
diamonds in the blue-gray group. 

One violet diamond along with three diamonds in 
the blue-gray group had fluorescence spectra with 
weak-to-moderate intensity at 525-530 nm. In a relat- 
ed study, 93% of the 67 gray-to-blue diamonds tested 
did not show measurable fluorescence, but showed 
phosphorescence spectra that proved to be distinctive 
of type Ib diamonds (Eaton-Magana et al., 2008). 

Most of the gray-green (including chameleon) dia- 
monds indicated weak fluorescence at ~450 nm and 
moderate-to-strong fluorescence extending from 
~450 to ~650 nm, with the center of the band rang- 
ing from 535 to 558 nm. Data obtained for a gray- 
green diamond using a spectrofluorometer at excita- 
tion wavelengths from 220 to 400 nm showed many 
interesting features (figure 9, left). The fluorescence 
intensity was quite low when excited at short UV 
wavelengths. However, as the excitation wavelength 
increased, the fluorescence intensity increased, with 
contributions from peaks centered at 495 and ~545 
nm. The intensity reached a maximum when excit- 
ed by UV radiation at 340-345 nm and then 
decreased as the wavelength of the excitation inten- 
sity increased further. At the higher excitation wave- 


Figure 7. The graph on the left shows the fluorescence spectra for a 0.26 ct orangy brown diamond (GIA 12172-5b) 
collected at excitation wavelengths from 220 to 400 nm using the spectrofluorometer. Both N3- and H38-related 
Iuminescence may be observed, with ZPLs at 415 and 504 nm, respectively. The plot on the right shows the corre- 
sponding (lower resolution) fluorescence spectra obtained from the Ocean Optics CCD spectrometer. 
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Figure 8. Category 3 fluorescence spectra (excited by 
350 nm radiation) of the orange, violet, gray-green 
(including chameleon), and type Ia blue-gray dia- 
monds have similar peak locations and shapes. 


lengths, the two fluorescence peaks were centered at 
495 and ~560 nm. The greater resolution of this 
instrument compared to the CCD spectrometer (fig- 
ure 9, right) revealed the additional peak at 495 nm. 
Of the 10 orange diamonds measured by fluores- 
cence spectroscopy, seven showed weak-to-moder- 
ate and one showed strong category 3 fluorescence 
spectra with peaks ranging from 540 to 560 nm. 


Several of the diamonds also showed subordinate 
peaks at ~450 nm. The spectra at different excita- 
tion wavelengths illustrated in figure 10 for a Fancy 
Vivid yellowish orange diamond are representative 
of the other samples. 


Absorption Spectra. FTIR spectra were collected for 
all eight gray-green (including chameleon) diamonds 
from the Aurora Butterfly collection with category 
3 fluorescence spectra (again, see table 1), and FTIR 
and UV-Vis-NIR spectra were collected for the five 
diamonds from the GIA collections showing this 
fluorescence pattern. The UV-Vis-NIR spectra for 
these diamonds showed prominent bands centered 
at ~370 and ~480 nm. 

The FTIR spectra of three diamonds in the blue- 
gray group indicated that they are type Ia instead of 
type IIb. Most blue diamonds receive their color 
from boron and are designated type IIb (see Fritsch 
and Scarratt, 1992, for an explanation of diamond 
types). The nitrogen concentrations in the category 3 
diamonds generally were much lower for both the A 
aggregate (up to 114 ppm) and B aggregate (up to 22 
ppm) compared to diamonds from categories 1 and 2: 
up to 415 and 890 ppm, respectively, for the A aggre- 
gate and up to 700 and 270 ppm, respectively, for the 
B aggregate. 


Figure 9. These fluorescence spectra of a 0.52 ct gray-green diamond (GIA 12172-8b) were collected at excitation 
wavelengths of 220-400 nm with a spectrofluorometer (left) and at wavelengths of 250-375 nm with an Ocean 
Optics CCD spectrometer (right). Spectrofluorometer second-order artifacts (i.e., peaks at twice the excitation 
wavelength) have been removed for clarity. Also shown, at left, are the fluorescence spectra excited by wave- 
lengths equivalent to a short-wave UV lamp (255 nm) and the DiamondView (~220 nm). The higher-resolution 
spectrofluorometer revealed a peak at 495 nm that was not visible with the CCD spectrometer. 
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Figure 10. A 1.67 ct Fancy Vivid yellowish orange diamond, 
B56 (left), fluoresces moderate yellow-orange (center) with a 
long-wave UV lamp. The fluorescence spectra show a domi- 
nant peak at ~550 nm (i.e., category 3 fluorescence, right). 
The most intense fluorescence was recorded when excited 
by UV radiation at 325 nm. Photos by Jian Xin (Jae) Liao. 


The orange, type Ia blue-gray group, and gray- 
green (including chameleon) diamonds that exhibit- 
ed category 3 fluorescence spectra and were tested 
by FTIR spectroscopy all showed significant con- 
centrations of hydrogen, as evidenced by the 3107 
cm! peak. 


Natural Diamonds with Other Fluorescence 
Behavior. Two yellow-orange natural-color dia- 
monds (172, and 181) showed fluorescence spectra 
(figure 11) with a single dominant peak at ~610 nm. 

The one red and two purple diamonds were inert 
or did not show measurable fluorescence spectra. 
Admittedly, the number of samples we examined 
was small, but these colors are among the rarest of 
all natural diamonds. In the DeYoung Red, we 
observed a barely discernible yellow fluorescence to 
long-wave UV (inert to short-wave], which was 
noted also by Shigley and Fritsch (1993), who further 
documented a green luminescence when excited by 
425 nm light. However, we could not discern a fluo- 
rescence spectrum with the CCD instrument. In the 
ultra-short-wave UV wavelengths of the Diamond- 
View, the DeYoung Red showed blue fluorescence 
and well-defined growth bands, as well as a few nar- 
row green zones (figure 12). 

Figure 13 provides a summary of the categories of 
fluorescence spectra collected for the natural-color 
diamonds we examined, organized by key bodycolor. 


Gemological Observations. The observed colors and 
intensities of long-wave UV fluorescence are sum- 
marized in table 1. Note that the fluorescence spec- 
tra did not always correlate directly to the fluores- 
cence color observed with a standard UV lamp. 
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Some reasons for such discrepancies are detailed in 
the Discussion section. The short-wave fluores- 
cence was weaker for all the natural-color dia- 
monds, and some diamonds exhibited no apparent 
luminescence to either UV wavelength. While no 
significant inhomogeneity or turbidity in the fluo- 
rescence colors was noted, we did not look specifi- 
cally for such characteristics. A few samples 
showed a different fluorescence color when exam- 
ined by the DiamondView, which was probably due 
to the difference in the excitation wavelength 
and/or saturation of the CCD camera used in the 
DiamondView instrument. 


Figure 11. The fluorescence spectra of these two natu- 
ral-color diamonds (B172 and B181) differ from those 
in the three common categories, with broad peaks 
centered at ~610 nm. 


B172 AND B181 FLUORESCENCE SPECTRA 


FLUORESCENCE INTENSITY (counts) 


WAVELENGTH (nm) 


GEMS & GEMOLOGY WINTER 2007 


DISCUSSION 


The vast majority of the fluorescence spectra for the 
natural-color diamonds tested fell into three cate- 
gories with respect to the peak wavelengths and 
shapes. In fact, only two of the 62, natural-color dia- 
monds described in this article (again, see figure 11) 
had peak positions other than those described in the 
three major categories (~450 and ~490 nm; ~525 
nm; and ~550 nm). As shown in figure 13, the col- 
ored diamonds we tested are largely segregated into 
these three categories on the basis of their bodycol- 
or. The information conveyed by these categories 
may provide clues to the origin of their color. 


Category 1: Fluorescence Spectra with Dominant 
Peaks at ~450 and ~490 nm. For all the diamonds 
represented in figure 4, the fluorescence spectra 
show double peaks with maxima at ~450 (+12) nm 
and ~490 (+13) nm. This spectral pattern generally 
manifested itself as blue and is likely representative 
of fluorescence spectra for the vast majority of blue- 
fluorescing diamonds (e.g., Moses et al., 1997). 
UV-Vis-NIR spectra of three natural and three 
irradiated diamonds showed the presence of the N3 
center—a grouping of three nitrogen atoms in a 
(111) plane surrounding a vacancy—and higher-res- 
olution spectra using the spectrofluorometer all 
confirmed that the ~450 and ~490 nm fluorescence 
peaks in the blue region of the spectrum are derived 
from the N3 center. The band centered at ~490 nm 
is artificially high in intensity, which is an artifact 
of the CCD spectrometer. On a spectrum for one 
sample obtained with the CCD spectrometer, 
radiometric correction of the output intensity 
across the wavelength range decreased the intensity 
of the ~490 nm peak so that it conformed better 
with spectra obtained from higher-resolution spec- 
trofluorometers, thus confirming that the two 
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Figure 12. The 
DeYoung Red, at 
5.03 ct, is one of the 
largest red diamonds 
in the world. Its 
DiamondView image 
shows a dominant 
blue fluorescence 
that is also typically 
observed in pink dia- 
monds. Photos by 
Chip Clark (left) and 
S. Eaton-Magafia 
(right). 


observed peaks originate from the N2 center. 

The category 1-fluorescing diamonds derive 
their bodycolors from different origins. Pink dia- 
monds have a broad absorption band with a peak at 
550 nm, which is thought to be due to plastic defor- 
mation (Fritsch, 1998). The color of most yellow 
diamonds is attributed to the N3 center, although 
some are colored by isolated nitrogen atoms 
(Fritsch, 1998). Fancy white diamonds are typically 
colored by light scattered from minute particles, 
some of which may be carbonates (Titkov et al., 
2006}, or their color may be related to the nitrogen B 
aggregate (Fritsch, 1998). Despite their different ori- 
gins of color, all showed similar fluorescence spec- 


Figure 13. Most of the 62 natural-color diamonds test- 
ed showed one of three distinct fluorescence spectra. 
Three diamonds included in this study were inert and 
two shared a different type of fluorescence spectrum. 
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tra, indicating a common tie among them, namely 
the presence of the common N3 center and the lack 
of more dominant fluorescing defects or significant 
concentrations of defects that can quench fluores- 
cence, such as the A aggregate (Davies and 
Crossfield, 1973; Davies et al., 1974). 

The category 1 fluorescence spectrum is associat- 
ed with the N3 center, as is the subordinate peak at 
~450 nm in the categories 2, and 3 fluorescence spec- 
tra (i.e., figures 5 and 8). This feature was seen in 
most of the diamonds, both natural and treated color. 


Category 2: Fluorescence Spectra with Dominant 
Peak at ~525 nm. The spectral pattern shown in fig- 
ure 5 generally manifested itself as bluish green to 
yellowish green fluorescence and is likely represen- 
tative of the vast majority of green-fluorescing dia- 
monds (Fritsch and Waychunas, 1994). The category 
2 spectra are nearly identical to cathodolumines- 
cence and photoluminescence spectra of a diamond 
with H3 defects (Collins and Woods, 1982). All 
seven of the category 2. diamonds for which UV-Vis- 
NIR absorption spectra were recorded (see table 1) 
showed the H3 center at 504 nm, and higher-resolu- 
tion spectra taken with the spectrofluorometer on 
two of these samples (e.g., figure 7) confirmed the 
presence of the H3 center. 

The H3 center results when a vacancy is trapped 
at the nitrogen A aggregate (Collins, 1982a). To cre- 
ate an H3 center, the diamond must be exposed to 
radiation and heat. These conditions are known to 
occur naturally, and the H3 center has been observed 
in natural, untreated diamonds (De Weerdt and Van 
Royen, 2001), although the luminescence of the cen- 
ter is greatly increased after deliberate irradiation 
and annealing (Collins et al., 2000). 

Although yellow-green and brown diamonds 
show similar fluorescence spectra, these bodycolors 
have different origins. The green component of dia- 
mond color typically results from radiation damage 
(Fritsch, 1998). However, this color appearance may 
also be caused by strong green luminescence (much 
like the Portuguese Diamond can appear bluish due 
to its blue fluorescence; Fryer and Koivula, 1986). 
The specific defect that causes the color of brown dia- 
monds is unknown, but it is believed to be related to 
the plastic deformation mechanism that also causes 
pink coloration (Fritsch, 1998). Theoretical modeling 
has suggested that brown coloration may be related 
to large vacancy disks (Hounsome et al., 2006). 

We observed an inverse correlation between the 
concentration of A aggregates and the intensity of 
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Figure 14. A comparison of the intensity of the green 
fluorescence at 525 nm with the concentration of A 
aggregates in each diamond (as calculated from the 
FTIR spectra) shows an inverse correlation. The fluo- 
rescence spectra were collected over 30 seconds, and 
both concentrations and intensities are presented here 
on logarithmic scales. 


the 525 nm peak (figure 14); therefore, the presence 
of A aggregates appears to quench H3-related lumi- 
nescence. This observation was noted previously 
(Zaitsev, 2001), and such data confirm the usefulness 
of this spectrometer for a variety of applications. 


Category 3: Fluorescence Spectra with Dominant 
Peak at ~550 nm. All the diamonds represented in 
figure 8 showed similar fluorescence spectra. This 
spectral pattern generally manifested itself as yel- 
low to orangy yellow fluorescence, and is likely rep- 
resentative of the fluorescence spectra for the vast 
majority of fluorescence observations within this 
color range (Fritsch and Waychunas, 1994). 

Most of the spectra showed a broad (FWHM ~100 
nm), rather symmetrical peak centered at 530-560 
nm. They are similar to a fluorescence spectrum 
published for a 22, ct chameleon diamond (Fritsch et 
al., 1995), also excited by 350 nm radiation. Nearly 
all of the category 3 diamonds showed a secondary 
peak at ~450 nm that correlated to the N3 defect in 
those samples tested by UV-Vis-NIR spectroscopy. 
The absorption spectra also showed the presence of 
the 480 nm band in these diamonds. Previous 
researchers have observed yellow fluorescence in 
diamonds with a 480 nm band (Collins, 1980; 
Collins, 1982b; Hainschwang et al., 2005), or in 
those that are rich in hydrogen (Fritsch and Scarratt, 
1992). The 480 nm band is a common feature in 
orange and chameleon diamonds (Hainschwang et 
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al., 2005); however, a great many issues about the 
origin of the 480 nm band are still unresolved. 

The category 3 fluorescence spectra may be 
linked to the high concentration of hydrogen that 
was observed in chameleon, other gray-green, type 
Ia blue-gray, and orange diamonds by FTIR spec- 
troscopy. Among the diamonds from other fluores- 
cence categories that were tested by FTIR, only the 
fancy white diamonds had consistently measurable 
hydrogen-related peaks at 3107 cm". 

Although violet, type Ia blue-gray, gray-green 
(including chameleon), and orange diamonds may 
show similar fluorescence spectra, their bodycolors 
are derived from different origins. Hydrogen has been 
observed in violet and type Ia gray-to-blue diamonds 
(Robins et al., 1991; Fritsch and Scarratt, 1992, Fritsch 
and Scarratt, 1993), but the specific configuration 
causing the color has not yet been identified. The ori- 
gin of orange color is unknown (Bosshart, 1999), but it 
most likely derives from nitrogen-related defects 
(Fritsch, 1998). The color of gray-green and chameleon 
diamonds has been linked to the presence of a rare 
nitrogen-related defect that gives rise to the 480 nm 
band along with hydrogen centers (Massi et al., 2006). 

None of the 10 treated diamonds showed category 
3 fluorescence spectra, but study of a broader group of 
such diamonds is needed to confirm this trend. 


Fluorescence Spectra with Dominant Peak at ~610 
nm. Two yellow-orange diamonds showed broad- 
band fluorescence with peaks centered at ~610 nm 
(again, see figure 11). This spectral pattern, which is 
very different from those described above, would 
generally manifest itself as brownish orange fluores- 
cence. We were unable to positively identify the 
defect responsible, but it is likely related to the neu- 
tral N-V center with its ZPL at 575 nm (Anderson, 
1960, 1962; Martineau et al., 2004). In sample B181, 
a slight peak at ~575 nm is suggestive of this mecha- 
nism as well. 


Comparison to Observed Fluorescence. The color of 
observed fluorescence is typically recorded as a 
response to long- or short-wave UV radiation. In 
actuality, many UV lamps do not provide single, iso- 
lated peak emissions at 365 nm for long wave and at 
254 nm for short wave (Williams, 2007). Instead, 
long-wave lamps often contain peaks at 404 and 435 
nm, in addition to a broad band that extends from 
the UV into the visible region of the spectrum, like- 
wise, many short-wave lamps show peaks at 315 and 
365 nm (i.e., long-wave UV; again, see Williams 
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[2007] for more information). This was the case for 
the gemological UV lamps used in this study. 
Therefore, the fluorescence observed using most 
gemological lamps is a combination of fluorescence 
excited by several wavelengths and, in the case of 
long-wave UV, by the influence of light in the visible 
region (S. Elen, pers. comm., 2007). A stone that is 
believed to show “weak fluorescence” to short-wave 
UV may actually be responding to the long-wave 
component present in the lamp. It is not surprising, 
then, that the observed color of fluorescence taken 
with standard long- and short-wave UV lamps may 
not be directly analogous to the results presented 
here. The spectra recorded by the fluorescence spec- 
trometer are activated by a narrow range of wave- 
lengths that do not include radiation at other wave- 
lengths and do not extend into the visible range. 

While examining the DeYoung Red, we observed 
a very weak yellow fluorescence using a long-wave 
UV lamp, but we could not resolve a fluorescence 
spectrum with the CCD spectrometer. There could 
be several explanations for this discrepancy. The sen- 
sitivity of the instrument may have been too low to 
detect the yellow fluorescence, while the relatively 
large size of the DeYoung Red (5.08 ct) aided the visu- 
al observation of this luminescence. Alternatively, 
Shigley and Fritsch (1993) noticed a green lumines- 
cence when the diamond was excited at 425 nm. The 
observed yellow fluorescence when exposed to the 
long-wave UV lamp could be due to excitation out- 
side the narrow band of UV radiation used in our 
spectroscopy experiments. 

As mentioned above, the additive effect of fluo- 
rescence to the eye due to a gemstone’s size is also a 
factor. The Portuguese diamond (figure 15) is 
famous for its strong blue fluorescence, which can 
be seen easily in ambient light. However, as the 
spectra in figure 15 show, the intensity of its fluo- 
rescence spectrum is not extraordinarily high rela- 
tive to those of other diamonds. The combined 
effect of its large size (127.01 ct) with its fluores- 
cence is what makes this diamond so notable. 

In addition to the ambiguity of the excitation 
wavelength of UV lamps, the interpretation of fluo- 
rescence color can be difficult as well. Due to the 
contribution of subordinate peaks and the length of 
the tail of a fluorescing band, diamonds with fluo- 
rescence emissions of similar origin can yield fluo- 
rescence colors that are quite different. Figure 16 
shows the effect of a subordinate peak in the dia- 
mond fluorescence spectra, and figure 17 shows the 
effect of a long spectral tail. As demonstrated by 
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Figure 15. The 127.01 ct very slightly yellow (G-to-I on the 
GIA color-grading scale) Portuguese diamond (left) is 
famous for its strong blue fluorescence (center). Yet its flu- 
orescence spectrum (right) reveals that the intensity mea- 
sured from a limited volume is comparable to that of 
smaller fancy-colored yellow diamonds that also show 
category 1 fluorescence. Photos by Chip Clark. 


these examples, slight differences in peak positions 
and shapes may lead to considerable variation in the 
literature regarding reported fluorescence colors, 
even if the underlying causes of the luminescence 
are identical. Furthermore, gemologists could mis- 
interpret the observed fluorescence of two dia- 
monds that appear to fluoresce with similar colors 
as an indication that they have similar properties. 
For example, a comparison of observed fluorescence 
for diamond 1 in figure 16 against diamond 3 in fig- 
ure 17 shows that both appear as shades of green. 
However, examination of the corresponding spectra 
indicates that the defects causing the observed fluo- 
rescence appear to be quite different. 


Analysis of the Spectrometer. The absolute intensi- 
ties of fluorescence measured in the spectra will, of 
course, depend on the UV radiation source. Within 
this study, we maintained a consistent measure- 
ment technique and geometry when using the CCD 
spectrometer, and we believe that the measured 
intensities are comparable between these diamonds. 
Our results were sufficiently consistent that we feel 
our spectroscopy system (i.e., figure 2; see box A for 
more information) allows semiquantitative intensi- 
ty assignments based on the measured counts to 
replace the visual assessment descriptions that typi- 
cally are used to describe diamond fluorescence, 
such as weak, moderate, and strong. 


Implications for the Gemologist. Observed fluores- 
cence is often included with the other properties of a 
diamond. However, the reliability of such data is 
called into question by the many ambiguities inher- 
ent in these observations, such as the viewer's esti- 
mation of intensity and color, the effect of the size of 
the sample, and the actual wavelengths of UV excita- 
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tion. Here, we investigated the information provided 
by fluorescence spectroscopy on a wide variety of col- 
ored diamonds. Although there are large variations in 
the fluorescence colors reported for diamond (again, 
see, Fritsch and Waychunas, 1994), fluorescence spec- 
troscopy was able to distill that variety into three 
main spectral patterns by discerning the contribution 
of subordinate peaks and long tails. Although this 
work was performed exclusively on colored dia- 
monds, we are confident that valuable information 
could be gained on other gem materials as well. 

As stated earlier, diamonds with fluorescence 
spectra that appear anomalous to the three main cat- 
egories may be considered suspect. Additionally, the 
irradiated stones in table 1 indicate that samples with 
fluorescence spectra that appear similar to these 
three categories but do not conform to one of the 
bodycolor designations may be treated. However, 
with some colored diamonds, such as those with yel- 
low-green bodycolors, fluorescence spectroscopy may 
not be a reliable indicator of treatment. 

Fluorescence and phosphorescence spectra have a 
number of other potential applications as well. They 
could help explain unusual fluorescence and phos- 
phorescence, such as the type IIb diamond with mul- 
tiple colors of phosphorescence reported by Moe and 
Johnson (2007). Phosphorescence spectroscopy can 
distinguish between type Ia gray-to-blue diamonds 
and type IIb blue diamonds (see box B and Eaton- 
Magania et al., 2008). In fact, the phosphorescence 
spectra of type IIb blue diamonds proved so distinc- 
tive of each diamond that the researchers termed it a 
“fingerprint” that could individually classify a type 
IIb diamond (again, see Eaton-Magania et al., 2008). 

Fluorescence spectroscopy can also help the 
gemologist distinguish between natural and syn- 
thetic diamonds. Martineau et al. (2004) correlated 
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comes from atoms actually within the dia- 
mond lattice. Such a phenomenon could 
easily be explained. If the diamond were 
packed close to Radon or Radium then on 
alpha disintegration; heavy recoiling radio- 
active nuclei would be driven into the sur- 
face. Such recoil particles possess an energy 
of more than 50,000 electron volts, enough 
to catry them into the lattice so that they 
might not be attacked by the dissolving 
acids. : : 

“In any event this diamond is so radio- 
active that it could not be worn in its pres- 
ent mounting-any appreciable length of time 
with safety. If the present guess is correct 
this radioactivity will die out to half its 
present value in 16.5’ years. It would seem 
to me highly desirable to learn if this dia- 
mond has been treated in this way. If it weré 
a natural phenomenon it would merit fur- 
ther investigation.” 

About this time the late Professor Harry 
Berman of the Harvard Mineralogical Muse- 
um was expefimenting with the coloring of 
diamonds by means of the cyclotron. There 
followed an exchange of letters with Pro- 
fessor Berman and a visit to Cambridge that 
fall, when one of the treated stones was 
examined. The treatment incidentally at- 
tained only what might have been termed 
a “light beryl green” hue instead of the 
deep green originally possessed by the stone 
under consideration. 

The more interesting parts of the corres- 
pondence with Professor Berman were as 
follows: 

“We have found that practically all dia- 
monds will color green if the exposure to 
cyclotton bombardment is short and not too 
intense. On the other hand, if the exposure 
is too long of too intense, the color will be 
a deep brown. I suspect that in the latter 
case the stone is heated too high and the 
brown is more a thermal effect than a deu- 
teron effect. 

“After bombardment, our diamonds are 
highly radioactive, but in the course of an 
hour or so this radioactivity drops almost 


to zero. I am not sure whether there is any 
residual radioactivity after a matter of days. 
A rather rough quantitative test before a 
Geiger counter indicated that there is no 
residual radioactivity. I have not noticed 
any change in the color of our diamonds 
with standing. It seems to me that the color 
is more or less a surface effect and that if 
the stone were polished after bombardment 
I believe the color would either disappear 
or change to a brown due to the heat of 
polishing. I am not sure, however, on this 
point. 


“We have not examined any natural 
green stones, so I cannot hazard a guess as 
to the naturalness of the coloring in your 
diamond. ; 


Radiation exposure one hour 


Wratten “M” Plate. Exposure time’ one 
hour, thirty minutes 


SUMMER 1949. 
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CATEGORY 2 FLUORESCENCE SPECTRA 


Figure 16. All of these diamonds (GIA 12172-5b [1], 
GIA 22020 [2], and GIA 21542 [3]) show category 2 flu- 
orescence spectra, with a dominant peak at ~525 nm 
caused by the H3 defect. However, slight differences in 
peak shape and the presence of an N3-related subordi- 
nate peak centered at ~450 nm cause the observed flu- 
orescence colors to appear different. The fluorescence 
photo was excited by narrow-band 365 nm radiation 
(also used to collect the spectra), and not a standard 
long-wave UV lamp. Photo by Shane Elen. 


orange fluorescence observed in chemical vapor 
deposition (CVD) synthetic diamonds with the 575 
and 637 nm lines seen in their photoluminescence 
spectra; Wang et al. (2005) made similar observa- 
tions on treated pink-to-red diamonds. While visual 
assessment of fluorescence would be unable to reli- 
ably distinguish between the orange fluorescence 
sometimes observed in category 3 natural diamonds 
and the 575 nm-induced fluorescence observed in 
synthetic diamonds, treated-color diamonds, and 
some rare natural-color diamonds, spectroscopy 
could help make the distinction. 

Other gemological testing equipment, such as 
the DiamondSure, looks for the presence of the N3 
center in natural diamonds to help distinguish them 
from near-colorless synthetics (Welbourn et al., 
1996). The N3-related center cannot be reliably con- 
firmed by the mere observation of blue fluorescence; 
however, its presence in a fluorescence spectrum is a 
strong indicator that a diamond has a natural origin. 

A laboratory might also offer more complete com- 
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Figure 17. All of these diamonds (GIA 12172-8b [1], 
GIA 487988302 [2], and GIA 12172-8a [3]) show cat- 
egory 8 fluorescence spectra that are likely related to 
the 480 nm absorption band. Variations in peak 
position and shape cause the observed fluorescence 
colors to appear quite different. The fluorescence 
photo was excited by the same narrow-band 365 nm 
radiation that was used to collect the spectra. Photo 
by Shane Elen. 


parisons of long- and short-wave fluorescence (e.g., 
that the intensity of the short-wave fluorescence was 
30% that of the long-wave fluorescence). This infor- 
mation would contribute to a more thorough charac- 
terization of the diamond for identification purposes. 

While the equipment used in this study will not 
replace laser-excited spectrometers (such as FTIR or 
Raman) or higher-resolution spectrofluorometers used 
in gemological research laboratories, the affordability 
of the CCD spectrometer used in these tests makes it 
available to a greater number of gemologists. Its speed 
and ease of use make it possible to quickly and conve- 
niently characterize large numbers of stones. 


CONCLUSIONS 


This work reports the fluorescence properties of 62 
natural-color diamonds that span nearly the entire 
color spectrum observed in natural diamonds. For 
comparison, the spectra of 10 irradiated diamonds 
were also measured. 

Due to limitations on the number of colors and 
kinds of diamonds used in this study, the fluores- 
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cence spectra reported here likely do not represent 
the entirety of possible fluorescence behaviors in 
natural or treated diamonds. For example, we did not 
test all known types of treated diamonds. Diamonds 
with different fluorescence spectra from those docu- 
mented in this article could have additional color 
centers or combinations of centers. Nevertheless, 
this work illustrates the potential of this relatively 
inexpensive equipment, the mobile CCD spectrom- 
eter, for a more precise characterization of the fluo- 
rescence and phosphorescence properties of dia- 
monds, especially important ones (figure 18). Our 
experience suggests that the attributes of this instru- 
ment make it suitable for rapidly characterizing the 
luminescence properties of large numbers of dia- 
monds and other gems. Fluorescence spectra yield 
far more information than visual assessment alone, 
such as a semiquantitative assessment of intensity 
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Figure 18. Fluorescence 
spectroscopy can help 
characterize important 
diamonds such as these 
0.51-2.03 ct stones from 
the October 2007 Argyle 
tender. Highlights of the 
tender included the 1.74 
ct Fancy purplish red 
oval, the 0.69 ct Fancy 
purplish red emerald cut, 
and the 0.77 ct Fancy 
Dark gray-violet shield 
shown here. Courtesy of 
Argyle Diamond; photo 
by Robert Weldon. 


and the presence of subordinate peaks, and are much 
less ambiguous. 

The vast majority of the fluorescence spectra fell 
into three major categories with respect to peak 
wavelengths and shapes. Only two of the 62 natural- 
color diamonds had peak positions other than those 
described in the three major categories. The fluores- 
cence spectra were largely segregated by the dia- 
monds’ bodycolors. Category 1 fluorescence spectra 
were predominantly represented by pink, yellow, 
and fancy white natural-color diamonds; category 2 
by natural diamonds in the yellow-green group or 
with brown bodycolors; and category 3 by natural 
diamonds with orange or gray-green (including 
chameleon) bodycolors or in the type Ia blue-gray 
group of natural diamonds. Evidence of an anoma- 
lous fluorescence spectrum may indicate that a 
stone needs to be submitted for additional testing. 
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Notes & NEW TECHNIQUES 


AN EXAMINATION OF THE 
NAPOLEON DIAMOND NECKLACE 


Eloise Gaillou and Jeffrey E. Post 


Napoléon Bonaparte gave an extraordinary 
diamond necklace to his empress, Marie- 
Louise, in 1811. Its intriguing history involves 
both royals and con artists (and one individual 
who was both), and it was ultimately donated 
to the Smithsonian Institution in 1962. Infrared 
absorption analysis of 101 stones in the neck- 
lace revealed that a high proportion of the 
larger diamonds are the relatively rare type Ila; 
most of the smaller stones are type laAB. The 
luminescence behavior of the diamonds to 
ultraviolet exposure correlates with their 
diamond types. 


apoléon Bonaparte presented the diamonds now 

known as the Napoleon Necklace (figure 1) to 
his second wife, Marie-Louise of Austria, Empress of 
France, as a gift to celebrate the birth of their son, 
Napoléon Francois Joseph Charles, the King of Rome 
(later the Duke of Reichstadt), in 1811. The history 
of this jewel is well documented, and the brief sum- 
mary presented here is based on an account by 
Bratter (1971) and unpublished research conducted 
in the National Archives of France by Marvin C. 
Ross. Mr. Ross was employed by American socialite 
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Marjorie Merriweather Post, who donated the neck- 
lace to the Smithsonian Institution in 1962 (Post, 
1997), and his notes are currently stored at the 
Hillwood Museum in Washington, DC (with copies 
at the Smithsonian). 

The necklace was assembled in Paris by the firm 
of Nitot and Sons. Jeweler Ernst Paltscho (1811), who 
examined it at the time, estimated its value at 
376,275 French francs. This was an enormous sum of 
money, approximately equal to the Empress’s regular 
household budget for an entire year. Several portraits 
were subsequently painted of Marie-Louise wearing 
the necklace (e.g., figure 2). 

When Napoléon was exiled to Saint Helena in 
1815, Marie-Louise returned to Austria with her per- 
sonal jewels, including the diamond necklace. After 
her death in 1847, the necklace passed to her cousin, 
Archduchess Sophie, who removed two diamonds 
from the necklace in order to shorten it and put 
them into earrings (the current whereabouts of these 
earrings is unknown). Following the Archduchess’s 
death in 1872, the necklace was inherited by her 
three surviving sons, one of whom, Charles Louis, 
later acquired the interests of his two brothers. 
Charles Louis’s third wife, Maria Theresa, inherited 
the Napoleon Necklace upon his death in 1914. 

One of the more unusual episodes in the neck- 
lace’s history took place in 1929, when Archduchess 
Maria Theresa sent the jewel to the United States to 
be sold. The agents she chose represented them- 
selves as “Colonel Townsend,” who had allegedly 
served in the British Secret Service, and his wife 
“Princess Baronti,” a novelist (Nicolet, 1930; Bratter, 
1971). These representations were false, and in fact 
the couple’s true identities have never been con- 
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firmed. Maria Theresa was seeking $450,000 for the 
necklace, but after the stock market crash in 
October of that year, the Townsends realized that a 
sale for this sum was impossible. They enlisted the 
assistance of Archduke Leopold of Hapsburg, Maria 
Theresa’s grandnephew, to authenticate the neck- 
lace to prospective buyers and to provide credibility 
to the story that it was being offered at the bargain 
price of $100,000 because Maria Theresa was desper- 
ately in need of money. The Townsends negotiated 
deals to sell the necklace, first to New York jeweler 
Harry Winston and then to one Harry Berenson of 
Boston, but both backed out. David Michel, a New 
York diamond dealer, finally bought it for $60,000. 
The Townsends sent $7,270 to Maria Theresa and 
kept the balance of $52,730 to cover their “expenses 
related to the sale,” which included a reported 
$20,000 for Leopold. 

Prior to the sale, however, Maria Theresa had 
revoked the Townsends’ authority to sell the necklace 
and sent an emissary to New York to retrieve the dia- 
monds. The affair ultimately went to the courts. In 
the end, the necklace was returned to Maria Theresa 
and Leopold went to jail, while the Townsends fled 
the authorities and dropped out of sight. 

In 1948, the Hapsburg family sold the necklace to 
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Figure 1. The Napoleon 
Necklace, assembled in 
1811, was presented by 
Napoléon Bonaparte to 
his second wife, Marie- 
Louise, to celebrate the 
birth of their son. It is 
composed of 234 dia- 
monds weighing about 
263 carats (width of the 
necklace as shown is 
about 20 cm), and is 
currently on exhibit at 
the National Museum of 
Natural History, Smith- 
sonian Institution, in 
Washington, DC. Photo 
by Chip Clark. 


Paul-Louis Weiller, a Paris industrialist and patron of 
the arts. Harry Winston acquired the necklace in 
1960 and sold it to Marjorie Merriweather Post. In 
1962, she gave the necklace in its original case (fig- 
ure 3) to the Smithsonian Institution. The necklace 
is currently on exhibit in the Natural History 
Museum’s National Gem and Mineral Collection 
Gallery. 

The Napoleon Necklace contains 234 colorless to 
near-colorless diamonds set in silver and gold (again, 
see figure 1); the diamonds total approximately 263 
carats, with the largest stone weighing about 10.4 ct. 
The piece consists of 28 old mine—cut diamonds, 
from which are suspended a fringe of nine pendelo- 
ques (five pear shapes—some with rounded points— 
alternating with four ovals) and 10 briolettes. Above 
each pear shape is mounted a small brilliant, while 
the four ovals are attached to motifs decorated with 
23 smaller diamonds (figure 4, left). Each of the 10 
briolette mountings is set with 12 rose-cut diamonds 
(figure 4, right). 

In his description of the necklace, Paltscho 
(1811) detailed each stone by cut, weight, and price. 
The origins of the diamonds were not noted, but in 
1811 the only significant diamond sources were 
India and Brazil. Paltscho does not describe the 
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Figure 2. This painting by Giovan Battista Borghesi 
depicts Marie-Louise wearing the diamond necklace 
while she was Duchess of Parma, after Napoléon’s 
abdication in 1815. It currently resides in the Galleria 
Nazionale in Parma, Italy; courtesy of Scala/ 

Art Resource, New York. 


quality of the stones, and, as far as is known, they 
have never been removed from their mountings. 


Materials and Methods. We studied 101 of the 234 
diamonds in the necklace: the 52 larger diamonds 
(~2.5-10.4 ct) and a selection of the others. We used a 
Meiji binocular microscope with attached polarizers 
to examine surface and near-surface features. We 
could not conduct a detailed study of the diamonds’ 
interiors because the stones could not be removed 
from the historic and fragile mounting. We measured 
infrared spectra using a Bio-Rad Excalibur Series 
Fourier-transform infrared spectrometer (4 cm=! reso- 
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lution) fitted with a UMA-500 microscope. The 
microscope made it possible to direct the IR beam 
through the table and large culet of the old mine-cut 
diamonds. We observed the ultraviolet (UV) lumines- 
cence of all 234 diamonds using a Super Bright long- 
and short-wave UV lamp (365 and 254 nm respective- 
ly). UV luminescence descriptions for the 52 larger 
diamonds are given in a table available in the G#G 


Data Depository (www.gia.edu/gemsandgemology). 


Results and Discussion. After almost two centuries, 
the necklace is in generally good condition. Several 
solder joints have been repaired, and a few of the 
larger diamonds show minor chips. There are obvi- 
ous crystalline inclusions in some of the diamonds, 
for the most part, these appear to be sulfide crystals 
with associated disc-shaped tension halos (Richard- 
son et al., 2004). 

Luminescence reactions of the 52 larger dia- 
monds to UV radiation (figure 5) fell into three 
groups. The six diamonds in the first group were 
inert to both long- and short-wave UV. The seven 
diamonds in the second group displayed pinkish 
orange fluorescence that was more intense to short- 
wave than long-wave. The strength of the short- 
wave UV luminescence ranged from weak to strong, 
depending on the diamond. No phosphorescence 
was observed from the diamonds in the second 
group. The third and largest group (39 diamonds) 


Figure 3. Shown here is the original case for the 
Napoleon Necklace (21.8 cm in diameter), made in 
Paris by Gruel (see inset). It is also part of the 
Smithsonian National Gem Collection. Photos by 
Kenneth Larsen. 
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Figure 4. At left is a 
detail of one of the neck- 
lace’s four oval pendelo- 
ques (1.5 cm; diamond 
no. 40 in the G&G Data 
Depository table), which 
is set with 23 smaller 
diamonds. The mount- 
ings for the briolettes 
(right, width 1 cm; dia- 
mond no. 37) are set 
with 12 rose cuts (some 
are very small and not 
visible in this photo). 
Photos by Chip Clark. 


exhibited blue fluorescence that was stronger for 
long-wave (medium to very strong) than for short- 
wave (very weak to strong) UV. Diamonds in this 
group that showed strong fluorescence also exhibit- 
ed strong whitish phosphorescence (again, see the 
table in the G#G Data Depository for complete 
descriptions). 

The diamond types of the 52 larger diamonds, as 
determined from the IR spectra, are indicated in fig- 
ure 5. Thirteen diamonds are type Ila (i.e., without 
nitrogen bands visible in their IR spectra; Fritsch and 
Scarratt, 1992); the remainder are type Ia diamonds 
with both A and B nitrogen aggregates (IaAB). These 
type Ia diamonds are similar to one another in that 
all contain small-to-moderate amounts of hydrogen, 
showed the Raman absorption line, and had (in most 
cases} high levels of platelets (e.g., figure 6, left). The 
absorption band at 1430 cm", which is nitrogen 


Figure 5. When the Napoleon Necklace is exposed to UV 
radiation (here, combined long- and short-wave UV), a 
variety of responses—pinkish orange, blue, or inert—can 
be observed. The diamond types, as determined by 
infrared spectroscopy, are labeled for the 52 larger stones; 
label colors correspond to the type of fluorescence: pink 
for pinkish orange, white for blue, and gray for inert. 
Photo by Chip Clark. 
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Figure 6. Typical infrared spectra of diamonds from the Napoleon Necklace are shown here for a type IaAB 
diamond (left, diamond no. 2), which shows the Raman line and absorption bands arising from the presence of 
A and B aggregates, platelets, and hydrogen; and for a type Ila diamond, which shows only the intrinsic 


absorption of diamond (right, diamond no. 37). 


related (and correlates to N3 in type Ia diamonds; 
Zaitsev, 2001) was observed in the spectra of 19 of 
the 39 larger IaAB diamonds and in eight of the 49 
smaller ones. 

Comparison of luminescence behavior with dia- 
mond type reveals that type Ila diamonds were in 
the first and second fluorescence groups and showed 
either no fluorescence or pinkish orange fluores- 
cence. The type Ia diamonds were in the third group 
of 39 stones that showed blue fluorescence. 
Interestingly, all of the larger type Ia diamonds in 
the necklace fluoresced (though very weakly in 
some cases), which is a significant departure from 
the overall average of 35% for colorless diamonds as 
reported by Moses et al. (1997). 

It is also noteworthy that 13 of the 52 larger dia- 
monds in the necklace are type Ila (again, see figure 
5, and, e.g., figure 6, right); this includes seven of the 
nine large pendeloques, five of the old-mine cuts, 
and one of the briolettes. It appears that 200 years 
ago, as today, the finest large colorless diamonds 
were often type Ila (e.g., King and Shigley, 2003). 
Pinkish orange-fluorescing type Ila diamonds are 
commonly called Golconda diamonds (Scarratt, 
1987; Fritsch, 1998), in reference to the historic trad- 
ing area in India, a possible source for these stones. 
Golconda diamonds typically are described as having 
a faint-to-light pink color. However, no pink hue 
was evident in the type Ila diamonds in the 
Napoleon Necklace (as observed in the setting). This 
is consistent with observations on the larger (20.34 
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ct) diamond in the Marie Antoinette earrings (also in 
the Smithsonian National Gem Collection), which 
Fryer and Koivula (1986) described as colorless to 
near colorless (again, as observed in the setting) and 
is another type Ila diamond exhibiting pinkish 
orange fluorescence. (Note that Fryer and Koivula 
also reported blue fluorescence for this stone; how- 
ever, our examination—conducted with the dia- 
mond unmounted—showed a pinkish orange reac- 
tion to short-wave UV.) The 34 ct Little Sancy, yet 
another historic colorless diamond, exhibits the 
same properties (E. Fritsch, pers. comm., 2007). 

When examined between crossed polarizers, all 
the type Ila diamonds showed banded and cross- 
hatched extinction patterns with first-order interfer- 
ence colors of gray to blue. This feature, called “tata- 
mi graining,” is typical of type Ila diamond (Smith et 
al., 2000). 


Conclusion. Not only is the Napoleon Necklace a 
historic icon, but it also contains gemologically 
notable diamonds. Infrared spectroscopy indicated 
that 13 of the 52 larger diamonds are the relatively 
rare type Ila and are colorless to near colorless with 
good clarity, consistent with the jewel’s imperial 
pedigree. Apparently, the standards used 200 years 
ago to select the finest diamonds are similar to 
those still used today. The necklace is equally spec- 
tacular under an ultraviolet lamp, and the dia- 
monds’ luminescence behavior correlates to their 
diamond type. Furthermore, it seems that colorless 
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or near-colorless type Ila diamonds showing a pink- 
ish orange fluorescence are more common than pre- 
viously thought. Indeed, those characteristics were 
usually associated with pink Golconda diamonds, 
but the diamonds examined here show no obvious 
bodycolor. 

The Napoleon Necklace is one of the most spec- 
tacular jewelry pieces of its period. With this report, 
it joins other items in the Smithsonian’s National 
Gem Collection for which gemological data have 
been preserved in the literature. 
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APATITE in SPESSARTINE 


The science of gemology is a contin- 
uous and unlimited path of learning, 
with many side trails and stops 
along the way. One of the trails we 
like to explore are new inclusion-to- 
host relationships, because this 
information and the means used to 
gather it increase our knowledge and 
make us more effective laboratory 
gemologists. 

Just such an opportunity arose 
when the Carlsbad lab was asked to 
identify a small group of assorted Sri 
Lankan gems. One of these gems was 
a bright orange 1.84 ct round mixed 
cut (figure 1) that proved to be spessar- 
tine. The garnet’s refractive index was 
just below the limits of the refrac- 
tometer at 1.80, and its visible spec- 
trum showed strong manganese 
absorption. The presence of several 
dark blue-green rounded birefringent 
crystals (figure 2) sparked our curiosi- 
ty, because we had never before 
encountered similar inclusions in a 
spessartine. Another interesting fea- 
ture of these inclusions was that they, 
in turn, appeared to contain solid 
inclusions of their own. 


Editors’ note: All items are written by staff 
members of the GIA Laboratory. 
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Figure 1. Discovered in a group of 
Sri Lankan gems, this 1.84 ct 
bright orange spessartine con- 
tains very interesting dark blue- 
green inclusions. 


We speculated that the blue-green 
inclusions might be apatite, since 
apatite crystals of similar color and 
condition have been observed in 
spinel and sapphire from Sri Lanka. 
This form of pre-analysis speculation 
is a way to stimulate thought and not 
allow the analytical apparatus to 
think for you. Since one of the inclu- 
sions had been polished through on 
the crown and exposed to the surface 
of the host garnet, it made an ideal 
target for Raman testing. The Raman 
spectra confirmed our suspicion, and 
as a bonus enabled us to identify an 
inclusion in the apatite as a carbon- 
ate, possibly calcite. We are not 
aware of any previous reports of such 
inclusions in spessartine from any 
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Shane F. McClure 
GIA Laboratory 


Figure 2. Raman analysis proved 
that the blue-green inclusions 
were apatite, while the solids 
within the apatite crystals were 
identified as a carbonate. The 
apatite inclusion pictured here is 
0.91 mm in longest dimension. 


locality, and thus believe this is a first 
observation. 
John I. Koivula and Alethea Inns 


DIAMOND 
Atypical Photoluminescence 
Feature in a Colorless Type Ila 


Type Ila diamonds typically contain 
almost no impurity-related defects. 
Any color present in most type Ila 


WINTER 2007 


“As to the cause of color in a green stone 
after bombardment with radium or with 
deuterons from the cyclotron, I can only 
make a guess. It is quite possible that bom- 
bardment and consequent introduction of 
energy into the lattice of the diamond may 
produce small disseminated particles of 
graphite, which is the stable modification of 
catbon. These, if they are of the right size 
and distribution, may give rise to a scat- 
tering effect of light which could very well 
produce a gteen color. The fact that this 
color is not lessened by heating (in the 
case of the cyclotron bombardment) and 
that it eventually turns to brown with too 
much bombardment is some support for the 
view expressed here. I can see no other way 
of obtaining the color. If we are correct, 
then it is possible, I suppose, that the stone 
will gradually change to some other color 
or deeper hue because the graphitization of 
the carbon once started may continue for 
some time after the bombardment has ceased. 
The radioactivity that we note immediately 
after bombardment is, of course, due to the 
formation of a radioactive isotope of car- 
bon, which has a half-life period, I believe, 
of about a half hour.” 


Again in the spring of 1942 the stone 
was returned to Ann Arbor for observation 
and the radioactivity reported to be “about 
the same.” So this time, however, it was 
decided to expose it in the cyclotron with 
the hope that results might lead to a more 
satisfactory explanation. Professor Cork 
thereupon exposed the diamond in’ the 
cyclotron, that is, to deuteron radiation at 
10,000,000 volts for one micro-ampere 
hour. (approximately 15 minutes), with the 
result that it regained and has since retained 
its original deep green color. He was in- 
clined to believe that the diamond was not 
Originally green, but had been packed with 
some radium salt which produced the green 
color and induced the tadioactivity, which 
persists. The heating of the stone then dis- 
pelled the color. 


To add to the general confusion, G. F. H. 
Smith in his “Gemstones” (Ninth Edition) 
tells us that the green tint acquired by 
exposure to radium is unaffected even by 
heating to redness, but is destroyed by te- 
polishing or by heating for some hours at 
450°C. 

Although there is nothing conclusive in 
the foregoing, the following general con- 
clusion may not be considered amiss. 


It would appear that radioactivity as a 
test for “treated” stones is a ‘hazardous 
assumption since it rules out, in a rather 
arbitrary fashion, the possibility of radio- 
active inclusions occurring as natural phe- 
nomena. It is suspected that a careful review 
of early technical literature will reveal the 
reporting of such phenomena at a time when 
it is to be doubted that “treating” by radium 
salts or exposure to cyclotron radiation was 
feasible. 


There is much yet to be learned of inclu- 
sions in gemstones. Original investigation 
by graduates and members of the Gemo- 
logical Institute is recommended whenever 
possible in place of study inspired by acci- 
dents of the trade, as in this case. 


Production Rises 
in Tanganyika in 
First Quarter 1949 


According to a correspondent from Dar 
es Salaam, as teported in the Fénancial 
Times, production at the Williamson Mwa- 
dui Diamond Mine in the Shinyanga dis- 
trict of Tanganyika, has been rising rapidly 
during the current year. Exports for the 
months of January and February 1949 
totaled 42,049 carats in comparison to the 
9,770 carats exported during the same 
period in 1948: It was further reported that 
production for the first quarter of 1949 
represents more than half the total value 
of diamonds exported from Tanganyika 
during the entire year of 1948. 
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stones is usually ascribed to extended 
defects, such as slip planes due to 
plastic deformation. While nitrogen is 
present in many type Ila diamonds, it 
is at such a low concentration that it 
is not detectable by mid-infrared spec- 
troscopy. Often, however, nitrogen- 
related features (such as N-V centers 
and the H3 and H4 centers) are clear- 
ly resolved with photoluminescence 
(PL) spectroscopy, which shows that 
nitrogen is indeed present, even in 
aggregated forms. 

Recently during routine testing of a 
1.01 ct, E-color, pear-shaped type Ia 
diamond (figure 3) in the New York lab- 
oratory, we discovered the presence of a 
defect previously believed to occur only 
in certain type I diamonds. This defect 
is responsible for the so-called “480 nm 
band,” which is typically seen in the 
absorption spectra of highly saturated 
orangy yellow to yellowish orange type 
I stones that also display medium-to- 
strong yellow fluorescence (see, e.g., 
Spring 2007 Lab Notes, pp. 49-50). 
Generally, these stones are a mixture of 
low- to medium-nitrogen type IaA and 
type Ib material; that is, the nitrogen is 
present as isolated single atoms and 
nearest-neighbor pairs (A. T. Collins et 
al., “Optical studies of vibronic bands 
in yellow luminescing diamonds,” 
Journal of Physics C, Vol. 15, 1982, pp. 
147-158). This feature is also found in 
the absorption spectra of chameleon 
diamonds. The exact structure and 
makeup of the 480 nm band defect is 
not known, but it has been suggested 
that it may be a complex defect con- 
taining nitrogen, hydrogen, and/or 
nickel (A. T. Collins, “Colour centres 
in diamond,” Journal of Gemmology, 
Vol. 18, 1982, pp. 37-75]. 

The 480 nm band was not detected 
with absorption spectroscopy, since 
this stone was near colorless. The PL 
spectrum of the diamond at 488 nm 
excitation showed the distinct struc- 
ture of the 480 nm band in lumines- 
cence, centered at ~700 nm (figure 4). 
The numerous phonon replicas visible 
between 600 and 700 nm indicate that 
this defect is strongly coupled to lattice 
vibrations. As expected, no zero- 
phonon line was detected for this sys- 
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Figure 3. This 1.01 ct pear-shaped 
type Ila diamond shows photo- 
luminescence due to the 480 nm 
band defect, which was previous- 
ly thought to occur only in type I 
diamonds. 


tem in luminescence. Note also that 
strong emission from the H3 defect at 
503.1 nm was present in this spec- 


trum. Multiple measurements at vari- 
ous locations around the stone showed 
that the 480 nm band defect was not 
homogeneously distributed. 

Visual examination of the diamond 
while it was exposed to long-wave UV 
radiation revealed a faint patch of 
orangy yellow fluorescence centered 
around a crystal inclusion; unfortu- 
nately, this inclusion was too deep 
within the stone to be identified by 
Raman analysis. PL spectra taken at 
830 nm excitation at the same varied 
locations showed sharp doublet peaks 
at 883/884 nm |ie., the 1.40 eV center), 
which are known to be related to a 
substitutional nickel impurity (figure 
5, W. Wang et al., “Natural type Ia dia- 
mond with green-yellow color due to 
Ni-related defects,” Fall 2007 Gems & 
Gemology, pp. 240-243). 

Because the 480 nm band has pre- 
viously been detected only in type I 
stones, we have theorized that the 
defect is likely nitrogen-related. The 
present findings do not disprove this 
speculation, since nitrogen is known 
to be present in type II material, 
although at very low concentrations. 


Figure 4. The photoluminescence spectrum at 488 nm excitation shows 
the broad luminescence feature due to the 480 nm band defect, centered 
at about 700 nm. Also present are the H8 defect at 503.1 nm and its side- 
band, and a sharp peak at 575 nm due to the N-V center. 
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Figure 5. The photoluminescence spectrum at 830 nm excitation shows a 
doublet at 883/884 nm due to substitutional nickel. 


Rather, this example may indicate 
that the correlation between the 480 
nm band and the presence of nitrogen 
is not very strong, or that the 480 nm 
band defect is related to nickel. 

Jon Neal 


Inclusions Fit for a Holiday Season 


Mineral inclusions are very useful 
when identifying diamond, as well as 
in determining its origin of color and 
basic geology. Often, they are also the 
determining factor in setting the clarity 
grade. Unusual inclusion arrangements 
can be a pleasure to observe and can 
enhance interest in the stone when the 
internal feature resembles a heart or 
other familiar object. However, dia- 
monds with euhedral crystals display- 
ing vibrant color are exceedingly rare. 
Recently, a grader in the New York 
lab observed just such features in a 
1.01 ct, F-color, round brilliant dia- 
mond (figure 6) with well-formed 
bluish green and reddish orange crystal 
inclusions. In light of the upcoming 
holiday season, the grader fondly 
referred to the find as the “Christmas 
stone” due to its combination of col- 
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ors. Although we have documented 
such eclogitic inclusions before (see, 
e.g., Spring 2002 Lab Notes, pp. 80-81; 
W. Wang et al., “Natural type Ia dia- 


Figure 6. This 1.01 ct diamond is 
distinguished by the presence of 
a reddish orange garnet crystal 
and bluish green omphacite crys- 
tals, visible at approximately the 
10 o’clock position. 


mond with green-yellow color due to 
Ni-related defects,” Fall 2007 Gems & 
Gemology, pp. 240-243), this inclu- 
sion scene was unusual because of the 
proximity of the crystals to each other 
and the vibrancy of their colors (figure 
7). Also interesting was the discovery 


Figure 7. With magnification, the vibrant colors of the garnet and 
omphacite crystals become more apparent. Note that the crystals 
are set apart by stress cracks. Magnified 100x. 
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Figure 8. This DiamondView 
image shows that the crystals in 
figure 7 were trapped with a sec- 
ond omphacite crystal within a 
single octahedral growth sector. 


that both crystals had formed within 
the same growth sector, as can be seen 
from the DiamondView image in fig- 
ure 8, which distinctly illustrates an 
octahedral growth zone surrounding 
the inclusions. Using Raman analysis 
(830 nm laser), we identified the red- 
dish orange crystal as almandine-rich 
garnet and the bluish green crystal as 
omphacite (a pyroxene). 

These inclusions are an excellent 
example of well-formed syngenetic 
crystals (i.e., formed at the same time as 
the host) in diamond. In this case, they 
were also the features that led to an SI, 
clarity grade, a perhaps disappointing 
result given the diamond's unique beau- 
ty and character. GIA diamond graders 
view thousands of stones annually, and 
it is refreshing to see a grouping of inclu- 
sions that readily tell a story of the dia- 
mond’s distinctive growth. 

Bonny S. Alphonso, Jennifer Schan, 
and Paul Johnson 


With Large Etch Channels 

Filled with Iron Sulfides 

Etch channels have been found in both 
type I and II diamonds from almost 
every locality (see T. Lu et al, 
“Observation of etch channels in sev- 


LAB NOTES 


eral natural diamonds,” Diamond and 
Related Materials, Vol. 10, 2001, pp. 
68-75). They occur in a variety of 
shapes, from nearly straight lines to 
irregular worm-like or branching pat- 
terns (see, e.g., Summer 2006 Lab 
Notes, p. 165). The New York laborato- 
ry recently encountered an interesting 
example of this feature, a 0.57 ct Fancy 
Deep brownish yellow round brilliant 
that had eye-visible etch channels 
with multiple branches that contained 
a dark brown material (figure 9). 
Examination with a gemological 
microscope revealed intense brown 
radiation stains on the outer walls of 
the etch channels that locally pene- 
trated into the adjacent diamond a 
short distance. Most of the channels 
had hexagonal openings (from 0.2 x 0.1 
mm to 0.55 x 0.6 mm in diameter) at 
and just under the girdle (see figure 
10). The main channel was partially 
polished out, so it was exposed from 
the girdle across the crown facets to 
the table, where it broke the surface of 
the table facet (again, see figure 10). 
Large cavities in this channel were 
possibly caused by the polishing 
process. The large opening in the table 
contained a transparent material that 
was completely surrounded by the 
dark brown material. Multiple chan- 


Figure 9. This 0.57 ct Fancy Deep 
brownish yellow diamond has sev- 
eral etch channels, which appear 
to contain a dark brown material. 


nels branched out from this main 
channel, with a few isolated channels 
elsewhere in the diamond. 
DiamondView images showed 
green-fluorescing growth zones, while 
the materials in the etch channels flu- 
oresced blue (figure 11). As can be seen 
in figure 11, the etch channels inter- 
sected different growth zones, which 
suggests they were formed epigeneti- 
cally, after the diamond had complet- 
ed its growth. Raman spectroscopy 


Figure 10. Multiple etch channels in the 0.57 ct diamond branch from the 
main channel, which breaks the surface of the table facet (0.55 x 0.6 mm; 
left). At this opening, it can be seen that the channel contains a transparent 
material that is completely surrounded by a dark brown material, which is 
responsible for the perceived color. Part of the main channel was also 
exposed on the crown facets, and cavities can be seen on its surface. The 
etch channels show roughly hexagonal outlines where they reach the pavil- 


ion surface (right). 
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identified the dark brown material as 
predominantly pyrrhotite, a common 
iron sulfide inclusion in diamonds. At 
a few spots inside the pyrrhotite, pent- 
landite (a Ni-rich iron sulfide) was also 
identified. Raman spectroscopy iden- 
tified the transparent material in the 
large opening in the table as diamond. 
Filled etch channels have been 
reported previously; they may contain 
iron hydroxides, black host-rock 
materials, or serpentine (see, e.g., R. 
M. Davies et al., “Inclusions in dia- 
monds from the K14 and K10 kimber- 
lites, Buffalo Hills, Alberta, Canada: 
Diamond growth in a plume?” Lithos, 
Vol. 77, 2004, pp. 99-111). The unusu- 
al presence of pyrrhotite and pent- 
landite in these etch channels sug- 
gests that iron sulfide inclusions can 
be formed epigenetically, as well as 
syngenetically, in diamonds. It further 
suggests that Fe-Ni monosulfide solu- 
tions can be injected into a diamond 

even after post-growth etching. 
Kyaw Soe Moe, Surjit Dillon, and 
Thomas Gelb 


Figure 11. In this DiamondView 
image, the etch channels inter- 
sect different growth zones show- 
ing different intensities of green, 
while the dark brown material 
fluoresces blue. This image fur- 
ther suggests that the etch chan- 
nels were created and the filling 
material (pyrrhotite and pent- 
landite) was deposited after the 
diamond was fully formed. 
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Figure 12. The 3.06 ct natural black diamond on the left, when viewed 
with strong transmitted light (right), shows an unusually long, straight 
etch channel as well as dark clouds of inclusions. 


Natural Black DIAMOND with 
Oriented Etch Channel 


Most “black” diamonds currently on 
the market are treated color, created 
either by heating or by exposure to 
intense radiation. Natural black dia- 
monds suitable for jewelry use are not 
common. Recently, however, the 
New York laboratory examined an 
interesting natural-color black dia- 
mond that also had a well-developed 
and oriented etch channel. 

This 3.06 ct diamond (figure 12) 
was color graded Fancy black. Infrared 
spectroscopy showed that it was type 
Ia with a relatively high concentration 
of hydrogen. The UV-Vis spectrum did 
not display any resolvable peaks due 
to the near-opacity of the stone. 
Energy-dispersive X-ray fluorescence 
(EDXRF) analysis indicated the pres- 
ence of Fe and Ni, which have also 
been observed in black diamonds from 
Siberia (S. V. Titkov et al., “An inves- 
tigation into the cause of color in nat- 
ural black diamonds from Siberia,” 
Fall 2003 Gems & Gemology, pp. 
200-209). Infrared and photolumines- 
cence spectroscopy did not reveal any 
evidence of treatment; the black color 
was undoubtedly caused by the pres- 
ence of dark sectorial clouds that 
absorbed virtually all light. 

The diamond’s most notable fea- 
ture was a well-developed etch chan- 
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nel that traversed almost half the 
stone from under the center of the 
table to one of the crown facets (figure 
12, right), where it reached the surface 
with an approximately 10 pm wide 
near oval-shaped opening. Diamond- 
View fluorescence imaging showed 
that the growth sectors were well 
aligned with respect to crystallograph- 
ic symmetry and that the dark clouds 
generally correlated with the growth 


Figure 13. The DiamondView 
fluorescence image of the stone 

in figure 12 reveals that the dark 
clouds correlate with cubic 
growth sectors and that the etch 
channel (visible in the lower right) 
is crystallographically aligned. 
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pattern (figure 13). It further indicated 
that the etch channel was perfectly 
aligned along the [111] direction. An 
additional frosty etch mark was pres- 
ent at one of the corners of the stone 
(again, see figure 12), but no other etch 
features were observed. 

Not only does the testing of this 
stone prove that it is a natural-color 
black diamond, but the fluorescence 
imaging also confirms that etch-chan- 
nel development follows growth zones 
and localized lattice defects, consistent 
with the earlier report by A. Nemi- 
rovskaya and W. Wang (“Diamond 
with unusual etch channel,” Summer 
2006 Lab Notes, p. 165). 

Ren Lu and Wuyi Wang 


The Pareidolia of Diamonds 


Have you ever gazed up at the sky on 
a warm spring day and seen a human 
face in the clouds? Or a horse? Or 
another fanciful image? Now exam- 
ine figure 14. What do you see? Some 
might see a feather with a crystal 
above it; others might see a person 
tossing a ball. Pareidolia is the term 
that psychologists use to describe the 
phenomenon in which the brain qual- 
itatively assigns familiar shapes to 
random, abstract forms. 

In seeming contrast, cutting dia- 


Figure 14. This diamond inclusion 
scene, composed of a feather and 
a crystal, reminds some observers 
of a person tossing a ball. 
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Figure 15. This unusual diamond (approximately 12.0 x 6.7 x 3.5 mm) 
has been faceted in the shape of a fish. 


monds is nominally a more quantita- 
tive process in which the manufactur- 
er calculates the most profitable com- 
bination of clarity, cut, and weight 
retention. This, of course, is based on 
sober judgments regarding specific 
shapes with corresponding angles and 
proportions that result in an attrac- 
tive diamond. That being said, there 
are exceptions to every rule, and not 
all diamonds are so straightforward in 
the decision process. Often creativity 
is needed to determine what shape 
will result in sufficient weight reten- 
tion, good clarity, and an attractive 
appearance. And pareidolia may help 
that creativity. This is especially 
important in cases of oddly propor- 


tioned or otherwise “difficult” rough, 
which can be fashioned into truly fan- 
ciful shapes such as that in figure 15, 
which shows a 1.80 ct diamond cut in 
the shape of a fish. 

Coincidentally, the New York 
laboratory recently encountered the 
oddly shaped 13.25 ct crystal in fig- 
ure 16. Microscopic examination 
showed a number of graphitized 
inclusions and small crystals. The 
diamond was type IaB>A, as deter- 
mined by infrared spectroscopy, and 
showed strong blue fluorescence to 
long-wave UV radiation and moder- 
ate yellow fluorescence to short- 
wave UV. While examining this 
crystal, several of the lab’s graders 


Figure 16. This large rough diamond (25.68 x 6.26 x 7.60 mm) also 


reminded some graders of a fish. 
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referred to it as “the fish” due to 
their perception of its shape. Those 
of us who had also seen the faceted 
fish felt they had an uncanny resem- 
blance. This pareidolic perception is 
distinctive to each individual; so if 
the cutter also visualized this rough 
as a fish, perhaps he would create a 
finished stone similar to figure 15. 
Joshua Sheby and Jason Darley 


A Notable EMERALD Carving 


Emerald has long been a popular carv- 
ing material, and it is not unusual for 
carved emerald beads, tablets, and the 
like to be submitted to gemological lab- 
oratories such as GIA (see, e.g., Lab 
Notes—Fall 1981, pp. 161-162, and 
Winter 1994, pp. 264-265; Gem News 
International—Summer 2001, p. 145, 
and Fall 2002, pp. 262-263). It is unusu- 
al, however, to see an emerald carving 
the size of the 2,620.70 ct statue that 
Jeffery Bergman of Primagem submit- 
ted to the Bangkok laboratory for iden- 
tification in November 2007 (figure 17). 

The carving was of a standing 
Buddha, or Baang Haarm Yaard in 
Thai. It is said that the standing pos- 
ture represents the Buddha’s admoni- 
tion to his family members to stop 
quarreling among themselves. This is 
also the Buddha image for those born 
on a Monday. 

The size and shape of the medium- 
to-dark green statue made standard 
gemological testing difficult, so we 
used Raman spectroscopy to obtain a 
positive identification of the material 
as beryl. Microscopic examination 
revealed rectangular colorless crystals, 
brown crystals, two-phase inclusions, 
and partially healed fractures, proving 
the emerald was of natural origin. It 
also confirmed that the carving was 
fashioned from a single crystal. 

Due to their growth conditions in 
nature and the recovery methods used 
by miners, most emeralds contain 
fractures. For this reason, it is com- 
mon to apply oil to improve their 
apparent clarity, and such was the 
case with this Buddha. In fact, when 
we opened the plastic bag holding the 
item, the smell of cedarwood oil was 
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Figure 17. This standing Buddha (15.70 x 6.50 x 5.30 cm) was carved from 


a single emerald crystal. 


obvious. Examination with a gemo- 
logical microscope revealed a viscous 
liquid in fine crevices of the carving, 
providing clear evidence of oiling. 
Because the image was predominant- 
ly translucent to opaque with very 
few transparent areas, the normal 
clarity enhancement criteria used for 
GIA Emerald Reports was not applied 
to this piece. 

The size and shape of the carving, 
as well as its having been fashioned 
from a single crystal, made this stand- 
ing Buddha statue noteworthy. 

Garry Du Toit 


Gold Coated ONYX 


Recently, a client submitted the 10.45 
mm (7.45 ct) round yellow metal bead 
in figure 18 to the Carlsbad laboratory 
for identification. While the lab 
makes every effort to avoid destruc- 
tive methods in gemological testing, 
this client permitted us to polish a 
flat on the surface of the bead in order 
to study the material underneath (fig- 
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ure 19). The polished flat had RI val- 
ues of 1.540-1.547, a granular struc- 
ture, and a Fourier-transform infrared 
signal corresponding to chalcedony. 
Qualitative chemical analysis (by 
EDXRF spectroscopy) of the coating 
revealed that it was mainly gold with 
trace amounts of other elements. As a 


Figure 18. This 10.45 mm yellow 
metal bead proved to be gold- 
coated black onyx. 
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Figure 19. After the client allowed 
a flat to be polished on the bead, 
the black material underneath 
the gold was readily identified. 


result, we issued a report stating 
“chalcedony, known in the trade as 
‘Black Onyx,’ with a metallic coating 
composed primarily of gold.” 

Over the years, the lab has 
received a few metal-coated articles 
for identification. Typically, this kind 
of material is extremely difficult, if 
not impossible, to identify using stan- 
dard gemological methods. 

Alethea Inns 


SAPPHIRE with a Double Star 


Recently, the New York laboratory 
received an unusual item for identifi- 
cation: a 3.78 ct light gray-blue oval 
sapphire cabochon showing not one 
but two separate well-formed stars 
when viewed under a single spot light 
(figure 20). Although we have seen 
corundum with superimposed double 
stars before (e.g., Fall 1993 Lab Notes, 
p. 212; Fall 1998 Lab Notes, p. 217], 
this is the first time we have docu- 
mented two “side-by-side” stars in a 
single fashioned stone. In the previous 
cases, the overlapping stars were 
caused by lamellar twinning, with the 
rutile silk arranged in slightly different 
orientations from one layer to another. 

In this cabochon, however, we 
noted that the two asteriated regions 
were separated by an irregular junc- 
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tion. Because of this irregularity, we 
concluded that the two silky areas 
were separate crystals with different 
orientations (i.e., they were not crys- 
tallographically related). The dual 
asterism was caused by the combina- 
tion of the cabochon’s curvature and 
the slightly different orientation of the 
two sectors. 

In addition to a rich concentration 
of pristine epitaxial silk and arrowhead 
twins following partial hexagonal 
growth, unaltered “fingerprint” inclu- 
sions supported the conclusion that 
the stone had not been heat treated. 
Although the two differently oriented 
regions kept the two stars separate, the 
arms were well-formed, well centered, 
and sharp. This “double” cab was truly 
a beautiful variation on one of nature’s 
more elegant phenomena. 

David M. Kondo 


Impregnated Glass 
Imitation of TURQUOISE 


Turquoise is commonly treated by 
impregnation with either wax or a 
polymer, such as oil, to improve dura- 
bility and luster. The Carlsbad labora- 
tory frequently receives impregnated 
turquoise for testing, as well as numer- 


Figure 20. This unusual double-star 
sapphire cabochon (10.75 x 7.00 x 
4.20 mm) was likely fashioned 
from two intergrown crystals. 
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Figure 21. This 0.81 ct glass bead 
imitating turquoise also showed 
the presence of an oil filler. 


ous dyed and/or impregnated turquoise 
imitations such as magnesite, howlite, 
and variscite, among others. 

Recently, the lab received the 
0.81 ct triangular blue bead in figure 
21 for identification. The sample was 
transparent to semitransparent, and 
magnification revealed spherical and 
elongated gas bubbles, flow lines, 
wave-like bands, and whitish granu- 
lar crystal aggregates. The RI was 
1.49 and the SG was 2.18, both of 
which are consistent for glass. Glass 
imitations (of all gem materials) are 
common. In this sample, however, 
the included crystals unexpectedly 
“sweated” when a thermal reaction 
tester was applied. FTIR spectroscopy 
revealed the presence of oil and typi- 
cal glass peaks. 

This is the first time we have 
come across a glass imitation for 
turquoise that also showed evidence 
of impregnation. 

Alethea S. Inns 


PHOTO CREDITS 

Robert Weldon—1; John |. Koivula—2; 
Jian Xin (Jae) Liao—3, 6, 9, and 16; 
Jason Darley—7; Paul Johnson—é; 
Kyaw Soe Moe—10 and 11; Ren Lu—12 
and 13; G. Robert Crowningshield—14; 
Unknown—15; Suchada Kittayachai- 
wattana—17, Robison McMurtry—18 
and 19; Elizabeth Schrader—20; Alethea 
Inns—21. 


WINTER 2007 365 


DIAMONDS 


Colored diamonds break $1 million per carat with record 
auction prices. The fall 2007 auction season saw several col- 
ored diamonds achieve per-carat prices over $1 million. A 
6.04 ct Fancy Vivid blue, internally flawless diamond (figure 
1, left) set a new world-record per-carat auction price for a 
gemstone on October 8, when Sotheby’s Hong Kong sold 
the stone for US$7.98 million—$1.32 million per carat. The 
seller was described by Sotheby’s as a “private Asian 
client”; the buyer was London jeweler Alisa Moussaieff. 
Several weeks later, another Fancy Vivid blue weighing 
4.16 ct (figure 1, center) drew a winning bid of $4.73 mil- 
lion ($1.14 million per carat) at Sotheby’s November 14 
Geneva sale. The buyer of the pear-shaped diamond was 
London jeweler Laurence Graff. The following day, at 
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Christie’s Geneva auction, Graff paid $2.67 million ($1.18 
million per carat) for a 2.26 ct Fancy purplish red diamond 
(figure 1, right), the highest price ever paid for a red dia- 
mond at auction. 

Colorless diamonds saw near-record prices as well. 
Apparel magnate Georges Marciano paid $16.19 million 
for an 84.37 ct D-Flawless round brilliant (figure 2, left) at 
the Sotheby’s auction in Geneva. He christened the stone 
the “Chloe Diamond,” after his daughter. Sotheby’s said 
the Chloe was the second most expensive diamond ever 
sold at public auction, the top spot belonging to the 100.1 
ct Star of the Season purchased by Saudi jeweler Ahmed 
Fitaihi at a Sotheby’s sale in 1995. 

Graff completed a busy week by paying $10.4 million 
at a rough diamond tender sale in Antwerp for the 493 ct 


Figure 1. Exceptional colored diamonds sold at auction in the fall of 2007 for record or near-record prices. The 
center stone in the ring on the left is a 6.04 ct Fancy Vivid blue diamond. The Fancy Vivid blue pear shape in the 
ring at center weighs 4.16 ct. At right, the 2.26 ct modified octagon-shaped diamond was graded Fancy purplish 
red. Photos courtesy of Sotheby’s Hong Kong (left), Sotheby’s (center), and Christie’s Images (right). 
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Figure 2. Two notable colorless diamonds also were sold recently. On the left is the 84.37 ct D-Flawless Chloe 
diamond; at right, the 493 ct Let’eng Legacy crystal was found earlier this year at the LetSeng mine in Lesotho. 
Photos courtesy of Sotheby’s (left, by Donald B. Woodrow) and the Antwerp World Diamond Centre (right). 


LetSeng Legacy (figure 2, right) found earlier this year in 

the LetSeng mine in Lesotho. Graff had also purchased the 

603 ct Lesotho Promise, which was found at the same 
mine in 2006. 

Russell Shor (rshor@gia.edu) 

GIA, Carlsbad 


Namibian diamond mining by Namdeb. In the Winter 
1995 issue of GWG (pp. 228-255), A. J. A. (Bram) Janse’s 
review of African diamond sources included a brief history 
of diamond mining in Namibia, from the discovery of dia- 
monds in the coastal sands near Kolmanskop in 1908 to 
the formation of Namdeb Diamond Corp. in November 
1994. Namdeb, created under Namibia’s post-indepen- 
dence mining legislation as an equal partnership between 
De Beers Centenary and the national government, took 
over all the mining licenses and related rights of the De 
Beers subsidiary Consolidated Diamond Mines (CDM). 

By all measures, diamond mining in Namibia has 
thrived under Namdeb. Today, the company is clearly the 
most important element of Namibia’s economy, accounting 
for more than 10% of the country’s gross domestic product 
and more than 40% of its export revenues. Diamond pro- 
duction has reached unprecedented levels, thanks in large 
part to offshore production by De Beers Marine Namibia, 
operating as an exclusive partner to Namdeb. 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu or 
GIA, The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. Original photos can be returned after 
consideration or publication. 
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The NamGem Diamond Manufacturing Co., created in 
1998 as a wholly owned subsidiary of Namdeb, is the coun- 
try’s first diamond cutting operation. The factory is located 
in Okahandja, about 70 km north of Windhoek, and when 
it reaches full production it is expected to produce more 
than US$15 million worth of finished diamonds per year. 
The 2006 signing of the Namdeb Sales Agreement, negoti- 
ated between the government and De Beers, led to the cre- 
ation of a new joint venture, the Namibia Diamond 
Trading Co. (NDTC), which will be responsible for sorting, 
valuing, and marketing diamonds. Together, Namdeb, De 
Beers Marine Namibia, NamGem, and NDTC employ 
more than 3,000 people, most of them Namibian citizens, 
making the group one of the country’s largest employers. 

Namdeb holds diamond mining licenses for six areas 
(figure 3). Except for the Atlantic 1 license, these are con- 
tained within the 26,000 km? Sperrgebiet (German for 
“forbidden area’), which was originally designated as such 
in 1908 to control access to the diamond-producing areas. 
In 2004, the Namibian government declared the 
Sperrgebiet a national park, and portions not being mined 
are open to visitors. 

The world’s greatest marine diamond deposits are locat- 
ed in Mining Area No. 1 (figure 4). These have been, and 
continue to be, the mainstay of Namdeb’s production. The 
Plio-Pleistocene (1-5 million years [Ma] old) marine gravel 
deposits in Mining Area No. 1 extend almost continuously 
for 120 km along the coastline. Apart from the area at the 
mouth of the Orange River, the marine deposits lie uncon- 
formably on Late Proterozoic (650-500 Ma) bedrock of the 
Gariep Complex, where gullies act as trapsites that further 
promote diamond concentration. Onshore, the bulk of these 
placer deposits have been mined out, as production has been 
continuous since 1935. The intertidal and near-shore subti- 
dal platform gravels, which also host significant diamond 
concentrations, are not accessible via conventional mining 
methods. A system designed to perform wet sampling in the 
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intertidal corridor is being tested. The “Jet Rig’ is an eight- 
legged, self-elevating mobile platform with two jet-pump 
sampling tools and an onboard primary screening plant. It is 
hoped that the Jet Rig will be the prototype for an eventual 
mining system. 

For more than two decades, Namdeb has been investi- 
gating the feasibility of mining “pocket beach” diamond 
deposits at Chameis Bay in Mining Area No. 1 north to 
Bogenfels. These gravel deposits (6,500-135,000 years old) 
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Figure 3. Diamonds are recovered from a variety of 
operations in southern Namibia. The Mining Area 
No. 1, Bogenfels, and Elizabeth Bay mining licenses 
extend from the Orange River in the south to the city 
of Liideritz in the north, and from ~5.5 km offshore to 
20-35 km inland. The Douglas Bay license extends 
from Liideritz north to 26°S and from the low water 
mark of the Atlantic Ocean to approximately 15 km 
inland. The Orange River license extends along the 
river to about 50 km inland from the Mining Area No. 
1 boundary. The Atlantic 1 license encompasses a 
portion of the middle shelf of the ocean, from the 
boundary of Mining Area No. 1 to about 65 km off- 
shore. Except for the Atlantic 1 license, these areas 
are contained within the 26,000 km? Sperrgebiet. 


ATLANTIC 1 


Figure 4. Mining Area 
No. 1, Namibia’s most 
important diamond- 
producing region, con- 
tains the richest marine 
deposits in the world. 
This aerial view is look- 
ing to the east from an 
area approximately over 
the beach. Photo by 

A. R. Kampf. 
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Causes of Color 
in Gemstones 


by 


C. S. HURLBUT, JR., Ph.D, 


Harvard University 


HERE ARE several properties that make 

minerals valued as gemstones. We can 
list as most important high hardness, high 
luster, high dispersion, and pleasing color. 
Many gems have a combination of two of 
these properties, a few have three, and. some 
diamonds have them all. It is a combination 
of all four of -these attributes that sets a 
fancy diamond quite apart from all other 
gems. When we think over the list of gem 
minerals and consider which of them has 
but one of the desirable properties listed, we 
find that color is,the only one that can 
make a mineral a gem without being com- 
bined with others. 

For example, azurite, malachite, variscite, 
turquois, lazurite, fluorite, and sodalite, to 
mention a few, have little to recommend 
them as gems if we were to bleach them of 
their color. Other minerals such as beryl, 
topaz, and corundum owe much of their 
value to their color, although they have 
other desirable properties in addition. A 
colorless beryl is just as hard and has the 
same luster as the blue-green aquamarine, 
the pink morganite, or the deep green em- 
erald. The mere addition of the color 
changes them from ordinary stones into 
superlative gems, It is, therefore, little won- 
der* that the gemologist should be keenly 
interested in color and the causes of color 
in gems. 

One of the first things that the student of 
gemology learns is that gemstones can be 


divided into two groups on the basis of 
color, sdiochromatic and allochromatic. In 
idiochromatic minerals the color is an inher- 
ent property of the chemical compound and 
has been called chemico-compositional color. 
Thus malachite is always green and azurite 
always blue and color can be used as a 
distinguishing criterion in identification. 
Allochromatic minerals, on the other hand, 
are colorless or white when pure and the 
Pigmenting material is foreign to the 
chemical compound. 


In some allochromatic gems the coloring 
is due to the mechanical inclusions of micro- 
scopic particles of idiochromatic minerals, 
Thus inclusions of hematite may make a 
mineral red; inclusions of chlorite, green. 
However, more important in the coloring 
of allochromatic gems than mechanically 
held inclusions are slight chemical impuri- 
ties. It is the role that these foreign elements 
play as, pigmenting agents that is the most 
subtle and least understood. 

In the chemical analysis of a colored 
stone, the chemist may report a small per- 
centage of foreign elements such as titanium, 
vanadium, and chromium but frequently 
only traces are to be found. When the 
amount of impurity shows a direct correla- 
tion with the depth of color it is reasonable 


*As delivered by Dr. Hurlbut before the 
members of the American Gem Society 
at its 1949 Conclave in Boston in April. 
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Figure 5. Elizabeth Bay is Namdeb’s northernmost diamond mine in Namibia. The current operation is the 
third and most successful mine on this site since 1908. Photo by A. R. Kampf. 


are confined to coastal embayments bounded by rocky 
headlands. The diamonds occur in thin, ribbon-shaped 
gravel bodies below the water table, deeply buried by dunes 
and marine sand. The geologic setting, coupled with the 
area’s remoteness and lack of infrastructure, has presented 
significant challenges. Of 14 pocket beach sites identified, 
sites 11 and 12 are considered particularly promising 
because of the erosion and longshore transport of older 
gravels to favorable bedrock trapsites. Mining at these 
pocket beach sites is expected to create additional revenue 
at a time when production will decline at several of 
Namdeb’s other land-based operations. 

The northernmost gem in Namdeb’s crown is the 
Elizabeth Bay mine (figure 5), situated about 25 km south 
of Ltideritz. It was in this area that the first Namibian dia- 
monds were found in 1908, leading to the initial exploita- 
tion of the area by the Deutsche Kolonialgesellschaft ftir 
Stidwestafrika (DKG) between 1911 and 1915. The second 
phase of mining, by CDM, lasted (with interruptions) from 
the early 1920s to 1948. The present Elizabeth Bay mine, 
opened in 1991, represents the third and most successful 
of the mining phases. The diamonds at Elizabeth Bay are 
found in ancient windblown (aeolian) sands that are signif- 
icantly coarser than the desert sand. The diamonds recov- 
ered are small, averaging 0.1-0.3 ct, but the grades can be 
quite high. In the uppermost gray-colored grits, grades can 
reach 100 carats per hundred tonnes. 

The lower Orange River was long considered barren of 
diamonds. It was not until the early 1960s that diamonds 
were found there and not until 1990 that the first mine, 
Auchas, went into production. Two principal types of dia- 
mond deposits flank the Orange River: The 17-19 Ma 
“Proto-Orange” terrace deposits more than 40 m above the 
river yield the bulk of the production, while the 2-5 Ma 
“Meso-Orange” deposits have only proved economic in 
localized areas. The Proto and Meso deposits both lie on 
eroded bedrock, where diamonds have been trapped in pot- 
holes and similar depressions. The Orange River deposits 
have relatively limited lifetimes. For example, after just 10 
years of production, the Auchas mine ceased operations in 
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2000. Daberas (figure 6), which was started in 1999 and 
exploits the largest of the Proto-Orange deposits, is expect- 
ed to have an 11-year life span. Sendelingsdrif, the second 
largest alluvial placer within Namdeb’s license, is still in 
the sampling phase. The Orange River mines produce 


Figure 6. The lower Orange River provides a minor but 
significant amount of Namibia’s diamond production. 
The manager of the Orange River mines, Kakia Kakia, 
is shown here with a portion of the Daberas mine in 
the background. Photo by A. R. Kampf. 
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larger diamonds on average than those from the other 
Namdeb licenses. In 2005, the Orange River mines con- 
tributed 14.5% of Namdeb’s total revenue and 7.3% of the 
total carats produced in Namibia. 

With reduced production from onshore deposits, the 
offshore deposits clearly represent the future for Namdeb. 
In 1993, two decades of geologic research and prospecting 
in marine environments led to the initiation of successful 
mining operations in the Atlantic 1 license area. Since 
2001, these have been conducted by the Windhoek-based 
De Beers Marine Namibia. Currently the company oper- 
ates five mining vessels, four of which employ airlift drill 
technology and another that uses a track-mounted 
crawler. Mining is conducted up to 65 km from shore at 
depths ranging from 90 to 140 m. De Beers Marine 
Namibia also recently embarked on a near-shore pilot pro- 
gram that involves dredging diamondiferous material from 
the seabed and pumping it onshore for processing. Today, 
nearly half of Namibia’s total annual diamond production 
is mined from the ocean, and this proportion is expected to 
increase in the years ahead. 

Acknowledgments: Much of the information con- 
tained in this report was obtained on a Namdeb-sponsored 
visit to the area in October 2007. Special thanks are due to 
Chris Sivertsen, Namdeb general manager, and Kakia 
Kakia, manager of the Orange River mines, as well as to a 
host of Namdeb personnel who gave generously of their 
time, expertise, and hospitality. 

Anthony R. Kampf (akampf@nhm.org) 
Natural History Museum of Los Angeles County 
Los Angeles, California 


Figure 7. The emergence of a parasitic nematode 
from the abdomen of its host fly is well preserved in 
this Baltic amber. Photomicrograph by G. Poinar, 
magnified 35x; sample from the Poinar amber col- 
lection, maintained at Oregon State University 
(accession no. N-3-76). 
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Double jeopardy in amber. One of the wonderful aspects of 
amber preservation is that it fixes its victims so rapidly 
that various types of otherwise transient natural associa- 
tions are often preserved. This includes a variety of para- 
sitic associations, such as that seen in a 13 x 8 mm piece 
of Baltic amber from the Kaliningrad region of Russia (fig- 
ure 7). About 40 million years ago—the age determined for 
Baltic amber by studying trace fossils (foraminifera) in the 
amber-bearing beds—a parasitic nematode belonging to 
the family Mermithidae was trapped while emerging from 
its host, a nonbiting midge belonging to the family 
Chironomidae. Midge-nematode associations have been 
reported previously in Baltic amber, but we believe this is 
the first to show the parasite and host still connected 
together. 

In the normal life cycle of this nematode, a newly 
hatched worm lives on the bottom of a body of water until 
it encounters a fly larva. The nematode bores into the 
larva and remains there through the fly’s adult stage, feed- 
ing on its nonvital tissues. When the nematode has fin- 
ished growing, it emerges and searches for the nearest 
water source. However, when this fly landed on a drop of 
resin, the parasite exited through the host’s body wall and 
found itself trapped in the resin as well. The midge made a 
valiant effort to escape from its parasite, as well as from 
the sticky trap. While it managed to pull away from the 
nematode, a coagulated strand of its blood still connected 
the two. In the final death stance, the fly appears to be 
pulling its parasite behind it. 

From a biological point of view, it is astonishing to 
realize that the large nematode was coiled up in the 
abdomen of such a small fly. But a close examination of 
the midge’s body cavity shows it to be empty, since all 
available protein and fat had been absorbed by the parasite. 
If the parasite had exited under normal circumstances 
(into a water source), it would have entered the mud, molt- 
ed twice and searched for a mate. If it was a female, it 
would have deposited its eggs in the water and the hatch- 
ing microscopic nematodes would have searched for 
another midge larva to start the cycle anew. 

George Poinar (poinarg@science.oregonstate.edu) 
Oregon State University, Corvallis 


Brent Malgarin 
Elegant Gems, Ltd. 
Spokane, Washington 


Inclusions in andradite from Namibia. At the 2007 Tucson 
gem shows, GIA received a donation from one of these 
contributors (CLJ) of several dozen crystal specimens of 
demantoid (the green variety of andradite that is colored 
by Cr and/or V) and eight cut stones that ranged from 
brownish red to yellowish green (0.10—5.51 ct; figure 8). 
These garnets were obtained from his Green Dragon mine, 
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Figure 8. These andradite samples (including the demantoid variety) were recently mined in Namibia, and contain 
needle-like inclusions. The cut stones weigh 0.10-5.51 ct (left), and the crystal is ~2 cm tall (right). Gift of 
Christopher L. Johnston, GIA Collection nos. 36713 (crystal), 36716 (brownish yellow cut stone), and 36741 (all the 


other cut stones); photos by Robert Weldon. 


located approximately 12 km west of the Erongo 
Mountains and 28 km northeast of Klein Spitzkoppe in 
Namibia’s Namib Desert. The andradite is hosted by a 
skarn-type deposit, where it forms euhedral-to-subhedral 
crystals that are fully enclosed within the calc-silicate 
units, as well as euhedral crystals in enrichment zones at 
the contacts between the calc-silicate units and various 
other rock types including granite, granodiorite, and schist. 
To date the largest concentration of andradite found at the 
mine measured approximately 1 m? and consisted of inter- 
grown calcite and garnet. 

Many of the andradites in the GIA donation were 
selected for their inclusions—some of which appeared 
quite similar to rutile needles. Since rutilated andra- 
dite/demantoid has not been documented previously, 
one of us (EAF) performed a detailed examination of the 
needle-like features in 50 samples (42 brownish green to 
yellowish green crystals and all eight faceted stones). The 
following gemological properties were collected on the 
brownish yellow, brownish yellowish green, and yellow- 
ish green cut stones (0.10-1.47 ct; figure 8): RI—over the 
limits of a standard refractometer; hydrostatic SG— 
3.83-3.85; Chelsea filter reaction—none; fluorescence— 
inert to long- and short-wave UV radiation, and a cutoff 
at 460 nm and a weak “chrome line” visible with the 
desk-model spectroscope. These properties are consistent 
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with those previously reported for Namibian demantoid 
(see Fall 1997 Gem News, pp. 222-223; T. Lind et al., 
“New occurrence of demantoid in Namibia,” Australian 
Gemmologist, Vol. 20, No. 2, 1998, pp. 75-79). Micro- 
scopic examination revealed the presence of long, fine 
“needles” (figure 9), curved fibers (figure 10), “finger- 
prints” composed of two-phase (liquid-gas) inclusions, 
and small crystals. The curved fibers appeared similar to 
the individual acicular inclusions that constitute “horse- 
tail” inclusions found in demantoid from other localities. 
However, horsetails were not present in these samples, 
and they have not been previously documented in 
Namibian demantoid (M. Furuya, Demantoid Garnet— 
The Legendary Gemstone Aroused from a Century of 
Sleep, 24 ed., Japan Germany Gemmological Laboratory, 
Yamanashi-ken, Japan, 2006, 31 pp.). 

The properties of the five faceted brownish orange to 
brown-red andradites (1.19-5.51 ct; again, see figure 8) 
were the same as the other cut stones except for: hydro- 
static SG—3.85-3.88, and a cutoff at 520 nm (reddish 
stones) or 460 nm (orangy stones) visible with the desk- 
model spectroscope. These properties are consistent with 
those previously reported for andradite in the Fall 1997 
Gem News item cited above. Magnification revealed 
transparent angular growth zoning, “fingerprints” com- 
posed of two-phase (liquid-gas} inclusions, iridescence 


Gems & GEMOLOGY WINTER 2007 371 


in reflected light where they intersect the polished surface of this sample (right). Photomicrographs by J. I. 
Koivula; field of view 4.4 mm. 


along growth planes (rainbow graining}, and crystallo- 
graphic trace lines (figure 11). Trace lines are internal rep- 
resentations of external crystal forms, such features are 
commonly seen as “phantoms” in crystals such as quartz, 
but trace lines also have been documented in pyralspite 
garnets (see E. J. Gtibelin and J. I. Koivula, Photoatlas of 
Inclusions in Gemstones, Vol. 2, Opinio Publishers, Basel, 
Switzerland, 2005, pp. 22, and 446). The curved fibers and 
very fine needles noted in the demantoid samples tested 
were not seen in these brownish orange to brown-red 
andradites. 

Surface-reaching needles in 12 rough and cut 
Namibian demantoid samples were tested by Raman anal- 
ysis. Most of the features selected for analysis turned out 
to be empty holes when viewed with the microscope 
(again, see figure 9). However, the Raman spectra did indi- 
cate the presence of andradite, quartz (rough samples 
only), or diamond (cut samples only). The presence of 
quartz was not surprising, since it was found as an over- 


Figure 10. Curved fibers were present in two of the 
andradite samples shown in figure 8. Photomicro- 
graph by E. A. Fritz; field of view 2.1 mm. 


i 
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growth on many of the crystals. The diamond apparently 
represents contamination from the faceting process. 

With no clear information on the identity of the nee- 
dles, we used a lap wheel to grind down portions of four of 
the demantoid crystals to expose their inclusions. 
Observation of the polished surfaces in reflected light 
showed minute openings or holes where the inclusions 
intersected the surface. In addition, we noted elongate 
surface channels in several places where the needles had 
been oriented parallel to the polished faces. This con- 
firmed that the needles were actually hollow tubes, rather 
than mineral inclusions. Additional evidence for this con- 
clusion was provided by powder X-ray diffraction (KRD) 
analysis of a demantoid crystal containing abundant nee- 
dles by one of us (MG). The diffraction pattern showed 
only peaks corresponding to andradite, and no rutile or 
other minerals. 

A demantoid pocket found in August 2007 contained 
some colorless fibrous crystal aggregates (figure 12), which 


Figure 11. Rainbow graining and crystallographic 
trace lines are two of the features seen in the brown- 
ish orange to brown-red andradites. Photomicrograph 
by E. A. Fritz; field of view 4.8 mm. 
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Figure 12. The fibrous crystals on this andradite 
specimen were identified as a mixture of calcite and 
asbestiform amphiboles. Photomicrograph by J. I. 
Koivula; field of view ~5.1 mm. 


were identified as a mixture of calcite and asbestiform 
amphiboles (by MG) using a combination of XRD analysis 
and scanning electron microscopy. It is possible that nee- 
dles of one or both of these minerals formed inclusions in 
the garnet that were subsequently etched away by late- 
stage hydrothermal fluids and/or weathering, leaving the 
empty channels documented in our samples. 
Eric A. Fritz (eric.fritz@gia.edu) and John I. Koivula 
GIA Laboratory, Carlsbad 


Brendan M. Laurs 


Mickey Gunter 
University of Idaho, Moscow 


Christopher L. Johnston 
Green Dragon Mine, Namib Desert, Namibia 


Andradite from Baluchistan, Pakistan. In recent years, 
some unusual gem materials have been found in 
Pakistan’s Baluchistan region, such as quartz with 
petroleum inclusions (Spring 2004 Gem News Inter- 
national, pp. 79-81) and color-zoned axinite (Fall 2007 
GNI, pp. 254-255). We were therefore curious to examine 
three unidentified faceted stones from Baluchistan that 
were loaned to GIA by Farooq Hashmi (Intimate Gems, 
Jamaica, New York). He obtained ~0.5 kg of the rough 
material in 2004 in Peshawar, Pakistan; the lot consisted 
of opaque dodecahedral crystals and gemmy broken pieces 
weighing 1—4 g. 

Examination of the cut stones (0.65-0.99 ct; figure 13) 
showed the following properties: color—brownish yel- 
low-orange to yellowish orange-brown,; RI—over the lim- 
its of the standard gemological refractometer; hydrostatic 
SG—3.87-3.94; Chelsea filter reaction—none; fluores- 
cence—inert to long- and short-wave UV radiation; and 


GEM NEWS INTERNATIONAL 


absorption to 500 nm visible with the desk-model spec- 
troscope. These properties are consistent with those 
reported for andradite by C. M. Stockton and D. V. 
Manson (“A proposed new classification for gem-quality 
garnets” Winter 1985 Gems & Gemology, pp. 205-218). 
Microscopic examination revealed planes of one-, two-, 
and three-phase inclusions, as well as transparent angular 
graining. 

Mr. Hashmi indicated that he has not seen any more 
of this andradite in the Peshawar market, although 
occasionally a similar “honey” colored garnet (grossu- 
lar) has been produced from an area near the bastndsite 
mines in the Peshawar region (H. Obodda and P. 
Leavens, “Zagi Mountain, Northwest Frontier Province, 
Pakistan,” Mineralogical Record, Vol. 35, No. 3, 2004, 
pp. 205-220). 

Eric A. Fritz and Brendan M. Laurs 


Two axinite species from Tanzania. Axinite, 
Ca,AL,BSi,O,.(OH), is an uncommon biaxial gem material 
with a triclinic crystal habit. Much variation in the com- 
position can occur, owing to the replacement of Ca by Fe, 
Mg, or Mn (W. A. Deer et al., Rock-forming Minerals: 


Figure 13. These three gems (0.65-0.99 ct) from 
Baluchistan, Pakistan, proved to be andradite. 
Courtesy of Intimate Gems; faceted by Matt Dunkle 
(Aztec, New Mexico). Photo by Robert Weldon. 
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Figure 14. These three magnesio-axinites (0.20-0.42 
ct) from Tanzania were characterized for this report. 
Courtesy of Rock Logic; photo by Robert Weldon. 


Disilicates and Ring Silicates, 2nd ed., The Geological 
Society, London, Vol. 1B, 1997, pp. 603-623). Ferro-axinite 
is the species that is most commonly cut into gems (e.g., 
Fall 2007 Gem News International, pp. 254-255), while 
magnesio-axinite has been faceted only rarely (see 
Summer 2005 Lab Notes, pp. 170-171). 

At the 2007 Tucson gem shows, Alexandra Wood- 
mansee (Rock Logic, Glencoe, Minnesota) had some light 
bluish violet magnesio-axinite that was reportedly from 
the tanzanite mining area at Merelani, Tanzania. She ini- 
tially obtained a faceted example (0.72 ct) of this magne- 
sio-axinite in the mid-1980s. However, additional materi- 
al did not become available until a small quantity of 
rough appeared at the 2006 Tucson shows. In Tanzania, 
the rough has been sold inadvertently as low-quality tan- 
zanite, but it can be easily separated by its orangy pink 
UV fluorescence and subtle color shift (see below). From a 
total of 29 grams of rough, Ms. Woodmansee has cut 
about two dozen stones, typically weighing <1 ct, 
although a few larger included stones up to ~2 ct also 
were faceted. 

Ms. Woodmansee loaned 11 faceted magnesio-axinites 
to GIA for examination, and we obtained gemological 
properties on three of them (0.20, 0.23, and 0.42 ct; figure 
14). In daylight-equivalent illumination, they ranged from 
pale violet to pale grayish violetish blue with weak 
pleochroism in shades of light purple, yellow, and yellow- 
ish green. In incandescent light, all of the samples shifted 
to a more intense and uniform violet. The stones showed 
the following properties: RI—1.660-1.672; birefringence— 
0.012; hydrostatic SG—3.08-3.30; fluorescence—strong 
to very strong orangy pink to long-wave UV radiation, and 
medium orangy pink to short-wave UV; and an absorp- 
tion line at 410 nm with a weak 580 nm cut-off seen with 
the desk-model spectroscope. These properties are compa- 
rable with those reported for a 0.78 ct transparent magne- 
sio-axinite by E. A. Jobbins et al. (“Magnesioaxinite, a 
new mineral found as a blue gemstone from Tanzania,” 
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Figure 15. These ferro-axinites (1.30 and 4.40 ct) are 
also from Tanzania. Courtesy of Intimate Gems; 
photo by Robert Weldon. 


Journal of Gemmology, Vol. 14, 1975, pp. 368-375), who 
gave Ris of 1.656—-1.668 (birefringence of 0.012) and an SG 
value of 3.18. Our variable SG values are probably due to 
the effect of the numerous fractures and inclusions in the 
stones we examined. Microscopic examination revealed 
fluid-filled “fingerprints” composed of thread-like and 
two-phase inclusions, thin fluid films with polygonal 
shapes, and numerous fractures and cavities with dark 
brown staining. 

Tanzania is also the source of some very different axi- 
nite, which gem dealer Farooq Hashmi obtained in Arusha 
in 2006. It had a brown color that resembled zoisite before 
it is heat treated to tanzanite, and its trichroism could eas- 
ily cause further confusion with zoisite. Although the 
material was offered as tanzanite, Mr. Hashmi suspected 
that it was axinite and therefore obtained only a small 
amount of the cobbed rough from which two stones were 
faceted (figure 15). 

Mr. Hashmi loaned the two cut stones (1.30 and 4.40 
ct) to GIA for examination, and we obtained the follow- 
ing properties: color—brown to reddish brown (showing 
no significant color shift in different light sources), with 
strong purple, yellow, and brownish orange pleochroism; 
RI—1.668-1.680, birefringence—0.012; hydrostatic SG— 
3.20; fluorescence—inert to both long- and short-wave 
UV radiation; and a weak 415 nm absorption line seen 
with the desk-model spectroscope. These properties are 
comparable to those reported for ferro-axinite by M. 
O'Donoghue (Gems, 6th ed., Butterworth-Heinemann, 
Oxford, UK, 2006, p. 386), except that publication listed 
somewhat higher RI and SG values, as well as addition- 
al absorption features at 444, 512, and 532 nm, with 
two broader bands at 466 and 492 nm. Microscopic 
examination revealed large fractures, “fingerprints” 
consisting of orderly parallel inclusions (figure 16), and 
thread-like or irregular fluid remnant inclusions (figure 
17). There was also subtle straight and angular growth 
zoning in both stones. 
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Figure 16. The ferro-axinite contains “fingerprints” 
composed of orderly parallel inclusions. Photomicro- 
graph by D. Beaton; field of view 4.8 mm. 


Electron-microprobe analyses (table 1) of one sample 
each of magnesio- and ferro-axinite showed similar com- 
positions to those reported for these minerals by Jobbins et 
al. (1975) and Deer et al. (1997), except that the magnesio- 
axinite analyzed for this study contained somewhat more 


TABLE 1. Average electron-microprobe analyses of two 
axinites from Tanzania.® 


Chemical Magnesio-axinite Ferro-axinite 
composition 0.42 ct 1.30 ct 
Oxides (wt.%) 
SiO, 43.84 42.97 
B,O, calc. 6.35 6.22 
A\,O., 18.56 are A 
FeO 0.05 7.80 
MnO 1.99 0.62 
MgO 6.27 2.94 
CaO 20.46 20.10 
Na,O 0.02 0.05 
K,O 0.02 0.04 
H,O calc. 1.64 1.61 
Total 99.22 100.12 
lons per 16 (O,OH,F) 
Si 3.998 3.999 
B calc. 1.000 1.000 
Al 1.995 1.950 
Fe? 0.004 0.607 
Mn 0.154 0.049 
Mg 0.852 0.408 
Ca 1.999 2.005 
Na 0.004 0.009 
K 0.002 0.005 
OH calc. 1.000 1.000 


@Average of five points per stone. Ti, Cr, V, Bi, Pb, Zn, and F were 
analyzed, but not detected. 
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Figure 17. Thread-like and irregular fluid inclusions 
are visible through the bezel of this ferro-axinite. 
Photomicrograph by D. Beaton; field of view 7.2 mm. 


Mn (~2.0 vs. 0.4 wt.% MnO). The composition of the 

ferro-axinite closely resembled that of the material from 
Pakistan reported in the Fall 2007 GNI entry. 

HyeJin Jang-Green (hjanggre@gia.edu) 

and Donna Beaton 

GIA Laboratory, New York 


Brendan M. Laurs 


William B. (Skip) Simmons and Alexander U. Falster 
University of New Orleans, Louisiana 


Baddeleyite from Mogok, Myanmar. Baddeleyite was first 
documented in faceted form in the Fall 2001 Lab Notes sec- 
tion (p. 212), as a 0.54 ct very dark greenish brown cushion 
cut that was represented as being from Sri Lanka. More 
recently, baddeleyite was recognized as a mineral associat- 
ed with painite from Myanmar (unpublished data; see also 
Winter 2005 Gem News International, p. 356). Small quan- 
tities of baddeleyite from the Thurien-taung painite deposit 
in the western Mogok area have been faceted recently for 
gem collectors, according to Mark Smith (Thai Lanka 
Trading Ltd., Bangkok, Thailand). Mr. Smith reported that 
the rough baddeleyite is sometimes mixed in parcels of 
rutile, black amphibole, and schorl fragments, but it can be 
easily separated according to its higher specific gravity, as 
well as the distinctive bladed crystal shape and submetallic 
luster. The crystals are black (dark brown on a thin edge) 
and measure up to 2.5 cm long; some are intergrown with 
small red spinel crystals. 

Since mid-2005, Mr. Smith has faceted nearly 100 
pieces of the baddeleyite. The cutting yield is very low due 
to cracking and the thin bladed shape of the rough. Most of 
the stones were cut from broken crystals weighing 0.2—1 g. 
The shape of these pieces is most conducive to cutting flat 
rectangular stones. Most of the cut gems ranged from 0.2 
to 3 ct, and a few weighed 5-6 ct. In addition, one excep- 
tional faceted stone weighed 26.36 ct; it was cut from a 
broken piece of rough that was much larger than any other 
pieces Mr. Smith has seen. 
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Figure 18. These faceted stones (0.56-1.95 ct) are bad- 
deleyite from the Thurien-taung painite deposit in 
Myanmar. Gift of Mark Smith, GIA Collection nos. 
37141-37143; photo by Kevin Schumacher. 


Mr. Smith donated three faceted stones (0.56-1.95 ct; 
figure 18) to GIA, and the following properties were deter- 
mined: color—black, with no pleochroism; RI—over the 
limits of a standard gemological refractometer, hydrostatic 
SG—5.84-5.92, fluorescence—inert to long-wave UV radia- 
tion and very weak yellow-green to short-wave UV; and no 
spectrum visible with the desk-model spectroscope. These 
properties are consistent with those reported for baddeleyite 
in the Fall 2001 Lab Note, except that the Burmese stones 
were too opaque to view any color, pleochroism, or absorp- 
tion spectrum. However, a reddish brown color was appat- 
ent with high-power fiber-optic illumination. Microscopic 
examination revealed numerous fractures, and small 
stringers of fine particles could be seen in the semitranspar- 
ent edges of the stones. 

The Burmese baddeleyite was produced as a byproduct 
of mining for painite, and Mr. Smith reported that it has 
become difficult to find rough baddeleyite in the Asian 
marketplace because of the decreased production of (and 
demand for) painite. 

Editor’s note: U.S. law covering import of Burmese 
gem materials was in the process of being reevaluated 
when this issue went to press. At the time GIA examined 
these stones, their import into the U.S. was permitted by 
existing law. 

Eric A. Fritz and Brendan M. Laurs 
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Chrysocolla chalcedony from Iran/Armenia area. The 
majority of gem-quality chrysocolla chalcedony comes 
from Mexico and Arizona (e.g., Gem News, Spring 1992, 
pp. 59-60; Summer 1996, pp. 129-130). A new source 
reportedly was discovered recently in the border region 
between Iran and Armenia, according to Jack Lowell 
(Colorado Gem & Mineral Co., Tempe, Arizona). Mr. 
Lowell’s supplier indicated that ~1,100 kg have been mined 
so far. Chalcedony has been previously reported from Iran 
(see Winter 2004 Gem News International, p. 337), but as 
adularescent material with a considerably paler blue color. 
Mr. Lowell loaned two cabochons (8.86 and 3.17 ct) 
and a rough piece of the chalcedony to GIA for examina- 
tion (figure 19). The following properties were obtained on 
the cabochons (with those for the larger cabochon given 
first here): color—green-blue and blue-green; diaphaneity— 
semitransparent to translucent; RI—1.54; hydrostatic 
SG—2.60 and 2.62; Chelsea filter reaction—none,; fluores- 
cence—inert to both long- and short-wave UV radiation. A 
650 nm cutoff was observed with a desk-model spectro- 
scope. Microscopic examination revealed spotty green 


Figure 19. These samples of chrysocolla chalcedony 
came from a newly discovered source near the 
Iran/Armenia border. The cabochons weigh 8.86 and 
3.17 ct, and the slab measures 5.5 x 3.7 cm. Courtesy 
of Jack Lowell; photo by Robert Weldon. 
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inclusions (chrysocolla particles). Raman analysis of both 
samples showed a close match to chalcedony spectra on 
file. Energy-dispersive X-ray fluorescence (EDXRF) spec- 
troscopy of the two samples indicated major amounts of Si 
and Cu, and traces of Fe. Absorption spectroscopy showed 
typical features for chrysocolla chalcedony, with absorp- 
tions at 527-1176 nm (Cu), 1370-1600 nm (total OH}, 
and 1850-2120 nm (molecular water), and 2128-2355 nm 
(or 4700-4245 cm-!, structurally bonded OH). 

The Cu?* band recorded from UV-Vis-NIR absorption 
spectroscopy can be used to determine the presence of dye 
(see A. Shen et al., “Identification of dyed chrysocolla chal- 
cedony,” Fall 2006 Gems & Gemology, p. 140), by calcu- 
lating the ratio of the integrated intensity of the Cu”* band 
compared to that of the structurally bonded OH band. The 
Shen et al. results showed a ratio between 0.5 and 3 for 
dyed chalcedony and between 7 and 44 for natural-color 
chrysocolla. The present samples had ratios of 15.7 and 
7.4, establishing that they were not dyed. 

Kevin G. Nagle (knagle@gia.edu) 
GIA Laboratory, Carlsbad 


Yellow-green clinohumite and yellow chondrodite from 
Tanzania. During a buying trip to Tanzania in 2006, gem 
dealer Farooq Hashmi obtained some brownish yellow 
and yellow-green rough from a few small parcels that 
were represented as tourmaline from a new deposit at 
Sumbawanga in west-central Tanzania. All of the rough 
consisted of broken pieces (figures 20 and 21), so it was 
not possible to determine if they originated from primary 
or secondary deposits. Most of the pieces weighed <1 g, 
and there was an approximately equal percentage of the 
two colors available in each parcel. The appearance and 
properties of the material were not typical of tourmaline 
normally found in Tanzania, so Mr. Hashmi loaned sev- 
eral rough and cut examples of each color for examina- 
tion at GIA. 

The following properties were recorded on three green- 
ish yellow cut stones (figure 20): color—greenish yellow to 
yellow-green, with no obvious pleochroism; RI—n,=1.620 
and n,=1.648-1.649; birefringence—0.028-0.029; hydro- 
static SG—3.21; Chelsea filter reaction—none; fluores- 
cence—inert to long-wave UV radiation and very weak to 
weak yellow to short-wave UV; and a weak absorption 
band at 490 nm visible with the desk-model spectroscope. 
These properties are similar to those reported for clinohu- 
mite by M. O’Donoghue (Gems, 6th ed., Butterworth- 
Heinemann, Oxford, UK, 2006, p. 400), except that the col- 
ors were reported as yellow to orange or dark brown and 
the RI values were higher (n,=1.623-1.702 and 

=1.651-1.728). Microscopic examination revealed clouds 
of fine needles and flat, ribbon-like fluid inclusions. 
Electron backscatter diffraction analysis showed that these 
needles were parallel to the b axis (i.e., the 4.7 A unit cell 
direction). All three samples were moderately abraded and 
contained numerous fractures. 
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Figure 20. The greenish yellow to yellow-green color 
of this clinohumite from Tanzania (cut stones 
0.90-1.81 ct) is quite unusual. Courtesy of Intimate 
Gems; photo by Robert Weldon. 


The properties of three brownish yellow cut stones 
(figure 21) were: color—brownish yellow, with weak yel- 
low to colorless pleochroism; RI—n,=1.589-1.593 and 
n,=1.618-1.620; birefringence—0.027—-0.029; hydrostatic 
SG—3.20-3.24; Chelsea filter reaction—none; fluores- 
cence—inert to long-wave UV radiation and moderate 
yellow to short-wave UV; and no features visible with the 
desk-model spectroscope. These properties are consistent 
with those reported for chondrodite by O’Donoghue 
(2006, p. 399), except the colors reported in that publica- 
tion were deep red and orange brown, and the RI values 
were slightly higher (n,=1.592—1.643 and n,=1.621-1.636). 
Magnification revealed numerous abrasions, fractures, 


Figure 21. These brownish yellow gems from Tanzania 
(cut stones 0.64—0.80 ct) were identified as chondrodite. 
Courtesy of Intimate Gems; photo by Robert Weldon. 
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screw dislocations, and planar fluid inclusions. 
Electron-microprobe analyses were performed on the 
three cut clinohumites (15 analyses total) and on one 
faceted chondrodite (5 analyses), and all of the data points 
showed a homogenous composition within each mineral; 
average analyses are shown in table 1. In addition to the 
elements expected from the chemical formula, 
(Mg,Fe?*),(SiO,),(F,OH),, the clinohumites contained 
traces of Ti, Al, and K. Much lower Fe was present than in 
the data for clinohumite reported by W. A. Deer et al. 
(Rock-Forming Minerals—Orthosilicates, Vol. 1A, 2nd ed., 
Longman, London, 2001, pp. 381-417). The relatively 
small amount of Fe is responsible for the low RI values; 


TABLE 1. Average electron-microprobe analyses of 
clinohumite and chondrodite from Tanzania.* 


Chemical Clinohumite® Chrondrodite® 
composition 0.90 ct 0.64 ct 
Oxides (wt.%) 
SiO, 37.57 33.50 
TiO, 0.42 nd 
Al,O, 0.18 0.13 
FeO 0.31 2.08 
nO nd 0.11 
gO 58.39 56.00 
CaO nd 0.09 
Na,O nd 0.02 
K,O 0.02 0.01 
H,O calc. 2.41 2.07 
F 1.01 6.37 
Subtotal 100.31 100.39 
-O=F 0.43 2.68 
Total 99.88 97.71 
lons per formula unit 
Si 3.908 1.975 
Ti 0.033 nd 
Al 0.022 0.009 
Fe2+ 0.027 0.103 
n nd 0.005 
g 9.056 4.921 
Ca nd 0.006 
Na nd 0.002 
K 0.003 0.001 
OH calc. 1.668 0.812 
F 0.332 1.187 


@Abbreviation: nd = not detected. Cr, Bi, V, Pb, and Zn also were analyzed, 
but not detected. 


ions were calculated using 18 (O,OH,F) per formula unit. 


Slons were calculated using 10 (O,OH,F) per formula unit. Similar chon- 
drodite analyses where H,O is analyzed typically have 1-2 wt.% H,O, as 
well as additional O in the anion site. Thus, the water estimate here is prob- 
ably somewhat high, since some O would be expected in the anion site. 
The slightly low total of the chondrodite analyses may reflect low F as a 
result of the standardization process. 
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although fluorine-rich clinohumite may also show low RI 
values, these stones contained intermediate amounts of F. 
The chondrodite, (Mg,Fe?*).(SiO,),(F,OH),, contained 
traces of Al, Mn, Ca, Na, K, and Ti; the last element was 
present in considerably lower amounts than the range 
shown by Deer et al. (2001). 

Vis-NIR spectroscopy of a polished piece of the rough 
clinohumite showed a broad peak centered at ~750 nm 
(figure 22}quite unlike typical yellow-orange to orange 
clinohumite spectra, which are dominated by a peak at 
435 nm related to Fe-Ti intervalence charge transfer (see K. 
Langer et al., “The crystal chemistry of the humite miner- 
als: Fe?*-Ti** charge transfer and structural allocation of 
Ti* in chondrodite and clinohumite,” European Journal of 
Mineralogy, Vol. 14, No. 6, 2002, pp. 1027-1032). A weak- 
er feature near 1040 nm is seen in most clinohumite spec- 
tra, including the Tanzanian specimen, but dominantly 
only in one orientation; absorption in this region is due to 
Fe?* (Langer et al., 2002). Further research is necessary to 
fully characterize the origin of the unusual yellow-green 
color in this clinohumite. 

Clinohumite and chondrodite were recently docu- 
mented from Tanzania by the SSEF laboratory in Basel, 
Switzerland (“Uncommon minerals as gemstones from 
Tanzania,” SSEF Facette, No. 14, 2007, p. 6). Similar 
“golden” yellow chondrodite is shown in that article 
(along with yellow-brown to brown, red, and near-colorless 
material), whereas the greenish yellow clinohumite 


Figure 22. Polarized Vis-NIR absorption spectra of the 
clinohumite were obtained with a beam of light orient- 
ed nearly parallel to the a axis (i.e., the 13.84 A unit 
cell direction). With this orientation, a spectrum (y 
spectrum) nearly parallel to the Z indicatrix direction 
(b axis, or 4.7 A unit cell direction) and a spectrum (~B 
spectrum) containing mostly the Y indicatrix direction, 
were obtained. A broad band centered at ~750 nm was 
recorded when the beam was polarized to obtain the 
~B spectrum, and both spectra show an intense absorp- 
tion in the 400 nm region. Sample thickness: 6.4 mm. 
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to conclude that it is the coloring agent. 
However, in some gems there is a poor 
correlation and in others it is impossible to 
find any chemical difference between color 
varieties. In many cases the depth of color 
seems dispropottionate to the amount of 
impurity. 

From careful spectroscopic analyses it has 
been shown that certain colored stones 
always show the presence of the same for- 
eign elements. Pure corundum is colorless 
with a composition of A120; but analyses 
of ruby report small amounts of chromium 
replacing. some of the aluminum. The 
amount of chromium is extremely small 
and may escape ordinary chemical analysis. 
The sapphire in similar analyses shows small 
amounts of titanium of iron. 

Although beryl, a beryllium aluminum 
silicate, is colorless when pure, the colored 
varieties have ttaces of such elements as 
lithium, sodium and caesium replacing the 
beryllium. The beautiful green of the emer- 
ald is apparently due to small amounts of 
chromium but the color of some stones is 
attributed to vanadium, 

It is interesting to note that the causes 
of color are so poorly known that most 
textbooks reporting the color of gems say 
it is “reported to be” or “probably due to” 
one element or another. Certain elements 
tend to give all minerals in which they are 
found a similar color, as coloring due to 
copper is usually green or blue. Other ele- 
ments, as chromium mentioned above, ap- 
parently are inconsistent in the colors they 
impart. 

Let us take quartz as an example. Because 
quartz is such a common mineral the causes 
of the various colors in which it is found 
probably have been studied more than any 
other. The four well-known color varieties 
are citrine, amethyst, rose quartz, and smoky 
quartz. Although the literature regarding 
them is voluminous, there is little unanimity 
of opinion regarding the color. 

In 1925 Holden* reviewed the earlier 
publications on the color of quartz and did 
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much experimental work of his own. He 
concluded that the violet color of amethyst 
is due to small armnounts of iron and that 
the pink of rose quartz is due to mangan- 
ese. Smoky quartz was a more difficult prob- 
lem: No impurities could be found even in 
traces that could account for the “smoke” 
in smoky quartz. Holden concluded that it 
was probably due to atomic silicon which 
through radiation by radioactive. materials 
had been separated from the oxygen in the 
$i02 structure. 


If smoky quartz is heated to 300°C. it 
becomes quite colorless but when again 
subjected to radioactive irradiation the color 
is restored. This supports the theory that 
there is no foreign substance in smoky 
quartz, a. conclusion that has stood the 
test of time. 


However, conclusions reached by work- 
ets in recent months at Pennsylvania State 
College* * contradict the earlier work as to 
the origin of the color in amethyst. This 
rather complicated but fundamental ap- 
proach to the problem concluded that ame- 
thyst is colored by traces of titanium. The 
titanium atoms take the place in the quartz 
structure of some of the silicon atoms but 
they are not the same size and do not fit 
exactly. Since they are larger, they distort 
the lattice for a considerable distance away. 
It is somewhat analogous to placing an over: 
sized brick in a wall. The other bricks 
placed around it would be thrown out of 
line for a distance equal to the thickness of 
many bricks. Thus a relatively few equally 
spaced atoms may distort the structure 
throughout. Such a distortion may produce 
a scattering of light and give rise to a color 
effect greatly out of proportion to the 
amount of impurity present. 

In a similar way, small amounts of chrom- 
ium maybe responsible for the red in ruby 
and titanium for the blue in sapphire. It has 


“Holden, E. F., Amer. Mineral., vol. 10, pp. 203- 
25.2, 1925. 


**O.N.R. Tech. Report No. 1, Pennsylvania State 
College: Color of Minerals, 1948. 


Figure 23. These samples of dumortierite (2.06, 1.18, 
and 0.61 ct) are from Tunduru, Tanzania. Photo by H. 
A. Hanni; © SSEF. 


described here is quite different from the yellow-orange to 
orange stones shown in that report. 

Eric A. Fritz and Christopher M. Breeding 

GIA Laboratory, Carlsbad 


George R. Rossman 
California Institute of Technology 
Pasadena, California 


Brendan M. Laurs 
William B. (Skip) Simmons and Alexander U. Falster 


Transparent dumortierite and sapphirine from Tanzania. 
From time to time, the SSEF Swiss Gemmological Institute 
receives rough material for identification, often as parcels of 
pebbles, crystals, and fragments. Rough stone buyer Werner 
Spaltenstein, based in Chanthaburi, Thailand, is one source 
of such material, mainly from East Africa and Madagascar. 
In these lots, we have identified a number of uncommon 
and rare minerals. Here we report on two such transparent 
minerals found in gravels from Tunduru, Tanzania. 
Dumortierite, an alumino-borosilicate, is best known as 
a polycrystalline blue ornamental stone, often mixed with 
quartz. The new material from Tunduru, however, was 
transparent and colored violetish gray and brownish pink. 
The three waterwom pebbles were identified by their SGs 
and Raman spectra; after faceting (figure 23], we obtained RI 
and birefringence values that were consistent with 
dumortierite. The following properties were recorded on the 
faceted stones: pleochroism—strong, light gray to red (pink 
stone); RI—n,=1.679, n,=1.709; birefringence—0.030; SGc— 
3.38-3.41; and UV fluorescence—inert to long-wave UV 
radiation and white to short-wave UV. The stones were 
nearly free of fluid or mineral inclusions. EDXRF analysis of 
all three samples showed major Al and Si, and traces of Ti 
and Ga in variable amounts (B cannot be detected by 
EDXRF), Ti is probably the chromophore of the pink stone. 
Sapphirine, an aluminosilicate, is rarely transparent and 
is usually gray, green, or brownish violet. The samples 
from Tunduru consisted of four transparent waterworn 
pebbles ranging from gray to violet and red that came from 
parcels of rough spinel and sapphire. These samples were 
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Figure 24. Tunduru is also the source of these sap- 
phirine gems (2.14, 1.55, 0.67, and 0.93 ct). Photo by 
H. A. Hanni; © SSEF. 


also identified by their SG and Raman spectra and, after 
faceting (figure 24), they yielded RI and birefringence values 
that were consistent with sapphirine. The following prop- 
erties were obtained: pleochroism—strong, light pink to 
dark red (red stone); RI—n,=1.701-1.704, n=1.708-1.711, 
birefringence—0.007; SG—3.49-3.50; UV fluorescence— 
inert (gray-to-violet stones), and dull red to long-wave and 
weak orange to short-wave UV radiation (red stone). No 
inclusions were seen in any of the samples with a gemolog- 
ical microscope. EDXRF analysis of all the stones showed 
major amounts of Mg, Al, and Si, and traces of Fe, Ti, Cr, 
and Ga. Their color range is most probably due to variable 
amounts of Fe and Cr, the latter element being the main 
cause of color in the red stone. 

Dumortierite and sapphirine are rare as faceted gem- 
stones, and the occurrence of attractive pink dumortierite 
and red sapphirine was particularly surprising. 

Henry A. Haénni 


Brazilian blue opal, with cristobalite and quartz. At the 
2007 Tucson gem shows, Si and Ann Frazier (El Cerrito, 
California) obtained two cabochons of a new Brazilian 
“opal” and loaned them to GIA for examination. One 
weighed 6.77 ct and was banded in light blue, white, light 
brown, and gray, while the other was a 6.84 ct light blue 
stone (figure 25). 

We obtained the following properties on the cabo- 
chons: diaphaneity—translucent; spot RI—1.44 (blue por- 
tions), 1.54 (wide central light brown band), and 1.50 (dark- 
er brown area near the end of the cabochon). Hydrostatic 
SG was 2.25 for the blue cabochon and 2.53 for the banded 
specimen. Both stones were inert to long-wave UV radia- 
tion. The blue areas showed chalky very weak green-yel- 
low fluorescence to short-wave UV, while the brown 
bands fluoresced weak-to-moderate green-yellow (brightest 
at the white transition zone to the blue area in the banded 
cabochon). No distinct absorption features were seen with 
a desk-model spectroscope. 

Microscopic observation of the banded sample revealed 
that the narrow brown layer that transitioned to the light 
blue region contained pale brown transparent spherules 
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Figure 25. The blue portions of these two cabochons 
from Brazil (6.77 and 6.84 ct) appear to be a mix- 
ture of opal and cristobalite; the brown bands are 
quartz. Courtesy of Si and Ann Frazier; photo by 
Robert Weldon. 


that were very small and densely packed. The darker 
brown band near the opposite end of the cabochon also 
contained these spherules (larger than the others) with 
milky white interstitial areas. Raman analysis of multiple 
areas of this band only gave spectral matches for quartz. 
The RI of 1.50 from this end of the banded cabochon could 
be due to the presence of both opal and quartz in this 
region (due to its amorphous nature, no Raman peaks 
would be expected for opal). The wide light brown band 
through the center of the cabochon contained no visible 
spherules or other structure, but it did have interstitial 
stubby white dendritic inclusions that suggested the loca- 
tion of grain boundaries. Raman analysis of this area also 
matched quartz, and the RI (1.54) of this region was consis- 
tent with quartz as well. 

Microscopic examination of the blue areas of both 
cabochons revealed a milky nature, consistent with the 
scattering of light from submicroscopic particles. 
However, there were no visible inclusions in these areas 
other than a small surface fracture with brownish discol- 
oration. The lower RI of these regions (1.44) is consistent 
with that of opal, and Raman analysis only yielded 
matches for cristobalite, a polymorph of quartz that is 
commonly found in opal. A high concentration of cristo- 
balite (SG of 2.32—2.36) could explain the elevated SG 
(2.25) of the blue cabochon, since the SG of opal with 
lower RI values is typically closer to 2.0. Gems & 
Gemology previously reported on a cabochon that was a 
mixture of cristobalite and opal—a milky white specimen 
from Madagascar (see Winter 2004 Gem News 
International, pp. 339-340, for a more in-depth discussion 
of this type of material). Typically, we would expect a 
higher RI for a mixture of opal and cristobalite, to be con- 
sistent with the elevated SG value; however, both proper- 
ties can be influenced by the amount of structural 
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water—and additional minerals—present. Further study is 
necessary to better understand the relationship between 
these properties and the factors affecting them. The pres- 
ence of the quartz bands (SG of 2.66) would explain the 
even higher SG (intermediate between opal and quartz) of 
the oval cabochon. 

To explore the cause of the blue color in our samples, 
we performed EDXRF analysis. Together with traces of sev- 
eral other elements, minute amounts of Cu and Fe were 
found in the blue cabochon. A trace of Fe was also found in 
the banded cabochon, but no Cu was detected (this was 
probably due to the brown quartz band dominating the area 
that was analyzed). Although the minute traces of these 
common chromophores may be contributing to the blue 
color of this material, we could not confirm this. 

Cheryl Y. Wentzell (cwentzell@gia.edu) 
and Karen M. Chadwick 
GIA Laboratory, Carlsbad 


Otolith pendant. Fish ear bones, called otoliths (from the 
Greek oto [ear] and Jithos [stone]), are complex polycrys- 
talline structures composed of calcium carbonate and 
organic material. Most fish have three pairs of otoliths— 
sagittae, lapilli, and asterisci—that are located behind the 


Figure 26. This unusual pendant is set with a 
baroque-shaped fish ear bone, or otolith (24.1 ct; 
25 x 14x 12 mm). Photo by B. Mocquet. 
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brain in the inner ear and contribute to their sense of equi- 
librium. Otoliths are scientifically important because they 
grow continuously until death, providing valuable informa- 
tion on the fish’s age and environment (see, e.g., N. H. 
Halden, “Coloured fish ears: Cathodoluminescence as a 
guide to variation in aqueous environments,” Newsletter of 
the Mineralogical Association of Canada, No. 64, 2001, pp. 
1, 3-4). Otoliths also have a history of use in jewelry by 
native peoples (R. E. Martin et al., Eds., Marine and 
Freshwater Products Handbook, Technomic Publishing 
Co., Lancaster, PA, 2000). 

One of these contributors (BM) had an otolith mounted 
into a pendant (figure 26). This baroque-shaped otolith is 
from a South American silver croaker (Plagioscion squamo- 
sissimus) that lived in the Orinoco River of Venezuela more 
than 60 years ago. The silver croaker can reach lengths of 80 
cm; in Venezuela, it is known as curvinata, and its otoliths 
are used for amulets or good luck charms in the southern 
states of Amazonas and Bolivar. 

The size of the otolith in this pendant (25 x 14 x 12 
mm) suggests that it is probably a sagitta, the largest of the 
three types. The otolith was removed from the setting for 
gemological examination. SG and RI values (by the spot 
method) were approximately 2.82 and 1.54 (with “blink” 
birefringence), respectively. It had a greasy luster and was 
inert to long- and short-wave UV radiation. The Raman 
spectrum (obtained without a microscope) displayed arago- 
nite peaks, as well as peaks for organic matter. Fish 
otoliths are mainly aragonitic, but they may also be com- 
posed of other carbonate polymorphs such as calcite and 
vaterite (R. W. Gauldie, “Polymorphic crystalline struc- 
tures of fish otoliths,” Journal of Morphology, Vol. 218, 
No. 1, 1998, pp. 1-28). 

Stefanos Karampelas (steka@physics.auth.gr) 
University of Thessaloniki, Greece; 

Institut des Matériaux Jean Rouxel (IMN) 
Université de Nantes, France 


Blanca Mocquet 
Centre de Recherches Gemmologiques 
Jean-Pierre Chenet (CRG), Nantes, France 


Emmanuel Fritsch 


Goethite and hematite inclusions in quartz from Mina da 
Batalha, Brazil. Inclusions of native copper are well known 
in Paraiba tourmaline from Mina da Batalha (see, e.g., F. 
Brandstatter and G. Niedermayr, “Inclusions of native cop- 
per and tenorite in cuprian-elbaite tourmaline from 
Paraiba, Brazil,” Fall 1994 Gems #& Gemology, pp. 
178-183). In June 2007, some pale amethyst and smoky 
quartz (e.g., figure 27) that contained copper-colored inclu- 
sions were recovered from a deeper level of this mine. 
Quartz containing Cu inclusions has not been documented 
previously from this locality, so Brian Cook (Nature’s 
Geometry, Laguna Beach, California) donated two of the 
specimens to GIA to investigate this possibility. 
Microscopic examination revealed scattered minute 
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Figure 27. This quartz specimen (8.0 cm tall) from 
Mina da Batalha, Paraiba State, contains microscopic 
inclusions with a general appearance that is similar 
to the native copper platelets seen in some tourma- 
line from this famous locality. Gift of Brian Cook, 
GIA Collection no. 37354; photo by Robert Weldon. 


platy inclusions just beneath the surface of the amethyst 
crystals. These had a coppery metallic appearance in 
reflected light (figure 28, left), but in transmitted light they 
were dull red to earthy yellow and transparent to translu- 
cent (figure 28, right). This eliminated copper as a possibil- 
ity. Also, unlike the copper inclusions seen in some tour- 
maline from this mine, these platelets were not oriented 
according to the crystallography of the host quartz, but 
instead appeared as randomly oriented inclusions on shal- 
low prism and rhombohedral planes. 

The platelets’ appearance in transmitted light is indica- 
tive of a common alteration pattern among a number of 
iron oxides and hydroxides. In this case, the platelets 
appeared to be composed of a mixture of hematite (red) 
and goethite (brownish yellow). EDXRF chemical analysis 
of one of the quartz samples where the inclusions were 
located close to the surface revealed traces of Fe, as expect- 
ed for hematite and goethite, but no Cu was detected. The 
inclusions were too deep in the quartz to obtain a clear sig- 
nal with the Raman microspectrometer, so a small 
amount of one sample was ground off to expose one of the 
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Figure 28. With reflected fiber- 
optic light (left), the platy inclu- 
sions in the Mina da Batalha 
amethyst have a coppery metal- 
lic appearance. In transmitted 
light (right), they are transpar- 
ent to translucent and have a 
red to earthy brownish yellow 
color—consistent with goethite 


platelets on the surface; it was identified as one of the two 
suspected minerals, goethite. 
Eric A. Fritz, John I. Koivula, and Brendan M. Laurs 


Sinhalite from Myanmar. Sinhalite was first recognized as 
a new mineral (in faceted form) in 1952, after having been 
misidentified for decades, most commonly as “brown peri- 
dot.” As early as 1912, a specimen of sinhalite at the British 
Museum that had originally been catalogued as 
chrysoberyl, and then “chrysolite,” was flagged for “further 
examination” because its properties did not match any 
then-known minerals (B. W. Anderson, “Two new gem- 
stones: Taaffeite and sinhalite,” Summer 1952 Gems & 
Gemology, pp. 171-175). The name comes from the word 
Sinhala, the Sanskrit word for Ceylon (now Sri Lanka), 
which was at the time the only known locality. Gem-qual- 
ity material has also been found in Mogok, Myanmar (C-. J. 
Payne, “A crystal of sinhalite from Mogok, Burma,” 
Mineralogical Magazine, Vol. 31, 1958, pp. 978-979; M. 
Gunawardene and M. S. Rupasinghe, “The Elahera gem 


Figure 29. These attractive sinhalites (1.35-3.20 ct) 
are from Mogok, Myanmar. Courtesy of Bradley 
Payne; photo by Kevin Schumacher. 
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and hematite, rather than 
native copper. Photomicro- 
graphs by J. I. Koivula; field 
of view ~1.6 mm. 


field in central Sri Lanka,” Summer 1986 Gems & 
Gemology, pp. 80-95). Although sinhalite has been known 
from Myanmar for decades, it has not become available in 
the gem market until fairly recently. 

Bradley J. Payne (The Gem Trader, Grand Rapids, 
Michigan) recently loaned seven faceted sinhalites 
(1.35-3.20 ct; figure 29) from Mogok for examination at 
GIA. While Burmese sinhalite is not new, we welcomed 
the opportunity to examine several such gemstones at the 
same time. The following properties were obtained: color— 
pale yellow to pale brownish yellow; pleochroism—very 
weak pale yellow and pale brown; RI—n,=1.666-1.668 and 
n,=1.704-1.706; birefringence—0.038; optic character— 
biaxial negative; hydrostatic SG—3.48-3.50,; fluores- 
cence—inert to both long- and short-wave UV radiation; 
and absorption lines visible with the desk-model spectro- 
scope at 452, 463, 475, and 493 nm, as well as a broad band 
in the violet range (up to 435 nm). Microscopic examina- 
tion revealed clouds, fluid inclusions, two-phase inclusions, 
and colorless graining. These results are comparable to 
reported properties for sinhalite (R. Webster, Gems, 5th ed., 
revised by P. G. Read, Butterworth-Heinemann, Oxford, 
UK, 1994, p. 373). 

The brown coloration in sinhalite has been attributed 
to iron (Webster, 1994). EDXRF analysis of three of the 
seven stones confirmed that they did indeed contain sig- 
nificant levels of iron. Other trace elements detected were 
Cr, Mn, Ga, and Zn. 

According to suppliers in Myanmar, the source of the 
Burmese sinhalite is Ohn Gaing (Ongaing) in northern 
Mogok. The most recent finds have occurred since 2005, 
and stones up to 16+ ct have reportedly been faceted 
(pers. comms., 2007: Mark Smith; Dudley Blauwet, 
Dudley Blauwet Gems, Louisville, Colorado). Mr. Smith 
indicated that the Burmese sinhalite is also notable for 
commonly occurring as well-formed crystals, unlike the 
material from Sri Lanka, which is typically found as 
water-worn pebbles. He also stated that the color of 
Burmese material is lighter and more yellow than the 
general range from Sri Lanka. 

Editor’s note: U.S. law covering import of Burmese 
gem materials was in the process of being reevaluated 
when this issue went to press. At the time GIA exam- 
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ined these stones, their import into the U.S. was permit- 
ted by existing law. 

Karen Chadwick (karen.chadwick@gia.edu) 

and Brendan M. Laurs 


Field study of Cu-bearing tourmaline mines in Mozam- 
bique. In late August and early September 2007, these con- 
tributors visited Mozambique’s Cu-bearing tourmaline 
deposits to obtain information on their location, geology, 
and mining. We were hosted by personnel from 
Mozambique Gems (Nampula, Mozambique}, which owns 
the first claim that was staked in the area for this tourma- 
line in 2003. 

The mining area for the Paraiba-type tourmaline is 
located near the eastern border of the Alto Ligonha peg- 
matite district, adjacent to the village of Mavuco in north- 
eastern Mozambique. An area of approximately 3 km? has 
been mined for the Cu-bearing tourmaline, which is host- 
ed exclusively by secondary deposits (paleoplacers) that are 
buried beneath as much as 5 m of lateritic material. The 
paleoplacers rest directly on top of weathered bedrock (e.g., 
biotite schist). Although nearby granitic pegmatites have 
been mined for aquamarine and quartz, they are not a 
source of Cu-bearing tourmaline. The extent to which 
gem tourmaline is distributed in the paleoplacers has not 
yet been established. In some places along the edges of the 
currently mined area, however, the diggers reported 
encountering only black tourmaline and no gem material, 
leading them to search elsewhere. 

To date, most of the tourmaline mining in the Mavuco 
region has taken place in the area to the south and east of the 
Mozambique Gems claim by local diggers using simple 
hand methods (figure 30). The miners use picks and shov- 
els to remove the overburden. Upon encountering the 
tourmaline-bearing horizon, they dig through the material 
with their picks to look for the gems. Although many 
stones are probably overlooked in the process, water for 
washing the soil is scarce or unavailable to the artisanal 
miners during most of the year, and the paleoplacers are 
infiltrated by clay so dry screening is not feasible. 

At the time of our visit, Mozambique Gems was 
preparing for a major mechanized operation on their 300 ha 
mining concession. They had completed a comprehensive 
environmental impact report and performed systematic 
mapping and test pitting of their claim. The extent of the 
tourmaline-bearing horizon was being refined through addi- 
tional test pitting with a backhoe, followed by wet-screen- 
ing (figure 31) using water from a river adjacent to their 
claim. They were also constructing a washing plant that 
will be capable of processing 150-200 tonnes of material 
per day (figure 32). Mozambique Gems expects to complete 
the washing plant in early to mid-2008, at which time they 
will begin mining and simultaneous reclamation of 
the pits. In addition, the owners of other claims in the sur- 
rounding area have consolidated their claims and are mak- 
ing preparations for mechanized mining. 

While in the regional capital of Nampula (about 90 km 
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Figure 30. Most of the production of Cu-bearing tour- 
maline from Mozambique has come from artisanal 
miners using simple hand tools. Photo by B. M. Laurs. 


Figure 31. Material from test pits on the Mozambique 
Gems claim is first wet-screened and then hand 
picked for tourmaline. Photo by J. C. Zwaan. 
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Figure 32. Future mining for Cu-bearing tourmaline 
by Mozambique Gems will employ this washing 
plant. Photo by B. M. Laurts. 


north of Mavuco}, we purchased samples from a parcel of 
rough material that was reportedly mined from the 
Mavuco area. The parcel consisted of waterworn pebbles— 
all reportedly unheated—showing a range of colors and 
sizes. From the smaller pieces (e.g., figure 33), we obtained 
samples that were representative of the color range in that 
parcel. Subsequent laser ablation-inductively coupled plas- 
ma-—mass spectrometry (LA-ICP-MS) analyses were done 
to chemically characterize the tourmaline, but the data 
showed that three of the 20 pebbles consisted of amethyst, 


Figure 33. A variety of colors is seen in this parcel of 
waterworn pebbles represented as unheated Cu-bearing 
tourmaline from Mozambique. Three of the samples 
obtained from this parcel proved to be imitations: an 
amethyst, a light yellowish green fluorite, and a light 
bluish green manufactured glass. Photo by J. C. Zwaan. 
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light yellowish green fluorite, and light bluish green man- 
ufactured glass. A light green pebble that was obtained 
directly from one of the miners at the pits also was identi- 
fied as fluorite. As with any gem mining area, the presence 
of imitations is of concern, regardless of whether they are 
unknowingly or intentionally offered to buyers. Separating 
out such imitations can be particularly challenging when 
dealing with multicolored parcels of waterworn rough. 

The future production of Cu-bearing tourmaline from 
Mozambique should be bolstered by the mechanized min- 
ing activities that are due to commence in the coming 
months. Additional information on this tourmaline will 
appear in an article being prepared for submission to Gems 
& Gemology. 

Acknowledgments: We appreciate the helpful assistance 
of Moses Konate, Salifou Konate, Chirindza Henrique, and 
Daniel Trinchillo in facilitating our visit to the mining area. 

Brendan M. Laurs 


J. C. (Hanco) Zwaan 
National Museum of Natural History 
Leiden, The Netherlands 


New Cu-bearing tourmaline from Nigeria. Copper-bearing 
(Paraiba-type) tourmaline is currently known from three 
countries: Brazil, Nigeria, and Mozambique. Within a 
given country, stones from different mines (in the case of 
Brazil and Nigeria) show variations in color and composi- 
tion (e.g., A. Abduriyim et al., “Paraiba’-type copper-bear- 
ing tourmaline from Brazil, Nigeria, and Mozambique: 
Chemical fingerprinting by LA-ICP-MS,” Spring 2006 
Gems & Gemology, pp. 4-21). However, most of the 
Nigerian stones we have examined at GIA were remark- 
ably consistent in color (light blue to green) and trace-ele- 
ment composition (enriched in Pb). 

In October 2007, Bill Barker (Barker & Co., Scottsdale, 
Arizona) informed these contributors about a new source of 
Cu-bearing tourmaline in Nigeria that has produced material 
with a wide range of saturated colors similar to those from 
the original source of Paraiba tourmaline at Mina da Batalha, 
Paraiba State, Brazil. These colors were quite different from 
those seen previously in Nigerian material. According to his 
supplier, the stones came from a different area than those 
that have been mined previously for this tourmaline. All of 
the rough material consisted of broken fragments, so it was 
not possible to determine whether they originated from a pri- 
mary or secondary deposit. So far Mr. Barker has obtained 
approximately 100 g of rough, from which 24 stones have 
been faceted in weights ranging from 0.2 to 4 ct. 

Mr. Barker loaned 12 of the faceted stones (0.31-1.04 ct; 
figure 34) to GIA for examination. They showed highly sat- 
urated violet to bluish violet (five stones], blue (two), bluish 
green (one}, green (two), and purple (two) colors that we had 
not previously seen in Nigerian Cu-bearing tourmaline. 
Only the two blue stones and one of the bluish green sam- 
ples were reported to have been possibly heat treated. The 
following properties were obtained on the 12 samples: RI— 
1.620-1.643,; SG—3.01-3.12; and inert to both long- and 
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Figure 34. These 12 intensely colored Cu-bearing 
tourmalines (0.31-1.04 ct) were reportedly produced 
from a new locality in Nigeria. Courtesy of Barker & 
Co.; photo by Robert Weldon. 


short-wave UV radiation. Microscopic examination 
revealed typical “trichites,” growth tubes, and two-phase 
(liquid and gas) inclusions in nearly all samples. 

EDXRF chemical analysis confirmed that the tourma- 
lines contained significant concentrations of Cu, and 
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LA-ICP-MS indicated Cu contents up to ~1.5 wt.%. 
Interestingly, most of these intensely colored tourmalines 
had relatively low Pb concentrations (<40 ppm). These 
new Nigerian stones show a strong resemblance to their 
Brazilian counterparts in both color and chemistry. They 
provide a good reminder of the difficulties associated with 
determining the country of origin for gems, given the 
almost inevitable discovery of new localities. Thorough 
characterization of gems as they are produced from new 
mines allows gemological laboratories to remain confident 
in their ability to determine their geographic origin. 
Christopher M. Breeding (christopher. breeding@gia.edu) 
and Kimberly Rockwell 
GIA Laboratory, Carlsbad 


Brendan M. Laurs 


SYNTHETICS AND SIMULANTS 

New Tairus synthetic beryl simulating “Paraiba” tourma- 
line. The popularity of copper-bearing blue-to-green elbaite 
tourmaline, referred to as “Paraiba” in the trade, has 
increased remarkably in the last decade. This has led to a 
greater number of products intended to simulate it, such 
as apatite, glass, cubic zirconia, and beryl and topaz 
triplets. To this list we now add synthetic beryl. 

At the September 2007 Bangkok Gem & Jewelry Fair, 
Tairus Created Gems (Novosibirsk, Russia) was selling a 
gem material they called “Synthetic Paraiba.” A represen- 
tative informed one of the authors (CG) that it was 
“Paraiba shade synthetic beryl,” which Tairus had recent- 
ly introduced into the market. The existence of a similar 
imitation from Tairus was mentioned by J. E. Shigley et 
al. (“An update on ‘Paraiba’ tourmaline from Brazil,” 
Winter 2001 Gems & Gemology, pp. 260-276). At the 
Bangkok show, both crystals (~0.3-0.7 g) and cut speci- 
mens (~0.2—1 ct) of the bright greenish blue material were 
available. While only a minor amount of material was on 
display, we were told that any quantity could be made 
available upon ordering. Two samples (a 0.5 g crystal and 
a 0.42 ct oval cut; figure 35) were purchased for study and 
as reference material. 


Figure 35. Tairus Created 
Gems represented this syn- 
thetic beryl crystal (0.5 g) and 
oval cut (0.42 ct) synthetic 
beryl as “Synthetic Paraiba,” 
an imitation of the highly 
valued copper-colored tour- 
maline. The characteristic 
wavy surface of the crystal 
and the undulating chevron 
patterns in the faceted speci- 
men indicate hydrothermal 
origin. Photos by C. Golecha. 
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Figure 36. Chevron growth patterns were obvious in 
the synthetic beryl with magnification. Photomicro- 
graph by C. Golecha; magnified 35x. 


The crystal was readily identifiable as a product of 
hydrothermal growth by the presence of wavy features on 
its surface (figure 35, left), similar to those seen on Tairus 
synthetic emeralds (K. Schmetzer et al., “A new type of 
Tairus hydrothermally-grown synthetic emerald, coloured 
by vanadium and copper,” Journal of Gemmology, Vol. 30, 
No. 1/2, 2006, pp. 59-74). This pattern was expressed in 
the interior of both samples as (undulating) chevron fea- 
tures, some of which were visible even to the unaided eye 
(figure 35, right). 

Both samples were greenish blue, with moderate light 
blue/greenish blue pleochroism. The faceted sample dis- 
played a uniaxial optic figure, and it had refractive indices 
of 1.594-1.600. The hydrostatic SG of both samples was 
2.75. These RI and SG values are much higher than those 
previously reported for synthetic aquamarine (e.g., K. 
Schmetzer, “Hydrothermally grown synthetic aquamarine 
manufactured in Novosibirsk, USSR,” Fall 1990 Gems & 
Gemology, pp. 206-211, S. Smirnov et al., “New hydro- 
thermal synthetic gemstones from Tairus, Novosibirsk, 
Russia,” Fall 1999 Gems & Gemology, pp. 175-176). No 
absorption spectrum was visible in either sample with the 
desk-model spectroscope, and the samples were inert to 
long- and short-wave UV radiation. 

Strong chevron growth patterns were the main features 
seen in both samples when examined with magnification 
(figure 36); these have been described as irregularly chang- 
ing subgrain boundaries between subindividuals 
(Schmetzer, 1990). The crystal also exhibited a “hounds- 
tooth” pattern originating from planes parallel to the wavy 
surface (figure 37). This pattern is generally indicative of 
synthetic origin, though similar-appearing conical features 
have been reported in natural emerald (see Fall 2005 Gem 
News International, pp. 265-266). 

Qualitative EDXRF chemical analysis revealed the 
presence of Al and Si, as expected for beryl. (Be cannot be 
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Figure 37. “Houndstooth” patterns were approximate- 
ly 90° to the direction of the chevrons in the synthetic 
beryl. Photomicrograph by C. Golecha, immersion; 
magnified 25x. 


detected by EDXREF spectroscopy.) Significant amounts of 
Fe and Cu were also detected. Fe is well known as the 
cause of color in aquamarine, while Cu has also been 
reported as the chromophore in synthetic blue beryl; 
(Schmetzer et al., 2006); the relatively high RI and SG val- 
ues are possibly due to the presence of these impurities. 
The FTIR absorption spectra of both samples exhibited 
a sharp peak at 5266 cm~, an absorption band ranging from 
4000 to 3400 cm~!, and general absorption below 2100 cm7! 
(figure 38). The overall absorption pattern resembled the 
spectrum of natural emerald more than that of typical 
hydrothermal synthetic emeralds. However, the spectral 
pattern in the 2600-2100 cm~ region revealed the differ- 
ence (see also J. I. Koivula et al., “Gemological investiga- 


Figure 38. The infrared absorption spectra of the 
Tairus synthetic beryl crystal and natural emerald 
are quite similar. However, the absence of a peak at 
2358 cm! indicates synthetic origin. 
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tion of a new type of Russian hydrothermal emerald,” 
Spring 1996 Gems & Gemology, pp. 32-39). 

Synthetic beryl has been known for decades, but the 
commercial availability of this particular color as a simulant 
for Paraiba tourmaline is a new development that is designed 
to capitalize on the popularity of this type of tourmaline. 

Gagan Choudhary (gtl@gjepcindia.com) 
and Chaman Golecha 
Gem Testing Laboratory, Jaipur, India 


An unusual YAG with a “reverse” color change. Yttrium 
aluminum garnet (YAG) is manufactured primarily for 
industrial purposes, with some “leftovers” used as a gem 
simulant. Though YAG was first produced commercially 
in colorless form, it has since been seen in numerous hues, 
such as green, yellow, pink, red, blue, and “lilac.” Most 
YAGs are eye-clean, but a few included specimens have 
been reported (see, e.g., Winter 1993 Lab Notes, p. 284). 

Recently, a 9.44 ct oval mixed cut gem was encoun- 
tered at the Gem Testing Laboratory, Jaipur, India. 
Standard gemological testing identified it as YAG. In day- 
light the sample appeared yellow, with some tinges of 
orange, and it contained abundant eye-visible planes of 
inclusions (figure 39). The desk-model spectroscope 
revealed a series of strong lines and bands across the spec- 
trum (i.e., a typical rare-earth spectrum). The sample fluo- 
resced a reddish orange to UV radiation, stronger to short- 
wave than to long-wave. 

With magnification, the YAG displayed a complex array 
of etch channel-like inclusions (figure 40), gas bubbles and 
tube-like inclusions (figure 41), and angular growth zoning 
(figure 42). The etch channel-like inclusions were highly 
reflective, and appeared either opaque or flux-like depending 
on the viewing direction and illumination. Some cloudy 
patches were also seen. We have not observed such inclu- 
sions in YAG in our laboratory, although somewhat similar 
features have been reported (see the Lab Note cited above). 
The presence of gas bubbles indicated that it was a product 
of Czochralski pulling and not a flux growth process; howev- 
er, the possibility of production via the floating zone tech- 
nique cannot be ruled out. 

The sample became even more interesting when it was 
viewed with different types of illumination. In daylight- 
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Figure 39. This 9.44 ct 
YAG was unusual due 
to its heavily included 
nature and its “reverse” 
color change: yellow in 
incandescent light (left) 
and sunlight, and 
orangy pink in daylight- 
equivalent fluorescent 
light (right). Photos by 
C. Golecha. 


equivalent fluorescent light, it appeared orangy pink (again, 
see figure 39). However, when viewed in incandescent light, 
it appeared yellow (as in sunlight). As such, this YAG 
showed a “reverse” effect, since color-change stones general- 
ly appear pink or red in incandescent light. This type of color 
change has been referred to as type 2, and is commonly seen 
in manufactured glasses and, rarely, in some other gems (e.g., 
Y. Liu and B. A. Fry, “A colorimetric study of a tourmaline 
from Mozambique which shows a reverse alexandrite 
effect,” Journal of Gemmology, Vol. 30, No. 3/4, 2006, pp. 
201-206). Consistent with the YAG reported here, Liu and 
Fry (2006) indicated that type 2 stones show a color change 
between sunlight and daylight-equivalent fluorescent illumi- 
nation, as well as between fluorescent and incandescent 
light, but not between sunlight and incandescent light. The 
cause of the type 2 color change in this YAG is not known. 
Gagan Choudhary and Chaman Golecha 


Figure 40. Although YAG is typically flawless, this 
sample contained abundant inclusions with the 
appearance of etch channels. These features were 
highly reflective in certain directions. Photomicro- 
graph by C. Golecha, immersion in di-iodo-methane; 
magnified 20x. 
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CONFERENCE REPORTS 


Geological Society of America 2007. The 119th Annual 
Meeting of the Geological Society of America was held 
October 28-31 at the Colorado Convention Center in 
Denver. This year’s theme was Earth Sciences for 
Society and launched the International Year of Planet 
Earth. Nearly 7,000 geoscientists attended. Some presen- 
tations focused on gem topics, and a searchable database 
of all the conference abstracts is available on-line at 
http://gsa.confex.com/gsa/2007AM/finalprogram. 

Dr. John-Paul Zonneveld (Geological Survey of 
Canada, Calgary) described the diamondiferous kimber- 
lites of central Canada. The Fort a la Corne area contains 
unusually well-preserved examples of extrusive pyroclas- 
tic kimberlites. Volcanism occurred in this region during 
the Lower Cretaceous, approximately 100 million years 
ago (Ma), in coastal plain and shallow marine settings. 
Volcanically induced faulting caused elevation changes, 
allowing marine shale to cover and preserve these impor- 
tant diamond-bearing kimberlite deposits. 

Dr. Monaliza C. Sirbescu and James J. Student (Central 
Michigan University, Mount Pleasant) explained the crys- 
tallization history of a granitic pegmatite dike (~2 m thick] 


Figure 42. Angular growth zoning, similar to that seen 
in some natural gems, was also present in the YAG. 
Photomicrograph by C. Golecha; magnified 30x. 
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Figure 41. Numerous gas 
bubbles were present 
throughout the YAG, 
along with complex 
tube-like inclusions. 
Photomicrographs by 

C. Golecha; magnified 
35x (left) and 30x 
(right). 


in northeastern Wisconsin using microthermometry and 
conductive-cooling numerical modeling. High cooling rates 
in the outer zone exceeded the crystal nucleation rate and 
caused a temperature differential between the inner and 
outer zones. This undercooling caused rapid disequilibrium 
crystallization, and solidification was estimated at about 10 
days. Similar crystallization times may be inferred for gem- 
bearing pegmatite dikes of comparable thickness. 

Laura Bergen (University of Manitoba, Canada) studied 
turquoise deposits in Nevada, California, Arizona, and 
New Mexico. The genesis of these deposits was influenced 
by tectonic, magmatic, and sedimentation events. This 
supports one hypothesis that turquoise formed by descend- 
ing meteoric waters, a phenomenon known as supergene 
enrichment. 

Dr. George Harlow (American Museum of Natural 
History, New York) gave two presentations on jadeitite (a 
rock composed of jadeite and other minerals) and related 
rocks from central Guatemala. The first described the sedi- 
ment signatures of two adjacent serpentinite mélange belts 
along the Motagua fault zone, which suggested that the 
jadeitite originated “by precipitation from fluids coming off 
a subduction channel.” The second looked at the 
geochronology of jadeitite-bearing high-pressure, low-tem- 
perature metamorphic blocks along the Motagua fault zone. 
Using regional geology and chronology data, the study con- 
cluded that tectonic blocks (including jadeitite) were meta- 
morphosed during two tectonic events, one at ~130 Ma and 
the other at ~65 Ma. 

Dr. Stephen Peters (U.S. Geological Survey, Denver, 
Colorado) spoke about the results of field studies to assess 
the non-fuel mineral resources of Afghanistan. There are 
known deposits of rubies, emeralds, tourmaline, and lapis 
lazuli; as-yet-undiscovered deposits of several commodi- 
ties are likely. The full USGS report and supporting geo- 
logic studies are available at http://afghanistan.cr.usgs.gov. 

Dr. Nancy McMillan (New Mexico State University, 
Las Cruces) presented a study on the use of laser-induced 
breakdown spectroscopy (LIBS) to rapidly identify carbon- 
ate and silicate minerals. Fifty-two minerals and their 
resultant spectra were analyzed; 95% of the minerals were 
correctly identified, with the other 5% misidentified as a 
mineral of similar composition from the same mineral 
family. The study suggests that LIBS may be useful in the 
future for the rapid identification of minerals in the field. 
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Tom 


LAPIS-LAZULI, SODALITE, VIOLANE 


Figure (A) shows violane, a massive pyroxene named after 
its color. San Marcel, Piedmont. The Jasper (B) has been 
colored to imitate lapis-lazuli. Nunkirchen, Rhenish Prussia. 
Figure (C) is sodalite, a mineral closely resembling lapis-lazuli, 
but which lacks the familiar metallic inclusions common to the 
latter. Dungannon Co., Ontario. (D) is a fine specimen of lapis- 
lazuli. Specimens from the collection of British Museum 
(Natural History), London. 


PLATE XX 


Dr. Denise Battles (University of Northern Colorado, 
Greeley) and Dr. Jane Hudak (Georgia Southern University, 
Statesboro) presented a proposal for a textbook on art and 
geology (with gemology as a key component), which would 
focus on the interdisciplinary relationship between the 
two. The textbook will fulfill a need for educational materi- 
als that support the concept of combined disciplines and 
will allow active learning with hands-on activities. The 
authors shared the first two chapters of the textbook proto- 
type, one of which is richly illustrated with gems and 
includes a timeline showing jewelry through the ages. 

Kathleen Dailey, Dona Dirlam, Cathy Jonathan, 
and Paula Rucinski (library@gia.edu) 
GIA Library, Carlsbad 


Goldschmidt 2007. The 17th Annual V. M. Goldschmidt 
Conference took place August 19-24 in Cologne, Germany, 
and featured a session titled “Applied geochemistry—from 
brines and rare-earth elements to diamonds” in honor of 
long-time Ge#G contributor Dr. Alfred A. Levinson. A por- 
tion of this session was devoted to the theme “Gem 
Mineralogy, Diamonds and Gemstones.” There also were 
presentations of interest to gem scientists in other confer- 
ence sessions. Abstracts are available via a searchable 
database at www.goldschmidt2007.org/abstracts.php. 

Dr. H. Sommer (University of Botswana, Gaborone) 
described an ambitious new multidisciplinary endeavor— 
International Geological Correlation Programme Project 
557, “Diamonds, Xenoliths and Kimberlites: A Window 
into the Earth’s Interior’”—that will study diamond forma- 
tion and the effect of kimberlite ascent rate on diamond 
preservation during eruption. 

Dr. S. Aulbach (University of Alberta, Edmonton, 
Canada) studied the isotopic composition (Re-Os) of syn- 
genetic sulfide inclusions in diamonds from the 
Jagersfontein mine in South Africa. Several factors point 
toward diamond crystallization at multiple depths. In con- 
trast to other eclogitic sulfide inclusion suites from the 
Kaapvaal craton, the absence of such suites of Archean age 
may relate to unique aspects of the Jagersfontein kimber- 
lite (i.e., its transport and preservation of very deep dia- 
monds, or its location on the edge of the craton). 

Dr. R. S. Harmon (Army Research Office, Research 
Triangle Park, North Carolina) presented research con- 
ducted by C. E. McManus on the geographic origin deter- 
mination of gem beryls with LIBS analysis. Considerable 
chemical variability was documented in beryls from just 
one locality in New Hampshire (Palemero No. 1 peg- 
matite), indicating the need for a large sample base to per- 
form reliable origin identification. 

Dr. T. Tsujimori (Okayama University, Tottori, Japan) 
presented Dr. S. S. Sorensen’s work on the formation of 
jadeitite and related rocks in Guatemala. The unusual geo- 
chemical signature of meta-ultramafic rocks adjacent to 
the jadeitite bodies is apparently the result of interaction 
with metasomatic fluids that permeated along the contact 
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between the jadeitite and host serpentinite. 

Dr. D. E. Jacob (Johannes Gutenberg University, 
Mainz, Germany) examined the distribution and charac- 
teristics of vaterite (a polymorph of CaCO,]} in freshwater 
cultured pearls from a Hyriopsis mollusk. In high-quality 
pearls, vaterite formed relatively small areas (1-1.5 mm 
diameter) near their center. However, low-quality samples 
were in some cases comprised mostly of vaterite. Detailed 
examination of growth rings in the cultured pearls suggest- 
ed that vaterite and aragonite grew simultaneously, and 
that vaterite may not have been an initial template for 
aragonite growth. 

This contributor provided a genetic model for the for- 
mation of yellow gem tourmaline at the Canary mine in 
Zambia (see article in this issue of Gems e) Gemology). 

Brendan M. Laurs 


The Madison Dialogue Ethical Jewelry Summit. The 
Madison Dialogue (www.madisondialogue.org) is a cross- 
sector initiative aimed at encouraging best practices in the 
gold, diamond, and other mineral industries by promoting 
communication and collaboration, sustainable economic 
development, and verifiable sources of responsibly mined 
materials. The initiative was launched at a meeting in New 
York (on Madison Avenue) in August 2006. On October 
25-26, 2007, the Madison Dialogue Ethical Jewelry Summit 
took place at the World Bank headquarters in Washington, 
DC, to discuss ways to improve socioeconomic conditions 
for marginalized small-scale (artisanal) miners around the 
world. This meeting also sought to develop ethical stan- 
dards for business conduct in source countries, with inde- 
pendent third-party verification systems. The overall goal 
was to lay the foundation for the manufacture of “ethical 
jewelry”—jewelry assembled in ways that meet environ- 
mental, social justice, and transparency standards along the 
supply chain from source countries to consuming nations. 
Attendees included non-governmental organizations, 
such as Communities and Small Scale Mining (which 
hosted the forum), the Association for Responsible 
Mining, Earthworks, Partnership Africa Canada, Urth 
Solutions, Ethical Metalsmiths, and Fairtrade Labelling 
Organizations International. Among the mining (metal, 
diamond, and colored stone) concerns, gem dealers, and 
educational and jewelry trade organizations represented 
were the Council for Responsible Jewellery Practices, 
Jewelers of America, the De Beers Group, Rio Tinto, 
AngloGold Ashanti, Columbia Gem House, Nature’s 
Geometry, Rapaport Group, the Gemological Institute of 
America, and Oro Verde. The jewelers and jewelry manu- 
facturers contingent included representatives from Ben 
Bridge, Cartier, Tiffany & Co., Leber Jeweler, Cred 
Jewellery, greenKarat, Finesse Diamonds, and Sterling. 
Although many of the participants had already under- 
taken a variety of ethical initiatives on their own, the 
Madison Dialogue was the first such forum for this cross- 
section of global players to openly share knowledge and 
discuss the issues of ethical jewelry. Participants agreed on 
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a mutual goal of building confidence for all players in the 
gem and metals supply chain. Discussions made it clear, 
however, that methods of accomplishing this goal might 
differ. As some differences are rooted in language or cultur- 
al realities, Madison Dialogue organizers included an ini- 
tial session to discuss nomenclature and clear definitions 
for such terms as fair trade, environmental and social 
responsibility, sustainability, and third-party assurance 
systems. 

At the close of the two-day summit, participants agreed 
to release the following declaration: “We believe there is an 
opportunity to make a difference in the lives and commu- 
nities of artisanal/small-scale miners and other marginal- 
ized workers worldwide by developing and implementing 
robust standards for the production of ethical and fair trade 
metals, diamonds, gems, and jewelry. We also encourage 
governments, where needed, to develop policies and regula- 
tions that protect these miners, workers, and their commu- 
nities.” Participants also agreed to form working groups to 
address issues specific to the mining of metals, diamonds, 
and colored stones, as well as the development of standards 
and third-party assurance systems. 

Robert Weldon (rweldon@gia.edu) 
GIA Library, Carlsbad 


ANNOUNCEMENTS 


Visit Gems &) Gemology in Tucson. Meet the editors and 
take advantage of special offers on subscriptions and back 
issues at the G#G booth in the publicly accessible Galleria 
section (middle floor) of the Tucson Convention Center dur- 
ing the AGTA show, February 6-11, 2007. GIA Education’s 
traveling Extension classes will offer hands-on training with 
“Colored Stone Grading” (February 5-7), “Pearls” (February 
8), and “Identifying Diamond Treatments” and “Identifying 
Ruby” (February 9). Several free seminars will also be 
offered by GIA staff February 10-11. To enroll, call 800-421- 
7250, ext. 4001. Outside the U.S. and Canada, call 760-603- 
4001. The GIA Alumni Association will host an auction 
and dance party at the Marriott University Park Hotel in 
Tucson on February 8, starting at 6:30 p.m. To reserve tick- 
ets, call 760-603-4204 or e-mail events@gia.edu. 


Conferences 

NAJA annual conference. The National Association of 
Jewelry Appraisers is holding its 29th annual Winter 
Educational Conference February 4-5, 2008, during the 
Tucson gem shows. Visit www.najaappraisers.com. 


Hasselt Diamond Workshop. Held February 25-27, 2008 
at Hasselt University, Diepenbeek-Hasselt, Belgium, this 
conference will cover a variety of diamond-related research 
subjects. Visit www.imo.uhasselt.be/SBDD2008. 


PDAC 2008. The Prospectors and Developers Association of 
Canada convention will take place March 2-5 in Toronto. 
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The technical session will include an update on the 
Canadian diamond industry (including progress at Snap 
Lake and Victor) and a review of current diamond prospect- 
ing in India. Visit www.pdac.ca/pdac/conv. 


Bead Expo. The 2008 International Bead Expo will be held 
in Portland, Oregon, March 27-30. Over 60 workshops and 
educational lectures on bead jewelry design and manufac- 
ture are scheduled. Visit www.beadexpo.com. 


BASELWORLD 2008. The BASELWORLD show will be 
held April 3-10 in Basel, Switzerland. During the show, 
Gems & Gemology editor-in-chief Alice Keller will be 
available at the GIA booth in Hall 2, Stand W23. Visit 
www.baselshow.com or call 800-922-7359. 


35th Rochester Mineralogical Symposium. A variety of 
gem and mineral topics will be presented at this sympo- 
sium, held April 10-13, 2008, in Rochester, New York. 
Visit www.rasny.org/MinSymposium/MineralSymp.htm. 


Réunion des Sciences de la Terre. This earth science con- 
ference will be held April 21-24, 2008, in Nancy, France. 
The program will include a session on gems. Visit 
www.RST2008.u-nancy.f. 


Sinkankas garnet symposium. Garnet will be featured in 
the sixth annual John Sinkankas Memorial Symposium, 
held April 19, 2008 at GIA Carlsbad. A variety of experts 
will speak on garnet localities, inclusions, treatments, 
appraising, lapidary work, and literature at this all-day 
educational event. E-mail merksjade@cox.net. 


CIM Conference and Exhibition. Held May 4-7, in 
Edmonton, Alberta, the 2008 meeting of the Canadian 
Institute of Mining, Metallurgy and Petroleum will feature 
a session on the geology of diamonds in Canada. Visit 
www.cim.org/edmonton2008. 


Art2008. Held May 25-30 in Jerusalem, Israel, the 9th 
International Art Conference on Non-destructive 
Investigation and Analysis will focus on items of cultural 
heritage, but will have implications for gem testing. Visit 
www.isas.co.il/art2008. 


Quebec 2008: GAC-MAC-SEG-SGA. Held May 26-28 in 
Quebec City, Canada, this joint conference organized by 
the Geological Association of Canada, Mineralogical 
Association of Canada, Society of Economic Geologists, 
and the Society for Geology Applied to Mineral Deposits 
will include special sessions on “Diamonds: from Mantle 
to Jewellery” and “Challenges to a Genetic Model for 
Pegmatites,” as well as a short course called “Rough 
Diamond Handling.” Visit www.quebec2008.net. 


NDNC-2008. The growth, processing, characterization, 
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properties, and applications of diamond and related materi- 
als will be covered at the 2nd International Conference on 
New Diamond and Nano Carbon, held May 26-29 in 
Taipei, Taiwan. Visit http://diamond.iams.sinica.edu.tw/ 
NDNC2008. 


ICAM 2008. Gems will be one of the subjects covered at 
the 9th International Congress for Applied Mineralogy 
on September 8-10 in Brisbane, Australia. Visit 
www.icam2008.com. 


2009 GIA Gemological Research Conference. The 2009 
GRC will be held August 21-23, 2009 in San Diego, 
California. Further details will be made available as the 
date approaches. Visit http://grc2009.gia.edu or email 
grc2009@gia.edu. 


Exhibits 

Exhibits at the GIA Museum. Through February 29, 2008, 
“Reflections in Stone” will showcase famed gem carver 
Bernd Munsteiner's work during the period 1966-2003. 
On display in the Mikimoto Rotunda, the exhibit includes 
carved quartz, tourmaline, and beryl, ranging from pieces 
set in jewelry to large table-top sculptures. From May 21 
through December 2008, “Facets of GIA” will showcase 
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the various gemological services that GIA provides, 
including diamond grading, gem identification, education, 
and public outreach. As part of this exhibit, the Aurora 
Butterfly of Peace—a display comprised of 240 natural 
fancy-colored diamonds—will be featured through July 
2008, courtesy of Alan Bronstein and Harry Rodman (see 
also the article on pp. 332-351 of this issue). Advance reser- 
vations are required; to schedule a tour, call 760-603-4116 
or e-mail museum@gia.edu. 


Gems! Colors of Light and Stone. The Michael Scott col- 
lection has returned to the Bowers Museum in Santa Ana, 
California, with an expanded display of rare colored 
stones, carvings, and sculptures. The exhibit will run until 
June 16, 2008. Visit www.bowers.org. 


The Aurora Collection at The Vault. “The Vault,” a new 
permanent collection of rare gemstones and mineral speci- 
mens, is now open at the Natural History Museum in 
London. Headlining the initial exhibit is the Aurora 
Collection, currently comprising 296 naturally colored dia- 
monds (267.45 carats total weight) assembled by diamond 
collectors Alan Bronstein and Harry Rodman. Also on dis- 
play is the 47.69 ct Star of Africa, which helped launch the 
1869 diamond rush in South Africa, and the 1,385.95 ct 
Devonshire emerald crystal. Visit www.nhm.ac.uk/galleries. 


UNCOVER THE SCIENCE 
OF GEMOLOGY AT THE 
2009 GEMOLOGICAL 
RESEARCH CONFERENCE. 


Cutting-edge oral and poster presentations on topics such as: 
diamond and colored stone treatments, geology of gem deposits, 
and identification instrumentation. 


Plus, insightful keynote presentations, 
international and multi-disciplinary 
participation, and field trips to gem 
pegmatite mines in San Diego County. 


GRE — 


GEMOLOGICAL RESEARCH CONFERENCE 2009 
SAN DIEGO, CA * AUGUST 21-23 


GIA 


GRCWIO7 
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BOOK 


REVIEWS 


EDITORS 

Susan B. Johnson 

Jana E. Miyahira-Smith 
Thomas W. Overton 


Jewels: A Secret History 


By Victoria Finlay, 472 pp., illus., 
publ. by Ballantine Books, New 
York, 2006. US$25.95 


What a wondrous jeweled travelogue 
Victoria Finlay has created! She takes 
the reader across the globe to learn the 
stories behind some of the world’s 
most prized gem materials—from 
Kaliningrad’s Amber Coast to Scot- 
land’s pearl-bearing rivers, a church 
built into an opal mine in Australia, 
and Cleopatra’s legendary emerald 
mines. She even goes to Sri Lanka in 
an effort to learn more about a sap- 
phire passed down in her family. Ms. 
Finlay relays her fascinating experi- 
ences meeting individuals in these far- 
flung locales, but with no sugar coat- 
ing. She writes of the hardships of 
peridot mining on an Arizona reserva- 
tion, of being warned of dishonestly 
sold synthetics, and of blood dia- 
monds. As a reader, I greatly appreciat- 
ed her candor and found the accounts 
of her experiences enthralling. 

While this is not an all-encom- 
passing work that will make the 
reader an expert on any of the chosen 
gems, it offers a thoughtful look at 
the role various gems have played in 
world history. Included are useful 
lists of birthstones, anniversary gems, 
a glossary of gem-related terms, and 
additional reading. If you are interest- 
ed in the story of one woman’s gem 
experiences around the globe, this is 
it! 

JANA E. MIYAHARA-SMITH 

Gemological Institute of America 

Carlsbad, California 
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Fine Minerals of China: 
A Guide to Mineral Localities 


By Guanghua Liu, 366 pp., illus., 
publ. by AAA Minerals AG, 
Switzerland, 2006. US$148.00 


Not long ago, Chinese mineral speci- 
mens were curious rarities. A cinnabar 
crystal, even a meager one by today’s 
standards, was something to boast 
about! Today, Chinese minerals are 
abundant on the market, and prices 
are relatively good. Although this is a 
great time to add them to your collec- 
tion, there are still pitfalls to beware 
of. Because some localities have been 
vaguely or even deceptively reported, 
and many new sources and species are 
entering the market, there is definitely 
aneed for a book that caters to the col- 
lector. 

Most mineral collectors are not as 
interested in the scientific aspects as 
professional mineralogists are. Our 
concerns relate more to the sheer 
beauty and rarity of specimens, their 
acquisition, and pride of ownership. 
For instance, the comparative quality, 
characteristics, availability, and prices 
of the specimens are paramount. Also, 
the reliability of the localities given 
for the specimens and whether there 
are opportunities to visit the mines 
and personally collect material are 
important. Fine Minerals of China, 
written by experienced geologist and 
mineral dealer Guanghua Liu, address- 
es many of these concerns. 

The book has three main parts. 
Part 1 presents a geologic overview, 
followed by brief sections on mineral 
deposits, mining history, mineral and 
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rock collecting, and the mineral trade. 
Part 2 is a guide to localities, includ- 
ing 45 important sources of fine min- 
eral specimens in 13 provinces. A 
brief look at each province is followed 
by locality descriptions that include 
location, mining history, accessibili- 
ty, and major collectible minerals. 
There are photos of the localities as 
well as superb color photos of speci- 
mens. Part 3 is a compilation of data, 
with tables for Chinese deposits that 
have potential for collectible speci- 
mens, minerals first found in China, 
and meteorite finds. There are also 
indexes of mineral localities. 

This book delivers much of what 
mineral collectors need most. 
Gemologists will enjoy the informa- 
tion on the many gem species China 
has to offer, though it should be 
noted that none of them are shown in 
fashioned form. There are many use- 
ful maps throughout, and the fine 
photos are helpful in determining if a 
specimen’s characteristics are consis- 
tent with a particular locality. Using 
this book, I was able to verify or dis- 
prove the localities of many Chinese 
specimens in my collection, and to 
add details to the information in my 
catalog. 

I liked the fact that the descrip- 
tions of the geology are not overly 
technical, but still give the big pic- 
ture. Also useful were the history of 
the deposits and China’s overall min- 
ing history. The pages devoted to 
mineral and rock collecting and the 
mineral trade are especially well suit- 
ed for a collector's book. 

In the introduction to Part 1, an 
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effort is made to explain that the trans- 
lation from Chinese to English follows 
the Pinyin system, the official standard 
for romanizing Mandarin characters. A 
description of how some Pinyin pro- 
nunciations differ from the romanized 
versions is given. There is also a chart 
that compares the conventional 
spelling and Pinyin spelling of the 
provinces. Some common Chinese 
characters and their English transla- 
tions also are included, such as kuang 
for mineral or mine and shan for 
mountain. This chart greatly helps 
those who cannot speak or read 
Chinese but want to pronounce the 
localities correctly and understand 
why other spellings are found on speci- 
men labels. 

On the minus side, a few of the 
figure captions seemed to be incor- 
rect. One such technicality is the 
reporting of hiddenite, the green spo- 
dumene colored by chromium, as 
coming from one of the deposits. Is 
this true hiddenite or just green spo- 
dumene? And while the section on 
meteorites will be of interest to those 
who collect these interstellar speci- 
mens, there are no photos or any gen- 
eral discussion of them. 

Overall, though, I highly recom- 
mend this book for collectors and 
anyone interested in fine minerals 
from China. I hope that additional 
volumes will be published as more 
fine minerals are discovered in this 
vast country. 

MICHAEL EVANS 

Gemological Institute of America 

Carlsbad, California 


The Jewelry Handbook: 
How to Select, Wear & 
Care for Jewelry 


By Renée Newman, 177 pp., illus., 
publ. by International Jewelry 
Publications, Los Angeles, 2007. 
$19.95 

The title suggests a consumer-orient- 
ed publication, and indeed this work 
lives up to those expectations. Ms. 
Newman’s latest book informs and 
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delights the end user of jewelry by 
explaining everything from why we 
use jewelry, to manufacturing meth- 
ods, to what type of jewelry is best for 
which face shape. The 16 chapters are 
liberally illustrated with large color 
photos to help explain the different 
terms, cutting styles, textures, and 
techniques discussed. The first six 
chapters cover specifics of jewelry, 
gemstones, metals, and manufactur- 
ing; the balance of the book delves 
into selecting flattering necklaces, 
brooches, and rings, as well as many 
details about the care of jewelry. The 
basics are there as well as the unusual. 
Helpful and practical tips are given at 
the end of each topic, summing up the 
pros and cons. For example, silver is 
subject to consistent tarnishing but is 
the most affordable of all metals, 
whereas tungsten is, for the most part, 
hypoallergenic but cannot be sized. 

I found the chapter on manufac- 
turing methods to be the most help- 
ful, because few laypeople have a 
good understanding of what is 
involved. This chapter focuses on four 
basic methods of making jewelry— 
casting, stamping, electroforming, 
and hand fabrication—with bullet 
points on the advantages and disad- 
vantages of each. Included is an inter- 
esting discussion on handmade vis-a- 
vis hand fabrication and the potential 
for confusion with these terms. 
Newman counsels jewelers and sales- 
people to clearly “define what they 
mean when they use the term hand- 
made” to customers. 

This book is a great informational 
aid and sales tool for the counter per- 
son when addressing questions from 
potential buyers of fine jewelry. In 
addition, many of those in the trade 
could use it as their primer to fill in 
information not normally covered in 
standard classroom and jewelry show 
lectures. 

The Jewelry Handbook is not all 
facts and data—the chapters on 
selecting rings, necklaces, bracelets, 
and brooches begin with a paragraph 
or two weaving in aspects of jewelry 
history, which helps put the item in 
context. This knowledge could easily 
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become part of a sales conversation to 

entice customers to stay awhile at the 
counter! 

GAIL BRETT LEVINE 

National Association of 

Jewelry Appraisers 

Rego Park, New York 


The Pink Pearl: A Natural 
Treasure of the Caribbean 


By Hubert Bari after the text by 
David Federman, 173 pp., illus., 
publ. by Skira Editore S.p.A. 
[www.rizzoliusa.com], Milan, Italy, 
2007. US$58.00 


Written with passion by respected 
industry journalist David Federman 
and adapted with the same love and 
care by Dr. Hubert Bari, a lecturer at 
the Muséum d’Histoire Naturelle de 
Paris and an inveterate collector of 
rare pearls, this book presents the 
“pink pearl”—or conch pearl—in a 
light that has never been seen before. 
This should not be surprising when 
one realizes the great names sitting 
behind the production: Susan 
Hendrickson, whom the book aptly 
describes as “the Venus of the Pink 
Pearls,” and George Ruiz, the presi- 
dent of P. Langon SA. This book is 
written for a broad audience, from the 
casual observer to the avid enthusiast. 
All will gain something from its infor- 
mative text and sumptuous illustra- 
tions by, among others, photographers 
Christian Creutz, Tino Hammid, and 
John Koivula. 

The book is divided into six main 
sections. The first, “Blue Seas and 
Pink Shells,” provides the reader with 
a vivid description of the producing 
mollusk, Strombus gigas, otherwise 
known as the queen conch. Its life- 
span, grazing habits, the growth of its 
extraordinary shell, and ancient and 
modern fishing techniques are all 
described in detail. Fishing for conch 
was once done primarily for the meat, 
originally a staple of the Caribbean 
diet and today a delicacy in several 
parts of the world; however, the text 
also describes conch diving as every- 
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thing from the idyllic shallow water 
escapades of a bygone era to the “grit- 
ty and dangerous” current situation 
in Honduras. 

Interestingly, the pink pearl pro- 
duced by Strombus gigas is considered 
a by-product of harvesting the meat. 
Indeed, the ownership of any pearls 
found is governed by the law of “find- 
ers keepers.” Various recipes for the 
use of the meat, including conch salad, 
are scattered throughout the text and 
supported by excellent photography. 

A particularly important section 
describes the concerns of the Con- 
vention on International Trade in 
Endangered Species (CITES), which 
has listed Strombus gigas in its 
Appendix II as a species that might 
face extinction unless its trade is strict- 
ly controlled. As the authors point out, 
it remains to be seen whether the 
CITES agreement exerts sufficient con- 
trol over the fishing to ensure the long- 
term survival of this mollusk. 

The section titled “An Extra- 
ordinary Pearl” contains some of the 
most incredible images of flame 
structures (those that produce the 
optical effect of watered or moiré silk) 
published to date and also reveals the 
array of potential colors for conch 
pearls. In addition, the section theo- 
rizes on the relationship between 
pearl color and the age of the harvest- 
ed mollusk, outlines the reasons for 
pearl formation, and details their 
chemical composition. It decries as a 
knee-jerk reaction the long-held belief 
that non-nacreous pearls should be 
called “calcareous concretions.” 
However, the section is disappoint- 
ingly lacking in solid technical or sci- 
entific content. A revealing graphic of 
the microarchitecture of the shell of 
Strombus gigas compared with one of 
a nacreous mollusk would have better 
presented the reasons for the differ- 
ences in toughness—the structure of 
Strombus gigas being far tougher— 
than the failed attempt that confuses 
hardness and toughness. 

“From the Limelight to the 
Shadows” sets out in text and excel- 
lent photography the history of the 
conch pearl, primarily from 1850 to 
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1920—the bookends of its fashionable 
days. This section opens by describing 
the cameos carved from Strombus 
gigas shells prior to the popularity of 
conch pearls and then records some of 
the great historic supporters of these 
gems. The section rolls through such 
luminaries as Henry Philip Hope and 
J. P. Morgan and their connections 
with conch pearls, and touches on the 
World Fairs that exhibited great exam- 
ples—particularly a Tiffany display at 
the Chicago World’s Fair of 1893. The 
section goes on to describe the British 
royalty’s love of these pearls, but 
impressively details Tiffany’s passion 
for them through both text and 
archival images. The section ends 
with the authors speculating on the 
reasons for the conch pearl’s decline at 
the outset of World War I. 

“The Venus of the Pink Pearls: 
Sue Hendrickson” is an appropriately 
named section. Hendrickson is 
famous for so many extraordinary 
finds that she is often described as a 
female Indiana Jones—and quite 
rightly so. This section records her 
association with the conch pearl and 
how she set up her own “cartel,” 
which today, with Georges Ruiz as 
her partner, controls some 60% of the 
market. Similarly, the next section, 
“The Rarest of all Pearls,” speaks to 
the fascination some of the industry’s 
key players have for these natural 
pearls. Championed by jewelers Fred 
Leighton in the United States, Miki- 
moto in Japan, Boghossian in Switzer- 
land, Jeremy Morris in London, and 
Gianmaria Buccellati and Roberto 
Cuso in Milan, the conch pearl is 
experiencing a new era of popularity, 
one attested to by Tiffany’s unveiling 
of a 26-piece collection in 2004. 

The last section, “La Vie en Rose,” 
consists of mouth-watering image 
after image of some of the finest 
conch pearl jewelry ever conceived. 
There is no question that this text 
achieves all it sets out to do and gives 
the widest possible audience an oppor- 
tunity to enjoy this fascinating gem. 


OTHER BOOKS RECEIVED 


Opal: The Phenomenal Gemstone. By 
J. Clifford, P. Clifford, A. Frazier, S. 
Frazier, B. P. Gaber, C. J. Gaber, G. 
Neumeier, and G. Staebler, Eds., 
transl. by G. Neumeier, 108 pp., illus., 
publ. by Lithographie LLC, East 
Hampton, CN, 2007, US$40.00. Like 
the other issues in this series, this vol- 
ume is an English translation of previ- 
ously published work from the 
German-language extraLapis series (in 
this case, No. 10, Opal: Das edelste 
Feuer des Mineralreichs, 1999), updat- 
ed with new information. 

After a general overview of the 
subject, including opal history and 
the cause of opal’s play-of-color, 
there is a comprehensive review of 
the major Australian localities. The 
geology, gemology, mining, and his- 
tory of each locality are discussed, 
accompanied by high-quality photos 
of top specimens. Rare varieties such 
as hydrophane and opalized fossils 
and dinosaur bones are also covered. 
Following the Australian section is a 
review of other localities, particular- 
ly Mexico but also Brazil and the 
United States, likewise illustrated 
with numerous specimen pho- 
tographs. 

The issue includes a guide for buy- 
ing and caring for opal and a glossary 
of opal terminology. It concludes with 
brief sections on opal lapidary arts 
and synthetic and imitation opal. 


TWO 


Namibia, 2nd Ed. By L. von Bezing, R. 
Bode, and S. Jahn, 856 pp., illus., publ. 
by Bode Verlag [www.bodeverlag.de], 
Haltern, Germany, 2007, US$158.00. 
This oversized and encyclopedic text, 
published for the first time in English 
with this edition, reviews the history 
and production of Namibia’s vast 
mineral wealth. Detailed reviews of 
all significant localities are included, 
with an extensive section on Tsumeb. 
All known minerals discovered in 
Namibia are described in detail. The 


KENNETH SCARRATT work is well illustrated with many 
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COLORED STONES AND 
ORGANIC MATERIALS 


Amber’s botanical origins revealed. J. A. Santiago-Blay 
[blayj@si.edu] and J. B. Lambert, American Scientist, 
Vol. 95, No. 2, 2007, pp. 150-157. 
The study of plant exudates (i.e., the liquids they secrete) can 
help separate amber from its many modern imitations. The 
resin that turns into amber differs from other common exu- 
dates such as gums, gum resins, latexes, and kinos. Based on a 
five-carbon molecule called isoprene, the resin forms cross 
bonds and polymer structures over time under elevated pres- 
sure and temperature, thereby becoming amber. 

The senior author collected numerous resin samples from 
around the world, and characterized them with nuclear mag- 
netic resonance spectroscopy. The resins had chemical signa- 
tures that were often distinct from one plant family to anoth- 
er. The study of exudates could shed light on amber, not only 
to discriminate real from fake, but also to distinguish the 
botanical origins of this gem material. DMK 


Cherry amber, real or fake? M. C. Pedersen [info@maggiecp.com], 
Organic Gems, No. 1, 2006, www.maggiecp.co.uk/ 
free_organic_gems-magazine/cherry_amber.html. 

Material called cherry amber is commonly found in antique 

shops and online auctions. This article reviews current knowl- 

edge about the material and its identity. The only true red 
amber is mined in Myanmar, and it is very rarely observed in 
transparent specimens. Burmese amber—commonly called 
burmite in the trade—is more often brownish yellow, yellow 
with reddish brown streaks, brown, or brownish red. Baltic 
amber never occurs naturally in red, nor does it appear red in 
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transmitted light (as can amber from Mexico or Borneo). 
The surface of Baltic amber naturally oxidizes and darkens 
over time (as seen in ancient artifacts, some that date back 
to the Stone Age); it can appear orange or orangy brown 
but is usually opaque. This process can be duplicated by 
treating Baltic amber in various ways, and most of the 
material on the market today has been processed in some 
fashion. 

Cherry amber is created by heating finished pieces of 
amber in an autoclave, which results in a clarified and 
darkened appearance (the latter can be removed by repol- 
ishing). Some plastics can resemble cherry amber. 

JEC 


The origin of color in “fire” obsidian. C. Ma [chi@gps. 
caltech.edu], G. R. Rossman, and J. A. Miller, 
Canadian Mineralogist, Vol. 45, 2007, pp. 551-557. 

Obsidian from Glass Buttes, Oregon, was investigated 

using field-emission scanning electron microscopy, X-ray 

energy-dispersive spectroscopy, electron backscatter 
diffraction, and optical spectroscopy methods. The name 
fire obsidian refers to the vibrant colors seen when light 
reflects off thin layers (300-700 nm) within the material 
that contain nanometric crystals of magnetite. The mag- 
netite crystals give these layers a higher refractive index 

(from 1.496 to 1.519) than that of the host glass (1.481). 

The combination of layer thickness and difference in 

refractive index causes thin-film optical interference, 

which gives rise to the brilliant colors. EAF 


Production of akoya pearls from the southwest coast of 
India. V. Kripa, K. S. Mohamed [ksmohamed@ 
vsnl.com], K. K. Appukuttan, and T. S. Velayudhan, 
Aquaculture, Vol. 262, 2007, pp. 347-354. 

In India, the pearl oyster Pinctada fucata typically yields 
cultured pearls 3-5 mm in diameter. The southwest coast 
of India was chosen to study the feasibility of increasing 
their diameter to 6-8 mm. This study also examined the 
mortality and nuclei retention of implanted oysters, rates 
of nacre production, nacre thickness, and the quality of 
cultured pearls harvested. The effects of water clarity and 
temperature were also studied. 

A total of 706 oysters were implanted and stocked in 
cages for 317 days. Of these, 311 oysters were implanted 
with 5 mm nuclei and 395 received 6 mm nuclei. At the 
end of the study, the mortality rate was roughly 50%, 
with a slightly higher rate for the 6 mm nuclei. Nacre 
deposition rates were 4.0 + 1.0 um per day for 5 mm 
nuclei, and 3.0 + 1.0 um per day for 6 mm nuclei. Nacre 
deposition was faster in warm water, but higher-quality 
nacre was deposited in colder water. Of the 131 cultured 
pearls obtained, 27.6% were A-grade, 31.3% B-grade, 
19.8% C-grade, 7.6% baroque, and 13.7% unusable. 
Greater amounts of suspended solids in the water corre- 
lated to higher mortality rates. This study showed that 
relatively thick nacre could be produced within 10 
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months, as opposed to the 16-24 months required for 
pearls grown in Japanese waters. EAF 


Spectroscopic characterization of Mn-rich tourmalines. 
B. J. Reddy, R. L. Frost [r.frost@qut.edu.au], W. N. 
Martens, D. L. Wain, and J. T. Kloprogge, 
Vibrational Spectroscopy, Vol. 44, No. 1, 2007, pp. 
42-49, 

Spectroscopic analyses were performed on powdered sam- 

ples of two Mn-bearing tourmalines (one green and one 

pink) from Minas Gerais, Brazil. Visible spectra of both sam- 
ples revealed increasing absorption below 400 nm. Spectral 
bands at about 295, 345, and 365 nm in the pink sample 
were due to Mn**; an additional broad band at about 520 nm 
was due to Mn**. The spectrum of the green sample dis- 
played broad bands at about 320 nm due to Mn?* and at 
about 715 nm due to Fe**-Fe** intervalence charge transfer. 
Near-infrared spectral bands at 10240 and 8000 cm"! provid- 
ed evidence of Fe?*. Mid-infrared spectra displayed four OH- 
stretching bands between 3800 and 3200 cm! that indicat- 
ed a mixed occupancy of OH in the Y and Z octahedral sites 
of the tourmaline structure. No quantitative chemical anal- 
yses for Mn were performed. JES 


DIAMONDS 


An integrated model of kimberlite ascent and eruption. 
L. Wilson and J. W. Head III [james_head@brown.edu], 
Nature, Vol. 447, 2007, pp. 53-57. 

Diatremes are carrot-shaped bodies that form the upper 

portions of deep magmatic intrusions of kimberlite rock. 

These complex features are important sources of dia- 

monds. A new six-stage model of ascent and eruption is 

put forth to explain the complex and contradictory charac- 
teristics of kimberlites and diatremes. 

Stage 1 involves the propagation of a dike from an area 
of the mantle lying within the diamond stability field (~250 
km and 8 GPa). Rapid dike propagation minimizes the 
thermodynamic problems associated with transporting dia- 
monds from the mantle to the surface. The pressure release 
associated with the rise in the magma facilitates the segre- 
gation of a CO,-rich fluid in the upper regions of the dike, 
and increasing pressure from the escaping gas creates a 
layer of magmatic foam. Stage 2 is marked by dike ascent 
and wall fracturing. As the dike nears the surface, country 
rock is torn from the walls to become xenoliths, which are 
incorporated into the underlying foam. During stage 3, the 
dike tip breaks the surface, vents CO,, and implodes the 
walls. Upward velocity increases from 20 m/sec for the ris- 
ing dike to between 300 and 600 m/sec for the exploding 
gas. The velocity of the exploding material depends on the 
size of magmatic fragments expelled during the eruption. 
Meanwhile, the erosive forces associated with rising 
magma and the fracturing of wall rock combine to create 
the carrot shape that is typical of kimberlite pipes. 
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Stage 4 is a depressurization wave that propagates 
down through the magmatic foam. This wave disrupts 
the foam, releasing more gas, which in turn creates more 
foam. In stage 5, gas expansion creates an upward fluidiza- 
tion wave, causing sorting of the brecciated diatreme zone 
and the fractured county rock. This process continues 
until either the pressure is relieved or the temperature 
decreases, solidifying the magma. At this point the erup- 
tion ceases, locking any unerupted material into the car- 
rot-shaped diatreme. Stage 6 is the formation of the vol- 
canic cone from the collapse of the eruptive plume and 
the settling of debris. This cone is often quickly eroded 
due to its unconsolidated nature. It is thought that the 
entire eruption terminates within tens of minutes of 
onset. EAF 


Naturally formed epitaxial diamond crystals in rubies. 
G.-S. Park [sg8144.park@samsung.com], S. C. Bae, S. 
Granick, J.-H. Lee, S.-D. Bae, T. Kim, and J. M. Zuo, 
Diamond and Related Materials, Vol. 16, 2007, pp. 
397-400. 

This article documents a rare discovery of natural epitaxial 

diamond crystals in a Vietnamese ruby. Formed as needle- 

like inclusions with several other minerals, these diamond 
crystals were characterized using a variety of analytical 
techniques. The diamond inclusions showed a distinct 

relationship to the orientation of the ruby substrate (i.e., 

epitaxy), suggesting they formed after ruby crystallization. 

The inclusions were identified as diamond with elec- 
tron energy-loss spectroscopy, selected area electron 
diffraction, and confocal Raman spectroscopy. 
Trapezoidal in cross section, the diamond crystals were 
0.6-1.4 mm long and 3-10 um wide, and exhibited a 
straight interface with the ruby host. Transmission elec- 
tron microscopy showed the needles were composite in 
nature, with several other mineral phases present, includ- 
ing titanium oxide (TiO,,,), aluminum oxide (AlO,), iron 
oxide (Fe,O,), and Fe-Cr-Ni-F oxide. 

The composite nature of the needles suggests that 
they crystallized from trapped fluids and were not the 
result of exsolution. Based on a report that Vietnamese 
rubies crystallized from CO,-rich fluids, the authors spec- 
ulate that this CO, was the source of carbon for the dia- 
mond inclusions. As Fe and Ni are known to be catalysts 
for diamond growth and Cr is a carbon solvent, it is 
believed the presence of these elements facilitated the 
unusual growth of diamond as inclusions in the ruby. 

DMK 


The new diamond hunters. P. Barta, Wall Street Journal, 
May 12-13, 2007, pp. B1-B2. 

As the De Beers Group pulls back from its traditional con- 

trol over much of the world’s diamond mining and explo- 

ration, smaller firms are filling the gap. This article 

describes how junior exploration companies have moved 

into Botswana, already the world’s largest diamond pro- 
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ducer by value, to explore heretofore neglected areas of the 
country. Some companies have employed zeppelins 
instead of heavier-than-air aircraft to survey potential sites 
because the airships offer a slower, smoother ride that 
allows more precise measurements. The article reports 
that while there may be a shortage of rough diamonds as 
new consumer markets increase demand, diamond explo- 
ration and mining remain risky because very few kimber- 
lite deposits result in an economic mine. RS 


The peculiarities of natural plastically deformed diamond 
crystals from “Internatsionalnaya” pipe (Yakutia). 
G. M. Rylov [ryl@uiggm.nsc.ru], E. N. Fedorova, 
A. M. Logvinova, N. P. Pokhilenko, G. N. Kulipanov, 
and N. V. Sobolev, Nuclear Instruments and 
Methods in Physics Research A, Vol. 575, No. 1/2, 
2007, pp. 152-154. 
Using Laue synchrotron radiation and infrared spec- 
troscopy, the authors evaluated 40 Siberian diamond crys- 
tals in the following color groups: brown (I), smoky gray 
(II), purplish pink with a brown or gray modifier (III), and 
purplish pink (IV). Since these diamonds receive much of 
their color from plastic deformation, analysis of the spots 
in the Laue diffraction patterns can help gauge the effects 
of crystal distortion associated with plastic deformation. In 
addition to analyzing the placement of each spot, the 
authors also examined its appearance. The brown and 
smoky gray diamonds (I and II) had very elongated Laue 
spots, which indicated significant plastic deformation. 
These diamonds also showed a greater intensity of “amber 
centers” (located at 4170 and 4065 cm!) than those of 
group III, but no “amber centers” were observed in the 
group IV crystals. The Laue spots in purplish pink dia- 
monds (III and IV) showed near-parallel striations due to 
polygonization. Sometimes, dislocation motion can cause 
horizontal rows of dislocations to be rearranged to form 
vertical walls. The resulting polygonized fragments have a 
more perfect crystal structure. SE-M 


Thermochromic and photochromic behaviour of 
“chameleon” diamonds. E. Fritsch, L. Massi 
[laurent.massi@cnrs-imn.fr], G. R. Rossman, T. 
Hainschwang, S. Jobic, and R. Dessapt, Diamond 
and Related Materials, Vol. 16, No. 2, 2007, pp. 
401-408. 

“Chameleon” diamonds display a reversible change in color 

from grayish green to yellow when they are gently heated 

(thermochromism), or kept in the dark for an extended peri- 

od of time (photochromism). In this study, 45 chameleon 

diamonds were investigated by several spectroscopic tech- 
niques. Heating to 125-135°C for approximately one 
minute resulted in a yellow color; the diamonds returned to 
grayish green within several minutes of the heat source 
being removed. Yellow coloration could also be produced by 

placing the diamonds in a darkened environment for a 

number of hours; the grayish green color returned within 
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approximately one minute of exposure to light. 
Infrared spectra showed that the samples were type Ia 
diamonds with predominantly A nitrogen aggregates, as 
well as moderate-to-high amounts of hydrogen and a 
small component of type Ib nitrogen. Absorption spectra 
exhibited increasing absorption toward the ultraviolet and 
broad bands centered at about 480 and 800 nm; the yel- 
low color was accompanied by a decrease in intensity of 
the latter band. The diamonds displayed turbid yellow 
fluorescence to both long- and short-wave UV radiation 
(with greater intensity for the former). They also had per- 
sistent phosphorescence. Based on the premise that yel- 
low is the stable color and grayish green is the metastable 
color, the authors propose an electronic model to explain 
the color-change behavior and other features of these 
unusual diamonds. JES 


GEM LOCALITIES 


Amethyst geodes in the basaltic flow from Triz quarry at 
Ametista do Sul (Rio Grande do Sul, Brazil): 
Magmatic source of silica for the amethyst crystalliza- 
tions. D. Proust [dominique.proust@univ-poitiers.fr] 
and C. Fontaine, Geological Magazine, Vol. 144, 
No. 4, 2007, pp. 731-739. 

Amethyst-filled geodes are widely encountered in basalt 

flows in southern Brazil, Uruguay, and Argentina. Geodes 

in tholeiitic basalts from the Triz quarry at Ametista do 

Sul show well-layered infillings with, from the outside in, 

celadonite, chalcedony, fine-grained quartz, and—finally— 

large amethyst crystals. Primary fluid inclusions indicate a 

range of amethyst crystallization temperatures 

(152—238°C). The geodes occur in the massive, fracture- 

free upper portion of the flow and are surrounded by an 

alteration halo in the basalt, the thickness of which 
depends on the geode radius. Geochemical analysis indi- 
cates that sufficient silica was released from the alteration 
halo to produce the amethyst and other minerals in the 
geodes without the need for an additional source. The 
amethyst is of volcanic origin, having crystallized from 
hydrothermal fluids generated within the basalt. These 
residual fluids migrated from the surrounding basalt into 
the open cavities as a result of a pressure gradient, leaving 
an alteration halo. As these fluids cooled, they formed the 
minerals that partially filled the cavities. JES 


Australian sapphires and rubies. F. L. Sutherland 
[l-sutherland@uws.edu.au] and G. B. Webb, Rocks & 
Minerals, Vol. 82, No. 2, 2007, pp. 116-125. 

The authors present a clear, nontechnical overview of 

Australia’s sapphire and ruby deposits. Topics include 

statistics on famous stones (e.g., the Martin Luther King 

Jr., a 3,294 ct carved sapphire from Queensland), a review 

of localities (including non-gem and ornamental occur- 

rences), mining techniques, geologic origin, crystal fea- 
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tures, and future prospects for the industry in Australia. 

Australia’s gem corundum was transported to the sur- 
face as xenocrysts in basalt from the upper mantle/lower 
crust. The corundum formed by different mechanisms at 
various times. For example, both magmatic and metamor- 
phic deposits have been differentiated using gallium as a 
key trace element—magmatic corundum has a higher Ga 
content—while other stones may have a metasomatic or 
intermediate composition. Zircon fission-track dating has 
shown that Australian sapphires have a wide age range 
(e.g., 3 Ma for Lava Plains and up to 400 Ma for Tum- 
barumba). 

Of particular geologic interest is a discussion of the 
upper Kings Plains Creek in New England, north of 
Inverell and Glen Innes. At the Strathdarr deposit, narrow 
buried channels of eroded Oligocene age (~36 Ma) basaltic 
rocks yielded an average sapphire grade of 1,500 carats/m? 
(up to an impressive 25,000 carats/m*) in gravel beds <1-6 
m thick. These basal channels were linked to lahars (vol- 
canic mud flows) that were produced by occasional catas- 
trophic collapses of maars (rimmed craters, often with 
water-filled lakes). In effect, the sapphires underwent a 
double concentration and winnowing process, through 
the effects of surface water within the maars and subse- 
quent lahar deposition, resulting in the outstanding con- 
centrations at Kings Plains Creek. 

The authors note that only two of the 13 named 100+ 
ct sapphires from Queensland have been found since 
1982, suggesting a maturing resource. However, they cor- 
rectly point out that many Australian sapphires have 
been marketed under different origins after passing 
through foreign cutting and distribution markets. Both 
heat treatment and gem tourism offer revenue prospects 
for Australian producers, though good heat treatment 
results are quoted as being sporadic. 

KAM 


Les gisements de corindons gemmes de Madagascar [The 
gem corundum deposits of Madagascar]. G. Giuliani, 
D. Ohnenstetter, A. F. M. Rakotondrazafy, A. E. 
Fallick, S. Rakotosamizanany, A. Andriamamonjy, 
T. Ralantoarison, M. Razanatseheno, C. Dunaigre, 
and D. Schwarz, Revue de Gemmologie, No. 159, 
2007, pp. 14-28 [in French with English abstract]. 
While A. Lacroix’s Minéralogie de Madagascar (1922) lists 
only a few corundum occurrences, many new deposits 
have been discovered since then and have made 
Madagascar a major producer of gem corundum. The 
authors compiled a survey of the country’s known corun- 
dum localities. The primary deposits can be subdivided 
into magmatic and metamorphic types, the latter includ- 
ing two new variations of gem corundum formation with- 
in shear zones. The secondary deposits are classified 
according to both basaltic and sedimentary environments. 
By far the most important sedimentary deposit is the min- 
ing district at Ilakaka. The article is illustrated with sam- 
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BERYL 


Figure (A) shows a fine quality morganite from Mada- 
gascar. This name applies to beryls of a light red purple to light 
purplish red. (D) shows a natural crystal of aquamarine in 
granite, while a fine fashioned aquamarine is seen at (B) and 
another at (C) typical of the color of South American aqua- 
marines prior to heat treating. At the bottom of the page (E) 
is shown a fashioned stone of golden beryl. Specimens from 
the collection of British Museum (Natural History), London. 


PLATE XXI 


ples of corundum from various sources as well as a map of 
deposits. RT 


Le Nigeria. Source de pierres de couleur [Nigeria. Source 
of colored stones]. J.-C. Michelou, Revue de Gem- 
mologie, No. 159, 2007, pp. 30-41 [in French with 
English abstract]. 

The author studied Nigerian gem deposits during two visits 

in 2006. Nigeria produces sapphire and ruby, but it is main- 

ly known for emerald, green beryl, aquamarine, tourmaline 

(of various colors), topaz, and spessartine. All reportedly 

show good potential for the future. At present, however, 

almost all deposits are exploited on a small scale. The pro- 
duction is irregular, and most is purchased by dealers from 
neighboring states; exports usually occur outside of official 
channels. Apart from informal gem sales at Ibadan and Jos, 
there are few marketing structures. Gemological knowledge 
and education are almost nonexistent, and there is little or 
no local cutting industry. However, initiatives supported by 
the World Bank are underway to map the country geologi- 
cally, mechanize mining, and establish gemological educa- 
tion and cutting facilities. RT 


Persistence pays offi—again: Mining for emeralds in 
Hiddenite, Alexander County, North Carolina. R. B. 
Cook, Rocks #& Minerals, Vol. 82, No. 2, 2007, pp. 
149-150. 

This article provides a brief update on notable emerald 

finds at the Ellis and Rist mine properties near Hiddenite, 

North Carolina. Jamie Hill of North American Emerald 

Mines Inc. is pictured with several impressive 2006 discov- 

eries from his operation, including a diverging pair of 25- 

cm-long crystals (118.2 g) of medium green color, and two 

fine dark green crystals weighing 28.7 and 30 g. Also pic- 
tured is a 13-cm-long, 372.4 g terminated emerald crystal in 

a matrix of dolomite and muscovite crystals, discovered in 

2003. This specimen was subsequently purchased by the 

Houston Museum of Natural Science. Hill’s operation has 

yielded ~1,300 g of emerald crystals in the 2-20 g range, 

though the time required to obtain this total is not made 
clear. An emerald discovered in 1998 was later cut into two 
stones weighing 18.8 and 7.8 ct, named the Carolina Queen 
and Carolina Prince, respectively. KAM 


The pink topaz-bearing calcite, quartz, and white mica 
veins from Ghundao Hill (North West Frontier 
Province, Pakistan): K/Ar age, stable isotope and 
REE data. G. Morteani [gmorteani@gmx.de] and A. 
Voropaev, Mineralogy and Petrology, Vol. 89, No. 
1/2, 2007, pp. 31-44. 

Orange-yellow to red gem-quality topaz is found in calcite, 

quartz, and white mica veins that crosscut limestones at 

Ghundao Hill near Katlang in northern Pakistan. The 

topaz is characterized by low amounts of V, Cr, Fe, and F, 

and relatively high hydroxyl contents. K/Ar age determi- 

nation on the white mica gave an Eocene age of 43.2 Ma. 
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Geochemical data indicate that these topaz-bearing veins 
formed at temperatures of about 240°C from metamorphic 
fluids. The fluids resulted from a period of widespread 
regional metamorphism associated with the collision of 
the Indian and Asian continental plates that began about 
55 Ma. Circulation of these fluids mobilized elements 
from the country rocks that were needed to form the vein 
minerals. There is no evidence that the topaz crystallized 
from pegmatitic or pneumatolitic granite-related fluids. 
JES 


INSTRUMENTS AND TECHNIQUES 


TMA and SEM characterization of the thermal dehydra- 
tion of Australian sedimentary opal. A. Smallwood, 
P. S. Thomas [paul.thomas@uts.edu.au], A. S. Ray, 
and P. Simon, Journal of Thermal Analysis and 
Calorimetry, Vol. 88, No. 1, 2007, pp. 185-188. 
The dehydration of Coober Pedy sedimentary white opal 
displaying play-of-color was investigated using thermal 
mechanical analysis. Various samples were heated to 
200°C, 400°C, 600°C, 800°C, and 980°C, and then cooled 
back to room temperature. The samples were then etched 
with hydrofluoric acid vapor and coated with platinum for 
micro-structural analysis with a scanning electron micro- 
scope. The opals experienced expansion up to 210°C and 
then underwent contraction due to dehydroxylation and 
formation of silicon-oxygen-silicon bridges. This process 
resulted in a more dense silica network. While not pur- 
sued here, thermal methods studying the dehydration of 
opal have successfully differentiated opal from the 
Andamooka, Coober Pedy, and Lightning Ridge deposits. 


EAF 
JEWELRY RETAILING 
The king of bling. S. Adams, Forbes, Aug. 13, 2007, pp. 
85-89. 


Laurence Graff is a London jeweler specializing in top-end 
fancy-color diamonds and very large, high-quality colorless 
stones. This article traces Graff’s rise from apprentice in 
London’s Hatton Garden jewelry district to owner of one of 
the most prestigious shops on New Bond Street. Fueled by 
a rapid increase in the number of extremely affluent indi- 
viduals around the world, Graff built his reputation by 
acquiring and selling high-profile large diamonds to which 
he could link his name. One example detailed in this arti- 
cle is his recent purchase of the 603 ct Lesotho Promise dia- 
mond for $12.4 million, which Graff estimates will realize 
US$25-30 million after cutting. Graff's sales have rocketed 
from $90 million in 2000 to $400 million in 2006. In addi- 
tion, his acquisition of a majority stake in the South 
African diamond firm Safdico has insured a steady supply 
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of stones for his jewelry workshops in London. Today, 
Graff claims the world’s highest average transaction price 
for any jeweler, an astounding $400,000, and includes 
among his clientele such celebrities as soccer player David 
Beckham, TV host Oprah Winfrey, entrepreneur Donald 
Trump, and actress Elizabeth Taylor. His largest single sale 
was a multi-colored diamond necklace, created from 267 
carats of various shaped diamonds for an Asian client, 


which he sold for $30 million in 2006. RS 


SYNTHETICS AND SIMULANTS 


Dependence of limited growth rate of high-quality gem 
diamond on growth conditions. Y. Tian, H.-A. Ma, 
S.-S. Li, H.-Y. Xiao, Y.-F. Zhang, G.-F. Huang, L.-Q. 
Ma, and X.-P. Jia, Chinese Physics Letters, Vol. 24, 
No. 7, 2007, pp. 2115-2117. 
The authors introduce the concept of “limited growth rate 
of diamond,” the maximum growth rate at which high- 
quality synthetic diamond can be created. Several crystals 
were grown using the temperature gradient method under 
high-pressure, high-temperature conditions (5.5 GPa and 
1240-1280°C for 3-8 hours). Pure graphite was used as the 
source of carbon, the alloy Ni,,Mn,.Co, was used as the 
solvent/catalyst, and 0.5 mm diamond crystals were used 
as seeds, with the {100} face as the growth surface. The 
authors explored the impact of temperature and time on 
growth rate, and evaluated the synthetic diamond crystals 
for inclusions and voids using optical microscopy. For a 
period of three hours, the limited growth rates were 1.5 
mg/hour for 1240°C, 0.9 mg/hour for 1260°C, and 0.5 
mg/hour for 1280°C. When they increased the time to 
eight hours, the limited growth rates increased to 2.9 
mg/hour at 1240°C, and 2.0 mg/hour at 1260°C (the rate at 
1280°C was not reported). These results can be explained 
by the fact that the area available to absorb the carbon 
increases at longer growth times. JS-S 


MISCELLANEOUS 


Diversification, design, strategic planning and new prod- 
uct development: A jewellery industry knowledge 
transfer partnership. G. Penfold, Design Journal, 
Vol. 10, No. 1, 2007, pp. 3-11. 

Jewelry manufacturers centered in Birmingham, England, 

face all the competitive challenges of their counterparts in 

other mature sectors, as well as competition from Asian 
manufacturers and an insular operating style that makes 
change and innovation difficult. The article surveys a gov- 
ernment-sponsored program between a medium-sized jew- 
elry manufacturer and an institution of higher education— 
called Knowledge Transfer Partnership—to help the firm 
respond to a changing market. 

The jewelry manufacturer traditionally produced an 
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array of rings, pendants, and earrings in 9K gold without 
great attention to design or image. Using a consultant 
from the University of Central England, the company 
embarked on a two-year program to revamp their jewelry 
line. The key objectives were to move up-market into 
18K gold and platinum, and to develop an image of con- 
temporary-designed jewelry that differentiated its prod- 
ucts from competitors. Working with the consultant, the 
firm embarked on a design line created by a newly hired 
in-house designer and ultimately increased market share 
and world recognition of its products by winning high- 
profile design competitions. RS 


End of the blood diamond syndrome? N. Ford, African 
Business, October 2007, pp. 80-82. 
Liberia, under its new president Ellen Johnson-Sirleaf, is 
moving to reestablish a legitimate diamond industry by 
permitting citizens to apply for mining and trading licens- 
es. Such activities were suspended during the reign of previ- 
ous ruler Charles Taylor, who is now on trial for war 
crimes related to the conflict in neighboring Sierra Leone 
during the 1990s. Although there has never been a full sur- 
vey of the nation’s potential diamond resources, Liberia has 
opened an official diamond certification office to insure all 
diamond exports conform to the Kimberley Process. 
However, there remain many challenges to an open, 
transparent diamond industry in Liberia because the 
country is still unstable, with a huge wealth disparity 
between the business elite and the remainder of the popu- 
lation. While Johnson-Sirleaf has expressed a commit- 
ment to reform Liberia’s economic and political institu- 
tions, there is no indication how her government will dis- 
tribute the nation’s mineral wealth. RS 


The Tagil school of masters. L. Pavlenko, Platinum, No. 
22, 2006, pp. 60-61 [in Russian]. 
Jewelry manufacturing in Russia's Ural Mountains dates 
back to the 18th century. One well-known deposit of iron, 
copper, and malachite, called Mednorudyansk, is located 
near the town of Nizhny Tagil. This mine has supplied 
malachite for many lapidary factories and museums 
around the world. It is fitting, therefore, that the Ural 
School of Applied Arts was founded in Nizhny Tagil. At 
this school, specialists are trained in faceting, engraving, 
minting, casting, and other manufacturing processes. 
Students benefit from exposure to high-quality gem mate- 
rials, old masterpieces, and the local landscape (for inspira- 
tion). They also take part in excursions to the famous Ural 
deposits of emerald, aquamarine, topaz, rhodonite, and 
jasper, and maintain their own collections of rocks and 
minerals. Among the faculty are well-known local masters 
as well as invited experts. The carvings and jewels created 
by Tagil students have been displayed at numerous miner- 
al shows and exhibitions of folk art. Many others are pre- 
served in the Museum of Decorative and Applied Arts in 
Ekaterinburg. BMS 


GEMS & GEMOLOGY WINTER 2007 


I Volume 43 


SUBJECT INDEX 


Numbers 1-4 


This index gives the first author (in parentheses), issue, and inclusive pages of the article in which the subject occurs for all feature 
articles, Notes & New Techniques, and Rapid Communications that appeared in Volume 43 of Gems & Gemology. For the Gem 
News International (GNI), Lab Notes (LN), Letters (Let), and Last Page (LP) sections, inclusive pages are given for the item. The 

Author Index (p. 408) provides the full title and coauthors (if any) of the articles cited. 


A 


Afghanistan 
Cr/V-bearing green spodumene from 
Nuristan (GNI)FO7:265-267 
ruby from Badakhshan (GNI)FO7:263-264 
Africa 
diamond production in (Janse)Su07:98-119 
Akoya 
cultured pearls—from China 
(GNI)Su07:171-172; from Japan 
(Shor]E07:200-226 
Amazonite 
from Mexico (GNI)Su07:163-164 
Amber 
with inclusion of midge and nematode 
(GNIJW07:370 
Amethyst 
from the Democratic Republic of the 
Congo (GNI)Sp07:64-65 
large crystal “cathedrals” from Brazil 
(GNI)Sp07:57 
Amphibole, see Tremolite 
“Andes Jade,” see Serpentinite 
Andradite 
color-zoned, from Iran (GNI)Sp07:65-67 
from Namibia, inclusions in 
(GNIJW07:370-373 
from Pakistan (GNI)W07:373 
Angola 
diamond production in (Janse)Su07:98-119 
Apatite 
chatoyant, from Tanzania 
(GNI)Su07:170-171 
inclusions in spessartine (LN)W07:358 
Aquamarine 
cat’s-eye, 201.18 ct (LN)FO7:244-245 
Argentina 
serpentinite from, marketed as “Andes 
Jade” (GNI)Sp07:62-63 
Argyle Diamond Mine 
2007 diamond tender (Eaton- 
Magania)W07:332-351 
Armenia 
chrysocolla chalcedony from Iran/ 
Armenia area (GNI)W07:375-376 
Assembled gem materials 


beryl triplets imitating Colombian 
emeralds (GNI)FO7:267-268 
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yellow “piggyback” diamond 
(LN)FO7:246 
Asterism 
double star in sapphire (LN)W07:365 
in synthetic sapphire (GNI)Su07:177 
unusual, in quartz from Brazil 
(GNI)FO7:261-262 
Astorite, see Rhodonite 


Auctions 
record prices for diamonds 
(GNI)W07:366-367 
Aurora Butterfly of Peace 
colored diamonds, examination of 
(Eaton-Maganfia)W07:332-351 
Australia 
cultured pearls from (Shor)FO7:200-226 
diamond production in (Janse)Su07:98-119 
tiger’s-eye from Western Australia 
(GNI)Sp07:57 
variscite from Western Australia 
(GNI)Sp07:63-64 
Axinite 
color zoned, from Pakistan 
(GNIJFO7:254-255 
magnesio- and ferro-, from Tanzania 
(GNI)W07:373-375 


B 


Backscattered electron imaging, see SEM 


Baddeleyite 

from Myanmar (GNI)W07:375-376 
Bar code 

inscription on diamond (GNI)Su07:162 
Bastnasite 

color-change, from Pakistan 
GNI)Su07:165-166 
Beryl 

from Connecticut (GNI)Su07:169 

triplets imitating Colombian emeralds 
GNIJF07:267-268 

see also Emerald; Heliodor; Morganite 
Beryl, synthetic 

as “Paraiba” tourmaline simulant 
GNI)W07:385-387 
Black pearl, see French Polynesia 
Book reviews 

Adventures at the Bench: Tricks to 

Overcome a Jeweler’s Daily 
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Challenges (Maerz)FO7:277 
Alexandrite (Kozlov)Sp07:85 
Aphrodite’s Drop: The Power of Pearls 

(Faction Films)Sp07:85 
The Art of Diamond Cutting, 2nd ed. 

(Michelsen and Watermeyer)Sp07:85 
The Art of Enameling (Darty)Su07: 

185-186 
Costume Jewelry for Haute Couture 

(Muller)F07:279-280 
Faceting History: Cutting Diamonds 

and Colored Stones (Klein)Sp07:85 
Fine Minerals of China: A Guide to 

Mineral Localities (Liu)W07:392-392 
Gem Raw Materials and Their 

Occurrence in Serbia, 2nd ed. 

(Miloje)Su07:187 
Gemmology, 3rd ed. (Read)Su07:185 
The Geology of Gem Deposits (Groat, 

Ed.|FO7:280 
Hope Diamond: The Legendary History 

of a Cursed Gem (Kurin)Sp07:84-85 
Horn: Its History and Its Uses 

(Schaverien)Su07:187 
Jeweled Garden: A Colorful History of 

Gems, Jewels, and Nature (Tennen- 

baum and Zapata)FO7:277-278 
The Jeweled Menagerie: The World of 

Animals in Gems (Tennenbaum and 

Zapata)FO7:280 
The Jewelry Handbook: How to Select, 

Wear & Care for Jewelry 

(Newman)W07:393 
Jewels: A Secret History (Finlay)W07:392 
Kimberlite and Related Rocks of India 

(Rao)FO7:280 
Laboratory Created Diamonds 

(Woodring and Deljanin)Su07:187 
Namibia, 2nd ed. (von Bezing et 

al.)W07:394 
Not Your Mama’s Beading: The Cool 

and Creative Way to String ’Em 

Along (Welsh)Sp07:83 
Opal: The Phenomenal Gemstone 

(Clifford et al.)W07:394 
Paraiba Tourmaline “Electric Blue 

Brilliance Burnt into Our Minds” 

(Furuya)FO7:280 
Pearl Oyster Information Bulletin, No. 

17 (various authors)FO7:280 
Pearls (Strack)Sp07:83 
Pedras Preciosas No Arte e Devogdo: 
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Tesouros Gemol6gicos na Arqui- 
diocese de Evora [Precious Stones in 
Art and Devotion: Gemstone 
Treasures of the Archdiocese of 
Evora] (Carvalho)FO7:278-279 

The Pink Pearl: A Natural Treasure of the 
Caribbean (Federman)W07:393-394 

Precious Minerals (Gemology) 
(Kostov)Sp07:85 

Shamelessly: Jewelry from Kenneth Jay 
Lane (Schiffer)F07:279 

The Smale Collection: Beauty in 
Natural Crystals (Smale)Su07:186-187 

Special Exhibition Jadeite: Treasure of 
Orient (National Science 
Museum)Sp07:84 

Symposium on Agate and Crypto- 
crystalline Quartz (Kile, Michalski, 
and Modreski, Eds.)Sp07:85 


Botswana 
diamond production in (Janse)Su07:98-119 


Branding 
of cultured pearls (Shor)FO7:200-226 
Brazil 

amethyst and citrine crystal “cathe- 
drals” from (GNI)Sp07:57 

chalcedony, dyed greenish blue from 
(GNIJE07:269 

citrine with pyrite inclusions from 
Minas Gerais (GNI)Su07:166-167 

Cr/V-bearing kyanite from 
(GNIJE07:256-257 

multicolored fluorite from Bahia State 
(GNIJFO7:255-256 

opal from—blue, with cristobalite and 
quartz (GNI)W07:379-380; play-of- 
color, from Piaui (GNI)Sp07:59-60 

quartz from—with diamond(?) inclu- 
sion, from Diamantina 
(GNIJFO7:260-261; inclusions in, 
from Mina da Batalha (GNI)W07:381- 
382; phenomenal (GNI)FO7:261-262 

tourmaline from new deposits in Paraiba 
State (Furuya)FO7:236-239 


Burma, see Myanmar 


C 


Calcareous concretions 
non-nacreous pearl with unusual 
translucency (GNI)F07:259-260 
Calcite 
inclusions of, in color-zoned andradite 
from Iran (GNI)Sp07:65-67 
California, see United States 
Canada 
diamond exploration at Fort 4 la Corne, 
Saskatchewan (GNI)FO7:252-253 
diamond production in (Janse)Su07: 
98-119 
leifite from Mont Saint-Hilaire 
(GNI)Sp07:58-59 
Carving 
of emerald, 2,620.70 ct Buddha 
(LN]WO7:364 
of fire opal, 492. g (GNI)FO7:258-259 
of pearl cultured over amethyst bead 
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(Shor)FO7:200-226 
Cat’s-eye, see Chatoyancy; specific gem 
materials 
Chalcedony 
chrysocolla from Iran/Armenia area 
(GNI)W07:376-377 
dyed blue (LNJF07:245-246 
dyed greenish blue, from Brazil 
(GNI)FO7:269 
onyx, gold-coated (LN)W07:364-365 
“Challenge,” see Gems & Gemology 
Chatoyancy 
in aquamarine, 201.18 ct (LNJFO7:244-245 
in K-feldspar, scapolite, opal, and apatite 
from Tanzania (GNI)Su07:170-171 
in leifite from Mont Saint-Hilaire, 
Canada (GNI)Sp07:58-59 
in opal from Brazil (GNI)Sp07:59-60 
in prehnite (GNI)Sp07:72-73 
in quartz from Brazil (GNI)FO7:261-262 
in topaz from Sri Lanka (GNI)Sp07:73 
in tourmaline from Myanmar, pink to 
red (GNI)Su07:173-174 


Chemical vapor deposition [CVD], 
see Diamond, synthetic 
China 
cultured pearls from—({Fiske)Su07:138- 
145, (Shor)FO7:200-226; akoya 
(GNI)Su07:171-172 
Chondrodite 
yellow, from Tanzania (GNI)W07: 
377-379 
Chrysocolla, see Chalcedony 
Citrine 
large crystal “cathedrals” from Brazil 
(GNI)Sp07:57 
with pyrite inclusions, from Brazil 
(GNI)Su07:166-167 
Clinohumite 
yellow-green, from Tanzania 
(GNI)W07:377-379 
Clinozoisite 
from San Diego County, California 
(GNI)Sp07:68-69 
Coating 
of diamond by Serenity Technologies 
(Shen}Sp07:16-34, (Let)W07:291-292 
Color, cause of 
in Apollo CVD synthetic diamonds 
(Wang)W07:294-312 
in Canary tourmaline from Zambia 
(Laurs)W07:314-331 
in coral, pink to red (Smith)Sp07:4-15 
[erratum (Let)FO7:199]; (Let)Su07:95-96 
in diamond—black (LN)Sp07:52-63; 
natural green-yellow type Ia 
(Wang)F07:240-243 
see also specific gem materials 
Color change 
in bastnasite from Pakistan 
(GNI)Su07:165-166 
in fluorite from Ethiopia 
(GNI)Su07:168-169 
Color zoning 
in axinite from Pakistan (GNI)FO7: 
254-255 
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in grossular from California 
(GNI)Sp07:68-69 
in liddicoatite from Mozambique 
(GNI)Sp07:73-75 
in multicolored fluorite from Brazil 
(GNIJFO7:255-256 
Colorado, see United States 
Computer software 
CrystalSleuth for Raman spectroscopy 
and X-ray diffraction (GNI)Sp07:64 
Conference reports 
Diamond 2007 (GNI)FO7:273 
First European Gemmological 
Symposium (GNI)F07:269-270 
Geological Society of America 2007 
(GNIJW07:388-389 
Goldschmidt 2007 (GNI)W07:389 
Madison Dialogue Ethical Jewelry 
Summit (GNI]W07:389-390 
Sinkankas Symposium on jade 
(GNI)Su07:181-182 [erratum 
(GNIJEO7:274] 
symposium on diamonds in Kimberley 
(GNI)FO7:272-2.73 
30th International Gemmological 
Conference (GNI)F07:270-272 
Congo, Democratic Republic of the 
amethyst from (GNI)Sp07:64-65 
diamond production in (Janse)Su07:98-119 
Connecticut, see United States 
Coral 
dyed bamboo (Let)Su07:96 
pink to red, determining origin of 
color—{Smith)Sp07:4-15 [erratum 
(Let)EO7:199]; (Let}Su07:95-96 
Corundum, see Ruby; Sapphire 


Corundum, synthetic 
as Imperial topaz imitation 
(GNI)Su07:179 
Cristobalite 
mixed with opal and quartz, from 
Brazil (GNI)W07:379-380 
Crystallography 
of trapiche tourmaline from Zambia 
(Hainschwang)Sp07:36-46 
CrystalSleuth 
software for Raman spectroscopy and 
X-ray diffraction (GNI)Sp07:64 
Cultured pearl, see Pearl, cultured 
CVD [chemical vapor deposition]-grown 
synthetic diamond, see Diamond, 
synthetic 


D 


Danburite 
yellow, from Myanmar (GNI)Su07: 
167-168 
Demantoid, see Andradite 
Designers 
of cultured pearl jewelry (Shor)FO7: 
200-226 
DeYoung Red 
5.03 ct Fancy red diamond (Eaton- 
Magania)W07:332-351 
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Diamond 

atypical PL feature in type Ila 
(LN)W07:358-360 

bar code inscription of (GNI)Su07:162 

exploration in Saskatchewan, Canada 
(GNI)FO7:252-253 

global production since 1870 
(Janse)Su07:98-119 

with iron sulfide-filled etch channels 
(LN]W07:361-362 

mining by Namdeb, in Namibia 
(GNIJW07:367-370 

morphology of, cubic vs. cuboid 
(Let)Su07:96-97 

pareidolia in (LN)W07:363-364 

Portuguese, 127.01 ct, fluorescence of 
(Eaton-Magafia)W07:332-351 

as possible inclusion in quartz 
(GNI)FO7:260-261 

sold for record prices at auction 
(GNIJW07:366-367 

types and properties, in Napoleon 
Diamond Necklace 
(Gaillou)W07:352-357 


Diamond, colored 

black—color caused by micro-inclu- 
sions (LN)Sp07:52; with oriented 
etch channel (LN)W07:362-363 

blue—with atypical electroluminescence 
(LN)FO07:246-248; with multiple phos- 
phorescence colors (LN)Sp07:47-48 

blue-gray, H-rich (LN)Su07:155-156 

correlation of bodycolor with fluores- 
cence spectra (Eaton- 
Magafia)W07:332-351 

DeYoung Red, 5.03 ct (Eaton- 
Magania)W07:332-351 

green-yellow type Ia, with Ni defects 
(Wang)F07:240-243 

greenish yellow, translucent 
(LN)Sp07:50-52 

pink and blue, sold at auction for record 
prices (GNI)W07:366-367 

spurious “spiral phantom” in 
(GNIJE07:253-254 

yellowish green type Ila, with Ni 
defects (LN)Su07:156-157 

see also Diamond, synthetic; Diamond 
treatment 


Diamond, cuts and cutting of 
fibrous diamond with two growth sec- 
tors (LN)Sp07:50-52 
fish shaped (LN)W07:363-364 
impact of 2007 U.S. Supreme Court rul- 
ing (GNI)Su07:162-163 


Diamond, inclusions in 

bimineralic (LN)Su07:153 

etch channels—iron sulfide-filled 
(LN)W07:361-362; oriented 
(LN]W07:362-363 

etched dislocation loops (LN)Sp07:48-49 

fanciful (pareidolia) (LN)W07:363-364 

of garnet and omphacite 
(Wang)F07:240-243 

graining—in HPHT-treated (LN)F07:248; 
intense rainbow (LN)Su07:155 

of graphite and micro-inclusions in trans- 
lucent greenish yellow (LN)Sp07:50-52 
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of omphacite (LN)W07:360-361 
possibly sulfide-coated color-change 
garnet (LN)Su07:153 
spicule-like (Choudhary)F07:228-235 
zig-zag cleavage (LN)158-159 
Diamond simulants 


phenakite resembling rough diamond 
(LNJFO7:250 


Diamond, synthetic 
chemical vapor deposition [CVD] 
grown, from Apollo Diamond 
(Wang)W07:294-312 
red crystal with unusual morphology 
(LN)Su07:159 
yellow, possibly grown at higher tem- 
perature (LN)Sp07:53-54 
Diamond treatment 
coated, by Serenity Technologies 
(Shen}$p07:16-34, (Let)WO07:291-292 
HPHT-treated—green-yellow, with H2 
defect (LN)Su07:153-154; misrepre- 
sented as natural-color (LN)F07:248; 
yellow-orange, with strong 480 nm 
band (LN)Sp07:49-50 
in yellow “piggyback” stones 
(LNJFO7:246 


DiamondView imaging 

of Apollo CVD synthetic diamonds 
(Wang)W07:294-312 

of black diamonds (LN)Sp07:52 

of blue diamond—with atypical electro- 
luminescence (LN)F07:246-248; 
phosphorescence (LN)Sp07:47-48 

of cubic growth sectors (Let])Su07:96-97 

of garnet and omphacite in diamond 
(LN)W07:360-361 

of green-yellow diamond with Ni 
defects (Wang)F07:240-243 

of HPHT-grown yellow synthetic dia- 
mond (LN)Sp07:53-54 

of HPHT-treated green-yellow diamond 
(LN)Su07:153-154 

of iron sulfide-filled etch channels 
(LN)W07:361-362 

of natural-color diamonds (Eaton- 
Magamia)W07:332-351 

of oriented etch channel in black dia- 
mond (LN)W07:362-363 

of translucent greenish yellow dia- 
monds (LN)Sp07:50-52 

of yellowish green diamond with Ni 
defects (LN)Su07:156-157 

Diopside 

yellowish green, from Tanzania 

(Fritz)Su07:146-148 


Dravite 
from northeastern Mozambique 
(GNI)Sp07:73-75 
Dumortierite 
transparent, from Tanzania 
(GNI)W07:379 
Durability 
of emerald fillers (Johnson)Su07:120-137 
of Serenity coated colored diamonds 
(Shen|$p07:16-34, (Let)W07:291-292 
Dyeing 
of blue chalcedony (LN)FO7:245-246 
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of greenish blue chalcedony 
(GNIJEO7:269 
of pink-to-red coral (Smith)Sp07:4-15 


E 


Editorials 
“Save the Date for the 2009 Gemological 
Research Conference” (Keller)FO7:197 


EDXRF, see Spectroscopy, energy- 
dispersive X-ray fluorescence 

Elbaite, see Tourmaline 

Electroluminescence 


atypical, in blue diamond 
(LNJFO07:246-248 


Electron-microprobe analysis 
of andradite from Iran (GNI)Sp07:65-67 
of axinite from Pakistan (GNI}FO7: 
254-255 
of chondrodite from Tanzania 
GNI)W07:377-379 
of clinohumite from Tanzania 
GNI)W07:377-379 
of magnesio- and ferro-axinite from 
Tanzania (GNI)W07:373-375 
of tourmaline from Zambia—Canary 
Laurs)W07:314-331; trapiche 
Hainschwang)Sp07:36-46 
of tremolite from Tanzania 
Fritz)Su07:146-148 
of “violan” inclusions in quartz 
GNI)JF07:2.62-263 


Emerald 
beryl triplet imitation of (GNIJFO7: 
267-268 
fillers, durability testing of 
(Johnson)Su07:120-137 
nail-head spicule inclusions in 
(Choudhary)F07:228-235 
2,620.70 ct Buddha carving (LN)W07:364 
with unusual growth features 
(GNI)Sp07:67-68 
Enhancement, see Diamond treatment; 
Dyeing; Heat treatment; Treatment; spe- 
cific gem materials 
Environmental issues 
and pink-to-red coral (Smith)Sp07:4-15 
Errata 
to “Pink-to-red coral: A guide to deter- 
mining origin of color” (Smith)Sp07:4- 
15—typographical error in Raman 
peak (Let)}F07199 
to “polymer-impregnated turquoise” 
(Moe]Su07:149-151—name of pho- 
tographer (GNIJF07:274 
to “Sinkankas jade symposium” 
(GNI)Su07:181-182—diopside, not 
jadeite, slab (GNI)FO7:274 
to “triploidite from China” 
(GNI)Su06:183-184—triplite, not 
triploidite (GNI)Sp07:80 
Ethics 
Madison Dialogue Ethical Jewelry 
Summit (GNI)W07:389-390 
Ethiopia 
fluorite from Guji (GNI)Su07:168-169 
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F 


Faceting, see Diamond, cuts and cutting of 
Fair Trade practices 
Madison Dialogue Ethical Jewelry 
Summit (GNI)W07:389-390 
Fakes 
HPHT-treated diamond, misrepresent- 
ed as natural color (LN)FO7:248 
lead glass-filled rubies with hollow 
backs (GNI)Sp07:77-78 
see also Glass; Simulants; specific gem 
materials imitated 
Feldspar 
K-feldspar, chatoyant, from Tanzania 
(GNI)Su07:170-171 
Ferro-axinite, see Axinite 
Filling, fracture or cavity 
of emerald, durability testing 
(Johnson)Su07:120-137 
of ruby with lead glass (GNI)Sp07:77-78 
of synthetic ruby with lead glass 
(LNJFO7:250-251 
Fluorescence, ultraviolet [UV] 
of Napoleon Diamond Necklace 
(Gaillou)W07:352-357 
spectra of colored diamonds (Eaton- 
Magania)W07:332-351 
see also DiamondView imaging 
Fluorite 
“emerald” green from India 
(GNI)Sp07:56-58 
from Ethiopia, including color-change 
(GNI)Su07:168-169 
multicolored, from Brazil 
(GNI)FO7:255-256 
Fracture filling, see Filling, fracture or cavity 
French Polynesia 
cultured pearls from (Shor)FO7:200-226 
Furuya, Masashi 
obituary (Let)W07:292 


G 


Garnet 
as inclusions in diamond (LN)W07: 
360-361 
pyrope-almandine from Tanzania 
(GNI)Su07:172-173 
see also Andradite; Grossular; Spessartine 
Gems &) Gemology 
“Challenge”—Sp07:81-82; winners and 
answers F07:276 
Edward J. Gtibelin Most Valuable 
Article Award Sp07:1-2 
new Rapid Communications section 
(Let)Su07:95 
in Tunduru, Tanzania (Let)W07:291 
Gemological Research Conference [2009] 
announcement of (Keller)FO7:197 
Glass 
as blue spinel imitation (GNI)FO7: 
268-269 
as filling in synthetic ruby 
(LNJFO7:250-251 
impregnated, as turquoise imitation 
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(LN)W07:365 
as quartz imitation (GNI)Su07:174-175 
Gold 
coating on onyx (LN)W07:364-365 
Golden cultured pearls, see South Sea cul- 
tured pearls 
Graining 
in Apollo CVD synthetic diamonds 
(Wang]W07:294-312 
in diamond—HPHT treated (LNJFO7:248; 
intense rainbow (LN)Su07:155 
Grossular 
from California (GNI)Sp07:68-69 
tsavorite, 325.13 ct from Tanzania 
(GNI)Sp07:56 


H 


Hargett, David 
obituary (Let)Sp07:3 
Heat treatment 
of Canary tourmaline (Laurs)W07:314-331 
of Kashan synthetic ruby 
(GNI)Su07:175-176 
see also Treatment; specific gem 
materials 


Heliodor 
from Connecticut (GNI)Su07:169 


Hessonite, see Grossular 

High-pressure, high-temperature [HPHT] 
synthesis, see Diamond, synthetic 

High-pressure, high-temperature [HPHT] 
treatment, see Diamond treatment 

History 

of Napoleon Diamond Necklace 
(Gaillou)W07:352-357 

HPHT (high pressure, high temperature), 
see Diamond, synthetic; Diamond 
treatment 


Imitations, see Glass; Simulants; specific 
gem materials imitated 

Inclusions 

in andradite—from Namibia 
GNI)W07:370-373; color zoned, from 
Tran (GNI)Sp07:65-67 
of apatite in spessartine (LN)W07:358 
in Apollo CVD synthetic diamonds 
Wang)W07:294-312 
bimineralic, in diamond (LN)Su07:153 
in cat’s-eye aquamarine (LN)FO7:244-245 
as cause of color in black diamonds 
LN)Sp07:52 
of curved striae in glass-filled synthetic 
ruby (LN)EO7:250-251 
in danburite from Myanmar 
GNI)Su07:167-168 
dendrite, in heat-treated blue sapphire 
LN)Sp07:54-55 
of diamond(?) in quartz (GNI)FO7:260-261 
in dravite from Mozambique 
GNI)Sp07:73-75 
in emerald, unusual growth features 
GNI)Sp07:67-68 
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in ferro-axinite from Tanzania 
(GNI)W07:373-375 

in fire opal (GNI)FO7:258-259 

of fluorite in phenomenal quartz 
(GNIJE07:261-262 

in glass imitation of quartz 
(GNI)Su07:174-175 

of goethite and hematite in quartz from 
Brazil (GNI)W07:381-382 

of gold in variscite (GNI)Sp07:63-64 

in greenish blue synthetic beryl 
(GNI)W07:385-387 

in grossular from California 
(GNI)Sp07:68-69 

growth features on surface of phenakite 
crystal (LN)FO7:250 

in heat-treated Kashan synthetic ruby 

(GNI)Su07:175-176 

of idocrase in jadeite (LN)Su07:160 

of midge and nematode in Baltic amber 
(GNIJW07:370 

of nail-head spicules in natural gems 
(Choudhary)F07:228-235 

of pyrite in citrine from Brazil 
(GNI)Su07:166-167 

of red needles in amethyst 
(GNI)Sp07:64-65 

in spessartine (LN)W07: 358 

in synthetic spinel, pink 
(GNI)Su07:178-179 

in synthetic star sapphire 
(GNI)Su07:177 

three-phase, in green fluorite from India 
(GNIJSp07:56-58 

in tourmaline from Zambia—Canary 
(Laurs)W07:314-331; trapiche 
(Hainschwang)Sp07:36-46 

in turquoise from Sonora, Mexico 
(GNI)Sp07:75-77 

of “violan” and other minerals in 
quartz (GNI)FO7:262-263 

in YAG—(GNI)W07:387-388; disloca- 
tion spiral (LN)Sp07:55 

of zircon and growth tubes in kyanite 
(LNJFO7:2.48-249 

see also Diamond, inclusions in 


India 
“emerald” green fluorite from Bihar 
(GNI)Sp07:56-58 
Indonesia 
cultured pearls from (Shor)FO7:200-226 
Infrared spectroscopy, see Spectroscopy, 
infrared 
Instruments 
spectrometer—Raman (GNI)Sp07:64; 
rapid, mobile fluorescence (Eaton- 
Magania)W07:332-351 
see also DiamondView imaging; 
Electron-microprobe analysis; 
Scanning electron microscopy [SEM]; 
Spectrometry [various]; Spectroscopy 
[various]; X-radiography; X-ray 
diffraction analysis 
Tran 
andradite, color zoned from 
(GNI)Sp07:65-67 
blue-green opal from Kerman Province 
(GNIJE07:237-238 
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chrysocolla chalcedony from Iran/ 
Armenia area (GNI)W07:375-376 
Italy 
“Violan quartz” from Aosta Valley 
(GNIJE07:262-263 


J 


Jade 
Sinkankas Symposium on 
(GNI)Su07:181-182 [erratum 
(GNIJEO7:274] 
see also Jadeite 
Jadeite 
idocrase in (LN)Su07:160 
Japan 
cultured pearls from (Shor)FO7:200-226 
Jewelry 
cultured pearl (Shor)FO7:200-226 
global consumption of, 2005 vs. 2015 
(GNI)Su07:180-181 
KPMG report on the global industry 
(GNI)Su07:180-181 
Napoleon Diamond Necklace 
(Gaillou)W07:352-357 
see also specific gem materials 


K 


K-feldspar, see Amazonite; Feldspar 
Kashan, see Ruby, synthetic 
KPMG 
report on the global jewelry industry 
(GNI)Su07:180-181 
Kyanite 
Cr/V-bearing (GNI)FO7:256-257 
resembling blue sapphire (LN)FO7: 
248-249 


L 


LA-ICP-MS, see Spectrometry, laser abla- 
tion-inductively coupled plasma-—mass 
Legal issues, see Patents 
Leifite 
cat’s-eye, from Canada (GNI)Sp07: 
58-59 
Lesotho 
493 ct diamond crystal from 
(GNI)W07:366-367 
Letters 
coated colored diamonds (Let)W07: 
291-292 
cultured pearl terminology (Let)Su07:95 
diamond growth terminology 
(Let)Su07:96-97 
dyed coral (Let)Su07:96 
Fall 2006 Symposium issue (Let)Sp07:3 
Ge&G in Tanzania (Let)W07:291 
origin of color in natural-color corals 
(Let)Su07:95-96 
polymer-impregnated turquoise 
(Let}E07:199 
Raman peaks in coral (Let)FO7:199 
synthetic corundum “gem rough” 
(Let)Sp07:3 
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Liddicoatite 
from northeastern Mozambique 
(GNI)Sp07:73-75 
Luminescence 
transmission, of HPHT-grown yellow 
synthetic diamond (LN)Sp07:47-54 
see also DiamondView imaging; 
Fluorescence, ultraviolet [UV]; 
Phosphorescence 


M 


Madagascar 
Cr/V-bearing kyanite from 
(GNI)FO7:256-257 
spodumene, tourmaline, and morganite 
from Tsarafara (GNI)Sp07:69-70 


Magnesio-axinite, see Axinite 
Marketing and distribution 
of cultured pearls (Shor)FO7:200-226 
see also specific gem materials 


Mexico 
amazonite from Chihuahua State 
(GNI)Su07:163-164 
cultured pearl production in 
(Shor]FO7:200-226 
turquoise from Nacozari, Sonora 
(GNI)Sp07:75-77 
Microprobe, see Electron-microprobe 
analysis 
Microscopic techniques, see 
DiamondView imaging; Inclusions; 
Scanning electron microscopy [SEM] 
Mikimoto, Kokichi 
and commercialization of cultured 
pearls (Shor)F07:200-226 


Mining and exploration 

for diamonds—in Namibia 
(GNI)W07:367-370; in Saskatchewan, 
Canada (GNI)FO7:252-253; since 
1870 (Janse)Su07:98-119 

for play-of-color opal from Brazil 
(GNI)Sp07:59-60 

for tourmaline—Cu-bearing, in 
Mozambique (GNI)W07:383-384; yel- 
low, in Zambia (Laurs)W07:314-331 

see also specific countries and specific 
gem materials 


Mogok, see Myanmar 
Morganite 
from Madagascar (GNI)Sp07:69-70 
Most valuable article, see Gems & 
Gemology 
Mozambique 
Cu-bearing tourmaline from Mavuco 
(GNI)W07:383-384 
dravite and liddicoatite from Cabo 
Delgado (GNI)Sp07:73-75 
Myanmar 
baddeleyite from Mogok 
(GNI)W07:375-376 
cultured pearls from (GNI)Sp07:78 
danburite, yellow, from Mogok 
(GNI)Su07:167-168 
pezzottaite from Momeik 
(GNI)Sp07:70-72 
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prehnite from (GNI)Sp07:70-72 

sinhalite from Mogok (GNI)W07:382-383 

tourmaline from Letpanhla, pink to red 
(GNI)Su07:173-174 

2006 Emporium gem sales 
(GNI)Sp07:78 


N 


Nail-head spicules 
in natural gems (Choudhary)F07:228-235 
Namibia 
Cr/V-bearing kyanite from 
(GNIJFO7:256-257 
diamond mining by Namdeb 
(GNI)W07:367-370 
diamond production in (Janse)Su07:98-119 
inclusions in andradite from the Green 
Dragon mine (GNI)W07:370-373 
Napoleon Diamond Necklace 
examination of (Gaillou)W07:352-357 
Nepal 
Cr/V-bearing kyanite from 
(GNIJFO7:256-257 
Nigeria 
Cu-bearing tourmaline from 
(GNIJW07:384-385 
Nomenclature 
terminology for cultured pearls 
(Let)Su07:95 


O 


Obituaries 
Furuya, Masashi (Let)W07:292 
Hargett, David (Let)Sp07:3 
Omphacite 
as inclusions in diamond (LN)W07: 
360-361 
Onyx, see Chalcedony 
Opal 
blue, with cristobalite and quartz, from 
Brazil (GNI)W07:379-380 
blue-green, from Iran (GNIJFO7:237-238 
chatoyant, from Tanzania 
(GNI)Su07:170-171 
columnar structure in natural 
(LN)Su07:160-161 
fire, 492 g carving (GNI)FO7:258-259 
green, probably from Serbia 
(GNI)Su07:171 
play-of-color, from Brazil (GNI)Sp07:59-60 
Otolith 
set in pendant (GNI)W07:380-381 


P 


Pakistan 

andradite from Baluchistan 
(GNIJW07:373 

axinite from Baluchistan (GNI)FO7: 
254-255 

bastndsite, color-change, from Zagi 
Mountain (GNI)Su07:165-166 

ruby from Basha, Shigar, and Hunza 
valleys (GNI)FO7:263-264 
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“Paraiba” tourmaline, see Tourmaline 
Patents 
diamond cut, impact of 2007 U.S. Su- 
preme Court ruling (GNI)Su07:162-163 


Pearl 
non-nacreous, with unusual translu- 
cency (GNIJFO7:259-260 


Pearl, cultured 

from China—akoya (GNI)Su07:171- 
172; freshwater, with bead and other 
nuclei (Fiske)Su07:138-145 

history, marketing, and production of 
Japanese akoya, Tahitian, South Sea, 
and worldwide (Shor)FO7:200-226 

from Myanmar (GNI)Sp07:78 

terminology for (Let)Su07:95 

treatments (Shor)FO7:200-226 


Pezzottaite 
from Myanmar (GNI)Sp07:70-72 


Phenakite 
as rough diamond imitation (LN)FO7:250 
Philippines 
cultured pearls from (Shor)FO7:200-226 
Phosphorescence 
multiple colors in blue diamond 
(LN)Sp07:47-48 
see also DiamondView imaging 
Photoluminescence 
atypical, in type Ila diamond 
(LN)W07:358-360 
of blue diamond with atypical electro- 
luminescence (LN)F07:246-248 
see also Spectroscopy, photo- 
luminescence 


“Piggyback” diamond 
set in jewelry (LN)FO7:246 


Pleochroism 
of color-zoned axinite from Pakistan 
(GNIJF07:254-255 
Polymer 
impregnation of turquoise— 
(Moe]Su07:149-151; irradiation cured 
(Let}FO7:199 
Portuguese Diamond 
127.01 ct, fluorescence of (Eaton- 
Magania)W07:332-351 
Prehnite 
cat’s-eye (GNI)Sp07:72-73 
from Merelani, Tanzania (GNI)Sp07: 
60-61 
Pseudomorph 
turquoise possibly replacing apatite 
(GNI)Sp07:75-77 
Pyrope-almandine, see Garnet 
Pyroxene, see Diopside 


Q 


Quartz 
with diamond(?) inclusion 
(GNIJFO7:260-261 
glass imitation of (GNI)Su07:174-175 
goethite and hematite inclusions in 
(GNI)W07:381-382 
phenomenal (GNI)FO7:261-262 
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spicule-like inclusions in 

(Choudhary)F07:228-235 
“violan”-bearing (GNI)FO7:262-263 
see also Amethyst; Citrine 


R 


Rapid Communications, see Gems # 
Gemology 
Rhodochrosite 
from Colorado (GNI)Sp07:61-62 


Rhodonite 
in “Astorite” from Colorado 
(GNI)Su07:164-165 


Ruby 
lead glass—filled, with hollow backs 
(GNI)Sp07:77-78 
from new sources in Afghanistan and 
Pakistan (GNI)FO7:263-264 


Ruby, synthetic 
heat-treated Kashan (GNI)Su07:175-176 
quench crackled and glass filled 
(LN)FO7:250-251 


Russia 
amber from, with inclusion of midge 
and nematode (GNI)W07:370 
diamond production in (Janse)Su07: 
98-119 


S 


Sapphire 
with double star (LN)W07:365 
with nail-head spicule and spicule-like 
inclusions (Choudhary)FO7:228-235 
with unusual dendrites (LN)Sp07:54-55 
Sapphire, synthetic 
star, with hexagonal zoning 
(GNI)Su07:177 
Sapphirine 
transparent, from Tanzania 
(GNI)W07:379 
Scanning electron microscopy [SEM] 
of pezzottaite from Myanmar 
(GNI)Sp07:70-72 
of Serenity coated diamonds 
(Shen)Sp07:16-34 
of “violan” inclusions in quartz 
(GNI)F07:262-2.63 
Scapolite 
chatoyant, from Tanzania 
(GNI)Su07:170-171 
SEM, see Scanning electron microscopy 
Serpentinite 
from Argentina, marketed as “Andes 
Jade” (GNI)Sp07:62-63 
SIMS, see Spectrometry, secondary ion mass 
Simulants 
of “Paraiba” tourmaline, synthetic 
beryl (GNI}W07:385-387 
sold as Cu-bearing tourmaline in 
Mozambique (GNI)W07:383-384 
see also Glass; specific gem materials 
Sinhalite 
from Myanmar (GNI)W07:382-383 
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Software, see Computer software 
South Africa 
diamond sources and production in 
(Janse)Su07:98-119 


South Sea cultured pearls 
history and production of 
(Shor)FO7:200-226 


Spectrometry, laser ablation-inductively 
coupled plasma-mass [LA-ICP-MS] 
of Cr/V-bearing green spodumene from 
Afghanistan (GNI)FO7:265-267 
of Cr/V-bearing kyanite (GNI)FO7: 
256-257 
Spectrometry, secondary ion mass [SIMS] 
of Serenity coated colored diamonds 
(Shen)Sp07:16-34, (Let)W07:291-292, 
Spectroscopy, energy-dispersive X-ray fluo- 
rescence [EDXRF| 
of tourmaline—Cu-bearing, from Paraiba 
(Furuya)F07:236-239; trapiche, from 
Zambia (Hainschwang)Sp07:36-46 
Spectroscopy, fluorescence 
of colored diamonds (Eaton- 
Magafia)W07:332-351 
Spectroscopy, infrared 
of Apollo CVD synthetic diamonds 
(Wang)W07:294-312 
of greenish blue synthetic beryl 
(GNI)W07:385-387 
of HPHT-grown yellow synthetic dia- 
mond (LN)Sp07:53-54 
of HPHT-treated green-yellow diamond 
with H2 defect (LN)Su07:153-154 
of Napoleon Diamond Necklace 
Gaillou)W07:352-357 
of polymer-impregnated turquoise 
Moe)Su07:149-151 
of Serenity coated colored diamonds 
Shen]$p07:16-34, (Let)W07:291-292 
of translucent greenish yellow dia- 
monds (LN)Sp07:50-52 
of trapiche tourmaline from Zambia 
Hainschwang)Sp07:36-46 


Spectroscopy, phosphorescence 
of colored diamonds (Eaton- 
Magamia)W07:332-351 
Spectroscopy, photoluminescence 
of Apollo CVD synthetic diamonds 
(Wang)W07:294-312 
of green-yellow diamond with Ni 
defects (Wang)F07:240-243 
of pink-to-red coral (Smith)Sp07:4-15 
unusual feature in type Ila diamond 
(LN)W07:358-360 
of yellowish green diamond with Ni 
defects (LN)Su07:156-157 


Spectroscopy, Raman 

of Apollo CVD synthetic diamonds 
(Wang)W07:294-312 

CrystalSleuth software for (GNI)Sp07:64 

of diopside from Tanzania 
(Fritz)Su07:146-148 

of pink-to-red coral—(Smith)Sp07:4-15 
[erratum (Let)FO7:199]; peaks in 
(Let)EO7:199 

of polymer in turquoise (Moe})Su07: 
149-151 
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see also Instruments 


Spectroscopy, UV-Vis 

of Cr/V-bearing green spodumene from 
Afghanistan (GNI)F07:265-267 

of HPHT-treated yellow-orange dia- 
mond (LN)Sp07:49-50 

of pink synthetic spinel (GNI)Su07: 
178-179 

of yellowish green diamond with Ni 
defects (LN)Su07:156-157 


Spectroscopy, UV-Vis-NIR 
of Apollo CVD synthetic diamonds 
(Wang)W07:294-312 
to detect blue dye in chalcedony 
(LN)FO7:245-246 
of “emerald” green fluorite from India 
(GNI)Sp07:56-58 
of green-yellow diamond with Ni 
defects (Wang)FO7:240-243 
of HPHT-treated green-yellow diamond 
with H2 defect (LN)Su07:153-154 
of kyanite and blue sapphire 
(LN)FO7:248-249 
of pink-to-red coral (Smith)Sp07:4-15 
of Serenity coated colored diamonds 
(Shen)Sp07:16-34, (Let)W07:291-292 
of tourmaline from Zambia—Canary 
(Laurs)W07:314-331; trapiche 
(Hainschwang)Sp07:36-46 
of yellow-green clinohumite from 
Tanzania (GNI)W07:377-379 
of yellowish green diopside and amphi- 
bole from Tanzania (Fritz)Su07:146-148 
Spessartine 
apatite inclusions in (LN)W07:358 
Spinel 
glass imitation of blue (GNI)FO7:268-269 
spicule-like inclusions in 
(Choudhary)FO7:228-235 
Spinel, synthetic 
pink, colored by iron (GNI)Su07:178-179 
Spodumene 
green, Cr/V-bearing, from Afghanistan 
(GNI)F07:265-267 
from Madagascar (GNI)Sp07:69-70 


Sri Lanka 
topaz, cat’s-eye from Embilipitiya 
(GNI)Sp07:73 
Surface coating, see Coating 
Synthetics, see specific gem materials 


T 


Tahiti, see French Polynesia 
Tahitian cultured pearl, see Pearl, cultured 
Tanzania 
axinite, magnesio- and ferro-, from 
(GNIJW07:373-375 
cat’s-eye K-feldspar, scapolite, opal, and 
apatite from (GNI)Su07:170-171 
diopside, yellowish green, from 
Merelani (Fritz)Su07:146-148 
dumortierite from Tunduru 
(GNI)W07:379 
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Gems & Gemology in Tunduru 
(Let)W07:291 

prehnite from Merelani (GNI)Sp07:60-61 

pyrope-almandine from Umba Valley 
(GNI)Su07:172-173 

sapphirine from Tunduru (GNI)W07:379 

tremolite, yellowish green, from 
Merelani (Fritz)Su07:146-148 

tsavorite, 325.13 ct, from Merelani 
(GNI)Sp07:56 

yellow chondrodite from 
(GNI)W07:377-379 

yellow-green clinohumite from 
(GNI)W07:377-379 

Tiger’s-eye 
large slab, from Australia (GNI)Sp07:57 
Topaz 

cat’s-eye, from Sri Lanka (GNI)Sp07:73 

synthetic corundum imitation of 
Imperial (GNI)Su07:179 


Tourmaline 
Cu-bearing—from Mozambique 
(GNI)W07:383-384; new deposits in 
Paraiba State, Brazil (Furuya)F07:236- 
239; from Nigeria (GNI)W07:384-385 
from Madagascar (GNI)Sp07:69-70 
pink to red, from Myanmar 
(GNI)Su07:173-174 
trapiche, from Zambia 
(Hainschwang)Sp07:36-46 
yellow Mn-rich elbaite (“Canary”), 
from Zambia (Laurs)W07:314-331 
see also Dravite; Liddicoatite 
Transmission luminescence, see 
Luminescence 
Trapiche 
growth phenomenon 
(Hainschwang)Sp07:36-46 
Treatment 
of cultured pearls (Shor)FO7:200-226 
to produce pink-to-red color in coral 
(Smith)Sp07:4-15 
see also Coating; Diamond treatment; 
Dyeing; Filling, fracture or cavity; 
Heat treatment; specific gem materials 
Tremolite 
yellowish green, from Tanzania 
(Fritz)Su07:146-148 
Triplet, see Assembled gem materials 
Tsavorite, see Grossular 
Tucson gem and mineral shows 
highlights of (GNI)Sp07:56-64 
Turquoise 
glass imitation of (LN)W07:365 
polymer impregnated—{Moe]Su07:149- 
151; cured by irradiation (Let)F07:199 
from Sonora, Mexico (GNI)Sp07:75-77 


U 


United States 
Astorite from Colorado (GNI)Su07: 
164-165 
clinozoisite from San Diego County, 
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California (GNI)Sp07:68-69 
cultured pearl production in 
(Shor)FO7:200-226 
grossular from San Diego County, 
California (GNI)Sp07:68-69 
heliodor and other beryls from 
Connecticut (GNI)Su07:169 
rhodochrosite from Colorado 
(GNI)Sp07:61-62 
USSR [Union of Soviet Socialist Republics] 
diamond production in (Janse)Su07:98-119 
see also Russia 
Uvite 
trapiche, from Zambia 
(Hainschwang)Sp07:36-46 


Vv 


Variscite 
from Australia (GNI)Sp07:63-64 


Vietnam 
cultured pearls from (Shor)FO7:200-226 


WwW 


West Africa 
diamond production in (Janse)Su07:98-119 


X 


X-radiography 
of Chinese freshwater cultured pearls 
(Fiske)Su07:138-145 
of non-nacreous pearl (GNIJF0O7:259-260 
X-ray diffraction analysis 
CrystalSleuth software for 
(GNI)Sp07:64 
of trapiche tourmaline from Zambia 
(Hainschwang)Sp07:36-46 
of tremolite from Tanzania 
(Fritz|Su07:146-148 
XRE, see Spectroscopy, energy-dispersive 
X-ray fluorescence 


Y 


YAG, see Yttrium aluminum garnet 
Yttrium aluminum garnet [YAG] 
with a dislocation spiral (LN)Sp07:55 
with a “reverse” color change 
(GNIJW07:387-388 


Z 


Zaire, see Congo, Democratic Republic of 
the 
Zambia 
trapiche tourmaline from the Kavungu 
mine (Hainschwang)Sp07:36-46 
yellow tourmaline from the Canary 
mining area (Laurs)W07:314-331 
Zoisite, see Clinozoisite 


Zoning, see Color zoning; specific gem 
materials 
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long been known that these elements are 
present in colored corundum. Thus, in col- 
oring synthetic rubies and sapphires, it is 
natural to expect that the same elements 
would produce the same colors. However, in 
the synthetics much greater quantities of the 
impurities are necessary to effect the same 
colors. Thus the temperature of formation, 
much greater in the artificial material, is a 
factor of considerable importance. 

Not only is the temperature of formation 
important, but the thermal history of the 
mineral since its formation, has a profound 
effect on its final color. It is a well-known 
fact that a high percentage of the gemstones 
are a different color when they reach the 
jeweler than they were when they were 
mined or taken from the stream gravels of 
Indo-China, Ceylon, Brazil, or elsewhere. 
Very little of the processing, usually heat 
treatment, is done with modern scientific 
controls and virtually none of it with a 
knowledge of what is taking place within 
the stone. 

Take zircon as an example. It is almost 
impossible to buy in this country any uncut 
gem material in its natural color to make a 
study of the color changes under controlled 
conditions. The reddish brown stones from 
Indo-China are heat-treated and cut in Siam. 
From the brief accounts available the pro- 
cessing is done in a primitive fashion under 
conditions determined by trial and error. 
Moreover, it is difficult to predict what will 
happen when a zircon of a given color is 
heated. If heated in a reducing environment, 
a brownish stone may become colorless, 
blue, or an off-color blue. If heated in an 
oxidizing environment, it may become‘ yel- 
low or colorless. 

Other stones that are frequently heat- 
treated are corundum, beryl, topaz, and 
tourmaline. 

What happens when a stone is heated? 
If heated in air, that is, in an oxidizing 
environment, the result may be different 
than when heated without air in a reducing 
environment as in the case of zircon. The 


simple explanation is that the pigmenting 
element has been oxidized in one case and 
reduced in the other. Since the color of the 
various oxides of an element may be differ- 
ent, this undoubtedly explains the color 
changes brought about on the heating of 
some gems. For example, one oxide of iron, 
FeO, is black, but, if the iron is combined 
with more oxygen to form Fe.Os, it is red. 

A most striking example iof this in a 
gemstone is the new synthetic rutile, TiO:. 
The best stones ate clear and transparent 
with a slight yellow color. If the surface is 
touched with a spark of burning iron, such 
as is produced by the familiar Fourth of 
July sparkler, it is immediately reduced to 
a black titanium oxide, Ti:Os. 

Accompanying a change in the state of 
oxidation, there is also a change in the size 
of the atom. Thus the well-known change 
to yellow citrine when violet amethyst is 
heated may be caused by a change in the 
size of the atom of the impurity, rather 
than by the color difference of the oxides 
of the pigmenting element. The lattice, dis- 
torted because of the presence of the foreign 
element, will become more distorted and 
thus scatter the light differently. 

Another type of coloring in gems, not 
directly related to the chemical composition 
or chemical impurities, has been called 
Structural coloring.* Were colors are pro- 
duced when the direction of certain wave 
lengths of the incident white light are selec- 
tively changed. This is due to physical causes 
such as twinning lamellae, alternating !ay- 
ers of different composition, thin films and 
minute particles. Since this is a directional 
effect the colors will change as the position 
of the observer changes. Such effects are 
well-known in opal and labradorite feldspar. 

The phenomenon of interference gives 
the best-known type of structural coloring. 
This takes place when light is partially 
reflected from the upper and lower side of 


*Kennard, T. G., and Howell, D. H., Amer. Min- 
eral., vol. 26, pp. 405-421, 1941. 
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1 The Dr. Edward J. Giibelin Most Valuable Article Award 


FEATURE ARTICLES 


4 Copper-Bearing (Paraiba-type) Tourmaline from Mozambique 
Brendan IM. Laurs, J. C. (Hanco) Zwaan, Christopher M. Breeding, William B. (Skip) 
Simmons, Donna Beaton, Kenneth F. Rijsdijk, Riccardo Befi, and Alexander U. Falster 


The geology, mining, and properties are described for this tourmaline, which 
typically yields bright Paraiba-like blue-to-green hues on heat treatment. 


32. A History of Diamond Treatments 
> Thomas W. Overton and James E. Shigley 


Reviews the history, characteristics, and identification of diamond 
color and clarity enhancement techniques. 
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NOTES AND NEW TECHNIQUES 


Natural-Color Purple Diamonds from Siberia 


56 Sergey V. Titkov, James E. Shigley, Christopher M. Breeding, Rimma M. Mineeva, 
Nikolay G. Zudin, and Aleksandr M. Sergeev 


A gemological and spectroscopic investigation of rare purple diamonds from 
Siberia to better understand their color and its causes. 


pg. 40 
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is pleased to announce 
the winners of the 


he first-place article was “Durability Testing of Filled 

Emeralds” (Summer 2007), a long-term study of the stability 
and durability of nine common emerald-filling substances. 
Receiving second place was “Serenity Coated Colored Diamonds: 
Detection and Durability” (Spring 2007), which examined a new 
multi-layer diamond coating technique that produces evenly 
distributed, natural-looking fancy colors. Third place went to 
“Latest-Generation CVD-Grown Synthetic Diamonds from 
Apollo Diamond Inc.” (Winter 2007), a report on the compa- 


ny’s latest products, which showed significant improve- We extend our sincerest thanks to all 
ments in size, color, and clarity. ‘ in 
the subscribers who participated 


in the voting. 


as voted by the journals readers. 


The authors of these three articles will share cash 
prizes of $2,000, $1,000, and $500, respectively. 
Following are brief biographies of the winning 
authors. 


@ First Place 
DURABILITY TESTING OF FILLED EMERALDS 
Mary L. Johnson 


Mary L. Johnson is the principal of Mary Johnson Consulting in San Diego, 
California. Formerly manager of research and development at GIA, Dr. Johnson 
received her Ph.D. in mineralogy and crystallography from Harvard University. 


Mary L. Johnson 


@@ Second Place 


SERENITY COATED COLORED DIAMONDS: 
DETECTION AND DURABILITY 


a Andy H. Shen, Wuyi Wang, Matthew S. Hall, Steven Novak, Shane F. McClure, 
James E. Shigley, and Thomas M. Moses 
Andy H. Shen is a research scientist at the GIA Laboratory in Carlsbad, 


Andy H. Shen Wuyi Wang California. Dr. Shen holds a Ph.D. from Cornell University and has conducted 


Most VALUABLE ARTICLE AWARD GEMS & GEMOLOGY SPRING 2008 1 


research in mineral physics in the United States, Germany, and the United 
Kingdom for more than 15 years. Wuyi Wang is manager of research projects 
at the GIA Laboratory in New York. Dr. Wang holds a doctorate in geology 
from the University of Tsukuba in Japan. He has considerable research expe- 
rience in diamond geochemistry and diamond treatment. Matthew S. Hall is 
manager of identification services at the GIA Laboratory in New York. Mr. 


Hall has a bachelor’s degree in geology from Franklin and Marshall College 
Matthew S. Hall Steven Novak 


Shane F. McClure James E. Shigley 


and a master’s in geology and geochemistry from the University of Maryland. 
Steven Novak is senior specialist at the Evans Analytical Group in East 
Windsor, New Jersey. Dr. Novak has a Ph.D. in geology from Stanford 
University. Shane F. McClure is director of identification services at the GIA 
Laboratory in Carlsbad. Well-known for his many articles and lectures on gem 
identification, Mr. McClure is coeditor of Ge)G’s Lab Notes section. James E. 
Shigley is distinguished research fellow at the GIA Laboratory in Carlsbad. 
The editor of the Gems & Gemology in Review series and contributing edi- 


tor to the journal, Dr. Shigley received his doctorate in geology from Stanford 
University. Thomas M. Moses is senior vice president of the GIA Laboratory 
and Research, New York. 


@@®@ Third Place 


Thomas M. Moses 


LATEST-GENERATION CVD-GROWN SYNTHETIC 
DIAMONDS FROM APOLLO DIAMOND INC. 


Wuyi Wang, Matthew S. Hall, Kyaw Soe Moe, Joshua Tower, 


and Thomas M. Moses 
Wuyi Wang, Matthew S. Hall, and Thomas M. Moses were profiled in the sec- 
ond-place entry. Kyaw Soe Moe, formerly a research technician at the GIA 
Laboratory in New York, holds a bachelor’s degree in geology from the 
~ = 


University of Yangon in Myanmar. Mr. Moe resides in West Melbourne, Florida. 


Joshua Tower, senior scientist at Apollo Diamond Inc. in Boston, has 20 years 
of experience in crystal growth, materials characterization, and semiconductor Kyaw Soe Moe Joshua Tower 
metrology. Mr. Tower received a bachelor’s degree from Middlebury College and 

a master’s degree from the University of Maryland, both in physics. 


Congratulations to Dr. Edward Blomgren of Owls Head, New York, sa a tee 
whose ballot was drawn from the many entries to win a three-year subscription to sities 

Gems & GEMOLOGY, and copies of the two GEMS & GEMOLOGY IN REVIEW SS 
volumes, COLORED DIAMONDS and SYNTHETIC DIAMONDS. ~~ 
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COPPER-BEARING (PARAIBA-TYPE) 
TOURMALINE FROM MOZAMBIQUE 


Brendan M. Laurs, J. C. (Hanco) Zwaan, Christopher M. Breeding, William B. (Skip) Simmons, 
Donna Beaton, Kenneth F. Rijsdijk, Riccardo Befi, and Alexander U. Falster 


Copper-bearing tourmaline from Mozambique was first recovered in 2001, but its Cu content was 
not recognized until 2003, and it was not widely sold with its Mozambique origin disclosed until 
2005. It has been mined from alluvial deposits in an approximately 3 km? area near Mavuco in the 
eastern portion of the Alto Ligonha pegmatite district. Most of the production has come from arti- 
sanal mining, with hand tools used to remove up to 5 m of overburden to reach the tourmaline- 
bearing layer. The stones exhibit a wide range of colors, typically pink to purple, violet to blue, and 
blue to green or yellowish green. Heat treatment of all but the green to yellowish green stones typi- 
cally produces Paraiba-like blue-to-green hues by reducing absorption at ~520 nm caused by the 
presence of Mn?*. The gemological properties are typical for Cu-bearing tourmaline (including 
material from Brazil and Nigeria); the most common inclusions consist of partially healed fractures 
and elongate hollow tubes. With the exception of some green to yellow-green stones, the tourma- 
lines examined have relatively low Cu contents and very low amounts of Fe and Ti. Mechanized 
mining is expected to increase production from this region in the near future. 


opper-bearing tourmaline, in bright blue- 

to-green hues, is one of the most sought- 

after colored stones in the gem market. Soon 

after its discovery in Brazil’s Paraiba State in the 
late 1980s (Koivula and Kammerling, 1989), the 
material gained notoriety for its beautiful “neon” 
colors, and prices escalated rapidly. Additional 
deposits were found in Paraiba and in neighboring 
Rio Grande do Norte State during the 1990s 
(Shigley et al., 2001). Then, in 2001, Cu-bearing 
tourmaline was discovered in Nigeria (Smith et al., 
2001). At least three Nigerian localities were subse- 
quently recognized (Furuya and Furuya, 2007; 
Breeding et al., 2007). The newest source of Cu- 
bearing tourmaline is Mozambique, which was first 
described in 2004 (Wentzell, 2004). Eventually, the 
gem trade learned that the source was the Mavuco 
(or Chalaua) area in the Alto Ligonha pegmatite dis- 
trict. It is probably the world’s largest known 
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deposit of Cu-bearing tourmaline, and the “neon” 
blue and green shown by the finest stones closely 
resembles the most sought-after material from 
Paraiba (figure 1). Mavuco actually produces a wide 
variety of colors, including unusual deep purple 
amethyst-like hues and steely violetish blues (figure 
2). Of the several hundred kilograms of tourmaline 
rough mined to date in the Mavuco area, about 10% 
show blue-to-green Paraiba-like colors without heat 
treatment (M. Konate, pers. comm., 2007). 

The Cu-bearing tourmaline from this area may 
have been sold initially as Brazilian material (in var- 
ious countries around the world, including Brazil], 
since the Mozambique origin was not correctly and 
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widely marketed until the September 2005 Hong 
Kong International Jewelry Fair (Abduriyim and 
Kitawaki, 2005; Abduriyim et al., 2006). Although 
most dealers agree that the Mozambique material's 
blue-to-green colors are typically somewhat less sat- 
urated than those of its Brazilian counterpart, the 
lower price and greater availability have helped fuel 
this tourmaline’s continued popularity. The larger 
number of eye-clean stones in the 20-60 ct range 
has also created excitement (“Mozambique Paraiba 
tourmaline hot in Tucson,” 2007; Wise, 2007). The 
largest clean faceted “neon” blue Paraiba-type stone 
from Mozambique known to these authors weighs 
88.07 ct (figure 3). 

Mavuco lies on the eastern side of the Alto 
Ligonha pegmatite district, which is well known for 
producing superb gem material and/or specimens of 
tourmaline, beryl, topaz, and other species (e.g., 
Bettencourt Dias and Wilson, 2000). Most of the 
Alto Ligonha pegmatites are located west of Ligonha 
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Figure 1. Copper-bearing 
tourmaline from 
Mozambique is found as 
alluvial pebbles (upper 
left, approximately 11 g) 
and is faceted into a 
variety of bright colors, 
including the most 
desirable “neon” blue 
and green. The center 
stone in the ring weighs 
approximately 5 ct, and 
the other faceted tour- 
malines weigh 
6.73-15.77 ct; the blue 
teardrop in the center 
and the stone in the ring 
have been heat treated. 
Ring courtesy of The 
Collector Fine Jewelry, 
Fallbrook, California, 
and loose stones cour- 
tesy of Barker & Co. 
and Pala International, 
photo © Harold and 
Erica Van Pelt. 


y 


River, whereas the Cu-bearing tourmaline deposit is 
on the east side. Even further east, the Monapo- 
Nacala area is another source of pegmatite minerals, 


Figure 2. Ranging from 10.66 to 16.50 ct, these stones 
show some of the vivid colors seen in Cu-bearing tour- 
maline from Mozambique. All are reportedly unheat- 
ed. Courtesy of Barker & Co. and Pala International; 
photo by Robert Weldon. 
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Figure 3. At 88.07 ct, this is the largest faceted “neon” 
blue Paraiba-type tourmaline from Mozambique that 
the authors have seen (heated stone, courtesy of 
Mozambique Gems). A 1 ct diamond is shown for 
scale (courtesy of GIA). Photo by Robert Weldon. 


including alluvial tourmaline (Correia Neves et al., 
1972; Petsch, 1985), but no Cu-bearing material is 
known from there. 

To date, Cu-bearing tourmaline from Mozam- 
bique has been described most thoroughly by 
Abduriyim et al. (2006), Milisenda et al. (2006), 
Furuya and Furuya (2007), and Rondeau and 
Delaunay (2007). All of these authors have presented 
chemical analyses, and some illustrated how trace- 
element chemistry can be used to separate the 
Mozambique tourmalines from their Brazilian and 
Nigerian counterparts. The present article introduces 
additional chemical data for the Mozambique materi- 
al and characterizes the gemological properties in 
detail. Information on the geology and mining was 
gathered by authors BML and JCZ during a five-day 
visit to the Mavuco area in August-September 2007. 
These authors were guided by Mozambique Gems 
Ltd., which filed the first mining claim in the area for 
the Paraiba-type tourmaline and has been preparing 
for a major mechanized operation. 


HISTORY 


Tourmaline, in a variety of vivid colors, was first 
recovered from the Mavuco area in 2001 by local 
farmers (M. Konate, pers. comm., 2.007). In 2003, 
Moses Konate (current owner of Mozambique 
Gems] sold a parcel of this tourmaline in the United 
States, and was subsequently informed that it con- 
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tained traces of copper. As with Paraiba-type tour- 
maline from other localities, some of the stones 
turned bright blue to blue-green when heated to 
moderate temperatures. Mozambique then joined 
Brazil and Nigeria as the world’s only known 
sources of this attractive tourmaline. 

Soon, about 300 local people were working a 
small area for the tourmaline. In July 2004, Mr. 
Konate filed a 300-hectare claim, and eventually oth- 
ers surrounded this concession with a series of larger 
claims. During the ensuing mining rush, Mr. Konate 
secured his claim from illegal mining and assembled 
four overseas partners to help finance a mechanized 
mining operation. In preparation for this operation, 
the group secured the permits needed for mining, per- 
formed mapping and exploration, and undertook an 
environmental impact study. They have also helped 
the local community by providing employment, 
sharing electricity from their generator, and assisting 
with the construction of a medical clinic in Mavuco. 

Prior to the discovery of the tourmaline, fine 
crystals of aquamarine and quartz were recovered 
from miarolitic cavities in nearby pegmatites during 
the mid-1980s to the late 1990s. Some of this min- 
ing was actually done on the northwest portion of 
Mozambique Gems’ present claim, but the tourma- 
line was not recognized at the time because the 
alluvial layer that hosts it was buried by up to sever- 
al meters of overburden. 


LOCATION AND ACCESS 

The mining area is located in northeastern Mozam- 
bique, in Nampula Province, adjacent to the village 
of Mavuco (figure 4). Measured in a straight line, 
Mavuco is located approximately 95 km south- 
southwest of the city of Nampula, from which the 
mining area can be reached in a sturdy vehicle in 
2%-3 hours. The route follows a paved road 80 km 
to the village of Murrupula, and then 86 km of dirt 
road to a crossing located nearly halfway between 
the villages of Tultti (or Luluti) and Chalaua. From 
the crossing, a dirt track proceeds a few more kilo- 
meters to the mining area. 

The Mavuco region marks a gradual transition 
from the lower coastal plains in the southeast 
toward the higher plateaus in the northwest. The 
mining area is rather flat, but a few kilometers to 
the south are a pair of prominent granite monoliths 
(inselbergs or kopjes) with an altitude of approxi- 
mately 600 m that are collectively known as Mt. 
Muli. Mavuco means lakes, in reference to low 
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areas near Mt. Muli that fill with water during the 
rainy season. For much of the year, though, water 
must be carried from seasonal streams to Mavuco 
by local entrepreneurs on bicycles. 

Mavuco has a tropical humid climate, with a dry 
period in winter. The average temperature in 
Nampula Province varies from ~23°C (73°F) in April 
to ~28°C (82°F) in October-December; average rain- 
fall varies from 15-25 mm (an inch or less) in the 
period May-September, to 250-260 mm (about 10 
inches) in January-February (Slater, 2006). The vege- 
tation consists of open savanna, and farmers use 
much of the land around the mining area to grow 
crops such as cassava, maize, beans, cashew nuts, 
and various fruits. 


GEOLOGY 

The basement rocks in the Mavuco area form part 
of the Mozambique Belt (1100-800 million years 
old [Ma]), which extends from the Mediterranean 
Sea down to central Mozambique (Lachelt, 2004). 
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Figure 4. Cu-bearing 
tourmalines are found 
in northeastern Mozam- 
bique, in Nampula 
Province, near the vil- 
lage of Mavuco. From 
Nampula, Mavuco can 
be reached via 
Murrupula. 


This orogenic belt hosts rich gem and mineral 
wealth over a large area from Mozambique through 
Tanzania and Kenya (Bettencourt Dias and Wilson, 
2.000). In northern Mozambique, the basement con- 
sists primarily of strongly metamorphosed gneisses 
(migmatites) that were mainly deformed during the 
Pan-African tectonic event (800-550 Ma). During 
the period 600-410 Ma, these rocks were intruded 
by granitoids and rare-element granitic pegmatites 
(e.g., Pinna et al., 1993; Lachelt, 2004; figure 5). 
Most of the pegmatites were emplaced within 
approximately 200 km of Alto Ligonha. Since the 
1930s, they have been mined for a variety of com- 
modities, including rare metals (Li, Be, Nb, and Ta}, 
industrial minerals (quartz, mica, feldspar, and clay), 
and gems such as tourmaline and beryl (Bettencourt 
Dias and Wilson, 2000; Lachelt, 2004). 

The Mavuco area is tropically weathered and 
mostly covered by deep lateritic soil. Recent regional- 
scale geologic mapping, carried out by Mozambique’s 
National Directorate of Geology and supported by 
the World Bank, shows that the principal rock types 
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Figure 5. The area where the Cu-bearing tourmalines 
are found lies on the eastern side of the well-known 
Alto Ligonha pegmatite district. This geologic sketch 
map shows the principal tectonic-geologic units: 

(1) rift of the East African Rift System; (2) Mesozoic 
and Cenozoic sedimentary rocks; (3) pegmatite 
fields; (4) Pan-African intrusions; (5) Mozambican 
areas, part of the Mozambique Belt and mostly 
remetamorphosed during the Pan-African tectonic 
event. Modified after Lachelt (2004). 


Simple granitic pegmatites locally crosscut the 
basement rocks and form quartz-rich outcrops 
where the host gneisses are exposed at the surface 
(particularly common in the northwest portion of 
Mozambique Gems’ claim). They consist of milky, 
rose, and/or clear, transparent quartz, pink K- 
feldspar, and black tourmaline, with rare micas and 
sometimes beryl. Although these pegmatites are 


found quite close to the area mined for Cu-bearing 
tourmaline, they are not the source of this material, 
as expected from their Li-poor composition. 


consist of various types of gneiss (mapped as the 
Nantira/Metil Group by Pinna et al., 1986), as well 
as the granites of Mt. Muli and Mt. Tuluti (figure 6). 
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Figure 6. The inferred 
basement rocks in the 
Mavuco area are shown 
on this geologic map. 
The map is part of an as- 
yet unpublished regional 
map that was recently 
compiled by Mozam- 
bique’s National 
Directorate of Geology 
as part of an ongoing 
project financed by the 
World Bank. The Cu- 
bearing tourmaline 
deposit is situated 
approximately between 
two granitic massifs, Mt. 
Muli and Mt. Iuluti. The 
rectangle shows the 
mining concession of 
Mozambique Gems Ltd. 
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Figure 7. This large pit on the Mozambique Gems 
claim shows a good cross-section of the geology of the 
deposit (left; photo by B. M. Laurs). The tourmalines 
are found in a light reddish brown quartz-rich gravel 
layer on top of light tan weathered bedrock, and 
underneath a top layer of red-brown clayey soil. The 
gravel layer can be found between 0.5 m and 5 m 
below the surface in the Mavuco area. The thickness of 
the tourmaline-bearing gravel layer is indicated by the 
men in the image on the right (photo by J. C. Zwaan). 


The Cu-bearing tourmaline has only been found 
as waterworn pebbles in secondary deposits. The 
tourmaline-bearing layer (paleoplacer) rests on top 
of weathered biotite gneiss bedrock, and itself is 
covered by a red-brown to black tropically weath- 
ered horizon (laterite; figure 7). The laterite varies in 
thickness from approximately 0.5 m near seasonal 
streams to typically 3-5 m. The tourmaline-bearing 
gravel layer is generally between several centime- 
ters and 1 m thick and ranges from light gray to red- 
brown. The latter color is due to the weathering of 
iron-bearing materials, which has locally stained 
the clasts and interstitial clays within the gem-bear- 
ing layer. Available exposures of this layer showed 
that it is flat-lying. It is predominantly comprised of 
fine- to medium-sized gravels (0.2-30 mm) and 
local pebbles (typically 40-70 mm). The gravels are 
clast-supported, showing an open-worked matrix 
(ie., containing many empty spaces, and in places 
no matrix at all). The individual pebbles are typical- 
ly coated with a red clayey silt (figure 8). The grav- 
els consist mainly of milky to transparent quartz; 
less common are partially weathered feldspar and 
black or colored tourmaline. The gravels are domi- 
nated by subangular clasts (>90%), with the balance 
subrounded to rounded. The colored tourmalines 
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fall into the latter category, although some pieces 
we encountered still showed traces of striations on 
the prism surfaces (figure 9). 


Figure 8. The tourmaline-bearing layer is a quartz- 
rich, clast-supported gravel. Many of the clasts are 
angular, such as the larger (5 cm) quartz pebble 
toward the right in this image. Photo by J. C. Zwaan. 
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A Method of Measuring 


Hy Application 
of Calibrated 
Microscope Eyepiece 


HE measurement of a stone by means 
To the Leveridge Gauge has been used 
for a number of years and considered 
necessary equipment in the jewelry business. 
The stone can be accurately and quickly 
measured. The stone is placed in a pair of 
forceps attached to an arm above the top 
of the gauge and connected with the gauge, 
so when the stone is placed in the forceps 
the size of the stone is registered in milli- 
meters on the gauge. By making several 
measurements and simple calculations and 
referring to a set of Weight Estimator Tables 
the weight of a stone can be quite ac- 
curately determined. 

Another more satisfactory means of mea- 
suring stones and possessing the same degree 
of accuracy as the Leveridge Gauge, is a 
method involving the use of the A.G:S. 
Diamondscope or a similar microscope. This 
method allows one to measure the size of 
the stone by its diameter, further makes 
possible measuring the width of the table; 
the depth of the stone from table to girdle; 
and the depth from girdle to culet, which 
can not be done with the Leveridge Gauge. 
Also, it is not necessary to remove the stone 
from the forceps during this measuring 
operation. 

In the case of the Diamondscope, a 10X 
eyepiece fitted with a millimetric scale en- 
ables stone measurements to be made 
visually by direct reading. This is accom- 
plished by replacing one of the eyepieces in 


the case of a binocular microscope or the 
single eyepiece in a mohocular with the 
special calibrated eyepiece. (This eyepiece 
is obtainable in English or metric units 
from Bausch and Lomb). The scale used 
with the 0.7X Diamondscope objective. 
Stones’ dimensions may be read off directly 
from the eyepiece scale. Obviously, this 
method is quick, inexpensive, and most satis- 
factory especially when making measure- 
ments of table diameters, which are difficult 
with other instruments. 

A few simple remarks are in order so 
as to acquaint the user with the principles 
involved in the use of this device. 

The special 10X eyepiece mentioned 
above is usable with the Diamondscope. It 
consists of a Huyghenian eyepiece in which 
is mounted a glass disc with the measuring 
scale engraved on it. The eyepiece is avail- 
able with a scale 10 mm long having 
divisions every 1/10 mm. In other words, 
there are 100 scale divisions, each division 
being equal to 0.1 mm. Estimations to 
one-half scale division may be made, making 
the scale readable to 0.05 mm. Jewelers 
accustomed to making measurements in 
millimeters will find this scale most con- 
venient. 

The eyepiece is adjustable, that is, the 
length of the tube may be adjusted so that 
the scale may be brought sharply into focus 
and peered through. When this prefocussing 
when the eyepiece is held up to the light 
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Figure 9. Copper-bearing tourmalines from Mozambique 
are found as waterworn pebbles that only rarely show 
traces of striations on the prism surfaces. This selection 
of larger rough—some with evidence of striations—was 
taken from a 1 kg parcel of unheated Cu-bearing tour- 
maline seen in Nampula. Photo by J. C. Zwaan. 


MINING 


The Cu-bearing tourmaline recovered thus far comes 
from an approximately 3 km? area near Mavuco (fig- 
ure 10). Informal diggers have done most of the min- 
ing on the south and east sides of Mozambique 
Gems’ 300-hectare mining concession. The area that 
has been explored/mined for the tourmaline is rough- 
ly bounded by coordinates 15°54’-15°57’ S and 
39°00’-39°03’ E, at elevations between 150 m (near 
seasonal streams) and 200 m above sea level. The 
extent of the tourmaline-bearing horizon has not yet 
been determined, although during the visit by BML 
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and JCZ miners reported encountering only black 
tourmaline on some edges of the mined area, leading 
them to search elsewhere. 

The artisanal miners use picks and shovels to dig 
through the hard laterite in search of the gem-bear- 
ing layer (figure 11). They remove the tourmaline 
pebbles by hand while digging through the gravels 
with a pick (figure 12). Although many gems are 
probably overlooked in the process, water for wash- 
ing the gravel is scarce or unavailable to the artisanal 
miners during most of the year, and the material is 
cemented by clay so dry screening is not feasible. 
Most of the rough material weighs 2-5 g, although 
stones up to 10 g are common. Rare pieces are found 
that attain weights of 100—300+ g. 

Mozambique Gems has performed systematic 
mapping and test pitting of their concession (figure 
13), and has completed a comprehensive environ- 
mental impact report. At the time of the authors’ 
visit, the company employed 32 workers, mostly 
from the local area. The company is building a wash- 
ing plant capable of processing 150-200 tonnes of 
material per day (figure 14). It is modeled after plants 
used for recovering alluvial alexandrite in Brazil, and 
Brazilians are doing the design and construction. 
The plant will employ water jets to break up the 
mined material and wash it through a series of three 
screens with mesh sizes of 2, 1, and 0.5 cm. Material 
from the three screens will be routed to large tables 
and then hand-picked for tourmaline. 

Mechanized mining will begin when the washing 
plant is completed, which is projected for mid-2008. 


Figure 10. This view of 
the Mavuco area from 
the top of Mt. Muli (a 
few kilometers to the 
south) shows a portion 
of the town in the fore- 
ground, and the weath- 
ered red-brown laterite 
that denotes the mining 
area in the background. 
Photo by B. M. Laurs. 
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Figure 11. Most of the Cu-bearing tourmaline recov- 
ered so far from the Mavuco area has come from arti- 
sanal miners. Working in small groups, they use picks 
and shovels to dig through the laterite overburden in 
search of the gem-bearing layer. Photo by B. M. Laurs. 


Figure 13. Mozambique Gems is digging this test pit to 
help determine the extent of the tourmaline-bearing 
layer on their concession. The material from the gem- 
bearing layer of the pit will be washed, screened, and 
hand-picked for tourmaline. Photo by B. M. Laurs. 
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layer, the miners search for the gems by digging 
through the gravels with a pick. Photo by B. M. Laurs. 


A bulldozer will excavate a series of elongate pits to 
reach the tourmaline-bearing layer. The topsoil will 
be stockpiled, and miners will reclaim each pit 
before proceeding to the next one. All of the material 
excavated from the tourmaline-bearing layer will be 
put through the washing plant. Water will be 
pumped to the plant from a local stream, and once 


Figure 14. This washing plant, constructed by 
Mozambique Gems, will be able to process 150-200 
tonnes of material per day when it is completed. Photo 
by J. C. Zwaan. 
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Figure 15. The market in Mavuco is bustling with 
miners, stone buyers, and salespeople who peddle sup- 
plies to the diggers. Photo by J. C. Zwaan. 


discharged will be captured by a series of settling 
ponds to remove the silt. A reservoir will ensure that 
the washing plant continues to operate when the 
stream dries out from late September to late 
December. 

A limited amount of mechanized mining has 
reportedly occurred in the area surrounding the 
Mozambique Gems claim. The owners of the mineral 
rights in that area have consolidated their claims and 
also are making preparations for mechanized mining. 
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PRODUCTION AND DISTRIBUTION 


So far, local diggers are responsible for most of the 
tourmaline produced from the Mavuco area. The 
vast majority are Mozambique nationals who came 
to Mavuco (figure 15) from neighboring Zambezia 
Province, where most of the Alto Ligonha peg- 
matites are mined. At the time of the visit by 
authors BML and JCZ, we estimated that about 600 
diggers were active, and 3,000—4,000 people were 
living in the region. Gem dealers in the area when 
mining first started said that more than 7,000 peo- 
ple were in the region during the initial gem rush. 
The locals typically have contract mining arrange- 
ments with West African buyers (figure 16), who sup- 
port them in exchange for first rights to buy their pro- 
duction. During our visit, one local dealer told us there 
were at least 200 buyers, and some employed several 
dozen miners. The tourmalines are brought from the 
miners to the buyers by “runners,” who are common- 
ly seen going to and from the Mavuco market on 
motorcycles. The West African buyers then sell the 
rough to other buyers who come to the Mavuco mar- 
ket (other West Africans, as well as Brazilian and Thai 
dealers), or in Nampula (where German buyers and 
other foreigners are also active). In Mavuco the stones 
may be purchased singly (figure 17), while in 
Nampula they are commonly offered in parcels 
weighing from hundreds of grams to a few kilograms. 
Due to the multiple channels by which the stones 


Figure 16. The vast 
majority of the stone 
buyers in Mavuco come 
from West Africa. They 
purchase the rough 
material by the gram 
from the miners, using 
miniature digital scales. 
Also present in this 
photo are Chirindza 
Henrique (wearing a 
blue short-sleeved shirt) 
and Salifou Konate (far 
right) from Mozam- 
bique Gems. Photo by 
B. M. Laurs. 
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arrive on the market, it was impossible to determine 
the overall production of rough from Mavuco. 
Considerable amounts of the tourmaline pro- 
duced by artisanal miners have been sent to Hong 
Kong and Germany for cutting. According to Mr. 
Konate (pers. comm., 2007), the tourmaline obtained 
so far by Mozambique Gems has been cut in Brazil, 
where heating is done to the preformed gems. In the 
future, their production will be channeled directly to 
large cutting wholesalers and television shopping 
networks, mainly for U.S. and Japanese markets. 
While in Nampula, authors BML and JCZ exam- 
ined two parcels of rough material (one about 1 kg 
and the other 400 grams) that were reportedly 
unheated goods mined from the Mavuco area. They 
showed a variety of colors, clarities, and sizes (again, 
see figure 9), with some weighing as much as 30 g. 
We purchased a selection of smaller samples from 
the 1 kg parcel for analysis (figure 18), some of which 
later proved to be imitations: bluish green manufac- 
tured glass, yellowish green fluorite, and amethyst. 
According to one dealer who has visited the Mavuco 
area (F. Hashmi, pers. comm., 2007), bluish green 
glass frequently appears in rough parcels offered for 
sale throughout East Africa. Amethyst is used as an 
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Figure 17. This intense multicolored bluish violet to 
pink waterworn tourmaline pebble, which weighs 6 g, 
was offered for sale at Mavuco. Photos by B. M. Laurs 
(left) and J. C. Zwaan (above). 


imitation because it resembles the color of Cu-bear- 
ing tourmaline that commonly heat-treats to “neon” 
blue colors. During our trip, Mr. Konate mentioned 
that pieces of “tumbled” amethyst are produced by 
shaking them in an empty soda bottle until they take 
on a worn appearance. Milisenda et al. (2006) also 
documented a non-Cu-bearing tourmaline crystal 
and a flame-fusion synthetic ruby “pebble” that were 
represented as being Mozambique Cu-tourmaline. 


Figure 18. These unheated waterworn pebbles (0.3- 

1.1 g) were obtained in Nampula for characterization 
as part of this study. Three of the samples proved to be 
imitations: an amethyst (the somewhat triangular pur- 
ple fragment on the left), a very light yellowish green 
fluorite (the rectangular piece just to the right of cen- 
ter), and a very light bluish green manufactured glass 
(below the fluorite). Photo by Kevin Schumacher. 
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Figure 19. Mozambique Cu-bearing tourmaline peb- 
bles commonly are of a single color, yielding cut 
stones with even color distribution (here, 6.75—15.77 
ct). All but the blue faceted stone are unheated. 
Courtesy of Barker & Co. and Pala International; 
photo © Harold & Erica Van Pelt. 


While much of the tourmaline rough is 
monochromatic and yields stones of a single hue (fig- 
ure 19), some pieces show noticeable color zoning, 
commonly in irregular patterns (figure 20). A small 
number of dramatic multicolored stones have been 
cut from the color-zoned material (figure 21). Since 
heat treatment reduces the violet/purple hue (see 
below}, such stones are highly unlikely to have been 
heated. Most of the faceted tourmaline from Mavuco 
weigh 1-4 ct. Stones weighing 5-20 ct are produced 
occasionally, and clean faceted gems in the 20-60+ ct 
range are rare but nevertheless more common than 
among Paraiba-type tourmalines from other localities. 


Figure 21. This 2.55 ct faceted Cu-bearing tourmaline 
from Mozambique shows striking color zoning. The 
presence of purple and violet in this stone strongly 
indicates that it is unheated. Courtesy of Mayer and 
Watt, Maysville, Kentucky; photo by Robert Weldon. 
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Figure 20. Some of the rough tourmaline have vivid 
color zoning. The stones shown here, which are all 
unheated, range from 6 to 11 g. Courtesy of Barker # 
Co. and Pala International; photo by C. D. Mengason. 


MATERIALS AND METHODS 


For this study, we examined 106 samples of 
Mozambique Cu-bearing tourmaline, including 59 
pieces of rough (0.1-4.1 g) and 47 faceted stones 
(0.40-17.49 ct}. All the rough samples were transpar- 
ent and suitable for faceting or cabbing; at least two 
windows were polished on each. The rough consisted 
of 17 samples obtained by authors BML and JCZ 
from a local dealer in Nampula, who represented 
them as unheated tourmaline from the Mavuco area 
(again, see figure 18); and 21 pairs of samples (42. total) 
donated by two U.S. dealers to show the effects of 
heat treatment (e.g., figure 22). The faceted samples 
included 12 unheated stones (e.g., figure 23) and 11 
pairs (22 total) of unheated/heated stones (figure 24) 
that were tested at the Netherlands Gemmological 
Laboratory (NGL); as well as 13 unheated tourma- 
lines that were examined at the GIA Laboratory in 
New York (figure 25]. All the faceted samples were 
obtained from U.S. dealers, who had purchased the 
material from reliable suppliers as coming from 
Mozambique. Mavuco is the only known source of 
Cu-bearing tourmaline in Mozambique. 

The two plates from each of the 21 unheated/ 
heated pairs of rough were cut from the same piece of 
rough. One of the dealers (Bill Barker) heated one 
sample from each pair in air to 530°C for three hours. 
To minimize thermal shock, he packed the samples 
in plaster-of-paris powder and raised and lowered the 
temperature gradually. After heating, these samples 
were soaked in warm oxalic acid at GIA for several 
days to remove iron staining and improve the obser- 
vation and comparison of colors. Mr. Barker selected 
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the 11 unheated/heated pairs of cut stones to show 
the typical effects of heat treatment on the coloration 
of these tourmalines; the stones in each pair are simi- 
lar in size and shape, but they were not faceted from 
the same piece of rough. Mr. Barker informed us that 
he brought the heated samples in each pair to 550°C 
for three hours. 

Testing at NGL was done on all the rough sam- 
ples and on 34 of the faceted samples described 
above; included were standard gemological properties 
and energy-dispersive X-ray fluorescence (EDXRF] 
spectrometry. Instruments and methods used for 
determination of standard gemological properties 
included a Rayner refractometer (yttrium aluminum 
garnet prism) with a near sodium—equivalent light 
source to measure refractive indices and birefrin- 
gence; hydrostatic determination of specific gravity; a 
calcite dichroscope for observation of pleochroic col- 
ors; four-watt long- and short-wave UV lamps used in 
a darkened room to observe fluorescence; a Nikon 
Eclipse E600 POL polarizing microscope; and both 
standard daylight and incandescent illumination for 
the observation of colors. An Eagle mProbe EDXRF 
spectrometer was used to analyze the composition of 
one surface-reaching inclusion, as well as the compo- 
sition of a rough sample that proved to be an imita- 
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Figure 22. Each pair of 
parallel-polished plates 
shown here (0.98-7.15 
ct) was sliced from the 
same piece of rough. The 
segments on the left in 
each pair are unheated, 
and those on the right 
were heated to 530°C for 
three hours. These slices 
formed part of the study 
suite of samples exam- 
ined before and after 
heating. Gift of Barker 
& Co. and Pala 
International, GIA 
Collection nos. 37519- 
37540; photo by J. C. 
Zwaan. 


tion, and to survey the chemistry of the sediment in 
which the tourmalines are found. In addition, Raman 
spectroscopy of inclusions in 26 samples (7 unheated 
cut stones, and 7 heated and 12 unheated pieces of 


Figure 23. These Cu-bearing tourmalines from 
Mozambique (1.69-3.76 ct), which were characterized 
for this report, show a wide range of natural, unheated 
colors. Courtesy of Barker # Co. and Pala 
International; photo by J. C. Zwaan. 
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Figure 24. These faceted Cu-bearing tourmalines (0.42-0.85 ct) were carefully selected to show typical colors before 
(bottom row) and after (top row) heat treatment. The sample pairs were not cut from the same pieces of rough. 
Courtesy of Barker & Co. and Pala International; photo by Robert Weldon. 


rough) was performed by JCZ at the CCIP French 
Gemmological Laboratory in Paris using a Renishaw 
Invia instrument with 514 nm laser excitation. 

The examination of 13 faceted stones at the GIA 
Laboratory in New York included determination of 
standard gemological properties, as well as polarized 
UV-Vis-NIR spectroscopy using a Perkin-Elmer 
Lambda 950 spectrophotometer with a calcite polar- 
izer over the range 250-850 nm with a resolution of 
1 nm. Gemological testing included daylight-equiva- 
lent (D65) light for color and a GIA Duplex II refrac- 
tometer for RI and birefringence. Methods for deter- 


mining SG, pleochroism, fluorescence, and internal 
features were comparable to those used at NGL. The 
GIA Laboratory in Carlsbad performed Vis-NIR 
absorption spectroscopy (400-1000 nm range) on the 
21 unheated/heated pairs of polished rough, using a 
Hitachi U4001 spectrometer with a slit width of 2.0 
nm, data collection interval of 1.0 nm, and scan 
speed of 120 nm/min. Spectra were collected at 
room temperature using an unpolarized light beam 
focused through the parallel polished samples. 

The quantitative chemical composition of all 59 
rough samples was measured by electron micro- 


Figure 25. These unheated Cu-bearing tourmalines from Mozambique were also studied for this report. The 
1.28-3.02 ct stones on the left are courtesy of Pala International; the less common colors on the right (3.71-17.49 
ct, top; 80.54 ct, bottom) are courtesy of Fine Gems International. Photos by Robert Weldon. 
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1\Physical properties of Cu-bearing tourmaline from Mavuco, Mozambique. 


Unheated Heated 
no. samples no. samples 
Properties ( he) ( ples) 
16 29 14 15 26 6 
Color Very light to medium (Medium) light Light bluish greento —- Very light to medium —_Light bluish green Light to medium green 
(standard daylight) — purple to reddish (violetish) blue to light greenish blue; green to yellowish to light greenish 
purple; very slightly (medium) light (bluish) most often moderately green; moderately blue; moderately 
grayish to strong violet; grayish to strong and strong strong to vivid strong to strong 
saturation moderately strong saturation saturation saturation 
saturation 
Color (Purplish) pink Light (grayish) green Same Same Same Same 
(incandescent light) 0 light (greenish) gray 
Pleochroism Weak to strong Weak to distinct Weak to distinct Weak to strong Weak to distinct Weak to distinct 
e-ray Pink, pale yellow, Light (grayish) pink, Light greenish gray Light gray to grayish — Light gray, grayish Light (greenish) gray 
brownish/pinkish gray to green, light to (grayish) green green, green to bluish green, yellowish to —_to grayish green 
orange, purple brown green bluish green 
0-ray Medium(-light) purple — Light blue to violet Light bluish green to © Medium (yellowish) — Light bluish green to Light to medium 
to violet to pink, (greenish) blue green (greenish) blue (yellowish) green 
violetish blue 
Rl 
n, 1.638-1.640 1.638-1.642 1.638-1.640 1.640-1.643 1.638-1.643 1.639-1.643 
n, 1.620-1.622 1.619-1.623 1.620-1.621 1.620-1.623 1.618-1.623 1.620-1.623 
Birefringence 0.018-0.020 0.018-0.020 0.018—-0.020 0.018-0.021 0.018—0.020 0.019—-0.020 
SG 3.01-3.06 3.01-3.06 3.03-3.09 3.06-3.09 3.03-3.07 3.06-3.09 
UV fluorescence Inert except for two Inert Inert Inert Inert; 13 faint blue Inert; two faint blue 
(long- and short- samples* to long-wave to long-wave 
wave) 
Internal features e Partially healed fissures (“fingerprints”) with isolated two-phase (liquid-gas) inclusions, with In addition to the features listed for the 


irregular, wispy/thready, and triangular shapes, also in almost pinpoint size 

e Partially healed fissures with “trichites,” reflective thin films, and long, spiky inclusions 

© Hollow tubes, long and generally thin and narrow, oriented parallel to the c-axis, occasionally 
in discrete planes or forming “walls”; may be stained yellow to red-brown and contain hematite 


© Straight growth zoning 
e Color zoning (one sample) 


e Mineral inclusions (not common): quartz, both isolated and within fluid inclusions; lepidolite; 


and sodic plagioclase 


natural colors: 

e Minute cracks, usually small, with 
discoid and more elongated shapes, 
appearing milky or brownish, depending 
on the lighting 

e (Larger) voids in partially healed fissures 
may appear frosty and dried out 


2A brownish reddish purple stone (figure 25, top right—far left sample) fluoresced weak white to long-wave UV; an orangy brown stone with reddish purple 
components (figure 25, bottom) fluoresced white under the girdle to short-wave UV and irregular weak yellow to long-wave UV. 


probe at the University of New Orleans. Data were 
collected using an ARL-SEMQ electron microprobe 
with 15 kV (for sodium) and 25 kV accelerating volt- 
ages, 15 nA beam current, and a 3 ym beam diame- 
ter. The measurements were calibrated with natural 
mineral and synthetic compound standards, and a 
ZAF correction procedure was applied to the data. 
Trace-element chemical data of all the rough 
samples were measured quantitatively at the GIA 
Laboratory in Carlsbad using a Thermo X Series ICP- 
MS (inductively coupled plasma—mass spectrometer) 
joined to a New Wave UP-213 laser-ablation sam- 
pling system. The laser operated at a wavelength of 
213 nm with He as the carrier gas (flow rate of ~1 
liter/minute). Laser-ablation parameters were as fol- 
lows: 40 um spot diameter, ~10 J/cm” laser energy 
density (fluence), 7 Hz repetition rate, and 25 second 
laser dwell time. For calibration, NIST SRM 610, 
612, and 614 glass reference materials (Pearce et al., 
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1996) were used as external standards, and boron 
was used as an internal standard. An average B con- 
centration for elbaite tourmaline of 3.26 wt.% was 
obtained from Deer et al. (1974). 

In the course of this testing, four pebbles obtained 
in Mozambique by authors BML and JCZ proved to 
be imitations. The amethyst, light yellowish green 
fluorite, and light bluish green manufactured glass 
(again, see figure 18) purchased from one of the parcels 
were initially detected during microprobe analysis. A 
piece of light green rough that was obtained directly 
from one of the miners at the pits was identified as 
fluorite during gemological testing at NGL. 


GEMOLOGICAL PROPERTIES 


The gemological properties of the rough and cut 
tourmalines are summarized in table 1, with details 
described below. 
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Visual Appearance and Color. The rough tourma- 
line seen in Mozambique by the authors consisted 
of well-rounded waterworn pebbles (again, see fig- 
ures 9 and 17-19) and broken fragments, in various 
colors including blue or violet, very light blue, 
strong greenish blue, purple, and green (for complete 
color descriptions, see the Ge)G Data Depository at 
www.gia.edu/gemsandgemology). Typically the 
color was evenly distributed, although we did see 
strong color zoning in some of the rough. One 
greenish blue piece had a pink core; other green- 
blue samples showed pinkish purple zones, while 
one blue-green crystal section had a dark green rim. 
On one side of a violetish blue sample, a gradual 
transition to greenish blue was observed. In some 
waterworn pebbles, portions of the original crystal 
faces could be recognized. Most of the material 
were transparent, but we also saw heavily included 
stones. 

The cut and rough (most facetable, some cabo- 
chon quality) tourmalines we studied showed a 
wide variety of colors (again, see figures 22—25). The 
main color groups (in daylight-equivalent illumina- 
tion) of the unheated samples were purple to red- 
dish purple, blue to bluish violet, bluish green to 


Figure 26. This unheated 
tourmaline (4.13 ct) 
shifted from grayish blue 
in fluorescent light (left) 
to grayish green in incan- 
descent light (right). 
Photos by J. C. Zwaan. 


greenish blue, and green to yellowish green. Color 
banding was observed only rarely in our samples. 
Many of the heated tourmalines were bluish green 
to greenish blue, colors produced from blue-to-vio- 
let starting material (figure 22). Some of our heated 
samples were green, which resulted from heating 
darker green or yellowish to slightly bluish green 
stones (see again figure 22 and “UV-Vis-NIR 
Spectroscopy” below). The dichroism of the cut 
tourmalines varied from weak to strong. 

When viewed in incandescent light, the unheat- 
ed light blue to violet tourmalines appeared light 
green to gray (figure 26). Most of the purple stones 
appeared pink and purplish pink or red in incandes- 
cent light. However, there was no obvious color 
change shown by a light purple piece of rough and a 
medium, slightly grayish purple cut stone. 


Physical Properties. Nearly 80% of the stones tested 
showed refractive indices of n, = 1.638-1.641 and n, 
= 1.619-1.622, with a birefringence ranging between 
0.018 and 0.020. Although overlapping, some green 
tourmalines showed slightly higher average values 
of n, = 1.640-1.643 and n, = 1.621-1.622, with a 
birefringence of 0.019-0.021. 


Figure 27. In Cu-bearing tourmaline from Mavuco, partially healed fissures show a wide variation in appearance, 
as illustrated in these unheated samples. They commonly occur as “trichites,” consisting of flat and irregularly 
fluid-filled cavities that are connected by thin capillaries (left, magnified 65x). Some of the cavities are larger and 
less flat, with obvious bubbles when viewed with transmitted light (center; magnified 40x). In some of the fissures, 
isolated two-phase (liquid-gas) inclusions were abundant (right, magnified 65x). Photomicrographs by J. C. Zwaan. 
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Figure 28. This partially healed 
fissure in an unheated tourma- 
line has a network of oriented 
triangular two-phase (liquid- 
gas) inclusions, with some iso- 
lated and others in close array 


Specific gravity values ranged from 3.01 to 3.09. 
The majority of the stones had an SG between 3.04 
and 3.06, while the green tourmalines showed 
slightly higher values of 3.06-3.09. 

All but two of the tourmalines that were repre- 
sented as unheated were inert to long- and short- 
wave UV radiation. Almost half of the known heat- 
treated stones fluoresced a faint blue to long-wave 
UV, and nearly half of those also fluoresced very 
faint blue to short-wave UV. 


Microscopic Characteristics. The rough and cut 
samples ranged from very slightly to heavily includ- 
ed. The main internal characteristics in both the 
heated and unheated samples were partially healed 
fissures (showing various stages of healing), fluid 
inclusions, and growth tubes (commonly stained). 
In addition, numerous minute cracks were seen in 
many of the heated stones. 


Fluid Inclusions, Growth Tubes, and Cracks. The 
most conspicuous inclusions consisted of partially 
healed fissures, which exhibited wide variations in 
appearance (figure 2.7). Often they occurred as “tri- 
chites” (i.e., fluid-filled cavities connected by net- 
works of very thin capillaries). The capillaries were 
irregular and coarse, wispy, or thread-like. The cavi- 
ties were typically flattened and irregularly shaped 
(figure 27, left), but more equidimensional (or less 
flattened) cavities were often present. In the larger 
cavities, a bubble could sometimes be seen in trans- 
mitted light (figure 27, center). Some partially 
healed fissures were marked by abundant isolated 
two-phase (liquid-gas) inclusions (figure 27, right). 
Typically these inclusions were irregular and wispy, 
but in some cases triangular shapes were predomi- 
nant, either isolated or in groups (figure 28). Some 
partially healed fissures contained very small, pin- 
point-sized features that could be resolved as two- 
phase inclusions under 200x magnification. The 
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(left, magnified 75x). Higher 
magnification clearly shows 
the bubbles present in each tri- 
angular inclusion (right, mag- 
nified 100x). Photomicro- 
graphs by J. C. Zwaan. 


two-phase inclusions showed low relief, with bub- 
bles that were small relative to the size of the inclu- 
sion, indicating that they are rich in liquid water 
(e.g., Samson et al., 2003). Occasionally, they con- 
tained small doubly refractive minerals as well (see 
“Mineral Inclusions” below). 

More-or-less parallel-oriented and interconnect- 
ed flat channels and long, spiky inclusions—appar- 
ently representing a relatively early discontinua- 
tion of fracture healing—were occasionally encoun- 
tered (figure 29). Hollow tubes, oriented parallel to 
the c-axis, were quite common (figure 30). They 
were present as one or two isolated tubes in 
“clean” stones, but also occurred more abundantly, 
occasionally even forming “walls” of parallel tubes 
in straight or slightly wavy planes. Both the narrow 


Figure 29. Subparallel-oriented and interconnected 
flat channels and long, spiky inclusions, such as seen 
here in an unheated tourmaline, are occasionally 
encountered. These features appear to represent an 
early discontinuation of fracture healing. 
Photomicrograph by J. C. Zwaan; magnified 55x. 
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EUNICE ROBINSON HASTINGS, CG. 


is done, the eyepiece is then slipped into 
place in one of the eyepiece tubes of the 
Diamondscope. It is now most important 
to be assured that objects, which appear 
through the Diamondscope to be, for ex- 
ample, 3 mm wide are actually 3 mm wide. 
The best way to do this is to obtain a stage 
micrometer. A stage micrometer is nothing 
more than a glass microscope slide upon 
which is engraved a scale of precise length. 
Since we are dealing in metric units (mm) 
we shall require a precise length in milli- 
meters. This, too, is available in a length 
of 10 mm. Now, by slipping this slide on 
the stage and viewing it through the optical 
system of the Diamondscope (using only 
the one eyepiece in the case of a binocular 
microscope — not looking through both eye- 
pieces) the stage micrometer scale is visible. 
It will be necessary to orient the stage 
micrometer until the eyepiece scale divisions 
align as nearly as possible with the microm- 
eter scale divisions. 

Final adjustment comes with raising or 
lowering the adjustable eyepiece drawtube 
until each mm scale division of the scale 
coincides with each actzal mm division on 
the stage micrometer. We ate now assured 
that any object brought into proper focus 
may be measured directly by merely reading 
off the dimensions on the eyepiece scale. 

One more word of caution. It will be 
noticed that, when focussing the Diamond- 
scope, the stone appears to be in focus over 


Photomicrograph of stone illus- 
trating use of Calibrated Eye- 
piece in measuring diameter at 
girdle. 


a fairly wide range adjustment. This is 
more pronounced when using the 10X eye- 
piece and the .7X objective. For ordinary 
scrutiny this is quite a satisfactory condi- 
tion. But for measurements with the cali- 
brated eyepiece one should make certain 
that the stone’s image focusses upon. thé 
plane of the scale. 

This can be accomplished simply, by 
moving the head almost imperceptibly from 
one side of the eyepiece to the other, keep- 
ing the stone in view. The stone’s image 
will move with respect to the eyepiece 
scale. By refocussing the Diamondscope the 
stone’s image may be made to remain sta- 
tionary on the scale. Then it is proper to 
make a reading of the measurement. For 
example, in order to measure the diameter 
of a brilliant cut diamond at the girdle, 
place the diamond in the stone forceps, 
place in the Diamondscope and focus for 
a sharp image. If the image appears oval 


(Continued to page 178) 
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Figure 30. Hollow tubes are quite common in the 
tourmaline, typically very thin but occasionally much 
thicker (and flattened), and often stained yellow to 
red-brown. They occur in parallel orientation in this 
unheated stone. Photomicrograph by J. C. Zwaan; 
magnified 36x. 


and the thicker tubes, which at first glance might 
be confused with a mineral inclusion, turned out to 
be hollow. Many of the tubes were stained yellow 
to red-brown. Raman analysis identified a fine- 
grained reddish brown substance inside relatively 


Figure 31. Minute and slightly larger cracks were com- 
mon in most of the heated tourmalines, showing both 
discoid and more elongated shapes. When viewed 
with darkfield illumination, they often appear as 
milky stress fractures or otherwise translucent areas. 
Photomicrograph by J. C. Zwaan; magnified 16x. 
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thick tubes in three stones as hematite (again, see 
figure 30). 

Most of the unheated stones, regardless of how 
heavily they were included, did not contain many 
fractures. Only two of the polished rough fragments 
and one faceted stone were heavily fractured. 

Although most of the above features occurred in 
both unheated and heated stones, some different 
characteristics were seen in the latter material. 
Abundant minute cracks were present in all but one 
(which was only slightly included) heated stone 
examined (figure 31). These minor cracks were usu- 
ally small and often discoid, although more elongat- 
ed cracks also occurred. When viewed with darkfield 
illumination, they appeared as milky and translu- 
cent stress fractures, which became reflective when 
viewed along the fracture plane. In brightfield or 
transmitted light they were often invisible, or 
showed a brownish tinge when viewed along the 
fracture plane. 

In heat-treated stones, the larger voids in partially 
healed fissures often appeared somewhat frosty (espe- 
cially close to the surface], as if they had dried out 
during the heating process (figure 32). This is support- 
ed by the fact that no bubbles could be detected in 
them. In one unheated/heated sample pair, the 
untreated part had irregular cavities filled with liquid 
(figure 33, left), whereas the treated half had cavities 


Figure 32. In the heat-treated tourmalines, the larger 
cavities in partially healed fissures often appeared 
somewhat frosty, which indicates that the fluid dried 
out during the heating process. Photomicrograph by 
J. C. Zwaan; magnified 40x. 
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with the same shape that appeared dark in transmit- 
ted light, and were therefore empty (figure 33, right). 
Some of the smaller fluid inclusions survived the rel- 
atively low-temperature heat treatment. 


Mineral Inclusions. Small, mostly rounded to sub- 
angular, transparent grains of quartz were identified 
in five of the samples by a combination of optical 
means and Raman analysis. Quartz occurred as iso- 
lated grains (figure 34), but also connected to—and 
captured within—fluid inclusions. 

Flakes of lepidolite were identified by Raman 
analysis in six tourmalines (figure 35); in two 
instances they formed “booklets.” In all cases, 
Raman analysis gave a perfect fit with reference 
spectra for lepidolite, but also a good fit with 
polylithionite. As lepidolite, once considered a dis- 


Figure 34. The isolated transparent crystal on the left, 
close to a partially healed fissure in a heat-treated 
tourmaline, was identified as quartz. Photomicro- 
graph by J. C. Zwaan; magnified 50x. 
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Figure 33. The unheated 
portion of one tourmaline 
slice (left) contains irregu- 
lar-shaped cavities filled 
with liquid. However, in 
the portion subjected to 
heat treatment (right), the 
cavities appear dark in 
transmitted light, which 
indicates that they are 
empty. Photomicrographs 
by J. C. Zwaan; magnified 
100x. 


tinct mineral, has been redefined as a lithium-bear- 
ing mica in the polylithionite-trilithionite series 
(Kogure and Bunno, 2004; Brigatti et al., 2005), lepi- 
dolite seems an appropriate general name for these 
inclusions. 

A few transparent, irregular-to-rounded grains in 
an otherwise clean yellowish green tourmaline were 
identified by Raman analysis as sodic plagioclase (fig- 
ure 36). The spectra showed a close resemblance to 
those of both oligoclase and albite, with two grains 
showing the best fit for albite (see, e.g., Mernagh, 
1991). 

In one very clean green tourmaline, small grains 
with very low relief, hardly visible with a loupe, 
appeared to form a trail through the stone. The 
grains were too deep and too small for Raman anal- 
ysis; they were tentatively identified as tourmaline, 
based on their low relief and moderate pleochroism, 
which was shown clearly by one crystal located 
somewhat closer to the surface. 


Figure 35. Flakes of lepidolite were occasionally 
encountered, as seen in this unheated tourmaline 
(left). In contrast to quartz, these flakes show high- 
order interference colors when viewed with crossed 
polarizing filters (right). Photomicrographs by J. C. 
Zwaan; magnified 50x. 
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Figure 36. Rounded and irregularly shaped sodic plagio- 
clase crystals, probably albite, were found in only one 
yellowish green (unheated) sample, and are therefore 
considered a rare inclusion in tourmaline from Mavuco. 
Photomicrograph by J. C. Zwaan; magnified 50x. 


CHEMICAL COMPOSITION 


Table 2 presents average chemical analyses for repre- 
sentative samples of the various colors of the tour- 
maline; a complete listing of all analyses is available 
in the G#G Data Depository. For table 2, we select- 
ed the most appropriate analytical technique for 
each element reported, whereas all data obtained 
from both techniques are provided in the G&G Data 
Depository. Chemical analysis indicated that all the 
tourmalines were elbaite with CuO and MnO con- 
centrations ranging up to 0.66 wt.% (LA-ICP-MS) 
and 3.09 wt.% (microprobe), respectively. The most 
abundant trace elements were Bi (extremely vari- 


“00.2 )Average chemical composition of representative unheated Cu-bearing 


tourmalines from Mozambique.# 


Chemical Pink Purple Violet® Greenish Bluish Green ‘elawicn 
composition blue green green 
(no. 511-7) (no. Su) = (no. tu) (no. 510-6) (no. 510-3) (no. 511-5) = (no. 17u) 
Oxide (wt.%) 
SiO, 36.59 36.68 36.64 36.68 36.62 36.63 36.71 
B,O, calc. 10.97 10.90 10.88 10.97 10.97 10.96 10.95 
Al,O, 42.27 41.23 40.81 42.20 42.19 41.97 41.95 
MnO 0.26 2.20 2.55 0.41 0.01 0.92 1.28 
CuO 0.07 0.16 0.11 0.30 0.54 0.54 0.21 
CaO 0.10 0.01 0.02 0.16 0.92 0.12 0.00 
Li,O calc. 1.98 1.70 hae 1.94 2.04 1.90 1.81 
Na,O 2.39 2.10 2.26 2.21 1.63 2.30 2.15 
H,O calc. 3.23 3.32 3.32 3.24 3.28 3.23 3.33 
F 1.18 0.93 0.91 1.16 1.05 1.16 0.94 
Trace elements (ppm) 
Be 6.8 3.7 5.2 6.6 96.2 79.5 4.9 
Mg 6.6 1.0 bdl 1.4 bdl 10.7 3.6 
K 175 105 46.0 191 76.3 209 171 
Ti 122 61.4 19.7 38.9 15.0 356 292 
V 0.3 1.0 0.7 0.7 0.7 1.3 2.2 
Cr 8.8 3.5 bdl 4.8 4.2 8.2 3.0 
Fe bdl 53.1 bdl bdl bdl 5775 895 
Ni 0.6 3.7 14 0.3 bdl 0.3 0.9 
Zn 1.4 2:5 0.6 1.4 0.6 188 30.0 
Ga 617 335 312 517 624 247 380 
Ge 4.6 4.8 4.6 5.9 6.8 20.8 8.1 
Nb 1.4 0.8 0.7 1.4 bdl bdl 0.5 
Mo bdl 0.9 bdl 0.7 bdl 1.0 2.4 
Sn 124 4.0 1.3 4.0 0.3 3.3 6.4 
Ta bdl bdl bdl 0.7 0.6 bdl bdl 
Pb 10.0 oe 6.7 10.4 292 128 8.8 
Bi 38.4 24.3 209 61.3 3445 3163 53.2 


4Analyses of oxides by electron microprobe (except for CuO, analyzed by LA-ICP-MS); average of 4—5 analyses per 
sample. For complete electron-microprobe analyses, including the calculated ions per formula unit, see the G&G Data 
Depository. Analyses of trace elements by LA-ICP-MS; average of two analyses per sample (not in same locations as~ 
the oxide analysis points). Abbreviation: bdl = below detection limit. 

This is the unheated sample (no. 1) used for the absorption spectrum in figure 39 (top). 

This is the unheated sample (no. 17) used for the absorption spectrum in figure 39 (bottom). 
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able, exceptionally up to 9,286 ppm], Fe (up to 5,854 
ppm), Ga (up to 674 ppm), Zn (up to 512 ppm), and 
Ti (up to 497 ppm). While significant amounts of Fe 
were present in the green stones, the other colors 
contained extremely low amounts in most cases 
(i.e., below the detection limit of the instrument, 
~40 ppm). Another important tourmaline chro- 
mophore, Ti, was also depleted in those colors. 

As expected, no consistent differences were noted 
in the composition of the sample pairs before and 
after heating (since the heating affects the oxidation 
state of the chromophoric elements, not their con- 
centration). Some minor variations between pieces 
from a single slice occurred, but these were most 
likely due to inherent heterogeneity. Differences in 
color between samples, however, were accompanied 
by distinct variations in composition. In general, 
unheated violet stones (and their heated “neon” blue 
counterparts) contained noticeably lower concentra- 
tions of Ti, Fe, and Zn—and higher concentrations of 
Bi—than all the green samples. Ranges in the con- 
centrations of Mn, Cu, Ga, and Pb were relatively 
similar for stones of both the violet and green colors. 

Meaningful trends in the chemical data could be 
discerned by plotting Cu vs. Fe+Ti (whereas too 
much scatter resulted from plotting Mn vs. Fe+Ti). 
The average chemical data for all samples analyzed 
(both unheated and heated) are shown in figure 37, 
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e Purple, violet-purple, violet, grayish violet, 
grayish bluish violet, grayish violetish blue 


Blue, grayish blue, greenish blue, green-blue, 
blue-green, grayish bluish green, bluish green 


@ Green, grayish green, yellowish green, yellow-green 


A Pink, pinkish purple 
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grouped according to color. Most of the green sam- 
ples had distinctly higher contents of Fe+Ti than 
the other colors. All of the color groups showed con- 
siderable overlap in Cu contents; the lowest Cu 
contents were measured in some of the pink to 
pinkish purple samples. 

Figure 38 plots the same elements for only the 
before-and-after heated sample pairs (again, see figure 
22) according to their color. As expected, samples 
before and after heating commonly exhibit differences 
in composition due to preexisting chemical hetero- 
geneity. Although it is not possible to clearly indicate 
specific sample pairs on this diagram, average chemi- 
cal analyses of all samples are available in the G#G 
Data Depository. The green to yellow-green samples 
had the highest Fe+Ti contents and did not show 
appreciable changes in color with heating. The blue to 
bluish green tourmalines contained less Fe+Ti; heat- 
ing of those samples made the original hues greener or 
more intense. The violetish blue to purple samples 
had the lowest Fe+Ti values and showed the greatest 
change with heating, becoming blue to bluish green. 


UV-VIS-NIR SPECTROSCOPY 


Figure 39 shows the Vis-NIR absorption spectra for 
two pairs of polished slabs, before and after heating. 
The chemical analyses of these samples (before 


Figure 37. This plot of 
Cu vs. Fe+Ti shows the 
average chemical data 
for all tourmaline sam- 
ples analyzed in this 
study, according to the 
four main color groups. 
ee it Due to large variations 
oe? ! in composition, both 
i axes use a logarithmic 
scale. The green to yel- 
lowish green samples 
have the highest Fe+Ti 
contents, and therefore 
would not be expected 
to change color with 
heat treatment. Some of 
the pink to reddish pur- 
ple samples also would 
not be expected to 
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change to the “neon” 
green or blue colors due 
to their low Cu contents. 


1,000 10,000 
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BEFORE-AND-AFTER HEATED SAMPLES 
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heating) are provided in table 2. All the samples 
showed two distinctive broad bands centered at 
~700 and ~900 nm, caused by Cu?* absorption 
(Abduriyim et al., 2006). In addition, the unheated, 
violet-colored tourmalines also exhibited a broad 
absorption between ~500 and ~550 nm due to Mn**, 
causing a transmission window at ~400-430 nm 
that produced the violet color. This band was very 
weak or absent in both the unheated and heated 
“neon” blue samples, as well as in most of the green 
stones. In addition to the Cu”* absorption bands, 
many of the green tourmalines (both heated and 
unheated) showed small peaks at ~415 nm and a 
broad band at ~325 nm, which Rossman and 
Mattson (1986) attributed to Mn?* and Mn?*-Ti** 
intervalence charge transfer (IVCT], respectively. 

Reduction of the Mn** absorption band was the 
major change noted as the result of heating of the 
violet and darker blue tourmaline samples (see, e.g., 
figure 39, top). Most of the green samples showed 
little change in Vis-NIR absorption after heating 
(see, e.g., figure 39, bottom). 

Spectra for various natural-color faceted Cu-bear- 
ing tourmalines from Mozambique are shown in 
figure 40. 


DISCUSSION 


Gemological Properties. Wentzell (2004), Wentzell 
et al. (2005), and Liu and Fry (2006) documented a 
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Some bluish green samples 
became light green and one 
grayish green sample changed 
to bluish green during heating 


Figure 38. The same ele- 


ments plotted in figure 37 
Green tourmaline are shown again here, for 
showed little color only the tourmaline pairs 


change with heating 
before and after heat treat- 


ment that shared the same 
piece of rough (see figure 
22). Since this sample set 
has less variation in Cu 
content (because it is 
smaller), a logarithmic 
scale is not necessary for 
the Y-axis. The samples 
with the highest Fe+Ti con- 
tents (green to yellowish 
green) did not change 
color, whereas the others 
became blue to bluish 
green (or, in the case of 
those that were originally 
blue to green, became 
more intense) with heating. 


1,000 10,000 


“reverse” color change in Cu-bearing tourmaline 
from Mozambique. Unlike the usual alexandrite 
effect, these “reverse” stones showed warm col- 
oration in daylight (purple) and cool colors 
(gray—bluish green to greenish blue) in incandescent 
light. However, many of our samples appeared vio- 
letish blue to pale blue in daylight and greenish 
gray to grayish green in incandescent light. Thus, 
those samples were not changing from warm to 
cool colors, but rather from “cool” to “less cool” 
colors—which, in principal, is the same mecha- 
nism as in alexandrite. It is interesting to note that 
the purple tourmalines we studied shifted color in 
the normal direction, from purple to purplish 
pink/red. 

The measured RI and SG values (table 1) show 
a slightly wider range than the values for Mozam- 
bique Cu-bearing tourmaline presented by 
Milisenda et al. (2006) and Abduriyim et al. 
(2006), with significantly higher refractive indices 
for the green tourmalines, and lower overall spe- 
cific gravity values for the blue-to-violet and 
bluish green tourmalines. While our Mozambique 
samples generally showed overlapping values 
with Cu-bearing tourmalines from other locali- 
ties, blue to blue-green and yellowish green to 
green material from Mina da Batalha, Brazil, may 
show slightly higher SG values, up to 3.11 and 
3.12, respectively (Fritsch et al., 1990; Abduriyim 
et al., 2006). One blue-green stone from that mine 
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showed some different properties: birefringence of 
0.025, and a specific gravity of 3.12. The values of 
the light blue Cu-bearing tourmalines from the 
Alto dos Quintos mine in Brazil show complete 
overlap, whereas the (light) blue to bluish green 
stones from the Mulungu mine in Brazil show 
higher SG values (3.08-3.13: Shigley et al., 2001; 
Abduriyim et al., 2006). Violetish blue and blue to 
bluish green Cu-bearing tourmalines from Nigeria 
exhibit considerable overlap (see Smith et al., 
2001; Abduriyim et al., 2006), but may have SG 
values up to 3.10. The similarity in properties 
between Cu-bearing tourmaline from the various 


Figure 39. Vis-NIR absorption spectra are shown for 
two pairs of polished tourmaline slabs, before and 
after heating. In the top spectra, the reduction of the 
Mn** absorption with heating (in the absence of signif- 
icant Ti- and Fe-related absorptions) results in a dra- 
matic change from violet to blue-green. In the bottom 
spectra, the yellowish green color changed very little 
due to strong Mn*'-Ti* absorption. The spectra have 
not been offset vertically. Sample thicknesses: 3.36 
and 3.80 mm (unheated and heated, top) and 1.42 and 
1.85 mm (unheated and heated, bottom). Inset photos 
by C. D. Mengason. 
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localities, and the initial difficulty in separating 
them, contributed to the desire by some in the 
trade to refer to all of these tourmalines by the 
trade name “Paraiba” (see box A). 

This is the first detailed description of inclusions 
in copper-bearing tourmaline from Mozambique. 
Abduriyim et al. (2006) mentioned the presence of 
liquid inclusions, two-phase (liquid-gas) inclusions, 
and healed fractures, while Milisenda et al. (2006) 
mentioned trichites and the presence of hollow 
tubes, generally filled with a brownish substance. 
The statement made by Abduriyim et al. (2006) that 
in faceted stones these tubes may be indicative of 
tourmalines from Nigeria (because they are not 
common in Mozambique stones] is not supported 
by this study. Of 47 faceted tourmalines studied, 29 
contained hollow tubes (i.e., a majority of the 
stones, nearly 62%). 

Lepidolite, quartz, and feldspar have not been 
reported as mineral inclusions in Cu-bearing tour- 
maline from Brazil or Nigeria (e.g., Fritsch et al., 
1990; Shigley et al., 2001), although Abduriyim et 
al. (2006) did report “hexagonal mica platelets” in 
Cu-bearing tourmaline from Nigeria. In any case, 
these minerals should probably not be considered 
locality-specific inclusions, since they have been 
encountered in elbaite from many different sources 
(see, e.g., Koivula, 2005). Consistent with the find- 
ings of Milisenda et al. (2006), we did not see any 
copper platelets in our samples, as were document- 
ed in Brazilian material by Brandstatter and 
Niedermayr (1994). 

Abundant minute cracks were obvious in almost 
90% of the heat-treated stones but in only a few of 
the unheated samples; they were probably caused 
by stress released during heating. The larger fluid 
inclusions, or the ones closer or connected to the 
surface, were the least stable to heating and there- 
fore most prone to leakage and decrepitation, which 
may explain their “frosty” appearance when viewed 
with darkfield illumination. These features, togeth- 
er with the minute cracks that always accompanied 
them, were seen in more than 20% of the heated 
stones and in none of the unheated stones, so they 
are good indicators of heat treatment. Only one 
heated stone did not show either of these features. 
In addition, a faint blue fluorescence to long-wave 
UV may be indicative of heat treatment, although it 
was not visible in all heat-treated stones (table 1) or 
in any of the samples examined by Milisenda et al. 
(2006). All but two of the unheated stones we exam- 
ined were inert to UV radiation. 
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Figure 40. UV-Vis-NIR absorption spectra are 
shown for various colors of unheated faceted 
Cu-bearing tourmaline from Mozambique. 
All the spectra have two distinctive broad 
bands centered at ~700 and ~900 nm (the lat- 
ter band is not shown in these spectra) 
caused by Cu?*, and some exhibit absorption 
between ~500 and ~550 nm due to Mn**. The 


aa samples are: (A) a 12.90 ct reddish purple 
oval modified brilliant; (B) a 3.70 ct purple 
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Box A: NOMENCLATURE ISSUES 


“Paraiba tourmaline” is a trade name that was origi- 
nally used to describe brightly colored blue-to-green 
Cu- and Mn-bearing elbaite from Mina da Batalha in 
Paraiba State, Brazil. After similar tourmalines were 
found in other areas of Brazil (Rio Grande do Norte 
State), as well as in Nigeria and Mozambique, gem 
laboratories were asked to identify material from the 
various sources for their clients. Initially, using semi- 
quantitative EDXRF chemical analysis, the laborato- 
ries were not able to separate the localities. Further 
research quantifying the trace elements using LA- 
ICP-MS has produced a reliable technique for distin- 
guishing nearly all Cu-bearing tourmalines from 
Brazil, Nigeria, and Mozambique. 

The trade, however, had become accustomed to 
calling the “neon” blue-to-green tourmalines 
“Paraiba” regardless of their origin. In January 2007, 
the Laboratory Manual Harmonization Committee 
(consisting of representatives from the AGTA 
Gemological Testing Center—U.S., CISGEM—Italy, 
GAAJ Laboratory—Japan, GIA Laboratory—U.S., 
GIT Gem Testing Laboratory—Thailand, Gtbelin 
Gem Lab and SSEF Swiss Gemmological Institute— 
Switzerland) published LMHC Information Sheet no. 
6, which defines Paraiba tourmaline as 


a blue (electric blue, neon blue, violet 
blue), bluish green to greenish blue or 
green elbaite tourmaline, of medium to 
high saturation and tone, mainly due to 
the presence of Cu and Mn of whatever 
geographical origin. The name of the 
tourmaline variety ‘Paraiba’ is derived 
from the Brazilian locality where this 
gemstone was first mined. 


Two wording options are provided—one where the 
report uses “Paraiba” as a variety designation, and one 
where it is used as a trade name. Most member labs of 
LMEC have opted to use “Paraiba” as a trade name. 


Chemical Composition and UV-Vis-NIR Spectros- 
copy. The Paraiba-type tourmalines from Mozam- 
bique are characterized by low Fe and Ti concentra- 
tions and relatively low-to-moderate amounts of Cu. 
As outlined below, their attractive coloration is due to 
a combination of these chemical features. Overall, the 
composition of our samples is comparable with the 
data presented by Milisenda et al. (2006), but we mea- 
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One consequence of the above decision (which is 
different from what the LMHC decided earlier in 
2006, when they did not define saturation and tone; 
compare Abduriyim et al., 2006) is that certain colors 
that were part of the original Paraiba output were 
excluded, notably violet to reddish purple and yel- 
lowish green. Although violet stones can often be 
heat-treated to produce the blue-to-green varieties, an 
awkward situation has arisen in which Cu- and Mn- 
bearing elbaite of this color may get a country-of-ori- 
gin designation of Brazil, and still not be considered a 
Paraiba tourmaline. 

Another nomenclature issue concerns the satura- 
tion and tone of the blue-to-green color that is neces- 
sary for the “Paraiba” trade name. This issue 
became particularly important with the availability 
of significant amounts of Mozambique Cu-bearing 
tourmalines showing either desaturated or light to 
very light colors, particularly after being cut into 
smaller sizes. The saturation necessary for a blue-to- 
green Cu-bearing tourmaline to be considered 
“Paraiba” does not have widespread agreement. At 
the time this article was prepared, the LMHC was 
working on a consistent definition for these satura- 
tion levels. Meanwhile, some dealers have bypassed 
the problems related to both geographic origin and 
coloration by referring to the material as cuprian 
tourmaline. 

In cases where a stone does not have sufficient 
saturation, is too light in tone, or is not considered 
the proper hue to be called “Paraiba,” some labs will 
issue a report indicating that it is a Cu- and Mn-bear- 
ing tourmaline. There is no universal agreement on 
the level of copper (and manganese) necessary for a 
tourmaline to be considered “Cu- and Mn-bearing,” 
and given the increase in sensitivity of modern ana- 
lytical techniques such as LA-ICP-MS, such criteria 
should be carefully reviewed for consistency between 
laboratories. 


sured lower values for Cu and Mn than were reported 
by Abduriyim et al. (2006). Note that anomalously 
higher copper values of 2.08—3.21 wt.% CuO were 
measured by Abduriyim et al. (2006) in only a few 
highly saturated greenish blue to bluish green samples 
from Mozambique; they are not representative of the 
typical tourmaline composition (A. Abduriyim, pers. 
comm., 2008). Consistent with data previously 
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recorded by LA-ICP-MS at GIA (248 analyses on 122 
samples; unpublished GIA data}, all the samples 
analyzed for this study fell within the following 
ranges: 0.05-0.66 wt.% CuO, 0.01-3.09 wt.% MnO, 
10-497 ppm Ti, and from below detection limit to 
5854 ppm Fe. 

The coloration of Mozambique Cu-bearing tour- 
maline is controlled, for the most part, by a combi- 
nation of the concentrations and oxidation states of 
Cu, Mn, Fe, and Ti (Wentzell et al., 2005; Abduri- 
yim et al., 2006; Milisenda et al., 2006; Rondeau and 
Delaunay, 2007). The vast majority of the samples 
analyzed showed strong Cu** absorptions centered 
at ~700 and 900 nm, and contained relatively high 
amounts of Mn. In the absence of significant 
amounts of Fe and Ti, and when the manganese 
occurs as Mn**, the tourmalines show an attractive 
“neon” blue color without heating. If, however, the 
manganese is present as Mn* (the more common 
oxidation state], a strong absorption at ~520 nm 
causes the stones to appear violet to pink. 

Heat treatment of Cu- and Mn-bearing tourma- 
line has long been known to significantly change 
the color of many stones. This occurs simply by 
reducing the oxidation state of Mn in the stone, 
from Mn** (which causes violet-pink coloration) 
to Mn** (not a strong chromophore in tourma- 
line), but the resultant color also depends on the 
amount of Fe and Ti present. Most of the violet 
Mozambique Cu-bearing tourmaline contains lit- 
tle Fe and Ti. Heat treatment of such material 
removes the Mn* absorption at ~520 nm, creating 
a transmission window from ~400 to 580 nm that 
yields a “neon” blue color (figure 39, top). Heat 
treatment of a similar stone containing significant 
Ti and Fe will produce green coloration due to 
Mn, Ti, and Fe, producing broad absorptions at 
~325, ~420, and 710 nm. The resulting transmis- 
sion window at ~550 nm is responsible for the 
green color. 

Many unheated green samples have substantial- 
ly more Fe and Ti than the violet samples, and 
much of the manganese is already in the Mn”* state. 
In such material, the Mn, Ti, and possibly Fe IVCT 
absorptions are naturally present and combine with 
the Cu** bands to produce a green color. Heating 
these stones results in little to no color modifica- 
tion, as shown in the bottom of figure 39. 

Thus, it should be possible to predict the effects 
of heat treatment of Cu-bearing tourmalines from 
Mozambique by measuring their Ti and Fe concen- 
trations. UV-Vis spectroscopy, which directly 
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reflects the composition, can also be used to predict 
the response to heating (Milisenda, 2007). 


GEOLOGIC ORIGIN OF CU-BEARING 
TOURMALINE FROM MOZAMBIQUE 


The authors’ observations of the tourmaline-bearing 
layer revealed sedimentary structures and a clast- 
supported matrix that suggest a fluvial origin (i.e., 
deposited by a stream or river). The dominance of 
angular clasts indicates a short transport distance 
(probably less than 10 km) for most of the quartz in 
the matrix. It also suggests the importance of 
mechanical weathering and hillslope transportation. 
However, the sub- to well-rounded quartz and tour- 
maline clasts had longer transport distances and 
transit times. 

The dominance of angular clasts suggests that 
fluvial transport was spasmodic [i.e., it occurred 
only occasionally and then for a short time). The 
rather coarse grain size (10-30 mm) suggests ener- 
getically high hydrodynamic conditions. The open- 
worked clast-supported fabric of the gravel layer 
also indicates short transport distances and abrupt 
rapid deposition. Therefore, the sedimentology and 
internal architecture of the tourmaline-bearing layer 
suggest a braided fluvial depositional environment. 
It is likely that semi-ephemeral to perennial braided 
streams transported and redistributed alluvial mate- 
rials down-valley during high discharge events (wet 
seasons] of relatively short duration. 

It can be concluded that the tourmaline-bearing 
layer is an accretional unit deposited by slope pro- 
cesses and redistributed fluvially. Much of the angu- 
lar material may be derived from the local simple 
granitic pegmatites (some aquamarine-bearing) that 
cross-cut the basement rocks. Also, the angular 
material may have been derived upstream from the 
hinterland valleys and transported downhill 
through spasmodic flash floods (distances on the 
order of 10 km or less). 

The rounded tourmalines and quartz (<10%) 
were transported longer in terms of both time and 
distance, and perhaps were redistributed and con- 
centrated several times. Given the known fairly 
localized occurrence of the Cu-bearing tourmaline 
in this part of Mozambique, its origin must relate to 
the catchment area of the fluvial units and to the 
former presence of pegmatite source rock upstream. 
Based on the size of the current catchment, we infer 
that these (sub)rounded clasts represent maximum 
transport/reworking distances on the order of 100 
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Figure 41. Cu-bearing tourmaline from Mozambique 
(here, 14.53 ct and heated) is being showcased by 
innovative jewelry designs. The 18K white gold pen- 
dant is accented by black and red spinel, yellow sap- 
phire, tsavorite, and diamond. Courtesy of Carley 
McGee-Boehm, Carley Jewels, San Diego, California; 
photo by Robert and Orasa Weldon. 


km. To the northwest, this falls well within the 
boundaries of the Alto Ligonha pegmatite district 
(compare with figure 5). However, since no Cu-bear- 
ing tourmaline is known from previously worked 
deposits in that district (primary or alluvial), the 
materials from Mavuco were apparently derived 
from pegmatites that were quite unusual compared 
to those currently known in the area. Also, the 
transport direction of the sediments depended on 
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the topography, which directly resulted from the 
regional tectonics/geology of the area at the time 
that the original pegmatites eroded. The direction 
that the rivers flow today may not have been the 
same when the tourmaline-bearing sediments were 
eroded and deposited. 

The site of tourmaline deposition depended on 
the local topography and slope direction, and it may 
be no coincidence that the deposit is located in the 
area between the granitic hills of Mt. Muli to the 
south and Mt. Tultti to the north. This arrangement 
of the resistant granitic rocks, combined with the 
regional northeast-southwest structure of the base- 
ment, may have created ideal topographic condi- 
tions for channeling the sediments derived from the 
original pegmatites into their present position. In 
addition, this may have prevented the tourmaline 
from being dispersed over long distances, even dur- 
ing the reworking that is suggested by their rounded 
nature. 


CONCLUSION 


Copper-bearing tourmaline from Mozambique is 
notable for its variety of bright colors, availability in 
relatively large quantities, and impressive number 
of large clean stones. Although most of the material 
does not attain the saturation of the famous Paraiba 
tourmaline from Brazil, the Mozambique deposit 
has helped make Cu-bearing tourmaline more 
affordable and also has popularized its use in fine 
jewelry (figure 41). It is expected that the material 
will become even more widely available in the near 
future, as mechanized mining becomes more preva- 
lent. Further exploration could turn up additional 
reserves in the Mavuco area, particularly through 
systematic test pitting over a larger area than has 
currently been mined. Wider-scale exploration 
throughout the eastern part of the Alto Ligonha peg- 
matite district may also result in the discovery of 
new areas for this tourmaline. 
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Additional Notes on Helfractive 
Indices of Cabochon Cut Stones 


G. ROBERT CROWNINGSHIELD, B.S., C.G., F.G.A. 
G.LA. Director of Education, Eastern Headquarters 


INCE publication of the article, “Refrac- 
S tive Indices of Cabochon Cut Stones,” 
by Lester Benson in Gems & Gemology, 
Summer, 1948,* the method described has 
been used to great advantage with the Erb 
& Gray instruments and the. newer Gem 
Refractometer.** At that time no method 
for securing readings on cabochons or small 
stones on the Rayner refractometer was 
given. Further investigation has proved the 
latter instrument equally valuable for this 
type of determination. 


With the Erb & Gray instrument, the 
eyepiece is removed from the optical sys- 
tem, and, because of the simplified optical 
system, the contact surface of the stone with 
the hemisphere may be seen in the reflecting 
prism and at the same time the scale will 
be in focus. With the Gem refractometer, 
the eyepiece may be left in the system and 
the spot appears behind the scale which 
remains in focus. 


The technique involved in securing re- 
fractive indices of cabochons and small 
stones with the Rayner does not require the 
removal of the eyepiece, but it does require 
a somewhat different technique. 


If a small drop of contact liquid is placed 
on the glass prism of the Rayner, it will 
appear in the eyepiece as a dark circle when 
viewed from a distance of approximately 12 
to 15 inches. A portion of the lines on the 
scale will also be visible and the numbers 


*See page 35, Summer 1948, Gems & Gemology. 


**See back cover, Spring 1949, Gems & Gem- 
ology. 


seen when the eye is moved slightly to the 
left. Although the contact spot and the 
scale will not be exactly in focus it is close 
enough so that a satisfactory correlation 
between the two may be made. Now, by 
following the spot up the scale numerically 
it will be seen to disappear at roughly 1.80 
—the index of the liquid. 

Because of the presence of the correcting 
lenses in the Rayner, the reflection of the 
contact between hemisphere and stone may 
be difficult to find at first. However, these 
same lenses have the effect of magnifying 
the spot and scale, a considerable advantage, 
as thé numbers on the scale will appear to 


‘be approximately 14 inch in height, thus 


making this method practical for anyone 
who desires to use it. 

If a small flat surface of a stone is placed 
in the liquid in contact with the hemisphere 
the circle will appear dark if the line of 
vision is below the R.I. of the material 
being tested, but as the line of vision is 
again raised numerically, there will be a 
point at which either the whole circle will 
quickly light up or, if white light is being 
used, there will be a blue-green line which 
will appear to draw over the spot like a 
curtain. When the bluish line has bisected 
the spot (the line will curve slightly) the 
eyes’ focus must be shifted slightly and to 
the right where the numerals of the scale 
will come into view. Because the spot and 
scale are not exactly in focus, to secure the 
reading it is necessary to carry the spot 
mentally for an instant while the position 
on the scale at which the spot is bisected is 
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A HISTORY OF 
DIAMOND TREATMENTS 


Thomas W. Overton and James E. Shigley 


Although various forms of paints and coatings intended to alter the color of diamond have likely 
been in use for almost as long as diamonds have been valued as gems, the modern era of dia- 
mond treatment—featuring more permanent alterations to color through irradiation and high- 
pressure, high-temperature (HPHT) annealing, and improvements in apparent clarity with lead- 
based glass fillings—did not begin until the 20th century. Modern gemologists and diamantaires 
are faced with a broad spectrum of color and clarity treatments ranging from the simple to the 
highly sophisticated, and from the easily detected to the highly elusive. The history, characteris- 
tics, and identification of known diamond treatments are reviewed. 


or as long as humans have valued certain mate- 
rials as gems, those who sell them have sought 
ways to make them appear brighter, shinier, 
and more attractive—to, in other words, make them 
more salable and profitable. From the earliest, most 
basic paints and coatings to the most sophisticated 
high-pressure, high-temperature (HPHT) annealing 
processes, the history of diamond treatments paral- 
lels that of human advancement, as one technologi- 
cal development after another was called upon to 
serve the “King of Gems” (figure 1). And, much as 
the pace of human technological advances acceler- 
ated in the past hundred-plus years, gemologists of 
the 20th century witnessed the introduction of gem 
treatments that the earliest diamond merchants 
could scarcely have imagined—and that literally 
reshaped the world of contemporary diamantaires. 
Because of their potential to deceive, gem treat- 
ments, including those applied to diamond, have 
long had an aspect of fraud about them, whether a 
treatment was intended to mask or remove color 
(e.g., figure 2); to add, enhance, or alter color (e.g., fig- 
ure 3); or to change other characteristics such as 
apparent clarity. That being said, there have also 
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been long periods, both ancient and modern, when 
diamond treatments were conducted in the relative 
open, and their practitioners were regarded by some 
as experts and even artists. Gem treatments, it must 
be recognized, are neither good nor bad in them- 
selves—fraud comes about only when their presence 
is concealed, whether by intent or by negligence. 
This fact places a specific responsibility for full treat- 
ment disclosure on all those handling gem materials, 
and most especially on those selling diamonds, given 
their long and enduring value. That responsibility is 
one of knowing and understanding what happens as 
a result of treatment, having the expertise to recog- 
nize treated stones when they are encountered, and 
knowing when suspect stones should be examined 
by properly equipped gem-testing laboratories. 

This article is not intended to be a complete 
review of the history of diamond treatments, as such 
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an endeavor could easily fill a book (see, e.g., Nassau, 
1994, Shigley, 2008). Rather, it is intended to provide 
a broad overview of the subject and a resource for 
those wishing to delve further into the literature. 
Information presented is derived from the published 
literature and the authors’ (primarily JES) experience 
with diamond testing. The subject will be addressed 
in roughly chronological order, with the discussions 
divided by color and clarity treatments. 


COLOR TREATMENTS 


Paints and Coatings. Early History. The coating, 
dyeing, and painting of gems to alter their appear- 
ance is an ancient practice, and one that likely start- 
ed soon after human beings began valuing minerals 
for personal adornment. The first use of diamond as 
a gemstone was almost certainly in India (e.g., figure 
4), probably well before any contact with Western 
cultures around the Mediterranean, as Indian lap- 
idary arts in the Indus Valley were already fairly 
advanced by the second millennium Bc (Krishnan 
and Kumar, 2001). Whether treatment of diamonds 
there was as common as with other gems is another 
matter, however. Diamonds were objects of great 
religious and cultural significance in ancient India 
(see, e.g., Brijbhusan, 1979), and there were strong 
taboos against altering them in any way (Tillander, 
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Figure 1. Once rarely-seen 
collectors’ items, colored dia- 
monds are now widely avail- 
able as a result of a variety of 
treatments that can change 
off-color stones to attractive 
hues. Shown here is a collec- 
tion of jewelry set with treat- 
ed-color diamonds. The 
“cognac” diamond in the 
ring is 1.07 ct; the blue dia- 
mond in the brooch is 0.85 ct 
and is set with 0.60 ct of pur- 
ple diamonds; the stud ear- 
rings contain 1.74 ct of green 
diamonds and 0.30 ct of yel- 
low diamonds; the hoop ear- 
rings contain 0.95 ct of col- 
ored diamonds. All the col- 
ored diamonds were treated 
by irradiation. Composite of 
photos by azadphoto.com; 
courtesy of Etienne Perret. 


1995). Further, as with many other things in India, 
diamonds were classified by color according to a 
rigid caste system (Brijbhusan, 1979; Tillander, 
1995), and consequently there must have been 
strong social pressure against altering a stone’s color. 
This hardly means it did not occur, of course. Since 
colorless stones occupied the highest caste, there 
would have been strong economic incentives to find 
ways to reduce the apparent color of off-color 


Figure 2. A blue coating on a yellowish diamond can 
neutralize its bodycolor and make it appear more col- 
orless. Variations on this treatment have been used 
for centuries. Photomicrograph by John I. Koivula; 
magnified 5x. 
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Figure 3. This attractive green diamond (3.06 ct) owes 
its color to irradiation. Photo by Robert Weldon. 


stones—though the party responsible no doubt 
risked much in doing so. Gill (1978), for example, 
reported the historic use of ultramarine in India to 
improve the color of yellowish stones, as well as of 
other pigments to produce apparent colors. 
Diamonds were largely unknown to the early 
Greeks. Ball (1950) placed the arrival of diamonds in 
Greece no earlier than about the fifth century BC 
(and then only as “the rarest of curiosities,” p. 242), 
and in Rome at about 65 Bc. Although Pliny men- 
tioned the dyeing and foiling of a variety of gems, 
diamond is not among them. Instead, his discussion 
of diamond is largely confined to its resistance to 
fire and blows—though not goat’s blood, which was 
reputed to soften it* (Ball, 1950). Nevertheless, dia- 
mond crystals were used on occasion in jewelry dur- 
ing this period, so it is likely that some enterprising 
jewelers were painting and coating them as well, 
since dyeing is known to have been a common prac- 
tice with other gems during this period (Ball, 1950). 
Although cleaving of octahedral diamond crys- 
tals to create various simple shapes (usually point 
cuts) may have taken place as much as 2,000 years 
ago (Tillander, 1995), true cutting and polishing to 
create new shapes and facet arrangements is 
thought to have evolved slowly beginning some 
time in the 14th century (Balfour, 2000). As cutting 
techniques developed, and early diamond manufac- 
turers learned which methods best improved bril- 
liance and color, it is likely that different types of 
coatings followed closely behind. It is interesting to 
note that one of the oldest surviving accounts of 
early diamond cutting, by Italian master jeweler 
Benvenuto Cellini (Cellini, 1568), also contains 
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detailed instructions on how to improve a dia- 
mond’s appearance by applying various substances 
to the pavilion surface. 

Cellini told the story of a large diamond that had 
been given by Holy Roman Emperor Charles V to 
Pope Paul If, which Cellini was commissioned to 
mount. Interestingly, not only was the coating of 
diamonds legal at this time, it was also such an 
accepted practice that Cellini conducted the coating 
in the presence of several of his colleagues in order 
to impress them with his artistry. He applied a mix- 
ture of pure gum mastic, linseed oil, almond oil, tur- 
pentine, and lampblack to the base of the stone, and 
so “seemed to remove from it any internal imper- 
fections and make of it a stone of perfect quality” (p. 
39). The results were dramatic enough that his audi- 
ence declared that he had increased the value of the 
diamond from 12,000 to 20,000 scudi (the forerun- 
ner of the modern Italian lira). 

Cellini also described how the appearance of yel- 
low diamonds could be improved by replacing the 
lampblack with indigo (a blue dye): “[I]f it be well 
applied, it becomes one colour, neither yellow as 
heretofore nor blue owning to the virtue of the tint, 
but a variation, in truth, most gracious to the eye” 
(p. 36}. 

The mastic/lampblack recipe is one that appears 
to have been employed for several centuries, as it is 
described by Thomas Nichols in his 1652 work, A 
Lapidary, or, The History of Pretious |sic| Stones. 
Yet, a review of the literature does not seem to indi- 
cate that matters progressed much beyond this until 
the mid-20th century. There is a passing mention of 
coating diamonds in John Hill’s annotated transla- 
tion of Theophrastus’ History of Stones (1774), 
among several other works (see Nassau, 1994), but 
little else. Although the recipes changed as the sci- 
ence of chemistry evolved (potassium permanganate 
[KMnO,] was commonly used in the late 1800s [see 
Gill, 1978], and aniline blue [a histological stain] was 
popular in the early 1900s [“Gemmology. . .,” 1940), 
the same basic approach was still being used well 
into the 20th century (see, e.g., “Gemological glos- 
sary,” 1934; Briggs, 1935; Crowningshield, 1959). 


*Nassau (1994) traced this curious myth, which persisted for over 
1,500 years, to a recipe in an Egyptian papyrus dating to about 400 AD 
(though copied from a much older version). Dipping in goat’s blood 
was actually the last step in a quench-crackling process in preparation 
for dyeing crystalline quartz. Over the ensuing centuries, this use with 
quartz was apparently confused with other colorless gems, including 
diamond. 
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Figure 4. These untreated Mogul-cut diamonds (9.27 
and 9.54 ct) may be from India’s Golconda region, 
possibly fashioned several centuries ago. Photo by 
Nicholas Del Re. 


Contemporary Treatments. It was not until the 
1950s that modern technology began replacing these 
centuries-old methods. Following up on a report in 
The Gemmologist the previous year (“Improved gem 
brilliancy. .. ,” 1949), Gtibelin (1950) described exper- 
iments with sputter-coated fluoride thin films (CaF,, 
BaF,, MgF,) in combination with a titanium oxide 
substrate and a protective silica top coating in order 
to increase light transmission, brilliance, and color 
appearance in gems, including diamond (e.g., figure 
5). These optical coatings had been developed for mil- 
itary purposes during World War II in order to obtain 
improved performance from binoculars, bombsights, 
periscopes, and similar optical devices (MacLeod, 
1999), and they were the subject of numerous patents 
in the post-war years (e.g., Moulton and Tillyer, 1949, 
which mentions possible use on gem materials). The 
process is carried out in a vacuum chamber contain- 
ing a cathode of the coating material and a substrate 
that serves as the anode. Positively charged ions of 
the coating material flow across the chamber in 
gaseous form and adhere to the substrate (Quorum 
Technologies, 2002). 

Among other effects produced by these coatings, 
Gtbelin (1950) stated, “slightly yellowish tinted dia- 
monds may appear blue-white” (p. 246). It is interest- 
ing to note that he reports the best results were 
obtained when the coatings were applied to the top of 
the stone. However, this also resulted in anomalous 
refractometer readings (i.e., the RI of the coating 
rather than that of the diamond, which is over the 
limit of a standard refractometer), and the appearance 
of an obvious iridescent film on the crown and table. 
Diamond treaters apparently recognized these 
problems as well, and coated diamonds seen in the 
trade over the ensuing years had such coatings 
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applied only to their pavilions or girdles (Miles, 1962). 

Schlossmacher (1959) reported seeing such coated 
diamonds in the German gem center of Idar- 
Oberstein, and Miles (1962, 1964) reviewed GIA’s 
experiences while grading diamonds at the Gem 
Trade Laboratory in New York City. Miles also 
described several practical visual means by which 
these coated “near-colorless” diamonds could be rec- 
ognized by gemologists. Most stones were treated 
with a bluish coating in order to mask (or compen- 
sate for) light yellow bodycolors and thereby create a 
more colorless appearance. Several treaters were per- 
forming coatings with varying degrees of skill, and 
Miles reported that at least one company was active- 
ly offering its services to the New York diamond 
trade. As the technology advanced and treaters 
became more experienced, detection of these coated 
stones became a serious challenge (Miles, 1962). 
Although U.S. Federal Trade Commission (FTC) 
guidelines issued in 1957 required jewelers to dis- 
close coated diamonds (“Jewelry industry ... ,” 
1957), the rules were widely ignored. The problem 
became so serious that in 1962, the New York State 
Legislature was forced to pass a law making the sale 
of coated diamonds without disclosure a criminal 
offense (see Overton, 2004, and references therein for 
a more detailed discussion of the legal elements of 
treatment disclosure). This law had the effect of forc- 
ing the practice outside of mainstream markets, 
though diamonds with such coatings are still periodi- 
cally seen in the GIA Laboratory. Sheby (2003), for 


Figure 5. A sputtered coating—visible here as indis- 
tinct dark spots on the bezel and upper girdle facets— 
has been applied to this 5.69 ct pear-shaped diamond. 
Such colored spots are a classic feature of sputter coat- 
ings intended to create a more colorless appearance in 
off-color stones. Photomicrograph by Vincent Cracco; 
magnified 23x. 
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example, described a yellowish diamond coated with 
a blue material to improve its apparent color, similar 
to those reported 40 years earlier by Miles. 

Although it was known that these thin film 
coatings could also mimic fancy colors (see 
Schiffman, 1969; Crowningshield, 1975), such color- 
coated diamonds were not seen in meaningful num- 
bers until fairly recently. In fact, even natural fancy- 
color diamonds were virtually unknown to most 
consumers until the 1980s and ’90s (Shor, 2005). 
Pink diamonds were among the first natural fancy 
colors to gain widespread attention, so it is not sur- 
prising that pink-coated diamonds began to appear 
in the late 1990s (figure 6). Crowningshield and 
Moses (1998), Evans et al. (2005), and Wang et al. 
(2006) all described recent examples of polished dia- 
monds colored pink by sputter-coated thin films. 
Epelboym et al. (2006) reported seeing both pink- 
and orange-coated diamonds that were possibly col- 
ored by a silica film doped with gold rather than the 
fluoride coatings previously in use. Shen et al. 
(2007) described a method by which a wide variety 
of colors could be produced using multiple microth- 
in coatings of varying chemistries. In this same arti- 
cle, Shen et al. reported that the GIA Laboratory 
was also seeing an increase in diamonds colored 
pink by coating with calcium fluoride (CaF,). 

Despite all these advances, however, traditional 
methods of painting and coating have not disap- 
peared, and examples have appeared on occasion in 
the trade. Crowningshield (1965) reported on assis- 
tance GIA gave to law enforcement authorities who 
were prosecuting a jeweler for selling painted dia- 
monds. Fryer (1983) related an interesting (and no 
doubt distressing for the parties involved) story of a 
large natural-color pink diamond being switched for 
a yellowish stone that had been painted with pink 
nail polish. Other methods, such as coloring girdle 
facets with permanent markers and solutions made 
from colored art pencils, have also been seen (S. 
McClure, pers. comm., 2008). 
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Figure 6. The diamond on 
the left proved to be a cape 
stone with a pink coating on 
the girdle. Note the irides- 
cence and irregular surface 
features. At right, scratches 
in the pink coating on this 
stone are also indicative of 
this treatment. Photomicro- 
graphs by Andrew Quinlan, 
left (magnified 63x), and 
Wuyi Wang, right (100x). 


Identification. Most coated diamonds can be identi- 
fied by an experienced gemologist, provided the 
opportunity exists to examine the entire stone with 
a gemological microscope. Typically, coatings betray 
themselves through the presence of spots, scratches, 
uneven color concentrations, and similar surface 
irregularities, in addition to iridescent reflections 
and interference-related colors (again, see figures 5 
and 6); these latter features are best seen with reflect- 
ed light. In addition, diamonds that are coated to 
appear more colorless often display an unnatural 
grayish or bluish cast, which can make color grading 
difficult to impossible (Sheby, 2003). Paler colors pre- 
sent a greater challenge, but immersion in methy- 
lene iodide can help reveal color concentrations in 
surface areas. ““Near-colorless” coatings are necessar- 
ily more difficult to detect than those intended to 
impart a bodycolor to the diamond, especially if they 
are applied to very small areas of the stone, as is 
often the case. Visual detection of surface coatings 
on melee-sized diamonds can also present greater 
difficulties. 

When available, Nomarski differential interfer- 
ence contrast microscopy (Sato and Sasaki, 1981; 
Robinson and Bradbury, 1992) can enhance the visi- 
bility of irregularities such as scratches or uneven 
coatings on facet surfaces (e.g., figure 7). If destructive 
testing is permitted, applying a polishing powder 
with a lower hardness than diamond (such as corun- 
dum powder) to the facets will produce scratches and 
thus reveal the presence of a surface coating. 

Advanced methods, such as scanning electron 
microscopy (which can examine the coated areas at 
much higher magnification) and chemical analysis 
(which can reveal the presence of elements that do 
not occur naturally in diamond), will provide defini- 
tive confirmation when any doubt remains. 

The durability of diamond coatings varies con- 
siderably depending on the substances used and 
how they are applied. Simple paints can be wiped 
off or removed with solvents such as alcohol and 
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Figure 7. It is clear from this Nomarski image that a 
coating has been applied to the table of this diamond. 
Photomicrograph by John I. Koivula; magnified 30x. 


acetone. Optical coatings are more durable, but they 
can still be scratched or removed with acids; they 
are also unstable to some jewelry repair processes 
(Shen et al., 2007), as are paints. 


Synthetic Diamond Thin Films. Finally, a word 
must be said about the potential use of synthetic 
diamond thin films on natural diamond. Koivula 
and Kammerling (1991) reported an experiment in 
which boron-doped synthetic diamond was deposit- 
ed as a thin coating by chemical vapor deposition 
(CVD) on several colorless faceted diamonds, which 
became dark bluish gray as a result (see also Fritsch 
and Phelps, 1993). Although there is no indication 
that this process has ever seen commercial use, 
recent advances in—and commercialization of— 
CVD diamond synthesis (see, e.g., Wang et al., 2003, 
2005b, 2007; Martineau et al., 2004) mean that it 
remains a possibility. Such a diamond coating 
might be far more durable than anything previously 
seen on the market. As an illustration, CVD dia- 
mond coatings applied to machine tools can typical- 
ly extend the useful life of such tools by 10-50 
times (CVD Diamond Corp., 2007). In light of this, 
and the fact that such a coating would be chemical- 
ly homogeneous with the coated stone, identifica- 
tion methods such as the polish test and chemical 
analysis might not be reliable means of detection. 


Irradiation. The era of artisanal diamond treatments 
came to an end shortly after the turn of the 20th 
century. In 1896, French scientist Henri Becquerel 
accidentally discovered radioactivity while perform- 
ing experiments with phosphorescence (Becquerel, 
1896). Seeking to measure the phosphorescent reac- 
tion of a sample of the mineral zippeite [potassium 
uranyl sulfate; K,UO,(SO,),] on a set of photograph- 
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ic plates, Becquerel found that the uranium in the 
sample had exposed the plates before the experi- 
ment even began. Further research by Marie and 
Pierre Curie led to the discovery of the element 
radium in 1898. Radium’s intense radioactivity 
made it a useful source of radiation for experimenta- 
tion by subsequent researchers, one of whom was 
an English scientist named Sir William Crookes 
(box A). 

In 1904, Crookes presented a paper to the Royal 
Society of London detailing his experiments expos- 
ing diamonds to radium, both to its radioactive 
emissions and to direct contact (Crookes, 1904). 
While the former had no lasting effect, packing the 
stones in radium bromide gave them a bluish green 
to green color after several months. As might be 
expected, this discovery created an immediate stir 
in the nascent gemological community. 

Over the ensuing decades, a series of researchers 
repeated Crookes’s experiments (as did Crookes 
himself; see, e.g., Crookes, 1914; Lind and Bardwell, 
1923a,b; Dollar, 1933). Their work established that 
the color change was due to alpha radiation, that the 
color was confined to a very shallow surface layer of 
the diamond, and that the green or blue-green color 
could be changed to various shades of yellow to 
brown by sufficient heating. 

However, Crookes and other researchers also 
discovered that radium treatment of diamonds cre- 
ated long-lasting residual radioactivity that could 
present a health risk (Crookes, 1914), which effec- 
tively limited any legitimate commercial use of this 
method. Although these treated diamonds (some of 
which were colored by exposure to other radioactive 
isotopes such as *4!Am or 7!°Pb) were occasionally 
seen in the trade anyway, they remained for the 
most part no more than scientific curiosities and are 
encountered today only very infrequently (see, e.g., 
Hardy, 1949, Crowningshield, 1961; Webster, 1965; 
Henn and Bank, 1992; Ashbaugh and Moses, 1993; 
Reinitz and Ashbaugh, 1993). It is worth noting, 
though, that they can remain radioactive for periods 
of up to several hundred years. 

Radium and similar materials were not the only 
sources of radiation that might be used to treat dia- 
monds, however. In the early 1930s, Professor Ernest 
Lawrence at the University of California at Berkeley 
developed a device that became known as the 
cyclotron, which could accelerate charged atomic 
particles to high velocities using a magnetic field 
(e.g., Lawrence, 1934). Through the 1940s and into 
the 1950s, various researchers experimented with 
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Box A: SIR WILLIAM CROOKES 


Sir William Crookes (1832-1919) was one of the great 
Victorian men of science (figure A-1). His life was 
characterized by wide-ranging, enthusiastic research 
across multiple fields, from hard sciences such as 
physics and chemistry to more philosophical work in 
spiritualism and metaphysics (see D’Albe, 1923; this 
brief biography is adapted from that book). Although 
he is known in gemology for his discovery of the 
effects of radiation on diamond near the end of his 
life, Crookes had already had a long and distinguished 
career as a chemist and physicist prior to this work. 

Crookes was educated at the Royal College of 
Chemistry in London. His initial studies in inorganic 
chemistry received a great boost after Gustav 
Kirchhoff and Robert Bunsen published their pioneer- 
ing work on spectroscopy in 1860 (Kirchoff and 
Bunsen, 1860). Using their methods, Crookes was 
able to identify a new element, thallium, in 1861 dur- 
ing an analysis of pyrite ore used for making sulfuric 
acid. This discovery cemented his reputation and led 
to his election to the Royal Society in 1863. In the 
1870s, Crookes turned his attention to cathode rays, 
cathode-ray tubes, and cathodoluminescence, and his 
work in this area remains the foundation of the field, 
though some of his theories about these discoveries 
were later shown to be in error. (Crookes believed 
cathode rays were a new, fourth state of matter rather 
than electrons.) 

In chemistry, he contributed greatly to the evolu- 
tion of spectroscopy, and published a wide range of 
papers and treatises on the subject. Much of his 
chemical research was directed toward practical 
questions of the day, and he was a recognized author- 
ity on water quality and public sanitation (a notable 
pamphlet, which he published in 1876, was The 
Profitable Disposal of Sewage). 

Crookes also had an interest in diamonds, and in 
1896 he toured the Kimberley mines in South Africa 
as a guest of De Beers (Crookes, 1909). His research 
into the luminescence of minerals naturally led him 
to experiment with radioactivity after Becquerel’s 
discovery that same year. He continued studies in 
this field almost up to the time of his death. In addi- 
tion to his work with diamonds, he also achieved the 


exposing diamonds to cyclotron radiation, usually 
alpha particles, deuterons (7H nuclei), and protons 
(e.g., Cork, 1942; Ehrman, 1950; Pough and Schulke, 
1951; Pough, 1954, 1957). The diamonds turned vari- 
ous shades of blue-green, green, yellow, and brown, 
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first separation of protactinium (Pa) from uranium, 
and invented a simple device for detection of radioac- 
tivity, the spinthariscope. 

Crookes’s dabblings in Victorian mysticism (e.g, 
Crookes, 1874), which led him to conduct a series of 
séances and form relationships with noted mediums, 
were viewed with some consternation by his col- 
leagues and nearly led to his expulsion from the Royal 
Society. History has been kinder, however, and these 
works have come to be seen as merely another sign of 
his indefatigable energy and insatiable curiosity. 

Crookes was knighted in 1897 and appointed to 
the Order of Merit in 1910. He died in London on 
April 4, 1919, and is buried in Brompton Cemetery. 


Figure A-1. Sir William Crookes is best known in 
gemology for his discovery of the effects of radiation 
on diamonds. Photo by Ernest H. Mills, approx. 1911. 


though the yellow-to-brown colors were eventually 
determined to be the result of heating caused by the 
bombardment. The stones did become radioactive, 
but only for a short period afterward. The colors 
were confined to near-surface layers—though visibly 
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Figure 8. The distinctive feature around the culet of 
this irradiated diamond, commonly referred to as the 
umbrella effect, is a tell-tale sign of treatment in a 
cyclotron. The umbrella effect is not a result of the 
cyclotron beam striking the culet, but rather the girdle 
area; its appearance at the culet is caused by internal 
reflections. Photomicrograph by John I. Koivula; 
magnified 10x. 


deeper than those seen with radium-treated stones— 
and were also induced in strongly defined color con- 
centration patterns related to the facet arrangement 
(e.g., figure 8), since color was created only where the 
beam of radiation struck the diamond. The commer- 
cial applications of these treated colors were obvi- 
ous, and cyclotron-treated diamonds soon appeared 
in significant numbers in the market, with some- 
times embarrassing results (box B). 

Early linear accelerators (linacs) were also used 
to bombard diamonds with electrons (Clark et al., 
1956a,b; Pough, 1957). However, as the energies 
were relatively low (on the order of 0.5-3.0 MeV; 
Dyer 1957; Schulke, 1961), the beam did not com- 
pletely penetrate the stone, and the color was also 
confined to thin layers beneath facet surfaces that 
were exposed to the radiation (e.g., figure 9; Collins, 
1982; Fritch and Shigley, 1989). 

As nuclear reactors became more commonplace 
in the 1950s, these too were used to irradiate dia- 
monds (Dugdale, 1953). However, because neu- 
trons—which make up the most significant portion 
of radiation from nuclear fission—can completely 
penetrate even a large stone, the resulting green 
color was created more uniformly throughout the 
diamond (i.e., a “bodycolor”) rather than being con- 
fined to thin zones near the surface (Dyer, 1957; 
Pough, 1957). Likewise, when more powerful linacs 
came into common usage in the 1960s and 1970s, 
the higher-energy electrons (10-15 MeV; Ashbaugh, 
1988) that were generated with these devices were 
also able to create uniform color (Parsons, 1996). 
Without the tell-tale facet-related color concentra- 
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Figure 9. Lower-energy electron irradiation in a linear 
accelerator can create a thin layer of color beneath the 
pavilion facets which, because of internal reflections 
within the diamond, also appears as a concentration of 
color at the culet of the stone. In this instance, the color 
concentration is rather intense, which would not be the 
case if the thin layer of induced color was less saturat- 
ed. Photomicrograph by Wuyi Wang; magnified 5x. 


tion patterns of early electron irradiation, these 
treated diamonds would prove to be a significant 
identification challenge, requiring the use of 
advanced spectroscopic techniques. 

Diamonds can also be colored by exposure to 
gamma ray emissions from a radionuclide such as 
6Co, similar to that used to sterilize food products 
and medical equipment (Dyer, 1957; Pough, 1957; 
Ashbaugh, 1988). Although the process has been 
known from the early days of diamond irradiation, it 
is rarely used because it is much slower than other 
methods, typically taking several months (Collins, 
1982). It is worth noting here that the gamma rays 
do not themselves color the diamond, rather, they 
generate secondary electrons as they pass through 
the stone, and these electrons induce color in the 
same fashion as those from a linac (Collins, 1982). 

Nowadays, the most common methods are neu- 
tron irradiation in a reactor and high-energy electron 
irradiation in a linac (e.g., Nassau, 1994). The process 
selected will depend on the exposure time, costs, 
potential damage to the diamond, and the treated 
colors desired. 

Radiation-induced color in diamond is the result 
of damage caused as the radiation (whether neutrons 
or charged particles) passes through the stone. 
Collisions between these particles and the carbon 
atoms create vacant positions in the atomic lattice by 
knocking the carbon atoms out of their normal posi- 
tions (Collins, 1982). These vacancies give rise to a 
broad region of absorption in the visible and near- 
infrared regions of the spectrum (and a sharp peak at 
741 nm, known as the GR1 band}, thus creating a 
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BOX B: THE IRRADIATED DEEPDENE 


Out of all the uncounted carats of diamonds subjected 
to one treatment or another, perhaps none is more 
famous than a large yellow stone named after the 
country estate of the Bok family outside Philadelphia. 
The Deepdene (figure B-1), as it is known, is believed 
to have been mined in South Africa in the 1890s (The 
Deepdene Diamond, 1997, Balfour, 2000; most infor- 
mation here is taken from these two references). 
Consistent with this source, its original color is 
thought to have been a dark cape (Pough, 1988). The 
Boks purchased the stone from Los Angeles diamond 
dealer Martin Ehrmann, who would, interestingly 
enough, later conduct a series of early experiments in 
diamond irradiation (Ehrmann, 1950, there is no evi- 
dence Mr. Ehrmann was involved in treating the 
Deepdene). The Boks sold the stone to Harry Winston 
in 1954. 

Sometime in 1955, Dr. Frederick Pough was hired 
to cyclotron irradiate and anneal the diamond and 
thereby intensify its yellow color (Pough, 1980, 
1988). Dr. Pough was then a recognized authority on 
the subject and had, perhaps not coincidentally, just 
published an article on diamond irradiation in 
Jewelers’ Circular-Keystone (Pough, 1954). After- 
wards, the stone was repolished slightly to remove 
obvious signs of treatment, specifically the umbrella 
effect (again, see figure 8). 

The diamond was next seen when it came up for 
auction in 1971. Before the sale, Christie’s had 
engaged two gemological laboratories to determine an 
origin of color, and both reported that it was untreat- 
ed. After the sale, this conclusion was disputed by 
famed gemologist Dr. Edward Giibelin, and it was 
then sent to the Gem Testing Laboratory in London, 
where Basil Anderson concurred with Dr. Gtbelin’s 
opinion, and to New York, where Robert Crowning- 
shield (who had seen the diamond before it was treat- 
ed) confirmed Dr. Gtbelin’s original doubts. The sale 
thus had to be rescinded and the diamond returned to 
its owners. Controversy over this incident would sim- 
mer for another decade. Not until the 1980s did Dr. 
Pough come forward to publicly confirm that he had 
irradiated the stone (e.g., Pough, 1988). 

There is some uncertainty in the literature as to 
when, exactly, Dr. Pough learned of the controversy, 


blue-to-green coloration (Walker, 1979; Collins, 1982; 
Clark et al., 1992). The strength of the overall broad 
GR1 absorption, and thus the saturation of the 
induced color, is directly related to the amount of 
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Figure B-1. The Deepdene diamond (currently 
104.58 ct), which was irradiated and heated in 1955 
to intensify its yellow hue, is perhaps the most 
famous treated-color diamond in the world. Photo 
courtesy of Christie’s. 


and how long he waited to come forward. Both 
Balfour (2000) and a later auction catalog (The 
Deepdene Diamond) suggest that he was not aware 
of the debate for some time afterward, perhaps not 
until the early 1980s. Pough himself did not clear up 
this ambiguity in a Lapidary Journal article a few 
years later (Pough, 1988) and further insisted that the 
controversy was “foolish and hardly seems to mat- 
ter” (p. 29). 

In fact, Dr. Pough was aware of the controversy all 
along. In an interview with GIA Library director Dona 
Dirlam in 2004 (Pough, 2004), he described how he 
was contacted shortly after Dr. Giibelin’s examina- 
tion of the diamond in 1971, and how he confirmed to 
Dr. Giibelin that he had irradiated the stone. Only a 
confidentiality agreement with the party who had 
commissioned the treatment prevented him from 
going public at the time. 

The Deepdene came up for sale again in 1997— 
this time with full disclosure—and was sold to dia- 
mond dealer Lawrence Graff for $715,320. 


radiation received (Clark et al., 1956a). Under condi- 
tions of extreme exposure, the induced color can 
become so dark that it appears black, though the blue 
or green hue can usually still be seen by holding 
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noted. Should the spot remain dark all the 
way to 1.80 and it is ascertained that the 
small facet has a good polish, it is almost 
certain that the stone has an R.J. above that 
of the contact liquid. It is assumed that in 
the above procedure that the facet being 
used is too small to cast enough reflection 
to be read on the scale in the normal 
manner, 

Now we turn our attention to the appli- 
cation of the same procedure to securing 
indices of stones with cutved surfaces. In 
placing the stoné on the hemisphere, the 
amount of liquid must be limited so that 
the complete spot is in view, but it does 
not seem to be necessary to limit the amount 
of liquid as. carefully as it does with the 
other instruments. If an oval spot is seen, 
it is best to turn the stone until the long 
direction of the oval corresponds with the 
long direction of the scale. Again, running 
the line of vision up the scale numerically, 
the spot will turn light at the point cor- 
responding with the reading of the mate- 
tial. This may have the effect of the bluish 
curtail aforementioned, or in certain cases, 
the lower (numerically) end of the spot 
will be dark and the upper end light with 
the division bisecting the spot when the 
reading is to be taken, but no spectral color 
will be seen. In general, white light is the 
best source of illumination for this pro- 
cedure. 

For best ftesults, it will be found advan- 
tageous to practice with several simple 
cabochons, the backs of which will give 


good readings in the ordinary manner. Then 
the exact position of the dividing line of 
the spot may. be noted. For instance, if the 
spot is bisected by a spectrum, the shadow 
will be a little short of bisecting the spot 
because the position of the yellow part of 
the spectrum should be the deciding factor 
and in a small spot this will have to be 
estimated. A good check can then be made 
with a reading on the back. 

The spot method is valuable in testing 
stones with slightly curved surfaces—surfaces 
so slightly curved that at first it appears 
as if they are flat. If the reading is taken 
in the ordinary manner, the spectrum will 
appear to move up and down the scale 
depending upon the line of vision, and the 
reading will be unsatisfactory. If the amount 
of liquid is limited to.a small spot, a satis- 
factory reading may be taken according to 
the spot method outlined above. 

It will be seen from the above, that the 
Rayner refractometer will serve to secure 
indices of very small flat surfaces and well 
polished cabochons, as well as slightly 
curved surfaces. In addition, if great care 
is used, a small rough grain that presents 
either a smooth fracture ot cleavage will 
often give a readable spot just as if it were 
a contact surface of a cabochon. 

Further information and illustrations con- 
cerning the interpretation of cabochon read- 
ings are shown on pages 35, 36, and 37 of 
the 1948 Summer Issue of Gems & Gem- 
ology. 


Latest model of the Rayner 
Refractometer is shown below 


SUMMER 1949 


177 


the treated diamond over a strong light source such 
as a fiber-optic cable (e.g., Moses et al., 2000; Boillat 
et al., 2001). 

Heating of most irradiated diamonds above 
about 500°C in an inert atmosphere will change the 
blue-to-green colors to brownish or orangy yellow 
to yellow or, rarely, pink to red (e.g., figure 10). This 
is the result of radiation-induced vacancies migrat- 
ing through the lattice and pairing with nitrogen to 
create new color centers, such as H3 (503.2 nm) and 
H4 (496 nm) for yellow to orange, and N-V° (637 
nm) for pink to red (Collins, 1982). These color 
alterations are accompanied by specific features in 
the visible and luminescence spectra of treated dia- 
monds that aid in the identification of the treat- 
ments (see, e.g., Collins, 1978, 1982, 2001, 2003; 
Clark et al., 1992). 


Identification. Recognition of laboratory-irradiated 
(and sometimes heated) faceted colored diamonds 
has been a major focus of gemological research since 
the early 1950s (Scarratt, 1982). For example, 
Crowningshield (1957) reported on the detection of 
treated yellow diamonds by means of an absorption 
band at 5920 A (592 nm) seen in the desk-model 
spectroscope. The availability of more sensitive 
spectrometers has since refined the location of this 
band to 595 nm and established a number of other 
identifying clues (Scarratt, 1982; Woods and Collins, 
1986; Fritsch et al., 1988; Clark et al., 1992; Collins, 
2001). 

Although initially believed to be diagnostic of lab- 
oratory treatment, a weak 595 nm band was subse- 
quently found in the spectra of some natural-color 
diamonds. This discovery, along with the increasing 
abundance and variety of treated-color diamonds in 
the market, led gemological researchers to realize 
that identifying treated diamonds would require 
more comprehensive study of both known natural- 
color and known treated-color stones, and the collec- 
tion of a database of their gemological properties 
(color, UV fluorescence, absorption spectrum, and 
other visual features) and more sophisticated spectral 
information (visible, infrared, and luminescence). 
Correct identification, when possible, requires an 
evaluation of all of these factors. Thus, even today, 
many artificially irradiated diamonds cannot be iden- 
tified by a gemologist with standard gem-testing 
equipment, and they must be submitted to a labora- 
tory for an “origin of color” determination. 

Diamonds with a blue-to-green bodycolor pre- 
sent a special identification problem, since their 
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Figure 10. A broad array of colors are currently achiev- 
able by exposure to radiation. All of these diamonds 
(0.12-1.38 ct) were color treated by irradiation and— 
except for the black, blue, and green stones—subse- 
quent heat treatment. Photo by Robert Weldon. 


color may be due to natural radiation exposure. 
Some rough diamond crystals display a very thin 
(several microns) green surface coloration due to 
exposure to natural alpha-particle radiation in the 
earth. If green naturals are left on the finished stone, 
these can contribute to a green face-up color, but 
this layer is often mostly or completely removed 
during the faceting process. Natural diamonds with 
a saturated blue-to-green bodycolor are very rare, 
but they do exist; perhaps the best example is the 
famous 41-ct Dresden Green diamond (Kane et al., 
1990; see also King and Shigley, 2003). Despite 
work over the past five decades, identifying origin of 
color in these cases remains very challenging for 
gemological researchers, and still it is not always 
possible for gem-testing laboratories to conclusively 
establish whether a green diamond is or is not 
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laboratory irradiated unless it can be examined from 
the rough through the faceting process. 


HPHT Annealing. The most important recent treat- 
ment of diamonds involves annealing them at high 
pressure and high temperature to either lighten off- 
color stones or create certain fancy colors. Although 
the commercial uses of this process in the jewelry 
trade were not realized until the late 1990s, scien- 
tists had recognized more than 30 years earlier that 
treatment under such conditions could change dia- 
mond color. 

In the late 1960s, Soviet researchers reported 
experiments in which HPHT treatment both 
removed color from light yellow diamonds and 
turned yellow and yellow-green diamonds predomi- 
nantly green (Nikitin et al., 1969). A few years later, 
Evans and Rainey (1975) successfully induced yellow 
color in colorless type Ia diamonds. Research by 
Chrenko et al. (1977) at General Electric (GE) and by 
Brozel et al. (1978) at the University of Reading, 
England, demonstrated that HPHT treatment could 
change the aggregation state of nitrogen impurities 
in diamond. Changes from single substitutional 
nitrogen (Ib) to nitrogen aggregates (Ia), and from Ia 
to Ib, were both possible under the right conditions 
of temperature and pressure and the appropriate 
starting diamond. By altering these nitrogen-contain- 
ing optical defects, and thereby changing how they 
caused the diamond to absorb portions of the spec- 
trum of incident light, the process altered the color 
of the stone. Figure 11 illustrates the relative experi- 
mental conditions of this early work, as well as that 
of later researchers. 

In the late 1970s, researchers at GE obtained two 
U.S. patents on processes for removing yellow and 
yellow-brown color from type I diamonds, again by 
converting type Ib nitrogen to type Ia (Strong et al., 
1978, 1979; see also Schmetzer, 1999a,b). Type Ib 
nitrogen creates a broad absorption below about 560 
nm toward the ultraviolet, leading to an observed 
strong yellow color (Collins, 1980, 1982). Type IaA 
and IaB nitrogen aggregates, however, absorb only in 
the infrared, so converting Ib nitrogen to aggregated 
form would remove most of the yellow hue (provid- 
ed, of course, that other nitrogen-based color cen- 
ters, such as H3 and N38, were not created in the 
process). Parallel work by De Beers Industrial 
Diamond Division led to a similar patent a few 
years later (Evans and Allen, 1983). Commenting on 
these discoveries, Nassau (1984, p. 129) said, “The 
possible commercial significance of these experi- 
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ments regarding the decolorizing of natural or syn- 
thetic yellow diamonds is not yet clear.” 

In the early 1990s, GE researchers apparently 
also discovered that HPHT treatment could be used 
to strengthen (i.e., improve strength and hardness 
by reducing lattice defects) colorless CVD synthetic 
diamond, which is type IIa (i.e., without detectable 
nitrogen and boron) and incidentally also reduce the 
color in stones with a brown component (Anthony 
et al., 1995a,b, 1997). Similar work was ongoing 
with other groups. In their report on synthetic dia- 


Figure 11. This carbon phase diagram illustrates the 
diamond-graphite stability field (defined by the 
dashed red equilibrium line) and the plastic yield 
limit of diamond (solid blue line). Diamond is the sta- 
ble form of carbon above the diamond-graphite equi- 
librium line, whereas graphite is stable below this 
line. The high pressures of the HPHT process are 
required to prevent diamond from converting to CO, 
gas or graphitizing while heated to the high tempera- 
tures needed to change the color. Diamond is rigid to 
the left of the yield-strength line, whereas it can plas- 
tically deform under conditions corresponding to 
those to the right of this line. Pressure-temperature 
ranges of early HPHT experiments and selected 
patents are also shown. Note that the upper pressure 
limit of Evans and Allen (1983) was undefined. 
Modified from DeVries (1975) and Schmetzer (1999b). 
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Figure 12. These examples illustrate some of the fancy colors that can be produced by HPHT treatment of type Ia 
(left), type IIa (center), and type Ib (right) diamonds. Photos by Robison McMurtry, left; C. D. Mengason, center; 
Jessica Arditi, right. 


monds from Russia, Shigley et al. (1993) examined 
three greenish yellow to yellow samples that had 
been HPHT treated to alter their color. In 1997, 
Reinitz and Moses reported on several yellow-green 
diamonds submitted to the GIA laboratory that dis- 
played features later considered indicative of HPHT 
treatment (Reinitz et al., 2000). Again, the commer- 
cial possibilities of the HPHT process were not clear 
to those in the trade, though there was some limit- 
ed speculation (K. Scarratt, as reported in Even- 
Zohar, 1994). This latter report followed up on 
claims by Russian scientists that yellowish Ib dia- 
monds could be made whiter by conversion to type 
IaAB, as discussed above, but there is no evidence 
that this process has ever seen commercial use. 
Treated-color yellow-to-green diamonds continued 
to appear on the market in the late 1990s (Van 
Bockstael, 1998; Henn and Millisenda, 1999). 
Despite more than three decades of research, 
along with technical publications and patents, the 
trade was taken by surprise in March 1999 when GE 
and Lazare Kaplan International (LKI) announced the 
commercial use of the HPHT process to remove 
color from type Ila diamonds (Rapaport, 1999). This 
development caused substantial controversy and crit- 
icism, especially since the initial press release assert- 
ed that the stones would be “indistinguishable” from 
natural diamonds (Moses et al., 1999, Schuster, 2003). 
Some of this criticism was blunted after GE and LKI 
agreed to laser inscribe their diamonds and work 
with GIA and other industry groups to establish reli- 
able means of identification, though GE initially 
refused to release specific details about the process 
itself. The need for proper detection criteria became 
even more critical after a few treated diamonds with 
their identifying laser inscriptions removed began 
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appearing later that year (Moses et al., 1999). 

Fortunately, gemological researchers were not as 
ill-prepared as the trade for this development, and 
reports by Schmetzer (1999a), Collins et al. (2000), 
Fisher and Spits (2000), and Smith et al. (2000), 
among others, did much to clear the confusion 
about what GE was doing. What mystery remained 
around the GE process began to dissipate in October 
2001, as related patent applications began to be pub- 
lished (Vagarali et al., 2001, 2004). Although GE’s 
initial work involved removing color from type Ila 
brown diamonds (Smith et al., 2000), subsequent 
developments by GE and others have led to the pro- 
duction of a wide range of colors in both type II 
(pink or blue; Hall and Moses, 2000, 2001) and type 
I (orangy yellow, yellow, to yellow-green; e.g., Henn 
and Millisenda, 1999, Reinitz et al., 2000; Deljanin 
et al., 2003; Hainschwang et al., 2003) diamonds 
(e.g., figure 12). 

The exact mechanism of the color change in 
brown diamonds is still a subject of debate. Although 
brown color in natural diamonds was once believed 
to be associated with plastic deformation of the car- 
bon lattice (see, e.g., Wilks and Wilks, 1991; Fritsch, 
1998), it is now thought that this is not entirely cor- 
rect, as the lattice deformation is not affected by the 
HPHT process even though the brown color is 
removed. Recent research has suggested a link 
between brown color and vacancies and vacancy- 
related extended defects (e.g., Bangert et al., 2006; 
Fisher et al., 2006). Such extended defects can give 
rise to an absorption spectrum similar to that of 
brown type Ila diamonds. 

It is believed (Collins, 2001) that the absorptions 
responsible for blue and pink colors are not a result 
of the HPHT process, but rather are preexisting, and 
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the blue or pink color is revealed only when the pre- 
dominant brown component is removed, as the 
resulting stones show certain properties similar to 
natural-color blue and pink stones (Hall and Moses, 
2.000, 2001). Yellow-green to green colors in HPHT- 
treated stones are the result of vacancies pairing 
with nitrogen to form H2 and H8 centers, while 
pure yellows can be created from type Ia diamonds 
through disaggregation to type Ib nitrogen (Collins, 
2001; Hainschwang et al., 2003). Processes to 
remove color from type IaB brown diamonds have 
also shown some promise (Van Royen et al, 2006). 
Other U.S. companies as well as treatment facili- 
ties in Russia, Sweden, and Korea have since entered 
the market with their own products (e.g., Henn and 
Millisenda, 1999; Smith et al., 2000; Reinitz et al., 
2000; Deljanin et al., 2003; Wang and Moses, 2.004; 
Wang et al., 2005a). When combined with irradiation 
(e.g., Wang et al., 2005a), colors across nearly the 
entire visible spectrum can be achieved for type I 
and type II diamonds, and such treated-color dia- 
monds have now become nearly ubiquitous in the 
market (e.g., Perret, 2006; again, see figure 10). 
Further, unlike paints and coatings, the colors of 
HPHT-treated diamonds are permanent to standard 
jewelry manufacturing, wear, and repair situations. 


Identification. The identification of HPHT-treated 
diamonds, especially through standard gemological 
testing, remains a challenge (Collins, 2006). 
Although these stones may occasionally display dis- 
tinctive visual features that can be seen with magni- 
fication (such as graphitized inclusions or internal 
cleavages, or damaged surfaces [figure 13]; see Moses 
et al., 1999, Gelb and Hall, 2002), in general these 
indicators either are not always present or are not 
adequate to fully establish a stone’s correct identity. 
Type Ia diamonds—which comprise the vast major- 
ity of colorless HPHT-treated diamonds—are rela- 
tively easy to identify by their short-wave UV trans- 
parency with simple equipment like the SSEF 
Diamond Spotter (Chalain et al., 2000; Hanni, 2001), 
but further testing is still necessary to determine if a 
stone is natural or treated color. The De Beers 
DiamondSure instrument (Welbourn et al., 1996) 
will also “refer” type IIa stones, but it cannot make a 
definitive identification of treatment (and the cost is 
out of the reach of most gemologists). 

When the proper laboratory equipment is avail- 
able, a variety of spectroscopic clues can identify 
HPHT treatment (Newton, 2006). Some of the earli- 
est work in this area actually began in the 1980s at 
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Figure 13. This 0.52 ct green-yellow diamond shows 
abraded facet edges and frosted facets, indicative of 
HPHT treatment. Typically, such features will be pol- 
ished off before a stone is offered for sale. Photomicro- 
graph by Shane Elen; magnified 15x. 


the De Beers DTC Research Centre (Fisher and 
Spits, 2000). This and subsequent research (see, e.g., 
Chalain et al., 1999, 2000, 2001; Collins et al., 2000, 
De Weerdt and Van Royen, 2000; Smith et al., 2000; 
Vins, 2002; Collins, 2003; Novikov et al., 2003), 
helped establish various features seen with infrared 
and, particularly, low-temperature photolumines- 
cence (PL) spectroscopy as reliable indicators of 
treatment. The relative strength of the N-V lumi- 
nescence at 575 and 637 nm when excited by a 
514.5 nm laser has been found to be useful for type 
Ila diamonds (Collins, 2001). It is very important to 
note, though, that it is the combination and relative 
strength of various defects that is key to identifica- 
tion, rather than the mere presence or absence of a 
single type of defect (Newton, 2006). For this rea- 
son, definitive identification requires testing in a 
properly equipped gemological laboratory. In gener- 
al, the precise methods and criteria of identification 
are considered proprietary by most labs. 


Low-Pressure, High-Temperature Annealing. Heat 
treatment under low pressures can be used to create 
black diamonds by inducing large-scale graphitiza- 
tion within surface-reaching fractures (Hall and 
Moses, 2001; Notari, 2002). First seen in the early 
2000s, these diamonds are now common enough to 
greatly outnumber natural black stones on the mar- 
ket (Cheung and Liu, 2007). In general, these treat- 
ed-color black diamonds are not difficult to identify. 
Strong illumination will reveal graphite inclusions 
confined to fractures, in contrast to the random 
“salt and pepper” appearance of natural black 
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stones (Hall and Moses, 2001; Notari, 2002). They 
also generally lack the pitted and knotted surface 
features common in natural black diamonds, and 
they can display a characteristic surface iridescence. 
As with other treatments, though, melee-sized 
stones can be difficult to fully characterize. 

As a review of this section, figure 14 shows a 
graphic representation of the range of treated colors 
now available in the market, through coating, irradi- 
ation, HPHT treatment, and low-temperature 
annealing. 


CLARITY TREATMENTS 

Laser Drilling of Inclusions. One effect of the dramat- 
ic increase in the supply of diamonds in the late 19th 
and early 20th centuries (largely due to discoveries in 
South Africa) was a desire to rank them by perceived 
quality factors, and one obvious criterion was clarity. 
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Diamonds with visible dark inclusions were not as 
highly valued as those that were eye-clean. This 
trend led to the development of various methods to 
rate a diamond’s clarity—the most commonly used 
today being the GIA grading scale (e.g., Liddicoat, 
1955)—and the presence of eye-visible inclusions 
became a matter of economics as well as aesthetics. 

Until the invention of the diamond saw, there 
was no way to remove a dark inclusion deep in a 
stone short of polishing or cleaving away large 
amounts of material—obviously an unattractive 
and uneconomic solution. The diamond saw 
allowed manufacturers to cut through a stone and 
essentially “slice out” dark inclusions, but even this 
was not always economic, as it might require divid- 
ing an otherwise profitable piece of rough into two 
much less valuable stones, or the inclusion might 
be so large that slicing it out would result in too 
much loss of material. 


Figure 14. Shown here 
are examples of the wide 
range of treated-color 
diamonds now available 
on the market. Colors 
across the entire visible 
spectrum are now 
achievable with the 
proper starting material 
and combination of 
treatments. Colors 
shown are based on 
what has been seen to 
date, and other colors 
may appear in the 
future. Figure by 
Christopher M. Breeding. 
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Dark inclusions in diamond are generally com- 
posed of graphite or sulfide minerals, or other, iron- 
containing mineral phases (Kammerling et al., 1990, 
Titkov et al., 2003), most of which can be dissolved 
by strong acids. Diamonds have long been boiled in 
acid for cleaning purposes after faceting (to remove 
lap metal and other debris, particularly from bruted 
girdles), and diamond manufacturers surely noticed 
that this process also often removed surface-reach- 
ing dark inclusions. In the early 1960s, a more thor- 
ough process, referred to as deep-boiling, was con- 
ducted under pressure in order to force the acid 
deeper into surface-reaching cleavages (Rapaport, 
1987). When such a cleavage was connected to a 
dark inclusion, the acid would be able to bleach it 
to a lighter color or remove it entirely. However, 
this process did not affect dark inclusions sealed 
inside the stone. The industry had to wait a few 
more years before technology provided a solution. 

For most of history, diamonds could only be man- 
ufactured using mechanical means: cleaving, sawing, 
grinding, and polishing. This began to change in the 
1970s, following the development of lasers of rela- 
tively low cost and sufficiently high power to vapor- 
ize diamond (see Caspi, 1997). Although laser sawing, 
kerfing, and bruting would not become established in 
the trade until the 1980s, as early as 1970 
Crowningshield reported that lasers were being used 
as part of a process to bleach or dissolve dark inclu- 
sions. Further, he mentions having heard rumors 
about this process for several years before seeing an 
actual laser-drilled diamond. This timing is signifi- 
cant because it was less than 10 years after the inven- 
tion of the laser in 1960 (Cooper, 1991). Laser drilling 
proved to be the first widespread treatment ever used 
to alter the clarity of polished “colorless” diamonds. 

One of the earliest trade reports of the process 
gives credit for its invention to Louis Perlman of 
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Figure 15. The laser drill 
holes in these diamonds 
serve as a conduit from 
the diamond's surface 
to mineral inclusions, 
which have been light- 
ened or removed by 
acid boiling. Photo- 
micrographs by Shane 
McClure (left) and John 
I. Koivula (right); both 
magnified 10x. 


Perlman Brothers in New York, who—allegedly— 
first tested his idea in collaboration with technicians 
at Raytheon Co. in Massachusetts in 1963 (Ward, 
1972). This would have been shortly after a report 
appeared in the trade press about GE researchers 
using a laser to drill 0.02-inch-diameter holes into an 
industrial diamond (“A beam of light . . .,” 1962). It 
is unknown whether this report gave Perlman the 
idea, but it seems likely that some in the trade made 
the connection. 

The basic laser-drilling process is relatively sim- 
ple. A 1064 nm solid-state neodymium-doped YAG 
laser is used to vaporize a tiny channel from the sur- 
face down to a dark inclusion using a pulsed, focused 
beam. Because the absorption of diamond at 1064 
nm is negligible (i.e., the beam will normally pass 
through the diamond without effect), the process 
must be started by marking the target spot with dark 
ink. The ink will absorb enough heat to convert the 
underlying diamond to graphite, which is then con- 
verted to carbon dioxide gas. Once the graphite con- 
version begins, the process is self-sustaining (Cooper, 
1991). With this open conduit to the inclusion, the 
diamond can be deep-boiled in acid to bleach or 
remove the internal feature (figure 15). 

Although Perlman’s first efforts were not suc- 
cessful, by 1969 he had refined the process suffi- 
ciently for commercial use (Ward, 1972). By the early 
1970s, it was widely enough available to members of 
the trade that refinements and alternatives were 
already being discussed (see, e.g., Crowningshield, 
1971; Lenzen, 1973, 1974), and the ethics of the pro- 
cess and its disclosure were already creating contro- 
versy (Leadbeater, 1972; Alexander, 1973; Egyes, 
1973; Pagel-Theisen, 1976). 

The FTC rules in place at the time did not 
require disclosure of laser drilling (as it was a perma- 
nent treatment; see Overton, 2004), but many in the 
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trade still felt that it should be disclosed to con- 
sumers anyway (“Lasering. . .,” 1980). The contro- 
versy would persist until the early 2000s, when the 
FTC finally updated its disclosure rules to require it 
(Overton, 2004). 

Refinements in laser technology allowed more 
precise drilling and smaller, less-visible channels, 
but the basic process went unchanged until the end 
of the 20th century. In the early 2000s, examples of 
several new methods began to appear. The first, 
referred to as KM treatment (KM stands for kiduah 
meyuhad, or “special drill” in Hebrew), opened 
channels from dark inclusions to the surface not by 
burning through the diamond but rather by using 
the focused heat of the laser to expand (or even cre- 
ate) feathers around the inclusion (McClure et al., 
2000; Horikawa et al., 2001). The process was suffi- 
ciently controllable that a series of tiny step-like 
cleavages could be created in order to take the 
shortest route to the surface. In some stones, the 
treatment created irregular worm-like channels 
with some resemblance to natural etch channels 
(McClure et al., 2000) or sugary disk-like features 
with irregular boundaries (Cracco and Kaban, 2.002). 

Variations in the appearance of drill holes and 
the internal features they reach continue to be seen 
(e.g., Astuto and Gelb, 2005), and as laser drilling is 
a versatile tool, it is likely that new permutations 
will arise in the future. Diamonds that display evi- 
dence of what seems to be accidental laser dam- 
age—that is, laser-created holes that do not connect 
to any inclusions—have also been noted (S. 
McClure, pers. comm., 2008). 

Laser drilling is a permanent treatment, since 
there is obviously no way to replace the diamond 
burned out of the drill hole. (However, the drill hole 
can be glass filled to make it less apparent.) Some in 
the trade do not consider laser drilling a treatment 
at all but rather an additional step in the manufac- 
turing process, though the consensus of diamond 
trade organizations is otherwise, and—as mentioned 
above—current FTC guidelines require that laser 
drilling be disclosed as a treatment. The presence of 
laser-drilled channels is also recorded as a clarity 
feature on typical diamond grading reports. 


Identification. From a gemological standpoint, the 
detection of conventional laser drilling is straight- 
forward, since the drill hole is easily visible with a 
gemological microscope provided the entire stone 
can be examined. When a drill hole is absent (e.g., 
with the KM treatment), recognition of laser action 
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on inclusions can be more difficult, but it is not ter- 
ribly challenging if one is familiar with the charac- 
teristic features (McClure et al., 2000). Note, how- 
ever, that even melee-sized diamonds can be laser 
drilled, and it may not be practical to examine every 
stone in a large parcel. 


Glass Filling of Surface-Reaching Cleavages. Like 
coating and painting, the use of oils and waxes to 
hide surface-reaching cracks and improve luster is 
an ancient practice, at least with colored stones. 
Wax treatment of jade, for example, has been 
detected in Chinese artifacts more than 2,500 years 
old (Qiu et al., 2006), and the oiling of emeralds has 
been recorded at least as far back as the 14th centu- 
ry (Nassau, 1994). 

Diamonds, however, seem to have escaped such 
filling treatments until recently. Because of dia- 
mond’s very high refractive index, filling with a 
low-RI material—such as the oils used in emerald 
filling—would not significantly reduce the visibility 
of a crack. Diamond filling likely had to wait until 
modern chemistry could supply fillers with suffi- 
ciently high RIs. Although lead-oxide glasses have 
been known since antiquity, their maximum RIs 
are around 1.7 (Newton and Davidson, 1989), well 
below that of diamond. Modern lead-bismuthate 
glass, however, can have an RI well into the 2-plus 
range (Dumbaugh, 1986). When such a glass is 
forced into surface-reaching cracks, the improve- 
ment in apparent clarity can be dramatic (figure 16, 
see Kammerling et al., 1994, for a discussion of the 
optics of glass filling). 

It is not generally known exactly when the com- 
mercial filling of diamonds with high-RI glass began, 
but it appears to have been invented in Israel by dia- 
mond dealer Zvi Yehuda in the mid-1980s. The first 
published reports of the treatment appeared in 1987 
(e.g., Koivula, 1987), but several sources (e.g., 
Rapaport, 1987; Everhart, 1987a,b) stated that Mr. 
Yehuda had been treating stones with this process 
since 1981. This would mean that such filled dia- 
monds might have been in circulation for more than 
five years without having been detected by either 
dealers or gemological laboratories—possible, but 
unlikely given that diamonds are carefully examined 
during the quality grading process and the treatment 
was detected almost simultaneously by a variety of 
parties during 1987 (as discussed in Koivula, 1987; 
Koivula et al., 1989). 

Although the exact details of the filling process 
and the formulas of the fillers are proprietary (and 
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closely guarded), there is general agreement that the 
diamonds are filled in a vacuum or near-vacuum so 
as to evacuate the air from surface-reaching cracks 
(see Nelson, 1993; Nassau, 1994; Kammerling et al., 
1994). Because of the low melting point of the glass, 
ordinary laboratory equipment can be used to melt 
the filler materials and mix in the diamonds 
(Nassau, 1994). 

Initial controversy over this treatment was 
intense, with a few diamond bourses going so far as 
to ban filled stones altogether, and many others 
threatening expulsion for any member who sold 
filled stones without disclosing the treatment 
(Everhart, 1989, Shor, 1989). The situation was fur- 
ther complicated by the fact that within five years 
there were a number of firms marketing filled dia- 
monds and filling services. Competing claims in the 
trade press regarding the detectability, durability, and 
effectiveness of various methods made it very diffi- 
cult for diamond dealers to know what to believe. 

Gemologists quickly determined reliable meth- 
ods to detect fillings in diamonds based on straight- 
forward examination with a microscope: flow struc- 
tures, gas bubbles, a “crackled” texture, and, most 
prominently, different “flashes” of color seen with 
brightfield and darkfield illumination (e.g., Koivula 
et al., 1989; Hanni, 1992; Scarratt, 1992, Schliissel, 
1992; Kammerling et al., 1994; Sechos, 1994, 
McClure and Kammerling, 1995; figure 17). 
Although some manufacturers would subsequently 
claim that their filling process did not show one or 
another of these features, particularly the flash 
effect, further research determined that, in fact, all 
filled stones on the market at the time could be 
identified by this approach. 

The precise mechanism behind the flash effect 
has itself been the subject of some discussion. 
Although early reports referred to it as an interfer- 
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Figure 16. Introduction 
of a glass filler into this 
0.30 ct diamond's cleav- 
age cracks produced a 
dramatic change in 
apparent clarity (before 
filling, left; after filling, 
right). Photomicrogaphs 
by John I. Koivula. 


ence-related phenomenon, Nelson (1993) showed 
that it was actually the result of differences in disper- 
sion between the diamond and the filling material 
(see also Kammerling et al., 1994). Nelson (1995) later 
speculated that the flash effect could be eliminated 
by using a filling material with an RI curve that 
closely matched—but did not intersect with—that of 
diamond in the visible range. However, there has 
been no evidence that this approach was ever adopted 
by those performing the treatment. 

One drawback of the glass-filling process is that it 
may result in a lower color grade for the diamond, 
something that was noted almost immediately after 
treated stones began showing up in the market (e.g., 
Koivula et al., 1989). This side effect is believed to 
result from the color of the filler, as lead-bismuthate 


Figure 17. The intersecting cleavage cracks in this 
diamond have been filled with a high-RI glass, but 
the bright flash-effect colors betray the presence of 
the filler. Photomicrograph by Shane F. McClure; 
magnified 5x. 
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glasses are frequently yellow when seen in large 
pieces. In some rare filled diamonds, fairly thick areas 
of filler have shown a yellow color (Kammerling et 
al., 1994). Although this effect is undesirable with 
colorless to near-colorless diamonds, it does raise the 
possibility that colored fillers could be used to add or 
enhance color in off-color stones. However, only a 
few such stones have been reported. Yeung and Gelb 
(2003, 2004) described two diamonds that had been 
colored pink by a filling substance (see, e.g., figure 
18), though the results were generally poor and the 
treatment was easily detected with magnification. 
There are some reports of natural fancy-color dia- 
monds having been glass filled (see, e.g., Sechos, 
1995), but these appear to be less common since 
there is more acceptance of lower clarity grades in 
colored diamonds. 

Glass filling is not a permanent treatment, but it 
is stable under normal conditions of wear and use of 
jewelry (Kammerling et al., 1994). However, because 
of the relatively low melting point of the glass, it can 
be damaged during jewelry repair if the diamond is 
subjected to substantial direct heat, as from a jewel- 
er’s torch or during repolishing (Crowningshield, 
1992, Kammerling et al., 1994; Shigley et al., 2000). 


Identification. The detection of glass filling is nor- 
mally a matter of examination with a gemological 
microscope to identify the features discussed above: 


Figure 18. This 1.02 ct diamond is colored by a pink 
residue in the large fractures that reach the surface 
through the crown. The actual bodycolor of the dia- 
mond is near-colorless. Photo by Elizabeth Schrader. 
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Figure 19. The drill holes in this laser-drilled diamond 
have been filled with high-RI glass to reduce their vis- 
ibility. Note the flash-effect colors around the filling. 
Photomicrograph by John I. Koivula; magnified 25x. 


flow structures, trapped gas bubbles, crackled tex- 
tures, and—most importantly—tflash-effect colors. 
Detection of flash effects is best conducted with 
fiber-optic illumination, which provides an intense, 
focused beam of light (Kammerling et al., 1994; 
McClure and Kammerling, 1995). 


COMBINED TREATMENTS 


It is important for the gemologist to remember that, 
in most cases, there is little to prevent a treater or 
manufacturer from employing more than one pro- 
cess to achieve a desired result. In recent years, quite 
a few examples of combined treatments have been 
reported. Laser drilling and glass filling are perhaps 
the most commonly combined processes (figure 19), 
common enough to scarcely merit mention in the 
literature. These may be used in concert simply to 
disguise the drill holes or because a particular stone 
has both dark inclusions and clarity features that can 
be made less visible, but examples have been seen in 
which the combination of treatments made possible 
results that would not have been achievable using 
either process in isolation. Crowningshield (1993) 
reported on a diamond in which a large feather under 
the table had been glass filled after a laser was used 
to open a channel to the surface. Absent the laser 
drilling, the filling would not have been possible. 

As noted above, the use of irradiation followed by 
moderate-temperature heating began in the 1950s. 
More recently, irradiation and HPHT annealing have 
been used in combination. In addition to the pink- 
to-red stones described by Wang et al. (2005a), Wang 
et al. (2005c) reported on two orange diamonds that 
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were likely treated by a similar combination of 
HPHT annealing, then irradiation, followed by low- 
temperature annealing. 

Other combinations are certainly possible. One 
of the pink filled stones that Yeung and Gelb (2004) 
described had been filled both to improve apparent 
clarity and to induce a pink color. Irradiated glass- 
filled diamonds have also been seen: Gelb (2005) 
reported a bluish green diamond that displayed both 
an obvious color zone around the culet (figure 20) 
and flash-effect colors from the filler. Gelb and Hall 
(2005) reported a large yellow diamond that proved 
to be irradiated, but that also displayed very unusu- 
al textures and structures within surface-reaching 
cracks. They speculated that the diamond might 
have been glass filled by one party, and then irradi- 
ated by another party unaware of the filling, which 
was damaged by the post-irradiation annealing nec- 
essary to create the yellow color. 


SYNTHETIC DIAMONDS 


Though not directly addressed in this article, which 
focuses on natural diamonds, it is important to note 
that gem-quality synthetic diamonds are potential 
candidates for all of these color and clarity enhance- 
ment processes. Irradiation and heating treatments 
have already been used to produce red, pink, and 
green colors in synthetic diamonds (Moses et al., 
1993, Shigley et al., 2004; Schmetzer, 2004), just as 


Figure 20. This 1.22 ct round brilliant diamond shows 
both an obvious color zone at the culet and flow struc- 
tures from glass filling. It was apparently subjected to 
artificial irradiation followed by glass filling treatment. 
Photomicrograph by Thomas Gelb; magnified 30x. 
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Figure 21. Recent developments in diamond treat- 
ment have made previously rare diamond colors 
much more available to jewelry designers. This plat- 
inum engagement ring contains a 1.57 ct HPHT-treat- 
ed orange diamond. Photo by Ralph Gabriner; cour- 
tesy of Etienne Perret. 


they are used with their natural counterparts. Shigley 
et al. (1993) described several synthetic diamonds 
whose colors had been modified by HPHT annealing. 
Wang et al. (2005a) discussed the use of HPHT treat- 
ment to improve the color of CVD synthetic dia- 
monds. Application of these color treatments does 
not necessarily make the diamonds more difficult to 
recognize as being synthetic, however. 

Although synthetic diamonds exhibiting evidence 
of laser drilling or glass filling have not been reported, 
there is no reason why these processes could not be 
used, especially since the metallic flux inclusions 
often present in (and characteristic of) HPHT syn- 
thetics could conceivably be removed by acid boiling 
after laser drilling to open a channel to the surface. 


THE FUTURE OF DIAMOND TREATMENT 


The wide variety of treatments now available on 
the market presents both opportunities for design- 
ers (e.g., figure 1 and figure 21) and an ongoing chal- 
lenge to all those who handle diamonds. While 
“low-tech” treatments such as glass filling and laser 
drilling can be identified with sufficient training, 
the days when a diamond’s color could be presumed 
natural after rinsing in alcohol to remove possible 
paints are gone forever. 
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Causes of Color 
(From page 173) 


a thin film or layer. The film is comparable 
in thickness to the wave length of light and 
the colors result from the destructive inter- 
ference of certain wave lengths. The color 
changes, rapidly as the point of observation 
is changed, since the color is dependent upon 
the total distance which the light travels 
through the film. The colors in precious 
opal are usually attributed to interference 
produced by thin lamellae. 

To the colors of gems already mentioned 
should be added those colors induced by 
artificial means such as staining. The gem 
most commonly treated in this way is agate, 
and few stones reach the market that have 
not been artificially colored. Depending on 
the color desired, the agate is soaked in a 
solution of various salts or organic dyes. In 
most agates the various layers are differen- 
ually susceptible to the dyeing agent and 
the final result is to produce a much more 
pronounced banding than was present in 
the initial material. 


Measuring Gemstones 
(From page 175) 


shaped, orient the stone in the forceps un- 
ul it appears circular as it should be. Rota- 
tion of the eyepiece scale will constitute 
a quick check for proper placement. By 
moving the head from side to side and 
keeping the image always in view, focus 
until the girdle and the eyepiece scale are 
stationary relative to each other. Read the 
diameter in mm. 

This foregoing may sound complicated 
but it takes only a- short time to acquire 
the technique. 

The equipment and procedure just des- 
cribed constitute a simple, inexpensive, and 
very satisfactory method of making hereto- 
fore difficule measurements of gemstones. 
While the above deal with the eyepiece 


for the A.G.S. Diamondscope, the same 
method is applicable to any microscope and 
your dealer will be able to recommend the 
Proper device to use with your particular 
instrument. 

Having established the measurements of 
the stone, reference can be made to suitable 
tables for estimating weight, as can be done 
with the Leveridge Gauge. 


Book Review 


Gem Cutting. By J. Daniel Willems, Man- 
ual Arts Press, Peoria, Illinois. $3.50. 


The present intense light of publicity on 
all phases of gemology has made the Ameri- 
can people cognizant of gemstones and gem 
materials as never before. It is also no 
doubt partially responsible for the rapidly 
growing hordes of so-called ‘rock hounds.” 

It is said that gem collecting today is 
the “fourth largest hobby” and that more 
than a million amateur gem cutters in 
America own some form of lapidary equip- 
ment. While there is now much good com- 
mercial equipment available, a great: deal 
of ic is still built. or assembled by the 
amateur himself. 

Dr. J. Daniel Willems, a Chicago sur- 
geon, in his Gem Cutting tells details of 
assembling and atranging such a lapidary 
shop. He presents a well planned book that 
clearly reflects his surgical training — each 
step as organized as a herniotomy. 

The book adequately and cleverly presents 
in an easily understandable, well illustrated, 
orderly fashion every phase of gem cutting 
from sawing the rough gem mineral speci- 
men until the finished cabochon or faceted 
stone is ready for mounting. It also discusses 
all manner of equipment and how to build 
a lapidary shop. Gem Cuttimg was never 
intended for the professional lapidary but 
as an adequate guide to the beginner, it is 
beyond serious criticism and it should en- 
dure as an authoritative work and guide. 
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There are several treatments that are not dis- 
cussed in this article because there is no evidence 
that they are used widely, if at all, in the trade at 
this time. These include, for example, ion implanta- 
tion to produce a thin surface layer of color (e.g., 
Moses et al., 2000) and foil backing, which—though 
common centuries ago—has largely died out for use 
with diamonds, and is more properly considered a 
lapidary technique (e.g., Cellini, 1568). 

The most likely areas of future development lie in 
further combination of treatments and advanced 
coating materials. New combinations of irradiation 
and heating may expand the possible starting materi- 
al that can be converted to gem-quality diamond. In 
addition, some laboratories have seen evidence of 
laser drilling to reportedly mask signs of HPHT treat- 
ment (Bates, 2004). Future generations of surface 
coatings will likely be more durable, and the observa- 
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Notes & NEW TECHNIQUES 


NATURAL-COLOR PURPLE 
DIAMONDS FROM SIBERIA 


Sergey V. Titkov, James E. Shigley, Christopher M. Breeding, Rimma M. Mineeva, 
Nikolay G. Zudin, and Aleksandr M. Sergeev 


Twelve natural-color purple diamond crystals 
from Siberia, and seven round brilliants that 
were faceted from some of these crystals, were 
studied using spectroscopic methods to better 
understand their color and its causes. Aspects 
of their color and the various structural defects 
in these purple diamonds are due to their post- 
growth plastic deformation in the earth. All the 
samples exhibited prominent parallel planar 
lamellae along which the purple color was 
concentrated. 


redominantly purple diamonds are quite rare, and 

few have been documented in the literature. 
While their color is thought to be due to plastic defor- 
mation, the exact nature of the defects responsible for 
purple coloration is not yet fully understood. With the 
availability of treated-color purple-to-red diamonds in 
the marketplace (e.g., Wang et al., 2005), it is impor- 
tant for gemologists to be able to properly identify nat- 
ural-color purple diamonds, despite their rarity. 

Natural-color purple diamonds are usually 
described with various hue modifiers such as pink, 
gray, and brown (Hofer, 1998). In the few published 
gemological reports on purple diamonds, their geo- 
graphic origin is usually not mentioned (see, e.g., 
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Liddicoat, 1977; Hargett, 1990; Hofer, 1998; Moses et 
al., 2002). However, one recurring source is Russia’s 
Siberia region (see Federman, 1995). Purple diamonds 
are occasionally found in all the Siberian deposits 
explored to date, but they are most often recovered 
from the pipes of the Mir kimberlite field (comprising 
the Dachnaya, Internatsional’naya (also spelled 
Internationalaya), Mir, and Sputnik mines). In those 
mines, they typically account for 1% of all diamonds 
from the deposits, although as much as 6% of some 
parcels have been described as purple (Gnevushev et 
al., 1961; Orlov, 1977; Zintchouk and Koptil’, 2003). 
The majority of purple diamonds from the Siberian 
deposits are pale, but crystals with more highly satu- 
rated purple colors are sometimes found. 

To study the cause of color in diamonds with a 
dominant purple hue, we first characterized 12 purple 
crystals from Siberia using various spectroscopic 
methods. The results of earlier electron paramagnetic 
resonance (EPR) studies of structural deformation 
defects in these same purple diamonds were reported 
by Mineeva et al. (2007). That article showed that pur- 
ple diamonds contain thin mechanical microtwins, 
which are parallel to octahedral planes and were pre- 
viously interpreted as slip planes. Optical dichroism 
was also observed in these purple diamond crystals; 
this phenomenon is unusual for crystals with cubic 
symmetry and was investigated using a special spec- 
troscopic technique (Konstantinova et al., 2006). The 
present article reports the gemological characteristics 
of faceted purple diamonds and the results of ultravio- 
let-visible-near infrared (UV-Vis-NIR), Fourier-trans- 
form infrared (FTIR), and photoluminescence (PL) 
spectroscopy on a number of rough and/or faceted 
samples. For convenience, the diamonds examined 
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here are usually referred to simply as “purple” dia- 
monds, although the GIA color descriptions of the 
faceted samples include modifying colors. 


BACKGROUND 


Over the past 50 years, extensive research has charac- 
terized the color centers in natural diamonds (see, e.g., 
Fritsch, 1998; Collins, 2001). However, the origin of 
purple coloration has not yet been fully established. 
The spectra of purple diamonds exhibit a broad 
absorption band centered at 550 nm (Collins, 1982, 
Moses et al., 2002), but the cause of this band remains 
unclear. The band is also observed in the spectra of 
other fancy-color diamonds, such as red (Shigley and 
Fritsch, 1993), pink, and pink-brown (King et al., 
2002). However, in pink-to-red diamonds, the 550 nm 
band is typically accompanied by an intense 390 nm 
band and a strong N3 system (zero-phonon line [ZPL] 
at 415 nm). The absorption spectra of red diamonds 
also contain the H3 system, with its ZPL at 503.2 nm 
(Shigley and Fritsch, 1993). In pink-brown diamonds, 
the 550 nm band is superimposed on an absorption 
spectrum that continuously increases in intensity 
from the red to the blue region of the visible spec- 
trum, which causes the brown coloration. Faceted 
purple diamonds without a modifying color typically 
do not show these other features (Moses et al., 2002). 
Although several theories about the origin of the 
purple coloration have been proposed (e.g., Raal, 
1958; Gnevushev et al., 1961; Taran et al., 2004), 
Orlov (1977) showed that purple (as well as pink, in 
most cases) in natural diamonds is restricted to a set 
of parallel octahedral planes, which were referred to 
as slip planes. These “planes” appear to be a result of 
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Figure 1. This group 

of purplish pink to gray- 
purple diamonds 
(0.28-0.85 ct) is repre- 
sentative of similarly col- 
ored material recovered 
from mines in the Mir 
kimberlite field in 
Siberia. These particular 
samples, which were 
studied for the present 
report, came from the 
Internatsional’naya pipe. 
Photo by C. D. Mengason. 


natural post-growth plastic deformation of the dia- 
monds, which probably occurred during their trans- 
portation from the mantle to the earth’s surface by 
kimberlite magma. 


MATERIALS AND METHODS 


Twelve natural diamond crystals with a dominant 
purple color were selected for study by rough-dia- 
mond graders of Alrosa (Russia’s largest diamond 
mining and processing company), according to the 
De Beers color classification system for rough dia- 
monds. These crystals (0.4—-1.4 ct) were recovered 
from the Internatsional’naya kimberlite pipe. Plates 
of 1.6 mm thickness were cut from two crystals so 
that the colored lamellae were perpendicular to a 
cutting plane. All rough crystals and the plates were 
examined with a binocular microscope using day- 
light-equivalent illumination. Following spectro- 
scopic analysis (Konstantinova et al., 2006; Mineeva 
et al., 2007), 10 of the crystals were faceted as round 
brilliants. 

Gemological examination of seven of the round 
brilliants (figure 1) was conducted at GIA. Expe- 
rienced graders determined color grades using the 
standard conditions and methodology of GIA’s color 
grading system for colored diamonds (King et al., 
1994). Internal features were observed with a gemo- 
logical microscope using brightfield and darkfield 
lighting techniques. Reactions to UV radiation were 
checked with a conventional four-watt combination 
long-wave (365 nm) and short-wave (254 nm) lamp. 
The seven diamonds were also examined with a 
DiamondView deep-UV (<230 nm) luminescence 
imaging system. A desk-model spectroscope was 
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used to view absorption features at room temperature 
in the visible range. 

Infrared spectra of the seven faceted stones were 
obtained at room temperature at GIA with a Thermo- 
Nicolet Nexus 670 FTIR spectrometer equipped with 
KBr and quartz beam splitters. Spectra were collected 
in the mid-infrared (6000-400 cm~!, 1 cm! resolu- 
tion) and near-infrared (11000-4000 cm~!, 4 cm! reso- 
lution) ranges. A 6x beam condenser was used to 
focus the beam through the girdle region of the sam- 
ples, and a total of 1,024 scans per sample were col- 
lected to improve signal-to-noise ratios. 

Low-temperature photoluminescence spectra of 
the seven faceted samples were also collected at 
GIA, using a Renishaw 1000 Raman microspectrom- 
eter with an Ar-ion laser at two different laser excita- 
tions (488.0 and 514.5 nm). The samples were cooled 
by direct immersion in liquid nitrogen. 

UV-Vis-NIR absorption spectroscopy of the 12 
crystals was performed in Russia. Spectra were 
recorded over the 300-800 nm range with a Perkin 
Elmer two-beam Lambda 9 spectrometer at liquid 


58 NOTES AND NEW TECHNIQUES 


Figure 2. The purple dia- 
mond crystals studied 
exhibited strong paral- 
lel color banding, so 
that in one orientation 
(left) the color was 
unevenly distributed, 
while in the other 
(right) it appeared much 
more uniform. Photos 
by M. A. Bogomolov. 


nitrogen (77 K) temperatures using a fabricated cryo- 
stat mounted in the spectrometer. The spectral res- 
olution was ~0.2 nm. 


RESULTS 


Visual Observations of the Crystals and Polished 
Plates. The 12 crystals were purple, with pink, gray, 
and brown modifiers, and had weak-to-moderate sat- 
uration. All displayed an octahedral habit; most also 
showed thin, rough parallel straight striations with 
subordinate development of shield-like striations. 
This indicated that they experienced only minor 
post-growth dissolution (Orlov, 1977). They also 
exhibited varying degrees of fracturing or cleavage. 
For crystals with native flat faces, we readily 
observed that the purple coloration was restricted to 
thin bands parallel to octahedral planes (figure 2, left); 
between these planes, the diamonds were nearly col- 
orless, with a very light yellowish or pinkish brown 
hue. When the crystals were examined in a direction 
perpendicular to these planes, the purple color 


Figure 3. This flat plate 
(4x 4x 1.6 mm) cut 
from one of the dia- 
mond crystals shows 
purple coloration con- 
centrated along thin 
parallel lamellae (trans- 
mitted light, left). When 
viewed with reflected 
light (right), the purple 
lamellae appear as mir- 
ror-like reflective 
sheets. Photos by 

M. A. Bogomolov. 
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Figure 4. This 0.85 ct Fancy Light gray-purple round 
brilliant exhibits a dark inclusion of unknown identity. 
The presence of this inclusion resulted in an I, clarity 
grade. Photomicrograph by J. E. Shigley; magnified 5x. 


appeared evenly distributed (figure 2, right). Ten of 
the 12 crystals contained dark opaque inclusions of 
undetermined identity. 

Study of the flat plates in transmitted light 
revealed that the purple planes were actually thin 
lamellae (~0.1 mm in thickness and about 0.1-0.5 
mm apart). Typically, these were unevenly dis- 
tributed throughout the volume of the crystal (fig- 
ure 3). At crystal surfaces, the colored lamellae were 
truncated by chains of trigons, a feature that has 
been reported previously (e.g., Orlov, 1977). 


Gemological Examination of the Faceted Samples. 
The seven polished diamonds were color graded as fol- 
lows: one Fancy Light gray-purple, three Fancy pink- 
purple, one Fancy purple-pink, one Fancy brownish 
purple-pink, and one Fancy Light purplish pink (again, 
see figure 1). The difference between the color classifi- 
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Figure 5. Intersecting sets of purple and brown lamel- 
lae can be seen in this 0.43 ct Fancy brownish purple- 
pink diamond. Photomicrograph by J. E. Shigley; 
magnified 5x. 


cation of the rough crystals (as predominantly purple) 
and the color grades of the diamonds faceted from 
them (three of which were predominantly pink) may 
be due to some disagreement between the two grad- 
ing systems in the pink-to-purple continuum. 
Additionally, the cutting process may play an impor- 
tant role. Not only have significant hue changes from 
the original rough to the faceted stone been reported 
in colored diamonds, but the orientation of the table 
in a color-zoned diamond is also key to its face-up 
appearance (King et al., 2002). 

The clarity grades of the seven round brilliants all 
fell into the “I” (included) category due to the presence 
of cleavages and dark inclusions (e.g., figure 4; we did 
not identify the inclusions]. Additionally, we saw 
clouds of fine particles in most of the samples. All of 
the diamonds displayed parallel lamellae that appeared 
purple or brownish purple (figures 5 and 6) and were 


Figure 6. In this 0.53 ct 
Fancy purple-pink dia- 
mond, parallel planes 
of purple lamellae are 
separated by zones that 
are near-colorless to 
light brown. Photo- 
micrographs by J. E. 
Shigley; magnified 5x 
(left) and 10x (right). 
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more evident in the strongly colored samples (in some 
instances, these colored lamellae were easily seen with 
the unaided eye or low magnification, again, see fig- 
ures 5 and 6). When the diamonds were examined 
with fiber-optic illumination, green luminescence was 
commonly visible along the colored planes. 

None of the diamonds displayed distinct absorp- 
tion features when examined with a desk-model spec- 
troscope. When observed in a darkened room, the dia- 
monds fluoresced very weak to weak yellow or were 
inert to long-wave UV radiation, and fluoresced very 
weak to weak orangy yellow or were inert to short- 
wave UV. The DiamondView revealed bright blue 
luminescence patterns that depicted the complex 
growth structure of these diamonds (figure 7, left). In 
addition, H3-related green luminescence banding was 
seen following the purple lamellae (figure 7, right). 


UV-Vis-NIR Absorption Spectroscopy. Figure 8 
shows the absorption spectrum at 77 K for a crystal 
with polished octahedral faces that were parallel to 
the colored lamellae. The spectrum exhibited 
increasing absorption below 450 nm and a broad 
absorption band centered at about 550 nm, which 
contributes to the purple coloration. A broad band at 
370-390 nm and the N3-related ZPL at 415 nm (with 
weak phonon sidebands at 383, 394, and 403 nm) 
were superimposed on the increasing absorption 
below 450 nm. With the exception of the most 
intensely colored crystal, the N3 center was observed 
in all the purple diamonds studied, but in very low 
intensities (sometimes near the detection limit of the 
spectrophotometer]. The exact position of the maxi- 
mum for the 370-390 nm band was difficult to deter- 
mine because of overlapping absorption below 450 
nm. We believe that it corresponds to a band at 390 
nm observed in pink diamonds (Collins, 1982; King 
et al., 2002). On the background of the absorption 
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Figure 7. These Diamond- 
View images reveal the 
banded appearance of blue 
fluorescence in the faceted 
diamonds. In the 0.39 ct sam- 
ple on the left, the complex 
sculptured shape of the band- 
ing is indicative of the dia- 
mond’s growth history. The 
0.85 ct diamond on the right 
shows weak green lumines- 
cence (due to the H3 defect) 
along traces that correspond 
to the purple lamellae. 
Photos by C. M. Breeding. 


below 450 nm, a sharp ZPL was observed at 329.8 
nm, this is due to the N5 center, an electronic transi- 
tion of the A aggregate of nitrogen (Zaitsev, 2001). 
The intensity of the 550 nm band changed notice- 
ably over a series of spectra as the angle between the 
sample and the beam changed. This phenomenon may 
be due to the localization of purple coloration within 
the thin lamellae. For accurate studies of this unusual 
phenomenon, absorption spectra were recorded using 
polarized light (Konstantinova et al., 2006). That 
research found that these purple diamond crystals pos- 
sessed dichroism (i.e., different absorption of polarized 
light depending on crystallographic direction), which 


Figure 8. This UV-Vis-NIR absorption spectrum of a 
purple crystal exhibits increasing absorption below 
450 nm, the N5 system (ZPL at 329.8 nm), a band at 
about 380 nm, the N83 system (ZPL at 415 nm), and a 
broad band centered at about 550 nm. 
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VEGETABLE 
IVURY— 


What is it? 


by 


ROBERT WEBSTER, F.G.A. 


T MAY seem strange that such a wholly 
I animal product as ivory should have a 
counterpart in the vegetable kingdom, but 
such is the case and ‘vegetable ivory’ has 
been known for a century or more. Known 
by name—yes, but its actual formation, con- 
stitution and properties are far less gener- 
ally understood, and even the gemologist 
has not, until recent years, formulated a 
scheme of testing which will clearly identify 
an “ivory” specimen as vegetable ivory. 

Where does this material originate? The 
true vegetable ivory is a nut furnished by 
one of the most beautiful of the palm trees 
—the ‘ivory-nut palm’ which grows in South 
America; particularly on the Andean plains 
of Peru; on the banks of the Magdalena 
River and along the Gulf of Darien in 
Colombia. The; palm, known in Peru as 
homero ot pullipunta; on the Gulf of 
Darien as ata and in Colombia as tagna, 
is scientifically known as Phytelephas mac- 
rocarpa and is a member of the Arecae tribe 
“of palms. 

The tree is characterized by a short and 
précumbent stem from the crown of which 
springs, like a tuft of ostrich feathers, light 
green pinnated leaves of extraordinary size 
and beauty which reach some 30 to 40 feet 
in height. The flowers, which are on a 


' Vegetable ivory (corozo 


nut). South America. End 


view of cells. 25X 


crowded spadix and have neither calyx nor 
corolla, form into the fruit which consists 
of an aggregate of six or seven four-celled 
leathery drupes, each of which contains six 
to nine triangularly-shaped nuts about the 
size of a hen’s egg. These are commercially 
called corozo nuts. 

These nuts are not, during the whole 
of the period of their growth, solid, hard 
and white with a resemblance to ivory— 
this is the final stage, for, in the young 
state the nuts contain a clear insipid fluid 
which has been used by travelers to allay 
thirst. As the nuts age the fluid becomes 
milky and of a sweet taste and this, when 
the nut ripens, changes into the hard white 
material known as ‘vegetable ivory,’ which 
is used for small carvings, turnery, and for 
the utilitarian manufacture of “bone” 
buttons. 

The ivory-nut palm is not the only 
source of a ‘vegetable ivory’ for another 
member of the palm family—the doum palm 
of Central Africa and Upper Egypt also 
supplies a similar material to that of the 
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Figure 9. These mid- 
infrared spectra from 
two faceted samples 
(top, 0.53 ct Fancy pur- 
ple-pink; bottom, 0.85 ct 
Fancy Light gray-purple) 


3107 (H-related) 


reveal spectral features 
that are characteristic of 
type IaA diamonds, 
which may include 
hydrogen-related defects 
(3107 cm), platelet fea- 
tures (~1375-1365 cm“), 
B-aggregated nitrogen 
(1175 cm~), and the 
dominant A-aggregate of 


may be caused by low-symmetry defects in the dia- 
mond structure formed during plastic deformation. 


Infrared Spectroscopy. All the faceted diamonds 
proved to be type IaA. Figure 9 presents typical mid- 
infrared spectra for two of them. Absorption features 
in the one-phonon region (1400-1000 cm=') indicate 
the presence of structural defects involving nitrogen 
impurity atoms, such as A aggregates along with 
minor amounts of B aggregates and platelets (poly- 
atomic segregations up to a few microns in size in 
cubic planes of the diamond lattice, which involve 
nitrogen and/or carbon atoms; Zaitsev, 2001). Single 
substitutional nitrogen (associated with type Ib dia- 
mond] was not detected in the IR spectra of any of 
these samples, although it was observed in very low 
concentrations (20-60 ppb) in the EPR spectra of all 
the diamond crystals (Mineeva et al., 2007). 

Five of the diamonds showed the 4496, 3107, and 
1405 cm! peaks that are associated with a hydrogen 
structural impurity (see Zaitsev, 2001). However, these 
peaks were not all present in the IR spectra of the 
other two samples (e.g., the bottom spectrum in figure 
9). In addition, six of the seven faceted diamonds 
showed H1b and H2 defect centers, and a few showed 
amber centers in the near-infrared range (figure 10). 


Photoluminescence Spectroscopy. The PL spectra 
revealed the presence of several defect centers (figure 
11). The H3 center (503.2 nm) occurred in all the 
faceted samples (although it was not seen in the UV- 


NOTES AND NEW TECHNIQUES 


nitrogen (~1282 cm). 
Spectra are offset for 
clarity. 


Vis-NIR spectra, likely due to its low concentration). 
Other centers, including those located at 612 nm 
(unknown origin), 693 and 700 nm (commonly 
attributed to nickel and/or hydrogen impurities), 787 
nm (unknown origin, although possibly related to 
hydrogen), and 793 nm (related to nickel) were pres- 
ent in most of the diamonds (see Zaitsev, 2001). 


DISCUSSION 


The results of this gemological and spectroscopic 
study of natural-color purple diamonds, when consid- 
ered with those of previous studies on the same sam- 
ples (Konstantinova et al., 2006; Mineeva et al., 2007), 
provides a comprehensive characterization of their 
defect centers and their relation to the purple color. 


Nitrogen-Related Defects. Most of the defects were 
formed during post-growth plastic deformation, 
which caused a transformation of some of the most 
abundant defects in the purple crystals—the A cen- 
ters, which consist of two nitrogen atoms in nearest- 
neighbor structural sites. This transformation result- 
ed in the formation of many new centers, such as 
H3, H2, H1b, amber centers, W7, and M2 defects 
(the latter two were revealed with EPR spectroscopy; 
Mineeva et al., 2007). Of the less-commonly 
described defects in the gemological literature, the 
W7 center represents a ring consisting of four carbon 
atoms and two nitrogen atoms on the opposite sites, 
with one of the nitrogen atoms in the ionized state 
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NIR ABSORPTION SPECTRUM 


Hydrogen 


Figure 10. This near-infrared 
spectrum of a 0.53 ct Fancy pur- 
Amber ple-pink diamond reveals fea- 


center 
\ 


tures due to H2 (~10130 cm“) 
and H1b (~4935 cm~) defects, as 
well as hydrogen impurities 
(4496 cm“) and the amber cen- 


ter (~4300-4000 cm). 


N*. The amber center is considered the optical ana- 
logue of the paramagnetic W7 center (Massi et al., 
2005). The M2 center involves two nitrogen atoms 
and eight carbon atoms, which form an octahedron- 
like polyhedron with nitrogen atoms at opposite cor- 
ners. Among these various deformation-related cen- 
ters, the M2. is the most important from a gemologi- 
cal standpoint. This center is characteristic only for 


Figure 11. The photoluminescence spectra of this 
0.39 ct Fancy Light purplish pink diamond, recorded 
with 488 and 514.5 nm laser excitations, revealed 
features due to several defect centers at 503.2 (H3), 
612, 693, 700, 787, and 793 nm. 
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diamonds with absorption spectra that exhibit the 
550 nm band. Additionally, both the M2 center and 
the purple coloration were concentrated within the 
microtwin lamellae (Mineeva et al., 2007). 

H1b, H2, and H3 centers may be produced in dia- 
mond by artificial irradiation and subsequent heat- 
ing (Collins, 2001). The H3 center also has been 
seen in many natural plastically deformed brown 
diamonds (Collins, 1982), and it likely accounts for 
the green luminescence observed in our samples 
(again, see figure 7, right). However, only a few 
occurrences of the H2 center in natural plastically 
deformed diamonds have been reported (e.g., De 
Weerdt and Van Royen, 2001). Natural plastic defor- 
mation in the earth may generate vacancies in the 
diamond structure, including the H1b, and this may 
be similar to the processes of laboratory irradiation 
and subsequent annealing (see, e.g., Collins, 2001). 


Effects of Lamellae and Dichroism on Coloration. 
This and previous studies by many of the same 
authors have revealed the complicated origin of 
color in purplish pink to purple diamonds. The col- 
oration is strongly restricted to thin microtwin 
lamellae, so the color intensity may appear quite dif- 
ferent depending on whether a stone is viewed per- 
pendicular or parallel to the lamellae. Additionally, 
the purplish pink to purple color centers exhibit 
optical dichroism (Konstantinova et al., 2006). To 
the best of our knowledge, the absorption anisotropy 
of the 550 nm band in diamond has previously been 
reported only by Zaitseva and Konstantinova (1989). 
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Figure 12. Natural-color purple diamonds, among the 
rarest of colored diamonds, owe their purple hue to 
post-growth plastic deformation. These purple and 
pink-purple diamonds from Siberia weigh 0.73, 0.62, 
and 0.63 ct, respectively. Photo by M. A. Bogomolov; 
courtesy Rony Carob Ltd. 


Purplish pink to purple diamonds have been 
observed to shift color when viewed in various light- 
ing conditions (Hofer, 1998) and after cutting (Moses 
et al., 2002). Hofer (1998) attributed the change in 
color to differences in the spectral composition and 
color temperature of the light source. The occur- 
rence of dichroism in these diamonds implies that 
the viewing direction and the degree of light polar- 
ization may also be important. This dichroism may 
have been a cause of the predominant pink hue in 
some of the faceted diamonds in this study. In addi- 
tion, it may be a characteristic feature of not only 
purple diamonds, but also other diamonds that 
receive their color from plastic deformation, such as 
red, pink, and some of the more common pink- 
brown stones. As with purple diamonds, the optical 
spectra of those diamonds also show the 550 nm 
band, and their coloration often is restricted to defor- 
mation lamellae with boundaries that exhibit a char- 
acteristic mirror-like reflective appearance (Shigley 
and Fritsch, 1993; King et al., 2002). 


Comparison with Treated-Color Purple Diamonds. 
Natural-color purple diamonds may be easily distin- 
guished from their treated-color counterparts. The 
coloration in natural purple diamonds is confined to 
the deformation lamellae, while in treated dia- 
monds reported on thus far it is evenly distributed 
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or is located in growth zones (Wang et al., 2005). 

In the optical spectra of natural purple diamonds, 
the 550 nm band is not accompanied by sharp peaks 
at 575 and 637 nm, as are seen in the spectra of treat- 
ed diamonds. Moreover, the absorption spectra of 
these natural diamonds with a dominant purple 
color show dichroism. 


CONCLUSIONS 


Natural purple coloration in diamond (figure 12) is 
thought to arise from post-growth plastic deforma- 
tion in the earth. Using several spectroscopic meth- 
ods, this study of purple crystals from Siberia and 
their faceted counterparts revealed various nitrogen- 
related defects that formed in the diamond lattice 
during this deformation. The color appearance of pur- 
ple diamonds is influenced by localization of the col- 
oration within microtwin lamellae and by the optical 
dichroism of the color centers. On the basis of their 
spectroscopic properties and gemological characteris- 
tics, natural-color purple diamonds may be easily dis- 
tinguished from their treated-color counterparts. 
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LAB NOTES 
SS meee 


AQUAMARINE 
with Kelp-Like Inclusions 


At GIA’s inaugural Show Service 
Laboratory in Tucson, Arizona, this 
past February, we examined a 15.80 ct 
light greenish blue aquamarine submit- 
ted by Lisa Elser of Custom Cut Gems 
Co., Port Moody, British Columbia. 
This pear-shaped checkerboard cut, 
said to be from Pakistan, contained 
interesting thin bladed inclusions 
arrayed in patterns reminiscent of kelp. 
The inclusions were transparent and 
formed fans with distinctive branches 
(figure 1, left) that were large enough to 
be seen with the unaided eye. 
Standard gemological testing easily 
identified the gem as a natural aquama- 
rine. When examined with magnifica- 
tion and polarized light (figure 1, right), 
the inclusions proved to be birefringent 
and displayed dramatic interference 
colors that shifted as the analyzer on 
the microscope was rotated. Becke line 
testing indicated that the inclusions 
had a refractive index somewhat higher 
than the surrounding beryl host. 
Because we had never before encoun- 
tered such inclusions in beryl, we 
asked the owner for permission to 


Editors’ note: All items are written by staff 
members of the GIA Laboratory. 
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Figure 1. Discovered in an aquamarine that reportedly came from Pakistan, 
these transparent blades (left) in a distinctive fan-like arrangement were 
identified as triploidite. The interference colors seen with polarized light 
(right) proved that the inclusions were birefringent. Field of view 3.0 mm. 


bring the stone back to the Carlsbad 
laboratory for further analysis to con- 
clusively identify them. 

In Carlsbad, we used Raman micro- 
spectroscopy on one of the inclusion 
blades, which had been polished 
through and exposed at the surface of 
the pavilion. The results indicated trip- 
loidite, a monoclinic manganese-iron 
phosphate that is known to occur in 
granitic pegmatites. We have encoun- 
tered triploidite inclusions only once 
before, in quartz. Since aquamarine is 
also a known product of granitic peg- 
matites, however, the inclusion of 
triploidite in Pakistani aquamarine is 
geologically reasonable. 

We in the laboratory thought it very 
appropriate to have inclusions of a rare 
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mineral that resembles fans of kelp in a 
gem variety known as aquamarine. 
John I. Koivula and Alethea Inns 


DIAMOND with Repeating 
Growth/Dissolution Features 


Diamond crystallization is a complex 
process. Natural diamonds typically 
experience multiple stages of growth; it 
is believed that many also experience 
episodes of dissolution from one stage 
to the next (A. R. Lang, “Internal struc- 
ture,” in J. E. Field, Ed., The Properties 
of Diamond, Academic Press, London, 
1979, pp. 425-469). Yet whereas the 
multiple growth stages may be seen 
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Figure 2. This square-cut 5.20 ct 
Fancy brownish greenish yellow 
diamond experienced multiple 
growth/dissolution stages during 
its formation. 


with fluorescence or cathodolumines- 
cence imaging as banded structures in 
the same growth sector, features clearly 
related to dissolution are less frequently 
observed and reported. In the New York 
laboratory, however, we recently exam- 
ined an unusual diamond with distinc- 
tive growth/dissolution features. 

The square-cut 5.20 ct diamond in 
figure 2, was color graded Fancy brown- 


ish greenish yellow. Infrared spec- 
troscopy showed that it was a type Ia 
diamond with a high concentration of 
nitrogen and structurally bonded 
hydrogen. Observation with an optical 
microscope revealed clear octahedral 
{111} and cubic {100} growth sectors. 
Clouds of submicron-sized inclusions 
were spread throughout the cubic 
growth sector, and the yellow color was 
more concentrated in the octahedral 
sector. As a result, this stone displayed 
patchy color distribution and clear 
internal graining at the boundaries of 
the two types of growth sectors. 
DiamondView fluorescence imag- 
ing revealed multiple growth zones (fig- 
ure 3). Each fine zone, representing a 
specific growth stage, either fluoresced 
greenish yellow or was inert (dark), 
due to variations in lattice defect con- 
figurations. Most of the narrow growth 
zones were perfectly parallel to one 
another, with sharp and straight bound- 
aries indicating a repetitive growth 
process. This process was interrupted 
at least twice, however, as evidenced by 
the two areas in figure 3 where several 
of the greenish yellow and inert bands 
are discontinuous. These “zigzag” 
areas were caused by dissolution of the 
previously formed diamond and subse- 


Figure 3. These DiamondView fluorescence images clearly illustrate two 
episodes of growth and dissolution (the jagged, zigzag-shaped zones) in 


the diamond in figure 2. 
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quent additional diamond growth, 
again with continuous growth zones 
and curved boundaries following the 
morphology after dissolution. Faceting 
produced the “islands” seen in figure 3 
(right), remnants of the original growth 
zone that remained after dissolution, 
now surrounded by newly precipitated 
diamond. 

The occurrence of dissolution in 
this diamond strongly indicates that it 
was subjected to repeated transforma- 
tion from thermodynamically stable 
conditions to unstable ones, which 
may have involved changes in pres- 
sure, temperature, system chemistry, 
or various combinations of these fac- 
tors. Rarely have we seen such a clear 
illustration of growth/dissolution 
features in a diamond. 

Wuyi Wang 


First CVD SYNTHETIC DIAMOND 
Submitted for Dossier Grading 


Synthetic diamonds grown by the 
chemical vapor deposition (CVD) tech- 
nique have been discussed in several 
recent Gems &) Gemology articles (W. 
Wang et al., “Gem-quality synthetic 
diamonds grown by a chemical vapor 
deposition [CVD] Method,” Winter 
2003, pp. 268-283; P. M. Martineau et 
al., “Identification of synthetic dia- 
mond grown using chemical vapor dep- 
osition [CVD],” Spring 2004, pp. 2-25; 
and W. Wang et al., “Latest-generation 
CVD-grown synthetic diamonds from 
Apollo Diamond Inc.,” Winter 2007, 
pp. 294-312). They have rarely, howev- 
er, been encountered in the day-to-day 
grading operations of the lab. 

Recently, the Carlsbad laboratory 
identified a near-colorless CVD syn- 
thetic diamond weighing approxi- 
mately one third of a carat that had 
been submitted for the standard GIA 
Diamond Dossier grading report. This 
is the first CVD product submitted to 
the Carlsbad lab for a grading service. 
Previously, all of the CVD samples we 
examined were received directly from 
the manufacturer for research purpos- 
es (see above references]. 
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Figure 4. Examination between 
crossed polarizers revealed an 
irregular strain pattern in this 
CVD synthetic diamond, which 
was submitted to the Carlsbad lab 
for a grading report. Field of view 
3.7 mm. 


Growth of synthetic diamonds via 
the CVD method can be accomplished 
at relatively low pressures, in contrast 
to the more extreme requirements for 
growth of high-pressure, high-tempera- 
ture (HPHT) synthetics. During CVD 
growth, gaseous interactions result in 
deposition of synthetic diamond onto a 
suitable substrate; single-crystal syn- 
thetic diamond is the substrate typical- 
ly used for production of gem-quality 
material (Wang et al., 2003; Martineau 
et al., 2004). Element Six of the United 
Kingdom and Apollo Diamond Inc. of 
Boston are two well-known producers 
of gem-quality CVD materials, though 
only Apollo has produced facetable 
material for sale to the jewelry trade. 

Microscopic examination of the 
sample submitted for grading revealed 
numerous feathers and related cavities 
on the pavilion, which resulted in a 
clarity grade that fell into the Slightly 
Included (SI) range. We also observed 
pinpoints. Between crossed polarizers, 
the synthetic diamond showed un- 
evenly distributed, high-order interfer- 
ence colors (figure 4)—the first of many 
similarities we encountered between 
this sample and those discussed by 
Wang et al. (2007). It exhibited no visi- 
ble fluorescence to either long- or short- 
wave ultraviolet (UV) radiation emitted 
by a desk-model UV lamp; however, 
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Figure 5. DiamondView imaging 
of the round brilliant in figure 4 
showed an orangy pink fluores- 
cence color with irregular blue 
zones, similar to the pattern 
reported previously for CVD 
synthetic diamonds. 


when subjected to the stronger ultra 
short-wave UV emissions of the 
Diamond-View instrument, it showed 
an overall strong orangy pink to pinkish 
orange fluorescence (typical of CVD 
synthetic diamonds), interspersed with 
patches of blue (figure 5). When viewed 
through the pavilion, the fluorescence 


details became significantly clearer— 
including red striations that were most 
prominent in the pink/orange region 
and concentration of the irregular blue 
patches toward the culet. These latter 
features were both described by Wang 
et al. (2007). The weak blue phosphores- 
cence noted in the DiamondView was 
also similar to the Wang et al. findings. 

FTIR analysis indicated that the 
synthetic diamond was type Ila, and 
low-temperature photoluminescence 
(PL) spectroscopy revealed a classic 
CVD signature consisting of peak dou- 
blets at 736.6/736.9 nm (due to the sil- 
icon-vacancy [Si-V] defect) and at 
596.5/597.0 nm. PL spectra were col- 
lected using four different laser excita- 
tions to confirm the presence of these 
features (for ease of reproduction, only 
the results for three of these are shown 
in figure 6). While the 596.5/597.0 nm 
doublet is still considered unique to 
CVD synthetic diamonds, the Si-V 
doublet has been reported in some 
rare colorless and near-colorless natu- 
ral diamonds (see C. M. Breeding and 
W. Wang, “Occurrence of the Si-V 
defect center in natural colorless gem 
diamonds,” Diamonds and Related 


Figure 6. Photoluminescence spectra collected from the near-colorless 
synthetic diamond at 488, 514.5, and 633 nm laser excitations showed 


distinctive CVD-related features. 
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Figure 7. A comparison of PL peaks from analysis of the CVD synthetic dia- 
mond in figure 4 and those presented by Wang et al. (2007), using laser exci- 
tations at 488, 514.5, and 633 nm, reveals many similarities. A check (V) 
indicates that the peak was observed in both studies, whereas an x indicates 
a lack of correlation; gray portions are regions outside the working range of 


the specific laser. 


Materials, in press). We also observed 
most of the other peaks presented by 
Wang et al. (2007), including the 3H 
(503.5 nm) defect; a comparison of our 
photoluminescence results with those 
PL features is shown in figure 7. The 
results for the fourth laser excitation, 
at 830 nm, were also generally consis- 
tent with those reported by Wang et 
al. (2007). 

Given the many similarities 
between this synthetic diamond and 
the Apollo CVD material produced 
during 2006-2007 (Wang et al., 2007), it 
is likely that this sample is from a sim- 
ilar generation. Its submission to the 
lab for Diamond Dossier grading con- 
firms that at least some CVD-grown 
synthetic diamonds are currently pres- 
ent in the marketplace. Examination 
by a gemological laboratory remains 
the most effective way to confidently 
identify synthetic diamonds. 

The sample was returned to the 
client with a Synthetic Diamond grad- 
ing report and the words “LABORA- 
TORY GROWN” laser inscribed on 
the girdle, as is GIA’s standard practice. 

Karen M. Chadwick and 
Christopher M. Breeding 


Interesting FILLED VOIDS 


Carbonate minerals such as calcite, 
dolomite, and magnesite are occasion- 
ally encountered in emeralds, rubies, 
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and other gems. As inclusions, the car- 
bonates can provide valuable evidence 
that the host gem has not been treated. 

For gem treatments involving fill- 
ing with epoxy resins and solder (high 
lead content) glasses, it is generally 
believed that lower-quality starting 
material is first immersed in hydro- 
chloric or oxalic acid to remove foreign 
matter from surface-reaching cracks 
and pits to “clean” the gem and make 
the treatment more effective. If sur- 
face-reaching cracks extend to solid 
mineral inclusions, then those inclu- 


sions will also be attacked by the 
acid—or, in the case of hydrochloric 
acid and carbonate minerals, totally 
dissolved so that only a void remains. 
While most such voids do not show 
any recognizable form, occasionally 
we encounter examples with obvious 
carbonate habits. Recently we exam- 
ined two gems with such voids. One 
was a ring-mounted emerald that was 
reportedly mined at Chivor, near 
Somondoco, Colombia. It was submit- 
ted for gemological examination by 
Manuel J. Marcial of Emeralds Inter- 
national, Key West, Florida. The other 
was a 2.58 ct ruby, thought to be from 
Madagascar, that was provided by E. 
Gamini Zoysa of Mincraft Co., Mount 
Lavinia, Sri Lanka. 

The emerald hosted two large filled 
voids as well as a very distinctive light 
brown translucent mineral with the 
visual appearance of the very rare 
carbonate parisite (figure 8). Parisite 
is known to occur in Colombian 
emeralds, although it is generally 
thought to indicate emeralds mined at 
Muzo (see Winter 1982 Lab Notes, p. 
230). The voids next to the mineral 
inclusion were of very low relief, and 
each contained a single large, spherical 
gas bubble. They also had the same 
general shape as the apparent parisite. 


Figure 8. The single gas bubble and the flash-effect colors in each of these 
two voids prove that the host emerald has been filled. The light brown well- 
formed crystal has the appearance of the rare carbonate mineral parisite, 
which is known to occur in Colombian emeralds. Field of view ~5.6 mm. 
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Figure 9. These bright flash-effect 
colors provide clear evidence that 
the host ruby has been filled 
with a glass that closely matches 
it in RI. Field of view ~3.5 mm. 


With shadowed illumination, flash- 
effect colors at the edges of the filled 
voids readily delineated them. 

On first inspection, the ruby clear- 
ly showed extensive evidence of sol- 
der glass filling in the form of bright 
flash-effect colors (figure 9). More 
detailed microscopic examination 
revealed a rhomb-shaped void in the 
pavilion that contained a single spher- 
ical gas bubble, visible just below the 
girdle (figure 10). As with the void in 
the emerald, shadowed illumination 
enhanced the visibility of this feature. 
Although no actual carbonate inclu- 
sions were present in this ruby, the 
habit of this filled cavity and the well- 
known vulnerability of carbonate 
minerals to acid attack made us sus- 
pect that the original mineral occupy- 
ing this void was a carbonate. 

John I. Koivula, Shane F. McClure, 
and Dino DeGhionno 


GLASS with Devitrified Inclusions 


Glass is a very common gem simu- 
lant, and the lab regularly encounters 
glass specimens—most of them unex- 
citing—in the course of its work. In 
fall 2007, however, the New York lab- 
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Figure 10. Measuring approxi- 
mately 0.56 mm in length and 
containing a single gas bubble, 
this rhomb-shaped glass-filled 
cavity in the 2.58 ct ruby proba- 
bly once contained a carbonate 
mineral such as calcite. 


oratory received an 11.17 ct (12.26 x 
12.09 x 8.66 mm) round modified bril- 
liant cut that immediately piqued our 
interest because of the striking aster- 
isk-like arrangements of long fibrous 


inclusions it contained (figure 11). 

Microscopic examination revealed 
the presence of several gas bubbles, 
consistent with a glass. This identifi- 
cation was confirmed by its singly 
refractive optic character (with slight 
anomalous double refraction) and 
Raman and Fourier-transform infrared 
(FTIR) spectroscopy. 

With the sample’s over-the-limit 
refractometer reading and a specific 
gravity of 4.44, we were able to 
exclude natural glasses such as obsid- 
ian and moldavite, as well as less 
common natural materials such as 
Libyan desert glass and tektites. Based 
on the high clarity and the unusually 
pure light yellowish green color, we 
determined that the glass was manu- 
factured. This was supported by ener- 
gy-dispersive X-ray fluorescence 
(EDXRF) results indicating an expect- 
ed strong signal for silicon, as well as 
zirconium and barium (and moderate 
strontium), a signature that would be 
very unusual for natural glass but is 


Figure 11. This 11.17 ct specimen of manufactured glass contains 
several unusual clusters of inclusions. 
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Figure 12. These long, fibrous 
inclusions were likely formed by 
devitrification of the glass host. 
Field of view ~3.1 mm. 


not uncommon for some manufac- 
tured glasses. The presence of these 
heavy elements also explained the 
high RI and SG values. 

As the fibrous inclusions had a dis- 
cernable crystalline character (figure 


12), we concluded that they were 
exsolved from the glass host. Faint 
growth lines were present at the tips of 
the fibrous bundles, and crossed polar- 
izing filters showed low-order interfer- 
ence colors. Examination with a cali- 
brated camera microscope indicated 
that the inclusions had an approximate 
average length of 1.2 mm and a cross 
section of about 60 pm. 

In our experience, the crystalline 
inclusions were best explained as the 
result of partial devitrification (ie., 
regions where the glass’s amorphous 
state has locally changed to a crys- 
talline material). Many examples of 
devitrified inclusions in manufactured 
glasses have been published in G#G 
(e.g., Lab Notes—Fall 1993, p. 201; 
Summer 1995, p. 137; Summer 1996, p. 
123—and G. Bosshart, “Cobalt glass as 
a lapis lazuli imitation,” Winter 1983 
Gems & Gemology, pp. 228-231). 
Excellent examples may also be found 
in the Photoatlas of Inclusions in 
Gemstones |E. J. Giibelin and J. I. 
Koivula, Vol. 1, Opinio Verlag, Basel, 
Switzerland, 1986, pp. 437-439). 

In an attempt to identify these par- 


Figure 13. Raman analysis of one of the devitrified inclusions gave clear 
results (with major peaks at 855, 650, 622, 426, 269, 226, 185, and 138 
cm), but they could not be matched to a reference spectrum. The spec- 
trum taken with 830 nm Iaser excitation is baseline corrected. 
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ticular inclusions, we used confocal 
Raman spectroscopy on one fibrous 
bundle that broke the surface of a 
bezel facet. With both 514 and 830 nm 
laser excitation, the spectra showed 
peaks at the same positions, indicat- 
ing that they were due to Raman scat- 
tering from a crystalline substance as 
opposed to photoluminescence (figure 
13). Unfortunately, although we 
acquired an excellent Raman spec- 
trum, we were unable to match it to 
any known materials in our mineral 
reference database. 
David M. Kondo 
and Donna F. Beaton 


PEARL 


White Clam Pearl with 
Original Shell 


The New York laboratory recently 
received a 9.13 ct white non-nacreous 
pearl (figure 14) for identification. 
According to the client, it was recov- 
ered from Peconic Bay, off the North 
Fork of Long Island, New York. The 
client, who has clammed in the area 
for more than 30 years and has a 
degree in oceanography, estimated the 
clam to be about eight years old (based 
on its growth rings). He submitted the 
shell to the lab along with the pearl 
(figure 15). The button-shaped pearl 
(12.26 x 8.40 mm} had a clean surface 


Figure 14. This fine example of a 
white clam pearl (12.26 x 8.40 
mm) was reportedly recovered 
from a clam found off the coast 
of Long Island, New York. 
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Vegetable ivory (corozo nut). 
South. America. Upper, cells 
viewed in length. 25X. Lower, 
enlarged view of long cells. 
100X 


South American nut. This palm, botanically 
known as Hyphaene thebaica, is character- 
ized by its fan-shaped leaves and the re- 
peated forking of the stem, in fact the sole 
instance of branching in the palm family. 
The fruit of this palm is in appearance 
something like a quince; has a reddish- 
brown skin which may be compared to that 
of a pomegranate. Beneath the skin there 
is a considerable thickness of a spongy dry 
substance, which in appearance and taste 
resembles gingerbread, and indeed it is used 
as an article of food and an infusion of it 
as a beverage; hence the palm has often 
been called the ‘gingerbread palm. 


In the center of the fruit is the one ‘fig- 
shaped’ nut or seed which supplies the 
“ivory.” Unlike the ‘corozo nuts’ which are 


solid throughout, except for perhaps a 
crack-like mark in the center, the doum 
palm nut contains a large hollow central 
cavity which follows in outline the outside 
of the nut. Thus no great thickness of ma- 
terial can be expected from these nuts which 
have been mainly used for the production 
of buttons; even in the case of the ‘corozo 
nuts’ only smali pieces can be catved and 
larger models can only be constructed by 
jointing, such being the case. of the beau- 
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Figure 15. The color of the pearl in figure 14 closely matches that of the 


shell in which it was found. 


with a soft porcelaneous luster, as well 
as a pure white color that matched the 
interior of the shell. The X-radiograph 
showed very subtle growth features, as 
is typical of clam pearls. 

In addition to the opportunity to 
examine the original shell from 
which the pearl came, the excellent 
condition, size, pure white color, and 
local origin made this an interesting 
and unusual submission. 

Akira Hyatt 


Figure 16. This baroque conch 
pearl (39.45 x 24.55 x 19.15 mm) 
is unusual for its size and shape, 
as well as the patches of different 
colors seen on its surface. 
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Large Baroque 
Multicolored Conch Pearl 


The New York laboratory recently 
received a large (125.26 ct) baroque 
non-nacreous pearl for identification 
(figure 16). Standard gemological test- 
ing established that it was of natural 
origin and from the Strombus gigas 
mollusk, commonly referred to as the 
queen conch. The pearl displayed varie- 
gated color, with prominent patches of 
orangy pink, white, orange, orange- 
brown, and even a small patch of pur- 
ple. Many of these colors are character- 
istic of various parts of the conch shell. 
Additionally, the shape of the pearl sug- 
gests that it may have grown in or near 
one of the folds of the shell. The pearl 
was chipped at its narrowest edge, but 
otherwise it showed an intact surface 
with a porcelaneous luster and a subtle 
flame structure typical of conch pearls 
(see, e.g., E. Fritsch and E. Misiorowski, 
“The history and gemology of Queen 
conch ‘pearls,’” Winter 1987 Gems & 
Gemology, pp. 208-221). The shape 
and multicolored nature of this pearl, 
as well as its large size, made it an 
unusual specimen. 

Akira Hyatt 
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Green SYNTHETIC SAPPHIRE 
with Vibrant Blue Inclusions 


In today’s gemological world, synthetic 
colored stones seldom garner the atten- 
tion that is bestowed on treated gems. 
The latter are now available in much 
greater numbers than ever before and 
are enhanced using increasingly sophis- 
ticated technology, whereas it is not 
often that a new form of synthetic gem 
is encountered. Thus, we were in- 
trigued when Leon M. Agee of Agee 
Lapidary in Deer Park, Washington, 
sent us a 44.66 ct polished section from 
a flame-fusion synthetic sapphire boule 
and a 0.91 ct octagonal step cut fash- 
ioned from the same material (figure 
17). Both displayed a dull green color 
that we had never encountered before, 
as well as numerous vibrant blue solid 
inclusions (figure 18). Because of their 
deep blue color (similar to cobalt glass), 
we suspected that these inclusions con- 
tained cobalt. 

The standard gemological proper- 
ties were consistent with synthetic 
corundum. The material fluoresced 
moderate chalky orangy red to long- 
wave UV radiation and was inert to 
short-wave UV. We observed a very 
weak cobalt spectrum with the desk- 
model spectroscope. In addition to the 
expected elements for corundum, trace 
elements detected through laser abla- 
tive-inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) analysis 
included vanadium (~200 ppm), cobalt 
(150 ppm), and chromium (60 ppm). 


Figure 17. This 0.91 ct octagonal 
step cut represents an unusual color 
for flame-fusion synthetic sapphire. 
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Raman analysis could not precisely 
identify the blue inclusions even 
though clear target sites were exposed 
on the surface of the boule section in 
dramatic dendritic form (figure 19). 
The closest Raman library match sug- 
gested that the blue substance was 
related to spinel, and polarized light 
microscopy demonstrated that the 
inclusions were isotropic. 

This is the first time we have 
encountered a synthetic sapphire 
with this unusual green color and 
such vibrant blue solid inclusions. 
Perhaps this material was the result 
of an “accident” that occurred during 
crystallization. 

John I. Koivula, Alethea Inns, and 
Andy Hsi-Tien Shen 


High-Temperature 
Heat-Treated ZIRCON 


Although zircons are routinely heat 
treated, the temperatures typically 
used are considerably lower (near or 
well below 1000°C) than those used to 
alter the color in corundum (which 
may exceed 1500°C). The tempera- 
tures used on corundum are capable of 
doing serious damage to almost any 
mineral inclusions that might be pres- 


Figure 18. Intense blue solid inclu- 
sions and obvious gas bubbles 
were discovered in the green 
flame-fusion synthetic sapphire. 
Field of view ~0.7 mm. 
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ent. So while it is common to 
encounter obviously altered solid 
inclusions in rubies and sapphires, 
they are oddities in zircons. 

When rubies and sapphires are 
heat treated, however, it is not unusu- 
al for non-corundum gem materials 
such as chrysoberyl, spinel, or zircon 
to be accidentally mixed in. This can 
result in some rather interesting 
changes in the appearance of these 
stray gems and even in the corundum 
itself. As one prominent example of 
the latter, it has been speculated that 
the accidental inclusion of chryso- 
beryl in a sapphire heating run led to 
the discovery of beryllium treatment 
of sapphires and the effect that even 
small traces of Be have on corundum 
coloration. Consequently, although 
we don’t expect to find visual evidence 
of high-temperature heating in zir- 
cons, observation of any such features 
is almost always worth documenting. 

This was the case with an orangy 
yellow 0.96 ct transparent mixed-cut 
zircon from Anakie, Queensland, 
Australia, that Terry Coldham of 
Sapphex, in Sydney, loaned the GIA 
lab for examination. As seen in figure 
20, this zircon contained a reflective 


Figure 19. LA-ICP-MS and Raman 
analysis could not conclusively 
identify these deep blue spinel- 
like crystalline dendrites exposed 
on the surface of the flame-fusion 
synthetic sapphire boule. Field of 
view ~3.5 mm. 
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Figure 20. Measuring 0.70 mm in 
longest dimension, the reflective 
halo structure surrounding a 
melted inclusion in this zircon 
clearly indicates that an atypical- 
ly high temperature (for zircon) 
heat treatment has taken place. 


decrepitation halo surrounding a melt- 
ed inclusion, which clearly indicated 
that the zircon had been subjected to 
high-temperature heat treatment. A 
ring of solidified melt droplets sur- 
rounded an elongated central inclusion 
that now appeared to contain a trans- 
parent solid with a gas bubble frozen in 
place at its tip. Beyond the melt droplet 
ring, the presence of a second reflective 
discoid rim suggests that this inclusion 
experienced two rupture events during 
the heat treatment. 

John I. Koivula 


ERRATUM 


In the Winter 2007 Lab Notes entry on 
the double-star sapphire (p. 365), the 
name of the client, Depal Weerash- 
inghe of International-Gem Merchants, 
Sri Lanka/Rhode Island, was inadver- 
tently left out. Gems e& Gemology 
regrets the omission. 
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The annual Tucson gem and mineral shows continue to 
showcase a wide variety of polished material, mineral 
specimens, and gem rough from around the world. This 
year saw the introduction of spessartine from a new mine 
in Tanzania (see report below). Tanzania is also the source 
of some impressive orangy pinkish red spinel (figure 1), cut 
from an enormous crystal (reportedly more than 52 kg) 
that was found near Mahenge in the latter part of 2007 
(www.multicolour.com/spinel]. 

Glass-filled rubies were common at this year’s Tucson 
shows, in a range of qualities and prices (figure 2). Of course, 
several unusual stones and remarkable oddities were also 
seen, including a 76.27 ct sphene (figure 3), a 59.58 ct jere- 
mejevite (figure 4), and a diamond showing a crystal form 
that resulted from mixed octahedral and cuboid growth (see 
figure 5 and C. M. Welbourn et al., “A study of diamonds of 
cube and cube-related shape from the Jwaneng mine,” 
Journal of Crystal Growth, Vol. 94, 1989, pp. 229-252). 
Additional items seen in Tucson will be described in more 
detail in future issues of Gems &) Gemology. 

This year’s theme for the Tucson Gem and Mineral 
Society show was “Minerals of the USA,” and several 
superb displays showcased noteworthy specimens from 44 
of the most important mineral localities in the United 
States. Some of the classic sources represented for gem 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu or 
GIA, The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. Original photos can be returned after 
consideration or publication. 


GEMS & GEMOLOGY, Vol. 44, No. 1, pp. 74-94 
© 2008 Gemological Institute of America 


74 GEM News INTERNATIONAL 


EDITOR 
Brendan M. Laurs (blaurs@gia.edu) 


CONTRIBUTING EDITORS 
Emmanuel Fritsch, IMN, University of 
Nantes, France (fritsch@cnrs-imn.fr) 
Henry A. Hanni, SSEF, Basel, Switzerland 
(gemlab @ssef.ch) 

Franck Notari, GemTechLab, 

Geneva, Switzerland 
(franck.notari@gemtechlab.ch) 
Kenneth V. G. Scarratt, GIA Research, 
Bangkok, Thailand 

(ken.scarratt@ gia.edu) 


Figure 1. These spinels (6.77 and 12.07 ct) were report- 
edly cut from a 52 kg crystal that was recovered near 
Mahenge, Tanzania, in the latter part of 2007. Courtesy 
of Nomad’s Co., Bangkok; photo by Robert Weldon. 


Figure 2. Glass-filled ruby was available at the 
Tucson gem shows in a wide range of qualities, priced 
from less than $1/ct (far left) to $150/ct (far right). 
Courtesy of Real Creation Inc., Los Angeles; photo by 
Robert Weldon. 
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Figure 3. This 76.27 ct sphene is notable for its large 
size and vibrant display of dispersion. Courtesy of 
H. Obodda, Short Hills, New Jersey; photo by 
Robert Weldon. 


material/crystals included California and Maine peg- 
matites, North Carolina emerald/hiddenite deposits (see 
report below on one of these emerald mines), and Colorado 
rhodochrosite, California benitoite, and Utah red beryl. 
Released in conjunction with the exhibit was a compre- 
hensive book titled American Mineral Treasures, edited 
by G. A. Staebler and W. E. Wilson (Lithographie, East 
Hampton, Conn., 2008). The 2009 Tucson Gem and 
Mineral Show will take place February 12-15, 2009, and 
will feature “Mineral Oddities.” 

GwG appreciates the assistance of the many friends 
who shared material and information with us this year, 
and also thanks the American Gem Trade Association for 
providing space to photograph these items during the 
AGTA show. 


Emerald-bearing gem pockets from North Carolina. The 
2008 Tucson Gem and Mineral Society show featured a 
symposium on February 16 titled “Minerals of the USA,” 
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Figure 4. This Madagascar jeremejevite is an impres- 
sive 59.58 ct. Courtesy of Nakoa Gems, Simi Valley, 
California; photo by Robert Weldon. 


which was sponsored jointly by the Friends of Mineralogy, 
the Tucson Gem and Mineral Society, and the 
Mineralogical Society of America. Of particular interest to 
GwG readers was the presentation by geologist Ed Speer 
titled “Emerald crystal pockets of the Hiddenite District, 
Alexander County, North Carolina.” Mr. Speer is a consul- 
tant to Jamie Hill’s North American Emerald mine (for- 
merly the Rist mine}, located near Hiddenite. 

The emeralds occur within “pockets” hosted by sub- 
vertical quartz veins intruding foliated migmatitic gneiss 
(figure 6). A typical, well-developed pocket consists of 
three distinct components: (1) an uppermost portion filled 
with massive quartz; (2) a central open cavity that may 
contain emerald crystals in association with quartz, 
albite, muscovite, schorl, and, rarely, hiddenite; and (3) a 
bottom portion that is filled with clay containing mineral 
fragments and crystals from the overlying cavity (i.e., a 


Figure 5. The Orapa mine 
in Botswana is the source 
of this unusual diamond 
crystal (1.1 cm in diame- 
ter), which was mined in 
2007. Although such crys- 
tals have been attributed 
to hoppered growth, this is 
actually a reentrant cube 
resulting from mixed 
octahedral and cuboid 
growth. Courtesy of North 
Star Minerals, West 
Bloomfield, Michigan; 
photos by Jeff Scovil. 
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Figure 6. Typical “pockets” at the North American 
Emerald mine in North Carolina consist of an upper 
massive quartz portion, a central open cavity lined 
with various well-formed crystals (including emer- 
alds), and a bottom portion filled with pocket rubble. 
In the pocket shown here, the latter two components 
have been excavated by the miners. Photo by Ed Speer. 


collapse breccia). The pockets range from a few centime- 
ters to 3 m in the longest dimension, and their distribu- 
tion varies across the property. 

Mr. Speer presented interesting statistics that reflect 
the small quantity but very high carat weight of the emer- 
alds recovered from the cavities. For example, not all pock- 
ets contain emeralds, but when they are present, 50% of 
the crystals weigh 100+ ct (20+ g). Records and photos pro- 
vided showed more than 10 emerald crystals exceeding 
100 ct, including discoveries made in recent years. Some of 
the crystals from this mine contain considerable gem- 
quality areas (figure 7). 

North Carolina emeralds are colored by chromium, 
but Mr. Speer indicated that the source of this element, as 
well as the mechanism by which it is incorporated into 
the emerald-bearing fluids, is still unknown. Geologic 
research is ongoing. 

The mining operation excavates significant amounts of 
country rock to uncover the emerald-bearing veins. In a 
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Figure 7. North Carolina emeralds have been cut into 
attractive gemstones. The 14.2 g crystal shown here 
was faceted into the 18.8 ct Carolina Queen and the 
7.85 ct Carolina Prince. Courtesy of Jamie Hill; photo 
by Robert Weldon. 


true entrepreneurial spirit, however, the mine is selling 
this material as aggregate to the local construction indus- 
try. Effectively they are converting their country rock dilu- 
tion into “ore’”—just of another variety. More information 
on the emerald production and mining activities at various 
North Carolina localities can be found at www.north- 
carolinaemeralds.info. 
Keith A. Mychaluk (kmychaluk@shaw.ca) 
Calgary, Alberta, Canada 


Spessartine from Loliondo, Tanzania. Spessartine has been 
found in a number of locations worldwide and is prized for 
its vibrant orange hue. This year at the Tucson shows, sev- 
eral dealers exhibited large, well-formed crystals of spes- 
sartine from a new deposit in Tanzania (figure 8). 
According to Werner Radl (Mawingu Gems, Nieder- 
worresbach, Germany), the mine is located ~14 km north- 
east of Loliondo, near the village of Lemisikio (ie., just a 
few kilometers from the border with Kenya). In addition to 
the crystals and gem rough, Steve Ulatowski (New Era 
Gems, Grass Valley, California) showed a few faceted 
stones to one of these contributors (BML). Mr. Ulatowski 
reported having first seen a few crystals of this garnet dur- 
ing a May 2007 buying trip to Tanzania. Later, in January 
2008, he obtained a considerable quantity of the spessar- 
tine; local suppliers told him it was mined in late 2007, 
apparently from a weathered schist host rock. The pres- 
ence of abundant inclusions has limited the amount of 
good gem-quality material to an average of approximately 
3 kg per month, in pieces weighing up to 4 g. 

As of March 2008, Mr. Ulatowski had cut only a few 
pieces, and faceted stones weighing more than 2 ct were 
rare. However, the largest stone known to Mr. Ulatowski 
weighed 10.92 ct (figure 9). This specimen was loaned to 
GIA for examination, together with a 3.36 g piece of rough, 
by Brian Cook (Nature’s Geometry, Laguna Beach, 
California). In addition, Mr. Ulatowski donated a 2.01 ct 
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Figure 8. Spessartine from a new deposit near Loliondo, Tanzania, has been recovered as relatively large, well- 
formed crystals. The crystals on the left range from 4.0 x 4.1 cm to 2.6 x 3.5 cm, and the sample on the right (with 
associated reddish purple mica) measures 4.6 x 9.9 cm (GIA Collection no. 37554). Photos by Robert Weldon. 


stone (again, see figure 9) and three pieces of rough 
(2.07—4.64 g) for our research, while an attractive crystal 
specimen with some associated purple mica (figure 8, 
right) was donated to GIA by Abe Suleman (Tuckman 
Mines and Minerals Ltd., Arusha, Tanzania). 

Examination of the two cut stones gave the following 
properties: color—medium orange and medium yellow- 
orange; RI—1.780; hydrostatic SG—4.04, inert to long- and 
short-wave UV radiation; and bands centered at 460, 480, 
and 520 nm (with a cutoff below 435 nm) when viewed 
with the desk-model spectroscope. These properties lie 
between the values listed for spessartine and pyrope-spes- 
sartine by C. M. Stockton and D. V. Manson (“A proposed 
new classification for gem-quality garnets,” Winter 1985 
Gems & Gemology, pp. 205-218): for spessartine, RI— 
1.780—<1.810, and bands “at about 410, 421, 430, 460, 480, 
and 520 nm, but the first three may merge to form a cutoff 
to about 435 nm”; and for pyrope-spessartine, RI— 


Figure 9. The new Tanzanian spessartine is notable 
for its pure orange color, typically without brown 
overtones. Due to abundant inclusions, most of the 
faceted material weighs less than the 2.01 ct stone 
shown on the right (GIA Collection no. 37555). The 
10.92 ct stone on the left is exceptionally large for this 
locality. Photo by Kevin Schumacher. 
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1.742—<1.780, and bands “at 410 and 430 nm, and usually 
at 421 nm, that occasionally merge to form a 435 nm cut- 
off. Also show some combination of bands at 460, 480, 
504, 520, and 573 nm.” M. O’Donoghue (Ed., Gems, 6th 
ed., Butterworth-Heinemann, Oxford, UK, 2006, pp. 233) 
also reported RI—1.80 and SG—4.04—4.15 for Mandarin 
garnet (spessartine) from Namibia. 

Microscopic examination of the faceted stones revealed 
numerous mineral inclusions. Using Raman microspec- 
troscopy on the larger sample, we identified some angular 
euhedral-to-subhedral transparent crystals as quartz (figure 
10, left) and rounded anhedral transparent crystals as zir- 
con. We also noted, and identified via Raman analysis, 
some off-white translucent-to-opaque “snowballs” of zir- 
con that were surrounded by tiny tension cracks (figure 10, 
middle). Mica inclusions (figure 10, right) were recognized 
visually and through their reaction in polarized light. Dark, 
opaque crystals near one of the corners of the smaller stone 
(figure 11) visually resembled some form of manganese 
mineral, and a sample of black matrix associated with a 
spessartine crystal was identified as braunite 
(Mn?*Mn?*SiO,,) by powder X-ray diffraction. However, 
Raman spectroscopy of the dark inclusions in figure 11 
yielded no spectral match to any mineral in our database, 
including braunite. 

One of us (JA) arranged for electron-microprobe analy- 
sis of a polished fragment of the spessartine. Data gathered 
using the instrument’s energy-dispersive spectrometer 
revealed a significant pyrope component (Mg; Pyr.,) and a 
small grossular content (Ca; Gro.,)—Sps,, .Pyr,, Gro, <— 
and no measurable almandine component (Fe**). The high- 
Mg, low-Fe content of this spessartine is similar to, but 
more pronounced than, that of the Mandarin garnet from 
Namibia (derived from Mn-rich gneisses), and it contrasts 
markedly with the low-Mg spessartine that is typical of 
granitic pegmatites (see, e.g., table 2 in B. M. Laurs and K. 
Knox, “Spessartine garnet from Ramona, San Diego 
County, California,” Winter 2001 Gems &# Gemology, pp. 
278-295). Laurs and Knox (2001) also compiled gemologi- 
cal properties for spessartine from several localities; the RI 
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Figure 10. Transparent angular crystals of quartz were relatively common inclusions in the spessartine from 
Tanzania (left, field of view 0.8 mm). The translucent white spheroidal mass (center, 0.09 mm in diameter) was 
identified by Raman analysis as zircon; it is surrounded by minute tension fractures. Less common were angu- 
lar subhedral inclusions of transparent-to-translucent brown mica (right, 0.63 mm in longest dimension). 
Photomicrographs by J. I. Koivula. 


value reported here (1.780) is considerably lower than any 
of those values, but is closest to the Namibian values 
(1.790-1.797 for Sp834,0_g7,0PY%5,8-12.6G1 1-14): 

A fragment of purple mica associated with the speci- 
men in figure 8 (right) was also analyzed by microprobe, 
and was identified as muscovite containing 3.77 wt.% 
FeO, 1.92 wt.% MgO, and 0.44 wt.% MnO. Minor 
amounts of Ba and Ti were also detected. Although the 
purple color suggested lepidolite, only ~20 ppm Li was 
recorded by laser ablation-inductively coupled 
plasma—mass spectrometry (LA-ICP-MS) analysis of anoth- 


Figure 11. Situated near the edge of the 2.01 ct stone 
was this series of nearly opaque inclusions that were 
reminiscent of senaite previously encountered in other 
spessartines. However, their identity could not be con- 
firmed by Raman spectroscopy. Photomicrograph by 
J. I. Koivula; field of view 2.0 mm. 
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er sample of this muscovite by GIA Laboratory research 
scientist Dr. Andy H. Shen; the low Li content is consis- 
tent with the apparent metamorphic origin of this spessar- 
tine. Dark brown to black mica was also seen in associa- 
tion with the spessartine crystals, but none was analyzed 
for this report. 

Some additional mineral samples associated with the 
spessartine were donated to GIA by Mr. Radl. The first 
mineral—a 1.71 g crystal of medium yellowish orange 
color—was identified by Raman analysis as kyanite; basic 
gemological properties (hydrostatic SG and spot RI) con- 
firmed the spectral identification. The orange hue is note- 
worthy, since kyanite is generally blue to green (see, e.g., 
O'Donoghue, 2006, p. 422). A small dark gray crystal on a 
spessartine sample was identified as rutile using the 
Raman technique, while an opaque dark gray/brown sam- 
ple could not be identified, but appeared to be composed 
of Mn-oxides. Finally, a transparent dark red fragment 
was identified as dravite by electron-microprobe analysis 
at the University of New Orleans. An average of five data 
points showed the following chromophoric elements: 
2.69 wt.% FeO, 0.26 wt.% MnO, 0.12 wt.% TiO,, and 
0.06 wt.% V,O3. 

Karen M. Chadwick (karen.chadwick@gia.edu) 
and John I. Koivula 
GIA Laboratory, Carlsbad 


Brendan M. Laurs 
John Attard 


Attard’s Minerals 
San Diego, California 


William B. (Skip) Simmons and Alexander U. Falster 
University of New Orleans, Louisiana 
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Gem-quality afghanite and hatiyne from Afghanistan. In 
April 2007, Farooq Hashmi (Intimate Gems, Jamaica, 
New York) loaned two parcels of blue rough from 
Badakhshan, Afghanistan, to GIA for examination. He 
purchased the parcels in Peshawar, Pakistan. One group 
was dark blue and sold to him as afghanite, and the other 
was “turquoise” blue with its identity unknown to the 
seller (e.g., figure 12). Mr. Hashmi also donated a sample 
of each color to the RRUFF project (http://rruff.info), and 
both were analyzed by single-crystal X-ray diffraction and 
electron microprobe. The dark blue fragment (RO70558) 
was identified as afghanite with the formula 
(Najg 10K 9)z-22€4 10,001 Sina.o04Lo4.00)s-48O96($1.00O a) [OH]; 21 
Cl, 79)y_¢ (OH estimated by difference and charge balance), 
and the “turquoise” blue sample (RO70557) was haiiyne 
with the formula Nag o9(Cag g4Nao 16)y_1(Siz gsA], 95)Ojo 
[SO,]ogoClo ils-1- 

Gem-quality afghanite is quite rare, although the 
Winter 2003 Gem News International (GNI) section (pp. 
326-327) documented some cabochons from Badakhshan 
containing conspicuous lazurite inclusions. Hatiyne is 
likewise uncommon in gem quality, and facetable materi- 
al is principally known from Germany (see, e.g., L. Kiefert 
and H. A Hanni, “Gem-quality hatiyne from the Eifel 
District, Germany,” Fall 2000 Gems & Gemology, pp. 
246-253). 

Some of Mr. Hashmi’s rough afghanite was sufficiently 
large and transparent to facet, so he had two stones cut by 
John Bradshaw (Coast-to-Coast Rare Stones International, 
Nashua, New Hampshire): a 0.34 ct emerald cut and a 0.79 
ct modified triangular step cut (figure 13). To stabilize the 
larger stone and improve its transparency, Mr. Bradshaw 
filled the fractures with an epoxy resin. 

Both faceted afghanites were characterized by standard 
gemological techniques. These samples had intense blue 
to moderate blue pleochroism, refractive indices of 
1.530-1.538 (birefringence 0.008), and SG values of 2.51 
(larger stone, determined hydrostatically) and 2.54 (smaller 
stone; obtained by DiaVision, a noncontact optical mea- 
suring device that was used to calculate SG based on the 
measured weight and calculated volume, when the hydro- 
static method failed due to persistent gas bubbles). The 
stones were inert to long-wave UV radiation, and had an 
inert to weak red reaction to short-wave UV (except for 
very weak to moderate yellowish white fluorescence con- 
fined to the fractures in both stones). A desk-model spec- 
troscope showed a weak absorption band at approximately 
590 nm. Our RI and birefringence values are somewhat 
higher than the data reported for afghanite in the Winter 
2003 GNI entry and by R. V. Gaines et al. (Dana’s New 


GEM NEWS INTERNATIONAL 


Figure 12. These afghanite (2.0 g, left) and hatiyne (0.9 
g, right) samples are representative of rough material 
from Badakhshan, Afghanistan, that was purchased 
in the Peshawar mineral market in 2006-2007. Photo 
by Robert Weldon. 


Mineralogy, John Wiley & Sons, New York, 1997, p. 1634). 
The SG values determined for this report are lower than 
those in Gaines et al. (1997), but comparable to those in 
the Winter 2003 GNI entry. 

The smaller stone contained parallel breaks (afghanite 
has one perfect cleavage) and transparent crystals identi- 
fied as diopside by Raman microspectroscopy. The larger 
sample had transparent two-phase inclusions that con- 
tained a dark solid material (figure 14, left) as well as col- 
orless prisms (figure 14, right]; unfortunately, they were 
too deep in the stone to be identified by Raman analysis. 
In both stones, however, the dominant internal features 
were fractures with evidence of enhancement. Although 


Figure 13. Faceted afghanite is extremely rare. These 
stones from Badakhshan weigh 0.79 and 0.34 ct. 
Photo by Robert Weldon. 
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Mr. Bradshaw had only filled the fractures in the larger 
stone, he indicated that the residue in the untreated stone 
might be due to the “soaking off” process, in which the 
epoxy used to attach the stone to the dop stick was dis- 
solved by immersion in methylene chloride. 

Polarized ultraviolet-visible-near infrared (UV-Vis-NIR] 
absorption spectroscopy of both samples showed distinct 
bands at approximately 370, 590, and 895 nm. These 
bands are quite similar to those documented in hatiyne by 
Kiefert and Hanni (2000). The band at 590 nm is responsi- 
ble for the blue color. In both of our samples, energy-dis- 
persive X-ray fluorescence (EDXRF) spectroscopy showed 
major amounts of Si, Al, Ca, K, S, and Cl, which are 
expected for afghanite, as well as traces of Sr and Ba. 

By coincidence, two faceted examples of haiiyne from 
Badakhshan were seen at GIA in 2006-2007. In August 
2006, Brad Payne (The Gem Trader, Grand Rapids, 
Michigan) submitted a 1.21 ct stone to the GIA Laboratory 
for an identification report (figure 15, left). He had pur- 
chased the rough as afghanite, but after cutting the stone he 
noted properties that were inconsistent for this mineral. 
The GIA Laboratory recorded the following characteristics: 
color—greenish blue, with no pleochroism; RI—1.499; 
optic character—singly refractive; hydrostatic SG—2.44, 
fluorescence—moderate-to-strong orange to long-wave UV 
radiation and very weak orange to short-wave UV; and a 
cutoff at ~450 nm and an absorption band at 600 nm visible 
with the desk-model spectroscope. These properties are 
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Figure 14. The interior of 
the 0.79 ct afghanite fea- 
tured two-phase inclu- 
sions that each con- 
tained a dark solid grain 
(left). The stone also 
hosted a few colorless 
prisms (right). Photo- 
micrographs by D. M. 
Kondo; field of view 

1.5 mm for both. 


comparable to those reported for hatiyne by Kiefert and 
Hanni (2000), except for the greener color. Microscopic 
examination revealed cleavage fractures and slightly flat- 
tened whitish crystalline inclusions. EDXRF spectroscopy 
showed major Si, Al, Ca, Na, K, S, and Cl, which are con- 
sistent for both hatiyne and afghanite. However, the 
Raman spectrum provided the best match for hattyne. 
Then, in early 2007, Dudley Blauwet (Dudley 
Blauwet Gems, Louisville, Colorado) sent a 0.92 ct oval 
cut from Badakhshan to GIA for examination (figure 15, 
right). He had obtained the piece of rough in December 
2006 in Peshawar; he also purchased similar material 
there in June 2006 and November 2007. The 0.92, ct oval 
cut was similar in color to the stone from Mr. Payne, but 
brighter, and Raman analysis of a fragment from the 
same piece of rough by Dr. Robert Downs (Department 
of Geosciences, University of Arizona, Tucson) gave a 
spectrum that was identical to that of Mr. Hashmi’s 
haiiyne. So far Mr. Blauwet has cut 114 of these haiiynes 
(total weight 16.89 carats), and he noted a particularly 
good demand for this unusual brightly colored gem in the 
Japanese market. 
David M. Kondo 
GIA Laboratory, New York 


Brendan M. Laurs 


Eric Fritz 
Denver, Colorado 


Figure 15. Faceted 
hatiyne from 
Badakhshan has a dis- 
tinctive bright greenish 
blue color, as shown by 
this 1.21 ct emerald cut 
(photo by Brad Payne) 
and 0.92 ct oval (photo 
by Robert Weldon). 
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Figure 16. This 0.81 ct piece of light blue rough, origi- 
nally sold as tanzanite, proved to be manganaxinite. 
Photo by J.-M. Arlabosse. 


A blue manganaxinite. While inspecting a parcel of rough 
tanzanite, one of these contributors (J-MA) noticed a pale 
blue sample (figure 16) that stood out from the others 
because of its moderate-to-strong orange-red fluorescence 
to long-wave UV radiation (the other pieces were inert). 
The sample’s refractive indices, measured on a polished 
face, were n, = 1.665, ng = 1.672, and n, = 1.679, yielding a 
birefringence of 0.014, but it was difficult to determine 
whether the optic sign was biaxial positive or negative. We 
measured a specific gravity of 3.24 and observed distinct 
trichroism (blue to brown to purple). 

These results were not consistent with zoisite, but 
instead suggested a member of the axinite group. While 
kornerupine has similar RI and SG ranges and may also 
fluoresce orange to long-wave UV, it has different 
pleochroism. The color was zoned in two faint blue 
bands, and there were no noticeable inclusions. With a 
handheld spectroscope, the sample showed only one weak 
sharp line at about 415 nm. This indicated that it con- 
tained Mn**, so we speculated that it might be manganax- 
inite. By comparison, a nongem reference sample of blue 
magnesio-axinite from Tanzania had similar properties, 
including red fluorescence to long-wave UV, but no 415 
nm line. In addition, faceted Tanzanian magnesio-axinite 
with similar properties (orangy pink UV fluorescence and 
a 410 nm line) was reported recently (see Winter 2007 
GNI, pp. 373-375); those samples were also found in a 
parcel of tanzanite. 

To confirm the identity, we performed quantitative 
chemical analysis using a JEOL 5800 scanning electron 
microscope (SEM) with a high-resolution Princeton 
Gamma Tech IMIX-PTS germanium detector. The results 
were consistent with axinite: 6.9 wt.% MnO, 2.7 wt.% 
MgO, and only 0.7 wt.% FeO. The Mn/Mg ratio (~1.5) 
clearly classified this sample as manganaxinite. Using long 
count times, we also detected approximately 0.1 wt.% 
V,O3, as well as traces of chromium that were too small to 
be quantified. 

The UV-Vis absorption spectrum (figure 17) was dom- 
inated by a broad band with a maximum at about 597 
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nm, creating a transmission window in the blue region at 
about 475 nm. There were also two weak sharp bands at 
355 and 368 nm, a moderate sharp band at 413 nm (con- 
firming the handheld spectroscope observations) with a 
shoulder at 421 nm, and two weak broad bands at 
approximately 515 and 733 nm. These sharp peaks and 
the weak broad bands could all be due to Mn?* (R. G. 
Burns, Mineralogical Applications of Crystal Field 
Theory, 2nd ed., Cambridge University Press, 1993), but 
they were too weak to affect the color. The broad band 
around 597 nm is probably from V**. Even if Cr?* was 
present, no distinct Cr**-forbidden transitions could be 
detected at around 700 nm. 

The orange-red fluorescence appeared to be zoned, 
with a weaker emission in the bluer parts of the sample. 
The reaction was too weak to obtain a fluorescence 
spectrum, and we can only hypothesize that its origin 
might be Mn**, with possibly a red component imparted 
by Cr+. 

To our knowledge, this is the first report of manganaxi- 
nite colored by vanadium. It is also surprising to have two 
gem materials with such similar properties—the man- 
ganaxinite described here and the magnesio-axinite in the 
Winter 2007 GNI entry—tecently appearing in parcels of 
tanzanite. 

Jean-Marie Arlabosse (webmaster@geminterest.com) 

Cagnes-sur-Mer, France 


Benjamin Rondeau 
IMN, University of Nantes, France 


Emmanuel Fritsch 


Figure 17. The UV-Vis absorption spectrum of the 
blue manganaxinite shows a broad band with a max- 
imum at approximately 597 nm (due to V**) that 
accounts for the color. The sharp peaks at 355, 368, 
413, and 421 nm could be due to Mn**, as could the 
two broad bands at 515 and 733 nm. 
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tiful model of an Indian temple exhibited 
in one of the museums of the Royal Botan- 
ical Gardens at Kew near London, England. 

According to A. Maskell, the ‘betel nut’ 
from the wreca palm of the East Indies has 
been used for a ‘vegetable ivory’ and it has 
been suggested that the coco-de-mer — the 
double coconut (Lodotcae seychellarum) 
from the Seychelles might be used as a 
further source. The writer has not examined 
specimens of these nuts. 

Consisting of nearly pure cellulose, the 
‘vegetable ivory’ nuts take a good polish 
but do not show the exquisite luster exhib- 
ited by polished ivory. Owing to the cellular 
nature of the nut substance some ‘graining’ 
may be obsetved which effect is increased 
in the case of ‘dyed’ material—all vegetable 
ivories taking stain well. The hardness of 
these materials is about 2 to 214 on Mohs’s 
scale, the corozo nuts tending to have a 
greater hardness than the nuts from the 
doum palm; both, however, are more sectile 
than either ivory or bone. 

The density has been found to have the 
fairly restricted range of between 1.38 and 
1.43, with the corozo nut tending to give 
values greater than 1.40 and the doum, palm 
nuts below that value. It will be clearly 
evident, therefore, that a test for density 
will indicate whether a suspected specimen 
could be ivory or vegetable ivory but would 
not clearly differentiate between these two 
natural substances and the synthetic mate- 
tials known as “plastics.’ The refractive 
index of vegetable ivory is approximately 
1.54. 

As with ivory and bone, it is the micro- 
scopical examination of the structure which 
gives the clearest and easiest means of iden- 
tification, for the vegetable ivories give a 
picture at-once distinctive and quite dis- 
similar to either true dentine ivory or to 
bone. The technique is similar to that sug- 
gested in an earlier article for the examina- 
tion of ivory and bone—a peeling taken with 
a sharp knife and pressed flat on a 3x1 
glass slip and a drop of oil applied. The 


picture seen in the field of the microscope 
is typically ‘vegetable, the structure consist- 
ing of long ‘torpedo-shaped’ cells running 
roughly parallel; to which is due the ‘grain- 
ing’ seen on the surface of specimens. 

The cellular structure appears to be to 
some extent radial from the center of the 
nut, hence the cells may show directional 
character, and any pattern from an end-on 
view, producing a dot-like, circular or poly- 
gonal pattern; to the long strings of ‘tor- 
pedoes’ seen when the section is cut parallel 
to the cell length. It is more usual to en- 
counter intermediate sections giving a pic- 
ture of longish oval cells in parallel arrange- 
ment, and such may be referred to as a 
‘typical picture.’ It may be observed that 
the cells seem to have ‘canals’ branching 
out from their sides and appearing to join 
up with the adjacent cells; these under 
higher magnification are seen to be -just 
appendages with club-shaped ends, giving 
the cells a grotesque insect-like appearance. 
Under ultra-violet light (3650 A®°) the 
usual bluish fluorescence color so common 
to organic substances is observed; thus giv- 
ing little assistance in identification. 

In conclusion it could be mentioned that 
not-only does the examination of the struc- 
ture clearly distinguish ivory, bone and 
vegetable ivory one from another, but also 
from the ‘plastics’ which, in general, show 
a completely different picture having a fine 
granular appearance like ground glass. Fur- 
ther, although the article implies that this 
vegetable substance is used solely as an 
imitation of ivory, this is by no means 
always the case, for the writer has come 
actoss a necklet of ‘coral’ beads which 
turned out to be vegetable ivory stained a 
suitable tint. 


As reported on page 127 of Winter 
1948-49 Gems & Gemology Robert Web- 
ster is associated with B. W. Anderson 
in the London Gemmological Labora- 
tory. His research on ivory was respon- 
sible for his being one of two to earn 
the Research Diploma of the Gemmo- 
logical Association of Great Britain. 


SUMMER 1949 


18] 


Gem news from Myanmar. From mid-2007 to early 2008, 
this contributor received information on several new gem 
occurrences in Myanmar, as described below. 

Rubies have been found approximately 32, km north of 
Namya (Nanyaseik}, at a locality called Nam Phyu. This 
may represent an extension of the Namya deposit, to 
which the rubies show equivalent quality. 

Sapphires have been rediscovered near Mong Ngen vil- 
lage in the Mong Htak township of eastern Shan State. A 
map published in 1900 (no. 93 O/2) showed a sapphire 
mine near Mong Ngen, which is located at coordinates 
21°40’00” N, 99°50’30” E, at ~1420 m elevation. The sap- 
phires recently found were recovered from a hillside, a 
paddy field, and a stream. Approximately 15 cabochons 
and rough samples were examined by this author, and 
some had been heat treated with a charcoal fire in a clay 
oven used for home cooking. The heated stones (both 
rough and cut) weighed ~0.5-1.5 ct and ranged from 40 x 
23 mm to 54 x 34 mm. After heating for four hours, dark 
blue samples changed to medium blue, and greenish blue 
samples turned light greenish blue. Pale purplish blue and 
particolored stones were also seen. The largest piece was a 
7.5 ct partially polished dark blue trapiche sapphire with 
white “arms.” Internal features consisted of color zoning, 
small colorless inclusions, vague fluid-filled feathers, and 
parting lines. Some of the sapphires showed prismatic 
faces. Associated pebbles consisted of quartzite, quartz, 
and garnet. 

Gem_-quality trapiche corundum has been found in the 
alluvial gold deposits of Zayatkyin near Mogok, 113 km by 
road from Mandalay. The material is being sold in the 
Bogyoke market in Yangon. The corundum consists of 
irregular pyramidal crystals that are cut in half to make 
low-domed cabochons. The crystals seen to date by this 
author range up to about 9 g and measure up to 2.3 x 2.2 
cm. The cabochons seen range from 5 to 11 ct and mea- 
sure 1.2-1.6 cm in diameter and 0.3-1.3 mm thick. They 
show dark blue and light gray sectors that are neither uni- 
form nor symmetrical. Parting lines, fractures, and small 
solid inclusions were observed with the microscope. 

Green tourmaline is being mined from coarse-grained 
marbles between Pawn Chaung and the Salween River, 
southeast of Loikaw (capital of Kayah State). These tour- 
malines have been referred to as Saw La Phaw (or Loi-Kaw 
“emerald”; see T. Hlaing, “Hsa-Taw green tourmaline,” 
Australian Gemmologist, Vol. 18, No. 11, 1994, pp. 
352-353). A piece of marble containing this tourmaline 
was examined by the author and revealed no additional 
minerals. The tourmaline was dark green and showed 
well-developed rhombohedral faces. Microscopic examina- 
tion revealed parallel tubes and color zoning. 

Granitic pegmatites containing quartz, topaz, aqua- 
marine, amazonite, garnet, and fluorite have been found 
in the Pyethkaye mountain range in the Mandalay region, 
near coordinates 21°13’40” N, 96°12’30” E. This mountain 
range attains an elevation of 1094 m and consists of a large 
batholith measuring 70 km in a north-south direction and 
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25 km wide. Approximately 50 major pegmatite dikes 
have been located, striking north-south and measuring up 
to 150 m long and 4 m wide. 

Diamonds were recovered from the Irrawaddy River 
near Shwegu in southern Kachin State. Gem-quality crys- 
tals have ranged up to 3 mm. This contributor also 
encountered a single 0.65 ct pale yellow hexoctahedral dia- 
mond crystal that was purchased in Mong Hsu. Diamonds 
have recently been reported from the Salween River near 
Mong Hsu. 

U Tin Hlaing 
Dept. of Geology (Retired) 
Panglong University, Myanmar 


Gems on the market in Taunggyi, Myanmar, 1990-2007. 
Since 1990, this contributor has conducted regular gemol- 
ogy classes and provided gem identification services for 
local dealers, retailers, and buyers in Taunggyi, Myanmar 
(160 km southeast of Mandalay). The clients typically 
come from the surrounding towns of Kalaw, Shwenyaung, 
Nyaungshwe, Ho Pong, Lawksawk, and Hsiseng (near 
Kayah State). Following is a review of the gem materials 
identified in the market during this period. 

Single stones were encountered most often, although 
jewelry and unprocessed metal ore (gold and other ores) 
were sometimes presented for identification. Of all the 
stones tested, 62% were ruby, of which 58% were synthet- 
ic (Verneuil) and 42% were natural, mostly of Mong Hsu 
and Mogok origin. Sapphire (blue and colorless) comprised 
27% of the total; over 90% of these proved to be Verneuil 
synthetics. However, natural colorless sapphires were 
more common than colorless synthetics. 

Other gems seen were quartz (smoky, citrine, and 
brown chalcedony of unknown origin); peridot from 
Mogok, pinkish red spinel crystals of good color but small 
sizes (<1 ct); blue synthetic spinel with a color simulating 
aquamarine, available in large sizes (one semi-cut from a 
boule); garnets of good size (>10 ct), though probably not of 
Burmese origin, as the color was different from local mate- 
rial; topaz; GGG (imitating peridot, although the color was 
not convincing); YAG; and cubic zirconia. Glass imita- 
tions were common and often of large size. 


U Tin Hlaing 


Large gem pocket discovered at the Oceanview mine, San 
Diego County, California. In early fall 2007, a significant 
pocket was uncovered at the Oceanview mine in the Pala 
District of San Diego County. This mine is a historic 
source of quartz and morganite, and is adjacent to the 
Elizabeth R mine, which has produced tourmaline, kun- 
zite, and other gems (see Fall 2001 GNI, pp. 228-231). The 
Oceanview was sold in 2000, and current owner Jeff 
Swanger is mining the pegmatite with a team comprised of 
Mark Baker, Steve Carter, Phil Osborn, and Peter Renwick. 
The group had spent more than six years tunneling into the 
pegmatite with little success. After penetrating 400 feet 


GEMS & GEMOLOGY SPRING 2008 


into the dike, however, the crew noted some promising 
mineralization and decided to carefully explore that zone. 

On September 22, the miners uncovered the first part 
of what has become known as the 49er pocket (figure 18). 
That day happened to be Mr. Swanger’s 49th birthday, and 
this fact along with the mining spirit that prevailed during 
the 1849 California gold rush inspired the name. 

Over the next several months, the 7+ m x 1.5-2 m 
pocket yielded many kilos of material, including several 
dozen very fine mineral specimens, especially aquamarine 
(figure 19) and morganite. In addition, many collector- 
quality specimens of quartz (pale smoky citrine}, albite 
(clevelandite), and microcline have been recovered. The 
operation is chiefly aimed at recovering mineral speci- 
mens, but some cuttable material has been produced as 
well; indeed, Mr. Swanger estimates that the rough will 
yield a minimum of 50,000 carats of polished pale smoky 
citrine. Although the 49er Pocket appears to be worked 
out, numerous side pockets have been found (containing 
quartz, feldspar, and mica), and mining is currently ongo- 
ing as of March 2008. Further updates will be posted at 
http://digforgems.com. 

Mark Mauthner (mark.mauthner@gia.edu) 
GIA Museum, Carlsbad 


Green sodic plagioclase from East Africa. Green gem pla- 
gioclase is known mainly from Oregon (labradorite: e.g., 
C. L. Johnston et al., “Sunstone labradorite from the Pon- 
derosa mine, Oregon,” Winter 1991 Gems & Gemology, 
pp. 220-233) but has also been reported from China/Tibet 
and the Democratic Republic of the Congo (andesine- 
labradorite: see Winter 2005 GNI, pp. 356-357, and refer- 
ences therein). In mid-2007, we were informed about 
another source of green gem plagioclase—Tanzania—by G. 
Scott Davies of American-Thai Trading (Bangkok). Mr. 
Davies donated five faceted stones (1.62—2.70 ct) and three 
pieces of rough (2.41-6.31 g; e.g., figure 20) to GIA for 
examination. He indicated that he had obtained 2.5 kg of 
rough in June 2007, and that stones faceted from this 
material are seldom larger than 3 ct while those weighing 
more than 5 ct are quite unusual. 

Examination of the five cut stones gave the following 
properties: color—light green; pleochroism—none to very 
weak (light green and colorless); RI—n, = 1.531-1.533 and iy, 
= 1.541-1.543; birefringence—0.010-0.012; optic charac- 
ter—biaxial with no sign to biaxial positive; hydrostatic 
SG—2..63-2.65; inert to both long- and short-wave UV radi- 
ation; and no absorption features visible with the desk- 
model spectroscope. These properties are similar—but with 
slightly lower RI and SG values—to those published for 
oligoclase by M. O’Donoghue (Ed., Gems, 6th ed., 
Butterworth-Heinemann, Oxford, UK, 2006, p. 261): RI—n, 
= 1.533-1.543, n,= 1.542-1.552; birefringence—0.009; optic 
character—biaxial negative; SG—2.64—2.66. Microscopic 
examination revealed cleavage fractures, polysynthetic 
twinning, white “woolly” inclusions, and low-relief 
wafer-thin transparent crystals that were surrounded by 
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Figure 18. This view of an early part of the 49er pock- 
et at the Oceanview mine shows smoky citrine crys- 
tals being excavated by Peter Renwick (left) and 
Mark Baker (right). Photo by M. Mauthner. 


Figure 19. The 49er pocket has produced some fine 
crystals of aquamarine (here, 4.5 cm tall) on a matrix 
of albite (clevelandite). This specimen was collected 
in October 2007. Photo by M. Mauthner. 
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Figure 20. These light green feldspars from Tanzania, 
weighing 2.41-6.31 g (rough) and 1.94-2.38 ct 
(faceted), were identified as oligoclase. GIA 
Collection nos. 37517 (rough) and 37518 (faceted); 
photo by G. Scott Davies. 


microfractures and showed spectral colors when tilted. The 
visual appearance of both the latter types of inclusions sug- 
gested they were albite, and Raman microspectroscopy 
analysis also proved consistent with albite. 

Plagioclase feldspars, which include oligoclase, form a 
solid-solution series from albite (NaAISi,O, in its purest 
form) to anorthite (CaA1,Si,O,). Their composition is typi- 
cally represented by the percentage of the anorthite content 
(An.,); albite varies from An, to An) and anorthite from 
ANngy to An, o9, While oligoclase ranges from An,, to An,,. RI 
and SG values systematically increase with anorthite con- 
tent, while optic sign varies cyclically (figure 21). It is there- 
fore possible to estimate the anorthite content of a sample 
using these relationships. Our observed values resulted in 
ranges of ~An,-An,, when using n,, ~An,-Anj, for ng, and 
~An,-An,, for SG, all of which correlate to albite—oligo- 
clase compositions. Further, in conjunction with the RI 
and SG values, the optic sign (biaxial with no sign to biaxi- 
al positive) indicated a composition less than ~An,,. 

Quantitative chemical analyses were performed by 
electron microprobe at the University of New Orleans 
(three rough samples) and at the University of Oklahoma 
(two of the three rough samples). The data yielded average 
values of ~An,,—An,,, indicating that the samples were 
oligoclase or had compositions corresponding to the albite- 
oligoclase boundary. These values fall within the range of 
anorthite contents determined from the SG and optic sign, 
but only border on those estimated from the RIs. 

EDXREF analysis of the faceted stones detected major 
amounts of Na, Al, Si, and Ca; minor K, Fe, and Sr; and 
traces of Mn, Zn, Ga, Ba, and Pb. LA-ICP-MS analysis cor- 
roborated the presence of these elements, and additionally 
detected Be, B, Mg, and Ti (Mg must be present in signifi- 
cant quantities to be detected by EDXRF, and any traces of 
Ti in the EDXRF results were obscured by the Ba signal). 
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None of these elements are unexpected in feldspars. 

The LA-ICP-MS analysis did not detect any Cu, which 
is a known chromophore in green gem labradorite (A. M. 
Hofmeister and G. R. Rossman, “Exsolution of metallic 
copper from Lake County labradorite,” Geology, Vol. 13, 
1985, pp. 644-647). Another chromophore in green 
feldspar—Pb—was present in the oligoclase samples in 
only very small amounts (~18-56 ppm). However, the 
depth of green color in amazonite (and the blue color in pla- 
gioclase) appears to be related to a combination of Pb, radia- 
tion, and water content (A. M. Hofmeister and G. R. 
Rossman, “A spectroscopic study of irradiation coloring of 
amazonite: Structurally hydrous, Pb-bearing feldspar,” 
American Mineralogist, Vol. 70, 1985, pp. 794-804; A. M. 
Hofmeister and G. R. Rossman, “A spectroscopic study of 
blue radiation coloring in plagioclase,” American 
Mineralogist, Vol. 71, 1986, pp. 95-98). FTIR spectroscopy 
confirmed the presence of a hydrous component (as struc- 
tural OH groups) in the feldspar. Oriented UV-Vis-NIR 
absorption spectra (figure 22) showed a transmission win- 


Figure 21. The optical properties and specific gravity 
of plagioclase feldspars vary with anorthite content. 
Reproduced, with permission, from O’Donoghue 
(2006), p. 245. 
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dow located at ~500-530 nm, depending on the direction, 
which is responsible for the green color. An absorption 
band was centered at about 615 nm in the B direction that 
had a full width at half maximum (FWHM) of ~4800 cm! 
and an intensity of 0.24 cm. These characteristics are sim- 
ilar to those presented for blue plagioclase by Hofmeister 
and Rossman (1986), suggesting a similar cause of color 
related to the presence of traces of Pb and water combined 
with exposure to radiation. The color of this feldspar was 
represented as natural. We have no reason to believe that it 
has been laboratory irradiated, and its coloration is consis- 
tent with that expected for material exposed to natural 
radiation in the earth. 

A similar light green color was documented in some 
Tanzanian oligoclase sunstone that was described in the 
Summer 2.002 GNI section (pp. 177-178). It is possible that 
the material described here came from the same area 
(northwest of Arusha, near the border with Kenya), but 
simply lacks the hematite inclusions that were observed 
in the sunstone. 

Furthermore, at the 2007 Tucson gem shows, one of 
these contributors (BML) was shown some attractive pale 
slightly bluish green plagioclase from Kenya (figure 23) by 
Bruce Bridges and Jim Walker (Tsavorite USA Inc., 
Collegeville, Pennsylvania). This material has been known 
since the mid-1980s from Kioo Hill in the Sultan Hamud 
area, about 100 km southeast of Nairobi (C. R. Bridges et 
al., “Ein neuer Edelstein aus der Feldspat-Familie [A new 
gemstone in the feldspar family],” Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 33, No. 


Figure 22. The oriented UV-Vis-NIR absorption spec- 
tra for one of the rough green oligoclase samples show 
a transmission window located at ~500-530 nm. 
Sample thickness in each direction: o = 22.8 mm, 

B = 10.9 mm, y= 6.1 mm. 
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Figure 23. This selection of slightly bluish green pla- 
gioclase from Kenya weighs 1.84—15.72 ct. Photo by 
Robert Weldon. 


3-4, 1984, pp. 104-113; C. R. Bridges et al., “A Kenyan 
gemstone from the feldspar family: Further observations,” 
Australian Gemmologist, Vol. 17, No. 5, 1990, pp. 
177-183). These articles documented samples of pale blue- 
to-green plagioclase that were typically albite, with compo- 
sitions ranging from An, to An,,. Although their gemologi- 
cal properties were similar to those described here for the 
Tanzanian oligoclase, the presence of vermiculite inclu- 
sions was indicated by Bridges et al. (1989) as evidence of 
origin from Kioo Hill. No explanation for the coloration 
was provided. According to Bruce Bridges, some new pro- 
duction of this feldspar from Kioo Hill occurred in early 
2005. The color ranged from near colorless to pale green, 
and Mr. Bridges knew of faceted stones ranging up to 30 ct. 
Karen M. Chadwick and Christopher M. Breeding 
GIA Laboratory, Carlsbad 


William B. (Skip) Simmons and Alexander U. Falster 
Brendan M. Laurs 


A blue topaz with 2500+ facets. Terry Lee Martin, a gem- 
stone artist and owner of 5Cs Collectors Gems in Seattle, 
Washington, recently showed the GWG editors a selection 
of gems he had cut with an unusually large number of 
facets. Among them was a 16.90 ct blue topaz (figure 24) 
that he estimates to have about 2,530 facets (the exact 
number is unknown, as he lost count near the conclusion 
of the stone). Mr. Martin has completed more than 200 
similar gems, though the topaz is by far the most complex. 
Only one gem is cut from each design, and each can take 
20-60 hours to complete. Mr. Martin uses conventional 
faceting techniques and equipment, but he needed several 
months of practice to learn how to polish facets that are 
sometimes less than 0.1 mm across. 

One consequence of the large number of facets is a 
very small table. The optical effects produced by the abun- 
dance of tiny facets ranges from billowy light under the 
crown to micropatterns of light and dark areas that are 
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quite unlike those seen in stones faceted with standard 
cutting styles (e.g., figures 24 and 25). 

Thomas W. Overton (toverton@gia.edu) 

GIA, Carlsbad 


SYNTHETICS AND SIMULANTS 
An imitation “elephant pearl.” The “elephant pearl,” or gaja- 
muthu, is an ancient and much-revered object in Indian and 
Sri Lankan culture. Its possession is commonly believed to 
increase one’s success in life. Elephant pearls are rounded cal- 
cified concretions of dentin that are recovered from the soft 
tissue pulp within tusks of African and Asian elephants as 
well as the extinct woolly mammoth (B. Mann and G. 
Brown, “Elephant pearls: True or false?,” Australian 
Gemmologist, Vol. 22, No. 11, 2006, pp. 503-507; G. Brown, 
“Rare ivories—Challenging identifications,” presentation to 
the 2007 Federal Conference of the Gemmological 
Association of Australia, May 19, Hobart, Tasmania, 
www.australiangemmologist.com.au/images/rareivories.pdf). 
The Dubai Gemstone Laboratory recently received for 
identification a 642 ct opaque, banded, yellow-to-brown and 


Figure 25. Shown here are five other gems cut by 
Mr. Martin, from left: a 1.50 ct, 601-facet sunstone; 
a 5.30 ct, 469-facet topaz; a 13.65 ct, 781-facet sun- 

stone; a 2.45 ct, 474-facet sunstone; and a 2.95 ct, 
561-facet sapphire. Photo by Robert Weldon. 
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Figure 24. This unique 
16.90 ct topaz, created 
by gem artist Terry 
Martin, has more than 
2,500 facets. Photos by 
Robert Weldon. 


white sample that the client represented to be an elephant 
pearl. When viewed from the sides (figure 26, top left and 
center}, the sample showed a near-parallel banded structure; 
however, when viewed from the bottom (figure 26, top 
right), the thin white bands appeared wavy. In contrast, gen- 
uine elephant pearls consist of a rounded mass of dentin 
(only) that shows a curved growth layer structure; see the 
right-hand photo on p. 6 of Brown (2007). In addition, the 
thin wavy white bands in this sample suggested the appear- 
ance of a molar tooth structure from an Asian elephant. 

Standard gemological testing revealed spot refractive 
indices ranging from ~1.50 to 1.55 (the typical range for 
organic gem materials) and a hydrostatic SG of 1.91. Long- 
wave UV fluorescence was weak-to-moderate chalky 
bluish white, with the strongest reaction from some por- 
tions of the white bands (figure 26 second row); short-wave 
UV fluorescence was similar but weaker. No distinguish- 
ing spectrum was seen with the desk-model spectroscope. 
X-radiography in the three directions (figure 26, bottom 
row) showed significant differences in the opacity to X- 
rays of the various bands. In addition, microscopic exami- 
nation with reflected light clearly revealed polishing 
marks on the surface (figure 27), which indicated that it 
had been fashioned. EDXRF chemical analysis detected Ca 
and P as main components, along with minor amounts of 
Ti and Fe, and traces of Mn, Zn, and Sr. By comparison, 
the pure dentin of a genuine elephant pearl should show 
the same range of RI and SG values, moderate chalky 
bluish white fluorescence to long-wave UV, no significant 
differences in opacity to X-rays, no obvious polishing 
marks on the surface, and the same EDXRF results as 
reported here except no Ti, which was mainly detected in 
areas containing the white enamel bands. 

The structural characteristics and gemological proper- 
ties of this sample were consistent with those reported for 
imitation elephant pearls by Mann and Brown (2006). 
Consequently, it was identified as a manufactured object 
fashioned from the molar tooth of, most likely, an Asian 
elephant. 

Sutas Singbamroong (sssutas@dm.gov.ae) 
and Nazar Ahmed 

Dubai Gemstone Laboratory 

Dubai, United Arab Emirates 
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Figure 26. Side (top left and center) and bottom (top 
right) views of the imitation elephant pearl showed a 
varying banded structure. Exposure to long-wave UV 
radiation (second row) gave a variety of reactions 
that correlated to the structure of the piece; X-radiog- 
raphy also revealed significant differences in its opac- 
ity to X-rays (third row). Composite photo by 

S. Singbamroong, © Dubai Gemstone Laboratory. 


An interesting synthetic sapphire. Natural and synthet- 
ic gem materials are commonly differentiated on the 
basis of their microscopic features. Often, however, a 
natural stone may show characteristics resembling 
those of synthetic material and vice versa (see, e.g., G. 
Choudhary and C. Golecha, “A study of nail-head 
spicule inclusions in natural gemstones,” Fall 2007 
Gems & Gemology, pp. 228-235; and GNI, Fall 2005, 
pp. 265-266; Summer 2006, pp. 185-186; Summer 2.007, 
p. 177). This contributor recently encountered another 
such specimen that was submitted to the Gem Testing 
Laboratory of Jaipur, India. 

The sample was a 4.78 ct pear-shape mixed cut, with a 
brownish orange color similar to that seen in beryllium- 
diffused sapphire (figure 28). Standard gemological proper- 
ties (RI and SG) were consistent with corundum, and fine 
lines in the red region were easily visible in the desk- 
model spectroscope, indicating the presence of chromium. 

With magnification, surface-reaching fingerprint-like 
inclusions (figure 29, left) were observed. They had a 
whitish appearance, suggesting they contained a foreign 
substance, as is commonly seen in corundum exposed to 
high-temperature heating. A trail of dot-like inclusions 
giving the impression of a broken (melted) needle (figure 
29, right) was also visible, as were fine scattered pinpoints 
resembling gas bubbles. These features also indicated that 
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Figure 27. Magnification revealed polishing marks on 
the surface of the imitation elephant pearl. The object 
was apparently fashioned from the molar tooth of an 
elephant, consisting of brown cementum, white enam- 
el, and yellow dentin. Photomicrograph by S. Singbam- 
roong, © Dubai Gemstone Laboratory; magnified 10x. 


the sapphire had been exposed to high-temperature heat 
treatment. 

Immersion in methylene iodide revealed a colorless gir- 
dle area, with most of the color concentrated toward the cen- 
ter (figure 30, left). As the stone was rotated and viewed from 
various directions, we observed wide color zones that were 
separated by near-parallel curved boundaries (figure 30, right), 
which are typical for flame-fusion synthetics. Variations in 
the color intensity of the bands are consistent with a darker 
core and paler rim in the original boule. When the sample 
was viewed in the optic axis direction between crossed polar- 
izers, strong Plato lines confirmed that it was a flame-fusion 
synthetic. Exposure to short-wave UV produced strong 


Figure 28. This 4.78 ct synthetic sapphire shows a 
brownish orange color similar to that observed in 
beryllium diffusion-treated corundum. 
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chalky blue fluorescence that was mainly restricted to areas 
at or near the surface, as would be expected for a heat-treated 
flame-fusion synthetic sapphire. 

EDXRF qualitative chemical analyses revealed the 
presence of Ca, Ti, Cr, Fe, and Zn as trace elements. Zn 
was present in unusually high amounts compared to the 
other impurities. 

The presence of surface-reaching fingerprint-like inclu- 
sions and rows of dot-like inclusions, along with the sur- 
face-related fluorescence, indicated that the synthetic sap- 
phire had undergone some sort of heat treatment. This 
sample’s unusual combination of features could have led 
to a misidentification, but careful examination with mul- 
tiple techniques gave useful clues to its synthetic origin. 

Gagan Choudhary (gtl@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


TREATMENTS 


Lead glass-filled color-change sapphire. Lead glass—filled 
rubies were first seen in the market in 2004. Much research 
has since been conducted to classify these rubies correctly, 
and the treatment is now well understood. Currently, how- 
ever, such fillings are being applied to sapphires as well. 
Recently, the Gem Testing Laboratory in Jaipur, India, 
encountered a 3.76 ct oval mixed cut sapphire with numer- 
ous eye-visible fissures. The RI and SG values were both 
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Figure 29. The synthetic 
sapphire contained a sur- 
face-reaching fingerprint- 
like inclusion (left) and a 
row of dot-like inclusions 
resembling a melted nee- 
dle (right); the latter may 
also be observed in flame- 
fusion synthetics. Photo- 
micrographs by G. 
Choudhary; magnified 
30x< (left) and 65x (right). 


consistent with corundum. The stone appeared brownish 
green in daylight and fluorescent light (figure 31, left) and 
brownish purple in incandescent light (figure 31, right). 
Under long-wave UV radiation, it fluoresced weak reddish 
orange; it was inert to short-wave UV. Observation with 
the desk-model spectroscope showed a doublet in the red 
region (typically associated with chromium in corundum], 
a weak absorption in the orange-yellow region, and a strong 
band in the blue region at ~450 nm, probably due to iron. 

With magnification, the surface-reaching cracks 
showed an obvious blue-to-violet flash effect, which 
changed to greenish blue as the stone was moved. The frac- 
tures also contained large, rounded, and highly reflective 
flattened gas bubbles (figure 32, left and center). In addition, 
white crystallites were observed in the filled cavities (figure 
32, right). These features are consistent with those reported 
in lead glass-filled rubies (e.g., S. F. McClure et al., 
“Identification and durability of lead glass—filled rubies,” 
Spring 2006 Gems & Gemology, pp. 22-34). 

The presence of lead-glass filling in this sapphire was fur- 
ther confirmed by EDXRF analysis, which displayed a strong 
Pb peak. Other trace elements detected were Cr, Fe, and Ga, 
as expected in a color-change sapphire of natural origin. 

This was the first time we have seen a lead glass-filled 
sapphire, and we would not be surprised to see the treat- 
ment applied to other sapphire colors in the future. 

Gagan Choudhary 


Figure 30. When 
immersed in methylene 
iodide, the sample 
showed a concentration 
of color toward the cen- 
ter, while the edges 
appeared colorless (left). 
This is a common result 
of beryllium diffusion 
treatment. In some 
directions, vague curved 
colored zones could be 
seen, indicating synthet- 
ic origin (right). Photos 
by G. Choudhary. 
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MISCELLANEOUS 


Myanma Gem Emporium offerings for 1992-2007. For 
many years, the state-run Myanma Gem Enterprise (MGE} 
has held twice-yearly sales of gem materials produced in 
Myanmar. This contributor has summarized published 
sales records for the Myanma Gem Emporium from 1992 
to 2007 (although some years are missing) for this report. 
Jadeite sales were divided into three categories by quality: 
Imperial, Commercial, and Utility. Before 2000, jadeite was 
sold by competitive bidding only, but subsequently 43-92% 
of the total was sold by tender (i.e., sealed bidding). From 
1992 to 2007, jadeite sold by competitive bidding comprised, 
by number of lots: Imperial 0.1-2%, Commercial 31-96%, 
and Utility 4-69%. These varying levels generally reflect the 
quality of material available from year to year. The tender 
lots offered from 2000 forward ranged from as little as 18% 
to as high as 48% Commercial, with the balance Utility 
(Imperial jade constituted less than 1%]. Some recent 
Imperial jadeite lots offered included: two pieces weighing 
1,040 kg, for a total reserve price of €1,368,000 (38th 
Emporium, 2001); 10 pieces weighing 176.6 kg, for a total 
reserve price of € 1,530,000 (39th Emporium, 2002); and three 
pieces weighing 15 kg, for a total reserve price of € 1,688,888 
(44th Emporium, 2007). (Since 2002, reserve prices have been 
given in euros) In 2006, at the mid-year October Emporium, 


Figure 31. This 3.76 ct 
color-change sapphire 
(fluorescent light, left; 
incandescent light, 
tight) proved to be lead- 
glass filled. Photos by 
G. Choudhary. 


a lot of Commercial jadeite weighing 1,040 kg was offered at 
a reserve price of € 1,368,000. Approximately one-third of the 
lots sold at their reserve prices; other actual sale prices are 
not available. 

Lot sizes (smallest and largest) and reserve prices of 
rough gem materials other than jadeite are summarized in 
table 1. In addition to ruby and blue sapphire, corundum 
included pink, yellow, purple, and colorless sapphires, as 
well as mineral specimens of ruby in marble. Also sold 
were aquamarine, danburite, diamond, diopside, fluorite, 
garnet, kyanite, lapis lazuli, moonstone, peridot, quartz 
(amethyst, citrine, and smoky, as well as quartz crystal 
specimens), scapolite, spinel, topaz, tourmaline (green), zir- 
con, and parcels described as “assorted gems” (~1-3 carat 
parcels, usually >90% spinel). Spinel, aquamarine, zircon, 
peridot, danburite, and yellow sapphire are the highlights 
(in addition to ruby and sapphire) of most Emporiums in 
the nonjadeite section. 

During the period 1992-1995, on average 500 jadeite lots 
were offered annually. From 2005 to 2007, this figure was 
3,500, representing a seven-fold increase. By comparison, an 
average of 550 gem lots were offered in 1992-1995. During 
2005-2007, that figure fell to 250. Since 1992, gem lots have 
comprised as little as 2% to as much as 49% of the total lots 
offered, while jadeite lots comprised 51-98%. 


Figure 32. The lead glass-filled fissures showed rounded (left) and flattened (center) gas bubbles, the latter often 
highly reflective, an important identifying feature for this treatment. Some whitish crystallites were also seen in 
a few cavities (right). Photomicrographs by G. Choudhary; magnified 45x (left and center) and 35x (right). 
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“0 4>Range of lot sizes and reserve prices for gem 
materials (other than jadeite) sold at the Myanma Gem 
Emporium, 1992-2007. 


Gem Lot size# Reserve price® 
Aquamarine 94.64-215.9 $1,000-5,750 
Danburite 4.15-31.6 $700-€ 2,000 
Diamond 1.94-13.68 $6,600-68,400 
Diopside 7.0-14.55 €1,800-$5,000 
Fluorite 28.25 $3,000 
Garnet 10.38-14.7 $1,000-€ 2,500 
Kyanite 42.42 $4,200 
Lapis lazuli 21-75 kg $2,000-3,000 
Peridot 29.45-232.2 $1,500-58,050 
Quartz 
Amethyst 239.96 $5,000 
Quartz crystals 3.5 kg €1200 
Ruby 1.22-7.4 €1,000-$6,000 
in marble matrix 317 €8,000 
Sapphire 
Blue 2.38-22.30 €1,000-€ 45,000 
Pink 7.7-33.96 $4,500-€ 15,000 
Yellow 15.62-77.0 $2,000-€7,000 
Purple 6.78-885 $1,500-4,300 
Colorless 12.8-36.68 $2,300-3,000 
Scapolite 118.45 $2,000 
Spinel 8.37-52.32 $1,000-50,000 
Topaz 56.68-316.72 $2,000-3,200 
Tourmaline (green) 25.77 $2,000 
Zircon 21.98-48.9 $2,000—10,000 
Assorted 134.67-349.38 $4,890-13,800 


4 In carats, except where noted. 
» In US$, except where noted. 


Also sold in 2001 and 2002, as part of the jadeite tender, 
were a total of 25 parcels of petrified wood (Ingyin) from 
central Myanmar. Individual lots were offered at a reserve 
price of US$1,000-1,500; these included parcels with a max- 
imum of 470 pieces and a maximum weight of 2,420 kg. 

U Tin Hlaing 


CONFERENCE REPORTS 


2008 Winter Conference on Plasma Spectrochemistry. 
Approximately 600 participants from 30 countries attended 
this 15th biennial meeting sponsored by the ICP Information 
Newsletter Inc., which was held January 7-12 in Temecula, 
California. The conference addressed developments in spec- 
trochemical analysis by inductively coupled plasma, direct 
coupled plasma, microwave plasma, glow discharge, and 
laser sources. More than 300 presentations covered the appli- 
cations, fundamentals, and instrumental developments of 
plasma sources. A few of these were relevant to the gemolog- 
ical community and are summarized here. 

In the keynote speech, Dr. Detlef Giinther (ETH Zurich, 
Switzerland) discussed new understandings of the principles 
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behind LA-ICP-MS, such as transport and interface design, 
and their role in the method’s overall performance. He also 
cited numerous examples of the technique’s applications in 
various disciplines, including gemology. Dr. Ingo Horn 
(University of Hanover, Germany) discussed the application 
of UV femtosecond laser ablation—multi-collector ICP-MS 
in accurately measuring iron isotope ratios. Such ratios 
allow geologists to determine the formation conditions of 
iron-containing minerals. 

Dr. Claude Dalpé (Royal Canadian Mounted Police, 
Forensic Science and Identification Services, Ottawa, 
Ontario) reported on the use of LA-ICP-MS to determine 
the provenance of rough diamonds. His research indicated 
that as many as 20 trace elements (most on the order of 
parts per billion) can be used to identify a rough diamond's 
country of origin. He also indicated, however, that dia- 
mond standards containing several different trace ele- 
ments are very difficult to obtain. This contributor report- 
ed on the current applications of LA-ICP-MS in the gemo- 
logical community, specifically in identifying natural ver- 
sus synthetic materials, gem treatments (such as Be diffu- 
sion in corundum), and country of origin for various gem 
species. A poster presentation by Dr. Christopher M. 
Breeding (GIA Research, Carlsbad) described a normaliza- 
tion method for determining the chemical composition of 
plagioclase feldspars using LA-ICP-MS. Results from this 
method were in good agreement (+10%) with electron- 
microprobe data for the same samples. 

Andy H. Shen (andy.shen@gia.edu) 
GIA Research, Carlsbad 


Gemological LA-ICP-MS User Group (GLIUG) workshop 
and meeting. This gathering, the first of its kind in the 
gemological community, was held January 6 at GIA in 
Carlsbad. Organized by researchers from the GIA 
Laboratory, its theme was “Analysis of trace elements in 
corundum using LA-ICP-MS.” 

The workshop featured four invited talks. Dr. John 
Emmett (Crystal Chemistry, Brush Prairie, Washington) 
gave a presentation on accuracy in trace-element analysis, in 
which he showed the effect that a 1 ppm Fe-Ti intervalence 
charge transfer (IVCT) pair can have on the apparent color of 
a blue sapphire. To detect such small variations in Fe or Ti 
concentration, he estimated that a chemical analysis with an 
accuracy of better than 15% is required. Dr. Detlef Giinther 
(ETH Zurich, Switzerland) discussed the fundamentals of 
LA-ICP-MS and the application of ultraviolet femtosecond 
lasers to the analysis of gems. Some concepts that emerged 
were the importance of high precision and the need for a 
sample’s absorption characteristics to be very similar to 
those of the standard. Dr. George Rossman (California 
Institute of Technology, Pasadena, California) discussed vari- 
ous nano-inclusions in gems. The chemical composition of 
nano-minerals can differ significantly from that of their host 
minerals, so a spot analysis such as LA-ICP-MS must 
account for this disparity. Dr. Alan Koenig (U.S. Geological 
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Survey, Denver, Colorado) reported the comparative results 
of ablating gems using 193, 213, and 266 nm laser emissions. 
He noted the superiority of the 193 nm laser in analyzing 
many gem materials. Dr. Koenig also discussed the USGS 
geological material standard program and some comparative 
studies on which GIA and USGS have collaborated. 

Five other talks were given by Dr. Ahmadjan Abduriyim 
(Gemmological Association of All Japan, Tokyo), Pierre 
Lefévre (SSEF Swiss Gemmological Institute, Basel], 
Thanong Lee (Gem and Jewelry Institute of Thailand, 
Bangkok), Dr. Wuyi Wang (GIA Research, New York}, and 
this contributor. Each reported on the current status and 
future plans for LA-ICP-MS in their respective institutions, 
and the last two presenters also covered more specific topics. 
Dr. Wang presented detailed information on the corundum 
standards developed at GIA. This contributor discussed natu- 
ral beryllium-containing inclusions in corundum. From 
these two presentations, many concerns were raised, includ- 
ing the importance of developing and sharing standards, 
comparing results with those obtained from other analytical 
techniques, analyzing gem samples at multiple laboratories, 
and having interested laboratories pursue certification by the 
International Association of Geoanalysts (IAG). 

Andy H. Shen 


First International Pearl Convention. This conference was 
held in Abu Dhabi, United Arab Emirates (UAE), 
November 19-20, 2007. Organized by the Dubai-based 
Pearl Revival Committee to raise the profile of natural 
pearls from the Persian Gulf (referred to locally as the 
“Arabian Gulf”) and to discuss related issues, the confer- 
ence included a seminar dedicated to technical issues and 
a summit focused on production and marketing. 

Kenneth Scarratt (GIA Thailand) described the wide 
variety of mollusks that can produce pearls, whether for 
mass production or expensive collectors’ items. He argued 
that the term pear! should be applied to both nacreous and 
non-nacreous materials, such as conch pearls. He also told 
participants to “keep their minds open” to the theory that 
pearls may nucleate on a grain of sand, and displayed X- 
radiographs of pearls with minuscule shells in their cen- 
ters. Elisabeth Strack (Hamburg, Germany) pointed out 
that natural freshwater pearls come from numerous loca- 
tions, including lesser-known ones such as northwest 
Russia. She also discussed terminology and taxonomy 
issues (e.g., the vast majority of pearl “oysters” are actually 
not classified biologically as oysters). Most saltwater cul- 
tured pearls in the market come from essentially one oys- 
ter genus, Pinctada. Shigeru Akamatsu (Mikimoto & Co., 
Tokyo) reviewed the history of pearl culturing. Among 
other issues, he discussed the present status of the 
Japanese akoya product, which is suffering from “red 
tides” and over-warm water temperatures. There are plans 
to move to a smaller but higher-quality production, most- 
ly by reducing the number of pearl farms and the number 
of shells under cultivation to reduce stress on the animals. 

Nicholas Sturman (Gem & Pearl Testing Laboratory, 
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Figure 33. These natural pearls, shown here on a shell 
from the host oyster Pinctada radiata, were recovered 
from the Persian Gulf. Photo by Nicholas Sturman. 


Bahrain) reviewed pearl testing techniques, saying he 
prefers X-ray luminescence over measuring Mn content to 
separate freshwater from saltwater pearls. He emphasized 
the importance of proper X-radiography and the difficulty 
of identifying keshis. He also reminded the audience that 
production of natural pearls in the Persian Gulf (e.g., figure 
33) is quite small today, with pearl fishing more a hobby 
than a commercial enterprise. For example, only about 4 kg 
were recovered in Kuwait in 2005. Stephen Kennedy (Gem 
Testing Laboratory of Great Britain, London) reviewed 
pearl treatments and their detection, noting that some 
“chocolate” pearls, for example, are created by the bleach- 
ing and subsequent dyeing of gray-to-black pearls. 

These contributors pointed out the importance of 
unsubstituted, short, polyacetylenic molecules (“polyenes”) 
in the coloration of freshwater cultured and many other 
pearls, rather than carotenoids, which are found only in the 
pen-shell pearls of the genus Pinna. Sutas Singbamroong 
(Dubai Gemstone Laboratory, UAE) presented a prelimi- 
nary study of Persian Gulf natural pearls, which grow in a 
variety of shapes and are mainly small, white to “cream” 
colored (with about 2-3% being yellow). The UV lumines- 
cence of the white pearls is typically a strong greenish 
white. The gray pearls contain more organic matter in their 
nacre, and typically have a lower SG (down to 2.0). 

The technical seminar concluded with a panel discus- 
sion on how pearl certification can help the industry. 
Among other issues, the point was made that nacre quality 
is as important as nacre thickness. Lower-quality nacre can 
be recognized by its chalkier appearance, the defects it 
induces around drill holes, and the presence of thicker- 
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Vegetable ivory (corozo nut). 
South America. ‘Typical pat- 
tern’. Cells viewed in interme- 
diate position. 25X 


Vegetable ivory. (doum palm 
nut). Nigeria. 25X 
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Figure 34. These cultured pearls (8.6-9.9 mm in 
diameter) were harvested in 2007 from the Sea of 
Cortez, Mexico. Photo by Douglas McLaurin. 


than-average conchiolin layers just beneath the surface, as 
seen in X-radiographs. 

A number of speakers addressed pearl production dur- 
ing the summit. Daniele Naveau (Robert Wan, Tahiti) dis- 
cussed efforts to reduce the number of Tahitian farms in 
order to increase quality, in particular to insure nacre 
thickness above 0.8 mm. In parallel, there is a need for 
standardization of certification. Enrique Arizmendi (Perlas 
del Mar de Cortez, Guaymas, Mexico) described the histo- 
ry of natural pearl production in Mexico’s Sea of Cortez, 
which ended in 1914. Current efforts with the Pteria ster- 
na have resulted in an annual production of about 3.5 kg of 
multicolored cultured pearls (e.g., figure 34). 

Three presenters addressed the incredible boom in 
Chinese freshwater cultured pearls: Shi Hongyue (Gems and 
Jewellery Trade Association of China}, Dr. Qiu Zhili 
(SunYat-sen University, Guangzhou), and He Naihua 
(China’s World Pearl Association). Production has risen 
from the first 0.61 kg of whitish “rice krispies” from 
Cristaria plicata in 1971 to the current 1,500 tonnes of larg- 
er, often colored cultured pearls from the Hyriopsis genus 
(an increase of more than two million-fold). This large mol- 
lusk has pearl-producing cycles of five-to-six years, with up 
to 70 grafts per animal. Only about 5% of the cultured 
pearls are gem grade, 15% are ground into powder for 
medicinal use, and the rest are incorporated into various 
ornamental objects. Rounds represent less than 10% of the 
production. During the summit, Chinese delegates dis- 
played several round white-to-purple freshwater cultured 
pearls of modest luster but very large size, about 17 mm. 
There is also a small production of saltwater cultured pearls 
from the Pinctada martensii (but the nacre is thin, 0.2-0.6 
mm) and mabe from the Pteria penguin. 

Stephen Arrow (Arrow Pearls, Broome, Western 
Australia) presented the history and current status of large 
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South Sea cultured pearls from Pinctada maxima on 
Australia’s northwest coast. Some of the culturing is per- 
formed on the seabed, not in suspended baskets, with white 
being the targeted color, though the production of “golden” 
colors is around 25%. Good-quality rounds do not exceed 21 
mm diameter and take about six years of cultivation. Sarkis 
Hajjar (Belpearl, Antwerp, Belgium) discussed the culturing 
of pink-to-purple freshwater pearls in Lake Kasumiga, Japan, 
based on the hybrid Hyriopsis cumingi x H. schlegeli. About 
10 kg of such pearls are produced annually, with other culti- 
vation sites currently being sought. 

Both speakers on economics and marketing lamented 
the lack of reliable statistics for pearl jewelry and the indus- 
try. Tawfique Abdullah (Dubai Gold & Jewellery Group) 
lamented the poor communication between producers, 
manufacturers, and retailers, and argued for harmonization 
of standards among the various producing regions. He 
added that the pearl industry spends less than one percent 
of the production value on promotion, in comparison to 
20-40% for other luxury goods. Naheed Anees (ARY 
Academy of Gems & Jewelry, Dubai) pointed out that the 
Gulf Cooperation Council countries represent 9% of the 
world’s jewelry market, and the per capita jewelry con- 
sumption in UAE is about 20 times the world’s average. 
She recommended developing programs to educate con- 
sumers about pearls, in particular about imitations, which 
are still common in the Middle Eastern market. She also 
proposed developing effective marketing techniques to 
show that pearl jewelry is no longer “old-fashioned,” but 
rather can be innovative as well as inexpensive. 

Emmanuel Fritsch 


Stefanos Karampelas 
University of Thessaloniki, Greece 
IMN, University of Nantes, France 


ANNOUNCEMENTS 


New Portuguese-language gemology newsletter. A 
Portuguese language newsletter dedicated to gemology, 
gems, and jewelry was recently launched by LABGEM 
gemological laboratory. Called Portugal Gemas, the 
newsletter will be produced on a quarterly basis and be dis- 
tributed electronically in PDF format. Free subscriptions are 
available at www.labgem.org. 


Association of the Study of Jewelry & Related Arts. This 
new association, launched in January 2008, will promote 
jewelry studies in schools, museums, and institutions of 
higher learning. A quarterly magazine, Adornment, and an 
annual conference are both planned. ASJRA will work for 
the inclusion of jewelry history courses at the college and 
graduate level, and encourage the development of study 
programs for jewelry design students and jewelry history 
students at museums. Visit www.asjra.net. 


CIM Conference and Exhibition. Held May 4-7, in 
Edmonton, Alberta, the 2008 meeting of the Canadian 
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Institute of Mining, Metallurgy and Petroleum will feature 
a session on the geology of diamonds in Canada. Visit 
www.cim.org/edmonton2008. 


INTERTECH 2008. Addressing the latest developments in 
the manufacture and applications of industrial diamond, 
CVD synthetic diamond, and related materials, this con- 
ference will be held May 5-7, 2008, in Orlando, Florida. 
Visit www.intertechconference.com. 


WDC 2008. The 33rd World Diamond Congress will be 
held May 12-15, 2008, in Shanghai, China. Visit 
www.worlddiamondcongress2008.com. 


GAA 62nd Federal Conference. The Gemmological 
Association of Australia will host its 2008 conference on 
May 16-17 in Coober Pedy, South Australia. Visit 
www.gem.org.au/newsf.htm. 


Santa Fe Symposium 2007. This 22nd annual sympo- 
sium on jewelry manufacturing technology will be held 
in Albuquerque, New Mexico, May 18-20. Visit 
www.santafesymposium.org. 


Art2008. Held May 25-30 in Jerusalem, Israel, the 9th 
International Art Conference on Non-destructive 
Investigation and Analysis will focus on items of cultural 
heritage, but will have implications for gem testing. Visit 
www.isas.co.il/art2008. 


Quebec 2008: GAC-MAC-SEG-SGA. Held May 26-28 in 
Quebec City, Canada, this joint conference organized by 
the Geological Association of Canada, Mineralogical 
Association of Canada, Society of Economic Geologists, 
and the Society for Geology Applied to Mineral Deposits 
will include special sessions on “Diamonds: From Mantle 
to Jewellery” and “Challenges to a Genetic Model for 
Pegmatites,” as well as a short course called “Rough 
Diamond Handling.” Visit www.quebec2008.net. 


NDNC-2008. The growth, processing, characterization, 
properties, and applications of diamond and related materi- 
als will be covered at the 2nd International Conference on 
New Diamond and Nano Carbon, held May 26-29 in 
Taipei, Taiwan. Visit http://diamond.iams.sinica.edu.tw/ 
NDNC2008. 


Maine Pegmatite Workshop. This short course reviewing 
current information and theories about pegmatite paragen- 
esis, mineralogy, and petrology will be held May 31 to June 
6, 2008, in Poland, Maine. Visit http://homepage.mac.com/ 
rasprague/PegShop. 


SEG-GSSA2008: Africa Uncovered—Mineral Resources for 


the Future. Diamond presentations will be covered at this 
conference, hosted by the Society of Economic Geologists 
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and the Geological Society of South Africa, in Muldersdrift, 
South Africa, on July 6-9. Visit www.seg-gssa2008.org. 


Goldschmidt 2008. Held July 13-18 in Vancouver, British 
Columbia, Canada, this geochemistry conference will 
include a session titled “Fluids Associated with Diamond 
Formation.” Short courses will include “Laser-Ablation- 
ICPMS in the Earth Sciences: Current Practices and 
Outstanding Issues” and “A Hands-On Introductory Tour 
of Kimberlites.” Visit www.goldschmidt2008.org. 


IGC 2008. Held in Oslo, Norway, on August 5-14, the 
33rd International Geological Congress will include ses- 
sions with possible applications to gemology: mineral 
spectroscopy; metallogeny and mineral potential of 
Russia, Belarus and Ukraine; geology of Africa; and devel- 
opment strategies for the mining sectors of African coun- 
tries. Visit www.33igc.org. 


9th International Kimberlite Conference. Held August 
10-15 in Frankfurt, Germany, this conference will bring 
together the academic and diamond exploration commu- 
nities to exchange information on kimberlites and related 
rocks. Visit www.9ikc.com. 


TUCr2008. Crystal growth, characterization, and analytical 
techniques will be covered at the 21st Congress of the 
International Union of Crystallography, held in Osaka, 
Japan, August 23-31. Visit www.congre.co.jp/iucr2008. 


6th International Conference on Mineralogy and Museums. 
Held September 7-9, at the Colorado School of Mines, 
Golden, Colorado, conference themes are the relationships 
between museums and research, collection management, 
and society. Gems will form a significant part of the pro- 
gram, and pre- and post-conference field trips are being 
planned to kimberlite and pegmatite sites in Colorado. Visit 
www.inines.edu/outreach/cont_ed/ICMM6. 


Diamond 2008. The 19th European Conference on 
Diamond, Diamond-like Materials, Carbon Nano- 
tubes, and Nitrides will be held in Sitges, Spain, 
September 7-11. Presentations will be given on the 
growth, processing, and characterization of diamond. 
Visit www.diamond-conference.elsevier.com. 


Rapaport International Diamond Conference. This confer- 
ence will take place September 8, 2008, at the Waldorf 
Astoria Hotel, New York. Topics will include diamond 
finance, rough supply, manufacturing, commoditization, 
and fair trade jewelry. E-mail IDC@diamonds.net. 


Exhibits 


Exhibits at the GIA Museum. From May 21 through 
December 2008, “Facets of GIA” will explain the various 
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gemological services that GIA provides, including diamond 
grading, gem identification, education, and public outreach. 
As part of this exhibit, the Aurora Butterfly of Peace—a dis- 
play comprised of 240 natural fancy-colored diamonds—will 
be featured through July 2008, courtesy of Alan Bronstein. 
Also currently on display in the Rosy Blue Student 
Commons are photo essays by Robert Weldon, manager of 
photography and visual communications at the GIA 
Library, and Gems # Gemology editor Brendan Laurs, 
depicting emerald mines in Colombia and the Paraiba-type 
tourmaline deposit in Mozambique, respectively (for more 
on the latter, see the article on pp. 4-30 of this issue). 
Advance reservations are required; to schedule a tour, call 
760-603-4116 or e-mail museum @gia.edu. 


Diamond Divas. On display at the Diamond Museum 
Province of Antwerp until June 8, 2008, this exhibit high- 
lights diamond jewelry worn by royalty and celebrities 
from the past and present. Included will be pieces worn 
by Empress Josephine, Doris Duke, and Sophia Loren, 
among others, as well as the rarely seen Moon of Baroda 
diamond, worn by actress Marilyn Monroe during her 
iconic scene in the movie “Gentlemen Prefer Blondes.” 
Visit www.diamonddivas.be. 


Gems! Colors of Light and Stone at the Bowers Museum. 
The Michael Scott collection has returned to the Bowers 
Museum in Santa Ana, California, with an expanded dis- 
play of rare colored stones, carvings, and sculptures. The 
exhibit will run until June 16, 2008. Visit www.bowers.org. 


The Aurora Collection at The Vault. “The Vault,” a new 
permanent collection of rare gemstones and mineral speci- 
mens, is now open at the Natural History Museum in 
London. Headlining the initial exhibit is the Aurora 
Collection, currently comprising 296 naturally colored dia- 
monds (267.45 carats total weight) assembled by diamond 
collectors Alan Bronstein and Harry Rodman. Also on dis- 
play is the 47.69 ct Star of Africa, which helped launch the 
1869 diamond rush in South Africa, and the 1,385.95 ct 
Devonshire emerald crystal. Visit www.nhm.ac.uk/galleries. 


Gold: Visions of the Americas. Beginning May 14, 2008, at 
the Musée de la Civilisation in Quebec City, Quebec, this 
exhibition will review the importance of gold to the cul- 
tures of North and South America, both ancient and mod- 
ern. The 250 items on display will include gold objects and 
mineral specimens, as well as paintings, sculptures, and 
ethnographic objects. Visit www.mcq.org. 


IN MEMORIAM 
GRAHAME BROWN (1936-2008) 


Grahame Brown, distinguished gemologist and longtime 
editor of The Australian Gemmologist, passed away 
January 15, 2008, after a battle with cancer. He was 71. 

Although Dr. Brown was a practicing dentist until 
the end of his life, gemology became a fit- 
ting outlet for his remarkable intellect and 
energy. At the encouragement of a den- 
tistry colleague in Brisbane, he began tak- 
ing the Gemmological Association of 
Australia (GAA) diploma courses in 1973. 
The following year, Dr. Brown was award- 
ed the association’s diploma with distinc- 
tion, an accomplishment he repeated with 
the Gemmological Association of Great 
Britain in 1975. Numerous other diplomas 
and professional affiliations would follow. 

Dr. Brown began teaching for the GAA in Queensland 
in 1975. Over the next two decades, he held a series of 
leadership roles within the association, serving as its presi- 
dent from 1989 to 1993. The GAA named him an hon- 
orary life member in 1990. Meanwhile, Dr. Brown was 
contributing influential articles to the association’s quar- 
terly journal, The Australian Gemmologist, for which he 
served as editor from 1994 until his death. (Grant Pearson 
has been named the journal’s new editor.) 
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In addition to operating his own gem identification 
and appraisal consultancy and teaching for the GAA, 
Dr. Brown taught gem identification at the University of 
Queensland from 1989 to 1992. He frequently lectured 
at conferences worldwide, including 
GIA’s Second International Gemological 
Symposium in 1991. He was elected to the 
International Gemmological Conference 
(IGC) in 1995 and served as Australia’s 
delegate to the CIBJO Congress in 2002 
and 2004. 

Dr. Brown was a prolific author, 
publishing more than 500 gemological 
papers. His Summer 1991 Gems & 
Gemology article on treated Andamooka 
matrix opal remains the definitive work 
on the subject. He was a contributing editor to the fifth 
edition of Robert Webster’s Gems: Their Sources, 
Descriptions and Identification in 1994. From 2001 
until his death, Dr. Brown was also editor of The NCJV 
Valuer, a gem and jewelry appraisal magazine. 

Grahame Brown is survived by his wife, Helen, 
their three children, and six grandchildren. He will be 
missed by his many friends and colleagues throughout 
the world. 
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Take the 


THE FOLLOWING 25 

QUESTIONS are based on 
information from the Spring, 
Summer, Fall, and Winter 2007 
issues of GEMS & GEMOLOGY. 
Refer to the feature articles, 
“Notes and New Techniques,” 
and “Rapid Communications” 
in those issues to find the single 
best answer for each question. 


All answers can be found in the 2007 issues— 

no further research is necessary. Mark your choice on the response card 
provided in this issue. (Sorry, no photocopies, scans, or facsimiles will be 
accepted; go to www.gia.edu/gemsandgemology to purchase additional 
copies of this issue.) Mail the card so that we receive it no later than 
Monday, August 4, 2008. All entries will be acknowledged with a letter and 
an answer key after the due date, so please remember to include your name 
and address (and write clearly!). 


Score 75% or better, and you will receive a GIA CONTINUING EDUCATION 
CERTIFICATE, and if you are a member of the GIA Alumni Association, you will 
earn 10 Carat Points. (Be sure to include your GIA Alumni membership number 
on your answer card and submit your Carat card for credit.) Earn a perfect score, 
and your name also will be listed in the Fall 2008 issue of Gems & GEMOLOGY. 
Good luck! 


1. In the mid-1990s, Japanese care, the most durable type of 
pearl farmers faced their first emerald-filling substances are 
significant competition in lower A. soft fillers. 
price ranges from pearls pro- B. semi-hard fillers. 
duced in C. surface-hardened fillers. 

A. Australia. D. cedarwood oils. 

B. China. 

C. French Polynesia. 3. Although they are typically asso- 

D. the Philippines. ciated with synthetic 
gem materials, nail-head 

2. Testing suggests that, under spicules (and similar-appearing 
normal conditions of wear and inclusions) should not be consid- 


GEMS & GEMOLOGY CHALLENGE GEMS & GEMOLOGY 


ered conclusive proof of synthet- 
ic origin. 
A. chemical vapor deposition— 
grown 
B. flame-fusion 
C. flux-grown 
D. hydrothermally grown 


. The structures of the most com- 


mon ornamental corals typically 
consist of a ribbed or striated 
pattern and a(n) 
A. cross-hatch pattern. 
B. octahedral growth pattern. 
C. lamellar twinning structure. 
D. concentric, scalloped structure. 


. The vivid yellow tourmaline from 


the Canary mining area of east- 
ern Zambia is notable for its 
high manganese and low 

A. fluoride. 

B. iron. 

C. sodium. 

D. copper. 


. Spectroscopic evidence has 


shown that___—-related 
defects can cause a green com- 
ponent in a diamond's bodycolor. 

A. magnesium 

B. nickel 

C. nitrogen 

D. oxygen 


. Whereas early CVD synthetic 


diamonds from Apollo Diamond 
Inc. displayed a weak 
fluorescence to UV radiation that 
was considered a strong indica- 
tor of CVD synthesis, the compa- 
ny’s newer products do not. 

A. blue 

B. green 

C. orange 

D. yellow 


. According to data for diamond- 


producing countries from 2001 
through 2005, Russia ranks first 
in carat weight and 

ranks first in value. 


A. Australia 

B. Botswana 
C. Canada 

D. South Africa 


. Most Canary tourmaline is heat 


treated to to pro- 
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duce the characteristic bright 
yellow coloration. 

A. 400-450°C 

B. 450-500°C 

G7 500=5502¢€ 

Di 550-6002E 


Coated diamonds are not issued 
GIA Laboratory quality grading 
reports because 
A. their proportions may yield 
an inconsistent cut grade. 
B. it is difficult to view inclu- 
sions through the coating. 
C. after coatings are applied, 
inclusions in a diamond 
become unstable. 
D. coatings consist of a foreign 
material applied to the sur- 
face and may be unstable. 


In a study of colored diamonds, 
the CCD spectrometer, when 
compared with the spectrofluo- 
rometer, showed a 


A. higher resolution and faster 
collection time. 

B. lower resolution and slower 
collection time. 

C. higher resolution and slower 
collection time. 

D. lower resolution and faster 
collection time. 


Examination of the Napoleon 
Necklace with spec- 
troscopy revealed that 13 of its 
52 diamonds are the relatively 
rare type Ila. 


A. fluorescence 
B. infrared 
Cc. Raman 
D. UV-Vis 


The trapiche pattern in some 
green tourmalines from north- 
western Zambia is formed by a 
black carbonaceous substance, 
mostly 


A. charcoal. 

B. graphite. 

C. limestone. 
D. shale. 


The coin-bead/spherical-bead 


(CBSB) nucleation technique 
being used by Chinese fresh- 
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water pearl farmers entails a 
total pearl-growth period of 
A. one or two years. 
B. two or three years. 
C. three or four years. 
D. four or five years. 


In testing of emerald fillers, the 
most catastrophic damage to 
individual stones was caused by 
exposure to 


A. chill-thaw cycles. 
B. desiccation. 

C. mild heat and light. 
D. sunlight. 


dominated world diamond 
production from 1750 to 1870, 
followed by from 1870 to 
1932. 


A. Brazil/South Africa 

B. India/Russia 

C. Indonesia/South West Africa 
D. South Africa/Australia 


The yellowish green color of 
diopside and tremolite from 
Merelani, Tanzania, appears to 
be related to the presence of 
trace amounts of vanadium and 


A. chromium. 
B. iron. 

C. manganese. 
D. zinc. 


Which of the following can con- 
clusively and nondestructively 
identify the origin of color in 
pink-to-red coral? 

A. Microscopy 

B. Raman analysis 

C. Specific gravity testing 

D. UV-Vis-NIR reflectance 

spectroscopy 


The most valuable color of 
“Paraiba” tourmaline, represent- 
ing some 20% of the production 
from the new Glorious mine in 
Brazil, is 

A. blue. 

B. green-blue. 

C. green. 

D. violet. 


Norland Optical Adhesive, a col- 
orless liquid polymer sometimes 
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used to fill turquoise, is cured 
with 

A. epoxy. 

B. heat. 

C. laser treatment. 

D. UV radiation. 


Pearl retailing has undergone a 
revolution in recent years, fueled 
by 

A. contemporary jewelry 
designs in a wide variety of 
styles and prices. 

B. the availability of pearls in a 
variety of colors, shapes, 
and sizes. 

C. a stable supply of high- 
quality pearls. 

D. all of the above. 


Internal graining and strong 

are important features 
observed in CVD-grown synthetic 
diamonds from Apollo Diamond 
Inc. 
. birefringence 
. low-order interference colors 
. Magnetism 
. twinning 


UOWDs 


On Serenity coated diamonds, 
the coatings are found 

A. on the girdle. 

B. on the crown. 

C. on the pavilion. 

D. over the entire diamond. 


The natural pink diamonds exam- 
ined by fluorescence spectroscopy 
showed fluorescence 
spectra. 


A. category 1 (generally blue) 

B. category 2 (generally green) 

C. category 3 (generally yellow) 

D. other (generally pink to 
orange) 


The “fixed-star” pattern in 
trapiche tourmaline from Zambia, 
like that of trapiche emeralds and 
rubies, originates from 

A. skeletal growth. 

B. pseudomorphism. 

C. rotational twinning. 

D. variable exsolution of 

inclusions. 
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REVIEWS 


EDITORS 

Susan B. Johnson 

Jana E. Miyahira-Smith 
Thomas W. Overton 


Rings: Jewelry of Power, 
Love and Loyalty 


By Diana Scarisbrick, 384 pp., illus., 
publ. by Thames &# Hudson Ltd. 
[www.thamesandhudsonusa.com], 
London, 2007. US$50.00 


In the course of her rich career, jewel- 
ry historian Diana Scarisbrick has 
written about a variety of arcane, rar- 
efied topics ranging from tiaras and 
cameo carvings to Tudor and Jacobean 
jewelry. In Rings, she indulges her spe- 
cial interest in some of the smallest 
yet most potent jewelry objects. The 
result is a scholarly tour de force told 
by tiny survivors that memorialize 
mankind’s artistic sensibilities and 
technological advances as much as 
our beliefs and dreams. 

By organizing her book by theme 
before chronology, Scarisbrick demon- 
strates how rings embody the spirit of 
the age in which they were created. 
She examines eight different themes: 
rings as signets; love, marriage, and 
friendship rings; devotional, apotropa- 
ic (to “ward off evil”), and ecclesiasti- 
cal rings; memento mori and memori- 
al rings; rings associated with illustri- 
ous people and great events; decora- 
tive rings, the diamond ring; and the 
ring as accessory. 

The core source for the book’s 
483 illustrations, most of which are 
in color, is the Benjamin Zucker 
Family Collection, supplemented by 
examples from museums and other 
collections, both private and public. 
Insightful legends that underscore 
significant or archetypal features 
accompany tidy photographs and 
illustrations. 
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The content is rich in anecdote, 
historical footnotes, and quotations. 
Scarisbrick leaves no illustrative 
source unturned, embellishing the 
academic tone with portraits and oil 
paintings, engravings, woodcuts, old 
catalogues, ancient writings, inscrip- 
tions, drawings, publicity materials, 
and early photographs. Beyond famil- 
iar sources such as Pliny’s Natural 
History, the author cites literature 
from Greco-Roman classicism to pub- 
lications of bygone eras that presage 
the modern age, sampling Lord 
Byron’s letters to Ladies’ Monthly 
Museum at the turn of the 18th centu- 
ry and news from The Tatler a century 
later. The scholarly treatise is further 
supported by source notes for illustra- 
tions and text, a bibliography, and an 
excellent index. 

The book ends with its shortest 
and least expansive chapter, devoted to 
rings as accessories, which primarily 
focuses on calendar and watch rings, as 
well as “poison rings” used to hide 
lethal substances. 

While the book is not suited to 
casual reading, its thematic organiza- 
tion makes it a valuable resource for 
those seeking specific insight into 
design invention or reinvention and 
jewelry as a reflection of its time. The 
book deserves recognition beyond its 
must-have status as a definitive refer- 
ence for jewelry historians, curators, 
and designers, to include all those 
interested in examining civilization 
through the looking glass of our most 
personal jewels—rings. 

MATILDE PARENTE 
Libertine 
Indian Wells, California 
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The Emerald Book 


By Yogi Durlabhji, Shyamala 
Fernandes, and Ruchi Durlabhji, 
Eds., 143 pp., illus., publ. on behalf 
of the Jaipur Jewellery Show 
[info@jaipurjewelleryshow.org], 
Jaipur, India, 2007. Free [limited 
distribution] 


The Emerald Book was created to 
provide insight into the world of 
emeralds and the emerald industry, 
and to highlight Jaipur as a trading 
center. As a promotional book pub- 
lished in conjunction with the 2006 
Jaipur Jewellery Show, it has a pol- 
ished, professional look: The layout is 
attractive, and it is lavishly illustrated 
and printed on high-quality glossy 
paper. 

However, the text is organized in a 
way that makes it difficult, at first 
glance, to grasp the general content. 
There is no table of contents, and the 
book starts immediately with the 
chapter “Romance and Rhapsody,” 
describing the earliest sources of emer- 
ald and showing historic pieces of 
emerald jewelry. It reviews the discov- 
ery of Colombian emeralds and their 
effect on the world market, especially 
on Indian royalty. Also shown are 
examples of emerald carvings through- 
out history, and important emeralds 
and impressive pieces of jewelry (some 
with Indian designs), many of which 
are now owned by royal European fam- 
ilies or held in museums throughout 
the world. 

Two brief sections cover beliefs in 
the magical power of emerald, espe- 
cially within ancient Indian philoso- 
phies. The next section describes the 
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history and evolution of the emerald 
trade in Jaipur. It gives the reader a 
good understanding of how Jaipur 
built its position as an emerald center, 
and how its sources of supply changed 
over the years, with Zambia now the 
only important one. A very concise 
overview of the most important com- 
mercial emerald mines reveals some 
interesting facts about the current 
mining situation. However, a section 
about “The Great Jewellers” seems a 
bit out of place. Although much atten- 
tion is paid to their general impact on 
the jewelry trade, only one example is 
given of how a jeweler was inspired to 
use emeralds in a piece of jewelry. In 
my opinion, more in-depth informa- 
tion about this jeweler’s thought pro- 
cess would have made this section 
more interesting and appropriate. 
There is little geology or gemology 
in this book. As a result, a discussion 
about the term red emerald seems sud- 
den and out of place, since the reader 
must have a thorough understanding of 
beryl gemology to be able to follow it. 
For all those who love emeralds 
and jewelry, though, this book gives an 
interesting and honest insider’s look 
into the emerald trade. The authors 
express great pride in the profession 
and in Jaipur’s status within the indus- 
try, but they also mention smuggling, 
robberies, violence at emerald sources, 
and concerns about the many museum 
pieces that are meant to be shown to 
the public, but all too often remain 
locked away in vaults. 
HANCO ZWAAN 
Netherlands Gemmological Laboratory 
National Museum of Natural 
History Naturalis 
Leiden, The Netherlands 


Jewelry Savvy: What Every 
Jewelry Wearer Should Know 
By Cynthia A. Sliwa and Caroline 
Stanley, 224 pp., illus., publ. by 
Jewels on Jewels, Los Angeles, 


[www.jewelrysavvybook.com|], 
2007. US$19.99 


At some point, every jeweler experi- 
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ences the dilemma of a customer who 
returns an item but cannot be specific 
about the reason, except to say, “It 
just didn’t look right.” You try to save 
the sale or come up with an alterna- 
tive, but in the end both of you walk 
away shaking your heads. 

When faced with this scenario, 
you have to know that it is not the 
customer, and it is not the price 
points; it is the jewelry—the wrong 
type of jewelry for the body type, per- 
sonality, and style of the wearer. The 
art of adornment is very nuanced, and 
Jewelry Savvy is a perfect book for 
both sides of the counter—a self-help 
book for the consumer and a market- 
ing book for jewelers. 

The authors are a singular collabo- 
ration of style consultant and fourth- 
generation jeweler, with decades of 
experience between them, who bring 
practical advice to the choosing and 
wearing of jewelry. Each chapter starts 
with a clever quote while addressing 
the anatomy of choosing the right 
jewel. Helpful shadow boxes of “Savvy 
Tips” further drive home the points of 
the chapter. 

The emphasis is on the wearer, 
with in-depth discussion of physical 
features, personality, face shapes, and 
specific body types—in other words, 
the signature style of the purchaser. 
The authors encourage jewelers to 
experiment with color, texture, neck- 
lace length, placement, and combina- 
tions of pieces. 

The primer on metals, diamonds, 
and gemstones is presented in a con- 
versational, jargon-free tone. Helpful 
charts that sort gemstones by color, 
birthstone, anniversaries, and safety 
in the ultrasonic cleaner, as well as 
useful terminologies, are liberally 
sprinkled throughout the book. 
Further information on cleaning and 
storage, as well as traveling with jew- 
elry and gemstones, is also included. 
The section on which jewelry items 
should be stored in a soft pouch and 
which ones need to be stored in a 
plastic bag is a good one to review 
with your clients. 

Considering all this, the “Jewelers 
and Appraisals” chapter is something 
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of a disappointment. The appraisal 
document example is not within 
industry standards, and may give a 
false impression of completeness. In 
addition, the resources chapter does 
not list any of the major appraisal 
organizations. The lack of an index is 
also frustrating when you try to go 
back to review a topic. However, the 
overall appeal to consumers is 
achieved by clear, uncomplicated text, 
making this book a success. 
GAIL BRETT LEVINE, GG 
National Association of 
Jewelry Appraisers 
Rego Park, New York 


In Gold We Trust: Social 
Capital and Economic Change 
in the Italian Jewelry Towns 


By Dario Gaggio, 352 pp., publ. by 
Princeton University Press 
[press.princeton.edu], Princeton, NJ, 
2007. US$39.50 


By the 1960s, despite their relatively 
small size and spotty-to-nonexistent 
goldmaking traditions, the small 
towns of Arezzo, Valenza Po, and 
Vicenza had come to dominate the 
Italian gold industry. Each town did it 
its own way, with Tuscany’s Arezzo 
eventually identified with global 
reach and stylized manufacturing, 
Piedmont’s Valenza Po with crafts- 
manship and artisanal flair, and the 
Veneto’s Vicenza with industrialized 
mass production. 

The way each town rapidly trans- 
formed into its ultimate brand-incar- 
nation in the gold and jewelry world is 
the subject of Dario Gaggio’s In Gold 
We Trust. In his rigorous academic 
and socio-scientific treatise, the 
University of Michigan assistant pro- 
fessor of history explores each town’s 
unique socio-cultural and economic 
factors and how they intertwined with 
politics, demography, tradition, and 
trust, among other factors, to spawn 
the specialized entrepreneurship and 
small-scale industrialization now rec- 
ognized as synonymous with quality 
and style. 


SPRING 2008 


Gaggio also examines the decline 
of Providence, Rhode Island, a city 
once at the core of America’s industri- 
al revolution. With varying success, 
the author draws parallels and con- 
trasts between the operative dynamics 
of Providence and that of the Italian 
towns to examine how and why 
Providence’s jewelry industry eventu- 
ally lost touch with American moder- 
nity. One might also theorize a miss- 
ing link that emerged in one persona 
or another in the Italian towns—fire- 
brand, visionary, or dominant leaders 
capable of galvanizing industry and the 
workforce to better adapt to the soci- 
etal, labor and demographic challenges 
of the times, as well as emerging com- 
petitors. It wasn’t always pretty. 

This is a high-concept book that 
cites the writings and polemics of his- 
torians, sociologists, political scien- 
tists, and philosophers. It is not a 
book for casual jewelry buffs or 
romanticist Italophiles. Rather than 
engage in simplistic arguments about 
northern Italian prosperity and the 
corruption and backwardness of the 
south, the author presents meticu- 
lously researched and footnoted argu- 
ments in a specialized and often- 
arcane academic style more suited to 
an audience of serious historians and 
cultural anthropologists. Business 
school students and their professors, 
as well as motivated and patient read- 
ers interested in Italian culture and its 
rich jewelry history, may also strike 
gold. 


MATILDE PARENTE 


Safety Solutions 


63 pp., illus. with DVD, publ. by MJSA 
Press [www.mijsa.org/info_press.php], 
Providence, RI, 2007. $49.95 ($29.95 
for DVD alone) 


In an increasingly fast-paced world 
where any assumptions as to a per- 
son’s understanding of his or her trade 
are as reliable as winning a late-night 
game of poker, Safety Solutions is a 
resource no business can afford to do 
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without. One might call it the North 
American reference manual on how 
to set up a jewelry manufacturing 
operation that minimizes hazards to 
employees and property, while main- 
taining efficiency and profitability. 

There are two parts: a 56-page 
booklet and a 20-minute presentation 
on DVD, both tightly structured and 
complementing one another. 

Besides addressing regulations 
pertaining to fire safety, building 
codes, and hazardous materials, the 
first section specifically introduces 
California Proposition 65 (intended 
to keep toxic substances out of con- 
sumer products) and national lead 
poisoning legislation. Although the 
information is useful, this reviewer 
would like to have also seen a recom- 
mendation that fire alarms and 
smoke detectors be integrated with 
security systems, and that fire extin- 
guishers be placed near exits. 

The next section discusses the 
workplace programs for hazard 
communication. It revolves around 
material safety data sheets (MSDS) as 
well as injury and illness prevention. 
Section three is a selection of excerpts 
from Charles Lewton-Brain’s Jewelry 
Workshop Safety Report (Brain Press 
Ltd., Calgary, Alberta, Canada, 1998 
[www.brainpress.com]}, which address- 
es safe practices in the studio. It takes 
a closer look at the numerous aspects 
of safety at the bench and in the cast- 
ing room, and how to deal with chemi- 
cals and chemical inventories. Safety 
checklists and safety resources are the 
topics of sections four and five, respec- 
tively. 

The DVD presentation shares the 
same objective and covers the topics 
with comparable emphasis. The order 
in which topics are presented, howev- 
er, has been somewhat adapted to the 
medium. 

While most of the information 
covered in both the publication and 
the DVD might be shrugged off as 
common sense, the authors of Safety 
Solutions have kept the content as 
comprehensive as possible. But make 
no mistake: The focus is on the pre- 
ventive aspect of safety, with little 
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about response. You will not find first 
aid mentioned anywhere in the entire 
publication. “Is a spill kit available?” 
or “Is there a procedure in place for 
dealing with serious injuries that 
require medical treatment outside the 
facility?” are as specific as it gets on 
the subject of response. 

Although an ounce of prevention 
certainly is worth more than a pound 
of cure, response issues should not be 
neglected. Thus, purchasers of this 
work will certainly want to ensure 
that all emergency numbers remain 
posted on all their telecom devices. 

ROBERT ACKERMAN, GG 

Gemological Institute of America 

Carlsbad, California 


OTHER BOOKS RECEIVED 


Diamonds Are Waiting for You. By 
James R. Holland, 63 pp., illus., publ. 
by A Bit of Boston Books [www. bitof- 
boston.com], Boston, MA, 2007, 
$12.00. This brief booklet describes 
the author’s trip with his family to the 
Crater of Diamonds State Park in 
Murfreesboro, Arkansas. The history 
of the park and its current status as a 
public diamond area are reviewed. 
Also included are tips for would-be 
diamond diggers. Note that the author 
incorrectly refers to the site’s lam- 
proite deposits as kimberlite. 


TWO 


Late Antique and Early Christian 
Gems. By Jeffery Spier, 221 pp. with 
154 black-and-white plates, publ. by 
Reichert Verlag, Wiesbaden, Ger- 
many, 2007, $297.00. This work 
reviews the history and known 
examples of carved gems (primarily 
rings and cameos) from the second 
through the seventh centuries AD, 
which are far rarer than examples 
from periods before the decline of the 
Roman Empire. More than 1,000 
gems from different collections are 
discussed according to genre, theme, 
material, and place or time of pro- 
duction. 


TWO 
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COLORED STONES AND 
ORGANIC MATERIALS 


On the tusks of a dilemma. C. Furness, Geographical, November 
2006, pp. 47-57. 

After ivory poaching brought elephant populations to critically 
low levels in the 1980s, a worldwide ban on ivory trading in 
1990 appeared to address the problem in the eyes of the indus- 
try and general public. However, the ivory trade has experi- 
enced a renewal in the 21st century, and the means by which 
different countries handle their elephant populations remains 
controversial and complex. 

The 1990 ban helped in two ways: All ivory crossing a bor- 
der was known to be illegal, and more importantly, the price 
of ivory collapsed to the point that poaching was no longer 
economically viable. Yet by the mid-1990s, wildlife authori- 
ties were reporting increased discoveries of poached elephants, 
and customs officials were noting higher levels of ivory 
seizures. The rise of a newly affluent middle class in China, 
long a traditional market for ivory, is thought to be one of the 
factors, though the consumption of ivory now appears to be 
higher in Africa—where it is openly sold in many areas, espe- 
cially Central Africa—than it is in Asia. 

Many conservationists were dismayed when the 
Convention on International Trade in Endangered Species 
(CITES) voted in 1997 to transfer elephant populations in 
Botswana, Namibia, and Zimbabwe from Appendix I (the most 
endangered category, with no trade permitted) to Appendix II 
(which allows regulated sales), and they blame this action for 
encouraging new ivory poaching. Many felt this sent a signal 
that it was okay to purchase ivory again. [Abstractor’s note: In 
February 2008, the South African government also voted to 
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transfer their elephants to Appendix II.| Sales of seized 
ivory stockpiles have also raised concerns, though in 
October 2006, CITES voted to freeze exports of such ivory 
from Botswana, Namibia, and South Africa. 

Since 2001, worldwide seizures have totaled more 
than 64 tonnes of raw and worked ivory. For just the peri- 
od from mid-2005 through 2006, 17 tonnes of ivory were 
confiscated, a figure that represents 2,750 elephants. 
However, recent research shows that markets in 25 
African and Asian nations may be selling as much as 83 
tonnes annually—the equivalent of more than 12,000 ele- 
phants—valued at more than US$8 million. JEC 


DIAMONDS 


Broad-band luminescence in natural brown type Ia dia- 
mond. F. De Weerdt [fdw@euphonynet.be] and A. T. 
Collins, Diamond and Related Materials, Vol. 16, 
No. 3, 2007, pp. 512-516. 

The color of type Ia brown diamonds is thought to be due 

to plastic deformation, since internal strain patterns can be 

clearly seen with crossed polarizing filters. The visible 
spectra of these diamonds display absorption that increas- 
es significantly below about 550 nm. When illuminated 

with light from a 514 nm laser, they typically exhibit a 

broad region of luminescence, composed of two sub-bands, 

centered at about 710 nm (~1.75 eV). Its occurrence only in 
the spectra of diamonds containing B-aggregate nitrogen 
suggests that this feature results from optical transitions at 
defects that involve this form of nitrogen, perhaps in com- 
bination with an intrinsic impurity (a vacancy or intersti- 
tial carbon atom) or a structural defect. This broad-band 
luminescence is absent in type Ila and IaA diamonds. 

JES 


The SEM and CCL-SEM study of graphitic inclusions in 
natural brown diamonds. A. S. Bidny [bidny@mail.rul, 
O. V. Kononov, A. G. Veresov, and P. V. Ivannikov, 
Australian Gemmologist, Vol. 23, No. 3, 2007, pp. 
126-130. 
The brown color of some diamonds is believed to be relat- 
ed to vacancy clusters lying on {111} planes or to graphitic 
microinclusions that are their evolutionary products. The 
existence of graphitic inclusions in brown diamonds has 
been confirmed by the use of transmission electron 
microscopy and is confirmed further here by the use of 
scanning electron microscopy and color cathodolumines- 
cence scanning electron microscopy to obtain data on the 
shape, size, and other characteristics of the graphitic inclu- 
sions. They are hexagonal lamellar crystals up to 2 pm in 
size and show recrystallized surface micro-relief,; they 
occur at the corners between the borders of subindividuals. 
Graphitic, 1-2, um thick plates measuring 10 um are found 
lying parallel to the octahedral diamond faces. 
RAH 
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A conceptual model for kimberlite emplacement by soli- 
tary interfacial mega-waves on the core mantle 
boundary. B. L. Sim [sim@science.uottawa.ca] and 
F. P. Agterberg, Journal of Geodynamics, Vol. 41, 
2006, pp. 451-461. 

The authors hypothesize a “mega-wave” model to explain 
the formation and transportation of core-derived (proto-) 
kimberlite melts from the earth’s core to the surface. The 
gravitational forces of the sun and moon, together with 
accelerated rotation of an inhomogeneous core, caused tur- 
bulence in the outer, liquid core. This turbulence triggered 
lower-density ferrosilicate melts to move out as turbulent 
jets into the higher-density mantle. Factors such as 
reduced viscosity at the base of the mantle, irregularities 
along the core-mantle boundary, and mantle rotation rela- 
tive to the core (faster than the liquid core and slower than 
the solid core) provided necessary forces to form extreme 
amplitude waves or random nonlinear mega-waves. These 
waves transported (proto-) kimberlite melts with high 
velocity (~300 m/s) as they approached the surface. The 
powerful impact of mega-waves at the base of the litho- 
sphere resulted in an upside-down fracture cone of exten- 
sional structures (kimberlite pipe complexes) sitting on 
top of the mega-wave’s apex. An exploration model is pro- 
posed for a subduction zone (modern or ancient) that is 
capable of subducting Archean crust and is also associated 
with extensional fault complexes. 

Future research for this hypothesis may include accu- 
rate monitoring of the core-mantle and mantle-crust 
boundaries, ultra-deep drilling below the kimberlite root 
zone to look for evidence of the frozen mega-wave, map- 
ping the movement of isolated ferrosilicate melts, and 
studying fluid dynamics to understand wave mechanics. 

KSM 


Diamonds and their mineral inclusions from the A154 
South pipe, Diavik diamond mine, Northwest 
Territories, Canada. C. L. Donnelly [carad@ 
ualberta.ca], T. Stachel, S. Creighton, K. Muehlen- 
bachs, and S. Whiteford, Lithos, Vol. 98, No. 1/4, 
2007, pp. 160-176. 

A study of mineral inclusions in 100 diamond crystals 

from the A154 South kimberlite at the Diavik mine was 

undertaken to determine the nature of the diamond 
source rocks and the conditions of their formation and 
storage in the mantle. This mine is known for its produc- 
tion of high-quality colorless octahedral diamond crystals. 
The majority of the diamonds (83%) originated from peri- 
dotitic sources in the mantle, while some (12%) were 
from eclogitic sources, and the others were of undeter- 
mined parageneses. Garnet inclusions were slightly 
enriched in Ca, and olivine inclusions were slightly 
depleted in Mg, compared to corresponding inclusions in 
diamonds from southern Africa. The diamonds had car- 
bon isotope compositions similar to those for diamonds 
from other worldwide sources. Nitrogen concentrations 
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varied from below detection limits (<10 ppm) to 3800 
ppm, and the nitrogen aggregation states ranged from 
poorly (type IaA) to fully aggregated (type IaB). Some dia- 
monds displayed evidence of plastic deformation. These 
data suggest that the diamonds formed at temperatures 
around 1200°C, and then resided at relatively shallow 
depths in the mantle for an extended period at fairly low 
temperatures (<1100°C) so as to limit the extent of nitro- 
gen aggregation. JES 


Diamonds in Western Australia. P. J. Downes and A. W. R. 
Bevan, Rocks & Minerals, Vol. 82, No. 1, 2007, 
pp. 66-73. 
The authors, both curators at the Western Australian 
Museum in Perth, present a straightforward overview of 
Australia’s main diamond-producing region. The first 
recorded diamond discovery was in 1895 at Nullagine. 
Exploration in Australia began in the 1930s and ’40s with 
research by Rex T. Prider, who realized the lamproitic 
rocks he was studying likely had an origin in the earth’s 
mantle, and therefore had the potential to host diamonds. 
Diamond exploration reached a pinnacle with the discov- 
ery of the Argyle (AK1) lamproite pipe in 1979, but the 
startup of new mines in the Ellendale field between 2003 
and 2005 has shifted attention elsewhere. 

A generic account of the geology of the Kimberley 
region of Western Australia is presented and well-refer- 
enced. The Argyle mine is famous for its pink diamonds, 
which account for less than 0.1% of the diamonds mined 
in Australia. Quoting other research, the authors state 
that the pink diamonds are believed to be colored by plas- 
tic deformation acting upon nickel impurities and nitro- 
gen defects within the diamond lattice. A donation of sev- 
eral hundred pink diamonds to the Western Australian 
Museum’s collection (from Argyle Diamonds in 2003) is 
also highlighted. 

An interesting side note is that Kimberley, South Africa, 
which acquired its name in 1873, and the Kimberley region 
in Western Australia, which received its name in 1880, 
were both named after John, Baron Wodehouse and Earl of 
Kimberley, who was the British Secretary of State in the late 
19th century. Only by coincidence are the two areas major 
producers of diamonds. KAM 


The evolution of diamond morphology in the process of 
dissolution: Experimental data. A. F. Khokhryakov 
and Yu. N. Pal’yanov [palyanov@uiggm.nsc.rul, 
American Mineralogist, Vol. 92, No. 5-6, 2007, pp. 
909-917. 

Experiments on the dissolution of octahedral, pseudo- 

dodecahedral, and cubic diamond crystals in water-con- 

taining carbonate and silicate systems under high-pres- 
sure, high-temperature conditions in the diamond stability 
field are reported. The dissolution agents used included 

CaCO,, CaMg(CO,},, and CaMgSi,O,, as well as kimber- 

lite from Russia’s Udachnaya pipe, with the addition of 
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distilled water. With dissolution, the diamond morphology 
changed from octahedra, dodecahedra, and cubes to tetra- 
hexahedroids. Octahedra transformed into tetrahexahe- 
droids when the weight loss was 20-25%, and to a cube 
when the loss was 50%; pseudo-dodecahedra transformed 
into tetrahexahedroids when the weight loss was as low as 
10%. Crystal morphology, surface features, and goniomet- 
ric data for diamond dissolution forms produced in these 
water-bearing systems were identical to those of rounded 
diamonds found in nature. The results provide a model for 
evolution of diamond crystal morphology during dissolu- 
tion by natural processes in the earth. 

RAH 


Micrometer-scale cavities in fibrous and cloudy dia- 
monds: A glance into diamond dissolution events. 
O. Klein-BenDavid [o.k.bendavid@durham.ac.uk], 
R. Wirth, and O. Navon, Earth # Planetary Science 
Letters, Vol. 264, No. 1-2, 2007, pp. 89-103. 
Micrometer-scale cavities found in the inner parts of 
fibrous and cloudy kimberlitic diamonds may preserve evi- 
dence of dissolution events. Combining the methods of 
focused ion beam sample preparation and transmission 
electron microscopy enabled the authors to study these fea- 
tures in detail. The fillings in these cavities consisted of 
amorphous matrix, secondary nanocrystals, volatiles, and 
in some cases larger resorbed crystals. Trapped minerals 
included corundum, K-alumina, quartz, olivine, moissan- 
ite-6H, and Ca-Mg carbonates. Secondary nanominerals 
within the amorphous matrix included carbonates, alu- 
minum oxide, fluorite, ilmenite, and secondary diamond 
crystals. The amorphous matrix was spongy, and its com- 
position was dominated by amorphous carbon, nitrogen, 
and chlorine; it also contained water. When no crystalline 
phases were observed, the matrix was also enriched in sili- 
ca, alumina, and in some cases calcium. 

The authors propose that micrometer-scale cavities in 
diamond form during dissolution events induced by the 
introduction of oxidizing hydrous fluids. Such fluids are 
the main dissolving agents for most kimberlitic diamonds. 
At diamond-forming conditions, silica and alumina are 
enriched in hydrous fluids that are in equilibrium with 
eclogites, and this is consistent with the greater solubility 
of alumina with increased pressure and temperature in the 
NaCl-bearing fluids. Diamond dissolution will form oxi- 
dized carbon species and may decrease the solubility of sil- 
ica and alumina in the dissolving agent, leading to their 
precipitation. RAH 


Morphology of diamonds from kimberlite pipes of Catoca 
field (Angola). V. N. Linchenko [vliluimir.zln@ 
mail.rul, Proceedings of the Russian Mineralogical 
Society, Vol. 136, No. 6, 2007, pp. 91-102 [in 
Russian with English abstract]. 

The morphology of more than 3,200 diamond crystals 

from kimberlite pipes of the Catoca field in Lunda 
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Province of northeast Angola was studied in detail. 
Diamonds from different pipes in this field had distin- 
guishing features in their morphology and in their physi- 
cal-mineralogical properties. Octahedral forms, which are 
considered to be indicative of conditions more favorable 
for diamond growth and preservation, predominated in 
crystals from the Catoca and Kamitogo pipes, in contrast 
with diamonds from the Kakele pipe, where rhombododec- 
ahedra were the most common form. These morphological 
and other mineralogical peculiarities of diamond crystals 
may be used to help evaluate the diamond-bearing poten- 
tial of their primary sources in northeast Angola. 

RAH 


GEM LOCALITIES 


Ambers from Dominican Republic. P. Guo-Zhen and Z. 

Li, Journal of Gems and Gemmology, Vol. 8, No. 3, 

2006, pp. 32-35. 
Amber from the Dominican Republic is well known for its 
rich inclusions of fossil organisms. Gemological and spec- 
troscopic features of this material were studied and com- 
pared with amber from other localities. The authors con- 
clude that the gemological characteristics of Dominican 
amber are similar to those of other ambers except that the 
Dominican material has greater transparency and more 
color varieties. In addition, some shows a strong bluish flu- 
orescence. SEM imagery revealed an irregular layered 
structure with micro-voids or holes and gaps between 
micro-layers. IR spectra of the different colors of Domini- 
can amber were similar. Despite the similar geologic age of 
ambers from various localities, they showed clear varia- 
tions in aggregation state, as determined from IR absorp- 
tion features. Differential thermal analysis showed that 
there were two melting points, at 386.2°C and 529.5°C. 
The lowest temperature that would alter the structure of 
Dominican amber was 260°C, compared to 310°C for 
Chinese amber. Qianwen (Mandy) Liu 


Australian opal resources: Outback spectral fire. S. R. 
Pecover [specover@bigpond.net.au], Rocks @ 
Minerals, Vol. 82, No. 2, 2007, pp. 103-115. 

A review of the Great Australian Basin’s (GAB) opal deposits, 

remaining resources, and possible genetic models is present- 

ed from a nontechnical perspective. The GAB, containing as 
much as 95% of the world’s play-of-color opal, hosts the 
material within Cretaceous-age sedimentary rocks. 

Common (locally called potch) and play-of-color opal may 

occur as veins, infillings within ironstone concretions, or 

replacements of fossils. Clear evidence is provided for both 
structural (e.g., faults) and sedimentary (e.g., lithologic 
boundary) controls on the location of opal deposition, with 
both regional and local examples. Both of these major con- 
trols affect the form and texture of the actual opal, whether it 
is deposited as veins/veinlets (known locally as seam opal), 
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small nodules (nobbies), or pseudomorphic replacements. 

The author also critiques three widely circulated opal- 
formation models. He points out that, although they are 
useful, none of the theories adequately explain all of the 
depositional features encountered, so they have limited 
predictive value for exploration. Further, none appear to 
explain why play-of-color opal is deposited in some areas, 
while only common opal is deposited in others. The 
author emphasizes the importance of the collaboration 
between laboratory scientists and miners in the field to 
develop a better model of opal formation, which in turn 
could lead to more effective exploration. 

Quoting other sources, the author lists GAB opal 
resources for individual fields within New South Wales 
(Lightning Ridge area), South Australia (including Coober 
Pedy) and western Queensland. Added together, these fig- 
ures predict an in-ground value of more than Aus$120 
billion. KAM 


Natural gamma radioactivity and exploration for precious 
opal in Australia. B. R. Senior [seniorgeo@ 
bigpond.com] and L. T. Chadderton, Australian Gem- 
mologist, Vol. 23, No. 4, 2007, pp. 160-176. 

The authors propose that pre-sedimentation heterogeneous 

microspherulitic growth of play-of-color opal within 

siliceous groundwater takes place on a central radioactive 
catalyst core. Neutron activation analysis and secondary 
ion mass spectrometry (SIMS) of play-of-color opal revealed 

Th, U, Pb, and anomalous amounts of daughter nuclides 

from natural uranium fission. Gamma-ray radioactive log- 

ging of drill holes and open-cut mine walls demonstrated 
the occurrence of natural radioactivity surrounding opal 
deposits, increasing in intensity toward the central zone of 
play-of-color opal. The authors maintain that case histories 
of the discovery of new opal deposits have validated the use 
of these techniques for exploration. RAH 


Sapphires in the Butte-Deer Lodge area, Montana. R. B. 
Berg, Montana Bureau of Mines and Geology Bul- 
letin 134, 2007, 59 pp. 

The state of Montana has numerous sapphire occurrences, 

several of which have been well documented. The four 

main deposits (in order of importance) are Yogo Gulch, 

Rock Creek, Missouri River, and Dry Cottonwood Creek. 

Except for Yogo, which produces sapphires from a lampro- 

phyre dike, the source rocks for the Montana sapphires are 

not known. This study focuses on sapphire occurrences in 
the mountains near Butte (which includes the Dry 

Cottonwood Creek deposit), with particular emphasis on 

the search for their host rocks. 

For the first time, details are provided on the dimen- 
sions and limits to the sapphire placers on the South Fork 
of the creek, especially its headwaters. A microscopic 
comparison with sapphires from other deposits showed 
limited stream abrasion, which suggests a short transport 
distance. Adhering to the surfaces of a few sapphires was 
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volcanic rock that is very similar to the Lowland Creek 
Volcanics (felsic tuffs and lava flows) found at the South 
Fork’s headwaters, which led the author to conclude they 
were derived from the weathering of these rocks. 

Also studied was the distribution and provenance for 
the historical sapphire occurrences immediately west of 
Butte (“Browns Gulch and Vicinity”). Again, evidence 
suggests that at least some of these sapphires (specifically 
the Silver Bow occurrence) were derived from the weath- 
ering of local Lowland Creek Volcanics. 

Along Lowland Creek, a small stretch of sapphire- and 
gold-bearing alluvium was once mined. Microscopic fea- 
tures of these sapphires were similar to those from the 
other occurrences in the study. The dominant rocks sur- 
rounding the deposit are the Lowland Creek Volcanics; it 
seems probable, once again, that the sapphires were 
derived from the erosion of these rocks. 

The author notes that several corundum-bearing xeno- 
liths have been found in the Butte area. These xenoliths 
show a metamorphic mineral assemblage very similar to 
that of corundum-bearing Precambrian rocks located 
south of Butte, near the city of Bozeman. Neither the 
Lowland Creek Volcanics nor the Yogo lamprophyre is 
chemically capable of crystallizing sapphires directly from 
their magma. Instead, the two opposed rock types (felsic 
volcanics and ultramafic lamprophyre) contain sapphires 
because they transported them as xenocrysts. 

KAM 


Spodumene from Nuristan, Afghanistan. L. Natkaniec- 
Nowak [natkan@uci.agh.edu.pl], Australian 
Gemmologist, Vol. 23, No. 2, 2007, pp. 51-57. 

In spodumene from the Nilaw mine in Nuristan, the sub- 

stitution of Fe?* and Fe** for Al in the octahedral sites pro- 

duces a green-yellow color, whereas the admixture of Mn, 

Fe, and perhaps Cr ions gives the violet-pink kunzite color. 

These spodumenes are typical products of post-magmatic 

pegmatitic-pneumatolytic processes. A significant amount 

of alkali metals, particularly Na, indicates a petrologic 
relationship with Li-bearing granitic pegmatites. 
RAH 


The Sweet Home rhodochrosite specimen mine, Alma 
District, central Colorado: The porphyry molybde- 
num-fluorine connection. P. J. Bartos [pbartos@ 
mines.edu], E. P. Nelson, and D. Misantoni, 
Mineralium Deposita, Vol. 42, No. 3, 2007, pp. 
235-250. 

Mining for silver at the Sweet Home deposit near Alma, 

Colorado, began in 1873. After 1900, extraction activities 

occurred only on an intermittent small-scale basis. From 

1991 until 2004, however, the mine produced the finest 

rhodochrosite mineral specimens ever found, including 

material that was suitable for faceting. Electron-micro- 
probe data indicates that the rhodochrosite is very pure 

MnCO, with minimal solid solution of Fe**, Ca, or Mg. 
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The rhodochrosite occurs in quartz-pyrite-sphalerite-fluo- 
rite veins that are found in monzonite porphyry and gran- 
odiorite. The best crystals occur within open vugs at the 
larger fault/vein intersections. Based on the mineralization 
and their mode of occurrence, the veins are interpreted as 
representing a high-silica porphyry molybdenum 
hydrothermal deposit. The age of metal deposition (25.8 + 
0.3 Ma) coincides with the end of mineralization of the 
major molybdenum deposit at the nearby Climax mine. 
The hydrothermal system at the Sweet Home mine 
appears to have been a single, relatively small pulse of 
magmatic fluid that slowly cooled and was diluted with 
groundwater. Rhodochrosite mineralization occurred at 
moderate depths of 1.5-2.5 km. Based on fluid-inclusion 
homogenization temperatures of up to 310°C, the Sweet 
Home material crystallized at temperatures significantly 
higher than typical rhodochrosite. JES 


INSTRUMENTS AND TECHNIQUES 


Ionoluminescence of diamond, synthetic diamond, and 
simulants. H. Calvo del Castillo, J. L. Ruvalcaba-Sil, 
M. Barboza-Flores, E. Belmont, and T. Calderén 
[tomas.calderon@uam.es], Nuclear Instruments and 
Methods in Physics Research A, Vol. 580, No. 1, 
2007, pp. 400-403. 
Luminescence is the nonthermal emission of light by 
matter following excitation by an energy absorption pro- 
cess. Ionoluminescence (IL) is a luminescence phe- 
nomenon that is caused by energetic ions penetrating 
matter to produce light emission. The light originates 
from electron transitions and recombination processes 
within the outer electron shells of the atoms in the mate- 
rial. The energy levels of these electron shells are affected 
by the chemical bonding of the atom. This method can 
provide information about the chemical form of elements 
in a material that cannot be obtained by other ion beam 
analytical techniques. 

In this study, IL spectra were recorded for diamond (both 
natural and CVD synthetic) and simulants such as synthetic 
sapphire, synthetic spinel, cubic zirconia, strontium 
titanate, and yttrium aluminum garnet. A 1.9 MeV proton 
beam of variable intensity from a particle accelerator was 
used as the excitation source; only a few seconds were need- 
ed to record the spectra. The natural diamonds showed 
broad luminescence peaks (and optical centers) at about 415 
(N3), 430 (N-related), 503 (H3), and 637 (N-V) nm, all of 
which originate from nitrogen impurities. The CVD syn- 
thetic diamonds displayed luminescence features related to 
the N3 and N-V centers. In contrast, the IL spectra of the 
simulants were completely different, with luminescence 
bands due to transition metals (Fe, Mn, Cr, and Ti) or rare- 
earth elements (such as Er). The authors conclude that this 
type of luminescence may be helpful in rapidly distinguish- 
ing diamond from its imitations. JES 
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Some new trends in the ionoluminescence of minerals. H. 
Calvo del Castillo, J. L. Ruvalcaba, and T. Calder6n 
[tomas.calderon@uam.es], Analytical and Bioanaly- 
tical Chemistry, Vol. 387, 2007, pp. 869-878. 

IL is normally used to detect impurities or defects in mod- 

ern synthetic materials. However, new applications of IL to 

natural minerals and ancient artifacts are rapidly being 
developed. Ionoluminescence is the nonthermal emission 
of light induced by bombardment with accelerated particle 
beams. The light emitted is related to the valence state of 
particular atoms (extrinsic luminescence) or to defects 
within the crystal structure (intrinsic luminescence). The 
study of these two emissions can provide information relat- 
ed to the chemical composition or structure of the materi- 
al. With these data, the identity of the material can be 
determined. IL can help distinguish natural versus synthet- 
ic origin, identify polymorphs, or determine whether a 
material is crystalline or amorphous. Its sensitivity is much 
higher than that of particle-induced X-ray emission (PIXE). 
Aside from its applicability to the study of modern 
materials and natural minerals, this technique can be 
used to identify materials in ancient artifacts. One down- 
side to IL is the need for a particle accelerator to provide 
the excitation beam. Access to particle accelerators is 
limited and expensive. EAF 


Laser induced breakdown spectroscopy. C. Pasquini [paquini@ 
iqm.unicamp.br], J. Cortez, L. M. C. Silva, and F. B. 
Gonzaga, Journal of the Brazilian Chemical Society, 
Vol. 18, No. 3, 2007, pp. 463-512. 

This article reviews in detail the fundamentals, instrumen- 

tation, applications, and future trends of laser-induced 

breakdown spectroscopy (LIBS) for chemical analysis. A 

short laser pulse (~5 nanoseconds) vaporizes a small portion 

(a few micrograms) of the sample being analyzed, and 

excites the emission of electromagnetic radiation from the 

constituents of the sample. The emitted radiation is ana- 
lyzed by high-resolution optics and wavelength detectors to 
provide both qualitative and quantitative information 
about the chemical composition of the sample. This tech- 
nique is finding wide application in many fields where the 
need for chemical composition data must be balanced 
against the requirement for minimal damage to the sample. 

JES 


Magnetic susceptibility for gemstone discrimination. 
D. B. Hoover [stonegrouplabs@beargems.com] and 
B. Williams, Australian Gemmologist, Vol. 23, No. 
4, 2007, pp. 146-159. 
After a brief review of the physics of magnetism and mag- 
netic susceptibility, a simple method is described for the 
quantitative measurement of magnetic susceptibility on cut 
gemstones. The method requires a weighing instrument, a 
few inexpensive magnets, and a simple device to slowly 
place and then lift the magnet from the stone’s cut surface 
so as to measure the force of attraction. This technique has 
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been applied to a variety of gems, but the focus here is on 
corundum and peridot. Magnetic susceptibility may allow 
the separation of magmatic from metamorphic corundum 
(results are given for 18 blue sapphires and 15 others). 
Similarly, peridot may be distinguished from sinhalite. 
RAH 


JEWELRY RETAILING 


Goldheart Jewelry: Management decisions in Singapore. 
C. Patti [c.patti@qut.edu.au] and L. Wee, 
International Journal of Management and Decision 
Making, Vol. 8, No. 2/3/4, 2007, pp. 241-250. 

The article traces the evolution of a Singapore-based gold 

jewelry retailer from a traditional store selling gold mainly 

by weight to a large branded jewelry operation. The owner, 

Johnny Wham, helped guide the company through several 

regional economic crises by targeting affluent tourists 

with innovative designs and high levels of customer ser- 
vice. In addition, he upgraded the stores from the tradition- 
al “gaudy” gold jeweler by introducing a modern look and 
feel. At the same time, he pursued the lucrative bridal 
market by adding contemporary designs and platinum 
pieces that had become popular in other Asian countries. 

Today, Goldheart’s 20-store chain has attracted similar 

competitors, prompting the firm’s owner to ponder a 

future change in direction. RS 


Jewelry’s lack of luster. R. Perks, Marketing Week, Novem- 
ber 15, 2007, p. 27. 

Jewelry retailers continue to lose market share to other 
consumer products, because retailers have failed to respond 
to profound changes in the marketplace. Many retail stores 
still try to be “all-things-to-all-women” when it is clear 
that other products have more fashion appeal today. In 
addition, jewelry retailers are losing out to sellers of mobile 
phones and travel packages. While the market for luxury 
watches is booming, many retail jewelers fail to devote 
enough display space to them; in-store watch displays are 
also problematic because they all tend to look alike. 

RS 


SYNTHETICS AND SIMULANTS 


Effects of thermal treatment on optically active vacancy 
defects in CVD diamonds. J.-M. Maki [jmm@fys- 
lab-hut.fi], F. Tuomistro, C. Kelly, D. Fisher, and P. 
Martineau, Physica B, Vol. 401-402, 2007, pp. 
613-616. 

The authors used positron annihilation spectroscopy (PAS) 

to explore the nature of brown coloration in synthetic dia- 

monds grown by chemical vapor deposition (CVD). Both 
natural type Ila diamonds and CVD-grown diamonds can 
display a brown color; however, the origin of color appears 
to be different. The brown color of natural diamonds 
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has been observed to be stable up to temperatures of 
1900°C, whereas this color in CVD synthetic diamonds 
can be greatly affected by annealing around 1400°C. 
Furthermore, natural brown diamond has high dislocation 
densities, while the CVD product has very low dislocation 
densities. 

The authors analyzed as-grown and annealed single- 
crystal CVD synthetic diamonds to observe the concen- 
tration, size, and optical activity of defects. They grew 
two pairs of CVD synthetic diamond {100} plates, with 
low concentrations of nitrogen added to the growth gas to 
create the brown color. The samples were examined post- 
growth, after two hours of 1400°C annealing, and after 
one hour of 1600°C annealing. In both sample sets, the 
brown color decreased with annealing, but no sample 
became completely colorless. PAS results point to large 
open-volume defects in the CVD synthetics. After anneal- 
ing at 1400°C, the number of these defects increased, indi- 
cating smaller vacancies clustering into larger ones due to 
increased mobility. With the second annealing at 1600°C, 
the large open-volume defects did not appear to increase, 
indicating that mobility occurred at temperatures below 
1400°C. Optical activity was observed with only the 
smallest vacancy defects, and a correlation with absorp- 
tion needs further investigation. JS-S 


Synthesis of diamond from a chlorinated organic sub- 
stance under hydrothermal conditions. S. Korablov 
[sergiy2@yahoo.com], K. Yokosawa, T. Sasaki, D. 
Korablov, A. Kawasaki, K. Ioku, E. H. Ishida, and N. 
Yamasaki, Journal of Materials Science, Vol. 42, 
No. 18, 2007, pp. 7939-7949. 

Diamond can be synthesized by several methods: (1) at 

high pressures and temperatures from a melt of carbon 

and a catalyst-solvent; (2) at low pressures and high tem- 
peratures from a vapor phase consisting of an excited 
mixture of hydrocarbons and hydrogen; and (3) by direct 
conversion from graphite by shock detonation. Several 
other methods have also been attempted. This article 
reports on the hydrothermal growth of small diamond 
particles and thin films on seed crystals of either dia- 
mond or cubic boron nitride in the presence of a chemi- 

cal reaction involving a chlorinated carbon liquid (1,1,1- 

trichloroethane, C,H,Cl,) mixed with sodium hydroxide 

(NaOH). Diamond growth was achieved at temperatures 

of 300°C and pressures of 10 kbar. The presence of syn- 

thetic diamond particles in the reaction products was 
confirmed by several analytical techniques. The exact 
mechanism of diamond growth under these hydrother- 
mal conditions is not fully understood, but the results of 
this experiment may provide new insights into micro- 
diamond formation in metamorphic rocks. While the 
synthetic diamonds produced here were small particles, 
this new method may be further refined to produce larger 
crystals in the future. JES 
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TREATMENTS 


XPS and ToF-SIMS analysis of natural rubies and sapphires 
heated in an inert (N,) atmosphere. S. Achiwa- 
wanich, B. D. James, and J. Liesegang [j.liesegang@ 
latrobe.edu.au], Applied Surface Science, Vol. 253, 
2007, pp. 6883-6891. 

X-ray photoelectron spectroscopy and time-of-flight sec- 

ondary ion mass spectrometry were employed to examine 

the surface concentrations of selected elements in corun- 
dum and how those concentrations changed during heat 
treatment. The authors heated rubies from Mong Hsu, 

Myanmar, and sapphires from Kanchanaburi, Thailand, to 

temperatures between 1000°C and 1600°C in an inert 

nitrogen atmosphere. The blue color in the core of the 

Mong Hsu rubies was removed, and a gradual transition 

from near-colorless to blue was noted in the Kanchanaburi 

sapphires. It was found that the concentration of Fe and Ti 

increased—and the concentrations of Cu, Cr, and V 

decreased—on the surface of the rubies and the sapphires as 


the temperature of heat treatment increased. EAF 

MISCELLANEOUS 

Better bling. K. Bowers, Body # Soul, March 2008, pp. 
120-122. 


Environmentally friendly jewelry is a popular topic. This 
article offers guidance to consumers on buying gold, dia- 
mond, and colored stone pieces sourced with ethical 
responsibility in mind. For gold, the article lists companies 
that have pledged to observe environmentally sound min- 
ing practices. Also provided are sources of conflict-free dia- 
monds, as well as information about the humanitarian cri- 
sis in Myanmar. The author notes that colored stones tend 
to cause the least environmental damage because they 
require less large-scale mining. The article also showcases 
jewelry from retailers and designers who source from Fair 
Trade suppliers. RS 


Diamonds: Kimberley Process effective. Africa Research 
Bulletin: Economic, Financial and Technical Series, 
Vol. 44, No. 11, 2008, pp. 17640A-17641A. 
As African diamond-producing nations move beyond con- 
flict diamonds, the next issue is “beneficiation”—adding 
value to their rough diamonds through indigenous cutting 
and grading operations. Southern Africa produces about 
60% of the world’s diamonds, but it still must grapple 
with problems that include a shortage of skilled labor in 
its diamond polishing industry and relatively high pay 
scales as compared to the Asian nations where most dia- 
monds are processed. The article details beneficiation 
efforts in South Africa, Botswana, and Angola, and discuss- 
es a potential producers’ oligopoly formed by these coun- 
tries and major mining companies such as De Beers and 
Rio Tinto. RS 
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GEMOLOGICAL RESEARCH CONFERENCE 2009 
SAN DIEGO, CA » AUGUST 21-23 


Ten Reasons Why You Should 
Attend the 2009 GRC 


T h 2 nd_ Gemological Research Conference will 
‘S take place August 21-23, 2009, at the 

Town & Country Resort and Convention Center in San Diego, 
California. Co-chaired by GIA distinguished research fellow 

Dr. James Shigley and G&G editor Brendan Laurs, the GRC is a 
must-attend event for anyone involved in—or benefiting from— 
the broad range of research areas in gemology. Here are our top 
10 reasons why you should plan now to attend the 2009 GRC: 


1. Pure knowledge. New gem sources. Innovative technologies 
for gem treatment, synthesis, and identification. Emerging trends 
in gem marketing. The latest findings in analyzing and communi- 
cating cut and color. These are just some of the topics that will 
be explored at the GRC, through a program of lectures, panel 
discussions, and interactive poster sessions. 


2. Session choices. The parallel-track format—one track for 
classical gemology and one for technical jewelry/business 
issues—means you can tailor the program to your own 
research interests or educational needs. 


3. High-caliber keynote speakers. The GRC’s compelling lineup 
of invited speakers features experts in a variety of technical and 
business-related fields. These include prominent scientists such as 
Caltech mineralogist Dr. George Rossman, CVD synthetic dia- 
mond developer Dr. Robert Linares, and spectroscopist Dr. 
Alexander Zaitsev, as well as appraisals specialist Gail Brett 
Levine, CAD/CAM whiz Jeff High, and representatives from major 
gemological laboratories in the United States, Europe, and Asia. 


4. Exciting extracurricular activities. Field trips to the gem peg- 
matite mines of San Diego County, a gem photography contest 
and workshop, and various social events will be available to all 
participants. 


5. Networking opportunities. Whether you're attending the social 
events or just enjoying a coffee break between sessions, you'll have 
the chance to form or renew valuable relationships with influential 
peers in the gemological community as well as experts from other 
sciences and elsewhere in the gem and jewelry industry. 


6. Destination: San Diego. One of the most popular tourist des- 
tinations in the United States, San Diego is known for its sunny 
climate and beautiful Pacific beaches. Local attractions include 
the famous San Diego Zoo and Wild Animal Park, Sea World, 
and world-class golfing. This vibrant city lies just north of the 
Mexican border and is a two-hour drive south of Los Angeles. 
Accommodations at the Town & Country, which features sever- 
al restaurants and swimming pools, are reasonably priced, and 
the hotel is located close to public transportation and shopping. 


EDITORIAL 


7. International flavor. The first GRC, held in August 2006, 
brought together hundreds of gemologists, researchers, and 
industry professionals from 32 countries. The 2009 GRC, with 
advisory committee members from five continents, already 
promises to have that same international quality. 


8. Inspiration. What happens when you join a heady mix of 
academics and gem and jewelry industry leaders for three stim- 
ulating days in a place that’s often called “America’s Finest 
City”? You take away more than just insights and new contacts. 
You return home with renewed energy, creativity, and clarity of 
purpose. 


9. The chance to take the stage. Do you have your own talk or 
poster you'd like to present? The GRC offers a unique forum for 
participants to share technical information with their col- 
leagues. Submit a brief abstract of your presentation between 
September 1, 2008, and March 1, 2009. All abstracts will be 
reviewed by members of the GRC Advisory Committee; those 
that are accepted and presented at the conference will appear 
in a Proceedings volume. 


10. Comments from 2006 GRC participants. | could give many 
more reasons why you should come to the GRC, but instead 1’ll 
close with a few words from participants at the first conference: 


[I]t is a really unique opportunity to meet important 
researchers. 

It was a very professional meeting. One of the best | have 
SEEM oo - 


[A] valuable summit meeting for our science. . . . 


| thoroughly enjoyed myself, and everyone else | talked to 
was also very pleased. 


Technology is advancing so rapidly it seems almost impossi- 
ble to keep up. But keep up we must, and only by joining 
together in a forum such as the 2009 GRC can we harness 
our combined expertise to meet these challenges to the gem 
and jewelry industry. To learn more about this event, visit 
www.grc2009.gia.edu or e-mail grc2009 @gia.edu. 


If you can attend only one conference in 2009, make it the GRC. 


ble Alice S. Keller 
Editor-in-Chief 


akeller@gia.edu 
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CHARACTERIZATION OF EMERALDS 
FROM A HISTORICAL DEPOSIT: 
BYRUD (EIDSVOLL), NORWAY 


Benjamin Rondeau, Emmanuel Fritsch, Jean-Jacques Peucat, 
Fred Steinar Nordrum, and Lee Groat 


An emerald deposit at Byrud, in southern Norway, yielded significant quantities of crystals and 
gem rough in the late 19th and early 20th centuries. Complex multiphase inclusions in the emer- 
alds consist of water, gaseous methane, halite, sylvite, calcite, and a sulfide assemblage 
(pyrrhotite, galena, and sphalerite). This sulfide assemblage makes it easy to distinguish Byrud 
emeralds from those from other localities with a binocular microscope. The chemical composi- 
tion of Byrud emeralds is also characteristic: They are colored mostly by vanadium (up to 1 wt.% 
V,O,), and contain low sodium and magnesium (0.1 wt.% oxide or less). Moreover, the relative 
amounts of iron, magnesium, chromium, rubidium, and cesium appear to be diagnostic. Infrared 
absorption spectra show that they contain little water. Emeralds from the Byrud deposit are still 
occasionally recovered by hobbyist collectors from the mine dumps. 


uring the late 19th and early 20th centuries, 

the Byrud emerald deposit in Norway was 

mined commercially and produced many 
fine specimens (e.g., figure 1), as well as a limited 
amount of gem rough. Some of the crystals are 
housed in museum collections around Europe, and it 
is not uncommon to encounter a Byrud emerald in 
an antique jewelry piece. The mine is located on the 
shore of Lake Mjgsa, near Minnesund and a short 
distance from Eidsvoll, about 60 km north-northeast 
of Oslo, Norway (figure 2). The history, geology, and 
mineralogy of the deposit were comprehensively 
described by Nordrum and Raade (2006), and are 
summarized here. The aim of the present article is 
to characterize the emeralds from Byrud to make 
their unambiguous identification possible. 

From a geologic and spectroscopic standpoint, 
emeralds from Byrud are interesting because they 
are vanadium-rich, as is also the case for emeralds 
from Colombia and some (or all) emeralds from a 
number of other deposits: Lened in the Northwest 
Territories, Canada; Salininha in Bahia, Brazil; Ma- 
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lipo in Yunnan, China; Panjshir, Afghanistan; and 
Gandao, Pakistan. In this article, we refer to “vana- 
dian emeralds” as those that contain more vanadi- 
um than chromium, even when the vanadium con- 
tent is somewhat low. The mechanisms of beryl 
coloration by Cr and V are very similar (Burns, 
1993; Schwarz and Schmetzer, 2002), in 1988, after 
many years of controversy, vanadium joined chro- 
mium as an accepted coloring agent for emerald 
(CIBJO, 1988). 


HISTORICAL BACKGROUND 


The Byrud emerald deposit was probably discov- 
ered in the 1860s. During these early years, emer- 
ald specimens were obtained by several European 
natural history museums, including Stockholm in 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 44, No. 2, pp. 108-122. 
© 2008 Gemological Institute of America 
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URING the last three years, the writer 

has examined and tested thousands of 
rubies, genuine as well as synthetic. A sharp 
watch was kept in the hope that from an 
examination of such quantities of corundum 
—a reconstructed ruby would be found. 

Many customers brought in rubies pur- 
porting to be “reconstructed,” but always 
subsequent tests disclosed the corundum to 
be synthetic. It began to appear as if re- 
constructed rubies were a myth or at least 
the figment of some individual’s fertile 
imagination. 

One way to settle a problem of this kind 
is to make your own reconstructed rubies or 
find someone who has the facilities to do 
the job for you. Step one was to obtain 
material. Through the kindness of several 
wholesale colored stone dealers, it was pos- 
sible to collect 14 carats of genuine ruby 
chips. These pieces were selected for good 
color and averaged 214 millimeters, each, 
in size. Care was taken to insure that the 
rubies contained rutile needles, as well as 
such other inclusions that characterize this 
variety of corundum, as genuine. The ma- 
terial was then submitted to Mr. A. K. 
Seemann, Manager of the Crystal Division 


Figure 8. Drawing of a sectioned recon- 
structed ruby rod — showing gas vesicles, 
some with comet-like tails, and the ever 
present curved growth lines. 


Reconstructed Rubies 
in Hod and Facetted Form 


by 


A. E. ALEXANDER, Ph.D. 


Gem Trade Laboratory, Inc., 
New York, N. Y. 


of the Linde Air Products Company, who 
was pleased to see what he could do to get 
the chips fused. 

It was hoped to have the chips fused into 
one mass “as is” from which a faceted 
stone could later be fashioned. However, 
through some misunderstanding, or for 
technical reasons, the 14 carats of rubies 
wete ground to 200 mesh and subsequently 
made into a tod. 

The rod as eventually received averaged 
1% to 2 millimeters in diameter and was 
41 millimeters long. A section 10 milli- 
meters long was first longitudinally sec- 
tioned in half and examined under a 
binocular microscope. Later, the same piece 
was thin-sectioned and studied petrograph- 
ically. ' 

It was observed that a slight loss in ruby 
color had occurred as a result of fusion. 
The rod was found to be full of gas vesicles, 
some spherical, some irregular in outline. 
In addition to these inclusions, there exists 
a number of comet-like gas vesicles, all with 
well defined tails. (Fig. 8) These particular 
inclusions proved to be very interesting in 
that they were arranged in a more or less 


fan shaped pattern. Well defined curved 


growth lines, which had formed normal to 
the length of the rod, but at irregular in- 
tervals were also noted. 

The “c” axis was found to be roughly 
60 degrees from the normal, a not unusual 
deviation in the case of synthetic corundum. 
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1868, Oslo in 1869, and London in 1870. Websky 
(1876) first described the morphology of the Byrud 
emeralds, and stated that the deposit was of com- 
mercial importance. 

Preliminary prospecting and blasting took place 
around 1880 (Bull, 1952). Evelyn Aston inspected 
the almost forgotten occurrence in November 1898; 
at that time, the old workings consisted of an open- 
ing 2 m high and 1 m wide that accessed a room 
measuring about 3.5 m in diameter. On her next 
visit, she brought a miner who blasted further, and 
they found gem-quality emerald crystals in small 
clay-filled pockets (Cameron, 1963). 

On April 5, 1899, the prospect (called Narum) was 
purchased by Evelyn’s father, English mining prospec- 
tor Edward Y. Aston. A London-based company—the 
Norwegian Exploration Co. Ltd—was registered May 
9, with Aston as a major shareholder in exchange for 
the property and rights to the emerald occurrence, as 
well as some additional prospects. Mining began in 
spring 1899 (figure 3). In June 1900, the company was 
renamed the Norwegian & General Exploration Co. 
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Figure 1. This 1.1-cm- 
long gem-quality emer- 
ald crystal on matrix, 
which was found by a 
collector at Byrud in 
the 1980s, is typical of 
emeralds from this 
locality. It is accompa- 
nied by quartz, 
feldspar, spheres of 
muscovite, and grayish 
fluorite. Courtesy of the 
Norwegian Mining 
Museum, Kongsberg; 
photo by Rainer Bode. 


Ltd. Edward Aston died on September 2.1, 1900, and 
on December 28, 1907, the company was liquidated 
and the assets sold to the Cornish Development Co. 
Ltd. The mine was subsequently abandoned in 1909 
(Nordrum and Raade, 2006). 

In the first years of mining, up to 30 miners were 
employed at Byrud. A crusher, washing plant, black- 
smith’s forge, administration building, and a small 
workshop were reportedly built at the mine, but 
few vestiges are visible today. However, production 
could not sustain this level of mining for very long, 
and by the time the mine closed 10 years later, it 
had only nine employees. It does not appear that the 
mine was ever profitable, even during the first few 
years (Nordrum and Raade, 2.006). 

Nevertheless, many gem-quality emeralds were 
recovered, some of which were displayed at the 
Paris World’s Fair in 1900. Besides crystals, wrote 
Kunz (1902, p. 742), “Many cut stones, most of 
them pale in color, but generally free from flaws, 
were shown.” Sinkankas (1981, p. 487) stated: 
“Only rarely were good stones found and then never 
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Figure 3. Commercial mining of the Byrud emer- 
ald deposit began in 1899, when this photo was 
taken. This building has since disappeared, but 

the tunnels are still visible. Courtesy of the 
Aston family archives. 


EMERALDS FROM BYRUD, NORWAY 


SF Mining area 
_— Paved road 
Dirt road 


Figure 2. The Byrud 
emerald deposit is locat- 
ed on the western shore 
of Norway’s Lake Mjosa, 
close to Minnesund and 
a short distance from 

) Eidsvoll, in southeastern 
Norway. Adapted with 
permission from 
Mineralien Welt 
(Nordrum and Raade, 
2006, p. 52). 
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more than about 6 mm in diameter, but the color 
quality was considered to be of the highest grade, 
and if anything a little too bluish. Selset (1963) cut 
some of the crystals himself and claimed that the 
gems matched the finest from any other source.” 
Most of the transparent crystals from cavities were 
pale colored, but some were a fine, deep green. 
Cemented in feldspar, translucent crystals up to 
more than 1.2 cm in diameter and 5 cm in length 
with a deep green color were recovered. Translucent 
crystals were also commonly found in quartz. 

A cut emerald from Byrud is said to have been 
used in a jewel belonging to the royal family of Great 
Britain, possibly in connection with the coronation 
of King Edward VII in 1902. The English companies 
sold the rough crystals and mineral specimens out- 
side Norway, and no records of the sales have been 
found. The production data and names of the buyers 
are unknown (Nordrum and Raade, 2006). 

Most of the emerald crystals pictured in this arti- 
cle were found by mineral collectors over the past 30 
years (see, e.g., figure 4). For a small daily fee to the 
landowners, collectors have been allowed to search 
in the mine dumps. Several fine specimens and sin- 
gle crystals have been recovered over the years, but 
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the chances of making good finds are diminishing 
and gem-quality specimens are discovered only 
rarely today. The underground mine has not been 
worked since 1909. 


GEOLOGY AND MINERALOGY 


The emerald deposit is located in the northeastern 
part of the Oslo region, which is a rift structure of 
Permian age (Vogt, 1884; Goldschmidt, 1911; 
Nordrum and Raade, 2006). Flat-lying maenaite 
(syenitic) sills, usually ranging from 0.5 m to several 
meters thick, transect Cambrian alum shale (a black, 
clay-rich, iron sulfide-containing, carbonaceous sedi- 
mentary rock) over a distance of about 200 m. The 
sills generally dip 15—20° west but are nearly hori- 
zontal in places. They are present in at least three 
levels and have been intruded by small pegmatites, 
which also cross-cut the alum shales. Close to the 
pegmatites, the shales are often bleached. The peg- 
matites usually range from a few centimeters to 30 
cm in thickness, but may locally reach up to 1 m. 
They form lenses or dikes that are commonly dis- 
continuous and locally contain small cavities. The 
pegmatites have an alkali syenitic composition, con- 
sisting mainly of K-feldspar (microcline), and were 
intruded during the Permian Period in conjunction 
with alkaline magmatic activity in the area (Ihlen, 
1978). A large alkaline granite intrusion occurs not 
far to the west of Byrud, and the pegmatites are most 
likely associated with this intrusive. 

Emerald mining has taken place along the mae- 
naite sills at various levels. Beryl occurs chiefly in 
the pegmatites (figure 5), and occasionally in the 
maenaites and in the shales adjacent to the peg- 
matites. The best-quality emeralds have been found 
in the northern part of the mining area (Lindaas, 
1982), in small clay-filled pockets (Cameron, 1963). 
Vanadium and chromium, chromophores in the 
emeralds, were probably leached from the alum 
shales by the mineralizing fluids. 

In addition to microcline, the pegmatites typi- 
cally contain quartz and muscovite. Sodic plagio- 
clase, pyrite, pyrrhotite, fluorite (purple and pale 
green), topaz, and beryl are also common in the 
pegmatites. Micro-crystals of laumontite and rutile 
(“ilmenorutile-strtiverite”) are frequently present as 
well. Goethite, jarosite, and gypsum are common 
secondary minerals. In all, 45 minerals have been 
reported from this deposit (Nordrum and Raade, 
2006; Kvamsdal and Eldjarn, 2007). A complete list 
of minerals associated with the emerald mineral- 
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during the late 19th and early 20th centuries are still 
visible. Mineral collectors, such as Arnfinn Juliussen 
and Bjorn Skar in this photo, can visit the mine with 
the permission of the owners, Anne Grethe Roise 
and Ole Jorgen Bjornstad. Photo by F. S. Nordrum. 


ization is available on the G#G Data Depository 


www.gia.edu/gemsandgemology). 


MATERIALS AND METHODS 

The authors studied three emerald-in-matrix speci- 
mens, collected more than a century ago, from the 
mineralogy collection of the Muséum National 
d/Histoire Naturelle (National Museum of Natural 
History) in Paris (collection nos. 106.718, 195.174, 


Figure 5. Byrud emerald crystals are found mainly in 
small pegmatites intruding alum shales. This sample 
is 9.5 cm long, and the emerald crystals attain 
lengths of 9 mm. Courtesy of the Norwegian Mining 
Museum; photo by Gunnar Jenssen. 
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and 203.18). These idiomorphic bluish green crys- 
tals, each a few millimeters in length, are intergrown 
with feldspar, quartz, muscovite, and purple fluorite. 
One emerald crystal was removed from each of the 
matrix specimens and all three were polished to 
measure their gemological, chemical, and spectro- 
scopic properties. In addition, we studied four loose 
transparent crystals, each measuring a few millime- 
ters in length, that were recovered in the 1980s and 
belong to the collection of the Norwegian Mining 
Museum in Kongsberg (collection nos. BVM2378-A 
to D, figure 6). All seven samples studied were trans- 
parent and homogeneous in color, so we believe that 
they are representative of the material from which 
gems would be faceted. We did not study any cut 
stones or stones set in jewelry, as the very few that 
are known were not accessible. 

Gemological data were acquired on various sam- 
ples (see Results) using a Topcon refractometer, a 4- 
watt UV lamp with short-wave (254 nm) and long- 
wave (365 nm) bulbs, and an Olympus binocular 
microscope equipped with crossed polarizers and up 
to 1000x magnification. Specific gravity was deter- 
mined by a combination of mass measurement 
using a precision scale and volume measurement 
using a classic pycnometer. 

The composition of fluid inclusions in three 
samples (nos. 106.718, 195.174, and 203.18) was 
first determined by Raman spectroscopy using a 


Figure 6. These emerald crystals (sample nos. 
BVM2378-A to D), which are typical of those from 
Byrud, were characterized for this study. Note their 
rather homogeneous bluish green color. The longest 
crystal measures 9 mm. Photo by Alain Cossard. 
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Jobin-Yvon T64000 dispersive spectrometer 
equipped with a confocal-type apparatus. The Art 
laser (514 nm excitation) was operated with a power 
of 120 mW, and spectra were measured at a resolu- 
tion of 2 cm7!. Subsequently, one crystal (from sam- 
ple 203.18) was broken to expose some of its fluid 
inclusions, and these were examined using a scan- 
ning electron microscope (SEM); the micro-crystals 
in about 30 of the inclusions were analyzed with an 
attached energy-dispersive spectrometer (EDS). We 
used a Zeiss Supra 55 VP SEM with an acceleration 
voltage of 7 or 22, kV, and a current of ~1 nA. 

Electron-microprobe analyses of two samples (21 
spots) were obtained with a fully automated Cameca 
SX-50 instrument, using the wavelength-dispersive 
mode with the following operating conditions: 15 kV 
excitation voltage, 20 nA beam current, 20 sec. peak 
count time, 10 sec. background count time, and 10 
uum spot diameter. Data reduction was done using the 
“PAP” o(pZ) method (Pouchou and Pichoir, 1991). 
Trace-element compositions of three emeralds (14 
analyses) were measured using laser ablation—induc- 
tively coupled plasma—mass spectrometry (LA-ICP- 
MS) with an HP4500 spectrometer. The CETAC 
SLX200 ablation system used a Nd:YAG laser emit- 
ting at 1064 nm, frequency quadrupled to 266 nm. We 
limited our sampling to three emeralds, because this 
technique is somewhat destructive and cannot be 
applied to museum specimens. 

Polarized ultraviolet—visible-near infrared (UV-Vis- 
NIR) absorption spectra of four samples (BVM2378-A 
to D) were acquired with a Varian Cary 5G spectrome- 
ter in the range 300-2500 nm, with a sampling inter- 
val of 1 nm and a spectral bandwidth of 1 nm, at a 
scan speed of 600 nm per minute, using 1 x 1 cm 
Glan-Thomson calcite polarizers. Infrared absorption 
spectra of three samples (nos. 106.718, 195.174, and 
203.18) were acquired using a Nicolet 20SX spectrom- 
eter in the range 5800-1800 cm~!. The spectra present- 
ed are directional (not polarized), with the beam (and 
not the electrical vector) parallel, and then perpendicu- 
lar, to the optic axis. 


RESULTS 


Gemological Properties. Visual Appearance and 
Crystal Morphology. The emerald crystals were 
translucent to transparent and formed hexagonal 
crystals with flat basal terminations (figures 7 and 8). 
Pyramidal faces have also been seen on the termina- 
tions of Byrud emeralds (figure 8, right-hand crystal). 
The studied crystals were green to bluish green, and 
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Figure 7. This 1.2-cm-long emerald crystal is partial- 
ly embedded in a spherulitic muscovite matrix. 
Courtesy of the Norwegian Mining Museum; photo 
by Gunnar Jenssen. 


showed weak but significant pleochroism, from 
bluish green to yellowish green. All samples studied 
were homogeneous in color, though we have 
observed some crystals (not included in this study) 
that exhibit very strong color zonation parallel to the 
basal plane, with some parts nearly colorless (again, 
see figure 8). 


Figure 8. These two Byrud crystals (not studied for this 
report) show unusual features. The 5-mm-long crystal 
on the left has distinct color zonation, while the crystal 
on the right (3.5 mm in diameter) has a complex termi- 
nation consisting of pedion and pyramidal faces. 
Courtesy of Bjorn Skdr; photo by O. T. Ljastad. 
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Refractive Indices. We measured the refractive 
indices from the natural prism faces of samples 
BVM2378-A to D and obtained identical values of 
n, = 1.578 and n, = 1.560. Three crystals from sam- 
ple 203.18 were polished parallel to the c-axis, and 
we measured n, = 1.587 and n, = 1.579. In all cases, 
the birefringence was 0.008. 


Specific Gravity. We measured a specific gravity of 
2.75 on five fragments of sample 203.18. Additional 
SG measurements could not be done because many 
samples were crystals on matrix (in particular, sam- 
ples BVM2378—-A to D contained too much matrix 
material on their extremities). 


UV Fluorescence. All samples were inert to both 
short- and long-wave UV radiation, as with most 
natural emeralds worldwide (Bosshart, 1991; Zylber- 
mann, 1998). 


Magnification. In the seven emerald samples studied 
with a gemological microscope, we observed a few 
solid inclusions; these showed a bright yellow metal- 
lic luster and were most probably pyrite. All the sam- 
ples contained primary fluid inclusions, virtually all 
of which were multiphase (figure 9). We observed no 
secondary inclusions. Some inclusions had an irregu- 
lar outline (figure 10), and others showed a somewhat 
hexagonal outline when viewed parallel to the c-axis 
of the host (again, see figure 9), indicating that crystal 
growth occurred mostly along the basal planes. 


Figure 9. Multiphase inclusions are commonly 
observed in emeralds from Byrud. They typically 
show regular geometric outlines and contain a liquid 
and a gaseous phase, a cubic transparent solid phase, 
elongated transparent crystals, and opaque phase(s). 
Photomicrograph by B. Rondeau; magnified 200x. 
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Figure 10. In rare instances, the multiphase inclu- 
sions in Byrud emeralds were observed to have 
irregular forms. Photomicrograph by B. Rondeau; 
magnified 500x. 


The most characteristic multiphase inclusions 
(figure 11) contained predominantly a liquid phase, 
a gas bubble, an optically isotropic cube, some 
transparent, birefringent elongated material (as 
revealed between crossed polarizers, figure 11 right), 
and very small opaque phases. When these opaque 
phases are sufficiently large, one can see that they 
have a brownish yellow metallic luster (best 
observed using fiber-optic lighting from the side). 


Composition of the Multiphase Inclusions. Raman 
Spectroscopy. Raman analyses revealed that the trans- 
parent cubes were halite and the aggregates of elongat- 
ed opaque material were calcite (peaks at 1083, 279, 
182, and 151 cm”). The liquid was water (broad band 
around 3600 cm”), and the gaseous phase was a mix- 
ture of water and methane (CH,; broad band around 
3600 cm! and sharp peak at 2915 cm~}). 


SEM-EDS Analysis. Fresh breaks on a fragment of 
sample 203.18 exposed numerous fluid inclusions. 
The liquid and gaseous phases were flushed out of 
the inclusions during sample preparation, and the 
solid phases were lost from some of the cavities as 
well. In those that still contained solids (figures 12 
and 13), the most common phase identified was 
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halite (NaCl); sylvite (KCl) was also found frequent- 
ly. Several sulfide phases were observed: pyrrhotite 
(Fe, .S, hexagonal flakes), galena (PbS), and sphalerite 
(ZnS)}, these were often grouped together (again, see 
figure 12). Copper was also detected during the anal- 
ysis, but we could not ascribe it to a specific mineral. 
Some rarer solid phases were also identified. In par- 
ticular, we found one cassiterite crystal (SnO,) and 
one crystal of a phase that contained phosphorus, 
oxygen, and scandium that we attributed to the very 
rare mineral pretulite (ScPO,; again, see figure 13). 


Chemical Composition. Electron-microprobe analy- 
ses are summarized in table 1, and LA-ICP-MS anal- 
yses are provided in table 2; additional data from 
both techniques are available on the G#G Data 
Depository (www.gia.edu/gemsandgemology). We 
measured relatively high concentrations of V (up to 
2.44 wt.% V,O;, with a mean of more than 1 wt.%) 
and comparatively moderate concentrations of Cr 
{up to 0.33 wt.% Cr,O,). The V/Cr ratio was very 
high, ranging from 3.7 to 24.3. The emeralds also 
contained remarkably low concentrations of Mg 
and Na (about 0.1 wt.% oxide or less). Concen- 
trations of Rb (21-61 ppm) and Cs (35-127 ppm) 
were quite high compared to other vanadian emer- 
alds. Iron concentrations were low (467-1024 ppm) 
compared to emeralds from most other deposits. 


Spectroscopy. UV-Vis-NIR. Typical polarized absorp- 
tion spectra of a Byrud emerald (no. BVM2378-A) are 
presented in figure 14. The spectrum acquired with 
Ec shows V- (and partially Cr-) related absorption 
bands at 430 and 608 nm. With Ellc, the spectrum 
shows absorption bands at 423 and 630-642, nm (com- 
pare to Fritsch et al., 2002). A weak absorption band at 
683 nm (spectrum E||c) is attributed to chromium. The 
weak shoulders at 373 and 385 nm are due to Fe**. 

In the near-infrared region, the three main 
absorption bands at approximately 1150, 1400, 
and 1896 nm are due to type I and type II water. 


Figure 11. As shown in polar- 
ized light (left) and between 
partially crossed polarizers 
(right), the Byrud emerald’s 
cubic phases are isotropic, 
whereas the elongated aggre- 
gates are anisotropic (yellow 
arrows). Note the opaque 
phases. Photomicrographs by 
B. Rondeau; magnified 500x. 
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Figure 12. This multiphase inclusion in emerald 
sample 203.18 contains three sulfides: galena, spha- 
lerite, and pyrrhotite. This assemblage is commonly 
found together in the multiphase inclusions within 
Byrud emeralds. Backscattered electron image. 


Infrared. Figure 15 shows two directional IR spectra 
in the 5800-1800 cm range. Both H,O and CO, 
absorptions are clearly visible. Details of the water- 
related absorptions in the range 4000-3000 cm! are 
given in figure 16. These spectra show typical 
absorptions due to both type I H,O (3700-3694 and 
3607 cm~!) and type II H,O (3657 and 3597-3595 
cm~') molecules. The peak at 5273 cm! (v,+v3), 
attributed to type II water, is quite sharp and weak 
(figure 15), which means that there are relatively 
few type II water molecules in emeralds from Byrud. 

Details of the absorptions in the 3000-2100 cm7! 
range are given in figure 17. The CO, absorption at 


Figure 13. This inclusion in emerald sample 203.18 is 
a relatively rare example containing several phases 
including cassiterite (SnO,) and pretulite (ScPO,), as 
well as the common halite and sylvite. Backscattered 
electron image. 


2359 cm"! is sharp; weak absorptions at 2372, 2345, 
and 2326 cm”! are also attributed to CO,. These are 
possibly due to isotopic effects (combination of the 
presence of °C and !8O). The weak peak at 2818 cm=! 
is attributed to chlorine (Schmetzer et al., 1997, and 
references therein; Fritsch et al., 1998). Several addi- 
tional peaks shown in figure 17 (i.e., at 2928, 2854, 
2739, 2687, and 2640 cm!) have never before been 
documented in the literature for natural emeralds. 
They may correspond to companion peaks of the 
2818 cm! chlorine peak, even if their positions dif- 
fer slightly from those observed in hydrothermal 
synthetic emeralds. 


14 Chemical composition of two Byrud emeralds, obtained by electron microprobe. 


Sample 203.18 


Sample 195.174 


Oxide (wt.%) 
Range Average Std. dev. Range Average Std. dev. 

SiO, 65.49-66.73 65.91 0.33 65.55-66.06 65.76 0.18 
Al,O, 17.02-18.78 17.98 0.43 17.39-18.23 17.91 0.28 
BeO® 13.69-13.92 13.77 0.06 13.71-13.78 13.74 0.03 
VO, 0.16-2.44 1.17 0.54 0.78-1.69 1.06 0.32 
FeO 0.05-0.18 0.11 0.04 0.03-0.11 0.06 0.03 
MgO 0.05-0.10 0.07 0.01 0.05-0.07 0.06 0.01 
Na,O 0.02-0.14 0.08 0.03 0.04—-0.10 0.06 0.02 
Sc,0, nd-0.08 0.05 0.02 nd-0.08 nd nd 
Cr,0, nd-0.30 0.13 0.09 0.17-0.33 0.26 0.06 
H,0° 0.85-0.96 0.91 0.02 0.87-0.92 0.89 0.02 
Total 99.52-100.87 100.13 0.38 99.53-100.06 99.83 0.20 


@ Total iron is shown as FeO. The detection limit for Sc,O, is ~0.05 wt.%, and for Cr,O,, is ~0.06 wt.%. Abbreviations: Std. dev. = standard deviation, 


nd = not detected. 
» BeO and H,O were calculated, not measured. 
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2 Chemical composition of three Byrud emeralds, obtained by LA-ICP-MS.? 


Sample 203.18 


Sample 195.174 


Sample 106.718 


Element (ppm) DL (ppm) 
Range Average Range Average Range Average 
Li 20-28 24 15-21 18 17-19 18 0.8 
g 277-474 389 306-486 386 348-488 395 3.8 
K 23-92 55 26-684 199 63-98 82 23 
Sc 126-332 266 160-278 202 146-195 175 0.2 
Ti 23-270 146 12-16 14 14-21 18 0.2 
V 4965-10021 7356 4496-6895 5485 1745-4211 3098 1.4 
Cr 293-1208 579 1006-1654 1324 162-932 585 1.8 
n 5-25 5737 18-25 22 33-109 67 0.7 
Fe 573-1024 802 467-698 576 570-881 719 5.8 
Ni nd nd nd nd nd-1 nd 0.5 
Zn 9-15 5291 15-23 18 13-45 33 1.4 
Ga 9-27 5841 19-26 23 nd nd 0.3 
Rb 29-61 4 21-54 32 26-33 30 0.4 
Sr nd nd nd-7 3 nd-8 4 1.9 
Zr nd-1.1 nd nd-1 nd nd-1 nd 0.4 
Cs 50-127 85 35-44 38 69-99 85 0.4 
Pb 1.8-2.8 2.2 3-5 4.25 5-14 8.67 0.01 
V/Cr 6-24.3 16.2 3.68-4.47 4.18 4.52-10.8 6.79 
V/(V+Cr) 0.9-1 0.9 0.79-0.82 0.81 0.82-0.92 0.86 
Fe/(Fe+Cr) 0.4-0.8 0.6 0.24-0.41 0.31 0.49-0.78 0.60 


4 Co, Cu, La, Ce, Gd, Th, and U were analyzed for but not detected. Na, Cl, F, P, and Ca could not be analyzed correctly by this technique. Si is taken 
as the reference at 650,000 ppm. Abbreviations: DL = detection limit, nd = not detected. 


DISCUSSION 


Variations in Properties. The RI, SG, pleochroism, 
and fluorescence of our Byrud emeralds samples 
fall within the range of properties for emerald 
(Zylbermann, 1998). Higher values of RI were pre- 
viously reported for Byrud emeralds (n, = 1.591, 
n, = 1.584; Webster, 1955). 
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Variations in color zonation, RI values, inclusion 
composition, and chemical composition may indi- 
cate that the mineralizing fluid was less homoge- 
neous than is usual for emerald deposits. The rela- 
tively high concentration of chromophores (mostly 
V) may explain the high RI values sometimes 
observed, because—for example—V, which is heay- 


Figure 14. Polarized UV- 
Vis-NIR spectra of sam- 
ple BVM2378-A show 
absorption bands at 430 
and 608 nm (bottom) 
and 423 and 630-642 
nm (top) that are due 
mostly to V*, and partly 
to Cr**. The weak shoul- 
ders at 385 (top) and 378 
nm (bottom) are due to 
small amounts of Fe**. 
The sharp near-infrared 
peaks at approximately 
1150, 1400, and 1896 nm 
are due to type IT molec- 
ular water. Spectra have 
been shifted vertically 
for clarity. Sample thick- 
ness is 3 mm. 
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Figure 15. The IR spectra of Byrud emeralds clearly 
show absorptions due to H,O and CO). Spectra have 
been shifted vertically for clarity. 


ier than the Al it substitutes for, may contribute to 
slowing down light as it passes through the emer- 
ald. However, the RI values are sometimes very 
low, as seen in samples BVM2378-A to D, which 
were not chemically analyzed. Their low RI values 
may be related to the water and CO, content in the 
channels of these emeralds, which are very low 
compared to those of other natural emeralds (B. 
Sabot, pers. comm., 2006; a value of 1.1 wt.% H,O 
is given by Alexandrov et al., 2001). As these sam- 
ples were vivid green, the channel content apparent- 
ly may be more important than the chromophores 
for controlling RI. Nevertheless, our limited data set 
does not allow us to demonstrate a clear correlation 
between RI and water, CO,, and V contents. 

Some solids in the multiphase inclusions were 
identified only with Raman spectroscopy (calcite) 
and others only with EDS (sylvite and pretulite), 
simply because we did not analyze the same speci- 
mens with both methods. This illustrates the diver- 
sity of the solid phases in the multiphase inclu- 
sions. However, opaque, metallic-appearing sulfides 
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Figure 16. These IR spectra of emerald sample 
195.174 in the 4000-3000 cm! range show the 
details of water-related absorptions. Spectra have 
been shifted vertically for clarity. 


were observed in the fluid inclusions of all seven 
samples studied. 


Origin of Color. The main UV-Vis spectroscopic 
features are the absorption bands at 423 or 430 nm 
and at 608 or 642 nm. These positions prove that 
the color is due mainly to the presence of V. 
However, the weak peak at 683 nm indicates that 
Cr also contributes to the coloration. This was con- 
firmed by chemical analyses: V was much more 
abundant than Cr. 


Source of Vanadium and Chromium. Chromium in 
emerald typically originates from mafic and ultra- 
mafic rocks (e.g., Morteani and Grundmann, 1977; 
Laurs et al., 1996; Marshall et al., 2003), with the 
exception of Colombian-type deposits, where chro- 
mium is leached from sedimentary rocks (Giuliani, 
1997). However, the geologic source of vanadium in 
emerald is not well documented. This element is 
usually concentrated in rocks that contain iron-rich 
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Figure 17. These IR spectra of emerald sample 
195.174 in the 3000-2100 cm! range show the 
details of CO,-related absorptions. Spectra have 
been shifted vertically for clarity. 


minerals or organic compounds (e.g., Moskalyk and 
Alfantazi, 2003). Byrud’s alum shales, rich in organ- 
ic matter, are the most likely source of vanadium 
for these emeralds. By comparison, the source of 


Figure 18. The contents of Cr and V in emeralds from 
Norway do not show a consistent correlation in the 
three Byrud emeralds tested. 
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vanadium in Colombian deposits is also related to 
organic matter in black shales (Campos Alvarez and 
Roser, 2007). 


Trace-Element Geochemistry. Trace-element 
incorporation into beryl varies with geologic envi- 
ronment (Staatz et al., 1965; Calligaro et al., 2000). 
We plotted some trace-element pairs to detect pos- 
sible correlations in their relative abundances with- 
in the three samples analyzed. Chromium and V 
showed a positive correlation (figure 18) in two 
samples but not in sample 203.18. Gallium and V 
showed a clear negative correlation in all three 
samples (figure 19). A less pronounced negative cor- 
relation was found for Zn, Pb, and Mn relative to V 
(figure 20). From these data (based on the analysis 
of only three samples, as mentioned above), the 
group of divalent ions Zn, Mn, Pb, and Ga seems to 
correlate negatively with V, but we did not observe 
any correlation with Cr. All this confirms that Cr 
and V do not have similar geochemical distribution 
properties. Also, this could indicate that Ga and V 
integrate into the beryl structure via the same crys- 
tallographic site. 

We calculated a very low water content in our 
samples (0.85-0.96 wt.%). This is not inconsistent 
with the value of 1.1 wt.% reported by Alexandrov 
et al. (2001). It approaches the lowest water content 
recorded for emerald from any source (Schwarz, 
1987, p. 43). The low water content in such emer- 
alds is related to the very low amount of Na, as type 
II water incorporation directly correlates to Na con- 
centration (Wood and Nassau, 1968; Charoy, 1998). 


Figure 19. The concentrations of Ga and V clearly 
show a negative correlation in all three Byrud samples. 
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Under crossed nicols, in the position of 
maximum distinction, it was seen that here 
and there a grain, or several grains were 
oriented at variance with the rest of the 
mass. All the inclusions, mineral or other- 
wise, existent in the rubies prior to fusion 
could not be identified in the rod corundum. 
In this instance, a careful petrographic 
search for evidence of genuineness was made 
first at a magnification of 450x and later 
at a magnification of 900x. 

While this investigation was in progress 
there came into the writer’s office a stone 
dealer interested in having a 1.28 carat 
ruby tested. 4 

At first glance, this particular stone ap- 
peared to be synthetic — not perhaps a “run 
of the mine” synthetic, but a Verneuil 
product nevertheless. The ruby was of a 
type generally associated with the early 
attempts made by Verneuil to synthesize 
alumina. The stone was next placed in a 
glass cell containing alpha-mono-bromo- 
naphthalene and given further scrutiny. 

The evidence revealed to the eye under 
these new conditions, clearly indicated that 
this ruby had been reconstructed. 

The dealer was asked to donate the ruby 
to the Gem Trade Laboratory, Inc., “in the 
interest of science.” After a period of time, 
the unusual stone was given to the writer. 

Since a European meeting with Mr. Basil 
W. Anderson and Dr. E. J. Gubelin was in 
the offing, it was decided to take this ruby 
to Switzerland so that these two distin- 
guished gemologists could have the oppor- 
tunity of examining the gem. The meeting 
materialized in July, 1948, being held in 
the Luzerne laboratory of Dr. E. J. Gubelin. 
There the stone was carefully and critically 
studied. After weighing all the evidence, 
both Dr. Gubelin and Mr. Anderson con- 
cluded that this ruby was indeed a “re- 
constructed.” 

Dr. Gubelin kindly photographed the 
remarkable inclusions found in the ruby 
and his marvelous photomicrographs reveal 
the evidence which conclusively prove this 


stone to be of reconstructed origin. 

As for the inclusions themselves: note the 
peculiar swirl marks and how in some in- 
stances these marks ate sharply terminated. 
(Fig. 1) The ruby contains four well de- 
fined undulate veils of varying size and 
beauty. This stone must be seen, however, 
in its entirety to best observe these par- 
ticular inclusions. A material fused from 
several small pieces should possess .gas- 
vesicles. This ruby is no exception. Still 
other inclusions, strongly resembling the 
kind seen in genuine ruby and sapphire 
are also indicated by Dr. Gubelin’s photo- 
micrographs (Fig. 2 to 7 inclusive). 

The statistics on this reconstructed ruby 
are as follows: Weight: 1.28 carats; Color: 
An excellent ruby-red; Indices of refraction, 
as obtained from the table of the stone using 
Sodium light, gave: 1.760-1.767; Specific 
gravity, as determined on a Kerr balance: 
4.00; Ultraviolet fluorescence (3600 A.U. 
filter) — bright red; X-ray fluorescence,. us- 
ing tungsten target, 90 kv, 10 ma — bright 
red; Absorption spectra, using Beck hand 
spectroscope #2458 reveals all character- 
istic lines for ruby. 

The writer is indebted to Mr. Abraham 
Ball, New York importer of stones, who 
kindly donated the ruby to the Laboratory. 
To Dr. E. J. Gubelin for taking the time 
and the trouble to study and photograph 
this ruby. He also wishes to thank Basil 
Anderson for the interesting observations 
he made during the course of ‘this in- 
vestigation. 

Lastly, as a matter of record, it. should 
be stated that this stone is probably the first 
of its kind to be scientifically tested on two 
continents following a two way air borne 
trip across the Atlantic! 


Background of Dr. Alexander, Director of 
the Gem Trade Laboratory, Inc., N. Y., 
will be found on page 63 of the Summer 
1948 Gems & Gemology, with his article, 
“Pearl Fishing in the Persian Gulf” in that 
issue. 


SUMMER +1949 


185 


CHEMICAL COMPOSITION 


“th * Sample 106.718 
' ™ Sample 195.174 
= 2804 A Sample 203.18 
[= 
= 
= 60 
E od 
= 
404 
. 4 
ov A 
204 k 
A dk 
A 
o+ ' r ———— al 
0 2000 4000 6000 8000 10000 12000 
154 
Sa 
104 
= 
= o 
2 
a 
5 5 
= : 
L A 
A os aoa:A 
0 T T T T T 1 
0 2000 4000 6000 8000 10000 12000 
505 
.4 
40 Sd 
Ee 24 
Q 
Qa 
= tt] 
§ 2 a 
: tT] A 
5 A A 
10 » A 
0 r r r r r 1 
0 2000 4000 6000 8000 10000 12000 
V (ppm) 


Figure 20. Concentrations of Mn, Pb, and Zn show a 
poorly pronounced negative correlation with V in the 
three Byrud emeralds. 


IDENTIFICATION 


We found several distinguishing criteria for Byrud 
emeralds. Most importantly, the presence of sulfides 
in the multiphase fluid inclusions is unique to emer- 
alds from this locality and makes them straight- 
forward to identify. With the optical microscope, we 
consistently observed a small (sometimes very 
small) black, opaque point somewhere in each mul- 
tiphase inclusion. Three-phase and multiphase 
inclusions are known in emeralds from only a few 
other deposits: Colombia, Kaduna in Nigeria 
(Schwarz, 1998; Vapnik and Moroz, 2000; Sabot et 
al., 2000), Panjshir in Afghanistan (Seal, 1989, 
Bowersox et al., 1991), Kafubu in Zambia (Zwaan et 
al., 2005), and Xinjiang in China (Blauwet et al., 
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2005). Multiphase inclusions in these emeralds com- 
monly contain halite cubes and sometimes carbon- 
ate crystals, but none of them systematically show 
the black, opaque phases seen in emeralds from 
Byrud. Sulfides have been described as solid inclu- 
sions in emeralds from several deposits (Giuliani et 
al., 1997; Rondeau et al., 2003), but never as part of a 
multiphase inclusion. Also, we observed that fluid 
inclusions in Norwegian emeralds are generally 
more regular in shape than those in Colombian 
emeralds, and the halite cube they contain is small- 
er. Hence, the careful use of a binocular microscope 
can be sufficient to ascribe Norwegian provenance to 
an emerald. 

Among chemical criteria, the very low Na con- 
centration (about 0.1 wt.% or less) is most signifi- 
cant. This is comparable to emeralds from Emma- 
ville, Australia (Schwarz, 1998), and Delbegetey, 
Kazakhstan (Gravilenko et al., 2006), and is there- 
fore not distinctive but certainly indicative. The 
appropriate data can be obtained by using either an 
electron microprobe or LA-ICP-MS. 

In addition, the V content of the Byrud emeralds 
we tested was commonly high (a mean of more than 
1 wt.% V,O3, with values ranging up to 2.4 wt.%), 
which is consistent with earlier data (Schwarz, 1991, 
Calligaro et al., 2000). This is among the highest of 
all emeralds, along with those from Malipo, China 
(Zhang and Lan, 1999). However, the V content is 
sometimes lower (down to 0.16 wt.% V,O,), particu- 
larly in light green stones, so this criterion cannot be 
considered a definitive identification tool. Moreover, 
a high V/Cr ratio (3 to 24 in our measurements) is 
not distinctive: Emeralds from other deposits 
(Salininha, Brazil, and Lened, Canada) also can show 
high V/Cr ratios, sometimes exceeding 100 
(Marshall et al., 2004). However, the relative con- 
tents of Fe+Mg (low), Cr (low), and Cs or Rb (high) 
appear specific to the emeralds from Byrud, as 
shown in a ternary diagram that plots Fe+Mg, Cr, 
and Cs (figure 21). The trace-element composition of 
emeralds from Lened (Canada) has not yet been 
determined, but it may be useful to compare it to 
Byrud in this ternary diagram. 

The oxygen isotopic composition of an emerald 
from Byrud has been reported in the literature 
(Giuliani et al., 1998; Groat et al., 2002). The 8!8O 
value of 9.4%o is rather low, but overlaps that of 
many other deposits (Giuliani et al., 1998; Sabot, 
2.002), so this criterion alone is not distinctive. 

According to the published literature, the emer- 
alds from Emmaville and Torrington, Australia, share 
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many characteristics with emeralds from Byrud 
(Schwarz, 1991). They formed in pegmatite sills that 
intruded alum schist (Schwarz, 1991, and references 
therein; Grundmann and Giuliani, 2002), and their 
associated minerals include quartz, feldspars, micas, 
fluorite, topaz, cassiterite, wolframite, and arsenopy- 
rite. These Australian emeralds contain very low 
concentrations of Na,O and MgO (<0.1 wt.%; 
Schwarz and Henn, 1992; Brown, 1998). Such low 
concentrations are otherwise encountered only in 
emeralds from Byrud and in synthetic emeralds. 
Emerald crystals from Emmaville and Torrington 
typically show strong color zonation parallel to the 
basal face, which is rare in emeralds from Byrud. 
Also, emeralds from Emmaville contain more 
chromium and less vanadium (0.1 wt.% V,O,) than 
those from Byrud (Schwarz, 1991). 


CONCLUSION 


The gemological and spectroscopic properties of our 
Byrud samples did not differ on average from those 
of emeralds in general, either chromium- or vanadi- 
um-bearing. However, our study has shown that 


Figure 21. The chemical composition field of the three 
analyzed emeralds from Norway is clearly distinct 
from that of V-rich emeralds from other deposits. The 
elements used in this diagram (Cr, Fe + Mg, and Cs) 
are the most useful for distinguishing their geographic 
origins (data from Peucat et al., in preparation). 
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Figure 22. Significant quantities of emerald were 
mined from Byrud, Norway, in the late 19th and early 
20th centuries. As these two crystals (9.6 and 5.5 mm 
long) illustrate, some of the material was transparent 
enough for faceting. Courtesy of the Royal Ontario 
Museum, Toronto; photo by Robert Weldon. 


Byrud emeralds (e.g., figure 22) are colored mostly 
by vanadium. We also found a number of criteria 
that are diagnostic of these emeralds. Most impor- 
tantly, we noted the presence of sulfide phases in 
multiphase fluid inclusions, together with halite, 
sylvite, calcite, liquid water, and gaseous CH,. This 
is the first time that sulfide phases have been 
reported in multiphase inclusions in emeralds. 
They are seen with the optical microscope as 
minute black, opaque points. The chemical compo- 
sition is also distinctive: The emeralds analyzed 
from Byrud had relative contents of Fe, Mg, Cr, Cs, 
and Rb that are specific to this locality and easily 
identified through LA-ICP-MS analysis. They also 
contained low Na and Mg and often high V. 

These criteria make emeralds from Byrud 
unique and quite easy to distinguish using a micro- 
scope and/or chemical analysis. An unverified leg- 
end says that one of the emeralds in the jewels 
belonging to the British royal family comes from 
the Byrud deposit. Using the identification criteria 
provided in this article, it would now be quite easy 
to investigate this story. 

When we compare our results with those reported 
in the literature for emeralds from other localities, it 
appears that those emeralds from Byrud that show a 
strong color zonation closely resemble emeralds from 
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Emmaville and Torrington, Australia: similar color 
zonation, very low Na and Mg contents, similar geo- 
logic setting, and similar associated minerals. Hence, 
a detailed gemological study of emeralds from 
Australia would be very helpful in testing the identi- 
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THE USE OF LASER AND X-RAY 
SCANNING TO CREATE A MODEL OF THE 
HISTORIC KOH-I-NOOR DIAMOND 


Scott D. Sucher and Dale P. Carriere 


For centuries, the Koh-i-Noor was one of the world’s largest diamonds. It was recut in 1852 from 
its historic form of 186.1 old carats to an oval of 105.60 modern carats. While the modern shape 
is well documented, the original form is not. Fortunately, the Natural History Museum in London 
commissioned a mold of the diamond in 1851 before it was recut. Using one of two plaster repli- 
cas made from this mold, the present study captured the surface topology of the original Koh-i- 
Noor through photography plus laser and X-ray scanning methods. A crystallographic analysis of 
the major facets determined the diamond's orientation within a “perfect” diamond crystal, which 
was used to refute one theory about the diamond’s genealogy. Computer modeling established 
the orientation of the recut diamond within the historic version. Information from this study was 
used to create an accurate replica from cubic zirconia. 


monds (figure 1), a gem that has figured 

prominently in south Asian history for hun- 
dreds of years. The precise history of the Koh-i-Noor 
prior to the mid-1500s is in doubt (Mawe, 1815; 
Balfour, 2000). Some sources claim the stone was 
discovered in India 5,000 years ago, while others 
place it in the 1300s or 1500s. It was owned by a 
long succession of rulers and warlords over the 
ensuing centuries, finally ending up as part of the 
English Crown Jewels after the British conquest of 
the Punjab. Queen Victoria had the stone recut to 
its current form in 1852 (see box A for more infor- 
mation on the diamond's history). 

Although much is known about the original 
Koh-i-Noor, drawings of its form are scarce and 
contradictory (figure 2). As a result, there is insuffi- 
cient historical data to recreate the diamond with 
any accuracy. 

However, the Natural History Museum in 
London created a plaster mold of the diamond in 
1851, prior to the recutting, and from this two plas- 


he Koh-i-Noor is one of the great historic dia- 
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ter casts were made. The discovery of a firebrick 
mold in December 2007 suggests that at least one 
lead model was also made, but there is no documen- 
tation to confirm this. The two plaster casts are the 
only replicas known to have been made from the 
original stone (a cubic zirconia [CZ] replica has been 
cut based on one of these plaster forms, as described 
in Hatleberg, 2006, but no details as to the specific 
techniques used were provided in that report]. One 
of the plaster casts is on permanent display at the 
museum, but the other was analyzed for this study 
using a combination of photographic techniques and 
laser and X-ray scanning technologies to create a 
computer model of the original Koh-i-Noor. This 
model was used to determine the alignment of the 
historic stone within the original diamond crystal 
(and test one theory of its origin), analyze the 
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recutting of the stone, and create a CZ replica to 
evaluate historical reports of its optical performance. 


MODELING BACKGROUND 


Famous diamonds have been replicated from glass, 
crystal, lead, and plaster for hundreds of years. 
More recently, various computer-aided techniques 
have been added to the modeler’s tools (e.g., 
Attaway, 2005). Some, such as photography, photo- 
grammetry, and photomodeling, rely on photos to 
reconstruct the stone. Laser and X-ray scanners, as 
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Figure 1. The Koh-i- 
Noor, currently the cen- 
terpiece of the Queen 
Mother’s crown in the 
English Crown Jewels, 
is perhaps the most 
famous diamond in the 
world. It was recut to 
its current size of 105.60 
ct in 1852. A replica of 
its historic form (inset) 
was prepared as part of 
this article. Crown ©/ 
The Royal Collection 

© Her Majesty Queen 
Elizabeth II; inset 
photo by S. Sucher. 


well as optical scanners, can be used with either 
the original stone or a model to scan the surface 
topography and generate reflections from which a 
digital three-dimensional (3-D) model of the origi- 
nal can be created. 

The study described here combined photography 
with laser and X-ray scanning. Initially, only the pho- 
tographic process was employed. This consisted of 
photographing the plaster model from many angles 
and using these photos to generate line drawings of 
the facet pattern and other surface features. The line 
drawings served as design templates, on the basis of 
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Box A: THE STORY OF THE KOH-I-NOOR 


Although it is neither the largest nor the most daz- 
zling diamond ever found, the Koh-i-Noor’s fame and 
colorful background are unsurpassed. The stone’s ori- 
gins and early history have never been conclusively 
established—apocryphal accounts have placed its dis- 
covery as early as 3000 BC. It is widely believed to 
have come from India’s Golconda region, an early 
source of high-quality colorless diamonds. The first 
reliable reference to the Koh-i-Noor is believed to be 
in the memoirs (circa 1526) of Babur, founder of the 
Mogul dynasty, who wrote of the Sultan of Delhi 
capturing the then-unnamed diamond in 1304 
(Streeter, 1882). Babur himself had captured the stone 
in 1526 after defeating its previous possessor, the 
Rajah of Gwalior (Balfour, 2000). 

For centuries, the original 186 ct (191.03 modern 
carats) diamond changed hands repeatedly and often 
by violence, a coveted spoil of the wars between the 
Mogul empire, India, Afghanistan, and Persia. Its 
name, said to have been exclaimed by the Persian 
Emperor Nadir Shah upon seeing the gem for the 
first time after the sack of Delhi in 1739, is Persian 
for “Mountain of Light.” The British East India 
Company acquired the Koh-i-Noor in 1849 with the 
British conquest of the Punjab. In 1850, it was pre- 
sented to Queen Victoria at a ceremony marking the 
250th anniversary of the founding of the East India 
Company (Copeland, 1974), and it has remained in 
British possession ever since. 

The Koh-i-Noor first went on public display at the 
Great Exhibition, held in London’s Hyde Park from 
May to October of 1851. The diamond was displayed 
in a large glass case and illuminated by either candles 


which the diamond could be virtually “cut” using a 
software program designed for three-dimensional 
gem modeling. The data from this computer model 
were then used to create a CZ replica that more 
closely mimicked the diamond than the materials 
historically used. 

The complexity of the plaster model’s surface 
topography made it extremely difficult to resolve 
the Koh-i-Noor’s features photographically. 
Although photos alone can be used to produce a 
computer-generated and physical replica of any orig- 
inal, any assumptions as to facet settings based on 
the photos have a high probability of causing errors. 
These can be minimized through extensive itera- 
tions (i.e., “trial and error’) of the resultant comput- 
er model—making adjustments to each facet until 
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or gas lamps, hardly suitable conditions for brilliance 
or sparkle. The Times reported that while the gem 
drew the exhibition’s largest crowds, many were dis- 
appointed by its rather ordinary appearance (Balfour, 
2000). The following year, Prince Albert gave it to the 
crown jewelers, Garrard & Co., for recutting (Blair et 
al., 1998). Garrard’s brought several master cutters 
from Coster Diamonds in Amsterdam to London to 
oversee the job (figure A-1), and 38 days later the Koh- 
i-Noor had been trimmed to 105.60 (modern) ct, just 
over half the original size. The resulting oval-cut dia- 
mond was set in a tiara for the queen. 

Opinions of the recutting were mixed. Prince 
Albert, who had been closely involved with the oper- 
ation, was openly dissatisfied with the outcome, 
especially the great loss of weight it had entailed 
(Streeter, 1882). There is also a perhaps-apocryphal 
story that when the Sikh Prince Dhulip Singh, the 
Koh-i-Noor’s last non-British owner, was shown the 
recut diamond by Queen Victoria, he was rendered 
speechless for some minutes afterward (Blair et al., 
1998). That the recutting was unnecessarily rushed 
seems clear, judging by the number of correction 
facets on the stone (Blair et al., 1998). 

Gemologically, the Koh-i-Noor is a D-color type Ia 
stone (Blair et al., 1998). Unlike similar classic 
“Golconda diamonds” that show pinkish orange fluo- 
rescence (Fritsch, 1998), the Koh-i-Noor is inert to 
long-wave UV radiation but shows a weak green reac- 
tion to short-wave UV. Although it has not been given 
a clarity grade, it shows several feathers/gletzes and a 
black inclusion under its table (Blair et al., 1998). 

Since the Koh-i-Noor’s acquisition by the British, 


the computer model matches the photos as best as 
possible—but this is extremely time consuming for 
a stone of such complexity. It became apparent that 
a different technique was needed to improve accura- 
cy, as this would be our only opportunity to have 
unfettered access to the 150+-year-old plaster repli- 
ca. The technique had to be objective and generate 
highly accurate data that precisely captured the dia- 
mond’s surface topology. Laser and X-ray scanning 
methods meet both these criteria. 


METHODS AND RESULTS 


The Photographic Method. We applied the photo- 
graphic method to capture the outline of the plaster 
replica and every surface detail, including the pattern, 
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only female members of the royal family have worn 
it. This may be because the diamond is said to carry a 
curse that brings its male possessors great misfor- 
tune—though the Indian legend is the exact opposite, 
reflecting the many powerful men who possessed it 
(Balfour, 2000). 

Today, the Koh-i-Noor resides in the Tower of 
London, where it is the centerpiece of the Queen 
Mother's 1937 coronation crown (again, see figure 1), 
seen by millions of visitors each year. Yet the dia- 
mond’s future is still not entirely settled, as the gov- 


shape, and size of the facets, as well as four surface 
cavities that held the original diamond in its prong 
setting (Tennant, 1852, p. 82). Using a Canon 
Powershot A40 digital camera with 2-megapixel reso- 
lution, we took 10 series of photos from different per- 
spectives—top, bottom, and side views at every 45° 
of rotation—to create the line drawings (e.g., figure 3). 

Many facets on the plaster replica were difficult 
to discern in the photos. Plaster is a soft material 
that erodes over time. Facet edges become rounded, 
often making the outlines difficult to see. In addi- 
tion, the angular difference between adjacent facets 
was minimal, in many cases less than 3°, causing 
one facet to “blend” into its neighbors. This was 
resolved by taking many photos under low-illumi- 
nation, low-angle conditions. A 40 watt incandes- 
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Figure A-1. This draw- 
ing from The Illustrated 
London News (July 
1852) depicts the recut- 
ting of the Koh-i-Noor 
by a team from Garrard 
& Co., the Crown 
Jewelers, and Coster 
Diamonds of 
Amsterdam. 


ernments of India, Pakistan, Iran, and Afghanistan 
have all claimed ownership of it and demanded its 
return at various points over the past few decades. 
Controversy flared up again in 2002, after the Queen 
Mother’s funeral. Her crown, including the Koh-i- 
Noor, was placed atop her casket during the ceremo- 
ny, a gesture that angered Indian politicians, who con- 
sidered it an unnecessary flaunting of imperial plun- 
der (“Diamond teaser. . .,” 2002). 

Even as the legendary diamond enjoys a seemingly 
quiet “retirement,” its notoriety continues to grow. 


cent light source was rotated about the model in a 
darkened room, causing facet junctions to alternate- 
ly appear and disappear (figure 4, photos). Over 700 
pictures were taken in various lighting conditions. 
Next, we created the line drawings by importing a 
baseline photo into Adobe Illustrator 9.0 and tracing 
all visible surface details. Then we imported another 
photo from that series, with the light in a different 
position, and the newly visible features were added to 
the line drawing. Additional photos were imported 
until all features visible with the changing light posi- 
tions had been incorporated and the resulting line 
drawing was complete (see, e.g., figure 4, bottom). 
The line drawings captured the facet details, 
stone outline, and all other features necessary to 
describe the surface topology of the plaster replica. 
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Figure 2. These historic drawings of the original Koh-i-Noor diamond show conflicting appearances: left—Tennant 
(1852, p. 83); center—Dieulafait (1874, p. 95); and right—Bauer (1968, plate X). 


As noted earlier, though, relying on photography 
alone to generate line drawings introduces addition- 
al sources of error. These were addressed as follows: 


Viewing Angle. Photos could not be taken randomly; 
they had to be shot from specific viewing angles that 
were accurately reproducible. The solution was a 
compass rose with graduated markings like those of 
the index wheel on a faceting machine. The plaster 
replica was placed on this compass rose and held sta- 
tionary (figure 5). Photos were taken from different 
angles by rotating the compass rose around a fixed 
axis and maintaining the camera in a fixed position. 


Parallax. Parallax (the apparent displacement of a 
feature as seen from two different points) was espe- 
cially acute for facets visible on the far left or right 
in any photo, due to the diamond’s pronounced cur- 
vature. This was mitigated by giving priority to 
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Selo o 


those facets in the center of a photo whenever there 
was a discrepancy between adjacent views. 


Perspective. All photos had to be taken orthogonal 
to a diamond axis. Side views were directly from 
the side (again, see figure 4), with the camera and 
replica positions kept fixed. Any angling up or down 
would distort facet shapes. 


Depth of Field. All photos had to be in focus. An 
out-of-focus picture causes a slight displacement of 
surface features when the line drawing is generated. 
This effect is especially acute on sharply curved sur- 
faces such as those of the Koh-i-Noor, which 
became apparent during computer modeling. A 
facet visible in one photo would be slightly dis- 
placed on the computer model in an adjacent view. 
The center facets in the picture would be in focus, 
but those on either side would be blurred and their 


Figure 3. Photos of the 

plaster model (left) 
N served as a guide to gen- 
erate line-drawing tem- 
plates, from which facet 
pattern and other sur- 
face features could be 
derived (right). Not all 
facets could be dis- 
cerned from the photos. 
Photo by S. Sucher. 
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apparent positions in the photo slightly different 
from their real positions. Again, priority was given 
to facets in the center of any photo. 


Line Drawings. Creating a line drawing that captures 
diamond outline, facet junctions, and other features 
is highly subjective when these features are not well 
defined. Misplacing the endpoint of a facet junction 
by even one pixel has a cumulative effect in intro- 
duced error. This was mitigated by expanding the 
photos approximately 5x in Illustrator to trace the 
facet junctions. The resultant drawing was exported 
as a .wmf (Windows Metafile Format) file, as this vec- 
tor-based format allows expansion and contraction of 
the line art without the associated ragged lines of 
raster-based drawings. The wmf drawing was used as 
the overlay graphic during computer modeling. 


Indistinct Facets. Determining facet shape and size 
from the photos was very difficult because each facet 
tended to blend in with adjacent ones, as described 
above. Low-angle lighting (again, see figure 4) mitigat- 
ed most of this effect. Approximately 10 facets were 
so indistinct as to be nonexistent, but they could be 
inferred. A study of ancient Indian cutting techniques 
(Meen, 1968) revealed several historic diamonds in 
the Iranian Crown Jewels that were cut similarly to 
the Koh-i-Noor. All have four main crown facets sur- 
rounded by long facets, which in turn were bounded 
by very small triangular facets. The succeeding rows 
consist of small triangular or rectangular facets. On 
the Koh-i-Noor, most of the “missing” facets were 
the long facets and the very small triangular ones 
adjacent to them. However, the row of facets below 
these was sufficiently defined to create the bound- 
aries of the missing facets by emulating the pattern 
found on the other diamonds (figure 6). 


The Scanning Process. Although with the photos we 
were able to successfully capture the surface topogra- 
phy of the plaster cast, the limitations of the photo- 
graphic method required a more accurate method of 
capturing data for computer modeling, so we turned 
to commercially available laser and X-ray scanners. 
The Helium 1:4 digital laser scanner by OctoNus 
Software Ltd. offered the necessary precision and was 
able to accommodate an object roughly 41 x 31 x 17 
mm. A sister company, SkyScan, manufactures a 
high-resolution X-ray scanner (model 1172) with sim- 
ilar capabilities. The resulting scan data could be 
interpreted using a proprietary software program, 
Diamond Calculator 3.0 (also referred to as 
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Figure 4. The four photos shown here produced this 
line drawing of the original Koh-i-Noor. The oval fea- 
tures are two of the cavities in the surface that were 
used for the prongs in the original mounting. Photos 
by S. Sucher. 


DiamCalc 3.0), which gives the angle and index of 
each planar surface generated by the scan data. (The 
angle setting is the placement of the cutting angle in 
relation to a horizontal reference; the index setting 
refers to the degree of rotation around a central axis.) 

The plaster replica was scanned on both the laser 
and X-ray machines in Belgium. Afterward, the 
replica was mailed directly back to the museum in 
London and the data were forwarded to the authors 
for analysis. 
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Observations on 
Heconstructed Hubies 


by 


E. J. GUBELIN, Ph.D., C.G., F.G.A. 


Gemological Laboratory, 


Gemological Institute of Switzerland 


Knowing the process of reconstructing 
rubies — which is entirely different from 
both the natural formation of genuine rubies 
and the man-influenced growth of synthetic 
rubies — it seemed consequent to search for 
the most valuable diagnostic features of 
reconstructed rubies within their interior, 
which always bears the conclusive birth 
marks. 


As reconstructed rubies were obtained by 
fusing together fragments of genuine rubies, 
could natural inclusions such as silk, rutile 
crystals, liquid feathers, etc., be expected 
to occut in reconstructed rubies? Hardly — 
yet if so, only exceptionally in cases when 
fragments are simply soldered together in- 
stead of being melted in a crucible. On the 
other hand curved striae, that decisive in- 
ternal. feature of synthetic rubies, need not 
be looked for since reconstructed rubies 
were not formed by the periodical deposit 
of molten drops. And yet again a feature of 
very similar appearance may have formed 
as the molten ruby mass was certainly in 
the state of a viscuous, slowly moving flow, 
which while cooling off and recrystallizing, 
may have formed swirls. As long as the 
molten mass was heated impurities were 
burnt and air had access forming. bubbles 
which wete trapped when the mass hard- 
ened, hence gas vesicles may be expected. 


Indeed gas bubbles and more or less 


curved switls are without exception found 
in reconstructed rubies. At first sight these 
internal features are very confusing, and a 
superficial observer might really regard the 
stone containing them as a synthetic ruby 
of early production or even as red paste 
if he has not previously determined 
refractive indices, density, and incidentally, 
absorption spectrum. Closer examination, 
however, reveals that the swirl marks are 
arranged in a most peculiar way, in that they 
are strongly curved with remarkably short 
radii which are arranged into groups and 
meet at sharp angles. While in synthetic 
rubies the regularly curved striae are rig- 
orously parallel, the marked irregularity of 
the swirls forms a decisive criterion. (Fig. 
1, 2, and 3) The majority of the gas bub- 
bles, which occur in huge quantities, are 
spherical, (Fig. 3, 4) yet, numerous others 
have developed into bizarre, elongated, 
angular forms sometimes closely resembling 
the well known liquid-filled hoses, capillar- 
ies, tubes, and channels in genuine stones. 
(Fig. 4, 5, and 6) 


All of the tests made on the recon- 
structed rubies described in these three 
articles were conducted in the laboratory 
of Dr..Gubelin of Lucerne, Switzerland. 
Biographical sketch of Dr. Gubelin' will 
be found in Summer Issue 1947 of Gems 
& Gemology. RR OBErCEEaE DRG on pages 
189-190 by Dr. Gubelin. 
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The Helium laser scanner has the following 
specifications: laser—635 nm; field of view—43.3 x 
56.8 mm; rough capacity—5-—500 ct; diamond hold- 
ing—vacuum/glue assisted; 3-D model accuracy— 
better than 28 um; a 1:4 lens; and CCD camera reso- 
lution—1920 x 1080 pixels. 

The specifications of the X-ray scanner are: X-ray 
source—20-100 kV, 10 W, <5 um spot size; X-ray 
detector—10 megapixel or 1.3 megapixel cooled 
CCD fiber-optically coupled to scintillator, detail 
detectability—<1 um with 10 megapixel camera, <2 
um with 1.3 megapixel camera; size capacity—68 


130 MODELING THE KOH-I-NOOR DIAMOND 


Figure 5. The compass 
rose and model demon- 
strate how rotational 
alignment was main- 
tained. The camera 
remained fixed as the 
diamond and compass 
rose were rotated. Photo 
by S. Sucher. 


mm in diameter with 10 megapixel camera; recon- 
struction—single PC or cluster volumetric recon- 
struction (Feldkamp algorithm). 

Although we used both tools to generate data, 
only the laser scan data were extensively analyzed 
once it was determined that the X-ray data closely 
matched them. The laser scan data generated 5,047 
planar surfaces that defined the model’s topogra- 
phy. Those planar surfaces were then reduced to 
the 169 facets shown on the line drawings. Thus, 
an average of 30 planes (5,047+169) defined any 
given facet. 


Figure 6. Some “miss- 
ing” facets (left) could 
not be discerned in the 
photographs, but they 
were known to exist 
from analysis of the sur- 
rounding facets. The 
missing facets were 
filled in (right) by 
matching patterns on 
historic diamonds in the 
Crown Jewels of Iran 
with cuts similar to that 
of the Koh-i-Noort. 
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Figure 7. Each facet has a unique angle and index setting, as placement of the CZ model on this faceting machine 
illustrates. On the left: As the arm moves up and down, the angle dial rotates and displays the angle (0 reference is 


vertical). The arm position can be fixed at any angle setting to 0.25° accuracy. On the right: The arm is rotated 
about its longitudinal axis. Teeth on the gear behind the diamond allow any index setting to be fixed. A smaller 
wheel (the “index vernier” or “cheater,” shown above and to the left of the index dial in the image on the left) 
allows finer settings to less than 0.10° accuracy. Photos by S. Sucher. 


Computer Modeling. The line drawings created from 
the photos were used as design templates to virtual- 
ly cut the diamond on the computer using GemCad, 
a software program for 3-D gem modeling. As noted 
above, the photographic process is a highly iterative 
one, where facet settings are derived primarily 
through trial and error. Because the original Koh-i- 
Noor was such a complex stone, we felt that placing 
the four large facets on the table in the computer 
model was a necessary first step in cutting (to both 
simplify the process and reduce the number of itera- 
tions needed). The appropriate line drawings were 
analyzed in Illustrator to determine the approximate 
settings needed to create these facets. 

Cutting a facet, whether virtual or actual, requires 
the identification of two variables: the angle setting 
and the index setting (figure 7). These two settings 
are difficult to establish using the photographic tech- 
nique, as they are determined through trial and error 
during computer modeling. Side photos showing the 
four crown facets were analyzed to determine the 
angle settings. Index settings were estimated using 
stonecutter judgment. These angle and index settings 
were entered in the modeling software to “cut” each 
virtual facet, and then they were iterated until facet 
size, shape, location, and intersections with neighbor- 
ing facets matched the line drawing (figure 8). Dozens 
of iterations were required for just the first four 
facets, as the low crown angles had multiple index- 
setting solutions. 

Once these four facets were placed on the model, 
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the settings for adjacent facets were determined by 
resolving the intersections. Again, this process was 
highly iterative. 

A limitation of both DiamCalc and GemCad is 
that they cannot model depressions such as the 
four cavities visible in the photos. To duplicate 


Figure 8. This overlay of the modeling workspace with 
a preliminary computer model (gray) and line drawing 
(red) shows how real-time feedback is provided to 
ensure a virtual facet matches its counterpart in the 
line drawing. If the facet is not correct, its black out- 
line will not match the red template. 
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Figure 9. This graphical 
depiction of the scan 
data shows how the 
scan model can be rotat- 
ed in all directions. Note 
the large triangular facet 
outlined in red in the 
upper left view, selected 
with a computer mouse. 
The angle (slope) and 
index (azimuth) of that 
facet (the facet settings) 
are displayed at the bot- 
tom of the screen. The 
distance value is the 
center-to-facet distance 
and was not used. 


Slope: 65.876" (68.976") Azanuth: 155.362"; Inder 155.3462; Dint 12.3676L2mm 


these cavities on the CZ replica, we used 10x mag- 
nification and a table gauge accurate to 0.1 mm to 
physically measure their dimensions during the 
cutting process. 

The virtual solid generated by the scan data was 
displayed graphically in three dimensions with full 
rotation on the X, Y, and Z axes (figure 9). The set- 
tings for any particular plane could be found by 
positioning the cursor over that plane in the scan 


Figure 10. In this overlay of a line drawing (red) on the 
scan data, the outlined yellow facet is the facet to be 
“cut” in GemCad. It shows the planes from the scan 
data that define that facet. 
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file. A readout provided facet settings to 0.001 in 
angle and index. 

For the computer model, we overlaid each line 
drawing on the computer workspace and the scan 
picture (e.g., figure 10). We computed settings for 
each facet using the following procedure: 


1. The facet of interest was identified in the line 
drawing. 


2. The scan data were brought to the top, and the 
average of all facet settings in that area was 
determined. 


1) Angles and indices of the planes outlined by 
the highlighted facet in figure 10.@ 


Angle Index® 
40.34° 227.91 
41.83° 229.14 
42.16° 230.04 
42.31° 230.34 
42.46° 230.92 
43.82° 234.58 
44.96° 238.03 


@ Only planes 2-5 (highlighted here) were used to determine an average of 


facet settings, as the others have significantly different values. 


© 360 index wheel. 
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Figure 11. Sources of error that 
lead to inconsistent caliper 
measurements: (left) lack of 
girdle facets, combined with 
~~ the ever-changing outline, 

; makes reproducible position- 
ing of calipers problematic 
(lines indicate axes of mea- 


3. The workspace was placed on top, and the 
average of the settings was used to “cut” that 
facet in the computer model. 


4. The new facet was compared to the line draw- 
ing to ensure it had the proper shape and size, 
and all facet intersections matched the drawing. 
If all three criteria were not met, then angle, 
index, and/or depth of cut were successively 
iterated within the range of angle- and index-set- 
ting values dictated by the scan data until the 
modeled facet matched the line drawing. 


As an example of this process, table 1 lists the 
angles and indices of the larger planes for the facet 
described in figure 10. These were iterated in 
GemCad within the upper and lower values here 
until this facet matched the shape and size dictated 
by the line drawing. 

Thus, the planar surfaces were reduced to the 
required 169 facets by using the line drawings to 
define the facet pattern and DiamCalc 3.0 to deter- 
mine the angle and index settings of each facet from 
the laser scan data; both were then used to generate 
a computer model with GemCad. 

The shape of the final GemCad model was then 
compared to the DiamCalc model from multiple 
perspectives to ensure the outlines matched. Any 
discrepancies were noted, and these areas were vir- 
tually “recut” until the model matched the scan 
data. At that point, the computer model was consid- 
ered accurate. 

This computer model could not be used directly 
to create a physical replica, as the model is dimen- 
sionless. The data alone could be used to cut a stone 
of 5 ct or 500 ct. GemCad has an algorithm for gen- 
erating stone width, and hence length and depth, 
but any errors or assumptions during modeling 
would affect the result. Calipers could not be used 
to measure the plaster replica because its unusual 
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surement); and (right) lack of 
a defined girdle makes it diffi- 
cult to consistently position 
calipers so that they remain 
parallel to the model's base. 


shape and sidewall angles precluded reproducible 
measurement (figure 11). Values were in the vicini- 
ty of 41.7 x 33.9 x 16.7 mm, but they were highly 
variable depending on where the calipers were 
placed and whether the plane of measurement was 
parallel to the diamond’s base. Even with utmost 
care, any measurement series had values that varied 
as much as 0.5 mm in length and width. 

Replica dimensions were determined by export- 
ing the .dmc format of the scan model as a .dxf file 
so it could be imported into TurboCad Pro 10 for 
measurement. The maximum dimension was deter- 
mined by rotating the scan model one degree at a 
time until the longest measurement was achieved. 
Width was measured orthogonally to the length 
axis, and depth was provided by the scanning soft- 
ware. This resulted in dimensions of: 


Length = 41.78 mm 
Width = 33.63 mm 
Depth = 16.56 mm 


The dimensions were further adjusted after analysis 
revealed that these values caused a discrepancy 
with the historical Koh-i-noor’s reported weight (see 
Weight Analysis below). 


Physical Modeling. The CZ replica was created 
with the cutting instructions generated from the 
GemCad data. These instructions contained the 
angle and index setting of each facet, plus actual- 
size and magnified views from each viewing angle, 
and various templates for facet placement. 

Two related factors that had to be considered dur- 
ing the computer and physical modeling processes 
were stone center and dop center. Stone center was 
critical for computer modeling, as facets are placed 
as a function of distance from this point. Since the 
computer data were being used to cut a physical 
replica, the axis of rotation during computer model- 
ing (stone center) had to be aligned with the axis of 
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rotation on which the CZ replica was mounted dur- 
ing faceting (dop center, see figure 7, right). 

Stone center (0,0) during computer modeling was 
achieved by creating a template of the outline from 
the top-down view and centering the virtual 
workspace in the X and Y directions within this out- 
line. The computer model was then created around 
this 0,0 reference. Once the computer model was 
complete, a set of crosshairs was superimposed and 
centered in both the X and Y directions on the out- 
line template. The template was then printed at 
actual size and glued to the rough CZ. A jig and spe- 
cially built dop were used to align the dop axis with 
the crosshairs on the template on the rough at 10x. 
Stone center was now aligned with dop center, and 
cutting could begin. 

The four largest facets were cut first using the 
angle and index settings generated by GemCad. 
Computer modeling showed that they had to be cut 
in a specific order to a specific depth. The depth 
issue was resolved by using templates and measure- 
ments to initially place these four facets in their 
approximate positions. Final placement did not 
occur until the first surrounding row of long facets 
was in place, whereupon another template was used 
to ensure each facet was the appropriate size, and the 
length of the facet junctions around these four facets 
were exactly those dictated by computer modeling 
(using a table gauge and 10x magnification). 

The remaining facets were placed using the set- 
tings derived from computer modeling. The depth 
of cut (distance from stone center to facet), though 
readily available from the modeling data, could not 
be used during actual cutting, as there was no way 
to measure it. 

However, this limitation could be overcome 
because each facet had a specific size, and this size 
could be directly measured during cutting. In prac- 
tice, the facets were cut slightly under size, then 
gradually recut to the appropriate size. This was 
necessary, as material could always be removed, but 
if a facet was overcut (too much material removed), 
the mistake could not be undone. This continued 
until all facets were in place. 

A limitation of such a process is that precise mea- 
surements are required for each facet. Yet absolute 
accuracy is not possible due to human error and the 
limits of the measuring tool. Consequently, after sev- 
eral facets, errors began to accumulate. These were 
manifested as facets that did not align properly or that 
deviated from the prescribed size. When such errors 
were encountered, the cutting of the preceding facets 
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had to be reevaluated (size and shape) to determine 
where to recut the inaccurate facet(s). The entire 
stone was actually cut several times using smaller 
and smaller iterations until all facets were in place. 
The four cavities that held the prongs were cut 
using a water-cooled dental drill with a superfine burr 
(3000 grit). Each cavity was placed by measuring the 
distance from the surrounding facets with a table 
gauge and then marking the surface with an indelible 
pen. Depth was gauged visually using a shadow tech- 
nique with direct reference to the plaster replica. 


DISCUSSION 


Error Analysis. Errors from Photography and 
Scanning. The photographic method is useful for 
modeling diamonds to which we have limited access 
(such as those in various crown jewel collections), 
where data must be derived from just one or two 
photographs. This highly iterative method yields a 
model that is identical to the pictures, but it may 
still contain errors, as discussed above. As a result, it 
should only be used when other methods cannot. 

Laser scanning is an objective and accurate pro- 
cess that eliminates the assumptions and iterations 
required with the photographic method for comput- 
er modeling. It also has its limitations, however, as 
evidenced by the number of planar surfaces compris- 
ing a single facet on this particular plaster replica, 
which became obvious when a line drawing was 
superimposed on its equivalent view from the laser 
scan (again, see figure 10). This demonstrated that 
the facets were not optically flat, but rather slightly 
rounded. This might have been due to the simple 
cutting equipment used to cut and polish the dia- 
mond centuries ago. It could also result from imper- 
fections in the casting process, erosion of the 
model’s surface, or slight deformation of the plaster 
model with age due to moisture absorption. We 
addressed this situation by using an average of the 
angle and index settings for every plane that defined 
a virtual facet. If the virtual facet’s size and shape did 
not match its counterpart in the line drawing, we 
changed the angle and/or index (within the range 
limits defined by the scan planes) until the two 
matched. Thus, we basically “idealized” the facets 
to be flat and cut accordingly. However, this process 
of “iteration of averages” inevitably introduces error 
(see Error Mitigation below}. 


Errors Due to the Misaligned Mold for the Plaster 
Model. Another source of facet error was the fact 
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Figure 12. As shown in the line drawing (left), the original Koh-i-Noor had four main crown facets. These were repro- 
duced by the top three pieces of the plaster model, as indicated by the seams shown in the scan data (center). An over- 
lay of the line drawing on the scan data (right) reveals that the two planes defining facet C1 (pink and orange triangles) 
lie on separate pieces of the model—and that the upper and lower-right pieces of the model were slightly misaligned. 


that the plaster replica was created from a mold that 
came in four sections, one for the bottom and three 
for the top (figure 12, center). The top three pieces 
were joined to form a single unit. 

Although the seams from the mold pieces were 
difficult to discern in the scan data, they were clear- 
ly visible in the photographs (again, see figure 3). 
Overlaying the line drawing on the scan image dis- 
tinctly showed their locations (figure 12, right). 
Analysis of the facet settings showed that pieces 2 
and 3 were in alignment, as the planes on C3 (see 
figure 12, left) had similar settings regardless of 
whether the measurement was taken on piece 2. or 
piece 3. However, measurements on C1 had differ- 
ent settings depending on whether they were taken 
from pieces 1 and 2, or 1 and 3. 

This is because when the model was created, 
piece 1 was slightly out of alignment, as shown by 
the angle and index settings of the planes described 
in figure 12, right: The index (based on a 360 index 
wheel) and angle settings for the orange portion of 
facet C1 were 240.21 and 5.57°, respectively, and for 
the pink portion they were 288.7 and 6.49°. Had 
piece 1 been properly aligned, these values should 
have been identical. 

The settings for facet C2 were straightforward, 
as it resided solely on piece 2. For Cl, we used the 
average of the two angles above (~6°) and the lines 
of intersection with C2 and C4 to calculate an 
index setting. An index of 250 satisfied all con- 
straints. A similar process was used for C4, as it 
resides on non-aligned pieces (1 and 3), but the dif- 
ferences in facet settings were negligible. 

This misalignment caused the spatial relation- 
ships between facets to change, affecting the angle 
and index settings recorded by the scanner. As a 
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result, these settings could not be used unadjusted 
when virtually cutting these facets. This limitation 
was overcome by cutting the facets that overlapped 
these pieces with reference to the line drawing. 
Intermediate facets were cut using the relative dif- 
ferences between facet settings. 


Error Mitigation. Creation of an accurate model 
requires accurate line drawings and facet settings. In 
both cases, however, the process used to maximize 
accuracy has been shown to introduce error. 
Additionally, one of the molds used to make the 
plaster replica was slightly out of alignment, so we 
had to use assumptions about the facet settings for 
this portion of the stone. Given these obstacles, 
how could we generate an accurate computer 
model? 

To this end, we made two assumptions concern- 
ing these errors: 


1. Any given facet intersection had multiple solu- 
tions. For instance, baseline settings for two adja- 
cent facets could yield a satisfactory solution, 
that is, the virtual facet matched its counterpart 
on the line drawing. However, on some facets, 
changing the index by 0.1 and the angle by 0.25° 
yielded the same intersection, so a satisfactory 
solution might not be the best solution. 


2. All errors are cumulative. This was borne out 
when the photographically derived model was 
compared to the model from the scan data. 
Although in general there was excellent corre- 
lation between the two models and the line 
drawings, a number of facet settings were con- 
siderably different (see figure 13 and table 2). 
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2 Summary of angle and index settings of facets 
C1-C4 derived from photographic analysis only and 
using the scan data. 


Photo data Scan data 
Crown facet =§=—W——___ —— 
Angle Index? Angle Index? 
C1 9° 195 6° 249.9 
C2 10° 325.5 12;5° 317.4 
C3 14° 351 me 347.4 
C4 3° 72 rh Sal 


2 360 index wheel. 


To compensate for these errors, the “finished” 
GemCad model was divided into six 60° sectors for 
a comparison of sidewall angle with the laser-gener- 
ated model. During computer modeling, eight side 
views were used and the sidewalls matched. 
Although there could have been errors in views 
intermediate to those used, division into six sectors 
was considered sufficient to verify the accuracy of 
those intermediate views. 

The computer model’s outline from each of the 
six side views was compared to its counterpart view 
in the scan data (figure 14). Two of the sectors devi- 
ated from the correct sidewall angle by around 3°, 
although their facet patterns matched the line draw- 
ings. This was corrected by changing individual 
facet settings (within the range of settings of the pla- 
nar surfaces dictated in the scan data) until the side- 
wall angles matched. The computer model was con- 
sidered accurate once the sidewall angles matched 
the scan data and the facet pattern matched all line 
drawings. 

Accuracy can also be corroborated by the fixed 
rules of geometry that dictate how planar surfaces 
intersect: 


1. The facet pattern on any diamond is a combi- 
nation of planar intersections (facets), with each 
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Figure 13. These two 
images compare angles 
and index solutions 
between the computer 
models (gray) overlaid 
with the line drawing 
(red) derived photo- 
graphically (A) and from 
the scan data (B). 


plane described by an angle and index setting, 
and a specified depth of cut. Change any vari- 
able for two adjacent facets and their shared 
edges change, which changes those for their 
neighbors, and so on throughout the diamond. 


2. The irregular, curved surface of the Koh-i-Noor 
was more difficult to model than a more tradi- 
tionally cut, symmetrical gem. However, the 
very complexity of the diamond helped ensure 
accuracy, as there are a limited number of 
combinations of 169 facets that can be used to 
describe a three-dimensional surface as com- 
plex as with this shape. The three cutting vari- 
ables (depth of cut as well as angle and index) 
result in 507 dependent variables (169 x 3) that 
define the surface. Although there are many 
sources of error, we felt that a computer model 
satisfying 507 dependent variables within the 
accuracy of GemCad should be the best solu- 
tion. (The accuracy of GemCad for this model 
was 40.22 units/mm, or 0.025 mm resolution. 
The model was magnified approximately 3x 
onscreen, so nominal resolution was approxi- 
mately 0.008 mm. However, the program only 
measures at four-unit intervals, so the actual 
resolution was closer to 0.03 mm.) 


Weight Analysis. The dimensions obtained by com- 
puter modeling were derived from the scan data, but 
there was a 13.17 ct discrepancy between the 
weight calculated from the scan data and the dia- 
mond’s reported weight based on these dimensions. 
Given the known volume, and a density of 3.522 
g/cm%, the scanning software calculated a diamond 
weight of 204.20 modern carats. However, multiple 
historical records report a weight of 186.1 old carats 
(0.2053 g per carat), or 191.03 modern carats (0.2 g 
per carat). A reduction in weight due to the cavities 
was considered, but from direct measurement all 
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four encompassed an approximate volume equiva- 
lent to just 8 points of diamond weight. How could 
the latest in 21st century technology be at such 
large variance with a well-documented weight? 

The scanned model was made of 155-year-old 
plaster and had been stored in the damp environ- 
ment of England. It is possible that the plaster had 
swollen in the intervening years or during the cast- 
ing process to attain the volume indicated by the 
heavier weight. Unfortunately, confirmation of 
either theory was outside the scope of this experi- 
ment. What is known is that a 204.2 ct computer 
model of the Koh-i-Noor measures 41.78 x 33.63 x 
16.56 mm, and if corrected to 191.03 carats (per- 
formed through the scanning software and mea- 
sured in TurboCad}, its dimensions become 40.85 x 
32.57 x 16.18 mm. This indicates that the plaster 
expanded 0.97 mm in length (2.3%), 1.06 mm in 
width (3.3%), and 0.27 mm in depth (2.3%), chang- 
ing the volume by 7%. Any explanation as to why 
it would swell more in width than in length or 
depth would be pure speculation. 


Crystallographic Analysis. Once the diamond was 
modeled on the computer, we used it to test claims 
by Tennant (1851) and Streeter (1882) that the larger 
“facets” were cleavages. Tennant studied the origi- 
nal diamond prior to recutting and concluded that 
the base (figure 15, yellow facet) was a cleavage face 
and the largest facet (green) was an unpolished 
cleavage (both being {111}, or octahedral crystal 
faces). We tested this by merging our computer 
model with the model of a perfect diamond octahe- 
dron featuring small dodecahedral crystal faces. 
Rotating the Koh-i-Noor within the octahedron 
confirmed that both the yellow and the green 
unpolished facets were indeed aligned with {111} 
faces. The computer model also showed that the 
blue facet was very close to the index of another 
octahedral face, but the angle differed by approxi- 
mately 17°. When the green (unpolished) facet is 
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Figure 14. This is a comparison 
of sidewall angles between the 
computer model (black) and 
scan data. In A, the outlines do 
not correlate (arrows), indicating 
that errors in the line drawings 
and computer model exist below 
the detection threshold. In B, the 
affected areas have been recut 
(changing individual facet set- 
tings) so the sidewall angles do 
match. 


assumed to be a cleavage (i.e., index 0.0 and angle 
0.0°), calculations yield index and angle results of 
0.1 and 1.52° for the base (yellow) and 0.4 and 16.69° 
for the blue facet, respectively. Perfect alignment 
between a cleavage and a polished facet is not to be 
expected, as diamond is hardest parallel to a cleav- 
age plane. Grinding or polishing parallel to a cleav- 
age is impossible. If a facet needed to be placed in 
this approximate configuration, it would have to be 
offset from perfect alignment. 

Ball (1925, p. 342) and Streeter (1882, page 83) 
speculated that the green unpolished facet was the 
result of intentional cleaving to damage the diamond 
prior to handing it over to the British or during some 
earlier forcible transfer of ownership. The plaster 
replica and scan data do not support this, as this 


Figure 15. This study also investigated historical 
claims that some of the Koh-i-Noor’s original facets 
were actually cleavages: The area shaded in green, an 
unpolished cleavage; the base (yellow), a polished 
face very close to a cleavage; and the blue facet, 
aligned with the index of a cleavage. When the com- 
puter model is merged with the model of a perfect 
diamond octahedron, the alignment of the green 
“facet” with one of the cleavage planes suggests that 
it is an unpolished cleavage plane and the blue facet 
is close to another cleavage plane, but the angle dif- 
fers by about 17°. 
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facet has significantly rounded edges. If the damage 
was from cleavage performed after the diamond had 
been polished, someone would have had to regrind 
the edges to round them and place facets on these 
surfaces, a somewhat arduous task. Also, the facets 
surrounding this plane suggest the cutter “blended” 
them into a preexisting surface; he did not end them 
abruptly as one would expect if any face were 
cleaved later. Blending the facets would also be 
expected to give the diamond a finished appearance 
while conserving weight. Because of these factors, 
and a lack of evidence to the contrary, this facet is 
more than likely the result of natural processes (and 
subsequent working} rather than intentional dam- 
age. Thus, it seems that no damage was inflicted 
after the Koh-i-Noor was originally cut unless it was 
disguised by further cutting prior to receipt of the 
diamond by the British. 

This does not explain the unpolished nature of 
the green facet as described by Tennant. The model 
indicates it is an octahedral face (111), which would 
make it physically impossible to polish (although 
changing the grinding angle by just a few degrees 
could have permitted this). Perhaps it was a clean 
cleavage, shiny enough that the cutter felt it needed 
no further working. Unfortunately, any explanation 
of why this one facet remained unpolished would be 
purely conjecture. 


Relationship to the Great Mogul Diamond. Ball 
and Streeter also theorized that the cleavage facets 
were the result of several diamonds, including the 
Koh-i-Noor, having been cut from a much larger 
diamond called the Great Mogul (Ball, 1925, p. 
343). According to Tavernier (1676, p. 97), the 
Great Mogul weighed 279 9/16 ct (286.97 modern 
ct) and was shaped like half an egg (figure 16). This 
is the only known historical reference to this dia- 
mond’s existence. Unfortunately, this diamond 
subsequently disappeared, negating any truly 
definitive study. 

Streeter and Ball went on to suggest that the 
Great Mogul disappeared when the Koh-i-Noor was 
cut from it (figure 17). We tested this hypothesis by 
comparing computer models of the two diamonds. 

The Great Mogul was computer-modeled by 
superimposing the computer workspace over 
Tavernier’s line drawing of it, similar to the model- 
ing already described. Since Tavernier described the 
stone as half an egg, a circular cross-section was 
assumed. We used a photogrammetric process to 
simultaneously model the diamond in two views, 
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Figure 16. This 17th century drawing published by 
French gem trader Jean Baptiste Tavernier (1676) is the 
only known illustration of the Great Mogul diamond. 


top down (to maintain the circular shape) and from 
the side (to match the shape and sidewall angles 
shown in the drawing.) An analysis of the drawing 
showed changes in the symmetry of each row of 
facets, but the pattern appeared to be trapezoidal 
facets alternating with triangles. Different symme- 
tries were tested to see which could generate this 
facet pattern and still create sidewall angles to 
match the drawing. A 32-fold symmetry satisfied 


Figure 17. Streeter (1882) and Ball (1925) hypothe- 
sized that the Koh-i-Noor (black area) would have fit 
inside the Great Mogul diamond (circle). From Ball 
(1925), p. 342. 


SUMMER 2008 


GEMS & GEMOLOGY 


these constraints and was used for modeling. Once 
the computer model was complete, it was sized to 
encapsulate a volume equivalent to Tavernier’s 
reported weight. This resulted in a diamond 34.85 
mm in diameter and 25.61 mm in depth. The Koh-i- 
Noor was 40.85 x 32.57 x 16.18 mm. The result of 
superimposing one model on the other is shown in 
figure 18. Unless Tavernier’s reported weight was 
too low by a large degree, it is clear that there can be 
no connection between the Great Mogul and the 
Koh-i-Noor as suggested by Streeter and Ball. 


Recutting of the Historical Koh-i-Noor to the Modern 
Diamond. The orientation of the modern Koh-i-Noor 
within the original version was performed solely as 
an academic exercise. The modern stone was mod- 
eled with a photo from the top-down view and the 
published dimensions of 36.00 x 31.90 x 13.04 mm. 
Facet angles were determined by successively iterat- 
ing pavilion and crown main facets to meet the 
reported weight of 105.60 ct (Bari, 2001, p. 178). 

Once the computer models of both diamonds 
were merged in GemCad, the orientation of the his- 


Top 0° 


Figure 18. Computer models showed that the 
Koh-i-Noor (red) could not have been cut from the 
Great Mogul (black). 


torical Koh-i-Noor was maintained while the mod- 
erm version was rotated through various configura- 
tions. The number of possible configurations was 
limited, as the modern diamond was asymmetrical- 
ly cut. From a top-down view, there are four areas of 
the girdle that are much flatter than a perfect oval 
would dictate. These correspond to similar surfaces 


Figure 19. These six illus- 
trations show the most 
likely orientation of the 
modern Koh-i-Noor 
inside the original cut, 
according to computer 
modeling. Tennant 
(1852) stated that it was 
necessary to turn the 
stone on its side to 
remove a flaw where the 
yellow and the green 
facets in figure 15 inter- 
sect, and to accommo- 


Bottom 
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date the removal of an 
inclusion and fracture in 
creating the future girdle. 
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Occasionally these gaseous inclusions com- 
bine into veil- and feather-like, undulating 
systems which again are dangerously con- 
fusing for an inexperienced examiner. (Fig. 
7) To the comfort of the latter, it may be 
emphasized that such deceiving gaseous 
formations never occur without being ac- 
companied by single bubbles, and, besides, 
they always appear black from all directions 
while the liquid inclusions in genuine stones 
are ttansparent when viewed at:an open 
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ERNEUIL, to his everlasting credit as 
V: scientist, published full details of 
his revolutionary process for manufacturing 
ruby, and in his original paper (Compt. 
Rend., 1902) even pointed out the internal 
features whereby his stones could be dis- 
tinguished from natural rubies. The origin 
of the so-called “reconstructed” rubies was 
far more obscure: they were made in secret 
and sold for profit. The first types reached 
the market about 1882; they are said to 
have been made by an enterprising priest 
in a small village near Geneva, and were 
known as “Geneva rubies.” In the eighteen 
nineties the chemist Michaud developed his 
own technique, fusing or sintering small 
pieces of valueless Siamese ruby in a plati- 
num crucible under an oxy-hydrogen blow- 
pipe. As the general nature of the process 
became known, other people also began 
making the reconstructed stones, and the 
price soon dropped from 100 francs to less 
than 1 franc per carat. 


angle. 

Another most characteristic means of 
identification is offered by the dense, net- 
like system of tiny air-filled fissures im- 
mediately below the dome-shaped surface 
of cabochon cut reconstructed rubies. They 
were formed when, during the cutting pro 
cess, the intérnal strain caused by quick 
cooling was released. Such curious forma- 
tions have never been obsetved either in 
natural or synthetic rubies. 


Figure 9, Reconstructed 
boule about 6X. 


Several small pieces of the reconstructed 
“boules” are in the writer’s possession, and 
are interesting in giving some clues. as to 
the method of growth. The dimensions of 
each are much the same, about 9 mm x 
7 mm, the weight of the complete boule 
being about 5 carats. The shape is oblate 
spheroidal, as shown in Fig. 9 with a little 
“neck” at the top where, in some cases, a 
small piece of unfused ruby is still attached, 
forming a complete proof, if any were 
needed, that these stones are not early ex- 
emples‘of Verneuil’s art. The unfused por- 
tion consists definitely of. Siam ruby, and 
differs markedly in color from the main 
fused mass. It.seems likely that the operator 
held this larger fragment in platinum 
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on the historic diamond. Once these were aligned, 
orientation was a function of tilting the modern 
model to determine the best fit. Figure 19 shows the 
approximate orientation of the modern Koh-i-Noor 
to its original version. 

The modern Koh-i-Noor has been described as 
asymmetrical and lacking brilliance—not an im- 
provement over the original (Streeter, 1882; Balfour, 
2000). However, an analysis of the two computer 
models showed the cutter’s limitations. It is obvious 
that the cutter attempted to create a stone as large and 
symmetrical as possible, with the former constraint 
the more important one. Tennant (1852) mentioned 
no less than five flaws that needed to be removed, 
imposing additional cutting constraints. Rotating the 
modern model within the historical model shows 
that the final orientation removed the existing flaws 
and maximized both length and width—a larger stone 
could not have been cut. This also explains the flat 
spots on the girdle: They were retained to conserve 
weight, as the cutter knew they would not be quite so 
apparent when the stone was set. 

The lack of brilliance can be attributed to the 
rather shallow angles on the pavilion main facets, in 
the vicinity of 2.7°, about 2.5° above the critical angle 
of 24.4° for diamond. Crown main angles range from 
24-30°. These are a function of girdle placement 
within the historical stone and the properties dictat- 
ed by its shape. 

Tolkowsky (1919) suggested angles of 40.75° for 
the pavilion, and 34.5° for the crown for maximum 
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Figure 20. This photo of 
the CZ replica demon- 
strates the optical effects 
that may have been dis- 
played by the original 
Koh-i-Noor. A 6.5 mm 
CZ equivalent to a 1 ct 
diamond is shown for 
scale. Photo by S. 
Sucher. 


brilliance for a round brilliant cut. Although these 
values can vary somewhat depending on other factors 
(size of the table, presence of a culet facet, the facet 
pattern used), those used on the modern Koh-i-Noor 
still vary significantly from those that would produce 
a diamond of, in Tolkowsky’s words, “magnificent 
brilliancy.” Unfortunately, the lower angles were 
necessary to maintain maximum apparent size from 
a face-up view. Although the stone is not as brilliant 
or symmetrical as it could be, modeling indicates 
that the cutter maximized the yield given all known 
constraints. This was indeed the typical standard for 
cutting in those days—diamond cutters could be 
penalized in their pay for not retaining the maximum 
weight, and beauty was rarely a consideration 
(Dieulafait, 1874.) 

As the CZ replica suggests, the original Koh-i- 
Noor diamond was brilliant and a unique cut (fig- 
ure 20). The curved surface seems to magnify 
reflection, refraction, and dispersion. If this model 
displays the original optical properties, then it is 
unfortunate that this diamond was recut. 

The replica was subsequently donated to the 
Natural History Museum in London and is cur- 
rently on display in their “The Vault” exhibit. 


SUMMARY 

The photographic and laser scan analysis of the plas- 
ter model of the historic Koh-i-Noor diamond shows 
that the original diamond had 169 facets, with 


GEMS & GEMOLOGY SUMMER 2008 


dimensions of 40.85 x 32.57 x 16.18 mm. It had a 
high-domed crown, flat base, and predominantly tri- 
angular and rectangular facets covering its surface, 
reminiscent of other Mogul-cut diamonds in the 
Iranian Crown Jewels. Although the scan data sug- 
gested a 204.20 ct stone, rather than the reported 
191.03 ct, the authors surmise that this was due to 
expansion of the plaster model by 7%, either as a 
result of water absorption over the past 150+ years or 
as an artifact of the casting process. 

A crystallographic analysis confirmed earlier 
reports that the base and largest facet are aligned 
with cleavage faces. A third facet was close to the 
index of another cleavage face, but deviated by 17°. 
This information also was used to determine that no 
intentional damage was inflicted on the original 
stone during any previous transfer of ownership, as 
suggested by earlier reports. It also showed that the 
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Notes & NEW TECHNIQUES 


COATED TANZANITE 


Shane F. McClure and Andy H. Shen 


Examination of 23 tanzanites coated by an apparent- 
ly new technique revealed that the smaller stones 
(4-5 mm) could be identified as coated based on a 
combination of the unusually intense color and 
microscopic examination, which revealed surface 
iridescence as well as wear on facet junctions (small 
areas where the coating was abraded away). The 
two larger (3+ ct) stones did not show iridescence or 
wear, only small clues with high magnification, and 
therefore were much more difficult to identify. 
EDXRF and LA-ICP-MS analyses showed the pres- 
ence of Co, Zn, Sn, and Pb in the coating. 


he practice of coating gemstones to improve 

their color has existed for thousands of years (see, 
e.g., Ball, 1950; Nassau, 1984). None of these coat- 
ings is permanent, but they range in durability from 
being difficult to scratch with a metal point to being 
easily wiped off with a cleaning cloth. As a result, 
the treatment is impractical at best and fraudulent at 
worst (Overton, 2004). Last year, GIA researchers 
reported on the emergence of a new generation of 
coatings—created using technology from other 
industries—that are much more durable than those 
studied previously (Shen et al., 2007). Although we 
are aware that a number of companies are using this 
treatment on diamonds, the Gems # Gemology 
report focused on colored coatings on diamonds by a 
company called Serenity Technologies. 


See end of article for About the Authors and Acknowledgments. 
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While we were studying the diamond coatings, we 
learned that some of these same companies were also 
applying coatings to colored stones and pearls, as well 
as to various gem simulants. In many cases, the 
treaters maintained that the coatings were diamond- 
like carbon (DLC) and were being applied to improve 
durability (see, e.g., Serenity Technologies, 2008; 
Zolastar, 2008). There appeared to be some basis for 
these claims, since for some gem materials the addi- 
tion of color either was undesirable (e.g., white pearls) 
or unnecessary because the stone already had plenty 
of color (e.g., garnet). 

During our investigation of these new coating 
operations in 2006, we also examined a tanzanite 
that purportedly was coated to enhance its durability. 
We noted some coating material on the surface of the 
stone, but it covered only a very small portion of the 
pavilion near the girdle and could be removed with a 
mere cleaning cloth. Chemical analysis of the coating 
revealed a large concentration of cobalt (together 
with Zn, Sn, Ta, Ag, Au, and Pb). The client also sup- 
plied an uncoated control sample of tanzanite that 
was similar to the one he had coated, and there was 
no significant difference between the colors of the 
two face-up. The nonpermanence and ineffectiveness 
of this coating did not distinguish it from most of the 
coatings that have been reported in the past. (For 
reviews of coatings in the marketplace since the 
1980s, see Kammerling et al., 1990; McClure and 
Smith, 2000; Overton and Shigley, 2008.) 

In April of this year, however, Los Angeles colored 
stone dealer Evan Caplan of Omi Gems contacted us 
about a parcel of tanzanite his company had just 
received from New York. Mr. Caplan said the color 
did not look right, and when his company had one 
stone repolished, the color became significantly 
lighter (figure 1). This indicated the material might 
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be coated, so we asked Mr. Caplan if we could exam- 
ine some of the stones. Initially, his company sent 
two 3+ ct octagonal step cuts and four 4-5 mm 
rounds (figure 2). Examination of the step cuts at 
about 10x magnification did not reveal anything 
obvious. Coatings are usually visible in reflected light 
or by looking through the table of the stone toward 
the pavilion in transmitted light. The features we 
typically look for—surface iridescence in reflected 
light, or gaps or worn-off areas in the coating—were 
not immediately evident. In fact, polishing lines were 
plainly visible on most of the facets. 

On closer inspection at higher magnification, how- 
ever, clues began to appear. Subsequently, at our 
request, Omi Gems sent us 18 more samples of 4—5 
mm round brilliant cuts. All these samples had a 
depth of color that would be considered very unusual 
for tanzanite in such small sizes (again, see figure 2). 
Similar samples were supplied to the American Gem 
Trade Association Gem Testing Center (AGTA GTC) 
and American Gemological Laboratories; their obser- 
vations were outlined in a press release issued on May 
23 (see, e.g., “AGTA GTC. . .,” 2008). Many of their 
findings parallel our own, but we discovered some 
additional identification features (McClure, 2008) and 
were able to more thoroughly characterize the coating 
material through laser ablation-inductively coupled 
plasma-—mass spectrometry (LA-ICP-MS). 


MATERIALS AND METHODS 


As indicated above, we examined a total of 23 coated 
tanzanites. Two weighed 3.01 and 3.21 ct, respec- 


NOTES AND NEW TECHNIQUES 


Figure 1. These two 5 mm stones were originally the 
same color. Repolishing of the one on the right resulted 
in a significant loss of color. Photo by C. D. Mengason. 


tively, while the remainder were between 0.27 and 
0.62 ct (4-5 mm, again, see figure 2). 

All stones were examined with a gemological 
microscope at various magnifications and with sev- 
eral lighting conditions. A polarizing filter was 
employed to check the pleochroism of 10 stones. To 
test the durability of the coatings, we used a stan- 
dard steel straight pin on three samples and a hard- 
ened chrome-steel knife blade on one of them. 

Qualitative chemical analysis was conducted on 
20 stones, table and pavilion, using a Thermo-Noran 
Spectrace QuanX energy-dispersive X-ray fluores- 
cence (EDXRF) spectrometer. Quantitative chemical 
analysis using a Thermo X Series II ICP-MS, com- 
bined with a New Wave UP-213 laser-ablation sys- 
tem, was performed on three of the smaller samples: 
(1) one set of three spots on the girdle and a second 


Figure 2. Omi Gems 
brought these tanza- 
nites to the lab’s atten- 
tion because they sus- 
pected some form of 
treatment. Even the 4-5 
mm stones were strong- 
ly colored. All proved to 
be coated, but it was 
very difficult to detect 
the coatings on the two 
larger tanzanites (3.01 
and 3.21 ct). Photo by 
C. D. Mengason. 
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Figure 3. Examination with magnification as high 

as 60x and reflected light revealed numerous tiny holes 
in the coatings on the two 3+ ct tanzanites. Photo- 
micrograph by S. F. McClure; image width 0.64 mm. 


set on the pavilion, (2) one set of three spots on the 
girdle, and (3) three spots on the girdle and one spot 
on the table. The laser setting was 40 xm spot diam- 
eter, 10 J/cm? fluence, and a 7 Hz repetition rate 
using National Institute of Standards and 
Technology (NIST) 610 and 612 glasses for calibra- 
tion. The laser-ablation time for each spot was 40 
seconds; as the laser was ablating into the surface 
over this period, the signal recorded by the ICP-MS 
was in fact a depth profile of the material being ana- 
lyzed. A chemically homogeneous material will 
yield a smooth and consistent signal throughout the 


Figure 4. Some facets on the larger step-cut coated 
tanzanites did not show any holes or breaks in the 
coating. They also did not show any iridescence. 
Photomicrograph by S. F. McClure; image width 
2.48 mm. 
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analysis, but a thin layer of foreign material will 
show up in the time trace as a spike or peak in one 
or more of the elements being analyzed. The relative 
position in the time trace is a good indication of the 
relative position of this foreign chemical layer. If the 
spike in the element signal is at the beginning of the 
laser ablation, it is clear the layer is at the surface of 
the material. 


RESULTS AND DISCUSSION 


Appearance. Face-up, with the unaided eye, the color 
of these stones—violetish blue to bluish violet—did 
not appear unusual for tanzanite. The one exception 
was the depth of color in the 4-5 mm stones (again, 
see figure 2). It is very uncommon to see such 
intense color in tanzanites this small. 


Microscopic Examination. We examined the two 
large step cuts first. The coating on these stones was 
not obvious at 10x magnification. As noted above, 
there was no surface iridescence in reflected light and 
no easily visible gaps in the coating or abraded areas 
on the surface of the crown or pavilion. With reflected 
light at higher magnification (up to 60x), however, we 
saw numerous tiny holes in the coating on some of 
the facets (figure 3). These holes seemed relatively 


Figure 5. Numerous whitish marks that resembled 
dirt (but could not be wiped off) were visible on most 
of the coated tanzanites with fiber-optic illumina- 
tion, which also revealed orange iridescent lines 
crossing facet junctions on some stones (see inset). 
Photomicrographs by S. F. McClure; 
image widths 4.04 mm and 

(inset) 0.56 mm. 
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sharp-edged, and the coating looked thicker than we 
typically see. However, several of the facets showed 
no holes or other evidence of a coating (figure 4). 

Fiber-optic illumination revealed whitish marks 
on the surface that looked like dirt but could not be 
wiped off (figure 5). It also revealed several orange iri- 
descent lines that crossed facet junctions; these were 
similar in appearance to lines that might be left by a 
liquid drying on the surface (again, see figure 5). In 
addition, there were tiny bright pink to orange flash- 
es of light that turned out to be related to minute 
areas of damage on the coating (figure 6). Although 
sometimes difficult to see on our coated samples, 
none of these surface features would be observed on 
an uncoated tanzanite. 

The color coating Shen et al. (2007) described was 
present only on the pavilion of the diamonds, and a 
difference in luster between the coated pavilion and 
the uncoated crown was readily apparent. No such 
easily distinguishable difference was visible in these 
two larger coated tanzanites. Immersion in water 
also showed very little evidence of a coating. Tiny 
areas of lighter color could be seen, but they were 
not obvious. In general, these two larger tanzanites 
lacked many of the features we expect to see in coat- 
ed stones, and the treatment would be particularly 
difficult to detect on them. 

However, all the smaller samples showed some 
characteristics that would be associated with a coat- 
ing. Examination with magnification and reflected 
light revealed a pale iridescence on the surface of all 
the smaller coated tanzanites (figure 7). In addition, 
the coating was worn off along some facet junctions 
or at the culet on all of those stones; such abrasion is 
typical of the “paper wear” often present on gems 
that are stored in stone papers as lots instead of indi- 
vidually (again, see figure 7). The worn facet junc- 
tions and culets were readily apparent when the tan- 
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Figure 6. Tiny bright pink 
to orange flashes were vis- 
ible on some of the coated 
tanzanites with fiber-optic 
illumination (left). These 
flashes are related to 
minute areas of damage to 
the coating that could be 
seen with transmitted 
light (right). Photomicro- 
graphs by S. F. McClure; 
image widths 0.52 mm 
(left) and 0.44 mm (right). 


zanites were examined with immersion in water, 
since they appeared lighter in color than the rest of 
the stone (figure 8). These features made the smaller 
stones easier to detect. 

The 10 samples we examined using a polarizing 
filter showed the typical strong pleochroism that 
one would expect for tanzanite. This clearly indi- 
cates that these stones have some intrinsic color, if 
not the depth of color seen with the coating (again, 
see figure 1). 

We were unable to scratch the coating with a pin, 
which is consistent with the Serenity coatings we 
examined earlier. However, we did scratch it without 
difficulty using the hardened chrome-steel knife blade. 


Figure 7. All the smaller tanzanites examined for this 
study showed a weak iridescence in reflected light 
and areas along facet junctions or the culet where the 
coating had worn off. Photomicrograph by S. F. 
McClure; image width 0.66 mm. 


SUMMER 2008 145 


GEMS & GEMOLOGY 


Figure 8. Abrasion of the coating at facet junctions 
was plainly visible when the smaller tanzanites 
were immersed in water over diffused transmitted 
light. Photomicrograph by S. F. McClure; image 
width 4.93 mm. 


Chemical Analysis. EDXRF analysis showed cobalt as 
a major constituent of the coatings on all the samples 
we examined. This is consistent with the composition 
of the coating on tanzanite we documented in the lab- 
oratory in 2006 and very different from the Serenity 
diamond coatings we examined (i.e., no silver or gold, 
again, see Shen et al., 2007). In all 20 samples tested, 
significant amounts of cobalt were found only on the 
pavilion and girdle facets. The crown facets typically 
showed only minute amounts of cobalt, a small frac- 
tion of that recorded on the pavilion. 

The LA-ICP-MS results on the girdle and pavilion 
were very consistent: In the time traces of Co, Zn, 
Sn, and Pb, all spots showed spikes in the element 
signals at the surface that were not seen deeper in 
the stone (see, e.g., figure 9 for Co; the analyses for 
Zn, Sn, and Pb are available in the GWG Data 
Depository at www.gia.edu/gemsandgemology). 
This is a clear indication that there is a surface layer 
on these tanzanite samples. The spot on the table 
showed only minute (sometimes below the detec- 
tion limit of the instrument) but nearly constant 
concentrations of Co, Zn, Sn, and Pb ({i.e., no spikes), 
which confirms that the coating was only on the gir- 
dle and pavilion facets of the stone. These ICP-MS 
results are somewhat similar to those for the tanzan- 
ite sample we examined in 2006 that was allegedly 
coated to improve its durability. In that sample, 
sharp surface spikes of Co, Zn, Sn, Ta, Ag, Au, and 
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Pb were seen on both pavilion and girdle facets. No 
analysis was done on the table facet. 


CONCLUSION 


To summarize, the 4-5 mm tanzanites were immedi- 
ately suspect because of their great depth of color, 
which is very uncommon for uncoated tanzanites in 


Figure 9. The relative positions of peaks in these LA-ICP- 
MS time traces (taken from a spot on the pavilion facet) 
provide a good indication of a surface layer with a for- 
eign chemical composition on this tanzanite. The hori- 
zontal axis indicates the time (in milliseconds, which 
translates to depth within the stone) and the vertical 
axis is the count rate. During the first 40 seconds, the 
laser is not firing and the system background level is 
evaluated. Because silicon (°°Si, the top trace) is in the 
chemical formula for tanzanite, it is present throughout 
the time period when the laser is firing. Cobalt, on the 
other hand (here °°Co, the bottom trace), appears only as 
a spike at the surface of the stone and then disappears; it 
is not intrinsic to tanzanite and clearly is present in a 
very thin layer on the surface of the stone. 
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these sizes. These smaller stones also exhibited a 
weak iridescence as well as abrasion of the coating on 
the facet junctions and/or culet, probably from paper 
wear, which makes the coating somewhat easier to 
detect (provided the gems are stored in this fashion). 
However, larger stones that are likely to be stored 
individually may not show these features, and we 
know that at least some do not show iridescence in 
reflected light. Detection of a coating on these larger 
stones requires careful observation with a gemological 
microscope or, where available, chemical analysis. 
One might think the pleochroism, which is so strong 
in tanzanite, would give a useful clue to the coated 
nature of these stones. In this case, though, because 
the starting material already possessed some color, 
pleochroism was not helpful. 

It is important to emphasize that these coated 
tanzanites were sold undisclosed on the market in 
New York. We do not know at this time how far 
down the pipeline they passed from the treater, or 
who originally decided to sell them without disclos- 
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ing the treatment, but unfortunately it is inevitable 
that this will happen at some level. As with all treat- 
ments that have a substantial effect on value, this 
coating must be disclosed when present. In addition, 
sales of gems with nonpermanent treatments such 
as coatings must include instructions on any special 
care necessary to prevent damage; failure to do so in 
the United States is a violation of the guidelines set 
out by the Federal Trade Commission. 

It is also clear that we are witnessing a new era of 
coatings on gemstones, which are both much more 
durable and much more difficult to detect. It is very 
possible—no, likely—that this treatment will be 
applied commercially to other gem materials. 
Gemologists must be more vigilant in their search for 
coatings than ever before. In the case of tanzanites in 
particular, every stone—regardless of size—should be 
checked carefully (keeping in mind that the coating 
may appear on only part of the stone) with a gemo- 
logical microscope or sent to a well-equipped labora- 
tory for advanced testing. 
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COLORING OF TOPAZ BY 
COATING AND DIFFUSION PROCESSES: 
AN X-RAY PHOTOEMISSION STUDY OF 

WHAT HAPPENS BENEATH THE SURFACE 


Harald Gabasch, Frederik Klauser, Erminald Bertel, and Thomas Rauch 


Surface-treated topaz has become a viable 
alternative to topaz colored by irradiation. 
Unlike irradiation, which modifies the entire 
gemstone, coloration by chemical modifica- 
tion is limited to the near-surface region. The 
treatment techniques are well established, but 
less is known about how the processes 
involved create the desired appearance. In 
this study, X-ray photoemission spectroscopy 
in combination with sputter depth profiling 
proved successful in characterizing two fun- 
damentally different coloration mechanisms 
of chemically treated topaz: colored coatings 
and diffusion-induced coloration. 


i ies [AL,SiO,(F,OH),] occurs as an accessory min- 
eral in some granites and associated hydrother- 
mally altered rocks, as well as in pegmatites, rhyo- 
lites, and other aluminous rocks. The crystallograph- 
ic, optical, and chemical properties of topaz can vary 
with chemical composition, which reflects the petro- 
genesis of the rocks in which the individual crystal 
formed (Christiansen et al., 1983). However, most 
topaz is colorless as mined, so it is often color 
enhanced for use in jewelry. 


See end of article for About the Authors and Acknowledgments. 
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One common method used to produce color cen- 
ters in topaz consists of irradiating the gem with 
gamma rays, neutrons, or electrons, followed by low- 
temperature annealing (Nassau et al., 1978, 1985). 
Unfortunately, this procedure may induce radioactiv- 
ity, thus requiring that the gems be stored safely 
until their activity has decayed below the legal lim- 
its. In some cases, depending on the procedure and 
the nature of the starting material, the decay process 
requires more than a year of storage, a costly delay for 
the owner of the topaz. In other cases, material has 
been released into the market prematurely (see, e.g., 
Ashbaugh and Shigley, 1993). Although no health 
impairments arising from treated gems with radioac- 
tivity below the legal limit have been reported, gov- 
ernment, industry, and consumer groups alike are 
concerned about the potential risk should radioactive 
topaz inadvertently enter the gem market (see, e.g., 
Yonick, 2007; Kremkow, 2.008). 

In response to these concerns, two color enhance- 
ment processes that do not involve irradiation have 
been successfully developed. One is a coating, and 
the other is a diffusion-driven layer near the surface 
of the host gem. The main difference between these 
two treatments, as will be explained in more detail in 
the following sections, lies in the interaction of the 
added elements with the gemstone’s surface. 

While both of these techniques are well estab- 
lished and detailed descriptions of the procedures 
involved are available (Starcke et al., 1996; Pollack, 
1997), less is known about the atomic-scale process- 
es that occur during the color treatment. This article 
focuses on the principal mechanisms giving rise to 
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Figure 1. These three color-treated topazes were analyzed for this study: coated pink (left), diffusion-treated “Summer 
Blue” (middle), and diffusion-treated “Ice Blue” (right). All stones weigh 0.42 ct; photos by Tiroler Repro Druck. 


coloration in topaz treated by these techniques. Not 
only is this information important from a scientific 
standpoint, but it may also help predict some rele- 
vant gemological properties. 

For coated stones, the chemical and thermal dura- 
bility of the color is determined by the composition of 
the coating and is independent of the substrate. 
Therefore, besides imparting color to a gem, the coat- 
ing may also act as a protective layer. However, as 
with all coated gemstones, the differences in the phys- 
ical properties between the stone and the color layer 
are also responsible for the main drawbacks of this 
technique. The difference in the thermal expansion 
coefficient may lead to severe stress at the interface 
when the gem is exposed to rapid temperature 
changes, so the coating could delaminate. 
Furthermore, the abrupt change in optical density (i.e., 
refractive index) between the coating and the gem 
causes angle-dependent interference effects in the 
wavelength of visible light (400-700 nm), which may 
give the gem an artificial appearance. 

For diffusion-treated gems, the color treatment is 
more stable. Although the surface region is modified 
by the introduced ions, the relevant properties more 
closely resemble those of the topaz. Heat-induced 
stress or interference effects are no longer signifi- 
cant. The gem is unlikely to delaminate and has a 
more normal appearance to the unaided eye. 


BACKGROUND 


Coloration of some gemstones can be achieved with- 
out irradiation by introducing transition metal ions 
into the crystal lattice (see, e.g., Nassau, 1978). The 
resulting color (see, e.g., figure 1) is not only a func- 
tion of the element(s) introduced, but it also depends 
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very strongly on the valence state of that element 
and the symmetry of the neighboring host atoms, as 
well as on the chemical composition of the topaz 
(Nassau, 1978). 

As noted above, two possibilities are available for 
coloring a gemstone with transition metals. In the 
coating process (figure 2, left), a thin film is deposited 
on the surface of the gem and has a well-defined 
interface of only a few nanometers thickness, which 
is much less than the wavelength of visible light. 
Chemical reactions as well as atomic exchange 
between the coating and the gem’s surface, which are 
responsible for adhesion, are limited to this narrow 
interface. Therefore, the color effect produced by the 
coating arises solely from the coating itself, it is inde- 
pendent of the substrate’s composition. The same 
coating would lead to the same color, whether the 
colorless substrate was topaz or any other material. 

In the diffusion-driven process (figure 2, right], the 
coloring agent permeates the gem’s surface. This may 
be accomplished either by depositing a precursor 
material on the surface or by embedding the stone in 
the desired matrix (Pollack, 1997), followed by heat 
treatment. As a result, various components migrate 
into deeper atomic layers and the elemental composi- 
tion of the surface changes. This diffusion process 
results in substantial broadening of the interface. In 
fact, depending on the process parameters, it might 
be difficult to identify the interface. Instead, a com- 
plicated and sometimes oscillatory concentration gra- 
dient is established from the surface into the body of 
the gem. The material placed on the gem’s surface (in 
the case of topaz, e.g., cobalt, chromium, or copper) 
does not in and of itself produce the resulting color; 
rather, it interacts with the chemical components of 
the host gem to produce the desired color. 
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tweezers, and with it controlled and im- 
parted a stirring motion to the mass. 

The well known tendency of the Ver- 
neuil boules to fracture symmetrically into 
two pieces is noticeable also in the recon- 
structed masses. The curved surfaces are 
glossy except for slight traces of rhombo- 
hedral crystalline formation along the long- 
est perimeter. The boules are cracked and 
imperfectly transparent, but the several 
pieces of which they originally consisted 
have achieved at least approximately the 
same crystal orientation; this is shown not 
only by the fact that the dichroic colors are 
identical all over the stone when viewed 
from any one direction, and the extinction 
between crossed nicols is fairly complete 
over the whole field, but also by a tolerably 
clear cut uniaxial interference figure. The 
optic axis in each of the three cases ex- 
amined was in the direction of the widest 
dimension — that is, at right angles to the 
direction in which the unfused ruby was 
attached. 


It is believed that potassium dichromate 
was added to the crucible during the pro- 
cess of “reconstruction” in ,order to restore 
the color lost in the intense heat of the 
blowpipe. This may well account for the 
unassimilated material found in most re- 
constructed stones, some of which can be 
seen in the photomicrograph reproduced in 
Fig. 10. The color of the stones is more akin 
to that of Burma rubies than is the case with 
many modern synthetics and the absorption 
spectrum is not particularly intense. 


As a matter of interest, the ultra-violet 
transmission of one reconstructed “boule” 
was measured by means of a quartz spectro- 
graph, and was found to extend to 2700 A, 
which indicates that, in common with the 
true synthetic rubies, reconstructed stones 
have a distinctly longer range of trans- 
parency in the ultra-violet than have na- 
tural rubies.’ 


1. Anderson & Payne, The Gemmologist, Octo- 
ber 1948, p. 246. 


Figure 10. Internal structures of faceted reconstructed 
ruby. 30X. Photographs 9 and 10 by B. W. Anderson. 
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Figure 2. The diagram 
on the left represents a 
concentration profile 
typical of a coated 
stone, whereas the fig- 
ure at right resembles 
that for a diffusion- 
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treated gem. In both 
diagrams, the left side 
represents the gem’s 
surface and the horizon- 
tal axis represents the 
depth into the stone. 


Depth into stone 


MATERIALS AND METHODS 


To investigate whether these two different proce- 
dures can be discriminated in commercially avail- 
able gemstones, we analyzed three color-treated 
princess-cut examples, each weighing 0.42 ct, by X- 
ray photoelectron spectroscopy (XPS; see box A): a 
pink topaz, a “Summer Blue” topaz, and an “Ice 
Blue” topaz (again, see figure 1). All three gemstones 
were originally colorless and were selected as repre- 
sentative of each of these categories in the product 
line of D. Swarovski & Co. 

The color of the pink treated topaz was achieved 
through the embedding of gold into SiO,. The color of 
the Summer Blue topaz was achieved by exposing a 
colorless topaz to a cobalt-containing environment 
(cobalt oxide powder) accompanied by annealing 
under well-defined conditions at around 1000°C for 
more than three hours (Pollack, 1997). These same 
procedures were used to treat the Ice Blue topaz, with 
the addition of chromium. 

XPS allows a detailed, quantitative analysis of 
elemental composition on and just below the surface 
of a gem. Compared to commonly used analytical 
techniques such as energy-dispersive X-ray (EDX) 
spectroscopy, XPS has the advantage of extreme sur- 
face sensitivity (providing information to a depth of 
up to 5 nm, compared to 1 um for EDX) and the 
capability of reporting the concentration of elements 
down to 0.1 at.% (Hofland, 1998). When combined 
with argon ion etching, the surface sensitivity of 
XPS can create concentration profiles with high 
depth resolution. 
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Depth into stone 


XPS not only detects the concentration of ele- 
ments, but it can also monitor changes in valence 
state (e.g., the oxidation state as a function of depth). 
In addition, it lacks undesirable matrix effects such as 
those encountered with SIMS (secondary ion mass 
spectrometry; Watts and Wolstenholme, 2003). Since 
the chemical state of the coloring elements (i.e., the 
exact oxidation state and the phases present after 
treatment) is not well known, quantification and 
therefore a subsequent analysis by SIMS or similar 
techniques is very difficult. 

All XPS measurements were conducted at the 
Institute of Physical Chemistry at the University of 
Innsbruck with a Thermo Electron Corp. MultiLab 
2000 XPS probe that features a double-focusing 
hemispherical electron energy analyzer with an elec- 
trostatic entrance lens. Depth profiling was conduct- 
ed using a scanning argon ion sputter gun. 

The analyses were done under ultra-high vacuum 
at a background pressure of 1 x 10-? mbar. The speci- 
mens were first cleaned in an ultrasonic bath of ace- 
tone and water before they were introduced into the 
instrument. Survey spectra monitoring all elements 
present were taken initially and then after every 
sputter erosion cycle, to determine the actual surface 
composition and to avoid artifacts caused by impuri- 
ties. The sputter spot size was 1 x 1 mm’, whereas 
the focused spot size of the analyzing X-ray beam 
was kept below 0.4 x 0.4 mm”. Ten scans per cycle 
were made to improve the signal-to-noise ratio. 

Two additional samples of each color variety of 
treated topaz were analyzed with the same instru- 
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Box A: XPS ANALYSIS 


X-ray photoelectron spectroscopy is a very powerful 
surface science tool for investigating the composi- 
tion of various solids. In gemology, it can be used 
in a variety of applications, such as investigating 
the origin of heat-induced color changes in rubies 
(Achiwawanich et al., 2006). A complete system 
costs approximately US$550,000. 

In XPS, the sample is irradiated with X-rays of 
energy, hv, which are produced in an X-ray tube 
(Hofland, 1998). The X-rays are absorbed in an atom 
(e.g., atom A in figure A-1) and transfer their energy 
to a core electron. The core electron then has 
enough energy to overcome the binding energy, 
Exina and leaves the solid with a kinetic energy of 
Ej, = hv - E,,,q- The kinetic energy, E,,,,, is deter- 
mined by an energy analyzer. Using the known X- 
ray energy, hv, and the determined kinetic energy, 
the binding energy can be calculated. The binding 
energy is specific to each element in the periodic 
table (compare magnitudes of the different binding 
energies between atoms A and B in figure A-1). 
Therefore, the observation of electrons at specific 
energies indicates the presence of the associated ele- 
ment in the sample. The number of such electrons 
detected is proportional to the concentration of the 
element within the probing depth. 

The probing depth is limited by the mean free 
path of the ejected electrons in the sample (i.e., 
the average distance that electrons can travel 
before they get scattered and do not reach the ana- 
lyzer). This distance is typically ~5 nm or less. 
Hence the technique is very surface sensitive. To 
obtain a concentration profile as a function of 
depth into the sample, one has to combine this 
technique with argon ion etching. Here the sur- 
face is eroded (sputtered) layer by layer using an 
ion beam with typical energies of 1-5 keV. The 
rate of erosion can be calibrated for topaz using 
films of known thickness, and spectra recorded 
after predetermined time intervals yield the ele- 
Ment concentrations at the respective sputter 


depth. 


ment using procedures that yield less accurate results 
(i.e., longer ablation time between analysis points) to 
evaluate the reproducibility of the measurements. To 
minimize edge effects and sputter-induced mixing, 
we scanned the ion beam over the analyzed area, 
thus eroding the sample almost layer by layer. After 
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Figure A-1. In XPS, the X-ray photons are absorbed 
by an atom in a molecule or solid, leading to the 
emission of core (inner shell) electrons (green cir- 
cles). The kinetic energy of the ejected electron (pho- 
toelectron) is characteristic for each element and 
detected by the energy analyzer. 


predetermined erosion periods (approximately one 
hour per cycle), we recorded the XPS spectra and 
monitored the change in chemical composition as a 
function of eroded depth. The sputter efficiency was 
calibrated using sputter targets of similar material 
(Al,O, and SiO,) and known thickness, so that the 
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TREATED PINK TOPAZ XPS DEPTH PROFILE 
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Figure 3. The distribution of elements in the pink 
treated topaz as a function of sputter depth is shown. 
The elements of the topaz lattice are plotted in the top 
graph, while the color-causing element, gold, is plot- 
ted in the lower diagram. The chemical patterns are 
consistent with a coated stone, and a comparatively 
sharp step in the individual components can be seen. 


erosion time could be converted into a depth scale. 
Although the calibration has an estimated uncertain- 
ty of about 20%, the reproducibility of the experi- 
ments was excellent. 


RESULTS AND DISCUSSION 


Pink Coated Topaz. For the pink sample (figure 3), 
only SiO, was detected in the outermost surface 
region. At a depth of approximately 200 nm, a sharp 
gold component joined the Si signal in the spectrum, 
but it vanished after the next sputter cycle (280 nm). 
At approximately 350 nm, the composition changed 
dramatically: The Si signal decreased, Al became 
dominant, and fluorine rose from zero to 12. at.%. 
From about 400 nm onwards, the composition 
remained constant—resembling that of pure color- 
less topaz. Within the limits of our experimental 
accuracy, we can state that no interdiffusion took 
place between the gold-bearing SiO, layer (present 
at a depth of ~200 nm) and the topaz (the compo- 
nent belonging to the topaz first appeared at 350 
nm). The XPS signal of the gold did not overlap with 
any of the bulk components (Al, F), and we detected 
no significant diffusion of Al into the SiO, layer. 
This treated stone showed no evidence of appre- 
ciable diffusion apart from the defined interface, 
which is limited to depths between 350 and 400 nm. 
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SUMMER BLUE TOPAZ XPS DEPTH PROFILE 


a a -0--+-* + ° o 
304 e-¢ 
le Al 
S a Si 
te 205 aF 
5 " 
~ = ~H-m-w_ g Sates Gem a S Z 
Z 104 a Be Scar Ree 
fe) ¥ = 
= ri 
s o4a—s--«~ 
= 
4 m Co 
> oi 
Za 
4 rT 
fo) 6 
i) 44" Ty 
24 
a a 
4 aw Ls a a 
T T T T T T 7 T T T T T T 
0 100 200 300 400 500 600 
DEPTH (nm) 


Figure 4. The lower graph in this elemental depth pro- 
file of the “Summer Blue” topaz shows the distribu- 
tion of the color-causing component, Co. The trends 
in the graph follow the pattern expected for a diffu- 
sion-treated stone; no sharp step in the concentra- 
tions can be detected. 


This finding was supported by the angle-dependent 
reflection that was readily apparent when the stone 
was examined with the unaided eye; this results 
from the interference of the light with the coating. 


“Summer Blue” Diffused Topaz. If there is no inter- 
diffusion of the various elements, as we observed in 
the pink coated topaz, then one would expect a sur- 
face covered predominantly by “olive” green cobalt 
oxide or metallic cobalt in the Summer Blue topaz, 
depending on the oxidizing or reducing atmosphere 
in which it was annealed (Pollack, 1997). In addition, 
all the elements intrinsic to the topaz (Al, Si, F) 
should only be detectable once this surface layer has 
been eroded. However, the Summer Blue topaz 
revealed a completely different elemental distribu- 
tion (see figure 4). 

Unlike the coating on the pink treated topaz, the 
near-surface region (0-70 nm) of this blue treated 
topaz exhibited an alternating enrichment in Si and 
Al. Due to thermodynamic considerations, the sur- 
face tends to maximize its stability, so that a thin 
layer of the most stable components forms there. In 
the present case, this was a Si-rich layer. Therefore, 
the layer immediately beneath the surface was some- 
what depleted of Si and exhibited a corresponding 
enrichment of Al and Co. In this sample, Co reached 
a concentration of about 8 at.%. This composition 
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ICE BLUE TOPAZ XPS DEPTH PROFILE 
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Figure 5. The elemental depth profile of the “Ice 
Blue” topaz reveals chemical trends that are consis- 
tent with coloration caused by diffusion of Co and Cr 
into the topaz. 


prevailed to a depth of about 80 nm. 

From depths of ~80 to ~200 nm, the Co concen- 
tration decreased exponentially (which is character- 
istic of diffusion profiles according to Fick’s law; 
Kittel, 2005), while the Al and Si concentrations 
approached those present in the bulk of the gem- 
stone. F showed a steady, continuous rise in con- 
centration throughout this depth region. As previ- 
ously observed (Marques et al., 2002), fluorine is 
very sensitive to the destabilization of the crystal 
lattice, and can become volatile above 600°C if the 
crystal lattice is damaged, these temperatures were 
reached during the annealing step. 

Therefore, F may be used as a tracer element 
indicative of the topaz bulk. Figure 4 shows a broad 
transition region where Co and F were detected 
simultaneously; measurable amounts of Co are visi- 
ble in the spectra down to a depth of 380 nm. No 
sharp step in the concentration profile was observed 
in this treated topaz. 

From these observations, we conclude that 
cobalt diffusion into the topaz is a prerequisite for 
the desired coloration. We did not detect any con- 
centration threshold that would allow us to identi- 
fy an interface between the surface coating and the 
gemstone. These findings are further supported by 
the optical properties of the stone. No interference 
effects were observed; the reflectance resembles 
that of natural topaz, indicating the lack of a well- 
defined phase boundary such as was observed in 
the pink treated topaz. 
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“Ice Blue” Diffused Topaz. For the Ice Blue topaz, 
we observed a concentration profile (figure 5) that 
was slightly different from that of the Summer Blue 
sample, probably due to the addition of chromium. 
Although the outermost layer down to ~50 nm 
depth also exhibited an oscillatory concentration 
profile with Si enrichment at the surface, just below 
the surface the Si concentration decreased below the 
detection limit. Cobalt and chromium reached their 
maximum in this strongly Al-enriched region at 
10-50 nm depth. However, unlike the chemical pro- 
file of the Summer Blue topaz, the concentration of 
F remained low until the Co and Cr levels had fallen 
to ~5 at.%, at about 80 nm depth. Only then did the 
fluorine concentration start to rise. After another 
~40 nm, the Si and Al concentrations were close to 
those in the bulk of the topaz, but still varied slight- 
ly. The F signal attained its bulk value at 200 nm 
depth. 

Because the Ice Blue topaz was treated in a proce- 
dure similar to that patented by Pollack (1997), we 
know that Al and Si were not components of the ini- 
tial coloring agent. In a process similar to that 
observed with the Summer Blue topaz, Co and Cr 
likely diffuse into the gemstone and form a colored 
near-surface layer. We observed, however, a few sig- 
nificant differences. Co and Cr interdiffuse massive- 
ly with the alumina component of the topaz, reach- 
ing a combined concentration maximum of almost 
30 at.% at a depth of ~20 nm. Si and F were not pre- 
sent in this range. These findings suggest the forma- 
tion of a new phase—one that may not be present in 
the Summer Blue topaz. The phase transformation 
could perhaps preclude F from incorporation into the 
newly formed phase or lead to a complete release of 
the fluorine into the atmosphere. The phase trans- 
formation leads to a Co-, Cr-, and Al-rich phase, per- 
haps a Co-Cr-aluminate spinel phase, which incor- 
porates the transition metal into the lattice, thus 
preventing their further diffusion into the topaz. 

In a sense, the new phase could be considered a 
coating on the topaz. However, the coating phase is 
produced by strong diffusion and is probably fol- 
lowed by a chemical reaction establishing a new 
phase in the near-surface region. Furthermore, 
although the decay of the Co and Cr concentrations 
creates a region that may be considered an interface, 
this interface is much broader than that observed in 
a typical coating process, as can be seen from com- 
parison with the pink coated topaz. Additionally, 
traces of the transition metals are still present in 


GEMS & GEMOLOGY SUMMER 2008 153 


deeper regions (200 nm). Thus we classify the color 
treatment of the Ice Blue topaz as a diffusion- 
induced process probably accompanied by phase 
transformation in the near-surface region. 

This model is in good agreement with the empir- 
ical observations of the stone’s appearance. 
Although the thickness of the color-bearing layer is 
in the range of the visible-light wavelength, no 
angle-dependent interference effects were observed, 
indicating the lack of a sharp change in refractive 
index. 


SUMMARY AND CONCLUSION 


Three color-treated (without irradiation) topazes from 
the product line of D. Swarovski & Co. were exam- 
ined by XPS to determine the concentration profile of 
the colored surface. The resulting spectra revealed 
the mechanisms involved in the formation of the 
coating or layers responsible for the desired color. In 
the case of the pink treated topaz, a defined color 
layer with a sharp interface was detected. No evi- 
dence of any significant interaction between the gem- 
stone and the gold-bearing SiO, surface layer was 
found. Color layers such as this can therefore be 
described as a coating. 
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The blue colors of treated topaz behaved differ- 
ently. A considerable alteration of the outer surface 
of the topaz was detected. In the Summer Blue 
topaz, a diffusion profile of the cobalt into the topaz 
was Clearly visible and no sharp interfaces were pre- 
sent. The situation becomes more complex when 
chromium is combined with cobalt in the surface 
treatment, as for the Ice Blue topaz. A stronger inter- 
diffusion between the bulk elements (Si, Al) and the 
transition metals was observed. 

The XPS results are in good agreement with 
some optical observations of the analyzed gem- 
stones. As mentioned in the introduction, a sharp 
change in refractive index on a nanometer scale 
could cause interference effects. Indeed, the pink 
coated topaz showed such effects, in contrast to the 
blue diffusion-treated ones. 

Additionally, we have shown that XPS analysis is 
an appropriate tool to investigate the mechanisms 
taking place near the surface during the coloration 
process. Simpler tests, such as etching the surface by 
hydrofluoric acid (Befi et al., 2006), may give a rough 
estimate of the thickness of the colored layer. 
However, such techniques (which are also destruc- 
tive) cannot be used to establish whether diffusion of 
the various elements is occurring. 
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Se ae 


DIAMOND 


With Color Contributed 
by the 594 nm Center? 


The 594 nm center is commonly 
observed in the absorption spectra of 
irradiated and annealed diamonds and 
also is detected occasionally in some 
naturally colored diamonds (see, e.g., 
T. W. Overton and J. E. Shigley, “A 
history of diamond treatments,” 
Spring 2008 Gems & Gemology, pp. 
32-55). Its occurrence is widely used 
as an identification feature for colored 


Figure 1. The deep orange color of 
this 0.90 ct treated diamond was 

likely influenced by a very strong 
594 nm absorption. 
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diamonds; however, its contribution 
to the bodycolor of a diamond is not 
well recognized. Recently, in the New 
York laboratory, we examined a dia- 
mond with a strong orange color that 
was believed to be partially caused by 
the 594 nm absorption. 

This 0.90 ct marquise-cut stone 
(9.12 x 5.19 x 3.43 mm) was color grad- 
ed Fancy Deep brownish yellowish 
orange (figure 1). With magnification, 


GIA Laboratory 


the color distribution appeared very 
slightly patchy, but we saw no other 
internal features (the clarity grade was 
VVS,). When exposed to long-wave 
ultraviolet (UV) radiation, it displayed 
a moderately strong green fluores- 
cence, with a weak yellow reaction to 
short-wave UV, no phosphorescence 
was observed. The DiamondView 
instrument revealed blue and greenish 
yellow fluorescing growth zones. 


Figure 2. The 594 nm absorption center, seen here in the Vis-NIR spec- 
trum of the diamond in figure 1, is a common result of irradiation and 
annealing treatment. The very strong absorption in this diamond is likely 
a significant contributor to the orange bodycolor. 
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The absorption spectrum in the 
mid-infrared (IR) region revealed that 
this diamond contained a high concen- 
tration of nitrogen, as is typical of a 
type Ia stone. Moderately strong Hla, 
Hl1b, and Hlc absorptions were also 
observed. The Vis-NIR spectrum 
showed a gradual increase in absorp- 
tion toward the blue end of the spec- 
trum (figure 2). In addition to weak N3 
(415 nm) and very strong H3 (503 nm) 
absorptions, moderately strong absorp- 
tions were also observed at 682, and 
724 nm. An outstanding feature was 
the extremely strong absorption at 594 
nm and its possible side band at ~575 
nm. All of these spectral features 
established that the color of this dia- 
mond was the result of irradiation and 
subsequent annealing. 

The intensity of the 594 nm 
absorption is normally far less than 
that of the N3 or H3. This stone’s 
strong selective absorption in the 
550-600 nm region efficiently blocked 
yellow and some green light, making 
it very likely that the 594 nm absorp- 
tion contributed significantly to the 
observed orange color. It is very rare to 
encounter a colored diamond in which 
the bodycolor has been influenced by 
this defect. 

Wuyi Wang 


Subtle Flash-Effect Colors 
in a Filled Diamond 


Glass filling is often easily observed 
due to obvious flash-effect colors in a 
large feather or feathers. In some dia- 
monds, though, the effect is not so 
easy to detect. 

Earlier this year, a 5.01 ct pear- 
shaped brilliant was submitted to the 
New York laboratory for a full grading 
report. A few large feathers were 
noted, but none exhibited any flash- 


Editors’ note: All items are written by staff 
members of the GIA Laboratory. 
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Figure 3. These subtle blue and 
pale purple flash-effect colors are 
indications that this diamond has 
been glass filled. Magnified 60x. 


effect colors. However, closer scrutiny 
through the pavilion of the diamond 
revealed a small feather that had very 
subtle blue and pale purple colors (fig- 
ure 3). Only one other small feather 
exhibited similar colors. 

When a grader observes what is 
thought to be potential glass filling, 
the diamond is sent to the Gem 
Identification Department for further 
testing. Fractures that exhibit flash- 
effect colors are tested for the presence 
of lead, a major component of the fill- 
ing material. This stone was tested by 
energy-dispersive X-ray fluorescence 
(EDXRF) spectroscopy, which con- 
firmed the presence of lead. 

It is GIA’s policy not to grade dia- 
monds treated by glass filling, even 
when only a small amount is noted. 

Vincent Cracco and Paul Johnson 


“Unidentified Clarity 
Characteristic” in Diamond 


Professional diamond graders are taught 
to classify internal characteristics in 
diamonds using such dry descriptive 
terms as crystal, pinpoint, and feather. 
Due to time constraints, solid inclu- 
sions are rarely fully identified unless it 
is necessary for scientific reasons. 
Depending on their size, solids are gen- 
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erally described as either pinpoints or 
crystals for the purpose of assigning 
clarity grades. That said, from time to 
time we have reported on features in 
diamonds that captured our imagina- 
tions because they resembled familiar 
objects from our daily lives (e.g., Winter 
2007 Lab Notes, pp. 363-364). 
Occasionally, brightly colored min- 
eral inclusions such as red and orange 
garnets and green diopside crystals will 
catch a diamond grader’s attention 
simply because of their intense hues. 
More commonly, however, solid inclu- 
sions are essentially transparent and 
colorless, or opaque and black, and 
thus command little interest beyond 
their impact on the clarity grade. 
Since diamond is composed of car- 
bon, it stands to reason that one of the 
most commonly encountered dark 
inclusions in diamond is graphite, the 
hexagonal polymorph of carbon. True 
“carbon spots,” most graphite inclu- 
sions appear as nondescript smudges in 
cleavage cracks or within the gaps 
between solid inclusions and the host 
diamond. Typically, these are consid- 
ered undesirable features; occasionally, 
however, even opaque black graphite 
can create an interesting internal scene 
that captures the viewer’s imagination. 
One example of this was a tiny 
hexagonal platelet that appeared to be 
graphite, although it could not be ana- 
lyzed because of its depth in the dia- 
mond. The platelet had formed aligned 
along an octahedral plane as graphite 
hexagons in diamonds commonly do, 
and it was skirted by a small cleavage 
disk caused by the expansion strain 
that occurred when the diamond in 
this spot was converted to graphite. 
Normally, graphite platelets are so 
thin as to be virtually invisible when 
viewed edge-on, but this particular 
inclusion had a very distinct depth to 
it, as it was made up of a stack of 
graphite plates of different diameters 
(figure 4). This assemblage caused it to 
resemble a tiny “flying saucer” of the 
type seen in 1950s science fiction 
movies. The fact that it was so small it 
appeared grainy even with the sharpest 
possible focus also enhanced the 
imagery. While diamond grading can 
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Figure 4. Aligned along an octahe- 
dral plane in its diamond host, 
and measuring only 0.36 mm 
across, this minute crystal forma- 
tion (probably graphite) is reminis- 
cent of the “flying saucers” often 
featured in early science fiction 
movies and grainy photos purport- 
ed to be of such phenomena. 


become routine, inclusions are occa- 
sionally fun, and this “unidentified 
clarity characteristic” provides an 
excellent example of an inclusion that 
stimulates the imagination. 

John I. Koivula and Karla F. Onstott 


Gem-quality CVD SYNTHETIC 
DIAMOND with Traces of Boron 


Several years after it was first an- 
nounced, gem-quality chemical vapor 
deposition (CVD)-grown synthetic dia- 
mond is still encountered only rarely 
among the stones submitted for a GIA 
diamond report (e.g., Spring 2008 Lab 
Notes, pp. 67-69). Recently, a brown 
round cut submitted to the New York 
laboratory was identified as a CVD 
synthetic diamond with some unusual 
spectroscopic features. 

This 1.25 ct sample (6.82 x 6.97 x 
4.20 mm) was color graded Fancy 
brown (figure 5). It showed very slight- 
ly patchy color distribution and strong 
graining with magnification. Several 
fractures were present along the girdle 
region. It fluoresced very weak yellow 
to long-wave UV radiation and weak 
orange to short-wave UV, no phospho- 
rescence was observed. The Diamond- 
View reaction was dominated by mod- 
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erately strong orangy red fluorescence 
with a notable irregular blue region 
(figure 6); a moderately strong blue 
phosphorescence was also observed. 
These luminescence features are typi- 
cal for CVD-grown diamonds (see W. 
Wang et al., “Latest-generation CVD- 
grown synthetic diamonds from 
Apollo Diamond Inc.,” Winter 2007 
Gems & Gemology, pp. 294-312). 
The infrared absorption spectrum 
revealed that this diamond contained 
no detectable nitrogen, which is not 
unexpected for CVD synthetic dia- 
monds (most of which are nominally 
type Ila), but we did observe weak 
absorptions at 2925 and 2800 cm"! from 
trace amounts of boron. This is the first 
type Ib CVD diamond we have identi- 
fied in the lab. Unlike the latest CVD- 
grown diamonds from Apollo Diamond 
with strong brown color (again, see 
Wang et al., 2007), this synthetic dia- 
mond showed no absorption in the 
1500-1300 cm! region. We did observe 
weak absorptions at 7353, 6856, 6425, 
and 5564 cm! in the near-infrared 
region. The Vis-NIR spectrum, collect- 
ed at liquid-nitrogen temperature, 
showed a gradual increase in absorption 
toward the low-wavelength side (figure 
7). In addition to a very strong absorp- 
tion from the Si-V defect (737.0 nm}— 
an outstanding feature of this dia- 
mond—a weak peak at 596.5 nm and a 


Figure 5. This 1.25 ct Fancy brown 
synthetic diamond proved to be 
CVD grown, but it had some 
unusual spectroscopic features. 
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Figure 6. In the DiamondView, 
the synthetic diamond in figure 5 
is dominated by moderately 
strong orangy red fluorescence 
with a large irregular blue region. 
This luminescence is similar to 
that seen in products from Apollo 
Diamond Inc. 


broad band centered at ~520 nm were 
also observed. The assignment of these 
peaks is not clear, but it is obvious that 
the trace boron in this diamond does 
not contribute much to the bodycolor 
of this stone. Si-V is acommon defect in 
CVD synthetic diamond; however, its 
concentration is usually extremely low 
and only rarely can it be detected with 
absorption spectroscopy. The photolu- 
minescence spectrum (514 nm excita- 
tion), collected at liquid-nitrogen tem- 
perature, displayed strong emissions 
from N-V centers (zero-phonon lines 
[ZPL] at 575 and 637 nm) and from the 
Si-V defect (doublet at 736.6 and 736.9 
nm). Weak but clear emissions at 596.5 
and 597.1 nm were also recorded. 

P. M. Martineau et al. (“Identifi- 
cation of synthetic diamond grown 
using chemical vapor deposition 
[CVD],” Spring 2004 Gems & Gemo- 
logy, pp. 2-25) described gem-quality 
boron-doped type IIb CVD synthetic 
diamonds, but the gemological and 
spectroscopic features of their (blue) 
samples were very different from those 
of the 1.25 ct brown CVD synthetic we 
examined. Whether the boron in this 
diamond was doped intentionally or 
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Figure 7. An outstanding feature of the brown CVD synthetic diamond is 
a very strong absorption from the Si-V defect (ZPL at 737.0 nm) in the 
Vis-NIR spectrum. This defect has only rarely been detected in the 
absorption spectra of CVD-grown diamonds. 


incorporated accidentally is unclear. 
All these absorption and lumines- 
cence features established that this 
was an as-grown CVD synthetic dia- 
mond, though with some unusual fea- 
tures compared to previously reported 
material. These include its relatively 
large size (1.25 ct), its normal cutting 
proportions, the fact that it contained 
trace boron, and its extremely high 
concentration of Si-V defects. 
Wuyi Wang and Thomas M. Moses 


Bleached Pinctada Margaritifera 
CULTURED PEARLS in Non- 
“Chocolate” Colors 


The bleaching of P. margaritifera cul- 
tured pearls to achieve a brown color 
has become a popular and widely dis- 
closed treatment (see W. Wang et al., 
“Identification of ‘chocolate pearls’ 
treated by Ballerina Pearl Co.,” 
Winter 2006 Gems & Gemology, pp. 
22.2235). Over the last year, howev- 
er, the New York laboratory received 
for identification two strands of cul- 
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tured pearls (which proved to be from 
the P. margaritifera mollusk) that fea- 
tured colors other than brown that 
showed evidence of bleaching. 

The cultured pearls in the first 


strand (figure 8) had good luster, moder- 
ately spotted surfaces, and good match- 
ing. Those in the second strand (figure 
9) had very good luster, lightly spotted 
surfaces, and very good matching. The 
color variation in the second strand 
was broader and more pronounced. In 
addition to “chocolate pearls,” both 
strands contained cultured pearls in an 
assortment of atypical colors. Many of 
the grays and greens were uncharacter- 
istically muted in tone and saturation, 
and there were a number of unusual 
light-toned yellow-browns or brown- 
yellows. Overall, these cultured pearls 
were lighter in tone and warmer in hue 
than most P. margaritifera pearls, but 
darker and cooler than most of those 
from the Pinctada maxima mollusk. In 
most of the cultured pearls, magnifica- 
tion revealed evidence of bleaching, 
including slightly desiccated patches 
and color distribution (color concentra- 
tions and streaks) typical of Tahitian 
cultured pearls that have been bleached 
brown, with similar though subtler 
color variegation in some colors. 
Exposure of the second strand to 
long-wave UV radiation also produced 
some unusual results. The tone and 
intensity of the reaction was directly 
related to the tone and saturation of 
the color in the cultured pearls: 


Figure 8. The cultured pearls (10.50-13.50 mm) in this variously colored 
strand are from the Pinctada margaritifera mollusk. All except the green- 
ish ones showed evidence of bleaching. 
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Figure 9. All but two of the cultured pearls (11.00-13.50 mm) in this second 
strand from P. margaritifera also showed evidence of bleaching. 


Lighter samples fluoresced weak-to- 
moderate yellow, and dark neutrals 
produced weak dark or inert reac- 
tions. Additionally, the reactions var- 
ied in hue throughout the strand, and 
they differed significantly from the 
inert to weak reddish brown reaction 
normally produced by naturally col- 
ored P. margaritifera pearls. A num- 
ber of samples showed yellow, orange, 
or reddish orange reactions, and one 
fluoresced a distinct green-yellow. 
EDXREF analysis of all the cultured 
pearls in the second strand detected 
calcium and strontium but no silver, 
which indicated that they were not 
dyed. UV-Vis reflectance spectroscopy 
revealed evidence of bleaching in the 
browns and all but two of the other 
colors. The background tilted toward 
the high-energy side, and the organic 
peaks were weak and broad (see, e.g., 
figure 9 of Wang et al., 2006, p. 228). 
While the level of treatment applied 
to the other colors visually appeared 
less pronounced than what is often 
found in “chocolate pearls,” UV-Vis 
reflectance spectroscopy did not pro- 
duce any results to corroborate this. 
The popularity of “chocolate 
pearls” seems to have led manufactur- 
ers to extend a similar bleaching treat- 
ment to cultured pearls of other colors. 
Akira Hyatt 


160 


LaB Notes 


Blue-Green PLAGIOCLASE 
FELDSPAR, Possibly Colored 

by Copper 

Blue-to-green potassium feldspar, 
known in the trade as amazonite, owes 
its color to a combination of natural 


irradiation and trace concentrations of 
lead and water (A. M. Hofmeister, and 


G. R. Rossman “A spectroscopic study 
of irradiation coloring of amazonite: 
Structurally hydrous, Pb-bearing 
feldspar,” American Mineralogist, Vol. 
70, 1985, pp. 794-804). The Carlsbad 
lab recently received for identification 
two opaque bluish green rocks (figure 
10) measuring 46.90 x 35.18 x 21.38 
mm and 45.38 x 24.05 x 21.69 mm 
that, on initial observation, appeared to 
be amazonite. On closer inspection, 
however, the rocks lacked the mottled 
grid-like color patterns (exsolution 
lamellae, caused by the intergrowth of 
microcline and albite) that characterize 
amazonite. Instead, the structure was 
massive and fairly uniform. 

On the exterior of the rocks was a 
brownish crust, beneath which were 
layers and veins of a darker bluish green 
material. A rough RI measurement of 
1.54 suggested a plagioclase feldspar 
(oligoclase). Laser ablation—inductively 
coupled plasma—mass spectrometry 
(LA-ICP-MS) and electron microprobe 
analyses confirmed that the composi- 
tion fell within the albite-oligoclase 
range. Very little potassium was detect- 
ed; nor was lead present in significant 
concentrations (<4 ppm). Instead, the 


Figure 10. Chemical analysis of these two samples of bluish green 
plagioclase feldspar (45.38 and 46.90 mm in longest dimension) suggested 


that they were colored by copper. 
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analyses showed high levels of copper 
(up to ~12,000 ppm). Great care was 
taken during analysis to make sure that 
none of the surface minerals were 
mixed with the feldspar. 

The client, Daniel Anderson, was 
kind enough to loan us several addi- 
tional pieces of rough for testing, and 
these samples reinforced our earlier 
observations and analyses. Mr. Ander- 
son plans to polish this plagioclase 
feldspar and introduce it to the market 
in the near future. He reports that it 
occurs in altered pegmatites of 
Jurassic age (~150-—200 million years) 
in northern Nevada. Further testing is 
currently being performed to deter- 
mine the extent to which copper 
might be responsible for the color. 

It is quite unusual to come across 
feldspar with such a distinct bluish 
green color that is not an alkali (potas- 
sium) feldspar colored by lead. 

Alethea Inns and 
Christopher M. Breeding 


Unusual Green Fluid 
Inclusions in QUARTZ 


Petroleum is one of the most impor- 
tant substances on Earth. Civilization 
as we know it would cease to exist 
without natural petroleum and the 
products derived from it. Because of 
this, fluid inclusions containing natu- 
ral petroleum have fascinated geolo- 
gists, gemologists, and other earth sci- 
entists for decades. 

Hydrocarbons usually form primary 
fluid inclusions composed of liquid nat- 
ural petroleum and methane gas, with 
water sometimes also present as an 
immiscible secondary liquid phase (see, 
e.g., Spring 2004 Gem News 
International, pp. 79-81). Opaque black 
to dark brown translucent bituminous 
material, identified under the general 
heading asphaltite, may also be present 
as a solid daughter phase. The liquid 
petroleum portion is generally yellow 
in color, but it may range from nearly 
colorless to deep golden brown to pink- 
ish orange (similar to the color of gaso- 
line). If present, water will be forced to 
the outermost edges of the void, and the 
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Figure 11. The primary petroleum fluid inclusions in the trigonal cavities 
of this quartz had an unusual green color that was not the result of either 
visible-light luminescence or UV fluorescence. Field of view 4.4 mm. 


vapor bubble (again, usually methane) 
will always be in the liquid petroleum 
portion and not in the water. 

An interesting identifying charac- 
teristic of petroleum in fluid inclu- 
sions is that when it is illuminated 
from the side with an incandescent 
fiber-optic light source, it displays a 
slight bluish green to green lumines- 
cence. This reaction is different from 
the long-wave UV fluorescence it also 
displays—commonly a chalky blue to 
yellow, or very rarely orange. 

Recently, Kevin Lane Smith, a jew- 
eler and lapidary from Tucson, 
Arizona, showed this contributor a 
polished quartz specimen that, with- 
out magnification, appeared to contain 
a few small light green angular crys- 
tals. On closer inspection, however, it 
was determined that the green materi- 
al was actually a liquid filling small 
trigonal cavities (figure 11). Detailed 
micro-examination showed that the 
inclusions were intact with no surface- 
reaching cracks. Exposure to UV radia- 
tion caused the liquid to fluoresce a 
chalky blue, and light transmitted 
through the side of the stone caused 
the fluid inclusions to luminesce a 
chalky bluish green, both as would be 
expected of natural petroleum (again, 
see Spring 2004 GNI entry). This 
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behavior strongly suggested that these 
fluid inclusions were composed of nat- 
ural petroleum. The unusual green 
color did not appear to be caused by 
luminescence or UV radiation, howev- 
er, since it was clearly visible in dark- 
field illumination without any over- 
shadowing chalkiness. 

John I. Koivula 


Inclusions within Inclusions 
in RUBY 


The New York laboratory recently had 
the opportunity to examine an attrac- 
tive 2.06 ct red oval mixed-cut ruby 
(figure 12) with a highly interesting 
inclusion scene. Standard gemological 
testing identified the stone as a natu- 
ral ruby. With magnification, we saw 
numerous transparent near-colorless 
crystals. The pristine state of the 
inclusions indicated that the stone 
had not been heat treated. What was 
most interesting was that several of 
the crystals clearly had inclusions of 
their own. 

The crystal in figure 13 contained 
a rod-shaped inclusion that appeared 
to break through another crystal, both 
showing a multistepped surface. All 
the elements in this inclusion exhibit- 
ed birefringence between crossed 
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Figure 12. This untreated natural 
ruby (7.76 x 6.32 x 4.94 mm) 
contained some unusual crystal 
inclusions. 


polarizers. Unfortunately, we were not 
able to obtain sufficiently clear 
Raman spectra to identify them. 
Other attractive inclusions were 
discovered within a crystal that was vis- 
ible through the pavilion. Located 
between two cavities in the host ruby, 
the crystal displayed a nicely formed 
fan-shaped spray of needles (figure 14). 
The transparent-to-translucent needles 
appeared unaltered and also exhibited 
birefringence. We were able to identify 
the host crystal as corundum, but the 
Raman laser could not reach the nee- 
dles. According to GIA chief gemologist 
John Koivula, these needles were proba- 
bly boehmite or diaspore, both of which 
are alteration products of corundum. 
Their complete enclosure in the 
crystal inclusions indicates that the 
unaltered rod-shaped crystals and the 
fan-shaped spray of needles could have 
formed before the growth of the host 
ruby. Thus, these inclusions could be 
defined as both protogenetic (pre-exist- 
ing inclusions) and idiomorphic (still 
retaining their original crystal faces). 
Even though mineral inclusions in 
corundum have been studied exten- 
sively, none of us at the New York lab 
had previously seen such well-formed 
“inclusions within inclusions.” 
Wai L. Win and Riccardo Befi 
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Figure 13. Hosted within this pris- 
tine crystal in the ruby in figure 
12 were rod-shaped crystals that 
still retained their original crystal 
faces. Field of view 0.76 mm. 


Blue SAPPHIRE, 
With Unusually High Concentration 
of Rare-Earth Elements 


Common chemical impurities in natu- 
ral corundum include Meg, Ti, V, Cr, Fe, 
and Ga. A number of colors can be 
induced by these elements through 
various mechanisms as they integrate 
into the corundum lattice (see, e.g., E. 
Fritsch and G. R. Rossman, “An up- 
date on color in gems, part 2: Colors 


Figure 15. This blue sapphire 
(5.95 x 5.91 x 3.52 mm) has an 
unusual trace-element composi- 
tion: relatively high concentra- 
tions of light rare-earth elements. 
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Figure 14. Another included crys- 
tal (identified as corundum) in 
the ruby contained a fan-shaped 
spray of needles. Field of view 
0.63 mm. 


involving multiple atoms and color 
centers,” Spring 1988 Gems @&@ 
Gemology, pp. 3-15). Be has also been 
found in natural corundum from sever- 
al geographic sources in trace amounts 
ranging from less than 1 ppm to over 
10 ppm; other trace elements (e.g., Nb, 
Ta, U, Pb, Th, Zr, or W) are almost 
always present with naturally occur- 


Figure 16. Three spots on both 
blue and near-colorless zones in 
the girdle region of the blue sap- 
phire in figure 15 were analyzed 
using LA-ICP-MS, but no sub- 
stantial variation in trace-ele- 
ment composition was detected. 
Field of view 3.5 mm. 
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1.\Trace-element composition of the unusual 1.02 ct blue sapphire.? 


Element Mg Ti Vv Cr 
195.4 315 2.87 


Concentration 19.11 


(ppm) 


Fe Ga Zh Nb La Ce 
3887 59.95 0.05 0.11 0.66 


Nd Sm_ Ta Ww Pb ~~ Th U 
1.55 0.29 0.02 0.26 0.12 0.387 4.96 0.01 


@Average of three spots, as recorded with LA-ICP-MS. Rare-earth elements are highlighted in blue. 


ring Be (A. H. Shen et al., “From the 
GIA Laboratory: Beryllium in corun- 
dum—tThe consequences for blue sap- 
phire,” GIA Insider, Vol. 9, No. 2, 
January 26, 2007). However, these ele- 
ments—in contrast to the substitution 
impurities noted earlier—are believed 
to occur within clouds of submicro- 
scopic particulate inclusions, not as 
part of the crystal lattice. In the New 
York laboratory, we recently examined 
a sapphire that displayed atypical 
trace-element composition—specifi- 
cally, relatively high concentrations of 
other rare-earth elements (REEs) that 
appear to be independent of submicro- 
scopic “clouds” or inclusions. 

This intense blue 1.02 ct round-cut 
stone (figure 15) was identified as natu- 
ral sapphire by standard gemological 
testing. With magnification, it exhibit- 
ed sharply defined blue and near-color- 
less parallel bands (figure 16). Small 
melted inclusions with altered or 
melted radial expansion fractures were 


also observed, indicating the stone was 
heat treated. No clouds or bands of par- 
ticles were visible at 80x magnifica- 
tion, and there was no detectable 
chalky yellow fluorescence to short- 
wave UV radiation, as is sometimes 
seen in heated blue sapphire. 

Three spots along the girdle region 
(again, see figure 16) were analyzed 
using LA-ICP-MS, calibrated against 
corundum standards for Be, Mg, Ti, V, 
Cr, Fe, and Ga, and against National 
Institute of Standards and Technology 
(NIST) glasses for other elements. The 
blue and near-colorless zones showed 
similar trace-element composition. 
Consistent with blue sapphire from 
many different sources, this stone had 
a high concentration of Fe, moderate 
amounts of Ga and Ti, and very low 
concentrations of Mg, V, and Cr (table 
1). An outstanding feature was the rel- 
atively high concentration of light 
REEs (La, Ce, Nd, Sm), which we have 
observed only rarely in the thousands 


of natural corundum samples we have 
examined from various geographic 
sources. In addition, despite significant 
amounts of Zr, Nb, Ta, W, Pb, Th, and 
U, no Be was detected (our instrument 
detection limit for Be is 0.01 ppm). 
Observations from this unusual 
stone strongly indicate that microin- 
clusions in corundum may have large 
variations in composition, including 
(to the best of our knowledge) previ- 
ously undocumented rare-earth ele- 
ments. This stone also confirms that 
Nb and Ta may occur independently 
of Be in sapphire. 
Donna Beaton and Wuyi Wang 
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DIAMONDS 


Bird-like inclusion in diamond. In March 2008, jewelry 
appraiser Lori Provo Coogan (Cohasset Jewelers, Cohasset, 
Massachusetts) was appraising a 2.41 ct diamond set in a 
ring when she noticed an interesting internal feature. 
Centered just under the table, it was comprised of a 
brownish orange mineral inclusion that was surrounded 
by tension fractures (figure 1). The distribution and shape 
of the fractures—which are apparently following two 
cleavage directions in the diamond—show a strong resem- 
blance to a bird in flight. There are even patterns resem- 
bling feathers and a curved “beak.” The color and form of 
the mineral inclusion suggest that it is an eclogitic garnet 
(John I. Koivula, pers. comm., 2008). 

Brendan M. Laurs 


A colorless diamond showing strong phosphorescence. 
Unlike fluorescence to UV radiation, which is commonly 
observed in natural diamonds, phosphorescence is quite 
rare, and is mainly observed in type Ib blue diamonds, 
“color-change” (i.e., chameleon) diamonds, and some other 
colored diamonds (see J. E. Field, Ed., The Properties of 
Natural and Synthetic Diamond, Academic Press, London, 
1992; S. Eaton-Magania et al., “Fluorescence spectra of col- 
ored diamonds using a rapid, mobile spectrometer,” Winter 
2007 Gems & Gemology, pp. 332-351). In the case of blue 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu or 
GIA, The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. Original photos can be returned after 
consideration or publication. 
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Figure 1. The internal feature centered under the 
table facet of this diamond is composed of a mineral 
(probably garnet) that is surrounded by tension frac- 
tures. The overall inclusion scene (~1 mm long) 
shows a striking resemblance to a bird in flight. 
Photomicrograph by Lori Provo Coogan. 


type IIb diamonds, red, orange, and blue phosphorescence 
with an average duration of 18 seconds has been reported (J. 
M. King et al., “Characterizing natural-color type IIb blue 
diamonds,” Winter 1998 Gems &) Gemology, pp. 246-268). 
The phosphorescence behavior of these type Ib diamonds 
has been explained by a model of electron transition from 
the unknown donor to the boron acceptors, which display 
long decay times due to the low concentration of boron (K. 
Watanabe et al., “Phosphorescence in high-pressure syn- 
thetic diamond,” Diamond and Related Materials, Vol. 6, 
1997, pp. 99-106). Phosphorescence is rarer in other dia- 
mond types, and when seen it is both less intense and of 
shorter duration (again, see Eaton-Magania et al., 2007). 
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Figure 2. This 0.54 ct colorless type Ila diamond 
showed strong phosphorescence. Photo by H. Ito. 


Recently, a 0.54 ct colorless diamond (figure 2) was sub- 
mitted to the AGT Gem Laboratory for a diamond grading 
and identification report. Gemological examination and 
Fourier-transform infrared (FTIR) spectroscopy proved that 
the D-color, VVS, diamond was type Ila. There was no 
reaction to long-wave UV radiation. However, when the 
diamond was examined with high-energy short-wave (<230 
nm) UV radiation in the DiamondView instrument, it dis- 
played a weak dark blue fluorescence and a very strong 
blue phosphorescence (figure 3). No distinct growth bands 
or other internal features were seen with either type of 
luminescence. Long-lived blue phosphorescence was also 
seen after exposure to a short-wave UV lamp (254 nm) in a 
dark room, it took about four minutes for the phosphores- 
cence to fade entirely. 

To explore possible mechanisms for the phosphores- 
cence, photoluminescence spectra excited by both 488 and 
514.5 nm lasers were recorded at liquid-nitrogen tempera- 
ture. The PL spectra did not show the 776.5 nm peak that 
has been associated with phosphorescence in natural blue 
diamond (Fall 2005 Lab Notes, pp. 258-259). Instead, they 


Figure 3. These DiamondView images of the 0.54 ct 
diamond illustrate the weak dark blue UV fluores- 
cence (left) and strong blue phosphorescence (right). 
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Figure 4. The photoluminescence spectrum of the 
type Ila diamond (here, recorded with a 488 nm laser) 
shows a sharp emission peak at 648 nm that may 

be related to its phosphorescence. 


showed a strong and sharp emission peak of unknown ori- 
gin at 648 nm, in addition to a GR1 peak at 741 nm and the 
[N-V]° center at 575 nm (figure 4). 

The optical center(s) for the phosphorescence in this 
type Ila diamond are apparently different from those in 
type Ib diamonds. The detailed mechanism is unclear, but 
the 648 nm peak may be related to the phosphorescence in 
this diamond. 

Taijin Lu (taijinlu@hotmail.com), Tatsuya Odaki, 
Kazuyoshi Yasunaga, and Hajime Uesugi 
AGT Gem Laboratory, GIA Japan, Tokyo 


COLORED STONES AND 
ORGANIC MATERIALS 


Almandine-spessartine from Lindi, Tanzania. At the 2008 
Tucson gem shows, Steve Ulatowski (New Era Gems, 
Grass Valley, California) had some attractive euhedral crys- 
tals of a new orange-red garnet from Tanzania. The crystals 
reportedly were mined from an area in Lindi Province, not 
far from the source of the pink “Imperial” pyrope-spessar- 
tine described in the Spring 2006 Gem News International 
(GNI) section (pp. 66-67). Mr. Ulatowski first obtained the 
material in January 2007, and estimates that about 1-3 kg 
of mixed-quality rough has been produced each month. 
The crystals are well-formed but typically rather small, 
yielding cut stones averaging <0.50 ct. 

One crystal and a 1.35 ct modified round brilliant gar- 
net (figure 5) were donated to GIA by Mr. Ulatowski, and 
the cut stone yielded the following properties: color— 
orange-red; diaphaneity—transparent; RI—1.800; SG— 
4.17; Chelsea filter reaction—red; and fluorescence—inert 
to both long- and short-wave UV radiation. The desk- 
model spectroscope showed weak absorption lines at 480 
and 520 nm, stronger lines at 460, 505, and 565 nm, and 
general absorption to 440 nm. Microscopic examination 


GEMS & GEMOLOGY SUMMER 2008 165 


Figure 5. Lindi, Tanzania, is reportedly the source of 
these samples of almandine-spessartine. GIA 
Collection nos. 37613 (cut stone, 1.35 ct) and 37612 
(crystal, 0.5 g); photo by Robert Weldon. 


revealed pinpoint inclusions, short needles, and straight 
transparent growth lines. Energy-dispersive X-ray fluores- 
cence (EDXRF) spectroscopy indicated major amounts of 
Si, Al, Mn, and Fe, and minor Mg and Ca. 

The physical and chemical properties identify the gar- 
net as almandine-spessartine, with minor pyrope and 
grossular components. Its refractive index and specific 
gravity are slightly lower than those reported for alman- 
dine-spessartine by C. M. Stockton and D. V. Manson (“A 
proposed new classification for gem-quality garnets,” 
Winter 1985 Gems & Gemology, pp. 205-218). These dif- 
ferences are most likely attributable to the minor pyrope 
and/or grossular components. 

Elizabeth Quinn Darenius 
(eqdarenius@aglgemlab.com) 
American Gemological Laboratories, New York 


Brendan M. Laurs 


“Red andesine” from China: Possible indication of diffu- 
sion treatment. At the June 2007 Sainte Marie aux Mines 
show in France, we acquired a 1.30 ct oval-cut, orangy red 
stone that was sold as andesine from China (figure 6). The 
stone was obtained to supplement our reference gemology 
collection, and because it was sold for a much lower price 
than similar andesine-labradorite that has been represent- 
ed as being from the Democratic Republic of the Congo or 
other localities (see, e.g., Winter 2005 GNI, pp. 356-357, 
and references therein). 

The sample was birefringent and biaxial negative, with 
RIs of 1.550-1.559 and a hydrostatic SG of 2.70. These 
properties were consistent with plagioclase feldspar, and 
were closer to those of labradorite than andesine. We 
observed a weak orange-red/light red-orange pleochroism, 
and the stone was inert to both long- and short-wave UV 
radiation. A fairly broad absorption in the yellow region 
was seen with the handheld spectroscope. Next, we mea- 
sured the sample’s chemical composition using a JEOL 
5800 scanning electron microscope (SEM) equipped with a 
high-resolution Princeton Gamma Tech IMIX-PTS germa- 
nium energy-dispersive detector. The stone had the follow- 
ing composition (atomic percent): 19.31% Si, 11.16% Al, 
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Figure 6. This 1.30 ct orangy red feldspar, sold as 
andesine from China, proved to be labradorite with 
unusual color concentrations. Note the pale-colored 
zones in the upper portion of the stone. Photo by 

B. Mocquet. 


4.18% Ca, 3.34% Na, 0.29% K, 0.17% Fe, and 61.5% O. 
These values are also consistent with a feldspar. The anor- 
thite content of An... [Ca/(Ca+Na} = 0.555] corresponds to 
the range for labradorite (An., 7), but is close to that for 
andesine (Ans_«0)- 

Even with the unaided eye, it was evident that the 
sample had uneven coloration (again, see figure 6), partic- 
ularly when viewed from the pavilion side. Microscopic 
examination revealed abundant parallel empty tubes or 
channels, as well as a few twin planes. Also seen were 
orangy red color concentrations around some of the chan- 
nels, particularly at the terminations of those that were 
surface-reaching on their opposite ends (figure 7, left). It 
appeared as if the chromophore had diffused an equal dis- 
tance in all directions from the terminations of the chan- 
nels into the surrounding near-colorless areas. In addition, 
black pinpoint inclusions (as yet unidentified) were visi- 
ble in and around the orangy red areas, but they were not 
present in the near-colorless zones. Hence, the stone’s 
appearance under the microscope was very different from 
that of typical red andesine, which is usually almost free 
of inclusions and homogeneous in color. The unusual 
color distribution suggests a diffusion process, presum- 
ably of copper, which is a red chromophore in feldspar. 
Although no copper was detected in the stone, Cu in red 
or green feldspar is typically below the detection limit of 
our instrument. 

With magnification, we also observed thin orange patch- 
es on the surface of some facets (figure 7, right). Because of 
the presence of significant red areas inside the stone, we do 
not believe this film contributed to the color. When these 
areas were analyzed with the SEM, we detected the pres- 
ence of Fe in addition to the feldspar composition; the iron 
is probably responsible for the rust-like color of the patches. 
The presence of this film indicates that the stone was 
exposed to some type of process or treatment after faceting. 

The combination of the peculiar red color distribution 
and the surface film residue offers evidence that the stone 
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was initially pale colored and possibly underwent diffusion 
treatment to acquire the orangy red color. 
Emmanuel Fritsch 


Benjamin Rondeau 
CNRS, Team 6112, Laboratoire de Planétologie et 
Géodynamique, University of Nantes, France 


Blanca Mocquet and Yves Lulzac 
Centre de Recherches Gemmologiques (CRG) 
Nantes, France 


Orange beryl from India. At the 2008 Tucson gem shows, 
Cameron McGowan and Willie Neilson (Crystalline 
Dream, Lake Ohau, New Zealand, and San Francisco, 
California) showed the Gems &) Gemology editors some 
deep orange beryl. They obtained several faceted samples of 
this beryl (e.g., figure 8) from a local gem dealer while travel- 
ing in India in 2007. The coloration was represented as natu- 
ral, and the dealer said he had collected the stones from cen- 
tral India over an unspecified period of time. 

To investigate the origin of color in these stones, a rep- 
resentative 4.47 ct modified cushion step cut was loaned to 
American Gemological Laboratories for examination, and 
the following properties were determined: color—brownish 
orange, with weak brownish yellow and yellow-orange 
dichroism; diaphaneity—semitransparent to translucent; 
RI—n, = 1.587 and n, = 1.580; birefringence—0.007; SG— 
2.72; Chelsea filter reaction—none; fluorescence—inert to 
long- and short-wave UV radiation; and general absorption 
to 450 nm and a cutoff at 670 nm visible with a desk-model 
spectroscope. These properties are consistent with those 
reported for beryl by M. O'Donoghue, Ed. (Gems, 6th ed., 
Butterworth-Heinemann, Oxford, UK, 2006, pp. 162-166). 

Microscopic examination revealed numerous small nee- 
dles and platelets (possibly hematite) that appeared brown- 
ish reddish orange when they occurred in larger sizes (figure 
9, left), numerous two-phase (liquid and gas) inclusions, 
three-phase inclusions containing dark solids (figure 9, 
right), “fingerprints,” and fine growth tubes oriented parallel 
to the c-axis. Several of the two- and three-phase inclusions 
were surrounded by whitish film-like halos. The stone also 
showed evidence of clarity enhancement (fractures contain- 
ing flattened gas bubbles, indicating the presence of a filler). 

UV-Vis-NIR spectroscopy showed total absorption to 
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Figure 7. With magnification, 
the labradorite shows red 
color concentrations around 
surface-reaching channels, 
particularly at their termina- 
tions (left; photomicrograph 
by B. Rondeau, magnified 
40x). Some of the facets on 
the stone were coated with 
patches of a thin film con- 
taining traces of iron (right; 
photomicrograph by B. 
Mocquet, magnified ~30x). 


450 nm, a sharp peak at 455 nm, a weak shoulder at the 
foot of the absorption continuum at ~505 nm, and a weak 
broad band centered at ~835 nm. The stone’s unusually 
deep brownish orange coloration was probably due to a 
combination of its orange-yellow bodycolor (most likely 
the result of O?>Fe** charge transfer; see p. 94 of E. F. 
Fritsch and G. R. Rossman, “An update on color in gems. 
Part 3,” Summer 1988 Gems & Gemology, pp. 81-102), 
evidenced in the visible spectrum by the 455 nm band, 
and the abundant brownish reddish orange inclusions. 
Elizabeth Quinn Darenius 


Figure 8. These yellowish orange to brownish orange 
beryls (10.31-11.47 ct) are reportedly from central 
India. Photo by Robert Weldon. 


Ye 
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Chromium-rich clinochlore (kimmererite) from Turkey. 
Clinochlore—{(Mg Fe*).Al(Si,AlJO ,,(OH),—is a member of 
the chlorite group. Its name is derived from a combination 
of the Greek words klino (“incline”), in allusion to its 
monoclinic habit, and chloros (“green”), in reference to its 
most common color (J. W. Anthony et al., Handbook of 
Mineralogy, Vol. 2, Mineral Data Publishing, Tucson, AZ, 
1995, p. 143). Other documented colors of clinochlore 
include yellow, white, and a red to purple-red Cr-rich vari- 
ety that is commonly referred to as kammererite. Since 
clinochlore has a low hardness (Mohs 2—2.5) and perfect 
cleavage, it is not suitable for jewelry use but is typically 
sold as crystal specimens or, rarely, as a collector’s stone. 
Alexandra Woodmansee of Rock Logic (Glencoe, 
Minnesota) recently loaned GIA two faceted samples (a 
0.92 ct oval and a 0.52 ct cut-cornered rectangular mixed 
cut; figure 10) of Cr-rich clinochlore obtained from Turkey. 
While Cr-rich clinochlore has been reported from, among 
other locations, the U.S. (California, North Carolina, and 
Pennsylvania) and Russia (Ural Mountains), the most 
famous source is the Kop Mountains in eastern Turkey 
(see, e.g., R. Dietrich and O. Medenbach, “Kammererite 
from the Kop Krom mine, Kop Daglari, Turkey,” 
Mineralogical Record, Vol. 9, No. 5, 1978, pp. 277-287). 
Examination of the two stones gave the following prop- 
erties (with those for the oval cut listed first for RI and SG): 
color—medium-dark purplish red; RI—1.580, 1.588; hydro- 


Figure 10. Commonly referred to as kammererite, 
Cr-rich clinochlore is rarely seen in faceted form 
(here, 0.92 and 0.52 ct). Photo by Robert Weldon. 
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Figure 9. Brownish reddish 
orange needles and platelets 
(possibly hematite) were par- 
tially responsible for this 
beryl’s apparent color (left). 
The stone contained two- and 
three-phase inclusions; the 
latter consisted of a gas bub- 
ble, a liquid, and a dark solid 
(right). Photomicrographs by 
E. Q. Darenius; magnified 
65x (left) and 75x (right). 


static SG—2.65, 2.67; fluorescence—inert to both long- and 
short-wave UV radiation; Chelsea filter reaction—positive 
(pink); and absorption below 440 nm and from 500-590 nm 
seen with a desk-model spectroscope. Microscopic exami- 
nation revealed numerous fractures and cleavages, as well 
as crystals, needles, and clouds of tiny pinpoint inclusions. 
The surface of both stones showed a poor polish and many 
scratches and gouges, consistent with the low hardness. 
The physical properties we recorded are comparable to 
those reported for Cr-rich clinochlore by M. O’Donoghue, 
Ed. (Gems, 6th ed., Butterworth-Heinemann, Oxford, UK, 
2006, p. 420) with the exception of the SG, which 
O'Donoghue stated as 2.60—2.64. There are also some dif- 
ferences from the data presented by W. Wight (“Check-list 
for rare gemstones—Kammererite,” Canadian Gem- 
mologist, Vol. 17, No. 1, 1996, pp. 14-17); that article cited 
an absorption band at ~510—620 nm and lines at ~650 and 
690 nm, as well as Ris of n, = 1.597, ng = 1.598, and n, = 
1.599-1.600—but also listed other reported RI values of 
1.585-1.594. Wight (1996, p. 17) further indicated that the 


Figure 11. The UV-Vis-NIR absorption spectra for the 
two samples in figure 10 show absorption peaks near 
400 and 550 nm, corresponding to Cr**, and two 
smaller peaks at ~680 and 685 nm. 
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low birefringence (0.003) of Cr-rich clinochlore “might 
result in only one line being seen in the refractometer.” 
This observation, coupled with the poor polish of the two 
stones we examined, could explain the single RI readings 
on our samples. 

Raman analysis of these two specimens confirmed that 
the material was, indeed, “kammererite.”” The UV-Vis-NIR 
absorption spectra (figure 11) showed transmission win- 
dows in the blue and red portions of the spectrum, which 
are consistent with the purplish red color of the samples. 
The strong absorption peaks near 400 and 550 nm correlate 
to the features seen in the desk-model spectroscope, and 
are attributed to Cr** (R. G. Burns, Mineralogical 
Applications of Crystal Field Theory, 2nd ed., Cambridge 
University Press, Cambridge, UK, 1993, p. 200). Also noted 
were two smaller peaks at ~680 and 685 nm that may cor- 
respond to the ~690 nm line cited by Wight (1996). EDXRF 
analysis verified the presence of Cr as a major element in 
the samples, as well as Mg, Al, and Fe in major amounts, 
which would be expected in Cr-rich clinochlore; Ca, V, Ni, 
and Zn were detected in trace amounts. 

According to Mrs. Woodmansee, the stones were cut 
from old stock. The 0.92 ct stone is one of the largest 
faceted specimens known to her; in general, most of the 
rough material is small and not suitable for cutting. Since 
the Turkish mine closed in 1991 due to low prices for 
chromium, faceted Cr-rich clinochlore will most likely 
continue to be extremely rare. 

Karen M. Chadwick (karen.chadwick@gia.edu) 
GIA Laboratory, Carlsbad 


Yellow danburite from Tanzania. For years, gem-quality 
yellow danburite was known from Myanmar and 
Madagascar (e.g., W. Wight, “Danburite,” Canadian Gem- 
mologist, Vol. 6, No. 4, 1985, pp. 110-113), and also report- 
ed from Sri Lanka (see, e.g., Spring 1986 Lab Notes, p. 47) 
and California (e.g., Fall 1998 Gem News, p. 220). Most 
recently, yellow danburite gemstones were described from 
a new locality in Tanzania (“Nuovi ritrovamenti: Dan- 
burite gialla di qualita gemma e gatteggiante dal Mada- 
gascar e dalla Tanzania,” Rivista Gemmologica Italiana, 
Vol. 2, No. 3, 2007, pp. 228-229). 

In January 2008, we learned more about this new 
Tanzanian danburite from Mark Kaufman (Kaufman 
Enterprises, San Diego, California) and Werner Radl 
(Mawingu Gems, Niederworresbach, Germany). Mr. Radl 
subsequently visited the deposit, which is located in the 
Morogoro region, in April 2008. The danburite is mined from 
at least two steeply dipping granitic pegmatites (e.g., figure 
12) using hand tools and explosives. The pegmatites are host- 
ed by marble, and locally contain coarse-grained pale blue- 
green K-feldspar (amazonite) and black tourmaline (identified 
as dravite-schorl by Dr. William “Skip” Simmons at the 
University of New Orleans by electron-microprobe analysis). 
The same pegmatites have reportedly produced smoky 
quartz and a translucent bluish violet quartz that appears to 
be colored by abundant micro-inclusions. 
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Figure 12. This granitic pegmatite in the Morogoro 
region of Tanzania recently produced significant quan- 
tities of yellow danburite. Courtesy of W. Rad. 


Mr. Kaufman loaned GIA, for examination, two rough 
specimens (a 1.61 g fragment and a 12.68 g crystal) as well 
as two faceted (1.88 and 7.14 ct) and two cabochon-cut 
(8.22 and 19.41 ct) examples of the yellow danburite (e.g., 
figure 13). Mr. Radl showed one of us (BML) some addition- 
al faceted stones (e.g., figure 14) at the February 2008 
Tucson gem shows, including a 22.48 ct oval cut, and 
donated a 4.37 g crystal to the Institute. Both of the crystals 
were tabular and twinned, resulting in a leaf-like appear- 
ance (again, see figure 13). 

Examination of the cut stones gave the following proper- 
ties (where they differed, values for the cabochons are noted 
in parentheses): color—light-to-medium yellow to orangy 
yellow; pleochroism—none; RI—n,, = 1.629-1.631 and n, = 
1.638 (spot reading of 1.62), birefringence—0.007—-0.009,; 
hydrostatic SG—3.01 (2.97 and 3.00); inert to both long- and 
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Figure 13. Yellow danburite from Tanzania common- 
ly contains abundant growth tubes, as shown by this 
chatoyant cabochon (8.22 ct) and twinned crystal 
(12.68 g). Photo by Robert Weldon. 


short-wave UV radiation; and no spectrum observed with 
the desk-model spectroscope. Most of these properties are 
consistent with those given by M. O'Donoghue, Ed. (Gems, 
6th ed., Butterworth-Heinemann, Oxford, UK, 2006, p. 403): 
n, = 1.627-1.633 and n, = 1.633-1.639, birefringence— 
0.006-0.008, and SG—3.00. However, O’Donoghue reports 
blue to blue-green fluorescence to long-wave UV radiation, 
and in some stones an absorption spectrum consisting of 
fine lines that correspond to rare-earth elements (REEs). 
Wight (1985) also noted blue (and violet-blue) to blue-green 
fluorescence in danburite. The absence of fluorescence in 
the Tanzanian samples we examined—which were con- 
firmed as danburite by Raman spectroscopy—is therefore 
somewhat unusual, though consistent with the Sri Lankan 
stones described in the Spring 1986 Lab Note. 

Microscopic examination of the two faceted samples 
revealed long, thin, curved growth tubes (figure 15, left), as 
well as “fingerprints” containing angular liquid inclusions 
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Figure 14. Transparent yellow danburite from 
Tanzania has been faceted into attractive gemstones 
(here, 9.92 and 8.67 ct). The pear shape shows distinct 
color zoning (yellow and near colorless). Courtesy of 
Mawingu Gems; photo by Robert Weldon. 


and some two-phase (liquid and gas) inclusions. The pres- 
ence of growth tubes and fingerprints is consistent with 
internal features reported in yellow danburite from 
Mogok, Myanmar (Summer 2007 GNI, pp. 167-168). 
While the two cabochons contained similar inclusions, 
plus a few fractures, a much denser concentration of paral- 
lel growth tubes in some stones (figure 15, right) resulted 
in chatoyancy (again, see figure 13). 

The cause of color in yellow danburite is as yet undeter- 
mined. EDXREF analysis of five samples detected the pres- 
ence of Si and Ca in major amounts, minor Sr, and traces of 
Fe and REEs (Ce and possibly La or Pr). Laser 
ablation-inductively coupled plasma—mass spectrometry 
(LA-ICP-MS]—performed on the two cabochons and the 
larger twinned crystal by GIA Laboratory research scientist 
Dr. Andy H. Shen—verified the presence of Sr (~450 ppm], 
Fe (~30 ppm], and the light rare-earth elements La (~350 
ppm), Ce (~500 ppm), Pr (~30 ppm), and Nd (~60 ppm). 
Heavier REEs (Sm through Lu) were present in very low 
concentrations (<5 ppm) or were below the detection limit 
of the instrument. A UV-Vis-NIR spectrum collected from 
the larger faceted stone showed (in addition to a transmis- 
sion window encompassing the yellow region) a minor 
absorption feature extending from ~564 to 589 nm. This 
feature peaked at 585 nm, which correlates with an absorp- 
tion line attributed to REEs in yellow danburites from Sri 
Lanka (again, see the Spring 1986 Lab Note). 


™) Figure 15. Growth tubes 
YS in the Tanzanian danbu- 
rite may exhibit a 
curved, almost hooked, 
appearance (left). 
Chatoyant material con- 
tains dense concentra- 
tions of parallel growth 
tubes (right). Photo- 
micrographs by K. M. 
Chadwick; image width 
approximately 4.4 mm. 
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Figure 5 


Figures 5 and 6 show inclusions 
suggestive of genuine stones. 


Figure 7. Dark field, showing 
two shadowy veils and cloud of 
gas bubbles. 


Surface inclusions 
of reconstructed ruby 
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According to Mr. Radl, the Tanzanian danburite was 
first discovered in late 2006, but only small amounts were 
produced until late 2007. As of the February 2008 Tucson 
shows, he had obtained approximately 1 tonne of mixed- 
grade material, but less than 5 kg was of gem quality. From 
this small amount he had faceted ~200 carats, in clean 
stones weighing up to 27.8 ct (but typically <10 ct). In late 
February 2008, gem dealer Syed Iftikhar Hussain (Syed 
Trading Co., Peshawar, Pakistan) reported seeing a parcel of 
rough Tanzanian danburite in Bangkok consisting of 2.4 kg 
of chatoyant material and 1.6 kg of faceted rough, as well as 
an attractive cat’s-eye stone weighing about 52 ct. He esti- 
mated that larger cabochons could be cut. 

Karen M. Chadwick and 
Brendan M. Laurs 


Lawsonite from Marin County, California. The mineral 
lawsonite [CaAL,Si,O,(OH), «(H,O)] was first discovered in 
1895, on the Tiburon Peninsula in Marin County, 
California. It was named in honor of Professor Andrew C. 
Lawson of the University of California at Berkeley (L. F. 
Ransome, “On lawsonite, a new rock-forming mineral 
from the Tiburon Peninsula,” Bulletin of the Department 
of Geology, University of California Publications, Vol. 1, 
No. 10, 1895, pp. 301-312). Lawsonite is found in low- 
temperature, high-pressure metamorphic rocks formed in 
subduction zones, and is typically opaque, brittle, and 
highly included. Therefore it was a gemological treat when 
Steve Perry of Steve Perry Gems (Davis, California) 
showed us numerous samples of translucent-to-semitrans- 
parent lawsonite at the 2008 Tucson gem shows. He 
obtained the material from an old mineral collection that 
he had recently purchased, consisting of about 320 kg of 
lawsonite specimens collected by a road construction 
mechanic on the Tiburon Peninsula. Although the time in 
which the specimens were collected is unknown, newspa- 
pers used for wrapping them were dated 1953. 

According to Mr. Perry, the specimens consist of a 
matrix of glaucophane schist with small cavities contain- 
ing crystals of lawsonite, pyrite, and rutile needles. Also 
present in the matrix of some pieces were brown garnet, 
chlorite, and opaque sphene. From a selection of broken 
lawsonite crystals, Mr. Perry arranged to cut 11 carats of 
faceted stones and 110 carats of cabochons. Of these, 
approximately 80% were “peachy” pink, 15% were grayish 
blue, and 5% were near colorless; less than 5% of the cabo- 
chons showed chatoyancy. Overall, less than 0.1% of the 
rough material was facet grade, and the vast majority 
ranged from translucent to opaque. The largest transparent 
faceted stone weighed 0.40 ct. 

Mr. Perry loaned several rough and cut samples to GIA 
for examination, including five faceted stones and a cabo- 
chon showing chatoyancy (0.09-0.43 ct; figures 16 and 17). 
The following gemological properties were recorded on the 
faceted lawsonites: color—light pink, or near colorless to 
grayish blue; pleochroism—strong, in light pink and near 
colorless, or blue and near colorless; RI—1.664—1.687; bire- 
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Figure 16. These faceted lawsonites (0.09-0.18 ct) 
from Marin County, California, were selected to 
show the range of color of the faceted material. Photo 
by Kevin Schumacher. 


fringence—0.023; SG—3.08-3.30; and fluorescence—inert 
to both long- and short-wave UV radiation. These properties 
are comparable to those reported for lawsonite by R. 
Webster (Gems, 5th ed., revised by P. G. Read, Butterworth- 
Heinemann, Oxford, UK, 1994, p. 349). Microscopic exami- 
nation revealed numerous crystals, clouds, feathers, and 
“fingerprints” in all the samples. Perfect incipient cleavage 
planes were also present. A few samples showed areas of 
chips and cavities, a result of the material’s brittleness. UV- 
Vis absorption spectroscopy revealed only a broad band cen- 
tered at 450 nm. Further spectroscopic and chemical analy- 
sis would be needed to understand the cause of the various 
colors shown by these gems. 
This is the first time cut and polished lawsonite has 
been seen in the GIA Laboratory. 
Kevin G. Nagle (kevin.nagle@gia.edu) 
GIA Laboratory, Carlsbad 


Brendan M. Laurs 


Figure 17. This 0.43 ct lawsonite cabochon shows 
chatoyancy. Photo by Robert Weldon. 


SUMMER 2008 171 


GEMS & GEMOLOGY 


Figure 18. These Cr/V-bearing mica samples (3.33 g 
and 16.54 ct) from northern Pakistan were identified 
as consisting predominantly of paragonite. Photo by 
Robert Weldon. 


Green mica (paragonite) from Pakistan. The term green 
mica usually calls to mind phlogopite or Cr-bearing mus- 
covite (“fuchsite”), or possibly celadonite or margarite. 
However, Makhmout Douman (Arzawa Mineralogical 
Inc., New York) recently loaned GIA two samples of green 
mica from Pakistan—one polished stone and one piece of 
rough weighing 16.54 ct and 3.33 g, respectively (figure 
18}that proved to be none of these. Mr. Douman report- 
ed that the material is hosted by mica schist in a remote 
area about 160 km northeast of the town of Mingora 
(famous for producing emeralds). 

Examination of the cabochon gave the following prop- 
erties: color—medium bluish green; pleochroism—none; 
RI—1.59 (flat facet reading from base and spot reading from 
top); hydrostatic SG—2.89, fluorescence—faint green to 
long-wave and inert to short-wave UV radiation; Chelsea 
filter reaction—positive (pink), and a band at ~600 nm and 
cutoff at ~410 nm observed with a desk-model spectro- 
scope. The physical properties (RI and SG) were consistent 
with those given for phlogopite and Cr-bearing muscovite, 
but not for celadonite or margarite, by M. E. Fleet (Rock- 
Forming Minerals—Sheet Silicates: Micas, Vol. 3A, 2nd 
ed., Geological Society, London, UK, 2003). The properties 
were also consistent with those cited by Fleet for parago- 
nite—NaAl,[AISi,O,,|(OH),. That material is generally col- 
orless to light yellow, but purplish red paragonite has also 
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Figure 19. The unoriented UV-Vis-NIR absorption 
spectra of the paragonite show strong absorption 
peaks at ~415 and ~600 nm, corresponding to Cr+ 
and/or V3*, and a small peak at ~685 nm, probably 
attributable to Cr*. 


been reported (e.g., Fall 1993 Gem News, p. 212). 
Microscopic examination of the two samples revealed a 
granular texture, while the piece of rough was intergrown 
with some off-white material (again, see figure 18). 

Raman spectra collected from both the cabochon and 
the rough specimen gave excellent matches for the parago- 
nite spectrum in the RRUFF database (http://rruff.info; 
sample no. R050447), and were also consistent with a 
spectrum for paragonite published by A. Tlili et al. (“A 
Raman microprobe study of natural micas,” Mineralogical 
Magazine, Vol. 53, 1989, pp. 165-179). The spectra were 
not consistent with phlogopite, muscovite, margarite, or 
celadonite. Raman spectroscopy also identified the off- 
white material on the rough sample as sodic plagioclase. 

EDXRF analysis of both samples revealed major 
amounts of Na, Al, Si, and K; minor amounts of Ca, Fe, and 
Sr; and minor or trace amounts of Ti, V, Cr, Ga, Rb, Ba, and 
Pb. LA-ICP-MS analysis of the rough confirmed the pres- 
ence of each of those elements, and also detected Li (not 
detectable by EDXRF), Mg (present in quantities too low to 


Figure 20. This attrac- 
tive 14.04 ct opal (left) 
displayed interesting 
and unusual lizard 
skin-like growth fea- 
tures, but it proved to 
be of natural origin. It 
exhibited bright green 
fluorescence to UV radi- 
ation (right). Photos by 
G. Choudhary. 
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detect with our EDXRF instrument), and traces of several 
additional elements. While the elemental concentrations of 
the samples indicated that paragonite could be the major 
component, it is possible that micro-inclusions of feldspar 
might contribute to the excess K and Al that we detected. 
X-ray diffraction (XRD) analysis of the rough sample was 
performed by Dr. Anthony Kampf at the Natural History 
Museum of Los Angeles County. His results were also con- 
sistent with paragonite. We concluded on the basis of the 
structural and compositional evidence that the samples 
were indeed predominantly paragonite. 

The visible region of unoriented UV-Vis-NIR spectra 
(figure 19) of both samples showed a transmission window 
at about 505-510 nm, consistent with their blue-green to 
bluish green color. The spectra also exhibited two areas of 
strong absorption at approximately 415 and 600 nm, which 
correspond to Cr** and/or V** in muscovite (see, e.g., R. G. 
Burns, Mineralogical Applications of Crystal Field Theory, 
2nd ed., Cambridge University Press, Cambridge, UK, 
1993). Concentrations of V and Cr obtained from our LA- 
ICP-MS analysis were ~280 and 580 ppm, respectively. A 
small peak at ~685 nm was also recorded in the absorption 
spectra; a similar feature at about 676 nm in Cr-bearing 
muscovite was attributed to Cr** by G. H. Faye (“The opti- 
cal absorption spectra of certain transition metal ions in 
muscovite, lepidolite, and fuchsite,” Canadian Journal of 
Earth Sciences, Vol. 5, No. 1, 1968, pp. 31-38). 

According to Mr. Douman, this green mica is from an 
isolated discovery, from which approximately 20-30 
kg/month of mixed-quality rough have been produced sea- 
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Figure 21. Distinct columnar 
flashes of color were seen when 
the opal was illuminated with 
a fiber-optic light (left). The 
columns took on a grayish 
appearance when the light 
source was placed in certain 
orientations (right). Note the 
transparent areas between the 
grayish zones. Photomicro- 
graphs by G. Choudhary; mag- 
nified 70x (left), 50x (right). 


sonally; production is limited by the harsh conditions and 

remoteness of the area. Gem-quality pieces typically range 
from 3 to 20 g. 

Karen M. Chadwick and Andy H. Shen 

GIA Laboratory, Carlsbad 


An interesting opal. Recently, staff members at the Gem 
Testing Laboratory, Jaipur, India, examined an opal that 
exhibited an interesting and unusual growth pattern. The 
14.04 ct oval cabochon (figure 20, left) had a semitranspar- 
ent, colorless to milky white appearance with distinct 
play-of-color. 

A spot RI of 1.46 and a hydrostatic SG of 2.03 were 
consistent with opal—natural as well as synthetic. The 
specimen fluoresced a striking bright green to UV radia- 
tion (figure 20, right), with a stronger reaction to short- 
wave than to long-wave UV. 

With magnification and a fiber-optic light, the play-of- 
color patches appeared to be restricted to zones or planes 
(figure 2.1, left), which gave the impression of columns rising 
from a common base. When the light source was moved, 
the colors of these zones changed dramatically; in some ori- 
entations they appeared grayish (figure 21, right) and 
revealed the growth structure of this opal. With careful 
examination, some milky zones were evident between the 
boundaries of the columns. Viewing along the column 
direction, we observed a cellular growth pattern (figure 22, 
left). When the stone was examined while immersed in 
water, the cellular growth structure showed unexpected 
whitish zones in a net-like pattern with pseudo-hexagonal 


Figure 22. When the opal was 
viewed down the length of its 
columnar structure, a cellular 
pattern became evident in 
reflected light (left), and a 
lizard skin-like structure with 
pseudo-hexagonal whitish 
boundaries was visible when 
using transmitted light (right). 
Photomicrographs by G. 
Choudhary; magnified 50x 
(left), 80x (right). 
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Figure 23. A special engraving technique was used to 
fashion this single-strand Islamic rosary of black cul- 
tured pearls. The round ones range from 11 to 14mm 
in diameter. Photo by S. Singbamroong, © Dubai 
Gemstone Laboratory. 


boundaries (figure 22, right), which is very similar to the 
“lizard skin” effect observed in synthetic or imitation opals. 

E. J. Gibelin and J. I. Koivula (Photoatlas of Inclusions 
in Gemstones, Vol. 2, Opinio Publishers, Basel, 
Switzerland, 2005, pp. 500-501) illustrated similar colum- 
nar and cellular patterns in natural opal from Nevada. 
However, no reports of a cellular structure with whitish 
boundaries were found during a literature search. 

The overall features of this opal indicated natural ori- 
gin, but FTIR spectroscopy was performed for confirma- 
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Figure 24. When examined closely, the engraved cul- 
tured pearls showed a glassy appearance. Photo by S. 
Singbamroong, © Dubai Gemstone Laboratory. 


tion. The spectrum was similar to those reported for natu- 
ral material, with an absorption band in the 5350-5000 
cm! region, a hump ranging from 4600 to 4300 cm !, and 
strong absorption from approximately 4000 to 400 cm". 
EDXRE analysis revealed Si and traces of Ca and Fe. 

This is another illustration of the importance of careful 
observation. Misinterpreting the lizard skin—like growth 
features in this opal could have resulted in a misidentifica- 
tion as synthetic. 

Gagan Choudhary (gtl@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Engraved black cultured pearls. Several fashioning and 
manufacturing techniques for cultured pearls have been 
developed in the past decade. These include Komatsu 
faceted “Flower Pearls” (Summer 1997 Gem News, pp. 
146-147) and “Magic Pearls” with gem inlays (Spring 2002 
GNI, pp. 97-98). Recently, the Dubai Gemstone 
Laboratory had the opportunity to see an interesting 
engraving technique applied to black cultured pearls. 

Umit Koruturk of Australian Pure Pearl (Sydney) sub- 
mitted an attractive single strand of engraved black cul- 
tured pearls (figure 23) to the Dubai Gemstone Laboratory 


Figure 25. With reflected light, 
it was obvious that the cul- 
tured pearls had been coated 
with a transparent, colorless 
substance (left, magnified 20x). 
Small fissures and exposure of 
the white shell bead nucleus 
were seen in areas with thin 
nacre (right, magnified 12x). 
Photomicrographs by S. 
Singbamroong, © Dubai 
Gemstone Laboratory. 
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Figure 26. X-radiography revealed nacre thicknesses 
of only 0.3-0.6 mm in some of the engraved cultured 
pearls. Image by S. Singbamroong, © Dubai Gem- 
stone Laboratory. 


for an identification report. A traditional Islamic rosary, 
the strand consisted of 33 engraved round pearls (11-14 
mm in diameter), two button-shaped pearls used as separa- 
tors, and an engraved drop-shaped pearl for joining the 
strand. The cultured pearls had gray, brown, and black 
bodycolors with overtones varying from rosé to green. 

On closer visual examination, the cultured pearls 
showed a glassy appearance (figure 24). When examined 
with magnification and reflected light, it was evident that 
they had been coated with a transparent, colorless sub- 
stance (figure 25, left), possibly to improve the durability 
and apparent luster. Some of those with thin nacre showed 
small fissures and areas in the engraved patterns where the 
white bead nucleus was exposed (figure 25, right). 

The cultured pearls were inert to long- and short-wave 
UV radiation. X-radiography revealed that the nacre varied 
from 0.3 to 1.3 mm thick, with a few having nacre in the 
0.3-0.6 mm range (figure 26). UV-Vis reflectance spectra 
consistently revealed absorption maxima at 700 nm, 


Figure 27. The five white beadless cultured pearls 
shown here (up to 19 mm long) were likely mantle 
grown in a P. maxima oyster. A pink Chinese fresh- 
water cultured pearl is shown for comparison. Photo 
by H. A. Hanni, © SSEF. 
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which is characteristic of natural-color black cultured 
pearls from the Pinctada margaritifera oyster. EDXRF 
analysis also confirmed the absence of manganese and 
metals such as silver, proving the pearls were of saltwater 
origin and natural color. 

According to Umit Koruturk, the design was drawn on 
the cultured pearls’ surface before the hand-engraving 
work, which utilized special tools and a unique method 
that requires an experienced fashioner. The fashioner can 
engrave from 3 to 10 pearls per day. The company has 
reserved about 9,000 cultured pearls for this engraving pro- 
cess, mainly consisting of South Sea (Indonesian) material 
in nearly the entire range of bodycolors and overtones. As 
of mid-June 2008, approximately 2,000 cultured pearls had 
been engraved by this technique. 

Sutas Singbamroong (sssutas@dm.gov.ae) 
and Ayesha Rashid Ahmed 

Dubai Gemstone Laboratory 

Dubai, United Arab Emirates 


Pinctada maxima cultured pearls grown beadless in the 
mantle. Several lots of oddly shaped silvery white pearls 
(see, e.g., figure 27) arrived at the SSEF laboratory in March 
2008. They were rather flat on one side, with the largest 
being 19 mm long. Many appeared to be intergrown, and 
the multiple structures were clearly visible with X-radiog- 
raphy (figure 28). The appearance and growth structure 
were strongly reminiscent of some beadless freshwater 
cultured pearls from China. Natural saltwater pearls only 
very rarely contain two centers and commonly display a 
more complex growth pattern. 

When considering the various methods for culturing 
pearls, we can postulate a few options for these samples. 
Both freshwater (e.g., Hyriopsis, Anadonta, Cristaria) and 
saltwater (e.g., P. maxima, P. margaritifera) mollusks can 
be used as hosts for pearl culturing. Growth can be stimu- 
lated with a piece of mantle tissue grafted into either the 
gonad or the mantle. In addition, the tissue piece can be 
implanted with or without a bead. Thus far, a number of 


Figure 28. X-radiography of the cultured pearls in fig- 
ure 27 shows their composite nature with multiple 
centers. The dark lines mark the intergrowths. Image 
by H. A. Hanni, © SSEF. 
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combinations have been seen: Freshwater mussel + mantle 
grown + beadless = a Japanese Biwa cultured pearl or the 
classic Chinese freshwater cultured pearl. Saltwater oyster 
+ gonad grown + bead = a product such as Akoya or South 
Sea cultured pearls. Less well known are South Sea 
“keshi” cultured pearls (saltwater oyster + gonad grown + 
beadless; see H. A. Hanni, “A short review of the use of 
‘keshi’ as a term to describe pearls,” Journal of 
Gemmology, Vol. 30, 2006, pp. 51-58). A more recent 
development consists of freshwater mussels with coin- 
shaped beads (freshwater mussel + mantle grown + bead; 
see D. Fiske and J. Shepherd, “Continuity and change in 
Chinese freshwater pearl culture,” Summer 2007 Gems & 
Gemology, pp. 138-145). 

The cultured pearls we examined appeared to be a new 
variation: saltwater oyster + mantle grown + beadless. 
These samples (again, see figure 27) showed all the charac- 
teristics of a product that was the result of tissue grafted 
into the mantle of P. maxima. It is possible that the host 
oysters were used for culturing two types of pearl at the 
same time: beaded, gonad-grown cultured pearls and these 
beadless mantle-grown products. That the baroque-shaped 
cultured pearls contained multiple centers joined into a 
single body reminded us of similar-appearing Chinese 
freshwater cultured pearls reported in the GNI entry that 
follows in this issue. As with the “twin” cultured pearl 
described in that entry, the samples documented here may 
have resulted from the mantle pieces being placed too 
close to one another, or the cultured pearls were left in 
their host mollusks for too long a period of time. 

The trade has typically referred to beadless cultured 
pearls from P. maxima and P. margaritifera as “keshi.” 
We expect that these new products will appear under this 
name on the market. While South Sea and Tahitian keshis 
so far have consisted of gonad-grown cultured pearls 
formed after bead rejection, the pearls described here are 
obviously mantle grown, as indicated by their flattened 
base which suggests formation close to the shell. 

Henry A. Haénni 


Twinned cultured pearl. The SSEF laboratory is seeing an 
increasing number of natural pearls for examination. The 
majority show the typical features of saltwater natural 
pearls: diagnostic X-ray structures and the absence of Mn 
as a trace element. The identification of freshwater natural 
pearls is more challenging because they typically lack 
beads, so their shape and growth structures are usually the 
only characteristics that offer clues for identification. LA- 
ICP-MS is still not a routine technique, and research and 
chemical sampling are in progress. 

In February 2008, we received an unusual 5.61 ct 
“twinned” pearl (i.e., two intergrown pearls) for identifica- 
tion. Unlike most such pearls, though, the two parts of the 
intergrowth were different colors (figure 29). There was 
also a broken surface on one side that suggested that a 
third pearl was once attached to the other two. X-radiogra- 
phy in two perpendicular directions (figure 30) showed 
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Figure 29. This bicolored freshwater cultured pearl 
(15 x 8 x 6 mm) is actually an intergrowth of two 
pearls that were undoubtedly stimulated by tissue 
pieces taken from different areas of the mantle of the 
donor mollusk. They are shown on the shell of 
Hyriopsis cumingii, the most common source of man- 
tle tissue for freshwater pearls cultured in China. The 
surface of the shell illustrates the variety of nacre col- 
ors that can be produced by the mantle tissue. Photo 
by H. A. Haénni, © SSEF. 


clear evidence that this was a beadless cultured pearl, with 
two typically shaped central cavities. Analysis of the Mn 


Figure 30. X-radiographs of the twinned pearl show 
features typical of beadless cultured pearls, especially 
the characteristic complex-shaped central cavity. 
Image by H. A. Hanni, © SSEF. 
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Figure 31. These pallasitic peridot specimens came 
from an undisclosed location in the United States. 
The slab measures 45 x 30 mm, and the other samples 
weigh 1.06, 0.50, 0.67, and 3.47 ct (from left to right; 
photo by Robert Weldon). The 0.36 ct cabochon in the 
inset shows good chatoyancy (photo by R. Stinson). 


content (by luminescence to X-rays and EDXRF spec- 
troscopy) gave results consistent with freshwater origin. 
We concluded that this was a beadless cultured pearl such 
as those produced in China. 

Chinese pearl farmers typically culture freshwater 
pearls by grafting numerous pieces of mantle tissue in mul- 
tiple closely spaced rows in the mantle of the host mollusk. 
The color of the resulting cultured pearl is directly related 
to the original location of the tissue in the donor mollusk. 
The bicolored nature of this sample probably resulted when 
tissue pieces taken from different locations of the donor 
mollusk were placed adjacent to one another. The “twin” 
resulted either because they were too close, or the cultured 
pearls were left in the mollusk for too long a period of time. 

Henry A. Haénni 


Interplanetary cat’s-eye peridot. Pallasite, a type of stony- 
iron meteorite first described in the 18th century, is 
known for the yellowish green olivine that can be extract- 
ed from it. Yet pallasitic peridot, the gem variety of 
olivine, is extremely rare. (For historical background and a 
gemological examination of nine faceted samples, see J. 
Sinkankas et al., “Peridot as an interplanetary gemstone,” 
Spring 1992 Gems # Gemology, pp. 43-51.) 

At the 2008 Tucson gem shows, meteorite hunter Steve 
Arnold of Kingston, Arkansas, showed the GWG editors 
five pallasitic specimens: one faceted peridot, one oval peri- 
dot cabochon showing chatoyancy, a rough piece of peridot, 
an irregularly shaped cabochon, and a slab of pallasite con- 
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taining gem-quality peridot (figure 31). Using a metal detec- 
tor, Mr. Arnold discovered several kilograms of the materi- 
al in 2006 near a known meteorite location in the United 
States. He took the rough to Rick Stinson (Stinson 
Gemcutting Inc., Wichita, Kansas), who observed that 
some of the peridot was chatoyant (figure 31, inset}, a phe- 
nomenon that is very rare in terrestrial peridot. According 
to Mr. Arnold, the American Museum of Natural History 
in New York later identified the cause of chatoyancy as 
parallel, tube-like hollow inclusions. 

Peridot is a relatively soft gem material (6.5 on the 
Mohs scale), and the pallasitic material seems more fragile 
than peridot mined on Earth, perhaps due to the stress of 
its passage through the atmosphere and subsequent 
impact. In fact, a small piece of the peridot cabochon 
chipped off as the stone was being prepared for photogra- 
phy in Tucson. 

Because extracting the gem-quality peridot is so diffi- 
cult and destructive, Mr. Arnold estimates that less than 
1% of the total weight of the recovered meteorite material 
will be converted into finished gemstones. So far 40 stones 
have been faceted, ranging from 0.20 to 1.04 ct, and only a 
few cabochons showing chatoyancy have been cut. 

Stuart Overlin (soverlin@gia.edu) 
GIA, Carlsbad 


New rubies from central Tanzania. At last April’s 
BaselWorld jewelry fair in Switzerland, the SSEF Swiss 
Gemmological Institute received a number of attractive 
rubies (e.g., figure 32) with uncommon features. The 
stones, which were submitted by different dealers, all had 
a rather saturated red hue, and their internal features indi- 
cated they were clearly unheated. The largest weighed 
10.75 ct (figure 33). EDXRF qualitative chemical analysis 
of all the samples established that Cr and Fe were the 
main trace elements, while Ga was low and Ti and V were 
below detection limits. The client was sure of the stone’s 
Tanzanian origin and expected to see the country identi- 
fied on the test report. Because SSEF had not seen faceted 
rubies with such characteristics before, it was not possible 
to specify the origin at that time. 

However, we recalled a small parcel of rough corundum 


Figure 32. These unheated rubies (2.2-3.6 ct) are 
apparently from a new locality in Tanzania called 
Winza, near the town of Mpwapwa. Photo by H. A. 
Hanni, © SSEF. 
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Figure 33. This 10.75 ct ruby from Winza has no fis- 
sures and shows no indications of heating. Courtesy 
of Gemburi Co., Chanthaburi, Thailand; photo by 
H. A. Haénni, © SSEF. 


(figure 34) from a new deposit in Tanzania that was sup- 
plied in January 2008 by Werner Spaltenstein, a buyer in 
East Africa. These samples were represented to him as 
coming from the village of Winza, which is located near 
Mpwapwa, about 85 km east-southeast of Dodoma. The 
crystals and fragments displayed various habits and crystal 
faces, the most surprising of which was an octahedron-like 
variation of a rhombohedral shape (compare with H. A. 
Hanni and K. Schmetzer, “New rubies from the Morogoro 
area, Tanzania,” Fall 1991 Gems #& Gemology, pp. 
156-167). As with the crystals described by Hanni and 
Schmetzer (1991), the triangular faces of the Winza samples 
had fine lines visible with magnification that represented 
the surface expression of thin twin lamellae. 

A comparison of the material from Winza with the cut 
stones examined during the Basel fair showed a similar 
chemical composition, and some of the inclusions were 
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identical. These included bent fibers that were actually 
hollow channels filled with a polycrystalline substance 
(probably secondary minerals; figure 35, left), as well as 
partially healed fissures consisting of idiomorphic cavities 
with a polycrystalline filling of white and black grains (fig- 
ure 35, right). Therefore, we concluded that the rubies seen 
at the fair were indeed from Winza. 

The faceted gems we have seen thus far from this new 
deposit suggest that there is considerable potential for high- 
quality rubies that in some cases do not need enhance- 
ment. But as with all deposits, a considerable amount of 
lower-quality material is also probably present—in this 
case, as fractured stones with blue color zones. Such corun- 
dum will likely be subject to flux-assisted heat treatment 
to remove the blue spots and “heal” the fractures. 

Henry A. Haénni 


Ruby and sapphire mining at Winza, Tanzania. As report- 
ed in the previous GNI entry, some fine rubies were 
recently produced from a new deposit at Winza in central 
Tanzania. In April-May 2008, these contributors under- 
took separate field research expeditions to the mining area 
to document its location, mining, and geology, and also to 
obtain research samples for characterization. Since foreign- 
ers are prohibited from visiting the deposit, we had to 
obtain permission from several government officials, who 
also supplied police escorts. We are grateful to Dimitri 
Mantheakis (Lithos Africa, Dar es Salaam, Tanzania), and 
also to the Saul family (Swala Gem Traders, Arusha, 
Tanzania) and Tanzanian broker Abdul Msellem for their 
assistance in arranging our trips to the Winza mining area. 
Some preliminary observations from our visits are report- 
ed here, and further information is in preparation for an 
article that we plan to submit to Gems &) Gemology. 

The mining area is located approximately 10 km south- 
west of the village of Winza, and can be reached by four- 


Figure 34. These ruby 
crystals from Winza 
display rhombohedral 
and prismatic habits. 
Some stones contain 
blue patches in crystal- 
lographically defined 
zones. The largest crys- 
tal is 25 mm wide and 
weighs 17.6 g. Photo by 
H. A. Hanni, © SSEF. 
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Figure 35. Bent needles, such as these seen in one of the rough Winza rubies (left, magnified 30x), were also present 
in the 10.75 ct faceted ruby examined at BaselWorld and appear to be characteristic of material from this locality. 
The partially healed fissure on the right (magnified 20x) consists of multiphase inclusions, which were also com- 
monly seen in the rough Winza rubies and the faceted stones examined at BaselWorld. Photomicrographs by 


H. A. Haénni, © SSEF. 


wheel-drive vehicle in about 2% hours (much longer dur- 
ing the wettest season, in March-April) from the nearest 
small town, Mpwapwa. At least 5,000 miners have rushed 
to the deposit and are using hand tools to excavate shallow 
pits in eluvial soil (figure 36). The excavated material is 
loaded into sacks, carts, or trucks, and brought to the near- 
by stream for washing. There, the soil is wet-screened and 
the gems are removed by hand (figure 37). In addition, sev- 
eral shafts have been dug by hand to depths reaching 30 m 
to explore the underlying hard-rock deposits. The corun- 
dum occurs within a dark, fine-grained metamorphic host 
rock, as aggregates and isolated crystals that are well 
formed and typically color zoned (e.g., with an irregular 
dark blue surface layer and a pink-to-red interior). Raman 
analysis of a piece of corundum-bearing host rock by GIA 
Laboratory staff gemologist Karen M. Chadwick showed 
that it is composed of amphibole (and is therefore an 
amphibolite], and locally contains irregular areas of brown 
garnet that are associated with the corundum. 

It appears that most of the ruby and sapphire from 
Winza has come from the eluvial workings. There was no 
evidence that any corundum has been produced from the 
alluvium within the stream where the material is washed. 
However, in one of the corundum parcels we saw gem- 
quality pieces of a waterworn pinkish orange mineral rep- 
resented as garnet, which were reportedly recovered from 
the same area. 

Most of the ruby and sapphire production is being rout- 
ed to dozens of Thai and Sri Lankan (and a few African) 
buying offices in Mpwapwa. The material we were shown 
in Mpwapwa consisted mostly of lower-quality fragments, 
in a range of colors (often zoned) from blue to violet, purple 
(rarely), pink, and red. Due to the informal nature of the 
mining, it was impossible to determine how much corun- 
dum was being produced, but we estimate that at the times 
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of our visits the miners were gathering a few kilograms per 
day of mixed-quality material. By early June, however, the 
water in the stream had grown scarce, resulting in a corre- 
sponding decrease in production (D. Mantheakis, pers. 
comm., 2008). So far, gem corundum from Winza has been 
recovered from an area measuring several square kilome- 
ters, but the overall size of the deposit is not yet known. 


Brendan M. Laurs 


Vincent Pardieu 
Gtibelin Gem Lab 
Lucerne, Switzerland 


Figure 36. Miners use picks and shovels to excavate 
shallow pits in search of ruby and sapphire at Winza, 
Tanzania. Photo by V. Pardieu. 
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A sapphire with en echelon inclusions. Sapphire, whether 
natural or treated, exhibits a wide range of inclusion fea- 
tures. In addition to their diagnostic value, these features 
often provide gemologists with interesting imagery. One 
such sapphire was examined recently at the Gem Testing 
Laboratory of Jaipur. 

The RI and SG of the 11.31 ct light violetish blue 
mixed-cut oval (figure 38) were consistent with those of 
natural or synthetic sapphire. There was no reaction to 
long- or short-wave UV radiation, and no absorptions were 
seen with the desk-model spectroscope. When examined 
with magnification, the stone displayed some linear 
whitish zones of dotted inclusions, which are commonly 
associated with natural sapphire (heated or unheated). At 
higher magnification, these zones appeared to be com- 


Figure 38. This 11.31 ct sapphire contains some dis- 
tinctive inclusions. Photo by G. Choudhary. 


Figure 37. The eluvial 
soils are brought to the 
nearby river for wash- 
ing, screening, and 
hand-picking of the 
ruby and sapphire. 
Photos by B. M. Laurs. 


posed of fine white pinpoints arranged en echelon (i.e., as 
subparallel overlapping or step-like features; see figure 39). 
We could not determine the exact orientation of these lin- 
ear zones relative to the c-axis, but the optic axis was 
inclined to the planes containing these features. Hence, we 
can only speculate that the dotted inclusions were orient- 
ed along the dipyramidal faces of the crystal. Although 
these features did not indicate whether the sapphire had 
been heated, they offered conclusive proof that the stone 
was of natural origin, as such inclusions have not been 
reported in synthetic sapphires. 

Other inclusions observed in this sapphire were a 
“burst halo” centered around a white sugary crystal (figure 
40, left) and numerous surface-reaching fingerprint-like 


Figure 39. At relatively high magnification, linear trains 
of en echelon inclusions were visible in the sapphire. 
Photomicrograph by G. Choudhary; magnified 85x. 
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In IUAR-UBERSTEIN 


Gemology 
Hises Again 
by 


KAY SWINDLER 
G.LA, Public Relations Director 


reo. of Gems & Gemology will be. 


interested to learn that with the pass- 
ing of the first difficult postwar years in 
Germany, gemology begins to arise anew 
at Idar-Oberstein. In the spring of 1948 
Professor Dr. Karl Schlossmacher, for many 
years professor of mineralogy at the Uni- 
vetsity of Koenigsberg and a well known 
gemological specialist, advised the Gema, 
logical Institute that he had been appointed 
to establish a gemological institute at the 
centuries-old gem center. 

During the past year the Gemological 
Institute has had considerable correspon- 
dence with Dr. Schlossmacher and. we know 
our readers will want to hear his story of 
the present activity at Idar-Oberstein. First, 
however, let us review briefly the history 
of this unique city located in the Idar Val- 
ley of the River Nahe in Germany’s Lower 
Saar Basin. 

To the men, women, and children of 
Idar-Oberstein there is just ome product 
which means their daily bread—their life. 
That product is precious stones. So it has 
been for almost two thousand years. 

Legend and history have it that the indus- 
try had its inception in Roman times—when 
Caesat was pressing northward after his 
conquest of Gaul. It is claimed that in those 

“days a troop of Roman legionnaires—pass- 
ing through the valley of the Moselle— 


Although more and more water 
power is being replaced by elec- 
tricity, this scene is familiar in 
Idar. 


crossed a mountin range and stumbled upon 
a small and unpretentious group of dwell- 
ings perched upon precipitous walls of rock 
between which ran a rapidly flowing.moun- 
tain stream. The native peasants and hunters 
all had collections of beautifully marked 
stones which they had broken from the 
rocks surfounding their village. Among 
these collections the Roman soldiers recog- 
nized the same materials from which the 
artisans and goldsmiths of the Imperial City 
cut and polished the precious stones so 
prevalently worn at that time. 

So began a period of lively activity in 
the little settlement then known as Hidera. 
The water power of the Idar brook was 
harnessed, great grindstones were installed. 
By the year 31 A.D. Idar was an important 
gem cutting center. 

Although with the fall of the Roman 
Empire the demand diminished, the inhabi- 
tants never ceased their activity in the handi- 
craft which had been introduced to them. 
However, real intense activity was not re- 
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inclusions (figure 40, right), both of which are commonly 
seen in corundum that has been exposed to high-tempera- 
ture heating. The latter features are essentially surface 
breaks into which some foreign substance (e.g., borax) pen- 
etrated the stone during heat treatment. 

The exact nature of the en echelon inclusions could 
not be determined. However, our observations of the over- 
all inclusion features led us to identify the sapphire as nat- 
ural with “indications of heat treatment.” 

Gagan Choudhary 


Serpentinite artifact resembling Libyan desert glass. In 
February 2008, the SSEF Swiss Gemmological Institute 
received an unusual object (figure 41) that was found at an 
archeological site in the Lop Nur dry lake bed in the 
Taklamakan Desert of Xinjiang Province, northwestern 
China. According to Dr. Christoph Baumer, a Swiss arche- 
ologist who worked on the excavation, the artifact was 
reportedly discovered near a 2,000-year-old jade axe. 

The translucent yellow bar (56.02 ct) had a distinctly 
worked outline. One end was rounded while the other was 
irregular, suggesting that it had been broken in the past. 
Visually, the item resembled natural desert glass from 
Libya. The heavily etched surface was similar to that com- 


Figure 41. This unusual artifact (39.3 x 18.3 x 6.8 
mm), which was discovered at an archeological site 
in the Taklamakan Desert of China’s Xinjiang 
Province, proved to be antigorite (bowenite serpen- 
tine). Photo by H. A. Hanni, © SSEF. 


Figure 40. The presence in 
corundum of a white, sugary 
crystal with an associated 
stress fracture (left) is typical- 
ly associated with high-tem- 
perature heat treatment. 
Surface-reaching fingerprint- 
like inclusions (right) are fur- 
ther evidence of heat treat- 
ment. Photomicrographs by 
G. Choudhary; magnified 80x 
(left) and 60x (right). 


monly seen on desert glasses, which have typically been 
exposed to prolonged abrasion by sand storms (figure 42). 
However, the uniform shape strongly suggested a manu- 
factured object. 

Standard gemological testing was inconclusive: hydro- 
static SG—2.59,; fluorescence—slightly yellow to long- 
wave UV radiation and no reaction to short-wave UV; 
handheld spectroscope—no absorption seen; polariscope 
reaction—always bright, indicating an anisotropic aggre- 
gate. Due to the irregular surface, no refractive index could 
be measured. 

As a next step, the chemical composition of the item 
was qualitatively determined by EDXRF spectroscopy. In 
contrast to Libyan desert glass, which is nearly pure silica 
glass with some minor amounts of Fe and other trace ele- 
ments, this specimen showed both Si and Mg as main 
constituents; minor amounts of Fe were also detected. 
Based on the chemical composition and the appearance 
between crossed polarizers, it was evident that the mate- 
rial was not a glass but rather a polycrystalline aggregate 
of a Mg-silicate such as antigorite (serpentine group). The 
Raman spectrum confirmed this identification, with four 
distinct peaks at 1045, 688, 377, and 231 cm, which 
matched our reference spectrum for antigorite. In the gem 
trade, translucent light yellow antigorite is known as 
bowenite serpentine. 


Figure 42. The serpentinite artifact’s irregular surface 
etching is likely due to prolonged abrasion by wind- 

blown desert sands, as is often seen in desert glasses. 
Photo by H. A. Haénni, © SSEF. 
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As antigorite is relatively soft (5.5 on the Mohs scale}, 
it has long been used for jewelry and carving purposes, 
especially in China (see R. Webster, Gems, 5th ed., revised 
by P. G. Read, Butterworth-Heinemann, Oxford, UK, 1994, 
pp. 275-276). The etched surface of the broken end indi- 
cated that it had been broken before it was exposed to pro- 
longed abrasion in the dry and windy climate of the 
Taklamakan Desert. 

Michael S. Krzemnicki (gemlab@ssef.ch) 
SSEF Swiss Gemmological Institute 
Basel, Switzerland 


Star and cat’s-eye topaz from Brazil. Topaz is a common 
gem, but only rarely does it occur with chatoyancy or 
asterism. The largest cat’s-eye topaz described in the liter- 
ature thus far was a 270 ct stone from Ukraine (Winter 
2004 GNI, p. 346); star topaz has not been previously 
reported. However, in August 2005 this contributor 
acquired a star topaz in Brazil, and it was even larger than 
the 270 ct cat’s-eye stone. 

The egg-like cabochon (figure 43) weighed 333.27 ct 
and measured 38.2 x 33.5 x 28.0 mm. It was identified as 
topaz by standard gemological methods. The stone was 
filled with semiparallel flat, hollow channels, similar to a 
pale blue 152.15 ct cat’s-eye topaz from Brazil that this 
contributor also described (figure 44; J. Hyrl, “Some new 
unusual cat’s eyes and star stones,” Journal of 
Gemmology, Vol. 27, No. 8, 2001, pp. 456-460). 

The channels were much more common in one half of 


Figure 44, This cat’s-eye topaz (152.15 ct), also from 
Brazil, shows chatoyancy resulting from internal fea- 
tures similar to those causing the asterism in the 
stone in figure 43. Photo by J. Hyrsl. 
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Figure 43. This extremely rare star topaz from Brazil 
(333.27 ct) shows asterism—composed of a vertical yel- 
low ray and a white ray oriented at about 40° to the yel- 
low ray—that is caused by oriented growth tubes and 
internal striations within the tubes. Photo by J. Hytsi. 


the stone, and the border between the two halves was 
sharp, confirming that the tubes were the result of a 
growth phenomenon, not etching. The stone showed two 
rays when illuminated with a strong spotlight (again, see 
figure 43). One ray was yellow and oriented perpendicular 
to the hollow channels. The second ray was white and 
oriented at an angle of about 40° from the first ray; with 
magnification, it showed bright iridescent colors (figure 
45). The cause of the second ray was apparent only with 
high magnification: The channels were not smooth 
inside, but rather showed strong striations at an angle of 


Figure 45. Striations on the inner surface of the sub- 
parallel hollow channels are the cause of the reflec- 
tive white ray in the star topaz. Photomicrograph by 
J. Hyrsl, reflected light; field of view 2 mm. 


SUMMER 2008 


GEMS & GEMOLOGY 


about 40° to their length. Similar striations in topaz were 
reported by J. I. Koivula more than 20 years ago (see figure 
6 in “The rutilated topaz misnomer,” Summer 1987 Gems 
& Gemology, pp. 100-103). These striations were respon- 
sible for the asterism in the 333 ct topaz and the cat’s-eye 
effect in the 152. ct topaz. Both are likely from the same 
locality, said to be alluvial cassiterite deposits in the state 
of Rondénia. 

It is interesting to note that there exists a third possible 
cause of chatoyancy in topaz, which was described by W. 
Kumaratilake (“Gems of Sri Lanka: A list of cat’s eyes and 
stars,” Journal of Gemmology, Vol. 25, No. 7, 1997, pp. 
474-482). According to this report, chatoyancy in white 
topaz from Sri Lanka is caused by parallel blade-like silli- 
manite inclusions. Compared to the stones from Brazil, 
cat’s-eye topaz from Sri Lanka (e.g., figure 46) is much 
more transparent, the internal chatoyancy-causing fea- 
tures are very fine, and the eye is sharper. 

Jaroslav Hyrsl (hyrsl@kuryr.cz) 
Prague, Czech Republic 


A new source of Persian turquoise: Kerman, Iran. The 
Iranian Neyshabur mines in Khorasan Province have his- 
torically been known for producing the finest Persian 
turquoise. However, in recent years these deposits have 
not yielded much high-quality material. In 2005, a new 
turquoise area was discovered in Kerman Province, 1,200 
km southwest of the Neyshabur mines. This new mining 
area is located approximately 90 km northeast of the town 
of Bardsir (Mashiz), at 30°03’ N and 56°30’ E. The mine is 


Figure 46. In this cat’s-eye topaz from Sri Lanka 
(28.24 ct), the chatoyancy is caused by oriented silli- 
manite inclusions. Photo by J. Hyrsl. 
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Figure 47. A new source of turquoise has been discov- 
ered near Bardsir in Kerman Province, Iran. The three 
cabochons and two partially polished pieces (9.49- 
29.79 ct) were characterized. Photo by Robert Weldon. 


owned by local people from Kerman City, who employ 
about eight workers and use an excavator. The turquoise 
was found accidentally while they were searching for cop- 
per. Summers in this region are dry with daytime tempera- 
tures typically over 38°C (100°F), while winters are 
rainy with occasional snowstorms. 

Approximately 800-1,000 kg of mixed-quality 
turquoise (including porous chalky material) was recovered 
in the 2007-2008 mining season (starting in June- 
September and going until December). The color range is 
similar to that from the Neyshabur mines, varying from 
very light blue to “sky” blue (e.g., figure 47). Some dark 
greenish blue to yellowish green material has also been 
recovered. As much as 5% of the total production is high- 
quality “sky” blue material, which is usually found in 
small sizes ranging from 1 to 5 cm (although larger pieces 
have been recovered; see, e.g., figure 48). 

The geology of this area is similar to that at 
Neyshabur. The turquoise is hosted by a deeply weathered 
porphyritic volcanic rock (trachyte) that contains phe- 
nocrysts of alkali feldspar and quartz, and is locally 
cemented by limonite (all minerals identified solely by 
visual means). 

One piece of rough, two partially polished pieces, and 
three cabochons of the Bardsir turquoise were loaned to 
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Figure 48. Some large pieces of high-quality turquoise 
(here, 12 x 7 cm) have been recovered from the 
Bardsir deposit. Photo by M. Douman. 


GIA for examination (again, see figure 47). One of us (EAF]} 
determined the following properties on the five polished 
stones: color—greenish blue, with no pleochroism; spot 
RI—1.61-1.62; hydrostatic SG—2.65-2.75; Chelsea filter 
reaction—none; fluorescence—weak blue to long-wave and 
inert to short-wave UV radiation; and an absorption band at 
430 nm visible with the desk-model spectroscope. These 
properties are consistent with those reported for turquoise 
by M. O’Donoghue, Ed. (Gems, 6th ed., Butterworth- 
Heinemann, Oxford, UK, 2006, pp. 323-328). Microscopic 
examination revealed inclusions of quartz, pyrite, and chal- 
copyrite, all identified by Raman analysis. 

The higher-quality material from this new deposit does 
not need any treatment, and the availability of some 
pieces in rather large sizes is also encouraging. 

Makhmout Douman (makhmout@arzawa.com) 
Arzawa Mineralogical Inc., New York 


Eric A. Fritz 
Denver, Colorado 


A rare faceted yellow vanadinite. Vanadinite [Pb.{VO,},C]] 
is an uncommon mineral found in arid climates that 
forms as a result of the oxidation of primary lead minerals 
(W. L. Roberts et al., Eds., Encyclopedia of Minerals, Van 
Nostrand Reinhold, New York, 1974, p. 646). Faceted 
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Figure 49. This extremely rare 2.40 ct vanadinite 
was cut from material reportedly recovered from a 
new surface prospect located in the DRC. Photo by 
Robert Weldon. 


vanadinite is extremely rare. However, gem dealer Mark 
Kaufman recently loaned a 2.40 ct bright yellow round 
modified brilliant vanadinite (figure 49) to GIA for study. 
He cut the stone from rough material supplied by Dr. Rob 
Lavinsky (The Arkenstone, Garland, Texas), who reported 
that it came from a new surface prospect at an undisclosed 
locality in the Democratic Republic of the Congo (DRC). 
The faceted vanadinite yielded the following properties: 
color—highly saturated yellow; RI—over the limit of the 
refractometer; birefringence—high, as evidenced by the 
strong doubling of the crown facet edges when viewed 
through the pavilion; hydrostatic SG—7.24, fluorescence— 
weak orange-red to long- and short-wave UV radiation. No 
absorption features were observed with the desk-model 
spectroscope. With the exception of the bright yellow color, 


Figure 50. The faceted vanadinite contained a healed fis- 
sure consisting of minute particles in parallel forma- 
tions. Photomicrograph by R. Befi; image width 1.0 mm. 
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these properties are consistent with those reported for 
vanadinite by Roberts et al. (1974). 

The faceted stone was transparent, with only a few 
inclusions. Microscopic examination showed two small 
“fingerprints” (see, e.g., figure 50) and long, thin growth 
tubes intersecting tiny flat inclusions. No growth banding 
or color zoning was observed. The girdle was chipped, the 
crown, table, and pavilion showed abrasions and scratches; 
and the facet edges were rounded rather than sharp. This 
was consistent with vanadinite’s low hardness (22-3 on 
the Mohs scale) and brittleness. 

The chemical composition of the faceted stone (deter- 
mined by EDXRF) was also consistent with vanadinite, 
with major amounts of Pb and V. The Raman spectrum, 
taken with 514 nm laser excitation, consisted of peaks at 
828, 356, and ~324 cm!, matching our vanadinite refer- 
ence. The UV-Vis-NIR absorption spectra showed that the 
ordinary ray and extraordinary ray had similar absorption 
peaks at 589, 754, and 807 nm. 

Vanadinite is known from several localities, including 
the U.S., Mexico, Scotland, Sardinia, Austria, Russia, 
Algeria, Tunisia, and Morocco. To the best of this contrib- 
utor’s knowledge, this is the first report of vanadinite from 
the DRC. In addition, this is believed to be the first faceted 
vanadinite examined at the GIA Laboratory. 

Riccardo Befi (riccardo. befi@gia.edu) 
GIA Laboratory, New York 


SYNTHETICS AND SIMULANTS 


Experimental CVD synthetic diamonds from LIMHP. The 
SSEF Swiss Gemmological Institute recently studied two 
near-colorless (slightly gray; figure 51) slices of synthetic 
diamond grown by chemical vapor deposition (CVD) at the 
Laboratoire d’Ingénierie des Matériaux et des Hautes 
Pressions (LIMHP) in Paris. One sample (4.15 x 3.70 x 0.20 
mm, 0.05 ct), referred to here as sample A, showed features 
typical of CVD synthetic diamond (P. M. Martineau et al., 
“Identification of synthetic diamond grown using chemi- 
cal vapor deposition [CVD],” Spring 2004 Gems & 
Gemology, pp. 2-25). However, the other slice (4.01 x 3.99 
x 0.35 mm, 0.09 ct; sample B) showed features that were 
quite distinct from those of previous CVD synthetic dia- 
monds grown at LIMHP, which were described by W. 
Wang et al. (“Experimental CVD synthetic diamonds from 
LIMHP-CNRS, France,” Fall 2005 Gems e&) Gemology, pp. 
234-244), 

Observed between crossed polarizing filters, the two 
samples showed very different reactions: Sample A dis- 
played considerable strain, similar to the cross-hatched 
“tatami” patterns observed in natural type II diamonds, 
while sample B was nearly strain free. Microscopic exami- 
nation revealed the presence of very small whitish and 
roundish inclusions in both samples. 

In contrast to earlier reports, in which orange-red fluo- 
rescence was commonly observed in CVD synthetic dia- 
monds (see, e.g., P. M. Martineau et al., 2004), both slices 
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Figure 51. These thin slices of CVD synthetic dia- 
monds (~4 x 4 mm) were grown by LIMHP in Paris. 
Sample A is shown on the left, and B is on the right. 
Photo by L. Phan, © SSEF. 


were inert to long- and short-wave UV radiation, similar to 
the more recent samples described by W. Wang et al. 
(“Latest-generation CVD-grown synthetic diamonds from 
Apollo Diamond Inc.,” Winter 2007 Gems & Gemology, 
pp. 294-312). Examination with the DiamondView instru- 
ment revealed two parallel zones in sample A when 
observed from the side, due to growth in layers (figure 52), 
which is typical for the CVD process. One zone had a 
bluish reaction and the other zone was inert. Sample B 
was entirely inert. 

FTIR spectroscopy showed no nitrogen or boron above 
the detection limit in either sample, classifying them as 
type Ila. However, sample A showed two large bands cen- 
tered at 4723 and 4659 cm~!, which have not been previ- 
ously reported. The UV-Vis-NIR spectra (200-1800 nm) of 
both samples matched those of near-colorless type Ila dia- 
monds, with no absorption features except a weak progres- 
sive absorption from 450 nm to a cutoff at 225 nm. 

The photoluminescence spectra, recorded at liquid- 
nitrogen temperature (77 K) with a 514 nm laser source, 
were very interesting. Sample B showed only the intrinsic 
diamond Raman peak at 1332 cmc, the Si-V center, usual- 
ly present at about 737 nm, was notable by its absence. 


Figure 52. Sample A, when observed from the side in 
the DiamondView instrument, shows two different 
fluorescence zones, a sign of growth in layers. Photo 
by P. Lefévre, © SSEF. 
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Figure 53. The photoluminescence spectrum of CVD 
synthetic diamond sample A shows a doublet at 
736.4 and 736.8 nm, characteristic of Si-V centers. 


This matches results obtained by Martineau et al. (2004) 
for CVD synthetic diamond grown by Element Six and by 
Wang et al. (2007) for samples provided by Apollo 
Diamond, which also did not show this defect. The PL 
spectrum of sample A (figure 53) showed peaks at 584.4, 
736.4, and 736.8 nm; the latter two formed a doublet that 
is characteristic of Si-V centers. 

These two samples were interesting because, although 
they were grown in the same plasma reactor, different 
experimental parameters (F. Silva, LIMHP, pers. comm., 
2007) led to completely different characteristics. Sample A 
was relatively easy to identify as CVD synthetic diamond 
using the DiamondView and PL spectroscopy. The other 
sample was more difficult, because it did not show the 
typical growth and spectroscopic characteristics, especially 
Si-V centers in its PL spectrum at 514 nm excitation. 
(However, it is possible that Si-V centers could have been 
resolved using 633 nm excitation, but this was not avail- 
able on our instrument.) Additionally, both stones lacked 


Figure 54, This 30.12 ct piece of faceted glass was sold 
as rubellite. The elongated straight lines are gas bub- 
bles. Photo by B. Mocquet. 


186 GEM NEWS INTERNATIONAL 


the orange-red UV fluorescence that previously aided iden- 
tification by gemological testing. 

These two samples were too thin to be cut into gem- 
stones, but larger samples may be grown in the future that 
lack the typical features of CVD synthetic diamonds, simi- 
lar to sample B, and these could present significant identi- 
fication challenges. 

Pierre Lefévre and Jean-Pierre Chalain (gemlab@ssef.ch) 
SSEF Swiss Gemmological Institute 
Basel, Switzerland 


Unusual glass imitation of rubellite. We recently exam- 
ined a 30.12 ct gem that had been sold as rubellite in 
Jaipur, India. When observed face-up, it convincingly 
resembled a color-zoned rubellite (figure 54). When 
observed perpendicular to its width, however, the speci- 
men had a very uneven coloration, with alternating color- 
less and vivid pink cylinders (figure 55). The sample was 
singly refractive (1.47 RI) and had a hydrostatic SG of 2.51. 
It was inert to long-wave UV radiation and fluoresced 
strong chalky blue to short-wave UV. With the micro- 
scope, one could see elongated bubbles parallel to the col- 
ored cylinders. In some cases, the bubbles were so elongat- 
ed that they reached both sides of the faceted stone, mim- 
icking growth channels. All these gemological properties 
were consistent with a manufactured glass. 

To determine the exact composition of this glass and 
look for possible variations between the pink and colorless 
zones, we analyzed its chemical composition with a JEOL 
5800 scanning electron microscope equipped with a high- 
resolution Princeton Gamma Tech IMIX-PTS germanium 
energy-dispersive detector. The instrument was operated 


Figure 55. This side view of the sample reveals that 
the glass is made up of successive colorless and vivid 
pink cylindrical layers. Photo by B. Mocquet. 


, 
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using an accelerating voltage of 20 kV, a current of 1 nA, 
and a 37° take-off angle. The composition was consistent 
with a glass, containing 78.0% SiO,, 4.3% K,O, 2.5% CaO, 
9.7% Na,O, 1.0% Al,O;, 1.0% BaO, 0.6% ZnO, 0.5% 
MgO, and 0.2% FeO (values expressed in wt.%). We did not 
detect any systematic chemical differences between the 
pink and colorless zones. 

To understand the origin of the pink color, we mea- 
sured the UV-Vis absorption spectrum of this glass with a 
Unicam UV4 spectrophotometer in the 350-800 nm range. 
The main spectral features were a broad band centered at 
~540 nm and a continuum of absorption regularly increas- 
ing from the red to the UV region. A similar broad band has 
been observed in “ruby glass” of equivalent color (Jean- 
Pierre Razmoket, pers. comm., 2008). Therefore, the col- 
oration was likely due to Mie scattering on submicroscopic 
metallic inclusions of either gold or copper (G. Mie, 
“Beitrage zur Optik trtiber Medien, speziell kolloidaler 
Metallésungen [Contributions to optics, opaque media, 
especially metal colloidal solutions],” Annalen der Physik, 
Vol. 4, No. 25, 1908, pp. 377-445). We could not observe 
these features using the SEM because they are likely small- 
er than the resolution of our instrument. 

This type of material, in particular the pink central 
cylinders, is not unlike Venetian glass, widely used for 
centuries as man-made jewels or gem imitations. 

Benjamin Rondeau, Emmanuel Fritsch, 
Yves Lulzac, and Blanca Mocquet 


Tourmalines and their imitations obtained in Kandahar, 
Afghanistan. Matthew McCann, stationed with the 
American forces in Kandahar, Afghanistan, purchased five 
gems represented as tourmalines (figure 56) in the local 
bazaar. He suspected that the two largest of these (10.58 
and 11.35 ct) were fake, because of their relatively large 
sizes combined with the fact that they were eye-clean and 
bicolored in unusual hue combinations for tourmaline: 
purple/near colorless and yellow/green. Mr. McCann sent 
all five samples to the University of Nantes for analysis. 
When observed from the side, the large yellow/green 
emerald cut displayed a planar colorless zone a little over 1 
mm thick, with parallel yellow zones on both sides that 
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Figure 56. These five gems were sold as tourmalines 
in a bazaar in Kandahar, Afghanistan. The two larger 
emerald cuts proved to be quartz, one natural (pur- 
ple/near colorless, 10.58 ct) and one synthetic (yel- 
low/green, 11.35 ct). Photo by Alain Cossard. 


were 3-4 mm thick (figure 57, left). Green zones flanked 
the yellow areas (although only one green zone is shown 
in figure 57, left). A series of purple and near-colorless 
lamellae were visible across the width of the pavilion in 
the other large emerald cut (figure 57, right). 

Both samples had RIs of 1.54-1.55, a hydrostatic SG of 
2.65, no luminescence to UV radiation, and were uniaxial 
positive. These properties identified them as quartz rather 
than tourmaline. Neither sample showed twinning, and in 
both the optic axis was roughly parallel to the table. In 
addition, the colorless zone in the yellow/green emerald 
cut was perfectly planar, with minute inclusions bordering 
it on both sides, corresponding to the seed plate in synthet- 
ic quartz. The purple/near-colorless zoning of the other 
large stone indicated that it was a natural amethyst, as 
such zoning is known in natural quartz but has not been 
reported in synthetic quartz. 

The other three stones—a dark green 1.42 ct oval, a 
slightly greenish yellow 0.64 ct round, and a 1.33 ct bicol- 
ored green-pink emerald cut (again, see figure 56}—proved to 
be tourmalines, as indicated by their RIs of about 1.62—1.64, 
SG of ~3.05, and uniaxial negative optic character. The last 
two stones actually appeared biaxial on the refractometer 


Figure 57. Symmetrical yellow 
and green zoning ran parallel 
to a colorless seed plate in the 
11.35 ct synthetic quartz (left); 
note the pinpoint inclusions 
near the seed. The sharp, fine, 
parallel-planar zoning seen in 
the 10.58 ct purple/near-color- 
less quartz (right) has not 
been reported in synthetic 
amethyst. Photomicrographs 
by E. Fritsch. 
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(i.e, n, = 1.633-1.641 and n, = 1.618-1.628 for the greenish 
yellow stone; n, = 1.635-1.640 and n, = 1.620-1.640 for the 
bicolored tourmaline), but uniaxial with the conoscope (the 
optic figure in the bicolored stone could only be seen with 
immersion in heavy liquid). This somewhat unusual behav- 
ior might be explained in part by internal stress, which was 
visible between crossed polarizers as a “tatami” pattern. 
This is a good example of synthetic stones being used 
as imitations of yet another gem variety. Also, it reinforces 
the fact that even buying stones close to the source can be 
problematic without some basic identification equipment. 
Emmanuel Fritsch, Yves Lulzac, 
and Benjamin Rondeau 


CONFERENCE REPORTS 


Sinkankas Garnet Symposium. The sixth annual sympo- 
sium in honor of John Sinkankas took place April 19, 
2008, at GIA in Carlsbad. Co-hosted by GIA and the San 
Diego Mineral and Gem Society, the sold-out event had 
148 people in attendance. 

After opening remarks by convener Roger Merk (Merk’s 
Jade, San Diego, California), Lisbet Thoresen (Beverly Hills, 
California) reviewed the use of gem materials (including 
garnet) by Bronze Age and Classical cultures. She noted 
that the following inclusions have been documented with- 
in garnets set in ancient objects: rutile needles, apatite, 
metamict zircon, monazite with tension halos, and possi- 
bly ilmenite. Dr. William “Skip” Simmons (University of 
New Orleans} covered the mineralogy and crystallography 
of the garnet group. Of the 15 garnet species recognized by 
the International Mineralogical Association, only four 
(pyrope, almandine, spessartine, and grossular) are impor- 
tant gem materials. Si Frazier (El Cerrito, California) 
reviewed the history and lore of garnets. He noted that lapi- 
daries used heavy steel weights to break almandine garnet 
from western Europe, with the resulting tabular pieces 
aptly suited for carvings or gem inlay. William Larson (Pala 
International, Fallbrook, California) reviewed the sources 
and mining for Russian demantoid. Within the past two 
years, several small alluvial deposits have been discovered 
in the Ural Mountains near the historic mines. 

Meg Berry (Mega Gem, Fallbrook, California) illustrated 
the faceting and carving of garnet, showing how the appear- 
ance of overdark rhodolite can be lightened by cutting a 40° 
facet at each corner, and describing the successful carving 
of large pieces of spessartine (80 and 137 ct) into free-form 
designs. Robert Weldon (GIA, Carlsbad) provided sugges- 
tions for getting the best photos of garnets—applicable to 
other gems as well—including the use of light backgrounds 
for dark stones (and vice versa) and diffused lighting to 
avoid hot spots (with the exception of capturing the phe- 
nomenon in iridescent garnets, which are best pho- 
tographed using a fiber-optic light source). Dr. William 
Hanneman (Hanneman Gemological Instruments, Rio 
Rancho, New Mexico} discussed garnet nomenclature, and 
stressed the importance of correlating any new garnet trade 
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names with their proper mineralogical equivalent. 

John Koivula (GIA, Carlsbad) reviewed the wide vari- 
ety of internal features found in garnet (e.g., growth zon- 
ing, strain, and inclusions such as sulfides, rutile, Cr-diop- 
side, and forsterite], and also the occurrence of garnet as an 
inclusion in other minerals (e.g., spessartine in quartz, 
chrysoberyl, topaz, beryl, and obsidian). Dr. George 
Rossman (California Institute of Technology, Pasadena) 
reviewed the primary causes of color in garnets, which 
relate to Fe**, Fe**, Cr+, V+, Mn?*, and Mn**, as well as 
Fe?*-Ti* interactions. 

The theme of next year’s Sinkankas Symposium (date 
to be determined) will be spinel. 

Brendan M. Laurs 


2008 Scottish Gemmological Association conference. This 
conference, held May 2-5 at The Queens Hotel in Perth, 
Scotland, featured a variety of topics. 

Dr. George Rossman (California Institute of Tech- 
nology, Pasadena) delivered two talks. The first described 
his latest research on nanoscale features in minerals that 
relate to origin of color and optical phenomena. These 
included the cause of asterism in rose quartz (which is due 
to nanofibers of a new mineral related to dumortierite), 
star almandine from Idaho (minute hollow tubes), and star 
corundum (rutile in Sri Lankan and diaspore in Tanzanian 
material). Dr. Rossman’s second talk focused on historic 
and modern technologies for modifying color in gem mate- 
rials (beryl, zircon, corundum, amethyst, and tourmaline}, 
and the current understanding of the atomic processes 
involved in such treatments. 

David Callaghan (London), formerly senior director of 
the estate jeweler Hancocks, offered insight into jewelry 
from the Art Deco period leading up to the abdication of 
Edward VIII, and reviewed various pieces the monarch 
gave to the Duchess of Windsor. In particular, he described 
her flamingo and panther brooches, and also her charm 
bracelet consisting of gemstone crosses that the duke had 
engraved with secret messages for special occasions. 

Alan Hodgkinson (Ayrshire, Scotland), the Associ- 
ation’s president, presented methodology for “top-lighting 
the refractometer,” in which a light beam is passed verti- 
cally down through the stone placed on the hemicylinder. 
He also reviewed techniques for dealing with tiny stones 
and uneven cabochon surfaces, and described the ideal 
amount of liquid used for the spot RI method. 

Elisabeth Strack (Gemmological Institute of Hamburg, 
Germany) discussed the results of her testing of the emer- 
alds in Mogul objects from the Gold Room at the 
Hermitage State Museum in St. Petersburg, Russia, which 
date from the 16th century. She concluded that the emer- 
alds were Colombian, given the fact that they contained 
jagged three-phase inclusions. She also detected oil residue 
in fissures and fractures. Her tests were performed using 
only limited gemological techniques since she did not 
have access to advanced instrumentation in the museum. 

Stephen Whittaker (Fellows and Sons Auctioneers, 
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Birmingham, UK) reviewed the wide variety of interesting 
and unusual items that have recently passed through the 
auction house. Some of the items received far more atten- 
tion and higher bids than anticipated due to publicity. 

In addition to the keynote talks, several short presenta- 
tions were delivered. Brian Jackson (National Museum of 
Scotland, Edinburgh) discussed strong yellow and blue 
pleochroism in apatite from Lake Baikal, Russia. Harold 
Killingback (independent gemologist) explored asterism in 
rose quartz using a red laser pointer and some reflectors. 
Anton Vasiliev (LAL, Moscow, Russia) described how his 
Facet Design Software helps plan and predict the result of 
cutting colored stones by accounting for the lighting, 
transparency, RI, and proportions. 

Rounding out the event were several workshops, on 
“Emerald Inclusions,” “Spectra of Red Stones,” “Facet 
Design Software,” “Opals,” “Filters,” and “Auction 
Items,” as well as a post-conference field trip to collect an 
ornamental stone called haggis rock from the Peebles area 
of Scotland. The group also visited Lauriston Castle to see 
the famous Blue John collection. 

Cigdem Lule-Whipp (cigdem@gialondon.co.uk) 
GIA London 


ANNOUNCEMENTS 


CIBJO introduces Precious Metals Blue Book. CIBJO, the 
World Jewellery Confederation, recently launched the first 
edition of its Precious Metals Blue Book. This publication, 
aimed at ensuring consumer confidence and promoting 
best practices, provides standards for precious metal alloys, 
finenesses, weights, colors, tolerances, solders, coatings/ 
platings, and markings. It covers precious metal jewelry, flat- 
ware, and hollowware. The manual will soon be available in 
electronic format on the CIBJO website, www.cibjo.org. 


Conferences 

IGC 2008. Held in Oslo, Norway, on August 6-14, the 
33rd International Geological Congress will include ses- 
sions with possible applications to gemology: mineral 
spectroscopy; metallogeny and mineral potential of 
Russia, Belarus, and Ukraine; geology of Africa; and devel- 
opment strategies for the mining sectors of African coun- 
tries. Visit www.33igc.org. 


9th International Kimberlite Conference. Held August 
10-15, 2008, in Frankfurt, Germany, this conference will 
bring together the academic and diamond exploration 
communities to exchange information on kimberlites, 
related rocks, and diamonds. Visit www.9ikc.com. 


WJA “Women in the Know” conference. The Women’s 
Jewelry Association will host its second annual West 
Coast “Women in the Know” conference August 15, 2008, 
in Los Angeles. It will include presentations on leadership 
skills, entrepreneurship, luxury marketing strategies, jew- 
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elry manufacturing, and more. The conference will direct- 
ly precede the West Coast Jewelry Show, which runs 
August 16-18. Visit www.womensjewelry.org. 


TUCr2008. Crystal growth, characterization, and analyti- 
cal techniques will be covered at the 21st Congress and 
General Assembly of the International Union of Crystal- 
lography, held in Osaka, Japan, August 23-31. Visit 
www.congre.co.jp/iucr2008. 


FIPP 2008 gem show and mine tour. The International Gem 
Fair known as FIPP (Feira Internacional de Pedras Preciosas} 
will take place in Teofilo Otoni (Minas Gerais, Brazil) 
August 26-30, 2008. Following the show, a 10-day tour will 
visit various gem deposits in Minas Gerais. There will be an 
optional four-day extension to the amethyst mines of Rio 
Grande do Sul State. Visit http://customgroup.travel/brazil/ 
tour.htm. An 11-day Brazilian gem tour can also be sched- 
uled through www.tourguidebrazil.com/mineraltour.html. 


6th International Conference on Mineralogy and Museums. 
Held September 7-9, 2008, at the Colorado School of Mines, 
Golden, Colorado, conference themes are the relationships 
between museums and research, collection management, 
and society. Gems will form a significant part of the pro- 
gram, and pre- and post-conference field trips are being 
planned to kimberlite and pegmatite sites in Colorado. Visit 
www.mines.edu/outreach/cont_ed/ICMM6. 


Diamond 2008. The 19th European Conference on 
Diamond, Diamond-like Materials, Carbon Nanotubes, 
and Nitrides will be held in Sitges, Spain, September 7-11. 
Program topics include the growth, processing, and charac- 
terization of diamond. Visit www.diamond-conference. 
elsevier.com. 


Rapaport International Diamond Conference. Taking 
place September 8, 2008, in New York, this conference 
will cover diamond finance, rough supply, manufactur- 
ing, commoditization, and fair trade jewelry. E-mail 
IDC@diamonds.net. 


ICAM 2008. Gems will be one of the subjects covered at 
the 9th International Congress for Applied Mineralogy, 
held September 8-10 in Brisbane, Australia. Visit 
www.icam2008.com. 


World of Gems. The inaugural session of this conference, 
addressing current developments in gem treatments, iden- 
tification, diamond grading, and appraisal issues, will be 
held September 13-14, 2008, in Chicago, Illinois. Visit 
www.worldofgemsconference.com. 


GemFest Asia Hong Kong 2008. The GIA Alumni 
Association will host GemFest Asia on September 19, dur- 
ing the Hong Kong Jewellery & Watch Fair at the Hong 
Kong Convention and Exhibition Centre, Room 601. This 
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free educational event will feature a keynote presentation 
by Dr. James Shigley titled “Adventures on the Gem Trail: 
How GIA Research Uncovers Country of Origin.” 
Continental breakfast will be served from 8:30 to 9:00 a.m., 
followed by GemFest from 9:00 to 10:30 a.m. 


Gem-A Centenary Conference and 2008 European 
Gemmological Symposium. The Gemmological Associ- 
ation of Great Britain (Gem-A) will hold its annual confer- 
ence October 25-26 in London. In conjunction with its 
centennial celebration, Gem-A will also be hosting this 
year’s European Gemmological Symposium. Day one will 
highlight the history of gemology and the jewelry trade, 
and day two will discuss practical tips and new technolo- 
gies for the modern gemologist. Visit www.gem-a.info/ 
membership/conferences.htm. 


Gems in objects of cultural heritage. An international con- 
ference titled Geoarchaeology and Archaeomineralogy: 
Impact of Earth Sciences in the Study of Material Culture 
will take place in Sofia, Bulgaria, October 29-30, 2008. 
One of the conference topics will be “Archaeomineralogy 
and Gemmology.” A field trip will focus on the “Role of 
Bulgaria in the History of World’s Jewellery Art.” Visit 
http://mgu.bg/docs/CircularEN.doc. 


GIT 2008. The Gem and Jewelry Institute of Thailand will 
host the 2nd International Gem & Jewelry Conference 


December 11-14 in Bangkok. The program will feature a 
two-day technical session, with oral and poster presenta- 
tions, followed by a two-day excursion to the 
Kanchanaburi sapphire deposits. Abstracts are welcomed. 
Visit www.git.or.th/eng/eng_index.htm. 


IDCC-2. The 2nd International Diamond Cut Conference 
will take place in Lausanne, Switzerland, March 22-25, 
2009, just before the Basel World 2009 Jewelry and Watch 
Fair. A diamond cut exhibition will take place at the fair. 
Visit http://idcc2.octonus.com. 


Exhibits 


Exhibits at the GIA Museum. From now through 
December 2008, “Facets of GIA” explains the various 
gemological services that GIA provides, including diamond 
grading, gem identification, education, and public outreach. 
The exhibit is illustrated with superb gems, crystals, and 
jewelry. Also currently on display in the Rosy Blue Student 
Commons are photo essays by Robert Weldon, manager of 
photography and visual communications at the GIA 
Library, and Gems & Gemology editor Brendan Laurs, 
depicting emerald mines in Colombia and the Paraiba-type 
tourmaline deposit in Mozambique, respectively (for more 
on the latter, see the article in the Spring 2008 issue of 
GwG). Advance reservations are required; to schedule a 
tour, call 760-603-4116 or e-mail museum@gia.edu. 


IN MEMORIAM 
GEORGE S. SWITZER (1915-2008) 


Distinguished mineralogist George S. Switzer died 
March 23 at the age of 92. 

Dr. Switzer was born in Petaluma, California, and 
graduated in 1937 from the University of California at 
Berkeley. He received a master’s degree in 
mineralogy in 1939 and a doctorate in 
1942, both from Harvard University. 

After teaching at Stanford University 
and Harvard, Dr. Switzer served as GIA’s 
director of research from 1946 to 1947. 
He published a dozen articles and news 
items for Gems & Gemology during this 
time and wrote several others after he left 
to work at the U.S. Geological Survey. 

Dr. Switzer joined the Smithsonian 
Institution’s National Museum of 
Natural History in 1948, where he was associate cura- 
tor in the Mineralogy and Petrology Division until 
1964 and chairman of the Mineral Sciences 
Department from 1964 to 1969. He was curator emeri- 
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tus until his retirement in 1975. In 1979, he and Dr. 
Cornelius S. Hurlbut published the classic book 
Gemology. 

During his tenure at the Smithsonian, Dr. Switzer 
was instrumental in building the muse- 
um’s National Gem Collection. In 1958, 
he persuaded Harry Winston to donate 
the legendary Hope diamond. Another 
highlight of his career at the Smithsonian 
was the purchase of one of the first elec- 
tron microprobes to analyze lunar rock 
samples brought back from Apollo mis- 
sions during the early 1970s. 

In retirement, Dr. Switzer pursued his 
hobby of azalea propagation, eventually 
serving as director of the Azalea Society 
of America and assistant editor of its quarterly journal. 

Dr. Switzer is survived by his wife of 68 years, the 
former Sue Bowden; two sons, Mark and James; eight 
grandchildren; and 12 great-grandchildren. 
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The rotating beech-tree trunk 
smeared with tripoli powder for 


polishing stones. is now but 
occasionally employed. 


sumed until the 12th century. It was during 
this period that. the Counts of Oberstein, 
among other German lords who owned the 
lands and the quarties, controlled the im- 
portant business of supplying gems used to 
adorn the armor and swords of the medieval 
knights, or the attire of the castle maidens. 

With this. heavy demand for the native 
minerals, the deposits gradually began to 
be exhausted and the lords host interest in 
the industry. It was then that the Idar- 
Obersteiners started to work as independent 
handicraftsmen. They united to form Guilds, 


embracing three specific working groups — 


the stone pickers, the grinders, and the 
drillers. Soon the fame of Idar-Oberstein 
and its superior craftsmen began to spread 
and many foreign buyers came to the Idar 
Valley. As the supply of raw material be- 
came almost non-existent, natives traveled 
to other gem mining countries and soon it 
became the custom to send the stones to 
Idar-Oberstein for cutting. At no time dur- 
ing the passing of the centuries has the 
industry ceased to flourish. It is said that 
work. such as this is accomplished by a 
delicacy of touch, inherited as the art has 
passed from genetation to generation. 

A world war must of necessity have a 
devastating effect upon an industry based 
to a very large degree upon export business 
and one which is dependent upon other 
nations to supply it with the raw materials 
necessary to continue. This was the problem 
which faced Idar-Oberstein at the close of 
World War IL. 

Fortunate in being saved from wartime 
destruction, the gem cutting industry of 
Idar-Oberstein is now striving to return to 
its former place in the trade. Many inhabi- 
tants have returned from their refuge in 
other lands and there are today gem cutters, 
agate cutters, diamond cutters, and engravers 
occupied in more than a thousand work- 
shops. Although the industry is as efficient 
as in former times, activity has been retarded 
through restrictions on importing raw stones 
according to Dr. Schlossmacher. 

In his new position as Director of the 
Gemological Institute of Idar-Oberstein, Dr. 
Schlossmacher is faced with many problems. 
There are no instruments, no books, and 
litle money. During the past ten yeats 
while England, America, and Switzerland 
made tapid advancement in the perfection 
of gemtesting instruments, Germany's gem- 
ologists wete unaware of these developments. 
Dr. Schlossmacher expresses his appreciation 
to the Gemological Institute of America, 
the Gemmological Association of Great Bri- , 
tain, and the American Gem Society Pad 
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Henry Dunay: A Precious Life 


By Penny Proddow and Marion 
Fasel, 223 pp., illus., publ. by Harry 
N. Abrams [www.hnabooks.com], 
New York, 2007. US$60.00 


This beautiful work is not only a gift 
to inspire the collector but also a must- 
read for the designer, master gold- 
smith, and jewelry enthusiast. The 
reader will be transported into an 
American dream story of drive and 
passion that produced one of the great 
jewelry designers of our time. The 
book is divided into four sections, with 
essays by journalists Penny Proddow, 
Marion Fasel, and Jeryl Brunner, and 
by curator George Harlow. 

Henry Dunay, who began his life 
in 1935 as Henry Loniewski, became 
a messenger to a New York jewelry 
workshop at the age of 14. From 
there, his dedication and perseverance 
earned him a promotion to jeweler’s 
apprentice. During these years in the 
Bowery, he worked nonstop to master 
every aspect of diamond setting. 

Henry was born with design and 
precision in his blood. Growing up in 
the midst of Manhattan’s world- 
famous retail jewelers—names like 
Harry Winston, Van Cleef & Arpels, 
and Tiffany & Co.—he gained a keen 
awareness of the elements used in fine 
jewelry making, and mastered the 
techniques of contemporaries such as 
David Webb. Yet Dunay took every- 
thing he touched to a new level of 
beauty and design, producing imagina- 
tive, magnificent, truly distinctive 
jewelry. 

In 1967, Dunay got his first real 
break as a designer when he won the 
De Beers Diamonds International 
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Award. The road to success, however, 
was not an easy one. During the 
1970s, when times were difficult in 
New York, he set his sights on other 
areas of the country. He eventually 
networked his way into the famed 
Neiman Marcus department store in 
Dallas, Texas, where some of his 
wealthiest and most faithful followers 
can still be found. Soon, Dunay’s 
pieces were sold before they even 
appeared on the sales floor. 

Stephen Magner, vice president of 
Neiman Marcus’s jewelry division 
from 1984 to 2005, wrote in the intro- 
duction, “Through the endless public 
appearances, conversations with fol- 
lowers, as well as vast travel experi- 
ence in sourcing materials, the collec- 
tions came to truly reflect Henry’s 
heart, soul, and personality.” His rela- 
tionship with Neiman Marcus has 
lasted more than 30 years, and the 
stories of a number of top Neiman 
Marcus clients are recounted in 
Brunner’s section titled “Suntanned 
Ladies: Henry’s Muses Sing a Song of 
Beauty.” Some of his clients have 
Dunay collections larger than the 
Neiman Marcus inventory, and in 
their interviews they share their 
favorite pieces with the reader and 
describe why Henry Dunay is a part 
of their style. Dunay’s creations have 
adorned presidents’ wives, famous 
actors, and dignitaries throughout the 
world, and their stories come to life 
here through beautiful photographs 
and delicious details. 

Harlow’s section, “Coloring 
Henry: An Education on Colored 
Stones,” compares Dunay to famed 
mineralogist George Frederick Kunz, 
who was Tiffany & Co.’s gem expert 
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in the late 19th and early 20th cen- 
turies. Even in a diamond-driven mar- 
ket, Dunay realized that colored gem- 
stones other than the big three (ruby, 
emerald, and sapphire) could be com- 
bined with his designs to create less- 
expensive pieces. Using his keen eye 
for the combination of fineness and 
form, and how they fit his designs, 
Dunay started his own line of colored 
stone jewelry. 

As a designer, Dunay quickly saw 
opportunities in both fashioned gems 
and natural crystals, and this early 
work inspired him to further his edu- 
cation in colored gems by traveling to 
the market in Idar-Oberstein, Ger- 
many. This section also describes his 
special relationship with mentor and 
business partner Hans Jurgen Henn. 
From his travels with Henn in the 
Himalayas to his annual pilgrimage to 
the coral capital of Torre del Greco in 
Italy—as well as trips to Tanzania, 
Myanmar, Russia, and Ukraine— 
Dunay has spanned the globe. His 
ability to combine metals with gem 
finds from his travels leaves the reader 
captivated. 

Dunay’s passion has permeated 
his family’s everyday life, and his son 
and daughter share delightful stories 
of how they’ve seen their father’s 
designs come from a deep inner place, 
from his soul. The craft was always 
paramount in their family life—Paul 
Dunay began joining his father on 
business trips at the age of 12—but it 
is evident that Dunay, now a grandfa- 
ther, treats his family with the love 
he gives his creations. 

Full-page museum-quality pho- 
tographs and original renderings of 
these collectible pieces glitter on each 
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page. The book will help the reader 
appreciate how Henry Dunay’s 
autonomous craftsmanship has 
defined him as a modern-day Fabergé. 
Before reading this book, I was not 
necessarily a fan of Dunay. This book 
inspired me so much that it sent me 
on my own search for Dunay pieces 
in the secondhand market, and what 
a delightful treasure hunt it has been! 
MELINDA ADDUCCI 
Joseph DuMouchelle International 
Estate Buyers # Auctioneers 
Grosse Pointe Farms, Michigan 


Russian Gemstones Encyclopedia 


By Vladimir V. Bukanov, 472 pp, 
illus., publ. by Granit Publishing, 
Prague, 2006. €79 


Russian Gemstones Encyclopedia is a 
single book, but it includes enough 
text, photos, and illustrations to have 
been published as two or more vol- 
umes without looking sparse. Much is 
covered in its eight main chapters, the 
first of which appears to be unique in a 
publication such as this: “To the 
History of Jeweler’s Art & Gemology.” 
It is commendable that this chapter 
was included and that it mentions 
many important people—not all of 
whom are Russian—as this is a world- 
wide history. That being said, some 
major contributors to the science of 
gemology are conspicuous by their 
absence here. This first chapter is fol- 
lowed by two pages characterizing dif- 
ferent kinds of materials that are used 
in jewelry and for other ornamental 
purposes. 

A chapter explaining the structure 
of the Encyclopedia, its chapters, and 
their topics and subheadings follows, 
including a list of abbreviations. The 
third chapter, and probably the most 
important one, is “Best Known 
Gemstones,” though this also in- 
cludes lesser-known gems such as 
scapolite. There are many subtopics 
for each gem, with the most impor- 
tant gems commanding the most 
attention. For diamond alone, there 
are 10 subtopics, such as Compo- 
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sition and Properties, Deposits, 
Quality Improvements, Legends, and 
more. Interestingly, this “gemstone” 
chapter includes metals such as gold, 
platinum, palladium, silver, copper, 
and iron. 

Five more chapters follow: “Less 
Known Gemstones” (e.g., apatite, 
dioptase, and variscite), “Gemstones 
for Collectors” (e.g., apophyllite, dias- 
pore, and sinhalite), “Minerals and 
Rocks as Ornamental Stones” (e.g., 
calcite, the feldspar family, magnesite, 
and the serpentine group), “Bioorganic- 
Jewelry-Ornamental Materials” 
(pearls, amber, ivory, and the like}, and 
“Synthetic Gemstones.” Following 
these chapters is an appendix that cov- 
ers some two dozen other useful topics 
(such as unique diamonds, jade, and 
Russian gem deposits). There is also a 
useful general index. 

This book holds an abundance of 
information, illustrations, and good- 
quality photographs, and the paper, 
binding, and handsome hardcover 
produce a reference that will last. 
However, this work is also compact 
in nature with small, hard-to-read 
print and relatively small illustra- 
tions. The title is also a bit deceptive, 
as it is not solely about Russian gem- 
stones but is rather a general work 
with an emphasis on Russian materi- 
al. Regrettably, some of the informa- 
tion appears outdated (such as equat- 
ing the values of fancy-colored dia- 
monds to colorless brilliants of the 
highest quality) or even incorrect 
(blue diamonds are type IIb, not type 
Ib). In addition, the translation into 
English was hard to follow and often 
resulted in broken syntax. I had to pay 
close attention in many instances to 
understand the author’s intended 
meaning. 

Despite some drawbacks, I like 
this book overall. It encompasses a 
wealth of information that is hard to 
find in most other texts. I would have 
enjoyed the volume even more had it 
limited itself exclusively to Russian 
gemstones, as the title implies. 

MICHAEL EVANS 

Gemological Institute of America 

Carlsbad, California 
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Volodarsk-Volynski: Mineralogy 
of the Volynian Chamber 
Pegmatites, Ukraine 


By Vladimir Ivanovich Pavlishin and 
Stanislav Alekseevich Dovgyi, Miner- 
dlogical Almanac, Vol. 12, 125 pp., 
illus., publ. by Mineralogical Alma- 
nac [http://webcenter.ru/~minbooks], 
Littleton, CO, 2007. US$45.00 


A most welcome and long-awaited 
publication finally made it to press 
and in English, too. This work 
reviews the history and mineralogy of 
one of the most famous and widely 
studied pegmatite districts in the 
world, the Volodarsk chamber peg- 
matites in Ukraine. My first impres- 
sion was that this issue is just as 
remarkable as the beryl and topaz the 
mines have produced. 

The Volodarsk pegmatites were 
known as early as the 1900s, but only 
in 1931 did the Soviet government 
begin serious prospecting and mining 
for piezoelectric quartz. The area 
eventually became one of the most 
closely studied gem pegmatite regions 
in the world: A 22 km long, 1-3 km 
wide belt of the Korosten Pluton in 
Ukraine was core-drilled from 100 m 
down to 600 m in a very tight grid to 
detect pegmatites containing the large 
quartz crystals sought by the Soviet 
military. In its heyday, the mine 
employed some 1,000 miners and 60 
geologists. Topaz and beryl were mere 
by-products of the mine until the 
breakup of the Soviet Union. Only 
10% or so of the pockets contained 
topaz, and only 2% held beryl. But 
the pockets were gigantic, often sever- 
al meters in size, with each one pro- 
ducing anywhere from a few tons to 
more than 100 tons of quartz, though 
usually only a small portion of the 
quartz crystal terminations were of 
good piezoelectric quality. 

The various studies of the deposit 
and its geologic-petrographic charac- 
teristics are covered in chapter 2, 
while chapter 3 addresses the posi- 
tion, morphology, and structure of the 
pegmatites. The gem species and non- 
gem minerals that occur are well 
described and richly illustrated in 
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chapter 4. Cross-sections of individual 
pegmatites and good geologic maps 
add to the richness of information. 
Perhaps the highlight of the book is 
the detailed description of the condi- 
tions of formation (and dissolution) of 
individual minerals. A comprehen- 
sive and well-selected bibliography 
adds to the value of the volume. 

Somewhat weaker are the descrip- 
tions of individual finds (year, loca- 
tion in the mine, and depth), but such 
information is known only to a small 
handful of people. The book also 
lacks photographs of the faceted and 
carved gems and the jewelry made 
from them, which poured into the 
European and North American mar- 
kets for a few years but disappeared as 
quickly as they arrived. In fact, many 
large and beautifully colored flawless 
stones were cut from Volodarsk beryl 
and topaz. 

Since 1995, small-scale explo- 
ration and mining has been conducted 
(sometimes clandestinely) by pumping 
out huge volumes of water and silt 
from the old shafts and galleries, at 
great expense, but production has 
been very limited and most of the 
gem-quality material is cut and sold in 
jewelry in Ukraine. This reviewer was 
the first foreigner allowed to enter 
these mines in the post-Soviet era. 
That was in 1995, just when they 
were about to be closed. When I last 
visited the mines in the spring of 
2008, only small-scale digging was 
taking place, in a single open pit just 
above water level. Some pockets 
described by geologists in the 1970s as 
still containing significant amounts of 
untouched beryl have proved to be 
unproductive, while other pockets 
that were once overlooked have 
shown some beryl mineralization. 

This work was undoubtedly writ- 
ten and edited by experts and lovers of 
this deposit. However, I would have 
liked to see much more information 
about the production and discovery of 
magnificent gem minerals from the 
1970s to the 1990s. More importantly, 
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there was much detailed scientific 
research by the mine geologists con- 
ducted during this period that is not 
fully reflected in the book. Finally, 
there are some mistakes in the transla- 
tion from the excellent Russian ver- 
sion that sometimes make the text 
unclear or even contradictory. For 
instance, page 61 (line 12 from the bot- 
tom), “presence of strong base solu- 
tions” should read “absence of . . . .” 
Nevertheless, this is truly a mar- 
velous publication deserving much 
respect, and it should prove extremely 
valuable for anyone curious about the 
Volodarsk deposit. It also offers some 
insight into the tremendous (and very 
costly) efforts of the former Soviet 
Union to exploit the pegmatites, as 
information about the deposit was 
considered a state secret during the 
Soviet era and even today is guarded 
closely. The publication is an abso- 
lute must for anyone seriously inter- 
ested in gemstone deposits, peg- 
matites, and minerals. 
PETER LYCKBERG 
Luxembourg 
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Laboratory Grown Diamonds, 2nd Ed. 
By Branko Deljanin and Dusan 
Simic, 86 pp., illus., publ. by Gemo- 
logy Headquarters International 
[www.ghilab.com], Mumbai, 2007, 
US$20.00. This is a revised and updat- 
ed version of Laboratory Created 
Diamonds by Sharrie Woodring and 
Branko Deljanin (see review in the 
Summer 2007 Gems & Gemology). 
Sections on standard identification 
techniques have been expanded, and 
new information on identifying small 
synthetic diamonds and synthetic dia- 
mond grading has been added. 


TWO 


Diamond Ring Buying Guide, 7th Ed. 
By Renee Newman, 156 pp., illus., 
publ. by International Jewelry Publi- 
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cations [www.reneenewman.com], 
Los Angeles, 2007, US$18.95. This is 
a revised and updated version of the 
sixth edition (reviewed in the Summer 
2002 Gems & Gemology), covering 
new information on diamond cut 
grading, diamond treatments, and syn- 
thetics. New for this edition is a dis- 
cussion on the use of palladium in 
jewelry. 

TWO 


Tables of Gemstone Identification. By 
Roger Dedeyne and Ivo Quintens, 
309 pp., illus., publ. by Glirico 
[www.gemmologie. be/GEMMOEN/B 
ooksEN.htm], Ghent, Belgium, 2007, 
€89. Designed as a reference for labo- 
ratory and other working gemologists, 
this large-format (A4) hardbound book 
contains detailed lists of commonly 
used gemological properties. The 
information is organized in five sepa- 
rate tables sorted by refractive index 
(transparent and opaque gems], specif- 
ic gravity, spectrum, and alphabetical 
order, respectively. Also included are 
a graph of RI vs. SG for glass, and two 
tables to assist with identifying garnet 
group gems and diamond simulants. 


TWO 


Verdura: The Life and Work of a 
Master Jeweler. By Patricia Corbett, 
224 pp., illus., publ. by Thames & 
Hudson [thamesandhudsonusa.com], 
New York, 2008, US$34.95. This is a 
paperback edition of the 2002 book 
chronicling the life and work of Fulco 
Santostefano della Cerda, Duke of 
Verdura (1898-1978). An impover- 
ished Sicilian nobleman with a talent 
for drawing, Verdura caught the eye of 
Coco Chanel in the 1920s. He came 
to the United States in 1934, and his 
jewelry designs quickly became a 
favorite of Hollywood stars and 
wealthy Americans. The book is well 
illustrated with numerous photos of 
Verdura’s signature pieces and the 
famous clientéle who wore them. 


TWO 
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COLORED STONES AND 
ORGANIC MATERIALS 


57Fe Mossbauer spectroscopy, X-ray single-crystal diffractome- 
try, and electronic structure calculations on natural 
alexandrite. S.-U. Weber [sven.weber@sbg.ac.at], M. 
Grodzicki, W. Lottermoser, G. J. Redhammer, G. Tip- 
pelt, J. Ponahlo, and G. Amthauer, Physics and Chem- 
istry of Minerals, Vol. 34, No. 7, 2007, pp. 507-515. 
Two crystals of alexandrite from Malysheva, near Sverdlovsk 
in the Ural Mountains of Russia, were characterized by several 
techniques to better determine the oxidation state and loca- 
tion of iron in the crystal structure. Most of the iron was Fe**, 
and a small percentage was Fe*. Both ions occupy octahedral 
(M1 and M2) sites where they substitute for aluminum—there 
is no evidence of their presence in tetrahedral sites that con- 
tain beryllium. Trivalent iron appears to favor the M2 site, and 
chromium substitutes for aluminum mainly in this same 
position. The article also presents chemical composition data 
by electron microprobe and unit-cell parameters refined by 
single-crystal X-ray diffraction. 
JES 


Fossil pearls: Very old, very rare. R. Torrey, Pearl World, Vol. 
17, No. 3, 2008, pp. 3-5. 
The article discusses a collection of more than 1,000 fossil 
pearls from long-extinct bivalves. A small number (29) were 
round and still showed nacre, while the remainder were blister 
pearls still attached to shells. Most were collected around 
Florida. The article also includes photographs of fossil pearls 
held by other collectors. RS 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editors and their abstractors, and space limitations may require 
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Infrared spectroscopic study of modern and ancient ivory 
from sites at Jinsha and Sanxingdui, China. L. Wang 
[wangling@cdut.edu.cn], H. Fan, J. Liu, H. Dan, Q. 
Ye, and M. Deng, Mineralogical Magazine, Vol. 71, 
No. 5, 2007, pp. 509-518. 

Ancient ivory, buried for several thousand years at the 

Chengdu Jinsha and Guanghan Sanxingdui sites in China, 

was compared to modern ivory using IR spectroscopy in 

the 4000-400 cm~! range. By combining these results with 

XRF data, the authors determined the crystallinity and 

crystal chemistry of the apatite component, as well as the 

structural characteristics of the ivories. The ancient ivory 
consisted almost entirely of hydroxyl-carbonate apatite. 

Compared to modern ivory, the PO} and CO? bands were 

stronger, the vPO, IR bands were obviously greater, and an 

extra OH™ band at 3569 cm=! was observed. These results 
imply that there is a greater degree of crystallinity in the 
ancient apatite, and that there has been incorporation and 
recrystallization of CO% in the apatite during burial. 

Positive correlations were found between apatite crys- 

tallinity, CO? and OH" contents, and burial time. Loss of 

organic matter from the ancient ivory may be the main 
reason why it is easily dehydrated and readily friable after 
being unearthed. RAH 


“Keshis” et nouvelles perles de culture d’eau douce de 
Chine [“Keshis” and new Chinese freshwater cul- 
tured pearls]. E. Strack, Revue de Gemmologie, No. 
162, 2007, pp. 9-10 [in French]. 

For more than two years, China has been exporting fresh- 
water cultured pearls in a variety of flat, slightly curved 
shapes, ranging from subround to baroque; they may also 
be rectangular or form a joined pair. These cultured pearls 
may exhibit impressive orient, and have colors varying 
from white to pink, orange, violet, golden gray-brown, and 
green-brown. They are known commercially as “corn 
flakes,” “petals,” or—incorrectly—as “‘keshis.” 

The Japanese word keshi, which refers to a very small 
particle (e.g., a poppy seed}, was originally applied to 
minute pearls found in the oyster next to cultured pearls. 
These small pearls are an accidental result of the cultiva- 
tion process, and may develop either when the implanted 
mantle tissue fractures and forms separate pearl sacs, or 
following the oyster’s rejection of the implanted bead. 
Keshis can also form when small chips from the mollusk’s 
shell break off and fall inside the organism during bead 
insertion. Akoya keshi pearls are usually off-round to 
baroque in shape. Since 1980, the name keshi has also 
been applied to white and black non-nucleated saltwater 
cultured pearls. 

The Chinese product is in fact not a true keshi but a 
planned freshwater cultured pearl that formed after the 
second harvest. Because these flat cultured pearls are the 
product of a collapsed pearl sac, they tend to be baroque 
in shape. 

Also from China are freshwater cultured pearls with 
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large beads that recently came to market from Zhuji, 
Zhejiang Province. Called Ikecho—a Japanese name given 
to the Chinese freshwater mollusk Hyriopsis cumingii— 
they have baroque shapes and can reach 15 mm long. 
They have excellent luster and exhibit typical colors asso- 
ciated with Chinese freshwater cultured pearls: white, 
pink, orange, and violet. Francine Payette 


DIAMONDS 


A contribution to the understanding of pink color in dia- 
mond: The unique, historical “Grand Condé.” E. 
Fritsch, B. Rondeau [benjamin.rondeau@univ- 
nantes.fr], T. Hainschwang, and M.-H. Quellier, 
Diamond and Related Materials, Vol. 16, No. 8, 
2007, pp. 1471-1474. 

This study documents, for the first time, the Grand 

Condé, a 9.01 ct faceted pink diamond that has been kept 

since 1862, at Chateau de Chantilly in Oise, France. It is a 

somewhat irregular, flat pear shape measuring approxi- 

mately 20 x 14 x 5 mm. With magnification, the pink 
color appeared to be evenly distributed. Between crossed 
polarizing filters, it exhibited intense anomalous double 
refraction consisting of a combination of a cross-hatched 

“tatami” pattern and broad regions of low-order interfer- 

ence colors. The diamond had weak yellowish green fluo- 

rescence to long-wave UV radiation, and very weak 
whitish yellow fluorescence to short-wave UV. 

The Grand Condé is a type Ila diamond, as confirmed 
by its mid-infrared spectrum, which also exhibited several 
very weak absorption features of uncertain identity (and 
not previously reported) between 1156 and 860 cm=', and 
by its relative transparency to short-wave UV. The visible 
spectrum (recorded at 77 K) had a broad absorption band 
centered at about 550 nm and a group of weak but sharp 
bands at 573, 586, 594, 600, and 609 nm (named here the 
“609 nm system”). All of these features were superim- 
posed on an absorption continuum that rose toward the 
UV region. The spectrum also contained a very weak 741 
nm band caused by the diamond’s exposure to a small 
amount of natural radiation. No photoluminescence fea- 
tures were excited by illumination with a 532, nm laser. 

One surprising feature of the Grand Condé was the 
association of the broad 550 nm absorption band with an 
evenly distributed pink color. This band is normally seen 
in diamonds with distinct pink graining in bands parallel 
to the octahedral planes. The UV fluorescence reactions 
of the diamond were also quite unusual. JES 


In the cut. R. Murphy, W, Vol. 37, No. 3, 2008, pp. 
282-284. 

The article details the large diamonds that have come 

from Lesotho’s LetSeng mine, including the 603 ct Lesotho 

Promise and the 493 ct LetSeng Legacy. London jeweler 

Laurence Graff fashioned 26 D-Flawless diamonds, total- 
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ing 224 carats, from the Lesotho Promise after paying 
US$12.4 million for the rough. The author interviewed 
Graff about the cutting of the stone, which took nine 
months. RS 


Detection of diamond in ore using pulsed laser Raman 
spectroscopy. G. H. Lamprecht [gert.lamprecht@ 
debeersgroup.com], H. G. C. Human, and L. W. 
Snyman, International Journal of Mineral Pro- 
cessing, Vol. 84, 2007, pp. 262-273. 

This study suggests that extracting diamond from ore by 

detecting its Raman signal with a laser is more effective 

than sorting by X-ray luminescence. The authors analyzed 
the Raman and luminescence signals of diamond and asso- 
ciated minerals (18 total) found in diamondiferous ore. The 
samples included four diamonds (one each of type Ia, Ib, 

Ila, and IIb) for analysis in the broad spectral region, and a 

set of 203 diamonds (in a variety of types and qualities) for 

the narrow spectral region. 

When excited by pulsed lasers, the fluorescence of dia- 
mond and its associated minerals shows a nonlinear rela- 
tionship with incident irradiation density. This saturation 
effect suggests that pulsed lasers offer an advantage over 
continuous wave lasers in diamond extraction. The 308, 
355, and 532, nm pulsed lasers and the 532 nm continuous 
wave laser were found suitable for use in a detection appa- 
ratus. However, the 266 and 1064 nm pulsed lasers and the 
488 and 632 nm continuous wave lasers did not perform 
well, because their strong fluorescence overwhelmed the 
Raman signals, their poor detection resulted in weak 
Raman signals, or a combination of both. Based on the 
statistics, the 532 nm pulsed laser was found to be the 
most reliable for diamond sorting applications. 

KSM 


Les diamants de couleur naturelle [Natural fancy colored 
diamonds]. T. Haddad and A.-F. Fourre, Revue de 
Gemmologie, No. 162, 2007, pp. 11-14 [in French]. 

Almost all colors of the rainbow have been found in dia- 

monds, with brown being the most common and red the 

rarest. Thirteen hues have been noted in all: pink, red, 
orange, yellow, brown, “olive,” green, blue, violet, purple, 
white, gray, and black. The origin of color is related to 

changes in internal structure caused by substitution of a 

carbon atom by another type of atom (as a single atom or 

as aggregates), structural defects (e.g., graining), natural 
radiation, fluorescence, or the presence of inclusions. 
There is no standard nomenclature for colored dia- 

monds. Most laboratories use either the Munsell color 
system or the color grading terminology formulated by 
GIA. Because the intensity of color plays such a signifi- 
cant role in determining value, fancy-colored diamonds 
are described by their saturation using seven classifica- 
tions ranging from faint to dark. Clarity is usually less 
important than color in determining the value of a col- 
ored diamond. 
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Twenty years ago, fancy-colored diamonds were not in 
demand, and many were relegated to industrial grade. 
However, such diamonds are now more popular than ever 
and command high prices. Black and brown diamonds 
usually sell for less than near-colorless stones, while red, 
blue, intense purple, and intense green diamonds com- 
mand the highest prices. Larger fancy-colored diamonds 
are much rarer than their colorless cousins and signifi- 
cantly more valuable. Francine Payette 


Investigating large vacancy clusters in type Ila diamond 
with electron energy loss spectroscopy (EELS). R. 
Barnes [rachelbarnes1983@hotmail.com], U. 
Bangert, and A. Scott, Physica Status Solidi (a), Vol. 
204, No. 9, 2007, pp. 3065-3071. 

The origin of brown color in diamonds continues to attract 

scientific attention. Type Ia brown diamonds commonly 

contain very low amounts of chemical impurities, which 
indicate that their coloration results from lattice defects. 

Past theories that their color is due to dislocations result- 

ing from plastic deformation are no longer viable, since 

such deformation also occurs in colorless diamonds. 

Recent investigations have suggested that the brown color 

is linked to vacancies (missing carbon atoms) and vacancy- 

related extended defects (or vacancy clusters of perhaps 

50-60 vacancies). Calculations indicate that such extend- 

ed defects will give rise to a featureless optical absorption 

spectrum similar to that of brown type Ila diamonds. The 
present study uses a spatially resolved EELS technique, 
which can provide information on the local electronic 
structure of extended defects in materials. Examination of 
several diamonds, including one with alternating colorless 
and brown bands, suggests that the brown-colored areas 
contain a greater percentage of carbon atoms linked by pi 

(x) bonds (a type of covalent bonding present in polymeric 

materials in which the greatest overlap between atomic 

orbitals occurs along a plane that is perpendicular to the 

line joining the atomic nuclei). Such bonding is thought to 

be a feature of the extended defects in brown diamonds. 
JES 


La mine de Williamson [The Williamson mine]. S. Scalie, 
M. Philippe, and D. Sirakian, Revue de Gem- 
mologie, No. 159, 2007, pp. 21-25 [in French]. 

This article reviews the history of the Williamson mine in 

Tanzania, which is one of the few sources of pink dia- 

monds, among them the 54 ct Williamson Pink. The dia- 

mondiferous pipe at Mwadui was discovered by John 

Thorburn Williamson in 1940 and was exploited by him 

until his death in 1958. The mine was acquired by De 

Beers, then nationalized by the Republic of Tanzania, and 

sold again. Since 1994, it has been jointly owned by De 

Beers (75%) and the Tanzanian government (25%). 

The diamond-bearing kimberlite at Mwadui erupted 
some 52, million years ago. The formation of tuffs and cav- 
ing in of the granites surrounding the pipe, together with 
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erosion, has partly filled the crater so that diamonds are 
found today not only in their original kimberlite but also 
in multilayered sediments of kimberlite mixed with tufts, 
granitic debris, and breccias. 

Williamson only exploited the surface layer of the 
pipe and produced one million carats per year (10-14 
carats per 100 tonnes). Today, mining has extended 85 m 
below the upper rim. With increasing depth, production 
has increased, but the quality of the stones has decreased. 
In 1988, prospective drilling explored to a depth of 668 m. 

Since 1967, when 927,000 carats were recovered, dia- 
mond production has dropped considerably (e.g., 260,000 
carats in 2004). It is hoped that new technologies will help 
increase production over the next 25 years. RT 


On the role of nitrogen in stiffening the diamond structure. 
S. G. Nailer, M. Moore [m.moore@rhul.ac.uk], J. 
Chapman, and G. Kowalski, Journal of Applied Crys- 
tallography, Vol. 40, No. 6, 2007, pp. 1146-1152. 

Three rough diamonds (4—7 mm) from the Argyle mine in 
Australia were examined for their nitrogen content and 
crystalline perfection. These diamonds were interesting 
because each was half brown/half colorless with a well- 
defined boundary separating the color zones along a (111) 
plane. Since the two halves experienced identical geophys- 
ical conditions of time, temperature, pressure, and shear 
forces, and those factors influence the extent of plastic 
deformation believed to cause brown coloration, these 
samples were ideal specimens to see what other features 
could affect diamond color. 

The authors investigated the crystal distortion by a 
number of different methods, including synchrotron Laue 
photographs, synchrotron topographs, and double-crystal 
rocking curves. In all tests, the brown sections of the crys- 
tals showed significantly higher distortion than the color- 
less sections. From IR spectroscopy, the authors calculated 
the nitrogen concentration and its extent of aggregation in 
the brown and colorless halves. They observed a correla- 
tion between color and total nitrogen content, but not 
with the presence of A and B aggregates. In two samples, 
the colorless sections of the stones had at least 1.6 times 
more nitrogen than the corresponding brown halves. The 
authors also calculated the average platelet radii in these 
samples and found no obvious correlation with nitrogen 
concentration or the degree of deformation. SE-M 


GEM LOCALITIES 


La colline aux aigues-marines d’Opanayake, Sri Lanka [The 
aquamarine hill of Opanayake, Sri Lanka]. P. Algier 
[pascal@planetgem.com], Revue de Gemmologie, 
No. 161, September 2007, pp. 15-21 [in French]. 

The author reports on a trip to two gem deposits in Sri 

Lanka. The first part describes a visit to a sapphire mine 

near Ratnapura (including a descent underground) and the 
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primitive mining conditions there. This is followed by a 
visit to Opanayake, where a large pegmatitic quartz out- 
crop contains aquamarine and is also mined by artisanal 
methods. The aquamarines are of “ocean” green to blue 
color and can be very brilliant after cutting. Some gemo- 
logical data are given, together with photos of rough and 
cut samples. RT 


Il mistero delle dendriti indiane [The mystery of Indian 
dendrites]. M. Campos Venuti and M. Panto, 
Rivista Gemmologica Italiana, Vol. 2, No. 3, 2007, 
pp. 181-191 [in Italian]. 

Dendritic agates were very popular in the 18th and 19th 

centuries and were generally known as mocha stones. In 

recent years, they have reappeared on the market. 

This article traces the agates back to their origin: A 
region near Banda in southern Uttar Pradesh, India. Here, 
agates with flat banding (Uruguay-type) formed in the vast 
basalts of the Deccan Plateau. Black, brown, and reddish 
dendrites subsequently developed parallel to these flat lay- 
ers. The agates are found in alluvial deposits or in weath- 
ered basalt. The stones are recovered by local villagers, 
who also fashion them by hand into flat cabochons using 
methods largely unchanged since the 18th century. Only 
about one out of 100 agate geodes contains dendrites, and 
truly attractive specimens are very rare and highly prized. 
Also discussed are dendritic agates and quartz from other 
sources, especially Brazil and Kazakhstan. RT 


Noble gases in corundum megacrysts from the basalts in 
Changle, Shandong Province, eastern China. W. X. 
Hu [huwx@nju.edu.cn], Y. C. Song, X. M. Chen, M. X. 
Tao, and L. P. Zhang, Chinese Science Bulletin, Vol. 
52, No. 3, 2007, pp. 380-387. 
The occurrence of corundum crystals in basalts is still 
somewhat of a geologic enigma. Noble gases such as He, 
Ar, and Xe trapped in mineral inclusions act as isotopic 
tracers that can provide unique information on the proper- 
ties and evolution of the Earth’s mantle and identify man- 
tle-derived materials. This study of sapphire megacrysts 
from Changle was undertaken to better understand their 
origin. These crystals displayed noble gas isotopic compo- 
sitions (particularly He and Ar) similar to pyroxene and 
anorthoclase megacrysts from the same area, and also sim- 
ilar to mantle-derived peridotite xenoliths from this and 
other areas of eastern China. This indicates that the noble 
gases trapped in the corundum originated from a mantle 
source that appears to represent a “mixed fluid” produced 
by the interaction between the lithospheric mantle and 
fluids released from a subducting plate. Furthermore, the 
noble gas isotopic compositions, and the oxygen isotopic 
composition of the corundum itself, are not characteristic 
of a crustal source. The authors conclude that the corun- 
dum megacrysts formed from a mantle-derived magmatic 
source with minimal crustal contamination. 
JES 
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The Treasure of Guarrazar: Tracing the gold supplies in 
the Visigothic Iberian Peninsula. M. F. Guerra, T. 
Calligaro, and A. Perea, Archaeometry, Vol. 49, No. 
1, 2007, pp. 53-74. 

An early (6th-7th century AD) Visigothic gold hoard 

known as the treasure of Guarrazar was found in 1858 

near the Spanish village of Guadamur, outside Toledo. The 

10 crowns, 9 crosses, 16 pendants, and multiple chains and 

parts of votive jewelry that have survived a century and a 

half of looting consist of a combination of sapphires, gar- 

nets, mother-of-pearl, emeralds, and glass set in gold. 

These artifacts represent some of the finest workmanship 

from Germanic goldsmiths that is still preserved in 

Europe. Stylistically, the sophistication of design indicates 

trade links with the Byzantine world. 

This article reports on attempts to identify the source 
of the gold, aided by comparison with contemporary gold 
coins from the same areas. Forty-six samples were sub- 
jected to elemental analysis using PIXE (particle-induced 
X-ray emission) and PIGE (particle-induced gamma-ray 
emission]. Difficulties arose from the small sizes of the 
gold samples used for testing (which was by necessity 
restricted to nondestructive methods) and the fact that 
the gems could not be unset. The minute samples taken 
from the crowns and crosses of the treasure were also too 
small to be analyzed by PIXE alone. The combination of 
PIXE and PIGE with an external 3 MeV proton beam was 
a good compromise. 

Information given by Pliny the Elder on Iberian gold 
sources in his Natural History suggests mining of the 
gold district around the River Tagus. Most of the garnets 
probably originated from European deposits (i.e., the 
Czech Republic), and the emeralds probably came from 
the Habachtal mines in the Austrian Alps. These results 
suggest that the Visigoths used materials from European 
sources rather than from Roman commercial routes. 

JEC 


SYNTHETICS AND SIMULANTS 


HPHT synthesis of large single crystal diamond doped 
with high nitrogen concentration. Y. Zhang, C. 
Zang, H. Ma [maha@jlu.edu.cn], Z. Liang, L. Zhou, 
S. Li, and X. Jia, Diamond and Related Materials, 
Vol. 17, 2008, pp. 209-211. 

The authors report on the high-pressure, high-temperature 

(HPHT) synthesis of type Ib single-crystal diamonds (up to 

3.2 mm) with nitrogen concentrations up to 1520 ppm. The 

goal was to grow large-size single-crystal diamonds with 

nitrogen concentrations similar to those found in nature 
and then to use HPHT treatment to convert them to the 
most common natural diamond type—la. The synthetic 
diamonds were grown using the temperature gradient 
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method under HPHT conditions. The nitrogen source was 
NaN,, the carbon source was pure graphite, and the cata- 
lyst was Kovar, an iron-cobalt-nickel alloy (Fe,gCo,,Ni,,). 
The growth conditions that produced the largest and high- 
est-quality synthetic diamonds with high nitrogen concen- 
tration were a pressure of 5.4 GPa, a temperature of 1480 K, 
and growth times ranging from 2, to 20 hours. Nitrogen 
concentrations were calculated using FTIR spectroscopy 
data. Absorption peaks were seen at 1344 and 1130 cm", 
corresponding to type Ib synthetic diamonds with singly 
substituted forms of nitrogen. The authors predict that fur- 
ther HPHT treatment of their synthetic diamonds may 
result in type Ia products with high nitrogen contents, or 
what they refer to as “nature diamonds.” JS-S 


TREATMENTS 


On the interaction of molecular hydrogen with diamonds: 
An experimental study using nuclear probes and 
thermal desorption. A. A. Shiryaev [shiryaev@ 
ns.crys.ras.ru], D. Grambole, R. Rivera, and F. 
Herrmann, Diamond and Related Materials, Vol. 
16, No. 8, 2007, pp. 1479-1485. 

Hydrogen can be an important impurity in natural and 

synthetic diamonds, with concentrations of up to 7000 

atomic ppm (0.7 at.%) reported in the literature. In this 

study, 13 natural and synthetic diamonds that had been 

HPHT annealed and then heated in a hydrogen-rich atmo- 

sphere were investigated by several techniques. The H 

concentration was high near the surface of each sample 

(several atomic percent), but it decreased rapidly (to ~0.5 

at.%) within depths of 20 nm below the surface, indicating 

very low diffusivity and solubility of H in diamond. More 

H was found in type Ia as compared to type Ia diamonds. 

Nitrogen defects, particularly single substitutional N 

atoms, act to block H diffusion, which suggests that H is 

trapped at this defect. Octahedral growth sectors contained 
higher H concentrations than cubic sectors. The presence 
of dislocations in diamond may promote H diffusion. 

The results of this study show that it is virtually 
impossible to introduce an appreciable amount of H into 
diamond by annealing it in H, gas. High concentrations of 
this impurity found in some natural diamonds appear to 
result only from the trapping of H during growth. 
Important H reservoirs in natural diamond are primary 
fluid inclusions and/or hydrogen-vacancy complexes. /ES 


MISCELLANEOUS 


Diamond detail and gem fraud status. J. D. Boles [bgi@ 
bgiuk.com], Journal of Financial Regulation and 
Compliance, Vol. 16, No. 1, 2008, pp. 77-84. 

Reports of criminals and terrorists using gemstones as 

money laundering vehicles have made headlines but are 
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often greatly overstated. While gems have intrinsic value, 
they require a great deal of expertise in buying/selling and 
(when rough) often arbitrary grading, which criminals and 
terrorists are unlikely to have. With margins on some 
gems as low as 4-5%, there is little room for error, so 
using them for money laundering could result in substan- 
tial losses. Rough stones present additional problems 
because of the possibility that the quality or yield of the 
resulting polished gem may not be as high as planned. In 
addition, gemstones are covered by anti-money-laundering 
regulations such as the USA PATRIOT Act and the 
Kimberley Process, further diminishing their appeal as 
money laundering media. 

The article cites statements from consultants who 
advise law enforcement on money laundering activities 
that there is little hard evidence that diamonds or colored 
stones have been used regularly for such activities, noting 
that other commodities and illicit drugs are much more 
reliable trading media. RS 


Farming miners or mining farmers? Diamond mining and 
rural development in post-conflict Sierra Leone. R. 
Maconachie [r.maconachie@ids.ac.uk] and T. Binns, 
Journal of Rural Studies, Vol. 23, 2007, pp. 367-380. 

This article examines how alluvial diamond mining in 

previously war-torn areas of Sierra Leone can spur the 

revival of agricultural production in that country. The 
authors trace historic relationships between alluvial dia- 
mond mining and farming, and discuss the “resource 
curse” theory of conflicts waged over resources—particu- 
larly “lootable” resources that can be easily carried off 
and sold. However, the authors maintain that the revival 
of peaceful diamond mining in these conflict areas can 
serve as a catalyst for reviving food production. They 
describe how building infrastructure from diamond rev- 
enues serves local populations and can finance conversion 
of mined-out areas to agriculture. The article also discuss- 
es cooperative projects designed to help local residents 
derive the most benefit from diamonds mined in their 
locales. RS 


Girls’ best friends. C. Batchelor, Financial World, 
December—January 2007-08, pp. 50-51. 
Collecting antique and modern jewelry can be rewarding if 
buyers know how to look for appropriate pieces. The arti- 
cle discusses various jewelry periods that have come into 
and fallen out of fashion, and the types of pieces that col- 
lectors seek. Pricing and buying at auctions, how to exam- 
ine pieces for damage, and imitation and treated gems are 
reviewed. The author concludes by discussing how imita- 
tion jewels created in the 18th century have since taken 
on a value of their own as historical pieces. RS 


An old threat in a new setting: High prevalence of silicosis 
among jewelry workers. N. Murgia [nicolamurgia@ 
med.unipg.it], G. Muzi, M. dell’Omo, D. Sallese, C. 
Ciccotosto, M. Rossi, P. Scatoloini, A. Zingarelli, 
M. P. Accattoli, D. Melchiorri, and G. Abbritti, 
American Journal of Industrial Medicine, Vol. 50, 
2007, pp. 577-583. 

Silicosis is an incurable disease of the lungs caused by 

inhaling airborne crystalline silica. Although its incidence 

is well known and widely studied in industries such as 
mining, stoneworking, and glass manufacturing, there has 
been very little study of its effects on jewelry workers. The 
authors sought to determine the degree of risk in the lost- 
wax method of jewelry casting, in which plaster (which 
can contain significant amounts of crystalline silica) is 
cast around a wax model to create a mold that is then used 
to recreate the design in precious metal. They questioned 
and examined (including via chest X-ray) 100 jewelers who 

worked in artisanal shops throughout central Italy; 23 

showed evidence of silicosis. 

The authors speculate that the risks of silicosis in lost- 
wax casting might be increased because of the very fine par- 
ticle sizes used in plaster. Also, very few of the workers 
reported using respiratory protection. However, the authors 
also caution against drawing broader conclusions from these 
results because of the relatively low response rate they 
encountered when recruiting participants for the study. 

TWO 


GEMS & GEMOLOGY IS LOOKING FOR A FEW GOOD ABSTRACTORS 


If you like reading about gems and gemology, like sharing what you learn, and would enjoy being a part of the Gems 
&) Gemology team, we have an opportunity for you. G#G is interested in recruiting additional volunteers for the 
Abstracts Review Board. The main requirements are good English writing skills and a passion for gemological sub- 
jects. After three of your abstracts appear in G#G, you will become a member of the Review Board, and your name 
will appear on the section masthead. To maintain your board membership, we request that you publish at least two 
abstracts per year. Interested readers should contact editor Brendan Laurs (blaurs@gia.edu) for more information. 
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Cutters of the Idar Valley vie with 
excellence of execution employed 
by cutters of antique gems. 


providing literature and information regard- 
ing advancements made by them. 

After the new Institute has advanced -to 
the point where it is possible, Dr. Schloss- 
macher plans to present an educational 
course of both lectures and courses. This he 
had done in most of the important cities of 
Germany prior to the war. However, it is 
first necessary that the gem trade, the jewel- 
ers, and the goldsmiths otganize and that 
the industry become economically sound be- 
fore such educational plans can be realized. 
The fate of the newly-founded Institute is 
connected closely with the industry of Idar- 
Oberstein. The next few years will decide 
the fate of both. 

Dr. Schlossmacher writes: “The fate of 
the industry of Idar-Oberstein depends 
largely on its connection with the markets of 
foreign countries from which it buys raw 
stones and sells its cut stones and jewelry. 
Since 1933 these connections with foreign 
countries have been disrupted due to the 
political development. With the beginning 
of the war in 1939, a complete interruption 
set in. Today, a limited quantity could be 


sold in Germany. However, inability to buy 
raw materials made it necessary to use 
stocks which could not be replaced and so 
for 15 years the industry has been forced to 
work under conditions which are opposed to 
its entire development and _ structure. 

“The money that existed in 1948,” Dr. 
Schlossmacher continues, “was decimated by 
the reform of currency and a new law for 
taxes on property will touch the real values. 
The importer of raw stones thus will have 
lost his money and his stock. Besides, in the 
future he will need to compete in a foreign 
country’s market, where the prices have 
tisen enormously in comparison with for- 
mer times.” 

Dr. Schlossmacher states that the years 
since 1945 have been especially difficult. In 
explanation of this he writes, “During that 
time the stocks were blocked and there ex- 
isted a system of contingencies within the 
German zones of occupation. Fortunately 
these restrictions have diminished and have 
been partly repealed. The opening of the 
market at this time is, however, fraught with 
other difficulties. People have no money to 
buy luxury articles but are in need of house- 
hold furniture and clothing. 

He concludes, “So the future of ‘the in- 
dustry depends largely on the world market. 
One hopes at Idar-Oberstein that obstacles 
will be removed in a not too distant time. 
Now that restrictions on export are relaxing, 
the problem of procuring raw stones has 
become the most important concern of the 
gem industry. If that problem too is solved, 
the industry will again gain its place 
through the well know high quality of its 
products. The industry has reason to expect 
that soon raw stones can be imported again 
and that then the large demand of foreign 
countries for the special products from this 
center can be realized.” 

IN THE NEXT issue of Gems & Gem- 
ology will appear The Precise Determination 
of the Color of Gems by Prof. Dr. Schloss- 
macher with a biography of the well known 
gemologist. 
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Fine blue aquamarine has long been a highly sought-after gem. In this issue, Dr. Ilaria Adamo and coauthors examine several 
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More than two decades ago, 
GeG published an editorial by then editor-in-chief 
Richard T. Liddicoat titled “The Ultimate Synthetic: 
A Jewelry-Quality Diamond,” in the same issue (Winter 
1986) that we published an article on the first commer- 
cially available gem-quality synthetic diamonds, manu- 
factured by Sumitomo Electric Industries of Japan. Since 
then, thousands of carats of jewelry-quality synthetic dia- 
monds have gradually entered the marketplace, though 
the quantities are still very small compared to the mil- 
lions of carats of natural diamonds produced annually. 
Most gem-quality synthetic diamonds are grown through 
high-pressure, high-temperature (HPHT) processes, 
with the chemical vapor deposition (CVD) method just 
beginning to establish a presence. 

While researchers have succeeded in developing identifi- 
cation methods for both HPHT and CVD synthetic dia- 
monds, melee-size stones (those that weigh 0.20 ct or less) 
can be particularly troublesome. And the challenges are 
even greater when dealing with jewelry-set melee. Typically, 
sophisticated instrumentation is needed to identify even 
small synthetic goods, and at a certain size it is no longer 
cost-effective to test each specimen. Asa result, most are 
never submitted to gemological laboratories for identifica- 
tion or grading and are thus sold without a report. Because 
these goods often have no obvious synthetic characteristics, 
they can be easily mixed in with a parcel of natural dia- 
monds and sold as such, undisclosed, either to the jewelry 
manufacturer or—once set—to the consumer. 

This és happening, and it’s happening now. That’s what 
makes the lead article in this issue—Hiroshi Kitawaki et al.’s 
“Identification of Melee-Size Synthetic Yellow Diamonds 
in Jewelry” —so important. The study, conducted by three 
researchers at the GAAJ-Zenhokyo Laboratory in Tokyo, 
found that 10% of loose yellow melee-size diamonds sub- 
mitted to the lab over a four-month period were synthetic. 
Moreover, approximately half the jewelry items set with yel- 
low melee that the lab received during the same period also 
contained synthetic diamonds. Although there have been 
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many rumors of synthetic diamond melee in the trade over 
the last several years, this is one of the first research reports 
to confirm the potential extent of the problem. 

To address this issue, the GAAJ-Zenhokyo Lab devised a 
procedure that combines standard gemological testing with 
micro-infrared spectroscopy and advanced imaging tech- 
niques to distinguish between natural and synthetic dia- 
mond melee as small as 0.001 ct. The identification is “fairly 
rapid,” according to the authors, requiring only a few min- 
utes for loose melee and slightly longer for mounted goods. 

As the authors point out, synthetic diamonds have by no 
means saturated the gem market. We feel, though, that the 
issue comes down to a matter of perception and consumer 
confidence: Just ove undisclosed synthetic diamond out ofa 
hundred casts doubt on the entire parcel—or suite of jewel- 
ry. In the group tested by Kitawaki et al., as many as 10 out 
of a hundred loose yellow melee were synthetic, as was at 
least one stone in 15 out of 30 melee-set pendants and rings. 

Similar problems surround treated melee-size natural 
diamonds, particularly those that have been HPHT color 
enhanced or fracture filled (or both). Nor are colored 
stones exempt, given the challenges posed, for example, by 
beryllium-diffused corundum in very small sizes. Gems & 
Gemology applauds the GAAJ-Zenhokyo Laboratory’s 
groundbreaking work on the cost-effective identification of 
mounted synthetic diamond melee. At the same time, we 
also call on gemologists and research facilities everywhere to 
continue to develop realistic means to confront such identi- 
fication challenges for small and lower-cost stones, for the 
sake of the consumer amd the industry. 

The words with which Richard Liddicoat concluded his 
1986 editorial continue to resonate today: “... never has 
the role of the gemologist been more important.” 


Abeer 


Alice S. Keller e Editor-in-Chief « akeller@gia.edu 
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IDENTIFICATION OF 
MELEE-SIZE SYNTHETIC YELLOW 
DIAMONDS IN JEWELRY 


Hiroshi Kitawaki, Anmadjan Abduriyim, and Makoto Okano 


Melee-size yellow synthetic diamonds have recently been seen in the gem market, mostly as loose 
stones but sometimes set in jewelry. The material identified to date is synthesized by the high-pres- 
sure, high-temperature (HPHT) process. Randomly occurring pinpoint or flux-metal inclusions are 
diagnostic identification clues. However, some synthetic diamonds require advanced laboratory 
methods. This report describes the effectiveness of a technique new to gemology, infrared 
microspectroscopy, in combination with cathodoluminescence imaging for the rapid and accurate 
separation of melee-size natural and synthetic diamonds based on their characteristic mid-infrared 
absorption spectra and growth structures, respectively. With these techniques, the GAAJ-Zenhokyo 
Laboratory in Tokyo determined that approximately 10% of loose—and dozens of mounted— 
yellow melee diamonds submitted over a four-month period were synthetic. 


ratory growth of gem-quality diamonds: high 
pressure and high temperature (HPHT) and 
chemical vapor deposition (CVD). Synthetic dia- 
monds grown by the HPHT process began to appear 
on the gem market in the 1990s. Most of the labora- 
tory-grown diamonds seen commercially to date in 
the GAAJ-Zenhokyo Laboratory are yellow type Ib’s 
in faceted sizes under 2, ct, but some are type Ia syn- 
thetics that have been HPHT treated to display a 
green-yellow color. We have also seen small quanti- 
ties of type Ila colorless synthetic diamonds, as well 
as pink to red or purple synthetics that are produced 
by a multi-step process (HPHT plus irradiation 
and/or heat treatment; see, e.g., Shigley et al., 2004). 
Apollo Diamond Inc. recently announced the pro- 
duction and commercial sale of diamonds lab-creat- 
ed by the CVD method (Wang et al., 2003, 2007); 
however, such material has not been seen in the 
market in any quantity. 
The HPHT synthesis of gem-quality diamonds 
has for the most part been based on the Russian 


wo techniques are known today for the labo- 
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BARS technique. In recent years, however, the 
U.S._based Gemesis Corp. has been mass producing 
yellow synthetic diamonds by a process that repre- 
sents an improvement on the original Russian tech- 
nology (Shigley et al., 2002). Chatham Created 
Gems has also been selling synthetic diamonds in 
pink, blue, or yellow hues produced by a different 
HPHT method (Shigley et al., 2004; e.g., figure 1). 
Given the current availability of synthetic dia- 
monds and the fact that melee-size (especially those 
smaller than 0.05 ct} stones are more difficult to test, 
it should not come as a surprise that such small syn- 
thetic yellow diamonds have started to become 
mixed with natural diamonds, both in parcels of 
loose stones and in manufactured jewelry (figure 2). 
Although synthetic diamonds still represent only a 
very small part of the gem market, they receive a 
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great deal of attention within and outside the indus- 
try, so correct identification is of great importance. In 
the present article, we introduce a practical approach 
used routinely at the GAAJ-Zenhokyo Laboratory to 
identify melee-size HPHT-grown synthetic yellow 
diamonds (loose and in jewelry). Our laboratory also 
routinely checks for treatment in such stones, but 
that is beyond the scope of this study. 


REVIEW OF IDENTIFICATION CRITERIA FOR 
HPHT-GROWN SYNTHETIC DIAMONDS 


Today, most laboratories use a variety of indicators 
to identify HPHT-grown synthetic diamonds, as 
summarized below. 


Inclusions. Most natural diamonds form in the earth’s 
upper mantle at depths of 150-200 km. Associated 
minerals that may be present as inclusions in natural 
diamonds include pyrope, chrome diopside, enstatite, 
and olivine (see, e.g., Kirkley et al., 1991). Oriented 
needle-like inclusions may also provide proof of natu- 
ral origin (Crowningshield, 1994). In contrast, the 
HPHT process generally uses Fe, Ni, and Co as flux 
solvents because carbon readily dissolves in them. 
These metals may become trapped in the lab-grown 
crystals as inclusions, in which case they provide 
proof of synthetic origin. 

Although some minerals with a metallic luster 
(such as chromite) may be present in natural dia- 
monds, their crystal forms are different from those 
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Figure 1. The loose syn- 
thetic diamonds shown 
here, from Chatham 
Created Gems (San Fran- 
cisco), illustrate some of 
the yellows produced by 
HPHT growth. Many are 
similar in hue and inten- 
sity to the natural yellow 
diamonds in this ring, 
which is courtesy of Alan 
Friedman, Beverly Hills, 
California. The loose 
synthetics weigh 
0.05-0.30 ct; the Fancy 
Intense yellow center 
diamond in the ring is 
1.09 ct, and the 93 yel- 
low melee weigh a total 
of 1.12 ct. Photo by 
Robert Weldon. 


shown by the metallic inclusions in synthetic dia- 
monds. The latter may also contain breadcrumb- 
like or pinpoint inclusions that are characteristic of 
laboratory growth. 


Anomalous Double Refraction due to Lattice 
Distortion. Diamond belongs to the cubic crystal 
system and is optically isotropic. However, most 
natural diamonds show anomalous double refrac- 
tion (ADR) when they are viewed between crossed 
polarizing filters, due to lattice distortion. This 
ADR can be divided into two types—one that is cre- 
ated during the growth process deep in the mantle, 
and one caused by post-growth plastic deformation 
of the diamond. A good example of plastic deforma- 
tion-caused ADR seen in type II diamonds is the so- 
called tatami pattern, which can distinguish natural 
type II diamonds from HPHT-grown synthetic type 
I diamonds (Lang, 1967). Although plastic deforma- 
tion-caused ADR may be seen in type I natural dia- 
monds, the fact that ADR due to distortion occurs 
only along internal growth sectors in HPHT-grown 
synthetic diamonds distinguishes them from natu- 
ral diamonds (Shigley, 1986). 


Ultraviolet Luminescence. Natural diamonds emit 
various fluorescence colors when exposed to UV radi- 
ation. Common colors are blue-white (originating 
from the N3 center}, orange (the NV center], and yel- 
low and green (the S1 or S3 centers and H3 center; 
Fritsch and Waychunas, 1994). These fluorescence 
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Figure 2. The GAA]-Zenhokyo laboratory has iden- 
tified yellow HPHT-grown synthetic diamond 
melee set with natural yellow melee in fine jewelry. 
In this ring, 12 melee (0.46 ct total weight) surround 
a 8.89 ct ruby. Only one of the 12 was natural (see 
arrow); all the others were synthetic. Photo by 
Masaaki Kobayashi. 


colors and their intensities correspond to some 
extent to specific types or colors of diamonds (Eaton- 
Magania et al., 2007). 

HPHT-grown synthetic diamonds also often 
show characteristic reactions to UV radiation. Type 
Ila colorless synthetic diamonds exhibit strong yel- 
low-white phosphorescence after exposure to short- 
wave UV, which is not seen in their natural counter- 
parts. Likewise, the orange fluorescence seen in pink 
synthetic stones is an indication of growth in a labo- 
ratory (Shigley et al., 2004). Another characteristic 
feature of HPHT-grown synthetic diamonds is the 
uneven fluorescence in a cross-like pattern that is 
associated with cubic growth sector zoning. HPHT- 
treated synthetic stones in highly saturated yellow 
colors may show a strong green-yellow lumines- 
cence to long- and short-wave UV that originates 
from a defect related to nickel (Shigley et al., 1993). 


Color Zoning. Color zoning may occur in natural 
diamonds due to differences in the incorporation of 
impurity elements (mainly nitrogen) during crystal 
growth. This uneven color distribution is generally 
observed parallel to the octahedral crystal faces. 
Plastic deformation after crystal growth or a vacan- 
cy disk lying on {111} planes also can produce 
brown or pink color zoning parallel to octahedral 
faces and often in intersecting patterns (Bangert et 
al., 2006); these features, too, may help identify nat- 
ural diamonds. 
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HPHT-grown synthetic diamonds have a crystal 
morphology different from that of natural diamond. 
Each internal growth sector (such as those sectors 
underlying cubic or octahedral faces) incorporates 
impurity elements in different concentrations; as a 
result, distinct color zoning corresponding to the 
arrangement of growth-sector zoning is generally 
observed with magnification. Hence, synthetic dia- 
monds often display color zoning with a combina- 
tion cross and square pattern, which is also an 
important identifying feature. 


Spectroscopy. Typically, synthetic diamonds cannot 
be identified by standard gemological testing alone, 
so more sophisticated spectroscopic and imaging 
techniques must also be employed. One key way to 
distinguish natural from synthetic diamonds is 
spectral analysis in the UV-visible region, with the 
presence of absorption due to the N3 center (415 
nm). The N38 center is a defect caused by the aggre- 
gation of three nitrogen atoms surrounding a vacan- 
cy; it is present in most natural diamonds, but it is 
not produced by normal diamond synthesis process- 
es (Welbourn et al., 1996). The DiamondSure instru- 
ment developed by the Diamond Trading Company 
(DTC) to distinguish natural and synthetic dia- 
monds operates on the basis of detecting the N3 
center. Another defect related to a Ni-N center may 
also be detected in the UV-visible spectrum of some 
synthetic diamonds (Lawson and Kanda, 1993). 

Fourier-transform infrared (FTIR) spectroscopy 
can reveal diamond type, as well as the existence of 
defects related to hydrogen or to the B’ center that 
are characteristic of natural diamonds (Allen, 1981, 
Kiflawi and Lawson 1999). 


X-ray Fluorescence Analysis. XRF analysis to detect 
the chemical composition of inclusions can be an 
effective way to recognize HPHT-grown synthetic 
diamonds. Since this method can analyze only the 
surface or near surface of an object, any inclusions 
need to be exposed on a polished facet of the dia- 
mond. In HPHT-grown synthetic diamonds, the 
flux-metal inclusions often reach the polished sur- 
faces. In such cases, the presence of Fe, Ni, or Co 
can reveal the synthetic origin of the stone. 


Cathodoluminescence (CL) Imaging. Sophisticated 
luminescence techniques can be very effective for 
the identification of natural or synthetic diamonds, 
because they clearly reveal the very different growth 
structures described above. One commonly used 
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instrument, the DTC DiamondView, employs 
strong deep-UV radiation to capture luminescence 
images of a diamond (Welbourn et al., 1996). 
Similarly, CL imaging employs an electron beam to 
create images of the gem’s growth structure. While 
the DiamondView is easier to operate, lumines- 
cence images obtained by electron beam in the CL 
technique are sharper. Also, the lower limit for the 
DiamondView is about 0.05 ct (see, e.g., Welbourn 
et al., 1996), but—coupled with an optical micro- 
scope—the CL instrument can be used to test dia- 
monds that are smaller than this. 

Although CL images of natural diamonds ideally 
will show a rectangular growth structure that is 
caused by an octahedral {111} sector, variations in 
impurity concentrations and growth conditions typ- 
ically lead to significant differences between stones 
in terms of observed growth patter, interval of zon- 
ing, fluorescence, and intensity of CL. Some dia- 
monds show very complicated images due to disso- 
lution and plastic deformation processes. These 
images are unique for each diamond and possibly 
may be used to identify specific diamonds 
(Sunagawa et al., 1998, Miyata et al., 1999). 

The CL images of synthetic diamonds are more 
predictable. They clearly show sector zoning, and 
an experienced operator will be able to visualize the 
morphology of the original crystal from this image. 


Photoluminescence (PL) Analysis. This spectral 
technique can detect some point defects when 
excited by lasers in the UV or visible-light range. 
Since 2000, this has become an important method 
for detecting HPHT treatment at gemological labo- 
ratories (Chalain et al., 2000). In natural diamonds, 
PL analysis reveals spectral peaks that originate due 
to various point defects, nitrogen-containing 
defects, and defects for which the cause has not yet 
been identified. Conversely, in HPHT-grown syn- 
thetic diamonds, PL analysis can reveal peaks that 
are related to metal solvents such as nickel. 


MATERIALS AND METHODS 


The samples used in this study included 870 loose 
yellow melee (see, e.g., figure 3) and 500 yellow 
melee in 30 items of jewelry submitted to the 
GAAJ-Zenhokyo Laboratory by a number of clients 
for identification reports. These yellow melee were 
submitted over a four-month period from the end of 
2006 into 2007. For the purposes of this study, we 
defined melee as diamonds smaller than 0.20 ct. 
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Figure 3. The study examined 870 loose yellow melee. 
All the samples shown here were originally submitted 
as a single parcel; testing revealed that a significant 
portion of them (the three bags in the lower row) were 
HPHT-grown synthetic diamonds. These samples 
ranged from 0.001 to 0.10 ct. Photo by H. Kitawaki. 


Twenty of the 30 jewelry items were set with 
3-12, yellow melee, and the remaining 10 items 
were set with 35 to as many as 66 stones. For the 
most part, the samples ranged between 0.01 and 0.15 
ct, but the smallest weighed 0.001 ct (again, see fig- 
ure 3). The jewelry items consisted of rings and pen- 
dants (figure 4). 

We studied all the loose and jewelry-set samples 
with standard gemological instrumentation. We 
used an Olympus gemological microscope to exam- 
ine inclusions, with magnification up to 60x and a 
narrow fiber-optic light source (diameter of 1-3 
mm) for illumination. UV fluorescence was 
observed in a dark room using long- and short-wave 
UV lamps manufactured by Manaslu Co. 


Infrared Spectroscopy. All the samples were tested 
by IR spectroscopy. The 870 loose stones were ana- 
lyzed by a Shimadzu IR Prestige-21 instrument 
equipped with a KBr beam splitter and DLATGS 
detector. This instrument can analyze extremely 
small loose diamonds and requires less time than 
the micro-FTIR technique used for analyzing 
mounted stones. The analytical range was 4000-400 
cm-!, resolution 4 cm=!, and total scans per spec- 
trum 20. When the signal-to-noise ratio was not ade- 
quate, the measurement was made with 1.0 cm"! 
resolution and 200-500 scans per spectrum. The 
monitor mode in 4 cm! resolution allows faster 
measurements. Although the data cannot be saved 
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to a computer in this mode, a measurement can be 
done in about 10 seconds (including positioning the 
sample on the microscope stage and data scanning). 
The samples set in jewelry were measured by 
FTIR microspectroscopy (micro-FTIR). This kind of 
IR measurement under a microscope has emerged 


Figure 4. The yellow 
melee in several items of 
jewelry were tested as 
part of this study. 
Although most of the 
stones were natural dia- 
monds, HPHT-grown 
synthetic diamonds 
(indicated here by 
atrows) were identified 
in approximately half 
the jewelry items tested. 
Photos by H. Kitawaki. 


relatively recently compared to the better-known 
Raman microspectroscopy (e.g., Macmillan and 
Hofmeister, 1988). It has been used in various fields; 
in geology, micro-FTIR has been applied to minerals 
in thin section to analyze hydrous microphases in 
areas as small as 10 x 10 um, to understand the 


Figure 5. A Shimadzu IR Prestige-21 FTIR spectrometer in conjunction with a Shimadzu AIM-8800 infrared microscope 
(left) was used to analyze each of the melee-size samples set in jewelry. By confirming the analytical site on the moni- 
tor, this configuration allows IR spectral analysis of a small area on a small sample (right). Photos by H. Kitawaki. 
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Figure 6. Many of the 
natural samples 
revealed the oriented 
needle-like (left) and 
highly reflective flake- 
like (right) inclusions 
often seen in yellow 
type Ib natural dia- 
monds. Photomicro- 
graphs by H. Kitawaki; 
magnified 65x. 


mechanism of water-rock interactions (Nakashima 
et al., 1989). However, we do not know of any prior 
report of its application to gemology. In the present 
study, we used the Shimadzu IR Prestige-21 spec- 
trometer in conjunction with a Shimadzu AIM- 
8800 infrared microscope (figure 5). 

Again, the measurement range was 4000-400 cm!, 
but a resolution between 0.5 and 16 cm! can be cho- 
sen. For routine work, we set the resolution at 4 cm! 
with a total of 20 scans per measurement. The IR 
microscope uses liquid nitrogen to cool the detector, 
but our sample measurement was done at room tem- 
perature. The instrument employs X15 Cassegrain 
objective/condenser mirrors, and its actual measure- 
ment range is 3-400 um. We set the following posi- 
tioning range for the sample stage, which can be 
adjusted automatically: X-axis—70 mm, Y-axis—30 
mm, and Z-axis—40 mm. The operator sets the sam- 
ple on the stage and then, viewing it on a monitor, 
designates the measurement location; the sample 
stage automatically moves to the desired spot for the 
analysis. With this arrangement, we were able to 
measure each sample set in jewelry individually. 


Cathodoluminescence Imaging. We used CL imaging 
to test a number of stones in 15 items of jewelry and 
250 loose samples that either were suspected of being 
synthetic or did not display positive proof of natural 


Figure 7. Natural dia- 
monds commonly show 
minute inclusions in a 
cloud-like formation 
(left) that in some stones 
have a wispy appearance 
(right). Photomicro- 
graphs by H. Kitawaki; 
magnified 35x. 
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origin with standard gemological tests and micro-IR 
analysis. Specifically, we used a Premier American 
Technologies Corp. ELM-3R cathodo-luminescope, 
with a vacuum chamber 125 mm deep, 170 mm 
wide, and 60 mm high. This was large enough to eas- 
ily hold the jewelry pieces in our sample base, 
although items with a height over 30 mm may block 
the electron beam. We were able to test nine loose 
melee (face up) at one time. The vacuum was 20—40 
millitorr, and observations were made under the con- 
ditions of 4—6 kV and 0.5 mA at room temperature. 


RESULTS 


Gemological Observations. Microscopic examina- 
tion revealed inclusions in all but a few of the sam- 
ples. About 20% showed the oriented needle-like 
inclusions with a shiny black luster and the highly 
reflective flake-like inclusions that are characteris- 
tic of natural diamonds (Crowningshield, 1994, fig- 
ure 6). We could not conclusively identify these 
inclusions, but we believe they were graphite or a 
sulfide mineral. The clouds of minute inclusions 
seen in more than half the samples examined also 
indicated natural origin. These clusters of white 
dots occasionally had a wispy appearance (figure 7). 
However, we also saw features indicating HPHT 
synthetic origin. Approximately 85 loose samples 
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Figure 8. These scattered white pinpoint inclusions 
indicate that this melee sample is a synthetic diamond. 
Photomicrograph by H. Kitawaki; magnified 65x. 


and several individual pieces of melee in 15 items of 
jewelry showed pinpoint-like inclusions. In contrast 
to the clouds of minute inclusions observed in the 
natural diamonds, these appeared as individual 
rounded shapes that were scattered irregularly 
throughout the stones (figure 8). Approximately 
10-20% of the samples with pinpoint inclusions 
also contained metallic inclusions (figure 9), which 
are obvious indications of HPHT synthesis. A simi- 
lar proportion of samples with pinpoint inclusions 
also contained breadcrumb-like inclusions (figure 
10). Both the metallic and breadcrumb-like inclu- 
sions are typically a solid phase of the flux-metal 
solvent in which the diamond grew, which was 
trapped during crystal growth. 

The vast majority (over 80%) of the samples 
showed weak fluorescence to long-wave UV radia- 
tion in slightly chalky yellow to orange colors, with a 
weaker reaction to short-wave UV. In general, these 
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were the same stones that had inclusions of presum- 
ably natural origin. The remaining samples were 
almost or completely inert to both wavelengths. 
However, this reaction was seen in samples with 
needle-like inclusions that indicated natural origin as 
well as in those containing scattered pinpoint-like or 
metallic inclusions that indicated synthetic origin. 


Infrared Spectroscopy. Most of the samples (~70%) 
were type Ia diamond, with a high nitrogen content; 
absorptions from the B center (a broad band with 
peaks at 1332, 1175, 1010, and 775 cm“) and 
platelets (1365 cm™') were detected. Many also 
showed hydrogen-related absorptions at 1405 cm7! 
(Davies et al., 1984) or several H-related features in 
the 3500-3100 cm! region (figure 11). In addition, a 
peak at 1430 cm™! is due to C-N absorption. The 
diamonds showing such spectroscopic features 
could be identified as natural in origin. 

Eighty-five loose samples and about 50 samples in 
the 15 items of jewelry with synthetic-appearing 
inclusions showed absorptions only from the C cen- 
ter (i.e., single substitutional nitrogen, 1344 and 1130 
cm-!, again, see figure 11). Perfect type Ib stones 
showing only the C center are very rare among natu- 
ral diamonds, so IR spectroscopy supported the iden- 
tification of these samples as synthetic. 

Among all the yellow melee tested, 170 loose 
stones and 100 samples in 15 items of jewelry 
showed a weak A center (a broad band with peaks 
at 1282, 1215, 1096, and 472 cm™') together with 
the C center. For the most part, these corresponded 
to stones containing oriented needle-like inclusions 
or cloud-like inclusions. Natural type Ib yellow dia- 
monds showing the A center are occasionally seen. 
However, synthetic diamonds produced at extreme- 
ly high temperatures, or HPHT-treated yellow 


Figure 9. Also character- 
istic of HPHT synthetic 
diamonds are inclu- 
sions of the solidified 
metallic flux, which 
were irregular in some 
of the melee (left) and 
well formed in others 
(right). Photomicro- 
graphs by H. Kitawaki; 
magnified 65x. 
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Gemological Uigests 


BERYL POCKET CONTAINS 
40 POUNDS GEM MATERIAL 
IN VARYING COLORS 


Discovered in 1947, in a pegmatite dike 
in Minas Gereas, was a pocket containing 
approximately 60 beryl crystals in various 
colors, of which roughly 80% were gem 
quality. Most important among the larger 
crystals were four blue measuring 11” x 2”, 
11” x 1%”, 7" x 1", and GY” x 1”, weigh- 
ing respectively 1218 grams, 798 grams, 
256 grams, and 160 grams. There was also 
a yellow-green crystal, 814” x 4” (2244 
grams) and a golden beryl, 2” x 4” (320 
grams). 

In addition, the pocket, which was the 
size of an ofdinary washtub, contained 50 
smaller crystals varying from 14” to 6” in 
size, all of varying colors. Roughly the 
pocket produced 40 pounds of gem quality 
beryl. 


This was certainly one of the most fan- 
tastic finds of gem materials yet discovered 
and the editors of Gems & Gemology regret 
that it is impossible to reproduce a color 
photograph of the crystais. The photograph 
shown on this page illustrates a golden beryl 
crystal with crystallized mica which was 
taken from the same pocket. This crystal 
which is now in the Smithsonian Institution 
measures 3” x 6” and weighs 1820 grams. 
Photographs and information through the 
courtesy of Allan Caplan, Importer, New 
York City. 


DE BEERS REPORTS 
PROGRESS ON RE- 
OPENING OF PREMIER 


According to an official report released 
by the De Beers Consolidated Mines, Ltd., 
Kimberley, the re-opening of the Premier 
Mine will be completed by the close of 1949 
and large scale production will be resumed 
early in 1950. 

When all equipment is installed and the 
mine operating at full capacity again, pro- 
duction of 1,000,000 carats per year is 
expected. At the close of 1948, the report 
states that 120,379 carats had been removed 
in compatison to 14,018 carats recovered 
during 1947. 

Because of the favorable results which 
were obtained with Heavy Media Sink and 
Float method of concentration at the Premier 
experimental station, the De Beers company 
has decided to install a plant of similar 
design and 10 tons per hour capacity at 
Kimberley. This will be used to test blue 
ground from Bultfontein, Dutoitspan, and 
Wesselton Mines. 

Total production from all of the De Beers 
Mines during 1948 was given as 1,048,- 
37734 carats which is an increase of 25,- 
953% carats over production of the previous 
year. 
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Figure 10. Breadcrumb-like inclusions of metallic flux 
are clear indicators that this sample is synthetic. 
Photomicrograph by H. Kitawaki; magnified 65x. 


synthetic diamonds, may show similar infrared 
spectra. Therefore, the combined presence of a 
weak A center with a C center is not diagnostic for 
natural or synthetic origin. 


Cathodoluminescence Observations. Among the 
diamonds in the jewelry items, those that were posi- 
tively identified as natural by IR spectroscopy often 
showed slightly cloudy orange-yellow to yellow 
luminescence and a square zonal structure surround- 


MID-IR ABSORPTION SPECTRA 


— IaA>IaB 
~ Ib/IaA 
- Ib 


ed by octahedral {111} growth horizons, both of 
which are characteristic of natural diamonds (figure 
12). However, some stones showed irregular patterns 
or an indistinct CL image. For example, a complicat- 
ed structure may indicate a natural origin, but it is 
difficult to interpret the growth history (figure 13, 
left). An indistinct CL image will not help identify 
the natural or synthetic origin (figure 13, right). 

For the most part, samples that showed a weak 
A center together with a C center in their FTIR 
spectra also showed linear CL patterns (slip bands; 
figure 14). This linear pattern with green-to-yellow 
luminescence originates from the H3 center 
(Welbourn et al., 1996); each of the fluorescing lines 
was parallel to octahedral faces and intersected one 
another. Such linear patterns in yellow diamonds 
are associated with plastic deformation and thus 
characterize the stone as natural. 

The samples that showed only the C center in 
FTIR analysis displayed growth zoning characteris- 
tic of synthetic diamonds (figure 15]. These images 
were composed of cubic {100} and octahedral 
growth sectors, among others. The most typical CL 
image for these samples was a combination of 
green-yellow cubic sectors, and inert octahedral sec- 
tors (again, see figure 15). Adding to this combina- 
tion, minor sectors that glowed blue-white, such as 
{110} or {113}, were often recognized (figure 16). 


Figure 11. These mid-IR 
spectra of jewelry-set melee 
reveal three types of natural 
and synthetic diamond. The 
black spectrum is of a natu- 
ral diamond with a domi- 
g nant IaA component at 
. 1282, 1215, and 1096 cnr"; 
a minor IaB component 
with a sharp peak at 1365 
cnt; and a peak at 1430 
cnt! related to C-N absorp- 
tion. Note also the H-related 
absorptions at 4496 cm, in 
the 3307-2786 cnr! region, 
and at 1405 cnr". The blue 
spectrum shows a natural 
diamond that is a mixture 
of type Ib with IaA. The red 
spectrum is of a pure type Ib 
synthetic diamond, charac- 
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terized by bands at 1344, 
1130, and (weaker) ~1282, 
1100, and 1050 cnr. 
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Also, though in small quantity, some stones 
showed orange-yellow luminescence in octahedral 
sectors and were inert in cubic sectors (figure 17). 

The luminescence color seen with a CL image 
is usually the same as that observed with UV radi- 
ation, although it is typically more intense with 
CL. However, the CL image and fluorescence to 
UV radiation sometimes may differ due to the 
lower penetration depth of CL (1-2 um, Ponahlo, 
1992) in comparison with UV radiation (such as 
that from the DiamondView; Simon Lawson, pers. 
comm., 2008). 


DISCUSSION 


At the GAAJ-Zenhokyo Laboratory, yellow synthet- 
ic diamonds in melee sizes have been documented 
since 2005, as loose stones and set in jewelry. The 
identification of melee-size synthetic diamonds also 
was reported by Simic and Burnett (2007), but for the 
most part their methods could not be applied to 
mounted stones. 
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Figure 12. These CL images 
show the square zonal struc- 
ture surrounded by octahedral 
{111} growth horizons charac- 
teristic of natural diamonds, 
as well as changes they under- 
go during growth. The mantle 
of the 0.15 ct diamond on the 
left has a rounded, irregular 
pattern, suggesting dissolution 
during crystallization. The 
ring-set 0.10 ct diamond on 
the right shows zigzag growth 
due to small stepped {111} 
faces. Photos by H. Kitawaki. 


Today, it is very unusual for us to find synthetics 
among all the diamonds identified at our laboratory, 
and it is unlikely that synthetic diamonds have 
flooded the gem market. As described above, howey- 
er, the results of this study suggest that almost 10% 
of 870 loose yellow melee diamonds that came in 
over this four-month period were synthetic, and 15 
out of the 30 jewelry items studied each contained 
on average about 10% HPHT-grown diamonds. The 
diamonds confirmed as HPHT synthetic at our labo- 
ratory were reported individually to the clients. For 
the jewelry items, the clients elected to replace the 
synthetic stones with natural diamonds after learn- 
ing our testing results. 

Identification of melee-sized yellow diamonds at 
the GAAJ-Zenhokyo Laboratory is performed in 
three steps: 


1. All diamonds are examined with a gemological 
microscope and their inclusions studied. 


2. All diamonds undergo micro-FTIR spectro- 
scopic analysis. 


Figure 13. Irregular pat- 
terns or unclear CL images 
were observed in some of 
the samples. Zoning paral- 
lel to an octahedral face 

at the center of the stone 
may indicate a natural 
origin (left). However, an 
indistinct CL image, such 
as that seen on the right, is 
not helpful in establishing 
a natural or synthetic 
origin. Photomicrographs 
by Hideaki Fukushima; 
magnified 20x. 
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Figure 14. The linear slip 
bands parallel to the 
{111} plane in these two 
CL images of yellow 
melee are associated 
with plastic deformation, 
which identifies the dia- 
monds as natural. The 
yellowish green color of 
the growth bands is due 
to the H3 center. 
Photomicrographs by 
magnified 20x. 


3. Diamonds for which the origin is still in ques- 
tion are examined by CL. 


In the first step, we look for characteristic inclu- 
sions, such as the oriented black needle-like inclu- 
sions and cloud-like clusters of minute inclusions 
that are typical of natural diamonds, or the irregu- 
larly distributed pinpoint-like inclusions that are 
seen in synthetics. The presence of metallic inclu- 
sions is proof of synthetic origin. 

In the second step, the use of an infrared micro- 
scope makes it possible to analyze several loose 
melee-size diamonds at one time, or those set in 
jewelry that could not be measured by normal FTIR 
analysis. The samples are observed on a computer 
monitor, and each can be identified as to its dia- 
mond type individually in a matter of seconds. 
Those stones that show the B center or platelets, or 
that show absorption related to hydrogen, are identi- 
fied as natural. Those that contain only the C center 
(i.e., single substitutional nitrogen) are likely to be 
synthetic. 


Figure 15. CL imaging iden- 
tified these yellow melee 
(left, loose; right, set in a 
pendant) as synthetic dia- 
monds. Cross-shaped 
growth patterns were seen in 
most synthetics, from the 
presence of cubic (yellowish 
green) and octahedral (inert) 
sectors. These zonal struc- 
tures are distinctly different 
from those seen in natural 
diamond. Photomicrographs 
by H. Kitawaki; magnified 
20x (left) and 18x (right). 
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In the third step, the CL images of natural dia- 
monds are differentiated by rectangular banding that 
is parallel to octahedral sectors, or slip bands parallel 
to octahedral sectors that intersect one another. The 
former pattern was observed in the type Ia stones, and 
the latter in type Ib. In contrast, HPHT-grown dia- 
monds show sector zoning that is mainly composed 
of a combination of cubic and octahedral sectors. 

In many of the CL images of synthetic diamonds 
observed in this study, the center of the original 
crystal was located on or near the center of the table 
of the faceted sample. This means that these melee 
were not cut from remnants of larger pieces, but 
rather were cut from small as-grown crystals (that 
is, almost as small as the melee). 

Using the procedures described, we can identify 
most natural and synthetic melee diamonds rela- 
tively quickly, a matter of a few minutes for loose 
samples. Examination of jewelry items with micro- 
FIIR may require more time to position and focus 
the individual stones, but nevertheless an item set 
with 10 melee can be analyzed in about 30 minutes. 
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Figure 17. A characteristic cross-shaped pattern is dis- 
played in this CL image of a loose synthetic diamond. 
The orange-yellow and inert regions are related to 
octahedral and cubic growth sectors, respectively. 
Photomicrograph by H. Kitawaki; magnified 20x. 
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Additional time may be needed to determine if a 
natural diamond has been treated, but that is 
beyond the scope of this article. 


CONCLUSION 


Synthetic diamonds in various colors such as yel- 
low, blue, and pink have been circulated in the gem 
market although in relatively small quantities. 
Those identified as synthetic to date in our labora- 
tory were produced by the HPHT method, and they 
were identified by standard gem testing methods 
combined with more advanced spectroscopic and 
cathodoluminescence imaging techniques. 

As more melee-size yellow synthetic diamonds 
are set in jewelry together with natural stones, their 
identification poses a new challenge for gemological 
labs. The three-step approach described in this 
study—examination with a microscope, micro-FTIR 
spectroscopy (to obtain the spectra of individual 
melee mounted in jewelry), and CL imaging—is 
effective in conclusively separating natural from syn- 
thetic diamonds. 
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AQUAMARINE, MAXIXE- TYPE BERYL, AND 
HYDROTHERMAL SYNTHETIC BLUE BERYL: 
ANALYSIS AND IDENTIFICATION 


Ilaria Adamo, Alessandro Pavese, Loredana Prosperi, Valeria Diella, 
David Ajo, G. Diego Gatta, and Christopher P. Smith 


Aquamarine, Maxixe-type (irradiated) beryl, and two types of hydrothermally grown synthetic 
blue beryl currently available in the marketplace were investigated by classical gemological 
methods, chemical analysis, and UV-Vis-NIR and mid-IR spectroscopy. These materials may be 
conclusively identified by a combination of these techniques. The Maxixe-type beryl (like natural- 
color Maxixe beryls) is distinguishable by its unusual dichroism, green UV fluorescence (when 
present), Fe-free chemical composition, and distinctive UV-Vis-NIR spectrum. The hydrothermal 
synthetic blue beryls can be discriminated from their natural counterparts on the basis of micro- 
scopic features, chemical composition, and visible and infrared spectroscopic features. 


quamarine has been one of the most popular 

gem materials for centuries, prized for its 

beauty and rarity. The color of aquamarine 
ranges from the familiar light blue to blue-green 
hues, to a rarer highly saturated dark blue (e.g., 
Rohtert et al., 2003; Laurs, 2005). However, a deep 
blue color is more typically associated with the 
color variety known as Maxixe beryl, discovered for 
the first time in Brazil in 1917 (Roebling and 
Tromnau, 1935; Schlossmacher and Klang, 1935), 
which typically fades on exposure to light. Similar 
beryl specimens appeared in the market around 
1973, but such material was artificially irradiated 
and was thus called Maxixe-type beryl (Nassau et 
al., 1976). 

Synthetic blue beryl has been produced by 
hydrothermal growth techniques since the late 1980s 
(Koivula and Kammerling, 1988, 1991; Nassau, 1990, 
1997). Tairus, a Thai/Russian joint venture, produces 
synthetic blue beryl in Russia and markets it out of 
Bangkok (Smirnov et al., 1999). A new hydrothermal 
synthetic blue beryl was unveiled by Malossi 
Gemme Create, Milan, Italy, during the 2006 Las 
Vegas JCK Show (A. Malossi, pers. comm., 2007). 
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This article presents a full characterization of a 
suite of aquamarines and other blue beryls of dif- 
ferent origins by classic gemological and contem- 
porary analytical techniques, in order to determine 
those features that may be diagnostic for their 
identification. 


MATERIALS AND METHODS 


We examined a total of 25 natural, treated, and syn- 
thetic blue beryl specimens (see, e.g., figure 1): four 
faceted Brazilian aquamarines (0.18 to 1.54 ct}; one 
faceted and one rough aquamarine from Nigeria (1.81 
and 54.02. ct, respectively); three faceted (0.08—-0.13 
ct) and two rough (7.30 and 8.20 ct} aquamarines 
(marketed as “True Blue” beryl] from the Yukon 
Territory, Canada; one faceted Maxixe-type (irradiat- 
ed) blue beryl (1.77 ct); three faceted Tairus 
hydrothermal synthetic blue beryls (2.03-3.50 ct}; 
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and eight faceted (2.70—5.12 ct) and two unfashioned 
(61.05 and 64.85 ct) Malossi hydrothermal synthetic 
blue beryls. 

All the faceted samples were examined by stan- 
dard gemological methods to determine their opti- 
cal properties (refractive indices, birefringence, and 
pleochroism), specific gravity, UV fluorescence, and 
microscopic features. 

Quantitative chemical analyses were performed 
on eight faceted samples (three aquamarines from 
Canada, one Maxixe-type beryl, and one Tairus and 
three Malossi synthetic blue beryls) using a JEOL 
JXA-8200 electron microprobe in wavelength-dis- 
persive mode. The following elements were mea- 
sured: Na, Mg, Al, Si, Cl, K, Ca, Ti, V, Cr, Mn, Fe, 
Cu, Rb, and Cs. The raw data were processed for 
matrix effects using a conventional ZAF routine 
from the JEOL series of programs. 

Unpolarized spectroscopic measurements over 
the near-infrared (9000-4000 cm-!) and mid-infrared 
(4000-400 cm-!) ranges were carried out on all but 
the Nigerian samples using a Nicolet Nexus Fourier- 
transform infrared (FTIR) spectrometer equipped 
with a diffuse reflectance accessory (DRIFT) and 
operating with a resolution of 4 cm!. 

Mid-IR spectra were also collected in transmission 
mode using KBr pellets (2 mg sample mixed with 200 
mg KBr], confining the related sampling to portions of 
two unfashioned specimens (one Canadian aquama- 
rine and one Malossi synthetic beryl). 
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Figure 1. This study 
examined three vari- 
eties of blue beryl: 
aquamarine, Maxixe- 
type (irradiated) blue 
beryl, and hydrother- 
mally grown synthetic 
blue beryl. Shown here 
are some of those sam- 
ples: two aquamarines 
from Brazil (far left, 
1.54 and 1.33 ct), one 
from Nigeria (bottom, 
1.81 ct), one Maxixe- 
type beryl (center, 1.77 
ct), two Tairus synthet- 
ics (top center, 2.03 ct 
and center right, 3.50 
ct), and one Malossi 
synthetic (top right, 
2.92 ct). Composite 
photo by Fred Kahn 
and Sun Joo Chung. 


Polarized ultraviolet-visible-near infrared (UV- 
Vis-NIR) spectroscopic measurements covering the 
250-3300 nm range were performed with a Perkin 
Elmer Lambda 950 spectrometer using a calcite 
polarizer (1 nm scan interval) on all samples except 
the Canadian and Nigerian aquamarines. 


RESULTS 


Visual Appearance. Natural aquamarine typically 
ranges from greenish blue to (a purer) blue of low-to- 
moderate saturation with a light to medium-dark 
tone. The natural samples in this study varied in 
hue, tone, and saturation (again, see figure 1]. The 
Canadian samples were darker and more saturated 
than either the Brazilian or Nigerian samples. The 
color of our Maxixe-type beryl was significantly 
more intense than that typically associated with 
aquamarine and had a slightly violet modifier. The 
Tairus and Malossi synthetic blue beryls were also 
significantly more saturated and much darker in 
tone than most aquamarine. The Malossi samples 
also had a distinct violet component. 


Standard Gemological Properties. The standard 
gemological properties of the samples included in 
this study are summarized in table 1. 

All the samples, with the exception of the Maxixe- 
type beryl, exhibited their stronger pleochroic 
color perpendicular to the c-axis (e-ray). As noted by 


Gems & GEMOLOGY FALL 2008 215 


Figure 2. Multi-phase fluid inclusions are a common 


feature in natural aquamarine. Photomicrograph by 
C. P. Smith; magnified 65x. 


previous researchers, the stronger pleochroic color for 
Maxixe-type beryl is observed parallel to the c-axis (o- 
ray). The Maxixe-type beryl was also the only sample 
that was not inert to both long- and short-wave UV 
radiation. 


Figure 3. The fine, parallel growth channels in 
this Maxixe-type beryl indicate the natural origin 
of the host. Photomicrograph by Giulio Chiodi; 
magnified 50x. 


Microscopy. The natural aquamarines and 
Maxixe-type beryl in this study had a wide variety 
of internal features indicative of their natural ori- 
gin: single- and multi-phase fluid inclusions (fig- 
ure 2), various patterns of healed fractures, crys- 
talline inclusions, and growth tubes (figure 3), as 


TABLE 1. Gemological properties of the natural and synthetic blue beryls investigated in this study. 


Natural Synthetic 
Property Aquamarine Maxixe-type Malossi Tairus 
Brazil Nigeria Canada eee) 
Color Medium blue Medium greenish Dark grayish blue Dark slightly violetish Dark violetish blue Dark grayish blue 
blue blue 
Diaphaneity Transparent Transparent Semitransparent Transparent Transparent Transparent 
to translucent 
Refractive 
indices n, = 1.586-1.590  n, = 1.586 n, = 1.601 n, = 1.588 n, = 1.590 n, = 1.586 
n, = 1.580-1.582  n, = 1.578 n, = 1.592-1.593 n, = 1.580 n, = 1.582 n, = 1.580 
Birefringence 0.006-—0.008 0.008 0.008—0.009 0.008 0.008 0.006 
Specific gravity 2.76 2.67 2.80-2.87 215 2.75-2.77 2.71 
Pleochroism® 
o-ray Pale greenish blue Pale greenish blue Pale greenish blue Dark blue Pale blue Pale greenish blue 
e-ray Medium blue Medium blue Dark blue Colorless Dark violetish blue Dark blue 
UV fluorescence 
Long-wave Inert Inert Inert Mod. deep green® Inert Inert 
Short-wave Inert Inert Inert Mod. yellowish Inert Inert 
green 
Internal features Crystals, two- Crystals, multi- Crystals, multi- Growth tubes, two-_ Irregular growth Irregular growth 
phase and liquid phase inclusions, phase inclusions, phase and liquid structures, “finger- structures, pinpoints, 
inclusions, “finger- growth tubes, “fingerprints,” inclusions prints,” fractures “fingerprints,” frac- 
prints,” growth fractures growth tubes, tures, seed plates 


tubes, growth lines, 
fractures 


growth lines, frac- 
tures, evidence of 
clarity enhancement 


4 All samples were uniaxial negative, and they showed strong dichroism. 


© Mod. = moderate. 


216 


IDENTIFICATION OF NATURAL AND SYNTHETIC BLUE BERYL 


GEMS & GEMOLOGY 


FALL 2008 


well as straight and angular internal growth struc- 
tures. Unhealed fractures were also observed in 
many of the aquamarine samples. However, the 
Canadian samples also revealed a blue and yellow 
“flash effect,” as is commonly observed in gems 
that have been clarity enhanced (refer to the 
“Discussion” of the mid-infrared spectroscopy 
results below). 

The Tairus and Malossi synthetic beryls also 
revealed several diagnostic internal features. 
Most notably, these consisted of distinctive irreg- 
ular internal growth structures (figures 4 and 5). 
Present in samples from both sources, but more 
common in those from Tairus, were healed-frac- 
ture “fingerprints” (figure 6), as well as open frac- 
tures. In addition, all the Tairus synthetic sam- 
ples contained groups of black pinpoint inclu- 
sions (figure 7), with remnants of the seed plates 
(in two out of the three Tairus samples; e.g., fig- 
ure 8) that are indicative of the artificial growth 
process. We did not observe any of these black 


Figure 4. This Malossi 
hydrothermal synthetic 
blue beryl exhibits irreg- 
ular growth features 
with a step-like shape 
that provide evidence of 
the sample’s synthetic 
origin. Photomicrographs 
by Giulio Chiodi (left, in 
immersion, magnified 
40x) and I. Adamo 
(right, magnified 35x). 


Figure 6. “Fingerprints” (healed fractures) such as this 
one in a Tairus sample were seen in both types of syn- 
thetics. Photomicrograph by Giulio Chiodi, in immer- 
sion; magnified 40x. 


inclusions or seed-plate remnants in our Malossi 
synthetic samples. 


Figure 5. The Tairus hydrothermal synthetic samples also showed widespread irregular growth structures that demon- 
strate they are synthetic. Photomicrographs by I. Adamo (left, magnified 20x) and C. P. Smith (right, magnified 32x). 
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Chemical Composition. The chemical compositions 
of three Canadian aquamarines, one Maxixe-type 
beryl, and one Tairus and three Malossi hydrother- 
mally grown synthetic blue beryls are presented in 
table 2 and plotted in figure 9. The low totals can be 


Figure 7. The Tairus 
synthetic beryls also 
contained numerous 
small, irregular black 
pinpoint inclusions. 
Photomicrographs by 
C. P. Smith (left, magni- 
fied 32x) and Giulio 
Chiodi (right, in immer- 
sion; magnified 50x). 


ascribed to the presence of water in both natural and 
hydrothermal synthetic beryls (e.g., Wood and 
Nassau, 1968; Deer et al., 1986). Totals can also be 
affected by variable amounts of lithium, which— 
like H,O—is undetectable by electron microprobe. 


TABLE 2. Average electron-microprobe analyses for the natural and synthetic blue 


beryls investigated in this study.@ 


Chemical Natural Synthetic 
vompeston Canada Maxixe-type Malossi Tairus 
(irradiated) 

Sample 1 2 3 A B Cc 

No. analyses 5 4 5 8 10 4 4 8 
Oxides (wt.%) 

SiO, 62.60 63.114 62.68 65.44 64.22 64.06 63.80 64.56 
Al,O, 75) 11.63 11.58 17.70 G75) 16.56 6:52 16.48 
FeO? 5.04 5.03 4.96 bdl 1.96 1.95 2.50 PL TES) 
MnO bdl bdl bdl bdl ORS 0.13 0.10 bdl 
K,O bdl bdl bdl 0.06 bdl bdl bdl bdl 
Na,O 2.24 2.40 2.24 0.47 0.07 0.12 0.13 bdl 
MgO lenG 1.80 1.69 bdl 0.12 0.21 0.22 bdl 
Cs,O bdl bdl bdl 0.70 bdl bdl bdl bdl 
CuO bdl bdl bdl bdl 2.95 1.69 ‘loys bdl 
BeO* 12.91 12.99 12.88 13.56 12.40 12.76 12.79 W657 

Total 96.30 96.96 96.03 97.93 98.62 97.48 97.63 97.16 
lons calculated on 18 oxygens 

Si 6.058 6.068 6.079 6.028 6.018 6.021 6.002 6.032 
Al 1.340 1.318 1.323 1.922 1.850 1.835 1.831 1.814 
Fe 0.408 0.404 0.402 bdl 0.154 0.153 0.197 0.215 
Mn bdl bdl bdl bdl 0.012 0.011 0.008 bdl 

K bdl bdl bdl 0.007 bdl bdl bdl bdl 
Na 0.420 0.448 0.422 0.084 0.013 0.022 0.023 bdl 
Mg 0.254 0.258 0.244 bdl 0.017 0.030 0.030 bdl 
Cs bdl bdl bdl 0.028 bdl bdl bdl bdl 
Cu bdl bdl bdl bdl 0.209 0.120 0.112 bdl 


4 Instrument operating conditions: accelerating voltage = 15 kV, beam current = 15 nA, count time = 20 seconds on 
peaks and 5 seconds on background. Standards: natural wollastonite (for Si, Ca), anorthite (for Al), fayalite (for Fe), 
olivine (for Mg), rhodonite (for Mn), omphacite (for Na), ilmenite (for Ti), K-feldspar (for K), pollucite (for Cs), and 
sodalite (for Cl); pure V, Rb, Cr, and Cu for those elements. Abbreviation: bal = below detection limit (in wt.%): 0.05 
FeO, 0.08 CuO, 0.04 MnO, 0.04 KO, 0.05 Na,O, 0.05 MgO, 0.04 Cs,0. Chlorine, calcium, titanium, vanadium, 
chromium, and rubidium were below the detection limit (0.05 wt.%) in all analyses. 


» Total iron is calculated as FeO. 
° Calculated assuming (Be+Cu)/Si=0.5. 
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Figure 8. Two of the Tairus synthetic beryls had rem- 
nants of the seed plate (see arrows). When present, 
this provides proof of synthetic origin. Note the 
widespread irregular growth structures, pinpoint 
inclusions, and “fingerprints.” Photomicrograph by 
Giulio Chiodi, in immersion; magnified 15x. 


Consistent with the chemical formula of beryl 
(Be,A1,Si,O,.), all the samples contained Si, Al, and 
Be as major elements. Minor but significant contents 
of Fe, Na, and Mg were recorded in the Canadian 
samples, whereas Na, Cs, and traces of K were 
recorded in the Maxixe-type sample. The Malossi 
synthetic blue beryls contained high amounts of Cu 


Figure 9. The average contents of Na,O, MgO, MnO, 
FeO, CuO, and Cs,O are shown for the various types 
of blue beryl investigated in the present study. 
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Figure 10. Representative mid-infrared spectra, taken 
in diffuse reflectance, showed features between 4000 
and 3400 cm (and to 3200 cm in the Canadian 
material) related to their water contents. The CO,- 
related signal at 2358 cm in the aquamarines and 
Maxixe-type beryl have thus far never been found with 
this strength in synthetics. The peaks between 3000 
and 2800 cm! in the Canadian aquamarine are relat- 
ed to the presence of a filler (for clarity enhancement). 


and Fe, as well as traces of Mg, Mn, and Na; however, 
Fe was the only minor element detected in the 
Tairus synthetic sample. 


Spectroscopy. Table 3 summarizes the most signifi- 
cant spectroscopic features of the natural, treated, 
and synthetic blue beryl samples we studied, which 
are described below. 


Mid-Infrared. The mid-infrared spectra revealed a 
multitude of absorption bands (figure 10). For all the 
samples, two dominant areas of absorption saturat- 
ed the detector in the 4000-3400 cm=! (extending to 
3200 cm! in the case of the Canadian aquamarines) 
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and 2250-400 cm! regions. A broad band centered 
between 3240 and 3220 cm! was also present in all 
samples. Another area of significant absorption was 
found at approximately 2400-2250 cm™! (again, see 
figure 10). In addition, we observed a series of bands 
in the Canadian samples in the region between 
~3000 and 2800 cm=! (the most dominant were at 
2964, 2930, and 2872 cmc). 


The presence of water in the beryl structure may 
be determined by careful analysis of mid-IR spectra 
collected in transmission mode on powdered materi- 
al in KBr pellets. This eliminates the total absorp- 
tion that otherwise occurs in significant regions of 
that spectrum, although it does require some dam- 
age to the original specimen. The IR pattern of a 
Malossi synthetic beryl that we acquired by this 


TABLE 3. Main spectroscopic features of the natural and synthetic blue beryls investigated in this study. 


Natural 


Synthetic 


Spectral region Aquamarine 


Brazil Canada 


Malossi 


Tairus 


Mid-IR 
(4000-2000 cm-*) 


Total absorption 
between 4000 and 
3400 cm-', anda 
band at about 3240 
cm-', related to water 
content 


Total absorption 
between 4000 and 
3200 cm-', witha 
band at 3240 cm“, 
related to water con- 
tent (in transmission 
mode, resolved as 
3591 and 3655 cm~! 
due to type II HO) 


Peaks at 3058, 3037, 
2964, 2930, and 2872 
cm-', due to an 
artificial resin 


Sharp peak at about 
2358 cm~", attributed 
to structural CO, 


Sharp peak at 2358 
cm, attributed to 
structural CO, 


Near-IR 
(9000-4000 cm-") 


Combination bands 
and overtones of type 
ll water molecules 


Combination bands 
and overtones of types 
| and Il water molecules 


UV-Vis-NIR 
(250-850 nm) 


Strong absorption Not tested 
band at 825 nm (o0- 
and e-ray), due to Fe?*; 
broad absorption 

band at about 640 nm 
(e-ray), assigned toa 
Fe*+<>Fe* charge 
process or to Fe?* in 
the channels 

Peaks at 370 nm (o- 
ray) and 427 nm (e- 
and o-ray), aSsoci- 
ated with Fe?+ 


Total absorption 
between 4000 and 
3400 cm-', anda 
band at about 3230 
cm", related to water 
content 


Strong band at about 
2358 cm-", attributed 
to structural CO, 


Combination bands 
and overtones of 
types | and II water 
molecules 


Set of bands over the 
500-700 nm range 
(573, 588, 605, 625, 
645, and 690 nm), re- 
lated to a radiation- 
induced color center; 
also present were 
bands at 311 nm (-ray) 
and 320 nm (0-ray) 


Total absorption 
between 4000 and 
3400 cm-', anda 
band at 3230 cm-t, 
related to water con- 
tent (in transmission 
mode, resolved as 
3595 and 3663 cm-' 
due to type II H,O, 
and 3698 cm-' due 
to type | H,O) 


Combination bands 
and overtones of 
types | and Il water 
molecules 

Total absorption be- 
tween 9000 and 6500 
cm, likely due to the 
high Cu?* content 


Strong absorptions 
below 360 nm and 
beyond 580 nm (o- 
ray) and 610 nm (e- 
ray), due to a combi- 
nation of Cu and Fe 
absorption features 


Peaks at 370 nm (0- 
ray) and 428 nm (e- 
and o-ray), associ- 
ated with Fe 

Bands at 475 and 540 
nm (o-ray) and 568 nm 
(e-ray), probably due to 
Mn+ (Ni$* could contri- 
bute to the 475 nm 
absorption feature) 


Total absorption 
between 4000 and 
3400 cm-', anda 
band at about 3220 
cm", related to water 
content 


Combination bands 
and overtones of 
types | and Il water 
molecules 


Strong absorption 
band at 825 nm (o- 
and e-ray), due to 
Fe**; broad absorption 
band at about 580 nm 
(e-ray), assigned to a 
Fe?+<>Fe%+ charge 
process or to Fe?* in 
the channels 

Peaks at 370 nm (o- 
ray) and 428 nm (e- 
and 0-ray) associ- 
ated with Fe?+ 
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method revealed two dominant absorption bands at 
3698 and 3595 cmr!, with a weaker third band posi- 
tioned at ~3663 cm~!, while the Canadian aquama- 
rine was characterized by two dominant bands at 
~3655 and 3591 cm! (figure 11). 


Near-Infrared. As illustrated in figure 12, the signifi- 
cant near-infrared absorption features—strong indi- 
vidual bands and a number of weaker bands— 
occurred in the regions of ~7300—6800 cm! and 
5650-5000 cm~!. Only the Malossi synthetic beryl 
exhibited total absorption beyond 6500 cm=!. 


UV-Vis-NIR. Polarized UV-Vis-NIR spectra in the 
280-850 nm range for four samples are shown in fig- 
ure 13. In general, all except the Maxixe-type blue 
beryl shared similar spectral features, characterized 
by a dominant absorption band at ~825 nm. In the 
spectra oriented perpendicular to the c-axis direction 
(e-ray), this band was modified by a side band at ~640 
nm in the Brazilian aquamarine and ~580 nm in the 
Tairus synthetic samples. An additional band posi- 
tioned at 427/428 nm was evident in spectra recorded 
for both the e-ray and o-ray, whereas a band at 370 
nm was only present in spectra oriented along the o- 
ray, and a weak band at ~358 nm was recorded only 
along the e-ray. 

In contrast, the absorptions recorded for the 
Maxixe-type sample consisted of a series of narrow 


Figure 11. Alkali-rich Canadian aquamarine and 
low-alkali Malossi synthetic beryl show different 
mid-infrared absorption spectra taken in transmis- 
sion mode on KBr pellets, because of different config- 
urations of the water molecules hosted by the struc- 
tural channels. Spectra offset vertically for clarity. 
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Figure 12. Near-infrared spectra in diffuse reflectance 
are shown for two aquamarines, a Maxixe-type beryl, 
and Malossi and Tairus synthetic blue beryls. All 
except the Canadian aquamarine (which is character- 
ized by the absence of type I water molecules) exhibit 
somewhat similar combination bands and overtones 
of type I and II water molecules. Note that the Malossi 
sample exhibits total absorption between 9000 and 
6500 cnr, most likely due to its high Cu** content. 


bands between 500 and 700 nm, with the primary 
band positioned at ~690 nm, and a series of associat- 
ed weaker bands at ~573, 588, 605, 625, and 645 nm 
(figure 13B). The stronger of this combined absorp- 
tion was oriented along the c-axis direction (o-ray). 
Two additional, independent bands that also exhibit- 
ed strongly pleochroic orientations were positioned 
at ~311 nm (e-ray) and 320 nm (o-ray). 

The Malossi synthetic blue beryl was character- 
ized by two strong absorptions, below about 360 nm 
and beyond ~580 nm (o-ray) and 610 nm (e-ray). A 
series of broad bands were also present, positioned at 
approximately 568 nm in the e-ray and at 475 and 
540 nm in the o-ray orientations. The band at ~428 
nm was evident in the spectra taken for both the 
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Figure 13. Polarized UV-Vis-NIR spectra are shown for four samples. The aquamarine and Tairus synthetic blue 
beryl exhibit absorption features associated with iron, whereas the pattern of the Malossi synthetic is mainly a 
combination of copper and iron absorptions. Manganese may be responsible for the broad bands at 475, 540, 
and 568 nm in the Malossi synthetic. The spectra of the Maxixe-type beryl are characterized by signals due to 


radiation-induced color centers. 


e- and o-ray orientations, whereas the band at 370 
nm was only present along the o-ray. 


DISCUSSION 


Standard Gemological Properties. The RI and SG 
values of the Brazilian and Nigerian samples were 
within the ranges reported for aquamarine (RI: 
1.572-1.590; SG: 2.66—2.80; O’Donoghue, 2.006). 
However, the Canadian samples had higher values, 
as previously reported by Rohtert et al. (2003). These 
differences are presumably related to the chemical 
composition (higher Fe, Mg, and Na) and denser 
inclusions of the Canadian beryls. The Maxixe-type 
(irradiated) sample had RI and SG values that are in 
agreement with the literature (e.g., Brown, 1993; 
Reinitz and Moses, 1997; Wentzell and Reinitz, 
1997) and are virtually identical to those of natural 
Maxixe beryl (Brown, 1993). The RI and SG values of 
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the Tairus synthetic specimens were similar to 
those reported by Schmetzer (1990) and Smirnov et 
al. (1999), whereas the Malossi synthetics had slight- 
ly higher values, owing to their compositional differ- 
ences (notably, the presence of Cu). However, the 
overlap in the ranges of RI and SG values means that 
these properties cannot be used reliably to discrimi- 
nate these materials from one another. 

The anomalous dichroism of Maxixe-type, as well 
as Maxixe, beryls is a diagnostic marker (Brown, 1993; 
Nassau, 1996; Reinitz and Moses, 1997; Wentzell and 
Reinitz, 1998). As reported by Brown (1993), the green 
UV fluorescence shown by the Maxixe-type sample is 
indicative of irradiation treatment. 


Microscopy. Magnification can provide important 
information for the separation of natural and syn- 
thetic blue beryl. Aquamarine and other natural blue 
beryls may be identified by a wide range of multi- 
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phase fluid inclusions; some mineral inclusions such 
as apatite, epidote, goethite, hematite, ilmenite, 
limonite, mica, quartz, spessartine, and tourmaline; 
as well as internal growth structures (see, e.g., 
Sinkankas, 1981; Lindt et al., 1986; Giibelin and 
Koivula, 2005). 

All the synthetic blue beryls studied exhibited 
diagnostic internal features that proved their artificial 
nature and were distinctive of hydrothermal growth. 
These included strongly undulating, step- and 
chevron-like growth structures, which were similar 
to those that have been reported for hydrothermal 
synthetic emeralds (see, e.g., Schmetzer, 1988; 
Schmetzer et al., 1997; Sechos, 1997; Adamo et al., 
2005; Giibelin and Koivula, 2005; Schmetzer et al., 
2.006). Residues of seed plates, when present, are also 
diagnostic of synthetic origin. 


Chemical Composition. Our samples could be readi- 
ly separated on the basis of their chemical composi- 
tion. The Canadian aquamarines had the highest 
FeO contents ever reported in the literature for a 
blue gem beryl, which were consistent with values 
reported for Canadian blue beryl by other researchers 
(Rohtert et al., 2003; Turner et al., 2007). 
Aquamarine specimens from other localities (e.g., 
Brazil, Mozambique, Nigeria, Arizona, and Italy) are 
also characterized by the presence of iron (e.g., 
Schaller et al., 1962; Graziani and Di Giulio, 1979, 
Deer et al., 1986; Lind et al., 1986; Aurisicchio et al., 
1988; Viana et al., 2002; Neiva and Neiva, 2005). Li, 
Na, Mg, K, Ca, and Cs are the most common minor 
elements usually present in aquamarine. Although 
the distinction of natural aquamarine from alkali- 
poor synthetic beryl was straightforward for most of 
the samples in our study, some natural stones—such 
as those from Nigeria (Lind et al., 1986)—have low 
alkali contents, so chemical composition alone 
should not be considered proof of origin. The 
absence of Fe, as well as of other chromophores, in 
irradiated Maxixe-type beryl and in untreated 
Maxixe beryl (Schlossmacher and Klang, 1935) will 
easily separate them from aquamarine. 

The presence of copper (CuO average 2.07 wt.%) 
is diagnostic of Malossi synthetic beryl. This well- 
known chromophore produces an intense blue col- 
oration in hydrothermal synthetic beryl (Koivula 
and Kammerling, 1988; Schmetzer et al., 2006). It is 
also present as a trace element in some hydrother- 
mally grown synthetic emeralds (Schmetzer, 1988; 
Mashkovtsev and Smirnov, 2004; Adamo et al., 
2005; Schmetzer et al., 2006). However, it has never 
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been reported in any natural aquamarine, Maxixe- 
type beryl, or Maxixe beryl. For information on the 
position of Cu in the crystal structure of synthetic 
beryl, see Adamo et al. (2008). 

Tairus synthetic blue beryl may be separated 
from alkali-rich natural aquamarines by its lower Fe 
content and absence of any significant Cu, Na, Mg, 
Mn, K, and Cs (see table 2. and Schmetzer et al., 
2006). Again, though, for Na/Mg-poor natural aqua- 
marines such as those from Nigeria (see, e.g., Lind 
et al., 1986), chemical composition alone does not 
provide a clear distinction. 


Spectroscopy. Mid-Infrared. All the samples revealed 
total absorption in the region of ~2250-400 cm, 
which is intrinsic to beryl, as well as ~4000—3400 
cnr!, which is related to the incorporation of water 
(see, e.g., Stockton, 1987; Adamo et al., 2005). 

The strong 2358 cm"! band found in natural aqua- 
marines and Maxixe-type beryl is attributed to struc- 
tural CO,, which is commonly present in many nat- 
ural and synthetic materials (Wood and Nassau, 
1967, 1968; Stockton, 1987; Aines and Rossman, 
1984; Charoy et al., 1996; Gatta et al., 2006; 
Andersson, 2006). In beryl, however, only the natural 
material can show a strong 2358 cm! peak; this fea- 
ture is generally weak or absent in the synthetic beryl 
reported to date (Stockton, 1987; Koivula et al., 1996; 
Mashkovtsev and Smimov, 2004; Choudhary and 
Golecha, 2007). We did not observe any of the charac- 
teristic bands attributed to chlorine and ammonium 
that are often found in hydrothermally grown syn- 
thetic emeralds (Schmetzer et al., 1997; Mashkovtsev 
and Solntsev, 2002; Mashkovtsev and Smimov, 2004; 
Adamo et al., 2005). 

The absorption features in the ~3000-2800 cm! 
range in the aquamarines from Canada indicate the 
presence of an organic, polymer-type filler (e.g., 
Johnson et al., 1999; Kiefert et al., 1999), in agree- 
ment with our microscopic observations. 

The two dominant absorption bands at 3698 and 
3595 cm! in the transmittance powder FTIR spec- 
trum of the Malossi synthetic blue beryl indicate the 
occurrence of water molecules in two different config- 
urations [type I and type II (Wood and Nassau, 1967, 
1968; Schmetzer and Kiefert, 1990; Charoy et al., 
1996; Mashkovtsev and Smirnov, 2004)]. The third, 
weaker and structured absorption band at approxi- 
mately 3663 cm! is usually also associated with type 
II H,O (Wood and Nassau, 1967, 1968; Farmer, 1974; 
Aines and Rossman, 1984; Charoy et al., 1996; Viana 
et al., 2002; Mashkovtsev and Smirnov, 2.004), 
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Box A: IDENTIFICATION 


SEPARATION BETWEEN NATURAL 

AND SYNTHETIC BLUE BERYL 

We found that the Malossi and Tairus synthetic blue 
beryls could be separated from their natural counter- 
parts on the basis of the following characteristics: 


Microscopic Features. The strongly irregular and dis- 
tinctive growth pattern we observed in all the synthet- 
ic samples provides clear evidence of hydrothermal 
synthesis. When present, the tiny black inclusions and 
seed-plate residues seen in the Tairus synthetic beryls 
are also diagnostic of hydrothermal growth in a labora- 
tory. Natural blue beryl may be identified by a wide 
range of multi-phase fluid inclusions, various mineral 
inclusions, as well as internal growth structures. 


Chemical Composition. All aquamarines are charac- 
terized by the presence of iron, which acts as the pri- 
mary chromophore. Li, Na, Mg, K, Ca, and Cs also can 
be present in variable amounts. In the case of high and 
moderate alkali-bearing aquamarines, separation from 
the alkali-poor Tairus synthetics is possible, but this 
fails in the case of some Na/Mg-poor aquamarines, 
such as Nigerian material. The presence of copper 
(average 2.07 wt.% CuO) in Malossi synthetic blue 
beryl allows a rapid distinction from natural beryl. 


Spectroscopic Measurements. Infrared spectroscopy 
can be diagnostic if one is able to establish the type of 
water molecules: If type I H,O is absent, the beryl 
specimen may be classified as natural; otherwise, the 
IR pattern is not distinctive. The detection of Cu by 
Vis-NIR is typical of the Malossi material. 


although it may also be related to hydroxyl ions 
(Schmetzer and Kiefert, 1990; Aurisicchio et al., 1994) 
and/or to a third type of water molecule (Andersson, 
2006). Such a combination of type I and II water in 
beryl is typical of low-alkali-content synthetic and 
natural beryl (Schmetzer and Kiefert, 1990). In con- 
trast, the IR spectrum of the Canadian aquamarine is 
distinctive in its absence of the 3698 cm=! absorption 
feature (type I H,O}, and it is generally diagnostic of an 
alkali-rich beryl (Schmetzer and Kiefert, 1990). 


Near-Infrared. The near-infrared spectra (9000-4000 
cm!) of all our samples revealed several absorption 
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SEPARATION OF AQUAMARINE FROM 
MAXIXE AND MAXIXE-TYPE BERYL 


We believe the following features provide means to 
distinguish between aquamarine and Maxixe/Maxixe- 


type beryl: 


Optical Properties: Dichroism. Both Maxixe and 
Maxixe-type beryls show pleochroic behavior with the 
dominant blue color parallel to the c-axis (i.e., down 
the o-ray), which is the opposite of natural aquamarine 
and the hydrothermally grown synthetics. 


Other Gemological Properties. Most Maxixe/ 
Maxixe-type beryls fade on exposure to light and/or 
heat. A green UV fluorescence reaction, when pres- 
ent, provides an additional indicator that the material 
is Maxixe-type beryl. 


Chemical Composition. The Fe chromophore is 
absent in Maxixe and Maxixe-type beryls, but it is 
abundant in all aquamarine from various localities. 
This confirms that the cause of color in Maxixe and 
Maxixe-type beryl is a radiation-induced color center. 


Spectroscopic Measurements. In keeping with their 
chemistry, no evidence of iron-related features occurs 
in the UV-Vis-NIR spectra of Maxixe and Maxixe- 
type beryls. A visible spectrum with a series of bands 
positioned between 500 and 700 nm will readily 
identify them. Color centers associated with the dif- 
ferent impurities in Maxixe and Maxixe-type beryls 
result in slightly different UV-Vis-NIR spectra for 
these two materials. 


features that can be attributed to combination 
bands and overtones of water molecules incorporat- 
ed into the beryl structure. These spectral features 
are related to the presence of both type I and II 
water molecules (Wood and Nassau, 1967; Mash- 
kovtsev and Smirnov, 2004), except for the 
Canadian aquamarine, which has no features relat- 
ed to type I H,O, as highlighted by mid-IR spec- 
troscopy in transmission mode. The occurrence of 
total absorption beyond ~6500 cm~!, attributable to 
the presence of Cu?* (Mashkovtsev and Smirnov, 
2004; Adamo et al., 2005; Schmetzer et al., 2006), is 
typical of the Malossi synthetic material. 
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UV-Vis-NIR. The Brazilian aquamarines and the 
Tairus synthetic blue beryls revealed a typical aqua- 
marine spectrum, with a dominant absorption band 
positioned at ~825 nm (with polarization both paral- 
lel and perpendicular to the o-ray) due to Fe** on two 
different lattice positions (Wood and Nassau, 1968; 
Goldman et al., 1978; Schmetzer, 1990; Burns, 1993, 
Taran and Rossman, 2001; Viana et al., 2002). A side 
band positioned at ~640 nm in the natural aquama- 
rine and ~580 nm in the Tairus synthetic material 
(with polarization perpendicular to the o-ray) is also 
present. This absorption feature has been assigned by 
some to an Fe?*¢>Fe** charge-transfer process (e.g,, 
Goldman et al., 1978; Schmetzer, 1990; Burns, 1993; 
Taran and Rossman, 2001), whereas others (e.g., 
Wood and Nassau, 1968; Viana et al., 2002) have sug- 
gested that it arises from Fe?* in the structural chan- 
nels. The peaks at 370 and 428 nm are related to Fe** 
(Goldman et al., 1978; Schmetzer, 1990; Burns, 1993; 
Viana et al., 2002; Adamo et al., 2005). 

Distinctive of the Malossi synthetic blue beryl 
was a very strong absorption (even more intense than 
in other samples) starting at ~610 nm (e-ray) and 580 
nm (o-ray) and extending to 1500 nm in the near-IR 
region, which may result from a combination of cop- 
per and iron absorptions (see, e.g., Mashkovtsev and 
Smimov, 2004; Adamo et al., 2005; Schmetzer et al., 
2006). The 370 and 428 nm Fe** absorption features 
were also present. The broad bands centered at 475, 
540, and 568 nm are probably related to Mn*, a chro- 
mophore known to produce pink, red, and violet 
hues in beryl (Burns, 1993; Shigley et al., 2001). Ni** 
might also contribute to the broad absorption feature 
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at about 475 nm (o-ray; Schmetzer, 1990), in agree- 
ment with its presence among the trace elements 
measured by LA-ICP-MS in one Malossi sample (see 
data in Adamo et al., 2008). 

The presence in the Maxixe-type beryl of narrow 
absorption features in the 500-700 nm range, with the 
dominant band at ~690 nm, as well as the vibronic 
structure that extends toward 400 nm, has been 
attributed to color centers associated with carbonate 
impurities that have been activated by irradiation 
(Nassau et al., 1976; Edgar and Vance, 1977; 
Andersson, 1979; Nassau and Prescott, 1981; Nassau, 
1996; Mathew et al., 1998, Andersson, 2006). In the 
original Maxixe beryl, these color centers are associat- 
ed instead with nitrate impurities, causing a slightly 
different visible spectrum (Andersson, 1979, Nassau, 
1996). Thus, the UV-Vis-NIR spectra for both Maxixe 
and Maxixe-type beryls provide reliable means to dis- 
tinguish these gem materials from aquamarine. 


CONCLUSIONS 


Aquamarine, Maxixe-type beryl, and hydrother- 
mally grown synthetic blue beryl may be readily 
distinguished using a combination of gemological, 
chemical, and spectroscopic features (see box A). 
Careful observation of pleochroism, fluorescence, 
and internal features (with magnification) can pro- 
vide useful indicators for gemologists with basic 
equipment. More-sophisticated techniques such as 
UV-Vis-NIR and mid-infrared spectroscopy, as 
well as chemical analysis, can provide clear proof 
of the identification. 


Brazil, the Maxixe-type blue beryl specimen, and the Tairus 
hydrothermal synthetic blue beryls; Alberto Malossi (Malossi 
Gemme Create, Milan) for providing the Malossi synthetic blue 
beryl samples; and C. R. “Cap” Beesley (AGL) for providing the 
aquamarine samples from Brazil and Nigeria. Dr. Giulio Chiodi 
(Vicenza, Italy), Fred Kahn, and Sun Joo Chung (AGL) are grate- 
fully acknowledged for some photos. The authors are indebted 
for technical assistance to: Dr. Vanda Rolandi (University of 
Milan—Bicocca, Italy) and Stefano Villa (IGI, Milan) for collabora- 
tion in the collection of photomicrographs; Dr. Marcello Picollo, 
Bruno Radicati (CNR, Florence), and Franco De Zuane (CNR, 
Padua) for preliminary nonpolarized UV-Vis-NIR spectroscopy; 
and Dr. Nicola Rotiroti (University of Milan) for collaboration in X- 
ray single-crystal data collection and structure refinement. Dr. 
Karl Schmetzer (Petershausen, Germany) is thanked for his use- 
ful suggestions. The manuscript benefited considerably from the 
critical reviews of Dr. Lee A. Groat and Dr. Michael S. 
Krzemnicki. This study was supported through the Ingenio 
Global Grant project by the European Social Fund, the Italian 
Ministry of Labour and Welfare, and the Lombardy Region. 


Gems & GEMOLOGY FALL 2008 225 


REFERENCES 


Adamo I., Gatta G.D., Rotiroti N., Diella V., Pavese A. (2008) 
Gemmological investigation of a synthetic blue beryl: A multi- 
methodological study. Mineralogical Magazine (in press). 

Adamo I., Pavese A., Prosperi L., Diella V., Merlini M., Gemmi M., Ajo D. 
(2005) Characterization of the new Malossi hydrothermal synthetic 
emerald. Gems &) Gemology, Vol. 41, No. 4, pp. 328-338. 

Aines R.D., Rossman G.R. (1984) The high temperature behavior of water 
and carbon dioxide in cordierite and beryl. American Mineralogist, 
Vol. 69, No. 3/4, pp. 319-327. 

Andersson L.O. (1979) The difference between Maxixe beryl and Maxixe- 
type beryl: An electron paramagnetic resonance investigation. Journal 
of Gemmology, Vol. 16, No. 5, pp. 313-317. 

Andersson L.O. (2006) The position of H*, Lit and Na* impurities in beryl. 
Physics and Chemistry of Minerals, Vol. 33, No. 6, pp. 403-416. 

Aurisicchio C., Fioravanti G., Grubessi O., Zanazzi P.F. (1988) Reappraisal 
of the crystal chemistry of beryl. American Mineralogist, Vol. 73, No. 
7/8, pp. 826-837. 

Aurisicchio C., Grubessi O., Zecchini P. (1994) Infrared spectroscopy and 
crystal chemistry of the beryl group. Canadian Mineralogist, Vol. 32, 
No. 1, pp. 55-68. 

Brown G. (1993) Maxixe-type beryls. Ghost from the past. Australian 
Gemmologist, Vol. 18, No. 7, pp. 215-221. 

Burns R.G. (1993) Mineralogical Applications of Crystal Field Theory, 2nd 
ed. Cambridge Topics in Mineral Physics and Chemistry, Cambridge 
University Press, Cambridge, UK. 

Charoy B., De Donato P., Barres O., Pinto-Coelho C. (1996) Channel occu- 
pancy in an alkali-poor beryl from Serra Branca (Goias, Brazil): 
Spectroscopic characterization. American Mineralogist, Vol. 81, No. 3/4, 
pp. 395-403. 

Choudhary G., Golecha C. (2007) Gem News International: New Tairus 
synthetic beryl simulating “Paraiba” tourmaline. Gems & Gemology, 
Vol. 43, No. 4, pp. 385-387. 

Deer W.A., Howie R.A., Zussman J. (1986) Disilicates and Ring Silicates. 
Rock-Forming Minerals, Vol. 1B, Geological Society of London, UK, 
pp. 373-409. 

Edgar A., Vance E.R. (1977) Electron paramagnetic resonance, optical 
absorption, and magnetic circular dichroism studies of the CO; molec- 
ular-ion in irradiated natural beryl. Physics and Chemistry of 
Minerals, Vol. 1, No. 2, pp. 165-178. 

Farmer V.C. (1974) The Infrared Spectra of Minerals. Mineralogical 
Society, London. 

Gatta G.D., Nestola F., Bromiley G.D., Mattauch S. (2006) The real topo- 
logical configuration of the extra-framework content in alkali-poor 
beryl: A multi-methodological study. American Mineralogist, Vol. 91, 
No. 1, pp. 29-34. 

Goldman D.S., Rossman G.R., Parkin K.M. (1978) Channel constituents in 
beryl. Physics and Chemistry of Minerals, Vol. 3, No. 3, pp. 225-235. 

Graziani G., Di Giulio V. (1979) Growth of aquamarine crystal from Brazil. 
Neues Jahrbuch ftir Mineralogie—Monatshefte, Vol. 3, pp. 101-108. 

Gibelin E,J., Koivula J.I. (2005) Photoatlas of Inclusions in Gemstones, 
Vol. 2. Opinio Publishers, Basel, Switzerland. 

Johnson M.L., Elen S., Muhlmeister S. (1999) On the identification of var- 
ious emerald filling substances. Gems &) Gemology, Vol. 35, No. 2, 
pp. 82-107. 

Kiefert L., Hanni H.A., Chalain J-P., Weber W. (1999) Identification of filler 
substances in emeralds by infrared and Raman spectroscopy. Journal of 
Gemmology, Vol. 26, No. 8, pp. 501-520. 

Koivula J.1., Kammerling R.C. (1988) Gem News: Unusual synthetic beryls 
from the Soviet Union. Gems &) Gemology, Vol. 24, No. 4, pp. 252-253. 

Koivula J.., Kammerling R.C. (1991) Gem News: More Soviet synthetics. 
Gems & Gemology, Vol. 27, No. 1, pp. 55. 

Koivula J.I., Kammerling R.C., DeGhionno D., Reinitz I., Fritsch E., 
Johnson M.L. (1996) Gemological investigation of a new type of 
Russian hydrothermal synthetic emerald. Gems &) Gemology, Vol. 32, 
No. 1, pp. 32-39. 

Laurs B.M. (2005) Gem News International: Saturated blue aquamarine 
from Nigeria. Gems &) Gemology, Vol. 41, No. 1, p. 56. 

Lind T., Schmetzer K., Bank H. (1986) Blue and green beryls (aquamarines 
and emeralds) of gem quality from Nigeria. Journal of Gemmology, 
Vol. 20, No. 1, pp. 40-48. 

Mashkovtsev R.I., Smirnov S.Z. (2004) The nature of channel constituents 
in hydrothermal synthetic emerald. Journal of Gemmology, Vol. 29, 
No. 3, pp. 129-141. 

Mashkovtsev R.I., Solntsev V.P. (2002) Channel constituents in synthetic 
beryl: Ammonium. Physics and Chemistry of Minerals, Vol. 29, No. 1, 


226 IDENTIFICATION OF NATURAL AND SYNTHETIC BLUE BERYL 


pp. 65-71. 

Mathew G., Karanthy R.V., Gundu Rao T.K., Deshpande R.S. (1998) 
Maxixe-type colour centre in natural colourless beryl from Orissa, 
India: An ESR and OA investigation. Journal of Gemmology, Vol. 26, 
No. 4, pp. 238-251. 

Nassau K. (1990) Synthetic gem materials in the 1980s. Gems & 
Gemology, Vol. 26, No. 1, pp. 50-63. 

Nassau K. (1996) On the identification and fade testing of Maxixe beryl, 
golden beryl and green aquamarine. Journal of Gemmology, Vol. 25, 
No. 2, pp. 108-115. 

Nassau K. (1997) The chronology of synthetic gemstones. Journal of 
Gemmology, Vol. 25, No. 7, pp. 453-516. 

Nassau K., Prescott B.E. (1981) Nonfading Maxixe-type beryl? Gems & 
Gemology, Vol. 17, No. 4, pp. 217-219. 

Nassau K., Prescott B.E., Wood D.L. (1976) The deep blue Maxixe-type color 
center in beryl. American Mineralogist, Vol. 61, No. 1/2, pp. 100-107. 
Neiva A.M.R., Neiva M.CJ. (2005) Beryl from the granitic pegmatite at 
Nativo, Alto Ligonha, Mozambique. Neues Jahrbuch fiir Mineralogie, 

Abhandlungen, Vol. 181, No. 2, pp. 173-182. 

O'Donoghue M. (2006) Gems, 6th ed. Butterworth-Heinemann, Oxford, UK. 

Reinitz I., Moses T. (1997) Lab Notes: Beryl, treated color. Gems & 
Gemology, Vol. 33, No. 4, p. 293. 

Roebling W., Tromnau H.W. (1935) Maxixeberyll. Il. Zentralblatt ftir 
Mineralogie, Geologie und Paldontologie, Vol. A, pp. 134-139. 

Rohtert W.R., Quinn E.P., Groat L.A., Rossman G.R. (2003) Gem News 
International: Blue beryl discovery in Canada. Gems & Gemology, 
Vol. 39, No. 4, pp. 327-329. 

Schaller W.T., Stevens R.E., Jahns R.H. (1962) An unusual beryl from 
Arizona. American Mineralogist, Vol. 47, No. 5/6, pp. 672-699. 

Schlossmacher K., Klang H. (1935) Der Maxixeberyll. I. Zentralblatt ftir 
Mineralogie, Geologie und Paldontologie, Vol. A, pp. 37-44. 

Schmetzer K. (1988) Characterization of Russian hydrothermally grown 
synthetic emeralds. Journal of Gemmology, Vol. 21, No. 3, pp. 145-164. 

Schmetzer K. (1990) Hydrothermally grown synthetic aquamarine manu- 
factured in Novosibirsk, USSR. Gems # Gemology, Vol. 26, No. 3, pp. 
206-211. 

Schmetzer K., Kiefert L. (1990) Water in beryl—A contribution to the sepa- 
rability of natural and synthetic emeralds by infrared spectroscopy. 
Journal of Gemmology, Vol. 22, No. 4, pp. 215-223. 

Schmetzer K., Kiefert L., Bernhardt H-J., Beili Z. (1997) Characterization of 
Chinese hydrothermal synthetic emerald. Gems &) Gemology, Vol. 33, 
No.4, pp. 276-291. 

Schmetzer K., Schwarz D., Bernhardt H-J, Hager T. (2006) A new type of 
Tairus hydrothermally-grown synthetic emerald, coloured by vanadi- 
um and copper. Journal of Gemmology, Vol. 30, No. 1/2, pp. 59-74. 

Sechos B. (1997) Identifying characteristics of hydrothermal synthetics. 
Australian Gemmologist, Vol. 19, No. 9, pp. 383-388. 

Shigley J.E., McClure S.F., Cole J.E., Koivula J.L., Lu T., Elen S., Demianets 
L.N. (2001) Hydrothermal synthetic red beryl from the Institute of 
Crystallography, Moscow. Gems # Gemology, Vol. 37, No. 1, pp. 
42-55. 

Sinkankas J. (1981) Emerald and Other Beryls. Chilton Book Co., Radnor, 
PA 


Smirnov S., Mashkovtsev R., Thomas V., Maltsev V., Alexey I, Anastasiya 
B. (1999) New hydrothermal synthetic gemstones from Tairus, 
Novosibirsk, Russia. Gems &) Gemology, Vol. 35, No. 3, pp. 175-176. 

Stockton C.M. (1987) The separation of natural from synthetic emerald. 
Gems & Gemology, Vol. 23, No. 2, pp. 96-99. 

Taran M.N., Rossman G.R. (2001) Optical spectroscopy study of tuhualite 
and a re-examination of the beryl, cordierite, and osumilite spectra. 
American Mineralogist, Vol. 86, No. 9, pp. 973-980. 

Turner D., Groat L.A., Hart C.J.R., Mortensen J.K., Linnen R.L., Giuliani 
G., Wengzynowski W. (2007) Mineralogical and geochemical study of 
the True blue aquamarine showing, southern Yukon. Canadian 
Mineralogist, Vol. 45, No. 2, pp. 203-227. 

Viana R.R., Jordt-Evangelista H., Magela da Costa G., Stern W.B. (2002) 
Characterization of beryl (aquamarine variety) from pegmatites of 
Minas Gerais, Brazil. Physics and Chemistry of Minerals, Vol. 29, No. 
10, pp. 668-679. 

Wentzell C.Y., Reinitz I. (1998) Lab Notes: Maxixe beryl, faded and fading. 
Gems & Gemology, Vol. 34, No. 4, pp. 284-285. 

Wood D.L., Nassau K. (1967) Infrared spectra of foreign molecules in beryl. 
Journal of Chemical Physics, Vol. 47, No. 7, pp. 2220-2228. 

Wood D.L., Nassau K. (1968) The characterization of beryl and emerald by 
visible and infrared absorption spectroscopy. American Mineralogist, 
Vol. 53, No. 5/6, pp. 777-800. 


GEMS & GEMOLOGY FALL 2008 


2ND GEMOLOGICAL RESEARCH CONFERENCE 


AuGus 21-23 2009 <a TOWN & Cr NTRY RESORT 


AS 


> CONVENTION CENTER @ : DitGo, CALIFORNIA 


To exp lore the latest technical developments in the field, the 
Gemological Institute of America is organizing its second 
Gemological Research Conference (GRC). The GRC is designed 
to provide a platform for sharing expertise and ideas. The event 
will feature: 


@ World-renowned keynote speakers 
Cutting-edge oral and poster presentations and panel discussions 


@ Two parallel tracks emphasizing technical gemology and jewelry/ 
business issues 


@ International, multi-disciplinary participation, including a session 
co-organized by the Mineralogical Society of America 


@ Photography contest and workshops 
Field trips to historic gem pegmatites in San Diego County 


CALL FOR ABSTRACTS 
Prospective oral and poster presenters should submit their abstracts 


(up to 400 words plus one figure or table) via the conference website 
by March 1, 2009. All abstracts will be reviewed for appropriateness 


and scientific merit by members of the GRC Advisory Committee. 
Abstracts for all presentations given at the conference will be pub- 
lished in a proceedings volume. 


IMPORTANT DATES 
March 1, 2009 Abstract submission deadline 


May 1, 2009 Notice of acceptance/rejection of abstracts 
May 15, 2009 Travel grant application deadline 

June 1, 2009 Early (discounted) registration deadline 
June 1, 2009 Oral/poster presenter registration deadline 
FIELD TRIPS 


Optional field trips will take a limited number of GRC participants 
to the gem pegmatite mines of San Diego County. 


The poster session and cocktail reception are sponsored by the 
Gem & Jewellery Export Promotion Council, India 


GR@ 


hosted by: 


‘TECHNICAL PROGRAM 


The 2009 GRC will feature invited keynote speakers and sub- 
mitted oral and poster presentations, in two parallel tracks. An 
opening plenary presentation will be given by noted California 
Institute of Technology mineralogist Dr. George Rossman. 
Following are the main session themes and keynote speakers: 


Track 1: Gemology 

Colored Stone Identification 

Keynote: Dr. Michael Krzemnicki, SSEF Swiss 
Gemmological Institute 


Diamond Identification 
Keynote: Dr. Alexander Zaitsev, City Univ. of New York 


Gem Characterization Technology and Instrumentation 
Keynote: Dr. Alan Koenig, U.S. Geological Survey 
Gem Treatment and Synthesis 

Keynote: Dr. Robert Linares, Apollo Diamond Inc. 
Gemstone Inclusions 

Keynote: John Koivula, GIA 

General Gemology 

Keynote: Shane McClure, GIA 

Geology of Gem-Forming Environments 

(co-organized by the Mineralogical Society of America) 
Keynote: Dr. Thomas Stachel, University of Alberta 
New Gem Localities 

Keynote: Dr. Dietmar Schwarz and Vincent Pardieu, 
Giibelin Gem Lab 


Track 2: Jewelry/Business/Pearls 


Color Description and Appraising of Gems 
Keynote: Gail Brett Levine, National Assn. of Jewelry Appraisers 


Fair Trade and Environmental Issues in Gemology 
Keynote: Dr. Saleem Ali, University of Vermont 


Gem Market Research, Economics, and Legal Issues 
Keynote: David Hargreaves, New African Mining AG 


Jewelry History, Gems in Cultural Heritage, and Museum Studies 
Keynote: Cigdem Lule-Whipp, GIA London 


Jewelry Manufacturing Technology 
Keynote: Jeff High, Gemvision Inc. 


Pearls and Organic Gems 
Keynote: Kenneth Scarratt, GIA Thailand 


CONTACT US 


For more information, visit www.grc2009.gia.edu, 
e-mail grc2009@gia.edu, or contact: 


Dr. James E. Shigley Brendan M. Laurs Dona M. Dirlam 
(Conference Co-Chair) (Conference Co-Chair) (Poster Session) 
Tel: 760-603-4019 Tel: 760-603-4503 Tel: 760-603-4154 
Fax: 760-603-4021 Fax: 760-603-4595 Fax: 760-603-4256 


E-mail: jshigley@gia.edu  _ E-mail: blaurs@gia.edu E-mail: ddirlam@gia.edu 


92008-4602 | 


Notes & NEW TECHNIQUES 


A NEW TYPE OF 
SYNTHETIC FIRE OPAL: MEXIFIRE 


Gagan Choudhary and Rajneesh Bhandari 


Synthetic opals have been produced and used 
in jewelry for more than three decades, and 
various imitation opals have been introduced in 
the trade. This article describes a new type of 
synthetic fire opal marketed as “Mexifire.” 
Some of the gemological properties of this syn- 
thetic are similar to those of natural fire opal. 
However, a low SG value (<1.77) offers strong 
evidence of synthetic origin, and further indica- 
tions are provided by a relatively low RI value 
(<1.40) and the presence of scattered pinpoints 
when examined with magnification. 


atural fire opal is known mainly from Mexico 

(see, e.g., Spencer et al., 1992). Other locations 
include Kazakhstan, Turkey (O’Donoghue, 2.006), 
Ethiopia (Johnson et al., 1996), Oregon (Laurs and 
Quinn, 2003), and Java (Sujatmiko et al., 2005). The 
high value and commercial interest in fire opal from 
various locations has stimulated the production of 
synthetic counterparts. 

Natural opal is hydrated silica, amorphous to micro- 
crystalline, with the chemical formula SiO,-nH,O 
(Webster, 2002). Soon after the structure of opal was 
determined, in 1964, the first attempt at manufacturing 
synthetic opal was reported; it was introduced com- 
mercially in 1975 (see, e.g., Smallwood, 2003). 


See end of article for About the Authors. 
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Synthetic opal is produced by a number of sources, 
including Gilson, Kyocera/Inamori, and some Russian 
manufacturers (e.g., Quinn, 2003; Smallwood, 2.003). 
Several varieties are available, with or without play- 
of-color, ranging from white and black to pink, 
orange, or brown. This article describes the properties 
of a new type of synthetic fire opal (figure 1) developed 
by one of the authors (RB) and manufactured by Rhea 
Industries, which is marketed as “Mexifire.” 

Most of the synthetic opal produced in the past 
showed distinct play-of-color, which was caused by a 
three-dimensional array of uniformly sized particles 
(Nassau, 1980; Schmetzer, 1984; Smallwood, 2.003). 
These synthetic play-of-color opals can be achieved 
by: (1) producing suitably uniformly sized silica 
spheres; (2) settling these spheres into a close-packed 
structure; and then (3) solidifying, aggregating, dehy- 
drating, and compacting the array into a stable prod- 
uct. The Mexifire synthetic opals do not exhibit play- 
of-color and are made using a different process (modi- 
fied sol gel). Under specific conditions, silica precur- 
sors (tetraethyl orthosilicate [TEOS] in this case) are 
used to produce a matrix of silica, which is similar to 
the structure of natural fire opal. As in natural fire 
opal (Fritsch et al., 1999, 2006), the orange color is 
caused by traces of iron. Unlike natural opal, these 
synthetic opals do not craze (see below). 


MATERIALS AND METHODS 

We examined 38 faceted fire opals: 26 synthetic 
(0.23-3.50 ct; again, see figure 1) and 12 natural that 
were said to be from Mexico (0.30-4.00 ct; e.g., figure 
2). Only a limited range of sizes for synthetic samples 
is reported here, but larger pieces may become avail- 
able in the future. 
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Standard gemological tests were performed on all 
samples. Refractive index was measured using a 
GemLED refractometer. Hydrostatic specific gravity 
was determined using a Mettler Toledo CB 1503 
electronic balance. A polariscope was used to check 
for strain patterns. Fluorescence was checked with 
exposure to long-wave (365 nm) and short-wave (254 
nm) UV radiation. Absorption spectra were observed 
with a desk-model GIA Prism 1000 spectroscope. 
We examined the internal features of the samples 
using both a binocular gemological microscope (with 
fiber-optic and other forms of lighting, including 
darkfield and brightfield) and a horizontal micro- 
scope with the samples immersed in water. 

Energy-dispersive X-ray fluorescence (EDXRF) 
qualitative chemical analyses of all 38 samples were 


Figure 2. Among the 
natural fire opals studied 
for a comparison to the 
Mexifire synthetics are 
these brownish orange 
(left, 0.30-0.86 ct) and 
orangy yellow samples 
(right, 0.67-0.81 ct), all 
of which are reportedly 
from Mexico. Photos 
by G. Choudhary. 
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Figure 1. These 
samples (0.23-3.50 
ct) of synthetic fire 
opal, marketed as 
“Mexifire,” were 
studied for this 
report. Photo by 

G. Choudhary. 


performed using a PANalytical Minipal 2 instru- 
ment under two different conditions: Elements with 
low atomic number (e.g., Si) were measured at 4 kV 
tube voltage and 0.850 mA tube current; transition 
and heavier elements were measured at 15 kV and 
0.016 mA. 

Infrared spectra of all 38 samples were recorded 
in the 6000-400 cm! range at a standard resolution 
of 4 cm™! and 50 scans per sample using a Nicolet 
Avatar 360 Fourier-transform infrared (FTIR) spec- 
trometer at room temperature with a transmission 
accessory. Multiple IR spectra were collected to find 
the orientation of best transmission, which was 
greatly affected by the cut of the samples. 

Several tests for possible crazing were conducted 
over a period of one year. A total of 20 additional 
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Mexifire synthetic opals and 10 additional natural 
fire opals were placed under a 100 watt lamp for 240 
hours. The samples were observed at regular intervals 
for signs of crazing. 


RESULTS AND DISCUSSION 


Visual Characteristics. The 26 Mexifire synthetic 
opals ranged from medium-to-dark brownish orange 
to orangy yellow (again, see figure 1). The 12. natural 
fire opals tested for comparison fell into two color 
groups: One was a brownish orange similar to the 
Mexifire product (again, see figure 2, left), while the 
other was a brighter orangy yellow (figure 2, right). 
All the synthetics were evenly colored when viewed 
from the table. When viewed from the side, one of 
them was darker in the girdle area than in the pavil- 
ion (figure 3). This color variation also has been seen 
in natural fire opal (see Gibelin and Koivula, 2005, 
p. 498). All the samples appeared transparent under 
normal viewing conditions, but they displayed a 
slight haziness when observed with a fiber-optic 
light. In addition, all the synthetic samples took a 
good-quality polish, but a few of the natural samples 
appeared to have a duller luster as a result of their 
regular use in research and educational activities in 


Figure 3. One of the synthetic fire opals displayed 
variations in bodycolor when viewed from the side. 
The girdle area appears darker than the pavilion. 
Photomicrograph by G. Choudhary, brightfield illu- 
mination; magnified 15x. 


the laboratory (which caused some abrasions and 
scratches). 


Gemological Properties. The gemological properties of 
the 38 synthetic and natural fire opal samples are 
described below and summarized in table 1. 


TABLE 1. Properties of Mexifire synthetic opal and natural fire opal. 


Property Mexéifire synthetic fire opal Natural fire opal 

Color Brownish orange to orangy yellow Brownish orange to orangy yellow 

Color distribution Typically even Often color zoned; flow-like or wavy pattern 
Diaphaneity Transparent under normal viewing conditions; Transparent to translucent 


Quality of polish 
Refractive index 


Specific gravity 


Polariscope reaction 


Long- and short-wave 
UV fluorescence 


Desk-model spectroscope 
Internal features 


EDXRPF analysis 
FTIR spectroscopy 


Stability to crazing 


translucent/turbid with fiber-optic light 
Good 
1.380-1.405 


1.63-1.77 


Strong strain pattern with snake-like bands 
Inert 


No features 
1. Turbidity following zones 
(with fiber-optic light) 
2. Scattered pinpoints 
8. Whisker-like inclusion (in one sample) 


Presence of Si, Fe, and Ca 

Absorption band in the 58350-5000 cn region; 
hump ranging from 4600 to 4300 cm; 
detector saturated at wavenumbers below 
4000 cm“| 

No crazing seen in 20 samples 


Dull to good 

1.400-1.435 (this study) 

1.420-1.430 (O'Donoghue, 1988) 

1.92-2.06 (this study) 

2.00 (Webster, 2002) 

Weak strain pattern; no snake-like bands seen 
Inert 


No features 

1. Turbidity following zones (in one sample) 

2. Scattered inclusions of pyrite or some flake-like inclusions 

8. Dendritic inclusions common 

4. Flow patterns, cloudy zones, fluid inclusions, and a 
feather-like feature; whisker-like inclusion (in one sample) 

Presence of Si, Fe, and Ca 

Absorption band in the 5850-5000 cm region ; hump 

ranging from 4600 to 4300 cm~' (absent from some 

natural stones); detector saturated at wavenumbers 

below 4000 cm-! 

Three of the 10 samples crazed within a week to a month 
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Refractive Index. All the synthetic fire opals gave RI 
readings in the range of 1.380—1.405 (four at 1.380, 
one at 1.382, one at 1.385, and 11 at 1.390, while 
four displayed a shadow edge at 1.395, three at 
1.400, and two at 1.405). All the natural fire opals 
tested for comparison displayed RIs of 1.400-1.435. 
O'Donoghue (1988) stated that the typical refractive 
index value of Mexican opal falls in the range of 
1.420-1.430, but on rare occasions it may go as low 
as 1.37. Expanding the range of color to include 
“smoky” opal with play-of-color, however, 
O'Donoghue (2006) gave a different value of 1.4625 
for Mexican opal, and a range of 1.44—-1.46 for opal 
in general. Measuring a refractive index below 1.400 
in a material that looks like fire opal should create 
suspicion. 


Specific Gravity. The Mexifire samples had SG 
values in the range of 1.63-1.77. These values are 
low for synthetic opal. Although Smallwood (2003) 
reported SGs down to 1.74 for a Russian product, 
and Gunawardene and Mertens (1984) measured 
an SG of 1.91 for Gilson polymer “Mexican fire 
opal,” some synthetic opals have shown SG values 
up to 2.27 (e.g., Kyocera: Quinn, 2003). The SGs 
for the tested natural opals varied from 1.92 to 
2.06. Therefore, specific gravity values that are sig- 
nificantly below this range provide an excellent 
indication that an opal is synthetic. During the SG 
measurements, the synthetic specimens did not 
show any signs of porosity; this also was reflected 
in the quality of polish they displayed. 


Polariscope Reaction. All the synthetic samples 
gave a strong strain pattern with snake-like bands. 
By contrast, the strain pattern in the natural opals 
was much weaker and did not exhibit snake-like 
bands. 


Fluorescence. All samples, natural and synthetic, 
were inert to long- and short-wave UV radiation. 
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Figure 4. Turbid zones 
were observed in almost 
all the synthetic samples 
(left; magnified 20x) and 
in one of the natural 
opals (right, magnified 
15x). Also note the scat- 
tered pinpoints through- 
out the sample on the 
left. Photomicrographs 
by G. Choudhary, fiber- 
optic illumination. 


Spectroscope Spectrum. In both the synthetic and 
natural samples, no absorption features were seen 
with the desk-model spectroscope. 


Internal Features. Examination of the Mexifire sam- 
ples with the gemological and horizontal micro- 
scopes revealed the following features: 


1. Turbidity: Most exhibited moderate-to-strong 
turbidity when illuminated with a fiber-optic 
light. In darkfield illumination, however, they 
appeared transparent. The turbidity was some- 
what zonal (figure 4, left), as seen in one of the 
natural samples examined for this study (figure 4, 
right) and in some other natural fire opals 


(Choudhary and Khan, 2007). 


2. Pinpoints: All synthetic samples exhibited scat- 
tered pinpoints throughout the stones (again, see 
figure 4, left). These pinpoints were best seen 
when the samples were illuminated with fiber- 
optic light; only a weak effect was visible in dark- 
field. Even at higher magnification, the exact 
nature of these pinpoints could not be resolved. 
Although similarly scattered flake-like inclusions 
have been seen previously in natural opals, and 
Gibelin and Koivula (2005) mentioned tiny 
grains of pyrite scattered throughout a stone, we 
did not find any reports of such “pinpoint” inclu- 
sions in a natural opal. 


3. Whisker-like Inclusion: One of the synthetic fire 
opals displayed a whisker-like inclusion (figure 5, 
left) that broke the surface. Its exact nature could 
not be determined, but it looked like a hollow 
tube filled with an epigenetic material. One of the 
natural opals displayed a similar inclusion (figure 
5, right). Johnson et al. (1996) reported similar- 
shaped inclusions in fire opal from Ethiopia. 


Over the years, synthetic and imitation opals have 
been differentiated from natural material by the 
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presence of a “lizard skin” or “chicken wire” effect 
and/or a columnar growth pattern (see, e.g., Gtibelin 
and Koivula, 1986, 2005; O’Donoghue, 2006, 2007). 
Detailed examination of the inclusions and growth 
patterns in the Mexifire samples was conducted 
using various types of illumination and techniques, 
but no lizard skin or chicken-wire effect was 
observed. This effect is visible only in synthetic opals 
made of uniformly sized silica spheres with a close- 
packed structure, which serves as further evidence 
that the structure of these new synthetic opals is dif- 
ferent from that of most synthetic or imitation opals 
described previously. One exception involves some 
Russian synthetic opals that also do not show a lizard 
skin effect (Smallwood, 2003). 

Some additional internal features seen in the nat- 
ural opals that were studied for comparison are 
shown in figure 6. See Giibelin and Koivula (2005) for 
detailed illustrations of inclusions in natural opals. 


EDXREF Analysis. Qualitative EDXRF spectroscopy 
of all the samples, synthetic as well as natural, 
revealed the presence of Si as the major element, 
which is expected for opal. In addition, the samples 
in both groups contained traces of Fe and Ca. We 
did not detect any Zr, which has been used for 


i af 
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Figure 5. One of the syn- 
thetic samples contained 
the whisker-like inclusion 
on the left (magnified 75x), 
which appears to be a hol- 
low tube filled with an epi- 
genetic material. A similar 
feature was seen in one of 
the natural fire opals 
(right, magnified 80x). 
Photomicrographs by 

G. Choudhary, fiber-optic 
illumination. 


impregnating and stabilizing opal (Webster, 2002; 
Smallwood, 2003). 


FTIR Analysis. The infrared spectra recorded for the 
synthetic and natural samples displayed similar features 
in the range 6000-400 cm (e.g., figure 7; also compare 
to Johnson et al., 1995). Slight differences in the intensi- 
ty and appearance of the absorption pattern were caused 
by variations in the amount of transmission, better 
transmission revealed sharper absorption features. All 
samples had an absorption band in the region of 
5350-5000 cm7!, this feature also consisted of sharp 
peaks, depending on the transmission. A hump was 
observed in the 4600-4300 cm! range, often with small 
peaks, in all of the synthetic samples and in seven of the 
12 natural opals in this study. The absence of the 
absorption feature at 4600-4300 cm™! may provide a 
useful identification criterion for determining natural 
origin. The detector was saturated by strong absorption 
at wavenumbers below approximately 4000 cm!. 

Some Inamori/Kyocera products are regarded as imi- 
tations rather than synthetics because they use poly- 
mers as binding agents. Although the low SG values of 
the Mexifire products are consistent with the presence 
of polymers, this could not be confirmed with IR spec- 
troscopy due to complete absorption in that region of 


Figure 6. Some of the natural 
fire opals studied for compari- 
son displayed internal features 
such as wavy flow patterns 
with color concentrations (left, 
magnified 45x) and a feather- 
like inclusion (right, fiber- 
optic illumination, magnified 
80x) that were not seen in 
their Mexifire synthetic 
counterparts. Photomicro- 
graphs by G. Choudhary. 
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Figure 7. These representative IR spectra of Mexifire 
synthetic opal (top) and natural fire opal (bottom) 
exhibited similar features: an absorption band in the 
5350-5000 cm region, a hump in the 4600-4300 
cm! range (which was absent from the spectra of 
some of the natural samples), and total absorption 
below approximately 4000 cnr. 
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the spectrum. Nevertheless, the manufacturer claims 
that no polymer is present in these Mexifire opals. 


Stability to Crazing. None of the 20 Mexifire pieces 
exhibited any signs of crazing during these experi- 
ments, but three of the natural fire opals crazed 
within a week to a month. The seven other natural 
samples did not exhibit any signs of crazing. 


CONCLUSION 


Similarities in some of the gemological properties, as 
well as in the chemical composition and IR spectral 
features, were noted between Mexifire synthetic opals 
and their natural fire opal counterparts. However, a 
low SG value (<1.77) is an excellent indication that a 
fire opal is not natural, and additional evidence is pro- 
vided by a relatively low RI value (<1.40) and internal 
features such as scattered pinpoints. In addition, the 
absence of a hump at 4600-4300 cm”! in the IR spec- 
trum suggests that the sample is natural. 
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THE COLOR DURABILITY OF 
“(CHOCOLATE PEARLS” BY 
BALLERINA PEARL Co. 


Garry Du Toit, Andy H. Shen, and Christopher M. Breeding 


Treated-color brown Tahitian cultured pearls, 
known in the trade as “Chocolate Pearls,” have 
become increasingly prevalent in the market. 
As a result, it is important that the durability of 
the color treatment is well understood. Seven 
Chocolate Pearls supplied by Ballerina Pear! 
Co. and 12 untreated Tahitian cultured pearls 
(for comparison) were exposed to conditions of 
consumer care and wear—heat, household 
chemicals, daylight, and some typical cosmet- 
ics—to determine their effects on the color. The 
results were similar for both groups: They did 
not change color when exposed to daylight, 
cosmetics, and some chemicals; subtle changes 
were noticed after exposure to heat; and more 
significant changes were observed when the 
samples were exposed to chemically reactive 
household cleaning solutions. 


he Ballerina Pearl Co. produces attractive brown 

pearls from off-color “black” Tahitian cultured 
pearls using a bleaching process (Wang et al., 2006); 
these are now known in the trade as “Chocolate 
Pearls” (see, e.g., Sanchez, 2004; Zachovay, 2.005). 


See end of article for About the Authors and Acknowledgments. 
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The increasing availability of such “chocolate” 
cultured pearls in the marketplace likewise creates a 
need for better understanding of any durability 
issues involving their treated color. Under normal 
wearing conditions, these treated cultured pearls 
could be subjected to situations such as unintention- 
al exposure to heat in a domestic kitchen, contact 
with typical household chemicals, and prolonged 
exposure to daylight; most will be exposed to com- 
mon cosmetics. All of these situations could affect 
the color of Chocolate Pearls, just as they can affect 
untreated pearls (e.g., Nassau, 1984; Nassau and 
Hanson, 1985; Martin, 1987; Overton and Elen, 
2004; CIBJO, 2007). Through a series of carefully 
controlled exposure experiments involving heat, 
standard household chemicals, daylight, and certain 
cosmetics, we examined the durability of the color 
of several Ballerina Chocolate Pearls as compared to 
their untreated Tahitian counterparts. 


MATERIALS AND METHODS 


We studied seven treated Tahitian “chocolate” cul- 
tured pearls provided by Ballerina Pearl Co. (figure 1). 
They ranged from 8.44 to 12.57 ct (10.50-12.53 mm, 
see table 1). The colors were dark orangy brown, 
orangy brown, and pinkish brown, according to the 
GIA pearl grading color reference charts (Gemological 
Institute of America, 2000), as determined by experi- 
enced gemologists. All had high luster. 

For comparison, we also examined 12 untreated 
“black” Tahitian cultured pearls ranging from 6.42 to 
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30.62 ct (9.81-25.94 mm in longest dimension; again, 
see table 1). The dominant colors were gray, brown, 
and black with green, pink, and purple modifiers (see 
table 1), again based on the GIA color reference charts 
(e.g., figure 2). One sample showed orient and one 
showed green and rosé overtones. All but one of the 
untreated Tahitian cultured pearls had good to very 
good luster. 

We identified two broad types of durability con- 
cerns: (1) jewelry manufacturing or repair processes, 
and (2) daily use by consumers. Pearls are well 
known to be fragile gems, so informed jewelers are 
careful not to expose them to adverse conditions 
during setting and repair and to clean them using 
only mild soap and water, never with ultrasonic or 
steam cleaners. In addition, pearl nacre consists 
mainly of the mineral aragonite with organic materi- 
als, which are very soft (Mohs hardness = 2.5-3.5; 
Sinkankas, 1972). Most household scrubbing 
cleansers contain particles of quartz (hardness = 7) or 
marble (hardness = 3) or other materials that will 
inevitably damage pearl nacre, whether or not the 
pearl has been treated. Thus, we focused our study 
on durability issues involved with the nonabrasive 
interaction between the jewelry of an average con- 
sumer and that consumer’s daily activities. The fol- 
lowing experiments were performed using a group of 
potentially adverse conditions designed with these 
everyday interactions in mind (table 2). 

The reader is cautioned that not all pearls market- 
ed as Chocolate Pearls have been treated in the same 
manner as the Ballerina product (see, e.g., Hanni, 
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Figure 1. These seven 
Tahitian cultured 
Chocolate Pearls 
(10.50-12.53 mm), 
treated by Ballerina 
Pearl Co. using a pro- 
prietary bleaching 
method, were studied 
to evaluate their dura- 
bility to various condi- 
tions of consumer wear. 
The samples are in 
order (CCP-1 to CCP-7) 
from left to right, top to 
bottom. Composite 
photo by Suchada 
Kittayachaiwattana. 


TABLE 1. Characteristics of the seven “chocolate” 
cultured pearls from Ballerina Pearl Co. and 12 
natural-color Tahitian cultured pearls used for the 


various durability tests. 


Sample Weight Measurements Color Luster 
(ct) (mm) 
“Chocolate” Cultured Pearls 
CCP-1 12.57. 11.97-12.53  Pinkish brown High 
CCP-2. 11.78 = 11.76-11.84 — Pinkish brown High 
CCP-3 10.20 11.27-11.43 — Dark orangy brown High 
CCP-4. 10.56 11.85-11.42 —§ Orangy brown High 
CCP-5 9.85 11.17-11.55 — Pinkish brown High 
CCP-6 8.44  10.50-10.60 Dark orangy brown High 
CCP-7 8.52  10.58-10.67 — Pinkish brown High 
Natural-Color Tahitian Cultured Pearls 
PE-1 6.53 9.29-11.37 Dark greenish gray Good 
PE-2 6.69 9.42-12.01 Dark green-gray Very 
good 
PE-3 10.96 11.50-11.99 Gray with green Good 
and rosé overtones 
PE-4 7.32 9.94-10.93 Dark gray Very 
good 
PE-5 8.83  10.65-12.84 — Gray with orient Very 
good 
PE-6 9.40 10.76-14.40 — Pinkish brown and Good 
greenish gray with 
orient 
E-12 27.64 14.54-18.78 Dark gray Good 
PE-13 13.28 11.87-14.25 — Purplish gray Good 
PE-14 12.388  11.15-15.57 Dark greenish gray Very 
good 
PE-15 11.49 11.51-13.38 — Greenish black Good 
PE-16 6.42 9.69-9.81 Dark green-gray Good 
PE-17 30.62 14.35-25.94 Gray Fair 
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Figure 2. These six untreated “black” Tahitian cul- 
tured pearls are part of the sample group tested using 
similar methods to serve as a reference for any color 
changes observed in the treated Chocolate Pearls. 
Again the samples are in order (PE-1 to PE-6) from left 


to right, top to bottom. Composite photo by 
Wuyi Wang (not scaled to size). 


2006); therefore, some may react differently to the 
tests conducted in this study. It should also be noted 
that these experiments were performed with a small 
number of undrilled samples and for limited durations 
(up to 40 hours), so they may not predict the long- 
term durability of the treatment in all cases. Likewise, 
we tested specific products within a category, not the 
range of products that are available in each category 
(e.g., only one ammonia solution and one each per- 
fume, hair spray, and facial cream). We examined the 
results visually with the unaided eye as well as with a 
gemological microscope using 10-70x magnification 
throughout the course of the tests. 


Controlled Heating. To examine the effects of acci- 
dental exposure to heat in the kitchen (e.g., place- 
ment of a ring near a hot burner or electric frying 
pan}, we performed controlled heating experiments 
using a Lindberg/Blue M Moldatherm box furnace. 
We heated two treated Chocolate Pearls and two 
untreated Tahitian samples at 90°C (194°F) and 
150°C (302°F), respectively, in air for 0.5, 1.5, and 2.5 
hours (treated samples) and 2, and 2.75 hours (untreat- 
ed). Target temperatures were reached prior to plac- 
ing the samples in the oven. Temperature variations 
at each targeted temperature were within 10°C. 
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Prolonged Exposure to Common Household 
Chemicals. Because pearls set in a ring or bracelet 
have a good possibility of being exposed to household 
cleaners and other products when worn by the con- 
sumer, we tested five common chemicals: rubbing 
alcohol (isopropyl), acetone (reagent grade, commonly 
used as fingernail polish remover), ammonia (5-10% 
ammonium hydroxide solution), and two kinds of 
bleach—undiluted liquid Clorox (5.25% sodium 
hypochlorite solution) and undiluted liquid Clorox 2 
(chlorine-free or “color safe” version; 5-25% sodium 
perborate tetrahydrate). One treated and one untreat- 
ed sample were immersed in each solution for vari- 
ous periods of time to evaluate the effects of exposure 
(again, see table 2). We used a clear polyethylene bot- 
tle to facilitate observation and assessed the samples 
visually every five minutes during the first hour and 
every hour for the following four hours. For the iso- 
propyl alcohol and acetone tests, we immersed the 
Chocolate Pearls for five hours and the untreated 
pearls for 18 hours. For the Clorox test, we immersed 
both samples for only 50 minutes (due to observation 
of rapid surface damage). For the ammonia and 
Clorox 2, solutions, we immersed the samples for a 
total of 18 hours in each. If any change in color or 
texture was observed prior to the planned end of the 
immersion time, we stopped the experiment and doc- 
umented the changes. Otherwise, experiments were 
run to completion and documented immediately 
thereafter. 


Effects of Daylight. To evaluate the effects of expo- 
sure to daylight, we placed two “chocolate” cul- 
tured pearls and two untreated Tahitian samples in 
direct sunlight on a window sill at room tempera- 
ture in Bangkok (13°2.7’ N) in March 2008, for a peri- 
od of five days with a total sunlight exposure time 
of 40 hours. 


Contact with Cosmetics. For this test, we used typi- 
cal cosmetics: YSL Paris perfume by Yves Saint 
Laurent, TRESemmé European Tres Two Extra Hold 
hair spray, and L’Oréal Transformance face cream. 
We immersed one treated and one untreated sample 
in the perfume for 2.5 hours and a second untreated 
and second treated sample in the hair spray for 3.5 
hours. After these tests were completed, and no 
changes were observed with either the unaided eye or 
a gemological microscope, we thoroughly cleaned all 
four samples and immersed them in the face cream 
for 26 hours. 
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TABLE 2. Durability testing of Ballerina treated “chocolate” cultured pearls and of untreated Tahitian 
cultured pearls for comparison. 


“Chocolate” cultured pearls 


Untreated Tahitian cultured pearls 


Testing method Conditions 


Duration Duration 
Sample(s) (hours) Results Sample(s) (hours) Results 
Controlled heating 90°C CCP-1 & 0.5, 1.5, 2.5 Color appeared slightly lighter © PE-5 & PE-6 275 Very subtle color fading 
CCP-2 with increasing heating noted in one of two pearls 
duration (fig. 3) tested 
150°C 0.5, 1.5, 2.5 Color appeared slightly lighter 2 Showed slightly lighter 
with increasing heating tones with much of the 
duration (fig. 3) greenish overtone becoming 
browner (fig. 4) 
Bleach (Clorox) Immersed in 5.25% CCP-5 0.83 After 30 min., slight color PE15 0.83 After 30 min., slight color 
sodium hypochlorite fading observed; after 50 fading observed; after 50 
(bottled, undiluted min., whitish spots and min., whitish spots and 
chlorine bleach) etched, flaky texture observed etched, flaky texture ob- 
on the surface with white served on the surface with 
discoloration rings concen- white discoloration rings 
trated near natural indenta- concentrated near natural 
tions (figs. 5 and 6) indentations 
Acetone Immersed in reagent  CCP-7 5 0 visible changes PE-13 & 18 After 4 hours, the hue 
grade acetone PE-17 became noticeably darker 
and the stone appeared 
browner (fig. 7) 
Isopropyl alcohol Immersed in standard © CCP-6 5 0 visible changes PE-12 18 No visible changes 
rubbing alcohol 
Ammonia Immersed in5-10%  CCP-6 18 o change after 2 hours; PE-14 18 No change after 2 hours; 
ammonium hydroxide after 18 hours, significant after 18 hours, some color 
color fading noted and dis- fading and distinct irregular 
tinct irregular zones of light Zones of light and dark 
and dark color observed (figs. color observed 
8 and 9) 
“Color safe” bleach Immersed in 5-25%  CCP-7 18 o change after 2 hours; PE-16 18 No change after 2 hours; 
(Clorox 2) sodium perborate after 18 hours, slight color after 18 hours, slight color 
tetrahydrate (bottled, ading noted and faint mot- change noted (darker tone 
undiluted chlorine- tled whitish appearance in general), but no obvious 
ree bleach) (fig. 8) damage observed 
Daylight Exposed to direct CCP-3 & 40 0 visible changes PE-3 & 40 No visible changes 
sunlight CCP-4 PE-4 
Cosmetics mmersed in perfume  CCP-1 7255) 0 visible changes PE-1 7255) No visible changes 
mmersed in hair spray CCP-2 oh) (0 visible changes PE-2 315) No visible changes 
mmersed in face cream CCP-1&CCP-2 26 0 visible changes PE-1&PE-2 26 No visible changes 
RESULTS matically different results. After immersion in con- 


Exposure to Heat. Heating the Chocolate Pearls at 
90°C and 150°C produced similar results. The pink- 
ish brown color appeared slightly lighter in tone (fig- 
ure 3), but we detected no variation in hue. The ref- 
erence untreated samples showed little reaction at 
90°C, but at 150°C they also appeared to have slight- 
ly lighter tones with much of the greenish overtone 


becoming browner (figure 4). 


Exposure to Household Chemicals. Exposure of the 
samples to various chemical solvents produced dra- 
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centrated Clorox chlorine bleach for 30 minutes, 
sample CCP-5 became slightly lighter in tone (fig- 
ure 5B). After 50 minutes, noticeable whitish spots 
developed on its surface and an etched, flaky texture 
(figure 5C) was apparent. Discoloration was espe- 
cially prominent around natural indentations on the 
surface, as white, ring-like patterns (figure 6). The 


untreated Tahitian sample had a similar reaction. In 
contrast, the Chocolate Pearls immersed in acetone 
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(CCP-7) and isopropyl alcohol (CCP-6) showed no 
significant changes after five hours. While untreated 
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Before Heating 


After Heating 
@ ® 
@ ® 


Figure 3. The pinkish brown color of these samples 
(CCP-1 and CCP-2) appeared lighter after heating 
at either 90°C or 150°C, but no variation in hue 
was detected. Top: CCP-1 before heating (left) and 
after heating at 90°C for 2.5 hours (right). Bottom: 
CCP-2 before heating (left) and after heating at 
150°C for 2.5 hours (right). Photos by Wuyi Wang. 


sample PE-12 also did not react to isopropyl alcohol 
(after a total of 18 hours of immersion), acetone 
caused untreated samples PE-13 and PE-17 to 
become noticeably darker with a more brownish 
hue (see, e.g., figure 7), starting after four hours of 
immersion. 

The apparently unaffected Chocolate Pearl sam- 
ples, CCP-6 and CCP-7, were then cleaned in water 
and immersed in concentrated ammonia and “color 
safe” Clorox 2. bleach, respectively. After two hours 
of exposure, neither sample showed any changes; 
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Before Heating 
PE-5 
PE-6 ® ® 


Figure 4. The untreated Tahitian cultured pearls (PE-5 
and PE-6) showed little reaction at 90°C, but at 150°C 
they also developed slightly lighter tones with much of 
the greenish overtone becoming browner in color. Left: 
before heating; right: after heating at 150°C for 2 hours. 
Photos by Wuyi Wang. 


After Heating 


after 18 hours, however, both showed color fading. 
The sample exposed to Clorox 2 bleach became 
lighter in color with faint, irregular whitish patches 
(figure 8). In contrast, large sections of the surface of 
the treated sample exposed to ammonia became dis- 
colored, with distinct light regions mixed with rem- 
nant zones of darker color (figures 8 and 9). The 
degree of color fading caused by ammonia over an 
18-hour period was substantially more than that 


Figure 5. After immer- 
sion in concentrated 
Clorox chlorine bleach 
for 30 minutes, sample 
CCP-5 (A, before immer- 
sion) showed slight 
changes in color appear- 
ance (B), with noticeable 
changes apparent after 
immersion for 50 min- 
utes (C). Photos by 
Robison McMurtry. 
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Figure 6. On areas of the 
surface where natural 
indentations were present, 
immersion in concentrated 
Clorox bleach for 50 min- 
utes produced prominent 
discoloration—seen as 
white, ring-like patterns 
around the indentations 
(here, on sample CCP-5). 
Photomicrographs by A. H. 
Shen; fields of view 5.2 mm 
(left) and 3.1 mm (right). 


observed from both types of bleach; however, the 
damage produced by the chlorine bleach occurred in 
a much shorter time period (less than one hour). 
Similar reactions were seen in the untreated 
Tahitian samples. 


Exposure to Daylight. Prolonged daylight exposure 
appeared to have little, if any, effect on the color of 
the Chocolate Pearls or the untreated samples. After 
40 hours of cumulative exposure to direct near-equa- 
torial sunlight, no noticeable change in tone, hue, or 
saturation was observed. 


Exposure to Cosmetics. In the course of daily wear 
by a consumer, cosmetics are the chemicals with 
which pearls are most likely to come into contact. 
After extended exposure to perfume, hair spray, and 
face cream, both the color and luster of the 
Chocolate Pearls tested remained unchanged. 
Likewise, the untreated samples also showed no 
changes. Although it is commonly stated that con- 
sumers should avoid having pearls come into con- 
tact with cosmetics, we found no detrimental effects 
when the pearls in this experiment were exposed to 
cosmetics. It should be noted, however, that we used 


Figure 7. Unlike Ballerina 
Chocolate Pearl CCP-7, untreated 
sample PE-13 (left, before immer- 
sion) became noticeably darker and 
browner when placed in acetone for 
four hours (right, after immersion). 
Photos by C. D. Mengason. 
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relatively short exposure times compared to a life- 
time of wearing pearl jewelry. 


DISCUSSION 


From our data, it appears that the Ballerina Chocolate 
Pearls are no less durable than their untreated 
Tahitian counterparts. Neither should be subjected to 
high temperatures or exposed to a strong cleaner such 
as chlorine bleach or concentrated ammonia for any 
extended period of time. “Color safe” bleach can also 
cause damage with prolonged exposure. Although 
milder solvents such as acetone and isopropyl alcohol 
did not appear to cause noticeable damage to the 
Chocolate Pearls under the test conditions, the 
untreated Tahitian sample began to change color in 
acetone after four hours of immersion. Therefore, 
prolonged exposure to acetone is inadvisable in either 
the treated or untreated material. 

Again, it should be noted that these experi- 
ments were performed with a small number of 
undrilled samples and for limited durations. Drilled 
samples would have allowed access to the interior, 
so the samples might have experienced different 
reactions. Likewise, we tested specific products 
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After Immersion 


Before Immersion 


Figure 8. Samples CCP-6 and CCP-7 both showed 
color fading after 18 hours of immersion in concen- 
trated ammonia and “color safe” Clorox 2 bleach, 
respectively. Top: CCP-6 before immersion in 
ammonia (left) and after immersion for 18 hours 
(right). Bottom: CCP-7 before immersion in Clorox 2 
bleach (left) and after immersion for 18 hours. 
Photos by Robison McMurtry. 


within a category, but not the range of products 
available in that category. Therefore, the results of 
these experiments may not predict the long-term 
durability of the treatment in all cases. 


Figure 9. Large sections of the pearl surface exposed to 
ammonia (CCP-6) for 18 hours became discolored, 
with distinct light regions mixed with remnant zones 
of darker color. Photomicrograph by A. H. Shen; field 
of view 2.6 mm. 
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CONCLUSIONS 

The recent popularity of Chocolate Pearls requires 
that we better understand their durability under typi- 
cal conditions of consumer wear, especially in the 
household. Our experiments revealed that, in most 
situations tested, the durability of the color of 
Ballerina “chocolate” cultured pearls is comparable to 
that of untreated Tahitian cultured pearls. When 
exposed to daylight and cosmetics such as perfume, 
hair spray, and a facial cream, our samples showed no 
noticeable changes in color. Only relatively prolonged 
exposure to heat, ammonia, or bleach caused signifi- 
cant alterations to the surface texture and color of the 
treated and untreated cultured pearls. The wearer 
should also be reminded that, because of the relative 
softness of pearls, abrasive household cleansers (many 
of which consist of particulate ingredients harder than 
pearl nacre) represent another danger (not tested here 
because of known behavior) in the average household. 

Although it seems unlikely that most pearl jew- 
elry would be exposed to temperatures as high as 
90°C or to harsh chemicals for extended periods of 
time, such exposure does happen and it is important 
to understand its effect on this organic gem and 
inform the consumer accordingly. All cultured 
pearls are fragile and susceptible to damage by physi- 
cal contact with harsh chemicals and heat or the 
application of cosmetics; therefore, the consumer 
would be well advised to remove pearl jewelry when 
these possibilities exist. By exercising caution, a con- 
sumer can greatly reduce the cumulative effects that 
such exposure may have. 

It is important to note again that treated cultured 
pearls with similar “chocolate” colors are also pre- 
sent in the market from sources other than Ballerina 
Pearl Co. Since the treatment process is proprietary, 
and the starting materials may come from various 
sources, there is no guarantee that Chocolate Pearls 
from other companies will show analogous results. 
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Rapid Communications 


GOTA DE ACEITE: NOMENCLATURE FOR THE 
FINEST COLOMBIAN EMERALDS 


Ronald Ringsrud 


The finest and rarest emeralds are sometimes said to 
have an optical effect called gota de aceite. This 
term describes an aspect of emerald clarity that is 
associated with Colombian emeralds. Yet overuse 
has separated the term from its actual meaning. This 
article reports on the gemological causes of the gota 
de aceite optical effect and defines the phenomenon. 


NAé famous by Spanish conquistadores neatly five 
centuries ago, the Colombian emerald mines still 
produce stones of superb quality and fineness today. Most 
notable are emeralds from the Muzo region, which encom- 
passes not only the Muzo mine but also the La Pita, 


Figure 1. In the six upper facets of this 9.20 ct heart- 
shaped Colombian emerald, a roiled, softening effect 
lends texture to the stone. This effect, called gota de 
aceite, is a result of transparent growth structures 
within the emerald. Photomicrograph by R. Ringsrud. 
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Figure 2. The approximately 2.15 ct emerald in this 
ring provides an exceptional example of the gota de 
aceite effect. Photo by Thomas Hainschwang. 


Coscuez, and Penas Blancas mines. The nomenclature 
that applies to certain Colombian emeralds has specific 
and useful meaning, but many terms have lost precision 
over time. 

Gota de aceite (Spanish for “drop of oil,” pronounced 
“go-tuh day ah-say-tay”) describes a remarkable phe- 
nomenon that occurs very rarely and typically only in the 
finest emeralds (figure 1, see also Hainschwang, 2.008). 
Emeralds with this effect display a roiled appearance (see fig- 
ures 2, and 3) that is reminiscent of honey or oil—hence the 
name. The phenomenon has also been called the “butterfly 


See end of article for About the Author and Acknowledgments. 
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wing effect” (efecto aleta de mariposa). In fact, the term gota 
de aceite has largely fallen from favor in Colombia, perhaps 
because of the negative connotations associated with the 
word oil in recent decades (due to its use in filling emerald 
fissures). Yet the expression has been used by at least three 
generations of Colombian emerald dealers, and the optical 
effect may increase the value of a stone significantly. 

In six years of studying this phenomenon, the author 
has detected it in only one out of every 1,000 or so fine 
emeralds, personally viewing about 18 unmistakable exam- 
ples and 50 muted ones. The contribution of gota de aceite 
to the desirability of such stones is similar to that of the 
velvety effect in Kashmir sapphires. In both cases, the diffu- 
sion of light spreads the area of color, thus reducing extinc- 
tion (figure 4). 


What Is Gota de Aceite? The gota de aceite effect 
was first mentioned in an article by E. J. Giibelin in the 
Winter 1944-45 issue of Gems & Gemology (figure 5). 
At the time, this phenomenon was thought to be a 
result of calcite grains microscopically “dusting” the 
interior of the emerald, disrupting the growth structures. 
Dr. Gtibelin described an emerald “exhibiting a great 
mass of calcite inclusions (presumably precipitation dur- 
ing growth of the host mineral) which is responsible for 
the slightly oily appearance of some of the most beauti- 
ful and highly priced Colombian emeralds” (p. 179). 
Since then, the term calcite precipitation has also been 
used occasionally to describe this phenomenon (Giibelin 
and Koivula, 1986). 

However, recent microscopic and microprobe studies 
by John I. Koivula have demonstrated that calcite inclu- 
sions are probably not involved with creating the gota de 
aceite effect (pers. comm., 2008). Instead, unusual irregu- 
larities in the internal crystal structure are responsible for 
the roiled dispersion of light. These microscopic features 
are apparently the result of irregularities in growth condi- 
tions during emerald crystallization that gave rise to both 
raised hexagonal terminations and geometric depressions. 
After their formation, these growth structures were further 


RAPID COMMUNICATIONS 


Figure 3. In this 2.77 ct 
emerald, the zones of 
internal reflection have 
soft edges that reveal 
the presence of gota de 
aceite. The phenomenon 
is best appreciated by 
rocking the emerald 
back and forth, as 
shown in these two 
views. Photomicro- 
graphs by R. Ringsrud. 


overgrown with emerald. When the columnar structure is 
viewed parallel to the c-axis, the roughly hexagonal forms 
are visible (figures 6 and 7, left). However, when the emer- 
ald is turned 90° and viewed perpendicular to the c-axis 
(ie., perpendicular to the table of the faceted emerald), the 
narrow cross-section of the columnar structure is revealed 
(figure 7, right). Mr. Koivula also reported that, using 
Raman spectroscopy, he did not identify any calcite inclu- 
sions in two emeralds with gota de aceite. 

Although this author could find no reference to emer- 
alds with this effect from sources other than Colombia, 
there is no apparent reason why these growth structures 
could not occur in emeralds from other localities. 


Similar Optical Effects. Some emeralds have an attrac- 
tive soft appearance that is not caused by true gota de 


Figure 4. This image dramatically reveals how 
extinction in an emerald (the dark area at the top of 
this 3.60 ct stone) can achieve color through the soft 
diffusion of light caused by the gota de aceite effect. 
Photomicrograph by R. Ringsrud; magnified 20x. 


FALL 2008 243 


GEMS & GEMOLOGY 


Figure 6. This image shows the geometric growth 
structures within a gota de aceite emerald. Note the 
similarity to the Gtibelin image (figure 5, top). Photo- 
micrograph by R. Ringsrud; magnified 30x. 


aceite growth structures. For example, the author saw a 
3.07 ct emerald that was initially thought to show gota de 
aceite, but microscopic examination revealed the presence 
of a large field of two- and three-phase inclusions (figure 8). 
Because these inclusions were semitransparent, they effec- 
tively mimicked gota de aceite. Such a phenomenon could 


Sonthetic emerald A Spathetic emerald 


Figure 5. Although Dr. E. J. Giibelin did not specifical- be called a pseudo-gota de aceite effect. 

ly use the expression gota de aceite, his figure 36 cap- It should also be noted that the gota de aceite effect in 
tion refers to the “oily appearance” of an emerald he fine Colombian emeralds may appear somewhat similar to 
documented in the 1940s (Gtibelin, 1944-1945). This the roiled growth zoning observed in many hydrothermal- 
is comparable to the roiled appearance (like water in ly grown synthetic emeralds, particularly those from 
cognac) of a hessonite. Dr. Gtibelin recognized that Russia. Therefore, careful examination is important to 
this effect occurs in some of the finest emeralds. avoid a potential misidentification. 


Figure 7. The growth structures that cause gota de aceite can be difficult to see or capture on film. In the photo on 
the left, the shadowing technique was used to reveal the geometric (but not necessarily hexagonal) growth features 
seen when looking down the c-axis. On the right, the same emerald is shown in a view perpendicular to the c-axis, 
which reveals the typically narrow band of columnar structures associated with this phenomenon. 
Photomicrographs by John I. Koivula; fields of view 2.1 mm. 
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Gota de Aceite: Use and Misuse of the Term. 
Confusion of nomenclature with regard to gota de aceite 
has taken two forms. Because the phrase is typically used 
only with respect to very fine emeralds, some exceptional 
stones are labeled with this term even though they do not 
actually have the effect. The mere fact that the emerald is 
very fine often inspires the owner or seller of the stone to 
use gota de aceite as a superlative. 

There is also confusion relating to “old mine” emer- 
alds. Old mine is another term applied to rare and fine 
emeralds, but it refers to the provenance and age of the 
emerald. Specifically, it refers to emeralds sent by the 
Spanish colonies in the New World to Europe and Asia in 
the 16th, 17th, and 18th centuries, as well as Swat Valley 
and Habachtal emeralds of the same era (Schwarz and 
Giuliani, 2002). However, the presence of gota de aceite 
may wrongly inspire the owner or seller to call the stone 
“old mine.” 

Conversations with Colombian emerald dealers and 
connoisseurs reveal common agreement that the tradition- 
al definition of gota de aceite requires the presence of 
growth structures, either angular or hexagonal, as seen in 
figures 6 and 7 (Oscar Baquero, Ray Zajicek, Jimmy 
Rotlewicz, Roland Schluessel, and Pierre Vuillet, pers. 
comms., 2007). By definition, the structures causing the 
effect must be transparent. Because of variations in the 
size of the hexagonal structures and in the thickness of the 
zone containing them, the strength of the effect is also 
quite variable. This author recommends that gemologists 
classify gota de aceite as either “muted,” “moderate,” or 
“distinct.” To be considered “distinct,” the effect should 
be clearly visible to the naked eye as the stone is rocked 
back and forth. It is important to move the stone to reveal 
the liquid-like softening of the texture that is the hallmark 
of gota de aceite. 


Conclusion. The term gota de aceite refers to a specific 


optical effect that is seen rarely in Colombian emeralds; it 
is not meant to be a marketing superlative. It is hoped that 
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Figure 8. Although this 
3.07 ct emerald (left) 
was initially thought to 
show gota de aceite, 
subsequent microscopic 
examination revealed 
that its soft appearance 
was caused by a field of 
minute fluid inclusions 
(right; magnified 22x). 
Photos by R. Ringsrud. 


this article will call attention to some inconsistencies of 
nomenclature in a trade full of arcane terms and meanings. 
Only with careful examination and an understanding of the 
growth structures that cause the effect can it be determined 
that an emerald merits the descriptor gota de aceite. 
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COLOR VARIATIONS AND PROPERTIES OF 
JOHACHIDOLITE FROM MYANMAR 


Karen M. Chadwick and Christopher M. Breeding 


To learn more about the rare gem material johachi- 
dolite, the authors used various analytical techniques 
to study 15 faceted samples from Myanmar that 
showed a range of colors: saturated orange, orange, 
yellow, desaturated yellow, and desaturated green. 
Both orange/yellow-hued and green samples 
showed trends for beryllium and the radioactive/ 
radiogenic elements uranium, thorium, and lead. 
Orange/yellow samples also showed relatively con- 
stant rare-earth element (REE) concentrations, but the 
green samples had higher REE values, especially for 
the lighter elements. 


J ohachidolite—CaAIB,0,—is a rare borate mineral 
named after the Johachido district, North Korea, which 
is its type locality. Investigations of the Korean material 
(grains up to 1 mm) showed that it was transparent and 
colorless or semitransparent and white (see, e.g., Iwase and 
Saito, 1942; Aristarain and Erd, 1977). In 1998, Harding et 
al. reported on a relatively large (14.02 ct) pale yellow 
faceted specimen from Myanmar. The large size of that 
stone led to speculation that it could potentially be syn- 
thetic; however, a lack of information regarding synthesis 
of Ca-Al borates resulted in the conclusion that the speci- 
men was probably natural. Kawano and Abduriyim (2007) 
published a compositional analysis of a bicolored rough 
sample, and showed that elemental concentrations in the 
two portions were different. Also in 2007, Peretti et al. 
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published a comprehensive report on johachidolite based 
on over 500 faceted specimens and 200 rough samples. 
The purpose of the current article is to present further data 
and observations on this rare gem material, and offer some 
new conclusions. 


Materials and Methods. In late 2007 and early 2008, 
Mark Kaufman loaned GIA 14 faceted johachidolites from 
Myanmar that ranged from 0.11 to 0.95 ct and varied from 
saturated orange to desaturated green (e.g., figure 1). Two of 
these specimens exhibited distinct color zoning—orange 
and desaturated yellow (e.g., figure 1, inset). We also had the 
opportunity to examine a 0.16 ct faceted stone that was sent 
to GIA’s Carlsbad laboratory for an Identification Report. 
Standard gemological testing was conducted on all 15 
stones. We also performed energy-dispersive X-ray fluores- 
cence (EDXRF) spectroscopy using a Thermo ARL Quant’X 
instrument (15 samples), Raman spectroscopy with a 
Renishaw InVia Raman system (514 nm laser excitation, 
2000-100 cm=! scan range, at room temperature; eight 
samples], and ultraviolet-visible-near infrared (UV-Vis- 
NIR) absorption spectroscopy using a PerkinElmer 
Lambda 950 UV/Vis Spectrometer (250-1000 nm scan 
range; four samples, approximately oriented to alpha and 
gamma directions using RI values from the table of each 
stone). Laser ablation-inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) data were gathered for all 14 of 
the samples loaned to GIA using a Thermo X-Series II ICP- 
MS attached to a New Wave 213 nm laser ablation system 
(~10 J/cm? fluence, 40 um spot, 7 Hz repetition rate, 1.0 
liter/min He carrier gas flow rate that mixes with Ar 
before entering the ICP, and NIST reference standards). 
One or two random locations on the girdle were sampled 
by LA-ICP-MS for 12 of the stones, while the two strongly 
color-zoned stones were each sampled in both the lighter 
and darker regions. Specimens were separated into five 
color categories (saturated orange, orange, yellow, desatu- 
rated yellow, and desaturated green) for data comparison. 


Results and Discussion. Examination of the original 14 
stones loaned by Mr. Kaufman showed gemological prop- 
erties (table 1) that were consistent in RI (n,=1.717-1.718, 
n,=1.724—1.725) and birefringence (0.006—0.008), but 
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Figure 1. These seven johachidolites (0.19—0.95 ct) illustrate the range of colors in the samples from Myanmar 
examined for this study. From left to right, the samples are J15, JO4, JO1, J12, J02, ]13, and J10. Two of the 
johachidolites analyzed in this study were distinctly color zoned, as shown in the inset (specimen ]14, 0.21 ct). 
The apparent orange zone on the left side of the stone is actually a reflection of the color from the right side. 
Courtesy of Mark Kaufman; photos by C. D. Mengason and Robert Weldon (inset). 


revealed a range in color, pleochroism, and intensity of flu- 
orescence to long- and short-wave UV radiation. The long- 
wave fluorescence, in particular, showed a strong correla- 
tion with color category (see table 1): The orange samples 
were generally inert, the yellow specimens had weak-to- 
moderate blue reactions, and the green samples fluoresced 
strong blue. Our fluorescence observations were generally 
consistent with those of Peretti et al. (2007). Hydrostatic 
SG varied (3.23-3.67; mean = 3.46}, but the values were 
reasonably uniform given the small size of some samples. 
Data collected for the stone sent in for the Identification 
Report (sample JO6 in table 1) were similar to those from 
the other 14 samples. Characteristics for all 15 specimens 
were generally comparable with those reported by Peretti 
et al. (2007)—n, = 1.716-1.717, n, = 1.725-1.728, birefrin- 
gence = 0.008-0.012, SG = 3.44—although they did not 
note any pleochroism in their samples. Microscopic exam- 
ination revealed “fingerprints,” clouds of tiny inclusions, 
and fractures/cavities. 

The Raman spectra were consistent with the published 
results of Harding et al. (1998) and Peretti et al. (2007). All of 
our Raman spectra contained the seven peaks specifically 
cited by Harding et al., but with the 684 cm feature some- 
times only occurring as a shoulder, rather than a defined 
peak. Similarly, our spectra showed the strongest Raman 
scattering in the direction perpendicular to the table (as 
opposed to perpendicular to the girdle); consequently, we 
observed the peaks at 1191 and 1112 cm" (the former most 
often as a shoulder] referenced by Peretti et al. in all of our 
table analyses, but not in most of our girdle analyses. 

EDXRE analysis identified the presence of the following 
elements: Al, Ca (in major amounts), Fe (minor), Cu, Zn, 
Ga, Sr, and U (trace). Six of the 15 samples analyzed con- 
tained dramatically elevated levels of Th (JO8-J13), two 
showed minor/trace levels (J14, J15), and the remaining 
seven had none. These results for Th, as well as for the 
other trace elements detected by EDXRF, later proved to be 
consistent with the data from LA-ICP-MS measurements. 

Our LA-ICP-MS data showed some interesting results 
for elemental concentration versus color (again, see table 1). 
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For some elements, chemical composition was variable 
and the data did not show any significant trends. However, 
the concentration of Be clearly decreased from the saturat- 
ed orange samples through the desaturated yellow ones 
(figure 2; note that the color-zoned samples are not includ- 
ed), but the green samples did not show any appreciable 
trend for Be. Pb, Th, and U all showed a different trend— 
higher concentrations in the desaturated green and desatu- 
rated yellow samples relative to the saturated orange, 
orange, and yellow samples (figure 3; note that U is not 
shown, merely for brevity). 

A representative subset of the REEs (La through Dy in 
table 1) all exhibited relatively little variation in the 
orange- and yellow-hued samples, but elevated levels in 
the green samples (figure 4; note that just La and Sm are 


Figure 2. Be concentration decreased from the satu- 
rated orange to the desaturated yellow johachidolite 
samples. 
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TABLE 1. Gemological properties and trace-element composition of 15 johachidolite samples in five color categories, 


including two bicolored stones. 


Saturated orange Orange Yellow 
Property 
Jo1 Jo2 JO3 Jo4 JO5 JO6 JO7 
Weight (ct) 0.21 0.59 0.11 0.19 0.22 0.16 0.17 
Color Medium to Medium Medium Medium Medium Medium Medium light 
medium dark — dark yellow- yellowish orange-yellow orange-yellow orange-yellow orangy yellow 
yellowish ish orange orange 
orange 
Color zoning None None None None None None Minor 
Pleochroism Moderate Moderate Moderate Weak Moderate None Weak orange/ 
orange/yellow orange/yellow orange/yellow orange/yellow orange/yellow yellow 
R 
Ne 1.717 1.717 W717 1.717 1.717 1.718 1.718 
ny 1.725 1.725 1.724 1.725 1.725 1.726 1.725 
Birefringence 0.008 0.008 0.007 0.008 0.008 0.008 0.007 
SG 3.49 3.46 3.26 3.53 3.56 3.47 3.40 
UV fluorescence 
Long-wave Inert Inert Inert Very weak Inert Inert Weak blue 
blue 
Short-wave Inert Inert Inert Inert Inert Inert Inert 
Trace elements (ppm)? 
Be 162.7 184.3 141.2 158.6 S155) na 58.3 
Na 40.2 72.5 78.3 31.9 73.4 na 62.4 
Mg 366.5 134.5 50.8 298.8 202.8 na 146.8 
Si 533.0 231.2 254.7 327.0 199.6 na 222.2 
Ti 3.3 bdl Alera 5.2 1.5 na 2.7 
V 3.1 1.8 0.5 2.0 4.6 na ond 
Cr 5.1 bdl 1.6 0.3 0.5 na 1.3 
Fe 289.1 110.7 86.9 214.3 1244 na 94.0 
Zn 6.8 8.9 0.6 6.8 bdl na 0.6 
Ga 68.0 58.8 23.2 61.7 45.3 na 33.7 
Y 2:5 14 0.8 1.4 22 na 0.7 
La 6 3.1 1.8 8.7 5.6 na 46 
Ce 17 6.2 3.5 15.6 nes: na 14.8 
Pr 12) On bdl 15 1.4 na slev 
Nd 5.0 3.4 ileal OZ 4.8 na 6.7 
Sm 0.6 0.6 bdl eal 14 na 1.8 
Gd OLY 0.3 bdl 1.0 Og) na 0.8 
Dy bdl 0.3 bdl bdl OS na bdl 
Pb 1.0 1.0 0.8 1.8 1.0 na 125 
Th 20.3 2.4 11.9 9.9 12.7 na 3.7 
U 1.8 bdl 0.6 0.9 0.9 na 0.6 


@Chemical data were collected by LA-ICP-MS using NIST glass references and represent one spot per sample or the average of two spots per sample. 
Shaded elements show systematic variations between some color categories. Abbreviations: bal = below detection limit; na = not analyzed. 


shown, again for brevity). Further, when the average rare- 
earth-element concentration for the green samples was 
ratioed to the average value for all the orange- and yellow- 
hued samples, the results (figure 5) clearly indicated an 
enrichment of the lightest REEs in the green material. 
Peretti et al. (2007) proposed four different types or gener- 
ations of johachidolite—based in part on differences in 
amounts of light and heavy REEs—that varied from light 
green and light yellow (type 1) to vivid yellow through 
vivid orange (type 4). 
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The two distinctly zoned samples (J14 and J15; table 1) 
showed results consistent with the above observations for 
the orange and desaturated yellow stones. One of the speci- 
mens exhibited a bicolored response to long-wave UV radia- 
tion: The desaturated yellow area fluoresced moderate blue, 
while the orange region was inert; this is in agreement with 
the fluorescence trend noted for the unzoned samples in 
those two hues. For both zoned stones, the Be concentration 
was higher in the orange areas, as opposed to the desaturated 
yellow areas, while the radioactive elements (i.e., U and Th) 
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The Diamond Syndicates’ 
and their Successors 


by 


ROBERT M. SHIPLEY 
Director, Gemological Institute of America 


S EARLY as the first years of De Beers 
Consolidated (Incorporated March, 
1884) a syndicate composed of the Barnato, 
A. Dunkelsbuhler, and Mosenthal Sons & 
Company, offered in 1889 to purchase all 
of the De Beers Company’s diamonds. In 
the following year, a contract was. signed 
with a syndicate composed of ten firms of 
which the three just mentioned owned 45% 
and Wernher, Beit and Company, 23% of 
the shares. This seems to have been the 
embryo of the famous Diamond Syndicate 
which became so well. known to American 
jewelers of the early decades of this cen- 
tury as the price fixing and market con- 
trolling factor of the diamond industry. In 
various forms, a diamond syndicate com- 
posed of differing persons or firms func- 
tioned in this capacity until the crisis of 
1929 demanded a marketing organization of 
more rigid type, and with greater capital. 
As early as October, 1894 Cecil Rhodes at 
De Beers Sixth Annual Meeting had men- 
tioned that when diamond prices were 
at the peak, America had suddenly collapsed 
and that a powerful syndicate then came 
forward that had a very large command of 
capital and that this syndicate had saved the 
diamond market. This particular syndicate 
seems to have been the first one to become 
generally known as “The Diamond Syndi- 
cate,” although there may have been no 
agreement by which the producers and syn- 
dicate agreed either upon a percentage 
quota for each producer or that sales should 
be made-only through the syndicate until 
a producers’ conference in London in 1914. 


An abortive arrangement was made that 
year by De Beers, Premier, Jagersfontein, 
and the German Regie at London. It was 
never completely consummated because of 
the outbreak of the first World War, but, 
as a result of this meeting, the first three 
producers agreed to sell diamonds through 
the. syndicate “as required.’ These three 
producers and the successor to the Regie, 
the Consolidated Diamond Mines of South- 
West Africa, were to become known as 
the “Conference Producers.” 

Previous to this conference in 1914, De 
Beers had assisted the Syndicate in con- 
trolling the price of outside diamonds by 
participating with it in purchases from the 
Diamond Regie, but no syndicate had yet 
been made the: exclusive marketing agent 
for all production. Although the successive 
syndicates had purchased De Beers dia- 
monds, De Beers Consolidated had main- 
tained a Diamond Committee which ar- 
ranged sights, fixed prices, and considered 
offers from various buyers. 3 

However, De Beers did make a long 
term contract with syndicates. The records 
of the company show that a five-year con- 
tract was made as early as 1901. The Syndi- 
cate in terms of this contract purchased the 
De Beers production at the valuation of the 
De Beers valuators and this valuation re- 
mained unchanged for the full period of 
the contract. In détermining the valuation, 
negotiations, of course, took place with the 
Syndicate. Quite naturally the Syndicate 


1. This is a portion of a recently rewritten 
‘chapter from the textbook Diamonds. 
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Desaturated yellow Desaturated green Orange Desaturated Orange Desaturated 
yellow yellow 
Jos Jog J10 J44 J12 J13 J14 J15 
0.12 0.23 0.95 0.20 0.24 0.60 0.21 0.25 
Extremely — Extremely Light Extremely Very light Verylight Medium — Light Light-to- Light 
light yellow- light yellow- yellow light green yellowish yellowish orange- _ yellow- medium yellow- 
orange orange green green yellow orange orange- orange 
yellow 
None None None None Minor None Distinct Distinct 
None None None None None None None None 
1.718 1.718 1.717 1.718 1.718 1.718 1.717 1.717 
1.725 1.724 1.725 U25 1.725 1.725 1725 1.725 
0.007 0.006 0.008 0.007 0.007 0.007 0.008 0.008 
3.23 3.43 3.42 3.67 3.60 3.46 3.45 3.44 
Moderate Moderate Moderate Strong blue Strong blue Strong blue Inert Moderate Weak blue Weak blue 
blue blue blue blue 
Inert Inert Very weak Weak blue Weak blue/ Weak blue/ Inert Inert Inert Inert 
blue/yellow yellow yellow 
36.5 22.0 62.4 28) 88.6 47.6 109.6 23:9 ISS} 46.3 
63.8 113.3 31.8 73.3 88.5 25.8 61.6 34.5 19.8 96.1 
140.8 103.4 197.0 246.5 603.7 266.6 162.5 54.4 296.9 138.1 
255.9 88.4 586.6 212.4 517.0 504.7 242.3 208.9 bdl 139.7 
6.1 2.3 bdl 4.0 15.8 2.1 0.6 V8 bdl 6.0 
1.3 3.6 5.9 6.6 5.7 6.9 3.0 3.0 8.1 9.1 
1.0 bdl 5.8 0.5 1.6 3.8 0.7 bdl bdl bdl 
152.7 121.3 273.8 114.9 312.6 240.5 110.3 95.6 57.9 156.9 
bdl 0.6 4.9 0.6 5.8 5.4 bdl bdl 3.0 1.8 
59.6 46.8 75.5 45.2 86.3 66.2 40.0 39.1 75.7 85.9 
9.1 1.2 4.0 4.3 9.6 4.4 bdl 1.7 1.3 8.4 
9.3 3.6 ES) 69.8 WY) 12.3 ZY) 6.1 O2 14.4 
17.0 8.0 13.6 131.9 39.6 28.9 6.0 W6 10.8 25.4 
eo 0.9 ef 9.6 3.2 3.8 0.6 altel eS) 3.2 
Sus) 3.9 62 Zoe 10.1 13.0 2.0 3.8 6.7 12.9 
ied 1.4 1.9 5.4 3.4 3.2 bdl On ai 3.9 
1.6 1.0 1.4 2.8 2a 2.1 bdl 0:5 1.0 3.9 
2.0 bdl 11 15 2.9 1.4 bdl bdl 0.8 2.4 
DD De 3.1 4.2 TA SZ bdl 1.0 0.5 2.0 
702.3 679.5 1050 1259 3718 1682 all 156.7 e8) 488.7 
101.5 7.8 28.1 28.2 50.6 31.2 0.7 60.5 1.0 109.0 


were less abundant in the orange parts. In addition, the REE 
concentrations were slightly lower in the orange regions. 
Approximately oriented UV-Vis-NIR spectroscopy was 
performed on four samples from various color categories 
(orange, yellow, desaturated yellow, and desaturated 
green); the resultant spectra showed some notable differ- 
ences in the UV-Vis wavelengths (figure 6). In the visible 
region, not surprisingly, the transmission windows corre- 
lated to sample color. The UV region, however, contained 
two distinct features: a broad shoulder at ~330-340 nm 
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(visible only in the spectra for the gamma direction; not 
shown in figure 6) and, more obviously, a peak at ~375 
nm. This peak was strongest in the spectrum of the desat- 
urated green specimen, was smaller through desaturated 
yellow and yellow, and was absent from the spectrum of 
the orange sample. While this peak has been reported pre- 
viously in the literature, its cause is unknown. We noted, 
however, good correlation between the thorium concen- 
trations and this ~375 nm feature in the UV-Vis spectra; 
there were greatly elevated Th values in the desaturated 
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Figure 3. The concentrations of Pb (left) and Th (right; note logarithmic scale) are plotted for johachidolite samples 
from the various color categories. The desaturated green and desaturated yellow categories show higher concentra- 


tions than the others. 


green and desaturated yellow samples and much lower Th 
concentrations in the orange and in most of the yellow 
stones. Thus, we hypothesize that Th may play an impor- 
tant role in the coloration of johachidolite. More work will 
be needed to test this observation; other authors have not 
found a similar correlation between Th and color (Peretti 
et al., 2007). 

The observed trends in our data are in agreement with 
the results of Kawano and Abduriyim (2007), who per- 
formed LA-ICP-MS analysis on a color-zoned rough sam- 


ple from Myanmar, and with those of Peretti et al. (2007), 
who performed LA-ICP-MS analyses on multiple samples, 
including a color-zoned one. Both studies noted higher 
concentrations of Be in the more saturated (yellow/yellow- 
orange) part of the rough compared to the colorless part, 
and correspondingly lower concentrations of Th and U. 
Kawano and Abduriyim also found higher concentrations 
of the REEs in the colorless portion; while our analyses 
generally detected similar levels for the REEs in the satu- 
rated orange through desaturated yellow samples, the 


Figure 4. The concentrations of rare-earth elements were fairly constant in all johachidolite colors except for the 
desaturated green samples, which contained higher levels of these elements. Plotted here are the values for La 


(left) and Sm (right). 
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REE CONCENTRATION RATIO 


° e Analytical data 
° Line of best fit 


RATIO 


Figure 5. The ratios of average concentrations of REEs 
in the green samples to those of the orange- and yel- 
low-hued samples show a systematic decrease from 
the light to the heavy elements. This reflects enrich- 
ment of light REEs in the desaturated green material. 
(Note that data for the rare-earth elements Pm, Eu, 
and Tb were not included in the analyses.) 


desaturated green samples showed clearly elevated con- 
centrations. Also, in our analyses Th showed the greatest 
variation in concentration from saturated orange (average 
~11 ppm) to desaturated green (average ~2220 ppm), simi- 
larly, Kawano and Abduriyim (2007) reported Th concen- 
trations ranging from 30 ppm in the yellow part of their 
zoned sample to 1590 ppm in the colorless part. 


Conclusions. In a study of faceted johachidolites from 
Myanmar, we found trends in UV fluorescence versus 
color—with the strongest reaction for the green samples— 
as well as in trace-element concentrations versus color. 
Gemological properties were generally consistent with 
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Figure 6. Approximately oriented (alpha direction) 
UV-Vis spectra for four of the samples—representa- 
tive of four of the color categories (orange [J03], yel- 
low []07], desaturated yellow [JO9], and desaturated 
green [J11])—showed different characteristics. The 
spectrum for the desaturated green sample has a par- 
ticularly prominent peak at ~375 nm. 


those presented by other authors, except that we noted 
pleochroism in some of our samples. Beryllium values 
decreased from the saturated orange specimens through 
the desaturated yellow ones, while Pb, Th, and U values 
all showed elevated concentrations in the green and desat- 
urated yellow samples relative to the saturated orange, 
orange, and yellow ones. The REEs showed relatively simi- 
lar concentrations in the orange/yellow specimens, but 
distinctly elevated levels in the green samples, and also 
exhibited fractionation (greater amounts of the lighter 
REEs)]. Our UV-Vis data suggested a possible link between 
Th concentration and color, but the cause of color in 
johachidolite bears further research. 
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LAB NOTES 


A CITRINE with Eye-Visible 
Brazil-Law Twinning 


The New York laboratory recently 
received a dark brownish orange pear 
shape for identification. The stone, 
which measured approximately 18.70 
x 10.20 x 7.30 mm, was set in a yel- 
low metal brooch with numerous var- 
iously colored and shaped transparent 
stones (figure 1). Standard gemologi- 
cal examination and the presence of 
mineral inclusions established that 
the stone was natural citrine. Of par- 
ticular note was the striking eye-visi- 
ble Brazil-law twinning decorated by 
cloud-like inclusions (figure 2, left). 
Brazil-law twinning is common in 
amethyst and citrine, but typically it 
can only be seen by viewing the stone 
parallel to the optic axis between 
crossed polarizers. Finding the optic- 
axis direction in a faceted stone can be 
challenging because colored gem- 
stones are usually oriented for maxi- 
mum weight retention and best color, 
not crystallographically. Thus, Brazil- 
law twinning is usually seen only after 
careful observation using a polariscope 
and an immersion cell (see, e.g., R. 
Crowningshield et al., “A simple pro- 


Editors’ note: All items are written by staff 
members of the GIA Laboratory. 
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Figure 1. The dark pear-shaped citrine at the far left in this brooch shows 
eye-visible Brazil-law twinning with fiber-optic light. 


cedure to separate natural from syn- 
thetic amethyst on the basis of twin- 
ning,” Fall 1986 Gems & Gemology, 
pp. 130-139). 

However, the twinning in this stone 
was visible to the unaided eye using 
only fiber-optic light. Even more unusu- 
al, the appearance was stronger with 
fiber-optic light (again, see figure 2, left) 
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than between crossed polarizers (figure 
2, right). In this case, according to GIA 
chief gemologist John Koivula, the 
mounting and the faceted shape of the 
stone both limit the transmission of 
polarized light through the citrine, 
although immersion of the piece (even 
in water) should result in a clearer polar- 
ized light pattern. The fact that the 
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Figure 2. The Brazil-law twinning in this citrine is visible to the unaided eye 
using only fiber-optic light (left); it is also more easily seen with fiber-optic 
light than between crossed polarizers (right). Field of view ~7.9 mm. 


stone was cut with the table perpendi- 
cular to the optic axis was also a factor 
in the ease of observation, as was the 
presence of a cloud of minute particles 
trapped in the Brazil twin lamellae. 
Wai L. Win 


Figure 3. Sponge coral, because 
of its porous nature, is often 
impregnated with plastic to 
strengthen it. Note the continu- 
ous pattern of plastic-filled polyp 
cavities in this 54.88 ct piece. 
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COMPOSITE of Coral and Plastic 


The Carlsbad laboratory recently began 
receiving multiple orange beads of var- 
ious sizes and shapes for identification. 
These initially appeared to be a plastic- 
impregnated variety of coral that is 
often referred to as “sponge coral” 
because of the numerous natural voids 


Figure 4. Unlike the bead in figure 
3, this sample (8.65 ct) proved to 
consist of pieces of coral and other 
natural materials held together 
with a plastic binder. 
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typical of this material. It is a common 
practice to fill these voids with plastic 
to strengthen the coral and make it 
more suitable for jewelry use (figure 3). 

Close inspection of these beads 
revealed, however, that although they 
contained many of the round- to oval- 
shaped cavities that are characteristic of 
sponge coral, there was a lack of conti- 
nuity in the pattern. There were large 
areas that had no structure at all and 
instead were filled with numerous tiny 
irregular pieces of some other material 
(figure 4)as well as gas bubbles. It 
became clear that these samples were in 
fact a composite of fragments of sponge 
coral held together with an orange plas- 
tic that had been mixed with a ground- 
up material, probably coral or shell. 

To confirm this identification, we 
soaked a single bead in a bath of meth- 
ylene chloride for approximately 48 
hours. This caused the plastic compo- 
nent to dissolve and the bead to disinte- 
grate into its composite pieces (figure 5). 

This is the first time we have 
encountered such an assemblage with 
coral, although a similar intent was 
evident in recent samples of ruby frag- 
ments held together with a high-lead- 
content glass. Therefore, we described 
the new material on the laboratory 
report in the same manner, calling it a 
“coral/plastic composite.” 

Kimberly M. Rockwell 


Figure 5. After it was soaked in 
methylene chloride to remove 
the plastic, the bead in figure 4 
disintegrated into fragments. 


. 
— . 
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Black Diamonds 
Colored by Hydrogen Clouds 


The vast majority of black diamonds 
submitted to the laboratory have been 
treated by high-temperature heating in 
a vacuum. These stones are usually 
opaque and heavily fractured. Black 
graphite inclusions, induced by heat- 
ing, block light transmission and cause 
the host diamond to appear black. 
Recently at the New York labora- 
tory, we examined two cut-cornered 
rectangular brilliants, weighing 2.69 
and 2.72 ct, that were submitted at the 
same time. Both were color graded 
Fancy black (figure 6), but unlike treat- 
ed black diamonds, these two stones 
were transparent to fiber-optic illumi- 
nation and contained numerous dense 
hydrogen clouds but no evidence of 
graphite inclusions. A strong 3107 cm=! 
peak, attributed to hydrogen, was visi- 
ble in their mid-infrared absorption 
spectra (figure 7). After nitrogen, hydro- 
gen was the most abundant impurity in 
these diamonds. The dense hydrogen 


Figure 6. The black color of these diamonds (2.69 and 2.72 ct) was caused 


by dense inclusions of hydrogen clouds. 


clouds are responsible for the natural 
black color. 

The two diamonds were almost 
identical, and we suspected that they 
had originated from the same crystal. 
This was supported by DiamondView 
images of the two stones, which 
showed striking almost-mirror-image 
butterfly structures in the center of 
their table facets (figure 8). 


Figure 7. The mid-IR absorption spectra of the two Fancy black diamonds 
show a strong 3107 cm peak, attributed to hydrogen. 
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The distribution of these symmet- 
rical hydrogen clouds throughout the 
crystal was dictated by the {100} 
growth direction of the diamond lat- 
tice (W. Wang and W. Mayerson, 
“Symmetrical clouds in diamond— 
the hydrogen connection,” Journal of 
Gemmology, Vol. 28, No. 3, 2002, pp. 
143-152). The tables of both dia- 
monds were cut and oriented in the 
{100} crystal face direction, resulting 
in the butterfly images that indicated 
their origin from the same piece of 
rough. 

The grading reports we issued for 
these two stones stated that they had 
a natural origin of color. 

Paul Johnson 


Irradiated Diamond: 
An Easy Call 


Given the complexity and variety of 
diamond treatments these days, it is 
not often that the nature of a stone can 
be decided with a relatively quick look 
through the microscope. Heat, radia- 
tion, and pressure are applied and reap- 
plied to both natural and synthetic 
diamonds; surface-reaching cracks are 
filled with glass; surfaces are coated, 
and the geologic origin indicated by 
mineral inclusions is negated through 
the application of focused laser energy 
and acid boiling. The equipment need- 
ed to conclusively identify treatment 
in diamonds is becoming increasingly 
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Figure 8. The symmetry of the DiamondView images indicates that the two 
black diamonds were cut from the same crystal. Butterfly ~3 mm wide. 


expensive, highly analytical, and fully 
computerized. 

So, though it does not happen often 
anymore, it is refreshing to encounter a 
treated diamond that requires only a 
microscope and gemological training to 
determine whether and how it was 
treated. Recently, a 4.06 ct dark orange- 
brown, marquise-shaped brilliant pro- 
vided just such an opportunity. 

The stone, which was submitted 
for origin-of-color determination, 
measured 17.95 x 8.09 x 4.86 mm. 
Viewed face-up with the unaided eye, 
it appeared to have an evenly distrib- 
uted bodycolor. Viewed through the 
microscope, however, its story was 
completely different. The orange- 
brown color of this type Ila diamond 
was clearly concentrated along the 
pavilion facet junctions and around 


Figure 9. The obvious orange- 
brown color zoning along the 
facet junctions of this cyclotron- 
and heat-treated diamond makes 
the treatment determination 
easy. Field of view ~1.5 mm. 
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the culet (figure 9), creating a slightly 
distorted version of the so-called 
umbrella effect that results from irra- 
diation treatment applied in a cyclo- 
tron. Bombardment of a diamond in a 
cyclotron generally produces an 
“olive” green color. If such a stone is 
then heated in air to 590-620°C, the 
color will change to an orange-brown 
(J. I. Koivula, The MicroWorld of Dia- 
monds, Gemworld International, 
Northbrook, IL, 2000, pp. 64-65), 
which presumably is what happened 
to this diamond. Although decades 
ago many diamonds were treated in 
cyclotrons, we rarely encounter them 
in the laboratory today, probably 
because detecting the treatment is 
such an “easy call.” 

John I. Koivula and Laura L. Dale 


Natural Type Ib Diamond with 
Unusual Reddish Orange Color 


Few natural diamonds contain detect- 
able levels of isolated nitrogen. These 
stones usually display an orange-yel- 
low color, occasionally with brown- 
ish modifiers. The trade refers to 
some stones in this group as “canary” 
yellow. In the New York laboratory, 
however, we recently examined a dia- 
mond with isolated nitrogen that was 
an unusual reddish orange color. 
This 1.32 ct round-cornered 
square brilliant (6.18 x 6.14 x 4.42 
mm) was color graded Fancy reddish 
orange (figure 10), which is very rare 
in natural-color diamonds. It was 
inert to conventional long-wave ultra- 
violet (UV) radiation, but showed very 
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weak orange fluorescence to short- 
wave UV. With magnification, this 
diamond revealed clouds of tiny parti- 
cles that spread out across most of the 
table facet and exhibited both sym- 
metrical and irregular shapes. Clouds 
are a very common feature in natural 
type Ib diamonds, and with this 
exception the color was distributed 
evenly. The infrared absorption spec- 
trum revealed that this stone con- 
tained a substantial amount of isolat- 
ed nitrogen (34 ppm). In addition, it 
contained about 11 ppm of the A 
aggregate of nitrogen. The occurrence 
of A aggregates contributed to the for- 
mation of the H3 defect, which was 
distributed along several sets of 
lamellae and exhibited clear green flu- 
orescence in the strong UV radiation 
of the DiamondView. 

The UV-visible-near infrared (UV- 
Vis-NIR) absorption spectrum (figure 
11), collected at liquid-nitrogen tem- 
perature, displayed a very smooth 
absorption curve with no sharp peaks. 
The absorption increased dramatically 
from ~620 nm to the high-energy side, 
with total absorption at wavelengths 
below 480 nm. This type of absorption 
pattern could be attributed to a specif- 
ic concentration of isolated nitrogen, 
and created a transparent window in 


Figure 10. The unusual color of 
this 1.32 ct type Ib Fancy reddish 
orange diamond could be attrib- 
uted to a specific concentration 
of isolated nitrogen. Reddish 
hues are very rare for natural 
type Ib diamonds. 
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Figure 11. In its UV-Vis-NIR spectrum, the 1.32 ct reddish orange diamond 
showed much stronger absorption in the yellow-green region than do typical 
type Ib diamonds colored by isolated nitrogen (e.g., top spectrum). Spectra 


offset vertically for clarity. 


the red-orange region. The color contri- 
bution from the H3 defect was trivial, 
if any. With either higher or lower con- 
centrations of isolated nitrogen, there 
might not have been a reddish hue. 
Examination of this special dia- 
mond indicated that reddish hues can 
be present in some rare type Ib dia- 
monds, in addition to the well-known 
orange-yellow colorations. 
Wuyi Wang 


Observed Oddities in Diamond 


Occasionally, features we observe in 
diamond are appreciated for their 
appearance alone rather than any sci- 
entific value they might have (e.g., 
Lab Notes: Winter 2007, pp. 363-364; 
Summer 2008, pp. 157-158). Olivine 
is one of the most common inclu- 
sions in diamond, and usually no sec- 
ond thought would be given to such 
an inclusion beyond its effect on the 


Figure 12. This olivine inclusion and its associated cleavage fracture (left) 
resemble a winged insect at high magnification (right). Length of the crys- 
tal is ~0.56 mm. 
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diamond’s clarity grade. At the 
Carlsbad laboratory, however, we 
recently observed an olivine inclusion 
in a diamond that was interesting 
because it had the appearance of a 
winged insect (figure 12). The anato- 
my of the crystal was unusual, con- 
sisting of a hexagonal cross-section 
and a bulbous shape that, when com- 
bined with the associated cleavage 
fracture “wings,” reinforced the 
resemblance to a moth or mayfly. 

Burned patches on a diamond are 
likewise nothing out of the ordi- 
nary—normally just a surface feature 
that can affect the polish grade. 
Recently, though, a stone submitted 
to the Carlsbad laboratory was 
observed to have an unusually deep 
polish feature with a decidedly “trop- 
ical” appearance (figure 13). The 
burn—on an extra facet—resembled 
flowers or ferns; similar to ferns, it 
appeared almost fractal in nature. 
Covering the entire extra facet 
(approximately 0.55 mm wide], the 
burn feature had surprising depth of 
relief, which was especially evident at 
the facet edges. 

These two features show us, once 
again, that the seemingly mundane 
task of grading diamonds can prove 
interesting with the application of a 
little imagination. 

Karen M. Chadwick 


Figure 13. The burn on this extra 
facet resembles ferns or flowers 
and has surprising depth of relief, 
readily seen at the facet edges. 
Field of view ~0.7 mm. 
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Figure 14. Discovered in a brownish green type Ia diamond, this hydrogen 
cloud has a unique three-dimensional shape reminiscent of a Venetian 
party mask. Field of view ~2.9 mm. 


“Party” Diamond 


In past Lab Notes sections, we have 
reported on a variety of cloud patterns 
in diamonds (e.g., Spring 1999, pp. 
42-43; Fall 2000, pp. 255-256; Spring 
2001, pp. 58-59). Cloud formations in 
diamonds are actually phantoms 
mimicking the growth of their hosts. 
As such, most clouds have stellate or 
cruciform habits that can be 
described geometrically by the iso- 
metric crystal system that governs 
the structure of single-crystal dia- 
monds. Of course, there are excep- 
tions to every rule, and the hydrogen 
cloud pictured in figure 14 definitely 
fell into that category. 

As is typical with hydrogen 
clouds, this one was hosted by an off- 
color type Ia diamond, in this case a 
dull brownish green round brilliant 
cut that was submitted to the 
Carlsbad lab for an origin-of-color 
determination. While this was a rou- 
tine submission, the pattern shown by 
the more-or-less centrally located 
phantom cloud was anything but rou- 
tine. When examined with fiber-optic 
illumination from the side, the cloud 
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had the appearance of a Venetian 
mask, similar to those worn by party- 
goers at a masquerade ball. Given the 
cloud’s unique and complex appear- 
ance, it was impossible to clearly 
describe its geometry in terms of the 
known crystal habits of diamond (see, 
e.g., V. Goldschmidt, Atlas der Krys- 
tallformen, Vol. 3, C. Winters, Heidel- 
berg, Germany, 1916). 

While we thought we recognized 
both octahedral and dodecahedral 
structural components, the “eye” 
holes in the mask-shaped cloud— 
which were devoid of light-scatter- 
ing, cloud-forming particles—did not 
seem to fit either morphology. This 
cloud’s appearance was so unusual in 
our experience that we felt it worthy 
of documentation, even though a geo- 
metric description was not possible. 

John I. Koivula and Laura L. Dale 


Pinkish Brown Diamond with 
Mantle-Mineral Inclusions 

Among natural purple-to-pink dia- 
monds, some are distinguished by color 


GEMS & GEMOLOGY 


color concentrations along octahedral 
{111} glide planes. When the colored 
glide planes are positioned properly, 
the otherwise subtle pink hue is inten- 
sified. Our observations have revealed 
that almost all purple-to-pink dia- 
monds with glide planes are type IaA 
with moderate-to-high concentrations 
of nitrogen, which indicates a correla- 
tion between the formation of glide 
planes and the nitrogen aggregation 
state. In the New York laboratory, we 
recently examined a large diamond of 
this type. Gemological and spectro- 
scopic analysis revealed some interest- 
ing features, including unique mantle- 
mineral inclusions. 

The 4.29 ct diamond was color 
graded Fancy pinkish brown (figure 
15). It had an unusual cutting style: a 
modified heart brilliant with a wavy 
top edge in place of the usual lobes. It 
fluoresced moderate blue to long- 
wave UV radiation and very weak yel- 
low to short-wave UV. With magnifi- 
cation, sharp parallel glide planes 
with concentrated pink color were 
easily observed throughout most of 
the stone. The strong UV radiation of 
the DiamondView revealed linear 
green fluorescence perfectly aligned 
along the glide planes due to localized 


Figure 15. The color of this 4.29 
ct Fancy pinkish brown diamond 
is caused by a broad absorption 
band at ~550 nm related to inter- 
nal glide planes. It is also notable 
for its unusual cutting style and 
mineral inclusions. 
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Figure 16. This large octahedron 
(~1.0 mm long) seen in the pink- 
ish brown diamond is believed to 
be chromite. The parallel lines on 
its surface very likely formed 
simultaneously with the glide 
planes in the host. 


formation of H3 defects. As expected, 
the infrared and UV-Vis absorption 
spectra showed that the diamond was 
type IaA with a high concentration of 
nitrogen, and that it was colored by 
absorption at ~550 nm. 

An outstanding feature of this dia- 
mond was its inclusion of minerals 
from the earth’s mantle. Colorless 
euhedral inclusions of varying sizes 
were confirmed to be olivine by Raman 
spectroscopy. In addition, a large black 
octahedron was present at the top of 
the wavy region (figure 16). Based on its 
color, luster, and morphology, it was 
probably chromite, though we could 
not confirm this with Raman analysis. 
An interesting feature of this inclusion 
was the presence of parallel lines on its 
surface (again, see figure 16), which 
very likely formed simultaneously 
with the glide planes in the host dia- 
mond. This is the first time we have 
observed glide planes in both the host 
diamond and its chromite inclusion. 

Wuyi Wang 


Large EMERALD-in-Quartz 
Specimen 
Laboratory gemologists deal with the 


identification of treatments, synthet- 
ics, and imitations on an almost rou- 
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tine basis. So when the opportunity to 
examine a truly rare natural gem 
material arises, it is greeted with a 
good deal of enthusiasm. Such was the 
case recently, when we examined a 
large transparent quartz crystal that 
contained eye-visible, gem-quality 
inclusions of emerald (figure 17), a first 
in our experience. An intergrowth of 
emerald and quartz was reported in 
the Summer 2000 Lab Notes section 
(pp. 164-165), but that faceted stone 
was essentially half semitransparent 
white quartz and half low-quality 
emerald—quite different from the 
specimen described here. 

The 69 g quartz crystal (74.05 x 
31.91 x 20.41 mm) was reported by 
emerald dealer Ron Ringsrud (Ronald 
Ringsrud Co., Saratoga, California) to 
have been recovered from the La Pita 
mine in Boyaca, Colombia. He sub- 
mitted the specimen for gemological 
examination with the permission of 


Figure 17. This 74.05-mm-long 
specimen of emerald in quartz 
was recovered from the La Pita 
mine in Boyacd, Colombia. 
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the owner, German Sanchez (Uni- 
versal Emerald CI Ltda., Bogota). 

As seen in figure 17, the quartz 
crystal was well formed, singly termi- 
nated, and highly transparent, making 
the emerald inclusions clearly visible 
without magnification. A large clus- 
ter of emerald crystals reached the 
surface of the host quartz, which 
indicates they formed first and then 
the quartz grew over them. The 
largest of the inclusions was 23.50 
mm long (figure 18), so an emerald 
spectrum was easily obtained when it 
was examined in transmitted white 
light with a handheld prism spectro- 
scope. This is one of the most unusu- 
al “inclusion” specimens we have 
ever seen. 

John I. Koivula 
and Shane F. McClure 


Figure 18. The largest of the 
inclusions (23.50 mm long) in 
the quartz crystal revealed a 
characteristic emerald spectrum 
when examined with a handheld 


spectroscope. 
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would desire to obtain the diamonds as 
cheaply..as possible, but equally so the 
Company endeavored to obtain the best pos- 
sible price, with the result that a reason- 
able compromise was made. Thereafter, the 
Syndicate reassorted the diamonds and sold 
them to the market at the best advantage. 
The Syndicate, of course, had to take the 
risk of a fall in retail prices and conversely 
profited through any rise in prices during 
the period of the contract. These arrange- 
ments were to be changed in 1919. 

By 1919, the Anglo-American Corpora- 
tion of South Africa, Ltd. (organized and 
headed by Sir Ernest Oppenheimer) had 
acquired control of the former German 
West African fields and for the first time 
quotas were shortly set at De Beers 51%, 
Premier 18%, Jagersfontein 10%, and 
South-West Africa 21%. All sales had to 
be made through the Syndicate which 
would bear all losses, although the pro- 
ducers would share in the profits, 

In 4925, a syndicate of L. Breitmeyer 
and friends bid for renewal of a (probably 
five-year) contract, but instead; a five- 
year offer was accepted from Sir Ernest 
Oppenheimer (later to become Chairman of 
De Beers) and friends. The Oppenheimer 
Syndicate took over the stock of diamonds, 
contracts, and ‘liabilities of the Breitmeyer 
Syndicate. By 1927 this Oppenheimer Syn- 
dicate had accumulated an unexpectedly 
large stock, valued at that time at 8,000,000 
pounds, due to purchase of Lichtenburg 
diamonds necessary to control market prices. 
It was then to be confronted with the prob- 
lem of maintaining control of the diamond 
market when the unprecedented combina- 
tion of circumstances reached their climax 
in 1929; i.e., the large production of allu- 
vial diamonds from Lichtenburg (grand 
total of 4,691,000 carats) and the rich 
production in Little Namaqualand. 

A few years later H. T. Dickinson, for- 
mer member of the G.I.A. Educational Ad- 
visory Board, and former Consulting Engin- 
eer and a Director of De Beers wrote: 


“The bulk of the claims in Lichtenburg 
were in the hands of small workers. Inde- 
pendent diamond buyers entered these fields 
and prices of diamonds fell in 1929 during 
which year these alluvial déposits were 
producing more diamonds than all the 
mines under De Beers’ control, as De Beers 
had restricted production. ; 

“The alluvial diamond production from 
South Africa has always been bought by 
independent diamond buyers though the 
Syndicate also purchased some of the allu- 
vial production principally with the object 
of maintaining prices. When the Lichten- 
burg area became such an important pro- 
ducing field, the Syndicate purchased sub- 
stantial quantities of that production with 
the object of not only maintaining prices, 
but of safeguarding the interests of the 
holders (merchants and private entities of 
cut diamonds throughout the world). 

“Discoveries along the coast line of Little 
Namaqualand, which is within the Union 
of South Africa, occurred in 1926. Very rich 
lands were made on Crown Lands (i.e., land 
belonging to the government) in the vicinity 
of Alexander Bay, just south of the Orange 
River. The original discoverers were granted 
claims which were subsequently exploited.” 
The remainder of the ground. by law re- 
verted to the government and since the 
private owners’ claims were worked out the 
Union Government has. continued to pro- 
duce diamonds from this area. No private 
digging is permitted. 

“South of the Alexander Bay area further 
diamond discoveries were made along the 
Namaqualand coast: line, but the bulk of 
the properties on which diamonds were 
found were privately owned, and within a 
comparatively short time such farms were 
purchased by a concern known as the Cape 
Coast Exploration, Limited. Production of 
the Cape Coast Company was all sold to 
the Diamond Corporation? 

Aithough the Lichtenburg production had 


2. Private communication to the G.I.A. 
3. Private communication to the G.IL.A. 


200 


“GEMS & GEMOLOGY 


Figure 19. Raman analysis proved that this fluid-appearing layer of transparent inclusions in a grossular report- 
edly from Tanzania (left) was calcite. In one orientation in polarized light (center), some of the calcite inclu- 
sions display interference colors, while others do not. Upon 90° rotation of both polarizer and analyzer (right), 
the previously extinct portions now show interference colors, while the previously bright areas do not. Field of 
view 1.8 mm. 


Calcite “Melt” in GROSSULAR 


In the past, we have seen unusual- 
looking transparent features in pale- 
colored grossular from Lelatema, 
Tanzania, that appeared as if they 
might have been molten at the time 
they were included in their garnet 
hosts. Although those inclusions 
were examined microscopically, and 
under polarized light proved to be 
solid and birefringent, on these previ- 
ous occasions we did not have the 
opportunity or capability to identify 
them. 

Recently, we encountered a 0.39 ct 
transparent light green, round mixed-cut 
grossular—reportedly from Tanzania— 
with inclusions that were very similar 
to those we had previously observed. 
As shown in figure 19 (left), this feature 
was a transparent dendritic or fan- 
shaped layer of fluid-like inclusions 
that gave the strong appearance of once 
having been molten. 

The pale green garnet host had the 
expected RI of 1.731. It exhibited a 
weak-to-moderate orange reaction to 
long-wave UV radiation, while the 
inclusion layer was inert. In polarized 
light, the transparent areas of the 
inclusion system behaved curiously. 
In one orientation of the polarizer and 
analyzer, a portion of the system 
showed bright interference colors 
while the remainder was extinct (fig- 
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ure 19, center). When the polarizer 
and analyzer were rotated in unison 
by 90°, the previously extinct area 
showed bright interference colors, 
while the previously bright portion 
went extinct (figure 19, right). This 
clearly revealed that two crystallo- 
graphic orientations were present 
within this system. Examining all 
three photomicrographs side by side 
as a triptych made this curious rela- 
tionship quite obvious. 

We then employed laser Raman 
microspectroscopy to determine the 
nature of this feature. The results 
clearly showed that the melted-look- 
ing inclusions were calcite. Calcite is 
known to occur in garnets from this 
and other localities (such as hessonite 
from Sri Lanka), but it has not previ- 
ously been reported with such a “liq- 
uid” form. An interesting bonus in 
this investigation was that a tiny, 
nondescript, rounded inclusion near 
the girdle and the pavilion surface, 
which was also analyzed, proved to be 
elemental sulfur, though it was too 
small to show its characteristic yel- 
low color. Sulfur has not been 
encountered before as an inclusion in 
garnet. The investigation of this 
grossular showcases the power and 
increasing usefulness of Raman 
analysis in inclusion studies. 

John I. Koivula and Alethea Inns 
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A Rare Yellow 
Trapiche SAPPHIRE 


The 40.57 ct transparent-to-semi- 
transparent yellow oval tablet in fig- 
ure 20 was submitted to the New 
York laboratory as a “star sapphire.” 
Standard gemological testing identi- 
fied it as a natural sapphire. What 
caught our eye immediately, though, 
was that the star-like appearance was 
not asterism, but rather a “trapiche” 


Figure 20. This 40.57 ct yellow 
sapphire (21.60 x 16.30 x 8.60 
mm) exhibits the trapiche growth 
phenomenon. 
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Figure 21. The core of the 
trapiche crystal is visible at 
upper left, with the arms formed 
by radiating spokes containing 
ribbons of thin films. Field of 


view ~3 mm. 


pattern: a fixed reflective six-armed 
star with associated color zoning. 
While trapiche patterns are com- 
mon in emerald, they are less com- 
mon in corundum, in which they are 
typically restricted to ruby (see, e.g., K. 
Schmetzer et al., “Trapiche rubies,” 
Winter 1996 Gems & Gemology, pp. 
242-250; I. Sunagawa et al., “Texture 
formation and element partitioning in 
trapiche ruby,” Journal of Crystal 
Growth, Vol. 206, No. 4, 1999, pp. 
322-330). Trapiche sapphire is consid- 
erably rarer (see, e.g., box A of T. 
Hainschwang et al., “Trapiche tour- 
maline from Zambia,” Spring 2007 
Gems & Gemology, pp. 36-46), and 


most is blue to gray: An extensive lit- 
erature search with the help of staff 
members at GIA’s Liddicoat gemolog- 
ical library revealed no published 
accounts of yellow trapiche sapphire. 

Exposure to long-wave UV radia- 
tion caused this stone to fluoresce 
weak-to-moderate orange in the trian- 
gular growth sectors, while the “arms” 
fluoresced weak orange or were inert; 
the short-wave UV reaction was weak- 
er. Fluorescent Cr lines at ~680 nm and 
an absorption line at 450 nm in the 
desk-model spectroscope indicated the 
presence of trace amounts of Cr and Fe, 
respectively. 

A small core area parallel to the c- 
axis formed the center of the star for- 
mation. Reflected light best revealed 
the inclusions. The triangular growth 
sectors had a yellow bodycolor and 
were less included—with mostly fluid 
remnant “fingerprints,” two-phase 
inclusions, and reflective films—than 
the radiating spokes. The arms were 
nearly colorless and to the unaided eye 
appeared to contain abundant needles. 
With magnification, these “needles” 
could be resolved into narrow ribbons 
of reflective thin-film inclusions in 
planes that were approximately per- 
pendicular to the core or c-axis (figure 
21). Metallic, small dark, or irregular 
transparent crystals were present in 
both the arms and triangular growth 
sectors. 

These differences in inclusions, 
color, and growth structure suggest that 
the sapphire crystallized from its core 
outward, with the sectors and arms 


probably growing concurrently but at 
different rates. Note that the definition 
of trapiche varies, with some referring 
to it as skeletal growth resulting in 
inclusions trapped in the arms of the 
star, or being composed of a different 
material than the host (Hainschwang et 
al., 2007). Other definitions include 
preferential exsolution of inclusions in 
the dendritic and growth sectors, or 
structure- and growth-related chemical 
variations that result in color-causing 
mechanisms differentiating the arms 
(K. K. Win, “Trapiche of Myanmar,” 
Australian Gemmologist, Vol. 22, No. 
6, 2005, pp. 269-270). Although many 
of the reported trapiche corundums— 
and rubies in particular—have arms 
composed of distinct mineral phases, 
this stone was primarily composed of 
corundum throughout. Even so, the 
GIA Laboratory categorized this sap- 
phire as “trapiche” due to its distinct 
core, inclusion pattern, and growth 
structure. It is the first yellow trapiche 
sapphire we have seen. 

Donna Beaton 
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Using cucumbers to unearth dendritic agates in central 
India. Even though fashioned chalcedony from central 
India has been used in jewelry for over three centuries—at 
least since the reign of Maharaja Chhatrasal in the 1600s— 
relatively few examples of the superb dendritic agates pro- 
duced there have been seen in the West. Tarun Adlakha, of 
Indus Valley Commerce, Ghaziabad, India, recently exhib- 
ited a large collection of them in the United States at the 
2008 Tucson Gem and Mineral Show. 

According to Mr. Adlakha, these agates (e.g., figures 1 
and 2) are mined in Madhya Pradesh Province on the fringes 
of the Deccan Traps (thick basalt flows). These flows erupt- 
ed at the end of the Cretaceous period, approximately 65 
million years ago, forming one of the world’s largest vol- 
canic regions. Some agates are mined along tributaries of the 
Narmada River, but the vast majority are recovered some 
distance away, from gray-green volcanic ash deposits, at 
depths of 12-25 m. Mr. Adlakha noted that the Narmada 
River agates are found as waterworn pebbles and rocks that 
yield mostly transparent and finely imprinted dendritic 
gems, whereas the distal sources produce material that is 
largely translucent. The production includes colorless, 
orange, red, yellow and, rarely, purple material. 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu or 
GIA, The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. Original photos can be returned after 
consideration or publication. 
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Miners work the riverbed twice a year during the 
region’s dry seasons. One unusual approach taken by local 
miners is to plant cucumbers and other deep-rooting vines 
in the riverbed, where the fast-growing roots reportedly 
loosen the soft alluvium, causing many nodules to rise to 
the surface. These are then easily collected for cutting. 

Indus Valley Commerce fashions about 10,000 cabo- 
chons per year at their shops in Banda, Uttar Pradesh. Mr. 
Adlakha describes this production as “prime grades”; about 
10% are considered “exceptional,” but only a small 
amount, 5% or less, are dendritic. The most experienced 
and skillful cutters are used to fashion the rare dendritic 
pieces, because producing fine finished stones from this 


Figure 1. This dendritic agate cabochon from cen- 
tral India measures 6.2 x 4.7 cm. The fern-like 
inclusions are composed of manganese and/or iron 
oxides trapped between layers of the agate. Photo 
by R. Weldon. 
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Figure 2. This shield-shape dendritic agate measures 
6.1 x 5.2 cm. Photo by R. Weldon. 


material is a specialized skill, particularly for large cabo- 
chons (e.g., 18-25 cm). Because the dendrites are only a few 
microns thick, the margin of error is extremely small; thus, 
the cabochons are cut by hand rather than with a saw. As a 
result, it can take a cutter several days to fashion a single 
stone. The finished cabs are typically 2-5 mm thick. 

For more information on these agates, see M. C. 
Venuti and M. Panto, “Il mistero delle dendriti indiane 
[The mystery of the Indian dendrites],” Rivista Gem- 
mologica Italiana, Vol. 2, No. 3, 2007, pp. 181-191. 

Robert Weldon (robert.weldon@gia.edu) 
GIA Library, Carlsbad 


Fluorite impersonating blue color-change garnet. Garnet 
comes in almost every color, but collectors continue the 


Figure 3. Resembling 
color-change garnet from 
Bekily, Madagascar, this 

~1 cm fluorite is vio- 

letish blue in daylight 
(left) and purplish pink 
in incandescent light 
(right). Photos by 
Robert Weldon. 
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quest for stones showing a blue hue. This goal seemed 
within reach in the late 1990s, with the discovery of 
“blue” color-change pyrope-spessartine from Bekily, 
Madagascar. These stones commonly appear blue-green in 
daylight and purple in incandescent light (see K. 
Schmetzer and H.-J. Bernhardt, “Garnets from Madagascar 
with a color change of blue-green to purple,” Winter 1999 
Gems & Gemology, pp. 196-201). Yet only a few euhedral 
garnet crystals have been reported from Bekily (see 
Summer 2003 Gem News International [GNI], p. 156); 
most are irregularly formed fragments. 

Therefore, one of us (JH) was quite excited about the 
prospect of documenting a relatively large (1.1 x 1.0 x 0.9 cm) 
well-formed crystal thought to be blue garnet from 
Madagascar. The gem-quality sample was seen at the 2008 
Tucson gem shows, and kindly loaned by Jasun and Mandy 
McAvoy (Asbury Park, New Jersey). Its crystal form was 
similar to the previously published specimens of pyrope- 
spessartine from Madagascar, and it displayed a color change 
from violetish blue to purplish pink (figure 3). 

Although the crystal’s morphology, isotropic optic 
character, and color-change behavior were consistent with 
those of garnet, Raman analysis at the GIA Laboratory 
proved that it was actually fluorite. This was quite a sur- 
prise to all who were involved with this specimen, which 
apparently had never been tested. In hindsight, the crystal 
appeared remarkably similar—in its modified cubic crystal 
form as well as its color—to some of the color-change 
Ethiopian fluorites documented in the Summer 2007 GNI 
section (pp. 168-169). 

Jim Houran (jim_houran@yahoo.com) 
Mineralogical Association of Dallas, Texas 


Brendan M. Laurs 


Colorless forsterite from Mogok, Myanmar. During the 
BaselWorld show in April 2008, the SSEF Swiss 
Gemmological Institute received a colorless 2.48 ct stone 
(figure 4, left) for testing. According to Mark Smith (Thai 
Lanka Trading Ltd., Bangkok), it was cut from rough found 
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Figure 4. The 2.48 ct colorless forsterite on the left is 
reportedly from the Dattaw mining area near Mogok, 
Myanmar. A 4.77 ct synthetic forsterite is shown on 
the right. Photo by H. A. Hanni, © SSEF. 


in the Dattaw mining area of Mogok, Myanmar. Originally 
the stone was sold as humite, a hydrous magnesium sili- 
cate, but its refractive indices (1.638-1.677), birefringence 
(0.039), and hydrostatic SG (3.27) did not quite match. With 
Raman spectroscopy, the specimen was readily identified 
as forsterite, a member of the olivine group. (The olivine 
group consists mainly of two end-members, forsterite [a Mg 
silicate] and fayalite [an Fe silicate]. The most common 
gem variety from this group, peridot, is a Mg-rich olivine 
that contains some Fe—typically 5-15 wt.% FeO—result- 
ing in a yellowish green to dark green color.) After 
BaselWorld, we began seeing more of this material from 
Myanmar (figure 5), most of which was largely free of 
inclusions and colorless to slightly yellow. As these con- 
tributors had previously seen only synthetic colorless 
forsterite (e.g., figure 4, right), a detailed study was under- 


Figure 6. Whereas the peridot/fayalite samples 
showed no photoluminescence, the natural and syn- 
thetic colorless forsterites had distinct PL bands at 
different positions. 
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Figure 5. These nearly inclusion-free colorless 
forsterites from Myanmar range from 1 to 2 ct. Photo 
by Mark Smith, © Thai Lanka Trading Ltd. 


taken to confirm the natural origin of these stones. 

Energy-dispersive X-ray fluorescence (EDXRF) analysis 
of the 2.48 ct stone revealed a minor amount of iron (0.1 
wt.% FeO) and traces of Cr, whereas two colorless syn- 
thetic samples had only Mg and Si as main constituents 
and no Fe. The natural specimen showed a moderate red 
fluorescence to long-wave UV radiation, presumably relat- 
ed to its Cr content, whereas both synthetic samples fluo- 
resced a weak chalky yellow. The reaction to short-wave 
UV was moderate yellow for the natural forsterite and 
weak yellow for both synthetic samples. Photolumi- 
nescence (PL) spectra excited with a 514 nm argon laser 
showed a broad luminescence band centered at 647 nm for 
the natural forsterite, while the two synthetic samples 
showed a band centered at 735 nm coupled with a series of 
small luminescence peaks at 685.1, 695.0, 704.2, and 713.5 
nm; in contrast, five samples of natural peridot and fay- 
alite (yellowish green to dark green and greenish brown) 
showed no photoluminescence (figure 6). 

Using a microscope, we observed numerous hollow 
tubes and cavities (figure 7, left) in the synthetic samples. In 
contrast, the natural specimens showed partially healed fis- 
sures with fluid inclusions, as well as colorless idiomorphic 
(rhombic) crystal inclusions. These inclusions were identi- 
fied by Raman spectroscopy as dolomite (figure 7, right), 
which fits well with the forsterite’s reported origin in a mar- 
ble deposit in the Dattaw area. The Mogok region is also 
known as a source for yellowish green to green peridot. The 
peridot is mined from the Pyanunggaung Mountains, in talc 
veins associated with ultramafic (Mg- and Fe-rich) rock (R. 
C. Kammerling et al., “Myanmar and its gems—an update,” 
Journal of Gemmology, Vol. 24, No. 1, 1994, pp. 3-40). 

Aside from their beauty, these new colorless forsterites 
may also prove enlightening to gemology students, as they 
clearly demonstrate the concept of isomorphous mixing 
within the olivine group. Between the forsterite and fay- 
alite end-members are intermediate compostions with vari- 
ous amounts of iron replacing Mg on the same structural 
site (an isomorphous solid solution). The color is directly 
related to the iron concentration, ranging from colorless 
forsterite through yellowish green to dark green peridot, to 
dark brown fayalite (figure 8). As plotted in figure 9 (using 
the samples shown in figure 8, in addition to two samples 
of colorless synthetic forsterite), the greater substitution of 
Mg by Fe also leads to a marked increase in the RI and SG 
of the members of this solid solution. Similar observations 
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Figure 7. As shown on the 
left, abundant hollow tubes 
and cavities were seen in the 
synthetic forsterites (pho- 
tomicrograph by H. A. Hanni, 
magnified 20x; © SSEF). On 
the right, this forsterite from 
Myanmar contains a some- 
what regular pattern of fluid 
inclusions in a healed fissure, 
as well as rhombic dolomite 
inclusions (photomicrograph 
by M. S. Krzemnicki, 
magnified 35x; © SSEF). 


are well known for other mineral groups with extensive 
chemical mixing, such as feldspars and garnets. 

Michael S. Krzemnicki (gemlab@ssef.ch) 

SSEF Swiss Gemmological Institute 

Basel, Switzerland 


Peter Groenenboom 
AEL-Arnhem 
The Netherlands 


Colorless forsterite from Tajikistan. In addition to the 
gem-quality colorless forsterite from Myanmar now circu- 
lating in the trade (see the preceding GNI entry), colorless 
forsterite from Tajikistan recently became available. 
According to gem dealer Farooq Hashmi (Intimate Gems, 
Jamaica, New York), small quantities of this material have 
been produced from the Kukh-i-Lal skarn-type gem 
deposit in the southwestern Pamir Mountains, where it is 
found in association with clinohumite and spinel. Mr. 
Hashmi noticed a few of the colorless pieces of rough 
mixed with a 3+ kg parcel of clinohumite that he obtained 
in mid-2008. He cut a 3.54 ct gem from one of these 
pieces, and loaned it to GIA for examination. 

Gemological characterization of this colorless pear- 
shaped brilliant (figure 10) yielded RIs of 1.637-1.669 (bire- 
fringence 0.032), a biaxial optic figure, and a hydrostatic SG 
of 3.26. It fluoresced weak orangy pink to short-wave UV 


Figure 8. The 2.48 ct colorless forsterite is shown on 
the left, along with four peridot specimens and a fay- 
alite. All members of the olivine group, these samples 
demonstrate the effect of increasing Fe concentration, 
from left to right. Data from these samples were used 
for figures 6 and 9. Photo by M. S. Krzemnicki, © SSEF. 
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radiation and weak red to long-wave UV. In addition to 
major amounts of Mg and Si, EDXRF spectroscopy 
revealed traces of Ca, Mn, and Fe. These properties are gen- 
erally consistent with those reported for natural colorless 
forsterite (Spring 1999 Lab Notes, pp. 49-51; and K. 
Nassau, “Synthetic forsterite and synthetic peridot,” 
Summer 1994 Gems &) Gemology, pp. 102-108). The ele- 
ments detected by EDXRF were confirmed with laser abla- 
tion-inductively coupled plasma—mass spectroscopy (LA- 
ICP-MS; calibrated with NIST glass standards), which 


Figure 9. The SG and RI values of the olivine group 
(forsterite-fayalite) increase with Fe concentration, as 
shown here for the samples examined in this study. 
Similar relationships were illustrated by W. A. Deer 
et al. (Rock-Forming Minerals—Orthosilicates, Vol. 
1A, 2nd ed., Longman, London, 1982, p. 184). The 
atrows show the points corresponding to the two syn- 
thetic forsterite samples; the other points correspond 
to the samples shown in figure 8. 
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Figure 10. This colorless 3.54 ct forsterite reportedly 
came from Kukh-i-Lal, in the Pamir Mountains of 
Tajikistan. Photo by Robert Weldon. 


showed average concentrations of 43.7 wt.% MgO and 
0.34 wt.% FeO. As Mg is strongly dominant over Fe, the 
stone’s composition lies near the forsterite end of the 
forsterite-fayalite series. 

Microscopic examination showed a “fingerprint” com- 
posed of euhedral-to-subhedral inclusions (figure 11). With 
higher magnification and diffused lighting, these inclu- 
sions were observed to contain a white, fine-grained solid 
and—in some cases—a dark opaque crystal with a hexago- 
nal outline (figure 12). 

UV-Vis spectroscopy revealed weak absorption features 
at 451, 473, and 491 nm. Raman spectra taken with 488 and 
514 nm laser excitation matched the forsterite and peridot 
spectra from our database. A 514 nm Raman scan was also 
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Figure 11. The forsterite contains a “fingerprint” com- 
posed of euhedral-to-subhedral inclusions. The linear 
features superimposed over the fingerprint are 
scratches. Photomicrograph by D. M. Kondo; field of 
view 7.2 mm. 


taken up to 6000 cm! to investigate the fluorescence 

behavior. This showed a broad band with the maximum at 

approximately 4000 cm~!, which is essentially equivalent to 

the fluorescent band reported for Burmese forsterite in the 
preceding GNI entry. 

David M. Kondo (david.kondo@gia.edu) 

GIA Laboratory, New York 


Natural impregnation of a rock by copper minerals. Rough 
stone buyer Werner Spaltenstein recently sent a blue-green 
rock (figure 13) to the SSEF Swiss Gemmological Institute 
for identification. The material was purchased in 
Tanzania, but its original locality is unknown. The blue 
portions resembled lapis lazuli, while the green patches 
looked like chrysocolla. This contributor had two cabo- 
chons polished to evaluate its suitability as an ornamental 
stone (again, see figure 13). 


Figure 12. At higher mag- 
nification in diffused 
light, the inclusions 
forming the fingerprint in 
figure 11 were seen to 
consist of white solid 
phases (possibly within a 
liquid) and black partti- 
cles. A hexagonal outline 
is evident for the black 
inclusion in the center of 
the right-hand photo. 
Photomicrographs by 

D. M. Kondo; fields of 
view 1.0 mm. 
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Viewed with low magnification, the material gave the 
initial impression of a color-treated coarse-grained igneous 
rock because of the numerous fractures and cleavage 
planes that were filled with a dark blue material (figure 14, 
left). With the client’s permission, we prepared a petro- 
graphic thin section from the rock sample to analyze the 
component minerals and study their textural relationships 
(figure 14, right). Sodium-rich plagioclase, quartz, and mus- 
covite mica were identified microscopically, and were con- 
firmed via Raman spectroscopy. The blue material filling 
the fissures was not a dye but rather was identified as azu- 
rite; also present were malachite, chrysocolla, and chalcan- 
thite. EDXRF chemical analysis showed Si, Al, Na, and 
some K and Ca. Copper was clearly present, as was Fe in 
low concentration. 

The gemological properties of the material correspond- 
ed to the predominance of sodic plagioclase and quartz: 
The mean RI was 1.55, and the SG (by hydrostatic weigh- 
ing of the large piece of rough in figure 13) was 2.69. 

This ornamental material apparently formed when a 
plutonic rock was naturally fractured and impregnated 
with secondary copper minerals. “Jambolite” has been pro- 
posed as a trade name (jambo is a popular greeting in 
Swahili) for this colorful rock. 

Henry A. Haénni 


Update on the John Saul ruby mine, Kenya. In May 2008, 
this contributor and Dr. James E. Shigley of GIA Research 
visited the John Saul ruby mine, which is owned and operat- 
ed by Rockland Kenya Ltd. in the Tsavo West National Park 
of southern Kenya. Our fieldwork was facilitated by Alice 
Muthama, director of Muthama Gemstones Ltd. in Nairobi. 
This report provides an update on underground mining activ- 
ities and ore processing since the comprehensive Gem News 
entry on this deposit that was published by J. L. Emmett in 


Figure 13. This feldspar-quartz-muscovite rock, sold 
in Tanzania, is naturally stained by secondary copper 
minerals. The blue color is due to azurite-filled veins, 
and the green is derived from malachite and chryso- 
colla. The cabochons are approximately 20 mm long. 
Photo by H. A. Haénni, © SSEF. 


the Winter 1999 issue of Gems &) Gemology (pp. 213-215). 
According to general manager Alfonse M’Mwanda and 
mine geologist/engineer Meshack Otieno, the underground 
mining began in late 2004, and is taking place in two loca- 
tions on the property: the Kimbo shaft (in the former 
Kimbo pit), and the Gitonga shaft (in the former pit con- 
taining the Nganga and Miller open cuts; figure 15). The 
Kimbo shaft reaches a depth of 42 m and contains four lev- 
els of horizontal tunnels. It is currently the sole ruby pro- 
ducer, exploiting a mineralized zone that is 0.5-2, m thick. 
The Gitonga shaft is 21 m deep and contains one level. So 
far, no commercial ruby production has occurred from 
these exploratory workings but, according to old literature, 
good-quality stones were found in surface deposits in this 
area. Each shaft is joined to a separate ventilation shaft, and 


Figure 14. At first glance (left), the rock appeared to contain a blue dye. Closer examination of a petrographic thin 
section with magnification (right) revealed the presence of azurite in veins crosscutting the feldspar-quartz-mus- 


covite. Photomicrographs by H. A. Hanni, © SSEF; image width 5 mmm (left) and image magnified 10x (right). 
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Figure 15. Undergroun 


d mining at the John Saul ruby mine is taking place in two shafts, located at opposite ends of 


this large open pit. On the left is the Kimbo shaft, while the Gitonga shaft is visible in the distance to the right. The 
mine offices and sorting facilities are housed in the blue-green building on the left horizon. Photo by B. M. Laurs. 


cranes are used to hoist the miners and the excavated 
material to the surface (figure 16). Mining is performed 
with pneumatic drills, and explosives are used only when 
necessary. The ruby-bearing material is transported under- 
ground in wheelbarrows (figure 17) before being loaded into 
a large container to be brought to the surface (again, see fig- 
ure 16). The miners typically extend the tunnels 0.5 m day, 
and work 5 days per week. 

Of the 93 mine employees, 23 are involved with pro- 
cessing the ruby-bearing ore. The ore is stockpiled in a stag- 
ing area, where it dries prior to being put through a rotating 
sieve. The fine-sized fraction is stockpiled, while the other 
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material goes to a crusher and is then hand picked for ruby. 
Any matrix material is removed from the ruby by careful 
hammering and trimming as necessary with tile nippers 
(figure 18). The corundum is then sorted into three quali- 
ties, and each is sieved into several size fractions. 

Since January 2008, the mine has produced approxi- 
mately 200-500 kg per month of mixed-grade ruby and 
pink sapphire (excluding low-grade corundum). The rough 
is washed in hydrofluoric acid and heated in air to 1400°C 
for 12 hours (to brighten the darker colored material). Most 
of the rough is sent to Thailand for cutting, although a 
small amount is polished in Nairobi using Thai cutters. 


Figure 16. Cranes are 
used to remove the 
excavated material 
from the shafts, as 
shown here at the 
Kimbo pit. A cage that 
is used for hoisting the 
miners is visible in the 
dump truck. Photo by 
B. M. Laurs. 
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Figure 17. Ruby-bearing material from the working 
face of the mine is moved to the haulage shafts in 
wheelbarrows. Photo by B. M. Laurs. 


The cabochons are sorted into six quality grades, and only 
a small percentage possess top color and translucency (e.g., 
figure 19). At the time of our visit there was no facet-quali- 
ty rough available, but the company anticipates better pro- 
duction as the deposit is explored at deeper levels. 
Brendan M. Laurs 


Ruby and other gems from Nanyaseik, Myanmar. The 
Nanyaseik (also called Namya or Nanyar Zeik) region of 
northern Myanmar has been known for nearly a decade as 
a source of fine-quality ruby, spinel, and other gems (see, 
e.g., H. Htun and G. E. Harlow, “Identifying sources of 
Burmese rubies,” Fall 1999 Gems # Gemology, pp. 
148-149, and Fall 2001 GNI, pp. 237-238). The mining 
area is situated about 50 km northwest of the town of 
Mogaung in Kachin State, at the southern edge of the 
Hukaung Valley, within an area extending from 25°35’15” 
N, 96°31’00” E to 25°39’30” N, 96°34’20” E. The following 
update on the localities and gem production from the area 
is derived mainly from field research by one of these con- 
tributors (KKW) for his PhD dissertation. 

The region is generally flat, with a few hilly areas, and 


GEM NEWS INTERNATIONAL 


~ Ps 
a oe is » 
Figure 18. The corundum is carefully trimmed and 


sorted on site by Rockland Kenya Ltd. Photo by 
B. M. Laurs. 


Figure 19. The highest-quality ruby cabochons cur- 
rently being produced at the John Saul mine show 
good translucency and a bright red color without any 
modifying tones. These heat-treated stones weigh 
approximately 1.2 ct each. Photo by B. M. Laurs. 
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been sharply declining since September, 
1927, even before the great depression 
broke upon the world in 1929, the mainten- 
ance of diamond prices by the Syndicate was 
straining its finances and it became evident 
that it could not continue to buy from the 
producers and maintain its huge stock. The 
Syndicate then proposed to the Conference 
Producers that they take a 50% interest in 
its “outside purchases’ which included An- 
gola, Congo, Beceka, Koffyfontein, and 
Namaqualand. The Conference Producers 
participation: De Beers, 3214%, Jagersfon- 
tein, 5%, Consolidated Diamond Mines of 
South-West Africa, 121%4%. Premier did 
not assist. : 

This led to the formation in 1930 of a 
new company initially financed by De Beers, 
the Barnato Group, Anglo-American, Dun- 
keisbuhler and Company, Consolidated West 
Africa, and Jagersfontein. This was to be- 
come the famous Diamond Corporation 
which was to be heavily capitalized. Sir 
Ernest Oppenheimer, Chairman, is con- 
sidered the founder of the Diamond Cor- 
poration as finally established, 50% of 
which was owned by the Oppenheimer 
Syndicate and 50% by the three Conference 
Producers in the above mentioned amounts. 

The Diamond Corporation was capital- 
ized at 5,000,000 pounds and obtained an- 
other 5,000,000 pounds from the sale of 
debentures due in five annual installments 
beginning 1935. It was later to make pur- 
chasing agreements with the alluvial pro- 
ducers in all of Africa except the unim- 
portant fields of French: West Africa. How- 
ever, later in 1930 the world depression 
resulted in the practical cessation of mining 
in South Africa and agreement between the 
Producers Association and Diamond Cor- 
poration to halt diamond purchases by the 
latter. Angola, Congo, and West Africa had 
agreed ‘to modifications of their agreements 
with the Corporation. Soon after this, De 
Beers was to discontinue all mining until 
the world. diamond demand revived. 

The appointment of the Chairman of the 


Diamond Corporation was vested in De 
Beers. Sir Ernest Oppenheimer also became 
Chairman of De Beers in 1930 shortly after 
De Beers capital was increased from 2,- 
500,000 pounds which was acquired by sale 
of debentures. De Beers then (1930-31) 
proceeded to buy for 2,400,000 pounds the 
control of other producing companies. 
From Anglo-American it bought the Con- 
solidated Diamond Mines of South-West 
Africa and in 1941 Cape Coast Explora- 
tion, -Ltd. (which had obtained control of 
privately owned production in Little Nama- 
qualand). From Batnato Bros. it bought 
control of Jagersfontein (and in 1939 was 
to arange to lease the whole of that mine). 
This gave De Beers control of all South 
African production except that of the Gov- 
ernment of the Union of South Africa in 
Namaqualand, and of other alluvial pro- 
duction in the Union. 

Nevertheless, certain problems developed 
regarding which Mr. H. T. Dickinson 
wrote: i 

“The Syndicate for many years was suc- 
cessful in obtaining almost complete co- 
operation from the government, but the 
new: corporation was compelled to meet a 
new political situation in the Union of 
South Africa. Here the government at- 
tempted to foster a South African cutting 
industry, and was disinclined to cooperate 
with the Syndicate in a rigid control of 
new prospecting, exporting, etc. In 1932, 
it was finally deemed necessary for the De 
Beers Company to close its mines, and the 
Corporation reduced prices upon its 
“rough” to the prices of 1912. This price 
reduction was in keeping with former poli- 
cies of reductions during depressions and 
of gradually raising the price of diamonds 
during normal and better times. With a 
sharp decline in world prices of major com- 
modities the failure to lower diamond prices 
would have been the equivalent of a sharp 
increase in the value of diamonds. This 
would have been unwarranted and danger- 
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densely forested. Within the area are two major rock units: 
granite and marble. Within the marble, associated miner- 
als are variable in occurrence and consist of diopside, 
graphite, phlogopite, forsterite, spinel, and ruby. 

Most of the gem production comes from secondary 
deposits that are worked by open-pit (in-bye) or square- 
shaft (le-bin twin) methods. There are five recognized min- 
ing areas within the Nanyaseik region: 


e Ma Not Maw: First discovered in 2000, this area 
(25°37'12” N, 96°32’45” E) measures approximately 4 
km? and experienced a major mining rush that subse- 
quently led to the creation of Ma Not village. The gem- 
bearing layer (byone; 0.6-1.8 m thick) consists of red- 
dish brown clayey soil that locally contains rock frag- 
ments. Within it have been found gem-quality ruby, 
sapphire, yellow-to-green zircon, pale yellowish green 
and dark green transparent epidote, and colorless topaz. 


e Melin Chaung Maw: Situated near Nanyaseik village 
at 25°36’45” N, 96°34’19” E, this area is around 10 
km? and produces large waterworn opaque rubies 
and sapphires that are locally called carbolic. 
Reddish brown transparent almandine, brown tour- 
maline, and zircon are also found. The gem-bearing 
layer is typically about 3 m thick and consists of clay 
and clasts of marble and granite. 


e Khung Saing Zup Maw: The Khung Saing Zup village 
is located on the Mogaung-Phakant (Hpakan) road, and 
the mining area is situated ~100 m from the road. Here 
is found the largest open-pit mine (240 x 90 m) in the 
Nanyaseik region. The gem-bearing layer contains 
quartz, feldspar, mica, calcite, spinel, ruby, and epidote. 


e Sabaw Maw: At 25°39’31” N, 96°32’48” E, this area 
lies in the northern part of the Nanyaseik region. 
Numerous shallow pits have produced quartz, spinel, 
sapphire, ruby, and pink painite. 


e War Bu Maw: This area, located at 25°38’20” N, 
96°32’27” E, is covered by swampy soil that overlays 
whitish clayey soil and organic material. Specific 
information on the gem materials from there is not 


available. 


Nanyaseik rubies come in a variety of hues, including 
brownish red, orangy red, purplish red, and pinkish red. 
Colorless, yellow, pink, orange-yellow, “padparadscha,” 
blue, and purplish blue sapphires are also found, though 
gem-quality blue sapphires are rare. Good-quality 
Nanyaseik rubies typically range from a few millimeters 
to one centimeter, while opaque stones up to 10 cm have 
been found. The crystals are usually somewhat rounded 
and equant, and may exhibit deep striations and rhombo- 
hedral parting. Conspicuous crystalline inclusions and ori- 
ented rutile needles have been noted. Trapiche specimens 
have also been found. Microprobe analyses of eight 
Nanyaseik rubies at HIAF (Heavy Ion Analytical Facility, 
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Figure 20. This 0.56 g sapphire from Winza, Tanzania, 
is notable for its interesting color distribution. Note 
the purple-pink zone that is visible near the pinacoidal 
face, while the rest of the crystal appears colorless or 
blue of varying depth. Photo by G. Choudhary. 


CSIRO Exploration and Mining, North Ryde, New South 
Wales, Australia) revealed traces of V, Ti, Cr, Ga, Fe, Mn, 
Zr, Co, Cu, Ni, Sr, Y, and Pb. The low Fe content and pres- 
ence of appreciable V and Cr apparently are responsible for 
the strong red fluorescence of Nanyaseik ruby. 


Figure 21. The sapphire crystal in figure 20 displayed 
numerous tiny hexagonal-to-subhexagonal growth 
hillocks on the pinacoidal face. Photomicrograph by 
G. Choudhary; magnified 80x. 
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Figure 22. The color distribution of the sapphire appeared to be restricted to zones with sharp edges that fol- 
lowed pyramidal directions within the crystal (left and center). The purple-pink areas also displayed alternating 
zones of lower and higher saturation along with some blue bands, oriented parallel to the pinacoidal face 
(right). Photomicrographs by G. Choudhary; magnified 35x (left), 45x (center), and 60x (right). 


Nanyaseik spinel also shows strong fluorescence, and 
the crystals are commonly octahedral (sometimes com- 
bined with dodecahedral faces). The color is most com- 
monly pink with an orange tint. Additional colors such as 
greenish blue, bluish green, pale pink, gray, orange, red, and 
brown have also been recovered. Internal features com- 
monly consist of small translucent crystals, large prismatic 
crystals, octahedral spinel crystals, and fluid inclusions. 

U Tin Hlaing (p.tinhlaing@gmail.com) 
Dept. of Geology (Retired) 

Panglong University, Myanmar 
Kyaw Khaing Win 

Yangon, Myanmar 


An interesting zoned sapphire crystal from Winza, 
Tanzania. Recently discovered rubies from Winza in cen- 
tral Tanzania have gained popularity for their bright red 
color and transparency (Summer 2008 GNI, pp. 177-180). 
Sapphires have also been reported from this deposit [V. 
Pardieu and D. Schwarz, “Field report from Winza,” 
Rapaport, Vol. 31, No. 26, 2008, pp. 173-175), but they 
have not received as much attention. 

At the Gem Testing Laboratory in Jaipur, we had an 
opportunity to characterize a 0.56 g sapphire crystal (figure 
20) that was brought to our attention by Shyamala Fernandes 
of Jaipur. She obtained the crystal from Jacob Hoyer of Italy, 
who purchased it directly from a Winza miner. The crystal’s 
appearance immediately pointed to sapphire due to its char- 
acteristic pyramidal habit, which was terminated by a pina- 
coidal face; it also exhibited faint horizontal striations along 
the pyramidal faces, in addition to tiny hexagonal-to-sub- 
hexagonal growth hillocks on the pinacoid that were 
observed only at high magnification (figure 21). 

The most interesting feature of the crystal was its color 
zoning. The area nearest the pinacoid was purple-pink, 
which gradually shifted to colorless and then blue (again, see 
figure 20). The latter color increased from light to deep blue 
to almost black toward the lower end of the crystal, making 
it appear opaque. When magnified, this color distribution 
seemed to be restricted to zones with sharp edges that most- 
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ly followed pyramidal directions within the crystal (figure 
22, left and center). In addition, the purple-pink area dis- 
played zones of alternating saturation along with some blue 
zones that were oriented parallel to the pinacoidal face (fig- 
ure 22, right, also illustrated in M. S. Krzemnicki and H. A. 
Hanni, “New Tanzania mine uncovers source of exceptional 
rubies,” InColor, Spring 2008, pp. 46-47). 

When the crystal was viewed along the c-axis, we 
observed a transparent purple-pink core that was surround- 
ed by a dark blue to black rim (figure 23). This effect 
reminded us of Mong Hsu rubies, where typically the cen- 
tral core is dark blue and the outer rim red; in this crystal, 
the zoning was reversed. However, we could not determine 
whether this core was colorless and the purple-pink color 
was visible because of the zone at the tip of the crystal, or if 
the core itself was purple-pink. 


Figure 23. When the sapphire crystal was viewed 
along the c-axis, the central core appeared transpar- 
ent purple-pink and was surrounded by a deep blue 
to black rim. The apparent pink color might be due to 
the presence of the pink zones near the pinacoid. 
Photomicrograph by G. Choudhary; magnified 35x. 
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Figure 24. This 2.5 g tourmaline, reported to be from 
Nigeria, proved to have an interesting internal fea- 
ture. Photo by G. Choudhary. 


No mineral or fluid inclusions were seen, possibly due 
to the dark color of most of the crystal; the color zones 
described above were observed only where the crystal was 
relatively transparent. 

Since its discovery, the Winza deposit has produced 
some fine rubies, along with interesting specimens such as 
this sapphire. With further exploration, a wider range of 
material may be expected. 

Gagan Choudhary (gtl@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


A tourmaline crystal within a crystal. Recently, we had 
the opportunity to study an unusual 2.5 g tourmaline crys- 
tal (figure 24) that contained an intergrowth of a second, 
smaller tourmaline. This specimen, reportedly from 


Figure 25. With transmitted light and magnification, 
the tourmaline in figure 24 was seen to contain an 
elongated crystal. It displayed weak striations on the 
prism faces, which were terminated by low-angle 
pyramidal faces (that appear dark in this image). 
Photomicrograph by G. Choudhary; magnified 10x. 


Nigeria, was loaned by Mr. S. K. Ajmera (Poorva’s, Jaipur). 
It was transparent and displayed characteristic tourmaline 
morphology, including a prismatic habit, a roughly trian- 
gular cross section with broken terminations, and stria- 
tions along the length of the prism. It was bright green 
when viewed from the sides, but much darker down the c- 
axis. From its appearance, the crystal was readily identified 
as tourmaline. 


Figure 26. The included crystal displayed an etched surface along the length of its prism faces (left, magnified 80x). 
When examined at certain angles with fiber-optic light, the pyramidal faces of the included crystal appeared bronzy, 
revealing complex patterns of etching and/or growth hillocks (center, magnified 65x). Some angular growth features 
were present just below the pyramidal faces (right, magnified 80x). Photomicrographs by G. Choudhary. 
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Figure 27. Between crossed polarizers, the included tour- 
maline remained bright when the host crystal came into 
an extinction position, indicating different planes of 

polarization for the two crystals. Photo by G. Choudhary. 


Observed with transmitted light, the specimen’s unusu- 
al feature became evident: It contained an elongated crystal 
that was inclined to the length of the main crystal (figure 
25). With magnification, the prismatic habit of the included 
crystal was seen to be remarkably well developed. It dis- 
played a pyramidal termination and a triangular cross sec- 
tion (again, see figure 25). Weak striations along the length 
of the prism also were visible. A small part of the included 
crystal extended beyond the host crystal, and it displayed a 
green color similar to that of the host. 

At higher magnification, the prism faces of the internal 
crystal displayed fine etch marks (figure 26, left), which 
appeared angular (like two sides of a triangle). The pyrami- 
dal faces appeared to be coated with a bronzy material, and 
a complex pattern of triangular etching/growth hillocks 
was present (figure 26, center). In addition, this crystal dis- 
played some angular growth zoning just below the pyrami- 
dal faces (figure 26, right). “Trichites” (hair-like fluid inclu- 
sions typically found in tourmalines) were present in both 
the host and the included crystal. 

When observed between crossed polarizers, the speci- 
men clearly showed an anisotropic nature. As expected 
based on the orientation of the crystal within its host, the 
internal crystal’s polariscope reaction was distinctly differ- 
ent from that of the host crystal (figure 27). 

The surface features of the included crystal recorded 
variations in its growth conditions. We believe it is proto- 
genetic—that is, it formed before the main crystal. After 
the smaller crystal formed, its prism faces were apparently 
etched by residual fluids, and it was subsequently over- 
grown by the host tourmaline crystal. 

Shyamala Fernandes (neethisjpr@gmail.com) 
Indian Institute of Jewelry, Mumbai 


Gagan Choudhary 
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Tourmaline from Muva, Mozambique. In late August 
2007, two of these contributors (BML and JCZ) visited a 
new alluvial tourmaline deposit in northeastern Mozam- 
bique, in conjunction with field studies of the Cu-bearing 
tourmaline mines at Mavuco (see B. M. Laurs et al., 
“Copper-bearing [Paraiba-type] tourmaline from 
Mozambique,” Spring 2008 Gems e& Gemology, pp. 4-30). 
The deposit is located at 15°49’39.9” S, 39°06’04.4” E, 
which is only 13 km northeast of Mavuco. 

At the time of our visit, there were approximately 100 
miners working the deposit with picks and shovels in a 
series of shallow pits (figure 28). As at Mavuco, it was nec- 
essary to dig through some overburden (1-3 m) before 
reaching the tourmaline-bearing horizon. The thickness of 
this horizon could not be determined due to the presence 
of mud/water in the bottom of the pits. We were told by 
local miners and traders that about 50 kg of tourmaline 
were produced each week, as waterworn crystals ranging 
from near colorless to yellow to green and pink to brown 


Figure 28. Miners work the Muva tourmaline deposit 
with picks and shovels in a series of shallow pits. 
Photo by J. C. Zwaan. 
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Figure 29. These pebbles (~0.8-2.9 g) show some of 
the colors of tourmaline that have been recovered 
from the Muva deposit. Photo by Kevin Schumacher. 


(e.g., figure 29). Although the miners hoped to find Cu- 
bearing tourmaline at this deposit, the colors recovered 
there suggested that none contained Cu; however, the 
tourmaline had not yet been chemically analyzed. 

From a parcel of rough material weighing approximate- 
ly 1 kg, we selected 21 pieces for further study that encom- 
passed the available range of colors. Flat faces were pol- 
ished on all pieces, and two of them (both yellow, figure 
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Figure 30. Some of the tourmaline from Muva is 
greenish yellow to yellow, as shown by these samples 
(8.66 and 8.59 g), which were gemologically charac- 
terized for this report. Photo by J. C. Zwaan. 


30) were gemologically characterized using standard tech- 
niques at the Netherlands Gemmological Laboratory. The 
other 19 samples (pale yellow, yellow to yellowish green, 
and pink) were chemically analyzed by electron micro- 
probe at the University of New Orleans. 

The following properties were determined on the two 
rough samples (8.66 g greenish yellow and 8.59 g yellow, 
listed in respective order): pleochroism—very strong slightly 
greenish yellow and dark brown, and weak yellow and very 
light yellowish green; RI—1.627-1.648 and 1.622-1.643; 
birefringence—0.021; hydrostatic SG—3.09 and 3.07; fluo- 


Figure 31. Electron- 
microprobe analyses 


of 19 samples of Muva 
® Yellow tourmaline showed that 
A fine they consisted of 
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correlation between 
color and tourmaline 
species. 


o Ga 
80 90 100 


GEMS & GEMOLOGY FALL 2008 


rescence—inert to long- and short-wave UV radiation; and 
no distinct features visible with a desk-model spectroscope. 
Microscopic examination revealed partially healed fissures, 
forming “trichites” composed of fine, thread-like, or wispy 
capillaries. Also present were hollow tubes that were most- 
ly narrow and oriented parallel to the c-axis; some thicker 
tubes were stained reddish brown. The properties listed 
above are typical for gem tourmaline. EDXRF analyses of 
these samples showed that they contained high concentra- 
tions of Mn, and only trace amounts of Ca, Fe, and Ti. 
Electron-microprobe analyses of the 19 samples showed 
that 11 were elbaite and eight were rossmanite. Some rep- 
resentative average analyses are available in the G&G Data 
Depository (see www.gia.edu/gemsandgemology). There 
was no correlation between color and tourmaline species 
(figure 31). No Cu was detected in any of the samples. The 
yellow to yellowish green samples contained significantly 
more Mn (3.99-7.44 wt.% MnO) than the pink samples 
(0.14-2.51 wt.% MnO), as well as slightly higher concen- 
trations of Ti. The compositional data for the yellow to yel- 
lowish green samples was quite similar to those reported 
for tourmaline of similar colors from the Canary mining 
area in Zambia (see B. M. Laurs et al., “Yellow Mn-rich 
tourmaline from the Canary mining area, Zambia,” Winter 
2007 Gems &) Gemology, pp. 314-331), except that some 
of the Mozambique stones contained much higher Ca, as 
well as slightly higher Fe and lower Na. 
Brendan M. Laurs 


J. C. (Hanco) Zwaan 

Netherlands Gemmological Laboratory 

National Museum of Natural History “Naturalis” 
Leiden, The Netherlands 


William B. (“Skip”) Simmons and Alexander U. Falster 
University of New Orleans, Louisiana 


INCLUSIONS IN GEMS 


Two unusual aquamarines. Two very unusual aquamarine 
specimens were recently brought to our attention by 
Dudley Blauwet (Dudley Blauwet Gems, Louisville, 
Colorado) and Jack Lowell (Colorado Gem and Mineral 
Co., Tempe, Arizona). The beryl crystal from Mr. Blauwet 
came from the Biensapi aquamarine pegmatite in the 
Braldu Valley in Baltistan, Pakistan, and he donated it to 
GIA because it contained some interesting inclusions. As 
shown in figure 32, this 31.9-mm-long crystal had a trans- 
parent termination and a cloudy lower portion with a tor- 
nado-like shape composed of numerous veils of minute 
fluid inclusions. The mineral inclusions in this aquama- 
rine were also interesting. In addition to some obvious 
white feldspar crystals, a few small brownish green crys- 
tals were also visible (figure 33), although they were too 
deep in the host to allow analysis beyond what could be 
surmised through magnification. In this contributor’s 
experience, the only brownish green crystals so far identi- 
fied in Pakistani beryls have been monazite. 
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Figure 32. Pakistan is the source of this 31.9-mm-long 
aquamarine that contains a cloudy tornado-shaped 
concentration of fluid inclusions, as well as some 
interesting mineral inclusions. GIA Collection no. 
37700; photo by Robert Weldon. 


Figure 33. Although it was too deep in the Pakistan aqua- 
marine to be analyzed, this 0.45 mm brownish green 
crystal inclusion surrounded by a tension halo appeared 
to be monazite. Photomicrograph by J. I. Koivula. 
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Figure 34. Some of the crystals in this 52.17-mm-wide 
aquamarine cluster from Namibia displayed an 
unusual trapiche structure on their terminations. 
Photo by Robert Weldon. 


The specimen from Mr. Lowell reportedly came from 
the Erongo Mountains in Namibia. It measured 52.17 mm 
wide and was composed of a cluster of transparent-to- 
translucent greenish blue aquamarine crystals that were 
partially coated with a thin layer of pocket clay. The most 
interesting feature, which is clearly visible in both figure 
34 and the photomicrograph in figure 35, was the distinc- 
tive trapiche structure apparent on several terminations. 
We have never before encountered such an obvious exam- 
ple of a trapiche pattern in aquamarine. 

A 2006 issue of the Mineralogical Record (Vol. 37, No. 
5) was dedicated to the minerals from the Erongo 
Mountains in Namibia, and though aquamarine was fea- 
tured on the cover and thoroughly discussed and illustrated 
in the text, no mention was made of trapiche features and 
no photographs of this type of aquamarine were included. 
Although this appears to be a very unusual specimen, the 
fact that such material exists opens the possibility of 
trapiche aquamarine appearing in the gem market. 

John I. Koivula (jkoivula@gia.edu) 
GIA Laboratory, Carlsbad 


An interesting rose quartz from Madagascar. In October 
2007, Fabrice Danet (Style Gems, Antsirabe, Madagascar) 
informed us about a new find of rose quartz from 
Madagascar that contained some unusual inclusions. He 
first saw the material in April 2007, when a local dealer 
offered him a few kilograms of rather small pieces said to 
be morganite. About half the rough contained noticeable 
green inclusions, and Mr. Danet subsequently purchased 2 
kg. In June 2008, he obtained 10 kg from a 100 kg parcel 
consisting mostly of small pieces. This time it was offered 
as rose quartz by a man who actually mined the material. 
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Figure 35. Looking down the c-axis, the hexagonal 
symmetry of the trapiche structure in this 5.87-mm- 
wide termination in the Namibian aquamarine clus- 
ter is clearly visible. Photomicrograph by J. I. Koivula. 


He reported that it came from several small pits in a 
weathered pegmatite that contained beryl, black tourma- 
line, mica, clay, and areas of rose quartz. According to the 
miner and several local dealers, the deposit is located in 
the Thosy area of southern Madagascar. 

So far, Mr. Danet has cut about 200 stones, the largest 
of which weighs 27 ct. On examining the material with a 
loupe, he noticed that the green inclusions had a shape 
and color that were typical of diopside. Also pres- 
ent were orange hessonite-like inclusions and some very 
thin needles. 


Figure 36. This 3.83 ct rose quartz from southern 
Madagascar contains an inclusion suite that has not 
previously been documented in such material from 
any locality. GIA Collection no. 37702; photo by 
Robert Weldon. 
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Figure 37. The green inclusions in this rose quartz 
from Madagascar proved to be diopside, and the 
orange crystalline masses were identified as grossu- 
lar. Also present are some needles of epidote. Photo- 
micrograph by J. I. Koivula; field of view 2.7 mm. 


Mr. Danet donated to GIA a light pink 3.83 ct oval bril- 
liant cut (figure 36) and three pieces of rough that contained 
obvious dark green and bright orange transparent-to-translu- 
cent inclusions. The faceted gem was confirmed as rose 
quartz by standard gemological testing. It contained a rela- 
tively large green inclusion adjacent to an orange inclusion 
(figure 37) that were both visible through the table facet and 
made excellent targets for Raman microanalysis. As sug- 
gested by Mr. Danet, the green inclusions were indeed diop- 
side and the orange crystals were grossular. While we have 
encountered garnets before as inclusions in rose quartz 
(from Sri Lanka), this is the first time this combination of 
inclusions has been observed in rose quartz from any locali- 
ty. As an added bonus, the very small blade-like to acicular 
inclusions in the stone were identified as epidote. 

John I. Koivula and Karen M. Chadwick 
GIA Laboratory, Carlsbad 


Scapolite with diopside inclusions. In September 2007, 
Fabrice Danet obtained some yellow gem rough containing 
abundant stringers of dark inclusions that he was told came 
from the Amboasary region of Madagascar. The material 
was reportedly associated with mica, apatite, and large 
prisms (up to 50 cm) of yellow scapolite that were typically 
opaque. He obtained about 200 g of the inclusion-bearing 
material from a 5 kg parcel, and so far he has cut 16 stones 
ranging up to 7 ct. Mr. Danet donated to GIA a very light 
yellow 3.63 ct rectangular step cut (figure 38) and a few 
pieces of the rough material. Its overall appearance suggested 
that it might be heliodor, which is well known from 
Madagascar, but the inclusions were not typical of this beryl. 

Standard gemological testing identified the faceted stone 
as scapolite. To the unaided eye, the inclusions appeared 
black and seemed randomly oriented. With magnification, 
their habits ranged from long rods to nearly spherical bul- 
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Figure 38. This 3.68 ct step cut, which was identified 

as scapolite, contains conspicuous randomly oriented 
inclusions that appear black to the unaided eye. GIA 
Collection no. 37701; photo by Robert Weldon. 


bous masses that did not have visible crystal faces (figure 39). 
They were actually dark green in color, and even with mag- 
nification they had no apparent crystallographic orientation 
or relation to their host. Raman microspectroscopy identi- 
fied them as diopside. In addition, a few extremely small 
light orange fuzzy-looking inclusions in association with the 
much more prominent diopside inclusions were identified as 
barite. The stone also contained some ultra-fine hair-like 
fibers that were too thin to identify by Raman analysis. 

John I. Koivula and Karen M. Chadwick 


Spodumene from Afghanistan with unusual inclusions. As 
a pegmatitic gem mineral, spodumene may occasionally 
display interesting inclusions that reflect its geologic char- 
acter and the conditions of its growth and post-growth dis- 
solution. This contributor recently examined two spo- 
dumene crystals that hosted some noteworthy features. 


Figure 39. With magnification, it was evident that 
the inclusions in the scapolite were dark green; 
Raman analysis identified them as diopside. Photo- 
micrograph by J. I. Koivula; field of view 3.3 mm. 
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Figure 40. This 25.0-mm-long crystal of spodumene 
extends from a matrix of K-feldspar, creating an aes- 
thetic mineral specimen that is reportedly from 
Afghanistan. GIA Collection no. 37699; photo by 
Robert Weldon. 


Figure 41. Isotropic, transparent, and yellowish brown, 
these tetrahedral and modified octahedral inclusions 
in the spodumene in figure 40 resemble a mineral in 
the pyrochlore group, possibly pyrochlore itself. Photo- 
micrograph by J. I. Koivula; field of view 2.6 mm. 
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Figure 42. Also reportedly from Afghanistan, this 
71.2-mm-long spodumene crystal has an etched spiral 
dislocation pattern extending through its entire 
length. Photo by Robert Weldon. 


One of these specimens was donated by Dudley 
Blauwet. This pale yellow spodumene reportedly was 
mined from Kala, Darre Pech, Kunar Province, Afghani- 
stan. As pictured in figure 40, the 25.0-mm-long transpar- 
ent spodumene crystal extended from a matrix of K- 
feldspar and was very aesthetic. Scattered mineral inclu- 
sions were present near the base of the spodumene, but 
because of their positioning they could not be analyzed by 
Raman spectroscopy. Microscopic examination proved 
that the inclusions were isotropic and that they had a 
refractive index that was reasonably higher than their 
host. Their transparency and yellowish brown color, 
together with their tetrahedral to modified octahedral 
habit (figure 41), reminded us of inclusions we had 
encountered before in a beryl from Pakistan (E. J. Gubelin 
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Figure 43. The spiral dislocation pattern appeared to 
be epigenetically filled with off-white to reddish 
brown debris that was probably a mixture of clay 
minerals and iron oxides. Photomicrograph by 

J. I. Koivula; field of view 9.7 mm tall. 


and J. I. Koivula, Photoatlas of Inclusions in Gemstones, 
Vol. 2, Opinio Publishers, Basel, 2005, p. 177). Those inclu- 
sions were conclusively identified by X-ray diffraction as 
pyrochlore, so the possibility exists that the inclusions in 
this specimen might also be pyrochlore or some other peg- 
matitic member of the pyrochlore mineral group. 

The other spodumene, also reportedly from 
Afghanistan, was pale pink and measured 71.2 mm long 
(figure 42). It was sent to us for study by Jack Lowell 
because it had what appeared to be an etched spiral dislo- 
cation pattern extending through its entire length. The dis- 


Figure 44. These 3.50 ct 
(left) and 2.97 ct (right) syn- 
thetic rubies, which were 
represented as natural, dis- 
played interesting features. 
Note the distinct curved 
plane at the center of the 
3.50 ct sample, dividing it 
into two parts, while the 
2.97 ct gem displays surface 
breaks and a milky zone. 
Photos by G. Choudhary. 
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location pattern was clearly visible even without magnifi- 
cation, and in some viewing directions it looked a bit like 
numerous tiny birds perched on a wire. Viewed with mag- 
nification through the natural surface, the etched disloca- 
tion had more of a fern-like or blade-like spiral pattern to 
it, with several relatively evenly spaced “petals” or curved 
“fan blades” extending from the edges along the length 
(figure 43). The whole of the dislocation also appeared to 
be filled with chalky-looking off-white to reddish brown 
epigenetic debris that was probably a mixture of clay min- 
erals and iron oxides, which are commonly encountered as 
post-growth deposits in such features. 

John I. Koivula 


SYNTHETICS AND SIMULANTS 


Two interesting synthetic rubies. Most synthetic rubies 
and sapphires are grown by flame-fusion (Verneuil), flux, 
or hydrothermal processes. Of these, Verneuil synthetics 
are the most common due to their low production cost. 
The Verneuil products are easily identifiable by internal 
features such as gas bubbles of various shapes and types, 
curved growth features (lines and color bands), and Plato 
lines. 

However, some Verneuil synthetic rubies and sap- 
phires display inclusion features that closely resemble 
those seen in their natural counterparts (e.g., Summer 
2007 GNI, pp. 177-178). Recently, the Gem Testing 
Laboratory of Jaipur, India, encountered two synthetic 
rubies that were interesting because of their natural 
appearance. The rubies were purple-red mixed-cut ovals 
weighing 3.50 and 2.97 ct (figure 44). Upon initial observa- 
tion, both specimens appeared to be ruby, which was sup- 
ported by their RI and SG values. 

When the 3.50 ct sample was observed carefully at low 
magnification, it appeared to be divided into two sections, 
one translucent and the other transparent (figure 45). These 
sections were separated by a distinct, slightly curved plane 
running throughout the specimen. The transparent portion 
displayed a cloud of fine “pinpoints” in a radiating pattern; 
this cloud was further surrounded by a circular zone (again, 
see figure 45). The circular zone was visible to the unaided 
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In 1933 an organization called Diamond 
Producers’ Association was formed consist- 
ing of the Government of the Union of 
South Africa; the Administrator of the 
Mandated Territory of South-West Africa, 
as the custodian of the diamond interests 
in that territory; De Beers Consolidated 
Mines Ltd.; Premier (Transvaal) Diamond 
Mining Company, Limited; the Koffyfon- 
tein Mines, Limited; the New Jagersfontein 
Mining and Exploration Company, Limited; 
the Consolidated Diamond Mines of South- 
West Africa, Limited; Cape Coast Explora- 
tion, Limited; and the Diamond Corpora- 
tion, Limited. The Corporation was also 
treated as a producer. The Cape Explora- 
tion Company was later purchased by De 
Beers Consolidated Mines and liquidated 
(1941). 

In 1934, ‘this new Producers Association 
entered into an agreement with the newly 
formed Diamond Trading Company to pur- 
chase and market the diamonds of these 
producers on a quota basis. This agreement 
included a quota to the Diamond Corpora- 
tion for its accumulated stocks. The produc- 
tion of Angola, Gold Coast, Sierra Leone, 
and more recently Tanganyika — under con- 
tracts to tthe Diamond Corporation — is 
shipped to it in London and then by it, is 
sold under the Diamond Corporation’s 
quota to the Diamond Trading Company. 
Thus, this new Diamond Trading Com- 
pany took over from the Diamond Corpor- 
ation that Corporation’s former function of 
selling the diamonds to the trade. 

Each member of the Producers Associa- 
tion was to receive a quota of the world’s 
trade of the Diamond Trading Company 
after providing for the purchase by the 
Diamond Corporation of the output of 
non-member producers. 

An example of the present set-up is the 
agreement made by the Diamond Corpora- 
tion in 1948 with Williamson, owner of 
the immense Tanganyika mine, whereby he 
confines his sales to the Corporation which 
in turn agrees to annually purchase from 


him diamonds in an amount equivalent to 
10% of the world’s sales. In 1948 he was 
able to supply less than one third of the 
share to which he was entitled, and is not 
permitted to carry forward the shortfall 
for future delivery. 

As. we have already seen in our previous 
study of diamond distribution, the Dia- 
mond Corporation has exclusive purchasing 
contracts from all the other African pro- 
ducers of any consequence who are non- 
members of the Diamond Producers’ Asso- 
ciation. 

The Diamond Trading Co. was origin- 
ally capitalized at 1,000,000 pounds, with 
power to hold a stock up to 2,000,000 
pounds, but this capitalization has been in- 
creased until in 1949 it was possible for 
the Diamond Trading Company to have 
on hand a stock of 6,000,000 pounds thus 
further strengthening the financial resources 
available for the control of the diamond 
market. 

In 1938 De Beers purchased the prev- 
iously mentioned 50% holdings of the 
Oppenheimer Syndicate. Thus De Beers 
and affiliated companies now own the Dia- 
mond Corporation. A later arrangement 
divided this ownership 80% to De Beers 
and 20% to Consolidated Mines of West 
Africa, which company is controlled by 
De Beers. 

When the agreement was renewed as 
from the Ist of January, 1946, between the 
Diamond Producers Association and the 
Diamond Trading Company, a new world 
selling agency, Industrial Distributors, Ltd. 
was decided upon and established early that 
year. It took over the sale of industrial dia- 
monds leaving the Diamond Trading Com- 
pany the sale of gem diamonds only. One of 
the principal reasons for this was “‘that in- 
dustrial diamonds, which are a commercial 
utility commodity, called for an entirely 
different method of sale from that followed 
in the case of gems. It is essential that 
prices of industrial. diamonds should not 
fluctuate with gem prices, but be stable and 
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Figure 45. The transparent portion of the 3.50 ct sam- 
ple displays a cloud of pinpoints in a radiating pat- 
tern, surrounded by a circular zone that confirms the 
ruby is synthetic. Photomicrograph by G. Choudhary; 
magnified 10x. 


eye, and identified the sample as a flame-fusion synthetic. 
The translucent portion contained a dense concentration of 
globular and tubular inclusions (figures 46 and 47). When 
viewed in certain orientations, the inclusions were seen to 
be concentrated in parallel planes intersecting one another 
at angles that appeared to be 60°/120° (figure 46, right). The 
intersections of these planes formed rhomboid shapes that 
were very similar to those formed by the intersection of 
rhombohedral twin planes in natural corundum. It can be 
assumed that such features formed along the rhombohedral 
planes due to disturbances during the growth process. The 
translucent portion also contained a few blue pinpoints 
(again, see figure 47). Such blue-colored pinpoints have 
been noted previously in Verneuil synthetic corundum 
(ruby, as well as sapphire) by this contributor. The fact that 
the two portions of the sample displayed such distinct 
inclusion features seemed to indicate a composite stone, 
but this possibility was ruled out by the absence of a junc- 
tion plane or flattened/trapped gas bubbles (again, see fig- 
ures 45 and 46, left). 
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The 2.97 ct specimen had obvious surface breaks con- 
taining eye-visible orange stains, and also a milky zone 
toward one end. These features are common in natural 
rubies that have iron staining and host milky zones con- 
sisting of rutile silk or discs. When magnified, the surface 
breaks displayed distinct orange patches, with some flow- 
like patterns that indicated impregnation by a colored sub- 
stance (figure 48, left). The milky zones had curved edges 
and were composed of fine gas bubbles (figure 48, right}, 
which pointed to synthetic ruby. In addition, fine curved 
growth lines and scattered spherical and elongated gas bub- 
bles were seen, as expected in Verneuil synthetics. In gener- 
al, the substance used to fill fissures in gems is either color- 
less or is colored to match the stone’s bodycolor. In this 
specimen, the use of a different-colored substance provided 
obvious evidence that it had been filled. 

Gagan Choudhary 


MISCELLANEOUS 
Update on U.S.-Myanmar import restrictions. On July 29, 
2008, U.S. President George W. Bush signed into law the 
Tom Lantos Block Burmese JADE (Junta’s Anti- 
Democratic Efforts) Act of 2008. A supplement to the 
Burmese Freedom and Democracy Act of 2003, the new 
JADE Act significantly strengthens restrictions on the 
import of Burmese ruby and jadeite into the United States. 
The 2003 Act imposed an import ban on all Burmese 
products, including Burmese gem materials, into the U.S. 
However, because of World Trade Organization Rules of 
Origin, Burmese gems that underwent a substantial trans- 
formation (e.g., cutting and polishing) outside Myanmar 
were not considered products of Myanmar and were not 
covered by the import ban (see, e.g., Spring 2005 GNI, p. 71). 
The 2008 JADE Act closes this loophole for ruby and 
jadeite. As of September 29, 2008, it is illegal to import into 
the United States: 


e Jadeite mined or extracted from Myanmar 
e Rubies mined or extracted from Myanmar 


e Any articles of jewelry containing jadeite or rubies 
mined or extracted from Myanmar 


Figure 46. Part of the 3.50 ct 
synthetic ruby contains 
abundant inclusions that in 
places intersect at ~60°/120°. 
In the left image, no junction 
plane or trapped gas bubbles 
are present between the 
translucent and transparent 
areas, ruling out a composite 
gem. Photomicrographs by 
G. Choudhary; magnified 
30x< (left) and 65x (right). 
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Figure 47. Some of the globular and tubular inclu- 
sions in the 3.50 ct synthetic ruby were not arranged 
in intersecting planes, as shown here. Also note the 
scattered blue pinpoints. Photomicrograph by 

G. Choudhary; magnified 80x. 


For both gem materials, the rules apply regardless of 
whether the gem is rough or fashioned. It is important to 
remember that the 2003 restrictions remain in effect, so it 
is still illegal to import other rough Burmese gem materi- 
als and all finished gemstones that are cut and polished in 
Myanmar. 

An important element of this law is that importers of 
non-Burmese ruby and jadeite will be required to demon- 
strate the origin of their gemstones, and they must retain 
all information relating to the purchase, manufacture, and 
shipment of such goods for a period of not less than five 
years from the date of entry into the U.S. The only way 
these requirements can be waived is if the exporting coun- 
try has itself implemented a similar set of restrictions to 
prevent the importation of Burmese gemstones into that 
country. The exact implementation of the law will be 
determined through the development of regulations, 
which are still being drafted. 


Figure 48. Surface breaks in 
the 2.97 ct synthetic ruby 
contain orange patches with 
flow-like patterns that indi- 
cate impregnation by a col- 
ored substance (left). Also 
note the fine curved growth 
lines, characteristic of a 
melt-grown synthetic, as is 
the curved milky zone on 
the right. Photomicrographs 
by G. Choudhary; magnified 
80x< (left) and 60x (right). 
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The full text of the 2008 JADE Act is available at 
www.govtrack.us/congress/billtext.xpd?bill=h1 10-3890. 

Thomas W. Overton (toverton@gia.edu) 

GIA, Carlsbad 


ANNOUNCEMENTS 


Gems &) Gemology wins two major awards. On July 29, the 
American Gem Society presented Russell Shor with its annu- 
al Richard T. Liddicoat Journalism Award for Industry/Trade 
Reporting for his Fall 2007 Gw#G article “From Single Source 
to Global Free Market: The Transformation of the Cultured 
Pearl Industry.” This marked the fifth prize for a Ge#G article 
since the Liddicoat Awards’ inception in 2003. 

GwG also received recognition for the quality of its 
printing, placing first in the 2008 Gold Ink Awards competi- 
tion, in the category of Scientific and Technical Journals. 
Cosponsored by Print Media and Printing Impressions mag- 
azines, the Gold Ink Awards are recognized as the nation's 
most prestigious print competition. They are based on print 
quality, technical difficulty, and overall visual effect. 

This brings to 29 the number of awards Gems & 
Gemology has won for editorial and printing excellence 
since moving to a larger format in 1981. 


Conferences 

Gem-A Centenary Conference and 2nd Annual European 
Gemmological Symposium. The Gemmological Associ- 
ation of Great Britain (Gem-A) will hold its annual confer- 
ence October 25-26 in London. In conjunction with its 
centennial celebration, Gem-A will also be hosting this 
year’s European Gemmological Symposium at the same 
time. Day one will highlight the history of gemology and 
the jewelry trade, and day two will discuss practical tips 
and new technologies for the modern gemologist. Visit 
www.gem-a.info/news--events/the-gem-a-conference.aspx. 


Gems in objects of cultural heritage. An international con- 
ference titled Geoarchaeology and Archaeomineralogy: 
Impact of Earth Sciences in the Study of Material Culture 
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will take place in Sofia, Bulgaria, October 29-30, 2008. 
One of the conference topics will be “Archaeomineralogy 
and Gemmology.” A field trip will focus on the “Role of 
Bulgaria in the History of World’s Jewellery Art.” Visit 
http://mgu.bg/docs/CircularEN.doc. 


GIT 2008. The Gem and Jewelry Institute of Thailand 
will host the 2nd International Gem & Jewelry 
Conference December 11-14 in Bangkok. The program 
will feature a two-day technical session, with oral and 
poster presentations, followed by a two-day excursion to 
the Kanchanaburi sapphire deposits. Visit www.git.or.th/ 
conference/index.html. 


IDCC-2. The 2nd International Diamond Cut Conference 
will take place in Lausanne, Switzerland, March 22-25, 
2009, just before the BaselWorld 2009 Watch and Jewellery 
Fair. A diamond cut exhibition will be offered at the fair. 
Visit http://idcc2.octonus.com. 


MAEGS 16. Gemology will be one of the topics covered at 
the Meeting of Association of European Geological 
Societies, July 9-13, 2009, in Cluj-Napoca, Romania. Visit 
http://bioge.ubbcluj.ro/maegs16. 


Gemological Research Conference. GIA will host its second 
Gemological Research Conference August 21-23, 2009, in 
San Diego, California. The program will feature oral and 
poster presentations and panel discussions in two parallel 
tracks (gemology and jewelry/business issues), as well as a 
photography competition and field trips to the gem peg- 
matites in San Diego County. Visit http://grc2009.gia.edu. 


4th International Symposium on Granitic Pegmatites. 
Held in Recife, Brazil, August 30-September 6, 2009, this 
conference will explore the latest scientific advances in 
the study of granitic pegmatites. Field trips will include 
the Eastern Brazilian Pegmatite Province (Minas Gerais) 
and the Borborema Pegmatite Province (northeastern 
Brazil). Visit www.ufpe.br/geologia/peg2009brazil. 


Exhibits 


Exhibits at the GIA Museum. Through December 2008, 
“Facets of GIA” will explain the various gemological ser- 
vices that GIA provides, including diamond grading, gem 


GRC 


Call for Abstracts: Until March 1, 2009 
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2ND GEMOLOGICAL RESEARCH CONFERENCE 
August 21-23, 2009 e San Diego, California 


¢ World-renowned keynote speakers 
¢ Two parallel tracks: gemology and jewelry/business issues 
¢ Oral and poster presentations, plus panel discussions 


identification, education, and public outreach. Also, on dis- 
play in the Rosy Blue Student Commons are photo-essays by 
Robert Weldon, manager of photography and visual commu- 
nications at the GIA Library, and GWG editor Brendan 
Laurs, depicting emerald mines in Colombia and the 
Paraiba-type tourmaline deposit in Mozambique, respective- 
ly (for more on the latter, see the article in the Spring 2008 
issue of G#G). Advance reservations are required; to sched- 
ule a tour, call 760-603-4116 or e-mail museum@gia.edu. 


The Aurora Collection at The Vault. “The Vault,” a new 
permanent collection of rare gemstones and mineral speci- 
mens, is now open at the Natural History Museum in 
London. On temporary display is the Aurora Collection, cur- 
rently comprising 296 naturally colored diamonds (267.45 
carats total weight) assembled by collectors Alan Bronstein 
and Harry Rodman. Also on display is the 47.69 ct Star of 
Africa, which helped launch the 1869 diamond rush in 
South Africa, and the 1,385.95 ct Devonshire emerald crys- 
tal. Visit www.nhm.ac.uk/galleries/green-zone/vault. 


Gold in the Americas. Now on display at the Musée de la 
Civilisation in Quebec City, Quebec, this exhibition will 
review the importance of gold to the cultures of North and 
South America, both ancient and modern. The 250 items 
on display will include gold objects and mineral speci- 
mens, as well as paintings, sculptures, and ethnographic 
objects. Visit www.mcgq.org/or. 


Portuguese and Brazilian jewelry. An exhibition of 
Portuguese and Brazilian jewelry is on display at the Royal 
Palace of Ajuda in Lisbon until November 30. The exhibit 
marks the 200th anniversary of the Portuguese royal 
court’s arrival in Brazil, as they fled from Napoleon’s 
troops. The curators chose 24 Portuguese and 24 Brazilian 
jewelry artists to work in pairs and create pieces based on 
the period. Brazilian diamonds and gold are featured, as 
well as colored stones from the Brazilian state of Minas 
Gerais. 


Nature of Diamonds at the ROM. The Nature of Diamonds 
exhibit is on display at the Royal Ontario Museum from 
October 25, 2008, to March 22, 2009. The award-winning 
exhibition explores humankind’s ongoing fascination with 
diamond, examining its geologic origins, mining, cultural 
significance in art, literature, and ornamentation, and 
numerous technological applications. Visit www.rom.on.ca. 


www.grc2009.gia.edu 
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American Mineral Treasures 


By Gloria A. Staebler and Wendell E. 
Wilson, Eds., 354 pp., illus., publ. by 
Lithographie LLC [www.lithographie. 
org], East Hampton, CT, 2008. 
US$85.00 


In a very real sense, this book quali- 
fies as an exhibition catalog. It was 
published to accompany and docu- 
ment a remarkable exhibition by the 
same name that was featured at the 
2008 Tucson Gem & Mineral Society 
(TGMS) show. The project, which 
sprang from an impromptu discussion 
among a small group of people led by 
collector Gene Meieran at the 2005 
TGMS show, grew to involve hun- 
dreds of participants and eventually 
culminated in what was likely the 
finest exhibition of minerals from the 
United States ever staged. 

There is no need to rehash what 
went into producing the exhibition or 
the book here, as the reader can find 
brief synopses in the preface and 
afterword. For those who missed the 
exhibition or who were there and 
want to have their socks blown off all 
over again, this book is the next best 
thing. 

The goal of the exhibition was to 
assemble the finest specimens pro- 
duced by the most important U.S. 
mineral localities or regions of the 
past half-century, and to display 
those specimens by locality. The 
book follows the same approach, 
with a total of 44 locality chapters, 
each of which combines an article 
about the locality with a liberal selec- 
tion of excellent photographs of 
many of the finest specimens that 
were displayed. Each chapter was 
written by one or more individuals 
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knowledgeable about that locality, 
though perhaps knowledgeable is too 
tame a word. Coeditor Gloria 
Staebler describes the authors as pas- 
sionate, and their passion certainly 
does permeate the text and will 
undoubtedly prove infectious to the 
reader. 

As one might expect, a book with 
so many different authors (65 alto- 
gether) is bound to be somewhat 
uneven in style and approach. Every 
chapter has something to say about 
the history and specimen production 
of the locality; however, some chap- 
ters include discussions of the geology 
and mineralogy, while others consist 
essentially of personal reminiscences, 
stories, and anecdotes. Nevertheless, 
the editors are to be commended for 
their success in assembling this 
assortment of papers into a well-bal- 
anced and coherent whole that both 
informs and inspires. 

A couple of other features deserve 
comment. The first is the lengthy 
introduction by Mineralogical Record 
editor-in-chief Wendell Wilson. 
Entitled “A Brief History of Mineral 
Collecting in America,” this fascinat- 
ing essay traces the American mineral 
collecting spirit from its beginnings in 
colonial times right up to the movers 
and shakers of the contemporary min- 
eral hobby. There is also an equally 
fascinating foreword by Apollo 17 
astronaut Harrison H. Schmitt. 
Schmitt’s comments about lunar min- 
eralogy might seem a bit out of place 
in a book devoted to American miner- 
als, but one can only be inspired by 
hearing an astronaut relate how, as a 
youngster, he got hooked on geology 
when he went wulfenite collecting in 
an old Arizona mine with his father, 
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only to end up years later collecting 
minerals on the moon. 

ANTHONY R. KAMPF 

Natural History Museum of 

Los Angeles County 

Los Angeles, California 


The Diamond Handbook: A 
Practical Guide to Diamond 
Evaluation, 2nd Ed. 


By Renée Newman, 186 pp., illus., 
publ. by International Jewelry Publi- 
cations [www.reneenewman.com], 
Los Angeles, 2007. US$19.95 


Unlike the previous edition of Renée 
Newman’s comprehensive guide to 
evaluating and identifying diamonds, 
which was directed to the consumer, 
this revision is aimed at the trade pro- 
fessional, gemology student, and seri- 
ous diamond buyer. The first chapter 
lays the groundwork of the four Cs 
before moving on to more advanced 
concepts of evaluating diamonds. 

Newman begins chapter 2, with an 
interesting discussion of the impor- 
tance of transparency. Generally, not 
much thought is given in the trade to 
the concept of transparency vs. clarity, 
even though the two are distinct as 
well as intertwined. A cloud in a 
transparent diamond is a clarity issue, 
but if a diamond is cloudy throughout 
it is a transparency issue. Trans- 
parency, like the qualities of diamond 
cut and proportion, is one of the criti- 
cal reasons why it is important to look 
at a diamond before purchasing it, 
rather than rely solely on a lab report. 
Transparency is usually noted on dia- 
mond grading reports only when it 
affects the clarity grade. 
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Light performance is another area 
where most consumers get confused, 
usually because sellers themselves 
often do not understand the concept. 
Light performance refers to the type 
and intensity of light distribution dis- 
played by a diamond. It is a simple 
concept, but breaking down those 
components is where the battleground 
begins. Definitions vary according to 
who is using the terminology, and—to 
add potential confusion—not all labs 
evaluate light performance the same 
way, and some don’t consider it at all. 
Newman discusses five laboratories 
and the nuances that differentiate 
each with regard to light perfor- 
mance—a valuable resource when pre- 
sented with a lab report that includes 
analysis of this characteristic. Sample 
documents are provided to further the 
reader’s understanding. 

The “Synthetic Diamond” chapter 
is refreshingly calm and factual. The 
information in this section provides 
assurance that the various types of 
synthetic diamonds can be flagged by 
jewelers and gemologists, then sent to 
a lab for confirmation. With this book 
and my gemological background, I was 
able to confidently appraise a set of 
synthetic diamonds for a recent cus- 
tomer. High-quality color photos and 
four outstanding charts are included. 

One of the more interesting dis- 
cussions is the definition of treatment 
vis-a-vis enhancement in the “Dia- 
mond Treatment” chapter. Newman 
defines treatment as a process that is 
used to improve appearance but does 
not include cutting or cleaning. She 
maintains that enhancement, though 
often used as a synonym for treat- 
ment, can also refer to faceting and 
polishing. Some gem labs use the term 
enhancement for routine processes 
that are “accepted in the trade” (e.g., 
heat treatment of many gems). Con- 
versely, they reserve the word treat- 
ment for “unacceptable” procedures 
(e.g., beryllium diffusion of ruby and 
sapphire). The feeling is that the term 
enhancement has a more positive con- 
notation than treatment. 

Each chapter makes an important 
contribution to the overall theme of 
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diamond evaluation, and the readabil- 

ity of The Diamond Handbook 

makes this an invaluable resource for 
the jewelry professional. 

GAIL BRETT LEVINE 

National Association of 

Jewelry Appraisers 

Rego Park, New York 


Gems of the World 


By Cally Oldershaw, 256 pp., illus., publ. 
by Firefly Books [www.fireflybooks. 
com], Buffalo, NY, 2008. $35.00 


Gems & Minerals 


By Andreas Landmann, 176 pp., 
illus., publ. by Schiffer Press, Atglen, 
PA, 2008. $29.99 


Books intended as an introduction to 
scientific subjects outside of academia 
must perform a careful balancing act. 
They must take care not to over- 
whelm readers with too much techni- 
cal material, while still providing 
enough information to avoid giving 
them a false sense of security in their 
newfound knowledge. Two books 
that arrived on my desk recently offer 
an introduction to the gemological 
world, though each has a slightly dif- 
ferent emphasis. 

Cally Oldershaw’s Gems of the 
World is divided into two main sec- 
tions. The first reviews gem forma- 
tion, mining, and marketing, as well 
as physical and optical properties, 
among other related topics; the second 
describes known gem materials in 
detail. The first section is an excellent 
introduction to the world of gems, and 
it follows much of the beginning cur- 
riculum for a gemological diploma 
(though it will not serve to replace it). 
Attention is also given to considera- 
tions for buying diamonds and colored 
gems, both at home and abroad. 

The second section is organized by 
chemical composition, an arrange- 
ment that takes some getting used to 
(for example, as the list starts with 
carbon, sulfides, and oxides, the first 
six gems discussed are diamond, spha- 
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lerite, pyrite, marcasite, cuprite, and 
spinel). The entries are rich in detail 
and useful information, including 
complete gemological properties. The 
illustrations, though not always of the 
highest quality, are more than ade- 
quate for their purpose. The book con- 
cludes with a useful series of maps of 
worldwide gem localities, a glossary of 
gem terms, and an index. 

If there is a criticism to be leveled 
at Gems of the World, it is that this is 
a work that seems not quite sure 
what it should be. It is far too detailed 
for casual gem buffs, yet the organiza- 
tion makes it ill-suited as a reference 
for serious gemologists. However, it 
would be ideal for novice gem enthu- 
siasts looking to begin their scientific 
study of the subject, and it should 
serve admirably as a counter aid for 
retail jewelers. The book’s production 
values are solid, and the paper and 
binding are of sufficient quality to 
survive years of use. 

Gems & Minerals is an English 
translation of Andreas Landmann’s 
2004 German original, Edelsteine und 
Mineralien. It is organized in straight- 
forward encyclopedic format by min- 
eral group, and covers all major gem 
materials in addition to mineral 
species popular with collectors but 
not normally used as gems, such as 
cinnabar and natrolite. Also covered 
are precious metals as mineral speci- 
mens and several synthetic materials. 
Each entry gives a general overview of 
the material, with basic physical 
properties (e.g., hardness, crystal sys- 
tem, cleavage, and chemical formula; 
other gemological properties are not 
given). The coverage is comprehen- 
sive, though not deep. 

The book’s main drawback is that 
the photos used are not always ideal 
for the material and the image choices 
at times are even a bit baffling. It may 
have been that the publisher did not 
have the means or resources to procure 
high-quality images for every section, 
but it is disappointing that so many of 
them fall well short of doing justice to 
the gems being discussed (the sapphire 
and alexandrite images in particular). 
The translation is occasionally un- 
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even, and I came across a few minor 
errors or obsolete information, such as 
ascribing the color of rose quartz to 
microscopic rutile inclusions (the 
most recent research attributes it to 
inclusions of a dumortierite-like min- 
eral). Nevertheless, the wealth of infor- 
mation presented here makes this a 
useful work for novice collectors. 
Those looking for an introduction 
to the world of gems and minerals 
will find value in these two works, 
though gem enthusiasts will be better 
served by the first, and budding min- 
eral collectors by the second. 
THOMAS W. OVERTON 
Gemological Institute of America 
Carlsbad, California 


Southwestern Indian Jewelry: 
Crafting New Traditions 


By Dexter Cirillo, photography by 
Addison Doty, 240 pp., illus., publ. 
by Rizzoli International Publishers 
[www.rizzoliusa.com], New York, 
2008. US$55.00 


Innovative contemporary South- 
western Indian jewelry is featured in 
this visually impressive and compre- 
hensive book by Dexter Cirillo. The 
works of the 88 featured artists, pri- 
marily dating from the 1970s to the 
present, were inspired by such ground- 
breaking modern Indian artisans as 
Charles Loloma and Preston 
Monongye. Their jewelry merges mod- 
ern design, new manufacturing tech- 
niques, and a variety of colored gem- 
stones with traditional methods and 
materials. Many of the award-winning, 
museum-quality pieces are shown 
larger than life with the lavish photog- 
raphy of Addison Doty. 

Cirillo’s preface contains a brief 
history of the Native Americans of the 
southwestern U.S., followed by an 
introduction to modern design and its 
influence on the Native American 
artists who broke tradition by experi- 
menting with new ideas and materials. 
There are three chapters on silver and 
metalwork, lapidary art, and objects 
and sculptural jewelry. Artist inter- 
views touch on tribal lineage, educa- 
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tion, and sources of inspiration. Many 
of the pieces featured have won 
nationally recognized awards at the 
Heard Museum (Phoenix, Arizona) and 
the Santa Fe Indian Market. Methods 
discussed include mokume gane (the 
process of laminating multiple layers 
of disparate metals) and tufa casting 
(i.e., casting in carved tufa stone). 
Cultural details include information 
on dances and ceremonies that are 
depicted in jewelry designs. Unusual, 
often stunning items such as a 
stamped sterling silver purse by Mike 
Bird-Romero are also included. 

While some collectors might not 
find their favorite contemporary Indian 
artist, none will be disappointed with 
those featured. The author acknowl- 
edges the difficulty of narrowing the 
choices, given the caliber of contempo- 
rary Southwestern Indian artists. In 
addition, although values are not given 
for specific items, the book will serve 
as a useful resource for any purchase 
decision involving these products. And 
jewelry designers will be inspired by 
the uniqueness, precision, and ingenu- 
ity of the pieces. The book’s extensive 
back matter includes notes, a glossary, 
suggested readings, artist and jewelry 
source lists, and an index. 

Cirillo has created a well-written, 
interesting homage to the ever-evolv- 
ing masters of Native American craft. 

MARY MATHEWS 

Gemological Institute of America 

Carlsbad, California 


OTHER BOOKS RECEIVED 


Fleischer’s Glossary of Mineral 
Species 2008. By Malcolm E. Back 
and Joseph A. Mandarino, 345 pp., 
publ. by The Mineralogical Record 
[www.minrec.org], Tucson, AZ, 2008, 
US$26.00. An update of the ninth edi- 
tion, this larger-sized (6 x 9 in.) work 
includes both new mineral species 
and substantial nomenclature 
changes since 2004. Species name, 
chemical formula, crystal system, 
type locality, group, relationships to 
other species, and references are given 
for each entry. New to this edition is 
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a comprehensive 80-page section on 
mineral groups. 
TWO 


Gemstones: Enchanting Gifts of 
Nature. By R. V. Karanth, 48 pp., 
illus., publ. by the Geological Society 
of India [www.geosocindia.org], 
Bangalore, 2008, US$20.00. This col- 
orful booklet summarizes the basics 
of gemology as well as the character- 
istics of major gems such as diamond, 
corundum, and beryl. Emphasis is 
given to India’s role in the gem world, 
and a map of the country’s gem 
deposits is included. 


TWO 


Amazonite: Mineralogy, Crystal 
Chemistry, Typomorphic Features. 
By M. N. Oustooumov, A. N. Plato- 
nov, and V. A. Popov, 258 pp., illus., 
publ. by Nedra, Moscow, 2008, 
RuS78 [in Russian]. This Russian-lan- 
guage book reviews the geology, char- 
acteristics, history, and recent 
research on amazonite. 


TWO 


Infrared Reflection Spectrometry in 
Advanced Mineralogy, Gemology and 
Archaeometry. By Mikhail Oustoou- 
mov, 89 pp., illus., publ. by the 
National University of Mexico Insti- 
tute of Geophysics [www.igeofcu. 
unam.mx], Mexico City, 2007 [in 
Spanish]. This Spanish-language 
monograph reviews the fundamentals 
of infrared reflection spectroscopy and 
its application in the nondestructive 
testing of gems, minerals, and cultural 
artifacts. Sixty pages of sample spectra 
for a variety of materials are included. 


TWO 


Traditional Jewelry of India. By Oppi 
Untracht, 431 pp, illus., publ. by Thames 
@& Hudson [thamesandhudsonusa. 
com], New York, 2008, US$49.95. 
This is a paperback version of the 
1997 hardcover. Like the original ver- 
sion, it presents a comprehensive 
review of India’s rich jewelry history, 
numerous color photographs, and an 
extensive bibliography. 

TWO 
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COLORED STONES AND 
ORGANIC MATERIALS 


Production of designer mabe pearls in the black-lipped pearl 
oyster, Pinctada margaritifera, and the winged pearl oys- 
ter, Pteria penguin, from Andaman and Nicobar Islands, 
India. V. Kripa, K. J. Abraham, C. L. Libini, T. S. Vela- 
yudhan, P. Radhakrishnan, K. S. Mohamed, and M. J. 
Modayil, Journal of the World Aquaculture Society, Vol. 
39, No. 1, 2008, pp. 131-137. 

Although not as valuable as round cultured pearls, the assem- 
bled half-rounds known as mabes can be produced more easily 
and in significantly less time. The process entails attaching 
hemispherical beads or plastic shapes (“images”) to the interior 
shell of the host oyster. Mabes can be produced from a number 
of mollusks, including Pteria penguin (the traditional mabe 
oyster), Pteria sterna, Pinctada mazatlanica, Pinctada 
maxima, and Pinctada margaritifera. 

The authors studied the potential for developing a mabe 
pearl production industry in the Andaman and Nicobar 
Islands, an Indian territory located in the Bay of Bengal, using 
P. margaritifera and P. penguin oysters. Experiments were car- 
ried out to: (1) determine a standard dosage of menthol as a 
relaxant for the two types of oyster, (2) test the effectiveness of 
various adhesives for attaching the beads or images, and (3) 
test the efficiency of using images that are shell-cut (carved 
shell) or crafted (powdered shell fused with resin). The results 
indicated a range of menthol dosages and response times. 
Several locations were identified as ideal for attaching the 
mabe base, and glues containing polycarboxylate cement and 
the adhesive Fevikwik with cyanoacrylate gave the best 
results. Fevikwik was preferred, though, because of its avail- 
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ability and ease of application. Optimal clarity of the 
designer images was achieved when the mabes were har- 
vested within 60 to 70 days. Good results were obtained 
with both shell-cut and crafted images; the shell-cut 
images were sharper, while the crafted images showed a 
better three-dimensional effect. 

The authors conclude that the mabe industry could 
become an important source of employment for residents 
of the territory, which was devastated by the Indian Ocean 
tsunami in December 2004. Stuart Overlin 


A spectrophotometric study of the thermal colour change 
of tanzanite. G. Pearson [grantpearson@optusnet. 
com.au], Australian Gemmologist, Vol. 23, No. 2, 
2008, pp. 254-265. 

The thermally induced color change of vanadium-bearing 

zoisite (tanzanite) was measured spectrophotometrically. 

The color enhancement of heat-treated tanzanite is caused 

by a substantial increase in spectral transmission in the 

blue-green and blue wavelengths (i-e., from ~400 to 510 nm) 
or, conversely, by the reduction of an absorption band 
between ~375 and 444 nm. The pleochroic color variations 
of an unheated tanzanite crystal viewed from different direc- 
tions were also studied using this technique. RAH 


What is vegetable ivory? M. C. Pedersen [info@ 
maggiecp.com], Organic Gems, No. 8, March 2008, 
www.inaggiecp.co.uk/subs/what_is_vegetable_ivory. 
htm. 

Nuts from certain species of ivory palm, particularly the 

tagua nut from trees of the genus Phytelephas, have histori- 

cally seen use as an ivory substitute, and accordingly have 
been called “vegetable ivory.” These materials have been 
used since the 19th century for objects ranging from toys, 
umbrella handles, drawer knobs, and dice to carvings, jew- 
elry, and (more recently) as buttons for the fashion industry. 

A few key features of vegetable ivory distinguish it from 

animal ivory, bone, antlers, and plastics—particularly its 

diagnostic cellular structure with magnification. Sample 
photographs show different forms of the vegetable ivory nut 
and examples of carvings. Edward Blomgren 


DIAMONDS 


Argyle type Ia pink diamonds: Gemmological properties, 
FTIR, UV-Vis and CL features. V. Rolandi, A. 
Brajkovic [anna.brajkovic@unimib.it], I. Adamo, and 
I. Fontana, Australian Gemmologist, Vol. 23, No. 1, 
2008, pp. 194-203. 

Examination of 36 pink diamond fragments from the 

Argyle mine in northwestern Australia revealed surface 

features consisting of hexagonal depressions, trigons, frac- 

tures, and dislocation planes. Anomalous birefringence 
with mosaic-like cross-hatch patterns was detected in all 
samples. IR absorption features indicated low nitrogen 
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contents (<100 ppm). All diamonds were type Ia and 
showed A-defect absorption; hydrogen was always present. 
The most important UV-Vis absorption features were the 
415 nm (N83) peak, the 390 nm band (often superimposed 
on the N38 center), and the 550 nm band, which possibly 
relates to dislocations and is responsible for the pink color. 
CL imaging revealed distribution patterns created by lat- 
tice defects; a green emission band is tentatively ascribed 
to traces of natural radiation damage. The CL spectra high- 
lighted two broad components at 450 and 512-520 nm, 
which showed specific emission features such as N3, H3, 
and H4 centers. 

Taking all these features into account, the authors 
conclude that the pink diamonds developed in a strongly 
N-impoverished eclogitic environment; experienced post- 
growth plastic deformation; and underwent annealing, 
dissolution, and resorption processes during mantle stor- 
age and eruptive emplacement. RAH 


Diamond formation in the system MgO-SiO,-H,O-C at 
7.5 GPa and 1,600°C. A. G. Sokol [sokola@uiggm. 
nsc.ru] and Yu. N. Pal’yanov, Contributions to 
Mineralogy & Petrology, Vol. 155, No. 1, 2008, pp. 
33-43. 

Diamond crystallization was studied in the SiO,-H,O-C, 

Mg,SiO,-H,O-C, and H,O-C subsystems at 7.5 GPa and 

1600°C. It was found that dissolution of initial graphite is fol- 

lowed by spontaneous nucleation and growth of diamond on 
seed crystals. In 15-hour runs, the degree of graphite-to-dia- 
mond transformation was & = M,,,,/(Mp.+M¢,)100, where 

Mp, is the mass of obtained diamond and M,,, the mass of 

residual graphite. Transformation reached 100% in H,O- 

rich fluids but was only 35-50% in water-saturated silicate 

melts. In 40-hour runs, an abrupt decrease of o was estab- 
lished at the weight ratio of H,O/(H,O+SiO,)<0.16 or 

H,O/(H,O+Mg,SiO,)<0.15. The results indicate that o is a 

function of the concentration of water, which controls both 

the kinetics of diamond nucleation and the intensity of car- 
bon mass transfer in the systems. The most favorable condi- 
tions for diamond crystallization in the mantle silicate envi- 
ronment at reliable P-T parameters occurs in the fluid phase 
with low concentrations of silicate solutes. In H,O-poor sili- 
cate melts, diamond formation is questionable. RAH 


Diamonds and associated heavy minerals in kimberlite: A 
review of key concepts and applications. T. E. 
Nowicki, R. O. Moore, J. J. Gurney, and M. C. Baum- 
gartner, Developments in Sedimentology, Vol. 58, 
2007, pp. 1235-1267. 

Kimberlite pipes accounted for more than 70% of world 
diamond production by value in 2003. Kimberlite is an 
ultramafic, alkaline igneous rock that originates deep with- 
in the earth. Although most kimberlite intrusions do not 
contain significant concentrations of diamond, they may 
contain diamond-bearing xenoliths of upper-mantle rocks; 
the diamond content of these xenoliths varies widely. 
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Two key diamond sources are peridotites and eclog- 
ites. Peridotites can be subdivided into harzburgite and 
lherzolite. Harzburgitic diamonds formed in Archean 
time (~3300 million years ago [Ma]}, while lherzolitic dia- 
monds are much younger (2000-1900 Ma). Eclogitic dia- 
monds formed from Archean through Proterozoic time 
(2900-990 Ma). After formation, the diamonds resided in 
the mantle for a significant period before they were incor- 
porated into the kimberlite magma. Both peridotitic and 
eclogitic diamonds occur together in every known prima- 
ry diamond deposit worldwide. There are also much 
younger diamonds (only slightly older than the host kim- 
berlites) found as fibrous cubes and fibrous coatings on 
older diamonds. 

Majorite, a very high-pressure mineral (stable only at 
~200-450 km depths), is found very rarely as an inclusion 
in diamond. Its presence suggests that some diamonds 
may originate from the very deep mantle, such as the 
asthenosphere. During their ascent to the earth’s surface, 
many diamonds are partially resorbed (mainly by oxida- 
tion), resulting in perhaps a 45% weight loss. 

Thick continental cratons are the prime targets for dia- 
mond exploration. Volatile-rich ultramafic volcanism is 
required to transport diamonds rapidly to the surface. 
Mantle minerals such as garnet, chromite, ilmenite, Cr- 
diopside, and olivine are usually included in kimberlites, so 
they are important indicator minerals. Garnet, chromite, 
and ilmenite are resistant to chemical weathering and 
hence can easily be preserved in secondary deposits. Their 
high density, unique visual characteristics, and chemical 
compositions (such as relatively high contents of Mg and 
Cr) can be useful in identification. Other components, such 
as phlogopite and zircon, are valuable in dating kimberlites. 

Diamond indicator minerals have unique chemical 
compositions compared to kimberlitic mantle minerals 
that are not associated with diamonds. In peridotite xeno- 
liths, for example, diamonds are strongly associated with 
garnet harzburgite/dunites and least associated with gar- 
net lherzolites (though they are the most common xeno- 
liths in kimberlite). Chromites associated with diamonds 
have a high Cr concentration (typically >62.5 wt.% 
Cr,O,), whereas eclogitic garnets associated with dia- 
monds have relatively high Na (>0.07 wt.% Na,O) and Ti. 
Using detailed flow charts, the authors explain the step- 
by-step use of diamond indicator minerals in exploring for 
and evaluating primary diamond deposits. KSM 


Distribution of diamond contents as reflecting the self- 
organization processes in kimberlites of Catoca pipe 
(Angola). V. N. Dech [agat@bp2956.spb.edu], V. N. 
Zinchenko, and V. A. Glebovitsky, Proceedings of 
the Russian Mineralogical Society, Vol. 137, No. 1, 
2008, pp. 11-21 [in Russian with English abstract]. 

In the polygenic kimberlites of the Catoca pipe in north- 

eastern Angola, diamonds were found to follow a classic 

Boltzmann distribution when studied statistically. The 
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distribution of diamonds according to their number in the 
grade of their mass corresponds to Bose-Einstein statistics, 
confirming the quantum nature of their growth. The 
nature of the distribution is substantiated genetically by 
statistical thermodynamics, which is important for a well- 
grounded evaluation of the diamond contents needed for 
the calculation of the reserves of the diamond-bearing 
pipe. RAH 


Evaluation of brilliance, fire, and scintillation in round 
brilliant gemstones. J. Sasian [jose.sasian@optics.ari- 
zona.edu], J. Quick, J. Sheffield, J. Caudill, and P. 
Yantzer, Optical Engineering, Vol. 46, No. 9, 2007, 
pp. 093604-1-093604-25. 

The authors used four types of gem evaluation maps 

(color-coded face-up representations) to quantify the light- 

handling abilities of a faceted diamond: 


1. Angular spectrum maps indicating the set of ray-angle 
directions that can make facets appear illuminated 

2. Dispersion maps showing a stone’s potential to produce 
fire and illustrating the amount of dispersion that a ray 
of white light will undergo when reaching an observer's 
eye 

3. Scintillation maps disclosing aspects of the size and 
form of virtual facets while depicting the gem’s 
“intrinsic light scrambling properties” 

4. Glare maps indicating the directions that can produce 
glare 


Matrices of face-up maps and tilt-view maps permit the 
user to find the proportions with the best light performance. 

The authors describe a concept they refer to as the “cut- 
ter’s line.” This is a line across a matrix of maps that fol- 
lows what the authors determined to be the best propor- 
tions for “gemstone performance.” Maps in the article 
illustrate why the Tolkowsky cut—and other adjacent cuts 
along the cutter’s line—are the best round-brilliant cuts. In 
contrast, the “anti-cutter’s line” demonstrates where opti- 
cal properties change significantly across minor proportion- 
space differences; they change little along the cutter’s line. 
The authors recommend going parallel to the cutter’s line 
when adjusting proportions; if modifications deviate per- 
pendicular to the cutter’s line (i.e., along the anti-cutter’s 
line), changes in appearance will be more extreme with 
only a minor departure in proportions. Al Gilbertson 


Gem diamonds: Causes of color. H. Kitawaki [h-kitawaki@ 
gaaj-zenhokyo.co.jp], New Diamond and Frontier 
Carbon Technology, Vol. 17, No. 3, 2007, pp. 
119-126. 

This article briefly reviews the causes of color in natural 

gem diamonds. These include: the presence of foreign 

atoms such as hydrogen, boron, and nitrogen (along with 
the state of aggregation of the nitrogen atoms, and optical 
centers involving nitrogen]; structural defects and vacan- 
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cies due to radiation damage and other phenomena; and 
defects thought to be related to natural plastic deformation 
of the diamond lattice. In each case, the diamond absorbs a 
portion of the spectrum of the incident light while trans- 
mitting the remaining portions to exhibit coloration. 
Fancy-color diamonds are highly valued in the gem 
marketplace. In the 1950s, artificial coloring processes 
began to see commercial use. Radiation exposure, low- to 
moderate-temperature annealing, and, more recently, 
high-pressure, high-temperature (HPHT) annealing have 
all been used to enhance color in diamonds. Correctly 
identifying treated-color diamonds is an ongoing chal- 
lenge for gem-testing laboratories that issue origin-of- 
color reports. In general, this detection is based on a com- 
bination of gemological properties and visible, infrared, 
and luminescence spectral features. JES 


Hydrogen-related optical centers in natural diamond: An 
update. E. Fritsch [emmanuel.fritsch@cnrs-imn.fr], 
T. Hainschwang, L. Massi, and B. Rondeau, New 
Diamond and Frontier Carbon Technology, Vol. 
17, No. 2, 2007, pp. 63-89. 
Many absorption features in both the infrared and visible 
regions of natural diamond spectra are related to the pres- 
ence of hydrogen as an impurity. The most important one 
in the IR range is the 3107 cm”! system, which is thought 
to be due to hydrogen strongly bonded to carbon and 
weakly linked to nitrogen. When the intensity of this 
absorption feature is greater than that due to the intrinsic 
band at 2450 cm~!, the diamond is called “hydrogen-rich” 
and may exhibit specific optical properties. Three color 
groups of H-rich diamonds have been recognized—“brown 
to grayish green to green,” “gray to blue to violet,” and 
“chameleon”—each of which is associated with particular 
patterns in the UV-visible absorption spectrum. 

This article presents a detailed classification of six 
groups of IR spectra for H-rich diamonds, which can be 
quite complex since about 90 distinct absorption bands or 
systems have been found so far (some quite common, oth- 
ers rare). There does not appear to be a direct relationship 
between the H-related optical centers that produce 
infrared and visible absorptions, and many of the hydro- 
gen defects responsible for these centers are not yet fully 
understood. The concentration of hydrogen in diamonds 
is thought to be on the order of 500-1000 atomic parts per 
million (ppma), but the amount responsible for the vari- 
ous optical centers is not known. All natural H-rich dia- 
monds appear to have formed by cuboid growth, which 
seems to preferentially incorporate this impurity as com- 
pared to octahedral growth. JES 


The ordered creation of paramagnetic defects at plastic 
deformation of natural diamonds. R. M. Mineeva 
[mineeva@igem.ru], A. V. Speransky, S. V. Titkov, 
and N. G. Zudin, Physics and Chemistry of 
Minerals, Vol. 34, No. 2, 2007, pp. 53-58. 
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Plastically deformed diamonds are common in many 
deposits throughout the world. While residing in the 
earth’s mantle, and during their transport in kimberlite or 
lamproite magmas to the surface, diamonds are subjected 
to stresses that produce this kind of deformation. Such 
deformation creates different types of structural defects in 
the diamond lattice that are responsible for the widespread 
brown and less common pink (red) and purple colorations 
of diamonds. 

An electron paramagnetic resonance spectroscopic 
study of 15 natural purple diamonds of varying saturations 
from the Internationalaya and Sputnik kimberlite pipes in 
eastern Siberia revealed differing amounts of several well- 
known paramagnetic defect centers, including P1, P2, W7, 
N2, and M2. The distribution of the M2 defects and the 
purple color were restricted to parallel lamellae that the 
authors interpret as the result of twinning on a micro- 
scale. The W7 defects were found in both the lamellae and 
within the main body of the samples, while the remaining 
three centers were found only in the main body. Both the 
M2 and W7 centers involve a pair of substitutional nitro- 
gen atoms in different carbon atom sites. Mechanical 
twinning appears to be one result of plastic deformation, 
but the transport conditions that produced deformation in 
this manner seem to be uncommon, given the rarity of 
natural purple diamonds. JES 


GEM LOCALITIES 


Minerals of the Lipovka granite pegmatites, central Urals, 
Russia. I. V. Pekov and L. R. Memetova, Mineralo- 

gical Almanac, Vol. 13, 2008, pp. 7-44. 
The Lipovka granitic pegmatite field is the largest source 
of gem tourmaline in Russia. Located in the Rezh district 
of the Sverdlovsk region in the central Urals, it is consid- 
ered a classic mineralogical locality. This article provides a 
thorough discussion of the pegmatites’ structure and their 
mineral composition. The authors include a brief discus- 
sion of each of the more than 60 minerals that have been 
identified in the Lipovka pegmatites. Other types of geo- 
logic formations in the same area also provide a variety of 
minerals. Information on the occurrence and geochemical 

features of these minerals is discussed as well. 
Dennis Zwigart 


Role of basin-wide landslides in the formation of exten- 
sive alluvial gemstone deposits in Sri Lanka. A. 
Gunatilaka [gunat@asianet.lk], Earth Surface 
Processes and Landforms, Vol. 32, No. 12, 2007, pp. 
1863-1873. 

The tectonically stable central highlands of Sri Lanka and 

their associated alluvial valleys represent one of the most 

prolific Quaternary gem provinces in the world. The focus 
of this study was the geomorphic factors controlling the dis- 
tribution of these gem deposits. The known denudation 


GEMS & GEMOLOGY FALL 2008 


based on their utility in industry and the 
prices which industry could economically 
pay for them.’* 


SUMMARY 


The principal organizations which con- 
trol the diamond market are: 


1) De Beers Consolidated Mines, Lid. — 
owns or controls all of the pipe mines 
of South Africa including Premier, Jag- 
ersfontein, Wesselton, Bultfontein, and 
Dutoitspan, also the Consolidated Dia- 
mond Mines of South-West Africa, Ltd. 
(8734%), and the Diamond Corpora- 
tion, Ltd. 

The Diamond Producers Association — 
the membership of which consists of (1) 
Union of South Africa, (2) Adminis- 
trator of the Mandated Territory of 
South-West Africa, (3) De Beers Con- 
solidated Mines, Ltd. (4) Premier 
(Transvaal) Mining Company, (5) 
New Jagersfontein Mining and Explor- 
ation Company, (6) Consolidated Dia- 
mond Mines South-West Africa, Ltd. 


2) 


and (7) Diamond Corporation. It con- 
tracts with the Diamond Trading Com- 
pany and Industrial Distributors Ltd. 
to market all the diamonds produced on 
the properties of all its members. Each 
of its members receives a quota of the 
world’s diamond trade after providing 
for the purchase by the Diamond Cor- 
poration of the output of diamond pro- 
ducers which are not members. 

Diamond Corporation Lid. — owned 
80% by De Beers Consolidated Mines 
Ltd. and 20% by its subsidiary Consoli- 
dated Diamond Mines of South-West. 
Africa, Ltd. It contracts for the dia- 
monds produced by non-members of the 
just mentioned Diamond Producers 
Association and as a member of that 
Producers Association sells them to the 


_ Diamond Trading Company and Indus- 


3) 


trial! Distributors, Ltd. 
The Diamond Trading Company was 
formed by the Diamond Corporation. 


4, Communication to the G.LLA. from De Beers. 


Headquarters of the Diamond Corporation, Ltd., Kimberley 
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rates of these highlands and the resulting sediment fluxes in 
river systems are inadequate to deliver the volume of sedi- 
ments that would be required to concentrate the known 
placer gem deposits. Based on an extensive field study, the 
author suggests that large-scale, unstable, and slow-moving 
landslides and debris flows throughout the region have been 
the dominant mechanisms both today and in the past for 
the mass-wasting of hill slopes and the bulk delivery of sedi- 
ments to the alluvial valleys. Monsoonal rains that occur 
several times a year in the highlands play a major role in the 
generation of these landslides. A review of geologic informa- 
tion databases revealed a significant spatial overlap and 
direct causal link between numerous landslide occurrences 
and the location of alluvial gem mining areas. Landslide 
phenomena play an important role in the development of 
landscapes in all mountainous terrains where there is high 


annual rainfall. JES 


Some observations on the composition and origin of opals 
from Java. H. C. Einfalt [hcv.einfalt@gmx.de], 
Journal of Gemmology, Vol. 30, No. 7/8, 2007, pp. 
383-398. 

The gemological properties, composition, and geologic 
environment of play-of-color and common opals from 
Banten Province (Rangkasbitung, West Java, Indonesia) are 
described. The opals have a restricted occurrence as isolat- 
ed nodules in a decomposed tuff layer containing mont- 
morillonite and clinoptilite (a zeolite). Internal features in 
the opals consist of flow texture, microcrystalline granular 
quartz/chalcedony, and zeolite inclusions. Several samples 
showed indications of stress: (1) hidden latent microfrac- 
tures in brown and black opals, (2) play-of-color fields 
exhibiting bent color lamellae, (3) crosscutting microfrac- 
tures penetrating several color fields with a displacement 
of fragments relative to one another, and (4) a subparallel 
arrangement of elongated color fields interpreted as the 
result of shearing or squeezing. These may contribute to 
the poor stability of some Indonesian opals, which often 
develop fractures during polishing and wear. 

All but one of the opals studied showed pseudo-bire- 
fringence. One unusual “inverse” hydrophane opal lost its 
play-of-color when immersed in water. Along with the 
red, orange, and green play-of-color commonly observed 
in Indonesian opals, subordinate patches of deep blue 
were also seen. The comparatively large size of the silica 
spheres in the Indonesian samples explains the domi- 
nance of red to green colors in these opals. XRD patterns 
and SEM micrographs of hydrofluoric acid-etched sam- 
ples divided the opals into three types: opal-A, opal-CT, 
and opal-C. Elise Skalwold 


INSTRUMENTS AND TECHNIQUES 


Applications of diamond crystal ATR FTIR spectroscopy 
to the characterization of ambers. M. Guiliano 


GEMOLOGICAL ABSTRACTS 


[michel.guiliano@univ-cezanne.fr], L. Asia, G. 
Onoratini, and G. Mille, Spectrochimica Acta A, 
Vol. 67, No. 5, 2007, pp. 1407-1411. 
Fourier-transform infrared (FTIR) spectroscopy is an 
important analytical tool used to characterize a variety of 
materials. In this study, geologic and archeological sam- 
ples of amber and copal from several sources (including 
Poland, France, Madagascar, and Colombia) were exam- 
ined by FTIR using the attenuated total reflection (ATR) 
method, which involves minimal sample preparation. 
Although the infrared spectra of amber and copal were 
complex, they exhibited a number of distinguishing fea- 
tures. In addition, their imitations can be recognized. The 
article summarizes the specific infrared spectral features 
that are characteristic of these two natural resins. 
JES 


PIXE and ionoluminescence for Mesoamerican jadeite 

characterization. J. L. Ruvalcaba-Sil, L. Manzanilla, 

E. Melgar, and R. L. Santa-Cruz, X-Ray Spectro- 

metry, Vol. 37, No. 2, 2008, pp. 96-99. 
“Greenstones” consisting of jade (jadeite and nephrite], 
serpentine, and possibly other minerals were highly prized 
as gem materials in pre-Hispanic Mesoamerica, with 
jadeite being the most valued. This study concerns a 
greenstone necklace that was a temple offering recovered 
from an excavation of the ~155 AD palatial structure of 
Xalla at Teotihuacan, Mexico. Eleven light-to-dark green 
rounded beads (2.1-4.8 cm in diameter) were investigated 
by two nondestructive analytical techniques. Particle (or 
proton)-induced X-ray emission (PIXE) gives information 
on the chemical elements in a sample to the parts-per-mil- 
lion level. Ionoluminescence (IL or IOL) is an efficient way 
of exciting luminescence in a material by exposure to the 
same proton beam. 

The range of chemical composition data indicated sev- 
eral different sources for the 11 beads, and from an archeo- 
logical viewpoint, these sources may have been widely dis- 
tributed, considering that trade extended throughout the 
region at the time. Only one bead (labeled sample C) had 
chemical features consistent with jadeite from Manzanal in 
the Motagua River area of Guatemala—the only known 
source of jadeite in Mesoamerica. Two other beads (A and 
B) may have come from this source or from elsewhere, 
while the provenance of the remaining eight beads remains 
uncertain. Bead samples A, B, and C all displayed green and 
violet IL (blue-violet for bead A). The green emission is due 
to Mn?*, while the violet IL is due to Ce** or Al*+ emis- 
sions. The similar IL reactions among the three beads pro- 
vides evidence for a possible common source. JES 


JEWELRY RETAILING 


Place your Bidz. Retail Merchandiser, Vol. 48, No. 1, 
2008, pp. 38-40. 


GEMS & GEMOLOGY FALL 2008 291 


Sales are down for many retail jewelry firms, yet Bidz.com, 
an online jewelry auctioneer founded in 1998, is growing 
fast and expects to become a billion-dollar-plus company 
in the next few years. The brainchild of CEO David 
Zinberg, Bidz.com offers its products through live auctions 
with only a $1 minimum bid. After running pawn shops 
for more than 20 years, Zinberg discovered that “the easi- 
est way to get rid of jewelry was online.” Bidz.com oper- 
ates primarily on a closeout model, buying overstock. 
However, 30% of the jewelry it sells is manufactured 
specifically for the site. 

Bidz.com has some features not found on competitor 
eBay. For example, a last-minute bid on Bidz.com 
extends the auction period by 15 minutes. The site 
received between four and six million unique visits each 
month in January and February 2008. Fourth-quarter 
2007 projected revenues exceeded the predicted $56-$58 
million, and 2008 revenues are expected to be around 
$225-$230 million, with a pre-tax income of approxi- 
mately $23.5-25.5 million and a gross margin of approx- 
imately 27-28%. The site recently completed a major 
upgrade of its auction platform at a cost of about $1 mil- 
lion. Its new LiveBid system supports a broad range of 
browser software. 

Edward Johnson 


PRECIOUS METALS 


Colorizing metals with femtosecond laser pulses. A. Y. 
Vorobyev and C. Guo [guo@optics.rochester.edul, 
Applied Physics Letters, Vol. 92, 2008, pp. 041914-1 
-041914-3. 

A femtosecond 800 nm Ti:sapphire laser system was used 

to alter the color of polished samples of aluminum, gold, 

and platinum. The laser caused a modification of the opti- 
cal properties via surface restructuring on nano-, micro-, 
and sub-millimeter scales. Gold, black, and gray colors 
were achieved. UV-Vis-IR reflectance spectroscopy 
showed that treated aluminum samples exhibited decreas- 
ing reflectance toward the UV end of the spectrum, the 
decrease was more linear in the gray and black samples 
than in the gold-colored samples, which showed greater 
absorption in the blue and green regions. By changing the 
laser fluence and pulse rate, the authors produced some 
samples that exhibited different colors at different viewing 
angles. SEM analysis determined that the viewing-angle 
effect was caused by nanostructure-covered laser-induced 
periodic surface structures (NC-LIPSS). The authors noted 
that since the spacing of such structures can be controlled, 
this femtosecond laser technique offers a versatile way to 
modify the optical properties of the metal. They concluded 
that this technique has many potential applications 
because it can process a variety of metal sizes as well as 
complex shapes. 

Michele Kelley 
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SYNTHETICS AND SIMULANTS 


Nonuniform distributions of color and luminescence of 
diamond single crystals. H. Kanda [kanda.hisao@ 
nims.go.jp], New Diamond and Frontier Carbon 
Technology, Vol. 17, No. 2, 2007, pp. 105-116. 

Synthetic diamonds grown from a metal solution at high 

pressures and temperatures, or from a vapor by chemical 

vapor deposition at high temperatures but near-vacuum 

conditions, can incorporate impurity atoms such as N, B, 

H, Si, P, Ni, and Co as optically active lattice defects. Of 

these elements, all except Si, P, and Co can produce col- 

oration and luminescence. 

In both forms of synthesis, growth begins from a dia- 
mond seed crystal, with carbon and impurity atoms 
migrating from the growth medium and depositing on the 
surface(s) of the seed. This impurity incorporation depends 
on the arrangement of carbon atoms at the surface as well 
as on growth kinetics and other factors. The structure of 
the growing surface depends on crystal orientation, the 
structure of an octahedral {111} face, for example, is differ- 
ent from that of a cube {100} face. As a result, impurity 
atoms are incorporated to varying degrees—in some cases, 
almost not at all—on different surfaces (growth sectors). 
This variation creates a nonuniform distribution of impuri- 
ty atoms within the synthetic diamond, which in turn 
causes a zonal distribution of color and luminescence. Such 
visual features are characteristic of many synthetic dia- 
mond crystals. Because of this, it is very difficult to grow 
synthetic diamonds with uniform impurity distributions, a 
prerequisite for some technological applications. JES 


TREATMENTS 


Color centers in topaz: Comparison between neutron and 
gamma irradiation. K. Krambrock [klaus@fisica. 
ufmg.br], L. G. M. Ribeiro, M. V. B. Pinheiro, A. S. 
Leal, M. A. de B. C. Menezes, and J. M. Spaeth, 
Physics and Chemistry of Minerals, Vol. 34, 2007, 
pp. 437-444. 

Even though topaz has been irradiated commercially for 

more than 30 years, the nature of its radiation-induced 

defects and color centers is still not well understood. 

Recently, O- hole centers were found to be associated 

with blue color in topaz. It also has been suggested that 

small polarons (quasiparticles composed of an electron 
plus its accompanying polarization field) are candidates for 
color centers in oxide materials, including topaz. To 
understand more about the color centers, neutron- and 
gamma-irradiated topazes from four different regions in 

Brazil were examined by electron paramagnetic resonance 

and optical absorption spectroscopy. 

Neutron irradiation can produce O; and O- hole cen- 
ters, which are independent of the sample origin. By con- 
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trast, gamma irradiation generates O- hole centers that 
are origin-dependent. It was confirmed that O~ hole cen- 
ters are responsible for the blue color. These centers could 
be correlated to a 620 nm absorption band, and they could 
be annealed out at ~500°C (along with the blue color). 
Neutron irradiation was found to be the preferred method 
for blue color enhancement, and the best blue can be pro- 
duced commercially by a high integrated flux of fast neu- 
trons, regardless of the topaz’s origin and composition. 
Using a Cd shield during the neutron irradiation process 
will eliminate thermal neutrons, thus reducing induced 
radioactivity to a minimum level. 

A brown color may be caused by the X center, which 
shows absorption at ~0.15 eV and is stable between 150 
and 200°C. This defect is believed to be associated with a 
bound polaron along with an O- hole center. More 
detailed studies are essential to a thorough understanding 
of a model for the X defect. KSM 


Diagnostics of natural and synthetic diamonds with the 
aid of low-temperature optical spectroscopy. R. S. 
Serov and M. A. Viktorov, Moscow University 
Geology Bulletin, Vol. 62, No. 1, 2007, pp. 46-48. 

The authors investigated the low-temperature UV-Vis and 

IR absorption spectra of a total of 100 natural and synthet- 

ic diamonds (0.1-6 ct), both rough and faceted. They sum- 

marized the properties according to diamond type, color, 
and natural or synthetic origin. The N3 defect was 
observed in all the colorless and yellow natural type Ia dia- 
monds; the N2, N4, and N5 defects were usually observed 

as well. The presence of these nitrogen-related defects did 

not correlate to depth of color as it changed from colorless 

to fancy yellow. The three natural type Ila diamonds stud- 
ied showed a distinct band at 270 nm that is associated 
with single nitrogen atoms (C defect). 

The authors studied five type Ib synthetics that 
showed features at 1290 and 1135 cm-!—related to C 
defects—in their IR spectra. The UV-Vis spectra showed 
several Ni-related peaks, confirming their synthetic ori- 
gin. One type Ila and one type IIb synthetic were studied 
as well. No diagnostic features were seen in the absorp- 
tion spectra. All the synthetic diamonds were grown by 
HPHT methods using a nickel catalyst. However, the Ni- 
related defects were not observed in the type II (i.e., nitro- 
gen-free) samples. Therefore, the authors conjectured that 
the optically active Ni-related centers in the type Ib syn- 
thetics have a form that involves nitrogen, such as Ni-N. 
Additionally, they observed a correlation between the 
intensity and quantity of the Ni-related peaks in the type 
Ib diamonds and the increasing concentration of C 
defects. SE-M 


Features of low-temperature optical absorption spectra of 
natural and treated diamonds. R. S. Serov and M. A. 
Viktorov, Moscow University Geology Bulletin, 
Vol. 62, No. 2, 2007, pp. 127-130. 
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The authors investigated the low-temperature UV-Vis and 
IR absorption spectra of untreated and treated diamonds. 
They summarized the properties according to diamond 
type and treatment. In three irradiated type Ia diamonds, 
they observed lines at 393 and 741 nm related to the nega- 
tively charged vacancy and the neutral vacancy, respec- 
tively. These defects also can be seen in naturally irradiat- 
ed diamonds, but their intensities are much lower. 
Subsequent annealing was confirmed by the presence of 
features at 594 and 724 nm. 

In an irradiated type Ib synthetic diamond, features 
appeared at 526, 617, 626, 637, 644, 649, and 655 nm. It 
also showed a considerable decrease in the concentration 
of single substitutional nitrogen after treatment. The 
authors connected this decrease with the transformation 
of the nitrogen to N* defects. The authors tested 150 
HPHT-treated type Ia diamonds and found that these 
were characterized by defect lines at 637 and 986 (H2 
defect) nm. The authors indicated they have not yet found 
any diagnostic signs of treatment in type Ila and type IIb 
diamonds, partly because they do not have detectable 
amounts of nitrogen defects. SE-M 


HPHT annealing of natural diamond. F. de Weerdt 
[fdw@euphontnet.be] and A. T. Collins, New 
Diamond and Frontier Carbon Technology, Vol. 
17, No. 2, 2007, pp. 91-103. 

This article reports the results of high-pressure, high-tem- 

perature (HPHT) annealing experiments involving brown 

diamonds at pressures of 6-9 GPa and temperatures above 
2500°C. The samples were type Ia diamonds with a range 
of A and B nitrogen-aggregate concentrations. During the 
treatment process, vacancies in the starting material were 
released to move through the diamond lattice and become 
incorporated into various nitrogen-vacancy defects. As a 
result, brown diamonds became yellow-green after rela- 
tively short annealing times (several minutes) and yellow 
after longer annealing times at identical pressure and tem- 
perature conditions. Type IaB brown diamonds became 
near colorless or yellow, depending on the annealing con- 

ditions. Results of experiments such as these provide a 

better understanding of the color changes produced by 

HPHT annealing, and additional means of detecting 

HPHT-treated diamonds. JES 


Optical centres produced in diamond by radiation dam- 
age. A. T. Collins [alan.collins@kcl.ac.uk], New 
Diamond and Frontier Carbon Technology, Vol. 
17, No. 2, 2007, pp. 47-61. 

Radiation exposure produces optically active (and color- 

causing) defects in diamond that can be detected by 

absorption or luminescence spectroscopy. Any particle 
radiation with sufficient energy can produce damage to the 
diamond lattice in the form of vacancies (vacant carbon 
atom sites). Two important radiation defects are the GR1 
(zero-phonon line [ZPL] = 741 nm), due to a vacancy in a 
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neutral charge state, and the ND1 (ZPL = 393 nm}, due to 
a vacancy in the negative charge state. A broad region of 
absorption between ~550 and 750 nm, associated with the 
GR1 defect, produces green-to-blue coloration in diamond. 
Heating an irradiated type I diamond at several hundred 
degrees at ambient pressure for one hour reduces the 
intensity of these radiation-damage absorptions, but cre- 
ates new absorption bands related to vacancies that have 
migrated in the lattice to become trapped with various 
forms of nitrogen. These new absorptions can result in yel- 
low-green, yellow, orange, or red (pink) colors. 

Which defects are destroyed and which are created by 
this subsequent heating depends on the nitrogen concen- 
tration, the perfection of the lattice, and the particular 
heating conditions. Heating above 900°C results in the 
disappearance of the vacancy-related absorptions men- 
tioned above and, in nitrogen-containing diamonds, the 
formation of an optical center consisting of a vacancy 
trapped with a single nitrogen atom. The absorptions 
associated with this N-V center are located at 575 and 637 
nm, another nitrogen center produces an absorption band 
at 594 nm. Trapping of a vacancy by nitrogen A or B 
aggregates produces absorptions due to H3 and H4 defects 
(ZPL = 503 and 496 nm, respectively). Heating to higher 
temperatures (>1500°C) destroys or further alters many of 
these nitrogen-vacancy centers with accompanying 
changes in absorption spectra. 

The effects of radiation and annealing on optical cen- 
ters have been a major focus of diamond research for more 
than 50 years. While the details of many of these optical 
centers are now well known, the nature of others remains 
the subject of ongoing research. JES 


MISCELLANEOUS 


Africa wants to cut its own diamonds. F. Misser, The 
Courier, No. 4, January-February 2008, pp. 27-28. 

Africa accounts for 60% of global rough diamond supply, 
and “resource nationalism” is a growing phenomenon in 
which diamond-producing countries in Africa are develop- 
ing their own cutting and polishing operations. This cam- 
paign, also described as “beneficiation,” stems from the 
argument that while Africa supplies most of the raw mate- 
rials for the world’s jewelry industry, it only receives the 
equivalent of 10% of the overall revenue generated 
(US$150 billion). Producing countries in southern Africa 
want to use the value added from cutting and polishing to 
improve their balance of trade and stimulate employment. 

Countries such as Botswana, South Africa, Angola, 
the Democratic Republic of the Congo, and Namibia 
want access to large diamonds, for which labor costs are 
proportionately lower. This would allow them to com- 
pete against lower-cost processing centers in Asia. In 
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South Africa, the State Diamond Trader has the authority 
to buy 10% of all stones cut in the country, preferably for 
companies that promote black economic empowerment. 
In Namibia, 11 diamond-cutting plants will be supplied 
with rough between 2007 and 2011. Botswana is increas- 
ing the turnover of its 16 cutting plants; its capital city, 
Gaborone, is now home to the largest sorting and distri- 
bution facility of the De Beers Diamond Trading 
Company, which relocated some of its operations from 
London in March 2008. This new African supply 
oligopoly will strengthen in 2008 when global demand 
begins to outstrip supply, as is predicted by both Rio 
Tinto Diamonds and Alrosa. Edward Johnson 


Conflict diamonds: Still threatening. F. Misser and O. 
Vallée, The Courier, No. 1, July-August 2007, pp. 
31-32. 

The Kimberley Process, ratified in 2003, has been effective 

in slowing the entry of conflict diamonds into the main- 

stream market. By limiting all forms of illicitly traded 
rough diamonds, the Kimberley Process also has increased 
export earnings for diamond-producing nations. However, 
reducing surveillance could lead to resumption of illicit 
trade. This report cites examples of diamonds from war- 
torn Ivory Coast being represented as Ghanaian. Karel 

Kovanda, the newly appointed Kimberley Process chair- 

man, hopes to see the measures extended to other gem- 

stones and resource exports, and expanded to include asso- 
ciations of small-scale alluvial miners. RS 


The diamond industry as a virtual organization: Past suc- 
cess and challenging future. E. I. Mostovicz, N. K. 
Kakabadse [nada.kakabadse@northhampton.ac.uk], 
and A. P. Kakabadse, Strategic Change, No. 16, 
2007, pp. 371-384. 

This paper argues that the global diamond trade functions 

like an organization, where members have close-knit, 

defined relationships, rather than an industry with diverse 
players that often have little or no contact with one another. 

The authors examine how changes since 1980—name- 
ly the loosening of De Beers’s control and the rise of new 
players (primarily Indian manufacturers) and new require- 
ments in the form of grading reports—have created para- 
doxes in which the solution to one problem often means 
worsening a second problem inside the “organization.” The 
authors cite a number of examples, including a tendency 
for older diamond people to blame De Beers for the indus- 
try’s problems while seeking its assistance in a difficult 
market. 

To succeed, the diamond industry must recognize these 
paradoxes and take appropriate action, particularly longer- 
term thinking and closer collaboration between various 
groups, instead of passing blame and responsibility. 

RS 
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The GIA D-to-Z color grading system revolutionized the manufacture of diamond jewelry because it allowed for tighter control 
over the quality of the diamonds used in individual pieces. At the same time, an important market developed for the finest, 
D-color, diamonds, as represented by the rings shown here. The D color, VVS2 round brilliant in the ring on the right weighs 
7.12 ct; courtesy of Harry Winston Inc. The D color, VVS2 heart-shaped diamond in the other ring weighs 10 ct; from Mona Lee 
Nesseth, Custom Estate Jewels (courtesy of a private collector). The diamonds in the pin have colors ranging from F to I, and 
their total weight is 21.10 carats; courtesy of Louis Glick &) Co. The necklace is a diamond sautoir by Van Cleef # Arpels, 
Paris, circa 1925; courtesy of a private collector. 
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The current global economic downturn 
has affected every industry, and ours is no exception. As 
one consequence, GIA has decided to postpone the second 
Gemological Research Conference, originally scheduled 
for August 21-23, 2009. Our foremost concern is that 
many people who had hoped to participate are now facing 
significant budget and travel restrictions, so—rather than 
risk the success of this important event—the conference 
will wait until the economy improves. Our heartfelt 
thanks go to everyone who was involved with the 2009 
GRC, and we look forward to the time when preparations 
can be resumed. 

To better continue delivering comprehensive research 
and exceptional gem photography, Gems & Gemology 
will be shifting a portion of its content online, starting 
with this issue. The Book Reviews and Gemological 
Abstracts sections are now available (in their entirety) only 
in electronic form, as are our year-end subject and author 
indexes, traditionally part of the Winter issue. The annual 
indexes will also be combined with our online cumulative 
index, which covers the years 1981-2008. Additional con- 
tent, such as supplemental tables, spectra, and images, 
will be featured online in the G#G Data Depository. To 
use these resources, all of them available free of charge, 
just visit us at www.gia.edu/gemsandgemology. 

This issue also marks the long-awaited launch of Gems 
e&) Gemology Online, which will offer electronic (PDF for- 
mat) issues concurrently with the printed issue. Sub- 
scribers now have the option of receiving their issues in 
either print or PDF format, or selecting a combination of 
the two versions for a nominal additional fee of $25 per 
year. The online issue will go live the day the printed issue 
mails (in the case of the present issue, for example, the 
online version went live Friday, January 16). Those of you, 
especially overseas, who may have had to wait weeks for 
your issue to arrive by post will now be able to see it on 
the Internet the moment it becomes available. Note that 
we cannot guarantee that the color of the photos seen on 
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your computer monitor will be the same as that verified 
by art director Karen Myers while the journal is on press. 
However, the online version uses the same electronic files 
that are used for the printed version. 

Gw&G Online is hosted by MetaPress, a division of the 
world’s largest subscription agency, EBSCO, at gia.meta- 
press.com. There you will find electronic versions of every 
article and journal section from 1981 through the present. 
Editorials, Letters, Book Reviews, and Gemological 
Abstracts (as well as all the articles on our Free Downloads 
page) are available without charge. For a limited time, we are 
also offering a free look at the entire Fall 2008 issue online. 
Other articles and sections can be purchased for just $10 
each, and entire issues for $20 each. (The smaller-format, 
predominately black-and-white issues from 1934 to 1980 can 
still be downloaded from the G&G web site at no cost.) If 
you're interested in upgrading your subscription to include 
online access, please contact our circulation coordinator. 

Gems & Gemology is no stranger to challenges and 
change. When Robert Shipley published the first issue in 
1934, the world was in the throes of the Great Depression. 
When the current large-format version was launched in 
1981, the diamond industry was still recovering from the 
speculative boom and bust of the late 1970s. Now, as we 
implement these new initiatives in the midst of another 
period of economic uncertainty, we’re confident we can 
continue to support GIA’s mission to ensure the public 
trust in gems and jewelry by upholding the highest stan- 
dards of professionalism in one of our industry’s most 
important sectors: gemological research. GWG looks for- 
ward to maintaining excellence in print and online in 2009 
and for many years to come. 


Alice S. Keller ¢ Editor-in-Chief ¢ akeller@gia.edu 
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COLOR GRADING “D-ToO-Z” 
DIAMONDS AT THE GIA LABORATORY 


John M. King, Ron H. Geurts, Al M. Gilbertson, and James E. Shigley 


Since its introduction in the early 1950s, GIA’s D-to-Z scale has been used to color grade the 
overwhelming majority of colorless to light yellow gem-quality polished diamonds on which lab- 
oratory reports have been issued. While the use of these letter designations for diamond color 
grades is now virtually universal in the gem and jewelry industry, the use of GIA color grading 
standards and procedures is not. This article discusses the history and ongoing development of 
this grading system, and explains how the GIA Laboratory applies it. Important aspects of this sys- 
tem include a specific color grading methodology for judging the absence of color in diamonds, a 
standard illumination and viewing environment, and the use of color reference diamonds (“mas- 


ter stones”) for the visual comparison of color. 


istorically, the evaluation of most gem dia- 

monds focused on the absence of color 

(Feuchtwanger, 1867; figure 1). Today, this 
lack of color is expressed virtually worldwide in a 
grading system introduced by GIA more than 50 
years ago that ranges from D (colorless) to Z (light 
yellow). With the acceptance of this system, color 
grade has become a critical component in the valua- 
tion of diamonds, leading to historic highs at the top 
end of the scale. In May 2008, the diamond in figure 
2. (a 16.04 ct round brilliant that GIA graded D color, 
VVS2 [potentially Flawless]) sold at Christie’s Hong 
Kong for a record US$208,500 per carat for a color- 
less diamond. At the same auction, a 101.27 ct 
shield-shaped diamond sold for $61,500 per carat, a 
vivid reminder of the impact of even minor differ- 
ences in grade; it was F color, VVS1. At auction, and 
throughout the marketplace, differences between 
adjacent color grades can result in substantial differ- 
ences in asking price. For example, on December 5, 
2008, the Rapaport Diamond Report noted an 
approximately 32% (and Idex about 33%) difference 
between D and E color for a one carat Internally 
Flawless round-brilliant diamond. Important price 
distinctions based on color are not limited to high- 
end colors and clarities. On the same date, the differ- 
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ence between G and H color for a one carat round- 
brilliant diamond of VS1 clarity was about 16% in 
both Idex and Rapaport. 

As part of its educational program, GIA has taught 
the basics of color grading D-to-Z diamonds since the 
early 1950s. And in the more than five decades since 
the GIA Laboratory issued its first diamond grading 
report in 1955 (Shuster, 2003), it has issued reports for 
millions of diamonds using the D-to-Z system. 
Throughout this period, GIA has experienced 
increased demand for its diamond grading services 
over a growing range of diamond sizes, cutting styles, 
and color appearances. This has required a continual 
evolution in the equipment and methods used in the 
GIA Laboratory, while maintaining the integrity of 
the grading system itself. At the core of the system’s 
development has been an ongoing assessment of how 
best to observe a diamond in order to describe its color 
consistently. At times, the resulting adjustments have 
appeared to conflict with earlier statements. 

This article reviews the history of the system’s 


See end of article for About the Authors and Acknowledgments. 
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development to help clarify the various modifica- 
tions that have taken place over the years in the 
color grading equipment and practices used at the 
GIA Laboratory. We then describe how D-to-Z dia- 
monds are currently graded in the lab, that is, the 
procedures that have resulted from these years of 
evolution and refinement. Last, we discuss special 
considerations in D-to-Z color grading, such as the 
grading of brown and gray diamonds, the selection 
process for master color comparison diamonds 
(“master stones”), and the impact of adopting 
advanced instrumentation. 


BACKGROUND 


While there has been evaluation of diamond color (or 
absence of color) throughout history, the systems 
and methods used for this purpose were not clearly 
defined, standardized, or consistently applied before 
the 1950s. In the late 19th century, color was consid- 
ered a diamond’s most important value factor, but 
the naming conventions in use at the time placed 
color in a variety of categories that were general at 
best. For example, the color appearance of gem dia- 
monds was often described using metaphoric terms 
(e.g., “River” or “Water” for the most colorless dia- 
monds}, or by association with a geographic location 
from which similarly colored diamonds were com- 
monly seen (e.g., “Wesselton” and “Top Wesselton” 
for near-colorless diamonds traditionally associated 
with the Wesselton mine, “Cape” for pale yellow 
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Figure 1. Although histori- 
cally absence of color has 
been important in selecting 
diamonds for jewelry, only 
with the global acceptance 
of GIA’s D-to-Z color grad- 
ing system has the industry 
been able to refine that 
selection to tight tolerances. 
This contemporary brooch 
is one example, with all the 
diamonds in the D-E-F 
range. Prior to the broad 
acceptance of the system, 
as with the 1955 necklace, 
pieces typically had a 
greater color range. The 
brooch, courtesy of Harry 
Winston Inc., is 21.93 carats 
total weight. The necklace 
is about 24 carats total, gift 
of Harriet B. Coccomo, GIA 
Collection no. 14188. Photo 
by Robert Weldon. 


diamonds from the Cape of Good Hope region, and 
“Jager” for colorless diamonds with strong fluores- 
cence such as those typically recovered from the 
“Jagersfontein” mine in South Africa (Shipley, 
1950b; Liddicoat, 1993). In the case of blue white, 
abuse of the term eventually prompted action by the 
U.S. Federal Trade Commission to ban its misuse in 
diamond marketing (Shipley, 1938). 

Recognizing the importance of objective, consis- 
tent color communication, GIA—in conjunction 
with the American Gem Society (AGS]}—began work 
on color grading standards in the 1930s (“Diamond 
grading instrument...,” 1934), and by 1941 had 
developed a color scale for evaluating diamonds (see 
following section; Barton, 1941; Shipley and 
Liddicoat, 1941; AGS, 1955; Shuster, 2003). The 
development of this “color yardstick,” as it was then 
described, evolved over the next decade and became 
the basis for what is known today as the D-to-Z color 
grading scale. 

While color grading was introduced in the early 
1940s for AGS members, the general trade was not 
familiar with the GIA/AGS standard. Richard 
Liddicoat, who became the executive director of GIA 
in 1952, created a full diamond grading system that he 
taught for the first time in 1953 to jewelers in classes 
around the United States (Shuster, 2003). Soon, other 
GIA instructors such as Bert Krashes and G. Robert 
Crowningshield became part of the traveling team 
that taught this new grading system, which greatly 
expanded interest in—and use of—this approach. 
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It purchases and markets to the dia- 
mond trade the gem diamonds produced 
by the members of the above mentioned 
Diamond Producers Association and of 
non-member producers whose output is 
under contract to the Diamond Corpor- 
ation. 


4) Industrial Distributors, Lid. purchases 
and markets to. the diamond trade the 
industrial diamonds produced by the 
Diamond Producers Association and of 
the non-member producers whose out- 
put is under contract to the Diamond 
Corporation. 


With the exception of (1) the some- 
what important Brazilian production of gem 
diamonds and of industrial diamonds. in 
the form of carbonado, and (2) the. un- 
important diamond. production of French 
West Africa, all diamonds are sold through 


the Diamond Trading Company and In- 


dustrial Distributors, Ltd. 


THE GOVERNMENT ASSISTS AS 
MINE OWNER AND PROFIT 
SHARER 


At least as early as 1914, the Government 
of the Union of South Africa showed an 
interest in the control of the diamond 
market when it called the first producers’ 
conference which we have previously men- 
tioned. This conference included the Pre- 
mier Mine in which the government had 
60% interest. Again, in 1920, after the 
Consolidated Diamond Mines of South- 
West Africa took over the production in 
that former German colony, the Minister 
of Mines called a conference between rep- 
resentatives of that new company, De Beers, 
Jagersfontein, and the Premier Mine. It 
was this conference which decided to sell 
all diamonds through the Syndicate on a 
quota basis. 


The Illicit Diamond Buying Law and 
the registration of both buyers and diggers 
had always afforded some control of 
production. : 


In .1926, the Union Government was 
already benefiting by export and income 
taxes from+De Beers, Premier, and Jagers- 
fontein and its 60% interest in Premier 
profits, a-total of 1,600,000 pounds ($4,- 
480,000). 

In 1925 the Union Government had 
éstablished a Diamond Control Act. This, 
however, did not adequately provide for 
the control of alluvial fields. Beginning 
1926, the unprecedented production of the 
Lichtenburg fields revealed the inadequacy 
of the Diamond Control Act and in. No- 
vember, 1927, the Precious Stones. Bill 
brought alluvial production under the pro- 
visions of the 1925 Act. By its powers to 
limit prospecting, the uneconomical oper- 
ations of alluvial fields were checked as 
was over-production, with its resulting dis- 
turbance of market prices. Alluvial ground, 
which previously could be allocated only to 
individual diggers, could now be leased or 
else worked by the government itself. Also, 
new discoveries which had been proclaimed 
(as open to diggers within three months) 
could be deproclaimed at will. 


During: the ensuing years, the Union 
Government became more and more of a 
diamond producer in its own right, espec- 
ially in Little Namaqualand (which is a 
part of the Cape of Good Hope, a province 
of the Union) where it operated much of 
the rich “oyster line.” Hence, .it became 
increasingly interested in the maintenance 
of the market. 


The control of alluvial production 
through the power of. the government to 
withhold the proclamation of newly dis- 
covered alluvial areas was further strength- 
ened in 1934 by the establishment of the 
policy of consulting The Diamond Pro- 
‘ducers Association concerning the proclam- 
ation of such new areas. In the same year, 
the Union Government discontinued its 
selling agency and agreed to market 
through the Diamond Corporation and 
Diamond. Trading Company. 
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Figure 2. This 16.04 ct D-color, VVS2 (potentially 
Flawless) round brilliant set an auction record for 
per-carat price for a colorless diamond when it sold 
for US$208,500 per carat in May 2008. Courtesy of 
Christie’s. 


Attracted by the system’s ability to generate a 
diamond’s market value based on the new quality 
grades and other concepts regarding diamond propor- 
tions and appearance (Gilbertson, 2007), jewelers 
flocked to GIA to get a better understanding of dia- 
mond valuation. GIA’s new system launched the 
scale of “D to Z” for color grading. Regarding the 
unusual starting point (the letter D), Richard 
Liddicoat (Liddicoat, n.d.; Gem Talk, 1981) stated 
the choice was made to differentiate the GIA system 
from other less clearly defined ones that used desig- 
nations such as “A,” “AA,” or metaphoric terms 
like those noted above. 

As jewelers went home to grade their own dia- 
monds, they started to question some of their deci- 
sions and sent the diamonds to GIA for checking by 
their instructors. Over time, this informal practice 
led to GIA’s diamond grading laboratory service, 
with the first formal reports issued in 1955. 

For more than 50 years, this grading system has 
been taught by GIA Education and used in the GIA 
Laboratory. The combination of understandable let- 
ter designations for color grades, the availability of a 
standardized grading environment and sets of dia- 
monds as color references, and GIA’s ability to teach 
the basics of this system to others provided a new 
level of stability and confidence in diamond com- 
merce. In the decades since its introduction, the D- 
to-Z nomenclature has been adopted virtually world- 
wide for the sale, purchase, and evaluation of pol- 
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ished diamonds. Consequently, other grading labora- 
tories also use this nomenclature, sometimes in 
combination with their own. While most claim to 
use the GIA system, however, it is not likely that it 
is applied as it is at the GIA Laboratory. Using the 
same color grading terms does not constitute adher- 
ing to the conditions or methodology of the GIA 
system. The reasons for this should be evident by 
the end of this article. 


The Origin of GIA’s Viewing and Comparator 
Standards. In 17th century India, Tavernier (1676) 
noted, diamonds were color “graded” at night by 
lamplight. By the 19th century, however, daylight 
was the worldwide standard in which gemstones 
were observed to discern their color (Chester, 1910, 
Cattelle, 1911; Wade, 1915, 1916, Ferguson, 1927). 
Unfortunately, the characteristics of daylight vary 
(throughout the day, in different locations around 
the globe, and at different times of the year), and 
these differences in light quality can significantly 
affect the color appearance of gemstones (Cattelle, 
1911; Wade, 1915; Sersen and Hopkins, 1989). 

The historical methods used to observe and 
compare diamond color were just as variable as the 
type of illumination itself. Observers held diamonds 
in the palms of their hands or between their fingers, 
typically examining them against a range of differ- 
ent backgrounds (Tavernier, 1676; Mawe, 1823; 
Feuchtwanger, 1867; Morton, 1878; Wodiska, 1886; 
“On diamonds,” 1902; Wade, 1916). For most of his- 
tory, of course, diamonds were so rare that very fine 
color distinctions among them were not needed, so 
the trade could function using such simple evalua- 
tion techniques. 

With the discovery of large deposits in southern 
Africa in the late 19th century, more diamonds entered 
the marketplace than ever before. This influx generated 
a greater desire (more specifically, a commercial need) 
for finer color distinctions. By the early 20th century, 
certain minimal standards for color grading had 
evolved, as summarized from Wade (1916): 


1. Use “good north light unobstructed by build- 
ings or other objects. There must not be any 
coloured surface nearby to reflect tinted light, 
as a false estimate might easily result.” 


2. Color grade diamonds only between 10 a.m. 
and 2 p.m. 


3. Do not use artificial light. 
4. Always use the same location for color grading. 
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5. Use comparison diamonds. 


6. Dim the “fire” (i.e., dispersion) of the diamond, 
perhaps by breathing on the stone. 


7. View the stone on edge as well as face-up (face- 
up only can yield a false color). 


8. Use magnification (aplanatic triplet lens). 


Even with these standards, color grading among 
dealers and retailers was inconsistent; the result in 
the trade was chaos. Cattelle (1911, p. 134) noted that 
“Color in diamonds is the opportunity of many deal- 
ers, and the despair of others, for it is very deceptive.” 

By the mid-20th century, advances in lighting 
technology and vision science paralleled the jewelry 
industry's increasing desire for improvements in dia- 
mond color analysis. GIA began one of the earliest 
efforts to address this desire in the mid-1930s 
(“Diamond-grading instrument...,” 1934, AGS 
Research Service, 1936), which culminated in a 1941 
article by GIA founder Robert Shipley and Richard 
Liddicoat. Among their concerns was the need for a 
grading scale with uniform comparators (i.e., color ref- 
erences) that could be used throughout the industry. 

Although jewelers commonly kept a few refer- 
ence diamonds to use for color comparison, there 
was no standard for such comparators, so the color 
grade given to a diamond by one jeweler could easi- 
ly differ from the grade assigned to it by another. 
Moreover, different jewelers used different sources 
of light, both artificial and natural, which further 
complicated their interactions with one another. To 
address this situation, Shipley and Liddicoat’s 1941 
article announced the development of: (1) a visual 
color comparison instrument (the GIA Colori- 
meter), (2) a color scale (the “color yardstick”) that 
represented grade categories, (3) a standardized light 
source and viewing environment for use by jewelers 
(the Diamolite), and (4) a service to grade “refer- 
ence” or “master” diamonds for AGS jewelers to 
use as comparators. 


The GIA Colorimeter and Color Yardstick. Notes 
and drawings from Shipley in the 1940s indicate that 
the GIA Colorimeter was adapted from the Duboscq 
Colorimeter made by Bausch & Lomb, which was 
widely used in the medical field up to the early 
1960s (Warner, 2006). Shipley and Liddicoat’s col- 
orimeter (figure 3) consisted of a small box with an 
indirect light source and a split-image magnifier that 
allowed a grader to compare a diamond placed in a 
tray to a movable, transparent glass wedge that var- 
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Figure 3. The GIA Colorimeter, introduced in 1941, 
was developed to select master stones by visually 
comparing a diamond to a repeatable standard 
called the “color yardstick” (inset, top)—a graduat- 
ed wedge of glass that transitioned from colorless 
to yellow. When a diamond being graded matched 
a section of the wedge in the colorimeter, the corre- 
sponding Roman numeral expressed the grade. 
Lighting, viewing geometry, and the comparison 
standards were all controlled with this box. 
Although modified over time, these three factors 
continue to be at the heart of consistent color grad- 
ing. Photos by Robert Weldon. 


ied (and was graduated into ranges) from colorless at 
the thin end to yellow at the thick end (Shipley and 
Liddicoat, 1941). This first system had 13 grade 
ranges: The glass wedge had markings for seven cate- 
gories, which were labeled “0” followed by Roman 
numerals “I” to “VI,” with these latter six further 
separated by half-division marks (see figure 3, inset). 
These 13 grades equated to the D-to-P range in GIA’s 
later system. 

With this colorimeter, the color determination 
was made by visual comparison, with the diamond 
placed in three different positions (table-up, girdle- 
up, culet-up}, and 10 observations in each position. 
The results obtained for each position were then 
averaged to reach the overall color grade. It is inter- 
esting to note that this early form of color grading at 
GIA was done with magnification (about 4x) and 
through the comparison of the diamond to a flat 
transparent wedge of graduated colored glass rather 


Gems & GEMOLOGY WINTER 2008 299 


than other diamonds. The box in which the dia- 
mond was viewed against the glass wedge housed a 
light source for observing the diamond and eliminat- 
ed influences from outside lighting. The light source 
used was a blue-coated incandescent bulb that was 
intended to mimic the color appearance of daylight. 

When Shipley’s son, Robert Shipley Jr., felt the 
colorimeter was ready to use for color grading, he 
wrote to his father in a letter dated April 2, 1941: “I 
have run thirty reading checks on four stones on 
which Dick [Liddicoat] has made thirty reading 
averages. Neither of us had any reference to the oth- 
ers (sic) work, and in no case were we off more than 
.125 of a division!” Nevertheless, to the best of our 
knowledge, the GIA Colorimeter was never manu- 
factured commercially (apparently only two were 
made) or used for any purpose other than the grad- 
ing of AGS master stones by GIA staff. 


The GIA Diamolite. While the GIA Colorimeter 
allowed for the visual comparison of a diamond to a 
color standard to develop sets of master stones, jew- 
elers still needed a standard viewing environment 
when comparing other diamonds to these masters. 
Although some jewelers had stores situated such 
that they could effectively use north daylight, many 
did not, so they used whatever light source they had 
available. Up to this point, artificial light had proved 
problematic because it was not close enough in color 
appearance to natural north daylight (the accepted 
trade standard). And, again, “north daylight” varied 
depending on the time of year, time of day, weather, 
and geographic location; the color of the diamond 
was also influenced by colors in the viewing area. 
Ultimately, the Diamolite was the first step toward 
providing a solution to this problem (figure 4). 

From the development of their colorimeter, GIA 
researchers knew that controlling the light source 
would be critical, but they also realized that an 
environment to compare diamonds to one another 
would have different requirements from that of the 
colorimeter. Shipley Sr. had been working on this 
issue (“Diamond-grading instrument...,” 1934), 
but it was Shipley Jr. who carried it to its next step. 
He and others at GIA examined every new light 
source on the market; they tried argon bulbs (AGS 
Research Service, 1936) and filtered incandescent 
bulbs, as well as the relatively new fluorescent 
lamps (“Instrument research...,” 1937). Even 
though GIA was selling the “Da-Grade” fluorescent 
light source, made by General Electric (GE), for use 
in displaying diamonds (“At last...,” 1938), they 
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Figure 4. The GIA Diamolite was introduced to AGS 
members in 1941 and, for the first time, offered jewel- 
ers a controlled lighting and viewing environment for 
comparing “master” diamonds to other diamonds. 
The Diamolite measured 13% in. high x 12 in. wide x 
6 in. deep (34.4 x 30 x 15 cm) and housed an incandes- 
cent bulb with a blue filter (inset) designed to make 
the light output better simulate daylight. Photos by 
Robert Weldon. 


realized an observer could not use it to distinguish 
fine nuances of faint yellow color, so the search con- 
tinued for a better light source for grading. 

Shipley Jr. also looked to other industries in 
which fine color distinctions were critical and found 
a filtered incandescent light source used as a stan- 
dard for oil colorimetry and cotton grading. The 
Shipleys and Liddicoat worked with the color tech- 
nology company Macbeth (Shuster, 2003) to coun- 
terbalance the overabundance of the long rays (i.e., 
“redder” light) of this tungsten bulb with a special 
blue filter (figure 4, inset). This adjusted the color 
temperature (i.e., appearance) of the light output to 
be closer to that of daylight. 

Shipley Jr. also recognized that color grading 
needed an enclosed viewing environment: 
“Preliminary research shows that the greatest single 
handicap in accurate color grading is the difficulty of 
securing a light absolutely free from colored reflec- 
tions from adjacent objects” (AGS Research Service, 
1936, p. 77). The following excerpt from an article 
about changes to the Gemology textbook (“A note 
on diamonds,” 1938, p. 174) expresses GIA observa- 
tions at the time on the effect of external lighting on 
diamond color appearance and defines “body color’ 
for the trade: 
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The color of a diamond, as it is seen by the eye, 
may be affected (1) by the comparative amount 
of the various spectrum colors which it dispers- 
es, and (2) by the color of the light reflected from 
sky, walls, ceiling or other objects. Upon exami- 
nation by transmitted light against a white, neu- 
tral gray, or black background, the true color of 
the diamond itself is observable, and the result- 
ing appearance is known as the body color. 
However, if colored reflections fall upon those 
surfaces of the diamond which are toward the 
eye, the true body color may not be observable. 
(If colored reflections fall upon a white back- 
ground against which the diamond is being 
examined, they will also affect the body color.) 


Some in the trade already understood this effect 
of the lighting environment. By the late 1800s, dia- 
mond dealers were very aware of how the surround- 
ing environment affected the appearance of color in 
a diamond. In the New York jewelry district on 
Maiden Lane, neighboring buildings were painted 
yellow—and these faced the windows from which 
dealers judged color in the north daylight. The deal- 
ers pooled their funds and offered to repaint the 
offending buildings. Jewelers’ Circular reported: 
“Several [dealers] stated that it is impossible to sell 
diamonds in their offices, and unless the colors of 
[buildings] No. 5 and 7 are changed, they will be 
forced to vacate their offices” (“Dealers object...,” 
1894, p. 16}. 

GIA researchers ultimately determined that a 
box made of translucent white matte paper, open 
on one side for observation, furnished a much 
more satisfactory environment for judging color 
(AGS Research Service, 1936). Not only was the 
direction of the light that fell on the diamond con- 
trolled, but the light was also diffused, which sub- 
dued surface reflections from facets that might 
obscure the bodycolor. In 1941, the Institute intro- 
duced a commercial version, the GIA Diamolite, 
for use in color grading (again, see figure 4; Shipley 
and Liddicoat, 1941). The accompanying brochure 
stated that this viewing box (small enough for the 
display counter in a retail store) allowed a jeweler 
to observe diamonds under a standardized light 
source in any physical location at any time of the 
day or night. 


Grading Master Stones. Now that it had a light source 
and an environment in which to visually compare 
diamond color, as well as an instrument that related 
the color to an established scale, in the early 1940s 
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GIA began to collect diamonds graded with the col- 
orimeter to use as its own “master” comparators. 

After leadership review, the AGS membership 
voted in 1941 to recommend the use of the GIA 
Colorimeter for master stones, the scale as the stan- 
dard for color distinctions in diamonds, the GIA 
Diamolite, and the new grading service for master 
stones (see, e.g., Shipley and Liddicoat, 1941). For 
the AGS master stones, two of the averaged col- 
orimeter grades were reported to the AGS member 
jeweler—for the table-up and girdle-up positions. 
The “O-VI” numerical scale of the colorimeter was 
promoted as the color grade nomenclature to be 
used for diamonds (Shipley and Liddicoat, 1941) and 
was strictly for AGS members. Consequently, when 
GIA chose to develop a diamond grading system 
available to everyone, it had to use new terms. The 
choice for color grading colorless to near-colorless 
diamonds, as previously noted, was the letter grade 
scale beginning with D. 

GIA had offered other technical services, such as 
pearl identification, to the trade since the 1930s, but 
the master diamonds service (started in 1941) was 
the first one related to diamond grading. In fact, this 
service preceded the 1949 creation of the laboratory 
as its own division within GIA. 


The 1950s to ’80s: The Continued Evolution of 
Lighting and Viewing Environments. The last 
known mention of the name Diamolite was in the 
January 1950 issue of Jeweler’s Circular Keystone 
(]CK) magazine. Gems &) Gemology first cited the 
new name, DiamondLite, in 1949 (Schlossmacher, 
1949). This change in name accompanied an updated 
filter from Macbeth that was still used with an 
incandescent bulb (Shipley, 1950a). We do not know 
if the physical proportions of the viewing environ- 
ment changed at that time. 

This period saw the continuation of GIA’s 
investigation into alternative light sources for the 
assessment of diamonds. By the 1950s, Liddicoat 
and his contemporaries had apparently developed a 
comfort level with the fluorescent lamps available 
at that time. GIA began teaching that jewelers 
could use a modified fluorescent lamp for color 
grading when they didn’t have access to a (still 
incandescent bulb) DiamondLite: “a reasonable 
substitute may be secured by adapting a simple flu- 
orescent tube desk lamp... lined with flat-white 
paper...enclosed on the back and two sides so as 
to exclude as nearly as possible all reflections from 
surroundings” (Shipley, 1955, p. 5). A sheet of 
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white tissue paper between the fluorescent tubes 
and the diamond further diffused the light. 

Depending on the evenness, thickness, and type 
of phosphor coating, however, the early generations 
of fluorescent lamps had considerable variation in 
the wavelengths and intensities of their light out- 
put. This included an inconsistent—and, at times, 
relatively high—amount of ultraviolet (UV) emis- 
sion, in contrast to the extremely low UV content 
in incandescent bulbs commonly used at that time. 
Realizing that some fluorescent diamonds appeared 
different when observed under lights with UV con- 
tent (fluorescent lamps as well as the former 
Diamolite with its UV source, added in 1947, 
turned on), GIA made a number of statements relat- 
ed to this with each accompanying modification. In 
1955 course material, GIA advised that “This factor 
should not cause too much difficulty, however, 
since only a very small percentage of stones fluo- 
resce strongly enough to modify the body color 
under this light source” (Shipley, 1955, p. 5). 
Nevertheless, contemporary course materials advo- 
cated the grading properties of the (low-UV) incan- 
descent bulb grading light, even to the disavowal of 
the historical standard, (relatively higher UV) day- 
light. GIA Assignment 2-31 (Shipley, 1957, p. 8) 
stated that “Fluorescent stones should be graded at 
their poorer color [as seen] in artificial light devoid 
of ultraviolet radiation [ie., the incandescent bulb 
of the DiamondLite], rather than at their daylight 
grade |i.e., the grade they would receive if viewed 
against a comparison stone in daylight].” 

In the mid-1960s, GIA introduced the GIA 
Diamond Color Grader tray to their Mark IV gemo- 
logical microscope, which allowed color grading 
under the overhead diffused fluorescent source 
attached to the microscope. However, Gem 
Instruments advised that “Highly fluorescent stones 
cannot be graded in the GIA Color Grader” (GIA, 
1966}, due to the proximity of the diamond to the 
lamps. 

In 1974, Ken Moore (director of Gem Instru- 
ments Corp.) introduced a DiamondLite (figure 5) 
that used 6-watt fluorescent lamps made by Verilux, 
with a new coating that minimized UV emission as 
compared to similar lamps and especially as com- 
pared to earlier fluorescent lamps. GIA often pro- 
moted the minimized UV emission in these lamps. 
For example, in 1979 course materials, GIA 
described these new lamps as “practically devoid of 
ultraviolet waves” (GIA, 1979, p. 9). Later course 
material (GIA, 1995, p. 9) claimed that “Filtered, 
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Figure 5. This version of GIA’s early fluorescent view- 
ing environment, the DiamondLite, was introduced in 
1974 and used Verilux 6-watt lamps. It measured 9 in. 
high, 13 in. wide, and 8 in. deep (22.5 x 32.5 x 20 cm). 
Photo by Robert Weldon. 


cool white balanced fluorescent light is best: unlike 
sunlight, it is nearly free of ultraviolet.” As frequent 
as such statements were, it is important to remem- 
ber that no fluorescent lamp is truly “UV free.” 


From the 1990s to the Present: Lighting and 
Viewing Refinements. Research in the 1990s and 
the first decade of the new millennium led to refine- 
ments in the equipment and processes used to color 
grade diamonds that are reflected in the grading 
methods in place today. 


Light Source Testing. Since at least the 1970s, mil- 
lions of diamonds have been graded using fluores- 
cent lighting, at GIA and throughout the industry. It 
has become the standard in the diamond industry. 
To ensure consistency in GIA’s grading, proposed 
changes in lighting must be thoroughly tested to 
balance the potential benefits to the grading 
methodology against the very real damage that 
would be caused if subsequent color grades were 
inconsistent with earlier ones. (The success the lab- 
oratory has had in this regard can be tracked in very 
real terms through its update service. Today we 
occasionally see diamonds graded in the 1970s that 
have been submitted for updated grading reports; 
after they have undergone a full grading process 
using contemporary equipment and procedures, the 
vast majority are returned with the same grade 
determinations.) With that as a guideline, GIA 
began researching options for fluorescent “daylight 
equivalent” lighting. In part, this research was driv- 
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en by the fact that the Verilux 6-watt lamps used in 
the DiamondLite were no longer readily available, 
and other manufacturers’ lamps of the same size did 
not consistently meet GIA lighting standards. 

Researchers compiled a list of factors to be con- 
sidered in selecting an alternative lamp: worldwide 
availability, suitable illumination levels, uniform 
distribution across the work area, a spectrum that 
mimics International Commission on Illumination 
(known as CIE) D55-to-D65 specifications, a color 
temperature in the 5500-6500 K range, and a color 
rendering index of at least 90 (for details, see box A). 
Data collection began in January 1998, with 40 dif- 
ferent lamps from various manufacturers. The 6- 
watt Verilux lamp used in the DiamondLite at that 
time was included for comparison. For each manu- 
facturer, four different sizes of fluorescent lamps 
were tested: 4 watt (134 mm/5-6 in.), 6 watt (210 
mm/8-9 in.}, 15 watt (435 mm/17-18 in.), and 
18/20 watt (590 mm/23-24 in.). Spectra were col- 
lected when the lamps were first turned on and after 
“burn in” times of 50, 100, 500, 1,000, and 2,000 
hours, so that the evolution of each spectrum could 
be analyzed (see, e.g., figure 6). Data were collected 
using a Photo Research PR-704 Spectrascan spectro- 
radiometer, an Ocean Optics SD2000 spectrometer, 
and a Gossen Mavolux digital lightmeter. 

In late 1998, GIA researchers did additional test- 
ing on three of these lamps: an 18-watt Osram 
Biolux, a 20-watt Verilux, and a 20-watt Macbeth. 
For comparative visual observations, choices were 
narrowed to the Verilux and Macbeth lamps. The 
former was selected because researchers felt that 
continuity with the Verilux lamp characteristics 
was important, and the latter was chosen because 
GIA had been using the Macbeth lamp successfully 
to color grade colored diamonds for a number of 
years. After weighing all the factors and completing 
data analysis, GIA decided that the Verilux lamp 
was the best lighting source for the purpose of color 
grading D-to-Z diamonds. 


Viewing Environment. The decision to use the 
longer (23-24 in.) 20-watt lamps required the design 
of a new and much larger viewing environment to 
house them. From its research on color grading col- 
ored diamonds (see, e.g., King et al., 1994), GIA rec- 
ognized that a larger viewing box would also better 
shield the observer from distracting visual clutter in 
the surrounding environment, give a larger neutral 
background for the field of vision, and be more com- 
fortable for the observer. These factors contributed 
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Figure 6. In characterizing light sources, it is important 
to know the consistency of their properties over time. 
To accomplish this, the lights are left on for extended 
periods and a number of radiance spectra are taken at 
specified times; in this case after 50, 100, 500, 1,000, 
and 2,000 hours. The plot shows the captured radiance 
spectra of the Verilux 6-watt fluorescent lamp (used for 
comparison with potential new selections) normalized 
for the 436 nm peak at 100%. The minor deviations 
seen here are typical and do not result in noticeable 
differences in performance for color grading. 


to our decision to make the height of the box 18.5 in. 
(47 cm), which is similar to the Judge II used for col- 
ored diamonds (20 in.; illustrated in King et al., 1994, 
p. 230). Recognizing that the depth of environments 
used for D-to-Z color grading had traditionally been 
shallow (approximately 8 in. in the DiamondLite to 
6 in. in the Diamolite), we decided to make the pro- 
totype viewing box 6 in. (15.24 cm) deep. As men- 
tioned above, the width was determined by the 
length of the two lamps being used. In practice, we 
found that the wider environment was better for 
handling the diamonds. To improve the consistency 
and life cycle of the lamps, we successfully experi- 
mented with electronic high-frequency ballasts. 
Although the walls of the DiamondLite were coated 
dull white, GIA staff members had found that medi- 
um to light gray walls reduced eye fatigue (at the 
same time, various standards organizations also rec- 
ommended a neutral gray surround for color grading 
environments; ASTM, 2003; ISO, 2005). 

Subtle modifications were made to the design of 
the box over the next five years, as a prototype was 
formalized for use in the laboratory in the early 2000s. 
At the same time, we also developed a product for 
commercial release, a viewing environment that 
incorporates two 15-watt Verilux lamps into a slightly 
smaller (more retailer friendly) box, which is market- 
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Box A: CHARACTERISTICS OF THE STANDARDIZED FLUORESCENT 
LIGHT SOURCE GIA USES FOR D-TO-Z COLOR GRADING 


Proper illumination is critical when performing tasks 
requiring subtle color comparisons, as is the case with 
color grading D-to-Z diamonds. There must be 
enough light to view the subtle differences, but not so 
much that color perception is affected by surface glare 
or that the light causes eye fatigue. We have found the 
acceptable range for light output to be between 2000 
and 4500 lux. The light output needs to be stable 
(which is accomplished with an efficient, high-fre- 
quency ballast) so there is no variation in intensity 
(e.g., flickering), and it should be consistent across the 
entire viewing surface. It should take very little time 
for the lamps to become stable once they are turned 
on. The light emitted also must be diffuse, since point 
or spot lighting can cause bright surface reflections, 
more obvious dispersion, and strong contrasts in pol- 
ished diamonds. 

There are a number of characteristics of daylight 
that are valued in diamond color grading and were 
considered in choosing the standard light. These 
include, for example, daylight’s overall spectrum, its 
color appearance in the northern hemisphere, and its 
ability to render colors. While the full emission 
spectrum should be considered when choosing 
lamps, it is also important to note the output in the 
areas that can affect the predominant task at hand, 
in this case the grading of colorless to light yellow 
diamonds. In particular, there must be enough out- 
put in the blue region of the spectrum, as it is the 


absorption area of wavelengths in this region that 
allows yellow diamonds to be perceived at optimum 
visual acuity. Fluorescent lamps have “spikes” in 
their emission spectra (see again figures 6 and 8): 
narrow ranges of wavelengths that have much 
greater intensity. The positions of these spikes and 
their potential effect on color grading were impor- 
tant to our choice of a light source. In addition, the 
spectrum of a lamp used for color grading should not 
emit short- and mid-wave UV, as these emissions 
can be harmful to the eyes of the observer over 
extended periods of time. However, the lamp should 
emit long-wave UV, which is an important charac- 
teristic of daylight. The CIE standards for D55 to 
D65 light also specify a UV component. 

Regarding the UV component, we have learned 
that for some fluorescent diamonds the distance 
between the lamps and the grading tray can influence 
the final color grade. For consistency, we use a dis- 
tance of 8-10 in. (20-25 cm) between the lamps and 
the diamond. Bringing a fluorescent diamond closer to 
the lamps may result in a stronger fluorescence 
impact. For instance, a yellow diamond with strong 
blue fluorescence could appear less yellow (i.e., to have 
a higher color grade) as it gets closer to the lamps. 
Moving the same diamond more than 10 in. from the 
lamps will have the opposite effect; that is, the color 
will appear more yellow (a lower color grade). 

The relative amount of UV versus visible light 


ed for both D-to-Z color grading and round-brilliant- 
cut evaluation as the GIA DiamondDock (figure 7). It 
is also used in the laboratory. 

With each modification to the viewing environ- 
ment, experienced color grading staff in the New 


Figure 7. This viewing box, the DiamondDock, provides 
a good surround for making visual comparisons of dia- 
monds, both for color grading D-to-Z stones and observ- 
ing round brilliant cuts. When the raised platform is 
inserted in the box as seen here, a viewing tray of mas- 
ter diamonds is at the appropriate height for color grad- 
ing. When the platform is removed (and the auxiliary 
LED lights turned on), cut can be observed with the dia- 
monds placed in a tray on the base of the unit. The box 
measures about 18 in. high x 21 in. wide x 6/2 in. deep 
(45 x §2.5 x 16.25 cm). Photo by Robert Weldon. 
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emission in the spectrum remains the same regard- 
less of the distance to the light source. However, if 
the stone is observed close to the light source, the 
blue fluorescence emission in diamond may become 
more obvious than its absorption of yellow. 

The “correlated color temperature” (CCT; or just 
“color temperature”) is another important aspect of a 
light source. This term is used to describe the overall 
color of “white” light sources, and the “temperature” 
is most commonly expressed in units of kelvin (K). 
Incandescent lighting has color temperatures around 
2000-3000 K and is generally referred to as being 
“warm” light. Common fluorescent lighting in gen- 
eral, with a CCT of 4500 K or higher, is considered 
“cool.” The use of warm and cool with regard to 
lights refers to the color appearance of the light; the 
temperature designations could lead one to think the 
reverse. To simulate north daylight, a light source 
should be much “cooler” or “whiter” and have a 
color temperature in the 5500-6500 K range. 

Lighting manufacturers often refer to the light’s 
color rendering index (CRI) as an important criterion 
as well. In general, CRI is a quantitative measure of a 
specific light source’s ability to reproduce colors 
faithfully in comparison with an ideal or natural light 
source (CIE and IEC, 1987). On a scale of 0 to 100, 
lights with 90 or higher are generally preferred for 
tasks requiring color differentiation. 

When choosing a lamp, GIA uses the CRI and the 
color temperature of the light source in conjunction 
with both its complete spectrum and the specific 
regions that can affect D-to-Z color grading. 


York and Carlsbad laboratories independently color 
graded the same diamonds in the DiamondLite and 
the two new viewing environments to verify the 
consistency of grading results. Our findings showed 
that overall results were within tolerances recorded 
in the history of GIA’s D-to-Z color grading. 
Spectral analysis of the three lamps showed consis- 
tency as well (figure 8). 


THE UV CONTENT IN LIGHT SOURCES USED 
FOR D-TO-Z COLOR GRADING 


The potential effect of lighting on diamond fluores- 
cence (and therefore color appearance} has long been 
a subject of discussion, although the UV component 
in a light source only impacts color appearance in 
some obviously fluorescent diamonds. In the 1930s 
and before, there was general agreement that dia- 
monds should be observed in north daylight, which 


COLOR GRADING “D-TO-Z” DIAMONDS 


In researching practical solutions for the laboratory 
and the trade, GIA requires that the lamp be energy effi- 
cient, widely available in the marketplace, and reason- 
ably priced. (Information on lighting criteria and expla- 
nations of these and other terms used regarding lighting 
can be found on many lighting websites. One example 
is www.lightsearch.com/resources/lightguides/ 
colormetrics.htm1.) 

In summary, the basic technical specifications for 
the lighting used for D-to-Z color grading at GIA are: 


e Stable, fluorescent lamps 17 in. (43 cm) or longer 

e An intensity of light in the range of 2000-4500 
lux at the surface of the grading tray 

e An 8-to-10 in. distance between the lamps and 
the grading tray 

e Acolor spectrum close to CIE D55—D65 

e Acolor temperature between 5500 K and 6500 K 

e Acolor rendering index of 90 or above 

e A high-frequency (>20,000 Hz) electronic ballast 


e A light ballast with efficiency (power factor) 
above 0.5 (50%) 

e No noticeable output in the short- or medium- 
wave UV range (or a filter available to eliminate 
UV in this range} 

e An emission for long-wave UV (between 315 


and 400 nm, close to the reference spectrum of 
D55-D65) 


contains UV. Yet the first widely accepted standard 
viewing environment, the Diamolite, contained a 
filtered incandescent bulb, which had low UV con- 
tent compared to daylight. As noted earlier, fluores- 
cent lamps of that era were neither stable enough 
nor consistent enough to meet the requirements of 
diamond color grading. 

During the 1940s, the appearance of a highly flu- 
orescent diamond in daylight was considered a posi- 
tive attribute. Recognizing the inherent limitations 
of the Diamolite’s incandescent bulb in this regard, 
GIA introduced a stand-alone long-wave ultraviolet 
light source in 1945 (Shannon, 1945) and in 1946 
updated the Diamolite by adding a UV source. 
When used alone, this UV lamp revealed the pres- 
ence and strength of fluorescence in a diamond and, 
when used in conjunction with the filtered tungsten 
lamp of the Diamolite, created a condition that was 
felt to better simulate daylight and “show the 
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Figure 8. The 15- and 20- 
watt Verilux lamps cho- 
sen for the new viewing 
environments produce 
results that are within 
tolerance for color grad- 
ing and compatible with 
the 6-watt lamps used in 
the past. Here, the UV 
region shows good agree- 
ment between the three 
lamps. Note that the 15- 
and 20-watt lamps have 
a phosphor layer that 
results in an additional 
emission in the red region 
between 620 and 700 nm 
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diamond off under the most attractive and favorable 
conditions” (Collison, 1947, p. 431). 

As noted earlier, GIA continued to experiment 
with different lighting sources throughout the 1950s 
and ‘60s, and began moving toward the use of fluo- 
rescent lamps, both in conjunction with the incan- 
descent bulb of the DiamondLite and separately in 
the overhead light source of their microscopes. 

Eventually, the use of different phosphors, phos- 
phor layer thicknesses, and new ignition technolo- 
gies reduced the amount of UV emitted by fluores- 
cent lamps. Research that GIA began in the early 
1970s revealed that the lower UV content helped 
reduce the extreme appearance differences in dia- 
monds that had been encountered with earlier lamps. 
To market the new DiamondLite, with its 6-watt 
Verilux lamps, some GIA literature implied that lit- 
tle to no UV content was preferable for D-to-Z color 
grading. Actually, the low UV content of these lamps 
was preferable to the UV content of earlier fluores- 
cent lamps, which was higher or inconsistent. 
Indeed, the lamps chosen in the ’70s had a small, but 
not negligible, UV component. And we continue to 
see this UV component in lamps chosen since then. 

We recognize, however, that language used and 
certain statements made by GIA in the past several 
decades have led to confusion about the presence 
and, therefore, perceived desirability of the UV com- 
ponent in lighting used for D-to-Z diamond color 
grading. As mentioned above, course materials from 
the late 1970s to mid ‘90s described the lamps as 
“practically devoid” or “nearly free” of UV (GIA, 
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1979, p. 8; 1995). Even in the GIA Laboratory, an 
internal manual published in 1989 (p. IH-1) noted 
“Use a cool white, filtered, ultraviolet free fluores- 
cent light [in the lab, the DiamondLite] in an area of 
consistent, subdued light.” 

“Filtered” referred (incorrectly) to the coatings 
used on the lamps to control output across the spec- 
trum, this could be confused with using a filter to 
block UV. Again, these fluorescent lamps were not 
UV free. 

In the late 1990s, referring to lamps with essen- 
tially the same UV content as their predecessor, lab- 
oratory staff spoke of the appropriateness of that UV 
component. As one of the authors [JMK] commented 
in an interview (Roskin, 1998, p. 149), “Yes, you can 
create an environment devoid of UV but it’s a false 
situation.... It may sound like the ideal, but it steps 
outside the practical world. It’s not relevant because 
it doesn’t really exist anywhere. We try to be sensi- 
tive to the practical gemological issues.” Tom Moses 
corroborated this position at GIA by stating, “we 
found that the Verilux bulbs used in GIA’s diamond- 
grading units, standard cool-white fluorescent light 
bulbs, and northern hemisphere daylight (even fil- 
tered through a glass window) all have a certain 
amount of UV radiation. Hence the Verilux sources 
are similar—in terms of UV exposure—to grading 
environments throughout the world” (Moses, 1998, 
p. 21). The light source GIA uses for color grading 
has continued to be discussed in the trade (Tashey, 
2000, 2001; Haske, 2002; Cowing, 2008). 

The fact is that since the 1974 implementation 
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of new coatings on fluorescent lamps, GIA has pro- 
moted using a daylight-equivalent fluorescent lamp 
with a non-negligible amount of emitted UV. GIA 
will continue to study the subject as new lighting 
technology and research become available, with the 
goal of maintaining existing color grading standards. 
In fact, one of the authors (RG) was recently 
informed by CIE (Peter Hanselaer, pers. comm., 
2008) that the UV content of the proposed new refer- 
ence illuminant for “Indoor Daylight” (e.g., ID65) 
that CIE is working on will define the daylight speci- 
fications indoors under standardized conditions 
regarding glass thickness and absorption of the win- 
dows and standard angles of incidence of the light. 
This “Indoor” reference illuminant will have a 
noticeably reduced UV content compared to the reg- 
ular CIE Daylight standard D65 because of the typi- 
cal absorption of glass in the UV region, so its result- 
ing spectrum will be even closer to the Verilux 
lamps GIA is using in the lab. 


THE GIA D-TO-Z COLOR GRADING SYSTEM 


The equipment and methods used today at GIA to 
color grade D-to-Z diamonds have come from the 
experience gained through the observation of mil- 
lions of diamonds, as well as from continuous 
research into advances in lighting technology and 
vision science. Even though there have been modi- 
fications, such as changes to the viewing environ- 
ment, it is important to recognize that the GIA 
standard—the spacing of the key historical grade 
markers—has remained unchanged since the sys- 
tem’s inception more than 65 years ago. 

D-to-Z color grading is based on the observations 
of a trained observer, who compares a diamond to 
color master stones of known position on the grad- 
ing scale (see box B for a discussion of the selection 
and care of master stones for clients and the labora- 
tory). To achieve repeatable results, graders use a 
standard light source and a controlled viewing envi- 
ronment. Also important are the proper mainte- 
nance of equipment and consistency in the set-up of 
references, viewing geometry, and methodology. In 
addition, the observer must have been tested and 
shown to have normal color vision. 


Screening, Training, and Monitoring of GIA Color 
Graders. Controlling all the conditions would be of 
little value without the proper screening and train- 
ing of staff. At GIA, eligible staff members must 
pass tests such as the Dvorine Color Test, the 
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Matchpoint Metameric Color Rule Test, and the 
Farnsworth-Munsell 100 Hue Test to ensure that 
they have normal color vision, discrimination, and 
acuity. Other tests are designed to gauge visual and 
verbal understanding of the color grading process. 

Training sessions with experienced graders allow 
those staff members who are accepted as new color 
graders to gain first-hand knowledge over a period of 
weeks. All staff members are routinely monitored 
through the data collection of “blind” observations 
on control stones as well, to help insure color grad- 
ing consistency. 

To control for potential perception differences 
from individual to individual, GIA’s grading process 
requires a minimum of two or three random, inde- 
pendent opinions (depending on the size of the 
stone). A consensus is required before a color grade is 
finalized. For larger or potentially D-color stones, the 
laboratory’s computer operating system identifies 
the need for the most experienced graders. Last, to 
avoid the potential of reduced accuracy due to eye 
fatigue, color grading sessions are limited to approxi- 
mately one hour, at which point a minimum break 
of one hour must be taken. 


Routine Calibration and Maintenance. Since the 
viewing environment (e.g., the DiamondDock) is the 
neutral surround for the observer’s field of vision, its 
care and cleaning is the first priority before grading 
even begins. If it is soiled it can distract the observer 
just as objects in the field of vision would. In the lab- 
oratory, the viewing environments are cleaned with 
a mild soap and soft cloth every week. Prior to plac- 
ing new lamps in a unit, we capture their spectra 
with an Ocean Optics spectrometer equipped with 
an integrating sphere to make sure they are within 
tolerances. The light output at the surface of obser- 
vation is checked monthly using a Gossen Mavolux 
Digital 5032B lux meter. Our testing has shown that 
the average life of a lamp is around 5,000 hours; from 
our experience, the “useful” life of the lamp for color 
grading purposes is half that, 2,500 hours. To avoid 
any deterioration in the illumination, we replace the 
lamps even sooner, at approximately 1,800 hours, 
unless some problem is noted earlier (i.e., discol- 
oration at the ends of the lamps or a prominent drop 
in the lux meter readings). In the color grading area 
of the laboratory, ambient lighting is also controlled. 
Overall, the lighting is subdued, with no influence 
from natural daylight. 

Again, see box B for the routine cleaning and care 
of master stones. 
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The Precious Stones Act of 1927 requires 
the licensing of prospectors and notice to 
the government by such prospectors of dis- 
coveries. even though it be on the pros- 
pectors’ own land. The government may 
then approve or withhold license to mine, 
although a. discoverer of an alluvial dia- 
mond area is entitled (1) to receive on 
unaliented government land 20 (31x31 ft.) 
claims, (2) on alienated government land 
30 claims, and (3) on private land 60 
claims in the Transvaal and 200 claims in 
either Natal or the Cape of Good Hope 
Provinces. ; 

After a discovery, the government may at 
its pleasure proclaim the area for the 
issuance of diggers’ licenses. On privately 
owned lands, (or government land alien- 
ated with a reservation of precious stone 
rights), the government then shares in 
50% of the profits from operation from the 
mines on this land. On unalienated govern- 
ment land, the government receives 70% 
of the profits of a discoverer-operator. The 
Act provides for adequate auditing and 
inspection by the government. 

In addition to all this control if the 
government so elects it may, after the dis- 
coverer has selected the claims to which 
he is entitled, declare any proclaimable or 
proclaimed land to be a state mine or allu- 
vial diggings, subject to the rights of dis- 
coverer and owner, or the governmént may 
declare any or all alluvial diggings to be 
“restricted alluvial diggings’ upon which 
the government may restrict the number of 
persons who can work on each claim (and 


never more than 20 per claim). 


If the owner, surface owner or discoverer, 
at any time fails to finance, or work the 
mine to the satisfaction of the government, 
or ptoduce stones to its satisfaction, the 
government, upon three months’ notice, may 
require that the mine be tendered for sale, 
or the government may deproclaim (halt 
mining gperations) if it decides that the 
production is not ‘in payable quantities. 
(Subject to the rights of existing claim 


holders — that is the right to work out 

their claims —- the government has the power 

at any time to deproclaim any mining area.) 

Indeed, the government’s control is so 
complete that no one at any time may live 
or work in any capacity in an alluvial dig- 
ging without a Certificate of Character from 
the government. . 

It seems that the operations of this Act 
make it possible to regulate the alluvial 
output of South Africa to the benefit of the 
government which profits from the main- 
tenance of diamond prices because of: 

1) The effect upon prices it obtains for 
diamonds from its own mines. 

2) The share of the profits in all alluvial 
mines operating profitably in the Union, 
profits which would be greatly re- 
duced by reduction of diamond prices. 

3) Export and income taxes from all dia- 
mond mining operations which would 
be greatly decreased by reduction of 
diamond prices. 

The example of the manner in which the 
Union of South Africa has benefited finan- 
cially from the maintenance of diamond 
prices has not gone unheeded by the Col- 
onial Office of the British Empire. Hence, 
the provisions of the Precious Stones Act 
of 1927 are influencing the regulations of 
diamond mining in the diamond producing 
colonies of the British Empire. In the 
world today only Brazil and Venezuela re- 
main important producers that are not in 
the voluntary price fixing structure. Here, 
diamonds are found in widely distributed 
and isolated areas that are impractical to 
supervise and the nature of those countries 
does not lend itself to the establishment of 
any well-organized buying agencies. 

Tt will be seen from this preceding dis- 
cussion’ of marketing that the “rough” dia- 
mond trade has been closely controlled for 
many years. The comparative stability of 
prices which has resulted has been an 
excellent thing for all merchants engaged 
in the trade and for the possessors of cut 
diamonds. 
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Box B: SELECTION AND CARE OF 
MASTER STONES AT THE GIA LABORATORY 


Since the advent of its first colorimeter in 1941, GIA 
has received requests from members of the trade to 
evaluate diamonds that would serve as master com- 
parators for color grading (figure B-1). This service 
continues to this day, although the selection process 
is accomplished through visual comparison support- 
ed by instrumentation, not a colorimeter. 

Acceptance of one stone as a master is sufficient to 
start a set for a client and the issuance of a GIA Master 
Color Comparison Report. This report contains basic 
identifying information on the diamonds selected as 
masters and can be expanded with new master stone 
selections over time. There are several criteria for the 
selection of diamonds for a master set. These include 
cut, size, inclusions, fluorescence, and color. In creat- 
ing a set of diamond color masters, the laboratory’s 
overriding goal is to reduce as many visual variables as 
possible for the greatest consistency in all but color 
from one master stone to the next. Therefore, GIA will 
only grade round brilliant diamonds for masters. 
Besides being the most common cut, the round bril- 
liant yields the most consistent color appearance (and 
shape) of any cut. In addition, master stones must 
meet good proportion standards. 

Members of the trade decide the best size for the 
diamonds in their set of master stones, based on their 
typical stock (understanding that GIA will not grade 
diamonds under 0.25 ct for master stones). If, for 
example, a manufacturer or jeweler typically works 
with half-carat diamonds, the master stones should 
also be approximately half a carat. Over the years, we 
have found that sets larger than one carat are not nec- 
essary, as masters in the one-carat range can accom- 
modate comparisons to larger diamonds. At the labo- 
ratory, we have compared masters of this size to dia- 
monds 50 ct and more. When such diamonds have 
been observed on more than one occasion, we have 


Locations of Master Stones in the Grade Ranges. 
Every individual grade designation on the D-to-Z 
scale is actually a range of colors within that grade. 
The GIA master stones are located at the highest 
boundary of each grade range (figure 9), that is, at 
that end of their respective grade range that has the 
least color. Therefore, a diamond with less color 
than the G master stone (but not less than the F) 
would receive a grade of F. If the diamond appears to 
have the same amount of color as the G master, it 
would receive a grade of G. When a diamond has 
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come to the same color grading results. Within a given 
set (up to about one carat), master stones should not 
vary more than 10 points from one another. There can 
be no eye-visible inclusions, and they cannot exhibit 
“off-colors” such as having a subtle brown or gray cast. 

Fluorescence is also an important consideration. 
For the E-to-] range, GIA only accepts diamonds as 
masters that have no observable (reported as “none”) 
fluorescence. For K and lower, a “faint” fluorescence 
reaction is acceptable. While a more strongly fluores- 
cent diamond might be used as a master if strict labo- 
ratory conditions were always to be used (i.e., stan- 
dardized methodology, lighting, and environment), 
GIA has no way of determining whether client master 
stones will be used in these conditions. With regard to 
the acceptance of faint fluorescence for masters K and 
lower, our experience has shown that, as the amount 
of color increases, the impact of faint fluorescence on 
color appearance is less noticeable. Also, we have 
found that diamonds in the lower color grades com- 
monly fluoresce, so it would be difficult to locate 
stones with no fluorescence in this color range. 

A diamond selected as a master stone is not neces- 
sarily an exact duplicate of the GIA master of the 
same color grade designation. A diamond is an accept- 
able master when it falls in the range of repeatable 
visual tolerance as established by the laboratory over 
the years. Consequently, a diamond may be acceptable 
as a master if it is very close to the GIA master, but is 
very slightly to the higher or lower side. Our research 
has shown that skilled graders reach a point of visual 
tolerance (i.e., the range of repeatability) for D-to-Z 
color discrimination at slightly less than one-fifth of a 
grade at best. While this fraction may appear large, it is 
important to remember that even between whole 
grades the differences are extremely subtle. For exam- 
ple, it is common for untrained observers to see no dif- 


slightly more color than the G master stone but less 
than the H master stone, it will be called a G color. 
Any diamond, no matter how colorless in appear- 
ance, receives a D grade if it appears to have less 
color than the E master stone. Thus, no D master 
stone is necessary. 


Set-Up of References in the Viewing Environment. 
At the laboratory, a “working master set” of the 10 
master stones needed to grade the most commonly 
submitted diamonds, D through M range, is typical- 
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Figure B-1. For almost 70 years, GIA has been building diamond “master sets” as comparators for use in color 
grading. Since the mid-1950s, such sets have been at the core of the GIA diamond grading system for colorless 
to light yellow diamonds. The diamonds in the set above range from E to Z. There is no D master; a D-color dia- 
mond is one that has less color than the E master. Photo by Robert Weldon. 


ference between two or three adjacent masters (e.g., 
the E, F, and G masters or the I and J masters). To over- 
come this challenge, GIA has multiple graders inde- 
pendently grade diamonds submitted for master stone 
reports (as is the practice for regular grading, too) and 
uses instrumentation for support. In assembling a new 
master set, our goal is to create a group of stones that 
meet this visual tolerance. Such subtle appearance dif- 
ferences relative to a GIA master have not been found 
to adversely affect the use of sets within the laboratory 
or by our clients. 

Note that there may be differences in the color 
grade indicated on a GIA Diamond Grading Report 
and a Master Color Comparison Report; that is, if the 
diamond was within visual tolerance to the slightly 
higher side, it could receive a different grade than its 
master designation. For example, a diamond accepted 
as an L on a Master Color Comparison Report might 
be perceived during random grading to be slightly to 
the high side in the visual tolerance range of a GIA 
master. In that case, the diamond could be graded K 
on a Diamond Grading Report (see, e.g., figure B-2). 

As a final note, master stones require special care 
and maintenance. It is particularly important to clean 
them regularly. The GIA Laboratory routinely boils 
master stones in sulfuric acid every two to four weeks, 
depending on the frequency with which they are used, 
to minimize the potential influence of foreign surface 
material. Boiling is an especially critical part of master 
stone maintenance for diamonds with bruted girdles. 
When outside sources have returned sets for us to 


review or supplement, the laboratory has seen up to 
four grade shifts in appearance for diamonds with brut- 
ed girdles that have not been boiled for some time. 

Constant handling of diamonds can result in 
minor damage, so this must also be monitored. If a 
master stone has noticeable chips or is badly worn, 
its color appearance may be affected. The laboratory 
uses rubber-tipped tweezers to greatly reduce the risk 
of damage (these tweezers also reduce the accumula- 
tion of surface material mentioned above). 


Figure B-2. Master stones are always at the high side 
of the grade range. The shaded area here indicates 
the visual tolerance range surrounding a master dia- 
mond designated as L on a GIA Master Color 
Comparison Report. The vertical line represents the 
location of an ideal L master diamond. If the stone is 
randomly graded toward the high end of the toler- 
ance range, it could receive a K on a GIA Diamond 
Grading Report. 


__ 


Grading tolerance range Master stone 


Figure 9. GIA master stones are located at the highest point in their respective grade range. A diamond equal to 
the G master is graded a G. If it has slightly less color, it would receive a grade of F. A diamond with more color 
than the G master and less than the H master would receive a G grade. A diamond with less color than the E mas- 
ter is graded a D. A diamond with more color than the Y-Z master is graded face-up as a fancy color. 


GIA MASTER STONES 


COLOR GRADING “D-TO-Z” DIAMONDS 


GEMS & GEMOLOGY WINTER 2008 


309 


Figure 10. To speed production and facilitate compari- 
son, all the E-to-N masters are kept in the grading tray 
throughout a grading session. They are spaced far 
enough apart to allow focused observations and the effi- 
cient movement of the diamond between masters. The 
tray is white, since that is the traditional background 
color used at GIA and throughout the trade. From our 
experience, a white background is best for making com- 
parisons of pale colors. Photo by Robert Weldon. 


ly kept in the viewing box in a 12 in. (30 cm) long 
V-shaped nonfluorescent white plastic tray (figure 
10), with the E master on the left. The portion of the 
tray on which the diamonds sit is 1 in. (25 mm) wide 
and the backing is *4 in. (19 mm) high. This size cre- 
ates a consistent background for the diamonds. The 
length of the tray allows enough room between dia- 
monds for the grader to handle them, as well as to 
focus on color comparisons between specific pairs of 


Figure 11. A standard “0/45” viewing geometry is 
used when color grading D-to-Z diamonds. The 
light source is above the tray at approximately “0” 
degrees, and the diamond is observed from a posi- 
tion approximately 12-15 in. (30-37.5 cm) away at 
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diamonds. With this arrangement, a grader can effi- 
ciently move through the grading process with an 
assigned quantity of diamonds without the added 
time of taking out and replacing the master stones. 

While many diamond dealers and manufacturers 
take out only one or two reference diamonds at a 
time to compare to a diamond of unknown color, 
such a procedure is impractical for the production 
needs of a grading laboratory. It also may require 
that the observer rely on color memory in the deci- 
sion making process. Studies have shown that color 
memory is not reliable for subtle color comparisons 
(Epps and Kaya, 2004), and having several master 
stones in the viewing environment at all times 
eliminates this problem. 


Viewing Geometry. The visual complexity and 
often extremely subtle color of a polished diamond 
can make the grading of color very challenging. 
Therefore, the primary observation direction for 
color grading a diamond in the D-to-Z range is 
through the pavilion facets, with the diamond in 
the table-down position in order to reduce the com- 
plex, mosaic-like appearance seen face-up. The grad- 
er sits with his or her eyes approximately 12-15 in. 
(30.5-38 cm) from the diamond, closely adhering to 
a standard “0/45” geometry between the observer, 
the light source, and the diamond's pavilion facets 
(figure 11). The tray holding the diamonds is posi- 
tioned 8 in. (20 cm) beneath the fixed light source. 


Figure 12. When grading D-to-Z diamonds, the observ- 
er rocks the tray over a small range in order to view the 
stone from nearly perpendicular to the pavilion facets 
to near-perpendicular to the girdle. This is necessary to 
avoid distracting reflections during color grading. 
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During examination, the tray, while remaining on 
the upper shelf base of the viewing box, is rocked 
slightly—such that the line of sight varies from 
approximately perpendicular to the pavilion facets 
to near-perpendicular to the girdle (figure 12). 

The visual comparison of round-brilliant dia- 
monds to round-brilliant master stones eliminates 
one significant variable: shape. The situation is 
more complicated, however, when color grading 
fancy-shape diamonds (figure 13). Most fancy shapes 
can display up to three distinct amounts of color 
depending on their orientation in the table-down 
observation position. We have found that the most 
representative set-up for color grading fancy shapes 
is to orient them with their long and short axes at 
approximately 45° to the observer (figure 14). In this 


Figure 13. Fancy-shape 
diamonds have long 
played an important role 
in diamond jewelry. The 
color grading of fancy 
shapes is challenging due 
to the variations in propor- 
tions. GIA uses a standard 
viewing position for all 
fancy shapes to average 
the appearances encoun- 
tered. The necklace con- 
sists of 44.06 carats of F- 
to-H oval diamonds; the J- 
color emerald-cut dia- 
monds in the cuff links 
weigh 3.04 and 3.01 ct. 
Courtesy of Louis Glick 

&) Co; photo by Harold & 
Erica Van Pelt. 


position, the outline of the fancy shape most closely 
resembles that of the round brilliant (i.e., reduces 
shape comparison differences) and functions as the 
best visual “average” for the amount of color 
observed. It exhibits neither the most intense color 
appearance nor the “washed out” areas. 

From our experience, it is difficult to distinguish 
subtle differences between the colors of two dia- 
monds that are touching one another. Therefore, we 
place a diamond close to (no more than Ys in. or 5 
mm) but not touching a master stone when making 
color observations. The diamond being graded 
should also be placed in the same line as the master 
stones, not in front of or behind them, so that they 
are all the same distance from the observer. Fancy- 
shape stones also should not be so close that their 


Figure 14. When grading fancy shapes, the average appearance is best represented by placing the fancy shape with 
its long axis approximately 45° to the observer. This series of photos for a 1.20 ct emerald cut next to a GIA master 
stone illustrate why this “middle” position is used. On the far left, the emerald cut is positioned so the observer 
views the long side—its weakest color appearance. The photo on the far right illustrates the appearance seen when 
the grader looks through the end of the fancy cut, where the color appears strongest. The angled position used at 
the laboratory, which averages the color, is seen in the center. Other fancy shapes also best simulate the outline of 
the round when set in this position. Photos by Robert Weldon. 


—<—- > > z 
- 7 a“ Pa Jo% 
— . = . “a ta- . “ _ > 
——— ey = A 
” % a” “2 4g » 2 = 2 “a 
ee Te Os ail ons 2 ne Bs in, 


COLOR GRADING “D-TO-Z” DIAMONDS Gems & GEMOLOGY WINTER 2008 311 


angled position causes them to overlap the master 
stone along the observer's line of sight (figure 15). 

It is important to acknowledge that some years 
ago (in particular the 1970s and ’80s}, laboratory 
staff experimented with placing diamonds in differ- 
ent positions and at different distances from the 
light source in the color-assessment process (K. 
Hurwit, pers. comm., 2007). Whether the diamond 
was a round brilliant or a fancy shape, there were 
times when observations were made through the 
crown with the diamond face-up and through the 
pavilion with the diamond on its side, in addition 
to the primary direction: through the pavilion with 
the diamond table-down. In each of these positions, 
observations of color appearance were made 
through a wide range of viewing angles. Mentally 
averaging the appearances encountered through the 
combination of directions was used in an effort to 
ascertain differences between the subtle colors of a 
diamond and a master stone. Ultimately, it was 
determined that using multiple positions further 
complicates decision making and the repeatability 
of the color determination. 

For consistent results across many observers 
and locations, the laboratory restricts the positions 
in which diamonds are observed. For round brilliant 
cuts in the D-to-Z range, color is graded table-down 
only. Because fancy shapes toward the lower end of 
the D-to-Z scale typically appear to have more face- 
up color than their round-brilliant counterparts, at 
or below Q a combination of table-down and face- 
up is used to balance the grade and acknowledge the 
more noticeable face-up color. At Z, face-up color 
determines whether a diamond is a fancy color. 

Just as the diamond being graded and the master 
stone were put in a number of different positions in 
the past, the viewing conditions have varied, too. In 
the 1970s and 1980s, the color tray that fit over the 
well of the microscope for use with the microscope’s 
overhead light was recommended to members of the 
trade who did not have a DiamondLite. Occasionally, 
staff members also used it for color grading. During 
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Figure 15. A fancy shape 
positioned with its long axis 
at 45° may visually overlap 
a master stone if placed too 
, ‘ close to it (left), as seen with 
this 2 ct marquise. The fancy 
shape should be placed near 
the master stone, but with- 
out any overlap (right). 
Photo by Robert Weldon. 


that same period, GIA’s Gem Instruments division 
added a small recessed opening at the top front of the 
DiamondLite. When the cover to this opening was 
raised, a “color grader” tray could be placed in the 
opening (which was in front of the lamps). With this 
configuration, the light from the lamps was filtered 
through the plastic tray, thus minimizing the dia- 
mond’s internal and surface reflections. Trade mem- 
bers and staff in the laboratory occasionally used this 
upper recessed tray area to observe color, similar to 
the way some diamantaires breathe on a diamond to 
“fog it” to minimize reflections. 

The only location currently used for color grad- 
ing at the GIA Laboratory is a V-shaped tray on the 
upper shelf in the viewing box (again, see figure 11). 
We do not alter the appearance of the diamond by 
filtering the light or breathing on the stone. All 
observations are made without magnification. 


Determining the Diamond’s Color Grade. GIA 
grades the overall color appearance of a diamond. 
Attention is not focused on specific areas, such as 
the center of the pavilion of a round brilliant or the 
long flat side of an emerald cut. By observing the 
overall appearance, the grader mentally blends all 
the visual sensations of the diamond. 

Instead of trying to match the color of a diamond 
with a reference color, the GIA system involves 
placing or bracketing the color between pairs of 
master stones, which for most observers is an easier 
task. In general, the grading process is one of pro- 
gressively narrowing the range until the diamond 
fits within a single grade (i.e., more color than the 
master stone on the left, and less color than the 
master stone on the right). 

After the diamond to be graded has been wiped 
clean with a lint-free cloth, it is initially placed at 
one end (far left—the colorless end—by laboratory 
convention) of the tray on which the master stones 
are set in the viewing box. Using a pair of rubber- 
tipped tweezers, the grader moves the diamond 
along the set of master stones until it appears to be 
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one to two grades past the estimated color grade. It 
will, at this location, appear to have noticeably less 
color than the master stone to its left. The grader 
then moves the diamond back by placing it consis- 
tently to the right side of each master for compari- 
son. When the diamond being graded appears to 
have less or the same amount of color as one master 
stone, and more color than the next master stone to 
its left, it has arrived at a single color grade range. Its 
grade is associated with the least colored of the two 
diamonds, since each master stone represents the 
highest (least colored) boundary marker in the range. 

Some color grades in the D-to-Z scale may not 
appear to be different at first glance (for example, D, 
E, and F diamonds all appear virtually colorless). 
Therefore, it can be challenging for a grader to clear- 
ly place the diamond being graded between two 
master stones through the bracketing process (it may 
be located much closer to one of the masters). In this 
situation, it is common to identify the closest mas- 
ter stone, and then determine to which side of that 
master the diamond being graded should be placed. 
In making this determination, the grader places the 
diamond in one of two grade ranges that are separat- 
ed by a master stone and then observes the diamond 
on each side of that master. This will result in one of 
a number of appearance relationships, the five most 
common of which are described in table 1 along 
with the corresponding grading decisions. 


Master Eye Effect. The procedures detailed in table 1 
were instituted to compensate for the phenomenon 
known as “master eye effect” (highlighted row in 
table 1) and the very subtle visual deviations in color 


assessment it may cause. The effect is described as 
follows: When two diamonds are very similar in 
color appearance, the amount of color appears to 
reverse as the position of the diamonds is switched 
from left to right and right to left (Liddicoat, 1993). 
Much has been written about the dominance of one 
eye over the other in human binocular vision (see, 
e.g., Kromeier et al., 2006). What has long been 
described as the “master eye effect” in color grading 
is related to some degree to the difference in percep- 
tion between the left and right eye. It is likely there 
are also psychological influences, such as the start- 
ing point used by a grader. 

The effect of the master eye can be compounded 
in color grading by the production requirement of 
having a set of master stones in the field of vision 
when grading. The overall appearance of this set is 
that of a color gradation. If the master stones that 
form the color gradation are too close together, this 
can affect the grader’s perception of appearance 
relationships. To confirm this phenomenon, in the 
late 1990s we created a gradation of light-toned yel- 
low color chips (simulating the D-to-Z range}, and 
placed the chips in the viewing environment with 
one of them being a duplicate. Graders found that 
the undisclosed duplicate appeared to have less 
color than its twin when placed to the side of its 
twin next to chips with increasing color, and more 
when placed to the side of chips with lessening 
color (figure 16). 

This tendency held true whether the gradation 
was arranged so the chips with less color were to 
the left or right of the observer. Recognizing this 
effect further strengthened the laboratory’s desire to 


| 1Grading decisions for the five most common diamond vs. master stone 


appearance relationships. 


Appearance of diamond 


as compared to closest master stone 


Left side of master stone 


Right side of master stone 


Grading decision 


Slightly more color than —0 
master stone 


Same amount of coloras © —~> 
master stone 


Slightly more color than —_ 
master stone 


Same or slightly more color ——> 
than master stone 


Noticeably more color than ——> 
master stone 
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AND noticeably less color than 
master stone 


AND less color than master stone 


AND slightly (and to the same 
degree) less color than 
master stone 


AND same or slightly less color 
than master stone 


AND slightly less color than 
master stone 
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Receives higher grade than 
master stone 


Receives same grade as 
master stone 


WINTER 2008 


313 


Figure 16. To better understand the effect of surround- 
ing colors in making comparisons, color experiments 
were performed using standard color chips. In this 
photo, the third and fourth chips from the left are the 
same color. Graders found that the undisclosed dupli- 
cate appeared to have less color when placed to the 
side of its twin with increasing color and more when 
placed to the side with lessening color. This effect can 
be minimized in the grading process by spacing the 
color comparators farther apart on a long viewing 
tray. Photo by Jian Xin Liao. 


transition to a longer viewing tray. Graders can now 
create much wider spacing between master stones 
to minimize the impact of the color gradation. 


Additional Considerations for Color Grading. Color 
Grading Diamonds that Differ Significantly in Size 
from the Master Stones. Overcoming the visual 
effect of size differences between the diamond being 
graded and the master stone is an additional chal- 
lenge even for the most experienced grader (figure 


Figure 17. When grading diamonds significantly larger 
or smaller than those in the master set, the observer 
must look at the overall blend of color rather than the 
details. Here, a 10+ ct round brilliant is positioned 
next to an 0.70 ct J master. The best comparison pro- 
cess in this situation is for the experienced grader to 
observe the overall blend of the two diamonds simul- 
taneously, rather than switching between the two dia- 
monds, so that subtle color differences stand out. 


Photo by Robert Weldon. 
> — ~ » 
4 Mm 4 . 
a , . > - "4" «< 


314 COLOR GRADING “D-TO-Z” DIAMONDS 


17). To aid in making this determination, graders 
observe an overall blend of color, similar to that pre- 
viously described for colored diamonds (King et al., 
2005), rather than select visual details. Through 
experience, the grader also learns how to gaze 
simultaneously at both the master and the diamond 
being graded. In so doing, the blend of color in each 
diamond is easier to relate regardless of size. 


Color Grading Fluorescent Diamonds. While some 
obviously fluorescent diamonds can appear different 
under differing conditions (Moses et al., 1997), our 
goal is to report the colors of all D-to-Z diamonds 
under one standard set of conditions. Therefore, fluo- 
rescent diamonds are graded using the same viewing 
environment and geometry as for other diamonds in 
the D-to-Z color range. In fact, all diamonds are 
color graded before they are checked for fluorescence 
strength, as we have noted that occasionally the 
color appearance of a diamond will change temporar- 
ily when exposed to UV radiation. As a result, color 
graders do not know the degree of fluorescence in a 
diamond before they assess its color. 


Color Grading Diamonds with Eye-Visible Clarity 
Characteristics. While not common, the laboratory 
occasionally encounters diamonds with large, exten- 
sive, and/or colored inclusions that affect or obscure 
the bodycolor when observed under normal color 
grading conditions. In these instances, the color 
grade includes the effect of the inclusions. 
Noticeable inclusions become blended into the over- 
all appearance such that, for example, dense areas of 
dark inclusions result in the diamond having a gray 
appearance (figure 18, left). If inclusions are restrict- 
ed to a small area, their effect is limited (figure 18, 
right), because the diamond can usually be posi- 
tioned so as to minimize the visual impact of the 
inclusions for grading purposes. 

There are also times when the lab encounters 
diamonds with stains in fractures. If the stain is so 
prominent that it affects overall appearance, the lab 
will not grade the diamond because all or a portion 
of the stain might be removed by boiling in sulfuric 
acid, a procedure commonly used to alter the 
appearance of diamonds with surface-reaching frac- 
tures. Such a diamond will be graded only after the 
client has boiled it and the stain has been removed, 
as that is considered its permanent state. 

Diamonds with dense clouds of tiny particles or 
whitish graining may appear translucent in the 
color grading process. If the transparency is greatly 
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Figure 18. When the grader observes the overall blend of color, the extensive inclusions in the diamond on the far 
left will become part of the observation and ultimately affect the final grade. When the included area is very limit- 
ed, as in the diamond in the center, the stone is positioned (far right) to minimize the visual impact of the inclu- 


sions on the final grade. Photos by Jian Xin Liao. 


affected, the diamond is graded as a colored dia- 
mond and described as Fancy white. At the labora- 
tory, a master diamond is used for this comparison, 
but a simple method to help understand the approx- 
imate color-grade boundary is as follows: If the 
transparency is so affected that a grader cannot read- 
ily observe the pavilion facets through the table of 
the diamond using a 10x loupe under standard con- 
ditions, it is too translucent to grade on the D-to-Z 
scale and should be described as Fancy white. If it is 
not too translucent, it follows standard D-to-Z color 
grading procedures (figure 19). The movement of 
translucent diamonds off the D-to-Z scale is similar 
to the movement of light yellow diamonds past Z: 
In both cases, it is the degree of color, or translucen- 
cy, seen table-up that determines whether the dia- 
mond enters the Fancy range. A translucent D-to-Z 
diamond may receive virtually any color grade. 


Grading Mounted Diamonds. Prior to the 1980s, the 
laboratory graded mounted D-to-Z diamonds, report- 
ing the grade in a two- to three-grade range. Over 
time, the laboratory decided to discontinue this prac- 
tice and issue reports only on unmounted diamonds. 
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Currently, we examine mounted diamonds solely as 
part of a “confirmation process”—that is, to confirm 
it is the same diamond as one described on an exist- 
ing report—within the laboratory’s Verification 
Service. Because the subtle color appearance of D-to- 
Z diamonds makes consistent color grading in 
mountings very challenging (since they can be affect- 
ed by the color of the surrounding metal}, the lab uses 
grade ranges (e.g., H to J) in these instances. For the 
Verification Service, the range is described only on 
“in-house” documents as part of the identification 
process required to match a diamond to a GIA report. 


Color Grading Brown or Gray Diamonds in the D-to- 
Z System. From its inception, the D-to-Z system 
included near-colorless to light brown diamonds. 
Prior to and throughout the 1980s, the use of yellow 
master stones for brown diamond comparisons was a 
common procedure. At that time, the brown dia- 
monds typically submitted for grading reports were in 
the E-to-J range. While there is a noticeable difference 
in hue, brown diamonds in this range share tone and 
saturation qualities with their yellow counterparts 
(for a discussion on the three attributes of color—hue, 


Figure 19. The smaller dia- 
mond appears obviously 
translucent next to the J 
master stone (left), but it 
is less translucent than 
the boundary Fancy white 
master (right). Therefore, 
it would be graded (table- 
down) on the D-to-Z scale. 
Photos by Robert Weldon. 
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Figure 20. Historically, brown diamonds submitted to the lab for grading were most often located in the higher color 
grade range, similar to yellow masters (inset above left) in tone and saturation. In recent decades, the lab has seen greater 
numbers of darker brown diamonds. As a result, toward the lower end of the D-to-Z scale, graders noticed significant dif- 
ferences in color attributes between yellow (inset above right) and brown diamonds. To maintain consistency in the grad- 
ing of these diamonds, GIA developed this master set of browns, which begins at G. Photos by Robert Weldon. 


tone, and saturation—see King et al., 1994). This 
made the visual comparison to yellow masters com- 
patible for brown diamonds in these letter grades. 

With the influx of stones from Australia’s Argyle 
mine since the mid-1980s, there has been greater 
industry awareness and marketing of brown dia- 
monds (Richardson, 1991). As a result, more brown 
diamonds have been submitted to the GIA 
Laboratory, not only in the near-colorless region but 
throughout the color grade scale. Accordingly, the 
laboratory created a master set of brown diamonds 
(figure 20). As these stones become darker, the dif- 
ferences in hue, tone, and saturation are more pro- 
nounced. This contributed early on to the laborato- 
ry’s decision to begin associating a word description 
with the letter grades of brown diamonds beginning 
at K (figure 21). Today, a letter grade plus word 
descriptions of “Faint brown,” “Very Light brown,” 
and “Light brown” are used for the grade ranges of 
K-M, N-R, and S-Z, respectively. 

The color transition between brown and yellow 
diamonds is continuous, and the laboratory occa- 
sionally encounters diamonds with color appear- 
ances that are “in-between” the two different colors 
of the master sets (e.g., yellow-brown). It is impor- 
tant to choose the appropriate set of masters (i.e., 
yellow or brown) for the comparison process. This is 
usually accomplished by comparing the diamond 
being graded to both sets and selecting the one clos- 
est in appearance. 

We recognize that others in the industry do not 
have D-to-Z scale brown master sets (and grading 
brown master stones is not a service the GIA 
Laboratory currently offers). Assessing the color of 
brown diamonds using only yellow master stones 
can be challenging. When doing so, the observer 
must remember to assess the overall depth of color— 
the combined effect of tone (lightness to darkness) 
and saturation (strength or weakness) of a color (King 
et al., 1994). Some observers try to grade just as they 
would yellow diamonds, and only look for saturation 
differences (the “amount” of yellow), which can 
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result in an incorrectly high determination compared 
to laboratory grading. If yellow master stones are the 
only ones available, the observer should assess the 
overall depth of color and equate it to the overall 
depth of the yellow master stone. 

The reporting approach for gray diamonds is sim- 
ilar to—but not the same as—that used for browns. 
In the colorless to near-colorless range (E to J), they 
are graded using the D-to-Z scale letter grades. 
Beginning at K, though, gray diamonds receive a 
word description only of “Faint,” “Very Light,” or 
“Light” gray for the same letter grade ranges as for 
brown diamonds (King et al., 1994). Although gray 
diamonds are reported with only word terms in this 
range, historically they have not been considered a 
“fancy” color until they reach a description of 
“Fancy Light” (as with yellows and browns). 


Color Grading at the Lower End of the D-to-Z 
Range. Color grading at the lower end of the scale 
(below N or O) can present special challenges for 
graders. As the color becomes more noticeable, so 
do the differences between color attributes. In deter- 
mining the relationship of a diamond to a master 
stone, an observer must contend with subtle differ- 
ences in tone (lightness or darkness) and hue (as 
opposed to the predominance of saturation in the 
decision making for other areas of the scale). 

The difficulty in making grade distinctions 
between single color grades in this range limits the 
usefulness of all the individual color grades in the 
O-to-Z range. More important, we have found that 
such fine distinctions are not in demand among the 
laboratory's clients; nor are they significantly useful 
to the trade for valuing these diamonds. We have 
informed clients that reporting color grades in this 
portion of the grading scale by using grade ranges is 
the best solution. The master stone locations used 
for laboratory reporting, are O, Q, S, U, W, Y, and 
the Z/Fancy Light boundary. Therefore, GIA grad- 
ing reports will note a color as “S—T range” or “Y-Z 
range,” for example. 
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COLOR GRADE TERMINOLOGY BOUNDARIES 


Yellow Brown Gray 
D 
E 
F 
G Letter Grade Only 
H 
l 
J 
K Letter Grade 
L tek “Faint Gray” 
M “Faint Brown” 
Letter 
N Grade 
Only 
o-P Letter Grade 
ate ‘Very Light Gray” 
‘Very Light Brown” 
Q-R 
S-T 
U_V es 
, “Light Gray” 
“Light Brown” 
W-X 


As mentioned previously, round brilliants are 
graded table-down up to Z on the color grading scale, 
but face-up observation increases in importance 
when we are grading fancy shapes. From our experi- 
ence, the majority of yellow fancy shapes graded Q 
or lower table-down appear to be one or more grades 
lower than this when observed face-up (figure 22). 
Historically, this led us to assign a final grade that 
averaged the two appearances when both diamonds 
fall on the D-to-Z scale. At the transition boundary 
between the D-to-Z scale and fancy colors, face-up 
appearance becomes the single factor that deter- 
mines the color grade; that is, a diamond that has a 
stronger face-up color appearance than the Z/Fancy 
Light boundary master stone is considered a fancy 
color regardless of the color observed table-down. 
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Colored Diamond Color Grade 


Other 


Figure 21. Shown here 
are the various bound- 
aries at which colors 
transition off the D-to-Z 
scale, as well as termi- 
nology associated with 
the scale. After K, 
reports note a word 
description and letter 
grade for brown dia- 
monds and a word 
description only for 
grays. Yellow, brown, 
and gray diamonds 
transition to the colored 
diamond color grading 
terminology after Z; all 
other colors transition 
at G. 


Letter Grade Only 


Colored Diamond 
Color Grade 


(For a detailed discussion of the transition of yellow 
diamonds from the D-to-Z scale to the terminology 
for colored diamonds, see King et al., 2005.) 

Over a period of months in the late 1990s, the 
laboratory researched ways to increase consistency 
of grading yellow fancy shapes in this part of the 
scale while acknowledging the relationship of the 
two observation positions. Working from the known 
face-up location of the Z/Fancy Light boundary, staff 
members made table-down and face-up comparisons 
for hundreds of fancy-shape yellow diamonds. These 
data were used to establish the relationship between 
the two observation positions. At that point, the lab- 
oratory selected a series of fancy-shape diamonds 
(figure 23) that would represent the face-up fancy 
shape boundary for the reported Light yellow grade 
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DISTRIBUTION OF DIAMOND PRODUCTION 


DIAMOND PRODUCERS ASSOCIATION 


123456 7 


PRODUCING DIAMOND 
MEMBERS CORPORATION 


(See A) {See B) 


DIAMOND INDUSTRIAL 


TRADING DISTRIBUTORS, 
COMPANY INC. 


A. Members of the Diamond Producers Association are: 


De Beers Consolidated Mines, Ltd. 

Consolidated Mines of South-West Africa 

Union of South Africa 

Administrator of the Mandated Territory of South- pvest Africa 
Premier Mining Company 

New Jagersfontein Mining and Begplkereestiene Company. 
Diamond Corporation 


Each receives a quota of the world's sales of the Diamond Trading Company 


‘and of Industrial Distributors, Inc., after providing for the purchase by the Dianiond 


Corporation of the output of as many non-member producers as can be placed under, 
exclusive buying contracts by that corporation. 


B. The Diamond Corporation contracts with almost all important producers which are 
not members of the, Diamond Producers Association to buy from each of them:a’ 
certain percentage of the world's sales of the Diamond Trading Company, usually. 
based upon their production capacity. The production of Brazil, Venezuela, and 
French West. Africa is the only gem important output of diamonds which is not 


‘marketed in the manner described. The Diamond Trading Company, in turn, 


purchases these diamonds from the Diamond Corporation, allotting to -the remaining 
members quotas based on the remaining percentage of the world's sales. 
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Figure 22. All the diamonds in these pieces are in the 
light yellow (S-to-Z) color range. At this end of the scale, 
face-up color becomes more noticeable, and can be used 
to good effect for yellow stones when mounted in yellow 
metal. The pear shapes in the earrings weigh a total of 
53.92 ct, the diamonds in the bracelet total 42.16 carats, 
and the “starburst” cut in the ring weighs 8.92 ct. 
Courtesy of Louis Glick & Co.; photo by Robert Weldon. 


ranges (S-T, U-V, W-X, and Y-Z). These diamonds 
supplement the round-brilliant masters, help expe- 
dite the grading process, and enhance consistency. 


Transitioning from the D-to-Z Scale to Fancy Color 
Grades for Colors other than Yellow, Brown, and 
Gray. The occurrence of subtle colors other than 
yellow, brown, or gray is so rare that the presence of 
even slight tints is acknowledged in their color grad- 
ing. When colors such as blue, pink, or green are 
equivalent to G or lower (i.e., the amount of color 
has moved out of the colorless range and into the 
near-colorless range), colored diamond color grading 
terminology is applied to describe that diamond 
(e.g., Faint pink or Faint blue [figure 24]). Figure 2.1 
notes the location, in relation to the D-to-Z scale, 
where alternative terminology is applied for these 
colors as well as for brown and gray. 
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D-TO-Z INSTRUMENTAL COLOR MEASUREMENT 
Colorimetry was introduced into gemology in 
England in the 1930s (“Measurement ...,” 1933; 
“The standardization of colour,” 1933), but it was 
restricted to use with colored stones. Diamonds, 
with their often-subtle color differences, were more 
challenging. Robert Shipley Sr. envisioned the use of 
instruments for the color measurement of diamonds 
(Shipley, 1940) and, as mentioned earlier, introduced 
a visually comparative colorimeter in 1941. It was 
soon in full use at GIA for the grading of master 
stones. However, as Shipley Sr. recalled later 
(Shipley, 1958, p. 136), he was concerned because 
“the facets of the diamond were still pronounced, 
with the color varying over the observed portion of 
the stone. In other words, the facets being observed 
broke the color into a mosaic of varying intensities 
and this mixed pattern made it quite difficult to 
match the other half of the field [the portion of the 
wedge being viewed] with the diamond, since there 
was no single block of color to match against.” 

In 1949, GIA instructor Joe Phillips developed an 
electronic colorimeter that employed a selenium 
photoelectric cell. Because it measured the relative 
transmission of yellow and blue light by a diamond, 
it was referred to as a distimulus (i.e., two stimuli) 
colorimeter. It was fairly effective but too expensive 
to produce commercially, and Phillips failed to 
resolve a number of other problems. While it was 
eventually abandoned, its design became the starting 
point for a small colorimeter developed by Robert 
Shipley Jr. several years later (see, e.g., GIA, 1962). 

Shipley Jr. demonstrated his colorimeter at the 
1956 AGS Conclave. Designed for use by AGS mem- 
bers in their stores, the new distimulus colorimeter 
had several limitations: It did not accurately grade 
stones with a greenish or brownish cast or those that 
were poorly cut. Large diamonds (over 5 ct) were also 
problematic (“Operating and maintenance instruc- 
tions...,” n.d.; Sloan, 1956; GIA, 1962), as were high- 
ly fluorescent diamonds, since this instrument used 
an incandescent bulb with virtually no UV compo- 
nent. Even so, this electronic colorimeter was soon in 
use. Shipley Jr.’s colorimeter expanded the AGS color 
scale from VI to X and encompassed 11 AGS grades 
(AGS, 1965); however, it was not used for GIA grades 
(even though the 11 grades spanned the full 23-color 
D-to-Z color grading scale). The GIA Laboratory only 
used the electronic colorimeter to grade masters for 
AGS members (who used a 0 to 10 scale, not D to Z) 
and to check the calibration of colorimeters being 
supplied to AGS members by GIA. 
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By 1975, the costs and difficulties of repairing 
Shipley’s colorimeters rendered them obsolete. 
Given the limitations of the instrument, GIA con- 
cluded it was not a suitable foundation for further 
developments in this area. Others in the industry did 
pursue such instrumentation, and Eickhorst patent- 
ed a device using more advanced technology in 1974 
(Eickhorst and Lenzen, 1974). 

Over the course of the next 30 years, GIA 
researchers evaluated a number of color-measure- 
ment devices already in the marketplace that had 
been developed for various applications, including 
gemstones. They tested several colorimeters and 
spectrometers extensively and, for reasons such as 
lack of reproducibility or efficiency, concluded that 
none served the laboratory’s purpose. In 1997, GIA 
made the decision to use its laboratory and research 
resources to develop a color measurement device of 
its own design for internal use. It sought a device 
that would mimic the visual D-to-Z color grading 
methodology as closely as possible. 

Work started on this project in March 1998. In 
early 1999, the first instrument was constructed 
and put into use in the laboratory. For approximate- 
ly one year, measurement data were collected in 
tandem with the visual grading results on thou- 
sands of diamonds. The statistical analysis of these 
data showed a good correlation between instrumen- 
tal and visual color grades, and minor modifications 
to the device and measurement protocols continued 
to bring results even closer together. In addition, 
modulating the UV content in the light source 
allowed the laboratory to obtain reliable color mea- 
surement results for diamonds with obvious fluo- 
rescence that were very similar to those obtained 
with visual color grading. By mid-2000, the color 
grading accuracy of the device was similar to that of 
the laboratory graders, but with higher repeatability. 
Around this time, the laboratory began to use sever- 
al of these devices to support the graders’ opinions. 
This “instrument” opinion was not influential in 
the grading decision, but it helped support the visu- 
al grade determination and avoid errors. The process 
was started with stones below 2 ct and eventually 
expanded to larger sizes. 

This approach was followed for the next year 
until the device’s ability to perform accurate color 
grading had been validated. In 2001, following its 
application in the grading of tens of thousands of dia- 
monds, we integrated the device as a “valid” opinion 
in the grading process, with visual agreement by one 
or more graders required to finalize the color grade of 
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Figure 23. The use of face-up masters in the light 
yellow grade range acknowledges the role of face-up 
color in grading fancy-shape diamonds at the lower 
end of the D-to-Z scale and enhances grading con- 
sistency. These represent, from left to right, S, U, W, 
Y, and the boundary between Z and Fancy Light 
yellow. Photo by Jian Xin Liao. 


a particular diamond. Since then, the vast majority of 
diamonds passing through the laboratory have been 
graded by combining visual observation with instru- 
mental color measurement. Note that this instru- 
ment is for the laboratory’s internal use and is not 
available commercially. 


SUMMARY AND CONCLUSIONS 


Over the course of more than half a century, the D- 
to-Z diamond color grading system has become a 
critical component in the valuation of gem dia- 
monds worldwide (figure 25). At the close of the 
background section, we noted that “using the same 
color grading terms does not constitute adhering to 
the conditions or methodology of the GIA system.” 
We trust it is now clear that there is much more 
involved than the D-to-Z scale alone. The GIA 
system requires the use of standardized viewing 
conditions, calibrated references, and consistent 


Figure 24. Colors other than yellow, brown, or gray 
are so rare that even subtle amounts are acknowl- 
edged. When a diamond has the same amount as— 
or more color than—the G master (i.e., moves out of 
the colorless to the near-colorless range) and shows 
a hue such as pink, blue, or green, it will be graded 
as a colored diamond—such as the Faint blue pear 
shape shown here between the F and G (yellow) 
masters. It appears to have more color than the G, 
to its right, so it would be graded on the colored 
diamond scale. Photo by Robert Weldon. 
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Figure 25. Color is so critical in the valuation of dia- 
monds that diamond manufacturers must estimate 
the resulting color from the rough when calculating for 
the best yield. The octahedron pictured at top weighs 
15.98 ct, while the macle weighs 22.33 ct. The faceted 
diamonds, ranging in color from D (the round on the 
left) to K (the oval), all weigh between 3.00 and 3.50 ct. 
Photo by Robert Weldon. 


procedures to achieve sound, repeatable results. And 
it recognizes the importance of having standard poli- 
cies and procedures not only for the majority of cases 
that are encountered but also for those seen less fre- 
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quently. Special approaches must be taken when the 
diamond being graded is significantly different from 
the master stones used in the laboratory. Larger dia- 
monds, fancy shapes, those with a hue other than 
yellow, heavily included diamonds, and borderline 
fancy-color stones all require specific protocols to 
ensure the highest level of consistency and accuracy 
in the color grading process. 

Technologies have evolved and will continue to 
evolve, so it is important to stay abreast of changes 
that may prove helpful in establishing color grades 
based on the original historic choice of those grade 
ranges. Some of the important advances have been 
the move from incandescent to fluorescent lighting 
in the viewing environment, the development of a 
viewing environment that maximizes the efficiency 
of the observer, and refinements in the system to 
accommodate increasing numbers of diamonds at 
the lower end of the scale. As it entered the 21st cen- 
tury, GIA developed color grading instrumentation 
to support the visual grading process. 

Although daylight is the historical and universal 
standard for diamond observation, in reality no arti- 
ficial light duplicates natural “daylight,” which 
itself changes with time and location. Nevertheless, 
we believe that a standard light source for diamond 
color grading should have key characteristics of day- 
light, including a UV component. 

For GIA, any future updates in its diamond grad- 
ing system must show a high correlation to past 
results in order to have merit. Nevertheless, we rec- 
ognize that lighting technology and the understand- 
ing of human perception are constantly evolving, 
and believe that research is critical to maintaining 
the fundamental integrity of the system. 
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RUBIES AND SAPPHIRES FROM WINZA, 
CENTRAL TANZANIA 


Dietmar Schwarz, Vincent Pardieu, John M. Saul, Karl Schmetzer, Brendan M. Laurs, 
Gaston Giuliani, Leo Klemm, Anna-Kathrin Malsy, Eric Erel, Christoph Hauzenberger, 
Garry Du Toit, Anthony E. Fallick, and Daniel Ohnenstetter 


Since late 2007, rubies and sapphires have been mined by hand methods from both eluvial and 
primary deposits at Winza in central Tanzania. The gem corundum is related to “dikes” of amphi- 
bolitic rocks that belong to the Paleoproterozoic Usagaran Belt. Based on crystal morphology, 
Winza corundum is subdivided into two types: prismatic-tabular-rhombohedral and dipyramidal. 
In general, medium red and dark (orangy) red top-quality rubies are rhombohedral. Pinkish red 
and purplish red rubies, as well as pink, purple, and blue (often strongly color zoned) sapphires 
are, for the most part, dipyramidal. The top-quality rubies are characterized by a distinct assem- 
blage of long tube-, fiber-, needle-, or hair-like inclusions containing an orange-brown material 
(most likely limonite). The lower-quality material generally contains a larger amount of solid 
inclusions (mostly amphibole crystals), fissures, and growth features. Unique to corundum from 
this locality are bluish violet color zones oriented parallel to the prism and basal pinacoid, and 
occasionally also parallel to rhombohedral and dipyramidal faces. The relatively high Fe content 
of Winza rubies separates them from most other natural and almost all synthetic counterparts. 


figure 1) arrived in the market from a new deposit 

near the village of Winza in central Tanzania 
(Dimitri Mantheakis, pers. comm., 2008). These 
stones created considerable excitement, as the sup- 
ply of fine unheated rubies had been scarce for years. 
In the ensuing gem rush, about 6,000 people had 
moved into the Winza area by July 2008. Although a 
few exceptional gems were recovered, for the most 
part the deposit has produced large quantities of ruby 
and pink-to-blue sapphire of much lower quality; 
very rarely, “padparadscha” sapphire is also found. 
Much of the material has been purchased and traded 
by Thai and Sri Lankan gem dealers who established 
buying offices in the nearby town of Mpwapwa. This 
report describes the mining and geology of the 
deposit, and provides a detailed gemological charac- 
terization of the rubies and sapphires. 

Additional photos of the Winza mining area and 
photomicrographs of internal features are available 
in the GWG Data Depository (www.gia.edu/ 
gemsandgemology). Also, more images and informa- 


n early 2008, several very fine faceted rubies (e.g., 
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tion will be available on author VP’s Winza web 
page at www.fieldgemology.org, beginning in mid- 
February 2009. 


HISTORY 

According to Dirlam et al. (1992), ruby was first dis- 
covered in Tanzania in the early 1900s near Longido, 
in the northern part of the country (figure 2). At 
Longido and other similar Tanzanian ruby-produc- 
ing localities such as Lossogonoi, the corundum is 
found in “anyolite,” a rock composed of green 
zoisite and dark green to black amphibole. 

In 1960, rubies and sapphires were discovered 
near the Kenyan border in the Umba River valley 
(Hanni, 1987), where desilicated pegmatites intrude 
serpentinite. 
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During the 1970s, rubies and spinels were found 
associated with marbles in primary or secondary 
deposits at two main areas in the Morogoro region of 
central Tanzania (Hanni and Schmetzer, 1991). The 
first area, located just east of the town of Morogoro 
near the village of Matombo, produced mainly dur- 
ing the 1980s. The second area is located to the 
south of Morogoro, near the mountain city of 
Mahenge. This area is quite large, and numerous 
ruby mining operations were known at Lukande, 
Mayote, Chipa, Epanko, Kitonga, and Kitwaro. The 
area is still being worked, but it is no longer as active 
as it was during the 1980s (Pardieu, 2005, 2007). 

In the southern part of Tanzania, gem corundum 
was also found near Songea (in 1993) and Tunduru 
(in 1994, Milisenda et al., 1997), and these areas are 
still active today. However, mining declined after 
the discovery of the large gem placers at Ilakaka in 
Madagascar in 1999. 

With the exception of some remarkable stones 
primarily from the Morogoro deposits, Tanzania was 
historically known to produce mostly cabochon- 
quality rubies or stones that required heat treatment 
(Dirlam et al., 1992). Therefore, the recent discovery 
of high-quality rubies at Winza is a welcome event 
for the Tanzanian gem trade. 

Prior to the ruby rush, the Winza area was 
sparsely inhabited by maize farmers. The original 
discovery of ruby and sapphire there is shrouded in 
mystery, but some local residents report that gems 
were actually mined for years by a farmer who kept 
his activities secret. The farmer reportedly visited 
Dar es Salaam regularly to sell his stones. After the 
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Figure 1. Some excep- 
tional rubies have been 
recovered since early 
2008 from a new deposit 
at Winza, Tanzania. 
These ~5 ct and 11 ct 
faceted rubies are report- 
edly unheated, and are 
shown with a variety of 
rough samples from 
Winza. Courtesy of Van 
Cleef and Arpels, Piat, 
and the Gtibelin Gem 
Lab (GGL); photo by 

V. Pardieu/GGL. 


farmer died, his young son continued his business 
but was not able to keep the secret. In November 
2007, Tanzanian traders learned about Winza rubies 
and came to the area to mine. Local reports aside, 
we do know that mining activities have apparently 
taken place in the Winza area since at least the 
1950s, as evident from a Mpwapwa district map 
published in that decade (and seen by one of the 
authors [VP] in Tanzania), it showed mine symbols 
near the location of the present corundum deposits. 
Another author (JMS) recalls that in the late 1960s, 
large quantities of well-crystallized opaque brown- 
gray corundum crystals measuring up to ~10 cm 
were produced from near Mvomero, which is locat- 
ed ~100 km east of Mpwapwa, but none of the 
material showed potential for gem use. 

By December 2007, about 600 diggers and bro- 
kers from various mining areas and gem markets in 
Tanzania had moved to Winza to work the deposit 
for ruby and sapphire. In January 2008, one of the 
gem brokers (Abdul Msellem) told author VP about 
the new deposit. At the February 2008 Tucson gem 
show, Tanzanian dealer Dimitri Mantheakis 
informed author BML that more than 1,000 miners 
were active in a “gem rush” to the area. 

In April 2008, author VP visited Winza with 
gemologist Jean Baptiste Senoble, and in June 
author BML visited the mining area with Dr. James 
Shigley of GIA Research. At the time of these two 
visits, about 5,000 miners were working the 
deposit. There were numerous brokers on-site, and 
several buying offices had been set up in the town of 
Mpwapwa. By July 2008, there were more than 100 
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Figure 2. The Winza deposit 
is located in central 
Tanzania, ~120 km south- 
east of Dodoma and 320 km 
west of Dar es Salaam. 
Other gem corundum Iocali- 
ties in Tanzania include 
Longido, Lossogonoi, Moro- 
goro, Mahenge, Tunduru, 
and the Umba River valley. 


foreign buyers (mostly Thai and Sri Lankan) in 
Mpwapwa and about 6,000 miners at Winza (A. 
Msellem, pers. comm., 2008). As of December 2008, 
the Tanzanian government was processing applica- 
tions for 600 small-scale mining licenses (8 x 10 
hectares each) in the Winza area (V. Komu, pers. 
comm., 2008). 


LOCATION AND ACCESS 


The Winza mining area is located 120 km (by air) 
from the capital city of Dodoma (again, see figure 2). 
From Dodoma, the small town of Mpwapwa is 
reached in about 2 hours by following a paved road 
for 48 km and a dirt road for 60 km. From 
Mpwapwa, a dirt road leads 85 km to Winza village 
(07°00’58’ S, 36°21’54’ E) and another 10 km to the 
mining area (07°05’03’ S, 36°19’11’ E). The travel 
time from Mpwapwa is 2.5—3 hours in a four-wheel- 
drive vehicle during the dry season (from approxi- 
mately May to October). During the rainy season, 
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deep mud makes the road difficult to impassable, 
and it may take several days to reach Winza. 

The mining area is sometimes referred to as 
“Mtakanini” (meaning “what do you want?” in 
Swahili) after the name of a nearby hill. Foreigners 
are not allowed to visit Tanzanian gem mining areas 
without proper authorization from government and 
local authorities. 


GEOLOGIC SETTING 


The Winza area belongs to the Paleoproterozoic 
Usagaran Belt (figure 3), a rock unit composed of 
highly metamorphosed basement rocks, metasedi- 
ments that have undergone a lower grade of meta- 
morphism, and felsic magmatic intrusives and vol- 
caniclastic sediments that are nearly unmetamor- 
phosed and undeformed. Structurally, the Usagaran 
Belt constitutes the eastern border of the Archean 
Tanzania Craton (see, e.g., Fritz et al., 2005). 

The eastern parts of the Usagaran Belt were 
reworked during the Neoproterozoic East African 
Orogeny and have been designated the Western 
Granulites, while further to the east, a unit of 
younger Mesoproterozoic rocks composed of ender- 
bitic gneisses (metamorphosed igneous rocks of the 
charnockite series), schists, and marbles has been 
named the Eastern Granulites (Fritz et al., 2005). 
The Eastern and Western Granulites were metamor- 
phosed simultaneously, and together they constitute 
the Neoproterozoic Mozambique Belt of Tanzania 
and Kenya. 

Most of the known gem corundum occurrences 
in Tanzania and southeastern Kenya—including 
Longido, Umba, the Mangari area, Morogoro, and 
Mahenge—belong to the granulite-facies Eastern 
Granulites, which was overprinted by a metamor- 
phic event some 620-640 million years ago (Ma) at 
temperatures around 750-850°C and pressures in 
the range of 9.5-12, kbar (Appel et al., 1998; Moeller 
et al., 2000; Hauzenberger et al., 2004, 2007). 

At the Winza deposit, gem corundum crystals 
occur in mafic rocks (of unknown age), which are 
hosted by 1800-2000 Ma basement rocks of the 
Usagaran Belt (Gabert and Wendt, 1974; Sommer et 
al., 2005). The main rock types are migmatitic and 
well-foliated gneisses, indicative of upper amphibo- 
lite to granulite facies conditions. The grade of meta- 
morphism of East African gem corundum deposits 
within the Eastern Granulites appears similar to that 
of the Usagaran basement rocks at Winza. 

Mining of the primary deposits has revealed 
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corundum crystals embedded within dark-colored 
amphibolite. Weathering of the primary deposits 
resulted in an overlying soil horizon (eluvial deposit) 
that also contains gem corundum. 


MINING AND PRODUCTION 

As of July 2008, mining in the Winza area was per- 
formed by several hundred small groups organized 
around a local miners’ association. The miners con- 
structed a settlement adjacent to the mining area, 
near a seasonal river (Mtindiri) that supplies water 
to wash the soil and for personal use. Both the elu- 
vial and primary deposits have been worked (figure 
4). The eluvial soil was excavated with picks and 
shovels, and taken to the river for washing. The soil 
was transported in bags by hand or on bicycles; a 
few operations also employed hand carts or pickup 
trucks. Although no mechanized mining was taking 
place, one of us (BML) saw a jigging apparatus in the 
mining area that was awaiting installation. 

The miners use small pumps and simple screens 
to wash the soil (figure 5), and then pick out the 
gems by hand. There is little or no water in the river 
during the dry season, so the miners dig pits in the 
river bed and build dams to create small pools for 
their washing activities. 

Work on the primary deposits was initiated in 
March 2.008. At the time of the authors’ visits, tun- 
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nels up to 30 m deep had been excavated. Material 
was transported to the surface using buckets that 
were raised by windlasses or simply by pulling ropes 


Figure 4. The eluvial and primary deposits at Winza 
(both shown here) have been mined by hand meth- 
ods, and the gem-bearing material is then carried to 
the Mtindiri River for washing. This is typically done 
by hand, but a truck was also in use at the time this 
photo was taken in May 2008. Photo by B. M. Laurs. 
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Figure 5. The gem-bearing soil is washed using water 
from Mtindiri River. The miners dig pits in the 
riverbed to make small reservoirs, and the water is 
pumped through a network of hoses to the washing 
screens. Photo by V. Pardieu/GGL. 


(figure 6). Local miners informed author VP that the 
best-quality rubies were recovered from the eluvial 
deposits, although author BML was told by a similar 
source that at least one exceptional stone was pro- 
duced from one of the tunnels in the primary deposit. 
During both visits, the production from the primary 
deposits was reported to be lower compared to the 


Figure 6. Ruby and sapphire mining in Winza is now 
concentrating more on the primary deposit located 
under the gem-rich soil. Mining takes place in pits 
that follow near-vertical amphibolite “dikes” (one is 
visible here between the two workers). Photo by 
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eluvial soil. As of October 2008, however, the eluvial 
deposits appeared to be mostly exhausted, but sap- 
phires continued to be mined from a few tunnels in 
the primary deposit (A. Msellem, pers. comm., 2008). 

Most of the Winza production is purchased at the 
mines by Tanzanian brokers, who typically sell the 
stones in Mpwapwa to foreign buyers. The buyers 
have constructed several offices and their advertise- 
ments are seen throughout Mpwapwa, making it 
reminiscent of the gem rush towns of Tunduru in 
southern Tanzania and Ilakaka in southern 
Madagascar. 

Most of the Winza rough is brought to Bangkok 
and Colombo for distribution into the world market. 
Initially, heat treatment of Winza ruby was not very 
successful: Thai dealers reported that the stones 
turned orangy red without a significant improve- 
ment in color or clarity. Nevertheless, during the 
Gtibelin Lab’s off-premises testing activities at the 
Hong Kong Jewellery & Watch Fair in September 
2008, author DS identified the first heat-treated gem- 
quality rubies from Winza that were submitted by 
customers for certification by GGL. These stones (up 
to ~5 ct) displayed an orange modifying hue. 

Although not abundant, some very clean and 
highly transparent rubies—which do not need heat 
treatment—have been discovered at Winza (again, 
see figure 1). Rough material of this quality has been 
mistaken as synthetic by some buyers because of its 
strong color and transparency. Synthetics are the 
main problem local buyers encounter when purchas- 
ing Winza stones in Tanzania (e.g., figure 7). Also of 
concern is the presence of other gem materials, such 
as pink-red spinel, in parcels of Winza ruby. 


MATERIALS AND METHODS 


For this study, we characterized 289 rubies and sap- 
phires from Winza by a variety of techniques. A 
description of the samples and the methods by 
which they were tested is given in table 1. 

At GGL, we used a Topcon refractometer, with a 
near-sodium equivalent light source, to measure 
refractive indices and birefringence. Specific gravity 
was determined by the hydrostatic method. The fluo- 
rescence behavior to standard 365 nm long-wave and 
254 nm short-wave UV radiation was observed in a 
darkened room. Internal features were observed with 
standard gemological microscopes (Bausch & Lomb 
and Schneider Stemi 2000 with Zeiss optics). Mineral 
inclusions were analyzed using a Renishaw Raman 
1000 spectrometer with an Ar* (or green) laser at an 
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Figure 7. This pile of Winza ruby rough (left) formed part of a parcel offered by a Tanzanian gem broker; the small 
bright sample in the center turned out to be synthetic. The rough and cut samples in the right photo were seen in 
Dar es Salaam, and were reportedly mined from Winza. The two pieces on the left are synthetic (1.33 g rough and 
1.55 ct cut), while those on the right are natural (3.89 ct cut and 0.52 g rough). Note the convincing color zoning in 
the rough synthetic piece. Photos by Jean Baptiste Senoble (left) and B. M. Laurs (right). 


© 101:1Materials and methods used in this study of Winza gem corundum. 


No. of samples in each test 


Sample No. of fj 
aig Heated? Color samples Morphology Standard Internal Associated UV-Vis- p55 Epype LAICP- Isotope 
ineach  andgrowth = gem features inclusions?’ ~—-NIR MS analysis 
group structures properties 
Al No 1 matrix 1 (EMPA), 
specimen 1 (LA-ICP-MS) 
Red, orange-red, 
purplish red, : 
A2 No pinkish red, pink, 25 rough 25 — 25 3 (EMPA), 
purple, blue 1 (XRD) 
AS No 70 (66+14) 10 12 70 18 (Raman), 35 48 70 26 3 
windowed 6 (LA-ICP-MS) 
B No Red, orange-red, 60 faceted 20 8 60 5 (Raman) 11 i) 60 20 _— 
purplish red, pinkish 
red, padparadscha 
Cc No Red, purplish red, 33 faceted 33 33 _ 
orangy red 
D Yes Orangy red 5 faceted _ = 
No/yes Orangy red, 3 pairs _ _— 6 _ _ 6 _ _ _ 
purplish pink windowed 
F Yes Orangy red 3 faceted _ _ 3 
Cieiic Red, purplish red, eee 28 iz _ 
purple, orangy red 
G2 No 50 rough 50 _— 50 4 (SEM), 1 (XRD) 
H No Purplish red to red 14 faceted —_ 14 —_— 
aNotes: 


e A7: Rock sample containing ruby/sapphire obtained by author JMS in Tanzania. 
e A3: 56 samples were selected (based on color and transparency) from about 500 pieces of reportedly unheated rough obtained from miners or brokers in 
Mpwapwa and Arusha by one of the authors (VP) in April 2008. Fourteen samples were selected from rough material donated by various companies located in 
Bangkok, Colombo, and Idar-Oberstein. All samples were transparent and suitable for cutting. After two parallel windows were polished on each sample, they 
ranged from 0.32 to 8.71 ct. 
¢ B: Most are from various companies in Thailand (~0.5-13.3 ct); includes >10 top-quality rubies submitted by GGL customers during and after the 
2008 Basel Fair. 
© C: Acquired from various companies in Thailand from April to June 2008 (~0.4—-1.3 ct). All were represented as being from Winza, and their properties were 
consistent with the rough samples that were obtained in Tanzania by the authors. 
¢ D; Examined microscopically by author DS in Bangkok in May 2008 (~0.5 ct each). 
e E: Three untreated samples (~1.5-2.5 ct, orangy red and purplish pink) were each cut into two pieces, and then one piece from each sample was submitted for 
heat treatment in Bangkok in June 2008. 
¢ F: Submitted to GGL gemologists for reports during the Hong Kong Jewellery & Watch Fair in September 2008 (~2-5 ct). 
© G7 and G2: Obtained at the October 2008 Munich mineral fair. 
¢ H: Submitted to the GIA Laboratory in Bangkok for reports (1.56-11.51 ct). 
® Analytic technique used for identification is shown in parentheses. Abbreviations: EMPA = electron microprobe analysis, LA-ICP-MS = laser ablation-inductively coupled 
plasma-mass spectrometry, Raman = Raman microspectroscopy, SEM = scanning electron microscopy (with energy-dispersive spectroscopy), XRD = X-ray diffraction. 
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AVENTURINE. 
( ) 


by 


ROBERT WEBSTER, F.G.A. 
Gemmological Laboratories 


London Chamber of Commerce 


HE MISCONCEPTION shown by var- 

ious authors as to the mode of forma- 
tion of the so-called goldstone or ‘aventurine 
glass’ has prompted the writer to present 
this article. As consideration of the subject 
developed it became obvious that mention 
must: also be made of those varieties of 
feldspar and quartz, which show in re- 
flected light a metallic spangled effect 
known as aventurescence, and to which the 
name aventurine has been applied. Indeed, 
the term was first used for the glass and 
only at a later date applied to natural min- 
erals which showed a vivid spangled effect 
reminiscent of ‘goldstone.’ 

Aventurine, or the German form avan- 
turine, is so named because the effect was 
first noticed in a glass produced at Murano, 
near Venice in Italy, which, so the story 
goes, was due to a quantity of copper filings 
falling ‘by accident (par aventure) into a 
pot of molten glass. This legend, so often 
repeated by writers of gemstone literature, 
is, according to Bauer’, highly improbable 
and most likely a fable invented in order 


Glas 


Feld 


to preserve the true secret of its manufac- 
ture. What then is this secret manufacture 
and is it still a secret? 

Examination of aventurine glass by a 
lens or microscope shows the structure to 
consist of myriads of octahedra of a copper 
color, and they are in fact copper crystals 
in a glassy matrix. This regularity of form 
would surely not be attained were the metal- 
lic pieces copper filings which would have 
irregular shapes. It is by reflection of light 
from the triangular (sometimes hexagonal) 
faces of these copper crystals that the aven- 
turescence is produced and filings would 
scarcely have the brilliant reflecting sur- 
faces displayed by these small crystals. 

The method of the manufacture of this 
glass was said to have been discovered by 
chance in the 13th Century by Briani of 
Venice, and was largely used for the prep- 
aration of ornaments and especially for the 
Venetian mosaic work, The process was 

(1) Bauer (Max) trans. Spencer (L. 


J.) Precious Stones. Chas. Grif- 
fin & Co. London. 1904. p. 
503. 


FALL 1949 


207 


Figure 8. The Winza rubies studied for this report 
include these samples (2.07-6.09 ct), which were 
examined at GIA’s Bangkok lab in early 2008. All the 
stones proved to be unheated. Photo by Suchada 
Kittayachaiwattana. 


excitation wavelength of 514 nm. Polarized ultravio- 
let-visible-near infrared (UV-Vis-NIR) absorption spec- 
tra were taken with a Perkin Elmer Lambda 19 spec- 
trometer, in the range of 280-880 nm. Unpolarized 
mid-IR spectra (5000-1500 cm") were collected using 
a Philips PU9624 Fourier-transform infrared (FTIR) 
spectrometer and a DRIFTS beam condenser, at a res- 
olution of 4 cm~! and with 200 scans. 

Also at GGL, semiquantitative energy-dispersive 
X-ray fluorescence (EDXRF) chemical analysis was 
performed with a QuanX EC instrument (compare 
to Schwarz et al., 2000). It was operated using a spe- 
cial set of parameters optimized for the analysis of 
corundum with various conditions for voltage (six 
steps from 5-30 kV}, lifetime (200-300 seconds), and 
filter type (no filter, cellulose, aluminum, palladium 
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of different thickness). Laser ablation—inductively 
coupled plasma—mass spectrometry (LA-ICP-MS) 
data—approximately four spot analyses per sam- 
ple—were measured with a Perkin Elmer ELAN 
DRC-e single collector quadrupole mass spectrome- 
ter and a CETAC LSX-213 Nd:YAG laser ablation 
system. The Q-switched 213 nm laser was set to a 
10 Hz pulse rate with an energy of ~30 mJ per pulse 
of 5-nanosecond duration. All analyses were per- 
formed as single-spot (100 um) depth profiles. In 
addition to the 53 faceted and 26 windowed corun- 
dum samples analyzed by this technique, the miner- 
als in one petrographic thin section (two pale pink 
corundum crystals, as well as garnet and amphibole 
from the matrix) were analyzed by both LA-ICP-MS 
and electron microprobe. Electron microprobe analy- 
ses were performed at the Eugen Stumpfl Electron 
Microprobe Laboratory, Universities of Graz and 
Leoben, Austria, with a JEOL JXA 8200 instrument. 
Analytical conditions consisted of an accelerating 
voltage of 15 kV and a 10 nA sample current; matrix 
corrections were made following the ZAF procedure. 

At GIA in Bangkok, gemological properties were 
measured on 14 rubies (e.g., figure 8) using standard 
techniques. 

Crystal morphology was studied by author KS by 
taking angle measurements of crystals/fragments 
using a contact goniometer and by angle measure- 
ment in the immersion microscope. 

Growth structures were observed in rough, win- 
dowed, and faceted samples by microscopic tech- 
niques with the samples immersed in methylene 
iodide. Five black minerals that were attached to or 
exposed at the surface of these samples were analyzed 
by scanning electron microscopy with energy-disper- 
sive spectroscopy (SEM-EDS) and X-ray diffraction. 


Figure 9. These slabs 
were cut from a Winza 
rock sample. The slab 
on the left consists of 
uniformly fine-grained 
amphibolite (amph) 
margins flanking orangy 
brown garnet (gt), ruby 
(ru), and sapphire (sa). 
The slab on the right 
also contains plagioclase 
feldspar (fsp). Photos by 
Patrick Lagrange. 
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2. Crystal faces observed in rubies and sapphires from Winza, Tanzania. 


Angle between c-axis 


Miller index hkl? and crystal face 


Subordinate face 


Habit Observed crystal form Dominant face 
Rhombohedral to Basal pinacoid (6) 
prismatic Second-order a 
hexagonal prism 
Positive rhombohedron 
Negative rhombohedron 5 
Hexagonal dipyramid 
Tabular Basal pinacoid C 
Negative rhombohedron _— 
Hexagonal dipyramid n 
Dipyramidal Basal pinacoid © 


Positive rhombohedron 
Negative rhombohedron 
Hexagonal dipyramid 
Hexagonal dipyramid 
Hexagonal dipyramid 


| ss | 


4 Based on morphological cell with a:c = 1:1.365. 


_— (0001 90° 

— (1120 oF 

— (1074 Gaye 
= (0221) Oe 
n (2243) 28.8° 
— (0001 90° 

s (0221) 17.6° 
— (2243 28.8° 
(0001 90° 

r (1014 ea.ae 
s (0221) 17.6° 
— (88163) 7.8° 
oo (4483) 1BZe 
n (2243 28.8° 


Similar nontransparent-to-semitransparent violet 
areas in nine rough and windowed samples from GGL 
were analyzed by electron microprobe (three samples) 
or LA-ICP-MS (six samples). 

Oxygen isotope analyses of portions of three win- 
dowed GGL rubies (pink to red, deep red with blue 
banding, and deep red) were performed by author AEF 
in Scotland using a modification of the laser-fluorina- 
tion technique described by Sharp (1990). Most analy- 
ses were run two or three times to check for isotopic 
heterogeneity and analytical artifacts. The method 
involved complete reaction of ~1 mg of powdered 
corundum, heated by a CO, laser, with CIF, as the 
fluorine reagent. The released oxygen was passed 
through an in-line Hg-diffusion pump before conver- 
sion to CO, on platinized graphite. The yield was 
measured by a capacitance manometer, and the gas- 
vacuum line was connected to a dedicated VG Prism 
3 dual inlet isotope-ratio mass spectrometer. 

Three untreated samples (~1.5—2.5 ct, orangy red 
and purplish pink) were each cut into two pieces, 
and then one piece from each sample was submitted 
for standard heat treatment in Bangkok in June 2008. 


MINERALOGICAL AND 
GEMOLOGICAL PROPERTIES 


Host Rock Constituents. The matrix samples con- 
sisted of corundum crystals embedded within areas 
of coarse-grained orangy brown garnet that are hosted 
by granular dark green-black amphibolite (figure 9). 
This assemblage locally contains areas of plagioclase, 
with accessory spinel, mica, kyanite, and allanite. 
Electron microprobe analyses of the amphibole 
identified it as alumino-pargasite with a significant 
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amount of chlorine (0.8-1.0 wt.% Cl). The chemical 
composition varied slightly between the core and rim 
and within different areas of the sample. A represen- 
tative chemical formula of an amphibole core is 
(Nap 39Kp p9)(Nap 17Ca, g3)Mgy 74FegisoFepiygAl, 17)(Sis 97 
AL, 93)On9(OH, 79F o¢Clo99)- The host-rock garnet was 
found to consist of 34% grossular, 32% pyrope, 32% 
almandine, and 2% spessartine, with the chemical 
formula (Ca, 9,Mgo Fe gong ,}[AL, o){SiO,);. 


Corundum Crystal Morphology. All the crystals 
studied showed some highly reflective planar faces, 
but most also had less reflective, not exactly planar, 
and somewhat inclined and rounded faces. The lat- 
ter planes were apparently contact surfaces with 
other corundum crystals or associated minerals. 
This was carefully considered when the morpholo- 
gy of the sometimes extremely distorted crystals 
was determined. Some of the crystals had distinct 
growth striations on their crystal faces that were 
oriented perpendicular to the c-axis. 

The corundum crystals showed a variety of 
habits. Some were elongated and mostly broken, 
whereas others were more equidimensional, essen- 
tially complete crystals. Occasionally, elongated 
forms also had end faces, but complete, well-termi- 
nated crystals were extremely rare. Four habits were 
recognized: rhombohedral (negative and positive}, 
prismatic (long and short), tabular, and dipyramidal. 
The crystal forms observed for all habits are summa- 
rized in table 2. The top-quality rubies were rhombo- 
hedral, while the lower-quality corundum was char- 
acterized by different morphology. 

The rhombohedral and prismatic types were gra- 
dational into one another. No intermediate samples, 
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Long Prismatic 


Figure 10. Most of the rhombohedral Winza ruby crys- 
tals (here, up to 13 x 18 mm) showed negative rhom- 
bohedral (pseudo-octahedral) forms, consisting of s 
and c faces. Photo by K. Schmetzer. 


however, were observed between the rhombohedral- 
to-prismatic type and samples with dipyramidal 
habit. We saw only one tabular crystal, probably 
related to the positive rhombohedral type. 
Surprisingly, most rhombohedral crystals consist- 
ed of the basal pinacoid c and the negative rhombo- 


Figure 12. These Winza corundum crystals show pris- 
matic (far left, 11 x 7 mm) and rhombohedral-pris- 
matic (the other four, up to 14 x 14 mm) forms, which 
consist of various combinations of ¢, a, s, r, and n 
faces. Photo by K. Schmetzer. 


Rhombohedral-Prismatic 


Short Prismatic 
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Figure 11. Several of the ruby and sapphire crystals 
examined (here, up to 8 x 10 mm) had positive rhom- 
bohedral faces, or both positive and negative rhombo- 
hedral forms (r and s, respectively). Depending on the 
size of the basal pinacoid c, a platy habit may result. 
Photo by K. Schmetzer. 


hedron s as dominant forms (figure 10), rather than c 
and the positive rhombohedron r. The latter habit, 
with c and r, is commonly observed in rhombohe- 
dral corundum from Mogok, Myanmar (Bauer, 1896, 
Melczer, 1902), and from Morogoro, Tanzania 
(Hanni and Schmetzer, 1991). 

The negative rhombohedron s is extremely rare in 
corundum, though it was mentioned by Goldschmidt 
(1918) as a subordinate crystal form. To the best of our 
knowledge, s was not described previously as a domi- 
nant crystal form of corundum. The r and s forms can 
be distinguished by their different inclinations to the 
c-axis, which are 32.4° and 17.6°, respectively. 

The angles formed by the basal pinacoid and the 
two rhombohedral forms were calculated as follows: 


e Basal pinacoid c and positive rhombohedron r: 
c’r = 122.4°, rr = 94.0° 


e Basal pinacoid c and negative rhombohedron s: 
c*s = 107.6°, s*s = 111.3° 


The two angles in corundum crystals with c and s 
faces are closely related to the characteristic angle of 
a spinel octahedron (109.5°). Therefore, this type of 
Winza corundum can also be described as pseudo- 
octahedral. 

We observed only one Winza sample that showed 
just the c and r forms, but several intermediate sam- 
ples with both r and s (figure 11). These crystals were 
often somewhat thick tabular (platy) in habit. 
Occasionally, the rhombohedral crystals also showed 
small hexagonal dipyramids n. In the one tabular sam- 
ple, these faces were dominant (along with basal pina- 
coids) and the rhombohedral faces were subordinate. 
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In all the prismatic Winza crystals, in addition to 
the basal pinacoid c, the hexagonal prism a was 
dominant, while s, r, and n faces were subordinate. 
According to the relative size of the c and a faces, 
we observed long-prismatic and short-prismatic 
crystals (figure 12). We also saw samples with a 
habit intermediate between rhombohedral and 
short-prismatic, some with a complicated morphol- 
ogy (again, see figure 12). 

In contrast, samples with dipyramidal habit had 
simple forms. Most broken crystal fragments 
showed only one dipyramidal face, either ¥ or less 
frequently v. We also commonly observed c, occa- 
sionally in combination with small r, s, and n faces 
(figure 13). Interestingly, the dipyramidal Winza 
material also showed the rare negative rhombohe- 
dron s, but no sample with dipyramidal ¥ and v faces 
in combination with the prism a was observed. 

The forms described above can be recognized in 
faceted stones by examining them in immersion and 
performing growth structure analysis (see below). 


Figure 13. The dipyramidal Winza ruby and sapphire 
crystals, such as those shown here (lower right is 7 x 
13 mm), are dominated by 8 faces, which are accom- 
panied by various combinations of c, 1, s, v, andn 
faces. Photo by K. Schmetzer. 
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Figure 14. Note the homogeneity of color in this fine 
unheated 9.15 ct Winza ruby. Courtesy of Hakimi & 
Sons; photo by Robert Weldon. 


Visual Appearance and Gemological Properties. On 
the basis of our faceted samples (as well as those seen 
in the trade), we know that Winza rubies and sap- 
phires range from blue to red. Although some of the 
rubies show exceptional transparency, most Winza 
stones have some milkiness due to fissures and min- 
eral inclusions. Both rubies and sapphires commonly 
have distinct color zoning, often with blue (or, more 
rarely, yellow or colorless) domains. Fine, evenly col- 
ored, saturated red or blue stones are quite rare. Top- 
quality vivid red rubies are generally very homoge- 
neous in color (figure 14), but they may contain small 
areas of narrow blue zones. Most of the rubies are 
pinkish to purplish red to dark (orangy) red with 
moderate saturation. The sapphires are pink, purple, 
and blue, typically with moderate saturation (e.g., fig- 
ure 15). Only a very few blue sapphires (<5 ct) of good 
quality from Winza have been reported in the Thai 
market. Orange-pink padparadscha Winza sapphires 
are even rarer. Our heat-treated specimens were 
orangy red to orange-red. Some stones cut from 
Winza material (unheated and heated) show more 
than one color (e.g., figure 16). 

The physical properties of some unheated sam- 
ples are reported in table 3; there were no variations 
in their characteristics according to color. 


Growth Features and Color Zoning. Growth planes 
were observed parallel to the dominant crystal faces 
in all morphological types. However, in most of the 
faceted samples examined, growth zoning was only 
seen parallel to the basal pinacoid c; rarely, it was 
parallel to several dominant faces (figure 17). Also 
uncommon was color zoning in completely red or 
pink samples (i.e., consisting of red or pink layers of 
various intensity; figure 18). 
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Figure 15. The faceted cushion cut (1.50 ct, courtesy of 
Mark Kaufman) and dipyramidal crystal (2.3 cm tall, 
courtesy of Werner Radl) provide attractive examples of 
sapphires from Winza; photo by Robert Weldon. The 
inset photos show color variations within a dipyrami- 
dal Winza sapphire crystal (1.3 cm tall, photo by 
Werner Radl) and in various faceted rubies and sap- 
phires (0.61-1.69 ct; photo by K. Schmetzer). 


The samples typically showed characteristic 
growth and color zoning consisting of bluish violet 
lamellae in otherwise uniformly colored red, pink, 
orange-pink, or pinkish violet corundum. These 
lamellae were observed occasionally in rhombohe- 


Figure 16. Some Winza sapphires have been cut to 
show more than one color. These heat-treated samples 
weigh 0.88 and 1.03 ct. Courtesy of Michael Nemeth; 
photo by Robert Weldon. 
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dral and prismatic samples, and frequently in 
dipyramidal rubies and sapphires. Distinct lamellar 
zoning was easily seen—even with the naked eye— 
only in prismatic samples. Viewing perpendicular or 
oblique to the planes of these lamellae caused them 
to become transparent bluish violet. In contrast, 
when viewed parallel to the lamellar direction, the 
lamellae typically appeared black and nontranspar- 
ent. Only in immersion, with proper orientation of 
the samples, did the fine lamellar nature of the color 
zoning become sharp in all samples (e.g., figure 19). 
Thus, such viewing conditions were necessary to 
resolve nonstructured color patches into fine lamel- 
lar patterns. In samples with bluish violet lamellae 
oriented parallel to several forms, the appearance of 
the color zones was rather complex (e.g., figure 20). 
In prismatic crystals, the sharp bluish violet layers 
were typically oriented parallel to the dominant prism 
a (again, see figure 19). The pattern in rhombohedral 
and dipyramidal samples, however, was more com- 
plex. Viewed parallel to the c-axis, the dark bluish vio- 
let zone appeared confined to the outer rim of the crys- 


1 1Physical properties of Winza corundum. 


Property Unheated ruby and sapphire 


Color Red, purplish red, pinkish red, orangy red 
Blue, pink, padparadscha 


Dichroism (ruby) 


e-ray (or E Ilc) Orange to orangy red 
o-ray (or E 1c) Purple-red to violet-red 
RI 
No 1.767-1.771 
ny 1.758-1.762 
Birefringence 0.008-—0.010 
SG 4.00-—4.03 (average 4.02) 
UV fluorescence 
Long-wave Mostly weak to moderate; top-quality rubies 
strong to moderately strong 
Short-wave Very weak to weak; rarely, inert 
Spectroscope Typical chromium spectrum; in part, also 


FeS+-related features 


Long (typically curved) tube-, fiber-, needle- 
or hair-like inclusions of orange-brown 
color; common in top-quality red material, 
but not seen in pink, purple, or blue stones 
nclusion association: amphibole + 

garnet + apatite (rare) 

Partially healed fissures composed of 
cavities containing mostly a polyphase 

illing of solid material 

Fissures containing a grayish white to 

pale yellow substance resembling flux 
residues in synthetic rubies 

Color zoning with thin bluish violet lamellae 
in both ruby and sapphire; various types of 
bluish violet layers parallel to the prism 
and/or the basal pinacoid 

Rhombohedral twin planes, possibly with 
intersection tubules in one or more directions) 
¢ Minute (exsolved?) particles 


Internal features 
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ws, 


Figure 17. Multiple directions of growth zoning are 
rare in faceted Winza corundum. This stone has 
growth lines parallel to a (center of the sample), c 
(right portion), and a small zone parallel to n (left 
side). Photomicrograph by K. Schmetzer; immersion, 
magnified 40x and viewed to the c-axis. 


tals (figure 21, left; a similar crystal was documented 
by Choudhary, 2008). Viewed perpendicular to the c- 
axis, however, the bluish violet zones were seen to be 
localized within specific areas, separated by “normal” 
zones of ruby or sapphire (figure 21, center). On rota- 
tion, the intercalated “normal” layers may cause the 
bluish violet zones to appear as parallel layers oriented 
perpendicular to the c-axis (figure 2.1, right). 


Nature of Dark-Colored Rims/Zones. Distinct bluish 
violet, almost black color zoning is common in 
Winza rubies and pink sapphires (Hanni and Krzem- 
nicki, 2008; Krzemnicki and Hanni, 2008; Peretti 
2008; Senoble, 2008). Abduriyim and Kitawaki (2008) 
mentioned that this color zoning is similar to the 


Figure 19. Viewed parallel to the c-axis, this 13.8 x 8.3 
mq slab of prismatic Winza sapphire shows distinct 
bluish violet zones parallel to the hexagonal prism a. 
Photomicrograph by K. Schmetzer; immersion. 
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Figure 18. In this view perpendicular to the c-axis 
(which is horizontal) of a pink sample with layers of 
varying color intensity, growth patterns with color 
zoning are seen parallel to c and r. Photomicrograph 
by K. Schmetzer; immersion, magnified 50x. 


pattern observed in rubies from Mong Hsu, 
Myanmar. To investigate whether such color zoning 
might be helpful for origin determination, as well as 
for separating faceted rubies and sapphires from their 
synthetic counterparts, the authors examined several 
samples of ruby and pink, pinkish orange, or pinkish 


Figure 20. This sample shows complex color zoning, 
with bluish violet lamellae oriented parallel to the 
thombohedra r and s, and also parallel to various 
hexagonal dipyramids n. Photomicrograph by K. 
Schmetzer; immersion, magnified 50x and viewed 
approximately parallel to the c-axis. 
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Figure 21. Viewed parallel to the c-axis, the 7-mm-wide dipyramidal corundum crystal on the left has a ruby core 
and a dark violetish blue (nearly black) rim. When another dipyramidal sample (center) is viewed perpendicular to 
the c-axis (which is horizontal in this photo), the bluish violet areas are restricted to small zones close to the rim. 
The rhombohedral sample on the right, which is also seen perpendicular to the c-axis (vertical in this photo), has 
bluish violet zones that appear as thin layers parallel to the basal pinacoid c. Photomicrographs by K. Schmetzer; 


center and right taken in immersion, magnified 50x. 


violet sapphire with dark bluish violet- to black- 
appearing color variations (e.g., figure 22). Three dif- 
ferent phases were identified: 


1. Sapphire, which was black in reflected and 
transmitted light, but appeared bluish violet in 
thin slices or fragments (as described above). 


2. Amphibole inclusions, which were black in 
reflected and transmitted light, but appeared 
green in thin areas. Such inclusions never 
revealed a fine lamellar or oriented pattern. 


3. Black spinel rims on rubies with dipyrami- 
dal habit, but no black spinel was seen 
within the corundum crystals. Three chem- 
ical analyses gave a compositional range of 
Mgo5-0.6€p.4-0.541,0,, which is intermediate 
between magnesium spinel and hercynite. 
Such rims are normally removed during the 
faceting process. 


It was not always possible to distinguish between 
these three black-appearing phases without a 
detailed phase determination. 


Twinning and Milky Domains. Rhombohedral twin 
planes (figure 23) were common. The samples typi- 
cally contained one system of “intersection tubules,” 
but three-dimensional arrangements of these tubules 
were also observed (figure 24). 

Very common in the sapphires were slightly 
milky domains in the form of clouds, bands, or 
“growth sectors” (figure 25). In general, their milky 
appearance was caused by the presence of very tiny 
gray pinpoint inclusions. 


Inclusions. Elongate Needles. The most distinctive 
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features observed in Winza rubies were long tube-, 
fiber-, needle-, or hair-like inclusions (figure 26). 
These inclusions were especially common in the 
top-quality Winza rubies. The curved tubes were 
not observed in pink, purple, or blue samples. They 
were straight, slightly curved, bent, or even (rarely) 
spiral-like. They were filled with an orange-brown 
(probably polycrystalline) solid material, which gen- 
erally did not give any useful signals when analyzed 
by Raman spectroscopy. A very large, slightly flat- 
tened tube exposed at the surface of a 0.60 ct faceted 
stone, however, showed an interesting mineral asso- 
ciation. Several reflective (probably “unaltered”) 
sections of the tube provided a clear amphibole 


Figure 22. These corundum crystals have dark bluish 
violet- to black-appearing translucent to opaque phas- 
es exposed at their surfaces. The dark areas in the two 
crystals on the left were found to be blue-violet sap- 
phire, the sample in the center (9 x 12 mm) contained 
black amphibole, and the two samples on the right 
had a rim of black spinel. Photo by K. Schmetzer. 
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Figure 23. Rhombohedral twin planes are common in 
Winza sapphires. Photomicrograph by V. Pardieu/ 
GGL; magnified 40x, crossed polarizers. 


Raman spectrum, while brownish material between 
the reflective areas was identified as hematite. 


Mineral Inclusions. Mineral inclusions were quite 
common. Compared to rubies/sapphires from many 
other localities, however, we identified (by Raman 
analysis or electron microprobe) only a small variety 
of mineral species in our samples: amphibole, gar- 
net, apatite, and spinel. 

By far the most common inclusion mineral 
observed was amphibole. It was very typical in the 
sapphires, but observed in only one (top-quality) ruby. 
The amphibole inclusions showed large variations in 
color, size, and shape. Many amphibole crystals were 
nearly colorless, while others were slightly green to 
dark green or brownish green to nearly black, and 
often showed strong pleochroism. For the most part, 


Figure 25. Winza sapphires commonly contain slightly 
milky domains caused by the presence of minute gray 
pinpoint inclusions. Photomicrograph by V. Pardieu/ 
GGL; magnified 20x, fiber-optic illumination. 


Figure 24. Intersections of the twin lamellae resulted in 
the formation of linear tubules—typically one system, 
but also three-dimensional networks as seen here. 
Photomicrograph by V. Pardieu/GGL; magnified 30x. 


the amphiboles displayed irregular, slightly rounded 
forms, but well-developed prismatic crystals also 
were common (figure 27). They occurred as single 
crystals or were clustered in groups or compact 
agglomerations. In some cases, they were accompa- 
nied by stress fissures in the host corundum. 

The garnets were intense orange-yellow (figure 
28), they were typically transparent and had well- 
developed or resorbed forms. Apatite was a very rare 
inclusion mineral (identified only in two of the top- 
quality rubies). It formed as colorless, transparent, 
prismatic, euhedral crystals that were not oriented 
crystallographically (figure 29). Spinel (Fe- and Mg- 
rich) was identified by electron microprobe as small 
inclusions in corundum, but it was not seen during 


Figure 26. Probably the most characteristic features 
observed in some of the Winza rubies are long tube-, 
fiber-, needle-, or hair-like inclusions. These inclusions 
were especially common in the top-quality stones. 
Photomicrograph by V. Pardieu/GGL; magnified 40x. 
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Figure 27. Well-developed prismatic amphibole crystals 
are common in Winza corundum. The amphiboles do 
not show any preferred orientation in the corundum 
host; they can be considered as protogenetic inclusions. 
Photomicrograph by V. Pardieu/GGL; magnified 40x. 


the microscopic examination of the samples. It also 
formed dark rims surrounding dipyramidal rubies 
(see above). Opaque mineral grains displaying a 
grayish black metallic luster were tentatively iden- 
tified as chalcocite (Cu,S) by Raman analysis. 

Uncommon in the sapphires were reflective parti- 
cles that were generally accompanied by small, deli- 
cate, disk-like inclusions resembling the “thin films” 
more typical of basalt-related rubies (figure 30, left). 
Somewhat coarser particles were present in diffuse 
clouds or in stringer-like formations (figure 30, right). 

Very rare were so-called comet tails associated 
with mineral inclusions (figure 31). 

FTIR spectroscopy revealed the presence of various 
OH-bearing minerals, such as kaolinite, “limonite,” 
chlorite, and (very rarely) boehmite. These were 
observed on fissure planes and as components of the 
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Figure 28. A well-formed orange-yellow garnet inclu- 
sion is present in this Winza ruby. Photomicrograph 
by V. Pardieu/GGL; magnified 40x. 


Figure 29. Colorless transparent apatite crystals were 
seen in only two Winza rubies. Photomicrograph by V. 
Pardieu/GGL; magnified 40x. 


Figure 30. Minute orient- 
ed reflective particles 
were seen in a few sam- 
ples, generally accompa- 
nied by small disk-like 
inclusions reminiscent of 
“thin films” (left, magni- 
fied 30x). Less common 
are coarser particles pres- 
ent in diffuse clouds or 
stringer-like formations 
(right, magnified 80x). 
Photomicrographs by 

V. Pardieu/GGL,; fiber- 
optic illumination. 
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Figure 31. A group of mineral inclusions (probably 
amphibole) is accompanied by a weakly developed 
“comet tail” in this Winza sapphire. Note also the 
pink-blue color zoning and (slightly diffuse) fine light 
blue growth bands. Photomicrograph by V. Pardieu/ 
GGL; magnified 40x, fiber-optic illumination. 


tube fillings. They also may be present in the form of 
submicroscopic “particles.” 


Fractures and Fluid Inclusions. Unhealed fissures 
were quite common in the commercial-quality mate- 
rial. These fissures were either strongly reflective 
(mirror-like) or they displayed a slightly frosted 
appearance caused by the presence of a gray or brown 
substance (e.g., oxihydrates, identified by FTIR). 
Partially healed fissures were often present in medi- 
um- to low-quality rubies/sapphires. In general, they 
showed relatively coarse textures with highly reflective 
inclusions that were rounded or irregularly shaped; 
well-developed networks or fingerprint-like patterns 
were rare. Less common were healed fissures com- 
posed of cavities that for the most part were developed 
as negative crystals containing polyphase fillings with 
black (opaque), brown, and colorless (transparent, 
singly and doubly refractive) constituents (figure 32) 
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that could not be identified by Raman analysis. 

Many fissures appeared to be filled with a grayish 
white or pale yellow solid material (figure 33) that 
could not be identified. These inclusions may resemble 
the flux material common in some synthetic rubies. 


CHEMICAL COMPOSITION 


EDXREF analyses revealed that Winza rubies and sap- 
phires showed a relatively uniform chemical compo- 
sition. The chromophores Cr and Fe were present in 
significant concentrations. Cr concentrations fell 
into the common range for rubies (including the 
pinkish red and purplish red material) originating 
from most occurrences: ~0.10-0.60 wt.% Cr,O,. For 
the blue to purplish blue sapphires, Cr,O, ranged 
from ~0.10 to 0.30 wt.%. 

The Fe concentration in the rubies was relatively 
high, with more than 95% of the samples in the 
range of ~0.30-0.80 wt.% Fe,O,. In very few sam- 
ples, Fe,O, reached up to ~1 wt.%. Top-color Winza 
rubies were characterized by a combination of rela- 
tively low Fe,O, (~0.30-0.40 wt.%) and relatively 
high Cr,O, (~0.40—-0.60 wt.%). Blue to purplish blue 
Winza sapphires had Fe,O, concentrations of 
~0.60-0.95 wt.%. 

Winza rubies of the best color contained very lit- 
tle or no Ti (typically below the detection limit). For 
the other samples, TiO, concentrations were 
~0.005-0.020 wt.%. The blue to purplish blue Winza 
sapphires typically contained ~0.01-0.03 wt.% TiO,,; 
the highest value found was ~0.045 wt.% TiO,. 

The V concentration of the rubies and sapphires 
was generally low, and in many samples it was below 
the detection limit of ~0.005 wt.% V,O,. Most com- 
mon were V,O, contents in the range of ~0.005-0.015 


Figure 32. Partially 
healed fissures in some 
Winza rubies and sap- 
phires were composed of 
negative crystals con- 
taining multiphase fill- 
ings with black-opaque 
and colorless-transpar- 
ent (singly and doubly 
refractive) constituents. 
Photomicrographs by V. 
Pardieu/GGL; magnified 
60x, brightfield (left) 
and cross-polarized 
(right) illumination. 
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Figure 1. Aventurine Glass (Gold- 
stone). Copper crystals in the glass 
matrix. Combined transmitted and 
reflected light. 25X. 


kept secret and only carried out by a few 
of the highest Venetian families, and at 
last the art became lost, and a forgotten 
thing. Its rediscovery in the 19th Century 
has been variously ascribed to the glass- 
maker Bibaglia in 1827, and to Pettenkofer 
20 years later, who, while investigating the 
preparation of the antique Haematine, an 
opaque red glass, obtained by accident 
aventurine glass. 

Roscoe and Schorlemmer’ state that the 
glass is a soda-lime glass containing an 
excess of alkali, is colored red by cuprous 
oxide and contains an enormous number of 
minute spangles of metallic copper, prob- 
ably produced by the partial decomposition 
of cuprous silicate. According to Haute- 
feuille a green cupric glass is first prepared; 
to this iron filings are gradually added 
until it becomes red and opaque; haematine 
glass is thus formed, which is then well 
covered with ashes and allowed gtadually 
to cool, when the artificial aventurine is 
formed. The main difficulty in the prepara- 
tion of this glass, which contains about two 
per cent of copper, is to prevent the copper 


separating into clusters of crystals and to 
obtain the crystals distributed regularly 
throughout the whole mass. Evidence of 
the lack of complete regular distribution is 
often seen in the poorer samples which are 
found to show concentration in swirls. 
Experiment has shown that the density 
of this material lies between 2.50 and 2.80, 
which, considering the copper inclusions, 
is remarkably low. The refractive index has 
been found to be about 1.53 and the hard- 
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Figure 2, Aventurine Glass (Gold- 
stone). Copper crystals in glass mat- 
rix. Transmitted light through thin 
section. 17X. 


ness four and three-fourths, for apatite just 
marks the glass and fluorspar slides easily 
over the surface. It is, however, by micro- 
scopic examination that the material is best 
identified—should identification be at all 
needed—for the beautiful copper octahedra 
suspended in a transparent sea of glass, 
provides at once a joy to look at and an 
identification of the substance. 

The aventurine which resembles most 
closely the glass imitation is the red or 


(2) Roscoe (H. E.); Schorlemmer 
(C.) A Treatise of Chemistry. 
McMillan & Co. London. 1907. 
Vol. IE. p. 583. 
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Figure 33. These irregularly shaped cavities are filled 
with a grayish white to pale yellow solid substance. 
Such inclusions may resemble the flux material 
observed in synthetic gems. Photomicrograph by 

V. Pardieu/GGL; magnified 60x. 


4 Electron microprobe analyses of two 
eer lee of pale pink Winza corundum. 


Oxide (wt.%) Wz1_Cor? Wz2_Cor® 
Al,O3 98.80 + 0.44 98.50 + 0.18 
Cr,O, 0.07 + 0.02 0.05 + 0.02 
Fe,O, 0.36 + 0.06 0.39 + 0.06 
TiO, 0.02 + 0.02 0.09 + 0.08 

Total 99.25 99.03 


8 75 point analyses. 
» 6 point analyses. 


wt.%,; rarely, values up to ~0.02 wt.% were measured. 

Ga content, for the most part, was below the 
detection limit (~0.005 wt.% Ga,O,). The highest 
Ga concentration found was ~0.01 wt.% Ga,O3. 

Electron microprobe analyses of two pale pink 
corundum crystals in a rock thin section showed 
appreciable Fe and significant Cr, along with traces 
of Ti (table 4). 


“14 Chemical composition by LA-ICP-MS of different colors of gem corundum from Winza, Tanzania (in ppmw).@ 


Element Red N Purple N Orange N Blue N Colorless N 
B 1621.7 26 1.9422 64 1.7413 32 3.843.4 17 15+0.8 34 
Na 3.1484 40 4.7+18 68 5.0+19 37 2.54+5.5 15 0.88 + 2.4 23 
Mg 39 + 36 54 39 + 33 120 36 + 20 59 45 + 36 30 26 + 25 55 
Al 519900 +2220 54 521300+ 2090 120 521500 +2190 59 519500+1640 30 521900 + 1680 55 
Si 4500 + 1210 54 4060 + 1650 120 3910 + 1450 59 4710 + 1180 30 3650 + 830 55 
P 21413 51 21413 110 17+12 54 27414 24 1446.6 50 
K 9.3488 12 16+8.9 13 12416 if 7.8+7.2 iS 11+7.5 3 
Ca 38 +7 3 91 +56 5 42 + 22 iG <40 0) 25 1 
Sc 0.060 + 0.0025 a 0.10 + 0.083 6 0.071 + 0.025 6 <0.12 (0) 0.060 1 
Ti 63 + 63 51 1204170 110 88 + 110 56 280 + 380 30 61 + 64 55 
V 2.542 54 2.1414 120 2.1415 59 3.141 30 1841.3 55 
Cr 2350 + 960 54 1390 + 640 120 1310 + 700 59 820 + 270 30 520 + 270 55 
Mn 18426 10 3.9 + 6.2 17 3.0+5.8 a 3.2448 3 0.35 + 0.2 2 
Fe 2370 + 670 54 2370 + 590 120 2430 + 670 59 3890 + 990 30 3070 + 890 55 
Co 0.072 + 0.053 19 0.068 + 0.058 40 0.035 + 0.023 24 0.056 + 0.013 8 0.036 + 0.018 15 
Ni 3.34+3.8 27 2.8421 67 2.4418 38 4341.8 14 1841.4 Bil 
Cu 0.71 + 0.98 20 8.2 + 30 38 V2 2 14 7.4413 18 0.8 + 2.2 20 
Zn 2.8 + 0.87 8 3.7424 § 1.7 1 Rilall 0 eS) 1 
Ga 21465 54 25414 120 23 + 6.6 59 2845 30 2147.7 55 
Ro 0.034 + 0.033 10 0.081 + 0.078 12 0.11 +012 8 0.094 + 0.13 3 0.034 + 0.048 4 
Sr 0.94 + 2.4 13 3.0+11 20 2.8466 8 1.0+24 5 0.017 + 0.0085 3 
Zr 0.019 + 0.004 6 0.29 + 0.29 6 0.023 + 0.014 2 0.17 + 0.016 3 0.018 1 
Nb 0.11 + 0.16 10 0.057 + 0.053 29 0.025 + 0.022 13 0.034 + 0.018 8 0.046 + 0.034 5 
Sn 0.22 + 0.13 41 0.21 + 0.13 81 0.25 + 0.15 40 0.38 + 0.12 21 0.21 + 0.14 34 
Cs 0.016 + 0.019 3 0.11 + 0.22 6 0.03 + 0.016 4 0.020 + 0.008 2 0.005 + 0.001 2 
Ba 1443.5 14 3.5485 12 4.1+64 4 0.86 + 1.3 4 0.097 + 0.051 2 
Ce 0.026 + 0.017 8 0.088 + 0.12 a2 0.084 + 0.076 4 0.12 +0.066 6 0.013 1 
ey 0.078 + 0.13 15 015202 30 0.046 + 0.032 20 0.085 + 0.063 ) 0.18 + 0.13 6 
Ww 3.6+7.8 28 2.2467 35 1.7434 23 0.35 + 0.43 7 0.47 + 0.89 v 
Pb 0.20 + 0.61 30 0.29'4 10.77 66 0.16 + 0.34 26 0.30 + 0.38 18 0.10 + 0.14 35) 


4 Notes: ppmw = parts per million by weight; < = value below the detection limit; N = number of values above the detection limit. Ablated material was carried to the ICP by He 
(5.0) carrier gas at a rate of 0.8 liters/minute (/min). The plasma conditions of the ICP-MS were optimized to maximum intensity at U/Th ratio ~1 and Th/ThO ratio <0.5. This was 
achieved using the following parameters: plasma gas flow (Ar) 14.0 I/min, nebulizer gas flow (Ar) 0.85-0.9 l/min, auxiliary gas flow (He) 0.70-0.75 l/min, and RF power 1400 W. In 
the corundum matrices, the elements Be, B, Na, Mg, Al, Si, P, K, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Rb, Sr, Zr, Nb, Mo, Sn, Cs, Ba, Ce, Ta, W, Pb, Th, and U were 


measured quasi-simultaneously in each individual analysis. 
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LA-ICP-MS data for Winza corundum are report- 
ed in table 5. Generally, Si, Cr, and Fe were abundant, 
with concentrations above 500 ppm (0.05 wt.%). 
Traces of B, Na, Mg, P, Ti, V, Co, Ni, Cu, Ga, Sn, Ta, 
W, and Pb were commonly present. Na, Mg, Ti, Cr, 
V, and Fe were variable, while all other elements 
occurred in quite constant concentrations. A weak 
positive correlation was observed for the elements V 
and Ti. 


SPECTROSCOPY 
UV-Vis-NIR spectroscopy of Winza rubies revealed 
the well-known Cr** absorption bands at ~405-410 
and 560 nm (figure 34, top). In addition, the spectra 
generally displayed a strong “background absorption” 
starting around 600 nm and increasing toward the 
UV edge. The absorption spectra of blue to purple- 
blue and padparadscha sapphires were, in general, 
combination spectra showing the Cr** absorption fea- 
tures together with a pronounced contribution of Fe** 
bands at 377/388 nm and 450 nm (figure 34, middle). 
More rarely seen was a combination of the Cr** fea- 
tures with the Fe?*-Ti** charge-transfer band of sap- 
phire at around 700 nm (figure 34, bottom). The Cr 
“doublet” at 694 nm was visible in all spectra. 

The FTIR spectra in the mid-infrared region 
between 5000 and 1500 cm! allow for the distinc- 
tion of four main features (figure 35): 


1. A more-or-less pronounced broad band with a 
maximum at ~3450 cm"! was recorded in 41 of 
the 59 samples tested (spectrum A). 


2. A prominent peak at ~3160 cm™!—with 
accompanying peaks at ~3350, 3240, and 2420 
cm™!—was recognized in 38 samples (spectrum 
B). Most of the remaining samples showed a 
shoulder (sometimes very weak) at 3160 cm". 
The 3160 cm*! absorption was completely 
absent from only a very few samples. It is 
interesting to note that the “3160 group” (also 
named “3161-series”; Smith and Van der 
Bogert, 2006) was most prominent in the high- 
quality Winza rubies (i.e., in more than 90% of 
these stones]. 


3. An additional group of absorption peaks at 
~3695, 3670, 3650, and 3620 cm! was rarely 
exhibited by high-quality rubies (spectrum C). 


4. Distinct band groups in the 3560-3420 cm=! 
region were detected in only three samples 
(spectrum D). 
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Figure 34. Polarized UV-Vis-NIR absorption spectra of 
Winza rubies show typical Cr* absorption bands at 
~405—-410 and 560 nm, as well as a strong “back- 
ground absorption” (dotted line) in the UV region (A). 
The absorption spectra of blue to purple-blue sapphires 
from Winza generally show a combination of Cr** 
absorption features together with Fe** bands at 
377/388 nm and 450 nm (B). Less common are combi- 
nations of the Cr* features with a Fe**-Ti* charge- 
transfer band at ~700 nm (C, from a slightly purplish 
blue Winza sapphire). 


The spectral features described above may be 
present in combination, with varying intensities of 
the different components (see, e.g., the combination 
of the band groups in the 3560-3420 cm"! region and 
the 3160 cm”! absorption in spectrum E, observed in 
a top-quality ruby). In two samples, weak peaks 
related to boehmite were detected at around 2100 
and 1980 cm! (e.g., spectrum A). 
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Figure 35. Unpolarized IR absorption spectra of Winza 
rubies showed four main features in the mid-infrared 
region between 5000 and 1500 cm: (A) a broad band 
at ~3450 cnr; (B) a prominent peak at ~3160 cm! 
often accompanied by peaks at ~3350, 3240, and 2420 
cn; (C) a group of absorption peaks at ~3695, 3670, 
3650, and 3620 cm}; and (D) distinct bands in the 
3560-3420 cnr" region. These features may be present 
in combination and with varying intensities, as in 
spectrum E. In two samples, weak peaks related to 
boehmite were detected at around 2100 and 1980 cnr! 
(e.g., spectrum A). Features seen at 2917, 2853, and 
2349 cm! were caused by sample contamination. 


OXYGEN ISOTOPE COMPOSITION 


The oxygen isotope compositions obtained for three 
Winza rubies were 5'8O = 4.6%o, 4.7%o, and 4.9%o (fig- 
ure 36}, giving a mean 8!8O of 4.7 + 0.15%o. For infor- 
mation about the use of oxygen isotopes to charac- 
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terize corundum from different deposits, see 
Giuliani et al. (2007). 


HEAT-TREATED SAMPLES 

Heat-treated Winza rubies examined by one of the 
authors (DS) in Bangkok in May 2008 showed a dis- 
tinct orangy red hue (as seen in the sample on the 
left in figure 16). The most striking internal feature 
was the presence of partially healed fissures display- 
ing strong alteration patterns, with a drop-like or 
network-like melting appearance that is typical of 
intensely heat-treated rubies/sapphires. In part, 
these partially healed fissures were associated with 
altered mineral inclusions. Identical features were 
observed in the heat-treated rubies submitted to 
GGL for testing in Hong Kong in September 2008. 
The infrared spectra recorded for these samples did 
not show any features related to the presence of 
OH/H,O (see Discussion below). 

Comparison of the three pairs of unheated/heated 
corundum showed that the orangy red sample did 
not change color. However, one of the purplish pink 
samples became intense red-orange after heat treat- 
ment. The second purplish pink sample developed 
an inhomogeneous color distribution, with orange 
and violet areas. All the unheated pieces showed the 
3160 cm"! absorption in varying intensity; these 
bands disappeared from the heat-treated samples. 


DISCUSSION 


Physical Properties. The measured refractive indices 
and specific gravity values from Winza (table 3) are 
consistent with those known for rubies and sap- 
phires from all other localities. The morphology of 
the crystals is quite variable, and some of the sam- 
ples have habits not seen previously in material 
from other ruby/sapphire deposits. 


Microscopic Characteristics. Growth Features and 
Color Zoning. Although some Winza material may 
bear a superficial resemblance to Mong Hsu rubies, 
the orientation of the thin bluish violet lamellae 
within Winza corundum is completely different. 
Mong Hsu rubies typically have dark cores that are 
formed by bluish violet layers oriented parallel to 
rhombohedral and dipyramidal faces (Peretti et al., 
1995). In the Winza samples, the bluish violet color 
zoning was oriented parallel to the prism and basal 
pinacoid, occasionally in combination with bluish 
violet layers oriented parallel to rhombohedral and 
dipyramidal faces. Such zoning has not been 
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observed in gem corundum from other localities, to 
the best of the authors’ knowledge. 


Inclusions. Our findings are consistent with previ- 
ous reports of inclusions in Winza corundum 
(Abduriyim and Kitawaki, 2008; GIT Gem Testing 
Laboratory, 2008; Hanni and Krzemnicki, 2008; 
Krzemnicki and Hanni, 2008; Pardieu and Schwarz, 
2008; Smith et al., 2008). 

Microscopic examination often can be used to dis- 
tinguish Winza rubies/sapphires from those originat- 
ing in other genetic environments or geographic 
localities. The following internal characteristics can 
be considered locality-specific for rubies/sapphires 
from Winza: (1) long tube-, fiber-, needle-, or hair-like 
inclusions of orange-brown color that are straight, 
slightly curved, bent, or rarely show a spiral-like 
appearance (restricted to medium red and vivid 
lorangy] red Winza rubies); and (2) a suite of mineral 
inclusions composed of amphibole + garnet + apatite 
+ an opaque mineral (tentatively identified as chal- 
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cocite, based on Raman data); (3) any of various types 
of color zoning; (4) partially healed fissures composed 
of cavities displaying varying shapes (irregular, but 
also regular and developed as negative crystals) that 
contain a polyphase filling; (5) fissures containing a 
grayish white to pale yellow substance that often 
resembles flux residues in synthetic rubies; and (6) 
rhombohedral twin planes. The polyphase filling 
material of (4) shows various colors (black, brown, or 
colorless) and could not be identified. No Raman sig- 
nal could be obtained for these fillers or those of (5). 
The variety of mineral inclusions observed in 
Winza corundum is rather small compared to that 
seen in rubies and sapphires from other localities. 
The internal mineral association of a ruby or sapphire 
always reflects the nature of the host rock in which it 
crystallized. The association amphibole + garnet + 
plagioclase (+ kyanite identified as an accessory min- 
eral) in the host rock indicates that the corundum 
formed in a metamorphic environment. Rubies from 
other localities reveal, in general, quite different 
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inclusion mineral associations (e.g., Henn et al., 1990, 
Hughes, 1997; Mercier et al., 1999; Simonet, 2000; 
Schwarz, 2001; and GGL database). Marble-hosted 
rubies from Myanmar’s Mogok stone tract, for exam- 
ple, contain mostly rutile (needles and/or irregularly 
rounded opaque crystals of varying size), carbonates, 
sphene, zircon, apatite, garnet, graphite, spinel, spha- 
lerite, pyrite, pyrrhotite, mica, olivine, pargasite, and 
anhydrite (the association “rutile + sphene + zircon” 
is probably locality-specific for rubies from Mogok). 


Chemical Properties. SSEF (2008) reported Cr and Fe 
as the main trace elements, with “little” Ga, and Ti 
and V below the detection limit of their EDXRF 
instrument. Semiquantitative EDXRF analyses per- 
formed by GIT Gem Testing Laboratory (2008) indi- 
cated moderate contents of Cr (0.35-0.68 wt.% 
Cr,O,) and Fe (0.25-0.41 wt.% Fe,O,), very low to 
low amounts of Ti (55-192 ppm TiO,) and V (from 
not detectable to 164 ppm V,O,), and low-to-moder- 
ate Ga contents (64-146 ppm Ga,O,). These values 
are in fairly good agreement with our data. 


Comparison with Rubies from Different Genetic 
Environments. The chemical fingerprint of Winza 
rubies is quite different from that of rubies originat- 
ing from marble-type deposits such as Mogok (figure 
37A). The main difference is in the iron concentra- 
tion: Rubies from marble host rocks typically have 
low iron contents. In Mogok and Mong Hsu rubies, 
for example, GGL data show that the Fe,O, concen- 
tration is normally below ~0.05 wt.%. However, the 
lower Fe,O, limit we found for Winza rubies is ~0.3 
wt.%, and GIT Gem Testing Laboratory (2008) 
reported 0.25 wt.%. When comparing the Cr and Fe 
contents of Winza rubies with those of basalt-related 
rubies from the Thai/Cambodian border region, we 
found an almost complete overlap of the chemical 
data (see again figure 374A). 


Comparison with Rubies Originating from Other 
African Deposits. Rubies from Songea, Tanzania, 
generally have low-to-moderate contents of Ti, V, 
and Ga—often below the EDXRF detection limit. 
The highest concentrations of these elements (from 
the analysis of ~30 samples; Schwarz, 2001) are ~0.03 
wt.% TiO,, 0.05 wt.% V,O,, and 0.05 wt.% Ga,O,. 
The Cr content of Songea rubies normally varies 
between ~0.2 and 0.7 wt.% Cr,O, (as compared to 
~0.1 wt.% to ~0.6 wt.% [occasionally ~0.8 wt.% for 
top-quality] for Winza rubies). Songea rubies distin- 
guish themselves by very high Fe contents (this is 
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Figure 37. In a plot of Cr vs. Fe, more than 90% of the 
Winza rubies (red) and sapphires (other colors) fall into 
a population field extending from ~0.30 to 0.80 wt. % 
Fe,O, and ~0.10 to 0.60 wt.% Cr,O3. Top-quality 
Winza rubies fall into the upper left area of this field, 
while blue to purplish blue Winza sapphires are locat- 
ed near the lower right corner. In plot A, marble-host- 
ed rubies from Mogok and Mong Hsu largely overlap 
one another, but they are completely separate from 
Winza. However, there is extensive overlap between 
stones from Winza and those of basalt-related rubies 
from the Thai/Cambodian border region. In plot B, 
Malawi rubies are distinguished by relatively high Cr 
contents. Mangari rubies typically have low Fe (most- 
ly, <0.05 wt.% Fe,O,, but they may attain 0.2 wt.% 
Fe,O,), while Malawi rubies vary from ~0.7 to 1.1 
wt.% Fe,O,. The highest Fe concentrations were found 
in rubies from Songea: ~0.8-2.0 wt.% Fe,O3. 


valid for the entire Songea corundum production, 
independent of the bodycolor]—~0.8-2.0 wt.% 
Fe,O,—as compared to ~0.3-0.8 wt.% Fe,O, for 
Winza rubies. As evident in figure 37B, there is mini- 
mal overlap between Songea and Winza in Cr and Fe. 

Rubies from Kenya’s Mangari region most com- 
monly show ~0.005-0.15 wt.% Fe,O, (very rarely up 
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to ~0.2 wt.%)]. This range, too, only very slightly 
overlaps the Fe content of Winza rubies (again, see 
figure 37B). The Cr contents of Mangari rubies fall 
mostly into the range of ~0.3-1 wt.% Cr,O,, which 
does overlap those from Winza. 

The Fe and Cr contents of Malawi rubies are also 
quite different from those of Winza (again, see figure 
37B), despite the fact that there are some similarities 
in their host-rock composition (Fe/Cr-rich amphibo- 
lite; Dill, 2005). Rubies from the Chimwadzulu Hill 
deposit have somewhat higher Fe contents (~0.7—1.1 
wt.% Fe,O,) and a distinctly higher Cr concentra- 
tion (~0.75-2, wt.% Cr,O,). GGL data indicate that 
rubies from both deposits have low Ti (generally 
<0.03 wt.% TiO,), V (normally <0.02 wt.% V,O,), 
and Ga (often below detection limit; highest concen- 
tration found was ~0.01 wt.% Ga,O,). 

There is very little LA-ICP-MS data for gem 
corundum available in the literature for comparison. 
Rankin et al. (2003) reported concentration ranges of 
Mg, Ca, V, Cr, Fe, Cu, and Ga for rubies originating 
from Longido (Tanzania) and Chimwadzulu Hill. 
Winza rubies and sapphires have Mg, Cr, Fe, and Ga 
concentrations that are equal to or slightly lower 
than the element concentration ranges reported by 
Rankin et al. (2003). Calcium, V, and Cu are much 
lower in Winza rubies and sapphires compared to 
stones from Longido and Chimwadzulu Hill. 


Spectroscopy. The GIT Gem Testing Laboratory 
(2008) reported that the UV-Vis absorption spectra of 
Winza rubies typically show the Cr** bands and 
lines together with Fe** absorptions (377/387 and 
450 nm) that would be expected for a ruby with high 
iron content. 

The dominant absorption feature in chromium-col- 
ored corundum is the presence of intense bands related 
to Cr** at 405 and 560 nm. Additional spectral features 
observed for rubies are: (1) the so-called “background 
absorption,” which represents an increasing absorption 
toward the UV edge; and (2) the presence of Fe**-relat- 
ed groups at ~375 nm and 450 nm. Rubies with low Fe 
contents (e.g., marble-hosted Mogok rubies and most 
rubies from Kenya’s Mangari region) typically show 
relatively “pure” Cr** spectra with variable, but low, 
UV absorption. The other “extreme” is provided by 
corundum from Songea. These rubies (and also sap- 
phires of various colors) are characterized by very 
strong Fe*+-related features (Schwarz, 2001). Rubies 
from Malawi show, in general, spectra with combined 
Cr**/Fe*+ absorption components. 

Winza rubies and pink/purple sapphires, as well 
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as rubies from the Thai/Cambodian border region, 
show the chromium bands and a generally strong 
“background absorption,” which is influenced by 
several factors (figure 34A). Features related to Fe** 
are only weakly developed. Blue to purplish blue 
Winza sapphires display distinct Fe**-related features 
(figure 34B), or they show the combination of Cr** 
bands and the Fe**-Ti** charge-transfer absorption 
around 700 nm (figure 34C). 

The padparadscha sapphire that was examined for 
this report owed its color to Cr**/Fe** absorptions, 
rather than the combination of Cr** and color centers 
that are seen in “classic” padparadscha sapphires (i.e., 
from Sri Lanka). GIT Gem Testing Laboratory (2008) 
described three diagnostic patterns for OH-related 
peaks in the mid-IR absorption spectra of Winza 
rubies: Pattern A showed a broad absorption band 
from 3735 to 3000 cm~!, centered around 3450 cm7!, 
assigned to goethite. Pattern B showed absorption 
bands with approximate peaks at 3335, 3242, 3160, 
3075, 2459, and 2420 cm~!. Pattern C showed mixed 
absorption bands from patterns A and B. 

Smith and Van der Bogert (2006) commented on 
the 3161 cm"! spectral feature (formerly described 
mainly in natural-color yellow sapphire from Sri 
Lanka). They indicated that, when present in high 
intensity, it appears to consist of at least six bands. 
This so-called 3161 series was attributed by past 
researchers to OH groups involved in charge-com- 
pensation with Si**. Smith and Van der Bogert 
(2006) suggested that the 3161 series is actually due 
to structurally bonded OH associated with Mg”*. 
The average Mg contents measured in our samples 
were in the range of 30-65 ppm (table 5). The evalu- 
ation of whether this concentration is sufficient to 
support the “Mg-OH model” is beyond the scope of 
this article. 

Balmer et al. (2006) reported that peaks at 3353 
and 3242 cm™! are probably associated with the 
3160 cm~! absorption. They could not confirm 
whether this group of peaks is related to goethite or 
to silanol groups (OH group attached to Si*). 

The FTIR spectra of the present study allow the 
following correlations: 


1. All top-quality rubies containing the orange- 
brown tube/hair-like inclusions had the 3160 
cm! absorption as the dominant feature. 


2. Only one sapphire showed a comparably promi- 
nent 3160 cm! feature. 

3.The 3160 cm’! absorption was present in 
almost all of the lower-quality samples, but it 
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appeared very weak or as a low shoulder when 
in combination with other bands. 


4. Very few samples did not have the 3160 cm? 
feature. 


These results imply that, although there is a strong 
correlation between the orange-brown tube/hair- 
like inclusions and a prominent 3160 cm! absorp- 
tion, other factors must be taken into consideration. 
Since there is no clear correlation between other 
microscopic features and the presence/intensity of 
the 3160 cm! absorption band, the influence of sub- 
microscopic inclusions should be considered. 

The characteristic group of four peaks with max- 
ima at 3695, 3670, 3650, and 3620 cm! (spectrum C 
in figure 35) is typically attributed to kaolinite min- 
erals (Beran and Rossman, 2006). This group was 
found in 17 samples (in four top-quality rubies, this 
group was weak, while in other samples it was, in 
part, quite strong). 

According to A. Beran (pers. comm., 2008}, the 
broad 3450 cm”! absorption band (spectrum A in fig- 
ure 35) is related to H,O (submicroscopic inclusions 
or adsorptive humidity). 

OH bands associated with the presence of chlo- 
rite-group minerals show typical absorption features 
in the range between 3560 and 3420 cm”! (spectrum 
D in figure 35). 


Geologic Origin. Observations by two of the authors 
(VP and BML) of primary deposits at Winza, as well 
as the examination of corundum-bearing host-rock 
specimens in the laboratory, showed a close associa- 
tion between corundum and cross-cutting layers or 
“dikes” of a garnet-bearing amphibolitic rock. 
Macroscopic observations by authors GG and DO of 
a sample obtained by JMS (figure 9) clearly showed 
that, according to its mineralogy, the dike-like body 
was mafic in composition before it was metamor- 
phosed. Possible lithologies for the protolith include 
high-alumina gabbros (layered gabbros) or leucogab- 
bros. The central part of the “dike” is composed of a 
metamorphic garnet + hornblende + plagioclase + 
corundum association. Metamorphic conditions esti- 
mated by using garnet-amphibole-corundum equilib- 
ria (winTWQ; Berman, 2007) showed that the meta- 
morphic overprint was 800 + 50°C and 8-10 kbar. 

The color/growth zones of the corundum are 
commonly complex, which indicates crystal devel- 
opment during a number of stages characterized by 
variable Ti, Cr, and Fe availability. 

Spinel that (rarely) overgrows or is included in 
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the corundum is Fe- and Mg-rich, whereas spinel 
from the host amphibole is Cr-rich, with up to 32 
wt.% Cr,O, (unpublished electron microprobe data 
of the authors). The presence of two chemically dis- 
tinct spinel compositions indicates that two differ- 
ent generations are present. The Cr-spinel is proba- 
bly a relict of the initial magmatic rock before the 
metamorphism, while the Fe- and Mg-rich spinel 
crystallized during the metamorphic stage that 
formed the corundum. 

The amphiboles did not show any preferred ori- 
entation in the host corundum, they can be consid- 
ered protogenetic inclusions reflecting the nature of 
the host rock. Amphibole inclusions showing vari- 
ous morphologies were commonly present. This is a 
strong indication that all the corundum morpholo- 
gies originated from an amphibolite environment. 

In the ternary Mg-Fe-Ti diagram that was estab- 
lished by Peucat et al. (2007) to distinguish magmat- 
ic from metamorphic sapphires, the chemical fin- 
gerprint of the Winza sapphires overlaps the border 
separating the metamorphic and magmatic popula- 
tion fields (figure 38). 

Oxygen isotope values for three Winza corundum 
samples defined a consistent and restricted 8!°O 
range of 4.7 + 0.15%o, indicating that they formed 
under comparable genetic conditions. This composi- 
tion suggests two possible origins for Winza rubies 
(Giuliani et al., 2005, 2007): either in metamorphosed 
mafic-ultramafic rocks (worldwide 6!8O range of 
3.2-6.8%o, n = 19), or in desilicated pegmatites within 
mafic-ultramafic rocks such as plumasites (4.2—6.7%o, 
n=16). We therefore conclude that the Winza rubies 
are of metamorphic origin, with a high-alumina 
meta-(leuco]gabbro as the protolith for the host rock. 

Formation of the rhombohedral top-quality 
rubies with their exceptional combination of large 
size, intense color, and high transparency requires 
growth conditions different from those of the lower- 
quality corundum (characterized by a prismatic-tab- 
ular or dipyramidal morphology and the general 
presence of strong color zoning and abundant inclu- 
sions that reduce their transparency). An explana- 
tion for the (co-)existence of these two corundum 
types in the Winza area could be that they represent 
separate corundum “generations” formed at differ- 
ent geologic times or under locally different pres- 
sure-temperature (PT) conditions. 


Separation from Synthetics and Heat-treated Natural 
Corundum from Other Sources. When the first Winza 
rubies appeared on the market, they were praised for 
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Figure 38. This ternary Fe-Mg-Ti diagram shows LA- 
ICP-MS data for blue sapphires originating from Winza 
and other deposits (all data points from GGL 
database). Peucat et al. (2007) defined two population 
fields for magmatic- and metamorphic-type blue sap- 
phires. Note that the blue sapphires from Winza plot in 
a range overlapping both fields (this could indicate that 
melting processes might be involved, related to high-PT 
metamorphism). Modified from Peucat et al. (2007). 


their exceptional color and clarity. At the same time, 
they caused suspicion and doubt, because the top- 
quality stones possessed such a high transparency and 
bright color that many dealers and gemologists who 
saw them for the first time thought they were syn- 
thetic. The identification and separation of Winza 
rubies from synthetics is generally quite easy—as long 
as the typical internal features described above are 
present. These are mineral inclusions such as amphi- 
bole, garnet, and apatite; orange-brown “tubes/nee- 
dles/hairs”; and color zoning in various patterns. Only 
one inclusion feature could potentially cause confu- 
sion: Partially healed fissures consisting of irregularly 
shaped cavities filled with a grayish white to pale yel- 
low solid material may resemble the flux components 
seen in some synthetics. 

Another powerful tool for the separation of 
Winza rubies from synthetics (especially if character- 
istic inclusions are not present) is chemical finger- 
printing, notably the Cr/Fe correlation. Elements 
such as Ti, V, and Ga are of little help because their 
contents are normally quite low in synthetic 
rubies/sapphires, as they are in the stones from 
Winza. The key element for the separation is Fe: 
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Contents in the range of ~0.3 to 0.8 wt.% Fe,O,— 
which are typical of rubies/sapphires from Winza— 
are only rarely found in synthetic rubies. “High- 
iron” synthetic rubies are known from Douros (flux 
grown), Ramaura (flux grown), Gilson (flux grown), 
and Tairus (hydrothermally grown). In a detailed 
study by Schwarz et al. (2000), however, only very 
few synthetic rubies were found with Fe,O, con- 
tents reaching the lower limit of the Winza rubies. 
These included some hydrothermal synthetic rubies 
and a very few flux synthetics grown by Douros (2 
out of 35) and from the (experimental) production of 
Gilson (2 out of 27). Gilson synthetic rubies have not 
been produced and marketed commercially. In addi- 
tion, all the flux synthetic samples examined by one 
of the authors (DS) showed healed fissures with typi- 
cal flux patterns. Douros samples also distinguish 
themselves by high Ga concentrations (~0.04 to 0.1 
wt.% Ga,O,). Practically all production from Tairus 
shows diagnostic internal features (especially pro- 
nounced growth structures). Therefore, chemical fin- 
gerprinting, when applied with other standard gemo- 
logical tests, is an effective method for the separa- 
tion of Winza rubies from synthetics. 

The same is valid for the separation of heat-treat- 
ed Winza rubies/sapphires from stones of other 
sources. Since heat treatment results in the alteration 
of fissure textures and solid inclusions, it tends to 
remove locality-specific internal features. Chemical 
fingerprinting is not affected by traditional heat treat- 
ment and can, therefore, be used in the same way as 
described for unheated stones. We believe that proba- 
bly less than 1% of the faceted gems from Winza 
now on the market have been heat treated. This per- 
centage may increase in the future if treaters are suc- 
cessful in applying heating techniques to pink, pur- 
ple, or pinkish and purplish red starting material. 


SUMMARY AND CONCLUSION 


The arrival on the market of very fine cut rubies 
(e.g., figure 39) from a new deposit near Winza in 
central Tanzania was welcomed by the international 
gem trade, as the supply of top-quality rubies is 
scarce. It is difficult to predict if Winza will become 
a major source of fine rubies. Only time will tell. But 
if the area consistently produces fine stones and if a 
market is found for the lower-quality material, this 
mining region could become more than a gem rush. 
Winza rubies and sapphires are hosted by meta- 
morphic rocks of the Usagaran Belt. Observations of 
the associated mineral assemblages indicate that 
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Figure 39. The Winza area of central Tanzania is a new 
source of fine untreated ruby, such as the 3.18 ct center 
stone in this ring. Courtesy of The Collector Fine 

Jewelry, Fallbrook, California; photo by Robert Weldon. 


the gem corundum is metamorphic in origin. The 
corundum is contained in “dikes” consisting main- 
ly of the assemblage amphibole-garnet + plagioclase. 
Oxygen isotope data are consistent with an origin in 
metamorphosed mafic-ultramafic rocks. 

The physical properties of Winza rubies and sap- 
phires are quite constant, with RIs and SGs in the 
same range known for rubies and sapphires originat- 
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ing from other localities. However, Winza rubies 
and sapphires can be characterized by inclusion fea- 
tures that, in part, can be considered locality specific: 
long tube-, fiber-, needle-, or hair-like inclusions, con- 
taining an orange-brown, solid polycrystalline mate- 
rial (most likely limonite); amphibole crystals show- 
ing large variations in shape, along with garnet and 
possibly apatite and/or an opaque mineral; partially 
healed fissures containing cavities filled with a 
polyphase material; and fissures containing primarily 
a grayish white to pale yellow substance. These inter- 
nal features provide confirmation of natural origin 
and are a very strong indication of the host stone’s 
locality of origin. Only the fissures with the grayish 
white to pale yellow substance may cause confusion, 
because they can resemble flux material in synthetic 
corundum. The specific type of bluish violet color 
zoning seen in rhombohedral and dipyramidal sam- 
ples has not been previously found in natural ruby or 
pink sapphire, to the best of our knowledge, so it is 
also useful for determining a Winza origin. 

The chemical composition of Winza rubies and 
sapphires, which formed in association with amphi- 
bolites, is characterized by a relatively high Fe con- 
tent. This separates them from most natural and 
almost all synthetic counterparts. Although there is 
extensive chemical overlap with rubies originating 
from the Thai/Cambodian border region, the latter 
display internal features that are totally different 
from the inclusions in Winza stones. 
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brown variety of quartz showing aventur- 
escence. This material, the best of which 
is found at Cap de Gata in the province of 
Andalusia, Southern Spain; in the Altai 
Mountains, Siberia; and in India, owes its 
spangled appearance to flakes of haematite 
or mica® or to minute fissures causing a 
play of light*. Examination of the polished 
surfaces and the internal structure of a num- 
ber of these quartz aventurines shows that 
the degree of aventurescence can vary wide- 
ly; from.a near appearance to ‘goldstone’ 
to where there is barely any spangled effect. 
Such is the case, in the writer’s opinion, 
with the huge vase of aventurine quartz 
which graces the Main Hall in the Museum 
of the: Geological Survey of Great Britain 
at South Kensington. This vase of Siberian 
aventurine quartz stands on a pedestal of 
gray porphoritic granite, both materials 
having come from the same locality, the 
Korgon Mountains in Tomsk Province, 
U.S.S.R., and was, in 1843, presented to 
the then Director of the Survey, Sir Rod- 
erick I. Murchison, Bart., by Emperor 
Nicolas.I of Russia in recognition of his 
work on Russian Geology. 

The vivid spangled appearance of aven- 
turine quartz is caused by reflections from 
the surfaces of flakes of the included min- 
erals, and may not only show bright flashes 
of white light but also to some extent a 
play of iridescent colors; this being particu- 
larly so in the reddish brown types and in 
the dark grey variety from Chili. The 
green aventurine quartz, miscalled “In- 
dian Jade,” owes both its color and aven- 
turescence to included flakes of fuchsite, a 
chrome-rich muscovite mica, and to the 
gemologist is probably the best known type 
of aventurine quartz. 

From much of the literature one is led 


(3) Dake (H. C.); Fleener (F. L.); 
Wilson. (B. H.) Quartz Family 
Minerals, McGraw Hill Book 
Co. N. Y. 1938. p. 100. 


(4) Bauerman (H.}) Text Book of 


Descriptive Mineralogy. Long- 
bore Green. London. 1884. p. 
136. 


Figure 3. Aventurine Glass (Gold- 
stone). Copper crystals in glass mat- 
rix. Reflected light from surface. 
17X. 


Figure 4. Green Aventurine Quartz. 
Flakes of chrome mica in quartzite 
matrix (thin section). Ordinary light. 
25X. 


to infer that the flaky inclusions are in a 
matrix of single crystals of quartz, as, for 
example, rutile needles in rock crystal pro- 
ducing Venus hair stone. This is not cor- 
rect, for examination of thin sections by the 
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THE WITTELSBACH BLUE 


Rudolf Drdschel, Jiirgen Evers, and Hans Ottomeyer 


The 35.56 ct Wittelsbach Blue is one of the largest historic blue diamonds ever fashioned. It 
belonged to the Bavarian House of Wittelsbach and was displayed in the Treasury of the Munich 
Residence until it disappeared in 1931. It was secretly sold in 1951, “rediscovered” in 1961, and 
then sold again in 1964 to an undisclosed private buyer. In December 2008, the Wittelsbach 
Blue was sold at Christie’s London to jeweler Lawrence Graff for just over $24.3 million, a record 
price for any diamond at auction. This article describes what is known about the Wittelsbach 
Blue since it was first reported in 1666, and the gemological information released to date on this 
diamond, which was recently graded Fancy Deep grayish blue. Investigations in the historical 
archives of Bavaria, Austria, and Spain revealed that there is no archival evidence to support 


many previous statements about this stone. 


ue to their extreme rarity, blue diamonds, 
even more than colorless ones, have histori- 
cally epitomized rank and wealth. Two of 
the largest known blue diamonds were once part of 
the crown jewels of European monarchies. The 
Hope diamond (now 45.52. ct) once belonged to the 
French royal family (Kurin, 2006), and the Wittels- 
bach Blue (now 35.56 ct, figure 1) was owned by the 
Bavarian royal family, the House of Wittelsbach. 
Like the Hope, the Wittelsbach Blue is an intense 
steely blue. It is widely accepted that both originated 
from the Kollur mine in India’s Golconda District 
(Bauer, 1932; Balfour, 1987). According to its previ- 
ously published history (e.g., Gaal, 1977; Bruton, 
1981, Balfour, 1997; Morel, 2001; Christie’s, 2008a,b}, 
the Wittelsbach Blue arrived in Vienna in 1666 as 
part of a dowry for a marriage into the House of 
Hapsburg. In 1722, it passed to the House of Wittels- 
bach in Munich, again as part of a dowry. It was 
mounted as a “symbol of dominion and power” (de 
Smet, 1963, p. 48) on the globe above the Bavarian 
Royal Crown around 1806 or 1807 (figure 2). During 
the 20th century, the Wittelsbach Blue was involved 
in a series of unusual events, which began in 1931 
when the Wittelsbach Equity Foundation (German 
acronym WAF, for Wittelsbacher Ausgleichsfonds) 
tried in vain to sell it at the Christie, Manson & 
Woods auction house in London (Christie, Manson 
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& Woods, 1931). From the day of the auction through 
the next 30 years, the whereabouts of the 
Wittelsbach Blue were kept secret from the public. In 
1951, the WAF secretly sold the Wittelsbach Blue, 
which was then “rediscovered” in 1961 by Antwerp 
diamond dealer Jozef Komkommer. In 1964, it was 
purchased by a private German collector whose iden- 
tity was not revealed until recently. 

During the authors’ investigations in the 
Bavarian State Archive in Munich, in the Austrian 
State Archives in Vienna, and in three Spanish his- 
torical archives in Madrid, Simancas, and Valladolid, 
it became evident that many of the accepted “facts” 
about the Wittelsbach Blue and its history that were 
published by Antwerp diamond specialist K. de 
Smet in his book, The Great Blue Diamond, The 
Wittelsbacher, Crown Witness to Three Centuries 
of European History (1963), and cited afterwards by 
many others, had no archival basis. Based on our 
comprehensive review of the available documents, 
we can now correct the historical record and report 
on the true, exciting history of the Wittelsbach Blue 
as it moved through Europe. 


See end of article for About the Authors and Acknowledgments. 
GEMS & GEMOLOGY, Vol. 44, No. 4, pp. 348-363. 
© 2008 Gemological Institute of America 
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Figure 1. The Wittelsbach Blue (35.56 ct) is one of the 
largest and most famous blue diamonds in the world, 
with a known provenance that stretches back to the 
17th century. Largely out of the public eye for more 
than 40 years, it was sold in December 2008, earning 
a record price for any diamond at auction. Photo 
courtesy of Christie’s. 


INDIAN ORIGINS 


India was the world’s only source of diamonds 
(Untracht, 1997) until about 1725 (Balfour, 1987), 
when the first Brazilian mines began to open 
(Legrand, 1981). Thus, all diamonds in Europe before 
that date, including the Wittelsbach Blue, must have 
had their origin in India (Harlow, 1998; Webster, 
1994). Most of India’s diamonds, and its largest, were 
found in a vast area on the eastern side of the Deccan 
plateau (Bharadwaj, 2002). Many of these diamond 
sources were located in the former kingdom of 
Golconda, which lay between the rivers Godavari in 
the north and Pennar in the south. 

Jean Baptiste Tavernier (1605-89), the famed 
French diamond dealer, visited three mines in the 
Golconda region between 1630 and 1668, among them 
Coulour (also spelled Kollur). This famous mine was 
the source of several historic diamonds, including the 
Koh-i-Noor, the Hope, the Dresden Green, the Orlov, 
the Regent, and the Sancy (Kurin, 2006). According to 
Bauer (1932), it was also the source of “nice blue dia- 
monds.” Balfour (1987, p. 112) wrote that the “Kollur 
mine, then, appears to be the only... known source of 
Type Ib natural blue diamonds” in India. The identity 
of the party who brought the Wittelsbach Blue (per- 
haps still in rough form) to Europe has been lost to the 
mists of history, but Tavernier is a possibility, given 
the timing of its arrival. 


THE WITTELSBACH BLUE 


DOWRY OF AN EMPRESS 


Madrid. In his book, de Smet (1963) reported the 
findings of “Dr. Klaus Schneider, Munich,” who was 
engaged by Jozef Komkommer to investigate the his- 
tory of the Wittelsbach Blue after he had purchased 
the stone in 1961 (Burgerwelzijn, 1962). Schneider— 
according to de Smet—was then a final-year doctoral 
student of history at Ludwig-Maximilian University 


Figure 2. King Ludwig I of Bavaria (1786-1868) is 
shown here in 1826 in his coronation robes. The 
Bavarian crown with the Wittelsbach Blue is at his 
right. The crown and the right hand of the king 
(holding a scepter) rest on the Bavarian constitution. 
Painted by Joseph Karl Stieler (1781-1858), this por- 
trait now hangs in the Neue Pinakothek museum in 
Munich. Courtesy of The Bavarian State Painting 
Collections, Munich. 
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Figure 3. Empress Margarita Teresa of Austria and 
her daughter Maria Antonia are shown here in this 
painting attributed to Jan Thomas at the end of the 
17th century. Courtesy of the Kunsthistorisches 
Museum, Vienna. 


(LMU) of Munich. (Interestingly, our inquiry at the 
LMU library in 2006 revealed that Klaus Schneider 
never completed his doctoral thesis, at least not at 
LMU or any other German university [see, e.g., 
Jahresverzeichnis der Deutschen Hochschul- 
schriften, 1960-1970]. During 2006 and 2007, one of 
the authors [JE] conducted exhaustive efforts to 
locate Schneider and de Smet, without success.] 
After investigations in the state archives of 
Bavaria and Austria during September and October 
of 1961, Schneider traveled to Spain early in 1962 to 
begin research in an unidentified Madrid archive (de 
Smet, 1963). Here, he said, he found the first men- 
tion of the Wittelsbach Blue “as early as 1664,” 
when King Philip IV (1605-1665) of the Spanish line 
of the House of Hapsburg, “ordered the treasurer to 
gather a dowry for his daughter,” Infanta Margarita 
Teresa (1651-1673; figure 3), “from new acquisi- 
tions of precious stones from India and Portugal. . . . 
It included a large blue diamond” (de Smet, 1963, p. 
16). According to Schneider, he could find no addi- 
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tional information on the Wittelsbach Blue in 
Madrid, allegedly because “in the bloody years of 
the Spanish Civil War (1936-1939) the last existing 
documents were undoubtedly lost with the destruc- 
tion of the Madrid archives” (de Smet, 1963, p. 17). 

One of the authors (JE) visited Spain in 
November and December 2007 to seek some 
archival basis for Schneider’s statements. These 
investigations were performed with the support of 
five Spanish archivists in the General Archive of the 
Royal Palace in Madrid (which had no record of 
Schneider’s visit in 1962), in the Archivo General 
(General Archive) of Simancas, and in the Archivo 
de la Real Chancilleria (Archive of the Royal 
Chancery) of Valladolid. No documents could be 
found to support the contention that Philip’s treasur- 
er had purchased a large blue diamond—or other 
stones from India and Portugal—“as early as 1664.” 
In addition, the archivists were unaware of any 
records being lost during the Spanish Civil War. 

Our 2007 research also reviewed the invoices of 
the silver- and goldsmiths of the Spanish Court in 
the General Archive of the Royal Palace in Madrid 
from 1660 to 1669 for any mention of a large blue 
diamond, without success. Similarly, the invoices of 
court treasurers Baltasar Molinet, Antonio de Leon, 
and Agustin Spinola for 1660-1669, stored in the 
Valladolid archive, have no mention of a great blue 
diamond. One document in particular (found in file 
number 1816-19) seems to rebut de Smet’s con- 
tentions. This record dealt with Margarita Teresa’s 
trip to Vienna in 1666 to prepare for her marriage to 
Emperor Leopold I (Widorn, 1960). The document 
includes several quotes from goldsmith Luis de 
Saualca, who had set diamonds for Margarita 
Teresa’s mother, Queen Maria Anna (1634—96), and 
who would likely have been commissioned to set a 
stone such as the Wittelsbach Blue (J. Menéndez 
Trigos, pers. comm., 2007). Again, however, there is 
no mention whatsoever of such a diamond. 
Therefore, Schneider’s statements (de Smet, 1963) 
dealing with Spanish origins of the Wittelsbach Blue 
must be considered unsubstantiated. The only men- 
tion we could find of such a diamond as part of the 
dowry was in statements made by Margarita Teresa 
after she had reached Austria. 


Vienna. Margarita Teresa married her uncle, Emperor 
Leopold I (1640-1705), in Vienna in 1667 (Widorn, 
1960). Figure 3 shows the young Empress with her 
daughter Maria Antonia three years after the mar- 
riage. The marriage contract, dated December 18, 
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1663, and currently stored in the Austrian State 
Archive in Vienna (Marriage contract .. . , 1663), con- 
tains no mention of a large blue diamond, so the 
stone likely was not acquired before this date. In 
1673, six years after the marriage, Margarita Teresa 
died. In her testamentary bequest (figure 4), she stat- 
ed that her daughter, Maria Antonia, was her sole 
heiress (Widorn, 1960), with one exception: a pre- 
cious ornament, which she had brought from Spain, 
was left to Leopold: “a great breast ornament with a 
great diamond in the midst.” Though the blue color 
is not mentioned, this diamond was most likely the 
future Wittelsbach Blue: No other large diamond is 
known to have been possessed by Margarita Teresa, 
and the court officials at the time would not neces- 
sarily have recorded the diamond’s color (I. Aguirre, 
pers. comm., 2008; G. Gonsa, pers. comm., 2008). 
Schneider claimed that, on Leopold’s marriage to 
his third wife, Eleonora Magdalena, in 1676 (after the 
death of his second wife, Archduchess Claudia 
Felicitas, heiress of Tirol, that same year], he “was so 
enchanted by her beauty” that he gave the Empress 
“all the jewelry which he had inherited” from 
Margarita Teresa (de Smet, 1963, p. 18). Schneider 
also suggested (de Smet, 1963) that Empress Eleonora 
Magdalena gave the Wittelsbach Blue by testamen- 
tary bequest to her granddaughter, Archduchess 
Maria Amalia (1701-1756); he based this on docu- 


Figure 4. The Testamentary Bequest of Margarita 
Teresa, dated March 28, 1673, appears to leave the 
Wittelsbach Blue to her husband Emperor Leopold I. 
The document reads, “In an Indian writing box. No 1. 
An ornament of diamonds from her Mqj., the Empress 
brought from Spain; with thick and thin stones with 
some rhombs; this consists of the following pieces. A 
great breast ornament with a great diamond in the 
midst.” The color of the diamond is not mentioned. 
Courtesy of the Austrian State Archives, Vienna, 
HHStA FUK 1745, 1 and 2. 
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Figure 5. Archduchess Maria Antonia (seen in figure 3 
as a toddler) is shown here at the age of 15. She mar- 
ried Bavarian Elector Max Emanuel in 1685, but was 
not happy with her husband and returned to Vienna 
in 1692. Painting by Benjamin von Block, 1684; cour- 
tesy of the Kunsthistorisches Museum, Vienna. 


ments relating to the “Trousseau of Archduchess 
Maria Amalia.” However, investigations in the 
Austrian State Archive between August 2006 and 
July 2008 failed to uncover any records supporting 
Schneider’s claims. 

Nor does Empress Eleonora Magdalena’s testa- 
mentary bequest, written between 1711 and 1720, 
make any mention of leaving the Wittelsbach Blue 
to Maria Amalia. During her lifetime, Eleonora 
Magdalena distributed her jewels to her daughters 
and also one piece to her son Joseph (Maria Amalia’s 
father), who had succeeded Leopold as Emperor in 
1705, but she did not itemize gifts for her grand- 
daughters. She left such decisions to her heirs. 
However, other documents in the Austrian State 
Archives may lead to a new explanation for the 
transfer of the Wittelsbach Blue to Maria Amalia. 

Archduchess Maria Antonia (figures 3 and 5), 
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Figure 6. These portions of the General Inventory of 
Maria Antonia, dated September 22, 1685, indicate 
that she, too, owned a large diamond but with no 
mention of the color. They read: “General inventory of 
her Duchess Highness’s Jewelry, Silver, Clothing and 
Silk garments” (top); and (bottom) “Inventory of her 
Duchess Highness’s jewelry. A diamond jewel of thick 
and thin stones, which by her Maj. the Empress was 
brought from Spain, consists of the following pieces. A 
great breast trinket with a thick stone in the midst.” 
Note the similarity to the description in figure 4. 
Courtesy of the Austrian State Archives, Vienna, 
HHStA FUK 1777. 


daughter of Margarita Teresa and Leopold, married 
Bavarian Elector Maximilian II Emanuel Wittels- 
bach (1662-1726) in July 1685. But it was not a 
happy marriage, and in early 1692, her husband left 
Munich to become governor of the Spanish 
Netherlands in the midst of the Nine Years War 
(1688-1697) and she returned to Vienna. According 
to Maria Antonia’s “General Inventarium” 
(General Inventory .. . , 1685; figure 6), prepared at 
the time of her marriage, she then possessed all the 
jewelry that her mother had brought from Spain in 
1667 as her dowry. This 1685 document listed the 
large ornament with “a thick stone in the midst,” 
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using nearly identical language as in her mother’s 
1673 bequest (figure 4), though still with no men- 
tion of the blue color. Although this ornament, 
again certainly the future Wittelsbach Blue, had 
been left to Leopold by Margarita Teresa, it seems 
clear that he passed it to his daughter for her dowry 
rather than giving it to Eleonora Magdalena as 
Schneider suggested. 

This is further supported by Maria Antonia’s 
testamentary bequest of 1692 (figure 7), which 
stated that the gold jewelry her mother brought 
from Spain should stay at the Bavarian court. 
However, by the time of her death in December of 
that year, the “Bavarian court” no longer existed 
as such—Maximilian I] Emanuel had by then 
moved his household to Brussels. Though he 
returned briefly in 1701, the War of the Spanish 
Succession, which began that year (and in which 
Bavaria and Austria fought on opposing sides], 
would largely keep him away from Munich until 
the Treaty of Utrecht in 1713. During all this 
time, Maria Antonia’s jewelry remained at the 


Figure 7. Maria Antonia’s Testamentary Bequest, 
dated December 12, 1692, also indicates that she 
inherited some of the jewelry that her mother brought 
from Spain. It reads: “Yet I procure in memory of my 
beloved husband the diamond ornaments and the 
pearls around the neck and hands, which my beloved 
had given to me after the promise; then thirdly the 
Spanish ornaments set in gold that have to stay at all 
times at the Bavarian court and should never be dis- 
posed.” Courtesy of the Austrian State Archives, 
Vienna, HHStA FUK 1793/1-4. 
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Hapsburg court in Vienna, where it had been at her 
death, effectively under Emperor Joseph’s control. 
Thus, these documents may explain why the 
future Wittelsbach Blue became part of Maria 
Amalia’s dowry in 1722, when she, Emperor 
Joseph’s second daughter, married Bavarian Crown 
Prince Charles Albert (1697-1745). 


CROWN JEWEL OF BAVARIA 


Munich. Charles Albert was the son of Maximilian 
II Emanuel and his second wife, Princess Therese 
Kunigunde Sobieska. In the inventory of the mar- 
riage contract (figure 8), it was agreed that Maria 
Amalia would bring from Vienna to Munich “gems, 
jewels, and ornaments,” and that inventory docu- 
mented for the first time “a large blue brilliant, 
encircled with small brilliants.” The official bridal 
portrait of Maria Amalia, painted in 1722 by Frans 
van Stampart (Glaser, 1976) and currently exhibited 
at Castle Hamelschenburg in Emmerthal, Lower- 
Saxony, shows Maria Amalia wearing a hair orna- 
ment set with a blue diamond that is clearly identi- 
fiable as the Wittelsbach Blue (figure 9). This paint- 
ing is the oldest visual record of the diamond. 
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Figure 8. Inventory of the marriage contract 
between Maria Amalia and Crown Prince 
Charles Albert of Bavaria, dated 1722. The top of 
the contract shows a merger of the heraldic 
emblems of the Houses of Wittelsbach (blue and 
white) and Hapsburg (red and white). The cover 
(left) reads in part: “Inventory of the pieces of 
precious jewelry and clothes which belong to Her 
Highness Princess Maria Amalia, Archduchess of 
Austria as married Princess of Bavaria.” Above is 
the entry for the Wittelsbach Blue, reading 
“Whole diamond ornaments. No. 1: A large blue 
brilliant, encircled with small brilliants, price 
240,000 guilders.” Courtesy of the Bavarian 
Secret House Archives. 


fA-oree: 


Figure 9. In what is believed to be the oldest painting 
of the Wittelsbach Blue, Maria Amalia’s bridal por- 


trait shows the large blue diamond as the centerpiece 
in her hair ornament. Detail from a painting by Frans 
van Stampart, 1722; courtesy of Lippold von Klencke, 
Castle Hamelschenburg. 
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of the House of Wittelsbach. It occupied this unique 
position from 1807 to 1931. 

European crowns typically have a main stone 
that exceeds all other personal possessions of the 
ruler in size, color, and value. The Bavarian crown 
was a state symbol of a constitutional monarchy, 
and its legal possession was an outward sign of the 
legitimacy of the king. In Bavaria, the crown and 
other regalia, such as the sceptre, sword, orb, and 
the like, served as symbols of the sovereignty of the 


Figure 11. Maria Amalia’s son, Elector Maximilian III 
Joseph, had the Wittelsbach Blue set in a badge of the 
Order of the Golden Fleece in 1761. The blue stone in 
this figure is a glass imitation. Altogether, 700 dia- 
monds were used in the setting (many of which are 
small or not visible here). Photo by J. Evers. 


ee, eee. 
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Figure 10. After her accession as empress in 1742, 
Maria Amalia wore the Wittelsbach Blue mounted in 
her crown (on the table to her right). This detail is 
from a picture painted in 1766, 10 years after her 
death. From the atelier of Georges Desmarées; cour- 
tesy of the Bavarian Palace Department. 


After the 1742 coronation of her husband, 
Emperor Charles VII, now-Empress Maria Amalia 
wore the Wittelsbach Blue in a crown made to 
resemble the Ottonian imperial crown (Ottomeyer, 
1979, figure 10; the Ottonian dynasty was a line of 
Holy Roman emperors during the 10th and 11th 
centuries). 

Maria Amalia died in 1756 and in 1761 her son, 
Elector Maximilian II Joseph (1727-1777), had the 
Wittelsbach Blue mounted in a badge of the Order of 
the Golden Fleece, surrounded by large white and 
yellow diamonds (Schatzkammer der Miinchner 
Residenz, 1937; Brunner, 1970, 1977; figure 11). This 
badge is currently displayed in the Treasury of the 
Munich Residence, though with the Wittelsbach 
Blue replaced by a glass imitation (Ottomeyer, 1979). 
A January 1774 inventory of all jewels stored in the 
Munich Treasury described the “Carat 36” Wittels- 
bach Blue as the most precious gem in the collection, 
with a value of 300,000 guilders (see the GG Data 
Depository at www.gia.edu/gemsandgemology). 

In January 1806, the kingdom of Bavaria was 
founded with Maximilian I Joseph as its first king. 
The new royal Bavarian crown (figure 12) promi- 
nently featured the Wittelsbach Blue in the orb 
under the cross, representing the heraldic blue color 
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new kingdom during the opening of parliament, the 
oath of each new King of Bavaria, and other state 
ceremonies (unlike the practice in other monar- 
chies, the Bavarian crown was not used in corona- 
tions or worn by the king]. Thus, the jewel on the 
top of the crown had a meaning beyond its material 
existence (Puhle, 2006). 

The crown was designed in 1806 by Charles 
Percier, a famous Paris architect and designer for 
Emperor Napoleon I. Actual construction was by 
goldsmith Martin-Guillaume Biennais and his 
craftsmen. The jeweler Borgnis in Frankfurt served 
as an intermediary to match existing gems in the 
treasury with new acquisitions to complete the ring 
of pearls and the settings of various secondary stones 
(Ottomeyer, 1979; Erichsen and Heinemann, 2006). 

The Munich Residence was the city palace of the 
Bavarian dukes, electors, kings, and emperors from 
1508 to 1918. The Treasury of the Munich 
Residence, located on the ground floor in the eastern 
part of the Royal Palace (figure 13), is among the 
foremost of such collections in Europe (Heym, 1999). 
Until 1931, the most precious gem stored here was 
the Wittelsbach Blue. In a general bill (“General- 
rechnung”) from 1807, the Wittelsbach Blue was 
appraised at 300,000 florins, as much as all other 
royal ornaments combined (Ottomeyer, 1979). 


DISAPPEARANCE AND REDISCOVERY 


London. In 1918, at the end of the First World War, 
the Kingdom of Bavaria was replaced by the demo- 
cratic Free State of Bavaria. After years of difficult 
negotiations, a contract was arranged in 1923 
between the House of Wittelsbach and the Wittels- 
bach Equity Foundation (WAF). All former proper- 
ties of the House of Wittelsbach, including the 
inventory of the Treasury of the Munich Residence, 
were transferred to the WAF to be displayed in pub- 
lic museums. In an appendix, it was stated that the 
sale of any property belonging to the WAF required 
the approval of the Bavarian state government. In 
1931, the House of Wittelsbach and its head, Crown 
Prince Rupprecht, were faced with grave financial 
problems (Verkauf... ,” 1931), so much so that 
the WAF decided to sell the Wittelsbach Blue and 
various other jewels through the auction house of 
Christie, Manson & Woods (later Christie’s) in 
London (Christie, Manson & Woods, 1931). The 
Bavarian State Government, under minister presi- 
dent Dr. Heinrich Held, gave the required export 
permission for the Wittelsbach Blue. However, at 
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Figure 12. From 1807 to 1931, following the establish- 
ment of the Kingdom of Bavaria by Maximilian I 
Joseph in 1806, the Wittelsbach Blue sat at the top of 
the royal Bavarian crown. As with the badge in figure 
11, it has since been replaced by an imitation made of 
blue glass. Photo by J. Evers. 


the London auction on December 21, 1931 (figure 
14), bidding failed to reach the reserve price, and the 
Wittelsbach Blue was not sold (Bruton, 1981). From 
the day of the auction until 1961, the whereabouts 
of the diamond were not publicly known. 


Figure 13. The Royal Palace of the Munich 
Residence was built over 10 years, from 1823 to 
1832. The Treasury of the Munich Residence is on 
the first/ground floor, to the right of the entrance 
as one goes into the building. It was home to the 
Wittelsbach Blue during most of the 19th and early 
20th centuries. Photo by J. Evers. 
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Antwerp, Brussels, and Bruges. Acting in secret, the 
WAF sold the Wittelsbach Blue in Antwerp in 1951 
to a merchant specializing in jewels and ornaments 
(Kuballa, 1964; Biehn, 1965). Baron Teuchert, speak- 
ing for the administration of the WAF, later stated 
that they did not know the name of this buyer 
because he was represented by an agent (“Der Blaue 
Wittelsbacher... ,” 1964). Later in 1951, the 
Wittelsbach Blue was resold to Antwerp diamantaire 
Romi Goldmuntz (Kuballa, 1964; figure 15), one of 
the world’s most prominent diamond dealers (de 
Smet, 1963; “Er rtihrte .. . ,”” 1972; Laureys, 2006). 
Recently, Dr. Gerhard Immler, director of the 
Bavarian Secret House Archives, shared with one of 
the authors (JE) his research into the sales of precious 
art and gems by the WAF in the early 1950s. At the 
time, the WAF needed funds to repair damage to 
their properties that was sustained during World 
War II. The most direct method for obtaining these 
funds was by selling art in the WAF’s collection. The 
responsible ministries and their leading secretaries, 
as well as the Bavarian minister president, supported 
the decision (G. Immler, pers. comm., 2006). 
However, the financial situation of the WAF in 
the 1950s, as judged by statements made by mem- 


Figure 14. In 1931, the Wittelsbachs were forced to 
put the Wittelsbach Blue (apparently once again 
mounted in the Golden Fleece ornament in figure 11) 
and numerous other items of jewelry up for auction. 
Shown here is the diamond’s entry in the auction cat- 
alogue; it did not sell. Note that the carat weight as 
given here is incorrect. 
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Figure 15. Romi Benjamin Goldmuntz (1882-1960) 
was one of the greatest diamond dealers in the world. 
In 1951, he purchased the Wittelsbach Blue in 
Antwerp, after it was sold in secret that year by the 
WAF. Photo by Beurs van Diamanthandel. 


bers of the House of Wittelsbach during a court case 
in 1962 ("Wer hat denn... ,” 1962), do not seem to 
bear out a dire need to sell the diamond. Then, the 
funds of the WAF were estimated to be DM 
300-500 million. The value of the Wittelsbach Blue 
in 1951, based on events during the 1960s (see 
below) was probably about DM 1 million. 
Compared to the estimate of the WAF’s total funds, 
an additional DM 1 million gained by selling the 
Wittelsbach Blue—the most precious piece of the 
Munich crown jewels—seems to be a very small 
improvement, even in a strained financial situation. 

From April 17 to October 19, 1958, the 
Universal and International Exhibition (EXPO’58) 
was held in Brussels. Forty-seven Belgian jewelers, 
including Romi Goldmuntz and J. Komkommer & 
Son, displayed their gems at the Belgian Diamond 
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Industry pavilion (Exposition Universelle et 
Internationale de Bruxelles, 1958, 1961; Official 
Guide ...,” 1958). There, among other gems, Gold- 
muntz displayed the Wittelsbach Blue—without 
giving its name or origin. Nor was it known at the 
time that Goldmuntz was the owner of the large 
blue diamond. Further, though the Wittelsbach Blue 
was one of the largest and most historic blue dia- 
monds in the world, not one of the millions of 
EXPO visitors—including diamond expert and later 
purchaser Jozef Komkommer—appeared to recog- 
nize it (de Smet, 1963). 

After Goldmuntz’s death in 1960, his heirs dis- 
covered the diamond in his gem collection, think- 
ing it nothing but a large old-mine-cut stone. Not 
knowing the origin of the blue gem, in August 1961 
they asked Antwerp jeweler Jozef Komkommer to 
recut it into a “pear-shape, emerald-cut or oval” (de 
Smet, 1963, p.7). However, contrary to de Smet’s 
claims, Komkommer may not at first have realized 
what they had brought him. In a January 2008 inter- 
view with Jan Walgrave, former director of the 
Provincial Diamond Museum Antwerp, Komkom- 
mer’s son Jacques claimed that he initially suggest- 
ed a probable historic origin for the blue gem (J. 
Walgrave, pers. comm., 2008). Father and son com- 
pared characteristic data for historic diamonds in 
The Diamond Dictionary (Copeland et al., 1960), 
and in doing so quickly identified the unknown 
blue diamond as the missing Wittelsbach Blue. 
Together with some closely associated jewelers, 
Jozef Komkommer purchased the Wittelsbach Blue 
on August 28, 1961 (Burgerwelzijn, 1962; V. De Boi, 
pers. comm., 2007). 

Soon thereafter, Komkommer contacted the 
Treasury of the Munich Residence—including 
Duke Albrecht of Bavaria, then head of the House of 
Wittelsbach, and Baron Teuchert of the WAF— 
offering to sell back the diamond. We do not know 
the price he quoted, but it has been reported as 
either DM 1.5 million (~$375,000; “Der Blaue 
Wittelsbacher .. . ,” 1964) or DM 2 million (“Wer 
hat denn... ,” 1962). Whatever the price, Duke 
Albrecht refused the offer. Baron Teuchert, for his 
part, called the Wittelsbach Blue an “unproductive 
asset” not worth buying back (Der Blaue Wittels- 
bacher... ,”1964). He also then revealed where the 
diamond had been during 1931-1951: back in the 
WAF’s safe in Munich. 


Lucerne, Hamburg, and Diisseldorf. Spurned by the 
Wittelsbachs, Komkommer sought other buyers. 
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On August 14, 1963, during the International 
Lucerne Music Festival, he exhibited the 
Wittelsbach Blue at the Giibelin jewelry store, then 
overseen by famed gemologist Dr. Edward Giibelin. 
At the time, the Wittelsbach Blue was valued at 
about 2. million Swiss francs or around $500,000. 
Publicity was high: Three local newspapers reported 
on the event (“Ein beriithmter Steinerner ... ,” 1963; 
“De Grote Blauwe Diamant... ,” 1963; “Der 
‘Wittelsbacher’ in Luzern,” 1963). Komkommer had 
hoped to sell the Wittelsbach Blue to one of the fes- 
tival guests, but by mid-September had seen no suc- 
cess. However, while the stone was in Lucerne, Dr. 
Gtbelin was able to conduct the first gemological 
examination of the diamond (see below). 

In 1964, Hamburg jeweler Renatus Wilm recog- 
nized a chance to sell the Wittelsbach Blue to one 
of his countrymen (Kuballa, 1964, Biehn, 1965). 
Some “residual patriotism” led him to fear that 
this most important historic German gem could 
“drift to America,” as had happened earlier with 
the Hope diamond. Komkommer and Wilm 
entered into a contract: Wilm would earn a $50,000 
finder’s fee if he sold the Wittelsbach Blue by 
January 31, 1965, but Komkommer would get the 
same amount of money from Wilm should Wilm 
be unsuccessful (Kuballa, 1964; Biehn, 1965). To 
this end, Wilm exhibited the Wittelsbach Blue in 
his jewelry shops in Dtisseldorf and Hamburg dur- 
ing October. 

Wilm’s efforts saw more success than those of 
Komkommer. At the end of 1964, he sold the 
Wittelsbach Blue and earned his $50,000. The name 
of the buyer was not disclosed. 


SOLD TO A PRIVATE PARTY 

Antibes and Zurich. Here, the previously published 
history of the Wittelsbach Blue (e.g., Gaal, 1977; 
Bruton, 1981; Balfour, 1997; Morel, 2001) comes to 
an end, with the fate of the diamond after 1964 
largely a mystery. In March 2006, we began our 
investigations to determine the name of the private 
purchaser in the digital archives of German news- 
papers and magazines. Our attention soon focused 
on Helmut Horten (1909-1987) of Diisseldorf, at 
one time the owner of one of Germany’s largest 
department-store chains. One of the authors (RD) 
had first speculated on Horten’s identity as the 
buyer of the Wittelsbach Blue in an article pub- 
lished in a small journal on Palatine topography in 
1982 (Dréschel, 1982). 
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polarizing microscope clearly proves the 
matrix to consist of an aggregate of quartz 
gtains, hence, could more correctly be 
termed guartzite. When it is possible to 
obtain a refractometer reading the values 
obtained are found to be consistent for 
those of crystal quartz, and in some cases 
the two shadow-edges of the birefringent 
rays are able to be measured (1.544 - 
1.553). The hardness is also similar, 7 on 
Mohs’s scale, and the material, owing to 
its granular nature, shows an uneven or 
hackly fracture and not the typical con- 
choidal fracture associated with quartz crys- 
tals. The density of a number of different 
varieties of these quartz aventurines was 


Figure 5. Green Aventurine Quartz. 
Granular structure of the quartzite 
shown by polarized light. 25X. 


determined and in no case were they found 
to be outside the range 2.64 to 2.66, which, 
taking into consideration the slight im- 
purities due to the inclusions, accords well 
for the value of 2.651 for pure rock crystal. 

The aventurine feldspar, perhaps better 
known as suzstone, is a variety of oligo- 
clase, an intermediate member of the series 
known as the plagioclases, the end members 
of which are albite (NaAI!SisOx) and an- 


orthite (CaAl.Sis0s). The aventurescent ef- 
fect being due, as in the case of the quartz 
aventutines, to included flakes of an iron 
mineral, possibly haematite or goethite’ 
(goethite is a hydrous iron oxide and is so 
named after the German poet-philosopher 
— Goethe), the blood-red flakes of these 
minerals causing the striking iridescent 
aventurescence which gives to the colorless 
oligoclase matrix a rich golden, or reddish 
brown color. The spangled effect differs 
somewhat from the quartz type; it is live- 
lier, the platelets are larger and are often 
in parallel arrangement so that the reflec- 
tions tend to show as pronounced bright 
areas at certain angles of reflection. 


The hardness of oligoclase approximates 
to 6 on Mohs’s scale and any fracture is 
completely overshadowed by the two direc- 
tions of easy cleavage —a dangerous weak- 
ness in fashioned material. In hand speci- 
mens of rough material the cleavages are 
very evident, the more perfect direction, the 
basal (001), also showing the fine striations 
due to the polysynthetic twinning so com- 
mon in the feldspars. The prismatic cleav- 
age (010) is somewhat less perfect, the 
cleavage angle between the two directions 
being 86° 32’. 

Unlike the quartz aventurine, thin sec- 
tions of sunstone show between crossed 
nicols no sign of granular structure, but 
extinguish fairly regularly at 90°. The 
density, determined by the writer on a 
number of specimens, has been found to 
be 2.64, with a possible variation of +-.01; 
and the refractive indices to be about 1.535 
— 1.544. These values accord to a mole- 
cular ratio of approximately seventy-five per 
cent albite and twenty-five per cent anorth- 
ite. The source of the best sunstone is at 
Tvedestrand and Hitero on the south coast 
of Norway where the mineral occurs as 
irregular masses in veins of white quartz . 
traversing gneiss. Another locality is at 


(5) Smith (G. F. H.) Gemstones. 
Menthuen. London. 1949. p. 359. 
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Figure 16. This photo of the Wittelsbach Blue was 
taken by Ernst Albrecht Heiniger and his wife Jeanne 
after years spent tracking down the diamond. The 
mounting was created in the 1960s by Harry Winston 
and was designed to reduce the visibility of the 
extremely large culet, and thus improve the overall 
appearance of the historic stone. Reprinted by permis- 
sion of J. Heiniger. 


The first reports connecting Horten with an 
unnamed 35 ct blue diamond were published in 
1966. Horten had married in secret that year; his 
bride was a young secretary from Vienna named 
Heidi Jelinek, 32 years his junior (Bissinger and 
Lebeck, 1971a). Reports of the wedding appeared in 
the Rheinische Post (Diebacker, 1966) and other 
publications (Adabei, 1966a,b) on August 3, 1966. 
Among other salacious details about the party at 
which Horten celebrated his second marriage, the 
article reported that Horten had presented his wife 
with a 35 ct blue diamond as a wedding gift. For 
Rheinische Post journalist Diebacker, the article 
had severe consequences (J. Diebacker, pers. comm., 
2006). Horten withdrew all advertisements for his 
stores (in the order of DM1.5 million), demanding 
that Diebacker be fired. Fortunately for Diebacker, 
the publishers of Rheinische Post refused. (The two 
other articles—Adabei, 1966a,b—were published 
pseudonymously.) 

A two-part 1971 article in Stern magazine (Bis- 
singer and Lebeck, 1971a,b) provided more details of 
the Hortens’ post-wedding party at Cap d’Antibes, 
France, which according to Diebacker featured per- 
formances by the famed BlueBell Girls dancing 
troupe from Las Vegas, a ballet troupe from Tokyo, 
a dancing group from Oslo, and musicians from 
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Greece (Diebacker, 1966). Reportedly, Helmut 
Horten presented the diamond to Heidi by simply 
pulling it from his trouser pocket in the midst of 
this gala. The 240 guests in attendance likely did 
not realize that the blue gem at the center of this 
scene was irreplaceable, once part of the Treasury of 
the Munich Residence. 

Other popular journalists were also seeking the 
diamond. Academy Award-winning Swiss film pro- 
ducer Ernst Albrecht Heiniger (1909-1993; L. 
Piccolin, pers. comm., 2004) and his wife Jeanne 
were also avid gem photographers. The Great Book 
of Jewels (Heiniger and Heiniger, 1974) includes the 
story of their years-long search for the Wittelsbach 
Blue in the early 1970s. 

The Heinigers had traveled thousands of miles 
to locate the gem without success. The diamond 
was nowhere to be found, and the name of the 1964 
purchaser “was guarded with utmost secrecy” 
(Heiniger and Heiniger, 1974). Finally, after three 
years, they learned by chance that the Wittelsbach 
Blue was stored in a vault not far from their photo 
studio in the Zurich Bahnhofstrasse (G. Kling, pers. 
comm., 2007). Photographing the Wittelsbach Blue 
required lengthy negotiations and a costly insurance 
policy (Heiniger and Heiniger, 1974). In addition, 
they were required to sign documents stating that 
they would never reveal any information about the 
owner or the stone’s location. The photo of the 
Wittelsbach Blue taken by the Heinigers is shown 
in figure 16. 

A variety of other reports of the blue diamond 
appeared in German publications over the ensuing 
decades (e.g., Neuhauser, 1971; Zipser, 1991). 
Although no other blue diamond of this particular 
weight has ever been reported, none of these articles 
identified the stone as the missing Wittelsbach Blue. 
However, a brief 1979 article discussing the 70th 
birthday celebration of Helmut Horten (“70 Jahre H. 
Horten,”) finally confirmed the Hortens’ ownership 
of the historic diamond. The article mentioned that, 
in 1966, Horten had presented Heidi with one of the 
greatest diamonds that ever adorned a woman: the 
famous “Wittelsbach Blue” (figure 17). 

In March 2006, 27 years after this article 
appeared, one of the authors (JE) asked the Welt am 
Sonntag editor responsible for the 1979 report 
about its factual basis. He replied that the paper 
would not have published information on a stone 
like the Wittelsbach Blue from the private life of a 
person like Helmut Horten without his specific 
agreement. 
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The authors also contacted Jeanne Heiniger in 
September 2007 asking her to review the sections 
of this article dealing with the Hortens’ ownership 
and the Heiningers’ photograph of it. She answered 
by e-mail that “no addendum and no correction” 
were required (J. Heiniger, pers. comm., 2007). This 
is the second independent “source” for the 
Hortens’ ownership. 


St. Moritz and London. In November 2.006, the 
authors received a report that the elusive Wittels- 
bach Blue had recently been displayed in a private 
exhibition at the Bulgari store in St. Moritz, 


Figure 17. This brief article in the January 7, 1979 
issue of the German national Sunday newspaper Welt 
am Sonntag, marks Helmut Horten’s 70th birthday, 
and for the first time publicly links Horten and his 
wife with the Wittelsbach Blue. 


70 Jahre 
H. Horten 


ws. Ziirich 


Horten lebt heute in der 
Schweiz — zusammen mit seiner 
zweiten Frau Heidi, einer gebtir- 
tigen Wienerin. Bevor er sie 1966 
heiratete, schenkte er ihr als Zei- 
chen seiner Verehrung einen der 
gréBten rae pp der je eine 
Frau zierte: den berithmten 
»Blauen Wittelsbacher“ yon 35,3 
Karat. 


Der ,,Wittelsbacher" (1:1) 
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Switzerland. This exhibition and a later one in 
Vienna were probably the first indications that 
Heidi Horten planned to sell the Wittelsbach Blue. 

In November 2008, Christie’s announced that 
the Wittelsbach Blue would be sold at auction in 
London on December 10, 2008 (Christie’s, 2008a,b; 
Kratzer and Evers, 2008). This auction was con- 
ducted at Christie’s headquarters—the same build- 
ing where the Wittelsbach Blue was unsuccessfully 
offered nearly 80 years earlier. The winning bid was 
placed by London jeweler Lawrence Graff, who 
paid a hammer price of £16,393,250, or just over 
$24.3 million and $683,000 per carat (Christie’s, 
2008c). This is a record price for any diamond or 
piece of jewelry at auction. The WAF did not par- 
ticipate in the auction, but the authors have been 
told that it intends to negotiate with Graff to pur- 
chase the diamond (R. Borchard, pers. comm., 
2.008). However, no decisions in that respect had 
been made when this article went to press. 


GEMOLOGICAL INVESTIGATIONS 

During the short period in 1963 and 1964 between 
the rediscovery of the Wittelsbach Blue by Jozef 
Komkommer and its sale to Horten, a few diamond 
specialists had the opportunity to examine it. In 
addition to Dr. Giibelin, these included Finnish jew- 
eler and diamond historian Herbert Tillander, who 
measured the cut, weight, and dimensions (Tillan- 
der, 1965). Hamburg jeweler Renatus Wilm, who 
had sold the Wittelsbach Blue to Horten in 1964, 
supported Tillander’s findings. Most recently, the 
Christie’s catalogue in which the diamond appears 
published a copy of the September 24, 2008, GIA 
Colored Diamond Grading Report on this stone 
(Christie’s, 2008b, p. 126). 

The rough diamond from which the 
Wittelsbach Blue was cut was probably a flat slab 
about 9 mm thick. This can be deduced from the 
broad proportions of the cut and the extremely 
large culet. Where the Wittelsbach Blue was cut 
and polished cannot be stated with certainty, but 
Paris (Morel, 1988), Lisbon and Venice (Tillander, 
1995), and Bruges, Antwerp, and London (Bruton, 
1981) have all been proposed in the literature. 
Jozef Komkommer reported the polish of the 
Wittelsbach Blue as being “uncommonly smooth, 
smoother than the work of the very best polishers 
of today” (de Smet, 1963, p. 8). Tillander also 
reported that the “appearance of this stone is par- 
ticularly striking because of its unusually fine 
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Figure 18. Tillander’s sequence of drawings illustrates 
how the Wittelsbach Blue may have been developed 
from a variant of the pointed star cut (left). At center, 
the apex is replaced by a large table facet, after which 
star facets are added around the table (right). The 
complete facet diagrams are shown along the bottom. 
From Tillander, 1995. 


polish and the absolute flatness of the facet sur- 
faces” (Tillander, 1965). 

In the GIA report, the cut of the Wittelsbach 
Blue is described as a “cushion modified brilliant.” 
Like a modern brilliant cut, it shows excellent 
eightfold symmetry (figure 18). According to 
Tillander, it is basically a star cut (figure 18, top left) 
with its apex replaced by a table facet (figure 18, top 
center), so that the radially bisected girdle facets 
remained unchanged. Then, a brilliant cut was 
superimposed to complete the cut (figure 18, top 
right; Tillander, 1965). In addition to the main and 
girdle facets, the Wittelsbach Blue has double pavil- 
ion facets—perhaps unique for a historic diamond 
cut—with eight precisely developed facets around 
the culet (figure 18, bottom). According to Tillander 
(1995), it is the earliest known brilliant. 

Photos of the stone and the GIA report indicate 
that over the years the knife-edge girdle was dam- 
aged in several places (figure 19). One can only 
hope that a future owner of the Wittelsbach Blue 
does not repolish it in order to remove this minor 
damage, as it would result in a loss of the stone’s 
subtle original substance, identity, and historic 
form. However, a statement from Graff Diamonds 
shortly after the December 10 auction indicated 
that they intended to do just that, with the aim of 
making the diamond “flawless and a deeper color” 
(Reyburn, 2008). 

As noted, the first gemological characterization 
of the Wittelsbach Blue as a type IIb diamond was 
performed in 1963 by Dr. Giibelin (“De Grote 
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Blauwe Diamant... ,” 1963). Balfour (1987) later 
reported that Giibelin observed red phosphores- 
cence after exposure of the stone to short-wave 
ultraviolet radiation. Most blue diamonds display a 
chalky blue to green phosphorescence; only very 
rarely, as with the Hope diamond, do they exhibit 
red or orange-red (King et al., 2003; King et al., 
1998). Gtibelin also reported “strong semiconduc- 
tivity” (“Ein bertihmter Steinerner... ,” 1963; “De 
Grote Blauwe Diamant... ,” 1963). In a letter that 
accompanied the diamond grading report 
(Christie’s, 2008b, p. 124), GIA confirmed that the 
35.56 ct diamond was a type IIb with a moderate 
concentration of boron and that it had “bright and 
persistent red phosphorescence,” similar to that pre- 
sent in the Hope diamond. It is also interesting to 
note that, like the Hope, the Wittelsbach Blue was 
color graded Fancy Deep grayish blue. The GIA 
report gave the clarity grade as VS, and the color as 
even. Polish and symmetry were “good,” and—as 
noted by others—the girdle was extremely thin. 
Measurements revealed a 64% table, extremely 
large culet, and 38.8% total depth. 


Figure 19. Over the centuries, the Wittelsbach Blue 
has sustained a certain amount of damage. The worst 
is to its knife-edge girdle, which suffered severe chip- 
ping over its three centuries of known history. Photo 
courtesy of Christie’s. 
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Figure 20. Jozef Komkommer (1911-1980), whose 
recognition of the Wittelsbach Blue in 1961 (with the 
help of his son) saved it from recutting, is shown here 
examining the diamond with a loupe. 
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CONCLUSION 


Helmut Horten died in Switzerland in November 
1987. Heidi Horten, who has no children, is now 
the richest woman in Austria, with assets of € 3.7 
billion (“Special report: The world’s billionaires,” 
2008). Although she can use and increase the pos- 
sessions of her former husband, she is not allowed 
to dispose of them in her will (Stern, 1971a; “Der 
Lotto-Gewinn des Jahres... ,” 1994). This may be 
the reason why she decided to sell the Wittelsbach 
Blue, which was her personal property, at the 
Christie’s auction. 

During the 30 years between 1931 and 1964, the 
list of poor decisions dealing with the fate of the 
Wittelsbach Blue is remarkable. However, one man 
made the right decision for the Bavarian blue dia- 
mond, at the right moment: Jozef Komkommer, 
who refused to recut the Wittelsbach Blue into a 
more modern shape and thereby preserved its sub- 
tle essence, historical identity, and importance. 
The photo of Jozef Komkommer examining the 
Wittelsbach Blue in figure 20 serves as a small 
monument to a conscientious man. 
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Fancy Dark Brown-Yellow Zoned 
Type Ha/IIb DIAMOND 


Type Ib diamonds are very rare; type IIb 
diamonds in brown hues are even rarer. 
While zoned type Ia/Ib diamonds have 
been reported (see, e.g., Lab Notes: Fall 
1993, p. 199; Summer 2005, pp. 
167-168), they are also far from com- 
mon. Therefore, the combination of 
properties exhibited by the diamond in 
figure 1, which was sent to the Carlsbad 
laboratory for a Colored Diamond 
Grading Report, is remarkable. 

The 3+ ct pear shape was color 
graded Fancy Dark brown-yellow. No 
color zoning was visible with magnifi- 
cation, even when the stone was 
immersed in methylene iodide. Inter- 
nal graining was colorless and weak. 
The diamond was inert to both long- 
and short-wave ultraviolet (UV) radia- 
tion from a standard gemological UV 
lamp, and exhibited no phosphores- 
cence. When examined between 
crossed polarizers, it exhibited a dense 
“tatami” pattern, with strong localized 
strain surrounding a crystal (the only 
solid inclusion observed). The stone 
also exhibited feathers and indented 


naturals. 


Editors’ note: All items are written by staff 
members of the GIA Laboratory. 
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LAB NOTES 


The mid-infrared (IR) spectra (fig- 
ure 2) clearly showed the presence of 
two diamond types: Ila and IIb. When 
the pear shape was oriented such that 
the shoulder end was sampled, the 
resulting spectrum was typical of type 
Ila diamond with no absorption from 
boron or nitrogen impurities. How- 
ever, when the point end was sampled, 
the spectrum exhibited bands at 2930 
and 2801 cm~!, which are characteris- 
tic of boron in type Ib diamond. This 
IIb spectrum was similar to that of a 
Fancy Dark greenish yellow-brown 
type Ib diamond examined at the New 
York laboratory in 2005 (again, see fig- 
ure 2), though the boron peaks in the 
2008 sample were less intense. 

The ultraviolet—visible-near infra- 
red (UV-Vis-NIR) spectra gathered 
from the present stone were typical of 
brown type Ila diamonds; absorption 
increased toward the blue end of the 
spectrum. This is in contrast to the vis- 
ible spectra for blue type Ib diamonds, 
in which absorption increases toward 
the red end (A. T. Collins, “The colour 
of diamond and how it may be 
changed,” Journal of Gemmology, Vol. 
27, No. 6, 2001, pp. 341-359]. 

In the DiamondView, the type Ila 
portions showed blue fluorescence and 
no phosphorescence, while the IIb 
regions exhibited much weaker blue 
fluorescence (figure 3) and short-lived 
weak blue/white phosphorescence. 
Boundaries between zones were irregu- 
lar—in some places linear and in others 
jagged (figure 4, left). The Ila portions of 
the stone exhibited “mosaic” disloca- 
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tions (figure 4, right), which are typical 
in natural Ia and Ib diamonds (e.g., P. 
M. Martineau et al., “Identification of 
synthetic diamond grown using chem- 
ical vapor deposition [CVD],” Spring 
2004 Gems &) Gemology, pp. 2-25). 
Additionally, a “flame” or “wave” 
structure observed in the fluorescence 
of the Ib region was replicated in the 
phosphorescence for that region. 

Since boron acts as an electron 
acceptor, type IIb diamond is classified 
as a semiconductor. When the electrical 
conductivity of the zoned diamond was 


Figure 1. This 3+ ct Fancy Dark 
brown-yellow diamond was 
found to be distinctly type zoned 
(IIa and IIb). 
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Figure 2. The mid-IR absorption spectra of the brown-yellow diamond in fig- 
ure 1 indicate the presence of type Ila and IIb zones. Also shown for compar- 
ison is the spectrum of a greenish yellow-brown type IIb stone. 


tested, the shoulder end (Ia) did not 
conduct, while the point end (IIb) was 
weakly conductive. This observation 
was not, in itself, conclusive, since type 
IIb diamonds are not homogeneously 
conductive, but it did correlate with the 
mid-IR and DiamondView results. 
Photoluminescence (PL) spectra 
collected with a 488 nm laser revealed 
the presence of the 3H peak (503.5 nm}, 
which has been reported before in type 
Ib diamonds (e.g., Fall 2004 Lab Notes, 
pp. 241-242). This peak occurred in 


spectra from both regions of the stone, 
but it was stronger in the Ib region. 
Spectra collected using three other 
laser wavelengths indicated that the 
stone was of natural color. Raman spec- 
troscopy (514.5 nm excitation) was 
used to try to identify the crystal inclu- 
sion, but no match could be found. 
This was unfortunate, since knowledge 
of the mineral might have provided 
valuable information pertaining to the 
origin of this exceptional diamond. 
Karen M. Chadwick 


Figure 4. The boundaries between the type zones are linear in some places 
and jagged in others (left); the type Ila regions in the diamond also show 
the subtle mottled appearance of “mosaic” dislocations (right). 
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Figure 3. This DiamondView 
image of the pavilion of the pear 
shape clearly shows the different 
type zones: moderate blue fluo- 
rescence for the type Ila region, 
and weak blue for the IIb zone. 


HPHT-Treated CVD SYNTHETIC 
DIAMOND Submitted for 
Dossier Grading 


Gems &) Gemology has reported on 
synthetic diamonds grown by the 
chemical vapor deposition (CVD) 
method for several years (e.g., W. Wang 
et al., “Gem-quality synthetic dia- 
monds grown by a chemical vapor dep- 
osition [CVD] method,” Winter 2003, 
pp. 268-283; P. M. Martineau et al., 
“Identification of synthetic diamond 
grown using chemical vapor deposition 
[CVD],” Spring 2004, pp. 2-25, and W. 
Wang et al., “Latest-generation CVD- 
grown synthetic diamonds from Apollo 
Diamond Inc.,” Winter 2007, pp. 
294-312). CVD synthetic diamonds 
have been submitted to the GIA lab 
(e.g., Lab Notes: Spring 2008, pp. 67-69, 
and Summer 2008, pp. 158-159), but 
those samples were as-grown, even 
though high-pressure, high-tempera- 
ture (HPHT) treatment of CVD syn- 
thetics is well known. 

The 0.21 ct round brilliant in figure 
5 was recently submitted for Diamond 
Dossier grading. Standard testing iden- 
tified it as a CVD synthetic. It was 
graded near colorless (GIA does not use 
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Figure 5. This 0.21 ct CVD syn- 
thetic diamond was found to be 
HPHT treated. 


letter grades on synthetic diamond 
reports) and VVS, with the clarity 
grade based on pinpoint inclusions. 
Between crossed polarizers, it exhibit- 
ed weak birefringence in shades of gray 
(figure 6). In comparison, the as-grown 
sample described in the Spring 2008 
Lab Note showed strong birefringence 
with high-order interference colors, 
consistent with the samples examined 
by Wang et al. (2007). 

The sample was inert to long-wave 
UV radiation but fluoresced weak yel- 
low to short-wave UV. In the Diamond- 
View, it fluoresced blue-green, with yel- 
low-green striations (figure 7), and 
exhibited weak blue phosphorescence. 
The fluorescence color was similar to 
the green luminescence of HPHT-treat- 
ed nitrogen-doped CVD synthetic dia- 
monds reported by Martineau et al. 
(2004), and it contrasted distinctly with 
the orangy pink to orangy red hues of 
the as-grown CVD synthetics described 
in the previous Lab Notes. The stria- 
tions are growth phenomena, and are 
typical of CVD synthetic diamonds 
(see, e.g., Martineau et al., 2004). 

The mid-IR spectra established 
that the sample was type Ila. Neither 
of the hydrogen-related peaks at 3123 
and 3107 cm! was detected. Mar- 
tineau et al. (2004) stated that the for- 
mer would be removed by HPHT 
treatment, while the latter could 
appear after HPHT treatment. A weak 
peak was observed at 1332, cm", con- 
sistent with the near-colorless sam- 
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Figure 6. The HPHT-treated CVD 
synthetic diamond shows weak 
birefringence in shades of gray, in 
contrast to the high-order inter- 
ference colors previously docu- 
mented in as-grown samples. 
Note the pinpoint inclusions. 
Field of view 1.73 mm. 


ples described by Wang et al. (2007). 
Photoluminescence spectra col- 
lected at liquid-nitrogen temperature 
(~77 K) with 488 and 514.5 nm laser 
excitation (figure 8) exhibited a very 


Figure 7. DiamondView imaging 
of the synthetic diamond shows 
blue-green fluorescence with yel- 
low-green striations, consistent 
with reports for HPHT-treated 
CVD synthetic diamonds. 


large peak doublet at 736.6/736.9 nm, 
due to the silicon-vacancy (Si-V) 
defect. Correspondingly, a very small 
doublet was recorded in the UV-visi- 
ble spectrum at ~737 nm; the spec- 
trum was otherwise featureless but 
with absorption rising toward the 


Figure 8. The PL spectra (at 488 and 514.5 nm laser excitation) of the 
HPHT-treated CVD synthetic diamond show a very large Si-V doublet at 


736.6/736.9 nm. 
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blue region, as is typical of a near-col- 
orless type Ila diamond. 

The Si-V defect was originally con- 
sidered indicative of CVD synthetic 
diamonds; however, recent work has 
shown that the defect also exists in 
some natural colorless and near-color- 
less diamonds (C. M. Breeding and W. 
Wang, “Occurrence of the Si-V defect 
center in natural colorless gem dia- 
monds,” Diamond and Related Mater- 
ials, Vol. 17, 2008, pp. 1335-1344). 
Large peaks were observed at 575.0 and 
637.0 nm (the zero-phonon lines [ZPLs] 
of the nitrogen-vacancy centers [N-V[° 
and [N-V]-, respectively), consistent 
with CVD synthetic diamond (see, e.g., 
Wang et al., 2003). In contrast to the as- 
grown CVD synthetic diamonds docu- 
mented in the two earlier Lab Notes, 
the PL spectra for this diamond did not 
exhibit a 596.5/597.0 nm doublet. 
Again, this is consistent with the 
HPHT-treated CVD synthetic dia- 
monds discussed by Martineau et al. 
(2004). The 488 nm spectrum did dis- 
play a large peak at 503.1 nm—the H3 
ZPL—associated with nitrogen. This is 
also consistent with the results of 
Martineau et al. (2004), and contrasts 
with the relative lack of H3 peaks in 
the near-colorless as-grown CVD syn- 
thetic diamond samples investigated 
by Wang et al. (2007). It appears that the 
H8 defect is introduced during HPHT 
annealing. 

We have seen very few HPHT- 
treated CVD-grown synthetic dia- 
monds in the laboratory, but the crite- 
ria discussed above allowed us to suc- 
cessfully identify this sample. 

Karen M. Chadwick 


QUARTZ with Secondary 
Covellite Dendrites 


The discovery of some unusual dendrit- 
ic inclusions in two transparent faceted 
quartz gems sent to the laboratory for 
examination helped us make a connec- 
tion between two separate notes previ- 
ously published in Gems e) Gemology. 
The first of these (Spring 2005 Lab 
Notes, pp. 47-48) described thin hexag- 
onal platelets of the copper sulfide cov- 
ellite in colorless and smoky quartz, 
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Figure 9. Discovered in colorless quartz reportedly from Paraiba State, 
Brazil, this dendrite is grayish green in transmitted light (left). In reflected 
light (right), it shows strong metallic pink reflectance, suggesting it is cov- 
ellite, which was confirmed by Raman analysis. Note the blue gilalite 
inclusions in the background. Field of view 4.39 mm high. 


said to be from Minas Gerais, Brazil. 
The material was being marketed as 
“pink fire” quartz due to the intense 
pink reflectivity of the numerous tiny 
covellite inclusions. These appeared to 
be primary to the formation of the host, 
since they were not associated in any 
way with surface-reaching cracks. As is 
characteristic for thin crystals of covel- 
lite, these inclusions also appeared gray- 
ish green in transmitted light. 

The second report (Fall 2005 Gem 
News International, pp. 271-272) dealt 
with inclusions of a blue-to-green min- 
eral in quartz, which occurred as jelly- 
fish-like radiating clusters. This miner- 
al was identified as gilalite, a hydrated 
copper silicate. The quartz was stated 
to have come from the Brazilian state 
of Paraiba, and is often sold as 
“Paraiba” quartz. 

Our recent examination of the two 
faceted quartz gems, which are report- 
edly from the same locality that pro- 
duced the gilalite inclusions, proved 
interesting, as both contained obvious 
black-appearing dendrites that were 
green in transmitted light (figure 9, 
left), with a bright pink reflectance 
color (figure 9, right). This was the 
same reaction previously reported for 
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hexagonal platy covellite inclusions, 
which suggested that these dendrites 
were also covellite. Moreover, one of 
the gems contained inclusions of 
gilalite (identified by their appearance) 
as well, indicating the presence of cop- 
per in the system. The dendrites were 
situated along surface-reaching frac- 
ture planes, proof that they formed 
after the quartz had crystallized. 

Since the broad edges of the inclu- 
sions had been polished through and 
were exposed at the surface, these den- 
drites made ideal targets for Raman 
microanalysis, which confirmed that 
they were covellite. Covellite is 
known to be a secondary copper min- 
eral in copper deposits, so the discov- 
ery of these dendrites as fillings in 
quartz was not surprising, even though 
such secondary inclusions in quartz 
have not been reported before. 

John I. Koivula and 
Karen M. Chadwick 


Induced Copper Contamination 
of TOURMALINE 
In recent years, Gem Identification has 


received numerous requests to analyze 
tourmalines for the presence of copper, 
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Figure 6. Red Aventurine Quartz. 
Siberia. Surface Structure. 25X. 


Figure 7. Red Aventurine Quartz. 
Surface structure of a type showing 
little aventurescence. The granular 
matrix appears to be filled with 
cracks. In some directions the mate- 
rial shows a fine-grained or pin- 
point aventurescence. 17X. 


Figure 8. Aventurine Feldspar (Sun- 
stone). Platy crystals as seen in a thin 
section. Norway. 25X. 


Figure 9, Aventurine Feldspar (Sun- 
stone). Structure as seen im micro- 
scopical examination of the surface, 
polished surface. (Monochrome fails 
to express the beautiful iridescent 
colors exhibited by the platy crys- 
tals.) Norway. 25X. 


Continued to Page 222 
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since (justifiably or not) copper-bearing 
tourmalines generally command sig- 
nificantly higher prices in the market- 
place than their non-cuprian counter- 
parts. Such analyses are typically con- 
ducted on surface and near-surface 
areas of the faceted gems. 

Since we are dealing with the detec- 
tion of trace elements (in parts per mil- 
lion), we invariably face the problem of 
accidental or deliberate surface contam- 
ination. As the experiments described 
below indicate, this can be accom- 
plished either by polishing a tourmaline 
on a copper lap, or by soaking the stone 
(faceted or in its rough state) in a concen- 
trated solution of a copper salt such as 
copper sulfate. Accidental contamina- 
tion from a copper lap is a very real pos- 
sibility, since copper laps are often used 
to polish gems such as tourmalines. 

To demonstrate the potential for 
this contamination, we started with 
two small (1-2 ct) faceted “watermel- 
on” tourmalines and analyzed them by 
energy-dispersive X-ray fluorescence 
(EDXRF). Neither stone showed any 
copper peaks. We then rubbed the tour- 
malines 10 times in a circular motion 
against a flat copper lap, using moder- 
ate thumb pressure. When we repeated 
the EDXRF analyses, a clear signal for 
copper appeared. 


At this point, we examined the 
tourmalines with a gemological 
microscope. We did not see any sur- 
face-reaching pits or cracks in the first 
tourmaline, only fine polishing lines. 
Nor did we see any evidence of copper 
on or in its surface. 

The other stone had no eye-visi- 
ble surface defects, but it did have a 
surface-reaching crack across the 
table that picked up minute amounts 
of microscopic copper when it was 
rubbed against the lap. In standard 
darkfield illumination, this contami- 
nant was seen as thin black smudges 
that resembled the typical surface dirt 
often seen in such cracks (figure 10, 
left), but fiber-optic illumination 
revealed the metallic nature and cop- 
per color of the contaminant (figure 10, 
right). In light of these results, it seems 
clear that if copper laps are used to pol- 
ish tourmalines, there is a possibility 
of accidental (or—though difficult to 
prove—deliberate) contamination. 

This brings us to intentional con- 
tamination of tourmaline using concen- 
trated copper salt solutions. The salt we 
chose for the experiment was copper 
sulfate, since chalcanthite (the mineral 
name for naturally occurring copper 
sulfate) was readily available. We have 
no reason to believe that any other cop- 


Figure 10. The crack across the table of this tourmaline readily picked up 
minute traces of copper when the stone was rubbed against a flat copper 
lap. In standard darkfield illumination (left), the copper looks like typical 
smudges of black dirt. However, with surface-incident fiber-optic illumina- 
tion (right), the metallic nature and copper color of the contaminant are 
clearly seen. Field of view 0.9 mm. 
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per salt in concentrated solution would 
not have worked just as well. 

For this experiment, we selected 
another small (3 ct) faceted tourma- 
line with a few surface-reaching fea- 
tures—growth tubes and cracks—that 
did not detract significantly from its 
outward appearance. We also treated 
an ~7.5 ct piece of rough gem-quality 
tourmaline that had a nice greenish 
blue color that was not copper related. 

Again, we first analyzed both sam- 
ples using EDXRF; no copper was 
detected in either of them. Next, we 
warmed both samples in the light well 
of a gemological microscope and 
dropped them into the concentrated 
copper sulfate solution, which had 
been cooled in a refrigerator. This creat- 
ed a mild vacuum, which allowed the 
copper sulfate solution to enter any sur- 
face openings in the test subjects. After 
the solution had reached room tempera- 
ture, we removed the tourmalines and 
hand-dried them with paper towels. 
Again, we repeated the EDXRF analyses. 

Both tourmalines had absorbed 
enough copper solution to produce a 
visible copper signal on their EDXRF 
spectra. The copper peaks in the rough 
sample were not nearly as strong as the 
signal from the faceted stone, as expect- 
ed. Although copper sulfate solution 
has an obvious blue color, no color from 
the solution was observed in either 
sample. 

In analyzing tourmaline for cop- 
per, GIA uses a cleaning protocol that 
eliminates the potential for errors 
resulting from such contamination. 
These experiments underscore the 
importance of cleaning test samples 
thoroughly before analysis, and being 
aware of the very real possibility of 
surface contamination if unexpected 
elements are detected during analysis. 

John I. Koivula, Kevin G. Nagle, 
and Philip A. Owens 
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COLORED STONES AND 
ORGANIC MATERIALS 


Visit to andesine mines in Tibet and Inner Mongolia. Gem- 
quality plagioclase feldspar (labradorite) has been recovered 
for years from the U.S. state of Oregon (e.g., A. M. Hof- 
meister and G. R. Rossman, “Exsolution of metallic copper 
from Lake County labradorite,” Geology, Vol. 13, 1985, pp. 
644-647; C. L. Johnston et al., “Sunstone labradorite from 
the Ponderosa mine, Oregon,” Winter 1991 Gems & 
Gemology, pp. 220-233). In 2002, red andesine-labradorite 
appeared in the gem market that was reportedly sourced 
from an unspecified locality in the Democratic Republic of 
the Congo (Spring 2002 GNI, pp. 94-95), but some believe 
that this material actually came from China. In late 2005, a 
red andesine called “Tibetan sunstone” was supplied by Do 
Win Development Co. Ltd. of Tianjin, China, reportedly 
from Nyima (actually Nyemo) in central Tibet (Winter 2005 
GNI, pp. 356-357). Then, at the February 2007 Tucson gem 
shows, King Star Jewellery Co. (Hong Kong) and M. P. Gem 
Corp. (Kofu, Japan) introduced a similar red andesine from 
Tibet called “Lazasine.” A large supply of red andesine 
allegedly from China was offered for sale as an official gem- 
stone of the 2008 Summer Olympic Games in Beijing. 
Despite claims to the contrary, there has been widespread 
suspicion that the red Chinese andesines are diffusion treat- 
ed. In fact, recent studies have proved the viability of diffu- 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu or 
GIA, The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. Original photos can be returned after 
consideration or publication. 
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sion-treating such material (e.g., G. Roskin, “JCK web 
exclusive: The andesine report,” posted November 12, 2008, 
www.jckonline.com/article/(CA6613857.html). 

In October-November 2008, this contributor visited two 
andesine deposits in the Chinese autonomous regions of 
Tibet and Inner Mongolia. The investigation was made pos- 
sible by the cooperation of mine owners Li Tong of Tibet 
and Wang Gou Ping of Inner Mongolia, as well as trip orga- 
nizers Wong Ming (King Star Jewellery Co.) and Christina Iu 
(M. P. Gem Corp.), who are partners in the Tibetan andesine 
mine. Also participating in the expedition were Masaki 
Furuya (Japan Germany Gemmological Laboratory, Kofu, 
Japan), David Chiang (BBJ Bangkok Ltd., Bangkok}, and 
Marco Cheung (Litto Gems Co. Ltd., Hong Kong). 

The Tibetan andesine mine we visited is located 70 
km south of the region’s second largest city, Xigazé (or 
Shigatse}, in southern Tibet. This area is well south of the 
Nyima/Nyemo area (Lhasa region], and our guides were 
not aware of an andesine mine in that part of Tibet. We 
drove seven hours from the capital city of Lhasa to the 
mine, which lies at an elevation of more than 4,000 m. 
The site is divided into north and south areas with a total 
coverage spanning 3-4 km east-west and 5-7 km north- 
south. During our visit, fewer than 10 miners were digging 
pits in the south area, near a piedmont riverbed (located at 
the base of a mountain). Organized mining began there in 
January 2006 under the supervision of Li Tong. The work 
is done by hand, from April to November. According to 
the miners, red andesine was originally found in this area 
in the 1970s, and beads of this material first appeared in 
Lhasa’s largest bazaar (Bakuo Street) in 2003. 

The surface layer at the site consists of humic soil that 
is 0.5-3 m thick. The andesine is mined from an underlying 
layer consisting of greenish gray or dark gray sand/gravel in 
the south area (figures 1 and 2), and yellowish red or green- 
ish gray soil in the north area. The andesine-bearing layers 
are apparently derived from Tertiary volcano-sedimentary 
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Figure 1. The andesine-bearing deposits in Tibet are 
exploited in a series of tunnels, with the miners using 
simple hand tools. Photo by A. Abduriyim. 


deposits (Qin Zang Gao Yuan [Tibet Highland] area geologic 
map, Chengdu Institute of Multipurpose Utilization of 
Mineral Resources, China Geological Survey, Chengdu, 
Sichuan Province, 2005). In the south mining area, a few 
tunnels penetrate several meters horizontally into the ande- 
sine-bearing horizons. In addition, a shaft was sunk several 
meters deep in the north area, but mining there was discon- 
tinued after the devastating Chengdu earthquake in May 
2008. The andesine is concentrated in patches consisting of 
several to more than a dozen pieces (100-200 g total) mixed 
with sand/gravel or soil (again, see figure 2). These accumu- 
lations appear to have been concentrated across a wide area 
by water from seasonal snowmelt. 

Alluvial transport has rounded the crystals, and most 
were found as translucent to transparent pebbles that were 


Figure 3. The Tibetan andesine consists mainly of 
orangy red pebbles that are <1 cm in diameter. Photo 
by A. Abduriyim. 
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Figure 2. Rounded crystals of Tibetan andesine are 
found in concentrations mixed with sand/gravel or 
soil. Photo by A. Abduriyim. 


<1 cm in diameter (figure 3), though the largest pieces 
reached 4 cm. Most were orangy red; deep red material was 
less common. Some had areas that were green or colorless, 
but we did not see any pieces that were completely brown, 
yellow, or colorless. The annual production from the region 
is estimated to be 700-800 kg, of which 30-50 kg are gem 


Figure 4. This horizon has produced andesine in the 
Guyang area of Inner Mongolia. Photo by Wong Ming. 
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Figure 5. These andesine pebbles (2-5 cm) were 
mined from the Inner Mongolian village of Shuiquan. 
Photo by A. Abduriyim. 


quality. A visit to mountain peaks in the mining area 
revealed Jurassic volcanic rocks and detrital deposits; a vol- 
canic origin is also the case for similar feldspar from Oregon. 

The andesine from Inner Mongolia is mined from an 
alluvial deposit of sand/gravel in the Guyang area, north of 
Baotou city. The mine is situated in the Yinshan tectonic 
belt of Mesozoic-Cenozoic age (Inner Mongolia Guyang- 
Xiaoyutai area geologic map, Inner Mongolia Autonomous 
Region Geological Survey, Hohhot, 1982). Andesine has 
been recovered from a region measuring 20 km east-west 
and 5 km north-south. Humic topsoil overlies Tertiary 
(Pliocene) and Cretaceous sand/gravel; some areas also 
show layers of tuff or basaltic rock. The andesine is restrict- 
ed to a light gray layer (locally iron stained) that is 1-3 m 
thick and lies several meters beneath the surface—down to 
more than 10 m—within the sand/gravel (figure 4). 
Organized mining has taken place near Shuiquan and 
Haibouzi villages, producing up to 100 tonnes annually. 
The andesine seen by this contributor commonly had high 
transparency and was somewhat rounded, except for bro- 
ken pieces that showed well-developed cleavage surfaces. 
The stones were typically 0.3-5.5 cm in diameter, with 
70-80% in the 1-2. cm range (figure 5]. Most of the ande- 
sine was pale yellow. Colorless or deep yellow stones were 
uncommon, while other colors have not been reported 
from this area. 

This field investigation confirmed that the Xigazé 
region of Tibet does indeed produce natural red andesine, 
while the Guyang area of Inner Mongolia is a source of 
pale yellow andesine that may be used as the starting 
material for diffusion treatment. Additional images from 
this expedition can be found in the G#G Data Depository 
at www.gia.edu/gemsandgemology. 

Ahmadjan Abduriyim 
(ahmadjan@gaaj-zenhokyo.co.jp) 

Gemmological Association of All Japan — Zenhokyo 
Tokyo, Japan 
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Gemological properties of andesine collected in Tibet and 
Inner Mongolia. While visiting andesine mines in Tibet 
and Inner Mongolia (see previous GNI entry), one of these 
contributors (AA) obtained several samples for gemologi- 
cal study that he witnessed being gathered by the miners. 
Ten pieces (up to 26.0 g; see, e.g., figure 6) from each region 
were polished with two parallel windows, and all were 
characterized for this report. It is currently impossible to 
unequivocally determine in the laboratory whether red 
andesine in the gem trade has been diffusion treated. This 
preliminary characterization was done to gather data on 
red samples that are known to be untreated, as well as pale 
yellow material that may be used as a starting material for 
diffusion treatment. 


Figure 6. These are some of the samples of andesine 
obtained in Tibet (top, up to 5.4 g) and Inner Mongolia 
(bottom, up to 26.0 g, some partially polished) that 
were examined for this report. Photos by M. Kobayashi. 
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Figure 7. Surface etching was observed on some 
Tibetan andesine pebbles. Photomicrograph by 
A. Abduriyim; magnified 28x. 


All the samples had a waterworn appearance, and 
some of the Tibetan pebbles also had embayed areas that 
appeared to have been created by chemical etching (figure 
7). The pebbles from Inner Mongolia also were abraded, 
but they were more angular than the Tibetan samples and 
exhibited conchoidal fractures. 

The Tibetan samples had the following gemological 
properties: color—brownish red to orange-red to red; 
pleochroism—weak; RI—1.550-1.561, birefringence— 
0.009; optic sign—biaxial positive; SG—2.69-2.72, fluores- 
cence—orange to long-wave, and dark red to short-wave, 
UV radiation; and Chelsea filter reaction—red. The Inner 
Mongolian samples were pale yellow, but otherwise they 
exhibited almost identical properties except that they were 
inert to both long- and short-wave UV radiation, and they 
showed no reaction to the color filter. 

Examination with a gemological microscope revealed 
that most of the Tibetan samples contained prominent 
twin lamellae and parallel lath-like hollow channels (fig- 
ure 8, left), irregular dislocations (figure 8, right), and irreg- 
ular color patches caused by milky turbidity from fine 
granular inclusions (figure 9). One of the polished samples 
displayed aventurescence due to the presence of native- 
copper platelets. The samples from Inner Mongolia con- 
tained parallel flat growth tubes (figure 10, left), as well as 
abundant linear fissures (figure 10, right) and fine twin 
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planes arranged parallel to a (010) direction. In some cases, 
the linear fissures caused a weak opalescence, and such 
stones cut en cabochon would be expected to show a weak 
cat’s-eye effect. Cleavage planes were also well developed 
along one (010) direction. 

Absorption spectra were measured with a UV-Vis spec- 
trometer in the range 220-860 nm. The Tibetan andesine 
exhibited absorption from 320 nm toward shorter wave- 
lengths, as well as a prominent broad band near 565 nm due 
to colloidal copper. In addition, a weak feature near 380 nm 
was due to Fe**. Similar absorptions have been documented 
in red andesine that was reportedly from the Democratic 
Republic of the Congo and in red labradorite from Oregon 
(A. M. Hofmeister and G. R. Rossman, “Exsolution of 
metallic copper from Lake County labradorite,” Geology, 
Vol. 13, 1985, pp. 644-647; M. S. Krzemnicki, “Red and 
green labradorite feldspar from Congo,” Journal of 
Gemmology, Vol. 29, No. 1, 2003, pp. 15-23). Spectroscopy 
in the near-infrared region (800-2500 nm) revealed an 
absorption peak near 1260 nm that is caused by Fe”*. 

The andesine from Inner Mongolia showed absorptions 
at 380, 420, and 450 nm. The 380 nm feature was strongest, 
while the broad band at 420 nm (presumably due to charge 
transfer between Fe** and Fe**) was characteristic. A strong 
and broad absorption also was observed near 1260 nm. 

Energy-dispersive X-ray fluorescence (EDXRF) chemical 
analysis of andesine from both Tibet and Inner Mongolia 
revealed very similar compositions, with 55-56 wt.% SiO,, 
26-27 wt.% ALO, 10 wt.% CaO, and 5.8-6.2 wt.% Na,O. 
Trace elements such as K, Mg, Ti, Fe, and Sr were detected. 
The Tibetan stones also contained 0.06—0.10 wt.% CuO, 
but no Cu was detected in the Inner Mongolian samples. 
The chemical composition showed that all samples were 
andesine, with some plotting at the border with labradorite 
(An, 9). Previous electron microprobe analyses of samples 
from Inner Mongolia showed they were labradorite, with a 
composition of An., ., (or An. <3 if K is excluded; Y. Cao, 
“Study on the feldspar from Guyang County, Inner 
Mongolia and their color enhancement,” Master’s thesis, 
Geological University of China, 2006). 

Laser ablation-inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) analysis showed that samples from 


Figure 8. With magnifi- 
cation, twin lamellae 
and parallel lath-like 
hollow channels are 
seen in this orangy red 
andesine from Tibet 
(left, magnified 25x). 
Also present were dis- 
tinctive dislocation fea- 
tures (right, magnified 
20x). Photomicrographs 
by A. Abduriyim. 
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Figure 9. This Tibetan 
andesine exhibits con- 
centrated areas of red 
and orange-red milky 
turbidity (left). When 
viewed with diffused 
light, some of these 
areas appear green or 
near colorless (right). 
Photomicrographs 

by A. Abduriyim; 
magnified 25x. 


both localities contained several trace elements: K 
(2200-3600 ppm), Fe (1000-3200 ppm), Sr (700-1000 ppm), 
Mg (330-620 ppm}, Ti (400-510 ppm), Ba (120-160 ppm}, 
Mn (20-40 ppm), Ga (20-30 ppm}, Li (10-60 ppm), and Sc 
(5-15 ppm); B, V, Co, Zn, Rb, Sn, Ce, and Eu were <3 ppm 
each. No significant elemental difference was observed 
between Tibetan and Mongolian andesine, other than Cu 
content: 300-600 ppm in orangy red andesine, and <3 ppm 
in pale yellow andesine. In addition, Li was slightly domi- 

nant in Tibetan andesine. 
Additional images from this study can be found in the 
GwG Data Depository at www.gia.edu/gemsandgemology,. 
Ahmadjan Abduriyim and Taisuke Kobayashi 
Gemmological Association of All Japan — Zenhokyo 
Tokyo, Japan 


New find of vivid kunzite from Pala, California. In July 
2008, several etched crystals of gem-quality kunzite were 
found at the historic Elizabeth R mine, located on Chief 
Mountain in the Pala District of San Diego County (see, 
e.g., Fall 2001 GNI, pp. 228-231). In mid-2008, Jeff 
Swanger (Escondido, California) purchased the mine from 
Roland Reed (El Cajon, California). Mr. Reed has contin- 
ued to work the Elizabeth R while Mr. Swanger mines the 
neighboring Ocean View property, where he found a large 
gem pocket in 2007 (see Spring 2008 GNI, pp. 82-83). 
Although this was not the first kunzite discovery at the 
Elizabeth R, these pieces had a particularly vibrant pinkish 
purple to pink-purple color that is seldom seen in natural- 
color kunzite (e.g., figures 11 and 12). Mr. Reed believes 


Figure 10. Dense concen- 
trations of parallel 
growth tubes were com- 
mon in the pale yellow 
andesine from Inner 
Mongolia (left). In some 
samples, linear fissures 
(right) caused weak 
opalescence. Photomicro- 
graphs by A. Abduriyim; 
magnified 20x. 
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they compare favorably to kunzite from the nearby 
Vandenberg mine, which produced colors that are consid- 
ered among the finest found anywhere. Approximately 0.5 
kg of top-grade material has been recovered, and the best 
pieces were sent for fashioning to Minas Gem Cutters of 
Los Angeles. So far 11 stones have been cut, and the two 
largest ones weighed 57 and 28 ct. The cut material is being 
sold through Pala International (Fallbrook, California). 

The samples shown in figure 12 were examined micro- 
scopically by this contributor. The few internal features 
were typical for kunzite: elongated, tapered etch tubes; and 
two-phase (liquid and gas) inclusions—either alone, in par- 
allel, or in a “fingerprint” pattern with irregular to round- 
ed elongate shapes. No mineral inclusions were seen. One 
faceted stone contained very slight cleavage feathers on 
the pavilion, while the rough piece showed typical shield- 
shaped etch marks on its surface. 

Kunzite is challenging to cut because of its cleavage, 
twin planes, and sensitivity to vibrations and thermal 
shock. It also has a reputation as an “evening” gem, since 
its color fades with prolonged exposure to light or heat. 
Kunzite can naturally show an attractive color, as in this 
new find from the Elizabeth R mine, or the purple-pink hue 
can be produced by irradiating (and annealing} pale or color- 
less spodumene. Most natural-color kunzite is light pink. 
This new production from Pala serves as a reminder that 
gem mining is still active in San Diego County, where kun- 
zite was initially discovered more than 100 years ago. 

Michael Evans (mevans@gia.edu) 
GIA, Carlsbad 
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Figure 11. These kunzite crystals (up to ~4.3 cm long) 
were recovered in July 2008 from the Elizabeth R 
mine in San Diego County. Photo by Mark Mauthner. 


Natural pearls of the Veneridae family. The best-known 
natural pearls from bivalves of the Veneridae (classified by 
Rafinesque, 1815) family are those from Mercenaria merce- 
naria (Linnaeus, 1758), also known as “quahog” pearls 
from the mollusk’s common name, northern quahog. 
These non-nacreous pearls range from “cream” white to 
brown, and from faint pinkish purple to dark purple, 
though some are pure white (e.g., figure 13). Like other nat- 
ural pearls, quahog pearls are seldom perfectly round; in 
rare cases, circled quahog pearls occur (figure 14). M. merce- 
naria bivalves are found along the Atlantic coast of North 
America to the Yucatan Peninsula. The species also has 
been introduced along California’s Pacific coast. 

However, M. mercenaria is not the only mollusk of 
the Mercenaria genus to produce pearls. White, “cream,” 
and sometimes brown non-nacreous pearls can be found 
in another species belonging to the same genus, M. 
campechiensis (Gmelin, 1791), or southern quahog. This 
species is found in the southern part of the M. mercenaria 
distribution area. M. campechiensis is slightly larger than 
M. mercenaria, and its interior surface lacks purple col- 
oration; thus, it cannot produce purple pearls. 

Nor are Mercenaria bivalves the only mollusks of the 


Figure 12. A number of fine faceted samples have 
been polished from the new Elizabeth R kunzite find. 
The crystal weighs 11.5 g and the cut stones are 
12.47-19.32 ct. Photo by Robert Weldon. 


Veneridae family that can produce beautiful pearls. In the 
Fall 2001 GNI section (p. 233), one of these contributors 
(EF) described an almost perfectly round purple pearl 
found along the coast of France in a mollusk from the 
Venerupis genus (Lamarck, 1818), V. affinis decussata 
(Linnaeus, 1758). This mollusk (known as “palourde” in 
French) is commonly harvested for its meat, which is con- 
sidered a delicacy. 

The interiors of M. mercenaria and V. aff. decussata 
shells, as well as the pearls associated with them, are simi- 
lar in appearance (figure 15). The purple color is present at 
the shell margins, mainly around the muscle scars. Both 
pearls and shells display the same medium chalky whitish 
yellow fluorescence to long- and short-wave UV radiation, 
though it is weaker for the V. aff. decussata. 

Raman spectroscopy of the samples in figure 13 (left 


Figure 13. These two photos illustrate natural “quahog” pearls from the M. mercenaria mollusk. The white but- 
ton-shaped sample (left image, far left) is ~10.5 x 7.8 mm (8.17 ct), and the brown button-shaped pearl in the 
right image is ~9.3 x 7.5 mm (5.03 ct). Courtesy of P. Lancon, Geneva; photos by Thomas Notari. 
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Figure 14. Note in these four baroque quahog (M. 
mercenaria) pearls that color variation in the bicol- 
ored samples is distributed along the pearls’ rotation- 
al axis. All are circled except the second sample from 
the left, but its ovoid shape is still probably due to 
pearl rotation during formation. The bicolored sam- 
ple on the left is ~13.2 x 11.2 mm (11.62 ct). Courtesy 
of P. Lancon, Geneva; photo by Thomas Notari. 


image) and figure 14, using 488, 514, and 561 nm laser 
excitations, showed that the purple color was due to a 
mixture of unsubstituted polyenic (polyacetylenic) com- 
pounds (figure 16). To our knowledge, the origin of the 
purple color of Veneridae pearls and/or inner shells has not 
been previously reported. Similar pigments have been 


Figure 16. These Raman spectra for a purple quahog 
(M. mercenaria) pearl were taken at laser excitations of 
488, 514, and 561 nm. In the region most “sensitive” to 
C=C stretching bonds (about 1500 cm, see inset), 
variations in the position, shape, and relative intensi- 
ties of the peaks are quite apparent. This suggests that 
the purple color is due to a mixture of unsubstituted 
polyenic (polyacetylenic) compounds and not to a sin- 
gle pigment. Raman spectra on colored samples from 
V. aff. decussata showed the same peaks. All the peaks 
are normalized to the main aragonite peak at 1086 
cm, The spectra are offset vertically for clarity. 
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Figure 15. Though V. aff. decussata (inner shell, 4.5 
cm) is found on the western coast of France and M. 
mercenaria (9.5 cm, courtesy of Antoinette Matlins, 
South Woodstock, Vermont) is found on the North 
American Atlantic coast, the two exhibit similar col- 
oration. Photo by S. Karampelas. 


observed in freshwater cultured pearls (S. Karampelas et 
al., “Identification of pigments in freshwater cultured 
pearls with Raman scattering,” Fall 2006 Gems & 
Gemology, pp. 99-100). 

M. mercenaria can reach 12 cm in diameter, while V. 
aff. decussata mollusks from the west coast of France do 
not exceed 7.5 cm. Thus, the latter mollusks produce 
smaller pearls (rarely up to 6 mm) compared to those from 
M. mercenaria (rarely up to 12 mm). It should be noted 
that “gem-quality” natural pearls from V. aff. decussata 
have been documented only once, whereas there have 
been numerous reports of gem-quality quahog pearls. 

Stefanos Karampelas (s.karampelas@gubelingemlab.ch) 
Department of Geology, University of Thessaloniki, 
Greece; 


Institut des Matériaux Jean Rouxel (IMN) 
University of Nantes, France 


Emmanuel Fritsch 
Franck Notari 


SYNTHETICS AND SIMULANTS 


Synthetic citrine with abundant nail-head spicules. A 
necklace of transparent yellow faceted beads (figure 17) 
was sent to Gemlab for identification. Specular reflectance 
Fourier-transform infrared (FTIR) spectroscopy identified 
the material as quartz. FTIR spectra recorded in transmis- 
sion mode were not definitive, but nevertheless were char- 
acteristic of synthetic citrine. The spectra contained an 
unusually intense water absorption centered at ~3200 cm- 
' (too strong to be resolved) and only a single sharp peak at 
3580 cm. In general, natural citrine has a much lower 
water content and shows more complex FTIR spectra. 
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Figure 17. This necklace, submitted to the Gemlab 
Laboratory for identification, contained 49 faceted 
beads (~20 mm diameter) of what proved to be syn- 
thetic citrine. Photo by T. Hainschwang. 


Microscopic examination revealed a most unusual 
inclusion scene: All of the beads were full of hollow growth 
channels (figure 18, left) and nail-head spicules (wedge- 
shaped, liquid-filled growth channels terminated by an 
inclusion on one end; figure 18, right). Nail-head spicules 
are characteristic inclusions in both synthetic beryl and syn- 
thetic quartz, though similar-looking inclusions have been 
described in some natural stones (G. Choudhary and C. 
Golecha, “A study of nail-head spicule inclusions in natural 
gemstones,” Fall 2007 Gems &) Gemology, pp. 228-235). 
Thus, isolated inclusions of this type do not necessarily 
offer proof of synthetic origin. 

Nevertheless, the appearance of the nail-head spicules 
in these beads was typical for synthetic material, especial- 
ly since the “heads” of the spicules contained “bread- 
crumb” inclusions (e.g., figure 19), the most characteristic 
and common inclusion in synthetic quartz. However, this 
contributor has never seen such a large number of these 
inclusions in any type of synthetic material. All of them 


Figure 18. The inclu- 
sion scene in the 
beads consisted of hol- 
low growth tubes (left) 
and nail-head spicules 
(right), which are 
often seen in synthetic 
quartz and beryl. 
Photomicrographs by 
T. Hainschwang; field 
of view is 18 mm (left) 
and 10.5 mm (right). 
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exhibited the typical wedge shape, and in most of them 
the liquid contained a gas bubble. 

The inclusions, hollow cavities, and nail-head spicules 
were oriented parallel to the c-axis. In determining the 
optic axis direction, it was evident that none of the materi- 
al was twinned—unlike most natural citrine, which is cre- 
ated by heat-treating natural amethyst that commonly 
contains Brazil-law twinning. The large, hollow cavities 
likely represent oversized nail-head spicules that were 
either exposed by the polishing process or reached the sur- 
face during the growth process. In some of these very large 
cavities, the breadcrumb inclusion was found at the nar- 
row end of the channel (figure 20, left); in the others, it was 
absent (figure 20, right). These features, like the smaller 
nail-head spicules, can probably be attributed to rapid 
growth conditions. 

The necklace, which had been sold to the client as nat- 
ural quartz, was therefore identified as synthetic citrine. 
Despite this deception, the piece was a fantastic source of 
photomicrographs of nail-head spicules, which normally 
do not occur in such heavy concentrations. 

Thomas Hainschwang 

(thomas. hainschwang@gemlab.net) 

Gemlab Laboratory for Gemstone Analysis and Reports 
Balzers, Liechtenstein 


Radiocarbon dating of “Neptunian” beads from Asia proves 
modern origin. During the inaugural Macau Jewellery & 
Watch Fair in January 2008, this contributor purchased four 
baroque-shaped drilled beads of an unknown material that 
were sold as Neptunian beads. The brownish orange sam- 
ples had white striae, and the brownish orange portions 
showed an appealing sheen (figure 21). When asked about 
their origin, the seller reported that the material was from 
fossilized conch shell found at an altitude of 5,000 m in the 
Himalaya Mountains. A brochure provided with the sam- 
ples added that the beads had several medicinal uses. 

In the laboratory, we found that the specific gravity of 
the beads was 2.78. Close examination showed that they 
had two folded layers, which is common for conch shell (fig- 
ure 22). Raman spectroscopy identified the material (both 
the orange and white portions) as aragonite. EDXRF analysis 
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Figure 19. The nail-head spicules in the synthetic 
quartz beads, such as those shown here, consist of 
liquid-filled cavities that may contain a gas bubble 
and be terminated by a “breadcrumb” inclusion. 
Photomicrographs by T. Hainschwang,; field of view 
is ~1 mm high for both. 


showed that Ca was the only major element, with traces of 
Sr present, as expected for aragonite from conch shell. 

However, the material did not have the appearance of a 
fossil, so the author decided to apply a method rarely used 
in gemology: age determination by radioisotope. The Swiss 
Federal Institute of Technology (SFIT) in Ztirich performed 
\4C isotope measurement to calculate the age (radiocarbon 
dating can determine ages up to 30,000 years). To make 
the determination, the laboratory took 200 mg of powder 
from the drill hole of one of the beads. 

A spectrum relating time with atmospheric radiocarbon 
content and the sample’s data is shown in figure 23. 
Because above-ground nuclear weapons testing in the 
1950s substantially raised the concentration of '4C in the 
atmosphere (and consequently in all living organisms), the 
testing produced two possible results (see P. J. Reimer et al., 
“Discussion: Reporting and calibration of post-bomb C 
data,” Radiocarbon, Vol. 46, No. 3, 2004, pp. 1299-1304). 


Figure 21. These baroque-shaped beads, marketed as 
fossilized Neptunian beads, proved to be recent 
shell material. The largest bead is ~17 mm Iong. 
Photo by H. A. Hdnni, © SSEF. 
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Figure 20. Some of the surface-reaching hollow cavi- 
ties in the synthetic citrine beads (e.g., as shown in 
figure 18) showed a breadcrumb inclusion at their 
narrow end (left) while others did not (right). 
Photomicrograph by T. Hainschwang; field of view is 
5.4 mm high (left) and 4.1 mm high (right). 


The ?C/'4C ratio of the sample intersected with the atmo- 

spheric ratio at 1957 and 1997. Clearly, the beads are far 

younger than the 35 million years claimed in the brochure. 
Henry A. Haénni 


Purplish blue synthetic quartz. Synthetic quartz has long 
been available in a wide range of colors, such as yellow, 
purple-violet, green, pink, colorless, parti-colored, and 
even blue. Recently, the Gem Testing Laboratory of Jaipur, 
India, had an opportunity to study a new and unusual 
“cobalt” blue synthetic quartz. 


Figure 22. The beads consist of alternating layers of 
nacreous orange and non-nacreous white aragonite. 
Photo by H. A. Haénni, © SSEF; image width 16 mm. 
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The Precise Determination 
of the Colors of bems 


by 


PROFESSOR K. SCHLOSSMACHER .- 
Gem Research Laboratory, Idar-Oberstein 
Translated by Edward H. Kraus, Ph.D. 


PECIFIC GRAVITY and index of re- 
fraction are the two physical constants 
commonly considered of greatest value in 
modern gemology. This is due to the fact 
that gemology has been primarily con- 
cerned with investigating and testing gem- 
stones. it is sufficient to 
know these two constants in order to identi- 
fy the gemstone, although at times it may 
be necessary to determine the hardness and 
also to subject the stone to study under the 
microscope. However, color, which is the 
most important property of a gemstone, 
has not up to the present been sufficiently 
used. The recognition of the various tints 
of color, which the layman can usually 
make with the naked eye, is indeed funda- 
mental in the study of gems but it has not 
at yet been placed on a scientific basis. 


In most cases 


Since analysis of crystal structures by 
means of X-ray has been introduced in 
modern gemtesting, one might conclude 
that the precise determination of color is 
unnecessary. But the accurate determination 
of the genuineness of a gem is not the only 
task of gemology. One of the most impor- 
tant of these tasks is the accurate recogni- 
tion of the color of the gem. 


The theory of the colors of gems is not 
only theoretically and scientifically impor- 
tant, but also from a practical standpoint. 
It is highly important that the dealer in 
uncut gem material should be able to de: 
termine accurately the color possibilities of 


his material before proceeding with the cut- 
ting and polishing of it. Then too, the 
jeweler is frequently required to estimate 
the value of a stone because of its striking 
shade of color. A prospective purchaser 
will more readily become interested in an 
expensive gem if he can be assured that 
its color is of a superior quality and even 
quite unusual. 


That there is a great need in the gem 
trade for a more precise determination of 
color is shown by the efforts which have 
been made by the American Gem Society 
and the Gemological Institute of America 
with respect to the color grading of dia- 
monds. The accurate determination of the 
color of diamonds is now possible by means 
of the colorimeter, which serves as the 
standard instrument at the Gemological In- 
stitute of America in the same way as the 
iridium standard meter in Paris does for 
instruments. The dia- 
mondlite is a simpler instrument for the 
determination of color. The colorimeter and 
diamondlite both depend upon the com- 
parison of colors and not on the measuring 
of color. Even though much progress of 
practical importance has been made, there 
has been no advance in the precise meas- 


linear measuring 


urement of this important physical property. 

The object of this scientific research is 
the measurement of color in terms of 
numerical values, which had not as yet been 
accomplished. Theoretically, the problem 
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Figure 23. The '4C distribution and the two maxima 
in gray indicate that the aragonite from a Neptunian 
bead originated in either 1957 or 1997. The Y-axis 
shows the ?C/"C ratio measured in the bead normal- 
ized to the ??C/“C ratio of the standard. Graph cour- 
tesy of G. Bonani and I. Hajdas, SFIT; © SSEF. 


A purplish blue specimen weighing 73.08 g was submit- 
ted for identification. At first glance, the specimen appeared 
to be a cobalt glass because of its color (figure 24) and appar- 
ently frosted surface. However, we observed tiny circular 
growth features that were very similar to the “cobbled” sur- 
face seen in rough slabs of synthetic quartz. When the speci- 
men was viewed from the side, a colorless zone with the 
appearance of a seed plate was evident, which led us to 
believe that the material was actually synthetic quartz. 

The specimen displayed a clear anisotropic reaction 
when rotated in the polariscope, confirming that it was not 


Figure 25. When the sample in figure 24 was viewed 
from the side, a seed plate was visible (white arrows) 
along with nailhead spicules that for the most part 
were restricted to the seed plate (red arrows). Also 
note the blue color zoning parallel to the seed; the 
diagonal features are surface-related optical effects. 
Photomicrograph by G. Choudhary; magnified 30x. 
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Figure 24. This bright “cobalt” blue specimen 
(73.08 g) proved to be synthetic quartz. Note the 
“cobbled” surface with circular growth patterns. 
Photo by G. Choudhary. 


glass. A bull’s-eye optic figure—as expected for quartz— 
could not be resolved, due to the rough surfaces. With the 
desk-model spectroscope, however, we observed three 
strong bands in the green, yellow, and orange regions, this 
absorption pattern is typical of cobalt. The sample had a 
strong red reaction to the Chelsea filter, and was inert to 
long- and short-wave UV radiation. 

Examination with magnification confirmed the pres- 
ence of a seed plate. Also seen was color zoning parallel to 
the seed plate, as well as nail-head spicules along its length 
(figure 25). An interesting aspect was the location/orienta- 
tion of the spicules. In general, nail-head spicules are 
oriented in one direction pointing away from the seed 


Figure 26. At higher magnification, the spicules in the 
seed plate appeared to be oriented in different direc- 
tions. The central colorless seed plate is separated 
from the synthetic quartz overgrowth by sharp planes 
on either side (see arrows). Photomicrograph by G. 
Choudhary; magnified 65x. 
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Figure 27. This 45.78 ct cabochon resembling chrysocol- 
la proved to be dyed chalcedony. Photo by N. Ahmed, 
© Dubai Gemstone Laboratory. 


plate, on both sides of the synthetic overgrowth. In this 
case, however, most of the spicules appeared to be in the 
seed plate rather than in the overgrowth material. At some 
viewing angles, the spicules appeared to be oriented in dif- 
ferent directions (figure 26). 

While the influx of interesting colors of synthetic 
quartz has given jewelers more options, proper disclosure 
remains essential. 

Gagan Choudhary 


TREATMENTS 


Dyed chalcedony resembling chrysocolla. Historically, chal- 
cedony has been dyed in a wide variety of colors, often to 
simulate various other gem materials. Recently, the Dubai 
Gemstone Laboratory received for identification a 45.78 ct 
greenish blue cabochon with areas of orangy brown (figure 
27). At first glance, the semitranslucent-to-opaque stone 
resembled chrysocolla. An SG of 2.29 (determined hydro- 
statically) and a vague RI reading around 1.5 supported this 
initial impression (R. Webster, Gems, 5th ed., revised by P. 
G. Read, Butterworth-Heinemann, Oxford, UK, 1994, pp. 
326-327). The stone did not exhibit strong reactions to long- 
or short-wave UV radiation, only a weak, patchy bluish 
green fluorescence to long-wave UV. The stone’s Chelsea 
filter reaction was pinkish red. 

Examination with magnification (up to 68x) did not 
reveal the minute chrysocolla inclusions present in 
chrysocolla chalcedony, although such inclusions are 
typically too small to see with a gemological microscope. 
However, microscopic examination did reveal that the 


Figure 28. Microscopic examination of the dyed chal- 
cedony shows a greenish blue dye concentrated in frac- 
tures and cavities. Photomicrograph by N. Ahmed, 

© Dubai Gemstone Laboratory; magnified 20x. 


surface-reaching fractures and cavities had concentra- 
tions of a greenish blue dye (figure 28), which could be 
removed with acetone. 

Colorless-to-milky chalcedony can easily be dyed with 
inorganic cobalt or copper salts to simulate chrysocolla 
(see A. Shen et al., “Identification of dyed chrysocolla chal- 
cedony,” Fall 2006 Gems & Gemology, p. 140). However, 
because of the stone’s opacity, we did not obtain the char- 
acteristic absorption lines of chalcedony dyed with cobalt, 
and we were unable to perform UV-Vis-NIR spectroscopy 
to compare our data with those of Shen et al. 

Nevertheless, all of these properties pointed to dyed 
chrysocolla or dyed chalcedony. Raman analysis is unable 
to differentiate between chrysocolla and chalcedony. 
However, EDXRF spectroscopy showed a major amount of 
Si and only traces of Fe, identifying the material as chal- 
cedony. By contrast, chrysocolla is a hydrous copper sili- 
cate [(Cu,Al),H,Si,O,(OH),-nH,O], and no Cu was detect- 
ed in the sample. Therefore, the client was informed that 
the cabochon consisted of dyed chalcedony. 

Nazar Ahmed (nanezar@dm.gov.ae) 
Dubai Gemstone Laboratory 
Dubai, United Arab Emirates 


ANNOUNCEMENTS 


Starting with this issue, the conference and exhibit 
calendars will only appear online at www.gia.edu/ 
gemsandgemology. Please refer to this online resource 
for regular updates to these calendars. 


For online access to GEMS & GEMOLOGY, visit: 
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BOOK REVIEWS/GEMOLOGICAL ABSTRACTS 
2008 ANNUAL INDEX 


Beginning with this issue, the Book Reviews and Gemological Abstracts sections will be available only in electronic 
(PDF) format. These sections will be available free of charge both on the G&G web site (www.gia.edu/gemsandgemology) 
and as part of GG Online (gia.metapress.com), and will be paginated separately from the rest of the issue. The year-end 
Index has also been moved online and is available on the G#G web site in the Indexes section. 

These sections are also included in this full-issue PDF. Accordingly, the Table of Contents included in this file lists 
these additional sections, and thus differs from the Table of Contents in the print version. For these reasons, this PDF is 
not the official version of this issue—the “journal of record” for this issue is the combined print/online version that was 
released to subscribers. This full-issue PDF file is created for archival purposes in order to maintain continuity with previ- 
ous issues. 
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Photoatlas of Inclusions in 
Gemstones, Volume 3 


By E. J. Giibelin and J. I. Koivula, 672 
pp., illus., publ. by Opinio Publishers, 
Basel, Switzerland [http://publications. 
microworldofgems.com], 2008. 
US$299.00 


Gemology now has its gemstone 
inclusion bible: the three-volume 
Photoatlas of Inclusions in Gem- 
stones. Culminating 35 years of 
groundbreaking research, Volume 3 is 
the final “gem” in Dr. Edward J. 
Gtibelin and John I. Koivula’s monu- 
mental achievement. The three books 
together are intended to be the most 
comprehensive visual reference 
library of gemstone inclusions avail- 
able. Like the previous two volumes, 
this one is abundantly illustrated 
with high-quality photomicrographs 
that brim with information, clarity, 
and beauty. 

The book is divided into three 
major parts. The first includes a prefa- 
tory note by gemologist Edward 
Boehm, Dr. Gitbelin’s grandson, and 
an introduction to using the Photo- 
atlas library. The heart of the book is 
its second section, “Inclusions in 
Major Commercial Gems,” which 
deals with diamond, ruby, sapphire, 
and emerald. Each of these four chap- 
ters summarizes the different geologic 
processes that form or transport the 
gem, and the inclusions that charac- 
teristically result. As in Volume 2, 
the host material is clearly indicated 
in large type at the top of each page 
(e.g., “Inclusions in Sapphires”). 

The section begins with diamond. 
Mineral inclusions in natural dia- 
monds—peridotitic, eclogitic, and 
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deep-mantle—are discussed and well 
illustrated. The detailed examination 
of internal strain and “graining” pat- 
terns provides clues to distinguishing 
natural, treated, and synthetic dia- 
monds. Inclusions in synthetic dia- 
monds grown under high-pressure, 
high-temperature conditions are dis- 
cussed and well illustrated (though 
not those grown by chemical vapor 
deposition), as are inclusions resulting 
from the full range of diamond treat- 
ments. The chapter concludes with 
identification of the main diamond 
substitutes: cubic zirconia and syn- 
thetic moissanite. 

The ruby, sapphire, and emerald 
chapters cover inclusions in natural 
stones from all major localities. The 
authors often specify the particular 
mining region from which the inclu- 
sions originated and discuss the typi- 
cal inclusions associated with the var- 
ious modes of occurrence. Charac- 
teristic inclusions are organized 
according to genetic type. This is very 
valuable information, particularly for 
those who are interested in geographic 
origin. Also discussed are known 
treatments for each gem material and 
the inclusions that can identify them, 
as well as known synthesis methods 
and the characteristic inclusions they 
generate. Simulants such as assem- 
bled stones, synthetic overgrowths on 
natural stones, and glass are also dis- 
cussed. 

In the third section, “Inclusions 
in Rare and Unusual Gems,” 2.1 dif- 
ferent gems—including axinite, ben- 
itoite, cordierite, danburite, ekanite, 
enstatite, fluorite, gypsum, pezzot- 
taite, sapphirine, and taaffeite—are 
described and strikingly illustrated. 
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This section ends with a useful glos- 
sary and index. 

Pioneered by the late Dr. Giibelin 
nearly 70 years ago, the study of 
internal features in gemstones, along 
with our current understanding of 
how and where certain minerals 
formed in the earth, enables gemolo- 
gists to infer a great deal of informa- 
tion by simply viewing inclusions 
with magnification. By referring to 
the book’s exceptional photomicro- 
graphs, the experienced and diligent 
user of Volume 3 will frequently be 
able to ascertain the identity of indi- 
vidual inclusions and, in many cases, 
establish whether the stone is natural 
or synthetic. If the ruby, emerald, or 
sapphire is natural, the user may be 
able to determine the probable geo- 
graphic origin and detect indications 
of treatment. The extensive further- 
reading list in each chapter provides 
easy access to additional information 
and photomicrographs. The scope of 
localities, treatments, and synthetics 
represented makes this book extraor- 
dinarily valuable to the gemologist, 
jeweler, and gem collector. 

Admirers of beautiful art books 
will certainly appreciate all three of 
these volumes. The astute salesper- 
son will also find occasions to use 
these photomicrographs to illustrate 
the unique beauty of inclusions in 
gems they are offering to a client. 

With a total of 2,033 pages and 
more than 5,300 exquisite photomi- 
crographs, the three-volume Photo- 
atlas is the most remarkable 
achievement in the history of gemo- 
logical literature. This reviewer can- 
not imagine that any serious gemolo- 
gist would want to be without it, and 
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this volume in particular is highly 

recommended—it is an essential ref- 

erence for anyone involved in the 

identification, research, or appraisal 

of diamonds, rubies, sapphires, and 
emeralds. 

ROBERT E. KANE 

Fine Gems International 

Helena, Montana 


Bulgari 


By Amanda Triossi and Daniela 
Mascetti, 2nd ed. (revised and 
updated by Amanda Triossi), 320 
pp., illus., publ. by Abbeville Press, 
New York [www.abbeville.com], 
2007. US$75.00 


From their humble beginnings as 
traveling silversmiths in 19th-centu- 
ry Greece, the Bulgari family became 
a dynasty of internationally ac- 
claimed fine jewelers. Dedication to 
excellence in design, materials, and 
fabrication vaulted the company to 
the iconic status it enjoys today. 
Patronized by royalty and the power 
elite, Bulgari is an Old World compa- 
ny that has remained on the cutting 
edge of fashion. 

In 1996, Daniela Mascetti and 
Amanda Triossi coauthored the first 
edition of Bulgari (reviewed in the 
Winter 1998 Gems & Gemology, p. 
303), in which they described the 
growth of this contemporary jewelry 
giant. Recently, Ms. Triossi gave the 
book an extensive revision. In this 
second edition, the visual design has 
been refined, the text has been updat- 
ed, and more than 120 images have 
been added, including many press 
photos of the rich and famous wear- 
ing Bulgari jewelry. 

In some chapters, there is little or 
no change from the first edition. 
Others—most notably “History of 
Bulgari,” “Evolution of the Bulgari 
Style,” and “Colour and Fabulous 
Gemstones”—have been updated to 
reflect changes in the family and their 
business structure, in new designs, 
and in the use of gemstones. The 
chapters on watches and perfumes 
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have also been expanded significantly, 
and a new chapter on accessories was 
added to show Bulgari’s further diver- 
sification during the 1990s into ties, 
scarves, leather goods, and eyeglasses. 
Also useful would have been a 
timeline showing when the various 
jewelry styles and luxury items were 
introduced to the Bulgari product 
lines. An alphabetized glossary of the 
unique Bulgari styles—tubogas, par- 
entesi, pippoli, celtaura, gourmette, 
and B.zero1, to name a few—would 
also have been very welcome. These 
are minor criticisms, however, when 
the book as a whole is considered. 
Overall, Ms. Triossi has done a superb 
job of revising the first edition to 
reflect the significant changes in the 
style and range of luxury products 
this remarkable company has under- 
gone over the last decade, making this 
an important addition to the litera- 
ture of jewelry history. 
ELISE B. MISIOROWSKI 
Leucadia, California 


Guidebook to the Pegmatites of 
Western Australia 


By Mark Ivan Jacobson, Mark 
Andrew Calderwood, and Benjamin 
Alexander Grguric, 356 pp., illus., 
publ. by Hesperian Press [www.hes- 
perianpress.com], Victoria Park, 
Australia, 2007. US$85.00 


While the pegmatite districts of 
Western Australia and their mineral 
assemblages are known to many, 
information about them—particularly 
their locations—has been sketchy at 
best. Most were worked in the early 
20th century, and some locales hadn’t 
been visited for decades. Because of 
the importance of these pegmatites to 
scientists and collectors, and a 
renewed interest in the industrial 
minerals they contain, the authors 
produced this field guidebook. 

The bulk of this work is a listing 
of the many pegmatite districts and 
pegmatite-containing geologic areas 
of Western Australia. A major 
achievement of the book is the loca- 
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tion data, including detailed direc- 
tions to the pegmatites and mines, as 
most of the previous literature offered 
only approximate locations. (The 
authors make it clear that their provi- 
sion of directions to a given locality 
does not guarantee permission to 
visit. In some cases, they were unable 
to get permission themselves.} 

Guidebook is a handsome hard- 
bound volume printed on high-quality 
paper. It contains 103 black-and-white 
photos and 76 maps. The introduction 
covers the history, mineralogy, classifi- 
cation, and mineral assemblages of 
these pegmatites. An immensely use- 
ful listing of the 120 minerals found in 
Western Australian pegmatites is pro- 
vided. It includes not only the miner- 
als but also their location(s), with some 
indicated as type localities. The follow- 
ing 10 chapters cover individual 
deposits within the major districts or 
geologic areas. Some of these locations 
are well known and have yielded sig- 
nificant commercial production (the 
Wodgina pegmatite field and the 
Greenbushes pegmatites, for instance). 
Others have provided mineral speci- 
mens for the collectors’ market 
(including emerald from the Poona 
pegmatite field and ferrocolumbite 
from the Giles columbite-beryl 
prospect in Spargoville). For each local- 
ity, be it a small prospect pit or a major 
operation, the authors provide an 
introduction and location data (some 
with GPS coordinates), as well as the 
history, geology, and mineralogy of the 
deposit. There are useful indexes for 
names, localities, and mineral species, 
plus an extensive reference list. 

While the average gemologist 
might not have an urgent need for 
this book, pegmatologists and mineral 
collectors will find it invaluable. The 
fact that Western Australia’s peg- 
matites are not miarolitic (i.e., they 
do not have significant open pockets 
for freestanding crystals to form) has 
prevented them from achieving the 
kind of fame that the Pala District 
pegmatites of California enjoy. 
Nevertheless, collectible mineral 
specimens and some gems have been 
produced, and renewed interest will 
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likely lead to the discovery of more in 
the future. 

MICHAEL EVANS 

Gemological Institute of America 

Carlsbad, California 


OTHER BOOKS RECEIVED 


Crazy About Jewelry! The Expert 
Guide to Buying, Selling and Caring 
for Your Jewelry. By Susan Eisen, 245 
pp., illus., publ. by Full Circle 
International Publishing [www. 
crazyaboutjewelry.net], El Paso, TX, 
2007. US$16.95. This is the book 
you want your customers to read. 
Susan Eisen’s enthusiasm for jewelry 
shines through her fun and function- 
al work. There are a lot of good prac- 


Carousel Egg Unveiled in Carlsbad ¢ 


“Lou 


GIA World News 


Fall 2008 


@\ai. vnc 


BOOK REVIEWS 


tical suggestions here, and though 
some in the industry might think 
her advice is simply common 
sense—such as not packing jewelry 
in your suitcase when you travel— 
I’ve heard of jewelry being lost in 
this manner countless times. Other 
chapters include “Redesigning Your 
Jewelry,” “Medical Identification,” 
“Cleaning It the Right Way,” and 
“Knowing Your Jeweler.” Ms. Eisen 
succeeds in relaying her advice in a 
casual, user-friendly manner, and the 
true-life stories from her career are 
both interesting and entertaining. 
Many of us will relate to her experi- 
ences, and the illustrations are color- 

ful and attractive. 
JANA E. MIYAHIRA-SMITH 
Gemological Institute of America 
Carlsbad, California 
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ERRATA 


Two book reviews in the Fall 2008 
issue, of Amazonite: Mineralogy, 
Crystal Chemistry, Typomorphic 
Features and Infrared Reflection 
Spectrometry in Advanced Min- 
eralogy, Gemology and Arch- 
aeometry, both by Mikhail N. 
Ostrooumov, inadvertently mis- 
spelled the author’s last name. In 
addition, the amazonite book was 
published by Polytechnics, St. 
Petersburg, not Nedra, Moscow. 


Because of an oversight, Jared Nadler 
of Birmingham, Alabama, was omit- 
ted from the list of 2008 Challenge 
Winners in the Fall issue. 


Gems & Gemology regrets the errors. 
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for Institute and industry news, has joined the shift 
to online-only publishing. You’!I love our new, 
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COLORED STONES AND 
ORGANIC MATERIALS 


Crystallization of biogenic Ca-carbonate within organo-miner- 
al micro-domains. Structure of the calcite prisms of the 
pelecypod Pinctada margaritifera (Mollusca) at the sub- 
micron to nanometre ranges. A. Baronnet, J. P. Cuif 
[jean-pierre.cuif@u-psud.fr], Y. Dauphin, B. Farre, and J. 
Nouet, Mineralogical Magazine, Vol. 72, No. 2, 2008, 
pp. 617-626. 

Atomic force microscopy (AFM) and transmission electron 

microscopy (TEM) were used to investigate the fine structure 

of calcite prisms in Pinctada margaritifera shell. AFM showed 
that the prisms were made of closely packed circular micro- 
domains (in the 0.1 m range) surrounded by a dense cortex. 

TEM images and diffraction patterns revealed the internal 

structure of the micro-domains, each of which was enriched in 

calcium carbonate. Hosted in distinct regions of each prism, 
some of these domains were fully amorphous while others 
were fully crystallized as subunits of a larger calcite crystal. At 
the border separating the two regions, the micro-domains dis- 
played a crystallized core and an amorphous rim, probably rep- 
resenting an arrested crystallization front. Compared to recent 
data concerning the stepping mode of growth of the calcite 
prisms and the resulting layered organization at the micron 
scale, these results offer unexpected insight into the modalities 
of biocrystallization. RAH 


Emerald deposits and occurrences: A review. L. A. Groat 
[lgroat@eos.ube.ca], G. Giuliani, D. D. Marshall, and D. 
Turner, Ore Geology Reviews, Vol. 34, No. 1/2, 2008, 
pp. 87-112. 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editors and their abstractors, and space limitations may require 
that we include only those articles that we feel will be of greatest 
interest to our readership. 


Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The abstractor of each article is identified by his or her initials at 

the end of each abstract. Guest abstractors are identified by their 
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Emerald is rare because unusual geologic and geochemical 
conditions are required to bring together sufficient 
amounts of Be (to make beryl) with Cr and/or V (the color- 
ing agents). This article reviews the major emerald 
deposits of the world and presents chemical composition 
data for samples from each deposit. 

In the classic model, Be-bearing pegmatites interact 
with Cr-bearing ultramafic or mafic rocks to form emer- 
alds. In Colombian and certain other deposits, however, 
emeralds result from regional or tectonothermal meta- 
morphic processes without magmatic activity. Various 
schemes have been proposed to classify emerald deposits, 
but not all have been useful in clarifying the actual condi- 
tions of emerald formation. Recent studies have demon- 
strated that emeralds crystallized under conditions where 
a combination of geologic mechanisms (magmatic, 
hydrothermal, and metamorphic) brought Be in contact 
with Cr and/or V in the right geologic setting. 

In the field, emerald can be recognized by its color, 
hardness, and form, but it will not concentrate in heavy 
mineral fractions because of its relatively low SG. 
Exploration for emerald deposits is typically based on 
structural geology considerations and geochemical studies 
of soils and stream sediments in a target area. JES 


The formation of precious opal: Clues from the opal- 
ization of bone. B. Pewkliang, A. Pring 
[pring.allan@saugov.sa.gov.au], and J. Brugger, 
Canadian Mineralogist, Vol. 46, No. 1, 2008, 
pp. 139-149. 

The composition and microstructure of opalized saurian 

(Plesiosaur) bones from Andamooka, South Australia, were 

compared to saurian bones that were partially replaced by 

magnesian calcite from the same geologic formation, north 
of Coober Pedy, South Australia. The opalized bones were 
essentially pure SiO, (88.59-92.69 wt.%), with minor ALO, 

(2.02—4.04 wt.%) and H,O (3.36-4.23 wt.%). No traces of 

biogenic apatite remained after opalization. During the for- 

mation of the opal, the coarser details of the bone 
microstructure were preserved down to the level of the indi- 
vidual osteons (~100 ym), but the central canals and bound- 
ary area were enlarged and filled with chalcedony, which 
postdates opal formation. The chemical and microstructural 
features are consistent with opalization occurring as a sec- 
ondary replacement after partial replacement of the bone by 
magnesian calcite, and also with the opal forming first as a 
gel in the small cavities left by the osteons, with individual 
opal spheres growing as they settled within the gel. Changes 
in the viscosity of the gel provide a ready explanation for the 
occurrence of color and potch banding in opals. The indica- 
tion that opalization is a secondary process after calcifica- 
tion in the Australian opal fields is consistent with a 
Tertiary age of formation. RAH 


Nouvelles des travaux sur le béryllium et les saphirs bleus 
[News on beryllium and blue sapphire research]. V. 
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Pardieu and L. Klemm, Revue de Gemmologie, No. 
163, 2008, pp. 7-9 [in French]. 

The authors first give a brief history of the beryllium diffu- 
sion treatment of corundum. The presence of Be in 
untreated sapphire was first reported by P. Wathanakul 
and colleagues at the 2004 International Gemmological 
Conference, in a trapiche sapphire from Houay Xai in 
Laos. In mid-2006, F. Claverie and coauthors detected Be 
in untreated blue sapphires from Ilakaka, Madagascar. 
Twenty-eight blue sapphires obtained at the Ilakaka mines 
by one of the present authors were analyzed at the 
Gtibelin Gem Lab, and 12 contained Be in local concentra- 
tions of 1-20 ppm. Complementary analyses at other labs 

(in Bangkok, Berne, and Lucerne} confirmed the findings. 
Beryllium in untreated blue sapphires seems to be con- 
centrated in comet-tail inclusions. These cloud-like inclu- 
sions also contained some Nb, W, Sn, and Ta. A correlation 
between these elements and Be could be useful for separat- 
ing Be-diffused blue sapphire from untreated blue sapphire 
containing beryllium. The data might also serve as a chem- 
ical fingerprint for origin determination. Guy Lalous 


Perlenzucht mit Pinctada maxima in Siidost-Asien— 
ein Beispiel [Pearl culturing with Pinctada maxi- 
ma in Southeast Asia—An example]. H. A. Hanni 
[gemlab@ssef.ch], Gemmologie: Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 56, 
No. 3-4, 2007, pp. 83-95 [in German]. 

This article describes modern pearl farming with Pinctada 

maxima oysters in Southeast Asia, using as examples two 

pearl farms in Bali and Irian Jaya. The oysters are cultured 
from fertilized eggs derived from carefully selected donor 
oysters. Hygienic standards are closely controlled during 
the entire growth process. These and other measures 
resulted in a good yield of high-quality pearls. After harvest, 
the oysters are not re-seeded; the meat is used for seafood 
and the shells for their nacre. The cultured pearls are pro- 
cessed, quality graded, and marketed in Australia. RT 


Thortveitite: A new gemstone. R. Chapman [ross@ 
gemsofaus.com.au], I. F. Mercer, A. H. Rankin, and 
J. Spratt, Journal of Gemmology, Vol. 31, No. 1/2, 
2008, pp. 1-6. 
A purple waterworn pebble of unknown origin was 
acquired in Bangkok in 2004, and it was cut into a strongly 
pleochroic, biaxial gemstone weighing 10.01 ct. It was 
identified as thortveitite (confirmed by Raman analysis], a 
scandium yttrium silicate that was previously unknown 
in gem quality. 

Electron microprobe analysis revealed significantly 
higher concentrations of Sc and lower concentrations of Y 
than were reported in the literature for nongem 
thortveitite, which is normally opaque to translucent and 
found only as very small crystals. The unusual chemical 
composition suggested a possible synthetic origin, though 
the presence of three-phase inclusions in a planar array 
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indicated otherwise. Unlike quenched flux or melt inclu- 
sions, these features were composed of a gas bubble, brine, 
and cubic daughter crystal suspected to be halite; this sug- 
gested formation in a hydrothermal environment. The 
inclusions showed signs of exposure to heat, either in 
nature or in the laboratory. ES 


Vaterit in SiiSwasser-Zuchtperlen aus China und Japan 
[Vaterite in freshwater cultured pearls from China 
and Japan]. U. Wehrmeister [wehrmeis@uni- 
mainz.de], D. E. Jacobi, A. L. Soldati, T. Hager, and 
W. Hofmeister, Gemmologie: Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 56, 
No. 3-4, 2007, pp. 97-116 [in German]. 

Chinese and Japanese freshwater cultured pearls (beaded 
and non-beaded) were analyzed by Raman spectroscopy 
and LA-ICP-MS. The results showed that they consisted 
only of aragonite and vaterite, with no calcite. For the 
most part, the vaterite was concentrated near the center of 
the cultured pearls; less commonly, it occurred in small 
blemishes on the surface. Continuous growth structures 
transected both the aragonite and the vaterite areas. Low 
concentrations of Na and Sr were found in the vaterite, as 
well as relatively enriched Mg values, which allowed its 
distinction from aragonite by LA-ICP-MS. 

The authors concluded that vaterite is a common 
phase in freshwater cultured pearls from China and Japan, 
and that it tends to concentrate near their centers. It was 
found in cultured pearls of high quality, as well as in lack- 
luster samples. RT 
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Kimberlite-hosted diamond deposits of southern Africa: A 
review. M. Field [matthew-field@btconnect.com], J. 
Stiefenhofer, J. Robey, and S. Kurszlaukis, Ore 
Geology Reviews, Vol. 34, No. 1/2, 2008, pp. 33-75. 

This article reviews a century of scientific study of kim- 

berlites in southern Africa and the diamonds and mantle- 

derived rocks they contain, which has increased our 
understanding of geologic processes and the conditions of 
diamond crystallization in the subcontinental lithosphere. 

The formation of kimberlite-hosted diamond deposits 

involves a lengthy and complex series of events, beginning 

with the growth of the diamonds in the mantle, followed 
by their removal and transport to the surface by kimberlite 
magmas. Age dating of mineral inclusions indicates dia- 
mond growth occurred several times during the earth’s 
geologic history. Older diamonds—of Archean age—are 
mainly peridotitic, whereas younger diamonds originated 
from eclogitic, websteritic, or lherzolitic rocks, and their 
formation periods correspond in age with major tectono- 
thermal events in southern Africa. 

Only about 1% of the kimberlite bodies discovered in 
southern Africa have been commercially exploited for dia- 
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monds, but among them are some of the world’s richest 
mineral deposits. The bulk of this article is a review of 34 
diamond mines in the region, including summaries of 
their geology and characteristics of their diamonds and 
mantle-derived rocks. The mines vary greatly in size, dia- 
mond grade, and value, as well as in their mantle-derived 
mineral suites. All the deposits are hosted by the Kalahari 
Craton, indicating that it provided the right environment 
for diamond growth and subsequent transport to the sur- 
face by kimberlite magmas. JES 


Magnetic inclusions in diamonds. B. M. Clement 
[clementb@fiu.edul], S. Haggerty, and J. Harris, Earth 
and Planetary Science Letters, Vol. 267, No. 1/2, 
2008, pp. 333-340. 
Natural diamonds sometimes contain dark inclusions that 
are often described as being graphite or a sulfide mineral. 
In this study, the authors examined 11 near-colorless, 
slightly rounded octahedral diamond crystals (2-4 mm) 
with dark eye-visible inclusions (believed to be a sulfide) 
for possible remnant magnetism. All the samples were 
from the Orapa mine in Botswana. The dark inclusions 
were found to be single or multiple metallic black and 
opaque fracture systems, each of which contained a tiny 
grain (20-50 pm) of pyrrhotite. When released by crushing 
of the diamond, these tiny grains appeared “dirty-yellow.” 
Pyrrhotite has a greater differential expansion than dia- 
mond, and its presence caused the localized fracturing of 
the host crystal. The black material within the fractures 
had the same chemical composition as the associated 
inclusion. The shape and orientation of the pyrrhotite 
inclusions indicate that they formed at the same time as 
the host diamond. They were found to be capable of carry- 
ing strong and stable remnant magnetization. 

These results suggest that with the availability of suit- 
able samples, it may be possible to obtain information 
about the earth’s geomagnetic field during key intervals of 
geologic time. Furthermore, specific details of the rem- 
nant magnetism would allow individual diamonds with 
pyrrhotite inclusions to be uniquely identified, even in 
cases where the inclusions are quite small (i.e., only a few 
microns in diameter). JES 


Nanometre-sized mineral and fluid inclusions in cloudy 
Siberian diamonds: New insights on diamond for- 
mation. A. M. Logvinova [logv@niggm.nsc.ru], R. 
Wirth, E. N. Fedorova, and N. V. Sobolev, European 
Journal of Mineralogy, Vol. 20, No. 3, 2008, pp. 
317-331. 

Nanometer-size isolated inclusions were studied in four 

cloudy octahedral diamonds from the Internationalaya 

pipe and one from the Jubileynaya mine, both in Yakutia. 

TEM, AEM, EELS, and HREM analyses of the samples 

were conducted, as well as line-scan and elemental map- 

ping. All the crystals exhibited an octahedral habit with 
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opaque central cuboid cores that contained numerous 
nano-inclusions (30-800 nm). They were composed of 
multiphase assemblages that included silicates, oxides, 
carbonates, brines (KCl), and fluid bubbles. Distin- 
guishable crystalline phases included a high-Mg silicate, 
dolomite, Ba-Sr carbonate, phlogopite, ilmenite, ferroperi- 
clase, apatite, magnetite, K-Fe sulfide (possibly djer- 
fisherite], and kyanite. Carbonates identified by TEM 
from all the diamonds studied showed a general enrich- 
ment in incompatible elements such as Sr and Ba. Some 
elemental variations in the crystalline phases may be 
explained by fractional crystallization of the fluid/melt or 
the mixing of fluids with different compositions. 

RAH 


Using phosphorescence as a fingerprint for the Hope and 
other blue diamonds. S. Eaton-Magania [sally magana@ 
gia.edul, J. E. Post, P. J. Heaney, J. Freitas, P. Klein, 
R. Walters, and J. E. Butler, Geology, Vol. 36, No. 1, 
2008, pp. 83-86. 

Little quantitative research exists on the phosphorescence 

properties of natural blue diamonds. This study used 

broadband UV radiation and a novel spectrometer system 
to examine the luminescence of 67 natural blue diamonds, 
including stones from the Aurora Butterfly and Aurora 

Heart collections, as well as the 45.52, ct Hope and the 

30.62 ct Blue Heart. 

The red phosphorescence of the Hope Diamond was 
once believed to be quite rare. This study showed that vir- 
tually all natural blue diamonds have red phosphores- 
cence; however, the color is often masked by a concomi- 
tant luminescence in the green-blue region of the spec- 
trum. Sixty-two of the 67 samples exhibited two phospho- 
rescence peaks—at orange-red (~660 nm) and green-blue 
(~500 nm wavelengths). Significantly, the study demon- 
strated that because these two bands are nearly always 
present, the relative intensity of emissions and their 
decay kinetics [i.e., the ratio of peak intensities plotted 
against the half-life of the 660 nm peak) yields a unique 
“fingerprint” for each specimen. Phosphorescence analy- 
sis therefore provides a robust method to discriminate 
among individual blue diamonds using a relatively inex- 
pensive, portable desktop spectrometer. 

The authors also examined three blue synthetic dia- 
monds and an HPHT-annealed gray-turned-blue natural 
diamond. All four exhibited the phosphorescence band at 
500 nm but not the one at 660 nm, which suggests that 
phosphorescence spectroscopy might be an effective tool 
for discerning synthetic and HPHT-treated diamonds 
from natural blues. 

Although the authors acknowledge there is insuffi- 
cient evidence to completely describe the defect states, 
impurities, or energy-transfer mechanisms of phospho- 
rescence, their findings suggest that the same donor- 
acceptor pair recombination mechanism is active in both 
natural and synthetic blue diamonds. ERB 
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GEM LOCALITIES 


Advances in our understanding of the gem corundum 
deposits of the West Pacific continental margins 
intraplate basaltic fields. I. Graham [i.graham@ 
unsw.edu.au], L. Sutherland, K. Zaw, V. Nechaev, 
and A. Khanchuk, Ore Geology Reviews, Vol. 34, 
No. 1/2, 2008, pp. 200-215. 

The continental margins of the western Pacific contain 

the world’s largest and richest deposits of gem ruby and 

sapphire. These deposits are genetically related to Late 

Mesozoic to Late Cenozoic basaltic volcanism, and today 

they are spread over a distance of more than 12,000 km, 

extending from Russia (Siberia) to Australia (Tasmania). 

The gem corundum consists of xenocrysts of magmatic 

and/or metamorphic origin trapped in the host basalt. The 

corundum is mined from placer deposits formed by weath- 
ering of the basalt. 

Corundum suites from each origin type have distinc- 
tive trace-element geochemistry, mineral inclusions, crys- 
tallization ages, and formation conditions. Magmatic 
corundum appears to have crystallized under upper-man- 
tle to mid-crustal pressure-temperature conditions (~700- 
1200°C}, from melts of syenitic to nepheline syenitic com- 
position. In contrast, the metamorphic corundum appears 
to have formed at slightly higher temperatures 
(~800-1300°C) and at depths ranging from the mantle to 
the lower crust. The conditions of corundum formation at 
the major deposits within the western Pacific continental 
margins are discussed. 

JES 


Aighan beryl varieties. L. Natkaniec-Nowak [natkan@ 
uci.agh.edu.pl], Journal of Gemmology, Vol. 31, No. 
1/2, 2008, pp. 31-39. 
The author presents an in-depth characterization of three 
specimens of Afghan beryl from pegmatites at Ghursalak 
in Konar Province (aquamarine and morganite) and from 
the Panjshir Valley (emerald). INAA, XRD, ICP-AES, ICP- 
MS, and IR spectroscopic techniques were used to exam- 
ine the beryls, and the results are summarized in accompa- 
nying tables. IR spectroscopy of the aquamarine and emer- 
ald indicated the presence of organic matter, probably bitu- 
minous material within structural channels. The author 
notes that while Afghanistan has not been a major gem 
producer for the world market, many important gems have 
been known from the region since Egyptian, Greek, and 
Roman times. Production is growing, and examples of fine 
material have appeared in markets worldwide. 
ES 


Age and origin of gem corundum and zircon megacrysts 
from the Mercaderes—Rio Mayo area, south-west 
Colombia, South America. F. L. Sutherland 
[lin.sutherland@austmus.gov.au], J. M. Duroc- 
Danner, and S. Meffre, Ore Geology Reviews, Vol. 
34, No. 1/2, 2008, pp. 155-168. 
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SPINEL 


The large slightly distorted octahedral crystal (A) clearly 
shows spinel as a member of the cubic system. This is a Burma 
stone. The fashioned stones (B) to (F), all from Ceylon, 
illustrate a few of the more common colors that have confused 
spinel with other species. (B) ruby colored spinel; (C) rubi- 
celle; (D) almandine spinel; (E) blue spinel; (F) pink spinel 
(often incorrectly sold as “balas ruby’). Specimens from the 
collection of British Museum (Natural History), London. 


Genuine Spinel is sufficiently rare to be seldom seen in 
jewelry, although synthetic spinel is widely used under other 
names. 


PLATE XXII 


Alluvial gem corundum has been known for several cen- 
turies from the Rio Mayo area of southwestern Colombia. 
Samples recovered from this area (some near colorless but 
most multicolored, 99% of them sapphire) exhibit fea- 
tures such as color zoning, polysynthetic twinning, and 
healed fractures, as well as various mineral inclusions 
(rutile, apatite, zircon, some plagioclase, and occasional 
allanite, which appears to be an inclusion unique to this 
locality). U-Pb dating of the zircon, allanite, and apatite 
inclusions suggested the corundum crystallized approxi- 
mately 10 million years ago, placing the formation in the 
Miocene epoch. Corundum formation appears to be relat- 
ed to geologic events associated with the uplift of the 
northern portion of the Andes Mountains and accompa- 
nying volcanism. The article provides chemical composi- 
tion data for both the corundum and the important min- 
eral inclusions. JES 


Black opaque gem minerals associated with corundum in 
the alluvial deposits of Thailand. S. Saminpanya 
[seriwat@hotmail.com] and F. L. Sutherland, 
Australian Gemmologist, Vol. 23, No. 2, 2008, pp. 
242,253. 

Black opaque spinel, pyroxene, and magnetite occur in 

gravels associated with corundum in the alluvial deposits 

of Denchai and Bo Phloi, Thailand. Raman spectra and 

XRD patterns have been used to unravel some of the mis- 

nomers surrounding these materials in the gem markets. 

The black spinel lies in the spinel-hercynite series, the 

black pyroxene is mostly augite, and the magnetite lies in 

the magnetite-ulvéspinel series. The details of their chem- 
ical composition suggest that these minerals did not origi- 
nate in the same environment as the corundum or the 
basaltic host rocks. RAH 


Gem corundum deposits of Madagascar: A review. A. F. 
M. Rakotondrazafy, G. Giuliani [giuliani@crpg.cnrs- 
nancy.fr], D. Ohnenstetter, A. E. Fallick, S$. Rakoto- 
samizanany, A. Andriamamonjy, T. Ralantoarison, 
M. Razanatseheno, Y. Offant, V. Garnier, H. 
Maluski, C. Dunaigre, D. Schwarz, and V. Ratrimo, 
Ore Geology Reviews, Vol. 34, No. 1/2, 2008, pp. 
134-154. 

Gem corundum is found at a number of localities in 

Madagascar, primarily in the central and eastern portions 

of this island nation. Ruby and sapphire formed at differ- 

ent stages and in distinct environments. The authors 
describe four main geologic settings: 


1. primary deposits in magmatic rocks such as syen- 
ites, granites, and alkali basalts 

2. primary deposits in metamorphic rocks such as gran- 
ulites 

3. primary deposits that resulted from alkaline metaso- 
matism due to fluid circulation occurring along dis- 
continuities in gneisses and granulites 
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4. secondary deposits derived from the erosion of sur- 
rounding rocks 


The article provides an excellent review of the major 
ruby and sapphire deposits of Madagascar, including their 
geologic setting and age, host rocks, typical mineral 
assemblages, and inferred conditions of formation. 

JES 


Greenish quartz from the Thunder Bay Amethyst Mine 
Panorama, Thunder Bay, Ontario, Canada. L. B. 
Hebert [labaker@gps.caltech.edu] and G. R. 
Rossman, Canadian Mineralogist, Vol. 46, No. 1, 
2008, pp. 111-124. 

The Thunder Bay Amethyst Mine Panorama is a major 
amethyst deposit on the western shore of Lake Superior 
in southern Ontario. Although most of the quartz is 
amethystine, loose pieces of yellowish green and green 
quartz have been found, and greenish gray quartz occurs 
in situ as part of a color-gradation sequence that includes 
colorless and smoky quartz along with chalcedony. 
Analysis of samples of all these colors show correspond- 
ing trends in the salinity and temperature of the quartz- 
forming hydrothermal solutions. The greenish material 
exhibits greater turbidity and more numerous fluid inclu- 
sions than the amethyst. Furthermore, differences in crys- 
tal growth rates also appear to have influenced the color 
of the quartz. 

The authors conclude that the greenish gray col- 
oration is not from the secondary heating of preexisting 
amethyst, but rather is another distinct radiation-induced 
color variety of quartz. This color resulted from specific 
chemical constituents in the hydrothermal solutions, the 
conditions of natural radiation exposure, and the incorpo- 
ration of molecular water in the quartz, both as nano- 
scale and micro- to macro-scale fluid inclusions. The 
greenish gray material appears to have formed during the 
initial stages of mineralization, and these solutions under- 
went a decrease in salinity and quartz growth rate during 
quartz precipitation. JES 


Opal-C, opal-CT, & opal-T from Acari, Peru. F. Caucia 
[caucia@crystal.uniipv.it], C. Ghisoli, I. Adamo, and 
M. Boiocchi, Australian Gemmologist, Vol. 23, No. 
2, 2008, pp. 266-271. 
Optical features, SG and XRD data, and IR spectroscopic 
features are described for 25 translucent-to-opaque vol- 
canic opals from the Acari region of Peru. The XRD and IR 
results correspond with opal-C and opal-CT, with some 
samples being pure tridymite (i.e., opal-T). Opals display- 
ing various colors and transparencies were classified 
according to their luster, and the relationship between lus- 
ter and the presence of phyllosilicate phases within the 
opals was assessed. Andean opals with a vitreous but dull 
porcelain-like luster were opal-C and opal-CT that were 
free of phyllosilicates. RAH 
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Les pegmatites 4 béryl de la région d’Ambazac, Haute- 
Vienne [Beryl-bearing pegmatites from Ambazac, 
Haute-Vienne]. J. Patureau, Revue de Gemmologie, 
No. 164, 2008, pp. 12-16 [in French]. 

The massif of Haute-Vienne (north of Limoges, in the French 

Massif Central) consists of three types of leucogranite. The 

Saint Sylvestre leucogranite is the youngest (320 million 

years) and forms the Ambazac Mountains. This unit hosts 

numerous potassic pegmatites along with some sodalithic 
pegmatites. The potassic pegmatites are typically lenticular 
and are composed of K-feldspar, biotite, muscovite, and 
quartz, with apatite and beryl as accessory minerals. In the 
19th and early 20th centuries, the pegmatites were actively 
exploited for K-feldspar (used in the porcelain industry of 
Limoges}, piezoelectric smoky quartz crystals, and—most 
recently—uranium. Some gem-quality beryl was recovered, 
including goshenite, aquamarine, and heliodor. Of these, gold- 
en yellow to green-yellow heliodor has been the most abun- 
dant in recent decades. A few gemstones, including a 6.65 ct 
golden beryl, have been faceted from these finds. FP 


INSTRUMENTS AND TECHNIQUES 


Accelerating refractive rendering of transparent objects. 
K. C. Hui [kchui@acae.cuhk.edu.hk], A. H. C. Lee, 
and Y. H. Lai, Computer Graphics Forum, Vol. 26, 
2007, No. 1, pp. 24-33. 
Ray tracing may be used to create photorealistic computer 
images of transparent gemstones and other objects. 
However, this technique requires a great deal of computa- 
tion and is inherently slow. The authors propose a tech- 
nique for the interactive rendering of transparent objects 
using a refractive rendering algorithm. There are two 
stages in the algorithm: pre-computation and shading. In 
the pre-computation stage, a ray-tracing process tailored to 
gemstone rendering is performed. A database is construct- 
ed for the storage of information such as the ray directions 
and the positions of the corresponding image points. In the 
next stage, these data are retrieved from the database for 
the shading of the transparent object, taking illumination 
into consideration. The time required for the pre-computa- 
tion process is proportional to the number of polygons (p) 
composing the model, the image size (number of pixels, s), 
and the number of internal reflections (r). The performance 
of the shading process is determined by the light obstruc- 
tion test and the illumination calculation, with a time 
complexity of p* and sr, respectively. Experimental results 
show that refractive rendering is significantly faster than 
ordinary ray-tracing techniques. Dennis Zwigart 


Clarification of measurement of the RIs of biaxial gem- 
stones on the refractometer. B. D. Sturman [darkos@ 
rogers.com], Journal of Gemmology, Vol. 30, No. 
7/8, 2007, pp. 434-442. 
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The author describes three rules for refractometer observa- 
tions of biaxial gemstones that, if followed correctly, allow 
one to determine optic character and sign by simply recog- 
nizing observed patterns (without the need to construct 
graphs of RI measurements). All four possible biaxial pat- 
terns are discussed, and diagrams illustrate the behavior of 
gem materials on the refractometer based on calculated 
movements of shadow edges for different orientations of 
the optical elements and the facet being measured. The 
author notes that although one biaxial pattern is quite 
common and requires use of a polarizing filter to deter- 
mine true beta, the other three are rare and may only show 
up at all because gem cutters sometimes use a large crystal 
face for the gemstone’s table. ES 


Determination of the optic axial angle in biaxial gem- 
stones and its use in gemmology. B. D. Sturman 
[darkos@rogers.com], Journal of Gemmology, Vol. 
30, No. 7/8, 2007, pp. 443-452. 

Of the many concepts from optical mineralogy that have 

been applied to gemology, one that is little known is the 

use of optic axis angle to identify biaxial gemstones. This 
is especially helpful for differentiating between biaxial 
gemstones with similar or overlapping Rls (e.g., peridot vs. 
sinhalite). It can also distinguish between a uniaxial gem 
and a biaxial gem that has one optic axis oriented perpen- 
dicular to the table, which produces one variable and one 
constant shadow edge during rotation on a refractometer 

(e.g., tourmaline vs. actinolite). Along with background 

explanation, the author gives detailed examples and dia- 

grams. Determination of the optic axis angle requires the 
same data needed to determine the optic sign, but the 
optic axis angle is a much more discriminatory constant 
for use in the identification of biaxial gemstones. 

ES 


SYNTHETICS AND SIMULANTS 


Gemmologische Kurzinformationen: Imitation fiir 
Feuerachat [Gemmological brief notes: Imitation of 
fire agate]. U. Henn [ulihenn@dgemg.com], Gem- 
mologie: Zeitschrift der Deutschen Gemmolo- 
gischen Gesellschaft, Vol. 56, No. 3-4, 2007, pp. 
127-129 [in German]. 

Attractive beads sold as fire agate were proved to be heat- 

treated chalcedony (agate). The heating causes surface 

cracking that is somewhat reminiscent of fire agate, but the 
beads showed none of the surface iridescence or botryoidal 
structure that are typical of true fire agate. RT 


Innovative composites ‘Fusion.’ G. Choudhary, Gems # 
Jewellery, Vol. 17, No. 2, 2008, pp. 20-22. 

The author reports on some interesting gem assemblages, 

eye-catching composites marketed as “Fusion.” The gems 

have concave pavilion facets, which improves their bril- 
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liance and overall appearance. Combinations include citrine 
and amethyst imitating ametrine, and topaz and amethyst 
resembling tanzanite. The composites vary from three to 
five pieces, giving an impression of multicolored stones. 
Identification of these composites is straightforward. 
The presence of junction planes, which appear as sharp 
separations between the layers, is diagnostic. Spherical or 
flattened gas bubbles, dendritic flow patterns, and irides- 
cence may all be present along the junction planes. In 
addition, the glues may fluoresce chalky blue to white 
under short-wave UV. Guy Lalous 


‘Paraiba’ tourmaline and similar looking materials. G. 
Choudhary and C. Golecha, Gems & Jewellery, 
Vol. 17, No. 1, 2008, pp. 16-18. 
Paraiba tourmaline simulants are becoming more com- 
mon in the marketplace. Materials such as apatite and 
glass have been joined by cubic zirconia and hydrothermal 
synthetic beryl; production of the latter two has reached a 
commercial scale. Short descriptions of these four simu- 
lants are presented, and their gemological properties are 
compared in a table. The authors describe a glass simulant 
with swirled color zoning, which at first glance displayed 
pleochroism reminiscent of that seen in tourmaline. All 
four simulants are easily separated from tourmaline 
through standard gemological testing. ES 


Single-crystal polarised-light FTIR study of an historical 
synthetic water-poor emerald. F. Bellatreccia, G. 
Della Ventura [dellaven@uniroma3.it], M. Piccinini, 
and O. Grubessi, Neues Jahrbuch ftir Mineralogie 
Abhandlungen, Vol. 185, No. 1, 2008, pp. 11-16. 

Reexamination of a synthetic emerald grown in the late 

19th century using a flux method showed its composition 

to be nearly stoichiometric and homogeneous except for 
significant variations in chromium (1.45-2.59 wt.% 

Cr,O,). Trace amounts of Ti, Mg, Fe, Zn, Na, K, and F were 

also noted. Despite the flux growth method, FTIR spectra 

in the OH-stretching region showed the presence of weak 
but significant H,O vibrations. The polarized FTIR spectra 
collected with E_Lc consisted of a sharp, intense band at 

3463 cmz!, whereas the Ellc spectra consisted of two minor 

bands at 3643 and 3587 cm~!. These bands were assigned to 

the v, antisymmetric stretching and v, symmetric stretch- 
ing modes of type II water in the structural channels. These 
water molecules were probably associated with Li impuri- 
ties in the mineral from the flux used for the synthesis. 
Using the molar absorption coefficient, the authors derived 
a water content of ~30 ppm. RAH 


TREATMENTS 


Copper diffusion treatment of andesine and new mine of 
Tibet. Gem Information, Japan Germany Gemmo- 
logical Laboratory, Vol. 37-38, 2008, pp. 1-8 [in 
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Japanese, abstracted from English translation]. 
Chinese andesine has attracted considerable attention due 
to rumors that an unknown treatment can reproduce the 
red color seen in some natural material. EDXRF data were 
collected for samples of pale yellow rough andesine before 
and after three stages of an unspecified treatment process 
performed in Thailand. These samples showed increasing 
CuO levels and deeper diffusion of red color with each 
stage of treatment. After the third stage, copper levels 
reached those recorded for andesine from the market. 

Two pieces of pale yellow Mongolian rough underwent 
treatment (also unspecified) in China. Viewed in immer- 
sion, they showed less color at their surface and more color 
internally than the Thai-treated stones. The red color, 
when magnified, consisted of tiny reddish orange spots. 
Copper concentrations measured in these samples were 
also similar to those of andesine available in the market. 

A new andesine deposit in a rugged mountainous area 
of Tibet was also described. Hand mining by locals during 
the summer has yielded stones with natural red and green 
hues, most of them <1 ct when cut. More information is 
needed to distinguish untreated Tibetan andesine from 
the treated stones. ERB 


Pearl treatments: How pearls, natural and cultured, are 
treated to enhance them, and how to detect the 
treatments. S. Kennedy, Organic Gems, No. 7, 2008, 
www.maggiecp.co.uk/subs/OG7 %20Jan %2.008/ 
Pearl_Treatments.htm. 

The article gives an overview of the primary pearl treat- 

ments encountered in the market. Most involve color 

enhancement, such as the use of silver nitrate staining to 
darken a pearl’s appearance. The author also describes the 
filling of internal hollows in large pearls to enhance their 
weight. Both filling and silver nitrate staining are 
detectable by X-radiography. The author notes that some 
enhancements are still difficult to detect, such as yellow 
treated South Sea cultured pearls. Some practical knowl- 
edge of certain characteristics indicating treatment is pro- 
vided. Two examples are the high likelihood of treatment 
in a matched string of brown Tahitian cultured pearls, and 
the fact that black is not a natural color for cultured pearls 
from freshwater mussels. Annette Buckley 


Surface treatment of gemstones, especially topaz: An 
update of recent patent literature. K. Schmetzer 
[schmetzerkarl@hotmail.com], Journal of Gem- 
mology, Vol. 31, No. 1/2, 2008, pp. 7-13. 

Following up on his 2006 Journal of Gemmology paper 

(covering the period 1996-2005), the author updates a list 

of patents pertaining to the surface treatment of gem 

materials. Although it is not known if any of the reported 
technologies have already been implemented, the author 
warns that that at least some will probably be applied in 
the future. Two types of surface treatment are identified 
and discussed: (1) processes not involving heat treatment 
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(i.e., coatings of wear-resistant material, coatings that 
cause an optical phenomenon, and coatings that form a 
diffractive optical element), and (2) processes involving 
heat treatment (i.e., heat treatment while in contact with 
a plate containing transition metals, and heat treatment 
following deposition of a coating). ES 


MISCELLANEOUS 


Development of an object-oriented classification model 
using very high resolution satellite imagery for 
monitoring diamond mining activity. E. Pagot 
[elodie.pagot@jrc.it], M. Pesaresi, D. Buda, and D. 
Ehrlich, International Journal of Remote Sensing, 
Vol. 29, No. 2, 2008, pp. 499-512. 

Satellite imagery has become a valuable tool in diamond 

exploration. This article details the development of a 

methodology for monitoring diamond mining activity 

from very high resolution satellite images using a multi- 
criteria “fuzzy” classification system. Previous investiga- 

tions were based on medium-resolution sensors (e.g., 

Landsat TM data). In this study, two sets of satellite 

remote-sensing data were acquired four months apart and 

then processed using a “fuzzy sets” procedure. (“Fuzzy 
sets” are those in which elements have degrees of mem- 
bership, rather than either belonging or not belonging to 
the set.) The authors discuss in detail the data-processing 
flow—image preprocessing methodology (geometric and 
radiometric corrections); image processing using multi- 
resolution segmentation and supervised fuzzy logic classi- 
fication software; and the classification scheme that 
would eventually provide the object maps and statistics 
to assess the status of mining activity in the imaged areas 

(e.g., increasing, decreasing, or stable mining activity). 

Of interest in one African diamond-producing zone 
was a large mechanized mine and small artisanal “hand- 
dug” sites that only required light manpower and equip- 
ment. The identification parameters for the mines (e.g., 
average size, aerial geometric shape, distance from rivers, 
water-clarity status, and excavation materials) were oper- 
ationalized and became part of multi-temporal data sets. 

The multi-criteria method showed an overall accuracy 
of 91% based on comparison with image datasets from 
standard manual photo interpretation. The authors con- 
clude that the object-oriented interpretation model devel- 
oped in the study proved successful in monitoring the 
level of diamond mining activity. 

The advantages of using such image analysis include 
the wealth of additional information that can be derived 
from image objects, its robustness, its success in monitor- 
ing the level of diamond mining activity in inaccessible 
areas, and the complementing of maps with qualitative and 
quantitative information on mining activity for both small 
artisanal and large mechanized mines. ERB 
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Making diamonds work for development: An overview of ini- 
tiatives. K. Hund, July 2008, www.madisondialogue. 
org/Hund_SRK_MadisonDialogue_v6_dblsided.pdf. 

There has been a proliferation of initiatives aimed at pro- 
ducing truly “clean,” “fair,” or “ethical” gold, diamonds, 
and other minerals, so that these resources can better 
contribute to sustainable development in the local com- 
munities where they are mined. These initiatives have 
been instigated and/or sustained by various stakeholders 
in the diamond business, as well as by governments, 
donors, NGOs, and other organizations. This paper ana- 
lyzes nine initiatives designed to improve the lives of 
artisanal diamond miners and small-scale diamond cut- 
ters in various parts of Africa. Some have had better 
results than others, and the successes and failures are 
identified to provide lessons for the future. 

Two initiatives in the Democratic Republic of the 
Congo are briefly described, though the report acknowl- 
edges that much more is happening there (e.g., diamond- 
oriented efforts by Congolese civil society organizations 
working on the social and environmental impacts of 
mining and forestry). The report also examines two com- 
pany-led diamond fair trade initiatives: one by Finesse 
Diamonds, a U.S.-based De Beers sightholder, and the 
other by Target Resources, a London-based gold and dia- 
mond miner. Many other fair trade initiatives focusing 
on gems and gold offer lessons to be learned, but are 
beyond the scope of this paper. 

A brief overview is provided of attempts by individual 
retailers worldwide to sell only diamonds that are ethical- 
ly sourced. Many choose the safe option of Canadian 
stones, or even synthetic diamonds, yet these do not con- 
tribute to the development of diamond-producing coun- 
tries in Africa. 

Setting goals for standards and establishing guide- 
lines is critical to establishing trust in fair trade princi- 
ples. Seven organizations that are attempting to do so 
are analyzed. An overview of charity initiatives is 
given, many of which are using diamond industry prof- 
its to fund African development projects. As such, there 
is a difference between “diamond charity” and “devel- 
opment diamonds.” The report concludes with eight 
issues for discussion: the lack of clarity as to what con- 
stitutes an “ethical diamond,” the urgent need for mon- 
itoring, the difficulty of achieving overall aims, the 
ongoing lack of information exchange, the inability of 
many charities to address root problems, the need to 
collaborate, the fact that too many initiatives are top- 
down rather than bottom-up, and the failure to recog- 
nize existing internal structures that might be most 
effective. 

The author provides a list of socially responsible dia- 
mond retailers and designers, as well as references and 
websites. An overview matrix of the different initiatives 
and what they aim to achieve is also included. EJ 
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In Gold We Trust: Social Capital and 
Economic Change in the Italian 
Jewelry Towns (Gaggio)Sp08:98-99 

Guidebook to the Pegmatites of 
Western Australia (Jacobson, 
Calderwood, and Grguric]W08:S2 

Henry Dunay: A Precious Life 
(Proddow and Fasel)Su08:192-193 

Infrared Reflection Spectrometry in 
Advanced Mineralogy, Gemology 
and Archaeometry 
(Ostrooumov)F08:286 

Jewelry Savvy: What Every Jewelry 
Wearer Should Know (Sliwa and 
Stanley)Sp08:98 

Laboratory Grown Diamonds, 2nd ed. 
(Deljanin and Simic)Su08:194 

Late Antique and Early Christian 
Gems (Jeffery Spier)Sp08:99 


Photoatlas of Inclusions in Gemstones, 


Volume 3 (Gtbelin and 
Koivula)W08:S1 
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Rings: Jewelry of Power, Love and 
Loyalty (Scarisbrick)Sp08:97 
Russian Gemstones Encyclopedia 

(Bukanov)Su08:193 
Safety Solutions (MJSA Press)Sp08:99 
Southwestern Indian Jewelry: Crafting 
New Traditions (Cirillo)F08:286 
Tables of Gemstone Identification 
(Dedeyne and Quintens)Su08:194 
Traditional Jewelry of India 
(Untracht}F08:286 
Verdura: The Life and Work of a 
Master Jeweler (Corbett)Su08:194 
Volodarsk-Volynski: Mineralogy of the 
Volynian Chamber Pegmatites, 
Ukraine (Pavlishin and 
Dovgyi)Su08:193-194 
Brazil 
star and cat’s-eye topaz from 
(GNIJSu08:182-183 
Brown, Grahame 
obituary (GNI)Sp08:94 
Burma, see Myanmar 


C 


Calcareous concretions, see Pearl, 
non-nacreous 
Calcite 
inclusions in grossular (LN)F08:259 
California, see United States 
Cathodoluminescence 
to identify yellow synthetic diamond 
melee (Kitawaki)F08:202-213 
Chalcedony 
dyed to resemble chrysocolla 
(GNIJW08:379 
“Challenge,” see Gems &) Gemology 
Chatoyancy 
in lawsonite from California 
(GNI)Su08:171 
in peridot from a pallasitic meteorite 
(GNI)Su08:177 
in topaz from Brazil (GNI)Su08:182-183 


Chemical composition 
of blue beryl, natural and synthetic 
(Adamo})F08:214-226 
of emerald from Norway 
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(Rondeau)Su08:108-122 

of johachidolite from Myanmar 
(Chadwick)F08:246-251 

of ruby and sapphire from Tanzania 
(Schwarz)W08:322-347 

of tourmaline—copper contaminated 
(LN)W08:367-368,; from Mozambique 
(GNIJF08:273-275; Paraiba-type 
(Laurs)Sp08:4-31 

see also Spectroscopy [various]; specific 
gem materials 


Chemical vapor deposition [CVD], see 
Diamond, synthetic 
China 
Andesine-labradorite—ted, possibly dif- 
fusion treated (GNI)Su08:166-167; 
from Tibet and Inner Mongolia 
(GNI]W08:369-373 
“Chocolate pearls,” see Pearl, cultured 
Chrysocolla, see Chalcedony 
Citrine, see Quartz 
Clam pearl, see Pearl, non-nacreous 
Clinochlore 
chromium-rich (kammererite), from 
Turkey (GNI)Su08:168-169 
Coating 
of diamond, history of 
Overton)Sp08:32-55 
and diffusion treatment of topaz 
Gabasch)Su08:148-154 
of engraved black pearls 
GNI)Su08:174-175 
of tanzanite (McClure)Su08:142-155 


Colombia 
emerald crystal in quartz from La Pita 
LNJE08:258 
nomenclature for emeralds from 
Ringsrud)F08:242-245 
Color, cause of 
in diamonds, purple, from Siberia 
Titkov)Sp08:56-64 
in emerald from Norway 
Rondeau)Su08:108-122 
in feldspar-quartz-muscovite rock 
GNI)F08:266-267 
in johachidolite from Myanmar 
Chadwick)F08:246-251 
in Paraiba-type tourmaline 
Laurs)Sp08:4-31 
Color change 
in fluorite (GNI)F08:263 
in sapphire with lead-glass filling 
GNI)Sp08:88 
Color grading, see Diamond, color grading 
of D-to-Z 
Color zoning 
in diamonds, purple, from Siberia 
(Titkov)Sp08:56-64 
in Paraiba-type tourmaline from 
Mozambique (Laurs)Sp08:4-31 
in ruby and sapphire from Tanzania 
(GNIJF08:2.70-272, 
(Schwarz)W08:322-347 
in synthetic melee diamonds, yellow 
(Kitawaki}FO8:202-213 


Colorimeter 
use of, in color grading of D-to-Z dia- 
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monds (King)W08:296-321 
Computer software 


used in modeling of the Koh-i-Noor dia- 
mond (Sucher)Su08:124-141 
Conch pearl, see Pearl, non-nacreous 
Conference reports 
Gemological LA-ICP-MS User Group 
(GNI)Sp08:90-91 
International Pearl Convention 
(GNIJSp08:91-92 
Scottish Gemmological Association 
(GNI)Su08:188-189 
Sinkankas Garnet Symposium 
(GNI)Su08:188 
Winter Conference on Plasma 
Spectrochemistry 2008 (GNI)Sp08:90 


Coral 

and plastic composite (LN)F08:253 
Corundum, see Ruby; Sapphire 
Crookes, Sir William 


and diamond irradiation 
(Overton)Sp08:32-55 


Cubic zirconia 
used in modeling of the Koh-i-Noor dia- 
mond (Sucher)Su08:124-141 


Cultured pearl, see Pearl, cultured 

CVD [chemical vapor deposition]-grown 
synthetic diamonds, see Diamond, 
synthetic 


D 


Danburite 
yellow, from Tanzania (GNI)Su08:169- 
171 


Deepdene diamond 
irradiation of (Overton)Sp08:32-55 
Diamolite, see Instruments 
Diamond 
burned surface pattern on (LNJF08:256 
color grading of D-to-Z (King)W08:296- 
321 
crystal with mixed growth 
(GNI)Sp08:74-75 
from Myanmar, new localities 
(GNI)Sp08:82 
type Ila, with strong phosphorescence 
(GNI)Su08:164-165 
Diamond, colored 
black (LN)F08:254-255 
brown-yellow, type-zoned (LN}F08:364- 
365 
brownish-greenish-yellow with dissolu- 
tion features (LN)Sp08:66-67 
orange, with 594 nm feature 
(LN)Su08:156-157 
pinkish brown (LN)F08:257-258 
purple, from Siberia (Titkov)Sp08:56-64 
reddish orange type Ib (LN)F08:255-256 
Wittelsbach Blue (Dréschel)W08:348- 
363 
see also Deepdene diamond, Diamond, 
synthetic; Diamond treatment 
Diamond, inclusions in 
bird-like feature (GNI)Su08:164 
crystal formation resembling flying 
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saucer (LN)Su08:157-158 
dissolution and growth features visible 
with DiamondView (LN)Sp08:66-67 
hydrogen cloud—in black diamond 
LN)F08:254-255; with mask pattern 
(LNJFO8:257 
mantle suite, in pinkish brown 
LN)F08:257-258 
olivine with cleavage fracture 
LN)E08:256 
in yellow synthetic melee 
Kitawaki)F08:202-213 


Diamond, synthetic 
CVD—experimental, from LIMHP 
GNI)Su08:185-186; first sample sub- 
mitted for GIA grading (LN)Sp08:67- 
69; HPHT-treated sample submitted 
for Dossier grading (LN)W08-365- 
367; with traces of boron 
(LN)Su08:158-159 
melee, yellow—identification of 
(Kitawaki)F08:202-213; in the mar- 
ketplace (Keller)F0O8:201 
Diamond treatment 
glass filled, with subtle flash-effect col- 
ors (LN)Su08:157 
history of (Overton)Sp08:32-55 
HPHT, of CVD synthetic 
(LN)W08:365-367 
irradiation produces color concentra- 
tions (LNJF08:254-255 
see also Diamond, synthetic 


DiamondDock, see Instruments 
DiamondLite, see Instruments 
Diamond View instrument 
and CVD synthetic diamond 
(LN)Sp08:67-69, Su08:158-159, 
W08:365-367 
dissolution and growth features in dia- 
mond revealed with (LN)Sp08:66-67 
indicates two black diamonds cut from 
the same crystal (LN)Fa08:254-255 
and mixed-type IIa/IIb fancy-color dia- 
mond (LN)W08:364-365 
reveals strong phosphorescence in col- 
orless diamond (GNI)Su08:164-165 


Diffusion treatment 
indication in “red andesine” from 
China (GNI)Su08:166-167 
and the surface coloration of topaz 
(Gabasch)Su08:148-154 
Diopside 
inclusions—in rose quartz 
(GNI)F08:276-277; in scapolite 
(GNIJE08:277 
Durability 
of treated “chocolate” and natural 
black Tahitian cultured pearls (Du 
Toit)F08:234-241 
Dyeing 
of chalcedony to resemble chrysocolla 
(GNIJW08:379 


E 


Editorials 
“Challenges, Changes, and New 
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Directions” (Keller)W08:295 
“A New Gemological Challenge: 
Synthetic Diamond Melee” 
(Keller)FO8:201 
“Ten Reasons Why You Should Attend 
the 2009 GRC” (Keller)Su08:107 
EDXRE, see Spectroscopy, energy- 
dispersive X-ray fluorescence 
Electron microprobe analysis, see 
Chemical composition 
“Elephant pearl,” see Pearl, non-nacreous 
Emerald 
from Byrud, Norway 
(Rondeau)Su08:108-122 
filled voids in (LN)Sp08:69-70 
gota de aceite and nomenclature of 
Colombian (Ringsrud)F08:242-245 
inclusion in quartz crystal (LN)F08:258 
from North Carolina (GNI)Sp08:75-76 


Enhancement, see Coating; Diamond treat- 


ment; Dyeing; Heat treatment; 
Treatment; specific gem materials 
Errata 

to list of 2008 Gems &) Gemology 
Challenge winners (F08:203)— 
include Jared Nadler (W08:S3) 

to “Sapphire with a double star” 
(LN)W07:365—name of client omit- 
ted (LN)Sp08:73 

to two book reviews, Amazonite.. . 
(Ostrooumoy, Platonov, and 
Popov)F08:286 and Infrared 
Reflection Spectrometry ... 
(Ostrooumov) F08:286—author name 
misspelled Oustooumov (W08:S3) 


F 


Faceting 
of the Koh-i-Noor diamond 
(Sucher)Su08:124-141 
large number of facets on topaz 
(GNI)Sp08:85-86 
Fakes, see specific gem materials simulated 
Feldspar 
andesine-labradorite—from China, pos- 
sibly diffusion treated (GNI)Su08: 
166-167; from Tibet and Inner 
Mongolia (GNI)W08:369-373 
sodic plagioclase—blue-green, colored 
by copper (LN)Su08:160-161; from 
Tanzania and Kenya (GNI)Sp08:83-85 
see also Rock 


Filling, fracture or cavity 
in diamond—history of 
(Overton)Sp08:32-55; produces subtle 
flash-effect colors (LN)Su08:157 
in emerald and ruby (LN)Sp08:69-70 
lead-glass, in color-change sapphire 
(GNI)Sp08:88 
Fluorescence, ultraviolet [UV] 
of D-to-Z diamonds, impact on color 
grading (King)W08:296-321 
of johachidolite from Myanmar 
(Chadwick)F08:246-251 
see also DiamondView instrument; 
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specific gem materials 
Fluorite 


color-change, mistaken for garnet 
(GNIJF08:263 


Forsterite 
colorless—from Myanmar 
(GNIJF08:263-265; from Tajikistan 
(GNI)F08:2.65-2.66 
Fossils 
“Neptunian” conch shell beads, repre- 
sented as (GNI)W08:376-377 


G 


Garnet 
almandine-spessartine from Tanzania 
(GNI)Su08:165-166 
color-change fluorite imitation of 
(GNIJF08:263 
see also Grossular; Spessartine 


Gemological Research Conference 2009 
postponement of (Keller)W08:295 
reasons to attend (Keller)Su08:107 


Gems &) Gemology 
“Challenge”—Sp08:95-96,; winners and 
answers F08:283 
Edward J. Gtibelin Most Valuable 
Article Award Sp08:1-2 
receives journalism and publishing 
awards (GNI)F08:281 
Geographic origin 
of Paraiba-type tourmaline from 
Mozambique (Laurs)Sp08:4-31 
of rubies and sapphires from Winza, 
Tanzania (Schwarz)W08:322-347 


GIA (Gemological Institute of America) 
Laboratory 
color grading of D-to-Z diamonds at 
(King]W08:296-321 
Glass 
devitrified, inclusions in (LN)Sp08:70- 
71 
as filling in color-change sapphire 
(GNI)Sp08:88-89 
as filling in diamond, history of 
(Overton)Sp08:32-55 
imitation of rubellite (GNI)186-187 
Libyan desert, archeological artifact 
resembling (GNI)Su08:181-182 
Gota de aceite, see Emerald 
Grading reports, see Diamond 
Graining 
in diamond—{LN)Sp08:66-67; whitish, 
effect on color grading 
(King]W08:296-321 
in synthetic diamond, CVD 
(LN)Su08:158-159 
Great Mogul diamond 
compared to the Koh-i-Noor 
(Sucher)Su08:124-141 
Grossular 
with calcite “melt” inclusion identified 
by Raman (LN)F08:259 
Growth structures 
in corundum from Winza, Tanzania 
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(Schwarz)W08:322-347 

dissolution and growth features in dia- 
mond (LN)Sp08:66-67 

see also DiamondView instrument 


H 


Haiiyne 
from Afghanistan (GNI)Sp08:79-80 


Heat treatment 
of Paraiba-type tourmaline from 
Mozambique (Laurs)Sp08:4-31 
of ruby and sapphire from Tanzania 
(Schwarz)W08:322-347 
of synthetic sapphire, flame-fusion 
(GNI)Sp08:87-88 
of zircon (LN)Sp08:73 
see also Diamond treatment, 
Treatment 
High-pressure, high-temperature [HPHT] 
synthesis, see Diamond, synthetic 
High-pressure, high-temperature [HPHT] 
treatment, see Diamond treatment 
History 
of color grading of D-to-Z diamonds 
(King]W08:296-321 
of diamond treatment 
(Overton)Sp08:32-55 
of the Koh-i-Noor diamond 
(Sucher)Su08:124-141 
of the Wittelsbach Blue diamond 
(Dréschel)W08:348-363 


HPHT (high pressure, high temperature), 
see Diamond, synthetic; Diamond 
treatment 


Imitations, see specific gem materials 
imitated 
Inclusions 

in aquamarine—(Adamo)F08:214-226; 
kelp-like (LN)Sp08:66; from Pakistan 
and Namibia (GNI)F08:275-276 

in beryl, Maxixe-type and hydrothermal 
synthetic blue (Adamo)F08:214-226 

calcite “melt,” in grossular 
(LN)FO8:259 

in danburite (GNI)Su08:169-171 

dendritic, in agate (GNI)F08:262-263 

in emerald—from Colombia 
(Ringsrud)F08:242-245; from Norway 
(Rondeau)Su08:108-122 

in forsterite (GNI)F08:263-266 

in glass, devitrified (LN)Sp08:70-71 

nail-head, in synthetic citrine 
(GNIJW08:375-376 

in quartz—covellite dendrites 
(LN)W08:367; green fluid 
(LN)Su08:161; rose, from Madagascar 
(GNIJF08:2.76-277 

in ruby—crystals inside crystals 
(LN)Su08:161-162; from Tanzania 
(Schwarz)W08:322-347 

in sapphire—pinpoints en echelon 
(GNI)Su08:180-181; from Tanzania 
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(Schwarz)W08:322-347; trapiche pat- 
tern in yellow (LN)F08:259-260 

in scapolite, diopside (GNI)F08:277 

in spessartine from Tanzania 
(GNI)Sp08:76-78 

in spodumene from Afghanistan 
(GNIJF08:277-279 

in synthetic fire opal 
(Choudhary)F08:228-233 

in synthetic ruby, Verneuil 
(GNIJF08:279-280 

in synthetic sapphire—{LN)Sp08:72-73; 
heat-treated flame-fusion 
(GNI)Sp08:87-88 

in tourmaline—Paraiba-type from 
Mozambique (Laurs)Sp08:4-31; of 
tourmaline (GNIJF08:272-273 

in vanadinite (GNI)Su08:184-185 

in zircon, heat-treated (LN)Sp08:73 

see also Diamond, inclusions in 

India 

dendritic agate from Madhya Pradesh 
(GNI)F08:2.62-2.63 

orange beryl from (GNI)Su08:167 


Infrared spectroscopy, see Spectroscopy, 
infrared 


Inner Mongolia 
andesine from Guyang (GNI)W08:369- 
373 


Instruments 
DiamondDock, Diamolite, 
DiamondLite (King)W08:296-321 
see also Cathodoluminescence; 
DiamondView instrument; 
Spectrometry [various]; Spectroscopy 
[various] 


Iridescence 
as indication of coating on tanzanite 
(McClure)Su08:142-155 
Isotope analysis 
oxygen, of ruby and sapphire from 
Winza, Tanzania (Schwarz)W08:322- 
347 


J 


Jade, see Jadeite 
Jadeite 
at Myanma Gem Emporium 1992-2007 
(GNI)Sp08:89-90 
U.S.-Myanmar import restrictions on 
(GNIJF08:280-281 
“Jambolite” 
feldspar-quartz-muscovite rock colored 
by copper minerals (GNI)F08:266-267 
Jeremejevite 
59.58 ct, from Madagascar 
(GNI)Sp08:74-75 
Johachidolite 
from Myanmar (Chadwick)F08:246-251 


K 


Kenya 
sodic plagioclase from Kioo Hill 
(GNI)Sp08:83-85 
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update on the John Saul ruby mine 
(GNI)F08:267-269 


Koh-i-Noor diamond 
modeling of, by laser and X-ray scan- 
ning (Sucher)Su08:124-141 


Kunzite 
from Pala District, California 
(GNI)W08:373-374 


L 


LA-ICP-MS, see Spectrometry, laser abla- 
tion-inductively coupled plasma—mass 
Laser drilling 
of diamond, history of 
(Overton)Sp08:32-55 


Laser scanning 
to model the Koh-i-Noor diamond 
(Sucher)Su08:124-141 


Lawsonite 
from California (GNI)Su08:171 


Liddicoat, Richard T. 
role in developing the GIA system for 
color grading D-to-Z diamonds 
(King]W08:296-321 
Lighting methods 
for color grading of D-to-Z diamonds 
(King]W08:296-321 
Luminescence, see Fluorescence, ultraviolet 
[UV]; Phosphorescence 


M 


Madagascar 

59.58 ct jeremejevite from 
GNI)Sp08:74-75 
rose quartz from Ihosy (GNI)F08:276- 
277 
scapolite from Amboasary 
GNIJF08:277 


Manganaxinite 
blue, represented as tanzanite 
GNI)Sp08:81 
Marketing and distribution 
at Myanma Gem Emporium 1992-2007 
GNI)Sp08:89-90 
Master stones 
used to color grade D-to-Z diamonds 
(King]W08:296-321 
“Mexifire,” see Opal, synthetic 
Mica 
green (paragonite}, from Pakistan 
(GNI)Su08:172-173 
Microscopic techniques, see Inclusions 
Mining and exploration 
for beryl and quartz in Pala District, 
California (GNI)Sp08:82-83 
for emerald in Byrud, Norway 
(Rondeau)Su08:108-122 
for ruby and sapphire in Winza, 
Tanzania (Schwarz)W08:322-347 
for tourmaline in Mozambique 
(Laurs)Sp08:4-31 
update on the John Saul ruby mine, 
Kenya (GNI)F08:267-269 
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see also specific countries and specific 
gem materials 
Mogok, see Myanmar 
Mongolia, see Inner Mongolia 
Most Valuable Article, see Gems & 
Gemology 
Mozambique 
tourmaline—from Muva (GNI)F08:273- 
275; Paraiba-type, from Mavuco 
(Laurs)Sp08:4-31 
Myanmar 
forsterite from Mogok, colorless 
(GNI)F08:2.63-265 
gem market—Myanma Gem 
Emporium 1992-2007 (GNI)Sp08:89- 
90; in Taunggyi (GNI)Sp08:82 
johachidolite from (Chadwick)F08:2.46- 
251 
new gem localities in (GNI)Sp08:82 
ruby from Nanyaseik (GNIJF08:269-271 
U.S. import restrictions on gems from 
(GNI)F08:2.80-281 


N 


Nigeria 
tourmaline from, with tourmaline 
inclusion (GNI)F08:272-273 
Nomenclature 
gota de aceite and Colombian emeralds 
(Ringsrud)F08:242-245 
of “Paraiba” tourmaline (Laurs)Sp08:4- 
31 
North Carolina, see United States 
Norway 
emerald from Byrud 
(Rondeau)Su08:108-122 


O 


Obituaries 
Brown, Grahame (GNI)Sp08:94 
Switzer, George S. (GNI)Su08:190 
Oligoclase, see Feldspar 
Olivine group 
variation in properties according to 
composition (GNI)F08:263-265 
see also Forsterite, Peridot 
Opal 
with synthetic-like growth pattern 
(GNI)Su08:173-174 
Opal, synthetic 
fire, marketed as “Mexifire” 
(Choudhary)F08:228-233 
Oxygen isotope analysis 
of ruby and sapphire from Winza, 
Tanzania (Schwarz)W08:322-347 


P 


Pakistan 
green mica from (GNI)Su08:172-173 


Pallasite, see Peridot 
“Paraiba” tourmaline, see Tourmaline 
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Pearl, cultured 
Ballerina “chocolate pearls,” durability 
of color in (Du Toit)F08:234-241 
beadless—mantle-grown, from 
Pinctada maxima (GNI)Su08:175- 
176; twinned (GNI)Su08:176-177 
black, engraved and coated 
(GNI)Su08:174-175 
bleached, non-“chocolate” 
(LN)Su08:159-160 
Pearl, non-nacreous 
clam, and shell (LN)Sp08:71-72 
conch, multicolored (LN)Sp08:72 
“elephant pearl” imitation 
(GNI)Sp08:86-87 
“quahog” (GNI)W08:374-375 
Peridot 
cat’s-eye, from meteorite (pallasite) 
(GNI)Su08:177 
see also Olivine group 
Phosphorescence 
red, of the Wittelsbach Blue diamond 
(Dréschel)W08:348-363 
see also Luminescence 


Photography 


used in modeling of the Koh-i-Noor dia- 


mond (Sucher)Su08:124-141 
Plagioclase, see Feldspar 


Plastic 
composite of coral and (LN)JF08:253 


Q 


“Quahog” pearl, see Pearl, non-nacreous 
Quartz 


citrine with eye-visible Brazil-law twin- 


ning (LN)F08:252-253 
covellite dendrites in (LN)W08:367 
emerald inclusion in (LN)F08:258 
green fluid inclusions in (LN)Su08:161 
rose, with inclusions, from Madagascar 
(GNIJE08:276-277 
Quartz, synthetic 
citrine (GNI)W08:375-376 
purple-blue (GNI)W08:377-379 
sold as tourmaline (GNI)Su08:187-188 


R 


Raman spectroscopy, see Spectroscopy, 
Raman 
Rock 
feldspar-quartz-muscovite, colored by 
copper minerals (GNI)F08:266-257 
Rose quartz, see Quartz 
Ruby 
glass-filled—broad variety available at 
the Tucson shows (GNI)Sp08:74-75; 
with voids (LN)Sp08:69-70 
inclusions within inclusions in 
(LN)Su08:161-162 
from the John Saul mine in Kenya 
(GNIJF08:267-269 
from Myanmar—Nanyaseik 
(GNI)F08:269-271; new localities 
(GNI)Sp08:82; U.S. import restric- 
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tions on (GNI)F08:279-280 

from Winza, Tanzania—at BaselWorld 
(GNI)Su08:177-178; mining and 
exploration for (GNI)Su08:178-179; 
mining, geology, and gemological 
characterization of (Schwarz) 
W08:322-347 


Ruby, synthetic 
Verneuil, with natural-appearing inclu- 
sions (GNI)F08:279-280 
Russia 
diamond, purple, from Siberia 
(Titkov)Sp08:56-64 


S 


Sapphire 
color-change, with lead-glass filling 
(GNI)Sp08:88 
color zoning in (GNI)F08:270-272 
inclusions in, en echelon pinpoints 
(GNI)Su08:180-181 
from Myanmar, new localities 
(GNI)Sp08:82 
rare-earth elements in (LN)Su08:162- 
163 
from Winza, Tanzania—mining and 
exploration for (GNI)Su08:178-179; 
mining, geology, and gemological 
characterization of (Schwarz) 
W08:322-347; zoned crystal from 
(GNI)F08:270-2.72 
yellow, with trapiche pattern 
(LN)FO8:259-260 
Sapphire, synthetic 
green, with blue inclusions 
(LN)Sp08:72-73 
heat-treated flame fusion 
(GNI)Sp08:87-88 
Scapolite 
from Madagascar, with diopside inclu- 
sions (GNI)F08:277 
Serpentinite 
archeological artifact resembling 
Libyan desert glass (GNI)Su08:181- 
182, 
Shell 
“Neptunian” conch beads 
(GNI)W08:376-377 
Shipley, Robert M. 
role in developing the GIA system for 
color grading D-to-Z diamonds 
(King}W08:296-321 
Sodalite group, see Afghanite; Hatiyne 
Spectrometry, laser ablation-inductively 
coupled plasma-—mass [LA-ICP-MS] 
of andesine from Tibet and Inner 
Mongolia (GNI)W08:371-373 
of danburite from Tanzania 
(GNI)Su08:169-170 
of emerald from Norway 
(Rondeau)Su08:108-122 
of johachidolite (Chadwick)F08:246-251 
of Paraiba-type tourmaline from 
Mozambique (Laurs)Sp08:4-30 
of ruby from Winza, Tanzania 
(Schwarz)W08:322-347 
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of sapphire—with a high concentration 
of rare-earth elements (LN)Su08:162- 
163; from Winza, Tanzania 
(Schwarz)W08:322-347 

of tanzanite, coated (McClure) 
$u08:142-147 


Spectroscopy, energy-dispersive X-ray fluo- 
rescence [EDXRF] 
of andesine from Tibet and Inner 
Mongolia (GNI)W08:371-373 
of forsterite, colorless (GNI)F08:263-266 
of induced copper-contaminated tour- 
maline (LN]W08:367-368 
of johachidolite (Chadwick)F08:246-251 
of lead glass—filled color-change sap- 
phire (GNI)Sp08:88 
of ruby and sapphire from Winza, 
Tanzania (Schwarz)W08:322-347 
of synthetic fire opal 
Choudhary)F08:228-233 


Spectroscopy, infrared 

of aquamarine, Maxixe-type beryl, and 
hydrothermal synthetic blue beryl 
Adamo)}F08:214-226 
of diamond—black (LN)F08:254-255; 
purple, from Siberia (Titkov)Sp08:56- 
64; zoned brown-yellow type Ila/IIb 
LN)W08:364-365 
of emerald from Norway 
Rondeau)Su08:108-122 
of opal, synthetic and natural fire 
Choudhary)F08:228-233 
of ruby and sapphire from Winza, 
Tanzania (Schwarz)W08:322-347 
of synthetic diamond 
Kitawaki}F08:202-213 


Spectroscopy, photoluminescence 

of CVD synthetic diamond— 
LN)Sp08:67-69; experimental 
GNI)Su08:185-186; HPHT-treated 
LN]W08:365-367 
of diamond—purple, from Siberia 
Titkov)Sp08:56-64; type Ila, with 
strong phosphorescence 
GNI)Su08:164-165 
of forsterite (GNI)FO8:263-265 


Spectroscopy, radiance 
of light sources used for diamond grad- 
ing (King]W08:296-321 
Spectroscopy, Raman 
of devitrified inclusions in glass 
LN)Sp08:70-71 
of diopside—in rose quartz 
GNI)F08:276-277; in scapolite 
GNI)F08:277 
of feldspar-quartz-muscovite rock col- 
ored by copper minerals 
GNI)F08:266-257 
of fluorite, color-change (GNI)F08:263 
of forsterite (GNI)F08:263-266 
of grossular and epidote in rose quartz 
GNI)F08:276-277 
of johachidolite from Myanmar 
Chadwick)F08:246-251 
of lepidolite inclusions in tourmaline 
Laurs)Sp08:4-31 
of multiphase inclusions in emerald 
from Norway (Rondeau)Su08: 108-122 
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of olivine in pinkish brown diamond 
(LNJFO8:257-258 

of “quahog” pearls (GNI)W08:374-375 

of sodic plagioclase inclusions in tour- 
maline (Laurs)Sp08:4-31 


of triploidite inclusions in aquamarine 


(LN)Sp08:66 
Spectroscopy, UV-Vis-NIR 


of aquamarine, Maxixe-type beryl, and 


hydrothermal synthetic blue beryl 
(Adamo}F08:214-226 

of beryl, orange, from India 
(GNI)Su08:167 

of chromium-rich clinochlore (kam- 
mererite) from Turkey 
(GNI)Su08:168-169 

of diamond—orange, treated 
(LN)Su08:156-157; purple, from 
Siberia (Titkov)Sp08:56-64; reddish 
orange type Ib (LN)F08:255-256 

of emerald from Norway 
(Rondeau)Su08:108-122 

of manganaxinite (GNI)Sp08:81 

of mica from Pakistan with Cr and V 
(GNI)Su08:172-173 

of plagioclase feldspar from Tanzania 
(GNI)Sp08:83-85 

of ruby and sapphire from Winza, 
Tanzania (Schwarz)W08:322-347 

of synthetic diamond, brown CVD, 
with boron (LN)Su08:158-159 

of tourmaline, Paraiba-type, from 
Mozambique (Laurs)Sp08:4-31 

Spectroscopy, X-ray photoelectron (XPS) 

of coated and diffusion-treated topaz 

(Gabasch)Su08:148-154 


Spessartine 
from Tanzania (GNI)Sp08:76-78 
see also Garnet 


Sphene 

76.27 ct (GNI)Sp08:74-75 
Spinel 

from Tanzania (GNI)Sp08:74-75 


Spodumene 
from Afghanistan (GNI)F08:277-279 
see also Kunzite 


Switzer, George S. 
obituary (GNI)Su08:190 


Synthetics 
see specific gem materials 


T 


Tahitian cultured pearl, see Pearl, cultured 
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Tajikistan 
colorless forsterite from the Pamir 
Mountains (GNI)F08:265-266 


Tanzania 
almandine-spessartine from 
(GNI)Su08:165-166 
danburite, yellow, from the Morogoro 
area (GNI)Su08:169-171 
oligoclase from (GNI)Sp08:83-85 
ruby and sapphire from Winza—mining 
and exploration for (GNI)Su08:178- 
179; mining, geology, and gemologi- 
cal characterization of (Schwarz) 
W08:322-347; zoned crystal from 
(GNI)F08:2.70-2.72. 
spessartine from Loliondo 
(GNI)Sp08:76-78 
spinel from Mahenge (GNI)Sp08:74-75 
Tanzanite 
coated (McClure)Su08:142-155 


Tibet 
andesine from the Xigazé area 
(GNI)W08:369-373 
Topaz 
coating and diffusion treatment of 
(Gabasch)Su08:148-154 
faceting of (GNI)Sp08:85-86 
star and cat’s-eye, from Brazil 
(GNI)Su08:182-183 


Tourmaline 
crystal with inclusion of tourmaline, 
from Nigeria (GNI)F08:272.-273 
glass imitation of rubellite 
(GNI)Su08:186-187 
from Mozambique—Muva 
(GNI)F08:273-275; Paraiba-type 
(Laurs)Sp08:4-31 
from Myanmar, new localities 
(GNI)Sp08:82 
and simulants from Afghanistan 
(GNI)Su08:187-188 
treatment by copper contamination 
(LN)W08:367-368 
Trapiche 
aquamarine (GNI)F08:275-276 
sapphire, yellow (LN)F08:259-260 
Treatment 
of diamond, history of 
(Overton)Sp08:32-55 
durability of color in treated “chocolate 
pearls” (Du Toit)F08:234-241 
of synthetic ruby (GNI)F08:279-280 
of tanzanite, coating (McClure) 
$u08:142-155 
of topaz, coating and diffusion 
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(Gabasch)Su08:148-154 
of tourmaline, Paraiba-type, from 
Mozambique (Laurs)Sp08:4-31 
see also Bleaching; Coating; Diamond 
treatment; Diffusion treatment; 
Dyeing; Heat treatment; specific gem 
materials 
Tucson Gem and Mineral shows 
highlights of (GNI)Sp08:74-78 
Turkey 
Cr-rich clinochlore from 
(GNI)Su08:168-169 
Turquoise 
Persian, from Iran (GNI)Su08:183-184 
Twinning, Brazil-law 
eye-visible, in citrine (LN)Fa08:252-253 


U 


Ultraviolet, see Fluorescence 
United States 
emerald from North Carolina 
(GNIJSp08:75-76 
lawsonite from Marin County, 
California (GNI)Su08:171 
Pala District, California—beryl and 
quartz from the Oceanview mine 
(GNI)Sp08:82-83; kunzite from the 
Elizabeth R mine (GNI)W08:373-374 


Vv 


Vanadinite 
faceted yellow (GNI)Su08:184-185 


Ww 


Wittelsbach Blue diamond 
history and characteristics of 
(Dréschel)W08:348-363 


X 


X-ray scanning 
to model the Koh-i-Noor diamond 
(Sucher)Su08:124-141 


Z 
Zircon 
heat-treated (LN)Sp08:73 


Zoning, see Color zoning; specific gem 
materials 


WINTER 2008 S17 


Printed in England. 


FLUORITE 


The crystals pictured here show both a wide range of colors 
and perfection of form characteristic of fluorite. The cubes and 
octahedra easily distinguish it as a member of the cubic system. 
The green and pale purple crystals at (A) are from Durham, 
England, while (B) shows a rose colored octahedron found in 
Haute Savoie. The parti-colored cubic crystals (C) are from the 
Weardale, Durham deposits. Specimens from the collection of 
British Museum (Natural History), London. 


PLATE XXUI 


AUTHOR INDEX 


This index lists, in alphabetical order, the authors of all feature articles, Notes & New Techniques, and Rapid Communications that 
appeared in the four issues of Volume 44 of Gems & Gemology, together with the full title and inclusive page numbers of each arti- 
cle and the issue (in parentheses). Full citation is given under the first author only, with reference made from coauthors. 


A 


Abduriyim A., see Kitawaki H. 

Adamo I., Pavese A., Prosperi L., Diella V., 
Ajo D., Gatta G.D., Smith C.P.: 
Aquamarine, Maxixe-type beryl, and 
hydrothermal synthetic blue beryl: 
Analysis and identification, 214-226 
(Fall) 

Ajo D., see Adamo I. 


B 


Beaton D., see Laurs B.M. 

Befi R., see Laurs B.M. 

Bertel E., see Gabasch H. 

Bhandari R., see Choudhary G. 

Breeding C.M., see Chadwick K.M., Du 
Toit G., Laurs B.M., Titkov S.V. 


C 


Carriere D.P., see Sucher S.D. 

Chadwick K.M., Breeding C.M.: Color vari- 
ations and properties of johachidolite 
from Myanmar, 246-251 (Fall) 

Choudhary G., Bhandari R.: A new type of 
synthetic fire opal: Mexifire, 228-233 
(Fall) 


D 


Diella V., see Adamo I. 

Dréschel R., Evers J., Ottomeyer H.: The 
Wittelsbach Blue, 348-363 (Winter) 

Du Toit G., Shen A.H., Breeding C.M.: The 
color durability of “Chocolate Pearls” by 
Ballerina Pearl Co., 234-241 (Fall) 

Du Toit G., see also Schwarz D. 


E 


Erel E., see Schwarz D. 
Evers J., see Dréschel R. 


F 


Fallick A.E., see Schwarz D. 
Falster A.U., see Laurs B.M. 
Fritsch E., see Rondeau B. 


G 


Gabasch H., Klauser F., Bertel E., Rauch T.: 
Coloring of topaz by coating and diffu- 
sion processes: An X-ray photoemission 
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study of what happens beneath the sur- 
face, 148-154 (Summer) 

Gatta G.D., see Adamo I. 

Geurts R.H., see King J.M. 

Gilbertson A.M., see King J.M. 

Giuliani G., see Schwarz D. 

Groat L., see Rondeau B. 


H 


Hauzenberger C., see Schwarz D. 


K 


Keller A.S.: 

“Challenges, Changes, and New 
Directions,” 295 (Winter) 

A new gemological challenge: Synthetic 
diamond melee, 201 (Fall) 

Ten reasons why you should attend the 
2009 GRC, 107 (Summer) 

King J.M., Geurts R.H., Gilbertson A.M., 
Shigley J.E.: Color grading “D-To-Z” dia- 
monds at the GIA Laboratory, 296-321 
(Winter) 

Kitawaki H., Abduriyim A., Okano M.: 
Identification of melee-size synthetic 
yellow diamonds in jewelry, 202-213 
(Fall) 

Klauser F., see Gabasch H. 

Klemm L., see Schwarz D. 


L 


Laurs B.M., Zwaan J.C. (Hanco}, Breeding 
C.M., Simmons W.B. (Skip), Beaton D., 
Rijsdijk K.F., Befi R., Falster A.U.: 
Copper-bearing (Paraiba-type) tourma- 
line from Mozambique, 4-30 (Spring) 

Laurs B.M., see also Schwarz D. 


M 


Malsy A.-K., see Schwarz D. 

McClure S.F., Shen A.H.: Coated tanzan- 
ite, 142-147 (Summer) 

Mineeva R.M., see Titkov S.V. 


N 


Nordrum F.S., see Rondeau B. 


O 


Ohnenstetter D., see Schwarz D. 
Okano M., see Kitawaki H. 
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Ottomeyer H., see Dréschel R. 
Overton T.W., Shigley J.E.: A history of 
diamond treatments, 32-55 (Spring) 


P 


Pardieu V., see Schwarz D. 
Pavese A., see Adamo I. 
Peucat J.-J., see Rondeau B. 
Prosperi L., see Adamo I. 


R 


Rauch T., see Gabasch H. 

Rijsdijk K.F., see Laurs B.M. 

Ringsrud R.: Gota de aceite: Nomen- 
clature for the finest Colombian emer- 
alds, 242-245 (Fall) 

Rondeau B., Fritsch E., Peucat J.-J., 
Nordrum F.S., Groat L.: 
Characterization of emeralds from a his- 
torical deposit: Byrud (Eidsvoll), Norway, 
108-122 (Summer) 


S 


Saul J.M., see Schwarz D. 

Schmetzer K., see Schwarz D. 

Schwarz D., Pardieu V., Saul J.M., 
Schmetzer K., Laurs B.M., Giuliani G., 
Klemm L., Malsy A.-K., Erel E., 
Hauzenberger C., Du Toit G., Fallick 
A.E., Ohnenstetter D.: Rubies and sap- 
phires from Winza, central Tanzania, 
322-347 (Winter) 

Sergeev A.M., see Titkov S.V. 

Shen A.H., see Du Toit G., McClure S.F. 

Shigley J.E., see King J.M., Overton T.W., 
Titkov S.V. 

Simmons W.B. (Skip), see Laurs B.M. 

Smith C.P., see Adamo I. 

Sucher S.D., Carriere D.P.: The use of laser 
and X-ray scanning to create a model of 
the historic Koh-i-Noor diamond, 
124-141 (Summer) 


T 


Titkov S.V., Shigley J.E., Breeding C.M., 
Mineeva R.M., Zudin N.G., Sergeev 
A.M.: Natural-color purple diamonds 
from Siberia, 56-64 (Spring) 


Z 


Zudin N.G., see Titkov S.V. 
Zwaan J.C. (Hanco)}, see Laurs B.M. 
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EDITORIAL 
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FEATURE ARTICLES 
4 The French Blue and the Hope: New Data from the Discovery of a 
@ Historical Lead Cast 
Francois Farges, Scott Sucher, Herbert Horovitz, and Jean-Marc Fourcault 


Computer modeling of a recently discovered lead cast of the French Blue diamond 
reveals important details about this fabled gem. 


20 Gray-to-Blue-to-Violet Hydrogen-Rich Diamonds from 
The Argyle Mine, Australia 


Carolyn H. van der Bogert, Christopher P. Smith, Thomas Hainschwang, and Shane F. McClure 


Famed for its pink and “champagne” diamonds, Argyle is the only known source 
of the rare type laB hydrogen-rich diamonds colored gray to blue to violet. 


Notes AND NEW TECHNIQUES 


38 Hackmanite/Sodalite from Myanmar and Afghanistan 
David Kondo and Donna Beaton 
Samples from two new sources help characterize the tenebrescent gem hackmanite. 


RAPID COMMUNICATIONS 
44 Solution-Generated Pink Color Surrounding Growth Tubes and Cracks in 
Blue to Blue-Green Copper-Bearing Tourmalines from Mozambique 
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is pleased to announce 
the winners of the 


Dr. Edward J. Gubelin 


Most Valuable Article 
Award 


as voted by the journals readers. 
We extend our sincerest thanks to 
all the subscribers who 
participated in the balloting. 


@ First Place 


CoppPeR-BEARING (PARAIBA-TYPE) TOURMALINE 
FROM MOZAMBIQUE 


As we celebrate Gems & Gemology’s 


75th anniversary in 2009, we're pleased to start 
another year by announcing the winners of the annual 
Dr. Edward J. Gtibelin Most Valuable Article Award. By 
recognizing excellence in feature articles, these awards 
carry on the journal’s mission, as set forth in the January 
1934 premier issue: “to give our readers accurate and up- 
to-date information concerning gemstones.” 


This year marks the first time we opened the competition 
to online voting, and we received almost 250 ballots from 
subscribers around the world. We extend our sincerest 
thanks to everyone who participated. 


The first-place article was “Copper-Bearing (Paraiba- 
type) Tourmaline from Mozambique” (Spring 2008), 
which described the geology, mining, and properties of 
this sought-after gem. Placing second was “Color 
Grading ‘D-To-Z’ Diamonds at the GIA Laboratory” 
(Winter 2008), which examined the background and 
methodology of GIA’s system for color grading colorless 
to light yellow polished diamonds. Third place went to 
“A History of Diamond Treatments” (Spring 2008), a 
review of the history, development, and identification of 
diamond color and clarity enhancement techniques. 


Most VALUABLE ARTICLE AWARD 


Brendan M. Laurs, J. C. (Hanco) Zwaan, Christopher M. Breeding, William B. “Skip” 
Simmons, Donna Beaton, Kenneth F. Rijsdijk, Riccardo Befi, and Alexander U. Falster 


Brendan M. Laurs is editor of Gems &) Gemology and its Gem News Inter- 
national section. A widely published author, he has explored numerous gem 
localities in Africa, Pakistan, and Brazil. Mr. Laurs holds a master’s degree in 
geology from Oregon State University. J. C. “Hanco” Zwaan is curator at the 
National Museum of Natural History (Naturalis) and director of the Nether- 
lands Gemmological Laboratory in Leiden. Dr. Zwaan has a PhD in geology 
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from Columbia University. Her background includes jewelry retail, auction, and 
appraisal work. Kenneth FE. Rijsdijk is a geoscientist at the National Museum of 
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THE FRENCH BLUE AND THE HOPE: 
NEW DATA FROM THE DISCOVERY OF 
A HISTORICAL LEAD CAST 


Francois Farges, Scott Sucher, Herbert Horovitz, and Jean-Marc Fourcault 


A lead cast of the French Blue diamond, a mythic item in the French Crown Jewels, was recently 
found in the mineral collection of the Muséum National d’ Histoire Naturelle (MNHN) in Paris. 
The details of this diamond—stolen in 1792 during the French Revolution—have up to now been 
known only from a drawing of an insignia of the Golden Fleece belonging to King Louis XV that 
was published in 1889 and, more recently, from an unpublished rendering dated as early as 
1749. Computer modeling of the French Blue from a laser scan of the lead cast revealed details of 
the cut that could not be inferred from these drawings. Models of both the lead cast and the Hope 
diamond confirm that the latter could have been recut from the French Blue. The additional dis- 
covery of the catalog entry associated with the lead cast at the MNHN suggests that Henry Philip 
Hope may have owned the French Blue diamond after its 1792 theft and before it was recut. 


the mid-1600s, famed French gem dealer and 

adventurer Jean-Baptiste Tavernier (1605-1689) 
obtained many exceptional diamonds (Tavernier, 
1676; Morel, 1988). Among these was a large blue 
stone weighing 112 “6 old carats (115.16 modern 
carats; figure 1), later called the Tavernier Blue by 
Anglo-American scholars (Balfour, 2000; Kurin, 
2006), though the diamond went unnamed at the 
time. Based on Tavernier’s writings, it has been 
speculated that the diamond came from the Kollur 
mine near Golconda. It was cut to preserve weight 
at the expense of symmetry and brilliance, which 
was a typical practice in ancient India (Morel, 1986; 
1988). In 1668, Tavernier sold the diamond to 
France’s King Louis XIV (1638-1715) for the bargain 
price of 220,000 livres (Bapst, 1889). This is roughly 
equivalent to $5 million today, and the stone was 
probably worth twice that: Tavernier gave his king 
a very good deal. In 1671, Louis ordered the dia- 
mond recut to improve its brilliance, a responsibili- 


| n the course of his several visits to India during 


4 THE FRENCH BLUE AND THE HOPE 


ty that fell to Jean Pitau (1634-1676), the court jew- 
eler (Bapst, 1889). In 1673, Pitau delivered a shield- 
shaped stone weighing around 69 +0.03 ct (Morel, 
1988; again, see figure 1). Jean-Baptiste Colbert, 
King Louis’s minister of finance, dubbed the stone 
the Diamant Bleu de la Couronne (Blue Diamond 
of the Crown). As with Tavernier Blue, French Blue 
is a modern anglicism; however, this name will be 
used in this article for ease of understanding. 

In 1749, Louis XV (1710-1774) asked Paris jewel- 
er Pierre-André Jacquemin (1720-1773) to mount 
the stone in a ceremonial insignia of the Order of 
the Golden Fleece (Morel, 2001). Jacquemin pro- 
duced two color renderings (Farges et al., 2008). The 
first (believed to be the final version; figure 2) shows 
the French Blue and Bazu diamonds, as well as the 


See end of article for About the Authors and Acknowledgments. 
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107 ct Céte de Bretagne spinel (originally thought 
to be a ruby), which is carved in the shape of a drag- 
on. A second version (Farges et al., 2008, p. 17) bears 
two large table-cut blue sapphires (six- and eight- 
sided, respectively), it does not appear that produc- 
tion of this version went any further than a render- 
ing. The finished insignia was a masterpiece of 
Rococo jewelry, known as the Toison d’Or de Ia 
Parure de Couleur or “Golden Fleece of the Colored 
Adormment” (Bion et al., 1791). At some unknown 
time after the French Blue was mounted, Jacquemin 
(or another crown jeweler) created a lead cast from 
the insignia, which was later recovered by heirs of 
the Bapst family, who also served as French crown 
jewelers (Bapst, 1889). Germain Bapst later wrote 
that it was a tradition in his family to create lead 
copies of the crown jewels for documentary purpos- 
es. The whereabouts of this lead cast are unfortu- 
nately not known; the drawing reproduced in 
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Figure 1. The Tavernier 
Blue diamond (bottom; 
shown here in a draw- 
ing from Tavernier, 
1676) was an ~115 ct 
flat slab cut primarily to 
conserve weight. Louis 
XIV ordered it recut in 
1671. The resulting ~69 
ct stone came to be 
known as the Blue 
Diamond of the Crown 
A or the French Blue (com- 
puter rendering, top 
left), which is believed 
to have been recut later 
into the 45.5 ct Hope 
diamond (top right). 
This computer model of 
the French Blue was cre- 
ated from a lead cast 
recently discovered in 
the Muséum National 
d’Histoire Naturelle in 
Paris. Photo of the Hope 
courtesy of the Smith- 
sonian Institution. 


Bapst’s book (figure 3) is the primary record. A lead 
cast of the French Blue itself was also prepared at 
some point (possibly as late as 1812, see below}, 
though the party responsible—whether Pitau, 
Jacquemin, or another jeweler—is also unknown. 

In September 1792, during a wave of revolution- 
ary rioting that swept across Paris, a gang of thieves 
broke into the Royal Storehouse, the Garde-Meuble, 
and stole most of the French Crown Jewels (includ- 
ing many loose gemstones and pearls) over the 
course of five nights (see, e.g., Bapst, 1889; Morel, 
1988). Bapst suggested that one of the thieves, Cadet 
Guillot Lordonner, left Paris with the Golden Fleece 
of the Colored Adornment on the first day of the 
theft and unmounted the French Blue and the Céte 
de Bretagne spinel from the setting at some point 
during his journey between Nantes and le Havre. 
He made his way to London, where he tried to sell 
the Céte de Bretagne to exiled French monarchists. 
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appears to be very simple, but from the 
practical standpoint there are many difficul- 
ties. .The color of. a substance is due to 
the absorption of light as it passes through 
the substance. Light, for example daylight 
or lamplight, consists of light of all colors. 
This mixture is called white light. If a 
ray of white light is passed through a 
polished section of a gemstone, the com- 
ponent colors undergo differential absorp- 
tion, that is, some pass through unchanged, 
while others may be only slightly or even 
entirely absorbed. Therefore the light which 
emerges is colored. If all colors were ab- 
sorbed to the same extent, the emergent 
light would appear as white light and the 
polished section as being colorless. 

The absorption of the component colors 
of light depends upon two factors, (1) 
the thickness of the plate and (2) the prop- 
ertiés of the substance. Moreover, the ab- 
sorption varies with thickness. Thus, if 
the intensity of, light of a given color in 
passing through a section of a gemstone 
1 mm. thick is reduced one half, the emer- 
gent light would be further reduced one 
half if allowed to pass through a second 
section of the same thickness. That is, 
after passing ‘through the two plates the 
intensity of the color of the emergent ray 
would be reduced to one fourth of that 
of the original. intensity. It is self-evident 
that the same result can be achieved by 
passing the ray through.a polished section 
2 mm. thick. The fundamental law for the 
color of minerals is Lambert's law of ab- 
sorption. ; 

The factor for the decrease or reduction 
in. intensity in the -casé just cited is one 
half per 1 mm. of thickness and is termed 
the constant of absorption. It is also known 
as the index, coefficient, modulus, and so 
forth, of absorption. But the basic value 
is always the factor. of decreased intensity, 
and is designated as the transmissibility. 
This value can be measured directly by 
suitable instruments. 

An extension of Lambert's is Beer’s law, 


which substitutes the degree of concéntra- 
tion of the pigmenting substances in place 
of the thickness of the specimen. This law 
can be applied to solutions as well as to 
solid substances. Beer’s law is easily under- 
stood. For example, a very dilute solution 
of copper sulphate has a pale blue color, 
which is very similar to the color of a very 
thin section of a crystal of copper sulphate. 
If the concentration of the solution is in- 
creased a correspondingly thicker section of 
a copper sulphate crystal is required to ob- 
tain the same color as possessed by the 
solution. It is therefore possible to. con- 
sider the thickness of the specimen and the 
concentration of the solution as inter- 
changeable, and the formulas which are 
derived from Lambert's law can be applied 
to the concentration of the pigmenting sub- 
stance. This is very important in gemology 
for in most substances the color is not an 
inherent property, that is, it is not idiochro- 
matic but rather it is dependent upon the 
presence of pigmenting agents, hence allo- 
chromatic. 


Based upon these theoretical considera- 
tions the following simple method for the 
measurement of the absorption of light can 
be used: A highly polished plane parallel 
section of the substance to be investigated 
must be available. A ray of light of known 
intensity is directed perpendicularly. upon 
the section and the intensity of the emer- 
gent light measured. The loss of intensity 
due to reflection is determined and taken 
into account. Measurements of ‘this type 
should be made for all colors, that is, for 
various wave lengths. From these measure- 
ments a series of transmission values or fac- 
tors is obtained, from which transmission 
graphs are readily constructed. With liquids, 
plane parallel glass containers or boats 
must be used. Obviously, the method de- 
pends upon the comparison of two inten- 
sities of light. 

Up until two decades ago only the 
optical methods of photometry were avail- 
able. These methods are based upon the 
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Figure 2. This color rendering of Louis XV’s Order 
of the Golden Fleece by jeweler Pierre-André 
Jacquemin (after 1749) is the only surviving con- 
temporaneous drawing of the insignia, and the only 
known color drawing of the French Blue diamond. 
Note the presence of a large rounded square bril- 
liant (the Bazu diamond, according to Morel, 1988) 
above the red spinel dragon. 
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(This rapid exit from the country would have been 
necessary because Guillot had taken perhaps the 
two most recognizable colored gems in the entire 
collection.) Although most of the large diamonds 
were later recovered, none of the jewels, such as the 
Golden Fleece insignia, ever reappeared. Only the 
Céte de Bretagne spinel surfaced in London in 1797 
and was reintegrated into the French Crown Jewels 
in 1824, it is now housed at the Louvre Museum. 

In 1804, Napoleon’s government issued a law 
providing for a 20-year statute of limitations on 
crimes committed during the revolution (Winters 
and White, 1991). This meant that criminal liability 
for the theft would apparently end in 1812 (though 
Morel, 2001, suggested otherwise, arguing that this 
law did not apply to the crown jewels). 

The French Blue was never seen again in its 


Figure 3. These drawings by Lucien Hirtz (from 
Bapst, 1889, pp. 268-269) depict a lead cast of the 
Golden Fleece that was made at some unknown 
time after the jewel was created. Compare it to the 
Jacquemin rendering; note especially the different 
diamond mounted at the top. 


LA TOISON D’OR (Fac) La ToIsOX D'OR (REVERS) 
montée par Jacquemin. montée par Jacquemin, 
Grandeur réelle. — Dessin de Hirtz. Grandeur réelle. — Dessin de Hirtz, 
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original form, but another large blue diamond did 
appear—exactly 20 years and two days after the 
theft. In 1812, London jeweler John Francillon 
(1744-1816] described a 45.5 ct “deep blue” diamond 
“without specks or flaws” that he had seen 
(Francillon, 1812; figure 4). The owner of the dia- 
mond was not named; Francillon simply reported 
that he examined it “by leave of Mr. Daniel Eliason” 
(1753-1824), who was a London diamond merchant 
at the time (Patch, 1976; Balfour, 2000). Why Eliason 
revealed this stone—the future Hope diamond—to 
Francillon, and whether he owned it himself or was 
acting at the behest of another, is not known. 

The first documented (Hertz, 1839) owner of this 
stone was Henry Philip Hope (1774-1839], from 
whom it obtained its current name. However, no 
clear or reliable evidence exists to document how 
and when Hope acquired his blue diamond, he was 
known to maintain secrecy about his collection, 
presumably for tax reasons (Rivington and Riving- 
ton, 1845). Eventually, the blue diamond passed 
through the Hope family to America by way of 
French jeweler Cartier (Ross, 2005; Kurin, 2006). In 
1958, New York jeweler Harry Winston donated the 
Hope diamond to the Smithsonian Institution in 
Washington, DC (Patch, 1976; Balfour, 2000). 


PREVIOUS ATTEMPTS TO 
RECONSTRUCT THE FRENCH BLUE 


In his 1889 book on the French Crown Jewels, Bapst 
claimed that Hirtz’s drawing of the lead cast of Louis 
XV’s Golden Fleece (again, see figure 3) was at the 
correct (1:1) scale. However, Morel (1988) deter- 
mined that Hirtz’s drawing of the French Blue, if 
indeed to scale, was too narrow to accommodate the 
Hope (figure 5, left). In attempting to prove his thesis 
that the Hope was recut from the French Blue, 
Morel expanded Hirtz’s drawing to the dimensions 
published a century earlier by Brisson (1787). Morel’s 
converted metric dimensions were 31.00 x 24.81 x 
12.78 mm. To assess the validity of this approach, 
Morel compared the dimensions of the Regent dia- 
mond given by Brisson to a more modern measure- 
ment reported in 1884 by Jacob (described in Morel, 
1988). He found the exact same values—down to a 
hundredth of a millimeter—for the Regent: 31.58 x 
29.89 x 20.86 mm. 

Unfortunately, in checking Morel’s work our- 
selves, we found that his dimensions for the French 
Blue were likely underestimated because Jacob had 
overestimated those of the Regent. The Louvre 
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Figure 4. This 1812 sketch and description by London 
jeweler John Francillon is the earliest public record of 
what would become known as the Hope diamond. 
Courtesy of the U.S. Geological Survey Library. 


Museum, where the Regent is now housed, reports 
the measurements to be 30.5 x 28.9 x 20.3 mm 
(“Diamond, known as the ‘Regent,’” 2009). Thus, 
Brisson’s measurements are not as accurate as 
Morel estimated (+ 0.05 mm on average} but rather 
+ 0.9 mm, a far more plausible range given the limi- 
tations of 18th-century instruments. Assuming sim- 
ilar discrepancies with Brisson’s measurements for 
the French Blue, we calculated a revised estimate 
for that stone of 29.99 x 23.96 x 12.11 mm. These 
differences confirm that we cannot know the 
dimensions of the French Blue below the millimeter 
level from these records alone. 


Gems & GEMOLOGY SPRING 2009 7 


Sa Loridon 


In addition to these problems, even after Morel 
increased the calculated length of the French Blue 
diamond from 28.0 to 31.0 mm, two small but sig- 
nificant inconsistencies remained between the 
known dimensions of the Hope and those of his 
hypothetical French Blue. Nevertheless, his final 
model for the French Blue fully encloses the Hope, 
so we believe Morel distorted Hirtz’s drawing for 
this purpose. In the end, Morel’s version of the 
French Blue diamond more closely resembled a regu- 
lar heptagon (figure 5, center) than the truncated tri- 
angle in Bapst (1889). 

Based on Morel’s information, researchers at the 
Smithsonian Institution coordinated a reconstruc- 
tion of the Tavernier Blue and French Blue dia- 
monds and reexamined their relationship with the 
Hope. As part of that effort, Attaway (2005) and 
Sucher (2005) created two similar three-dimension- 
al (3D) computer models of the French Blue (e.g., 
figure 5, right), as well as replicas in cubic zirconia 
and plastic. By comparing those models to a com- 
puter model of the Hope, Attaway and Sucher both 
confirmed what had been suspected since at least 
the mid-19th century (Barbot, 1858) and which was 
analyzed first by Morel (1988): that the Hope was 
cut from the stolen French Blue, leaving insuffi- 
cient material for smaller diamonds. 

However, as pointed out by both Morel (1988) 
and Kurin (2006), Hirtz’s line drawings (and subse- 
quent printings) are likely subject to error and artis- 
tic license. This can be clearly demonstrated by ana- 
lyzing the Céte de Bretagne spinel. Comparing a 
contemporary high-resolution photo of the spinel to 
the drawings (figure 6, left and inset), Hirtz’s distor- 
tions of the Céte de Bretagne can be seen to be sig- 
nificant—on the millimeter level, which is relative- 
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ly large given the size of the carving (~45 x 17.6 
mm, these dimensions were estimated from a com- 
parison with the Regent because the actual artifact 
was not directly available to us; thus, scaling errors 
in Hirtz’s drawing cannot be traced precisely). 

In addition, because Hirtz depicted both the 
front and back of the ornament, the drawings can be 
checked for consistency by overlaying a mirror 
image of the back side onto the front. Although this 
exercise showed remarkably few inconsistencies 
(figure 6, right), some small but significant differ- 
ences do exist (indicated by arrows in figure 6). This 
again confirms that any reconstructions from those 
drawings cannot be accurate below about the mil- 
limeter level. 

Last, and perhaps most importantly, the Hirtz 
drawings show only the crown and pavilion of the 
French Blue, with no side views. Thus, all studies 
based on these drawings have had to estimate the 
total depth and the girdle details using the French 
Blue’s reported weight (Attaway, 2005; Sucher, 
2005). This has a critical influence on the appearance 
of the gem, as the precise angles between facets can- 
not be determined from the Hirtz drawings. 


THE LEAD CAST OF THE FRENCH BLUE 


Discovery. A recent (2007) update of the inventory 
of the mineral and gem collection of the Muséum 
national d’Histoire naturelle (MNHN) in Paris 
turned up the lead cast of a large (30.38 x 25.48 x 
12.88 mm) shield-shaped diamond (figure 7) with 
dimensions similar to those previously reported for 
the French Blue (Farges et al., 2008; see table 1). 
This cast, catalogued in 1850 (its acquisition year is 
not known], is also notable because of its entry in 


Figure 5. Various line draw- 
ings of the French Blue (in red) 
are compared to a drawing of 
the Hope diamond (in blue, 
courtesy of the Smithsonian 
Institution): left=based on the 
original Hirtz drawing (Bapst, 
1889); center=based on the 
model calculated by Morel 
(1986) after stretching and dis- 
torting the drawing by Hirtz; 
and right=from the computer 
model by Sucher (2005), after 
only an iterative stretch of 

the drawing by Hirtz. 
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the MNHN catalogue (inventory no. 50.165; figure 
8), which reads (in French) “Mr. Achard, Lapidary— 
Lead model of a diamond belonging to the Crown of 
Portugal—cut following the shape of a diamond.” 
The subsequent entry (50.166), also catalogued in 
1850, reads, “ibid, ibid [i.e., also Mr. Achard, 
Lapidary}—Model of a diamond, remarkable for its 
clarity—belonging to Mr. Hoppe of London” 
(emphasis added). The piece associated with this 
second entry is another lead cast, having the shape 
of a table-cut diamond, also known as a mirror 
(Morel, 1988). The mirror cut typically resembles 
half of a diamond octahedron (Tillander, 1996). The 
cast labeled 50.166 is 18 x 17 x 11 mm, which puts 
the approximate weight of the original diamond at 
29.3 ct. Items 50.165 and 50.166 were donated to 
the MNHN at the same time by the same person, 
“Achard, lapidarist,” though they could have been 
obtained earlier, as they are listed among minerals 
donated by Alexandre Wattemarre (1796-1864), a 
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Figure 6. At left, the 
107 ct Céte de Bretagne 
spinel in the Hirtz 
drawing, when com- 
pared to the actual 
shape of the dragon 
(inset and red contour 
line, which has been 
rescaled for the best fit 
with the drawing), 
shows a number of 
errors and distortions. 
At right, when the front 
and the horizontally 
flipped back of the 
Hirtz drawings are 
overlaid, additional 
inconsistencies (gray 
arrows) between the 
two drawings become 
apparent. The inset 
shows the actual spinel 
(~45 x 17.6 mm), which 
is currently housed in 
the Louvre; photo 

© Réunion des Musées 
Nationaux/Art 
Resource, New York. 


practice that he started in 1843, and those in the 
collection of MNHN mineralogy curator René-Just 
Hatiy (1743-1822), which was acquired in 1848. 
The catalogue for 1850 lists numerous samples dat- 
ing from the French Revolution or the First Empire; 
these were not catalogued for decades afterward 
because of the lack of space and a lack of funding 
during the post-Napoleonic period. 

The 50.165 lead cast is, as evident in figure 7, a 
shield-shaped stone, certainly not a cut that follows 
“the shape of a diamond.” Further, there have been 
no reports of a shield-shaped diamond of about 
68-69 ct (the approximate weight of the diamond 
from which it was cast) in the Portuguese Crown 
Jewels (Twining, 1960; Morel, 2001). 

The remark in the 50.166 catalogue entry about 
the clarity of the diamond obviously cannot be veri- 
fied by comparing it to the cast. However, the 
50.166 cast does resemble half of a natural diamond 
crystal. Further, the mirror cut, in existence since 
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the late 1500s, was found in many crown jewel col- 
lections throughout Europe during the Renaissance 
period. In addition, the 50.166 cast is stored inside a 
box with a “N°1” written on the interior, although 
it is listed second in the catalogue. 

The discrepancies between the entries and their 
corresponding casts can be rectified if we assume the 
numbers were inadvertently transposed when the 
casts were logged in or that the casts were switched 
at some point, probably before the donation was 
received by Armand Dufrénoy (1792-1857), who cat- 
alogued them in 1850. (Dufrénoy had been tasked 


Figure 7. These two lead 
casts—both table-up 
and table-down views 
are shown here—were 
catalogued in 1850 by 
the MNHN, Paris: 
MNHN 50.165 (top) and 
MNHN 50.166 (bottom). 
Item 50.165 is a cast of 
the French Blue. Photos 
by F. Farges, OMNHN. 


with singlehandedly cataloging tens of thousands of 
specimens because of the backlog noted above.) 
Thus, it is logical to conclude that the 50.166 entry, 
attributing the original to a “Mr. Hoppe of London,” 
actually corresponds to the 50.165 cast resembling 
the French Blue. The comment about the original’s 
remarkable clarity would certainly fit a Golconda 
diamond such as the French Blue (Brisson, 1787), as 
well as what is known about the Hope from both 
Francillon’s initial report and more modern exami- 
nations (e.g., Crowningshield, 1989, which reports a 
GIA clarity grade of VS1). 


TABLE 1. Dimensions for the French Blue from historical references, compared to those of the lead cast MNHN 50.165. 


Reference Length Thickness Weight 

Bion et al. (1791) — — — 268'/s grains, poids de marc? 
(68.97 ct) 

Brisson (1787) 13% lignes” 11 lignes 52/8 lignes 260 grains, poids de marc? 

Brisson (1787), converted by 31.00 mm 24.81 mm 12.78 mm 69.08 ct 

Morel (1988) (69.05 ct)° 

Brisson (1787), converted based 29.99 mm 23.96 mm 12.11 mm — 

on a modern set of dimensions for 

the Regent diamond? 

Hirtz (Bapst, 1889), measured from 28 mm 24mm _ —_ 

drawing at 1:1 scale 

Average error +0.9mm + 0.06 ct 

Lead cast MNHN 50.165 30.38 mm 25.48 mm 12.88 mm 68.3 ct 


47 ligne = 2.2558 mm (Morel, 1988). 
°1 grain, poids de marc = 0.0531147 g = 3.765 ct (Lionet, 1820). 


°Morel underestimated the actual weight of Brisson by 0.02 ct; the accurate value is 69.05 ct. 


%As provided by the Louvre Museum (30.5 x 28.9 x 20.3 mm). 
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The Donors: The Achard Family of Parisian Jewelers. 
Little information could be found concerning the 
identity of the lead cast’s donor. In 1817, René-Just 
Hatiy described a certain Mr. Achard as “one of the 
most knowledgeable jewelers of this city [Paris] for 
everything that deals with the objects [gems] of his 
business” (1817, p. 235). Babinet (1857, pp. 14-15 and 
57) wrote that Charles Achard (likely the previous 
Achard’s son, given the date) was known to be 
“involved more than any other in France concerning 
the business of colored gemstones.” This author also 
mentions Charles Achard’s father, though not by 
name. A third Achard, Edouard (most likely the 
grandson of the senior Achard], was the director of 
the Parisian Chamber of Commerce for the trading of 
gemstones, and was appointed by the Third Republic 
to supervise the disastrous sale of what remained of 
the French Crown Jewels in 1887. Based on the time 
frame, the MNHN donor was likely Charles Achard, 
a contemporary of Babinet (1794-1872) and probably 
then a prominent Parisian lapidary. It is possible that 
his father was also named Charles, though we found 
a “David Achard joaillier [jeweler]” in some 19th- 
century Parisian archives, with no precise dates 


(birth, wedding, or death). 


Origin of the Cast. We do not know who made the 
cast or how the Achards obtained it. Nor do we 
know its age. The patina of the lead certainly sug- 
gests that the model is quite old or has been exten- 
sively used, or both. Pitau, as the original cutter, is 
the most logical fabricator, in keeping with his duty 
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Figure 8. The entries in the 1850 
catalogue showing the numbers 
and descriptions for MNHN 
50.165 and 50.166 do not match 
the items. Entry 50.165 reads, 
“M. Achard, Lapidaire—Modéle en 
plomb d’un diamant appartenant a 
la Couronne de Portugal—taillé 
suivant la forme du diamant.” 
(“Mr. Achard, Lapidary—Lead 
model of a diamond belonging to 
the Crown of Portugal—cut follow- 
ing the shape of a diamond.”). 
Entry 50.166 reads, “ibid, ibid— 
Modéle d’un diamant remarquable 
pour sa limpidité—appartenant a 
M. Hoppe de Londres” (“ibid, 
ibid—Model of a diamond, 
remarkable for its clarity—belong- 
ing to Mr. Hoppe of London”). The 
labels were apparently switched 
accidentally at some point. 


as one of Louis XIV’s jewelers (though it appears 
that few such casts were actually produced; Bapst, 
1889). It is also possible that Jacquemin prepared a 
model to better construct his Golden Fleece for 
Louis XV. Neither scenario explains how the cast 
ended up with the Achards, who were never granted 
the right to work directly for the kings of France 
prior to the Revolution (Morel, 1988). It is known, 
however, that some of Jacquemin’s possessions 
were auctioned after his death in 1774; these could 
have included the renderings of the insignia (again, 
see figure 2) as well as the cast. 

Alternatively, the senior Achard, who would have 
been an apprentice during the first years of the 
Revolution, could have created a cast of the French 
Blue before its theft in 1792. As Brisson was allowed 
by the authorities in charge of the Royal Storehouse 
to measure the dimensions and density of the French 
Blue—which would have necessitated unmounting— 
in 1787, it could have been unmounted on other 
occasions as well. Achard could conceivably have 
obtained the diamond from the Royal Storehouse just 
for the purpose of making the cast, but this seems 
unlikely: Unlike Brisson, who was a famous scientist 
and a member of the French Academy of Sciences, 
the Achards did not become prominent until the 
Revolution or the First Empire (Hatiy, 1817; Babinet, 
1857) and were not known to be among the jewelers 
who served the aristocracy (Bapst, 1889). Thus, there 
is very little chance that the Achards could have bor- 
rowed the diamond from the Royal Storehouse to 
produce the cast during this period. 
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Finally, based on the label, it is possible that the 
cast was created while the diamond was in the pos- 
session of “Mr. Hoppe of London.” This would likely 
mean that the cast was made just before the French 
Blue was recut, much as similar models were made 
for the rough of the Pitt diamond, cast in London 
before it was cut into what would become the Regent 
(Morel, 1988), and for the Koh-i-Noor prior to its 
recutting in 1851 (Sucher and Carriere, 2008). Morel 
(1988) proposed that John Francillon (born Jean 
Francillon), a French Huguenot lapidary (like the 
Achards) who had emigrated to London, could have 
been the party tasked with recutting the French Blue 
into the Hope; thus, he might have produced a cast of 
the French Blue before he began his work. 

Whatever its origin, this cast allowed, for the first 
time, precise calculation of the shape and dimensions 
of the French Blue, including the missing thickness 
information (girdle, pavilion and crown) as well as 
the angles for each facet. To take advantage of this 
unique opportunity, we used laser scanning and com- 
puter modeling to recreate an exact model of the dia- 
mond, based on the lead cast and the Jacquemin 
drawing that shows the diamond in color. We also 


Figure 9. The original laser-scan data from the lead cast 
of the French Blue (top), when cleaned of scanning arti- 
facts and imported into DiamCalc, produced the facet 
diagram at the bottom (table-down, left; table-up, right). 
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used this simulation to reconstruct Louis XV’s col- 
ored Golden Fleece insignia based on the information 
available. Special care was given to propose a recon- 
struction that was plausible for a jeweler, as the 
drawings of Jacquemin and Hirtz omit important 
details, such as the hundreds of smaller diamonds the 
jewel was known to contain (specifics of this recon- 
struction are discussed in Farges et al., 2008). Last, we 
examined the implications of this new information 
for the history of the Hope and the French Blue. 


MODELING THE FRENCH BLUE 
FROM THE LEAD CAST 


Methodology. The cast was laser-scanned by 
Diamond Matrix Technology in Antwerp, Belgium, 
using an Octonus Helium 1:4 scanner (Sucher and 
Carriere, 2008). The accuracy of the 3D GemCad 
model is better than 40 pm (analog) or 28 um (digi- 
tal). The scan data generated a solid consisting of 
2,792, planar surfaces (figure 9, top). The resulting 3D 
image was then cleaned of scanning artifacts (figure 
9, bottom) by importing the GemCad model into 
Diamond Calculator 3.0 software (DiamCalc; Sucher 
and Carriere, 2008). 

DiamCalc can also create a 3D model that 
adjusts reflection and refraction based on a pro- 
grammable refractive index. We employed this 
method to get an indication of how well diamond 
cutting in 1670 was guided by the laws of optics, and 
to compare the brilliance of the lead cast-derived 
model with that created by Sucher (2005) based on 
Hirtz. By default, DiamCalc produces simulations of 
colorless diamonds, so to simulate the French Blue 
we used a color profile of the Hope diamond provid- 
ed by Dr. Jeffrey Post of the Smithsonian. 


Matching the Lead Cast to the French Blue. The 
shape and facet patterns of the cast as derived from 
the laser scan (again, see figure 9) were somewhat 
different from those recorded by Jacquemin (figures 
2. and 10a) but were strikingly close to those report- 
ed by Hirtz (Bapst, 1889), especially the crown facet 
patterns (figures 3 and 10b). They deviated signifi- 
cantly from Morel (1986; figure 10c) but less so from 
Sucher (2005; figure 10e). The pavilion facet pattern 
in Hirtz was similar to that of the replica, but with 
a few notable differences: The size, shape, and place- 
ment of the culet matched, as did the first row of 
facets; however, the cast’s pattern is more complex 
than the drawing in its upper pavilion facets (figure 
11). Still, the patterns in Hirtz and in the cast are 
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sufficiently consistent with each other, and with 
the diamond-cutting style used in the 17th century 
(Tillander, 1996), that we feel confident in identify- 
ing the cast as being taken from the French Blue. 


Weight. A variety of weights have been reported for 
the French Blue, though they are consistent for the 
most part. A 1791 inventory of the crown jewels 
(Bion et al.) gave the weight as “268% gr” (gr = 
grains, poids de marc); the same weight is also given 
on Jacquemin’s 1749 drawing (again, see figure 2). 
This value is equal to that given in a 1691 inventory 
(“67 ks &”, ks = old carat); both values convert to 
68.97 modern carats (Morel, 1988). Similarly, Brisson 
(1787) reported a weight of 260 grains, poids de 
marc, which Morel (1988) calculated to be equal to 
69.03 ct (erroneously; the actual value is 69.05 ct). 
From this, Morel (1988) estimated the average 
weight to be 69.00 + 0.03 ct. Brisson (1787) reported 
his weight error to be %a of a grain (+0.004 ct), but 
his values have since been shown to be closer to + 4 
grain (+0.06 ct, which seems reasonable for 1787). 
Using a Tescan scanning electron microscope 
operating at 15 kV under low vacuum conditions, we 
performed chemical analysis of the cast. The results 
showed a composition of 97 wt.% lead, 2 wt.% tin, 
and traces of iron and zinc. Based on the density of 
this measured composition (11.2 + 1 g/cm’) and the 
density of 3.5254 g/cm? for the French Blue reported 
by Brisson (1787), we estimate that the cast is equiva- 
lent to a 68.3 + 0.2 ct diamond (n.b.: the accepted 
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Figure 10. Shown here 
are diagrams of the 
crown facet patterns of 
the French Blue as 
derived from various 
sources: (a) Jacquemin’s 
1749 drawing; (b) Hirtz’s 
drawing (Bapst, 1889); 
(c) Morel (1986); (d) 
Attaway (2005); (e) 
Sucher (2005); and (f) the 
MNHN 50.165 lead cast 
(this study). All draw- 
ings are scaled except for 
(a), for which no scale 
was provided (so it is 
scaled to Brisson, 1787). 


Morel, 1986 


MNHN 50.165 


density of diamond using modern techniques is 
3.51-3.52, g/cm; Bari and Fritsch, 2001). 

However, the weight represented by the cast in its 
current condition is probably not what it was original- 
ly because of the rounded edges and worn and weath- 
ered surface [partially covered by hydrocerussite, 
Pb,(CO,),(OH),]. Assuming the original edges of the 
cast were reduced by 0.5 mm each, this gives a loss of 
~0.3 ct of diamond. Thus, our estimated weight for 
the French Blue derived from the cast, 68.3 ct, is 0.4 ct 
lower than the low end of Morel’s (1988) range, which 
is only a ~0.5% variance. This is further strong evi- 
dence tying the cast to the French Blue diamond. 


Figure 11. Overlaying the computer model derived 
from the lead cast (blue) on that derived from Hirtz 
(red) shows notable differences in the arrangements of 
the crown and pavilion facets. 
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Dimensions. The published dimensions and weights 
estimated for the French Blue are shown in table 1. 
The dimensions of the cast are 30.38 x 25.48 x 12.88 
mm (+0.01 mm). These match those reported by 
Brisson (1787}converted based on the modern set of 
dimensions for the Regent diamond—within +0.9 
mm on average. No sink marks (depressions from 
contraction of the lead) were observed on the cast, 
suggesting that significant lead shrinkage did not 
occur. Based on the linear expansion coefficient of 
lead (~28 x 10° mm/K), we calculated that the cast 
should have contracted by a maximum of 0.3 mm 
along the length and width, and 0.1 mm in thickness, 
during the cooling from its molten state (i.e., over 
400°C). Such shrinkage can be reduced by the use, for 
instance, of warm molds, a technology well known 
since the end of the 17th century. 

If we compensate for this lead shrinkage, the cor- 
rections to the French Blue’s dimensions are still 
within Brisson’s margin of error. However, the 
weight would then have to be increased by 4.5 ct, 
which is significant even for Brisson. Therefore, we 
believe that no significant shrinkage occurred dur- 
ing the making of the cast. If we assume the weight 
of the diamond to be 69.0 ct, then only a maximum 
of 0.1 mm shrinkage in length and width and <0.01 
mm in thickness could have taken place. Therefore, 
we estimate that the maximum dimensions were 
30.5 + 0.1 x 25.6 + 0.1 x 12.9+0.1 mm. 


Design and Shape. The cast has a thin crown (<3 
mm) and a relatively thick pavilion (9.97 mm) as 
compared to earlier replicas, and a thin (<0.5 mm) 
and very even girdle. Hirtz’s drawing (again, see fig- 
ure 3) shows a central culet with seven culet facets 
around it. The culet facets are surrounded by seven 
kite-shaped primary main facets, with another row 
of seven kite-shaped secondary main facets sur- 
rounding these. Fourteen break facets define the gir- 
dle. However, the cast has a second row of main 
facets that are horizontally split (total 14), plus a ter- 
tiary row of 14 additional main facets. In contrast to 
the 14 break facets in Hirtz’s drawing, there are 


only 13 on the cast. The drawing has a total of 36 
pavilion facets; 57 are present in the cast (table 2). 
However, the break facets along the girdle are verti- 
cally split, with break side facets. The presence of 
break facets on both the crown and the pavilion 
(again, see figure 9) contributes to the artistic sym- 
metry of Pitau’s design. 

When we compare our model to that of Attaway 
(2005), it is evident that the facet patterns are similar, 
with the extra facets on the pavilion of the cast model 
primarily being the result of the horizontal splitting of 
some facets on Attaway’s model (again, see figure 11). 
The angular differences between the two halves of the 
split facets range in the vicinity of 3-5°, just enough 
to discern them as separate facets rather than one 
rounded facet. There is also one extra row of facets on 
our model. The crown facet patterns differ only in the 
configuration of the break facets: They are vertically 
split in Attaway’s model and not split on ours. 

Hirtz’s model can also be analyzed and compared 
to the other measurements using its length-to-width 
ratio. Hirtz’s has a ratio of 0.8571, within 1.5% of 
Morel’s model (0.8459). Brisson’s measurements (as 
corrected by Morel) have a ratio of 0.8003, and the 
lead cast has a ratio of 0.8387, between Hirtz and 
Brisson. This result confirms the distortions in 
Hirtz’s drawing (Bapst, 1889), and demonstrates again 
the relative inaccuracy of Brisson’s measurements. 
The overall shape of the cast (figure 10f) is much clos- 
er to that of Hirtz (figure 10b) than that of Morel (fig- 
ure 10c), although the length-to-width ratio of the 
cast is closer to that of Morel than of Hirtz. Atta- 
way’s model shows a stone with a length-to-width 
ratio of 0.8589. Extended over 25 mm (approximately 
the length of the diamond), this results in a difference 
of about 0.5 mm from our model. This does not 
negate the validity of the earlier model, in that the 
Hope still fits neatly inside it. Although the depths of 
the two models differ, they still encompass the same 
volume and, hence, weight. 


Computer Simulation of the French Blue. Com- 
parison between our model and that of Sucher (2005) 


TABLE 2. Summary of pavilion facet differences between Hirtz’s drawing (in Bapst, 1889) 


and the lead cast MNHN 50.165. 


Culet Primary 


Secondary Tertiary Break 


sOutce male facets main facets mainfacets main facets facets Toe 
1749 drawing 1 7A FA 7 0 14 36 
MNHN 50.165 1 7 8 14 14 13 57 
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Figure 12. This computer rendering of the “French 
Blue” diamond, based on the color profile of the 
Hope diamond (courtesy of the Smithsonian), repre- 
sents the model Sucher (2005) composed using 
Hirtz’s drawing and Brisson’s measurements. 
Compare it to the French Blue model in figure 1, 
derived from the lead cast, which has noticeably 
greater brilliance and scintillation. 


using DiamCalc (figure 12) shows that the earlier 
model, based on published drawings and dimensions, 
results in a gem of lesser scintillation compared to 
the one derived from the lead cast (again, see figure 
1). We believe the additional facets (57 vs. 36) are 
responsible for the superior optical effects of the lead 
cast model. This evidence also suggests that the lead 
cast is an excellent replica of the original, showing an 
accurate set of facets with an exact set of angles that 
also enhance brilliance. Thus, this lead cast was prob- 
ably not copied from a distance or by memory or by 
an inexperienced jeweler, but rather was cast directly 
from the original diamond. 

This simulation also demonstrates that the dia- 
mond was a masterpiece of lapidary work due to its 
odd number of facets (seven) around the culet (a diffi- 
cult pattern to cut given the technology existing at 
the time) and its greatly increased scintillation and 
brilliance over Tavernier’s original stone. Pitau’s pecu- 
liar cut design became known as the rose de Paris or a 
la mode des deux cétés (Morel, 1986) and would later 
be used for the Hortensia diamond (Morel, 1988). 

The number of facets surrounding the culet was 
surely not an arbitrary decision—court life at 
Versailles under Louis XIV was heavily steeped in cer- 
emony and symbolism. Seventeenth-century France 
was a deeply Christian kingdom, and in the Bible the 
number seven represents spirituality and divinity (e.g., 
the seven days of creation and the seven sacraments 
in western Catholicism) and the perfection of the 
human form of God (e.g., the number of prophets). In 
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addition, in Greek mythology, Apollo, the god of 
peace and fine arts, is commonly represented by the 
sun. Through its art and architecture, Versailles con- 
nected these symbolic relationships, and the palace in 
its entirety conveyed the message that Louis was the 
“Sun King,” ordained with the divine right to rule 
(e.g., figure 13). The French Blue—with its seven-fold 


Figure 13. Louis XIV was very fond of symbolism and 
mythology. This allegorical scene shows King Louis as 
Apollo, the Greek god of the sun. The seven-fold symme- 
try of the French Blue mimics the radial beams of the sun, 
as seen here illuminating the Sun King. Painting by 
Joseph Werner II (1637-17108), courtesy of Réunion des 
Musées Nationaux/Art Resource, New York. 
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comparison of the intensity of the incident 
and emergent rays of two specimens placed 
in juxtaposition. The comparison is made 
by the naked eye, but it is extremely diff- 
cult to estimate numerically the intensity 
of brightness of two sections of the same 
color. The following procedure was there- 
fore used, that is, the intensity of the inci- 
dent ray was reduced by means of a smoky 
colored glass wedge, which was introduced 
into the path of the ray until both sections 
had the same intensity as observed by the 
eye. The percentage of decrease in intensity 
can be read on the graduated scale of the 
wedge. This method was made more sensi- 
tive by applying refinements which are 
based upon the use of some of the princi- 
ples of crystal optics. The best instrument 
of this type is the microphotometer which 
was developed at the University of Koenigs- 
berg. However, all of these optical methods 
have serious drawbacks and consequently 
photometry has not been applied to any 
considerable extent in crystallographic re- 
search demanding a high degree of preci- 
sion. This is. also the reason why the 
theory of the color of minerals has made 
little progress. , 

The inapplicability of optical methods is 
due to the lack of sensitivity of the eye to 
light, for it is unable to observe slight 
differences in intensity in the red, blue, and 
violet portions of the spectrum. Moreover, 
it is impossible to develop simple and port- 
able apparatus to investigate small speci- 
mens as is often required. 

To. obtain reliable absorption curves 
highly monochromatic light must be used. 
In photometric methods such light is ob- 
tained by using a monochromator by which 
incident white light is dispersed into a 
rather broad spectrum. By means of a very 
narrow slit an extremely small portion of 
the spectrum can be singled out. Obviously, 
the narrower the slit the more monochro- 
matic the emergent light will be. Although 
this procedure permits more accurate ab- 
sorption curves to be constructed, the inten- 


photoelectric 


sity of the light is greatly reduced. Further- 
more, on account of the unreliability of the 
eye there are many limitations to the use 
of monochromatic investigations. Conse- 
quently, optical photometry has contributed 
but little to the advancement of our knowl- 
edge of the color of minerals. 

The development of the photoelectric cell 
during the past two decades has made it 
possible to compare and measure the inten- 
sities of light by electrical methods. In these 
methods the eye observes only the deflec- 
tions of the needle on an electric meter, and 
the eye can be depended upon to make 
accurate readings. After many years of re- 
search a photoelectric cell which would 
meet the specific requirements was devel- 
oped. At first gas filled alkali cells were 
tried, and subsequently some which were 
evacuated, but without Spert’s 
photoelectric cell also did not meet the 
mecessaty requirements. However, the mi- 
croselenium photoelectric cell proved to be 
usable in limited areas which could be 
measured accurately. * 

The apparatus which now can be used 
for the precise measurement of the intensity 
of light consists of (1) a strong and con- 
stant source of light, (2) a monochroma- 
tor, (3) a crystal holder, and (4) a photo- 
electric cell connected with a galvanometer. 
The monochromator must be of a type that 
will permit. extremely pure monochromatic 
light to be obtained. The crystal holder con- 
sists of a round metal disc with a hole 1 
mm. in size. A second disc with a some- 
what larger hole is placed in front of the 
first one. The crystal holder is fastened to 
the second disc. Thus, by moving the sec- 
ond disc in and out of the beam of light 
the intensity of the ray can be measured 
with or without the crystal in its path. The 
selenium photoelectric cel] is placed di- 
rectly back of the crystal holder and is 
connected to an: extremely sensitive gal- 
vanometer. The deflections on the galvano- 
meter must not exceed 30 cm. If stronger 
are produced the 
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Figure 14. These views show the model of the Hope diamond (blue) inside the model of the French Blue that was 
derived from the lead cast (black). Note the close fit. Models B and C represent views from the respectively marked 


arrows on model A. 


symmetry, blue color, and brilliance—was clearly 
intended to echo this sentiment. Pitau’s design was 
likely intended to represent a sun with seven radial 
beams set in a blue sky. 

The importance of this design to King Louis can 
be seen in the extravagant sum he paid Pitau to facet 
the diamond: the equivalent of half a million dollars, 
or about one-tenth the cost of the Tavernier Blue 
(Bapst, 1889]}this at a time when labor costs were 
not normally a meaningful element of a jewel’s 
value. As just one example, inventories of the 
French Crown Jewels estimated value only by calcu- 
lating the worth of the gems and did not include the 
metals (gold, silver, bronze, etc.) or manufacturing 
costs (e.g., Bion, 1791). 

The simulation of the French Blue represents the 
rediscovery of a true masterpiece of French Baroque 
lapidary art. Created well before the Regent diamond 
(cut 1704-1706 in London], the French Blue is also 
one of the earliest examples of the brilliant cut, a 
clear departure from the classical octahedral cuts of 
the 17th century, such as the mirrors and Mazarins. 


Comparisons with the Hope. We created a model for 
the Hope diamond by independently reconstructing 
Attaway’s model using photos from Attaway (2005) 
and DiamCalc; there were no substantive differences 
between the earlier model and ours. Using GemCad, 
we inserted the model of the Hope diamond into our 
model of the French Blue (figure 14). Model resolu- 
tion was 43 pixels/mm, and the Hope fit inside the 
French Blue with as little as 4 pixels (less than 0.1 
mm) distance between the outside edges of the 
stones when they were rotated about all three axes. 
This is important, as the Attaway study reconstruct- 
ed the French Blue solely from the available line 
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drawings, without benefit of the proportions and 
details of the crown and pavilion provided by the 
lead cast. Thus, this study confirms the conclusion 
in the earlier works of Morel (1986) and Attaway 
(2005), as postulated by Barbot (1858), that the Hope 
could have been cut from the French Blue. 


Reconstruction of the Golden Fleece. A reconstruc- 
tion of the colored Golden Fleece was also painted 
by artist Pascal Monney of Geneva for this study. 
This simulation was then refined based on the 1791 
inventory (Bion, 1791) to eliminate inconsistencies 
in some of the diamond shapes and settings, either 
misdrawn by Hirtz, missing in Jacquemin, or 
deemed irrelevant by Morel (1988) and Tillander 
(1996). We also added elements of the Rococo style 
that dominated during this period by reference to 
examples of other Golden Fleece insignia in muse- 
ums in Lisbon, Munich, Austria, and elsewhere in 
Europe. Based on this, Mr. Monney’s gouache of the 
historic piece (figure 15) is the first reconstruction 
that is realistic for a jeweler of the 18th century 
Rococo period. More detail, as well as an alternate 
version of the insignia, is presented in Farges et al. 
(2008) and will be discussed in a future paper. 


IMPLICATIONS FOR THE FATE OF THE 
FRENCH BLUE AND THE HOPE 

Ownership. The correct catalog entry for the lead 
cast of the French Blue states that the diamond’s 
owner was “Mr. Hoppe of London.” Who was “Mr. 
Hoppe”? One of Achard’s most important customers 
was Henry Philip Hope, the first known owner of 
the Hope diamond. Hope was also a friend of René- 
Just Hatiy, the mineralogy curator at the MNHN 
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until 1822. In his treatise on gems, Hatty (1817) 
thanks only two people for their readings and gem 
donations: Henry Philip Hope and Charles Achard. 
Hope had previously donated a collection of gems to 
Hatiy, which now resides at the MNHN,; this dona- 
tion could well have included the lead cast, as dis- 
cussed above. Further, another donation to the 
MNHN by the Achards, MNHN 50.167 (note the 
numbering immediately after the lead casts; again, 
see figure 8), is a glass replica of a large deep blue sap- 
phire that the catalogue states was “sold to Mr. 
Hoppe of London.” Given these connections, it 
seems logical to assume that “Hoppe” was in fact 
Henry Philip Hope. 

In 1849, Hope’s oldest nephew, Henry Thomas 
Hope (1808-1862), formally inherited the Hope dia- 
mond (Morel, 1988; Kurin, 2006). The trial over 
Hope’s will was public and acrimonious (Rivington 
and Rivington, 1845), so by 1850 a jeweler as con- 
nected as Achard was surely aware of the diamond’s 
existence, even assuming he had not become aware 
of it because of his relationship with Henry Philip 
Hope (who had published a catalogue of his gem 
collection 11 years earlier; see Hertz, 1839). Yet the 
lead cast is clearly that of the French Blue, not the 
Hope, and an experienced French jeweler like 
Achard could hardly have confused the two. The 
label suggests that one of the Achards (most likely 
the father) was somehow able to link Henry Philip 
Hope to the French Blue. 

Two possibilities exist: (1) that Achard simply 
assumed the Hope was the recut French Blue, or (2) 
that the family had actual knowledge of this fact 
from their relationship with Henry Philip Hope. As 
the Hope and the French Blue were the largest blue 
diamonds of their time, such an assumption would 
have been logical enough. There is no written record 
of this connection prior to Barbot (1858), though this 
does not preclude the idea having been in circulation 
earlier. That said, like all gem dealers, the Achards 
could have had confidential information on the 
gems they came into contact with, and on their 
clients—such as Henry Philip Hope. Had Hope pos- 
sessed the French Blue, the Achards would have 
been among the very few people who might have 
known about it. 

However, had this information become known 
by other jewelers (especially the king’s jewelers like 
Bapst), the French government or royalists hoping 
to please the surviving exiled heirs to the crown 
could have claimed or attempted to buy back the 
diamond, as they did with the Céte de Bretagne 
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Figure 15. This gouache of King Louis XV’s Golden 
Fleece of the Colored Adornment, based on informa- 
tion about the piece and its gems gleaned from this 
study, was created in 2008 by Pascal Monney, Geneva, 
Switzerland (reprinted by permission of the owner). 


spinel and numerous other gems lost in the 1792 
robbery. The fact that this did not occur with the 
French Blue suggests that it was likely recut soon 
after the theft. In the absence of hard evidence, 
such as the lead cast (which was not publicly 
announced until 2008), it would have been difficult 
to prove—especially in court—that the recut stone 
was once the French Blue. 
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Who Authorized the Recutting? Based on Fran- 
cillon’s memo, the recutting of the French Blue into 
the Hope could not have taken place any later than 
September 1812. Does the Achard label represent 
proof that Henry Philip Hope was involved in that 
recutting? Hope was certainly one of the few collec- 
tors wealthy and passionate enough to quietly pur- 
chase what would have been the most prominent 
stolen diamond in existence at the time. Perhaps 
Hope saw an opportunity to obtain the diamond, 
then have it recut to hide its origins. 

The intriguing lack of records concerning Hope’s 
acquisition of his blue diamond has been noted by 
many scholars (e.g., Balfour, 2000; Kurin, 2006). A 
logical assumption from Francillon’s 1812 memo is 
that the recut diamond was then owned by London 
gem merchant Daniel Eliason. But other informa- 
tion suggests that the situation may not have been 
so simple. 

The banking firm of Hope & Co., established in 
Amsterdam in 1726, was well connected with the 
crowns of Europe for many years (Kurin, 2006). The 
company provided financing to the governments of 
Britain, Russia, and Portugal; it also worked with the 
U.S. government and the French crown to provide 
funding for the Louisiana Purchase in 1804. And one 
of the company’s private clients was Daniel Eliason, 
who used Hope & Co. to fund certain Brazilian min- 
ing activities. 

Knowledge of the whereabouts of the French 
Blue was still a risky proposition in 1812. So why 
would a memo surface that year announcing the 
Hope’s existence? Hope & Co. was acquired by 
Baring’s in 1813—according to Balfour (2000), due to 
the declining state of the Hope fortune. If Henry 
Philip Hope owned the stone at the time, he might 
have commissioned Eliason to sell it, perhaps in 
part to raise funds to prevent a takeover. 

To date, there is no hard evidence to confirm the 
validity of either scenario. It is interesting to note, 
however, that English jeweler and art expert Bram 
Hertz, who would later publish a catalogue of Hope’s 
collection (Hertz, 1839), became Hope’s agent for 
purchasing diamonds shortly after Eliason’s death in 
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1824 (Rivington and Rivington, 1845). In that job, 
Eliason was possibly Hertz’s predecessor. 


CONCLUSION 


The discovery of the lead cast of the French Blue 
reveals new details about the appearance of this his- 
toric diamond and allows a computer reconstruction 
more accurate than those of previous studies. Its 
quantitative reconstruction shows that the mythic 
diamond was a masterpiece of mid-17th century dia- 
mond cutting, a fitting symbol for Louis XIV to sup- 
port his religious dominance and political authority. 
Our work confirms earlier studies (Morel, 1986, 
1988; Attaway, 2005) that indicate the Hope dia- 
mond could have been recut from the French Blue. 

In addition, the MNHN label attributing the 
French Blue to “Mr. Hoppe of London” suggests 
that Henry Philip Hope may have owned the 
French Blue at some point before its recutting. This 
is a possibility that has not been documented before 
this research (see also Farges et al., 2008). This new 
information is in agreement with the post-theft sce- 
nario proposed by Bapst (1889). However, if the label 
is correct, then our discovery is not fully in agree- 
ment with Kurin’s (2006) “German” scenario 
involving the Duke of Brunswick. 

Acquiring and keeping a stone of the importance 
and visibility of the French Blue, in any form, would 
have required a confluence of exceptional criteria, 
which would only have been possible for an individ- 
ual in a position of power and great wealth. Hope’s 
connections to the crowns of Europe would have 
provided an insider's view of European politics at the 
time, and with his personal connections to Eliason, 
Achard, and Hatiy, Hope would have been in a posi- 
tion to know of the availability of any exceptional 
stones. Additionally, he had one of the finest person- 
al gemstone collections in all of Europe. The state- 
ment on the MNHN label, “Mr. Hoppe of London,” 
is not conclusive, but Henry Philip Hope certainly 
had the method, motive, and opportunity to acquire 
the French Blue and have it recut quickly to hide his 
possession of a stolen royal diamond. 
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GRAY-TO-BLUE-TO-VIOLET 
HYDROGEN-RICH DIAMONDS FROM 
THE ARGYLE MINE, AUSTRALIA 


Carolyn H. van der Bogert, Christopher P. Smith, Thomas Hainschwang, and Shane F. McClure 


The Argyle diamond mine is the only known source of type laB hydrogen- and nitrogen-rich 
diamonds colored gray to blue to violet. Twenty such diamonds were studied to investigate 
the relationships between their spectroscopic characteristics and color grades. The unusual 
color is the result of broad absorption bands centered at ~520-—565 nm and 720-730 nm. 

A pronounced 551 nm band is superposed on the 520-565 nm feature. Spectral deconvolu- 
tion of this feature suggests that it may be a composite, including H-related absorptions at 
~545 and 563 nm and bands at 520-530 and 551 nm. The near- and mid-IR regions exhibit 
strong absorptions, including those related to H and N, many of which become more intense 
with increasing color saturation. The PL spectra exhibit peaks associated with nickel-related 
defects, which may play an important role in the coloration of the more violet diamonds in 
this group. H-rich gray-to-blue-to-violet diamonds, which are not known to be treated, can be 
readily separated from similar-hued diamonds that may be HPHT enhanced or synthetic. 


Ithough a common impurity in type Ia dia- 

monds, hydrogen is thought to influence the 

color of only a small proportion of them 
(Fritsch and Scarratt, 1992). These relatively H-rich 
diamonds fall into four color groups, as described by 
Fritsch et al. (1991, 2007a) and Fritsch and Scarratt 
(1992, 1993): (1) “brown to grayish yellow to green,” 
(2) “white,” (3) “chameleon,” and (4) “gray to blue 
to violet.” While H-rich brown and yellow dia- 
monds are very common, gray-to-blue-to-violet dia- 
monds are quite rare, particularly stones with high 
color saturation and those that are larger than half a 
carat (figure 1). Because these diamonds are charac- 
terized by their high H content and unusual color, 
this article will refer to them as “HGBV” (H-rich 
gray to blue to violet) diamonds. 

The gemological characteristics of HGBV dia- 
monds were first described by Fritsch and Scarratt 
(1989, 1992, 1993) and Fritsch et al. (1991), along 
with their dominant infrared (IR) and ultraviolet- 
visible (UV-Vis) spectral characteristics. The IR and 
UV-Vis characteristics were also reported in De 
Weerdt and Van Royen (2001). A recent study of 
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thousands of small stones provided an updated view 
of these spectral characteristics for H-rich diamonds 
in general, including the HGBV color group (Fritsch 
et al., 2007a). All these studies showed that the IR 
spectra—of all the color groups of H-rich dia- 
monds—are dominated by H-related peaks, and sug- 
gested that their UV-Vis spectra may be influenced 
by the relatively high H content. Photolumi- 
nescence (PL) optical characterization (lakoubovskii 
and Adriaenssens, 2002) and electron paramagnetic 
resonance (EPR) measurements (Noble et al., 1998) 
of HGBV diamonds have been performed as well, 
these studies revealed nickel defects that may also 
influence their color. 

The present article describes gemological obser- 
vations and a focused spectroscopic (UV-Vis, IR, and 
PL) and DiamondView imaging study of 20 HGBV 
diamonds. We describe how these data characterize 
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the material and relate to its GIA color grades. In 
particular, we investigated the different UV-Vis-NIR 
spectra of violet- as compared to blue-hued samples 
through analysis of their two major absorption min- 
ima, which affect their apparent color (e.g., Fritsch 
et al., 2007a). In addition, we performed Gaussian 
modeling of the major 520-565 nm absorption fea- 
ture to explore whether it is composed of several 
individual bands (i.e., a composite}, as suggested by 
Fritsch et al. (1991). 


SOURCE OF HGBV DIAMONDS: 
THE ARGYLE MINE 
The Argyle mine in northwestern Australia (see, 
e.g., Shigley et al., 2001) is the source of H-rich dia- 
monds from at least two different color groups: 
brown to grayish yellow to green (Fritsch and 
Scarratt, 1993; Massi, 2006; Fritsch et al., 2007a), 
and gray to blue to violet (Fritsch and Scarratt, 1992, 
1993; Noble et al., 1998; Iakoubovskii and Adriaens- 
sens, 2002). Argyle is currently the only known 
source of HGBV diamonds, which represent a 
minute proportion of the mine’s output. The rough 
typically occurs as irregular fragments, most of 
which are fashioned as melee ranging from a few 
points to about 0.20 ct. Much of this material has 
an unremarkable, unsaturated color. 

Some larger pieces of rough with more saturated 
color are encountered, but faceted stones over half a 
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Figure 1. Two of the largest 
HGBV diamonds faceted to 
date are set in the yellow 
metal rings shown here— 

a 2.34 ct Fancy Dark violet- 
gray emerald cut and a 1.06 
ct Fancy Dark gray-blue 
oval—and were included in 
this study. The ring on the 
upper right is a striking 
combination of Argyle dia- 
monds, with a 1.38 ct Fancy 
red center stone, flanked by 
gray-violet and near-color- 
less diamonds. The loose 
0.73 ct pear-shape, also part 
of this study, is Fancy Deep 
grayish violet. The yellow 
metal rings were designed 
and manufactured by 

Jean Mahie; the other items 
were provided by L. J. West 
Diamonds. Photo by 
Robert Weldon. 


carat are very rare, and only a few weighing more 
than one carat have been recovered in the 25+ years 
since mining began at Argyle. When available, the 
finest stones of this color variety have been sold 
through the yearly Argyle pink diamond tender. For 
example, two of the 63 stones offered at the 2006 ten- 
der were HGBV diamonds, a proportion that approxi- 
mately reflects the relative production of tender-qual- 
ity HGBVs to pinks at the mine (Max, 2006). 
Between 1993 and 2.008, a total of 20 HGBV dia- 
monds, ranging from 0.39 to 2.34 ct, were offered at 
the tender (Argyle Diamonds, 1993-2008; see G#G 
Data Depository at www.gia.edu/gemsandgemology). 
The 2.34 ct stone was a Fancy Dark violet-gray emer- 
ald cut (again, see figure 1). In spring 2009, Rio Tinto 
will offer its first exclusive tender of blue and violet 
diamonds, representing select material from several 
years of production (Rio Tinto, 2009). 


MATERIALS AND METHODS 

Samples. During the course of this research, more 
than 30 HGBV diamonds passed through the GIA 
Laboratory in New York for origin-of-color determi- 
nation and grading services. Of these, 18 representa- 
tive stones were selected for study (see table 1 and, 
e.g., figure 2). In addition, two exceptional stones set 
in yellow metal rings were loaned to the laboratory 
(again, see figure 1}; both had received GIA Colored 
Diamond grading reports prior to being set. All 20 of 
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the samples were reportedly from the Argyle mine; 
they had Argyle inscriptions or were submitted by 
Rio Tinto NV (or both). Several were also offered at 
various Argyle pink diamond tenders. 

Some spectroscopic measurements could not be 
made on all the diamonds in this group because of 
time constraints. In addition, some samples were 
not suited to certain spectroscopic measurements 
due to interference from their jewelry settings or 
the cut geometry of the stone. However, all the 
samples were examined using other standard gemo- 
logical tests (see below). 


Grading and Testing Methods. GIA color grades 
were determined by experienced graders using the 
standard conditions and methodology of GIA’s col- 
ored diamond grading system (King et al., 1994). 
Internal features were observed with a standard 
binocular microscope using a variety of lighting 
techniques and magnification up to 100x. Most of 
the stones received Colored Diamond Identification 
and Origin Reports, which do not include clarity 


TABLE 1. The 20 HGBV diamonds examined for this 
study, listed from bluest to grayest to most violet. 


GIA color grade? bie Shape pene 
FDK gray-blue® 1.06 Oval — 

FDK gray-blue 1.02 = Shield UV-Vis-NIR; IR; PL 
FDK gray-blue® 0.23 Marquise UV-Vis-NIR 

FAN gray-blue 0.51 Pear UV-Vis-NIR; IR; PL 
FAN gray-blue® 0.24 Cushion —_ 

FAN gray-blue 0.21 Pear UV-Vis-NIR; IR; PL 
FAN gray-blue® 0.23 Round UV-Vis-NIR; PL 
FAN grayish blue® 0.22 Modified heart = 

FDK gray 1.57 Cushion IR 

FAN violet-gray° 0.15 Round UV-Vis-NIR 

FDK violet-gray® 2.34 Emerald — 

FAN gray-violet 0.26 Cushion UV-Vis-NIR; IR; PL 
FDK gray-violet 0.56 Modified oval UV-Vis-NIR; IR; PL 
FDK gray-violet® 0.25 Pear UV-Vis-NIR; PL 
FAN grayish violet 0.16 Round UV-Vis-NIR; IR; PL 
FAN grayish violet® 0.09 Round UV-Vis-NIR; IR 
FDP grayish violet 0.52 = Cushion UV-Vis-NIR; IR; PL 
FDP grayish violet 0.65 Oval UV-Vis-NIR; IR; PL 
FDP grayish violet 0.73 Pear UV-Vis-NIR; IR; PL 
FDP grayish violet® 0.10 Round UV-Vis-NIR; IR 


aFDK = Fancy Dark, FAN = Fancy, FDP = Fancy Deep 

»These diamonds were set in rings, which prevented the collection 
of some spectroscopic data. 

“Complete data sets for these stones could not be collected due to 
time constraints and/or unfavorable conditions caused by cut 
geometry. 
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grades, so any discussion of clarity characteristics is 
unrelated to specific clarity grades. Reaction to UV 
radiation was observed in a darkened room with a 
conventional 4-watt combination long-wave (365 
nm) and short-wave (254 nm) UV lamp. All the 
unmounted stones were also examined with a De 
Beers Diamond Trading Co. DiamondView deep-UV 
(<230 nm) luminescence imaging system (Welbourn 
et al., 1996). We used a handheld spectroscope to 
view absorption features in the visible range, with 
the stones both at room temperature and after 
immersion in liquid nitrogen (~77 K). We checked 
for electrical conductivity by putting the diamond 
on a metal plate and touching it in several places 
with an electrical probe. 

Most of the samples were analyzed by a variety 
of spectroscopic techniques. For 15 diamonds, we 
recorded absorption spectra in the UV-Vis-NIR 
region (250-850 nm) using a Thermo-Spectronic 
Unicam UV500 spectrophotometer with a sampling 
interval of 0.1 nm and a spectral bandwidth of 0.5 
nm. The samples were mounted in a cryogenic cell 
and cooled with liquid nitrogen. Because the path 
lengths of the light through the faceted stones were 
not known, it was impossible to normalize the UV- 
Vis-NIR data so the individual samples could be 
directly compared. However, we were able to com- 
pare ratios of areas and heights calculated for each 
individual spectrum (e.g., Gaffey et al., 1993). 

Absorption spectra in the mid-IR (6000-400 cm-!, 
1 cm resolution) and near-IR (11000-2700 cm!; 4 
cm! resolution) regions were recorded for 12 dia- 
monds at room temperature with a Thermo-Nicolet 
Nexus 6700 Fourier-transform infrared (FTIR) spec- 
trometer, equipped with KBr and quartz beam split- 
ters. A 6x beam condenser focused the incident beam 
on the sample, and 1,024 scans per spectrum were 
collected to improve the signal-to-noise ratio. Since 
true normalization was not possible, we scaled the 
data at 2700 cm! in the three-phonon region to com- 
pare the amplitudes of the IR peaks between stones 
of different color grades. 

Low-temperature PL spectra were collected on 10 
stones using a Renishaw 1000 Raman microspec- 
trometer at three different laser excitations. We used 
50-milliwatt Ar-ion lasers for two different laser 
excitations: 488.0 nm for the 490-850 nm range and 
514.5 nm for the 517-850 nm range. A He/Ne laser 
produced a 632.8 nm excitation for the 640-850 or 
690-850 nm range. The samples were cooled by 
direct immersion in liquid nitrogen. Three scans 
were collected for each measurement to improve the 
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Figure 2. These are three of the HGBV diamonds examined for this study: a 0.65 ct Fancy Deep grayish violet 
oval, a 0.56 ct Fancy Dark gray-violet modified oval, and a 1.02 ct Fancy Dark gray-blue shield cut. Photos 


by C. H. van der Bogert. 


signal-to-noise ratio. For the general PL measure- 
ments, the laser was slightly defocused to collect a 
bulk measurement. In addition, focused measure- 
ments of one sample were taken at the 488.0 nm 
excitation to investigate differently fluorescing 
regions. All the spectra were scaled to the diamond 
Raman peaks, so the amplitudes of the absorption 
features could be compared. 


Gaussian Modeling. Fritsch et al. (1991) suggested 
that a broad band observed in HGBV diamonds at 
520-565 nm was a composite of multiple absorption 
bands. To test this theory, we performed basic spec- 
tral deconvolutions for 10 of the highest-quality UV- 
Vis-NIR spectra using Origin analytical software 
(www.originlab.com) to identify the major absorp- 
tion bands contributing to the composite feature. 
Individual absorption bands were generally assumed 
to have a Gaussian (bell curve) shape, and composite 
absorption bands were considered the sum of multi- 
ple individual Gaussian curves, termed Gaussian 
components (e.g., Burns, 1993). The Gaussian com- 
ponents were modeled by spectral deconvolution, 
which determines the component positions and 
widths that best reproduce a composite absorption 
band, such as the one seen in HGBV diamonds (fig- 
ure 3). The modeling technique requires the estab- 
lishment of a baseline from which the calculations 
are made. This study used a straight baseline defined 
by the absorption minima that bounded the pro- 
posed composite feature. 


RESULTS AND ANALYSIS 


Color Appearance. The HGBV diamonds in this study 
were found to have natural color within a limited 
range of fancy grades (table 1): Fancy, Fancy Deep, and 
Fancy Dark. None of the samples had fancy grades 
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with lighter tone—Fancy Light, Very Light, Light, or 
Faint—or with higher saturation and moderate tone— 
Fancy Intense or Fancy Vivid. Thus, the samples had 
relatively low saturation and dark tone. When satura- 
tion is very low, a hue modifier is assigned, because 
the stone appears brownish or grayish (King et al., 
1994). All the blue and violet samples had gray modi- 
fiers—gray-blue, grayish blue, gray-violet, and grayish 
violet. Some samples were primarily gray with blue or 
violet modifiers—bluish gray and violet-gray (table 1). 


Figure 3. Spectral deconvolution of the 520-565 nm 
broad band using Gaussian components suggests that 
it is a composite of multiple absorption bands. The 
peak positions were modeled using a baseline defined 
by the minima on each side of the composite band. 


SPECTRAL DECONVOLUTION 


— Original data 

— Gaussian fit 

— Gaussian components 
— Baseline 


a 
480 490 500 510 520 530 540 550 560 570 580 
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Figure 4. Many of the diamonds displayed subtle blue fluorescence zoning when examined with the DiamondView 
(A, magnified 20x). However, half the stones contained discrete zoned areas with alternating intensities of brighter 
blue fluorescence, sometimes with very thin yellowish green fluorescent layers (B, magnified 30x) and/or isolated 
yellowish green fluorescing regions (C, magnified 40x). Photomicrographs by C. H. van der Bogert. 


One of the samples had such low saturation that it 
was impossible to discern a specific hue, so it was 
classified as gray (again, see table 1). None of the sam- 
ples exhibited bluish violet or violetish blue hues. 


Ultraviolet Fluorescence and Phosphorescence. All 
the diamonds in this study had consistent fluores- 
cence reactions. When exposed to long-wave UV 
radiation, each exhibited a slightly chalky yellow 
reaction of moderate-to-strong intensity. Exposure to 
short-wave UV produced a weak-to-moderate reac- 
tion of the same color. However, samples with weak- 
er saturation (i.e., those that appeared grayer) tended 
to phosphoresce weak-to-strong yellow to both long- 
and short-wave UV, while those that were relatively 
stronger in saturation did not phosphoresce. 


DiamondView Imaging. The samples showed a 
variety of reactions when examined with the 
DiamondView. Typically, they fluoresced medium 
blue with subtle alternating brighter and darker 
blue planar and angular zones (figure 4A). Ten of the 


18 unmounted samples exhibited discrete areas of 
brighter and darker blue layers alternating with very 
thin yellowish green layers conforming to cubo- 
octahedral growth zones (figure 4B). Occasionally, 
yellowish green fluorescence was present in small 
isolated zones (figure 4C); though such zones were 
found in samples of all color grades, they tended to 
be larger and brighter in violet-hued stones. The dif- 
ferences between the blue and yellowish green areas 
were further investigated with focused PL analyses 
(see below). 


Electrical Conductivity. None of the samples in this 
study were electrically conductive. 


Microscopic Characteristics. Inclusions. In general, 
the HGBV diamonds contained only a limited range 
of inclusions, compared to the wider range seen in 
diamonds overall. Most common were etch features 
(including etch channels), tubes, acicular cavities, 
and pits. The etch channels occurred along cleavage 
directions and were quite deep in some cases (figure 


Figure 5. HGBV diamonds exhibited different types of characteristic internal features. These included (left, magnified 
52x) coarsely textured channels, where chemical etching occurred along preexisting cracks or cleavages; they can some- 
times be very deep, as seen in the 0.73 ct stone in the center (magnified 40x). Another type of feature (right, magnified 
52x), either etch or growth tubes, consists of hollow, icicle-like acicular inclusions. Photomicrographs by C. P. Smith. 
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Figure 6. Also present in 
the HGBV diamonds were 
shallow cavities that 
resembled furrows with 
radiating acicular margins 
(left) and fields of small pits 
(right), which may be either 
etch features or remnants of 
inclusions removed during 
cutting. Photomicrographs 
by C. H. van der Bogert; 
magnified 40x. 


5). Long, icicle-like tubes (figure 5, right), cavities 
with clusters with radiating acicular margins (figure 
6, left), and small pointy pits (figure 6, right) were 
also seen in many of the samples. All these features 
occurred singly or as tight clusters and all were sur- 
face-reaching. The small pits appeared to be the 
remnants of larger features that were removed dur- 
ing cutting. 

Only two of the 20 samples contained large 
“crystal” inclusions. These were colorless (possibly 
negative) crystals and black to dark brown acicular 
crystals, all of which were inert in the Diamond- 
View (figure 7) and could not be identified with the 
analytical techniques available. We observed graphi- 
tized stress fractures in two other samples. Pinpoints 
and clouds were seen in most of the samples, some- 
times present as wisp-like patterns or stringers. 


Internal Growth Structures, Color Zoning, and 
Strain. Viewed through an optical microscope, color 
zoning typically occurred as subtle zones with high- 
er saturation (darker gray, or more blue or violet) 
than the surrounding areas (figures 7, left, and 8). 
The zones typically had either straight or slightly 
wavy planar boundaries. Occasionally, rectangular 
planar brownish zones or sectors were observed. A 
few samples exhibited surface grain lines that were 
frequently associated with the color zoning. 
Obvious internal growth structures were generally 
absent, though turbidity along some of the growth 
structures was sometimes seen both in transmitted 
light and with the DiamondView imaging system. 
The areas with stronger coloration had a weaker 
blue luminescence than the weakly colored areas 
(figure 7). In transmitted light, the green fluorescent 
areas observed with the DiamondView were not 
noticeably different from the weaker blue fluores- 
cent areas. 

The stones showed weak strain following the 
cubo-octahedral growth planes when observed using 
crossed polarizers with transmitted light (figure 9). 
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UV-Vis-NIR Spectroscopy. Observations of Spectra. 
When we viewed the HGBV diamonds with a stan- 
dard desk-model spectroscope, typically only a 
weak-to-moderate broad band at approximately 550 
nm was observed, though occasionally a weak band 
at 594 nm was noted. Stones with more dominant 
gray color also exhibited a weak line at 415 nm. 

The dominant absorptions in the spectropho- 
tometer data were a series of broad bands centered at 
520-565 nm, 720-730 nm, ~760 nm, and ~835 nm 
(figure 10). The 520-565 nm feature extended from 
approximately 460 to 600 nm, with a typical maxi- 
mum at 530-550 nm. It was superposed by a nar- 
rower band centered at 551 nm, typically extending 
from 545 to 560 nm at the base. While the centers of 
all the broad absorption features varied within the 
study group, the 551 nm peak did not. 


Figure 7. Mineral inclusions were uncommon in the 
HGBV diamonds. When present, they were primarily 
clusters of radiating dark brown to black acicular crys- 
tals (left), with a form similar to those of some etch fea- 
tures. The planar, slightly wavy color zoning adjacent to 
the inclusion was also seen with the DiamondView 
(right). Areas with stronger violet coloration had weaker 
blue fluorescence than areas with less violet coloration. 
Major color zoning is marked with arrows. Photomicro- 
graphs by C. H. van der Bogert; magnified 40x. 
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area in which proportionality prevails will 
be exceeded. An accuracy of 0.5% for the 
intensity of the transmitted light can be 
obtained. 

By this method very accurate absorption 
curves can be constructed and very slight 
variations in tints distinguished. By using 
the observed values and applying Lambert’s 
law the transmission factors for sections 1 
mm. thick can be calculated and compared. 
The validity of Lambert’s and Beet’s Jaws 
was verified by applying the method to 
liquids and solids. The effect of two pig- 
menting substances upon one another was 
also investigated. The way in which the 
maxima and minima of absorption are dis- 
placed according to concentration causing 
new tints and colors to result can be 
observed. 

The precise measurement of the absorp- 
tion of light is of great importance in the 


Twenty-three Heceive 


study of gems. With this new method the 
colors of gemstones can be accurately deter- 
mined by means of numerical tables and 
graphs. If the method were applied to the 
diamond it would mark another important 
in color determination. In fact 
many controversies which have arisen in the 
gem trade could be readily and accurately 
settled; for example, the precise differentia- 
tion between the emerald and green beryl. 


advance 


Unfortunately, however, the method and 
apparatus are not well 
adapted for use by gem dealers, for the 
apparatus is very expensive and the method 
demands a specialized scientific background 
and much technical skill. Nevertheless, it is 
highly desirable that every gem research 
and testing laboratory should acquire the 


the necessary 


necessary instruments and make use of the 
described method. 
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Many weaker peaks and broad bands were also 
seen in the UV-Vis range (again, see figure 10). There 
was a general increase in absorption into the UV, 
with a subtle broad feature centered at 350 nm. 
Other weak peaks included a 379/380 doublet and 
individual peaks at 405, 415 (N3 zero-phonon line), 
425, 445, and 448 nm. Commonly, a weak composite 
band centered at 594 nm, roughly 10 nm wide, was 
present. In addition, the strongly saturated samples 
exhibited very weak peaks at 603, 608, 610, 618, and 
630 nm. 


Spectral Analysis. Variations between the violet- 
and blue-hued samples were evaluated by comparing 
different aspects of their spectra (figure 11A). First, 
we investigated the center positions of the two broad 


Figure 9. A low degree of internal strain was charac- 
teristic of the HGBV diamonds, which exhibited only 
subtle gray and blue interference colors, with angular 
streakiness characteristic of cubo-octahedral growth. 
This is in contrast to the banded and tatami-pat- 
terned strain characteristic of type IIb blue and type 
IIa pink diamonds, and the high degree of mottled 
strain typical of type Ia pink-to-purple diamonds. 
Photomicrograph by T. Hainschwang; magnified 20x. 


26 GRAY-TO-BLUE-TO-VIOLET DIAMONDS 


Figure 8. Subtle color zoning 
in many of the diamonds 
typically consisted of more- 
saturated violet zones adja- 
cent to less-saturated and 
occasionally brownish zones, 
which followed indistinct 
growth structures or occurred 
in sectors. Photomicrographs 
by T. Hainschwang (left, in 
immersion) and C. H. van 
der Bogert (right, diffused 
light); magnified 20x. 


absorption minima in the blue (B,,,,) and red (R,,,,) 
regions. These positions were found to vary with 
hue. Samples with violet hues had absorption mini- 


Figure 10. The UV-Vis-NIR spectra of HGBV diamonds 
are characterized by a strong broad band at 520-565 
nm, with a smaller superposed 551 nm broad band, a 
second strong broad band centered at 720-730 nm, 
and two smaller broad bands at ~760 and ~835 nm. 
The position of the 551 nm band did not vary, but the 
positions of the other broad bands varied slightly with 
color grade. The spectra were collected at ~77 K and 
are offset vertically for clarity. FAN = Fancy, FDK = 
Fancy Dark, and FDP = Fancy Deep. 


UV-VIS-NIR ABSORPTION SPECTRA 
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ma at 455-467 nm in the blue region and 601-613 
nm in the red, whereas samples with blue hues had 
minima at higher wavelengths (460-490 nm) in the 
blue and lower wavelengths (568-602, nm) in the red 
(figure 11B). On average, the positions of the minima 
were 127 nm apart for the violet-hued samples, and 
108 nm apart for the blue-hued samples. 

Next, we compared the relative strengths (i.e., 
the areas; see figure 11A) and depths (figure 11C) of 
the absorption minima in the blue and red regions. 
We calculated the ratio of the area of the blue 
absorption minimum (B,) between 380 and 551 nm 
to the area of the red absorption minimum (R,) 
between 551 and 720 nm, and the ratio of the depth 
of the blue absorption minimum (B,) to the depth of 
the red absorption minimum (R,). Most of the sam- 
ples with blue hues had B,/R, (1.9-2.1) and B,/R, 
(1.5-1.7)—higher than those with violet hues. The 
violet-hued samples had B,/R, of 1.4-1.7 and B,/R, 
of 1.3-1.5 (figure 11C). 


Gaussian Modeling. Each of the 10 UV-Vis-NIR 
spectra was modeled in two different ways to 
explore the possibility that the 520-565 nm absorp- 
tion was a composite of multiple bands. First, we 
allowed the software to automatically calculate peak 
positions based on three to four starting positions. 
For example, the starting positions selected for the 
composite feature in figure 3 were 522, 542, 551, and 
563 nm, based on the inflection points at the last 
three positions and the large width of the feature 
toward the UV. Our software allowed the peak posi- 
tions and widths to vary without constraint in order 
to maximize the fit of the Gaussian components to 
the composite feature. A model was considered suc- 
cessful when multiple model runs using a variety of 
starting positions resulted in reasonable positive 
peak heights and areas, as well as similar final peak 
positions for each modeling attempt, and when R? (a 
measure of how well the model fits the spectrum) 
was 0.99 or greater. The goal was to achieve the best 
statistical fit of the composite feature while using as 
few peaks as possible. While models with more than 
three or four peaks could yield improved R? values, 
the additional peaks would represent a statistically 
insignificant proportion—less than 1%—of the over- 
all composite feature. 

Using this approach, we found that the 520-565 
nm absorption in most of the samples was a 
composite feature, best modeled as a combination 
of four independent absorption peaks centered at 
520-530 nm (with an average value of 527 nm}, 
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ANALYSIS OF UV-VIS ABSORPTION SPECTRA 
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Figure 11. The spectral differences between the samples 
were investigated by comparing the positions of the 
absorption minima of the major transmission windows 
in the blue and red regions (A and B), and the ratios of 
the areas of these windows to their depths (A and C). 
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Figure 12. A strongly colored (Fancy Deep) grayish 
violet diamond had the most intense absorption 
peaks across all measured regions as shown in this 
composite spectrum (A). The peaks were seen in 
other HGBV diamonds, but with lower intensity. 
HGBV diamonds are characterized by multiple 
sharp, strong, hydrogen-related peaks. These include 
the 3107 cm“ peak and its associated peaks at 6068, 
5888, 5556, and 4495 cm", as well as those at 3237 
and 2786 cm“. Numerous other small peaks 
observed throughout the mid- to near-IR region (B) 
were characteristic of all the diamonds in this study 
(see also figure 13). It was possible to identify these 
diamonds as type IaB and, in some cases, to calcu- 
late the concentration of IR-active nitrogen (C). 


543-549 nm (average 546 nm}, 551 nm (without 
variation), and 557-566 nm (average 563 nm). For 
some samples, however, the models were not con- 
sistently reproducible using four peaks; the final 
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position of the 543-549 nm peak varied widely. For 
these spectra, reproducible model fits were possible 
only by using three peaks: 526-530 nm (average 
529 nm), 551 nm (without variation), and 556-572 
nm (average 563 nm). 

Then, based on these results, we tested the 
hypothesis that the composite feature consists of a 
551 nm peak plus two hydrogen-related peaks—545 
and 563 nm—seen in other colors of H-rich diamonds. 
For these model runs, we constrained the position of 
the 545, 551, and 563 nm peaks to test whether valid 
models could be fit to the spectra under these condi- 
tions. For all 10 spectra, we were able to fit the com- 
posite feature with peaks at 545, 551, and 563 nm if a 
fourth peak in the region 520-528 nm was allowed to 
be present. The position of the fourth peak was not 
constrained. For these models, R? ranged between 
0.987 and 0.998, indicating that these peaks are rea- 
sonably good fits to the composite feature. It should 
be kept in mind, however, that these models do not 
represent unique solutions. 


Infrared Spectroscopy. All the diamonds proved to 
be type IaB, with a very high concentration of 
hydrogen (Woods and Collins, 1983; e.g., figure 12). 
Although total absorption in the one-phonon region 
was common, for five samples (e.g., figure 12C) it 
was possible to use spectral fitting techniques 
(Kiflawi et al., 1994, Boyd et al., 1995) to determine 
that the concentration of IR-active nitrogen ranged 
from 1350 to 2700 ppm. We observed a platelet 
peak extending from 1376 to 1368 cm, seen in 
another study of Argyle diamonds (Noble et al., 
1998}, in only a few samples. We typically recorded 
bands at ~1550, 1515, and 1499 cm_! (figure 12.A); in 
some samples, peaks at 1435, 1405 cm! were also 
present, along with broad features at ~1010, 780, 
and 550 cm”! (figure 12C). 

After the IR absorptions associated with nitro- 
gen, the most significant were those related to 
hydrogen (e.g., Woods and Collins, 1983; Fritsch and 
Scarratt, 1989; Fritsch et al., 1991). A series of sharp 
peaks were recorded between 3300 and 2700 cm!, 
with two dominant peaks at 3237 and 3107 cm"! 
(figures 12B and 13A,B). Several other weaker bands 
were recorded between 4705 and 4168 cm"! (figures 
12A and 13C). Very weak bands at 4678, 4412, 
4236, and 4224 cm7! were sometimes present. 
Weak, sharp bands were observed at 6068, 5888, and 
5556 cm! (figure 12). Another series of broad 
absorption bands were positioned at 10570 cm=! 
(946 nm], 10300 cm7! (970 nm), 10200 cm7! (980 
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Figure 13. Across the IR spectrum, the strength of the IR peaks and broad bands correlated with color. The vio- 
let-hued stones had stronger IR absorptions than the blue-hued stones for peaks between 4800 and 2700 cm=! 
that have been attributed to hydrogen (A, B, C). Broad peaks of unknown origin between 10570 and 8250 cm~! 
were also stronger in violet-hued stones, but the strengths of those at 7850 and 7490 cm~ did not seem to 
depend on color (D). The spectra were scaled at 2700 cm~ and are offset vertically for clarity. 


nm), 10090 cm~! (991 nm), and between 8630 and 
7490 cm! (figures 12. and 13D). 

When we compared the IR peaks of stones with 
different color grades, we found that the strengths of 
these peaks generally depended on diamond hue. 
The 3107 cm, associated 2786 cm, and 3237 cm"! 
peaks were more intense in violet- than in blue- 
hued diamonds (figure 13A). The same relationship 
between peak intensity and hue also was seen for 
the weaker peaks in the regions 3300-3000 cm7! 
(figure 13B) and 4800-4000 cm~! (figure 13C), as 
well as for the 6068 and 5888 cm7! peaks. The 
strongest broad peaks between 11000 and 8000 cm=! 
were recorded in Fancy Deep grayish violet stones 
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(figure 13D). However, except for one such grayish 
violet diamond with very strong absorption, the 
Fancy gray-blue stones exhibited stronger absorp- 
tions at 7850 and 7490 cm! than the diamonds 
with other color grades. 


Photoluminescence Spectroscopy. As noted above, 
we used three different laser excitations to investi- 
gate the PL properties of the samples. Many PL cen- 
ters were activated by different excitations to vary- 
ing degrees, while others were only active for specif- 
ic excitations (figure 14). All the spectra were scaled 
to the Raman peaks, so we could compare the 
amplitudes of the absorption features. 
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Figure 14. These spectra, typical for HGBV dia- 
monds, were collected for a Fancy Deep grayish vio- 
let diamond cooled to ~77 K at three excitation 
wavelengths (488, 514, and 633 nm). The 488 nm 
excitation caused strong luminescence in the 
650-750 nm region, with dominant PL bands at 669, 
689, and 701 nm, and weaker bands at 659 and 717 
nm. Weak broad peaks were present at 503.2 (H3), 
604, 613, 626, and 645 nm. The 514 nm excitation 
exhibited strong peaks at 669 and 701 nm, but it also 
showed distinct peaks at 694 and 717 nm. A 794 nm 
(NE8) peak was strongest under 633 nm excitation. 
The spectra were scaled to the Raman peaks (R) and 
offset vertically for clarity. 


488 nm Excitation. With 488 nm excitation, the 
dominant luminescence consisted of a series of 
strong broad bands between ~650 and 750 nm (figures 
14 and 15A). These included strong peaks at 669, 689, 
and 701 nm, with weaker bands at 659 and 717 nm. 
The asymmetries of some of these features suggest 
they are composite bands. In particular, the 689 nm 
peak likely includes a 694 nm luminescence, as 
observed with the 514 nm excitation (see below). 

A weak 604 nm peak was often present with its 
associated vibronic system at 613 and 626 nm, as 
described by Iakoubovskii and Adriaenssens (2002). 
Some stones had weak broad bands positioned at 496, 
504, and 512 nm—the higher-energy phonon replicas 
of the $2 (NE1) zero-phonon line at 489.2 nm, which 
itself could not be observed because of its proximity 
to the laser line. Seen in natural type IaB diamonds, 
the NEI is associated with nickel-vacancy complex 
defects (Nadolinny and Yelisseyev, 1994). 

Two stones exhibited a 496.7 (S3; Zaitsev, 2001) 
nm band, which is associated with mixed-habit 
cubo-octahedral growth. Some of the spectra also 
exhibited peaks at 503.2 nm (figure 14) or at 502.8 
and 503.2 nm (figure 15A, inset). The 503.2 nm 
peak is seen in nitrogen-containing diamonds (H3; 
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Figure 15. PL spectra were collected for different colors 
of HGBV diamonds cooled to ~77 K using three excita- 
tion wavelengths: (A) 488 nm, (B) 514 nm, and (C) 633 
nm. The spectra were scaled to the Raman peaks (R), 
and the insets and (C) are offset vertically for clarity. 


Zaitsev, 2001). Most of the spectra had a small 
broad peak centered at 524 nm. The violet-hued 
stones exhibited a 550.6 nm peak, which corre- 
sponds to the 551 nm peak seen in the UV-Vis-NIR 
spectra (figure 15A). A 746.8 nm peak, observed in 
the Fancy Dark gray-violet stone, is thought to be 
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associated with Ni (Yelisseyev and Kanda, 2007). 

The major luminescence peaks (669, 689, and 
701 nm) were stronger for violet-hued diamonds, and 
their intensity increased with color saturation (figure 
15A). The 604 nm system was active only in the 
stones with the most violet color, those graded gray- 
ish violet. The 604, 659, 669, and 701 nm centers 
have been attributed to Ni defects (Bokii et al., 1986; 
Iakoubovskii and Adriaenssens, 2002), while the 
645, 689, and 694 nm peaks are tentatively attribut- 
ed to Ni defects (Iakoubovskii and Adriaenssens, 
2002). The strengths of the peaks between 496 and 
524 nm do not seem to have a direct relationship to 
hue or saturation. 


514 nm Excitation. Many of the same features seen 
with 488 nm excitation were also present under 514 
nm excitation, but they had slightly different char- 
acteristics (figures 14 and 15B). The dominant peaks 
again included those at 669 and 701 nm. The com- 
posite structure of the 689 nm peak became appar- 
ent as the 689 and 694 nm peaks resolved into a pair 
of peaks. In addition to the 659 and 717 nm bands 
on the flanks of the strongest luminescence peaks, 
there was a weak peak at 727 nm. The 717 and 727 
nm peaks are phonon sidebands associated with the 
701 nm vibronic system (lakoubovskii and 
Adriaenssens, 2002). 

The 604 nm system was also present at this 
excitation, in addition to a weak peak at 645 nm, 
both of which were stronger in the violet-hued 
stones. Some of the samples exhibited small peaks 
at 524.1 nm and weak bands at 521.8, 528.4, 532, 
537.8, and 542.7 nm (figure 15B, inset). The most 
violet of these stones also showed a 529.8 nm peak. 
Two of the samples only exhibited small peaks at 
528.4 and 542.7 nm. All had a 584.4 nm peak, the 
strength of which was greater in the violet-hued 
stones. As in the 488 nm excitation, the overall 
strength of the dominant peaks was strongest in the 
stones with the most saturated violet color. 


633 nm Excitation. With this excitation, the 794 nm 
(NE8) peak was dominant (figures 14 and 15C). 
Additional peaks were present at 694, 701, 717, and 
727 nm. The 669 nm peak appeared below the 
Raman peak in some cases. Many of the stones 
exhibited a GR1 zero-phonon line (741/744 doublet), 
which indicates radiation damage—in this case, nat- 
ural radiation damage, because the stones were not 
treated in any way. 

For this excitation, the relationship to color is 
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less clear (figure 15C). However, the two stones with 
the strongest 794 nm peaks were both grayish violet. 
The gray-blue stones, however, had stronger lumi- 
nescence peaks than the Fancy Dark gray-violet 
stone. Some stones with more saturated violet color 
also exhibited broad weak peaks at 788, 813, and 830 
nm. The 813 and 830 nm features are associated 
with the zero-phonon line at 794 nm (Iakoubovskii 
and Adriaenssens, 2002). The 788 and 794 nm cen- 
ters have been attributed to Ni defects (Bokii et al., 
1986; Iakoubovskii and Adriaenssens, 2002). 


488 nm Excitation Spot Analyses. We also investi- 
gated the PL differences between the yellowish 
green and blue fluorescing regions seen with the 
DiamondView (figure 4C) in a Fancy Deep grayish 
violet stone using the 488 nm excitation. We col- 
lected PL spectra from three focused areas: a yellow- 
ish green spot, a weak-to-moderate blue spot, and a 
stronger bright blue spot (figure 16). The bright blue 
spot corresponded to a region of less saturated color 
in the sample, while the yellowish green and weak- 
to-moderate blue fluorescing areas correlated with 
more saturated violet color. The yellowish green 
spot exhibited the strongest photoluminescence. 


Figure 16. PL spectra for three areas with differently 
colored ultra short-wave UV fluorescence were col- 
lected from a Fancy Deep grayish violet diamond 
using an excitation wavelength of 488 nm. Areas 
with yellowish green fluorescence exhibited stronger 
Ni-related peaks than those with blue fluorescence. 
The spectra were scaled to the Raman peak (R). 
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It contained the typical strong 669, 689, and 701 nm 
peaks, with accompanying 659 and 717 nm peaks. 
The 604 nm series was also present. The spectra 
also showed peaks at 496.7, 504.1, 513, and 524 nm 
(figure 16, inset). 

The spectra from the blue-fluorescing regions 
had much lower overall luminescence in the 669, 
689, and 701 nm peaks. Yet they had greater lumi- 
nescence in the 495-575 nm region, where the spec- 
tra exhibited a 503.2 nm (H3) peak and its vibronic 
bands. No 524 nm peak was observed, but a 535.9 
nm peak associated with (natural) radiation damage 
was present (again, see figure 16, inset). 


DISCUSSION 

Gemological Characteristics. The gemological char- 
acteristics of the HGBV diamonds in this study— 
etch features, color zoning, inclusions, and fluores- 
cence reactions—were consistent with the dia- 
monds described in Fritsch and Scarratt (1992, 1993) 
and more than 100 other small (0.03—0.10 ct) HGBV 
stones that were studied by Fritsch et al. (2007a). 


Microscopic Characteristics. The internal features 
seen in HGBV diamonds are similar to those seen in 
pink diamonds from Argyle (e.g., Hofer, 1985; 
Fritsch et al., 2006). Some may have formed via geo- 
logic processes, such as dislocation- or cleavage-con- 
trolled etching (Lu et al., 2001; Fritsch et al., 2006), 
while others may be the result of the dissolution of 
crystal inclusions during processing and cleaning 
(Chapman, 1992). Indeed, the icicle-like acicular fea- 
tures and the cavities with radiating acicular points 
were quite similar in form to the inclusions with 
radiating acicular crystals (figure 7, left), so it is pos- 
sible that mineral inclusions exposed at the surface 
of the diamond dissolved during cleaning. 


Fluorescence. The yellow fluorescence of the samples 
to both long- and short-wave UV radiation may be 
related to their high H content, because it also occurs 
in H-rich diamonds of other colors—chameleon, 
gray-green, and orange (Eaton-Magajia et al., 2007). 
When observed at shorter wavelengths using 
the DiamondView, the samples generally exhibit- 
ed blue fluorescence. Caused by the N3 defect— 
groups of three nitrogen atoms and a vacancy 
along a {111} plane (e.g., Collins, 1999)—this is 
the most common fluorescence color in dia- 
monds (Moses et al., 1997). The presence of N3 
defects is not surprising, since the IR-active N 
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contents of the samples ranged up to 2700 ppm. 

Some samples also exhibited yellowish green 
layers following the growth structures. Green fluo- 
rescence has typically been ascribed to the H3 cen- 
ter (Dyer and Matthews, 1958}—a vacancy plus an 
A-aggregate of nitrogen (Davies, 1972). However, 
Noble et al. (1998) and Iakoubovskii and Adri- 
aenssens (2002) suggested that green fluorescence in 
HGBV diamonds might be related to nickel impuri- 
ties. Spot PL analyses of one sample (figure 16) sup- 
port this idea (see below). 


Color Appearance and UV-Vis Characteristics. 
Because HGBV diamonds typically have very low 
color saturation and dark tone, no single hue or 
color description succinctly captures the color 
grades exhibited by this group. This has led both the 
trade and scientific literature to use a range of 
names to describe this material—for example, 
“hydrogen blue” or “Argyle blue” (Max, 2006), “vio- 
let” (Federman, 2003, 2007), and “blue-gray” 
(Iakoubovskii and Adriaenssens, 2002), “gray-blue” 
(Noble et al., 1998), and “blue-gray-violet” (De 
Weerdt and Van Royen, 2001). 

One of the goals of this article was to refine the 
color terminology for HGBV diamonds. However, the 
range of color grades exhibited by the study samples 
further complicates the description of these dia- 
monds based solely on color. We believe that calling 
them “gray to blue to violet,” as in Fritsch et al. 
(2007a], or “HGBV” diamonds, remains the simplest 
solution, with the caveats that these color descrip- 
tions typically do not include unmodified blue or vio- 
let hues, and that none of the study samples (nor any 
of the diamonds offered at tender from 1993 to 2008) 
had bluish violet or violetish blue hues. 

The apparent color of these diamonds results 
from the additive effect of the two broad absorption 
minima or transmission maxima—also known as 
transmission windows—in the blue and red regions 
(figure 10; see also Fritsch et al., 2007a). We found 
that the center positions of the transmission win- 
dows changed with hue: Samples with minima in the 
blue and red regions were violet-hued, whereas those 
with minima in the orange-to-yellow and blue-to- 
green regions were blue-hued (again, see figure 11B). 

The apparent colors, however, depend not only 
on the positions of the transmission windows, but 
also on the windows’ relative strengths (Fritsch et 
al., 2007a), which we investigated through a compar- 
ison of the ratios of the areas and depths of the fea- 
tures (figure 11C). As the ratio B,/R, increases, the 
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area (strength) of the blue window increases relative 
to the red window. For example, a value of 1 means 
that the absorptions in the blue and red regions were 
of equal strength, whereas a value of 2, means that 
the absorptions in the blue region were twice as 
strong as those in the red. Our data showed that 
HGBV diamonds with blue hues had higher B,/R, 
and B,/R, values than those with violet hues (figure 
11C). The blue stones’ absorption in the blue region 
was about twice as strong as in the red region. Violet 
stones had B,/R, = 1.4-1.7 and B,/R, = 1.3-1.5, so 
the area and depth of the absorption in the blue 
region still exceeded that of the absorption in the red 
region, but less than they did for the blue stones. It is 
unclear whether stones with B,/R,<1.4 and 
B,/RyS1.3 would be predominantly gray, blue, or 
violet, because there were samples with three differ- 
ent color grades in this area of the plot (figure 11C). 
In summary, when the absorption band in the blue 
region is broad, flat, and has an area twice as large as 
that of the red band, the stone appears blue; when it 
is relatively deep, with steep flanks, and an area ~1.5 
times that of the red band, the stone appears violet. 
The presence and relative strengths of the two 
transmission windows also explain why HGBV dia- 
monds, particularly those with violet hues, have 
slightly different colors under different lighting con- 
ditions. Those with strong color saturation tend to 
appear slightly bluer under fluorescent lighting 
(stronger illumination in the blue region) and slightly 
more violet under incandescent lighting (stronger 
illumination in the red region). The violet-hued 
stones have transmission windows that are posi- 
tioned wider apart than the blue-hued stones, so they 
are more sensitive to lighting conditions, especially 
those with different intensities in the blue and red 
wavelengths. The difference, however, is not great 
enough to consider them color-change diamonds. 


Comparison with Type IIb Diamonds. Some HGBV 
color grades overlap those of electrically conductive 
type IIb diamonds (King et al., 1998), but there are 
usually subtle differences. This was demonstrated 
by Darley and King (2007) for another H-rich blue- 
gray diamond that was observed in GIA’s New York 
laboratory. Even some HGBV diamonds that fall 
within the same color space as type IIb diamonds 
can be distinguished on the basis of these subtle 
color differences. For example, grayish blue and 
gray-blue HGBV diamonds tend to be slightly more 
violet than their type IIb equivalents, though they 
occupy the same color space and thus receive the 
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Figure 17. The UV-Vis-NIR spectra of HGBV diamonds 
differ greatly from the spectrum of a typical type IIb 
blue diamond; they are more similar to pink and pur- 
ple diamonds. However, the 520-565 nm composite 
feature in HGBV diamonds is different from the 
§50-560 nm feature seen in some pink and purple dia- 
monds, as shown by Gaussian spectral deconvolution 
(figure 3). The spectra were collected at ~77 K. 


same color grades. In all cases, their UV-Vis-NIR 
spectra are very different, with most type IIb dia- 
monds characterized by a simple spectrum consist- 
ing of an absorption minimum at 280 nm and a 
smooth, almost linear increase in absorption into 
the near-infrared region (figure 17). HGBV diamonds 
are also readily distinguished from type IIb dia- 
monds by their nonconductivity and differences in 
UV fluorescence (e.g., Fritsch and Scarratt, 1992). 

The quick separation of HGBV and type IIb dia- 
monds is useful because HGBV diamonds are not 
known to be treated to enhance their color, whereas 
the color of type IIb diamonds may be improved via 
high-pressure, high-temperature (HPHT) treatment. 
In addition, synthetic blue diamonds typically fall 
into two categories—mixed types I[b+Ila or Ib+Ib— 
that also have different gemological properties from 
HGBVSs (e.g., Shigley et al., 2004). The identification 
of a diamond as HGBV supports a natural origin and 
precludes special testing to determine whether 
HPHT treatment has occurred. 

One unusual natural mixed type Ia+IIb diamond 
that was color graded light violet-gray has been doc- 
umented (Reinitz and Moses, 1993). However, it 
was concluded that the color of this diamond was 
caused by the additive effect of separate pink type 
Ila and gray type IIb zones. 
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Comparison with Pink and Purple Diamonds. 
Previous work on HGBV diamonds (Noble et al., 
1998) suggested that the 530-550 nm band had the 
same origin as the 550-560 nm broad band seen in 
some pink and purple diamonds (Collins, 1982; 
Moses et al., 2002; figure 17). In type Ila pink dia- 
monds, the 550-560 nm broad band may result 
from nitrogen-vacancy defects (N-V centers), which 
also cause two strong absorptions at 575 and 637 
nm (e.g., Scarratt, 1987; Fritsch et al., 2007b). The 
520-565 nm composite band in HGBV diamonds 
clearly is not related to the N-V center, because 
neither the Gaussian decomposition nor the PL 
spectra showed major absorption features centered 
at 575 or 637 nm. 

The defect responsible for the 550-560 nm broad 
band in type Ia pink and purple diamonds has not 
been established. It may be caused by plastic defor- 
mation, which has been observed in many pink and 
purple diamonds as anomalous double refraction 
(ADR) or high strain, and is typically, but not exclu- 
sively, confined to thin strain-related lamellae 
(Orlov 1977; De Weerdt and Van Royen, 2001; King 
et al., 2002; Moses et al., 2002; Titkov et al., 2008). 
HGBV diamonds do not show a high degree of ADR 
or strain, and their color is related to growth struc- 
tures rather than deformation lamellae (figure 7); if 
the 550-560 nm absorption feature in pink and pur- 
ple diamonds is the result of strong deformation, 
then the 520-565 nm absorption feature in HGBV 
diamonds does not have the same origin. 


Roles of Hydrogen, Nitrogen, and Nickel. 
Hydrogen. The relatively high hydrogen concen- 
tration in HGBV diamonds has been documented 
previously (e.g., Fritsch and Scarratt, 1989; Fritsch 
et al., 1991) and was recently reviewed and updat- 
ed (Fritsch et al., 2007a). The H-related features 
usually seen in IR spectra include the 3107 cm"! 
band and associated peaks at 6068, 5556, 4495, 
4168, 2786, and 1405 cm!, which are likely the 
result of C-H vibration interacting with aggregated 
nitrogen. The peaks between 4705 and 3237 cm7! 
may correspond to N-H vibration (Fritsch et al., 
2007a). The origins of all the remaining IR peaks 
have not been determined thus far, but many have 
been observed in H-rich diamonds of various col- 
ors (Fritsch et al., 2007a). 

The possible role of hydrogen in the coloration 
of H-rich diamonds, including HGBV diamonds, 
was first suggested by Fritsch and Scarratt (1989). 
Indeed, as illustrated by our Gaussian modeling of 
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the UV-Vis spectra of HGBV diamonds, they may 
exhibit some of the same optical absorption bands 
as other H-rich diamonds. Peaks at 545 and 563 nm, 
possibly related to high hydrogen content, have 
been seen in brownish yellow or Cape yellow (e.g., 
De Weerdt and Van Royen, 2001) and chameleon 
(e.g., Hainschwang et al., 2005) diamonds. To date, 
however, it has not been shown definitively that IR- 
active hydrogen causes optically active absorption 
features, including the 545 and 563 nm bands 
(Fritsch et al., 2007a). Regardless, the presence of 
hydrogen probably is not the only factor involved in 
the coloration of H-rich diamonds, which exhibit a 
range of colors. It seems clear, though, that it may 
be an important prerequisite for the formation of 
the defects responsible for color in H-rich diamonds, 
as suggested by Iakoubovskii and Adriaenssens 
(2002) for HGBV diamonds. 


Nitrogen. Five of the samples examined here exhibit- 
ed high concentrations of IR-active nitrogen, present 
primarily as B aggregates (four-nitrogen defects], 
from 1350 to 2700 ppm. This confirms previous esti- 
mates that HGBV diamonds contain at least 500 
ppm N (Fritsch and Scarratt, 1989). Nitrogen was 
found in HGBV diamonds not only as B aggregates, 
but also as low concentrations of N3 and N2 com- 
plexes (two types of three-nitrogen complexes; 
Iakoubovskii and Adriaenssens, 2002). Nitrogen and 
hydrogen concentrations are linked, such that they 
increase commensurately (e.g., Iakoubovskii and 
Adriaenssens, 2002; Rondeau et al., 2004), so it is not 
surprising that HGBV diamonds also have relatively 
high N contents. 


Nickel. This element is an important factor in the 
PL spectra of HGBV diamonds. Numerous peaks 
attributed and tentatively attributed to Ni-N defects 
were seen (604, 645, 659, 669, 689, 694, 701, 788, 
and 794 [NE8] nm centers). In fact, in the present 
study the dominant luminescence features were 
stronger for the violet stones and also depended on 
the color saturation (figure 15). This indicates that 
the violet diamonds had higher concentrations of 
certain Ni-related defects than the blue diamonds. 
While the PL spectra for the blue fluorescing 
areas did exhibit a peak at 503.2 nm (H3), the PL 
spectra for the yellowish green fluorescing area did 
not (figure 16). In addition, the yellowish green 
area had much stronger Ni-related peaks than the 
blue areas. This evidence supports the idea that 
yellowish green fluorescence in HGBV diamonds 
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is related to Ni-defects rather than the H3, as sug- 
gested by Iakoubovskii and Adriaenssens (2002) 
and Noble et al. (1998). 

It is unknown what defects are responsible for 
most of the IR peaks from 10570 to 7490 cm!, but a 
peak at 10300 cm has been seen in some synthetic 
Ni- and N-doped diamonds (Zaitsev, 2001). It 
remains to be tested whether these peaks, also seen 
in some other H-rich diamonds (Fritsch et al., 
2.007a), are related to H-, Ni-, and/or other defects. 

One outstanding question is whether the Ni- 
related PL peaks in HGBV diamonds are optically 
active, as are all the Ni-related centers discovered 
thus far during EPR studies of synthetic diamonds 
(e.g., Yelisseyev and Kanda, 2007). One study of 
HPHT synthetic diamond grown in the Fe-Ni-C 
system (Yelisseyev et al., 2002) observed optical 
absorptions at 515.5, 518.0, 520.0, and 527.3 nm 
resulting from Ni-N complex defects that are possi- 
bly related to the 727 nm PL center (Lawson and 
Kanda, 1993; Yelisseyev and Nadolinny, 1995). 
These defects may contribute to the 520-530 nm 
component of the composite band seen in HGBV 
diamonds, especially since a 727 nm PL center was 
seen at the 514 and 633 nm excitation wavelengths. 
Alternatively, the 520-530 nm component could be 
related to the 524 nm band observed in the PL spec- 
tra. It is not clear whether this band might be relat- 
ed to the NE3, a Ni-related center at 523.3 nm. 

A 732 nm optical center is also related to Ni-N 
complex defects (Lawson and Kanda, 1993), as 
observed in HPHT synthetic diamonds (Yelisseyev 
et al., 2002). Previous observations of HGBV dia- 
monds (Noble et al., 1998) noted that it is impossible 
to speculate on the origin of the broad band centered 
at 720-730 nm because of the absence of sharp lines 
or structures. However, our data indicate that this 
absorption is stronger for violet-hued HGBV dia- 
monds with more saturated color (figure 10). Further 
EPR studies of HGBV diamonds with a range of 
color grades are necessary to investigate the origins 
of possible Ni-related optical features more fully. 

Higher Ni concentrations in diamond may also 
correspond to higher N and H concentrations (e.g., 
Lang et al., 2004). It follows that when both Ni and 
N are present more Ni-N defects could form, for 
example, in HGBV diamonds. Indeed, Noble et al. 
(1998) suggested that Ni-N interactions might 
influence the color of these diamonds. Yet Ni is 
also present, for example, in chameleon diamonds 
(Hainschwang et al., 2005) and some natural-color 
green-yellow diamonds (Wang et al., 2007); thus, 
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Figure 18. This rare 1.41 ct Fancy Dark gray-violet 
octagonal-cut HGBV diamond, named “Ocean 
Seer,” was sold at the 2008 Argyle pink diamond 
tender. Courtesy of Argyle Diamonds. 


the colors of these diamonds do not depend simply 
on the presence of Ni. Perhaps the variety of colors 
could result from different Ni defects. For example, 
one of the EPR centers observed by Noble et al. 
(1998), proposed as Ni with N* in a fourth nearest- 
neighbor position, was seen only in HGBV dia- 
monds in their study and not in other diamond col- 
ors from the Argyle mine. High H and N concen- 
trations may be required for different Ni and Ni-N 
defects to form in HGBV and other H-rich dia- 
monds that ultimately give rise to different appar- 
ent colors. A slight variation in the relative concen- 
trations of specific defects could be responsible for 
the color variations in HGBV diamonds. 


CONCLUSIONS 


One of the more unusual varieties of fancy-color dia- 
monds is that represented by type IaB hydrogen-rich 
“gray to blue to violet,” or “HGBV,” diamonds (see, 
e.g., figure 18), which to date are only known from 
the Argyle mine in Australia. This study of HGBV 
diamonds revealed systematic relationships between 
their spectroscopic properties and color grades. It 
also confirmed previous work documenting numer- 
ous H-related IR peaks in HGBV diamonds. Many 
H-related peaks were stronger in the violet- than the 
blue-hued samples, indicating that violet-hued 
stones may have higher H concentrations. We also 
confirmed and expanded on work showing that nick- 
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bemological Digests 


JAGERSFONTEIN TO OPEN 
AFTER SEVENTEEN YEARS 


At the 61st Ordinary General Meeting of 
shareholders of the De Beers Consolidated 
Mines, Limited, June 10, 1949, announce- 
ment was made of the reopening in July of 
Jagersfontein Mine, which is leased to De 
Beers, after a shutdown of 17 years. 


Preparations for reopening the mine were 
started early in 1946. In 1947, the main 
hoisting station was dropped to the 1,950 
foot level. When in full operation it has 
been estimated that a further 250,000 to 
350,000 carats of fine grade will be available 
to the trade. 

Speaking in absence of the Chairman of 
the Company, H. F. Oppenheimer told 
shareholders; “The Jagersfontein gem dia- 
monds are of exceptional quality and I 
have no doubt that a ready market will be 
found for them. In addition, the Jagers- 
fontein Mine is also a producer of high 
class industrial stones. It is reason for great 
satisfaction that Jagersfontein should return 
to activity after so many years.” 


CLOSING OF BULTFONTEIN 
TO PRECEDE OPENING OF 
THE DUTOITSPAN MINE 


On the first of July the Bultfontein Mine 
in Kimberley was closed and the Dutoitspan 
Mine opened in its place, according to a 
report made by the De Beers Consolidated 
Mines, Limited, to its shareholders. 


This changeover is in accordance with 
the company’s policy of always keeping 
two mines working in Kimberley and of 
allocating production between its three 
active mines in accordance with the nature 
of demand. 

The Dutoitspan Mine is a large producer 
of yellow —- or in the trade “Cape’’ — dia- 
monds. The stock of this quality, which 
had been accumulated when the Dutoit- 
span Mine was last worked, has now been 
exhausted and further supplies of diamonds 


@ A view of Bultfontein- Surface 
Plant as it is today. Head frame in 
middle of picture is. identical in 
size and equipment with other two 
De Beers active mines. 


el-related defects are observed in the PL spectra of 
HGBV diamonds. Indeed, the luminescence of the 
Ni-related peaks was stronger in the violet- than the 
blue-hued samples, suggesting a higher concentra- 
tion of these Ni-defects in the violet-hued stones. In 
addition, we showed that yellowish green fluores- 
cence in HGBV diamonds is correlated with PL- 
active Ni-defects. 

The color of HGBV diamonds is the additive 
effect of two transmission windows in the blue and 
red areas of the visible region. The positions and 
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Notes & NEW TECHNIQUES 


HACKMANITE/SODALITE FROM 
MYANMAR AND AFGHANISTAN 


David Kondo and Donna Beaton 


In recent years, significant amounts of gem- 
quality sodalite/hackmanite—some unusually 
transparent—have been produced from the 
Mogok region of Myanmar and Badakhshan 
Province in Afghanistan. Samples from both 
countries varied in color, transparency, UV 
fluorescence/phosphorescence, tenebrescence, 
and UV-Vis-NIR spectra. The Burmese mate- 
rial was generally more included and showed 
weaker fluorescence and phosphorescence 
than the Afghan samples. EDXRF spectroscopy 
revealed traces of sulfur in all samples. The 
tenebrescence of many of the stones from 
both localities was strong enough for classifi- 
cation as hackmanite. 


H ackmanite [Na,Al,Si,O,,(CL,,S)] is a sulfur-bear- 
ing variety of sodalite [Na,Al,Si,O,,Cl,] that 
gemologists typically distinguish according to its 
tenebrescence—that is, its ability to change color in 
response to the application or absence of certain 
wavelengths of light (e.g., white light or UV radiation; 
Japan Germany Gemmological Laboratory, 2008). 
Interestingly, a survey of the literature showed no 


Editor’s note: Consistent with its mission, GIA has a vital role in con- 
ducting research, characterizing gemstones, and gaining knowledge 
that leads to the determination of gemstone origins. The gemstones 
studied in this report are not subject to the Tom Lantos Block Burmese 
JADE Act of 2008, and their import was in accordance with U.S. law. 
See end of article for About the Authors and Acknowledgments. 
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consistent definition for the term hackmanite. Some 
sources say it is sulfur-bearing sodalite that shows flu- 
orescence (e.g., Jackson, 1997), possibly with the 
valence state of sulfur being a critical factor. Others 
stipulate tenebrescence as the defining criterion (e.g., 
Simpson and Weiner, 1989). Various sources indicate 
that hackmanite can either fade or deepen in color 
when left in darkness for days to months, depending 
on the origin of the material (e.g., Webster, 1994; 
Hainschwang, 2007; Tunzi and Pearson, 2.008). In 
most cases, the material turns pink to purple/violet 
with exposure to ultraviolet radiation, and the color 
fades on exposure to sunlight or artificial “white” 
light sources. This behavior is reversible unless the 
stone is exposed to heat. Heating to more than 500°C 
destroys the UV sensitivity of hackmanite, leaving it 
in its bleached state (Medved, 1954, Kirk, 1955). 

Hackmanite is usually found as translucent-to- 
opaque crystalline aggregates, often intergrown with 
other minerals, especially nontenebrescent sodalite. 
Until recently, examples of transparent faceted hack- 
manite were reported only rarely (see, e.g., Koivula and 
Kammerling, 1989a,b). Hackmanite is known from 
Canada (Mont Saint-Hilaire, Quebec; and Bancroft, 
Ontario); Magnet Cove, Arkansas; Libertyville, New 
Jersey; Minas Gerais, Brazil; the Kola Peninsula, 
Russia; and Greenland (Miser and Glass, 1941; 
Webster, 1994; Bernard and HyrSl, 2004). More recent- 
ly, it was reported from the Mogok area of Myanmar 
and the Badakhshan Province of Afghanistan (e.g., 
Johnson and Koivula, 1998; Moore, 2001, 2002; Liu et 
al., 2004; Japan Germany Gemmological Laboratory, 
2008; Tunzi and Pearson, 2008). 

In April 2007, gem dealer Hussain Rezayee 
informed the authors about additional production of 
hackmanite/sodalite from Myanmar, in an area 11 km 
east of Mogok at Pyang Gyi, near Pein Pyit. Production 
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Color after fading 


Sample 1 
Myanmar 


Samples 
6,4,&2 
Myanmar 


Samples 16, 15, 
14, 11, 12, & 13 
Afghanistan 


Samples 
7, 8,9, & 10 
Afghanistan 


Color after UV exposure 


Long-wave UV 


Figure 1. These samples of Burmese and Afghan hackmanite/sodalite, which were studied for this report, are 
shown in their desaturated color state, after exposure to short-wave UV radiation, and during exposure to long- 
wave UV. See table 1 for sample weights. Photos by Robert Weldon. 


started in mid-2003, but originally was of low quality. 
Beginning in 2007, about 2,000 carats per month of 
various sizes were being cut into cabochons and 
faceted stones, according to Mr. Rezayee. He loaned 
several of the Burmese cabochons to us for examina- 
tion, and Bangkok-based gem dealer G. Scott Davies 
donated a faceted Burmese hackmanite to GIA. 

Mr. Rezayee also loaned us samples of hack- 
manite/sodalite that were produced in Badakhshan 
since 2002. These samples generally appeared simi- 
lar to the material from Myanmar, though some 
were unusually transparent, and Mr. Rezayee report- 
ed that clean stones up to 18 ct have been faceted 
from the Afghan material. He has cut approximately 
1,000 carats of faceted stones and 10,000 carats of 
cabochons (ranging up to ~40 ct) of the Afghan hack- 
manite/sodalite. 

Rough material from both localities is commonly 
oiled to enhance its transparency. According to Mr. 
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Davies and F. Hashmi (pers. comm., 2008), some is 
oiled after being cut and polished; since any recut- 
ting will cause the cracks to reappear, such stones 
are re-oiled to improve their apparent clarity. 


MATERIALS AND METHODS 

Six samples from Myanmar (a 0.64 ct cushion cut 
and five cabochons weighing 20.23-56.20 ct) and 10 
from Afghanistan (six faceted stones weighing 
0.44—4.83 ct and four cabochons of 5.92-29.94 ct) 
represented as hackmanite were examined for this 
study (e.g., figure 1). We evaluated all samples for 
color in a Gretag Macbeth Judge II light box, using a 
D65 daylight-equivalent fluorescent lamp. To assess 
tenebrescence, we examined the stones after they 
were faded by exposure to a standard 100-watt house- 
hold incandescent bulb or a 4.5-watt daylight-equiva- 
lent fluorescent lamp, and immediately after their 
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color was intensified by exposure to short-wave UV 
radiation (using a 4-watt bulb). Generally it was nec- 
essary to expose the samples to white light for a peri- 
od of several hours to more than one day to attain the 
maximum amount of fading, whereas only several 
minutes were needed to deepen the color with the 
short-wave UV lamp. We also examined the color 
(starting in both color states) of the most tenebres- 
cent samples (nos. 1, 2, 4, and 15) after they were held 
in the dark for at least three weeks. 

Refractive indices were measured with a standard 
refractometer, and specific gravity was determined 
hydrostatically. We examined all samples with a 
gemological microscope using various lighting tech- 
niques (darkfield, diffused light, reflected light, fiber- 
optic illumination, etc.). We observed fluorescence 
and phosphorescence in a darkened room using a 
standard long- and short-wave UV lamp. All samples 


were characterized with Raman, Fourier-transform 
infrared (FTIR), and energy-dispersive X-ray fluores- 
cence (EDXRF) spectroscopy. For comparison, we 
also characterized three transparent blue sodalites of 
unknown locality from the reference collection at 
the GIA Laboratory in New York by FTIR and 
EDXRE spectroscopy. UV-visible-near infrared (UV- 
Vis-NIR] spectroscopy was performed on 15 
Burmese and Afghan samples that showed sufficient 
diaphaneity using a double-beam spectrophotometer 
scanning from 900 to 200 nm; spectra were acquired 
for 13 of these samples in both their faded and UV- 
excited color states. 


RESULTS AND DISCUSSION 


Standard gemological properties and tenebrescence of 
all the Burmese and Afghan hackmanites/sodalites 


TABLE 1. Properties, including tenebrescence, of 16 hackmanite/sodalite samples from Myanmar and Afghanistan.2 


Source Sample Cut Diaphaneity Men RI SG ee eats Tenebrescence Name 
Myanmar 1 Faceted cushion Transparent 0.64 1.479 2.26 — Light grayish violet edium violet Strong Hackmanite 
2 Oval cabochon Translucent 24.83 1.47 2.29 Very light purple edium-to-dark Strong Hackmanite 
purple 
3 Oval cabochon Translucent to 56.20 1.47 2.29 Blue unchanged; edium-to-dark Weak Hackmanite 
semi-opaque purple got paler and purple ranging to 
more violet blue 
4 Oval cabochon Translucent to 20.23 1.47 2.44 ——_Light-to-medium edium purple and Strong Hackmanite 
semi-opaque pinkish purple; near- —_— near colorless 
colorless areas 
unchanged 
5 Marquise Translucent 23.77 1.47 2.29. Medium purple with Dark purple to Weak Hackmanite 
cabochon violet violet 
6 Triangular Translucent 22.26 1.47 2.30 Medium violet Dark violet Moderate Hackmanite 
cabochon 
Afghanistan 7 Pear cabochon Semi-opaque 29.94 1.45 2.28 Medium purple with Dark purple Very weak — Sodalite 
very dark purple area 
8 Pear cabochon Translucen 16.97 1.45 2.30 Light purple edium purple Weak Hackmanite 
9 Oval cabochon Translucen 12.39 1.45 2.30 Light violet edium violet Weak Hackmanite 
10 Triangular Transparen 5.92 1.46 2.30 Near colorless Very light violet Very weak — Sodalite 
cabochon 
a Faceted ova Transparen 483 1480 2.31 Very light blue Very light blue one Sodalite 
12 Faceted cushion — Transparen 425 1480 2.31 Very light grayish Very light grayish Very weak — Sodalite 
greenish blue greenish blue 
13 Faceted ova Transparen 3.34 1480 2.31 Very light violetish Light bluish violet oderate Hackmanite 
blue 
14 Faceted ova Transparen 259 1.480 2.31 Very light violet Light violet oderate Hackmanite 
15 Faceted ova Transparen 145 1480 2.31 Medium pinkish Medium-intense Strong Hackmanite 
purple purple 
16 Faceted ova Transparen 0.44 1480 2.31 Very light pink Light purple oderate Hackmanite 
8The color states described above were assessed after fading with a 100-watt incandescent light for several hours or longer at a distance of 
approximately 15 cm (6 in.), and after inducing color with several minutes of exposure to a standard short-wave UV lamp. 
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are summarized in table 1. Exposure to short-wave 
UV for several minutes perceptibly changed the color 
of 15 of the 16 stones: Eight showed strong-to-moder- 
ate tenebrescence, four showed a weak change, and 
four had a very weak or no change. For the purposes 
of this study, we defined samples with weak to 
strong tenebrescence as hackmanite, and samples 
with no or very weak tenebrescence as sodalite. The 
tenebrescent effect can be seen in figure 1, which 
shows samples in their faded, UV-excited, and fluo- 
rescent states. The stones showed a much faster reac- 
tion to UV radiation and to white light than from 
being kept in the dark. The daylight-equivalent fluo- 
rescent lamp induced fading as rapidly and effectively 
as the incandescent bulb. 

Since these samples were obviously sensitive to 
some wavelengths of radiation, we carefully exam- 
ined their condition before and after all spec- 
troscopy, as the various lasers (514 and 830 nm), X- 
rays, and UV, visible, and infrared wavelengths used 
in the equipment might affect the color state. We 
found that no perceptible changes in color occurred 
during the testing process, although Hainschwang 
(2007) noted a fading of the color of Burmese hack- 
manite after exposure to a green laser (514 nm) for 
two minutes. 

Samples 1, 2, and 4 (from Myanmar) and 15 (from 
Afghanistan) generally showed a rapid and distinct 
change from light purple or violet to medium-dark 
purple or violet within a few seconds of exposure to 
UV radiation. Several Afghan samples showed mod- 
erate tenebrescence by deepening to a medium pur- 
ple or violet. Burmese sample 4 had an uneven 
change of color: A broad white patch across part of 
the stone (not visible in figure 1) showed no change, 
although areas at the stone’s periphery had strong 
tenebrescence. The area that did not change color 
was identified as nepheline by Raman analysis. The 
significant nepheline component of this stone 
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Figure 2. Crystalline 
inclusions were present 
in some of the Burmese 
samples of hackman- 
ite/sodalite studied 
(left—sample 4, right— 
sample 1). Photomicro- 
graphs by D. Kondo; 
fields of view ~4.8 and 
3.3 mm, respectively. 


explains its abnormally high SG (2.44) compared to 
the published range for sodalite/hackmanite 
(2.15-2.35; for nepheline, the values are 2.55-2.65 
according to Webster, 1994). 

The four samples that were kept in the dark for 
at least three weeks showed no change in color 
from their faded state (induced by exposure to the 
incandescent bulb for one day), with one exception: 
Sample 15 became slightly less saturated, indicating 
that our starting color state had not been complete- 
ly faded. After the color of these samples was deep- 
ened by exposure to short-wave UV radiation for 
several minutes, storage in the dark for at least 
three weeks caused their color to become slightly 
less saturated. 

For all stones except sample 4, the physical prop- 
erties were consistent with published values for 
sodalite and hackmanite (see Webster, 1994; Johnson 
and Koivula, 1998). In general, the Burmese samples 
showed fractures, irregular white masses, and inclu- 
sions of transparent crystals (e.g., figure 2). Raman 
analysis identified the transparent crystals as pyrox- 
ene in sample 3 and mica in sample 5, but we were 
unable to identify the transparent crystals in other 
stones. The Afghan samples examined for this study 
were for the most part much less saturated, less 
included, and more transparent than the Burmese 
material. They often contained “fingerprints” (figure 
3, left), transparent to whitish included crystals (fig- 
ure 3, center), wispy cross-hatched inclusions (figure 
3, right), and fractures containing a whitish foreign 
material. 

Both a whitish appearance in Afghan samples and 
fluorescence seen in fractures in Burmese stones 
suggested clarity enhancement. This was confirmed 
in all eight of the Afghan stones by the presence of 
absorption bands between 3050 and 2830 cm! and 
at ~3412 cm™! in the FTIR spectra. The 0.64 ct 
faceted Burmese sample did not show any visual or 
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Figure 3. These images show some typical internal features observed in Afghan hackmanite/sodalite, including a 
large fingerprint (left; sample 13), numerous transparent crystals (center; sample 11), and some wispy cross- 
hatched clouds (right; sample 12). Fields of view are approximately 6.8 mm, 3.1 mm and 4.9 mm, respectively. 


Photomicrographs by D. Kondo. 


spectral evidence of clarity enhancement, while the 
four Burmese cabochon samples tested had saturated 
absorption in the region of interest, so no conclu- 
sions could be drawn. 

All the samples fluoresced to long-wave UV radia- 
tion. The Afghan stones generally gave a strong yel- 
low to orange reaction, and most of the Burmese 
material fluoresced weak orange (samples 1 and 2 
showed a moderate-to-strong orange). When exposed 
to short-wave UV, the Afghan samples fluoresced a 
weak-to-moderate red or orange that was quickly 
obscured by a stronger moderate-to-strong white to 
yellowish white fluorescence, whereas the Burmese 
material showed strong greenish yellow fluorescence 
to short-wave UV in fissures; the Burmese host mate- 
rial itself did not react to short-wave UV, except for 
sample 1, which had a weak red reaction and lacked 
fissures. 

Phosphorescence to UV radiation was also present 
in varying amounts. After exposure to short-wave 
UV, the Afghan material showed a moderate-to- 
strong yellowish white phosphorescence lasting for 
several minutes; the long-wave reaction had weaker 
intensity but similar duration. Burmese samples 1 
and 2, showed very weak to weak white phosphores- 
cence to short-wave UV that lasted for perhaps one 
minute. Similar phosphorescent reactions for 
Burmese and Afghan samples were described by 
Tunzi and Pearson (2008). 

As expected, the Raman spectra of all the sam- 
ples were indistinguishable from the spectrum of 
sodalite. In the mid-infrared region, the FTIR spectra 
showed some differences, most notably between 
2.750 and 2250 cm. In addition, the sodalite refer- 
ence samples showed absorption peaks in the 
infrared spectrum at 4874, 4690, 4110, 3971, 3033, 
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2655, and 2272 cm“! that were not seen in any of the 
samples submitted for this study. Qualitative chemi- 
cal analysis by EDXRF spectroscopy of all the 
Burmese and Afghan samples showed a weak sulfur 
peak, which the sodalite references lacked. 

In the literature, tenebrescence and fluorescence 
of hackmanite are generally attributed to S* (e.g, 
Liu et al., 2004; Sidike et al., 2007; Japan Germany 


Figure 4. These UV-Vis-NIR spectra for representative 
hackmanites from Myanmar and Afghanistan show 
an increase in absorption at ~550 nm for the UV- 
excited state (in blue) compared to the desaturated 
color state (in red). These samples were run with the 
beam entering the table and exiting the culet. Path 
lengths for the 0.64 ct Burmese and the 2.59 ct 
Afghan samples are ~3.45 and 5.60 mm, respectively. 
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Gemmological Laboratory, 2008). To better under- 
stand the absorption features that lead to the per- 
ceived color, figure 4 provides UV-Vis-NIR absorp- 
tion spectra of representative Burmese and Afghan 
hackmanites (showing both strong and weak 
tenebrescence) in their desaturated and UV-excited 
color states. In general, all the spectra had a broad 
band in the mid-500 nm range, although in some 
cases the band peaked closer to 590 nm. The less- 
transparent Burmese samples (all six tested) only 
showed this ~550 nm band and an absorption edge 
ranging from ~310 to 350 nm. The Afghan samples 
(eight out of 10 tested) showed this mid-500 nm fea- 
ture plus other bands in many cases. For example, a 
minor band in the 410-412 nm range was present in 
six of the Afghan samples, but not in any of the 
Burmese samples. We also saw peaks with typical 
positions of 277 and 313 nm in Afghan samples; 
however, we cannot say if these bands are present in 
the Burmese samples as well since this region was 
saturated in those spectra. 

For tenebrescent samples, the band in the mid- 
500 nm region grew in absorption after the stone was 
excited with UV radiation: This is the band responsi- 
ble for the color and phenomenon. Many samples in 
the desaturated color state showed weak peaks super- 
imposed on the main band, with the most prominent 
secondary band centered at 672, nm. Similar results 
were recorded by Hainschwang (2007). 
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CONCLUSION 


Clearly, many of the Burmese and about half the 
Afghan samples examined in this study showed the 
distinct tenebrescence that is characteristic for hack- 
manite. However, a few saturated blue-to-purple 
Burmese stones and some very desaturated Afghan 
stones showed little or no change in color with expo- 
sure to UV radiation or bright white light sources, or 
to placement in the dark for extended periods. Stones 
with no or very weak tenebrescence may best be 
referred to as sodalite, despite containing traces of 
sulfur. Although hackmanite is commonly described 
in the gemological literature as a sulfur-bearing vari- 
ety of sodalite that is distinguished by its tenebres- 
cence, there are no guidelines clearly separating hack- 
manite from sodalite. We suggest that only sodalite 
with noticeable tenebrescence be called hackmanite. 
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SOLUTION-GENERATED PINK COLOR SURROUNDING 
GROWTH TUBES AND CRACKS IN BLUE TO BLUE-GREEN 
COPPER-BEARING TOURMALINES FROM MOZAMBIQUE 


John I. Koivula, Kevin Nagle, Andy Hsi-Tien Shen, and Philip Owens 


Several transparent, faceted, blue to blue-green 
copper-bearing tourmalines containing growth tubes 
and cracks surrounded by sleeves of pink color were 
examined for this report. On the basis of micro- 
observation, it is theorized that a radioactive solution 
was the probable cause of the pink color. The pres- 
ence of the pink zones also supplied visual evidence 
that the host tourmalines had not been heat treated. 


() ver the past year, we examined nine blue to blue- 


green Cu-bearing tourmalines from Mozambique 
that contained surface-reaching growth tubes and cracks 
that were outlined or “sleeved” with obvious pink color 
zones (e.g., figure 1). These gems came from four different 
gem dealers over the course of the year. 

The first gem, from Simon Watt, was a 14.12 ct blue 
heart-shaped mixed cut measuring 15.82 x 13.68 x 10.82 
mm that was purportedly from Mozambique. As shown in 
figure 2, this tourmaline contained a surface-reaching 
growth tube sleeved by a pink zone of moderate intensity. 

Soon thereafter, Bill Vance and David Freeland Jr. sent us 
the 27.63 ct cushion mixed cut shown in figure 1. This gem, 
also said to be from Mozambique, measured 17.82 x 17.13 x 
12.95 mm. It contained a surface-reaching macroscopic 
growth tube under its table that was enveloped along its 
length by an intense zone of pink (almost red) color, which 
created a clear contrast against the blue bodycolor of its host. 

The third and largest of the gems came into the GIA 
Laboratory for identification and origin determination. This 
tourmaline was a blue-green pear-shaped modified brilliant 
cut that weighed 33.26 ct and measured 24.34 x 19.88 x 
12.89 mm. It contained several thin surface-reaching growth 
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tubes that were all sleeved by narrow pink color zones. 
While these features were too small to be seen with the 
unaided eye, they were clearly evident with magnification. 
Chemical analysis by laser ablation—inductively coupled 
plasma—mass spectrometry (LA-ICP-MS) revealed that the 
country of origin for this gem was also Mozambique (for 
more on this technique, see Abduriyim et al., 2006). 

The remaining six tourmalines, all pear shapes 
believed to originate from Mozambique, came from Mark 
H. Smith. They ranged from 1.07 to 2.66 ct, and were all 
light blue-green in color. Pink color zoning was associated 
with cracks extending from the pink-zoned growth tubes in 
these stones. 

Although detailed gemological investigations have 
been performed relatively recently on Cu-bearing tourma- 
lines from Mozambique (Abduriyim et al., 2006; Laurs et 
al., 2008), no inclusions of this nature were mentioned or 
illustrated in these published works. This suggests such 
inclusions—and their formation mechanism—are relative- 
ly rare in tourmaline. 


Proposed Coloration Mechanism. It is well known and 
scientifically established that radiation can produce pink- 
to-red color in tourmaline (Nassau 1984), so it is logical to 
surmise that radiation is responsible for the pink color sur- 
rounding the surface-reaching growth tubes and related 
cracks in these blue to blue-green Cu-bearing tourmalines. 

The most likely mechanism for the formation of the 
pink color in these tourmalines can be hypothesized from 
previous research by one of the authors (JIK) on smoky 
quartz and green diamond. The first of these articles 
(Koivula, 1986) described the coloration of smoky quartz 
crystals by naturally occurring radioactive hydrothermal 
fluids. The brown color was confined to a surface layer 
only a few millimeters thick; the color was darkest around 
surface features and surface-reaching cavities, as well as 
surrounding near-surface fluid inclusion chambers that 
were still intact, containing both liquid and gas phases. In 
fact, the presence of brown clouds of color surrounding 
these fluid inclusion chambers proved that the fluid they 
contained was radioactive at one time, since the “smoky” 
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Figure 1. Of the Cu-bearing tourmalines examined for 
this report, this rich blue 27.63 ct gem contained the 
largest and most obvious rubellite-colored growth 
tube, which is clearly visible under the table facet. 
Photo by Robert Weldon. 


color in quartz is the result of radiation (Nassau, 1984). 

The second study (Koivula, 1988) documented a sec- 
tion of a natural diamond crystal with a negative-crystal 
cavity that was open to the surface through a thin neck. 
Trapped in the cavity was a small loose diamond crystal 
that was too large to escape through the neck. Brownish 
green radiation stains covered the inner walls of this cav- 
ity, its neck, and the surface of the trapped diamond crys- 
tal. However, no such stains were observed anywhere on 
the host diamond’s outer surface. 

These two studies show that radioactive solutions can 
impart a post-growth shallow layer of color in gem materi- 
als. If they have surface-reaching features such as etch pits 
and cavities, channels, cracks, or growth tubes, then color- 


Figure 2. Discovered in a 14.12 ct Cu-bearing tourma- 
line said to be from Mozambique, this pink-zoned 
growth tube was the first one of these inclusions 
examined for this report. Photomicrograph by J. I. 
Koivula; field of view 4.9 mm. 
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causing radioactive solutions can invade the crystal by cap- 
illarity, thereby imparting color to the inner surfaces of 
those features. If at some later point the outer surface of 
such a crystal is removed—either by natural causes such as 
etching or water abrasion, or through lapidary processes— 
then only the surfaces that have evaded removal (e.g., with- 
in growth tubes, etc.) will show the color imparted by the 
radioactive solutions. Since it is well known that exposure 
to radioactivity causes a pink-to-red color in tourmalines 
(see, e.g., Reinitz and Rossman, 1988), that is the probable 
explanation for the presence of the pink sleeves in these Cu- 
bearing tourmalines. 


Micro-Examination. First, we used standard gemological 
techniques to confirm that the gems were tourmaline. Then 
we turned to energy-dispersive X-ray fluorescence (EDXRF] 
spectroscopy to determine that they were Cu-bearing, and 
we followed that with LA-ICP-MS chemical analysis on the 
four largest stones to confirm that their geographic origin 
was Mozambique. 

The next step in the documentation process, and the 
purpose of this article, was to determine the nature of these 
unusual pink-sleeved growth tubes and cracks, and to doc- 
ument them photographically. This was accomplished 
using a gemological photomicroscope and various lighting 
techniques. 

Like all growth tubes in tourmaline, these were oriented 
parallel to the optic axis (c-axis) of their hosts. In all instances 
where pink coloration was observed around a growth tube, 
that growth tube reached the surface of the host gem. Where 
the growth tubes were completely confined in the tourma- 
line, we did not see any associated pink color. 

When looking down the length of a pink surface-reach- 
ing “needle” (figure 3), we observed bleeding of the pink 


Figure 3. When viewed down the length of one of the 
pink “needles,” the radiation-induced color can be 
seen to bleed out into the surrounding tourmaline 
host, becoming weaker until it gradually fades away. 
The diameter of the growth tube is 0.06 mm. 
Photomicrograph by J. I. Koivula. 
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of this class are urgently needed according 
to the De Beers report. The policy of the 
company will be to again accumulate a 
stock of these diamonds so that it can con- 
tinue to meet the demand when the time 
comes again to close down the mine. Mean- 
time, during the time the Bultfontein Mine 
will be on a maintenance basis, advantage 
will be taken of the period to carry out 
certain necessary primary developments. 


Bultfontein, which from 1888 to June 
30, 1949 produced a total of 17,412,795 
1% carats, has always been a mine of pre- 
dominately medium size stones. Statistics 
show that out of every 100,000 carats re- 
covered only 11 are large crystals and these 
average 134.2 carats. Dutoitspan, on the 
other hand shows an average of 61 large 
stones of 137.9 carats in every 100,000 
carats mined, although total production over 
the same period amounts only to 8,831,714 
VY carats. 


@ The tailings dump below, 110 
feet high, serves three De Beers 
mines. Below to right is close-up 
of a washing pan used at Dutoit- 
span. Here crushed blueground, 
mixed with thin fluid mud, is fed 
into the rotary washing pan where 
the heavier minerals, including dia- 
monds, sink to the bottom and are 
drawn off. 


@ Still locked in its stone jewel 
case, the gem from Dutoitspan here 
starts its journey upward. 


@ The Shaft Head Frame of the 
Hoist Engine House of Dutoitspan 
Mine as it appears today. The shaft 
head frames are 115 feet high. 


color into the surrounding tourmaline host, which became 
weaker until it gradually faded away. This is exactly what 
would be expected if a radioactive solution had entered by 
capillary action into open growth tubes on the surface of a 
tourmaline crystal. A thin zone of much darker pink-to-red 
color immediately surrounded all the colorized tubes (fig- 
ure 4, left), while a rusty-looking epigenetic coating lined 
the inner walls of the growth tubes. Exposure to the 
radioactive solutions could have taken place within the 
gem pockets that originally hosted the tourmalines, or 
within a specific part of the alluvial deposit after the tour- 
malines weathered from their host pegmatite. The radioac- 
tive solutions may have originated from interaction with 
radioactive minerals; such minerals are common in some 
Mozambique pegmatites (e.g., Dias and Wilson, 2000). 
With magnification and surface-reflected light (figure 4, 
right), the edges of all the surface-reaching growth tubes 
looked ragged and rough. This is apparently due to damage 


Figure 5. Pink-colored growth tubes in Cu-bearing 
tourmalines have a wide range of diameters; only the 
largest will be clearly visible without magnification. 
Photomicrograph by J. I. Koivula; field of view 2.9 mm. 
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Figure 4. Viewed down the length of the 
growth tube, a dark red-to-pink zone can 
be observed immediately surrounding 
the tube, which itself is lined on the 
inner walls with a rusty-looking epige- 
netic coating (left). Wherever pink-zoned 
growth tubes reached the surface, their 
edges looked ragged, apparently due to 
the cutting process (right, reflected light). 
For a growth tube to show a pink sleeve 
of color, it must reach the surface of the 
host tourmaline. This tube is 0.07 mm 
in diameter at its broadest point. 
Photomicrographs by J. I. Koivula. 


along the rims of the growth tubes that occurred during 
the faceting process. 

As shown in figure 5, we observed a wide range in the 
diameters of the pink-colored growth tubes. Only the 
largest of these, such as that shown in figure 1, were visi- 
ble without magnification. 

We also noticed that when epigenetic matter com- 
pletely blocked a growth tube, the color-inducing radioac- 
tive solution only penetrated to the point of blockage, so 
the coloration stopped there as well. As a result, some 
growth tubes had partial sleeves of pink color (figure 6). 

During this examination, we also saw pink color zon- 
ing associated with cracks extending from or between the 
pink-zoned growth tubes, as well as from some surface- 
reaching cracks (figure 7, left). Just as we observed with the 
growth tubes, higher magnification and immersion clearly 
showed that the pink coloration emanated from the inner 
walls of these cracks and gradually dissipated into the host 
tourmaline (figure 7, right). 


Figure 6. As shown here, if epigenetic matter blocks a 
growth tube, then the color-inducing radioactive solu- 
tion can only penetrate to the point of blockage, effec- 
tively stopping the pink coloration. Photomicrograph 
by J. I. Koivula; field of view 2.2 mm. 
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Figure 7. The inner walls of any fissures or cracks that reached the surface (or surface-reaching growth tubes) in 
these Mozambique tourmalines were also colored pink to red by natural irradiation (left; field of view 2.9 mm). 
At higher magnification, the penetration of the pink-to-red color into the surrounding tourmaline is clearly visible 
(right; field of view 0.8 mm). Photomicrographs by J. I. Koivula. 


Abduriyim et al. (2006) indicated that heat treatment 
at around 500°C is used to produce a desirable “neon” blue 
color in Cu-bearing tourmaline. This article also stated 
that purplish pink and pink colors faded when exposed to 
temperatures between 400 and 500°C. And in their 2008 
report, Laurs et al. indicated that a temperature of 530°C 
was used to drive off pink-to-purple color and produce 
vivid blues and greens. The fading of radiation-caused 
pink-to-red color in tourmaline through heat treatment is 
well documented in the literature (Nassau, 1984). The 
temperatures mentioned in such fading experiments range 
from 260°C to 400°C, with no red or pink color possible at 
all above 750°C. Together with Dr. Emmanuel Fritsch of 
the University of Nantes, one of the authors (JIK) did a 
number of fading experiments on a variety of gem materi- 
als in the early 1990s using both heat and light. In these 
experiments, the color faded completely between 450°C 
and 500°C for all the pink-to-red tourmalines tested. 

In view of this, we believe that the blue to blue-green 
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bodycolor shown by these Cu-bearing tourmalines must 
be of natural origin and not the result of heat treatment. If 
these gems had been heat treated, then the pink zones sur- 
rounding the growth tubes would have faded, and would 
not show such an intensity of color. 


Conclusion. To the authors’ knowledge, the coloration of 
tourmaline surrounding surface-reaching growth tubes and 
cracks by invading radioactive solutions is not mentioned 
anywhere else in the literature. The fact that all of the exam- 
ples described in this report came from Mozambique sug- 
gests that this type of inclusion feature may be characteristic 
of that locality, although granitic pegmatites worldwide are 
known to host radioactive solutions. The presence of the 
pink zones surrounding surface-reaching growth tubes in 
these otherwise blue to blue-green gems also provides clear 
proof that the host tourmalines were not heat treated, since 
the temperature required to artificially produce such colors 
in Cu-bearing tourmalines would fade the pink color. 
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IDENTIFICATION OF THE ENDANGERED PINK-TO-RED 
STYLASTER CORALS BY RAMAN SPECTROSCOPY 


Stefanos Karampelas, Emmanuel Fritsch, Benjamin Rondeau, Aude Andouche, and Bernard Métivier 


All corals within the Stylasteridae family (including 
the Stylaster genus) are listed in Appendix II of CITES; 
this means they are protected and their trade requires 
an export permit, unlike corals from the Corallium 
genus, which include most pink-to-red corals used in 
jewelry. Raman scattering demonstrates that corals 
from the Stylaster genus contain carotenoid pigments 
(polyenic pigments substituted with methyl groups), 
whereas those from the Corallium genus are colored 
by unmethylated polyenic pigments. Additionally, 
Stylaster corals are made of aragonite, whereas those 
from Corallium are composed of calcite. Through 
Raman scattering analysis, the fully protected 
Stylaster pink-to-red corals may be distinguished 
from this other type of gem coral. 


| n June 2007, delegates from 171 countries convened at 
The Hague to decide which species to include under the 
CITES (Convention on International Trade in Endangered 
Species of Wild Fauna and Flora) agreement. The aim of 
CITES is to ensure that international trade in plant and ani- 
mal specimens does not threaten their survival. The species 
covered by the convention are listed in three appendices, 
according to the degree of protection they need. Appendix I 
includes species threatened with extinction, where trade is 
permitted only in exceptional circumstances. Species in 
Appendix II are not necessarily threatened with extinction, 
but their trade must be controlled to avoid use that would 
threaten their survival. Appendix II contains species that 
are protected in at least one country that has asked other 
CITES parties for assistance in controlling the trade. 

The gemological significance of this triennial meeting 
is that corals from the Corallium genus, the most impor- 
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tant of all gem coral species, were being considered for pro- 
tection under Appendix II (CITES, 2008a). Ultimately, it 
was decided not to include them. More recently, on April 
8, 2008, China, which now has domestic laws to protect 
these species, requested that CITES include four 
Corallium species (C. elatius, C. japonicum, C. konjoi, 
and C. secundum) under Appendix II (Fish and Wildlife 
Service, 2008). Meanwhile, the Stylasteridae family, which 
includes all Stylaster gem corals (e.g., figure 1), remained 
listed under Appendix II of CITES (as of January 18, 1990), 
which means a certificate issued by the management 
authority from the country (or state) of export is required 
(CITES, 2008b). 

Pink-to-red corals have been used for ornamental pur- 
poses for about 10,000 years (Liverino, 1989). According 
to Rolandi et al. (2005), there are two classes, Hydrozoa 
and Anthozoa, within the Cnidaria phylum (i.e., cnidari- 
ans) that have skeletons durable enough for use in gem 
materials and carvings. These two classes each contain a 
family (Stylasteridae and Coralliidae, respectively) that 
together yield the majority of pink-to-red coral species 
used for ornamentation (Pienaar, 1981; Rolandi et 
al., 2005; Smith et al., 2007). Most corals found in the 


Figure 1. These orangy pink cabochons (12 x 12 x 5 mm) 
were fashioned from Stylaster coral. No evidence of dye 

or impregnation was detected in these specimens. Photo 
by B. Rondeau. 
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Figure 2. This early 15th century Portuguese reliquary 
holding a fragment of the Holy Cross features red 
Corallium coral. The piece measures 53.2 cm tall and 
20.0 cm wide. Courtesy of Museu Nacional de 
Machado de Castro, Coimbra, Portugal; collection no. 
MNMC 6036, © DDF/IMC. 


market today are from the Corallium genus, including 
the prized “ox-blood” (dark red; figure 2) and “angel- 
skin” (light pink; figure 3) colors. 
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Corals from the Corallium genus are found in waters 
throughout the world—notably the Mediterranean Sea 
and the Atlantic, Pacific, and Indian Oceans—as are 
corals from the Stylaster genus (e.g., Pienaar, 1981, 
Rolandi, 1981; Rolandi et al., 2005; Smith et al., 2007; 
CITES, 2008a). Stylaster corals (sometimes referred to as 
“lace” corals; figure 4) are typically impregnated and/or 
dyed and may be used as a substitute for Corallium— 
mostly as beads and cabs. In such forms, it is sometimes 
difficult to precisely identify any coral by routine gemo- 
logical examination. Stylaster corals are also found with 
natural purple and violet coloration (e.g., S. californicus 
and S. subviolaceus). 

Careful observation of the structural features found in 
the Stylaster and Corallium genera may be useful in iden- 
tifying the particular species of a coral jewel. Stylaster 
corals typically contain surface pores (again, see figure 4) 
that are arranged in circular patterns called cyclo-systems 
(Pienaar, 1981; Rolandi, 1981; Rolandi et al., 2005). Corals 
from the Corallium genus typically have striated or scal- 
loped structures (Smith et al., 2007). 

The specific gravity of coral ranges from 2.37 to 2.75, 
and it is strongly dependent on the porosity of the individ- 
ual piece. The refractive indices of both calcitic and arago- 
nitic corals are a function of their calcium carbonate con- 
figuration. RI is also influenced by the magnesium content 
of calcitic corals and the strontium content of aragonitic 
corals (Rolandi et al., 2005). Because corals from these two 
genera can be difficult to separate using only classical 


Figure 3. The pink Corallium coral in this 6-cm-tall 
clip is set with emerald, amethyst, and diamond. 
Courtesy of Van Cleef & Arpels. 
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Figure 4. Corals of the Stylasteridae family, such as 
this pink specimen of the species Stylaster roseus 
(sample no. 1; other portions of this same specimen 
were red) are protected by CITES. Note the distinc- 
tive surface pores of this “lace” coral. Courtesy of 
MNHN, Paris (Collection no. MNHN-Hyd.0000- 
0001); photo by S. Karampelas, image width 9 cm. 


gemological methods, the present study explores their 
identification based on Raman scattering analysis. 


Materials and Methods. This study was carried out on 
seven pink-to-red coral specimens from the collections of 
the Muséum National d’Histoire Naturelle (MNHN; 
National Museum of Natural History) in Paris and the 
Centre de Recherche Gemmologique (CRG; Center for 
Gemmological Research) in Nantes. Two of the samples 
(nos. 1 and 2) belong to the Stylaster genus, and the other 
five (nos. 3-7) to the Corallium genus. See table 1 for their 


detailed taxonomy, color description, and geographic ori- 
gin. All seven specimens were represented as being of nat- 
ural color, and this was verified by standard gemological 
examination (i.e., microscopic observation and fluores- 
cence to UV radiation). Note that we could not obtain a 
group photo of the samples because we did not have access 
to all of them at the same time. 

We recorded Raman scattering spectra with a Jobin 
Yvon T64000 spectrometer coupled with an Olympus 
microscope at the University of Nantes. The study used 
an excitation laser emitting at 514 nm (argon ion laser), 
with a power of 2 mW and a resolution of 1 cm™! at room 
temperature. A low-power laser was selected to avoid 
destroying the corals’ fragile organic matter. For samples 
with varying color distribution, spectra were taken in dif- 
ferent-colored areas as identified by the spectrometer’s 
microscope (50x magnification). The analyzed areas mea- 
sured about 2 x 2 um. Measurements were repeated at 
least twice in the same area to ensure reproducibility. 
Exposure time was 240 seconds. 


Results and Discussion. Raman spectra of two light 
pink corals of different species, Corallium secundum and 
Stylaster sanguineus, in the 1600-600 cm! range are pre- 
sented in figure 5. In the C. secundum spectrum, two 
bands at ~1088 and 714 cm correspond to the v, symmet- 
ric and v, in-plane bending of carbonate ions (CO?) in cal- 
cite, respectively (Urmos et al., 1991). The two bands at 
~1520 and 1130 cm”! are characteristic of unmethylated 
polyenic pigments; they are assigned, respectively, to C-C 
(v,) and C=C (v,) stretching (Merlin and Delé-Dubois, 
1986; Karampelas et al., 2007). 

Polyenes (or polyacetylenes, cited here as unmethylat- 
ed polyenes) are organic compounds that contain several 
sequences of alternating double and single carbon-carbon 
bonds (i.e., a polyenic chain). Polyenic molecules can have 


TABLE 1. Taxonomy’, color range, and geographic origin of the seven coral samples. 


Sample 


Genus 


Geographic 


Class Order Family . Color range de Collection® 
no. and species origin 
1 Hydrozoa Anthoathecatae  Stylasteridae Stylaster roseus Light pink to red == Unknown MNHN 
2 Hydrozoa Anthoathecatae  Stylasteridae Stylaster sanguineus — Light to dark pink Pacific Ocean MNHN 
Hawaiian Islands) 
3 Anthozoa _Alcyonacea Coralliidae Corallium rubrum Light to dark red Mediterranean Sea CRG 
southern France) 
4 Anthozoa Alcyonacea Coralliidae Corallium rubrum Light to dark red Mediterranean Sea CRG 
southern France) 
5 Anthozoa Alcyonacea Coralliidae Corallium rubrum Light to dark pink Unknown MNHN 
6 Anthozoa  Alcyonacea Coralliidae Corallium rubrum Light to dark red = Atlantic Ocean MNHN 
to orange Republic of Senegal) 
L Anthozoa  Alcyonacea Coralliidae Corallium secundum — Light to dark pink Pacific Ocean MNHN 
Hawaiian Islands) 
8Taxonomy follows the Integrated Taxonomic Information System, www. itis.gov (Phylum: Cnidaria). 
®MNHN = Muséum National d'Histoire Naturelle (Paris); CRG = Centre de Recherche Gemmologique (Nantes, France). 
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various substitutions at their terminations. The general 
chemical formula of these compounds is R-(-CH=CH-),-R’ 
(where n = number of double bonds, and R and FR = end 
groups; Merlin and Delé-Dubois, 1986; Karampelas et al., 
2007). We obtained similar results for different areas in all 
the samples within the Corallium genus (v,: 1130 + 5 enr!; 
v,: 1520 + 10 cm”). Raman peaks at the same positions 
have been documented in the spectra of other Corallium 
species (see Merlin and Delé-Dubois, 1986; Urmos et al., 
1991; Kaczorowska et al., 2003; Rolandi et al., 2005; Smith 
et al., 2007; and Fan and Yang, 2008). 

In the spectrum of S. sanguineus, we observed a band 
at about 1085 cm and a doublet at 706 and 702 cm! (see 
inset to figure 5); the band and doublet correspond to the 
v, symmetric and v, in-plane bending of CO? ions in 
aragonite, respectively (Urmos et al., 1991). Two addition- 
al peaks at ~1511 and 1155 cm”! are characteristic of caro- 
tenoid pigments (Merlin and Delé-Dubois, 1986). Caro- 
tenoid pigments are also polyenic molecules, with various 
substitutions on their terminal ends and an additional 


Figure 5. In the Raman spectrum of Corallium secun- 
dum (red line; sample no. 7), bands due to calcite are 
observed at ~1088 cn and 714 cm. The two bands 
at ~1520 and 1130 cnr" are due to unmethylated 
polyenic pigments. In the spectrum of Stylaster san- 
guineus (orange line; sample no. 2), aragonite bands are 
observed at ~1085, 706, and 702 cm (see inset). 

Two sharp bands at ~1511 and 1155 cm are due to 
carotenoids. Among corals of gemological interest, only 
the Stylaster genus appears to contain aragonite and 
carotenoid pigments. Note that the spectra are normal- 
ized to the major Raman peak of carbonate (~1088 cnr! 
for calcite and 1085 cm" for aragonite). The spectra 
have been stacked and shifted vertically for clarity. 


RAMAN SPECTRA 


1520 1088 


C. secundum 


S. sanguineus 


714 
(calcite) Inset 
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four methyl groups attached to their polyenic chain. In 
carotenoids, the v, vibration is modified by the presence 
of additional methyl (CH,) groups in the polyenic chain 
(methyl in-plane bending modes}; hence, the Raman peak 
is shifted 25 (+10) cm™! (Okamoto et al., 1984). This differ- 
ence (1130 vs. 1155 cm”! in figure 5) is substantial enough 
to separate unmethylated polyenes (corals of the 
Corallium genus) from carotenoids (corals from Stylaster) 
unambiguously. 

The position of the other peak related to polyenic 
chains, at 1520 + 10 cm™ (under 514 nm excitation), is 
dependent on the number of carbon double bonds in the 
chain. Thus, for a given number of double bonds, this par- 
ticular Raman peak is in the same position for a carotenoid 
and an unmethylated polyenic molecule (Okamoto et al., 
1984). In different areas of the two Stylaster corals, we 
obtained similar results for each of the two peaks (1155 + 5 
cm! and 1520 + 10 cm”}). Rolandi et al. (2005), again, mea- 
sured peaks at the same positions for other species within 
the Stylaster (stated as “Allopora”) genus. Destructive stud- 
ies on extracted pigments from Stylaster corals also 
demonstrated that they contain carotenoids (Ronneberg 
et al., 1979). 

Moreover, a recent study has shown that the different 
colors seen in some corals are actually due to mixtures of 
several types of carotenoids (e.g., orange Stylaster) or 
unmethylated polyenes (e.g., pink Corallium, Karampelas 
et al., 2007). Thus, the natural colors of pink-to-red 
Stylaster and Corallium corals result from the nature and 
relative proportions of several carotenoids and unmethylat- 
ed polyenes, respectively. 


Conclusion. Gem corals from the Stylaster genus are pro- 
tected by Appendix II of CITES, and a certificate issued by 
the management authority of the country (or state) of 
export is required for any new material released 
(import/export of a Stylaster coral from old stock is per- 
mitted; for more information about the legal framework of 
importing/exporting species protected by Appendix II, con- 
sult CITES, 2008c). Currently, there are no such restric- 
tions on corals of the Corallium genus. 

This study showed that pink-to-red Stylaster corals 
contain carotenoid pigments and are aragonitic, while 
those from the Corallium genus contain unmethylated 
polyenic pigments and are calcitic, so they can be sepa- 
rated on this basis using Raman spectroscopy. A review 
of the literature indicates that Stylaster is the only pink- 
to-red gem coral that contains carotenoid pigments. 
Thus, if a coral from the Stylaster genus cannot be distin- 
guished by its surface features, it can be identified nonde- 
structively using Raman scattering. Raman spectra of 
additional natural-color coral specimens from these and 
other genera need to be collected to refine this criterion. 
Raman spectroscopy may also prove useful to gemolo- 
gists in detecting other materials protected by CITES, 
such as ivory and pearls. 
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CUBIC ZIRCONIA Reportedly 
Coated with Nanocrystalline 
Synthetic Diamond 

It has been two decades since GWG 
first reported on cubic zirconia with a 
thick diamond-like coating (Spring 
1987 Gem News, p. 52) and E. Fritsch 
et al. commented on the remote possi- 
bility of growing a thinner mono- 
crystalline film on cubic zirconia (CZ) 
that would give the thermal conductiv- 
ity of diamond (“A preliminary gemo- 
logical study of synthetic diamond thin 
films,” Summer 1989 GWG, pp. 
84-90). Recently, the GIA Laboratory 
had the opportunity to study some 
new, commercially available samples 
of cubic zirconia reported to be coated 
with nanocrystalline synthetic dia- 
mond (typically defined as having grain 
sizes less than 500 nm). Serenity Tech- 
nologies (Temecula, California) and 
Zirconmania (Los Angeles) supplied 
the lab with material they market as 
EternityCZ and Diamond-Veneer, 
respectively. 

The Serenity Technologies website 
claims it is “virtually impossible to 
visually identify EternityCZ as any- 
thing but a diamond. The only way to 


Editors’ note: All items are written by staff 
members of the GIA Laboratory. 
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LAB NOTES 


Figure 1. This 0.31 ct cubic zirco- 
nia from Serenity Technologies is 
reportedly coated with nanocrys- 
talline synthetic diamond. 


positively identify EternityCZ is by its 
weight, hardness and chemical compo- 
nent” (www.serenitytechnology.com). 
It also states that the RI and dispersion 
change due to the nanocrystalline dia- 
mond coating. Zirconmania makes 
similar claims about Diamond-Veneer 
(http://diamondveneer.net). 

We examined 14 round brilliant 
samples from Serenity (0.29-0.32. ct; 
e.g., figure 1) and four from Zircon- 
mania (0.13-2.36 ct). Seventeen of the 
specimens corresponded to the D range 
on the GIA diamond color grading 
scale; the last was equivalent to an E. 

All the analyses we performed suc- 
cessfully identified the samples as dia- 
mond simulants. Microscopic exami- 
nation with darkfield illumination 
revealed the orange pavilion flash typi- 
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Editors 

Thomas M. Moses and 
Shane F. McClure 

GIA Laboratory 


~ > = — 
Figure 2. In reflected light, the 
coating on the surface of this 2.36 
ct cubic zirconia is clearly visible. 
Also, the chips look conchoidal, 
in contrast to the typical step-like 
appearance of diamond. Field of 
view 1.7 x 1.3 mm. 


cal of CZ. All also tested as “not dia- 
mond” with a thermal conductivity 
diamond tester and the DiamondSure 
instrument. All the specimens showed 
chips, in various sizes, which appeared 
conchoidal, not step-like as one might 
expect for diamond. Additionally, all 
the samples revealed the presence of a 
coating on the crown and pavilion 
when viewed in reflected light (figure 
2). The coating’s appearance varied 
within facets and particularly at the 


SPRING 2009 53 


facet junctions. Finally, the coating 
could be scratched with a corundum 
(Mohs 9) hardness point—therefore, it 
did not seem to add significantly to the 
CZ’s durability. 

SG values ranged from 5.91 to 
5.96, as calculated by the DiaVision 
noncontact measuring device. This 
range coincides with the reported SG 
of 5.95 for yttrium-stabilized CZ (M. 
O'Donoghue, Ed., Gems, 6th ed., 
Butterworth-Heinemann, Oxford, UK, 
2006). We were unable to measure the 
RI of the coated CZs using a standard 
gemological refractometer, but “read- 
through” observations, which provide 
a relative approximation of RI, yielded 
results more consistent with CZ than 
diamond. 

Raman, photoluminescence (PL; at 
325, 488, 514, and 830 nm laser excita- 
tions), and Fourier-transform infrared 
(FTIR) analyses using standard tech- 
niques revealed no peaks associated 
with diamond. The Raman and FTIR 
spectra matched those of CZ. Al- 
though we have not yet had an oppor- 
tunity to determine the thickness of 
the coating, it appears to be too thin to 
contribute significantly to the spectra 
dominated by the underlying material. 

The results of our tests establish 
that these EternityCZ and Diamond- 
Veneer samples are easily separated 
from diamond. Characterization of the 
coating material is the focus of ongoing 
research. If the coating material is 
nanocrystalline synthetic diamond, it 
does not take much imagination to pre- 
dict that natural diamond, instead of 
CZ, might be used as a future substrate 
material to improve the appearance or 
the color of the stone (see, e.g., Summer 
1991 Gem News, pp. 118-119). Should 
such a treatment become commercial- 
ly available, it could be far more diffi- 
cult for gemologists to identify. 

Sally Eaton-Magana and 
Karen M. Chadwick 


DIAMOND 


Assemblages of K-Feldspar, 
Hematite-Magnetite, and Quartz 
in Etch Channels 


Most minerals seen in diamond occur 
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Figure 3. This 2.46 ct Fancy black 
diamond contained dark sectori- 
al clouds as well as assemblages 
of mineral inclusions, which 
formed in etch channels. 


as single crystals. Rarely have we 
encountered inclusions of mineral 
assemblages formed at conditions 
outside the diamond stability field. 
Recently, the New York laboratory 
examined a group of five diamonds 
(1.67—3.70 ct) submitted together by a 
single client. These stones contained 
dark sectorial clouds, as well as 
numerous etch pits and etch chan- 
nels. Three of the diamonds were 
color graded Fancy black, and the 
other two were graded Fancy Dark 
brown. Infrared spectroscopy showed 
a relatively high concentration of 
hydrogen in all the stones, which is 
the likely cause of the sectorial clouds 
that produced the dark colors. 

Of greatest interest were the 
assemblages of mineral inclusions 
seen in the etch pits and channels of 
all the diamonds. Microscopic exami- 
nation revealed these as opaque dark 
brown, transparent gray, and transpar- 
ent near-colorless to white materials. 
The largest assemblage (~1.1 x 0.5 x 
1.0 mm)]—observed in a 2.46 ct oval 
modified brilliant-cut Fancy black dia- 
mond (figure 3}-—consisted of four 
minerals (figure 4) in an etch channel 
that broke the surface at the crown 
shoulder. Raman spectroscopy identi- 
fied the opaque dark brown portion, 
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which made up most of this assem- 
blage, as a mixture of hematite and 
magnetite. The bottom part of this 
mixture was totally enclosed in the 
diamond and showed well-formed 
stepped surfaces. The transparent gray 
inclusions were identified as K- 
feldspar, and the white inclusions 
were quartz. 

A 1.67 ct cut-cornered rectangular 
step-cut Fancy Dark brown diamond 
contained an assemblage almost as 
large (~0.9 x 0.6 x 0.5 mm), which 
broke the surface of the pavilion near 
a corner. Raman spectroscopy identi- 
fied this assemblage as a mixture of 
hematite-magnetite and quartz. 

The presence of dark sectorial 
clouds in all five stones suggested that 
these diamonds could have formed in 
a similar environment. Since quartz 
and K-feldspar would not be stable in 
the high-temperature and high-pres- 


Figure 4. This assemblage of 
hematite-magnetite, K-feldspar, 
and quartz crystallized in an 
etch channel of the diamond in 
figure 3 as secondary inclusions. 
The orange color is likely due to 
iron staining from weathering of 
the iron-bearing hematite-mag- 
netite. Field of view 0.8 mm. 


Hematite- 
magnetite 


J K-feldspar 
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sure stability field of diamond, these 
assemblages could only have formed 
at conditions outside the diamond sta- 
bility field, such as within the conti- 
nental crust, where these minerals are 
stable. Furthermore, the well-devel- 
oped crystalline quality and morphol- 
ogy of these included minerals suggest 
formation and growth after the dia- 
mond was brought to a relatively shal- 
low depth in the earth. 

Most of the mineral inclusions we 
observe in the laboratory are protoge- 
netic or syngenetic inclusions formed 
within the diamond stability field. 
These assemblages provide excellent 
examples of epigenetic mineral inclu- 
sions that formed outside the dia- 
mond stability field and are typically 
associated with crustal processes. 

Wai L. Win and Ren Lu 


Clarity Grading Radiation Stains 


Radiation stains can appear as green or 
brown patches in diamond. They are 
typically associated with naturals, 
indented naturals, feathers, or etch 
features, and are thought to be caused 
by exposure to radioactive elements in 
a near-surface, low-temperature envi- 
ronment. Radiation stains are green 
when they form and can turn brown if 
the diamond is subjected to relatively 
high temperatures, such as those that 
occur during the polishing process. 
Their impact on a diamond's clarity 
grade depends on whether or not they 
penetrate the surface of the stone. 

Recently, the New York laboratory 
examined a 1.01 ct round brilliant cut 
submitted for grading. An etch channel 
extended into the diamond from a 
bezel surface; it was identifiable by its 
distinct elongated form and angular 
outline, as well as the growth mark- 
ings along its edges (figure 5). Spherical 
brown zones were visible reaching 
beyond the etch channel in two areas. 
Their unusual appearance, color, and 
relationship to the etch channel imme- 
diately identified them as radiation 
stains. They probably formed when 
radioactive particles lodged in the etch 
channel, affecting only those areas. 

To assess the effect of a radiation 
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Figure 5. The two brown patches 
of color in this etch channel, 
shown here at 100x magnifica- 
tion, are radiation stains. The 
etch channel was visible at 10x 
magnification; as a result, these 
stains were considered inclusions 
for the purpose of clarity grading. 


stain on a diamond's clarity grade, the 
grader must first determine if the stain 
is an inclusion or a blemish. While all 
radiation stains penetrate into the dia- 
mond to a certain extent, they are only 


considered inclusions if the penetra- 
tion is visible at 10x magnification, as 
was the case with the stains illustrat- 
ed here. Otherwise, the staining is 
treated as a blemish, which has only a 
minor effect on the clarity grade. 
Vincent Cracco and 
Alyssa Grodotzke 


Rare Mixed Type (la/IIb) Diamond 
with Nitrogen and Boron Centers 


Type I[b diamonds are among the 
rarest and most valued of all natural 
diamonds. Their characteristic blue 
color originates from a very low con- 
centration of boron impurities, which 
is also responsible for their distinctive 
properties (see, e.g., J. M. King et al., 
“Characterizing natural-color type Ib 
blue diamonds,” Winter 1998 GwG, 
pp. 246-268). In general, type Ib dia- 
monds do not have the quantity and 
variety of inclusions often observed in 
type I and some type Ila diamonds, 
which are differentiated by the pres- 
ence (type I) and relative absence (type 
Ila) of nitrogen impurities. 

The New York laboratory recently 
examined a very rare natural type Ib 
diamond with a noticeable type Ia 
component. This 0.17 ct round bril- 
liant cut was graded Fancy Light gray- 
ish blue (figure 6, left). Numerous 


Figure 6. This 0.17 ct Fancy Light grayish blue type Ib diamond (left) con- 
tained unusual amounts of nitrogen and hydrogen, characteristic of a type 
Ia diamond. The DiamondView fluorescence image (right) shows the het- 

erogeneous distribution of boron (darker blue areas represented by spots 1 

and 4) and nitrogen (lighter blue areas represented by spots 2 and 3). 
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CONDITIONING OF PREMIER 
APPROACHING COMPLETION 

The reconditioning of the Premier Mine, 
in which De Beers holds a large majority 
of both preferred and ordinary shares of 
stock, is now approaching completion and 
large scale production is predicted from 
the beginning of next year. Considerable 
delay was experienced in reopening the 
mine because of slow delivery of needed 
equipment. 

The Premier produces a large variety of 
material and is, in particular a producer of 
industrial diamonds of the highest class. 
For this reason its reopening is of special 
importance in present circumstances. One of 
its greatest claims to fame is that it pro- 
duced the Cullinan of 3106 carats. The 726 
carat Jonkers also was found just a few 
miles from the Premier on Elandsfontein 
Farm. 


Mining will take place by a new method 
of concentration, and recovery of ‘the dia- 
monds will be effected by a Heavy Media 
Sink and Float Plant, employing a practice 
quite new to the diamond industry. Because 
of the favorable results obtained during 
experimentation with this type of recovery 
at Premier, De Beers has decided to install 
a plant of similar design and 10 tons per 
hour capacity at Kimberley. f 

From 1896 until it was closed in March, 
1932, the Premier Mine had been worked 
as an open pit, with a depth of 600 feet 
when pumping operations began in Febru- 
ary, 1945. In the future the plant will be 
worked as an underground mine. 


© Aerial view of the Bultfontein 
Mine, Kimberly, photographed in 
1934. 


graphite particles were the only inclu- 
sions observed. Electrical conductivity, 
as measured with a gemological con- 
ductometer, was consistent with that 
of a typical type Ib diamond. The 
stone showed very weak blue fluores- 
cence to long-wave ultraviolet (UV) 
radiation and was inert to short-wave 
UV. It showed both blue and red phos- 
phorescence, as is typical of natural Ib 
stones. DiamondView images revealed 
zones with various hues of blue fluo- 
rescence (figure 6, right), which sug- 
gested a heterogeneous distribution of 
defects and impurities. 

The mid-infrared spectrum (figure 
7) had a dominant Ib character, with 
a boron component indicated by a 
band at ~2801 cm™!. However, evi- 
dence of a nitrogen component with 
both A and B aggregates was clearly 
present in the 1280-1170 cm"! 
region, indicating a type Ia nature as 
well. A noticeable amount of hydro- 
gen was also observed at 3107 and 
1405 cm™!, which—to the best of this 
contributor’s knowledge—is the first 
time hydrogen has been directly 
observed in a natural type IIb dia- 
mond. The relative intensities of the 
boron, nitrogen, and hydrogen bands 
varied noticeably among the regions 
sampled. Unfortunately, the nature 
of our infrared system and the shape 
of the stone did not allow us to corre- 
late the different IR features to specif- 
ic regions that were indicated by the 
DiamondView image. 

However, we were able to corre- 
late low-temperature PL spectra at 
325, 488, and 514 nm excitations to 
those specific regions (figure 8). This 
technique allowed us to probe point- 
by-point for the presence or absence of 
nitrogen-related features, effectively 
mapping the stone’s type Ib and Ia 
regions. Specifically, PL spectra taken 
from the lighter blue region (spots 2 
and 3 in figure 6, right) showed nitro- 
gen features typical of type Ia stones, 
such as the N3, H3, H4, and NV° cen- 
ters; spectra from the darker blue 
regions (spots 1 and 4) exhibited virtu- 
ally none of these features, correlating 
to type IIb. This PL mapping allowed a 
rare direct observation of the N3 
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Figure 7. The mid-IR spectrum of the 0.17 ct diamond shows a dominantly 
type IIb nature, with a boron-related band near 2801 cm, but also—see 
insets—evidence of a type Ia nature, with nitrogen (e.g., the 1173 cm band, 
correlating to B-aggregates) and hydrogen (3107 and 1405 cm) impurities. 


defect at 415 nm (along with H3, H4, —‘ the N3 defect is considered the key 
and NV°) in a mostly type IIb stone, feature in the distinction of type I 
which is quite noteworthy because from type II diamonds. 


Figure 8. Taken at 325 nm UV wavelength, low-temperature PL spectra col- 
lected from the lighter blue areas (spots 2 and 3) in figure 6 showed optical 
centers (e.g., N3, H3, H4, and NV°) consistent with type Ia diamonds, 
whereas spectra from the darker blue areas (spots 1 and 4) were free of 
these nitrogen features, which is consistent with a type IIb diamond. 
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Figure 9. The parcel of rough spinel on the left, reportedly from Tajikistan, contains pieces weighing up to 
48.5 g. The seven faceted spinels on the right (9.04—28.16 ct) were fashioned from some of this rough. 


Mixed-type diamonds with a type 
IIb component have been examined 
previously at the GIA Laboratory (e.g., 
Lab Notes: Summer 2.000, pp. 156-157; 
Summer 2005, pp. 167-168; and Winter 
2008, pp. 364-365). However, type IIb 
diamonds with an extensive type Ia 
component have been observed only 
rarely. The mixed-type nature indicates 
a substantial change in the geochemi- 
cal environment during the diamond's 
crystallization. Further analysis of the 
available data may shed light on the 
interaction between boron, carbon, 
nitrogen, and hydrogen, and their 
impact on the spectral and physical 
properties. 
Ren Lu 


Purplish Pink SPINEL from 
Tajikistan—Before and 
After Cutting 


In December 2007, Pakistan-based 
client Syed Iftikhar Hussain submit- 
ted a parcel of spinel rough reportedly 
from Tajikistan (figure 9, left). These 
84 samples, the largest weighing 48.5 
g, exhibited varying saturations of pur- 
plish pink color. Little has been writ- 
ten on the properties of Tajik spinel 
(see, e.g., J. I. Koivula and R. C. Kam- 
merling, “Examination of a gem 
spinel crystal from the Pamir Moun- 
tains,” Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 
38, 1989, pp. 85-88), so in November 
2008 the Bangkok laboratory was for- 


Figure 10. Among the inclusions observed in the rough spinels were a fine 
euhedral crystal (left, magnified 75x) and crystals with white particulate 
trails forming “comet tails” (right, magnified 35x). 
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tunate to have an opportunity to 
briefly examine seven stones that the 
client had faceted from this parcel (fig- 
ure 9, right). 

Most of the original rough consist- 
ed of broken pieces, and only a few 
showed the octahedral crystal forms 
typical of spinel. We could not perform 
accurate RI measurements because of 
the lack of flat surfaces, so we had to 
rely on other tests. The hydrostatic SG 
Measurements, spectra seen with a 
handheld spectroscope, polariscope 
reactions, and UV fluorescence were 
consistent with spinel. These observa- 
tions were further substantiated by PL 
spectroscopy (514 nm laser excitation 
at room temperature) on the largest 
piece, which proved it was natural 
spinel. The most prominent inclusions 
seen in the samples were euhedral 
crystals, needles, and crystals with 
white particulate trails forming 
“comet tails” (figure 10). 

After the rough was cut, we 
obtained standard gemological proper- 
ties for the seven faceted stones. The 
results were fairly consistent: RI— 
1.712-1.713, SG—3.59-3.62, strong 
red fluorescence to long-wave UV 
radiation and weak red to weak-to- 
moderate orange (some with a chalky 
greenish cast) fluorescence to short- 
wave UV, and a characteristic “organ 
pipe” spectrum (with some general 
absorption in the orange/yellow and 
part of the green region) seen with the 
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Figure 11. One of the faceted spinels contained a plane of negative crystals 
(left, magnified 50x) and a group of euhedral crystals (right, magnified 20x). 


spectroscope. While the refractive 
indices were almost identical to that 
of the crystal detailed by Koivula and 
Kammerling (and a Tajik spinel report- 
ed in the Spring 1989 Lab Notes, pp. 


39-40}, the SGs varied slightly. 

Since the cleanest pieces of rough 
were likely selected for faceting, it 
was no surprise that six of the cut 
stones showed few inclusions. The 
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11.96 ct pear shape hosted the most 
internal features, which consisted of a 
plane of octahedral negative crystals 
and some euhedral crystals (figure 11). 
Tiny negative crystals were only 
faintly visible in one other stone. 
Unfortunately, there was no time to 
identify inclusions in either the rough 
or cut spinels with Raman spec- 
troscopy. The PL spectrum of the 
pear-shaped stone closely matched 
that of the rough sample. 

Nicholas Sturman 
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TUCSON 


Despite the global economic downturn, the annual Tucson 
gem and mineral shows again offered a wide variety of 
materials, including a spectacular pendant set with an 
untreated 3 ct Colombian emerald and a 5 ct D-Flawless 
diamond (figure 1). In addition, the shows saw the debut of 
some interesting new gem materials and localities, many of 
which will be described in future issues of G#G. 

Overall, dealers at the show had low sales expecta- 
tions, but many were pleasantly surprised. Although show 
attendance was light compared to previous years, those 
dealers with unusual and attractive merchandise at good 
prices typically did okay. Likewise, Gems #) Gemology’s 
sales of subscriptions, back issues, In Review books, and 
charts surpassed expectations, with special interest in the 
new GwG flash drives preloaded with back issue PDFs. 

This year’s theme for the Tucson Gem and Mineral 
Society show was “Mineral Oddities.” Next year’s Tucson 
Gem and Mineral Show will take place February 11-14, 
and the theme will be “Gems & Gem Minerals,” which 
should be of particular interest to G#G readers. 

GwG appreciates the assistance of the many friends 
who shared material and information with us this year, 
and also thanks the American Gem Trade Association for 
providing space to photograph these items during the 
AGTA show. 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu or 
GIA, The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. Original photos can be returned after 
consideration or publication. 
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New play-of-color opal from Welo, Ethiopia. A new 
source of high-quality play-of-color opal was discovered in 
early 2008 in Welo Province, Ethiopia, about 500 km 
north of Addis Ababa. This deposit is geographically 


Figure 1. One of many pieces of fine jewelry seen at the 
Tucson shows, this Van Cleef & Arpels diamond neck- 
lace features a detachable 3.03 ct untreated Colombian 
emerald and a 5.09 ct D-Flawless diamond. Courtesy of 
Robert E. Kane and Fine Gems International, Helena, 
Montana; photo by Tino Hammid. 


— 
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Figure 2. These opals (7.55—23.48 ct) originate from a 
new deposit in Welo Province, Ethiopia. This material 
typically has a lighter bodycolor than opals from 
Shewa Province. Photo by Robert Weldon. 


distinct from the Mezezo deposit in Shewa Province, 
which was discovered in the early 1990s (see, e.g., Spring 
1994 Gem News, pp. 52-53). 

These contributors examined a parcel of about five 
rough and 30 cut Welo opals supplied by Opalinda and 
Eyaopal, the main distributors of this material. The cabo- 
chons showed good play-of-color (figure 2); the vast majori- 
ty were white and transparent, but some had a bodycolor 
varying from light yellow to dark “chocolate” brown. 
Compared to Mezezo opals (e.g., J.-P. Gauthier et al., 
“L’opale d’Ethiopie: Gemmologie ordinaire et caractéris- 
tiques exceptionnelles,” Revue de Gemmologie a.f.g., No. 
149, 2004, pp. 15-23), those from the new deposit general- 
ly appear much whiter. We noted all spectral colors in the 
play-of-color in our samples. Most of the cabochons were 
similar in appearance to opals from Australia or Brazil. 
However, many samples displayed a columnar structure of 
play-of-color opal within common opal (figure 3), as first 
described in material from Mezezo (again, see Gauthier et 
al., 2004). This feature is only very rarely observed in opals 
from sources outside Ethiopia. 

The hydrostatic SG of the opals ranged from 1.80 to 
2.10. This broad range is in part due to the high porosity 
of some samples, as revealed by a significant weight 
increase after immersion in water (up to 8%). Fluor- 
escence varied from inert to moderate yellowish white to 
both long- and short-wave ultraviolet (UV) radiation. 
Samples that were inert displayed an unexpected greenish 
phosphorescence of moderate intensity. No luminescence 
was observed in the opals with a yellow-to-brown body- 
color, even the light ones; these darker bodycolors are 
probably due to the presence of iron, which quenches 
luminescence. The yellow-to-green luminescence is like- 
ly due to the presence of uranium (E. Gaillou et al., “The 
geochemistry of gem opals as evidence of their origin,” 
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Figure 3. Several Welo samples, such as this 8.19 ct 
piece, showed a columnar structure of play-of-color 
opal within common opal, which is characteristic of 
opals from Ethiopia. Photo by B. Rondeau. 


Ore Geology Reviews, Vol. 34, 2008, pp. 113-126). 
Fourier-transform Raman spectra were obtained for sever- 
al samples using a Bruker RFS 100 spectrometer. All spec- 
tra were consistent with opal-CT, with Raman bands at 
about 1070, 780, 670, and 345 cm~!, and water-related 
bands at about 3200 and 2950 cmt. 

Welo opal is found in volcanic rock, possibly a rhyolite. 
The rough samples we examined consisted of opal (either 
common or play-of-color) cementing fragments of the host 
rock. By contrast, opal from Mezezo fills cavities in rhyo- 
lite, forming nodules. Despite these differences, the fact 
that columnar structures are seen in opals from both 
deposits (but very rarely from elsewhere) seems to indicate 
similarities in the conditions of their formation. 

Benjamin Rondeau (benjamin.rondeau@univ-nantes.fr) 
CNRS, Team 6112 

Laboratoire de Planétologie et Géodynamique 
University of Nantes, France 


Francesco Mazzero 
Opalinda, Paris, France 


Eyassu Bekele 

Eyaopal, Addis Ababa, Ethiopia 
Jean-Pierre Gauthier 

Centre de Recherches Gemmologiques 
Nantes, France 


Emmanuel Fritsch 


Gem-quality rhodochrosite from China. The Wudong 
mine in China has long been thought to be a source of 
fine rhodochrosite, but mining operations have been spo- 
radic and largely undocumented until recently. The mine 
is located in the Wuzhou area of Guangxi Zhuang 
Autonomous Region, approximately 480 km (300 miles) 
northwest of Hong Kong. In early 2007, a group of 
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Figure 4. This well-formed rhodochrosite crystal (5 x 
4 cm) from China’s Wudong mine is attached to a 
matrix of quartz, galena, pyrite, and very minor fluo- 
trite. Photo by Jeff Scovil. 


investors purchased the mine and shifted its emphasis 
from base metals (lead-zinc-silver) to specimen- and gem- 
grade rhodochrosite. In 2008, Collector’s Edge Minerals 
Inc. made an arrangement with Wudong’s owners to 
excavate the rhodochrosite pockets. The mine reaches a 
depth of over 150 m in a maze of tunnels, stopes, and 
shafts that have been excavated using jack-leg drills, 
explosives, and ore cars. Rhodochrosite and associated 
minerals from Wudong were recently described by B. 
Ottens (“Rhodochrosit aus dem Blei/Zink-Bergwerk 
Wudong bei Liubao, Guangxi, China,” Lapis, Vol. 33, No. 
10, 2008, pp. 53-56). 

This contributor and colleagues mapped the site in 
August 2006. The mineralized veins vary from several 
centimeters to more than 2 m wide, and dip steeply to 
nearly vertical. Rhodochrosite occurs as solid fillings, 
making the veins appear like red streaks. Where the veins 
widen and the structure allows, an open pocket will con- 
tain fine crystals. There are several similarities to the 
mineralization patterns seen at the now-closed Sweet 
Home mine in Colorado (see K. Knox and B. K. Lees, 
“Gem rhodochrosite from the Sweet Home Mine, 
Colorado,” Summer 1997 GwG, pp. 122-133). Although 
Wudong’s host rocks are sedimentary and Sweet Home’s 
are granitic, rhodochrosite crystals from both mines may 
be large and sometimes gemmy, occurring with fluorite, 
galena, wolframite, chalcopyrite, apatite, quartz, barite, 
and sphalerite. A major difference between the two is that 
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Figure 5. Some fine stones (here, 3.61-29.56 ct) 
have been cut from the Chinese rhodochrosite. 
Courtesy of Collector’s Edge Minerals Inc.; photo 
by Robert Weldon. 


the Wudong mine does not appear to contain tetrahedrite, 
which was abundant at the Sweet Home mine. 

Most of the rhodochrosite crystals from Wudong are 
slightly to heavily etched, making them appear pink and 
opaque. A few lack this etching, however, and are quite 
attractive with good luster (e.g., figure 4). They range up to 
nearly 13 cm in maximum dimension and are rhombohe- 
dral, like those from Sweet Home, but often show thin, 
bladed habits. The internal characteristics of the Wudong 
thodochrosites indicate a turbulent growth history. Many 
of the crystals have significant inclusions and banding, 
which makes faceting a challenge and severely limits the 
potential for large gems. 

Mining so far has produced nearly 100 kg of lapidary- 
grade material, in addition to mineral specimens. The 
lapidary material is being cut into faceted stones (e.g., fig- 
ure 5) and cabochons, as well as beads, eggs/spheres, and 
carvings. As of February 2009, processing of less than 10 
kg of material by this contributor had yielded ~150 
faceted stones weighing from <1 ct to 3 ct, ~20 faceted 
stones of 3-10 ct, and four stones weighing 10+ ct. In 
addition, there were ~50 cabochons up to 20 ct, ~20 pol- 
ished rhombs up to 30 ct, and ~15 eggs of <50 ct each. 
These polished goods are being distributed by Paul Cory 
(Iteco Inc., Powell, Ohio), and it will probably take three 
years to cut the inventory on hand. The Wudong mine is 
producing enough rhodochrosite rough to continue sup- 
plying the market created by the Sweet Home mine, 
which has been closed since mid-2004 (Spring 2007 GNI, 
pp. 61-62). 

Bryan K. Lees (bryan@collectorsedge.com) 
Collector’s Edge Minerals Inc. 
Golden, Colorado 
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Gem-quality amethyst from Tata, Morocco. A new source 
of amethyst reportedly has been discovered in the Anti- 
Atlas Mountains. According to Jack Lowell (Colorado 
Gem & Mineral Co., Tempe, Arizona) and mine owner Ait 
Ouzrou Mohamed (Agadir, Morocco}, production started 
in late 2007. Well-formed crystals of amethyst are recov- 
ered from soil on Bouodi Mountain (figure 6), located near 
the city of Tata. The deposit is mined by a small number 
of workers on an occasional basis, depending on the orders 
received for the amethyst. Each worker typically gathers 2 
kg of material daily using simple hand tools, and about 
30% of the production can be polished into cabochons or 
faceted stones. The material is mostly suitable for crystal 
specimens or cabochons, although some high-quality facet 
rough has been produced. 

Mr. Lowell loaned one faceted pear-shaped modified 
step cut (13.74 ct) and five crystals (3.94-36.6 g) to GIA for 
examination (e.g., figure 7). The rough exhibited well- 
formed pyramidal terminations, with typical horizontal 
striations on the prism faces. The samples showed a char- 
acteristic deep purple triangular color zone within the crys- 
tal terminations that was surrounded by near-colorless 
quartz (figure 8). In the faceted stone, this color zone was 
carefully oriented to present a uniformly deep face-up color. 

The following properties were obtained from the 
faceted stone and two of the crystals: diaphaneity—trans- 
parent to translucent (rough); pleochroism—weak, ranging 
from pinkish purple to bluish violet; RI—1.542-1.552, 


Figure 6. The new Moroccan amethyst deposit is 
located in weathered rock on a remote mountainside. 
Photo by Ait Ouzrou Mohamed. 
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Figure 7. Although the Moroccan amethyst is com- 
monly color zoned, it can be fashioned to show an 
even face-up purple color, as seen in this 13.74 ct 
pear-shaped modified step cut (faceted by Alan 
Morgan of Mesa, Arizona). The Moroccan crystal 
weighs 11.1 g. Photo by Kevin Schumacher. 


hydrostatic SG—average of 2.65 (measurements varied 
+0.01); Chelsea filter reaction—none, fluorescence—pri- 
marily inert to both long- and short-wave UV radiation, 
though near-colorless areas did exhibit a faint white reac- 


Figure 8. Two distinctive features of the Moroccan 
amethyst are near-colorless to deep purple color zoning 
and inclusions of reddish brown dendritic hematite. 
Photomicrograph by D. Beaton; magnified 10x. 
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tion to short-wave UV. No distinct absorption bands were 
observed with a desk-model spectroscope. The properties of 
the Moroccan amethyst are generally consistent with those 
listed for amethyst in R. Webster (Gems, 5th ed., revised by 
P. G. Read, Butterworth-Heinemann, Oxford, UK, 1994, pp. 
225-229). 

Viewed with crossed polarizers, the cut amethyst 
revealed bull’s-eye and Airy spiral optic figures, as well as 
small areas of Brazil-law twinning. Microscopic examina- 
tion revealed “fingerprints” composed of fluid remnants 
and two-phase fluid-gas inclusions, which are common in 
quartz. Distinctive inclusions of reddish brown dendritic 
hematite (again, see figure 8) and an unusually large prima- 
ry two-phase inclusion were also observed. As noted in 
amethyst from Sri Lanka by E. J. Gtibelin and J. I. Koivula 
(Photoatlas of Inclusions in Gemstones, Vol. 2, Opinio 
Publishers, Basel, Switzerland, 2005, p. 561), the hematite 
inclusions occurred in a colorless growth zone where they 
consumed the locally available iron, so the surrounding 
quartz was deficient in this chromophore. 

Amethyst from Morocco is typically seen as drusy 
crystals in geodes that are mined from lava flows (W. 
Lieber, Amethyst: Geschichte, Eigenschaften, Fundorte, 
Christian Weise Verlag, Munich, Germany, 1994). This is 
the first occurrence of well-formed gem-quality amethyst 
crystals in Morocco. 

Donna Beaton (donna.beaton@gia.edu) 
GIA Laboratory, New York 


Anahi’s “new” ametrine. The Anahi mine in southeastern 
Bolivia, near the border with Brazil, has enjoyed consistent 
production since coming under private control in 1990. 
The mine is best known for its ametrine (amethyst-citrine), 
a quartz variety that exhibits two principal colors, purple 
and yellow (see P. M. Vasconcelos et al., “The Anahi 
ametrine mine, Bolivia,” Spring 1994 GwG, pp. 4-23). 
Bolivia is the world’s only commercial source of this gem. 
Mine owner Ramiro Rivero has transformed operations in 
recent years to better control production, cutting, jewelry 
manufacturing, and retail activities, establishing a clear 
mine-to-market chain of custody for his product (see 
Winter 2001 GNI, pp. 334-335). 

In August 2008, GIA staff members visited Anahi to 
videotape and report on the mine-to-market operations. 
The Anahi mine presently employs 74 workers and is 
active in five tunnels (e.g., figures 9 and 10). The company 
has also started to process the tailings piles to recover 
material that is now popular in the market, such as pale 
amethyst (called anahita in Bolivia). Taking advantage of 
abundant groundwater supplies, workers wash the ore on 
location and then presort it before transport to Minerales y 
Metales del Oriente, Mr. Rivero’s manufacturing arm in 
the Bolivian city of Santa Cruz. 

Production at the Anahi mine is lower than it was a 
decade ago, but Mr. Rivero maintains that is because greater 
efficiencies in mining, sorting, and cutting have reduced the 
amount of rough needed for the value-added operations. 
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Figure 9. At Bolivia’s Anahi mine, a worker removes an 
ore car loaded with quartz-bearing material that will 
then be washed and presorted. Photo by R. Weldon. 


Nevertheless, the mine still produces some 2,500-3,500 kg 
of gem-quality material, from a total 120 tonnes of quartz 
mined each year. Amethyst averages the highest production 
(44%), followed by ametrine (33%), and citrine (23%); 
ametrine remains the most lucrative product. 

The proportion of ametrine has actually increased (from 
20% a decade ago) because of Mr. Rivero’s success in mar- 
keting gems that do not necessarily show the traditional 
split in amethyst and citrine colors. In the early years of the 
Anahi mine, ametrines were often faceted as emerald cuts 
showing a distinct color demarcation to mimic the appeal 
of bicolored tourmalines. But cutting ametrine for an even 
color split wastes much of the quartz. While “fantasy” cut 
gems have long ignored this purple-yellow color demarca- 


Figure 10. This tunnel at the Anahi mine exhibits the 
richness of the quartz deposit. Photo by R. Weldon. 
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tion in favor of free-form shapes, Minerales y Metales del 
Oriente today focuses on a blend of colors in more tradi- 
tional shapes (i.e., round, oval, or pear). This strategy maxi- 
mizes yield. In addition to purple, the resulting mix of col- 
ors may exhibit “peach” or deep orangy red hues when 
viewed face-up (e.g., figure 11). 

For many years, Minerales y Metales del Oriente devel- 
oped its own cutting styles and jewelry design prototypes, 
but contracted with overseas manufacturers for large-scale 
production. Until recently, it worked with a gem cutting 
and jewelry manufacturing plant in China. With the global 
economic downturn, today the company is producing all 
of its cut gems and finished jewelry in Santa Cruz. 

Robert Weldon (robert.weldon@gia.edu) 
GIA, Carlsbad 


Azurite/malachite from Sonora, Mexico. The 2008 Tucson 
gem shows saw the notable availability of large quantities 
of well-crystallized specimens of azurite—and malachite 
pseudomorphs after azurite—from a new source, the 


Figure 12. These attractive cabochons consist of inter- 
growths of blue azurite and green malachite from a new 
source, the Milpillas mine in Sonora, Mexico. The larger 
stone measures 4.9 x 3.5 cm. Photo by Robert Weldon. 
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Figure 11. Anahi mine 
ametrine is cut to maxi- 
mize yield while also 
blending the yellow and 
purple colors. The 33.55 
ct gem on the left was 
cut by Dalan Hargrave; 
the 44.23 ct concave-cut 
stone on the right was 
faceted in Bolivia. Both 
gems courtesy of 
Minerales y Metales del 
Oriente; photos by 

R. Weldon. 


Milpillas copper mine in the Cananea District of northern 
Sonora State, Mexico (see T. P. Moore, “What's New in 
Minerals—Tucson Show 2008,” Mineralogical Record, 
Vol. 39, No. 3, 2008, pp. 236-237). In addition to these 
specimens, there was some massive material available 
consisting of intergrowths of azurite and malachite that 
were well suited for cutting cabochons. Bill Larson 
(Palagems.com, Fallbrook, California) obtained approxi- 
mately 5 kg of this material, half of which has now been 
worked by lapidarist Bud Standley (Standley Collections, 
San Diego) into several hundred carats of cabochons and 
many free-form carvings, some ranging up to 20 cm in 
maximum dimension. 

Mr. Larson loaned four of the cabochons to GIA for 
examination (e.g., figure 12). They consisted of curvilinear 
domains of granular blue azurite that were intergrown with 
felty aggregates of light- and dark-green malachite (figure 13; 
both minerals confirmed by Raman analysis of one sample). 
The malachite sprays typically radiated into the azurite, giv- 
ing the appearance that the malachite partially replaced the 
azurite. This is consistent with the pseudomorphous nature 
of the malachite in the mineral specimens mentioned 


Figure 13. A closer view of the Milpillas material shows 
granular azurite intergrown with fibrous malachite. 
Photo by Robert Weldon; field of view 3.2 cm. 
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above. It is hoped that more of the colorful crystals and mas- 
sive azurite/malachite intergrowths will be preserved from 
the crusher at the Milpillas copper mine. 

Because of the relatively low hardness of azurite and 
malachite (Mohs 34-4), care is required when cutting/pol- 
ishing and wearing this material, as it may scratch easily 
and become dull. Azurite/malachite is therefore appropri- 
ate for jewelry such as necklaces and brooches, but not for 
rings or items exposed to daily wear. 

Brendan M. Laurs 


Light yellow-green grossular from Kenya. Deep green 
grossular (tsavorite) was discovered in East Africa’s 
Mozambique Belt in the late 1960s (Tanzania) and 1970 
(Kenya), as reported by C. R. Bridges (“Green grossular gar- 
nets [Tsavorites”’ in East Africa,” Summer 1974 G&G, pp. 
290-295). According to Bridges (p. 293), the material ranged 
from colorless to pale yellowish green to “rich grass or 
emerald green.” Examination of the early finds indicated the 
bright green was due to vanadium with contributions from 
chromium. Manganese was also found in brightly colored 
stones, and iron in stones of more yellowish hue (Bridges, 
1974). Later work correlated increasing concentrations of V 
and Cr to green coloration and increasing Fe to yellow col- 
oration (D. V. Manson and C. M. Stockton, “Gem-quality 
grossular garnets,” Winter 1982 G&G, pp. 204-213). 

In November 2008, Dudley Blauwet (Dudley Blauwet 
Gems, Louisville, Colorado) loaned GIA four samples of 
light yellow-green grossular (figure 14) that were reportedly 
from the village of Kabanga in the Voi area of Kenya. Voi 
has traditionally produced much darker or more saturated 
green material (tsavorite), so we took this opportunity to 
characterize these lighter samples. The following properties 
were obtained from the four stones: color—light yellow- 
green to light yellowish green; RI—1.738 (three stones) or 
1.736 (one stone); hydrostatic SG—3.58-3.60; fluores- 
cence—weak to moderate red to moderate orange to long- 
wave UV radiation, and moderate orange-yellow to short- 
wave UV; and no features seen with the desk-model spec- 
troscope. These properties are consistent with grossular (R. 
Webster, Gems, 5th ed., revised by P. G. Read, Butterworth- 
Heinemann, Oxford, UK, 1994, pp. 201-202). Between 
crossed polarizers, very weak to moderate anomalous dou- 
ble refraction was observed. Microscopic examination 
revealed short-to-long needles (apparently etch tubes; some 
fibrous) at ~70°/110° orientation, clusters of small transpar- 
ent crystals, small thin films, and/or solid particles (figure 
15); these resembled inclusions often seen in tsavorite (M. 
O'Donoghue, Ed., Gems, 6th ed., Butterworth-Heinemann, 
Oxford, UK, 2006, pp. 215-216). In contrast, a similarly col- 
ored large greenish yellow grossular from an unspecified 
location in East Africa reported in the Winter 2005 GNI sec- 
tion (pp. 352-353) had the strong roiled growth features 
characteristic of the hessonite variety of grossular. 

All four stones were chemically analyzed by laser abla- 
tion-inductively coupled plasma-—mass spectrometry (LA- 
ICP-MS). The results confirmed they were grossular, with 
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Figure 14. These samples of grossular (2.96-9.96 ct) are 
reportedly from Voi, Kenya. Photo by Robert Weldon. 


minute amounts of Mn, Mg, and Ti (<0.7 wt.%), and traces 
of Fe, K, V, and Cr (<0.1 wt.%). These are common impuri- 
ties in grossular, and the low concentrations of chro- 
mophores are consistent with the pale color of these sam- 
ples. UV-Vis-NIR absorption spectra showed very weak 
bands at 409, 419, and 430 nm, attributed to Mn?*, which 
correlates to yellow coloration (Winter 1991 Gem News, p. 
258). Although these samples did contain the tsavorite 
chromophores Cr and V, their colors were not saturated 
enough for them to be classified as such gemologically. 

Mr. Blauwet subsequently obtained some additional 
Kabanga material from the same supplier, consisting of 
several parcels totaling nearly 100 g (in pieces typically 


Figure 15. The Kenyan garnets in figure 14 contained 
inclusions such as needles, thin films, and transparent 
crystals. Photomicrograph by D. Beaton; magnified 30x. 
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Gemological Digests 


OPPENHEIMER EXPLAINS 
EFFECTS: OF CPENINGS 


In addressing the shareholders of the 
De Beers interest at the annual June meet- 
ing in Kimberley, H. F. Oppenheimer out- 
lined anticipated effects of reopening Pre- 
mier, Dutoitspan, and Jagersfontein. 

“The diamond market is much quieter 
now,” he revealed, “than it has been for 
some years, and I therefore think. it ad- 
visable to point out in regard to the open- 
ing of these mines, that in order to meet 
the demand last year it was necessary to 
exhaust accumulated stocks in the hands of 
certain producers. The opening of these 
mines is necessary to enable the De Beers 
Group to meet its proportion of a trade 
even substantially less than that of last 
year. Moreover, it is highly desirable that 
reasonable stocks should be built up in 
the hands of the producers. For some time 
our company has had only very small stocks, 
and this fact has proved a great inconven- 
tence in the running of the trade.” 


INCREASE IN OUTPUT 
INDICATED IN CONGO 


According. to the African World, as te- 
ported by the Diamond Trading Company, 
production in 1949 of both industrial and 
gem quality diamonds in the Belgian Congo 
is expected to exceed that for the year 1948. 
Anticipated recovery is 7,560,000 carats this 
year. Of this, 560,000, or 8%, are of gem 
quality which makes a slight increase over 
previous. years. 


The Congo, largest single producer of 
diamonds in the world for the past 16 
years and responsible for the recovery. of 
approximately 75% of the world’s crush- 
ing bort, expects to reach production of 


from 7,500,000 to 8,000,000 carats of in- 
dustrials annually from 1950 to 1958. This 
will mean a more than 50% increase over 
1948 in which year 5,274,000 carats were 
produced. Record production to date was 
reached in 1945 with 9,927,000 carats. 


Reporting on the Ten- Year Plan for 
the Congo Mines, figures for the years 
1928, 1938, and 1948 were given as 1,649,- 
225; 7,205,000; and 5,825,000 carats 
respectively. 


In the Belgian Congo a native 
watches the Grease Table at the 
Tshikapa Central Plant. 


NEW WAGE SCALE 
ADOPTED FOR U. S. 
DIAMOND CUTTERS 
The Diamond Manufacturers & Importers 
Association of America, Inc., reports mount- 
ing activity in the diamond trade during 
the past several weeks which has resulted 
in diamond cutting shops opening under 
a new union contract, effective September 6. 
This union agreement was preceded by 
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Figure 16. These attractive green kornerupines 
(0.25—0.84 ct), identified as the mineral prismatine, are 
reportedly from Tanzania. Photo by Robert Weldon. 


weighing 1-2 g, and rarely up to 5 g). The rough consisted 

of broken fragments, with the exception of one parcel that 

also contained waterworn pieces. Similar to the material 

characterized for this report, the additional Kabanga rough 
ranged from light yellowish green to “mint” green. 

HyeJin Jang-Green (hjanggre@gia.edu) and 

Donna Beaton 

GIA Laboratory, New York 


Kornerupine (prismatine) from Tanzania. East Africa pro- 
duces a wide variety of unusual gem minerals, some of 
which are quite attractive as well as scientifically interest- 
ing. For example, the Kwale area in southern Kenya is 
known to produce a V-bearing kornerupine that is “bright 
apple-green” (M. O’Donoghue, Ed., Gems, 6th ed., 
Butterworth-Heinemann, Oxford, UK, 2006, p. 421). In 
September 2008, GIA received three similarly colored 
kornerupines (0.25—0.84 ct; figure 16) that were reportedly 
from Tanzania, loaned by Dudley Blauwet. According to 
his supplier, the material came from a single find in late 
2007 in the Usambara Mountains, near Tanga. He obtained 


Figure 17. The Raman spectrum of the 0.84 ct sample 
shows both of the key boron-related bands (~880 and 
~800 cm"), thus identifying the stone as prismatine. 
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20.6 g of rough that yielded 63 faceted stones, cut in cali- 
brated sizes, totaling 13.25 carats. 

Gemological testing of the three faceted samples pro- 
duced the following results: color—intense green; pleochro- 
ism—light brownish yellow, strong green, and light bluish 
green; RI—a = 1.660-1.662, B = 1.673-1.674, and y = 
1.675-1.678; birefringence—O.016-0.017; SG—3.28-3.32; 
fluorescence—strong chalky yellow to long-wave, and faint 
yellow to short-wave, UV radiation; spectrum—no absorp- 
tion lines seen with the desk-model spectroscope. These 
properties are consistent with those reported by 
O’Donoghue (2006). Parallel growth tubules, partially 
healed fissures, and short needles were observed with mag- 
nification, as were included crystals (possibly apatite or zir- 
con) and negative crystals. All of these have been reported in 
kornerupine by E. J. Gtibelin and J. I. Koivula (Photoatlas of 
Inclusions in Gemstones, Vol. 1, ABC Edition, Zurich, 
1986; Vol. 2, Opinio Verlag, Basel, Switzerland, 2005). 

Minerals of the kornerupine group are ferromagnesian 
boron-bearing aluminosilicates that can be represented by the 
generic formula (0,Fe,Mg)(Mg,Fe,Al),(Si,Al,B).O, (OH,F). The 
group includes two minerals differentiated by their boron (B) 
content: komerupine sensu stricto (B<0.5 per formula unit 
[pfu]) and prismatine (B>0.5 pfu; E. S. Grew et al. 
“Prismatine: Revalidation for boron-rich compositions in the 
kornerupine group,” Mineralogical Magazine, Vol. 60, 1996, 
pp. 483-491). 

EDXREF spectroscopy of our samples detected the major 
elements expected for kornerupine, along with traces of V. 
Boron cannot be detected by EDXRF, so we could not use 
this technique to determine whether our samples were 
kornerupine sensu stricto or prismatine. However, two 
Raman bands at ~884 and ~803 cm7! in kornerupine group 
minerals are sensitive to the presence of B, and their rela- 
tive intensities can be used to estimate B content. Prisma- 
tine shows both the 884 and 803 cm™! bands, while 
kornerupine sensu stricto shows only the 884 cm! band (B. 
Wopenka et al., “Raman spectroscopic identification of B- 
free and B-rich kornerupine [prismatine],” American 
Mineralogist, Vol. 84, 1999, pp. 550-554). 

Raman spectra of all three samples showed bands at 
~880 and ~800 cm~!, indicating the presence of significant 
boron (figure 17). LA-ICP-MS analysis performed on all 
three samples confirmed the presence of V and that B con- 
tent was >0.5 pfu (see table 1). Consequently, these three 
kornerupines were B-rich and classified as prismatine. 

Pamela Cevallos (pamela.cevallos@gia.edu) 
GIA Laboratory, New York 


TABLE 1. LA-ICP-MS data for three prismatines from 


Tanzania. 
Composition 0.25 ct 0.30 ct 0.84 ct 
V average (ppm) 937 1053 1069 
B average (ppm) 8740 6690 7679 
B average (pfu) 0.720 0.941 0.828 
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Figure 18. These labradorites (1.10 and 0.75 ct) were 
cut from material that was sourced from beach grav- 
els located near Ketchikan, Alaska. Photo by Robert 
Weldon; the 0.75 ct stone is GIA Collection no. 37787. 


Transparent labradorite from Ketchikan, Alaska. In March 
2008, GIA received some transparent very light yellow to 
very light brownish yellow samples that were represented as 
albite-oligoclase (sodic plagioclase) from Ketchikan, Alaska. 
Some were donated and others loaned by Dudley Blauwet, 
who received the material from a supplier who collected it 
by hand from beach gravels in an area about two hours by 
boat from the coastal town of Ketchikan. The supplier has 
visited the collecting area once a year for the past 10 years, in 
trips lasting 3-4 days, and typically recovers about 300-600 g 
of rough on each trip. The pebbles are mostly small, and he 
only collects material that will cut stones of 3 mm or larger; 
rarely, he has found pebbles up to nearly 5 g. Approximately 
40% of the collected rough is facetable. More than 1,000 
carats have been cut, typically weighing <1-2 ct, although 
some larger stones (up to 12 ct) have been cut. Most of the 
material has been sold to cruise ship tourists visiting 
Ketchikan, either loose or set into jewelry. 

The samples supplied by Mr. Blauwet consisted of two 
oval brilliants (0.75 and 1.10 ct; figure 18) and four pieces of 
rough (0.6-2 g). The following properties were recorded on 
all samples (except that RI and birefringence were deter- 
mined on the two faceted stones only): color—very light 
yellow to brownish yellow; RI—1.561-1.570, birefrin- 
gence—0.009; hydrostatic SG—2.69-2.72, fluorescence— 
inert to long-wave and weak red to short-wave UV radia- 
tion; and no features seen with the desk-model spectro- 
scope. These properties are consistent with those reported 
for labradorite (see, e.g., M. O’Donoghue, Ed., Gems, 6th 
ed., Butterworth-Heinemann, Oxford, UK, 2006, pp. 
263-267; Winter 2006 GNI, pp. 274-275). Microscopic 
observation revealed a few small, dark brown to black, 
opaque crystals, as well as numerous needles in one plane. 

All six samples were chemically analyzed by LA-ICP- 
MS, using the same procedure as for the labradorite from 
Mexico reported in the Winter 2006 GNI entry. As expected 
from the RI values listed above, all samples had a composi- 
tion corresponding to labradorite: ~Ab,,_,,Or, ,ANs<_g.— 
referring to the end-members albite (Na-rich), orthoclase (K- 
rich), and anorthite (Ca-rich). All contained traces of iron, 
and we know that Fe* in the tetrahedral site of plagioclase 
produces a pale yellow color (http://minerals.caltech.edu/ 
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color_causes/metal_ion/index.htm). UV-Vis-NIR spectra 
showed a 380 nm peak and a very weak absorption at 420 
nm. O’Donoghue (2006, p. 267) noted that absorptions at 
380 and 420 nm in plagioclase are due to Fe**. 

Labradorite is a calcium-dominant plagioclase (An... 49), 
which can be separated from sodic plagioclase (albite-oligo- 
clase, Ano 39) by its higher RI values. Gem-quality colorless 
to light yellow labradorite is known from various localities 
in western North America, such as Oregon, Utah, New 
Mexico, and Mexico (e.g., Winter 2006 GNI, pp. 274-275). 
This is the first time we have encountered such material 
from Alaska. 

HyeJin Jang-Green 


Gem news from Myanmar. From April to November 2008, 
this contributor received information on several new gem 
occurrences in Myanmar, as described below. 


e Blue kyanite comes from Mohnyin Township in Kachin 
State, associated with garnet, tourmaline, and quartz. 
Cabochons (1-5 ct; see figure 19) and some faceted gems 
have been cut from this material, and such stones have 
been sold as sapphires in Yangon, Mandalay, and 
Taunggyi. 

¢ Gem-quality blue sodalite has been found in Ohnbin- 
yehtuat (~22°57’0” N, 96°31’3” E), which is located 6 
km southwest of the previously known sodalite/hack- 
manite deposits in the Mogok area near Pein Pyit. 

e Granitic pegmatites in the Sakangyi area (15 km west of 
Mogok, at ~22°54’00” N, 96°20’30” E) continue to produce 
large crystals of topaz (some exceeding 50 kg}, as well as 
aquamarine, rock crystal quartz, and green fluorite. 


Figure 19. Gem-quality blue kyanite (here, from 0.78 
x 0.65 cm to 1.20 x 0.73 cm) is being produced from 
Mohnyin Township in northern Myanmar. Photo by 
U Tin Hlaing. 
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e¢ Gem-quality yellow scheelite and large brownish purple 
zircon have been found ~55 km west of Mogok, near 
Thabeikkyin (~22°52/00” N, 95°58’11” E). 

e Reddish brown garnet crystals (average 4 g) have been 
gathered from weathered gneiss in the Mogok region. 
The deposit is located about 13 km east of Momeik 
(~23°06’ N, 96°48’ E). Bright stones up to 15 ct have been 
cut from this material. 

e Ruby mining at Mong Hsu is taking place in under- 
ground workings to a depth of 30 m beneath the original 
mining site (~21°48’30” N, 97°29’50” E}. The present 
ruby production is estimated to be about one-tenth of the 
amount produced during the boom time in 1993-1994, 

e Ruby cabochons from the John Saul mine in Kenya are 
popular in Yangon and Taunggyi, where they are mar- 
keted as African ruby. Some of them are glass filled. 

¢ Most of the synthetic rubies seen recently by this con- 
tributor in Taunggyi show only very faint curved lines 
and evidence of heat treatment. 

e There are several active gem markets in Mogok. The 
Garden Gem Market is the largest, with 3,000-5,000 
merchants. Other markets include Le-U, Mogok 
Cinema, Mintado, and Kyatpyin Cinema. 

e Total sales in the gem section of the Union of 
Myanmar Economic Holdings Ltd. (DMEHL) Gems & 
Jade Sales in January 2008 was ~$467,000. 

U Tin Hlaing 
Dept. of Geology (retired) 
Panglong University, Myanmar 
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Figure 20. These spinels 
(left, 7.91 ct; right, 4.73 
ct) proved to be natural 
and synthetic, respec- 
tively. In the natural 
spinel, note the large 
feature under the table 
that contains planar 
inclusions in two 
directions. Photos by 
G. Choudhary. 


Interesting natural and synthetic spinels. Microscopic 
study is an important part of gem identification, and inclu- 
sions may add to the beauty of gems. Recently, the Gem 
Testing Laboratory of Jaipur, India, encountered two speci- 
mens that displayed interesting inclusion scenes. A pur- 
plish pink 7.91 ct oval (figure 20, left) was submitted for 
identification, while a 4.73 ct pale grayish yellow oval (fig- 


Figure 21. At higher magnification, the planar struc- 
tures in the natural spinel in figure 20 appeared to be 
composed of intermittent liquid films. Photomicro- 
graph by G. Choudhary; magnified 35x. 


Figure 22. Milky zones 
formed lath-like structures 
in this spinel (left, magnified 
35x). At higher magnifica- 
tion, the milky zones were 
composed of kite-shaped 
domains of fine iridescent 
films (right, magnified 80x). 
Note how the individual 
blades are all oriented in the 
same direction. Photomicro- 
graphs by G. Choudhary. 
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Figure 23. Lath-like inclusions were also concentrated in 
areas between the zones in figure 22. These inclusions 
were oriented in two directions intersecting at ~90°. 
Photomicrograph by G. Choudhary; magnified 60x. 


ure 20, right) was represented as natural sapphire to the 
buyer, who requested an origin determination. 

The 7.91 ct specimen had an RI of 1.720, gave a hydro- 
static SG of 3.58, and exhibited red fluorescence to long- 
and short-wave UV radiation (with a stronger reaction to 
long-wave UV). It displayed a weak strain pattern in the 
polariscope. Fine lines in the red region and an absorption 
band in the yellow-orange region were visible with the 
desk-model spectroscope. These features identified the 
stone as natural spinel. 

The inclusion features in this spinel were notable. A 
large, flat feature under the table displayed fine planar 
structures running in two directions. This inclusion was 
visible with the unaided eye (again, see figure 20, left). At 
higher magnification, the planar structures appeared as 
intermittent liquid films (figure 21) that gave the impres- 
sion of partially healed fractures. 

Additional features became apparent when the speci- 
men was rotated and observed using a fiber-optic light 
source. Numerous parallel zones of fine whitish films or 
platelets created a lath-like effect (figure 22, left). These 
zones appeared to follow two different directions that 
were inclined to one another. At higher magnification, 
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these lath-like zones formed kite-shaped domains com- 
posed of fine iridescent films in parallel orientation (fig- 
ure 22, right). In addition, there were fine whitish inclu- 
sions oriented in two directions that intersected one 
another at ~90° (figure 23). Similar-appearing inclusions 
in spinel (identified as hégbomite) were illustrated by E. 
J. Giibelin and J. I. Koivula (Photoatlas of Inclusions in 
Gemstones, Vol. 2, Opinio Publishers, Basel, 
Switzerland, 2005, pp. 693, 714). 

The color of the pale grayish yellow specimen (again, 
see figure 20, right) was similar to that observed in many 
natural sapphires from Sri Lanka, which seemed to sup- 
port the seller’s claim. However, basic gemological testing 
revealed its true identity. It had a refractive index of 1.735, 
a hydrostatic SG of 3.61, and strong chalky blue fluores- 
cence to short-wave UV, but was inert to long-wave UV. 
In the polariscope, it exhibited a strong strain pattern 
(ADR effect). The desk-model spectroscope displayed faint 
bands in the green, yellow, and orange-red regions, in a 
pattern that corresponded to cobalt. These properties indi- 
cated a synthetic spinel. 

Circular to subhexagonal zones or bands composed of 
clouds of fine dotted inclusions were visible with magnifi- 
cation (figure 24, left). The subhexagonal features were 
very similar to inclusion patterns in natural corundum. A 
profile view showed that these zones were composed of 
parallel planes in a layered pattern (figure 24, right). When 
the sample was viewed with diffused illumination in 
immersion, subtle color zoning was observed. The center 
appeared pale blue, and the outer regions were pale yellow 
(figure 25). 

Other features visible in the synthetic spinel includ- 
ed irregular thread-like inclusions and large spherical 
gas bubbles. The subhexagonal inclusion features could 
have caused this synthetic spinel to be mistaken for a 
natural stone. Although hexagonal patterns have been 
reported in other materials, such as synthetic star sap- 
phire (see Summer 2007 GNI, pp. 177-178), it is quite 
unusual to see them in a gem belonging to the cubic 
system. 

Gagan Choudhary (gtl@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Figure 24. Clouds of fine 
dotted inclusions observed in 
the synthetic spinel formed 
subhexagonal zones or bands 
(left) that also appeared 
circular in some viewing 
directions. In profile view 
(right), these zones were 
arranged in parallel 

planes. Photomicrographs 
by G. Choudhary; 
magnified 65x. 
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Figure 25. Viewed in immersion, the synthetic spinel 
displayed subtle color zones, with a blue central region 
and yellow outer portions. Photo by G. Choudhary. 


Zoisite from Afghanistan. In mid-2008, gem dealer Mark 
Kaufman (Kaufman Enterprises, San Diego) loaned GIA 
some light purple samples that were sold to him as zoisite 
from the Shinwari tribal area, Nangarhar Province, 
Afghanistan. These consisted of four pieces of rough weigh- 


Figure 26. These two zoisites, a 1.1 g crystal and a 
1.68 ct modified cushion cut, are reportedly from 
Afghanistan. Photo by Robert Weldon. 
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ing up to 1.1 g and a 1.68 ct modified brilliant-cut cushion 
that he had faceted from this material (e.g., figure 26). He 
first encountered this zoisite in early 2001 at a gem show in 
France. From 1.2, kg of mixed-quality rough, Mr. Kaufman 
selected 100 g of material. Several years later (in 2006) he 
purchased another 850 g (of which ~300 g was cuttable) 
from the same parcel. So far, he has faceted four stones 
weighing up to 3.71 ct. Although he has pieces of rough 
that should cut larger stones, he reported that the material 
tends to crack during faceting due to internal stress. 

The following properties were obtained from an exami- 
nation of all five samples: color—very light brownish pur- 
ple, with moderate light yellow, grayish blue, and grayish 
purple pleochroism,; hydrostatic SG—3.35 + 0.02; RI (mea- 
sured on the faceted sample only}—a = 1.694, B = 1.695, 
and y = 1.702; fluorescence—inert to long- and short-wave 
UV radiation; Chelsea filter reaction—none; and absorp- 
tion lines at 427 and 452, nm visible with a desk-model 
spectroscope. These properties are consistent with those 
reported for zoisite (e.g., J. E. Arem, Color Encyclopedia of 
Gemstones, 2nd ed., Van Nostrand Reinhold Co., New 
York, 1987). The material was confirmed as zoisite using 
Raman spectroscopy, which can distinguish between 
zoisite and closely related clinozoisite. EDXRF analysis 
showed that the nonintrinsic trace elements were domi- 
nated by Fe, with minor amounts of V, Cr, Zn, and Sr. 

One of the rough pieces consisted of a well-formed crys- 
tal (again, see figure 26) that had a flat tabular prismatic 
morphology with pronounced striations along its length. 
One cleavage direction was obvious in the other rough 
pieces. All the samples were characterized by abundant, ran- 
domly oriented, prismatic inclusions (e.g., figure 27), which 
were identified as actinolite with Raman spectroscopy. 

Donna Beaton and Ren Lu 
GIA Laboratory, New York 


Figure 27. Prismatic inclusions of actinolite were 
present in the zoisite from Afghanistan. Photo- 
micrograph by D. Beaton; field of view 1.0 mm. 
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Figure 28. These freeform cabochons of Australian 
chrysoprase weigh 36.85 and 41.67 ct. Photo by 
Robert Weldon. 


INCLUSIONS IN GEMS 


Australian chrysoprase with dendritic inclusions. Two 
freeform cabochons (36.85 and 41.67 ct; figure 28) of 
Australian chrysoprase with unusual inclusions were loaned 
to GIA by Steve Perry (Steve Perry Gems, Davis, California). 
The rough material from which they were cut originally had 
been designated for use as a carving material, but was dis- 
carded because it contained dark-colored “blemishes.” 

Both samples displayed a yellowish green color typical 
of chrysoprase, as well as a few near-colorless areas. 
Standard gemological testing confirmed the identification: 
spot RI—1.54; hydrostatic SG—2.57; fluorescence—yel- 
lowish green, moderate to short-wave and weaker to long- 
wave UV radiation; Chelsea color filter—no reaction. No 
mosaic-like veining, as seen in dyed chalcedony, was 
observed. EDXRF chemical analysis detected Si and traces 
of Ni, but no Cr, which is consistent with the chemical 
formula of chrysoprase. 

Chrysoprase can range from pale green through “apple” 
green to a deep rich green; the intensity of the color is 
directly related to Ni content (J. H. Brooks, “Marlborough 
Creek chrysoprase deposits,” Fall 1965 GG, pp. 323-330). 
LA-ICP-MS analysis of both cabochons showed Ni levels 
of 0.02—0.18 wt.% in near-colorless areas, and 0.53-0.90 
wt.% in green areas. 

Viewed with magnification, the inclusions in both 
stones showed interesting dendritic patterns (figure 29). 
Dendrites form along surface-reaching cracks and along 
flow layers in chalcedony and other minerals as a result 
of epigenetic fluids. These solutions typically deposit 
manganese oxides in characteristic branching shapes (in 
this case, with a more three-dimensional form than is 
typically seen in dendrites). The visual appearance of the 
inclusions was highly suggestive of manganese oxides, 
and this was supported by Raman spectroscopy of some 
dendrites that reached the surface. In addition, LA-ICP- 
MS analyses of the surface-reaching inclusions showed 
enriched Mn. 
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Figure 29. Interesting dendritic patterns are rarely seen 
in fashioned chrysoprase. In these samples, they were 
formed by inclusions of manganese oxides, which here 
appear red-brown in reflected light. Photomicrograph 
by R. Befi; image width 5.9 mm. 


Most fashioned chrysoprase has uniform color with- 
out any dendritic inclusions. The presence of such a deli- 
cate dendritic pattern makes these cabochons rather spe- 
cial, by transforming a plain interior into exotic and 
vibrant material. 

Riccardo Befi (riccardo.befi@gia.edu) 
GIA Laboratory, New York 


Ankangite and celsian inclusions in quartz from Brazil. In 
January 2008, gem dealer Sergio Pereira de Almeida pur- 
chased (in Te6dfilo Otoni, Minas Gerais) a 20 kg parcel of 
colorless quartz crystals that contained radiating black 
needles and lesser quantities of euhedral white and color- 
less inclusions. The quartz crystals, which ranged from 
one to 10 cm long, were prismatic and most were termi- 
nated. The entire parcel was cut into cabochons and 
faceted gems, yielding approximately 20,000 carats total. 
Some of the stones (e.g., figure 30) were donated to the 
mineralogy museum at the University of Rome “La 
Sapienza” by Mr. Pereira de Almeida and examined for 
this report. 

Four samples were characterized using standard gemo- 
logical techniques, scanning electron microscopy with 
energy-dispersive spectroscopy (SEM-EDS)}, and electron- 
microprobe analysis. The gemological properties were 
consistent with quartz, except that the SG value of 2.67 
was slightly high. The conspicuous black needles in these 
stones were 0.1-1 cm long and 5-10 um in diameter (as 
indicated by SEM). Semiquantitative SEM-EDS analyses 
of these needles revealed the presence of Ti, Cr, and V. 
The white-to-colorless euhedral mineral inclusions varied 
from 10 um to 1 mm in exceptional cases. 

Using a Cameca SX-50 electron microprobe at the 
Italian National Research Council’s Institute of Environ- 
mental Geology and Geoengineering (IGAG-CNR) in 
Rome, we identified the black needles as ankangite, 
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Figure 30. This 27.01 ct quartz cabochon contains 
black, needle-shaped sprays of ankangite and color- 
less-to-white crystals of celsian. Photo by M. Panto. 


Ba(Ti, V**,Cr**),O,,. This extremely rare oxide mineral is 
named after the discovery locality, Ankang County in 
Shaanxi Province, China. The white-to-colorless inclusions 
were celsian (BaA1,Si,O,), a Ba-rich mineral of the feldspar 
group. Chemical analyses of both inclusion types are report- 
ed in table 1. (No Ba was detected by the SEM-EDS analyses 
described above because the instrument had not been cali- 
brated for this element.) 

The presence of both ankangite and celsian inclusions 
in this quartz suggests that it originated from a barium-rich 
deposit. The quartz’s discoverer, a Mr. Nilsinho from 
Curvelo, Minas Gerais, is keeping the location within 
Brazil confidential. 

To the best of our knowledge, this is the first reported 
occurrence of the minerals ankangite and celsian in 


TABLE 1. Electron-microprobe analyses of inclusions in 
two quartz cabochons from Brazil.@ 


Oxides (wt.%) Ankangite® Celsian 
SiO, 0.39 41.84 
TiO, 56.84 bdl 
Al,O; 0.17 23.84 
VO; 14.27 bal 
C0, 6.02 bdl 
CaO 0.02 bdl 
FeO 0.05 0.01 
BaO 20.76 29.19 
Na,O 0.07 0.23 
K,O 0.03 4.58 
Total 98.62 99.69 


@The values given represent the average composition of two inclu 
sions of each mineral, analyzed in two different samples. Mg and 
Mn were not detected. Abbreviation: bal = below detection limit. 

©The chemical composition of the ankangites was recalculated analytically 
because V interfered with both Cr and Ti in the electron microprobe. 
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quartz, and as such it further enriches the catalog of 
known quartz inclusions. 

Michele Macri (michele@minerali.it) 

and Adriana Maras 

Department of Earth Sciences 

University of Rome “La Sapienza,” Italy 


Marcello Serracino and Pier Francesco Moretti 
IGAG-CNR, Rome 


“Paraiba” quartz with copper inclusions from Brazil. 
“Medusa” quartz from the Brazilian state of Paraiba is 
known to contain two types of inclusions (Fall 2005 GNI, 
pp. 271-272). The blue or green jellyfish-shaped inclu- 
sions near the colorless core of the quartz crystals were 
ascribed to gilalite, a rare Cu-silicate. In addition, tiny 
blue-to-green acicular crystals of an as-yet-unidentified 
Cu-silicate mineral were documented near the surface of 
the quartz. Recently, this author bought several polished 
pieces of this type of quartz in Brazil (where it is sold as 
“Paraiba” quartz) that contained a third type of inclusion. 
Overall, this quartz appeared mottled red-brown (e.g., 
figure 31), but when viewed in profile with magnification, 
the material was seen to consist of a bottom layer of color- 
less-to-purplish quartz in sharp contact with an upper 
(genetically younger) layer containing abundant fine fibers 
that formed thin bundles up to about 1 mm long. The fibers 
typically had a copper color that was easily seen in reflected 
light (figure 32). A simple electrical conductivity test per- 
formed on some exposed fibers proved their identity as cop- 
per. Their shape is very unusual for native copper, and they 
almost certainly formed as pseudomorphs (replacements) of 
the original fibrous Cu-silicate. Additional evidence for this 
origin is provided by blue remnants present among the cop- 
per fibers. The conversion of a Cu-silicate to native copper 
is indicative of a strongly reducing environment. 
Jaroslav Hyril (hyrsl@kuryr.cz) 
Prague, Czech Republic 


SYNTHETICS AND SIMULANTS 


Artificial glass showing color change when exposed to 
light. The SSEF Swiss Gemmological Institute recently 
analyzed a faceted oval that was sold in India as an 
“extraterrestrial gemstone.” The 9.57 ct specimen appeared 
light yellow when it was removed from the stone paper and 
viewed with incandescent light (figure 33, left). However, 
when exposed to a strong fiber-optic halogen lamp for a few 
seconds, it turned dark bluish gray (figure 33, center); day- 
light had a similar, if weaker, effect. Exposure to long-wave 
UV resulted in a less-pronounced color change; under 
short-wave UV, only a slight color shift was observed. 
When the sample was heated in water to about 80°C, the 
color change quickly reversed, but with an intermediate 
step in which the stone turned brown (figure 33, right). The 
same reversible color change sequence was also observed 
without heating when the sample was kept in the dark for 
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Figure 31. This 11.68 ct quartz cabochon from Brazil rep- 
resents a new type of “Paraiba” quartz. Photo by J. Hyrsl. 


several hours. In optics, this reversible color change on 
exposure to light is called a photochromic effect, with the 
reversal rate being temperature dependent (i.e., increasing 
the temperature speeds up the reversal]. 

Standard gemological testing established the following 
properties: RI—1.524, hydrostatic SG—2.395,; polariscope 
reaction—isotropic; UV fluorescence—slight green to long- 
wave and chalky yellow to short-wave. No radioactivity 
was detected with a Geiger counter, and microscopic 
examination revealed no inclusions. 

EDXRF spectroscopy showed major amounts of Si and 
Al, along with K, Ca, and Ti as minor elements, and traces of 
Pb, Zr, Ag, and Br. Based on the gemological properties, 
chemical data, and the lack of inclusions, we identified the 
material as a photochromic artificial glass. The Raman spec- 
trum showed no characteristic peaks, highlighting the speci- 
men’s amorphous state. Interestingly, the intense green laser 
beam (514 nm) of the Raman unit produced a reversible dark 
gray spot in the stone (again, see figure 33, right), similar to 
the color produced by exposure to the fiber-optic lamp. 


Figure 32. The new “Paraiba” quartz contains fibrous 
inclusions of native copper (here, 1 mm long). 
Photomicrograph by J. Hyrsl. 


Using SSEF’s portable UV-Vis spectrometer (see 
www-.ssef.ch/en/news/pdf/UV-Vis.pdf), we examined the 
characteristic absorption features for each color state: yel- 
low, bluish gray, and brown (figure 34). With this instru- 
ment, absorption and luminescence can be measured 
simultaneously in a few seconds over the whole spectral 
range, which is especially important for photosensitive 
materials. Common sequential spectrophotometers would 
only show a mixture of the absorption spectra from the 
three color states. 

The spectrum of the light yellow state showed only a 
very slight increase in absorption toward the blue region. 
The spectrum of the dark bluish gray state revealed a 
broad absorption at ~600 nm and two smaller bands at 
~500 and 650 nm, respectively; a transmission window at 
~450 nm was responsible for the bluish gray color. Finally, 
the brownish state spectrum showed no particular absorp- 
tion at 600 nm but a general increase in absorption toward 
the shorter wavelengths, resulting in the brown color. 


Figure 33. This 9.57 ct photochromic artificial glass appeared light yellow before (left) and dark bluish gray after 
(center) exposure to a fiber-optic lamp. This reversible color change had an intermediate brown stage (right). The 
dark spot in the right photo is due to the Raman laser. Photo by Luc Phan, © SSEF. 
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Such an effect is well known for industrial photochromic 
glass (e.g., for sunglasses) that is doped with halogenides such 
as silver bromide (AgBr). Exposure to light—particularly in 
wavelengths ranging from blue to long-wave UV—ttransfers 
an electron from the Br- ion to the Agt ion, which becomes 
light-absorbing metallic silver. When shielded from light, the 
glass slowly returns to its original state. 

Chiara Parenzan and Michael S. Krzemnicki 
(gemlab@ssef.ch) 

SSEF Swiss Gemmological Institute 

Basel, Switzerland 


Some unusual dyed imitations. Researchers at the Uni- 
versity of Nantes recently examined two types of imita- 
tions fashioned from dyed materials that are rarely used as 
simulants. The first type consisted of two faceted ovals 
(5.52 and 7.12 ct; e.g., figure 35, left) sold as ruby in Jaipur, 
India. With magnification, it appeared that the red color 
was concentrated in fractures; the stones were otherwise 
virtually colorless (e.g., figure 35, right). The samples were 
singly refractive (RI = 1.738) and had a hydrostatic SG of 
3.62. These values are consistent with grossular. 

Fourier-transform Raman spectra obtained with a 
Bruker RFS 100 spectrometer showed peaks at 877, 828, 
550, 419, and 374 cm, also consistent with grossular. The 
chemical composition was measured with a JEOL 5800 
SEM equipped with a high-resolution Princeton Gamma 
Tech IMIX-PTS germanium energy-dispersive detector 
operating with an accelerating voltage of 20 kV, a current of 
1 nA, and a 37° take-off angle. We measured a composition 
(at.%) of ~14.8% Si, 15.0% Ca, 9.5% Al, 0.1% Mn, 0.7% 
Fe, and 59.7% O,; analyses of both samples showed only 
slight variations of <0.2%. This indicated nearly pure end- 
member grossular, a material seen only rarely. 

The second type was a red pierced disk, or pi (50 mm in 
diameter, 11 mm thick; figure 36), that was sold as red 
chalcedony. It was purchased intact and then accidentally 
broken. As the interior of the sample was largely colorless 
(figure 36, right), the owner correctly deduced that the 
stone had been dyed and she submitted it to our lab for 
confirmation. Again, the red color appeared to be concen- 
trated in fractures. The sample was singly refractive (RI = 
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UV-VIS ABSORPTION SPECTRA 
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Figure 34. These UV-Vis absorption spectra illustrate the 
differences in the light yellow, bluish gray, and brown 
color states of the photochromic artificial glass sample. 


1.559) with a hydrostatic SG of 2.60, values consistent with 
serpentine. The Raman spectra showed peaks at 1048, 685, 
644, 532, 461, 378, and 231 cm~!, and the chemical compo- 
sition (at.%) was 16.96% Si, 24.05% Mg, 0.42% Al, and 
58.58% O. Both sets of data also indicated serpentine. 

Powder X-ray diffraction analysis, with an INEL CPS 
120 X-ray diffractometer, gave a pattern for antigorite. In 
particular, the peak at 59.06° 20 is unique to antigorite 
among the serpentine group minerals. 

Both the garnets and the serpentine fluoresced vivid 
orange to both long- and short-wave UV radiation. Orange 
luminescence is uncommon for serpentine as well as for 
garnet species that typically occur in reddish hues. Cleaning 
the samples with acetone removed some of the red dye. 

It is rare for garnet to be dyed to imitate ruby, or for ser- 
pentine to be dyed to imitate chalcedony. The use of unusu- 
al gem materials as starting materials—nearly pure grossu- 
lar and antigorite—made these samples especially notable. 

Benjamin Rondeau 


Emmanuel Fritsch 


Blanca Mocquet and Yves Lulzac 
Centre de Recherches Gemmologiques, Nantes 


Figure 35. The faceted 
oval on the left (7.12 ct) 
was sold as ruby, but 
proved to be dyed 
grossular. Further 
examination revealed 
concentrations of red 
color in fractures 
(right). Photos by 

B. Rondeau (left) and 
B. Mocquet (right). 
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CONFERENCE REPORTS 


International Kimberlite Conference. The ninth IKC was 
held August 10-15, 2008, at Johann Wolfgang Goethe 
University in Frankfurt, Germany. This typically qua- 
drennial meeting, the most important scientific confer- 
ence on diamond geology, brought together nearly 500 
geologists and other researchers to share the latest infor- 
mation on the conditions of diamond formation and cur- 
rent efforts to locate new diamond deposits. Several of 
the oral and poster presentations were of gemological 
interest. Abstracts of all presentations are available at 
www. 9ike.uni-frankfurt.de/scientific_program.html. 

George Read (Shore Gold Inc., Saskatoon, Canada) 
opened the conference with a review of the current state of 
diamond exploration, mining, and marketing, while noting 
developments in the understanding of diamond geology 
since the 2003 IKC. Dr. David Phillips (University of 
Melbourne, Australia) discussed evidence that suggests the 
rich alluvial diamond deposits along the west coast of 
southern Africa were produced not only by the Orange 
River drainage system, but also by paleo-drainage in the 
general area of the present-day Karoo River, farther to the 
south. Dr. Tania Marshall (Exploration Unlimited, 
Johannesburg) presented a genetic model for the formation 
of the Ventersdorp alluvial deposit in South Africa, which 
has produced an estimated 14 million carats of rough dia- 
monds over the past century. Debbie Bowen (LetSeng 
Diamonds Ltd., Maseru, Lesotho) described the characteris- 
tics of diamonds from the two LetSeng-la-Terae kimber- 
lites, where some 75% of the mine production is gem-qual- 
ity material and approximately 19% of the diamonds from 
the main kimberlite pipe are type Ia. Since 2003, the mine 
has produced 2.5 crystals larger than 100 ct; a 215 ct color- 
less type Ila diamond was found there in January 2007 and 
a 478 ct piece of rough was found in September 2.008. 

Dr. Sonal Rege (Macquarie University, Sydney, 
Australia) presented chemical data for more than 40 ele- 
ments from the LA-ICP-MS analysis of approximately 500 
diamonds. These trace elements are present in microscopic 
and submicroscopic inclusions that are believed to repre- 
sent the fluid from which the diamonds crystallized; there 
was too much overlap for the data to be useful for geo- 
graphic origin determination. From a study of diamonds 
from Yakutia, I. Bogush (ALROSA, Mirny, Russia) present- 
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Figure 36. This pierced 
disc (left, 50 x 11 mm), 
sold as red chalcedony, 
is actually dyed antig- 
orite. The sample was 
accidentally broken, 
revealing concentrations 
of red color in fractures 
(right). Photos by 

B. Mocquet. 


ed an analysis of IR spectroscopic data suggesting that dia- 
monds from particular geographic sources might be distin- 
guished by their unique spectral signatures and the relative 
proportions of various optical defects. 

Dr. David Fisher (DTC Research Centre, Maidenhead, 
United Kingdom) reviewed the current understanding of the 
effect of HPHT treatment on brown diamonds. The brown 
color is thought to be due to absorptions related to vacancy 
clusters in the diamond lattice. According to this theory, 
HPHT annealing breaks up these clusters to release individ- 
ual vacancies, removing the cause of the brown color or—if 
the vacancies interact with nitrogen impurities—creating 
other colors. Dr. Victor Vins (New Diamonds of Siberia, 
Novosibirsk, Russia) reported on the HPHT color alteration 
of type IaA and IaB brown diamonds that exhibited evidence 
of strong plastic deformation. Heating above 1800°C at 7 
GPa for 10 minutes transformed their color to yellow-green, 
with accompanying changes in spectral features. Dr. 
Lioudmila Tretiakova (GCAL, New York) reviewed the use 
of IR and photoluminescence spectroscopy to characterize 
the distinctive optical defects of both natural brown and 
HPHT-treated type IaAB and Ia diamonds. 

The 10th IKC will take place in 2012 in Bangalore, India. 

James E. Shigley 

GIA Research, Carlsbad 
Wuyi Wang 

GIA Laboratory, New York 


ERRATA 


In figure 34 (p. 339) of the Winter 2008 article by D. Schwarz 
et al. titled “Rubies and Sapphires from Winza, Central 
Tanzania,” the polarized UV-Vis-NIR spectra should have 
been labeled to indicate that the red line is for Ell c and the 
black line is for ELc. In addition, the colors of the red and 
black lines in spectra A should have been reversed. See the 
G&G Data Depository (www.gia.edu/gemsandgemology) 
for the corrected version. 

The Winter 2008 article on the Wittelsbach Blue (pp. 
348-363) contained two minor errors: Laurence Graff's 
name was misspelled, and the final auction price including 
the buyer’s premium for the diamond was incorrectly 
described as the “hammer price.” 


Gems & Gemology regrets the errors. 
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Gemological Uigests 


increased demand upon diamond importers, 
cutters, and wholesalers with a gradual 
strengthening of prices. An increase of 10 
per cent or more is reported in wholesale 
prices for medium and larger sized dia- 
monds. This increase is said to apply also 
for very small diamonds which have been 
weakest in price. 

New wage scales for cutters under the 
new agreement have made it possible for 
American cutters to employ craftsmen at 
wages that maintain American living stand- 
atds, and to reopen cutting shops which 
have for some time been either closed down 
entirely, or operating with reduced force 
or on a part time basis because of inability 
to compete with foreign markets. 


G.1.A. LIBRARY GETS 
GIFT OF THREE BOOKS 

Three new gemological books from 
foreign lands have recently been added to 
the library of the Gemological Institute of 
America: The first is Diamanten by Dr. 
Ing. Felix Hermann, consulting mining 
engineer and mining geologist of Paris. 
Printed in Austria, the book is concerned 
chiefly with the history of diamonds, in- 
cluding some of the more famous diamonds 
of the world. The second, Les Gemmes et 
les Perlés dans le Monde, also authored by 
Dr. Hermann and published in Paris, is a 
historical review concerning the importance 
of gemstones in the civilization of the 
world. 

The third book is Jalokiviopin Perusteet, 
the only gemological book published in the 
Finnish language. The author, H. Tillander, 
who holds both the American Gem Society's 
title of Certified Gemologist and the British 
Fellowship, is the organizer of the Gemo- 
logical Association of Finland, with head- 
quarters in Helsinki. 


DIAMOND CLUBS 
CONTINUE GROWTH 

Originating in the early part of the 16th 
Century when diamond cutting first became 
an important art, Diamond Clubs have done 
much to solidify and strengthen the in- 
dustry and have been of particular value 
to members in communities where they 
exist. 

In addition to a new club in Los Angeles, 
organized early this year, there are now six 
active Diamond Clubs in the world. These 
are located in Antwerp, Amsterdam, Lon- 
don, Paris, Vienna, and New York. Reports 
have also been received of a club now in 
the process of organization in Palestine. 


The primary function of the Diamond 
Clubs throughout the world is essentially 
the same. They aim to foster trade and 
commerce in the diamond business; to secure 
freedom from unjust actions; to acquire, 
present and disseminate valuable business 
information among members; secure proper 
projective memo laws; enhance the prestige 
and dignity of the diamond business; estab- 
lish. and maintain high standards and ethi- 
cal practices among dealers; obtain uniform 
and suitable insurance rates; declare the 
diamond dealers against discriminatory tax- 
ing; adjust differences, misunderstandings, 
and controversies between its members and 
others; promote intercourse among business 
men engaged in the diamond business; and 
to provide and regulate suitable quarters 
as a social club for its members. 

Ambitious to make Los Angeles one_of 
the diamond centers of the world, prominent 
diamond men of the city organized the Los 
Angeles Diamond Club early this year with 
Arthur V. Ballard elected first president. 
Official opening of the Club was held July 
12 at its club rooms, 541 South Spring 
Street, Los Angeles. 
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The following 25 
questions are based on 
information from the Spring, 
Summer, Fall, and Winter 2008 
issues of GEMS & GEMOLOGY. 
Refer to the feature articles, 
Notes and New Techniques, 
and Rapid Communications 

in those issues to find the single 
best answer for each question. 


Take the 


Mark your choice on the response 
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card provided in this issue or visit www.gia.edu/gandg to take the Challenge 
online. Entries must be received no later than Monday, August 3, 2009. 
All entries will be acknowledged with an email, so please remember to 


include your name and email address (and write clearly!). 


Score 75% or better, and you will receive a GIA CONTINUING EDUCATION 
CERTIFICATE (PDF format). If you are a member of the GIA Alumni 
Association, you will earn 10 Carat Points. (Be sure to include your 


GIA Alumni membership number on your answer card and submit your 


Carat card for credit.) Earn a perfect score, and your name also will be listed 
in the Fall 2009 issue of GEMS & GEMOLOGY. Good luck! 
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Distinct color zoning is 
common among Winza rubies 
and pink sapphires. 


A. bluish violet 
B. brown 

C. black 

D. colorless 


When vivid blue-to-green tour- 
maline was discovered in 
Mozambique in 2001, the coun- 
try joined Brazil and as 
the only known sources of Cu- 
bearing Paraiba-type material. 
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A. Madagascar 
B. Nigeria 

C. Vietnam 
D. Zambia 


3. The 35.56 ct Wittelsbach Blue, 


like all other diamonds that 
arrived in Europe prior to 1725, 
is widely believed to have origi- 
nated in 

A. Africa. 

B. Brazil. 

C. India. 

D. Russia. 
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4. Coloring agents in emerald 


include chromium and 


A. beryllium. 
B. vanadium. 
C. titanium. 
D. nitrogen. 


. While is typically the 


chromophore in natural aqua- 
marine, the color of Maxixe and 
Maxixe-type beryl is due to a 
radiation-induced color center. 
A. cobalt 
B. titanium 
C. iron 
D. copper 


. The Koh-i-Noor is a 


diamond. 


A. D-color, type Ia 
B. Fancy Deep blue, type IIb 
C. Fancy Light pink, type Ila 
D. G-color, type Ia 


. For orange-to-yellow johachido- 


lite samples, the Be concentra- 
tion as the color 
desaturates, while rare-earth- 
element concentrations remain 
relatively constant and typically 
than for green samples. 


A. increases/higher 
B. increases/lower 
C. decreases/higher 
D. decreases/lower 


. When color grading D-to-Z dia- 


monds, GIA methodology places 
the light source above the tray 
at approximately degrees, 
and the diamond is observed at 
an angle of about degrees 
from the stone. 


A. 0/45 
B. 0/90 
C. 45/45 
D. 45/90 


. The most significant recent treat- 


ment of diamonds involves 
to either lighten off-color 
stones or create various fancy colors. 
A. annealing at high pressure 
and high temperature 
B. filling with a lead-based glass 
C. applying synthetic diamond 
thin films 
D. irradiation 
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Which of the following past claims 
about the Koh-i-Noor was shown 
to be false by computer analysis of 
a recently rediscovered cast of the 
original 186.1 old-carat stone? 

A. The stone was intentionally 
cleaved to create damage 
prior to its surrender to the 
British or some other forced 
change in ownership. 

B. The stone was cut from the 
Great Mogul. 

C. One of the larger faces 
could have been an unpol- 
ished cleavage plane. 

D. Both A and B 


Which of the following indications 
of treatment were not seen with 
recent Co-bearing coatings on 
tanzanite? 

A. Tiny pink-to-orange flashes 
of color related to minute 
areas of damage 

B. Weak surface iridescence 

C. Abraded facet junctions 
visible with a microscope 
and immersion 

D. A difference in luster 
between the coated pavilion 
and the uncoated crown 


Of the several hundred kilograms 
of tourmaline rough mined to 
date in the Mavuco area of 
Mozambique, about % 
show blue-to-green “Paraiba” 
colors without heat treatment. 


id © 

B. 10 
CG, is 
D: 25 


The most distinctive feature of 
rubies and sapphires from the 
Winza deposit is their F 
which can be considered locality- 
specific for some stones. 

A. chemical composition 

B. inclusion scene 

C. morphology 

D. refractive index 


An SG value of is strong 
evidence that a fire opalis 
A. greater than 1.77/synthetic 
B. less than 1.77/synthetic 
C. less than 1.77/crazed 
D. greater than 1.77/phenomenal 
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18. 
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20. 


Purplish pink to purple diamonds 
from Siberia are known for 
exhibiting unusually strong 

A. strain patterns. 

B. twinning. 

C. UV fluorescence. 

D. dichroism. 


Which of the following has not 
been observed in the multiphase 
inclusion assemblages in emer- 
alds from Byrud, Norway? 

A. halite 

B. calcite 

C. zircon 

D. pyrrhotite 


XPS concentration profiles of sur- 
face-colored topaz indicated that 
the color of the treated pink 
topaz can be attributed to 
A. a diffusion process involving 
Mn. 
B. a coating of gold-bearing SiO,. 
C. a diffusion process involving 
Fe and/or Cr. 
D. a coating of Co. 


One important way to distinguish 
natural, untreated diamonds 

from synthetic diamonds is to 
look for in their UV-Vis 
spectrum. 


A. the 415 nm absorption band 
due to the N3 center 

B. differences in the relative 
size of absorption bands 
due to the N3 and N2 centers 

C. a broad absorption band at 
550 nm 

D. absorption due to the H3 
center 


Like the Hope, the Wittelsbach 
Blue is a Fancy Deep grayish blue 
diamond that displays unusual 
phosphorescence. 

A. blue 

B. pink 

C. red 

D. yellow 


“Chocolate Pearls” showed the 
most damage from exposure to 
A. acetone. 
B. chlorine bleach. 
C. sunlight. 
D. hairspray. 


Palle 


DDR 


23. 


24. 


UB. 


GEMS & GEMOLOGY 


HPHT-grown yellow synthetic 

diamonds often display color zon- 
ing because impurities are 
incorporated in different concentra 
tions along internal growth sectors. 


A. that has a mottled, patchy 
appearance 

B. that is pink or brown and 
oriented parallel to octa- 
hedral faces 

C. that has a curved, banded 
appearance 

D. that has a combination 
cross and square pattern 


The gota de aceite effect in 
Colombian emeralds was once 
attributed to a microscopic 
“dusting” of calcite grains in the 
interior of the stone, but it is 
actually due to 


A. parallel hollow tube-like 
structures. 

B. partially healed fracture planes. 

C. transparent angular or 
hexagonal growth structures. 

D. three-phase inclusions. 


One drawback of filling cracks in 
diamond with glass is that the 
process may 


A. reduce carat weight. 

B. reduce clarity. 

C. result in a lower color grade. 
D. result in lower dispersion. 


While natural aquamarine and 
blue beryl may be identified by a 
wide range of multiphase fluid or 
mineral inclusions, with magnifi- 
cation hydrothermal synthetic 
blue beryl is distinguishable by its 


A. strongly undulating, step- 
and chevron-like growth 
structures. 

B. seed plate residues. 

C. flux inclusions. 

D. Both A and B 


While yellowish diamonds in 
GIA’s D-to-Z color grading system 
receive a letter grade only, brown 
diamonds below are noted 
with the letter grade and a word 
description. 

APT 


B. K 
Cy Ib 
D. M 
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Cartier 


By Hans Nadelhoffer, 352 pp., 
illus., publ. by Chronicle Books 
[www.chroniclebooks.com], 
San Francisco, 2007. US$75.00 


While many books have been written 
on the House of Cartier, this is by far 
the most extensive review to date. 
Author Hans Nadelhoffer, Christie’s 
longtime jewelry expert in Geneva, 
spent three years compiling it after 
being granted full access to the 
Cartier archives in Paris, New York, 
and London. The result is a beautiful 
hardcover volume that includes full- 
color photographs, sketches, and 
archival images, along with narratives 
and a historical review of the famed 
house, while it covers the major peri- 
ods of influence and design. 

Nadelhoffer takes the time to 
detail periods of style and how they 
were influenced by world events. 
Alfred Cartier and his three sons— 
Louis (head of Cartier in Paris), 
Jacques (London), and Pierre (New 
York)—handled the most influential 
clients, including royalty, diplomats, 
movie stars, and captains of industry. 
Fashion, war, and economic fluctua- 
tions influenced the decisions in hir- 
ing designers. Readers will under- 
stand the close links with arts, crafts, 
theatre, literature, and film. 

One of my favorite sections, on the 
evolution of period and style, covers 
Indian, Chinese, and Japanese motifs 
and how they found their place in 
Cartier’s work. These new variations 
used circles and ellipses to conceal 
purely constructional elements in the 
jewelry and create fluent ornamental 
forms. Another chapter describes how 
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the designers for the Ballets Russes of 
the early 20th century integrated floral 
elements from 18th-century France 
into their theater designs Also interest- 
ing is Nadelhoffer’s account of the evo- 
lution from tiaras in the late 19th cen- 
tury to headbands in the 1920s and 
garland-style breast ornaments. 
Nadelhoffer has a clever way of 
explaining how these shifts in style 
took place. 

For jewelry designers, this book 
provides an important look at how 
events of the past 150 years influ- 
enced design in Europe and America. 
Many of these styles are popular 
today, and Nadelhoffer helps the read- 
er understand their foundation. 
Sections on the designers explain the 
distinct differences between Cartier 
and peers such as Boucheron, Fabergé, 
and Vever, as well as their influences 
on each other. 

Over 500 beautiful images, lavish 
full-page photographs, drawings, and 
original sketches of jewelry, clocks, 
objets d’art, and accessories fill the 
pages of this book. Most of these 
pieces are housed in collections and 
museums; for the true collector, how- 
ever, these images are important and 
accurate. 

Hans Nadelhoffer brings to life, in 
a charming and compelling way, the 
history of the legend that is Cartier. 
This book will satisfy the appetite of 
even the toughest critics. It is a must 
for anyone interested or involved in 
estate and period jewelry or jewelry 
design. 

MELINDA ADDUCCI 

Joseph DuMouchelle Auctioneers 

Grosse Pointe Farms, Michigan 
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7000 Years of Jewelry 


By Hugh Tait, Ed., 256 pp., illus., 
publ. by Firefly Books, Buffalo, NY, 
2008. US$29.95 


This is an important book for all jew- 
elers—one that many would see as a 
concise history of the evolution of 
jewelry. It features some 500 pieces of 
jewelry from the collections of the 
British Museum, founded in 1753. It 
is the successor to the original cata- 
logue for the 1976 British Museum 
exhibition “Jewellery Through 7000 
Years,” which was primarily illustrat- 
ed in black and white. In this revised 
version, the pieces have been superbly 
photographed and printed in color. (In 
fact, many illustrations look better 
than the actual objects despite the 
fact that the museum cases are well 
lit.) The book designers have created 
an attractive layout, and the figure 
captions are informative. 

There is a very useful nine-page 
introduction with some historical 
portraits of bejeweled notables and 
contemporary paintings of gold- 
smiths’ workshops. The main body of 
the text is divided into 18 chapters 
arranged by regions and in chronologi- 
cal order. It begins with the Middle 
East, 5000-2000 Bc, and covers 
almost every region of the world 
through various eras, concluding with 
Europe, 1700-1950. Additional chap- 
ters focus on amulets, cameos, and 
rings. 

These are followed by a list of 
British Museum accession numbers 
for the pieces and a bibliography. Most 
of the objects were included in the 
1976 catalogue, where fuller descrip- 
tions and bibliographies may be found. 
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Some revisions have been made in 
this version to account for new 
research discoveries, and the section 
on Europe from 1700 to 1950 has 
been completely rewritten with new 
illustrations that include the muse- 
um’s recent acquisitions. There is a 
useful glossary of technical terms, a 
brief general bibliography on histori- 
cal jewelry, and a list of titles for fur- 
ther reading. 

Most of the jewelry displays in the 
museum are shown with more utili- 
tarian objects found during archeolog- 
ical excavations in the respective 
areas. The museum’s regional jewelry 
displays are often in adjoining rooms, 
but others are on different floors, so if 
you are fortunate enough to visit the 
British Museum you should obtain a 
map or guide before you start: You 
will save time and energy. 

The book weighs nearly three 
pounds (1.36 kg), which is substantial 
but still light enough to carry on a 
visit to the museum, and is an incred- 
ibly good value. Jewelers and gemolo- 
gists will find it an interesting read 
and an attractive reference volume for 
their shelves. 


ALAN JOBBINS 
Caterham, United Kingdom 


Pegmatites 


By David London, 368 pp, illus., 
publ. by the Mineralogical Associ- 
ation of Canada [www.mineralogi- 
calassociation.ca], 2008. US$125.00 


This is a clearly written, informative, 
and richly illustrated book about this 
fascinating rock type—which is an 
important source of gem minerals. For 
more than a century, the origin of peg- 
matites has been fertile ground for 
research, discussion, and debate; and 
like the research, that debate is far 
from over. Pegmatites is a strong 
defense of the model proposed by the 
author and his colleagues. Indeed, this 
is a valuable and well-presented vol- 
ume. It should be noted, though, that 
to date there is no mainstream model 
(as illustrated by the amount of materi- 
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al published on this topic), and the pre- 
sent reviewer and colleagues have pro- 
posed and supported a contrary model 
of pegmatite formation, one of several 
currently being pursued by researchers. 
None of these models has yet been 
universally accepted as definitive. 

Dr. London’s approach is based on 
his research on granites; he uses the 
experimental model of Jahns and 
Burnham (1969) as his starting point. 
However, this model must be put 
into context, since it is capable of 
modifications that invalidate many of 
Dr. London’s conclusions. The situa- 
tion with melt and fluid inclusions is 
a case in point, as a very superficial 
treatment of these features can easily 
result in skepticisms, and one feels 
this attitude is a problem for the 
entire book. 

Chapter 17, “Internal Evolution of 
Pegmatites,” is the highlight of Dr. 
London’s pegmatite narrative. This 
reviewer suggests that the error of 
assuming low H,O concentration or 
high density, made throughout the 
book, culminates in this chapter. The 
author dismisses the composition of 
individual melt and fluid inclusions 
as unrepresentative of the bulk melt 
composition in pegmatites, but fails 
to note that individual melt and fluid 
inclusions are simply snapshots of an 
evolving process. 

In the epilogue, the author (to his 
credit) briefly mentions some doubts 
that have been expressed regarding his 
own model. Much more research will 
be required in our attempts to under- 
stand the many mysteries posed by 
pegmatites, and we should avoid 
attaching ourselves to any single 
model, lest in the process we ignore 
relevant facts. 

It is a testament to the extent to 
which pegmatites have been studied 
that approximately 800 references are 
listed, but many important papers are 
still missing. The lack of an index is 
also a serious omission. Without it, 
many important facts distributed over 
the whole volume are difficult to 
retrieve. 

The book does contain a CD- 
ROM with all the illustrations in the 
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volume as well as the PDF files of the 
granitic pegmatite chapters in the 
MAC Short Course Handbook on 
Granitic Pegmatites, edited by Petr 
Cerny and published in 1982. 

With respect to the form, mineral- 
ogy, characteristics, and distribution 
of pegmatites, this book is an 
admirable discussion of a most fasci- 
nating subject, and as such it is rec- 
ommended to the GWG reader. But 
with regard to the origin of peg- 
matites, a large and important compo- 
nent of the book, Pegmatites should 
be seen as the presentation of one par- 
ticular model of pegmatite genesis, 
one that continues to be questioned 
by other researchers. 

RAINER THOMAS 

German Research Centre for 
Geosciences GFZ 

Potsdam, Germany 


Brooches: Timeless Adornment 


By Lori Ettlinger Gross, 192 pp., 
illus., publ. by Rizzoli International 
Publications, New York, 2008. 
US$45.00 


Perhaps more than any other piece of 
jewelry in a woman’s wardrobe, a 
brooch sends a distinctive message 
about the wearer’s personal style. 
While a stunning necklace or flashy 
earrings might trigger stares and whis- 
pers, the brooch is a sociable jewel 
that invites conversation, projects 
energy outward, and almost always 
has a story to tell. 

In Brooches: Timeless Adorn- 
ment, jewelry historian Lori Ettlinger 
Gross shares her passion for these 
individual works of art. The style 
writer and editor divides her book 
into six chapters, each illustrated by 
David Behl’s often whimsical color 
photography as well as archived 
images. Chapters on history and craft 
outline the brooch’s evolution from 
article of necessity to jeweled adorn- 
ment. Next, chapters devoted to col- 
lecting and style explore major motifs 
and stylistic periods launched by 
trendsetters and technological inno- 
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vations. Readers will enjoy historical 
accounts of an English prince whose 
paramour inspires the creation of a 
mysterious “lover’s eye” pin during 
the Georgian period (1714-1830). 
More than a century later, Elizabeth 
Taylor reveals how she and Richard 
Burton discovered their “Night of the 
Iguana” Schlumberger brooch, mark- 
ing a chapter of their storied romance. 

In a chapter she calls “Pin-ology,” 
Ettlinger Gross offers a primer on 
pin-pairing and styling inspired by 
aquatic, floral, color, and other 
themes using traditional and uncon- 
ventional materials. A closing chap- 
ter on pin care offers excellent sug- 
gestions for preserving, cleaning, and 
repairing costume and precious 
brooch jewelry. 

The clearly written and engaging 
text makes for a breezy read, while 
the quality production, layout, and 
stylish photos heighten the book’s 
entertainment value. Costume pieces 
are lovingly portrayed and hold their 
own alongside examples of exquisite 
diamond and gemstone jewelry set in 
precious metals. Outstanding pieces 
include Juliette Moutard’s ruby and 
amethyst starfish brooch for the Paris 
house of René Boivin (1938); a garnet, 
tourmaline, and diamond brooch by 
James de Givenchy for Taffin (2004); 
and a private collector’s ballerina pins 
by various artists. 

This enjoyable book will delight 
brooch fans and is sure to win over a 
few converts. Jewelers and casual 
readers alike will discover the charm, 
inspired artistry, and world of new 
looks befitting this classic adornment. 

MATILDE PARENTE 
Libertine 
Indian Wells, California 


Collector’s Guide to the 
Epidote Group 


By Robert J. Lauf, 96 pp., illus., publ. 
by Schiffer Publishing, Arglen, PA, 
2008. US$19.99 


There are so many books that 
attempt to cover as many different 


BOOK REVIEWS 


minerals or gems as possible that it is 
refreshing to see one devoted to a rela- 
tively small group of mineral species. 
This work is particularly good news 
for the collector who, though able to 
find many books on well-known 
species or groups like tourmaline, has 
difficulty finding anything on a col- 
lectable but lesser-known group such 
as epidote. 

The Collector’s Guide to the 
Epidote Group is a good effort to pro- 
vide mineral collectors with the kind 
of information suited to their needs. 
For the lapidary, gemologist, or jewel- 
er, the book includes the gem varieties 
of the epidote group (quartz with epi- 
dote inclusions, transparent green to 
brown epidote and clinozoisite, cat’s- 
eye epidote, and unakite). The closely 
related species zoisite (including the 
gem variety tanzanite) is discussed in 
this book because historically it was 
considered part of the group. (Note: 
The International Mineralogical 
Association [IMA] recently assigned 
new species nomenclature to this 
group, which is included in the text, 
and ruled that the epidote group is 
comprised of only monoclinic crystal 
system members. Since zoisite is the 
orthorhombic polymorph of clino- 
zoisite, it was removed from the 
group.) 

There are four main chapters. The 
first covers the history and the gem and 
lapidary uses of the epidote group. 
“Taxonomy of the Epidote Group” 
covers general formula and crystal 
structure, with tables of the species and 
their formulas, while “Formation and 
Geochemistry” covers epidotes in 
igneous and metamorphic rocks. The 
final chapter, “The Minerals,” includes 
the clinozoisite, allanite, and dollaseite 
subgroups and the related species 
Zoisite. 

For collectors, the “meat” of the 
book is the minerals chapter, devoted 
to the actual materials coveted for 
their beauty, rarity, or scientific inter- 
est. Epidote and clinozoisite occur in 
beautiful crystal forms from many 
famous localities, such as Knappen- 
wand, Austria, and Prince of Wales 
Island, Alaska. The star of the group 
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from a collector's point of view—if we 
leave out tanzanite—is epidote itself. 

The book contains numerous 
color photographs of epidote-group 
and zoisite specimens and fashioned 
gems. Although the images and speci- 
mens themselves are not as fine as 
those seen in some other books and 
journals currently in publication, they 
do show typical appearances and 
include samples from numerous 
localities of interest—one of the best 
features of this book! 

Although of great importance, the 
information on formation and chemi- 
cal formulas is of less interest to the 
average collector than the locations, 
forms, associated species, and desir- 
ability of the different species, partic- 
ularly those that occur as beautiful 
specimens. The minerals chapter is 
good but would have been of greater 
value had it been expanded; better dis- 
cussion of gem materials would have 
been another improvement, especial- 
ly given the limited attention paid to 
tanzanite. That being said, I congratu- 
late the author for creating a book on 
a single group of minerals and hope 
that others will do the same. For 
those who covet epidote and its close 
relatives, as I do, this book is a must 
have! 

MICHAEL EVANS 

Gemological Institute of America 

Carlsbad, California 


OTHER BOOKS RECEIVED 


World of Gems Conference. Edited 
by Richard Drucker, 90 pp., illus., 
publ. by Gemworld International 
[www.gemguide.com], Glenview, 
IL, 2008, US$29.95. This handsome 
work compiles abstracts and speaker 
biographies from the inaugural 
World of Gems Conference held 
September 13-15, 2008, in Rose- 
mont, Illinois. Also included are pho- 
tos of the conference and an intro- 
duction by Mr. Drucker and Dr. Lore 
Kiefert of the AGTA Gemological 
Testing Center. 
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COLORED STONES AND 
ORGANIC MATERIALS 


A classification of gem corundum deposits aimed towards gem 
exploration. C. Simonet, E. Fritsch [emmanuel.fritsch@ 
cnrs-imn.fr], and B. Lasnier, Ore Geology Reviews, Vol. 
34, 2008, pp. 127-133. 

This study proposes a classification of ruby and sapphire 
deposits based on petrographic data and mode of genesis. The 
authors point out the relationships between different gem 
deposits and help link them to particular geologic environ- 
ments, an important aid in prospecting. This also lends support 
to determining geographic origin by complementing efforts to 
understand inclusion suites seen in gem corundum. Although 
mostly based on a review of the available literature, the study 
also draws on the lead author's fieldwork, both published and 
unpublished. 

The authors—while not concentrating on exact geologic 
processes of corundum growth, but rather on favorable condi- 
tions of formation and distribution—propose a grouping of 
gem deposits according to common characteristics and general 
mechanisms of formation. Deposits are classified as primary 
or secondary, then further subdivided and extensively 
described. 

A caveat is added against drawing conclusions about a 
given deposit based on similar deposits, as each is unique. 
Also, geologically different types of deposits may coexist in 
proximity. Many unknowns remain, such as the influence of 
metasomatism on ruby-bearing marbles and the influence of 
geology on gem quality (transparency). This classification sys- 
tem seeks to provide a basis for future work on the geology of 
gem corundum deposits. ES 
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Optical absorption spectra of Fe?* and Fe** in beryl crys- 
tals. G. Spinolo [giorgio.spinolo@mater.unimib.it], I. 
Fontana, and A. Galli, Physica Status Solidi B, Vol. 
244, No. 12, 2007, pp. 4660-4668. 

The authors studied seven beryl samples of varying color 

(aquamarine, heliodor, and goshenite), geographic origin, 

and iron content to better understand the role of iron in 

producing spectral absorption features and coloration. Each 
sample was sliced into several optically oriented flat plates 
of different thicknesses (0.1-6 mm), and spectra of these 
plates were recorded over the range of 50000-3000 cm! at 
both ambient and low (16 K) temperatures. Iron in octahe- 
dral coordination is principally responsible for blue, green, 
and yellow colors in beryl. The authors found no spectral 
evidence that iron occurs either in tetrahedral coordination 
or within the open channels of the beryl structure. While 

Fe* concentration in beryl is higher than Fe** (by a factor of 

3 to 5), Fe** plays a more important role in producing the 

absorption features related to coloration. 

JES 


Putting a value on rare organics. M. C. Pedersen 
[info@maggiecp.com], Organic Gems, May 2008, 
www.maggiecp.co.uk. 

Organic materials can be difficult to value because of their 

rarity (as with hornbill ivory) or the unavailability of mate- 

rial by which to judge value due to trade bans or other 
legal restrictions (as with elephant ivory). In the United 

Kingdom, for example, it is unlawful to trade in elephant 

ivory, tortoise shell, or rhino horn for commercial gain 

even if the piece was owned before trade bans came into 
effect. Legally, these materials can only be given away. 
The author uses as an example a bead necklace of 

“root amber” (a type of burmite; i.e., amber from 

Myanmar that is ~100 million years old) that was offered 

for sale. Most gemologists, valuers, and auctioneers have 

never seen—much less handled or valued—this material. 

Root amber accounts for only about 2% of all burmite 

mined, the general public is not familiar with this materi- 

al, and it is not easy to sell. One of two cutters familiar 
with working root amber was unable to give any indica- 
tion of value, but stated that the material is only worth 
what someone is willing to pay for it. The age/history of 

the necklace had no bearing on the value because it did 

not belong to anyone famous and it could be replaced. The 

author concluded that the cost approach—to purchase and 
fashion the material, and then make it into a necklace— 
should be used to establish a value. 

JEC 


Quelques variétés d’ambre animal et d’ambre végétal 
[Some varieties of animal and vegetal amber]. E. 
Gonthier and A. Zivkovic, Revue de Gemmologie, 
No. 163, 2008, pp. 11-17 [in French]. 

Animal amber (often called ambergris or gray amber) is a 

substance produced in the digestive system of sperm 
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whales and was once used in perfumery. Vegetal amber is 
a group of more or less fossilized plant-derived resins of 
varying ages. Young, semi-fossil varieties are called copal, 
the older, fully fossilized resins are simply amber. The 
authors review amber’s gemological properties, its uses 
throughout history, and its imitations. An extensive glos- 
sary of terms related to amber is included. 

RT 


Structural characterization and chemical composition of 
aragonite and vaterite in freshwater cultured pearls. 
A. L. Soldati [soldatia@uni-mainz.de], D. E. Jacob, 
U. Wehrmeister, and W. Hofmeister, Mineralogical 
Magazine, Vol. 72, No. 2, 2008, pp. 579-592. 
Vaterite and aragonite in freshwater cultured pearls from 
mussels of the genus Hyriopsis were structurally and com- 
positionally characterized by Raman spectroscopy, micro 
computer tomography, high-resolution field-emission scan- 
ning electron microscopy (SEM), and laser ablation—induc- 
tively couple plasma—mass spectroscopy (LA-ICP-MS). 
Vaterite is related to the initial stages of pearl biomineral- 
ization, but it cannot be a precursor to aragonite. Because 
it is not related to a particular crystal habit, vaterite does 
not have a structural function in the cultured pearls. 
Greater contents of elements such as P and S in vaterite, 
as well as larger total organic contents in vaterite com- 
pared to aragonite, in conjunction with higher amounts of 
Mn” and Mg?*, imply a stabilizing role for organic 
molecules and X”* ions in biological vaterite. 
RAH 


DIAMONDS 


Characterization of pink diamonds of different origin: 
Natural (Argyle, non-Argyle), irradiated and 
annealed, treated with multi-process, coated and syn- 
thetic. B. Deljanin [brankod@eglcanada.ca], D. Simic, 
A. Zaitsev, J. Chapman, I. Dobrinets, A. E Wide- 
mann, N. Del Re, T. Middleton, E. Deljanin, and A. 
De Stefano, Diamond and Related Materials, Vol. 
17, 2008, pp. 1169-1178. 

The use of treatments to alter the color of gem-quality dia- 
monds has become increasingly popular. Radiation treat- 
ment, in which diamonds are exposed to high-energy parti- 
cles, has been used commercially for over 50 years. Since 
1999, the use of high-pressure, high-temperature (HPHT) 
treatment has received considerable attention. Red and 
pink diamonds are the rarest and most expensive natural- 
color diamonds, so artificial enhancement to achieve these 
hues is an attractive option. Both natural and synthetic 
diamonds can be treated to produce a pink color. 

This study mainly focused on using fluorescence tech- 
niques to characterize pink diamonds and to compile a 
reference library of emission spectra. Long- and short- 
wave UV fluorescence (365, 254, and 220 nm wave- 
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lengths) was used in a custom-built microscope with a 
fluorescence camera to record images, and a fluorescence 
spectrometer was used to establish a correlation with 
color origin. Several additional techniques (UV-Vis-NIR, 
Fourier-transform infrared [FTIR], and photoluminescence 
[PL] spectroscopy, as well as cathodoluminescence imag- 
ing and electrical conductance) were used to establish fur- 
ther criteria for distinguishing natural, treated, and syn- 
thetic pink diamonds, and to find correlations with the 
fluorescence data. The authors conclude that it is possible 
to separate natural-color pink diamonds from all cate- 
gories of treated pink and laboratory-grown pink dia- 
monds, loose or mounted, by using a combination of stan- 
dard and advanced gemological instruments. 

DAZ 


Diamondiferous xenoliths from crystal subduction: 
Garnet oxygen isotopes from the Nyurbinskaya 
pipe, Yakutia. Z. V. Spetsius, L. A. Taylor [lataylor@ 
utk.edul, J. W. Valley, M. T. Deangelis, M. Spicuzza, 
A. S. Ivanov, and V. I. Banzeruk, European Journal of 
Mineralogy, Vol. 20, No. 3, 2008, pp. 375-385. 

The newly developed Nyurbinskaya kimberlite pipe in 

Yakutia, Russia, has yielded an unprecedented array of 

xenoliths, all containing diamonds. Garnets were charac- 

terized from 121 of these xenoliths, most of them eclogites 
but also some pyroxenites and peridotites. The 5!°O ratios 
of most of the peridotitic garnet samples fell within the 

range of the average mantle, except for one with a 5!8O 

value of 6.57%o. Garnets from pyroxenites (websterites) 

generally had 8!8O values above 6.0%o, with two samples 
as high as 7.3%o and 8.59%o, and only two samples as low 
as 5.9%o and 6.0%o. Eclogitic garnets had a 8!8O range of 

4.7-9.7%o, with more than 80% of them above 6.0%o. 

These garnet oxygen-isotope ratios offer evidence for the 

subduction of oceanic crust, as well as major involvement 

with the low-temperature, metasomatized upper portion 
of the earth’s crust, in forming the diamond-bearing rocks. 
[Abstracter’s note: This special issue of European 

Journal of Mineralogy is in honor of V. S. Sobolev, who 

first suggested that diamonds might be found in the rocks 

of the northern Siberian platform. Dr. Sobolev followed 
up by using indicator minerals such as Cr-rich pyrope to 
locate kimberlite, leading to the discovery of the famous 

Mir pipe and several hundred others in Yakutia. The issue 

contains nine other diamond-related papers in addition to 

the one abstracted here.] 

RAH 


Olivine inclusions in Siberian diamonds: High-precision 
approach to minor elements. N. V. Sobolev 
[sobolev@uiggm.nsc.ru], A. M. Logvinova, D. A. 
Zedgenizov, N. P. Pokhilenko, D. V. Kuzmin, and 
A. V. Sobolev, European Journal of Mineralogy, Vol. 
20, No. 3, 2008, pp. 305-315. 

At depths in the continental lithospheric mantle exceed- 
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ing 120-150 km, there are two common geologic environ- 
ments that support diamond formation. Ultramafic or 
peridotitic (U-type} and eclogitic (E-type) environments, as 
indicated by mineral inclusions in diamonds, are responsi- 
ble for diamondiferous xenoliths in kimberlites and lam- 
proites. The ratio of diamonds derived from these two geo- 
logic environments varies widely between localities. U- 
type diamonds predominate, however, in the overwhelm- 
ing majority of diamond occurrences worldwide. Olivine is 
the most typical inclusion in U-type diamonds, along with 
enstatite, pyrope, and chromite in those from harzburgitic 
or dunitic U-type assemblages. 

More than 2.60 olivine inclusions in diamonds from 
major Siberian mines were studied and compared to those 
from the Snap Lake deposit in Canada. The olivine com- 
position of eight xenoliths from diamondiferous peri- 
dotites in the Udachnaya pipe, representing the rarest 
mantle samples, was also reexamined. The inclusions 
were analyzed by electron microprobe, and minor-ele- 
ment abundances in most of the olivines varied in the fol- 
lowing ranges (wt.%): NiO—0.320-0.408, CaO— 
0.005-0.045, MnO—0.079-0.131, Cr,O,—0.013-0.115, 
Co—0.009-0.022, and Al,O,—0.007—0.039. About 70% of 
the olivines were very low in CaO, reflecting a relatively 
low equilibration temperature for the lherzolitic paragen- 
esis, or the lack of clinopyroxene associated with olivine. 

RAH 
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The blue colouring of beryls from Licungo, Mozambique: 
An X-ray absorption spectroscopy study at the iron 
K-edge. M. O. Figueiredo [ondina.figueiredo@ineti.pt], 
T. Pereira da Silva, J. P. Veiga, C. Leal Gomez, and V. 
De Andrade, Mineralogical Magazine, Vol. 72, No. 1, 
2008, pp. 175-178. 

This study was undertaken on aquamarine crystals and 

fragments with various shades of blue color collected from 

a pegmatite field along the Licungo River near Mocuba in 

central Mozambique. X-ray absorption near-edge spec- 

troscopy (XANES) was performed to understand the 
valence state of iron in this material. This transition metal 
was present as predominantly Fe** replacing Al** in octa- 
hedral sites in the beryl structure. No color changes were 
noted in the material during X-ray irradiation. 

JES 


A colour-changing titanite from Afghanistan. T. 
Hainschwang [thomas.hainschwang@gemlab.netl, 
Gems & Jewellery, Vol. 17, No. 4, 2008, pp. 6-7. 

A 3.95 ct gemstone reportedly mined from Badakhshan 

Province in northeastern Afghanistan was submitted to 

the Gemlab Gemological Laboratory in Liechtenstein and 

subsequently identified by FTIR spectroscopy as titanite 

(sphene). Although titanite is not typically associated with 
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a color-change effect, the stone appeared orangy yellow in 
incandescent light and brownish yellowish green in natu- 
ral daylight. Its UV-Vis-NIR absorption spectra had a broad 
absorption band centered near 600 nm; compared to com- 
mon titanite from Madagascar, this band was more 
intense and was shifted ~15 nm toward shorter wave- 
lengths. The increase in absorption intensity and shifted 
band position were responsible for the observed color 
change, and provide a good example of how sensitive color 
change is to small variations in these factors. 

ES 


Mineralogical and geochemical characterization of the 
“bituminous” agates from Nowy Kosciol (Lower 
Silesia, Poland). M. Dumanska-Slowik [dumans- 
ka@uclagh.edu.pl], L. Natkaniec-Nowak, M. J. 
Kotarba, M. Sikorska, J. A. Rzymelka, A. Loboda, 
and A. Gawel, Neues Jahrbuch fiir Mineralogie 
Abhandlungen, Vol. 184, No. 3, 2008, pp. 255-268. 

Agates from Nowy Kosci6t in Poland exhibit horizontally 
stratified structures often developed as multiradial stars. 
These agates are mainly spherical with diameters ranging 
from 2, cm up to 40-70 cm; most are brownish red, red, or 
“honey-black.” The dark color of their banding is mainly 
caused by Fe compounds, rare earth element—bearing min- 
erals, Zn sulfides, and organic matter. The content of 
organic matter is relatively low (0.15 wt.%), but it is dis- 
persed within the silica matrix. It forms thin laminae or 
irregularly shaped drops or lenses. Asphaltenes are the 
dominant bitumen (56%), with the remainder varying 
between saturated hydrocarbons (18%), resins (16%), and 
aromatic hydrocarbons (10%). Carbon isotope analysis of 
the organic matter revealed its algal or mixed algal/humic 
origin (8!°O of 25.9-28.9%o). 

RAH 


Nanostructure of noble opal from the Raduzhnoe deposit, 
northern Primorye, Russia. S. V. Vysotskiy 
[svys@mail.ru], V. G. Kudryavyi, and A. A. 
Karabtsov, Doklady Earth Sciences, Vol. 420, No. 4, 
2008, pp. 690-692. 

The structure of play-of-color opal from Russia’s Raduzh- 

noe deposit differs significantly from that of synthetic opal 

or Australian opal. The Raduzhnoe material is unusual in 
that it comes from a hydrothermal deposit related to vol- 
canic activity, whereas most play-of-color opal is mined 
from ancient weathered crusts. During its formation, this 
opal also underwent pneumatolytic annealing (the impact 
of vapor at elevated pressure-temperature conditions). 
X-ray diffraction (KRD) analysis of Raduzhnoe opal 
showed that it consists of a-cristobalite. The degree of 
crystallinity and amount of amorphous silica varied 
among samples. The nanoparticles were devoid of the 
ordered structure that is characteristic of typical play-of- 
color opal. The partial “polymerization” of globules due 
to their intergrowth led to the increased hardness and the 
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formation of monolayers and layered packets with rela- 
tively even surfaces. These packets and layers, together 
with a-cristobalite blocks, probably play the role of struc- 
tured domains and thin films that are responsible for the 
gems’ play-of-color. A. M. 
Clark 


A preliminary stable isotope study on Mogok ruby, 
Myanmar. T.-F. Yui [tfyui@earth.sinica.edu.tw], K. 
Zaw, and C.-M. Wu, Ore Geology Reviews, Vol. 34, 
No. 1/2, 2008, pp. 192-199. 
Studies of stable isotopes in minerals can provide informa- 
tion on their formation conditions and subsequent geolog- 
ic history. This study of carbon and oxygen isotopes in cal- 
cite marbles hosting gem ruby examined how corundum 
formed in these marbles, which are low in Al and Cr, and 
the nature of the mineralizing fluids involved. In the 
Mogok area, spinel-forsterite-bearing marbles, phlogopite- 
graphite-bearing marbles, and ruby-bearing marbles are 
enclosed in banded metamorphic gneisses. Isotopic data 
for these marbles indicate formation by the interaction of 
preexisting rocks with CO,-poor fluids (for the spinel- 
forsterite marble) or CO,-rich fluids (for the phlogopite- 
graphite and the ruby-bearing marbles) that originated 
from unknown external igneous and/or metamorphic 
sources. Ruby formation appears to have occurred at tem- 
peratures of approximately 600°C. Local variations in the 
preexisting rocks and the evolving chemical composition 
of the infiltrating fluids during cooling account for spatial 
differences in the distribution of ruby and other minerals 
in the area. 
JES 


INSTRUMENTS AND TECHNIQUES 


Hanneman-Hodgkinson Green Stained Jadeite Filter. A. 
Hodgkinson [alan-hodgkinson@talktalk.net], 
Australian Gemmologist, Vol. 23, No. 5, 2008, pp. 
232-237. 

This filter was developed to provide a clear and positive 

distinction between the various tones and saturations of 

natural and dyed green jadeite, as well as a means of distin- 
guishing between natural and synthetic green jadeite. 

With an incandescent light source, natural green jadeite 

remains green when viewed through the filter, while dyed 

material appears pale brownish pink to reddish orange. As 
such, this new filter provides a means of separating A-jade 

(untreated) from C-jade (bleached and dyed). For B-jade 

(bleached and polymer impregnated) and B+C jade (poly- 

mer + dye), long- and short-wave UV fluorescence can be 

used as further means of separation. Synthetic jadeite can 
be identified by its pinkish orange reaction to the filter. 
DAZ 


Use of software to enhance depth of field and improve 
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Gemological Digests 


OLD TURQUOISE OILING 
METHOD STILL USED 


Editor’s note:. The following information 
concerning the deepening of color in in- 
ferior turquoise through the use of oil or 
paraffin was received in a letter from Mrs. 
Saul Bell, a student of the Gemological 
Institute of Albuquerque, New Mexico. 

“There is an old Indian legend concern- 
ing the horrible fate of a youth who, hav- 
ing been sent by his father to make an 
offering of fine turquoise to propitiate the 
gods, substituted some very pale, inferior 
turquoise which he immersed in animal 
fat and warmed in the hot sun until the 
color became very blue. This story is borne 
out by the fact that turquoise has been 
found in ancient burials which archeologists 
claim shows under analysis to have been 
“oiled” with animal fat, so apparently. the 
practice of oiling turquoise isn’t something 
devised in modern times for deception of 
the tourist. ‘ 

“Insofar as I have been able to learn, 
there has not yet been any stain or dye 
introduced, at least not in America, which 
turquoise will absorb, which will produce 
a color even remotely resembling any hue 
of natural turquoise. There is always some- 
one in this part of the country trying to 
develop a good permanent turquoise dye, 
and the manufacturers of dyes and chemi- 
cals are very cooperative with such experi- 
menters. The development of an acceptable 
method of coloring turquoise would result 
in the salvaging of vast quantities of ma- 
terial which is not saleable because of its 
poor color. Such material exceeds by far 
the output of good turquoise, and is a 
total loss to the cutter, who buys rough 
material run-of-the-mine. 

“The falsely colored turquoise common 
in the market today is produced by “oiling” 


the unattractively pale, soft turquoise which 
occurs in the same deposits as the finest 
material, and which often cannot be de- 
tected until the cabochons have been rough- 
ed out. ; 

“There are two methods of oiling in 
general use today. The more effective, al- 
though more difficult, method consists of 
submerging the cut and polished stones in 
a bath of melted paraffin, which is kept 
just above the melting point by putting it 
in the top section of an ordinary double 
boiler, with hot water in the lower section. 
The stones are left in the paraffin, which 
is either held at the melting point con- 
tinuously, or reheated each day, depending 
upon the facilities of the operator, until 
the desired shade of blue is obtained. This 
may require a week or more. The better 
the turquoise to begin with, i.e., the harder 
and less porous, the longer it takes to ab- 
sorb the oil, but the more lasting will be 
the resulting color. A not-too-chalky stone, 
oiled in paraffin, will hold its color up- 
wards of a year if not exposed to direct 
sunshine or otherwise warmed too much. 

“A simpler and cheaper method than 
the use of paraffin is the use .of mineral 
oil. This does not require the use of any 
heat, although slight warming from time 
to time will hasten the absorption of the 
oil. This takes about as long or a little 
longer than the paraffin process, and is more 
likely to result in mottling of the stones 
due to denser, less porous areas within 
them; also the results are much Jess lasting 
as the stones will begin to change color 
in just a few months. Also they “sweat” 
little drops of oil much more readily than 
those oiled in paraffin. 

“No ethical dealer will handle oiled tur- 
quoise, because all such stones wil! lose 
their color in a comparatively short time, 
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focus in photomicrography. J. Piper [webmaster@ 

prof-piper.com], Microscopy and Analysis, No. 90, 

2008, pp. 15-19. 
In photomicrography and light microscopy, two funda- 
mental limitations are depth of field and sharpness of 
focus. At high magnifications or when a specimen is rela- 
tively thick, it is usually impossible to obtain a sharp 
focus over the full depth of the piece. This is because the 
depth of field of an objective lens decreases proportionally 
as its magnifying power increases. However, by using read- 
ily available software, the focal depth and sharpness in 
photomicrographic images can be enhanced dramatically. 
The author discusses eight free/shareware tools that can 
be used for this purpose. A discussion of special tech- 
niques applicable for three-dimensional reconstructions is 
also provided. According to the author's evaluations, at 
least three software solutions will lead to excellent results: 
Combine Z 5 (freeware), Picolay (freeware), and Helicon 
Focus (shareware). 
DAZ 


PRECIOUS METALS 


Laser surface colouring of titanium for contemporary jew- 
ellery. S. O’Hana [sarah.ohana@manchester.ac.uk], 
A. J. Pinkerton, K. Shoba, A. W. Gale, and L. Li, 
Surface Engineering, Vol. 24, No. 2, 2008, pp. 
147-153. 
A moderate-power (60 W) pulsed CO, laser, directed via an 
X-Y positioning system and interfaced with commercial 
graphics software, has been efficiently utilized to create 
controlled, even areas of color, patterns, and drawings on 
the surface of commercial-purity Ti-alloy plate for jewelry 
design purposes. The laser alters the surface topography of 
the metal and results in the deposition of thin layers of 
titanium oxides (200 nm or less in total thickness). The 
main coloration mechanism is interference, which is pro- 
duced by the presence of a graded surface layer consisting 
of an outer zone of TiO, (rutile) and underlying zones that 
are more Ti-rich (TiO or Ti,O). A wide range of colors and 
a variety of delicate designs can be created by this method. 
JES 


SYNTHETICS AND SIMULANTS 


Dependence of crystal quality and & value on synthesis 
temperature in growing gem diamond crystals. H.- 
Y. Xiao, X.-P. Jia, C.-Yi. Zang, S.-S. Li, Y. Tian, Y.-F. 
Zhang, G.-F. Huang, L.-Q. Ma, and H.-A. Ma 
[maha@jlu.edu.cn], Chinese Physics Letters, Vol. 25, 
No. 4, 2008, pp. 1469-1471. 

The authors report on using temperature to control the 

height-to-diameter ratios (§-values) of type Ib synthetic 

diamond single crystals grown under HPHT conditions. 
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The synthetic diamonds were grown at 5.4 GPa and 
1200-1300°C in a cubic anvil apparatus. The starting 
materials included high-purity graphite (the carbon 
source}, a Ni,,Mn,.Co, catalyst, and seeds of high-purity 
diamond grit with 0.5 x 0.5 mm {100} crystal faces. At syn- 
thesis temperatures below 1230°C, f-values of less than 
0.40 were realized. These crystals tended to be gray and 
opaque, with a wavy surface. They were referred to as 
“skeleton” crystals, and their gray color was attributed to 
the inability of carbon to diffuse regularly at such low tem- 
peratures, with some diffusing as graphite. By raising the 
synthesis temperature to 1230-1255°C, sheet-shaped crys- 
tals were formed with B-values of 0.40-0.45. Tower- 
shaped crystals with 6-values of 0.45—-0.60 were observed 
at growth temperatures ranging from 1255 to 1280°C. 
Above this temperature range, tower-shaped crystals 
formed with B>0.60, but these crystals had abundant 
inclusions and surface cavities. JS- 


S 


Early plastics as imitations of gem materials: An intro- 
duction to the early plastics often used to copy gem 
materials. M. C. Pedersen [info@maggiecp.com], 
Organic Gems, No. 7, 2008, www.maggiecp.co.uk. 

Plastics have long been employed as gem imitations, par- 

ticularly of organic materials with structures that can be 

copied very closely (e.g., amber, tortoise shell, and horn). 

All plastics are polymers, which are very large molecules 

made up of many smaller units joined together to form a 

long chain. Early semisynthetic plastics are described in 

detail, including vulcanite (the first, patented in 1843), 

shellac, bois durci, cellulose nitrate (known by the trade 

name Celluloid), cellulose acetate, and casein (known as 

Galalith or Erinoid). For each one, the development pro- 

cess and the material it imitates are noted. The first com- 

pletely synthetic plastics, such as phenolic (known as 

Bakelite, invented in 1907) and urea formaldehyde (known 

as Bandalasta or Beetleware) are similarly described. Many 

more plastics were subsequently developed, in the 1930s, 
including polystyrene, polyethylene, acrylic, and nylon. 

Early plastics can degrade suddenly or crack, craze, 
warp, and discolor with time. Once degradation has started 
there is no “cure,” and a degraded plastic can contaminate 
other early plastics. Protective measures include avoiding 
bright light and keeping the material in a dry, ventilated 
place. Also, avoid exposing them to household cleaners, 
hairspray, perfumes, and cosmetics. 

JEC 


Gemmological investigation of a synthetic blue beryl: A 
multi-methodological study. I. Adamo, G. D. Gatta 
[diego.gatta@unimi.it], N. Rotiroti, V. Diella, and A. 
Pavese, Mineralogical Magazine, Vol. 72, No. 3, 
2008, pp. 799-808. 

The authors studied a synthetic Cu/Fe-bearing blue beryl 
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(Lig jNap 94°0.40H,O)] by electron microprobe, LA-ICP- 
MS, IR spectroscopy, and single-crystal XRD and thermo- 
gravimetric analyses. This study aimed to accurately 
locate chromophores in the crystal structure, in view of 
the increasing production of marketable hydrothermal 
synthetic beryls with “exotic” colors. Fourier maps of the 
electron density suggested that Cu was located at the 
tetrahedral site along with Be, whereas Fe shared the octa- 
hedral site with Al. No evidence was found of extra-frame- 
work Cu/Fe sites (i.e., channel sites). IR spectra showed 
that the H,O molecules had two configurations, with the 
H-H vector oriented both parallel and perpendicular to 
[0001]. 

RAH 


High-rate growth and nitrogen distribution in homoepi- 
taxial chemical vapour deposited single-crystal dia- 
mond. H.-D. Li [hdli@jlu.edu.cn], G.-T. Zou, Q.-L. 
Want, S.-H. Cheng, B. Li, J.-N. Lu, X.-Y. Lu, and 
Z.-S. Jin, Chinese Physics Letters, Vol. 25, No. 5, 
2008, pp. 1803-1806. 

The authors report on a potential technique for differenti- 

ating between natural diamond and CVD-grown synthetic 

diamond. In this study, single-crystal synthetic diamond 
was grown via microwave plasma chemical vapor deposi- 
tion using a seed holder made of a CVD polycrystalline 
synthetic diamond film. The choice of diamond instead of 
molybdenum for the seed holder was intended to reduce 
contamination and allow growth at higher temperatures. 

Synthetic diamond was grown at a rate of more than 50 

um/hour, and Raman and photoluminescence spectros- 

copy were used to characterize crystallinity and nitrogen 
distribution. 

The authors note that nitrogen was concentrated on 
the central surfaces of the crystals, which were cooler 
during growth than the corners and edges. Vertically, 
nitrogen was more abundant at a depth up to ~300 um, 
and it was homogeneous at greater depths. The surface 
was the hottest region during growth, and the authors 
propose that nitrogen diffused away from the growing sur- 
face toward the cooler as-grown layers below. Diffusion 
tapered off below ~600 um depth, where nitrogen satura- 
tion was reached. PL spectroscopy of nitrogen vacancies 
(NV centers) illustrates the preferential distribution of 
nitrogen in the CVD diamond. This distribution is char- 
acteristic of high-growth-rate CVD synthetic diamonds, 
so the authors recommend using PL spectroscopy to 
inspect the nitrogen distribution along the surface and in 
cross section to help distinguish between natural and 
CVD-grown synthetic diamond. JS- 
S 


Lab alert: Black moissanite. H. Kitawaki [ahmadjan@gaaj- 
zenhokyo.co.jp], Gemmology, September 2008, pp. 
3-4 [in Japanese with English supplement]. 

The author reports on “black diamond” jewelry contain- 
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ing synthetic moissanite. This material is difficult to iden- 
tify in jewelry set with many small stones. Techniques 
include magnification (black diamonds typically contain 
black graphite inclusions, whereas black synthetic 
moissanite is solidly opaque); X-ray inspection (synthetic 
moissanite’s transparency to X-rays distinguishes it from 
diamond); use of a moissanite tester (this identifies syn- 
thetic moissanite but cannot make a positive distinction 
between high temperature-treated black diamond and syn- 
thetic moissanite); X-ray fluorescence (to detect Si, which 
is present in synthetic moissanite but absent in diamond); 
and Raman microanalysis (which positively identifies dia- 
mond, synthetic moissanite, and cubic zirconia). The X- 
ray transparency test is especially useful for jewelry set 
with numerous gemstones. For individual stones, tech- 
niques such as X-ray fluorescence or Raman microanalysis 
are useful. 

GL 


Monitoring diamond crystal growth, a combined experi- 
mental and SIMS study. V. N. Reutsky [reutsky@ 
uniggm.nsc.ru], B. Harte, Y. M. Borzdov, and Y. N. 
Palyanov, European Journal of Mineralogy, Vol. 20, 
No. 3, 2008, pp. 365-374. 

Detailed ion microprobe measurements were performed 
on two synthetic diamond crystals grown by the metal 
catalyst technique under identical conditions of 1450°C 
and 5.5 GPa, but with different source nitrogen abun- 
dances. The C and N isotope compositions and nitrogen 
abundances were measured in traverses across the crystals, 
which included cubic and octahedral sectors of both rela- 
tively rapid and relatively slow growth. In both crystals, an 
early growth phase characterized by falling 8!°C and rising 
Nppm was followed by an extensive growth phase with 
fairly constant 8!°C and gradually decreasing Nppm. The 
change in 8!°C was modeled numerically; stabilization 
was achieved once a steady state was attained, and the 
synthetic diamond grew with the same 5'C composition 
as the graphite source. The decreasing Nppm values 
appear to be a result of Rayleigh fractionation. The N iso- 
tope compositions show major differences of ~30%o 
between octahedral and cubic sectors, possibly represent- 
ing a consistent difference in N isotope adhesion between 
the two faces. 

RAH 


Trade alert: Flux grown synthetic red spinels again on the 
market. M. Krzemnicki [gemlab@ssef.ch], Gem 
Market News, Vol. 27, No. 6, 2008, pp. 7-9. 

The author encountered several red flux-grown synthetic 

spinels at the September Hong Kong Jewellery & Gem 

Fair; these also have been offered for sale in Bangkok. 

While not new, they are appearing more often as red spinel 

becomes increasingly popular. The material resembles 

fine-quality natural spinel and is difficult-to-impossible to 
separate using standard gemological tests. Flux-grown 
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crystals resemble natural crystals, even containing natu- 
ral-appearing growth marks, and can fool buyers if mixed 
with natural rough in parcels. The author warns that 
while blue flux-grown synthetic spinels (colored by cobalt) 
have not been seen recently, they may reappear. 
Microscopic observation of the synthetics revealed 
only a few small jagged or tubular cavities filled with 
black to orange-brown flux residues containing gas bub- 
bles; one had a single metallic flake and tiny parallel hol- 
low channels. Natural red spinels can contain brownish 
iron hydroxide in cavities that could be confused with 
flux residues. Advanced testing indicated a low concen- 
tration of Zn, which distinguishes flux synthetics from 
natural spinel; the latter contain much greater Zn (by a 
factor of 10 or more). Raman spectra showed a distinctly 
broader peak shape for the flux-grown synthetics, similar 
to the peak broadening observed in Verneuil synthetics. 
Strong photoluminescence produced by green laser excita- 
tion indicated emission peaks due to chromium in both 
natural and flux-grown samples, but in the latter the peak 
was less structured, offering another possible separation 
technique. 
ES 


TREATMENTS 


Determination of the C defect concentration in HPHT 
annealed type IaA diamonds from UV-Vis absorption 
spectra. F. De Weerdt [filip.deweerdt@diamondlab.org] 
and A. T. Collins, Diamond and Related Materials, 
Vol. 17, No. 2, 2008, pp. 171-173. 

Type Ib diamond is characterized by the presence of single 

substitutional nitrogen (i.e., the C defect). This defect is 

more often seen in synthetic than in natural diamonds; it 
can also be observed in type Ia diamonds. If the concentra- 
tion of the C defect is at least a few parts per million, it 
can be calculated from peak intensities of the 1344 and 
1130 cm! features in the infrared spectrum. If the concen- 
tration is between 0.1 and a few parts per million, then the 
broad absorption band centered at 270 nm may be used for 
this calculation. In type IaA diamonds, however, the 
strong absorption of radiation by the A defects makes it 
difficult to measure these absorptions. This situation can 

occur in HPHT-treated type IaA diamonds, in which A 

defects dissociate into C defects. 

The authors propose an alternative method of measur- 
ing the C-defect concentration by examining the absorp- 
tion coefficient at 400 nm. To establish the correlation, 
they plotted the concentration of C defects against the 
absorption coefficient at 400 nm (measured in cm7!). Since 
N3 centers (ZPL = 415 nm) are one of the most common 
defects in diamond, this prompted the researchers to mea- 
sure the absorption coefficient (as opposed to absorbance) 
and deconvolute the absorption spectrum to resolve the 
N32 and C defects. The resulting plot of absorption coeffi- 
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cient against concentration of C defects showed good 
agreement, and the calculated proportionality coefficient 
was 2.00 + 0.04 ppm/cm!. SE - 
M 


HPHT treatment of CO, containing and CO,-related brown 
diamonds. T. Hainschwang [thomas.hainschwang@ 
gemlab.net], F. Notari, E. Fritsch, L. Massi, B. 
Rondeau, C. M. Breeding, and H. Vollstaedt, 
Diamond and Related Materials, Vol. 17, 2008, pp. 
340-351. 

Ten type I natural diamonds containing CO, and three 
related, non-CO,-bearing diamonds (“Pseudo CO,” dia- 
monds) were treated by HPHT processing. Changes in 
color, color distribution, inclusions, luminescence, and 
spectral features in the visible to mid-infrared regions were 
observed. All samples were predominantly brown before 
treatment and had inhomogeneous color distribution not 
attributed to strain. After treatment, most samples 
appeared more yellow, some with a greenish modifier, 
although brown remained the dominant hue. Changes in 
color were subtler than those induced in “classic” defor- 
mation-related brown type I diamonds, and were not relat- 
ed to any known centers such as H3. These color modifi- 
cations after HPHT treatment were due to destruction of 
broad absorption bands and a general increase in transmis- 
sion from 400 to 700 nm in the Vis-NIR spectra; however, 
typical HPHT-related color centers such as H2, and H3 
were not observed. Infrared spectra of the CO,-containing 
diamonds showed unusual modification by HPHT treat- 
ment. CO,-related bands increased in intensity in dia- 
monds with low to medium CO, content and were created 
in “Pseudo CO,"diamonds, while nitrogen-related absorp- 
tions decreased in both cases. PL spectra exhibited several 
unpublished emission peaks that were essentially 
unchanged by HPHT treatment. 

This work appears to be the first indication of the like- 
ly presence of structurally bound oxygen in diamond. The 
authors propose that CO,-related absorptions are due to 
CO, bound in the diamond lattice rather than being pre- 
sent as solid CO, inclusions as was previously thought. 
Furthermore, the authors note that their results indicate 
that HPHT is a “non-identifiable treatment” in the case 
of CO,-containing and CO,-related brown diamonds, as it 
does not produce the color centers indicative of HPHT 
annealing in “classic” type Ia brown diamonds. 

Emily V. Dubinsky 


MISCELLANEOUS 


Are diamonds forever? Using the permanent income 
hypothesis to analyze Botswana’s reliance on dia- 
mond revenue. O. Basdevant [obasdevant@imf.org], 
IMF Working Paper 08/80, March 2008, pp. 1-13, 
www.imf.org/external/pubs/ft/wp/2008/wp0880.pdf. 
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Botswana has benefited greatly from diamond mining, 
which accounts for more than one-third of the country’s 
GDP and three-fourths of its exports. While the country’s 
government has managed this resource well, it is likely 
that diamond production will begin to wind down by 
2021, and be depleted by 2029, which would create a pre- 
cipitous drop in Botswana’s development efforts. The 
author offers a formula detailing how much revenue the 
government must begin saving now in order to forestall 
such a problem later. 

RS 


Certification and artisanal and small-scale mining—An 
emerging opportunity for small-scale development. 
E. Levin, Communities and Small-Mining Report 
Series, June 2008, 24 pp., www.artisanalmining.org/ 
userfiles/file/CASM-FairTrade.pdf. 
This report examines the organizations and certification 
procedures involved in developing improved working con- 
ditions and greater returns for small-scale miners of col- 
ored gems and diamonds in various countries. The article 
offers detailed definitions of terms such as fair trade, sus- 
tainable, development, and green as applied to mining 
practices. It also reviews the various Fair Trade initiatives 
that have been created during the past five years, and offers 
a resource and contact list for such organizations. 
RS 


Diamonds not just the proverbial “girl’s best friend” — 
They’re driving an economic boom in Canada’s 
north. J. Cooper, CMA Management, Vol. 82, No. 2, 
2008, pp. 52-54, www.managementmag.com/ 
index.cfm/ci_id/10798/la_id/1. 

In the decade since diamonds have been mined in the 

Northwest Territories, the provincial gross domestic prod- 

uct (GDP) has increased from $1.6 billion to $4.3 billion, 

while unemployment has fallen from 13.7% to 5.3%. 

Mining accounts for 40% of the provincial GDP and has 

helped generate more than 4,000 jobs, 25% of which have 

gone to aboriginal workers. The report also notes that 

Canadian mining operations remain committed to strict 

codes of professional conduct, care for the environment, 

and involvement of the aboriginal communities to insure 
diamond mining continues to be a sustainable benefit to 
northern Canada. In 2007, Canada produced an estimated 

16 million carats of diamonds valued at $1.7 billion. 

RS 


Diamonds or development? A structural assessment of 
Botswana’s forty years of success. E. Hillbom 
[ellen.hillbom@ekh.lu.se], Journal of Modern African 
Studies, Vol. 46, No. 2, 2008, pp. 191-214. 

The diamond-rich nation of Botswana is often held up as a 

model for successful development through good gover- 

nance and prudent management of natural resources. 

However, the author argues that economic growth and 
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good governance have not translated into broad-based 
development. She points out that much of Botswana 
remains technologically backward, and that the country 
today is much less self-sufficient in food production than 
it was 20 years ago, now importing nearly all of its food. 
The nation, she argues, has not used diamond income to 
transform its agricultural sector, nor has it promoted 
efforts to bring prosperity and employment to all segments 
of society. 

RS 


Evaluation of DNA damage in jewellery workers occupa- 
tionally exposed to nitric oxide. R. Jayakumar 
[jayakumar7979@gmail.com] and K. Sasikala, 
Environmental Toxicology and Pharmacology, Vol. 
26, 2008, pp. 259-261. 

Aqua regia, a mixture of nitric and hydrochloric acid, is 
commonly used in gold processing and jewelry manufac- 
turing. The chemical reactions that take place when gold 
is in contact with nitric acid produce nitric oxide (NO), 
which has been shown to cause chromosomal damage and 
thus increase cancer risk. The authors studied a group of 
Indian jewelry workers who were exposed to aqua regia as 
part of their jobs; the workers did not use protective masks 
and worked in a small room with poor ventilation. 
Compared to a control group, the test subjects showed sig- 
nificantly more chromosomal damage. Cigarette smoking 
was shown to increase overall risk, but the length of expo- 
sure (i.e., years in the industry) did not. The authors con- 
clude that exposure to aqua regia can cause chromosomal 
damage in a jewelry industry setting. 

TWO 


Repatriation of the Koh-i-Noor diamond: Expanding the 
legal paradigm for cultural heritage. S. Ghoshray 
[sabyghoshray@sbcglobal.net], Fordham Inter- 
national Law Journal, Vol. 31, 2008, pp. 741-780. 

The Koh-i-Noor is one of the world’s great historic dia- 

monds. It currently resides in the Queen Mother’s Crown 

as part of the English Crown Jewels, but the list of its pre- 
vious owners—both known and legendary—is a long one 
indeed. At various times in history, it resided in India, 

Persia (now Iran), and Afghanistan before being taken to 

England following the British conquest of the Punjab. The 

author of this essay argues that, because the diamond 

changed hands only through wars and violence, never 
being honestly bought or sold, it remains the rightful prop- 
erty of India. 

The last Indian owner of the diamond was Maharaja 
Duleep Singh, the 12-year-old ruler of the Punjab. After 
the British conquest, the young maharaja was forced to 
sign the Treaty of Lahore, which (among other conces- 
sions) specifically transferred the diamond to Britain. The 
author argues that this was part of the British attempt to 
destroy the political power of the Sikhs by depriving them 
of their historical wealth. 
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The First 


read with interest and more than a little nostalgia the lead 

article in this issue by Stuart Overlin and Dona Dirlam, 

which reviews Gems & Gemology’s first 75 years. As this 
manuscript wended its way through the review and revision 
process, it evolved into, in the words of British reviewer Alan 
Jobbins, “a history of the development of modern gemology.” 


Yet the journal is more than just words and pictures on paper. 
Behind every article, lab note, or gem news update is a great 
deal of hard work and often personal sacrifice. There is also a 
book’s worth of anecdotes. Although | cannot speak for the full 
75 years, | have been part of G&G for more than a third of that 
period, since 1980. 


| already knew Dick Liddicoat and had a great deal of respect 
for his work as head of GIA and G&G when | first agreed to 
refurbish the journal. My respect only grew as we worked 
together to implement the journal’s editorial philosophy: to 
promote the science of gemology for the protection of the jew- 
eler, the gem dealer, and the public. When an author insisted 
on less stringent editing and less accountability, Mr. Liddicoat 
always reminded me that our first obligation was to the reader, 
and to the reader we had to be true. On one occasion, a dis- 
gruntled would-be author said what others have probably 
thought: that what | really needed was “a good punch in the 
nose.” Mr. Liddicoat promptly called him, demanded an apolo- 
gy, and then banned him from having any further contact with 
me. | could not have asked for a better defender. 


Actually, there are hundreds of authors who have been terrific to 
work with, who have shelved their personal and professional 
lives to deliver a solid article on an important topic. Keith 
Proctor moved to Santa Monica for weeks at a time to write his 
pegmatites of Minas Gerais series in the mid-1980s. And more 
than once we faxed page proofs across the Atlantic to Dr. Karl 
Schmetzer on Christmas Eve, so he could work on the article 
after his family had finished celebrating the holiday. Dona 
Dirlam wrote part of her 1992 “Gem Wealth of Tanzania” arti- 
cle sitting at my backyard patio table, while Bob Kammerling 
routinely spent evenings treating emeralds in his kitchen as he 
wrote and revised and then revised some more. 


But perhaps my favorite author—yes, | do have a favorite— 
was Dr. Edward Giibelin. When | took over as managing edi- 
tor in 1981, he found the new peer-review process far more 
demanding than any he had encountered previously. At one 
point, during a visit from a GIA colleague, he said he didn’t 
think he could go through it again. Two hours later, though, 
as his guest was preparing to leave, Dr. Gubelin handed him 
a paper, asking: “Do you think Mrs. Keller would like this 
one?” To this day, | treasure the exquisite letters he sent and 
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will always be grateful for his decision to endow the Dr. 
Edward J. Giibelin Most Valuable Article Award in perpetuity. 


Equally important have been the members of the editorial review 
board. A few years ago, | received a letter from Dr. Connie 
Hurlbut, an original member of the board established in 1981. He 
had just closed his office at Harvard and no longer had access to 
his library. Perhaps he should resign from G&G, he suggested. He 
was, after all, turning 98 that year. Yet he was as sharp at 98 as 
when | first met him two decades earlier—and he continued to 
participate as a reviewer until his death just shy of his 100th birth- 
day. Some reviewers have read manuscripts while in the field in 
Madagascar, Myanmar, and China. Others have done so from a 
hospital bed, or after a long day in the classroom or the laborato- 
ry. Some make a few key comments, while others—such as the 
legendary John Sinkankas—are willing to rewrite an entire paper 
to make it tighter, more accurate, and easier to read. 


Many have also contributed to the “look” of the journal, in 
their efforts to get the right gem materials, line illustrations, or 
locality shots. For example, to create 
the Winter 1994 cover, John King and 
Tom Moses borrowed more than $17 
million (at the time) in colored dia- 
monds from several dealers and assem- 
bled the collection in a small room at 
GIA’s New York Laboratory. Harold 
and Erica Van Pelt photographed the 
stones in a single session, expertly cap- 
turing their colors. = = 


But these are only a few of the men and women who have 
contributed to G&G over the years. Others diligently prepared 
Lab Notes or Gem News International entries, or kindly provid- 
ed samples for us to study and report on. Still others waded 
through the gemological literature to deliver the book reviews 
and abstracts that have kept our readers up to date, or provided 
photos that captured the essence of a new gem material, inter- 
nal feature, or locality. 


We at Gems & Gemology are proud to be part of this interna- 
tional effort to promote the science of gemology through reli- 
able, well-vetted research. We are grateful to our contributors, 
grateful for the support we have had from GIA all these years, 
and grateful to you—our readers—for sharing our passion for 


gemology. 
Va. 


Alice S. Keller ¢ Editor-in-Chief ¢ akeller@gia.edu 
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becoming a dull green, somewhat like the: 


color of Palmolive soap. The Indians. say 
that the stone has “died” and it appears to 
have done just that. Moreover, there is 
absolutely no way to revive it. It could 
never be confused with the lively natural 
color of a “gem green” turquoise, which 
owes its color to higher than normal iron 
content, and which is often very beautiful. 
For some ceremonial purposes the Indian 


requires this natural green turquoise, either - 


alone or in conjunction with fine blue 
stones, for the green is considered to be 
female, while the blue represents male 
characteristics. 


“The U. S. Bureau of Indian Affairs for- 
bids the selling as “Indian Jewelry” of any 
piece set with oiled turquoise, although 
this ruling is often ignored, as is their rul- 
ing forbidding the use of the name for 
machine-made jewelry. The four hundred 
odd members of the United Indian Traders 
Association are pledged under bond not to 
sell oiled turquoise. Stones too pale to be 
sold without oiling are sold by the pound 
to manufacturers of machine-made copies of 
Indian jewelry in Kansas City and Attle- 


boro, Mass., who oil it and sell it to dime . 


stores and curio shops all over the country. 
And of course the operators of machine 
shops here in the Southwest indulge in the 
same practice. 


“An interesting sidelight on the artificial 
coloring of turquoise occurred here recently 
when the proprietor of a small gift shop 
announced that some Indian jewelry set 
with lavender turquoise had been acquired. 
This “lavender” turquoise was of course a 
light robin egg’s stone which had, during 
the polishing, become impregnated with 
the red dopping wax. It is customary to 
wash turquoise in alcohol as soon as it is 


removed from the dopping sticks, to re- 
move any of the wax which has penetrated 
the stones; these stones had not been, and 
consequently something new was added to 
the dealer's gift line.” 


AVENTURINE 
Continued from Page 211 


Verkhne Udinsk on the Selenga river near 
Lake Baikal, U.S.S.R., and a pale sun- 
stone is found at Mineral Hill, Delaware 
County, Pennsylvania. What has been prob- 
ably the most intriguing result of ‘looking 
up’ localities for sunstone, is the note by 
Dr. Herbert Smith® that spangled stunstone 
has come from Modoc County, California. 
This note had apparently been taken from 
the Imperial Institute hand- 
book’; however, on referring to the State 
of California’s-bulletin “Minerals of Cali- 
fornia®,”’ 


Gemstones, 


this mineral is stated to be not 
oligoclase but a labradorite with inclusions 
of metallic copper and was reported as such 
by Olaf Anderson in 1917”. 

In conclusion, I advise every earnest 
worker to procure specimens of these three 
“varieties’’ of aventurine and examine their 
structure by lens or microscope, for personal 
observation can teach much more than the 
written word, or even photomicrographs. 


(6) Smith (G. F. H.) ibid p. 361. 

(7) Gemstones. Imperial Institute 
Handbook. London. 1933. p. 99. 

(8) Minerals of California. Bulletin 
No. 136. 1948 of State of Cali- 
fornia. Department of Natural 
Resources. p. 143. 

(9) Anderson (O.) Am. Min. Vol. 
2. 1917. p. 91. Min. Abs. Vol. 1. 
1922. p. 392. 
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CELEBRATING 75 YEARS OF 
GEMS & GEMOLOGY 


Stuart Overlin and Dona M. Dirlam 


Gems & Gemology, the professional quarterly of GIA, debuted in 1934. Appearing in the 306th 
issue, this article looks back at the first 75 years. By reviewing the journal’s milestones, it also traces 
the history of modern gemology, as the articles, notes, and news updates in G&G represent a virtu- 
al encyclopedia of the developments that have influenced the science into the 21st century. 


hen the January 1934 premier issue of 

Gems &) Gemology rolled off the presses, 

the world was in the throes of the Great 
Depression—daunting odds for any publication, let 
alone one devoted to an obscure field in its infancy. 
But one man’s vision made all the difference. 

Gems & Gemology (figure 1) was the brainchild 
of Robert M. Shipley, founder of the Gemological 
Institute of America. Shipley (figure 2) had once 
been a successful retail jeweler in Wichita, Kansas. 
After his business fell apart in 1927, he left America 
for Europe and, while living in Paris, completed 
gemology courses offered by Great Britain’s 
National Association of Goldsmiths (NAG). He 
returned to the United States in 1929, settled in Los 
Angeles, and set out to professionalize America’s 
gem and jewelry industry. 

The enthusiastic response to his evening gem 
lectures at the University of Southern California led 
Shipley to incorporate GIA in Los Angeles in 
February 1931. The Institute aimed to safeguard the 
future of the gem and jewelry industry through edu- 
cation, instruments, and laboratory services. In 
1934, Shipley created a sister organization, the 
American Gem Society (AGS), as a professional 
association of jewelers. GIA and AGS were head- 
quartered under the same roof until their amicable 
parting 13 years later. (A more complete account of 
Robert Shipley and his founding of the two organi- 
zations appears in GeG’s Spring and Summer 1978 
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issues, as well as in William George Shuster’s 2003 
book, Legacy of Leadership: A History of the Gemo- 
logical Institute of America.) 

Shipley also saw another need: a periodical that 
would keep gemologists informed of developments 
and discoveries in the nascent field and keep them 
connected to GIA and AGS. He was no doubt influ- 
enced by The Gemmologist, the monthly journal 
begun by NAG in 1931 that was billed as a publica- 
tion for “the jeweler, connoisseur, expert and manu- 
facturer.” Shipley started with a short-lived newslet- 
ter titled Gemology: Bulletin of the Gemological 
Institute of America in 1931. Gems and Gemolo- 
gists, which followed in August 1933, was a prospec- 
tus for a future publication. If 2,000 initial subscrip- 
tions were sold, the cover announced, GIA would 
have the resources to create the periodical. In an edi- 
torial that acknowledged the influence of President 
Franklin Roosevelt's recently enacted New Deal, 
Shipley laid out the foundations of a grassroots 


Authors’ note: The original, smaller-format issues, from January 1934 
through Winter 1980-1981, may be downloaded free of charge on 
the G&G website, www.gia.edu/gemsandgemology. To locate specific 
articles from past issues, please refer to the subject and author indexes 
also featured on the site. 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 45, No. 2, pp. 80-95. 
© 2009 Gemological Institute of America 
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“gemological movement” that would educate 
American jewelers and protect the gem-buying pub- 
lic. With features such as a history of the Pigott dia- 
mond, GIA news bulletins, a report on the World 
Jewelry Trade Congress, and a gem quiz, the lone 
issue of Gems and Gemologists succeeded in 
launching Gems &) Gemology. 


BIRTH OF THE JOURNAL 


Gems &) Gemology debuted with the January 1934 
issue. The journal’s aim was set forth on the cover, 
in what would now be called a mission statement: 


A bi-monthly periodical, without paid advertising, 
supported by subscriptions from Gemologists and 
other gem enthusiasts, aims to increase the gem 
merchant's knowledge and ability in order that he 
may protect more thoroughly his customers’ best 
interests. 


Intent on making the journal an independent, unbi- 
ased source of gemological research and informa- 
tion, Shipley established a policy of no advertising 
beyond GIA products and services. 

From its first issue, G&G offered a broad mix of 
editorial content. Pages were devoted to profiles of 
famous diamonds such as the Jonker, Orloff, and 
Regent; tips on using the loupe and other basic 
gemological instruments; book reviews; and run- 
ning segments such as a beginner’s glossary and 
Henry Briggs’s gemological encyclopedia, which ran 
from the premier issue to 1943. Throughout these 
early years, the journal sought to give jewelers and 
gemologists a common language with which they 
could communicate. Another staple was GIA and 
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Figure 1. With the 
growth of gemology as 
a field of study over the 
past 75 years, Gems & 
Gemology has provided 
the latest research on 
gem characteristics, 
sources, and technolo- 
gies. Shown here is a 
selection of issues from 
the January 1934 premier 
through Spring 2009. 
Image by Karen Myers. 


AGS news, as the journal sought to promote the 
gemological movement. 

Gems & Gemology, along with every other 
aspect of the two organizations in the 1930s, was a 
family affair operated out of Shipley’s Los Angeles 


Figure 2. Former retail jeweler Robert M. Shipley 
(1887-1978) founded the Gemological Institute of 
America in 1931 and established its quarterly journal 
three years later. Shipley nurtured Gems & Gemology 
until his retirement in 1952. 
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apartment. His wife, Beatrice Bell Shipley, was the 
business administrator and an occasional contribu- 
tor (under the pen name “B. W. Bell”). But the bulk 
of the writing initially fell on Shipley himself and 
Robert Jr. (figure 3), the elder of two sons from his 
first marriage and the Institute’s resident scientist/ 
inventor. The three Shipleys, involved as they were 
in every aspect of expanding GIA and AGS, still 
managed to produce the journal with the support of 
a small, thinly stretched staff. Then, as now, con- 
tributing authors were not paid for their articles. Yet 
Robert Shipley Sr., through his energy and force of 
personality, was able to draw on the talents of 
experts such as mining engineer Sydney Ball and 
Edward Wigglesworth, director of what is now the 
Museum of Science in Boston. 

The fledgling journal’s tight budget was reflected 
in its modest appearance. It began as a 5 x 8% in. 
publication, 32 pages per issue (though the page count 
was halved within two years). Each cover was simply 
the table of contents, and the pages contained little 
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Figure 3. Notable 
contributors during 

the journal’s early 
decades included: 

(top row, left to right) 
Robert Shipley Jr., 
Sydney Ball, and 
Edward Wigglesworth; 
(middle row, left to right) 
Basil Anderson, Edward 
Gtibelin, and George 
Switzer; and (bottom 
row, left to right) Robert 
Webster, G. Robert 
Crowningshield, 

Lester Benson Jr., and 
Eunice Miles. 


photography, all of it black-and-white. Subscriptions 
cost $3.50, an annual rate that would not increase for 
more than 40 years, until the end of 1976. After two 
years as a bimonthly journal, G&G became a quarter- 
ly with the Spring 1936 issue. 

An early milestone for the journal was GIA’s 
1941 hiring of Richard T. Liddicoat Jr. (figure 4; see 
also the Spring 2002 tribute), who had recently 
obtained his master’s degree in mineralogy at the 
University of Michigan. Liddicoat’s first byline in 
Gw#G was a Fall 1941 piece, written with Shipley 
Sr., titled “A solution to diamond grading prob- 
lems” (see box A). Liddicoat would eventually lead 
the Institute and the journal to new heights. 


WAR YEARS 

Within a decade of Gems & Gemology’s birth, 
though, its very existence was threatened by the 
impact of World War II. GIA suffered a staggering 
drop in enrollments as millions of young men joined 
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the war effort. Among them were two of the jour- 
nal’s most important contributors. Robert Shipley Jr. 
was called up in 1941 by the Army Air Corps, which 
used his engineering talents to develop photo recon- 
naissance equipment. Liddicoat left for the Navy in 
1942, serving as a meteorologist on aircraft carriers 
in the South Pacific. 

Yet the journal continued to deliver original 
research, due in large part to a $50,000 endowment 
raised by AGS jewelers that made the Institute a non- 
profit organization and kept it “from becoming a war 
casualty,” as the February 1943 issue of National 
Jeweler put it. In addition to a diamond glossary that 
ran from 1941 through 1947, G#G issues from this 
period featured brief but influential articles. Leading 
the way were Wigglesworth in Boston and European 
authors Basil W. Anderson and Edward J. Giibelin. 
Until his death in 1945, Wigglesworth wrote on top- 
ics ranging from refractometer and polariscope use to 
specific gravity testing and synthetic emerald detec- 
tion. Anderson, head of the Precious Stone 
Laboratory of the London Chamber of Commerce 
(which later merged with the Gemmological 
Association of Great Britain, now Gem-A), published 
a four-part series on the gemological applications of 
the handheld spectroscope. 

Gtbelin, a young Swiss gemologist, had recently 
begun his pioneering research on inclusions in gem- 
stones. (For more on the career of Dr. Edward J. 
Gtbelin, see the Winter 2005 cover story.) Among 
his dozen wartime articles for G@G were studies of 
the microscopic differences between Burmese and 
Thai rubies and Colombian and Russian emeralds 
(both in 1940), methods for determining a sapphire’s 
geographic origin (1942-1943), and the identifying 
characteristics of various synthetics. To show the 
internal features of a gem, Gtibelin made extensive 
use of photomicrography, a first for GWG. 

Other highlights from the period were A. E. 
Alexander’s pair of 1941 articles on distinguishing 
natural and cultured pearls and Shipley’s first look 
at commercially available synthetic emeralds the 
following year. Gemological Digests, a series of 
industry news briefs from around the world, debut- 
ed in 1944 and became a regular column for the 
next two decades. 


THE POSTWAR ERA 


Having survived the war years, Gems & Gemology 
resumed its original 30-plus page count by 1947. 
Liddicoat had returned from military service the year 
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Figure 4. Richard T. Liddicoat Jr. (1918-2002) succeed- 
ed Shipley as GIA president and G&G editor in 1952. 
Over the next 50 years, Liddicoat exerted an enduring 
influence on the journal. In addition to numerous fea- 
ture articles and editorials, he penned GIA’s West 
Coast lab highlights column from 1961 to 1980. 


before and, with the departure of Shipley Jr., was now 
Shipley Sr.’s heir apparent at GIA and as editor of the 
journal. Giibelin and Anderson remained leading 
authors, joined by George Switzer of the Smithsonian 
Institution and Robert Webster, Anderson’s colleague 
from the Precious Stone Laboratory. The journal was 
further bolstered by the 1947 establishment of an edi- 
torial board, comprised of Anderson, Ball, Giibelin, 
Switzer, and William Foshag, also from the 
Smithsonian. With the appointment of the editorial 
board, the masthead no longer described GWG as a 
GIA “organ” but rather as the “official journal” of the 
Institute, implying a more academic perspective. 

Notable articles from the early postwar years 
included Shipley’s 1947 study of diamond fluores- 
cence and William Barnes’s four-part series that 
same year on X-ray diffraction to identify natural 
and cultured pearls. Shipley’s final article for the 
journal was a 1949 piece that examined the busi- 
ness operations of De Beers. 
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Box A: LANDMARK ARTICLES 


Gems # Gemology has published some of the finest gemological research of the past 75 years. Members of the jour- 
nal’s editorial staff and several longtime contributors joined the authors in selecting 20 of the most noteworthy arti- 
cles (or series) in G#G’s history, with apologies to the many others that deserve mention. This list includes particu- 
larly influential first reports, articles that cast new light on important topics, and studies that have been widely refer- 


enced and are considered authoritative years after publication. 


Fall 1941: “A Solution to Diamond 
Grading Problems.” Robert Shipley and 
Richard Liddicoat took on the monu- 
mental challenge of creating a system for 
consistent diamond color grading, at a 
time when none existed. It combined the 
Diamolite, a reliable natural daylight— 
equivalent lamp that provided a con- 
trolled viewing environment, with the 
Colorimeter, a device that compared a 
diamond's color against a fixed standard. 
This early color grading system was 
adopted by AGS and represented an 
important advancement in diamond grading methodology. 


1944-1945: The “Gemstones and the Spectroscope” series. 
In the 1940s, more than 70 years after the first observa- 
tions of gemstones using the spectroscope, the instrument 
was still relegated to the background of gemological 
research. Based on his decade of experience with the spec- 
troscope, Basil Anderson explored the capabilities of this 
simple tool and offered practical tips on using it that still 
apply today. 


1945-1946: The “Inclusions as a Means of Identification” 
series. Edward Giibelin, the Swiss gemologist who pio- 
neered the study of gemstone inclusions, set forth the fun- 
damentals in this three-part series. The articles focused on 
the inclusion characteristics of the most common garnets, 
with numerous photomicrographs. 


Winter 1957-1958: “Spectroscopic Recognition of Yellow 
Bombarded Diamonds.” The advent of irradiated diamonds, 
in a range of colors, posed a difficult question for the industry 
in the mid-1950s: Was a diamond’s color natural or the prod- 
uct of irradiation? After a study of more than 10,000 yellow 
diamonds with the spectroscope, G. Robert Crowningshield 
established the absorption line at 5920 A (592, nm) as an iden- 
tifying feature of irradiated yellow diamonds. 


Winter 1962-1963 and Summer 1964: The “Coated 
Diamonds” series. As a wave of convincing diamond coat- 
ings entered the market in the 1950s, Eunice Miles under- 
took a two-year study. Miles’s research culminated in these 
two Ge&G articles, where she presented her microscopic 
clues to detecting diamond coatings. 


Summer 1971: “General Electric’s Cuttable Synthetic 
Diamonds.” When GE succeeded in producing cuttable- 
size synthetic diamonds, Crowningshield arranged to 
examine the first four faceted and several uncut speci- 
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Calcite in Burmese ruby. 


mens. This detailed study marked the 
first published report of their color, clar- 
ity, fluorescence, spectroscopic, and X- 
ray characteristics. Crowningshield con- 
cluded that the synthetics could be 
detected by their unusual inclusions, 
strong fluorescence, and prolonged 
phosphorescence. This was the first of 
several articles that G&G would pub- 
lish as gem-quality synthetic diamonds 
transitioned from a research oddity to a 
commercial product. 


= 
oO 
el 
= 
oO 
es 
@ 
Ss 
s 
sw 


1984-1985, 1988: The “Gem Pegmatites of Minas Gerais” 
series. For many years, the complex granitic pegmatites of 
Minas Gerais, Brazil, supplied most of the world’s market 
for fine gem beryl, chrysoberyl, topaz, tourmaline, and kun- 
zite. In this four-part series, Keith Proctor reviewed the 
occurrence of pegmatitic gems in the region, as well as 
related exploration and mining activities. 


Winter 1985: “A Proposed New Classification of Gem- 
Quality Garnets.” With the discovery of new types of garnets 
in the 1970s, the existing classification system for these 
gems had become inadequate. Carol Stockton and D. 
Vincent Manson devised a new system based on the chemi- 
cal and spectroscopic analyses of more than 500 samples and 
proposed eight varieties of gem garnets, all of which could be 
identified with traditional gemological instruments. 


Winter 1986: “The Gemological Properties of the 
Sumitomo Gem-Quality Synthetic Yellow Diamonds.” In 
1985, Sumitomo Electric Industries achieved the first com- 
mercial production of gem-quality synthetic diamonds, in 
the form of yellow crystals up to 2 ct. James Shigley et al. 
provided standard gemological methods for detecting these 
products. Similar articles followed over the next several 
years, as other manufacturers entered the marketplace with 
a broader product mix. 


Fall 1987, Spring 1988, and Summer 1988: The “Update on 
Color in Gems” series. Emmanuel Fritsch and George 
Rossman’s three-part series began with a summary of the 
factors that govern the perception of color, from the source 
of light to the human eye, and examined the role of dis- 
persed metal ions in the coloration of gems such as ruby 
and emerald. The series went on to explore charge-transfer 
phenomena and color centers as the cause of color in blue 
sapphire, Maxixe beryl, and other gems. It concluded with 
colors that involve band theory and physical optics, such 
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as the play-of-color in opal and the blue sheen of moon- 
stone feldspars. 


Summer 1989: “The Characteristics and Identification of 
Filled Diamonds.” In the late 1980s, the filling of surface- 
reaching cracks in diamonds with high-RI glass to enhance 
clarity became the most controversial diamond treatment 
up to that point. As the industry 
struggled to deal with the issue, John 
Koivula and coauthors described 
clear-cut methods to detect the fill- 
ing. Their study also marked the 
beginning of G&#G’s unprecedented 
reporting of treatments involving 
colorless diamonds, the mainstay of 
the industry. 


Fall 1990: “Gem-Quality Cuprian- 
Elbaite Tourmalines from Sao José 
da Batalha, Paraiba, Brazil.” The 
introduction of exceptionally bright 
blue and green tourmalines from the 
Brazilian state of Paraiba in 1989 cap- 
tivated the colored stone world. In 
one of the first reports on “Paraiba” 
tourmaline, Emmanuel Fritsch and coauthors described the 
gems and performed quantitative chemical analyses, which 
revealed that the striking colors were related to unusually 
high concentrations of copper. They also examined the role 
of heat treatment. 


Spring 1991: “Age, Origin, and Emplacement of 
Diamonds: Scientific Advances in the Last Decade.” 
Melissa Kirkley, John Gurney, and Alfred Levinson’s 
definitive review was a key resource for understanding the 
formation of diamonds millions of years ago, as well as the 
mechanisms that brought them to the surface. The article 
resonated beyond the gemological community, becoming 
widely cited in the geological literature. 


Summer 1991: “Fracture Filling of Emeralds: Opticon and 
Traditional ‘Oils.’”” The filling of surface-reaching fractures 
in emerald has long been a widespread practice, but as epoxy 
resins began to replace traditional fillers, the trade demand- 
ed to know more about these new substances. Robert 
Kammerling and coauthors examined the most widely used 
epoxy resin, Opticon, and found that it could be detected by 
established methods. 


Winter 1994: “Color Grading of Colored Diamonds in the 
GIA Gem Trade Laboratory.” During the 1980s, colored 
diamonds became more prevalent and far more popular 
than ever before. Amid this newfound appreciation for 
“fancies,” John King and a team of colleagues presented 
the GIA Laboratory’s updated system for color grading 
these diamonds, as well as the theory behind it. 


Winter 1995 and Spring 1996: The “History of Diamond 
Sources in Africa” series. Since 1867, Africa has been the 
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Cu-bearing tourmalines from Paraiba, Brazil. 


world’s most important diamond source. A. J. A. (Bram) Janse 
chronicled the history of African diamond exploration and 
mining with this two-part series. South Africa was reviewed 
in part one, followed by East and West Africa in part two. 


Fall 1996: “De Beers Natural versus Synthetic Diamond 
Verification Instruments.” Christopher M. Welbourn and 
colleagues from the De Beers DTC 
Research Centre introduced a pair of 
instruments specially designed to 
distinguish synthetic diamonds: the 
DiamondSure and the Diamond- 
View. The DiamondSure detects the 
presence of the 415 nm optical 
absorption line found in nearly all 
natural diamonds but not in synthet- 
ics. The DiamondView produces a 
fluorescence image from which the 
distinctive growth structures of nat- 
ural and synthetic stones can be 
determined. 


Harold & Erica Van Pelt 


Fall 1998, Fall 2001, and Fall 2004: 
The “Diamond Cut” series. Of all 
the diamond quality factors, cut is 
the most difficult to evaluate objectively. Following a 15- 
year study that used computer modeling and observation 
testing, GIA researchers found that the combination of 
proportions is more important than any individual propor- 
tion value, and that attractive diamonds can be cut in a 
wider range of proportions than traditionally thought pos- 
sible. The study resulted in the 2005 launch of GIA’s dia- 
mond cut grading system for round brilliants. 


Summer 2000: “Characteristics of Nuclei in Chinese 
Freshwater Cultured Pearls.” In the late 1990s, the excep- 
tional size and quality of some freshwater cultured pearls 
from China sparked debate over the growth process used, 
particularly claims that they were being beaded with reject 
cultured pearls. Based on the study of some 41,000 samples, 
Kenneth Scarratt, Thomas Moses, and Shigeru Akamatsu 
determined that these freshwater cultured pearls were 
being grown with mantle tissue only, using larger mussels 
and new tissue-insertion techniques, and that they could be 
identified with established X-radiographic methods. 


Summer 2003: “Beryllium Diffusion of Ruby and 
Sapphire.” The first major colored stone challenge of the 
21st century was the heat treatment of corundum involv- 
ing diffusion with beryllium. Stones artificially colored by 
the process were being sold undisclosed, which sent shock- 
waves through the colored stone market. John Emmett and 
coauthors tackled the issue with this 52-page article, the 
longest in the journal’s history. Their study found that stan- 
dard gemological testing could identify many of these 
goods, whereas quantitative chemical analysis by secondary 
ion mass spectrometry (SIMS) and LA-ICP-MS were 
required for the rest. 
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When Shipley retired in 1952, Liddicoat assumed 
the reins of GIA and its quarterly. Like his predeces- 
sor, Liddicoat was an actively involved editor, and 
he continued to write extensively for G#G. But the 
day-to-day management of the journal was being 
handled by associate editors Virginia Hinton 
(1944-1946), Kay Swindler (1946-1953), and Jeanne 
Martin (1953-1966; see figure 5). 

By the early 1950s, one of the greatest challenges 
facing the gem industry was the color alteration of 
diamonds through laboratory irradiation. Earlier 
G&G articles, in 1938 and 1949, reported on dia- 
monds that had been colored green by exposure to 
radium. In a 1954 study, De Beers researchers J. F. H. 
Custers and H. B. Dyer identified irradiated blue dia- 
monds by their absence of electrical conductivity. 
Yet there was still no means of detecting yellow irra- 
diated diamonds, which were on the market and 
often sold without disclosure. That was when G. 
Robert Crowningshield, head of GIA’s recently 
established New York laboratory, made one of 
gemology’s most famous discoveries. Using a simple 
handheld spectroscope, Crowningshield spotted an 
absorption line at 5920 A (592. nm) that was present 
in yellow diamonds artificially colored by irradia- 
tion. His Winter 1957-1958 “Spectroscopic recogni- 
tion of yellow bombarded diamonds” was a break- 
through in identifying these treated stones. 


86 CELEBRATING 75 YEARS OF G&G 


Figure 5. Early associate 
editors (top row, left to 
right) Virginia Hinton, 
Kay Swindler, and 
Jeanne Martin laid the 
foundations for (bottom 
row, left to right) 
Lawrence Copeland, 
Robert Gaal, and John 
Koivula during the late 
1960s and 1970s. Koivula 
remains a major contrib- 
utor to the journal. 


Soon, more of Crowningshield’s discoveries 
and observations would be featured in a regular 
lab column. The Winter 1958-1959 issue intro- 
duced the Highlights at the Gem Trade Lab sec- 
tion, featuring brief notes on interesting and 
unusual gems encountered at the GIA laborato- 
ries. Crowningshield was the New York corre- 
spondent, with GIA researcher Lester B. Benson Jr. 
reporting from Los Angeles. These entries were 
written for easy reading, with some as short as a 
single paragraph. The column continued for the 
next two decades and (in 1981) became the popu- 
lar Lab Notes section, with Crowningshield as a 
contributing editor. (The lead article in the Fall 
2003 issue took an in-depth look at Crowning- 
shield’s six-decade career.) 

The postwar years also saw a new emphasis on 
photography, including G#G’s first foray into color. 
Between 1946 and 1951, the journal printed 38 full- 
page color plates that represented every major gem 
species, as well as lesser-known ornamental materi- 
als. Save for the color plates, though, the journal 
was still black-and-white. The covers became less 
austere with the Winter 1946 issue, which featured 
a bouquet of diamonds and emeralds from the 
Russian Crown Jewels. Black-and-white jewelry 
photos adorned the covers through 1966 (again, see 


figure 1). 
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THE SIXTIES AND SEVENTIES 


The 1960s began on a somber note with the untime- 
ly death in 1961 of Lester Benson, whose Los 
Angeles lab column was carried on by Liddicoat. 
The G&G editor also produced two of the decade’s 
most notable articles: 1962’s “Developing the pow- 
ers of observation in gem testing,” and “Cultured- 
pearl farming and marketing” in 1967. Eunice 
Miles, the first female gemologist at the GIA labo- 
ratory, addressed one of the New York diamond 
industry’s most pressing concerns with two arti- 
cles on detecting coated diamonds (at the end of 
1962 and in 1964). But with growing demand for 
GIA’s new diamond grading services, gemological 
research assumed a lower priority at the Institute, 
and few other scientific studies would be conduct- 
ed until the establishment of GIA Research in 
1976. 

As a result, the driving force behind GWG in the 
late 1960s and early 1970s was the lab highlights 
section. Roughly half of each issue was devoted to 
these accounts and photos of oddities, damaged 
stones, imitations, and outright frauds seen at the 
New York and Los Angeles labs. The section was 
also a record of gemological milestones, such as the 
introduction of the diamond imitation yttrium-alu- 
minum garnet (YAG} at the end of 1964 and irradi- 
ated topaz in 1967. Another first was the 1967 iden- 
tification of a previously unknown violet-blue 
zoisite, a material that would eventually become 
famous as tanzanite (figure 6). In 1970 and 1971, the 
lab highlights section noted the advent of laser 
drilling, a process used to bleach dark inclusions in 
a diamond to improve its apparent clarity. The sec- 
tion later described the first commercially available 
synthetic opal and synthetic alexandrite (1972) and 
the first specimen of gem-quality jeremejevite 
examined by lab staff members (1973). 

In-depth reports on other critical developments 
appeared as GWG feature articles. In 1971, 
Crowningshield chronicled a major milestone in 
gem history with his description of the first cuttable- 
size synthetic diamonds, produced by General 
Electric. A 1974 article by Campbell Bridges offered 
a firsthand look at the green grossular garnet from 
Kenya that became known as tsavorite. Hiroshi 
Komatsu and Shigeru Akamatsu examined the dif- 
ferentiation of natural from treated black pearls in 
1978, while two years later Robert Kane contributed 
a seminal study on graining in diamonds. 

Through 1980, the journal was managed by a suc- 
cession of distinguished associate editors (again, 
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Figure 6. In 1967, G&G reported on a brilliant new 
violet-blue zoisite that came to be known as 
tanzanite. This photo, from the Summer 1992 cover 
shoot, shows a 98.4 g crystal and 24.30 ct faceted tan- 
zanite. Courtesy of Michael Scott; photo by Harold # 
Erica Van Pelt. 


see figure 5), most notably Lawrence Copeland 
(1967-1971), Robert Gaal (1973-1977), and John I. 
Koivula (1978-1980). During this period, synthetic 
gem materials were being developed for laser appli- 
cations in communications and other fields. These 
new materials invariably made their way into the 
gem market. In the 1970s, gemology attracted the 
interest of Kurt Nassau (figure 7), then a research sci- 
entist at Bell Laboratories. Nassau wrote several arti- 
cles on synthetics (including a Winter 1979-1980 
review of the decade’s advances) and simulants (such 
as the new diamond imitation cubic zirconia in 
1976), as well as treatment processes and the causes 
of color in gems (e.g., deep blue Maxixe-type beryl 
in 1973). 

Ge#G’s first all-color edition was the Spring 1977 
special issue on the Hixon Collection of colored 
stones, which had been donated to the Natural 
History Museum of Los Angeles County between 
1971 and 1977. A year later, the Summer 1978 
Robert M. Shipley memorial issue was devoted to 
remembrances of the journal’s founder and the early 
days of GIA and AGS. 
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Figure 8. Editor-in-chief Alice Keller’s transformation of 
G&G began with the Spring 1981 issue. She was later 
joined by editor Brendan Laurs and managing editor Tom 
Overton, who bring geological, gemological, and legal 
expertise to the journal. Photo by Kevin Schumacher. 
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Figure 7. Among the 
most prolific contribu- 
tors from recent decades 
are: (top row, left to 
right) Kurt Nassau, 
Robert Kane, and 
Emmanuel Fritsch; and 
(bottom row, left to 
right) John King, Alfred 
Levinson, James Shigley, 
and Karl Schmetzer. 
Shigley is also contribut- 
ing editor of G&G and 
editor of the Gems & 
Gemology in Review 
series; King is editor of 
the Colored Diamonds 
book in that series. 
Levinson was editor of 
the Gemological 
Abstracts section from 
1997 to 2005. 


A NEW ERA 


In 1980, with GIA’s 50th anniversary a year away, 
Liddicoat and the board of governors decided it was 
time to revitalize the Institute’s flagship publication. 
Koivula, eager to return to his highly regarded gem 
inclusion research and photomicrography, stepped 
aside and Alice Keller (figure 8) was chosen to take 
over as managing editor. Unlike her predecessors, 
Keller was not a gemologist, but she had an extensive 
background in peer-reviewed medical and business 
journals. She immediately put a lasting imprint on 
G&G, beginning with the Spring 1981 issue, which 
was headlined by Giibelin’s article on peridot from 
the Red Sea island of Zabargad and Nassau’s update 
on cubic zirconia. 

Keller’s debut issue was a dramatic departure for 
the journal. It had a larger format (8% x 11 in.) and 
twice the page count. But the most striking feature of 
the redesigned G#G was its emphasis on high-quali- 
ty color photography, which finally did justice to the 
subtle nuances of gems and their eye-visible and 
microscopic features. With the next issue, Summer 
1981, the renowned team of Harold and Erica Van 
Pelt (figure 9) began taking artistic cover shots and 
lead photos for feature articles. Over the years, Tino 
Hammid, Robert Weldon, Shane McClure, and Maha 
Tannous also contributed significantly, while 
Koivula’s photomicrographs captured the internal 
world of gems (he shared some of his techniques in 
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Spring 2003’s “Photomicrography for gemologists”). 
Complementing the photos were numerous color 
illustrations, including detailed maps and graphs. 

But the changes were more than just cosmetic. 
Keller reestablished the journal’s editorial review 
board, the backbone of any peer-reviewed journal, to 
evaluate manuscripts prior to publication. The new 
board included Nassau and Crowningshield, as well 
as Cornelius Hurlbut of Harvard University, George 
Rossman from the California Institute of Tech- 
nology, Pete Dunn of the Smithsonian Institution, 
Anthony Kampf from the Natural History Museum 
of Los Angeles County, and venerable gem and min- 
eral author John Sinkankas, among others from GIA 
and the gem trade. Meanwhile, Gem News (later 
Gem News International) was added as a forum for 
new sources, synthetics, and other breaking develop- 
ments from around the world. The longstanding lab 
highlights section became Gem Trade Lab Notes 
(simply Lab Notes since Summer 2003) and grew 
more comprehensive under GIA Laboratory leaders 
Crowningshield, C. W. (Chuck) Fryer, Robert 
Kammerling, Thomas Moses, and Shane McClure 
(figure 10). The Gemological Abstracts section, 
which presented summaries of notable articles pub- 
lished elsewhere, expanded under the editorship of 
GIA library director Dona Dirlam and her successor, 
University of Calgary geochemist and diamond 
expert Alfred Levinson. 
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Figure 9. G&G’s emphasis on attractive, informative color 
photography is evident in the Winter 1997 cover, which 
demonstrated the wide range of fluorescence shown by the 
fine diamonds in this Harry Winston suite. The composite 
image was taken by photographers Harold & Erica Van 
Pelt (inset, by Karen Myers), who have captured artistic 
cover shots for almost every issue since Summer 1981. 


Figure 10. Since 1981, 
the Lab Notes section 
has grown under editors 
(clockwise from far left) 
C. W. (Chuck) Fryer, 
Shane McClure, 
Thomas Moses, and 
Robert Kammerling. 
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Engagement Rin 


by KAY SWINDLER 


Although today it is not compulsory that 
a young man bestow upon the lady of his 
choice a ring to signify their intention to 
wed, and there is likewise no obligatory 
rule that the diamond shall be used for 
such purpose, yet custom has made the 
practice almost universally popular —at 
least in this country. 


Why an engagement ring? And why 
should the selection be a diamond? Since 
this is one of the most happy occasions in 
the life of two individuals, the young 
man’s wish to present his loved one with 
the most beautiful and lasting of jewels is 
in keeping with his wish for a shared life 
of beauty, unchanged by time. The very 
name of diamond suggests triumph and 
eternity of love since it is from the Greek 
word “adamas” meaning “unconquerable.” 
It was really in the 15th century that both 
the art of cutting gemstones and the gen- 
etal use of the betrothal ring came into 
being. Both might be said to be the fore- 
runners of the diamond engagement ring 
since with the new methods of cutting, the 
diamond became the most precious of gem- 
stones and most popular for this purpose. 


CUSTOMS AND ORIGIN 
Many customs have accompanied the 
wedding and betrothal ceremonies down 
through the ages — both with and without 
items of jewelry playing an important role. 
Actoolly the bethrothal ring came before 


Bc ywedding ring. In early Biblical times 


t . . . 
a signet ring was often worn and a ring 
was considered as a pledge for performance 
of a promise. This may have been one of 


the early beginnings of the popularity of a 
ring to seal a promise of bethrothal. The 
circular form of the ring was accepted in 
days gone by as a symbol of eternity, thus 
indicative of the stability of affection. In 
an old Latin work we find: “The form of 
the ring being circular, that is round, and 
without end, importeth thus much that mu- 
tual love and hearty affection should round- 
ly flow from one to the other as in a circle, 
and that continually and forever.” 

Early Christian writings state that the 
ring was presented for a sign of mutual 
fidelity, or as a symbol of joining hearts by 
such pledge. By the end of the Middle Ages, 
the wedding and bethrothal rings had 
merged into one. This change seems to have 
taken place in England about the time of 
the Reformation. This did not, however, 
mean the complete abandonment of the 
betrothal ring, but rather the substitution 
of another and frequently less simple ring 
to mark the betrothal. Of course the change 
was gradual and the usage varied in -differ- 
ent countries. 

Perhaps the earliest allusion in Christian 
literature to the betrothal ring appears in 
one of Tertullian’s writings, dated from 
the end of the second century A.D. He says: 
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Figure 11. Shown here is a recent model of the DTC 
DiamondView, which was introduced to gemologists 
ina 1996 G&G article by Chris Welbourn et al. It is 
one of many advanced technologies that have figured 
prominently in the journal since the 1980s. Photo by 
Kevin Schumacher. 


In 1982, G&G debuted a pair of perennial Spring 
issue features. The Most Valuable Article Award, 
voted on by readers and later renamed in honor of 
Gtbelin, offers recognition and a monetary prize as 
an incentive for authors. The G#G Challenge, a 
multiple-choice quiz based on the previous year’s 
articles, promotes continuing education in this rapid- 
ly developing field. 

The Spring 1986 “China” issue, an unprecedent- 
ed look at the country’s gem resources, was the first 
of several special editions of the redesigned journal. 
Retrospectives of the 1980s and 1990s (Spring 1990 
and Winter 2000) reviewed major developments for 
each decade in five key areas: gem sources (including 
a world map and table of important localities), syn- 
thetics, treatments, new technologies, and jewelry 
styles. In addition, the Fall 1999 and Fall 2006 issues 
were devoted to presentations by industry leaders 
and prominent researchers at GIA’s third and fourth 
International Gemological Symposiums. 
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The Impact of Technology. The changes in G#G 
coincided with a virtual revolution in gemology. 
Technological advances in the 1980s began to foster 
more precise, sophisticated forms of gem synthesis, 
resulting in an influx of high-quality synthetic 
rubies, sapphires, and emeralds. Although GE had 
produced the first jewelry-quality synthetic dia- 
monds for experimental purposes years earlier, 
Sumitomo was the first to make such material 
commercially available—initially for industrial use. 
During this decade, G#G covered the Ramaura and 
Lechleitner synthetic rubies, among others, as well 
as the Sumitomo and De Beers gem-quality synthet- 
ic diamonds. At the same time, experimentation in 
other fields, such as high-pressure physics and 
materials science, brought a new generation of 
enhanced gems to the fore. The traditional gauges 
and scopes—and even electron microprobe analysis 
and UV-visible absorption spectroscopy, techniques 
first applied in the 1970s—were not always suffi- 
cient to characterize these materials. Out of this 
necessity came new tools for gemological discovery. 

Many of these new identification technologies 
involved spectroscopic methods, which measure 
the absorption or emission of electromagnetic radi- 
ation to determine a gem material’s composition 
and characteristics. Several advanced forms of 
spectroscopy were introduced to gemologists 
through the pages of Gems #& Gemology during 
the 1980s, most notably infrared, energy-dispersive 
X-ray fluorescence, and Raman. The decade also 
saw further development of the electron micro- 
probe as a useful tool in measuring the chemical 
composition of gem materials. The increasingly 
technical nature of the submitted manuscripts led 
Keller to add the position of technical editor to the 
journal’s staff in 1985. Carol M. Stockton, a well- 
published GIA researcher, held the post for more 
than 20 years and continues to support G&G as 
consulting editor. 

In the 1990s and 2000s, advances in diamond syn- 
thesis and challenging new treatments would forever 
change the way gemologists looked at diamonds, 
rubies, and sapphires. Following on the broader appli- 
cation of Raman analysis for gem identification, laser 
ablation—inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS}—also adapted from other 
research disciplines—emerged as an important tech- 
nique for quantitative chemical analysis of gem 
materials. However, not all of gemology’s new meth- 
ods were borrowed from other fields: A 1996 article 
presented two instruments developed by De Beers 
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researchers specifically for detecting synthetic dia- 
monds. One of them, the DiamondView, produces a 
luminescence image revealing the growth structure 
of the diamond being tested, thereby indicating its 
natural or synthetic origin (figure 11). 


Gem Sources. During the 1980s, reviews and 
updates on classic colored stone localities— 
Colombia, Burma (Myanmar), Sri Lanka, Pakistan, 
Kashmir, Afghanistan, and Thailand—prevailed in 
the pages of G#G. To this day, Keith Proctor’s four- 
part “Gem pegmatites of Minas Gerais” series, 
which appeared between 1984 and 1988, serves as a 
comprehensive overview of the major occurrences 
in this gem-rich Brazilian state. But this decade and 
the next also saw increased exploration and the 
emergence of new localities. Soon after the discov- 
ery of unusually vivid green and blue copper-bearing 
tourmalines at a mine in northeastern Brazil, 
Emmanuel Fritsch headed a 1990 report on these 
new “Paraiba” tourmalines. The following year, 
Robert Kane led a report on rubies and fancy sap- 
phires from Vietnam, and in 1992, Dirlam et al. sur- 
veyed the colored stone wealth of Tanzania. 

Adolph Peretti and coauthors provided the 
authoritative article on the new rubies from Mong 
Hsu, Myanmar, in 1995. Richard Hughes et al.’s 
2000 report on their visit to Myanmar’s jadeite 
mines marked the first time foreign gemologists had 
been allowed into this historic locality in more than 
30 years. Kenneth Scarratt led a 2000 study of the 
nuclei in Chinese freshwater cultured pearls, laying 
to rest unfounded claims about how these excep- 
tionally large, attractive goods were being cultivated, 
with an update the following year by Akamatsu et 
al. on the processes used (figure 12). A 2003 article 
by Brendan Laurs and colleagues marked the first 
scientific description of the new gem mineral pez- 
zottaite. 

Important new diamond sources came onto the 
scene during the 1980s and 1990s, and groundbreak- 
ing articles soon followed. Among these were the 
seminal 1991 article by Melissa Kirkley et al. on the 
age and origin of diamonds, and the two 1995-1996 
articles by A. J. A. (Bram) Janse on diamond sources 
in Africa. The discovery and mining of Australia’s 
Argyle diamond deposit, the world’s largest by vol- 
ume, was the focus of a 2001 article by James 
Shigley and coauthors, and a year later Bruce 
Kjarsgaard and Alfred Levinson reported on the 
emerging Canadian diamond deposits and their 
potential impact on the industry. 
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ined Chinese freshwater cultured pearls and the culti- 
vation process that has resulted in dramatically larg- 
er, higher-quality goods, such as those shown in this 
photo by Shigeru Akamatsu. The inset shows an X- 
radiograph of these cultured pearls, where the oval 
shapes mark the original tissue implant; courtesy of 
Kenneth Scarratt and Thomas Moses. 


Colored Stone Identification. Along with examining 
the geographic sources of colored stones, G#G 
delved further than ever into gem characterization 
and identification. Responding to the discovery of 
several new garnet types, Stockton and D. Vincent 
Manson proposed a more precise garnet classifica- 
tion system in 1985. The following year, Crowning- 
shield, Fryer, and Hurlbut presented their method 
for separating natural and synthetic amethyst using 
a simple polariscope, addressing a problem that had 
plagued the colored stone industry for years. 
Technology developed for the defense and other 
industries led to the proliferation of new synthetic 
rubies and sapphires, which posed a challenge for 
gemologists around the world. To keep pace, Kane 
and other researchers examined the new Chatham, 
Lechleitner, and Ramaura synthetic corundum prod- 
ucts, while Karl Schmetzer focused on state-of-the- 
art synthetic beryls being grown in Russia, China, 
and elsewhere. 

The rise of new and ever more sophisticated 
treatments likewise demanded attention in the 
pages of G&G. One of the biggest challenges to the 
colored stone industry during the 1980s was the 
emergence of diffusion treatment, in which light- 
colored sapphires were heated with titanium oxide 
to impart a thin surface-related blue coloration. In 
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Figure 13. In 2002, the industry learned that beryllium 
diffusion was being used to significantly alter the 
color of corundum, changing pink stones (such as 

those on the left of this photo by Sriurai Scarratt) to 
pink-orange after treatment (right). This was dramati- 
cally illustrated by Shane McClure’s inset photo of a 
0.51 ct pink sapphire that had been cut in half, with 
the portion on the right undergoing Be diffusion. 


1990, Kane et al. addressed the identification of 
these treated sapphires, the first of three G&G arti- 
cles on a process that would change the face of the 
ruby and sapphire industry in the 21st century. 
When the corundum trade was rocked by the emer- 
gence of “deep” diffusion with beryllium in 2002 
(figure 13), John Emmett et al.’s comprehensive 
2.003 article laid out the mechanics of the treatment 
and clues to its identification. One year later, SSEF’s 
Michael Krzemnicki and Henry Hanni helped 
describe a new detection method for Be diffusion, 
laser-induced breakdown spectroscopy (LIBS). 
During the 1990s especially, the emerald trade 
was hit by numerous scandals over undisclosed clar- 
ity enhancement. Although common for decades, 
the oiling of emeralds was not well understood by 
consumers, and the use of new and different frac- 
ture-filling substances challenged trade and public 
acceptance of the treatment. Concerns about the sta- 
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bility of these new filling materials led to a 1991 arti- 
cle by Kammerling et al. that examined their effec- 
tiveness. In 1999, a series of articles presented detec- 
tion criteria for different emerald fillers and GIA’s 
policy for grading them. GIA’s emerald research pro- 
ject culminated in a 2007 article analyzing the dura- 
bility of various emerald fillers (figure 14). 


Diamond Treatments. For most of the journal’s exis- 
tence, colored stone treatments and synthetics were 
the hot-button topics. While articles were published 
on diamond grading, simulants such as CZ, and 
occasionally coating and irradiation treatments, the 
diamond industry remained relatively untouched by 
problems that had long plagued colored stones. That 
ended in 1987, with the discovery that surface-reach- 
ing cracks in diamonds were being filled with a lead- 
based glass to improve their apparent clarity. Unlike 
irradiation, an issue limited to colored diamonds, 
glass filling directly affected colorless diamonds. 
Koivula et al. responded with a 1989 article on the 
identifying characteristics of these goods, while 
Kammerling and colleagues delivered a 1994 follow- 
up (figure 15). 

In 1999, the industry was again shaken by the 
emergence of a new treatment for colorless dia- 
monds—one that permanently removed brown col- 
oration from type Ila stones yet left little gemologi- 
cal evidence. Lazare Kaplan International subsidiary 
Pegasus Overseas Ltd., the distributor of the treated 
diamonds, announced that GE had developed the 
process and that hundreds of these goods had passed 
through gem laboratories undetected. G#G respond- 
ed with a series of investigations, beginning with 
Thomas Moses et al.’s Fall 1999 “Observations on 
GE-processed diamonds: A photographic record,” 
which revealed characteristic internal features of 
these diamonds and confirmed the use of a high- 
pressure, high-temperature (HPHT) treatment 


Figure 14. Mary Johnson’s 
2007 article on emerald 
fillers investigated their 
durability over time and 
under common conditions 
of wear and cleaning. The 
fissures in this 0.74 ct emer- 
ald filled with Araldite 6010 
(left) partially emptied out 
after 30 minutes of ultrason- 
ic cleaning (right). 
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Figure 15. The late 1980s saw the introduction of a new treatment that used lead-based glass to fill surface-reach- 
ing cracks in diamonds to improve their apparent clarity. The left and center photos show a 0.20 ct diamond before 
and after filling. G&G articles noted identifying features of these treated diamonds, such as the “flash effect” seen 
on the right (magnified 29x). Photomicrographs by Shane F. McClure. 


method. Subsequent issues provided additional 
important clues, first by Karl Schmetzer and then by 
De Beers researchers David Fisher and Raymond 
Spits. In 2000, Christopher Smith and coauthors 
offered an in-depth gemological and spectroscopic 
analysis of diamonds before and after HPHT process- 
ing (figure 16). 


Diamond Synthetics and Imitations. Although GE 
had created gem-quality synthetic diamonds on a 
small scale in the early 1970s, technical barriers and 
high production costs kept them in the experimen- 
tal stage for more than a decade. Starting with 
Sumitomo in 1985, as noted earlier, a number of 
manufacturers began to achieve commercial pro- 
duction of gem-quality synthetic diamonds for 
industrial purposes, a development with serious 
implications for the jewelry industry. Several arti- 
cles on the characterization and identification of 
synthetic diamonds appeared in the journal into the 
21st century (figure 17), most of them spearheaded 
by GIA research director James Shigley. 

While these early synthetic diamonds were creat- 
ed by the same basic method—heating carbon with a 
metal flux at high temperatures and high pressure 
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inside a large press—the technique of chemical 
vapor deposition (CVD) emerged in the 2000s. The 
CVD synthetics had very different gemological and 
spectroscopic characteristics, requiring a new round 
of intensive research. Landmark articles on CVD 
synthetic diamonds, led by GIA’s Wuyi Wang and 
De Beers researchers Philip Martineau et al., would 
follow in the pages of GWG. 

Even diamond simulants saw advances in tech- 
nology, with the introduction of synthetic moissan- 
ite as a jewelry material in the 1990s. A 1997 article 
by Nassau and coauthors showed how to identify 
this new imitation, which could not be detected by 
the thermal conductivity probes then in wide use. 


Diamond Cut and Diamond Grading. GIA had begun 
grading diamonds in the 1950s, but by the 1980s it 
was clear that refinements to the system were neces- 
sary. One of the earliest concerns was the need for a 
cut grade. Thus began a 15-year research project, 
which culminated in a series of G&G articles that 
laid out the basis for the Institute’s cut-grading sys- 
tem for round brilliant diamonds, launched in 2005. 
Color grading saw advances as well, for both fancy- 
color and colorless stones. In 1994, John King and a 


Figure 16. High-pres- 
sure, high-tempera- 
ture (HPHT) treat- 
ment removed the 
brown coloration 
from this 0.97 ct type 
IIa diamond (cour- 
tesy of the Giibelin 
Gem Lab). 
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Figure 17. As gem-quality synthetic diamonds began 
to enter the market, G&G provided the tools to identi- 
fy them. These yellow, blue, and pink synthetic dia- 
monds from Chatham Created Gems were featured in 
2004. Photo by Harold & Erica Van Pelt. 


team of coauthors presented the GIA Laboratory’s 
updated system for color grading fancy-color 
diamonds; this was followed over the next several 
years by companion articles on grading blues, pinks, 
and yellows. In 2008, King spearheaded a comprehen- 
sive article outlining the development of GIA’s color 
grading system for D-to-Z diamonds. 


Scientific and Industry Reviews. Not all G&G arti- 
cles are based on original research—many of the jour- 
nal’s most important contributions have been 
reviews of developments in the field. Emmanuel 
Fritsch and George Rossman’s three-part “Color in 
gems” series in 1987 and 1988 remains a seminal ref- 
erence on the topic two decades later. In 1988, nucle- 
ar engineer Charles E. Ashbaugh II provided a com- 
prehensive review of the physics and methods of 
gemstone irradiation. William Boyajian, then GIA’s 
president, wrote the 1988 classic “An economic 
review of the past decade in diamonds,” which set 
the stage for similar in-depth analyses of the state of 
the diamond trade. Menahem Sevdermish et al. pro- 
filed the rise of India’s diamond cutting industry in 
1998, and Russell Shor contributed 2005’s update on 
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the state of the global diamond industry. In 2007, 
Janse took on the monumental task of compiling 
global rough diamond production statistics since 
1870. That same year, Shor analyzed the economics 
of the cultured pearl industry. 


Jewelry History and Fashion. Along with its more 
scientific studies, Gems & Gemology also pub- 
lished scholarly articles on jewelry history and fash- 
ion. Looking back to the turn of the 20th century, 
jewelry historian Elise Misiorowski examined Art 
Nouveau and Edwardian jewelry (figure 18) in 1986 
and 1993. J. Mark Ebert’s 1983 article captured the 
creative spirit of the Art Deco period of the 1920s 
and 1930s, as did Sally Thomas’s 1987 article cover- 
ing jewelry from the 1940s to the 1960s. In 1985, 
Dirlam and coauthors reviewed pearl fashion from 
antiquity through modern times. The importance of 
gemstone durability in jewelry design and manufac- 
turing was featured in Deborah Martin’s 1987 arti- 
cle and accompanying chart. 


TWENTY-FIRST CENTURY DEVELOPMENTS 


Having stepped down as GIA president in 1983, 
Liddicoat remained chairman and G#G editor-in- 
chief until his death in 2002. After his passing, 
Alice Keller was named editor-in-chief. Geologist 
Brendan Laurs, the journal’s senior editor since 1997 
and a widely published expert on global gem 
sources, became editor. Attorney and copyright spe- 
cialist Tom Overton has been managing editor since 
2002 (again, see figure 8). 

Meanwhile, a number of G&G products have 
supplemented the quarterly issues. Illustrated wall 
charts, a more regular feature under longtime art 
director Karen Myers, provide easy reference and 
have become popular educational and sales tools. 
These include a world map of gem localities and 
charts of commercially available gem treatments, 
synthetic diamonds, and beryllium-diffused corun- 
dum. Another valuable resource has been the cumu- 
lative indexes, which help users access the subjects 
and authors that have appeared in the journal since 
1981. Printed every five years from 1990 to 2005, the 
index has been updated online each year since 2.005. 
That same year, the journal launched the Gems & 
Gemology in Review book series, each volume a col- 
lection of G#G articles and news briefs on a particu- 
lar topic. Edited by James Shigley, the series to date 
includes Synthetic Diamonds (2005), Colored 
Diamonds (2006), and Treated Diamonds (2008). 
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In the late 1990s, G#G began delivering content 
electronically on the GIA website, and updates from 
the journal became a regular feature in the GIA 
Insider, the Institute’s free electronic newsletter. 
Today, articles and issues—from the most recent back 
to 1981—can be downloaded at gia.metapress.com 
(with all earlier issues and a data depository available 
for free along with the indexes at www.gia.edu/gandg). 
What started as a small publication for American 
jewelers has become a professional journal reaching 
a worldwide audience of jewelers, gemologists, edu- 
cators, and researchers. GWG is delivered to more 
than 100 countries, with a Japanese version provided 
by GIA Japan. 

Since 1981, GWG has received 31 honors for edito- 
rial excellence and print quality, including 12 Gold 
Circle Awards for best peer-reviewed journal from the 
American Society of Association Executives and five 


Figure 18. Elise Misiorowski’s 1993 “Jewels of the 
Edwardians” is one of several jewelry history articles 
published in G&G. The cover of that issue, I. Snow- 
man’s circa-1910 portrait of Queen Alexandra, con- 
sort of King Edward VII, captured the essence of the 
era in the fabulous jewels she wore. Painting courtesy 
of A. Kenneth Snowman. 
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Gold Ink Awards, the nation’s most respected print 
competition. In 2004, Gems e) Gemology was accept- 
ed into the database of the Institute for Scientific 
Information (now the Thomson Reuters database}, the 
world’s most prestigious resource for indexing and ref- 
erencing academic journals. To date, G#G is the only 
gemological journal to achieve this recognition. 


SUMMARY 


Just as print production has shifted from film pho- 
tography and linotype machines to digital photogra- 
phy and desktop publishing, the field of gemology 
has witnessed changes that were unimaginable 75 
years ago. Once, gemologists used only a few basic 
tests and techniques (refractive index, specific gravi- 
ty, fluorescence, prism spectroscope, and micro- 
scopic examination). Today, they rely on a multi- 
tude of sophisticated instruments and specially 
trained technicians. Gems &) Gemology has intro- 
duced its readers to these new methods, educated 
them on how to use and interpret the results, and 
helped them determine when the identification of a 
gem material requires more advanced testing. 
Throughout, the journal has remained committed 
to its original purpose, set forth in the first issue’s 
editorial: providing “accurate and up-to-date infor- 
mation concerning gem-stones.” 

In the process, GWG has become a powerful 
forum for up-to-date technical information, derived 
from global research efforts, that has been rigorously 
reviewed and insightfully illustrated. As long as there 
are new gem localities and gem features to explore, 
new treatment processes and synthetic materials to 
address, and technological innovations to embrace, 
the role of Gems e& Gemology will remain crucial. 


ABOUT THE AUTHORS 

Mr. Overlin (soverlin@gia.edu) is associate editor of Gems 
& Gemology. Ms. Dirlam (ddirlam@gia.edu) is director of 
GIA’s Richard T. Liddicoat Gemological Library and 
Information Center in Carlsbad, California. 


ACKNOWLEDGMENTS 

The authors thank the staff of GIA’s Richard T. Liddicoat 
Gemological Library and Information Center for their help 
with archival information and images, particularly Caroline 
Nelms, Kevin Schumacher, Judy Colbert, and Robert 
Weldon. The subject and author indexes of G&G’s first 
35 years, prepared by Dr. Richard V. Dietrich and the late 
Dr. Alfred A. Levinson, were immensely valuable. 


GEMS & GEMOLOGY SUMMER 2009 95 


THE “TYPE” CLASSIFICATION 
SYSTEM OF DIAMONDS AND ITS 
IMPORTANCE IN GEMOLOGY 


Christopher M. Breeding and James E. Shigley 


Diamond “type” is a concept that is frequently mentioned in the gemological literature, but its rel- 
evance to the practicing gemologist is rarely discussed. Diamonds are broadly divided into two 
types (I and II) based on the presence or absence of nitrogen impurities, and further subdivided 
according to the arrangement of nitrogen atoms (isolated or aggregated) and the occurrence of 
boron impurities. Diamond type is directly related to color and the lattice defects that are modi- 
fied by treatments to change color. Knowledge of type allows gemologists to better evaluate if a 
diamond might be treated or synthetic, and whether it should be sent to a laboratory for testing. 
Scientists determine type using expensive FTIR instruments, but many simple gemological tools 
(e.g., a microscope, spectroscope, UV lamp) can give strong indications of diamond type. 


emologists have dedicated much time and 

attention to separating natural from syn- 

thetic diamonds, and natural-color from 
treated-color diamonds. Initially, these determina- 
tions were based on systematic observations made 
using standard gemological tools such as a micro- 
scope, desk-model (or handheld) spectroscope, and 
ultraviolet (UV) lamps. While these tools remain 
valuable to the trained gemologist, recent advances 
in synthetic diamond growth, as well as irradiation 
and high-pressure, high-temperature (HPHT) treat- 
ment techniques, have rendered them less defini- 
tive in identifying synthetic and color-treated dia- 
monds. Thus, most gemological laboratories now 
use more-sophisticated scientific techniques such as 
absorption and photoluminescence spectroscopy to 
detect treatments and synthetics. 

These developments in gem diamond identifica- 
tion have introduced many scientific terms and con- 
cepts into the gemological literature. One of the most 
important of these concepts is diamond “type.” The 
diamond type classification system is widely used in 
diamond research, because it provides a convenient 
way to categorize diamonds based on their chemical 
and physical properties. Understanding this system is 
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critical to evaluating the relationships between dia- 
mond growth, color (e.g., figure 1), and response to 
laboratory treatments. With the increasing availabili- 
ty of treated and synthetic diamonds in the market- 
place, gemologists will benefit from a more complete 
understanding of diamond type and of the value this 
information holds for diamond identification. 
Considerable scientific work has been done on 
this topic, although citing every reference is beyond 
the scope of this article (see, e.g., Robertson et al., 
1934, 1936; and Kaiser and Bond, 1959). Brief gemo- 
logical discussions of diamond types appeared in 
Shigley et al. (1986), Fritsch and Scarratt (1992), and 
Smith et al. (2000), and more-detailed descriptions 
were given in Wilks and Wilks (1991) and Collins 
(2001). Nevertheless, repeated inquiries received at 
GIA indicate that many practicing gemologists do 
not have a clear understanding of the basics of dia- 
mond type. This article offers a readily accessible, 
gemology-specific guide to diamond type and related 
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trace-element impurities, including how impurities 
are measured, why type is important, and how type 
can be determined using simple gemological tools. 
With this foundation, it then explains the applica- 
tion of diamond type concepts to the detection of 
diamond color treatments and synthetic diamonds. 


BACKGROUND 


Having grouped diamonds in the past on the basis of 
their color, fluorescence, visible absorption spectra, 
and other properties, scientists eventually sought to 
organize these groupings into a formal classification 
system. Robertson et al. (1934, 1936) were the first to 
do so, dividing “colorless” diamonds into two cate- 
gories on the basis of differences in their transparency 
to both UV (10 nm to ~400 nm) and infrared (IR; ~700 
nm to 1000 pm) wavelengths. The larger group con- 
sisted of type I diamonds, which were opaque to UV 
radiation below ~300 nm and absorbed strongly in 
parts of the IR region (specifically the range 
7000-20000 nm). The smaller group was composed 
of type II diamonds, which transmitted UV wave- 
lengths and displayed little or no anomalous birefrin- 
gence when viewed between crossed polarizers. 
Robertson and his colleagues thus concluded that 
type Il diamonds were nearly “perfect” in terms of 
their crystal structure. Two decades later, Sutherland 
et al. (1954) suggested that the “less perfect” charac- 
ter of type I diamonds resulted from carbon atoms in 
the diamond structure being in an “abnormal state” 
and from the presence of “chemical impurities.” 
Their assertions proved correct when it was later 
determined that the differences between diamonds in 
these two categories were due to the presence (type I] 
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Figure 1. Gem diamonds 
such as these are prime 
examples of their respec- 
tive diamond types 
(from left): 0.47 ct type 
Ta pink, 0.38 ct type Ia 
“cape” yellow, 1.04 ct 
type IIa colorless, 0.56 ct 
type IIb blue, and 1.01 
ct type Ib “canary” 
yellow. All the colored 
diamonds are part of 
the Aurora Butterfly of 
Peace collection. 
Composite photo by 
Robert Weldon and 
Kevin Schumacher. 


and apparent absence (type II) of nitrogen in the dia- 
mond structure (Kaiser and Bond, 1959). 

Other researchers began to note systematic rela- 
tionships between the optical properties of diamonds. 
UV fluorescence reactions were correlated with dia- 
mond color and absorption bands seen with the prism 
spectroscope (Nayar, 1941a,b; Anderson, 1943a,b,c, 
1962, 1963; Mitchell, 1964). Color, transparency, and 
luminescence properties of more than 300 diamonds 
were also documented by the famous scientist, Sir 
C. V. Raman (1944). This pioneering work on dia- 
mond color and luminescence was expanded by stud- 
ies of the different IR absorption spectra produced by 
type I and type II diamonds (see Sutherland and Willis, 
1945; Blackwell and Sutherland, 1949). These studies 
became the foundation for today’s use of IR spec- 
troscopy to determine diamond type. 

Kaiser and Bond (1959) were the first to corre- 
late certain characteristics (i.e., yellow coloration, 
blue fluorescence, and a particular IR absorption 
spectrum) with the presence of nitrogen impurities 
in type I diamonds. Other studies confirmed their 
findings (Anderson, 1961; Lightowlers and Dean, 
1964). Shortly thereafter, Dyer et al. (1965) used IR 
spectroscopy to distinguish between diamonds 
with aggregated (type Ia) and isolated (type Ib) nitro- 
gen atoms. The vast majority (>95%) of natural dia- 
monds turned out to be type Ia, and only a rare few 
were found to be type Ib (Davies, 1977). Some of 
those rare type Ib diamonds showed extraordinary 
yellow color and corresponded to those termed 
canary in the gem trade (Anderson, 1962; Collins, 
1980). Custers (1952, 1954) found that type II 
diamonds also occur very rarely in nature and pro- 
posed splitting them into two groups, Ia and IIb. 
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The latter diamonds were blue (sometimes grayish 
blue, gray, or brown) and exhibited electrical con- 
ductivity (Custers, 1955; Anderson, 1960, 1962). 
Further work demonstrated that boron was the 
impurity that gave rise to the unique properties of 
type IIb diamonds (Wentorf and Bovenkirk, 1962; 
Chrenko, 1973). 


HOW ARE DIAMOND TYPES CLASSIFIED 

AND WHY ARE THEY IMPORTANT IN 
GEMOLOGY? 

Pure diamond is made of only one element: carbon. 
The atoms are arranged in a regular repeating pat- 
tern (the diamond lattice) that is unique among 
gems. However, atoms of elements such as nitrogen 
(N) and boron can replace some of the carbon atoms 
in the lattice. While other impurities can also be 
incorporated, the diamond type classification sys- 
tem divides diamonds into categories based solely 
on the presence or absence of certain nitrogen and 
boron impurities and the ways in which they are 
arranged in the lattice (figure 2). 


7 | laA 
ype la : (A-aggregated N pairs) 
aggregate 
N impurities) laB 
(B-aggregated 4N + V) 
Type | 
(N impurities) 
c—c—c—N 
Type Ib c—N—C—C 
(isolated single 
N impurities) Cc—c—¢€—=C 
c—c—Nn—c 
c—c—c—c 
Type lla c—c—c—c 
(no N or boron 
impurities) cc ee 
Type Il ee 
(no N impurities) 
c—c—c—B 
Type IIb c— ioe 
(boron impurities) ccc 
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Diamond Type Classification. The foundation of the 
type classification system is the presence or absence 
of nitrogen, the most common impurity in diamond. 
Type I diamonds are defined as containing sufficient 
N to be measurable by IR absorption spectroscopy, 
whereas type II diamonds do not contain enough N 
to be detected by the IR spectrometer. These general 
categories are then subdivided based on the nature of 
the impurities that are present. 

As noted above, type I diamonds are divided into 
type Ia and type Ib. Both subgroups contain nitrogen, 
but the nitrogen atoms in each are arranged differ- 
ently (again, see figure 2). In type Ib diamonds, single 
nitrogen atoms that have replaced carbon atoms in 
the lattice are isolated from one another; that is, 
they generally do not occur in adjacent lattice posi- 
tions. These N impurities are called by several 
names in the scientific literature, including isolated 
N, single substitutional N, and C centers. In con- 
trast, type Ia diamonds contain N atoms that are in 
close proximity to one another in one of two 
spectroscopically detectable configurations. The 
most common configuration for type Ia diamonds 


Figure 2. Diamond type 
classification is based on the 
presence or absence of nitro- 
gen and boron impurities and 
their configurations in the 
diamond lattice. These sche- 
matic diagrams illustrate the 
manner in which N and 
boron atoms replace C atoms 
in the diamond lattice. The 
diagrams are simplified two- 
dimensional representations 
of the tetrahedrally bonded C 
atoms (four bonds per C 
atom) that form the three- 
dimensional diamond crystal 
structure. Type Ia diamonds 
contain aggregated N imputri- 
ties—including A-aggregates 
(IaA), which consist of pairs 
of N atoms, and B-aggregates 
(IaB), which are made up of 
four N atoms around a 
vacancy (V). Type Ib dia- 
monds have isolated N 
atoms. Type Ila stones con- 
tain no measurable impuri- 
ties, and type IIb diamonds 
have boron impurities. 


Type laB 
co Cc ¢—c—c—c 


N Cc 165 N Cc Cc 


Cc Cc N Vv N Cc 


C=carbon atom 
N =nitrogen atom 
B=boron atom 


V = lattice vacancy 
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Figure 3. Color is strongly influenced by the impurities/defects in the diamond lattice. Consequently, diamond 
type plays an important role in the potential colors of natural, synthetic, and treated stones. Although much 
experience is necessary to even attempt an assessment of diamond type using color observations, these images 
show some of the representative colors for each category. Photos by various GIA staff. 


involves two N atoms adjacent to each other in the 
lattice. Although these two atoms occupy neighbor- 
ing sites, each pair is isolated from other N atoms in 
the lattice. These N impurities are commonly 
referred to as A aggregates (or A centers), and the dia- 
monds that contain them are termed type IaA. The 
other configuration involves four N atoms that sym- 
metrically surround a vacancy. (A vacancy is a lat- 
tice site normally occupied by a carbon atom that is 
not occupied by any atom.) This complex grouping 
is formed when two A centers combine. These N 
impurity groupings are called B aggregates (or B cen- 
ters), and the associated diamonds are type IaB. 
Other arrangements of N atoms (see box A} do 
occur, but they are not included in the diamond type 
classification system (Collins, 1982, 2001). 

Type II diamonds are divided into types Ha and 
IIb (again, see figure 2). Type Ila diamonds contain 
no easily measurable N or boron impurities. Natural 
type Ib diamonds likewise contain no IR-measur- 
able N impurities. Instead, type IIb diamonds con- 
tain boron impurities that are thought to be isolated 
single atoms that replace carbon in the diamond lat- 
tice. Characteristic properties of type IIb diamonds, 
such as electrical conductivity, are a direct result of 
the boron impurities. 


What Can a Gemologist Learn from Diamond Type? 
In many cases, the geologic conditions to which nat- 
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ural diamonds have been exposed during their 
extended period in the earth and the conditions 
imposed in a laboratory during treatment or synthet- 
ic growth are quite different, yet the resulting struc- 
tural lattice defects can yield natural, treated, and 
synthetic diamonds with very similar colors. (See box 
A for information about non-type related defects that 
also influence color.) Diamond impurities control the 
nature of the lattice defects that occur naturally and 
their evolution during lab growth or treatment. 
Therefore, a diamond’s type reflects its history, 
whether in nature or in the laboratory, or both—and 
an adequate understanding of diamond type is critical 
for identification purposes. Since the detection of 
many modern treatments and synthetics requires the 
facilities of a well-equipped gemological laboratory, it 
is important to know when to send a diamond for 
advanced testing. With a better understanding of how 
diamond type relates to natural color, treated color, 
and synthetic growth processes, a gemologist should 
be able to make that decision more easily. 


Relationship of Type to Diamond Color and 
Treatments. Natural diamonds often show colors 
that correlate to their diamond type (figure 3). For 
example, type Ia colorless, brown, pink, and violet 
diamonds are unlikely to have been color-treated, 
whereas treated-color type Ia yellow, orange, red, 
blue, and green stones are relatively common. 
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“Among our women the time honored 
tules of the ancestors, which enjoyed’ mod- 
esty and sobriety, have died out. In former 
times women knew nothing of gold. except 
the simple betrothal ring, which was placed 
on one of their fingers by the fiance.’ This 
would seem to mean that the custom had 
been long established even then. 

The’ Anglo-Saxon presented the keys to 
his house along with a ring of gold. Some- 
times the ring was presented on the end 
of a sword — indicating his willingness to 
fight for his loved one. 

Just when the first betrothal ring was 
used is obscure, but it is believed that the 
exchange of betrothal rings dates back to 
classical times. Earlier even than that, the 
betrothal or wedding rings were those 
given by lovers to the objects of their af- 
fections. The wedding ring appears to be 
of Roman origin and was usually given at 
the betrothal as a pledge of the engage- 
ment. The oldest rings were made of iron, 
later came rings of gold. 


PLACEMENT OF THE RING 

Pliny tells us that “It was the custom 
first to wear rings on a single finger only, 
the one namely that is next to the little 
finger.” (Lavish ornamentation of the Ro- 
mans later saw their fingers heavy with 
rings.) 

The custom of placing the betrothal or 
wedding ring upon the fourth finger seems 
undoubtedly to owe its origin to the fancy 
that a special nerve or vein ran. directly 


from the finger to the heart. The pagan’ 


writer Macrobius, who offers this theory, 
states he derived his information from an 
Egyptian priest. Mactobius also explains 


the wearing of rings on the fourth finger. 


as a desire to guard the ring from injury 
as this is the best protected finger. Isadore 
of Seville, writing in the early part of the 
7th century, also declares that the betrothal 
ring was placed on the fourth finger. It 
seems likely that this rule was generally 
followed in the Roman Empire up to its 
end. 


Another explanation of the choice of the 
fourth finger of the left hand for the place- 
ment of the ring, although not so popularly 
accepted, is that the fashion was created in 
Paris by the Baron d’Orchamps — a French 
oracle. This popular mystic informed his 
clients that evil influences could be warded 
off and good fortune attracted if a diamond 
were worn on the fourth finger of the left 
hand. Regardless of the results obtained 
from this practice, since his clients were 
of ‘the fashionable crowd, this custom was 
rapidly adopted. 

Another writer tells us the fourth finger 
of the left hand was chosen for the place- 
ment of the betrothal ring because that is 
the weakest finger and cannot be used in- 
pendently. A ring on this finger signified 
subjugation of the wife to the husband. In 
this country and century women are far 
from being dependent or subjugated, but 
the finger is still considered the appropriate 
place for wearing the engagement ring. 

The belief that the fourth finger should 
be used for placement of the ring extended 
at least into the 15th century for at the 
betrothal by proxy of Lucrezia Borgia with 
Giovanni Sforza, the record specified that 
twin gold rings were used set with precious 
stones and that they were to be placed on 
the left hand ‘whose vein leads to the 
heart.” ; 

During the reign of George I of England 
(1714-1727) it was not unusual to wear 
the wedding ring on the thumb, although 
it had been placed on the fourth finger at 
the marriage ceremony. Possibly this custom 
may have arisen because exceptionally large 
wedding rings were favored by fashion at 
that time. 

From evidence discovered, it is believed 
that in very early times, rings were worn 
on the right hand. There is good evidence 
that at an early period among the Gauls 


the betrothal ring was placed on the righ 5 -? 


hand, and not on the left. A gold ring 
found on a finger bone of the left hand of 
a skeleton in an ancient burial place te- 
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Box A: SUMMARY OF COLOR-PRODUCING DIAMOND 
DEFECTS NOT RELATED TO DIAMOND TYPE 


Several lattice defects contribute to the color of dia- 
mond even though they are not involved in the 
assignment of diamond type. Most of these features 
selectively absorb light in the visible range of the 
electromagnetic spectrum to produce color, and they 
can be seen with a gemological spectroscope or a 
UV-Vis-NIR absorption spectrometer. These defects 
are commonly mentioned in the scientific and 
gemological literature. A brief description of each is 
given below (from Clark et al., 1979; Collins, 1982, 
2001; Zaitsev, 2001; and GIA staff observations). 


N3 (415 nm): This defect consists of three nitrogen 
atoms surrounding a vacancy. In addition to con- 
tributing to yellow color in “cape” diamonds, it can 
also produce blue luminescence in response to long- 
wave UV radiation. 


N2 (478 nm): This broad absorption is associated 
with N3 and is part of the well-known “cape” spec- 
trum in many yellow diamonds. It is also related to 
nitrogen impurities. 


480 nm: This broad band is a defect of unknown ori- 
gin that commonly produces yellow or orange color 
in type Ia diamonds. Strong yellow fluorescence is 
typical of diamonds colored by this mechanism. 


H4 (496 nm): This defect consists of four nitrogen 
atoms separated by two vacancies. It is created when 
a vacancy migrates through the diamond lattice and 
combines with a B-aggregated nitrogen impurity. H4 
produces yellow color in diamond. 


H3 (503.2 nm): This is an uncharged defect consisting 
of two nitrogen atoms separated by a vacancy |i.e., 
(N-V-N)°]. H3 absorption alone creates yellow color, 
while the defect can also produce green lumines- 
cence in response to illumination. 


3H (503.5 nm): This defect is thought to be related to 
an interstitial carbon atom in the diamond lattice. It is 
created by radiation damage and often occurs with the 


Natural type Ib diamonds are almost always brown, 
yellow, or orange, whereas their artificially irradiated 
and annealed counterparts are usually pink to red. 
HPHT treatment can produce yellow in an off-color 
type Ib diamond. HPHT processes may enhance type 
Ila brownish diamonds to appear colorless or pink, 
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GRI1. On rare occasions, 3H absorbs strongly enough 
to enhance the green color caused by GR1 absorption. 


550 nm: This broad band is poorly understood and 
thought to be associated with plastic deformation of 
the diamond lattice. This is the most common defect 
that produces pink-to-red color in natural diamonds, 
but it is also common in brown stones. 


NV? (575 nm): This defect consists of a nitrogen 
atom adjacent to a vacancy; it is in a neutral charge 
state. In combination with the 637 nm defect, the 
NV? center produces pink color in most treated pink 
diamonds as well as in a few natural pink stones. 


595 nm: This band is a nitrogen-related defect of 
uncertain structure. It is commonly associated with 
laboratory irradiation and annealing of diamond to 
produce green, yellow, or pink colors, but it is also 
present as a weak feature in many natural-color green 
or yellow diamonds. 


NV- (637 nm): This defect consists of a nitrogen atom 
adjacent to a vacancy. This defect is in a negative 
charge state. In combination with the 575 nm defect, 
the NV center produces pink color in most treated 
pink diamonds as well as a few natural stones. 


GR1 (741 nm): This defect is a single, uncharged 
vacancy in the diamond lattice. It is common in 
most natural and artificially irradiated type Ia and Ia 
blue or green diamonds. Although outside the visible 
spectral range (~400-700 nm), strong absorption by 
GRI1 produces related bands at the red end of the 
spectrum that result in green or blue color. 


H2 (986 nm): This is a negatively charged defect that 
consists of two nitrogen atoms separated by a vacancy 
lie., (N-V-N}]. It is closely related to H3 and is com- 
monly cited as evidence for HPHT treatment in type 
Ia diamonds. Occasionally, H2 (and related broad band 
absorptions) can be so intense that the combination of 
H8 and H2 produces a strong green bodycolor. 


and may produce blue in some type IIb diamonds. 
However, HPHT treatment cannot alter a type Ia dia- 
mond to colorless (except rare pure IaB), so if a gemol- 
ogist determines that a colorless diamond is type Ia, 
it is usually not necessary to send it to a gemological 
laboratory for further testing (the few colorless syn- 
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thetic diamonds currently on the market are type IIa). 

Most permanent (i.e., not related to surface coat- 
ings) diamond treatments add, change, or remove 
color by reorganizing defects in the diamond lattice. 
Diamond type may determine whether or not the 
necessary color-causing defects can be produced or 
destroyed during the treatment process to achieve 
the desired result. Irradiation is routinely performed 
on all types of diamonds to produce green or blue col- 
ors, so type is not very useful in that case. However, 
if irradiation is followed by heating to temperatures 
of 800-1000°C to produce a yellow or pink color, 
then the diamond type of the starting material is crit- 
ical. Type I diamonds will often change to intense 
yellow, orange, pink, or red with irradiation followed 
by annealing, whereas type II diamonds rarely devel- 
op intense colors in these hues due to the lack of 


impurities (primarily N) needed to create complex, 
color-producing defects. Therefore, it is useful for a 
gemologist to understand that type II diamonds are 
not likely to have been subjected to treatments 
involving irradiation followed by annealing. 

The detection of HPHT treatment requires an 
even better knowledge of diamond type (Fisher and 
Spits, 2000; Smith et al., 2000). In most cases, HPHT 
treatment will only decolorize a type Ia diamond 
(see figure 4). The HPHT conditions cause changes 
in the brown, deformed regions in these stones, 
allowing them to become colorless to near-colorless. 
Occasionally, HPHT treatment can change type II 
diamonds to pink or blue. When a type I brown 
stone is subjected to similar treatment conditions, 
the presence of N impurities causes it to change to 
various shades of yellow (again, see figure 4). Thus, a 
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Plastic deformation results in abundant 
distorted and broken carbon bonds (and 
associated vacant lattice sites) concentrated 
along bands of brown color known by 
gemologists as “brown graining.” 
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color centers are formed. mation is sensitive to 


HPHT treatment heals lattice distortions and broken 
bonds, releases vacancies, and thus removes brown 
color in graining, leaving only remnant colorless internal 
graining that is common in HPHT-treated diamonds. 


Type la brown diamond 
turns yellow after HPHT 


c. Asvacancies migrate through 


the diamond lattice during 


c  HPHT annealing, they are 


trapped by aggregated N 


C impurities (A centers) to form 


H3 defects [N-V-N]9. Some 
aggregated N also breaks 
down to release isolated N 


atoms at high temperatures. The combination of H3 
defects and isolated nitrogen imparts a yellow color 


C=carbon atom 
N =nitrogen atom 
V = lattice vacancy 


to the diamond. If abundant N occurs adjacent to the 
original brown graining, H3 defects will become 
concentrated along the formerly brown grainlines and 


will appear as treated yellow graining. 
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the effect of high tem- 
peratures and pressures; 
usually, no new color 
centers are formed due 
to the absence of signifi- 
cant N impurities. 
Conversely, type Ia 
brown diamonds con- 
tain abundant aggregat- 
ed N impurities that 
trap vacancies during 
treatment to create 
complex H3 defects and 
also break down aggre- 
gates to release isolated 
nitrogen; both of these 
processes contribute to 
the newly formed yel- 
low bodycolor. 


SUMMER 2009 


101 


gemologist working with colorless diamonds can 
quickly determine which ones should be sent to a 
gemological laboratory simply by checking to see if 
they are type II or not. Recently, a combination of 
HPHT treatment and irradiation with low-pressure 
annealing has been used to create more intense pink, 
red, or orange hues in both type Ia and Ila diamonds 
(Wang et al., 2005). 


Relationship of Type to Synthetic Diamonds. Over 
the last several years, the production of HPHT- 
grown synthetic diamonds has increased dramatical- 
ly, and chemical vapor deposition (CVD) synthetic 
diamonds have started to enter the gem market 
(Wang et al., 2007). Therefore, gemologists are under 
even greater pressure to identify these laboratory- 
grown products. Diamond type can provide a few 
clues in this regard. HPHT-grown synthetic dia- 
monds are almost all type Ib, a type that is rare in 
natural diamonds. Those few natural diamonds that 
are type Ib usually contain abundant inclusions of 
natural minerals and exhibit colorful strain patterns 
(discussed below). In contrast, type Ib HPHT-grown 
synthetic diamonds contain only metallic flux inclu- 
sions (when any inclusions at all are present), and 
they typically show a very weak strain pattern or 
none at all (Shigley et al., 2004). CVD synthetic dia- 
monds are most commonly type Ila and are typically 
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near-colorless or light brown. These synthetics can 
usually be distinguished from their natural- and 
treated-color counterparts by the absence of cross- 
hatched “tatami” strain patterns (see also below). 
Occasionally, both HPHT and CVD growth tech- 
niques will produce attractive blue type IIb synthetic 
diamonds. The absence of “tatami” strain, com- 
bined with the presence of electrical conductivity, 
can be used to identify these synthetics. 

Most synthetic (type Ib) diamonds currently in 
the market have intense yellow to orange colors. 
Because they respond to treatment in essentially the 
same way that natural type Ib diamonds do, the col- 
ors of treated-color natural and synthetic diamonds 
may be very similar. With the recent advances in 
CVD synthetic diamond growth techniques, color- 
less type Ila diamonds must also be considered as 
possibly synthetic. 


Is There a Link Between Diamond Type and 
Geographic Origin? In some cases, certain diamond 
types have become associated with specific geo- 
graphic occurrences. However, we rarely know the 
geographic origin of a cut diamond, and this cannot 
be reliably determined from diamond type. 
Nonetheless, this topic deserves brief mention 
because of the historical importance associated with 
several well-known diamond-producing localities. 


Figure 5. GIA uses an 
FTIR spectrometer such 
as this Thermo Nicolet 
6700 (top left; 1 cm res- 
olution, KBr beam split- 
ter, mid-IR range) to 
determine diamond 
type. A faceted diamond 
like the one shown here 
(top right) is placed 
table-down on a special- 
ly designed beam con- 
denser stage to focus the 
IR beam through the gir- 
dle of the stone (bottom 
right). The result is an 
absorption spectrum 
from which diamond 
type can be determined 
(bottom left). Photos by 
C. M. Breeding and 
Robison McMurtry. 


GEMS & GEMOLOGY SUMMER 2009 


Type Ia stones occur in all major diamond 
deposits, but they are perhaps best known from the 
mines of South Africa. As a result, yellow type Ia 
diamonds are often termed “cape” diamonds (King 
et al., 2005). Pink type Ia diamonds are typically a 
product of the Argyle mine in Australia (King et al., 
2002). Type Ib diamonds can occur in all major 
deposits, but they are well known from mines in 
India, Brazil, and South Africa (King et al., 2005). 
Type Ila diamonds likewise occur in all deposits, 
but the Golconda region of India has historically 
been known as one important source. Many type Ila 
pink diamonds are thought to originate from Brazil, 
Africa, and India (King et al., 2002). Type IIb dia- 
monds are less widely distributed; most come from 
India and the Cullinan (formerly Premier) mine in 
South Africa (King et al., 1998). 


HOW DO SCIENTISTS DETERMINE 
DIAMOND TYPE? 


To determine a diamond's type, scientists must be 
able to detect and measure the impurities involved. 
The most common method is Fourier-transform 
infrared spectroscopy (FTIR, as illustrated in figure 5; 
Clark et al., 1979). Several other techniques, such as 
EPR/ESR (electron paramagnetic resonance/electron 
spin resonance spectroscopy) and SIMS (secondary 
ion mass spectrometry) chemical analysis, offer some 
ability to measure impurities in diamond. However, 
these techniques are complicated, destructive, expen- 
sive, and limited in the amount of information they 
provide about the configuration of specific nitrogen 
and boron impurities. By contrast, FTIR analysis is 
nondestructive and relatively inexpensive (for a spec- 
trometer}, and it provides a tremendous amount of 
information about diamond lattice impurities. 

In simple terms, FTIR analysis involves sending a 
beam of infrared radiation through a diamond and 
measuring how much of it is absorbed (and at what 
wavelengths). Interactions between nitrogen and 
boron impurity configurations and the surrounding 
carbon atoms cause distinctive features in the IR 
region of the electromagnetic spectrum; that is, each 
kind of type-related N and boron impurity causes a 
specific and unique absorption band or bands. The 
diamond lattice itself also produces characteristic 
absorption features, so that FTIR spectroscopy can 
both identify a sample as diamond and reveal the 
types and amounts of impurities present. 

To discuss the detection of impurities using 
FTIR, we must first describe the details of a dia- 
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Figure 6. An FTIR absorption spectrum of diamond 
consists of one-, two-, and three-phonon regions 
where absorptions related to nitrogen and boron 
impurities can be identified to determine diamond 
type. Type I features (top) occur mostly in the one- 
phonon region, whereas type IIb boron-related 
absorptions occur more prominently in the two- and 
three-phonon regions (bottom). The expanded spec- 
trum of the one-phonon region (top, inset) illustrates 
the differences between aggregated (type Ia) and iso- 
lated (type Ib) N impurities. 


mond’s FTIR spectrum (figure 6). Whereas nanome- 
ters (nm) are often given as units of wavelength in 
the UV and visible range of the electromagnetic 
spectrum, the IR range is usually described in terms 
of wavenumbers (cm7!,; to convert between units: 
10’ / [wavelength in nm] = [wavenumber in cm~}}). 
Diamonds show important absorption features in 
the mid-IR range (~4000-400 cm!). For diamond, 
this range is divided into three zones—known as 
the one-, two-, and three-phonon regions—based on 
how the chemical bonds between carbon atoms 
(and any impurities) within the diamond lattice 
vibrate when exposed to IR energy (Zaitsev, 2001). 
Figure 6 shows these regions for both type I and 
type II diamonds. 
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Figure 7. Nitrogen and boron impurities in diamond 
occur in varying abundances. FTIR spectra not only 
can identify the impurities present, but they also can 
establish the configuration in which N atoms occur in 
the diamond lattice (isolated or aggregated; top). 
Several boron-related absorptions become visible with 
increasing concentration (bottom). 


The one-phonon region (~1332 to ~400 cm!) is 
where type I-telated N impurities produce charac- 
teristic absorptions. Equally important is the fact 
that type II diamonds show few features in this 
region. 

The two-phonon (2665 to ~1332, cm~!) and three- 
phonon (~4000 to 2665 cm!) regions contain fea- 
tures that are intrinsic to diamond; that is, they 
occur in all diamond types. These features are 
caused by vibration of carbon-carbon bonds of the 
diamond lattice when exposed to infrared energy 
(e.g., Zaitsev, 2001, and references therein). These 
two regions are also the part of the IR spectrum 
where boron impurities can be detected most easily. 
While the features caused by boron impurities are 
usually weak in the one-phonon region, relatively 
sharp and stronger absorption peaks are present at 
~2458 cm! in the two-phonon region, and at ~2930 


104 “TYPE” CLASSIFICATION OF DIAMONDS 


and ~2803 cm! in the three-phonon region, these 
result from electronic effects of boron on the dia- 
mond lattice. In some type I diamonds, other impu- 
rities that do not affect type determination (e.g., 
hydrogen) can also display features in the three- 
phonon region. 

The one-phonon region for type I diamonds illus- 
trates the distinctive spectral features resulting from 
different configurations of N impurities in type Ia and 
Ib stones (see expanded area in figure 6 and figure 7, 
top). Figure 7 shows a series of FTIR spectra that 
reveal the progression of N impurities from isolated, 
single N (detected at 1344 and ~1130 cm“) to A- 
aggregated N (detected at ~1282 cm~!) to B-aggregated 
N (detected at ~1175 cm"). Variable concentrations 
of A and B aggregates along with single substitutional 
N create a continuum of peak intensities in this 
region (an idea first proposed by Custers, 1952). It 
should be emphasized that the classification system 
is based on gradational transitions between types, so 
there are actually few “pure” examples of diamond 
type. Box B discusses several factors that commonly 
result in “mixed-type” IR spectra. 

In addition to indicating the presence and 
arrangement of nitrogen and boron impurities that 
are used to determine type, FTIR analysis can pro- 
vide information about the concentration of the 
impurities. Both type I and type II diamonds may 
show a range of impurity concentrations, which 
often have important effects on their optical proper- 
ties. The intensity of an absorption peak in a dia- 
mond’s FTIR spectrum is related to two factors: the 
concentration of the impurity causing the peak, and 
the thickness of the diamond through which the 
beam of IR radiation passes. When the thickness 
(i.e., path length) can be directly measured, the 
intensity of the FTIR spectral peak can be calculat- 
ed to produce an “absorption coefficient,” which 
eliminates the thickness factor, leaving only the 
intensity related to the impurity concentration. The 
peak height can then be compared to the peak 
heights in diamonds of known concentration to cal- 
culate the amount of impurity present (see refer- 
ences below for calculation equations). However, 
the fact that most gem diamonds are faceted makes 
accurate measurement of the path length difficult, if 
not impossible (again, see box B). 

Fortunately, it is widely accepted that the 
absorption coefficient of diamond in most parts of 
the two- and three-phonon regions is constant. At 
2.000 cm!, for example, the absorption coefficient is 
12.3 cm™! (Tang et al., 2005). Thus, IR absorbance at 
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Box B: WHY ARE MIXED-TYPE DIAMONDS COMMON? 


Most diamonds contain characteristic features of 
more than one diamond type, and many factors con- 
tribute to the prevalence of mixed-type diamond 
spectra. The first factor is the process of nitrogen 
aggregation. When diamonds crystallize, all N impu- 
rities are thought to occur as single atoms in the lat- 
tice (Collins et al., 2005). As the diamonds reside at 
high temperatures and pressures at great depths in 
the earth for very long periods of time, the N atoms 
move around in the lattice and aggregate into groups. 
When two N atoms combine, an A-aggregate forms, 
and when two A-aggregates combine (with a vacancy 
between them), a B-aggregate forms. This tendency 
for nitrogen aggregation helps explain the rarity of 
type Ib versus type Ia natural diamonds. 


Type Ib Type la 


1 1 
Single N —> N pairs (A-aggregate) —> 4N + V (B-aggregate) 


(Heat, confining pressure, residence time in the earth) 


This progression of N impurity aggregation goes 
nearly to completion for some natural diamonds 
(Collins et al., 2005), which results in almost “pure” 
type IaB, but in many cases multiple configurations 
of nitrogen impurities coexist in a single crystal due 
to incomplete aggregation (Hainschwang et al., 
2006). 

Another factor causing mixed-type spectra is that 
most type I diamonds contain zones with different 
amounts or configurations of nitrogen in the same 
crystal (e.g., Breeding, 2005; Chadwick, 2008). This 
fact, combined with the way in which IR spectra are 
collected from a faceted diamond, makes it nearly 
impossible to avoid mixed-type spectra. To obtain a 
spectrum, the technician must orient the diamond so 
that the IR beam can pass through it to a detector on 
the opposite side. Faceted diamonds force light to 
bounce around inside and not pass directly through, 
making the task of recording FTIR spectra difficult. 
Typically, diamonds are placed table-down on a spe- 
cially designed stage in the FTIR instrument (again, 
see figure 5) to allow the beam to pass through oppo- 
site sides of the girdle region, where minimum inter- 
nal reflection should occur. Absorption occurs across 


2000 cm~ is proportional to the thickness of the 
sample, allowing any IR spectrum to be normalized 
to remove the effects of variation in thickness or 
path length (ie., it does not matter how much the 
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Figure B-1. This HPHT-grown synthetic diamond, 
seen immersed in water, shows growth zones with 
different diamond types. The yellow zone is type Ib, 
the colorless zones are type Ila, and the blue zones 
are type IIb. Only synthetic diamonds commonly 
show mixtures of nitrogen and boron impurities in 
the same crystal. Photo from Shigley et al. (2004); 
magnified 20x. 


the entire distance (or path length) through which 
the IR beam passes. Thus, if any variations in N 
impurities occur in a diamond along this path, they 
are automatically added together to produce a mixed- 
type IR spectrum. 

The mixture of diamond types is not unique to 
natural diamonds. Most (HPHT) synthetic diamonds 
grow as type Ib. If they are subjected to high tempera- 
tures, either during or after laboratory growth, the N 
atoms tend to aggregate to produce type Ia synthetics 
with remnant concentrations of isolated N atoms. 
Similarly, if boron is introduced into the growth 
chamber (N is also present because it is difficult to 
exclude from the growth environment), a mixed-type 
diamond is formed. When visible color zones occur, 
such as in some mixed-type (Ib + Ila + IIb) synthetic 
diamonds such as that seen in figure B-1 (Shigley et 
al., 2004), distinguishing between zones of different 
type can be done on the basis of color. This is 
because different impurities produce different colors 
and are well known to be enriched in particular dia- 
mond growth sectors (Welbourn et al., 1996). 


light bounces around inside the diamond, figure 8). 
After normalization, the intrinsic two- and three- 
phonon region diamond peaks are removed by sub- 
tracting a pure type Ila spectrum from the unknown 
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Figure 8. The concentration of N impurities in a dia- 
mond can be determined from the FTIR absorption 
spectrum. The concentration of each form of nitrogen 
is calculated from its absorption coefficient at a spe- 
cific wavelength. The spectrum of a “pure” type Ia 
diamond is subtracted to eliminate the absorption 
coefficients in the diamond-intrinsic region (i.e., those 
related only to carbon). When several forms of nitro- 
gen are present in the sample—here, A and B aggre- 
gates—a deconvolution of the bands is necessary 
because they overlap. 


diamond spectrum, leaving a baseline-referenced 
spectrum showing only those absorption peaks 
caused by impurities. These peak intensities can be 
measured and impurity concentrations calculated 
from them using equations derived from diamonds 
with known impurity concentrations (Kiflawi et al., 
1994; Boyd et al., 1994, 1995). The end result is a 
measurement of the absolute concentration of 
impurities of various configurations in a diamond. 
Most of the nitrogen impurity concentrations 
reported in the literature are calculated in this way. 


HOW CAN A GEMOLOGIST 
INFER DIAMOND TYPE? 


Unlike scientists in universities and gemological 
laboratories, most gemologists do not have expen- 
sive analytical instruments available to them for 
everyday use. Fortunately, some common gemolog- 
ical tools can provide insights into the impurities 
present in a diamond and, correspondingly, its type. 


Absorption Spectrum: Desk-model/Handheld 
Spectroscope. The spectroscope has long been used 
to detect color treatments in diamond (Crowning- 
shield, 1957), but it also provides some information 
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about diamond type. It can be especially useful for 
identifying most type I diamonds. Type II (as well 
as some pure type IaA and Ib) diamonds rarely 
show absorption lines in the spectroscope. The 
presence of a 415 nm line (N3 defect; see box A) 
and its accompanying “cape” lines at 435, 452, 465, 
and 478 nm indicate that a diamond is type Ia (fig- 
ure 9A) because, in order for these lines to appear, 
the diamond must contain aggregated nitrogen 
impurities. For similar reasons, the presence of a 
line at ~503 nm (H3 defect; again, see box A) is also 
a good indication that a diamond is type I. Very 
strong general absorption up to ~450 nm may sug- 
gest the presence of abundant isolated, single N in 
type Ib diamonds, but plastic deformation in some 
other types of diamonds can produce a similar 
absorption pattern. 


Inclusions and Strain Patterns: Gemological 
Microscope. While most diamonds contain crystals 
that were trapped during growth, a few inclusions 
are considered characteristic of certain diamond 
types (see Crowningshield, 1994). Type Ib natural 
diamonds commonly contain clusters of small nee- 
dle-like inclusions that are usually associated with 
yellow color zoning and rarely occur in other dia- 
mond types (GIA staff observations; figure 9B). Fine- 
grained, patterned clouds that form cross-like 
shapes are common in type Ia diamonds that con- 
tain high concentrations of hydrogen impurities 
(known as “asteriated” diamonds; see Wang and 
Mayerson, 2002; Rondeau et al., 2004, and refer- 
ences therein). Synthetic type Ib diamonds often 
show distinctive color zoning or metallic flux inclu- 
sions under magnification (Shigley et al., 2004). 

Strain-free diamond is optically isotropic, mean- 
ing that it appears dark in all directions between 
crossed polarizers. However, almost all natural dia- 
monds exhibit some degree of lattice distortion 
formed during crystallization or caused by post- 
growth plastic deformation. As a result, a variety of 
strain patterns and interference colors can be seen 
with crossed polarizers in a gemological micro- 
scope. One pattern of cross-hatched lines, known as 
“tatami” strain, is considered characteristic of type 
II natural and treated-color diamonds (Smith et al., 
2000; figure 9C). The tatami pattern has also been 
observed in some pure type IaB and type Ib dia- 
monds with very low nitrogen concentration 
(Chalain, 2003; GIA staff observations}. To our 
knowledge, this pattern has never been observed in 
synthetic diamonds of any type. 
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Electrical Conductivity: Conductometer/Ohm- 
meter. Another property that is easily tested is 
electrical conductivity. In the 1960s, GIA produced 
a tool for this purpose called a gemological conduc- 
tometer. This device is no longer manufactured, 
but a sensitive ohm-meter can adequately deter- 
mine if a diamond is electrically conductive (ohm- 
meters measure resistivity, which inversely corre- 
lates with conductivity). Boron impurities in the 
diamond lattice cause both natural and synthetic 
type IIb diamonds to be electrically conductive 
(Collins, 1982, King et al., 1998). No other diamond 
type shows this property. Occasionally, type IIb 
diamonds will also emit flashes or sparks of blue 
light (known as electroluminescence; Gumlich et 
al., 1998) when tested with a conductometer in a 
dark room. 


Short-wave UV Transparency: Various Commercial/ 
Custom-Made Testers. As mentioned earlier, type 
II diamonds were originally distinguished from 
type I using the property of short-wave UV trans- 
parency. A simple, easily constructed gemological 
testing device consists of a short-wave (~254 nm) 
UV lamp that emits light upward through an open- 
ing, above which a diamond can be positioned (fig- 
ure 10). A material with a strong fluorescence reac- 
tion to short-wave UV radiation, such as scheelite, 
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Figure 9. Several com- 
mon gemological tests 
can be used to infer dia- 
mond type in natural 
diamonds. (A) Type Ia 
diamonds often show 
only a 415 nm line with 
or without additional 
“cape” lines in a desk- 
model or handheld spec- 
troscope. (B) Type Ib dia- 
monds often contain 
characteristic arrays of 
needle-like inclusions 
(magnified 50x). (C) 
Natural type II diamonds 
almost always show a 
cross-hatched “tatami” 
strain pattern between 
crossed polarizers in a 
microscope (magnified 
40x). Photomicrographs 
by Wuyi Wang. 


is placed above the diamond. If the diamond trans- 
mits short-wave UV radiation, the material will 
fluoresce. If the diamond absorbs short-wave UV 
radiation, it will not. This simple test is very effec- 
tive at separating type I and II diamonds, because 
N impurities strongly absorb light in the UV range 
of the spectrum (~225-320 nm in figure 10). Very 
rare type I diamonds with only B-aggregated N 
impurities (i.e., pure type IaB diamonds) also some- 
times transmit short-wave UV radiation (Chalain, 
2003). Commercial diamond screening devices 
based on ultraviolet transparency are also available 
(Chalain et al., 2000). 


UV-Visible Absorption/Luminescence: DiamondSure/ 
DiamondView. Although not inexpensive, two 
gemological instruments that are useful for evaluat- 
ing diamond type are the DiamondSure and 
DiamondView. They were designed and built by the 
De Beers Diamond Trading Co. (DTC) for the pur- 
pose of separating natural from synthetic diamonds 
(see Welbourn et al., 1996, for detailed descriptions). 
When tested with the DiamondSure, colorless type 
II and type IaB diamonds will be reported as such 
and referred for more testing. All other diamonds 
are given a “Pass” response. The DiamondView pro- 
vides ultra short-wave UV fluorescence images of 
diamonds that may reveal distinctive growth sector 
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arrangements characteristic of synthetic diamonds. 
Several natural diamond types also show character- 
istic fluorescence patterns in the DiamondView 
(GIA staff observations, figure 11). Type Ia dia- 
monds usually show blue fluorescence with irregu- 
lar natural growth patterns. Natural type Ib dia- 
monds often show an array of green luminescence 
lines on a background of orange fluorescence, 
whereas their synthetic counterparts often show 
greenish yellow and blue fluorescent growth zones 
in cross-like patterns (Shigley et al., 2004). Type Ia 
and IIb diamonds usually show a network of criss- 
crossing features that are thought to be due to dis- 
locations in the diamond lattice. In addition, type 
Itb diamonds nearly always show blue or red phos- 
phorescence in the DiamondView. Blue phospho- 
rescence alone should not be used as evidence for 
diamond origin, because boron impurities in type II 
HPHT-grown synthetic diamonds will also produce 
blue phosphorescence. 


Indirect Visual Evidence: Color, Fluorescence, 
Rough Diamond Morphology. Color can provide a 
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Figure 10. Short-wave 
UV transparency is a 
good test for the separa- 
tion of type II from type I 
diamonds. This tester 
consists of a short-wave 
UV lamp that passes 
through a slit into the 
diamond, above which a 
crystal of scheelite (or 
other fluorescent materi- 
al) is positioned (top 
left). Type I diamonds 
absorb short-wave UV 
radiation (~254 nm), but 
type II diamonds allow 
such wavelengths to 
pass through (see spec- 
trum at bottom left). As 
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that eye and/or skin 
exposure to short-wave 
UV radiation is danger- 
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ed. Safety glasses should 
always be worn. Photo 
by C. M. Breeding. 
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hint about diamond type, but much experience is 
required to see the slight differences that might 
correlate with type. A representative range of col- 
ors for natural, treated-color, and synthetic dia- 
monds of all four types is shown in figure 3. 
“Canary” yellow and orange colors are very com- 
mon in type Ib diamonds, whereas lighter “straw” 
yellow-colored “cape” diamonds are usually type 
Ia. Very pale pink natural-color diamonds are often 
type Ila, whereas more saturated natural pink col- 
ors are often type Ia. Blue and gray diamonds are 
usually type IIb. 

Fluorescence reactions observed using a hand- 
held gemological UV lamp can also provide a clue 
to diamond type. Many type Ia diamonds exhibit 
blue fluorescence due to nitrogen impurities. Type 
Ib diamonds often are inert or fluoresce weak 
orange to both long- and short-wave UV radiation 
(Hainschwang et al., 2006). Usually synthetic type 
Ib diamonds display uneven fluorescence patterns 
that help in their identification (see Shigley et al., 
2004). Type IIb diamonds are often inert to long- 
wave UV and show weak blue fluorescence to 
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short-wave UV, in addition to occasional blue or 
red phosphorescence (King et al., 1998). Unlike the 
DiamondView, gemological UV lamps emit lower- 
energy UV radiation and the phosphorescence of 
type Ib diamonds is not always visible. 

A few aspects of rough diamond shape and sur- 
face texture are strongly indicative of type as well. 
For example, sorters have recognized that, unlike 
type I stones, type II diamond crystals typically 
occur in irregular or flattened shapes and do not 
exhibit crystallographic faces (Wilks and Wilks, 
1991). Sunagawa (2001) suggested that this is due 
to the latter experiencing greater degrees of fractur- 
ing and breakage in their ascent to the earth’s sur- 
face during eruptions of kimberlitic or lamproitic 
magmas, whereas type I diamonds tend to retain 
their original crystal morphology during magma 
transport. 


Multiple Tests are Optimal When Investigating 
Diamond Type. Each of the properties and gemo- 
logical tools mentioned above provides some indi- 
cation of diamond type without the use of an FTIR 
spectrometer. They are most powerful, however, 
when used in combination. For example, type II 
diamonds can easily be distinguished from type I 
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on the basis of short-wave UV transparency and 
strain patterns. Types Ila and IIb can easily be sepa- 
rated on the basis of electrical conductivity. The 
largest group of natural diamonds, type I, is a bit 
harder to subdivide, but with practice it is still usu- 
ally possible. Type Ia diamonds commonly show 
415 nm or “cape” lines in the spectroscope, where- 
as type Ib diamonds often show strong general 
absorption from <400 to ~450 nm. The presence of 
needle-like inclusions in type Ib diamond helps 
reinforce the diamond type evaluation. Table 1 pro- 
vides a summary of the technical and gemological 
information discussed in this article for representa- 
tive natural diamonds of each type. Shigley et al. 
(2004) provide an excellent reference chart for 
HPHT-grown synthetic diamonds, and Wang et al. 
(2007) gives information for CVD synthetics. 


CONCLUSIONS 


Recent advances in diamond growth and treatment 
have led to a greater dependence on sophisticated 
analytical instrumentation to distinguish natural 
from synthetic and natural-color from treated-color 
diamonds. However, we have shown that many of 
the standard tools used by gemologists in the trade 


Figure 11. Natural dia- 
monds of each type show 
distinctive fluorescence 
colors and patterns when 
examined with the DTC 
DiamondView ultra- 
short-wave UV unit. 
Type Ia diamonds com- 
monly show blue fluores- 
cence with straight-to- 
wavy growth patterns 
(A), whereas type Ib dia- 
monds often fluoresce 
orange with green lines 
caused by the H8 defect 
(B). Both type Ia and IIb 
diamonds usually show 
blue-fluorescent web-like 
dislocation networks (C, 
D). Type IIb diamonds 
almost always show dis- 
tinctive phosphorescence 
(either blue or red) in the 


DiamondView (inset). 
Photos by C. M. Breeding 
and Andy Shen. 
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sembles exactly our wedding ring of today. 
This is believed to date from the 7th 
century. 

During the Renaissance rings were strung 
upon men’s necklaces or hung from a thin 
cord around the neck. They might even be 
worn on the hat. Rings so worn were 
frequently betrothal or engagement rings. 


TYPES OF RINGS USED 

Plain iron rings were first used for be- 
trothal and they were still favored by some 
even after the advent of the gold ting. In 
ancient Rome, the ring represented a pledge 
made to the groom by the bride's father or 
guardian. In turn, the bridegroom presented 
a ring as evidence of his pledge to the 
bride. 

It would seem that since the beginning 
of the Christian ceremony the significance 
of the ring is tied closely to the religious 
ceremony. Early specimens by Byzantine 
artists show figures of Christ engraved upon 
the bezel of the ring. This was believed to 
indicate bestowal of a blessing on the newly 
wedded pair, or to signify spiritual union. 
These rings probably dated from the 10th 
century. 

A gold betrothal ring of the 4th century 
B.C. bears a Greek inscription which may 
be translated as follows: “To her who ex- 
cels not only in virtue and prudence, but 
also in wisdom.” 

That the ring was sometimes given con- 
ditionally is shown by a curious old Ger- 
man formula which says: “I give you this 
ring as a sign of marriage which -has been 
promised between us, provided your father 
gives you a marriage portion of 1,000 reichs- 
thalers.” 

One of the betrothal rings coming down 
to us is tinged with the tragedy of the 
unhappy Mary, Queen of Scots. This ring 
bears the letters HM in a monogram bound 
a true lover's knot. Inside the hoop is 
wraved ‘““Hendril Darnley, 1655.” It is 
believed this betrothal ring was given by 
the ill-fated Mary to her future husband, 
Lord Darnley. 


One form of ring worn during the 15th 
century was the gimmel ring. This was 
composed of twin or double hoops, The 
outer side of the two hoops was convex 
and elaborately ornamented, while the inner 
side was flat and often bore some inscrip- 
tion. The two hoops wete wrought so 
exactly alike that together with the stones 
used they appeared to be one tring, yet 
could be separated and one hung from the 
other. Their bezels were occasionally formed 
of clasped hands. Ordinary one-hoop rings 
also bore the same design and were known 
as fede rings. 

Later used as a betrothal or engagement 
ring was the posey or poesie (posy) ring. 
This was generally of simple form, with a 
verse, a mame or a motto engraved inside. 
The posy ring, suitably inscribed, was also 
used as a wedding ring. This belonged’ prin- 
cipally to the 17th century and was almost 
exclusively English. The elaborate betrothal 
ring seems to have been used at this time 
as a wedding ring as well. During this pe- 
riod the diamond was used almost entirely 
as an ornamental ring and little attention 
was paid to the mounting. It seems that 
the ring itself was little else than a means 
of displaying the diamond. 

The beauty of sentiments expressed on 
rings of the 18th century is nowhere more 
charmingly given than on an English wed- 
ding ring at South Kensington which is 
formed of two hands in white enamel, 
holding between the thumbs and first fingers 
a rose diamond in the shape of a heart set 
in silver and surmounted by a jeweled orna- 
ment. It bears the date of 1706. Other 
rings of similar style have the bezel formed 
of two precious stones in the form of 
hearts united by a knot. 


EARLY USE OF THE DIAMOND 
AS AN ENGAGEMENT RING 
No definite information is available as 
to when the diamond ring became the 
choice for the engagement ring. However, 
in Pliny’s accounts of life and nature dur- 
ing the splendor of First Century Rome, we 
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TABLE 1. Characteristics of natural diamonds according to diamond type. 


Most common Lo ; UV fluorescence ; 
Type Impurity FTIR indicators Inclusions Helpful gemological clues 
i P colors Long-wave _ Short-wave pone 
a Nitrogen Colorless, brown, Aggregated N Common; Inert, blue, Inert, blue, 415 nm or “cape” spectrum; 
(aggregated) yellow, pink, orange, (1282,1175cm-') allsorts — yellow, orange yellow, orange opaque to short-wave UV 
green, violet 
b Nitrogen Yellow, orange, Isolated single N Common; Inert to Inert to Strong general absorption 
(isolated) brown (1344, 1180 cm-') clouds, weak orange weakorange up to 450 nm; distinctive 
needles needle-like inclusions 
la None Colorless, brown, No detectable Rare; Inert, blue, Inert, blue, Cross-hatched “tatami” 
pink, green impurities crystals — or orange or orange strain pattern; transparent to 
short-wave UV 
Ib Boron Blue, gray Boron (2803, Rare; Inert to Inert to weak = Cross-hatched “tatami” 
2458 cm’) crystals — weak blue blue or yellow _ strain pattern; transparent 


to short-wave UV; 
electrically conductive; blue 
or red phosphorescence 


are effective for identifying characteristic combina- 
tions of diamond properties, which help infer dia- 
mond type and possibly identify treatments and 
synthetics. 

For example, simple observations such as a 
cross-hatched strain pattern in a colorless diamond 
that is transparent to short-wave UV radiation indi- 
cate that the stone is likely type Ila and should be 
sent to a laboratory to be tested for HPHT treat- 
ment. Similarly, a blue diamond exhibiting electri- 
cal conductivity is type IIb and also needs lab test- 
ing. If the type IIb blue diamond shows no strain 
pattern when viewed with cross-polarized light and 
magnification, then it might be a synthetic. And a 
strongly colored yellow diamond that does not pro- 
duce “cape” lines in the spectroscope may be type 
Ib. If no color zoning characteristic of synthetic ori- 
gin is present and needles similar to those shown in 
figure 9B are observed, it is probably a natural type 
Ib diamond. These are just a few situations where 
gemological tests can provide clues to diamond type 
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and its possible implications for identification. 

Information about type helps gemologists assess 
the possibility that a diamond is treated or synthetic 
and, conversely, provides some measure of confidence 
that it is natural and naturally colored. With the con- 
stantly evolving world of treatments and synthetics, 
however, we strongly encourage gemologists to exer- 
cise caution and send their diamonds to a gemological 
laboratory for testing if there is any doubt. 
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Notes & NEW TECHNIQUES 


SPECTRAL DIFFERENTIATION 
BETWEEN COPPER AND IRON 
COLORANTS IN GEM TOURMALINES 


Paul B. Merkel and Christopher M. Breeding 


The authors used Vis-NIR spectral measurements 
combined with LA-ICP-MS data to investigate 
the usefulness of absorption spectra for differenti- 
ating between copper and iron as sources of 
greenish blue coloration in gem tourmaline. 
While both Cu?* and Fe?* produce absorption 
bands with maxima near 700 nm, Cu?* also has 
a strong band with a maximum near 900-925 
nm, where absorption due to Fe?* is typically at 
a minimum. In addition, Vis-NIR spectroscopy 
successfully identified Cu in pink/purple and vio- 
let stones that could be candidates for heat treat- 
ment. For the blue, green, and violet Cu-bearing 
tourmalines of pale-to-moderate color intensity 
in this study, weight percent of CuO could be 
estimated from the absorbance at 900 nm. This 
relatively inexpensive identification method may 
prove to be a valuable screening tool for Cu- 
bearing tourmaline. 


he availability of copper-bearing tourmaline from 
Mozambique (Abduriyim and Kitawaki, 2005; 
Laurs et al., 2008) has intensified the gemological inter- 
est that was first generated after discovery of cuprian 
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tourmaline in Brazil’s “Paraiba” State (Fritsch et al., 
1990; Abduriyim et al., 2006, and references therein) 
and later in Nigeria (Smith et al., 2001; Abduriyim et 
al., 2006, and references therein). In 2007, the 
Laboratory Manual Harmonization Committee pro- 
posed that blue (“electric” blue, “neon” blue, violet- 
blue), bluish green to greenish blue, or green elbaite 
tourmaline of moderate-to-high saturation colored by 
traces of Cu and Mn be called “Paraiba” tourmaline, 
regardless of geographic origin. 

Analytical procedures used to quantify Cu con- 
tent include laser ablation—inductively coupled plas- 
ma-—mass spectroscopy (LA-ICP-MS), electron- 
microprobe analysis, and energy-dispersive X-ray 
fluorescence (EDXRF; Fritsch et al., 1990, Abduriyim 
et al., 2006; Laurs et al., 2008). However, a simpler, 
less expensive supplementary procedure for evaluat- 
ing Cu content is desirable in instances where cost 
or convenience is important. The visible—near 
infrared (Vis-NIR) spectroscopic instrumentation 
described in this article is easy to use, portable, and 
costs as little as $3,500. It can perform a measure- 
ment in one minute or less, on a rough or polished 
gem sample of any size. 

Both iron as Fe** (Faye et al., 1968; Mattson and 
Rossman, 1987) and copper as Cu?* (Fritsch et al., 
1990; Laurs et al., 2008) can impart greenish blue 
coloration to gem tourmaline. The required absorp- 
tion near 700 nm is associated with metal ions in 
distorted octahedral environments (Burns, 1993). 
Thus, whether coloration is due to Fe and/or Cu 
cannot reliably be distinguished by looking at a 
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sample. In this study, we analyzed 26 gem tourma- 
lines by Vis-NIR spectroscopy and LA-ICP-MS, and 
compared the two sets of data to investigate the 
potential for spectral differentiation between Cu 
and Fe as chromophores. An additional objective of 
this study was to determine whether the absorption 
near 900 nm could be used to estimate Cu content 
in tourmaline colored by this element. 


MATERIALS AND METHODS 


We studied 26 faceted and preformed tourmalines 
(figure 1). They are designated in table 1 according 
to the predominant color observed: blue and green- 
ish blue (B}, green and bluish green (G), pink (P), vio- 
let (V), and greenish yellow (Y). Most of the Cu-bear- 
ing tourmalines were from Mozambique, but we 
also included samples from Brazil and Nigeria. Most 
of the non-Cu-bearing tourmalines were from 
Afghanistan, Brazil, Mozambique, and Namibia. 
One “chrome” uvite, from Tanzania, was also 
included for comparison. The greenish yellow sam- 
ple was added because Mozambique tourmalines of 
very similar color and with no spectral evidence of 
Cu** are being sold as copper-bearing (e.g., on eBay); 
it was included to illustrate that not all greenish 
yellow tourmalines from Mozambique derive their 
blue color component in the spectrum (i.e., absorp- 
tion at 700 nm) from Cu”. 

For each sample, we determined specific gravity 
hydrostatically and measured refractive indices using 
a standard gemological refractometer. Vis-NIR spec- 
tra were collected with two different spectrometers. 
We analyzed most of the larger samples using a 
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Figure 1. These 26 
faceted and preformed 
tourmalines (weights 
listed in table 1) were 
analyzed for this study. 
Left to right, top row: 
B1-B8; second row 
from top: G1-G8; sec- 
ond row from bottom: 
P1-P5; bottom row: 
P6, P7, V1, V2, and Y1. 
Photo by P. Merkel. 


Perkin-Elmer Lambda 950 spectrometer equipped 
with a 150 mm integrating reflectance sphere, in the 
range 350-1150 nm. The gem was held (~5° from nor- 
mal) in the jaws of center-mount sampling module 
PELA-9038, and the beam was directed through the 
table and reflected back off the pavilion facets. 
Smaller samples (<1 cm) could not be reliably mea- 
sured with this configuration, because they did not 
completely intercept the beam. They were instead 
measured using a StellarNet EPP2000-CXR CCD 
array spectrometer with an SLI tungsten-krypton 
light source and a R400-7-VisNIR bifurcated fiber- 
optic reflectance probe, in the range 400-900 nm. 
These smaller gems were usually placed table-down 
on a white reflective standard. The small tip of the 
fiber-optic probe, providing both the analyzing beam 
and the collection of transmitted light, was placed 
near the culet and aimed toward the table. The beam 
reflected off the white standard back through the 
table to the probe. Intensity measurements with and 
without the gem in place allowed absorbance to be 
determined. 

For both techniques, the approximate path of the 
analyzing beam consisted essentially of a dual tra- 
verse between the table and the culet. Both spec- 
trometers provided absorbance vs. wavelength 
directly (uncorrected for path length). Spectral maxi- 
ma of gems measured on both spectrometers were 
identical, and absorbance values were within ~10%. 
Some polarized absorption spectra were obtained 
using the Lambda 950 spectrometer in the transmis- 
sion mode together with a calcite polarizer. 

Trace- and major-element analyses of all samples 
were obtained at the GIA Laboratory in Carlsbad 
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TABLE 1. Properties and absorption data for the 26 tourmaline samples in this study. 


A/L (cm!) A/L(cm-") A/L(cm-') Estimated 
aah Description Locality Rie SG ‘at A a Raa atS25nm at 700nm at 900 nm _path length, 
: ; ‘ ; (Mn2+) (Cu, Fe**) =~ (Cu) L (cm) 

B1 0.80 ct greenish Brazil 1.619-1.641 3.09 3.028 0.028 1.862 0.249 3.029 2.686 0.70 
blue 

B2 4.02 ct greenish amibia 1.620-1.639 3.09 1.454 2.972 bdl 0.239 1.562 0.265 1.30 
blue 

B3 1.44 ct greenish igeria 1.619-1.638 3.06 0.204 bdl 0.291 0.113 1.440 2.307 0.75 
blue 

B4 8.93 ct greenish Afghanistan® 1.619-1.639 3.06 0.331 0.126 bdl 0.101 0.484 0.078 1.50 
blue 

B5 5.67 ct blue Brazil 1.620-1.639 3.08 0.508 0.278 bdl 0.119 1.477 0.255 1.30 

B6 14.50 ct greenish ozambique —- 1.621-1.637 3.04 0.018 bdl 0.076 0.021 0.308 0.475 1.70 
blue 

B7 7.50 ct greenish Afghanistan 1.62-1.63 3.05 0.264 0.571 ~=0.001 0.048 0.594 0.047 1.65 
blue 

B8 36.33 ct greenish ozambique 1.62-1.64 3.05 0.016 bdl 0.025 0.020 0.182 0.286 2.80 
blue 

G1 3.29 ct bluish Mozambique  1.620-1.640 3.09 3.365 0.018 0.177 0.051 0.717 1.087 1.15 
green 

G2 2.42 ct bluish Brazil 1.620-1.640 3.09 0.978 1.706 0.001 0.073 1.880 0.051 1.00 
green 

G3 8.81 ct green Africa 1.622-1.642 3.09 5.572 0.112 0.136 0.106 0.669 0.775 1.60 

G4 32.30 ct bluish Afghanistan 1.620-1.638 3.07 1.272 1.012 bdl 0.109 0.525 0.058 2.00 
green 

G5 14.21 ct green Mozambique  1.620—-1.639 3.07 0.443 0.557 bdl 0.107 0.423 0.061 2.05 

G6 7.24 ct yellow- ozambique 1.624—1.640 3.07 0.714 1.134 0.006 0.184 0.557 0.081 158 
green 

G7 46.16 ct bluish Mozambique  1.620—1.639 3.06 0.258 0.015 0.039 0.037 0.272 0.407 2.80 
green 

G8 1.64 ct green Tanzania! 1.618-1.639 3.08 0.014 bdl bdl 0.682 0.393 0.043 0.90 

P1 6.68 ct pink Brazil 1.620-1.639 3.05 1.219 0.081 bdl 0.612 0.135 0.207 1.30 

P2 8.87 ct pink igeria 1.620-1.640 3.06 0.876 bdl 0.002 0.933 0.284 0.491 1.50 

P3 2.84 ct purple ozambique  1.620-1.640 3.05 1.206 bdl 0.173 1.038 0.622 1.314 1.05 

P4 11.50 ct pink ozambique  1.620—-1.639 3.04 0.289 bdl 0.042 0.488 0.282 0.398 1.70 

P5 50.07 ct pink ozambique 1.62-1.64 3.06 0.408 0.038 0.028 0.346 0.321 0.398 2.20 

P6 13.55 ct pinkish ozambique _ 1.620-1.640 3.06 1.415 bdl 0.070 0.336 0.309 0.470 1.90 
purple 

P7 29.02 ct purplish ozambique  1.619-1.639 3.05 2.234 0.007 0.045 0.400 0.350 0.469 2.60 
pink 

V1 5.05 ct violet Mozambique 1.62-1.64 3.07 2.402 bdl 0.478 1.325 1.783 1.508 1.20 

V2 14.28 ct violet Mozambique 1.62-1.63 3.06 1.056 bdl 0.209 0.628 0.853 1.013 1.50 

Y1 10.51 ct greenish ozambique _ 1.625-1.640 3.07 0.394 0.108 bdl 0.272 0.330 0.082 1.80 
yellow 


@ FI values of preforms were measured to the hundredths. 


» Average of two LA-ICP-MS analyses; bold type indicates gems with moderate-to-high levels (>0.05 wt.% oxides) of Mn, Fe, and Cu. Abbreviation: 


bal = below detection limit. 
© Likely but uncertain origin. 
2 Uvite, containing ~7.80 wt.% Mg, 2:1 Ca:Na, 0.21 wt.% V, and 0.01 wt.% Cr. 


using a Thermo X Series II ICP-MS with a New 
Wave UP-213 laser ablation sampling system. We 
analyzed two random locations on the girdle of each 
gem, and processed the data using boron as an inter- 
nal standard. 

To investigate the effects of heating on the Vis- 
NIR spectra of Cu-bearing tourmalines, we mea- 
sured the absorption spectra of 10 additional pre- 
forms (2-12 g; spectrally indicated to contain Cu) 
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that were initially various shades of violet or 
brownish violet both before and after heating for 
one hour at ~600°C (and for three samples, after 
being heated again to ~700°C for one hour). 
Although heating for one hour at 550°C is usually 
sufficient to fully remove the pink color compo- 
nent, traces of Mn** absorption have remained in 
some stones under this condition. The intention in 
this study was to investigate whether somewhat 
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VIS-NIR ABSORPTION SPECTRA 


Greenish Blue and Bluish 
Green Tourmaline 


B3 1.44 ct Cu-bearing, 
To] Nigeria 

B5 5.67 ct Fe-bearing, 
Brazil 

B7 7.50 ct Fe-bearing, 
Afghanistan 

G1 3.29 ct Cu-bearing, 
Mozambique 


WAVELENGTH (nm) 


higher temperatures would alter the Cu?* absorp- 
tion. We placed the samples in a Pyrex beaker con- 
taining alumina powder, and then raised and low- 
ered the temperature at a rate of about 50°C/hour 
to minimize thermal shock. 


RESULTS AND DISCUSSION 


Chemical and spectral data for the 26 tourmalines are 
compiled in table 1. The RI, SG, and absorbance val- 
ues (per centimeter of path length; A/L) at 525, 700, 
and 900 nm are given along with the average concen- 
trations of MnO, FeO, and CuO determined by LA- 
ICP-MS. (MnO data are included because Mn** can 
produce a red-magenta color component and Mn?* 
can produce a yellow component in tourmaline.) 
Most samples have significant levels of either Cu or 
Fe, but not both. Data are also included for one green 
tourmaline that is colored primarily by vanadium 
(sample G8). As determined from an analysis of the 
LA-ICP-MS data (see G#G Data Depository at 
www.gia.edu/gandg), most of the tourmalines were 
identified as elbaite, whereas B4, G6, and Y1 were 
found to be liddicoatite, and G8 to be uvite. 


Vis-NIR Spectroscopy. As illustrated by the spectra 
in figures 2, and 3, both Cu?*- and Fe**-bearing sam- 
ples have absorption maxima in the vicinity of 700 
nm. It is this component of the absorption by traces 
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Figure 2. Vis-NIR 
absorption spectra 

Cu2+ (collected with the 
EPP2000 spectrometer) 
are shown for selected 
greenish blue (B3, BS, 
and B7) and bluish 
green (G1) tourmalines 
colored by Fe” or Cu**. 


1 T 
800 900 


of Fe** or Cu?* that produces greenish blue color in 
gem tourmaline (Faye et al., 1968; Smith, 1978; 
Mattson and Rossman, 1987; Rossman et al., 1991). 
Due to the similarity of the ~700 nm bands pro- 
duced by the two metal ions, color induced by Cu** 
and Fe?* cannot reliably be distinguished either visu- 
ally or by visible-range absorption spectra. However, 
as further illustrated by the Vis-NIR absorption spec- 
tra in figures 2 and 3, the samples containing sub- 
stantial Cu?* (see table 1) have an additional absorp- 
tion peak in the neighborhood of 900 nm, similar to 
what has been observed in earlier studies (see figure 
5 in Bank et al., 1990, figure 14 in Fritsch et al., 1990, 
and Laurs et al., 2008). Additionally, as also seen in 
prior investigations (Faye et al., 1968; Mattson and 
Rossman, 1987), Fe** has an absorption minimum 
near 900 nm (along with additional absorption in the 
region of ~1000-1200 nm). 

Other common chromophores such as Mn**, 
Mn**, Fe**, and charge-transfer transitions also do 
not appear to produce strong absorptions in the 
vicinity of 900 nm (Mattson and Rossman, 1987; 
Reinitz and Rossman, 1988). Thus, absorption near 
900 nm provides a potentially useful property to dis- 
tinguish coloration by Cu and Fe and to estimate 
copper content. The spectral comparisons in figures 
3 and 4 illustrate that the 900 nm absorption also 
can be used to assess the presence of significant Cu?* 
in tourmalines of other hues, such as green and vio- 
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VIS-NIR ABSORPTION SPECTRA 


Green Tourmaline 
4 G2 2.42 ct Fe-bearing, 
Brazil 
G3 8.81 ct Cu/Fe-bearing, 
Africa 
G8 1.64 ct V-bearing, 
Tanzania 


T T T T 
400 500 600 700 


let, which contain additional colorants. The green 
coloration of G2, and G3 in figure 3 may arise in part 
from Mn?* contributions to blue absorption (which 
includes the narrow band at ~415 nm; Rossman and 
Mattson, 1986) combined with the red absorption by 
Fe?* and/or Cu?* near 700 nm. Substantial Mn?* 
absorption at ~510-530 nm contributes to the color 
of the pink and violet samples in figure 4. The spec- 
trum of V*+-colored green uvite sample G8 (see foot- 
note d in table 1 and Schmetzer et al., 2007) is also 
included in figure 3 for comparison. 

Without exception, the samples in our study 
with moderate-to-strong absorption features near 
900 nm had substantial levels of Cu. In contrast, 
those with substantial absorbance near 700 nm and 
low absorbance near 900 nm had significant levels of 
Fe and minimal Cu (again, see table 1). Absorption 
spectra of all the samples of this study, as well as 
complete LA-ICP-MS data, are available in the G#G 
Data Depository. 

Blue, greenish blue, and green tourmalines with 
substantial absorbance at 900 nm but greater 
absorbance at 700 nm may be colored by a combina- 
tion of Fe** and Cu?*, because for gems colored by 
Cu** alone (e.g., G1 and B3 in figure 2) there is usu- 
ally greater absorbance at 900 nm than at 700 nm. 
G3 was the only sample examined that had moder- 
ate levels of both iron (0.112 wt.% FeO) and copper 
(0.136 wt.% CuO); as with the other Cu-bearing 
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Figure 3. These Vis-NIR 
Cu2t absorption spectra 
(collected with the 
EPP2000 spectrometer) 
are from green tourma- 
lines colored primarily 
by Cu** (G3), Fe?* (G2, 
G3), or V3 (G8). 


T T 1 
800 900 


gems, the strong absorption near 900 nm shows the 
presence of copper (figure 3). The relative 
absorbances at 700 and 900 nm suggest that most of 
the absorption near 700 nm in G3 is also due to cop- 
per. The lack of absorption near 520 nm and the 
sharp band near 415 nm implies that the Mn in G3 
is in the form of Mn+. This African gem was report- 
edly from Namibia, but it could be of Nigerian ori- 
gin; to our knowledge, Cu has not been reported in 
Namibian tourmaline. 

The absorbance features near 900 nm for P5 
and P6 in figure 4 are consistent with their Cu 
contents. The absorbance value for P5 is substan- 
tial despite its low Cu content due to the relatively 
long analyzing path length for this large gem. This 
result and similar behavior for B8, G7, and P7 illus- 
trate that CuO levels as low as ~0.03 wt.% can 
readily be detected spectrally in large stones. In 
contrast, the behavior in figure 4 of P1, which con- 
tains some Fe but no Cu, exemplifies a situation 
where caution must be exercised in spectrally 
assessing the presence of Cu. Relatively weak 
absorptions near 700 and 900 nm in pink or red 
tourmaline such as Pl may be related to Mn** 
rather than Cu?*. A low-intensity Mn** band has 
been observed previously near 700 nm (Manning, 
1973; Reinitz and Rossman, 1988), and a weak 
Mn** band has also been reported in the region of 
~900-1025 nm in thin-layer synthetic elbaite with 
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Figure 4. Vis-NIR 1.04 
absorption spectra 
(collected by the 
Lambda 950 spectrom- 
eter) are shown for pink 
(P1 and P5) and pinkish 
purple (P6) tourmalines 
from Brazil and Mozam- 
bique. Samples P5 and 
P6 contain substantial 
amounts of Cu. 


ABSORBANCE 


VIS-NIR ABSORPTION SPECTRA 


Pink and Purple Tourmaline 
— P1 6.68 ct pink, Brazil 
— P5 50.07 ct pink, Mozambique 


— P6 13.55 ct pinkish purple, Mozambique 


Mn as the only colorant (see figure 7 in Taran et al., 
1993). Fe?* probably contributes to the absorptions 
near 700 and 1050 nm (Faye et al., 1968; Mattson 
and Rossman, 1987) in P1, but the weak absorption 
near 900 nm may be due to Mn**. The small bumps 
at ~970 and 1000 nm are due to OH vibrational 
overtones (Rossman et al., 1991). 


Estimation of Cu2* Abundance. The above exam- 
ples illustrate the use of spectroscopy for qualita- 
tive assessment of the presence of Cu. However, 
spectral measurements can also provide quantita- 
tive estimates of Cu levels. Figure 5 illustrates that 
for most of the Cu-bearing tourmalines studied, 
there is a reasonably linear relationship between 
the absorbance at 900 nm divided by the path 
length in centimeters (Ag,/L) and the copper con- 
tent (wt.% CuO). 

The +50% error bars for the Aoo,/L values in fig- 
ure 5 represent the estimated uncertainty due to 
several factors. The first factor is the variation in 
the extinction coefficient (a measure of the absorb- 
ing strength of a colorant) of Cu?* with crystallo- 
graphic direction. Polarized absorption measure- 
ments have shown that the extinction coefficient of 
Cu?* near 900 nm is reduced by about three-fold for 
the extraordinary ray (i.e., Ellc) relative to the ordi- 
nary ray (ELc; Rossman et al., 1991). There is also a 
slight shift in the absorption maximum between 
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a T T a T is 7 
650 750 1050 1150 


WAVELENGTH (nm) 


the ordinary and extraordinary rays. Therefore, the 
precise absorbance at 900 nm that is produced by a 
given concentration of Cu** will be somewhat 


Figure 5. In this diagram, the absorbance at 900 nm 
divided by path length in centimeters (Ago,/L) is plot- 
ted against Cu content. Data are shown only for tour- 
maline samples with low-to-moderate absorbance 
(<1.7), since they were least affected by surface reflec- 
tions. The Ago,/L values include error bars for a 50% 
estimated uncertainty. 


CU CONTENT VS. ABSORBANCE 
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dependent on the arbitrary orientation of the axes of 
the gem relative to the direction of the analyzing 
beam. Second, there is some uncertainty as to the 
exact path length traveled by the beam in these 
measurements, due to the complex geometry of the 
cut gemstones and the potential effects of inclu- 
sions. Third, the absorbance at 900 nm reflects the 
average bulk concentration of Cu?*, while LA-ICP- 
MS is a spot analysis and only measures the surface 
composition. Last, the recorded absorbances are 
influenced by surface reflections, which may be par- 
ticularly significant for darker gems. The straight- 
line fit of the data in figure 5 excludes the highest- 
absorbance (>1.7) Cu-bearing tourmalines, for which 
surface reflections greatly limit the maximum 
absorbances measurable by the techniques of this 
study. The correlation represented by the line in fig- 
ure 5 is remarkably good (r° = 0.88) considering the 
sources of variability. The slope of 6.86/cm trans- 
lates to a CuO content of ~0.15 wt.% per unit of 
absorbance/cm at 900 nm. 


Estimation of Fe** Abundance. Estimating Fe** con- 
tent from absorbance near 700 or 1100 nm is more 
problematic. Cu** absorption can interfere near 700 
nm, and absorptions due to OH stretching vibra- 
tional overtones can begin to interfere at wave- 
lengths >950 nm (i.e., sample P1 in figure 4; see also 
the GWG Data Depository). Like that of Cu’*, the 
Fe** absorption depends on orientation. However, 
the major additional sources of uncertainty in the 
estimation of iron content are the presence of Fe* 
and the nonlinear relationship between iron concen- 
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Figure 6. The blue-to- 
green color of tourmaline 
may be caused by absorp- 
tion mainly due to copper 
(e.g., the three stones on 
the left, 3.86-11.69 ct ) or 
to iron (the three on the 
right, 2.86-6.89 ct). Such 
material may be spectral- 
ly differentiated to identi- 
fy whether it should be 
classed as Paraiba-type 
tourmaline. Courtesy of 
the Gladnick Collection 
and Palagems.com; photo 
by Robert Weldon. 


tration and Fe* absorbance (Smith, 1978; Mattson 
and Rossman, 1987). 


Effects of Heat Treatment on Vis-NIR Spectra. Heat 
treatment is commonly applied to Cu-bearing tour- 
maline to create or enhance blue/green coloration 
(Fritsch et al., 1990; Abduriyim et al., 2006; Laurs et 
al., 2008). While our heating experiments on 10 vio- 
let or brownish violet samples removed some 
absorption features (particularly the Mn** band near 
520 nm) to produce blue or green hues, none of the 
heated samples showed significant changes in the 
positions or intensities of the Cu** absorption bands 
at ~700 and ~900 nm. Therefore, Vis-NIR spec- 
troscopy can be used to evaluate the Cu** content of 
tourmaline samples that have been heat treated. 


CONCLUSIONS 


Spectral measurements can provide information on 
the causes of color in gemstones, whereas chemical 
analyses only indicate which elements are present. 
In this study, Vis-NIR spectroscopy coupled with 
LA-ICP-MS analyses demonstrated that absorption 
spectra can be useful in assessing the contribution of 
Cu** to the greenish blue color component in gem 
tourmaline. Both Fe?* and Cu?* produce absorption 
bands with maxima near 700 nm, but only Cu?* has 
a strong maximum near ~900 nm, where the absorp- 
tion due to Fe”* is typically at a minimum. All the 
samples in our study with a moderate-high absorp- 
tion feature near 900 nm contained substantial Cu. 
In contrast, samples with a substantial absorption 
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band near 700 nm, but low absorbance near 900 nm, 
had significant levels of Fe and little or no Cu. 
Spectral analysis cannot replace more quantitative 
procedures such as LA-ICP-MS or even EDXRF. 
Based on this study, however, absorption measure- 
ments in the region of 900-925 nm appear to be a 
relatively quick and simple means for assessing the 
presence of Cu in gem tourmaline, the key criterion 
for designation of a stone as “Paraiba” or “Paraiba- 
type” (e.g., figure 6). Furthermore, in blue, green, and 
violet gems of pale-to-moderate color intensity, it 
was possible to estimate wt.% CuO within ~50% 
accuracy. Spectral measurements may also aid in 
selecting off-color Cu-bearing tourmalines that are 
suitable candidates for heat treatment. 
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We have shown that simple CCD array spec- 
trometers with fiber-optic reflectance probes offer a 
relatively portable and inexpensive method to screen 
rough or faceted gem tourmalines (even small sam- 
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figured to measure transmittance of light through a 
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large parallel facets. Nevertheless, fiber-optic probe 
attachments or small integrating sphere accessories 
may be compatible with some more-traditional 
spectrometers. 
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find that in the betrothal ceremony a Roman 
gitl was “covered from head to foot with 
pearls and emeralds.” It is doubtful if dia- 
monds were much known to the gem-loving 
First Century Romans, although Pliny does 
speak of the adamas and it is at least in 
one instance described as a crystal of true 
octahedral shape. However, it was not until 
centuries later when methods of producing 
facets were discovered that the diamond as 
a gemstone found much of a place among 
fashionable jewelry. Once introduced, how- 
ever, anything as beautiful as the diamond 
was certain to be greatly desired and it is 
possible this demand stimulated prospecting 
later in India. 

The history of the use of diamonds for 
jewelry really begins with the 15th century. 
The first record which we have of the use 
of a diamond for an engagement ring seems 
to be that contained in a letter written in 


1477 by Dr. Moroltinger to the future Em- 
peror Maximilian just before his betrothal 
to Mary of Burgundy, daughter of Charles 
the Bold. The letter reads: “At the be- 
trothal your Grace must have a ring set 
with a diamond and also a gold ring. 
Moreover, in the morning your Grace must 
bestow upon the bride some costly jewels.” 

The engagement ring is a symbol rather 
than a style, but the diamond is by far the 
choice. of the multitude of brides. With the 
increasing living standards in this country 
at least, and with a more steady distribu- 
tion of wealth, it is not over optimistic to 
expect more and more diamond engagement 
rings to be sold. The wise jeweler will 
concern himself with the problems and 
queries of the prospective bridegroom and 
help him conscientiously in selecting a ring 
which will bring joy and happiness through 
the years. 


@ Four modern engagement rings. The two rings 
at left are of gold, each with a brilliant-cut dia- 
mond solitaire. The third is of platinum with a 
large brilliant-cut diamond and additional small 
diamonds on shoulders. The fourth has an emer- 
ald-cut diamond, nearly two carats in weight, 
with six side diamonds. 
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GEM-QUALITY ANDALUSITE 
FROM BRAZIL 


Shyamala Fernandes and Gagan Choudhary 


Widely known as a rock-forming mineral, 
andalusite is not frequently encountered as a 
gem material. This article documents the gemo- 
logical and spectroscopic properties of numer- 
ous rough and cut samples of gem-quality 
andalusite from Brazil. The color varied from 
yellowish green and green to brownish pink 
(including bicolored green and brownish pink), 
and some were faceted with the pleochroic col- 
ors attractively oriented. Transparent samples of 
the chiastolite variety of andalusite were partic- 
ularly interesting. All the samples displayed a 
complex growth pattern, with the various inclu- 
sions oriented along the growth directions. Heat 
treatment produced subtle changes in color, if 
any, but fracture filling with resin resulted in 
obvious improvements in apparent clarity. 


he name andalusite is derived from the Andalusia 

region of southern Spain, where the mineral was 
first discovered (Dana and Ford, 1992). Gem-quality 
material is known from Brazil (Espirito Santo and 
Minas Gerais States), Sri Lanka, the United States, 
Madagascar, Russia (Siberia), Myanmar (O’Donoghue, 
2006), and China (Liu, 2006). Andalusite varieties 
include highly pleochroic brownish pink/green (e.g., 
figure 1), Mn-rich bright green (“viridine”), and chias- 
tolite. The last is typically opaque and features a dark 
cross-shaped pattern formed by carbonaceous inclu- 
sions (Webster, 1994, O'Donoghue, 2006). 

This article reports the properties recorded from 
an ~1 kg parcel of medium-quality andalusite that 
was purchased from a gem merchant in Jaipur, India, 
who deals in rough from Brazil. The exact source of 
the andalusite in Brazil was, unfortunately, not 
available. Additional photos to accompany this 
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article are available in the G#G Data Depository 
(www.gia.edu/gandg). 


MATERIALS AND METHODS 


From the parcel of rough, we randomly selected 
about 150 specimens for examination that ranged 
from ~0.4 to 3 g. We studied 15 samples in detail for 
their crystallographic features, surface markings, 
cleavage directions, and pleochroism with respect to 
crystallographic orientation. These samples exhibit- 
ed a variety of colors: green, yellowish green to 
brownish green, brownish pink, and distinctly bicol- 
ored green/pink. In addition, we selected six samples 
of the pinkish brown to brownish pink variety chias- 
tolite, which displayed distinct (sometimes partial) 
cross-shaped arrangements of dark inclusions. About 
20% of the 150 specimens were chiastolite, and they 
ranged in diaphaneity from transparent to opaque. 

We selected 72 of the 150 specimens, of moderate 
commercial quality, for fashioning on the basis of 
their coloration, clarity, and projected yield. Of these, 
18 were faceted (figure 2) and the other 54 were left 
preformed. The preformed stones were categorized 
into three color groups: green (17 specimens), brown- 
ish pink (14), and strongly pleochroic pinkish 
brown/yellowish green (23). On an additional seven 
specimens (figure 3), we polished the largest parallel 
surfaces so we could obtain RI readings and examine 
their internal features. 

Standard gemological tests—including color obser- 
vations, SG measurements, fluorescence reactions, 
and visible-range spectroscopy—were performed on 
all samples. RI and optic sign were measured only on 
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Figure 1. Brazil is a source of rare gem-quality 
andalusite, as shown by this exceptional 17.96 ct 
stone. Due to its strong dichroism, both pleochroic col- 
ors are distinctly visible. Courtesy of Palagems.com, 
Fallbrook, California; photo by Robert Weldon. 


the seven polished slices and the 18 faceted samples. 
To determine the variations in refractive index with 
respect to crystallographic axis, we polished the 
prism faces [(110), (110), (110), (110)], one of the cor- 
ners [representing (100) or (010)], and the pinacoidal 
face (001) of one prismatic crystal. RI was measured 
with a GemLED refractometer. We obtained hydro- 
static SG values using a Mettler Toledo CB 1503 
electronic balance. Fluorescence was tested using 
standard long-wave (366 nm) and short-wave (254 
nm) UV bulbs. Absorption spectra were observed 
using a desk-model GIA Prism 1000 spectroscope. 
We examined internal features with both a binocular 
gemological microscope and a horizontal microscope 


Figure 2. Eighteen andalusite samples (0.15—0.58 ct) 
were faceted to display the range of color. Photo by 
G. Choudhary. 
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with immersion, using fiber-optic and other forms 
of lighting (including darkfield and brightfield). 

Qualitative energy-dispersive X-ray fluorescence 
(EDXRF) chemical analyses of 31 green and brown- 
ish pink preforms, the seven polished slices, and the 
18 faceted samples were performed with a 
PANalytical Minipal 2 instrument using two differ- 
ent conditions. Elements with lower atomic number 
(e.g., Al and Si) were measured at 4 kV tube voltage 
and 0.850 mA tube current with no filter; transition 
and heavier elements were analyzed at 25 kV and 
0.025 mA using an Al filter. 

Infrared spectra of 31 preforms (green and brown- 
ish pink), 15 crystals (4-15 mm thick), seven pol- 
ished slices, and five faceted samples that had under- 
gone fracture-filling processes were recorded in the 
6000-400 cm! range at a standard resolution of 4 
cm7!, 50 scans per sample were recorded with a 
Nicolet Avatar 360 Fourier-transform infrared (FTIR) 
spectrometer at room temperature in transmission 
mode. We collected multiple spectra to find the ori- 
entation of best transmission (depending on the 
thickness and transparency of the samples), consid- 
ering the pleochroic colors and crystallographic axes. 

Raman analysis was performed on five rough 
samples and two polished slices in two directions— 
along the c-axis and along the a- or b-axis—in the 
2000-100 cm! range using a Renishaw InVia Raman 
confocal microspectrometer with 514 nm Ar-ion 
laser excitation, an exposure time of 10 seconds per 
scan, and 10 scans per sample. 

We selected 24 rough samples for heat-treatment 


Figure 3. Seven andalusite specimens (0.81-3.87 ct) 
were polished as slices for inclusion studies and RI 
readings. Photo by G. Choudhary. 
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Figure 4. A few of the specimens in the rough parcel of 
andalusite displayed characteristic crystal forms with 
prism faces terminated by pyramids. The crystal shown 
here weighs 1 g. Photo by G. Choudhary. 


experiments; the original colors were brownish pink (8 
samples}, green (5), bicolored (3), and brownish pink 
with a green component at their comers (8). We heated 
the stones in a muffle furnace with digital temperature 
controls. Six stones were heated at 350°C and eight at 
550°C for 8 hours, while 10 samples were heated at 
800°C for 2% hours and then at 550°C for 5% hours. 
In addition, five of the faceted samples with eye-visible 
surface-reaching fissures were selected for fracture fill- 
ing. We used a colorless epoxy resin on three samples 
and Johnson & Johnson baby oil (also colorless) on two 
samples, at pressures of 40 to 50 psi for 48 hours. The 
samples were photo-documented before the experi- 
ments, and the colors and inclusions were compared 
before and after the treatments. 


RESULTS AND DISCUSSION 

Crystal Morphology and Visual Observations. The 
majority of the rough consisted of broken crystals 
with frosted surfaces. Approximately 10% of them 
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were terminated by pinacoids or pyramids (figure 4) 
and exhibited four-sided prisms, often with the rec- 
tangular- or rhomb-shaped cross section associated 
with the orthorhombic crystal system (Webster, 
1994). Most of these crystals had only one termina- 
tion and were broken at the other end. 

More than 80% of the rough displayed pro- 
nounced etching, consistent with their frosted sur- 
faces. This was evident on 12 of the 15 crystals 
selected for crystallographic study. The etching pat- 
tern varied from irregular to square or rectangular in 
shape (figure 5, left). Many of the samples also exhib- 
ited striations on the prism faces, parallel to the 
c-axis. One of the crystals displayed two sets of stria- 
tions on the same face (figure 5, right). One set was 
oriented along the c-axis, while the other consisted of 
lateral striations; such patterns indicate twinning or 
various stages of overgrowth where two sectors/crys- 
tals have grown in different directions. Some crystals 
clearly displayed a smaller attached twinned crystal 
oriented along or inclined toward the c-axis of the 
main crystal. In addition, step-like planes indicating 
cleavage (again, see figure 5, left) were present on the 
surfaces of all the samples studied; only one cleavage 
plane was seen in most samples, but in some cases 
two directions were visible. Both directions were ori- 
ented parallel to the prism faces, as reported previ- 
ously (Phillips and Griffen, 1986). 

About 20% of the pinkish brown/brownish pink 
samples contained black inclusions that formed par- 
tial or complete chiastolite cross patterns. Most of 
these samples revealed black material in the core 
when viewed along the c-axis, while a few had a 
green central core with black outlines and arms. The 
six specimens selected for study included three with 
dark cores (figure 6) and three with green cores (e.g., 
figure 7, left]. The cores varied from transparent to 
opaque and from almost square (figure 6, center) to 


Figure 5. Many of the anda- 
lusite samples displayed 
strong etching that varied 
from irregular to square or 
rectangular (left). Also com- 
mon were striations on the 
prism faces (right). The two- 
directional striations indicate 
the presence of twinning or 
various stages of overgrowth. 
Photomicrographs by G. 
Choudhary; magnified 60x 
(left) and 45x (right). 
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rectangular (figure 6, left and right). The green cores 
were distinctly pleochroic: When the plane of the core 
was perpendicular to the viewing angle, it appeared 
green (again, see figure 7, left); as the host was tilted 
slightly, the core appeared brownish pink/red (figure 
7, right) while the rest of the sample remained 
unchanged. A similar effect was visible when these 
crystals were viewed through prism faces. 

The color-zoned or bicolored green-and-pink 
samples (figures 8 and 9, left) somewhat resembled 
“watermelon” tourmaline. 


Orientation of Crystal for Best Cut. Overall, the par- 
cel of rough was better suited for beads and cabo- 
chons than for faceted stones. Among the major con- 
siderations in the cutting process were the abun- 
dance of inclusions, bodycolor, and orientation of the 
pleochroism to achieve the best table-up color. The 
brownish pink crystals had about the same color 
after cutting (ie., their strong pleochroism was not 
visible face-up), so the rough was oriented simply for 
best yield. For the green stones, an attempt was made 
to orient the green color to the table; however, crys- 
tals that also exhibited a strong pink pleochroic color 
displayed a pinkish hue at the comers of the finished 
stones. Bicolored stones were specifically cut to dis- 
play the color zoning in a table-up position. Crystals 
with long tube-like inclusions needed to be oriented 
in such a way that these inclusions were perpendicu- 
lar to the table facet, to make them less visible. 
Although the rough sizes ranged from ~0.4 to 3 g, the 
resulting stones weighed only 0.15—0.58 ct after 
faceting. The overall yield from rough to the finished 
product was approximately 20%. 


Gemological Properties. The gemological properties 
of the samples are described below and summarized 
in table 1. 


Figure 6. The chiastolite samples, here ranging from 3 
to 6.5 mm thick, displayed a characteristic black 
cross pattern at the basal pinacoid with a square-to- 
rectangular core. The unusual transparency of these 
chiastolites made them particularly interesting. 
Photo by G. Choudhary. 


Pleochroism. All but the brownish pink samples 
displayed strong, eye-visible pleochroism that 
ranged from weak to strong. Along the c-axis, the 
samples appeared brownish pink; perpendicular to 
the c-axis, they appeared yellowish or brownish 
green. Depending on their orientation and their 
main bodycolor, the cut stones appeared brownish 
pink to yellowish green; both colors were often visi- 
ble in the same sample when viewed table-up 
(again, see figures 1 and 2). The bicolored samples 
also displayed strong pleochroism. In one sample, 
rotating the polarizer 90° turned the brownish pink 
area almost colorless while the green portion 
became brighter yellowish green (see figure 9). 


Refractive Index. We recorded a range of RI values— 
n,=1.637-1.649 and n, =1.646-1.654 with a 
negative optic sign; birefringence varied from 0.008 to 
0.010. These values are consistent with those report- 
ed previously for andalusite (Webster, 1994; Phillips 
and Griffen, 1986). RI and birefringence increase with 


Figure 7. A small percentage of 
the brownish pink to pinkish 
brown andalusite contained a 
green core with a black outline 
and arms. When the plane of 
the core was perpendicular to 
the viewer, it appeared green 
(left). As the sample was tilted 
slightly, it appeared brownish 
pink (right), with no change 

in the rest of the stone. 
Photomicrographs by G. 
Choudhary; magnified 15x. 
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Figure 8. Many bicolored samples of andalusite 
appeared to display various growth stages, with 
their colors separated by a sharp plane marked by 
brown granular inclusions. Photomicrograph by 
G. Choudhary; magnified 25x. 


the increasing percentage of Mn (as in the viridine 
variety) to as high as 1.690 with birefringence of 
about 0.025 (Phillips and Griffen, 1986), although not 
in our specimens. Measurements of the oriented 
sample revealed that the pinacoidal face (001), or a- 
ray direction, gave the lowest RIs and birefringence 
(0.008), while the polished corner (100) or (010) gave 
the highest values (with maximum birefringence of 
0.009), indicating that it represented the b-axis or y- 
ray direction. Such variations were reported previous- 
ly by Kerr (1959) and Phillips and Griffen (1986). 


Specific Gravity. The samples had SG values in the 
3.11-3.16 range. Webster (1994) listed SG values of 
3.15-3.17, while Phillips and Griffen (1986) report- 
ed 3.13-3.16. The SG values of our samples are 
similar, though a few specimens had slightly lower 
values (probably due to fractures and surface-reach- 
ing inclusions). 
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TABLE 1. Properties of the Brazilian andalusite 
specimens studied for this report. 


Property Description 

Color range Green, yellowish green to brownish 
green, brownish pink, bicolored green/ 
pink, and pinkish brown (chiastolite) 

Pleochroism Brownish pink (parallel to the c-axis) 
Yellowish or brownish green (perpen- 
dicular to the c-axis) 

Diaphaneity Transparent to opaque 


Refractive index 


Birefringence 
Optic sign 
Specific gravity 
UV fluorescence 


Long-wave 
Short-wave 


Visible-range absorption 
spectrum 


Microscopic features 


EDXRF analysis 


FTIR analysis 


Raman analysis 


n= 1.637-1.649 
n= 1.646-1.654 


0.008-0.010 
Biaxial negative 
3.11-3.16 


nert 
Moderate to strong yellowish green 


Diffuse band at ~455 (weak to strong) 
in some samples 


Two types of curved inclusions, 
minute films/discs, numerous mineral 
inclusions, “fingerprints,” pinpoints, 
twinning/growth patterns, cross pat- 
terns in chiastolite varieties 


Presence of Al, Si, Fe, Ca, and Cr (two 
specimens had Zn and Cu, probably 
due to contamination from the polish- 
ing wheels); no Mn detected in any 
samples 


Complete absorption up to 2100 cm; 
peaks at ~3687, 3652, and 3624 cm; 
twin peaks at ~3520 and 3460 cm’; 
shoulders at ~3280 and 3095 cm 
Several sharp peaks at ~1068, 917, 
550, 463, 356, 325, and 290 cm"; 
smaller peaks at ~1120, 850, and 
7i7.em 


Fluorescence. The samples were inert to long-wave 
UV radiation but fluoresced yellowish green to 
short-wave UV; the intensity varied from moderate 
to strong. Webster (1994) and O’Donoghue (2006) 


Figure 9. Many of the 
andalusite samples exhibit- 
ed color zoning in green 
and brownish pink (left), a 
combination reminiscent 
of bicolored tourmalines. 
When the polarizer was 
rotated 90°, the brownish 
pink area turned almost 
colorless, while the green 
portion became brighter 
yellowish green (right). 
Photomicrographs by G. 
Choudhary; magnified 25x. 
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Figure 10. Type 1 curved inclusions are colorless and transparent, often with fine fringes (left and center). They 


“* 


appear birefringent between crossed polarizers, indicating their mineral nature (right). Note the stained surface 
and angle of curvature of these tubes, which are bent almost 90°. Photomicrographs by G. Choudhary; magnified 
40x (left), 80x (center, brightfield illumination), and 70x (right, crossed polarizers). 


reported similar fluorescence reactions for andalusite 
from Brazil. 


Absorption Spectrum. With a desk-model spectro- 
scope, a number of samples displayed a weak-to- 
strong diffuse band in the blue region at ~455 nm. 
When viewed along the c-axis, the absorption 
appeared weaker than in the perpendicular direc- 
tion. Some samples did not exhibit any absorption. 


Microscopic Features. The samples displayed a wide 
range of internal patterns, such as curved features, 
mineral inclusions, and various twinning/growth 
patterns. 


Curved Inclusion Features. Many samples contained 
numerous curvilinear inclusions, of which two differ- 
ent varieties were defined: Type 1 inclusions occurred 
in the pleochroic brownish pink/green stones, while 
type 2. were present in some chiastolitic samples. 

The type 1 curved inclusions were colorless and 
transparent, and had associated fine fringe-like films 
oriented perpendicular to their length (figure 10, left), 
giving the impression of icicles on branches. The 
cross sections of the inclusions appeared rectangular 
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(figure 10, center), and between crossed polarizers 
they were birefringent (figure 10, right), indicating 
their mineral nature. Gtibelin and Koivula (2008) 
reported sillimanite fibers in andalusite from Santa 
Teresa in Minas Gerais, Brazil. The possibility of 
these inclusions being sillimanite cannot be ruled 
out, since their appearance seems consistent with 
the orthorhombic crystal form. Many of these inclu- 
sions also had a coating of some brownish epigenetic 
material where they reached the surface (again, see 
figure 10, left). EDXRF analysis of polished slices 
with these surface-reaching inclusions revealed the 
presence of Cu and Zn, which were absent from 
those without such surface-reaching inclusions. The 
Cu and Zn may have originated from the polishing 
wheels used, which contained these elements. 

The type 2 curved inclusions appeared to be 
growth tubes filled with a brown or black material. 
Some samples displayed these tubes in parallel bun- 
dles oriented in various directions (figure 11, left). 
Each direction terminated at a sharp plane. In one 
specimen, these planes created a rectangular/square 
profile. They also appeared to run across the stone 
(similar to a twin plane) in different directions. At 
higher magnification, the tubes appeared to contain 


Figure 11. Type 2 curved 
inclusions consist of tubes 
that are filled with a black 
material. In some samples, 
groups of these tubes were 
oriented in various directions 
(left). At higher magnification, 
the black material appears 
granular (right). Photomicro- 
graphs by G. Choudhary; 
magnified 30x (left, in 
immersion) and 80x (right). 
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Figure 12. In a few chiastolite specimens, a green core 
contained tubes oriented parallel to the c-axis, while 
the surrounding area hosted tubes in a radiating pat- 
tern. Similar patterns of black tubes have been 
observed previously in chiastolite by the authors. 
Photomicrograph by G. Choudhary; magnified 25x. 


a black granular material (figure 11, right). Similar 
inclusions have been reported in “trapiche” tour- 
maline (Hainschwang et al., 2007), where growth 
channels are oriented in two directions. In our chi- 
astolite specimens, the varying orientations of the 
tubes may be attributed to twinning or different 
stages of growth, as also indicated by the sharp 
growth zoning described below. 

The angle of curvature in both types of inclu- 
sions typically was almost 90° (e.g., figure 10), while 
some appeared closer to 45°, as if originating from 
pyramidal faces. Most of the inclusions were orient- 
ed parallel to the c-axis. 

A few samples displayed an interesting pattern of 


Figure 14, The andalusites commonly contained film 
or platelet-like inclusions that appeared to be oriented 
along the c-axis (vertical in this view), giving a 
stringer-like pattern as in figure 10 (left). Photomicro- 
graph by G. Choudhary; magnified 65x. 
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Figure 13. Straight tubes with wavy surfaces, 
oriented parallel to the c-axis, were present in some 
of the andalusite samples. Photomicrograph by 

G. Choudhary; magnified 60x. 


type 2 tubes (figure 12). A central green core exhibit- 
ed curved tubes parallel to the c-axis, while the sur- 
rounding portions contained tubes that radiated 
from the boundary with the core. The authors have 
previously observed a similar pattern of black tubes 
in chiastolites. Such a growth pattern indicates dif- 
ferent growth stages and directions of the overgrown 
areas, and is a characteristic of chiastolite. 

Straight tubes with slightly wavy surfaces (figure 
13), oriented parallel to the c-axis, were also observed 
in the yellow-green and bicolored samples, as well as 
in the chiastolite with green cores. 


Figure 15. In one sample, small films/fractures were 
associated in places with conical tube-like features 
(similar to nail-head spicules). These films were ori- 
ented roughly along the basal plane (horizontal in this 
view), while the conical “tubes” were along the c-axis. 
Also note the growth zoning parallel to the c-axis. In 
addition, many scattered tiny inclusions were visible 
that could not be resolved clearly. Photomicrograph 
by G. Choudhary; magnified 80x. 
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Figure 16. Scattered crystalline inclusions were present 
in the andalusites. Some of these inclusions were bire- 
fringent between crossed polarizers. Photomicrograph 
by G. Choudhary; magnified 80x. 


Films and Discs. Many of the samples had rows of 
small films or discs oriented along the c-axis in a 
“stringer”-like pattern (figure 14) similar to the 
“fringes” associated with the type 1 curved inclu- 
sions discussed above. In one of the samples, some 
films were associated with small conical tube-like 
features that resembled nail-head spicules (figure 15). 
These films were oriented roughly along the basal 
plane, while the conical tubes were oriented along 
the c-axis. Although nail-head spicules are common- 
ly associated with synthetic gems grown by 
hydrothermal or flux processes, they have also been 
reported in a few natural stones such as sapphire and 
emerald (Choudhary and Golecha, 2007). 


Mineral Inclusions. The cross pattern of black granu- 
lar inclusions in chiastolite is the result of rapid 
growth of the prism faces, which pushed the black 
material to the edges. Although we did not analyze 
them for this study, similar black inclusions in chias- 
tolite have been identified as graphite (Johnson and 
Koivula, 1998, Hlaing, 2000). 

Scattered colorless to brown and black crystals 
(figure 16) were also present. Many of these inclusions 
were elongated and birefringent between crossed 
polarizers, and some displayed cleavage-like features 
oriented perpendicular to their length. They were 
confined to two directional planes intersecting at 90° 
to form a square or rectangular outline. This orienta- 
tion indicated that different growth sectors were sepa- 
rated by these crystal inclusions. This inclusion pat- 
tern has not been reported previously for chiastolite. 
However, such features are not expected in a faceted 
andalusite since a cutter would surely exclude them. 

Also seen were brownish birefringent platelets 
oriented in planes. In the green and brownish pink 
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varieties they appeared scattered, while they were 
more defined (i.e., along the planes of the core) in 
the chiastolitic material. 


Fingerprints. A few stones had “fingerprint” inclu- 
sions forming a crisscross veil-like pattern (figure 
17). These appeared to be composed of crystals 
rather than fluid, judging from the sharp edges of 
the individual inclusions. 


Pinpoints. We observed whitish pinpoints in a few 
samples. These pinpoints were restricted to straight, 
wavy, and curved zones (figure 18) that appeared 
white and were mostly oriented parallel to the c-axis. 


Growth Features. The study samples displayed a 
wide range of growth features, some of which were 
quite complex. Many exhibited distinct color zones 
when viewed with the unaided eye, and also 
revealed unusual and interesting patterns with mag- 
nification. In one case, two colors—green and light 
pink—were separated by a brown zone that appeared 
to be composed of tiny crystals (as it appeared granu- 
lar; see figure 8). In a few specimens, distinct brown- 
ish pink and green zones were separated by sharp 
planes, often containing some mineral inclusions 
(again, see figure 9, left). This suggests two stages of 
growth with different chemical compositions, as is 
the case for color-zoned sapphire or bicolored tour- 
maline; both color components also displayed a 
strong degree of pleochroism (again, see figure 9). 
Such bicolored andalusite specimens, when viewed 
along the c-axis, had the central green core and light 
brownish pink to red to almost colorless outer layers 


Figure 17. A few andalusite samples displayed veil-like 
“fingerprints” that appeared to be composed of crystals. 
Photomicrograph by G. Choudhary; magnified 60x. 


Gems & GEMOLOGY SUMMER 2009 127 


Figure 18. Fine whitish pinpoints arranged in straight, 
curved, or wavy zones were observed in a few anda- 
lusite samples. Photomicrograph by G. Choudhary; 
magnified 65x. 


following the crystal shape with a square-to-rectan- 
gular profile. 

Many samples also displayed growth zones that 
were oriented parallel to the prism face or the c-axis 
(again, see figure 15). Some of the chiastolite sam- 
ples also exhibited wavy alternating yellow and 
brown color and growth zones. 


EDXREF Analysis. Qualitative EDXRF analysis was 
performed on polished samples as well as preforms. 
The samples were oriented to analyze both brown- 
ish pink and green areas to check for variations in 
chemical composition; this included color-zoned 
samples as well as those of different homogeneous 
bodycolors. However, no chemical variations were 
observed. The analyses revealed the presence of Al 
and Si, as expected for andalusite. A minor amount 
of Fe was also detected, along with traces of Ca and 
Cr. Manganese was not detected in any of the sam- 
ples, consistent with the low birefringence and the 
RI values. 


FTIR Spectroscopy. The FTIR spectra displayed 
complete absorption below 2100 cm-! and a number 
of bands of varying intensity in the 3800-3000 cm7! 
region (figure 19): three at ~3687, 3652, and 3624 
cm! in most samples; a pair at about 3520 and 3460 
cm! in almost all samples; two bands at ~3280 and 
3095 cm7! in most samples; and weak features at 
~3380 and 3170 cm". 

All the features recorded in this study are in the 
water region of the IR spectrum and correspond to 
vibrations and stretching of OH molecules (Busigny 
et al., 2004; Balan et al., 2006). Although andalusite 
is considered an anhydrous mineral, this suggests 
the presence of some water (H,O or OH), either in 
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the structure or in inclusions. The bands at 3520 and 
3460 cm7! suggest that OH dipoles lie within the 
{001} basal plane of andalusite (Burt et al., 2007); 
these two features appeared much stronger when the 
spectra were collected along the c-axis or in the 
brownish pink direction. 


Raman Analysis. No directional variations were 
recorded in the Raman spectra. There were several 
sharp peaks at ~1063, 917, 550, 463, 356, 325, and 
290 cm"!, with smaller peaks at ~1120, 850, and 717 
cm'!. The spectral pattern is similar to those report- 
ed for andalusites in the RRUFF project database 
(www.truff.info). Peaks in the 1150-800 cm"! region 
arise from Si-O stretching, while those below 600 
cm! are due to complex motions between O, OH, 
and SiO, (Wang et al., 2002), suggesting the pres- 
ence of OH in the structure of the andalusite. 


Treatment Experiments. Heat treatment at 350°C 
and 550°C yielded no noticeable change in color; 
heating at 800°C resulted in only a subtle lightening 
of the bodycolor, though it has been reported previ- 
ously that “olive” green andalusite from Brazil 
changes to pink and brown, and then to colorless, at 
800°C (Nassau, 1994). 

Microscopic examination of the samples heated at 
the lower temperatures did not reveal any observable 
effects. In the samples that were heated to 800°C, 
however, some changes were observed, though they 


Figure 19. The infrared absorption spectra revealed a 
number of weak-to-strong peaks in the 3800-3000 cm! 
region in both pleochroic directions. The peaks at 
3520 and 3460 cm were much stronger in the brown- 
ish pink direction (parallel to the c-axis), suggesting 
the presence of OH dipoles in the basal plane. 
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were not distinct enough to be considered diagnostic 
evidence of heating. These samples developed some 
stress fractures oriented in one direction along the 
prism faces, indicating the expansion of cleavage 
planes due to heat. Samples containing tube-like 
inclusions with brownish material also displayed 
some changes; the brown material burst from within 
the tubes and concentrated in associated fractures, 
thereby giving the effect of iron-stained films or frac- 
tures. Some samples also developed similar patches 
or films on the surface, possibly resulting from the 
oxidation of Fe in the structure of andalusite. 

The three specimens subjected to fracture filling 
with resin showed an obvious improvement in appar- 
ent clarity, while the two filled with oil displayed only 
a minute change in the visibility of inclusions. The 
resin filling was detectable in the infrared spectra, 
which displayed a characteristic band at 3046 cmr!, as 
well as peaks at 2926 and 2854 cm~!. The latter bands 
are associated with oils and epoxy prepolymers 
(Johnson et al., 1999). The stones filled with oil also 
displayed the characteristic 2926 and 2854 cm! bands. 
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CONCLUSION 


The color range of the Brazilian andalusite study 
samples varied from yellowish green to green to 
brownish pink, with some bicolored green and 
brownish pink. The transparent chiastolite samples 
were quite unusual for this gem variety. 
Gemological properties such as RI and SG, along 
with a characteristically strong pleochroism, easily 
distinguish andalusite from other gems such as 
tourmaline (which has weaker pleochroism and is 
uniaxial). EDXRF analysis revealed the presence of 
Fe, Ca, and Cr, in addition to Al and Si; no Mn was 
detected in any of the samples, consistent with the 
low RI and birefringence values. In addition to these 
properties, FTIR and Raman analysis revealed peaks 
in the 3800-3000 cm~! and 1100-200 cm"! regions, 
respectively. These features indicated vibrations or 
stretching of OH and SiO, molecules in this primar- 
ily anhydrous mineral. The most unusual findings 
of the inclusion study were the curved inclusions 
seen in many of the samples and the growth pat- 
terns associated with the bicolored stones. 


ACKNOWLEDGMENTS 

The authors are grateful to Frank Fernandes of M/s. Neethi’s in 
Jaipur for loaning the samples for study, some of which he also 
cut and polished, as well as for helpful discussions on determin- 
ing the refractive index variations according to crystal orientation. 
The authors also express their gratitude to the Indian Institute of 
Jewellery in Mumbai for collecting Raman spectra at their facility. 


Gemmologist, Vol. 20, No. 11, pp. 479-480. 

Johnson ML.L., Koivula J.L, Eds. (1998) Gem News: Andalusite (chi- 
astolite) sphere. G&G, Vol. 34, No. 1, p. 51. 

Johnson M.L., Elen S., Muhlmeister S. (1999) On the identification 
of various emerald filling substances. GG, Vol. 35, No. 2, pp. 
82-107. 

Kerr P.F. (1959) Optical Mineralogy. McGraw-Hill Book Co., 
London. 

Liu G. (2006) Fine Minerals of China: A Guide to Mineral 
Localities. AAA Minerals AG, Zug, Switzerland. 

Nassau K. (1994) Gemstone Enhancement: History, Science and 
State of the Art, 2nd ed. Butterworth-Heinemann, Oxford, UK. 

O’Donoghue M., Ed. (2006) Gems, 6th ed. Butterworth- 
Heinemann, Oxford, UK. 

Phillips W.M., Griffen D.T. (1986) Optical Mineralogy: The 
Nonopaque Minerals, 1st Indian ed. CBS Publishers & 
Distributors, New Delhi, India. 

Wang A., Freeman J., Kuebler K.E. (2002) Raman spectroscopic char- 
acterization of phyllosilicates. 33rd Lunar and Planetary Science 
Conference, March 11-15, League City, Texas, Abstract 1374, 
www.lpi.usra.edu/meetings/Ipsc2002/pdf/1374.pdf. 

Webster R. (1994) Gems: Their Sources, Descriptions, and 
Identification, 5th ed. Revised by P.G. Read, Butterworth- 
Heinemann, Oxford, UK. 


Gems & GEMOLOGY SUMMER 2009 129 


Contributors in this Issue 


PROF. DR. K. SCHLOSSMACHER is well known to students 
of gemology and mineralogy through his Edelsteinkunde (1932) 
and Praxis der Edelsteine-Bestimung (1937). Born in 1877, he 
studied under the late Prof. Max Bauer and in 1917 became an 
assistant at the Mineralogical Institute of the University of 
Heidelberg. In 1919 he went, as a state geologist, to the Geo- 
logical Survey in Berlin. At the suggestion of the Association of 
German Jewelers, he founded the first Gemological Institute of 
Germany. In 1926 he was appointed to a professorship at the 
University of Koenigsberg where he remained until the end of 
the war. His departure from that post interrupted many scientific 
researches which he was making. One of his contributions to the 
identification of gemstones was a photoelectric instrument by 
which. absorption curves can be measured to the exactness of 
0.5%. He was particularly interested in synthetics. In the spring 
of 1948, after three years of wandering, he was offered the 
position of Director of the Gemological Institute of Idar-Ober- 
stein where he is now engaged in attempting to rebuild the 
industry and to continue his work in the interest of gemological 
science. 


ROBERT WEBSTER of the London Gemmological Laboratories is 
by this time well-known to readers of Gems & Gemology. Biographical 
information on the author of Aventurine will be found in the Winter 
1948-49 issue of this publication. 


i 


ROBEKT M. SHIPLEY, founder of the Gemological Institute 
of America and the American Gem Society, was born in Missouri 
in 1887. He attended Wichita University and the University of 
Wisconsin. After operating a large retail jewelry business for 
16 years, he recognized the need for education among jewelers 
and spent two years on the Continent in research in scientific 
and art museums, and completed the English gemological 
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CHARACTERIZATION OF PERIDOT FROM 


SARDINIA, ITALY 


Ilaria Adamo, Rosangela Bocchio, Alessandro Pavese, and Loredana Prosperi 


Gem-quality peridot is occasionally found as mantle 
xenoliths within basalts near Pozzomaggiore, in 
northwestern Sardinia, Italy. The gemological prop- 
erties and spectroscopic features of this material are 
consistent with the measured chemical composition 
of Fog, Fag, typical of peridot from other localities 
worldwide. Although not yet mined commercially, 
this stone represents a promising gem material. 


P eridot has been reported from many sources world- 
wide, but the localities with historical or contempo- 
rary commercial importance are Zabargad (Egypt), Arizona 
(United States), Myanmar, China, Vietnam, Ethiopia, 
Tanzania, and Pakistan (Shigley et al., 1990, 2000; 
Kane, 2004). 


Figure 1. These peridots from Sardinia (0.31-2.53 ct) 
are among the samples investigated for this report. 
Photo by Kevin Schumacher. 
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Some attractive peridot has also been found in Italy 
(Bianchi Potenza et al., 1989, 1991). Gem-quality stones 
(e.g., figure 1), typically <3 ct when faceted, have been 
recovered from an area near Pozzomaggiore, close to the 
city of Sassari, in northwestern Sardinia (figure 2). The 
olivine occurs in peridotite mantle xenoliths (figure 3) 
embedded in Plio-Pleistocene alkali basalts (Dupuy et al., 
1987). These nodules range up to 30 cm in diameter and 
contain a typical peridotite assemblage of olivine, orthopy- 
roxene, clinopyroxene, and spinel (Dupuy et al., 1987). The 
nodules are clearly visible in great abundance in this area, 
especially in excavations made for road construction and 
also in blocks used as building materials (Bianchi Potenza 
et al., 1991). The olivine-bearing basalts have been well 
known to Italian mineral collectors for years, though there 
are no reliable records of the amount of gem material 
recovered to date. The present study provides a detailed 
characterization of this Sardinian peridot. 


Materials and Methods. We examined 10 faceted gems 
ranging from 0.14 to 2.53 ct (see, e.g., figure 1) and two 
pieces of rough measuring approximately 0.5-1 cm, all 
obtained from six fragments sampled in nodules recovered 
in situ from basaltic rocks near Pozzomaggiore. All the 
faceted samples were examined by standard gemological 
methods to determine their optical properties, specific 
gravity, UV fluorescence, and microscopic features. 

Quantitative chemical analyses of major and minor 
elements (Mg, Si, Mn, Fe, and Ni) were performed on pol- 
ished surfaces of two rough samples using an ARL electron 
microprobe in wavelength-dispersive mode. We deter- 
mined trace elements (Li, B, Na, Ca, Sc, Ti, V, Cr, Co, Zn) 
in the same samples by laser ablation-inductively coupled 
plasma—mass spectrometry (LA-ICP-MS). 

Mid-infrared (4000-400 cm!) spectra were collected 
from two rough samples in transmission mode using a 
Nicolet Nexus FTIR spectrometer. Powdered samples 


See end of article for About the Authors and Acknowledgments. 
GEMS & GEMOLOGY, Vol. 45, No. 2, pp. 130-133. 
© 2009 Gemological Institute of America 


GEMS & GEMOLOGY SUMMER 2009 


Bp Plio-Pleistocene 
volcanic rocks 


a Oligo-Miocene 
volcanic rocks 


a 


Sardinia wy 


0 50 miles 


Figure 2. Gem-quality peridot is found in northwest- 
ern Sardinia, near the town of Pozzomaggiore. 


were compressed into KBr pellets with a sample-to-KBr 
weight ratio of 1:100. 

Unpolarized UV-Vis-NIR spectra were taken from 
two faceted samples (6.82 x 3.88 x 1.77 mm and 4.33 x 
3.86 x 2.04 mm) with a PerkinElmer Lambda 950 spec- 
trometer, equipped with an integrating sphere, over the 
300-1300 nm range. 


Results and Discussion. The gemological properties of 
the faceted samples (table 1) agree with those previously 
reported by Bianchi Potenza et al. (1991) for samples from 
the same area, and they are consistent with those of peridot 
from other geographic localities (Giibelin, 1981; Koivula, 
1981; Koivula and Fryer, 1986; Fiihrbach, 1998; Kane, 2004). 
For the most part, the samples appeared clean, with few 
internal features. The most common inclusions, present in 
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Figure 3. Olivine-rich nodules containing pyroxene 
and spinel are hosted by basalts of Plio-Pleistocene 
age at the Sardinia locality. Photo by R. Bocchio. 


almost all samples, were partially healed fractures (figure 4, 
left) and liquid inclusions. Four samples also contained 
some roughly round- to oval-shaped decrepitation halo 
cleavages, commonly known as “lily pad” inclusions (figure 
4, right). More rarely observed were minute dark crystals 
(probably spinel, seen in three samples), parallel twinning 
(in two samples), and growth planes (in one sample). 

Peridot is the gem variety of olivine that compositional- 
ly falls within the forsterite [abbreviated Fo; Mg,(SiO,)] - fay- 
alite [Fa; Fe,(SiO,)] solid-solution series. Most gem peridots 
lie within the Fog, 9,Fa,)_; range (Giibelin, 1981; Nassau, 
1994, Krzemnicki and Groenenboom, 2008). Chemical anal- 
ysis of the two rough samples (table 2) indicated a composi- 
tion of Fo,,Fa, for both, which is consistent with that previ- 
ously reported by Bianchi Potenza et al. (1991) and is typical 
of peridot from various localities (e.g., Stockton and 
Manson, 1983; Gunawardene, 1985; Fithrbach, 1998). The 
MnO content was low in both samples (average 0.13 wt.%}, 
whereas the NiO average of 0.39 wt.% was close to the 


TABLE 1. Gemological properties of peridot from 
Sardinia, Italy. 


Color 
Pleochroism 


Yellowish green 

Weak to moderate: 

a, B = green; y = yellow-green 
Biaxial positive 

n,= 1.650-1.652 

ng = 1.669-1.670 

n, = 1.688-1.690 


Optic character 
Refractive indices 


Birefringence 0.038-0.039 
Specific gravity 3.32-3.36 
UV fluorescence Inert 


Internal features Partially healed fractures, liquid inclusions, 
“lily pad” inclusions, crystals, growth planes, 


traces of parallel twinning 
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Figure 4. Sardinian peridot commonly contains partially healed fractures (left, magnified 30x). Decrepitation 
halo cleavages were present in some of the samples (right, magnified 45x). Photomicrographs by I. Adamo. 


typical value of 0.40 wt.% reported in the literature for man- 
tle olivine at ~Fo,)Fa,, (Ishimaru and Arai, 2008). Our micro- 
probe results are consistent with values estimated from the 


TABLE 2. Chemical composition of two peridots 
from Sardinia, Italy. 


Chemical composition Sample 1 Sample 2 refractive indices, following Deer et al. (1982). Ca was the 
most abundant trace element found, followed in order of 
Oxide (wt.%)? abundance by Co, Cr, Na, Zn, B, Ti, Sc, V, and Li, similar to 
See ee the composition reported by Dupuy et al. (1987) for olivine 
MgO 50.15 50.17 from peridotite xenoliths of the Pozzomaggiore area. 
MnO 0.15 0.14 The mid-IR spectra of both samples analyzed exhibited 
NiO 0.39 0.38 several absorption bands, located at about 982, 954, 885, 
Total 100.50 100.12 838, 605, 503, 469, and 415 cmr! (figure 5). Their positions, 
iensan ihebaseera Oetome known to be composition dependent (Duke and Stephens, 
Sj 0.994 0.993 1964; Burns and Huggins, 1972), agreed with the Fe con- 
Fe 0.183 0.179 tent of the samples. 
Mg 1.819 1.825 The UV-Vis-NIR absorption spectra of our samples were 
Mn 0.003 0.002 characterized by a broad band at 1050 nm, with a shoulder 
Le eaters ae oe at ~830 nm, in the near-IR range, and an increasing absorp- 
, : tion toward the UV region (figure 6). Weak bands were also 
Mol% end members? present at 403, 450, 473, 490, and 635 nm. The bands at 450, 
Fo 91 91 
Fa 9 9 
Trace elements (ppm)° Figure 5. Sardinian peridot’s mid-IR spectrum in the 
Li 2.30 1.99 1200-400 cm range is characterized by absorption 
B 34.48 38.24 bands with composition-dependent frequencies. 
Na 95.67 73.21 
Ca 548.50 453.94 
Sc 4.87 6.35 
Ti 4051 881 MID-IR ABSORPTION SPECTRUM 
Vv 4.18 4.15 
Cr 157.51 181.35 
Co 213.93 216.77 
Zn 80.73 73.38 


@ Obtained by electron microprobe analysis. Operating conditions: 
accelerating voltage = 15 kV, sample current = 15 nA, count time = 
20 sec on peaks and 5 sec on background. Standards: forsterite (for 
Mg and Si), spessartine (for Mn and Fe), nickeline (for Ni), and kaer- 
sutite (for Na, K, and Ti). Na, K, and Ti were below the detection limit 
(0.01 wt.% oxide). 

» Fo and Fa calculations omitted minor elements. 

© Obtained by LA-ICP-MS; instrumental configuration and operatin 
eeiteoa reported in Tiepolo et al. (2005). Rb, Sr, Y, a Nb, Oo WAVENUMBER (cm-") 
Ba, and rare-earth elements were analyzed for but not detected. 
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Figure 6. The UV-Vis-NIR spectrum of Sardinian peri- 
dot is mainly characterized by Fe®* absorption features. 


473, and 490 nm were visible with a hand spectroscope as 
well, with total absorption below ~440 nm. All these spec- 
tral features, which have been observed in peridot from 
other localities (see, e.g., Kammerling and Koivula, 1995; 
Fiihrbach, 1998), are due to the presence of Fe?* (Burns, 
1970), confirming that iron is mainly responsible for the col- 
oration. However, some absorption bands could also be con- 
tributed by the other chromophores in our samples, such as 
chromium (Rossman, 1988). 

On the basis of the samples examined, the Sardinian 
peridot cannot be distinguished from peridot of other 
known localities. 
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Conclusions. The physical and chemical properties of 
peridot from near the town of Pozzomaggiore in north- 
western Sardinia lie within the range of those reported for 
peridot specimens sampled worldwide. Thus far, because 
of the greater availability and larger sizes of peridot from 
other localities, the Sardinian material has remained with- 
in the Italian gemological community. The results of this 
study indicate that Sardinian peridot is worthy of atten- 
tion as a gem material, and might have a market niche if 
properly mined and distributed. 
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DIAMOND 
Bicolored Diamond 


GIA only rarely encounters faceted 
diamonds that merit two color grades 
because of the presence of two distinct 
colored areas (e.g., Winter 1989 Lab 
Notes, p. 237). Recently, the New York 
laboratory had the chance to examine 
just such a stone, when the 1.79 ct rec- 
tangular step cut in figure 1 was sub- 
mitted for grading. The diamond was 
assigned two color grades: Fancy Dark 
orangy brown and near-colorless, both 
confirmed to be of natural origin. The 
pronounced orangy brown color was 
confined to one half of the stone; a 
sharp boundary separated it from the 
near-colorless half. Some fractures 
extended across the boundary, but the 
(highly reflective) mineral inclusions 
indicative of a natural type Ib diamond 
were observed only in the orangy 
brown region. Both regions fluoresced 
moderate blue to long-wave ultraviolet 
radiation; however, the near-colorless 
region displayed stronger yellow fluo- 
rescence to short-wave UV than the 
orangy brown region. No phosphores- 
cence was observed. 


Editors’ note: All items were written by staff 
members of the GIA Laboratory. 
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LAB NOTES 


Figure 1. This unusual diamond 
(1.79 ct) proved to be a mixed- 
type IaA/Ib, with the two types 
corresponding to the near-color- 
less and Fancy Dark orangy 
brown regions, respectively. 


Infrared absorption spectra collect- 
ed from the two regions also revealed 
clear differences. The near-colorless 
region showed a characteristic type 
IaA spectrum with a very low concen- 
tration of nitrogen and a very weak 
hydrogen-related absorption at 3107 
cm. In contrast, the orangy brown 
section showed the “irregular” fea- 
tures usually observed in natural yel- 
low-orange diamonds colored by the 
lattice defect referred to as the “480 
nm band” (e.g., Spring 2007 Lab 
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Figure 2. In the DiamondView, 
the diamond in figure 1 showed 
two distinct areas of growth, 
again corresponding to the differ- 
ent colors (near-colorless, top; 
orangy brown, bottom). 


Notes, pp. 49-50}, as well as trace 
amounts of isolated nitrogen. In addi- 
tion to the 3107 cm"! peak, sharp lines 
at 3313, 3299, 3272, 3191, 3182, and 
3144 cm! were recorded. All these 
observations indicated that the orangy 
brown color was due to the 480 nm 
band defect and isolated nitrogen. 
None of these features were detected 
in the infrared spectrum from the 
near-colorless region. 

Most natural diamonds are type 
Ia, with the majority of nitrogen pres- 
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ent as IaA aggregates. Type Ib singly 
substituted nitrogen rarely occurs in 
natural diamonds. When present in 
natural stones, it can cause an orange- 
yellow (“canary”) color, occasionally 
with brownish or, rarely, reddish 
modifiers (e.g., Fall 2008 Lab Notes, 
pp. 255-256). This bicolored dia- 
mond contained both type Ia aggre- 
gated nitrogen and type Ib isolated 
nitrogen. While it is not unusual for a 
diamond to contain different forms of 
nitrogen aggregates, the sharply defined 
distribution of these defects with 
respect to the distinct color zones is 
unusual. 

DiamondView imaging indicated 
that this stone may have crystallized 
during two different periods of growth 
and in two different growth environ- 
ments (figure 2). Distinct differences in 
defect configuration between the two 
sections also suggest that the nitrogen 
aggregation process after diamond 
crystallization in the mantle may have 
been affected by factors (e.g., occur- 
rence of other lattice defects) in addi- 
tion to temperature and duration. 

Erica Emerson, Paul Johnson, 
and Wai Win 


“Black” Diamond with 
Deep Violet Color 


Black diamonds are not uncommon in 
the gem trade, but naturally colored 
examples are relatively rare. Most 
black diamonds currently in the mar- 
ket are produced by the heating of 
fractured diamond to high tempera- 
tures in a vacuum to induce graphiti- 
zation of the feathers and inclusions. 
The result is a nearly opaque stone 
that contains so much graphite that 
the diamond will conduct an electric 
current. In the past, treatments 
involving heavy-dose irradiation or 
irradiation plus annealing have also 
been used to produce black diamonds 
that are, in reality, very dark green 
when viewed with strong fiber-optic 
illumination. On occasion, we have 
seen other very dark colors, such as 
orange and blue. Naturally colored 
black diamonds typically contain 
abundant dark inclusions (sometimes 
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Figure 3. This 0.4 ct diamond was 
graded Fancy black. When viewed 
through the pavilion (bottom), the 
stone shows deep violet color. 


graphite) that cause the stones to 
appear black when viewed face-up. 
Dense, dark-colored hydrogen clouds 
have also been reported as a natural 
cause of black color in diamonds (see 
Lab Notes: Fall 2008, p. 254; Spring 
2009, pp. 54-55). 

Recently, we examined an inter- 
esting 0.4 ct marquise brilliant in the 
Carlsbad laboratory. The tone of the 
diamond was so dark when it was 
viewed face-up that the stone was 
graded Fancy black (figure 3, top). 
Table-down examination in a white 
tray, however, revealed that the body- 
color of the diamond was in fact a very 
deep violet (figure 3, bottom). This is 
remarkable because we had not previ- 
ously seen a violet diamond with such 
a dark tone. 

The diamond's infrared absorption 
spectrum (see the G#G Data Deposi- 
tory at www.gia.edu/gandg) showed 
that it was type Ia with very high con- 
centrations of nitrogen and hydrogen 
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impurities. As is typical of natural 
hydrogen-rich violet diamonds, the 
stone contained shallow etch pits and 
cavities, and fluoresced yellow to both 
long- and short-wave UV radiation (C. 
van der Bogert et al., “Gray-to-blue-to- 
violet hydrogen-rich diamonds from 
the Argyle mine, Australia,” Spring 
2009 GWG, pp. 20-37). 

This marquise cut represents an 
extremely rare type of black diamond. 
It was issued a “natural” color origin 
report. 

Christopher M. Breeding and 
Kimberly M. Rockwell 


Carved Diamond Crucifix 


It is not unusual to see carved dia- 
monds submitted to the laboratory for 
identification. Over the years, they 
have come in many forms, such as 
carved fish (Spring 1983 Lab Notes, p. 
73) or dice (Fall 1985 Lab Notes, p. 
172). Carved diamonds with religious 
themes have also been submitted, 
including one fashioned as a Hamsa, 
symbolizing the protective hand of the 
creator (Fall 2001 Lab Notes, p. 214), 
and another cut in the image of the 
Buddha (Fall 1996 Gem News, p. 215). 
In reviewing our records, however, it 
does not appear that we have previous- 
ly examined a crucifix such as the one 
shown in figure 4. 

This piece consisted of a carving of 
Christ on a white metal cross; the 
Christ figure was determined to be 
diamond by Raman analysis. The 
grayish appearance of the diamond 
was due to numerous graphite-con- 
taining fractures. There was also evi- 
dence of the rough diamond crystal at 
one point on the carving, a corner of a 
trigon and some striations. 

While many diamond carvings 
today are created using lasers, the 
client stated that this crucifix had 
been fashioned by a now-deceased 
Indian master carver using just hand 
tools. Only a skilled craftsman with 
exceptional patience could perform 
this type of carving, in this detail. To 
our knowledge, this diamond crucifix 
is unique. 

Garry Du Toit 
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Figure 4. This unique crucifix (27.12 x 7.24 x 4.25 mm) consisted of a carved 


diamond set on a white metal cross. 


Rare Type IIb Gray-Green Diamond 


Natural type Ib diamonds are very rare. 
Among those we have examined in the 
GIA Laboratory, only about half showed 
a pure blue color, with the other half 
displaying an additional gray compo- 
nent due to varying levels of saturation. 
Two of the most famous type IIb dia- 
monds, the Hope and the Wittelsbach, 
were color graded Fancy Deep grayish 
blue. Occasionally, brown diamonds 
with type Ib characteristics have also 
been seen (e.g., Summer 1977 Lab 
Notes, p. 307; Winter 2008 Lab Notes, 
pp. 364-365). Recently, staff members 
in the New York laboratory had the 
opportunity to examine an extremely 
rare type IIb diamond for which the 
dominant color was green. 

The 5.41 ct marquise brilliant cut 
in figure 5 was color graded Fancy 
Dark gray-green. With magnification, 
the diamond showed only minor frac- 
tures reaching the surface. It had no 
reaction to either long- or short-wave 
UV radiation, which is characteristic 
of type IIb diamonds. When examined 
under the strong short-wave UV radia- 
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tion of the DiamondView, it showed 

moderately strong blue florescence 

and weak red phosphorescence. 
Infrared and photoluminescence 


Figure 5. This highly unusual 
Fancy Dark gray-green diamond 
(16.54 x 9.13 x 5.87 mm) proved 
to be type IIb. 
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spectroscopy revealed features ob- 
served in other natural type IIb dia- 
monds. No evidence of artificial irradi- 
ation was detected. However, some 
unusual features were observed in the 
ultraviolet-visible-near infrared region 
(see the spectrum in the G&G Data 
Depository at www.gia.edu/gandg). In 
contrast to typical blue IIb diamonds, 
which often show a uniform increase 
in absorption from the UV toward the 
lower energy/longer wavelength side, 
this diamond displayed increasing 
absorption from ~500 nm toward the 
higher energy/shorter wavelength side. 
As a result, a transmission window 
was created from ~500 to 525 nm, 
leading to the dominant green hue. 
This increase in absorption from ~500 
nm to shorter wavelengths is very like- 
ly caused by plastic deformation of the 
crystal lattice, a common feature in 
many natural diamonds. 

A natural type IIb diamond with a 
dominant green hue is extremely rare. 
This unusual color is a result of the 
right combination of boron concen- 
tration, intensity of plastic deforma- 
tion, and influence of the cut style. 

Paul Johnson and Jason Darley 


Unconventional Diamond Cuts 


In March, the New York lab received a 
number of diamonds with unusual and 
unconventional facet distributions. 
They ranged in shape from round and 
cushion to pear and rectangular, but all 
had one feature in common: a fully 
faceted dome-shaped crown, with 
either no table at all or only a tiny 
“culet”-style facet in the center of the 
crown (figure 6). We were surprised to 
see these experimental cuts being 
applied to fairly large diamonds, most 
of them between 2 and 7 ct, as well as 
to diamonds of different colors. 
Diamond cuts that lack a table 
facet invariably pose challenges for 
calculating overall dimensions and 
crown and pavilion angles, since typi- 
cally the table serves as the basic ref- 
erence plane against which these 
angles are measured. The cut descrip- 
tion (shape and cutting style) also 
becomes more difficult, because none 
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Figure 6. The Antwerp Twins cut is used on different shapes, such as those shown here (2.27, 4.17, and 2.08 ct). 
Note the fully faceted crown on each diamond and the small culet-style facet in the center of the yellow oval. 


of the standard terms in the GIA 
lexicon fully explain these designs. 
We were pleasantly surprised, 
however, to see that a number of the 
stones showed a balanced contrast 
pattern, which is very unusual for 
nontraditional diamond cuts (and 
even for the standard fancy cuts). 
When we compared one of the round 
shapes with a round brilliant cut (grad- 
ed by GIA as “Excellent”) of the same 
diameter, the latter appeared darker 


Figure 7. This side view of the 
2.08 ct round-cut Antwerp Twins 
diamond in figure 6 shows the 
unusual “dome” faceting of the 
crown and pavilion. 
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overall, with a less subtle contrast pat- 
tern. We have not analyzed the light 
path by ray tracing, but we believe 
that the fragmented specular reflec- 
tion or glare of the additional crown 
facets, in combination with an effi- 
cient light-path migration inside the 
diamond, results in this brighter and 
more sparkly look. 

We contacted the client and 
learned that this new cut has been 
patented and will be marketed as 
“Antwerp Twins.” The name was 
chosen to reflect the cut’s city of ori- 
gin and the fact that these diamonds 
have two “dome-faceted” sides (crown 
and pavilion), as shown in figure 7. 

While unconventional cuts can be 
challenging to measure, classify, and 
grade, we appreciate the opportunity 
to view the results of this type of 
innovation. 

Ronnie Geurts 


Pink CVD SYNTHETIC DIAMOND 
Gem-quality synthetic diamonds 
grown by chemical vapor deposition 
(CVD) were introduced to the jewelry 
market several years ago, but only a 
limited number of stones have been 
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submitted to the GIA Laboratory for 
testing, and those have been near-col- 
orless or brown (see, e.g., Lab Notes: 
Spring 2008, pp. 67-69; Summer 2008, 
pp. 158-159; Winter 2008, pp. 
365-367). Recently, however, we iden- 
tified a rare CVD synthetic diamond 
with a distinct pink coloration. 

This 0.54 ct cushion cut, originally 
submitted for a colored diamond grad- 
ing report, was graded Fancy brownish 
pink (figure 8). Although comparable 
to that seen in many natural counter- 


Figure 8. This 0.54 ct Fancy 
brownish pink cushion cut (4.97 
x 4.90 x 2.60 mm) was identified 
as a CVD synthetic diamond. 
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parts, this color is rare in synthetic 
diamonds. The color was evenly dis- 
tributed throughout. With magnifica- 
tion, the gem displayed strong disloca- 
tion-related graining in a linear 
arrangement. Except for one black 
“pinpoint” (likely graphite), no other 
inclusions or fractures were observed. 

We detected weak orange-yellow 
fluorescence to both long- and short- 
wave UV radiation. Under the ultra 
short-wave UV radiation of the 
DiamondView, the cushion cut dis- 
played strong, uniform orange-red flu- 
orescence, as well as moderately 
strong, evenly distributed yellow 
phosphorescence. We did not observe 
the irregularly distributed blue fluo- 
rescence seen in many CVD synthet- 
ic diamonds. In addition, the charac- 
teristically striated growth structure 
of CVD synthetics (P. Martineau et 
al., “Identification of synthetic dia- 
mond grown using chemical vapor 
deposition [CVD],” Spring 2004 
GWG, pp. 2-25; W. Wang et al., 
“Latest-generation CVD-grown syn- 
thetic diamonds from Apollo Dia- 


mond Inc.,” Winter 2007 GWG, pp. 
294-312.) was less pronounced. 
Infrared absorption spectroscopy 
revealed typical type Ila features, with 
no detectable absorption in the one- 
phonon region. Noticeable features 
included weak but sharp absorptions 
at 7804, 5219, 4888, 4767, 4648, 4587, 
4337, and 3123 cm7!. These absorp- 
tions are specific to CVD synthetic 
diamonds and have been reported in 
other pink samples (Wang et al., 
2007). Notable features in the UV-Vis- 
NIR absorption spectrum (collected at 
liquid-nitrogen temperature) included 
a moderately strong broad band cen- 
tered at ~520 nm that is the main 
cause of pink coloration, a sharp 
absorption doublet at 736.5/736.9 nm 
from a Si-related defect, and sharp 
peaks at 753.0 and 850.2, nm (figure 9). 
Assignment of the 753.0 and 850.2 
nm peaks is ambiguous, but they 
have not been reported in natural dia- 
monds. The color of most natural 
pink diamonds is caused by a broad 
absorption band centered at ~550 nm, 
slightly higher than the 520 nm band 


Figure 9. The UV-Vis-NIR absorption spectrum of the CVD synthetic dia- 
mond in figure 8 displayed a moderately strong broad band centered at ~520 
nm (not shown), which is the main cause of the pink coloration. In the NIR 
region (shown), a sharp absorption doublet at 736.5/736.9 nm from a Si- 
related defect was observed, along with sharp peaks at 753.0 and 850.2 nm. 
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in this CVD synthetic diamond. 

The photoluminescence (PL) spec- 
trum was dominated by emissions of 
N-V centers (ZPL at 574.9 nm and 
637.0 nm) and a Si-related defect 
(736.5/736.9 nm doublet). In addition, 
numerous weak and sharp peaks were 
detected in the 460-530, 670-700, 
and 740-780 nm regions. 

Pink CVD synthetic diamonds are 
rarely encountered in the gem market. 
Despite their many close similarities 
with natural pink diamonds, they can 
be identified reliably by spectroscopic 
features such as the H-related 3123 
cm7! absorption in the infrared region 
and the Si-related 736.5/736.9 nm 
doublet seen with both absorption and 
PL spectroscopy. 

Wuyi Wang 


Rare Star PERIDOT 

Cat’s-eye peridot is rare, and star peri- 
dot is rarer still. Only two examples of 
the latter have been reported by the 
GIA Laboratory (Spring 1960 High- 
lights at the Gem Trade Lab in Los 
Angeles, p. 3; Summer 1987 Lab 
Notes, p. 106). The first was described 
as having a “well-defined four-rayed 
star reflected from tiny needlelike ori- 
ented inclusions,” the second as hav- 
ing a star with two strong arms and 
two weaker arms. Recently, we were 
loaned for examination a 22.2.1 ct oval 
peridot with a uniformly distinct four- 
rayed star (figure 10). 

Standard gemological testing con- 
firmed the stated identity and gave 
the following properties: diaphane- 
ity/color—transparent to semitrans- 
parent brownish green; spot RI—1.65; 
hydrostatic SG—3.32; and absorption 
bands observed at 453, 477, and 497 
nm in the desk-model spectroscope. 
Despite the stone’s relatively high 
transparency, examination with a 
gemological microscope revealed that 
it was filled with inclusions. “Finger- 
prints” and brown platelets were the 
most obvious internal features (figure 
11, left). With fiber-optic illumina- 
tion, oriented fine iridescent thin 
films, tiny needles, and short strings 
of reflective particles were observed 
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Figure 10. This unusual 22.21 ct 
peridot displayed a distinct four- 
rayed star. 


throughout (figure 11, right); these 
abundant inclusions were the cause of 
the asterism. We performed Raman 
spectroscopy in an attempt to identify 
the platelets, but the spectra showed 
too much interference from the host 
peridot. As many of the platelets 
appeared brown in transmitted light, 
the possibilities include phlogopite, 
biotite, or even the ilmenite that was 
suggested for the peridot in the 
Summer 1987 Lab Note. 

Accurately photographing the 
asterism proved quite challenging. As 
a result, the image in figure 10 is a 
composite of two digital photos—one 
focusing on the star, the other on the 
outline of the cabochon. 

Donna Beaton 


TOURMALINE with Silver and 
Gold Chatoyancy 
In the Fall 2001 Lab Notes (pp. 
218-219], we reported on a 1.51 ct star 
sapphire double cabochon that dis- 
played a six-rayed “silvery” star on one 
side and a six-rayed “golden” star on 
the opposite side. This effect was due 
primarily to color zoning and the dis- 
tance of the phenomenon-causing 
inclusions from the surface of the gem. 
We recently had the opportunity 
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Figure 11. The star peridot had numerous inclusions of brown platelets (left, 
magnified 75x), though these could not be identified by Raman spectroscopy. 
Fiber-optic illumination revealed the abundant fine needles, thin films, and 
particle strings (right, magnified 85x) that caused the peridot’s asterism. 


to examine a cat’s-eye tourmaline, 
said to be from Mozambique, that 
displayed a similar dual-color phe- 
nomenon. The 5.44 ct double cabo- 
chon (figure 12) was loaned for exam- 
ination by Leon M. Agee (Agee 
Lapidary, Deer Park, Washington). 
The 12.01 x 10.59 x 5.46 mm gem 
displayed a strong silvery white eye 
on one side and a deep golden brown 
eye of almost equal intensity and 
sharpness on the other. When the 
cabochon was positioned between 


two light sources and then rotated, 
both eyes could be made to open and 
close dramatically, as would be expect- 
ed in a fine cat’s-eye chrysoberyl. 
Microscopic examination revealed 
very strong color zoning, with a gold- 
en brownish yellow zone positioned 
parallel to a near-colorless achroite 
layer. The near-colorless side con- 
tained numerous very fine, uniformly 
distributed growth tubes of the sort 
required to produce strong chatoyan- 
cy. Reflections from these inclusions 


Figure 12. Fashioned from tourmaline reportedly mined in Mozambique, 
this 5.44 ct double cabochon displays silver chatoyancy on one side and a 


golden eye on the other. 
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were responsible for the silvery white 
eye (figure 12, left). The growth tubes 
did not extend into the brownish yel- 
low color-zoned area; instead this side 
gained its golden chatoyancy by reflec- 
tions from the tubes in the near-color- 
less zone, which were projected 
through the color layer (figure 12, 
right). 

This is the first time we have 
encountered a tourmaline displaying 
this dual-color phenomenon. The 
most logical way to set such a gem 
would be in a pendant with a simple 
bezel, leaving both sides exposed so 
that either cat’s-eye could be enjoyed. 

John I. Koivula 


Eljen Treated TURQUOISE 

In 2004, turquoise treated by a propri- 
etary process developed by Eljen 
Stones (Reno, Nevada) first appeared 
on the market. According to the 
treater, Elven Jennings, his company 
has processed approximately 6 tonnes 
of rough material since then. In the last 
three years, about 1.4 million carats of 
finished goods were cut from ~1.4 
tonnes of treated material. Mr. 
Jennings claims that his proprietary 
process transforms soft, chalky 
turquoise into harder material that 
takes a better polish with little or none 


of the weight gain he has experienced 
with stabilized turquoise, and without 
using any dyes or surface coatings. 

We examined three rough samples 
(10.23-24.06 g) and five cabochons 
(5.93-12.62 ct; e.g., figure 13) of 
turquoise treated by the Eljen process 
and donated to GIA by Mr. Jennings 
and Dayton Simmons. The samples 
were greenish blue to blue, some with 
brown matrix. The polished stones had 
good to very good luster. Standard 
gemological testing revealed Spot RIs 
ranging from 1.60 to 1.62 and SG val- 
ues of 2.2.7-2.85. 

The IR spectra of all the samples 
resembled those of polymer-impreg- 
nated turquoise. We did not detect 
any evidence of Zachary treatment, 
such as the presence of abnormally 
high concentrations of potassium, 
with energy-dispersive X-ray fluores- 
cence (EDXRF) spectroscopy. UV-Vis 
spectroscopy showed a_ standard 
turquoise spectrum and no evidence 
of dye. When exposed to long-wave 
UV radiation, all the samples fluo- 
resced weak-to-moderate blue and 
several showed zoned fluorescence at 
the boundary between the turquoise 
and the interstitial matrix. The 
boundary region appeared strong yel- 
low, while the turquoise itself fluo- 
resced a moderate blue. 

The samples had a Mohs hardness 


Figure 13. These three cabochons (5.93—8.08 ct) were treated by the Eljen 
process and studied for this report. 


140 


LAB NOTES 


Gems & GEMOLOGY 


of 5-6, similar to high-quality (untreat- 
ed) turquoise. By comparison, most 
polymer-impregnated turquoise can be 
indented with a metal probe (Mohs 
hardness of 5). Additionally, a hot 
point can char or blacken a polymer- 
impregnated stone and release an acrid 
odor; if wax is present, the stone may 
react by sweating. When the Eljen- 
treated samples were tested with a hot 
point, the turquoise gave no reaction 
or only a very weak one (some sweat- 
ing was seen in samples with matrix). 

Three of the cabochons tested had 
been cut and polished by one of us 
(PAO). During preforming on the 
coarse grinding wheel, the material 
seemed harder than typical stabilized 
turquoise. The good luster of the pol- 
ished stones was probably due to the 
greater hardness. Although the matrix 
was slightly softer than the turquoise, 
these specimens had less undercutting 
than typical polymer-impregnated 
material. A thin (0.7 mm) sample was 
cut and polished to test the strength 
and behavior of thin edges during fash- 
ioning; the sample did not fracture and 
could be polished to a sharp edge. 

The Eljen samples we studied were 
consistent with the treater’s claims 
regarding hardness, durability, ease of 
cutting, and quality of polish. Although 
we did not attempt to identify the spe- 
cific substance used in this treatment, 
IR spectroscopy did reveal the presence 
of a polymer. Therefore, the GIA 
Laboratory would identify this materi- 
al as “impregnated natural turquoise.” 

Philip A. Owens 
and Sally Eaton-Magana 
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GIA appreciates gifts to its 
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in GIA's educational and research 
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help GIA further its public 
service mission while offering 
donors philanthropic benefits. 
We extend sincere thanks to 

all 2008 contributors. 
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COLORED STONES AND 

ORGANIC MATERIALS 

Andradite from Erzincan, eastern Turkey. In October 2007, 
Alexandra Woodmansee (Rock Logic, Glencoe, Minnesota) 
informed GIA about a new find of demantoid in Turkey. 
She obtained some rough and cut samples of this material 
in time for the 2008 Tucson gem shows, and loaned several 
pieces to GIA for examination. Her supplier, Kerem 
Oziitemiz (Truva Mining Ltd., Ankara, Turkey], also exhib- 
ited the garnet in Tucson, in both 2008 and 2009. He 
informed one of us (BML) that he owned the claim, located 
near Erzincan, 700 km east of Ankara. Due to the long and 
severe winters, he mines the area for only three months of 
the year (June through August). Using a pneumatic ham- 
mer and hand tools, he produced ~300 g of cuttable materi- 
al in 2007, and ~120 g in 2008, although most was fairly 
small and included. To date, he has had about 20 stones cut 
(in Germany) that range from 0.5 to 1.2 ct, as well as an 
abundance of melee-sized material, totaling ~300 carats. 

A gemological examination of 13 stones that Mrs. 
Woodmansee obtained from Mr. Oztitemiz showed that six 
were andradite (including some demantoid) and seven were 
grossular (tsavorite). The presence of grossular could not be 
explained, but Mr. Oztitemiz indicated that those stones 
may have been introduced into the parcel at the cutting 


Figure 1. These andradites (0.15—0.38 ct) were report- 
edly cut from rough produced in eastern Turkey in 
mid-2007. Photo by Kevin Schumacher. 
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Kenneth V. G. Scarratt, GIA Laboratory, 
Bangkok, Thailand (ken.scarratt@gia.edu) 


factory. The six andradite samples (figure 1; 0.15—0.38 ct) 
were characterized for this report: color—orangy brown, 
brownish yellow, yellow-green, and yellowish green (the 
four yellow-green to yellowish green samples were deman- 
toid); RI—>1.81; hydrostatic SG—3.82-3.93 (brown/yellow 
samples) and 4.17—4.43 (green samples); inert to both long- 
and short-wave UV radiation; and a 440 nm cutoff visible 
with the desk-model spectroscope. Microscopic examina- 
tion revealed radiating curved fibrous needles with associ- 
ated fractures (some of which contained a transparent filler 
or partially dried residue}, blocky “fingerprints,” and cubic 
growth zoning. Except for the high SG values, these proper- 
ties are typical for andradite (e.g., M. O’Donoghue, Ed., 
Gems, 6th ed., Butterworth-Heinemann, Oxford, UK, 2006, 
pp. 206-210). In addition, the demantoid samples had dis- 
tinct brown and green cubic color zoning, similar to that 
seen previously in two samples of andradite from Iran (see 
Spring 2007 Gem News International [GNI], pp. 65-67). 
Quantitative chemical analysis of the six andradites 
was performed by electron microprobe at the University 
of Oklahoma (see details in the Ge)G Data Depository at 
www.gia.edu/gandg), and revealed the garnets contained 


93.4-98.9 mol% andradite component. The demantoid 


samples contained significant levels of Cr (0.09-1.45 wt.% 

Cr,O,], while the orangy brown andradite had the highest 
Ti content (0.13 wt.% TiO,). 

Alethea Inns (alethea.inns@gia.edu) 

GIA Laboratory, Carlsbad 


Brendan M. Laurs 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu or 
GIA, The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. Original photos will be returned after 
consideration or publication. 
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Figure 2. This 5.63 ct star apatite was sold as aqua- 
marine. Photo by K. Sieber. 


Star apatite—tfirst occurrence in the gem world. At the 
2004 Tucson gem shows, one of these contributors (MPS) 
purchased a few stones represented as star aquamarine 
from an Indian company based in Bangkok. The gems 
reportedly came from India or Sri Lanka. 

Although chatoyant aquamarine is relatively common, 
aquamarine with a four- or six-rayed star is very rare (see J. 
Hyrsl, “Some new unusual cat’s-eyes and star stones,” 
Journal of Gemmology, Vol. 27, No. 8, 2001, pp. 456-460). 
Two of the so-called star aquamarines appeared somewhat 
different, prompting further examination. 

The two medium brownish green cabochons (5.63 and 
6.65 ct) were examined at the German Gemmological 
Institute (EPI). Under spot illumination, they showed four 
distinct rays (e.g., figure 2). Standard gemological testing 
gave a spot RI of 1.64 and an SG of 3.18. Neither reading fit 
aquamarine, and the Mohs hardness of 5 (tested on the 
back of the cabochons) showed that they were softer than 
beryl. With the handheld spectroscope, a clear absorption 
doublet in the yellow region was visible. In the polar- 
iscope, the specimens were transparent enough to show a 
uniaxial optic figure. Colorless to yellowish green dichro- 
ism was fairly strong. These properties identified the two 
samples as apatite. 

With magnification, it was apparent that a parallel 
network of narrow, irregularly shaped tubes and perpen- 
dicularly oriented tiny cracks were responsible for the 
asterism (figure 3). To further characterize these unusual 
apatites, energy-dispersive X-ray fluorescence spec- 
troscopy (EDXRF) and Raman analyses were performed 
on both stones by the SSEF Swiss Gemmological Institute 
in Basel. EDXRF detected major amounts of Ca and P, 
with traces of Cl. This result pointed to apatite-(CaCl], 
formerly known as chlorapatite. Raman analysis con- 
firmed the identification, with distinct peaks at 1058, 
1030, 963, 579, and 446 cm7! that matched the reference 
spectrum for apatite. 

Apatite occurs in a wide range of colors, such as white, 
yellow, green, blue, brown, violet, and black. While cat’s- 
eye apatite has been found in Brazil, India, Russia, Sri 
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Figure 3. Parallel channel-like inclusions with irregu- 
lar shapes and perpendicularly oriented tiny cracks 
are responsible for the asterism in the star apatite. 
Photomicrograph by K. Sieber; image width 8.8 mm. 


Lanka, and Tanzania, to the best of our knowledge star 
apatite has not been previously reported. 

Martin P. Steinbach (gstargems@aol.com) 

Steinbach—Gems with a Star 

Idar-Oberstein, Germany 


Bernhard Bruder 
German Gemmological Institute 
Ohlsbach, Germany 


A chalcedony-opal cameo with remarkable inclusions. A 
cameo believed to be carnelian (red-orange chalcedony) 
was borrowed from the Dobrée Archaeological Museum in 
Nantes, France, for examination. The ~2.7 x 2.3 cm gem, 
set in a gold tie pin, depicted the right profile of a bearded 
male figure with a headband (figure 4). Little is known of 
the cameo’s history except that it appeared to be of classi- 
cal Greek manufacture. The headband and background 
were brown in reflected light, while the rest of the carving 
was predominantly dark orange. 

The RI, measured with some difficulty using the spot 
method, ranged from 1.53 to 1.55, a little low for chal- 
cedony; the SG could not be determined because of the 
mounting. The cameo luminesced very weak greenish yel- 
low to long-wave UV radiation and bright yellowish green 
to short-wave UV. While pure chalcedony is normally 
inert, this luminescence behavior is typical of uranium- 
bearing common opal, raising the possibility of a chal- 
cedony-opal mixture. 

To test this hypothesis, we obtained a Raman spec- 
trum (using a Bruker RFS 100 Fourier-transform 
spectrometer) and compared it to that of a reference gray 
chalcedony. The positions of the sharp peaks were identi- 
cal, but there was a broad underlying signal below the 
typical chalcedony peaks in the cameo spectrum. Sub- 
tracting the reference spectrum from the cameo pattern 
resulted in a signal with a broad band around 335 cm7! 
and an even broader one around 3000 cm~!, consistent with 
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Figure 4. In transmitted light, this unusual chalcedony- 
opal cameo (~2.7 x 2.3 cm; Dobrée Archaeological 
Museum no. 927.1.1438) shows banding due to the 
variable density of near-spherical red-orange inclusions, 
probably hematite. Photomicrograph by E. Fritsch. 


opal-CT. We performed additional luminescence analysis 
with a Jobin-Yvon Fluorolog 3 spectrometer with 315 nm 
excitation, and compared the cameo’s emission spectrum to 
reference luminescence spectra for opal. The spectra had 
similar shape and peak positions at about 415 nm (intrinsic 
opal luminescence, never observed in chalcedony), 504, 524, 
548, and 574 nm (uranyl emission in opal), further indica- 
tion that the luminescence indeed originated from an opal 
component (E. Fritsch et al., “Luminescence of oxidized 
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porous silicon: Surface-induced emissions from disordered 
silica micro- to nano-textures,” Journal of Applied Physics, 
Vol. 90, No. 9, 2001, pp. 4777-4782). 

We therefore believe that the cameo was fashioned 
from a chalcedony-opal mixture, primarily the former, 
with the small opal component responsible for the lumi- 
nescence behavior and slightly lower RI as well as the 
extra Raman signal. Chalcedony with similar lumines- 
cence is known from Mexico, but whether such material 
is actually a mixture with opal has not been determined 
(John I. Koivula, pers. comm., 2009). 

The cameo was also remarkable for its inclusions. 
Although it was not apparent in reflected light, transmit- 
ted light demonstrated that the color zoning was due to 
variations in the density of red-orange, near-spherical 
inclusions (again, see figure 4). These likely consisted of 
hematite (see E. J. Giibelin and J. I. Koivula, Photoatlas of 
Inclusions in Gemstones, Vol. 2, Opinio Publishers, 
Basel, Switzerland, 2005, p. 360). They ranged from 0.01 
to 0.4 mm in diameter, and some were striated like cir- 
cled pearls. A few of the inclusions were flat with an 
empty core, causing them to appear crescent-shaped or 
circular (figure 5). Considering the size range of these 
inclusions, the hematite that formed them must have 
been quite finely divided, as shown by their red-orange 
(rather than metallic gray) appearance. The headband and 
background of the cameo contained very few inclusions, 
while the face and especially the hair layers were densely 
populated with them. A coloration by hematite inclu- 
sions is consistent with the carnelian-like appearance of 
the cameo. 

Emmanuel Fritsch 

Clothilde Feydieu and Julie Fauran 

Bordeaux University, France 

Yves Lulzac 

Centre de Recherche Gemmologique, Nantes, France 
Benjamin Rondeau 

CNRS Team 6112, Laboratoire de 

Planétologie et Géodynamique, 

University of Nantes, France 


Figure 5. A few of the 
inclusions in the cameo 
are flat and lack a core, 
giving rise to a crescent- 
shaped (left) or circular 
appearance (right). 
Photomicrographs by E. 
Fritsch; magnified 180x. 


GEMS & GEMOLOGY SUMMER 2009 


Citrine from Andongologo, Madagascar. Deposits of natu- 
ral citrine are not common, and most citrine is produced 
by heat treating amethyst. A new source of untreated cit- 
rine has been found in central Madagascar, at Andongo- 
logo, located 24 km southwest of Antsirabe at coordinates 
19°59.510’ S, 46°50.884’ E. The deposit has been mined for 
rock crystal for a few years, but in February 2009 some 
new veins were found that contain citrine and smoky 
quartz. Using simple hand tools, 14 miners have excavated 
tunnels and shafts down to 15 m. So far, 300 kg of citrine 
have been produced. 

The citrine is mined from quartz veins hosted by 
weathered Precambrian quartzites. The veins range up to 
0.5 m wide, and locally contain cavities filled with pris- 
matic crystals of smoky quartz and citrine. The crystals 
are well formed (some are doubly terminated) and range up 
to 30 cm long (e.g., figure 6). The crystal terminations and 
rims are smoky, whereas their core is brownish yellow. 
To this contributor’s knowledge, quartz is the only miner- 
al found in the cavities. 

Much of the citrine is transparent, and this contributor 
is aware of faceted stones ranging from 30 to 385 ct from 
~4,000 carats that have been cut. The color of the faceted 
stones varies from light-to-medium pale yellow to brown- 
ish yellow (e.g., figure 7). The material shows moderate 
dichroism, and RI measurements of 17 stones gave values 
of 1.544-1.553 (birefringence 0.009). No inclusions were 
seen in the cut samples examined. 

Historically, the main source of citrine in Madagascar 
is located 110 km west of Antsirabe, on top of Bevitsika 
(“lots of ants”) Mountain. The Bevitsika citrine is also 
hosted by quartz veins in Precambrian quartzites. For at 
least 20 years, large amounts of natural citrine and rock 
crystal have been mined there sporadically during the dry 
season (May to November). However, there has been no 
production at Bevitsika for the past two years. 

Fabrice Danet (fabdanet@moov.mg) 
Style Gems, Antsirabe, Madagascar 


Figure 7. These faceted citrines from Andongologo 
weigh 83 and 138 ct. Photo by F. Danet. 
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Figure 6. The quartz from Andongologo (here, up to 25 
cm long) typically has smoky outer zones and citrine 
cores. Some of the crystals are doubly terminated, as 
shown in the inset (30 cm long). Photos by F. Danet. 


“Sugarcane Emerald” from Brazil. In 2007, some unusual 
beryl crystals (e.g., figure 8) were found during mining oper- 
ations in northern Bahia State, Brazil, by John Papajohn and 
Cesar Menezes of JP International Rough Mining & 
Colored Gemstones Inc. (Campo Formoso, Bahia). The find 
occurred at 180 m depth and yielded ~1 tonne of material, 
including 600 kg of well-formed crystals. The company’s 
five mines in the mountains of Serra de Jacobina at 
Carnaiba near Campo Formoso had previously produced 
mostly dark-colored emeralds and mineral specimens in 
mica schist. However, the material from this find was 
translucent bluish green, with white mottled veins and a 
bamboo stalk—like appearance. Many of the well-developed 


Figure 8. These crystals of “Sugarcane Emerald” (104 
and 77.6 g) were recovered from Bahia State, Brazil. 
Photo by H. Serras-Herman. 
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Figure 9. Some of the fashioned “Sugarcane Emerald” 
has been set into distinctive jewelry pieces such as 
this necklace, which features an 88.0 ct polished slice 
and 430.0 carats of beads, along with accents of black 
opal and fire opal. Designed, created, and pho- 
tographed by H. Serras-Herman. 


hexagonal crystals also showed pronounced whitish bands 
of hexagonal zoning. At first glance, the material resembled 
amazonite, but it had a higher polish luster due to beryl’s 
greater hardness. 

JP International had most of the material fashioned into 
beads, as well as polished slices and carvings. Together with 
some crystal specimens, they debuted the gem material at 
the 2008 Tucson gem shows under the trade name 
“Sugarcane Emerald.” This contributor purchased some of 
the stones and incorporated them into a jewelry collection 
introduced at the 2009 Tucson shows (e.g., figure 9). 

Although JP International has continued prospecting 
for similar material, so far no more of this beryl has been 
found. For now, the “Sugarcane Emerald” can be consid- 
ered an oddity of nature, one of those rare gem occurrences 
perhaps never to be seen again. 

Helen Serras-Herman (helen@gemartcenter.com) 
Rio Rico, Arizona 


Orange kyanite from Tanzania. Kyanite derives its name 
from the Greek word for blue, due to its typical color. 
Gem-quality green kyanite has also been seen (e.g., Winter 
2001 GNI, pp. 337-338), and colorless or yellow varieties 
have occasionally been faceted. Recently, however, orange 
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kyanite has appeared in the gem market. The material was 
mined at Loliondo, Tanzania, near the area that recently 
produced fine crystals of spessartine (see, e.g., Spring 2008 
GNI, pp. 76-78). 

Brad Payne of The Gem Trader (Surprise, Arizona) 
loaned GIA three faceted specimens (0.63-1.26 ct; figure 
10) of this kyanite for examination. Additionally, one of 
these contributors (GRR) obtained two crystal fragments 
of orange kyanite, one from Loliondo and the other from 
Mautia Hill, Kongwa, also in Tanzania (again, see figure 
10). The latter sample was procured in the late 1980s; both 
were polished on parallel sides for spectroscopy. 

Examination of the cut stones gave the following prop- 
erties: color—medium yellow-orange to yellowish orange; 
pleochroism—weak yellow-orange and yellowish orange; 
RI—n, = 1.718 and n, = 1.734-1.735; birefringence— 
0.016-0.017; optic sign—biaxial negative; hydrostatic SG— 
3.69-3.73; no UV fluorescence or Chelsea filter reaction; 
and a line observed at ~550 nm, plus a band at ~460-500 
nm, seen with the desk-model spectroscope. The RI and SG 
values were similar to the upper ranges for blue/green 
kyanite given by M. O’Donoghue, Ed. (Gems, 6th ed., 
Butterworth-Heinemann, Oxford, UK, 2.006, p. 422). All of 
the observations are also consistent with those presented 
by J.-M. Arlabosse for orange kyanite from Loliondo 
(“Kyanite orange Tanzanie,” Gemmologie FlashData, No. 
35, www.geminterest.com/articlist php, Dec. 9, 2008). 
Microscopic examination of the cut stones revealed cleav- 
age fractures, globular-to-angular brown rutile crystals, 
rounded colorless high-relief zircon crystals, and globular 
colorless low-relief crystals of mica (probably muscovite} 
and quartz—all identified by Raman analysis. 

The two polished fragments gave the following proper- 
ties: color—light yellow-orange (Mautia Hill) and medium 
yellowish orange (Loliondo); and no UV fluorescence or 
Chelsea filter reaction. With the desk-model spectroscope, 


Figure 10. These kyanites from Tanzania have a dis- 
tinctive orange color. The faceted stones (0.63-1.26 ct) 
are from Loliondo, and the polished fragments are from 
Loliondo (left, no. CIT15871) and Mautia Hill (bottom 
center, no. GRR544). Photo by Kevin Schumacher. 
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a line was observed in the Loliondo sample at ~550 nm, 
with extinction below ~500 and above ~680 nm; no fea- 
tures were seen in the Mautia Hill sample. Rutile, zircon, 
(both confirmed by Raman analysis) and mica/quartz 
inclusions were also noted in the Loliondo sample. 

UV-Vis-NIR spectroscopy of the polished fragments 
(figure 11) indicated that their orange color resulted from a 
transmission window with minima at approximately 
645-755 nm; the adjacent absorption bands arise from 
Mn+. The Mautia Hill sample—which displayed a lighter, 
yellower bodycolor—showed a similar, but lower-ampli- 
tude, absorbance trace compared to the Loliondo sample. 
Narrow peaks at ~380, 433, and 447 nm in the Mautia Hill 
spectra were due to Fe**. 

Laser ablation-inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) analysis of both slabs by GIA 
research scientist Dr. Mike Breeding confirmed manganese 
as the cause of color. The Mn concentration of the Loliondo 
sample (CIT15871) was ~10 times higher than that of the 
Mautia Hill specimen (GRR544; table 1). Iron content was 
similar in the two samples, but slightly greater in the one 
from Loliondo. A third orange kyanite—no. GNI555, a 
light-to-medium yellowish orange Loliondo crystal donated 
to GIA by Werner Radl (Mawingu Gems, Nieder- 
worresbach, Germany}—was also analyzed. The concentra- 
tions of all elements except Fe in this specimen fell between 
those for Mautia Hill and the Loliondo sample. 

In the mid-1970s, small crystals of orange-yellow kyan- 
ite were synthesized in experiments using Mn** in the 
form of Mn,O, in conjunction with SiO, and gem-quality 
andalusite (a polymorph of kyanite; I. Abs-Wurmbach and 
K. Langer, “Synthetic Mn**-kyanite and viridine, 
[AL .Mn?*|SiO,, in the system Al,O,-MnO-MnO,-SiO,,” 
Contributions to Mineralogy and Petrology, Vol. 49, 1975, 
pp. 21-38). That research supports our observations, which 
indicate that Mn** is the chromophore responsible for the 
orange color of these Tanzanian kyanites. 

Karen M. Chadwick (karen.chadwick@gia.edu) 
GIA Laboratory, Carlsbad 

George R. Rossman 

California Institute of Technology 

Pasadena, California 


TABLE 1. Average trace-element composition by 
LA-ICP-MS of orange kyanite from Tanzania.? 


Sample Locality Mg Ti Cr Mn Fe Zn Ga 
CIT15871 Loliondo 72.9 4.2 35.8 1893 3547 bdl 88 
GNI555 Loliondo 62.1 8.5 22.2 655 4167 bdl 11.1 
GRR544~=—- Mautia Hill 29.4 12.4 bdl 190 3207 2.0 13.6 


@ Values expressed in parts per million by weight, and collected using 
a Thermo X-Series Il ICP-MS equipped with a New Wave 213 nm 
laser-ablation system. Parameters used were 40 um spot size, 7 Hz 
repetition rate, and ~10 J/cm? laser fluence. The values represent 
the average of three spots (CIT15871 and GRR544) or two 

spots (GNI555). Abbreviation: bdl = below detection limit. 
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Figure 11. UV-Vis-NIR spectra of the polished frag- 
ments of orange kyanite show a transmission window 
at ~645-755 nm, which accounts for their orange color. 
The window is defined by Mn* absorption bands on 
either side. Also present in the Mautia Hill sample are 
some minor features at ~380, 433, and 447 nm due to 
Fe%*. The two spectra display two polarizations that 
correspond, approximately, to the Y= B (black Iines) 
and Z=y (blue lines) orientations. 


Rare optical phenomenon in play-of-color opal. We recently 
examined a 4.43 ct oval cabochon of translucent white 
play-of-color opal provided by Francesco Mazzero 
(Opalinda, Paris, France). The stone came from the new 
Wegel Tena deposit in the Welo Province of Ethiopia (see 
Spring 2009 GNI, pp. 59-60). Typical play-of-color opal dis- 
plays patches of pure spectral colors that result from the 
diffraction of visible light by the network of silica spheres 
(E. Fritsch and G. R. Rossman, “An update on colors in 
gems, part 3: Colors caused by band gaps and physical phe- 
nomena,” Summer 1988 GwG, pp. 81-102). This sample, 
however, displayed several discrete spots of spectral colors 
that were distributed across the entire stone (figure 12). The 
effect was seen most clearly when a point (e.g., fiber optic) 
light source was used; the colored spots moved together 
around the stone as the light source changed position. 
This phenomenon is best seen in a video, available at 
http://gemnantes.fr/recherche/opale/index.php#reciproque. 
Even more interesting, the color of each spot progressively 
changed (e.g., from yellow to red) with the position of 
the illumination—sometimes very slightly, sometimes 
noticeably. Since the cabochon was poorly cut, the spots 
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Figure 12. Rather than showing immobile patches of 
pure spectral colors, this unusual opal cabochon (15 x 
7.5 x 6 mm) diffracts visible light as colored spots 
moving with the point light source (the source’s reflec- 
tion is visible as the white spot). Photo by B. Rondeau. 


sometimes stretched into small patches over a flatter area. 
According to diffraction theory, radiation diffracting 
on a perfect network should produce spots. Hence, for a 
perfect network of silica spheres constituting opal, one 
would expect diffraction of visible light to produce dis- 
crete colored spots—which is what we observed in this 
sample. For those interested in physics, this corresponds 
to the physical expression of the reciprocal lattice (see, 
e.g., http://en.wikipedia.org/wiki/reciprocal_lattice). 
Typically, however, the opal network is not regular enough 
to show this effect; instead, the spots spread out to become 
color patches. Each patch corresponds to small domains in 
which a single spot is stretched through deformation or 


Figure 13. These attractive variously colored cultured 
pearls (up to 14.7 mm in diameter) are from Vanua 
Levu in Fiji. Courtesy of Gerhard Hahn Pearl AG. 
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irregularities in the network, and therefore represents an 
“average” direction of diffraction. The orientation of the 
network varies from one patch to the next. No matter what 
an opal looks like, the rules of diffraction remain the same. 
The extraordinary optical phenomenon we report here 
is very rarely observed. It implies a perfect network 
extending throughout the entire stone (that is, over a cen- 
timeter), and hence a very regular stacking of spheres over 
a relatively large distance. This is only possible in a forma- 
tion environment that is geologically very quiet. 
Emmanuel Fritsch and Benjamin Rondeau 


Cultured pearls from Fiji. At the BaselWorld Watch and 
Jewellery Show in April 2008, Gerhard Hahn Pearl AG 
(Diisseldorf, Germany) displayed some variously colored 
cultured pearls (figure 13) from a relatively new source, the 
South Pacific island nation of Fiji. So far, Fijian production 
has been limited, coming from two pearl farms located ~60 
km apart on the island of Vanua Levu, in Savusavu Bay 
and Buca Bay. The cultured pearls are harvested from 
Pinctada margaritifera oysters, which are grown from spat 
collected in waters of the Savusavu area. The oysters are 
implanted with round bead nuclei (minimum 7.5 mm in 
diameter) and harvested 12-18 months later. They average 
10.8 mm in diameter at first harvest (i.e., before reinser- 
tion of beads for a second harvest). They mostly range 
from light bluish green to the popular “chocolate” brown, 
and Gerhard Hahn Pearl AG indicated that their colors do 
not result from treatment; only standard post-harvest pro- 
cessing such as cleaning is performed. 

Up to 65% of the production show lighter colors than 
those that are typical of P. margaritifera cultured pearls. 
Since some resemble bleached P. margaritifera products 
(see, e.g., Summer 2008 Lab Notes, pp. 159-160), Gerhard 
Hahn Pearl AG donated 20 samples to GIA for documen- 
tation purposes, and they were studied at the New York 
Laboratory by Akira Hyatt and Dr. Wuyi Wang. 

Based on GIA’s examination over the years of many 
thousands of P. margaritifera cultured pearls, the broad 
range of bodycolors in this relatively small sample set was 
remarkable. The hues ranged from blue and green (cool 
hues) to orange and yellow (warm hues), with many sam- 
ples showing strong saturation. P. margaritifera cultured 
pearls typically occur in the cooler hues, with darker tones 
showing higher saturation and lighter tones showing lower 
saturation. In contrast, those from the Pinctada maxima 
oyster typically show warm hues, with higher saturation 
in the lighter tones and lower saturation in the darker 
tones. The Fijian cultured pearls were split between warm 
and cool hues, and many of the cool hues exhibited a 
lighter tone, often with relatively high saturation. Some 
also exhibited colors generally seen in P. maxima cultured 
pearls (i.e., yellows, but with darker tone and stronger sat- 
uration), while others resembled treated “chocolate” 
pearls (orangy/pinkish browns) from P. margaritifera. 
(Note that in lower saturations, warm hues appear brown 
or brownish, while cool hues appear gray or grayish.) The 
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Figure 14. The shells of the P. margaritifera oysters 
that are used to produce the Fijian cultured pearls 
show a diversity of colors. Courtesy of J. Hunter Pearls. 


diverse color range of the cultured pearls is also seen in the 
host P. margaritifera shells (e.g., figure 14). 

UV-Vis-NIR reflectance spectra are given in figure 15 
for four categories of the Fijian cultured pearls: brown (five 
samples), yellow (seven), green (five), and blue (three). The 
brown samples showed decreases in reflectance due to 
absorptions at 290, 495, and 700 nm—believed to be relat- 
ed to organic pigments—that were superimposed on a 
nearly flat background. These spectral features are similar 
to those of naturally colored brown Tahitian cultured 
pearls. The absorptions at 290, 495, and 700 nm were also 
distinct for the yellow samples, but the overall spectra 
were sloped toward lower wavelengths. The absorptions at 


Figure 15. UV-Vis-NIR reflectance spectroscopy of 
brown, yellow, green, and blue cultured pearls from 
Fiji indicated that all these colors are natural. Photos 
by Sood Oil Chia. 
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495 and 700 nm were very weak in the green samples, but 
the 295 nm band was consistently strong. In addition, the 
slope of the spectra in the 400-700 nm region for the green 
samples was opposite that of the yellow samples. In the 
blue cultured pearls, the three bands related to organic pig- 
ments were clearly observed, and in general the reflectance 
increased with decreasing wavelength. The spectroscopic 
data indicate that all of the tested cultured pearls were of 
natural color. X-radiography showed that they were bead 
cultured, as represented by Gerhard Hahn Pearl AG. 

The Fijian farms together produce ~40,000 cultured 
pearls (or 125 kg) yearly and have ~100,000 oysters under 
cultivation. The farms are operated by the J. Hunter Pearls 
Fiji Pearling Conservancy under the country’s Environ- 
mental Code of Practice, to ensure that any negative envi- 
ronmental impact is minimized. 

Marisa Zachovay (marisa@hotpebbles.com) 
Pebbles LLC, Delray Beach, Florida 


Rare necklace made of natural pearls from different mol- 
lusks. The Giibelin Gem Lab recently received a necklace 
consisting of 29 larger pearls and numerous smaller pearls 
and diamonds for routine gemological identification (figure 
16). Ten of the larger pearls were “cream” colored, and 19 
were various shades of purple; they were near-spherical to 
button to baroque shaped, and they ranged from 4.6 to 20.7 
mm in longest dimension. Five of the purple pearls had a 
nacreous appearance, while all the others were porcela- 
neous. Ultraviolet fluorescence, Raman spectra, spot 
refractive index readings, EDXRF chemical data, and 
microscopic characteristics of all samples were consistent 
with saltwater pearls. The natural origin of these pearls 
was indicated by the fact that they originated from mol- 
lusks that are not used for cultivation. 

One of the cream-colored pearls showed a flame struc- 
ture, as observed in pearls produced by mollusks such as 
Tridacna species and Veneridae family bivalves, as well as 
by some gastropods. The nine other cream-colored pearls did 
not reveal any structure, as was the case for the Veneridae 
pearls described in the Winter 2008 GNI section (pp. 
374-375), as well as for natural pearls from other mollusks. 

Five of the 19 purple pearls revealed a honeycomb 
structure in the microscope (figure 17). Raman spectra 
showed aragonite peaks, along with bands at about 1520 
and 1130 cm™! due to a mixture of polyacetylenic pig- 
ments. To our knowledge, purple-hued pearls with these 
color, structure, and Raman characteristics only come from 
bivalves belonging to the Veneridae family. Four other pur- 
ple pearls of comparable shape and color had similar 
Raman spectra; however, they did not show a honeycomb 
structure, as also documented in Veneridae pearls (see GNI 
entry cited above). These observations suggest that nine of 
the 19 colored pearls were from Veneridae family mollusks. 

Five of the remaining 10 purple pearls had a nacreous 
structure (figure 18), but they lacked strong overtones. This 
is probably because the aragonite layers were thicker than 
is commonly observed in nacreous pearls, both natural and 
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cultured. Raman spectra showed aragonite peaks, as well as 
bands at about 1490 and 1100 cm*!. The positions of these 
bands suggest that this coloration is also due to a mixture 
of polyacetylenic pigments, but with a larger polyenic 
chain than has been documented in Veneridae pearls. To 
our knowledge, the only pearls with similar color, Raman 
spectra, and nacreous structure are those from the 
Mytilidae family. The other five purple pearls, which were 
non-nacreous, had similar Raman spectra. They also appear 
to originate from a mollusk of the Mytilidae family, as 
such pearls may have a porcelain-like appearance. 

To our knowledge, this is the first time that mixed 
purple-hued pearls from the Veneridae and Mytilidae fami- 
lies have been observed in the same necklace. A combina- 
tion of classical and advanced gemological analysis appears 
to be a promising approach for the identification of the 
mollusk family to which a pearl belongs. 

Stefanos Karampelas 
(s.kKarampelas@gubelingemlab.ch) and Eric Erel 
Gtibelin Gem Lab, Lucerne, Switzerland 


Colorless petalite and pollucite from Laghman, Afghanistan. 
Farooq Hashmi (Intimate Gems, Jamaica, New York) recent- 
ly loaned GIA three colorless stones (figure 19), which he 
believed to be petalite (14.98 ct) and pollucite (11.30 and 
12.10 ct) from Laghman Province, Afghanistan. He pur- 
chased the rough in Peshawar, Pakistan, between 2007 and 
2008. The stones were reportedly byproducts of pegmatite 
mining for tourmaline and other gems. Mr. Hashmi said he 
saw several kilograms of both gem materials in the Peshawar 
market, but he understands from local gem dealers that nei- 
ther of them is being actively mined. 

Petalite and pollucite are both known to be hosted in 
lithium-rich granitic pegmatites, and they have a Mohs hard- 


Figure 16. This necklace contains 29 pearls (4.6—20.7 
mum in largest dimension) that proved to be from at 
least two different mollusk families. Courtesy of 
Boghossian S.A., Geneva; photo by Evelyne Murer. 


Figure 17. The honeycomb structure observed in this 


non-nacreous pearl can be attributed to a simple pris- Figure 18. Nacreous structures on this pearl form a 
matic arrangement of aragonite formed by parallel layered aragonitic structure consisting of polygonal 
and adjacent prisms that do not strongly interlock to rounded tablets arranged in broad, regularly 
along their mutual boundaries. Photomicrograph by formed parallel sheets. Photomicrograph by E. Erel; 
E. Erel; field of view ~3.0 mm high. field of view ~3.4 mm high. 
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ness of 6.5. Petalite (also known as castorite) is a lithium alu- 
minum tectosilicate (LiA1Si,O,,) and a member of the 
feldspathoid group. An important lithium ore, it occurs with 
spodumene, lepidolite, and tourmaline in tabular crystals 
and columnar masses that range from colorless to gray and 
yellow. Pollucite, (Cs,Na](AlSi,O,):nH,O, is a zeolite that 
forms a solid-solution series with analcime and commonly 
occurs with quartz, spodumene, petalite, and tourmaline, 
among other pegmatite minerals. Isometric crystals ranging 
from colorless to white and occasionally pale pink can be 
found, though well-formed examples are rare. 

Standard gemological testing produced the following 
properties (with those of petalite listed first, then the 11.30 
and 12.10 ct pollucites, respectively): RI—1.505-1.515, and 
1.518-1.519 or 1.517-1.518; birefringence—0.010 and 
0.001 (pollucite can be weakly anisotropic); SG—2.40 and 
2.90; UV fluorescence—all three samples were inert to 
both long- and short-wave UV radiation. No bands or lines 
were observed with the desk-model spectroscope. 
Microscopic examination of the petalite only revealed two 
feathers. No inclusions were observed in the 12.10 ct pol- 
lucite, but the 11.30 ct stone contained colorless inclu- 
sions of pollucite (identified by Raman spectroscopy) and a 
plane of crystals in the pavilion (figure 20) that had a 
Raman pattern similar to that of muscovite. 

EDXRE analyses of the petalite showed major amounts 
of Si and Al, and traces of Fe, Ge, Cs, and Sm. Analyses of 
the pollucite samples revealed major Si, Al, and Cs, low 
amounts of Rb, Rh, Yb, and La, and traces of Ti. 

We performed infrared (see G@G Data Depository) 
and Raman spectroscopy to further characterize these 
unusual stones. The IR spectra for the petalite showed 
bands at ~3358, 3270.6, 3037, and 2591 cm~!, and broad 
absorption below ~2390 cm~!. The IR spectra for the pol- 
lucite samples showed a band at ~4720 cm7! and broad 
absorption between ~5321 and 5162, ~4141 and 3140, 
and below ~2325 cm~!. The Raman spectra matched 


Figure 20. The 11.30 ct pollucite sample contained a 
plane of inclusions. The larger ones gave a Raman pat- 
tern similar to that of muscovite. Photomicrograph by 
]. Darley; magnified 40x. 
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Figure 19. These unusual colorless gems are petalite 
(14.98 ct, left) and pollucite (11.30 and 12.10 ct, cen- 
ter and right), reportedly from Laghman Province, 
Afghanistan. Faceted by Robert C. Buchannan, 
Hendersonville, Tennessee; photo by Robert Weldon. 


those of petalite and pollucite in our Raman database. 

A pink cat’s-eye petalite from South Africa (Winter 
1986 Lab Notes, pp. 239-240) had properties similar to the 
colorless petalite from Afghanistan, except for its dull red 
fluorescence to UV radiation and its lower SG (2.34). Both 
the petalite and pollucite we studied had properties analo- 
gous to those reported by M. O’Donoghue (Gems, 6th ed., 
Butterworth-Heinemann, Oxford, UK, 2006, pp. 436-438}, 
although the birefringence of petalite was slightly higher 
(0.013) in that publication. 

Erica Emerson (eemerson@gia.edu) and Paul Johnson 

GIA Laboratory, New York 


Serpentine cat’s-eye. Recently, the Gem Testing Laboratory 
in Jaipur, India, had the opportunity to examine an unusual 
opaque bluish green cabochon (36.63 ct; figure 21) that had 
a broad but distinct chatoyant band. The color, greasy-to- 
dull luster, and low heft suggested it was serpentine. 
Standard gemological testing gave the following results: 
spot Rl—approximately 1.57 with no distinct birefringence 
blink; hydrostatic SG—2.60, fluorescence—weak yellow to 
long-wave UV; and absorption spectrum—weak bands in the 
green (~490 nm) and blue (~460 nm) regions seen with the 
desk-model spectroscope. In addition, the luster indicated 
low hardness, which was confirmed by scratching with a flu- 
orite crystal on an inconspicuous part of the sample. These 
properties are consistent with those reported for serpentine 
(e.g., R. Webster, Gems, 5th ed., revised by P. G. Read, 
Butterworth-Heinemann, Oxford, UK, 1994, pp. 369-372). 
Serpentine is a common ornamental stone that is some- 
times used as an imitation of jadeite and nephrite because 
of its similar aggregate structure and color appearance. It is 
usually seen in variable hues of blue, green, and yellow. It 
comprises species such as antigorite, chrysotile, and 
lizardite, and varieties such as bowenite, williamsite, and 
ricolite. Chatoyant serpentine, however, is quite rare. 
“Satelite,” a fibrous variety exhibiting chatoyancy, has 
been reported from Maryland and California in the U.S. 
(Webster, 1994) and from Sichuan Province in China (B.-q. 
Lu et al., “Infrared absorption spectra of serpentine cat’s eye 
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Figure 21. This bluish green cat’s-eye cabochon (36.63 
ct) proved to be serpentine. Photo by G. Choudhary. 


from Sichuan Province of China,” Journal of Shanghai 
University, Vol. 9, No. 4, 2005, pp. 365-368). 

When the cabochon was examined with a microscope, 
thin parallel planes were visible. These appeared to be 
composed of fine films oriented perpendicular to the cha- 
toyant band (figure 22, left), and were thus responsible for 
the cat’s-eye effect. In addition, a few scattered brown den- 
dritic crystals (figure 22, right) and white cloudy patches 
were present; this contributor has previously observed 
such inclusions in serpentine. 

Because serpentine is a hydrous material, the FTIR 
spectrum in the 6000-400 cm~ range exhibited complete 
absorption from 4500 to 400 cm™! and there were two 
bands around 5000 and 4700 cm~!. This pattern was simi- 
lar to those of serpentine samples in our reference 
database. EDXRF analyses revealed the presence of Mg, Si, 
Cr, Fe, and Ni, which is consistent with the elements 
expected to be detected in serpentine. 

This was the first time this contributor has encoun- 
tered this rare variety of serpentine. The origin of this 
specimen is not known. 

Gagan Choudhary (gtl@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 
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Zircon mining in Cambodia. In April 2009, these contribu- 
tors visited Ratanakiri (or Rattanakiri, Rotanah Kiri) 
Province, Cambodia, ~600 km by road northeast of Phnom 
Penh. Ratanakiri is the world’s major source of fine heated 
blue zircon. Blue is not known to occur naturally in zircon, 
but heat treatment of brown to reddish brown material 
from Indochina will produce light blue stones, and many 
gem enthusiasts believe that the finest blue colors are pro- 
duced by heating the dark brown material from Ratanakiri 
(e.g., figure 23). It is likely that these deposits were not 
exploited until the early 20th century, when the potential 
for this heat treatment was discovered. 

The zircon is found in an area of extensive volcanism 
consisting of flood basalts and scattered volcanic cones. 
Zircon-bearing alkaline basalts are confined to the inter- 
section of brittle crustal structures, so the occurrences 
are small and discontinuous. We were told by a local zir- 
con dealer that there are more than 100 deposits in 
Ratanakiri, but because the gem-bearing areas are small 
and remote, and many are worked seasonally, it is diffi- 
cult to determine the number of miners or the annual 
production of zircon. We saw about 70 active shafts in 
the four small mining areas we visited, each employing 
two to four people. We estimate that those four mining 
areas produced about 500 g of gem-grade material per day 
during our visit. 

Mining is performed by sinking a shaft through the 
overburden to the zircon-bearing horizon, which lies 2-15 
m below the surface (figure 24, left). In some mines, the 
basalt has decomposed to loose red soil, and the gems can 
be separated by combing through the excavated earth by 
hand. In others, basalt cobbles remain as gravel, and the 
material must be washed (figure 24, right). 

In addition, since 2005, the Cambodian government 
has granted three large concessions—totaling 19 km?—in 
Ratanakiri: Ultra Marine Kiri Co. Ltd., Seoul Digem 
(Cambodia) Co. Ltd., and Ratanak Chhorpoan (Cambodia) 
Ltd. We visited the first two, but both were inactive. 

The gems we saw during our visit consisted almost 
exclusively of zircon that ranged from nearly colorless to 
dark brown, and was occasionally reddish brown. Many 
crystals showed remnants of their tetragonal shape, and 


Figure 22. Parallel planes 
consisting of fine films were 
responsible for the chatoy- 
ancy of the stone in figure 
21 (left). Brownish dendritic 
crystalline inclusions were 
also present (right); these are 
commonly seen in serpen- 
tine. Photomicrographs by 
G. Choudhary; magnified 
30x and 45x. 


GEMS & GEMOLOGY SUMMER 2009 


most had a shiny “melted” surface (again, see figure 2.3) 
from partial resorption during transport in the basalt. A 
significant portion also exhibited tenebrescence: After 
being kept in darkness for several days, they were a bright 
orange to red that changed to brown with several minutes’ 
exposure to sunlight. This photochromism is reversible 
and repeatable. The rough generally weighed 0.1-5 g, 
although we saw non-gem-grade specimens up to 100 g. 
Rough that will produce clean gems in excess of 10 ct is 
unusual, although cut stones larger than 100 ct are known. 
Most of the rough is sent to Phnom Penh or Thailand 
for heating and cutting, although some is processed in 
Ratanakiri. The stones are heated in a reducing atmo- 
sphere at 900-1000°C for ~1 hour. Almost all brown zir- 
con from this source will turn blue with heating (e.g., fig- : : - : 
ure 25); a light blue color can sometimes be produced from ore, oe hie ute Yo Soup 
stones that were originally colorless. t 
Additional images from this expedition are available in 3 ( 

the G#G Data Depository. = ae F SE > 
Mark H. Smith DAC 

Thai Lanka Trading Ltd. Part., Bangkok, Thailand _ Figure 23. These rough zircons were recovered from 
Walter A. Balmer Ratanakiri Province, Cambodia. The blue rough (up to 7 
Department of Geology (Faculty of Science) g) was produced by heating brown stones such as those 
Chulalongkorn University, Bangkok, Thailand on the left (up to 24 g). Photo by Prasit Prachagool. 
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Figure 24. The best-known Cambodian zircon deposit 
is at Bo Keo (left), where there are ~30 active mines. 
The shafts in this region are typically about 15 m deep. 
At Bo Kalap (below), there are ~10 active pits; the exca- 
vated material contains basalt cobbles and requires 
washing to recover the zircon. Photos by M. H. Smith. 
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Figure 25. With heat treatment, most Ratanakiri zir- 
con turns blue. The large emerald cut weighs 30.48 ct. 
Courtesy of Thai Lanka Trading. 


CONFERENCE REPORTS 


GIT 2008. After being postponed in December 2008 due to 
political unrest in Bangkok, the second Gem and Jewelry 
Institute of Thailand (GIT) conference, GIT 2008, was held 
March 9-12, 2009. Some 500 participants attended the 
two-day conference, which was followed by a two-day 
field trip to Kanchanaburi and the Bo Phloi sapphire mine. 
Parallel sessions saw 50 speakers, and there were approxi- 
mately the same number of posters on display. Only 
selected oral presentations are mentioned in this report, 
since these authors were unable to attend all sessions. The 
conference proceedings (extended abstracts) are available 
in book or CD-ROM format by contacting the GIT at 
www_.git.or.th. 

After the opening ceremony, hosted by GIT Director 
Dr. Wilawan Atichat and Thai Deputy Minister of 
Commerce Alongkorn Ponlaboot, the conference started 
with three keynote speakers. Vichai Assarasakorn, presi- 
dent of the Thai Gem and Jewelry Traders Association, 
gave an impressive overview of the Thai gem and jewelry 
business. He was followed by Massimo Zucchi (Studio 
Zucchi Design, Milan, Italy), who discussed globalization 
and branding, and Dr. Joerg Fischer-Buehner (Legor Group 
SRL, Bressanvido, Italy), who lectured on palladium cast- 
ing for jewelry. 

Strategic marketing in emerging markets was dis- 
cussed by Dr. Krittinee Nuttavuthisit (Chulalongkorn 
University, Bangkok), and the new era of jewelry design 
in Thailand was reviewed by Dr. Veerawat Sirivesmas 
(Silpakorn University, Bangkok). One of these contribu- 
tors (LK) presented an overview of the Tom Lantos JADE 
Act, its implications for the trade, and possible alternative 
ruby sources. 

Hyun Min Choi (Hanmi Lab, Seoul, Korea) examined 
photoluminescence characteristics of HPHT-processed 
natural type Ha diamonds. Dr. Walter Balmer 
(Chulalongkorn University) gave a presentation on behalf 
of Swiss gemologist George Bosshart, who was unable to 
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attend. Mr. Bosshart’s research focuses on distinguishing 
natural from artificially colored green diamonds; the pre- 
sentation introduced the properties of untreated green 
diamonds and the natural radiation mechanisms that 
produce this color. 

An interesting report on rubies from Fiskenzsset, 
Greenland, was given by Pornsawat Wathanakul of GIT 
(for Greg Davison of True North Gems, Vancouver, 
British Columbia, Canada, who could not attend). A pair 
of garnet lectures was given by Dr. Karl Schmetzer 
(Petershausen, Germany) and GIT’s Dr. Visut Pisutha- 
Arnond. Dr. Claudio Milisenda (German Gemmological 
Association, Idar-Oberstein) reported on his study of red 
labradorite-andesine feldspars and offered some promis- 
ing results based on FTIR data on the distinction of 
treated versus untreated stones. A thought-provoking 
talk about experimental heating of Cu-bearing tourma- 
line was given by Thanong Leelawatanasuk (GIT). 
Boontawee Sriprasert (Department of Mineral 
Resources, Bangkok) discussed heat-treatment experi- 
ments on red spinel from Myanmar. Dr. Chakkaphan 
Sutthirat (Chulalongkorn University) gave an introduc- 
tion to heat-treatment experiments on sapphire from the 
Awissawella deposit in Sri Lanka. Dr. Ahmadjan 
Abduriyim (Gemmological Association of All Japan— 
Zenhokyo, Tokyo) presented his findings on treated 
green amber. 

The SSEF Swiss Gemmological Institute’s Dr. Michael 
Krzemnicki described modem, portable instruments for 
advanced testing in the gemological laboratory, including 
UV-Vis and laser-induced breakdown spectrometers. 
Dominic Mok (AGIL Ltd., Hong Kong) gave a controver- 
sial lecture on advanced testing of jadeite jade (called Fei 
Cui by the Chinese}. After describing the different colors 
of jadeite, he mentioned that kosmochlor and omphacite 
are also called Fei Cui in the Chinese market. This 
brought strong reactions from some attendees, as these 
two materials are considered much less valuable than 
true jadeite. 

Dr. Henry Hanni (SSEF) delivered an overview of the 
different types of cultured pearls, and Kenneth Scarratt 
(GIA Thailand) discussed nautilus pearls. 

After the conference, the two-day field trip took 
approximately 80 participants to the Bo Phloi gem field 
about 170 km northwest of Bangkok. The field lies with- 
in Quaternary sediments and covers an area of about 
1200 km?. The largest sapphire deposit in Thailand’s 
western region, it is operated by SAP Mining Co. Ltd. as 
an open-pit mine. The gem-bearing layers are 1-8 m 
thick at depths of 6-19 m. The gravel is brought to a 
washing site to concentrate the gem corundum before it 
is hand-sorted. In addition to sapphire, miners have 
recovered black spinel, black pyroxene, and red garnet. 

Lore Kiefert (Ikiefert@agta-gtc.org) 
AGTA Gemological Testing Center, New York 


Evan Caplan 
Omi Gems, Los Angeles 
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Sinkankas Spinel Symposium. The seventh annual sympo- 
sium in honor of John Sinkankas took place April 18, 
2009, at GIA in Carlsbad. Co-hosted by GIA and the San 
Diego Mineral and Gem Society, the sold-out event was 
attended by 152 people. 

After opening remarks by convener Roger Merk (Merk’s 
Jade, San Diego, California), Si Frazier (El Cerrito, California] 
reviewed historical spinels and noted that some of them 
were quite large, such as the ~400 ct red spinel that was set 
in Catherine II’s (Russian) crown. Edward Boehm (Joeb 
Enterprises, Solana Beach, California) indicated that the 
~500 ct Sumerian Spinel in the Iranian crown jewels most 
likely came from the old mines in present-day Tajikistan. 
He also illustrated how most famous “rubies” in royal and 
ecclesiastical regalia are actually spinels. If not for spinel, 
ruby would not have achieved the fame it enjoys today. 

Dr. William B. “Skip” Simmons (University of New 
Orleans) covered the mineralogy and crystallography of the 
spinel group. Of the 22 spinel species recognized by the 
International Mineralogical Association, only one (spinel 
sensu stricto) is an important gem material. Jennifer L. 
Stone-Sundberg (Saint-Gobain Crystals, Washougal, 
Washington) reviewed the historical and contemporary 
growth of synthetic spinel. Today the material produced for 
gem use comes mainly from China and Russia; it can be 
identified by its higher RI values (for Verneuil- and 
Czochralski-grown products), inclusions (for flux-grown as 
well as the flame-fusion products), chemical composition, 
fluorescence, and Raman spectroscopy. 

Jo Ellen Cole (Cole Appraisal Services, Vista, California) 
examined spinel pricing, and noted that there was a sharp 
increase in the cost of rough/cut material during 2000-2002, 
prices have continued to rise since then. Bill Larson (Pala 
International, Fallbrook, California) reviewed the main 
sources of spinel: Tajikistan (Kukh-i-Lal), Myanmar (Mogok 
and Nanyaseik), Sri Lanka, Vietnam (Luc Yen), and 
Tanzania (Morogoro, Tunduru, and Mahenge). The rare Co- 
colored blue spinel comes from Sri Lanka and Tunduru. 

Meg Berry (Mega Gem, Fallbrook, California) illus- 
trated the recutting of spinel, in which she improved lop- 
sided, windowed, and damaged stones by keeping the 
original tables and paying attention to spinel’s ~40° criti- 
cal angle; major improvements in appearance were 
attained, with a cutting yield of 56%-76%. Robert 
Weldon (GIA, Carlsbad) provided suggestions for pho- 
tographing spinel—applicable to other gems as well— 
that include using shallow depth-of-field to highlight 
interesting inclusions, positioning a reflector to help 
eliminate a “bow-tie” effect in problematic cuts, and, in 
asteriated stones, placing the reflection from a pinpoint 
light source in the center of the stars. 

John Koivula (GIA, Carlsbad) reviewed the variety of 
internal features found in spinel, including mineral inclu- 
sions (e.g., rutile, carbonates, graphite, hematite, hdgbomite, 
Fe-sulfides, sphene, uraninite, and zircon) and fluid inclu- 
sions (both secondary and primary). He also noted that spinel 
forms inclusions in other gems, such as in sapphire and 
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grossular (hessonite) from Sri Lanka. Dr. George Rossman 
(California Institute of Technology, Pasadena) reviewed the 
primary causes of color in spinel: Cr** (pink-to-red), Co** 
(blue), and Fe** (usually with Fe*; blue to green to lavender). 
Also, the following colorants have been used in synthetic 
spinel: Mn** (yellow), Cu** (blue), and Ti** (blue-green). 
The theme of next year’s Sinkankas Symposium (date 
to be determined) will be feldspar. 
Brendan M. Laurs 


ANNOUNCEMENTS 


Gems issue of Elements. The June 2009 issue of the earth 
sciences magazine Elements focuses on key aspects of 
gemology: how gems occur in nature, the role of geo- 
chemistry in characterizing them, the challenge of non- 
destructively identifying faceted samples, the detection 
of treatments and synthetics, and the use of pearls and 
corals as organic gem materials. The issue’s guest editors 
are GWG contributors Emmanuel Fritsch and Benjamin 
Rondeau. Visit www.elementsmagazine.org. 


Responsible Jewellery Council announces Code of 
Practice. The Responsible Jewellery Council (RJC; for- 
merly the Committee for Responsible Jewellery 
Practices) outlined its supply chain Code of Practice cer- 
tification system at a March 25 news conference at the 
BaselWorld Fair. The RJC certifies mine-to-market activ- 
ities in areas of sustainable mining practices, including 
fair wages, benefits to local communities, health and 
safety standards, ethical trading, and environmental 
respect. During the second half of 2009, the RJC will 
make independent auditors available to verify each mem- 
ber firm’s adherence to Code of Practice standards and 
issue the appropriate certificate. The RJC has 85 mem- 
bers (including GIA) in the diamond and gold mining, 
manufacturing, and retailing sectors. More information 
can be obtained at www.responsiblejewellery.com. 


ERRATA 


The Spring 2009 article by F. Farges et al., “The French 
Blue and the Hope: New data from the discovery of a his- 
torical lead cast,” contained the following errors. 


1. The estimated error of the density of the lead cast on p. 
13 should have been given as 11.2 + 0.1 g/cm’. 


2. The entries for footnotes a and b in table 1 on p. 10 
were inadvertently switched, and the entry for footnote 
b is incorrect. Footnote a should read 1 grain, poids de 
marc = 0.0531147 g = 0.2655735 ct (Lionet, 1820). 
Footnote b should read 1 ligne = 2.2558 mm (Morel, 
1988). 


3. The name of the company that performed the scanning, 
Matrix Diamond Technology, was incorrect. 


Gem & Gemology regrets the errors. 
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MORE ON D-to-Z DIAMOND COLOR GRADING 


I enjoyed reading “Color Grading ‘D-to-Z’ Diamonds at 
the GIA Laboratory” (Winter 2008, pp. 296-321). It is 
always great to learn how things are done at the GIA lab. 
Although I feel it would have been better to present and 
discuss much of this information at least eight years 
ago, it is nonetheless good to see the lab publish its stan- 
dards for policy, procedures, and equipment. 

That said, I write to say how strongly I disagree with 
the authors’ conclusion that “a standard light source for 
diamond color grading should have key characteristics of 
daylight, including a UV component” (p. 320, italics 
mine). In their introduction, the authors stress the 
impact of color grade on the price of diamonds, and they 
go on to review the development of the GIA system and 
the various modifications that have occurred since the 
mid-1950s. Then they admit that, “at times, the result- 
ing adjustments have appeared to conflict with earlier 
statements” (p. 296, italics mine]. As the authors point 
out, all of the early literature, including that from GIA, 
indicated that the “true bodycolor” of a diamond should 
be determined in light that is similar to indirect northern 
daylight but with a minimum of UV radiation. 

I began working at the GIA lab (on San Vicente Blvd. 
in Los Angeles) in 1975, shortly after GIA Gem 
Instruments introduced the new DiamondLite with 
Verilux lamps, which had “a new coating that mini- 
mized UV emission as compared to similar lamps. . . .” 
(p. 302). And yes, as a GIA lab employee for the next 
three years, I “often promoted the minimized UV emis- 
sion in these lamps” (p. 302), generally to diamond deal- 
ers who had submitted stones for grading and thought 
the color grade should have been higher. If the stone had 
medium blue or stronger fluorescence, I would explain 
that it probably appeared to have a higher color grade in 
the lighting environment the dealer used because of UV 
emission, and that we, at the GIA lab, were using special- 
ly developed, standardized lamps with a minimum of UV 
emissions to determine each diamond’s true bodycolor. 

When I became aware, in 1995, that the Verilux 
lamps in the GIA DiamondLite emitted a good deal of 
UV radiation, I assumed that the lamps had undergone a 
change in manufacture, and were not the same as those 
used in 1974 (see T. E. Tashey, “The effect of fluores- 
cence on the color grading and appearance of white and 
off-white diamonds,” The Professional Gemologist, Vol. 
3, No. 1, 2000, pp. 5-7). The authors seem to disagree: 
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“Indeed, the lamps chosen in the ’70s had a small, but 
not negligible, UV component. And we continue to see 
this UV component in lamps chosen since then” (p. 306, 
italics mine). Not negligible, indeed. If the authors are 
correct—that the Verilux lamps, even the original ones 
from 1974, have such a strong UV component—I would 
have to conclude that a lot of fluorescent diamonds were 
misgraded between 1974 and 2000. 

The authors emphasize that millions of diamonds (flu- 
orescent and not} have been graded under the procedures 
they describe and that it would be wrong to change grades, 
based on new procedures, for all of the possible resubmis- 
sions of previously graded diamonds. Personally, I don’t 
know. The authors emphasize how careful the graders are 
and how procedures are designed to be repeatable so that 
the lab will always get the correct color grade of a dia- 
mond, and how their “research has shown that skilled 
graders reach a point of visual tolerance (i.e. the range of 
repeatability) .. . at slightly less than one-fifth of a grade at 
best” (p. 308). Such repeatable consistency for a lab would 
be commendable. And yet a strongly fluorescent diamond, 
which in my experience (see Tashey, 2000) can have its 
apparent color lowered by two to four letter grades when 
using a UV filter (see below) in the standard viewing envi- 
ronment used by GIA, is not considered to be of any signif- 
icance? Is this lower grade not the true bodycolor of the 
diamond, which all historical literature has advised should 
be used to determine the real value of a diamond? 

The authors acknowledge that the blue fluorescence of 
some diamonds can alter their appearance in certain light- 
ing environments by canceling out a portion of their yel- 
low bodycolor. They propose to standardize the amount of 
UV emissions for the effective color grading of diamonds. 
They do this by using a standard lamp with a standard 
level of UV emission (though this level may decay over 
time) and defining a standard viewing distance: 


For consistency, we use a distance of 8-10 in. (20-25 cm) 
between the lamps and the diamond. Bringing a fluores- 
cent diamond closer to the lamps may result in a stronger 
fluorescent impact. For instance, a yellow diamond with 
strong blue fluorescence could appear less yellow (i.e., to 
have a higher color grade) as it gets closer to the lamps. 
Moving the same diamond more than 10 in. from the 
lamps will have the opposite effect; that is, the color will 
appear more yellow (a lower color grade) (p. 304). 


While this is indeed a standard, is it the best possible 
standard for the evaluation of a diamond’s color grade? 


GEMS & GEMOLOGY SUMMER 2009 S1 


I personally think not, considering the high amount of 
UV emission in this proposed standard lighting environ- 
ment, unless one also includes on the grading report a 
letter grade determined in a similar standard viewing 
environment with no UV component. 

I was shocked when I first discovered in 1995, by 
shielding the Verilux lamps in the GIA DiamondLite with 
a clear Makrolon plastic film (which acts as a UV filter}, 
that stones with very strong blue fluorescence could 
appear three or four letter grades lower in color. Similarly, 
after sharing my findings and offering others some 
Makrolon film for their own experiments, several of my 
colleagues and former associates were as shocked as I was 
to see these dramatic color shifts in strongly fluorescent 
diamonds. I believe this to be a very significant issue in 
the accurate color grading of D-to-Z diamonds, and I can- 
not accept GIA’s recommendation for their standard view- 
ing environment. 

As a consultant to the World Gemological Institute in 
Israel from 2005 to 2007, I oversaw that lab’s transition 
from the GIA DiamondLite (DL) to the GIA Diamond- 
Dock (DD) as the standard environment for color grading. 
During the transition, over a three- to four-week period, 
all stones were observed in both environments to check 
for any discrepancies. As a UV filter was used with the 
DL to grade diamonds with medium or stronger blue UV 
fluorescence, we also used it with the DD. Because the 
distance from the lamp to the grading tray is greater in 
the DD than in the DL, one can imagine that the UV 
component might be somewhat reduced. We found that 
stones with medium or stronger blue fluorescence had the 
same color in the DL and the DD when viewed without a 
UV filter. They shifted to the same lower grades when 
examined with the filter. It should be noted that the 
Verilux lamps in the DD are thicker and have more than 
twice the wattage of the lamps in the DL. 

I think the GIA DiamondDock has made significant 
improvements over the DiamondLite, and, except for the 
issue of the high UV emission from its Verilux lamps, it 
makes a very good standard viewing environment for dia- 
mond color grading. It is larger and more grader friendly; 
it has a neutral gray background for better color discrimi- 
nation and less grader eye fatigue; the distance from the 
lamps to the grading shelf is greater (from approximately 
5 inches in the DL to approximately 7 inches in the DD); 
and it provides a vastly improved grading tray. This is a 
large, very white, nonfluorescent plastic, pivotable, V- 
shaped tray that will hold a complete master set of 10 to 
12 stones and still have plenty of working distance 
between stones for accurate color discrimination. 

I’ll conclude with the description of a diamond my 
laboratory examined in October 2008: a 0.89 ct marquise 
brilliant with very strong blue fluorescence. In the DL 
without a UV filter, the stone was graded table-down as 
a high D. In the face-up position, compared to the face- 
up appearance of a 1.0 ct E master stone, the E master 
looked very slightly yellow. But with the UV filter in 
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place, when graded table-down, the color grade shifted to 
a low H. In the face-up position, because the diamond 
was a marquise brilliant (a fancy cut that will generally 
show more color face-up than a round brilliant of the 
same size and bodycolor), it was very slightly less yellow 
than a 1.0 ct J master in its face-up position, and consid- 
erably more yellow than the 1.0 ct H master. The dia- 
mond was also examined in a DiamondLite modified by 
Dazor Inc. to use LED lighting. We found that the dia- 
mond appeared the same in this LED lighting environ- 
ment, in both the face-up and table-down positions, as it 
did in the DiamondLite with a UV filter. 

How is such a diamond to be described and graded 
with consistency and accuracy? I have concluded that 
the best procedure for strongly fluorescent diamonds, 
going forward, would be to issue a report listing two dif- 
ferent color grades in two different standard lighting 
environments, both similar to natural daylight, but one 
with and one without a UV component (of course, natu- 
ral daylight has a UV component, but the strength of that 
component differs significantly from direct sunlight to 
northern, indirect daylight). This additional information 
would be useful to the owners of strong blue fluorescent 
diamonds, alerting them to the fact that the diamond 
may look different in different lighting environments. 

My lab graded the 0.89 ct marquise-cut diamond as 
G color, as in our opinion this was a fair compromise. I 
wonder how the GIA Lab would grade it. How is this 
diamond, and how are other strongly fluorescent dia- 
monds, to be valued? Based on the higher color grade, 
with a large deduction for the strong blue fluorescence? 
Or based on the lower color grade, with a large premium 
for the strong blue fluorescence? Personally I prefer, and 
professionally I practice, the latter. 


Thomas E. Tashey Jr. 
Professional Gem Sciences 
Chicago, Illinois 


MORE ON THE WITTELSBACH BLUE 


In our recent article on the Wittelsbach Blue (Winter 2008, 
pp. 348-363}, we noted that despite “exhaustive efforts” 
we had been unable to locate the “Dr. Klaus Schneider” 
whose research was the basis for much of K. de Smet’s 
book, The Great Blue Diamond (1963). This work has 
been used as an important source for historical informa- 
tion on the Wittelsbach Blue by many authors (e.g., 
Tillander, 1965, 1996; Heiniger, 1974; Legrand, 1980; 
Khalidi, 1999; Balfour, 2001; Bari and Sautter, 2001; 
Bharadwaj, 2002; Manutchehr-Danai, 2005; Erichsen, 
2006; Christie’s, 2008). During our research, however, we 
discovered that many of the statements therein had no 
archival basis, and we sought to contact Schneider or at 
least review his records in hopes of clarifying these incon- 
sistencies. Although we had met with no success at the 
time the GwG article went to press, we wish to report 
that further work has finally cleared up this mystery. 
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Some background here is useful. As we discussed, de 
Smet’s book was commissioned by Jozef Komkommer, 
who bought the diamond in 1961. In it, Schneider is 
described as a “final-year student of history” and “Dr. 
Klaus Schneider,” whom an associate of Komkommer’s 
recruited from a Munich student work organization to 
assist with the book. 

Our initial research determined that Schneider sought 
access to the Bavarian Secret House Archives (BSHA) in 
Munich in September 1961. Schneider's research proposal 
gave his Munich address (Zieblandstrasse 11), his student 
status (“stud. phil.,” or student at the faculty of philosophy) 
and his academic degree (“Diplom-Volkswirt” or diploma 
in national economics). Dr. Hans Rall, head of the Archives 
and professor at the Ludwig-Maximilian University (LMU), 
Munich, contacted the Wittelsbach Equity Foundation 
about Schneider’s request, as only the head of the House of 
Wittelsbach, Duke Albrecht of Bavaria, could give such 
permission. In October 1961, Dr. Rall informed Schneider 
that his proposal could not be addressed because Duke 
Albrecht was on a vacation in the mountains. There is no 
evidence Schneider ever gained access to this archive. 

Later in October 1961, Schneider visited the Austrian 
State Archive in Vienna. The record of his visit (figure 1) 
is quite interesting, because in it he is described as “Dr. 
phil. Klaus Schneider” and his signature (“Unterschrift”) 
appears as “Dr. Klaus Schneider” at the lower part of the 
form. His Munich address also appears, as does an identi- 
fication as “Assistant to Prof. Rall, Munich.” This latter 
designation was not an informal or unimportant appella- 
tion: In the German university system, employment as a 
professor's assistant is one of the possible first steps to 
achieve the rank of professor. 

From 2006 to 2008, we attempted in vain to locate 
any further records of Schneider’s activities. LMU had no 
record of a student of that name. We contacted both Dr. 
Rall’s widow and two former colleagues, none of whom 
recalled a Klaus Schneider working as Dr. Rall’s assistant 
during 1961-1964 (though this is not terribly surprising 
after the passage of 40 years}. One of us (JE) inspected 
Professor Rall’s private library, which is now stored at 
the BSHA; we also requested records from the register of 
citizens of the City of Munich for a “Klaus Schneider” or 
a “Dr. Klaus Schneider” living at Zieblandstrasse 11 dur- 
ing this period. Nothing was found. 

However, in January 2009, one of us (BB) came across 
a record of a “Johannes Nikolaus Paul Anton Schneider” 
at the register of citizens of the City of Dtisseldorf. This 
was significant because Klaus is a German short form of 
Nikolaus. A new request to the City of Munich using this 
name was successful: a “Nikolaus Johannes Schneider” 
indeed lived at Zieblandstrasse 11 during this period. 
Unfortunately, we also learned that Schneider had passed 
away in 1996 in Wuppertal. His death certificate identi- 
fies him as “Dipl.-Volkswirt Johannes Nikolaus Paul 
Anton Schneider” (indicating that he had earned only an 
undergraduate degree, not a doctorate), born in Diisseldorf 


LETTERS 


ty / 4 f 4 hee 
Wirt “Ya, A 

; OSTERREICHISCHES STAATSARCHIV 
(Bus oF) Ken, Q,.) Haus-, Hof- und Staatsarchiv 


Geschiltszahl Referent, Vorzeht 


Nome, Berul: 
(Blockschrift) 


Staatsbirgerschafl: 


Personolousweis: 


Forschungsgegenstand : 


Waa Aecy svatheng & Er 34 effog i Vane Huabe 


Unterschrift: 


*. ‘Jose tele 


Figure 1. This page from the records of Schneider’s 
visit to the Austrian State Archive in Vienna in 
October 1961 identifies him as “Dr. phil. Klaus 
Schneider” and the assistant of Professor Hans Rall at 
Ludwig Maximilian University, Munich. At the lower 
part of the figure his signature, “Dr. Klaus Schneider,” 
is shown. The three statements were false. 


in 1935. In March 2009, author JE succeeded in locating 
this Schneider’s ex-wife, who recalled that her ex-hus- 
band had indeed visited the General Archive of the Royal 
Palace in Madrid in 1962 as stated in de Smet. Thus, we 
can be certain that we located the correct individual. 

A request to the LMU administration in March 2009 
using the correct name at last succeeded in locating 
Schneider’s student records. He entered LMU in 1959 to 
study national economics (“Volkswirtschaft”) and gradu- 
ated in 1963. On the basis of this, it is clear that 
Schneider performed his work for Komkommer in 1961 
and 1962, not as a doctoral student in history but as an 
undergraduate student in economics. It is a fair question 
to ask whether Schneider misrepresented himself (again, 
see figure 1) in order to get the job for the historical 
research on the Wittelsbach Blue. 


Bernd Beneke 
City of Dtisseldorf 


Rudolf Dréschel, Jlirgen Evers, and Hans Ottomeyer 


The authors wish to thank Regierungsdirektor S. Conrad, 
Prof. H. Glaser, Dr. A. Neuhoff, and Prof. G. A. Ritter, 
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© Diamantina 


Hiamond Mining 
in 
Brazil 


THOMAS DRAPER 


Editor’s Note: Since the subject of dia- 
mond mining in Brazil is of such scope 
that it cannot be adequately covered in a 
single article, in this introduction of a 
series, the author has given a brief history 
of the industry and its growth. This will be 
followed by other articles in sequence, deal- 
ing with the different aspects of the mining 
ahd occurrence of diamonds in Brazil. 


IAMONDS ARE OF widespread occur- 
rence in Brazil and have been found 

im practically every state of the Union from 
the borders of Venezuela to Rio Grande do 
Sul. With the exception of a few organized 
enterprises, the production is due either to 
individual miners or to groups of three or 


four working in partnership. The methods 
used are those evolved by the pioneer dis- 
coverets except that, within recent years, 
diving suits have been used in the deeper 
rivers. A set of South African sieves for the 
final separation of the diamonds, instead of 
the cumbersome batea, is also a recent inno- 
vation. 


New diamondiferous areas are constantly 
being discovered and rushed by a restless 
body of miners, — known as garimpeiros, 
some fifty thousand in number,—who dedi- 
cate themselves almost entirely to this 
medium to earn a living. It is in their blood 
—derived from their pioneering ancestors 
who braved the inhospitable interior of 
Brazil when it was still a ‘mere geograph- 
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Ludwig-Maximilian University, Munich; Dr. G. Gonsa, 
Austrian State Archive, Vienna; Mr. P. Gutmann, Munich; 
Dr. G. Immler and Archivoberinspektor A. Leipnitz, 
Bavarian Secret House Archive, Munich; Mrs. M. Rall and 
Mrs. A. Ludden, Munich; AOR G. Reiprich, Bavarian State 
Archive, Munich; Mrs. B. Schneider, Hamburg; and MR G. 
Tiesel, Bavarian State Ministry of Justice and Consumer 
Protection. 
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INCONSISTENCIES IN 
“THE FRENCH BLUE AND THE HOPE” 


In their article presenting a new model of the French 
Blue (Spring G&G, pp. 4-19), Farges et al. used a newly 
discovered lead cast to confirm the possibility of the 
Hope diamond being cut from the French Blue. During 
their research, they created a three-dimensional model of 
the cast based on the shadow projections obtained by an 
Octonus Helium Rough 1:4 scanner operated by Matrix 
Diamond Technology. The dimensions of the model are 
30.37 x 25.50 x 12.87 mm, which match those of the lead 
cast within 20 microns accuracy. (This model is available 
at www.octonus.com/oct/projects/frenchblue.phtml.} 
From my analysis of the 3D model, I disagree with 
some of the statements made in the article. First, it is clear 
that its maximum diameter is actually 30.44 mm: The 
inclination of the maximum diameter to the direction of 


S4 LETTERS 


the length measurement is 4.4°, as illustrated in figure 1. If 
Brisson (1787) measured this true maximum diameter, and 
the edges of the lead cast have indeed been rounded and 
worn down over two centuries, then Brisson’s data match 
the lead model in this dimension much better than the 
authors believed because of their assumption that Brisson 
measured a smaller, “non-tilted” diameter. 

Next, the authors estimate the French Blue’s dimen- 
sions as 29.99 x 23.96 x 12.11 mm on the basis of Brisson’s 
mistakes in measuring the Regent diamond. However, the 
authors did not specify their correction factor and method. 
Taking into account that the correction factors for the 
Regent are in the 1.028-1.035 range, while the correction 
factors for the French Blue height and width used by the 
authors were 1.034—1.035, a height of 12.11 requires a cor- 
rection factor of 1.055. Using the 1.034-1.035 correction 
factor, the height would be 12.35 mm. 

Finally, to correct the weight of the French Blue based 
on the lead cast, the authors used historical data after 
Bion (1791) and Brisson (1787). The weight was used as a 
main criterion to determine the model’s accuracy. The 
authors used results after Morel and converted 268's 
grains (Bion) and 260 grains (Brisson) to 69.00 + 0.05 mod- 
ern carats, as their weight estimate; this estimate was 
used later to adjust the dimensions of the lead cast to 
match the diamond’s presumed weight. To obtain the 
weight represented by the reduced lead cast, the authors 
used the weight of the lead cast (which is not given in the 
article), the cast’s density (which was determined by 
chemical analysis of the metal surface], and the density of 
the French Blue according to Brisson. This resulted in 
68.3 + 0.2 ct. The discrepancy in the estimates was 
explained by different factors of the lead cast’s production 
and storage. As a result, the conclusion was made that the 
lead cast models the French Blue well. 

However, there are several problems with this 
approach. 

First, 268 grains (Bion) equal 71.22, modern carats, 
while 260 grains (Brisson) correspond to 69.05 modern 
carats. The authors do not explain why different ratios 
were used for recalculation of grains into carats for the 
Bion and Brisson data. 

Second, the 3D model developed on the basis of the 
lead cast obtained by an Octonus Helium Rough 1:4 scan- 
ner operated by Matrix Diamond Technology resulted in 
71.4 + 0.2 modern carats; this was not mentioned by the 
authors at all. 

Third, the discrepancy between the dimensions of the 
lead cast and Brisson’s data is as much as 0.6 mm, and 
the authors’ data had a final error range of up to 1.5 mm. 

Last, the chemical composition of the lead cast’s sur- 
face could differ significantly from its internal chemical 
composition. If the authors chose not to rely on the weight 
calculated on the basis of the 3D model, they should have 
measured the lead cast volume by, for example, hydrostat- 
ic weighing. This would have provided a more reliable 
weight estimate to reduce the diamond density. 
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The issues above compel one of two conclusions: 
Either the French Blue weighed more than 71 ct or, if the 
authors consider 69 ct to be the true weight, then the 3D 
model based on the lead cast should be reduced to a size 
corresponding to 69 ct before the comparison with the 
models of the French Blue and Hope Diamond. However, 
this decrease in model parameters would make the con- 
clusion that the Hope Diamond could have been recut 
from the French Blue doubtful (figure 2). 

In order to increase the accuracy and reliability of the 
analysis, I suggest it is necessary to use the 3D models of 
these objects directly, not by comparison with 2D projec- 
tions (which have an accuracy of only 43 pixels/mm). For 
a 3D model comparison, there are programs like 
AutoCad, Solidworks, or software for rough diamond 
allocation, such as PacorClient developed by OctoNus, 
whose products were used by the authors in the course of 
their research. 


Sergey Sivovolenko 
OctoNus Finland OY 
Tampere, Finland 


Reply 

We welcome Dr. Sivovolenko’s comments. We do wish 
to point out that, for space reasons, the published ver- 
sion of the paper was shorter than the version that was 
originally submitted, so it was not possible to include all 
relevant details. 

First, we do not feel it is appropriate in such a paper to 
argue that one type of software is better than another. 
Second, a difference of 2.5 ct (out of 69 ct, following 
Brisson, 1787), depending on the software used, corre- 
sponds to an error of 0.3 mm in the dimensions of the cast, 
which is surely within the error range resulting from wear 
or shrinkage given its manufacture sometime before 1812. 
Third, we have no doubt that Brisson’s 1787 measure- 
ments are accurate to the 0.03 ct level and “0 of a mil- 
limeter based on comparison of his reports of the Regent 
and Hortensia diamonds with modern measurements. 

Our goal was not to conduct an analytical study of 
the lead cast per se but to help reconstruct a mythic dia- 
mond. The lead cast is the best model known to date of 
the French Blue, as it has unique features (such as asym- 
metries) that are also present in the 1889 drawing. There 
is no record of any other diamond of that size with that 
peculiar cut, so there is no doubt that this cast is a repli- 
ca of the French Blue and the only remaining artifact of 
the largest blue diamond ever cut. 

Our research is now focusing on a second lead cast of 
another well-known (and lost) diamond and that of a 
mythic sapphire (also recut) that were found in the same 
set of donations. 


Francois Farges 
MNHAN, Paris 


Scott Sucher 
Tijeras, New Mexico 
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Figure 1. The maximum diameter of the French Blue 
model is actually 30.44 mm, if the measurement is 
taken in a direction slightly inclined from a line 
directly across the table. 


Figure 2. Based on the Helium 3D model, the weight 
of the French Blue would be at least 71.38 ct. 

Reducing the weight to 69.05 ct, as given in Farges et 
al., would require reducing the dimensions as shown. 
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Mikimoto 


By Nick Foulkes, 80 pp., illus., 
publ. by Assouline Publishing 
[www.assouline.com], New York, 
2008. US$18.95 


Assouline Publishing has a reputation 
for releasing sparkling and glamorous 
books with pretty pictures worthy of 
the coffee table, and its profile of 
Mikimoto is no different. This slim 
book is equal parts biography of 
Kokichi Mikimoto (1858-1954), time- 
line of the company he founded at the 
turn of the 20th century, and broad 
history of the pearl itself. Nick 
Foulkes, the British journalist and his- 
torian known as much for his dapper 
appearance as for his reporting, has 
written on luxe topics such as trench 
coats, the Marbella Club, Bentleys, 
and the rise of America’s upper class. 
And with Mikimoto’s pearls, Foulkes 
imparts the same nostalgic sheen 
with which he inevitably coats each 
of his subjects. 

Foulkes begins with a comprehen- 
sive overview of the pearl throughout 
history, focusing on its myths and leg- 
ends, its literary and artistic refer- 
ences, and its popularity among rulers 
of all cultures and civilizations. In 
fact, his detailed account of the vari- 
ous queens and kings who wor- 
shipped the pearl may draw more 
attention than Mikimoto’s own life 
and company history. Did you know, 
for example, that Cleopatra had a 
taste for pearls dissolved in vinegar? 

Foulkes then delves into Kokichi 
Mikimoto’s childhood and early 
youth, highlighting his humble ori- 
gins as the son of a noodle maker, his 
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involvement in “marine product” 
(the arrangement of pearl, mother-of- 
pearl, and shellfish displays), and his 
marriage to Ume, a member of the 
samurai social elite. It is said that the 
untimely death of Ume at the age of 
32 propelled him to work tirelessly at 
perfecting his brand and product in 
the ensuing years. 

The history of the company is 
described as a quick ebb and flow of 
successes and setbacks: Mikimoto 
and Ume creating their first cultured 
pearls in 1893 (despite a devastating 
case of red tide that had killed more 
than 5,000 oysters the previous year), 
his first success in culturing perfectly 
spherical pearls, the opening of his 
first shop—in Tokyo’s Ginza dis- 
trict—in 1899, the company’s difficul- 
ties during World War II, and its swift 
resurgence afterward. 

What is absent from the history of 
Mikimoto’s pearl business is any dis- 
cussion of his competition. Foulkes 
says that Mikimoto was backed by 
naval officer Yanagi, and relied on 
previous studies by Professor Kakichi 
Mitsukuri in his quest to assist nature 
in culturing pearls, but he does not 
mention the work of others such as 
Tokichi Nishikawa or Tatsuhei Mise. 
Likewise, his discussion of the com- 
pany’s grading scale and practices is 
never balanced by any perspective 
from authorities outside the Miki- 
moto organization. 

The second half of the book is 
composed solely of photos, provided 
by Mikimoto or taken from fashion 
magazines, that highlight cultured 
pearl trends over the 20th century. 
These photos are the most worth- 
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while element of the book, as they 
include some of Mikimoto’s most 
famous and exquisite designs, such as 
Yagurama (“Wheels of Arrows”) from 
the World Exposition of Paris in 1937, 
shown in both its deconstructed form 
and its assemblage as a sash clip. 

The book appeals to the same audi- 
ence as every other volume in 
Assouline’s inventory: the social elite 
and those aspiring to the top. Foulkes 
is no stranger to this audience, and 
judging from the way he praises the 
brand’s quality and immortality, it 
seems that he might sell a strand of 
Mikimoto’s cultured pearls better than 
any sales clerk at Saks or Bergdorf. 

SHANNON ADDUCCI 
New York 


The Occurrence of Diamonds 
in South Africa 


By M. G. C. Wilson, N. McKenna, and 
M. D. Lynn; 105 pp. with two wall 
charts, illus., publ. by Council for 
Geoscience [www.geoscience.org.za], 
Pretoria, South Africa, 2007. 
US$68.00 


This is a slim softcover book on dia- 
mond occurrences in South Africa. It 
does not focus on the geology of dia- 
mond deposits or the mineralogy and 
chemistry of kimberlite or the crystal- 
lography of diamond, but rather it 
describes the various deposits in 
South Africa, both primary and sec- 
ondary, where diamonds have been 
found. The first 20 pages present a 
good summary of our general knowl- 
edge of diamond: physical properties; 
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classification of gem, industrial, and 
synthetic diamonds; the history of dia- 
mond discoveries; the diamond mar- 
ket; classification and genetic models 
of diamond deposits; ages of intrusion 
of kimberlites; and methods of explo- 
ration for kimberlites and alluvial dia- 
mond deposits. Not discussed are the 
subjects of nitrogen atoms in the dia- 
mond lattice, the division of diamonds 
into different types, and carbon and 
nitrogen isotopes in diamond. Further, 
the two kimberlite groups (I and II) 
and the role of indicator minerals in 
diamond exploration are only briefly 
mentioned. However, these omissions 
are unavoidable in a concise, easily 
understood text. 

There are, however, errors that 
should have been avoidable. In the 
section on history of discoveries, it is 
correct that the town of Kimberley 
was named in 1873 after Lord John 
Wodehouse, the first earl of Kim- 
berley, who was at the time the 
Secretary for the Colonies in London. 
He was not, as is stated on page 8, the 
governor of South Africa and high 
commissioner for southern Africa. 
Nor was the first diamond found on 
the farm Dorstfontein. In April 1860, 
that large farm had been divided into 
Dutoitspan, Bultfontein, and Vooruit- 
zigt, and the first diamond was found 
in the mortar of the farm house on 
Dutoitspan. 

The section on primary sources 
contains two beautiful and instructive 
full-page color illustrations (figures 2 
and 5 on pp. 13 and 16) on the origin 
of diamond and the intrusion of kim- 
berlite pipes. However, it appears that 
the color coding for the shale and 
sandstone in the stratigraphic profile 
in figure 4 (p. 15) has been reversed. 
Also, it is difficult to distinguish the 
color coding of the maps in figure 6 (p. 
19) and figure 7 (p. 22), depicting the 
different groups of kimberlite and 
their ages; nor is it adequately 
explained what the symbols K1, K2, 
K12, and K21 represent. It also comes 
as a surprise to see in figure 8 (p. 22) 
that 67% of the South African kim- 
berlites fall in the 120 Ma age group, 
as all the traditionally known and eco- 
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nomic kimberlites around Kimberley 
are in the 80-85 Ma group. The editor 
should have spotted that the y-axis of 
figure 9 (on p. 30), representing South 
Africa’s percentage of world produc- 
tion, goes up to the 120% mark. 

The sections on the distribution of 
kimberlites in relation to structural/ 
tectonic features and on the genesis of 
alluvial deposits and their methods of 
exploration are well described and 
easy to understand. While primary 
deposits are discussed in just 20 
pages, alluvial deposits receive a 50- 
page treatment, since the book is 
aimed at those who might invest in 
the less capital-intensive alluvial 
mining sector. 

The book is accompanied by two 
large maps printed on sturdy, glossy 
paper. The main map, “Diamond 
Deposits and Kimberlites of South 
Africa, Lesotho and Swaziland,” is 
derived from the De Beers database for 
this area. Simplified geology is shown 
in color on the map and in the legend, 
and every diamondiferous kimberlite 
and alluvial diamond deposit appears 
on the map and in the legend. The 
symbols for kimberlites are color 
coded (K1, K2, etc.) but again difficult 
to distinguish and inadequately 
explained. The second map, “Alluvial- 
Diamond Occurrences of the North- 
west Province,” highlights farms on 
which mining licenses have been 
issued, historical production is record- 
ed, and recent workings have been 
confirmed by field visits. This is the 
region between Mafikeng-Lichten- 
burg-Ventersdorp to Potchefstroom in 
the north and Schweizer Reneke- 
Wolmaransstad to Bloemhof in the 
south. Scrutinizing the map and the 
text, one can see that that not all allu- 
vial deposits have been investigated in 
detail and additional economic ven- 
tures may await. 

In summary, this is a most useful 
book for readers familiar with South 
Africa. For casual readers, the infor- 
mation on individual occurrences is 
perhaps a bit too specific and detailed. 

A. J. A. (BRAM) JANSE 
Archon Exploration 
Perth, Western Australia 
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Gemlore: Ancient Secrets and 
Modern Myths from the Stone 
Age to the Rock Age 


By Diane Morgan, 232 pp., publ. by 
Greenwood Press [www.greenwood. 
com], Westport, CT, 2008. US$55.00 


Gem lore arises from a constellation 
of sociocultural beliefs and traditions. 
The universally appealing mystique 
that surrounds gems springs from 
imagination and magical thinking 
that morphs and mutates on contact 
with real people and events. Gemlore 
compiles many of gems’ greatest 
fables and twice-told tales, multiplied 
exponentially over the ages. 

Prolific author Diane Morgan is 
adjunct professor of religion and phi- 
losophy at Pennsylvania’s Wilson 
College. She has written many books 
on related subjects, such as emerald’s 
mystique and Eastern religious expe- 
riences in American life. As she con- 
veys in her excellent introduction, 
Morgan appreciates the power of 
belief as perhaps the strongest magic 
of all. 

Morgan chooses to profile 34 gems 
long associated with mythical pow- 
ers—imost of which were well known 
to the world’s ancient and distant civi- 
lizations—such as lapis lazuli, peridot, 
and the chalcedonies. Whether a gem 
is revered by denizens of the 21st cen- 
tury or has been relegated to the dun- 
geons of fashion, the author addresses 
each with humility and respect. 

Each chapter begins with a syn- 
opsis of the gem’s hardness, chemi- 
cal composition, geographic distribu- 
tion, and other physical information. 
Next are the stone’s mystical links 
with planetary bodies, zodiac signs, 
anniversaries, chakras, and dream 
meanings. 

Morgan’s narrative provides cross- 
cultural accounts of each gem’s lore 
as it courses through ancient civiliza- 
tions to modern crystal healers. 
While many of these tales will be 
familiar to gem and birthstone enthu- 
siasts, Morgan entertains readers with 
obscure associations, historical quotes, 
and tidbits of medical anthropology. 
Contemporary gem and crystal healers 
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give older tales a modern-to-occult 
twist, thereby tweaking each stone’s 
lore with a new spin that may seed 
further myth and mystery for future 
generations. 

The author’s unconventional 
sourcing style contributes to a some- 
times staccato narrative. Shunning 
footnotes, Morgan instead employs 
frequent quotation marks and repeti- 
tive attributions to her short list of 
references. In contrast to each chap- 
ter’s synoptic opening, the narrative 
drifts between epochs and occasional- 
ly loses organizational structure. 
References to the teachings of Greco- 
Roman physician Galen are followed 
in nearly the same breath by com- 
ments from a modern crystal writer 
who calls herself Melody. Are they 
truly all the same? 

Morgan relies heavily on the Book 
of Secrets, a text the author calls a 
compendium of 2,000 years of gossip, 
which may date to at least the 13th 
century. While the brief bibliography 
gives modern sources—heavily repre- 
sented by crystal therapists—no refer- 
ence to Secrets is provided. The book’s 
index, however, is commendable. 

Gem enthusiasts and those inter- 
ested in the symbolic allure of gems 
should find this book enjoyable, if not 
indispensable. Morgan’s wry and often 
unexpected wit adds a dose of humor, 
while her informed perspective pro- 
vides readers with an engaging 
roundup of gem magic’s relentless grip 
on our collective imagination. 

MATILDE PARENTE 
Libertine 
Indian Wells, California 


Gems & Jewelry Appraising: 
Techniques of Professional 
Practice, 3rd Ed. 


By Anna M. Miller, edited by Gail 
Brett Levine, 235 pp., illus., publ. by 
Gemstone Press [www.gemstone- 
press.com], Woodstock, VT, 2009. 
$39.99 


This third edition of the late Anna 
Miller’s classic guide is better de- 
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scribed as a new-century update, and 
it does an admirable job of bringing 
one of the first “how-to-be-an-apprais- 
er” books up to the present day. 
Edited by Gail Brett Levine, a 
renowned jewelry appraiser in her 
own right and a self-described protégé 
of Miller’s, this latest edition follows 
the organization of its predecessors, 
eliminating most obsolete entries and 
adding important new information. 
The subtitle is what the book is really 
about—it lays out much of what a 
jewelry appraiser may encounter in 
the daily, weekly, or monthly practice 
of the profession. 

In speaking to the novice, the 
book discusses what a professional 
appraiser is, explains how to open a 
practice, and answers key questions 
for the uninitiated. It continues with 
the basic appraisal concepts of pur- 
pose and function and limiting condi- 
tions, and handling the typical insur- 
ance appraisal. Most of the signifi- 
cant elements of the process are 
addressed, section by section, with 
new information superseding that 
from previous editions. For example, 
the discussion of digital photography, 
which did not exist in the first edi- 
tion and was only in its infancy in 
the second, now reflects the current 
state of the art. 

The characteristics of value in var- 
ious gem categories have been updat- 
ed where necessary (i.e., treatments, 
synthetics, etc.), with an expanded 
section on pearls to reflect how much 
that sector of the trade has grown. 
Not surprisingly, the sections on peri- 
od and ethnic jewelry are largely 
unchanged, but there have been revi- 
sions to the sections on coins and sil- 
ver flatware and hollowware. The 
appendix with charts, tables, and 
sample reports has been expanded, as 
have the glossary and bibliography. 
One disappointing element is that the 
same black-and-white photographs 
from the first edition are still being 
used, with a few more added in the 
new sections. 

Where the book falls short is in 
reminding the reader about the impor- 
tance of actual experience in the trade. 
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Seemingly hidden among the pages 
are a few key statements, such as, 
“Recognizing the limits of your 
knowledge and getting help when 
needed will keep you out of trouble” 
(p. 127). The danger of not repeating 
this idea regularly is that it might lead 
novices to think they only need to 
read a “how-to” book, take a few 
classes on theory, and do some online 
research to somehow bypass the many 
years, if not decades, of trade experi- 
ence required to become a true profes- 
sional appraiser. 

Overall, this new edition for the 
21st century provides a good starting 
point for the novice and a wealth of 
reference information for the veteran 
appraiser. 

CHARLES I. CARMONA 
Guild Laboratories, Inc. 
Los Angeles 


OTHER BOOKS RECEIVED 


The Opal Story: A Guidebook. By 
Andrew Cody and Damien Cody, 39 
pp. with DVD supplement, illus., publ. 
by the authors [www.nationalopal. 
com], Melbourne, Australia, 2008, 
US$37.00. This wonderful, beautifully 
illustrated and produced little book is 
best described as a love letter to opal. 
Into less than 40 pages, the authors 
have packed virtually everything the 
beginning opal enthusiast could want 
to know about this stone’s history, 
formation, mining, production, char- 
acteristics, care, and basic valuation. 
A seven-minute DVD supplement is 
included. 


TWO 


Growth and Morphology of Quartz 
Crystals Natural and Synthetic. By 
Ichiro Sunagawa, Hideo Iwasaki, and 
Fumiko Iwasaki, 202 pp., illus., publ. 
by Terrapub [www.terrapub.co. jp], 
Tokyo, 2009, ¥7500. This book 
details the growth and morphology of 
natural and synthetic quartz. The 
growth of chalcedony and opal is also 
addressed. 


TWO 
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Einige Gedanken zu Jadeit-Jade [Some thoughts about jadeite- 
jade]. H. A. Hanni [h.a.haenni@freesurf.ch], Gemmmologie: 
Zeitschrift der Deutschen Gemmologischen Gesell- 
schaft, Vol. 57, No. 1-2, 2008, pp. 5-12 [in German]. 

This article addresses three issues: Why is jadeite not transpar- 

ent? Why is most jadeite green? Why is the chemical composi- 

tion not always constant? The answer to the first question is 
the polycrystalline structure of jadeite: Light is scattered at the 
grain boundaries. The transparency of the stone is essentially 
influenced by the size and homogeneity of the grains, and can 
be clearly enhanced by filling of the pores. The answer to the 
other two questions can be found in the fact that jadeite, 

NaAISi,O,, forms a solid-solution series with kosmochlor, 

NaCrSi,O,. Isomorphic replacement of Al by Cr in jadeite cor- 

relates with increasing green color. Jadeite also forms a solu- 

tion series with omphacite, a Ca- and Fe-bearing clinopyrox- 
ene. Variations in jadeite composition are due to isomorphic 

replacement by kosmochlor and omphacite components. A 

new standard introduced in Hong Kong allows for small 

amounts of these impurities in jadeite, as long as a specific 
gravity of 3.4 and a refractive index of 1.688 are not exceeded. 

This type of jadeite is called Fei Cui in China. RT 


The geochemistry of gem opals as evidence of their origin. E. 
Gaillou [eloise.gaillou@cnrs-imn.fr], A. Delaunay, B. 
Rondeau, M. Bouhnik-le-Coz, E. Fritsch, G. Cornen, and 
C. Monnier, Ore Geology Reviews, Vol. 34, 2008, pp. 
113-126. 


The authors provide evidence that the geologic and geo- 
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graphic origin of opals can be deduced from the concen- 
trations of the main impurities (defined as >500 ppm) 
and trace elements (<500 ppm) they contain. Based on a 
study of 77 gem-quality opals and 10 host rocks from 10 
countries, they concluded that the chemical composi- 
tion of an opal is genetically linked to that of its host 
rock. This conclusion appears to hold true for both 
forms of play-of-color opal (amorphous opal-A and poor- 
ly crystalline opal-CT), regardless of the amount of 
weathering the host rock has endured. The Ba and rare- 
earth element (REE) concentrations of the gem opals 
and their host rocks were nearly identical, suggesting 
that the opals were derived from fluids that circulated 
through those same rocks. Opals from sedimentary 
environments were shown to have relatively high Ba 
concentrations (118-300 ppm) and “typical” REE pat- 
terns (depletion from light REE to heavy REE, without 
any noticeable Eu or Ce anomalies). Opals with vol- 
canic origins had lower Ba concentrations (<110 ppm) 
and typical REE patterns, along with a negative anoma- 
ly for Eu and, depending on oxidation conditions, a posi- 
tive or negative anomaly for Ce. Geochemical data for 
Mexican opals from volcanic host rocks and Australian 
opals from sedimentary sources are used to illustrate 
these relationships. 

While there are sufficient differences in geochemical 
signatures to determine opal provenance at the regional 
scale, identifying more specific geographic sources (such 
as mines) within the same geologic setting requires fur- 
ther study. With additional geochemical data on more 
samples, along with other observations such as inclu- 
sion analysis, the approach described here could be 
developed into a method for fingerprinting the prove- 
nance of play-of-color opals. Other observations linked a 
high iron concentration (>1000 ppm) to suppressed lumi- 
nescence and darker colors (from yellow to brown) in 
opal. Green luminescence in opal is associated with 
minute amounts of uranium (<1 ppm). 

KAM 


Identification visuelle des différents ivoires [Visual identi- 
fication of different types of ivory]. I. Reyjal, Revue 
de Gemmologie, No. 164, June 2008, pp. 22-27 [in 
French]. 

Ivory is defined as material originating from the dentition 

of one of seven animal species: elephant, mammoth, 

warthog, hippopotamus, walrus, sperm whale, and nar- 
whal. The visual characteristics of ivory from each of 
these sources are described, including size, color, polish, 
growth patterns and lines, and Schreger angles (the angles 
between the cross-hatched lines seen in cross section). 

These characteristics help identify ivory and distinguish 

its origin. Two frequent ivory substitutes are also 

described: the endosperms of tagua palm trees (vegetable 
or palm ivory) and the casques of helmeted hombill birds 

(hornbill ivory). RT 
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Inside rubies. C. P. Smith, C. R. Beesley, E. Q. Darenius, 
and W. M. Mayerson, Rapaport Diamond Report, 
Vol. 37, No. 47, 2008, pp. 140-148. 

Fine-quality Burmese rubies set the standard by which 

rubies from other parts of the world are judged. However, 

Burmese rubies recently became a subject of U.S. legisla- 

tion—the Tom Lantos Block Burmese JADE (Junta’s Anti- 

Democratic Efforts) Act of 2008. 

Dealers prohibited from supplying Burmese rubies to 
the U.S. market are looking for alternate ruby sources, 
and the authors indicate there are about 20 other coun- 
tries. These deposits are concentrated in two regions 
where major orogenic episodes have occurred. One of 
these events produced the Himalayas and several associ- 
ated mountain chains ~55 million years ago (Ma); this 
ruby-bearing region extends from Afghanistan, Pakistan, 
and Tajikistan, into Nepal and east to Myanmar and 
Vietnam. The other event, the Pan-African Orogeny 
(800-450 Ma), is responsible for ruby deposits in southern 
India, Sri Lanka, Madagascar, and East Africa. Rubies that 
formed during orogenic episodes are typically related to 
metamorphic growth conditions, with the finest-quality 
stones hosted by marbles. However, some deposits have a 
magmatic origin; that is, the rubies formed in the mantle 
and then were transported to the surface during eruptive 
events. 

One of the authors (CPS) devised a ruby classification 
scheme to differentiate rubies’ geologic origins—meta- 
morphic or magmatic—based on their gemological fea- 
tures. The latter pages of the article illustrate this 
scheme, with photomicrographs of (1) internal features 
that differentiate stones from various localities and (2) the 
principal treatments used on rubies. AB 


Weight of production of emeralds, rubies, sapphires, and 
tanzanite from 1995 through 2005. T. R. Yager, W. 
D. Menzie, and D. W. Olson, U.S. Geological 
Survey Open-File Report 2008-1013, 2008, 9 pp., 
http://pubs.usgs.gov/of/2008/1013. 
Estimating colored stone production is inherently difficult 
due to the nature of the industry (e.g., lack of government 
oversight or reporting, significant variations in the quality 
of rough, and countless small-scale mining operations). 
These factors also undermine effective regulation, and col- 
ored stones—like diamonds—have the potential to fund 
armed conflict and illegal activities. This paper marks the 
first attempt by the U.S. Geological Survey (USGS) to 
establish global production statistics by country for emer- 
ald, ruby, sapphire, and tanzanite. A table for each gem 
shows the inferred production of rough (in kilograms) from 
1995 through 2005. The study estimates the carat weight 
of imports to the U.S. from the top five countries of origin. 
It also discusses various influences on gem production, 
such as new and declining gem sources, mining operations 
and technology, and other market factors such as enhance- 
ment processes and political pressures. The authors’ 
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sources include annual USGS Mineral Questionnaires 
returned from producing countries, export data, company 
reports, and the trade literature. The paper acknowledges 
that the monetary value of production is even more diffi- 
cult to estimate because of complex and rapidly changing 
market variables. Nevertheless, the authors provide for 
each gem variety: (1) the systems used to value them, (2) 
the average per-carat values for rough, and (3) the highly 
variable price ranges for cut goods. ERB 
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A colourless natural diamond showing strong orange and 
mixed coloured fluorescence images. T. Lu, T. 
Odaki, K. Yasunaga, and H. Uesugi [info@agt.jp], 
Australian Gemmologist, Vol. 23, No. 4, 2008, pp. 
337-340. 

A 0.31 ct type Ia colorless brilliant-cut diamond was 

characterized by standard gemological testing, fluores- 

cence imaging, and UV-Vis-NIR, IR, Raman, and photo- 
luminescence (PL) spectroscopy. The sample displayed 
strong orange fluorescence to long-wave UV radiation, 
and it showed mixed-color fluorescence when exposed 
to the ultra-short-wave radiation of the DiamondView. 

The UV-Vis-NIR absorption spectrum and PL emissions 

revealed a weak band at 480 nm and a distinct Ni-relat- 

ed doublet in the PL spectrum at 883 and 885 nm. The 
authors suggest that for this diamond, which did not 
have the defects that typically produce the 480 nm band, 

Ni might be a component in the 480 nm band defect and 

might also play a role in the orange long-wave fluores- 

cence. RAH 


The iciest ice. M. Kerawala, CIM Magazine, Vol. 3, No. 7, 
2008, pp. 70-73. 

Canada’s Diavik diamond mine (operated by a Rio Tinto 
subsidiary as a joint venture with Harry Winston 
Diamond Corp.) is undergoing a $700 million expansion to 
extend its life to 2020 or beyond. This article offers a 
glimpse of the mine’s history and its plans for the decade 
ahead. 

The Diavik mine is located on East Island in the 
Northwest Territories. The site’s entire infrastructure— 
including an airstrip, housing, and amenities for work- 
ers—had to be built from scratch, starting in 2001. While 
air travel is used year-round, heavier loads can only be 
delivered during a two-month span when the winter road 
is open for truckers. This road services three diamond 
mines and various exploration projects in the region; over 
85% of it traverses lake ice and must be constantly mon- 
itored. It takes approximately 15 hours to reach Diavik 
from Tibbitt (a 373 km trip). Shipments must be careful- 
ly planned in advance to ensure that all the year’s sup- 
plies are delivered during those two months. 

Safety and environmental savvy are critical to man- 
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agement of the Diavik mine. To help support the commu- 
nity, two-thirds of Diavik employees are local residents, 
with half of that group being aboriginals. Due to safety 
concerns in the frigid temperatures, workers are not 
required to perform any task they deem to be unsafe. 
Diavik recycles heat from its power plants for use in its 
shop, processing plants, and housing. 

Diavik has already started augmenting the existing 
infrastructure to support the transition to underground 
production, which is expected to be completed by 2012. 
Further development will also take place at an adjacent 
pipe, where open-pit mining is just beginning and produc- 
tion is expected in late 2009. Diavik plans to continue 
drilling at a nearby site to better define an unmined pipe. 
The company also budgeted $10 million in 2008 for an 
aggressive exploration program on its claim block around 
the mine site. Joshua Sheby 


A Northern Star: Canada’s first diamond mine celebrates 
a milestone. D. Zlotnikov, CIM Magazine, Vol. 3, 
No. 7, 2008, pp. 40-43. 
In late 2008, the Ekati mine in Canada’s Northwest 
Territories (NWT) celebrated its 10th anniversary of opera- 
tion. Under its current plan, the mine can remain active 
until 2020. However, this could be extended to 2040 as 
long as operating costs are low enough ($50/tonne ore) to 
exploit less-accessible diamond-bearing pipes. The key to 
this is maintaining current efficiencies while developing 
additional cost-saving steps with minimal impact on the 
environment. Ekati runs entirely on diesel power, though 
wind and hydropower are being investigated as energy 
alternatives. To reduce fuel consumption and greenhouse 
gas emissions, Ekati has implemented several measures, 
such as installing motion-sensing light switches in offices, 
recycling waste heat from generators, and minimizing the 
idling time of vehicles. 

To ensure that northern residents benefit from the 
diamond wealth being extracted, Ekati has four Impact 
Benefit Agreements with aboriginal landowners and a 
Socio-Economic Agreement with the Northwest 
Territories government. Although Ekati is only contrac- 
tually obligated to spend 70% of its money within the 
NWT, it consistently exceeds that amount (e.g., 81% in 
2007). In fact, diamond mining and processing now 
account for 40% of the NWT’s gross domestic product. 
Besides spending money within the community, Ekati 
hires and trains NWT natives (67% of its workforce, 39% 
of whom are local aboriginals). The mine also encourages 
local schoolchildren to complete their education by 
showing them opportunities awaiting them at the mine 
after they finish school. As a result, more high school 
students are graduating and actively seeking higher edu- 
cation. In supporting the environment and the communi- 
ty, Ekati has played a significant role in the Northwest 
Territories. 


Joshua Sheby 
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The origin of cratonic diamonds—Constraints from min- 
eral inclusions. T. Stachel [tstachel@ualberta.ca] 
and J. W. Harris, Ore Geology Reviews, Vol. 34, 
2008, pp. 5-32. 
Mineral inclusions in diamonds provide unique informa- 
tion on both (1) the physical and chemical environment 
deep in the earth’s mantle, and (2) the conditions under 
which diamonds form. This article reviews the geologic 
origin of diamonds formed in the mantle beneath conti- 
nental cratons on the basis of geochemical data for nearly 
5,000 silicate, oxide, and sulfide mineral inclusions. These 
different kinds of inclusions are conventionally divided 
into three categories that represent their principal mantle 
source rocks. Peridotitic inclusions appear to be related to 
rocks of peridotite composition that originated by melt 
extraction in Archean equivalents of mid-ocean ridges or 
similar shallow, low-pressure environments. Eclogitic 
inclusions broadly reflect more basaltic source composi- 
tions, again in shallow environments along subduction 
zones. Websteritic inclusions are less well defined, but 
they appear to originate from pyroxenitic source rocks 
intermediate in composition between peridotite and eclog- 
ite. Geothermometry data suggest that diamonds with all 
three types of inclusions formed and then were kept under 
similar thermal conditions in the mantle. Depths of for- 
mation are believed to have been <200 km, with the dia- 
monds precipitating from upward-percolating carbonate- 
bearing melts/fluids. JES 
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Ambre mésoaméricain [Mesoamerican amber]. G. L. 
Cattaneo [ambar@ambarweb.it], Revue de Gemmo- 
logie, No. 165, 2008, pp. 9-16 [in French]. 

This article reports on Mesoamerican amber from the 

Dominican Republic and central Chiapas, Mexico. 

Dominican and Mexican ambers come from related legu- 

minous Hymenaea trees. The estimated ages of these 

ambers vary from 20 to 17 Ma (Miocene} and 30 to 20 Ma 

(Oligocene to Miocene) for Dominican amber, and 26 to 22 

Ma (Oligocene to Miocene) for Mexican amber. Meso- 

american amber contains no succinic acid and is therefore 

classified as retinite. Mesoamerican ambers come in many 
natural colors, mainly different shades of yellow but also 
some rarer orange-“cognac,” “cognac,” and “cherry”-red 
hues. Most Mesoamerican amber has a high degree of 
transparency and, unlike Baltic amber, does not need to be 
clarified. However, the presence of organic (and rarely inor- 
ganic) inclusions may result in low-quality brownish yel- 
low to brown to blackish brown specimens. Dominican 
and Mexican ambers can have a beautiful green-blue or 
blue-violet-green fluorescence, best seen with reflected 
light (especially sunlight). Rare “blue” amber is mined 
only at La Cumbre in the Dominican Republic, where the 
average annual yield does not exceed 25 kg. Its intense flu- 
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orescence in reflected light suggests the presence of pery- 
lene hydrocarbons. 

Since 1996, a rare variety of red amber has been mined 
almost exclusively in Chiapas, and 2007 production was 
estimated at no more than 10 kg. The red color is due to 
an external oxidation layer caused by contamination from 
percolated water saturated with iron compounds. Some 
rare green amber from Chiapas (<0.6 kg mined annually) is 
said to be colored by the effects of colloidal dispersion of 
organic particles present in the “amber macromolecule.” 

The majority of Dominican amber is mined from sec- 
ondary deposits and occurs in layers of lignite or carbona- 
ceous clay interspersed with beds of sandstone. Mexican 
amber comes from primary deposits and occurs in lenses 
of lignite interspersed with carbonaceous layers. 

FP 


Color-change apatite from Kazakhstan. A. A. Zharinov, V. 
V. Ponomarenko [mineralvvp@yandex.rul], and I. V. 
Pekov, Rocks &) Minerals, Vol. 83, No. 2, 2008, pp. 
148-151. 

Large crystals of apatite exhibiting a distinct color change 

have been produced from the Akzhailyau Mountains of 

Kazakhstan. The area is located in the Semipalatinsk 

region in the eastern part of the country near the border 

with China. These mountains consist of three parallel 
ridges that attain a maximum elevation of ~1500 m. The 
apatite is found in quartz-feldspar pegmatite bodies that 
are associated with granites comprising a large exposed 
pluton. Pegmatites were first found in the area in the mid- 
1940s, and some 200 sizeable bodies have produced large 
crystal-filled pockets containing quartz, feldspar, micas, 
apatite, and several rare minerals. One large pegmatite 
pocket measured about 4 x 4 x 4 m in volume. The pris- 
matic apatite crystals measure up to 6 cm long, and vary 
from translucent to transparent. They appear yellowish 
brown in daylight, pink under incandescent light, and 
greenish yellow in fluorescent light. Possible inclusion 
minerals in the apatite are monazite, albite (cleavelandite), 
muscovite, and dark smoky quartz. Electron microprobe 
analysis revealed the presence of various rare-earth ele- 
ments (Ce, Nd, La, Sm, and Pr) in the apatite, which may 
account for the color-change behavior. Stones up to 15 ct 
have been faceted from this material. JES 


Opali di fuoco del Brasile [Fire opals from Brazil]. F. 
Caucia, C. Ghisoli, and V. Bordoni, Rivista Gem- 
mologica Italiana, Vol. 3, No. 3, 2008, pp. 179-188 
[in Italian]. 

While most fire opals come from the well-known Mexican 

deposits, they are also mined from a number of smaller 

deposits in Oregon (Opal Butte), Indonesia, and Ethiopia. 

In the 1970s, fire opals were discovered in Brazil: near 

Campos Grande (in Rio Grande do Sul State}, Sao Geraldo 

do Araguaia (Para State), and Castelo do Piaui (Piaui State). 

The authors studied a number of yellow-to-red fire opals 
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from Brazil by standard gemological techniques, powder X- 
ray diffraction, scanning electron microscopy, and LA-ICP- 
MS, and the results were compared with data for fire opals 
from other sources. Measurements of SG and RI alone 
were not diagnostic of origin, and Fe was confirmed as the 
cause of the orange bodycolor. RT 


Ornamental variscite: A new gemstone resource from 
Western Australia. M. Willing [margotwilling@ 
iinet.net.au], S. Stécklmayer, and M. Wells, Journal 
of Gemmology, Vol. 31, No. 3/4, 2008, pp. 111-124. 

This article provides an in-depth characterization of 

variscite from Woodlands Station, Western Australia, 

including its geologic occurrence and mineralogical associ- 
ations. Data obtained from standard gemological testing 
and petrographic thin section analysis, as well as SEM- 

EDS, XRD, EDXRF, and Vis-NIR reflectance spectroscopy, 

are summarized in numerous figures and tables. 

The authors include an overview of variscite occur- 
rences and mining worldwide, which is supplemented by 
a detailed look at archeological finds from the Neolithic 
period and the Roman Empire (when it was often referred 
to as callais or callainite). Despite the long history of 
variscite mining, there are few sources of ornamental- 
quality material, and most of the goods on the market 
come from stockpiled rough mined in Nevada or Utah. 
The Woodlands Station deposit represents an important 
new source of variscite, and its distinctive textural char- 
acteristics yield attractive objets d'art. 

The variscite is hosted in siltstone and occurs in two 
textures: fibrous and equigranular. Color photos illustrate 
the wide range of its appearance. Reflectance spec- 
troscopy indicates that while Cr** is the main chro- 
mophore, variscite can also incorporate vanadium in sev- 
eral oxidation states. X-ray diffraction analysis confirms it 
to be “Mefbach-type” in association with metavariscite, 
a dimorph of variscite. Inclusions of elemental gold form 
a rare feature: discrete platelets or granules that are easily 
visible in dark green variscite. Matrix material was shown 
to consist of iron oxides, quartz, crandallite, and alunite. 

ES 


The Woodlands variscite-gold occurrence in the north 
Gascoyne region of Western Australia. E. H. Nickel, 
R. M. Hough, M. R. Verrall, E. Hancock, A. M. 
Thorne, and D. Vaughan, Australian Journal of 
Mineralogy, Vol. 14, No. 1, 2008, pp. 27-36. 
The Woodlands variscite occurrence, near Mt. Egerton, is 
located in an area of phosphate mineralization within a 
zone ~0.5 m thick that can be traced for at least 1 km; it 
consists of several thin seams 10-50 mm thick. Viewed in 
hand specimen, the variscite is typically bluish green with 
irregular yellowish brown patches consisting mostly of 
crandallite, making it attractive gemological material. The 
color of the variscite varies from white to dark bluish green 
and appears to depend on grain size. EDXRF and SEM-EDS 
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analyses of the variscite show an appreciable but variable Si 
content, 1-3 wt.% Fe, up to 0.2 wt.% Cr, and up to 0.4 
wt.% V. Gold is observable in some of the variscite from 
the main vein, with an overall content of 17 ppm Au. The 
paragenesis is also discussed. RAH 


Winza rubies identified. A. Peretti [adolf@peretti.ch], F. 
Peretti, A. Kanpraphai, W. P. Bieri, K. Hametner, 
and D. Gtinther, Contributions to Gemology, No. 
7, 2008. 

The authors present the results of a characterization study 
of gem rubies and sapphires from a relatively new locality 
near the village of Winza in central Tanzania. Since high- 
quality rubies were accidentally discovered in this remote 
region in the fall of 2007, artisanal miners have recovered 
stones at the surface or in vertical shafts from an area cov- 
ering several square kilometers. 

This report begins with a summary of the region’s 
geology. The rubies occur in association with amphibo- 
lites as rhombohedra or as tapered prismatic euhedral and 
subhedral crystals up to several centimeters long in a gar- 
net-pargasite host rock. Weathering of the host rock near 
the surface distributed loose corundum crystals in the 
soil. Most are red to purplish red (occasionally violet or 
blue). In many instances, the corundum displays internal 
color zones with banded or irregular areas that are blue, 
pink, or both. Solid inclusions identified include apatite, 
chlorite, garnet, pargasite, pyrite, spinel, and talc. Whitish 
particle clouds and both primary and secondary fluid 
inclusions are also common, as is crystallographic growth 
zoning. Especially distinctive in Winza rubies are flat or 
needle-like inclusions, the latter exhibiting unusual 
curved or spiral patterns in some cases. 

Minor and trace-element data obtained by LA-ICP-MS 
analysis showed small amounts of Ni (up to ~25 ppm), an 
unusual trace element in natural corundum. Multiple 
analyses along the traverses of color-zoned crystals corre- 
lated trace-element contents with coloration. Heating 
experiments on Winza rubies using traditional techniques 
were not very successful, producing orange coloration and 
diminishing transparency. Heat treatment appears to be 
detectable by infrared spectroscopy. JES 


INSTRUMENTS AND TECHNIQUES 


Identification of taaffeite and musgravite using a non- 
destructive single-crystal X-ray diffraction tech- 
nique with an EDXRF instrument. A. Abduriyim 
[ahmadjan@gaaj-zenhokyo.co.jp], T. Kobayashi, and 
C. Fuduka, Journal of Gemmology, Vol. 31, No. 1/2, 
2008, pp. 43-54. 

Taaffeite (Mg,Al,BeO,,) and musgravite (Mg, Al BeO,,) are 

mineral species that belong to the taaffeite mineral group. 

Both are optically uniaxial and have hexagonal lattices, 

and they have similar chemical compositions and crystal 
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e Typical garimpeiro 


ical expression” — and, like their ancestors, 
they are also pioneers in opening up the 
remaining uninhabited regions which, but 
for their efforts would probably remain in- 
cognito indefinitely. Some of them ate 
always searching for a new Golconda and, 
when they find it, send the news back to 
their families and friends. Then a corrutela 
—a little village of grass huts—springs up as 
if by magic on a river’s banks, an enterpris- 
ing commerciante appears with provisions 
and a good stock of liquor—followed by a 
bevy of parasites of the feminine gender— 
cabarets are opened within a few days, and 
life becomes hectic by night and by day. 
Order is maintained by the “law of the 
garimpo” which firmly discourages infrac- 
tions of its code by tying a delinquent to 
a post where he becomes an object of deri- 
sion to his companions. If necessary sterner 


measutes ate taken, mote especially when 
the theft of diamonds is involved, but this 
seldom happens and valuables may be left 
lying about without any fear of their being 
stolen. Deaths occur either ‘by design or by 
accident, the accidental ones being in the 
minority. 

Each miner stakes his own claim and 
works it either by throwing the overburden 
aside or by laboriously carrying it away on 
his head in a carrombe —a wooden platter 
about fifteen inches in diameter. When he 
finally reaches bedrock, on which the dia- 
mond-bearing gravel reposes, it also has to 
be carried to the nearest water where it is 
washed in a set of screens of different 
meshes and the diamonds, if any, separated. 
Despite the exorbitant prices charged 
by the commerciante, the garimpeiro’s earn- 
ings generally suffice to cover his needs, 
which are limited to carne secca (dried 
beef) and beans without trimmings. There 
is no need for him to journey elsewhere to 
sell his diamonds as there are always buyers 
waiting. to snap them up at a price consid- 
erably lower than it should be. The buyers 
live on a higher social scale and have to get 
to the field as best they can, which usually 
means a feco-teco (taxi-plane) for which 


® Overburden being carried out 
with carrombe. 
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structures. Because of these shared characteristics, they 
cannot be distinguished through standard gemological 
testing. Taaffeite and musgravite are differentiated only by 
their symmetries (hexagonal vs. trigonal, respectively) and 
different lattice-cell constants. Techniques with high reso- 
lution and accuracy—such as single-crystal and powder X- 
ray diffraction, electron microprobe analysis, and Raman 
spectroscopy—are also effective in distinguishing the min- 
erals. This article describes an EDXRF instrument modi- 
fied for use as a single-crystal X-ray diffraction apparatus. 
It operates using a special rotating and tilting stage that 
nondestructively determines diffraction patterns to distin- 
guish the minerals according to their symmetries, unit-cell 
dimensions, and space groups. GL 


Magnetic susceptibility, a better approach to defining gar- 
nets. D. B. Hoover [dbhoover@aol.com], C. Wil- 
liams, B. Williams, and C. Mitchell, Journal of 
Gemmology, Vol. 31, No. 3-4, 2008, pp. 91-103. 

Using a new, nondestructive method of gem testing, the 

authors demonstrate how the major end-member composi- 

tion of any garnet can be confidently predicted by plotting 
its RI against measured magnetic susceptibility. On this 
diagram, eight end-member garnets are plotted so that any 
unknown sample can be placed in the appropriate ternary 
area. This method shows how previous methods of identi- 
fying garnets (e.g., by their color, RI, and absorption spec- 
trum) are inadequate to correctly identify mineral composi- 
tions within the garnet group. Magnetic susceptibility mea- 
surements (as opposed to determination of the unit cell 
dimensions) can be carried out with inexpensive equip- 
ment available to most gemologists and mineralogists. 
RAH 


Specular reflectance infrared spectroscopy—A review and 
update of a little exploited method for gem identifica- 
tion. T. Hainschwang [thomas.hainschwang@ 
gemlab.net] and F. Notari, Journal of Gemmology, 
Vol. 31, No. 1/2, 2008, pp. 23-29. 

Vibrational spectroscopy, which comprises Raman and 

infrared spectroscopy, is a very important tool in gemolog- 

ical analysis. However, Raman systems are expensive, and 
infrared spectroscopy may require destructive sectioning 
or powdering of the investigated material. This article 
describes an alternative: specular reflectance infrared spec- 
troscopy. This method detects only those peaks due to 
major compositional components of a material. Because of 
this sensitivity to chemical composition and molecular 

coordination, such a spectrum serves as a fingerprint of a 

material. 

The authors have been building an extensive database 
of specular reflectance FTIR spectra since 2001. Any 
material can be rapidly identified if the matching refer- 
ence spectrum is available. Even in the absence of a refer- 
ence spectrum, an experienced user can obtain significant 
clues to a material’s identity by relating its major peaks to 
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those of a mineralogical group. The technique is also use- 
ful for identifying jewelry-mounted gemstones or very 
small surface-reaching inclusions. Its speed, precision, 
and relatively low cost make it an important tool for 
gemological laboratories. GL 


JEWELRY HISTORY 


The innovative techniques and unusual materials of Art 
Nouveau jewelry. Y. J. Markowitz and S. Ward, 
Antiques, Vol. 174, No. 1, 2008, pp. 56-63. 

During the Art Nouveau movement (roughly, from the 

1890s up to the First World War), a small group of avant- 

garde European artists helped redefine and revolutionize 
the design and fabrication of what had become a tired and 
predictable art form. Complex adornments were often fab- 
ricated from parts that could be assembled to fit elaborate 
armatures that allowed the wearer to display the piece in 
different ways (e.g., as either a brooch or a hair ornament). 

Metal treatments such as oxidation were also used to 

achieve different effects and act as a foil for enamels and 

other materials. 

Part of the innate charm of Art Nouveau jewels is 
their use of unusual and often inexpensive materials in 
artistic designs produced with consummate technical 
skill. Horn was first used by René Lalique at the Salon of 
the Société des Artistes Francais in 1896, and was quickly 
adopted by other Continental jewelers, including 
Gaillard, Vever, and Aucoc. Lalique and Gaillard were 
noted for treating some portions of their designs to pro- 
duce a delicate iridescent “bloom” on the surface of the 
horn. Other “unusual” materials included glass and 
enamel, which were sometimes combined masterfully by 
Lalique. Detailed photos complement the descriptions of 
fabrication and manufacturing techniques. Each item is 
analyzed in terms of construction, materials, finish, and 
design. 

The jewelry in this article is from an exhibition titled 
“Imperishable Beauty: Art Nouveau Jewelry,” which was 
at the Museum of Fine Arts in Boston in 2008 and will be 
on view at the Cincinnati Art Museum from October 24, 
2009, to January 25, 2010. JEC 


Rocks solid. S. Cooperman, Forbes, December 8, 2008. 
Art Deco jewelry has always been popular among serious 
collectors, but it may also have investment possibilities. 
The cachet of Art Deco has been on the rise since the late 
1970s, following a long period when it was out of favor 
(with some pieces even being disassembled for resale). 
Despite its increasing popularity, auction houses have 
repeatedly underestimated the value of the pieces, as evi- 
denced by their sales prices being well above their auction 
estimates. Demand is expected to stay high, since Art 
Deco was an era of limited production when jewelry 
craftsmanship was at its peak. 


GEMS & GEMOLOGY SUMMER 2009 


The introduction of platinum enabled Cartier to start 
the monochrome or “white-on-white” trend, and Van 
Cleef adopted it for its innovative “invisible” settings. 
Baguette-, trapezoid-, and trillion-cut stones were intro- 
duced during this period. When color came into vogue, 
the “fruit-salad” style was created, incorporating con- 
trasting gem materials such as “crystal,” turquoise, 
malachite, lapis lazuli, coral, onyx, and jade; pieces with 
Cartier’s “tutti-frutti” style are still among the most 
sought-after designs. The discovery of King Tut’s tomb in 
1922, also had an impact on the period, which saw Van 
Cleef depicting pharaohs and Cartier using scarabs. Art 
Deco pieces without colored stones and diamonds also 
exist, created by independent jeweler-artists whose 
unconventional designs were entirely outside the realm 
of the traditional motifs established by the big jewelry 
houses. Signed Art Deco pieces command a premium at 
auction, but unsigned work with fine craftsmanship 
should not be dismissed. Collectors must be patient now 
that Art Deco jewelry is getting harder to find. 

Michele Kelley 


Study of the provenance of Belgian Merovingian garnets 
by PIXE at IPNAS cyclotron. F. Mathis [francois. 
mathis@ulg.ac.be], O. Vrielynck, K. Laclavetine, G. 
Chene, and D. Strivay, Nuclear Instruments and 
Methods in Physics Research B, Vol. 266, 2008, pp. 
2348-2352. 

A 2002 road excavation in the Walloon area of Belgium 

uncovered a 5th century cemetery containing 436 tombs. 

Archeological excavations led to the discovery of about 60 

jewels inlaid with red garnets. The PIXE technique was 

used to analyze the garnets, utilizing a 3.1 MeV proton 
beam at the IPNAS cyclotron of the University of Liege, 

Belgium. The garnets had a mostly homogeneous compo- 

sition and thus were probably from a single source. The 

study confirms that PIXE in external-beam mode is a pow- 
erful tool for evaluating the provenance of archeological 
garnets. DAZ 


JEWELRY RETAILING 


A diamond is forever . . . but the hard-hit jewelry industry 
is in a state of flux. S. Buxbaum, The Secured Lender, 
November/December 2008, pp. 64-66. 

Traditional retail jewelers have been affected more severely 

than many others by the economic downturn. However, 

the industry is also witnessing a deep competitive shift 
toward internet sellers. The author chronicles the success 
of internet retailer Blue Nile and quotes a prediction by the 

Jewelers Board of Trade that many mid-market indepen- 

dent stores will probably go out of business during the next 

five years. Lenders who take jewelry in secured lending 
transactions must be aware that its value can be subjective, 
influenced by fashion and workmanship. RS 
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Economic downturn: A challenge or opportunity? 
Jewellery News Asia, No. 293, 2009, pp. 50-52. 
Manufacturers of stylish jewelry made from alternative 
(non-precious) metals have an opportunity to gain sales 
among hard-pressed middle-income consumers in Asia. In 
addition, manufacturers of such products may find it easi- 
er to keep bank financing while gold hovers at a near- 
record price. Manufacturers are warned against discount- 
ing too deeply, because they may need ample profit mar- 
gins to survive the economic downturn. RS 


Romancing the stone. K. Field [kfield@chainstoreage.com], 
Chain Store Age, November 2008, pp. 29-31. 
Blue Nile, the internet diamond seller, has seen its sales 
increase from $14 million in 1999—its first year of opera- 
tion—to $319 million in 2007. According to CEO Diane 
Irvine, the company operates on a 22% gross margin, com- 
pared to an average of 50% for a typical brick-and-mortar 
jeweler. While the company acknowledged difficulties as 
the economy deteriorated in the fall of 2008, Irvine said it 
could remain profitable and poised for growth. RS 


SYNTHETICS AND SIMULANTS 


Effect of seed sizes on growth of large synthetic diamond 

crystals. C. Zhang [dndzcy@hpu.edu.cn], R. Li, H. 

Ma, S. Li, and X. Jia, Journal of Materials Science 

and Technology, Vol. 24, No. 2, 2008, pp. 153-156. 
The authors grew synthetic diamond crystals via the tem- 
perature-gradient method (high pressure and high tempera- 
ture) using seed crystals ranging from 0.5 to 2.5 mm. All 
were grown using the same temperature gradient, at 5.5 
GPa and 1550 K, in a cubic anvil apparatus. The carbon 
source was high-purity graphite, and the catalyst/solvent 
was a Ni-Mn-Co alloy (ratio of 70:25:5 by weight). The 
growth surface was the (111) face. The diffusion of carbon 
in the metal solvent was simulated and analyzed by finite 
element analysis (FEA). 

The authors demonstrated that by increasing the seed 
size and keeping all other variables constant, the crystals 
grew at a faster rate. However, larger seeds correlated to a 
decrease in the quality of crystals produced. With a 1.0 
mm seed, the resulting diamond had no metal inclusions. 
A 1.8 mm seed led to a few small, sheet-like metal inclu- 
sions, while a 2.5 mm seed resulted in large, blocky metal 
inclusions. FEA was used to simulate and report on the 
carbon diffusion process, since actual diamond growth 
under these conditions cannot be observed in situ. FEA 
showed that the carbon super-concentration at the seed 
surface is inhomogeneous—it increases symmetrically 
about the center of the growth surface, where it is lowest. 
The slower growth rate at the center of the crystal 
explains why metal inclusions tend to be concentrated 
there and not on the edges—the growing crystals simply 
enwrap the molten metal solvent, which quenches to 
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form solid inclusions when the experiment is terminated. 
It also explains why a larger growth surface, with a greater 
difference in carbon concentration and consequently a 
greater difference in growth rate from center to rim, leads 
to larger metal inclusions. JS-S 


L’ambra: i falsi (Parte V) [Amber: The fakes (Part V)]. G. L. 
Cattaneo [ambar@ambarweb.it] and F. Talami, 
Rivista Gemmologica Italiana, Vol. 3, No. 3, 2008, 
pp. 189-195 [in Italian]. 

A considerable number of materials that imitate genuine 

amber play an important role in the amber market. With 

the development of plastics, a series of synthetic polymers 
have been used, especially celluloid, Bakelite, methacrylate 

(i.e., acrylic glass, Plexiglas, or Perspex), polystyrene, and 

polyester. Early examples of imitation resins are found in 

Victorian and Edwardian jewelry dating back as far as 1870. 

Specific gravities, refractive indices, and characteristic 

odors produced by hot point testing are given for these 

materials. During the 1960s to 1980s, a simulant called 

Polybern was produced in East Germany, Poland, and 

Lithuania. It was composed of amber fragments and 

polyester. Frequently, amber fragments are also processed 

to form “pressed” amber (reconstructed amber). Last, 
immature natural resins called copal are used as substitutes 
for genuine amber. Today, most of this material comes 

from Colombia and Madagascar, with ages of 80-1,000 

years (compared to Baltic amber, at 40-50 million years). 

Inclusions are not conclusive for separating natural, 

untreated amber from its many simulants. Although natu- 

ral inclusions (mostly insects and spiders) are highly prized, 
these can be artificially introduced into both natural amber 
and amber substitutes. RT 
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Enhanced optical properties of chemical vapor deposited 
single crystal diamond by low-pressure/high-tem- 
perature annealing. Y.-F. Meng, C.-S. Yan, J. Lai, S. 
Krasnicki, H. Shu, T. Yu, Q. Liang, H.-k. Mao, and 
R. J. Hemley [hemley@gl.ciw.edu], Proceedings of 
the National Academy of Sciences, Vol. 105, No. 
46, 2008, pp. 17620-17625. 

Single-crystal chemical vapor deposition (SC-CVD) syn- 

thetic diamond was grown at very high growth rates (up 

to 150 pm/hour) by microwave plasma-assisted tech- 
niques. The resulting gem-quality SC-CVD synthetic 

“plates” had faces up to ~1 cm? and ranged from 0.2 to 

6.0 mm thick. The addition of a small amount of nitro- 

gen to the synthesis gas (CH,) produced optically homo- 

geneous, hydrogen-containing type Ila brown crystals 
with low nitrogen content (<10 ppm) and strong, broad 

UV-visible absorption. The crystals were annealed in a 

hydrogen environment at low pressure (<300 torr, less 

than half of atmospheric pressure) and high temperature 
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(up to 2200°C) for several hours without graphitization. 

The low-pressure, high-temperature (LPHT) annealing 
enhanced the optical properties of the SC-CVD crystals, 
observed as significant decreases in the intensity of spec- 
tral features in the UV, visible, and infrared absorption 
and photoluminescence spectra. Decreases in sharp spec- 
tral features indicate a reduction of nitrogen-vacancy- 
hydrogen defects during annealing, which the authors 
ascribe to an increase in the relative concentration of 
nitrogen-vacancy centers in annealed material. The 
hydrogen-assisted alteration of defect structures in SC- 
CVD crystals with LPHT annealing is different from the 
alteration of natural brown type Ila diamonds during 
HPHT annealing, where decreases in optical absorption 
are caused by the removal of defects associated with plas- 
tic deformation. 

The authors note that LPHT annealing of SC-CVD 
synthetic diamonds to enhance their optical properties 
can be performed in CVD growth chambers as a post- 
growth treatment, and is unconstrained by crystal size. 
LPHT-annealed SC-CVD synthetics may have technical 
and scientific applications such as in quantum comput- 
ing. Of gemological interest are the relatively large, gem- 
quality specimens produced and their decolorization by 
LPHT treatment. Emily V. Dubinsky 


Pre-harvest colour-treated akoya unveiled. Jewellery 
News Asia, No. 284, 2008, pp. 60-62. 
Tanabe Pearl Farm of Mie, Japan, announced a new treat- 
ment process to produce pink, green, blue, and lavender 
akoya cultured pearls by injecting a colored liquid into 
the oysters. The developer of the process, Tomokazu 
Tanabe, claimed the colors were not dyes but “a combina- 
tion of man’s efforts and nature’s power.” Thus far, the 
treated akoyas form only a very small percentage of 
Tanabe’s production, and none have been marketed. A 
Japanese laboratory, the Gem Science Academy of Tokyo, 
has provided several techniques for identifying them. 
Their UV-Vis-NIR reflectance spectra are much different 
from those of untreated or conventionally dyed akoya cul- 
tured pearls. In addition, X-radiographs can detect the 
metallic compounds that were injected into the oysters. 
RS 


Visually distinguishing A-jadeite from B-jadeite. J. Li 
[geoli@vip.sina.com], X. Liu, Z. Zhang, Y. Luo, Y. 
Cheng, and H. Liu, Journal of Gemmology, Vol. 31, 
No. 3/4, 2008, pp. 125-131. 

After first discussing the distinctions between A-jadeite 

and B-jadeite in the context of the Chinese gem trade, the 

authors describe visual skills that can aid in the separa- 
tion of these two types. A-jadeite is defined as material 
that has been carved and polished, with minimal wax 
applied to enhance the luster. Mild acid is considered 
acceptable as a bleaching agent, provided it does not dam- 
age the jadeite’s structure; also, iron-containing A-jadeite 
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may be heated to give it a red color. B-jadeite has been 
processed with strong acid, and the resulting pores filled 
with wax or polymer resin. C-jadeite (bleached and dyed) 
is not addressed. 

Visual distinctions are described, illustrated with 
color photos, and discussed in terms of: (1) surface luster 
or comparative reflectance differences, (2) distribution of 
color on the surface, (3) internal inclusion patterns, (4) 
internal behavior of light resembling the adularescence of 
moonstone, (5) microfractures and their relationship to 
color distribution, and (6) item size and quality and the 
intricacy of the carving. For example, the internal yellow 
glow found in A-jadeite distinguishes it from B-jadeite, 
which exhibits a white-blue reflection. The underlying 
reasons for this effect, as well as other observations listed 
above, are discussed in detail. Careful attention to these 
features is required for an accurate determination, though 
the potential for error still exists and advanced laboratory 
equipment may be required. ES 


MISCELLANEOUS 


Artisanal diamond cooperatives in Sierra Leone: Success 
or failure? E. A. Levin [enquiries@ddiglobal.org] and 
A. B. Turay, Diamond Development Initiative 
Policy Brief, Jane 2008, 4 pp. 
In Sierra Leone, a U.S.-led attempt to establish diamond 
mining and marketing cooperatives is an apparent failure. 
Between 1999 and 2005, the five cooperatives funded by 
the Integrated Diamond Management Program, under the 
U.S. Agency for International Development (USAID), pro- 
duced 320 stones weighing a total of 60.37 carats, valued 
at $4,390. This NGO report alleges that there were many 
reasons for the failure, including USAID’s withdrawal of 
funding for most of the cooperatives, the working of sites 
with unproven diamond resources, the lack of mining 
expertise, delays (the country’s civil war had not yet ended 
when the program began), theft, and weather problems. 
The report recommends that future projects include sur- 
veys to study whether the lands actually contain dia- 
monds, pay more attention to local hierarchies in setting 
up the cooperatives, give adequate training to the diamond 
diggers, and provide mechanized mining equipment where 
needed. RS 


Diamonds, development and democracy. N. Oppen- 
heimer, World Policy Journal, Fall 2008, pp. 
211-217. 

While diamonds and other commodities have fueled civil 

war and conflict in a number of African nations, these 

natural resources can assist with growth and development 
if governments and their citizens choose that direction. 

The author, chairman of the De Beers Group, notes suc- 
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cesses in Botswana, pointing out that well-managed dia- 
mond resources have moved that nation from being one 
of the world’s poorest 40 years ago, to one of the most 
successful economies in Africa today. Botswana can serve 
as a roadmap for other African countries to establish func- 
tioning, effective democracies; deploy natural resources 
into public goods; and form innovative 50/50 partnerships 
between government and large investors. The report 
stresses that, while the West often views Africa as a sin- 
gle entity, it is a continent of 54 separate nations, each 
with its own strengths and weaknesses. The author ends 
with a report on the effectiveness of the Kimberley 
Process. RS 


Eco-friendly production: The first step to sustainability. 
Jewellery News Asia, No. 290, 2008, pp. 56-57. 
Jewelry manufacturers in Hong Kong are preparing for 
potential future environmental regulations by building 
cleaner and more efficient factories. Industry officials say 
that implementing waste reduction strategies would pro- 
duce the best results in large-scale plants that process 
large quantities of precious material. New strategic equip- 
ment includes air showers for catching gold dust and 
laser-welding machines that work at rates of seconds 
instead of minutes. While eco-friendly production is more 
costly, saving valuable materials can sometimes pay for 
the equipment in a matter of months and improve long- 
term cost effectiveness. AB 


Jadeite auction results suggest cooling trade, market. 
Jewellery News Asia, No. 243, 2009, pp. 63-64. 
The October 2008 Myanma Gems, Jade, and Pearl 
Emporium saw record low business, with 59.5% of the 
lots selling, bringing in a total of $163 million. However, 
some top jade lots did sell for much more than their pre- 
sale reserve. One was estimated at $101,000 but sold for 
$868,000. Another, estimated at $25,500, sold for 
$399,000. In 2008, Myanmar’s government sold 12,829 
tonnes of jade for a total of $720 million. RS 


Why China manufacturers are optimistic despite global 
slowdown. Jewellery News Asia, No. 290, 2008, pp. 
81-84. 

During the global financial crisis, Chinese diamond jewel- 

ry manufacturers have turned their attention from export- 

ing to the United States to creating branded jewelry lines 
for their domestic market. Several polished diamond 
wholesalers observed that Chinese consumers are broad- 
ening their preferences to include diamonds above 0.50 ct 
and SI clarity, both of which had been a difficult sell there. 

The manufacturers are also establishing closer ties to local 

retailers in promoting their branded diamond jewelry 

pieces, noting the need to pay more attention to fashion 
trends and changes in the retail environment. RS 
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New Technologies Face Off with New Realities 


t's no secret that gem treatments are 

becoming far more sophisticated 
and challenging to identify. Look no 
further than diamonds processed by 
high pressure and high temperature 
(HPHT), corundum diffused with beryl- 
lium, and topaz and other gems sub- 
jected to ultra-thin coatings. When 
some of these treatments were intro- 
duced, we did not know if the testing 
methods then available to gemologists 
and gemological labs could character- 
ize them reliably. Fortunately, just as 
advances in technology have led to 
more sophisticated treatments, they 
have also hastened the development of 
powerful analytical techniques. Many 
of these techniques are now common 
in fields such as chemistry, physics, and materials science, and 
enterprising researchers are learning to adapt them to problems 
of gem identification. 


We have seen this over the years in G&G with, for example, the 
harnessing of the Raman spectrometer, first to identify inclusions 
in gem materials (and the materials themselves) and later to record 
photoluminescence spectra that help characterize HPHT-treated 
diamonds. Virtually unknown in gemology a decade ago, laser 
ablation—inductively coupled plasma—mass spectrometry (LA-ICP- 
MS) is now routinely used to identify Be-diffused ruby and sap- 
phire. As featured in the Winter 2007 G&G, GIA and other gem 
laboratories are investigating the application of fluorescence spec- 
troscopy to detect synthetic and treated colored diamonds. In the 
Summer 2008 issue, scientists at D. Swarovski & Co. showed us 
how X-ray photoemission spectroscopy can reveal characteristics 
of surface-coated vs. diffused topaz. 


This issue of G&G introduces gemological applications for two 
additional instruments that have been used successfully in other 
fields. In the lead article on “green amber,” Ahmadjan 
Abduriyim and coauthors identified a diagnostic signal with 
nuclear magnetic resonance (NMR) spectroscopy that proves 
whether a natural resin (amber or copal) was treated with a new 
two-stage heating process. Although NMR requires that a por- 
tion of the sample be destructively analyzed, the study offers 
valuable insights into how the treatment can artificially “age” 


EDITORIAL 


Raman spectrometer 


copal so that it resembles amber (with 
a distinctive yellowish green color in 
some cases). In their article on the “flu- 
orescence cage,” Inga Dobrinets and 
Alexander Zaitsev employ fluores- 
cence microscopy—a technique wide- 
ly used in the life sciences—to identify 
type | diamonds that have been sub- 
jected to HPHT treatment. This could 
provide a rapid screening technique 
for gem laboratories. 


While the application of new analytical 
techniques to gemology is not always 
immediately apparent, an awareness of 
them is critical as new treatments and 
synthetics reach the marketplace. We 
urge every gemologist to stay alert to 
developments in other fields that might have potential in gemolo- 
gy. In the meantime, escalating technologies provide a fascinat- 
ing arena for face-offs between new synthetics and treatments 
and the means of accurately and efficiently identifying them. 


And while we’re on the subject of new technologies, in 
early October G&G introduced a monthly e-newsletter, the 
G&G eBrief. This publication reports breaking develop- 
ments in gemology—new materials seen in the GIA 
Laboratory, the latest treatments, emerging localities, and 
other must-have-now information for the practicing gemol- 
ogist. If we have your email address on file, you should 
have received it. If you did not, please email us at 
gandg@gia.edu. Free to all in 2009, it will be delivered 
exclusively to the journal’s subscribers starting in January. 
Prices for the print version of G&G will be going up in 

2010 to offset higher printing and mailing costs, but we 
believe that the value of the journal—and of the new G&G 
eBrief, as well as additional benefits soon to be 
announced—will make your subscription to G&G more 
indispensable than ever. 


(ridh Yh Za 


Brendan M. Laurs ¢ Editor ¢ blaurs@gia.edu 
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privilege the garimpeiro is elected. The field 
buyers ate only the little spiders — the big 
ones live in palacetes in Rio and drive ex- 
pensive cars for which the garimpeiro also 
pays. 

With a few exceptions the tendency of 
the garimpeiro to have a good time (which 
incidentally he fully deserves) is his undo- 
ing. If lucky enough to bamburrar (strike 
it lucky), he makes a bee line for the near- 
est town and sheds his fortune on wine, 
women, and song. First of all he exchanges 
his ragged working suit for two new ones 
taken off the shelf- and, probably for the 
first time in his life, owns a pait of boots. 
A spare suit naturally needs a suit case. So 
he acquires one and adds a few extras, —a 
razor, shaving soap, and some perfume—but 
the most important item of all is a revolver. 
Next, he provides himself with a companion 
of the feminine gender, hites a car by the 
day or week, and spends his money faster 


than he can count it out. But the day of 
reckoning comes. He sells his spare suit 
and the suit case but keeps the revolver for 
emergencies, which might be either for per- 
sonal protection (or retaliation) or to fill 
an aching void. Then he goes back to work 
a sadder, but not a wiser, man. In the 
meantime his garimpo has. probably petered 
out and its inhabitants have perhaps moved 
elsewhere. The corrutela with its grass huts 
now stands empty and desolate until a grass 
fire comes along and leaves only charred 
timber to mark its site. 

Diamond fields are either wet or dry, or 
a combination of both, but from an alco- 
holic point of view they remain wet. Dia- 
monds may occur both in the river and in 
its banks and terraces. River mining is more 
complicated and needs cooperation to seal 
off and dry out sections from which the 
overburden can be stripped to get down to 
bedrock, on which the cascalho (diamond- 
bearing gravel) reposes. In some cases the 
tiver can be entirely diverted from its 
course. In others, wing dams serve the pur- 
pose equally well. A forest, some tall grass, 
and plenty of earth is all that is needed and 
these can generally be found close at hand. 
When the river is too deep or too wide to 
be dammed, diving suits are used by those 
who can afford it. The less fortunate ones 
acquire a canoe and carry on by diving down 
to fill a sack with material from the bottom. 
This is then hauled up and the contents 
emptied into the canoe itself. Whatever its 
nature, work is carried on from daylight to 


e In deeper water, when impos- 
sible to defiect stream, diving suits 
are used to remove sand. 


CHARACTERIZATION OF “GREEN AMBER” 
WITH INFRARED AND NUCLEAR 
MAGNETIC RESONANCE SPECTROSCOPY 


Ahmadjan Abduriyim, Hideaki Kimura, Yukihiro Yokoyama, Hiroyuki Nakazono, Masao Wakatsuki, 
Tadashi Shimizu, Masataka Tansho, and Shinobu Ohki 


A peridot-like bright greenish yellow to green gem material called “green amber” has recently 
appeared in the gem market. It is produced by treating natural resin (amber or copal) with heat 
and pressure in two stages in an autoclave. Differences in molecular structure between untreated 
amber and copal as compared to treated “green amber” were studied by FTIR and '3C NMR 
spectroscopy, using powdered samples. Regardless of the starting material, the FTIR spectrum of 
“sreen amber” showed an amber pattern but with a characteristic small absorption feature at 820 
cm’. Solid-state '*C NMR spectroscopy of the treated material indicated a significantly lower 
volatile component than in the untreated natural resin, evidence that the treatment can actually 
“artificially age” copal. A new absorption observed near 179 ppm in the NMR spectra of all the 
treated samples also separated them from their natural-color counterparts. 


amber and copal may be treated with heat and 

pressure in an autoclave—or treated at high tem- 
perature with linseed oil—to improve their brown- 
ish yellow color, transparency, or hardness (e.g., 
O'Donoghue, 2006). These treatments have focused 
on amber from the Baltic Sea region (which includes 
localities in Poland, Scandinavia, Russia, the Baltic 
Republics [Estonia, Latvia, and Lithuania], and 
Germany), and also young amber and subfossilized 
copal mined in Latin America. In recent years, it 
appears that such treatments have been refined to 
produce a new product. 

In May 2006, a gem material called “green 
amber” (figure 1) debuted at the Hong Kong Jewel- 
lery & Watch Fair, where it was offered by Treasure 
Green Amber Ltd., Hong Kong. Dealers from 


t has been known for quite some time that 
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Poland (Amber Gallery Export-Import, Amber Line) 
and Lithuania (Amber Trip Lithuania) presented 
this material at the International Jewellery Tokyo 
(JT) show in January 2008. It also appeared at the 
Tucson gem shows in February 2008, where it was 
sold by amber dealers and distributors under names 
such as “natural green Caribbean amber” or “very 
rare Baltic amber” (Pedersen, 2008). This material, 
which has a peridot-like bright greenish yellow to 
green color, displays a distinctive deeper green com- 
ponent than previously seen in amber, even in the 
rare green material from Mexico. 

Author AA visited Treasure Green Amber Ltd. 
in June 2007 and was provided with information on 
the material by general manager Hung Chi and sales 
manager Steven Wai. They stated that their “green 
amber” is obtained from natural amber—allegedly 
of Brazilian, Baltic, or other origin—that has been 
treated by a two-stage procedure involving long 
time intervals under controlled heat, pressure, and 
atmosphere, in an autoclave developed in Germany 
for heat treatment. The green color of the treated 
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material reportedly becomes deeper as the number 
of heating stages increases. During treatment, 
volatile components are evidently emitted from the 
material, causing it to become harder and more sta- 
ble. They further explained that the treatment pro- 
cess was derived from a traditional enhancement 
technique frequently used to improve the color, 
transparency, or hardness of amber in Germany, 
Russia, Poland, and Lithuania. This process was 
refined by Hans Werner Mueller of Facett Art in 
Idar-Oberstein, Germany, to produce “green 
amber.” Treasure Green Amber Ltd. purchased the 
technique and installed more than a dozen auto- 
claves at its factory in Guangzhou, China. It subse- 
quently improved the heating process to achieve a 
higher yield of fine green color. 

Dr. Lore Kiefert of the former AGTA-GTC labo- 
ratory visited Facett Art in 2007 and reported that 
this company mainly treated amber from Ukraine to 
alter the color to green. She concluded that no syn- 
thetic resin such as plastic was detectable in the 
material (Kiefert, 2008). 

At the 2008 IJT show, there was considerable 
discussion among amber dealers from Poland and 
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Figure 1. The 9.0 ct 
briolette and carved 
beads shown here are 
examples of “green 
amber” from Treasure 
Green Amber Ltd. 
Photo by Robert 
Weldon. 


Lithuania around the contention by some that the 
starting material for “green amber” also came from 
Poland, and that all the “green amber” for sale had 
been produced from copal. As a result, many labora- 
tories and amber dealers in Japan became suspicious 
of “green amber” because of the possibility that 
amber was not used as the starting material. 

Amber and copal can usually be separated with 
basic gemological testing because of differences in 
their physical properties (e.g., hardness and resis- 
tance to acid; O’Donoghue, 2006) and their infrared 
spectra (Brody et al., 2001; Guiliano et al., 2007). It 
appeared possible, however, that the “green amber” 
treatment could change the structure of the original 
starting material so identification was not as 
straightforward. Hence, we collected samples of 
amber and copal from various localities and per- 
formed heat-treatment experiments with the assis- 
tance of Treasure Green Amber Ltd. Using Fourier- 
transform infrared (FTIR) spectral analysis and high- 
resolution solid-state ‘°C nuclear magnetic reso- 
nance (NMR) spectroscopy (box A), we studied the 
differences in molecular structure among “green 
amber,” untreated amber, and untreated copal, as 
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BOX A: NUCLEAR MAGNETIC RESONANCE (NMR) SPECTROSCOPY 


NMR spectroscopy is one of the most advanced 
techniques for structural studies of liquids and solid- 
state analysis of organic compounds. This instru- 
mentation (figure A-1) gives detailed information 
about atomic environments based on the interac- 
tions of nuclear magnetic “moments” with electro- 
magnetic radiation. 

NMR spectroscopy is appropriate only for atomic 
nuclei that have an odd number of protons and/or neu- 
trons and a nuclear magnetic moment. The nuclear 
spin takes two orientations that have different energy 
levels when a magnetic nucleus such as 'H, '°C, !°N, 
or *!P is placed in the magnetic field. Solid-state NUR 
spectroscopy is performed by placing the sample in a 
magnetic field and observing its response to pulses 
of energy in the radio frequency (RF) portion of the 
spectrum. The technique requires samples to be 
ground to a fine powder and loaded into a small cap- 
sule, called a rotor. The rotor is then placed into a 
probe, which is loaded into a large apparatus housing 
a very strong magnet. Depending on the quality of 
data desired, a technique called magic-angle spin- 
ning (MAS) may be employed. This technique 
involves rapidly spinning a sample within the mag- 
netic field at an angle of 54.7°, which averages out 
orientation-dependent magnetic effects that blur 
spectra. The sample is then exposed to pulses of RF 
energy, and the frequencies it re-emits are collected 
by a spectrometer. 

During an NMR experiment, the energy emitted 
in response to the RF energy is measured as a func- 
tion of time, producing a time-domain spectrum. A 
Fourier-transform function is applied to the spectrum, 
producing a frequency-domain spectrum where rela- 
tive intensity is shown along the Y axis and energy is 
shown along the X axis. The energies are measured 
relative to a standard material in which the bonding 
environment of a nuclide and the RF energy it emits 
are known. Because the energy difference between the 
standard material and the sample is very small, X-axis 
values are typically reported in parts per million 
(ppm), or chemical shift, with 0 ppm representing the 
characteristic energy of the standard. Peaks in these 
spectra correspond to various atomic environments, 
and in the case of !3C NMR spectroscopy, their posi- 
tion depends on the carbon bonding site energy in the 
sample relative to that of the reference standard. 

NMR spectroscopy has important applications 
in organic chemistry, and it may also find potential 
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Figure A-1. This JEOL ECA-500 spectrometer is the 
NMR instrument used at the National Institute for 
Materials Science (NIMS) in Tsukuba, Japan, for this 
study. Photo by A. Abduriyim. 


new uses in gemology. Unlike FTIR spectroscopy, 
NMR identifies unique atomic sites in organic 
molecular units or in the crystal lattice of a materi- 
al. With further research, this technique may prove 
useful, in certain situations, for determining the rel- 
ative age and the geographic origin of organic gems. 
NMR can be applied with minimal damage (i.e., it 
uses a small sample size, and chemical dissolution 
is not necessary). However, due to the high cost of 
the instrumentation (ranging from $355,000 to 
more than $5 million) and the potentially destruc- 
tive nature of the method, it will likely see only 
limited application to gemology. 
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NEED TO KNOW 


¢ Both copal and amber have been treated to produce 
“green amber.” 

e A two-stage heating process, in an autoclave, is used. 

e The treatment “ages” copal so that its gemological 
properties resemble amber. 

e Analysis of “green amber” with FTIR and '*C NMR 
spectroscopy revealed diagnostic features at 820 
cm"! and near 179 ppm, respectively. 

¢ The presence of “Baltic shoulder” features in the 
FTIR spectrum of a treated sample indicates that 
the starting material was amber; their absence can- 
not be used to identify the starting material. 

¢ The green color appears to result from light scatter- 
ing from fine clouds of inclusions. 


well as the structural changes that occurred as the 
result of heat treatment. Following a discussion of 
the results of these studies, this article also covers 
the nomenclature for describing this material on lab- 
oratory reports. 


BACKGROUND 


Amber is fossilized tree resin. Resin is a semisolid 
amorphous organic hydrocarbon secreted by all 
plants. Amber forms when resin from certain trees 
hardens and fossilizes gradually over time (Schlee, 
1984; Grimaldi, 1996; Lambert, 1997). The resin 
first hardens by losing volatile components such as 
alcohol and grease to become copal (figure 2), which 
then undergoes further devolatilization during buri- 
al in sediments to become amber. 

Not all tree resin can become amber. In general, 
resins that fossilize to amber are secreted by trees 
in the families Araucariaceae (figure 3) and 
Fabaceae (the latter is commonly known as the 
legume family). In contrast, trees belonging to the 
family Pinaceae (i.e., the pine family) typically do 
not produce resin that fossilizes to amber (Kimura 
et al., 2006a). To become amber, the resin must 
contain a macromolecule called a diterpene, which 
is a type of hydrocarbon that is part of natural resin 
(Anderson and Winans, 1991; Anderson et al., 
1992). Ozic acid, a diterpenoid, is a major compo- 
nent of resins produced by plants belonging to the 
family Fabaceae. Copal from Colombia, Tanzania, 
and Madagascar, as well as amber from the 
Dominican Republic, originates from trees that 
belong to this family. In contrast, communic acid 
is a major component of resin from trees in the 
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Figure 2. Millions of years are required for tree resin 
to become amber. It first hardens to become copal, 
such as this sample from Madagascar (21.53 ct). 
Photo by Hideaki Fukushima. 


family Araucariaceae, which may produce Baltic 
and Ukrainian amber. 

Polymerization of organic hydrocarbon 
molecules (each of which has a similar “skeleton” of 
carbon atoms) changes the resin to copal, and a 
cross-linkage reaction between chains of these 
hydrocarbons produces amber (Clifford and Hatcher, 
1995; see appendix A). In nature, this cross-linkage 
reaction proceeds very slowly at elevated tempera- 
ture and pressure during sedimentation and burial of 
organic sediments; in fact, it takes about 17 million 
years to reach the halfway point (Kimura et al., 
2006a). This means that copal requires tens of mil- 
lions of years to change into amber. However, these 
reactions can be significantly accelerated by expos- 
ing copal to an alternative set of pressure and tem- 
perature parameters in the laboratory. 

Methods that can be used to study the molecular 


Figure 3. Baltic amber, such as these samples (11.20 
and 14.77 ct), formed from the resin derived from 
trees of the family Araucariaceae. The darker color of 
the sample on the right is due to natural oxidation in 
the ground. Photo by A. Abduriyim. 
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structure of amber and related materials include 
FTIR spectroscopy, NMR spectroscopy, and pyrolyt- 
ic gas chromatographic (Py-GC) mass analysis. 
However, all these techniques require destructive 
experimental procedures (including FTIR, when 
applied to amber and copal). 


MATERIALS AND METHODS 


A total of 44 samples were used in this study, with a 
weight range of 0.81—67.20 ct (table 1). The samples 
included 14 pieces of treated “green amber” provided 
by Treasure Green Amber Ltd. (originally from 
Brazil), Facett Art (from Ukraine), and Amber 
Gallery Export-Import (locality unknown); a repre- 
sentative piece of untreated copal from each of four 
sources (Colombia, Brazil, Madagascar, and Tan- 
zania); and a representative piece of untreated amber 
from each of five sources (Kuji in Japan, the Baltic 
Sea region, Ukraine, the Dominican Republic, and 


Mexico}. All the untreated samples were examined 
first in their untreated state and then after heat treat- 
ment (see below]. The amber samples from the 
Baltic Sea region, the Dominican Republic, and 
Mexico were not sliced prior to heat treatment, 
while the other samples (both copal and amber) were 
cut into two portions so that one piece could be used 
for heat treatment and the other portion retained in 
its untreated state. In addition, for further heat-treat- 
ment experiments, the untreated portion of the 
Colombian copal was cut into several additional 
pieces (one more slice and 14 beads). 


Heating Experiments. With the cooperation of 
Treasure Green Amber Ltd., heating experiments 
were performed in the same autoclave (figure 4) and 
under the same conditions used previously by this 
company to produce “green amber” (Hung Chi, pers. 
comm., 2007). All the untreated amber and copal 
samples, except for Col-03-17, were placed on trays 


TABLE 1. Properties of untreated and heated amber and copal samples. 


i V 
Material Location Sample No.of treatment Weight Color eee RI SG Age 
no. samples (ct) Long-wave — Short-wave 
Amber Kuji, Japan Kuj-01 1 Untreated? 1.29 Brown Dark gree Dark green 1.55 1.05 83-89 Ma (Kimura 
Kuj-02 1 Treated 0.81 Dark brown Whitish blue Darkgreen 1.55 1.06  etal., 2006b) 
Amber Baltic Sea Bal-01 1 Untreated 14.79 Brown-yellow Bluish green Dark green 1.54 1.06 35-55 Ma (Kimura 
region Bal-O1H Treated 14.35 Yellowish green Whitish blue Darkgreen 1.54 1.06  etal., 2006b) 
Uk-01 1 Untreated 25.05 Yellowish Dark gree Dark gree 1.54  ~=1.08 7 " 
Amber Ukraine brown ne ae 70) 
Uk-02 1 Treated 15.50 Green Whitish blue Dark green 1.54 1.06 ° 
Amber Dominican —Dom-01 1 Untreated 6.46 “Honey” yellow Dark gree Dark green 1.54 91.05 = 15-45 Ma (Rikkinen 
Republic Dom-01H Treated 5.73 Yellowish green Whitish blue Dark green 1.54 1.05 — and Poinar, 2001) 
Ambe Mexico Mex-01 1 Untreated 8.34 Greenish yellow Whitish blue Dark green 1.54 1.04 22-26Ma 
ex-01H Treated 8.09 Yellowish green Whitish blue Dark green 1.54 1.04 (Cattaneo, 2008) 
Col-01 1 Untreated 67.20 “Lemon” yellow Dark gree Dark green 1.55 1.06 a 
Copa Colombia Col-02 1 Treated 12.28 Green Whitish blue Dark green 1.54 = 1.05 are 
Col-03 1 Treated 10.42 Brown Dark gree Dark green 1.55 1.06 2006b) . 
Col-04-17 14 Treated 1.03-1.05 Yellowish brown _ Dark gree Dark green 1.54 1.05 
ad-01 1 Untreated 19.47 Pale yellow Dark gree Dark gree 1.52 1.05 50-60 years (Kimu- 
Copal Madagascar aa 1 Treated + 12.07 “Golden’ yellow  Whitish blue Dark green 1.53 1.03 raetal., 2006b) 
F Tan-01 1 Untreated 2.53 Pale yellow Dark gree Dark green 1.53 1.05 : 
Copa lanza Tan-02 1 Treated 1.42 Brownish yellow  Whitishblue Darkgreen 1.53 1.05 ~ roe 
F Bra-01 1 Untreated 8.33 “Honey” yellow Dark gree Dark green 1.54 1.06 
pena Bea Bra-02 1 Treated 8.46 Green Whitish blue Darkgreen 1.54 1.05 ~ aw 
Amber Brazil® TR-001-005 5 Treated 1.20-5.49 — Green Whitish blue Dark green 1.55 1.06 Unknown 
Amber Unknown BR-001 1 Treated 14.49 Green Whitish blue Dark green 1.54 1.05 Unknown 
Amber Unknown BR-002-003 2 Treated 6.88, 9.46 Yellowish green Whitish blue Dark green 1.54 1.05 Unknown 
Amber Unknown BR-004 1 Treated 40.98 Greenish yellow Whitish blue Dark green 1.54 1.05 Unknown 
Amber Ukraine® FA-001-004 4 Treated 1.40-4.69 Yellowish green Whitish blue Dark green 1.55 1.06 Unknown 
Amber Ukraine® FA-005 1 Treated 3.92 Greenish yellow Whitish blue Dark green 1.55 1.06 Unknown 


@ The presence of sun spangle-like inclusions suggests that this “untreated” sample may have been exposed to a previous heating process. 
° Origin of untreated starting material, as reported by Treasure Green Amber Ltd. 
© Origin of untreated starting material, as reported by Facett Art. 
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with chalk powder on their surfaces to prevent adhe- 
sion if melting occurred during heat treatment. A vac- 
uum atmosphere was created in the sample chamber 
of the autoclave and then a small amount of nitrogen 
gas was introduced. The temperature was raised to 
150°C, and the pressure was gradually increased to 
~14 bars. This pressurization prevented the samples 
from liquefying. After the samples were heated for 30 
hours in this environment, the temperature and pres- 
sure were slowly reduced to ambient conditions. The 
sample chamber of the autoclave was kept closed and 
the process was repeated, but during the second run 
the temperature was raised to 200°C and the pressure 
was ~22. bars, with a heating period of 20 hours. The 
temperature and pressure were again slowly lowered 
and the samples were left in the chamber until ambi- 
ent conditions were restored. 

We used the same autoclave to conduct anoth- 
er set of experimental heating experiments on 
Colombian copal samples Col-03-17, in which we 
lowered the maximum temperature (since the 
200°C used above is close to the melting point of 
copal under pressure). We tested two variations: 
(1) Col-O4-17 underwent a two-stage heating pro- 
cess at 180°C and 20 bars for 20 hours at each 
stage, and (2) Col-03 was subjected to a one-stage 
heating process at 180°C and 20 bars for one hour. 
The latter treatment process has also been used 
routinely by Treasure Green Amber Ltd. to induce 
a yellowish brown color in amber and copal. 


Gemological Testing. Standard gemological methods 
were used to document the samples’ color, hardness 
(by the fingernail scratch test), refractive indices (the 
spot method was used on curved surfaces), specific 
gravity (by hydrostatic weighing), fluorescence to long- 
and short-wave ultraviolet radiation, and inclusions 
(examination with a gemological microscope). In addi- 
tion, we performed: (1) an alcohol test, by placing a 
drop of ethanol on the surface of the sample and not- 
ing any reaction after it had evaporated, (2) a brine test, 
in which the sample was placed in a saturated salt 
solution (SG of 1.1) made by adding 4-5 teaspoons of 
salt to 200 ml water; (3) a hot point test, by positioning 
a heated needle near the surface of the sample; and (4) 
a static electricity test, by briskly rubbing the samples 
with a cloth and then seeing if they attracted small 
pieces of paper. We conducted all tests on all the com- 
mercial “green amber” and on all the amber and copal 
samples before and after the heating experiments. To 
determine the depth of the green color, we sliced three 
pieces of the commercially treated “green amber” 
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Figure 4. This autoclave was used for the treatment 
experiments in cooperation with Treasure Green 
Amber Ltd. It is equipped with a gas input system, and 
the temperature, pressure, and heating-time parame- 
ters can be carefully controlled. Photo by Hung Chi. 


(TR-001-003) into thin sections. To check for color 
instability, we observed the coloration of all the com- 
mercially treated “green amber” samples after storing 
them in the dark for several months. 


FTIR Spectroscopy. Infrared spectral analysis was 
performed on all samples with a Shimazu IR 
Prestige-21 FTIR spectrometer with a KBr beam 
splitter and DLATGS detector in the range 
5000-400 cm~!, with a resolution of 4.0 cm7! and 
100 scans. KBr tablets were prepared for each sample 
by evenly powdering several milligrams from each. 
The infrared beam was focused on the powdered 
sample holder in diffuse reflectance mode. All the 
spectra were normalized for differences in path 
length. It was necessary to use powdered samples 
because the FTIR absorption bands due to stretching 
and deformational vibrations in the various 
molecules of amber and copal cannot be resolved in 
spectra obtained using nondestructive transmittance 
or diffuse reflectance modes. 
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Amber 


Kuj-01 -02 


Uk-01 =02 


Dom-01 -01H 


NMR Spectroscopy. Thirty-three samples, including 
one representative sample of commercial “green 
amber” from each company and all amber and copal 
samples before and after the heat treatment experi- 
ments, were measured with solid-state !*C CP-MAS 
(cross polarization-magic angle spinning) NMR spec- 
troscopy (again, see box A). Analyses of the commer- 
cial “green amber” and other known amber samples 
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Bra-01 


Mad-01 


Copal 


Figure 5. Representative 
amber and copal sam- 
ples from various locali- 
ties were used for the 
standard two-stage heat- 
ing experiments. For 
each pair, the untreated 
samples are shown on 
the left, and those after 
heating are shown at the 
right. Colombian (Col- 
02) and Brazilian (Bra- 
02) copal turned bright 
green. Pale yellow copal 
from Madagascar (Mad- 
02) and Tanzania (Tan- 
-02 02) turned intense yel- 
low with a slight green 
hue. Kuji amber (Kuj-02) 
turned dark brown. 
Amber samples from the 
Baltic Sea region (Bal- 
01H) as well as from 
Ukraine (Uk-02), the 
Dominican Republic 
(Dom-01H), and Mexico 
(Mex-01H) generally 
turned green, although 
the color of the Domini- 
can and Mexican mate- 
rial was not highly satu- 
rated. Photos by 
Masaaki Kobayashi. 


were performed using a Bruker Avance DRX-600 
spectrometer at Tsukuba University. NMR spectra of 
the copal samples were obtained with a JEOL ECA- 
500 spectrometer at the National Institute for 
Materials Science (NIMS) in Tsukuba City. Powdered 
samples weighing ~280 mg were analyzed. A descrip- 
tion of the experimental parameters can be found in 


the G&G Data Depository at www.gia.edu/gandg. 
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RESULTS 


Gemological Testing. Commercial “Green Amber” 
Samples. Most of the commercial “green amber” 
samples were yellowish green to green (some with 
uneven color distribution). The samples from 
Treasure Green Amber Ltd. had excellent trans- 
parency, with only a few inclusions (see below). The 
green color permeated the small pieces (1.20 and 
1.31 ct) almost entirely, but it was limited to just 
near the surface of the largest one (5.49 ct). After the 
“green amber” samples were kept in the dark for 
several months, the green hue of two of them (i.e., 
TR-005 and BR-001) faded slightly. 

The hardness of all the commercially treated sam- 
ples was similar to that of amber (Mohs ~2-2.5], 
which—unlike copal—cannot be scratched with a 
fingernail. The SG was 1.05—1.06 and RI measure- 
ments ranged between 1.54 and 1.55, again similar to 
amber (see table 1; O’Donoghue, 2006). They fluo- 
resced whitish blue and dark green to long- and short- 
wave UV radiation, respectively. They were warm to 
the touch and exhibited conchoidal surface fracture. 


Samples Heat Treated for This Study. Unless stated 
otherwise, the information given for heat-treated 
samples in the remainder of the Results section 


Figure 7. This 10.42 ct 
“Jemon”-yellow Colombian 
copal (left) was treated by a 

one-stage heating process 
(180°C and 20 bars for one 
hour) that has been used 
routinely by Treasure Green 
Amber Ltd. to induce a yel- 
lowish brown color in 
amber and copal, as was 
the result here (right). 
Photos by A. Abduriyim. 
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Figure 6. A yellowish 
brown color resulted 
from treating 14 beads 
of “lemon” yellow 
Colombian copal 
(1.03-1.05 ct) with an 
experimental two-stage 
heating process (180°C 
and 20 bars, at 20 hours 
for each stage). Photo by 
A. Abduriyim. 


refers only to the standard two-stage heat treatment 
process used to produce “green amber” for this 
study. 

After the standard heating, a “lemon” yellow 
Colombian copal and a “honey” yellow Brazilian 
copal turned bright green. Pale yellow copals from 
Madagascar and Tanzania turned “golden” yellow 
and brownish yellow, respectively, with a pale 
green tint. Brown Kuji amber turned dark brown. 
Amber samples from the Baltic Sea region as well as 
those from Ukraine, the Dominican Republic, and 
Mexico turned green and yellowish green, but the 
colors of the Dominican and Mexican ambers were 
not highly saturated (figure 5). 

After the two-stage heating with shorter time 
intervals, the 14 beads of “lemon” yellow Colombian 
copal (Col-04—17) turned yellowish brown (figure 6). 
Single-stage heating of a “lemon” yellow Colombian 
copal (Col-03) also yielded a brown color (figure 7). 

Before heating, all copal samples could be 
scratched with a fingernail; the amber samples could 
not be scratched. After heating, none of the samples 
could be scratched with a fingernail. No change was 
seen in the RI or SG values of any of the samples 
after heating. However, the long-wave UV fluores- 
cence reactions were markedly different. The 
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Figure 8. On the left, microscopic examination of untreated Colombian copal with fiber-optic illumination 
reveals no cloud-like inclusions. On the right, a fine granular cloud is illuminated in a piece of Baltic amber (Bal- 
01H) after heat treatment. Photomicrographs by A. Abduriyim; magnified 25x (left) and 15x (right). 


untreated amber and copal fluoresced dark green or 
bluish green before heating, but this changed to a 
strong whitish blue after treatment (similar to that 
seen in natural “blue” amber]. One exception to this 
was the Mexican amber, which fluoresced whitish 
blue to long-wave UV, both before and after heating. 
All samples fluoresced dark green to short-wave UV, 
regardless of whether they had been heat treated 
(again, see table 1). 


Microscopic Observations. Before heating, some 
amber and copal samples contained small cracks or 
minute gas bubbles. Plant debris and insects were 
rarely observed. After the standard two-stage treat- 
ment, the cracks appeared larger and were disc-like 
(i.e., resembling the “sun spangles” or “glitter” seen 
in conventionally heat-treated material). The gas 
bubbles became smaller and migrated closer to the 
surface. The smaller plant debris and insects were 
broken up and reduced in size. A sample of milky 
white Ukrainian amber (Uk-02) became clear. Fine 
granular clouds could be seen with the use of a 
gemological microscope and strong fiber-optic illu- 
mination in all samples that underwent the two- 
stage treatment procedure (figure 8). The samples 
with a deeper green color contained more clouds. 
Photomicrographs of various inclusions in “green 
amber” are available in the Ge)G Data Depository. 


Alcohol Test. Before heating, all copal samples 
reacted to alcohol by losing their polish luster. 
Their surfaces became sticky and showed a finger- 
print after being pressed with a fingertip. None of 
the heated samples—like their heated and unheated 
amber counterparts—showed a reaction to alcohol. 
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Brine Test. In the saltwater solution, amber and 
copal from all localities floated before and after the 
heating, as did the commercial “green amber.” 


Hot Point Test. Before heat treatment, the copal 
samples started to melt, while gradually giving off 
white smoke, when a hot point was positioned 
close to their surfaces. After heat treatment, none of 
the samples showed any melting reaction, although 
they all gave off white smoke when the hot point 
was touched to their surfaces. Untreated copal 
released a sweet-sour resinous odor, while untreated 
natural amber gave off a pungent resinous odor. 
Treated “green amber” produced a weaker odor 
than the untreated natural amber. 


Static Electricity Test. All samples showed static 
electricity after they were rubbed with a cloth, as 
expected for natural resin. 


FTIR Spectroscopy. The FTIR spectra of representa- 
tive samples of untreated and treated amber and 
copal are presented in figures 9 and 10 according to 
their geologic age (see table 1 for ages). FTIR peak 
assignments are described in appendix A. The amber 
from Kuji in Japan represents the oldest and conse- 
quently the most structurally mature sample. Amber 
from the Baltic Sea region was selected for compari- 
son in these figures because it has diagnostic spectral 
features for determining geographic origin (as 
described below and in appendix A). The Brazilian 
copal is shown because copal from this locality is 
often used as a starting material for commercial 
“green amber” treatment. FTIR spectra from all stud- 
ied localities—and a table of FTIR spectral features 
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for amber and copal before and after heat treatment— 
can be found in the GG Data Depository. 


Untreated Amber. Most of the features visible in 
the amber spectra in figure 9 have been previously 
reported, including carbon single-bond absorption 
features near 2927 and 2867-2853 cm, and at 
1454, 1384, and 1024-975 cm™! (Marrison et al., 
1951; see appendix A for a discussion of the rela- 
tionship between molecular structure and spectral 
features). The spectra of amber from the Baltic Sea 
region and Ukraine displayed the “Baltic shoul- 
der”—a flat shoulder in the area between 
1259-1184 cm"! and an associated feature at 1159 
cm!—that has been noted as characteristic of these 
materials in past studies (Beck et al., 1964; 
Langenheim, 1969). The Kuji spectrum resembled 
that of Baltic amber in general, but with a less-flat 
Baltic shoulder—like absorption at 1259-1184 cm. 
Low-intensity asymmetric absorptions at 744, 698, 
640, and 540 cm! may be related to aromatics or 
substitution in benzene rings (Broughton, 1974). 


Figure 9. These FTIR spectra represent amber from 
Japan and the Baltic Sea region, and copal from Brazil, 
prior to heat treatment. They are arranged in order of 
geologic age, with the oldest sample on the top. Each 
spectrum is offset vertically for clarity. Features at 
3076, 1643, and 887 cm, which are attributed to car- 
bon-carbon double bonds in exocyclic methylene 
groups, are detectable in the Ukrainian amber and 
Brazilian copal. Features at 1728 and 1698 cm, and 
in the region from ~1260 to 1150 cnr", are due to car- 
bon-oxygen double bonds and single bonds, respec- 
tively, in functional groups. 
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In the regions of carbon-carbon double bonding, 
an absorption was observed at 3076 cm™!. A weak 
absorption at 1643 cm! was also seen, visible as a 
shoulder of a strong absorption at 1728-1698 cm7!. In 
addition, there was a sharp absorption at 887 cm. 


Untreated Copal. The copal spectra (see, e.g., figure 
9) contained major features at 3076, 1643, 1593, 
and 887 cm~!, which indicate a high content of 
double bonds in these samples. Also, the absorp- 
tion at 1698 cm7! in the double-bonded carbon-oxy- 
gen region was relatively stronger than the absorp- 
tion at 1728 cm™!. Clearly separated small absorp- 
tions were recognized at ~2867 and ~1384 cm. In 
addition, there were broad absorptions at 4720 and 
4607 cm! (not shown in the figures), and interme- 
diate-intensity absorptions at 744, 698, 640, and 
540 cm". 


Heat-Treated Amber. The absorptions at 4720, 
4607, 3076, 1643, and 887 cm! diminished or dis- 
appeared after treatment, while the appearance or 
increase in intensity of the 820 cm! absorption 
was observed for all amber samples (e.g., figure 10). 


Figure 10. These FTIR spectra were collected after a 
two-stage heating process was applied to the samples 
in figure 9. Note that the 3076 cnr! and 1643 cm=! 
features were not detected in the copal after heat 
treatment, indicating that exocyclic methylene groups 
were destroyed in these materials during treatment. 

A new feature at 820 cnr", marked with red circles, 
was observed in all samples after heat treatment. 


FTIR TRANSMISSION SPECTRA 


3076 We 1698 
1643 


1240 1159 887 
820 


Kuji amber 


Baltic 
amber 


ION - 


SS 


Brazilian 
copal 


TRANSMI 


3500 3000 2500 2000 1500 1000 500 


WAVENUMBER (cm) 


Gems & GEMOLOGY FALL 2009 167 


dark and the least that can be said is that 
the garimpeiro earns his daily beans the 
hardest of hard ways. 

Always an optimist, always hoping to 
bamburrar, he rushes to the newest discov- 
ery and tries again—and again. Spread 
throughout the interior of this vast country 
the garimpeiros are rounding out and filling 
the gaps left by their ancestors. Wherever 
they go they open up new roads and found 
new cities as WVargem Bonita, Poxoreo, 
Cassanunga, Aragarcas, and others testify. 
It is to them that Brazil owes ninety-nine 
per cent of its present production of dia- 
monds including the Getulio Vargas, weigh- 
ing 726.7 carats. 

Diamantina, originally known as Tejuco, 
is the city in the northeastern part of the 
State of Minas Geraes neat which diamonds 
were first found in Brazil. The discovery 
was made by the bandeirantes — or pioneer 
explorers (flagbearers) — who penetrated 
into that region in search of gold and whose 
efforts were rewatded by finding it in the 
valleys and on the slopes of the hill on 
which the city now stands. Later arrivals 
spread further afield and into the basins of 
the Jequitinhonha river and its tributaries. 
During the course of their gold mining 
operations diamonds were frequently found 
in the bottom of their bateas,—-the Latin 
American substitute for a gold digger’s pan. 
Some of these pebbles were quite small, 
others appreciably larger and, because of 
their brightness, some were saved and used 
as chips in their card games, others merely 
cast aside as worthless. 

Gold mining began in 1703 but it was 
not until about 1714 that these pebbles 
were identified as diamonds, either by a 
priest who had been to India or by a local 
resident, or perhaps by both. The news of 
this discovery created great excitement in 
Portugal and even the Pope gave his bless- 
ing to this happy event. The government, 
however, was now confronted with a dilem- 
ma in taxation, which it never succeeded in 
solving satisfactorily either ot itself or to 
the miners in Brazil. 


The original discovery of gold in the bed 
of the Rio do Carmo in the Ouro Preto dis- 
trict was followed by the opening up of 
other fields in Minas Geraes and extended 
even into the remote States of Goyaz and 
Matto Grosso. The short period of gold 
mining between 1695 and 1730 placed 
Brazil in the lead of the gold producing 
countries of the world. 

Various forms of taxation of the gold 
mining industry were tried by the Portu- 
guese government but none of them proved 
satisfactory and some even led to armed 
resistance and bloodshed. A “Capitation 
Tax” on the number of slaves employed in 
gold mining. was substituted by the “Quin- 
to,” or one fifth of the gross output of each 
miner. Notwithstanding the severity with 
which infractions were punished—including 
banishment and confiscation of assets—con- 
traband mining and exportation of gold was 
being carried out on a considerable scale. 
The discovery of diamonds complicated 
matters considerably owing to the greater 
ease with which they could be smuggled 
abroad. 

A capitation tax on the number of slaves 
engaged in diamond mining having proved 
unsuccessful, the “Contract System’ was 
tried, by which the exclusive right to mine 
for diamonds was sold to the highest bidder 
for periods of four years. The government 
revenue in this case was derived from the 
number of slaves employed by the con- 
tractor, which number, according to the 
terms of the contract itself, could not exceed 
six hundred excluding those engaged in 
cutting timber and transporting supplies. 
The price fixed in the first contract was 
milreis 230.00 for each slave. In later con- 
tracts the price was increased. It was also 
stipulated that mining should be carried out 
systematically upstream from a given point 
(Lavro do Matto) in the Jequitinhonha 
river. This was to avoid pollution of inter- 


mediate areas. Likewise, it was required that-.. 


the diamonds should be sold to the govern- 
ment at a fixed price regardless of color, 
size, or quality. Infractions and abuses of 
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In addition, three peaks at 1172, 1147, and 1107 cm"! 
tended to decrease and broaden in the Dominican 
sample. The diagnostic Baltic shoulder remained in 
the spectra of the Baltic and Ukrainian samples. 


Heat-Treated Copal. The spectra of all copal sam- 
ples showed significant changes after heating (e.g., 
figure 10): The absorption features at 3076, 1643, 
1593, 887, 744, 698, 640, and 540 cm"! were greatly 
diminished and those at 4720 and 4607 cm7! disap- 
peared. The absorption at 1698 cm™! became 
notably weaker, while that at 1728 cm™! became 
stronger. In the carbon single-bond region, the 
absorption at 1259 cm! shifted to 1242 cm™! and 
three absorptions at 1172, 1147, and 1107 cm"! 
appeared to decrease and broaden. After heating, the 
overall pattern of the copal spectra closely resem- 
bled those of amber but without the Baltic shoulder. 
Also, a small absorption formed at 820 cm! in all 
copal samples. 

Following the experimental two-stage heating 
at 20 hours per stage, the spectral changes for the 
14 yellowish brown copal beads (Col-04—17) were 
similar to those exhibited by samples for which 
the heating process produced a green color (see 
G&G Data Depository figure DD-6). The maxi- 
mum absorption at 1698 cm7! became weaker, 
while absorption at 1728 cm7! increased, and the 
absorption at 1269 cm! shifted to 1242 cm7!. The 
resulting absorption pattern resembled that of 
amber, except that the absorption at 820 cm~! was 
not evident. 

After the experimental one-stage heating pro- 
cess, copal sample Col-03 turned brown, while the 
absorption intensity at 4607, 4270, 3076, 1643, 
1593, 887, 744, 698, 640, and 540 cm"! decreased by 
about half. Therefore, the features that characterize 
it as copal could still be recognized (again, see GWG 


Data Depository figure DD-6). 


Commercially Treated “Green Amber.” The 
results for these samples were similar to the spec- 
tral patterns of the amber and copal samples after 
our heating experiment. Absorptions at 4607, 
4270, 3076, 1698, 1643, 1593, 744, 698, 640, and 
540 cm! were almost absent, a weak absorption at 
887 cm! was observed, and a small absorption 
near 820 cm! was present in all samples (see 
G&G Data Depository figure DD-7). The spectrum 
of the sample from Facett Art (see FA-001 in figure 
DD-7] was distinctly different from those of the 
samples from the other two companies—Treasure 
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Green Amber Ltd. and Amber Gallery Export- 
Import—with absorption features resembling a 
Baltic shoulder. The absorption seen at 975 cm"! 
was stronger than that at 1024 cm". 


NMR Spectroscopy. The !3C NMR spectra of 
amber from Kuji in Japan, amber from the Baltic 
Sea region, and copal from Brazil are shown in fig- 
ures 11 and 12. NMR spectra from all the studied 
localities—and a table of NMR spectral features for 


amber and copal before and after heat treatment— 
can be found in the GG Data Depository. NMR 


peak assignments are described in appendix A. 


Untreated Amber. In general, the spectral patterns 
of amber from each locality were similar (again, 
see figure 11), though certain features showed 
some variation according to geologic age. 

In the single-bonded region at 90-10 ppm, the 
13C NMR spectra showed a peak that had the 
largest signal intensity at 40-37 ppm. This peak 
is attributed to several carbon sites in the core 
structure of both amber and copal (Lambert and 
Frye, 1982) that are stable over tens of millions of 
years. Except for this feature, signals of carbon 
single-bonded to hydrogen were distributed in the 
22-17 ppm range and those of carbon single-bond- 
ed to carbon were at 30-26, 36, 53-50, and 59-58 
ppm. Line widths in this single-bonded carbon 
region tended to broaden with increasing age of 
the sample. 

In the double-bonded carbon region at 155-105 
ppm, four carbon signals were detected at 148, 139, 
127, and 108 ppm. The signals at 148 and 108 ppm 
tended to be weaker in spectra from the older 
amber samples, and were absent from the Kuji 
amber spectrum (likely the oldest sample). 

In the functional group region at 200-170 ppm, 
the ester group appeared only in Baltic and 
Ukrainian amber samples at 176-172 ppm. Note 
that the presence of an ester group in the amber 
structure is unique to material from Ukraine and 
the Baltic Sea region. 


Untreated Copal. In the spectra of the untreated 
copal samples, the signals from single-bonded car- 
bon at 49-47 ppm, 29-28 ppm, and 20-15 ppm 
were sharper than those of amber, and the spectral 
pattern of each signal was further divided into sever- 
al small signals (e.g., figure 11). In the double-bond- 
ed carbon region, four main signals were resolved. 
The intensities of the signals at 148 and 108 ppm 


GEMS & GEMOLOGY FALL 2009 


3C NMR SPECTRA 


~176-172 148 139 127. 108 


Kuji amber 


Baltic 
amber 


INTENSITY > 


Brazilian 
copal 


220 200 180 160 140 120 100 80 60 40 20 0 


CHEMICAL SHIFT (ppm) 


Figure 11. 8C NMR spectra are shown for representa- 
tive amber from Japan and the Baltic Sea region, and 
copal from Brazil. Peaks related to carbon atoms in 
the carbon skeleton are located in the 90-10 ppm 
region. The peaks at 148 and 108 ppm in the Baltic 
amber and Brazilian copal are attributed to carbons 
in exocyclic methylene groups. The peaks at 139 and 
127 ppm, which are attributed to carbon atoms in the 
structural core of diterpene units, were observed in 
all samples. The peak at ~176-172 ppm in the Baltic 
amber spectrum is attributed to an ester functional 
group, which is characteristic of Baltic and 
Ukrainian material. 


were stronger than the signals at 139 and 127 ppm. 
In the functional group region, the spectra of all the 
copal samples had a clear peak at 184-182 ppm 
related to carboxylic acid. 


Heat-Treated Amber. After heat treatment, sig- 
nal intensities at 57, 48, 44, and 28 ppm generally 
decreased and peaks broadened in the single- 
bonded carbon region of all amber samples (figure 
12). In the double-bonded carbon region, the sig- 
nals at 148 and 108 ppm almost disappeared in all 
treated amber samples, and the signals at 139 and 
127 ppm in the spectra from some localities 
increased slightly and broadened. A new signal 
was observed in the functional group region at 
179 ppm. 


Heat-Treated Copal. Unlike the heat-treated amber 
described above, the carbon signals in the single- 
bonded carbon region changed from sharp peaks for 
the untreated copal to broader curves for the treated 
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Figure 12. Shown here are the °C NMR spectra for the 
samples in figure 11 that were treated by the standard 
two-stage heating process with pressure. A new signal 
at 179 ppm, detected in all of these heated samples, is 
marked with red circles. 


material. Even so, the peaks for the heat-treated 
copal were sharper than those in the spectra of the 
(untreated) geologically old Kuji and Baltic ambers 
and approximately the same as those of (untreated) 
young Dominican amber. The signal intensities at 
148 and 108 ppm greatly diminished after heat 
treatment, while the signal intensities at 139 and 
127 ppm generally increased. The carboxylic acid 
functional group signal at 184-182 ppm also disap- 
peared after treatment, and a new signal appeared at 
179 ppm (e.g., figure 12). 

During the heating process using two stages 
with short time intervals, the spectral changes of 
the 14 samples of Colombian copal (Col-04—17) 
after treatment were almost the same as those of 
the Colombian sample (Col-02) heat treated with 
the standard set of experimental parameters, but 
the decrease in signal intensity at 148 and 108 
ppm appeared smaller than that seen in sample 
Col-02 (see GG Data Depository figure DD-10). 
In general, features in the three regions of the 
spectrum for Col-04-17 resembled those of 
unheated young amber, but with a faint signal at 
179 ppm. 

The Colombian copal sample (Col-03) that was 
heated in a one-stage treatment process showed no 
change in the single- and double-bonded carbon 
regions. In its spectra before and after heat treat- 
ment, the signal intensities at 148, 139, 127, and 
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108 ppm remained the same (again, see G#)G Data 
Depository figure DD-10). However, the carboxylic 
acid functional group signal at 182 ppm disap- 
peared and no signal was detected at 179 ppm. 


Commercially Treated “Green Amber.” Spectra 
of representative samples from the three produc- 
ers are shown in G&G Data Depository figure 
DD-11. In the single-bonded carbon region, all the 
signals in the spectra from TR-001 and BR-001 
resembled the spectrum of amber and copal sam- 
ples after heat treatment, but the spectrum from 
FA-001 showed a less intense signal at 49-47 ppm 
than the spectra of those other two samples. In 
the double-bonded carbon region, signals at 148 
and 108 ppm were barely detectable in any of 
these samples, and their patterns resembled the 
spectrum of the Kuji amber (the oldest sample 
studied) before and after heating. In the functional 
group region, a weak signal attributed to ester 
group carbons was detected at 172 ppm in the 
Facett Art sample. A signal at 179 ppm was 
detected in all the samples. 


DISCUSSION 


The main questions surrounding the green amber 
that has entered the market are: (1) is it “natural”; 
and (2) if not natural, is it produced from amber or 
the younger, structurally immature resin, copal? 
We know from the literature and our experience 
that green amber is extremely rare in nature and 
has not been reported to date in the deep peridot- 
like colors currently seen in the marketplace. In 
fact, several of the dealers offering the material 
readily acknowledged that it is produced by heat 
treatment. What is not readily apparent is whether 
the original material being treated is copal or its 
more valued fossilized counterpart, amber. We 
know from our heating experiments that a two- 
stage process involving long intervals under con- 
trolled heat, pressure, and atmosphere can produce 
green in both materials. 


Gemological Properties. Compared to untreated 
amber, the heated “green amber” showed no 
observable differences in RI and SG, but its hot- 
point odor was weaker than that of natural untreat- 
ed amber. The fluorescence reaction of amber and 
copal is potentially a very good indicator of heat 
treatment. A whitish blue reaction to long-wave UV 
radiation appears to signal treatment because, with 
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the exception of Mexican amber, it was observed 
only in amber and copal after heat treatment and in 
“green amber” samples that were represented as 
being heat treated. However, this fluorescence reac- 
tion cannot identify the starting material because 
heat-treated amber and copal samples had the same 
reaction. Destructive tests involving scratching, 
alcohol exposure, and a hot point may be useful for 
separating “green amber” from imitation amber 
(synthetic resin), but the reactions to these tests are 
not helpful in separating “green amber” from copal 
or amber, or in determining the starting material 
used to produce “green amber.” The multi-stage 
heat treatment may improve the saturation of green 
color or the depth to which the color layer pene- 
trates from the surface of the material. The green 
color is not always stable when the material is 
placed in a dark area. 

Production of “green amber” in an autoclave is 
possible with either amber or copal, but it requires 
certain pressure, temperature, and time parame- 
ters. In addition, the optimal set of conditions may 
vary for individual starting materials, and in some 
cases may not exist at all. Using the Treasure 
Green Amber Ltd. autoclave and heat-treatment 
protocol, we produced “green amber” from 
Colombian and Brazilian copal and from amber 
from the Baltic Sea region, Ukraine, the 
Dominican Republic, and Mexico; both copal and 
amber samples from other localities turned green- 
ish yellow or brown. 


FTIR Spectroscopy. Our general observation of the 
FTIR spectra of the commercial “green amber” 
samples and our heat-treated “green amber” sam- 
ples is that they resembled those from amber 
rather than copal, even when the starting material 
was known to be copal. Therefore, it is difficult to 
determine from FTIR spectra whether these 
“green amber” samples were originally copal or 
amber. 

It is possible, however, that spectral features 
characteristic of certain localities may help identify 
the geologic origin of some samples and, therefore, 
the likelihood that the original material was copal 
or amber. For example, the presence of the Baltic 
shoulder in the FTIR spectrum indicates that 
amber from the Baltic Sea region or Ukraine is the 
likely starting material. All “green amber” samples 
from Facett Art showed an absorption similar to 
that of ester functional group carbons, which pro- 
duces the Baltic shoulder in the range of 1259-1159 
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cm-!. This feature was not seen in any of our copal 
material before or after heat treatment. In subse- 
quent studies, we confirmed that several pieces of 
“green amber” from Treasure Green Amber Ltd. 
showed similar Baltic shoulder features in their 
FTIR spectra. These FTIR results provide support- 
ing evidence that the Facett Art sample and at least 
some of the samples from Treasure Green Amber 
Ltd. were indeed Ukrainian or Baltic amber, as the 
companies claimed. 

The FTIR spectra of copal from all studied locali- 
ties showed peaks with strong intensities at 4720, 
4607, 3076, 1643, 1541, 887, 744, 698, 640, and 540 
cm=!, which are related to unsaturated bonds. These 
peak intensities decreased after the heating protocol, 
which indicates that the unsaturated-bond content 
of the copal samples was reduced by the multi-stage 
heat treatment. Amber that is geologically older—or, 
more precisely, structurally more mature—is known 
to have a lower content of unsaturated bonds, since 
unsaturated bonds are converted to saturated bonds 
during fossilization processes (see appendix A). Also, 
after treatment the maximum absorption at 1698 
cm! changed to 1728 cm! for these copal samples, 
causing their spectra to appear more like that of 
amber. This means that FTIR spectra provide evi- 
dence that the structural changes from polymeriza- 
tion occur in copal as a result of the multi-stage heat 
treatment. That is, this heat treatment essentially 
matures or “artificially ages” copal by causing it to 
undergo polymerization so that it resembles geologi- 
cally older amber. 

The absorption around 820 cm“! was detected 
to varying degrees in all the amber and copal sam- 
ples subjected to the standard multi-stage heat 
treatment and in the “green amber” from the three 
companies. It was not, however, present in the 
Colombian copal samples treated in the additional 
two-stage and one-stage heat treatment experi- 
ments. The presence of this signal may be a reli- 
able indicator for multi-stage heat treatment, espe- 
cially if higher-quality spectra with better signals 
are collected. 


NMR Spectroscopy. In the '*C NMR results for the 
commercial “green amber” from the three compa- 
nies, the signals of the double-bonded carbons in 
the carbon skeleton at 139 and 127 ppm were com- 
parable to those observed in amber and copal, but 
the signals of exocyclic methylene group carbons at 
148 and 108 ppm were very weak or undetectable. 
However, the signals of carbon in samples from 
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Treasure Green Amber Ltd. and Amber Gallery 
Export-Import at 58-57, 49-47, 36-33, 29-28, and 
20-15 ppm in the single-bonded carbon region did 
not appear as the broad, partially resolved peaks 
observed in older Kuji and Baltic amber samples. 
Instead, they resembled spectral features of the rel- 
atively young amber from the Dominican 
Republic. In the functional group spectral region, 
we observed a signal at 179 ppm in all “green 
amber” samples that generally was not seen in any 
unheated amber and copal or in traditionally heat- 
ed materials. For the “green amber” from Facett 
Art used in this study, the signals at 57, 48, 44, and 
28 ppm in the single-bonded region were low and 
broad, and in the double-bonded region the signals 
at 148 and 108 ppm were not detectable. A weak 
signal due to an ester functional group was detect- 
ed in the Facett Art sample at 172 ppm, this char- 
acteristic spectral feature of Baltic and Ukrainian 
amber indicates that the sample was likely from 
one of these localities. 

The untreated copal samples from all studied 
localities showed sharper peaks at 58-57, 49-47, 
36-33, 29-28, and 20-15 ppm than were seen in 
the untreated amber. After heat treatment of copal, 
peaks in the single-bonded carbon region generally 
broadened but did not exactly replicate the line 
shapes in spectra of untreated older amber. 
Moreover, the line shapes in the copal spectra after 
treatment showed less variability than was seen in 
untreated amber. 

In the double-bonded carbon region of the spectra 
from the untreated copal samples, the signal intensi- 
ties of exocyclic methylene group carbons at 148 and 
108 ppm were greater than the signal intensities of 
double-bonded carbons from the carbon skeleton at 
139 and 127 ppm. In the spectra of untreated amber 
from the Baltic Sea region, Ukraine, and the 
Dominican Republic, the relative signal intensities 
at 148 and 108 ppm were lower than those at 139 
and 127 ppm, and no signals were detected in this 
region of the Kuji amber spectrum. After heat treat- 
ment, signal intensities at 148 and 108 ppm 
decreased greatly in all the samples. The molecular 
structure of copal is partially polymerized, meaning 
that individual molecules are joined into polymer 
chains, but bonding between polymer chains is scant 
and the chains are separated. Thus, exocyclic methy- 
lene groups, which are consumed during cross-link- 
age reactions that join polymer chains (see appendix 
A), are present in natural copal and their carbons 
(with signals at 148 and 108 ppm) are detectable in 
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Figure 13. Ranging from greenish yellow (shown 
here) to green, commercial amounts of “green 
amber” have entered the marketplace. This necklace 
consists of faceted beads that range from 1.3 to 1.8 
cm in diameter. Courtesy of HotRockJewelry.com, 
Solana Beach, California; photo by Robert Weldon. 


the corresponding spectra. However, the multi-stage 
heat treatment process can induce these cross-link- 
age reactions (see appendix A, figure App-2). 

An earlier study by Kimura et al. (2006b) pro- 
posed that this cross-linkage formation was related 
only to the age of the amber and not to its thermal 
history. However, we found in the present study 
that the cross-linkage formation in copal and 
amber can be produced by a multi-stage heating 
process under pressure, essentially artificially aging 
the sample during treatment. The polymer net- 
work formation that results from the artificial 
aging of copal following treatment appears to be 


172 CHARACTERIZATION OF “GREEN AMBER” 


less complex than that formed during the natural 
aging of amber, as suggested by the broader spectral 
pattern of single-bonded carbon signals in the C 
NMR spectrum of treated copal as compared to 
untreated amber. Therefore, estimating the age of 
“green amber” produced by heat treatment is not 
possible by measuring the intensities of the 148 
and 108 ppm signals alone. 


Identification and Cause of Color. In the function- 
al group region, a new °C NMR absorption was 
observed near 179 ppm in all multi-stage heated 
amber and copal, as well as in all the commercial 
“green amber” samples, thus providing a spectro- 
scopic index for separating samples that have been 
artificially and naturally aged. However, this signal 
cannot be used to establish the identity of the 
starting material. The formation of the signal is 
likely due to the production of a new functional 
group from a devolatilization reaction during the 
multi-stage heating process. 

The small absorption around 820 cm™! in the 
FTIR spectra was detected in all the treated amber 
and copal samples (except those treated by the 
experimental double- and single-stage processes] 
and in all the commercial “green amber” samples. 
This feature can be used to identify the treatment. 
Spectral evidence of the Baltic shoulder indicates 
that the starting material was amber; however, the 
absence of this feature provides no conclusive 
information about the starting material. 

The green color exhibited by the treated material 
is not directly related to the molecular structure of 
amber or copal; nor is it derived from fluorescence. 
Heat treatment produced fine granular cloud inclu- 
sions that were observed throughout the treated 
green samples with the use of magnification and a 
strong fiber-optic light (again, see figure 8). The green 
color is likely caused by colloidal dispersion (scatter- 
ing of light) of the minute grains in these clouds, as 
is the case with the rare Mexican green amber 
(Cattaneo, 2008). The mechanism by which these 
fine grains formed is beyond the scope of this article. 


NOMENCLATURE 


The “green amber” color was produced in both 
amber and copal by heat treatment. As a result of 
this process, the heat-treated copal showed changes 
in physical properties, such as increased hardness 
and improved solvent resistance, that made it more 
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similar to untreated amber. The “green amber” 
obtained from copal by this treatment is physically 
almost identical to amber and extremely difficult 
to identify by standard gemological testing. 
Therefore, the Laboratory Manual Harmonization 
Committee (LMHC) concluded that effective June 
1, 2009, if the identity as amber or copal cannot be 
made readily, then its variety should be called 
amber and the words “Indications of heating, this 
resin has been processed by heat and pressure and 
may have been derived from copal” placed in the 
comment column. This statement applies to green 
as well as to yellow-to-brown material. 

As also noted above, the presence of the Baltic 
shoulder feature in the FTIR spectrum proves that the 
starting material was amber. Identification by this 
method, however, requires that several milligrams be 
ground to a powder. In some cases, the Baltic shoulder 
may also be identifiable by nondestructive diffuse 
reflectance FTIR spectroscopy. For heated samples 
exhibiting this feature, the LMHC has stipulated that 
the following comment be used on the report: 
“Indications of heating, this resin has been processed 
by heat and pressure.” This statement applies to green 
as well as to yellow-to-brown material. 


CONCLUSION 


In recent years, greenish yellow (figure 13) to peri- 
dot-like “green amber” has been circulating in the 
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gem market. The intense color of much of this 
material has not been seen in untreated amber, and 
it possesses excellent transparency with fewer 
inclusions than typical amber. The hardness, SG, 
and solvent resistance of “green amber” are typical- 
ly greater than of copal. The odor given off when 
“green amber” is burned with a hot point is slightly 
weaker than that emitted by natural, untreated 
amber, but its other physical properties are quite 
close to untreated amber. 
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heating process under pressure, we successfully pro- 
duced “green amber” using amber from the Baltic 
Sea region, Ukraine, the Dominican Republic, and 
Mexico, as well as copal from Colombia and Brazil. 
Japanese amber from Kuji turned brown, and copal 
from Tanzania and Madagascar turned yellow with 
a slight greenish hue. However, only a limited num- 
ber of samples were treated, so it is possible that 
other material from these localities would respond 
differently. 

Spectral analysis with FTIR and !3C NMR iden- 
tified structural changes in the treated copal and 
amber. While identification of the treated material 
is possible using these techniques, the drawback is 
that they require destructive analysis. The cause of 
the green color in treated green amber is not clear, 
but it appears to be the result of the scattering of 
light by minute particle clouds formed during 
treatment. 
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APPENDIX A: THE STRUCTURE AND SPECTROSCOPY OF 
AMBER AND COPAL 


Resinites are a group of organic hydrocarbons (com- 
pounds made of carbon, oxygen, and hydrogen) that 
are derived from plant resin. Amber and copal are the 
fossilized and semi-fossilized forms of resinite, 
respectively. Fossilization of resin involves a series of 
polymerization and devolatilization reactions that 
change its composition and structure. The measur- 
able differences in the physical properties of copal 
and amber are a direct result of the structural 
changes that occur during fossilization processes. 

In nature, fossilization takes place over long peri- 
ods of geologic time at elevated temperature and pres- 
sure conditions that result from sedimentation and 
burial of organic materials. Fossilization reactions can 
also be induced in the laboratory by subjecting a resi- 
nite material to specific temperature, pressure, and 
time parameters so that polymerization and 
devolatilization can occur on the timescale of an 
experiment. The structure of any resinite is therefore 
strongly dependent on both the age and thermobaro- 
metric history of the sample—that is, its maturity 
(Anderson et al., 1992). This is quite important, since 
the treatment processes used to make “green amber” 
involve the use of temperature and pressure conditions 
that artificially increase the maturity of copal and 
amber—making the treated material difficult to identi- 
fy based on its physical and spectroscopic properties. 


Molecular Structure. Individual Structural Units. Ona 
molecular level, resinites are composed of structural 
units joined together in chains of varying lengths. The 
precursor units that make up resinites are macro- 
molecules called labdanoid diterpenes, which are a 
class of hydrocarbons with the general chemical formu- 
la C,gH3,. Ozic acid is a major component of resin pro- 
duced by plants from the genus Hymenaea. Copal from 
Colombia, Tanzania, and Madagascar, as well as amber 
from the Dominican Republic, originate from the 
Fabaceae family (which includes Hymenaea). In con- 
trast, communic acid is a major component of Baltic 
Sea region amber that originates from plants that may 
belong to the genus Araucaria. Both communic and 
ozic acid possess labdanoid diterpene molecules with 
similar structures (Schlee 1984; Schlee and Ayuzawa, 
1993; Kimura et al., 2006a). For the purposes of this 
article, this appendix will discuss several key points 
about the molecular structure of amber and copal. 

A graphic representation of a labdanoid diterpene 
unit is shown in figure App-1. This line-angle struc- 
ture diagram provides a simplified illustration of the 
core structure of an organic molecule (i-e., a labdanoid 
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carbon “skeleton”). The diagram shows only the 
bonds between carbon atoms. A single line represents 
a single bond, also known as a saturated bond, and a 
double line represents a double bond, also known as 
an unsaturated bond. Carbon atoms are located at the 
ends of lines and at the intersections of two lines. It is 
assumed that in addition to the bonds shown, each 
carbon participates in enough single bonds with 
hydrogen (C-H) so that its total number of bonds is 
four. Where carbon and hydrogen atoms in groups are 
shown at termini, it is for informational purposes. 

Note that most carbons are bonded to two other 
carbons in the core of the structure. These carbons 
are bonded to two or three additional carbons by sin- 
gle bonds, although one double bond occurs between 
two carbon sites (labeled 12 and 13 in the figure). In 
general, the carbons in the core of the structure are 
not involved in the polymerization and devolatiliza- 
tion reactions that occur as copal matures to amber. 

Other carbon sites in the labdanoid diterpene unit 
are terminal carbons, which are bonded only to car- 
bon in the structural core. These terminal carbons 
bond with other atoms in what is called a terminal 
group. These terminal carbons are quite important to 
structural differences between copal and amber 
because they are involved in maturation reactions. 

A labdanoid diterpene unit contains three methyl 
groups in its structure, which are terminal carbon 
bonded to three hydrogens (annotated CH,; shown in 
green). It also contains one functional group site 
(shown in blue) that involves a terminal carbon bond- 
ed in one of several arrangements. These include car- 
boxylic acid (COOH; shown) and ester (-COO-). 
Carboxylic acid is present in copal, but not in amber. 
It is widely known that only amber originating in the 
Baltic Sea region and Ukraine contains ester as the 
functional group, so it is a useful indicator of geo- 
graphic origin. 

Perhaps the most gemologically relevant func- 
tional group is the exocyclic methylene group 
(shown in red); it is this group that is involved in the 
polymerization and devolatilization reactions that 
turn copal to amber. Each labdanoid diterpene unit 
contains one exocyclic methylene group, denoted 
CH,. It consists of a terminal carbon double-bonded 
to a carbon in the structural core of the unit, and to 
two hydrogens in single C-H bonds. 


Polymerization of Individual Units. As mentioned 
above, polymerization reactions are an important 
part of the fossilization process. In general terms, 
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Figure App-1. This line-angle carbon skeleton struc- 
ture diagram illustrates one of the macromolecules 
called a labdanoid diterpene that forms linkages in 
amber and copal. All bonds in the plane of the page 
are represented by straight lines. Dashed and 
wedged-shaped bonds are going into and out of the 
plane of the page, respectively. Bonds that connect 
individual labdanoid diterpene units to polymer 
chains are shown by wavy lines. Carbons that partic- 
ipate only in single bonds with other carbons are 
those labeled 1, 2, 3, 4, 5, 6, 7, 9, 11, 14, 15, 16, 19, 
and 20. Four of these occupy terminal sites; three of 
them belong to methyl groups (16, 19, and 20; shown 
in green), and one belongs to a functional group (18; 
shown in blue). Carbons involved in double bonds 
with other carbons are labeled 8, 12, 13, and 17. The 
only one of these to occupy a terminal position is part 
of an exocyclic methylene group (17; shown in red). 


polymerization reactions involve the conversion of 
unsaturated (double) bonds to saturated (single) 
bonds. Initially, polymerization involves linking of 
individual labdanoid diterpene units (such as those 
shown in figure App-1) into polymer chains, which 
occurs at carbon sites 14 and 15 in immature resin. 
This requires breaking a double bond between sites 
14 and 15 (not shown) to join individual units. 

As polymerization proceeds, cross-linkage between 
chains of labdanoid diterpene takes place as copal 
changes to amber and continues as amber structurally 
matures (figure App-2). This cross-linkage occurs 
when the double bond between carbons 8 and 17 
breaks, the exocyclic methylene group is destroyed, 
and a single bond re-forms between the carbon at site 
8 and a carbon at site 12 in another labdanoid diter- 
pene to form a three-dimensional polymer network. In 
copal, few cross-linkages exist and chains are separat- 
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Figure App-2. This diagram illustrates the polymer- 
ization reactions involved in the formation of copal 
and the transition from copal to amber. During ini- 
tial polymerization, individual labdanoid diterpene 
units in resin join together to form polymer chains 
and produce copal (shown in purple). Replacement 
of terminal exocyclic methylene groups in lab- 
danoid diterpenes with bonds between them pro- 
duces cross-linkages between polymer chains as 
copal matures into amber (shown in red). 


ed, and thus the double bonds are present in this mate- 
rial. These bonds are replaced with saturated bonds as 
copal matures into amber. The amount of exocyclic 
methylene double bonds present in these materials is a 
rough indicator of their maturity. 


Spectroscopic Methods for Investigating Structure. 
Fossil resins have been classified into several types 
(e.g., Lambert et al., 2008), using gas chromatogra- 
phy/mass spectrometry (i.e., Classes Ia, Ib, Ic, I, I, IV, 
and V) and NMR spectroscopy (Groups A, B, C, and 
D). These types are differentiated according to their 
macromolecular structure and whether they contain 
succinic acid within their structure. Equivalent types 
are Class Ia and Group C, Class Ib and Group A, Class 
Ic and Group D, and Class II and Group B. 

FTIR and NMR spectroscopy are complementary 
techniques for studying the structure of amber and 
copal. Absorption lines in FTIR spectra correlate to 
bonds between atoms, so this technique provides 
information about the nature of bonds in the struc- 
ture shown in figure App-1. In contrast, peaks in 
NMR spectra correlate to atoms, so this technique 
provides information about the individual sites 
shown in figure App-1. 


FTIR Spectroscopy. A representative FTIR spectrum 
of amber studied for this article (i.e., of a Class 
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Figure App-3. In this representative FTIR spectrum 
of Ukrainian amber, regions corresponding to dou- 
ble and single bonds are shaded in green and tan, 
respectively. The colors of peak labels correspond 
to the color-coding used in figure App-1. 


Ib/Group A resinite) is shown in figure App-3. It con- 
tains features that are important to distinguishing 
copal from amber, and to investigating the structural 
changes that occur as these materials mature. 

One set of important features is attributed to bonds 
involving terminal carbons belonging to the exocyclic 
methylene group described above. Single bonds 
between carbon (site 17) and hydrogen in the exocyclic 
group correlate to absorptions at ~2927, 2853, 1470, 
and 1380 cm’, and a band from ~1050-950 cm. 
Double bonds between carbons (sites 8 and 17) corre- 
late with absorptions at ~3070, 1640, and 887 cm". 

The second set of important FTIR features is 
attributed to bonds involving terminal carbons belong- 
ing to the functional group site. Carbon (site 18)-oxy- 
gen double bonds in this group are correlated with 
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Figure App-4. In this representative °C NMR spectrum 
of Colombian copal, the region from 90 to 10 ppm cor- 
responds to single-bonded carbon, from 155 to 105 
ppm corresponds to double-bonded carbon, and from 
200 to 170 ppm corresponds to a functional group. 
Peaks are numbered and colored according to the car- 
bon site in figure App-1 to which they are attributed. 


bands at ~1728 and 1698 cm!. Carbon (site 18)-oxygen 
single bonds are correlated with absorption features 
between ~1250 and 1150 cm?. When the functional 
group is an ester, as is the case with amber from the 
Baltic Sea region and Ukraine, this region displays 
what is termed the “Baltic shoulder.” This refers to a 
broad horizontal shoulder from ~1250 to 1175 cm'!, 
followed by a sharp absorption peak at ~1159 cm‘. 
The FTIR features correlated to the core structure 
of hydrocarbons comprising amber and copal are 
important for differentiating these materials. These 
features, which consist of low-intensity absorptions 
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at 744, 698, 640, and 540 cm, are due to single car- 
bon-hydrogen bonds involving carbons in the hexago- 
nal rings. The positions and intensities of spectral 
features related to these unsaturated bonds can be 
used to separate mature amber from immature copal. 


NMR Spectroscopy. A representative '*C NMR spec- 
trum of copal studied for this article (i.e., of a Class 
Ic/Group D resinite) is shown in figure App-4. NMR 
spectra of amber and copal are divided into three 
regions irrespective of resin age: single-bonded carbon 
(-C-) in the region of 90-10 ppm, double-bonded car- 
bon (>C=C<) in the region of 155-105 ppm, and a 
functional group [(-COO-) and (>COOH)] in the 
region of 200-170 ppm (Lambert and Frye, 1982; 
Lambert et al., 1985). Individual peaks in these spec- 
tra correlate to the specific carbon sites (numbered 
1-20 in figure App-1) in the structure. 

In the single-bonded carbon region, peaks dis- 
tributed between 22 and 17 ppm correspond to 
methyl group carbons (16, 19, 20) that are single-bond- 
ed to hydrogen. Peaks correlating to carbons that are 
part of the “labdanoid carbon skeleton” are located at 
30-26, 37-40, 36, 53-50, and 59-58 ppm. The 37-40 
ppm peak is attributed to several carbon sites (1, 3, 7, 
and 10) in the core of the structural unit (Lambert and 
Frye, 1982), which is stable over tens of millions of 
years of fossilization. Thus, this peak is quite distinct 
in the spectra of amber and copal of all ages. In gener- 
al, peaks in this single-bonded carbon region tend to 
be broader with increasing age of the sample. 

Spectral patterns in the double-bonded carbon 
region from 155 to 105 ppm are important, because of 
how the two different double bonds (those between 8 
and 17 vs. those between 12 and 13) are affected by 
maturation processes. In this region, four distinct 
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peaks at 148, 139, 127, and 108 ppm correspond to the 
four double-bonded carbons, at sites 8, 13, 12, and 17, 
respectively (Clifford and Hatcher, 1995, Clifford et 
al., 1997; Kimura et al., 2006a). Sites 12 and 17 are 
bonded to hydrogen, whereas sites 8 and 13 are bond- 
ed to carbon. The double-bonded carbons (sites 8 and 
17) in the methylene group signals at 148 and 108 
ppm are broken during the transition from copal to 
amber, as described above. The relative intensities of 
these two signals decrease with increasing sample 
maturation because their double bonds break during 
the transition from resin to copal to amber, until they 
are virtually absent in very mature samples such as 
the Kuji amber in this study. In contrast, the relative 
intensities of the 139 and 127 ppm features do not 
vary much with the maturity of amber and copal 
since the double bonds between carbons 12 and 13 are 
not involved in fossilization processes. Therefore, one 
can infer the age of natural amber from its *"C NMR 
spectrum by setting signal intensities at 139 and 127 
ppm as a standard and defining the relative signal 
intensities that are observed at 148 and 108 ppm 
(Lambert et al., 1985; Clifford and Hatcher, 1995; 
Clifford et al., 1997; Kimura et al., 2006a,b). 

The spectral region from 200 to 170 ppm contains 
features of the various functional groups. The core 
structural units of amber and copal possess different 
functional groups. A peak at 176-172 ppm is attribut- 
ed to carbon (site 18) from an ester functional group, 
which is only observed in the spectra of amber from 
the Baltic Sea region (Lambert and Frye, 1982; Clifford 
and Hatcher, 1995). In general, amber samples from 
other localities do not display any features in the 
functional group spectral region. A peak at 184-182 
ppm corresponds to carbon from a carboxylic acid 
functional group, which is only present in copal. 
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certain clauses were subsequently used by 
the government to exile and fine two of the 
contractors, Felisbetto Caldeira Brant and 
Joao Fernandes de Oliviera Jr. The teal 
reason, however, lay in the fact that their 
local influence might extend and become a 
menace to the Crown. 

The monopoly of diamond mining hav- 
ing been conferred upon the contractors, the 
other inhabitants of the region were com- 
pelled either to move elsewhere or lease 
their slaves to the contractors. Some of them 
were allowed to mine for gold in areas 
where diamonds had not yet been discov- 
ered. But as the entire region has since been 
proved to be diamondiferous it is probable 
that they were able to carry on clandestine 
mining. The contractors themselves are 
known to have winked an eye at infractions 
by participating in the results. 

The Contract System lasted from January 
1742 to the end of 1771 when it was sub- 
stituted by the “Royal Extraccao” during 
which mining was done by and for the 
Crown with from three thousand to five 
thousand slaves, the majority of whom were 
leased from local owners. Legally this sys- 
tem remained in force until 1842 but actu- 
ally it petered out in 1823 when, owing to 
maladministration and political issues both 
in Brazil and abroad, the local authorities 
were no longer able to keep a sufficient force 
in the field to eject local residents from the 
rich area discovered about eight miles east 
of Diamantina. 

During the petiod under review other 
discoveries of diamonds were made in 
Minas Geraes itself and also in Goyaz and 
Matto Grosso, but the severity of the condi- 
tions under which mining was permitted 
prevented their development. 

Throughout both the Contract and Ex- 
traccao periods mining was confined to the 
most accessible spots including the river bed 
of the Jequitinhonha about Mendanha and 
its tributaries, and to. the alluvial fields on 
the highland plateau. The Royal Extraccao 
also extended its opefations actoss the water- 
shed into the upper tributaries of the Rio 


das Velhas,—one of the largest arteries of 
the Sao Francisco river. Some of the minor 
streams—notably the Parauna and Rio Pardo 
Grande — proved to be exceptionally rich. 
Although more than two hundred years 
have elapsed since the diamond mining first 
began in the region, the upper tributaries 
on both sides of the watershed are still 
being worked and virgin patches, left over 
by the Landeirantes, yield rich rewatds. The 
Jequitinhonha itself however, from Men- 
danha to its source near Serro, offers less 
possibilities although some of the older 
legends assert that ‘certain areas were left 
intact either because of their depth or 
because of loss by out-of-season floods. As 
the bandeirantes were not only responsible 
for the discovery of diamonds but also for 
evolving the methods still used by their 
unprogressive successors, a sketch of the 
Diamantina field serves as a model for the 
entire country. Diamond mining in Brazil 
is of a seasonal character. During the dry 
months, lasting normally from May to Oc- 
tober, the rivers shrink in volume and, if 
not too large, can be diverted either into 
canals or into flume. During the wet season 
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A CRYSTALLOGRAPHIC ANALYSIS OF 
THE TAVERNIER BLUE DIAMOND 


Scott D. Sucher 


While the Tavernier Blue has been established as the “grandparent” of the Hope diamond, the 
only firsthand historical documentation for it is a 17th century line drawing of questionable accu- 
racy. It has been suggested that the diamond was crudely cut, conforming to the shape of the 
original crystal. If this is correct, then it should be possible to correlate the facets on the Tavernier 
Blue to the faces of a diamond crystal, and thus gain information on the crystallography of the 
original rough. This study used this information, the original drawings, and a computer model of 
the French Blue diamond generated from the laser scan of a recently discovered lead cast, to gen- 
erate a computer model of the Tavernier Blue. This new model completely encloses the comput- 
er model of the French Blue, conforms to Tavernier’s physical description, and establishes the ori- 
entation of the finished diamond within the original diamond crystal. 


mond was cut in the late 18th or early 19th 

century from the French Blue diamond, 
which itself was cut in the 1670s from the 
Tavernier Blue (see, e.g., Attaway, 2005; Farges et 
al., 2008, 2009). Yet the only documentation of the 
Tavernier Blue comes from gem merchant Jean 
Baptiste Tavernier (1676), who sketched three views 
(figure 1) of a diamond he purchased in India and 
sold to Louis XIV. This is the stone first referred to 
by Streeter (1882) as the Tavernier Blue. Tavernier 
stated that the diamond was clean, violet colored, 
and weighed 1123/16 ct. The computer model of this 
diamond used by Attaway (2005) was derived from 
Tavernier’s drawing as it appeared in a 1682 edition 
of his book and was refined using computer recon- 
structions of the French Blue (these based on 19th- 
century drawings) to determine the original dia- 
mond’s volume and dimensions. Unfortunately, the 
drawings on which these models were based are sub- 
ject to errors due to artistic interpretation, license, 


and skill. 


LQ ino evidence suggests that the Hope dia- 
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The recent discovery of a lead cast of the French 
Blue at the Muséum National d’Histoire Naturelle 
(MNHN) in Paris has provided more accurate infor- 
mation concerning the physical attributes of that dia- 
mond. Farges et al. (2008, 2009) created an updated 
computer model from a laser scan of the lead cast. 
Since this model constituted new historical data, it 
had the potential to change other historical assump- 
tions, particularly those surrounding the Tavernier 
Blue. The author discovered that the new French Blue 
model, when inserted into an unpublished model of 
the Tavernier Blue independently generated from 
Tavernier’s line drawings, did not fit. This indicated 
that the Tavernier Blue model was not entirely accu- 
rate, suggesting that either Tavernier reported the 
weight incorrectly or the original line drawings con- 
tained errors. 

In the 17th century, there was an important 
philosophical difference between European and 
Indian diamond cutters. Whereas the Europeans 
believed in symmetry and brilliance, Indian cutters 
thought that value resided mainly in the weight of 
the diamond. As Tavernier wrote, “If the stone is 
clean they do not do more than just touch it with 
the wheel above and below, and do not venture to 
give it any form, for fear of reducing the weight” 
(1682, p. 44). Since the Tavernier Blue was cut in 
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India, it is fair to assume that it retained much of 
the original crystal form. Thus, a more accurate 
computer model could be generated by correlating 
its facets to the crystal faces of a diamond. This 
blueprint could then be used to update the 
Tavernier Blue model, and previously unknown 
crystallographic information could be inferred. 
Although similar information could be derived by 
X-ray diffraction analysis of the Hope diamond, there 
is no surviving record of XRD done on the Hope 
more than 30 years ago. An X-ray diffraction pattern 
taken then has since disappeared (J. Post, pers. 
comm., 2008). The Smithsonian has XRD facilities, 
but they are not suitable for large stones like the 
Hope without modification. Nevertheless, museum 
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Figure 1. These line 
drawings (bottom) from 
Jean Baptiste Tavernier’s 
1676 memoir are the 
only known contempo- 
raneous illustrations of 
the famed Tavernier 
Blue diamond before it 
was faceted into the 
French Blue. Le dessus = 
top; le dessous = bottom; 
and |’Epesseur = profile. 
The computer-generated 
images (top) emulate the 
appearance of the origi- 
nal diamond. A spectral 
file of the Hope dia- 
mond was imported to 
generate the color. The 
profile-view computer 
image does not com- 
pletely match Taver- 
nier’s drawing because 
the profile drawing was 
geometrically unresolv- 
able based on the facets 
in the other two views. 


staff have indicated that it may be possible to con- 
duct XRD testing when the Hope is reset later in 
2009 as part of the 50th anniversary of its donation (J. 
Post, pers. comm., 2009). Until such time, crystallo- 
graphic data must be inferred using other methods. 


MATERIALS AND METHODS 


A computer model of the Tavernier Blue diamond 
was developed based on Tavernier’s 1676 line draw- 
ing (slightly different from the 1682 version), which 
shows three views: le dessus (top), le dessous (bot- 
tom), and /’Epesseur (profile; again, see figure 1). 
Photogrammetric methods, using Adobe Illustrator 
and GemCad (a three-dimensional graphics tool for 
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Figure 2. The most recent model of the French Blue (gray wireframe) is shown inside an older model of the Tavernier 
Blue (blue wireframe). Note on the far right how the French Blue protrudes on two sides, indicating an error. 


planning gemstone cuts, www.gemcad.com}, were 
employed to generate a preliminary model, as 
described in Sucher and Carriere (2008). 

Next, GemCad was used to compare this comput- 
er model to the computer model of the French Blue 
described in Farges et al. (2008, 2009). The two models 
did not fit, as the French Blue protruded from the 
Tavernier Blue in a few locations, indicating that 
modeling errors existed (figure 2). The main difficulty 
in correcting modeling errors for the Tavernier Blue 
lay in choosing the initial assumptions. Relying on 
Tavernier’s drawing alone was not an option, as these 
views were the basis of the incorrect model. But if the 
diamond was a crudely fashioned crystal as Taver- 
nier’s comments suggest, then crystal faces (see, e.g., 
figure 3) could be used to provide guidance for model- 
ing the correct facet angle and index settings. 

The crystal faces were identified by comparing 
the initial model to an idealized diamond crystal. 
Goldschmidt (1916) reported that diamond some- 
times occurs as a hexoctahedral crystal, a form with 
146 faces consisting of {100}, {110}, {111}, {210}, {211}, 
{221}, and {421} faces. This crystal form was modeled 
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in GemCad (figure 4), which provided sufficient 
crystal face candidates to correlate to the facets of 
the Tavernier Blue. Although diamonds are more 
commonly found as a mix of crystal habits and not 
perfect crystals, the angular relationships between 
the crystal faces do not change. Thus, the data from 
the perfect crystal were still usable for this purpose. 
For this part of the study, the updated French Blue 
model was first oriented inside the existing model of 
the Tavernier Blue so that its table was parallel to the 
table on the bottom view and its girdle aligned with a 
series of facets that corresponded to the “girdle” on 
the Tavernier Blue. The French Blue model was then 
rotated one degree at a time in the X, Y, and Z direc- 
tions to achieve a visual “best fit” (e.g., figure 5). 
Now the larger model could be revised one facet at a 
time using information from the faces of the crystal. 
Further modeling was performed by opening a 
series of computer windows: (1) the hexoctahedral 
crystal, in GemCad, to provide angle and index set- 
tings of each face; (2) the Tavernier Blue with the 
French Blue model positioned inside, also in 
GemCad;, and (3) an Adobe Illustrator file showing 


Figure 3. These photos of 
actual diamond crystals 
(Orlov, 1977) show what 
the Tavernier Blue may 
have looked like in its 
natural state. The crys- 
tal on the left resembles 
the top view, the crystal 
on the right the bottom 
view. 
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Figure 4. This GemCad model of a hexoctahedral crys- 
tal was used to select crystal faces to match to facets. 
The (100)c and (111)c faces (blue) remained oriented as 
the crystal was rotated during modeling. 


Tavernier’s 1676 drawings. All windows were made 
semitransparent so that they would overlay each 
other and make all information visible at once. 


NEED TO KNOW 


¢ The Tavernier Blue was the precursor diamond to 
the French Blue and the Hope, but the only sur- 
viving record is Tavernier’s 17th-century drawings. 

¢ A computer model based on the drawings did 
not fully encompass the French Blue. 

¢ Tavernier suggested that the diamond was a 
lightly polished crystal. 

¢ The computer model was modified by assuming 
most facets were aligned to crystal faces. 

¢ The revised model fully encloses the French 
Blue while remaining true to the original draw- 
ings and weight. 


Now the original Tavernier Blue computer model 
had to be oriented to the hexoctahedral crystal. It 
was initially assumed that the table was oriented 
parallel to a cleavage. The hexoctahedral crystal 
model was rotated so that a {111} face was “face up,” 
then a line drawing of the top was overlaid on it (fig- 
ure 6). A comparison of the angle shown in the draw- 
ing at the apex of the table matched that of the sur- 
rounding faces in the crystal, so this was assumed to 
be a valid starting point. This was also in agreement 
with the lost X-ray diffraction pattern, which report- 
edly showed that the table of the Hope was aligned 
with a cleavage face (J. Post, pers. comm., 2008). 
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Figure 5. This GemCad view shows the French 
Blue enclosed within the Tavernier Blue. This 
model was rotated in all three directions to verify 
that the Tavernier Blue fully encompassed the 
French Blue during remodeling. 


With the computer model thus oriented, correc- 
tions were made by selecting a facet and comparing 
it to faces on the crystal. Two methods were used to 
correlate crystal faces to facets: 


1. Three points on the Tavernier Blue model were 
selected to define a particular facet, at which 
point GemCad could solve for angle and index 
settings. These were then matched to the set- 
tings for the nearest crystal face; if the crystal 
face settings were close, they were used to vir- 
tually cut the facet. 


Figure 6. This superposition of a line drawing of the top 
view of the Tavernier Blue on the hexoctahedral crystal 
shows how the crystal faces surrounding the (111)c face 
form the correct angle at the apex of the “table” facet. 
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2. A likely crystal face for a facet was identified 
based on its position on the crystal. For 
instance, if the facet was on the right side, then 
a face on the right side of the crystal would be 
selected. If a low angle was required, then one 
closer to the top of the crystal would be select- 
ed. Then the settings for this face would be 
used to cut the facet. This was a highly itera- 
tive process, as face selection was based on 
stonecutter judgment. 


Regardless of the methodology, the resultant 
facet was verified correct by: 


1. Comparing it to Tavernier’s drawing to ensure 
the new facet matched the drawing. 


2. Rotating the Tavernier Blue and French Blue 
models in GemCad to ensure the modified 
facet removed as much material as possible 
from the Tavernier Blue, but did not cut into 
the French Blue. (This latter concern was neces- 
sary as preliminary analysis showed that the 
original model of the Tavernier Blue, when 
expanded to fully enclose the French Blue, was 
about 15 ct too heavy.) 


3. Analyzing the result against neighboring facets 
on the Tavernier Blue. Since a three-dimension- 
al solid form was being created, the settings for 
one facet affected the settings of adjacent facets, 
so any change would cascade and affect the 
modeling solution for the entire stone. 


The top and bottom views—but not the profile 
view—were used to reconstruct the Tavernier Blue. 
There were several reasons for giving the top and 
bottom views preference. Attaway (2005) noted that 
the profile view is unresolvable given the informa- 
tion in the other two views. This was corroborated 
here by comparing various viewing angles and facet 
configurations. There were no facet combinations 
that matched this view given the facets in the other 
two views. 

Modeling the bottom view was more problemat- 
ic than the top. This view was drawn from an 
oblique perspective at an unknown tilt. Attaway 
(2005) believed that the bottom table was tilted ~15° 
away from the viewer to provide information con- 
cerning the side facets. This is certainly possible, but 
using 20° in the present study appeared to provide a 
better fit given the revised data (though there is no 
way to prove which is the better estimate). This 
degree of tilt greatly influences any modeling solu- 
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tion, since the apparent depth of the stone is affected 
by any tilting in the view. Determining the degree of 
tilt is a function of comparing length, width, and 
depth, tempered by changes to the facet pattern 
appearance due to parallax. There were modeling 
solutions to both perspectives (15° and 20°), but the 
greater tilt allowed for the use of more crystal faces, 
providing a better fit between the two models and 
Tavernier’s line drawing. 

The profile view shows the tables of the top and 
bottom to be parallel, so this was maintained for 
modeling the bottom. Due to the uncertainty of the 
bottom view’s perspective, though, placing facets 
and correlating them to crystal faces required far 
more trial and error than was needed for the top 
view. Additionally, the area along the lower right 
edge of Tavernier’s bottom view could not be 
resolved sufficiently to determine which lines indi- 
cated facets or merely shading, or were perhaps the 
artist’s interpretation of internal reflections as sur- 
face facets (figure 7). 

The facet assignments for the top and bottom 
views initially yielded a model for the Tavernier 
Blue that weighed 120 metric carats. As originally 
modeled, the table facets were perfectly aligned 
with cleavages. Tavernier did not report these as 
unpolished facets, so it must be assumed they were 
polished and, therefore oriented slightly away from 
the cleavage plane (which could not be polished). 

However, if the table facets were indeed angled 
slightly away from cleavage planes, then the ques- 
tion of by how much and in which direction had to 
be resolved. There are two clues, one on each of the 
French and Tavernier Blue models: 


1. The culet on the French Blue is oriented 3° 
away from parallel to its table facet. The culet 
facet correlates to the table in the top view of 
the Tavernier Blue, suggesting a similar devia- 
tion away from a cleavage plane. 


2. The initial updated computer model of the 
Tavernier Blue had a facet pattern that was 
similar to Tavernier’s drawing, but the two 
patterns did not match exactly. When the top 
table facet was tilted 2° in the direction sug- 
gested by the French Blue’s culet facet, there 
was a much better visual fit to the drawing. 


The bottom table was similarly remodeled to 
remain parallel with the top table. Although the 
culet of the French Blue is off-parallel approximately 
3°, repositioning these facets more than 2° was phys- 
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Figure 7. The fact that approximately 10-15 facets along the lower right edge of the bottom-view drawing (left) 
cannot be definitively interpreted affects the modeling solution. The two computer models (center and right) show 
the difficulty Tavernier would have had in discerning the facets and reflections. 


ically impossible as the French Blue model started to 
protrude at the “girdle” of the Tavernier Blue. All 
facets were now remodeled using their established 
settings to allow for tilt of the table facets. 

At this point, the French Blue model was tilted so 
that its table was parallel to the bottom table. This 
created more distance between some facets in the 
two models. Some Tavernier Blue facets were then 
adjusted to place them closer to the sides of the 
French Blue. Again, this was necessary to reduce the 
size of the Tavernier Blue model to better conform to 
its reported weight. Minor position adjustments were 
made to the French Blue along all three axes to 
accommodate changes as the larger stone was remod- 
eled. Numerous iterations of facet combinations 
were performed to determine a “best fit” (as deter- 
mined visually) throughout the modeling process. 

Multiple iterations were tested using cubic, 
dodecahedral, or octahedral crystal faces as table 
facets of the top and bottom views. The hexoctahe- 
dral crystal model was also rotated within each 
table facet orientation to test different crystal face 
geometries to create the surrounding facets. 


RESULTS 

The outcome was a 116.5 metric carat (29.18 x 32.40 
x 12.88 mm) model of the Tavernier Blue with 11 
facets on the top, 17 on the bottom, and three at 90° 
along the “girdle.” This revised model completely 
enclosed the French Blue model. 

The assignments of crystal faces to facets for the 
top view are shown in figure 8. There was one facet 
that did not correlate to a crystal face (colored yel- 
low). Additionally, the (111) facet at 2. o’clock (col- 
ored green) was rotated 3° counterclockwise to 
achieve the appropriate angle to the (221) facet next 
to the table. Some deviation was required, other- 
wise the facet would have been parallel to a cleav- 
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age face. This deviation not only satisfied this con- 
straint but also resulted in a much better fit to 
Tavernier’s drawing. 

The table facets of the top and bottom views were 
oriented 2° away from the {111} crystal faces. Twenty- 
one of 31 facets could be directly correlated to crystal 
faces of a hexoctahedral diamond crystal. Of those 21 
faces, three were cleavages, and rotating them 2-3° 
from perfect alignment achieved the necessary devia- 
tion so they could have been cut and polished. 

Of the 10 facets that could not be correlated to any 
specific crystal face, nine were on the bottom view 
(again see figure 8). Of these nine facets, the angle and 
index settings of adjacent facets were cut within 3-5° 
of each other, suggesting facets that were cut near 
crystal faces to remove surface features/damage to the 
crystal with minimal weight loss. 

Models using cubic {100} and dodecahedral {110} 
faces as the table were not physically possible. There 
were no facet combinations with these orientations 
that could be used to generate a model that matched 
Tavernier’s description. This was true even when 
the hexoctahedral crystal was rotated around the 
“face-up” facet to generate a new set of crystal face 
relationships. Only the {111} orientation yielded a 
feasible solution. 

Attempts at reconstructing the model using 
cubic and dodecahedral crystal faces as the table 
yielded the following results: 


1. A cubic face-centered model resulted in three of 
11 facets on the top view that could not be 
assigned crystal faces. Two of those that could 
be assigned were {421} faces, implying a higher 
order of crystal complexity. Additionally, one 
facet on the top view was geometrically impos- 
sible; adjacent facets removed the material nec- 
essary for its creation. Since the top view could 
not be resolved satisfactorily, modeling was not 
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carats (0.2055 g/ct), or some other version in use at 
that time. As a result, conversion from old carats to 
metric carats (0.2 g/ct) yields a weight range from 
109.5 to 115.3 ct. 

The initial (erroneous) model of the Tavernier 
Blue that corresponded to Tavernier’s 1682, drawings 
weighed 115.7 metric carats. There is no record of 
the weight of the Tavernier Blue when it was 
received by the French court or when Jean Pitau cut 
the French Blue, so Tavernier’s weight cannot be 
independently verified. It may have been weighed at 
the time of the sale; however, these records have not 
been found. Since there is no record of any discrep- 
ancy, the weight was assumed to be correct. 

The accuracy of Tavernier’s drawings also cannot 
be verified. Historical line drawings in general should 
be considered suspect, given the findings of modern 
diamond researchers. For example, Tillander (1995) 
compared five drawings of the Sancy diamond from 
several authors, all of which differ from the actual dia- 
mond on display at the Louvre. Bauer’s drawings 
(1968) of several diamonds are more representations of 
these stones and certainly not accurate depictions. 
Streeter’s (1898) illustration of the Tavernier Blue was 
markedly different from Tavernier’s version. Some 


performed for the bottom view. Rotating the 
crystal and then assigning crystal faces also 
became geometrically impossible. 


2. The dodecahedral face-centered model resulted 
in nine of 11 faces assigned to facets on the top 
view. Although the facet pattern matched the 
drawing, the angles were too shallow, yielding a 
model that was too blocky and heavy. A total of 
seven {421} crystal faces were necessary, again 
implying a very complex crystallization process. 
Modeling the bottom view resulted in seven of 
14 facets without face assignments; those that 
were assigned did not remove enough weight. 
As a result, the model could not be resolved 
below 125.8 cts. Rotating the crystal around the 
dodecahedral face and then reassigning faces to 
facets was geometrically impossible. 


DISCUSSION 


The possible weight range of the Tavernier Blue 
affects any modeling solution. Although Tavernier 
reported the weight as 1123/16 ct, he did not indicate 
whether he used Florentine carats (0.1952 g/ct 
[Streeter, 1898] or 0.1965 g/ct [Kunz, 1914]}, French 
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drawings in the English version of Tavernier’s book 
(1682), and many subsequent versions, are mirror 
images of the drawings in the original French version 
(1676). These examples clearly demonstrate that his- 
torical line drawings must be viewed with caution. 
The most important problem with Tavernier’s 
drawings of the Tavernier Blue is that the computer 
model generated from them could not enclose the 
French Blue model by Farges et al. (2009) until it was 
enlarged to 130 ct. Since the lead model of the French 
Blue is the only surviving physical representation of 
this stone, the computer model of it generated by laser 
scanning should be considered more accurate than a 
computer model of the Tavernier Blue generated by a 
single set of line drawings. With octahedral crystal 
faces as the tables in the top and bottom views, the 
revised Tavernier Blue model satisfies historical con- 
straints by: (1) completely enclosing the French Blue 
model; (2) emulating Tavernier’s line drawings; (3) 
falling within 1% of the reported weight (a range, as 
discussed previously) of the original diamond; and (4) 
having no facet parallel to a cleavage {111} face. 
Importantly, no models that use the cubic or dodecahe- 
dral crystal faces as tables satisfied all four constraints. 
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CONCLUSIONS 


The recent discovery of a lead cast of the French 
Blue diamond at the MNHN in Paris provides the 
strongest evidence to date of that diamond’s phys- 
ical characteristics. This cast (Farges et al., 2008, 
2009) made it possible to refine a model of the 
Tavernier Blue that had been derived solely from 
line drawings; however, more information was 
required to generate an accurate model. This was 
provided by Tavernier himself, in his assertion 
that Indian diamond cutters conserved weight by 
only lightly touching up the crystal faces. Since it 
appears that the Tavernier Blue was a crudely 
fashioned diamond crystal, it became possible to 
assign crystal faces to many of its facets. Thus, 
Tavernier’s drawing could be updated using crys- 
tallographic data from an idealized hexoctahedral 
diamond crystal. The resulting model satisfies 
historical physical constraints of size, weight, and 
facet pattern. The gem’s orientation within a dia- 
mond crystal was precisely determined (i.e., with 
the tables parallel and offset 2° to octahedral 
faces), providing new crystallographic details of 
this historic diamond. 
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Notes & NEW TECHNIQUES 


“FLUORESCENCE CAGE”: VISUAL 
IDENTIFICATION OF HPHT-TREATED 
TYPE | DIAMONDS 


Inga A. Dobrinets and Alexander M. Zaitsev 


HPHT-treated type | diamonds of various col- 
ors may exhibit unusually intense fluores- 
cence at the facet edges and junctions. This 
effect, here named the “fluorescence cage,” is 
observed with a fluorescence microscope as a 
luminous network on the diamond's surface. It 
was not observed in untreated diamonds or 
colorless type lla HPHT-treated diamonds. 
This fluorescence pattern is believed to result 
from a high concentration of HPHT-induced 
optical centers, which remain on facet edges 
after repolishing. 


he identification of high-pressure, high-tempera- 

ture (HPHT) treatment of diamond poses a great 
challenge to gemologists (Collins, 2006). Since this 
enhancement was officially introduced to the dia- 
mond market in 1999, its gemological and economic 
implications have been discussed at length (e.g., 
Shigley, 2005). HPHT treatment, originally 
announced as undetectable, actually can be recog- 
nized in most cases by a combination of characteris- 
tic microscopic and spectroscopic features. However, 
most advanced spectroscopic methods are expensive 
and time consuming, so they cannot be used effi- 
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ciently for routine characterization of every diamond. 
Moreover, some HPHT-treated diamonds may lack 
the standard identifying features. Therefore, further 
studies of HPHT-treated diamonds and the develop- 
ment of practical detection methods remain impor- 
tant activities at gemological laboratories. 

In this article, we report on a new characteristic 
of faceted HPHT-treated type I diamonds: intense 
fluorescence on facet edges and junctions (e.g., figure 
1). This feature is easily observed with a fluores- 
cence microscope and can be used to identify HPHT 
enhancement. 


MATERIALS AND METHODS 


Fluorescence images of 60 HPHT-treated and more 
than 100 untreated cut diamonds of various colors 
and clarity grades were studied. Of the HPHT-treat- 
ed stones, 50 ranged from brown to yellow to green 
to orange, and the other 10 were colorless and near- 
colorless. To our knowledge, all the stones were 
faceted prior to HPHT annealing and repolished after 
treatment. The untreated diamonds, selected from 
those submitted to EGL USA for grading, were color- 
less, near-colorless, and brown to yellow (over 30 
stones in each of these three color groups). 

The HPHT-treated diamonds were loaned by Nice 
Diamonds. They were confirmed as HPHT treated by 
our testing with polarized-light microscopy, Fourier- 
transfer infrared absorption spectroscopy (Nicolet 800 
Nexus 670 FTIR spectrometer}, visible-transmission 
spectroscopy (SAS2000 spectrometer), and photolu- 
minescence spectroscopy (SAS2000 with PL excita- 
tion at 532 and 658 nm). The visible absorption and 


GEMS & GEMOLOGY FALL 2009 


Figure 1. These face-up and table-down views of a Fancy Vivid yellow HPHT-treated type I diamond show 
intense fluorescence on facet edges and junctions, which is here called a “fluorescence cage.” Photomicrographs 


by I. Dobrinets; magnified 40x. 


PL spectra were measured at room and liquid-nitro- 
gen temperatures. The same techniques were used to 
ascertain the untreated nature of the other diamonds. 

Fluorescence images of all the diamonds were 
taken with a Nikon Eclipse Ti inverted fluorescence 
microscope equipped with a 100 W high-pressure 
mercury lamp and optical edge filters (Hoecht UV-2A 
Ex355/50 Dm400 Bar420), enabling UV excitation 
with Hg lines at wavelengths of 365 nm (ie., long- 
wave UV; ~70% of the total excitation intensity) and 
334 nm (~30% of the total excitation intensity), as 
well as imaging at wavelengths >400 nm (across the 
entire visible spectrum). Prior to the measurements, 
the diamonds were ultrasonically cleaned in acetone 
and alcohol to remove any surface contaminants that 
might affect the fluorescence imaging. 


RESULTS AND DISCUSSION 


Gemological Observations. This research stemmed 
from the characterization of a 0.76 ct diamond sub- 
mitted to EGL USA for grading and origin-of-color 
determination (figure 2). The diamond received a 
color grade of Fancy brownish-orangy yellow and an 
Il clarity grade. It was inert to long-wave UV excita- 
tion and fluoresced a faint greenish yellow with 
some green patterns to short-wave UV. The dia- 
mond contained a few cracks with obvious graphiti- 
zation, an indication of possible HPHT treatment. 
Examination with 100x magnification revealed 
several features characteristic of HPHT-treated dia- 
monds in addition to the graphitized cracks: cleav- 
ages with etched surfaces, fingerprint-like inclusions, 
and small frosted facets (Moses et al., 1999; Smith et 
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al., 2000; Hall and Moses, 2001). The stone exhibited 
a strain interference pattern typical of natural type Ia 
diamond. No chips or delaminations were detected 
on the facets or edges, which led us to believe that 
this colored diamond was not coated by any films 
such as those documented by Shen et al. (2007). 

The FTIR absorption spectra showed that the 
stone was a mixed type IaA/B+Ib with about 1 ppm 
of C defects, 25 ppm of A defects, and 45 ppm of B 
defects. The presence of nitrogen in both dispersed 
and aggregated forms—a rare occurrence in natural 
diamonds (Hainschwang et al., 2006)—offered 
further evidence of HPHT treatment. The visible 


Figure 2. The fluorescence cage was first discovered 
during the examination of this 0.76 ct HPHT-treated 
diamond. Photo by Fernando Paredes. 
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sufficient water can generally be impounded 
in convenient depression to permit ground 
sluicing. 

The Diamantina field lies on an elevated 
plateau approximately four thousand feet 
above sea level, forming part of the Serra 
do Espinacho which extends from Outo 
Preto northwards into the State of Bahia, 
where diamonds were discovered in 1852 
in the Lencoes and Jacobina areas. This field 
subsequently became notable as the only 
source in the world of carbonados on a 
commercial scale. Excepting for a compara- 
tively small production from India and from 
Borneo, Brazil became the source of the 
world’s production of diamonds and main- 
tained its position until ousted by the South 
African fields. Its most productive eta was 
during the Contract and Royal Extraccao 
periods when the pioneer miners were able 
to pick and choose at will the most likely 
areas for exploitation. The physical features 
of the field itself favored the concentration 
of diamonds in the rapids and pools of the 
Jequitinhonha and its tributaries. In its 
upper regions, from Mendanha to its source 
near Serro, the river flows through a deep 
valley about five hundred meters below the 
level of the plateau. Rugged and precipi- 
tuous sides of the valley frequently close 
down onto the river’s banks and the stream 
itself flows down a series of rapids: and 
cascades, with short intermediate sections of 
quiet waters and placid pools. ts tributaries 
are short and turbulent. These factors ren- 
dered the conditions ideal for the retention 
and concentration of diamonds in the pools 
and potholes with which they abound. It 
was from these that the bandetrantes and 


e Panning for gold with batea. 
Note sorting shed in rear and tail- 
ings dump at right in lower pic- 
_ture. 


their successors obtained rewards which 
sometimes bordered on the sensational. The 
most notable example was the recovery in 
1881 of twenty-three thousand carats from 
a pothole in the Ribeirao do Inferno during 
the course of one afternoon. The section of 
this “River of Hell” in which the pothole 
was found, had previously been worked 
either by the Contractors or the Extraccao 
but, sealed by a capping of cemented gravel, 
its presence had been overlooked. A crow- 
bar dropped by a slave when it was being 
reworked on this occasion broke through 
the capping and revealed its presence. An- 
other instance of the concentration of dia- 
monds occurred when Joao Fernandes Jr. 
took one hundred and seventy-five thousand 
carats during the course of one year from 
a ditch dug for the purpose of washing his 
cascalho (diamond-bearing gravel). It was 
on this occasion that he is said to have 
prayed “that if such wealth should cost his 
soul the diamonds might be turned to coal.” 
As recently as 1926, eleven thousand carats 


Figure 3. These images, taken with a fluorescence microscope, show the fluorescence cage on both the table 
(left) and pavilion (right) of the 0.76 ct HPHT-treated diamond in figure 2. The different fluorescence colors are 
due to the different relative intensities of nitrogen-related centers: yellowish green (dominated by H3) on the 
crown, and yellow (dominated by NV-) on the pavilion. Photomicrographs by I. Dobrinets; magnified 40x. 


transmission spectrum was dominated by an absorp- 
tion continuum with a threshold at 650 nm (absorp- 
tion of C defects), and revealed a rather weak signal 
for the H3 center, which was observed in the absorp- 
tion and luminescence regimes (the “green transmis- 
sion” effect). Both the C-defect absorption continu- 
um and “green transmission” are common features 
of mixed-type HPHT-treated diamonds. The photo- 
luminescence spectra revealed a dominant nitrogen- 
related NV- center with a zero-phonon line (ZPL) at 
638 nm and three more centers with ZPLs at 542, 
564, and 574 nm, which are believed to originate 
from nickel impurities. These centers are common 
for HPHT-treated natural diamonds with brown-to- 
yellow-to-orange coloration, and the latter two are 
also found in HPHT-treated synthetic diamonds 
(Yelisseyev and Kanda, 2007). 

Fluorescence microscopy revealed a weak, pre- 
dominantly yellowish green fluorescence, which 
could be a superposition of the H3 and NV~ center 
emissions. None of the cross-like patterns character- 
istic of synthetic diamonds were detected. The most 
intense fluorescence was concentrated in some 
cracks and—surprisingly—along the facet edges and 
at the table and pavilion junctions (figure 3). Because 
of these bright edges, the diamond looked as though 
it had been placed in a “fluorescence cage.” 

To investigate whether this fluorescence pattern 
was the product of HPHT treatment, we conducted a 
comparative study of the numerous HPHT-treated 
and untreated faceted diamonds described above. 
Spectroscopic measurements of several HPHT-treat- 
ed colored, near-colorless, and colorless diamonds 
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revealed that the colored diamonds were type Ia with 
total nitrogen contents over 100 ppm and the near- 
colorless and colorless ones were type Ila with total 
nitrogen contents below a few ppm. The untreated 
diamonds did not show such a straightforward depen- 
dence of color on type, and those that were colorless 
revealed a broad range of nitrogen content. 

All of the intensely colored type Ia (20 stones) and 
some light-colored type Ia (8 of 20 samples) HPHT- 
treated diamonds exhibited the fluorescence cage, 
whereas none of the untreated diamonds revealed 
any traces of it (see, e.g., figure 4). The pattern was 
especially distinct in those HPHT-treated diamonds 
that had high nitrogen concentrations and were 
more deeply colored (e.g., figure 5), especially those 
with low overall fluorescence. In contrast, the fluo- 
rescence cage was very faint in low-nitrogen near- 
colorless type Ia HPHT-treated diamonds, and it was 
not observed at all in the colorless type Ila HPHT- 
treated diamonds. This is consistent with our belief 
that the fluorescence cage is formed by nitrogen- 
related optical centers. 


Origin of the Fluorescence Cage. Our study of the 
spectral content of the fluorescence cage showed 
that the main contributors to the luminescence 
were the optical centers generated during HPHT 
treatment: H3, NV, and some nickel-related centers. 
On the basis of these results, we believe that the flu- 
orescence network is caused by HPHT-induced 
modification (plastic deformation) of the diamond 
lattice in a layer close to the surface. This modified 
layer contains optical centers generated by high 
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Figure 4. This untreated brownish yellow diamond 
exhibits whitish pink overall fluorescence and no 
fluorescence cage. Photomicrograph by I. Dobrinets; 
magnified 40x. 


mechanical stress and high temperatures. One 
would expect the modified layer to be thicker on 
protrusions such as facet edges and junctions, where 
the mechanical strain during HPHT compression 
reaches a maximum. After repolishing, the modified 
layer is largely removed from the flat facets, but 
there are remnants on the facet edges. 

To support this explanation, we studied several 
surface-reaching cracks in one of the HPHT-treated 
diamonds with the fluorescence microscope. 
Although the area around those cracks was damaged 
by repolishing, it did not show strong fluorescence 
(figure 6). This observation confirmed that mechani- 
cal damage and plastic deformation alone did not 
produce strong luminescence centers: Simultaneous 
application of high mechanical stress and high tem- 
perature was required to generate them, as seen in 
the cracks of the 0.76 ct diamond, which were gener- 
ated during HPHT processing. 

So far, we have observed the fluorescence cage 
only in HPHT-treated type I diamonds. It has not 
been detected in any diamonds treated with irradia- 
tion alone, or with irradiation and low-pressure 
annealing. Indeed, it is difficult to imagine a mecha- 
nism other than HPHT annealing and repolishing 
that could result in the precise concentration of 
optical centers along facet edges. For instance, elec- 
tron irradiation with energy below 1 MeV may gen- 
erate optical centers of varying intensity (Fritsch 
and Shigley, 1989). This nonuniformity, however, is 
very different from that of the fluorescence cage. 
Neutron irradiation is very uniform and cannot 
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Figure 5. This deeply colored greenish yellow HPHT- 
treated diamond shows a strong fluorescence cage 
along with bluish Iuminescence. Photomicrograph by 
I. Dobrinets; magnified 40x. 


selectively produce defects at facet edges. 

Important questions about the fluorescence cage 
are whether it can be removed from a diamond and 
whether it is generated by HPHT treatment of both 
rough and faceted type Ia diamonds. If we correctly 
understand the nature of this effect, the concentra- 
tion of optical centers at facet edges can be 
enhanced by HPHT annealing of faceted diamonds 
only. It will not be observed on diamonds that were 
treated in rough form and faceted after treatment. If 
the cage is indeed located close to the surface, then 
it can be removed by a deeper repolishing. 
However, deep repolishing may reduce the dia- 
mond’s weight to the point of being commercially 
impractical. Nor will it appear on type II HPHT- 
treated pink or blue diamonds, because their nitro- 
gen content is too low. 


Detecting the Fluorescence Cage. Fluorescence micro- 
scopes such as the one used in this study are uncom- 
mon in gem labs. As an alternative, the DiamondView 
instrument should be suitable to observe fluorescence 
images. Although the DiamondView is not an exact 
analogue of a conventional fluorescence microscope 
due to its very short excitation wavelength (<225 nm 
compared to 365 nm for fluorescence microscopes}, we 
expect the fluorescence cage to be observable with the 
DiamondView in many stones. It must be noted, how- 
ever, that the shorter excitation wavelength of the 
DiamondView will not excite certain HPHT-induced 
optical centers (e.g., the 638 nm NV~ center); thus, in 
some Cases a cage pattern that might be revealed with 
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Figure 6. The conventional microscopic image of a brownish-greenish yellow HPHT-treated type I diamond 
on the left shows a crack surrounded by polish lines. The fluorescence image of the same area (right) shows 
enhanced luminescence on the facet edges and junction, but no strong luminescence around the crack and 
polish lines. Photomicrographs by A. Zaitsev; magnified 100x. 


a fluorescence microscope will not be seen with the 
DiamondView. 

If the fluorescence cage is strong, then it may also 
be seen using a standard gemological microscope 
while the diamond is exposed to long-wave UV radi- 
ation from a standard gemological lamp. The excita- 
tion wavelengths for such lamps are the same as 
those of the mercury lamps used in fluorescence 
microscopes. We observed the fluorescence cage in 
several stones using this method. However, since 
gemological microscopes are not designed to com- 
pletely filter out UV radiation, for safety reasons we 
do not recommend implementing such a testing 
method unless the observer’s eyes are properly 


shielded. 
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CONCLUSIONS 


We report a new observational feature of some 
HPHT-treated diamonds—enhanced fluorescence on 
facet edges and junctions—which we term a fluores- 
cence cage. On the basis of our study of numerous 
HPHT-treated diamonds (both colored and colorless) 
and their untreated counterparts, we conclude that 
the fluorescence cage can be readily observed on 
most deeply colored HPHT-treated type I diamonds 
with the use of a fluorescence microscope. 
Recognizing this feature considerably simplifies iden- 
tification of HPHT treatment. We believe that the 
fluorescence cage cannot be generated by mechanical 
polishing or by other treatments such as irradiation 
and annealing at low pressure. 
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UPDATE ON AMMOLITE PRODUCTION 
FROM SOUTHERN ALBERTA, CANADA 


Keith A. Mychaluk 


There have been a number of changes in 
Ammolite production from southern Alberta, 
Canada, since 2001. Korite International con- 
tinues to be the dominant supplier, with a 40% 
increase in finished-stone production during 
this period. As mining focuses on Zone 4 of the 
host Bearpaw Formation, Korite’s inventory has 
changed from predominantly fractured to sheet 
Ammolite. The Aurora Ammolite mine, operat- 
ed by Rusty Pimm Enterprises, is the only other 
fully mechanized open-pit mine, but artisanal 
miners continue to be active. Dinolite— 
Ammolite combined with siliceous dinosaur 
bone—has been introduced as yet another 
innovative use for Ammolite. 


of Canadian Ammolite since 2001 (see 

Mychaluk et al., 2001), with new producers and 
new mines emerging. The growing industry contin- 
ues to yield material for both the jewelry and speci- 
men-collector markets (e.g., figures 1 and 2). This con- 
tributor visited the main Ammolite-producing area 
southwest of Lethbridge, Alberta, in September 2008 
and conducted several interviews with producers 
through early 2009. Currently, the two main produc- 
ers are Korite International and the Aurora Ammolite 
mine, with continuing activity by artisanal miners. In 
addition, a new product, Dinolite, in which 


. ignificant changes have occurred in the mining 
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Ammolite and other gem materials are combined 
with dinosaur bone fragments, has been introduced. 


ABOUT AMMOLITE 


Ammolite is a gem material composed of aragonite 
that is derived from the shells of ammonites, extinct 
cephalopod mollusks found in marine sediments of 
the Bearpaw Formation (Fm) in southern Alberta, 
Canada. As reported in Mychaluk et al. (2001), com- 
mercial quantities of Ammolite are derived from two 
ammonite species (Placenticeras meeki and P. inter- 
calare) from specific horizons within the Bearpaw Fm 
shale in the St. Mary River valley southwest of 
Lethbridge, Alberta (figure 3). Only two such hori- 
zons—labeled by Korite International as K Zone and 
Zone 4—are rich enough to sustain exploitation by 
open-pit mining methods. Ammolite can be grouped 
into two categories based on physical appearance: frac- 
tured and sheet (again, see figure 1). In fractured 
Ammolite, the original ammonite shell has been 
crushed and healed by natural processes, creating a 
“stained glass window” appearance. Fractured Ammo- 
lite is typically associated with the K Zone. Little or 
no crushing of the ammonite shell has occurred in 
sheet Ammolite; it is typically sourced from Zone 4. 


MINING AND PRODUCTION 


Korite International. The dominant Ammolite pro- 
ducer continues to be Korite International of Calgary, 
Alberta. As discussed by Mychaluk et al. (2001), 
Korite has operated several open-pit mines to recover 
both gem-quality Ammolite and complete ammonite 
fossils from the Bearpaw Fm. Pierre Paré, president of 
Korite, provided much of the following update on 
their activities. 
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The Kormos mine, the first major producer 
(opened in 1983), has not been reactivated since its 
suspension in 1994. The Oxbow mine was first 
opened in 1994, and exhausted by the spring of 2001. 
A total of 11 hectares were excavated to a maximum 
depth of 20 m, the economic limit of recovery. The 
mine exploited the “K Zone” horizon of the Bearpaw 
Fm, producing predominantly fractured Ammolite. 

Excavation at the Zone 4 mine began in late 2000, 
and the economically productive portion of the 
deposit was exhausted in October 2003. A total of 5 
hectares were exploited and, as the name implies, 
the mine targeted the Zone 4 horizon of the Bearpaw 
Fm, which primarily contains sheet Ammolite. By 
November 2004, both mines were totally reclaimed, 
with the original stockpiled topsoil backfilled and 
seeded with native grasses. 

Korite commissioned two new open pits near the 
Zone 4 deposit: the Salberg and Power Pole mines. 
These also target Zone 4 of the Bearpaw Fm. Mining 
at Salberg started in 2004, but the pit was reclaimed 
in 2008 after yielding only 3 hectares of economical 
deposits. The Power Pole mine was also started in 
2004, and since then approximately 5.5 hectares 
have been mined. Currently, this is the only active 
Korite mine site, although production was suspend- 
ed between December 2008 and mid-July 2009 due 
to an unusually cold winter and the economic down- 
turn. Korite claims that test holes on the Power Pole 
property indicate sufficient reserves for more than a 
decade of reliable production. 

Of significant note is the production shift from 
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Figure 1. Alberta’s 

St. Mary River valley 
continues to produce 
high-quality Ammolite. 
While fractured 
Ammiolite (left, 4.7 x 
3.0 cm) was mainly 
exploited in the past, 
today’s production is 
dominated by sheet 
Ammolite (right, 5.2 x 
4.4 cm). Courtesy of 
Korite International, 
photo by Robert 
Weldon. 


fractured Ammolite to sheet Ammolite since 2001. 
As stated in Mychaluk et al. (2001), in 1999 Korite 
manufactured 57,025 finished gemstones from rough 
material derived primarily from the now-abandoned 
Oxbow mine. Ammolite recovered from the Oxbow 
mine was mostly fractured because it was produced 
from the K Zone of the Bearpaw Fm. Now that 


Figure 2. Intensely colored fossil ammonite speci- 
mens are recovered from the Ammolite deposits. This 
60-cm-diameter ammonite (P. meeki) was donated to 
the American Museum of Natural History in New 
York by Korite International and Canada Fossils Ltd. 
Courtesy of AMNH; photo by Craig Chesek. 
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Figure 3. This map shows both the locations and subsur- 
face bedrock of the main Ammolite-producing mines 
and collecting areas near Lethbridge, Alberta. Ammolite 
is only recovered from marine shale of the Cretaceous 
Bearpaw Fm. Modified from Mychaluk et al. (2001). 


mining is focused on the Zone 4 horizon, Korite 
reports that 95% of the finished gemstones produced 
in 2008 were sheet Ammolite. In 2008, Korite manu- 
factured 77,110 assembled stones (triplets) and 2,752 
stabilized solids (including very few doublets) for a 
total of 79,862 finished gemstones. As Korite contin- 
ues to be the dominant producer of Ammolite world- 
wide, the vast majority of Ammolite seen in today’s 
market has switched from fractured to sheet during 
this decade. Korite reports, however, that it has 
enough stockpiled fractured Ammolite to produce 
2,000-—3,000 finished gemstones, to accommodate 
future demand for this material. 

The greater availability of sheet Ammolite has 
helped grow the market, according to Korite, because 
this material tends to have stronger iridescence and 
more of the popular blue coloration than the fractured 
material. Korite, in fact, claims that revenue from 
Ammolite sales grew by more than 130% from 2001 to 
2008. Sales in Asia (mainly Singapore, Hong Kong, 
China, and Japan) have grown three-fold since 2001. 
Much of this growth is from those practicing the 
ancient Chinese system of feng shui. These customers 
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are reportedly purchasing more Ammolite gemstones 
as well as ammonite fossils because the colors and shell 
shape of these materials are symbolic and auspicious in 
the feng shui tradition. Korite has opened further mar- 
kets for Ammolite through the cruise ship industry. 

Korite’s sister company, Canada Fossils, has dis- 
covered some significant fossils (Placenticeras 
meeki) in the new Salberg and Power Pole mines. 
Korite donated an exceptional specimen to the 
American Museum of Natural History in New York 
in 2007; it is on display in the museum’s “Grand 
Gallery” (again, see figure 2). 

Due to the size of Korite’s operation in the 
marine sediment of the Bearpaw Fm, the chances of 
finding Cretaceous-age marine reptile skeletons are 
quite good. Since 2001, Korite has unearthed three 
mosasaurs and one plesiosaur at its Salberg and 
Power Pole mines. These specimens are among the 
best preserved from Alberta. The fossils excavated 
were turned over to the Royal Tyrell Museum of 
Paleontology in Drumheller, Alberta, where they are 
being restored and studied. 


Aurora Ammolite Mine. Located within the St. Mary 
River valley between Korite’s Salberg and Power Pole 
mines, the Aurora is the only fully mechanized 
Ammolite mine not operated by Korite. Owner 
Rusty Pimm took the author on a tour of this open- 
pit mine in September 2.008 (figure 4). First opened in 
2004, the pit is slightly larger than 1.2 hectares and 
has been excavated to a depth of 18 m (60 ft) on the 
west end and to 12 m (40 ft} on the east. The pit is 
being expanded (along strike) to the south and is 
being backfilled and reclaimed as mining moves 
southward. Reserves appear to be significant. The 
author believes the Aurora mine is exploiting Zone 4 
of the Bearpaw Fm based on pay zone thickness (~1.5 
m), proximity to Korite’s new mines, relative strati- 
graphic position within the Bearpaw Fm, and the pro- 
duction of sheet Ammolite. 

Mining is done by a two-person team (Rusty’s 
sons) consisting of a backhoe operator and a “spotter” 
(see Mychaluk et al., 2001, for more on Ammolite 
mining techniques). The Bearpaw Fm shale, fortu- 
nately, is quite friable above the pay zone, while it is 
hard and sandy below this horizon. 

The Aurora mine operated for a total of 40-60 
days in 2007, mainly in the summer months, while 
Korite’s operations are typically year-round. The 2008 
season was much shorter than previous years due to 
heavy rains in June that flooded the Aurora pit and 
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required pumping before operations could resume. 

Highly localized faulting within the Bearpaw Fm 
has created a number of hazards at the Aurora mine. 
Shortly after a fault with 4.5 m (15 ft) of displacement 
was exposed, a significant pit-wall collapse occurred. 
Although no one was injured, some minor equipment 
was buried and the pit had to be cleaned out. The 
faults are also problematic because they alter the depth 
at which the pay zone is located, thereby increasing 
mining time and cost. Most significantly, they serve as 
conduits for water percolation from the surface into 
the pay zone, causing damage to the Ammolite within 
(e.g., iron-oxide staining). The faults may have formed 
when the weight of overlying glaciers caused the 
Bearpaw shale to buckle during the last ice age. 

Within the pay zone, four to five complete 
ammonite fossils (generally situated horizontally and 
compressed laterally) are found per backhoe set 
(defined as the volume a backhoe can excavate from 
one set location). Rough material is sent to Edmon- 
ton, Alberta, for manufacture into gemstones (eventu- 
ally marketed by Aurora Canadian Jewelry) or for 
restoration into display specimens. 


Artisanal Mining. Surface collecting of Ammolite 
(and complete ammonite fossils) has been ongoing 
since the late 1960s, but some localities are more 
challenging to access than others. Tom Chant—pres- 
ident of Enchanted Designs, an independent manu- 
facturer of Ammolite jewelry—purchases much of 
his rough material from members of the Blood Indian 
Tribe who collect from the west banks of the St. 
Mary River (located on reservation lands opposite 
Korite and Rusty Pimm’s operations). Mr. Chant 
arranged a tour for the author of a key collecting area 
with Edward “Ed” Eaglechild of the Blood Tribe. The 
site, locally called “Big Indian” or “Kings,” is an 
imposing 80 m (260 ft) high cliff overlying the St. 
Mary River (figure 5). 

Mr. Eaglechild and other freelance collectors like 
him rappel down these cliffs, swinging back and forth 
along the face at various levels in search of Ammolite 
and complete fossil ammonites. The ropes are either 
tied to the axle of a truck or to metal stakes driven 
deep into the ground at the top of the cliff. Mr. 
Eaglechild has been collecting for over nine years, and 
reported that there are many individuals and groups 
from the Blood Tribe who are involved in artisanal 
mining-—based businesses (such as Raw Ammonite, 
Black Horse Mines, and Buffalo Rock Mining Co.). 
Most collecting is weather dependent and usually per- 
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Figure 4. Outside of Korite International, only newcom- 
er Rusty Pimm Enterprises has been successful at con- 
tinuous mechanized mining for Ammolite. In this view, 
looking west, topsoil can be seen stockpiled on the 
north and west sides of the pit. Photo by K. Mychaluk. 


formed during the summer, but he stated that he was 
one of two collectors who worked through the 
Canadian winter last year. He typically collects five 
times per week and finds, on average, one good-quali- 
ty fossil ammonite (sometimes with Ammolite 
attached) per day. Mr. Eaglechild reported that there 
are six productive cliff areas on the Reserve including 
Big Indian. The exposed surface area of the cliffs is sig- 
nificantly larger than that of the open-pit mines and, 
when combined with high erosion rates, yields a con- 


Figure 5. The cliffs at Big Indian can only be accessed 
by Blood Indian Tribe members. The top buff layer con- 
sists of glacial lake sediments, which overlie weathered 
Bearpaw Fm shale (light brown). The majority of the 
cliff face exposes unweathered gray Bearpaw shale that 
hosts Ammolite and ammonite specimens. View is 
upstream to the southwest. Photo by K. Mychaluk. 
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Figure 6. Dinolite is a composite of Alberta dinosaur 
bone and Ammolite with sugilite, turquoise and/or 
malachite, as seen in these pendants (22 x 32 mm 
on the left). Courtesy of Enchanted Designs; photo 
by Robert Weldon. 


sistent supply of material to collect. The author was 
also shown two pits on the Blood Reserve that had 
formerly been excavated with mechanical equipment. 
Results and production history were not provided, 
and other such pits may also exist. Additional photos 
are available in the G&G Data Depository at 
www.gia.edu/gandg. 

Rough production from the Blood Tribe is typical- 
ly sold to Enchanted Designs and Korite, although 
there are many other small buyers and jewelry manu- 
facturers in the area. 


FOSSIL POACHING 


Theft (locally called “fossil poaching”) continues to be 
a problem for all mine operators. Shortly before the 
author's field visit, burglars had cut locks and gained 
access to a field office at the Aurora mine. The 
Ammolite miners interviewed report that, as a matter 
of policy, they remove all gem material (including 
high-quality fossil specimens) from their mine sites at 
the end of each day. As a further deterrent, miners 
routinely comb their pits and exposed outcrops for 
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any trace of Ammolite regardless of quality. As ero- 
sion rates of the Bearpaw Fm are quite fast, most oper- 
ators typically scour these surfaces on a daily basis. 
Korite also conducts truck patrols to dissuade would- 
be thieves. During the author’s one-day visit, a Korite 
vehicle was observed intercepting trespassers on two 
occasions. Thieves are also active at night, when they 
make small excavations. 


DINOLITE 


Lapidaries continue to find innovative ways to use 
Ammolite. Due to its typically thin and sheet-like 
nature, Ammolite has been used in mosaics, such as on 
watch faces. Enchanted Designs manufactures two 
products in which Ammolite is used in a mosaic or 
composite fashion. Keeping with a Canadian theme, 
one product consists of polished mammoth ivory 
pieces from the Yukon Territory inlaid with Ammolite 
and other gem materials such as turquoise or sugilite. 
The other, a new product called “Dinolite,” combines 
siliceous dinosaur bone fragments from Alberta with 
pieces of Ammolite, sugilite, turquoise, and malachite 
using an undisclosed process (figure 6). The Canadian 
Intellectual Property Office granted trademark status to 
Dinolite on July 23, 2008. 


CONCLUSION 


Production of Ammolite has grown significantly 
since 2001. Notwithstanding the current global eco- 
nomic slowdown, the author predicts this trend will 
continue for the next decade. 
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POLYMER-FILLED AQUAMARINE 


Li Jianjun, Sun Yuan, Hao Wangjiao, Luo Han, Cheng Youfa, Liu Huafeng, Liu Ying, Ye Hong, and Fan Chengxing 


The authors have encountered hundreds of poly- 
mer-filled aquamarines in the Chinese jewelry 
market. This treatment can be identified with a 
standard gemological microscope, since it has 
characteristics such as a flash effect and relief 
lines. In addition, some of the filled fractures fluo- 
resce chalky white to long-wave UV radiation. 
FTIR spectroscopy reveals diagnostic features at 
~3100-2850 cm7! that are related to benzene 
and ethylic C-H bonds in a polymer. 


larity enhancement of beryl is not new, though by 

far most attention has been focused on emerald (e.g., 
Johnson et al., 1999a,b). However, aquamarine has been 
treated by oiling for some time, and more recently with 
wax and resin-based fillers such as Opticon (Eliezri, 1998; 
Johnson et al., 1999a,b). Within the last few years, large 
quantities of filled aquamarine have entered the Chinese 
market. Of ~10,000 jewelry pieces tested at the National 
Gold & Diamond Testing Center of China (NGDTC), we 
encountered more than 200 items that contained >400 
pieces of polymer-filled aquamarine of varying quality. So 
far, these have been in the form of beads (figure 1), cabo- 
chons, and carvings; no filled faceted gems have yet been 
encountered. 


Materials and Methods. For this report, we examined an 
aquamarine bracelet obtained from a jewelry wholesaler 
that consisted of 17 reportedly polymer-filled bluish green 
beads (11.28-12.46 ct; again, see figure 1). The bracelet was 
disassembled to ensure that there was no interference 
from the string. In addition, we studied two faceted aqua- 
marines (one oiled and one untreated) for comparison of 
spectral features. 


See end of article for About the Authors and Acknowledgments. 
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At NGDTC, we performed standard gemological 
testing and Fourier-transform infrared (FTIR) spec- 
troscopy on all the samples. FTIR was conducted with a 
Nicolet Nexus 470 instrument at room temperature and 
relative humidity below 40%. Spectra were collected in 
the range 6000-400 cm”! at a resolution of 8 cm, with 
eight scans per sample at a fixed gain of 1.0. Both trans- 
mission and specular reflectance FTIR spectroscopy 
were performed. 

To check whether a lead-based glass such as that used 
for filling corundum might be present, we performed 
qualitative chemical analysis of the samples at NGDTC 
with a Thermo QuantX EC energy-dispersive X-ray fluo- 
rescence (EDXRF) spectrometer using parameters opti- 
mized for the detection of heavy elements. Operating con- 
ditions were 100 second live time, voltage of 20 kV, Rh 
target, vacuum, and no filter. 


Figure 1. These bracelets are typical of the filled 
aquamarine jewelry currently being encountered in 
the Chinese market. The beads in the bracelet on the 
far left (11.28-12.46 ct) were the subject of this study. 
Photo by Li Jianjun. 
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© The fervidor is used to extract gold and diamonds. 


of diamonds were taken from a compara- 
tively small wing dam about a mile above 
the bridge at Mendanha, in addition to 
sixty-seven kilograms of gold. Numerous 
other instances almost equally sensational 
are recorded in the annals of the region. 
Having noted, during the course of their 
gold mining operations, that the diamond 
tended to remain in the bottom of their 
bateas the bandeirantes did not find it neces- 
sary to change their methods of mining, so 
they continued to use the baco and fervidor. 

The purpose of both these types is to 
reduce to a minimum the volume of mate- 
rial by elimination of the lighter particles, 
so as to leave a concentrated product for 
final separation of gold and diamonds by 
the batea, The batea is a wooden dish about 
three feet in diameter, shaped like an in- 
verted Chinese hat and is probably of Chi- 
nese origin. 

*The baco is a shallow recess about three 
by four feet square and from eight to ten 
inches deep cut into the bank of, and slop- 
ing slightly backwards from the edge of, 
any convenient pool or shallow stream. 
Standing knee deep in front of it, the oper- 
ator pours water from right to left—stage 
by stage~and back again against a small 
quantity of gravel which, previously piled 
up on the back end of the baco, is scraped 


in as required. At its best it is a very im- 
perfect process and loses both diamonds and 
fine gold. 

The fervidor (fervor to boil), also called 
canoa, consists of three or four artificial 
cascades stepped down successively about 
eighteen inches each into a spoon-shaped 
depression lined with clay or flat stones. In 
this case the gravel or cascalho is fed in 
about the first fall in which an operator 
stands with a shovel and from time to time 
throws out a spadeful of concentrates and 
occasionally does the same in the lower falls. 
Easily constructed from material nearly 
always close at hand, the fervidor is more 
efficient than a baco but becomes unsafe 
when the water is thickened by slime and 
acts as a gravity solution. Practically all the 
old tailings heaps left by the bandeirantes 
have been tewashed and found to contain 
diamonds. Until the introduction in 1919 
of the South African sieves by the writer’s 
father, Dr. David Draper, the baco, the 
fervidor, and the batea were responsible for 
the greater part of the production of dia- 
monds in Brazil. The curious superstition 
that it is unlucky to find both gold and 
diamonds in a batea may have originated 
with the bandeiantes. The writer himself 
has seen appreciable quantities of gold dis- 
carded. « 
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Results and Discussion. Physical and Optical 
Properties. The physical and optical properties of the poly- 
mer-filled, oiled, and untreated samples are reported in 
table 1. With the unaided eye, the filled beads exhibited no 
significant features to arouse suspicion. They were translu- 
cent and contained abundant fissures. However, the frac- 
tures in a few beads showed a weak, chalky white fluores- 
cence to long-wave UV radiation. This is a good indicator 
for the presence of a polymer filling (Kammerling and 
Koivula, 1991). All samples were inert to short-wave UV. 


Microscopic Features. With 10x magnification, we 
observed flash effects in almost every filled bead; some 
other common microscopic features were high-relief areas 
(representing incomplete filling) and cloudy areas of 
reduced transparency that appeared white (figure 2). These 
are all classic signs of polymer filling (Kammerling et al., 
1991; Johnson et al., 1999a; Hainschwang, 2002). Some 
fractures in the beads showed iridescence (figure 3) as well 
as a flash effect. When viewing a sample in the direction of 
the flash, we also observed relief lines where the filling 


Figure 3. This aquamarine bead exhibited iridescence 
in the unfilled portion of an incompletely filled frac- 
ture. Photomicrograph by Li Jianjun; magnified 30x. 
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Figure 2. Blue flash 
effects, high-relief 
areas, and surface- 
reaching fissures with 
cloudy white-appear- 
ing regions of reduced 
transparency were 
observed in the filled 
aquamarine beads. 
Photomicrographs by 
Li fianjun; magnified 
30x (left) and 15x 
(right). 


reached the polished surface (figure 4). The underlying fis- 
sures did not show a reflective appearance. 


Infrared Spectroscopy. FTIR spectroscopy was successful 
in determining the type of filler material in the beads and 
in the oiled comparison stone. In spectra taken from the 
beads (figure 5), the region between 3100 and 2850 cm"! 
showed features that are diagnostic for polymers. The 
peaks at 3051 and 3035 cm"! belong to the benzene C-H 
bond, while those at 2962, 2927, and 2873 cm! belong to 
the ethylic C-H bond (Stuart, 2004). The strength of the 


TABLE 1. Physical and optical properties of the 
aquamarine samples studied for this report. 


Polymer-filled Oiled Untreated 
P 
fonetly (17 samples) (1 sample) (1 sample) 
Weight 11.28-12.46 ct 2.27 ct 1.45 ct 
Color Bluish green Very light blue Light blue 
Pleochroism Moderate, Moderate, Moderate, 
gray-blue and blue and blue-green 
green-blue greenish blue and blue 
Luster Vitreous Vitreous Vitreous 
Rl 1.57 (spot reading) 1.575-1.582 1.577-1.583 
Birefringence Not determined 0.007 0.006 
SG 2.69-2.733 271 271 
UV fluorescence Fractures chalky Inert Inert 
white to long- 
wave (in a few 
beads) 
Microscopic Liquid-gas Liquid-gas Three-phase 
features inclusions, fractures inclusion inclusions 
and fracture plane 
reflections, flash 
effects, iridescent 
fractures, cloudy 
areas of reduced 
transparency, 
surface relief lines 
Mid-IR 3051, 3035, 2962, 2923 and No significant 
absorption 2927, and 2858 cm" peaks between 3100 
features 2873 cm and 2850 cmt 


@ Seven of the 17 samples were selected randomly for hydrostatic SG measurements. 
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Figure 4. Filled fractures were visible on the surface of 
the aquamarine beads as relief lines. Photomicro- 
graph by Li fianjun; magnified 15x. 


filler-related absorption was rather high in some samples, 
suggesting that some residual substance was present on the 
surface. We suspect these polymers might be Opticon-like 
resins or Araldite (Johnson et al., 1999a; Hainschwang, 
2002; Lowry, 2006). The differences between these spectra 
and those of the oiled comparison sample and the untreat- 
ed stone were apparent (again, see figure 5). 


Chemical Analysis. No heavy elements such as lead 
were detected by EDXRF spectroscopy (Li et al., 2008). 
Thus, it does not appear that any lead-based glass was used 
in our samples. 


Conclusions. A few of the filled aquamarines in our 
study revealed abnormal long-wave UV fluorescence, 
which is a good indicator for polymer filling. Microscopic 
evidence of polymer filling also included surface relief 
lines with no corresponding reflective internal features, as 
well as flash effects when the samples were viewed nearly 
parallel to filled fractures. 

In our experience, about 15% of the aquamarines with 
poor clarity {i.e., mostly beads, cabochons, and carvings) cur- 
rently in the Chinese market have been filled. Although we 
have not yet encountered polymer-filled faceted samples in 
the marketplace, this treatment could easily be used on 
included faceted gems. 
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Figure 5. This representative mid-IR spectrum of the poly- 
mert-filled beads shows distinct features from polymer 
impregnation, particularly between 3100 and 2850 cm“, 
that are not seen in the oiled and untreated aquamarine 
comparison samples. The absorption features at 3051 and 
3035 cm“ are due to the benzene C-H bond in a polymer. 
The bands from 3250 to 3100 cm“! are characteristic of 
beryl. Spectra are offset and shifted vertically for clarity. 
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GEM-QUALITY YELLOW-GREEN HAUYNE FROM 
OLDOINYO LENGAI VOLCANO, NORTHERN TANZANIA 


Anatoly N. Zaitsev, Olga A. Zaitseva, Alexander K. Buyko, Jorg Keller, Jurgis Klaudius, and Andrei A. Zolotarev 


Yellow-green to green-yellow gem-quality hatiyne 
was found for the first time in an alkaline plutonic 
rock from the active Oldoinyo Lengai volcano in 
northern Tanzania. The mineral has optical and 
physical properties that are typical for sodalite-group 
minerals. Infrared and Raman spectroscopy showed 
that in addition to the (SO,,)*" group, the hatlyne also 
contains (NO,), (CONF, and water in its structure. 
SEM-EDS and EDXRF analyses confirmed the pres- 
ence of Na, Ca, Al, and Si as major cations, with 
minor amounts of K. 


Idoinyo Lengai volcano, located in the Gregory Rift, 
northern Tanzania, is the only active carbonatite 
volcano in the world (Dawson, 1962; Keller and Krafft, 
1990; Mitchell and Dawson, 2007). It is a typical stratovol- 
cano and 2,952, m high (figure 1). It consists of unusual sili- 
ca-undersaturated volcanic rocks including nephelinite and 
phonolite, as well as natrocarbonatites. The rocks occur as 
ash, lapilli, tuff, and agglomerates interlayered with lava 
flows. The agglomerates contain blocks of unusual 
feldspathoid-rich plutonic rocks such as urtite and ijolite. 
While visiting Oldoinyo Lengai volcano in 2003, 
researchers from Freiburg University in Germany found a 
block of plutonic rock ~0.35 m in longest dimension, 
which proved to have a composition intermediate between 
ijolite and urtite. The block was coarse-grained and peg- 
matitic, consisting primarily of nepheline and diopside 
with subordinate amounts of magnetite, apatite, and per- 
ovskite. It also contained large (up to 7 cm) anhedral gem- 
quality pale greenish yellow crystals that were subse- 
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quently identified as hatiyne (figure 2), ideal formula 
Na,Ca,(AI,Si,O,,)(SO,),. However, published data on 
haiiyne show that it is characterized by variable contents of 
Ca and Na, typically contains some K, and in addition to 
(SO,}>" also contains Cl and S* (e.g., Deer et al., 2004). Thus, 
a more general formula of hatiyne can be written as 
(Na,Ca,K), (AlSi,O,,)(SO,,S,Cl),_5. 


Materials and Methods. Hatiyne samples measuring 
10-15 mm were extracted from the Oldoinyo Lengai block 
and cut into three faceted stones ~1.5 ct each (e.g., figure 
3). The faceted gem shapes, all brilliant cut, were round, 
antique square cushion, and triangle. Gemological proper- 
ties were determined on all three of the faceted stones (RI 
with a refractometer, hydrostatic SG, and UV fluores- 
cence) and on some anhedral grains (RI with the immer- 
sion method) at St. Petersburg State University, Russia, 
using standard equipment. Hardness was determined on a 
rough fragment using a Mohs hardness mineral set. 

Chemical composition was determined on rough frag- 
ments at the Natural History Museum in London by: (1) 
scanning electron microscopy—energy dispersive spec- 
troscopy (SEM-EDS), and (2) combustion analysis (gas anal- 
ysis after the sample is combusted to break it down into 
components) for C, H, and N. In addition, energy-dispersive 
X-ray fluorescence (EDXRF) analysis of a powdered sample 
was performed at Freiburg University. One faceted stone 
was also investigated by variable pressure SEM-EDS (no 
sample coating required). Powder X-ray diffraction analysis, 
single-crystal structure determination, and IR spectroscopy 
of the rough samples were performed at St. Petersburg State 
University. Raman spectroscopy of both rough and cut 
specimens was undertaken at the School of Earth Sciences 
and Geography, Kingston University, London. 


Results and Discussion. The mineral was identified as 
hatiyne on the basis of its X-ray diffraction pattern (unit- 
cell parameter a = 9.040 + 0.001 A), and its optical and 
physical properties, which are similar to those reported for 
hatiyne and other sodalite-group minerals (e.g., Deer et al., 
2004; Ballirano and Maras, 2005). However, the RI values 
were lower, and SG values were higher, than those reported 
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for gem-quality blue hatiyne by Kiefert and Hanni (2000). 
Nevertheless, the identification as hatiyne was confirmed 
by data from the single-crystal structure determination. 
The yellow-green color of our samples is quite different 
from that of the well-known gem-quality blue hattyne from 
Eifel, Germany (Kiefert and Hanni, 2000) and Dattaw, 
Myanmar (Grobon and Hainschwang, 2006). Other color 


Figure 2. A large hatiyne crystal (up to 7 cm) is 
embedded in this rock, which is composed of ijolite- 
urtite. Photo by A. N. Zaitsev. 


Figure 1. At 2,952 m 
high, Oldoinyo Lengai 
volcano in northern 
Tanzania is the only 
active carbonatite vol- 
cano in the world. 
Photo by E. O. Zaitseva. 


variants of haiiyne are white and shades of gray, green, yel- 
low, and red (Roberts et al., 1990). The gemological proper- 
ties of the Oldoinyo Lengai material are shown in table 1. 
The infrared spectra of the Oldoinyo Lengai hatiyne in 
the 1300-350 cm! region were similar to spectra for 
hatiyne and SO,-bearing sodalite from other localities (e.g., 
Ballirano and Maras, 2005). In addition, the IR spectra for 


Figure 3. This silver ring is set with a 1.53 ct 
round brilliant-cut hatiyne that was faceted for 
this study. Photo by A. A. Antonov. 


RAPID COMMUNICATIONS 


FALL 2009 201 


GEMS & GEMOLOGY 


TABLE 1. Properties of hatlyne from Oldoinyo Lengai, 
Tanzania.? 


Color Yellow-green/green-yellow 
Munsell color system YG/GY 3/1 
RI (gem refractometer) 1.488 + 0.002 
RI (immersion method) 1.490 + 0.002 
SG (hydrostatic) 2.60 
Hardness (Mohs) 25.5 
UV fluorescence 
Long-wave Light orange 
Short-wave Inert 


4 Properties determined on the 1.53 ct stone in figure 3, as well as on 
anhearal grains (RI by the immersion method) and a rough sample 
(Mohs hardness). 


the Oldoinyo Lengai samples contained single peaks at 1364 
enr! [(NO,?> groups], 1499 and 1412 cm [(CO,)}> groups], 
and 1692 cm, as well as a broad band at 3600-3400 cm}, 
the latter two bands correspond to water molecules (Buhl 
and Léns, 1996; Ballirano and Maras, 2005). 

Raman spectroscopy showed that the hatiyne from 
Oldoinyo Lengai contains (SO,)> groups, as indicated by 
the presence of peaks at 990-980 and 449-446 cm-!. No 
peaks were observed at ~1089 and 543 cm™!, which are 


related to the S* group, as seen in the Raman spectra of 
blue hatiyne from Eifel (e.g., Kiefert and Hanni, 2000; Di 
Muro et al., 2004). 

SEM-EDS, EDXRF, and combustion analyses confirmed 
the very unusual composition of some of the anions in the 
haiiyne. The analyses showed significant amounts of sulfur 
(6.6-7.1 wt.% SO,); minor nitrogen (1.1-1.3 wt.% N,O.), 
water (0.9-1.0 wt.% H,O), chlorine (0.6-0.7 wt.% Cl), and 
carbon (0.4-0.5 wt.% CO,)}; and traces of phosphorous (0.1 
wt.% P,O,). In addition to the major cations in haityne (Na, 
Ca, Al, and Si), we found minor amounts of K (1.6-1.8 wt.% 
K,O), and traces of Fe (0.2-0.3 wt.% Fe,O,) and Mg (0.1 
wt.% MgO). The analytical results are given in table 2, from 
which we calculated an average empirical formula of: 
(Nag 75Cag g7Ko 37)57.99( Als 7 Fe°G 93816 90024) 
[([SO4}9 go OFp, 54 NO5)o.93Cp 29(COs)o 1915193: TO our knowl- 
edge, this is the first naturally occurring nitrogen-bearing 
mineral from the sodalite group. 


Conclusions. Gem-quality haityne has been found at the 
active Oldoinyo Lengai volcano. This haiiyne has a very 
unusual yellow-green color and a complex chemical com- 
position (including the presence of N and C). The future 
production of the hatiyne is uncertain, but with growing 
numbers of visitors to this part of Tanzania, it is likely 
that more samples of this gem mineral may be found. 


TABLE 2. Chemical composition of hatiyne from Oldoinyo Lengai.* 


SEM-EDS Combustion analysis 

Oxide (wt.%) EDXRF 

Average (10) Range Average (3) Range 
SiO, 34.24 33.89-34.34 34.01 na 
TiO, bdl 0.02 na 
Al,O, 28.95 28.68-29.37 28.91 na 
Fe,0, 0.23 0.20-0.29 0.30 na 
MnO bdl bdl na 
MgO bdl 0.09 na 
CaO 4.62 4.58-4.65 4.47 na 
Na,O 19.88 19.67-19.91 19.00 na 
K,O 1.66 1.57-1.79 1.57 na 
SO, 6.78 6.63-7.05 na na 
P.O; bdl 0.13 na 
Co, na na 0.49 0.45-0.54 
NO; na na 1.20 1.08-1.34 
H,O na na 0.92 0.85-0.99 
Cl 0.68 0.63-0.72 na 
-O=Cl, 0.15 
Total 96.89 88.50 2.61 


4 Notes: Carbon, nitrogen, and hydrogen were analyzed as elements and recalculated into oxides. Calculation 
of the empirical formula was performed using SEM-EDS and combustion analyses and considering all Fe as 
Fe,O,. Abbreviations: bdl = below detection limit; na = not analyzed. 
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AQUAMARINE FROM THE MASINO-BREGAGLIA 
MASSIF, CENTRAL ALPS, ITALY 


Rosangela Bocchio, Ilaria Adamo, and Franca Caucia 


Aquamarine from granitic pegmatites of the Masino- 
Bregaglia Massif, Central Alps, Italy, is investigated 
by classical gemological methods, LA-ICP-MS chem- 
ical analyses, and UV-Vis-NIR and mid-IR spec- 
troscopy. This beryl has typical gemological proper- 
ties for aquamarine, including iron absorption fea- 
tures, and is characterized by a low alkali content 
and both types | and Il water molecules. Although so 
far only a small amount of this aquamarine has been 
polished into gems, it represents an attractive gem 
material of potential economic interest. 


he Masino-Bregaglia Massif (also known as the Bergell 

Massif) contains numerous granitic pegmatites host- 
ing a remarkable variety of minerals—including aquama- 
rine (figure 1)—that have attracted the interest of mineralo- 
gists and collectors since the late 18th century (e.g., 
Bedogné et al., 1995). Beryl from this area was initially 
mentioned by Repossi (1916) and Staub (1924). Sub- 
sequently, many other beryl occurrences were discovered 
in the massif. In their listing of the locations of historical 
beryl-bearing pegmatites, Htigi and R6we (1970) indicated 
that the most important Italian deposits occurred in the 
areas of Val Bregaglia (Bregaglia Valley), Valle Mello, Cima 
di Zocca, Val Masino, Val Codera, and Alpe Vazzeda. In 
the 1970s, a limited amount of gem-quality aquamarine 
was recovered and cut from the Filone Silvana (Silvana 
dike), located in Val Codera. 

Masino-Bregaglia aquamarine crystals typically show a 
prismatic habit and measure several centimeters long, 
although some crystals attain ~15—20 cm in length. They 
range from light to dark greenish blue to blue or yellow- 
green. Some gem- and carving-quality aquamarine has 
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been recovered, although the fact that most of the crystals 
contain numerous inclusions and fractures makes such 
material rare (Bedogné et al., 1995). 

To our knowledge, a gemological characterization of 
this aquamarine is lacking, except for the recent work of 
Caucia et al. (2008, in Italian). The present article builds on 
that work by supplying additional data obtained on a larger 
number of samples from four pegmatites in this area. 


Geologic Setting. Masino-Bregaglia is a composite pluton 
located at the border of Italy and Switzerland (figure 2). It 
consists mainly of a medium-grained tonalite at the margin 
and a coarse-grained granodiorite in the core (Trommsdorff 
and Nievergelt, 1983), which crystallized 32 and 30 million 
years ago, respectively (von Blanckenburg, 1992). Younger 
cross-cutting granitic pegmatites and aplites are found 
throughout the pluton, and some of the pegmatites contain 
beryl, garnet, tourmaline, and a suite of rare minerals 
(Wenger and Armbruster, 1991; Bedogné et al., 1995). 


Figure 1. This 2.33 ct aquamarine is from the 
Masino-Bregaglia Massif, Italy. Courtesy of 
Francesco Bedogné; photo by Roberto Appiani. 
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Materials and Methods. We examined 14 aquamarine 
samples from the Masino-Bregaglia Massif: five cabochons 
(0.30-5.79 ct) and three crystals (4.8-12.0 g, obtained from 
three different rough specimens) from Val Codera (e.g., fig- 
ure 3); one faceted (0.26 ct) and one rough (9.6 g) sample 
from Cima di Zocca; one faceted (0.90 ct) and one unpol- 
ished sample (4.0 g) from Val Bregaglia; and one faceted 
(2.44 ct) and one rough (8.7 g) sample from Alpe Vazzeda. 
The studied samples are in the collection of the Earth 
Sciences Department Museum of the University of Milan. 

All cut samples were examined by standard gemologi- 
cal methods to determine their optical properties, hydro- 
static specific gravity, UV fluorescence, and microscopic 
features. 

Chemical analyses were performed on the six rough 
specimens by laser ablation-inductively coupled plas- 
ma-mass spectrometry (LA-ICP-MS), using an Elan DRC-e 
mass spectrometer coupled with a Q-switched Nd:YAG 
laser source, with a fundamental emission (1064 nm) that 
was converted to 266 nm by two harmonic generators. 
Helium was used as a carrier gas, mixed with Ar gas down- 
stream of the ablation cell. The calibration was performed 
using NIST SRM 610 glass and Si as external and internal 
standards, respectively. The precision and accuracy esti- 
mated on the basaltic glass BCR2 standard were better 
than 10%. Four analyses per sample were collected using a 
spot size of 40 pm. 

Nonpolarized UV-Vis-NIR spectra of three aqua- 
marines (two crystals from Val Codera and one faceted 
gem from Val Bregaglia) were collected with a Lambda 950 
PerkinElmer spectrometer, equipped with an integrating 
sphere, over the 250-1300 nm range. 

Mid-infrared (4000-400 cm!) spectra of the six rough 
samples were collected in transmission mode by a Nicolet 
Nexus FTIR spectrometer, with a resolution of 4 cmr!, 
using KBr pellets consisting of 2 mg of powdered sample 
mixed with 200 mg KBr. 


Results and Discussion. The cut stones ranged from 
light to medium blue to greenish blue, and were transpar- 
ent to opaque. Gemological testing gave the following 
properties: RI—n, = 1.580-1.590 and n, = 1.572-1.579, 
birefringence—O.008-—0.009, optic character—uniaxial neg- 
ative, SG—2.67-2.72, and inert to both long- and short- 
wave UV radiation. These observations are consistent 
with those reported in the literature for aquamarine 
(O’Donoghue, 2006). The samples were fairly heavily 
included; they contained fractures, partially healed fissures 
with fluid and two-phase (fluid and gas) inclusions (figure 
4), and growth lines. 

LA-ICP-MS measurements (table 1) showed a distinct 
amount of the chromophore Fe (0.46-0.74 wt.%), as is pres- 
ent in all aquamarines (see, e.g., Adamo et al., 2008, and ref- 
erences therein). Other possible coloring elements (Ti, V, 
Cr, Mn) were present at very low trace levels (<<0.1 wt.%)}, 
as were the alkaline earth metals (Ca and Mg) and the alka- 
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SX Sample location 


[=] Quaternary sediments Tectonic Units 


| Masino-Bregaglia Middle Penninic Tambo 
granodiorite and Suretta nappes 
[|| Masino-Bregaglia | Lower Penninic 
tonalite Adula nappe 
|] Novate granite I] Ophiolitic units 
Mesozoic meta- Austroalpine 
ej domain 


sedimentary rocks 


Val Codera 


Figure 2. This simplified geologic map illustrates the 
composite pluton of the Masino-Bregaglia Massif, 
Central Alps, Italy, and the locations of four of the 
granitic pegmatites where the beryl samples studied 
were found. 


li metals (Li, Rb, Cs). The only exception was Na, which 
ranged from 0.22 to 0.39 wt.%. On the basis of these data, 
our samples can be considered low-alkali-bearing beryls, 
per the classification of Schmetzer and Kiefert (1990). 


Figure 3. These aquamarine crystals (~3.5—4 cm long) 
from Italy’s Val Codera pegmatite were among those 
investigated in the present study. Photo by R. Bocchio. 


wy 
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Figure 4. Fluid inclusions (some containing a gas bub- 
ble) are common features in aquamarine from the 
Masino-Bregaglia Massif (here, from Val Codera). 
Photomicrograph by I. Adamo; magnified 45x. The 
brown color is an artifact of the lighting conditions. 


The UV-Vis-NIR spectra were typical for aquamarine 
(e.g., figure 5, top), with a general absorption below ~300 
nm, two peaks at 370 and 426 nm related to Fe**, and a 
strong and broad absorption band centered at about 820 
nm that was due to Fe** (Wood and Nassau, 1968; Burns, 
1993; Taran and Rossman, 2001; Spinolo et al., 2007). A 
sideband at about 600 nm has been attributed to an Fe?*- 
Fe** intervalence charge-transfer process (Schmetzer, 1990; 
Burns, 1993; Taran and Rossman, 2001), although some 
authors (e.g., Wood and Nassau, 1968; Viana et al., 2002) 
have assigned it to Fe?*. 

The mid-infrared spectra (e.g., figure 5, bottom) con- 
tained absorption bands below 1200 cm”! intrinsic to the 
beryl structure, as well as features originating from both 
type I (3699 cm!) and type II (~3660 and 3597 cm) water 


TABLE 1. Average LA-ICP-MS analyses of six 
aquamarine samples from the Masino-Bregaglia Massif, 
Central Alps, Italy. 


Minor and trace Meee Cima di Val Alpe 
elements (ppm) Zocca  Bregaglia Vazzeda 
q 2 ci) 
Li 58 62 126 267 275 116 
Na 2187 2625 2500 3930 3838 2939 
Mg 644 638 579 1067 1033 411 
Ca 310 245 155 176 176 123 
Ti 29 30 40 56 52 57 
Vv 1.6 17 2.5 0.40 0.92 0.80 
Cr ond 4.0 1.6 1.60 1.68 1.40 
Mn 50 48 88 91 85 158 
Fe 4666 4633 7273 6361 6280 7444 
Zn 543 535 317 381 375. 177 
Rb 34 34 92 46 47 49 
Cs 661 662 613 729 735 1228 
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Figure 5. As is typical for aquamarine, this UV-Vis- 
NIR spectrum (top) of the faceted specimen from Val 
Bregaglia is characterized by absorption features 
related to iron, which is responsible for the blue color. 
The representative mid-IR spectrum in transmission 
mode (bottom) shows the region of water-stretching 
vibrations (3800-3500 cm) and is characterized by 
absorption features of water molecules in both type I 
(at 3699 cm) and type II (at ~3660 and 3597 cm) 
configurations in the structural channels. 


molecules trapped in the structural channels (Wood and 
Nassau, 1967, 1968; Charoy et al., 1996; Fukuda and 
Shinoda, 2008). In agreement with the chemical composi- 
tion, the IR spectrum is typical of low-alkali-bearing beryl, 
both natural and synthetic (Schmetzer and Kiefert, 1990, 
Adamo et al., 2008). 


Conclusions. Aquamarine from the Masino-Bregaglia 
Massif shows typical gemological properties. The studied 
specimens consist of low-alkali-bearing beryl that contains 
water molecules in both type I and II configurations. Iron 
is the chromophore, as is typical for aquamarine. This area 
is one of the most significant localities for gem-quality 
aquamarine in Italy, although fine material has been found 
only in limited amounts and only a few pieces have been 
set into jewelry (e.g., figure 6). Local mineral collectors 
continue to work the deposits, and it is likely that small 
amounts of gem-quality aquamarine will continue to be 
produced in the future. 
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Figure 6. This 8.5 ct aquamarine cabochon from the 
Masino-Bregaglia Massif is set with diamonds. Photo 
by, and specimen courtesy of, Pietro Nana. 
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e The South African Rotary Pan is used to produce a 
concentrated product in which diamonds are retained. 


However backwatd from force of circum- 
stances the bandeirantes may have been in 
their methods of recovery, they were daring 
and ingenious in diverting rivets from their 
courses so as to enable them to seal off and 
strip sections down to bedrock. The over- 
burden generally consists of lighter sand 
and loose gravel, sometimes undetlaid by 
running sand. Although the overburden also 
contains diamonds, practical experiences 
showed them that it was not sufficiently rich 
to wash, 

The Jequitinhonha river cannot be classed 
as a big river but it does nevertheless carry 


a considerable volume of water and, as pre- 
viously stated, either flows through a suc- 
cession of gorges or flat sections that open 
out into small valleys. In the valleys it was 
comparatively easy to dig a ditch, dam up 
the river slightly, and then sluice out a 
canal big enough to take the river itself. 
In the gorges the river had to be dammed 
and lifted into flume, sometimes overhead, 
and often dangerous to the miners working 
below. It was the collapse of his fluming 
that caused Joao Fernandes Jr. the loss of 
seventy slaves at the very moment when his 
cascalbo had been uncovered and “diamonds 


®@ Inverted sieves are turned on a table and 
diamonds are hand sorted from the concentrates. 


DIAMOND 
Fancy Red, Irradiated and Annealed 


The most notable feature of the 0.28 
ct round-cut diamond in figure 1, 
submitted to the lab for scientific 
examination, was its pure color, 
graded as Fancy red. This color grade 
(without modifying hues) is extreme- 
ly rare, even for treated-color dia- 
monds. Treated diamonds in this 
color range usually have a strong 
purplish hue and are typically not 
dark enough to be graded as red. This 
stone had an uneven color distribu- 
tion, with an obvious concentration 
at the culet (figure 2). With magnifi- 
cation, it displayed well-developed 
linear graining and a group of tiny 
needle-like inclusions. The diamond 
fluoresced strong orangy red to long- 
wave ultraviolet (UV) radiation and 
weak orangy red to short-wave UV. 
Infrared absorption spectroscopy 
revealed features typical of type Ib 
diamond, with a weak but sharp 
absorption at 1344 cm-!. The strength 
of this absorption was ~0.14 cm, cor- 
responding to a nitrogen concentra- 
tion of ~5 ppm. No A- or B-form nitro- 


Editors’ note: All items were written by staff 
members of the GIA Laboratory. 
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Figure 1. This treated 0.28 ct dia- 
mond was graded Fancy red, a 
very rare color grade. 


gen was detected. In addition to a 
moderate “amber center” absorption 
at ~4110 cm/!, irradiation-related 
absorptions such as Hla (1450 cm!) 
and H1b (4935 cm~) were present in 
the IR spectrum. The UV-Vis-NIR 
spectrum at liquid-nitrogen tempera- 
ture showed strong NV absorptions at 
575.0 [(NV}] and 637.0 [(NV)-] nm 
and their related side bands, which 
were the main cause of the red color. 
Moderately strong absorptions at 
503.1 nm (H3) and 594.3 were also 
detected. 

These gemological and spectro- 
scopic properties suggested a natural 
type Ib diamond that was originally 
yellow or orange with some brown 
component. High concentrations of 
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Figure 2. A distinct pink color 
zone is present at the culet of the 
red diamond, indicating irradia- 
tion and annealing at moderate 
temperatures to introduce NV 
centers. 


NV centers were formed by irradia- 
tion and annealing at moderate tem- 
peratures. This singular color was 
achieved by introducing the proper 
concentration of defects to suitable 
starting material, under ideal treat- 
ment conditions. 

The NV centers, composed of one 
nitrogen atom and a nearby vacancy, 
are common point defects in dia- 
mond. These defects occur in natural 
diamonds and when present can 
induce a pleasing pink hue, but they 
can also be induced by laboratory 
treatment. Such treated stones have 
become much more prevalent in 
recent years, as exemplified by this 
treated-color red diamond. 

Wuyi Wang 


FALL 2009 


With Hydrogen Cloud 
and Etch Channels 


Diamonds containing hydrogen clouds 
or etch features are fairly common (see, 
e.g., Lab Notes: Summer 1994, pp. 
115-116, Spring 1999, pp. 42-43, 
Summer 1999, pp. 137-138; and Spring 
2009, pp. 54-55). Hydrogen clouds in 
natural diamonds usually have an irreg- 
ular shape, and the most common etch 
features associated with diamonds are 
trigons (see T. Lu et al., “Observation of 
etch channels in several natural dia- 
monds,” Diamond and_ Related 
Materials, Vol. 10, 2001, pp. 68-75). 

Recently, the New York laboratory 
examined a 0.63 ct (7.98 x 7.88 x 0.76 
mm) square blocked diamond with an 
X-shaped hydrogen cloud and narrow, 
hollow etch channels symmetrically 
located on each side of the cloud (figure 
3). The stone was polished to display a 
clear view of the interior. The “X” 
pointed to the four corners of the dia- 
mond along the [100] direction, where 
the stone exhibited four-fold symmetry. 
Approximately 16 linear etch channels 
were present, measuring ~0.3-1.35 mm 
long and ~0.1-0.4 mm wide, tapering 
with depth. Most of the channel aper- 
tures were angular and teardrop-shaped 
(figure 4), indicating that they were 
roughly parallel to the [111] direction; 
etch channels following this direction 
tend to be elliptical. Angular patterns 
observed on the channels pointed to a 
natural origin (Summer 1994 Lab 
Notes, pp. 115-116}, as did the radiation 
staining. All the channels terminated 
prior to reaching the cloud. 

Infrared and photoluminescence 
spectra revealed the diamond to be 
hydrogen rich, and spectra collected 
from two regions (within and outside 
the cloud) revealed clear differences in 
H content. The cloud region showed 
the two fundamental absorptions for 
hydrogen, at 3107 and 1405 cmr!, as 
well as H-related peaks at 3236, 3153, 
and 3050 cm™! (W. Wang and W. 
Mayerson, “Symmetrical clouds in 
diamond—the hydrogen connection,” 
Journal of Gemmology, Vol. 28, No. 3, 
2002, pp. 143-152). In contrast, the 
region outside the hydrogen cloud had 
only a 3107 cm"! peak with much 
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Figure 3. This 0.63 ct diamond 
has an X-shaped hydrogen cloud 
in its center, with symmetrical 
etch channels on all four sides of 
the cloud. 


lower intensity, proving the cloud had 
a higher hydrogen content. Both 
regions showed a characteristic type 
IaA spectrum for nitrogen content. 
Photoluminescence spectra obtained 
from the cloud revealed strong H-relat- 
ed peaks at 693 and 700 nm, which 
were not seen in the cloudless region 
(figure 5). 


Figure 4. These etch channels dis- 
play teardrop-shaped apertures, 
along with radiation staining and 
angular patterns on the body of 
the channel. Magnified 80x. 


The termination of the etch chan- 
nels at the cloud could have resulted 
from chemical resistance to the 
etchant, or perhaps the channel met a 
point defect, such as an impurity, that 
impeded dissolution. However, as the 
hydrogen cloud occurred along the 
{100} plane and the channels followed 
the [111] direction, there was not suf- 


Figure 5. Photoluminescence spectra for (A) the hydrogen cloud and (B) 
the region outside it demonstrate clear differences in H content. The spec- 
tra are normalized to show relative intensities. 
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ficient evidence to prove that the 
hydrogen cloud disrupted etch chan- 
nel formation. 

Erica Emerson 


Large Type Ib Yellow Diamond 
Colored by Isolated Nitrogen 


Some natural yellow diamonds are col- 
ored by trace amounts of isolated nitro- 
gen, which causes strong selective 
absorption in the blue region of the vis- 
ible spectrum. Historically, these dia- 
monds have been called “true 
canaries” for the purity and intensity of 
their color. Generally, such diamonds 
are small and contain clouds, fractures, 
or other inclusions. However, the New 
York laboratory recently examined a 
very large type Ib diamond that had 
some unusual features. 

The 12.01 ct (18.66 x 12.38 x 8.11 
mm) pear-shaped brilliant was color 
graded Fancy Vivid yellow and clarity 
graded VS2 (figure 6). It is one of the 
largest natural type Ib diamonds the 
GIA Laboratory has ever tested, and 
its attractive color made it especially 
noteworthy. The color distribution 
was slightly patchy when viewed with 


Figure 6. This 12.01 ct Fancy Vivid 
yellow diamond is exceptionally 
large for a type Ib stone and has 
some unusual characteristics. 
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magnification. Parallel lines of surface 
graining from “glide planes” were eas- 
ily seen with the microscope, as was a 
small crystal inclusion surrounded by 
tiny graphite flakes, but no other dis- 
tinct internal features were observed. 
The IR absorption spectrum revealed a 
weak but sharp peak at 1344 cm™! and 
a broad band at 1130 cm"! from isolat- 
ed nitrogen, which proved it was a 
type Ib diamond. After normalization, 
the intensity of the 1344 cm"! peak 
was about 0.093 cm, which corre- 
sponds to ~2.3 ppm of nitrogen. This 
concentration is very low compared to 
most natural type Ib diamonds we 
have tested. It is interesting to note 
that such a low concentration of iso- 
lated nitrogen still introduced intense 
yellow color. In fact, the nitrogen 
occurred almost exclusively in isolat- 
ed form, with no A- or B-aggregated N 
detected; type Ib diamonds often con- 
tain some A aggregation. Gemological 
and spectroscopic features confirmed 
that the color was natural. 

When exposed to the ultra-short- 
wave UV radiation of the Diamond- 
View, the stone displayed numerous 


Figure 7. Numerous orange-red flu- 
orescence lines, caused by highly 
localized concentrations of NV 
centers in the yellow diamond, are 
visible with the DiamondView. 
Field of view is 3.7 mm high. 
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orange-red fluorescence lines and irreg- 
ular blue fluorescence (figure 7). The 
orange-red lines were very sharp and 
straight, and were aligned parallel to 
one another within each of two per- 
pendicular groups. The orange-red flu- 
orescence can be attributed to relative- 
ly high concentrations of NV centers 
in very localized regions along the 
glide planes. Distortion in these 
regions was so localized that it could 
not be seen with the microscope, but 
vacancies released from the disloca- 
tions could have combined with preex- 
isting isolated nitrogen to form NV 
centers, which produced strong emis- 
sions in the photoluminescence spec- 
trum. Most natural type Ib diamonds 
show sharp green fluorescence lines 
due to the H3 defect, and its absence in 
this diamond is consistent with the 
absence of A-aggregated nitrogen. 
Nitrogen is a common impurity in 
diamond, and it typically occurs in 
aggregated forms. It is widely accepted 
that nitrogen in natural diamonds is 
initially incorporated in isolated form, 
with the aggregation process following 
over a long period of geologic time at 
high temperature. However, a predom- 
inance of isolated nitrogen, as in this 
diamond, does not necessarily mean 
the host diamond is young or was crys- 
tallized and preserved at low tempera- 
ture. Many other factors, such as pres- 
sure and the occurrence of other 
defects, can affect the nitrogen aggrega- 
tion rate. A natural diamond of this 
size, color, and clarity, with isolated 
nitrogen as the main impurity, is 
extremely rare. 
Wuyi Wang 


Patterned Green Radiation Stains 


Green and brown radiation stains are 
common features on rough diamond 
surfaces. They are produced when 
minerals or fluids containing radioac- 
tive elements remain in contact with 
the crystal for an extended time. 
Natural radioactive decay processes 
generate alpha particles that cause 
structural damage visible as green or 
brown spots. The radiation stains 
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Figure 8. These green radiation stains, observed on the surface of a Fancy 
gray-green faceted diamond, exhibit patterns that resemble the outlines of 
grains that likely surrounded the stone while it was buried in an alluvial 
deposit (left). A DiamondView image from a different part of the same stone 
shows an overall blue fluorescence with inert zones corresponding to the 
location of the radiation stains (right). Left field of view is 3.23 mm high. 


often occur with round outlines and 
may appear to “bleed” into the dia- 
mond from the surface. These stains 
are thought to be green at first, only 
changing to brown with relatively 
low-temperature heating (either while 
buried in the ground or from the heat 
of a cutting wheel). 

Most radiation stains are very shal- 
low and are typically removed during 
faceting. When preserved in a cut 
stone, they are usually seen as isolated 
spots on the girdle or as small zones 
around natural surface-reaching frac- 
tures. Recently, the Carlsbad laborato- 
ry examined a diamond with a fasci- 
nating pattern of green radiation stains 
(figure 8, left). The 6 ct rectangular 
modified brilliant was found to be type 
Ia using infrared absorption spec- 
troscopy, and it was color graded Fancy 
gray-green. Most of the color, however, 
was caused by the green radiation 
stains on naturals and indented natu- 
rals that were not removed during 
faceting. The interior of the diamond 
appeared to be near-colorless. 

Interestingly, the green stains were 
arranged so that several rounded shapes 
were outlined. The most likely expla- 
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nation for the pattern is that the origi- 
nal crystal was surrounded by grains of 
varying sizes; the diamond was proba- 
bly mined from an alluvial deposit 
where natural weathering would have 
produced a mixture of rounded mineral 
fragments. We speculate that the 
boundaries of the larger grains (outlined 
by the stains) were more porous and so 
filled with radioactive fluids, whereas 
the unstained areas of the crystal were 
in contact with finer grains that were 
tightly packed or cemented and thus 
less porous. 

DiamondView fluorescence imag- 
ing revealed another interesting fea- 
ture: While most of the diamond fluo- 
resced blue, the radiation-stained 
spots and outlines were inert (figure 8, 
right). This suggests that radiation 
damage might have destroyed the 
defects that caused the fluorescence. 
More work is required to fully inves- 
tigate this effect. While radiation 
stains are common on diamond, it is 
rare to find them preserved with pat- 
terns that give clues to the geologic 
history of the original crystal. 

Christopher M. Breeding and 
Virginia A. Schwartz 
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Pumpellyite in QUARTZ 


The Carlsbad laboratory recently had 
the opportunity to examine a 6.64 ct 
polished quartz crystal from Mada- 
gascar (figure 9) that had an interesting 
inclusion scene. Initial observation 
showed a phantom quartz crystal 
defined by small clusters of a green 
mineral. Magnification revealed an 
intricate arrangement of planes of 
fibrous green crystal clusters punctu- 
ated by larger (~0.5 mm in diameter) 
brown crystal clusters (figure 10). 
These brown clusters displayed a well- 
developed radial structure nucleated 
by a central core crystal. 

The client permitted us to grind 
down part of the sample (on lapidary 
equipment using diamond abrasives) 
until examples of both the green and 
brown minerals were exposed at the 
surface, so they could be analyzed by 
Raman microspectroscopy. The green 
mineral inclusions were identified as 
fuchsite, the chromium-rich variety 
of muscovite, which has been previ- 
ously identified in quartz. However, 
the spectral data for the brown miner- 
al were consistent with pumpellyite. 
A literature search did not reveal any 
prior reference to this mineral inclu- 
sion and host combination. To our 
knowledge, pumpellyite has not been 
previously reported as an inclusion in 
quartz. 

Nathan Renfro 


Figure 9. This striking 6.64 ct pol- 
ished quartz crystal proved to 
have some very rare inclusions. 
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Figure 10. This brown cluster of pumpellyite crystals is surrounded by mul- 
tiple clusters of green fuchsite in quartz from Madagascar. Magnified 40x. 


A Useful Technique to Identify 
Negative Crystals in RUBY 


Although negative crystals in corun- 
dum are common, they are often mis- 
takenly assumed to be crystals of a for- 
eign material. By combining a little 
knowledge of crystalline materials 
with a useful technique for microscop- 
ic examination, we can find clues that 
reveal their true identity. In particular, 
since the host mineral’s crystal struc- 
ture defines the shape of these nega- 
tive spaces, when several of them are 
clustered together their identity is 
often revealed by their congruent 
arrangement. 

Recently, a very good example of 
this was observed in a ruby submitted 
to the Carlsbad laboratory for a Ruby 
Report (figure 11, left). To verify the 
inclusions in question as negative 
crystals, a simple tool was construct- 
ed to induce or block reflections on 
their internal faces by controlling 
their exposure to light. A small square 
(~one inch, or 2.5 cm) of black electri- 
cal tape was affixed to a pointer probe 
and inserted between the well light of 
the microscope and the ruby. As the 
tape was moved in and out of the well 
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to partially block the light, a uniform 
change in reflections throughout the 
numerous negative crystals was 
observed (figure 11, right). The simul- 


taneous reflections indicated the crys- 
tallographic alignment of the inclu- 
sions with the ruby host, evidence 
that supports their identification as 
negative crystals. 

This simple technique illustrates 
how light control can be used to 
enhance the arsenal of tools available 
for gemological investigation. 

Nathan Renfro 


“Textbook” Columbite 
in TOPAZ 


In any gem, opaque black inclusions 
are generally more difficult to identify 
visually than inclusions of transpar- 
ent, brightly colored minerals such as 
azurite, cinnabar, or some species of 
tourmaline. Colorful inclusions may 
be more recognizable because they 
tend to draw attention and may seem 
more interesting at the outset. At the 
same time, opaque black inclusions in 
diamonds have an adverse effect on 
value, a negative association that has 
carried over to other gem materials. 
Yet some black inclusions are both 


Figure 11. When viewed with normal darkfield lighting (left), these nega- 
tive crystals in ruby (arrows) are difficult to identify precisely. By partially 
blocking the light with a square of tape, the uniform change in appearance 
confirms their crystallographic alignment with the host. Magnified 40x. 
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Figure 12. Showing excellent crystal form, this 2.62-mm-long doubly terminated columbite inclusion (left, 
darkfield illumination) was discovered in a colorless topaz from Pakistan. With incident fiber-optic illumina- 
tion, an iridescent interface clearly reveals the surface texture (center) and a large primary fluid inclusion with 
an ~0.28 mm vapor bubble trapped between the crystal and the topaz (right). 


attractive and form classic associations 
with their host gem mineral. Such is 
the case with the doubly terminated 
crystal in figure 12, which was discov- 
ered in a 1.6 cm terminated colorless 
topaz crystal from Gilgit, Pakistan. 
The topaz was sent to the Carlsbad lab- 
oratory by Jack Lowell (Colorado Gem 
& Mineral Co., Tempe, Arizona}, who 
had obtained it from a longtime con- 
tact in Pakistan. 

The most perfectly formed of two 
small inclusions, this 2.62 mm crystal 
was clearly orthorhombic and doubly 
terminated. It was situated near the 
surface of the topaz, parallel to a prism 
face and aligned along the c-axis of the 
host. In incident fiber-optic lighting, 
this inclusion revealed an iridescent 
interface (figure 12, center) that clearly 


displayed its surface texture. Under 
this lighting, it also became apparent 
that a relatively large primary fluid 
inclusion, with a vapor bubble, was 
trapped along the interface between 
the inclusion and the topaz (figure 12, 
right). Morphologically, this inclusion 
resembled columbite-(Fe) or colum- 
bite-(Mn), as its crystal habit was sim- 
ilar to that illustrated in V. Gold- 
schmidt’s Atlas der Krystallformen 
(Vol. 2, C. Winters, Heidelberg, Ger- 
many, 1913-1923). On a thin edge at 
one termination, it displayed the red- 
brown color typically caused by man- 
ganese, so columbite-(Mn) seemed like 
the logical choice. 

Also observed was a much larger, 
6.9 mm long, singly terminated crys- 
tal that was only partially enclosed at 


the base of the topaz. In general 
appearance, this larger crystal was vir- 
tually identical to the smaller inclu- 
sion. Raman microanalysis of this 
larger crystal, which was easily target- 
ed, confirmed the visual identification 
of the smaller “textbook” crystal as 
columbite. 

John I. Koivula and 

Karen M. Chadwick 
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DIAMONDS 


A greenish yellow diamond with glass filling and HPHT 
treatment. Diamond treatments are now routine, and 
stones with multiple forms of treatment have been report- 
ed. These include diamonds that have been clarity 
enhanced by laser drilling and glass filling (R. C. Kammer- 
ling et al., “An update on filled diamonds: Identification 
and durability,” Fall 1994 GwG, pp. 142-177), and others 
that were color enhanced by a combination of high-pres- 
sure, high-temperature (HPHT) processing, irradiation, 
and/or annealing (see, e.g., Winter 2005 Lab Notes, pp. 
341-343). Recently, we examined a diamond that had 
been subjected to both color and clarity enhancement. 

The 1.02 ct greenish yellow heart-shaped brilliant 
mounted in a ring (figure 1) was submitted to the National 


Figure 1. This 1.02 ct greenish yellow diamond proved 
to be both color- and clarity-treated. Photo by 
Zhonghua Song. 
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Gemstone Testing Center in Beijing for grading and identi- 
fication. Preliminary visual inspection of the stone raised 
suspicions about the origin of its color, which appeared 
quite similar to that seen in HPHT-treated diamonds. In 
addition, the stone fluoresced a strong yellow-green to 
long-wave UV radiation and a weak yellow-green to short- 
wave UV. No phosphorescence was observed. 

The Fourier-transform infrared (FTIR) spectrum 
showed a strong platelet-related peak (1371 cm!) and a 
large, saturated absorption band between 1350 and 1050 
cm!, typical of type Ia diamond with a small concentra- 
tion of hydrogen. The ultraviolet-visible (UV-Vis) absorp- 
tion spectrum, recorded at room temperature, showed a 
strong N3 center, a strong broad absorption band between 
450 and 500 nm, and two weak but distinct absorption 
lines at 503 nm (H3) and 494 nm. The Raman photolumi- 
nescence (PL) spectrum (figure 2), recorded at liquid-nitro- 
gen temperature with a 514.5 nm laser, showed a very 
strong peak at 637 nm related to the (NV) center; three 
moderate-intensity peaks at 575 [(NV)°], 588, and 679 nm; 
two weak peaks at 612 and 773 nm; and two broad peaks 
at 604 and 659 nm. Features such as the strong yellow- 
green luminescence to long-wave UV, the distinct absorp- 
tion lines at 494 and 503 nm, and the strong photolumi- 
nescence peak at 637 nm proved that the stone was HPHT 
treated (A. T. Collins, “The colour of diamond and how it 
may be changed,” Journal of Gemmology, Vol. 27, No. 6, 
2001, pp. 341-359). 

Microscopic examination revealed signs of additional 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu or 
GIA, The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. Original photos will be returned after 
consideration or publication. 
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Figure 2. The 637 nm peak in the Raman PL spectrum 
of the diamond was one feature that indicated HPHT 
treatment. 


treatment. Two large fractures displayed flash-effect colors 
typically associated with glass filling (figure 3). In darkfield 
illumination, distinct purple and green flashes were visible 
in one fracture, and subtle purple flashes were seen in 
another. Usually, one predominant color (violet, purple, or 
pink) was noted, though sometimes we saw a flash that 
was simultaneously purple and green. No distinct flow 
structure or trapped bubbles were visible. Because the dia- 
mond was mounted, we could not test for the presence of 
Pb that would be expected in the glass filling. 

Based on these results, we concluded that the diamond 
was both color enhanced by HPHT processing and clarity 
treated by glass filling. Since glass fillers are unstable at 
high temperature (see Kammerling et al., 1994), the dia- 
mond likely underwent color enhancement first. 

Zhonghua Song (songzhh@ngtc.gov.cn), 
Jun Su, and Taijin Lu 
National Gemstone Testing Center (NGTC), Beijing 


Figure 3. Purple and green flash-effect colors can be seen 
in this filled fracture in the greenish yellow diamond. 
Photomicrograph by Zhonghua Song; magnified 32x. 
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Figure 4. This aquamarine crystal (80.9 mm long), 
reportedly from Pakistan, proved to have an interest- 
ing inclusion scene. Photo by Jian Xin (Jae) Liao. 


COLORED STONES AND 
ORGANIC MATERIALS 


Aquamarine with ocean-themed inclusions. Recently, this 
contributor had the opportunity to examine an unusual 
aquamarine crystal (figure 4), reportedly from Pakistan, 
that was brought to our attention by Jordan Bogel, a gem 
collector from Oregon. The specimen, 80.9 mm long and 
140.8 g, was readily identifiable as aquamarine from its 
color and crystal structure, though this was confirmed by 
standard gemological testing. 

The crystal displayed an interesting growth pattern 
along one of its faces, but the most striking feature of this 
aquamarine was its inclusion scene, which gave the impres- 
sion of exploring the ocean’s depths. Transmitted light 
revealed “fingerprints” composed mostly of two-phase 
inclusions. The image of an irregular ocean floor was 
evoked by yellowish green moss-like inclusions, close to the 
crystal’s surface, which resembled seaweed at higher magni- 
fication (figure 5). Despite several attempts to identify these 
inclusions, they proved too thin for Raman microanalysis. 
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Figure 5. Seaweed-like forms contributed to the 
oceanic scene in the aquamarine crystal. Photo- 
micrograph by R. Befi; image width 3.0 mm. 


Small crystals visible in different areas of the aqua- 
marine resembled stingrays composed of tapered crystals 
partially surrounded by tension fractures (see, e.g., figure 
6). One “stingray” was exposed at the surface, and the 
crystal was identified as zircon by Raman spectroscopy. 
Zircon inclusions have been previously documented in 
aquamarine from Pakistan (E. J. Gtbelin and J. I. Koivula, 
Photoatlas of Inclusions in Gemstones, Vol. 2, Opinio 
Publishers, Basel, Switzerland, 2005, p. 322), but we 
could find no report of zircon inclusions with this unusu- 
al morphology. 

No other name is better suited to this ocean-themed 
crystal than aquamarine. 

Riccardo Befi (riccardo.befi@gia.edu) 
GIA Laboratory, New York 


“Smoky” gray beryl. Recently, the Gem Testing 
Laboratory in Jaipur, India, examined the 71.57 ct step-cut 
stone in figure 7. It had a gray color with moderate satura- 
tion and slightly brownish gray reflections near the cor- 
ners, which were stronger in one corner than the other 
three. When the stone was tilted in standard lighting 
against a white background, subtle zones of pale brown 
color were observed at some angles. 

The color appearance and brown zones were reminis- 
cent of smoky quartz. However, although the specimen 
displayed a uniaxial optic figure, it did not show the char- 
acteristic “bull’s-eye” pattern of quartz. This did not rule 
out quartz, but it did raise sufficient doubt to warrant fur- 
ther testing. The results were surprising: The refractive 
indices were 1.590-1.598, with birefringence of 0.008, val- 
ues that are consistent with beryl. Although beryl occurs 
in a variety of colors—green, blue, red, pink, yellow, 
orange, brown, and colorless are all known—gray is quite 
unusual. 
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Figure 6. This striking stingray-shaped inclusion in 
the aquamarine crystal proved to be a zircon that is 
partially surrounded by a tension fracture. Photo- 
micrograph by R. Befi; image width 2.3 mm. 


The stone had a hydrostatic SG of 2.81, which is high 
for aquamarine but low for pink beryl (e.g., 2.66-2.80 and 
2.80-2.90, respectively; see M. O’Donoghue, Ed., Gems, 
6th ed., Butterworth-Heinemann, Oxford, UK, 2006, pp. 
163-164). No absorption features were visible with the 
desk-model spectroscope, and the sample was inert to 
long- and short-wave UV radiation. It displayed weak gray 
and pinkish brown dichroism (figure 8). No features were 
observed with the microscope, other than some angular 
and planar growth zones. The presence of these growth 
zones indicated the stone was natural. 

FTIR spectra were typical for natural beryl, while quali- 
tative energy-dispersive X-ray fluorescence (EDXRF) analy- 
sis revealed the presence of Al, Si (major), Ca, Mn, Fe (trace), 


Figure 7. This beryl specimen (32.90 x 20.52 x 
12.14 mm) is unusual for its gray color. Photo by 
G. Choudhary. 
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and Cs (minor). The presence of Cs would explain the rela- 
tively high specific gravity compared to aquamarine. 

The cause of color in this unusual specimen remains 
unknown. John Sinkankas’s Emerald and Other Beryls 
(Chilton Book Co., Radnor, Pennsylvania, 1981) noted that a 
beryl that had been previously heated in oxidizing conditions 
turned deep gray when subsequently heated in reducing con- 
ditions, although the cause of color was not determined. 

Gagan Choudhary (gtl@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Chalcedony from Oregon with pyrite and cloud-like green 
areas. In June 2008, Steve Perry (Steve Perry Gems, Davis, 
California) informed GIA about an attractive green gem 
material from Oregon. He believed that it consisted of a 
mixture of gray chalcedony with green uvarovite and 
pyrite or marcasite. It was sold to him as “old material” 
from the Applegate Valley in Jackson County, southern 
Oregon. From a small parcel of rough, Mr. Perry has cut 
about two dozen cabochons, ranging from 0.54 to 13.38 ct. 

The following properties were determined on four cabo- 
chons (2.31-13.38 ct; see, e.g., figure 9) that Mr. Perry 
loaned to GIA: color—variegated green and dark gray; spot 
RI—1.54 (from both green and gray areas); hydrostatic SG— 
2.70-2.80; Chelsea filter reaction—none; and fluores- 
cence—inert to long- and short-wave UV radiation. These 
properties are generally consistent with those reported for 
chalcedony by M. O’Donoghue, Ed. (Gems, 6th ed., 
Butterworth-Heinemann, Oxford, UK, 2006, pp. 306-307), 
except for the lower SG values reported by that source 
(2.57-2.64). Two absorption lines, at ~680 and ~690 nm, 
which are related to the presence of chromium, were visi- 
ble with the desk-model spectroscope. 

The chalcedony contained discrete areas of cloud-like 
bright yellowish green to green material, as well as surface- 
reaching metallic “golden” yellow crystals that appeared to 
be pyrite (figure 10), but no other significant inclusions. 
Raman spectroscopy confirmed the metallic yellow inclu- 
sions as pyrite, but no Raman signals other than those of 
chalcedony were detected from the green clouds, which 
suggests they are probably not in a crystalline form. Laser 
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Figure 8. The beryl dis- 
plays weak dichroism; 
the gray component 
(left) turns pinkish 
brown (right) when the 
polarizing filter is rotat- 
ed 90°. Photos by 

G. Choudhary. 


ablation-inductively coupled plasma—mass spectrometry 
(LA-ICP-MS) analysis of the surface-reaching green areas 
showed Si, Na, Mg, Al, and Cr as the main components. 
This composition is not consistent with uvarovite, and the 
identity of the green material remains unknown. 
This is the first time that we have encountered chal- 
cedony with this combination of inclusions. 
Wai L. Win (wwin@gia.edu) 
GIA Laboratory, New York 


Figure 9. These attractive chalcedony samples 
(2.31-6.01 ct) are reportedly from southern Oregon. 
Photo by Robert Weldon. 
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lay gleaming like stars in the sky.” 

After selecting a suitable spot for their 
dam site, where the beams could be firmly 
anchored to the sides, the bendeirantes drove 
stout posts with forked tops down as far as 
possible and then strutted them well from 
behind. Then they laid the top beams in the 
forked posts and lashed others at a lower 
level with cipo (liana), the Brazilian sub- 
stitute for rope. In front of the beams, on 
the upstream side, they drove saplings side 
by side across the river. From an oversized 
haystack and a mountain of earth, previously 
collected, they constructed “pillows” made 
with grass and filled with rocks which they 
sank against the foot of the saplings and 
then, by packing grass against the stakes and 
pouring earth in front of the grass, they 
carried on methodically until the earth took 
a natural slope with a width of about two 
meters on top. If well constructed these 
dams withstand even the heaviest floods but 
are not always watertight owing either to 
fissures in the rocks or other mediums of 
infiltration. A footdam, to prevent the water 
from flowing back up stream, is also essen- 
tial but generally this is a comparatively 
easy operation as it is usually made after 
the river has been sidetracked to a point 
below the site of the footdam itself. Where 
flumes were necessary it generally took 
months to whipsaw the boards, cut and carry 
the timber, and pile up the earth and grass. 
The construction of the flume was done 
without the use of nails for which they 
substituted c#po lashings and wooden spikes. 
The caulking was done with the bark of a 
certain tree. 

Infiltration and leakages in the flume 
necessitated appliances for keeping the. pit 
dry. When this could not be done by hand, 
undershot watetwheels were constructed, 
driven by subsidiary flames from the main 
flume. For piping they clamped four boards 
together with a foot valve in the bottom 
and another in the plunger itself. Driven 
from an arm on each side of the water- 
wheel, the capacity of these pumps was 
considerable but the depth to which they 
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e A flash flood ruins work done 
on a flume constructed to divert 
stream. 


e Back view of a typical dam. 


@ Undershot wheel, turned by 
power from flume water, is used 
to keep pit dry between.two dams. 
Pipes in foreground carry away 
seepage. 
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Figure 10. Microscopic examination of the cabochons 
revealed patches of pyrite and massive green cloud-like 
areas, while the host chalcedony appeared light gray. 
Photomicrograph by W. L. Win; field of view 5.2 mm. 


Demantoid from Ambanja, Madagascar. In mid-2008, crab 
fishermen in northern Madagascar reportedly found some 
green stones in a mangrove swamp. These were brought to 
Antananarivo, where they were identified as demantoid. 
Eventually, sapphire diggers from Ambondromifehy heard 
the news and started to work the area. Beginning in April 
2009, rumors of a new find of expensive green “sapphire” 
spread from cell phone to cell phone, and several hundred 
miners, buyers, and brokers—both Malagasy and foreign— 
rushed to the site (figure 11). As of late May 2009, when 
this contributor initially visited the deposit, about 2,000 
miners were digging and 5,000-10,000 people were living 
in the nearby village of Antetezambato. The deposit is 


Figure 11. Thousands of miners have descended on a 
new demantoid deposit that was found in mid-2008 
in a mangrove swamp near Ambanja in northern 
Madagascar. Photo by F. Danet. 
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located 22 km northeast of Ambanja, and the eastern bor- 
der of the main workings has coordinates 13°30.426’ S, 
048°32.553’ E. 

Using hand tools (crowbars, buckets, etc.), the miners 
dig pits 6-11 m deep in the mangrove swamp at low tide. 
Pumps and dikes are employed by some miners to keep 
the pits from flooding, while others have explored the dry 
land adjacent to the swamp. The deposit measures ~500 x 
500 m, and observations by this contributor suggest that 
the demantoid is hosted by an altered whitish skarn layer, 
surrounded by clays and crystalline rocks. The crystals are 
found lining fractures or cavities (of decimeter dimen- 
sions). The host rock can be quite hard, although it is typi- 
cally completely weathered. According to the miners, 
some pockets have yielded a half-bucket of crystals. 

The demantoid crystals are sharp and lustrous, and 
some faces are striated. They form truncated rhombodo- 
decahedrons or trapezohedrons (e.g., figure 12), ranging up 
to 25 mm. Their green hue commonly has a blue or yellow 
component in day or fluorescent light; the latter stones 
appear “olive” green in incandescent light. Also recovered 
are yellow and brown andradite crystals, with gem-quality 
areas weighing up to 2 g. Quartz is associated with the gar- 
net, and consists of thin opaque crystals up to 4 cm long. 
Many other minerals were seen in the Antetezambato 
market, but the dealers may have brought them from 
other deposits in northern Madagascar. 

This contributor examined 16 pieces of rough deman- 
toid (23.6 g total weight; again, see figure 12) weighing up 
to 3.1 g, with the largest clean stone weighing 1.2 g. The 
following properties were recorded: RI—over the limits of 
the standard refractometer; hydrostatic SG (five stones)— 
3.79-3.88 (the lower measurements were due to abundant 
impurities); strong anomalous birefringence in the polar- 
iscope; and spectroscope spectrum—cutoff in the blue 
region, diffuse bands at 621 and 640 nm, but no lines in the 


Figure 12. The Madagascar demantoid is recovered 
as well-formed crystals. The largest shown here 
weighs 3.1 g and measures 16.5 x 12.3 x 8.6 mm. 
Photo by F. Danet. 
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red region (i.e., those due to Cr at 693 or 701 nm). 
Microscopic examination revealed fractures and finger- 
print-like inclusions, as well as a few isometric crystals. 
Although no “horsetails” were seen in these samples, this 
contributor has noted some curved acicular inclusions in a 
few stones examined subsequently. 

While it is difficult to estimate the production, this 
contributor suspects that at least 20 kg of mine-run 
demantoid is recovered each week (probably much more), 
with several kilograms in the 1-3 g range. Larger sizes are 
rare, as are eye-clean stones weighing >1 g. About 5% of 
the material is facetable. Initial cutting of the demantoid 
has yielded some attractive stones weighing 1-3+ ct, while 
more-included gems range up to 7 ct. Eye-clean stones of 
good “emerald” green color are scarce above 2 ct, while 
those with “olive” green coloration are more frequently 
seen in the 2-5 ct range. 

This demantoid discovery has created a great deal of 
excitement in Madagascar, and gem buyers and brokers 
are at least as numerous as the miners at the deposit. In 
mid-June, for security reasons, the provincial government 
prohibited buyers from visiting the deposit and mandated 
that all trading take place at a nearby “comptoir,” as was 
done at the well-known Ilakaka gem deposit in 1999. 

Additional images to accompany this report are avail- 
able in the G#G Data Depository at www.gia.edu/gandg. 
Chemical analyses of the Madagascar demantoid, as well 
as additional gemological data, are available online at 
www.gemnantes.fr/recherche/autre/demantoide_mada.php. 

Fabrice Danet (fabdanet@moov.mg) 
Style Gems, Antsirabe, Madagascar 


Enstatite from Pakistan. At the 2009 Tucson gem shows, 
Syed Iftikhar Hussain (Syed Trading Co., Peshawar, 
Pakistan) displayed a parcel of small, dark yellow-green 
crystals and broken fragments that he had obtained as 
“diopside or garnet” from Baluchistan, Pakistan, in 2007. 
The parcel weighed 105 g, and a few of the pieces were 
transparent enough to facet. Mr. Hussain donated several 
rough samples to GIA for examination. 

Initial analysis of the samples with Raman spec- 
troscopy identified them as enstatite. Enstatite is an ortho- 
rhombic pyroxene with an end-member composition of 
MgSiO, that forms a solid-solution series with ferrosilite 
(FeSiO,). It ranges from colorless to yellow, green, or 
brown; these various colorations are associated with the 
presence of chromophores such as Cr, Mn, V, and Fe. Iron- 
bearing enstatite has often been referred to as hypersthene, 
though the International Mineralogical Association now 
simply classifies it as enstatite. 

Enstatite has a Mohs hardness of 5-6, and it is quite 
brittle and considered difficult to facet (J. Sinkankas, “Some 
freaks and rarities among gemstones,” Fall 1955 GwG, pp. 
199-200). GIA had three of the pieces donated by Mr. 
Hussain faceted (0.42-1.29 ct; e.g., figure 13) for further 
examination, and the following properties were recorded: 
color—dark yellow-green, RI—1.665-1.675 from the table 
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Figure 13. These dark yellow-green gems (0.42 and 
1.29 ct) from Baluchistan, Pakistan, were identified 
as enstatite. Photo by Robert Weldon. 


face (and a higher value of 1.730 from the pavilion of one 
stone}, birefringence—0.010, hydrostatic SG—3.31, and no 
UV fluorescence. The desk-model spectroscope showed a 
strong and sharp absorption line at 505 nm and a broad 
band near 550 nm. These properties are consistent with 
those reported for enstatite (M. O’Donoghue, Ed., Gems, 
6th ed., Butterworth-Heinemann, Oxford, UK, 2006, p. 
408). Microscopic observations revealed typical fractures 
and “fingerprints” (see the G#@G Data Depository). 

Visible-range spectroscopy showed a sharp peak at 
505.8 nm and a broad band centered at 548 nm (see the 
G@G Data Depository), which correlate well with the 
absorptions seen with the spectroscope. A weak feature 
near 680 nm was also present, due to Cr**. Some similar 
features have been observed with the spectroscope in dark 
green enstatite from Arizona and in medium green 
enstatite from East Africa (G. R. Crowningshield, 
“Enstenite!” [sic], Fall 1965 G&G, pp. 334-335; C. M. 
Stockton and D. V. Manson, “Peridot from Tanzania,” 
Summer 1983 GwG, pp. 103-107). 

Chemical analysis of one of the cut samples by LA-ICP- 
MS indicated a composition of (Mg, 7Fep ;7Cap 94)SiO3, along 
with trace amounts of Cr and Mn. The Fe concentration is 
relatively high for gem-quality enstatite, with a ratio of 
Fe/(Mg+Fe) = 0.18—compared to a ratio of 0.12 for the East 
African sample documented by Stockton and Manson 
(1983)—and is apparently responsible for the material's 
dark tone. 

The highest RI value of 1.730 is significantly higher 
than that of typical magnesium end-member enstatite, 
which has RIs ranging from 1.649 to 1.680, and is consis- 
tent with the appreciable iron measured in the chemical 
analysis. By comparison, RI values for iron end-member 
ferrosilite range from 1.755 to 1.788 (J. W. Anthony et al., 
Handbook of Mineralogy, Vol. 2—Silica, Silicates, Part 1, 
Mineral Data Publishing, Tucson, Arizona, 1990, p. 255). 
The high transparency and yellow-green color of this iron- 
bearing enstatite are quite unlike the “hypersthene” docu- 
mented in the Summer 2003 GNI section (pp. 160-161). 

Ren Lu (ren.lu@gia.edu) and Chandana Samararatne 

GIA Laboratory, New York 
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Figure 14. This new opal-CT comes from Argentina. 
The largest polished stone weighs 16.6 ct. Photo 
by B. Rondeau. 


Common opal from Argentina. At the 2009 Tucson gem 
shows, Jorge Raul Dascal (Patagonia Minerals, Buenos 
Aires) displayed some new common opal from Argentina. 
The material was opaque to transparent, and ranged from 
yellow-green to orange (approximating fire opal) to brown 
(e.g., figure 14). The color and transparency were often 
layered. 

We measured RI and SG values on three polished sam- 
ples representing a range of typical color and transparency 
(again, see figure 14). The RIs were 1.440-1.445, and SG 
values were 2.02-2.04. Out of six pieces tested for UV fluo- 
rescence, four were inert. However, the two chalkiest sam- 
ples fluoresced very weak whitish green to long-wave UV 
radiation and even weaker to short-wave UV, with no 
phosphorescence. Raman analysis of the three polished 
samples using a Bruker RFS100 Fourier-transform spec- 
trometer confirmed that the material was opal-CT, with an 
apparent maximum for the main peak ranging from 345 to 
325 cm7!. Chemical analyses of three pieces performed on 
a JEOL 5800LV scanning electron microscope (SEM) 
equipped with a Princeton Gamma Tech energy-dispersive 
IMIX-PTS detector determined that the material was essen- 
tially SiO, with traces of Al in two stones (0.05 and 0.25 
wt.%) and Fe in all three (0.30-2.5 wt.%). The Fe content 
qualitatively correlated with the greenish yellow to brown 
component of the color. 

Four of the six samples showed breadcrumb-like inclu- 
sions that appeared white in reflected light. Larger inclu- 
sions with similar texture sometimes had a disc-like or 
spherulitic appearance. One such inclusion in a dark brown 
zone was surrounded by a lighter rim (figure 15). SEM 
microchemical analysis of the inclusion revealed major 
amounts of Si and O (with at least some of these elements 
contributed by the surrounding opal), as well as ~5 wt.% Fe 
and ~2, wt.% Al—both more concentrated in the core—and 
traces of Mg, Ca, and Mn. A Raman spectrum of the inclu- 
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Figure 15. This spherulitic inclusion in a greenish yellow 
Argentine opal seems to have absorbed the iron staining 
around it. The inclusion consists of quartz and iron com- 
pounds. Photomicrograph by E. Fritsch; magnified 16x. 


sion obtained with a Jobin-Yvon T64000 dispersive spec- 
trometer showed a series of weak bands at about 690, 550, 
394, and 301 cm7!, as well as a sharper band at about 463 
cm7!, These were consistent with a mixture of quartz and 
an iron oxide or hydroxide, possibly hematite or goethite. 
As in other common opals, the yellow-to-brown bodycolor 
of the Argentine samples is likely related to submicroscop- 
ic-to-nanometric Fe-bearing inclusions. 


Figure 16. These cabochons of opal from Argentina 
(4.26-8.06 ct) illustrate some of the colors that have 
been recovered from the new deposit. Photo by 
Robert Weldon; GIA Collection nos. 37967-37969. 
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The opal structure was investigated on freshly broken 
surfaces of three yellow-green and orange samples using a 
JEOL 6400 field-effect SEM. It consisted of coalesced 
nanograins 20-45 nm in apparent diameter, as is typical 
for common opal-CT from many localities worldwide. 

The Argentine opal deposit was found in some remote 
undisclosed foothills in late December 2008. The opal was 
first discovered as loose gravel in dry riverbeds, which was 
traced several kilometers upstream to veins in a very hard 
volcanic rock. The matrix of some of the specimens was 
quite altered, and was apparently rich in silica and clays. 
Because of the cold, arid climate, the deposit can only be 
worked five or six months of the year. In April 2009, Mr. 
Dascal reported finding some yellow-green opal in the 
same area. By that time, he had collected a total of ~140 kg 
of gem-quality material, and 11 kg was being tumbled in 
pieces ranging up to ~10 x 7 x 7 cm. In addition, a few 
cabochons of the opal had been cut (e.g., figure 16). 

Emmanuel Fritsch 


Yves Lulzac 
Centre de Recherches Gemmologiques, Nantes, France 


Benjamin Rondeau 

CNRS, Team 6112, Laboratoire de Planétologie et 
Géodynamique 

University of Nantes, France 


Mabe pearls from Vietnam with seashell nuclei. At the 
2009 Tucson gem shows, VanTuyen Tran (Ferjenni Co., 
Fullerton, California) showed this contributor some recently 
harvested mabe (assembled cultured blister) pearls from 
Vietnam that were produced using seashell nuclei. 
Although they debuted at the 2008 Tucson gem shows, the 
2009 material (from the company’s second harvest) included 
a wider range of shapes and better nacre coverage. Ms. Tran 
reported that she came up with the concept, and then col- 
laborated with a pearl farm in Vietnam owned by Cuc 
Nguyen (Boi Ngoc Co. Ltd., located near Ben Tre). The sev- 
eral varieties of shells used as nuclei were gathered from 
beaches in the Indo-Pacific region. For the most recent har- 
vest, they were implanted into 9,000 Pteria penguin oysters 
in April-May 2008, and in January 2009 they obtained 625 
high-quality mabe pearls. The relatively low yield resulted 
from incomplete nacre coverage on many of the shell nuclei 
and the fact that 15% of the oysters died after implantation. 
After harvesting, the mabes were cleaned and polished, 
then trimmed to remove excess shell material (e.g., figure 
17). Mabes up to ~5 cm long have been produced, but most 
range from 2, to 4 cm. Some of those from the first har- 
vest—which had thinner nacre—were polished to reveal 
the color of the underlying shell nucleus (see the two 
cowrie mabes on the far right in figure 17). Even for those 
that were completely covered with nacre, the surface tex- 
tures of the underlying seashell nuclei were remarkably 
evident (figure 18). Marketed as mabe shell pearls, some 

have been set into pendants and earrings (figure 19). 
Brendan M. Laurs 
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Figure 17. These Vietnamese mabe pearls, which 
came from the first harvest, were produced using 
seashell nuclei consisting of coiled gastropods (left, 
3.4-4.1 cm long) and cowries (right). Some of the 
nacre on the cowrie mabes has been polished off to 
expose the underlying shell colors. The inset shows 
the shell nucleus within an unbacked mabe pearl. 
Photo by Robert Weldon. 


Characterization of some pearls of the Pinnidae family. 
Pearls of the Pinnidae family (classified by Leach, 1819) are 
produced by bivalves belonging to the genera Pinna 
(Linnaeus, 1758) and Atrina (Gray, 1847), and are known as 
“pen shell” pearls. Pinnidae bivalves are widely distributed 
in the Mediterranean Sea as well as the Red Sea, the Indo- 
Pacific Ocean (including the region circumscribed by 
southeastern Africa, Melanesia, New Zealand, Australia, 
and northern Japan), and in American waters (e.g., the 
Pacific coast of Baja California, Mexico). Those found in the 


Figure 18. A diversity of forms and textures is shown 
by these large Vietnamese mabes (3.8—5.1 cm in max- 
imum dimension), which were produced from the 
second harvest. Photo by Robert Weldon. 
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Figure 19. Vietnamese mabe pearls are featured in 
these earrings (2.2 cm long) and a pendant with 
amethyst (3.4 cm long) that were manufactured by 
Randall Otten, Otten, Vallot & Co., Huntington 
Beach, California. Photo by Robert Weldon. 


Mediterranean and Red Sea have probably reached the 
highest popularity after pearls from Pinctada species (E. 
Strack, Pearls, Rithle-Diebener-Verlag, Stuttgart, Germany, 
2006). Pen shell pearls commonly attain sizes of 7 mm 
(rarely up to 16 mm}, and can range from grayish white to 
various shades of orange and brown as well as black. Both 
nacreous and non-nacreous varieties exist (e.g., figure 20); 
the nacreous Pinnidae pearls are aragonitic. 

Several years ago, one of the authors (J-PG) collected 
some nacreous and non-nacreous pearls from Pinna mol- 


Figure 21. These five non-nacreous pen shell pearls are 
also from Pinnidae family mollusks. The smallest pearl 
is about 3.2 mm in diameter (0.39 ct), and the largest is 

16.4 mm long (2.17 ct). Photo by S. Karampelas. 
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Figure 20. This collection of nacreous and non-nacreous 
Pinnidae family pearls shows various colors and shapes. 
The largest specimen is 13.7 mm in diameter (10.42 ct). 

Courtesy of the Gtibelin Gem Lab; photo by Eric Erel. 


lusks harvested from the bays of Hyéres (Var, France}, 
Sagone (Corsica, France), and Olbia (Sardinia, Italy). Some of 
these were orange, and they included near-round and 
teardrop shapes (figure 21). Microscopic observation 
revealed that they were translucent in transmitted light and 
had columnar structures (figure 22). Similar patterns were 
seen in non-nacreous pearls described in the Fall 2007 GNI 
section (pp. 259-260). As was the case for the pearls 
described in that entry, the columnar structures in the pres- 
ent samples were typically due to a radial arrangement of 


Figure 22. Columnar calcitic structures were observed 
with transmitted illumination in this pen shell pearl. 
Photomicrograph by S. Karampelas; image height 1 mm. 
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calcite. One of the teardrop-shaped pearls had no visible 
structures in the bulbous part but displayed columnar struc- 
tures in the tail. Raman spectroscopy revealed that the bulb 
consisted of aragonite and the tail was composed of calcite. 

Raman spectroscopy of the samples in figure 21, using 
five different excitation wavelengths, also showed that 
they contained a mixture of carotenoid pigments. Similar 
pigments have been observed in Stylaster gem corals (S. 
Karampelas et al., “Identification of the endangered pink- 
to-red Stylaster corals by Raman spectroscopy,” Spring 
2009 G&G, pp. 48-52). 

UV-Vis-NIR reflectance spectra of Pinnidae pearls 
showing gray, orange, brown, and black coloration (in vari- 
ous combinations of hue, tone, and saturation) revealed a 
gradual absorption continuum from the UV to the NIR 
region. This continuum is responsible for the gray (less 
intense) to black (more intense) coloration. Further, 
carotenoid pigments absorb in the violet-blue portion of 
the spectrum and are responsible for the orange hue. To 
our knowledge, Pinnidae pearls are the only gem-quality 
natural pearls that can consist of calcite and contain 
carotenoid pigments. 

Stefanos Karampelas (s.karampelas@gubelingemlab.ch) 
Gitibelin Gem Lab, Lucerne, Switzerland 


Jean-Pierre Gauthier 
Centre de Recherches Gemmologiques, Nantes, France 


Emmanuel Fritsch 
Franck Notari 


Cat’s-eye phenakite. In May 2009, a prismatic crystal of 
phenakite was mined from central Madagascar (probably 
Anjanabonoina) and subsequently cut into three cabochons 
that showed chatoyancy (7.03, 8.98, and 50.36 ct; e.g., fig- 
ure 2.3). Since cat’s-eye phenakite is not well known, the 
following properties were documented on these three 
stones: color—light brownish yellow; dichroism—moder- 
ate; RI—1.654-1.670, birefringence—0.016; optic charac- 
ter—uniaxial positive; hydrostatic SG (two measure- 
ments)—2.96; and no absorption features seen with the 
handheld spectroscope. These properties are consistent 
with those reported for phenakite by M. O’Donoghue, Ed. 
(Gems, 6th ed., Butterworth-Heinemann, Oxford, UK, 
2006, pp. 436-437), who also mentioned that “the occa- 
sional chatoyant specimen is reported.” 

The stones contained fine needles (probably very thin 
empty tubes) oriented perpendicular to the c-axis, which 
were responsible for the unusual chatoyancy exhibited by 
this material. No other inclusions were seen in the stones 
with the microscope. 

Fabrice Danet 


Color-change pyrope-spessartine from Kenya. Color-change 
pyrope-spessartine has been reported from East Africa, Sri 
Lanka, and more recently Madagascar (see D. V. Manson 
and C. M. Stockton, “Pyrope-spessartine garnets with 
unusual color behavior,” Winter 1984 GwG, pp. 200-207; 
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Figure 23. This unusual phenakite from Madagascar 
(50.36 ct) exhibits chatoyancy. Photo by F. Danet. 


Summer 1998 GNI, p. 138; K. Schmetzer and H.-J. 
Bernhardt, “Garnets from Madagascar with a color change 
of blue-green to purple,” Winter 1999 GWG, pp. 196-201). 

A new deposit of color-change garnet, in Kenya, was 
recently reported to GIA by Amarjit Saini (Mobu Gems, 
Los Angeles). According to his partner, Peter C. L. Pereira 
(Isle of Gems, Arusha, Tanzania), the garnet is found in the 
Taita Hills, at a village called Kamtonga, which is close to 
the Mwatate tsavorite mining area. This region typically 
produces brown-to-red material, but some remarkable 
green/red color-change garnet was found in January 2009. 
Most of the rough weighs <1.5 g, yielding cut stones <2 ct, 
although some attractive clean gems with a good color 
change that range up to 8-10 ct are known to both gentle- 
men. Production has been intermittent due to disputes 
over mining claims in the area. 

Mr. Saini donated two color-change garnets from this 
deposit to the GIA Collection. The 1.32 and 1.39 ct stones 
were fashioned as rectangular and square cut-cornered step 
cuts, respectively. Their coloration was observed in a Gretag 
Macbeth Judge II light box under both daylight-equivalent 
and incandescent illumination. Their color changed from 
dark bluish green to dark violet, and from grayish bluish vio- 
let to purple, respectively (figure 24). The garnets appeared 
more blue under other nonstandard “daylight-equivalent” 
fluorescent light sources. No significant color variation 
between reflected and transmitted light was observed. 

Gemological examination revealed the following prop- 
erties (with those for the smaller stone indicated first): 
RI—1.762 and 1.765; SG—3.88 and 3.91, fluorescence— 
inert to both long- and short-wave UV radiation; Chelsea 
filter reaction—moderate red; and absorption bands at 
~485, 505, and 575 nm with the desk-model spectroscope. 
Magnification revealed oriented, fine reflective needles 
(figure 25), as previously observed in color-change garnets 
from East Africa and Madagascar (Summer 1998 GNI; 
Schmetzer and Bernhardt, 1999). Vis-NIR spectroscopy 
(figure 26) confirmed two distinct areas of transmission in 
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Figure 24. These garnets (1.32 and 1.39 ct) are from a new deposit in Kenya. The stone on the left displays a 
stronger color change. Photos by Robert Weldon; daylight-equivalent light (left), incandescent light (right); 


GIA Collection nos. 37962 and 37963. 


the visible range that are characteristic of color-change 
gems, one centered at ~475 nm (blue range) and the other 
above 650 nm (red region). Distinct absorption features 
were present at 486, 505, and 577 nm, with very weak fea- 
tures centered at 464, 524, and 688 nm. 

LA-ICP-MS analysis revealed Mg and Mn, indicating a 
pyrope-spessartine mixture; the gemological properties 
were more consistent with the spessartine end member. 
The presence of small amounts of Fe and Ca confirmed 
small almandine and grossular components, respectively. 
Color-causing agents included Fe (average 12,000 ppm), V 
(4300 ppm), and Cr (500 ppm). 

Donna Beaton (donna.beaton@gia.edu) 
GIA Laboratory, New York 


Preliminary observations on new rubies from Mozam- 
bique. GIA recently examined two groups of transparent 
faceted rubies that were represented as coming from new 
localities in Mozambique. The first group of five rubies 


Figure 25. Oriented needles were present in the 
Kenyan color-change garnets. Photomicrograph by 
D. Beaton; field of view 2.6 mm. 
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(2.03-2..73 ct; e.g., figure 27, left) was brought to us in May 
2009 by J. Blue Sheppard of Millennium Inc., Pala, 
California. These were represented to Mr. Sheppard as 
being from “Lusingha,” and having been heated to “drive- 
out the silk.” The locality was subsequently identified as 
the Lichinga area, near the village of Msawizi (or 
M’sawize), in Mavango District, Niassa Province, north- 
central Mozambique. The second group of 19 rubies 
(0.70-4.62 ct; e.g., figure 27, right) was supplied in July 
2009 by Tommy Wu of Shire Trading Ltd., Hong Kong. 
These stones were reportedly unheated, and consisted of a 
mixture of those from Lichinga and a newer mine reported 
to be in the Montepuez area of Cabo Delgado Province, 
~225 km north of Nampula in northeastern Mozambique. 
GIA examined all 24 rubies by standard gemological 
methods and EDXRF spectroscopy. The stones from both 
localities were similar in visual appearance as well as 
gemological properties. Their color was primarily red to 


Figure 26. Vis-NIR spectroscopy of the 1.39 ct garnet 
confirmed two distinct areas of transmission (cen- 
tered at ~475 nm and above 650 nm) that are charac- 
teristic of color-change gems, as well as several dis- 
tinct features from color-causing ions. 
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Figure 27. The heat-treated rubies on the left (2.03-2.50 
ct) are reportedly from Lichinga, Mozambique. The 
unheated rubies on the right (1.07-4.62 ct) are a mix- 
ture of stones said to be from Lichinga and Montepuez, 
Mozambique. Photos by Robert Weldon. 


purplish red, with none of the orangy component that is 
commonly seen in many other African rubies. The stones 
Mr. Wu provided did not show any evidence of heat treat- 
ment when examined with the microscope and analyzed by 
FTIR spectroscopy. Chemical analysis by EDXRF revealed 
iron contents ranging from 0.09 to 0.31 wt.% Fe,O,, with an 
average value of ~0.16 wt.%. Also present was 0.13—0.76 
wt.% Cr,O, and minute traces of Ti, Ga, and V. 

The inclusion scenes in these stones showed some of 
the features noted in rubies from other East African locali- 
ties, but in combinations that made them somewhat dif- 
ferent in our experience. Most were fairly included. Strong 
laminated twinning with networks of intersection tubules 
were common. Some tubules were naturally stained 
orange with what appeared to be epigenetic iron com- 
pounds (figure 28, left). Dense clouds of reflective platelets, 
similar to those seen in sapphires from Umba, Tanzania, 
were present in many of the rubies (again, see figure 28, 
left). Within some of the clouds were needle-like inclu- 


sions that appeared to be rutile. A few stones also con- 
tained clouds that had a more particulate appearance (fig- 
ure 28, center). In addition, dense particulate planar clouds 
were seen in some samples (figure 28, right). 

Perhaps the most interesting inclusions we noted—in 
two stones—were rounded blue-gray to grayish blue transpar- 
ent crystals (e.g., figure 29) that gave a Raman signal of an 
amphibole very close to that of pargasite. Their visual appear- 
ance was identical to the pargasite crystals found in rubies 
from Winza in Tanzania. It is unclear if this is a coincidence 
or represents contamination with Winza material. However, 
the inclusions in the other stones in this sample set did not 
resemble those documented in rubies from Winza. 

Shane F. McClure (smcclure@gia.edu) and 
John I. Koivula 
GIA Laboratory, Carlsbad 


Yogo sapphire update. The Vortex sapphire mine at Yogo 
Gulch, Montana, has reopened under the consolidated 


Figure 28. Some of the Mozambique rubies hosted epigenetically stained tubules and dense clouds consisting of 
reflective platelets and short needles that were reminiscent of sapphires from Umba (left, image width 1.8 mm, 
by J. I. Koivula). Also seen were particulate clouds made up of small disk-shaped inclusions (center, image width 
1.6 mm, by S. F. McClure). Dense planar clouds were present in several of the Mozambique rubies (right, image 


width 3.5 mm, by S. F. McClure). 
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Figure 29. Rounded blue-gray to grayish blue crystals 
in a few of the Mozambique rubies yielded a Raman 
spectrum of an amphibole, close to that of pargasite. 
Similar inclusions are known to occur in Winza 
rubies. Photomicrograph by J. I. Koivula; the largest 
crystal is 0.17 mm long. 


ownership of Mike and Laurie Roberts (Roberts Yogo Co., 
Great Falls, Montana). The previous owners ceased opera- 
tions in late 2004 (see Fall 2005 GNI, p. 276). 

Mr. Roberts and his crew of three are mining the 
Primary and New Downstream dikes year-round, via the 
access tunnel that was constructed by the former mine 
owners. This tunnel, a 16% decline, features compressed 
air and electricity, as well as ventilation fans and an escape 
route; it penetrates 400 feet (122 m) into the mountain. 

The sapphire-bearing dikes, which vary somewhat in 
friability, measure 15-90 cm in width. They are mined by 
drilling, blasting, and mucking; pressure washing is done 
where possible to avoid breaking the gems. The ore is 


Figure 30. Sapphires from the Vortex mine in 

Montana commonly show a uniform “cornflower” 

blue color. Photo by Amber Roberts. 
“a p 
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brought to the surface in 5-tonne trucks, and the sapphire- 
bearing dike material is allowed to weather before process- 
ing. The mill employs gravity separation and processes 20 
tonnes of ore per hour. The sapphires are then hand-picked 
from the jigs. 

Roberts Yogo Co. has stockpiled 16,000 grams of 
rough and faceted nearly 10,000 carats. As with previous 
production, the vast majority of the sapphires are a con- 
sistent natural “cornflower” blue (e.g., figure 30), with a 
small percentage of well-saturated purple and a very few 
rare pink stones. The typically flat crystal morphology 
lends itself to smaller fancy cuts rather than larger 
rounds. Most of the stones are <1 ct, but they have pro- 
duced about 100 per year above that threshold. The small- 
er sapphires are fashioned overseas at fair-trade cutting 
facilities operated by Columbia Gem House (Vancouver, 
Washington). The larger rough (e.g., figure 31) is cut in 
Montana. Full-depth brilliant-cut stones of appreciable 
size are uncommon, and the 2.50 ct stone in figure 31 is 
exceptional for Yogo sapphire. 

Claire Baiz (bigskygold@imt.net) 
Big Sky Gold # Diamond, Great Falls, Montana 


Topaz with unstable brown color. Since early 2007, there 
has been an influx of orangy to reddish to pinkish brown 
topaz on the market in Chanthaburi, Thailand (see G. 
Roskin, “Topaz alert,” JCK, Vol. 178, No. 9, 2007, p. 60). 
Some of the stones have been represented as coming from 
Myanmar, others as Brazilian goods. This material has 
been widely available on the Internet as well. Two of these 
topazes were supplied to the GIA Laboratory in Bangkok 
for examination by Jeffery Bergman (LGL Co., Bangkok): 
an orangy brown sample that had been kept in the dark, 
and a near-colorless topaz that had faded from orangy 
brown to almost colorless after being exposed to sunlight 


Figure 31. This 2.50 ct concave-cut Yogo sapphire, 
fashioned by Richard Homer, is shown with a 1.5 g 
piece of Yogo rough. Both were produced from 
Montana’s Vortex mine since it reopened in late 2006. 
Courtesy of Mike Roberts and Robert Kane/Fine 
Gems International; photo by Robert Weldon. 
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for one day (figure 32). The samples were obtained in 
Chanthaburi, with no disclosure of color instability. 

In June 2008, some additional samples of this color-fad- 
ing topaz (also purchased in Chanthaburi, in November 
2007) were brought to GIA’s attention by L. Allen Brown 
(All That Glitters, Methuen, Massachusetts). To observe the 
effect of light on this material first-hand, GIA purchased four 
faceted orangy brown topaz samples (19.18-21.29 ct) from 
Mr. Brown, and had three of them sawn in half; the fourth 
stone was retained as a reference sample. One-half of each of 
the three stones was kept in the dark for comparison, and 
the other portions were each exposed to different lighting 
environments: (1) placed on a windowsill in daylight for 80 
hours; (2) exposed to a standard 100-watt incandescent light 
bulb for 80 hours at a distance of 2.5 cm; and (3) exposed to 
long-wave UV radiation for 40 hours, using a 6-watt bulb at a 
distance of 2.5 cm. As seen in figure 33, the samples exposed 
to daylight and incandescent light faded considerably; the 
fading of the latter piece was probably also enhanced by the 
heat of the bulb, since much brown topaz loses color above 
200°C (K. Nassau, Gemstone Enhancement, 2nd ed., 
Butterworth-Heinemann, Oxford, U.K., 1994, p. 192). The 


Figure 32. Some brown 
topaz currently on the 
market is not color sta- 
ble. Both of these sam- 
ples were the same 
orangy brown color 
when purchased. While 
the stone on the left 
(22.22 ct) was kept in the 
dark, the other (18.99 ct) 
turned near-colorless 
after exposure to sun- 
light for one day. Photo 
by Adirote Sripradist. 


sample that was exposed to UV radiation faded even further, 
despite the shorter exposure time. 

Some brown topaz (e.g., from the Thomas Range in 
Utah) may lose its color when exposed to sunlight (M. 
O'Donoghue, Ed., Gems, 6th ed., Butterworth-Heinemann, 
Oxford, UK, 2006, pp. 176-177). In addition, O’Donoghue 
(2006) noted that unstable brown color centers may devel- 
op from the laboratory irradiation of colorless topaz. To 
date there is no gemological test that can identify whether 
brown color in topaz is due to natural or laboratory irradia- 
tion, and a fade test is the only way to determine if the 
color is stable. 

Garry Du Toit (garry.dut@giathai.edu) and 
Kamolwan Thirangoon 
GIA Laboratory, Bangkok 


New tourmaline production from Keffi, Nigeria. Gem- 
quality tourmaline has been known from granitic peg- 
matites in the Keffi area of central Nigeria for about 25 
years (J. Kanis and R. R. Harding, “Gemstone prospects in 
central Nigeria,” Journal of Gemmology, Vol. 22, No. 4, 
1990, pp. 195-202). In late 2008, there was a new find of 


Figure 33. Three samples of brown topaz were sawn in half, and one piece from each pair was subjected to fade 
testing: in daylight for 80 hours (19.18 ct, left), in incandescent light for 80 hours (21.03 ct, center), and by expo- 
sure to long-wave UV radiation for 40 hours (21.29 ct, right). Thermal fading is probably responsible for some of 
the decolorization shown by the topaz exposed to the incandescent bulb. The UV-faded sample showed the 
most pronounced change. Composite photo by Adirote Sripradist. 
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can operate is limited. With walking posts 
and connecting rods the stroke could be 
carried to any reasonable distance. Stripping 
the overburden from the pit was done by 
slaves using carrombes usually carried on 
their heads but passed rapidly from hand 
to hand when an emergency arose. The 
carrombe is still in use by the modern 
garimpetros who prefer it to any other 
medium. : 

During the wet season when river mining 
had to be suspended, the bandeirantes trans- 
ferred their gangs to the plateau where they 
either impoundéd rainwater in dams or 
brought it by means of ditches to the re- 
quired point to ground ‘sluice the areas 
selected. With these simple appliances the 
bandetrantes and their successors have been 
responsible for practically the entire pro- 
duction of diamonds in Brazil—estimated at 
four million carats or four metric tons since 
1729. Production reached its zenith during 
the Contract and Royal Exttaccao petiods, 
after which it began to decline until the 
liberation of the slaves in. 1881 and the 
discovery of diamonds in South Africa re- 
duced it to insignificant proportions, but 
throughout the decline the world’s greatest 
optimist, the garimpeiro, carried on bravely. 

The history of the discovery of diamonds 
in Brazil would be incomplete without a 
brief sketch of the social conditions of the 
period. The discovery of gold played a 
major part in opening the interior of Brazil 
and its impact was great in Portugal from 
which thousands of emigrants left to enrich 
themselves in the new Eldorado. A stream 
of wealth began to flow in reverse to place 
Portugal at the pinnacle of its glory. The 
splendor of the Court of King Joao the 
Fifth, who eventually died a pauper, belongs 
to history. In Brazil itself new cities, Ouro 
Preto, Sabara, Sao Joao d’El Rei, Cuyaba, 
and many others, sprang into being and 
took a permanent form. Their inhabitants 
became rich and, as the antique shops of 
Rio testify, were able to import the best 
that Europe could supply to adorn’ them- 
selves and their homes, but none of them 


outrivaled Diamantina in wealth and osten- 
tation. It became celebrated throughout 
Brazil for the length and strength of its 
festas which frequently lasted a fortnight 
during which vast quantities of English ale 
were consumed, By pony express from Bahia 
its ladies received the latest fashions from 
Paris before the slow sailing vessels of the 
day reached Rio de Janeiro. They dressed - 
in the richest of silks and satins and paid 
ceremonious visits to church and to each 
other followed by a retinue of slaves equally 
tichly dressed. Its history presents too many 
colorful episodes to permit of recapitulation 
colorful episodes to permit of recapitulation. 
However, one of them known to evety 
school child in Brazil—the case of Xica da 
Silva, the Unctowned Queen of Diamantina 
—desetves. mention. 

Holding, as they did, the exclusive right 
to mine for diamonds, the contractors could 
hardly avoid becoming wealthy. As pre- 
viously stated, the contracts were “held for 
periods of four years, the first two of which 
wete awatded to Joao Fernandes the Elder, 
the third to Felisberto Caldeira Brant, and 
the remaining three, with extensions, to 
Joao Fernandes and his son. Joao the Elder 
achieved his fortune in the short space of 
twelve years and retired to Lisbon where he 
squandered his wealth and died insane. 
Caldeira Brant had already made a fortune 
in gold mining in the Paracatu district, in- 
creased it in Diamantina, and became so 
atrogant and influential as to raise misgiv- 
ings in Portugal that his power might ex- 
tend and bécome a menace to the Crown. 
Under the pretext thar he had infringed 
certain clauses of his contract, he was taken 
prisoner and exiled to Portugal where he 
was imprisoned, heavily fined, and his for- 
tune, including thirty-three thousand carats 
of diamonds found in his safe in Diaman- 
tina, confiscated. Miraculously released: by 
the Lisbon earthquake in 1755, he reported 
to the Marquis Pombal for which act of 
wisdom he was pardoned but not allowed 
to return to Brazil. The earthquake had the 
curious result of increasing the population 
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Figure 34. These tourmalines are from a new find in 
the Keffi area of central Nigeria. The crystal at the top 
measures 31.6 mm long, and the cut stones range 
from 6.71 to 16.82 ct. Photo by Robert Weldon. 


tourmaline in this region, near the village of Akwandoka 
(see J. C. Michelou, “New tourmaline deposit found in 
Nigeria,” InColor, Fall-Winter 2008-2009, pp. 21, 24). 
Eight specimens of the new Keffi tourmaline, consisting 
of two pieces of rough (17.5 and 6.8 g) and six faceted stones 
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(6.71-16.82, ct), were loaned to GIA for characterization by 
Dudley Blauwet (Dudley Blauwet Gems, Louisville, 
Colorado). The rough consisted of a well-formed crystal and 
a spherical nodule, both of which were mostly pink with a 
yellowish green zone (figure 34). The faceted stones were 
homogeneous pink, zoned yellow and pink, and zoned 
greenish yellow and pink (e.g., figure 35). Both the rough and 
cut samples ranged from eye-clean to very slightly included. 

Standard gemological testing of the faceted stones 
established the following properties: RI—1.620-1.640 (both 
+0.002); hydrostatic SG—3.03 (+0.02); and fluorescence— 
inert to long-wave, and moderate chalky blue to short-wave 
UV radiation; the color-zoned stones showed a zoned 
chalky yellow fluorescence to short-wave UV. Using a 
dichroscope, we observed two distinct pleochroic colors 
perpendicular to the c-axis: light yellow and pink in the 
pink tourmaline, and light green and orange in the greenish 
yellow tourmaline. The main internal characteristics were 
short needles, small particles, and “fingerprints” composed 
of fluid inclusions. The properties of these samples were 
typical of tourmaline. 

Mr. Blauwet also loaned two other bicolored samples (a 
crystal and a nodule) of Keffi tourmaline to the University 
of New Orleans for chemical analysis by electron micro- 
probe. The crystal was analyzed in 10 spots (seven pink 
and three yellowish green), and the nodule was analyzed in 
seven spots (five pink and two yellowish green). All the 
data showed an elbaite composition, with traces of F, Mn, 
Ca, K, and sometimes Fe (particularly in the yellowish 
green) and Ti. The elements Cr, Bi, V, Mg, Cu, Ba, Pb, and 
Cl were below or near the detection limits of the micro- 
probe (i.e., 0.01-0.02 wt.% oxide). The full analyses are 
available in the G#G Data Depository. 

Riccardo Befi 


William B. Simmons and Alexander U. Falster 
University of New Orleans, Louisiana 


“Lilac” -colored Cu-bearing tourmaline from Nigeria. At 
the 2009 Tucson gem shows, Bill Barker (Barker & Co., 
Scottsdale, Arizona) had some copper-bearing tourmaline 
that was represented by his supplier as being from a new 


Figure 35. The face-up 
appearance of this 12.20 
ct color-zoned tourma- 
line changes when it is 
viewed at slightly dif- 
ferent angles. Photos by 
Robert Weldon. 
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deposit in Nigeria. The stones had a consistent “lilac” 
pink color and reportedly were not heat treated (e.g., figure 
36). He obtained the rough at the June 2008 JCK show in 
Las Vegas, and faceted ~400 carats into stones that ranged 
up to ~15 ct. The rough material consisted of broken crys- 
tals, some of which had green rims. Heat-treatment exper- 
iments performed by Mr. Barker yielded no change in color 
in either the pink or green material. 

Mr. Barker donated several samples of the rough 
pink/green tourmaline to GIA, and LA-ICP-MS analyses of 
eight pieces by research scientist Dr. Mike Breeding 
showed 0.03-0.08 wt.% CuO in the pink stones and 
0.05-0.10 wt.% CuO in the green material. The samples 
also contained trace-to-minor amounts of Fe (mainly in 
the green tourmaline), Mn, Ca, and Zn, and significant 
traces of Ti, Ga, Pb, and Sr. 

The Cu content of this pink/green tourmaline is simi- 
lar to that of some greenish blue samples from Nigeria 
that were described in a Spring 2002 GNI entry (pp. 
99-100), but it is considerably less than the Cu concentra- 
tions measured in the Nigerian tourmalines reported in 
Fall 2001 and Winter 2007 GNI entries (pp. 239-240 and 
384-385, respectively). 

Brendan M. Laurs 


Triphylite from Brazil. In October 2008, Brad Payne (The 
Gem Trader, Surprise, Arizona) informed GIA about the 
recent availability of some facetable triphylite (figure 37), 
reportedly from Galiléia in the Brazilian state of Minas 
Gerais. Galiléia mines are famous for producing rare col- 
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Figure 36. Nigeria is reportedly the source of this 
unheated “lilac”-colored copper-bearing tourmaline 
(6.35-13.92 ct). Photo by Robert Weldon. 


lectible minerals, sourced from granitic pegmatites of 
Brasiliano age (550-500 Ma; M. L. S. C. Chaves et al., 
“Assembléias e paragéneses minerais singulares nos peg- 
matitos da regido de Galiléia [Minas Gerais],” Geociéncias, 
Vol. 24, No. 2, 2005, pp. 143-161). Triphylite is the iron- 
rich variety of the triphylite-lithiophilite series 
Li(Fe,Mn)PO,,; lithiophilite is the manganese-rich variety. 
Gem-quality triphylite large enough to cut multi-carat 
stones is quite rare. Mr. Payne was aware of ~200 carats of 
mixed-quality faceted stones; the vast majority weighed 
less than 4 ct. Although the material was typically dark 
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Figure 37. These tri- 
phylites (0.26-9.31 ct) 
were recently produced 
from Minas Gerais, 
Brazil. Three of the 
stones show a slight 
color change from green- 
ish brown in daylight 
(left) to brownish pink 
or purple in incandes- 
cent light (right). Photos 
by Robert Weldon. 
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TABLE 1. Physical properties and chemical analyses 
(by LA-ICP-MS) of six Brazilian triphylites.2 


Property 7.31 ct 9.31 ct 2.638ct O0.56ct O0.48ct 0.26 ct 
RI 

Ny 1.687 1.690 1.690 1.690 1.690 1.692 
Np 1.689 1.693 1.694 1.694 1.693 1.695 
n, 1.695 1.698 1.698 1.698 1.697 1.700 
SG 3.53 3.56 3.57 3.52 3.52 nde 
Oxide (wt.%) 

R20, ae0: 266 a6 -eHo 4a 4b es 
ZnO 0.16 0.24 0.24 0.20 0.19 0.20 
MgO 0.50 1.07 1.09 0.71 0.70 0.69 
Total 100.01 99.95 100.01 100.00 99.84 99.99 
lon ratio 

Fe/Mn 1.10 2AL 2.17 2.24 2.25 2.29 


4 Analyses performed with a Thermo Fisher X Series Il ICP-MS with a 
NewWave UP 213 laser ablation unit, calibrated using NIST glasses, 
using the following ablation parameters: 213 nm laser excitation, 7 
Hz frequency, 30 um diameter spot size, and 40 second awell time. 
» Abbreviation: nd = not determined (due to small sample size). 


Note: The major-element data (for P, Li, Fe, and Mn) were reported incorrectly. 


orangy red in both daylight-equivalent and incandescent 
light, some of the gems showed a slight color change. 

Mr. Payne loaned GIA six faceted samples, ranging from 
0.26 to 9.31 ct (again, see figure 37). Gemological testing pro- 
duced the following results: color—three were dark orangy 
red, and three exhibited a slight color change from greenish 
brown in daylight to brownish pink or purple in incandescent 
light; pleochroism—strong blue or bluish green, brownish 
orange, and brown; RI—n, = 1.687-1.692, ng = 1.689-1.695, 
and n, = 1.695-1.700; biretringence—0.007—0.008; and hydro- 
static SG—3.52-3.57. All were inert to long- and short-wave 
UV radiation. The absorption spectrum seen with a desk- 
model spectroscope consisted of a strong line at 410 nm, a 
band at 450-460 nm, strong lines near 470 nm, and bands at 
490-500 and 600 nm. These properties are consistent with 
those reported for triphylite (Fall 1988 Lab Notes, p. 174; M. 
O'Donoghue, Ed., Gems, 6th ed., Butterworth-Heinemann, 
Oxford, UK, 2006, p. 460). Microscopic observation revealed 
fine particles arranged in parallel bands, as well as short nee- 
dles, transparent crystals, and fine-grained “fingerprints.” 

Infrared and Raman spectra were typical for Li-Fe-Mn- 
phosphates. Chemical analysis with EDXRF and LA-ICP- 
MS (the latter performed by research associate David 
Kondo; table 1) revealed traces of Mg and Zn in all the 
samples. The concentrations of Fe and Mn affect the opti- 
cal and physical properties in the triphylite-lithiophilite 
series: RI and SG increase or decrease proportionally with 
Fe and Mn (S. L. Penfield and J. H. Pratt, “Effect of the 
mutual replacement of manganese and iron on the optical 
properties of lithiophilite and triphylite,” American 
Journal of Science, Series 3, Vol. 50, No. 299, 1895, pp. 
387-390). In these triphylites from Galiléia, the RI values 
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varied according to the Fe/Mn ratio, and SG fluctuated 
consistently with iron content (table 1). 

Pamela Cevallos (pamela.cevallos@gia.edu) 

GIA Laboratory, New York 


SYNTHETICS AND SIMULANTS 


Colorless synthetic sapphire imitating rough diamond. 
Many types of near-colorless transparent crystalline materi- 
als have been fashioned to imitate rough diamond (see, e.g., 
Lab Notes: Fall 1996, p. 205 [cubic zirconia]; Fall 1997, pp. 
217-218 [topaz]; and Fall 2007, p. 250 [phenakite]). The 
Dubai Gemstone Laboratory has seen cubic zirconia, topaz, 
phenakite, and rock crystal fashioned in this manner. 
Recently, we received for identification a 2.5 g near-color- 
less sample that resembled a water-wom, distorted octahe- 
dral diamond crystal (figure 38). Despite the client’s long 
experience in rough diamond trading, he was unsure of its 
authenticity. 

Standard gemological testing quickly established that 
the sample was not a diamond. It was doubly refractive 
and uniaxial, with a spot RI of approximately 1.76 and a 
hydrostatic SG of 4.00. These properties were consistent 
with corundum, which was confirmed by Raman spec- 
troscopy. The sample was inert to long-wave UV radiation 
and fluoresced weak chalky blue to short-wave UV. 
Microscopic examination revealed no visible inclusions, 
nor any curved striae or Plato lines in immersion that 
would point to synthetic sapphire. However, the UV-Vis 
absorption spectrum showed transparency down to 224 
nm—a strong indication that the sample was synthetic 
because natural corundum typically does not transmit 
wavelengths less than 288 nm. This identification was 


Figure 38. Despite its outward appearance resembling 
a natural octahedral diamond crystal, this 2.5 g sam- 
ple is a synthetic sapphire. Photo by N. Ahmed, 

© Dubai Gemstone Laboratory. 


a 
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confirmed by EDXRF analysis, which showed the expect- 
ed Al, and a very small amount of Fe as the only trace ele- 
ment (see S. Elen and E. Fritsch, “The separation of natural 
from synthetic colorless sapphire,” Spring 1999 GwG, pp. 
30-41). 

We had never seen colorless synthetic sapphire imitat- 
ing rough diamond, perhaps because its higher hardness 
makes it more difficult to fashion than more common sim- 
ulants such as topaz and phenakite. This example shows 
that even experienced traders can make costly mistakes 
when dealing with rough diamonds from unknown sources 
or spot buying, and extra care should always be taken to 
confirm a suspect sample’s identity. In this case, simple 
gemological testing was sufficient to detect the fraud. 

Nazar Ahmed (nanezar@dm.gov.ae) and 
Sutas Singbamroong 

Dubai Gemstone Laboratory, 

Dubai, United Arab Emirates 


MISCELLANEOUS 


Update on Myanmar gems. This contributor recently had 
the opportunity to test a bipyramidal ruby crystal with 
good color and luster. The sample was ~2.5 cm tall and 
weighed ~5 g. The faces were curved and bent, as if water- 
worn. Yet, the sample’s luster was different from that of a 
natural alluvial crystal, and the horizontal striations were 
inclined rather than perpendicular to the vertical axis. 
Detailed observation with 10x magnification revealed that 
the pyramidal faces were not natural, but rather hand-fash- 
ioned or engraved. The presence of curved striae, also seen 
with the microscope, proved it was a synthetic ruby. 

A colleague who recently visited the jadeite mining 
areas reported that the largest company mining there was 
Ever Winner, which was working about 100 plots, each 
measuring 200 x 200 ft (61 x 61 m), and employing some 
800-1,000 workers. The company was operating more 
than 30 backhoe machines, 20 tractors, and about 40 
dump trucks. Heavy rains in the jade mining area during 
this year’s monsoon season have caused landslides and 
flooding along the Uru River. The floods were due to the 
diversion of river channels and accumulation of mine tail- 
ings, underscoring the need to enforce environmental reg- 
ulations. A 30 kg piece of jadeite recovered from the Mana 
mining area sold at the Myanma Gems Emporium for 
US$25 million. 

At Mong Hsu, a joint mining venture with the 
Myanmar Economic Corporation found some attractive 
rubies by following the geologic structure (fold axes) to the 
south-southeast in underground operations. 

Gem shops in Yangon have experienced slumping sales 
in the downtown and Kaba Aye areas. The downturn is 
due to decreased tourism, economic sanctions by the U.S. 
government, and the global economic situation. 

U Tin Hlaing 
Dept. of Geology (Retired) 
Panglong University, Myanmar 
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CONFERENCE REPORTS 


3rd European Gemmological Symposium. This successful 
conference was held June 4-7 in Berne, Switzerland, and 
was hosted by the Swiss Gemmological Society, the SSEF 
Swiss Gemmological Institute (Basel), and the Giibelin 
Gem Lab (Lucerne). A number of interesting presenta- 
tions—some of which are described here—were offered to 
the 130 participants who attended. The symposium opened 
with two keynote speakers: Martin Rapaport offered 
insights on the troubled diamond market, while Gabi 
Tolkowsky discussed diamonds from a different perspec- 
tive, emphasizing their beauty. 

Dr. Daniel Nyfeler (Gtibelin Gem Lab) stressed the 
importance of using algorithms to handle the large quantity 
of data obtained with new analytical methods, especially for 
determining the geographic origin of gems. This contributor 
demonstrated the possibilities and limitations of LA-ICP- 
MS in gem testing. Dr. Karl Schmetzer (Petershausen, 
Germany) spoke on the colorimetry of color-change garnets 
and their vanadium, chromium, and manganese contents. 
Dr. Benjamin Rondeau (Laboratoire de Planétologie et 
Géodynamique, University of Nantes, France) discussed the 
role of organic matter in sediments as a source of vanadium 
in emeralds from Colombia and other localities. 

Jean-Pierre Chalain (SSEF) showed a diagram illustrat- 
ing the characteristic width (full width at half maximum) 
and position of the platelet peak of type Ia HPHT-treated 
diamonds. Thomas Hainschwang (Gemlab Gemological 
Laboratory, Balzers, Liechtenstein) presented the results of 
type Ia diamond irradiation experiments with subsequent 
annealing. The samples turned from near-colorless to very 
dark green and black upon irradiation, and then deep green- 
ish yellow to deep orangy brown upon annealing. George 
Bosshart (Horgen, Switzerland) discussed his research on 
the genesis of natural green diamond colors. He postulated 
that the radiation-induced green color in the investigated 
diamonds resulted from contact with radioactive ele- 
ment-bearing fluids or groundwaters. 

Dr. Henry Hanni (SSEF) summarized the current status of 
cultured pearls, explaining the three basic distinctions: bead- 
ed or beadless, mantle-grown or gonad-grown, and saltwater 
or freshwater. Dr. Stefanos Karampelas (Giibelin Gem Lab) 
presented Raman spectra confirming that all natural colors of 
freshwater cultured pearls originate from a mixture of unsub- 
stituted polyenes and not from impurities or carotenes, as 
previously believed. The absence of characteristic polyenic 
Raman bands provides evidence of artificial color. 

Further interesting topics included spessartine deposits 
around the world (Dr. Claudio Milisenda, DSEF, Idar- 
Oberstein, Germany); basalt-related ruby and sapphire 
deposits (Dr. Dietmar Schwarz, Giibelin Gem Lab); zircon 
from Ratanakiri, Cambodia (Dr. Walter Balmer, 
Chulalongkorn University, Bangkok); the detection of jewel- 
ry fakes (Dr. Jack Ogden, Gem-A, London); the nondestruc- 
tive identification of ornamental materials (Dr. Vera 
Hammer, Natural History Museum, Vienna, Austria), the 
identification of treated fancy-color diamonds (Dr. Eric Erel, 
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Gtibelin Gem Lab), digital photomicrography of inclusions 
(Michael Hiigi, Swiss Gemmological Society); the interplay 
between world politics and gems in Mogok, Myanmar 
(Roland Schliissel, Pillar & Stone International, San 
Francisco); historic highlights at auction and the influence of 
the celebrity factor (“origin”) on the selling price of jewelry at 
auction (Helen Molesworth, Christie’s, Geneva); the micro- 
scopic and macroscopic characteristics of ivories (Maggie 
Campbell Pedersen, Organic Gems); and the cultured pearl 
market (Andy Muller, Golay Buchel Japan, Kobe). 

After the symposium, many participants joined an 
excursion to Switzerland’s Grimsel region, where a visit to 
a protected crystal fissure—the walls of which are covered 
with well-formed colorless quartz crystals and pink fluo- 
rite—crowned the outing. 

Michael S. Krzemnicki 


ANNOUNCEMENTS 


CIBJO resources for retailers. CIBJO, the World Jewellery 
Confederation, is releasing its Retailers’ Reference Guide: 
Diamonds, Gemstones, Pearls and Precious Metals. It con- 
tains comprehensive information on various gem materials 
and metals, as well as handouts for sales staff. Other 
resources include Believe in Me: A Jewellery Retailer’s 
Guide to Consumer Trust, which offers steps that can be 
taken to instill confidence in today’s consumer, and The 
Retailer’s Guide to Marketing Diamond Jewellery, which 
contains practical advice on analyzing your business, know- 


ing your customer, staff training, branding, and merchandis- 
ing, plus step-by-step business tools and case studies. Visit 
www.cibjo.org to download these free publications. 


Gem cutting notes available. The Summer 2009 GNI entry 
on colorless petalite and pollucite from Laghman, 
Afghanistan (pp. 150-151) documented three stones that 
were faceted by Robert C. Buchannan (Hendersonville, 
Tennessee). Mr. Buchannan has kindly provided information 
on the cutting of these gemstones, which is available in the 
Gw&G Data Depository (www.gia.edu/gandg). Notes on addi- 
tional gems cut by Mr. Buchannan will be posted in the 
Depository as GNI entries on them are published. 


ERRATUM 


Due to a drafting error, the definition for the 3H (503.5 
nm) defect in “The ‘type’ classification system of dia- 
monds and its importance in gemology” on p. 100 of the 
Summer 2009 issue described a different lattice defect. 
The definition should have read: 


3H (503.5 nm): This defect is thought to be related to 
an interstitial carbon atom in the diamond lattice. It is 
created by radiation damage and often occurs with the 
GRI1. On rare occasions, 3H absorbs strongly enough 
to enhance the green color caused by GR1 absorption. 


We thank Andrea Blake for bringing this to our atten- 
tion. Gems &) Gemology regrets the error. 


IN MEMORIAM 
CAMPBELL R. BRIDGES (1937-2009) 


The gemological community was stunned by the recent 
death of one of its most remarkable figures. Geologist 
Campbell Bridges, who is credited with the discovery of tsa- 
vorite garnet in the 1960s and led most of its mining in the 
decades since, was killed August 11 in 
southern Kenya, the victim of a mob 
attack over mining rights. 

A native of Scotland, Mr. Bridges 
spent most of his life in Africa. There he 
became inextricably linked with tsa- 
vorite, the brilliant green grossular gar- 
net. He encountered his first crystal in 
1961 but was too involved with another 
newly discovered gem material, tanzan- 
ite, to pursue the find. Mr. Bridges redis- 
covered the green garnet six years later 
in Tanzania, but was forced to abandon 
his operation when the government nationalized the 
mines. Undaunted, he crossed the border into Kenya to 
resume the search. 

His careful analysis of southern Kenya’s geology and 
even its vegetation patterns paid dividends when he struck 
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tsavorite on the first day of ground exploration. By 1971 he 
had staked numerous claims. Tiffany & Co. christened the 
gem, naming it after the nearby Tsavo National Park, and 
introduced it in September 1974. Mr. Bridges’s article in the 
Summer 1974 issue of Gems & 
Gemology (pp. 290-295) offered a detailed 
study of its characteristics and geology. 

Mr. Bridges was known for his rugged, 
adventurous spirit, and many of his min- 
ing stories featured brushes with lions, 
cobras, and scorpions. A popular lecturer, 
he spoke on East African gems at confer- 
ences around the world, including GIA’s 
International Gemological Symposiums 
in 1982 and 1991. 

Mr. Bridges was a director and found- 
ing member of the International 
Colored Gemstone Association (ICA). He was also a 
staunch wildlife conservationist and pioneered methods of 
environmentally responsible mining. 

Campbell Bridges is survived by his wife, Judith, and 
two children, Laura and Bruce. 
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[Question 25 was eliminated due to 


an ambiguity in phrasing.] 


CHALLENGE WINNERS 


INNERS 


This year, hundreds of readers participated in the 2009 Gems & GEMOLOGY 
Challenge. Entries arrived from around the world, as readers tested their 
gemological knowledge by answering questions listed in the Spring 2009 
issue. Those who earned a score of 75% or better received a GIA Letter of 
Completion recognizing their achievement. The participants who scored a 
perfect 100% are listed here. 


AUSTRALIA Tasmania, Huonville: Joseph Bini ¢ BELGIUM Brussels: Sheila 
Sylvester © CANADA Alberta, Calgary: Janusz Meier ¢ DENMARK Laesoe: 
Margrethe Gram-Jensen ¢ FRANCE Les Breviaires: Thierry Cathelineau 

e GEORGIA Tbilisi: |. R. Akhwlediani ¢e GERMANY Muenster: Carolyn van der 
Bogert ¢ GREECE Thessaloniki: Panagiotis Efthimiadis e HONG KONG 
Causeway Bay: Cristina O. Piercey-O’Brien ¢ INDONESIA Jakarta: Warli 
Latumena ¢ ITALY Bergamo: Roberto Crippa ¢ LITHUANIA Vilnius: Saulius 
Fokas ¢ PORTUGAL Algarve: Joanne Jack ¢ RUSSIA Moscow: Vadim Prygov 
¢ SWITZERLAND Geneva: Julie Falquet. Zurich: Doris Gerber ¢ SYRIA 
Aleppo: Hagop Topjian ¢ THAILAND Bangkok: Cynthia Gestring-Blumberg 
e UNITED KINGDOM Birmingham: Anu Manchanda. London: Douglas 
Kennedy. Tenterden, Kent: Linda Anne Bateley ¢ USA Arizona, Oro Valley: 
Luella Dykhuis. Arkansas, Greenbrier: Beverly Brannan. California, Daly City: 
Juliana S. Bendt. Palo Alto: Grace Nani Pahed. San Diego: Michael 
Jakubowski. San Jose: Wendy Bilodeau. Delaware, Bridgeville: Thais Anne 
Lumpp-Lamkie. Florida, Deland: Sue Angevine Guess. Trinity: Thomas 
MacKinnon. Venice: Robert Campbell, Geraldine Vest. Illinois, Belleville: 
Bruce Upperman. Danvers: Anne Blumer. Indiana, Indianapolis: Brian 
Randolph Smith, Wendy Wright Feng. Maryland, Chevy Chase: Andrea R. 
Blake. Patuxent River: Pamela Stair. Riva: Daniel Sullivan. Massachusetts, 
Littleton: Jane Millard. Missouri, Saint Ann: Bruce Hoffmann. Nevada, Las 
Vegas: Colleen Walsh. New Jersey, Moorestown: Rosemarie C. Hill. New 


Mexico, Los Alamos: Steve Pearson. New York, New York: Anna Schumate, 
Lois Tamir. North Carolina, Kernersville: Jean A. Bonebreak. Ohio, Cuyahoga 
Falls: Catherine Lee. Pennsylvania, Schuylkill Haven: Janet Steinmetz. Puerto 
Rico, San Juan: Berthy Nayor-Cohn. Rhode Island, Rumford: Sarah A. Horst. 
South Carolina, Sumter: James S. Markides. Texas, Amarillo: Daniel Novak. 
Dallas: Shawn Shannon. Ft. Worth: Elizabeth A. Albright. Virginia, Falls 
Church: Heather Widener. Washington, Blaine: John R. J. Scott. 
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BOOK REVIEWS/GEMOLOGICAL ABSTRACTS 


The Gems & Gemology Book Reviews and Gemological Abstracts sections are available only in electronic (PDF) for- 
mat. These sections are available free of charge both on the G&G web site (www.gia.edu/gandg} and as part of GWG 
Online (gia.metapress.com), and are paginated separately from the rest of the issue. These sections are also included in this 
full-issue PDF. Accordingly, the Table of Contents included in this file lists these additional sections, and thus differs 
from the Table of Contents in the print version. For these reasons, this PDF is not the official version of this issue—the 
“Journal of record” for this issue is the combined print/online version that was released to subscribers. 
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Famous Diamonds, 5th Ed. 


By Ian Balfour, 335 pp., illus., publ. 
by Antique Collectors’ Club 
[www.antique-acc.com], 
Woodbridge, Suffolk, UK, 2009. 
$95.00 


For nearly 30 years, diamond histori- 
an Jan Balfour has unmasked legends 
and provided factual accounts of the 
most exceptional diamonds. In this 
new edition of his now-classic refer- 
ence, he makes each entry monumen- 
tal through the dogged unearthing of 
the mythology and history of these 
famous treasures. 

Diamonds are personal, as illus- 
trated by Balfour’s story of the 
Emperor Maximilian diamond. Worn 
by the emperor in a satchel around his 
neck when he was executed by a firing 
squad in Mexico, it was returned to 
his widow, Carlotta, who “as the 
result of these events, was to remain 
mentally deranged until her death 
near Brussels in 1927. The gem was 
sold in order to help pay her medical 
expenses” (p. 97). Balfour brings this 
personal touch, whether tragic or 
inspiring, to each diamond with a 
known history (regrettably, the origins 
of some diamonds have yet to be 
revealed). 

The abundant details he provides 
on the possessors of these unequaled 
gems deepen our thirst for more. And 
because diamonds are also visual, his 
accounts are liberally illustrated with 
paintings, sketches, and photographs, 
each drawing us further into the 
story. Balfour offers images of owners 
as they display their proud posses- 
sions: a duke or duchess, a king or 
queen, or Hollywood royalty such as 
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Audrey Hepburn or Liz Taylor. Each 
image complements the richness 
Balfour describes, causing us to pause 
and to celebrate. 

In this fifth edition (the fourth was 
released in 2000), Balfour adds several 
new or significantly revised entries. 
These include the Donnersmarck, a 
pair of Fancy Intense yellow diamonds 
(a 102.54 ct cushion and 82.48 ct pear) 
that once belonged to La Paiva, one of 
the most celebrated courtesans of the 
mid-1800s; the Kazanjian Red (known 
as the Red Diamond in earlier editions, 
and lost until recently; a 5.05 ct squar- 
ish emerald cut once mistaken for a 
ruby by an American general when it 
was recovered from Nazi war loot; the 
Lesotho Promise, a 603 ct crystal dis- 
covered in 2006 and the 15th largest 
gem diamond ever found; and the 
Natasha and Victoria-Transvaal, 
“champagne”-colored pear-shaped dia- 
monds (64 and 67 ct} cut from the same 
280 ct crystal. The entry for the 55 ct 
Sancy, a storied pear-shaped double 
rose cut, was modified to reflect the 
research of Susan Ronald, whose 2005 
book, the Sancy Blood Diamond, has 
rewritten the history of this stone. She 
traced the diamond from its first 
report in the late 1300s, through its 
ownership by Cardinal Mazarin and 
then the French royal family until the 
Revolution, when it took numerous 
twists and turns before being brought 
back to Paris for exhibition at the 
Louvre. There are also a number of 
new stones in the Notable Diamonds 
list at the end of the book. 

Diamonds are personal. Diamonds 
are visual. That we cherish them and 
objectify the largest and rarest with 
appellations is no great surprise. 
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These unique marvels possess a mys- 
tique that exerts a powerful pull on 
our imaginations. The gift of any tal- 
ented chronographer is the ability to 
suffuse the reader with thoughts that 
not only stay with us, but somehow 
stir and wrest from us new inspira- 
tion. In this, Balfour succeeds. 
AL GILBERTSON 
Gemological Institute of America 
Carlsbad, California 


Editor’s note: Additional informa- 
tion about this book is available in 
the G&G Data Depository at 
www.gia.edu/gandg. 


Cameos: Old & New, 4th Ed. 


By Anna M. Miller, edited by Diana 
Jarrett, 382 pp., illus., publ. by Gem- 
stone Press [www.gemstonepress.com], 
Woodstock, VT, 2009. $19.99 


Books on cameos have been written 
for centuries. One only needs to look 
in the bibliography or early chapters 
of Cameos: Old & New to see the 
amazing history of the “glyptic arts,” 
which literally spans millennia. The 
first three editions by the late Anna 
Miller were filled with a tremendous 
amount of information and hundreds 
of black-and-white and color images 
on the subject. The fourth edition, 
edited by gemologist and journalist 
Diana Jarrett, is indeed the charm, a 
significant update that adds more 
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than 100 pages and revitalizes Ms. 
Miller’s book for the new century. It 
features rewrites and improved orga- 
nization of content—from the history, 
romance, and mythologies in the 
beginning of the book, to transparent 
gems, coral harvesting, alternate 
cameo materials, recent production 
processes, and sources and suppliers. 

New finds of vintage cameos from 
flea markets, yard sales, and antique 
shops are illustrated and grouped by 
era. Pages of information on evaluat- 
ing cameo authenticity are new, as 
are pointers to helpful websites. The 
glossary and suggested reading list are 
expanded as well. The historical value 
of cameos is addressed in depth, 
including the accomplished artists of 
more recent times. Among them are 
21st century masters who are keeping 
the form alive in newly discovered 
ateliers in places such as Panama and 
Turkey, as well as in the traditional 
carving centers of Germany and Italy. 

Overhauled for this edition are the 
chapters on buying and selling, with 
entries and tips on auction houses, 
the Internet, and TV shopping. The 
color plates in the center section give 
a broader representation of the full 
range of the art, with different types 
of carvings, materials, styles, and sub- 
ject matter. The final chapter, new to 
the 4th edition, speaks to the direc- 
tion in which the glyptic arts are 
headed, with inspirational quotes 
from the contemporary artists who 
continue this ancient skill. 

Whether or not you have an earli- 
er version of this book in your library, 
this edition belongs there. 

CHARLES I. CARMONA 
Guild Laboratories, Inc. 
Los Angeles 


MEDIA REVIEW 


Expedition to New Ruby Mines 
in Winza, Tanzania 


Sapphire Mining in Madagascar 
Contributions to Gemology No. 8, 46 
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mins., released by GRS Gemresearch 
Swisslab [www.gemresearch.ch], 
Lucerne, Switzerland, 2009. $40.00 


This DVD follows Contributions to 
Gemology No. 7 (see abstract on p. 
S13 of the Summer 2009 GwG) as a 
video supplement and contains two 
separate documentaries. 

The first presents a visit to the 
Winza ruby mines in Tanzania by a 
team from GRS in August 2008. 
Footage from inside the mine shafts 
is included, as are interviews with 
the miners and local officials. 
Following their tour of the mines, the 
team visited buying offices in the 
nearby boomtown of Mpwapwa and 
customs offices in the capital, Dar es 
Salaam. 

The second documentary reviews 
a 2007 visit to sapphire mining areas 
in Madagascar. The team began in 
Tlakaka at the Manga Tuka mine and 
several other open-pit mines, and 
then visited smaller shaft mines. 
Regardless of the size or depth of the 
workings, most mining in Mada- 
gascar is conducted entirely by hand, 
and aspects such as ventilation must 
be improvised from available materi- 
als. Mining also occurs within 
exposed riverbanks, though this is 
very dangerous because of the risk of 
cave-ins. Some mechanized mining 
also takes place, and Sri Lankan deal- 
ers support much of this activity. 
The video concludes with a review 
of gem buying and trading in Ilakaka. 

This DVD is an interesting and 
informative video that could easily 
have stood on its own by virtue of the 
content. Thus, it is unfortunate that 
the producers felt it necessary to 
repeatedly embellish both films with 
distracting visual effects such as split- 
screens (sometimes three or four at 
once) and eye-straining graphics. It is 
also clear that the English title cards 
were not drafted by a native speaker, 
as they are frequently marred by 
errors in spelling and grammar. 

In spite of such shortcomings, 
these documentaries are well worth 
viewing for their educational value. 


TWO 
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OTHER BOOKS RECEIVED 


Profiting by Design: A Jewelry 
Maker’s Guide to Business Success. 
By Marlene Richey, 135 pp., illus., 
publ. by MJSA Press [www.mjsa.org], 
Providence, RI, 2008, $34.95. The 
author, a successful jewelry designer, 
discusses how to turn good designs 
into good business. The nuts and 
bolts of setting up a design shop are 
addressed in detail, as are the steps to 
surviving the all-important first year 
of a small business. Also included are 
resources for designers. 


TWO 


Cristalli: L’Ordine dal Caos [Crystals: 
Order from Chaos]. By Adalberto 
Giazotto, Federico Pezzotta, and 
Giovanni Pratesi, 240 pp., illus., 
publ. by Giunti Editore [www.giun- 
ti.it], Florence, Italy, 2008 [in 
Italian], 48.00. This Italian-lan- 
guage coffee-table book is a feast for 
the eyes of any mineral collector. It 
begins with a brief introduction to 
crystallography and crystal forma- 
tion, recovery, and preservation. The 
bulk of the book, however, is a 
review of the first author’s impres- 
sive collection of large mineral speci- 
mens, all illustrated in gorgeous full- 
page professional photographs. 


TWO 


Gill’s Historical Index. By Joseph O. 
Gill, 647 pp., illus., publ. by the 
author [www.archive.org, search for 
“Joseph Gill” ], 2009, Free. This 
online work-in-progress, a compre- 
hensive update of the author’s 1978 
book, provides a searchable, annotat- 
ed bibliography of gemological pub- 
lications since 1652. Offered to the 
global gem community at no charge, 
this new version contains hyper- 
links to many works now available 
on the Internet. This is a valuable 
resource for gemological researchers 
and anyone interested in the history 
of gemology, though it could be 
improved with input from a profes- 
sional editor. 


TWO 
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Cultured freshwater pearls from the Yangtze River (China); 
characterisation by optical microscopy, scanning elec- 
tron microscopy, cathodoluminescence, electron micro- 
probe analysis, and Raman spectroscopy. M. Dumariska- 
Stowik [dumanska@uci.agh.edu.pl], W. Heflik, L. 
Natkaniec-Nowak, M. Sikorska, and A. Wesetucha- 
Birezyriska, Australian Gemmologist, Vol. 23, No. 4, 
2008, pp. 290-299. 

Unbeaded Chinese freshwater cultured pearls imitate natural 

pearls very closely. Their cores were found to contain polymor- 

phic CaCO, minerals (aragonite or a mixture of aragonite, cal- 
cite, and vaterite), and their exteriors were composed of arago- 
nite with dark to light green “oscillatory” concentric layers of 
mother-of-pearl. The presence of these mineral phases was con- 
firmed by their Raman spectra. The 1526 and 1133 cm~! bands 
characteristic of natural pearls were not recorded in the spectra 

of the Chinese freshwater cultured pearls, and may afford a 

means of distinguishing the two. RAH 


Griine Quarze—Farbursachen und Behandlung [Green 
quartz—Causes of colour and treatment]. R. Schultz- 
Giittler [rainersg@usp.br], U. Henn, and C. C. Milisenda, 
Gemmologie: Zeitschrift der Deutschen Gemmolo- 
gischen Gesellschaft, Vol. 57, No. 1-2, 2008, pp. 61-73 
[in German]. 

Large quantities of faceted green quartz have recently been 

observed in the trade. Four types are described: (1) natural green, 

heated in nature; (2) amethyst laboratory-heated to 400-500°C, 
known as prasiolite; (3) laboratory-irradiated quartz, the color of 
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e The bottom of a pit is being 
cleaned out in final stage of oper- 
ations. 


e Below teams of mules are used 
in stripping the overburden for 
later screening. During the dry 
season the concentrate is carried 
away in old kerosene cans on the 
backs of mules and piled high 
above the water mark. Later, dur- 
ing the rainy season, it will be 
worked and the diamonds re- 
moved. 


which tends to fade at low temperatures (150°-200°C) or 
when exposed to strong sunlight; and (4) synthetic green 
quartz. The absorption spectrum for each is characteristic. 
Natural green quartz shows bands in the near-IR region at 
725, 930, and 1040 nm, with a window at ~550 nm. 
Prasiolite has a wide absorption band with a maximum at 
720 nm, while irradiated quartz has a broad absorption 
maximum at 592-620 nm. Synthetic green quartz shows a 
transmission maximum at ~510 nm and broad absorption 
bands with maxima at ~740 and 930 nm. 

GL 


Hackmanite, tugtupite and afghanite—Tenebrescence and 
fluorescence of some sodalite related minerals. J. 
Tunzi and G. Pearson [grantpearson@optusnet. 
com.au], Australian Gemmologist, Vol. 23, No. 4, 
2008, pp. 349-355. 

The tenebrescence of hackmanite from Afghanistan and 

Myanmar was compared with that of tugtupite from 

Greenland. The hackmanite displayed variable tenebres- 

cence, but the tugtupite was largely inactive. Afghanite, a 

rare mineral from Afghanistan that is chemically related 

to hackmanite, was not observably tenebrescent. 
RAH 


Jarina, o marfim da Amazonia [Jarina, the ivory of 
Amazonia]. M. Lima da Costa, S. F. Santos Rodri- 
gues, and H. Hohn, Diamond News, Vol. 9, No. 29, 
2008, pp. 38-44 [in Portuguese]. 
The seed of the Jarina palm, known in English as ivory 
nut, resembles ivory. Until it was replaced by plastic in 
the 20th century, this seed supplied the material for nearly 
all shirt buttons worldwide. Recently, ivory nut has 
regained popularity as a material for jewelry and carvings. 
The authors describe the palm and its occurrence and 
growth conditions, the properties of the nut, color treat- 
ments, and jewelry uses. RT 


Marble-hosted ruby deposits from Central and Southeast 
Asia: Towards a new genetic model. V. Garnier, G. 
Giuliani [giuliani@crpg.cnrs-nancy.fr], D. Ohnen- 
stetter, A. E. Fallick, J. Dubessy, D. Banks, H. Q. 
Vinh, T. Lhomme, H. Maluski, A. Pécher, K. A. 
Bakhsh, P. V. Long, P. T. Trinh, and D. Schwarz, 
Ore Geology Reviews, Vol. 34, 2008, pp. 169-191. 

Marble-hosted ruby deposits from Afghanistan, Pakistan, 

Kashmir, Tajikistan, Nepal, Myanmar, northern Vietnam, 

and southern China share many structural, mineralogical, 

and radiometric features. These deposits are located in 
metamorphic blocks that experienced major tectonic 
events during the Cenozoic India-Asia collision. In many 
of the deposits, rubies were formed as scattered crystals 
along veins or certain horizons within marbles. Host mar- 
bles from all the deposits studied were rich in calcite and 
low in dolomite. Whole-rock chemical analyses of the 
marbles indicate that their Al, Cr, and V contents were 
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sufficient to produce rubies. The rubies are commonly 
associated with micas, chlorite, feldspar, graphite, pyrite, 
rutile, titanite, humite, and forsterite; occasionally with 
spinel, tourmaline, and amphibole; and rarely with sap- 
phirine and zoisite. 

Petrographic analyses show that the ruby-bearing mar- 
bles formed at a temperature of 610°-790°C and pressure 
of ~6 kbar. Fluid inclusions in the ruby samples were 
either single phase or, more commonly, two phase. They 
contained native sulfur, COS complexes, H,O, CO,, H,S, 
and several solid inclusions (typically diaspore, rutile, and 
dolomite). Fluid inclusion studies bracket ruby formation 
conditions at 620-670°C and 2.6—3.3 kbar, indicating that 
the rubies crystallized during retrograde metamorphism 
of the marbles. 

Stable isotope geochemical data for the (C,O,H)-iso- 
topic compositions of minerals associated with the rubies 
are also presented. The (C,O)-isotopic compositions of car- 
bonates suggest that the marbles acted as a metamorphic 
closed-fluid system, meaning that the fluids circulating in 
the marbles during metamorphism were released by the 
devolatilization of carbonates. Furthermore, the carbon 
isotopic signatures of graphite in the carbonates indicate 
that it had an organic source and that it exchanged C-iso- 
topes with the carbonates during metamorphism. 

The authors propose a new genetic model for the for- 
mation of these ruby deposits. First, sedimentary pro- 
toliths, including carbonates enriched with clay minerals 
and organic matter, were deposited on the Paleo-Tethys 
platform during the Precambrian to Permo-Triassic. 
During the India-Asia collision, these sediments were 
metamorphosed, transforming the carbonates into amphi- 
bolite-grade marbles. Ruby crystallized during the retro- 
grade metamorphic path, mainly by destabilization of 
muscovite or spinel. The metamorphic fluids were rich in 
CO, released by carbonate devolatilization and in F, Cl, 
and B released by salts derived from evaporites in the pro- 
tolith. These evaporites were key to the formation of the 
ruby deposits, as the salts mobilized typically immobile 
Al and transition metals in the marbles, leading to ruby 
crystallization. 

The authors suggest taking the following guidelines 
into account when prospecting for new deposits: (1) the 
lithologic control of mineralization, and (2) the presence 
of indicator minerals (e.g., Na-rich phlogopite, pargasite, 
edenite, Mg-tourmaline, Cr-rich titanite, spinel, and 
anhydrite) in marbles or in alluvials. KSM 


Morfologia di perle naturali e coltivate al microscopio 
elettronico a scansione (SEM) [The morphology of 
natural and cultured pearls under the scanning elec- 
tron microscope (SEM)]. A. Maras, E. Amore, S. 
Mazziotti-Tagliani, M. Macri, and A. Mancini, 
Rivista Gemmologica Italiana, Vol. 3, No. 3, 2008, 
pp. 201-213 [in Italian]. 

The nacreous surface of pearls can display surface struc- 
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tures that are step-like, labyrinthine (i.e., resembling fin- 
gerprints), or spiral. The aim of this investigation was to 
find out whether these structures are due to the pearl oys- 
ters, varying growth conditions, or both, and whether they 
are characteristic for certain types of pearls. The authors 
used visible light and scanning electron microscopy (SEM) 
to analyze the surface of two freshwater cultured pearls 
(one of them “chocolate”), a Red Sea saltwater pearl, an 
Akoya saltwater cultured pearl, and three additional salt- 
water cultured pearls (South Sea, Tahitian, and “golden”). 
The analysis revealed differences and similarities in sam- 
ples from different sources. The results are illustrated with 
SEM micrographs. RT 


Nucleated cultured pearls: What is there inside? M. 
Superchi [superchi@mi.camcom..it], E. Castaman, A. 
Donini, E. Gambini, and A. Marzola, Gemmologie: 
Zeitschrift der Deutschen Gemmologischen Gesell- 
schaft, Vol. 57, No. 1-2, 2008, pp. 33-40. 

Standards established by the Japan Pearl Promotion 

Society state that the nuclei of beaded cultured pearls 

should have a layered nacreous structure of the same 

material, density, and hardness as the cultured pearls 
themselves. However, the cost of the traditional 

Mississippi Basin freshwater mussel shell—and the 

demand for larger beads in recent years—have led to the 

use of other materials and the need to identify these 
nuclei, given the different costs and qualities they repre- 
sent. Consideration has been given to mother-of-pearl 
from different freshwater and saltwater mollusks, shells 
from Tridacnidae clams, and the artificial composite 

“bironite.” Freshwater mother-of-pearl can be separated 

from saltwater Tridacnidae and other nuclei by LA-ICP- 

MS analysis based on the presence (or absence) of Mn. 

This article illustrates how Laue diagrams may also be 

useful in separating the different materials, especially 

those in which Mn is absent, such as the saltwater beads 
and “bironite.” 

Abstractor’s note: Since 2004, the Tridacna species 
have been listed as vulnerable according to the Red List of 
the International Union of Conservation of Nature. This 
gives added environmental importance to the develop- 
ment of a method to identify the use of nuclei made from 
the shells of these clams. JEC 


The oxygen isotopic composition as an indicator of the 
genesis of “basaltic” corundum. S. V. Vysotsky, V. 
V. Yakovenko, A. V. Ignat’ev, and A. A. Karabtsov, 
Russian Journal of Pacific Geology, Vol. 3, No. 1, 
2009, pp. 64-68. 
Gem corundum can form in a range of geologic environ- 
ments, but the material derived from alkali basalts (and 
similar mafic igneous rocks) are among the most important 
economically. Within alkali basalts, the corundum may 
occur as xenocrysts (foreign material) or as megacrysts 
(direct crystallization). For some deposits (e.g., Yogo Gulch, 
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Montana), the type of crystallization has been debated for 
years. Measuring the oxygen isotope composition of corun- 
dum is one method to help resolve these questions. 

The authors of this study measured and compared oxy- 
gen isotope values for corundum and associated minerals 
from three sapphire deposits previously linked with 
basaltic rocks: (1) the Yogo lamprophyre dike; (2) the 
Khabok River, Tunkin Depression, Russia; and (3) alluvi- 
um derived from the Podgelbanochnyi volcano in 
Primorye, Russia. A total of six samples were tested. 
Interestingly, sapphire and phlogopite (a key constituent of 
the lamprophyre host rock) from Yogo shared very similar 
oxygen isotope values (5.6 and 6.0%o, respectively], imply- 
ing that the sapphire formed directly from the lampro- 
phyre; this contradicts previous conclusions that the sap- 
phires are xenocrysts derived from underlying metamor- 
phic basement rocks (see, e.g., K. A. Mychaluk, “The Yogo 
Sapphire Deposit,” Spring 1995 GWG, pp. 28-41). 
Conversely, a plagioclase-corundum inclusion in basalt 
from the Tunkin Depression clearly had a xenocrystic ori- 
gin. The oxygen isotope values for the corundum (9.1%) 
and host basalt (6.1%o) varied by 3%o, with the value for the 
corundum falling outside the accepted range for “basaltic” 
corundum (4.5-7.0%o). Microscopic study of the same 
inclusion supported a xenocrystic origin (probably from a 
metamorphic protolith). Alluvial sapphires from Primorye 
showed oxygen isotopic values within the normal range 
for basaltic sapphire and are likely derived from alkali 
basalt. 

This technique could evolve into a method to help 
determine the provenance of faceted sapphires. 

KAM 


Structural, mineralogical, and biochemical diversity in the 
lower part of the pearl layer of cultivated seawater 
pearls from Polynesia. J.-P. Cuif [jean-pierre.cuif@ 
u-psud.fr], A. D. Ball, Y. Dauphin, B. Farre, J. Nouet, 
A. Perez-Huerta, M. Salomé, and C. T. Williams, 
Microscopy and Microanalysis, Vol. 14, No. 5, 2008, 
pp. 405-417. 

This study of 30 cultured pearls from Pinctada margari- 

tifera mollusks of various Polynesian islands was under- 

taken to investigate the structural and compositional pat- 
terns of the early developmental stages of the pearl layer. 

The initial steps in cultured pearl formation display evi- 

dence of metabolic changes that occur during formation of 

the pearl sac and vary from one cultured pearl to another. 

In contact with the bead, the lower parts of the cultured 

pearl layer exhibit mineralization that differs from the reg- 

ular concentric layered nacreous material produced later 
by the graft. An unusual association of organic and miner- 
al materials is deposited during this early period, leading to 

the formation of various structures that in general have a 

radial orientation perpendicular to the nucleus surface. 

These structures are thought to result from the formation 

of subparallel prisms (either aragonitic or calcitic) pro- 
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duced simultaneously in adjacent areas of the pearl sac. 
Grafting and the subsequent pearl-sac formation processes 
appear to lead to a disturbance in the genomic activity of 
the grafted epithelium cells, and to unusual molecular 
associations in the early period of uncontrolled mineraliza- 
tion during pearl-sac formation. JES 


DIAMONDS 


Diamonds of Russia. G. F. Anastasenko and M. B. Leybov 
[m_leybov@mail.ru], Rocks and Minerals, Vol. 83, 
No. 6, 2008, pp. 508-517. 
This article surveys Russia’s centuries-old involvement 
with diamonds, from the czars’ acquisitions of fine Indian 
and Brazilian stones to the first (noncommercial) discovery 
of diamonds in 1829 and the vast, state-supported geologic 
expeditions that discovered major commercial deposits 
over a century later. Several million square kilometers of 
dense, gnat-infested Siberian forests and swamps, with no 
roads and severe climate, were of intense interest. What 
remained unsolved, beyond a few placer deposits scattered 
across the Siberian craton, was the bedrock source of the 
diamonds. This changed in 1953-1954 when two female 
geologists discovered that pyrope concentrates from the 
Markha Basin resembled those from South African kim- 
berlite. They traced the pyrope upriver to locate the dia- 
mondiferous kimberlite pipes in the D’yaka Valley, and in 
so doing developed the method of indicator mineral 
prospecting still in use today. 

East Siberia has hundreds of kimberlite pipes, and the 
few diamondiferous ones were enough to position Russia 
among world leaders in diamond production. The giant 
Udachnaya pit yields about half of all Russian diamonds. 
The Siberian craton has produced about 200 large—50+ 
ct—diamonds (up to 342.5 ct). The great success in East 
Siberia also stimulated exploration of European Russia, 
especially its northern and central parts. The Arkhangelsk 
field, discovered in the 1980s, now accounts for 20% of 
Russian diamond production. About 50% of those dia- 
monds are gem quality, and a significant number are 
nitrogen-free (colorless) stones used for high-tech applica- 
tions. Airborne geophysical surveys have revealed about 
130 “pipe-type” anomalies in the south of European 
Russia, an area considered promising because of its well- 
developed infrastructure and mild climate. ERB 


New frosty frontiers: The challenges of mining in 
Canada’s territories. D. Zlotnikov, CIM Magazine, 
Vol. 3, No. 7, 2008, pp. 20-24. 
Extreme climate poses many problems for mining in 
Canada’s Northwest Territories. Winter is the only time 
to effectively survey much of the area, since drilling can 
only be accomplished when all the swamps and lakes are 
frozen. Temperatures can reach lows of —40°C, and work- 
ers forced to stay indoors during these conditions can be 
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struck with “cabin fever.” At this temperature, steel 
becomes brittle, and steel containers can crack and allow 
noxious chemicals to escape. During the summer months, 
helicopters and planes are often grounded due to fog and 
freezing rain, delaying or preventing the delivery of equip- 
ment, food, and workers. Barges are the least expensive 
form of transportation, but they are not a feasible option 
unless the mine is located next to a body of water. The pri- 
mary mode of transportation is trucking via the Tibbit to 
Contwoyto Winter Road. Although the road is only open 
from February to April, it allows delivery of most of the 
year’s fuel and equipment. If temperatures become too 
mild during these months, the road closes early, increasing 
the probability that replacement equipment or necessary 
supplies will have to be delivered the following year. 

JS 


Three centuries of diamonds: Preserving a tradition in 
Brazil. B. Farrar, Rock # Gem, Vol. 39, No. 3, 2009, 
pp. 37-40. 
All significant diamond production in Brazil is from allu- 
vial deposits or conglomerates formed from them. The 
garimpeiros, or prospectors, have an intimate knowledge of 
the area’s formations and utilize different mining tech- 
niques at different times of the year. They work in the river 
during the dry season and on the sides of the valley during 
the rainy season. Besides their important role in world min- 
ing heritage, traditional Brazilian mining practices have 
less impact on the environment. When the garimpeiros are 
gone, their knowledge will go with them. One organiza- 
tion, Garimpo Real, seeks to preserve their methods. MK 


What a gem! Ontario’s first diamond mine. M. Scales, 
Canadian Mining Journal, Vol. 130, No. 1, January 
2009, pp. 16-21. 

The Victor mine is the first diamond mine in the 

Canadian province of Ontario. It took 37 years to research, 

plan, and construct, but the mine produces diamonds that 

are higher in per-carat value ($400/ct) than anywhere else. 
Surrounding First Nation communities contributed to 
the project with their environmental knowledge, and they 
negotiated over $110 million in supporting business 
agreements with De Beers. The Victor mine is composed 
of two textural types of kimberlite, with the central part 
of the north pipe containing the most valuable grade of 
ore. This area is being mined first, and the process of sepa- 
rating diamonds from the ore is highly automated to pro- 
mote employee safety and company profitability. 
AB 
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Gem corundum from the St. Arnaud district, Western 
Victoria, Australia. W. D. Birch, Australian Journal 
of Mineralogy, Vol. 14, No. 2, 2008, pp. 73-78. 
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Waterworn sapphire crystals (<7 mm) showing a wide 
range of colors (green, dull blue, pale yellow, pink, purple, 
and pale brown) are found in concentrates from an alluvial 
gold mine in ferruginous gravel at Carapooee, near St. 
Arnaud in southeastern Australia. Chemical analysis by 
LA-ICP-MS suggests that these sapphires were derived 
from mainly metamorphic and metasomatic source rocks, 
with a smaller magmatic component, similar to the gem 
corundums from basalt-related Cenozoic goldfields in east- 
ern Australia. RAH 


The 100-year history of the Benitoite Gem mine, San 
Benito County, California. W. E. Wilson [minrec@ 
earthlink.net], Mineralogical Record, Vol. 39, No. 1, 
2008, pp. 13-42. 

This article surveys the history of the Benitoite Gem 
mine, the original source of California’s state gemstone, 
beginning with a prospector’s discovery of this occurrence 
in the New Idria district of San Benito County in 1907. 
Here, crystals of benitoite were found as both facetable 
gem material and mineral specimens (often together with 
black neptunite and yellow-brown joaquinite) within 
natrolite veins in an altered blueschist host rock. Since 
then, benitoite has been found at a few nearby claims in 
the same area, at four other places in California, and at 
several other world locations, but none of this material 
matches the quality and beauty of the original find. 

This chronological report, prepared in honor of the 
100th anniversary of the discovery, is based on both pub- 
lished information and important historical documents 
that include mine records from the early years of produc- 
tion. It highlights a number of interesting individuals, 
including miners, mineral and gem dealers, and profes- 
sional geologists who were involved with the discovery 
and mining of benitoite over the past century. Following 
an initial period of mining activity, the operation was 
mostly inactive from about 1914 to 1952 except for some 
unauthorized mineral collecting. Since then, there has 
been intermittent mining of both the primary deposit and 
the eluvial and colluvial material that lay at the base of 
deposit. Most mining activity ended in 2005. Attractive 
mineral specimens of benitoite can today be found in a 
number of museums and in private collections. The 
largest faceted benitoite weighs 15.42 ct. JES 


Ion microprobe zircon U-Pb age and geochemistry of the 
Myanmar jadeitite. G. Shi [shiguanghai@263.et.cn], 
W. Cui, S. Cao, N. Jiang, P. Jian, D. Liu, L. Miao and 
B. Chu, Journal of the Geological Society, London, 
Vol. 165, 2008, pp. 221-234. 
Of the few jadeite locations worldwide, the Hpakan- 
Tawmaw deposit in the northern Myanmar state of 
Kachin is the largest and most important. This deposit is 
located in the western part of the Sagaing fault zone 
belonging to the Indo-Burman Range, which was formed 
by the subduction of the Indian plate beneath the Burmese 
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platelet. Primary jadeitites were formed as veins (1.5-5 m 
wide and 5-100 m long) crosscutting serpentinized peri- 
dotite. An amphibolite boundary zone 1-50 cm wide is 
found between jadeite veins and serpentinized peridotite 
bodies. 

The geochemistry of eight jadeitite samples was deter- 
mined using XRF (for major oxides) and ICP-MS (for trace- 
element abundances) to understand their petrogenesis and 
tectonic relationship to subduction zones. Bulk-rock 
trace-element compositions showed U-shaped rare-earth 
element (REE) patterns with positive Eu anomalies. 
Overall, REE abundances were low, with moderate 
enrichment of high-field-strength elements and some 
large ion lithophile elements. These observations are all 
consistent with a metasomatic origin for the jadeitite. 

One white to pale gray jadeitite sample was crushed to 
extract ~200 zircon grains for electron microprobe and 
sensitive high-resolution ion microprobe (SHRIMP) analy- 
ses. Three groups of zircons were identified, based on 
their internal textures, luminescence, mineral inclusions, 
and chemical compositions. Group I zircons were typical- 
ly zoned and contained Na-free, Mg-rich silicate mineral 
inclusions and also the highest U and Th contents and 
Th/U ratios. They were inferred to have crystallized dur- 
ing an igneous (e.g., formation of oceanic crust) or 
hydrothermal (e.g., serpentinization) event. The weighted 
mean age of Group I zircons from U-Pb dating was 163.2 + 
3.3 Ma, suggesting that serpentinization of the oceanic 
crust of the Indian plate occurred during the Middle 
Jurassic. Group II zircons, which occurred as rims on 
Group I zircon cores, did not show zoning features and 
had lower Th/U ratios. They contained jadeite and 
jadeite-rich pyroxene inclusions, suggesting Group II zir- 
cons were syngenetic with the jadeitite samples. The for- 
mation age of Group II zircons was determined to be 
146.5 + 3.4 Ma, indicating that the formation of the 
Myanmar jadeitites, and the subduction of the eastern 
Indian oceanic plate, occurred during the Late Jurassic. 
The low U and Th contents and Th/U ratios (lowest of 
the three), growth habits, and age of Group III zircons sug- 
gested that a thermal event occurred after jadeitite forma- 
tion, around 122.2 + 4.8 Ma (Early Cretaceous}, resulting 
in localized recrystallization. The presence of Middle 
Jurassic Group I zircons of hydrothermal origin in 
jadeitite samples provides an important geochronological 
constraint on the evolution of the Indo-Burman Range, 
indicating that it may have started earlier than previous 
models that placed it at Late Cretaceous-Eocene age. KSM 


Modes of occurrence and origin of precious gemstone 
deposits of the Mogok Stone Tract. M. Thein, 
Journal of the Myanmar Geosciences Society, Vol. 
1, No. 1, 2008, pp. 75-84. 

The Mogok area of Myanmar has been famous for more 

than a century as one of the world’s most important gem 

sources. This article briefly reviews Mogok’s regional geol- 
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ogy and categorizes the gem deposits into eight primary 
and secondary occurrences. The former include gem-bear- 
ing bands in marbles, skarns along the contact zones 
between marbles and nepheline syenites or syenites, segre- 
gations of gems (particularly sapphire) in the same two 
rock types as well as syenite pegmatites, and hydrother- 
mal veins extending from the same pegmatites. The sec- 
ondary occurrences include alluvial and eluvial placers, 
and what the author refers to as “fissure-filled” and “sink- 
hole- or cavern-filled” deposits. The marbles and the allu- 
vial deposits are the two most economically important 
producers. 

The author concludes by listing some special geologic 
conditions that may account for the abundance of gems 
(particularly ruby and sapphire) in Mogok: the presence of 
aluminous clays as bands in the original limestones, 
which then metamorphosed to marbles; additional alumi- 
na supplied by igneous intrusions in the region; a calcite- 
rich marble composition; and high-grade regional meta- 
morphism (amphibolite to granulite facies) and contact 
metamorphism (pyroxene hornfels facies). JES 


Winza, ein neues Rubinvorkommen in Tansania [Winza, 
a new ruby deposit in Tanzania]. K. Schmetzer, W. 
Radl, and D. Schwarz, Lapis, Vol. 34, No. 5, 2009, 
pp. 41-46 [in German]. 
This article supplements previous work by D. Schwarz et 
al. (“Rubies and Sapphires from Winza, Central Tanzania,” 
Winter 2008 GWG, pp. 322-347}. Along with a short 
description of the deposit and mining, it provides a 
detailed description of the crystal morphology. Based on 
their habits, the crystals could be divided into two groups: 
prismatic-tabular-rhombohedral and dipyramidal. In both 
groups, some unusual combinations of crystal faces 
occurred, such as pseudo-octahedral crystals (strongly 
resembling spinels) with negative rhombohedral faces as 
dominant forms. RT 


INSTRUMENTS AND TECHNIQUES 


A place for CZ masters in diamond colour grading. M. D. 
Cowing [michael@acagemlab.com], Journal of 
Gemmology, Vol. 31, No. 3/4, 2008, pp. 77-83. 

The use of cubic zirconia master stones for diamond color 

grading has been controversial since their introduction 

more than 20 years ago. This article is a detailed discus- 
sion of how CZ master stones can be used in conjunction 
with diamond master stones to enhance and confirm dia- 
mond color grade calls. Traditional objections to the use of 
CZ master stones include the different yellow hue of CZ 
vs. diamond, variations in the dispersion and luster, plus 
concerns about the color stability of CZ. The appeal of CZ 
master sets is initially one of economy, but many industry 
professionals who trade in diamonds (and thus suffer 
financially if a color grade is off when buying) use CZ mas- 
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ter stones as a supplement to their diamond masters. The 
author notes, however, that it takes practice to adjust to 
the higher dispersion of CZ. Although nitrogen-rich type 
Ia diamonds may have a different shade of yellow, it is eas- 
ier to grade yellow against yellow than to grade brown or 
gray against yellow. 

The author compared two sets of CZ master stones 
from two different producers under five different lighting 
conditions (daylight fluorescent, daylight fluorescent 
through a Lexan plastic filter to remove UV, cool white 
fluorescent, a full-spectrum fluorescent, and a white LED 
lamp). Results from grading CZ master sets by three expe- 
rienced color graders illustrated the differences in the two 
products, with one being decidedly superior. The differ- 
ences in absorption spectra and amounts of fluorescence 
were not enough to materially affect the results. 

JEC 


Practicality of Colibri™, a diamond colour-grading prod- 
uct by Sarin. J. Kawano and K. Saikyo, Gemmology, 
Vol. 40, No. 476, 2009, pp. 23-27. 
Color grading D-to-Z diamonds involves an element of sub- 
jective visual observation, but a completely objective 
method has been sought for some time. Sarin Technologies 
is working to fill this need through its automatic color-grad- 
ing instrument, the Colibri colorimeter, which is intended 
for faceted type Ia diamonds with yellow (cape) color. The 
device is suitable for laboratory and retail use, requiring only 
a small desk space and weighing 1.2 kg (about 2.6 Ibs.). It 
uses a 100-volt electric power supply or a rechargeable bat- 
tery with 10 hours of continuous operation. Color grading 
takes about 5 seconds. According to Sarin, samples can 
range from 0.2 to 270 ct and can be mounted or unmounted. 
The machine measures the sample’s color and compares it 
with the measurement of the empty test chamber to derive 
a numeric value that corresponds to standard color grades 
issued by GIA, AGS, and HRD. 

The authors tested the Colibri at the GAAJ-Zenhokyo 
Laboratory by measuring some 14,000 diamonds, and they 
concluded that when properly used, the machine is fairly 
useful for objective color grading of most cape-series 
stones. The Colibri provided consistent measurements, 
especially for stones <1 ct; round brilliants with a cut 
grade of Good or better and fluorescence from none to 
medium blue; and cape diamonds. Correct color estimates 
for stones with brown or gray hues could be achieved by 
adding 1.5 to 2.0 to the numeric result; however, no cor- 
rection could be made for strong blue fluorescence. 

Karen G. Fenech 


Visualization of the internal structures of cultured pearls 
by computerized X-ray microtomography. U. Wehr- 
meister [wehrmeis@uni-mainz.de], H. Goetz, D. E. 
Jacob, A. Soldati, W. Xu, H. Duschner, and W. 
Hofmeister, Journal of Gemmology, Vol. 31, No. 
1/2, 2008, pp. 15-21. 
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While there are usually observable differences between 
natural pearls and beadless cultured pearls, these differ- 
ences are not always sufficient for conventional X- radiog- 
raphy to distinguish. Through computerized X-ray micro- 
tomography, CaCO, polymorphs within a sample can be 
revealed at a resolution one or two orders of magnitude 
higher than is possible with conventional radiograms. 
Combined with micro-Raman spectroscopy, it is also pos- 
sible to detect vaterite, a metastable polymorph associated 
with the remnants of graft tissue in cultured pearls. Using 
sample tomograms depicting two-dimensional cross-sec- 
tions and three-dimensional visualizations, along with 
Raman intensity maps, the authors describe the structures 
seen in four types of cultured pearls: beadless Chinese 
freshwater, beadless Japanese freshwater from Lake Biwa, 
beaded freshwater from Lake Biwa, and beaded South Sea. 
The article notes that while vaterite areas are suggested by 
certain features in the tomograms (probably caused by 
higher concentrations of organic molecules), these must 
still be verified using micro-Raman spectroscopy. This 
combined technique lends itself to scientific research and 
the nondestructive testing of high-value pearls. 

ES 


SYNTHETICS AND SIMULANTS 


Effects of Al and Ti/Cu on synthesis of type-IIa diamond 
crystals in Ni,,Mn,.Co,-C system at HPHT. S.-S. 
Li, X.-P. Jia, C.-Y. Zang, Y. Tian, Y.-F. Zhang, H.-Y. 
Xiao, G.-F. Huang, L.-Q. Ma, Y. Li, X.-L. Li, and H.- 
A. Ma [maha@jlu.edu.cn], Chinese Physics Letters, 
Vol. 25, No. 10, 2008, pp. 3801-3804. 
This study used the temperature-gradient method under 
high pressure and high temperature to grow low-nitrogen 
type Ila synthetic diamonds. They were grown in a cubic 
anvil high-pressure apparatus at 5.5 GPa and 1560 K using 
high-purity graphite as the carbon source and a 
Ni,,Mn,;Co, alloy as the catalyst/solvent. Al and Ti/Cu 
were tested as nitrogen getters to produce low nitrogen 
concentrations. The authors found that using Al as the 
nitrogen getter resulted in crystals with a yellow col- 
oration and obvious inclusions. Using Ti/Cu as the nitro- 
gen getter, the authors produced a colorless, inclusion-free 
2mm synthetic diamond with a nitrogen concentration <1 
ppm. Decreasing the temperature gradient in the experi- 
mental assembly slowed the growth rate, which improved 
the clarity of the crystal. 

The article explains these results in terms of reversible 
versus irreversible reactions. The authors describe Al 
reacting with N: Al + N © AIN. The reversibility of this 
reaction is given as the reason measurable amounts of N 
are still present in diamonds grown with Al as the nitro- 
gen getter. Ti was found to be a more efficient nitrogen 
getter than Al, with the irreversible reaction Ti + N > 
TiN (as long as enough Ti is added to compensate for all 
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the N). A similar reaction occurs between Ti and C, so Cu 
is added to decompose TiC by the irreversible reaction 
TiC + Cu= Ti + Cu*+C. The best results were achieved 
using a 1.8 wt.% Ti/C additive with a growth rate of 1.03 
mg/hr for 20 hours. The seed crystal was 0.6 mm, and the 
(100) face was used as the growth surface. JS-S 


TREATMENTS 


Diamants de couleur traités 4 haute température et 4 haute 
pression [High temperature and high pressure treated 
colored diamonds]. E. Erel [e.erel@gubelingemlab.chl, 
Revue de Gemmologie, No. 167, 2009, pp. 10-17 [in 
French]. 

HPHT treatment has been performed on type I, type Ila, 

and type Ib rough and faceted diamonds; the resulting col- 

ors depend on the chemical properties of the starting mate- 
rial. After treatment, type Ia diamonds with a natural 
weak yellow to brown color exhibit a fluorescent yellow 
or yellow-green intense “fancy” color, or an intense yellow 
or orange color without the green fluorescence. Treated 
pink-to-red diamonds are produced in two steps: After 

HPHT treatment is used to add a type Ib component to 

type Ia starting material, irradiation and heating at low 

temperature is used to obtain the desired color. Treated 
diamonds occasionally display characteristic visual fea- 
tures such as surface etching and internal graphitization. 

When these indicators are not present, conclusive identifi- 

cation requires advanced testing such as UV-Vis-NIR and 

infrared spectroscopy. FP 


Diamants de couleur traités par irradiation puis chauffage 
a “basse” temperature [Colored diamonds irradiated 
and heated at low temperature]. E. Erel [e.erel@ 
gubelingemlab.ch], Revue de Gemmologie, No. 
164, 2008, pp. 6-10 [in French]. 

Radiation-induced color is the result of damage caused 

when carbon atoms are knocked out of their normal posi- 

tion, creating vacancies in the atomic lattice. The result is 

a sharp peak at 741 nm in the diamond’s spectrum, known 

as the GR1 (General Radiation) band. Irradiation alone pro- 

duces a blue-to-green or black coloration; the GR1 color 
center disappears when the stone is heated to 600°C. 

During the heating process, radiation-induced vacancies 

migrate through the lattice and pair with nitrogen to cre- 

ate new color centers. One of the first to develop is the 595 

nm absorption at 275°C; maximum absorption at 595 nm 

is reached at 800°C, and an associated peak is often 
observed at 425 nm. H3 (503 nm) and H4 (496 nm) centers 
appear at 500°C, as do H1b and H1c (at 5170 and 4940 cm"! 
in the infrared spectrum). A combination of irradiation and 
heating at low temperature produces yellow, orange, pink, 
or red color, depending on the diamond type. The presence 
of the H1b and Hlc centers is evidence that a stone has 
been most likely been irradiated and annealed. GL 
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Pérolas tratadas [Treated pearls]. Diamond News, Vol. 9, 
No. 29, 2008, pp. 17-24 [in Portuguese]. 

With the exception of most Tahitian and South Sea prod- 
ucts, cultured pearls sold in the market today are treated 
to improve their surface quality and color, and some- 
times to produce colors not found in nature. The treat- 
ments can be classified into three groups: (1) bleaching 
and polishing, which removes undesired hues and 
improves luster; (2) irradiation, which induces greenish, 
bluish, and even black colors; and (3) dyeing, which pro- 
duces all kinds of colors with both natural and artificial 
coloring agents. 

RT 


Study of black diamond made by nitrogen ion-implanta- 
tion and irradiated green diamond. H. M. Choi, Y. 
C. Kim, S. K. Kim, J. W. Park, and A. Abduriyim 
[laboratory@gaaj-zenhokyo.co.jp], Gemmology, Vol. 
40, No. 473, 2009, pp. 2-6 [in Japanese with English 
supplement]. 
Part one of this study discusses how deep, evenly colored 
black diamonds can be produced by nitrogen ion implanta- 
tion and annealing. Nitrogen ion implantation typically 
has a shallow penetration depth and yields a weak black or 
green color. The facet surfaces of 10 transparent and light 
brown diamonds (most of them less than 0.12 ct) were 
subjected to three treatment conditions: (1) N* ion irradia- 
tion and no heating, (2) post—N* irradiation heat treatment 
at 600°C for two hours in a vacuum, and (3) triple the radi- 
ation dose and annealing time of treatment 2. N* ions 
were implanted to a depth of 40 nm, with their mass 
decreasing gradually from 18 to 40 nm depth. X-ray photo- 
electron spectroscopy indicated that diamond was convert- 
ed to a 40-nm-thick layer of graphite by N* ion implanta- 
tion; subsequent annealing led to crystallization of the 
graphite layer, producing a more uniform and vivid black 
diamond. Although the English translation is unclear on 
whether treatment condition 2 or 3 was responsible for 
these results, it appears to favor higher ion dose and longer 
annealing time. 

In part two of the study, a 7.69 ct step-cut Fancy bluish 
green, type Ila diamond was examined. The color appeared 
uniform, but concentrations were faintly visible along 
facet junctions when the stone was viewed in immersion. 
The authors discuss the significance of the diamond’s 
1077.9 nm band in the near-infrared region and conclude 
that the green color was caused by artificial irradiation. 

ERB 


XPS and ToF-SIMS analysis of natural rubies and sap- 
phires heat-treated in a reducing (5 mol% H,/Ar) 
atmosphere. S. Achiwawanich, B. D. James, and J. 
Liesegang [j.liesegang@latrobe.edu.au], Applied 
Surface Science, Vol. 255, 2008, pp. 2388-2399. 

The authors studied the effects of heat treatment in a 

reducing atmosphere on surface features of Mong Hsu 
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rubies and Kanchanaburi sapphires using X-ray photoelec- 
tron spectroscopy (XPS) and time-of-flight secondary ion 
mass spectrometry (ToF-SIMS). Samples were heat treated 
in a high-temperature electric furnace with a 5 mol.% 
H,/Ar atmosphere for one hour at 1000-1600°C. Visual 
examination and spectroscopic analyses were performed 
between each heating stage. The blue cores of Mong Hsu 
rubies were removed by heating above 1300°C, and the 
overall red hue was enhanced during treatment. Above 
1400°C, whitish particles developed in the samples. The 
blue component in dark greenish gray and pale blue 
Kanchanaburi sapphires was diminished by heating above 
1200°C. At the same time, the dark greenish gray color 
was intensified with increasing concentration of the asso- 
ciated precipitate inclusions. For both rubies and sap- 
phires, XPS and ToF-SIMS analyses showed that surface 
concentrations of various trace elements (Fe, Ti, Ca, V, 
Mn, Cu, and Cr) had relative maxima around 
1300-1400°C, indicating that bulk diffusion into the 
stones occurred with progressive heat-treatment stages at 
higher temperature. ToF-SIMS spatial images of Ti, Cr, 
and Fe indicated that with progressive heat treatment, Ti 
ions in rubies and sapphires distribute fairly uniformly on 
the surface, whereas Fe and Cr ions tend to cluster and 
then form particles on the surface. 

The authors conclude that heat treatment of the 
corundum samples in a reducing atmosphere affected the 
oxidation state of Fe but not Ti. They also suggest that 
dissociation of Fe-Ti interaction may occur during heat 
treatment in a reducing atmosphere, which they attribute 
to differences in diffusion rates of defect clusters associat- 
ed with Fe and Ti. EVD 


MISCELLANEOUS 


Accessible and total lead in low-cost jewelry items. J. L. 
Yost and J. D. Weidenhamer [jweiden@ashland.edul, 
Integrated Environmental Assessment and 
Management, Vol. 4, No. 3, 2008, pp. 358-361. 

Recent legislation in the U.S. has banned products intend- 

ed for children that contain >0.06 wt.% lead. Previous 

studies by the second author have shown that much cos- 
tume jewelry sold in the U.S. contains nonpermissible lev- 
els of lead; however, critics of the new rules have argued 
that plated lead jewelry does not contain dangerously high 
levels of accessible lead (that is, lead that could be 
absorbed by the human body if the object were ingested). 

The authors tested 64 low-cost jewelry items (all with 

>0.06 wt.% lead) and subjected them to the lead-accessi- 

bility test recommended by the U.S. Consumer Product 

Safety Commission (rinsing in dilute hydrochloric acid). 

Fifty of the items were found to exceed the limit for acces- 

sible lead (175 wg); 30 of these had accessible lead >1000 

ug. The authors conclude that plating is generally ineffec- 
tive in limiting lead exposure. TWO 
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Gems. Elements, Vol. 5, No. 3, 2009, pp. 137-200. 
This special issue contains a review of current develop- 
ments in gemology. It opens with an introduction to the 
“developing science” of gemology by guest editors E. 
Fritsch and B. Rondeau. L. Groat and B. Laurs then review 
gem formation, production, and exploration. G. R. 
Rossman describes the geochemistry of gems, while B. 
Devouard and F. Notari review gem identification. R. E. 
Kane, and J. E. Shigley and S. F. McClure, describe current 
developments in synthetic and treated gems, respectively. 
The articles conclude with a review of current research on 
pearls and coral by J.-P. Gauthier and S. Karampelas. 

TWO 


Green bench practices reduce environmental impact. C. 
Dhein, J/CK, Vol. 179, No. 11, 2008, pp. 68-73. 
Awareness of the environmental impact of jewelry making 
has grown recently, and the author offers tips to help jewel- 
ers develop sustainable business practices. Jewelers are 
encouraged to review their supply chain and request copies 
of their suppliers’ environmental policies. If none exist, 
they should encourage their suppliers to develop and abide 
by sustainable practices. Jewelers should buy from compa- 
nies that are trying to make a difference and choose local 
suppliers to minimize costs and carbon footprint. Tracing 
the supply chain is more difficult for gems than for metals. 

Other suggestions: Collect anything used in precious- 
metal manufacturing and turn it in for refining. 
Encourage customers to recycle their precious metals. 
Consider switching to less toxic alternatives to traditional 
studio practices, such as a citric pickling solution, which 
is greener (if slower). Reduce the size of packaging, choose 
recycled versions, and encourage suppliers to do the same. 
A list of additional reading and organizations and 
resources promoting responsible and ethical materials is 
included. EJ 


Model for responsibility. B. Moss, Modern Jeweler, Vol. 
107, No. 8, 2008, pp. 42-47. 


Because of recent consumer preferences for dealing with 
socially and environmentally responsible corporations, 
the jewelry industry is taking steps to ensure that its 
product, often an expression of love, is not tarnished by 
ethical concerns. In 2003, global diamond producer Rio 
Tinto established a Business Excellence Model (BEM) 
for Indian diamantaires and jewelry manufacturers. 
BEM factories and sites must comply with the 
Kimberley process and adhere to standards of sourc- 
ing/quality control, environmental protection, health 
and safety, and social responsibility. Indian diamond 
manufacturers, the world’s principal source of diamond 
jewelry, are keen to adhere to global production stan- 
dards. So far, manufacturers who have adopted the BEM 
model have given enthusiastic feedback. Positive out- 
comes include greater productivity and reduced product 
turnaround time, goodwill gained in the industry, 
improved worker health with lower absenteeism, and 
new local sponsorship of social institutions and educa- 
tional systems. Ultimately, the consumer can feel con- 
fident that jewelry purchased through retailers who 
work with BEM suppliers has been manufactured with 
the highest global standards. AB 


Why China manufacturers are optimistic despite global 
slowdown. Jewellery News Asia, No. 290, October 
2008, pp. 81-84. 

In the wake of the global financial crisis, Chinese dia- 

mond jewelry manufacturers have turned their attention 

from exporting to the U.S. to creating branded jewelry 
lines for their domestic market. Several polished dia- 
mond wholesalers observed that Chinese consumers are 
broadening their preferences to include diamonds >0.50 
ct and SI-clarity goods, both of which had been a difficult 
sell there. They are also establishing closer ties to local 
retailers in promoting their branded diamond jewelry 
pieces, noting that manufacturers must pay more atten- 
tion to changing fashion trends and changes in the retail 
environment. RS 
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of Diamantina itself. Alarmed by the proph- 
ecies that a greater one would follow, many 
people fled from Portugal to Brazil. 
Francisca (Xica) da Silva, a mulatto 
slave, was presented to Joao Fernandes by 
a friend and became his mistress. She is 
described by historians as unprepossessing 
and corpulent and may have become so in 
later life but copperplate engravings, re- 
cently discovered in Serro, show her as a 
comely girl without any trace of her Negro 
origin, richly dressed, and Jaden with 
jewelry. The devotion of Joao Fernandes 
to this woman was truly remarkable. A 
short distance from Diamantina he built a 
veritable palace which not’ only contained 
a private chapel but also a theatre which 
had the distinction of being the only one 
in the district. Here, and in her town resi- 
dence, she entertained on a royal scale with 
regal arrogance. Even the highest in the 
land, including the Intendente himself, were 
offered her hand to kiss. Her wish to see a 
ship in full sail was gratified by the con- 
struction of a model vessel capable of carry- 
ing a crew-of eight, for which a special 
lake had to be constructed at great cost by 
damming up the river in front of her palace. 
The best seat in the church was reserved for 
her, to which she was usually attended by 
twelve slaves richly dressed. The church of 


” 


Nossa Senhora do Carmo, the most ornate 
in the city, and which Negroes were not 
allowed to attend, was specially built for 
her. It has the unique distinction of having 
its spire at the rear end because she thought 
the bells would make less noise at her home 
which was only a short distance away. 

Joao Fernandes eventually suffered the 
same fate as Caldeira Brant on the pretext 
that he had employed more than six hun- 
dred slaves, for which crime he was exiled 
to Portugal and fined eleven million cra- 
zados. The payment of this heavy amount 
did not impair his fortune to any great 
extent. His will refers to a palace near 
Lisbon in which he resided, an entire block 
of buildings in the city itself, several blocks 
in Rio de Janeiro’ and seventeen farms in 
different parts of Brazil. Xica was not 
allowed to accompany him and faded out 
of the picture. Her home in Diamantina is 
now being repaired by the Patrimonio His- 
torico, but vandals of a later date left not 
a stone of the palace standing. 

Diamantina itself is now shorn of “its 
former glory. but still adds its quota of 
diamonds to the national total. For reasons 
which the writer hopes to present on a 
future occasion, it has a special claim to 
distinction: It appears to be the only place 
in Brazil in which diamonds occur in situ. 


@ The author’s son, David, in typical mining camp. 
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MORE ON THE “FLUORESCENCE CAGE” 


We read with interest the article “’Fluorescence cage’: 
Visual identification of HPHT-treated type I dia- 
monds,” by Inga Dobrinets and Alexander Zaitsev in 
the Fall 2009 issue (pp. 186-190). The authors claim 
that the fluorescence cage they observed is proof of 
high-pressure, high-temperature (HPHT) treatment of 
type I diamonds. 

The features described are identical to those pub- 
lished over eight years ago by Pierre Yves Boillat and 
coauthors (“Luminescences sous excitation visible des 
diamants noirs irradiés: les luminescences d’arétes” 
[Luminescence of irradiated black diamonds under vis- 
ible light excitation: Facet edge luminescence], Revue 
de Gemmologie afg, No. 141-142, 2001, pp. 37-41, see 
also figure 1). This article has an English abstract and 
figure captions, as it was felt the results could interest 
the international gemological community. “Facet-edge 
luminescence” is illustrated in 17 photographs. 

Hence, fluorescence cage luminescence is not char- 
acteristic of HPHT-treated diamonds. It is common 
among certain classes of irradiated (and sometimes 
annealed) diamonds. A similar phenomenon can be 
observed as well on natural, untreated diamonds, 
although there are minor differences. Ascertaining 
unambiguously the cause of this curious phenomenon 
requires further experimentation. 

Emmanuel Fritsch 

University of Nantes and IMN, Nantes, France 
Franck Notari and Candice Grobon-Caplan 
Gemtechlab, Geneva, Switzerland 

Thomas Hainschwang 

Gemlab, Balzers, Lichtenstein 


REPLY: The reason we concluded that the “fluores- 
cence cage” is related only to HPHT-treated type 1 


LETTERS 


@OBE@ % 


diamonds was a simple one: We never saw this effect 
in diamonds except in HPHT-treated ones, and at the 
time of our G#G publication, we were unaware of the 
Boillat et al. article (for which we offer our apology). 
We did not observe the effect on irradiated diamonds 
that were occasionally checked together with HPHT- 
treated ones with the fluorescence microscope. 
Although one heavily electron-irradiated diamond of 
deep greenish blue color did show a weak “cage,” this 
observation was not anomalous because that diamond 
also revealed clear features of prior HPHT treatment. 
We interpreted this fact as evidence of the high stabili- 
ty of the “cage”—that is, that it can survive heavy irra- 
diation. Thus, from a practical point of view, we have 
no doubt that the “fluorescence cage” is a very strong 
indicator of HPHT treatment. 

Concerning the occurrence of the “cage” effect in 
natural (untreated) diamonds, of course, it is theoreti- 
cally possible. Indeed, some natural-color diamonds 
may reveal characteristic features of HPHT annealing 
or irradiation that has occurred while the gem is in the 
earth. In our experience, however, such diamonds are 
extremely rare. 

Concerning the physics of the effect, we are not 
certain that the “fluorescence cage” seen in HPHT- 
treated diamonds is fully identical to the “facet-edge 
luminescence” observed in the irradiated stones. In 
some HPHT-treated diamonds we examined, the “flu- 
orescence cage” has an appearance very different from 
that of the regular “cage” and that of the “facet-edge 
luminescence.” These results will be published soon 
elsewhere. 


Alexander Zaitsev 
College of Staten Island, New York 


Inga Dobrinets 
European Gemological Laboratory, New York 


Figure 1. These photos show facet-edge 
luminescence in irradiated diamonds that 
were not HPHT treated. Left = irradiated 
dark green, nearly black diamond (2.5 
mm); right = irradiated and heated 
(830°C) black diamond, magnified 30x. 
The same luminescence pattern was 
observed before heating. Photomicro- 
graphs by F. Notari. 
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RUBY AND SAPPHIRE PRODUCTION 
AND DISTRIBUTION: 
A QUARTER CENTURY OF CHANGE 


Russell Shor and Robert Weldon 


During the past 25 years, the corundum market has been transformed from one of medium- 

to high-priced gems to one that encompasses nearly all price ranges. This transformation was 
caused by the discovery of a number of large deposits and the development of treatment process- 
es that enhanced the color and clarity of huge quantities of previously noncommercial sapphire 
and ruby. More recently, however, controversial treatments have undermined confidence and 
prices in some material, while political events and press scrutiny have affected the supply chain 
for rubies and sapphires from localities such as Myanmar and Madagascar. 


em corundum—ruby and sapphire—has 

been among the most coveted of colored 

stones for millennia, historically favored 

by ancient Indian nobility and Asian and 
European aristocracy. Today, these gems continue 
to be sought by jewelry consumers worldwide 
(see, e.g., figure 1). Over the past 25 years, they 
have evolved from rare, generally high-priced 
goods to arguably the world’s most widely sold 
colored gemstones, accounting for approximately 
one-third of all global colored stone sales by value 
(BUZ Consulting, 2009). This transformation 
began in the early 1980s when cutters and dealers, 
primarily in Thailand, began heat treating vast 
quantities of low-grade material from deposits in 
Australia, Sri Lanka, and (in the 1990s) Mong Hsu, 
Myanmar, to produce attractive blue and pink sap- 
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phire and ruby. As sales outlets expanded— 
notably to television shopping networks and the 
internet—the strong demand set off a surge in 
exploration that uncovered many new sources of 
rough and spurred the introduction of new treat- 
ments to transform even larger quantities of 
marginal material into goods attractive enough for 
jewelry use. While some of these treatments 
caused difficulties in the market that remain unre- 
solved, prices for fine, untreated material have 
soared to record highs, even since the onset of a 
global recession in 2008. 

The popularization of corundum was further 
sparked by the discovery of large quantities of gem 
rough (or treatable gem rough) at previously 
unknown sources in regions such as Madagascar and 
eastern Africa, as well as continued mining at his- 
toric localities such as Myanmar, Sri Lanka, and 
Thailand. 

In more recent years, social and ethical issues 
similar to those that affected the diamond industry 
in the late 1990s have affected corundum as well. In 
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1999, for example, concerns over the environmental 
and social impacts of Madagascar’s sapphire rush 
made international headlines. More recently, a 
number of countries have enacted sanctions against 
Myanmar, historically the world’s most important 
source of high-quality rubies, because of that gov- 
ernment’s repressive practices. 

This article reviews all of these developments, 
and provides results from two recent comprehen- 
sive studies of retail colored stone demand, to pro- 
vide a mine-to-market analysis of corundum over 
the last quarter century. 


GEM CORUNDUM SOURCES 
AND PRODUCTION 


The locality of origin of a gemstone can exert a 
powerful influence on price and demand because of 
the unique attributes a specific source may impart 
to the material, from physical characteristics such 
as a distinctive color and inclusions, to the history, 
lore, and legend of certain gem-bearing regions. 
Several sources, traditional and newly found, have 
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Figure 1. Fine rubies and 
sapphires are among the 
most coveted of all gems. 
This ruby and diamond 
necklace is set with 39 
unheated Burmese rubies 
(83.73 ct total weight; the 
largest is 5.00 ct). Courtesy 
of Mona Lee Nesseth 
Custom and Estate Jewels 
and a private collector, 
Laguna Beach, California; 
photo by R. Weldon. 


supplied goods to the ruby and sapphire market over 
the last quarter century, as detailed below. 

This section is organized into three parts: The 
four traditional ruby and sapphire sources, most of 
which have been mined since antiquity; the newer 
major producers that have been developed within 
the last 25 years; and lesser sources, several of 
which hold promise to be commercially important 
in the future. 

A caveat: We have made every effort to include 
production figures for the individual localities 
where such information is available. Unfortunately, 
most such data are notoriously unreliable or diffi- 
cult to interpret, even when coming from mine 
owners or official government sources. For example, 
quantities of rough extracted are generally reported 
in kilograms (1 kg = 5,000 carats) with few specifics 
on the quality of the material. And export data, 
which rarely detail various gem types, are often 
skewed toward the financial advantage of the 
exporter (i.e., often less than the actual amount if 
there are export taxes) and do not take into account 
goods illegally smuggled out of the country (a com- 
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Figure 2. A Kashmir sapphire’s prized soft, velvety 
appearance, seen in this 3.08 ct gem, is caused by 
microscopic inclusions. Courtesy of Joeb Enterprises, 
Chattanooga, Tennessee; photo by R. Weldon. 


mon practice in many gem-producing nations). 
We have, however, made every effort to find the 
best figures available to provide a serviceable, 
if imperfect, profile of ruby and sapphire production. 


Traditional Sources. These sources—Kashmir, 
Myanmar (Burma), Sri Lanka, and Thailand—have 
been producing high-quality material for literally 
centuries. All have been active over the last 25 
years, but in some cases production has seen great 
highs and lows, and in others political concerns 
have played a key role in the gems’ distribution to 
the global market. 


Kashmir Sapphire. Among gem localities, Kashmir 
shares the pinnacle with Mogok (for ruby) and 
Colombia (for emerald). Classic Kashmir sapphires 
exhibit a velvety, lush blue color that makes top 
specimens among the world’s costliest—and 
rarest—colored gems (figure 2). Sapphires were first 
discovered in Kashmir (in what is now the Indian 
part of the region) in 1881 after a landslide revealed 
the blue gems high in a Himalayan mountain pass 
in the Paddar area west of Srinagar (Atkinson and 
Kothavala, 1983). 

Although the Kashmir district has been at the 
center of a hostile border dispute between India and 
Pakistan for some 60 years, limited material is still 
being mined in the area. However, these newer 
goods rarely show the distinctive velvety blue of 
“classic” Kashmir sapphires (Michelle, 2007). JAK 
Minerals, an enterprise run by the Indian state of 
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Jammu and Kashmir to work the area around the 
original deposits, reported mining 15,000 kg of gem- 
quality sapphire between 1963 and 1998, 9 kg from 
1998 to 2001, and 21 kg between 2002 and 2007— 
with colors ranging from near-colorless to dark blue 
(“Kashmir sapphire mines,” 2008). 

Kashmir stones continue to command some of 
the highest prices paid for any gem. Of the 150 top 
price-per-carat sapphires sold at the major auctions 
between 1979 and 2008, 121 were described as 
Kashmir (F. Curiel, pers. comm., 2008). On 
December 1, 2009, a private bidder paid $2.396 mil- 
lion for a 16.65 ct Kashmir sapphire at the Christie’s 
Magnificent Jewels auction in Hong Kong—at 
almost $144,000 per carat, the most ever paid for a 
sapphire at auction (Christie’s, 2009). In the four 
years prior to that sale, auction prices for top 
Kashmir sapphires ranged from $39,000 to $135,000 
per carat (F. Curiel, pers. comm., 2009). 


NEED TO KNOW 


¢ New sources and new treatments have greatly 
expanded the supply of gem corundum. 

¢ Myanmar and Sri Lanka remain major sources, and 
have been joined by Madagascar. 

¢ Once a major producer, Thailand is now the world's 
cutting, treating, and trading center. 

¢ Most ruby and sapphire requires treatment to be 
salable. 

¢ Consumers will be increasingly concerned with social, 
environmental, and fair trade issues in the future. 


Kashmir Ruby and Pink Sapphire. In 1979, rubies 
and pink sapphires were discovered on Nangimali 
Mountain on the Pakistani side of Kashmir (Kane, 
1997, 1998). The mine, situated in extremely 
remote and rugged mountainous terrain, consists of 
two main workings (at 14,300 feet [4,360 m] and 
12,500 feet [3,810 mJ} that are accessible only from 
May to October because of the severe weather. It is 
one of the highest working ruby mines in the world, 
which helps explain why actual production did not 
begin until 1990. 

Some of the output from this marble-hosted 
deposit is comparable in quality to material from 
Mogok. Although the rough is commonly small, 
one facet-grade crystal weighed 17 g (85 ct; Kane, 
1997, 1998). It is believed the mine was still operat- 
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ing as of 2008 (R. Kane, pers. comm., 2009), but 
reports of more recent production are sketchy given 
the remoteness of the deposit and military activity 
in the region. 


Myanmar. Burma (known as Myanmar since 1989) 
has been known as a source of fine ruby for more 
than a millennium. At the time of the first Burmese 
Empire in 1044, the gems were already an integral 
part of the kingdom’s economic activity (Themelis, 
2000). It has been estimated that at various periods 
in recent years Myanmar supplied perhaps 90% of 
the world’s rubies (Robertson, 2007). 

The term Burmese ruby traditionally has denot- 
ed the vivid red colors and medium-to-dark tones 
that were mined from the Mogok region, in 
Burma’s Mandalay Division. These are sometimes 
described as “pigeon’s blood red” in the trade (figure 
3). Over the years, such features have given 
Burmese ruby a cachet similar to that of Kashmir 
sapphire. Since the mid-1990s, large deposits of 
lower-quality ruby have been found and worked at 
Mong Hsu, in Shan State (Peretti et al., 1995). 
Recently, however, all of Burma’s gem riches have 
been the focus of negative press, with ruby and jade 
subject to trade bans (see Political Aspects, below). 


Figure 3. This “pigeon’s blood red” Burmese ruby 

(~1 ct) and Old Mine cut diamond ring was manufac- 
tured circa 1910. After the 1885 annexation of Upper 
Burma by the British, rubies began to enter the 
European gem markets in earnest. Courtesy of Frank 
Goodman & Son, Los Angeles; photo by R. Weldon. 
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Mogok. Many of the notable rubies mounted in 
royal jewels, and now seen in museums, had their 
origins in the mines that operate throughout the 
historic Mogok Stone Tract. Top-quality Mogok 
rubies continue to command astounding prices in 
the marketplace. On February 15, 2006, Christie’s 
Geneva sold an 8.62 ct Burmese ruby (figure 4) for 
$3.64 million, or about $422,000 per carat. Of the 
more than 150 rubies that have achieved prices over 
$50,000 per carat at the Christie’s auctions, only 12 
were not Mogok stones (F. Curiel, pers. comm., 
2009). Although the ruby and other gem mines and 
official sales were nationalized in 1969 (Themelis, 
2000), in an attempt to curtail illegal mining the 
Myanmar government began authorizing citizens to 
apply for joint-venture mining leases in the ruby 
and sapphire districts as well as jadeite mining areas 
in March 1990 (see, e.g., Kane and Kammerling, 
1992). Today, joint ventures between the Myanmar 
government and private entities still exist in 
Myanmar’s mining areas, including Mogok and 
Mong Hsu, though percentages of ownership are dif- 
ficult to ascertain (R. Schluessel, pers. comm., 
2.009). Ruby and pink sapphire are the primary prod- 
ucts from Mogok, but significant amounts of fine 
blue sapphire are also recovered. 


Figure 4. The Graff Ruby, an 8.62 ct Burmese 
stone set into a ring by Bulgari, sold for a record 
$3.64 million—about $422,000 per carat—at the 
Christie’s February 2006 auction in St. Moritz. 
Photo by Denis Hayoun/Diode SA; courtesy of 
Christie’s International. 
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Figure 5. Mong Hsu crystals typically have a red rim 
surrounding a violet to dark blue core. Heat treatment 
causes the blue coloration to disappear, resulting in 
a uniformly red (ruby) crystal. Photomicrograph by 
Edward Gtbelin. 


Mong Hsu. In late 1992, rumors of a new discovery 
of corundum in Myanmar began circulating in the 
trade, and vast quantities of gems appeared in 
Bangkok, though the color tended to be much lower 
in quality than that of traditional Mogok material 
(Peretti et al., 1995). Mong Hsu quickly became the 
world’s largest supplier of corundum during the 
early and mid-1990s. Articles reporting on and 
describing the new material—vastly different from 
that of Mogok—began circulating in trade journals 
and scholarly publications (e.g., Kane and Kammer- 
ling, 1992, Peretti et al., 1995; Schmetzer and 
Peretti, 1998; Drucker, 1999b). In fact, the gems 
from Mong Hsu were so different from the Mogok 
material that the phrase Burmese ruby acquired a 
qualifier in the trade: Mogok or Mong Hsu. 

Mong Hsu’s corundum was often difficult to 
characterize because the crystals had unique color 
zoning: transparent red outer rims with cores that 
typically appeared violet to dark blue (e.g., figure 5). 
Heat treatment improved the salability of this 
material by converting the violet and dark blue 
cores to yield uniformly red stones (e.g., figure 6). It 
also produced characteristic features, such as inclu- 
sions of white particles easily seen with magnifica- 
tion. Note, too, that Mong Hsu rubies typically con- 
tain cavities and fissures that may be filled with 
glass during the heating process (Hughes and 
Galibert, 1998). A similar process (with borax as a 
flux) had been widely used decades earlier during 
the heat treatment of Burmese and Thai rubies 
(Kane, 1984). 

Since 2004, production from Mong Hsu has 
dwindled considerably (R. Schluessel, pers. comm., 
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Figure 6. This 6.21 ct ruby from Mong Hsu is heat 
treated, as are most stones from this locality. 
Courtesy of Pillar e) Stone International, Tiburon, 
California; photo by R. Weldon. 


2009). The primary reason is that easily accessible 
areas of the deposit have been exhausted, but the 
government reportedly has also relocated large 
numbers of workers to other mining projects such 
as for gold and uranium (Helmer, 2008). 


Nanyaseik (Namya). In 2001, a rumor circulated 
among gem dealers regarding a gem rush in an area 
near Hpakant in Shan State (Peretti and Kanpraphai, 
2003). It soon became a short-lived new source of 
extremely fine-quality rubies—as well as sapphires 
and spinels—not unlike those from legendary 
Mogok. Experts say most of the material was quite 
small, but with rich, “true” colors not affected by 
gray or brown secondary hues (W. Larson, pers. 
comm., 2009). Stones in the 2-5 ct range were 
uncommon, and fine 10+ ct gems were very rare 
(Peretti and Kanpraphai, 2003). The area was 
exploited heavily between 2001 and 2004, but pro- 
duction has slowed to a trickle since then (Hlaing 
and Win, 2008). 


Political Aspects. In recent years, Burmese ruby has 
acquired some negative socio-political connotations, 
particularly in the United States and Europe. The 
source of this is the well-documented human rights 
abuses—of ethnic minorities and common citizens 
alike—committed by Myanmar’s ruling generals 
(see, e.g., U.S. Department of State, 2009). Further, 
many of these abuses have been linked to the gem 
trade (Jewelers of America press release, 2007; 
Newell and Gadner, 2007). It has been widely report- 
ed by the same sources and numerous mass media 
(see, e.g., Associated Press, 2007; Walt, 2007) that the 
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Printed in England. 


RHODONITE, THULITE 


Rhodonite (A) is a translucent pink to red brown mineral. 
It finds wide use as an ornamental stone and for beads, buttons, 
etc. The specimen illustrated here is a fine example of the rose 
colored material from Sweden. The blue crystals at (B) are 
cyprine, a variety of idocrase, while the pink material associated 
with it is thulite. The pleasing color and hardness (6 - 614) 
of both of these minerals makes them very desirable as orna- 
mental stones. The pink specimen at (C) is a polished slab 
of thulite. Both (B) and (C) are from Norway. Specimens from 
the collection of British Museum (Natural History), London. 


PLATE XXIV 


military junta—the State Peace and Democracy 
Council—owns a controlling interest in the mining 
and sale of gems that are exported officially. 

In 2003, the U.S. Congress responded by enact- 
ing the Burmese Freedom and Democracy Act, 
ostensibly to ban trade with Myanmar. However, 
the law had a loophole that permitted Burmese 
gemstones to be legally imported into the U.S. if 
they were cut (i.e., markedly transformed) in and 
exported from another country. Since so much 
Burmese material is processed in other countries, 
particularly Thailand, this had the effect of exempt- 
ing many Burmese gems from the ban. The 
European Union also passed a series of economic 
sanctions, including an embargo on the importa- 
tion of gems from Myanmar (Human Rights 
Watch, 2008). A few years later, the U.S. Congress 
closed the loophole in the 2003 legislation with 
passage of the Tom Lantos Block Burmese JADE 
Act of 2008, which specifies that any ruby and 
jadeite mined in Myanmar cannot be imported into 
the U.S. for commercial purposes. Other gems, 
such as sapphire, are not included, though importa- 
tion of rough sapphires is still prohibited by the 
2003 act. 

The intent of the JADE Act and the EU legisla- 
tion was to deny the junta revenues from gem sales 
(though the junta’s primary source of funds is natu- 
ral gas). The sanctions were also aimed at encourag- 
ing the government to free pro-democracy activist 
Aung San Suu Kyi, the 1991 Nobel Peace Prize win- 
ner, who has been held under house arrest (or in 
Myanmar’s notorious Insein prison) for 14 of the 
last 20 years (Tran, 2009). Nevertheless the sanc- 
tions have generated some controversy in the gem 
trade. On the one hand, U.S. retail jeweler Tiffany 
& Co. ceased buying and selling Burmese gem- 
stones after the passage of the 2003 Act (Tiffany & 
Co., 2009), and Jewelers of America worked to 
make its members aware of the political ramifica- 
tions of continuing to buy gems from Myanmar. On 
the other hand, some gem dealers have argued that 
the sanctions would actually harm Myanmatr’s arti- 
sanal gem miners (“ICA criticizes Burma ban,” 
2.008; Rosenbusch, 2.008). 

The sanctions have resulted in the closing of 
nearly 50 ruby mining sites, while official sales of 
all gems fell from 7.2 million carats in 2007 to 6.5 
million carats in 2008 (Kyaw-Zaw, 2009). Never- 
theless, official Myanmar figures tallied nearly $647 
million in gem exports in the fiscal year 2007-2008 
(Moe, 2009); the majority of those revenues were 
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Figure 7. Sri Lanka is the source of many colors of 
sapphire. This multicolored suite (1.47—7.34 ct) was cut 
by Mark Gronlund using concave faceting techniques. 
While concave faceting has traditionally been used 
with inexpensive gem materials, innovative cutters 
increasingly use it with corundum. Courtesy of Mark 
Gronlund, Umatilla, Florida; photo by R. Weldon. 


from jadeite, not rubies and sapphires. Reports also 
stated that buying by foreign dealers fell 50% after 
the introduction of the U.S. trade ban (Moe, 2009). 
Note, though, that it is impossible to obtain true 
production numbers because a large percentage of 
the corundum mined in Myanmar is smuggled into 
Thailand (Elmore, 2005). 


Sri Lanka. It is believed that the very first sapphires 
known to Europeans came from Ceylon (now Sri 
Lanka) after Alexander the Great invaded the Indian 
subcontinent in 325 Bc. A flourishing commerce in 
sapphires and rubies from that island nation took 
root later, during the Roman Empire, when active 
trading along the famous silk route existed between 
Rome and India (Hyrsl, 2001). 

Today, many colors of sapphire (e.g., figure 7) 
and occasional rubies continue to be found in 
riverbeds and other alluvial deposits in Sri Lanka , 
and the island nation is still a preeminent source for 
star sapphires and rubies (Robertson, 2002, figure 8). 
Although the government has recently granted 
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Figure 8. Sri Lanka is known for producing corun- 
dum’s phenomenal varieties, including asteriated 
gems. This collection of star sapphires (and one 
ruby) ranges from 2.65 to 15 ct. Courtesy of Rafco 
International, New York; photo by R. Weldon. 


some licenses for mechanized mining in a section of 
the Kalu Ganga riverbed, near Ratnapura, much of 
the country’s production still comes from small- 
scale rudimentary operations (Berenger, 2009). 

Even though Sri Lanka, like Myanmar, contin- 
ues to be a major producer of high-quality sapphires 
and rubies, this fact is often obscured by the exten- 
sive production of low-value whitish corundum 
(geuda sapphire). This material first became mean- 
ingful in the 1970s when Thai dealers discovered 
that it could be heat-treated at high temperatures 
(1500°C and above) to achieve greater transparency 
and pleasing blue colors (Nassau, 1981). Vast quan- 
tities of geuda were purchased and exported to 
Thailand for treatment. The importance of this 
development in the corundum marketplace cannot 
be overstated, both because heat treatment remains 
a critical factor in the corundum market today and 
because it functioned as a precursor to other types 
of heat-related treatments. The 1980s marked the 
point at which the treatment of previously worth- 
less material suddenly resulted in the widespread 
availability of appealing blue sapphires. 

Sri Lanka has sought in recent years to regain its 
stature as the source of high-quality sapphires of 
many colors, including the rare pinkish orange 
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“padparadscha” (figure 9), and ruby, as well as star 
ruby and sapphire (Hughes, 2003). The country’s 
National Gem & Jewellery Authority, noting that 
sapphire accounts for about 50% of total earnings 
from gem exports, announced initiatives in 2008 
described as “differentiating and positioning Ceylon 
sapphires at the top end of the sapphire spectrum in 
all categories” (Prematilleke, 2008b, pp. 63-64). 
These initiatives focused on creating a brand for the 
country’s small percentage of untreated sapphires 
above 3 carats, in order to attract more global 
buyers. 

Unfortunately, supplies of Sri Lankan sapphires 
in general—but untreated in particular—had dimin- 
ished in the years immediately preceding the initia- 
tives, resulting in dramatic price increases. 
Production of blue sapphires, the principal object of 
Sri Lanka’s branding efforts, declined 66.9% 
between 2.006 and 2007, from 472,961 carats to 
156,486 carats, while the price per carat rose 18.9%, 
according to the report, and per-carat prices for 
untreated goods soared (Prematilleke, 2008a). 
Additionally, the supply issues in Sri Lanka coincid- 
ed with decreased availability of material from 
Madagascar after the spring of 2008—leading to a 
general scarcity of sapphire supplies worldwide. 


Figure 9. Sri Lanka is also an important source of 
pinkish orange “padparadscha” sapphires, like 
this untreated 88.11 ct gem. Courtesy of Evan 
Caplan, Los Angeles; photo by R. Weldon. 
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Thailand. Mining and Production. Accounts of 
rubies from the Kingdom of Siam, as Thailand was 
called until 1949, date back to the 15th century, and 
figure importantly in reports from European travel- 
ers and traders who visited the area between 1600 
and 1800 (Hughes, 1997). Historically, most of these 
early accounts referred to the area that straddles the 
border between present-day Thailand and 
Cambodia. 

Although the sensational quality of Kashmir 
sapphire would overshadow the traditional 
Siamese goods, the kingdom was still regarded as 
the most important source of blue sapphire, by 
quantity, until 1907 when it was forced to cede its 
eastern provinces, including Pailin (now in 
Cambodia}, to the French colonial regime in what 
was then Indochina. In the 20th century, other 
areas of Siam were opened to corundum mining, 
and by the mid-1930s, Siam was reportedly pro- 
ducing half the world’s sapphires (Gravender, 
1934). 

Mining apparently halted in the region during 
World War II and its aftermath. It eventually 
resumed on a small scale until 1978, when a large 
deposit was discovered that yielded dark blue colors 
after heat treatment. Not quite as dark as Australian 
goods (see below), most Thai sapphires found their 
way to the better end of the commercial market 
(Hughes, 1997). The deposit, located close to Bo 
Phloi in western Thailand, attracted several large, 
mechanized mining operations. Nine years later, in 
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Figure 10. Small sapphire 
mining operations, such 
as this one in Chanthaburi, 
are still active in some 
parts of Thailand. Photo 
taken in July 2008 by 

R. Shor. 


1987, geologists reported that the Bo Phloi deposit 
was much more extensive than previously believed, 
and the opening of several more major mines made 
the region one of the world’s largest sources of blue 
sapphire. Production began to decline in the mid- 
1990s, with less than 200 kg recovered annually 
from 1995 through 2005, a tiny fraction of the world 
total (Yager et al., 2008). In recent years, only one 
large Thai-based concern, SAP Mining Co., has con- 
tinued to operate in the Bo Phloi area, along with 
scattered smaller operations elsewhere in the coun- 
try (e.g., figure 10). 

Thailand’s ruby production, mainly in Trat 
Province, was sporadic through the early years of 
the 20th century. In the 1960s, production rose 
steadily to make Thailand a leading source until the 
Mong Hsu discovery. Like much of its blue sap- 
phire, Thai ruby tended to be darker than what 
most dealers consider optimum, though heat treat- 
ment could often lighten the color by removing pur- 
ple or brown secondary hues (Nassau, 1981; Keller, 
1982). Production from the three mining areas in 
Trat peaked in the 1980s, as mechanized operations 
took over. By the 1990s, most of the known 
deposits had played out, with production estimated 
at 15-30 kg yearly through 2005 (Hughes, 1997; 
ICA 2006 World Gemstone Mining Report, 2006; 
Yager et al., 2008). 


Thailand as a Gem Cutting and Trading Hub. Even 
as the country declined as a gem producer, mem- 
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Figure 11. While there are still crowds of dealers and 
buyers at the open gem market in Chanthabuti, politi- 
cal and economic events as well as supply problems 
have diminished both the quantity and quality of 
goods offered. Photo taken in July 2008 by R. Shor. 


bers of the Thai industry moved aggressively to 
retain and expand their role as the world’s primary 
dealers and distributors of corundum. They did this 
by buying the majority of corundum production 
from other sources, such as Sri Lanka, Australia, 
Tanzania, and Madagascar, and by developing treat- 
ment methods that allowed them to process much 
greater quantities and quality ranges of material. 

Today, an estimated one million Thais make 
their living from the gemstone industry through 
cutting, trading, and treating (“Thailand govern- 
ment waives VAT... ,” 2009). Approximately 70% 
of the world’s sapphires and 90% of its rubies pass 
though Thailand. Most are treated and cut in 
Chanthaburi, where the weekend gem markets still 
draw thousands of buyers and sellers (figure 11), and 
are then exported through Bangkok (ICA 2006 
World Gemstone Mining Report, 2006). 

Figures published by the Gem and Jewelry 
Institute of Thailand (2009) indicate that polished 
gemstone exports in 2008 totaled approximately 
$254.89 million, of which sapphire represented 
46.7% and ruby 40.62%. Although the export value 
of cut gemstones increased nearly 50% between 
2007 and 2008, imports of rough declined 13% 
($22.9 million to $19 million) for the same period. 
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Recent advances in treatment, such as beryllium 
diffusion (see the Effects of Treatments section 
below), caused a severe crisis in confidence, sending 
demand and prices for some colors (mainly yellow 
to orange) of commercial-quality treated sapphire to 
historic lows (Shor, 2008). Additional challenges 
have been created by a 2008-09 embargo on exports 
from Madagascar, the U.S. and EU bans on ruby 
from Myanmar, the global economic downturn, 
and political instability in Thailand (Shor, 2008). 

Even before these issues arose, the Thai trade 
began to see problems. Early in 2007, the country’s 
two major trade associations, reacting to the closure 
of many cutting operations, petitioned the govern- 
ment for assistance (Shor, 2007b). After gemstone 
exports plunged by one third, from $130.5 million 
during the first half of 2008 to $88.2 million for the 
corresponding period of 2009 (Gem and Jewelry 
Institute of Thailand, 2009a,b), the Thai Ministry of 
Commerce waived the value-added tax on rough 
and cut gemstones from countries that did not have 
a trade agreement with the government and crafted 
a loan package totaling $148 million to assist small- 
and medium-sized businesses (“Thailand to 
become. . .,” 2009). At this writing, the program has 
not been in effect long enough to determine its 
impact. 


Newer Major Sources. These sources—Australia, 
Madagascar, and Vietnam—had a major impact on 
world corundum production over the last quarter 
century. While only Madagascar continues to be a 
major source of sapphire and, to a lesser extent, 
ruby, all played a significant role during this period. 


Australia, Australia’s prolific sapphire production 
from the late 1970s through the 1980s helped, along 
with Sri Lanka, to usher in the era of mass-market 
corundum, with vast quantities of lower-priced, 
inky blue material that became a staple in popular 
calibrated-cut-stone jewelry (Hughes, 1997). 
Actually, the country was one of the world’s pre- 
mier sapphire sources early in the 19th century 
(Coldham, 1985). The Anakie deposit in central 
Queensland proved to be the largest, with some 2 
tonnes of corundum mined there by 1913. However, 
production waned after World War I, as the prime- 
color material was mined out and the vast majority 
of what remained was clouded with silky inclusions 
and deemed too dark for commercial use. During the 
1960s, however, the Thais refined heat treatment 
effectively enough to remove these silky inclusions 
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and thus somewhat lighten the stones, making the 
Australian material more commercially viable 
(Coldham, 1985; Hughes, 1997). 

Thai traders established buying operations in 
Australia in the late 1960s, spurring expanded pro- 
duction. In addition to restarting the Anakie fields, 
miners began working Invernell, a known sapphire 
source in New South Wales that was subsequently 
discovered to be part of a much larger deposit later 
called the New England gem fields. A third area, 
Lava Plains, in Queensland, produced significant 
quantities of sapphire for several years from the late 
1980s until 1993. The introduction of modern, 
mechanized sapphire mining meant that large quan- 
tities of material entered the market in a short peri- 
od (Hughes, 1997). During the 1970s and through 
the early 1990s, Australia produced an estimated 
70% of the world’s sapphire. The best qualities 
were often separated out and marketed as “Thai,” 
“Sri Lankan,” or “Cambodian” (Beard, 1998). 

Production from Australia peaked in the mid- 
1980s but remained high through the next decade as 
smaller deposits, particularly in the New England 
area, in addition to Lava Plains, were discovered and 
worked to exhaustion after a few years (“Australian 
sapphires,” 2005). However, rising mining costs and 
tough environmental restrictions, coupled with the 
continued low prices, discouraged further explo- 
ration to replace areas that had been played out 
(Beard, 1998). 

From 1995 to 2005, Australia’s sapphire produc- 
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Figure 12. Madagasca 
has been an important 
source of sapphires 
since 1993-94. Many 
have come from hand- 
dug pits such as this 
one at Ilakaka. Photo 
taken in July 2003 by 
Brendan M. Laurs. 


tion declined by some 60%, from an estimated 
13,000 to 5,500 kg (Yager et al., 2008). However, a 
number of areas remain open to “fossicking” (hand 
digging), and in late 2007 the Queensland govern- 
ment indicated that some mechanized production 
might restart at Lava Plains (Neville, 2007). 

Ruby was mined along the Gummi River north 
of Sydney between 2.004 and 2.006, with the mine 
operator, Cluff Resources, reporting that 440,000 
carats of cabochon- and some facet-grade material 
were extracted. The company suspended operations 
early in 2007 after local governments declined to 
approve a request to extend mining operations to a 
broader area (Cluff Resources, 2007). 


Madagascar. Sapphire. Madagascar has developed 
into the most important source of sapphire, blue 
and fancy colored, within the past two decades (see, 
e.g., figure 12). Corundum finds there were minor 
until 1993-94, when attractive blue sapphires were 
found in the Andranondambo area of the island’s 
southeast corner. The deposit proved lucrative, with 
some 1,200 kg exported to Thailand annually for 
the next three years and a number of 15-20 ct 
stones cut. A very high percentage of this material 
responded well to heat treatment, and some of the 
best-quality goods were compared to Kashmir sap- 
phire (Schwarz et al., 1996). 

The first truly major find came in 1996, in the 
Antsiranana region at the extreme north of the 
country. Within two years, the area became one of 
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the world’s most productive sources of commercial- 
quality sapphire, as an estimated 10,000 miners 
worked small claims with hand tools while traders 
from Thailand and Nigeria bought and exported the 
production (Schwarz et al., 2000). However, in 1998 
the government temporarily halted activities in the 
area after miners encroached on the nearby Ankarana 
nature preserve (“Sapphire mining halted,” 1998). 
The ban was lifted within a few months, but by then 
discovery of an even-larger sapphire deposit had 
enticed the miners and dealers to travel more than 
1,200 km south to the small village of Iakaka. 

What made the Ilakaka find so notable was its 
immense size—huge amounts of sapphire (some 
4,500 kg, Yager et al., 2008) entered the market very 
quickly in 1999—as well as the attractive blue color 
of some of the material and the fact that it generat- 
ed international headlines. The hundreds of pits dug 
in the area (again, see figure 12) also yielded other 
colors (Johnson et al., 1999; figure 13). Although 
much of the production was small (less than 1 ct) 
and of commercial quality, some of the material 
rivaled the best Sri Lankan sapphires. Pink sap- 
phires from that area supported the market through 
a wave of popularity in the mid-2000s (Pardieu and 
Wise, 2005). The Ilakaka discoveries came at a for- 
tuitous time. As noted above, the traditional sap- 


Figure 13. The sapphire production from Madagascar 
(here, 0.45-1.99 ct, primarily from Iakaka) is notable 
for the broad range of colors produced. Courtesy of 
Robert Kane/Fine Gems International, Helena, 
Montana; photo by R. Weldon. 
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phire sources in Thailand were nearing depletion 
and the large Australian deposits were winding 
down, so most of the stones reaching the market 
came from Sri Lanka and relatively small workings 
in Myanmar and Tunduru, Tanzania. Iakaka is still 
producing material, but mining activity was severe- 
ly curtailed during a 2008-09 export embargo and 
by the fact that the easily worked areas were deplet- 
ed (T. Cushman, pers. comm., 2009). 

Because a high percentage of the sapphires pro- 
duced were smuggled out of Madagascar, produc- 
tion statistics tend to be incomplete and contradic- 
tory. One report said that by 2005, Madagascar was 
responsible for an estimated 50% of the world’s 
sapphires (Tilghman et al., 2007). However, a U.S. 
Geological Survey (USGS) study placed Madagas- 
car’s sapphire output at 25-40% of world share 
between 2000 and 2005 (Yager et al., 2008). Note, 
though, that the USGS study was based on volun- 
tary responses to questionnaires and did not 
include material smuggled from any source coun- 
try including Madagascar. In addition, the USGS 
reported that Madagascar’s sapphire production 
climbed from 140 kg in 1995 to over 9,500 kg in 
2000, receding to 4,700 kg in 2005 (Yager et al., 
2.008). But the stated value of legally exported 
material was far lower than such large quantities 
would indicate. Tilghman et al. (2007) reported that 
the overall value of “precious stones” (the vast 
majority of which were sapphires) produced in and 
legally exported from Madagascar was only $7.63 
million in 2005, up from $5.84 million in 2001 and 
$2.61 million in 1998. This may be explained by a 
claim that 50 kg of sapphire were smuggled to 
Thailand each week, supported by a World Bank 
estimate that the country saw less than 5% of its 
potential revenues from sapphire exports (“Getting 
stoned,” 2005). 


Ruby. Madagascar also has been an important 
source of rubies. One major find, in September 
2000, was in Vatomandry near the eastern coast. 
The material was high quality and generally pinkish 
red to red (e.g., figure 14), with the finer goods com- 
parable to Mogok rubies. About 30-40% was mar- 
ketable without heat treatment (Leuenberger, 2001). 
Fearing a repeat of Ilakaka’s uncontrollable gem 
rush, government authorities quickly sealed the 
area to miners and divided it into concessions, 
though by 2005 most miners had left the area 
because all the easily worked deposits were played 
out (Hughes et al., 2006). 
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Figure 14. In their best qualities, rubies from 
Madagascar’s Andilamena deposit (above, cut 
stones 4.85 and 5.02 ct) have bright refractive 
qualities and slightly orangy red hues. Vatomandry 
rubies (below, cut stones 1.78 and 2.03 ct) show 
desirable pinkish red to red colors. Courtesy of 
Allerton Cushman & Co., Sun Valley, Idaho; 
photo by R. Weldon. 


About the same time, a second deposit was dis- 
covered in north-central Madagascar, near the town 
of Andilamena in a difficult-to-access rainforest. 
Again, a boomtown appeared nearly overnight, with 
an estimated 40,000 miners descending on a previ- 
ously uninhabited locality. The government tried to 
seal the area, but was stymied by the challenging 
logistics. Although the material was quite plentiful 
and the best stones were a bright, slightly orangy 
red (again, see figure 14), the commercial stones 
tended to be over-dark and most of the rough was 
fractured and—at the time—unmarketable as gems 
(Leuenberger, 2001). That would soon change. 

In 2004, large quantities of lead glass—filled ruby 
began filtering into the market, much of it from the 
Andilamena deposit. This treatment was different 
from the borax-based glasses and flux residues men- 
tioned above. The infusion of lead glass disguised 
the fractures and transformed pale, opaque material 
into attractively colored, translucent rubies. The 
stones were competitively priced, between $2 and 
$20 per carat, and proved easily identifiable 
(McClure et al., 2006). As the Andilamena deposit 
was mined out, however, the quality of the material 
deteriorated even further, with the result that many 
“rubies” reaching the market consisted more of 
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lead-glass filler than actual corundum (“Gem treat- 
ments. . .,” 2009; see also the Effect of Treatments 
section below). 


Environmental and Social Challenges. The govern- 
ment’s concern about Madagascar’s gem rushes was 
justified, as the boomtowns attracted more than 
miners, gem dealers, and news media. Stories of vio- 
lence, corruption, disease, and environmental dam- 
age rapidly became an integral part of the interna- 
tional reporting on the Ilakaka sapphire rush (see, 
e.g., Hogg, 2007). 

In addition to the problems documented at 
Ilakaka, reports have also cited the extensive dam- 
age to the country’s rainforests and nature preserves 
by miners digging for gems, often abetted by corrupt 
officials who sometimes have a vested interest in 
mining activities (“Getting Stoned,” 2005; 
Tilghman et al., 2007). Environmentalists are partic- 
ularly concerned because an estimated 80-90% of 
Madagascar’s indigenous plant and animal species 
exist nowhere else (Tilghman et al., 2007). 

And, as noted above, the gem rushes have failed 
to bring commensurate benefits to Madagascar’s 
treasury because of smuggling. 

In 2003, the country’s newly elected president, 
Marc Ravalomanana, moved to reform national 
gem mining policies in hopes of reducing illicit 
exports and gaining more revenues. He also sought 
to limit environmental damage by controlling gem 
rushes and enforcing bans on gem mining in nation- 
al parks. The policy reforms simplified the complex 
system for licensing gem mines, established gemo- 
logical training programs, and permitted foreign 
companies to mine and export gems. While winning 
praise from the World Bank and other development 
agencies (Duffy, 2005), the reforms stalled early in 
2008 after the Secretary General of Mines banned 
all gem exports (Shor, 2008). In July of that year, a 
delegation from Thailand, including several govern- 
ment officials and members of key Thai gem trade 
associations, met with Malagasy officials to have 
the ban lifted. They succeeded in eliminating the 
ban on cut stones, but not that on rough, which 
remained in effect until mid-2009, though an 
unknown quantity of goods still exited the country 
illegally. So many dealers and miners reportedly left 
Tlakaka that the town shrank to one-fourth its peak 
size (T. Cushman, pers. comm., 2008). 

In March 2009, Mr. Ravalomanana was forced 
from office in a coup, and on July 17, the ban on 
gemstone exports was completely lifted by the min- 
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ister of mines for the interim government, Jean 
Rodolphe Ramanantsoa. He noted that the 19- 
month ban ultimately cost the government $39 
million in revenue and affected the livelihoods of 
more than 100,000 Malagasy artisanal miners 
(Cushman, 2009). 


Vietnam. In the late 1980s, rumors of a major ruby 
find in Vietnam began circulating through the 
world’s gem centers. To help manage the newly dis- 
covered deposits, the Vietnamese government creat- 
ed the state-owned Vietnam National Gem and 
Gold Corp. (Vinagemco) in 1988 to engage in 
prospecting, mining, processing, and trading of gem 
materials. From November 1989 to March 1990, an 
estimated three million carats of ruby were mined 
from the Luc Yen district, north of Hanoi. 
Described as “Burmese color,” the ruby began hit- 
ting the Bangkok gem markets in 1990 and 1991 
(Kane et al., 1991). 

In 1991, the Vietnamese government established 
a joint venture with a Thai operation, B. H. Mining 
Co., to begin mechanized extraction in the Luc Yen 
area. By 1994, mechanized operations had ceased 
because the deposits were no longer economic 
(Kammerling et al., 1994). In general, the Luc Yen 
ruby, and its small quantity of blue and pink sap- 
phire, was of good color but relatively low clarity— 
only a small percentage was eye clean. 

Several hundred kilometers to the south, at the 
top of the Ho Chi Minh trail, discovery of rubies in 
the Quy Chau area attracted thousands of local dig- 
gers in the early 1990s before the government 
moved in to organize operations. A third major find 
occurred in 1994 at Tan Huong, about 80 km south 
of Luc Yen. From 1994 to 1996, hundreds of kilo- 
grams of rubies and star rubies were mined illegally 
and sold to foreign dealers until the deposit was 
taken over by Vinagemco. As at Luc Yen, the rubies 
were red to purplish red. Sapphires—orange, blue, 
and violet—were also found in these two areas, 
though in much smaller quantities than ruby. 
Several relatively small deposits of blue sapphire 
were located during the 1990s in the southern and 
central portions of the country (Van Long et al., 
2004). 

Most of Vietnam’s corundum deposits, while 
yielding large quantities of material in a fairly 
short time, were no longer commercial after a few 
years (Van Long et al., 2004). For example, Viet- 
nam’s sapphire production soared from an estimat- 
ed 40 kg in 1996 to 1,700 kg two years later, but by 
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2001 production was down to 70 kg (Yager et al., 
2008). 

By 2006, these areas were mainly worked by 
local diggers who extracted relatively small quanti- 
ties of material, illegally in some cases, and sold 
them to Thai dealers (ICA 2006 World Gemstone 
Mining Report, 2006). Most reports note the 
promise of more deposits awaiting discovery, but to 
the best of our knowledge the government has yet 
to undertake a detailed geologic survey. 


Lesser Producers. A number of other countries pro- 
duce ruby and sapphire from generally small- to 
medium-sized deposits. Several, however, may have 
the potential to develop into significant producers. 


Cambodia and Laos. In Cambodia, most sapphire 
production over the years has come from Pailin, 
near the border with Thailand. Pailin was known 
for yielding commercial quantities of blue sapphire 
as well as much smaller amounts of purplish to 
orangy red ruby (ICA 2006 World Gemstone Mining 
Report, 2006). During the 1950s through the 1970s, 
the nation was sealed to the outside world as the 
war in Vietnam raged, until late 1978 when the 
Khmer Rouge were driven from power by the 
Vietnamese army. 

Subsequently, some former senior Khmer Rouge 
army officers took control of the local sapphire 
deposits, selling mainly to Thai dealers. Although 
the amount produced was no longer significant 
(Yager et al., 2008), Pailin’s association with the 
architects of the Khmer Rouge regime attracted 
unfavorable international publicity for sapphires at 
a time when the diamond and tanzanite industries 
were similarly under fire. In 2002, enough sapphires 
were coming out of the ground that a British 
Broadcasting Corporation (BBC) report described 
Pailin as a “Wild West” type gem market, with 
“hundreds of thousands of dollars” worth of goods 
on display (Pike, 2002). The gems shown in the BBC 
report were nearly the last to come from the area 
because, by 2006, it had essentially ceased produc- 
tion (ICA 2006 World Gemstone Mining Report, 
2006). 

In Laos, sapphires have been mined at Ban 
Houay Xai, an area adjacent to the intersection of 
the Thai-Burmese border, since the 1890s. Not until 
1995, however, was an attempt made to systemati- 
cally mine the deposit. An Australian company, 
Gem Mining Lao, operated the mine for several 
years, producing primarily dark blue material, 
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before the local government seized its assets in 
December 2000 in a dispute over concession areas 
and royalties (Radio Free Asia,, 2000). By 2005, the 
area was worked by only a handful of small-scale 
miners (Pardieu and Senoble, 2005). 


China. A farmer reportedly found the first Chinese 
sapphires on Hainan Island in the early 1960s 
(Galibert and Hughes, 1995). However, China’s sap- 
phire deposits are mostly located in the eastern side 
of the mainland. Much of its production is charac- 
terized by dark-toned blue colors, though greens, 
blue-greens, and yellowish greens are also found. 
The basalt-hosted material found at Mingxi in 
Fujian Province (Keller and Keller, 1986; Guo, 1992) 
and Changle in Shandong Province is comparable to 
the dark-toned sapphires from Australia. Supplies 
are sporadic because of informal mining techniques 
(Weldon, 2009). Nevertheless, the Chinese govern- 
ment apparently believes in their potential, as it has 
committed enormous resources to developing 
infrastructure, such as the Gem City Complex in 
Changle, to support sapphire mining and processing 
in the future. Thus far, the sapphires have been 
intended for local consumption and for the tourist 
trade; however, the Gem City Complex will accom- 
modate thousands of miners, cutters, jewelry facto- 
ries, and retail outlets. Officials have noted that 
other gems will also be processed at these facilities 
(Weldon, 2009). 


Greenland. The world’s largest island, Greenland, 
has a potentially interesting ruby source under 
development. True North Gems, a publicly traded 
Canadian company, began exploring a large area 
(823 km?) on the southwest coast in 2004, produc- 
ing pink sapphires and rubies, mostly less than 1 ct. 
True North reported recovering 1,297 kg of near- 
gem ruby and pink sapphire, and about 65 kg of 
gem-quality material (Weston, 2009). A limited 
amount of this material has been set into fine jew- 
elry (e.g., figure 15). 

The project is currently in a dispute with the 
Inuit people over their ability to prospect in areas 
controlled by True North, which the Inuit consider 
their right under Greenlandic mineral law. True 
North is also prospecting the Beluga sapphire pro- 
ject on Baffin Island (Carpin, 2009; Weston, 2009). 


Kenya. The John Saul mine, located in the Mangare 


area not far from the tsavorite deposits, has been 
Kenya’s most important and productive ruby mine 
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Figure 15. This pendant (named La Jenna) and 
matching earrings are set with Greenland rubies 
and pink sapphires (37.45 carats total weight). 
Courtesy of True North Gems, Vancouver, BC, 
Canada; photo by R. Weldon. 


(ICA 2006 World Gemstone Mining Report, 2006). 
Operated by Rockland Kenya Ltd., it is also Africa’s 
largest mechanized ruby operation, producing most- 
ly cabochon-grade material that is heated to pro- 
duce saturated red colors. About 200-500 kg of 
mixed-grade material (figure 16) is recovered 
monthly, with only a small percentage achieving 
top-grade cabochon quality (Laurs, 2008). Other 
deposits of jewelry-grade ruby have been found in 
Kenya, notably the Baringo deposit north of 
Nairobi, discovered in 2005, and the Simba deposit 
found in 2007. Both are promising, with their finest 
qualities of pinkish red rubies exhibiting great trans- 
parency. However, investment funding, logistical 
problems, and—in the case of Baringo—disputes 
over mine licenses, have limited the output from 
both mines to very small quantities (N. Pattni, pers. 
comm., 2009). 


Malawi. Corundum was discovered at Chimwad- 
zulu Hill, in southern Malawi, in 1958 (Rutland, 
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Figure 16. Pavel Sobolev (left), a buyer from Russia, 
examines an assortment of rough ruby at the John 
Saul mine in Kenya, one of Africa’s most produc- 
tive deposits, while the company’s sorters process 
the goods. Photo taken in May 2007 by R. Weldon. 


1969). Today, the production tends toward pink, red 
(e.g., figure 17), and purple (much of which does not 
require heat treatment), in sizes yielding a maxi- 
mum of 2-3 ct gemstones (Rankin, 2002). Some 4—5 
kg of material have been mined annually in recent 
years (ICA 2006 World Gemstone Mining Report, 
2006). More recently, approximately 50-100 kg of 
yellow and blue sapphires have been produced, 
though the blue sapphires are routinely heated (E. 
Braunwartt, pers. comm., 2009). 


Tanzania. Ruby and sapphire deposits in East Africa 
have been known since the early 1900s (see, e.g., 
Dirlam et al., 1992). In late 1994, a variety of allu- 


Figure 17. Ruby (here, 1.51 ct) and pink sapphire (0.73 
ct) were first found in Malawi half a century ago. 
Today they are being mined in accordance with fair 
trade principles that use company-devised protocols 
at all levels of the gems’ supply chain. Courtesy of 
Columbia Gem House; photo by R. Weldon. 
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vial gem rough began appearing in Tanzanian gem 
markets in Mombasa and Arusha (Weldon, 1995). 
Farmers had discovered these gems in riverbeds 
near Tunduru, and the area was soon hailed as one 
of East Africa’s major gem finds. The corundum 
included pink-to-red, dark red, yellow, blue, violet, 
green, and color-change varieties. (The deposits also 
yielded other gems such as beryl, chrysoberyl, dia- 
mond, garnet, quartz, tourmaline, and zircon.) The 
gems were derived from the massive geologic 
province and gem-bearing complex known as the 
Mozambique Belt (Johnson and Koivula, 1996; 
Henn and Milisenda, 1997). 

Additional deposits were soon found about 140 
km west of Tunduru in the region of Songea. 
Interestingly, gems from the two areas shared simi- 
lar characteristics, although Songea produced signif- 
icantly more rubies (Johnson et al., 1999b). Material 
from Songea acquired a different notoriety in 2001, 
when quantities of pinkish orange to red-orange sap- 
phires, said to come from this locality, began to 
enter the market. Dealers had not previously seen 
such material at the source, so a new treatment was 
suspected (Hughes, 2001). The suspicions were cor- 
rect, as the stones had been diffusion treated with 
beryllium to create padparadscha and other colors 
(Emmett et al., 2003). Ultimately, thousands of the 
treated stones were sold without disclosure (see 
Effect of Treatments, below). 

In 2007, ruby and sapphire from Winza, in cen- 
tral Tanzania, began to enter the market. These 
gems were mined from primary as well as sec- 
ondary deposits (figure 18). This happened at a time 
when supplies of corundum and other rough were 
low because of the situations with Madagascar and 
Myanmar. The extraordinary transparency and 
bright color of the best Winza rubies have prompt- 
ed comparisons to top Burmese material, with 
some stones as large as 20.46 ct (Schwarz et al., 
2008; Wise, 2008a; figure 19). Winza’s gem corun- 
dum ranges from blue to red, sometimes with both 
colors exhibited in the same crystal. A significant 
percentage of Winza gems are not heat treated, 
which has contributed to their desirability. Winza 
also produces ample quantities of lower-grade ruby 
and sapphire suitable for cabochons (Peretti et al., 
2008; Schwarz et al., 2008). Attempts to heat treat 
this material have not resulted in significant 
improvement. 


Pakistan, Afghanistan, and Elsewhere in Central 
Asia. Rubies from both Pakistan and Afghanistan 
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Printed in England. 


PERIDOT 
(Olivine and Chrysolite) 


The names olivine, chrysolite and peridot have been used 
by geologists, mineralogists, and gemologists respectively to 
denote the same species. However, in gemology olivine applies 
to the dark olive green to brown stones, chrysolite to the color- 
less to yellow to yellow green, while peridots are the olive to 
light yellow, green, brownish, or grayish varieties. Figure (A) 
shows olivine in basalt, Arizona. The fashioned yellowish 
gem (B) in chrysolite and (C) is peridot. The large crystal 
(D) is an olivine crystal from St. John’s Island, Red Sea. Speci- 
mens from the collection of British Museum (Natural History), 
London. 


PLATE XXV 


are hosted by marble and generally found in small 
sizes (Gtibelin, 1982). The best stones can resemble 
gems from Myanmar, Vietnam, and Sri Lanka 
(Hughes, 1997). There are several challenges to min- 
ing these deposits, beyond those inherent in this 
war-torn region: tribal rivalries, rugged terrain, and 
an almost nonexistent infrastructure (Snee, 2006). 
Bringing steady supplies to market under such con- 
ditions is daunting at best. 

In Pakistan, rubies have been mined from mar- 
bles on Nangimali Mountain (see Kashmir section 
above) and from a few deposits in the Hunza Valley 
near Ahmadabad (e.g., Laurs, 2007). Production 
from the Hunza Valley has remained small through- 
out its history, though reserves appear large; invest- 
ment in heavy machinery and infrastructure is 
needed to develop these hard-rock deposits 
(“Pakistan’s gemstones. . . ,” 2005). Small deposits 
of rubies and predominantly purple sapphires have 
been found in the Basha Valley (northern Pakistan, 
Laurs, 2007) and Batakundi (North West Frontier 
Province; Quinn and Laurs, 2004). 

In neighboring Afghanistan, marble-hosted 
rubies and sapphires occur mainly at Jegdalek, some 
60 km southeast of Kabul. According to a 2009 sta- 
tus report on the Afghan gem industry (Bowersox et 
al., 2009), a government-imposed moratorium on 
gem mining has resulted in scant production in 
recent years. Flooding at Jegdalek has also halted 
activity at some of the sites. Nevertheless, some 
two dozen mines are on the verge of becoming oper- 
ational in Afghanistan’s Jegdalek region today. It is 
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Figure 18. Rubies and 
sapphires from the 
Winza deposit in cen- 
tral Tanzania are 
recovered from primary 
deposits as well as 
from eluvium, which is 
wet-sieved using water 
from the adjacent sea- 
sonal river. The miners 
employ portable gaso- 
line-powered pumps to 
make pools of water 
during times of low 
rainfall, as in this June 
2008 photo. Photo by 
Brendan M. Laurs. 


expected that, once the Afghan government issues 
mining licenses, some 2,000 people will return from 
refugee camps to work these deposits (Bowersox et 
al., 2009). Afghanistan’s Vardak Province has pro- 
duced a small amount of blue sapphires (Quinn and 
Laurs, 2004). 

The first rubies from the Himalayan Mountains 
were discovered in east-central Nepal in the 1980s. 


Figure 19. The Winza deposit in Tanzania has 
attracted the attention of serious connoisseurs 
because of the superb rubies it can produce. This 
14.97 ct gem is courtesy of Mona Lee Nesseth 
Custom and Estate Jewels and a private collector, 
Laguna Beach, California. Photo by R. Weldon. 
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The Chumar and Ruyil deposits in Nepal have pro- 
duced pink-to-red corundum and some violet-to- 
blue sapphire (Smith et al., 2007). Rubies from 
Tajikistan are comparable to some of the world’s 
finest, ranging from pinkish red to red (Pardieu, 
2007). Production is sporadic due to the lack of 
infrastructure and the high altitude of the deposit. 


United States. Sapphire has been known in Montana 
since 1865, with significant mining since the late 
19th century (see, e.g., Emmet and Douthit, 1993). 
Four major sources comprise Montana’s alluvial 
sapphire deposits: the Missouri River (including El 
Dorado Bar), Dry Cottonwood Creek, and Rock 
Creek. The American Gem Corp. undertook large- 
scale mining efforts at Rock Creek between 1994 
and 1996, producing more than four million carats 
of gem-quality rough—and, for a brief period, mak- 
ing Montana one of the world’s largest sources of 
sapphire. This production has thus far yielded more 
than one million faceted gems (Kane, 2003). Today, 
mining operations at Rock Creek are mostly small. 
Montana’s alluvial sapphires are often subjected to 
heat treatment, resulting in a variety of more mar- 
ketable colors (Emmett and Douthit, 1993). 

Yogo Gulch, discovered in 1895, is Montana’s 
only primary sapphire deposit. Yogo sapphires are 
uniformly blue (often described as “cornflower 
blue”) and do not need heat treatment. However, 
the rough typically yields small, melee sizes. Some 
market analysts say the material is simply not large 
enough to cover production costs, especially com- 
pared to other corundum sources worldwide 
(Austin, 2001), although the present owners believe 
it is sufficiently viable to continue to develop the 
property (Baiz, 2009). 


FACTORS AFFECTING VALUE 


New sources and treatments have been critical to 
expanding the market for ruby and sapphire to a 
broader base with more commercial jewelry (figure 
20). However, market prices for ruby and sapphire 
are based on a number of interrelated factors: geo- 
graphic origin, color (subtle differences in hue create 
large differences in price), clarity, cut quality, sup- 
ply, demand, type of treatment, extent of treatment, 
public confidence in the product, and exchange-rate 
fluctuations. All of these factors have come into 
play during the past decade for both corundum vari- 
eties, with particular emphasis on country of origin, 
treatments, and cutting. 
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Figure 20. Greater quantities of sapphire and 
ruby have become available to a much larger 
market in attractive yet affordable jewelry 
(here, the ruby is 0.50 ct). Courtesy of Pauling 
Blue Fire Diamonds, Carlsbad, California; 
photo by R. Weldon. 


The Significance of Country of Origin. The source of 
an important ruby or sapphire historically has been a 
critical factor in gauging its potential demand and 
ultimately value. In fact, international auction hous- 
es have depended heavily on laboratory determina- 
tion of origin to obtain premium prices for certain 
rubies and sapphires (F. Curiel, pers. comm., 2008). 

This has not occurred without controversy. In 
1990, GIA chairman Richard T. Liddicoat wrote that 
the beauty of a gemstone—not its origin—should be 
the primary factor in determining its value. “Why 
should someone pay more for an inferior ruby 
because it came from Burma?” he asked (Liddicoat, 
1990, p. 247). Liddicoat also cited the technical chal- 
lenges of determining source locations with reliable 
certainty at that time. New sources of corundum 
discovered since then have underscored these chal- 
lenges. 

Gemstones from different locales do have char- 
acteristic features (e.g., three-phase inclusions in 
Colombian emeralds, rutile silk in Burmese rubies, 
and “sleepiness” due to inclusions in Kashmir sap- 
phires), but difficulties arise with materials that do 
not exhibit telltale signs or that share features with 
stones from other localities—particularly in the 
higher qualities. Indeed, a spate of reports indicating 
significant overlaps of appearance and characteris- 
tics in high-quality sapphires from Sri Lanka, 
Myanmar, and Madagascar began to surface as 
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Madagascar’s sapphire bounty reached markets in 
the mid-to-late 1990s and early 2000s (see, e.g., 
Roskin, 2005). 

Yet demand by the trade and public to differenti- 
ate among corundum from various sources also 
grew during this period—perhaps precisely because 
such overlaps caused confusion (Roskin, 2005). As a 
result, requests for differentiating localities became 
increasingly common. More recently, the need to 
determine origin has been tied to political concerns, 
such as the U.S. government’s ban on rubies from 
Myanmar. 

Technology has also advanced in ways that 
make such determinations far more certain than at 
the time Liddicoat wrote his editorial. Today, sev- 
eral gemological labs around the world offer ser- 
vices to determine the origin of important gem- 
stones, which they do by analyzing a combination 
of properties such as inclusions, trace-element 
chemistry, spectral characteristics, and internal 
growth structures (Kane et al., 2005). They also typ- 
ically stress that such determinations are expert 
opinions only. 


The Effect of Treatments on the Corundum 
Market. Several treatments designed to change the 
appearance, and thus the perceived value, of rubies 
and sapphires have been practiced for decades—and 
in some cases for centuries. Historically, sapphires 
and rubies have been coated with substances to 
enhance their color, or dipped in oil to improve 
apparent transparency. Such practices—as applied 
to a variety of gems—were described by Pliny the 
Second two millennia ago (Nassau, 1984). Although 
the coating of sapphire and ruby may not be as com- 
mon today, the introduction of dyes into surface- 
reaching fissures is now routine, particularly in low- 
end beads. 

More-sophisticated treatments—particularly 
high-temperature, atmosphere-controlled heating 
of corundum—are now commonplace. Combined 
with full disclosure throughout the supply chain, 
heat-treated rubies and sapphires have found their 
niche and price points within the market. Even 
this treatment, however, faced considerable con- 
troversy when it was first revealed, especially 
when not disclosed. The introduction of heated 
geuda sapphires, for example, seriously disrupted 
the sapphire trade almost 40 years ago. But once 
the controversy settled down, this treatment 
helped expand consumer demand for sapphires by 
making them more available and affordable to the 
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mass market (Drucker, 1999a; figure 20). Heating 
also became the stepping stone for two significant 
new treatments that have radically altered the 
appearance of corundum and its perceived value 
over the last decade in particular: beryllium diffu- 
sion and lead-glass filling. 


Beryllium Diffusion. In late 2001, large amounts of 
pinkish orange “padparadscha” sapphires—repre- 
sented as natural color—began to appear on the mar- 
ket. While prominent gemologists soon suspected a 
form of diffusion, there was no understanding at the 
time about what elements might cause the “pad- 
paradscha” and orangy colors on a consistent basis. 
Thorough investigation proved that a diffusion treat- 
ment was indeed being used, and that beryllium was 
the element being diffused at extremely high tem- 
peratures (Emmett et al., 2003). The sudden appear- 
ance of these treated sapphires (figure 21], combined 
with their clandestine release into the marketplace, 
caught gem dealers and gemological laboratories by 
surprise (Henricus, 2002). These stones also caused 
substantial disruption in the gem community, at 
least temporarily, because the treatment was diffi- 
cult to detect (Emmett et al., 2003). 

The controversy eventually reached the con- 
sumer press. A report in The Wall Street Journal 
described the new treatment as a “scandal,” going 
on to remark that “heat treatments and additives 
turn lesser sapphires and rubies into facsimiles of 


Figure 21. This group of beryllium-diffused sapphires 
(1-2 ct) is typical of the colors seen on the market. 
GIA Collection no. 30858; photo by R. Weldon. 
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Figure 22. These lead glass-filled rubies (2.47-3.18 
ct) show the range of color of treated material 
from Madagascar. Courtesy of Real Creation, Los 
Angeles; photo by R. Weldon. 


rare beauty” (Mazurkiewich, 2003, pp. B1 and B3). 
The article noted that prices quickly fell and some 
gem wholesalers lost $30 million. The release of 
these gems caused a minor disruption in the collec- 
tor market as well: All padparadscha sapphires 
became suspect until the diffused stones could be 
reliably identified (E. Caplan, pers. comm., 2009). 
Today, identification of this treatment—which is 
applied to produce ruby-like hues as well as blue and 
other colors of sapphire—is straightforward. 
However, it often requires advanced instrumenta- 
tion such as laser ablation—inductively coupled plas- 
ma-mass spectrometry to establish the presence of 
beryllium (a light element not detectable by more 
commonly used analytical techniques such as 
EDXRE spectroscopy). 


Lead-Glass Filling. Natural cavities and surface- 
reaching fissures in corundum have been filled with 
a borax-based glass compound for at least 25 years 
(Kane, 1984; Peretti et al., 1995). However, a new 
treatment involving glass with a high lead content 
entered the market in the early 2000s (‘Lead glass 
impregnated ruby... ,” 2004). It quickly became 
prevalent in low-quality corundum—mostly rubies. 
Because of the lead glass’s higher refractive index, 
filled fractures or cavities were more effectively 
concealed. Much of the starting material initially 
came from Madagascar’s Andilamena deposit 
(Milisenda and Horikawa, 2006). Such low-quality 
cloudy pink corundum was transformed into 
“ruby”-red corundum exhibiting much greater 
transparency (e.g., Hanni, 2006; figure 22). 

The filled material is readily identified with 
magnification (e.g., McClure et al., 2006). Low-qual- 
ity, fractured material from any locality is suscepti- 
ble to being treated with high-lead-content glass 
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(Themelis, 2000). As with diffusion treatment, it is 
imperative that this material be disclosed. 


Cutting. Traditionally, gems have been sold by 
weight, but jewelry manufacturers often faced diffi- 
culty buying large parcels of gemstones because pro- 
portions from hand cutting, even among pieces of 
nearly identical weight, varied too widely for auto- 
mated setting and jewelry casting operations. The 
1990s brought new lapidary technology, in the form 
of computer-guided shaping and cutting, that allows 
for precision-cut ruby and sapphire compatible with 
jewelry manufacturers’ mass-production require- 
ments (Kremkow, 1997; Weldon, 2004). 

One of the first precision cutters was D. 
Swarovski & Co., through its Swarogem subsidiary, 
which introduced small calibrated ruby and sapphires 
in 1997. These were primarily sourced from Mong 
Hsu (ruby) and Anakie (sapphire; Kremkow, 1997). 
The goods were cut in 0.25 mm increments, between 
1 and 3 mn, for sale in large lots to jewelry manufac- 
turers. Since then, other suppliers have introduced pre- 
cision-cut gemstones for mass-market jewelry manu- 
facturers—and some distinctive designers (figure 23). 

Advances in cutting technology also have 
widened the scope of traditional gemstone shapes 
and styles, as evidenced by such well-publicized 
cutting competitions as the American Gem Trade 
Association (AGTA) Cutting Edge and Spectrum 
awards (e.g., figure 24), and the German Award for 
Jewellery and Precious Stones (Weldon, 2.006). 
Finally, cutters such as Mark Gronlund, John Dyer, 
and Richard Homer have used concave facet cut- 
ting techniques that add brilliance, symmetry and 
beauty to corundum and other gem materials 
(Weldon, 2005; again, see figure 7), while lapidary 
Glenn Lehrer developed the Torus Cut, essentially 
a circle with concave and convex facet arrange- 
ments, which proved ideal for Montana sapphire 
pieces that were too flat to fashion into traditional 
gem shapes (Wheaton, 2.000). 


THE CORUNDUM MARKET TODAY 


After export, most ruby and sapphire is sold through 
networks of small dealers and cutters who have no 
obligation, as public companies do, to report yearly 
sales. Similarly, retailers around the world, public or 
not, rarely separate out their sales figures for ruby 
and sapphire—or even colored stone jewelry. 

It is safe to conclude that up to and through the 
1970s, the market for faceted blue sapphire and 


GEMS & GEMOLOGY WINTER 2009 


ruby was small relative to the quantities in the jew- 
elry industry today, simply because supplies were 
limited primarily to the low percentage of facetable 
goods (typically less than 5%) that came from the 
mines in salable colors. The introduction of effec- 
tive heat-treatment techniques to improve the color 
and clarity of previously unsalable material, such as 
geuda sapphire from Sri Lanka and dark, “silky” 
blue stones from Australia, greatly increased the 
quantities of sapphire available to the market, par- 
ticularly in the lower-priced commercial qualities. 
A similar situation occurred with ruby in the mid- 
to-late 1980s after the Mong Hsu deposit was dis- 
covered (Emmett, 2007). And not only did treat- 
ments greatly increase the proportion of facet-grade 
material available, but they also allowed develop- 
ment of deposits where there was little or no natu- 
rally occurring gem-quality material (Emmett, 
2007). 

Recently, two market research studies have shed 
light on sales of colored stones in general—and ruby 
and sapphire in particular—at wholesale and retail. 
They found—not surprisingly—that corundum rep- 
resents the largest single share of the colored stone 
market. One study, published in 2009 in Dubai, 
reported that the world retail market (of which the 
U.S. accounted for 60%) for all “precious” gem- 
stones was approximately $80 billion: $69.7 billion 
for diamonds and $10.3 billion for colored stones 
and pearls. Of the latter amount, ruby and sapphire 
accounted for 30%, while emerald was 12%. The 
remaining 58% comprised all other gems, including 
pearls (BUZ Consulting, 2009). 

The second study, commissioned by True North 
Gems, pegged the pipeline (retail sales and invento- 
ry) for ruby at $2.1 billion and sapphire at $800 mil- 
lion ($58 million of which was pink sapphire), for a 
total similar to the approximately $3 billion cited in 
the Dubai study. The same source noted that emer- 
ald sales totaled $1.4 billion. The sapphire share is 
low in comparison to that of ruby because of the 
large quantities of low-quality and diffusion-treated 
sapphire in the market (Smith, 2009). 

The Dubai study (prepared before the fall 2008 
onset of the global economic crisis) predicted that 
sales of colored stones would grow an average of 
6.1% annually around the world. However, that 
report and other sources (Emmett, 2007; Shor, 
2007c) listed a number of challenges that could 
hamper growth in retail demand for colored stones, 
including corundum: 
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Figure 23. New cutting technology has led to 
better-cut, calibrated gems for manufacturing jew- 
elers and designers alike. This stylized butterfly pin 
contains invisibly set princess-cut pink, blue, and 
yellow sapphires. Courtesy of Michael Schofield # 
Co., Clear Creek, Indiana; photo by R. Weldon. 


e There are no universally accepted grading stan- 
dards, which makes colored stones more diffi- 
cult to describe and appraise than diamonds. 


e Apart from tanzanite and several varieties of 
pearls, there are no coordinated large-scale 
marketing efforts, such as those that have 
helped spur diamond, gold, and platinum jew- 
elry sales. 


e Supplies can be unpredictable. Colored stone 
deposits tend to be relatively small and sporad- 
ically distributed, and thus many have a short 
life span. 


e The perception of the financial community is 
that the colored stone industry is a “Wild 
West” environment, with few laws and 
extremely fragmented markets. 


e The lack of documented information about 
the colored stone industry deters banks and 
other financial institutions from offering cred- 
it lines. 


e Sales of colored stone jewelry are more closely 
tied to fashion trends than other forms of 
jewelry and thus are more volatile. 
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Figure 24, The AGS Cutting Edge Awards promote 
excellence as well as innovation in gem cutting. 
This unheated 4.53 ct pink sapphire from 
Nanyaseik in Myanmar won first place in the 
classic gemstone division for 2010. Courtesy of 
Robert Kane/Fine Gems International, Helena, 
Montana; photo by R. Weldon. 


e Treatments remain an issue, and debates con- 
tinue over “acceptable” and “unacceptable” 
treatments. 


FAIR TRADE 


Consumers in many countries are developing a 
greater awareness of social and environmental 
issues surrounding the products they purchase 
(Shor, 2009). Many of these concerns are grouped 
under the term fair trade: a trading partnership 
between producers and buyers seeking greater equi- 
ty in international commerce through ethical labor 
practices, including gender equality and safety stan- 
dards, sustainable environmental practices, ethical 
business practices, and poverty alleviation. A num- 
ber of monitoring agencies have been created to cer- 
tify fair trade practices for many consumer prod- 
ucts, with those meeting the established criteria 
then labeled as “fair trade” products. In the gem and 
jewelry industry, the Responsible Jewellery Council 
is developing a certification scheme for diamond 
and gold miners and retailers. At this time, howev- 
er, no official program exists for the colored stone 
industry (Weldon, 2008). 
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Some gem dealers are paying greater attention to 
these needs for a fair trade system. Columbia Gem 
House (Vancouver, Washington) has developed a 
system of protocols aimed at developing account- 
ability—both financial and human—in every aspect 
of its gemstone supply chain (Weldon, 2004). The 
Madison Dialogue, a forum of cross-sector miners, 
association leaders, nongovernmental organizations, 
and World Bank executives, met in Washington, 
DC, in October 2008 to discuss how fair trade and 
sustainability programs can be applied to the jewel- 
ry business (Madison Dialogue. . . , 2008). Since 
then, committee members have begun to refine 
common principles and develop best practice initia- 
tives in the mining of metals as well as diamonds 
and other gems. Also, the International Colored 
Gemstone Association (ICA) has examined the 
issues at several of its recent congresses, and mem- 
bers of the organization are active in gemstone 
steering committees of the Madison Dialogue. 
Separately, ICA directors are leading initiatives in 
Nigeria and Greenland aimed at developing fair 
trade models that could be used at other gem locali- 
ties around the world (J. C. Michelou, pers. comm., 
2009). 

Demand for fair trade products is increasingly 
consumer driven, and has gained traction, especially 
among younger consumers who tend to be more 
inclined to do business with companies they see as 
upholding positive social and environmental objec- 
tives (Cone, 2007). The same consumers also 
require accountability and verification along a prod- 
uct’s supply chain, administered or audited by inde- 
pendent third-party verification entities. 


CONCLUSION 


The advent of effective treatment methods, coupled 
with discoveries of significant new deposits of ruby 
and sapphire—many of which would have been 
uneconomic as gem sources without such treat- 
ments—has greatly expanded the world retail market 
for gem corundum. As with diamonds and other gem- 
stones, however, world events, local conflicts, and 
political upheavals have affected supplies and, possi- 
bly, consumer attitudes toward ruby and sapphire. 
The future of the ruby and sapphire market will 
depend on continued discoveries of new corun- 
dum-producing deposits as existing ones wind 
down. Increasingly, the search for, and exploitation 
of, new sources will be tempered by environmental 
concerns and fair labor practices. As the world 
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becomes more connected and transparent, miners, 
cutters, dealers, and retailers will face increasing 
scrutiny. This is evidenced by the attention that 
governments and nongovernmental organizations 
have focused on the diamond and gold extraction 
industries. 

Another key issue for the corundum industry 
remains both the understanding and disclosure of 
treatments. A number of treatments that substantial- 
ly transformed low-value material have undermined 
trade confidence in recent years. The treatments 
were not disclosed upon their introduction to the 
market, with the result that prices for such goods, for 
a time, fell to extreme lows while the values of fine 
untreated goods rose sharply. While U.S. and interna- 
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CUTTING DIFFRACTION GRATINGS TO 
IMPROVE DISPERSION (“FIRE”) 
IN DIAMONDS 


Al Gilbertson, Benjamin Gudlewski, Mary Johnson, George Maltezos, 
Axel Scherer, and James Shigley 


A new microlithography process developed to create high-resolution diffraction grating patterns 
on portions of certain facets can improve the dispersion of light and thus the amount of “fire” in a 
diamond. These Nanocut plasma-etched diamonds can be identified with magnification by the 
presence of small, unpolished-appearing areas on the facets where the grating pattern has been 
created. Round brilliant-cut diamonds displaying such patterns will be classified by the GIA 
Laboratory as modified round brilliants; as such, they will receive color and clarity grades, but not 


a cut grade. 


or nearly 450 years, the diamond trade has 

sought to define the factors that characterize 

the most attractive polished diamonds. 
While the color and clarity intrinsic to the diamond 
have long been important in this regard, by focusing 
on proportions the merchant is able to create a 
superior visual appearance (see review in 
Gilbertson, 2007). When Henry Morse introduced 
new measurement tools in the 1870s and ’80s, cut- 
ters were able to achieve more precise angles and 
proportions—and produce more attractive dia- 
monds (Kunz, 1888; Leviticus, 1908). One could see 
“a mediocre diamond transformed into a snapping, 
blazing gem, full of fire, simply by being recut with 
a proper regard for the accuracy of the facets” (“The 
diamond cutting industry in America,” 1894, p. 54). 
Today, the appearance of “fire” in a diamond—the 
visual manifestation of its dispersion—is considered 
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one of the essential criteria by which the stone’s 
overall appearance is judged (e.g., figure 1). 

Quantitatively, dispersion is a measure of the 
angular separation of refracted light of different 
wavelengths (specifically, blue light at 430.8 nm 
and red light at 686.7 nm) within a given material. 
Diamond has a fairly strong dispersion value of 
0.044. White light entering a polished diamond 
from most angles refracts and separates into its dis- 
tinct component colors. Although the initial expan- 
sion of colors is very slight (typically less than 0.5°), 
the angular spread of light rays of various wave- 
lengths widens with each facet interaction and con- 
tinues to do so as the rays travel farther from the 
point of refraction. In other words, the more times a 
light ray reflects within a diamond, the greater the 
separation of the spectral colors—and the more obvi- 
ous the appearance of fire—will be. Fire in a gem- 
stone is best defined as “the visible extent of light 
dispersed into spectral colors” (Reinitz et al., 2001). 
In a polished diamond, this is seen as flares or flashes 
of color that appear and disappear as the diamond, 
the observer, or the light source moves. 
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New Process of Artifically 


Heautifying, Gemstones 


DR. E, J. GUBELIN, C.G., F.G.A,, Lucerne 


OR SEVERAL YEARS PAST, the opti- 

cal industry has benefited by the results 
of an invention which consists of the “blue- 
ing” of optical glasses by coating them with 
a transparent film of definite thickness so 
that interference of light takes place among 
the rays reflected at the surfaces of air-film 
and film-glass. .This impedes surface re- 
flection and allows more light to enter and 
transgress the glasses. The results of this 
improvement are so striking that it seems 
but logical that similar attempts should 
have been carried out with gemstones. 
Now, upon the directions of the author, a 
number of experiments have been carried 
out, 53 gemstones have heen treated, and 
the results obtained may be considered 
interesting for any gemologist. 

Anticipating the importance that the 
application of this process may attain in 
the gem trade it is imperative *to deal with 
the basic principles of the treatment upon 
which the effects depend. As light. passes 
from the air into a gemstone it undergoes 
the shock of sudden slowing from its nor- 
mal velocity of 186,000 m.p.s. in the air 
to something approximately half that speed 
in the gem. On account of the violent im- 
pact, part of the incident light is thrown 
hack, ie, reflected. In gemology this re- 
flection at the surface of a gem is known 
as “surtace brilliance’ or “luster.” Apart 
from other factors, such as quality of pol- 
ish, hardness of sutface, inclination of inci- 
dent tay, etc., the intensity of the reflected 
light depends mainly upon this sudden 
change of velocity — the value which is de- 
termined by the refractive index --- the 


gteater the difference of speed the more 
brilliant the luster. It is known that the 
luster is intensified as the incident angle 
of the light is increased, especially when 
Brewster's angle is surpassed, so that a 
stone whose surface is obliquely illuminated 
shows only very little interior brilliancy 
but very strong luster. This is clearly dem- 
onstrated by the following table which 
compares the varying percentages of re- 
flected and refracted light from different 
values of the angle of incidence on the 
surface of a diamond, (See. table next 
page.) 

This table shows that not only very 
oblique light rays, which are beyond 
Brewster's angle, are strongly reflected and 
thus lost for the éffect of optimum. bril- 
lfancy, but also that light striking a stone's 
surface at a sharp angle has to sacrifice a 
good deal of its energy to the surface re- 
flection. In utilization of the aforemen- 
tioned discovery made in the optical indus- 
try, the unfortunate and useless loss of 
energy of the incident light for optimum 
internal reflection in colorless gems. and 
for more pronounced color absorption in 
colored stones can be markedly diminished, 
and a greater amount of light, otherwise 
reflected, can be guided into the stone by 
coating the latter with a thin anti-reflection 
film which causes the change of velocity 
air-to-stone to take place gradually, and the 
shock suffered by the light is mitigated, and 
thus less light is reflected, but transmission 
is increased. In order to understand the 
effect achieved by the treatment of coating 
gemstones it seems necessary to indulge in 
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Ordinarily, a faceted diamond has a specific 
arrangement of flat facets, and light travels within it 
in ways familiar to diamond cutters. However, the 
standard faceting process is not the only way white 
light can be separated into its component colors. 
Another method is with a diffraction grating, famil- 
iar to gemologists as part of a handheld spectro- 
scope. Joseph von Fraunhofer constructed the first 
diffraction grating in 1820 by tautly extending fine, 
parallel metal wires between two threaded rods. 
Fraunhofer used this device to observe emission 
lines in sunlight (Fraunhofer, 1899). A beam of 
white light incident on a diffraction grating will sep- 
arate into component wavelengths based on the 
angle of incidence, with each beam traveling in a 
slightly different direction (Bragg, 1913). Because of 
their light-dispersive properties, diffraction gratings 
are used in monochromators (to produce monochro- 
matic light) and spectrometers (to measure the 
properties of light at specific wavelengths; Jenkins, 
1976). The extent of spectral colors diffracted from 
such a grating also depends on the type of incident 
light source (figure 2). 

This article describes recent work performed by 
a research team at the California Institute of 
Technology in Pasadena, California, to influence 
the path of light return in a diamond—and thus 
enhance the perceived fire—by patterning small 
areas of its facet surfaces with a high-resolution 
diffraction grating using a proprietary, patent-pend- 
ing method that combines microlithography and 
plasma etching (again, see figure 1). For the remain- 
der of this article, the process will be referred to as 
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Figure 1. The appearance of fire 

in a diamond has traditionally 
been one of the key elements in 
assesing the quality of its overall 
appearance. These Nanocut plasma- 
etched diamonds (0.41-0.46 ct) 
have diffraction gratings etched 
into small portions of their 
pavilions to enhance fire. 

Photo by Robert Weldon. 


“plasma etching.” The resulting gems are market- 
ed by Rockoco Inc. (www.rockocoinc.com) as 
Nanocut plasma-etched diamonds. 


MATERIALS AND METHODS 


To understand the effect of a diffraction grating on 
diamond without the influence of facets at various 
angles and proportions, we first etched a series of 
grating patterns that radiated from a common center 
on the polished surface of a flat diamond crystal (fig- 
ure 3). Micrometer-scale diffraction gratings were 
then applied to all or part of the pavilion or crown 
facets of 42 polished diamonds: 41 round brilliant 
cuts and one octagonal step cut (e.g., table 1; full data 
for all the diamonds are given in the G#G Data 


Depository at www.gia.edu/gandg. The pavilions of 


Figure 2. Under diffused lighting (left), the diffraction 
grating formed by lines on the surface of a compact disc 
(6,250 lines per centimeter) very faintly separates white 
light into spectral colors. Under spot lighting (center), 
the same grating separates a single spot light source into 
distinct spectral colors, like those in a rainbow. Under 
an array of spot lighting (right), it separates multiple spot 
light sources into a myriad of distinct spectral colors. 
Composite photo by A. Gilbertson. 
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Figure 3. A radiating pattern of diffraction gratings 
was placed on the flat polished surface of a tabular 
diamond crystal. As shown here, they diffract the 
incident spot (fiber-optic) lighting into spectral colors. 
Photo by John Koivula. 


the first five diamonds (0.04—0.08 ct) were covered 
entirely with diffraction gratings consisting of 1,000 
lines per centimeter. Next, six different styles (A-F 
in figure 4)—each representing a different placement 
of a grating pattern at 5,000 lines per centimeter— 
were plasma etched on round-brilliant samples 6 
through 41. For visual comparison, the authors used 
four round brilliant—cut diamonds that did not have 
grating patterns (RDO1, RDO4, RD11, and RD78), all 
of which were previously used in GIA’s cut-grade 
research (see, e.g., Moses et al., 2004). 


The 36 study diamonds with patterns A through 
F were assessed by the authors and others. These 
diamonds weighed between 0.37 and 0.71 ct, with 
color grades in the E-I range and most clarity grades 
ranging from VS to SI (one was I,). We chose this 
size range because researchers involved in GIA’s 
2004 cut study found that such diamonds could be 
comfortably compared against each other for cut 
evaluation; additionally, the cut study found that 
observers were able to assess overall cut appearance 
regardless of differences in bodycolor (Moses et al., 
2.004). Although these observations were not a con- 
trolled study, we found the results helpful in refin- 
ing our approach. 

Bob Lynn, a jeweler aware of this new process, 
had a 2.30 ct diamond in his inventory plasma 
etched with pattern C and allowed us to examine 
it before and after the etching process. To deter- 
mine if placement of a diffraction grating could 
improve the apparent fire in colored and/or step- 
cut diamonds, we also had a variation of pattern C 
etched onto an octagonal step-cut fancy brown 
diamond. 


The Process. Microlithography is a process by 
which a temporary coating (called a resist) is 
deposited onto a substrate, exposed to light or an 
electron beam, and developed (i.e., with a solvent 
that selectively removes the resist) to define small 
patterns within the resist layer. The pattern is trans- 
ferred onto the substrate by etching or by depositing 
another material. Microlithography is commonly 
used in the semiconductor industry for manufactur- 
ing integrated circuits. 


1: Plasma-etched and conventionally cut diamonds used for the visual comparison tests in this study. 


Sample S'A pattern Weight ; Crown Pavilion Star Lower Girdle Girqie Girdle Culet 
cut Clarity Color Table % half = minimum ‘iO ‘ Polish Symmetry 
number orade? style (ct) angle angle length % length % maximum  % size 
32 VG B 0.47 SI, F/G 56 365 406 55 75 Thin Medium 25 Very EX EX 
small 
33 G C 045 VS H/| 59 30.5 404 50 75 Thin Thin 2.0 one EX VG 
37 VG C 0.71 VS,/ F/G 57 365 414 50 80 edium Medium 3.0 Very VG VG 
Sl, small 
RDO1 EX one 0.61 VS, E 54 345 406 55 80 Thin Medium 3.0 one VG VG 
RD04 VG one 0.70 WS, E 59 36.0 420 55 75 Slightly Thick 45 one VG G 
thick 
RD11 G one = 0.71 VS, D 58 37.0 42.2 45 85 edium Slightly 4.0 one VG G 
thick 
RD78 EX one 0.73 VS, J 58 35.0 41.0 55 80 edium Slightly 4.0 one VG VG 
thick 
4Equivalent GIA cut grades are used for the plasma-etched diamonds, based on proportions, polish, and symmetry. In practice, plasma-etched 
diamonds do not receive GIA cut grades. Abbreviations: EX = Excellent, VG = Very Good, and G = Good. 
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Figure 4. Six diffraction grat- 
ing pattern styles were devel- 
oped in the course of this 
study. The placement of the 
gratings on specific areas of 
the pavilion or crown facets 
is shown here in red. 


NEED TO KNOW 


¢ A new process combining microlithography with 
plasma etching creates microscopic diffraction 
gratings on selected facets of a diamond. 

¢ Properly applied, these diffraction gratings can 
increase the apparent fire in spot and mixed lighting. 

¢ The best results were obtained by applying the 
gratings to areas of pavilion facets that would 
otherwise appear dark face-up. 

¢ Nanocut plasma-etched diamonds will not receive 
cut grades from GIA. 


Plasma etching is the process of eroding material 
from the surface of a solid by bombarding it with 
particles of ionized gas. Unlike chemical-etching 
processes, plasma etching allows anisotropic 
removal (i.e., preferentially along one direction), 
where the pattern depth is controlled entirely by the 
processing time. Oxygen plasma etching is com- 
monly used to prepare samples prior to examination 
by electron microscopy, and pure carbon can be 
removed at rates well over 100 nm per minute. This 
method has been refined to the point where it can 
create structures smaller than the wavelength of 
visible light (as small as 100 nm). 


Steps in Creating a Diffraction Grating on a 
Polished Diamond. First, the diamond must be care- 
fully cleaned by soaking it in a solvent and then 
boiling it in sulfuric acid. Next, the diamond is cen- 
tered table-down on a silicon wafer and held in 
place using a polymer adhesive. A proprietary coat- 
ing material, the resist, is placed on the diamond. 
The stone is spun at a high speed to coat the pavil- 
ion uniformly, and then heated to bake the resist 
onto the surface (figure 5). 

Once coated with the resist, the diamond is 
placed in a vacuum chamber (figure 6) and precisely 
aligned so that the grating can be located in the 
exact pattern and position required. After the select- 
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ed pattern (see the computer screen on the left of 
figure 7) is centered, an electron beam is directed 
across the surface within the pattern outline. The 
beam changes the chemical composition of the 
resist (Wells et al., 1965; Wolf et al., 1970), so that a 
chemical developer can be used to dissolve only the 
altered portions and expose the area where the lines 
of the grating will be etched. This leaves a residual 
etch mask of the pattern, with the resist covering 
the remainder of the pavilion surface (figure 8). 

The diamond is then placed in a second closed 
chamber for plasma etching (Pan, 1994). Oxygen gas 
is introduced into the chamber, where the oxygen 
molecules are ionized by an electromagnetic field 
and react with the exposed areas of the diamond to 
form carbon dioxide gas. This etching process takes 
only a few seconds, and the grating pattern is creat- 
ed on the portion of the diamond not covered by the 
resist (figure 9). After etching, the diamond is placed 
in an acid bath to remove the residual resist. 

Currently, the entire process takes five hours per 
diamond. Scanning the electron beam is the most 
time-consuming step, since considerable alignment 
is necessary to stabilize the beam and center the dia- 
mond, and the high-vacuum chamber must be cycled 
each time it is opened. However, the actual scanning 
time is only a few minutes. Likewise, the plasma 
etching is performed in a vacuum system that has 
lengthy pump-cycle times, uses gas lines that need to 
be purged before and after etching, and requires peri- 


Figure 5. After cleaning, a diamond (here, ~0.5 ct) is 
first cemented onto a silicon wafer and coated with 
a resist (left). After the resist has been baked on the 
facet surfaces, the coated diamond is ready for fur- 
ther processing (right). Photos by Robert Weldon. 
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Figure 6. The coated 
diamond is placed 
inside a chamber (left) 
where an electron 
beam etches a pattern 
into the resist. The dia- 
mond is carefully 
aligned on the stage of 
the chamber (right). 
Photos by Robert 
Weldon. 


odic chamber cleaning. The complete scanning and 
etching processes each take about 90 minutes. 

A diffraction grating can be applied to facets on 
diamonds of any size or shape. During this study, 
several refinements were made to the fabrication 
process to improve the appearance of light disper- 
sion (e.g., changing the number of etched lines in 
the grating and the targeted portion of the pavilion, 
and tuning the plasma to minimize the roughness 
of etched areas). While the goal of this study was to 


Figure 7. The operator oversees the careful patterning 
of the electron beam on the diamond. The computer 
monitor on the right enables the operator to view and 
control the alignment, and the one on the left shows 
the pattern to be etched. The sample chamber is at 
the far right. Photo by Robert Weldon. 


IL. 
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produce faceted diamonds with more fire, further 
modifications could make it possible to produce 
other optical effects. Although similar gratings can 
also be applied to other polished gems, the method 
described here is most suitable for carbon-based 
materials, especially diamond due to its relatively 
pure chemical composition. 


Visual Comparison Tests. Our ultimate goal was to 
determine if there was a diffraction grating pattern 
that could be placed on diamonds of commercial 
cut quality (such as GIA Good or Very Good cut 
grades) that would improve their appearance in spot 
or mixed lighting environments. After evaluating 
the results from the first five stones (plasma etched 
over their entire pavilions at 1,000 lines per cen- 
timeter}, we had a group of 26 diamonds of various 
proportions (diamonds 6-31; again, see the GWG 
Data Depository) etched with a grating of 5,000 
lines per centimeter using pattern A in figure 4. 
This enabled us to see how diffraction gratings 
affected face-up appearance across a broad range of 
proportions. We carefully looked at these plasma- 
etched diamonds in the diffused, spot, and mixed 
lighting of the DiamondDock (as described in King 
et al., 2008), comparing them to the four conven- 
tionally cut diamonds. The DiamondDock’s spot 
lighting was set at approximately half power for the 
mixed lighting and spot lighting observations; the 
intensity of spot lighting can vary within mixed 
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lighting environments. We used the same gray 
stone trays as in the 2004 cut study, and observa- 
tion distances varied by user (from approximately 
10 to 20 in. [25-50 cml). 

On the basis of these observations, we modified 
the original pattern A (again, at 5,000 lines per cen- 
timeter} and applied various modifications to a further 
set of diamonds (nos. 31—40) to achieve a better bal- 
ance of fire and overall appearance, resulting in a total 
of five additional grating patterns (again, see figure 4). 
We made further comparisons to the conventionally 
cut diamonds in terms of overall appearance in differ- 
ent lighting environments, and also asked random 
observers who were not experienced in assessing over- 
all diamond appearance (referred to here as outside 
observers) to make similar observations. 

For example, we asked 10 outside observers to 
look at a set of seven diamonds: four conventionally 
cut (RDO1, RDO4, RD11, and RD78; cut grades 
Excellent, Very Good, Good, and Excellent) and 
three with diffraction gratings (nos. 32, 33, and 37; 
cut grades Very Good, Good, and Very Good; again, 
see table 1). We then asked the observers to rank 
their top three visual preferences in each of the same 
three lighting environments, with 1 as best. The four 
diamonds that were not selected were each given an 
average ranking of 5.5 (the average of 4, 5, 6, and 7). 
As noted above, our experience during GIA’s cut 
study was that variations in size (such as 0.40-0.90 


Figure 8. The resist covers the entire pavilion surface. 
The electron beam emitter moves in parallel lines 
(black, left) above the diamond, and as it moves, 
the electron beam traces these lines onto the dia- 
mond surface within the area of the selected pattern 
outline (red). The chemical composition of the resist 
is altered by the electron beam only in the pattern 
areas. Those areas are chemically dissolved, and the 
underlying portions of the facets are left exposed to 
allow a small amount of diamond to be removed by 
plasma etching (center). The photo on the right 
shows a diamond after the electron beam has left a 
pattern on the resist. Arrows indicate the altered 
portion of the resist. Photo by Robert Weldon. 
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ct), color (D to beyond L), and clarity (SI or better) did 
not influence visual judgment of cut quality. The 
observers’ occasional comments about overall 
appearance also provided useful information. 

One important question we hoped to answer 
was whether a diamond that had been cut-graded as 
Very Good (no. 37) could be improved by the plas- 
ma-etching process, so that it would equal or exceed 
the appearance of a conventional diamond with an 
Excellent cut grade (RDO1). To this end, we careful- 
ly compared these two diamonds in the Diamond- 
Dock in each of the three lighting conditions. Both 
diamonds were placed in light gray trays (like those 
used in the 2004 cut study) that could be held at a 
comfortable distance and moved as necessary. A dif- 
ferent group of observers (again, without experience 
in assessing overall diamond appearance) were 
asked to indicate which diamond they preferred. 


Other Tests. To test the durability of the plasma- 
etching process, we placed several diamonds with 
diffraction gratings together with other diamonds in 
a ball mill and tumbled them for one week. We 
then examined their surfaces with a scanning elec- 
tron microscope (SEM) to detect signs of damage. 
We also weighed sample no. 42 before and after 
plasma etching to determine if there was any 
detectable weight loss. 


RESULTS 


Experiments to Enhance Fire. We first wanted to see 
if fire could be improved with the application of a 
diffraction grating pattern on all or part of certain 
facet surfaces. Under spot lighting, the tabular dia- 


Figure 9. This SEM image shows the parallel etched 
lines of the diffraction grating on a diamond surface. 
Image by B. Gudlewski. 
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Figure 10. The grating pattern covers the entire pavilion 
of this 0.07 ct diamond. Modifying all the facet surfaces 
caused a reduction in overall brightness under dif- 
fused light (left). When examined with spot lighting 
(right), the diamond has an opalescent appearance and 
appears to be dirty or oily. Photos by Robert Weldon. 


mond crystal we started with displayed fire from 
the radiating features (again, see figure 3). This was 
best seen from less than 10 in. (25 cm) away; it was 
not as dramatic at greater distances. Even with the 
extreme case of a tabular piece of diamond, howev- 
er, a diffraction grating could generate attractive 
patterns of light dispersion. 

The five diamonds (nos. 1-5) with a diffraction 
grating over their entire pavilions showed a modest 
improvement in fire, but the overall appearance was 
not pleasing. Modifying the entire pavilion with a 
grating pattern significantly diminished both the 
overall return of white light and the light-dark con- 
trast pattern between adjacent facets, producing a 
somewhat dull, opalescent appearance, even with 
spot lighting (figure 10). 

Although the 26 diamonds that received pattern 
A (nos. 6-31; again, see the G&G Data Depository) 


Figure 12. The virtual image on the left illustrates a 
diamond's pattern of dark and light areas when 
viewed in a mixed environment of diffused and slight 
spot lighting. The virtual image in the center and the 
diagram on the right show (red) the portions of the 
pavilion surface that were etched with a diffraction 
grating for pattern C, the optimal result. Modifying 
these areas on the pavilion results in the removal of 
some of the darker regions of the diamond’s face-up 
pattern, which are then replaced with areas that 
display spectral colors. Photo by Robison McMurtry. 
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Figure 11. The grating patterns on the pavilion of 
this diamond (at 10x) cover too much of the areas 
that normally reflect white light. This experimen- 
tal pattern (A in figure 4) improved fire, but the 
overall appearance of the diamond was not as 
bright, and the contrast pattern was greatly dimin- 
ished. Note that even though the diffraction grating 
creates spectral colors (inset at 30x), the individual 
lines of the grating pattern cannot be seen, and 
areas that have been etched could be mistaken for 
unpolished or poorly polished facets. Composite 
photo by Robison McMurtry. 


showed marked improvement in fire and overall 
appearance compared to the previous test pattern, 
the result was still not satisfactory (figure 11). We 
observed that the diamonds were brighter than 
those in the initial group, but they were still duller 
than conventionally cut diamonds. We subsequent- 
ly determined that this was due to placement of the 
diffraction patterns on facets that normally would 
have been seen as bright. 

The experiments with modified grating patterns 
yielded what the authors observed to be the optimal 
pattern: C, used on samples 33 and 37. Pattern C 
was designed to brighten the face-up appearance by 
placing the diffraction grating on areas of the pavil- 
ion that would otherwise appear slightly dark when 
the stone was viewed face-up (figure 12). Typically, 
the strong reflection of white light from the larger 
facet surfaces leads to a preferred face-up appearance 
(e.g., figure 13). By placing a small grating pattern on 
facets that did not interrupt the large areas of white- 
light return (a problem discovered with the first 
group of 26), we found that fire could be improved 
in areas that are usually darker under both spot and 
certain mixed lighting conditions without dimin- 
ishing the brightness of the stone (figure 14). 


Comparison Tests. For the first comparison test, 
which assessed overall appearance, we observed 
that the four conventionally cut diamonds had the 
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Figure 13. This 2.30 ct diamond originally had a 
GIA cut grade of Excellent, as shown here in dif- 
fused light (top left) and spot lighting (top right). 
In both environments, there is little fire. After pro- 
cessing with pattern C, it looks much the same in 
diffused light (bottom left) but has a more 
dynamic face-up appearance in spot lighting (bot- 
tom right). Courtesy of Bob Lynn, Lynn’s Jewelry 
Studio, Ventura, Calif.; photos by Robert Weldon. 


best appearance in diffused lighting. In mixed light- 
ing, however, the diamonds with pattern C looked 
bright and well balanced, but more fiery, with a bet- 
ter overall appearance. While pattern B (no. 32) did 
not improve a diamond as much as C, the stone was 
still attractive. As figure 15 indicates, all three of 
these Nanocut plasma-etched diamonds performed 
better and were more fiery than the conventionally 
cut diamonds in spot lighting. The first group of 
outside observers agreed with our assessments. 
Although based on a small sample of diamonds, 
these results indicate that creating small grating 
patterns can significantly enhance appearance in 
spot lighting, and may even improve overall appear- 
ance in mixed lighting. 

For the question regarding the potential for plas- 
ma etching to improve the appearance of a diamond 
the equivalent of one cut grade, as expected plasma- 
etched no. 37 (Very Good) was less attractive than 
conventionally cut RDO1 (Excellent) in diffused 
lighting, but it looked much better than RDO1 in 
spot lighting. In mixed lighting, we felt these were 
about the same (an improvement for no. 37 from 
before it was etched). When the second group of 
outside observers looked at the two stones in the 
DiamondDock, they agreed with our findings: 8 of 
the 10 preferred RDO1 in diffused light, but 9 of the 
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10 preferred no. 37 in spot lighting, with no real pref- 
erence in mixed lighting. In both mixed and spot 
lighting, outside observers noted an increase in fire. 


Durability of the Diffraction Gratings. During the 
course of this study, we found that the most effec- 
tive placement of the diffraction grating was on the 
pavilion, which has a relatively low risk of damage 
in the course of normal jewelry wear. Nevertheless, 
examination with the SEM revealed that tumbling 
did not damage the narrow grooves of the grating; 
nor did we see any alteration in the diamonds’ 
appearance. 


Figure 14. These two diamonds of similar propor- 
tions, one cut conventionally (RDO1, left) and the 
other with pattern C (no. 32, right), are shown in 
three lighting environments: diffused (top), mixed 
(center), and spot lighting (bottom). When spot 
lighting is substantial, careful placement of the 
diffraction grating can improve the appearance of 
certain diamonds by making them more fiery. 
Photos by Robert Weldon. 
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Figure 15. When a group of outside observers compared 
a set of four conventionally cut diamonds to three dia- 
monds with diffraction gratings on their pavilions in a 
DiamondDock, they ranked the conventionally cut 
diamonds highest in diffused light, but the plasma- 
etched diamonds (nos. 32, 33, and 37) highest in spot 
lighting. They all noted an increase in fire seen in spot 
and mixed lighting. 


The diffraction gratings can best be removed by 
repolishing the diamond (but this will also result in 
some weight loss). 


Weight Loss. We predicted that the weight loss from 
plasma etching would be less than 0.001%. While 
we did not weigh all the diamonds before and after 
plasma etching, we did weigh the fancy brown 
octagonal cut (no. 42) with a modified pattern C 
diffraction grating. It went from 0.71325 ct to 
0.71324 ct, a negligible difference that falls within 
normal measurement error. 


DISCUSSION 

Lighting. Various types of lighting and lighting envi- 
ronments produce different appearances for the 
same diamond. GIA’s cut study found that most 
manufacturers and diamond dealers commonly use 
(diffused) overhead fluorescent lights and/or desk 
lamps with daylight-equivalent fluorescent bulbs to 
cut diamonds or evaluate the quality of diamond 
cutting in general (Moses et al., 2004). The authors 
also noted, though, that this type of diffused light- 
ing suppresses the appearance of fire; as a rule, then, 
retail environments provide spot or point source 
lighting (often with some overall diffused lighting as 
well} to accentuate fire. 
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Diffused Lighting. A faceted diamond’s appearance 
depends on several factors: clarity, color, quality of 
finish, arrangement of facets, proportions, lighting, 
and how the diamond is positioned relative to the 
observer. At a normal viewing distance (10-20 in. 
from the eyes) in a diffusely lit environment, the 
reflection of the observer’s head and upper torso 
(seen as dark areas by the observer due to contrast 
with the lighting environment) combines with light 
leakage from the pavilion facets to cause dark areas 
in the reflection pattern (Harding, 1975; Moses et 
al., 2004). With motion, the light reflection pattern 
and accompanying sparkle comprise the traditional 
aspect of scintillation. Additionally, Moses at al. 
(2004) found that the dynamic or static pattern of 
light return is critical to face-up appearance, with an 
attractive diamond having a balance of dark and 
light areas. 

If diffraction gratings are etched onto facets that 
are normally reflected as the white portions of a 
face-up pattern (dynamic or static), less of this 
bright light is returned. Consequently, brightness 
suffers when these diamonds are observed in dif- 
fused light. In contrast, etching the areas usually 
seen as dark reflections makes them appear some- 
what brighter. Although for the most part the con- 
ventionally cut diamonds were perceived to have a 
better overall appearance in diffused light than the 
plasma-etched stones, some of the authors and out- 
side observers indicated that in diffused lighting 
they perceived a slight improvement in the dia- 
monds etched with pattern C. 


Spot Lighting. In most conventionally cut dia- 
monds, fire is observed as either small (“pinpoint”) 
or large flashes of spectral colors. During GIA’s 
observation testing (conducted from 2001 to 2004; 
Moses et al., 2004), some observers preferred pin- 
point fire, while others preferred broader color flash- 
es. The fire observed in the plasma-etched dia- 
monds was perceived by the authors and outside 
observers as pinpoint flashes, with many small 
flashes happening at the same time, regardless of 
how much the diamond was moved. 

Pinpoint fire is too subtle to be easily noticed in 
diffused lighting environments, but it is readily 
apparent with spot lighting, especially in an envi- 
ronment with relatively dark surroundings. The 
stronger the contrast between the spot lighting and 
the ambient environment, the more dramatic the 
fire appears to be. In this study, we found that the 
diamonds cut with diffraction grating pattern C 
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were consistently perceived to have more fire than 
their conventionally cut counterparts, although two 
of the outside observers commented that they pre- 
ferred broad flashes of fire. 


Mixed Lighting. Most people work and live in either 
diffused or mixed lighting; only occasionally does 
spot lighting dominate. When a diffraction grating 
was applied without regard to face-up pattern (i.e., 
figure 4A), the authors found the resulting diamond 
to be less attractive in mixed lighting. Conversely, 
with a grating applied to improve the face-up pattern 
(figures 4C and 16), as in no. 37, observers found the 
diamond to be clearly more attractive than compara- 
ble diamonds without diffraction grating. 


Other Considerations. Step-cut fancy-color dia- 
monds typically have little dispersion, either in dif- 
fused or spot lighting, and it is the novelty of the 
cut or the heightened color of the diamond that 
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Figure 16. This 
octagonal step-cut 
fancy brown dia- 
mond (0.43 ct) is 
shown face-up in 
diffused light (top 
left) and spot light- 
ing (top right) prior 
to plasma etching. 
In both instances, 
there is little fire. 
After processing 
with a modified 
pattern C adapted 
to this shape, the 
diamond looks 
much the same in 
diffused light (bot- 
tom left) but has a 
more dynamic face- 
up appearance and 
obvious fire in spot 
lighting (bottom 
tight). Photos by 
Robert Weldon. 


appeals to consumers. The authors noted that 
diffraction grating patterns added fire to this type of 
diamond when observed with spot lighting, though 
they made little difference with diffused lighting 
(figure 16). 


Identifying Nanocut Plasma-etched Diamonds. The 
simplest method to identify plasma-etched dia- 
monds is to examine the pavilion facets with at 
least 10x magnification. A facet modified with the 
diffraction grating will appear unpolished, and spot 
lighting reflected through or back from the grating 
will be observed as dispersed colored light (again, 
see figure 11). 


Grading. GIA does not provide cut grades for 
plasma-etched diamonds. Diamonds with these 
diffraction grating patterns will be described as hav- 
ing “plasma-etching features” in the comments sec- 
tion of their grading reports. 
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CONCLUSION 


Microlithographic and pattern-transfer etching tech- 
niques common in the semiconductor industry 
were used to create high-resolution diffraction grat- 
ing patterns on specific facets of several diamonds. 
With careful optical modeling to determine the pre- 
cise positions and dimensions of the diffraction grat- 
ings, we were able to modify light reflection and 
refraction from the diamond to induce additional 
spectral dispersion and, consequently, a more fiery 
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appearance in both mixed and spot lighting. To 
minimize reduction of brightness, we selected 
facets for modification that otherwise would have 
resulted in dark areas seen face-up. 

These preliminary results introduce a new 
approach to cutting diamonds: plasma etching. At 
this point, it is only being applied to enhance fire in 
conventionally cut diamonds. A new company, 
Rockoco Inc., has introduced this cutting style 
under the Nanocut trademark. 
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REFLECTED AND REFRACTED LIGHT FROM SURFACE 
OF DIAMOND 


ANGLE OF 
INCIDENCE (i) 
IN AIR 


Brewster’s 
Angle 


(Approximate) 


REFRACTED 
LIGHT 


(Approximate) 


REFLECTED 
LIGHT 


83.01% 
82.77% 
82.77% 
82.64% 
82.27% 
81.27% 
78.88% 
75.15% 


16.99% 
17.23% 
17.23% 
17.36% 
17.73% 
18:73% 
21.12% 
24.85 % 


72.79% 
56.67 Yo 
10.03 % 


27.21% 
43.33% 
89.97 % 


Table I 


a study of the optical theory. However, 
those who do not wish to delve into the 
technical details may skip the following 
paragraphs and turn to page 246. 


The refraction of light by a transparent 
medium in air is expressed in an equation 
which was evolved by Fresnel, and after- 
wards called Fresnel. refraction, as follows: 

If i is the angle of incidence, r the angle 
of refraction, m the index of refraction for 
air (neatly equal to unity), m: index of 
refraction for a medium, then the ratio of 
the reflected light zo the incident light is: 


ey sin? (i —r) tan’ (i —f) 
ee 2 ( sin? aaa tan’ (i+ 1) 

If i = O (normal incidence), and nm 
= 1 (approximate for air), é 


m — 1 ; 
n= (234) 


Fig. 1 demonstrates the path of a ray of 
light which, coming from O (source of 
light), reaches the surface of the film at 
A, here it is slightly refracted, travels 
through the film to C at the junction film- 


stone and, again slightly deviated from its 
direction, propagates into the stone to F. 
At A, C and E minute amounts are re- 
flected; at D a certain percentage leaks into 
the air and the rest is totally reflected and 
travels to E and from there to G. The film 
coating the stone is so very thin that the 
points A and C are extremely close to each 
other and almost coincide with D and E 
respectively, so that the rays— thanks to 
the parallelism of their direction of propa- 
gation — seem to form one single ray. 


It may be supnosed. that the thickness of 
the film be but 1%) The ray of light 
arriving at A undergoes a shock and slows 
down; it continues to C and experiences 
again the same retardation of Y period 
and thus. propagates towards F with the 
total retardation of one period. The ray 
C-D starts from C with an advance of half 
a period with regard to ray C-F; yet, as it 
has to run to and from C via D to F 
slowing down 14 plus 4% equal 4 period 
in order to arrive at E, its advantage is 
lost and accord of phase established with 
ray C-F. Consequently both rays C-F and 
E-G combine. In order to lose but a mini- 
mum amount of light by surface reflec- 
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Notes & NEW TECHNIQUES 


CHRYSOPRASE AND PRASE OPAL FROM 
HANETI, CENTRAL TANZANIA 


James E. Shigley, Brendan M. Laurs, and Nathan D. Renfro 


Commercial quantities of gem-quality chryso- 
prase and green prase opal (nickel-bearing 
chalcedony and common opal, respectively) 
have been recovered from altered serpentinite 
deposits near Haneti, Tanzania. Material stud- 
ied for this report came from the largest mine, 
located on top of lyobo Mountain, which has 
been actively exploited for two decades. 
Although somewhat similar in color and 
appearance, chrysoprase and prase opal can 
easily be distinguished from one another by dif- 
ferences in refractive index (~1.55 vs. ~1.45) 
and specific gravity (~2.60 vs. ~2.11). Chryso- 
prase makes up the vast majority of the output, 
and the mine shows good potential for contin- 
ued production. 


hrysoprase and prase opal are nickel-contain- 

ing green varieties of chalcedony and non- 

play-of-color (common) opal, respectively. 
Both have been used as gem materials for thousands 
of years. Chrysoprase was described as being the 
“most prized” type of chalcedony by Webster (1994, 
p. 233). Central Tanzania is an important contempo- 
rary source of both these gems. The Tanzanian mate- 
rials were first briefly described by Gtibelin (1975, pp. 
76-78) and Schmetzer et al. (1976). These reports 
were followed by a characterization of the green prase 
opal by Koivula and Fryer (1984), and a more detailed 
study of the chrysoprase by Kinnunen and Malisa 
(1990). 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 45, No. 4, pp. 271-279. 
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NOTES AND NEW TECHNIQUES 


This article briefly describes the geology, mining, 
and gemological characteristics of high-quality 
Tanzanian chrysoprase and prase opal from the 
Iyobo Mountain mine near Haneti (figure 1). This 
mine is operated by Dimitri Mantheakis, who host- 
ed two of the authors (JES and BML) there in May 
2008. Although both materials have also been found 
in several other parts of the world (table 1), Tanzania 
is probably the most important source of chryso- 
prase after Australia. 


BACKGROUND 


The green color of chrysoprase has long been 
thought to be caused by one or more submicroscopic 
green nickel compounds (as Ni**). While this idea 
has been discussed for more than two centuries, the 
exact nature of these nickel compounds continues to 
be debated (Natkaniec-Nowak et al., 1989). Some 
researchers suggested it was a nickel oxide (possibly 
the mineral bunsenite; see Heflik et al., 1989), but 
subsequent spectroscopic and high-magnification 
imaging studies disproved this idea (see Rossman, 
1994; Gawel et al., 1997). Most others have ascribed 
the coloring agent to layered or framework hydrated 
nickel silicates (such as kerolite) or nickel-contain- 
ing clay minerals (such as garnierite, lizardite, or 
saponite; see Rossman, 1994, pp. 458-459; Nagase et 
al., 1997; Dyrek et al., 2001; Sachanbinski et al., 
2001; Sojka et al., 2004). 

The nickel compound(s) occur as tiny, colloidal 
particles that are dispersed as inclusions throughout 
the host silica matrix. The presence of a small 
amount of iron (as Fe*+) can modify the color of 
chrysoprase to be more yellowish green, whereas 
light scattering from microdefects or small particles 
in the translucent material (the “Tyndall Effect”) has 
been suggested as the cause of the more bluish green 
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Figure 1. Tanzanian chryso- 
prase (left, cabochons rang- 
ing from 3.72 to 18.42 ct) 
and prase opal (inset, 35.82 
ct) are commercially mined 
from one deposit near 
Haneti. All but the pieces of 
rough were examined for 
this study. Gift of Dimitri 
Mantheakis; GIA Collection 
nos. 37910-37914 (right) 
and 37909 (inset). Photos by 
Robert Weldon. 


appearance seen in reflected light (Sachanbinski et 
al., 2001). Gawel et al. (1997) studied chrysoprase 
from several localities, and concluded that those 
samples with a lower degree of crystallinity tended 
to have higher nickel contents and a more intense 
green color. Presumably, dispersed particles of nick- 
el-containing minerals also color the green prase 
opal from Tanzania, since the visible spectra of both 
materials are similar (see Results section). 
Schmetzer et al. (1976) described this material as 
being opal-CT. 

Because of their opaque-to-translucent green 
appearance and ability to take a good polish, both 
chrysoprase and prase opal have been used as substi- 
tutes for jade. Dyed green agate and green glass have 
occasionally been used to imitate chrysoprase 
(O’Donoghue, 2006). Also known is a chromium- 
colored green chalcedony found in Australia, Bolivia, 
and Zimbabwe (material from the last has been 
referred to as mtorolite; see Phillips and Brown, 
1989; Hyrl and Petrov, 1998; Hyr&l, 1999; Willing 
and Stocklmayer, 2003). An opaque-to-semitranslu- 
cent yellow-green carving material from Australia, 
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sold under the name “lemon chrysoprase,” has been 
described as a rock consisting of magnesite and 
quartz (Johnson and Koivula, 1996) or of both miner- 
als along with chrysoprase (Henn and Milisenda, 
1997). All these other materials have gemological 
properties that allow them to be distinguished from 
chrysoprase and prase opal. 


OCCURRENCE AND DESCRIPTION 

OF THE TANZANIAN MATERIAL 

Location. Chrysoprase has been found on three adja- 
cent hills that lie ~12 km southeast of the village of 
Haneti and 12 km north of the village of Itiso. 
Haneti is 75 km north of Dodoma along Highway 
A104 (figure 2). The mine operated by Mr. 
Mantheakis is located near the top of the southern- 
most of the three hills (known as Iyobo Mountain; 
figure 3), at 5° 31.90’ S, 35° 59.33’ E and at an eleva- 
tion of 1,452 m. The area is accessible during the dry 
season (which runs April through November) by a 
dirt road from Dodoma to Haneti, and from there to 
the mine site by a rough dirt track. 
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Geology. According to Kinnunen and Malisa (1990), 
rocks in the area of the Haneti deposit are of Archean 
age and consist of metamorphosed ultramafics that 
form the three chrysoprase-bearing hills. These are 
aligned in a northwesterly direction, which marks the 
orientation of regional fracture/shear zones. They 
described the dominant rock type hosting the chryso- 
prase as a silicified and ferruginized (silica- and iron- 
altered) serpentinite. 


| 11 1 Other world sources of chrysoprase and 
prase opal. 


Locality Geologic setting Reference 


Chrysoprase 


Marlborough, Queensland, Weathered and laterized Brooks (1965), Krosch 


Australia serpentinites or other ultra- (1990), Jones (1992), 
mafic rocks O'Brien (1997), Brown 
(2000), Downing (2007), 
Osmond and Baker (2009) 
Warrawanda, Weathered and altered Nagase et al. (1997) 
Western Australia serpentinites associated 


with granites 


Yerilla Station, Veins in weathered Jones (1994a,b), 

Western Australia siliceous ironstones Brown (2000) 

Niquelandia, Goias, Brazil A galena mine (?) Kammerling et al. 
1990) 

Saxony, Germany ot reported Wittern (2001) 

Niigata Prefecture, Honshu, Not reported indat.org (2009) 


Japan 


Sarykul Boldy, Kazakhstan Nickel deposit in Sachanbinski et al. 


weathered serpentinite 2001) 
Ambatondrazaka, ot reported Behier (1963) 
Madagascar 
Szklary, Lower Silesia, ickel deposit in Drzymata and Serkies 
Poland weathered serpentinite 1973), Niskiewicz (1982), 


Heflik et al. (1989), 
Sachanbinski et al. 


2001) 
Southern Urals, Russia Not reported ikhailov (2000) 
Tulare County, California, Not reported O'Donoghue (1995) 
United States 
Various sites in Arizona, — Not reported indat.org (2009) 


California, Colorado, 
Massachusetts, New York, 
North Carolina, Oregon, 
Rhode Island, and Vermont 


Prase opal 

South Bohemia, Not reported Duda et al. (1991) 
Czech Republic 

Silesia, Poland Not reported Drzymata and Serkies 


(1973), Webster (1994) 


Small vein at a “chrome Mikhailov (2000) 

mine” 
Napa County, California, Not reported “Prase opal in California,” 
United States 1936 


Southern Urals, Russia 


NOTES AND NEW TECHNIQUES 


A104 
aN Pa rena 
/ 
0 100 km 
0 100 miles 


_| Chrysoprase and 
Haneti *<prase opal mine 


eltiso 


& Dodoma 


Figure 2. The Haneti chrysoprase and prase opal 
mine is located in central Tanzania, between 
Dodoma and Arusha. 


Both the chrysoprase and prase opal occur in dis- 
continuous veins up to several centimeters thick 
and several meters long in the weathered host rock. 
According to Mr. Mantheakis, the chrysoprase veins 
appear to be more abundant on the western side and 
upper portions of Iyobo Mountain; some areas have 
almost no such mineralization. Within a vein and 
between different veins, the material can vary from 
high-quality translucent to low-quality opaque. The 
best chrysoprase occurs in those areas of a vein that 
are surrounded by red clay or soil, while poorer-qual- 
ity material is found where the vein is enclosed by 
yellowish material. The best-quality prase opal is 
found in veins within very brittle host rock. 


Mining. Although at one time some Ni-rich magne- 
site veins were prospected in the region, the only 
mining in the Haneti area has been for chrysoprase- 


NEED TO KNOW 


¢ Chrysoprase and green prase opal are nickel- 
bearing green chalcedony and common opal, 
respectively. 

e They have been mined from lyobo Mountain 
near Haneti, Tanzania, for more than two decades. 

¢ They are found in veins hosted by altered 
serpentinite. 

¢ Typically, 7-10 tonnes of “mine-run” chrysoprase 
is produced annually (3% suitable for cabochons). 

e In the past decade, ~1.5 tonnes of “mine-run” 
prase opal was produced. 
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Figure 3. The mine workings are situated on top of 
Iyobo Mountain and are marked by a row of tailings. 
Photo by B. M. Laurs. 


and prase opal for both gem and ornamental purpos- 
es (Kinnunen and Malisa, 1990). According to Mr. 
Mantheakis, chrysoprase was first found there in the 
early 1960s, and limited production took place 
before the concession was nationalized by the gov- 
ernment in 1973, after which the mine lay dormant. 
Mr. Mantheakis, a Tanzanian citizen, reclaimed the 
mine in 1986, and in 1997 was given full mining 
rights on the property. 
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Mining is currently carried out in an open pit 
(figure 4) at the top of Iyobo Mountain. As many as 
35 local people are employed during the dry season. 
So far, 28 pits have been mined on the mountain, 
ranging from ~20 to ~250 m?. Mechanized equip- 
ment is used to expose areas containing the gem- 
bearing veins, which are then excavated with hand 
tools (figure 5). The miners follow the veins until 
they pinch out (figure 6), and the chrysoprase and 
prase opal are collected by hand (figure 7) and placed 
into bags for transport to a sorting facility on site. 

The chrysoprase production is highly variable, 
ranging from as little as 100 kg to as much as 1,000 
kg per month; the typical annual production is 7-10 
tonnes. These quantities are for “mine-run” rough, 
which includes some chrysoprase in matrix. After 
sorting and trimming, ~20-30% of the chrysoprase 
is marketable, but only 3-5% is of high quality (i.e., 
translucent, with even, intense color, and suitable for 
cutting attractive cabochons). The prase opal is much 
less abundant: In the past decade it has been recov- 
ered from only two areas of the mine, which yielded 
a total of ~1.5 tonnes of opal in matrix. 

The better-quality material is sent to Dar es 
Salaam for trimming and polishing into cabochons. 
Some of the lower-quality rough is worked into 
beads. The material is sold through wholesale and 
retail outlets in Dar es Salaam, as well as through 
international trade shows. 


Figure 4, Open-pit 
mining for chrysoprase 
and prase opal is 
performed using an 
excavator and hauling 
vehicle. Photo by 

B. M. Laurs. 
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Mr. Mantheakis (pers. comm., 2008) reported that 
his mining plan is sensitive to the local environ- 
ment. He places roads to preserve as many of the 
large trees as possible, and most of the pits are buried 
as mining proceeds. He estimates that 80% of the 
deposit remains to be mined. 


MATERIALS AND METHODS 


For this study, we examined nine chrysoprase sam- 
ples (five cabochons [3.72-18.42 ct] and four pre- 
formed or rough pieces weighing up to 8.6 g), and 
five prase opal samples (one 35.82 ct cabochon and 
four pre-formed or rough pieces weighing up to 7 g). 
All are representative of the better-quality material 
being produced from Mr. Mantheakis’s mine. We 
documented all the samples with a refractometer, 
gemological microscope, polariscope, desk-model 
spectroscope, Chelsea color filter, and standard ultra- 
violet (UV) lamps. 

All the samples were also analyzed by each of the 
following methods. Qualitative chemical analyses 
were performed using a Thermo ARL Quant-X ener- 
gy-dispersive X-ray fluorescence (EDXRF) system 
with multiple filter, voltage, and current settings 
appropriate to the elements of interest. Ultraviolet- 
visible-near infrared (UV-Vis-NIR) absorption spec- 
tra were recorded over an interval of 250-2500 nm 
with a Perkin Elmer Lambda 950 spectrometer, 
using a slit width of 2 nm and a data sampling inter- 
val of 0.5 mm. (Only the 400-700 nm region is 
shown in the results, since this is the region of great- 
est interest for investigating the origin of color.) 
Infrared spectra were recorded over the 6000—400 
cm! range with a Thermo Nicolet Magna-IR 760 
spectrometer, using a 6x beam condenser at a resolu- 
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Figure 5. Shovels, 

§ pry bars, and picks 
are used to follow 
the gem-bearing 
veins. Photo by 

B. M. Laurs. 


tion of 4 cm™! and 128 scans per sample to improve 
the signal-to-noise ratio. We obtained Raman spectra 
for both materials using a Renishaw InVia Raman 
microscope with 514.5 nm laser excitation. 


Figure 6. This vein at the chrysoprase/prase opal 
mine ranges from light green to deep green toward 
where it pinches out. Photo by B. M. Laurs. 


ee cae | Fs . 
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Figure 7. The veins of chrysoprase (shown here) 
and prase opal typically must be trimmed from 
the host matrix. Photo by B. M. Laurs. 


RESULTS AND DISCUSSION 


Gemological Characteristics. Samples of both mate- 
rials were light to medium-dark slightly bluish 
green and opaque to translucent; all displayed a vit- 
reous polish luster. In general, the prase opal was 
slightly more translucent than the chrysoprase. The 
color distribution in both materials appeared uni- 
form or very slightly blotchy. In addition, the prase 
opal displayed small, dark, granular brownish areas 
along fractures that Raman analysis indicated were 
most likely goethite; each of these areas tended to be 
surrounded by a small halo where the adjacent prase 
opal was yellower (figure 8). The observation that 
the outline of the halos followed the shape of the 
dark areas suggests that iron from these inclusions 
permeated the surrounding prase opal. 

The RI and SG values of all tested samples fell 
within the following ranges, which readily separate 
the two materials from the Haneti locality: 


Chrysoprase RI 1.549 (+0.002) 
SG 2.57-2.63 

Prase opal RI 1.455 (+0.004} 
SG 2,.09-2,.13 
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Kinnunen and Malisa (1990) reported similar RI 
and SG values for the chrysoprase from the Haneti 
area. These RI values are slightly above those of 
chalcedony in general, but the SG ranges are consis- 
tent with those reported for chrysoprase in the litera- 
ture (Webster, 1994, pp. 2522.53). We could not find 
properties for prase opal in the literature, but the RI 
and SG values of our samples fell within the ranges 
given for opal in general by O’Donoghue (2006). 

All samples were inert to both long- and short- 
wave UV radiation. They exhibited an aggregate 
reaction when viewed with a polariscope; this reac- 
tion was more pronounced for the prase opal. 
Neither material displayed any reaction when 
viewed with a Chelsea color filter (i-e., all samples 
remained green). The desk-model spectroscope 
revealed broad absorption below ~450 nm and above 
~650 nm in both materials. These two regions of 
absorption were more intense, and the intervening 
region of light transmission narrowed in wavelength 
range, for the more saturated green samples of both 
materials. No sharp absorption lines were observed 
in the spectra of either material. 

The gemological properties of both the chryso- 
prase and prase opal were generally consistent with 
reports in the literature for samples from the Haneti 
area and elsewhere. Kinnunen and Malisa (1990) 
characterized the chrysoprase as displaying a distinct 
microtexture consisting of disordered silica spherules 
(~40-80 um diameter), formed of concentric layers of 
quartz, chalcedony, and opal-A, within a silica 


Figure 8. This dark inclusion (probably goethite) 
is surrounded by a yellowish green halo. It 
appears that iron from the inclusion permeated 
the surrounding prase opal. Photomicrograph by 
J. E. Shigley; magnified 15x. 


GEMS & GEMOLOGY WINTER 2009 


VISIBLE-RANGE ABSORPTION SPECTRA 


Chrysoprase 


Prase opal 


400 450 500 550 600 650 700 


Figure 9. These visible-range spectra are for repre- 
sentative polished slabs of similar thickness of the 
chrysoprase (path length 1.86 mm) and prase opal 
(path length 1.76 mm). Both spectra exhibit 
regions of absorption below 500 nm and above 600 
nm. The inset photo (by Robert Weldon) shows the 
similar color of both materials, as well as the 
greater transparency of the prase opal, on the right. 


groundmass. In contrast, they found that the silica 
spherules in the Tanzanian prase opal were an order 
of magnitude smaller (~5—6 tm). They described the 
chrysoprase as also containing “cloudy color distribu- 
tions, clear chalcedony veinlets, whitish dots (micro- 
cavities], small fluid inclusions in bypyramidal 
quartz, and brownish inclusions of host rock” (p. 162) 
based on microscopic observations {10x—60x magni- 
fication and various lighting conditions). They inter- 
preted the lack of a vapor phase in the liquid inclu- 
sions as implying that the chrysoprase formed at a 
very low temperature and was deposited by repeated 
evaporation of Si-rich hydrothermal solutions or sur- 
face waters along open fractures in the altered serpen- 
tinite host rock. 


Chemical Analysis. Our EDXRF analyses indicated 
major amounts of Si and minor Ni, Zn, and Fe in 
both materials. Using atomic absorption spec- 
troscopy, Kinnunen and Malisa (1990) measured 0.55 
wt.% Ni in the chrysoprase, along with trace 
amounts of other elements (including the transition 
metals Co, Zn, Fe, Mn, and Cu at values up to 120 
ppm, and rare-earth elements at 1 ppm or less). 


Spectroscopy. The visible-range spectra of both 
materials showed increasing absorption below about 
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NEAR-IR ABSORPTION SPECTRA 


Prase opal 


Chrysoprase 


6000 5500 5000 4500 4000 


Figure 10. These representative infrared absorption 
spectra of the chrysoprase and prase opal display a 
band at ~5245 cm“ (more intense in the prase opal) 
and a group of similar features at 4517, 4326, and 
4300 cm-!. 


500 nm and a broad peak centered near 650 nm (fig- 
ure 9), corresponding to the absorption patterns seen 
with the spectroscope (see also Schmetzer et al., 
1976; Sachanbinski et al., 2001). This is consistent 
with the spectrum for chrysoprase from Tulare 
County, California (Rossman, 2009). The region of 
absorption above 650 nm has been attributed to Ni?* 
in octahedral coordination in a silicate mineral 
(Rossman, 1994, pp. 458-459, there is no indication 
that this element substitutes for either silicon or 
oxygen in either the chrysoprase or the prase opal). 

The near-infrared spectra were similar for both 
materials (figure 10), with a broad band at ~5245 cm=! 
and a group of features at 4517, 4326, and 4300 cm=! 
due to the presence of water molecules or hydroxyl 
groups in both materials (similar spectra for opals are 
illustrated in Langer and Flérke, 1974). 

In contrast, the Raman spectra of the two materi- 
als were very different from one another (figure 11). 
In the chrysoprase, there were sharp Raman peaks at 
1160, 807, 463 (much more intense than the other 
peaks), 398, 354, and 264 cm~!. All of these features 
were reported previously in a study of the Raman 
spectra of microcrystalline silica (including chal- 
cedony) by Kingma and Hemley (1994). The Raman 
spectra of the prase opal exhibited peaks at 783, 671, 
and a broader feature at 325 cm7!. Similar features at 
~800-780 and ~325 cm! were reported in opals by 
Ostrooumov et al. (1999) and by Smallwood (2000). 
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Figure 11. The Raman spectra for the chrysoprase 
and prase opal differ significantly. 


CONCLUSION 

Jewelry-quality chrysoprase and prase opal (figure 12) 
are mined from altered serpentinite near Haneti, 
Tanzania. The gemological properties of both mate- 
rials are generally consistent with previous reports 
for chrysoprase and opal, and we did not find any fea- 
tures that distinguish them from the same materials 
from other localities. Chrysoprase can be separated 
from chrome chalcedony by the latter’s yellow UV 
fluorescence, red Chelsea color filter reaction, and 
sharp absorption line at 684 nm seen with a spectro- 
scope (Hyr%l, 1999). Although similar in color and 
visual appearance, chrysoprase and prase opal from 
the Haneti area can be readily distinguished from 
one another on the basis of RI and SG values, as well 
as by their Raman spectra. Field observations of the 
mining site on Iyobo Mountain suggest good poten- 
tial for future production. 
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Figure 12. These Tanzanian prase opal samples 
consist of a 10.22 ct cabochon and a 5.15 ct 
faceted stone, together with a vein of rough 
material (GIA Collection nos. 32590, 32589, 
and 32587, respectively; photo by Robert 
Weldon). Tanzanian chrysoprase has been set 
into a variety of jewelry styles, as shown by 
the earrings in the inset (~9 ct total weight; 
courtesy of Dimitri Mantheakis). 
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DEMANTOID FROM VAL MALENCO, 
ITALY: REVIEW AND UPDATE 


Ilaria Adamo, Rosangela Bocchio, Valeria Diella, Alessandro Pavese, Pietro Vignola, 
Loredana Prosperi, and Valentina Palanza 


New data are presented for demantoid from 
Val Malenco, Italy, as obtained by classical 
gemological methods, electron microprobe and 
LA-ICP-MS chemical analyses, and UV-Vis-NIR 
and mid-IR spectroscopy. The results confirmed 
that these garnets are almost pure andradite 
(298 mol%, RI >1.81, SG = 3.81-3.88). All 18 
samples studied contained “horsetail” inclu- 
sions, which are characteristic of a serpentinite 
geologic origin. Fe and Cr control the coloration 
of demantoid, though color variations in these 
samples were mainly correlated to Cr content. 


emantoid is the Cr-bearing yellowish green 
[ ) to green variety of andradite [Ca,Fe,(SiO,),] 

(O'Donoghue, 2006). Very popular in Russia 
(where it was first discovered) from about 1875 to 
the start of the Russian Revolution in 1917, this gem 
has enjoyed a resurgence in demand since the begin- 
ning of the 21st century (Furuya, 2007). 

One of the most notable localities for demantoid 
is Val Malenco, located in Sondrio Province in the 
Lombardy region of northern Italy. Several deposits 
in this area have produced well-formed rhombic 
dodecahedral crystals (e.g., figure 1, left) that are cov- 
eted by collectors (Bedogné and Pagano, 1972, 
Amthauer et al., 1974; Bedogné et al., 1993, 1999). A 
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limited quantity (some thousands of carats) of Val 
Malenco demantoids have been cut, producing gem- 
stones that are attractive but rarely exceed 2 or 3 ct 
(e.g., figure 1, right). 

Val Malenco demantoid was first documented by 
Cossa (1880), who studied a sample recovered by T. 
Taramelli in 1876. In the next century, Sigismund 
(1948) and Quareni and De Pieri (1966) described the 
morphology and some physical and chemical proper- 
ties of this garnet. Subsequently, the demantoid was 
investigated by Bedogné and Pagano (1972), Amthauer 
et al. (1974), Stockton and Manson (1983), and 
Bedogné et al. (1993, 1999). Because some of these 
data are more than 20 years old, and some publica- 
tions are in Italian, we prepared this review and 
update on the physical, chemical, and gemological 
properties of demantoid from Val Malenco. 

Note that demantoid—although commonly used 
as a trade or variety name—is not approved by the 
International Mineralogical Association as a mineral 
name (Nickel and Mandarino, 1987; O’Donoghue, 
2.006). However, for reasons of brevity and consistent 
with gemological convention, throughout this arti- 
cle we will use demantoid instead of andradite, 
variety demantoid. 


HISTORY AND PRODUCTION 


Most of the demantoid recovered from Val Malenco 
thus far has been found in asbestos mines located in 
a small area between Dossi di Franscia and Coston 
d’Acquanegra (figure 2). The most famous localities 
are: Cengiasc (including the Sferltin quarry), Dossi di 
Franscia, Coston d’Acquanegra, Valbrutta, and Al 
Ross (Bedogné et al., 1999). These asbestos deposits 
are located at ~1800-2200 m above sea level, and are 
not easily accessible. 

Probably the most beautiful Italian demantoid 
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tion and to collect a maximum amount of 
light into the stone the coating must possess 
a refractive power between that. of air-to- 
stone, and it has been found that the refrac- 
tive index of the film must be equal to the 
square root of the stone’s refractive index. 


Figure I 


The value of the refractive index of the 
film compared to that of the stone to be 
treated is determined by the choice of the 
coating material. Table 2 reveals the cor- 
responding values between the limits of the 
range of the refractive index of gemstones 
in intervals of one tenth of the unit. 

This table explains clearly why coatcd 
stones with a refractive index below 1.70 
do not throw a shadow edge onto the scale 
of the. refractometer while stones with 
higher refractive indices merely give a false 
reading which, depending upon the stone’s 
refractive index, varies between ‘1.30 to 1.55 
and might be mistaken for that of glass, 


Table I 


opal or fluorspar (feldspar and quartz show 
birefringence, therefore, in their case the 
question does not arise — the anti-reflection 
films are amorphous). However, in 
practical application excellent results 
may be obtained by using a substance 
of medium retractive power. Another most 
important condition which is even more 
critical than the value of the refractive 
index of the films, briefly mentioned above, 
is that the depth of the film must be a 
quarter of a wavelength of the light used. 
If the light be monochromatic these condi- 
tions can readily be complied with, but it is 
more difficult with the more complex day- 
light which consists of a scale of wave- 
lengths from 3500 AU to 7500 AU. The 
ideal. solution would, therefore, be to pro- 
duce a film which could respond to the 
complicated composition of the daylight in 
order to preserve a perfectly normal and 
chromatic balance between. the incident and 
the transmitted light. Fortunately, this exac- 
tion is not absolutely necessary since em- 
piric knowledge has proved without con- 
tradiction that brilliant results are obtained 
for all wavelengths of the visible spectrum, 
and that considerable reduction of reflec- 
tion and increase of transmission takes place 
at a sufficient span of wavelengths on either 
side of the chosen wavelength if the depth 
of the film corresponds to 14 of the 
wavelength of the medium region of the 
solar spectrum to which the human eye is 
most sensitive (i.c. approx. 555. my in the 
day and 510gny at night).»Latest investi- 
gations have shown that, by varying the 
thickness of the film, other interference 
colors than blue can be obtained for special 
cases, so that the color of the film can. be 
better adapted to the color of the treated 
stone, 

There are four metallic fluorides whose 
tefractive indices approach the ideal con- 
ditions nearly enough to, cover the entire 
range of the refractive indices of gem- 
stones. They are barium fluoride (Ba-F:), 
calcium fluoride (Ca F.); magnesium fluor- 
ide (Mg F:) and sodium aluminium fluoride 
(cryolite, Na: Al F;). Sometimes titanium 
dioxyde (Ti 02) is applied as a substratum, 
and in order that the non-reflecting film 
may be protected it is often covered by a 
thin film of silica (Si0.) whose hardness 
is slightly below 6 (Mohs’ scale). ‘The 
fatter substances are insoluble in hot water. 
Silica has a high refractive index, although 
below that of quartz; as always the refrac- 
tive index of an anti-reflection film is less 
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crystals were found at the Sferlin mine by L. 
Magistretti in 1947 (Sigismund, 1948). Some were 
given to Universita degli Studi di Milano, while oth- 
ers were sold to jewelers and collectors. Other 
important finds were made during the second half of 
the 1960s (Bedogné et al., 1999). 

At present, all the asbestos mines are closed, so 
the possibility of collecting fine demantoid speci- 
mens is very remote. The existing demantoid crys- 
tals and cut stones on the market came from com- 
mercial exploitation before the mines closed toward 
the end of the 1970s (Bedogné et al., 1999). 


GEOLOGIC SETTING 


The Val Malenco ultramafic rocks (again, see figure 
2) mainly consist of magnetite-, diopside-, and antig- 
orite-bearing serpentinites that formed by metamor- 
phism of mantle rocks during the Alpine orogenesis 
(Montrasio et al., 2005; Trommsdorff et al., 2005). 
The demantoid is found within foliated serpentinites 
in the eastern part of the Val Malenco ultramafic 
unit, where it is hosted by asbestos (chrysotile|-filled 
brittle fractures, generally oriented perpendicular to 
the foliation. The demantoid may be found as crys- 
tals up to 2. cm in diameter (see figures 1 [left] and 3), 
or as aggregates of tiny crystals that are locally 
dubbed “asbestos seed.” 

The demantoid crystals are generally associated 
with magnetite, Cr-bearing magnetite, calcite, hydro- 
magnesite, brucite, clinochlore, and rarely, transpar- 
ent green masses of forsterite. This assemblage has 
hydrothermal origins and formed in a retrograde 
metamorphic process during the late Alpine orogene- 
sis at temperatures below 370°C and pressures rang- 
ing from 0.5 to 1.5 kbar (Amthauer et al., 1974). 


MATERIALS AND METHODS 


We examined 18 samples from Val Malenco consist- 
ing of eight faceted (0.31-3.84 ct; see, e.g., figure 4] 


NOTES AND NEW TECHNIQUES 


Figure 1. The demantoid 
crystal (9.01 x 9.42 mm) 
and 1.98 ct faceted cushion 
cut are from the Sferltin 
mine in Val Malenco, 
Italy. Left image courtesy 
of the Museo di Storia 
Naturale di Milano, Italy, 
and Dr. Federico Pezzotta; 
photo by Matteo Chinellato. 
Right image courtesy of 
Francesco Bedogné; photo 
by Roberto Appiani. 


and 10 rough (0.01—0.4 g) specimens taken from 10 
different rock samples, the latter all from the Sferltin 
mine. All the faceted samples were examined by 
standard gemological methods to determine their 
optical properties, hydrostatic specific gravity, UV 
fluorescence, and microscopic features. 

Quantitative chemical analyses were performed 
on eight of the rough samples, selected on the basis 
of color (representing a range from yellowish green 
to green to intense green). We used a JEOL JXA-8200 
electron microprobe in wavelength-dispersive mode. 
The following elements were measured: Na, Mg, Al, 
Si, K, Ca, Ti, V, Cr, Mn, and Fe. We corrected the 
raw data for matrix effects using a conventional ZAF 
routine. The oxidation state of Fe was determined 
for all the samples, using the flank method, which 
allows one to directly determine the ferric iron con- 
tent from microprobe data (H6fer and Brey, 2007). 

Laser ablation-inductively coupled plasma—mass 
spectroscopy (LA-ICP-MS) chemical analyses were 
performed on the same samples analyzed by electron 
microprobe. The instrument consisted of an Elan 
DRC-e mass spectrometer coupled with a Q- 
switched Nd:YAG laser source, with a fundamental 
emission (1064 nm) that was converted to 266 nm 
by two harmonic generators. Helium was used as a 
carrier gas, mixed with an Ar stream in the ablation 
cell. The following elements were analyzed: Li, Be, 
B, Sc, Ti, V, Cr, Co, Ni, Zn, Rb, Sr, and the rare-earth 
elements from La to Lu. 

Ultraviolet-visible-near infrared (UV-Vis-NIR]} 
spectroscopic measurements over the 250-1000 nm 
range were performed with a Lambda 950 PerkinElmer 
spectrophotometer, equipped with an integrating 
sphere, on four rough samples (nos. 1, 2, 6, and 8, hav- 
ing thicknesses of 1.90, 2.04, 1.82, and 1.40 mm, 
respectively). 

Spectroscopic measurements of all the rough 
samples over the mid-infrared range (4000-400 cm~!) 
were performed with a Nicolet Nexus Fourier-trans- 
form infrared (FTIR) spectrometer, operating in dif- 
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Figure 2. Demantoid is 
hosted by serpentinites 
in the eastern part 

of the Val Malenco 
ultramafic unit, north- 
ern Italy. The presence 
of “horsetail” inclu- 
sions in the garnet is 
consistent with the 
serpentinite origin. 


KEY 


OLIGOCENEINTRUSIVES 
Masino-Bregaglia and Triangia plutons 


IERN ALPS 


Crytalline basement 


AUSTROALPINE 


META-SEDIMENTARY COVER 
Marble, calc-silicate marble, quartzite 


CRYSTALLINEBASEMENT 
Paragneiss, orthogneiss, quartzite 


PENNIDIC 


META-SEDIMENTARY COVER 
Calc-silicate marble, quartzite, calc-shist 


OCEANIC META-BASALTS: 
Amphibolite 


ULTRAMAFIC UNIT 


| Val Malenco serpentinite 


CRYSTALLINEBASEMENT 
Paragneiss, orthogneiss, quartzite 


AREA OF DEMANTOID DEPOSITS 


MOST IMPORTANT LOCALITIES: 
1 - Sferlun quarry (Cengiasc) 

2 - Dossi di Franscia 

3 - Coston d’Acquanegra 

4- Valbrutta 

5 - Al Ross 


fuse reflectance (DRIFT) mode, with a resolution of 
4 cm! and 200 scans per sample. Three crystals 
were also tested in transmission mode using the 
same operating conditions. 


Figure 3. A group of well-formed demantoid crystals 
are associated with asbestos on a serpentine matrix 
in this sample from the Sferlin mine. The largest 
crystal is ~20 mm across. Courtesy of the Earth 
Sciences Department Museum of the Universita 
degli Studi di Milano, Italy (Magistretti Collection); 
photo by R. Bocchio. 
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RESULTS AND DISCUSSION 


Standard Gemological Properties. The color of both 
the rough and faceted samples ranged from yellow- 
ish green to green, including a rare bright intense 
“emerald” green (seen in six samples, especially the 
smallest ones), with a medium-to-dark tone. The 
color was generally homogeneous, but one rough 
sample (no. 10) contained inclusions near the core 
that darkened the overall appearance. All the crys- 
tals studied had dodecahedral habits, often modified 
by trapezohedron faces that were finely striated 
lengthwise. 

The standard gemological properties, summarized 
in table 1, are typical of andradite (O’Donoghue, 
2006). The properties are also comparable to those 
obtained by Stockton and Manson (1983) on seven 
samples of demantoid reportedly from Italy. 

All of our samples contained fibrous inclusions, 
identified as chrysotile on the basis of morphology, 
in the typical “horsetail” arrangement (figure 5). 
One stone had been cut with these fibers placed 
under the table facet to emphasize their distinctive 
beauty. “Horsetail” inclusions have been previously 
documented in samples from Val Malenco (e.g., 
Hoskin et al., 2003; Gtibelin and Koivula, 2005), and 
such internal features are typical of demantoid host- 
ed by serpentinite. The faceted samples also con- 
tained many fractures, some healed with liquid or 
solid materials. Straight growth lines were observed 
in one stone, and two samples contained white 
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inclusions of what was probably a serpentine-group 
mineral (e.g., antigorite; see figure 5, left], as docu- 
mented by Giibelin and Koivula (2005) in deman- 
toid from this locality. 


Chemical Composition. The chemical composi- 
tions of the eight analyzed samples from Val 
Malenco are summarized in table 2. 


NEED TO KNOW 


¢ Demantoid is a variety name for Cr-bearing 
yellowish green to green andradite. 

¢ Demantoid from Val Malenco has been known 
since the late 19th century, but only limited 
amounts have been cut. 

¢ Val Malenco demantoid is almost pure andra- 
dite, and contains “horsetail” inclusions. 

¢ The intensity of the green coloration correlates 
to Cr content, which was measured in relatively 
low concentrations (up to ~5500 ppm). 


Electron microprobe analyses showed that all the 
garnets consisted of nearly pure andradite (298 
mol%), and that Ti, V, Al, Cr, Mn, Mg, Na, and K 
were present only in amounts of <1 wt.% oxide, 
which is consistent with data previously reported by 
Amthauer et al. (1974), Stockton and Manson (1983), 
and Bedogné et al. (1999). Chromium was the most 
important chromophore other than iron, with aver- 
age values ranging up to 0.58 wt.% Cr,O,. Moreover, 
this element was heterogeneously distributed within 
each sample (see, e.g., figure 6). Amthauer et al. 
(1974) also measured variable Cr,O, contents in dif- 
ferent colors of demantoid from Val Malenco (i.e., 
0.02-1.30 wt.%; the highest contents were measured 
in intense green samples). Bedogné et al. (1999) 
reported a strong Cr,O, variation (from traces up to 
2.48 wt.%) between different samples. Stockton and 
Manson (1983) reported small amounts of Cr,O, 
(approaching the detection limit of the microprobe} 
in almost all the yellowish green samples investigat- 
ed from this locality, noting also a heterogeneous 
composition, especially with regard to chromium. 

LA-ICP-MS analyses measured significant values 
(more than a few parts per million) of only three ele- 
ments: Cr, Ti, and V (table 2). Ti and V were rather 
constant, and did not show any correlation with 
color; Cr, however, was quite variable and did corre- 
late to the intensity of green coloration (figure 7). In 
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Figure 4. These faceted demantoids from Val Malenco 
(0.31-0.91 ct) are some of the cut samples tested for 
this study. Photo by Matteo Chinellato. 


the yellowish green specimens (nos. 1-3), Cr con- 
tents were below or very close to the detection limit 
of the microprobe, with levels ranging up to 250 
ppm measured by LA-ICP-MS. The greener stones 
(nos. 4-8) contained higher Cr contents, up to ~5500 
ppm. The variation of Cr within a single sample 
(again, see figure 6) was also evident in the LA-ICP- 
MS data (see ranges in table 2). The content and dis- 
tribution of the rare-earth elements, as measured by 
LA-ICP-MS, will be discussed in a separate article. 
Chemical analysis of the dark inclusions in sam- 
ple no. 10 (figure 8) identified them as Cr-bearing 
magnetite, with 16.63-23.08 wt.% Cr,O,. Magnetite 
and Cr-bearing magnetite are common in demantoid 
associated with serpentinite, and were observed by 
Bedogné and Pagano (1972) as small grains in 


~ 1.1: 1Gemological and spectroscopic properties of 
andradite/demantoid from Val Malenco, Italy, investigated 
in this study. 


Color 
Diaphaneity 
Optic character 


Yellowish green to green, medium to dark 
Transparent 

Singly refractive with moderate-to-strong 
anomalous double refraction 

Refractive index >1.81 

Specific gravity 3.81-3.88 

UV fluorescence Inert 

Internal features “Horsetail” inclusions, crystalline inclusions 
(probably belonging to the serpentine mineral 
group), fractures (Some partially healed), 
straight growth lines 


UV-Vis-NIR Total absorption below 390 nm, strong bands 
spectroscopy at 435-440 nm, broad feature at 480 nm, 
absorptions at 575, 620, 640 nm, a doublet at 
695-700 nm, and a broad band at 860 nm 
Mid-IR Areas of total absorption between 2250 and 
spectroscopy 400 cm intrinsic to garnet; bands at 3560 


and 3604 cnr’ related to structurally bonded OH- 
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TABLE 2. Chemical composition of eight andradites from Val Malenco, Italy. 


Chemical No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 
composition Yellowish Yellowish Yellowish Green Green Green Green Green 
green green green 
Electron microprobe analyses (average)? 
No. points analyzed am) 10 7 11 11 10 10 10 
Oxides (wt.%) 
SiO, 35.95 35.39 35.37 35.93 35.76 35.73 35.88 35.81 
TiO, 0.02 0.03 0.01 0.01 0.04 0.05 0.03 0.02 
Al,O, 0.06 0.08 0.07 0.15 0.06 0.08 0.06 0.05 
Cr,O, bdl 0.01 0.03 0.18 0.19 0.29 0.47 0.58 
FeO, 31.60 31.51 31.60 31.05 31.27 30.98 31.07 31.01 
nO 0.01 0.03 0.03 0.02 0.02 0.03 0.02 0.04 
gO 0.10 0.12 0.13 0.15 0.13 0.17 0.09 0.11 
CaO 33.04 33.04 33.04 33.06 33.02 32.98 32.99 33.04 
Na,O 0.01 0.01 0.01 0.01 bdl bdl bdl bdl 
Total 100.79 100.22 100.29 100.56 100.49 100.31 100.61 100.66 
lons per 12 oxygens 
Si 3.011 2.987 2.985 3.014 3.005 3.007 3.010 3.004 
Ti 0.001 0.002 0.001 0.001 0.003 0.003 0.002 0.001 
Al 0.006 0.008 0.007 0.015 0.006 0.008 0.006 0.006 
Cr bdl 0.001 0.002 0.012 0.013 0.019 0.031 0.039 
Fes 1.992 2.001 2.006 1.960 1.977 1.962 1.961 1.958 
n 0.001 0.002 0.002 0.001 0.001 0.002 0.001 0.003 
g 0.012 0.015 0.016 0.019 0.016 0.021 0.011 0.014 
Ca 2.965 2.988 2.987 2.971 2.975 2.974 2.965 2.970 
Na 0.001 0.002 0.002 0.002 bdl bdl bdl bdl 
ol% end members 
Andradite 99.6 99.9 99.9 98.7 99.2 98.6 98.8 98.3 
Uvarovite 0.0 0.0 0.0 0.6 0.2 1.0 0.8 WA 
Others 0.4 0.1 0.1 0.7 0.6 0.4 0.4 0.6 
LA-ICP-MS analyses° 
No. points analyzed 3 6 6 3 4 3 3 3 
Element (ppm) 
Cr 6-23 2-188 11-250 16-5089 1621-3302 1028-1467 690-5468 3899-4480 
(12) (67) (113) (682) (2558) (1271) (2568) (4189) 
Ti 113-233 78-649 110-152 7-157 157-292 156-458 67-195 68-87 
(180) (266) (126) (89) (228) (800) (120) (60) 
V 35-41 383-86 26-28 12-43 52-70 51-69 65-91 39-46 
(37) (52) (28) (35) (62) (57) (74) (48) 


@ Flectron microprobe operating conditions: accelerating voltage = 15 kV, beam current = 15 nA, count time = 60 seconds on peaks and 30 seconds on 
background. Standards: natural wollastonite (Si, Ca), anorthite (Al), fayalite (Fe), olivine (Mg), rhodonite (Mn), omphacite (Na), ilmenite (Ti), K-feldspar 
(K), and pure V and Cr for those elements. Abbreviation: bal = below detection limit (0.07 wt.%). Potassium and vanadium were below the detection 


limit in all analyses. 


© Total iron calculated as Fe,O,. The flank method established that all iron is Fe%*. 


° LA-ICP-MS operating conditions: spot size = 40 um; external standard = NIST SRM 670 glass; internal standard = Ca. Precision and accuracy 
estimated on the basaltic glass BCR2 standard were better than 10%. Data include ranges, with average values in parentheses. Several other elements 


(see text) were present at no more than a few ppm, and are not included here. 


samples from Val Malenco. In sample no. 10, 
enriched amounts of Cr (and relatively low Fe) were 
also present in the garnet adjacent to these inclusions 
(figure 8). The Cr,O, content varied from 10.09 to 
3.78 wt.% with increasing distance from the Cr- 
bearing magnetite grain. 


Spectroscopy. The most significant spectroscopic 
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features in the investigated samples are summarized 
in table 1 and described below. 


UV-Vis-NIR. As illustrated by the two representa- 
tive samples in figure 9, the UV-Vis-NIR absorption 
spectra are characterized by total absorption below 
390 nm, an intense peak at ~440 nm with a second 
component at ~435 nm, two bands at 575 and 620 
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Figure 5. All the Val 
Malenco samples investi- 
gated for this study 
contained fine fibers of 
chrysotile in a “horse- 
tail” arrangement, as is 
typical of demantoids 
occurring in serpentinite. 
The white masses in the 
left photo were identified 
as a serpentine mineral 
such as antigorite. 
Photomicrographs by 
Vanda Rolandi; 
magnified 45x. 


nm that sometimes overlap, and a broad band at 
~860 nm. These spectral features are all related to 
Fe** and Cr**. In particular, the features at 390, 440, 
575, and 860 nm are related to Fe**. The 440 nm 
band is also attributed to Cr**, as is a feature at ~480 
nm; both of these were seen to increase proportion- 
ally to chromium content in spectra taken from 
slabs of the same thickness. The 620 nm band is also 
assigned to Cr**, though we cannot exclude a weak 


Figure 6. This X-ray map obtained with the electron 
microprobe shows the Cr distribution in sample no. 7. 


Increasing 
Cr 
concentration 


seat 
200 pm 
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contribution from Fe** (for all these assignments see, 
e.g., Manning, 1972; Moore and White, 1972; 
Amthauer et al., 1974; Amthauer, 1976). Absorption 
in the 500-700 nm range could be a rough indicator 
of Cr content in demantoid, although this correla- 
tion is in need of proper calibration. In samples with 
very low Cr (e.g., no. 2, with 67 ppm Cr average}, the 
575 nm band was clearly evident, whereas the 620 
nm feature was only suggested. However, the 575 


Figure 7. The average contents of Cr, V, and Ti 
obtained by LA-ICP-MS are shown for eight rough 
andradite/demantoid samples investigated for this 
study, according to the intensity of their color (see 
table 2 for data). 


CHEMICAL COMPOSITION 


4000 Cr aV OTi 
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Increasing 
total atomic 
weight 


200 um 


Increasing Increasing 
Fe Cr 
concentration concentration 


Figure 8. The white areas in the backscattered electron image on the left are inclusions of Cr-bearing 
magnetite in sample no. 10. The X-ray maps (center and right) show the distribution of Fe and Cr in the 


inclusions and the host garnet. 


nm band was obscured in the Cr-abundant samples 
by the more intense 620 nm feature. A 695-700 nm 
doublet and a weak peak at 640 nm, both related to 
Cr** (Burns, 1993; O’Donoghue, 2006), were also 
seen—though with difficulty—in specimens with a 
higher Cr content (e.g., no. 6). 


Mid-Infrared. The mid-IR spectra of all the rough 
samples—both in diffuse reflectance and transmis- 
sion modes—showed areas of total absorption in the 
2250-400 cm-! range, intrinsic to garnet, along with 
one or more bands between 3650 and 3450 cm7! 
(figure 10). The dominant absorption peak at ~3560 
cm! and the weaker absorption at 3604 cm=! are 
related to hydroxide, which can be present in andra- 
dite as a minor component, in the form of structural- 
ly bonded OH- (Amthauer and Rossman, 1998). 


Figure 9. UV-Vis-NIR spectra are shown here for 
two representative samples from Val Malenco: 
no. 2 (average Cr = 67 ppm) and no. 6 (average 
Cr = 1271 ppm). 


UV-VIS-NIR SPECTRA 


Sample no. 6, green 
(thickness = 1.82 mm) 860 
Sample no. 2, 
yellowish green 
(thickness = 2.04 mm) 


350 450 550 650 750 850 950 
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CONCLUSION 


Demantoid from Val Malenco is an attractive gem 
material that consists of almost pure andradite (> 98 
mol%) and has typical gemological properties for 
this garnet variety. “Horsetail” inclusions are com- 
mon and are consistent with the demantoid’s geo- 
logic origin related to serpentinite. Infrared spec- 
troscopy showed that hydroxide is a minor compo- 
nent of this garnet. 

The color, ranging from yellowish green to green, 
is due to intrinsic iron and traces of chromium, as 
shown by chemical analyses and UV-Vis-NIR spec- 
troscopy. In particular, Cr** causes the purer green 
coloration, despite the often low amounts present. 
Mining at Val Malenco is no longer active, but thou- 
sands of carats of faceted demantoid from this area 
have entered the market over the years. 


Figure 10 The mid-IR spectrum in transmission 
mode of Val Malenco demantoid (here, sample 
no. 4, 1.50 mm thick) shows absorption features 
related to OH” at 3604 and 3562 cm. 
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A New CHALCEDONY 

Treatment 

A while ago we learned of a new type 
of chalcedony on the market. Most of 
the material had the bodycolor of car- 
nelian, but it was marked by an 
unusual network of white lines of 
varying degrees of prominence. There 
was an abundance of this chalcedony 
at the Tucson gem shows, so the 
Carlsbad laboratory acquired two 
strands of beads for testing (figure 1). 

The beads were identified as chal- 
cedony based on their RI of 1.53, aggre- 
gate structure, and the typical agate 
banding underlying the network of 
white lines in many of them. Magni- 
fication showed that the white lines 
followed fractures in a pattern typical 
of that caused by quench crackling (fig- 
ure 2). The white coloration penetrated 
the body of the stones a very short dis- 
tance on either side of the fractures and 
part of the way down toward the cen- 
ter of the stones. 

We are not aware of any report of 
the natural formation of such cracks 
in chalcedony, so to investigate fur- 
ther we cut several beads in half (e.g., 
figure 3). It immediately became clear 
that the fractures did not extend all 


Editors’ note: All items were written by staff 
members of the GIA Laboratory. 
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Figure 1. These two strands of treated chalcedony were acquired for test- 
ing; the network of white lines is much more distinct in the top strand. 
The round beads are ~12.0 mm in diameter. 


the way through the beads but pene- 
trated a roughly uniform distance 
from the surface. This depth varied 
from bead to bead, being deeper in 
those with more-prominent white 
lines. The white zones followed the 
fractures precisely and ended where 
they stopped (again, see figure 3). One 
bead also had a narrow white layer 
along its surface. 

This arrangement is clearly not 
natural. We do not know the exact 
treatment, but it appears to be a com- 
bination of quench crackling followed 
by some type of bleaching process. 

Although this is just one of many 
chalcedony treatments, we recently 
learned that this material is being rep- 
resented as fire agate—a brown chal- 
cedony that displays multicolored iri- 
descence and commands a _ higher 
price than most other chalcedonies. 
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The beads we examined bear no 
resemblance to fire agate, and it is 
misleading to refer to them as such. 

Since acquiring the initial sam- 
ples, we have seen this treated chal- 
cedony in several unnatural dyed col- 
ors, most notably green, blue, and 
pink. Indeed, some dealers have told 
us that even the carnelian color is the 
result of dyeing. 

An Internet search readily revealed 
an abundance of this merchandise. 
One popular auction site showed hun- 
dreds of results with many variations 
on the name, such as “Crab Fire 
Agate,” “Fire Dragon Veins Agate,” 
and “Crackle Fire Agate.” Most dis- 
turbing, however, were several entries 
in which the material was labeled nat- 
ural fire agate—a clear misrepresenta- 
tion of this treated chalcedony. 

Shane McClure 
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Figure 2. Magnification revealed 
that the white lines followed 
fractures in a pattern typical of 
quench crackling. Field of view 
~§.3 mm high. 


DIAMOND 


DiamondView Indicates 
Treatment in Irradiated 
Brown-Orange Diamond 


The Diamond Trading Company 
(DTC) DiamondView instrument is a 
valuable tool for observing variations 
in fluorescence patterns that correlate 
to a diamond's growth history, and is 
therefore useful for differentiating nat- 
ural from synthetic diamonds. The flu- 
orescence seen with the Diamond- 
View generally shows no correlation 
with the facets of cut diamonds. 
Recently, however, we examined a dia- 
mond at the New York laboratory that 
showed strikingly different Diamond- 
View fluorescence features between 
the table and pavilion facets. 

The 1.49 ct pear-shaped brilliant 
was graded Fancy Deep brown-orange. 
The stone’s bodycolor appeared evenly 
distributed when viewed face-up with 
the unaided eye (figure 4). However, 
microscopic examination revealed 
that the apparent color was concen- 
trated in the crown and penetrated 
only a shallow distance into the stone, 
with a sharp boundary that followed 
the girdle facets (figure 5). Such facet- 
associated color zoning is common in 
diamonds that have been irradiated to 
artificially change or induce their 
color. When observed through the 
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Figure 3. These two chalcedony 
beads were cut in half. Note that 
the fractures in the oval bead, 
where the white lines are more 
distinct, are significantly deeper 
and the white zones terminate 
with the fractures. The round 
bead is ~12.0 mm in diameter. 


pavilion, the bodycolor appeared light- 
er than was seen face-up. 

Infrared (IR) absorption spec- 
troscopy revealed that the diamond 
was type IaB with a moderate-to-high 
concentration of nitrogen. Banded 
brown graining was present, as is typ- 
ical of type IaB brown diamonds. The 
stone showed moderate green trans- 
mission luminescence when exam- 
ined with a fiber-optic light, and it flu- 
oresced a chalky green that followed 
the graining when exposed to long- 


Figure 4. This 1.49 ct diamond 
owes its Fancy Deep brown-orange 
color to laboratory irradiation. 
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and short-wave ultraviolet (UV) radia- 
tion. UV-visible absorption spec- 
troscopy showed a strong absorption 
at 595 nm, which—along with the 
color zoning—indicated that this dia- 
mond had been artificially irradiated. 

In the DiamondView, the pavilion 
fluoresced a strong blue (created by the 
N32 defect, at 415 nm), while the crown 
facets fluoresced a strong green-yellow 
(figure 6); these contrasting areas were 
separated by a clear, sharp boundary. 
The green-yellow fluorescence is 
attributed to the H3 defect (503.2 nm}, 
which was observed in photolumines- 
cence spectra taken from the table 
facet using 488 nm excitation at liq- 
uid-nitrogen temperature. 

The combined gemological and 
spectroscopic features recorded for 
this diamond strongly indicated that it 
had been irradiated and annealed, with 
the table and crown facets facing the 
high-energy beam. After annealing at 
relatively low temperatures, the 
table/crown facets had a very different 
defect configuration than the pavilion 
region, since the high-energy beam 
had only a limited penetration depth. 
The areas of contrasting defects were 
clearly seen with the DiamondView, 
demonstrating the power of this 
instrument for quickly helping identify 
such laboratory-treated diamonds. 

Stones showing strong contrasts 
or unusual fluorescence patterns in 
the DiamondView should be subject- 


Figure 5. The diamond’s color 
was concentrated in a shallow 
zone following the girdle facets. 
Magnified 22x. 
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Figure 6. This DiamondView 
image shows a clear distinction 
between the table/girdle facets 
(yellow-green, H3 defect) and the 
pavilion facets (blue, N83 defect). 


ed to further testing to investigate 
whether they may have been treated. 
Sally Chan and Paul Johnson 


Diamond with 
Flower-Shaped Cloud 
Hydrogen is a common impurity in 
diamond, usually associated with 
clouds of submicroscopic inclusions. 
(In high concentrations, hydrogen can 
also contribute to brown or green 
hues.) While these hydrogen clouds 
are not uncommon, they rarely have a 
symmetrical pattern. When they do, 
skilled diamond cutters can take 
advantage of such striking inclusions 
(e.g., Summer 1976 Ge&G, p. 181). 
The 10.01 ct (10.92 x 10.88 x 14.12 
mm) octahedral diamond in figure 7 
was submitted to the New York labo- 
ratory for a colored diamond identifi- 
cation and origin report. The stone 
had been polished to display a flower- 
shaped cloud with six symmetrical 
petals, three radiating upward and 
three downward. This symmetry sug- 
gested that the cloud followed the 
{100*} crystallographic direction—the 
only direction in which diamond has 
three-fold symmetry (W. Wang and W. 
Mayerson, “Symmetrical clouds in 
diamond—the hydrogen connection,” 
Journal of Gemmology, Vol. 28, No. 
3, 2002, pp. 143-152). 


*Corrected 4/26/10 
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The diamond fluoresced weak yel- 
low to long-wave UV radiation and 
very weak yellow to short-wave UV. 
With a desk-model spectroscope, we 
observed absorption bands at 415 
(N3), 478 (N2), and 503.2 (H3) nm. We 
did not see the H-related absorption 
bands at 545 and 563 nm, but IR spec- 
troscopy revealed strong H-related 
peaks at 3107 and 1405 cm~!. The 
presence of hydrogen peaks in the IR 
region but not the UV-Vis region indi- 
cated that hydrogen occurred mainly 
in infrared-active forms. 

The crystallographic relationship 
of the flower-shaped cloud to the ori- 
entation of the octahedral form 
makes this diamond unique. The cut- 
ter capitalized on this striking natural 
form. 

Jason Darley, Erica Emerson, and 

Paul Johnson 


Unusual Trigon-Shaped Clouds 
Indicate Two Diamonds Cut from 
the Same Piece of Rough 


Clouds composed of submicroscopic 
inclusions in diamond usually follow 
the cubic growth sector [100], and as 
with the previous entry, attractive 
symmetrical patterns are occasionally 
seen. Some clouds, though, impart 
interesting information about the ori- 
gin of the stone. 

The New York laboratory recently 
received two square modified bril- 
liants, 1.18 and 1.24 ct, for identifica- 
tion and grading services. When we 
viewed the Fancy yellow diamonds 
through their pavilions with a gemo- 
logical microscope, we were surprised 
to see both had similar triangular 
cloud inclusions (e.g., figure 8), which 
were arranged in a triangular plane. 

Trigon-shaped clouds are rare, so 
it was particularly interesting to see 
them in two diamonds and to note 
that the clouds occurred only in one 
side of each stone. The relationship 
these clouds implied was further sup- 
ported by IR spectroscopy, which 
showed that the diamonds had identi- 
cal nitrogen- and hydrogen-related 
absorptions. The mirror-image fluo- 
rescence patterns seen with the 
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Figure 7. This polished 10.01 ct 
octahedral diamond contains 
a flower-shaped cloud with six 
symmetrical petals. 


DiamondView (figure 9) confirmed 
that these two diamonds were cut 
from the same piece of rough. 
Isolated triangular cloud inclu- 
sions of this type are seldom seen. 
The Spring 1995 Lab Notes section (p. 
53) reported on triangular inclusions 
that formed a plane associated with 
the diamond's octahedral face. In the 
two Fancy yellow diamonds described 
here, the triangular clouds were pres- 
ent along one of the octahedral 
growth sectors, and may represent 
trigons that were subsequently over- 
grown during further crystallization 
of the diamond. 
Sally Chan 


Figure 8. Viewed through the pavil- 
ion, this Fancy yellow diamond dis- 
played clouds with rarely seen 
trigon shapes. Magnified 32x. 
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than that of the same substance in its 
natural form. Three methods, two chemi- 
cal and one physical, are known by which 
the film may be applied onto the stone. 
The chemical methods, which produce the 
film out of the optical object itself by dis- 
solving away some of its constituents at 
the surface ‘to a determined and uniform 
depth, are not applicable to gemstones. In 
the physical process the chosen fluoride is 
powdered and evaporated from a trough 
onto the surface, suspended face down- 
wards in a high vacuum. This explains 
why, in the attempts heretofore carried out, 
either the crown facets or only the pavilion 
facets were coated, although it is not diffi- 
cult to turn the stone into two opposite 
positions and treat it from both . sides. 
Attempts achieved by the author proved 
that coating the crown only is an advan- 
tage. This technique of volatizing an 
anti-reflective film onto the sutface of gem- 
stones can, under certain circumstances and 
ideal conditions, considerably affect a stone’s 
appearance and remarkably enhance its 
beauty and color contrast. The effect upon 
the surface luster and the internal brilliancy 
of a diamond is clearly portrayed by the 
following diagram. 

Fig. 2 reveals that the curve of the 
coated stone bends significantly towards the 
untreated one after the angle of the inci- 
dent light has surpassed Brewster's angle 
of the film and approaches almost normal 
conditions beyond Brewster's angle of the 
stone; the result of this is that almost all 
the light hitting a stone at a steep angle is 
collected into the stone. while the strong 
surface reflection caused by very oblique 
light is but slightly diminished by the film. 
This produces most ideal conditions in that 
the internal brilliancy is increased while 
the effect of luster, which also forms an 
important factor of a stone’s entire bril- 
liancy, is not completely destroyed. 


All -gemstones, regardless of their cut, 
size, or color, can be treated by this method 
of depositing an anti-reflective film onto 
their surface — preferably over the crown. 
Many colorless stones, well cut and treated, 
manifest increased internal brilliancy; color- 
less and slightly yellowish tinted diamonds 
may appear blue-white, and all colored 
stones show a more pleasing and more 
intense color. (A good ruby spinel may 
thus be strikingly beautified so that it looks 


almost like a fine ruby.) Furthermore, al- 
though the film does not exceed hardness 
6, (Mohs’ scale) and this is not soft, it 
may, by its presence and relative hardness, 
protect the stone's surface by parrying 
abrasion and cotrosion caused by normal 
wear, It is also capable of withstanding 
very high temperatures. 


Interesting as this process of embellish- 
ing gemstones may be, it conceals the great 
danger that. unscrupulous elements might 
represent treated stones for what they ap- 
pear to be but are not. This opportunity 
for fraud is all the more perilous as the 
beautifying effects are not lasting. When a 
stone is to be repolished or recut the de- 
posited film will naturally be removed, and, 
although the coating is inert to most bases 
and some acids, it is soluble in boiling 
water and hot 30% acetic acid and in some 
strong acids such as H C1, H.S0, and aqua 
regia, so that coated stones will lose their 
deceptive glitter when bathed properly and 
for a sufficiently long time in any of these 
liquids, Happily one need not fear this 
new “art’’ of doctoring gemstones, espec- 
ially as above all and apart from those 
rather crude methods of detection men- 
tioned above, the stones look "phoney" and 
the coating is sometimes revealed to the 
naked eye for colorless stones show a dull, 
purplish blue iridescent surface reflection, 
due to interference of light, if the gemstone 
is inclined and rotated, The latest devel- 
opment of the process has enabled the 
color of the film to be adapted to that of 
the stone, as, according to the film’s thick- 
ness, blue, pink, green, and yellow inter- 
ference colors can be obtained. As ex- 
plained above, many treated stones do not 
give any refractive index reading on the 
refractometer. With stones of high tefrac- 
tive indices, i.e. above n = 1.70 shadow 
may he obtained, but the value is that of 
the film and has nothing in common with 
that of the processed stone. 


In addition to the simple and crude 
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Fancy Intense Blue Type IIb 
SYNTHETIC DIAMOND 

Type IIb blue diamonds with good 
color and clarity are among the most 
desirable of all gems. The New York 
laboratory recently received a 1.53 ct 
blue round brilliant (figure 10) for a 
grading report. Color graded Fancy 
Intense blue, the diamond was visu- 
ally clean, free from the inclusions 
that are typical of type Ib natural dia- 
monds. We did not observe any grain- 
ing or internal strain patterns (also 
often seen in natural type IIb dia- 
monds) when the stone was exam- 
ined between crossed polarizers. A 
minor fracture was present, and with 
magnification we saw patchy blue 
zones in the pavilion (figure 10, 
right), which we have not commonly 
observed in natural or synthetic blue 
diamonds. Routine testing with IR 
spectroscopy confirmed the sample 
was type IIb with a relatively high 
boron concentration; as expected, it 
was electrically conductive. 

The sample fluoresced weak 
orange to long-wave UV radiation and 
strong yellow-green to short-wave 
UV, with long-lasting (more than 30 
seconds) blue-green phosphorescence 
after short-wave UV excitation. Most 
natural type IIb diamonds do not fluo- 
resce to short-wave UV. The 
DiamondView images exhibited four- 
fold growth sectors (see arrows in fig- 
ure 11) a feature that is typical of high- 
pressure, high-temperature (HPHT) 
synthesis (J. E. Shigley et al., “An 
updated chart on the characteristics 
of HPHT-grown synthetic dia- 
monds,” Winter 2004 GWG, pp. 
303-313). 

Natural type IIb diamonds are 
known to exhibit blue and especially 
red phosphorescence (S. Eaton- 
Magana et al., “Using phosphores- 
cence as a fingerprint for the Hope 
and other blue diamonds,” Geology, 
Vol. 36, No. 1, 2008, pp. 83-86). Phos- 
phorescence spectroscopy performed 
with a custom-built system equipped 
with an Ocean Optics spectrometer 
(USB4000) and a broadband Avantes 
deuterium light source (AvaLight 
DHS with a broadband range of 
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Figure 9. DiamondView fluorescence images of the two diamonds (1.18 
and 1.24 ct) proved that they were faceted from the same piece of rough. 


200-400 nm) revealed intense blue 
phosphorescence, centered at 500 nm, 
with a slow decay (calculated half-life 
of 7.0 seconds). However, no red phos- 
phorescence was observed, consistent 
with a synthetic origin (again, see 
Eaton-Magana et al., 2008). Time- 
dependent phosphorescence spectra 
are shown in figure 12. 

Gem-quality HPHT-grown syn- 
thetic diamonds have improved signif- 
icantly since GE first produced them 
experimentally in the early 1970s, and 
this sample was among the highest- 
quality blue synthetic diamonds of 
this relatively large size that GIA has 
examined to date. Nevertheless, 
gemological observation, Diamond- 
View imaging, and spectroscopic test- 


ing can still unambiguously identify 
HPHT-grown synthetics. 
Ren Lu and Sally Eaton-Magania 


Colorless Cat’s-Eye 

PHENAKITE 

The beryllium silicate phenakite is 
commonly known to gemologists as 
an inclusion in synthetic emerald, 
though it has been described in asso- 
ciation with natural Be-containing 
gems such as emerald and chryso- 
beryl (e.g., Fall 2003 GNI, pp. 
226-227). Indeed, transparent phena- 
kite has been found in localities such 
as Brazil and Sri Lanka, but such 
specimens are generally considered 
collectors’ curiosities and are rarely 


Figure 10. This 1.53 ct Fancy Intense blue round brilliant was found to be 
a type IIb HPHT-grown synthetic diamond. Patchy color zones and a frac- 
ture can be observed in the pavilion (right). 
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Figure 11. DiamondView fluorescence images showed the four-fold 
growth sectors (see arrows) typical of HPHT-grown synthetic diamonds. 


encountered as fashioned gems. 

We recently had the opportunity 
to examine a large colorless cabochon, 
represented as phenakite and said to 
be from Sri Lanka, that was loaned by 
Elaine Rohrbach of GemFare in Pitts- 
town, New Jersey. The 38.34 ct gem 
(~18.19 x 17.77 x 14.81 mm) was trans- 
parent to the unaided eye, yet showed 
relatively strong chatoyancy extend- 
ing across the dome (figure 13) when 


illuminated from above with a sin- 
gle light source. Gem-quality Sri 
Lankan phenakite is known to con- 
tain “needle-like” inclusions, which 
in sufficient quantity could produce 
chatoyancy. 

The gemological properties (spot 
RI = 1.66, hydrostatic SG = 2.96, inert 
to long- and short-wave UV, and no 
visible-light absorption spectrum) 
were consistent with phenakite, and 


Figure 12. The synthetic diamond in figure 10 exhibited intense phospho- 
rescence centered at 500 nm, as represented in this three-dimensional 
plot showing the decay with time. Due to the large initial intensity and 
long half-life, the sample had measurable phosphorescence spectra for 
more than three minutes (not visible at the scale of this diagram). 


PHOSPHORESCENCE SPECTRA 


WAVELENGTH (nm) 
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Raman analysis confirmed the identi- 
fication. Examination with magnifi- 
cation and fiber-optic illumination 
revealed the expected cause of the 
chatoyancy: light reflections off 
numerous minute acicular tubes and 
platy voids (figure 14, left). These 
inclusions were aligned parallel to the 
optic axis, which was oriented in a 
plane parallel to the cabochon’s base 
and perpendicular to the chatoyant 
band. Viewed with higher magnifica- 
tion, some of the iridescent platy 
voids displayed complex multicom- 
ponent interiors with the various 
components marked by sharply con- 
trasting iridescent colors (figure 14, 
right). Since they were clearly visible 
only when illuminated from over- 
head, these inclusions created an 
interesting balance between trans- 
parency and chatoyancy that is rarely 
seen in Cat’s-eye gems. 

GIA has examined very few 
phenakites in the laboratory, and to 
the best of our knowledge this is the 
first transparent chatoyant example 
identified in the lab. It is interesting to 
note that a 50.36 ct cat’s-eye 
phenakite was documented in the Fall 
2009 issue of GWG (GNI, p. 223). 
Unlike the colorless gem described 
here, which was reportedly from Sri 
Lanka, that phenakite was light 


Figure 13. This colorless and 
transparent phenakite cabochon, 
said to be from Sri Lanka, displays 
sharp chatoyancy. 
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Figure 14. Aligned parallel to the optic axis, minute acicular tubes and 
iridescent platy voids are responsible for the chatoyancy in the phenakite 
cabochon (left, image height 2.2 mm). Somewhat larger angular inclu- 
sions showing high relief are also present. With higher magnification (right, 
image height 0.6 mm), some of the iridescent platy voids display complex 
multicomponent interiors. 


brownish yellow and had been cut 
from a crystal mined in Madagascar. 
John I. Koivula and Nathan Renfro 


Blue SAPPHIRES, 

Diffusion Treated with both 
Titanium and Beryllium 

The Bangkok laboratory recently 
received three blue _ sapphires 
(7.05-9.28 ct; see, e.g., figure 15) for 
identification. Microscopic examina- 


Figure 15. This 9.28 ct sapphire 
was diffusion treated with both 
titanium and beryllium. 
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tion revealed that all three samples 
contained partially dissolved needles 
and heat-altered, partially healed frac- 
tures and crystals (figure 16). These 
inclusions were reminiscent of those 
seen in beryllium-diffused corundum 
(J. L. Emmett et al., “Beryllium diffu- 
sion of ruby and sapphire,” Summer 
2003 GwG, pp. 84-135). 

When we immersed the stones in 
methylene iodide to examine the 
color zoning, however, we were sur- 
prised to find color concentrations 
along facet junctions and the girdle 
(figure 17). This is characteristic of 
blue sapphires that have undergone 


diffusion treatment with titanium (R. 
E. Kane et al., “The identification of 
blue diffusion-treated sapphires,” 
Summer 1990 GwWG, pp. 115-133), 
which typically produces a thin layer 
of color at the surface. Normally, Ti- 
diffused blue sapphires are relatively 
clean; this is probably because the 
starting material commonly consists 
of Sri Lankan geuda stones that have 
been heat treated but failed to yield 
desirable colors. Included stones 
would have been broken during the 
first heating process, leaving only 
clean stones that were then Ti-dif- 
fused. 

The three sapphires were analyzed 
by laser ablation—-inductively coupled 
plasma—mass spectrometry (LA-ICP- 
MS), a routine procedure for heated 
corundum in the GIA Laboratory. As 
expected, the Ti concentrations at the 
surface were 293-579 ppma, much 
higher than in untreated blue sap- 
phires. But the results also revealed 
high Be concentrations of 4.34-31.56 
ppma, indicating diffusion with both 
titanium and beryllium. 

The starting material for these 
double-diffused stones consisted of 
corundum with a relatively higher 
iron content [471-516 ppma, by ener- 
gy-dispersive X-ray fluorescence 
(EDXRF) analysis], possibly from 
localities such as Songea or Tunduru, 
Tanzania. Titanium diffusion pro- 
duces a favorable result when the 
starting material has a low Fe con- 


Figure 16. These photomicrographs show partially dissolved needles (left, 
magnified 50x) and altered healed fractures (right, magnified 40x), which 
are typical of sapphires that have been subjected to high-temperature 

heat treatment. 
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Figure 17. Viewed in immersion, 
the varying coloration and color 
concentrations along facet junc- 
tions and the girdle indicate that 
this sapphire was repolished after 
undergoing diffusion treatment. 
Magnified 7.5x. 


tent, whereas sapphires with high Fe 
will turn dark blue. The overdark Ti- 
diffused stones could then have been 
diffused with Be in an attempt to 
lighten their color. Careful polishing 
would have been the last step to fur- 
ther lighten their appearance, as 
revealed by the color concentrations 
along their facet junctions and girdles. 

Garry Du Toit 


Interesting Inclusion 

Aggregate in TSAVORITE 

One of the joys of gemology is discover- 
ing interesting features to share with 
others. For example, a gem may have an 
unexpected optical property, an unusu- 
al UV-visible spectrum, or a refractive 
index beyond the normal range. The 
most likely source of interesting fea- 
tures, though, is the gem’s interior. 
Such was the case with a 5.44 ct green 
grossular (tsavorite) that was recently 
submitted to the Bangkok laboratory 
for a routine identification report. 
While it is not uncommon to find inclu- 
sions of various forms in tsavorite, this 
stone showed fine examples of long 
tubes, colorless crystals, and minute 
particles throughout. Some of the larger 
crystals exhibited clear stress halos. 

It was one of the colorless crystals 
(figure 18, left) that caught our atten- 
tion, since it clearly displayed a very 
small yellowish brown impurity. On 
closer examination, this impurity 
appeared to be a separate inclusion 
within the colorless crystal. Higher 
magnification revealed that the “col- 
orless crystal” was actually an aggre- 
gate of three different materials, 
which were clearly visible in reflected 
light (figure 18, right). 

Fortuitously, the inclusion was 
exposed on the surface. Raman analy- 


Figure 18 The surface-reaching “crystal” evident within the host tsavorite 
(left, darkfield illumination) was actually composed of three minerals— 
zoisite, quartz, and probably sphene—each with a different surface luster 


(right, reflected light). Magnified 180x. 
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sis yielded good matches for zoisite 
and quartz in the colorless areas, and a 
less convincing match for sphene in 
the yellowish brown portion. How- 
ever, the yellowish brown color was 
consistent with sphene, and based on 
its high reflectance, its refractive 
index appeared to be much greater 
than that of the other two compo- 
nents in the inclusion aggregate 
(which is also consistent with sphene). 
Further support for the identification 
of all three minerals comes from the 
geologic conditions in which tsavorite 
forms. Zoisite and grossular have sim- 
ilar chemical compositions and are 
often associated with each other (as 
with tsavorite and tanzanite; see, e.g., 
V. Pardieu and R. W. Hughes, “Tsavo- 
rite—the untamed beauty,” InColor, 
Fall-Winter 2008-2009, pp. 12-20). In 
addition, quartz and sphene are 
known to be associated minerals sur- 
rounding tsavorite (K. Suwa et al., 
“Vanadian and vanadium grossulars 
from the Mozambique metamorphic 
rocks, Mgama Ridge, Kenya,” 4th 
Preliminary Report of African Studies, 
Nagoya University, 1979, pp. 87-95). 
What appeared at low magnifica- 
tion to be one crystal exposed at the 
surface of the tsavorite turned out to 
be three separate minerals that had 
formed together—zoisite, quartz, and 
sphene. This is the first such aggregate 
inclusion in tsavorite seen by staff 
members in the Bangkok laboratory. 
Nicholas Sturman and 
Garry Du Toit 


Uranium Mineral as 
Inclusions in TURQUOISE 
Client requests to identify turquoise 
are relatively common at the GIA 
Laboratory, and there are seldom 
any surprises. Recently, however, 
turquoise beads and cabochons sub- 
mitted by several different clients 
revealed some very unusual inclu- 
sions (figure 19). The source of the 
turquoise was stated to be China's 
Hubei Province. 

Chinese turquoise is well known, 
but we were surprised to see bright 
yellow inclusions, identified by 
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Figure 19. The GIA Laboratory 
recently examined turquoise 
beads and cabochons represented 
as coming from China, which 
have bright yellow inclusions of 
uranium-bearing francevillite. 
This specimen weighs 6.72 ct. 


Raman analysis as francevillite [(Ba, 
Pb\(UO,), V,O,°5H,O], a hydrated bar- 
jum uranium vanadate. Francevillite 
forms a solid-solution series with 
curienite [Pb(UO,),V,O0,-5H,O], so a 
mixture of both could be present, 
though our Raman analysis clearly 
pointed to francevillite as the domi- 
nant mineral. Occurring as concre- 
tions with a radial habit, as circular to 
semicircular rings, and as nondescript 
masses and seam fillings (see, e.g., fig- 
ure 20), these yellow inclusions stand 
out in sharp contrast with the blue 
background of their host. These 
francevillite inclusions were so obvi- 
ous, sometimes even without magni- 
fication, that we are certain no such 
turquoise has entered our laboratory 
before. This suggests that a new find 
of turquoise is being mined. 

Because uranium is a major con- 
stituent in both francevillite and 
curienite, we decided to check these 
turquoise samples for radioactivity 
with a Geiger counter. We thought 
they might register a readable signal, in 
the same way we can detect low levels 
of natural radiation in gems such as 
ekanite or zircon with this instrument. 
Our assumption proved to be correct: 
Very low levels of radiation were 
detected, supporting our Raman iden- 
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Figure 20. Vivid yellow inclusions of francevillite displaying a circular 
radial habit (left, the largest is 0.35 mm in diameter) are clearly visible 
in this turquoise, as are irregular masses of the uranium mineral (right, 


field of view 1.8 mm). 


tification of this previously unknown 
inclusion in turquoise. 

To detect radiation in gem materi- 
als, the GIA laboratory uses Victoreen 
290 survey meters with so-called pan- 
cake probes, which are calibrated on 
an annual basis. To test an item, we 
first determine the current back- 
ground radiation level (i.e., that pres- 
ent in our everyday environment 
from cosmic rays, radon, and other 
sources) and then check for radioac- 
tivity above that level in the gem 
material. Most of the turquoise sam- 
ples with francevillite were only 
slightly above background. A few 
showed more elevated levels, reach- 
ing up to 7 or 8 millirems/hour, 
which is still considered very weak 
and generally harmless. By compari- 
son, orange glazed Fiestaware ceram- 
ics, which have long been known to 
be somewhat radioactive, measure 
~40 millirems/hour. 

Nature surrounds us with radia- 
tion on a daily basis, coloring many 
objects in our lives. Gems such as 
pink tourmaline, green diamonds, 
and smoky quartz all derive their 
color from irradiation (see C. E. 
Ashbaugh, “Gemstone irradiation 
and radioactivity,” Winter 1988 
Gwe, pp. 196-213). While turquoise 
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gets its blue bodycolor from copper, 
the bright yellow francevillite inclu- 
sions add an interesting aspect to 
their host. 

It is important to note that 
although exposure to these levels of 
radiation is not considered signifi- 
cant, breathing dust that might be 
created during cutting should be 
avoided. For more information con- 
cerning radioactive minerals or radia- 
tion in general, we suggest contacting 
specialists in the field, such as the 
Health Physics Society (www.hps.org). 
In circumstances such as this, GIA 
Laboratory reports contain a com- 
ment stating “A naturally occurring 
accessory mineral is present that 
emits radiation detectable with a 
standard survey meter.” 

John Koivula and Shane McClure 
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COLORED STONES AND 
ORGANIC MATERIALS 


Benitoite: Update on faceting and jewelry manufacturing. 
The world’s only commercial source of gem-quality beni- 
toite—the Benitoite Gem mine in San Benito County, 
California—was closed and reclaimed in June 2005 (see Fall 
2005 Gem News International [GNI], p. 276). However, 


Figure 1. Weighing a total of 52.39 carats, these 10 
benitoites were mined and faceted by Benitoite Mining 
Inc. At 10.87 ct, the round brilliant in the center is the 
second-largest cut benitoite known. The matched pair 
of ovals weigh ~5.9 ct each, and the smallest stone pic- 
tured is 3.14 ct. Courtesy of BMI and Collector’s Edge 
Minerals Inc.; photo by Robert Weldon. 
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a significant stockpile of faceting material was amassed by 
Benitoite Mining Inc. (BMI; Golden, Colorado) while work- 
ing the deposit. At the 2009 Tucson gem shows, BMI presi- 
dent Bryan Lees had a collection of some of the best beni- 
toites that had been cut from this stock, consisting of 10 
stones that weighed a total of 52.39 carats (figure 1). This 
included a matched pair that weighed ~5.9 ct each, as well 
as a 10.87 ct round brilliant—the second-largest cut beni- 
toite known, after the 15.42 ct stone on the cover of the 
Fall 1997 Gwa. All the gems were faceted since 2002, by 
Ben Kho (Decatur, Georgia). 

BMI has cut all of their stock that would yield stones 
>0.15 ct, and Mr. Lees estimates that these goods will last 
3-5 years depending on the market’s recovery from the 
global economic downturn. In addition, according to mar- 
ket demand, melee-sized stones are being cut into full 
round brilliants that measure 1—3.25 mm in diameter (see, 
e.g., Summer 2002, GNI, pp. 174-175). Mr. Lees stated that 
supplies of this material could last beyond five years. 

The market for melee-size benitoite has been enhanced 
by the development of new ways to showcase this materi- 
al. Jewelry lines that capitalize on the stone’s brilliance and 
color variations (i.e., colorless to deep violetish blue) were 
developed by Paul Cory (Iteco Inc., Powell, Ohio) and Eric 
Braunwart (Columbia Gem House Inc., Vancouver, 
Washington; see, e.g., figure 2). Some of the rings and 
bracelets consist of dozens of mountings that are linked 
together in a way that allows freedom of movement. The 
white gold mountings are laser manufactured in China, 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu or 
GIA, The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. 
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Figure 2. Jewelry designs containing melee-sized beni- 
toite (here, 2.5 mm rounds) show the material’s bril- 
liance and range of color. The ring contains 58 beni- 
toites set in individual mountings that are linked 
together so the design can move and bend, while the 
stones in the earrings (left and bottom) are set by con- 
ventional methods. Courtesy of Columbia Gem 
House Inc.; photo by Robert Weldon. 


and the stones are set in the United States. Up to 400 beni- 
toites have been set into a single bracelet, with individual 
stones generally ranging from 1.75 to 2.75 mm in diameter. 
A chronology of the mining and processing activities 
by BMI, as well as many other details dating back to the 
discovery of the deposit, was recently published by W. E. 
Wilson (“The 100-year history of the Benitoite Gem mine, 
San Benito County, California,” Mineralogical Record, 
Vol. 39, No. 1, 2008, pp. 13-42). In late June 2005, BMI 
sold the property to David Schreiner of Coalinga, 
California, who renamed it the California State Gem 
mine. The property was operated on a fee-collecting basis 
in 2007-2008 until the Bureau of Land Management closed 
the entire Clear Creek Management Area, due to public 
health concerns over exposure to asbestos that naturally 
occurs at several locations near the former benitoite mine. 
Brendan M. Laurs 


Large cat’s-eye beryl from India. In February 2009, Dudley 
Blauwet (Dudley Blauwet Gems, Louisville, Colorado) 
loaned three large cat’s-eye beryls (75.93-282.63 ct) and 
donated an additional (46.76 ct) stone to GIA for examina- 
tion (figure 3). All these attractive semitransparent-to- 
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translucent oval cabochons exhibited a strong chatoyant 
band. According to Mr. Blauwet, the stones were obtained 
from near Shahpura, which is located 55 km north of 
Jaipur in Rajasthan State, India. He reported that there 
were several thousands of carats available in Jaipur, rang- 
ing from ~5 to 288 ct. 

The following properties were determined on the four 
cabochons: color—yellow-green to brownish yellowish 
green; pleochroism—moderate greenish yellow to grayish 
green or moderate brownish yellow to yellowish green; 
spot RI—1.57-1.58; hydrostatic SG—2.69-2.71; and fluo- 
rescence—inert to long- and short-wave UV radiation. 
These properties are generally consistent with natural 
cat’s-eye beryl (R. Webster, Gems, 5th ed., revised by P. 
G. Read, Butterworth-Heinemann, Oxford, UK, 1994, pp. 
127-131). Observation of all cabochons with magnifica- 
tion and strong fiber-optic lighting revealed fine, irides- 
cent, needle-like growth tubes, as well as numerous 
black and white needles, oriented parallel to the c-axis 
(figure 4), all were responsible for the strong chatoyancy. 
“Fingerprints” composed of transparent near-colorless 
crystals were also seen. Furthermore, all stones showed 
an absorption band of unknown origin at ~547 nm with 
the desk-model spectroscope. 

Energy-dispersive X-ray fluorescence (EDXRF) analyses 
of these samples revealed major amounts of Al and Si, 
minor Fe, and traces of Cl, K, Ti, Cr, Zn, and Cs. The 
appreciable Fe content is not characteristic of beryl from 
India (see K. N. Babu and A. Sebastian, “On the genesis of 
Indian beryls,” Journal of the Geological Society of India, 
Vol. 51, 1998, pp. 323-330). However, EDXRF is a bulk 
analysis technique that does not distinguish Fe concentra- 


Figure 3. These cat’s-eye beryl cabochons (46.76-282.63 
ct), reportedly from Shahpura in India’s Rajasthan State, 
show a sharp chatoyant band oriented perpendicular to 
the c-axis. Photo by Robert Weldon; the 46.76 ct stone 
(far right) is GIA Collection no. 37971. 
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Figure 4. Abundant growth tubes and needles orient- 
ed parallel to the c-axis are responsible for the cha- 
toyancy of the beryl. Raman analysis of the needles 
identified hematite (black) and siderite (white). 
Photomicrograph by W. L. Win; field of view 3.8 mm. 


tion between the host material and inclusions. Raman 
analysis identified hematite (Fe,O,) in the black needles 
and siderite (FeCO,) in the white ones, which explains the 
relatively high concentrations of Fe in these samples. 
Although Rajasthan State is a known source of gem 
beryl, large chatoyant material has not been reported pre- 
viously to this contributor’s knowledge. 
Wai L. Win (wwin@gia.edu) 
GIA Laboratory, New York 


Emeralds recovered using new techniques at the Kagem 
mine, Zambia. The Kagem emerald mine in Zambia is 
the largest colored gemstone mine in the world, and since 
June 2008 it has been 75% owned by Gemfields 
Resources PLC (London). The mine is worked by large- 
scale open-pit methods using the latest in mining and pro- 
cessing technologies to expose the emerald-bearing zones 
and sort the mined material. However, past techniques for 
extracting emeralds from the surrounding rock have 
employed the use of crowbars, hammers, and chisels, 
which caused damage to the valuable gem rough. 
Emeralds from Kagem and other mines in Zambia are 
typically hosted by phlogopite schist reaction zones adja- 
cent to quartz-tourmaline veins (see J. C. Zwaan et al., 
“Emeralds from the Kafubu area, Zambia,” Summer 2005 
GwaG, pp. 116-148). In late 2008, an unusually thick zone 
of mineralized quartz discovered at Kagem was found to 
contain emerald crystals with intense color and unusually 
high luster and clarity (see, e.g., figure 5). These high-quali- 
ty emeralds were “frozen” within solid masses of quartz, 
so Gemfields approached Collector’s Edge Minerals Inc. 
(CEMI) for assistance with preparing and marketing them 
to mineral connoisseurs. In March 2009, after they formed 
a partnership on this venture, CEMI proposed a new 
method for mining emeralds based on modern techniques 
used to extract delicate rhodochrosite specimens from the 
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Sweet Home mine in Colorado (see K. Knox and B. K. 
Lees, “Gem rhodochrosite from the Sweet Home mine, 
Colorado,” Summer 1997 GwG, pp. 122-133). Specialized 
equipment, including a hydraulic splitter and diamond 
chainsaw, were shipped to Kagem, and in June CEMI’s 
Graham Sutton trained their collecting personnel. 

Although explosives are still used to excavate large 
areas of barren rock, the new collecting process is now 
employed near favorable zones for emeralds. First, a series 
of vertical holes are drilled 1-2 m deep along the top of 
benches that are 2.4-m high. Rock is then peeled away 
using the hydraulic splitter, which is designed to fit inside 
a 7-cm-diameter drill hole. Next, when emerald-rich zones 
are located, the diamond chainsaw is carefully used to 
remove the ore. Although this tool looks like an ordinary 
chainsaw, it is hydraulically mechanized to handle the rig- 
ors of rock cutting. The saw’s blade contains sintered dia- 
mond teeth that can readily cut the rock in any direction 
needed, including straight into a mining face. The chain- 
saw has proved invaluable for extracting fragile specimens 
and gems. 

The boulders and sawn blocks of mined material are 
sorted on site in a secure warehouse. Quartz-hosted sam- 
ples showing potential to yield fine-quality mineral speci- 
mens are shipped to the trimming and cleaning lab at 


Figure 5. At 10.7 cm tall, this specimen of emerald- 
in-quartz from Zambia’s Kagem mine contains some 
fine gem-quality crystals. Courtesy of Collector's 
Edge Minerals Inc. 
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CEMI in Colorado. The first crystal specimens debuted at 
the Denver Gem and Mineral show in September 2009. As 
of early November 2.009, 10 high-quality specimens and 20 
moderate-value pieces had been prepared by painstakingly 
exposing the emeralds from the quartz matrix, revealing 
crystals that ranged up to 12 cm long and 2.5 cm in diame- 
ter. Processing of an additional boulder and several cobble- 
sized pieces is expected to yield a half-dozen high-quality 
specimens and 10-20 moderate-value pieces. It is hoped 
that more emerald-mineralized quartz lenses will be dis- 
covered as mining proceeds. 

Gemfields has embraced the new collecting techniques 
at Kagem. In addition to greatly reducing damage to gem 
material and mineral specimens, these processes have 
improved productivity, since the workers spend less time 
hand chiseling the hard rock. An added benefit is security: 
With larger pieces being collected, less human contact 
with the emeralds decreases the potential for theft. 

Bryan Lees (bryan@collectorsedge.com) 
Collector’s Edge Minerals Inc., Golden, Colorado 


Yellow grossular from Tanzania. New finds of grossular in 
yellow-to-green hues continue to be made in East Africa 
(e.g., Spring 2009 GNI, pp. 65-66). One of these was 
brought to GIA’s attention in mid-2009 by Amarjit Saini 
(Mobu Gems, Los Angeles). According to his partner, Peter 
C. L. Pereira (Isle Of Gems, Arusha, Tanzania), the garnet 
is found in the Lelatema Mountains, ~70 km southeast of 
Arusha and 30 km east of Merelani. The deposit has been 
mined for several years, but only recently (2007-2008) has 
it yielded significant—although limited—production. The 
vast majority of the rough weighs <1 g, with ~1 g sizes 
uncommon and 2+ g pieces rare. The color varies from 
“golden” yellow to greenish yellow, and less commonly 
orange (i.e., “Fanta” color). Most of the facetable material 
is slightly to moderately included. The cut stones typically 
weigh <2 ct, although Mr. Pereira knew of a few that weighed 
~5 ct. The garnet is sometimes sold as “'Tsavo Golden.” 

Mr. Saini donated three faceted samples of the yellow 
grossular (figure 6) to GIA, and the following gemological 
properties were obtained: color—light slightly orangy yel- 
low to light orange-yellow; RI—1.738; hydrostatic SG— 
3.61-3.62,; fluorescence—weak reddish orange to long- 
wave UV radiation, and weak to moderate yellowish 
orange to short-wave UV; and a weak absorption line seen 
at 430 nm with the desk-model spectroscope. These prop- 
erties are consistent with grossular (R. Webster, Gems, 5th 
ed., Ed. by P. G. Read, Butterworth-Heinemann, Oxford, 
UK, 1994, pp. 201-202). Microscopic examination showed 
the stones were largely free of inclusions and growth fea- 
tures, except for some transparent crystals that were identi- 
fied by Raman spectroscopy as apatite (figure 7). 

Chemical analysis of all three stones by laser abla- 
tion-inductively coupled plasma—mass spectrometry mea- 
sured average values of 4600 ppmw Fe and 3300 ppmw 
Mn. The chromophores Cr and V, which are often found 
in yellowish green to green grossular from East Africa, 
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Figure 6. These grossulars (1.51-2.29 ct) were report- 
edly mined from the Lelatema Mountains in 
Tanzania. Photo by Robert Weldon. 


were present in negligible quantities (<50 ppmw). The 
ultraviolet-visible (UV-Vis) absorption spectra (figure 8) 
showed strong Mn?*-related features, including a cutoff at 
372 nm and peaks at 409, 419, and 430 nm. Very weak fea- 
tures at 504 and 690 nm were due to Fe**. The yellow col- 
oration of these garnets is due to Mn”*, as described previ- 
ously for yellow to greenish yellow grossulars from East 
Africa (Winter 1991 Gem News, p. 258; Winter 2005 GNI, 
pp. 352-353). 
Donna Beaton (dbeaton@gia.edu) 
GIA Laboratory, New York 


Figure 7. The only inclusions present in the grossulars 
were transparent crystals of apatite. Photomicrograph 
by D. Beaton; field of view 1.6 mm. 
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Figure 8. The UV-Vis spectra of the yellow grossulars 
displayed strong Mn**-related features. Very weak 
absorptions attributed to Fe** were present at 504 
and 690 nm. 


A most unusual blister pearl. A blister pearl is a pearl 
attached to the shell of its mollusk host, and may be natu- 
ral or cultured. A natural blister pearl may result when a 
pearl that formed loosely within the mantle of a mollusk 
later comes into contact with the inner shell, subsequent- 
ly becoming attached as further layers of nacre are laid 
over it. Natural blister pearls also form when parasites 
(worms and other organisms) attack the mollusk, often 
burrowing through the shell from outside. The mollusk 
defends itself by forming nacre around the intruder, and 
the resulting blister pearls sometimes resemble the origi- 
nal animal. 

We recently had an opportunity to analyze a rare natu- 
ral blister pearl in the shape of a fish or an eel that was 
found in a large Pinctada maxima oyster (figure 9). This 
bivalve, which originated from the Philippines, measured 
25 x 22cm; the blister pearl was 11 cm long. To investi- 
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gate the origin of this sample, we analyzed it with 
Gemlab’s “Blackbox” prototype radiography system using 
a high-resolution digital X-ray detector. The X-radiographs 
clearly showed the remains of a slender, elongated fish 
inside the blister pearl (figure 10). Its skull and a pectoral 
fin were especially detailed. 

The fish was identified as a member of the pearlfish 
family (Carapidae), most likely the species Onuxodon 
parvibrachium (described by Fowler, 1927). This species is 
known as the oyster pearlfish (figure 10, inset) because of 
its commensalism with large bivalves such as the various 
Pinctada species (D. F. Markle and J. E. Olney, “Sys- 
tematics of the pearlfishes (Pisces: Carapidae),” Bulletin of 
Marine Science, No. 47, Vol. 2, 1990, pp. 269-410). In a 
commensal relationship, two organisms live together and 
one profits while the other neither benefits nor is harmed. 
In this case, the fish benefits from the shelter of the mol- 
lusk’s shell. 


Figure 9. This Pinctada maxima shell (25 x 22 cm) 
contains a fish-shaped blister pearl. Photo by T. 
Hainschwang. 


Figure 10. An X-radiograph 
reveals the remains of a fish 
within the blister pearl. For 
comparison, the inset photo 
shows a preserved specimen 
of the pearlfish Onuxodon 
parvibrachium (source: 
National Digital Archive 
Program, Taiwan). 
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methods of detecting the film it seemed 
interesting to develop a more elegant and 
reliable method of detecting treated stones, 
and so such investigations were carried out 
and led to the preference for microchemi- 
cal tests. The consideration of the rela- 
tionship between the chemical composition 
of the treated gem and the anti-reflective 
film led to the conviction that in face of 
the infinitesimally small amount of the 
elements which comprise the film every 
chemical test will yield erroneous 
results, i.e. they will fail if the “beau- 
tified” gem contains the same chemical ele- 
ments as those to be detected in the film. 
This is particularly true of the “hardening” 
silica film deposited onto silicate minerals. 
Therefore, a practical and reliable test had 


to be found that was capable of identifying 
the presence of the film,—even if it was 


covered by a layer of siljca—and that was 
simultaneously influenced as little as possi- 
ble by elements present in the gemstones. 
Fluorine offered the best possibilities for 


positive reactions since it occurs in all the 
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anti-reflection films yet is a very rare con- 
stituent of gemstones, existing in fluorspar, 
topaz, and apatite only, while aluminum, 
barium, calcium, and magnesium ate very 
frequently present. 

Immediate and direct detection of even 
insoluble fluoride is guaranteed by means 
of the Zirconium - Alizarin test. The re- 
agent needed can easily be prepared after 
the following recipe: 

0.05 g zirconium nitrate is dissolved 

in 45 ml. water and 10 ml. concentrat- 

ed hydrochloric acid, and 0.05 g 

sodium alizarin sulphonate is dissolved 

in 55 ml. water. Both solutions are 
stored separately and only small but 

equal quantities are mixed 10 to 15 

minutes before the test is carried out. 

A tiny drop of this reagent is placed 
onto a coated facet and after a minute or 
two the violet solution turns yellow. This 
reaction may be made permanently visible 
by touching the drop with the edge of a 
strip of zirconium alizarin paper which in- 
stantaneously forms a yellow halo on the 


When such a fish dies inside the host, it can be covered 
by nacre with the remarkable result shown here. Similar 
blister pearls have been reported from Carapus dubius 
(Putnam, 1874), the Pacific pearlfish. 

Thomas Hainschwang 

(thomas. hainschwang@gemlab.net) 
Gemlab Laboratory 

Balzers, Liechtenstein 


Thomas Hochstrasser (www.naturalpearls.ch, 
Dorflingen, Switzerland) and Toni Btirgin (Natural 
Museum, St. Gallen, Switzerland) 


Myanmar cultured pearl production and new gem locali- 
ties. Each year, Myanmar’s eight pearl farms (joint ven- 
tures between the government and Japanese, Australian, 
and Thai companies) produce some 400,000 cultured 
pearls (table 1). The output has been restricted by limita- 
tions on the number of pearl oysters. The largest farms 
offered 50,000-100,000 cultured pearls in the govern- 
ment’s Pearl Emporiums, which are held once or twice a 
year. The 27th emporium was held September 23-25, 
2009. Yangon was the site of the first 26 emporiums, but 
this year’s event took place in Naypyidaw (south of 
Mandalay). Tender and auction sales for the 424 lots of 
cultured pearls totaled ~US$798,000, the most in 18 years. 
In all, 69% of the lots were sold. This emporium also fea- 
tured lectures that were open to the public on pearl farm- 
ing, sorting, and other topics. 

A new production of spinel occurred in August 2009 at 
Bawma, located 9 km northwest of Mogok at coordinates 
22°57’ N, 96°25’ E (elevation ~1220 m). Mostly red and 
purple spinel was produced, and the largest pieces weighed 
1+ g. The spinel is associated with metacarbonate rocks 
and syenite. The deposit has been known since before 
World War II, but the recent finds created a gem rush that 
prompted the township government to stop mining activi- 
ties. Nearby, colorless crystals of jeremejevite that exceed- 
ed 2, cm long were found in early 2009 at Kyauksin village 
(elevation ~1525 m). The jeremejevite was initially mis- 
taken for quartz by local gem miners. In Kachin State, a 
new deposit of translucent “moss” green hydrogrossular 
was found in 2008 near Namhpu. The garnet was found in 
an outcrop near a stream that has produced ruby. 

U Tin Hlaing 
Dept. of Geology (retired) 
Panglong University, Myanmar 


Phenakite from Nigeria. Phenakite (Be,SiO,) is an unusual 
mineral that is known in gem quality from some granitic 
pegmatites and schist-hosted emerald/alexandrite deposits. 
In October 2009, Dr. Robert Lavinsky (iRocks.com, Dallas, 
Texas) informed this contributor about a new find of gem- 
quality colorless phenakite crystals from Nigeria (e.g., fig- 
ure 11). In partnership with Bill Larson (Pala International, 
Fallbrook, California), he obtained five crystals that were 
selected from a parcel offered in Bangkok. In September he 
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4404-4 Annual production of cultured pearls 
in Myanmar.* 


Weight 
Year Number (momme) 
2006-2007 410,791 240,596 
2007-2008 443,810 235,917 
2008-2009 437,181 238,744 
2009 (as of August) 92,178 40,500 


@ Source: Biweekly Burmese journals, September 4 and 25, 2009. 


obtained another ~30 crystals at the Denver Gem and 
Mineral Show that ranged up to 5.1 x 3.8 x 3.4 cm. Mr. 
Larson reported the material was found in August 2009 in 
the Jos region of central Nigeria, where it is referred to as 
okuta didan (meaning “shining stone” in the local lan- 
guage). The crystals are notable for their transparency and 
bright, lustrous appearance; they commonly show complex 
surface patterns that appear to be due to chemical etching. 
Although much of the phenakite is sold as mineral 
specimens, some of the material has been faceted into 
attractive gemstones. Mark Smith (Thai Lanka Trading 
Ltd. Part., Bangkok) reported cutting ~100 stones as of 
October 2009, from a 973 g parcel containing about 45 


Figure 11. Nigeria is the source of this phenakite 
crystal (4.4 x 2.9 x 2.3 cm), which displays complex 
surface patterns that are characteristic of material 
from this locality. Courtesy of iRocks.com. 
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Figure 12. This Nigerian phenakite is impressive for its 
size (83.45 ct) and transparency. Courtesy of Herb 
Obodda (H. Obodda, Short Hills, New Jersey); photo 
by Thai Lanka Trading Ltd. Part. 


pieces (typically 10-65 g each) that he obtained in late 
August. Most of the resulting cut stones weighed 1-10 ct, 
but larger gems up to 23 ct (eye clean) and 33 ct (very 
slightly included) were also faceted. The largest cut 
phenakite weighed 83.45 ct and was virtually free of inclu- 
sions (figure 12). Mr. Smith sold a 136.2 g crystal that he 


Figure 13. The ruby mining site near the village of 
M’sawize, Mozambique, is located within the Niassa 
National Reserve. Photo by V. Pardieu. 
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estimated would facet an eye-clean 200 ct gemstone. 

A literature search revealed only one reference to 
phenakite from Nigeria: J. Malley and A. Banerjee, 
“Farbloser Phenakit aus Nigeria [Colorless phenakite from 
Nigeria],” Kurzmitteilungen aus dem Institut fuer Edel- 
steinforschung der Johannes-Gutenberg- Universitaet 
Mainz, Vol. 2, 1987, 3 pp. With this new find, we can add 
one more mineral to the list of high-quality gems produced 
from Nigeria, which includes tourmaline, topaz, emerald, 
aquamarine, various garnets, sapphire, and more (J.-C. 
Michelou, “Le Nigeria. Source de pierres de couleur,” Revue 
de Gemmologie, No. 159, 2007, pp. 30-41). 

Brendan M. Laurs 


Update on rubies from Mozambique. In September 2008, 
rubies appeared in the Tanzanian market that came from a 
new mine in the M’sawize area of Niassa Province, 
Mozambique. Then, in February 2009, a second ruby 
deposit was discovered in the neighboring province of Cabo 
Delgado, between Pemba and Montepuez. The GIA 
Laboratory has described the Mozambique rubies in two 
reports (see V. Pardieu et al., www.giathai.net/pdf/ 
Niassa_Mozambique_Ruby_September13_2009 pdf and 
S. F. McClure and J. I. Koivula, Fall 2009 GNI, pp. 
224-226). In November 2009, one of these contributors 
(VP) visited M’sawize to document the deposit and obtain 
samples for GIA’s research collection. 

The mining site (figure 13) is located ~40 km southeast 
of M’sawize, in a remote area within the Niassa National 
Reserve. In July 2009, artisanal miners were expelled from 
the area by government authorities, and the Reserve con- 
tinues to search for a solution to deal with illegal digging 
in this protected area. The area mined for rubies measured 
~400 x 200 m, and the hand-dug pits were up to 12 m deep. 
The pits exploited the eluvium as well as the underlying 
primary deposit. The rubies formed in veins intruding 
altered gneiss, possibly of dioritic composition (Dr. Walter 
Balmer, pers. comm., 2009). The following minerals asso- 
ciated with ruby were identified by one of us (PL): actino- 
lite, anorthite, scapolite, diopside, and epidote. Mica and 
red garnet were also noted on site. The rubies seen in 
M’sawize were very similar to those described by Pardieu 
et al. (2009), ranging from pink to dark red, usually with a 
tabular habit and weighing up to 40 g. Some showed a 
silky appearance. 

We also attempted to visit the Montepuez deposit, but 
were unsuccessful due to continued tensions between the 
police and illegal miners. (In October 2009, the local 
authorities had convinced most of the miners and dealers 
to leave the area, while the owner of the private game farm 
encompassing the deposit was granted a mining license 
and entered into a partnership with a Thai company.) 
Several parcels of rubies represented as being from 
Montepuez (e.g., figure 14) were seen in the Mozambique 
cities of Nampula and Pemba. The material was similar to 
the stones described by McClure and Koivula (2009), and 
was usually a deeper red and flatter in habit than the 
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M’sawize rubies. Mineral inclusions (mainly amphibole) 
were more common, and many stones were milky. 

Several fine, untreated faceted M’sawize rubies (often 
called “Mozambique,” “Lichinga,” or “Niassa” rubies in the 
trade) weighing up to 5 ct have appeared in the Bangkok mar- 
ket since late 2008, though most good-quality untreated 
stones have weighed <2 ct. Montepuez material, in similar 
sizes and qualities, appeared in Bangkok during the summer 
of 2009. According to Thai buyers and treaters, only ~5-10% 
of the Mozambique production is fine enough to be sold 
without heating, while the lower-quality material (~70-85% 
of the production) is suitable for lead-glass filling. The 
remainder of the rough responds to conventional heat treat- 
ment in a borax flux. Glass-filled Mozambique rubies (up to 
20 ct) actually have been circulating in the Thai market 
since 2006—probably from elsewhere in Mozambique, such 
as Ruombeze (see Pardieu et al., 2009). 

If mining disputes at the two new Mozambique 
deposits can be resolved, they could become important 
sources of African rubies that offer attractive alternatives 
to Burmese goods. 

The authors thank the Niassa National Reserve and 
Moses Konate of Mozambique Gems (Nampula) for their 
support during their expeditions. 

Vincent Pardieu (vincent.par@giathai.net) and 
Pantaree Lomthong 
GIA Laboratory, Bangkok 


Jean Baptiste Senoble (Paris, France), Lou Pierre Bry 
(Gaspé, Canada), and Stephane Jacquat 
(Geneva, Switzerland) 


Transparent, bright blue sodalite from Afghanistan. At the 
2009 Denver Gem and Mineral show, Rob Lavinsky 
(iRocks.com, Dallas, Texas) had two specimens of sodalite 
that were remarkable for the transparency and bright color 
of their crystals (e.g., figure 15). The pieces were reportedly 


Figure 15. These transparent and brightly colored 
sodalite crystals (up to ~7 mm) were reportedly 
recovered from a deposit near the lapis lazuli mines 
in Badakhshan, Afghanistan. Courtesy of 
iRocks.com; photo by Joe Budd. 


GEM NEWS INTERNATIONAL 


Ls, — 


Figure 14. Ruby from Montepuez (here, up to 17 mm) 
is typically deeper red and flatter in habit than the 
stones from Niassa. Photo by V. Pardieu. 


mined in May 2009 from the Kokcha Valley in 
Badakhshan, Afghanistan. This area also produces other 
intense blue sodalite-group minerals, such as hatiyne and 
lazurite. However, the identity of these crystals as sodalite 
was confirmed by Dr. Robert Downs (University of 
Arizona, Tucson), who analyzed a fragment from one of 
the specimens using single-crystal X-ray diffraction analy- 
sis and Raman spectroscopy. 

The sodalite occurs on a light-colored crystalline 
matrix with scattered small crystals of a brassy mineral 
that is probably pyrite. X-ray diffraction and Raman analy- 
sis of the matrix by Dr. Downs identified it as native sul- 
fur. One of Mr. Lavinsky's specimens had sodalite crystals 
that were surrounded by a massive bright yellow mineral, 
apparently also native sulfur. 

Although only a limited amount of this sodalite has 
been found—and the well-formed crystals are being sold 
exclusively as mineral specimens—the possibility exists 
that this attractive transparent material could be cut into 
brightly colored gems, which might contain unusual 
inclusions such as native sulfur. 

Brendan M. Laurs 


Pseudo-chatoyancy and pseudo-asterism in sphalerite from 
Spain. Sphalerite is popular among gem collectors for its 
extremely high refractive index and dispersion, but there 
have been no reports of phenomenal stones. Recently, 
however, we examined several sphalerite cabochons (e.g., 
figure 16) that exhibited sharp cat’s-eyes, and two others 
that showed weak asterism (four- and six-rayed stars). 
These samples were represented as being from the Picos de 
Europa deposit in Spain, by far the world’s most important 
source of gemmy sphalerite. 

We identified the stones as sphalerite based on the fol- 
lowing gemological properties: RI—over the limit of a 
standard refractometer, SG—4.08, optic character— 
isotropic, UV fluorescence—inert, and no lines visible 
with a handheld spectroscope. They ranged from yellow to 
orange, often showing both colors. 
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Figure 16. The cat’s-eye and star effects of these 
sphalerites (18 and 20 mm long) are due to scratches 
on the base that were probably created during 
polishing. Photo by J. Hyr81. 


With further examination, the origin of the chatoyancy 
and asterism became evident. When the cabochons were 
viewed with high magnification, tiny parallel polishing 
scratches were revealed on their bottom surfaces (figure 17). 
These scratches were usually slightly curved, resembling 
the striae characteristic of Verneuil synthetics. The best 
way to recognize the scratches was to sharpen the focus of 
the microscope. Because they were not three-dimensional, 
they could only be seen in one plane on the surface. 

The cat’s-eye and star effects shown by these sphalerites 
are very similar to the manufactured asterism described by 
S. F. McClure and J. I. Koivula (“A new method for imitat- 
ing asterism,” Summer 2001 GwG, pp. 124-128) and by K. 
Schmetzer and M. Steinbach (“Fake asterism—two exam- 
ples,” Journal of Gemmology, Vol. 28, No. 1, 2002, pp. 
41-42). In this case, the phenomena probably were not 


Figure 18. At the Mozambique Gems processing plant, 
the washed gravels are placed on white tables for hand 
picking of the tourmaline. Photo by V. Pardieu. 
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Figure 17. Polish lines on the bases of the sphalerite 
cabochons were responsible for the phenomena. 
Photomicrograph by J. HyrSl; field of view 2 mm. 


intentional, because the gems were offered simply as cabo- 
chons, and not as star or cat’s-eye sphalerites. 

Jaroslav Hyrs1 (hyrs]@kuryr.cz) 

Prague, Czech Republic 


Martin P. Steinbach 
Idar-Oberstein, Germany 


Update on Cu-bearing tourmaline mining in Mozambique. 
The Mavuco area of Mozambique is famous for producing 
large quantities of Paraiba-type tourmaline, particularly in 
2006-2007 (see, e.g., B. M. Laurs et al., “Copper-bearing 
[Paraiba-type] tourmaline from Mozambique,” Spring 2008 
GwG, pp. 4-31). Most of the stones have come from arti- 
sanal miners, although one company—Mozambique 
Gems, owned by Moses Konate—has been preparing for a 
major mechanized operation. In September 2009, these 
contributors visited the Mozambique Gems claim and 
documented these developments. 

There were 45 people actively working at the mine, 
including six Brazilian technicians who constructed the 
washing plant. After two years in construction, this wash- 
ing plant became fully functional in June 2009. Preliminary 
mining has taken place in open pits in three areas of the 
claim that were dug in June-July 2009. The laterite overbur- 
den was removed using an excavator, and the gem-bearing 
gravel (locally called “cascalho”) was stockpiled and 
washed. The company’s goal is to process six to eight 
truckloads (each about 20 tonnes) of material per day. 

The processing of the gravels begins with two powerful 
water cannons that wash out the mud and fine-grained 
sediments. The muddy water is routed to a series of basins 
that act as settling ponds and reservoirs for the dry season. 
The gravels are sorted through a number of vibrating 
screens, each with mesh that is progressively smaller, and 
the sized material is spread onto white tables for hand- 
picking of the tourmaline (figure 18). The gems are placed 
in secure boxes under the sorting tables. 

According to production records provided by mine per- 
sonnel, the first two months of operation yielded >180 kg 
of black tourmaline and 8 kg of colored Paraiba-type tour- 
maline. Most of the colored tourmaline (about 70%) was 
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small {i.e., <2. g; see figure 19), although some fine clean 
pieces up to 30-40 grams were found. An average of 
100-300 g of Paraiba-type tourmaline were produced daily, 
on a shift of 20 days per month; the best daily production 
has approached 2, kg. The material is sent to Brazil where 
it is cleaned with acid, heat treated, and then faceted. 

No mechanized mining activity was seen outside the 
Mozambique Gems claim. Areas to the south and west of 
the claim were worked by independent miners from 2005 
until early 2009, when the deposits were considered 
exhausted. These diggings, referred to as the Banco area, 
were the source of most of the Mozambique Cu-bearing 
tourmaline that entered the world markets, particularly in 
Bangkok and Hong Kong. After the Banco was exhausted, 
the miners attempted to invade the Mozambique Gems 
claim. In response, the police removed them from the 
entire area. Nevertheless, some illegal digging continues 
to take place at night, as revealed by a few freshly dug pits 
in the Banco area. 

Mozambique Gems has continued its commitment to 
mine their claim in a professional, environmentally 
responsible manner that benefits the local community and 
minimizes impact on the area they are mining. The com- 
pany will remediate the open pits by filling them with 
stockpiled soil and planting cashew nut trees. Their entire 
project appeared quite ambitious and well managed. If ulti- 
mately successful, it will serve as a positive example to 
follow in Mozambique and elsewhere in Africa. 

Vincent Pardieu, Stephane Jacquat, 
Lou Pierre Bryl, and Jean Baptiste Senoble 


New find of pink-to-red tourmaline in Nigeria. Western 
Nigeria has been an important source of fine-quality gem 
tourmaline for several years, particularly of pink stones in 


Figure 20. This 7 kg tourmaline from Nigeria’s Oyo 
Valley contains large areas of clean, brightly colored 
gem material. Photo by Richard Barker. 
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Figure 19. The Cu-bearing tourmalines are recovered 
as waterworn pebbles in a variety of colors. Here, 
unheated stones are shown together with descrip- 
tions of their predicted coloration after heat treat- 
ment. Photo by V. Pardieu. 


the late 1990s (Winter 1998 Gem News, pp. 298-299). 
Recently, a significant deposit of pink-to-red tourmaline 
was found in the Oyo Valley of western Nigeria, according 
to Bill and Richard Barker (Barker & Co., Scottsdale, 
Arizona). In August 2009, they obtained a 20 kg parcel of 
this tourmaline that was notable for its high transparency 
and bright coloration. The largest piece weighed 7 kg and 
contained abundant gem-quality transparent areas (figure 
20). It was so big (up to 28 cm in diameter and nearly 13 
cm thick) that a large tile saw was required to make the 
initial cuts. As of November 2009, ~1,000 stones had been 
polished, weighing nearly 7,000 carats. Cutting of the 
stones to contain relatively few inclusions resulted in an 
overall yield of approximately 15%. The material fell into 
three main color groups: slightly purplish red (50%), dark- 
er red (10%), and “bubble gum” pink (40%). The largest 
stone weighed 53.45 ct, and several more were produced 
in the 20-40 ct range, as well as numerous calibrated 
goods ranging from 3 mm rounds to 14 x 10 mm ovals and 
cushions. The abundance of clean material showing con- 
sistent color has facilitated the creation of several necklace 
suites (e.g., figure 21). 

According to Mr. Barker's supplier in Nigeria, the 
deposit shows good potential for yielding additional pink- 
to-red tourmaline for the jewelry market. 

Brendan M. Laurs 


SYNTHETICS AND SIMULANTS 


Hydrothermal synthetic emerald sold as natural rough 
from Russia. Recently, the Dubai Gemstone Laboratory 
received an ~21.8 g intense green sample for identification 
(figure 22). The client who submitted the piece said it was 
selected from a parcel of some 800 g that had been repre- 
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Figure 21. The 17 Nigerian 
tourmalines in this neck- 
lace set (7.84—24.00 ct; 
total weight ~250 carats) 
and the other stones in the 
center show the bright 
color and transparency of 
this new material. Photo 
by Robert Weldon. 


sented as natural Russian emerald. He thought the parcel 
might consist of assembled material because all the crys- 


Figure 22. This ~21.8 g sample, represented as natural 
emerald from Russia, proved to be a cleverly fashioned 
hydrothermally grown synthetic. The view on the right 
reveals the presence of a colorless seed plate. Photos by 
S. Singbamroong, © Dubai Gemstone Laboratory. 
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tals showed a noticeable colorless layer in their centers. 

The sample had a hexagonal prism shape and a rough- 
textured surface with small patches of an off-white clay- 
like material on the “prism faces”; the colorless layer 
reported by the client was easily visible (again, see figure 
22). This layer had the typical appearance of a seed plate 
used to grow hydrothermal synthetic emerald, rather than 
the separation plane that is common in assembled stones. 
The sample also had an uneven, undulated surface on one 
of the “prism faces,” oriented parallel to the seed plate (fig- 
ure 23). When viewed with magnification while immersed 
in benzyl benzoate, it displayed wavy growth patterns and 
planar zoning parallel to the seed plate (figure 24). All of 
these features are characteristic of hydrothermal synthetic 
emerald. Also present were stress cracks near the contact 
zone between the seed and the overgrowth. Fourier-trans- 
form infrared (FTIR) spectroscopy and EDXRF analysis 
confirmed the emerald’s hydrothermal synthetic origin. 

This sample had clearly been fashioned to resemble 
natural emerald rough. A buyer with no experience or 
access to laboratory expertise could make a costly mistake 
when presented with this material in the field. 


Sutas Singbamroong (ssutas@dm.gov.ae) 
and Aida Ibrahim Abdulla 
Dubai Gemstone Laboratory, United Arab Emirates 
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Figure 23. An uneven, undulated surface, such as 
that commonly observed on hydrothermal synthetic 
emerald, is present on one of the “prism” faces. 
Photomicrograph by S. Singbamroong, © Dubai 
Gemstone Laboratory. 


High-RI barium-zirconium glass imitation of peridot and 
other gems. A 36 ct green oval modified brilliant (figure 
25), thought to be peridot, was sent to Gemlab for identifi- 
cation. The very high brilliance and dispersion were more 
consistent with zircon than peridot. However, microscop- 
ic observation indicated that the sample was isotropic and 
free of inclusions except for a gas bubble ~25 ym in diame- 
ter, which indicated either glass or a melt synthetic. 

When examined between crossed polarizers, the sam- 
ple showed no strain pattern. Its RI was above the limit of 
the refractometer (>1.81), and the hydrostatic SG was 4.65. 
It was inert to long- and short-wave UV radiation, and also 
to the high-power UV excitation of the Gemlab UV micro- 
scope prototype (245-385 nm broadband emission, 200 W 
xenon source). 

The sample's infrared reflectance spectrum (figure 26) 
did not correspond to that of ordinary lead-oxide silica 
glass, which would have explained the optical properties. 


Figure 25. This brilliant, dispersive green sample, 
sold as peridot, is actually a barium-rich glass. Photo 
by T. Hainschwang. 
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Figure 24. Immersion reveals wavy growth patterns 
and planar zoning parallel to the colorless seed, and 
also stress cracks near the seed, in the synthetic emer- 
ald “crystal.” Photomicrograph by S. Singbamroong, 
magnified 18x; © Dubai Gemstone Laboratory. 


The only matching reference spectrum belonged to a bari- 
um glass that was analyzed some time ago. EDXRF spec- 
troscopy revealed that the sample was indeed barium rich, 
and it contained significant quantities of zirconium, plus 
some hafnium and germanium. Interestingly, this glass 
had almost no silicon. Barium-rich glass has been identi- 
fied before (Winter 2005 GNI, pp. 362-363), but it was 
chemically and optically different from the high-RI glass 
described here. A glass with similar optical properties 
(RI = 2.0 and SG = 4.59) seen in green and other colors was 
reported in the Winter 1993 GNI section (p. 289), but no 
chemical composition was given. 

Very seldom seen as a gem imitation thus far, this 
attractive barium-zirconium glass may become more com- 


Figure 26. Reflectance FTIR spectroscopy showed 
that the barium-rich glass in figure 25 is very differ- 
ent from the reference sample of the more commonly 
seen borosilicate glass. 
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Figure 27. In this ring, the 13 red circles are black dia- 
monds and the other 30 black stones are synthetic 
moissanite, one of which has crystalline silicon inclu- 
sions (blue circle). Photo by Li Haibo. 


mon in the trade as an imitation of stones such as deman- 
toid, zircon, and peridot. 
Thomas Hainschwang 


Silicon inclusions in black synthetic moissanite. After black- 
and-white jewelry became fashionable in the late 1990s, the 
demand for black diamonds soon exceeded supply. As a 
result, more treated black diamonds and black diamond sim- 
ulants have entered the market. In February 2009, Japan’s 
GAAJ-Zenhokyo laboratory issued an advisory regarding 
black synthetic moissanites mixed with black diamonds in 
jewelry (H. Kitawaki, “Lab Alert: Black moissanite,” 
February 2, 2009, www.gaaj-zenhokyo.co.jp/researchroom/ 
kanbetu/2009/2009_01_02-Olen.html). 

Recently, 21 pieces of black-and-white diamond jewel- 
ry were submitted to our laboratory by a single client for 
identification reports. We examined all the stones with 
standard gemological testing and FTIR and Raman spec- 
troscopy. These techniques proved that 10 of the jewelry 
pieces contained black synthetic moissanite—229 of the 
1,690 black samples we studied (see, e.g., figure 27). 

Microscopic observation of genuine black diamonds 
with fiber-optic illumination typically reveals black needle- 
like inclusions of graphite scattered throughout. Black syn- 
thetic moissanite, however, is opaque even under strong 
light, and it also typically displays a rough surface, blunt 
facet edges, and various growth defects (i.e., cavities, 
micropipes, etc.) that are very different from diamond 
(Zhang Beili, Systematic Gemmology, Geological 
Publishing House Press, Beijing, 2006). Interestingly, more 
than 20 of the 229 black synthetic moissanites identified 
contained irregular-shaped surface-reaching inclusions with 
a silvery luster in reflected light (figure 28). 

Raman spectroscopy of these inclusions identified 
them as crystalline silicon. To our knowledge, silicon 
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Figure 28. Five inclusions of crystalline silicon (the 
areas with silvery luster) are seen in the table of this 
black synthetic moissanite. Photomicrograph by Li 
Haibo; magnified 50x. 


inclusions in black synthetic moissanite mixed with black 
diamond jewelry have not been reported previously. They 
suggest that these black synthetic moissanites were not 
grown by the seeded sublimation process used to produce 
typical near-colorless synthetic moissanite for jewelry use, 
in which SiC is vaporized and then condensed without 
ever passing through the liquid state (K. Nassau et al., 
“Synthetic moissanite: A new diamond substitute,” 
Winter 1997 GWG, pp. 260-275). Silicon inclusions have 
not been reported in synthetic moissanite grown by seeded 
sublimation, but they are known in synthetic moissanite 
grown by the physical vapor transport (PVT) technique in 
China (see Zhi-Zhan Chen et al., “Growth of large 6H-SiC 
single crystals,” Journal of Inorganic Materials, Vol. 17, 
No. 4, 2002, pp. 685-690). Therefore, the black synthetic 
moissanites in this study were probably grown with the 
PVT technique. 
Li Haibo (Ihb@ngtc.gov.cn), Lu Taijin, 
Shen Meidong, and Zhang Jun 
Gem Laboratory, National Gemstone Testing Center 
Beijing, China 


Dyed sillimanite as an emerald imitation. The Gemlab 
laboratory recently received for analysis three stones 
(figure 29, left) that had been purchased in India from a 
dealer who guaranteed they were natural, untreated emer- 
alds. Ranging from ~14.5 to 43.75 ct, they were translucent 
and had a saturated green color. Significantly, they 
appeared to be filled with fibrous inclusions. Microscopic 
examination showed that these fibers were not inclusions; 
rather, the material itself had a fibrous structure (figure 29, 
right). Further, the green color was concentrated within 
this structure, indicating that the material was not emer- 
ald but a dyed imitation. 

The samples were analyzed by FTIR spectroscopy, first 
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Figure 30. The FTIR absorption spectra of the sillimanite 
indicated significant amounts of oil, as shown by the 
labeled peaks. 


in reflectance mode to determine the mineral species 
and then in transmission mode to detect any organic 
substances. The reflectance spectra identified all three 
samples as sillimanite (Al,SiO,). The absorption spectra 
showed that they contained significant quantities of oil 
(figure 30). Dyed sillimanite has reportedly been used to 
imitate a variety of materials (see, e.g., Fall 2005 GNI, p. 
274). Due to its fibrous structure (which gives it the com- 
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Figure 29. These three 
dyed sillimanites were 
represented as emeralds 
(left). With magnifica- 
tion, their fibrous struc- 
ture showed green color 
concentrations, indicat- 
ing the presence of dye 
(right, image width 11.5 
mm). Photos by T. 
Hainschwang. 


monly used name fibrolite), sillimanite easily accepts 
dyes, allowing colored oils to penetrate deep into 
the stone. 


Thomas Hainschwang 


TREATMENTS 


Dyed pink alabaster. A massive variety of the mineral gyp- 
sum (CaSO,-2H,O), alabaster is usually colorless, white, 
or gray, with various shades of yellow, red, brown, or even 
black due to impurities. Gypsum has a Mohs hardness of 2 
and is therefore too soft for use as a gem, but it has been 
fashioned into beads and carvings. Recently, however, a 
cabochon of alabaster (figure 31) was submitted to the 
Gem Testing Laboratory of Jaipur for identification, and it 
had an unexpected orangy pink color. 

At first glance, the 14.32 ct specimen (17.59 x 12.86 x 
8.07 mm) resembled chalcedony or opal because of its 
translucency. However, its luster was much too dull, and 
it had a distinctive waxy appearance. Fine chips on the 
dome revealed a powdery white composition (again, see 
figure 31). The powder was easily removed when wiped 
with a finger, indicating a very low hardness; this was con- 
firmed by scratching an inconspicuous part of the cabo- 
chon with a fingernail. Hence, the specimen could not 
have been opal or chalcedony. 

Such low hardness pointed to gypsum, which was con- 
firmed by the spot RI of 1.52 and hydrostatic SG of 2.31. It 
had a patchy yellow-orange reaction to UV radiation, with 
a stronger reaction to long-wave. Viewed with the desk- 
model spectroscope, the sample displayed two closely 
spaced bands in the green region. This absorption pattern 
is associated with some red dyed quartz, supporting the 
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Figure 31. This 14.32 ct alabaster cabochon proved to 
be dyed; note its resemblance to opal or chalcedony. 
Also note the whitish chipped areas on the dome due 
to its very low hardness. Photo by G. Choudhary. 


possibility that the alabaster was dyed. With magnifica- 
tion, the stone clearly exhibited concentrations of red and 
pink in surface-reaching fractures (figure 32). Color varia- 
tions also were observed in the form of curved bands, with 
darker zones of concentrated dye in some areas and por- 
tions of the original white bodycolor clearly visible in oth- 
ers (again, see figure 32). 

The sample’s FTIR spectrum displayed complete 
absorption up to ~5300 cm!, and bands from 5800 to 5400 
cm! and 6700 to 6300 cm-!. This pattern resembled that 
of a colorless gypsum in our database, and it is commonly 
associated with other hydrous minerals. The complete 
absorption of wavelengths in the 3200-2700 cm! region 
precluded the detection of any absorption features related 


Figure 32. Surface-reaching cracks in the dyed 

alabaster displayed concentrations of red and pink. 
See also the curved color banding on the lower left. 
Photomicrograph by G. Choudhary; magnified 10x. 
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to organic dyes or other substances such as wax. 
Qualitative EDXRF analyses revealed the expected S and 
Ca, and traces of Sr, but no elements related to a coloring 
agent were detected. 

Dyed gypsum was mentioned in the Summer 1963 
issue of G&G (R. Crowningshield, “Developments and 
Highlights at the Gem Trade Lab in New York,” p. 44) and 
in the Fall 1964 GwG (R. T. Liddicoat, “Developments and 
Highlights at the Gem Trade Lab in Los Angeles,” p. 219); 
the latter report stated “A group of pieces of inexpensive 
antique jewelry contained green and pink colored beads 
that proved to be dyed-and-heavily-waxed alabaster.” 
Although the luster of the present cabochon also suggested 
that wax had been applied in addition to dye, there was no 
evidence of wax seen when the sample was scratched, and 
hot point testing was not performed. 

Gagan Choudhary (gtl@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


CONFERENCE REPORTS 


31st International Gemmological Conference. Approxi- 
mately 70 delegates, observers, and guests participated in 
this meeting October 8-14, in Arusha, Tanzania. Some of 
the presentations are summarized here. 

George Bosshart (Horgen, Switzerland) reported on the 
use of new 3D visualization methods in the transition 
from open-pit to underground mining at the Argyle dia- 
mond mine, which will extend its life beyond 2018. 
Thomas Hainschwang (Gemlab Laboratory, Balzers, 
Lichtenstein) compared near-colorless type Ia and Ila dia- 
monds irradiated by neutrons or electrons, before and after 
annealing. The brown color in irradiated/annealed dia- 
mond is caused by a stable defect consisting only of vacan- 
cies, possibly similar to the vacancy cluster that is likely 
responsible for brown color in untreated diamond. Dr. 
Yuri Shelementiev (Moscow State University [MSU] 
Gemmological Center, Moscow) presented a hardware and 
software package for the objective grading of polished dia- 
monds. He demonstrated the Helium Polish scanner for 
obtaining precise three-dimensional diamond models, the 
use of DiamCalc software for grading color and cut, and 
the M-Box system with Oxygen software for mapping 
inclusions. Maxim Viktorov (MSU Gemmological Center) 
advocated applying 3D modeling and computer analysis to 
improve existing classification systems of rough diamond. 
Dr. Joe Yuan (Sun Yat-sen University, Guangzhou, China) 
predicted that we will soon see hybrid natural/synthetic 
CVD diamond, produced by growing a layer of CVD mate- 
rial over the sawn face of a natural diamond. 

Dr. Walter Balmer (Department of Geology, 
Chulalongkorn University, Bangkok) reported on the geol- 
ogy of marble-hosted ruby deposits from Morogoro, 
Tanzania. Their mineral inclusions resemble features in 
rubies from Mogok (Myanmar) and Luc Yen (Vietnam). 
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purplish paper. This test is very valuable 
as the hydrochloric acid solution of the zir- 
conium alizarin dissolves insoluble calcium 
fluoride. 

The reagent prescribed above may again 
be advantageously used to impregnate quan- 
titative filter paper for another, even more 
sensible test. Those who are afraid of pre- 
paring the paper themselves may purchase 
it from Eastman Kodak. The paper is of 
purple. or red-violet color. To perform 
the test put a tiny drop of dilute hydro- 
chloric acid (1/10 conc.) on to a facet of 
the treated gem and press this upon a piece 
of the zirconium alizarin paper for a while. 
After the stone is removed a yellow stain 
is left behind which contrasts conspicuously 
with the red-violet background of the paper. 
The test is very sensible and very reliable, 
provided that the treated stoné is neither 
fluorspar, topaz, nor apatite. Despite these 
e..ceptions it offers the essential advantage 
of not heing impaired by a coating of silica 
on the fluoride film. as_ silicofluoride is 
formed which behaves in the same way as 
fluoride ion. 

A third fluorine test has the same prac- 
tical advantage of detecting not only fluor- 
ide but also silicofluorides which react like- 
wise. This test is called The “Etching” 
Test and is based upon the property of pure 
concentrated sulphuric acid to wet the sur- 
face of the glass smoothly and evenly, but 
to withdraw immediately from a spot where 
the glass was etched by hydrochloric acid. 
To proceed one must warm 1 ml. concen- 
trated sulphuric acid in a narrow. test tube 
and add a few grains of magnesium dichro- 
mate in order to clean any traces of grease 
from che glass. After the grains are com- 
pletely dissolved pour the solution very 
carefully into a flat watch glass and pivot 
until the surface is clean. The sulphuric 
acid moistens evenly and spreads over the 
glass surface as a thin film. Then press a 
small facet of the “beautified’ gem onto 
the glass and remove after a minute or so 
in order to observe that, at the point of 


contact glass-stone, the glass is slightly 
etched and the sulphuric acid has with- 
drawn and wets no more. (N.B. it is im- 
perative to carry out this test in a very dry 
room, as sulphuric acid is strongly hygro- 
scopic and fails to perform this test when 
it has become ‘‘wet.’’ ) 

Those who are eager’ to specialize in 
learning more of the film’s exact chemical 
composition—and this may be necessary in 
the case of topaz, fluorspar, and apatite— 
may carry out the classical tests for barium 
and magnesium. Any attempt at detecting 
calcium is too difficult and unreliable and 
may therefore better be discarded. 

The barium test is easy to carry out and 
is based upon the excellent solubility of 
BaF; and the ability of an aqueous solution 
of sodium rhodizonate to produce colored 
reactions with solutions of the salts: of 
divalent heavy metals (sodium rhodizonate 
icsponds very conspicuously to barium). 
Barium fluoride is extremely soluble in 
water (solubility at 18° C, = 1.63 mg./ 
ccm.) so that a layer of barium fluoride 
can be dissolved in a drop of hot water or 
hot 30% acetic acid water without any 
danger of affecting the gem’s surface. A 
facet of approximately 2 x 2 mm. should 
be large enough to enable a good test to 
be carried out. After a few minutes— 
sufficient lapse of time for the drop to dis- 
solve the barium fluoride—this drop, which 
contains the harium fluoride, is, by means 
of a dfopper pipet, transferred from the 
stone to a piece of filter paper upon which 
the sodium rhodizonate reaction takes place, 
i.c, a small drop of aqueous sodium rhodi- 
zonate is dropped onto the moist spot of 
the dissolvent on the paper. If necessary, 
in order to discolor the strong orange 
color of the sodium rhodizonate, a drop of 
acetic acid may be added. Within a few 
minutes and according to the amount of 
barium dissolved in the first part of the 
test a more or less interise red-brown stain 
appears. This test may yield misleading 
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Thanong Leelawatanasuk (Gem and Jewelry Institute of 
Thailand, Bangkok) presented data on natural and heat- 
treated rubies from a new occurrence in Mozambique 
(exact locality not specified). The chemical composition 
appears similar to that of Winza (Tanzania) rubies, but the 
stones contain locality-specific internal features, such as 
lamellar twins and intersecting growth tubes. Dr. Dietmar 
Schwarz (Gtibelin Gem Lab, Lucerne, Switzerland) com- 
pared properties of emeralds from Southeast Asia and 
China with those from Colombia; though Chinese emer- 
alds may show three-phase inclusions, their UV-Vis spec- 
tra are distinctly different due to the presence of Fe?*. 
Julien Feneyrol (CRPG, Nancy-Université, France) 
described the geology and chemical composition of tsa- 
vorite from Lemshuku/Komolo and Namalulu, Tanzania, 
where the garnet crystallized in veins associated with 
altered graphitic gneisses near dolomitic marbles. Dr. Xin- 
Qiang Yuan (Gemological Institute of China University of 
Geosciences, Wuhan) reported on his research into the 
separation of untreated from irradiated blue topaz 
by cathodoluminescence, using colorless topaz as a 
reference. 

Dr. Emmanuel Fritsch (University of Nantes, France) 
described causes of luminescence in opal. Blue luminescence 
is due to the combined emission of two centers, at 414 and 
465 nm; green is seen when the uranium concentration 
exceeds 1 ppm. Luminescence is quenched by iron; no lumi- 
nescence is observed when Fe exceeds 2000 ppm. E. Gamini 
Zoysa (Institute of Gemmological Sciences, Colombo, Sri 
Lanka) described white opal recently found in alluvial grav- 
els in Balangoda, Sri Lanka. Dr. Margherita Superchi 
described bright yellow danburite, recovered in 2007-2008 
from central Madagascar. The properties of this material are 
very similar to those of yellow danburite from Tanzania. Tay 
Thye Sun (Far East Gemological Lab, Singapore) presented 
data on yellow beryl sold in Hanoi and Ho Chi Minh City, 
which is suspected to have been irradiated. 

Dr. Stefanos Karampelas (Gtibelin Gemmological 
Laboratory, Lucerne, Switzerland) demonstrated the use of 
Raman spectroscopy to identify various mollusks associat- 
ed with natural and cultured pearls according to character- 
istics of their pigments (both natural and treated color). Dr. 
Michael Krzemnicki (SSEF Swiss Gemmological Institute, 
Basel) reported on the use of X-ray micro-tomography to 
identify beadless cultured pearls. This contributor reported 
on a large pearl of 2,385 grains, which was purchased at 
auction in Amsterdam in 1778 and has been locked away in 
a Dutch private collection for most of the time since then. 

Post-conference field trips were organized to the 
Williamson diamond mine, TanzaniteOne’s operation at 
Merelani Block C, the Lake Manyara emerald/alexandrite 
deposit (figure 33), and the Longido ruby-zoisite mine. 


Hanco Zwaan (zwaanj@naturalis.nnm.nl) 
Netherlands Gemmological Laboratory 
Leiden, The Netherlands 
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Figure 33. IGC paticipants toured this emerald and 
alexandrite mine near Lake Manyara in Tanzania. 
Photo by Vincent Pardieu. 


2009 NAG Institute of Registered Valuers’ Conference. 
This two-and-a-half-day conference, held September 19-21 
by the National Association of Goldsmiths at the 
Loughborough University of Technology in England, was 
attended by 160 participants. Now in its 21st year, the 
annual event covers many aspects of gemstone and jewelry 
appraisal through a combination of presentations, panel 
discussions, and workshop sessions. This year’s theme 
was color, with many of the presentations focusing on var- 
ious aspects of colored stones, particularly color communi- 
cation, identification, grading, and appraising. 

A number of the workshops involved a combination of 
lectures and hands-on practical lab time with stones, refer- 
ence materials, and tools. In addition, Dr. Sally Baggott 
and Craig O'Donnell (Birmingham Assay Office) conduct- 
ed a session on famed silversmith Matthew Boulton, pro- 
viding numerous examples of his work and highlighting 
his involvement in the establishment of the Birmingham 
Assay Office, which was founded in 1773. This year marks 
the bicentennial of Mr. Boulton’s death. Another presenta- 
tion was given by David Thomas, who was England’s 
Crown Jeweller from 1991 to 2007. Mr. Thomas described 
what the position meant to him, how he attained it, and 
his role in ceremonial occasions. The talk was illustrated 
with images of some of the priceless pieces in the Royal 
Collection. 

Douglas Kennedy (douglas@gialondon.co.uk) 
GIA London 


ERRATUM 

In table 1 of the Fall 2009 GNI entry on triphylite (pp. 229-230), 
the major-element contents measured by LA-ICP-MS were 
reported incorrectly (i.e., for P, Li, Fe, and Mn). We thank 
Dr. Karl Schmetzer for bringing this to our attention. 
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MORE ON GREEN AMBER 


I am delighted that a comprehensive paper has been pub- 
lished about the effects of the treatment performed on 
various ambers and copals to turn them green (A. 
Abduriyim et al., “Characterization of ‘green amber’ 
with infrared and nuclear magnetic resonance spec- 
troscopy,” Fall G&G, pp. 158-177). The tests conducted 
by the authors were extensive and thorough, but it 
appears that only the outer surface of the resins altered 
by treatment was tested. None of the samples was cut in 
half to see what had happened to the interior. 

Awhile back I had some pieces of treated Colombian 
copal tested in London, and the inside of the material 
gave a different FTIR reading from the outer surface, indi- 
cating that the treatment did not penetrate all the way 
through. 

I have long maintained that, no matter what treat- 
ment it is subjected to, the immature resin copal should 
not be referred to as amber. The fact that this treated 
copal may not have hardened all the way through 
means that the center is still copal, even if the outer 
surface resembles some kind of amber in appearance 
and in testing. 

I am worried the Laboratory Manual Harmonization 
Committee (LMHC) has now decided that a sample 
should be called amber when it is not possible to deter- 
mine by testing exactly which resin has been used as a 
starting material—albeit with the addition of some 
words to say that it shows signs of treatment and may 
be derived from copal. 

Some of the green material on the market today 
derives from amber, but much of it uses Colombian 
copal as the starting material. I feel that we degrade true 
amber by using the word amber for material that may 
well be copal. 

In my experience, the general public is already afraid 
to buy amber because they have heard that much of it is 
treated or even faked. Surely, by accepting that we can 
call copal amber, we risk damaging this shaky reputa- 
tion even further? 


Maggie Campbell Pedersen 
Editor, Organic Gems 
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Reply 

I appreciate Ms. Campbell Pedersen’s comments, and 
welcome the opportunity to clarify some items. First, in 
this study, Fourier transform infrared spectroscopy (FTIR) 
and nuclear magnetic resonance (NMR) were used to 
study the bulk structure of several green amber samples, 
both on the surface and in the interior. The FTIR spectra 
of the surface and internal sections of “green amber” cre- 
ated from Brazilian and Colombian copal presented simi- 
lar features. However, there is a possibility that some 
commercial treated “green amber” may show spectral 
features of copal due to insufficient treatment or an 
incorrect approach being applied in the heating process; 
this material should therefore be described as copal. 

Second, there appears to be a misunderstanding 
about LMHC nomenclature for “green amber.” LHMC 
members will not call all green or even yellow-brown 
resins amber without an accurate analysis. If the pres- 
ence of the Baltic shoulder and 820 cm"! absorption fea- 
tures in the FTIR spectrum of green and yellow-brown 
treated material is confirmed, the material should be 
called amber and the following comment placed on the 
report: “Indication of heating, this resin has been pro- 
cessed by heat and pressure.” 

If the material lacks the Baltic shoulder but shows 
amber-like absorptions, and it is extremely difficult to 
identify the starting resin, the item should be called 
amber but only after a full analysis of the surface and/or 
interior (if permitted by the client). The statement 
“Indications of heating, this resin has been processed by 
heat and pressure and may have been derived from 
copal” would then be placed in the comments. 

Further, the LMHC position on this material is still 
being finalized. If the interior of the sample gives an 
FTIR reading different from that of the outer surface— 
that is, the outer surface resembles some kind of amber 
and the center is still copal—it should be called copal 
only. The LMHC is presently considering the scenario 
where permission is not given to cut a sample of green 
amber in half, and will discuss whether a comment such 
as “Green amber is commonly derived from copal mate- 
rial” should be added to reports. 


Ahmadjan Abduriyim 
GAAJ-Zenhokyo Laboratory 
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Emeralds: A Passionate Guide: 
The Emeralds, the People, 
Their Secrets 


By Ronald Ringsrud, 382 pp., illus., 
Green View Press [www.emerald- 
passion.com], Oxnard, CA, 2009. 
$80.00 


This is a personal account of the 
world of emeralds from the perspec- 
tive of a renowned connoisseur. It 
offers an in-depth look at the life of a 
Colombian emerald dealer, illustrated 
with many personal adventures, expe- 
riences, observations, and opinions. 
Colorfully and tastefully illustrated, 
the book shows many superb exam- 
ples of beautiful and unusual emer- 
alds. Indeed, it is an unabashed cele- 
bration of colored gemstones, emerald 
in particular. 

As the author states in the intro- 
duction, “This book is about passion, 
not polarizers.” Comprising 23 chap- 
ters, it starts straightaway with how 
romance can influence deals between 
sellers and buyers, with an interesting 
explanation for the differences in 
behavior between a dealer and a bro- 
ker. Subsequently, it details the dis- 
covery and ascendancy of the 
Colombian emerald mines under 
Spanish rule, roughly between 1500 
and 1750. As a Dutchman, I learned 
how my ancestors used “well-placed 
bribes” to acquire emeralds during 
that period. 

Subsequent chapters discuss the 
properties and optics of emeralds, 
color and clarity grading, and clarity 
enhancement. The author emphasizes 
the subtle differences in color and clar- 
ity, and the positive effect inclusions 
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may have. He expresses concern that 
emerald enhancements and their dura- 
bility are discussed too much, often 
increasing confusion and fear. He 
emphasizes that size, quantity, and 
position of filled fissures are most 
important—not the type of filler— 
when assessing durability issues and 
degree of clarity enhancement. 

Interestingly, gem laboratory is 
synonymous with ivory tower 
throughout this book, revealing the 
difference between an academic 
approach (which the author criticizes} 
and that of the connoisseur. He agrees 
it is important to know how to use 
the information on a gem report, but 
he maintains that in the trade there is 
also a need for documentation that 
gives some background information 
to evoke the wonder and reverence 
that fine gems deserve. 

The book gives a clear explanation 
of what is meant by the term gota de 
aceite, which is not simply a catch-all 
superlative for a fine Colombian 
emerald, as often misapplied in 
Europe and the United States. Also 
clarified is the proper use of old mine, 
and the difference between that term 
and gota de aceite. 

The reader is brought up to date 
with current Colombian emerald pro- 
duction, which still matches the qual- 
ity of the beautiful antique emeralds 
the Spanish conquerors sent to 
Europe and India. The author explains 
that money spent on Colombian 
emeralds does not support narcotics 
trafficking and also discusses exam- 
ples of fair trade initiatives that bene- 
fit the local miners. 

The basics of emerald geology are 
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introduced in a loose, informal way. 
The author rightly emphasizes the 
importance of Terri Ottaway’s geolog- 
ic work, which marked a shift in 
thought about the formation of emer- 
ald in Colombia. Strangely enough, 
only her master’s thesis is mentioned, 
not the landmark paper she and her 
colleagues published in Nature. Nor 
does the author refer to the similar 
formation theory proposed in articles 
by Giuliani, Cheilletz, and co-work- 
ers, which produced additional valu- 
able data and insights. 

This book is especially outstand- 
ing for its many interesting personal 
anecdotes. Among them is a witty, 
recognizable account of working in 
the field—with interaction between 
the investor, the geologist, the fore- 
man, and the miners. It further 
includes a personal account on the 
business of buying and cutting rough 
emeralds, with a memorable story of 
missing a buy. A fairly expansive sec- 
tion on cutting emeralds explains the 
process, with revealing insight into 
the prices involved and what is at 
stake for the owner and the cutter. 
The author expresses his view on col- 
ored stone grading systems, contend- 
ing that colored stones should be sold 
one by one, like works of art. 

In the chapter on collecting min- 
eral specimens, the author demon- 
strates his true love for emeralds. He 
describes parting with a nicely termi- 
nated crystal, rightly sold as a speci- 
men rather than a faceted gem, only 
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to see it end up as an inelegant 14 ct 
emerald-cut piece that had lost much 
of its color. 

Still, the strength of this book can 
be a weakness at times. Because “there 
is no distance between the author and 
emeralds,” in the author's words, facts 
and opinions are often intermingled. 
For instance, the statement that the 
color of tsavorite is always steely and 
too brilliant is purely subjective—a 
matter of taste. Other statements need 
a clear reference, such as the assertion 
that 70% of the emeralds of the world 
by volume and 30% by value are cut, 
polished, and marketed in Jaipur 
(which is inconsistent with other pub- 
lished data). The book also contains 
some small errors and omissions. The 
stated refractive indices of quartz 
(1.559-1.568) are too high (they are 
typically 1.544-1.553), and emeralds 
from Colombia show a wider range of 
RIs than indicated. The author 
describes glass doublets as imitations 
of emerald, but does not mention rock 
crystal doublets or the deceptive beryl 
doublets. The discussion of clarity 
grading is also unclear at times. 

Aside from these criticisms, this 
book is a must for anyone who loves 
colored gemstones and wants to 
know more about the world of emer- 
alds. In particular, it is highly recom- 
mended to gemology students as it 
will help put into broader perspective 
and context what they learn in the 
classroom. 

HANCO ZWAAN 
Netherlands Gemmological 
Laboratory 

National Museum of 
Natural History Naturalis 
Leiden, The Netherlands 


The French Blue 


By Richard W. Wise, 489 pp., illus., 
publ. by Brunswick House Press 
[www.thefrenchblue.com], Lenox, 
MA. $29.95. 


This is a fascinating account of both 
fictional and factual events surround- 
ing the six voyages that Jean Baptiste 
Tavernier made to India from 1631 to 
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1669. The story starts with Taver- 
nier’s early life and his introduction 
and apprenticeship into the jewelry 
industry. It then focuses on his deal- 
ings in gems, with emphasis on the 
trade routes, mining procedures, and 
business practices of the period that 
Tavernier wrote about and his fiction- 
al quest for “the one stone” that 
would set him up for life: the dia- 
mond that would one day be known 
as the French Blue. The author began 
with Tavernier’s famous memoir and 
researched other historical documents 
to weave a fascinating tale of adven- 
ture and global intrigue. Those who 
wonder what life was like during the 
mid-17th century will find the fic- 
tional scenarios quite plausible, deliv- 
ered in an entertaining, easy-to-read 
manner. 

Although the cover states that the 
book is based on a true story, it would 
be impossible for the casual reader to 
separate fact from fiction. The epi- 
logue notes that several chapters and 
characters were created to fill in the 
years that Tavernier omitted in his 
writings. Other details and events 
scattered throughout the book are 
also clearly fictionalized, particularly 
some rather descriptive sexual trysts. 

In addition, one would have to be 
familiar with the history of the French 
Blue diamond to see the correlation 
between the title and the story. The 
slab-cut diamond Tavernier purchased 
in India and sold to France’s King 
Louis XIV has been known as the 
Tavernier Blue since the late 1800s. In 
1671, it was recut into the Diamant 
Bleu de la Couronne, or Blue Dia- 
mond of the Crown, which also was 
not known as the French Blue until 
the late 19th century—long after it, 
too, had been recut, to become the 
Hope diamond. Unfortunately, the 
author uses each of the terms Taver- 
nier Blue and French Blue only once, 
while the diamond is referred to many 
times in the last two chapters as either 
“the Blue” or “the Great Blue.” This is 
likely to be confusing to anyone unfa- 
miliar with Tavernier’s writings. 

The blurring of fact and fiction 
precludes this book from being con- 
sidered an authoritative reference, 
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although it does provide plausible 
insights into gemstone and diamond 
trade practices, trading routes, and 
the challenges Tavernier encoun- 
tered. The French Blue is recom- 
mended for those interested in a 
well-written, entertaining story sur- 
rounding a singular figure in the his- 
tory of diamonds. 
SCOTT SUCHER 
The Stonecutter 
Tijeras, New Mexico 


The Pearl Oyster 


Edited by Paul C. Southgate and 

John C. Lucas, 582 pp., illus., publ. 

by Elsevier [www.elsevier.com], 

Amsterdam, The Netherlands, 2008. 
91.95 (US$111.00) 


“The shell is prosocline, inequilater- 
al, typically rounded to anteriorly 
obliquely ovate in outline. The 
umbones are subterminal, located 
posterior to the anterior auricles, and 
slightly projected beyond the straight 
hinge, with the umbo in the left 
valve elevated slightly more dorsally 
than the umbo in the right valve.” As 
the preceding sentences attest, The 
Pearl Oyster is written and edited 
largely by and for academics and oth- 
ers with a background in mollusk sci- 
ence. However, the book also has 
great value for lay readers, especially 
if they can get up to speed with the 
vocabulary of mollusk biology. 

In 16 chapters written by 26 cred- 
ited contributors, the editors have 
compiled a wealth of information pre- 
viously available only in hundreds of 
academic journal articles and other 
documents. Nearly every chapter has 
an extensive list of references at its 
end, giving each at least the appear- 
ance of authority and accuracy. 
Chapters 2 (“Taxonomy and Phylo- 
geny”) and 5 (Reproduction, Develop- 
ment and Growth”) are each followed 
by nine pages of references listed in 
8-point type. 

It’s disturbing, then, that a some- 
what knowledgeable reviewer easily 
finds factual, typographic, style, and 
usage errors. Unfortunately, their 
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presence detracts from the authority 
of the book. Perhaps if Messrs. 
Southgate and Lucas, who are aca- 
demic marine biologists and not edi- 
tors per se, had enlisted help from a 
professional editor, the errors could 
have been caught and corrected. 

Each chapter begins with an intro- 
duction and ends with a summary, 
which is a blessing, especially for lay 
readers. In Chapter 8 (“Pearl Produc- 
tion”), Joseph Taylor, a PhD marine 
biologist and, until recently, the 
hands-on managing director of Atlas 
South Sea Pearl, and Elisabeth Strack, 
author of the monumental Pearls 
(reviewed in G&G, Spring 2007), give 
an excellent account of pearl forma- 
tion. In text worthy of applause, the 
chapter debunks the oft-repeated 
notion that natural pearls form 
around an irritant lodged in a pearl- 
bearing mollusk’s tissue. 

In Chapter 13 (“Economics of 
Pearl Farming”), Clem Tisdell, an 
economist at the University of 
Queensland, and Bernard Poirine, of 
the University of French Polynesia, 
make a gallant effort to analyze and 
explain the topic. Their sentence, “It 
is very difficult to obtain accurate 
global statistics for pearl production 
and sales” is revealing. This reviewer 
knows from extensive personal expe- 
rience that “impossible” would have 
been a better descriptor. 

Although The Pearl Oyster is 
nearly exclusively about saltwater 
pearling—Chinese freshwater cul- 
tured pearls, which annually out- 
weigh saltwater cultured pearls by a 
factor of about 13, are barely men- 
tioned—and although much of the 
information has little or no practical 
application, the book is a worthwhile 
addition to any serious pearler’s 
library. 

DOUG FISKE 
Encinitas, California 


Collector’s Guide to Fluorite 


By Arvid Eric Pasto, 96 pp., illus., 
publ. by Schiffer Publishing 
[www.schifferbooks.com], Atglen, 
PA, 2009. $19.99 


Fluorite, one of the three most popu- 
lar collector minerals, is certainly 
deserving of a book covering the 
many aspects of its appeal—aspects 
realized in this Collector’s Guide. 
The author has been a mineral collec- 
tor since the 1950s, and nearly all the 
specimens depicted are from his col- 
lection. Their quality and variety 
demonstrate his keen knowledge and 
good taste in fluorite specimens. 

The introduction includes a dis- 
cussion of fluorite’s composition, 
uses—including, very briefly, as a 
gemstone—color, and fluorescence, 
with a bit about its history. In the next 
section, “Structure and Crystal- 
lography,” fluorite’s crystal form is 
detailed down to the unit cell, with 
understandable text and clear, colorful 
graphics. Its crystallography and many 
forms and combinations thereof are 
well addressed and illustrated. 
Photographs that clearly display these 
forms will assist collectors in identify- 
ing them in their own specimens. 
“Physical Properties” describes cleav- 
age, hardness, and specific gravity, 
among others, and even touches on 
such topics as radioactivity, mag- 
netism, and electrical and thermal 
properties. The “Optical Properties” 
section features a table on fluorite’s 
colors and their causes, and another 
on its fluorescence colors. Other fac- 
tors of interest such as mineral associ- 
ations, phantom growths, pseudomor- 
phism, and inclusions are covered 
next. This is followed by a section 
devoted to formation that describes 
four types of economically important 
ore deposits and the five major types 
of physiochemical environments in 
which they can occur. 


Last, and perhaps most interest- 
ing, is the section on classic fluorite 
localities. The best-known sources 
are broken down by continent, coun- 
try, and region. Very good color pho- 
tographs taken by the author accom- 
pany these descriptions. The speci- 
men selection and the quality of the 
images should prove valuable to all 
levels of collectors as an aid in dis- 
tinguishing a specimen’s origin. 
Rounding out the book is a bibliogra- 
phy with a wealth of references. 

Collector’s Guide to Fluorite is an 
excellent resource for this highly col- 
lectible species and should be of great 
value to mineral collectors at all lev- 
els. For the gemologist, there is plenty 
of useful data on its properties, struc- 
ture, history, and even inclusions, 
though the book includes little on flu- 
orite as a fashioned gemstone. 
Despite this, one would still hope 
that lapidaries and gemologists will 
appreciate the natural beauty of fluo- 
rite and gain much from this work. 

MICHAEL T. EVANS 

Gemological Institute of America 

Carlsbad, California 


OTHER BOOKS RECEIVED 


The Bohemian Crown Jewels. By 
Andrej Sumbera, transl. by Zuzana 
Jurgens, 114 pp., illus., publ. by the 
author [http://korunovacni-kleno- 
ty.cz], 2008, 20. 


This pocket-sized work is a photo- 
graphic catalogue of the Crown Jewels 
of the Kingdom of Bohemia, which 
date from the reign of King Charles IV 
(1316-1378). The book is the product 
of gemological examinations conduct- 
ed in 1998 and 2003; a review of these 
examinations is also provided. 
Included is a CD-ROM with 600 addi- 
tional photos. 


TWO 
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COLORED STONES AND 
ORGANIC MATERIALS 


Chemical signatures of fossilized resins and recent plant exu- 
dates. J. B. Lambert, J. A. Santiago-Blay, and K. B. Ander- 
son [kanderson@geo.siu.edu], Angewandte Chemie Inter- 
national Edition, Vol. 47, No. 50, 2008, pp. 9608-9616. 

Amber is the hardened fossil form of viscous, sticky resins 

secreted by certain plants. An investigation of ambers from vari- 

ous geographic sources using modern analytical techniques has 
provided structural information that can be used to classify this 
material and help identify the ancient plants that produced the 
resins. Using mass spectrometric analysis of components sepa- 
rated by gas chromatography, the authors propose a five-catego- 
ry classification scheme for fossil resins based on the presence 
of specific organic compounds. This scheme is supported by 
nuclear magnetic resonance spectroscopy of different kinds of 
fossil and modern resins. The article concludes with a discus- 
sion of the analytical challenges of identifying the ancient plant 
species responsible for the various types of amber. JES 


Common gem opal: An investigation of micro- and nano- 
structure. E. Gaillou [gailloue@si.edu], E. Fritsch, B. 
Aguilar-Reyes, B. Rondeau, J. Post, A. Barreau, and M. 
Ostroumov, American Mineralogist, Vol. 93, No. 11/12, 
2008, pp. 1865-1873. 

The microstructure of nearly 200 samples of common gem 

opal obtained from localities worldwide was investigated using 

scanning electron microscopy (SEM). Although lacking play-of- 
color, these common opals can have gem value because of their 
bodycolor. As seen in SEM images, opal-CT (disordered cristo- 
balite/tridymite structure) and most opal-A (amorphous struc- 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editors and their abstractors, and space limitations may require 
that we include only those articles that we feel will be of greatest 
interest to our readership. 


Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 
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the end of each abstract. Guest abstractors are identified by their 
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ture) consist of arrangements of nanograins that average 
about 25 nm in diameter. In most opal-A samples, the 
nanograins are arranged into spheres that have concentric 
layers or, in some cases, radial structures. The spheres are 
cemented together by silica that fills the voids between 
them; in some cases, the spheres themselves are distorted 
in shape by compaction of the material. The authors sug- 
gest several reasons why these opals do not display play-of- 
color, including spheres that are of different sizes, are 
imperfectly shaped, are too large or too small to diffract 
light, or are not well ordered in their packing arrange- 
ments. In contrast, opal-CT samples display different 
degrees of nanograin ordering from none (random aggrega- 
tion of nanograins) to fibers, flat platelets, and even more 
complex arrangements called lepispheres (sphere-like 
aggregates of platelets). The degree of nanograin ordering 
may depend on the growth or deposition rate imposed by 
the properties of the silica gel from which the opal settled. 
This rate is presumably faster for opal-CT and slower for 
opal-A. JES 


Economic analysis of land-based production of cultured 
marine pearls in India. G. Syda Rao [gsydarao@ 
gmail.com] and R. N. Kumar, Aquaculture Eco- 
nomics # Management, No. 12, 2008, pp. 130-144. 

This article analyzes a decade-long project in the Indian 
city of Visakhapatnam (Andhra Pradesh) to produce cul- 
tured akoya pearls in land-based saltwater tanks instead of 
ocean farms. The rationale for cultivating pearls on land is 
that the mollusks are shielded from predators, parasites, 
and violent weather. It also reduces the need for costly 
cleaning and maintenance. 

The project used oysters that were raised in hatcheries 
and algae feed that was cultivated in special tanks. 
Cultured pearl production took between 12 and 18 
months. An average of 60% of the crop was 6 mm in 
diameter, while 25% reached 7 mm, and 15% was 8 mm. 
The overall yield was 25%, and the cultured pearls were 
grouped into three quality categories: A (25%), B (50%), 
and C (25%). While 70% of the oysters rejected the nuclei 
in the first seeding, the land-based production process 
made it easy to retrieve the rejected nuclei and reseed the 
oysters after a “convalescing” period. 

The study concluded that land cultivation could be 
profitable, noting that yearly operating income averaged 
$159,197 over the 10-year project. RS 


Garnet. H. A. Gilg, D. Kile, S. Liebetrau, P. Modreski, G. 
Neumeier, and G. Stabler, Eds., extraLapis English, 
No. 9, 2008, 98 pp. 
Like previous editions in the series, this is an English-lan- 
guage version of the German extraLapis. The discussion 
begins with a review of garnet chemistry and the known 
members of the garnet group. This is followed by a series of 
chapters describing the species most popular as gem mate- 
rials—almandine, andradite, grossular, pyrope, and spessar- 
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tine—and the major localities in which they are found 
(uvarovite is also discussed briefly). The issue concludes 
with a review of garnet’s use as an industrial material, syn- 
thetic garnets (mainly YAG), and garnet inclusions. 

TWO 


Rare ivories. G. Brown, Australian Gemmologist, Vol. 23, 
No. lla, 2009, pp. 1-47. 

This article was initially a presentation that was sched- 
uled to be delivered by gemologist Grahame Brown in 
Hobart, Tasmania, at the 2007 Gemological Association of 
Australia Annual Federal Conference. Although Dr. Brown 
was unable to attend, gemologist Hylda Bracewell present- 
ed the lecture. 

“Rare ivories” are “products of manufacturing non- 
elephantine tooth and/or bone” for jewelry and other dec- 
orative purposes. Such ivory and ivory-like materials 
include mammoth ivory, elephantine molar teeth, ele- 
phant “pearls,” odontolite, sperm whale ivory, walrus 
ivory, hippopotamus ivory, narwhal ivory, warthog ivory, 
circled boar tusks, dugong tusks, crocodile teeth, tiger 
canine teeth, bear teeth, elk teeth, oosik (walrus penile 
bone), Steller’s sea cow bone, and bony antler. Each mate- 
rial is copiously illustrated with identifying features, 
carved samples, and cross-sections. 

Some of the information provided is both enlightening 
and confusing at the same time. In the section on the col- 
oration of odontolite, the popular belief for years has been 
that the unusual and attractive blue color is caused by 
prolonged burial of fossil ivory and development of the 
iron-phosphate mineral vivianite. Dr. Brown claimed that 
in fact Cistercian monks discovered a source of man- 
ganese-bearing fossil ivory in the Gers region of southern 
France and successfully mimicked the blue coloring by 
heating the material in oxygen in excess of 600°C for 
eight hours to produce a convincing substitute. What 
remains unclear is whether the author believed that all 
odontolite is produced in this manner. JEC 


DIAMONDS 


Blue fluorescence in diamonds. G. Holloway [garryh@ 
ideal-scope.com], Australian Gemmologist, Vol. 23, 
No. 1, 2009, pp. 408-414. 
This article reviews the relationship between diamond flu- 
orescence and transparency and color appearance. Top- 
color (D to F on the GIA color grading scale) fluorescent 
diamonds, historically known as “blue white,” were once 
priced around 10% higher than nonfluorescent diamonds. 
In 1993, a Korean TV exposé accused local laboratories of 
overgrading the color of fluorescent diamonds; the appar- 
ent result was an adjustment in the Rapaport Diamond 
Report price guide. Top-color fluorescent diamonds were 
discounted, and those with a color grade lower than I were 
subject to a premium, the author finds this contradictory. 
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GIA’s studies on diamonds and their fluorescence indicate 
a perceptible relationship between blue fluorescence and 
color appearance, depending on the viewing position. On 
average, strongly fluorescent diamonds were found to have 
a better color appearance face-up, but the strength of fluo- 
rescence had no perceptible effect when they were viewed 
table-down (as is typical in laboratory and trade grading). 
Another conclusion was that very strongly fluorescent dia- 
monds set in jewelry are no less transparent. 

The author recommends the use of digital or instru- 
ment-based color grading, in the face-up position, using 
perhaps half the radiation strength of long-wave UV light 
(as found in shaded daylight). If industry standard-setting 
bodies could agree on an appropriate light source for face- 
up color grading, there would be no need to price fluores- 
cent diamonds differently. GL 


Morphology of diamonds from kimberlite pipes of the 
Catoca field, Angola. V. N. Zinchenko [vladimir.zin@ 
mail.ru], Geology of Ore Deposits, Vol. 50, No. 8, 
2008, pp. 806-814. 

The Catoca diamond field is located in Lunda Province of 

northeastern Angola. The author provides morphological 

data for more than 3,200 diamond crystals from several 
kimberlite pipes in this field (including Catoca, 

Kamitongo, and Kakele). More than 75% of the crystals 

measured <1.5 mm, with the remainder ranging up to ~5 

mm. Crystal shape, surface quality, evidence of etching or 

intergrowths, presence of inclusions, color, and trans- 

parency are summarized. Although the crystals from these 
deposits exhibited an overall similarity in their features, 
suggesting some commonality in geologic origin, they also 
displayed some characteristics unique to particular pipes. 

Studies of diamond crystals from other deposits around 

the world have provided some general guidelines on using 

crystal morphology and quality to predict the gem dia- 
mond potential of kimberlite pipes in the preliminary 
stages of mining. JES 


Spectroscopic methods for the identification of natural yel- 
low gem-quality diamonds. L. Tretriakova [ltret@ 
gemfacts.com], European Journal of Mineralogy, 
Vol. 21, No. 1, 2009, pp. 43-50. 

Characteristic spectroscopic features and identification cri- 

teria are presented for various types of yellow diamonds, 

including natural-color and artificially colored varieties. 

Infrared, optical absorption, and laser-induced photolumi- 

nescence spectroscopy are discussed. The last technique is 

much more sensitive than optical absorption spectroscopy 
and can excite defects that have very low concentrations 
in diamonds. Examples are given of diamonds with high 
hydrogen content or with high nitrogen and low hydrogen. 

RAH 


GEMOLOGICAL ABSTRACTS 


Unusual micro- and nano-inclusions in diamonds from the 
Juina area, Brazil. R. Wirth [wirth@gfz-potsdam.del, 
F. Kaminsky, S. Matsyuk, and A. Schreiber, Earth 
and Planetary Science Letters, Vol. 286, 2009, pp. 
292-303. 
Diamonds from the Juina area in Mato Grosso State, 
Brazil, are known for their unusual mineral inclusions, 
such as ferropericlase, that originated from very deep lev- 
els (i.e., the lower mantle at >660 km). In this research, 
three diamonds from Rio Soriso in the Juina area were 
studied using transmission electron microscopy, analytical 
electron microscopy, and nanoSIMS analysis. 

The diamonds contained micro-inclusions (1-300 pm) 
that formed as mineral assemblages. A dolomite crystal 
(2.5 x 1.5 pm) was found associated with ilmenite and 
graphite. Calcite was detected as 1-2 ym polycrystalline 
grains, together with wollastonite-II (a dense polymorph 
of wollastonite], cuspidine, and monticellite. The grain 
size of wollastonite-II reached several microns. Cuspidine 
was intergrown with wollastonite-II, possibly when it 
replaced wollastonite-II in the presence of a fluorine-rich 
fluid. Coesite grains were lath-shaped and 50-100 nm in 
size; they formed polycrystalline aggregates containing 
pores up to several hundred nanometers filled with nano- 
inclusions (<200 nm) of halide (NaCl, CaCl,, KCl, and 
PbCL,), TiO,, and anhydrite. Other nano-inclusions such 
as ilmenite, spinel, and phlogopite were also identified. 
Sulfide micro-inclusions formed as individual plate-like 
features. Three of the micro-inclusions—cuspidine, mon- 
ticellite, and anhydrite—were discovered for the first time 
as inclusions in diamond. 

All the micro- and nano-inclusions were of eclogitic 
origin. These Juina diamonds may have formed from the 
subduction of crustal material to a deeper level of the 
lower transition zone or the lower mantle. The upper 
limit of formation pressure for these diamonds may 
exceed 10 GPa. The unique micro-inclusion assemblage 
of calcite, cuspidine, wollastonite, monticellite, and fluid 
suggests that volatiles are important metasomatic agents 
in mantle processes, particularly in diamond formation. 

KSM 


GEM LOCALITIES 


Chemical variations in multicolored “Paraiba”-type tour- 
malines from Brazil and Mozambique: Implications 
for origin and authenticity determination. A. Peretti 
[adolf@peretti.ch], W. P. Bieri, E. Reusser, K. 
Hametner, and D. Gtinther, Contributions to 
Gemology, No. 9, 2009, pp. 1-77, www.gemre- 
search.ch/journal/No9. 

This edition of Contributions to Gemology presents a 

detailed characterization of a suite of Cu-bearing tourma- 

lines from localities in Brazil (Paraiba and Rio Grande do 

Norte States) and Mozambique (Nampula Province). Such 
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material also comes from Nigeria (Idaban and Ilorin). 
When present with other coloring agents (particularly Mn, 
Fe, and Ti in varying proportions), Cu contributes to a 
wide range of sometimes bright colors in elbaite tourma- 
line: blue, violet, purple, purple-red, and green. Heat treat- 
ment is commonly used to improve the color of Cu-bear- 
ing tourmalines. 

This study focused on the quantitative chemical anal- 
ysis of color-zoned tourmalines using several techniques 
to identify their important minor and trace elements, and 
to map the spatial distribution of these elements in rela- 
tion to the crystal structure and the arrangement of color 
zones. The methods included electron microprobe analy- 
sis, energy-dispersive X-ray fluorescence (EDXRF) spec- 
troscopy, laser-induced breakdown spectroscopy (LIBS), 
and laser ablation—inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS}. Most of the samples were crystal 
sections that had been cut perpendicular to the c-axis to 
reveal the internal arrangement of concentric color zones. 
Numerous graphs correlate changes in composition 
across the color zones in these sections. The report con- 
cludes with a number of two- and three-dimensional plots 
of chemical composition data for various bodycolors that 
illustrate how certain elements (such as Cu, Mn, Zn, Pb, 
Bi, and Ga) or element-pair comparisons provide a means 
of determining the geographic source of Cu-bearing tour- 
maline. There is also a brief description of some of the 
inclusions and growth features seen in bluish green tour- 
malines from Mozambique. 

JES 


Edle Zirkone aus dem Sichsischen Vogtland [Gemmy zir- 
cons from Vogtland, Saxony]. W. Modaleck, G. 
Seifert, S. Weiss, U. Lehmann, S. Kreher, and K. 
Thalheim, Lapis, Vol. 34, No. 2, 2009, pp. 13-26, 
54, Edelstein-Zirkone aus Goldseifen im Gdltz- 
schtal, Sachsen [Gem zircons from gold placers in 
Géoltzschtal, Sachsen]. J. Leichsenring, Lapis, Vol. 
34, No. 2, 2009, pp. 27-28; and Hyazinthe und 
“Malakone” im Ofen: Zur Farbursache und 
Fluoreszenz sachsisch/bayerischer Zirkone [Hya- 
cinths and “malakones” in the furnace: On the ori- 
gin of color and fluorescence of Saxonian/Bavarian 
zircons]. S. Weiss, S. Meier, and R. Duthaler, Lapis, 
Vol. 34, No. 2, 2009, pp. 37-40 [all articles in 
German]. 

Generally, Europe is not rich in gem deposits. These three 

articles describe the occurrence of gem-quality zircons in 

Germany’s Saxony region. Modaleck et al. report that zir- 

cons were first mentioned in 1710 as “little stones 

[Steinlein] similar to diamonds” that were found in gold 

placers in Géltzschtal (Géltzsch Valley), Saxony. In 1994 

these zircons were rediscovered by local rockhounds, and 

in 1998 the first “Géltzsch brilliant” was cut. Three types 
of zircons can be distinguished: transparent pastel yellow 

(“jargon”), transparent dark purplish red (“hyacinth”), and 
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almost opaque in typically green hues (“malakon”). In 
2005, prospecting revealed that a maar volcano near 
Ebersbrunn was the source of the Géltzsch zircons. 
Similar zircons can be found elsewhere in Saxony as well 
as in other Tertiary volcanic areas in Europe (e.g., Laacher 
See, Eifel Mountains, Germany and Espaly/Le Puy, Massif 
Central, France). Leichsenring describes the activities of 
local “diggers” and the actual possibilities of finding zir- 
con, gold, and other minerals, while Weiss et al. conducted 
heating experiments. These experiments indicated that 
the colors of the Saxony zircons are due to color centers. 
Heating caused “jargons” to lose their coloration, while 
“hyacinths” and brown “malakons” acquired an addition- 
al orangy red hue. After heating to more than 500°C, UV 
fluorescence disappeared. All these phenomena can be 
linked to the presence of radioactive trace elements in the 
zircons, especially Th, U, and Nb. A comparison with 
green zircons and the “original” black “malakons” from 
Sri Lanka showed that the latter contained much more Th 
than was found in those from Saxony. RT 


Gemstone and mineral mining in Pakistan’s mountains. 

J. Clanin, InColor, Spring 2008, pp. 19-25. 
The Himalayan Mountains in northern Pakistan are geo- 
logically young but contain a wide variety of gems such as 
tourmaline, aquamarine, topaz, garnet, apatite, emerald, 
ruby, and sapphire. However, high elevations and harsh 
weather impose limits on the mining season. Most of the 
gem deposits are worked by small groups of miners using 
basic equipment that is hand carried or transported on 
horseback. 

Marble-hosted ruby deposits are known at Ganesh, 
Gupa Nala, Dhorkan, and Hachinder in Hunza Valley. 
These marbles are part of the Baltit Group, a sequence of 
metasedimentary rocks. The host marbles generally con- 
tain phlogopite, margarite, muscovite, zircon, spinel, Mg- 
tourmaline, pyrite, rutile, and/or graphite. Another 
deposit was discovered recently near the village of Bisil in 
Basha Valley. 

The Chumar Bakhoor pegmatites are located at an ele- 
vation of ~4,800 m and have produced aquamarine and 
fluorite. The Stak Nala pegmatites, which boast 40 
mines, contain multicolored tourmaline. Hundreds of 
pegmatites are known along the Indus River, most of 
them on the sides of steep cliffs, and they have produced 
aquamarine, black tourmaline, topaz, apatite, and garnet 
from tunnels up to 150-180 m deep. Interestingly, global 
warming is helping to uncover potential new gem sites, as 
the Mani glacier has receded several miles in this area. 
Pegmatites in the Shigar, Braldu, and Basha Valleys are 
spread out over an area of 150 km/?, with no trails. 

The lack of modern mining equipment, safety stan- 
dards, and mining expertise is a major drawback for the 
miners in this mountainous region. Rockslides and falls 
are the leading causes of death, while the ~40,000 miners 
in Pakistan’s mountains are also susceptible to silicosis 
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Another Hough Uiamond 
Found in INDIANA 


FRANK B. WADE 
Shortridge High School, Indianapolis 


ROM TEME TO TIME a gold panner 
comes to my door believing he has 
finally found a rough diamond. In ninety- 
nine per cent of these cases it is necessary 
to remind him that more than one half of 
the crust of the earth is composed of quartz, 
and that all of his treasures are also quartz. 
The other day, however, there arrived 
another finder whose little box was full of 
quartz pebbles but, in a bit of paper care- 
fully folded, was also a stone that looked 
like a triangular piece of double thick win- 
dow glass. Not a scratch showed on it. It 
was watet white and transparent and, on 
examining it with a 10 power Hastings 
aplanatic triplet lens, a depressed triangular 
marking was seen on the triangular top face 
and on the reverse face were three such 
depressed triangular markings. (Figures I, 
II, and Iii) 

On the straight edge of the crystal was a 
ragged depressed place also with triangular 
markings on the tiny crystal faces. 

The markings on the top and bottom 
faces were in revetse position to the large 
triangles on which they appeared, which is 
the usual case with such markings when 
they are seen on the triangular faces of a 
regular octahedron of rough diamond. 

This much distorted crystal may then be 
a hemihedral form with great overgrowth 
of two octahedral faces and suppression of 
some of the other faces of the octahedron. 

The stone weighed 3.93 carats (the 
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largest Indiana‘ stone I have seen in the 
rough) and measured 14 x 9 x 3.2 mm. It 
is, therefore, much too thin and spread to 
cut to advantage. Ic might, however, make 
a shallow marquise-cut brilliant of perhaps 
1.25 carats. It could be cut to a fancy tri- 
angular form of considerably greater weight 
by leaving a central portion of some width 
with little or no reflecting power (on the 
order of a table-cut) . 

This. crystal! was discoveted by a farmer 
in a field in Miami County near Peru, Indi- 
ana. All other finds in the state have been 
in heavy concentrates from stream gravel 
and have been made by gold panners who 
wete working the bedrock bottoms of 
streams in Brown or Morgan Counties. Here 
nature concentrates tons of glacial gravel in 
the potholes and crevices in the stream 
bottoms, and panners further concentrate 
the heavy materials. 

This makes the tenth diamond found in 
Indiana of which I have had personal 
knowledge. The others are as follows: 

1. A diamond of 3.06 carats in the rough 
(since cut to a shallow marquise brilliant 
of 1.33 carats) from Salt Creek in the 
northeast corner of Brown County. 


e Diamond from Brown County, 
Indiana. 3.06 carats. 


and carbon monoxide poisoning. Improving safety stan- 
dards will take time, but there are a few measures that 
can be adopted immediately, such as wearing disposable 
dust masks and installing portable ventilation systems. 
Miners should also be trained in first-aid procedures and 
the use of mountain climbing gear. Finally, establishing 
community markets could bolster selling prices, thus 
benefiting both miners and the local residents. 

KSM 


“Multiphenomenal” quartz from India. G. Choudhary 
and M. B. Vyas, Gems & Jewellery, Vol. 18, No. 1, 
2009, pp. 10-12. 

An unusual 12+ ct quartz cabochon displaying both strong 

chatoyancy and a 10-rayed star set ~45° from the chatoy- 

ant band is described. Asteriated quartz typically comes 
from Sri Lanka, but this specimen is reportedly from the 

Indian state of Tamil Nadu. The stone had a bright medi- 

um yellow-green bodycolor, resembling cat’s-eye 

chrysoberyl. Oriented needle-like inclusions created one 
set of rays intersecting at nearly 90° and another at 
~60/120°; the chatoyant band was caused by very fine, 

densely packed flaky inclusions oriented parallel to the c- 

axis. The chatoyancy and asterism were confirmed as sep- 

arate phenomena. EDXRF chemical analysis was incon- 
clusive for identifying the inclusions. The results of gemo- 
logical testing on the cabochon, including FTIR spec- 
troscopy, were consistent with natural quartz. ERB 


Mushroom elbaite from the Kat Chay mine, Momeik, near 
Mogok, Myanmar: II. Zoning and crystal growth. A. 
J. Lussier, F. C. Hawthorne [frank_hawthorne@ 
umanitoba.ca], S. Herwig, Y. Abdu, P. M. Aguiar, V. 
K. Michaelis, and S. Kroeker, Mineralogical 
Magazine, Vol. 72, No. 5, 2008, pp. 999-1010. 
“Mushroom” tourmaline from the Kat Chay mine, 
Myanmar, has a black-to-gray single-crystal core that tran- 
sitions into single-crystal prismatic colored/colorless tour- 
maline, which is overgrown by acicular subparallel crys- 
tals diverging toward the edge of the “cap.” These acicular 
crystals are dominantly colorless to white, with a continu- 
ous black zone near the edge rimmed in pale pink. 
Electron microprobe results confirm that the crystal core 
at the base and the material near the top of the “mush- 
room” are elbaite, the principal substitutions being Li + Al 
= 2 Fe and B + Al = Si+ Fe. It is suggested that the changes 
in habit are driven in part by changes in external variables 
such as temperature and pressure, potentially accompa- 
nied by involvement of new fluid phases. RAH 


Opal similarities between Andamooka and Coober Pedy, 
South Australia. I. J. Townsend [jackandjenny@ 
bigpond.com], Australian Gemmologist, Vol. 23, 
No. 1, 2009, pp. 415-420. 


This paper examines the similarities of some of the opals 
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from the Andamooka and Coober Pedy opal fields. The sed- 
imentary host rocks at the two sites are similar, indicating 
that their geologic formation environments were also com- 
parable. Because opals that form in similar rock types tend 
to resemble one another, some of the opals from 
Andamooka and Coober Pedy share many characteristics. 
RAH 


Ruby and sapphire from Marosely, Madagascar. L. Cartier 

[laurent.cartier@unibas.ch], Journal of Gemmology, 

Vol. 31, No. 5-8, 2009, pp. 171-179. 
A detailed examination was performed on 35 partially pol- 
ished rough, untreated corundum samples from a little- 
known eluvial deposit in south-central Madagascar. Colors 
ranged from purplish red to blue and were typically zoned, 
with an intermediate purple color overall. EDXRF spec- 
troscopy revealed considerable variations, reflecting chem- 
ical intermediates between ruby and sapphire. The useful- 
ness of FTIR spectra to detect heat treatment is discussed, 
especially the presence of 3309 and 3160 cm™! peaks in 
natural, untreated corundum. The metamorphic Marosely 
corundums have been affected by metasomatism, making 
ultra—trace element analysis particularly relevant. LA-ICP- 
MS analyses of the chromophores in the color-zoned sam- 
ples were consistent with the EDXRF data. The results for 
other trace elements (i.e., <1000 ppm) proved less revealing 
and underscored the need for further analyses, in combina- 
tion with other methods, to advance corundum origin 
determination. ERB 


Sapphire-ruby characteristics, west Pailin, Cambodia. F. L. 
Sutherland, G. Giuliani, A. E. Fallick, M. Garland, 
and G. Webb, Australian Gemmologist, Vol. 23, 
No. 1, 2009, pp. 401-406. 
Trace-element and oxygen isotope analyses of Pailin sap- 
phires and rubies further define the geochemical character- 
istics of this basalt-derived gem deposit, in which the 
corundum was transported to the surface as xenocrysts. 
The results confirm a clear distinction between sapphires 
of magmatic origin (2300-8000 ppm Fe, 15-1800 ppm Ti, 
160-260 ppm Ga, <0.01 Cr/Ga, Cr below detection, and 
5180 7.0-7.8%o) and those of metamorphic origin 
(3300-9130 ppm Fe, 60-3600 ppm Ti, 160-5300 ppm Cr, 
28-46 ppm Ga, 3.6-155 Cr/Ga, and 8!8O 4.0-4.9%o). The 
Pailin magmatic suite was more depleted in Fe and had 
higher 5'8O values than the comparable bimodal gem 
corundum deposit at Barrington Tops (Australia), whereas 
the Pailin metamorphic suite was more enriched in Ti and 
Cr and distinctly lower in its 8!8O range. Thus, a geograph- 
ic distinction can be drawn between the dual-origin corun- 
dum deposits that formed in these two regions, indicating 
differences in their geologic conditions during crystalliza- 
tion. These observations hold promise for “fingerprinting” 
individual corundum deposits. RAH 
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INSTRUMENTS AND TECHNIQUES 


The application of confocal micro-Raman spectrometer to 
nondestructive identification of filled gemstones. J.-L. 
Fan [fanjianliang@mail.ecust.edu.cn], S.-G. Guo, 
and X.-L. Liu, Spectroscopy Letters, Vol. 42, 2009, 
pp. 129-135. 
Filling is a treatment process in which a foreign substance 
is introduced into a stone’s surface-reaching fractures to 
enhance its appearance and/or durability. Today, many 
varieties of filled gemstones are encountered in the mar- 
ket. When the fracture is extremely small or the filler con- 
centration is low, it can be difficult to detect the treatment 
with basic gemological instruments. High-resolution con- 
focal micro-Raman spectroscopy combined with 
microscopy provides a nondestructive, rapid, and accurate 
method for identifying these stones. 

In this study, samples of bleached and filled jadeite 
and filled ruby were analyzed. Diagnostic Raman peaks 
near 3065, 2930, 1611, 1123, and 777 cm“ proved that the 
jadeites were filled with an epoxy resin. In the rubies, a 
Raman peak near 1563 cm7! was attributed to a lead glass, 
while the features near 3285, 2874, and 2331 cm7! were 
associated with an organic filler. GL 


Application of the Vis-NIR Avaspec-2048 portable auto- 
matic spectrometer to distinguish gem quality 
materials. D. Bernini, F. Caucia, and M. Boiocchi, 
Neues Jahrbuch ftir Mineralogie, Abhandlungen, 
Vol. 185, No. 3, 2009, pp. 281-288. 

The use of the Avaspec-2048 portable fiber-optic spec- 

trometer to analyze the Vis-NIR spectra of cut gemstones 

is described. For each sample, the spectrum was influ- 
enced by such factors as the stone’s temperature, shape, 
carat weight, exposed surface area, and color. Efficient use 
of this instrument for discriminating gemstones will only 
be possible after a large and comprehensive reference 
database has been developed. RAH 


Micro-Raman spectroscopy applied to the study of inclu- 
sions within sapphire. V. Palanza [palanza_valentina@ 
yahoo.it], D. Di Martino, A. Paleari, G. Spinolo, and 
L. Prosperi, Journal of Raman Spectroscopy, Vol. 
39, 2008, pp. 1007-1011. 

The variety of inclusions observed in sapphires can be a 

function of geologic origin and, in some cases, is typical of 

specific deposits. The commercial value of sapphires is set 
by many factors, including origin. This study used micro- 

Raman spectroscopy to identify inclusions in 10 blue sap- 

phires from Australia, Madagascar, Sri Lanka, Thailand, 

Tanzania, and Vietnam. The authors also used optical 

absorption spectroscopy to determine whether sapphires 

from these sources had a metamorphic or magmatic geo- 
logic origin. Taken together, these data allowed them to 
correlate inclusion varieties with both geographic and geo- 
logic origin. The addition of luminescence characteristics 
and chemical analyses from LA-ICP-MS would be expect- 
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ed to strengthen the conclusions about identifying gem- 
stone origin. ERB 


Use of laser induced breakdown spectroscopy in the deter- 
mination of gem provenance: Beryls. C. E. 
McManus [katedowe@aol.com], N. J. McMillan, R. 
S. Harmon, R. C. Whitmore, F. C. De Lucia, and A. 
W. Miziolek, Applied Optics, Vol. 47, No. 31, 2008, 
pp. G72-G79. 

The provenance of a gemstone is an important factor in its 

valuation, and one approach to identifying the geographic 

origin is to study inclusion assemblages. It is impossible to 
study every inclusion in detail, however, and the results 
may not be reliable. Gemstones form in various geologic 
environments and have unique chemical compositions. 

Therefore, studying the chemical composition of a gem, 

especially the trace elements, can provide the chemical 

fingerprint needed to identify its provenance. In this 
research, the authors analyzed beryl samples of known 
provenance with laser-induced breakdown spectroscopy 

(LIBS). 

LIBS is a spectroscopic analytical technique that incor- 
porates a laser, a focusing lens, optical fibers, a broadband 
spectrometer, a CCD camera, and a computer. A tiny por- 
tion (sub-microgram) of the sample is melted, vaporized, 
atomized, and partially ionized into a microplasma. As 
the microplasma cools, it emits visible light, which is 
captured and recorded as a LIBS spectrum in the 200-980 
nm range. Since damage to the sample is minimal and 
most elements emit photons in the LIBS spectral range, 
this technique is suitable for database development. 

The structure of beryl, which consists of hexagonal 
rings (each composed of six Si**-O7- tetrahedra), allows for 
substitution of ions with a variety of sizes and charges. 
Thus, beryl stores reliable chemical information related 
to its formation environment. The authors examined 39 
samples, including aquamarine, goshenite, heliodor, and 
morganite, which were collected from 13 pegmatite 
deposits in New Hampshire, Connecticut, and Maine. 
Twenty LIBS spectra were randomly taken from each 
sample, focusing on inclusion-free areas. Each spectrum 
left a crater ~400 ym in diameter. All the spectra clearly 
showed the major elements Be, Si, Al, and O, along with 
traces of Ca, Na, Li, and other elements in lower concen- 
trations. Beryl chromophores such as Fe, Ti, Mn, Cr, and 
V are transition metals with low-intensity peaks; thus, a 
LIBS spectrum is not sensitive to beryl color. The collect- 
ed LIBS spectra showed the chemical complexity of their 
host pegmatites. Beryl from individual zones—core, core 
margin, and intermediate—of the Palermo No. 1 peg- 
matite in New Hampshire could be successfully differen- 
tiated by LIBS spectra. 

However, the current database is insufficient to identi- 
fy beryls from chemically complex pegmatites. This study 
is a pilot project for collecting LIBS spectra from tens of 
thousands of beryls worldwide for the purpose of prove- 
nance determination. The authors also suggest collecting 
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beryl samples from every zone of their host pegmatites to 
establish a reliable database. KSM 


TREATMENTS 


Correlations between admixtures and color centers creat- 
ed upon irradiation of natural beryl crystals. E. M. 
Ibragimova [ibragimova@inp.uz], N. M. Mukhamed- 
shina, and A. Kh. Islamov, Inorganic Materials, Vol. 
45, No. 2, 2009, pp. 162-167 [in Russian]. 

Gemstones suitable for jewelry use are rare in nature, but 

there are vast resources of colorless stones suitable for 

color enhancement. The objective of this article was to 
reveal the correlation between impurity concentrations 

(“admixtures”) and color centers induced by neutron and 

gamma irradiation of beryl. 

Beryl irradiated with neutrons acquired attractive col- 
ors depending on the type and content of admixtures. 
However, high levels of induced radioactivity make this 
type of enhancement impractical. Different colors of beryl 
without induced radioactivity were obtained by irradiation 
with gamma rays. An iron content of 0.1-0.2% resulted in 
a light green color, while stones with 0.5-1.0% Fe turned 
yellow. Beryl with appreciable cesium and scandium con- 
tents acquired pink, orange, and green colors. The forma- 
tion of the various color centers and their stability depend- 
ed on the valence state of the iron admixture and on the 
type of ion charge compensators. GL 


“Deutscher Lapis”: Der Nunkircher Jaspis und seine 
Verwendung [“German lapis lazuli”: Jasper from 
Nunkirchen and its use]. H. Schmitt, Lapis, Vol. 34, 
No. 9, 2009, pp. 20-24, 62 [in German]. 

In the 19th century, the gem industry in Idar-Oberstein 

was bolstered by the dyeing of agates, mainly from Brazil. 

During this time, it was discovered that white-to-red-to- 

purple jasper from Nunkirchen (approximately 65 km 

west of Idar-Oberstein) was perfectly suited for blue dye. 

The dyed jasper strongly resembled lapis lazuli and was 

widely marketed as “German lapis lazuli.” The starting 

material was mined by a local company and a gem cutting 
firm from Idar-Oberstein. This dyed jasper was fashioned 
into a wide range of jewelry and other objects such as let- 
ter openers, most of which were exported to the United 

States. The first mine closed shortly before World War IL, 

and a significant drop in demand and high production 

costs finally led to the closing of the second mine in the 
1970s. RT 


The effect of HPHT treatment on the spectroscopic fea- 
tures of type IIb synthetic diamonds. I. N. Kupri- 
yanov [spectra@uiggm.nsc.ru], Yu. N. Palyanov, A. 
A. Kalinin, A. G. Sokol, A. F. Khokhryakov, and V. 
A. Gusev, Diamond and Related Materials, Vol. 17, 
2008, pp. 1203-1206. 

In this study, annealing of type IIb synthetic diamonds at 

temperatures up to 2650°C and pressures of 7—7.5 GPa did 
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not change the intensity of boron-related features in the 
mid-infrared spectrum, nor did it produce any new IR 
absorption features. For synthetic diamonds with very low 
boron concentrations (~1 ppm), similar annealing treat- 
ment for one hour produced an intense cathodolumines- 
cence band centered at about 2.85 eV (435 nm), which 
formed as a result of dislocations generated by plastic 
deformation in the diamond lattice. The study demon- 
strates that substitutional neutral boron is a very stable 
defect in diamond, unlike nitrogen, which changes with 
HPHT annealing. The study results are in agreement with 
theoretical calculations predicting a very high activation 
energy for the migration of boron in the diamond lattice. 
JES 


Photoinduced H1b and H1c centers in some natural treat- 
ed diamonds. E. Gaillou [gailloue@si.edu], E. 
Fritsch, and F. Notari, Diamond and Related 
Materials, Vol. 17, 2008, pp. 2029-2036. 

The effects of UV exposure on the optical absorption of 
treated-color diamonds were studied with FTIR and UV- 
Vis absorption spectroscopy. Three brown-to-yellow irradi- 
ated and annealed type Ia faceted diamonds (0.11—0.27 ct} 
were chosen for study. FTIR and UV-Vis spectra were col- 
lected for each sample before and after 15 minutes’ expo- 
sure to UV radiation, and again after exposure to visible 
light. All three samples showed photoinduced H1b and 
Hlc centers after UV exposure. A decrease in the 595 nm 
absorption was observed as the H1b and Hlc absorptions 
increased. Recovery of all photoinduced absorptions 
occurred after the samples were exposed to a standard 
incandescent 100-watt lamp for several seconds or were 
stored in the dark for several days. 

The authors propose that the observed behavior of the 
photoinduced centers, all of which are nitrogen related, 
supports previous studies suggesting a relationship 
between the 595 nm center and the H1b and Hlc centers. 
While the details of the interaction mechanism are not 
known, exposure to UV radiation appears to induce H1b 
center formation by consuming 595 nm centers. The 
close relationship between these two centers may aid in 
gem identification, since testing for photoinduced H1b 
and Hlc centers has already proven useful in identifying 
irradiation and annealing treatment in some stones. 

EVD 


Pink diamond treatment. E. Erel [e.erel@gubelingemlab.ch], 
Rapaport Diamond Report, Vol. 32, No. 2, 2009, pp. 
126-127. 

A 0.36 ct light brown type Ia diamond was subjected to 

three processes: HPHT treatment, irradiation, and low- 

temperature annealing. This produced a homogenous pur- 
plish pink face-up color, with a planar color distribution 
resembling that of a natural-color type Ia pink diamond. 

The zoning showed delicate colored graining as very 

narrow to wide purplish and pink bands in a colorless 

matrix. Treated pink-to-red-to-purple diamonds usually 
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have a combination of straight, angular, and irregularly 
shaped color areas. Both long- and short-wave UV radia- 
tion reactions of the stone were, however, consistent with 
those of other color-treated type Ia pink diamonds, show- 
ing a combination of orange and chalky green-yellow fluo- 
rescence of weak intensity. The color origin was typical of 
treated pink diamonds: Single-nitrogen/single-vacancy 
(NV) centers and absorption peaks at 637 nm and bands at 
570 nm, as well as weaker H3 and H4 color centers, were 
created during the multi-step process. ERB 


MISCELLANEOUS 


Cleaner production practices in a medium sized gold-plat- 
ed jewelry company in Brazil: When little changes 
make the difference. B. F. Gilman [biafgian@unip.br], 
S. H. Bonilla, I. R. Silva, and C. M. V. B. Almeida, 
Journal of Cleaner Production, Vol. 16, 2008, pp. 
1106-1117. 

The article analyzes the “clean” production steps taken by 

a manufacturer of gold-plated jewelry in Sao Paulo, Brazil. 

The company revamped its entire manufacturing process, 

including hazardous waste disposal, and realized savings of 

$115,881 by the second year of the program. The greatest 
savings were realized through the addition of chemicals 
that extended the useful life of the electrolyte solution 
critical to the plating process. Strategic monitoring of elec- 
tricity use resulted in an 18% savings in utility costs, 
while more efficient water use brought a 35% savings. 

This firm is one of 200 jewelry manufacturing operations 

around Sao Paulo and 560 throughout Brazil. The authors 

suggest that the conservation measures practiced by this 
manufacturer could serve as a model for the others. 
RS 


Deadly combat over natural resources: Gems, petroleum, 
drugs, and the severity of armed civil conflict. P. 
Lujala, Journal of Conflict Resolution, Vol. 53, No. 
1, 2009, pp. 50-71. 

This article examines how different types of resources 

affect the severity of civil wars. It analyzes various civil 

wars over the past 60 years that have been fought in areas 
producing oil, gems, and illicit drug crops. The conclusion, 
drawn mainly from events in Angola and Sierra Leone, is 
that conflicts over gem resources tend to be more vio- 
lent—largely because deposits are spread over wide areas 
that are difficult to control. RS 


Diamonds and Human Security: Annual Review 2009. 
Partnership Africa Canada, 2009, 24 pp., 
www.pacweb.org/documents/annual-reviews-dia- 
monds/ar_diamonds_2009_eng.pdf. 

This year’s PAC Annual Review, available in English and 

French, includes detailed reports on more than a dozen 

diamond-producing countries. The review claims that the 
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Kimberley Process Certification Scheme (KPCS) is failing, 
and that failure would be disastrous for the diamond 
industry and the countries and people who depend on it. 
Accountability is the main issue, with no single entity 
ultimately responsible for the KPCS’s actions or inactions, 
failures or successes. 

Weak monitoring, procrastination, questionable offi- 
cial statistics, and a lack of enforcement by the KPCS and 
governments have enabled abuses of the system to con- 
tinue in many countries, thus depriving governments of 
badly needed tax revenues. The individual country reports 
include statistics and analysis of the current situation, 
and some conclude with recommendations for action. 
Before the establishment of the KPCS in 2003, about 25% 
of the world’s diamond trade was illicit, with diamonds 
used for money laundering and tax evasion, narcotics and 
weapons trafficking, sanctions busting, and terrorist 
financing. The Kimberley Process was created to change 
this, and it has made a difference. A positive example is 
Sierra Leone, which legally exported less than $2 million 
of diamonds in 2000 and now exports between $100 and 
$150 million annually. Yet official statistics for Lebanon, 
which has no diamond mining and very little polishing 
capacity, show exports of 250,000 carats more gem-quali- 
ty diamonds than are imported. To solve the problems 
afflicting the KPCS, the report called for reform and 
enforcement at a November 2009 meeting in Namibia. 
[Abstractor’s note: The meeting subsequently failed to 
reach consensus on these issues, including Zimbabwean 
compliance.| EJ 


Livelihoods and production cycles in the Malagasy arti- 
sanal ruby-sapphire trade: A critical examination. L. 
E. Cartier [laurentcartier1@gmail.com], Resources 
Policy, Vol. 34, 2009, pp. 80-86. 
This article examines how ruby and sapphire production 
factors affect the livelihoods of small-scale miners in 
Madagascar. Artisanal mining is associated with a vulnera- 
ble livelihood mainly due to its primitive methods. It is 
usually quite migratory, with immigrants “chasing finds” 
as they seek to escape poverty, but many factors stand in 
their way. Polluted water, damage to rainforests, and 
health and safety issues such as HIV/AIDS invariably 
arise. The environmental effects of artisanal gem mining 
are grave, especially with illicit and unregulated mining. 
Racketeering and criminal activity are also critical issues; 
miners must sell their goods, but in many cases they lack 
efficient channels to do so. Treatment techniques such as 
heat and diffusion also play a role in whether the miners 
can sell their goods; effective treatment allows their low- 
quality stones to be salable. 

Although Madagascar plans to further develop large- 
scale mining, there are many more people involved in 
artisanal mining. There is an urgent need to improve the 
social and environmental conditions of an ever-growing 
population dependent on gems for their livelihood. 

MK 


GEMS & GEMOLOGY WINTER 2009 


y > - 
Volume 45 


Index 


SUBJECT INDEX 


Numbers 1-4 


This index gives the first author (in parentheses), issue, and inclusive pages of the article in which the subject occurs for all feature 
articles, Notes & New Techniques, and Rapid Communications that appeared in Volume 45 of Gems & Gemology. For the Gem 
News International (GNI) and Lab Notes (LN) sections, inclusive pages are given for the item. The Book Reviews section is available 
only as an online supplement, beginning with page $1. The Author Index (p. $19) provides the full title and coauthors (if any) of 


the articles cited. 


A 


Afghanistan 
hackmanite from Badakhshan 
(Kondo)Sp09:38-43 
petalite and pollucite from Laghman 
Province (GNI)Su09:150-151 


ruby and sapphire from (Shor]W09:236- 


259 
sodalite, from Badakhshan— 
(Kondo)Sp09:38-43; transparent blue 
crystals (GNI)W09:303 
zoisite, light purple, from Nangarhar 
(GNI)Sp09:70 
Alabaster 
dyed pink (GNI)W09:309-310 
Alaska, see United States 
Amber 
green, treated (Abduriyim)F09:158-177, 
(Let)W09:S1 


Amethyst 
from Morocco (GNI)Sp09:62.-63 
Ametrine [amethyst-citrine] 
from Bolivia (GNI)Sp09:63-64 
Ammolite 
from Canada, production of 
(Mychaluk)F09:192-196 
Andalusite 
from Brazil (Fernandes)Su09:120-129 
Andradite 
from Italy (Adamo)W09:280-287 
from Turkey (GNI)Su09:142 
demantoid—from Italy 
(Adamo]W09:280-287; from 
Madagascar (GNI)F09:218-219; from 
Turkey (GNI)Su09:142 
Annealing, see Diamond treatment 
Antigorite 
dyed red to imitate chalcedony 
(GNI)Sp09:74-75 
Apatite 
star (GNI)Su09:143 
Aquamarine 
from Italy (Bocchio)FO9:204-207 
from Pakistan, with ocean-themed 
inclusions (GNI)F09:215-216 
polymer-filled (Jianjun)FO9:197-199 
Argentina 
Opal-CT from (GNIJF09:220-22.1 
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Asterism 
in apatite (GNI)Su09:143 
in peridot (LN)Su09:138-139 
pseudo-asterism in sphalerite 
(GNI)W09:303-304 


Australia 
chrysoprase from, with dendritic inclu- 
sions (GNI)Sp09:71 
gray-blue-violet H-rich diamonds from 
Argyle (van der Bogert)Sp09:20-37 
sapphire and ruby from (Shor)W09:236- 
259 


Azurite-malachite 
from Sonora, Mexico (GNI)Sp09:64-65 


B 


Backscattered electron imaging 
of inclusions in demantoid from Italy 
(Adamo)W09:280-287 


Benitoite 
faceting and jewelry manufacturing of 
(GNI)W09:296-297 
Beryl 
cat’s-eye, from India (GNI)W09:297-298 
gray (GNI)FO9:216-217 
“Sugarcane Emerald” from Brazil 
(GNI)Su09:145-146 
see also Aquamarine, Emerald 
Bolivia 
ametrine from the Anahi mine 
(GNI)Sp09:63-64 
Book reviews 
The Bohemian Crown Jewels 
(Sumbera)WO09:S4 
Brooches: Timeless Adornment 
(Ettlinger Gross)Sp09:S2-S3 
Cameos: Old #& New, 4th ed. 
(Miller)FO9:S1-S2 
Cartier (Nadelhoffer)Sp09:S1 
Collector’s Guide to the Epidote Group 
(Lauf)Sp09:S3 
Collector’s Guide to Fluorite 
(Pasto)W09:S4 
Cristalli: L’Ordine dal Caos [Crystals: 
Order from Chaos] (Giazotto et 
al.)FO9:S2, 
Emeralds: A Passionate Guide: The 
Emeralds, the People, Their Secrets 
(Ringsrud)W09:S2-S3 
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Expedition to New Ruby Mines in 
Winza, Tanzania (GRS Gemresearch 
Swisslab)F09:S2 

Famous Diamonds, 5th ed. 
(Balfour)FO9:S1 

The French Blue (Wise)W09:S3 

Gemlore: Ancient Secrets and Modern 
Myths from the Stone Age to the 
Rock Age (Morgan)Su09:S7-S8 

Gems & Jewelry Appraising: 
Techniques of Professional Practice, 
3rd ed. (Miller)Su09:S8 

Gill’s Historical Index (Gill)F09:S2 

Growth and Morphology of Quartz 
Crystals Natural and Synthetic 
(Sunagawa et al.)Su09:S8 

Mikimoto (Foulkes)Su09:S6 

The Occurrence of Diamonds in South 
Africa (Wilson et al.)Su09:S6-S7 

The Opal Story: A Guidebook (Cody 
and Cody)Su09:S8 

The Pearl Oyster (Southgate and Lucas, 
Eds.)W09:S3-S4 

Pegmatites (London)Sp09:S2 

Profiting by Design: A Jewelry Maker’s 
Guide to Business Success 
(Richey)FO9:S2 

Sapphire Mining in Madagascar (GRS 
Gemresearch Swisslab)F09:S2 

7000 Years of Jewelry (Tait)Sp09:S1-S2 

World of Gems Conference (Drucker, 
Ed.)Sp09:S3 

Brazil 

andalusite from (Fernandes)Su09:120-129 

quartz from—with ankangite and cel- 
sian inclusions (GNI)Sp09:71-72; 
with copper inclusions, from Paraiba 
(GNI)Sp09:72-73 

“Sugarcane Emerald” from Bahia 
(GNI)Su09:145-146 

triphylite from Minas Gerais 
(GNI)F09:2.29-2.30 

Bridges, Campbell 
obituary (GNI}F09:232 
Burma, see Myanmar 


C 


California, see United States 


Cambodia 
ruby and sapphire from (Shor)W09:236-259 
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zircon mining in Ratanakiri Province 
(GNI)Su09: 152-154 


Canada 
Ammolite from Alberta, production of 
(Mychaluk)F09:192-196 
Cat’s-eye, see Chatoyancy 
Chalcedony 
and opal mixture in cameo 
(GNI)Su09:143-144 
with pyrite and unknown green materi- 
al (GNIJFO9:217-218 
quench-crackled and bleached 
(LN)W09:288-289 
red dyed antigorite imitation of 
(GNI)Sp09:74-75 
“Challenge,” see Gems & Gemology 
Chatoyancy 
in phenakite—colorless (LN)W09:291- 
293; from Madagascar (GNI)F09:223 
pseudo-chatoyancy in sphalerite 
(GNI)W09:303-304 
in serpentine (GNI)Su09:151-152 
“silver” and “gold,” in tourmaline 
(LN)Su09:139-140 


Chemical composition 
of ankangite and celsian inclusions in 
quartz from Brazil (GNI)Sp09:71-72 
of aquamarine from Italy 
Bocchio)FO9:204-207 
of demantoid from Italy 
Adamo])W09:280-287 
of haiiyne from Tanzania 
Zaitsev)FO9:200-203 
of kornerupine from Tanzania 
GNIJSp09:66 
of kyanite from Tanzania 
GNI)Su09:146-147 
of peridot from Italy (Adamo)Su09:130- 
133 
of tourmaline, Cu- and Fe-bearing 
Merkel)Su09:112-119 
of triphylite from Brazil (GNI)F09:229- 
230 
see also Spectroscopy [various]; X-ray 
mapping; specific gem materials 


Chemical vapor deposition [CVD], see 
Diamond, synthetic 
China 
rhodochrosite from Wudong mine in 
Wuzhou (GNI)Sp09:60-61 
sapphire from (Shor)W09:236-259 


Chrysoprase 
from Australia, with dendritic inclu- 
sions (GNI)Sp09:7 1 
from Tanzania (Shigley)W09:271-279 
Citrine 
from Madagascar (GNI)Su09:145 
see also Ametrine [amethyst-citrine] 
Coating 
of CZ, reportedly with synthetic dia- 
mond (LN)Sp09:53-54 
Color, cause of 
in diamond, relationship of type to 
(Breeding)Su09:96-111 
in tourmaline—Cu and Fe 
(Merkel)Su09:112-119; pink color 
surrounding growth tubes 
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(Koivula)Sp09:44-47 
Color change 
photochromic, of artificial glass 
(GNI)Sp09:72-74 
in pyrope-spessartine from Kenya 
(GNI)FO9:2.23-2.2.4 
in triphylite from Brazil (GNI)FO9:229-230 
Color stability 
of brown topaz (GNI)FO9:226-227 


Color zoning 
in amethyst from Morocco 
(GNI)Sp09:62-63 
in andalusite from Brazil 
(Fernandes)Su09:120-129 
in diamond—gray-blue-violet, from 
Australia (van der Bogert)Sp09:20-37; 
irradiated, brown-orange 
(LNJW09:289-290, irradiated and 
annealed, red (LN)F09:208 
in sapphire, Ti- and Be-diffused 
(LN)W09:293-2.94 
in synthetic diamond, Fancy Intense 
blue type IIb (LN)W09:291-292 
in synthetic spinel (GNI)Sp09:68-70 
in tourmaline from Keffi, Nigeria 
(GNIJF09:227-2.28 
Computer modeling 
of the French Blue and Hope diamonds 
(Farges)Sp09:4-19, (Let])Su09:S4-S5 
of the Tavernier Blue diamond 
(Sucher)F09:178-185 
Conference reports 
GIT 2008 (GNI)Su09:154 
International Kimberlite Conference 
(GNI)Sp09:75 
NAG Institute of Registered Valuers’ 
Conference (GNI)W09:311 
Sinkankas Spinel Symposium 
(GNI)Su09:155 
3rd European Gemmological 
Symposium (GNI)F09:23 1-232 
31st International Gemmological 
Conference (GNI)W09:310-311 
Copal 
treated to “green amber” 
(Abduriyim)FO9:158-177 
Coral 
Stylaster, identification by Raman 
spectroscopy (Karampelas)Sp09:48-52 
Corundum, see Ruby; Sapphire 
Cubic zirconia [CZ] 
reportedly coated with synthetic dia- 
mond (LN)Sp09:53-54 
Cultured pearl, see Pearl, cultured 
Cuts and cutting 
of ametrine (GNI)Sp09:63-64 
of ruby and sapphire (Shor)W09:236-259 
CVD [chemical vapor deposition] -grown 
synthetic diamonds, see Diamond, 
synthetic 


D 


Demantoid, see Andradite 
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Diamond 
clarity grading of, with radiation stains 
(LN)Sp09:55 
color grading of D-to-Z (Let)Su09:S1-S2 
with hydrogen cloud and etch channels 
(LNJFO9:209-210 
and “type” classification 
(Breeding)Su09:96-111 [erratum 
(GNIJF09:232] 
see also Diamond, colored; Diamond, 
cuts and cutting of; Diamond, inclu- 
sions in; Diamond simulants; 
Diamond, synthetic; Diamond treat- 
ment; Diamond type; DiamondView 
imaging 
Diamond, colored 
black, with unusual inclusion assem- 
blage (LN)Sp09:54-55 
colorless and orangy brown 
(LN)Su09:134-135 
French Blue and Hope diamonds 
(Farges)Sp09:4-19, (Let)Su09:S4-S5 
gray-blue-violet, H-rich, from Australia 
(van der Bogert)Sp09:20-37 
gray-green—type IIb (LN)Su09:136; 
with patterned radiation stains 
(LNJFO9:2.10-211 
grayish blue, mixed-type Ia/IIb 
(LN)Sp09:55-57 
greenish yellow, HPHT treated and 
glass filled (GNI)FO9:214-215 
red, irradiated and annealed 
(LN)FO9:208 
Tavernier Blue—crystallography of 
(Sucher)F09:178-185; origin of French 
Blue and Hope diamonds 
(Farges)Sp09:4-19 
violet, graded as black (LN)Su09:135 
Wittelsbach Blue—erratum 
(GNI)Sp09:75; further research on 
(Let)Su09:S2-S4 
yellow, large stone colored by isolated 
nitrogen (LN)F09:210 
Diamond, cuts and cutting of 
Antwerp Twins, dome-faceted 
(LN])Su09:136-137 
carved as crucifix (LN)Su09:135-136 
Nanocut plasma-etched diffraction 
grating to improve fire 
(Gilbertson)W09:260-270 
Diamond, inclusions in 
cloud—flower-shaped (LN)W09:290; 
hydrogen (LN)F09:209-210, trigon- 
shaped (LN)W09:290 
etch channels (LNJFO9:209-210 
radiation stains, impact on clarity grad- 
ing (LN)Sp09:55 
relationship to diamond “type” 
Breeding)Su09:96-111 
secondary K-feldspar, hematite-mag- 
netite, and quartz in a Fancy black 
LN)Sp09:54-55 
Diamond simulants 
black synthetic moissanite 
GNI}W09:308 
synthetic sapphire to imitate rough 
GNI)JF09:230-231 
see also Cubic zirconia 
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Diamond, synthetic 
coating on CZ (LN)Sp09:53-54 
Fancy Intense blue type IIb 
(LN)W09:29 1-292, 
pink CVD-grown (LN)Su09:137-138 
and “type” classification 
(Breeding)Su09:96-111 


Diamond treatment 

HPHT—“fluorescence cage” to identify 
(Dobrinets)FO9:186-190, 
(Let)W09:235; and glass-filled green- 
ish yellow (GNI)F09:214-215 

irradiated—brown-orange 
(LN)W09:289-290; “fluorescence 
cage” to identify (Let)W09:235 

irradiated and annealed red 
(LNJFO9:208 

and “type” classification 
(Breeding)Su09:96-111 


Diamond type 
classification system 
Breeding)Su09:96-111 
mixed-type—bicolored (LN)Su09:134- 
135; Ia/Ib Fancy Light grayish blue 
LN)Sp09:55-57 
DiamondView imaging 
of bicolored diamond (LN)Su09:134-135 
of blue type IIb synthetic diamond 
LN)W09:291-292 
and diamond “type” 
Breeding)Su09:96-111 
of gray-blue-violet diamonds from 
Australia (van der Bogert)Sp09:20-37 
of gray-green diamond with patterned 
radiation stains (LN)FO9:210-211 
indicates treatment in irradiated dia- 
mond (LN)W09:289-290 
of light blue mixed-type Ia/IIb diamond 
(LN)Sp09:55-57 
of two diamonds cut from same piece 
of rough (LN)W09:290-291 
of yellow diamond colored by isolated 
nitrogen (LN)F09:210 


Diffusion treatment 
of corundum with Be, impact on the 
market (Shor)W09:236-259 
of sapphire with Ti and Be 
(LN]W09:293-294 
Dinolite 
composite of Ammolite and other gem 
materials (Mychaluk)F09: 192-196 
Dispersion, see Fire 
Dyeing 
of alabaster, pink (GNI)W09:309-310 
of antigorite to simulate red chalcedony 
(GNI)Sp09:74-75 
of grossular to simulate ruby 
(GNI)Sp09:74-75 
of sillimanite to simulate emerald 
(GNIJW09:308-309 


E 


Editorials 
“The Dr. Edward J. Giitbelin Most 
Valuable Article Award” Sp09:1-2 
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“Gems & Gemology: The First 75 
Years” (Keller)Su09:79 

“New Technologies Face Off with New 
Realities” (Laurs)F09:157 


Electron-microprobe analysis, see 
Chemical composition 


Emerald 
mining in Zambia (GNI)W09:298-299 
Emerald simulant 
dyed sillimanite (GNI)W09:308-309 
synthetic emerald “crystal” 
(GNI)W09:305-307 


Emerald, synthetic 
sold as natural rough (GNI)W09:305- 
307 


Endangered species 
Stylaster coral, identification by Raman 
spectroscopy (Karampelas)Sp09:48-52 


Enhancement, see Coating; Diamond treat- 
ment; Diffusion treatment; Dyeing; 
Filling, fracture or cavity; Heat treat- 
ment; Treatment; specific gem materials 

Enstatite 
from Pakistan (GNI)F09:219 


Errata 
to “The French Blue and the Hope” 
(Farges)Sp09:4-19—miscellaneous 
errors (GNI)Su09:155 
to “Rubies and sapphires from Winza, 
Tanzania” (Schwarz)W08:322-347— 
spectra mislabeled (GNI)Sp09:75 
to “Triphylite from Brazil” 
(GNI)F09:229-230—chemical analy- 
ses reported incorrectly 
GNI)W09:311 
to “’Type’ classification system of dia- 
monds” (Breeding)Su09:100—incor- 
rect description of lattice defect 
GNIJF09:232 
to “The Wittelsbach Blue” 
Dréschel]W08:348-363—typo and 
final auction price corrected 
GNI)Sp09:75 
Ethiopia 
opal from Welo—(GNI)Sp09:59-60; 
with rare optical phenomenon 
GNI)Su09:147-148 


F 


Faceting, see Diamond, cuts and cutting of 
Fading, see Color stability 
Fair Trade practices 
with ruby and sapphire (Shor)W09:236- 
259 
Fakes, see specific gem materials simulated 
Feldspar 
labradorite from Alaska (GNI)Sp09:67 
Fiji 
cultured pearls from Vanua Levu 
(GNI)Su09:148-149 
Filling, fracture or cavity 
in aquamarine (Jianjun}FO9:197-199 
of corundum with lead glass, impact on 
the market (Shor)W09:236-259 
of HPHT-treated greenish yellow dia- 
mond (GNIJF09:2.14-215 
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Fire 
plasma etching diffraction gratings on 
diamong to improve 
(Gilbertson)W09:260-270 


“Fluorescence cage” 
to identify HPHT-treated type I dia- 
monds (Dobrinets)FO9:186-190, 
(Let]W09:235 
Fluorescence, ultraviolet [UV] 
and diamond “type” (Breeding)Su09:96- 
111 
“fluorescence cage” to identify HPHT- 
treated diamonds (Dobrinets)FO9:186- 
190, (Let) W09:235 
See also DiamondView imaging 


French Blue diamond 
lead cast proves precursor to the Hope 
(Farges)Sp09:4-19 [erratum 
(GNI)Su09:155], (Let)Su09:S4-S5 
relationship to the Tavernier Blue dia- 
mond (Sucher)FO9:178-185 


G 


Garnet, see Andradite; Grossular; Pyrope- 
spessartine 
Gemological Institute of America (GIA) 
history of quarterly journal GWG 
(Overlin)Su09:80-95 
Gems &) Gemology 
“Challenge”—Sp09:76-77; winners and 
answers F09:233 
Edward J. Gtibelin Most Valuable 
Article Award Sp09:1-2 
history of (Overlin)Su09:80-95 
Geographic origin 
and value factors for ruby and sapphire 
(Shor)W09:236-259 
Glass 
artificial, showing color change 
(GNI)Sp09:72-74 
Ba-Zr, green (GNI)W09:307-308 
Grading 
clarity of diamonds with radiation 
stains (LN)Sp09:55 
of D-to-Z color in diamonds 
(Let)Su09:S1-S2 
of Nanocut plasma-etched diamonds 
(Gilbertson)W09:260-270 
Grading reports, see Diamond 
Greenland 
ruby and sapphire from (Shor]W09:236- 
259 
Grossular 
dyed to imitate ruby (GNI)Sp09:74-75 
tsavorite with inclusion aggregate 
(LNJWO09:294 
yellow, from Tanzania (GNI)W09:299- 
300 
yellow-green, from Kenya 
(GNI)Sp09:65-66 
Gypsum, see Alabaster 


H 


Hackmanite 
from Myanmar and Afghanistan 
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(Kondo)Sp09:38-43 
Haiiyne 
yellow-green, from Tanzania 
(Zaitsev)FO9:200-203 
Heat treatment 
of andalusite from Brazil 
(Fernandes)Su09:120-129 
of Cu-bearing tourmaline (Merkel) 
$u09:112-119, (GNI)/W09:304-305 
of “green amber” (Abduriyim)F09:158- 
177 
of ruby and sapphire (Shor)W09:236-259 
of Cu- and Fe-bearing tourmaline 
(Merkel)Su09:112-119 
High-pressure, high-temperature [HPHT] 
synthesis, see Diamond, synthetic 
High-pressure, high-temperature [HPHT] 
treatment, see Diamond treatment 
History 
of Ge G (Overlin)Su09:80-95 
of the Tavernier Blue, French Blue, and 
Hope diamonds (Farges)Sp09:4-19 
[erratum (GNI)Su09:155], 
(Let}Su09:S4-S5, (Sucher|F09:178-185 
of the Wittelsbach Blue—erratum 
(GNI)Sp09:75; further research on 
(Let)Su09:S2-S4 


Hope diamond 
cut from the French Blue 
(Farges)Sp09:4-19 [erratum 
(GNI)Su09:155], (Let)Su09:S4-S5 
relationship to the Tavernier Blue dia- 
mond (Sucher)FO9:178-185 


Imitations, see specific gem materials 
imitated 
Impregnation 
of turquoise with polymer, by Eljen 
(LN)Su09:140 
Inclusions 
of actinolite in zoisite from 
Afghanistan (GNI)Sp09:70 
in andalusite from Brazil 
(Fernandes)Su09:120-129 
of ankangite and celsian in quartz from 
Brazil (GNI)Sp09:71-72 
of apatite in yellow grossular from 
Tanzania (GNI)W09:299-300 
in aquamarine—from Italy 
(Bocchio)F09:204-207; from Pakistan 
(GNIJF09:215-216; polymer-filled 
(Jianjun)F09:197-199 
in cat’s-eye beryl (GNI)W09:297-298 
in cat’s-eye phenakite (LN)W09:291- 
293 
in cat’s-eye serpentine (GNI)Su09:151- 
152 
in chalcedony-opal cameo 
(GNI)Su09:143-144 
in color-change pyrope-spessartine 
from Kenya (GNI)F09:223-224 
of columbite in topaz (LN)F09:212-213 
of copper in “Paraiba” quartz from 
Brazil (GNI)Sp09:72-73 
in demantoid from Italy 
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Adamo)W09:280-287 

dendrites, in chrysoprase from 

Australia (GNI)Sp09:71 

francevillite in turquoise 

LN)W09:2.94-295 

in grossular from Kenya (GNI)Sp09:65-66 

in hackmanite/sodalite from 

Myanmar and Afghanistan 

Kondo)Sp09:38-43 

of hematite in amethyst from Morocco 

GNI)Sp09:62-63 

in opal-CT from Argentina 

GNI)JF09:220-22.1 

in peridot from Italy (Adamo]Su09:130- 
133 

of pink color around growth tubes in 
Cu-bearing tourmaline from 
Mozambique (Koivula)Sp09:44-47 

in pollucite from Afghanistan 

GNI)Su09:150-151 

of pumpellyite and fuchsite in quartz 

LN)FO9:211-212 

of pyrite and unknown green material 

in chalcedony (GNI)FO9:217-218 

in ruby—from Mozambique 

GNI)F09:224-226; negative crystals 

LN)FO9:212 

in sapphire, Ti- and Be-diffused 

LN)W09:293-2.94 

of silicon, in black synthetic moissan- 
ite (GNI}WO09:308 

in spinel—{GNI)Sp09:68-70; from 
Tajikistan (LN)Sp09:57-58 

in synthetic emerald “crystal” 
(GNI)W09:305-307 

in synthetic spinel (GNI)Sp09:68-70 

in tsavorite, aggregate (LN)W09:294 

see also Diamond, inclusions in 


India 
beryl, cat’s-eye, from Shahpura 
(GNI)W09:297-298 
see also Kashmir 


— 


ro} 


Infrared spectroscopy, see Spectroscopy, 
infrared 
Instruments, see DiamondView imaging; 
Microscopic techniques; Spectroscopy 
[various]; X-radiography,; X-ray mapping 
Irradiation, see Diamond treatment 
Italy 
aquamarine from the Central Alps 
(Bocchio)FO9:204-207 
demantoid from Val Malenco 
(Adamo)W09:280-287 
peridot from Sardinia (Adamo)Su09:130- 
133 


J 


Jeremejevite 
from Kyauksin, Myanmar 
(GNI)W09:301 


K 


Kashmir 
sapphire and ruby from (Shor)W09:2.36- 
259 
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Kenya 
color-change pyrope-spessartine from 
Kamtonga (GNI)F09:223-224 
ruby from (Shor)W09:236-259 
yellow-green grossular from Voi 
(GNI)Sp09:65-66 
Kornerupine 
from Tanzania (GNI)Sp09:66 
Kyanite 
from Myanmar (GNI)Sp09:67-68 
from Tanzania (GNI)Su09: 146-147 


L 


LA-ICP-MS, see chemical composition 
Labradorite, see Feldspar 


Laos 
sapphire from (Shor)W09:236-259 
Lapidary arts 
carved diamond crucifix (LN)Su09:135- 
136 
see also Diamond, cuts and cutting of 


Letters 

D-to-Z diamond color grading 
(Let)Su09:S1-S2 

“fluorescence cage” in HPHT-treated 
and irradiated diamonds 
(Let)W09:235 

French Blue diamond, measurement of 
(Let}Su09:S4-S5 

green amber, treated (Let)W09:S1 

Wittelsbach Blue diamond, further 
research on (Let)Su09:S2-S4 


Liddicoat, Richard T. 
role in G&G (Overlin)Su09:80-95 
Luminescence, see DiamondView imaging; 
Fluorescence, ultraviolet [UV] 


M 


Mabe, see Pearl, cultured 
Madagascar 
citrine from Andongologo 
(GNI)Su09:145 
demantoid from Ambanja 
(GNI)F09:2.18-219 
environmental and social challenges of 
(Shor)W09:236-259 
phenakite, cat’s-eye, from 
(GNIJF09:2.2.3 
quartz with pumpellyite and fuchsite 
inclusions from (LN)F09:211-212 
ruby and sapphire from (Shor)W09:236- 
259 


Malachite, see Azurite-malachite 
Malawi 
sapphire and ruby from (Shor]W09:2.36- 
259 
Marketing and distribution 
of ruby and sapphire (Shor)W09:236-259 
Mexico 
azurite-malachite from Sonora 
(GNI)Sp09:64-65 
Microprobe, see Chemical composition 
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Microscopic techniques 
to identify negative crystals in ruby 
(LNJFO9:212 


Microscopy, fluorescence 
to identify HPHT-treated type I dia- 
monds (Dobrinets)FO9:186-190 


Mining and exploration 
of ametrine (GNI)Sp09:63-64 
of emerald from the Kagem mine, 
Zambia (GNI)W09:298-299 
of zircon in Cambodia (GNI)Su09:152- 
154 
see also specific countries and specific 
gem materials 
Mogok, see Myanmar 
Moissanite, synthetic 


black, with silicon inclusions 
(GNIJW09:308 


Montana, see United States 


Morocco 
amethyst from Tata (GNI)Sp09:62-63 


Most valuable article, see Gems & 
Gemology 
Mozambique 
Cu-bearing tourmaline from— 
(Koivula)Sp09:44-47; mining update 
(GNIJW09:304-305; separating from 
Fe-bearing tourmaline 
(Merkel)Su09:112-119 
ruby from Niassa and Cabo Delgado 
(GNIJE09:22.4-226, (GNIJW09:302- 
303 


Myanmar 

cultured pearls from (GNI)W09:301 

hackmanite from Mogok 
(Kondo]Sp09:38-43 

jeremejevite from (GNI)W09:301 

kyanite from Mohnyin Township 
(GNI)Sp09:67-68 

ruby and sapphire from (Shor]W09:236- 
259; (GNI)Sp09:67-68 

sodalite from Mogok (Kondo)Sp09:38- 
43; (GNI)Sp09:67-68 

spinel from (GNI)W09:301 

update on (GNI)Sp09:67-68, F09:231 

U.S. import ban on gems from 
(Shor)W09:236-259 


N 


Nanocut, see Diamond, cuts and cutting of 
Nepal 
ruby and sapphire from (Shor]W09:236- 
259 
Nigeria 
phenakite from Jos region 
(GNI)}W09:301-302 
tourmaline—Cu-bearing “lilac” 
(GNI)F09:228-229, from Keffi 
(GNIJF09:22.7-228; pink to red, 
from Oyo Valley (GNI)W09:305- 
306 


Nomenclature 
of treated “green amber” vs. copal— 
(Abduriyim)F09:158-177; (Let)W09:S1 
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O 


Obituary 
Campbell Bridges (GNI)F09:232 
Opal 
from Argentina (GNI)F09:220-221 
from Ethiopia (GNI)Sp09:59-60; rare 
optical phenomenon in 
(GNI)Su09: 147-148 
mixture with chalcedony in antique 
cameo (GNI)Su09:143-144 
prase, from Tanzania (Shigley)W09:271- 
279 


Oregon, see United States 


P 


Pakistan 
aquamarine with unusual inclusions 
from (GNI)FO9:215-2.16 
enstatite from Baluchistan 
(GNIJFO9:2.19 
ruby and sapphire from (Shor)W09:236- 
259 
topaz with columbite inclusions, from 
Gilgit (LN)FO9:212-213 
see also Kashmir 
“Paraiba” tourmaline, see Tourmaline 
Pearl 
blister, with a fish shape 
(GNI)W09:300-301 
necklace of different species 
(GNI)Su09:149-150 
pen shell and others from the Pinnidae 
family (GNIJFO9:221-223 
Pearl, cultured 
from Fiji (GNI}Su09:148-149 
mabe, with seashell nuclei, from 
Vietnam (GNI)F09:221-222 
production in Myanmar 
(GNI)W09:301 
Peridot 
asterism in (LN)Su09:138-139 
Ba-Zr glass imitation of (GNI)W09:307- 
308 
from Italy (Adamo)Su09:130-133 
Petalite 
from Afghanistan (GNI)Su09:150-151 
Phenakite 
cat’s-eye—colorless (LNJW09:291-293; 
from Madagascar (GNI)F09:223 
from Nigeria (GNI)W09:301-302 
Phosphorescence, see Spectroscopy, 
phosphorescence 
Photochromism, see Color change 
Play-of-color 
with rare optical phenomenon in opal 
(GNI)Su09:147-148 
Pleochroism 
in beryl, “smoky” gray (GNI)FO9: 
216-217 
Pollucite 
from Afghanistan (GNI)Su09:150-151 
Prase opal, see Opal 
Prismatine, see Kornerupine 
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Pyrope-spessartine 
color change, from Kenya 
(GNI)F09:2.2.3-2.2.4 


Q 


Quartz 

ankangite and celsian inclusions in, 
from Brazil (GNI)Sp09:71-72 

“Paraiba,” from Brazil, with copper 
inclusions (GNI)Sp09:72-73 

pumpellyite and fuchsite inclusions in 
(LN)FO9:2.11-2.12 

see also Amethyst; Ametrine 
[amethyst-citrine]; Citrine 


R 


Radiation stains 
impact on clarity grading of diamond 
(LN)Sp09:55 
pink, in Cu-bearing tourmaline from 
Mozambique (Koivula)Sp09:44-47 
Radioactivity 
of turquoise with francevillite inclu- 
sions (LN)W09:294-295 


Rhodochrosite 

from China (GNI)Sp09:60-61 
Ruby 

dyed grossular imitation of 
GNI)Sp09:74-75 
identifying negative crystals in 
LN)FO9:212 
from Mozambique—(GNI)F09:224-226, 
GNI)W09:302-303 
sources and distribution 
Shor]W09:236-259 
from Winza, Tanzania—erratum 
GNI)Sp09:75 


S 


Sapphire 
diffusion-treated with Ti and Be 
(LN)W09:293-294 
sources and distribution 
(Shor)W09:236-259 
from Winza, Tanzania—erratum 
(GNI)Sp09:75 
from Yogo Gulch, Montana 
(GNI)F09:2.25-2.2.6 
Sapphire, synthetic 
as rough diamond imitation 
(GNI)F09:2.30-23 1 
Serpentine 
chatoyant (GNI)Su09:151-152 
Shipley, Robert M. 
founding of GG (Overlin)Su09:80-95 


Sillimanite 
dyed green to imitate emerald 
(GNIJW09:308-309 


Simulants, see specific gem materials 
simulated 
Sodalite 
from Afghanistan—{Kondo)Sp09:38-43; 
transparent blue crystals (GNI) 
W09:303 
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from Myanmar—(Kondo}Sp09:38-43; 
gem-quality blue (GNI)Sp09:67-68 
Spain 
sphalerite with pseudo-chatoyancy and 
pseudo-asterism from (GNI)W09:303- 
304 


Spectrometry, laser ablation-inductively 
coupled plasma-mass [LA-ICP-MS], see 
Chemical composition 
Spectroscopy, infrared 
of andalusite from Brazil 
(Fernandes)Su09:120-129 

of aquamarine—filled (Jianjun)F09:197- 
199; from Italy (Bocchio)FO9:204-207 

of Ba-Zr glass (GNI)W09:307-308 

of chrysoprase and prase opal from 
Tanzania (Shigley)W09:271-279 

of demantoid from Italy 
(Adamo}W09:280-287 

of diamond—to determine “type” 
(Breeding)Su09:96-111; gray-blue-vio- 
let, from Australia (van der 
Bogert)Sp09:20-37; light blue mixed- 
type Ia/IIb (LN)Sp09:55-57 

of “green amber” (Abduriyim)F09:158- 
177 

of peridot from Italy (Adamo)Su09:130- 
133 

of sillimanite, dyed green 

GNI)}W09:308-309 

Spectroscopy, nuclear magnetic resonance 
[NMR] 
application to gemology 

Abduriyim)F09:158-177 

of “green amber” (Abduriyim)F09:158-177 


Spectroscopy, phosphorescence 
of blue type IIb synthetic diamond 
LN)JW09:291-292, 


Spectroscopy, photoluminescence 
of diamond with a hydrogen cloud 
LN)FO9:209-2.10 
of gray-blue-violet diamonds from 
Australia (van der Bogert)Sp09:20-37 
of HPHT-treated greenish yellow dia- 
mond (GNI)F09:2.14-215 
of light blue mixed-type Ia/IIb diamond 
(LN)Sp09:55-57 
Spectroscopy, Raman 
of chrysoprase and prase opal from 
Tanzania (Shigley)W09:271-279 
of kornerupine from Tanzania 
GNI)Sp09:66 
of pink-to-red Stylaster coral 
Karampelas)Sp09:48-52 
Spectroscopy, UV-Vis-NIR 
of andradite from Italy 
Adamo)W09:280-287 
of aquamarine from Italy 
Bocchio)FO9:204-207 
of chrysoprase and prase opal from 
Tanzania (Shigley)W09:271-279 
of color-change (photochromic) glass 
GNI)Sp09:72-74 
of color-change pyrope-spessartine from 
Kenya (GNIJF09:223-224 
of cultured pearls from Fiji 
GNI)Su09:148-149 
to determine diamond “type” 
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(Breeding)Su09:96-111 

to differentiate Cu and Fe in tourma- 
line (Merkel)Su09:112-119 

of gray-blue-violet diamonds from 
Australia (van der Bogert)Sp09:20-37 

of hackmanite/sodalite from Myanmar 
and Afghanistan (Kondo)Sp09:38-43 

of kyanite from Tanzania 
(GNI)Su09: 146-147 

of peridot from Italy (Adamo)Su09:130- 
133 

of pink CVD synthetic diamond 
(LN)Su09:137-138 

of ruby and sapphire from Winza, 
Tanzania—erratum (GNI)Sp09:75 

of yellow grossular (GNI)W09:299-300 


Sphalerite 
with pseudo-chatoyancy and pseudo- 
asterism, from Spain (GNI)W09:303- 
304 
Spinel 
from Bawma, Myanmar (GNI)W09:301 
inclusions in purplish pink 
(GNI)Sp09:68-70 
107 ct Cote de Bretagne, set with the 
French Blue diamond (Farges)Sp09:4-19 
purplish pink, from Tajikistan 
(LN)Sp09:57-58 
Spinel, synthetic 
inclusions in grayish yellow 
(GNI)Sp09:68-70 
Sri Lanka 
sapphire and ruby from (Shor)W09:236- 
259 


Star, see Asterism 
Strain 


in gray-blue-violet diamonds from 
Australia (van der Bogert)Sp09:20-37 


Synthetics, see specific gem materials 


T 
Tajikistan 
purplish pink spinel from (LN)Sp09:57- 
58 
Tanzania 
chrysoprase and prase opal from Haneti 
(Shigley)W09:271-279; grossular, yel- 
low, from the Lelatema Mountains 
(GNI)W09:299-300 
kornerupine from Usambara 
Mountains (GNI)Sp09:66 
kyanite, orange, from Loliondo and 
Mautia Hill (GNI)Su09:146-147 
haiiyne, yellow-green, from Oldoinyo 
Lengai volcano (Zaitsev)FO9:200-203 


ruby and sapphire from—{Shor]W09:236- 


259; erratum (GNI)Sp09:75 
Tavernier Blue diamond 
crystallographic analysis of 
(Sucher)F09:178-185 
relationship to the French Blue and the 
Hope (Farges)Sp09:4-19, (Let)Su09:S4- 
S5 


Tenebrescence 
in hackmanite from Myanmar and 
Afghanistan (Kondo}Sp09:38-43 


GEMS & GEMOLOGY 


Thailand 

ruby and sapphire mining and process- 

ing in (Shor}W09:236-259 

Topaz 

from Pakistan, columbite in 
LNJFO09:212-213 
with unstable brown color 
GNI)F09:2.2.6-22.7 


Tourmaline 

with chatoyancy, “silver” and “gold” 
LN)Su09:139-140 
from Mozambique, Cu-bearing—min- 
ing update (GNI)W09:304-305; with 
pink color surrounding growth tubes 
Koivula)Sp09:44-47; spectroscopy of 
Merkel)Su09:112-119 
from Nigeria—“lilac” Cu-bearing 
GNI)JF09:228-229; Keffi 
GNI)F09:227-228; Oyo Valley 
GNI)W09:305-306 
spectral differentiation of Cu and Fe in 
Merkel)Su09:112-119 


Treatment 
of chalcedony, by quench-crackling and 
bleaching (LN)W09:288-289 
of ruby and sapphire, as a value factor 
(Shor)W09:236-259 
see also Coating; Diamond treatment; 
Diffusion treatment; Dyeing; Filling, 
fracture or cavity; Heat treatment, 
Impregnation; specific gem materials 
Triphylite 
from Brazil (GNI)F09:229-230 [erratum 
(GNI)W09:311] 
Tsavorite, see Grossular 
Tucson Gem and Mineral shows 
highlights of (GNI)Sp09:59 
Turkey 
andradite from Erzincan (GNI)Su09:142 
Turquoise 
Eljen polymer-treated (LN)Su09:140 


with francevillite inclusions 
(LN)W09:2.94-295 


U 


Ultraviolet fluorescence, see Fluorescence, 
ultraviolet [UV] 
United States 
benitoite from California, faceting and 
jewelry manufacturing of 
(GNIJW09:296-297 
chalcedony from Oregon, with pyrite 
and unknown green material 
(GNIJFO9:2.17-218 
labradorite from Alaska (GNI)Sp09:67 
sapphire from Montana— 
(Shor)W09:236-259; Yogo Gulch 
(GNIJF09:2.25-2.2.6 


Vv 


Vietnam 
mabe cultured pearls from 
(GNIJF09:22.1-222. 
ruby and sapphire from (Shor)W09:236- 
259 
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2. A rough diamond of 3.64 carats from 
Morgan County (northwest of Martinsville, 
Indiana). 

3. A tiny dodecahedron no bigger than 
a grain of sand from Gold Creek in Morgan 
County and from about the same neighbor- 
hood as the second case. 

4. A cut stone of about 2.5 carats which 
was cut from a rough piece found in nearly 
the same vicinity as stones two and three. 
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5. A matched pair of brilliants of about 
87 carats each cut from a rough stone 
purchased from a Brown County gold 
panner. 


6. A rough stone of 1.05 carats bouguc 
by the Indiana State Geologist from a Brown 
County gold panner. 

7-8-9. Three rough stones found by the 
late Dr. Kelso of Mooresville, Indiana in 
Gold Creek, Morgan County, and two of 
them shown to the author. The weights of 
these stones are 1.25, .625, and .75 carats. 

Other finds have been reported from 
time to time (some in the annual reports 
of the State Geologist of Indiana). These 
finds have all been from Brown or Morgan 
Counties where terminal moraines exist and 
whete shaley bedrock is always present in 
the stream beds to concentrate the glacial 
gravel. 

For those interested in tracing the Wis- 
consin glacier I may report the finding of 
chlorastrolite by Dr. Kelso in Gold Creek 
(Morgan County). This material is found 
in situ only on Isle Royal, and in that 
vicinity in Northern Lake Superior. 
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Another significant find was that of a 
nugget of virgin copper in Boulder Canyon 
in Turkey Run State Park (Parke County, 
Indiana). This material probably came from 
the Keewenaw Peninsular extending up into 
Lake Superior. 

If all of these discoveries of diamonds 
are plotted on a map it will be found that 
lines, drawn from the discovery points to 
the North, converge in the high lands west 
and south of Hudson Bay, from which the 
ice of the Wisconsin glacier is believed to 
have come. Several diamond finds in Wis- 
consin (two near Milwaukee) corroborate 
these findings. ' 
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Ww 


Wittelsbach Blue diamond 
erratum: typo and final auction price 
corrected (GNI)Sp09:75 
further research on (Let)Su09:S2-S4 


X 


X-radiography 
of fish in blister pearl (GNI)W09:300- 
301 


AUTHOR INDEX 


X-ray mapping 
of inclusions of demantoid from Italy 
(Adamo)W09:280-287 


Z 


Zambia 
emerald mining at Kagem 
(GNI)W09:2.98-2.99 
Zircon 
mining in Cambodia (GNI)Su09:152- 
154 


Zoisite 
light purple, from Afghanistan 
(GNI)Sp09:70 
Zoning, see Color zoning; specific gem 
materials 


This index lists, in alphabetical order, the authors of all feature articles, Notes & New Techniques, and Rapid Communications that 
appeared in the four issues of Volume 45 of Gems & Gemology, together with the full title and inclusive page numbers of each arti- 
cle and the issue (in parentheses). Full citation is given under the first author only, with reference made from coauthors. 


A 


Abduriyim A., Kimura H., Yokoyama Y., 
Nakazono H., Wakatsuki M., Shimizu 
T., Tansho M., Ohki S.: Characterization 
of “green amber” with infrared and 
nuclear magnetic resonance spec- 
troscopy, 158-177 (Fall) 

Adamo I., Bocchio R., Diella V., Pavese A., 
Vignola P., Prosperi L., Palanza V.: 
Demantoid from Val Malenco, Italy: 
Review and update, 280-287 (Winter) 

Adamo I., Bocchio R., Pavese A., Prosperi 
L.: Characterization of peridot from 
Sardinia, Italy, 130-133 (Summer) 

Adamo L., see also Bocchio R. 

Andouche A., see Karampelas S. 


B 


Beaton D., see Kondo D. 

Bocchio R., Adamo I., Caucia F.: Aqua- 
marine from the Masino-Bregaglia 
Massif, Central Alps, Italy, 204-207 
(Fall) 

Bocchio R., see also Adamo I. 

van der Bogert C.H., Smith C.P., Hain- 
schwang T., McClure S.F.: Gray-to-blue- 
to-violet hydrogen-rich diamonds from 
the Argyle mine, Australia, 20-37 (Spring) 

Breeding C.M., Shigley J.E.: The “type” clas- 
sification system of diamonds and its 
importance in gemology, 96-111 
(Summer) 

Breeding C.M., see also Merkel PB. 

Buyko A.K., see Zaitsev A.N. 
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Chengxing F., see Jianjun L. 
Choudhary G., see Fernandes S. 
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Diella V., see Adamo I. 
Dirlam D.M., see Overlin S. 
Dobrinets I.A., Zaitsev A.M.: “Fluorescence 


cage”: visual identification of HPHT- 
treated type I diamonds, 186-190 (Fall) 
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Farges F., Sucher S., Horovitz H., Fourcault 
J.-M.: The French Blue and the Hope: 
New data from the discovery of a histor- 
ical lead cast, 4-19 (Spring) 

Fernandes S., Choudhary G.: Gem-quality 
andalusite from Brazil, 120-129 (Summer) 

Fourcault J.-M., see Farges F. 

Fritsch E., see Karampelas S. 
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Gilbertson A., Gudlewski B., Johnson M., 
Maltezos G., Scherer A., Shigley J.: 
Cutting diffraction gratings to improve 
dispersion (“fire”) in diamonds, 260-270 
(Winter) 

Gudlewski B., see Gilbertson A. 
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Hainschwang T., see van der Bogert C.H. 
Han L., see Jianjun L. 

Hong Y., see Jianjun L. 

Horovitz H., see Farges F. 

Huafeng L., see Jianjun L. 


J 
Jianjun L., Yuan S., Wangjiao H., Han L., 
Youfa C., Huafeng L., Ying L., Hong Y., 
Chengxing F.: Polymer-filled aquama- 
rine, 197-199 (Fall) 
Johnson M., see Gilbertson A. 
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Karampelas S., Fritsch E., Rondeau B., 
Andouche A., Métivier B.: Identification 
of the endangered pink-to-red Stylaster 
corals by Raman spectroscopy, 48-52 
(Spring) 

Keller A.S.: Gems &) Gemology: The first 
75 years, 79 (Summer) 

Keller J., see Zaitsev A.N. 

Kimura H., see Abduriyim A. 

Klaudius J., see Zaitsev A.N. 

Koivula J.I., Nagle K., Shen A.H., Owens P.: 
Solution-generated pink color surround- 
ing growth tubes and cracks in blue to 
blue-green copper-bearing tourmalines 
from Mozambique, 44-47 (Spring) 

Kondo D., Beaton D.: Hackmanite/sodalite 
from Myanmar and Afghanistan, 38-43 
(Spring) 
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Laurs B.M.: New technologies face off with 
new tealities, 157 (Fall) 
Laurs B.M., see also Shigley J.E. 


M 


McClure S.F., see van der Bogert C.H. 

Maltezos G., see Gilbertson A. 

Merkel P.B., Breeding C.M.: Spectral differen- 
tiation between copper and iron colorants 
in gem tourmalines, 112-119 (Summer) 

Métivier B., see Karampelas S. 

Mychaluk K.A.: Update on Ammolite pro- 
duction from southern Alberta, Canada, 
192-196 (Fall) 
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Nagle K., see Koivula J.1. 
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Nakazono H., see Abduriyim A. 
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Ohki S., see Abduriyim A. 

Overlin S., Dirlam D.M.: Celebrating 75 
years of Gems &) Gemology, 80-95 
(Summer) 

Owens P., see Koivula J.1. 


P 


Palanza V., see Adamo I. 
Pavese A., see Adamo I. 
Prosperi L., see Adamo I. 


R 


Renfro N.D., see Shigley J.E. 
Rondeau B., see Karampelas S. 
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Scherer A., see Gilbertson A. 
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Shen A.H., see Koivula J.L 

Shigley J.E., Laurs B.M., Renfro N.D.: 
Chrysoprase and prase opal from Haneti, 
central Tanzania, 271-279 (Winter) 


Shigley J.E., see also Breeding C.M., 
Gilbertson A. 

Shimizu T., see Abduriyim A. 

Shor R., Weldon R.: Ruby and sapphire pro- 
duction and distribution: A quarter cen- 
tury of change, 236-259 (Winter) 

Smith C.P., see van der Bogert C.H. 


Sucher S.: A crystallographic analysis of 
the Tavernier Blue diamond, 178-185 
(Fall) 


Sucher S., see also Farges F. 
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Tansho M., see Abduriyim A. 
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Vignola P., see Adamo I. 
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Wakatsuki M., see Abduriyim A. 
Wangjiao H., see Jianjun L. 
Weldon R., see Shor R. 


Y 


Ying L., see Jianjun L. 
Yokoyama Y., see Abduriyim A. 
Youfa C., see Jianjun L. 

Yuan S., see Jianjun L. 
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Zaitsev A.M., see Dobrinets LA. 

Zaitsev A.N., Zaitseva O.A., Buyko A.K., 
Keller J., Klaudius J., Zolotarev A.A.: 
Gem-quality yellow-green haiiyne from 
Oldoinyo Lengai volcano, northern 
Tanzania, 200-203 (Fall) 

Zaitseva O.A., see Zaitsev A.N. 

Zolotarev A.A., see Zaitsev A.N. 
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EDITORIAL 
1 The Dr. Edward J. Giibelin Most Valuable Article Award 
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FEATURE ARTICLES 


4 Strongly Colored Pink CVD Lab-Grown Diamonds 


Wuyi Wang, Patrick Doering, Joshua Tower, Ren Lu, Sally Eaton-Magafia, Paul Johnson, 
Erica Emerson, and Thomas M. Moses 


A new generation of CVD lab-grown diamonds from Apollo Diamond Inc. 
18 Color Alterations in CVD Synthetic Diamond with Heat and UV Exposure: 
Implications for Color Grading and Identification 


Rizwan U. A. Khan, Philip M. Martineau, Bradley L. Cann, Mark E. Newton, 
Harpreet K. Dhillon, and Daniel J. Twitchen 


Nonpermanent color changes may occur in as-grown CVD synthetic diamonds 
when exposed to heat or UV radiation. 


Notes & New TECHNIQUES 


28 Possible “Sister” Stones of the Hope Diamond 
Scott D. Sucher, Stephen W. Attaway, Nancy L. Attaway, and Jeffrey E. Post 


Computer modeling is used to investigate the possibility that sister stones to the 
Hope diamond resulted from the cutting of the Tavernier Blue or French Blue. 


36 Confocal Micro-Raman Spectroscopy: 
A Powerful Tool to Identify Natural and Synthetic Emeralds 
Le Thi-Thu Huong, Tobias Hager, and Wolfgang Hofmeister 


Describes a nondestructive analytical technique for differentiating natural 
from synthetic emeralds and investigating geographic origin. 


A? Bastnasite-(Ce) and Parisite-(Ce) from Mt. Malosa, Malawi 
Alessandro Guastoni, David Kondo, and Fabrizio Nestola 
Characterizes faceted samples of these rare brownish orange minerals. 
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is pleased to announce 
the winners of the 


Dr. Edward J. Giibelin 


Most Valuable Article 
Award 


as voted by hundreds of G&G readers. 
We extend our sincerest thanks to all 
the subscribers who participated. 


° First Place 


THE “TYPE” CLASSIFICATION SYSTEM OF DIAMONDS 


AND ITS IMPORTANCE IN GEMOLOGY 


Christopher M. Breeding and James E. Shigley 


Christopher M. Breeding is a research scientist at the GIA Laboratory in 
Carlsbad, where he investigates origin of color in diamond and other gems. 
Dr. Breeding holds a PhD in geology from Yale University. James E. Shigley 
is distinguished research fellow at the GIA Laboratory in Carlsbad. The edi- 
tor of the Gems &) Gemology in Review series and contributing editor to 
the journal, he received his doctorate in geology from Stanford University. 
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The votes are in, and we’re pleased to 


announce the winners of the 2009 Dr. 
Edward J. Giibelin Most Valuable Article Award. 
For the second year, we opened the competition 
to online voting, and nearly 90% of this year’s 
votes came from the online ballot. 


The first-place article was “The ‘Type’ Classifi- 
cation System of Diamonds and Its Importance 
in Gemology” (Summer 2009), a guide to deter- 
mining diamond type as well as its implications 
for identifying treated and synthetic diamonds. 
Placing second was “The French Blue and the 
Hope: New Data from the Discovery of a 
Historical Lead Cast” (Spring 2009), which used 
computer modeling and a recently found lead 
model of the French Blue to reveal important 
details about this fabled gem. Third place went 
to “Ruby and Sapphire Production and Distri- 
bution: A Quarter Century of Change” (Winter 
2.009), a review of the sources, treatments, and 
global developments that have transformed the 
corundum market. 


Christopher M. Breeding James E. Shigley 
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Dr. Edward J. Giibelin 


Francois Farges 


Herbert Horovitz Jean-Marc Fourcault 
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°° Second Place 


THE FRENCH BLUE AND THE Hope: NEW DATA FROM THE 
DISCOVERY OF A HISTORICAL LEAD CAST 


Francois Farges, Scott Sucher, Herbert Horovitz, and Jean-Marc Fourcault 


Francois Farges is professor of environmental mineralogy at the Muséum 
National d’Histoire Naturelle (MNHN) in Paris, where he is also curator of 
France’s national gem and mineral collection, established in 1633. Dr. Farges 
received his PhD in geochemistry from the University of Paris. Scott Sucher is 
principal of The Stonecutter in Tijeras, New Mexico. A former U.S. Air Force 
instructor pilot, he has created replicas of famous diamonds for more than 30 
years. Herbert Horovitz is a jeweler in Geneva, Switzerland, who specializes in 
jewelry history. He studied jewelry at the Decorative Arts School of Geneva 
and is an avid collector of books on jewelry and gemstones. Jean-Marc 
Fourcault is the technician in charge of the mineral collection at MNHN. He 
specializes in microminerals and is vice director of Micromonteurs, a French 
microminerals society. 


eee Third Place 


RUBY AND SAPPHIRE PRODUCTION AND DISTRIBUTION: 
A QUARTER CENTURY OF CHANGE 


Russell Shor and Robert Weldon 


~ Russell Shor is senior industry analyst at GIA in Carlsbad. Well known in 
nuesetonel Hope vsiags the industry for his reporting as diamond editor of Jewelers’ Circular 
Keystone from 1980 to 1995, he also served as editor of New York Diamonds 
and GemKey. Mr. Shor has a degree in journalism from Temple University. 
Robert Weldon, a Graduate Gemologist, is manager of photography and labo- 
ratory publications at GIA in Carlsbad. Formerly senior writer and director of 
photography with Professional Jeweler and senior editor of colored gemstones 
at Jewelers’ Circular Keystone, Mr. Weldon has contributed to scores of inter- 
national publications and several gem-related books. 
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Congratulations to Ruediger Hein of Henderson, Nevada, OR. = 
whose ballot was drawn from the many entries to win a three-year subscription to SS 
Gems & GEMOLOGY, along with all three GEMS & GEMOLOGY IN REVIEW volumes: 
TREATED DIAMONDS, COLORED DIAMONDS, and SYNTHETIC DIAMONDS. = 
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Annual Heview of the 
Diamond Industry for 1946 


Digested by 


KAY SWINDLER 
G.LA. Public Relations Director 


Published by JEWELERS. CIRCULAR- 
KEYSTONE from a handwritten manu- 
script left by the late Dr. Sydney H. Ball 
who for the past seventeen years bas pre- 
pared and edited such reviews. i 


HE DIAMOND TRADING COM- 
PANY and Industrial Diamonds, Ltd., 
for the Diamond Corporation, market 95% 
of all the world’s rough diamonds. Sales 
during 1948 totaled £38,058,843, of which 
70.3 per cent were gemstones. The 29.7 per 
cent which were industrial stones showed 
an increase of approximately £7,000,000 
value over the previous year. Highest total 
for any previous year was when sales totaled 
£29,610,000 in 1946. 


At the sales sights in London approxi- 
mately 54 per cent of diamonds offered are 
purchased by the United States and even- 
tually 75 per cent of all diamonds reach 
this country. It is reported that available 
rough was insufficient to meet demands but 
that the opening of the Premier and New 
Jagersfontein should help this situation. 


MARKET CONDITIONS 


In America generally the day of high 
priced articles seems temporarily over. Most 
clients want something in the $250 to $350 
price range. The American public has less 
money for luxuries than during war years 
and Hollywood’s cut payrolls are reflected 
in falling off of sales in that market. 


Instability of the market. was registered 
in Britain, reflecting a shortage of buying 
power in that country. 

European market for cut diamonds was 
good because of the desire of Europeans to 
own diamonds rather than’ their own cur- 
rency. In Australia the public displayed 
caution in buying, while in Hong Kong 
diamond trading expanded with much of 
the buying being for investment. 


U. S. IMPORTS 


Imports of diamonds in 1948 were worth 
almost four times as much in dollar value 
as imports of 1942, namely, $100,705,299. 
However, the largest year for imports was 
1946 when $166,637,049 was spent. 

Total U. S. imports of rough or uncut 
diamonds in 1948 was 912,762 carats, most 
of which came from South Africa. Most cut 
stones came from Belgium and Luxembourg. 


CUTTING 


Shut down of cutting plants in Europe 
during the war resulted in a boom for this 
industry in the United States. However, by 
1948 Belgium had regained its place of 
world supremacy and the 5,000 cutters in 
America at wat’s close had dwindled to 
2,000. Of this number 50 per cent were 
unemployed the major part of the year. 
However, American cut diamonds are con- 
sidered the finest cut and are unsurpassed 
anywhere. Melee and very small stones are 
still cut abroad. 


WINTER 1949-50 
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What's missing _ 
from your collection? 


Spring 2006 

“Paraiba’-type Tourmaline from Brazil, Nigeria, 
and Mozambique: Chemical Fingerprinting by 
LA-ICP-MS 

Identification and Durability of Lead Glass-Filled 
Rubies 

Characterization of Tortoise Shell and Its Imitations 


Summer 2006 

Applications of LA-ICP-MS to Gemology 

The Cullinan Diamond Centennial 

The Effects of Heat Treatment on Zircon Inclusions 
in Madagascar Sapphires 

Faceting Transparent Rhodonite from New South 
Wales, Australia 


Fall 2006— Special Issue 

Proceedings of the 4th International Gemological 
Symposium and GIA Gemological Research 
Conference 


Winter 2006 

The Impact of Internal Whitish and Reflective 
Graining on the Clarity Grading of D-to-Z 
Diamonds at the GIA Laboratory 

Identification of “Chocolate Pearls” Treated by 
Ballerina Pearl Co. 

Leopard Opal from Mexico 

The Cause of Iridescence in Rainbow Andradite 

from Japan 


Spring 2007 

Pink-to-Red Coral: Determining Origin of Color 
Serenity Coated Colored Diamonds 

Trapiche Tourmaline from Zambia 


Summer 2007 

Global Rough Diamond Production since 1870 

Durability Testing of Filled Diamonds 

Chinese Freshwater Pearl Culture 

Yellowish Green Diopside and Tremolite from 
Tanzania 

Polymer-Impregnated Turquoise 

Fall 2007 

The Transformation of the Cultured Pearl Industry 

Nail-head Spicule Inclusions in Natural Gemstones 

Copper-Bearing Tourmalines from New Deposits 
in Paraiba State, Brazil 

Type Ja Diamond with Green-Yellow Color Due to Ni 


Winter 2007 
Latest CVD Synthetic Diamonds from Apollo 
Diamond Inc. 
Yellow Mn-Rich Tourmaline from Zambia 
Fluorescence Spectra of Colored Diamonds 
An Examination of the Napoleon Diamond Necklace 
Spring 2008 
Copper-Bearing (Paraiba-type) 
Tourmaline from Mozambique 
A History of Diamond Treatments 
Natural-Color Purple Diamonds 
from Siberia 


Spring-Winter 2009 


Summer 2008 


Emeralds from Byrud (Eidsvoll), Norway 

Creating a Model of the Koh-i-Noor 
Diamond 

Coated Tanzanite 

Coloring of Topaz by Coating and 
Diffusion Processes 


Fall 2008 

Identification of Melee-Size Synthetic 
Yellow Diamonds 

Aquamarine, Maxixe-Type Beryl, and 
Hydrothermal Synthetic Blue Beryl 

A New Type of Synthetic Fire Opal: 
Mexifire 

The Color Durability of “Chocolate Pearls” 


Winter 2008 

Color Grading “D-to-Z” Diamonds at the GIA 
Laboratory 

Rubies and Sapphires from Winza, Tanzania 

The Wittelsbach Blue 


Spring 2009 

The French Blue and the Hope: New Data 
from the Discovery of a Historical Lead Cast 
Gray-Blue-Violet Hydrogen-Rich Diamonds 
from the Argyle Mine 

Hackmanite/Sodalite from Myanmar and 
Afghanistan 

Pink Color Surrounding Growth Tubes and 
Cracks in Cu Tourmalines from Mozambique 
Identification of the Endangered Pink-to-Red 
Stylaster Corals by Raman Spectroscopy 


D 


yummer 2009 

elebrating 75 Years of Gems & Gemology 

he “Type” Classification System of Diamonds 

pectral Differentiation Between Copper and Iron 
Colorants in Gem Tourmalines 

Andalusite from Brazil 

Peridot from Sardinia, Italy 


=_e) 


W 


Fall 2009 

Characterization of “Green Amber” 

Crystallographic Analysis of the Tavernier Blue 

“Fluorescence Cage”: Visual Identification of 
HPHT-Treated Type I Diamonds 

Ammolite Update 

Polymer-Filled Aquamarine 

Yellow-Green Haiiyne from Tanzania 

Aquamarine from Masino-Bregaglia Massif, Italy 


Winter 2009 

Ruby and Sapphire Production and Distribution: 
A Quarter Century of Change 

Cutting Diffraction Gratings to Improve 
Dispersion (“Fire”) in Diamonds 

Chrysoprase and Prase Opal from Haneti, 

Central Tanzania 
Demantoid from Val Malenco, Italy 
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STRONGLY COLORED PINK 
CVD LAB-GROWN DIAMONDS 


Wuyi Wang, Patrick Doering, Joshua Tower, Ren Lu, Sally Eaton-Magana, 
Paul Johnson, Erica Emerson, and Thomas M. Moses 


This study characterizes CVD laboratory-grown diamonds from Apollo Diamond Inc. that have 
strong pink colors produced by high concentrations of NV centers. The samples examined 
weighed ~0.3-0.7 ct, and their color and clarity grades were comparable to top natural pink dia- 
monds. A combination of optical centers were detected using photoluminescence and absorption 
spectroscopy. These centers are similar to those seen in previously studied pink-to-red diamonds 
that have been exposed to HPHT annealing, followed by irradiation and annealing at relatively 
low temperatures. These pink CVD products can be separated from natural and treated-color nat- 
ural pink diamonds by a combination of gemological and spectroscopic properties, such as fluo- 
rescence color, growth zoning, and absorption features in the infrared and UV-Vis regions. 


made with synthetic diamonds produced by the 

chemical vapor deposition (CVD) method. Not 
only are larger sizes and better qualities being 
reported in the as-grown material, but multiple 
treatments have been applied to some CVD syn- 
thetic diamonds to improve their color after initial 
growth (e.g., Linares and Doering, 1999, 2010; 
Martineau et al., 2004; Yan et al., 2004; Meng et al., 
2008; Wang and Johnson, 2010). Faceted CVD- 
grown diamonds are being traded in the jewelry 
market, with a few having been identified in gem 
laboratories during routine testing (e.g., Chadwick, 
2.008a,b; Wang, 2009; Kitawaki et al., 2010). 

As grown, gem-quality CVD synthetic diamonds 
are typically colorless, near-colorless, or various 


| n the past decade, significant progress has been 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 46, No. 1, pp. 4-17. 
© 2010 Gemological Institute of America 
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tones of brown. Other colors can be introduced by 
modifying the occurrence or arrangements of partic- 
ular lattice defects, either during growth or with 
post-growth treatments. In this study, we describe a 
group of strongly colored pink CVD lab-grown dia- 
monds (e.g., figure 1) provided for examination by 
Apollo Diamond Inc. Standard gemological proper- 
ties and spectroscopic data are presented, as well as 
key identification features that help separate these 
new products from natural, treated-natural, and 
HPHT-grown synthetic pink diamonds. 


MATERIALS AND METHODS 


Apollo Diamond provided 19 faceted CVD lab- 
grown diamonds to the GIA Laboratory for exami- 
nation (table 1). They ranged from 0.27 to 0.72 ct, 
and showed remarkably saturated pink coloration. 
These CVD lab-grown diamonds are representative 
of the current pink-colored production process used 
at Apollo Diamond. 

Experienced diamond grading staff determined 
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color and clarity grades using GIA’s grading sys- 
tems (see, e.g., King et al., 1994). Internal features 
were examined with both a standard gemological 
binocular microscope and a research-grade micro- 
scope, using a variety of lighting techniques. 
Reactions to ultraviolet (UV) radiation were 
checked in a darkened room with a conventional 
four-watt combination long-wave (365 nm) and 
short-wave (254 nm) UV lamp. We also examined 
all samples for fluorescence, phosphorescence, and 
growth characteristics using the Diamond Trading 
Company (DTC) DiamondView instrument (e.g., 
Welbourn et al., 1996). Phosphorescence images 
were collected with a 0.1 second delay and 5 sec- 
onds of exposure duration. 

All spectroscopic analyses were conducted on 
all samples. We performed infrared absorption 
spectroscopy for the mid-IR (6000-400 cm7!, at 
1 cm"! resolution) and near-IR (up to 11000 cm~, 
at 4 cm~! resolution) ranges at room temperature 
with a Thermo-Nicolet Nexus 670 Fourier-trans- 
form infrared (FTIR) spectrometer equipped with 
KBr and quartz beam splitters. A beam condenser 
(6x) was employed to focus the incident beam on 
the sample, and we collected as many as 256 scans 
per spectrum to improve the signal-to-noise ratio. 
Dry N, gas was used to purge the sample chamber 
to reduce interference from CO, and water vapor 
in air. The spectra in the mid-IR region were nor- 
malized based on the two-phonon absorptions of 
diamond, and in the near-IR region based on its 
three-phonon absorptions. This allowed us to cal- 
culate absorption coefficients, as well as peak 
intensities and impurity concentrations. 

Absorption spectra in the ultraviolet through 
visible to near-infrared range (UV-Vis-NIR, 
250-1000 nm) were recorded with a custom-built 
instrument using multiple Avantes spectrometers, 
broad-band light sources, and CCD detectors. This 
high-resolution instrumentation enabled the detec- 
tion of very weak and sharp absorptions in the UV- 
Vis-NIR region at liquid nitrogen temperature. The 
sampling interval in this four-channel device was 
0.04-0.07 nm depending on specific wavelength 
ranges, with an entrance slit width in each spec- 
trometer of 10 um. A better than 0.2 nm spectral 
resolution was achieved. A very good signal-to- 
noise ratio was produced with 200 scans per spec- 
trum. Samples were immersed in a specially 
designed liquid nitrogen bath which contains mulkti- 
ple layers of liquid nitrogen (patent pending), ensur- 
ing consistent temperature as well as a stable envi- 
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Figure 1. These CVD lab-grown diamonds (0.27-0.62 
ct; sample nos. top-APD-8097, APD-9747, and 
bottom—APD-17, APD-21), produced recently by 
Apollo Diamond Inc., show strong pink colors that are 
comparable to top natural pink diamonds. They were 
color graded Fancy Intense to Fancy Vivid pink to pur- 
plish pink. Composite photo by Jian Xin (Jae) Liao. 


ronment free of nitrogen gas bubbles. 

The same cooling device was also used for photo- 
luminescence (PL) spectral analysis with a Renishaw 
InVia Raman confocal microspectrometer. Four 
lasers with five excitation wavelengths were 
employed to activate various types of defects. An 
argon-ion laser was operated at two excitation wave- 
lengths: 488.0 nm (for the range 490-850 nm) and 
514.5 nm (for the range 517-850 nm). PL spectra 
were collected in the 640-850 nm range using a He- 
Ne laser (632.8 nm}, and in the 835-1000 nm range 
using a diode laser (830.0 nm). In addition, a He-Cd 
metal-vapor laser (325.0 nm) was used for the 
370-800 nm range. Up to three scans were accumu- 
lated for all PL analyses to achieve a better signal-to- 
noise ratio. 


RESULTS 


Color. All the samples had a strongly saturated pink 
hue, with color grades ranging from Fancy Intense 
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TABLE 1. Pink CVD lab-grown diamonds from Apollo Diamond Inc. examined for this study. 


Sample no. "ea Cut Color Clarity fa Avreunged Sone : iy 
APD-11 0.63 Round brilliant Fancy Vivid purple pink VS, Strong orange Moderate orange 
APD-12 0.63 Rectangular brilliant Fancy Vivid purplish pink VS, Strong orange Strong orange 
APD-13 0.61 Round brilliant Fancy Vivid purple pink VS, Strong orange Moderate orange 
APD-14 0.65 Round brilliant Fancy Vivid purplish pink VS, Strong orange Moderate orange 
APD-15 0.72 Rectangular brilliant Fancy Deep purplish pink VS, Strong orange Strong orange 
APD-16 0.64 Round brilliant Fancy Intense purplish pink VS, Strong orange Strong orange 
APD-17 0.62 Rectangular brilliant Fancy Deep pink VS, Strong orange Moderate orange 
APD-18 0.45 Round brilliant Fancy Intense pink VS, Strong orange Moderate orange 
APD-19 0.53 Square brilliant Fancy Intense pink VS, Moderate orange Moderate orange 
APD-20 0.61 Round brilliant Fancy Intense pink VS, Moderate orange Moderate orange 
APD-21 0.27 Square brilliant Fancy Vivid pink VS, Strong orange Moderate orange 
APD-22 0.38 Rectangular brilliant Fancy Deep pink Sl, Moderate orange Moderate orange 
APD-8094 0.48 Round brilliant Fancy Vivid purplish pink VS, Strong orange Strong orange 
APD-8095 0.67 Round brilliant Fancy Vivid purple pink VS, Strong orange Strong orange 
APD-8096 0.28 Round brilliant Fancy Intense purplish pink VVS, Moderate orange Strong orange 
APD-8097 0.36 Round brilliant Fancy Intense purplish pink VS, Strong orange Strong orange 
APD-9747 0.60 Rectangular brilliant Fancy Vivid purple pink VS, Moderate orange Moderate orange 
APD-9748 0.64 Round brilliant Fancy Intense pink VS, Moderate orange Moderate orange 
APD-9749 0.47 Round brilliant Fancy Deep purplish pink Sl, Moderate orange Moderate orange 


to Fancy Deep (again, see figure 1 and table 1). 
Seven samples were pure pink; the remaining 12 
also had a purple component. In general, all the 
CVD-grown diamonds showed even color distribu- 
tion with no visible color concentrations. 


Clarity. The samples had relatively high clarity. As 
shown in table 1, most (16) were given VS clarity 
grades, one was VVS, and only two received SI 
grades. Clarity grades were usually impacted by pin- 
points and small black inclusions with irregular 
shapes (probably non-diamond carbon; figure 2). 
Small radial fractures were observed surrounding 
some of the relatively large inclusions. Typically, 
the small inclusions and pinpoints were randomly 
distributed. In two samples, they occurred together 
in cloud-like groups. 
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Reaction to UV Radiation. All the samples consis- 
tently showed moderate-to-strong orange fluores- 
cence to both long- and short-wave UV radiation. 
Obvious turbidity (i.e., “chalkiness”) was also 
observed. No phosphorescence to conventional 
long- or short-wave UV radiation was seen. 

When exposed to the high-intensity ultra-short 
UV wavelength of the DTC DiamondView (~225 
nm), all samples showed strong orange or orangy red 
fluorescence (figure 3). The fluorescence was evenly 
distributed in only three of the samples; all others 
had bands of weaker orange color. In general, the 
fluorescence bands were uniform in thickness— 
though thickness varied in portions of some sam- 
ples—with sharp, well-defined boundaries that were 
oriented nearly parallel to the table facet (figure 3, 
center and right). Narrow growth striations, a com- 
mon feature in CVD-grown diamond, were 


Figure 2. Most of the sam- 
ples had VS clarity grades. 
The internal features that 
most affected clarity were 
small black inclusions 
(left, image width 1.4 mm) 
with irregular morphology 
and occasionally with 
small radial fractures, and 
pinpoints (right, image 
width 1.7 mm). Photo- 
micrographs by W. Wang. 
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Figure 3. These pink CVD-grown diamonds display strong orange to orangy red fluorescence in the DiamondView. 
The fluorescence is typically chalky, as shown on the left (0.63 ct). Most samples showed bands of weaker orange 

fluorescence oriented nearly parallel to the table face (center and right; 0.28 and 0.47 ct, respectively). Characteristic 
striated growth features also are readily seen in the center sample. Photos by W. Wang. 


NEED TO KNOW 


¢ CVD laboratory-grown diamonds from Apollo 
Diamond Inc. have strongly saturated pink colors 
produced by high concentrations of NV centers. 

¢ The samples show distinctive moderate-to-strong 
orange UV fluorescence (typically banded) to 
both long- and short-wave UV radiation. 

e Internal graining, high strain, and zoned orange 
fluorescence, along with spectral features, distin- 
guish these from similar-appearing natural, 
treated, and other synthetic diamonds. 


observed in the DiamondView fluorescence of 
many of the samples. In addition, all samples had a 
weak-to-moderate orange-red phosphorescence reac- 
tion in the DiamondView (see images in the GWG 


Data Depository at www.gia.edu/gandg). 


Graining and Birefringence. Graining was a com- 
mon feature in all the Apollo CVD lab-grown dia- 
monds studied. However, in contrast to that 
observed in natural diamonds, the internal graining 
in most of the CVD samples had indistinct bound- 
aries. A few samples, however, had graining with 
relatively well-defined linear outlines (figure 4). 
Varying intensity of anomalous double refrac- 
tion was another important feature. When we 
viewed these synthetic diamonds with magnifica- 
tion and crossed polarizers, we saw low- to very 
high-order interference colors including red, blue, 
green, and even white (figure 5), with irregular, lin- 
ear, or occasionally cross-hatched “tatami” type 
patterns. Extremely high-order interference colors 
with characteristic symmetrical patterns were com- 
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monly seen surrounding small black inclusions—a 
good indication of high localized internal strain. 

Wang et al. (2007) reported the presence of dis- 
tinct laser grooves on some of the cylindrical CVD 
samples they documented. The grooves remained on 
the girdles after the samples were faceted. In this 
study, similar laser grooves were observed on two of 
the samples that had unpolished girdles. In both sam- 
ples, however, they were far less apparent than on the 
faceted samples examined for the earlier report, with 
the edges being more rounded (figure 6). 


Infrared Absorption Spectroscopy. Defect-related 
absorptions were observed in three IR regions 
(1500-1100, 3300-2700, and 7000-5800 cm-'). The 
main features in the 1500-1100 cm”! region (figure 
7) included a sharp peak at 1344 cm“! and a broad 
band at ~1130 cm”! attributed to isolated nitrogen, a 


Figure 4. Internal graining was difficult to see in this 
group of CVD lab-grown diamonds. In a few sam- 
ples, the graining formed straight lines. Photomicro- 
graph by W. Wang; image width 2.1 mm. 
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sharp and relatively strong peak at 1332 cm! possi- 
bly from positively charged nitrogen (N*; Lawson et 
al., 1998), a sharp H-related peak at 1405 cm~!, and 
absorption from the Hla defect at 1450 cm-!. The 
Hla center is commonly observed in nitrogen-con- 
taining diamonds that have been irradiated and sub- 
sequently annealed at relatively low temperatures 
(~300°C; Clark et al., 1956). A few other sharp peaks 
at 1502, 1379, 1375, 1363, and 1341 cm! were also 
observed, but their assignments are not clear— 
except for the 1502 cm~! peak, which is ascribed to 
interstitial nitrogen and may arise from a different 
charge state of the Hla center (Collins et al., 1988). 
In addition, we saw a broad band at ~1295 cm7!, 
which was positioned significantly higher than the 
A form of aggregated nitrogen (1280 cm~!). These 
absorption features were detected in all samples, but 
with some obvious variations in intensity. For exam- 
ple, the peak at 1341 cm~! ranged from being as 
strong as the 1344 cm7! peak to as weak as a minor 
shoulder. In general, though, these absorptions were 
very weak in intensity. 

Since nitrogen impurities were detectable in all 
samples with IR spectroscopy, they were considered 
type I diamonds, despite being very close to type Ila. 
The intensity of the N-related 1344 cm~! peak var- 
ied from 0.07 to 0.17 cm=!, corresponding to 1.2-2.9 
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Figure 5. Anomalous dou- 
ble refraction commonly 
was seen as low- to high- 
order interference colors 
in the samples (left, 
image width 2.2 mm). 
Very high-order interfer- 
ence colors also surround 
this black inclusion 
(right, image width 1.8 
mm). Photomicrographs 
by W. Wang. 


ppma of isolated nitrogen. Pink CVD lab-grown dia- 
monds from Apollo examined by Wang et al. (2007) 
contained comparable amounts of isolated nitrogen, 
but those stones showed no IR features at 1502, 
1450 (H1a), 1405, or 1295 cm7! (again, see figure 7). 

In the 3300-2700 cm! region (figure 8), the dom- 
inant absorption feature is the H-related band at 
3107 cm! (0.23-0.82 cm! in intensity). The CVD- 
specific H-related peak at 3123 cm~! is comparative- 
ly much weaker (0.01-0.03 cm7!). Other absorptions 
in this region include weak peaks at 3310, 3030, 
2990, 2975, 2949, and 2.786 cm7!, and broad bands at 
2917, 2879, and 2835 cm7!. Assignments of these 
absorptions in general are unclear. Note that the H- 
related peak at 3107 cm~! was not detected in the 
pink Apollo CVD lab-grown diamonds examined 
previously (figure 8, bottom spectrum, Wang et al., 
2007) or in other CVD samples from the same 
source (Wang et al., 2003). 

Two extremely weak absorption peaks were 
detected in the near-IR region, at 6902, and 5892, cm! 
(figure 9). These peaks have not been reported previ- 
ously in CVD synthetic diamonds. Their intensities 
varied from 0.004 to 0.025 cm-!, with a good positive 
correlation (see Ge)G Data Depository) that suggest- 
ed they may originate from the same defect. The 
absorption at 7353 cm7! and numerous other peaks 


Figure 6. Two of the sam- 
ples showed laser grooves 
on their girdles. Com- 
pared to the laser grooves 
seen on other CVD syn- 
thetic diamonds in a pre- 
vious study (left; Wang et 
al., 2007), the grooves are 
not as sharp (right). 
Photomicrographs by W. 
Wang; image widths 1.1 
mm (left) and 1.9mm 
(right). 
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ABSORPTION COEFFICIENT (cm) 


reported in the previously examined pink CVD syn- 
thetic diamonds (Wang et al., 2007; not shown here) 
were not detected in the current samples. 


UV-Vis-NIR Absorption Spectroscopy. Consistent 
and strong absorption features in our high-resolution 


ABSORPTION COEFFICIENT (cm) 
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Figure 7. In the 1500-1100 
cm! region of the IR spec- 
trum, three representative 
pink CVD samples from the 
present study mainly show 
features due to isolated 
nitrogen, H-related defects, 
H1a, and possibly N*, as 
well as several smaller 
unassigned absorptions. 
The band at ~1295 cm~' is 
significantly higher in 
wavenumber than that due 
to the A-form of aggregated 
nitrogen in diamond (1280 
cm~'), A representative 
spectrum (AP-33) from pink 
CVD synthetic diamonds 
previously reported by 
Wang et al. (2007) is shown 
for comparison. Spectra are 
shifted vertically for clarity. 


spectra included 574.9 (NV°), 594.3, and 637.0 (NV-) 
nm, and their sidebands (figure 10). The peak at 
594.3 nm is usually referred to as the “595 nm” fea- 


ture in gemological publications, and is typical of 
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high-energy-beam irradiation and annealing (e.g., 
Collins, 1982). A weak absorption from the H3 


Figure 8. In contrast to 
typical CVD synthetic 
diamonds, the 3123 
cm! optical center in 
these newer pink CVD 
products was very 
weak relative to the 
3107 cm“! H-related 
peak. The latter peak 
is usually absent from 
CVD synthetic dia- 
monds, as shown by 
the representative spec- 
trum of sample AP-33. 
Spectra are shifted 
vertically for clarity. 
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Figure 9. In the near-IR region, weak optical centers 
with correlative intensity were detected at 6902 and 
§892 cm-'. These peaks have not been reported in 
CVD-grown diamonds, while several other near-IR 


features typical of such products (e.g., spectrum of ear- 
lier sample AP-33) were not detected in this new group 


of samples. Spectra are shifted vertically for clarity. 
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800 


defect (503.2 nm) and a strong, broad band from iso- 
lated nitrogen centered at ~270 nm (not shown in 
the figures; Dyer et al., 1965) were also observed in 
all samples. It is important to note that the isolated- 
nitrogen concentration was high enough to be 
detected with both IR and UV-Vis absorption spec- 
troscopy. 

A sharp GR1 line with a zero phonon line (ZPL) 
at 741.2 nm and its related sidebands were recorded 
at varying intensities in all but two of the pink 
CVD samples. In those with a relatively strong GR1 
line, additional absorptions from the ND1 defect 
(negatively charged vacancy) with ZPL at 393.5 nm 
and the [Si-V]- defect (doublet at 736.6/736.9 nm) 
were also observed (figure 10, inset). Only four sam- 
ples did not show these Si-related absorptions in the 
UV-Vis-NIR spectra. In addition, several weak, 
sharp absorptions—including at 404.8, 424.7, 429.5, 
430.4, 441.9, 451.6, 454.3, and 454.7 nm—were con- 
sistently observed but not attributed (figure 11). 


Photoluminescence and Raman Spectroscopy. 
Many PL emission lines were recorded using five 
laser excitations in the UV-to-IR region. Some emis- 
sion systems were observed with multiple excita- 
tion wavelengths. The major PL features are sum- 
marized below on the basis of individual laser exci- 
tation in each defect’s most sensitive region. 

With UV laser excitation (325.0 nm; figure 12), 
the major and consistent emissions in all samples 
included two weak but clear lines at 388.9 and 
415.2 (N3) nm, with clear side bands at ~430 and 
~440 nm that were associated with the N3 ZPL. 
(Note that PL side bands are located on the opposite 
side of the ZPL than they are in absorption spec- 
troscopy.) The sharp line at 388.9 nm and the relat- 
ed broad bands at ~400 and 410 nm are attributed to 
the 389 nm center, which previously has been asso- 
ciated with radiation damage in all types of dia- 
monds and is particularly strong in those containing 
isolated nitrogen (Zaitsev, 2001). 


Figure 10. Strong absorptions due to the NV centers with 
ZPLs at ~637 and 574.9 nm effectively absorb light in the 
yellow, green, and orange regions of the visible spectrum, 
and create transmission windows above 687 nm (red) and 
at ~450 nm (blue component). In addition, defects such as 
GR1, 594.3 nm, and ND1 with varying intensities were 
detected. A representative spectrum of an earlier pink CVD 
synthetic diamond (AP-33) is shown for comparison. The 
inset shows the GR1 and [Si-V] centers. Spectra are shifted 
vertically for clarity. 
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Figure 11. Several weak and sharp optical centers, 
such as those at 404.8, 424.7, 429.5, 430.4, 441.9, 
451.6, 454.3, and 454.7 nm, were consistently observ- 
ed in the absorption spectra of the present samples 
in the blue light region. These peaks have not been 
reported in previous CVD synthetic diamonds (e.g., 
AP-33). Spectra are shifted vertically for clarity. 


PL spectra collected using blue laser (488.0 nm) 
excitation revealed relatively strong and consistent 
emissions in the 490-510 nm region (figure 13). 
Assignable emissions included the H4 (495.9 nm), 
H3 (503.2 nm), and 3H (503.5 nm) defects. Intensity 
of 3H emission varied significantly between sam- 
ples, and did not show a clear correlation with other 
absorption or emission features. The 3H peak was 
clearly separated from H8 in four samples, occurred 
as a weak shoulder in six, and was not detected in 
the other nine. In addition, emissions at 498.2 and 
505.0 nm were observed. All the emission centers 
described here were also present in the UV-Vis-NIR 
absorption spectra, but were weak due to a lower 
signal-to-noise ratio. 

Green laser (514.5 nm) excitation revealed strong 
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Figure 12. The PL spectra of all samples with 325.0 
nm UV laser excitation revealed a line at 388.9 
nm and a portion of the N3 system with ZPL at 
415.2 nm. 


NV center emission systems in all samples, with 
ZPLs at 574.9 and 637.0 nm (figure 14). The 574.9 
nm line was generally stronger. The 637.0/574.9 
intensity ratio ranged from 0.10 to 0.90, with an 


Figure 13. Relatively strong and consistent PL emissions 
in the 490-510 nm region were observed with 488.0 nm 
laser excitation, including H4, H3, and 3H. The intensi- 
ty of the 3H emission varied significantly from sample 
to sample. Spectra are shifted vertically for clarity. 
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Figure 14. Green laser (514.5 nm) excitation revealed 
strong PL emission systems of NV centers in all the 
pink CVD-grown diamonds, with ZPLs at 574.9 and 
637.0 nm. A doublet at 596.5 and 597.0 nm is com- 
mon in CVD synthetic diamonds, but is absent here. 
Instead, a negative peak at 594.3 nm, also detected 
in the UV-Vis absorption spectra, is observed. 
Spectra are shifted vertically for clarity. 


average of 0.34. The full width at half maximum 
(FWHM) of the 574.9 nm peak showed limited varia- 
tion of 0.32-0.47 nm, with an average of 0.38 nm. In 
contrast, the FWHM of the 637.0 nm line varied 
from 0.35 to 0.74 nm, with an average of 0.50 nm. 
There was a positive correlation between the 
FWHMs of these two peaks, as seen in natural-color 
and HPHT-treated natural type Ila diamonds (see 
Ge&G Data Depository). 

Doublet emission at 596.5 and 597.0 nm has 
been documented as a common feature of colorless, 
near-colorless, and brown CVD synthetic diamonds 
(Wang et al., 2003, 2007), but it was not detected in 
this group of pink CVD lab-grown stones. Instead, a 
negative peak at 594.3 nm, which was easily detect- 
ed with UV-Vis absorption spectroscopy, was 
observed in the PL spectra. A similar negative GR1 
peak (ZPL at 741.2 nm) was seen in all samples in 
which UV-Vis detected a GR1. (These negative 
peaks are actually caused by absorption features 
present when a luminescence spectrum is collected.) 
Due to the strong fluorescence from NV centers, Si- 
related defects could not be detected with 514.5 nm 
laser excitation. 

When excited by a red laser (632.8 nm), the dou- 
blet emissions caused by the [Si-V]- defect at 736.6 
and 736.9 nm (generally referred to as the 737 nm 
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defect: Vavilov et al., 1980; Clark et al., 1995; 
Iakoubovskii et al., 2001) were confirmed in all but 
four samples (figure 15). In addition, emission from 
GRI1 (741.2 nm) was observed in all but five sam- 
ples. Of those that did not show GR1, three also had 
no detectable Si-related features, suggesting a possi- 
ble correlation between these defects. Also, weak 
but consistent emissions at 796.9 and 806.4 nm (not 
shown] were observed in all samples. These features 
have not been reported in other CVD synthetic dia- 
monds, and their assignments are unknown. 

Analysis with the 830.0 nm laser revealed a 
weak but sharp emission at 945.5 nm in all samples 
from another Si-related defect, [Si-V]° (Evans et al., 
2.006}. An emission at 949.0 nm, assignment of 
which is not available, also occurred. Many other 
weak lines were detected in the 840-910 nm region, 
including those at 866.7, 867.8, 876.7, and 878.3 
nm, which are not attributable. 


DISCUSSION 

The pink Apollo CVD lab-grown diamonds exam- 
ined here are notably different from previous gem- 
quality CVD products, which were colorless, near- 
colorless, or some shade of brown. Although pink 
CVD synthetic diamonds were reported by Wang et 
al. (2007), the strong pink hue and even color distri- 


Figure 15. The 736.6 and 736.9 nm doublet due to 
[Si-V]- was recorded with varying intensity in the PL 
spectra of most of the present samples. The 632.8 nm 
laser was the most sensitive excitation for detecting 
this center, which was not resolved with the 514.5 
nm laser. A weak correlation between this center 
and the GR1 was observed. Spectra are shifted verti- 
cally for clarity. 
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In Belgium at the end of 1947 there were 
15,500 cutters employed. At the close of 
1948, 7,000 were unemployed not counting 
those on patt time and who had left the 
industry. Many factors contributed to this 
condition—black market, devaluation. of the 
franc, shortage of rough, smuggling of cut, 
and exchange problems. 


In 1947 there were 92 Dutch factories 
of which Asscher, the largest, employed 
just over 100 cutters. Palestine continued 
its hectic existence as a cutting center. In 
the second half of 1947, 2,500 cutters were 
employed in 30 of the 34 shops reopened 
and nearly 1,000 more cutters were work- 
ing at home. By the end of the year the 
industry was concentrating on cutting bril- 
liants of one half carats and up. 


South Africa, like the United States and 
the Netherlands, is a cutter of large stones. 


Little actual information is available con- 
cerning the cutting of diamonds in Germany 
but since the last half of 1947 rumors have 
persisted that industrials are being cut in 
the American zone. Efforts have been made 
to prevent rough from reaching Germany 
since the low cost of labor makes competi- 
tion difficult for other centers. 


A few cutters are working in Canada and 
the work is said to be excellent. Normally 
melee to one carat is cut. Small stones are 
cut by about 650 cutters in Great Britain, 
France has two centers, Brazil has from 600 
to 3,000 cutters, Puerto Rico has 600 cut- 
ters, and Australia has two or three small 
shops. Other centers operating on a small 
scale are Egypt, India, Venezuela, British 
Guiana, Sweden, and South Borneo. 


WORLD PRODUCTION 


In 1948 the Belgian Congo again ranked 
first among diamond producing districts, 
showing 6,500,00 metric carats in 1948— 
an increase of approximately one million 
over the previous year. Total production of 
the Union of South Africa alluvial fields and 
mines was 1,200,000 carats. This includes 
industrials. 


THE BELGIAN CONGO 


Although still the largest producer in 
weight, the Belgian Congo in 1948 lost top 
place for money value to South Africa. The 
Congo still produces about three-fourths of 
the world’s crushing bort. 


ANGOLA 


Diamonds are the principal export of 
Angola, or amount to more than twenty- 
one per cent of the total value of all exports. 
More than 30 mines in the district are open 
cuts. Small stones of good quality, averaging 
5.4 carats, are recovered. The largest stone 
ever ‘reported weighed 102.71 carats. 
Although no unusual progress is noted, 
there»has been a gtadual increase in pro- 
duction. 


SOUTH-WEST AFRICA 


Since the first diamond was found in 
1908 production has been steady. Although 
production has been’ less in recent years, 
actual income from diamonds has not de- 
creased appreciably as the stones recovered 
are larger and of fine quality. No production 
figures for 1948 are available. 


TANGANYIKA 


Tanganyika is currently one of the im- 
portant diamond fields in the world since 
only 20 per cent of its production is indus- 
trial quality. 


The first diamond was found in Tan- 
ganyika about 1910 and production began 
in 1926. The diamonds come mainly from 
the Williamson mine and other mines at 
Mwadui. Total production to November 1, 
1948 is given as 827,537 carats. 

Theft is reported to be high in the Wil- 
liamson mines but better controls are being 
set up and. it is anticipated improvement will 
be seen in the future. 


SIERRA LEONE 
The British holding company known as 
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bution of the present samples are distinctive, and 
unlike those normally seen in natural or treated 
pink diamonds (e.g., Wang, 2009). In contrast to 
most previously examined CVD synthetics (Wang et 
al., 2003, 2007), these new samples did not contain 
surface-reaching fractures. The moderate-to-strong 
orange UV fluorescence to both long- and short- 
wave UV radiation was notably different from that 
previously reported for pink CVD lab-grown dia- 
monds from Apollo (Wang et al., 2007), which dis- 
played only very weak to weak orange to orangy yel- 
low fluorescence to short-wave UV. The banded 
nature of the fluorescence in most of the new prod- 
ucts is typical of CVD-grown diamonds. The high- 
order interference colors seen between crossed polar- 
izers were in sharp contrast to the gray colors that 
are typical of natural type Ila diamonds, but compa- 
rable to other single-crystal CVD-grown diamonds. 

The strong pink coloration of these new CVD 
samples is caused by NV centers, which efficiently 
absorb most yellow, green, and orange wavelengths. 
As a result, two transmission “windows” are creat- 
ed in the visible-light spectrum: one at a slightly 
higher wavelength than 637 nm, introducing a 
pink-to-red hue component to the bodycolor; and 
the other centered at ~450 nm, passing blue light 
and thus producing a blue component. Depending 
on the intensity of the blue transparency, many of 
the samples exhibited a strong pink color with vary- 
ing amounts of a purple modifier. For example, the 
wavelength of maximum transmission in the blue 
region for sample APD-8094 was ~430 nm, toward 
the violet end of the visible spectrum, so the stone 
had a purplish hue. Sample APD-18, which had no 
purplish overtone, had maximum transmission at 
~475 nm, toward the greenish end of the blue 
region. Sample AP-33 (from the previous study) was 
brownish pinkish orange; although it transmitted in 
the blue region at about the same position as APD- 
19, it lacked the NV° absorption (ZPL at 574.9 nm) 
needed to absorb the orange wavelengths. 

Specific spectral features—such as a 3123 cm=! 
absorption in the mid-IR region (Fuchs et al., 
1995a,b); the 7353, 6855, 6425, and 5562 cm~! 
absorptions in the near-IR region; and the doublet 
emissions at 596.5 and 597.0 nm—were common in 
previously studied CVD synthetic diamonds and 
were also important for their identification. 
However, the pink CVD lab-grown diamonds in this 
study had a distinctly different combination of lat- 
tice defects. In particular, H-related absorptions 
occurred dominantly at 3107 and 1405 cm7!, while 
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Figure 16. The intensities of the 1450 and 1502 cm-! 
absorption peaks show good correlation, with a trend 
that can be extrapolated through the graph’s origin. 


the 3123 cm=! peak was extremely weak or nearly 
absent (again, see figures 7 and/or 8). The 3107 and 
1405 cm! bands have not been previously reported 
in CVD synthetic diamonds, but they are common 
features of natural type Ia diamonds; they show cor- 
related intensities and are attributed to the same H- 
related defect. A similar relationship in intensity 
between these two peaks was observed in this group 
of CVD lab-grown diamonds, indicating that they 
originate from the same defect as found in natural 
diamonds. 

The presence of some optical centers seen in pre- 
vious studies of irradiated diamonds is another 
notable feature of these pink CVD synthetic dia- 
monds. Absorption caused by Hla at 1450 cm7! 
(again, see figure 7), which has been attributed to an 
interstitial defect seen in irradiated diamonds in a 
previous study (Collins et al., 1988), was observed in 
all samples. The positive correlation in intensity 
between the 1450 and 1502, cm~! bands (figure 16) 
suggests that the 1502, cm! center is also related to 
this defect center. Other well-known defects— 
including GR1, ND1, 594.3 nm, and 388.9 nm— 
were observed in the UV-Vis and/or PL spectra 
(again, see figures 10 and 12). Furthermore, there 
were no doublet emissions at 596.5 and 597.0 nm in 
the PL spectra, and the previously documented 
(Wang et al., 2007) absorptions at 7353, 6855, 6425, 
and 5562 cm~! in the near-IR region were also 
absent from this group of pink CVD lab-grown dia- 
monds (figure 9). 


Gems & GEMOLOGY SPRING 2010 13 


Lattice Defect Configurations. Intense brown col- 
oration is common in CVD synthetic diamonds pro- 
duced at a high growth rate. As in natural type Ila 
diamonds, brown in CVD synthetics can be reduced 
by high-temperature annealing (Wang et al., 2003; 
Charles et al., 2004; Yan et al., 2004; Meng et al., 
2.008), although the causes of the brown hue in this 
material are not fully understood (Jones, 2009). 
Occasionally, HPHT-annealed CVD synthetic dia- 
monds have been submitted to gem laboratories for 
identification (e.g., Chadwick, 2008a,b; Wang and 
Johnson, 2010; Kitawaki et al., 2010). 

The characteristics of the H-related features in 
the present samples are particularly noteworthy: 
the near-absence of the 3123 cm line and the pres- 
ence of the 3107 cm7! absorption. Cruddace et al. 
(2007) proposed that the 3123 cm-! absorption in 
CVD synthetic diamond corresponded to the NVH- 
center, and Cruddace (2007) found that in most 
cases this line annealed out above 1500°C. Meng et 
al. (2008) also found that the 3123 cm”! line (report- 
ed as 3124 cm”!) disappeared after annealing at 
1600°C for 10 minutes. (However, Khan et al. [2009] 
observed that heating below 600°C caused NVH? to 
be converted to NVH-, resulting in the disappear- 
ance of the 3123 cm~! line. It was therefore pro- 
posed that this line is in fact related to NVH?® rather 
than NVH-.) The 3107 cm! absorption was not 
reported in any of these annealing experiments, but 
Charles et al. (2004) found that it was not generated 
until the temperature reached 22.00°C. 

Adding low concentrations of nitrogen to the 
CVD growth environment can have an important 
impact on the growth rate, as well as on the nature 
and concentrations of the defects that are incorpo- 
rated as the material grows (Teraji and Ito, 2004, 
Tallaire et al., 2006). In most studies of CVD-grown 
diamond, most incorporated nitrogen is detected in 
the single substitutional (i.e., isolated) form, with 
smaller amounts detected in the NV° and NV- 
states. 

The H3 defect [(NVN)°, 503.2 nm] forms in 
nitrogen-bearing diamonds through combination 
of the nitrogen A aggregate and a vacancy. This 
defect is often found in diamonds that have been 
irradiated and annealed at relatively high tempera- 
tures (e.g., Collins, 1982, 2001) or is associated 
with distinct plastic deformation features. While 
common in irradiated/annealed type Ia diamonds, 
varying concentrations of the H3 defect also occur 
in some natural-color type Ia diamonds. The pres- 
ence of H3 centers was confirmed in both PL and 
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absorption spectroscopy (again, see figures 10, 11, 
and 13). 

With low-temperature PL spectroscopy, NV cen- 
ters are almost always detected in as-grown CVD 
synthetic diamonds, except for rare high-purity 
samples (Martineau et al., 2004; Wang et al., 2005b). 
While NV emissions may be dominant in PL spec- 
tra, typically they are virtually undetectable or very 
weak in UV-Vis absorption spectra and have little, if 
any, effect on bodycolor. In the CVD samples in 
this study, however, high concentrations of NV cen- 
ters were evident in our spectroscopic studies and 
also were the main cause of the pink color and dis- 
tinctive orange fluorescence. 


Si-related Optical Centers in Diamond. The pink 
CVD lab-grown diamonds in this study displayed 
relatively high concentrations of Si-related defects 
compared to those in other reports (Wang et al., 
2.003; 2005b; 2007; Martineau et al., 2004). Among 
the 19 samples analyzed, 15 showed detectable 737 
nm lines (attributed to the negatively charged sili- 
con split-vacancy [Si-V]-) with the use of UV-Vis 
absorption spectroscopy, which was not sensitive 
enough to detect Si-related optical centers in previ- 
ous CVD synthetic diamonds. A weak, but clear, 
945.5 nm line (attributed to the neutral silicon split- 
vacancy [Si-V]°) occurred in the PL spectra of all 
samples. This is the first report of a 945.5 nm center 
in CVD lab-grown diamonds from Apollo Diamond 
Inc. The 737 nm line was not observed in the PL 
spectra of four samples, probably due to the high 
spectral background from the luminescence of NV 
centers. The presence of Si-related defects is an 
important, but not unique, feature of CVD synthet- 
ic diamonds. Si-related defects also have been 
observed in a few natural diamonds (Breeding and 
Wang, 2008; GIA unpublished data). 


Pink Diamond: Natural, Treated, and Synthetic. 
Two features are associated with pink color in natu- 
ral untreated diamonds: NV centers and the 550 nm 
band (e.g., Collins, 1982). Natural pink diamonds 
colored by NV centers are type Ila and usually have 
very low color saturation, based on GIA’s experi- 
ence testing many samples of this type in the labo- 
ratory. In contrast, those that are colored by the 550 
nm band, which include type Ila diamonds as well 
as type Ia diamonds from the Argyle mine, typically 
are more highly saturated. Purple modifiers are also 
common in those stones. 

Several treatment techniques have been devel- 
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oped to introduce a pink-to-red hue into both natural 
and synthetic diamonds. HPHT annealing has been 
used to enhance the pre-existing 550 nm band and 
thus intensify the pink color of a diamond, but the 
method depends on the properties of the starting 
material and is suitable primarily for type Ila dia- 
monds (Hall and Moses, 2000; Fisher et al., 2009). (In 
addition, no laboratory process to create the 550 nm 
absorption band has been reported; Collins, 1982, 
2001.) Consequently, enhancement of the 550 nm 
band can produce only very limited quantities of 
pink diamonds. 

The other widely used technique involves conver- 
sion of trace amounts of isolated nitrogen into NV 
centers through a combination of irradiation and 
annealing processes. The trace amounts of isolated 
nitrogen needed for such a treatment (1) can occur 
naturally in the starting materials (i.e., as in type Ib 
diamonds}, (2) can be generated at high temperatures 
by disaggregation of other nitrogen-bearing defects in 
natural diamonds through HPHT treatment, or (3) 
can be incorporated during synthetic growth. Treated 
orange, pink, or red diamonds from natural starting 
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Figure 17. Some of Apollo 
Diamond’s gems have 
been set into attractive 
jewelry. The 14K white 
gold pendant contains a 
0.45 ct pink CVD lab- 
grown diamond sur- 
rounded by colorless 
CVD gems with a total 
weight of 1.03 ct. The 
CVD-grown diamonds in 
the platinum ring have a 
total weight of 1.08 ct. 
Courtesy of Bostonian 
Jewelers, Boston; photo 
by Robert Weldon. 


materials (Wang et al., 2005c; Wang, 2009) and from 
HPHT-grown synthetic starting materials (Shigley et 
al., 2004) have been well documented. The samples 
described in this study, however, are the first group 
of CVD synthetic diamonds GIA has examined with 
pink color caused by NV centers, and this also was 
documented in treated-color red natural diamonds in 
which the NV centers were produced by HPHT 
annealing and subsequent irradiation and annealing 
at relatively low temperatures (Wang et al., 2005a). 
Compared to the intense pink or purplish pink 
coloration of the CVD-grown diamonds in this study 
(again see, e.g., figure 1; also figure 17), the previous 
generation of pink CVD products from Apollo 
Diamond (Wang et al., 2007) displayed obvious 
brown and orange modifiers, as well as much weaker 
saturation. Despite some absorption from NV cen- 
ters, those earlier samples were mainly colored by a 
broad absorption band centered at ~520 nm, and they 
showed significant differences in their IR and UV-Vis 
absorption features. Twitchen et al. (2007) successful- 
ly developed orange-to-pink colorations when they 
annealed brown CVD synthetic diamonds, but their 
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samples showed no typical radiation-related optical 
centers. 

In brief, the strongly colored pink CVD-grown 
diamonds examined for this study show many simi- 
larities in gemological and spectroscopic features 
with treated orange-pink-red diamonds that were 
exposed to HPHT annealing followed by irradiation 
and annealing at relatively low temperatures (Wang 
et al., 2005a,c). 


Identification Features. Separation of these treated 
pink CVD lab-grown diamonds from other pink dia- 
monds can be readily achieved using various gemo- 
logical and spectroscopic features. Outstanding 
gemological features of this group of pink CVD syn- 
thetic diamonds include a strong and even color sat- 
uration, internal graining with indistinct boundaries 
or well-defined linear outlines, a high degree of 
internal strain, black inclusions with irregular mor- 
phologies and/or pinpoint inclusions, and moderate- 
to-strong orange fluorescence to both long- and 
short-wave UV radiation. The DiamondView fluo- 
rescence images displayed a banded structure and 
characteristic striated growth pattern. This is a key 
feature in separating these CVD-grown diamonds 
from other pink-to-red diamonds, either natural- 
color or treated-color from natural or HPHT-grown 
synthetic starting materials. 
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Useful spectroscopic properties include absorp- 
tions at 3123 (very weak), 1502, 1450 (H1a}, 1405, 
1344, and 1295 cm”! in the mid-IR region, and 6902 
and 5892. cm”! in the near-IR region. Strong absorp- 
tions from GR1, NV centers, 594.3 nm, and ND1 in 
the UV-Vis-NIR region are also useful. The occur- 
rence of Si-related features in PL and absorption spec- 
tra continues to be one of the most useful characteris- 
tics for identifying CVD synthetic diamonds, includ- 
ing the strong pink samples examined in this study. 


CONCLUSIONS 


Highly saturated natural pink diamonds are rare. 
Consequently, several techniques have been devel- 
oped to introduce pink color into natural and 
HPHT-grown synthetic diamonds. The CVD-grown 
diamonds examined in this study have pink hues 
that are comparable to those of their natural coun- 
terparts and offer a potential new source of attrac- 
tive gems in the marketplace (again, see figure 17). 
Proper identification of this gem material can be 
achieved through a combination of standard gemo- 
logical properties (e.g., unusual internal graining, 
high strain, and distinctive zoned orange fluores- 
cence} and several characteristic spectroscopic fea- 
tures. There is no doubt that the growth technique 
will continue to improve, and CVD synthetic dia- 
monds of better and better quality will be produced. 
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COLOR ALTERATIONS IN CVD 
SYNTHETIC DIAMOND WITH HEAT AND 
UV EXPOSURE: IMPLICATIONS FOR COLOR 
GRADING AND IDENTIFICATION 


Rizwan U. A. Khan, Philip M. Martineau, Bradley L. Cann, Mark E. Newton, 
Harpreet K. Dhillon, and Daniel J. Twitchen 


In response to heat and UV exposure, some synthetic diamond gemstones grown by chemical 
vapor deposition exhibit large, reversible changes in color. A significant reduction in color was 


achieved by heating several CVD synthetic gemstones to >450°C. Conversely, a darker color was 


identify such a sample as a CVD synthetic. These nonpermanent changes might affect the appar- 


a al m 


fc 


ent color grade of a CVD synthetic diamond, and care must be employed in the interpretation of 
spectroscopic features used to determine a stone’s natural or synthetic origin. 


techniques to grow synthetic diamond have 

evolved to the point that high-quality single 
crystals of moderate size can be produced (see, e.g., 
Achard et al., 2007). Gemological laboratory equip- 
ment (e.g., the infrared spectrometer and Diamond 
Trading Company’s (DTC) DiamondView verifica- 
tion instrument) can be used to identify CVD- 
grown diamond gems as synthetic (Wang et al., 
2.003, 2007; Martineau et al., 2004), based on a num- 
ber of properties detectable under special test condi- 
tions. These synthetic gemstones are now being 
marketed by, for example, Apollo Diamond Inc. of 
Boston, and the numbers being submitted to gemo- 
logical laboratories are increasing (see, e.g., Chad- 


| n recent years, chemical vapor deposition (CVD) 
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wick and Breeding, 2008; Wang and Moses, 2008; 
Wang and Johnson, 2010). 

Under some circumstances, adding a small con- 
centration of nitrogen to the growth environment 
increases the growth rate (Teraji and Ito, 2004, 
Tallaire et al., 2006) while also resulting in the 
uptake of different types of point defects within the 
diamond lattice. Some of these defects are known: 
for example, single substitutional nitrogen (N,) and 
nitrogen-vacancy (NV) centers. Other defects formed 
by the addition of nitrogen manifest themselves in a 
gradual rise in absorption toward shorter wave- 
lengths (which results in brown coloration) and 
broad bands at ~360 and 515 nm (Martineau et al., 
2004). However, those other defects have not been 
convincingly identified, and little has been reported 
about the properties of these absorption bands. 

In certain rare natural diamonds, the color and 
absorption spectra can vary with either heating or 
extended storage in the dark; that is, such stones dis- 
play thermochromic and/or photochromic effects. 
These are commonly called chameleon diamonds 
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(see, e.g., Hainschwang et al., 2005; Fritsch et al., 
2007). “Classic” chameleon diamonds generally 
change from a stable “olive” green color to an unsta- 
ble yellow, and “Reverse” stones change from a sta- 
ble light yellow to an unstable greenish yellow or 
yellowish green. The unstable colors are induced by 
heating to ~150°C or prolonged storage in the dark, 
whereas the stable colors are achieved by exposure 
to normal (incandescent or fluorescent) lighting con- 
ditions. The chameleon effect is due to variations in 
the strength of two broad optical absorption features 
centered at ~480 and ~800 nm. 

Pink natural diamonds also often exhibit a color 
alteration from pink to brown on UV exposure (de 
Weerdt and Van Royen, 2001). The pink color is a 
result of a broad optical absorption feature at 550 
nm, and it may be reversibly bleached by exposure 
to the radiation from a UV lamp. 

Temporary changes in color are usually caused 
by the transfer of electrons between defects, which 
alters the charges of the defects and therefore their 
influence on the absorption spectrum. These effects 
sometimes also lead to phosphorescence, where 
some of the electronic charge becomes trapped and 
then de-traps over a matter of seconds. Chameleon 
diamonds often exhibit phosphorescence. 

The purpose of this article is to investigate tem- 
porary changes in color (and spectra) that may occur 
in CVD synthetic diamond in response to standard 
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Figure 1. The 11 CVD 
synthetic diamond 
samples examined for 
this study are shown 
here in their initial “sta- 
ble” state (i.e., before 
exposure to heat or a UV 
lamp). The numbers on 
the nine round brilliants 
(0.40-0.92 ct) and two 
tabular plates (0.22 and 
0.35 ct) correspond to the 
sample numbers used in 
table 1 and throughout 
the article. Composite 
photo by R. Khan. 


jewelry-manufacturing procedures (e.g., exposure to 
heat) or gemological testing (e.g., exposure to UV 
radiation}. This is important, as any temporary 
change in color might potentially affect the grades 
given on laboratory reports. A previous study (Khan 
et al., 2009) had already established that charge- 
transfer processes were occurring in CVD synthetic 
diamond with UV exposure and heating. This arti- 
cle explores how these two processes affect the 
color of a number of standard gem-quality CVD 
synthetic diamond samples (figure 1), and catego- 
rizes any changes they produce in spectroscopic fea- 
tures that gemologists might use to identify a dia- 
mond as a CVD synthetic. 


MATERIALS AND METHODS 

The CVD synthetic diamond samples used for this 
study were grown by Element Six Ltd. within the 
DTC’s Consumer Confidence Technical Research 
program, a fundamental aim of which has been to 
develop knowledge and instruments that will aid the 
identification of synthetics and treated diamonds. 
The samples investigated, which were grown for 
research purposes only, were all standard CVD syn- 
thetics similar to those discussed in a previous pub- 
lication (Martineau et al., 2004). For all the samples, 
CVD layers were deposited on substrates of type Ib 
synthetic diamond that had been grown by a high- 
pressure, high-temperature (HPHT) process; after 
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deposition, the substrate was removed. Generally, 
greater degrees of brown coloration correlated with 
increased amounts of nitrogen added during deposi- 
tion. A total of 11 samples were studied, all of which 
were from different deposition runs. The nine 
faceted CVD synthetics (0.40—-0.92, ct) and two tabu- 
lar plates (0.22 and 0.35 ct) were prepared using laser 
cutting and standard polishing techniques. We used 
the tabular plates for spectroscopic characterization, 
because their parallel geometry made it easier to 
obtain quantitative measurements (e.g., the strength 
of IR features). 

The CVD synthetic diamond samples studied 
are shown in figure 1 and described in table 1. They 
exhibited a wide range of color, with two (nos. 4 and 
6) being colorless or near-colorless, one (no. 5) being 
Fancy brown, two being pale pink (nos. 8 and 10), 
and the remainder falling somewhere between near- 
colorless and brown (see table). All the samples 
except numbers 4 and 6 were grown with a small 
concentration of nitrogen in the growth environ- 
ment. Samples 4 and 6 were nominally undoped. 
Samples 8 and 9 were HPHT treated: sample 8 at a 
moderate temperature (~1600°C), and sample 9 at a 
higher temperature (2200°C); both samples were 
brown before HPHT treatment. 

Each sample was examined in its initial (i.e., sta- 


ble) state. Then we exposed each of the samples to 
UV radiation and studied them, after which we heat- 
ed each of the samples and re-examined them. For 
UV exposure, we employed either a mercury-xenon 
arc lamp (Thermo-Oriel 66902 with 6292 HgXe 
bulb, emitting a broad spectrum with several sharp 
peaks between 250 and 400 nm and extending into 
the near-infrared), or the ultra-short-wave xenon 
strobe lamp of a DiamondView luminescence imag- 
ing instrument (wavelength range between 120 and 
227 nm; a low pass filter removed higher wave- 
lengths). We obtained comparable results in either 
case; only short exposures (<5 minutes) were 
required for the full color alteration to be induced. 
For heating, we used a standard laboratory hot stage 
(Linkam TH1500) to heat the sample in the dark to 
550°C over 15 minutes before cooling it back to 
room temperature. We attempted other heating con- 
ditions as well and generally found that exposure to 
>450°C for typically a few—that is, less than five— 
minutes had the same effect. Note that in both cases 
these are lower than the temperatures expected for, 
say, the retipping of gold prongs in a ring (i.e., 
~700-800°C to melt gold solder; Knuth, 1994). 

Color grading was performed at the Forevermark 
laboratory, which uses diamond color master sets 
that are based on standards universally accepted by 


TABLE 1. The CVD synthetic diamond samples studied, with color grades as assigned in their initial state, after UV 


exposure, and after heating. 


Color Color after Color after Magnitude 
Sample Weight and NS HPHT (initial, UV exposure heating (to of color 
no. shape* (ppm)P treatment stable) (for 5 mins.) 550°C for difference® 
15 mins.) 

1 0.56 ct RB 0.13 None L (brown) M (brown) H (brown) Large 

2 0.42 ct RB 0.11 None K (brown) K (brown) H (brown) Moderate 
3 0.92 ct RB 0.20 None P-T (brown) W-X (brown) M (brown) Large 

4 0.51 ct RB 0.02 None E E D Small 

5 0.40 ct RB 1.7 None Fancy brown Fancy Deep W-X (brown) Large 

brown 

6 0.80 ct RB 0.02 None G (brown) G (brown) E Moderate 

7 0.45 ct RB Unknown None J (brown) J (brown) E Large 

8 0.55 ct RB Unknown 1600°C L (pink) N (pink) J (pink) Large 

9 0.67 ct RB Unknown 2200°C H (brown) H (brown) G (brown) Small 

10 0.35 ct plate 0.5 None Pale pink Pink Near-colorless Moderate 

(2.1 mm thick) 
ila 0.22 ct plate 2.4 None Brown Deep reddish Pale brown Large 


(1.1 mm thick) 


brown 


@ RB = round brilliant. The colors of the tabular plates (samples 10 and 11) are qualitative assessments only. 
© The initial NE concentrations. These values are observed to vary considerably with exposure to UV radiation or heating; ppm = parts per million atomic. 
° The magnitude of the color difference is defined as follows: large represents >4 grades between heating and UV exposure; moderate, >2 grades; 


and small, <2 grades. 
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leading international diamond grading laboratories. 
All the samples were graded in a dark room, using a 
standard overhead desk-mounted light with two 15- 
watt General Electric F15T18-D Daylight tubes. 
Samples were graded with the tray holder ~8 in. (20 
cm) from the light source and the grader ~12 in. (30 
cm) from the synthetic gemstone (similar to condi- 
tions discussed in King et al., 2008). All samples 
were color graded three times: (1) in their initial 
state {i.e., the stable color), (2) after UV exposure, 
and (3) after heating. Grading was for research pur- 
poses only, as the Forevermark laboratory does not 
issue reports for synthetic diamond gemstones. 

To record the bodycolor of the samples, optical 
micrographs were taken of each one with a comput- 
er-controlled Leica DC300F CCD camera attached 
to a Wild M420 optical microscope using a Volpi 
Intralux 150 H fiber-optic lamp for illumination. All 
samples were photographed in their initial state, 
after UV exposure, and after heating. 

To quantify any spectroscopic changes and fur- 
ther investigate the defect centers involved, we 
recorded the optical absorption spectra of the two 
tabular plates (nos. 10 and 11) using an ultraviolet- 
visible-near infrared (UV-Vis-NIR) spectrometer 
(Perkin-Elmer Lambda 9}, with the sample at room 
temperature. For sample 11, we also recorded the 
spectrum with the sample cooled to liquid-nitrogen 
temperature (-196°C/77°K) by means of an Oxford 
Instruments DN cryostat. We calculated absorption 
coefficients by dividing the measured absorbance by 
the sample thickness. To ascertain any changes in 
the strength of the IR features known to be present 
in the spectra of CVD synthetic diamond, we also 
recorded Fourier-transform infrared (FTIR) absorp- 
tion spectra on these plates using a Nicolet Magna 
IR 750 FTIR spectrometer at a resolution of 0.5 cm7!. 
All spectroscopic analyses were conducted on the 
samples in their initial state, after UV exposure, and 
after heating. 

We investigated the temporal stability of the 
three states by placing two synthetic diamond gem- 
stones (nos. 3 and 5) in the dark (i.e., in stone papers 
in a closed box) and re-grading them periodically 
over a total of three weeks. This was performed on 
the samples in their initial state, after UV exposure, 
and after heating. 

We also illuminated three of the samples (nos. 1, 
3, and 5) with daylight-equivalent grading lamps at 
a distance similar to that typically employed for 
grading (~8 in. from the light source; see, e.g., King 
et al., 2008) for >30 minutes and re-graded them in 
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NEED TO KNOW 


e As-grown nitrogen-containing CVD synthetic 
diamond will commonly show less color with 
heating to >450°C and more color after 
exposure to UV radiation. 

¢ Both types of color alteration are reversible—no 
permanent structural change is imparted via these 
heating and UV exposure procedures. 

e The three color states (stable, UV-exposed, and 
heated) do not change with time when the syn- 
thetic gemstones are kept in the dark, but the sta- 
ble color can be induced by prolonged exposure 
to a standard daylight-equivalent lamp. 

¢ Heat and UV exposure can also modify the 
strength of certain IR absorption features that have 
been used to help identify CVD synthetic diamond. 


an attempt to simulate the effect of cumulative 
lighting. In addition, we investigated whether it was 
necessary to illuminate the samples after UV expo- 
sure but before heating. Returning the samples to 
their “stable” state in this manner was found to 
have no effect on the outcome of the measurements 
performed after heating; that is, the order of 
UV/heat exposure did not play a significant role. 


RESULTS AND DISCUSSION 


Appearance of the Samples. Very marked changes in 
color were observed in the majority of the CVD syn- 
thetics investigated (again, see table 1). Figure 2 illus- 
trates two of the samples studied (nos. 3 and 5) in 
each of their three states. As compared to their ini- 
tial state (figure 2, left), they darkened slightly after 
UV exposure (figure 2, center) and, conversely, lost 
most of their color saturation after heating (figure 2, 
right). In their altered states, even prolonged expo- 
sure to light from the fiber-optic illuminator during 
photography changed their color (so the authors 
were careful to acquire images promptly). This effect 
was most noticeable in the samples after heating. 


Color Grading. Compared to the initial state, all the 
samples had less color after heating, whereas UV 
exposure produced a darker color in some cases 
(with no difference in five samples). By repeating the 
measurements several times with successive UV 
exposure and heating steps, we established that 
these color alterations were reversible. 

As was the case with photography, we noted 
that illumination from grading lamps affected the 
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Figure 2. These images illustrate samples 3 (top; 
0.92 ct) and 5 (bottom; 0.40 ct) in their initial (sta- 
ble) states (left), after UV exposure (center), and 
after heating (right). Composite photo by R. Khan. 


color of the UV/heat-exposed samples. This was 
most clearly seen after heating, when we observed a 
darkening of the samples during grading that was 
due to exposure to light from the fluorescent tubes 
(grading typically takes up to a couple of minutes 
per gemstone). 

Neither of the two samples we color graded in 
each of the three states (stable, UV-exposed, heated) 
showed any change in color grade over several 
weeks while kept in the dark. From this experi- 
ment, we concluded that the samples would not 
return to their initial (stable) state if kept in the dark 
indefinitely subsequent to UV exposure or heating. 
Note that this is different from what is observed in 
chameleon diamonds, where prolonged storage in 
the dark may cause a change in color. 

Next, the three samples we illuminated under 
grading lamps for relatively long periods (at least 30 
minutes) while they were in each of the three states 
revealed no change in color for samples in their sta- 
ble state (as expected), and a return to the initial sta- 
ble color grade for the UV/heat-exposed samples. 
We therefore suspect that if CVD synthetics were 
left lying on a table under normal ambient lighting 
for more than 30 minutes, they would return to 
their stable color. 

Last, we note that the “initial” state in which a 
synthetic gemstone is received could be ill-defined, 
in that it might be affected by the lighting condi- 
tions the synthetic gem was exposed to before grad- 
ing. To obtain a reliable, stable color state prior to 
grading, we recommend that CVD synthetic gems 
should be illuminated for a reasonable period of 
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time (we employed >30 minutes but shorter dura- 
tions might be sufficient) under consistent lighting 
conditions (e.g., daylight-equivalent lamps at a dis- 
tance of about 8 in.). 


Spectroscopic Analysis. The initial (stable), post- 
heating, and post-UV-exposure UV-Vis absorption 
spectra for tabular sample 11 are shown in figure 3. 
The overall results for sample 10 were similar, but 
the peaks were weaker. In the spectra of the initial 
and after-UV states, we observed strong optical 
absorption features at ~270, 360, and 515 nm. 

The feature at ~270 nm has been attributed to 
neutral single substitutional nitrogen defects (N68), 
otherwise known as the C form (Chrenko et al., 
1971). Although the eye is not sensitive in this area, 
an increase in the strength of this feature correlates 
with increased broad absorption over the blue 
region of the absorption spectrum. A sample pos- 
sessing strong 270 nm absorption will appear yel- 
low—as do, for example, most type Ib HPHT-grown 
synthetic diamonds. The features centered at ~360 
and 515 nm also have a significant bearing on the 
color of a CVD synthetic diamond. The 360 nm 
band is broad and extends into the visible region of 
the spectrum. The 515 nm feature is particularly 
important, as the eye is at its most sensitive in this 


Figure 3. These UV-Vis-NIR absorption spectra were 
recorded from a tabular plate of CVD synthetic dia- 
mond (sample 11) in its initial (stable) state, after UV 
exposure, and after heating. The features at 270, 360, 
and 515 nm increase in strength after UV exposure, 
while heating reduces their intensity, resulting in the 
color alterations seen. 
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“CASTS” (Consolidated African Selection 
Trust) is the dominant diamond producer 
of the colony. To January 1, 1949 total pro- 
duction of the Sierra Leone Selection Trust, 
Ltd.—subsidiary and principal profit-maker 
of CASTS — was 9,500,000 carats. Stones 
from this district are small on the average 
and about 70 per cent industrials. However, 
the 770-carat Woyie River Diamond—largest 
alluvial gem diamond ever recovered-—was 
found here as. were two other large stones 
weighing 230 and 530 carats. 


BRAZIL 


Although little authoritative information 
has come out of Brazil, it is said that 
approximately 30 per cent of diamonds re- 
covered are of gem quality. Some of the 
deposits are found in modern streams but 
most of them are in old stream channels. 
The state of Matto Grosso is said to be the 
most important producer and it is stated by 
some that the upland mine of Serinha, 
Minas Geraes, is approaching exhaustion. 

In the summer of 1948 a fine 200 carat 


stone was found near Catalao, State of 
Goiaz. 


BRITISH GUIANA 


The first diamond, positively identified 
as such, was found in 1887. From 1901 to 
the close of 1947, 2,357,000 carats had been 
recovered, from which the largest single 
stone was a 97 carat bort found in 1937. 
The largest gemstone recovered was found 
in 1926 and weighed 56.75 carats. 

Early in 1948 tich gravel was reported 
on the boundary between British Guiana 
and Brazil. It is claimed twelve men recov- 
ered 6,000 carats there in one week. The 
stones were largely industrials and some of 
fair size. 


OTHER COUNTRIES 


Diamonds found in the Victoria Com- 
monwealth of Australia are alluvial and 
most are found during placer gold mining. 
The stones are small—largest six carats—and 
many of them are of gem quality. 


Few diamonds are produced in India any 
more, the current production believed to be 
about 1,650 carats yearly. In comparison, 
South Africa in 1947 produced 4,020 daily. 
Early in 1948 V. S. Dubey of Benares 
claimed to have found a diamondiferous 
pipe in the state of Panna which he stated 
would grade one catat per four tons. No 
further information is given. 


Although it is known diamonds occur in 
the Ural regions of Russia, no information 
is available from the Soviet Union concern- 
ing the current production. 


INDUSTRIAL DIAMONDS 


Sales of industrial diamonds in 1948 
were large—either taxing or over-taxing the 
supply. This condition was a result of pros- 
perous business conditions and increased 
stockpiling by the United States government. 

In Britain also more industrial diamonds 
were used than in the pre-war days in order 
to speed up industrial production. It is said 
that America yses 60 per cent of the world’s 
industrial diamonds (and 40 per cent of the 
gemstones ). 

Increased mining costs make it impera- 
tive that the price for industrials must in- 
crease of poorer stones must be used. If 
these procedures are not followed, the in- 
ctease of cost must be charged through gem 
diamonds which are recovered from the 
same mines. As an economy measure, there 
is a tendency by some firms to use smaller 
industrial stones. 


Rightfully enough, the U. S. government 
continues to stockpile industrial diamonds, 
essential to munitions making. The state- 
ment has been made that strategic materials 
will be purchased more vigorously even if 
industry is pinched by the shortage. 


Intended to further the use of industrial 
diamonds, a Diamond Research Laboratory 
has been established in Johannesburg by 
the Industrial Distributors, Ltd., and its 
ptincipals, De Beers and associated compan- 
ies. The laboratory is well equipped and 
has a capable and experienced staff. 
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TABLE 2. Changes in the concentration of single-substitutional-nitrogen defects 
measured with IR spectroscopy in the initial state, after UV exposure, and after heating. 


Concentration (ppm) 


cet ee Delect poe Ge After UV After heating 
exposure to 550°C 
10 Né 1332 0.2+0.2 0.2+0.2 0.5+0.2 
N 1344 0.5+0.2 0.6 +0.2 0.2+0.2 
14 Né 1332 2.5+0.4 1.84+0.4 4.7+0.4 
N& 1344 2.4+0.4 3.5 +0.4 0.8 +0.4 


region. Depending on the strength of other absorp- 
tion features, strong 360 nm absorption will make 
samples appear more yellow and samples with a 
strong 515 nm band often appear pinkish. 

Comparing the spectra in figure 3, we observe 
that the 270, 360, and 515 nm bands are much weak- 
er after heating. The 270 and 360 nm features appear 
to be slightly stronger after UV exposure than when 
the diamond is in its initial state. Overall, we can 
conclude that the heating procedure weakened the 
three main absorption features, and thus reduced the 
color, which is consistent with our grading results. 
UV exposure strengthened the three main features, 
which is consistent with the stronger color recorded 
in the color grading. Again, via repeating the heating 
and UV-exposure episodes and re-measuring the sam- 
ples, we established that these effects were reversible. 
This suggests that charge transfer between various 
defects might be responsible (Khan et al., 2009). 

The reduction in the strength of the feature at 
2.70 nm provides a clue to the reason for the color 
alterations. As it corresponds to neutral single sub- 
stitutional nitrogen (N&) defects, these must have 
been temporarily converted to another form when 
the sample was heated. One such form is positively 
charged single substitutional nitrogen (N¢); that is, 
N¢@ that has lost an electron. Infrared spectroscopy 
enables us to investigate both forms of these single 
nitrogen defects. 

Figure 4 shows the FTIR spectra for sample 11 in 
its initial (stable) state, after UV exposure, and after 
heating (again, the overall results were similar for 
sample 10). Both N& and Né possess IR-active 
modes in the region between 1500 and 1200 cm"!. A 
component of the vibration associated with the Né 
defect occurs at 1332 cm7!; likewise, a peak at 1344 
cm7! corresponds to N@ defects (Lawson et al., 
1998). From figure 4, it is clear that on heating, the 
intensity of the 1344 cm~! peak decreased and that 
of the peak at 1332 cm“ increased. This suggests 
the conversion of single substitutional nitrogen 
from its neutral to its positively charged state; this 
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charge transfer is consistent with the measure- 
ments obtained via UV-Vis spectroscopy. We also 
note that the stable state lies between the UV- 
exposed and heated states. 

For both tabular plates, we present the changes 
in concentrations for N@ and Né derived from the 
strengths of the 1344 and 1322 cm’! features, 
respectively, in table 2. We estimate that, between 
the UV-exposed and heated states, there is a change 
of ~0.3 parts per million atomic (ppm; sample 10) 
and ~3 ppm (sample 11) in the single-nitrogen- 
defect concentration from the neutral to the posi- 
tively charged state. From table 1, it is also apparent 
that the magnitude of the color alteration is loosely 
correlated to the concentration of N@ centers. The 
synthetic diamond samples that had negligible N& 
showed less color alteration. Also note that the 


Figure 4. The IR spectra in the region between 1500 
and 1200 cm“! recorded from CVD synthetic diamond 
sample 11 reveal changes in the strengths of the 1344 
(N°) and 1332 (Ni) cm=! peaks, and variations in the 
strengths of the peaks at 1371, 1362, and 1353 cm7!. 
Spectra are shown for the sample in its initial (stable) 
state, after UV exposure, and after heating. 
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Figure 5. The IR spectra recorded from sample 11 in 
the 3500-2600 cm“! region illustrate the changes in 
the strengths of a number of peaks, including the one 
at 3123 cm~', which is believed to correspond to the 
neutral nitrogen-vacancy-hydrogen (NVH°) defect. 


direction of the color alteration was the same in all 
of the samples, and in no case was the CVD syn- 
thetic rendered more colorless by UV exposure. 

Similarly, figure 5 shows for sample 11 the region 
of the IR spectrum between 3500 and 2600 cm~!, 
which contains various stretch modes of defects in 
diamond. Here we observe large changes in the 
strength of an absorption feature at 3123 cm7!: After 
heating, it is not visible; but after UV exposure and 
in the initial state, it is clearly observed. This is one 
of several IR features that reportedly might help 
identify a diamond as an as-grown CVD synthetic 
(Wang et al., 2003), and our experiments show that it 
could be temporarily eliminated via heating. This 
line is thought to be a vibrational mode of the neu- 
tral nitrogen-vacancy-hydrogen center (NVH°: 
Glover et al., 2003; Khan et al., 2009). As the CVD 
process employs a large fraction of hydrogen in the 
gas feedstock, and because the carbon-containing 
source gas (methane) also contains hydrogen, it is 
not at all surprising that hydrogen-containing defects 
are present in CVD synthetic diamond. 

The UV-Vis absorption measurements on sample 
11 at liquid-nitrogen temperature allowed us to 
study the influence of UV exposure and heating on 
the concentrations of other known defect centers. 
The results of this experiment are not described in 
detail here, but we observed relative changes in the 
strength of the NV° and NV- peaks (at 575 and 637 
nm, respectively): The NV- concentration, calculat- 
ed by fitting the area and using a known conversion 


24 COLOR ALTERATIONS IN CVD SYNTHETIC DIAMOND 


factor (Davies, 1999), decreased from 98 parts per bil- 
lion atomic (ppb) after heating to 53 ppb following 
UV exposure, with a concomitant increase in the 
strength of the NV° peak. This suggests that heating 
also converted NV defects into their negatively 
charged form, presumably via gain of electrons from 
the N, centers, which would be consistent with the 
reduction in the strength of the 270 nm peak as 
mentioned above. However, this change in NV con- 
centration is likely to be too small to have a pro- 
found effect on color, whereas changes in the 
strengths of the aforementioned bands (which are 
not associated with either the 575 or 637 nm fea- 
tures] have produced the observed color alterations. 

Several other IR features are also altered with 
heating and UV exposure. We compared the spectra 
for sample 11 in its UV-exposed and heated states, 
and the results are shown in table 3. The spectra for 
the samples in their stable state consistently fell 
between those of the two altered states, but they are 
generally closer to those of the UV-exposed state. 
Therefore it is not always possible to observe 
changes in the strengths of lines between the stable 
and UV-exposed states. Various photoluminescence 
identification features (e.g., at 467.6 and 532.8 nm) 
also exist in these samples and have been discussed 
in a previous publication (Martineau et al., 2004). 


Color Alteration Mechanisms. Based on our data 
and previous work, we propose that the color alter- 
ations are due to electron transfer from single sub- 
stitutional nitrogen centers to electron acceptor 
defects (Khan et al., 2009). After UV exposure, these 
defects are neutral and contribute to the color, but 
after heating they are charged and do not. Some of 
these defects are of known origin (NVH) and some 
are of unknown origin. The NVH acceptors are like- 
ly to be present in most CVD synthetics doped with 
nitrogen (Glover et al., 2003). For a large alteration 
in color, significant concentrations of both N, and 
acceptors are required, in which case the initial 
color of the CVD synthetic would be expected to be 
darker brown. Note, though, that these various 
defects are present in practically all types of as- 
grown CVD synthetic diamond. Even in uninten- 
tionally doped material, they can be present in trace 
concentrations. This means that even nominally 
pure, near-colorless as-grown CVD synthetic gem- 
stones can show some small changes in color. 

Table 1 shows an apparent trend between the 
single-nitrogen concentration and the strength of 
the effect, but we have not observed similar color 
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TABLE 3. Changes in strength of IR spectroscopic fea- 
tures of sample 11 between UV-exposed and heated states. 


Position Variation with Variation with 
(cm-') UV exposure heating (550°C) 
1332 Decreases ncreases 
1344 Increases Decreases 
1353 Decreases? ncreases 
1362 Increases® Decreases 
1371 Decreases? ncreases 
2728 Decreases ncreases 
2807 Decreases® ncreases 
2900-2950 No change No change 
3123 Increases Decreases 
6451 (1550 nm) Decreases ncreases 
6857 (1458 nm) Decreases ncreases 
7354 (1360 nm)? Decreases ncreases 


4 No apparent change between stable and UV-exposed state. 
© Not shown in figures 3, 4, or 5. 


alterations in HPHT-grown synthetic diamond sam- 
ples (which contain appreciable single nitrogen but 
not these acceptors; Khan et al., 2009). 

Last, though large changes in color were 
observed in the sample that was HPHT-treated to a 
moderate temperature (no. 8, 1600°C), the sample 
annealed at the higher temperature (no. 9, 2200°C) 
showed little color alteration between subsequent 
heating and UV exposure. In sample 8, HPHT treat- 
ment had the effect of removing most of the brown 
color but leaving the broad absorption feature cen- 
tered around 515 nm, resulting in a slightly pink 
hue (for details of this process, see Twitchen et al., 
2007). For sample 9, the 515 nm feature was also 
annealed out, resulting in the removal of much of 
the visible absorption seen in the as-grown sample. 
The results for samples 8 and 9 suggest that once 
the defect responsible for absorption centered at 
~515 nm is annealed out, CVD synthetic diamond 
does not show significant changes in color with sub- 
sequent heat or UV exposure. As the 3123 cm™! IR 
feature anneals out at the same temperature as the 
515 nm absorption band, and both display similar 
charge-transfer dependence, we speculate that the 
latter may correspond to an optical transition of the 
NVH? defect, though further investigations are 
required. 


CONCLUSIONS 


Gemologists should be aware that the color of as- 
grown CVD synthetic diamond gemstones may not 
be stable. Some color-causing defects in CVD syn- 
thetics doped with nitrogen trap electrons in a way 
that causes their charge state to change on exposure 
to UV radiation and heat. UV exposure causes a 
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conversion of these defects to a neutral charge state 
so they absorb light over the visible range, increas- 
ing the apparent color. Conversely, heating to 
>450°C converts these defects to a charged state 
where they absorb less light over visible wave- 
lengths, thus reducing the observed color. 

These photochromic and thermochromic effects 
are reversible, and no permanent change occurs. A 
stable color—which is intermediate between the 
colors produced by UV exposure and heat—may be 
induced by illumination with grading lamps (we 
employed at least 30 minutes’ illumination, but 
shorter durations may be sufficient). However, all 
three of the states (stable, UV-exposed, and heated] 
do not change with time if the gemstones are not 
disturbed by incident light (or heat), such as when 
they are stored in stone papers in a box at room 
temperature. The effect is analogous to the Reverse 
chameleon effect in natural diamond, except that 
the unstable color in Reverse chameleons can be 
induced by prolonged storage in the dark (Hain- 
schwang et al., 2005), and it is the opposite of the 
photochromic and thermochromic changes that 
occur in some pink natural diamonds (where the 
more saturated pink coloration is induced by heat- 
ing and removed by UV exposure). 

Although these measurements were only per- 
formed on samples grown by Element Six, we sus- 
pect that CVD synthetic diamond gemstones from 
other producers would show similar effects if they 
were also nitrogen doped and not annealed at high 
temperature. Note that even the colorless CVD syn- 
thetics (which were grown without nitrogen delib- 
erately added), showed some small changes, pre- 
sumably due to low concentrations of intrinsic 
defects. 

Gemologists should also be aware that a near- 
colorless CVD synthetic diamond could be heated 
prior to grading to improve its apparent color. If 
immediately after heating the synthetic gem was 
wrapped in thick paper and kept in the dark at room 
temperature until grading, it might obtain a better 
grade than merited by its stable color. The color 
alterations may be significant, in some cases the 
equivalent of several GIA color grades. 

Conversely, a fancy-color CVD synthetic dia- 
mond may achieve a more intense color after UV 
exposure; in this case, too, the color grade might not 
be a true representation of its stable state. Note, 
though, that the UV-induced color can be removed 
by heating, for example, using a suitable furnace or 
torch to elevate the gemstone to >450°C. A gemolo- 
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gist can ensure that a synthetic diamond has revert- 
ed to a stable intermediate color by illuminating it 
with a standard daylight-equivalent lamp for a period 
of time, such as at least 30 minutes as in our study. 
Although our experiments involved UV/heat 
exposures that would not typically occur in a stan- 
dard diamond-grading environment, some color alter- 
ation is possible, and indeed likely, under normal 
grading conditions. Standard tests applied to dia- 
monds (such as examination in a DiamondView, or 
using a UV lamp to check for fluorescence) involve 
exposure to UV radiation, which we have shown may 
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profoundly affect the color. It is also possible that the 
temperature of gemstones may on occasion—for 
example, during acid cleaning, polishing, or use of a 
torch in the repair of jewelry—be raised high enough 
to cause a temporary color alteration. 

Last, some CVD-specific spectroscopic identifica- 
tion features (e.g., a peak at 3123 cm7! in the mid-IR 
spectrum) may diminish or even disappear on heat- 
ing or UV exposure, so the absence of such features 
should not be the sole criterion by which a gem- 
stone is identified as a natural diamond rather than a 
CVD synthetic. 
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NOTES & NEW TECHNIQUES 


POSSIBLE “SISTER” STONES 
OF THE HOPE DIAMOND 


Scott D. Sucher, Stephen W. Attaway, Nancy L. Attaway, and Jeffrey E. Post 


For more than a century, historians have debat- 
ed the existence of “sister” stones to the Hope 
diamond, most notably the Brunswick Blue and 
the Pirie diamonds. The recent discovery of a 
lead cast of the French Blue, the Hope’s precur- 
sor, has provided a more accurate model of 
that diamond, which disappeared in 1792. 
Computer models of the French Blue and its 
parent stone, the Tavernier Blue, were used to 
determine whether other diamonds might have 
been created when the Tavernier Blue was cut 
into the French Blue, or when the latter was cut 
into the Hope. The results show that it was not 
feasible for other significant diamonds to have 
been created during any recutting. 


stones to the Hope diamond has long been the 

subject of speculation (see, e.g., Streeter, 1882, 
Bapst, 1889; Cattelle, 1911; Patch, 1976; and Balfour, 
2.009). Many believe that such diamonds could have 
been created when the Tavernier Blue was cut into 
the French Blue (at a loss of approximately 46 carats) 
in the 1670s, or when the French Blue was recut into 
the Hope (at a further loss of some 24 carats) in the 
late 18th or early 19th centuries. Streeter (1882) pro- 
posed that the 13% ct Brunswick Blue and the 1'4 ct 
Pirie diamonds (which he examined, though both are 
now long since lost from the public eye) were such 


T he possibility that there might exist “sister” 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 46, No. 1, pp. 28-35. 
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byproducts and described in detail how they might 
have been created. Bapst (1889) also speculated on 
the connection with the Brunswick Blue. Morel 
(1988) pointed out errors in Streeter’s methodology, 
rebutting any relationship between these two dia- 
monds and the Hope. More recently, Attaway (2005) 
corroborated Morel’s conclusion. 

It is important to note that these earlier conclu- 
sions were based on the limited information and 
technology available at the time. The inherent con- 
straints in modeling these historic diamonds 
required that assumptions be made about their phys- 
ical attributes, leaving sufficient margin for error 
that sister stones might still have been possible 
(Kurin, 2006). The present study compares a special- 
ly created computer model of the Hope diamond 
with recent computer models of the French Blue 
(generated from a lead replica of this historical dia- 
mond; see Farges et al., 2008, 2009) and the 
Tavernier Blue (Sucher, 2009) to determine if other 
stones could have resulted from either recutting. 


MATERIALS AND METHODS 


Modeling. The French Blue model used in this study 
(figure 1) is the same one created from a lead cast of the 
French Blue, as reported by Farges et al. (2008, 2009). 
The Tavernier Blue model (figure 2), was developed 
by Sucher (2009) using this French Blue model and 
drawings published in Tavernier (1676), along with 
crystallographic information. We also needed an 
accurate three-dimensional model of the Hope dia- 
mond for comparison. Several techniques were con- 
sidered for determining the Hope’s facet angles and 
index settings, as well as measuring the diamond in 
three dimensions. Laser scanning, a touch probe, an 
optical comparator, and photomodelingwere all 
explored. Photomodeling was selected out of a need 
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Figure 1. A recently discovered lead cast of the French Blue (left) has allowed more realistic modeling of the origi- 
nal diamond (a wireframe model, center; a photorealistic rendition, right) and, from this, more accurate determi- 
nations of how it and the Hope diamond were cut. Both models from Farges et al. (2008, 2009). 


for security, cost-effectiveness, and speed. The last 
was especially important, as the Hope diamond can 
only be removed from its highly secure storage for a 
limited time. Many photographs can be taken in a 
short period and analyzed later, while the other 
methods would have required much longer periods 
out of the vault and thus greater security concerns. 
Photomodeling is a process in which photographs 
of an object are taken from many different angles and 
analyzed using computer software. For this study, the 
Hope was unmounted and placed on a grid of 10 mm 
squares (figure 3) developed to provide a modeling ref- 
erence while the stone was photographed from vari- 
ous angles. The Hope has a large culet that allows it 
to stand on its own without any supporting structure 
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that could obscure important details from the cam- 
era. A series of dots were placed on the grid to main- 
tain a position reference as the cardboard and stone 
were rotated, and the diamond was placed on the sec- 
tion of the grid framed by the dots. Top, bottom, and 
side photos were taken at every 45° of rotation with 
the stone resting on both its culet and table facet. 
Additional photos were taken perpendicular to both 
the culet and the table facet for face-up and face- 
down perspectives. 

A Nikon Coolpix 990 digital camera with 3.2 
megapixel resolution was used for photography. We 
took approximately 150 photos of the unset dia- 
mond, 30 of which were chosen to characterize the 
stone. More than 300 points were identified to mark 


Figure 2. Using the model of the French Blue in figure 
1 and Tavernier’s drawings of the Tavernier Blue (left), 
d more accurate computer model (center and right) of 
the Tavernier Blue could be derived from the crystallo- 
graphic analysis. Models from Sucher (2009). 
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Figure 3. The Hope diamond was placed on a grid 
designed for photomodeling. The dots served as a 
fixed point of reference as the stone was rotated. 
Photo by S. D. Sucher. 


the facet intersections. We labeled each facet junc- 
tion with a unique identifier (figure 4) and plotted 
the location of all visible junctions in each picture. 
This process characterized the diamond from every 
angle to capture details concerning facet size, shape, 
and placement; girdle size and shape; and overall 
stone size and shape. 

We used PhotoModeler software from Eos 
Systems to analyze the photos. This Windows-based 
program allows accurate measurements in three 
dimensions to be made from a series of photographs; 
it has been used for preparing forensic evidence in 
courts of law (Lynnerup and Vedel, 2005). After the 
software solved for the camera location, all points, 
lines, and surfaces were plotted in three-dimensional 
space. The index and angle were computed for each 
planar surface that defined a facet, and the informa- 
tion was then exported to GemCad to create a com- 
puter model. 


Error Analysis. Accuracy of photo analysis is depen- 
dent on: (1) the quality and resolution of the camera, 
(2) the geometry of the camera positions, (3) the pre- 
cision of the photo marking, and (4) how many 
points are visible in more than one photograph. The 
background grid in figure 3 provided a consistent 
geometric reference for accurate plotting, and also 
served as a check on the accuracy of the modeling 
solution. Accuracy was based on the number of pix- 
els that spanned a given frame, so a comparison of 
grid size to frame size provided a measure of the 
available resolution. Photo dimensions were 2048 x 
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1536 pixels, with the stone centered in the photo. (A 
raw format was used, with no correction for optical 
distortion.) For this resolution, an accuracy of about 
1 part in 2,000 was achieved. Error analysis of the 
computer model showed a facet junction computed 
error ranging from 0.01 to 0.2 mm. 

In addition to labeling the facet junctions in 
PhotoModeler, we labeled the intersection points of 
the grid. These points had a known location and 
spacing that were used to take measurements 
between any two points on the diamond. After 
PhotoModeler calculated the simultaneous solu- 
tionof the least-squares fit for camera location, cam- 


NEED TO KNOW 


e Historians have long speculated about sister 
stones to the Hope diamond. 


e An accurate computer model of the Hope dia- 
mond was created for comparison with recently 
developed models of its predecessors, the French 
Blue and Tavernier Blue diamonds. 

¢ Comparison of this new model of the Hope with 
those of its predecessors demonstrated that there 

would have been insufficient material left over— 
whether cleaved or sawn—to create additional 
diamonds weighing >1 ct. 


era lens parameters, and point locations, the solution 
was checked by comparing the solved points on the 
grid plane with the actual point spacing. 


Figure 4. Facet junctions were labeled so their loca- 
tions could be plotted during photo analysis. Photo 
by S. W. Attaway. 
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Figure 5. To evaluate the 
existence of facetable pieces 
from the Tavernier Blue 


Other errors to account for were parallax and lens 
distortion. PhotoModeler corrects for camera lens 
distortion by solving for focal length and other 
parameters. Telecentric lenses are frequently used 
for this process, inasmuch as they are designed so 
that an object’s apparent size does not change as the 
distance between the lens and the object changes. 
Object size also remains unchanged if the camera 
view is slightly out of focus. PhotoModeler also cor- 
rects for the use of a non-telecentric lens; the only 
limitation is that the lens must be fixed at one zoom 
setting. 

A 3D computer model was mathematically gener- 
ated based on the best fit in three-dimensional space 
for the points marked on the photos. Once the residu- 
al error between the plotted points and the three- 
dimensional solution was determined, we made posi- 
tion adjustments to selected points at the pixel level 
to further improve the model’s accuracy. The model 
was considered accurate once the mean square error 
for all points was at a minimum. 


Comparing the Models. The photo model of the 
Hope was placed inside the updated model of the 
French Blue in GemCad (figure 5, left) and rotated so 
that the smaller stone was completely encapsulated 
by the larger stone, as described in Farges et al. 
(2008, 2009). There was only one possible orienta- 
tion, as the tolerances between the two were mini- 
mal (in some locations, they were only a fraction of a 
millimeter). Next, the French Blue model was placed 
inside the updated Tavernier Blue model by the 
same process (figure 5, right), as described in Sucher 
(2009). This process established the position of the 
“child” stone to its parent, allowing each pairing to 
be treated as a single unit for crystallographic align- 
ment. 
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when cut to become the 
French Blue—or from the 
French Blue when cut to 
become the Hope—the com- 
puter model of the Hope was 
placed inside the model of 
the French Blue (left), and 
that of the French Blue with- 
in the model of the Tavernier 
Blue (right). 


Aligning to an Octahedral Crystal. Using the data 
from Sucher (2009), the cleavage planes on the 
Tavernier Blue model were aligned to the cleavage 
faces ({111} crystal faces) on an idealized model of a 
hexoctahedral diamond crystal (figure 6). We chose 
to use a simpler octahedral crystal model for this 
study, since the orientation of the Tavernier Blue 
had been established. With the Tavernier Blue 
model oriented to the octahedral crystal, we then 
oriented the Tavernier Blue/French Blue model com- 
bination. We selected one facet on the Tavernier 
Blue/octahedral model as a reference (totally arbi- 
trary, as any facet would suffice). The GemCad file 


Figure 6. To identify cleavage planes, the Tavernier 
Blue model was placed inside a model of an ideal- 
ized octahedral diamond crystal. The top crystal face 
and table of the Tavernier Blue are “face-up” and 
aligned with a {111} face. 
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with the Tavernier Blue/French Blue combination 
was opened, and this composite image was rotated 
until the reference facet on the Tavernier Blue in 
each file had the same angle and index settings (as 
explained in Sucher et al., 2008). The French 
Blue/Hope model was aligned in similar fashion 
using a reference facet from the French Blue. All 
three diamond models were now aligned to each 
other and the octahedral crystal, with the cleavage 
planes in any of the diamonds aligned to each octa- 
hedral crystal face. 


Analyzing the Models. Once the models were 
aligned to the octahedral crystal, the cleavages in 
each stone could be established by referring to the 
facet settings for the {111} octahedral crystal faces. In 
digitally cleaving the Tavernier Blue in GemCad, 
these settings were used to remove pieces from the 
model (as described in Sucher, 2008), with the depth 
of the cut controlled so that nothing was removed 
from the French Blue model during the process. Each 
cleaved fragment from the model was saved as a pre- 
form, then analyzed in the GemCad Preform/Edit 
mode for dimension, weight, and shape. The same 
process was used to determine the possible cleavages 
when the French Blue was cut into the Hope. The 
result of any sawing operation was similarly analyzed. 


RESULTS AND DISCUSSION 


The Hope Model. The dimensions for the Hope dia- 
mond computer model, compared to the actual dia- 
mond (as determined by the Smithsonian) are shown 
in table 1. Dimensional differences between actual 
measurements and model measurements are arti- 
facts of the measuring process. 


Cleaving. There are six possible cleavage planes for a 
diamond crystal (three on top and three on the bot- 
tom) when a cleavage face is oriented “face-up.” 
Only the 120 cleavage plane on the Tavernier Blue 
digitally removed material of a size that could have 
been recut (figure 7). This piece weighed 2.2 ct; it 
was 3.02 mm in depth and irregularly shaped. The 
cleavage planes on the bottom of the stone were par- 
allel to the lines on the other side. As evident from 
the drawings, it would not have been possible to 
remove any material of significant size from any 
other cleavage direction. The cutter of the Hope 
maintained even closer tolerances to the French 
Blue. Of the six possible cleavages, the only piece 
that could have been digitally cleaved was from the 
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TABLE 1. Measurements of the Hope diamond and its 
computer model. 


Weight Length Width Depth 
(ct) (mm) (mm) (mm) 
Actual Hope 45.52 25.60 21.78 12.0 
diamond? 
Hope model? 45.52 25.72 21.86 11.95 


@Measurements taken in February 2004 by author JEP. 
’Based on photomodeling for the present study. 


pavilion at the 120 index (figure 8}. This piece 
weighed 0.95 ct and was just 1.14 mm thick. No 
stones could have been created from a piece of this 
depth, so as a matter of practicality, no pieces of the 
French Blue would have been removed by cleaving. 

Theoretically, then, the only chance of a sister 
stone being created from a cleavage piece comes 
from the 2.2 ct portion of the Tavernier Blue. Again, 
this is highly unlikely. Ascertaining the cleavage 
planes in a cut stone is extremely difficult, as crys- 
tallographic information contained on the surface of 
the original crystal is lost. Although we now know 
that the largest facets on the Tavernier Blue were 
{111} crystal faces, Jean Pitau (the cutter of the 
French Blue) would have needed to make an educat- 
ed guess as to whether they were cubic, dodecahe- 
dral, or octahedral. He would have had no way of 
accurately correlating facets to crystal faces, making 
the process of locating cleavage planes extremely 
problematic. This would increase the level of risk 
during the cleaving operation, as a bad guess might 
destroy a 115 ct piece of diamond to salvage (at best) 
2.2, ct of rough. 


Sawing. Could the Tavernier Blue or the French Blue 
have been sawn? De Boodt (1604) mentioned the use 
of a bow saw to cut gemstones (figure 9). He used the 
phrase “crassiries laminae secans lappides" |p. 77), 
which translates to a “thin sheet of metal for cutting 
gems.” A mixture of water and grit would be con- 
stantly applied as the saw was drawn back and forth, 
until the stone was completely sawn through. This 
passage was written decades before the Tavernier Blue 
was cut (1671-1673), so we know that Pitau had 
access to stone sawing technology (though not neces- 
sarily diamond sawing technology). De Boodt specifi- 
cally mentioned smiri as grit for cutting large orna- 
mental stones such as jasper and marble. He did not 
indicate its use for cutting diamonds, or that diamond 
grit was ever used to cut any stone. Nor did he refer to 
cutting diamonds with such equipment, making it 
highly doubtful that it was used for this purpose. 
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Continued from Page 248 ‘ 
results with treated benitoite. 


The magnesium test is still less generally 
reliable as it may show positive reaction 
with all gems that contain magnesium 
amongst their chemical constituents and 
also reacts in a similar manner with beryl- 
lium and zirconium. However, this test 
may be applied to all other gemstones which 
do not contain magnesium, beryllium, or 
“zirconium. 

Dissolve the film in hot aqua regia and 
add sufficient sodium ‘hydroxide to 
make this solution alkaline; then place 
a drop of this test solution and a 
drop of distilled water in adjacent de- 
pressions of a white porcelain test 
plate; add a drop of an alcoholic solu- 
tion of quinalizarin. The test water 
turns a faint blue-violet, while the test 
solution assumes a cornflower-blue col- 
oration if magnesium be present. 

It is to be hoped that the facility of the 
above described possibilities of detecting 
coated stones will deter frauds from mis- 
representing such stones and. free the trade 
from the disquieting aspects of this new 
process of artificially beautifying gemstones. 

The author is indebted to, R. Shipley, Jt. 
for interesting information and to Dr. H. 
Waldman, one of the prominent chemists 
of the Hoffmann-La Roche Concern, Bale, 
for valuable assistance and advice in the 
investigation of the methods of chemical 
detection. 
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Editor's Note: It is to be noted that the 

foregoing applies to methods for determin- 

ing the presence and nature of a coating. 


Instrumenten- 
4) 


5) 


However, as pointed out, a first indication 
of the presence of coating often is a fan- 
tastic refractive index reading, or none at 
all. When such an effect is observed, and 
it is not desired to retain the coating, it 
can quickly be removed from the table of 
the stone by brisk rubbing with jewelers’ 
rouge. A power buff will remove the 
coating in the matter of seconds. 


JAGERSFONTEIN MINE 
OFFICIALLY RE-OPENS 


LTHOUGH the new Jagersfontein 
development has been in a producing 
stage since July, the mine was officially 
re-opened December 12, 1949 with a cere- 
mony attended by dignitaries of the Free 
State, as well as diamond industry officials. 
Opened in 1870 originally, the Jagers- 
fontein Mine continued to produce until 
1932 when a slump period caused its clos- 
ing. Work of remodeling and re-equipping 
the mine started in July, 1946 and when 
production was resumed in July of last year 
eight hundred loads of blue ground were 
being shifted, washed, and treated each day. 


Leased by De Beers, the mine was recon- 
ditioned at a total cost of £1,700,000 and 
the monthly expenditure for operation is 
estimated at £50,000. Despite any vicissi- 
tudes which may be in store for the diamond 
trade, Sir Ernest Oppenheimer expressed 
the resolve to maintain continuous and 
uninterrupted operations until the payable 
blue ground of the mine is exhausted. 

“I speak today with utmost confidence 
about the future of the diamond trade 
because an efficient organization has been 
built up and those responsible for the con- 
duct of the business have created such large 
cash resources that any temporary falling 
off in demand will not embarrass them. 
New discoveries will no doubt be made in 
the future and new situations will arise 
which will make it essential that those 
responsible for the diamond trade should 
follow a conservative policy so as to aug- 
ment the already very large resources.” 
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Figure 7. These outlines 
of the Tavernier Blue 
upper view (green) and 
the French Blue (red) 
show the orientation 

of cleavage planes (top 
right). Index settings 
are on the perimeter. 
Only one of the cleav- 
age planes, from the 
120 index setting, could 
have produced a cut- 


120 120 cleavage 


40 


Dr. Nebenjab Grepp (Grepp, 1681, pp. 282-283) 
mentioned the use of a saw for diamonds made of 
“a very small iron Wyre, and having daubed it with 
Oil and Powder of Diamonds; draw it upon the 
Diamond, by a Tool, to and fro like a Saw.” This is 
the earliest known documentation of a wire saw 
used for diamond sawing. But does it mean that 
this technology existed in 1671, 10 years earlier, 
when Pitau created the French Blue? This can only 
be a point of conjecture until other evidence is dis- 
covered. 

Even assuming diamond sawing was practiced in 
1671, the largest piece of the Tavernier Blue that 
theoretically could have been removed would have 
been 6.6 mm in depth, yielding a 5.3 ct piece (figure 
10). This conclusively eliminates the possibility of 
the Brunswick Blue as a sister stone. Two other frag- 
ments could have resulted, but they would have 
been only 4 mm in depth and steeply tapered with 
no reasonably expected yield. The thickest piece of 
the French Blue theoretically removed by sawing 
(the very tip) would have resulted in a 2.8-mm-deep 
piece weighing 3.46 ct (figure 11). Thus, two pieces 
of both the Tavernier Blue and the French Blue 
could—theoretically—have been removed by saw- 
ing. But were any of these pieces actually removed, 
even if the technology existed? More than likely not, 
for the following reasons: 
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table fragment (bottom 
right). The side views 
oriented at the 40, 80, 
and 120 index settings 


— ae at an angle of 70.5° 


show that there are no 
significant cleavage 


pieces at the 40 and 


120 80 settings. 


1. Grepp’s statement indicates a very simple pro- 


cess. Would this process have been sufficiently 
sophisticated to saw off the tip of the Tavernier 
Blue, and accurate enough so that any part of 
the future French Blue was not removed? This 
is certainly not indicated. 


. Kerf (width of cut) losses must be considered. 


Grepp does not provide a wire diameter, but 
there is invariably some loss of material as the 
wire is drawn through the diamond. The cut 
must be wider than the wire diameter, as Grepp 
infers the saw is handheld. If the width of the 
cut was just 2 mm, resulting in a sawn piece 
4.6 mm thick, this reduces the largest sawn 
piece of the Tavernier Blue to 1.5 ct, which 
likely eliminates the 1% ct Pirie as well. Kerf 
considerations completely preclude getting any 
usable pieces when the French Blue was cut 
into the Hope. 


. Starting a cut on the sloped polished surface of 


the Tavernier Blue would have been extremely 
difficult. The cutter would have wanted to err 
on the side of caution and move the blade away 
from the planned bodies of the French Blue or 
Hope, further reducing the thickness and 
weight of the sawn piece. 
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Figure 8. Like figure 7, these outlines of the French Blue (red) and Hope (blue) show the orientation of cleavage 
planes. Only a tiny fragment could have been cleaved from the 120 index (far right). 


Figure 9. De Boodt’s 1604 drawing shows the bow 
saw he described for cutting gemstones. It is doubtful 
this could have been used to saw diamonds. 


4. Maintaining a cut at the precise angle needed 
and following the proper track would have been 
difficult. Neither De Boodt nor Grepp mentions 
the use of any guides. 


5. Perhaps most importantly, Jean Pitau’s charter 
for recutting the Tavernier Blue was to create a 


stone of regal size and appearance (Farges et al., 
2008, 2009), not maximize yield. It is difficult to 
imagine King Louis caring about preserving such 
small fragments, and it would of course have 
been a crime for Pitau to have kept any pieces 
without the king’s permission. Thus, it is doubt- 
ful Pitau would want to take the risk when a 
mistake could literally have been fatal. 


In summary, it is highly unlikely that either the 
Tavernier Blue or the French Blue was cleaved, due to 
the difficulty of locating the cleavage planes and the 
inherent danger of destroying the parent stone. 
Sawing the two diamonds is historically and techni- 
cally questionable. Even if sawing was possible, the 
existence of residual fragments of any significant size 
is not likely. The most reasonable conclusion is that 
both diamonds were reduced by grinding alone. 


Figure 10. Under ideal theoretical circumstances, a 5.3 ct piece could have been sawn from the Tavernier Blue. Shown here 
is the model with the cutting plane viewed edge-on (left). The possible sawn piece is in black. The center model shows the 
same view rotated 80°. At right is the model with the sawn piece removed, showing the French Blue model inside. 
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CONCLUSIONS 


The possibility that the 13% ct Brunswick Blue and 
1% ct Pirie diamonds might be sister stones to the 
Hope has been a somewhat romantic notion since 
Streeter’s proposal in the late 19th century. Previous 
modeling efforts to address this issue were con- 
strained by the limited information available on 
both the Tavernier Blue and French Blue diamonds, 
with historical line drawings the only viable refer- 
ences to their appearance. This led to uncertainty 
and error in modeling these stones. 

The recent discovery of a lead cast of the French 
Blue at the Muséum National d’Histoire Naturelle 
in Paris provided the best possible computer model 
of this diamond. It was subsequently used to refine 
the latest Tavernier Blue model, and a computer 
model of the Hope was generated for this study by 
photomodeling. When the three diamond models 
were compared and analyzed, it was evident that sis- 
ter stones could not have been created. Cleavage 
would have been too risky for such a minimal 
return. Pieces of the size needed to create the 
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Figure 11. It is theoretically possible that a 3.46 ct 
piece (shaded area) could have been sawn from the 
French Blue along one of the pavilion facets. 


Brunswick Blue are physically impossible, and while 
creating the Pirie would have theoretically been pos- 
sible from a sawn piece, it would have been imprac- 
tical, even if the technology existed. This corrobo- 
rates earlier assertions by Morel and Attaway that 
no sister stones to the Hope resulted from the cut- 
ting of the Tavernier Blue or French Blue diamonds. 
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CONFOCAL MICRO-RAMAN SPECTROSCOPY: 
A POWERFUL TOOL TO IDENTIFY NATURAL 
AND SYNTHETIC EMERALDS 


Le Thi-Thu Huong, Tobias Hager, and Wolfgang Hofmeister 


More than 300 natural and synthetic emeralds 
from various sources were examined with con- 
focal Raman spectroscopy. This method identi- 
fies different water types in the beryl channel 
sites, making it possible to determine whether 
an emerald is natural or synthetic. In addition, 
this approach can provide information regard- 
ing geographic origin or synthesis technique 
(flux or hydrothermal). 


or determine the geographic origin of a natural 

stone or the growth technique of a synthetic, 
a gemologist can use microscopy, chemical analysis, 
and FTIR spectroscopy. Although there are varying 
degrees of overlap in features seen or analyzed, in 
many cases each method can lead to a good identifi- 
cation. Here we introduce another tool for determin- 
ing emerald origin—confocal Raman spectroscopy. 
This method provides some distinct advantages over 
previous techniques. For example, traditional FTIR 
analysis requires that 2 mg of material be pulverized 
and mixed with KBr powder (Schmetzer and Kiefert, 
1990), and then the powder needs to be pressed into 
a thin disk, making this a destructive and time-con- 
suming technique. Microscopic determination 
requires a trained and experienced gemologist, and is 


T O separate natural from synthetic emeralds, 
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only effective if the sample contains diagnostic 
inclusions. Chemical analysis can sometimes deter- 
mine geographic origin as well as synthesis tech- 
nique based on the concentrations of some minor or 
trace elements (e.g., Hanni, 1982; Schrader, 1983, 
Stockton, 1984; Yu et al., 2000). However, there is 
chemical overlap among some origins. 

This article describes the use of confocal micro- 
Raman spectroscopy to classify water types in the 
structural channels of emeralds, to differentiate nat- 
ural vs. synthetic emeralds (including the form of 
synthesis), and to investigate geographic origin (fig- 
ure 1). Raman spectrometers with confocal capabili- 
ty are available in many gemological laboratories, 
and the analysis is rapid and nondestructive. 


BACKGROUND 


Beryl—Be,Al1,Si,O,,—has a structure that is com- 
posed of six-membered rings of [SiO,]|* tetrahedra. 
The Si,O,, rings are aligned precisely over one 
another, forming open channels parallel to the c-axis 
of the crystal (figure 2). The diameter of the channels 
is large enough to hold large ions and molecules 
such as alkalis and water (Goldman et al., 1978; 
Aines and Rossman, 1984). 

For more than 40 years, water molecules in the 
structural channels of beryl have been classified by 
infrared spectroscopy. According to Wood and 
Nassau (1967, 1968), type I water molecules occur 
independently in the channels with their symmetry 
axis positioned perpendicular to the c-axis of the 
beryl crystal. Type II water molecules associate with 
nearby alkalis (mainly sodium) in the channels 
(again, see figure 2); as a result, the water molecule 
symmetry axis is parallel to the c-axis of the host 
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Figure 1. Natural and syn- 
thetic emeralds are avail- 
able in the marketplace 
from a variety of sources. 
Shown here are a Gilson 
synthetic emerald crystal 
group (top left, 11.5 g, GIA 
Collection no. 30490), a 
faceted Biron synthetic 
emerald (bottom left, 2.38 
ct, GIA Collection no. 
23523), a 10.9 g emerald 
crystal from Colombia (top 
right, courtesy of William 
Larson/Palagems.com), 
and a 4.50 ct faceted emer- 
ald from Colombia’s 
Chivor mine. Composite 
photo by Robert Weldon. 


crystal (Schmetzer, 1989; Schmetzer and Kiefert, cated that, in addition to Na‘, the alkalis K* and Cs* 
1990). Aurisicchio et al. (1994) confirmed the exis- can occupy the channel positions of the beryl struc- 
tence of type I and type II water, and they also indi- _ ture. The type and amount of water and associated 


Type | WATER — Type I WatTeR 


ff) fe in Figure 2. This view of the 
i Rin Ring | Rin Rin 
9 a / yp emerald structure looking 


; | -_ = » > : , 

+ mes ) a SS wi we. J approximately perpendicu- 
j \ \ g \ lar to the c-axis shows the 

+ qn | \ aie a Si,O,. rings aligned precise- 


ly over one another, forming 
continuous, open channels 
that may hold large ions or 
molecules. Water molecules 
in the channels are classi- 
fied as type lor type II 
according to their orienta- 
tion relative to the beryl 
structure. Modified from 
Aurisicchio et al. (1994). 


NOTES AND NEW TECHNIQUES GEMS & GEMOLOGY SPRING 2010 37 


LASER BEAM 


c-axis 


BS =: 


Figure 3. For Raman analysis, the sample is oriented 
so the c-axis of the crystal is perpendicular to the 
electric vector (E) of the laser beam. 


alkalis in the beryl channel sites can provide valu- 
able information for assessing the natural vs. syn- 
thetic origin of emeralds, as well as their geographic 
origin or method of manufacture. 


MATERIALS AND METHODS 


We collected 326 samples for Raman measurements, 
including 260 emerald crystals obtained directly from 
mines in Brazil (Carnaiba—15 samples, Capoeirana— 
15, Itabira—15, Santa Terezinha—20, and Socot6— 
15), Colombia (Chivor—30), Austria (Habachtal—10), 
Russia (Ural Mountains—10), Madagascar (Manan- 
jary—30), South Africa (Transvaal—30), Zambia 
(Kafubu—30], Nigeria (Gwantu—30), and China 
(Malipo—10). In addition, 66 faceted synthetic emer- 
alds consisting of hydrothermally grown (Tairus—15 
and Biron—10) and flux-grown (Gilson—20, 
Chatham—20, and Lennix—1) samples were provid- 
ed by the producers. 

Raman spectra were collected from all samples at 
room temperature in the confocal mode. Confocal 
capability is necessary for Raman analysis of individ- 
ual layers of a sample on a micron scale (0.2—0.5 um). 
We used a Jobin Yvon (Horiba group) LabRam HR 
800 spectrometer equipped with an Olympus BX41 
optical microscope and a Si-based CCD (charge-cou- 
pled device) detector. Spectra were collected in the 
range of OH- and water molecule vibrations 
(3700-3500 cm-!). The instrumentation used an Art 
ion laser (514 nm emission), a grating of 1800 
grooves/mm, and a slit width of 100 mm. These 
parameters, and the optical path length of the spec- 
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trometer, yielded a resolution of 0.8 cm-!. The spec- 
tral acquisition time was set at 240 seconds for all 
measurements, and sample orientation was carefully 
controlled. The electric vector of the polarized laser 
beam was always perpendicular to the c-axis (see fig- 
ure 3). The polarization degree of the laser was about 
98%. Peak analysis was performed with an OriginLab 
7.5 professional software package, and the peaks were 
fitted using a Gauss-Lorentz function. 

Thirty-one of the crystals were chosen for chemi- 
cal analysis of major and minor elements by electron 
probe microanalysis (EPMA; microprobe), and of 
minor/trace elements (including alkalis) by laser 
ablation-inductively coupled plasma-—mass spec- 


TABLE 1. Chemical data of natural and synthetic 
emeralds by LA-ICP-MS. 


Source Na (wt.%) K (wt.%) Na+K (wt.%) 
Natural 
Colombia/Chivor 1 0.315 0.008 0.323 
Colombia/Chivor 2 0.296 0.041 0.337 
Colombia/Chivor 3 0.501 0.006 0.507 
Colombia/Chivor 4 0.657 0.021 0.678 
Colombia/Chivor 5 0.349 0.047 0.396 
Nigeria/Gwantu 1 0.093 0.090 0.183 
Nigeria/Gwantu 2 0.064 0.069 0.183 
Nigeria/Gwantu 3 0.070 0.052 0.122 
Nigeria/Gwantu 4 0.066 0.029 0.095 
Nigeria/Gwantu 5 0.070 0.053 0.123 
China/Malipo 1 0.773 0.123 0.896 
China/Malipo 2 0.962 0.084 1.046 
Brazil/Santa Terezinha 1.452 0.102 1.554 
Brazil/Socot6 1.466 0.224 1.690 
Brazil/Capoeirana 1.329 0.316 1.645 
Brazil/Carnaiba 1.533 0.112 1.645 
Brazil/Itabira 1.466 0.323 1.789 
Russia/Ural 1 1.035 0.712 1.747 
Russia/Ural 2 1.394 0.456 1.850 
Austria/Habachtal 1 1.281 0.167 1.448 
Austria/Habachtal 2 1.327 0.230 1.557 
Madagascar/Mananjary 1 1.053 0.057 1.110 
Madagascar/Mananjary 2 1.035 0.575 1.610 
Zambia/Kafubu 1 1.053 0.392 1.445 
Zambia/Kafubu 2 1.065 0.481 1.546 
South Africa/Transvaal 1 1.065 0.610 1.675 
South Africa/Transvaal 2 1.3827 0.525 1.852 
Synthetic (hydrothermal) 
Biron 1 0.015 0.008 0.023 
Biron 2 0.016 0.004 0.020 
Tairus 1 0.007 0.005 0.012 
Tairus 2 0.001 0.002 0.003 
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RAMAN SPECTRA 


Natural emerald (high alkali content) A 


3598 


3608 


Natural emerald (low alkali content) B | 


a Figure 4. The Raman 
spectra of emeralds in the 
water range from 3700 to 
3500 cm (ELc) are shown 

3598 here. Natural emeralds (A 
and B, representing sam- 
ples from Austria and 
Nigeria, respectively) show 


Hydrothermally grown emerald 
3608 


INTENSITY —> 


t T 
3700 3650 3600 3550 3500 3700 3650 


Flux-grown emerald 'D| 


two Raman bands, at 3608 
and 3598 cm, with differ- 
ent intensities depending 
on alkali content. Hydro- 
thermally grown synthetic 
emeralds (C) show one 
Raman band, at 3608 cnr, 
while flux-grown samples 
(D) do not display any 
Raman signal in this range 
other than the lumines- 
cence signal. 


3600 3550 3500 
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NEED TO KNOW 


¢ Natural and synthetic emeralds from a variety of 
sources were examined with confocal Raman 
spectroscopy. 

e The presence of Raman bands at 3608 and 3598 
cm7! is diagnostic of natural emeralds. 

¢ Hydrothermal synthetics have only the 3608 cm=! 
band, and flux-grown synthetics show neither 
band. 

eThe relative intensity of the two Raman bands in 
natural emeralds is determined by water type and 
alkali contents, and may be useful for assigning 
geographic origin. 


trometry (LA-ICP-MS; table 1). No flux-grown sam- 
ples were chemically analyzed because synthetic 
emeralds grown by this technique are devoid of 
channel constituents. Ablation was achieved with a 
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T 
3600 3550 3500 


New Wave Research UP-213 Nd:YAG laser ablation 
system, using a pulse repetition rate of 10 Hz and 
100 ym crater diameters. Analyses were performed 
with an Agilent 7500ce ICP-MS in pulse counting 
mode (one point per peak and 10 milliseconds dwell 
time}. Data reduction was carried out using Glitter 
software. The amount of material ablated in laser 
sampling varied in each spot analysis. Consequently, 
the detection limits were different for each spot and 
were calculated for each individual acquisition. 
Detection limits generally ranged between 0.001 and 
0.5 ppm. Silicon (determined with the microprobe} 
was used as the internal standard. Analyses were cal- 
ibrated against the silicate glass reference material 
NIST 612 using the values of Pearce et al. (1997), and 
the U.S. Geological Survey (USGS) glass standard 
BCR-2G was measured to monitor accuracy. 


RESULTS AND DISCUSSION 

As shown in figure 4, bands at 3608 and 3598 cm7! 
were seen in the Raman spectra of all the natural 
emeralds, with varying relative intensity. The 
hydrothermally grown synthetic samples showed just 
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RAMAN PEAK INTENSITY VS. ALKALI COMPOSITION 


Figure 5. This diagram 
shows the intensity ratios 
of the two Raman peaks 
assigned to the two water 
types versus the alkali con- 
tents in the 31 samples for 
which chemical analysis 
was performed. The higher 
the alkali content in the 
sample, the greater the 
intensity ratio of the band 
at 3598 cm! to that at 
3608 cm. This confirms 
that the 3598 cm~! band is 
generated by water 
molecules associated with 
alkalis (type II), while the 
3608 cm! band is related 
to water molecules 
without alkalis (type I). 


% Russia (Ural) 


I ,598/! 3608 


one band, at 3608 cm-!. None of the flux-grown syn- 
thetic samples showed distinct Raman bands in this 
range because they were anhydrous. 

In the samples from Colombia and Nigeria, the 
band at 3598 cm! was less intense than that at 3608 
cm=!—that is, the I,;¢/I349. ratio (where I is the peak 
intensity) was <1—while in samples from all other 
localities, the I,,og/Izg9g ratio was >1 (figure 5). The 
Chinese samples had I,<o¢/Is¢og ratios close to 1. 

From the chemical data reported by Hanni (1982), 
Schrader (1983), and Stockton (1984), and our data 
obtained by LA-ICP-MS (table 1), it was obvious that 
the presence and strength of the band at 3598 cm7!, as 
well as the I,<o¢/Iz¢9g ratio, depend on the amount of 
alkali ions. The 3598 cm! band was detected only in 
the alkali-containing (natural) emeralds. In the nearly 
alkali-free samples (hydrothermal synthetics), this 
band disappeared while the 3608 cm! band persisted. 

Figure 5 provides a good illustration of how the 
3598 cm! band increased in intensity (relative to the 
3608 cm! band) according to alkali content. For 
example, in high-alkali samples such as emeralds 
from Brazil’s Socot6 mine, with up to 1.7 wt.% alka- 
lis, the I,9¢/Iz¢9g ratio exceeded 4. In low-alkali sam- 
ples, such as emeralds from Colombia’s Chivor 
mine, with ~0.4 wt.% alkalis, the I,<9¢/Is693 ratio Was 
about 0.7. Since emeralds from different localities 
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contain different amounts of alkalis, this Raman 
technique appears useful for fingerprinting geograph- 
ic origin (although there was some overlap in our 
samples from certain localities). 

The Raman band at 3598 cm”! is therefore here 
assigned to the vibration of type II water molecules, 
because it occurred exclusively in samples contain- 
ing alkalis, and the Raman band at 3608 cm™! is 
ascribed to the vibration of type I water. These 
Raman signals from the different types of water 
molecules in the beryl channels appear to provide 
diagnostic evidence for establishing if a sample is 
natural, flux grown, or hydrothermally grown: In 
natural emeralds both bands are visible, in 
hydrothermally grown samples only the 3608 cm"! 
band is seen, and in flux-grown synthetic emeralds 
neither of these bands is visible. 


CONCLUSION 


This study used nondestructive confocal micro- 
Raman spectroscopy to distinguish natural and syn- 
thetic emeralds as well as emeralds synthesized by 
flux and hydrothermal methods. The technique also 
appears useful for investigating the geographic origin 
of natural emeralds, although additional samples 
from various known localities should be investigated 
to further evaluate its effectiveness. 
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BASTNASITE-(CE) AND PARISITE-(CE) 
FROM MT. MALOSA, MALAWI 


Alessandro Guastoni, David Kondo, and Fabrizio Nestola 


Large crystals of the rare-earth carbonates bast- 
nasite-(Ce) and parisite-(Ce) have been collected 
from alkaline pegmatites at Malawi’s Mt. Malosa, 
where they occur associated with aegirine, micro- 
cline, and several other unusual accessory miner- 
als. Only small portions of some crystals are suit- 
able for cutting into attractive gems, because most 
of the material is opaque or heavily fractured. This 
report presents the gemological and chemical prop- 
erties of Mt. Malosa bastnasite-(Ce) and parisite- 
(Ce) gemstones. This area shows good potential for 
future production of these rare-earth carbonates, 
although cut stones will continue to be rare. 


(Ce,RE)(CO;)(F,OH), and parisite-(Ce), or 

Ca(Ce,RE),(CO,)3(F,OH),, are cerium-dominant 
rare-earth (RE) carbonates. Although they very rarely 
form as crystals large and clean enough for faceting, 
one locality in Pakistan (Zagi or Zegi Mountain) has 
produced bastnasite-(Ce) that has been faceted into 
stones up to 20 ct (Johnson, 1999; Obodda and 
Leavens, 2004). Gem-quality parisite-(Ce) has been 
reported very rarely, usually associated with 
Colombian emeralds such as those from Muzo (Henn 
et al., 1992). In fact, the mineral is named in honor of 
J. I. Paris, one of the first managers of the Muzo mine 
(Palache et al., 1963). This note reports on bastnasite- 


B astndsite-(Ce}, which has the chemical formula 
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(Ce) and parisite-(Ce) from Malawi’s Mt. Malosa, 
where these minerals occur as well-formed crystals 
that locally may contain clear, gem-quality portions 
(e.g., figure 1). One of the authors (AG) visited the 
deposit in 2002 for research purposes, and has docu- 
mented the geology and mineralogy of the area in 
other publications (e.g., Guastoni et al., 2007, 2009). 


LOCATION AND ACCESS 


The Zomba-Malosa massif is located in southern 
Malawi, ~250 km southeast of the capital city of 
Lilongwe (figure 2). Pegmatites containing bast- 
nasite-(Ce) and parisite-(Ce) are located close to the 
summit of Mt. Malosa (elevation ~2,000 m) and 
along the slopes flanking the Zomba-Malosa massif. 
The steep terrain makes mining dangerous and 
restricts accessibility in the area (figures 3 and 4). 
Lake Valley Minerals Ltd. (Lilongwe) is sponsoring 
and training local farmers in mining techniques, and 
assisting them with obtaining nonexclusive licenses 
for commercially recovering mineral specimens 
from this deposit. 


GEOLOGIC SETTING 

The pear-shaped Zomba-Malosa pluton (again, see 
figure 2) is composed of a central core of syenite 
and an outer ring of peralkaline granite (Bloomfield, 
1965). This suite was emplaced ~113 + 4 million 
years ago (Eby et al., 1995), and belongs to the 
Chilwa alkaline belt, which includes several small- 
er Cretaceous plutons outcropping along the East 
African rift (Woolley, 1987). The bastndasite-(Ce) 
and parisite-(Ce) crystals are hosted by miarolitic 
alkaline pegmatites and are associated with albite, 
aegirine, arfvedsonite, Ce-bearing pyrochlore, fluo- 
rite, hingganite-(Y), microcline, several Nb-Ta-Y 
oxides and Be-Na-Y-Zr-Ba-silicates, the niobophyl- 
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G.I.A. GOVERNORS 
MEET IN NEW YORK 


IHE governors of the Gemological Insti- 

tute of America met at a luncheon con- 

ference at the New Weston Hotel in New 
York on January 14. 

Governors present were Leo Vogt of the 
Hess and Culbertson Co., St. Louis; John 
Kennard of Kennard and Co., Boston; La- 
zare Kaplan of Lazare Kaplan and Sons, 
New York City; Myron Everts of A. A. 
Everts Co., Dallas; Charles H. Church of 
Church & Co., Newark; and Jerome Wiss 
of Wiss Sons, Inc., Newark. Other members 
of the Gemological Institute of America 
present were Fred Cannon of Slaudt-Cannon 
Agency Co., Los Angeles, Secretary-Treasurer 
of the Institute; C. I. Josephson, Jr., of C. 
I. Josephson, Moline, Ulinois; and R. T. 
Liddicoat, Jr., Assistant Director of the 
G.LA. 

This meeting was held to receive the 
treasurer’s report for 1949 and was prelim- 
inary to the annual meeting to be held 
this spring. 


AMETHYST COLOR INDUCED 
IN CLEAR QUARTZ 
BY CYCLOTRON 


SHORT NOTE has recently appeared 

in the August 1949 issue of the Re- 
view of Scientific Instruments which was 
intended for the nuclear physicist, but which 
should prove equally interesting to the 
gemologist. The article is entitled “Note on 
removing the deuteron—induced color from 
quartz target plates,’ and the authors are 
A. A. Schulke and R. E. Nuelle. 


Transparent, colorless quartz plates are 
frequently employed as an aid in aligning 
the target assemblies in a cyclotron. The 
plates fluoresce a bright blue under deu- 
teron (heavy hydrogen) bombardment, and 


WINTER 1949-50 


Gemological Vigests 


rough measurements of the beam pattern 
can be made visually. It was found, how- 
ever, that the quartz plates turn deep purple 
after relatively short bombardment, and 
that the color change is apparently stable 
under normal conditions. It was further 
found that the color could be destroyed by 
heat treatment. At 280°F the amethystine 
color very slowly disappeared, accompanied 
by a strong blue fluorescence. The color dis- 
appeared more rapidly at temperatures of 
300°F to 400°F, while at G00°F to 700°F 
the plates glowed brightly for a minute or 
two after which the glowing ceased sud- 
denly, leaving the plates perfectly clear. 


The exact cause of the color in many 
allochromatic gems such as amethyst has 
never been satisfactorily explained. This 
incidental sidelight may or may not have a 
bearing on the problem of the cause of 
color of natural amethyst, but is certainly 
worthy of thought and perhaps further 
experimentation.—G. Switzer. 


DEATH COMES TO 
ANNA BECKLEY 


N THURSDAY, January 12, 1950 
Anna McConnel Beckley — for many 
years literary research director of the Gem- 
ological Institute of America — passed away 
after a lingering illness at her home in 
Pasadena, California. She was 76 yeats of 
age. 5 
Her precise observance of accurate detail 
made her invaluable to the G.L.A. and from 
its founding in 1931 until her retirement 
in 1947 she served faithfully and well in 
conducting literary research. Many of the 
eatly assignments of the Institute’s corres- 
pondence course are based on facts which 
she gathered and coordinated. 


Her first position—one which she held for 
twenty years — was with the Los Angeles 


lite-astrophyllite mineral series, quartz, synchysite- 
(Ce), xenotime-(Y), and zircon (e.g., Guastoni et al., 
2.007). For the most part, these pegmatites outcrop 
within the central syenite portion of the Malosa 
intrusion, and they often contain large miarolitic 
cavities of decimeter-to-meter dimensions that are 
lined with the aforementioned minerals and RE- 
carbonates. 


DESCRIPTION OF THE CRYSTALS 


Bastndsite-(Ce) and parisite-(Ce) from Mt. Malosa 
form prismatic or barrel-shaped crystals up to 20 cm 


Figure 1. Some gem-quality 
portions can be seen in this 
2cm parisite-(Ce) crystal 
from Mt. Malosa, which is 
sitting on a matrix of 
aegirine. Courtesy of the 
Natural History Museum 
of Milan, catalog no. 37800; 
photo by R. Appiani. 


long. The bastnasite-(Ce) crystals are brownish 
orange and interlayered with opaque yellow-brown 
parisite-(Ce). The parisite-(Ce) crystals are fractured 
(again, see figure 1) and commonly consist of an 
inner transparent brownish orange core that is sur- 
rounded by an opaque crust composed of yellow- 
brown bastnasite-(Ce) + rhabdophane-(Ce) + cerian- 
ite. However, the parisite-(Ce} crystals may be com- 
pletely replaced by goethite + microcline. A detailed 
description of the mineralogy of these two carbon- 
ates is provided by Guastoni et al. (2009). 
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Figure 3. The pegmatite mining area is located 
within steep terrain, as seen here from the summit 
of Mt. Malosa. Photo by A. Guastoni. 


MATERIALS AND METHODS 


We studied four faceted samples of bastnasite-(Ce) 
and one faceted parisite-(Ce}, all from Mt. Malosa 
(see table 1 and figure 5), from the gem collection of 
the Natural History Museum of Milan. All five sam- 
ples were characterized by standard gemological 
methods and Raman spectroscopy at GIA in New 
York. Chemical analyses were performed at the 
University of Padua. 

Color appearance was assessed in a Macbeth 
Judge II light box and in incandescent light. We 
determined specific gravity hydrostatically, and 


Figure 4. Small tunnels follow miarolitic cavities in 
the alkaline pegmatites on Mt. Malosa. 
Photo by A. Guastoni. 
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measured refractive indices using a standard gemo- 
logical refractometer. Fluorescence was tested using 
standard long- and short-wave UV lamps, and inter- 
nal features were observed with a gemological binoc- 
ular microscope. Ultraviolet-visible-near infrared 
(UV-Vis-NIR) absorption spectra were observed with 
a double-beam spectrophotometer. Raman spectra 
were collected with a Renishaw inVia microspec- 
trometer. 

Chemical data were obtained from two rough 
samples (nos. 79815 and 79819) before they were 
faceted. Electron microprobe analyses were per- 
formed using a Cameca Camebax SX 50 instrument 


NEED TO KNOW 


¢ Bastndsite-(Ce) and parisite-(Ce) are cerium- 
dominant rare-earth carbonates. 

¢ Both minerals are mined from alkaline pegmatites 
in Malawi, but very rarely in gem quality. 

e As gems, both have a similar brownish orange 
color, but they are easily separated by their 
standard gem properties. 


with wavelength-dispersive spectrometers (16-18 
spot analyses per sample). The F- and OH~ contents 
were measured with a CE-Instruments EA 1110 
automatic CHNS elemental analyzer, and CO, con- 
tent was obtained with thermogravimetric profiles 
(Guastoni et al., 2009). 


RESULTS AND DISCUSSION 


Visual Appearance and Physical Properties. These 
properties are summarized in table 1. The faceted 
bastndsite-(Ce) and parisite-(Ce) samples generally 
resembled one another, with face-up colors ranging 
from slightly brownish orange to very slightly brown- 
ish yellowish orange; they appeared slightly more 
brownish when examined with incandescent vs. day- 
light-equivalent illumination. The RI values for bast- 
ndsite-(Ce) were n,=1.718-1.719 and n,= over the 
limits of the refractometer (>~1.81); the parisite-(Ce] 
had Ris of n,=1.669 and n,=1.769. Both RE-carbon- 
ates were uniaxial positive and strongly birefringent. 
The SG of bastnasite-(Ce) ranged from 5.05 to 5.23; 
Guastoni et al. (2009) found that this variability is 
related to the abundance of lanthanides, particularly 
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TABLE 1. Gemological properties for the Malawi bastnasite-(Ce) and parisite-(Ce) samples studied. 


S | Weight Refractive Saad 

ample : eig index pecific eee 4 

no. Species (ct) Color gravity Raman vibrational bands (cm-') 

No e 
79815 Bastnasite-(Ce) 1.55 Slightly brownish orange 1.718 >1.81 5.13 3588, 1743, 1442, 1097, 352, 259, 166 
79816 Bastnasite-(Ce) 0.82 Slightly brownish orange 1.719 >1.81 5.05 3598, 1743, 1441, 1097, 737, 349, 259, 
166 
79817 Bastnasite-(Ce) 0.79 Slightly brownish orange 1.719 >1.81 5.23 3586, 1742, 1431, 1097, 738, 353, 260 
79818 Bastnasite-(Ce) 0.34 Very slightly brownish 1.719 >1.81 5.07 3586, 1743, 1483, 1097, 738, 353, 260 
yellowish orange 
79819 Parisite-(Ce) 0.22 Very slightly brownish 1.669 1.769 3.79 1740, 1567, 1431, triplet at 1101/1098/1083, 


yellowish orange 


the ratio Ce/(Y+La+Pr+Nd+Sm). The SG of the 
parisite-(Ce) was measured at 3.79. All the samples 
were inert to both long- and short-wave UV radiation. 
All samples showed “rare-earth” spectral features, 
consistent with descriptions by Johnson (1999) and 
Massi (2007). The hardness of bastndsite-(Ce) and 
parisite-(Ce} are reported to be 4—4.5 and 4.5, respec- 
tively (Gaines et al., 1997). 

Our bastndasite-(Ce) samples showed properties 
comparable to those in gems from Pakistan reported 
by Johnson (1999) and Massi (2007). Our single para- 
site-(Ce) sample had similar RI values to those 
reported for two samples from Muzo (Fryer, 1982), 
but our SG of 3.79 was markedly different from the 
4.18 value measured for the Colombian sample. 


Internal Features. Microscopy revealed the presence 
of numerous “fingerprints” and fractures in all sam- 
ples (e.g., figure 6). The fingerprints in the bastndsite- 
(Ce) gemstones were composed of multiphase inclu- 
sions, frequently displaying a large gas bubble and in 
some cases a very minute transparent solid phase. 
The fingerprints in the parisite-(Ce) sample were 
composed of finer two-phase (fluid-gas) inclusions. 
None of our bastnasite-(Ce) samples contained 
the needle-like inclusions that are common in mate- 
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741, 398, 269 


Figure 5. These samples (from left to right, 79818, —16, -15, 
-17, and -19; see table 1) were examined for this study. The 
faceted round stone on the right is parisite-(Ce), and the 
other four stones are bastndsite-(Ce). Photo by J. Liao. 


rial from Pakistan, which were identified as astro- 
phyllite by Niedermayr (2001). 


Raman Spectra and Chemical Composition. Figures 
7 and 8 show the Raman spectra of the bastnasite- 
(Ce) and parisite-(Ce) samples, respectively. The 
main feature of the bastnasite-(Ce) spectra (which 
were quite similar for the four samples studied) is 
the intense vibrational band at ~1097 cm7!, which is 
consistent with symmetric CO, stretching. Further 
characteristic bands were recorded at approximately 


Figure 6. These “finger- 
prints” in bastndsite-(Ce) 
are composed of two- and 
three-phase inclusions. 
Photomicrographs by D. 
Kondo; image widths 2.1 
(left) and 1.1 mm (right). 
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Figure 7. The Raman spectrum for bastndsite-(Ce) dis- 
plays the most intense vibrational band at ~1097 cm !. 


259 cm” [translational lattice mode T(Ce,CO,)], 737 
cm~! (symmetric CO, deformation), and 1441 cm! 
(asymmetric CO, stretching; see Gunasekaran et al., 
2.006). In addition, a clear band at ~3600-3585 cm! 
can be assigned to OH~ (Guastoni et al., 2009). The 
Raman spectrum of the parisite-(Ce) sample recorded 
a main vibrational band at 1083 cmr!, similar to bast- 
nasite-(Ce). However, the inset in figure 8 clearly shows a 
marked split of the band at three slightly different 
wavenumber values (1101, 1093, and 1083 cm“), 
which is due to different crystal structure features. 
Representative electron microprobe analyses of 


TABLE 2. Chemical composition of bastnasite-(Ce) and 
parisite-(Ce) from Mt. Malosa, Malawi. 
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Figure 8. The Raman spectrum for parisite-(Ce) dis- 
plays the strongest vibrational band at 1083 cm. 


bastndsite-(Ce) and parisite-(Ce) are presented in 
table 2. The bastndsite-(Ce) samples were rather 
homogeneous in composition, and the parisite 
showed a similar makeup—except for a significantly 
higher Ca content, as expected from the chemical 
formula. The minor Sm and traces of Ca in our bast- 
ndsite-(Ce) samples have not been reported in the 
material from Pakistan (e.g., Johnson, 1999). 


Identification. Bastnasite-(Ce) and parisite-(Ce) from 
Malawi can be easily separated by their RI and SG 
values, as well as by Raman analysis and chemical 
composition. Parcels of bastnasite-(Ce) from Pakistan 
have been mixed with similar-colored grossular and 
sphene, but these can be easily separated by their 
standard gemological properties (Blauwet and Hyr§l, 
2001), as well as their rare-earth spectral features 
observable with a spectroscope or spectrophotometer. 


Oxide Bastnasite-(Ce) Parisite-(Ce) 
(wt.%) (no. 79815) (no. 79819) 
CaO nd@-0.2 9.3-9.8 
Y,O3 0.2-0.6 0.5-1.1 
La,O, 17.2-20.5 14.8-17.0 
Ce,0, 34.4-36.9 30.4-32.3 
Pr,O., 3.1-3.6 2.5-3.5 
Nd,O,, 8.8-9.5 7.8-8.9 
$m,0,, 1.6-2.1 1.3-1.7 
CO, 20.9-21.2 23.9-24.7 
F 6.5-7.2 5.6-6.3 
H,O 0.7-0.9 0.3-0.6 
Total 99.6-99.8 99.7-99.9 


CONCLUSION 


Bastnasite-(Ce) and parisite-(Ce) are rare accessory 
minerals from alkaline pegmatites at Mt. Malosa, 
and only small portions of these materials are suit- 
able for faceting. Parisite-(Ce) gemstones are particu- 
larly rare, because most of the rough is opaque or 
heavily fractured. Although production of both min- 
erals is still less than 20 grams per year, the deposit 
appears to be extensive. Most faceted RE-carbonates 


@ nd = not detected 
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are sold to private collectors because they are too 
soft to be set in jewelry. 
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DIAMOND 


Coated and Fracture-Filled 
Orangy Red Diamond 


The New York lab recently examined 
a 1.09 ct round brilliant diamond 
with an evenly distributed, highly 
saturated orangy red color (figure 1, 
left). Extremely rare in nature, such 
high saturation is typically seen only 
in treated or synthetic diamonds. 
Viewed with magnification, though, 
it lacked the color zoning or graining 
seen in such stones. Further investi- 
gation with reflected light revealed 
colorless spots along the pavilion 
facets and facet junctions (figure 1, 
right), which indicated the presence 
of a coating. 

Viewed face-up, the diamond fluo- 
resced weak blue to long-wave ultra- 
violet (UV) radiation, and very weak 
yellow to short-wave UV. Both 
appeared patchy throughout the dia- 
mond. Viewed face-down, however, 
the diamond appeared inert, indicat- 
ing that the fluorescence was being 
masked. 

Infrared (IR) spectroscopy showed 
features typical of a type Ia diamond. 


Editors’ note: All items were written by staff 
members of the GIA Laboratory. 
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Figure 1. This coated and fracture-filled 1.09 ct diamond displayed a 
vivid orangy red color (left). In reflected light, small colorless spots were 


evident on the pavilion (magnified 60x). 


The UV-visible-near infrared (UV-Vis- 
NIR) spectrum (figure 2) revealed a 
broad band centered at ~480 nm, typi- 
cal for an orangy yellow to yellowish 
orange diamond, rather than a strong 
orangy red one such as this. With the 
ultra-short-wave (~225 nm) radiation of 
the DiamondView (figure 3), we could 
see patches of blue fluorescence where 
the coating had been damaged; no coat- 
ing was evident on the crown facets. 
Further examination with magnifi- 
cation produced evidence of a second 
treatment. Looking at the stone 
through the pavilion, we saw numer- 
ous cracks that appeared to contain 
trapped bubbles, often the first indica- 
tion that a diamond has been glass 
filled (S. EF McClure and R. C. 
Kammerling, “A visual guide to the 
identification of filled diamonds,” 
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Summer 1995 GwWG, pp. 114-119). 
Although the flash effect would nor- 
mally be easy to see in a glass-filled 
diamond such as this one that had 
many large feathers, the orangy red 
coating masked the effect. Only with 
strong fiber-optic lighting could we see 
flash effects in this diamond, but they 
appeared in several areas when viewed 
through the crown and the pavilion. 
Energy-dispersive X-ray fluorescence 
(EDXRF] spectroscopy detected lead, 
which confirmed the presence of a 
glass filling. 

As this stone illustrates, we are 
now seeing combinations of diamond 
treatments. Since neither coating nor 
fracture filling is permanent, only an 
identification report was issued for 
this diamond. 

Sharon Cybula and Paul Johnson 
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Figure 2. The UV-Vis-NIR absorption spectrum of the coated orangy red 
diamond is typical of a diamond with an orangy yellow to yellowish 


orange color. 


Figure 3. In the DiamondView, 
the pavilion of the 1.09 ct treated 
diamond fluoresced only in those 
areas where the coating was not 
present. 


Diamond with Rare 
Green Fluorescence 


Some gem-quality diamonds fluoresce 
when exposed to UV radiation. The 
majority exhibit blue fluorescence, 
which is produced by the N3 center (a 
group of three nitrogen atoms sur- 
rounding a vacancy) found in type Ia 
diamonds (see, e.g., T. M. Moses et al., 
“A contribution to understanding the 
effect of blue fluorescence on the 
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appearance of diamonds,” Winter 
1997 GwG, pp. 244-259). Other fluo- 
rescence colors may also be observed, 
depending on the type of optical cen- 
ters present. For example, the strong 
orange-pink fluorescence associated 
with rare type Ila diamonds (often 
referred to as “Golconda pinks”) is 


Figure 4. This 2.39 ct E-color dia- 
mond was notable for its evenly 
distributed green fluorescence to 
both long- and short-wave UV 
radiation. 
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produced by nitrogen-vacancy (NV) 
centers. 

A 2.39 ct round brilliant-cut dia- 
mond (figure 4) submitted to the New 
York lab showed unusual green fluo- 
rescence. It received a color grade of E 
and a clarity grade of Internally 
Flawless (IF). IR absorption spec- 
troscopy confirmed the diamond was 
type IIa, with no detectable N-related 
absorption. It fluoresced moderate-to- 
strong green to long-wave UV radia- 
tion, and strong green to short-wave 
UV, the green fluorescence was also 
visible in the DiamondView (figure 5). 

Green fluorescence is produced by 
the H3 center, which was detected in 
the UV-Vis absorption spectrum of 
this diamond. The H3 center is also 
responsible for the strong green lumi- 
nescence emitted to visible light by 
type Ia “green transmitters” (e.g., E. 
Fritsch et al., “Detection of treatment 
in two unusual green diamonds,” Fall 
1988 GwG, pp. 165-168). To find a 
natural-color type Ila diamond with 
this strong, evenly distributed green 
fluorescence is extremely rare, espe- 
cially in the colorless (D-E-F) range. 
The characteristic pattern of the dislo- 
cation network seen in the Diamond- 
View (figure 6) was—combined with 
other spectroscopic and gemological 
features—a clear indication that the 
color was natural. This green fluores- 
cence provided an added rarity factor 
to an already very unusual type Ila 
diamond with excellent color and 
clarity. 

Paul Johnson 


Figure 5. The DiamondView image 
of the 2.39 ct diamond shows the 
strong green fluorescence. 
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Figure 6. As seen in this Diamond- 
View image of the E-color dia- 
mond, the pavilion facets displayed 
a distinct pattern of dislocations. 


Identification of Irradiated 
Black Diamonds 


Irradiating diamonds to change their 
color is not a new practice, especially 
for black stones. In fact, nearly six 
decades ago F. H. Pough and A. A. 
Schulke noted that overexposure to 
cyclotron radiation caused diamonds 
to turn black (“The recognition of sur- 
face irradiated diamonds,” Spring 
1951 GwG, pp. 3-11). The identifica- 
tion of laboratory-irradiated black dia- 
monds has historically been conduct- 
ed mainly through standard gemolog- 
ical testing (i.e., examination with a 
microscope and handheld spectro- 
scope). With technological advances, 
we now have sophisticated testing 


protocols that help provide more con- 
clusive evidence for the cause of color 
in such stones. 

The two round brilliants in figure 
7 were recently submitted to the New 
York laboratory for origin-of-color 
reports. Both were identified as type Ia 
diamonds and were color graded Fancy 
black. Viewed with an overhead light 
source, they appeared opaque, with a 
high luster despite numerous pits and 
polish marks. 

With microscopic examination 
and fiber-optic illumination, the 0.65 
ct stone appeared dark green and the 
2.10 ct diamond was deep blue (again, 
see figure 7). The larger sample had 
numerous graphitized inclusions. The 
dark green color of the smaller stone 
was typical of “black” diamonds col- 
ored by artificial irradiation (see, e.g., 
R. C. Kammerling et al., “An investi- 
gation of a suite of black diamond 
jewelry,” Winter 1990 GwG, pp. 
282-287). Both diamonds were inert 
to both long- and short-wave UV radi- 
ation, and we detected no radioactivi- 
ty in either of them with a Geiger 
counter. Today, most diamonds are 
irradiated in an electron accelerator, 
which typically leaves no residual 
radioactivity. 

UV-Vis-NIR spectroscopy at liq- 
uid-nitrogen temperature showed no 
distinct absorptions in the 0.65 ct 
stone but a 741 nm cutoff in the 2.10 
ct diamond. In addition, high-resolu- 
tion UV-Vis-NIR spectroscopy of the 
2.10 ct diamond showed weak and 


Figure 7. The extremely dark bodycolors of these two “black” diamonds 
(0.65 ct, left; 2.10 ct, right) were created by laboratory irradiation. 
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broad absorption peaks at 464, 470, 
and 545 nm. The 464 and 470 nm 
peaks are thought to be radiation- 
related, while the 545 nm peak sug- 
gests the presence of hydrogen. Photo- 
luminescence (PL) spectra collected 
with a 633 nm laser revealed a clear 
emission peak at 741 nm in both dia- 
monds, due to the GRI1 carbon vacan- 
cy defect. 

The combination of gemological 
and spectroscopic features indicated 
that these diamonds were artificially 
irradiated. The high concentration of 
the GR1 defect is responsible for the 
extremely dark color of both “black” 
diamonds; the “tail” of this absorption 
system extended throughout the visi- 
ble range of the spectrum. Although 
the GR1 defect may be present in both 
natural and artificially irradiated dia- 
monds, the intensity of this peak fur- 
ther corroborated observations that 
these diamonds underwent laboratory 
irradiation to induce their black 
appearance. 

Jason Darley, Sally Chan, and 
Michelle Riley 


Large HPHT-Treated 
Type IIb Blue Diamond 


Type IIb diamonds are well known for 
their blue color and electrical semi- 
conductivity, both of which are 
caused by boron impurities. Yet only 
a small portion of type IIb diamonds 
have a pure, strong blue color. Gray 
and even brown hues are commonly 
present and sometimes dominate the 
color appearance. However, high-pres- 
sure, high-temperature (HPHT) treat- 
ment can remove these unwanted 
gray and brown components, result- 
ing in a more attractive blue bodycol- 
or. This treatment technique has been 
used to improve diamond colors for 
more than a decade, and recently the 
New York laboratory tested one of the 
largest HPHT-treated type IIb dia- 
monds we have seen to date (figure 8). 

This 6.46 ct pear-shaped diamond 
(15.31 x 10.48 x 5.71 mm) was color 
graded Fancy Intense blue, with no 
gray or brown modifier. The clarity 
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Figure 8. This 6.46 ct Fancy 
Intense blue diamond is one of 
the largest HPHT-treated type IIb 
diamonds seen in the GIA lab. 


was IF; unlike many other HPHT- 
treated type Ila and IIb diamonds, it 
displayed no internal graining. One 
relatively large pavilion facet was 
only partially polished, with rem- 
nants of the frosted surfaces created 
by HPHT treatment still evident. 
Microscopic observation with crossed 
polarizers revealed only a weak gray- 
brown interference color in a wavy pat- 
tern. The diamond was electrically 
conductive. 

Examination with the Diamond- 
View showed moderately strong blue 
fluorescence and strong blue phospho- 
rescence. The mid-IR spectrum had 
strong, broad absorptions at ~2930, 
~2800, and ~2460 cm!, which con- 
firmed this diamond was type Ib. 
Based on the intensity of these absorp- 
tion bands, the boron concentration 
was estimated at ~0.24 ppma. The UV- 
Vis-NIR spectrum showed smoothly 
decreasing absorption from the near-IR 
to the UV region, typical of a pure type 
Ib blue diamond. Photoluminescence 
spectroscopy at liquid-nitrogen tem- 
perature with laser excitations from 
UV to IR, together with other gemo- 
logical properties, confirmed this dia- 
mond was HPHT treated. 

Type Ib diamonds are extremely 
rare in nature and highly valued in the 
jewelry market. The existence of an 
HPHT-treated type IIb diamond of 
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such size and quality underscores the 

importance of having gems identified 
by a properly equipped laboratory. 

Wuyi Wang, Ren Lu, and 

Tom Moses 


Pink Diamonds Colored by 
Multiple Treatment Processes 


Natural pink-to-red diamonds derive 
their color from two types of lattice 
defects: one referred to as the 550 nm 
band and the other known as NV cen- 
ters. In most such diamonds, includ- 
ing those from the Argyle mine in 
Australia, the cause of color is attrib- 
uted to the 550 nm band. While the 
importance of this absorption feature 
has been known for some time, the 
physics of this defect are not fully 
understood, and to date there is no 
known technique that can create it 
artificially. 

NV centers, however, are better 
understood and can be introduced in a 
laboratory, mainly through a combi- 
nation of multiple treatment process- 
es. A large number of orange-pink-red 
diamonds, colored by artificially 
induced NV centers, have recently 
become available in the jewelry mar- 
ket. The New York lab has tested 63 
such treated diamonds, all with 
strong pink coloration (most the 
equivalent of Fancy to Fancy Vivid). 

The largest stone was an 8.44 ct 
pear shape (18.02 x 11.21 x 6.41 mm], 
color graded Fancy Vivid orangy pink 
(figure 9). Weak color concentration 
was observed at the culet and along 
the keel. The stone fluoresced strong 
orange with weak green zones to 
long-wave UV radiation and strong 
orange to short-wave UV. Aside from 
some minor fractures, there were no 
notable internal features. 

The mid-IR spectrum displayed 
weak absorptions at 1332 and 1170 
cm!, but no peaks at ~1360 cm! 
(platelets) or ~1280 cm=! (A-form 
nitrogen). These features indicated a 
pure type IaB diamond, with an esti- 
mated 2.3 ppma of nitrogen based on 
the intensity of the absorption at 1280 
cm!. In addition, very weak absorp- 
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tions at 1450 cm7! (the H1a defect) and 
1344 cm! (attributed to isolated nitro- 
gen) were recorded. Also observed 
were moderately strong hydrogen- 
related absorptions at 3107 and 1405 
cm! (intensities of 0.35 and 0.09 cm"!, 
respectively). 

UV-Vis-NIR spectra collected at 
liquid-nitrogen temperature showed 
strong absorptions from NV centers, 
with sharp zero-phonon peaks at 
575.0 and 637.0 nm, as well as their 
related sidebands. These absorptions 
effectively block green and yellow 
light and partially block orange light, 
resulting in the intense orangy pink 
color. Moderately strong absorptions 
were observed at 594.3 and 741.2 
(GR1) nm, which are typical features 
of irradiation and/or annealing in dia- 
mond. Weak absorptions from ND1 
(393.3 nm}, N3 (415.2 nm), H4 (496.0 
nm), and H3 (503.1 nm) were also 
confirmed. 

All 63 diamonds had very similar 
features. The gemological and spec- 
troscopic observations strongly sug- 
gest that they were treated by multi- 
ple processes, which may include 
HPHT annealing and subsequent irra- 
diation and annealing at relatively 
low temperatures. 

This combination of techniques 
has resulted in an influx of treated- 


Figure 9. This 8.44 ct diamond, 
color graded Fancy Vivid orangy 
pink, was treated by multiple 
processes, which may include 
irradiation and HPHT annealing. 
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color pink diamonds into the jewelry 
industry. 
Wuyi Wang 


Type Ila Greenish Yellow Diamond 
Colored by IR-Inactive Nitrogen 
Type Ia diamonds have no detectable 
nitrogen-related absorptions in the 
mid-IR region, and they are most 
commonly colorless, near-colorless, 
or brown with varying saturation 
(attributed to “vacancy cluster” 
defects in connection with plastic 
deformation). N-related lattice defects 
rarely contribute to the color of a type 
Ila diamond, except for a few very 
light pink “Golconda” diamonds, 
which are colored by NV centers. 
Recently, the New York laboratory 
examined a greenish yellow type Ha 
diamond colored by an IR-inactive 
nitrogen defect. 

The color of this 0.90 ct Fancy 
greenish yellow diamond (5.86 x 5.54 
x 3.30 mm; figure 10) was distributed 
evenly throughout the stone. The 
mid-IR spectrum showed no absorp- 
tion in the one-phonon region— 
which classified it as type Ia—and no 
hydrogen-related 3107 cm band. (A 
weak 3107 cm! band is commonly 
observed when a type Ila diamond 
contains a trace amount of nitrogen 
that is barely detectable in the IR 
spectrum.) When examined with a 


Figure 10. The greenish yellow 
color of this 0.90 ct type Ia dia- 
mond is caused by an IR-inactive 
nitrogen-related defect. 
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standard UV lamp, the diamond fluo- 
resced strong blue to long-wave UV 
radiation and moderate yellow to 
short-wave UV. Examination with the 
DiamondView showed strong green 
fluorescence and the well-developed 
polygonal pattern, caused by lattice 
dislocations, that is characteristic of 
natural type II diamonds (figure 11). 
The UV-Vis-NIR absorption spec- 
trum, collected at liquid-nitrogen 
temperature, revealed the relatively 
high concentration of the H3 defect, 
with its zero-phonon line (ZPL) at 
503.2 nm, that is responsible for the 
greenish yellow color (e.g., figure 12). 
The H3 defect—composed of two 
nitrogen atoms and a nearby vacan- 
cy—absorbs blue and violet light and 
emits green light. Also recorded was a 
moderately strong absorption from the 
N83 defect (ZPL at 415.2 nm) and a 
weak but sharp peak at 637.0 nm from 
the NV- center, as well as their side- 
bands related to the ZPLs. The N3 
defect and the NV~ center contributed 
little, if anything, to the diamond's 
color, since N3 is outside the visible 
light region and absorption from NV- 


Figure 11. The DiamondView 
image of the 0.90 ct diamond 
showed strong green fluorescence 
and the well-developed polygonal 
pattern typical of a type II stone. 
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was very weak. An E-color type Ila dia- 
mond with strong green fluorescence 
to UV radiation attributed to the N- 
bearing H3 defect is reported by P. 
Johnson on pp. 49-50 of this section. 
Both gemological and spectro- 
scopic features ruled out any possibil- 
ity of treatment. It is interesting to 
encounter a type Ila diamond that 
contains a substantial amount of IR- 
inactive nitrogen, especially since the 
greenish yellow color is caused by a 
nitrogen-related defect. 
Ren Lu and Wuyi Wang 


Red CVD SYNTHETIC DIAMOND 
with Multiple Treatments 

As noted above, natural diamonds 
with strong pink-to-red colors are 
very rare and highly valued. Various 
techniques have been developed to 
create such colors in the laboratory, 
including the use of synthetic dia- 
monds as the starting material. 

The New York lab recently 
received a 0.74 ct red rectangular 
modified brilliant (figure 13) for grad- 
ing. The Fancy red color was slightly 
more concentrated in the culet area 
and in the pavilion corners. The stone 
contained some nearly linear arrays of 
tiny black inclusions with irregular 
morphology that were oriented paral- 
lel to the table. The sample fluoresced 
moderate and strong orange to long- 
and short-wave UV radiation, respec- 
tively. In the DiamondView, it dis- 
played intense red fluorescence and 
darker parallel banding in the pavil- 
ion, as well as moderately strong red 
phosphorescence. 

The mid-IR spectrum revealed 
weak absorptions at 1450 cmz! (H1a), 
1344 (isolated nitrogen), and 1332 cmt. 
In addition, weak but sharp absorp- 
tions related to hydrogen were 
observed at 3107 and 1405 cm~!. One 
notable feature was a very weak band 
recorded at 3123 cm~!, which is spe- 
cific to synthetic diamonds grown by 
chemical vapor deposition (CVD). No 
absorption features were detected in 
the near-IR region, except for a very 
weak band at 5892, cm7!. 
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Public Library where she worked in the 
Reference Department, eventually becoming 
its head. For another twenty years before 
coming to the Institute she taught history 
of art, medieval and modern history, and 
riding at Marlborough—an exclusive school 
for girls in Los Angeles. She was an expert 
horsewoman. 


She was co-author of History of Art 
which at the time of its publication was 
one of the most comprehensive works writ- 
ten on the subject. She collaborated with 
Robert M. Shipley on the research for his 
book Famous Diamonds of the World and 
assisted ‘in research for his Dictionary of 
Gems and Gemology. 


Although for almost three years her 
health has not permitted active participa- 
tion in the work of the G.I.A., the impress 
of her fine, clear mind is evident on many 
of its courses and publications, and all who 
use them are more deeply indebted than 
they know for the brilliant and careful work 
of Anna Beckley. , 


G.LA. AWARDS 
53 DIPLOMAS 


INCE last reported in the fall issue of 
Gems & Gemology 53 students have 
completed studies and examinations of the 
Gemological Institute of America. Of these 
the following eight have received diplomas 
in the Theory and Practice of Gemology. 


GRADUATE GEMOLOGISTS 


Thomas C. Hayes, Monrovia, Calif. 

C. E. Heighes, Los Angeles 

Joseph R. Occhipinti, Brooklyn, N. Y. 

Max S. Pyrene, New York City 

Charles S. Sheppard, Jr., Russelville, 
Ark. 

Walter E. Singer, Winston-Salem, N. C. 
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Leon J. Trecker, Hollywood, Calif. 
George A. Vonderhaar, Rockford, Ill. 


GEMOLOGISTS 


Arthur A. Barth, Los Angeles, Calif. 
Sacha Bollas, Los Angeles, Calif. 
William A. Brice, Chicago, Ill. 

Merlin A. Bullard, Cottage Grove, Ore. 
Eugene C. Canfield, Charleston, S. C. 
Gustave Cohen, Summerville, Mass. 
James W. Coote, Los Angeles, Calif. 
John Dickey, Casper, Wyo. 

Edward A. Dillon, Tallahassee, Fla. 
Elmer Dory, Paris, Tex. 

Roger Dumoulin, Sudbury, Ont., Can. 
Leopold Farber, Washington, D. C. 
Frank C. Hamilton, Brockton, Mass. 
R. G. Henne, Pittsburgh, Pa. 

Julius D. Jacobs, Jr., Cincinnati, Ohio 
Harold F, Jennings, Roanoke, Va. 
John D. Jennings, Windsor, Ont., Can. 
C. F. Johnson, Tyler, Tex. 

George Lautares, Greenville, N. C. 
John C. Lennox, Indianapolis, Ind. 

C. A. Lewis, West Hollywood, Calif. 
Howard M: Little, Bedford, Pa. 
Durant B. Mathes, Topeka; Kan. 
Clifford J. Mikkola, Minneapolis, Minn. 
Ralph W. Molkentin, Plainfield, N. J. 
Carl Nelson, Bessemer, Pa. 

Joseph Pau! Ouellet, Nashua, N. H. 
Dennis S. Pearce, Phoenix, Ariz. 
Joseph F. Person, St. Pétersburg, Fla. 
Michael Prohodsky, Ellenwood, Kan. 
Leonard A. Pulliam, Denver, Colo. 
Victor Ritter, Spokane, Wash. 

Irving Robbin, Chicago, If. 

Paul H. Robinson, Westfield, N. J. 
Ralph W. Rohlfing, South Bend, Ind. 
Joseph F. Shea, Clinton, Mass. 
Wilbur L. Stahr, Grand Rapids, Mich. 
William L. Stone II, Pottstown, Pa. 
Sol Toscher, Pittsfield, Mass. 
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VISIBLE-RANGE ABSORPTION SPECTRUM 


415.2 
N3 


ABSORBANCE 


400 450 500 


550 


WAVELENGTH (nm) 


Figure 12. As this visible-range absorption spectrum demonstrates, the 
greenish yellow color of the 0.90 ct diamond was caused by the H3 


defect. 


The UV-Vis-NIR spectrum (figure 
14), recorded at liquid-nitrogen tem- 
perature, included strong NV absorp- 
tions with zero-phonon lines at 574.9 
and 637.0 nm and their corresponding 
sidebands. Absorptions observed at 


Figure 13. This 0.74 ct Fancy red 
diamond (4.85 x 4.41 x 3.67 mm) 
was identified as a CVD synthet- 
ic. Multiple treatments were 
applied after the initial growth to 
produce this color. 


LAB NoTEs 


594.3 (“595 nm center”) and 741.2 


have 


undergone 


an 


(GR1) nm are typical of diamonds that 
irradiation/ 


annealing process. An absorption 
doublet at 736.6/737.0 nm was attrib- 


600 650 


uted to the [Si-V]- defect, which 
appears almost exclusively in CVD 
synthetic diamonds. In addition, sev- 
eral very weak but sharp absorptions 
were detected in the 420-505 nm 
region, including those from the H3 
and H4 defects. Photoluminescence 
(PL) spectra collected with various 
laser excitations at liquid-nitrogen 
temperature detected many additional 
features, including a weak line from 
the N3 defect at 415.2 nm and the 
characteristic radiation-related 389 
nm center. 

Annealing experiments on CVD 


synthetic diamonds have demonstrat- 
ed that the 3123 cm band is stable up 
to ~1600°C, while the 3107 cm band 


is not generated until the temperature 
reaches 2200°C. Annealing at temper- 


atures above 1600°C will cause dia- 
mond to graphitize unless the heating 


Figure 14. The UV-Vis-NIR absorption spectrum revealed that the red 

color of the CVD synthetic diamond in figure 13 was produced by a rela- 
tively high concentration of NV centers. Also detected were the 594.3 nm 
and GR1 irradiation/annealing features. 
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Figure 15. The remarkable transparency of this jadeite bangle is due to 
impregnation with a polymer that has an RI very close to that of the 


host material. 


is done at high pressures. Therefore, 
we believe the present sample under- 
went high-pressure, high-temperature 
annealing, which would have removed 
the brown hue common in nitrogen- 
doped CVD synthetic diamonds, as 
well as increased the concentration of 
isolated nitrogen. 

With low-temperature PL spec- 
troscopy, NV centers are commonly 
detected in as-grown CVD synthetic 
diamonds, except for rare high-purity 
samples. While NV emissions may be 
dominant in PL spectra, typically they 
are virtually undetectable or very 
weak in UV-Vis absorption spectra 


Figure 16. The jadeite bangle is 
so transparent it is possible to 
read through it. 


—_— 


54 LAB Notes 


and have little, if any, effect on body- 
color. Concentrations of NV centers 
in as-grown CVD synthetic diamonds 
decrease significantly after HPHT 
annealing, so the high concentrations 
of NV centers in this red CVD-grown 
sample cannot be the direct result of 
HPHT annealing alone. Instead, the 
strong absorptions from NV centers, 
which are responsible for the red color, 
were likely introduced by additional 
treatment processes, such as irradia- 
tion followed by annealing at relative- 
ly low temperatures. Vacancies, pro- 
duced by high-energy irradiation, will 
migrate and combine with pre-exist- 
ing isolated nitrogen impurities to 
form NV centers when the stones are 
annealed at relatively low tempera- 
tures. During this process, other irra- 
diation-related defects, such as the 
absorptions at 594.3 nm and 1450 cm! 
will be produced. The high concentra- 
tion of NV centers strongly absorb 
light in the green-to-orange region, cre- 
ating a transmission window in the red 
region. The intensity of the resulting 
pink-to-red coloration depends on the 
concentration of these optical centers. 

W. Wang et al. (“Latest generation 
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CVD-grown synthetic diamonds from 
Apollo Diamond Inc.,” Winter 2007 
GwG, pp. 294-313) described some 
CVD synthetic diamonds with 
intense pink color that was mainly 
attributed to a broad absorption band 
at ~520 nm. However, we have not 
previously detected typical radiation- 
related optical centers (e.g., 594.3 nm 
and the GR1) and the 3107 cm"! 

absorption in pink CVD samples. 
This is the first red CVD synthetic 
diamond with multiple treatments sub- 
mitted to the GIA Laboratory for grad- 
ing. We do not know the manufacturer. 
Wuyi Wang and Paul Johnson 


Exceptionally Transparent 

Treated JADEITE 

Jadeite jade is an aggregate material 
and therefore easy to treat; in fact, dye- 
ing of jadeite has been performed for 
centuries. In the early 1990s, it was 
discovered that the undesirable natu- 
ral brown staining often seen in jadeite 
could be removed with acid, leaving 
purer white, green, or purple colors. 
Unfortunately, this acid treatment also 
damaged the structure of the jadeite, 
which then had to be impregnated with 
polymers to make it usable. This treat- 
ment is now commonplace, and labs 
routinely test for it. 

Two main factors determine the 
value of jadeite: color and transparen- 
cy. Jadeite is never completely trans- 
parent, but the closer it gets the more 
desirable it becomes. This is true even 
if a specimen has no color at all. In fact, 
colorless, semitransparent jadeite is 
highly sought after. 

It was with interest, then, that the 
Carlsbad laboratory examined the 
bangle bracelet shown in figure 15. 
Gemological testing confirmed that it 
was jadeite, but we were immediately 
struck by its exceptional transparency. 
The bangle was not particularly thin, 
yet it was still possible to read through 
it (figure 16). Further testing showed 
that the bangle was impregnated with 
a foreign substance, and microscopic 
examination gave us clues to its 
remarkable appearance. 
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Figure 17. Microscopic examina- 
tion of the jadeite bangle revealed 
the tell-tale flash effect produced 
by fracture filling. Field of view 
1.4mm. 


In darkfield illumination, the piece 
looked purplish, even though it had no 
apparent purple coloration in normal 
light. Higher magnification showed 
that the purple actually represented 
“flashes” from the areas between the 
crystal grains of the aggregate, with 
orange flashes also evident as the piece 
was tilted (figure 17). We have seen 
this flash effect in a number of gem 
materials over the last two decades, 
most notably glass-filled diamonds 
(see, e.g., the first entry in this Lab 
Notes section), and we know of only 
one explanation for it: a filling sub- 
stance with a refractive index very 
close to that of its host. 

These observations pointed to 
impregnation with a polymer that has 
an RI close to that of jadeite (~1.66), 
which masked the voids between the 
crystal grains and thus made the ban- 
gle appear much more transparent 
than it would have been otherwise. 
The jadeite had apparently been treat- 
ed not only to enhance the color and 
stabilize the material, but also to 
improve its transparency. 

This was the first time we had 
seen this variation on impregnated 
jadeite, but several more examples 
have since appeared at the lab. 

Shane F. McClure 
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Large Pair of Natural 

Freshwater PEARLS 

The New York laboratory recently 
received a pair of large pink pearls 
(figure 18) for identification. This was 
our second look at both pearls, which 
were submitted separately the first 
time. The pearls were undrilled and 
measured 17.67 x 17.24 mm (37.85 ct} 
and 17.46 x 17.05 mm (35.72 ct}. 

Using microradiography and X-ray 
luminescence, we confirmed that 
they were natural freshwater pearls 
with no indication of treatment, and 
that they originated from a mollusk 
in the Unio family. Even with subtle 
differences in hue and overtone, the 
pearls were fairly well matched. The 
first was classified as orangy pink 
with no overtone, and the second was 
light pink with orient. This similarity 
in color, and their matching size and 
shape, made for a visually appealing 
set. 

Most natural freshwater pearls of 
this shape and color have been found 
in rivers in the United States, particu- 
larly the Mississippi River. We have 


seen a number of pearls in this hue 
range that were reportedly recovered 
in Texas, though they were much 
smaller. 

When we next saw the two pearls, 
they had been set in a pair of pendant 
earrings. While a single near-round 
natural freshwater pearl of such size is 
unusual in itself, a matched pair is 
truly remarkable. 

Akira Hyatt 


Blockage-Induced Growth 

Tubes in TOURMALINE 

The Carlsbad laboratory recently 
examined an interesting watermelon 
tourmaline from the Governador 
Valadares area of Minas Gerais, Brazil. 
A window polished parallel to the 
optic axis revealed several growth 
tubes induced by inclusions that had 
blocked the growth of the tourmaline. 
While this is not especially unusual in 
tourmaline, this particular specimen 
provided an extremely good example 
of blockage-induced growth tubes. 


Figure 18. These large pearls (37.85 and 35.72 ct) were identified as 
natural freshwater pearls from the Unio family. Courtesy of Mr. and 
Mrs. Mohammed Idris Jabir. 
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Figure 19. This feldspar crystal interrupted crystal growth in a watermel- 
on tourmaline, creating growth tubes, which have a dramatic appearance 
in the pleochroic colors seen here with polarized light. Magnified 113x. 


The first thing we noticed, using 
magnification and polarized light, 
was the pleochroism of the tourma- 
line itself (figure 19). The growth 
tubes extended above and below the 
included feldspar crystal (identified by 
Raman spectroscopy), as evident in 
this figure. 

During rapid growth of elongated 


Figure 20. Growth tubes are 
clearly visible only in the green 
portion of the watermelon tour- 
maline, originating from the 
pink/green color boundary. 
Magnified 20x. 
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crystals such as tourmaline, small for- 
eign bodies that land on the host may 
create a localized blockage of neces- 
sary nutrients that prevents growth of 
the host mineral in that area. While 
the rest of the host is still growing 
rapidly, the foreign crystal is pushed 
up along the tourmaline’s length until 
it is sufficiently lodged in place or 
until growth slows enough to encap- 
sulate the inclusion. The disruptive 
presence of the protogenetic crystal 
leaves behind a void, or growth tube, 
as the host tourmaline continues to 
grow (R. V. Dietrich, The Tourmaline 
Group, Van Nostrand Reinhold Co., 
New York, 1985). 

Also evident was a small growth 
tube extending upward from a defect 
on the upper left edge of the feldspar 
crystal (see arrows in figure 19). This 
defect on the surface of the inclusion 
was enough to disrupt the growth of 
the tourmaline host. The growth tube 
tapered to a sharp point and terminat- 
ed within the tourmaline (just outside 
the field of view in figure 19). 

Another interesting feature was 
the correlation between the color 
boundary and the growth tubes. In the 
pink core crystal, there were typical 
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trichites and two-phase inclusions, 
but no growth tubes. This suggests a 
more stable growth environment dur- 
ing the pink stage of crystal forma- 
tion. At the boundary between the 
pink and overlying green zones is 
where we first see blockage-induced 
growth tubes (figure 20), and we spec- 
ulate from this correlation that the 
event that caused a change in the 
nutrient solution was sufficiently tur- 
bulent to deposit protogenetic debris, 
such as tiny feldspar crystals, onto the 
surface of the growing tourmaline 
crystal. 

Because of the rapid growth envi- 
ronment, and the presence of protoge- 
netic debris and growth tubes within 
the outer green zone, we are left with a 
story about this tourmaline’s growth. 
As gemologists, it is up to us to read 
and understand it. 

Nathan Renfro and John Koivula 


Treated Green TURQUOISE 
Because of its porosity, turquoise is 
routinely impregnated with polymers 
to make low-quality material more 
stable. It is not uncommon to see 
turquoise dyed blue to improve an 
otherwise feeble color. This is often 
accomplished with a blue polymer, in 
effect impregnating and dyeing the 
material at the same time. 

Green turquoise is much rarer 
than blue turquoise and considered by 
some to be more desirable. We have 
recently seen a spike in the amount of 
green turquoise submitted to the GIA 
Laboratory, and there is an abundance 
of it for sale on the Internet, so it was 
noteworthy when we discovered an 
interesting modification of the treat- 
ment mentioned above (figure 21). 

Three cabochons (5.62, 6.28, and 
9.58 ct) were submitted to the 
Carlsbad laboratory for identification. 
They had an unusual patchy yellow- 
ish green to bluish green color, but 
with the structure and overall appear- 
ance of natural turquoise. The RI and 
SG values were low but consistent 
with impregnated turquoise. All three 
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Figure 21. The gem material in this necklace and earrings set shows a com- 
posite turquoise structure with a yellow bonding agent. The rondelles in the 
necklace range from 4 x 8 mm to 8 x 18 mm. Jewelry courtesy of April Logan. 


Figure 23. Also seen is turquoise in which the filler is red, making the 
originally blue stone appear purple. The stone on the left is 5.18 ct; field 
of view for the photomicrograph on the right is 4.5 mm. 


stones fluoresced moderate yellow to 
greenish yellow to long-wave UV radi- 
ation and were inert to short-wave 
UV. IR spectroscopy confirmed they 
were turquoise and revealed the pres- 
ence of a polymer. 

Microscopic examination showed 
that the 5.62 and 9.58 ct cabochons 
were composites made of multiple 
pieces of turquoise combined using 
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pressure and a bonding agent. Tur- 
quoise composites are not unusual, 
but in this case the bonding agent 
(some type of epoxy resin) was yellow, 
as evidenced by the numerous trans- 
parent yellow veinlets (filled frac- 
tures) and small filled cavities seen 
throughout the stones (figure 22). 
This yellow color was far more satu- 
rated than the yellowish tint inherent 
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Figure 22. The bonding agent’s 
yellow color is readily apparent 
in the filled cavities and fractures 
within the host turquoise. Field 
of view 3.3 mm. 


in many epoxies. The 6.28 ct stone 
did not appear to be a composite and 
the bodycolor was predominantly yel- 
lowish green, but it also was permeat- 
ed with fractures filled with a trans- 
parent yellow epoxy. 

We realized we were looking at a 
new scenario. The only explanation 
for the use of a yellow polymer was to 
make the originally blue turquoise 
appear green. We do not recall seeing 
this particular treatment in turquoise 
before, but it was readily identified by 
examination with magnification. 

Since encountering those first 
three cabochons, we have seen sever- 
al more examples of this material. We 
also have seen instances where a red 
filler was used, turning the originally 
blue stones purple (figure 23). 

Shane McClure and Philip Owens 
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2010 TUCSON 


Dealers at this year’s Tucson gem and mineral shows had 
low sales expectations, but many were pleasantly sur- 
prised given the slow recovery from the global economic 
downturn. Although attendance was rather low, vendors 
with unusual and/or attractive merchandise at good prices 
were typically successful. The shows featured a vast array 
of crystals, jewelry, and gems, and particularly widespread 
were Tanzanian spinels (e.g., figure 1). A relatively new 
product consisted of “Soufflé” cultured freshwater pearls 
from China, which were notable for their large size, varied 
colors, and relatively light heft, leading some people to 
suspect they were hollow (see report on pp. 61-63 of this 
issue). Several other items seen in Tucson are described in 
the following pages and will also be documented in future 
issues of G&G. 

The theme of this year’s Tucson Gem and Mineral 
Society show was of particular interest to gemologists: 
“Gems and Gem Minerals.” The theme of next year’s 


Figure 1. Spinel from Tanzania was prevalent at this 
year’s Tucson gem shows. These attractive pieces 
from Mahenge each weigh ~20 ct. Courtesy of Dudley 
Blauwet Gems, Louisville, Colorado (left), and Evan 
Caplan and Omi Gems Inc., Los Angeles (right); 
photo by Robert Weldon. 
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TGMS show will be “Minerals of California.” 

GG appreciates the assistance of the many friends 
who shared material and information with us this year, 
and also thanks the American Gem Trade Association for 
providing space to photograph these items during the 
AGTA show. 


COLORED STONES AND 
ORGANIC MATERIALS 


Update on ametrine from the Yuruty mine, Bolivia. 
During the Tucson gem shows, Hugo Marancenbau 
(Steinmar Ltd., Santa Cruz, Bolivia) provided an update on 
ametrine from the Yuruty mine in Bolivia (see Summer 
2000 Gem News, p. 163). This deposit was initially 
claimed in the mid-1990s and is located ~50 km north of 
the famous Anahi ametrine mine. Mining at Yuruty has 
been intermittent, although commercial production was 
resumed during the past two years. The deposit is exploit- 
ed by ~100 people in underground workings consisting of a 
90 m shaft and four horizontal tunnels up to 200 m long. 
The mine produces an average of ~40 tonnes/month of 
mixed-grade material, approximately 3% of which is fac- 
etable. Although Mr. Marancenbau’s company plans to 
sell the ametrine in the rough form only, they have test 
faceted a few thousand carats (weighing 3-30 ct each) that 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu or 
GIA, The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. Original photos will be returned after 
consideration or publication. 
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Figure 2. This ametrine (6.46—35.59 ct) was recently 
mined from the Yuruty deposit in Bolivia. Photo by 
Robert Weldon. 


were sold at the JOGS show. He indicated that it was the 
first time ametrine from this mine was sold in Tucson. 

Mr. Marancenbau kindly donated several rough and 
cut pieces of ametrine to the GIA Collection. The faceted 
stones (figure 2) contained varying amounts of purple and 
yellow, with a sharp color boundary visible face-up in one 
of the samples. None of them had the distinctive smoky 
layers seen previously in Yuruty material (see the Summer 
2000 Gem News entry). 

With several tonnes of rough material stockpiled and 
good reserves that are inferred to remain underground, the 
Yuruty deposit appears poised to become an important 
supplier of ametrine. 

Brendan M. Laurs 


Andradite from China. At the 2009 and 2010 AGTA 
shows in Tucson, Eric Braunwart (Columbia Gem House, 
Vancouver, Washington) had andradite from what he 
believed to be a new find in China. According to his sup- 
plier, the material was initially mined in late 2007 by 
hand methods in a remote region of western China. The 
rough consists of well-formed crystals that were apparent- 
ly derived from a skarn-type deposit. Although referred to 
as “demantoid” by the miners, none of the garnet 
appeared green enough to be considered as such. 

Mr. Braunwart reported that he faceted ~5,000 carats 
from his first shipment of rough. Although stones up to 4 
ct have been cut, smaller gems up to 1.5 ct typically show 
the best color and brilliance. Most of the material aver- 
ages 0.75 ct (5 mm diameter) and ranges from medium 
greenish yellow to dark brownish yellow to brown and 
brownish red. At Mr. Braunwart’s factory in China, the 


GEM NEWS INTERNATIONAL 


cutters typically seek the largest size that should yield an 
attractive stone, and then recut any over-dark gems until 
their appearance is optimized. 

Six faceted samples of the andradite (0.30-1.58 ct; 
figure 3) were loaned to GIA for characterization, and the 
following properties were recorded: color—green-yellow to 
greenish yellow-brown; RI—over the limits of the standard 
refractometer; hydrostatic SG—3.91 (on the largest stone 
only); and strong absorption below 450 nm visible with a 
desk-model spectroscope. These properties are consistent 
with those reported for andradite by M. O’Donoghue 
(Gems, 6th ed., Butterworth-Heinemann, Oxford, UK, 
2006, pp. 206-210), except the SG values in that publica- 
tion are somewhat lower (3.82—3.85). The fluorescence of 
the samples ranged from inert to very weak red under 
long-wave UV, and inert to weak red under short-wave UV 
radiation. Microscopic examination revealed scattered 
metallic black crystals (figure 4), randomly oriented trans- 
parent colorless needles, and “fingerprints.” Two stones 
also contained low-relief fractures that showed evidence of 
clarity enhancement. The reaction of the filler to hot-point 
testing suggested some type of oil. 

In the spring of 2009, Mr. Braunwart’s supplier provid- 
ed another parcel of rough, which was very similar to the 
original material. The individual pieces were significantly 
smaller, but the supplier indicated that more of the andra- 
dite could be produced to meet market demand. 

Nathan Renfro (nrenfro@gia.edu) 
GIA Laboratory, Carlsbad 


Brendan M. Laurs 


Figure 3. These andradites (0.30-1.58 ct), reportedly 
from a new deposit in western China, were selected 
to show the material’s typical range of color. Photo 

by Robert Weldon. 
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Figure 4. Scattered metallic black inclusions were 
seen in the Chinese andradite. Photomicrograph by 
N. Renfro; magnified 60x. 


Barite from Brazil. Barite (BaSO,) is a common mineral 
that is rarely faceted due to its typically opaque appear- 
ance, low hardness (Mohs 3-3), and two good cleavage 
directions. It was surprising, therefore, to see large clean 
faceted barites in a variety of colors in Tucson this year. 
These stones were offered by Luciana Barbosa (Gemo- 
logical Center, Belo Horizonte, Brazil) at the Gem & 
Jewelry Exchange (GJX) show, and by Dilermando Rod- 
rigues de Melo Filho (Geometa Ltda., Governador Vala- 


Figure 5. Barite from a new deposit in Acre State, 
Brazil, is notable for its large size and range of colors. 
The crystal has a distinct blue zone in the lower right 
(and an iron stain on the lower left); the cut stones 
weigh 25.9-51.7 ct. Courtesy of Gemological Center; 
photo by Robert Weldon. 
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dares, Brazil) at the Arizona Mineral & Fossil Show (Hotel 
Tucson City Center, formerly Inn Suites). 

According to Mr. Rodrigues, the barites came from a 
new deposit in Acre State, in Brazil’s Amazon region. He 
was told that the stones were mined in August-September 
2009 by local garimpeiros, and that ~30 kg of mixed-grade 
material was produced. Although both dealers reported 
that only a small percentage of the barite was facetable, 
some large stones have been cut (up to 700 ct), in colors 
ranging from near-colorless to pale brownish yellow 
(“champagne”} and pale gray, green, and blue. Sharp color 
boundaries were displayed in some of the bicolored stones 
(e.g., figure 5). However, only a few bicolored gems were 
cut because the material is not commonly color zoned, or 
the color boundary is located near the outer edge of the 
crystals. 

The potential for additional production of this interest- 
ing barite is unknown at this time. 

Brendan M. Laurs 


Hanksite as a gem material. At the GJX show, rare-stone 
specialist Arthur Birago (Freakingcat.com, Bangkok) had 
several pieces of faceted hanksite from Searles Lake in 
Trona, San Bernardino County, California. The stones typ- 
ically weighed >10 ct, although one rather large one was 
>250 ct. In addition, faceted hanksite from Searles Lake 
has been offered for sale on various web sites. As hanksite 
is a soft and highly water-soluble evaporite mineral, its use 
in jewelry seems unlikely. In October 2009, this contribu- 
tor visited Searles Lake and collected several hanksite 
crystals to investigate the feasibility of using this material 
as a gem. 

Searles Lake—a dry lake bed located in Southern 
California’s Mojave Desert—has produced industrial min- 
erals such as borax for more than 100 years. It is also the 
source of other evaporite minerals such as halite, hanksite, 
trona, and sulfohalite. Hanksite, Na,,K(SO,)(CO,),Cl, 
contains both sulfate and carbonate groups, which makes 
it difficult to classify; most mineralogical texts group it 
with sulfates (see, e.g., E. S. Dana and W. E. Ford, 
Textbook of Mineralogy, 4th ed., John Wiley & Sons, New 
York, 1932, p. 755). 

Because of ongoing commercial mining operations, the 
site is open to mineral collecting by the public for only one 
weekend each year, through the cooperation of Searles 
Valley Minerals. Although hanksite crystals up to several 
centimeters long can be found, smaller well-formed crys- 
tals are typically cleaner and more appropriate for faceting 
(e.g., figure 6). 

This contributor faceted two samples (5.06 and 8.91 ct) 
of hanksite using standard lapidary techniques. The only 
modification was that, because of the material’s solubility, 
water could not be used to remove swarf buildup from the 
lap; a saturated solution of dissolved hanksite was used 
instead. The stones were polished using 0.5 pm diamond 
abrasive and mineral oil as a lubricant. A satisfactory pol- 
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Figure 6. These four crystals (1.3-7.0 g) and faceted 
gems (5.06 and 8.91 ct) are hanksite from Searles 
Lake, California. Photo by Robert Weldon. 


ish and well-defined facet junctions were achieved using 
this method, but it was almost impossible to avoid some 
scratching due to the mineral’s low hardness (Mohs 3.5). 

Not surprisingly, microscopic examination revealed 
chips, abrasions, scratches, and cleavage breaks on some 
surfaces of the faceted stones. Both samples contained 
similar inclusions, which mostly consisted of pale green 
angular crystals (figure 7). Raman analysis identified them 
as gaylussite, a hydrous Na-Ca-carbonate. 

Standard gemological testing of the two stones gave 


Figure 7. Pale green masses of gaylussite were the pre- 
dominant inclusion in the faceted hanksite speci- 
mens. Photomicrograph by N. Renfro; magnified 60x. 
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the following properties, which were consistent with 
those published for hanksite in mineralogical textbooks: 
RI—1.469-1.481; SG (determined with a Sarin device, 
again because of the material’s solubility)—~2.58, fluores- 
cence—weak greenish yellow to long-wave UV and mod- 
erate greenish yellow to short-wave UV, with phosphores- 
cence from the latter lasting ~3-5 seconds. Raman analy- 
sis confirmed the stones’ identity as hanksite. 

Because of hanksite’s solubility, softness, and typically 
abundant inclusions, it is poorly suited for jewelry use. 
Nevertheless, hanksite can be appreciated as a very unusu- 
al collector’s gem. 

Nathan Renfro 


Lepidolite beads from Mozambique. Micas such as mus- 
covite and lepidolite are not commonly used as gem mate- 
rials, although they have been polished into cabochons and 
even faceted stones when found in attractively colored fine- 
grained masses (e.g., Fall 1993 Gem News, pp. 210-211; 
Spring 2006 Gem News International [GNI], pp. 65-66). At 
the Arizona Mineral & Fossil Show held at Hotel Tucson 
City Center, Giuseppe Agozzino (Geofil, Cascais, Portugal] 
showed this contributor some purple lepidolite beads from 
the Naipa mine in the Alto Ligonha region of Mozambique 
(figure 8). The beads were notable for their coarse-grained 
texture, which produced shiny reflections when viewed 
from certain directions. Mr. Agozzino indicated that ~200 
strands of the beads had been manufactured, in diameters 
from 12 to 20 mm. In addition, some of the lepidolite was 
polished into spheres up to 12, cm in diameter. 

While most coarse-grained lepidolite lacks the tough- 
ness necessary for a gem material, these beads were fash- 
ioned from compact spherical radial aggregates. The lepi- 
dolite “balls” may attain dimensions exceeding 14 cm (M. 
Battencourt Dias and W. Wilson, “The Alto Ligonha peg- 
matites, Mozambique,” Mineralogical Record, Vol. 31, 
No. 6, pp. 459-497). The rough material was recovered 
several years ago from mine dumps. The Naipa deposit 
continues to be worked today for gem-quality tourmaline, 
beryl, and other minerals. 

Brendan M. Laurs 


“Soufflé” freshwater cultured pearls. At the AGTA show, 
Jack Lynch (Sea Hunt Pearls, San Francisco) had an attrac- 
tive new product that he sold as “Soufflé pearls.” They 
were notable for their size, up to 20 mm; their high luster; 
and their wide range of reportedly natural colors (figure 9). 
According to Mr. Lynch, they debuted with one supplier as 
“hollow keshi” at the September 2009 Hong Kong 
Jewellery and Gem Fair. This name probably came from 
their relatively light heft, leading the dealer to assume 
they were hollow. Yet other Chinese dealers insisted that 
producing such large hollow pearls was impossible. Mr. 
Lynch cut a few samples in half and found that the interi- 
ors indeed contained voids, with a dark matter lining the 
walls. However, when he returned to the United States 
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and drilled some of the other pearls, he noticed that a 
black liquid bled from the drill holes. He speculated that 
they were produced by a new cultivation process, whereby 
an unconventional type of nucleus was inserted into pre- 
existing pearl sacs in the mollusks. 

Mr. Lynch sent two undrilled samples and one sliced 
sample to each of these authors for examination. They 
ranged from 17.7 to 18.6 mm in maximum dimension and 
were white, light orangy pink, and light pink; all were 
baroque shaped. Microradiography by both authors 
revealed large irregular areas of a relatively uniform gray 


Figure 9. These new “Soufflé” freshwater cultured 
pearls are relatively large (here, ~14 to 20 mm) and 
come in a wide range of hues with highly lustrous 
surfaces. Photo by Jack Lynch. 
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Figure 8. These 
beads (12 and 20 
mum in diameter) 
were fashioned 
from coarse- 
grained lepidolite, 
such as the spher- 
ical aggregate 
shown here. 
Photo by Jeff 
Scovil. 


color in their interiors—that is, areas more translucent to 
X-rays than the surrounding nacre, along with smaller 
darker, more X-ray transparent areas (e.g., figure 10). 

When one of the samples was cut in half, a dark, vis- 
cous liquid was noted that quickly dried into the gray mat- 
ter that filled the pearl’s interior (figure 11, left). It could 
easily have fallen out or been removed during drilling, 
leaving a void (lined with organic substance) and an irregu- 
lar nacre thickness of 1.2 to 4 mm. The gray matter, total- 
ly separate from the outer layers of the pearl, displayed a 
brittle, mortar-like structure when viewed with a gemo- 
logical microscope as well as a scanning electron micro- 
scope (SEM, figure 11, right). Energy-dispersive spec- 
troscopy of the gray matter with the SEM showed that the 
major components were Si and Al, with traces of K, Fe, 


Figure 10. This microradiograph of a “Soufflé pearl” 
(18 mm long) shows a central gray area that also con- 
tains a darker spherical area to the right (possibly a 
gaseous or liquid phase). 
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TITANIA NOW MADE 
AS DOUBLET 


IHOMAS L. DANIEL, Los Angeles lapi- 

dary, has successfully manufactured a 
number of doublets, consisting of a Titania 
base and a colored corundum crown. Top 
and bottom positions are fashioned sepa- 
rately and then cemented together. Virtually 
the entire range of synthetic corundum 
colors is represented. If each case, how- 
ever, the synthetic rutile is of the very 
slightly yellowish quality. These stones do 
not appear to have suffered any appreciable 
loss of brilliancy or “fire” as a result of the 
combination of the two materials. Practi- 
cability of this idea has not yet been proved 
but, other factors being equal, the increase 
in hardness of the exposed crown from 
approximately seven to nine should be 
advantageous. 


BUREAU OF MINES 
REPORTS ON DIAMONDS 
IN ARKANSAS 


VAILABLE from the Bureau of Mines 
Washington, D. C. is its Report of 
Investigations 4549. This is a report of the 
Bureau’s investigation of the Prairie Creek 
diamond bearing area in Arkansas. This 
area contains the kimberlite pipe near Mur- 
freesboro from which approximately 50,000 
diamonds had been recovered at various 
times since 1907. Begun in April 1943, the 
investigation was the result of a request to 
the War Production Board for wartime 
Priorities by The North American Diamond 
Corporation, the owners of the largest mine. 


WINTER 1949-50 


The resulting examination of the Prairie 
Creek’ area by the Bureau of Mines was 
concluded in 1944 and described in this 
report which was released by the U.S. 
Department of the Interior in November, 
1949. 

Samples of kimberlite weighing 435 tons 
recovered from 49 test holes distributed 
equally over the entire area yielded 32 
stones averaging 0.256. Of these 57.5 in 
weight came from 20 feet or less in depth. 
There was ample indication that the yield 
from the blue ground (i.e. the kimberlite 
which had not weathered) would be con- 
siderably less. Only one stone came from 
below 36 feet. 

Of three appraisers, one suggested the 
possibility that the four largest of the 32 
stones mighe’be of gem quality. All graded 
the entire lot as of excellent industrial 
quality.—R. M. S. 


NEW FIGURES GIVEN 
ON DIAMOND RECOVERY 


New figures obtained from private cor- 
respondence with the De Beers organization 
state that it requires twenty-three tons of 
blue ground on the average to produce one 
catat of cuttable rough—of which approxi- 
mately fifty per cent is lost in cutting. 
These figures are based on production from 
five active De Beers pipe mines and replace 
those previously given as thirty-five tons of 
blue ground to one carat of cuttable rough. 


HISTORY GIVEN FOR 
STAR OF THE EAST 


CCORDING to Harry Winston, present 
owner of “The Star of the East,’ the 
94.80 carat, pear-shaped diamond was 
known by that name when it appeared in 
Paris early in this century. 
The present owner further states that 


257 


Mg, and Na. While this did not identify the material, it did 
prove that the substance was not a calcium carbonate or 
organic material connected to pearls or mollusks. 

Mr. Lynch’s supplier subsequently informed him that 
“muck,” possibly pond mud, had been used to initiate 
pearl growth. Since this material was deliberately placed 
within existing pearl sacs in the host mollusks, the result- 
ing cultured pearls cannot be classified as “keshi.” Instead, 
they appear to represent an interesting twist on pearl culti- 
vation. The “nuclei” are unstable to drilling and may not 
be present in the drilled cultured pearls. This would 
explain why the strands have a relatively low heft, a fact 
that—among other attributes—prompted Mr. Lynch to 
embark on further testing. 

Nick Sturman (nicholas.stu@giathai.net) 
GIA Laboratory, Bangkok 


Elisabeth Strack 
Gemmologisches Institut Hamburg, Germany 


“Churrasco quartz” with tourmaline and chamosite inclu- 
sions from Brazil. In May 2009, Denilson Henrique 
Salomao (Hercules Gems, Teofilo Otoni, Brazil) recovered 
700 kg of colorless-to-smoky quartz containing black nee- 
dles and hexagonal crystals from the Chapada Diamantina 
area in Bahia State. The parcel included broken pieces and 
prismatic crystals; only a few had their natural termina- 
tions. Approximately 100 kg were suitable for cutting into 
cabochons and faceted gems (e.g., figure 12), while the 
remaining 600 kg were reserved for carving. Mr. Salomao 
sold the material in Tucson at the GJX show, and he also 
donated some samples to the Mineralogy Museum at the 
University of Rome “La Sapienza” that were examined for 
this report. 

Two cabochons were characterized using standard 
gemological techniques, an FEI Quanta 400 scanning elec- 
tron microscope, and a Cameca SX 50 electron microprobe 
at the Italian National Research Council's Institute of 
Environmental Geology and Geoengineering (IGAG-CNR) 
in Rome, as well as with a Seifert MZIV X-ray diffractome- 
ter at the University of Rome “La Sapienza.” The gemo- 
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Figure 11. A mud-like 
core is evident in this 
section of a “Soufflé 
pearl” (left, 13.7 x 
11.1 mm; photo by E. 
Strack), with the 
porous, powdery tex- 
ture evident in the 
SEM image (right, 
magnified 2000 x). 


logical properties were consistent with quartz. The black 
needles ranged from 0.1 to 5 cm long and 50 to 150 um in 
diameter. The hexagonal inclusions were tabular and 
0.1-1 cm in diameter. Electron microprobe analyses (see 
G&G Data Depository at www.gia.edu/gandg) identified 
the needles as schorl tourmaline and the hexagonal inclu- 
sions as chamosite (an Fe-rich chlorite-group mineral that 
forms a series with clinochlore). Since the chamosite con- 
tained an unusually low amount of Mg, powder X-ray 
diffraction analysis was used to confirm its identity. 

The tourmaline needles commonly intersected the 
chamosite inclusions. The resemblance to churrasco 
Brazilian cuisine, in which meat is grilled on a skewer, led 
Mr. Salomdao and one of these authors (MM) to call the 
material “Churrasco quartz.” To the best of our knowl- 
edge, this is the first report of chamosite in quartz. The 
unusually low Mg content of the chamosite inclusions, and 
their association with tourmaline, are also noteworthy. 

Simona Mazziotti Tagliani, Michele Maczri, 
Stefano Stellino, and Adriana Maras 
Department of Earth Sciences 

University of Rome “La Sapienza” 


Marcello Serracino 
IGAG-CNR, Rome 


Figure 12. This 17.44 ct cabochon of “Churrasco 
quartz” contains a chamosite crystal that is intersect- 
ed by a needle of schorl. Photo by M. Maczi. 


SPRING 2010 63 


GEMS & GEMOLOGY 


Figure 13. This cat’s-eye rhodonite (6.93 ct) from Brazil 
shows good chatoyancy. Photo by Robert Weldon. 


GNI REGULAR FEATURES 


DIAMONDS 


A large hydrogen-rich diamond with a cuboid phantom 
cloud. In late 2009, the Gtibelin Gem Lab received a 41.54 
ct brownish greenish yellow brilliant-cut diamond for rou- 
tine analysis (figure 14). The cushion-shaped stone mea- 
sured ~24.4 x 21.4 x 12.0 mm. The client informed us that 
it was purchased in the early 1970s. 

Microscopic examination revealed a cuboid-shaped 
phantom cloud, which was particularly evident with dark- 
field illumination (figure 15). The cuboid shape, rarely seen 
with optical microscopy, is more often noted using X-ray 
topography; it results from the growth of undulating sur- 
faces with an average orientation corresponding to a cube 
face. This growth is typically associated with unusually 
high concentrations of hydrogen (e.g., E. Fritsch et al., 
“Hydrogen-related optical centers in natural diamond: An 
update,” New Diamond and Frontier Carbon Technology, 
Vol. 17, No. 2, 2007, pp. 63-89). Hydrogen-rich diamonds 
often have distinctive gemological properties, such as 
desaturated colors and pinpoint inclusions, typically with 
yellow UV luminescence. This diamond weakly fluo- 
resced chalky yellow to long-wave UV and faint orange to 
short-wave UV, with no phosphorescence. 

Hydrogen-rich diamonds also have a well-documented 
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Cat’s-eye thodonite. Rhodonite (MnSiO,) is an attractive 
pink-to-red mineral that is often sold as mineral speci- 
mens or ornamental material, but seldom as a gemstone, 
since it is typically opaque and has perfect cleavage in two 
directions. Facetable material is very rare, and small 
amounts are occasionally produced from just two locali- 
ties—Broken Hill, Australia, and Minas Gerais, Brazil (see, 
e.g., P. W. Millsteed, “Faceting transparent rhodonite from 
Broken Hill, New South Wales, Australia,” Summer 2006 
GewG, pp. 151-158; and Fall 2004 GNI, pp. 260-261). 
Some polished rhodonite has a saturated color that resem- 
bles fine spinel or rhodochrosite. 

At the GJX show, Luciana Barbosa had some attractive 
rhodonite cabochons showing good chatoyancy (e.g., figure 
13). She reported that the material was found in 2009 at 
Morro da Mina, near Conselheiro Lafaiete in Minas 
Gerais. The rhodonite is recovered as a byproduct of man- 
ganese mining, in a large open pit that is operated by 
Companhia Vale do Rio Doce. Ms. Barbosa knew of ~30 
pieces of the cat’s-eye rhodonite (ranging from ~2 to 40 ct), 
and she had not seen the material previously. To her 
knowledge, the stones were all untreated. She indicated 
that the identity of the rhodonite had been confirmed by 
X-ray diffraction analysis. 

We believe this is the first report of cat’s-eye rhodonite. 

Brendan M. Laurs 


Figure 14, This 41.54 ct brownish greenish yellow 
diamond is the second-largest documented member 
of the brown to grayish yellow to green “family” 

of H-rich diamonds. Photo by Evelyne Murer. 
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Figure 15. With darkfield illumination, the diamond 
in figure 14 displays a cuboid phantom cloud (5 mm 
wide) typical of H-rich diamonds. Photomicrograph 
by P. Hardy. 


set of UV, visible, and IR absorption features. They have 
been grouped into three “families” according to their UV- 
visible absorption: (1) brown to grayish yellow to green, (2) 
gray to blue to violet, and (3) chameleon (see again Fritsch 
et al., 2007). The UV-Vis-NIR spectrum of this stone 


Figure 16. The FTIR spectrum shows the H-related 
absorptions of the 3107 cm~! system. In the inset, the 
elusive 5555 cm! band is well resolved. The pre- 
sumed N-H band at 3236 cm-' is also seen. 
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showed the N3 (~415 nm) and N2. (~478 nm) bands, which 
together caused the yellow color. Also present was a con- 
tinuum of absorption throughout the visible spectrum, 
giving the brown color component. A broad band centered 
at ~730 nm was responsible for the green color compo- 
nent, and there was an additional broad band at ~830 nm. 
This spectrum is typical of diamonds from the brown to 
grayish yellow to green family. Because it was similar in 
appearance to some chameleon diamonds, the stone was 
tested for chameleon behavior, but no change in color was 
observed when it was placed on a hot plate. 

The FTIR spectrum obtained with the beam positioned 
through the girdle indicated a type IaAB diamond with 
high nitrogen and hydrogen content (figure 16). The H- 
related bands associated with the 3107 cm7! system were 
present, including the elusive 5555 cm-! band. Until now, 
this weak band has been found only in small diamonds of 
the gray-to-blue-to-violet family. Nevertheless, this is the 
most well-defined 5555 cm~! band documented so far (fig- 
ure 16, inset), presumably due to the diamond's size. Also, 
this is the second-largest documented member of the H- 
rich brown to grayish yellow to green family of diamonds, 
after the 61 ct brown Eye of the Tiger. 

Stefanos Karampelas (s.karampelas@gubelingemlab.ch) 
and Pierre Hardy 
Gtibelin Gem Lab, Lucerne, Switzerland 


Emmanuel Fritsch 


COLORED STONES AND 
ORGANIC MATERIALS 


Diopside from Ihosy, Madagascar. Several “olive” green 
samples were brought to our attention by gem dealer 
Farooq Hashmi (Intimate Gems, Jamaica, New York). The 
material was reportedly mined from the Ihosy region of 
south-central Madagascar. It was purchased in early 2007 
as kornerupine, which is known to come from the same 
area of the country, but Mr. Hashmi’s supplier was later 
informed that it was diopside. The parcel consisted of ~500 
g of rough, in pieces weighing 5—20+ g, and about half of 
the material was facetable. 

Two faceted samples, two well-formed prismatic crys- 
tals, and several small pieces of rough were loaned to GIA 
for gemological observation (e.g., figure 17). Examination of 
the two cut stones (5.93 and 6.50 ct) and some of the rough 
pieces showed the following properties: color—medium- 
dark yellowish green; pleochroism—very weak; RI— 
1.676-1.700; birefringence—0.024; hydrostatic SG— 
3.27-3.30; no reaction to the Chelsea filter; inert to long- 
and short-wave UV radiation; and absorption lines at 490 
and 505 nm visible with the desk-model spectroscope. 
These properties were consistent with diopside (R. 
Webster, Gems, 5th ed., rev. by P. G. Read, Butterworth- 
Heinemann, Oxford, UK, 1994, pp. 330-331). 

The two faceted samples contained only minor inclu- 
sions, consisting of a few “fingerprints” and some small 
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Figure 17. These samples of diopside were recovered 
from south-central Madagascar. The gemstones, 
faceted by Robert Buchannan, weigh 5.93 and 6.50 ct. 
Photo by Robert Weldon. 


fractures. Iron-stained fractures and strings of pinpoints 
were visible in the rough material. Laser ablation—inductive- 
ly coupled plasma—mass spectrometry (LA-ICP-MS) analysis 
of one faceted sample showed major amounts of Si, Ca, and 
Mg, and minor Fe—as expected for diopside (CaMgSi,O,), 
which forms a series with hedenbergite (CaFeSi,O,). The 
relatively low RI values are consistent with a near—-end 
member diopside composition (see W. A. Deer et al., Rock- 
Forming Minerals—Single-Chain Silicates, Vol. 2A, 2nd ed., 
John Wiley & Sons, New York, 1978, pp. 198-293). 
Although gem-quality diopside from Madagascar has 
been reported previously in the literature (e.g., U. Henn 
and C. Milisenda, “The gemstone occurrences of Mada- 
gascar,” Australian Gemmologist, Vol. 21, 2001, pp. 


Figure 18. These garnets (0.94—1.39 ct) from the 
Solomon Islands proved to be pyrope-almandine. 
Photo by Robert Weldon. 
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76-82), to our knowledge this is the first description of 
this material. 

Riccardo Befi (riccardo.befi@gia.edu) 

GIA Laboratory, New York 


Garnet and zircon from the Solomon Islands. Islands of 
the South Pacific are not known as sources of gem miner- 
als, but in late 2007 GIA learned about new finds of garnet 
and zircon from the Solomon Islands. According to Brian 
Pepperall (BR Gemstones, Queensland, Australia), the 
gems come from the island of Malaita, where they have 
been gathered by hand as waterworn pebbles from stream 
gravels. The garnets are dark red and weigh up to 8 g, 
although the rough is commonly fractured. The zircon is 
colorless, and eye-clean pieces weigh up to 4 g. Mr. 
Pepperall estimates that the local people have collected no 
more than a few kilograms of the garnet and zircon. 
Although they are interested in pursuing a commercial 
venture, there are no plans for organized mining because 
the stones are so easily found on the surface, and they 
wish to preserve the integrity of their watercourse. A 
small amount of rough has been sold to Australian 
faceters, and some of the gems have been set in jewelry to 
test-market the material. To the best of Mr. Pepperall’s 
knowledge, the stones have not been treated in any way. 
Mr. Pepperall had several stones faceted in Australia, 
and he loaned some of each gem to GIA for examination. A 
study of three of the garnets (0.94-1.39 ct; figure 18) 
showed the following properties: color—dark red, RI— 
1.748, hydrostatic SG—3.73-3.79, fluorescence—inert to 
long- and short-wave UV radiation, and a dark diffuse band 
from the violet to the blue region visible with the desk- 
model spectroscope. These properties are generally consis- 
tent with those reported for pyrope-almandine by C. M. 
Stockton and D. V. Manson (“A proposed new classifica- 
tion for gem-quality garnets,” Winter 1985 GWG, pp. 
205-218). Microscopic examination revealed very small 
transparent crystals, fractures, and transparent growth fea- 
tures. Chemical analysis with LA-ICP-MS showed major 
amounts of Al, Si, Mg, and Fe (expected for pyrope-alman- 


Figure 19. Also recovered from the Solomon Islands 
are colorless zircons (here, 0.79-2.50 ct). Photo by 
Robert Weldon. 
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dine), minor Ca, and significant traces of Mn, Ti, Cr, and V. 

Examination of three of the zircons (0.79-2.50 ct; fig- 
ure 19) showed the following properties: color—colorless; 
RI—>1.81,; hydrostatic SG—4.71-4.72; fluorescence— 
moderate white to short-wave UV radiation, and moderate 
yellowish orange to long-wave UV; and just two lines (in 
the red region, stronger at 653.5 nm) visible with the desk- 
model spectroscope. These properties are generally consis- 
tent with those reported for zircon by R. Webster (Gems, 
5th ed., revised by P. G. Read, Butterworth-Heinemann, 
Oxford, UK, 1994, pp. 176-179). Magnification revealed a 
cloud of minute particles in two of the stones. LA-ICP-MS 
analyses showed major Si and Zr, minor Hf, and signifi- 
cant traces of Ti and Sc. 

Although the Solomon Islands have the potential to 
become a supplier of dark red pyrope-almandine and color- 
less zircon, these gems will probably remain uncommon 
in the marketplace until further efforts are made for orga- 
nized recovery. 


Kamolwan Thirangoon (kamolwan.thi@giathai.net) 
GIA Thailand, Bangkok 


Tsavorite mining at Namalulu, northern Tanzania. In late 
August 2009, these contributors visited a relatively new 
tsavorite deposit located 110 km south of Arusha. The 
mines were situated 13 km south of the village of 
Nabarera, near Namalulu Village, at coordinates 4°18'57" 
S, 36°56'42" E, and 1550 m elevation. Tsavorite was 
reportedly discovered there in August 2008 by Masai 
herders. We were told mining activities peaked in 
December 2008 when there were ~500 people working the 
deposit, but this number soon decreased after the near-sur- 
face deposits were exhausted and underground hard-rock 
mining became necessary. In addition, at the end of 2008 
most of the miners moved to the former Swala Gem 
Traders tsavorite mine at Lemshuku, near Komolo village, 
also in northern Tanzania (03°51'36" S 36°51'34" E), when 
Mark and Eric Saul decided not to renew their claims and 
stopped mining there. 

We were guided to Namalulu by local miner Rafael 
Manyosa and gem broker Abdul M’sellem. Upon our 
arrival we were met by several members of the Masai tribe 
(figure 20), who were dealers as well as miners there. We 
estimated that ~150 people were active in tsavorite mining 
or trading during our visit. The workings were confined to 
a narrow band ~100 m wide and 1 km long, oriented in the 
north-south direction. The geology of the area was 
described by J. Feneyrol et al. (“Lemshuku and Namalulu 
‘tsavorites,’ Tanzania,” poster presentation at the 3lst 
International Gemmological Conference, Arusha, 
Tanzania, October 8-14, 2009), who visited there in 
October 2008. They found that the tsavorite crystallizes in 
veins associated with folded and metasomatized graphitic 
gneisses near dolomitic marbles. 

Most of the mining has taken place during the dry sea- 
son, from May to November. We visited three pits, which 
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Figure 20. Masai traders offer a parcel of rough tsa- 
vorite at Namalulu, Tanzania. Photo by V. Pardieu. 


ranged from ~10 to 100 m deep. The largest pit consisted 
of a shaft and horizontal tunnels with an estimated total 
length of ~250 m. The shafts were accessible by ropes and 
followed the near-vertical graphitic gneiss layers down- 
ward. The excavations were mainly done using hand tools 
and explosives, except for one shaft where a compressor 
and a jackhammer were present. 

The miners reported finding good tsavorite every two 
days, on average, and we saw many attractive parcels 
while visiting the area. Most of the rough was vividly col- 
ored in yellowish green to deep green (figure 21), with 
some bluish green. We were told that pieces larger than 2 g 
had been recovered, but we only saw 0.6-0.8 g pieces that 
had fine color and acceptable clarity. After faceting, the 
tsavorites typically weigh <2 ct and contain eye-visible 
inclusions. Although clean material is rare, the deposit 
appears to show good potential for producing attractive 
smaller-sized tsavorite gems. 

Vincent Pardieu (vincent.par@giathai.net) 
GIA Laboratory, Bangkok 
Stephane Jacquat (Geneva, Switzerland) 


Lou Pierre Bryl (Gaspé, Canada) 
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Figure 21. Tsavorite from Namalulu shows good color 
and moderate transparency. Photo by V. Pardieu. 


SYNTHETICS AND SIMULANTS 


Treated CVD-grown pink synthetic diamond melee. The 
Gemmological Association of All Japan (GAAJ) - 
Zenhokyo Laboratory recently examined 48 small orangy 
pink round brilliants that were submitted for color origin 
identification (e.g., figure 22). They were represented as 
natural diamonds treated by a high-pressure, high-temper- 
ature (HPHT) process. Six were in the 0.20-—0.27 ct range, 
and the remainder were melee size (<0.20 ct). Color grades 
ranged from Fancy Intense orangy pink to Fancy pinkish 
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orange and Light pinkish orange. Thirteen pieces =0.10 ct 
were graded for clarity; of these, three were VVS,, four 
VS,, three VS,, two SI, and one SI,. 

Microscopic examination revealed a few pinpoints in 
most of the samples. Several had black graphitization in 
cleavages and frosty etching on the surface—both signs of 
HPHT treatment. The pink color was evenly distributed. 
Most samples showed a streaked pattern of anomalous 
double refraction (ADR) that ran parallel to the growth 
direction of the {100} crystal face (figure 23), but some 
revealed a cross-hatched “tatami”-like pattern when 
observed in other directions. The samples fluoresced 
strong orange to long- and short-wave UV radiation, with 
no phosphorescence. In the DiamondView, the samples 
luminesced bright orange, and seven showed parallel lami- 
nated growth structures (figure 24). Cathodoluminescence 
imaging confirmed this structure in 15 of 26 samples. The 
streaked ADR pattern, fluorescence, and growth structures 
are consistent with CVD-grown synthetic diamonds. 

Results from UV-Vis-NIR, FTIR, and photolumines- 
cence (PL) spectroscopy of all samples are summarized in 
table 1. UV-Vis-NIR spectra (collected at room tempera- 
ture) showed a broad absorption centered at ~500 nm 
(related to NV centers at 575 and 637 nm) that was the 
cause of the pink color and orange fluorescence. FTIR 
spectra (collected at room temperature with 1 cm”! resolu- 
tion) indicated that all samples were type Ia. Twenty-nine 
samples showed weak absorptions in the 3150-2700 cm-! 
region, presumably caused by hydrogen impurities; a C-H 
absorption at 3107 cm~!, common in natural diamond, 
was vaguely present in only some samples. An absorption 
at 3123 cm-!, which has been reported as characteristic of 


Figure 22. These 
eight representa- 
tive samples of 
treated-color pink 
CVD synthetic 
diamonds range 
from 0.01 to 0.25 
ct. Photo by M. 
Sasahara. 
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Figure 23. A characteristic streaked ADR pattern was 
observed in most of the CVD synthetic diamonds 
between crossed polarizing filters. The streaks run 
parallel to the growth direction of the crystal and are 
likely caused by dislocations during growth. Photo- 
micrograph by A. Abduriyim; magnified 50x. 


CVD synthetic diamond but annealed out by HPHT treat- 
ment (P. M. Martineau et al., “Identification of synthetic 
diamond grown using chemical vapor deposition [CVD], 
Spring 2004 GwG, pp. 2-25), was not detected. In all sam- 
ples, PL spectroscopy with 633 nm excitation at liquid 
nitrogen temperature recorded Si-related defects (737 
nm)—which are characteristic of CVD synthetic dia- 
monds—as well as GR1 centers (741 nm) that are related 
to irradiation. Radiation-related features were also record- 
ed in all samples with 325 nm excitation: a 389 nm line 
accompanied by numerous weak peaks in the 400-440 nm 
region. With 514.5 nm excitation, all samples showed NV 
centers at 575 and 637 nm. 

The NV centers were apparently formed by irradiation 
and annealing of N-containing CVD synthetic diamonds 
(nitrogen gas is used to accelerate the growth rate). In addi- 
tion, HPHT treatment was indicated by the lack of the 
3123 cm! absorption in the FTIR spectra, as well as the 
graphitized cleavages and frosty surface etching. While 
these small treated pink CVD synthetic diamonds have 
not yet become common in the marketplace, material 
with similar properties was also recently documented by 
GIA (see W. Wang and P. Johnson, pp. 51-52 of this issue}, 
and gemologists must be wary of them. A combination of 
growth-structure observations, pinpoint inclusions, strain 
patterns, specific IR absorption peaks in the 3150-2700 
cm~! range, and PL lines at 575, 637, and 737 nm, can be 
used to separate these CVD synthetics from natural pink 
diamonds. 

Hiroshi Kitawaki, Ahmadjan Abduriyim 
(ahmadjan@gaaj-zenhokyo.co.jp), 

Jun Kawano, and Makoto Okano 
Gemmological Association of All Japan — 
Zenhokyo, Tokyo 
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Figure 24. All the CVD-grown synthetic diamonds 
displayed strong orange fluorescence in the 
DiamondView. Parallel laminated growth structures 
also were observed in seven samples. Photo by 

]. Kawano; magnified 30x. 


TABLE 1. Characteristics of 48 treated-color pink 


CVD synthetic diamonds. 
Weight 0.01-0.27 ct 
Cut Round brilliant 
Color Orangy pink to pinkish orange 
Clarity WS, to SI, (20.10 ct) 
icroscopic Pinpoints, graphitized cleavages, frosty 
features surface etching, streaked and tatami-like ADR 
UV fluorescence 
Long-wave Strong orange 
Short-wave Strong orange 
DiamondView Bright orange luminescence; parallel growth 
layers in seven samples 
UV-Vis-NIR Broad absorption at 500 nm; peaks at 575 
spectroscopy (NV°), 595, 637 (NV-), 741 (GR1) nm; 


FTIR spectroscopy 


PL spectroscopy 
633 nm laser 
514.5 nm laser 


825 nm laser 
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some showed very weak peaks at 268 and 
271 (isolated N), 392 (ND1), and 503 (H3) 
nm; no 737 nm peak detected in these 
room-temperature spectra 

Very weak bands at 3136, 3118, 3107, 
3028, 2925, 2885, 2855, 2846, 2837, 
2788, 2773, 2747, and 2724 cm-' detected 
in some samples only; the N-related 1344 
cm-! band was not found 


740.9/744.3 nm doublet, 737 ([Si-V]-) nm 
575 (NV°) and 637 (NV-) nm 

Very weak 737 nm in four samples, very 
weak 741 nm in six samples 

389, 409, 411, 413, 435, 438, 453, 496 
(H4), 498, 503 (H8), and 505 nm; 415 (N23) 
nm in six samples 
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Figure 25. This 2.16 ct brownish orange sapphire 
displays a color typically associated with Be-diffusion 
treatment. Photo by G. Choudhary. 


TREATMENTS 


A Be-diffused sapphire with interesting zoning patterns. 
The Gem Testing Laboratory of Jaipur often receives gem 
materials with interesting and unusual internal features. 
One example was a 2.16 ct brownish orange sapphire, 
notable for its zoning pattern. 

The oval mixed-cut stone, which measured 7.81 x 6.81 x 
4.29 mm, had a color reminiscent of beryllium-diffused sap- 
phire (figure 25). It was readily identified as corundum by RI 


Figure 26. The sapphire contains nested zones of 
minute particles, such as those shown here with a 
slightly tilted rhomboid profile. Finer zones of parti- 
cles extend from the lower-left corner of this inclu- 
sion cluster. Photomicrograph by G. Choudhary; 
magnified 65x. 
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readings of 1.760-1.768 and a hydrostatic SG of 3.98. In 
addition, weak lines in the red region of the spectrum were 
observed with the desk-model spectroscope, and the stone 
fluoresced a weak orange-red to long-wave UV radiation. 

With magnification, fine surface-reaching fingerprint- 
like inclusions were observed. Some had whitish bubble- 
like textures, such as those associated with high-tempera- 
ture heat treatment, which suggested the presence of a for- 
eign substance such as borax. Notably, fiber-optic lighting 
revealed a few zones of fine minute particles that formed 
nested patterns with unusual square/rectangular profiles, 
rather than the hexagonal or pseudohexagonal shapes that 
are expected in corundum. Viewed in some directions, the 
sides of some of the zones appeared oblique, forming slight- 
ly rhomboid shapes (e.g., figure 26). 

Since this sapphire’s color suggested beryllium diffusion, 
we expected to see surface-conformal color zoning. 
Immersion in methylene iodide in diffused lighting indeed 
revealed such color layers. (Additional evidence for berylli- 
um diffusion was provided by some areas of recrystallization 
remaining on the surface of the sample, which are associated 
with the elevated temperatures used for this treatment.) The 
color zones were arranged in unusual concentric oval to 
cushion-shaped zones (figure 2.7). This contributor has never 
seen these concentric patterns in a natural sapphire, nor 
were any such reports found in the literature. Although sim- 
ilar curved color bands may be present in flame-fusion syn- 
thetic sapphires, the natural origin of this stone was demon- 
strated by the zones of minute particles described above. 

In the absence of any other inclusion feature, the pres- 
ence of the concentric colored bands in this Be-diffused 
natural sapphire could lead to its misidentification by an 
inexperienced gemologist as a flame-fusion synthetic. 


Gagan Choudhary (gtl@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Figure 27. Immersed in methylene iodide, the Be-dif- 
fused sapphire displayed concentric oval to cushion- 
shaped color bands. Photomicrograph by G. Choud- 

hary; magnified 45x. 
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Dyed conch shell beads. In recent years, beads fashioned 
from contemporary conch shells that are represented as fos- 
sil conch from the Himalaya Mountains have been sold in 
the Chinese market as “Neptunian” or “Golden Tridacna” 
products (see, e.g., Winter 2008 GNI, pp. 376-377). They 
are usually orangy brown (sometimes orangy yellow or 
dark green) with off-white striae; the colored portions may 
have an attractive sheen. We are not aware of any genuine 
fossil conch shell beads; all the conch shell beads currently 
in the market appear to have been manufactured from con- 
temporary material. Buddhists treasure these beads for 
their color patterns, which are similar to the Taiji (yin- 
yang) symbol, and there is good demand—especially for the 
more strongly colored pieces. 

Recently, a bracelet of baroque-shaped orangy brown 


Figure 29. When some of the shell beads were broken 
open, the pale-colored ones (left, 7 mm in diameter) 
did not show any features indicative of dyeing. 
However, the orange beads on the right had color 
concentrations in fractures, along the drill holes, 

and in some areas near their rims. Photo by Jun Su. 


GEM NEWS INTERNATIONAL 


Figure 28. The “Golden 
Tridacna” beads on the 
left (7-8 mm in diame- 
ter), some with green 
patches, were fashioned 
from naturally colored 
conch shell. All the conch 
shell beads on the right 
were found to be dyed. 
Photo by Jun Su. 


beads was submitted to the Beijing laboratory of the 
National Gemstone Testing Centre (NGTC) for identifica- 
tion. Visual observation suggested the beads were fash- 
ioned from conch shell, though careful examination 
revealed concentrations of color in the surface cracks, 
which raised suspicions that they might have been dyed. 

To further investigate the color origin of such products 
in the Chinese market, we obtained more than 100 
“Golden Tridacna” and “Neptunian” samples from vari- 
ous sources (figures 28-30). These consisted of pale yellow 
and pale brown beads, some with light green patches— 
that is, with coloration expected for natural shell materi- 
al—that did not show any visual evidence of dyeing (figure 
28, left), as well as some distinctly colored yellow to 
orange-brown beads (figure 28, right). 


Figure 30. Color concentrations were seen in the 
surface-reaching fractures of the dyed beads. 
Photomicrograph by Jun Su; magnified 15x. 
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Figure 31. This gemstone tapestry (~106 x 60 cm) 
consists of diamonds, emeralds, and sapphires set 
in 18K gold. Photo by A. Malsy; © Gtibelin Gem Lab. 


The distinctly colored beads did not show any obvious 
evidence of dye when viewed from the exterior, but on 
breaking open three of them, we saw varying degrees of 
color concentrations near fractures, coating the drill hole, 
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and along the outer edge of the broken surface, indicating 
that they had been dyed (figures 29 and 30). The dye only 
penetrated certain areas of the beads, leaving the white 
striae undyed (due to their more compact texture) except 
where penetrated by fractures. 

Raman spectroscopy of five dyed beads revealed peaks 
at 1085 and 702 cm~! that were attributed to aragonite. 
However, no features were seen at 1525 and 1134 cm7!, 
which are related to carotenoids (organic pigments) and are 
usually associated with natural color in shells (Gang-sheng 
Zhang, “Study on mollusk shells by laser micro-Raman 
spectrometry,” Journal of Analytical Science, Vol. 19, No. 
1, 2003, pp. 27-29). Both of these carotenoid Raman peaks 
were recorded in a natural-colored yellow shell that was 
analyzed for comparison. 

Our study found that all the distinctly colored 
“Neptunian” and “Golden Tridacna” beads we examined 
from the Chinese jewelry market, including the bracelet 
that was submitted for identification, consisted of dyed 
contemporary conch shell. 

Jun Su (kaximaya@hotmail.com), Taijin Lu, 
and Zhonghua Song 
National Gemstone Testing Centre (NGTC), Beijing 


MISCELLANEOUS 


Unusual gemstone tapestry. Recently, the Gitbelin Gem 
Lab (GGL) encountered a unique object: a decorative 
prayer rug (~106 cm x 60 cm) with 27,104 gemstones (fig- 
ure 31). According to documentation that accompanied 
the tapestry, it also contains 15.90 kg of 18K yellow gold, 
which is used in the stone settings and in fringes consist- 
ing of delicate gold chains. According to the owner, 
Kathryn Bonanno, the tapestry was made in France during 
the 1980s—1990s. It reportedly took five years to gather 
and cut all the gemstones, and another five years to assem- 
ble the final piece. The workmanship is exceptional, with 


Figure 32. The fine 
workmanship of the 
tapestry is seen in the 
uniform size, shape, and 
color of the gems (left), 
as well as the precise 
nature of their prong 
settings (right). Photos 
by L. Kiefert (left) 

and A. Malsy (right); 
© Giibelin Gem Lab. 
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although its early history is not known, it 
was owned by Abdul Hamid II, Sultan of 
Turkey, and during the petiod of unrest 
shortly before the Young Turk’s revolt, 
was sent to Paris to be sold. 

Evalyn Walsh McLean who purchased it 
from Cartier in 1908 usually wore it, along 
with the famous Hope, suspended from a 
magnificent diamond necklace. 


REVIEW 

“Pearl Culture in Japan,” by A. R. Cahn, 
published by General Headquarters, Su- 
preme Commander for the Allied Powers, 
Natural Resources Section, Report No. 122, 
Tokyo, 1949. 

HIS REPORT of the Natural Resources 

Section of SCAP is one of a series 
dealing with the resources and economy of 
Japan. It is the first work appearing in the 
English language that covers completely 
and in detail all phases of the pearl culture 
industry, and, as such, should be of interest 
to the gemologist. ' 

The essential elements of the pearl cul- 
ture industry have recently appeared in 
Gems and Gemology (Vol. 5, No. 10, pp. 
417-20, 1947). The work under review 
gives, in its 91 pages, the details of the 
industry, including its history, production 
statistics, biology of the pearl oyster and 
of pearl formation, and a list of Japanese 
patents pertaining to the industry. 

Dr. Cahn considers the disputed honor 
of first producing completely round pearls, 
and concludes that Tatsuhei Mise, a car- 
penter by trade, first developed the method 
now in use, and produced the first round 
pearls. Mise’s application for a patent on 
May 13, 1907, however, was not granted. 
Tokichi Nishikawa’s application for a pat- 
ent was submitted on October 23, 1907, and 
was granted. Documents that have recently 
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come to light apparently confirm that Mise 
was, indeed, the discoverer of the commer- 
cial method for producing pearls. 

The question is frequently asked, “How 
thick is the pearl nacre on the nucleus?” 
Cahn includes a table showing the tate of 
deposition of the nacre on a nucleus. The 
thickness of the nacre depends primarily 
upon the period of growth, but is also 
influenced by the size of the nucleus. Thus, 
a pearl with a nucleus of about two milli- 
meters will, after one and one-half years, 
have a nacre thickness of about one-fourth 
millimeter; a nucleus of about seven milli- 
meters, after three years growth, will have a 
nacre thickness of almost one-half milli- 
meter. An ordinarily good sized pearl, say 
three millimeters in diameter, will be about 
four-fifths nucleus and one-fifth pearl nacre. 


The production statistics in the report are 
an interesting indication of the greatly de- 
pressed state of the industry. In 1938 a total 
of 10,883,512 pearls were produced. In 
1946 the number dropped to 387,596 
pearls. Material shortages, especially of wire 
for rearing cages, together with lack of 
capital, have prevented the smal! farms from 
resuming operations. A shortage of brood 
stock also exists. It is Dr. Cahn’s opinion 
that it will be some years before pearl pro- 
duction can be resumed on a normal basis. 
The stocks made available during the last 
few years by SCAP undoubtedly were 
largely drawn from reserves, and it appears 
likely, therefore, that high quality strands 
will become scarcer before full production 
is again attained. ‘ 


Unfortunately, this report has been issued 
in a very limited edition. Photostats or 
microfilm can, however, be obtained from 
the Office of Technical Services, U. S$. De- 
partment of. Commerce, Washington 25, 
D. C.—W. F. Foshag. 
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the gems in perfect alignment, yielding attractive patterns 
and a smooth and even surface (figure 32). 

In the tapestry we counted 1,242 diamonds, 4,580 
emeralds, 1,888 rubies, 8,428 blue sapphires, 1,298 pink 
sapphires, and 9,668 yellow sapphires, with a total report- 
ed weight of >14,000 carats. All the stones were oval and 
measured ~6.0 x 4.0 mm. The diamonds were brilliant 
cut, while all the other stones had a brilliant-cut crown 
and step-cut pavilion. The gems were set with prongs in a 
fashion that is also used for fine bracelets (again, see figure 
32), in patterns typical of those seen in prayer rugs. 

GGL randomly examined ~1% of the stones in the 
tapestry by attaching a gemological microscope head to a 
metal plate with a rod, which was slid under the tapestry 
and moved along one side. The diamonds were observed 


[ETTERS 


DIFFRACTION GRATINGS 
ON DIAMOND SURFACES 


| n the article by A. Gilbertson et al. describing a combi- 
nation of microlithography and plasma etching to 
improve dispersion in diamonds (Winter 2009 GWG, pp. 
260-270), the authors describe some technological devel- 
opments at the California Institute of Technology. Your 
readers may be interested to know that two of the coau- 
thors were part of a team that recently published a patent 
application relating to the process described (G. Maltezos, 
A. Scherer, and J. Witzens, Enhancing the Optical 
Characteristics of a Gemstone, U.S. Patent Application 
2007/0157667A1, July 12, 2007, and International Patent 
Application WO2007/067696A1, June 14, 2007). The 
patent documents provide schematic drawings of the vari- 
ous steps used to create the diffraction grating patterns. 
Further improvements on the techniques are discussed in 
a later application by Maltezos and Scherer (Gemstones 
and Methods for Controlling the Appearance Thereof, 
USS. Patent Application 2009/0126402A1, May 21, 2009; 
International Patent Application WO2009/073576A2, June 
11, 2009). 


GEM NEWS INTERNATIONAL 


with a loupe and a long-wave UV lamp. We did not see 
any evidence of treatment in the diamonds, while clarity 
enhancement in the emeralds ranged from none to moder- 
ate. The rubies showed indications of heating with minor- 
to-moderate residue in fissures, the blue and yellow sap- 
phires were heated, and the pink sapphires were a mix of 
unheated and heated stones. 

The beauty of this remarkable piece lies in the number 
of gemstones it contains and their uniformity, as well as in 
the patterns they form and the craftsmanship of the 
tapestry. 

Lore Kiefert (1.kiefert@gubelingemlab.ch), 
Anna Malsy, and Pierre Hardy 

Giibelin Gem Lab 

Lucerne, Switzerland 


The 2007 Maltezos et al. application was mentioned in 
a review summarizing patent documents about various sur- 
face treatments of gemstones (K. Schmetzer, “Surface treat- 
ment of gemstones, especially topaz—An update of recent 
patent literature,” Journal of Gemmology, Vol. 31, No. 1/2, 
2008, pp. 7-13), which also provides additional information 
for the interested reader. A recently published patent appli- 
cation by G. L. W. Cross, W. McKenzie, and J. B. Pethica 
(Process and System for Fabrication of Patterns on a 
Surface, International Patent Application WO2010/ 
003600A1, January 14, 2010, and European Patent Appli- 
cation EP 2 144 117 Al, January 13, 2010) describes further 
developments in the surface treatment of diamonds. Well- 
defined periodical patterns were prepared by treatment of 
the diamond’s surface with a focused ion beam and subse- 
quent plasma etching. These publications also present a 
general review of the technical literature dealing with sur- 
face patterning and nanostructuring. 
Karl Schmetzer 
Petershausen, Germany 
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TAKE THE 


CHALL 


The following 25 
questions are based on 
information from the Spring, 
Summer, Fall, and Winter 2009 
issues of GEMS & GEMOLOGY. 
Refer to the feature articles, 
Notes and New Techniques, 
and Rapid Communications 

in those issues to find the single 
best answer for each question. 


Mark your choice on the response 
card provided in this issue or 
visit gia.edu/gandg to take the 
Challenge online. Entries must 


be received no later than Monday, 


August 2, 2010. 


EMS & 


EMOLOGY. 


ENGE 


All entries will be acknowledged with an email, so please remember to 
include your name and email address (and write clearly!). 


Score 75% or better, and you will receive a GIA CONTINUING EDUCATION 
CERTIFICATE (PDF format). If you are a member of the GIA Alumni 
Association, you will earn 10 Carat Points. (Be sure to include your 
GIA Alumni membership number on your answer card and submit your 
Carat card for credit.) Earn a perfect score, and your name also will be 
listed in the Fall 2010 issue of GEMS & GEMOLOGY. Good luck! 


1. Beginning in the 1970s, supplies 
of sapphire on the market greatly 


increased due to 
A. improvements in market 
ing and distribution. 
B. the use of beryllium diffu- 
sion. 


ere) 


the introduction of effec- 
tive heat-treatment tech- 
niques. 


2. In treated “green amber,” the 
can prove that the start- 
ing material was amber, not 
copal. 
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the end of the Vietnam war. 


FTIR spectral features 
hardness 

resistance to solvents 
specific gravity 


JOe> 


3. The French Blue diamond repre- 


sented one of the earliest exam- 
ples of the 

A. brilliant cut. 

B. mirror cut. 

C. Mazarin cut. 

D. octahedral cut. 


. Copper is the critical chro- 


mophore in Paraiba-type tourma- 
lines. At what approximate 
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wavelengths in the visible-near 
infrared spectrum do the 
primary absorptions produced by 
copper in tourmaline occur? 

A. 415 and 700 nm 

B. 700 and 900 nm 

C. 520 and 700 nm 

D. 440 and 610 nm 


. Yellow coloration and blue fluo- 


rescence are associated with the 
presence of impurities in 
type I diamonds. 


A. boron 

B. hydrogen 
C. nitrogen 
D. vanadium 


. Sheet Ammolite tends to have 


stronger iridescence and more of 


the popular coloration 
than the fractured material has. 
A. blue 
B. yellow 
C. orange 
D. red 


is the chromophore of 
aquamarine from Italy’s Masino- 
Bregaglia Massif. 
Chromium 
Cobalt 
ES lron' 
D. Nickel 


o> 


. During the 1950s, several GWG 


articles dealt with the newly 
refined process of altering dia- 
mond color through 

A. heat treatment. 

B. glass filling. 

C. high pressure and high 

temperature. 
D. irradiation. 


. The presence of impu- 


rities in gray-to-blue-to-violet 
diamonds from the Argyle nine 
in Australia is believed to be 
responsible for some of their 
unusual characteristics. 
A. hydrogen, nitrogen, and 
boron 
B. hydrogen (alone) 
C. hydrogen, nitrogen, and 
nickel 
D. nickel and platinum 


10. In cases where gem coral from 


the endangered Stylaster genus 
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Ale 


12. 


13. 


14. 


Ife), 


16. 


cannot be distinguished by its 
surface features, Raman spec- 
troscopy can identify it by the 
presence of pigments. 
betalain 

carotenoid 

copper carbonate 
unmethylated polyenic 


UOm> 


Computer modeling of the 
Tavernier Blue diamond 
revealed that the top-view table 
facet was nearly parallel to a(n) 
A. cubic {100} crystal face. 
B. octahedral {111} crystal 
face. 
C. dodecahedral {110} crystal 
face. 
D. None of the above 


Hackmanite is usually distin- 
guished from sodalite by its abil- 
ity to change color in response 
to the application or absence of 
certain wavelengths of 
light, a property known as 

A. adularescence. 

B. aventurescence. 

C. phosphorescence. 

D. tenebrescence. 


The “fluorescence cage” exhibit- 
ed by HPHT-treated type I dia- 
monds can be observed with a 
fluorescence microscope and 
possibly a instrument. 

A. Diamolite 

B. DiamondProbe 

C. DiamondView 

D. Gemewizard 


In the past two decades, 
has developed into the 

most important new source of 
blue and fancy-color sapphires. 

A. Australia 

B. Madagascar 

C. the United States 

D. Vietnam 


is a brown variety of 
andalusite that displays a black 
cross pattern. 
A. Chiastolite 
B. Verdelite 
C. Viridine 
D. Indicolite 


A recent theory that Henry 
Philip Hope may have owned 


GEMS & GEMOLOGY CHALLENGE 


hfe 


18. 


19: 


20. 


the French Blue diamond prior 
to its recutting is based on the 
discovery of 

A. documents belonging to 
the Achard family of 
Parisian jewelers. 

B. drawings made by its origi- 
nal cutter in the Muséum 
National d’Histoire 
Naturelle. 

C. museum catalogue entries 
associated with a cast of 
the diamond. 

D. an 1812 sketch and descrip- 
tion by John Francillon in 
the Harry Winston 
archives. 


The simplest way to identify 
Nanocut plasma-etched dia- 
monds is to look for 


A. double refraction. 

B. the flash effect. 

C. magnetism. 

D. unpolished-looking pavilion 
facets. 


Demantoid from Val Malenco, 
Italy, contains fibrous inclu- 
sions, identified as , in the 
typical “horsetail” arrangement. 

A. chrysotile 

B. hematite 

G@ pyrite 

D. rutile 


Studies suggest that rare 
instances of pink color sur- 
rounding growth tubes and 
cracks in blue to blue-green 
Cu-bearing tourmaline from 
Mozambique is caused by 


exposure to solutions. 
A. acidic 
B. aqueous 
C. hydrothermal 
D. radioactive 


Microscopic evidence of poly- 
mer filling in aquamarine 
recently encountered on the 
Chinese market includes all of 
the following except: 

A. cloudy areas of reduced 
transparency that appear 
white. 
flash effects. 
high-relief areas. 
round gas bubbles. 


yoy 


22 


24. 


25: 
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. Because of their color and 


opaque-to-translucent appear- 
ance, chrysoprase and prase opal 
have been used as substitutes for 

A. chalcedony. 

B. jade. 

C. turquoise. 

D. variscite. 


The most common internal fea- 
tures in peridot from the Italian 
island of Sardinia are and 
liquid inclusions. 

A. dark spinel crystals 

B. decrepitation halo cleav- 

ages 
C. nail-head spicules 
D. partially healed fractures 


. Besides Tanzania, chrysoprase is 


also found in 
A. Australia. 
B. Poland. 
©. Brazil 
D. All of the above 


The yellow-green color of 
hatiyne from northern Tanzania 
is quite different from that of 
the well-known gem-quality 
blue hatiyne from 

A. Germany and Myanmar. 

B. Italy and Germany. 

C. Madagascar and 

Mozambique. 
D. Madagascar and Tanzania. 


One of G#G’s most important 
articles from the 1970s was 
Campbell Bridges’s firsthand 
description of a new gem that 
became known as 

A. jeremejevite. 

B. moissanite. 

C. tanzanite. 

D. tsavorite. 
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(“HALLENGE 


Authors should use the following guide- 
lines when submitting a manuscript to 
Gems & Gemology, or the paper may be 
returned unreviewed. If you have any 
questions about these guidelines, please 
contact Editor Brendan Laurs by e-mail 
(blaurs@gia.edu), fax (760-603-4595), or 
phone (760-603-4503). More detailed sug- 
gestions for preparing articles on gem 
localities, synthetic gem materials, instru- 
ments and techniques, and pearls can be 
found online at www.gia.edu/gandg. 
Remember that these are general 
guidelines only. Your best source for 
appropriate topics is G#G itself. 


APPROPRIATE TOPICS 


Gw#G publishes original articles on gem 
materials and research in gemology and 
related fields. Appropriate topics include 
(but are not limited to) colored stones, dia- 
monds, gemological instruments and iden- 
tification techniques, gem localities, gem 
treatments, gem substitutes (simulants 
and synthetics), gemstones for the collec- 
tor, jewelry manufacturing arts, jewelry 
history, legal issues related to gemology, 
and contemporary trends in the trade. 
Manuscripts may be submitted as: 


Feature Articles—full-length articles 
describing previously unpublished studies 
and laboratory or field research. Such arti- 
cles should be no longer than 6,000 words 
plus tables, illustrations, and references. 


Review Articles—comprehensive reviews 
of important topics in the field. Length of 
text should not exceed 8,000 words. 


Notes & New Techniques—brief reports of 
recent discoveries or developments in 
gemology and related fields (e.g., new 
instruments or identification techniques, 
gem minerals for the collector, and lapidary 
techniques). Articles for this section should 
be approximately 1,500-4,000 words. 


Rapid Communications (RC)—brief 
descriptions of notable gem materials, 
localities, and identification or treatment 
techniques, as well as related topics such 
as museum exhibits and historical jewelry. 
Articles for this section should be approxi- 
mately 750-1,500 words. 


Gem News International (GNI) entries— 
very brief reports (less than 600 words and 
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AUTHORS 


up to a maximum of three figures/tables) 
on new localities, unusual gem materials, 
or current events in the field. 


Letters to the Editor—Replies to and com- 
ments on material published in GWG. 


To be considered for publication, all con- 
tributions to G@G must be original work 
not previously published in English. We 
will consider articles already published in 
languages other than English only on a 
case-by-case basis and only if the authors 
inform us at the time of submittal when 
and where the article was first published. 

Ge G also includes these regular sec- 
tions: Lab Notes—reports from the GIA 
Gem Laboratory; Book Reviews—reviews 
of books and other publications; and 
Gemological Abstracts—summaries of 
important articles related to gemology 
(please contact the Editor if you are inter- 
ested in abstracting articles). 


MANUSCRIPT PREPARATION 


All text material (including tables, figure 
legends, and references) must be submitted 
as electronic files, with an accompanying 
hard copy (or a PDF version, if e-mailed). 
Microsoft Word (for Windows or Mac- 
intosh) is preferred for text. 

Identify the authors on the title page 
only, not in the body of the manuscript or 
figures, so that author anonymity can be 
maintained during review (the title page is 
removed before the manuscript is sent to 
reviewers). The components of the 
manuscript should be arranged as follows: 


Title Page. Page 1 should include: (a) the 
article title, (b) the full name of each 
author, (c) each author’s affiliation, and (d) 
acknowledgments of persons who provid- 
ed assistance to the author(s). 


Abstract. The abstract (no more than 150 
words for a feature or review article, 75 
words for a Note or RC) should state the 
purpose of the article, what was done, and 
the main conclusions. 


Text. Papers should follow a clear outline 
with appropriate headings. For example, 
for a research paper, the headings could be: 
Introduction, Background (e.g., a review of 
previous studies), Materials and Methods, 
Results, Discussion, and Conclusion. Use 
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other heads and subheads as the subject 
matter warrants. Please avoid jargon, spell 
out the first mention of all nonstandard 
acronyms, and present your material as 
clearly and concisely as possible. 
Important: Papers that describe origi- 
nal research must include a Materials and 
Methods section that contains, at a mini- 
mum, the numbers and descriptions of all 
samples examined and the techniques and 
instrumentation used to obtain the data. 


References. References should be used for 
information taken directly from another 
publication, to document ideas and facts 
attributed to another writer, and to refer 
the reader to other sources on a particular 
subject. References must be cited in the 
body of the text (in parentheses), with the 
last name of the author(s) and the year of 
publication. Add the appropriate page num- 
ber when citing a direct quote or a specific 
illustration or set of numbers or data; an 
example would be: (Koivula et al., 2000, p. 
362). List references at the end of the paper 
in alphabetical order by the last name of 
the senior author. If there is more than one 
publication by that author or same group of 
authors, list those items in chronological 
order, starting with the oldest publication. 
List only references actually cited in the 
text (or tables or figures). 

Include the following information, in 
the order given here, for each reference: (a) 
all author names (surnames followed by 
initials); (b) the year of publication, in 
parentheses; (c) for a journal, the full title 
of the article or, for a book, the full title of 
the book cited; and (d) for a journal, the 
full title of the journal plus volume num- 
ber, issue number, and inclusive page 
numbers of the article cited; or (e) for a 
book, the publisher of the book and the 
city/state or country of publication. For 
Web pages, include the date accessed. 

Sample references are: 


Balfour I. (2000) Famous Diamonds. 
Christie, Manson & Woods Ltd., 
London. 


Koivula J.I., Tannous M., Schmetzer K. 
(2000) Synthetic gem materials and 
simulants in the 1990s. G&G, Vol. 36, 
No. 4, pp. 360-379. 


Levinson A.A. (1998) Diamond sources 
and their discovery. In G. Harlow, Ed., 
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The Nature of Diamonds. Cambridge 
University Press, Cambridge, UK, pp. 
72-104. 


Welcome to GIA’s online series of articles 
on diamond cut (2003) GIA on Dia- 
mond Cut, www.gia.edu/research/156/ 
gia_on_diamond_cut.cfm [date accessed: 
Oct. 7, 2003]. 


Because of the Internet’s transitory nature, 
Internet-only references are discouraged 
unless the document or information is not 
easily available elsewhere; access dates 
must be included. G&G does not current- 
ly publish DOIs. 

Personal communications (for unpub- 
lished information obtained from someone 
with particular expertise) should be cited 
in the body of the text only, as follows: (G. 
Rossman, pers. comm., 2010). Permission 
must be obtained from the people cited to 
use their names for this purpose. Such per- 
sons must also be listed, with their affilia- 
tions, in the Acknowledgments section. 


Tables. Number tables in the order in 
which they are cited in the text. Every 
table should have a title; every column 
(including the left-hand column) should 
have a heading. Terms and figures used in 
the table must be consistent with those 
used in the text. 


Line Illustrations. We prefer that all line 
art (graphs, charts, etc.) be sent to us as 
electronic files (EPS and JPG formats pre- 
ferred), accompanied by hard copy. If this 
is not possible, line art should be clearly 
drafted and the original sent to us (origi- 
nals will be returned after publication). 
Art that is not your original work 
must be submitted with the appropriate 
written permission from the copyright 


holder(s). 


Color Photographs. All photos should be 
previously unpublished and sent in their 
original form, whether taken on film or 
with a digital camera. High-resolution digi- 
tal files (JPG or TIF) are preferred. 

Digital files should have a minimum 
resolution of 300 dpi (pixels per inch) at 4 x 
5 inches (10 x 12 cm). Generally, an image 
that is at least 1200 pixels wide in its origi- 
nal form will be of sufficient resolution 
when printed. Remember, however, that 
this needs to be achieved with the proper 
settings on the camera; it is not possible to 
increase the actual resolution by digitally 
enlarging a low-resolution image. 

Digital figures must be sent as sepa- 
rate files; please do not send them solely as 
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embedded figures within the text of the 
manuscript. You may upload large digital 
files (anything over 10MB) to our FTP site; 
please contact the Managing Editor for 
instructions on access. 

We reserve the right to reject photos 
that are not in keeping with our produc- 
tion standards. Any photograph that is not 
the original work of the author(s) or other- 
wise owned by them must be submitted 
with the appropriate written permission 
from the copyright holder(s). Please con- 
tact the Editor if you need help finding 
appropriate photographers or specimens. 

All physical originals will be returned 
to the authors after publication of the 
manuscript. Production copies of figures 
published in G&G are retained by the GIA 
Visual Resources Library and may be dis- 
played for educational purposes in GIA 
resident education classes; however, they 
are not reused or otherwise redistributed 
without permission from the copyright 
owner. 


“Call Outs.” All figures and tables must 
be called out at the appropriate place in 
the text. Figures and tables must be num- 
bered consecutively, starting with the first 
mention in the text. 


Figure Captions. Include figure captions 
separately from the figures. Each caption 
should clearly explain, in complete sen- 
tences, the significance of the figure and 
any symbols, arrows, numbers, or abbrevi- 
ations used therein. Information in cap- 
tions must be consistent with the text. For 
photomicrographs, please indicate the field 
of view (or size of the object being pho- 
tographed) in the figure caption. It is also 
acceptable to give the magnification of the 
image (e.g., magnified 20x). 


MANUSCRIPT SUBMISSION 


Manuscripts can be submitted by either 
postal or electronic mail to the address 
below. Your manuscript package should 
contain: all electronic files (on CD-ROM if 
sent postal mail); one copy, printed on 
standard-size white paper (postal mail) or 
in PDF format (e-mail); any slides, trans- 
parencies, or line drawings of figures 
(slides and transparencies must be sent via 
postal mail; digital scans are not accept- 
able); and the signed copyright statement 
(in PDF format if e-mailed). Manuscripts 
will not be sent for review until all of 
these elements have been received. Send 
all submissions to: 
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Thomas W. Overton 
toverton@gia.edu 
Managing Editor 

Gems e&) Gemology 

5345 Armada Drive 
Carlsbad, CA 92008 USA 


Copyright. GIA acquires worldwide copy- 
right to all submitted material upon publi- 
cation. All submitted manuscripts (except 
those intended for GNI) must be accompa- 
nied by the G#G copyright transfer (avail- 
able at www.gia.edu/gandg), signed by all 
of the authors (except those who are U.S. 
Government employees). Papers will not 
be entered into the review process until 
the statement has been provided. 

It is the general policy of GWG to 
allow authors to republish their material 
in other journals or magazines anytime 
beginning three months after first publica- 
tion in GWG. Concurrent English-lan- 
guage publication elsewhere is not permit- 
ted and will likely cause a manuscript to 
be rejected. All such reuse that exceeds 
250 words must be approved by the 
Managing Editor in advance and must ref- 
erence the original publication in GWG. 


Reprints. No payment is made to authors 
for articles or photos published in GWG. 
However, for each article, note, or RC, the 
author(s) will receive five copies of that 
issue. Contributors to the GNI section 
will receive one free copy. Offprints may 
be purchased in increments of 100 for an 
additional fee. Authors will also receive a 
free PDF version of their article (GNI con- 
tributors can request a PDF of the pages 
their entry appears on if desired). This PDF 
file may be shared with colleagues but 
should not be made available on the 
Internet or placed in a public database for 
general viewing without prior written per- 
mission from the Managing Editor. 


REVIEW PROCESS 


Manuscripts are examined by the editorial 
staff and at least three reviewers. Authors 
will remain anonymous to the reviewers, 
and (unless specific permission is given) 
reviewers will remain anonymous to the 
authors. Decisions of the editors are final 
and are revealed to the reviewers after the 
process is complete. All material accepted 
for publication is subject to copy editing. 
Authors will receive page proofs for review 
and are held fully responsible for the con- 
tent of their articles. 
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Modern Jewellery Design: 
Past and Present 


By Reinhold Ludwig, 399 pp., hard- 
cover, illus., publ. by Arnoldsche Art 
Publishers [www.arnoldsche.com], 
Stuttgart, Germany, 2008. US$85.00 


To answer the question of what con- 
stitutes modern jewelry design, this 
dual-language German-English book 
first traces the roots of modernism 
through 20th century movements in 
art and architecture as expressed in 
jewelry. 

True to the subtitle Past and 
Present, the first two of 11 chapters 
review cycles of innovation, reaction, 
and counteraction that gave pace to 
pre-modern art movements. The 
author cites England’s Arts and Crafts 
movement—itself a reaction to what 
he calls the soulless mass production 
of the Industrial Revolution—that in 
turn gave rise to Art Nouveau, which 
was upended by the ensuing Art Deco 
period. 

In 1919, the functionalism and 
geometry of Germany’s Bauhaus 
school first appeared. While the 
school lasted only 14 years, its design 
paradigms influenced architecture, 
home goods, and furniture. Bauhaus 
largely bypassed jewelry design, but 
the movement still held sway over 
the middle-European metalsmiths 
who would later mentor and develop 
the generation of jewelry artists who 
defined post-1945 modernism. 

Perhaps because German jewelry 
manufacture is concentrated in a few 
centers—Pforzheim, Hanau, Schwa- 
bisch Gmiind, and Burg Giebichen- 
stein—the goldsmithing renaissance 
of the post-war period gave rise to 
styles with continuity and connectiv- 
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ity not generally seen in American 
jewelry arts. At the time, modern jew- 
elry design was driven by fashion and 
the new consumerism, both of which 
furthered acceptance of mass-produc- 
tion jewelry. But by the 1970s, a cadre 
of modernists had formed that would 
depart from the rote commonality of 
manufactured jewelry to embrace 
what the book translates as “one off 
jewellery,” or one-of-a-kind works of 
art. 

The book generously portrays the 
contributions of this last group, 
which recast modernist minimalism. 
To this day, their work shows a tran- 
sition from the post-bling era marked 
by 2001’s catastrophic terrorist events 
to the luxury of restraint seen in con- 
temporary jewelry design. These 
artists follow muses into new terrain 
and use materials that show not only 
geometric form and linearity but also 
rich surface texturing and fluidity of 
design that are simultaneously aus- 
tere yet tactile and romantic. 

With its wealth of illustrations, 
the book shows how sculptural and 
kinetic designs took modernism to 
new heights. The author gives 
intriguing examples of jewelry 
designed for movement or change- 
ability, as in 1990s’ swivel rings and 
Jorg Heinz’s innovative modular 
clasps. Modernist restraint is typified 
by tension designs, in which move- 
ment is controlled, defied, and nearly 
threatened. 

The book also underscores the 
importance of platinum in modern 
design, with a recap of the metal’s 
1920s heyday to its ascendancy fol- 
lowing the 1976 formation of the 
Platin Gilde International in 
Germany. Yet the photos of platinum 
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jewelry lack the excitement of the 
modernist pieces rendered in gold, sil- 
ver, exotic metals, and synthetic 
materials from plastics to porcelain. 

No discussion of German mod- 
ernism would be complete without 
recognizing the gem-cutting artistry 
of Bernd Munsteiner and his son 
Tom. Images of their lapidary 
Wunder hint at the inner lives of 
gems, which according to the younger 
Munsteiner appear to bridge the inan- 
imate world with that of nature’s liv- 
ing, breathing brethren. 

Just as linearity and angularity 
prevail in these 12 4-in. tall pages, the 
artist bios suffer from a somewhat 
metronomic chronology. Despite fits 
and starts of narrative flow, readers 
get to know each of the more than 80 
profiled artists and design houses 
through snapshots of their geographic 
and familial origins, training, influ- 
ences and inspirations, mentors, busi- 
ness strategies, and innovations. 
Readers also gain insight into how the 
artists address or incorporate emotion 
in their designs and how they view 
their artistic bodies of work. 
Notwithstanding occasional losses in 
translation, the devotion to craft, 
skill, and passion of this talented 
group is expressed by generous repre- 
sentation of their works. 

Photographs of historic pieces are 
provided courtesy of Schmuck- 
museum Pforzheim, whose catalogue 
of pre-modern jewelry was reviewed 
in the Spring 2006 GwWG. Nearly all 
images are captured in exquisite 
detail, with approximately 200 full- 
page glossy photographs (including 
dates in captions) that well illustrate 
modernism’s diverse facets. 

This book, by the former editor of 


SPRING 2010 S1 


Germany’s Schmuck Magazin, 
should find its readership among stu- 
dents of art history and adornment, 
museum curators, collectors, jewelry 
historians, trendspotters, and anyone 
interested in the spirit and evolution 
of design. 
MATILDE PARENTE 
Indian Wells, California 


Genuine Diamonds Found 
in Arkansas, 3rd Ed. 


By Glenn W. Worthington, 182 pp. 
with DVD supplement, illus., publ. 
by Mid-America Prospecting 
[www.diamondsinar.com], 
Murfreesboro, AR, 2009. US$35.00 


I wasn’t sure what to expect when I 
opened this book. My initial assump- 
tions were that it would cover geolo- 
gy, mineralogy, and mining—after 
all, this is my bias as a geologist who 
specializes in diamond and colored 
gemstone deposits. And the book 
does provide a cursory overview of 
these subjects. But the welcome sur- 
prise of this volume is its focus on 
the human history of the Mur- 
freesboro deposit: the people who 
found Arkansas diamonds. Glenn 
Worthington does an excellent job 
documenting their stories. The 
extraordinary finds of gem-quality 
“canary,” “cognac,” and “cham- 
pagne” diamonds at the Crater of 
Diamonds State Park near Murfrees- 
boro, combined with a liberal sprin- 
kling of good historical and modern 
photos, make this a must-have book 
for anyone interested in diamonds. 
One of my favorite stories is of an 
illiterate pig farmer, John Huddleston, 
who found the first of the diamonds 
on his farm in 1906 and later sold his 
property for $36,000 (an extremely 
large sum at the time). Instead of plac- 
ing his newfound fortune in a bank, 
he bought a safe—but not knowing 
how to operate a safe, he never both- 
ered to learn the combination or 
rotate the locking mechanism. Thus 
it remained unsecured for a few years 
until one of his children rotated the 
dial. How did he later open it? You'll 
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have to read the book to find out. 

The book touches on unsuccessful 
efforts to mine the group of olivine 
lamproites in this area of Murfrees- 
boro, as well as the involvement of 
De Beers and Henry Ford. It also 
describes the work done there by 
famed mineralogist George Kunz and 
the interest former Arkansas governor 
Bill Clinton showed in the diamonds. 
These accounts and more are accom- 
panied by dozens of stories of every- 
day people who found diamonds and 
the few who had a brush with TV 
stardom after their finds. 

As an added bonus, the package 
includes an 84-minute DVD, How to 
Find Genuine Diamonds in Arkansas. 
If you plan to prospect for diamonds or 
visit the Crater of Diamonds State 
Park, you need a copy of this DVD. It 
is excellent! I was very impressed by 
its quality and informational content. 
I only wish I had owned a copy of Mr. 
Worthington’s book and DVD when I 
first visited the park in 1986 and con- 
ducted diamond exploration in 
Arkansas a decade later. 


W. DAN HAUSEL 
Gilbert, Arizona 


Cartier: Innovation Through 
the 20th Century 


By Francois Chaille, 271 pp., illus., 
publ. by Flammarion [http://edi- 
tions.flammarion.com], Hoboken, 
NJ, 2007. US$65.00 


This book was published to coincide 
with the Moscow Kremlin Museums’ 
summer 2007 exhibition of the same 
name. Beautiful in presentation, and 
large in size, this hardback is among 
the best I’ve seen created for museum 
exhibitions in terms of the sheer 
scope and depth of information pre- 
sented. 

The book consists of two main 
sections. The first chronicles the his- 
tory and evolution of the famed jewel- 
ry house. Its seven chapters begin 
with “A Dynasty Devoted to a House 
of Jewelry,” which relates the compa- 
ny’s founding and growth. “The 
Development of an Inimitable Style” 
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discusses Cartier’s groundbreaking 
concept of diamonds in millegrain 
platinum settings, and the influence 
of flora and fauna on many of its 
designs. “Perfect Timing: Cartier 
Clocks and Watches” highlights 
wristwatches and the legendary 
Cartier mystery clocks. The other 
chapters in this section look at Louis 
Cartier (and the ‘Ballets Russes’), 
Cartier accessories, the company’s 
“cultural heritage,” and its famous 
clients. 

The second section is the cata- 
logue, with 14 chapters that include 
“The Belle Epoque and the Garland 
Style,” “The Call of the East, a World 
of Inspiration,” and “Art Deco and 
Color Combinations.” This section 
consists mostly of beautifully pho- 
tographed Cartier jewelry, watches, 
clocks, and accessories, with some 
explanatory text. It also features pho- 
tos of original design drawings and 
plaster casts of finished jewelry. 

The book concludes with a 
chronology of Cartier’s history and a 
bibliography. 

I was very impressed with the 
quality of photos, the completeness of 
the historical accounts, and the over- 
all layout. Any lover of Cartier jewel- 
ry—or art history, for that matter— 
will appreciate this amazing book. 

JANA MIYAHIRA-SMITH 

Gemological Institute of America 

Carlsbad, California 


The Most Fabulous Jewels 
in the World: Graff 


By Meredith Etherington-Smith, 
196 pp., illus., publ. by 
Cultureshock Media [http:// 
cultureshockmedia.co.ukj, London, 
2007. £75.00 


Knowing the Graff name and the jew- 
els he has bought and sold, any reader 
of this book would expect to be 
wowed by pictures and stories, but 
this book exceeds all expectations. 
Open to any part and you'll be 
face-to-face with full-page, high-qual- 
ity color photos of the rarest dia- 
monds. Whether the subject matter is 
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double- and triple-digit carat “white 
diamonds” or colored diamonds of 
important size and unusual color, you 
immediately recognize that the value 
of this book is in its pictures. 

The book is divided into three sec- 
tions: “The Fable,” “The Fabulous,” 
and “The Jewels.” The first is a won- 
derfully intimate background of 
Laurence Graff and his foray into the 
world of jewelry. From apprentice to 
jeweler to designer, salesman, and 
even mine owner, Graff worked his 
way through many areas within the 
trade, each of which shaped him and 
gave him the knowledge to become 
one of the greatest jewelers today. 
Many know of his rags-to-riches saga, 
but they may not be aware of the inti- 
mate details offered in this book. 

“The Fabulous” is a_ brief 
overview of his continued success 
through some key purchases and the 
acquisition of important clients. A 
great example is from the 1980s, 
when colored diamonds were just 
becoming fashionable. The Argyle 
mine offered its first tender of pink 
diamonds, all of them extremely 
small. Graff, contrary to everyone’s 
advice, bought the entire lot for $3.5 
million. Whereas other diamantaires 
were concerned about how to sell so 
many small pinks, Graff combined 
them all into a single piece of jewelry. 
As luck would have it, so often the 
case with Graff, the Sultan of Brunei 
called for an audience. Within two 
minutes of seeing the piece, the 
Sultan purchased it. Still, though the 
account of Graff’s rise from appren- 
tice to the pinnacle is lively and inter- 
esting, I would have liked even more 
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stories and details. 

The final third, “The Jewels,” is 
the most engaging section. It is a 
series of vignettes and accompanying 
photos of important jewels Graff has 
owned. Again, I would have preferred 
more details, but as many of the 
pieces are in private hands, readers 
will have to wait until their full histo- 
ries can be revealed. From beginning 
to end, the stories are as big as the 
diamonds, and you will be mesmer- 
ized by the sheer size and color of 
Graff's jewels. 

All proceeds from the sale of this 
book go to the Nelson Mandela 
Children’s Fund. 

JOSHUA SHEBY 
New York City 


OTHER BOOKS RECEIVED 


Ruby, Sapphire, and Emerald Buying 
Guide, 3rd Ed. By Renee Newman, 
187 pp., illus., publ. by International 
Jewelry Publications [www.renee- 
newman.com], Los Angeles, 2009, 
US$19.95. This is a revised and 
updated version of Ms. Newman’s 
consumer reference on corundum and 
emerald (see Spring 2000 GwG, p. 83, 
for a review of the second edition). 
New for this edition are two chapters 
on geographic sources and laboratory 
grading reports and appraisals. 


TWO 


Tables of Gemstone Identification. By 
Birgit Gtinther, 256 pp., illus., publ. by 
Verlagsbuchhandlung Birgit Giinther, 
Idar-Oberstein, Germany, 2009, 


ONE YEAR 


€87.50. This revised and updated ver- 
sion of the 1981 original provides a 
quick reference guide (in German and 
English) to the gemological properties 
(RI, SG, birefringence, optic character, 
diaphaneity, dispersion, pleochroism, 
hardness, chemical composition, and 
spectroscope spectrum) of known gem 
materials. This edition includes 50 
new materials and expanded data on 
synthetics, as well as revised proper- 
ties for some gems based on localities 
discovered since 1981. TWO 


Archaeomineralogy, 2nd Ed. By George 
(Rip) Rapp, 348 pp., illus., publ. by 
Springer-Verlag [www.springer.com], 
Berlin, 2009, € 139.05. This work re- 
views the minerals and rocks, includ- 
ing gem materials, that were used from 
prehistoric times through the 17th cen- 
tury. Though intended primarily for 
archeologists who deal with rock and 
mineral artifacts, it includes two chap- 
ters on gem minerals and metals and 
their use throughout history; coverage 
in these chapters is broad but not deep. 


TWO 


Imperishable Beauty: Art Nouveau 
Jewelry. By Yvonne Markowitz and 
Elyse Z. Karlin, 168 pp., illus., publ. 
by MFA Publications [www.mfa-pub- 
lications.org], Boston, MA, 2008, 
$45.00. Created to accompany the 
exhibit of the same name at the 
Boston Museum of Fine Arts, this 
work reviews both European and 
American contributions to the art 
form. Photos of the 90 pieces in the 
exhibit (all from a private collection) 
are included. 
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COLORED STONES AND 
ORGANIC MATERIALS 


A description and history of one of the largest nacreous pearls 
in the world. J. C. Zwaan [zwaanj@naturalis.nl] and H. 
A. Dommisse, Journal of Gemmology, Vol. 31, No. 5-8, 
2009, pp. 196-202. 
A large and uniquely shaped baroque pearl was investigated to 
help establish its historical significance. The pearl was mount- 
ed in gold with ruby, sapphire, and emerald beads on a jeweled 
lapis base to create a stylized lotus flower objet d’art. Because 
the pearl was tightly mounted on a gold peg, it was impossible 
to weigh loose, so its weight was calculated at 2,385 grains 
(119.25 grams). It exhibited good luster and orient over much of 
its surface, and X-radiography confirmed a natural origin. 

Unlike other historical pearls, this specimen was thought 
to be of freshwater origin. Its size, color, and physical proper- 
ties suggested a Hyriopsis cumingi, Cristaria plicata, or 
Hyriopsis schlegeli mollusk from China or Japan; historical 
references also point to Asia as the source. 

The first record of the pearl is a 1778 print, prepared the 
year of its first sale, which was discovered in the Amsterdam 
city archives in 2009. The pearl was offered several times to 
respected jewel houses (including Fabergé) for sale to European 
royal families during the 19th and 20th centuries, and was 
eventually sold in 1979 to an Amsterdam art collector. In 
1992, Antwerp goldsmith Jean Lemmens mounted the pearl in 
its present form. 

It had been suggested that this pearl was actually the Arco 
Valley Pearl, offered at auction in Abu Dhabi in 2007, but the 
recently discovered 1778 print refutes this notion. 

JEC 
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Jaspilite—The gemstone of Ukraine. P. Baranov [baranov_ 
pn@bk.ru], S. Shevchenko, W. Heflik, L. Natkaniec- 
Nowak, and M. Dumanska-Slowik, Journal of 
Gemmology, Vol. 31, No. 5-8, 2009, pp. 163-169. 

Jaspilite is an iron- and silica-rich metamorphic rock of 
sedimentary or volcanic origin; it is also a general term 
for material geologists call banded iron formation. 
Decorative pieces of jaspilite are used for architectural 
facing stones, as well as for vases, cameos, and the like, 
while some are fine enough for jewelry use. Jaspilite has 
a wide range of banded colors, mainly red with areas 
ranging from bright red to deep brown, yellow, orange, 
blue, and gray with a metallic luster. Yellow-banded 
tiger’s-eye and blue-banded falcon’s-eye specimens are 
known; these optical effects are produced by fibrous and 
lamellar aggregates of amphibole. The textures include 
parallel-striated, wavy-striated, intensely folded (plicat- 
ed), breccia-like, and “landscape” varieties. The geologic 
setting and mineralogical complexities of the different 
varieties are discussed. Principles of shaping jaspilite 
gems are illustrated, along with guides on optimizing the 
textures and colors of the rough. 

Jaspilite is sold in the monthly World of Gemstones 
exhibition in Dnepropetrovsk. With considerable reserves 
available, there is potential to expand into global markets. 

ERB 


Role of polyenes in the coloration of cultured freshwater 
pearls. S. Karampelas [stefanos.karampelas@cnrs- 
imn.fr], E. Fritsch, J.-Y. Mevellec, S. Sklavounos, 
and T. Soldatos, European Journal of Mineralogy, 
Vol. 21, No. 1, 2009, pp. 85-97. 

The authors analyzed 21 untreated freshwater cultured 

pearls from the Hyriopsis genus by diffuse-reflectance UV- 

Vis-NIR and Raman spectroscopy, at high resolution. All 

showed the two major Raman resonance features of 

unmethylated (unsubstituted) polyenes, rather than 
carotenoids. Their general formulas are R-|-CH=CH-),-R’, 
with N = 6-14. Each color is due to a mixture of pigments 
rather than a single one, and each pigment can be related 
to a specific absorption with apparent maxima in the 

405-568 nm range, thus absorbing in the violet to yellow- 

green region. Recognizing the spectroscopic signatures of 

pigments in untreated cultured pearls can help separate 
them from their treated counterparts. 
RAH 


A signature for nephrite jade using its strontium isotopic 
composition: Some Pacific Rim examples. C. J. 
Adams [argon@gns.cri.nz] and R. J. Beck, Journal of 
Gemmology, Vol. 31, No. 5-8, 2009, pp. 153-162. 

Because nephrite jade historically has been mined and 

traded in so many localities worldwide, there is great inter- 

est in determining its geologic provenance. Current chem- 
ical and mineralogical identification characteristics, while 
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useful, may not be definitive in determining origin. This 
article presents a technique using radiogenic isotopic ratio 
patterns. Nephrite’s age of formation can be determined by 
identifying the ratio of the °’Sr/*°Sr isotopes, a composi- 
tion inherited during formation from either serpentinite or 
sedimentary protoliths. The authors tested nephrite from 
Pacific Rim sources such as New Zealand, New 
Caledonia, Taiwan, Canada, and Russia. Nephrite from 
New Zealand—the principal source analyzed—demon- 
strated a strong association of age and isotopic history 
with its host rock. Data from other regions, while also 
promising, were not as conclusive and require further 
investigation. 

AB 


The study of various beads used for cultured pearls. A. 
Abduriyim, H. Kitawaki, and S. Akamatsu [ahmad- 
jan@gaaj-zenhokyo.co.jp], Gemmology, Vol. 40, No. 
482, 2009, pp. 22-27 [in Japanese with English sup- 
plement]. 

Since the early 1900s, numerous materials have been 

employed as beads for culturing pearls. Because of CITES 

and other regulations designed to protect endangered 
species, disclosure mandates, and new market considera- 
tions, the gem trade needs a means of identifying cultured 
pearl bead materials. To that end, 70 bead samples were 
subjected to standard gemological tests (visual examina- 
tion, magnification, UV fluorescence, and specific gravity), 
spectroscopy (UV-visible and IR), and chemical analysis 
(EDXRF and LA-ICP-MS]. In particular, LA-ICP-MS was 
used to analyze a nacre-covered bead by continuous laser 
ablation. The bead samples comprised shell (from freshwa- 
ter mussels, marine oysters, and a marine snail), treated 
beads (exposed to “fluorescent bleach” and “Rongalite,” 
and a composite material), and other materials such as 
ceramics and Bironite. Although the authors noted several 
differences in the properties of the various beads, none of 
the tests would be useful for nondestructively identifying 
a bead inside a cultured pearl. 


ERB 


Zur die Flammenstruktur bei einigen porzellanartigen Perlen 
[Explaining the flame structure of some non-nacreous 
pearls]. H. A. Hanni [h.a.-haenni@gmail.com], Gem- 
mologie: Zeitschrift der Deutschen Gemmolo- 
gischen Gesellschaft, Vol. 58, No. 1-2, 2009, pp. 
47-52 [in German]. 

Non-nacreous pearls may show alternating areas of bright 

and dark lines, and some also display spotted patterns. 

This is due to a crosswise array of bundles of aragonite 

laths or fibers. Small areas of these bundles alternate in 

their orientations; light striking the length of the bundles 
is reflected, while light perpendicular to the bundles is 
absorbed. The result is observed as a flame structure. 

GL 
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Contributors in this Issue 


EDWARD J. GUBELIN, Ph.D., C.G., F.G.A., of the Edi- 
torial Board of Gems & Gemology and only Research Member 
of the Gemological Institute of America, is the founder of the 
Gemological Institute of Switzerland. Born in 1912, Dr. Gube- 
lin’s interest in gemological research started in 1925 when his 
father provided a gemological laboratory for his use. Edward 
Gubelin has been conducting experiments and research ever 
since. Dr. Gubelin studied mineralogy at the University of 
Zurich. In 1936 he was sent into the Campolungo Domomite 
region to prospect for minerals occurring there. Following 
this, he spent a winter term with Prof. H. Michel in Vienna, 
and in 1937 he attended a special course with Prof. Dr. K. 
Schlossmacher in Koenigsberg. Receiving his doctorate in 1938, he began his studies 
with the Gemological Institute of America, becoming a Certified Gemologist in 1939. 
In 1946 he received a fellowship from the Gemmological Association of Great 
Britain. He lectures yearly on gemology in both Britain and Sweden. He has done 
outstanding work with photomicrography and his recently completed book Inclu- 
sions as a Means of Identification is now being published by the Gemological 
Institute of America. 


THOMAS DRAPER, born in the Transvaal in 1876, gained 
his early geological and mining experience with his father, Dr. 
David Draper—a pioneer in the Kimberley diamond fields and 
in the first discoveries of gold mines in South Africa. He 
worked with his father in mapping out the geology of the 
Witwatersrand around Johannesburg and then went to London 
to complete his studies. From there he went to Baja California 
to prospect for the extension of the copper deposits of the 
Boleo Copper Mining Company and to test the gold reefs at 
Calamalli. Later he went to Borneo for the Shell Oil Company 
where, as its pioneer geologist, he was responsible for defining 
the oil belt between Sanga Sanga and Balik Pappan. After a 
visit to China, he returned to South Africa via Ceylon. Later he was again sent to 
Mexico a number of times and twice to Brazil, then to Madagascar to examine the 
oil seepages of the Sakalava valley. After a short time tin mining in Cornwall he 
spent three years in Cuba mining for asphalt and prospecting for oil. In 1921 he 
made his third trip to Brazil and since then has been engaged in diamond mining as 
manager of various companies and in partnership with his brother Edward, whose 
photographs illustrate Diamind Mining in Brazil in this issue of Gems & Gemology. 


FRANK B. WADE pioneered in the introduction of gemo- 
logical science to the diamond and gem trade through his 
books A Text Book of Precious Stones and Diamonds, A Study 
of the Factors that Govern Their Value, appearing first in the 
Jewelers Circular. Botn in New Bedford, Massachusetts, he 
was a member of the faculty of the Shortridge High School 
in Indianapolis for forty-six years and head of the Chemistry 
Department since 1910. In 1938 he was awarded an Honorary 
Master’s Degree in Chemistry from his alma mater, Wesleyan. 
He received an Honorary Doctor of Science degree from 
Wabash. Although now retired, Frank B. Wade continues his 
research, writing for publication on chemistry education and 
his hobby of cutting and polishing practically every kind of 
genuine and imitation stone, except the diamond. 
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DIAMONDS 


Diamonds from placers in western and central Africa: A 
problem of primary sources. T. V. Posukhova [tpo- 
sukhova@mail.ru] and F. N. Kolume, Moscow 
University Geology Bulletin, Vol. 64, No. 3, 2009, 
pp. 177-186. 

This study examined alluvial diamonds and associated 

heavy minerals from placer deposits along the Bafit-Ngoku 

River in Sierra Leone and along the Kasai and Lubembe 

Rivers in the southern portion of the Democratic Republic 

of Congo to determine their properties and geologic origin. 

Minerals recovered from these placers exhibited little or 

no evidence of abrasion, which suggests transport over 

short distances from their primary sources. Charac- 
terization of diamonds from these placers by visual, lumi- 
nescence, and spectroscopic methods revealed features 
that are distinct from those of known primary deposits in 
Africa or Siberia. The chemical compositions of the acces- 
sory garnet, ilmenite, and zircon differed from those of 
known kimberlite origin. This suggests that the primary 
source rocks could be lamproites, though the overall crys- 
tal morphology of the diamonds corresponded more close- 
ly to kimberlitic material. The occurrence of coated dia- 
mond crystals, and those with brown or yellow coloration, 
is comparable to some Canadian kimberlites. The dia- 
monds in these placers are of mantle origin, but they have 
no direct analogues with known kimberlite or lamproite 
pipes in Africa. JES 


The genesis of low-N diamonds. A. I. Chepurov [chep- 
urov@uiggm.nsc.ru], E. I. Zhimulev, A. P. Eliseev, 
V. M. Sonin, and I. I. Fedorov, Geochemistry 
International, Vol. 47, No. 5, 2009, pp. 522-525. 
The rarity in nature of low-nitrogen type Ila diamonds sug- 
gests that they crystallized under unusual geologic condi- 
tions in the mantle. The authors of this article have exten- 
sive experience with diamond synthesis by the HPHT tem- 
perature-gradient method, where metallic elements such as 
titanium are used to bond with nitrogen in the growth sys- 
tem so it does not become incorporated into the growing 
crystal. In this study, synthetic diamonds grown in an Fe- 
Co-C system containing titanium oxide were yellow, 
whereas those grown in a similar system containing titani- 
um metal were colorless. Based on their experiments, the 
authors conclude that type Ila diamonds grew in the man- 
tle in the presence of “nitrogen getters” such as titanium. 
When these elements are present as oxides, nitrogen-con- 
taining type Ib diamonds form. However, under the unusu- 
al strongly reducing conditions where the titanium occurs 
as a metal, colorless type Ila diamonds crystallize. 
JES 


Large Brazilian diamonds. D. B. Hoover [dbhoover@ 
aol.com] and J. Karfunkel, Australian Gemmolo- 
gist, Vol. 23, No. 10, 2009, pp. 440-446. 
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A brief history is presented of diamond production in the 
relatively small region of Alto Paranaiba, Minas Gerais, 
Brazil. In addition to 65 documented stones weighing >50 
ct (details are listed for 40 of them], many more large dia- 
monds are suspected to have been found by itinerant min- 
ers (garimpeiros) and smuggled out of the country. The area 
is also known for producing fine pink and red diamonds. 
RAH 


Magnetic susceptibility of natural diamonds. A. P. 
Yelisseyev, V. P. Afanasiev, and V. N. Ikorsky, 
Doklady Earth Sciences, Vol. 425, No. 2, 2009, pp. 
330-333. 

Magnetic susceptibility is a measure of the intensity of 

magnetization of a body that has been placed in a uniform 

magnetic field of unit strength. Diamagnetic materials 
have a very weak magnetic susceptibility; they are 
repulsed by a magnet and do not retain their magnetic 
properties when the external field is removed. 

Ferromagnetic materials have a strong magnetic suscepti- 

bility, which means that they are strongly attracted to a 

magnet and can retain their magnetic properties when the 

field is removed. 

Pure diamond is a diamagnetic material. HPHT-grown 
synthetic diamonds, and occasionally natural diamonds, 
may appear ferromagnetic due to the presence of iron-con- 
taining inclusions. The authors measured the magnetiza- 
tion of 20 high-quality—and seven low-quality—natural 
diamond crystals, all of Siberian origin, and found a small 
range of diamagnetic behavior over a temperature range of 
5-300 K. They suggest that careful magnetic measure- 
ments are useful for separating natural and HPHT-grown 
synthetic diamonds, and perhaps for determining the 
nature of iron-containing mineral inclusions in natural 
diamonds. 

JES 


Structural defects in natural plastically deformed dia- 
monds: Evidence from EPR spectroscopy. R. M. 
Mineeva, S. V. Titkov [titkov@igem.ru], and A. V. 
Speransky, Geology of Ore Deposits, Vol. 51, No. 3, 
2009, pp. 233-242. 

When geologic stresses are applied, diamond crystals 

may undergo plastic deformation (i.e., permanent 

changes in their shape or structure without fracturing). 

This process can occur in the mantle or during transport 

by kimberlite volcanism. Two deformation mechanisms 

have been proposed: dislocation gliding and mechanical 
microtwinning. Plastic deformation can create a variety 
of defect centers in the atomic lattice, and these can 
often be detected by electron paramagnetic resonance 

(EPR) spectroscopy. In this study, type Ia diamonds of 

various colors (brown, pink-brown, black-brown, pink- 

purple, and gray) from Yakutia and the Ural region of 

Russia were studied, and several different nitrogen-con- 

taining defect centers were identified using EPR. Certain 
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defect centers seem to be associated with particular 
deformation-induced diamond colors. The wide variety 
of defect centers suggests that a range of deformation 
conditions can affect diamonds in the earth. The authors 
note that defect creation and destruction during HPHT 
annealing has been extensively studied, while diamond 
defects caused by plastic deformation have been largely 
overlooked. JES 


Type II diamonds: Flamboyant megacrysts? A. E. Moore 
[andy.moore@info.bw], South African Journal of 
Geology, Vol. 112, No. 1, 2009, pp. 23-38. 

Despite their high value as gems, low-nitrogen type Ila dia- 

monds have not been well documented in the scientific 

literature. Important sources are the Premier (Cullinan) 
and Jagersfontein mines in South Africa, Orapa and 

Jwaneng in Botswana, and LetSeng in Lesotho. These dia- 

monds typically display irregular or distorted crystal mor- 

phology, planar cleavage, little or no UV fluorescence, and 
high clarity (they may contain graphite as opposed to other 
mineral inclusions). They are typically colorless or display 
various colors (i.e., brown, pink), and form a relatively 
large proportion of giant diamonds. Considering their light 
carbon isotope-enriched composition, the author suggests 
that type II diamonds have a websteritic mantle paragene- 
sis that differs from either eclogitic or peridotitic origins. 

The formation of these large diamond megacrysts is 

thought to have occurred from chemically evolved and 

fractionated, relatively low-temperature, residual peg- 
matitic magmas that are genetically related to kimberlitic 
magmas. JES 


GEM LOCALITIES 


Age and genesis of the Myanmar jadeite: Constraints from 
U-Pb ages and Hf isotopes of zircon inclusions. Z. L. 
Qiu, F. Y. Wu [wufuyuan@mail.igcas.as.cn], S. F. 
Yang, M. Zhu, J. F. Sun, and P. Yang, Chinese 
Science Bulletin, Vol. 54, No. 4, 2009, pp. 658-668. 
The Hpakan area of north-central Myanmar has long been 
an important source of jadeite. Here, the material occurs 
as veins in serpentinized peridotites associated with vari- 
ous high-pressure metamorphic rocks. Complex topogra- 
phy, adverse weather, and other factors have limited the 
geologic field study of these deposits, and different theories 
as to their mode of formation and age have been proposed. 
In this study, a yellowish green jadeite sample under- 
stood to be from the Hpakan area, and unusual for its 
abundant euhedral zircon inclusions, was analyzed by LA- 
ICP-MS and cathodoluminescence. In-situ analyses of 16 
zircon grains yielded U-Pb ages of 158 + 2 million years. 
The luminescence patterns in these crystals revealed an 
internal structure that was less regular than typical for 
magmatic zircons. The zircon grains also had lower con- 
centrations of the heavy rare-earth elements. The authors 
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conclude that the jadeite deposits are not genetically asso- 
ciated with magmatism or other geologic events that took 
place during the Cenozoic collision between the Indian 
and Asian continental plates. Rather, the deposits are 
believed to be the result of fluid-induced metasomatism 
of preexisting rocks during the Late Jurassic, with the flu- 
ids originating from the dehydration of subducted oceanic 
crust. JES 


Colored gemstones from Canada. B. S. Wilson [brad@ 
alpinegems.ca], Rocks & Minerals, Vol. 85, No. 1, 
2010, pp. 24-42. 

This article reviews Canadian production of colored gem- 

stones and their localities. All major gem species with the 

exception of tanzanite and alexandrite have been discov- 
ered in Canada, and they occur in a variety of geologic 
environments. One of the best-known gems is hessonite, 
found in the Jeffrey mine in Quebec (one of Canada’s most 
important mineral localities). While some gem species 
such as corundum and beryl have been discovered during 
mining for base metals, exploration for colored stones is 
new to Canada. A few historic localities have been known 
for centuries, but the majority were discovered much more 

recently, within the past 10-20 years. However only a lim- 

ited number of Canadian mines are currently producing 

gem rough. 

The relatively recent discovery of vast diamond 
deposits in Canada suggests a viable future in colored 
gemstone mining, and has stimulated interest among 
smaller mining companies. 

MK 


Demantoid from a new source. K. Schmetzer [schmet- 
zerkarl@hotmail.com] and S. Karampelas, Gems & 
Jewellery, Vol. 18, No. 4, 2009, pp. 10-12. 

An illustrated description is given of crystals of green to 

yellowish green demantoid (6-7 mm in diameter) from 

Antetezambato, near Ambanja in northern Madagascar. 

Growth zoning revealed a combination of dodecahedral 

{110} and trapezohedral {211} forms. Most samples showed 

anomalous double refraction. Chemical analyses yielded 

0.05-0.07 wt.% Cr,O,. UV-Vis-NIR spectra over the 

280-1000 nm range showed strong absorption bands at 

440, 590, and 860 nm, indicating that these andradites are 

colored by chromium and iron. 

RAH 


Echte Edelsteine? Vulkanische Glaser aus der Eifel [Are 
volcanic glasses from the Eifel Mountains true gem- 
stones?]. H. Locker, Lapis, Vol. 34, No. 9, 2009, pp. 
13-19 [in German]. 

Rare volcanic glass found in the Eifel Mountains of 

Germany is comparable to aquamarine and tourmaline in 

color and transparency. The glass is thought to form 

when sandstone or pieces of quartz become fluidized after 
being trapped in an initially silicate-poor volcanic melt. If 
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the magma becomes a thick fluid, poor in gases but with 
sufficient silicate content, then a fluid-glass mixture 
develops. The viscosity of the melted material increases 
as the temperature of the lava rapidly decreases, resulting 
in the formation of volcanic glass. If Fe?* dominates at 
high temperatures and reducing conditions, a green color 
is created, if Fe*+ dominates (oxidizing conditions) the 
glass will be yellowish brown. Blue and turquoise-like 
colors are caused by the presence of Cu*, while Mn** pro- 
duces a violet color, with the latter showing a higher satu- 
ration with increasing alkali content (Na and K). Mn?* is 
responsible for a weak yellow-brown color. The glass has 
a Mohs hardness of 52-6 and an RI value ranging from 
1.498 to 1.516. GL 


Oxygen isotopes [sic] composition of sapphires from the 
French Massif Central: Implications for the origin 
of gem corundum in basaltic fields. G. Giuliani 
[giuliani@crpg.crns-nancy.fr], A. Fallick, D. 
Ohnenstetter, and G. Pegere, Mineralium Deposita, 
Vol. 44, 2009, pp. 221-231. 

Oxygen isotope values for sapphires (alluvial, colluvial, 

and within xenoliths) from alkali basaltic rocks of the 

French Massif Central are presented. Two major sapphire 

groups were interpreted to represent distinct genetic ori- 

gins. The first group (71% of the samples) was restricted to 
an isotopic range of 4.4-6.8%o, within the established 
range of sapphires from magmatic sources (predominantly 
basalts and syenites). The second group ranged from 7.6 to 

13.9%o, implying a metamorphic origin such as biotite 

schist in gneisses or skarns. Some areas within the French 

Massif Central (i.e., Le Mont Coupet) contained sapphires 

of both ranges, suggesting a complex geologic history; 

models are presented. After comparing these results with 
oxygen isotope values for corundum worldwide, the 
authors conclude that these basalt-transported sapphires 
formed in either granulite-facies metamorphic rocks or 
magmas from the crust-mantle transition. 

KAM 


Precious opal from Java: Gemmological properties, 
micro- and nano-structures. T. T. Sun [fegemlab@ 
singnet.com.sg], P. C. Mok, S. L. Paul, M. Paramita, 
C. E. S. Arps, W. Atichat, E. Fritsch, W. W. Kang, 
and K. Wijaya, Australian Gemmologist, Vol. 23, 
No. 11, 2009, pp. 513-528. 

The mining of play-of-color opal (locally called kalimaya) 

on the Indonesian island of Java started in 1970. This 

study documents opals from near the village of Cilayang 

(~6°55' S, 106°25' E). White, brown, dark brown, and 

“jelly” opals are produced; black opal is mined elsewhere 

in the area. The samples showed all the characteristics of 

volcanic opal-CT. Both SEM and atomic force microscopy 

(AFM) imaging showed that the silica lepispheres may be 

arranged in an orderly or a disorderly manner; a well- 

ordered stacking provides the best play-of-color. Raman 
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spectroscopy identified some of these opals as hydrophane, 
with a band at 965 cm! attributable to OH and another at 
3200 cm! due to molecular water. 

RAH 


A study on the characteristics of some C- and CT-opals 
from Brazil. F. Caucia [caucia@crystal-unipv.it], C. 
Ghisoli, and I. Adamo, Neues Jahrbuch flir Miner- 
alogie, Abhandlungen, Vol. 185, No. 3, 2009, pp. 
289-296. 

The physical properties of blue and “fire” opals from Piaui 

State, Brazil, were determined by optical analyses, specific 

gravity measurements, X-ray diffraction (XRD), and IR 

spectroscopy; chemical compositions were measured with 

LA-ICP-MS and SEM-EDS. The samples had SG values of 

1.98-2.28 and RIs ranging from 1.430 to 1.461. The pres- 

ence of cristobalite was confirmed with XRD and IR spec- 
troscopy. A “coralloid islands” structure, built of micro- 
spherules of amorphous silica, was observed with the 

SEM, and could explain the iridescence shown by some 

blue specimens. LA-ICP-MS analyses confirmed the pres- 

ence of Fe as the principal cause of color in the fire opals 

(perhaps present as an Fe-oxyhydroxide),; Mn was signifi- 

cant in only the darkest specimens. 

RAH 


Utah Ammolite. G. Musick, Rock & Gem, Vol. 38, No. 8, 
2008, pp. 34-38. 

The author, an amateur lapidary, describes his discovery of 
fossilized shell material near Clawson, Utah, that resem- 
bles Ammolite from Alberta, Canada. A general descrip- 
tion of the location and material are provided. Samples 
were collected at the surface from an area of <2 acres. 
Gemological tests were not conducted, and identification 
of the material as Ammolite was based on its visual 
appearance and association with marine (likely Creta- 
ceous-aged) fossils. Some simple assembled gems were pre- 
pared (polished fossil shell attached to quartz caps using 
epoxy). Photos of the material suggest that its color range 
is similar to lower-quality Canadian Ammolite; the pre- 
dominant colors noted are reds, greens, and red-browns. 

The author attempted to stake a mineral claim on the 
site but was refused by the Bureau of Land Management, 
as current regulations recognize Ammolite as a fossil 
rather than a gemstone. 

[Abstractor’s Note: Until proper testing is conducted, 
this abstractor cautions against labeling the material as 
“Ammolite” and suggests calling it “fossil shell.” 

KAM 


Zirkone von Tansania: “Malaya-Zirkon” [Zircons from 
Tanzania: “Malaya zircon”]. U. Henn [ulihenn@ 
dgemg.com], Gemmologie: Zeitschrift der Deut- 
schen Gemmologischen Gesellschaft, Vol. 58, No. 
1-2, 2009, pp. 67-72 [in German]. 

Attractive gem-quality zircon showing brown, yellow, and 
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red coloration is found in the Tanga Province of northern 
Tanzania. The color similarity of some of these stones to 
Malaya garnet has given rise to the trade name “Malaya 
zircon.” The zircon has an SG range of 4.67-4.72, and RI 
values (measured with a reflectometer) from 1.957 to 
1.962, both consistent with high-property zircon. It has a 
typical absorption spectrum; the strongest lines (due to 
U*) are at 510, 538, 562, 589, 615, 620, 653, 682, and 690 
nm. Inclusions are uncommon. Growth zoning parallel to 
the tetragonal prism faces and cracks with disk-like pat- 
terns were occasionally observed. 

GL 


INSTRUMENTS AND TECHNIQUES 


Identification of black opaque gemstones. M. Okano and 
H. Kitawaki [ahmadjan@gaaj-zenhokyo.co.jp], 
Gemmology, Vol. 40, No. 480, 2009, pp. 12-15 [in 
Japanese with English supplement]. 

Black simulants and treated black gemstones pose special 

identification challenges and are often found mixed with 

natural black gems in jewelry. Black diamond, CZ, and 
synthetic moissanite all have RIs over the limit of the stan- 
dard gemological refractometer, and their dark color makes 
it difficult to discern inclusions and growth patterns. This 
illustrated article shows several techniques for separating 
black opaque stones using common gemological tests, as 
well as the limitations of these methods. Among laboratory 
techniques, Raman spectroscopy is the most practical and 
effective, particularly for melee-set jewelry. 

ERB 


Traitement Zachery des turquoises: méthode d’identifica- 
tion simple fondée sur la microchimie [Zachery- 
treated turquoise: A simple identification technique 
using chemicals]. B. Mocquet [blanca.mocquet@ 
free.fr], Y. Lulzac, E. Fritsch, and B. Rondeau, Revue 
de Gemmologie, No. 168, 2009, pp. 8-11 [in 
French]. 

While Zachery-treated turquoise cannot be detected 

through classic gemological methods, the material can be 

identified by its relatively high potassium content. This 
article describes a microchemical technique for detecting 
differences in potassium content without using sophisti- 
cated analytical methods such as EDXRF spectroscopy. 

Most fashioned turquoise undergoes surface treatment 

(e.g., with waxes, oils, or plastics), which must be removed 

prior to the test; a droplet of dilute nitric acid (30% by vol- 

ume in water) is sufficient. Then, a drop of picric acid solu- 
tion is placed on the unprotected surface of the turquoise. 

If long yellow needles form as the drop dries, the stone is 

Zachery treated. Untreated turquoise shows no reaction. 

GL 
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SYNTHETICS AND SIMULANTS 


Aquamarine—Natural or synthetic? A. Hodgkinson, 
Australian Gemmologist, Vol. 23, No. 11, 2009, pp. 
495-499. 

Synthetic aquamarine has been available since the late 

1980s, and a considerable amount of it appeared at the 

Tucson gem shows in the late 1990s. This product 

requires close scrutiny to distinguish it from natural aqua- 

marine. Synthetic aquamarine is seen in a range of color 
tones and saturations but often is darker than natural 
material. Commercial production of synthetic aquamarine 

generally employs seed plates that are cut parallel to a 

pyramidal face, and the crystal overgrowth exaggerates 

this feature. A pattern of characteristic growth lines is also 
diagnostic of the synthetic. 
DAZ 


The genetic approach for identification of varieties of 
crystalline and amorphous silica. V. S. Balitsky 
[balvlad@iem.ac.ru] and O. V. Balitskaya, Aus- 
tralian Gemmologist, Vol. 23, No. 11, 2009, pp. 
500-508. 

Correlations between certain gemological characteristics 

and growth conditions of natural and synthetic varieties of 

quartz and of play-of-color opal led the authors to outline a 

testing and identification approach described as “genetic 

gemology.” Recognizing characteristic features exclusive 
to either natural or synthetic growth allows a gem materi- 
al’s origin to be determined unambiguously. Illustrated 
examples are given of color distribution in natural and 
synthetic quartz. 

RAH 


Kinetics of diamond single crystal growth in Fe-Co sol- 
vents doped with titanium and zirconium. V. V. 
Lysakovskii and S. A. Ivakhnenko, Journal of 
Superhard Materials, Vol. 31, No. 1, 2009, pp. 7-11. 

The authors grew synthetic diamonds by the HPHT tem- 

perature-gradient method using Fe-Co alloy solvents with 

Ti and Zr as nitrogen getters to control their N content. 

Growth temperatures of 1380-1680°C and pressures of 

5.5-6.1 GPa were used for these experiments. Lower 

amounts (~1 at.%) of Ti and Zr resulted in type Ib dia- 
monds, whereas higher amounts (~6 at.%) resulted in type 

Ila crystals with slower growth rates (~3 mg/h vs. ~6 

mg/h). Raising the growth temperatures changed the crys- 

tal morphology from cuboctahedral to octahedral. The 
results of these experiments allowed the authors to define 
the pressure-temperature conditions under which synthet- 
ic diamonds could be produced with particular colors, 
crystal morphologies, and probable inclusion phases. 

JES 


Synthetic sapphires with “natural-like” sheen. G. Choud- 
hary [gtl@gjepcindia.com], Gems & Jewellery, Vol. 
18, No. 3, July 2009, pp. 6-9. 
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A new type of synthetic sapphire displays sheen effects 
similar to those seen in some natural sapphires. Sheen is a 
kind of surface luster caused by the scattering of light 
from evenly distributed minute inclusions. Traditionally, 
the presence of such inclusions has provided a reliable 
indication of a natural stone. However, synthetic corun- 
dum is now being produced with inclusions that can cre- 
ate sheen. The samples tested were yellow, green, and 
greenish blue, but other colors such as red and blue are 
available. 

A number of gemological properties distinguished 
these samples as synthetic. Microscopic examination 
revealed curved zones or clouds consisting of fine whitish 
pinpoints (possibly gas bubbles or unmelted feed powder); 
this indicated flame-fusion or Verneuil synthesis. 
Scattered spherical gas bubbles were present in all sam- 
ples. In addition to these features, which are typical of 
synthetic corundum, a number of uncommon inclusions 
were present, and one of the gems appeared transparent to 
short-wave UV radiation (indicating a synthetic). 
Although routine gem testing was sufficient to identify 
these samples as synthetics, the lighter-colored gems 
could pose identification problems if they are not careful- 
ly examined. 

DAZ 


TREATMENTS 


Gemological modification of local natural gemstones by 
ion beams. S. Intarasiri, D. Bootkul, L. D. Yu 
[yuld@fnrf.science.cmu.ac.th], T. Kamwanna, S. 
Singkarat, and T. Vilaithong, Surface & Coatings 
Technology, Vol. 203, No. 17/18, 2009, pp. 
2788-2792. 

Rough and polished corundum from Thailand and 

Myanmar were treated by implanting either low- or medi- 

um-energy oxygen or nitrogen ions to change their color. 

Implantation conditions included energies of 20, 60, and 

120 keV, beam currents of 0.1 to a few milliamps, and flu- 

ences of 10!8 to 10!° ions/cm?. The target gemstones 

reached temperatures of 200—600°C during the treatment. 

According to the authors, the samples’ clarity, color distri- 

bution, luster, and brilliance improved following ion 

implantation. They suggest that the color alterations 
result from changes in the oxidation state of the transition 
metals (such as iron), or the creation of charge-transfer 
mechanisms or defect color centers within the samples. 

However, no data about the depth of ion implantation in 

the samples is provided. The process does not induce any 

residual radioactivity, and it is much faster than tradition- 
al heat treatment. 
JES 


MISCELLANEOUS 


Building peace with conflict diamonds? Merging security 
and development in Sierra Leone. P. Le Billion and 
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E. Levin, Development and Change, Vol. 40, No. 4, 
2009, pp. 693-715. 
In developing nations with diamond resources, there is sig- 
nificant debate over which delivers the most social benefit 
while keeping the diamonds within legitimate trading 
channels: corporate mining or artisanal digging. This paper 
describes the diamond areas around Kono, recounts the 
brutal history of the 1990s civil war, and explores the 
potential benefits and problems of both mining policies. 
The authors conclude that the positive effects of artisanal 
mining have been largely overlooked. 
RS 


Diamonds, governance and “local” development in post- 
conflict Sierra Leone: Lessons for artisanal and 
small-scale mining in sub-Saharan Africa? R. 
Maconachie [roy.maconachie@manchester.ac.uk], 
Resoutces Policy, Vol. 34, 2009, pp. 71-79. 

The complex problems facing post-civil war Sierra Leone 
create significant challenges in forming diamond-mining 
policies that can truly benefit the different communities 
rather than encourage corruption. Several development 
initiatives have been launched to equitably distribute pro- 
ceeds from local alluvial diamond diggings. While these 
initiatives achieved some success, in some communities 
the majority of the proceeds went to a handful of “local 
elites.” In addition, alluvial diamonds are easily extracted 
and their deposits are scattered over wide areas, which 
makes them susceptible to illegal mining and theft. At 
the same time, the government has not been effective at 
monitoring diamond exports. Meanwhile, long- 
entrenched dealers who have profited from illegal mining 
activities have a strong interest in maintaining the status 
quo. The author argues that it will take considerable time 
to develop good governance practices and the necessary 
accountability to make such programs work effectively. 


RS 


Tanzanite as a conflict gem: Certifying a secure commod- 
ity chain in Tanzania. R. A. Schroeder [rschroed@ 
rci.rutgers.edu], Geoforum, Vol. 41, No. 1, 2010, pp. 
56-65. 

Shortly after the September 11 terror attacks, reports in 

the American press claimed that some tanzanite dealers 

were actively funding terrorist activities. While a subse- 
quent U.S. State Department investigation debunked the 
connection to terror, later articles focused on the haz- 
ardous working conditions of independent tanzanite min- 
ers and the allegedly harsh methods employed by 
TanzaniteOne, the one large mining operation, in protect- 
ing its concession from poachers. TanzaniteOne dealt 
with these public relations challenges by implementing 
an unbroken supply chain to the market that complies 
with the USA PATRIOT Act, though it has experienced 
ongoing difficulties maintaining this chain in an area 
with a large, informal economy. RS 
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Figure 7. Some rare samples of Wegel Tena opal 
showed a dark “chocolate” brown bodycolor with 
play-of-color. This exceptional 965 g specimen, which 
also demonstrates how the opal occurs in matrix, is on 
permanent display at the Museum of Natural History 
in Nantes, France. Photo by F. Mazzero. 


the G#G Data Depository (gia.edu/gandg). 


Stability to crazing was assessed after cutting and 
preforming by one of us (FM) who has handled 
numerous Wegel Tena opals since their discovery. A 
few representative samples from various Wegel Tena 
parcels were kept at ambient temperature and 
humidity, and visually observed over time. As part of 
a proprietary fashioning process, about 50 high-quali- 
ty play-of-color Wegel Tena opals were cycled 
between water and air (at room temperature) for one 


Figure 8. Miners at Wegel Tena often use rudimentary 
tools, such as the hammer and chisel shown here, to 
extract the opal from the exposed seam along the 
flank of the canyon. Photo by Thomas Cenki. 


a = Po =m 
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hour and then longer periods (up to several days). 

We tested for toughness by dropping five fash- 
ioned opals on a concrete surface from a height of 
~1.5 m, to simulate dropping a stone by accident. 


RESULTS 


The standard gemological properties are summa- 
rized in tables 1 and 2, and presented below. 


Visual Appearance and Optical Phenomena. From 
observing hundreds of rough and faceted samples, 
we determined that most opals from Wegel Tena 
have a white bodycolor, while some are pale yellow 
and a few are darker orange (fire opal) to brownish 
red (again, see figures 2. and 3). Rare samples have a 
dark “chocolate” brown bodycolor (again, see figure 
7). Some zoned samples show several layers of con- 
trasting bodycolor and play-of-color (figure 10). 

The opals range from opaque to transparent, but 
most are translucent. Because the material is turbid, 
it scatters light efficiently, creating the white body- 
color typical of this deposit. Some of the highest- 
quality opals are translucent and display a blue scat- 
tering bodycolor (figure 11). 

Among the 33 samples tested, we observed that 
all opaque-to-translucent samples became more 
transparent when immersed in water for a few min- 
utes to one hour, depending on the thickness of the 
sample. This behavior is typical of hydrophane. 
There were several degrees of change, the most dra- 
matic being a transformation from opaque white to 
transparent colorless (figure 12). During this pro- 
cess, play-of-color appeared to strengthen. This phe- 
nomenon was fully reversible in one to a few hours, 
depending on ambient humidity and the thickness 
of the gem. 

The opals typically displayed a mosaic of pure 
spectral color patches against a translucent white 
bodycolor. Generally all spectral colors (from red to 
violet) were observed in the play-of-color samples, 
often with large patches of red and orange. The 
intensity of the play-of-color varied on the millime- 
ter scale, from intense to none, even within the 
same sample. We did not notice any contra luz 
material (which is typically transparent). 

Play-of-color was commonly distributed along 
parallel columns that resembled fingers. We refer to 
such features as digit patterns (figure 13). The play- 
of-color digits were embedded within common opal 
of slightly different color or transparency. Their 
cross-section was rounded, or sometimes quite 
polygonal when there was little interstitial common 
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opal present. The digits’ tips were often rounded. 
Some samples showed planar zoning of common 
and play-of-color opal that we interpreted as horizon- 
tal. When digit patterns were observed in such sam- 
ples, they were always perpendicular to these planes 
(figures 10 and 14). Digit patterns were seen in nine 
of the 33 samples (nos. 1072, 1104, 1105, 1109, 1111, 
1113, 1114, 1121, and 1122). 


Figure 10. The strong zoning of this exceptional 18.68 
ct cabochon represents most of the opal varieties 
found at Wegel Tena: brownish orange to white, trans- 
parent to opaque, with and without play-of-color. The 
zoning probably corresponds to successive deposition 
of horizontal opal layers in a cavity. The white layer 
with strong play-of-color shows parallel columns that 
we refer to as digit patterns. Note that they are perpen- 
dicular to the plane of zoning, which means they 
developed vertically. Photo by Robert Weldon. 
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Figure 9. Note the carved 
wooden pick used by 
some of these miners to 
extract the rough opal at 
Wegel Tena. Photo by 

F. Mazzero. 


Some much rarer play-of-color features also 
have been observed in Wegel Tena opals. The 
cabochon in figure 15 (sample 1075) showed 
diffraction concentrated in points (not patches) 
that moved together in a synchronized fashion and 
changed color when the stone was tilted, or the 
intense pinpoint light source moved around. This 
revealed a perfect organization of the silica spheres 
that was distributed throughout the entire cabo- 
chon (pseudo single crystal; Fritsch and Rondeau, 
2009). This “perfect diffraction” of light is seen 
only very rarely in natural gem opals. For a video 
and more comments on this phenomenon, see 


Figure 11. The highest-quality opals, such as this 20.62 
ct cabochon, are translucent and display a blue body- 
color due to light scattering. Photo by Robert Weldon. 
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TABLE 1. Characteristics of the 33 Wegel Tena opal samples studied for this report.# 


Sample 
no. 


1071 
1072 
1073 
1074 
1075 
1076 
1077 
1078 
1084 


1099 


1122 


1123 
1124 


Description 


Round cabochon, then sawn; partly broken for 


SEM 
Truncated cone 


Double cabochon, then sawn; partly broken for 


SEM 


Formerly a cabochon; broken for SEM 


Elongated sphere 
Oval caboch 
Pyramidal cabochon 


Large rou 


Q @Qa 


Rough no 


Rough nodule 


Rough, with long, tubular inclusions 


Rough 


Rough, broken because o 
Rough, broken nodule wi 


Rough, broken nodule wi 


Rough, broken nodule wi 


including black coating 
Rough, broken nodule w 


it 


tl 


h with matrix; thin section 


le, cut in two halves 


instability 


th a little matrix 


ha little matrix 


th a little matrix, 


Matrix with few opal vein 


Rough nodule 


S 


ha little matrix 


Rough, broken nodule with a little matrix 
Rough nodule with a little matrix; thin section 


Rough, broken nodule with a little matrix 
Rough, broken nodule with a little matrix 


Oval cabochon 
Rough nod 


Rough nodu 
Rough nodu 


Rough nod 
Rough nod 
Rough nod 


Rough nod 
materia’ 


Rough, in matrix 


le, sliced into 2 plates 


le, sliced into 1 plate 
le, sliced into 3 plates 


le, sliced into 3 plates 
le, sliced into 1 plate 
le with a little matrix; thin section 


le with fractures filled with black 


Double cabochon with green inclusions 


Size? 


5.07 ct 
8.19 ct 
6.95 ct 


~15x6.3x 4.7m 


S 


4.43 ct 


on, then sawn; partly broken for SEM ~14x9x 3.5 mm 


4.94 ct 


~90 X 35 x 20 mm 

24.09 

8.219 

3.82 g 

444g 

9.819 

4.88 g 
11.619 

4.69 q 
16.99 


28.17 g 


23.83 g 


42.96 g 
49.53 g 


81.33 g 
34.42 g 


7.21 ct 
19.68 g 


16.07 g 
28.67 g 


40.0 g 

6.719 
25.29 g 
12.65 9 


18.85 ct 
~100 x 60 x 30 mm 


Bodycolor 


Translucent light yellow 


Nearly opaque white 


Nearly opaque white 


Nearly opaque whitish yellow 


T 


a 


Tran 


Tran 


Co 
Tra 
Tra 
Tra 
rim 


nslucent white 
sparent light yellow 
slucent whitish yellow 


k “chocolate” brown 


in the core 
t white rim + orange 


nsluce 


orless 

nsparent orange 

nsparent orange 

nslucent orange + opaque 


Opaque white rim + 


tran 
Tra 
tran 


sparent orange core 
nslucent white rim + 
slucent orange core 


Opaque white rim + colorless 


core 


Tra 
oral 


Opaque white 


nsparent to opaque, 
nge to colorless 


Transparent orange 


Lay 


ered, from opaque white 


to colorless and yellow 


Col 


Col 
whi 


Orless 


orless with translucent 
te rim 


Translucent yellow 


early opaque white 


early transparent 
early opaque white 


early opaque white 
Transparent 


Layered translucent yellow 
0 white 

Translucent yellow to 
orange 

Opaque white 

Dark “chocolate” brown 


nsparent orange with a large 
ite “egg” 


G 
A 


A 


SFPasarPaZzrrss 


V 


POC 


reen to red 

| colors 

| colors 

| colors 

inpoint diffraction 
iolet to green 


| colors 


| colors 
one 


iolet in rim, none 
core 

colors 

colors 


colors (none 
rim) 
colors 


colors 


All colors in rim, 
none 


in core 
iolet to green 
colors 


reen to red 
colors 


colors 
colors 


colors 
colors 


olet to green 
colors 


colors 
olet to green 
colors 


colors 


colors 
colors 


Hydrophane RI 
character 


na 18W/,, Wa8t8) 
Str na 
Mod 1.42, 1.44 
na na 
na na 
Wk 1.37 
Wk 1.36, 1.40 
one na 
a na 
a na 
one na 
a na 
na na 
na na 
na na 
a na 
a na 
a na 
a na 
one na 
a na 
one na 
na na 
a na 
V str na 
Wk na 
V str 1.37, 1.42, 
11152 
V str na 
Wk na 
na na 
na na 
na na 
None na 


o 


¢ All dominantly white luminescence is turbid by definition. 
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Abbreviations: Cont = continuous, inter = interference, Mod = moderate, na = not analyzed, POC = play-of-color, sec = seconds, Str = strong, V = 
very, Wk = weak. 
© Weights were measured before soaking. 
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UV fluorescence® 


Long-wave 


Short-wave 


Phosphorescence® 


After long-wave 


After short-wave 


Chelsea filter 


Polariscope 


Hand spectroscope 


Wk yellowish white 
Turbid, str whitish 

green 
Mod bluish white 
Inert 


Mod bluish white 


Wk bluish white 


Wk yellowish white 
Inert 
Inert 


Rim: wk white; 

core: inert 

Wk blue 

Inert 

Turbid, mod green 
Rim: yellowish white; 
core: inert 

im: str white; 
core: inert 
Rim: wk yellowish 
green; core: 
R 
C 


ay) 
= 


im: str white; 

‘Ore: mod white 

Wk to V wk greenish 
white in colorless opal, 
inert in orange 
Wk-to-mod bluish 
white 


Homogeneous, wk 
bluish white 

Wk greenish white 
Wk bluish white 


Turbid, mod-to-str 
whitish yellow 
od-to-str blue-white 


Mod-to-str white 
od-to-str white 


Wk bluish white 
od-to-str white 


od white in yellow 
opal, inert in orange 
od white 

Inert 


Mod-to-str whitish blue 


urbid, wk-to-mod 
hitish yellow 
urbid, str whitish 
reen 

Wk bluish white 


= 


op 


Inert 


od yellowish white 
Wk bluish white 


V wk to wk yellowish 
white 
Inert 


Inert 


Rim: V wk white; 
core: inert 

V wk whitish blue 
Inert 

V wk green 


Rim: yellowish white; 


core: inert 
Homogeneous, str 
bluish white 

Core: inert; rim: wk 
yellowish green 
Rim: mod white; 
core: str green 

Wk greenish white in 
colorless opal, inert 
in orange 
Wk-to-mod bluish 
white 

Inert 
Homogeneous, wk 
bluish white 

Wk yellowish white 
Wk bluish white 


Wk-to-mod greenish 
white 
Mod blue-white 


Mod whitish blue 
Mod white 


Mod-to-str white 
Wk white 
Wk white 


Wk white in yellow 
opal, inert in orange 
Wk-to-mod white 
Inert 


Inert 

Inert 

Wk-to-mod green, 
few sec 

Inert 

Wk green, few sec 
V wk green, few sec 
Wk yellowish green, 
10 sec 

nert 

nert 

nert 

nert 


nert 
V wk 


V wk 
Inert 
Mod white, 10 sec 


Inert 


Mod white, 10 sec 


Inert 
Mod white, 15 sec 


Inert 
Str white, 15 sec 


Few sec 


Mod-to-str blue-white, 


10 sec 
Wk white, ~2 sec 
Mod white, ~7 sec 


Mod white, ~7 sec 


Wk bluish white, ~4 sec 


Mod white, ~7 sec 
Mod white, ~7 sec 


Wk white, ~3 sec 
Inert 


Str whitish blue, ~18 sec 


Inert 

Inert 

Mod green, 

few sec 

Inert 

Wk green, few sec 
Wk green, few sec 
V wk 

Inert 

Inert 

V wk, few sec 
Mod white, ~6 sec 
nert 

White, 10 sec 

V wk, 3-4 sec 

nert 


nert 


Mod green, 8 sec 


nert 


Mod greenish white, 
12 sec 

Inert 

Wk bluish white, 
20 sec 

Wk white, 10 sec 
Greenish white, 

20 sec 
Few sec 


Wk-to-mod white, 
~5 SeC 
Wk white, ~2 sec 

Mod white, ~7 sec 


Mod white, ~7 sec 
Wk white, ~3 sec 
Mod white, ~5 sec 


Wk white, ~3 sec 


Wk white, ~2 sec 
Inert 


Red, because of 
green diffraction 
Red, because of 
green diffraction 
Red, because of 
green diffraction 
Opaque 


Red to orangy red 
0 reaction 
Partly red 

na 
a 
Red to orange 
a 
Deep red 


0 reaction 
na 


Red 
Red (rim only) 
0 reaction 


a 


Deep red 


a 


ft) 


na 
Partly red 


a 


na 


fC) 


fC) 


fC) 


Cont change of inter 
colors; no extinction 
No reaction 


Cont change of inter 
colors; no extinction 
na 


Reflects the inter patterns 


Anomalous hues 


Cont change of inter 
colors; no extinction 
na 


na 


0 reaction, diffusion 
of light 
na 
No reaction 
No reaction 
na 


Cont change of inter 
colors; no extinction 
No reaction 


No reaction 


na 


Extinction every 90° 


na 
na 


na 
No reaction 


na 


na 


Cutoff in violet and blue 
Cutoff in violet 

and blue 
No absorption 
Cutoff in violet 


Cutoff in violet and blue 


in violet 


in violet and 
part of blue 


Cutoff in violet and 
blue 
i 


Cutoff in violet and blue 


Cutoff in violet and 
blue 
Partly absorbs violet 


No absorption 


na 


Cutoff in violet and blue, 
partly absorbs green 

na 
na 


na 
Cutoff in violet, partly 
absorbs blue 

na 


na 
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www.gemnantes.fr/research/opal/index.php# 
reciproque. 

Another rare optical phenomenon seen in one 
opal that we were only able to keep for a short time 
was the presence of small, curved rainbows of 
diffraction (figure 16). Usually in play-of-color 
opals, each patch of diffraction is homogeneous in 
color. Here, the spectral colors within each patch 
were diffracted along a small area, ranging from 1 to 


Figure 13. This spectacular 11.91 ct opal specimen 
provides a good example of digit patterns: columnar 
zones of transparent play-of-color opal within a net- 
work of common opal of similar bodycolor. Photo by 
Robert Weldon. 
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Figure 12. The opaque-to- 
translucent opal samples 
we examined became 
more transparent after 
immersion in water, as 
demonstrated by the top 
photos (samples 1118b 
and c; 3.96 and 4.68 ct). 
The sample in the bottom 
photos (no. 1120, 1.50 ct) 
showed little change, as it 
was already quite trans- 
parent before immersion. 
Photos by B. Rondeau. 


5 mm. For a video of this phenomenon, see 
www.gemnantes.fr/research/opal/index.php# 
rainbow. 


Specific Gravity. SG values (before being soaked in 
water) ranged from 1.74 to 1.89. After immersion in 
water for less than one hour, some samples weighed 
as much as 10.2% more, resulting in higher SG val- 
ues of 1.90 to 2.00 (table 2). This effect, related to the 
samples’ porosity, was fully reversible and repeatable. 


Refractive Index. Because of the opals’ porosity, we 
measured the refractive index of only five samples. 
In some instances, reaction with the contact liquid 


Figure 14. This opal (no. 1121, 25.29 g) shows parallel 
zoning with the digits developed vertically, perpendic- 
ular to this layering. Photo by B. Rondeau. 
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TABLE 2. Specific gravity of representative Wegel Tena opals. 


Sepia Ho Transparency Weight (ct) Weight increase SG 
P , before/after soaking before/after soaking (% of dry weight) before/after soaking 
1116a Nearly opaque white/ 2.54/2.69 5.6 1.87/1.95 
1116b transparent 0.53/0.56 5.3 1.89/2.00 
1117 Nearly transparent/ 5.07/5.63 9.9 1.77/1.91 
transparent 

1118a F 1.95/2.17 10.1 1.74/1.90 
4118b Nearly opaque white/ 3.96/4.38 96 1.80/1.94 
1118c Mansparent 4.68/5.17 9.5 1.79/1.91 
1119a Nearly opaque white/ 8.01/8.60 6.7 1.82/1.94 
1119b transparent 5.01/5.40 tid 1.82/1.94 
1120 Transparent/transparent 1.50/1.67 10.2 1.76/1.92 


caused white opaque spots to form on the opal, 
adversely affecting the gem’s transparency and even 
its UV luminescence. RI values measured on sam- 
ple 1073 were 1.42 and 1.44. However, we measured 
RIs as low as 1.36 to 1.38 on other samples (1071, 
1076, and 1077). Some indices were easy to read, 
but most were difficult or simply impossible. 
Surprisingly, sample 1118a, a plate, showed an RI of 
1.37 on one face and two indices on the other: 1.42 
and a very sharp reading at 1.52. 


Luminescence. UV luminescence was quite vari- 
able, ranging from bluish white to greenish white, 
yellow, and green. Luminescence intensity ranged 
from inert to strong. All brown samples or zones 
were inert. In long-wave UV, most non-brown sam- 
ples had weak to very weak luminescence that was 
fairly turbid, and bluish to greenish white, with 
weak to very weak greenish white phosphorescence 
that lasted a few seconds. The typical short-wave 
UV reaction was slightly weaker, though the phos- 
phorescence sometimes lasted longer. Some sam- 
ples—particularly white opals with very good play- 
of-color—luminesced more strongly, with a moder- 
ate, mostly white fluorescence. One transparent, 
near-colorless, play-of-color opal had a strong, pure 
green luminescence. 


Polariscope Reaction. Seven transparent light color 
stones, with and without play-of-color, showed no 
reaction viewed between crossed polarizing filters. 
Five translucent stones with play-of-color showed 
cyclic variations in diffraction colors as the stones 
were rotated a full 360°. Two opals (no. 1076 and 
1109) showed anomalous double refraction (ADR). 


Optical Absorption Spectrum. No spectrum was 
seen in the two lighter-color, transparent stones test- 
ed with the hand spectroscope. The remaining 12 
milky or orange-to-brown stones showed absorption 
in the violet and blue regions, sometimes extending 
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into the green. This absorption increased with the 
amount of light scattered by the stone (from slightly 
milky to white), the darkness of the bodycolor (from 
yellow to brown), and the thickness of the sample. 


Color Filter. Three transparent, light-colored gems 
showed no reaction when viewed through the 
Chelsea color filter. Eleven transparent brown or 
strongly diffusing (milky to white) opals appeared 
orange to bright red. 


Inclusions. One sample (no. 1100) contained elon- 
gated, cylindrical inclusions measuring approxi- 
mately 800 pm x 1 cm (figure 17). Their surface was 
very irregular. EDS showed that these “tubes” were 
filled with silica, which may correspond to chal- 
cedony. The outside surface of the inclusions also 
consisted of silica. They appeared more difficult to 


Figure 15. This very unusual opal (no. 1075, 4.43 ct) 
displays a perfect diffraction pattern. Spectral colors 
formed small points that moved in a synchronized 
fashion and changed color when the light source was 
moved. Photo by B. Rondeau. 
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Figure 16. The diffraction of light by opal usually pro- 
duces patches of pure spectral colors. On rare occa- 
sions, such as this 9.51 ct cabochon, we observed these 
colors diffracted from millimeter-size areas, forming 
small rainbows. Photo by F. Mazzero. 


polish than the host opal. 

Dispersed micro-inclusions of black, opaque 
crystals were abundant in some samples (in particu- 
lar, no. 1113). EDS analyses revealed iron and sulfur, 
which suggests they were pyrite (pyrite usually 
appears black in such small dimensions). 

Some of the rough opal samples were outlined 
by a thin layer (less than 0.1 mm thick) of black, 
opaque minerals. These were identified by EDS as 
barium-manganese oxides (probably hollandite) and 
native carbon (probably graphitic carbon). Also pres- 
ent in such layers were micrometer-sized crystals 
that were identified by EDS as titanium oxides 
(probably rutile). In rare instances, the black miner- 
als were included in the body of the opal, filling fis- 
sures or forming dendrites. 


Chemical Composition. We measured the chemical 
composition of several samples by EDS (both major 
and minor elements; see table 3) and LA-ICP-MS 


(trace elements; see table 4 and the GWG Data 


Depository). In addition to silica, we detected a sig- 
nificant proportion of Al (0.6-1.9 atomic %) and 
minor amounts of Ca (0.05-0.6 at.%], Na (up to 0.4 
at.%)J, K (0.2—0.5 at.%), and Fe (up to 0.3 at.%). Iron 
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was not detected in the white samples. These com- 
positions are typical for opal (Gaillou et al., 2008a). 
Among the trace elements, white opal contained 
abundant Ba (140-226 ppm [by weight]), Sr (127-162 
ppm}, and Rb (44-73 ppm). The orange fire opal por- 
tion of one sample showed Ba, Sr, and Rb contents 
consistent with those of opal-CT (Gaillou et al., 
2008a). For the concentrations of other elements, see 


table 4 and the G#G Data Depository. 


Raman Scattering. We obtained similar spectral fea- 
tures for all samples (e.g., figure 18). The apparent 
maximum of the strongest Raman band ranged 
from 360 to 335 cm7!. Other, sharper Raman bands 
were present at ~3230-3200, 2940, 1660, 1470, 
1084, 974, and 785 cm7!. 


Microstructure. Observing the microstructure of an 
opal helps us characterize it and understand its 
growth conditions. Most often, as shown in Gaillou 
et al. (2008b), two main categories of structures can 
be observed: “smooth sphere” structure in opal-A 
(A for amorphous) or “lepisphere” structure in opal- 
CT (CT for cristobalite and tridymite; opal-A and 
opal-CT were originally defined on the basis of their 
X-ray diffraction patterns, and later on their Raman 
scattering patterns—see Jones and Segnit, 1971, 
Smallwood et al., 1997). To reveal the internal 
structure of an opal, one must first etch the sample 
in hydrofluoric acid (HF) and then observe the sur- 


Figure 17. Elongated, cylindrical inclusions were pres- 
ent in one opal sample. This coated cylinder was made 
of silica, most likely chalcedony. Photomicrograph by 
B. Rondeau; magnified 40x. 
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TABLE 3. Chemical composition of five opals from Wegel Tena, Ethiopia, measured by EDS.# 


Sample no. Color Si Al Ca K Na Fe O 
1100 Colorless 31.5-31.7 1.4-1.5 0.5-0.6 0.2 nd nd 66.1-66.1 
1078 Brown 32.4-32.7 0.6 0.05-0.1 0.2-0.3 nd-0.1 nd 66.2-66.4 
1106 White 31.4 1.7 0.4 0.4 0.4 nd 65.82 
1114 Yellow 31.9 1.9 0.4 0.3 nd 0.3 65.9 
1144 White 80.9 1.2 0.3 0.2 0.4 nd 66.2 
1118 Colorless 31.6 1:5 0.3 0.5 nd nd 66.1 


4 Values are expressed in atomic percent. O is calculated for a sum of 100%. Samples 1078 and 1100 were analyzed in three spots; others are one spot. 


Abbreviation: nd = not detected. 


face by SEM. Gaillou et al. (2008b) showed that 
etching in a 10% solution of HF for about 10 sec- 
onds can reveal the structure of opal. We encoun- 
tered an unexpected reaction, however: Our sam- 
ples were strongly affected by the acid, tending to 
flake away and develop networks of cracks. We 
modified both the concentration of HF (from 0.01% 
to 10%) and the duration of acid exposure (from 1 
second to 3 minutes, with longer times using weak- 
er acid), but we did not observe any organization of 
smooth spheres or lepispheres. Thus, we could not 
see any packing of spheres in opals from Wegel 
Tena using this technique. 

We subsequently studied the structure of the 
opal using TEM, which revealed a regular network 
of spheres ~170 nm in diameter (figure 19). In anoth- 
er attempt to explore the structure, we studied the 
same sample using SEM with an unusually high 
voltage (15 kV) for a sample that was not coated to 
make it electrically conductive. Because the opal 
specimen was so thin, the electrons were able to 
pass through it to the backscattered electron detec- 
tor. The similar image that was generated by this 
significantly different technique confirmed the 
TEM observations. Yet neither method helped us 
determine if the opal’s structure is characterized by 
lepispheres (as are typical of opal-CT) or smooth 
spheres (typical of opal-A). Regardless, the regular 
network of these spheres is responsible for the 
diffraction of visible light that results in the play-of- 
color shown by the opals. 


Stability and Toughness. Opals from certain locali- 
ties (e.g., Querétaro, Jalisco, and Nayarit States in 
Mexico, and Shewa Province in Ethiopia, both opal- 
A and -CT) are known to destabilize, or “craze” 
with time. Cracks develop at the surface, and/or a 
white, opaque egg-like structure develops in the 
center of the stone (mostly in opal-CT; Aguilar- 
Reyes et al., 2005). 

In the authors’ experience, ~5% of Wegel Tena 
opals develop cracks after initial sawing and pre- 
forming. Until now, out of approximately 3,000 
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play-of-color opal cabochons from Wegel Tena 
released into the market during 2008-2010 by one 
of us (FM), only three samples were returned after 


TABLE 4. Range of chemical composition of two opals 
from Wegel Tena, Ethiopia, measured by LA-ICP-MS.2 


‘ 7 1B 3B 
omposition : 
White : 

White Orange 
No. analyses 8 7 2 
Element (ppm) 
Li 0.061-0.205 <0.064-0.173 0.092-0.104 
B 6.97-9.55 8.12-12.1 <0.179 
Cu 0.267-0.555 0.159-0.640 0.069-0.091 
Zn 11.6-18.9 1.19-16.2 <0.203-0.218 
Pb 0.131-0.274 0.017-0.225 0.013-0.021 
Sc 1.46-2.12 1.49-2.25 1.79-2.02 
Vv 0.060-0.152 0.024—0.069 <0.007-0.011 
Co <0.009-0.046 0.001-0.031 <0.010 
Ni 0.655-1.56 0.442-1.53 0.586-0.863 
AS <0.090 <0.045-0.288 0.061-0.063 
Rb 58.7-73.1 43.7-73.2 38.7-43.2 
Sr 127-161 128-162 72.1-75.1 
Y 0.093-0.314 0.087-0.241 0.067-0.103 
Zr 51.1-245 34.3-201 29.2-31.2 
Nb 0.944-2.81 0.321-0.408 0.477-0.588 
Mo <0.047 <0.030 <0.017 
Cd 0.475-1.84 0.446-0.608 0.240-0.345 
Ba 140-166 196-226 81.8-91.8 
La 0.036-0.187 0.011-0.064 0.013-0.013 
Ce 0.074—-0.552 0.010-0.098 0.020-0.027 
Pr 0.007-0.047. ~=<0.001-0.013 <0.001-0.004 
Nd 0.032-0.222  <0.010-0.069 0.012-0.019 
sm <0.012-0.066 <0.009-0.013 <0.020 
Eu <0.003-0.014 <0.003-0.008 <0.004 
Gd <0.011-0.029 <0.022 <0.014 
Tb <0.002-0.012 <0.002-0.005 <0.002 
Dy 0.010-0.031 <0.009-0.021 <0.005-0.007 
Ho <0.002-0.015 <0.001-0.008 <0.001-0.004 
Er <0.010-0.042 = <0.007-0.029 <0.006 
Tm <0.001-0.007 <0.002-0.004 <0.001 
Yb <0.010-0.047 <0.008-0.037 <0.001 
Lu <0.002-0.003 <0.002-0.008 <0.002-0.004 
Th 0.008-0.064 <0.003-0.006 0.141-0.196 
U 0.197-0.361 0.1038-0.135 <0.001 


4 Values are expressed in pom by weight. For detailed analyses, 
see the G&G Data Depository. 
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Figure 18. This Raman spectrum of sample no. 1072 is 
representative of opal from Wegel Tena. The main 
Raman bands at ~1470, 1084, 974, 785, and 357 cnr! 
are typical for opal-CT. The bands at about 3230-3200, 
2940, and 1660 cnr! are attributed to water. 


cracking. A parcel of seven opals (including sample 
1072) thought to be from Mezezo was set aside in 
2005 because of their unusual appearance; they are 
now known to be from Wegel Tena, and all the 
stones are still intact. Any crazing appears to be 
restricted to transparent material, in particular pale 
yellow to orange samples (fire opal) and near-color- 
less “crystal” opals. A few samples showed spectac- 
ular “egg” development (figure 20), as seen in some 
Mexican fire opal. In general, opaque white-to-yel- 
low-to-brown opals from Wegel Tena appear very 
stable. There is no noticeable difference in crazing 
behavior between common and play-of-color opal. 

There was no change in appearance (color, 
diaphaneity, crazing, or play-of-color) in the samples 
that were submitted to alternating periods of 
immersion in water. One customer who wears her 
opal constantly complained that it became more 
transparent when she took a shower, swam, or oth- 
erwise put her hands in water. She recognized, how- 
ever, that the opal always returned to its original 
appearance after some time (depending on the dura- 
tion of immersion}—which is due to its hydrophane 
character. 

We noticed by accident that Wegel Tena opals 
could sustain a fall from 1.5 m onto a concrete floor 
with no visible damage, even under the microscope. 
Repetition of this test on five oval cabochons did 
not produce any sign of damage. The same experi- 
ment with five oval cabochons from the Mezezo 
deposit and three oval cabochons of white opal from 
Australia (including one boulder opal) led to break- 
age of all samples. 
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DISCUSSION 


Gemological Properties. SG was in the reported 
range for opal (Webster, 1975). However, some sam- 
ples showed large weight gains during immersion in 
water, up to 10.2%. This is probably related to the 
high porosity of these samples, detectable simply by 
touching a sample with the tongue to test its “sticki- 
ness.” RI ranged from as low as 1.36 to 1.43, with 
one “secondary” reading of 1.52. Values as low as 
1.36 have been previously measured in hydrophane 
from Slovakia (Reusch, 1865) and in opals from 
Mexico (Spencer et al., 1992). The RI sometimes var- 
ied strongly even within a single sample, depending 
on the orientation. Similar effects were seen in 
Shewa opals (Johnson et al., 1996). They are probably 
due to local physical or chemical heterogeneities, as 
commonly observed in opals. 

The large patches of red and orange seen in 
some of the play-of-color Wegel Tena opals are not 
common in Brazilian and Australian opals. We 
found the digit patterns to be very common in 
Wegel Tena opals, though in some cases they were 
only visible with a microscope. Digit patterns were 
described previously only in opals from Mezezo 
(see figure 14 in Johnson et al., 1996; Gauthier et 
al., 2004). We know of only one non-Ethiopian opal 
with digit patterns; it was seen in Australia by one 
of the authors (EF). Also, Choudhary (2008) 
described another such opal from an unspecified 
source. In contrast, the planar zoning of common 
and play-of-color opal is often observed in opals 
from other deposits, volcanic or otherwise. 

As expected, the spectroscope spectrum and 


Figure 19. Transmission electron microscopy of sample 
1071 reveals a microstructure consisting of spheres 
~170 nm in diameter. 
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color filter reaction were not useful for identifica- 
tion. The red color filter reaction, as well as the 
absorption of the violet and blue regions in most 
stones, stems from two possible factors that may 
combine in a given stone. Intense light scattering 
(the corresponding stones were milky or white] 
attenuates violet and blue wavelengths, as they are 
scattered preferentially at an angle. Also, the yel- 
low-to-brown bodycolor is due to a continuum of 
absorption, increasing from the red toward the vio- 
let region. Hence it will also contribute to blocking 
the violet-to-blue (and even some green) wave- 
lengths. The resulting color in rectilinearly trans- 
mitted light in both cases is orange or red, as seen 
with the spectroscope or the Chelsea filter. Note 
that this is a good example of a bright red Chelsea 
filter reaction that has nothing to do with the pres- 
ence of chromium in the stone. 

The UV luminescence properties were typical 
for opal. The fluorescence is a mix of intrinsic sili- 
ca surface-related violetish blue emissions and 
extrinsic uranium-related green emission. The lat- 
ter is often more visible with short-wave UV 
(Fritsch et al., 2001; Gaillou, 2006; Gaillou et al., 
2008a). 

The observed hydrophane behavior is already 
known for some rare opals (Webster, 1975), particu- 
larly from Opal Butte, Oregon (Smith, 1988). In the 
samples studied here, there was no relationship 
between the capacity of opal to absorb water and 
the change in its visual appearance (compare figure 
11 and table 2). 


Raman Scattering. The main Raman peaks at 
~1084, 974, 785, and 357 cm~! are typical for opal- 
CT and distinctly differ from those of opal-A, for 
which the Raman spectrum displays a main band 
around 420 cm7! (Smallwood et al., 1997; Fritsch 
et al., 1999, Ostrooumov et al., 1999). The bands at 
~3230 and 1660 cm~! are attributed to the presence 
of water (Ostrooumov et al., 1999; Zarubin, 2001), 
and the band at 2940 cm7! to cristobalitic water 
(Gaillou et al., 2004; Aguilar-Reyes et al., 2005). 


Geology. The occurrence of digit patterns remains 
something of a mystery, but they seem to have been 
vertical at the time of their formation. To date, digit 
patterns have been observed almost exclusively in 
material from the two Ethiopian deposits, Wegel 
Tena and Mezezo. It follows, then, that the geologic 
conditions under which opals formed at these areas 
share common characteristics. However, the dispo- 
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Figure 20. This orange opal (24 g total weight) from 
Wegel Tena was sliced to show the internal 15-mm- 
diameter egg-shaped zone of destabilization. Photo by 
B. Rondeau. 


sition of opal in its host rock differs between the 
two localities. At Wegel Tena, opal most often 
cements volcanic grains, while at Mezezo it usually 
forms nodules filling the cavities in volcanic rock. 
The latter is the case for most volcanic opal locali- 
ties, such as Mexico and Oregon. Also, the inclu- 
sion scenes observed in opals from Wegel Tena are 
different from those observed in opal from any other 
deposit (e.g., Gtibelin and Koivula, 1986). 

At Wegel Tena, the opal-mineralized layer is 
concordant with volcano-sedimentary deposits that 
extend for hundreds of kilometers. No systematic 
prospecting for opal has been conducted, but a local 
miner reported to one of us (EB) that opal samples 
have been found in the same geologic unit and at a 
similar depth on the flank of the Great Rift Valley, 
40 km from the present workings (Yapatsu 
Purpikole, pers. comm., 2009). We believe, then, 
that the extent of the opal-bearing layer is probably 
much greater than what is known today. 


Chemical Composition. From our preliminary mea- 
surements of two samples, trace-element composi- 
tion was comparable to opals from Mezezo (Gaillou 
et al., 2008a), with the following notable exceptions: 
Y (0.07-0.3 ppm), Nb (0.3-2.8 ppm), and Th (<0.2 
ppm) were lower in the Wegel Tena opals, whereas 
Sc (1.5-2.3 ppm}, Rb (39-73 ppm], Sr (72-162, ppm), 
and Ba (82-226 ppm) were higher. The enriched Ba 
concentration in opals from Wegel Tena is surpris- 
ing. Looking at opals from elsewhere (Gaillou et al., 
2008a}, we see that those that formed in a volcanic 
environment always have low Ba (<100 ppm}, where- 
as those from a sedimentary environment contain 
100-300 ppm Ba. However, we note that the rela- 
tively high Ba contents in some Wegel Tena opals 
are consistent with the geologic environment that 
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Figure 21. Opal from Wegel Tena is being incorporat- 
ed into innovative jewelry designs. The Meduse Lune 
Clip features two opals (16.72 and 16.77 ct) that are 
set with diamonds and natural pearls. Courtesy of 
Van Cleef & Arpels, Paris. 


also resulted in the presence of Ba-Mn oxides in fis- 
sures mentioned above. 

Areas of different composition within single 
samples raise the question of their petrogenesis. 
The orange opal is richer in Fe and presents a typi- 
cal opal-CT trace-element composition (compare 
with Gaillou et al., 2008a), whereas the white opal 
has unusually high contents of Ba, Sr, and Br com- 
pared to volcanic opals. 


Identification. Digit patterns are typical of Ethiopian 
opal, from either Mezezo or Wegel Tena, regardless 
of the bodycolor. The digit patterns somewhat 
resemble the columnar structure observed in syn- 
thetic opals (such as Gilson), but they also have sig- 
nificant differences. Digit patterns are made of two 
materials: one transparent with play-of-color and the 
other more turbid, often without play-of-color. They 
form rounded columns, whereas the columns in syn- 
thetics are far more regular and polygonal. Hence, 
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careful observation is sufficient to distinguish the 
natural from synthetic opal. 

To our knowledge, white opals from Wegel Tena 
represent the only example of opal-CT with a Ba 
content greater than 100 ppm. Therefore, the com- 
bination of a satisfactory Raman spectrum with 
trace-element analysis makes it possible to identify 
white opals from this locality. The fire opals dis- 
played a chemical composition comparable to that 
of opal-CT from other localities. 


Stability. Translucent opals from Wegel Tena resist 
hydration/dehydration cycles much better than 
opals from Mezezo, which crack and break more 
easily during such tests. A stabilization process has 
been developed to prevent crazing of Ethiopian opal 
(Filin and Puzynin, 2009), but in our experience this 
appears unnecessary for translucent opals from 
Wegel Tena. 


CONCLUSION 


Wegel Tena, Ethiopia, is a source of significant 
quantities of high-quality play-of-color opal (e.g., fig- 
ure 21), with a mostly white bodycolor that is more 
market-friendly than the mostly brown material 
from Mezezo, ~200 km to the south. The opals are 
found in a specific layer of a thick volcanic sequence 
of alternating basalt and ignimbrite of Oligocene 
age. Systematic prospecting is needed to assess the 
extent of the opal-containing layer and the produc- 
tion potential, which appears quite significant. 
Many of these new opals showed what we 
describe as “digit patterns,” a common feature in 
Ethiopian opals. The Wegel Tena samples typically 
showed the Raman spectrum of opal-CT, as do 
most opals that formed in a volcanic environment. 
Among the inclusions, we noted cylinders of silica 
(probably chalcedony), black microcrystals (proba- 
bly pyrite), and coatings/fissures filled with barium- 
manganese oxides and graphite-like carbon. The 
combination of an enriched Ba content in the white 
opals (>100 ppm), a Raman spectrum typical of opal- 
CT, and the presence of digit patterns characterizes 
opals from Wegel Tena. Further trace-element anal- 
yses are necessary to strengthen the chemical crite- 
rion for Ba. The opaque-to-translucent opals from 
Wegel Tena are much more stable than those from 
Mezezo, which have a tendency to craze. Also, 
physically they are surprisingly tough. The Wegel 
Tena area has the potential to become a leading 
supplier of high-quality white play-of-color opal. 
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Notes & NEW TECHNIQUES 


A NEW TYPE OF COMPOSITE TURQUOISE 


Gagan Choudhary 


Several conspicuously colored specimens mar- 
keted as dyed and/or stabilized turquoise were 
recently examined. They were purple to pur- 
ple-pink, yellow-green, and blue, in veined and 
unveined varieties. Testing revealed that all the 
specimens were composites of turquoise pieces 
bonded together; the purple to purple-pink and 
yellow-green samples were bonded with a col- 
ored polymer, and the blue ones had a color- 
less polymer. This article presents the gemolog- 
ical properties and EDXRF and FTIR analyses of 
this material, along with its reaction to the sol- 
vents acetone and methylene chloride. 


color, has been used for adornment since antiquity. 

Chemically a hydrous copper aluminium phosphate, 
it has a cryptocrystalline structure composed of fine, ran- 
domly oriented groups of triclinic crystals (Webster, 1994). 
This cryptocrystalline structure gives rise to the gem’s 
porosity, making it susceptible to body oils, ordinary sol- 
vents, or even dirt, which can alter its color. For decades, 
turquoise has been impregnated with wax, plastics, or 
polymers—a process known as stabilization, which 
enhances not only the material’s durability but also its 
color and surface luster (Nassau, 1994). Another estab- 
lished treatment is the dyeing of pale-colored turquoise to 
give it a rich blue color (see, e.g., Kammerling, 1994). In 
recent years, a few other proprietary treatments have been 
developed for turquoise. The most prominent is Zachery 
treatment, which decreases the porosity of the original 
material, so it takes a better polish; the blue color may 


T urquoise, best known for its splendid blue 


See end of article for About the Author and Acknowledgments. 
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also be enhanced through an additional step in the process 
(Fritsch et al., 1999). Yet another form of treatment seen 
on the market, developed by Eljen Stones, involves poly- 
mer impregnation (Owens and Eaton-Magania, 2009). 

Recently, this author had the opportunity to study a 
group of distinctively colored purple and yellow-green 
turquoise samples, as well as blue turquoise (figure 1). 
When first seen at the Jaipur Jewellery Show in December 
2008, their market availability was limited. Since the 
beginning of 2010, however, the Gem Testing Laboratory 
of Jaipur has received an increasing number of these treat- 
ed turquoises for identification. While previous studies 
have reported on dyed and impregnated blue turquoise 
(Kammerling, 1994) and green turquoise produced by 
immersion in mineral oil (Koivula et al., 1992), these speci- 
mens were quite different. Upon inquiry, the supplier said 
they were pieces of natural turquoise that had been dyed 
and bonded together, though he knew little about the pro- 
cess involved. He did divulge that this material is being 
manufactured in the United States. We subsequently 
received a variety of rough and cut samples for study, and 
this article reports on the properties of these samples, some 
of which appear similar to those seen by McClure and 
Owens (2010) in the GIA Laboratory. 


MATERIALS AND METHODS 


The 21 samples were purple to purple-pink, yellow-green, 
and blue. Fifteen were fashioned as cabochons weighing 
8.10-21.83 ct (again, see figure 1), and the other six were 
rough pieces with a total weight of 47.90 g (figure 2). The 
samples were divided into seven groups of three each on 
the basis of bodycolor, the presence/absence of veining, 
and whether they were rough or fashioned. The groups 
were: unveined purple to purple-pink rough, unveined yel- 
low-green rough, unveined and veined purple to purple- 
pink cabochons (two groups), unveined and veined yellow- 
green cabochons (two groups), and veined blue cabochons. 

Standard gemological tests were performed on all the 
cabochons to determine their RI, hydrostatic SG, and UV 
fluorescence. Absorption spectra were observed with a 
desk-model GIA Prism 1000 spectroscope. A binocular 
gemological microscope with fiber-optic lighting in addi- 
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tion to the overhead white light was used to examine the 
structure and surface features. A needle was used to probe 
various parts of both the rough and cut samples. 

We also noted the reaction of two samples to solvents 
such as acetone and methylene chloride. Acetone is com- 
monly used to check for the presence of dye in gem materi- 
als, and methylene chloride is an excellent solvent for poly- 
mers. We brushed an acetone-dipped cotton swab on an 
unveined yellow-green cabochon and soaked a piece from 
the same sample in acetone for 48 hours to observe the 
changes; the rest of this sample was retained for compari- 
son. We also soaked one veined yellow-green cabochon in 


Figure 2. These rough samples of treated turquoise 
(5.75-10.11 g) show unusual colors and a polymer-like 
luster. Concentrations of colored polymer are visible as 
the yellow-brown area on the right corner of the upper 
yellow-green sample, and the red areas on the bottom 
purple to purple-pink samples. Photo by G. Choudhary. 
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Figure 1. The 15 treated 
turquoise cabochons exam- 
ined for this study are 
divided here into veined 
and unveined (or minimally 
veined) varieties that are 
purple to purple-pink 
(11.82-21.88 ct), yellow- 
green (8.10-18.12 ct), and 
blue (9.78-20.10 ct). 

Photo by G. Choudhary. 


methylene chloride for 48 hours and noted the reaction at 
occasional intervals. For comparison, a natural untreated 
turquoise was immersed in methylene chloride for the 
same duration. 

We performed qualitative chemical analyses on all 15 
cabochons with energy-dispersive X-ray fluorescence 
(EDXRF) spectroscopy, using a PANalytical Minipal 2 
instrument operated with a voltage of 15 kV and current 
of 0.016 mA. 

Infrared spectra were recorded on all cabochons in the 
6000-400 cm-! range with a Shimadzu IR Prestige 21 
Fourier-transform infrared (FTIR) spectrometer operating at 
room temperature in diffuse reflectance mode, using a stan- 
dard resolution of 4 cm7! and 50 scans per sample. The 
results were then converted to absorbance using the spec- 
trometer software. 


RESULTS AND DISCUSSION 


Visual Characteristics. As mentioned earlier, the 
turquoise samples were purple to purple-pink, yellow- 
green, and blue (again, see figures 1 and 2). The purple to 
purple-pink range is not associated with turquoise and 
indicates artificial coloration. The veins present contained 
metallic gold-colored “matrix” that generally appeared 
much brighter than that seen in natural turquoise. Except 
for the yellow-green unveined variety, the specimens dis- 
played an uneven body color. The purple to purple-pink 
and veined yellow-green specimens displayed some dis- 
tinct blue patches representing the original turquoise 
before treatment. These features were indicative of dyeing. 
The blue samples did not exhibit any obvious signs of dye- 
ing and had a more natural appearance, though the thick- 
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Figure 3. Concentrations of color appear on the surface of these rough samples of purple to purple-pink 
and yellow-green turquoise. The IR spectrum of the transparent yellow-brown area in the image on the 
right matched that of a polymer and some of the peaks recorded in the polished specimens. Photo- 
micrographs by G. Choudhary; magnified 30x. 


ness of the veins raised suspicions about their origin. 

The rough purple to purple-pink specimens displayed 
obvious reddish concentrations on their surface (figure 3, 
left) and were easily identified as artificially colored; they 
also displayed a dull to waxy and oily luster, which is 
associated with polymers and resins. The color of the yel- 
low-green rough was more even, with only one specimen 


displaying an obvious concentration of a transparent 
yellow-brown substance (figure 3, right). Similar concen- 
trations of a transparent colored material were visible on 
the purple to purple-pink samples, too. The other two 
yellow-green pieces were fairly evenly colored, though 
they also displayed the luster associated with polymers 
and resins. 


TABLE 1. Properties of natural turquoise and dyed composite turquoise. 


Natural turquoise 


Dyed composite turquoise 


Property (Webster [1994] unless , 
noted otherwise) (this study) 
Color “Sky” blue to greenish blue Purple to purple-pink Yellow-green Blue (veined) 
(veined and unveined) (veined and unveined) (veined and unveined) 
Luster Waxy Dull to waxy 
RI 1.62 (mean) 1.61 (spot) 1.61 (spot) 1.61 (spot) 
1.54 for two samples, 
probably due to polymers 
SG 2.60-2.90 2.23-2.60 2.03-2.55 2.44-2.49 
UV fluorescence 
Long-wave Greenish yellow to Strong patchy orange-red Weak patchy blue; Strong patchy blue 
bright blue mostly inert 
Short-wave Inert Moderate patchy orange- Inert Moderate patchy blue 


red 


Spectroscope spectrum Vague band at 460 nm, 


fine lines at 420 and 432 
Microscopic features White clouds, crystals of 
various mineral inclusions 
(Fritz et al., 2007; Koivula 
and McClure, 2009) 
CuAI,(PO,),(OH),¢4H,O + Fe 
Peaks at 1125, 1050, and 
1000 cm-'; band at 1746 
cm! (¢.g., Moe et al., 2005) 


Reaction to metal probe None 


Reaction to solvents Blue color turns green after 
contact with body oils and 
the like 


EDXRF analysis 
FTIR analysis 
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Bands in the green and 
yellow region at ~510, 540, blue region at 450-490 nm 
nm and 580 nm 


Concentrations of red and yellow, patches of polymer, veins of “golden” 


Diffused absorption inthe No absorption features 


material with or without brassy yellow fragments. 


Al, P, Fe, and Cu (and Zn in veined samples) 


Peaks related to polymers in the 3200-2800 and 2000-1000 cm~' regions 


Indentations due to lower hardness of polymer 


Loss of the impregnated color when soaked in acetone; veined sample 
completely disintegrated into fragments when soaked in methylene chloride 
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Gemological Properties. The gemological properties of the 
studied turquoise are described below and summarized in 
table 1. 


Refractive Index. Except for two yellow-green specimens, 
all samples (whether veined or unveined) yielded a spot RI 
of approximately 1.61 with a moderate birefringence blink. 
This value is consistent with those reported for natural 
turquoise. Two anomalous yellow-green samples—one 
veined and one unveined—displayed spot Rls of ~1.54, and 
no birefringence was visible. This lower RI value could 
have been due to a thicker layer of polymer on the surface 
or to a larger percentage of polymer in the structure of the 
turquoise. 


NEED TO KNOW 


e Purple-pink, yellow-green, and blue composite 
turquoise has been marketed since late 2008. 


e The pieces of turquoise are bonded together 
using a polymer (colored to produce the purple- 
pink and yellow-green varieties). 


e Some of the turquoise has veins or “matrix” 
material composed of a gold-colored polymer 
with fragments resembling pyrite/marcasite. 


¢ The composite turquoise can be identified by 
its microscopic appearance, UV fluorescence, 
spectroscope spectrum, and FTIR features. 


Specific Gravity. The samples displayed a wide range of 
SG values, from 2.03 to 2.60. Webster (1994) and 
O'Donoghue (2006) reported SGs of 2.60-2.91 for untreat- 
ed turquoise, depending on its porosity. Although porosity 
can cause fluctuations in SG readings, we did not observe 
such fluctuations in our samples, as expected for polymer- 
treated material. Only one of the 15 cut samples had an 
SG of 2.60, while the rest were below that. These lower 
values are consistent with the presence of a polymer. No 
consistent variations in SG were seen across colors or 
between veined and unveined samples. 


UV Fluorescence. The samples showed distinct fluores- 
cence reactions to long-wave UV radiation—which varied 
according to their bodycolor (figure 4)—and had weaker 
reactions or were inert to short-wave UV. The purple to 
purple-pink turquoise fluoresced a bright patchy orange- 
red to long-wave UV. The blue turquoise displayed a 
strong patchy blue fluorescence, while the yellow-green 
samples were mainly inert, with only the residual blue 
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areas fluorescing blue. In all the samples, the veined areas 
were inert. Webster (1994) also reported greenish yellow to 
bright blue fluorescence to long-wave UV, and the patchy 
blue in these specimens likely corresponded to residual 
areas of natural blue turquoise. 


Spectroscope Spectrum. The purple to purple-pink speci- 
mens displayed a series of three bands in the green and yel- 
low regions at ~510, 540, and 580 nm; the intensity of the 
latter two bands was stronger than that of the 510 nm 
band. In the yellow-green samples, a broad diffused absorp- 
tion was seen in the blue region between 450 and 490 nm. 
No absorption features were seen in the blue turquoise. 


Magnification. Microscopic examination of the samples 
revealed the following features. 


e Luster: Polymer-filled areas and cavities displayed a dis- 
tinctly dull to waxy and oily luster compared to the 
turquoise areas (see figures 3 and 5). The areas of accu- 
mulated polymer in the cabochons also appeared 
to be indented. 


e Color Concentrations: Most of the samples showed dis- 
tinct color concentrations that varied according to 
bodycolor. The yellow-green turquoise displayed some 
yellow concentrations that formed swirly patches or 
followed veins (figure 6, left). The yellow appeared to be 
superimposed on the blue base of natural turquoise 
pieces, resulting in an overall green coloration. A few 
cavities in the cabochons were filled with the same yel- 
low material. Similarly, the purple to purple-pink sam- 
ples also displayed color concentrations (figure 6, right], 


Figure 4. Here, the samples are shown in the same 
orientation as figure 1 during exposure to long-wave 
UV radiation. Their reactions varied with color. Note 
the striking orange-red fluorescence of the purple to 
purple-pink samples. The blue turquoise displayed a 
patchy blue fluorescence, while the yellow-green 
samples were inert with residual blue areas fluoresc- 
ing blue. Photo by G. Choudhary. 
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Figure 5. Polymer-filled areas and cavities in the 
turquoise appear to be indented and display a dull- 
to-waxy luster. Photomicrograph by G. Choudhary; 
magnified 45x. 


with areas of red present as patches and in veins and 
cavities. The color concentrations indicated that the 
yellow-green and purple turquoise varieties had been 
dyed, and the presence of deep ridges suggested that 
these samples—veined and unveined—were compos- 
ites, consisting of individual pieces of turquoise held 
together by a colored polymer matrix. Also, the yellow- 
green sample that was broken prior to soaking in ace- 
tone displayed uniform color in the broken areas, indi- 
cating that the dye penetrated completely through the 
stone. The blue samples did not display any color con- 
centrations, which indicated that they were not dyed; 
the polymer seen on the surface and in the ridges of 
those samples was colorless. 


e Veins: Natural turquoise usually contains matrix 
formed by brown-to-black veins of limonite 
(O’Donoghue, 2006). Grains of pyrite/marcasite may 
also be present, often along the veins or in the matrix 
(Fritz et al., 2007). In the study samples, the veins con- 
sisted predominantly of a brighter “golden” yellow sub- 
stance that was colored by fine flakes (figure 7). 
Commonly present in this substance were fragments 
with a duller brassy appearance. It appeared that pieces 
of pyrite/marcasite were embedded in a gold-colored 
polymer during the production of the artificial veins. 
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e Reaction to a Metal Probe: When probed with a needle 
to check for the presence of a polymer, both rough and 
cut samples readily indented. This test has been per- 
formed for many years to identify impregnated 
turquoise (see, e.g., Kammerling, 1994). The needle 
made indentations in the “golden” yellow veins or 
“matrix” as well (figure 7, right), revealing the softness 
expected for a polymer; the duller brassy fragments 
were not affected by the metal probe. 


Reaction to Solvents. A cotton swab dipped in acetone and 
rubbed on the surface of one unveined yellow-green sam- 
ple did not result in any loss of color. A piece of an 
unveined yellow-green sample that was soaked in acetone 
for 48 hours displayed an apparent loss of color and 
became patchy (figure 8, right sample}, while the acetone 
became pale yellow-green. The soaked sample also had a 
significantly duller luster and showed a pimply surface and 
numerous cracks (figure 9). 

A veined yellow-green sample that was soaked in 
methylene chloride showed significant changes after ~3 
hours (figure 10). The metallic-appearing substance that 
formed the veins started to leave the specimen and 
showed a flaky appearance. After ~18 hours, individual 
pieces of the specimen were distinctly visible in the liquid, 
and the liquid turned slightly greenish yellow. After ~48 
hours, the specimen had completely disintegrated into 
small grains and fragments, similar to the effect described 
by Rockwell (2008). The surface of the beaker in which the 
specimen was immersed also showed distinct color con- 
centrations released from the sample after the methylene 
chloride evaporated. In contrast, a piece of natural untreat- 
ed turquoise that was immersed in methylene chloride for 
comparison was unaffected. 

The reaction in the methylene chloride bath and the 
similar structural features (e.g., the presence of deep 
ridges) seen in all samples confirmed they are composites 
and not merely dyed and/or impregnated. At this stage, 
we do not know what impact common household clean- 
ing products and other solvents might have on the poly- 
mer(s) used in these composites. 


EDXRE Analysis. Qualitative EDXRF analysis of all cabo- 
chons (veined and unveined) revealed the presence of Al, P, 


Figure 6. Concentrations of 
yellow (left, magnified 30x) 
and red (right, 45x) reveal the 
presence of an artificial dye. 
On the left, the yellow color 
superimposed on the blue base 
gives rise to a yellowish green 
bodycolor. Also note the deep 
ridges filled with color. Photo- 
micrographs by G. Choudhary. 
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Figure 7. The veins or “matrix” in the turquoise appear to consist of a bright “golden” yellow material 
containing fragments with a brassy color resembling pyrite/marcasite (left). The photo on the right 
shows the tiny gold-colored flakes that color the matrix material; the gash made by the needle probe 
indicates its softness. Photomicrographs by G. Choudhary; magnified 30x (left) and 45x (right). 


Figure 8. An 8.90 ct unveined yellow-green turquoise 
was broken and the portion on the right immersed in 
acetone for 48 hours, resulting in a duller luster and 
patchy loss of color. Photo by G. Choudhary. 


Fe, and Cu, consistent with the chemical composition of 
turquoise. No potassium peak was present, which ruled 
out the possibility of Zachery treatment (Fritsch et al., 
1999). Yet the veined samples displayed an additional Zn 
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peak. EDXRF analysis of the “golden” metallic-looking 
material that flaked off after soaking a veined sample in 
methylene chloride (discussed above) confirmed the pres- 
ence of Zn as well as Cu. 


FTIR Analysis. FTIR spectroscopy has long been the most 
powerful tool in the nondestructive identification of poly- 
mer-treated stones (e.g., Fritsch et al., 1992). In this study, 
FTIR analysis of all cabochons (veined as well as unveined) 
displayed fairly consistent absorption features in the 
3200-2800 cm! and 2000-1000 cm~! ranges. 

In the 3200-2800 cm“! region, distinct absorption 
bands were visible at ~3125 (consisting of twin humps}, 
2970, and 2875 cm”! (figure 11, left); the latter two are 
associated with polymers (Fritsch et al., 1992; Moe et al., 
2005). However, no peak was detected near 3035 cm~!, 
which suggests the absence of Opticon or other resins 
(Johnson et al., 1999). 

The 2000-1000 cm~! region (figure 11, right) displayed 
major absorption bands at ~1750, 1595, 1487, 1270, and 
1060 cm~, in addition to some fine absorption features at 
~1896, 1857, 1825, 1380, and 1193 cmz!. Moe et al. (2005) 
stated that peaks at ~1125, 1050, and 1000 cm”! are asso- 
ciated with natural (not synthetic) turquoise. In the 


Figure 9. The immersed 
portion of the sample in 
figure 8 displayed a pimply 
surface (left, magnified 30x) 
and numerous cracks (right, 
45x). Photomicrographs 

by G. Choudhary. 
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present samples, however, the peak at ~1050 cm! varied 
from 1075 to 1045 cm~!, there was no 1125 cm! peak, and 
the peak at 1000 cm=! was present at around 1015 cm! (not 
shown in figure 11). The bands at ~1750 and 1595 cm"! are 
related to polymers, in which the former is assigned to C=O 
stretching (~1744) and the latter to CH, bending (~1600 cm"; 
Moe et al., 2007). The peak at ~1000 cm” is associated with 
the styrene phenyl ring, but it does not play an important 
role in the identification of a polymer, because it is also pre- 
sent in natural turquoise (Moe et al., 2005). The cause of the 
~1487 and ~1270 cm“! peaks is not known; the position of 
the latter varied from 1270 to 1240 cmt. 


Figure 10. A veined 11.29 
ct yellow-green sample 
(A) was soaked in methy- 
lene chloride. After ~3 
hours, the metallic- 
appearing substance in 
the veins started to leave 
the specimen (B). After 
~18 hours, separate 
pieces of the specimen 
were distinctly visible 
(C). After ~48 hours, the 
specimen completely dis- 
integrated (D). Also note 
in C the color of the liq- 
uid, which turned slight- 
: ly greenish yellow. 
«Photos by G. Choudhary. 


The FTIR spectrum of a yellow chip taken from the sur- 
face of a yellow-green sample in figure 3 displayed all the 
polymer-related peaks mentioned above. This confirms the 
presence of a polymer-like material within or on the surface 
of these turquoises. The spectrum of this chip displayed an 
additional peak at ~1270-1240 cm!, and the cause of this 
peak in the turquoise could have been the polymer. 


CONCLUSION 
These composites, typically marketed as “stabilized” 
turquoise, consist of small fragments of turquoise bond- 


Figure 11. The infrared spectrum recorded for all cabochons in the 3200-2800 cm region (left) displays 
distinct absorption bands at ~3125, 2970, and 2875 cm; the latter two are associated with polymers. 
The spectrum in the 2000-1000 cm! region (right) also displays some polymer-related peaks, at ~1750, 
1595, and 1270 cmt, as well as the 1060 cm peak associated with natural (not synthetic) turquoise. 
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ed together with a colored polymer (in the case of the 
purple to purple-pink and yellow-green samples) or a col- 
orless polymer (blue samples). Furthermore, veined sam- 
ples contain interstitial areas formed of a gold-colored 
polymer containing fragments that resemble pyrite/mar- 
casite. 

These materials provide a wider range of turquoise col- 
ors for the consumer. Identifying them should not pose 
any problem. Careful microscopic examination along with 
UV fluorescence, spectroscope spectrum, and FTIR analy- 
sis should easily establish their dyed/composite nature. 
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Notes & NEW TECHNIQUES 


NEW OCCURRENCE OF FIRE OPAL FROM 
BEMIA, MADAGASCAR 


Martina Simoni, Franca Caucia, Ilaria Adamo, and Pietro Galinetto 


Twenty-two gem opals from a new volcanic 
deposit located near Bemia, in southeastern 
Madagascar, were investigated by classical 
gemological methods, SEM-EDS, powder X-ray 
diffraction analysis, LA-ICP-MS, and Raman and 
IR spectroscopy. Although none of the opals 
show play-of-color, they exhibit a wide variety of 
hues—including those typical of fire opal—that 
are related to iron content, mainly from Fe-rich 
inclusions. Consistent with their volcanic origin, 
these samples are microcrystalline and composed 
of opal-CT or opal-C. Among the inclusions are 
ilmenite needles, clay minerals, and iron oxides 
and hydroxides. The RI and, in particular, SG 
values are higher than those typical of natural fire 
opal (e.g., from Mexico) and some synthetic fire 
opal, allowing for a rapid separation. 


pals are water-bearing micro- and noncrystalline 
silica minerals, with the chemical formula 
SiO,-nH,O (see, e.g., Graetsch et al., 1994; 
Downing, 2003; O’Donoghue, 2006). One attractive variety 
is fire opal, which is characterized by a red-orange-yellow 
bodycolor, with or without play-of-color (O’Donoghue, 
2006). This opal variety does not have the typical structure 
of play-of-color opal; rather, it is composed of random 
aggregates of hydrated silica nanograins ~20 nm in diame- 
ter (Fritsch et al., 2006; Gaillou et al., 2008b). 
The most famous locality for fire opal, one that has 
been producing fine material for more than 100 years, is 
the Querétaro area of Mexico (see, e.g., Koivula et al., 
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1983; Gtibelin, 1986). Other sources include the United 
States, Turkey, Australia, Indonesia, Ethiopia, Somalia, 
Kazakhstan, Canada, and Brazil (Ball and Daniel, 1976, 
Smith, 1988, Bittencourt Rosa, 1990; Holzhey, 1991; Bank 
et al., 1997; Enseli et al., 2001; O’Donoghue, 2006). 

Opal, including the fire variety, is also known to 
come from various regions of Madagascar, particularly the 
Faratsiho deposit, located near the capital Antananarivo, 
in the center of the island (Lacroix, 1922). A new source of 
common opal, including fire opal (e.g., figure 1), was dis- 
covered a few years ago in the southeastern part of the 
island. According to A. and L. Pasqualini (pers. comm., 
2010), who visited the deposit in May 2008, the opal is 
found near the city of Bemia, 70 km from the coast (fig- 
ures 2, and 3). The opal occurs in Cretaceous rhyodacite 
volcanic rocks. Local people search for the opal by digging 
small pits, and ~200—400 kg of mixed-quality rough mate- 
rial has been produced. The opal generally occurs as nod- 
ules up to several centimeters in diameter or in veins up 
to 20-30 cm long, with large variations in quality and 
color. The rough opal is typically sent to the city of 
Antsirabe, 450 km north of Bemia, where it is fashioned 
into cabochons or faceted into fine gemstones that typical- 
ly weigh up to 15 ct. Many of the various colors are typical 
of fire opal, but no play-of-color has been seen. 

Building on the work of Simoni and Caucia (2009, in 
Italian), the present article describes the standard gemolog- 
ical properties of Bemia opal, as well as the inclusions, 
powder X-ray diffraction patterns, chemical composition, 
and spectroscopic features. 


MATERIALS AND METHODS 


We looked at 22 fashioned samples (0.32-21.05 ct, both 
faceted and cabochons) of opal from Bemia (e.g., figure 1), 
which were cut from material obtained by A. and L. 
Pasqualini at the mine. The specimens were examined by 
standard gemological methods to determine their optical 
properties, hydrostatic SG, UV fluorescence, and micro- 
scopic features. 

Some inclusions in selected samples were character- 
ized with a Zeiss Evo 40 scanning electron microscope 
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(SEM) equipped with an Oxford Instruments energy-dis- 
persive spectrometer (EDS), using an electron beam energy 
of 40 eV and a focal spot of 5 nm. 

Laser ablation-inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) was performed on four samples 
(nos. 3, 10, 18, and 22, selected to show a range of color). 
The instrument consisted of an Elan DRC-e mass spec- 
trometer coupled with a Q-switched Nd:YAG laser source 
(Quantel Brilliant), with a fundamental emission (1064 nm) 
converted to 266 nm by two harmonic generators. The 
ablated material was transported to the mass spectrometer 
using helium as the carrier gas, mixed with Ar downstream 
of the ablation cell. The external and internal standards 
were NIST SRM 610 and Si, respectively. Four analyses per 
sample were collected, using a spot size of 50 um. The 
results are reported in parts per million (ppm) by weight. 

Powder X-ray diffraction (KRD) data were collected 
with a Philips PW 1800/10 diffractometer, using CuKa 
radiation in the range of 2°-65° 20 with a speed of 0.02° 
20/sec. Since this is a destructive technique, we restricted 
these measurements to six samples (nos. 3, 10, 19, 20, 21, 
and 22) as designated by the Pasqualinis. 

The Raman spectra of four samples (nos. 10, 20, 21, 
and 22) were recorded in the 3000-200 cm! range, using a 
Labram Dilor Raman H10 spectrometer equipped with an 
Olympus HS BX40 microscope and a cooled CCD camera 
as a photo-detector. The instrument employed an He-Ne 
laser (632.8 nm) as excitation radiation. A 100x objective 
(numerical aperture = 0.99) was typically used, with a spa- 
tial resolution of ~1 wm and depth resolution of ~2 um. 

We collected the mid-infrared (4000-400 cm-!) spectra 
of three samples (nos. 3, 19, and 22) in transmission mode 
with a Nicolet Nexus FTIR spectrometer, using KBr pel- 
lets and operating with a resolution of 4 cm7!. 


RESULTS AND DISCUSSION 


Gemological Properties and Inclusions. The appearance 
and gemological properties of the Malagasy opal samples 
are reported in table 1. They showed a wide range of colors 
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Figure 1. These fire 
opals (0.70-16.94 ct) are 
from a new deposit near 
Bemia, Madagascar. 
From left to right: top 
row—16.94 ct (sample 
no. 3), 3.96 ct (no. 5), 
0.70 ct (no. 17); bottom 
row—1.40 ct (no. 21), 
0.78 ct (no. 18), 2.88 ct 
(no. 14). Note the strong 
color zoning in sample 
14. Composite photo by 
Andrea Pazzi. 


and transparency, sometimes with strong zoning (with a 
characteristic banded structure), but all had a resinous lus- 
ter and no play-of-color (again, see figure 1). UV fluores- 
cence varied greatly, in both color and intensity, from one 
sample to another and even within the same sample in 
some cases. Moreover, the stones with the most intense 
bodycolors had no UV reaction. No phosphorescence was 
observed in any specimens. 

The RI values of 1.415-1.462 overlapped and extended 


Figure 2. The volcanic deposit near Bemia, in south- 
eastern Madagascar, is a relatively new source of 
gem-quality opal. 
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below the typical range for opal in general (1.44—-1.46,; 
O'Donoghue, 2006), whereas they were slightly higher than 
those typical of other volcanic opals, such as the famous 
stones from Querétaro, Mexico (1.42-1.43, rarely down to 
1.37; Koivula et al., 1983; Gtibelin, 1986). The SG values 
we measured for the Bemia opal samples (2.05—2.38) were 
higher than those typically measured both for opal in gen- 
eral and for Mexican fire opal, which generally range from 
1.98 to 2.20 for the former (O’Donoghue, 2006) and from 
1.97 to 2.06 for the latter (Webster, 1994). Gaillou et al. 
(2004) attributed an unusually high SG value (2.18) in a 
white Madagascar opal to inclusions of cristobalite (a poly- 
morph of SiO,), which probably caused the milky appear- 
ance of their sample. Although this could well explain the 
high SG values in our samples, we did not find an obvious 
correlation between SG and the presence of a silica poly- 
morph. The Malagasy opals also exhibited higher RI and 
SG values than the original Mexifire synthetic opals 
described by Choudhary and Bhandari (2008), which have 
an RI <1.40 and SG <1.77. However, they are similar to the 
values of the Mexifire synthetic manufactured since late 
2009, which has an RI of 1.470 and an SG of 2.19 (G. 
Choudhary, pers. comm., 2010). 

Crystalline inclusions were noted in some samples. 
Analysis by SEM-EDS identified dark opaque blebs as iron 
oxides (probably hematite; see, e.g., figure 4) and hydrox- 
ides; also present were needles of ilmenite. We determined 
that other inclusions were probably clay minerals, on the 
basis of their fibrous morphology and chemistry. Only 
seven samples had fluid inclusions (within small feathers) 
that were visible with the optical microscope. 

With respect to the stability of the opal to dehydration 
and crazing, we did not observe any significant changes in 
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Figure 3. At Bemia, opal is 
recovered from small pits 
by local residents. Photo 
taken in May 2008 by 

A. and L. Pasqualini. 


these samples during our observations over a period of ~1.5 
years. However, we did not conduct any specific stability 
tests. 


Chemical Composition. Trace-element chemistry is 
important for understanding some physical properties of 
gem opals, such as color and luminescence, and is a useful 
tool for determining their geologic and geographic origin 
(Gaillou et al., 2006, 2008a). The LA-ICP-MS data of four 
samples from Bemia are reported in table 2. 

The four main impurities (>500 ppm) were: Mg 


Figure 4. Opaque blebs, identified by SEM-EDS as 
hematite, are easily seen in this 11.03 ct opal, from 
which sample 19 was faceted. Photo by Andrea Pazzi. 
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RESSURE OF WORK towards the end 

of the war compelled me to discontinue 
this series of articles, the first of which 
appeared in the Fall, 1944, issue of this 
Journal. Unfortunately, the break has now 
extended to a period of five years, so that it 
is difficult for both writer and reader to 
pick up the threads. 

A beginning was made with absorption 
spectra, due to chromium, and so far only 
the spectra of ruby, red spinel, and pyrope 
have been described, which may have given 
rise to ‘the erroneous impression that only 
in these few minerals are distinctive. effects 
observed. Other important gemstones show- 
ing chromium bands are emeralds and alex- 
andrite, which will be dealt with in the 
present article. Next to be considered will 
be stones which owe their absorption bands 
to ferrous iron, including almandine, peri- 
dot, and blue spinel; and those in which 
ferric iron is the important factor — green 
sapphire, andradite, and chrysoberyl. Maa- 
ganese (spessartite, rhodochrosite, willemite ) 
copper (turquoise) and cobalt (synthetic 
blue spinel, and blue glass) are others of 
the “transition” elements which give rise to 
distinctive absorption bands. “Rare Earth” 
bands are found in many of the calcium 
minerals, but are so similar that without 
careful measurement the. particular host 


mineral can hardly be determined by this 
means alone; apatite and scheelite show the 
didymium bands most strongly; in sphene 
and danburite they are usually faintly visible. 

Zircon, which, with almandine, shares the 
distinction of being the first gemstone in 
which absorption bands were noted (by Sir 
Arthur Church, in 1866), owes its unique 
spectrum to traces of uranous uranium. Fin- 
ally, there are several useful absorption spec- 
tra to be considered in which the factor 
causing the bands is still unknown or only 
guessed at. Diamond, tourmaline, spodu- 
mene, jadeite, and enstatite are among those 
included in this category. It will be seen 
from the above brief and incomplete survey 
that there is quite a deal of ground to cover. 

Before proceeding to describe the absorp- 
tion spectrum of emerald, which is next on 
our list, let me briefly recapitulate the 
recommended techniques and instruments 
for using this too little known method of 
gem recognition. Doubtless special instru- 
ments, such as the spectroscope with wave- 
length scale and built-in light source re- 
cently designed by Dr. Gubelin, will even- 
tually make the beginner’s task much more 
easy in this field, but with patience and prac- 
tice perfectly good work can be done with 
quite inexpensive and simple instruments 
commercially available. The instrument 
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TABLE 1. Gemological properties of 22 opal samples from Bemia, Madagascar. 


Sample Weight Color Diaphaneity RI2 SG ee 
NOs (ct) Long-wave (366 nm) Short-wave (254 nm) 
1 9.30 Yellowish white Translucent 1.460 2.19 nert Weak yellow 
2 13:75 Yellow Opaque iss) 2 Ne nert Weak green 
3 16.94 Yellow and Translucent 1.458 5) nert nert 
yellowish white 
4 21.05 Yellow Translucent 1.449 Pails) nert Weak green 
5 3.96 Yellowish orange — Translucent 1.489 2.11 Inert nert 
6 0.38 Colorless Transparent 1.419 2.19 oderate yellow-green oderate yellow-green 
6 0.39 Yellow Translucent 1.415 2.19 Inert loderate blue (core) and 
moderate yellow-green (rim) 
8 0.49 White Translucent 1.416 2.35 oderate blue oderate blue (core) and 
moderate yellow-green (rim) 
9 0.55 White Translucent 1.428 2.16 Moderate blue (core) and Moderate blue (core) and 
moderate yellow-green (rim) moderate yellow-green (rim) 
10 0.32 Yellowish white Transparent 1.440 Be) Moderate blue Moderate blue 
and yellow 
11 0.46 Yellow Transparent 1.449 2.21 Moderate blue (core) and Moderate blue (core) and 
moderate yellow-green (rim) moderate yellow-green (rim) 
12 O85 White Translucent nd 2.26 Weak blue Moderate-weak yellow- 
green 
13 0.49 White Translucent 1.429 2.12 Weak blue (core) and weak Weak blue (core) and weak 
yellow-green (rim) yellow-green (rim) 
14 2.88 Orange and Translucent 1.4389 2.15 oderate blue oderate blue 
yellowish white 
15 11.56 Yellow Transparent 1.450 2.15 oderate blue (core) and oderate blue (core) and 
moderate yellow-green (rim) moderate yellow-green (rim) 
16 2.94 Colorless Transparent 1.462 2.18 oderate blue (core) and oderate blue (core) and 
moderate yellow-green (rim) moderate yellow-green (rim) 
ally 0.70 Red Translucent 1.460 2.20 nert nert 
18 0.73 Orange Transparent 1.453 2.24 nert nert 
19 1.11 Yellow Translucent 1.460 2.05 nert nert 
20 0.36 Orange Translucent nd 2.19 nert nert 
21 1.40 Orange Translucent 1.460 2.15 nert nert 
22 0.86 Yellow Translucent nd 2.06 nert Weak yellow 


4 Abbreviation: nd = not determined because too many fractures were present. 


(~890-17,730 ppm); Al (~3000-5000 ppm, except for sam- 
ple 3, with only 23 ppm); Ca (369-1314 ppm); and Cl (aver- 
age 543 ppm). Aluminum, which substitutes for silicon, is 
typically the most common impurity in opal (Bartoli et al., 
1990; Gaillou et al., 2008a). This substitution results in a 
charge balance that must be compensated by the mono- 
and divalent cations such as Na, Mg, K, and Ca, or the sub- 
stitution of a hydroxyl ion for an oxygen to form silanol 
(Webb and Finlayson, 1987; Gaillou et al., 2008a). Alumi- 
num can also occur as occlusions of clay particles (Webb 
and Finlayson, 1987), which is consistent with our SEM- 
EDS observations (see above). With respect to Ca, our 
Bemia samples were more enriched than the fire opals from 
Mexico, which may contain up to 490 ppm Ca (Gaillou et 
al., 2008a). 

Sodium (~60-1200 ppm) was present in all the Bemia 
opals, as was Fe, which varied greatly (~140-12,070 ppm) 
according to color (again, see table 2). This is consistent 
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with the presence of Fe-containing inclusions (particularly 
Fe oxyhydroxides) causing the yellow and orange bodycol- 
or (Rossman, 1994, Fritsch et al., 1999, 2002; Gaillou et al., 
2008a); this, too, is in agreement with our SEM-EDS inves- 
tigations. Other elements present in lesser amounts were, 
in order of decreasing average concentration: K, Zn, Ti, Ba, 
Zr, Sr, Be, Mn, Sc, Y, Cr, Ni, Rb, Pb, B, U, V, and Cu; Li 
and Co were always below 1 ppm. The Ba content of our 
samples (up to 42 ppm) is consistent with their volcanic 
origin (Gaillou et al., 2008a). With regard to chromophores 
other than Fe, all except Ti were less than ~10 ppm; Ti 
ranged from ~12 to 61 ppm (possibly due to the presence of 
ilmenite inclusions). 

The green and blue luminescence of opal is known to 
be caused by uranium- or oxygen-related defects, respec- 
tively, though an excess of Fe** (>3000 ppm) may quench 
the effect (Fritsch et al., 1999; Gaillou et al., 2008a). 
Samples 3 and 18 were inert to both long- and short-wave 
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TABLE 2. Chemical composition (in ppm) of four 
opal samples from Bemia, Madagascar, as obtained 


by LA-ICP-MS.? 
No. 10 
Element Yellowish No. 22 No. 3 No. 18 
white and Yellow Yellow Orange 
yellow 
Ls 0.15 0.21 0.30 0.44 
Be 1.08 8.94 17.97 25.20 
B 0.86 4.98 0.75 1.31 
Na 1196 600.4 61.11 97.55 
g 1122 891.0 5429 17730 
Cc 412.3 453.1 443.7 870.4 
Al 2890 3609 22.82 5040 
K 336.2 197.2 51.73 398.9 
Ca 1238 368.8 771.5 1314 
Sc 3.09 4.60 3.09 2.70 
Ti 53.76 61.29 15.15 12.10 
Vv 0.30 3.30 0.29 1.66 
Cr 1.02 Shh 1.40 5.90 
Mn 1.09 12.44 10.97 9.73 
Fe 187.1 1888 7251 12070 
Co 0.41 0.73 0.18 0.39 
Ni 0.78 4.44 2.24 2.98 
Cu 0.20 1.70 0.53 1.61 
Zn 1.09 6.98 71.09 86.56 
Rb 3.89 1.38 0.36 3.44 
Sr 43.40 10.69 1.68 2.28 
Y 0.80 0.87 1.91 8.24 
Zr 78.10 10.22 0.38 0.28 
Ba 15.40 35.11 5.82 41.58 
Pb 0.10 0.55 1.51 5.66 
U 0.02 3.05 2.50 2.18 


@ Average of four analyses per sample. 


UV radiation (see table 1), which is consistent with their 
higher iron contents (>7000 ppm), despite the presence of 
U (>2 ppm). Sample 22, with 3 ppm U, was inert to long- 
wave UV but showed weak yellow fluorescence to short- 
wave UV, as would be expected from its Fe content (1888 
ppm). Sample 10 exhibited blue (rather than green) lumi- 
nescence, consistent with its low U and Fe contents; the 
oxygen-related defects causing this behavior cannot be 
measured by the techniques used on these samples. 


X-ray Diffraction. Based on X-ray diffraction, according to 
Jones and Segnit’s (1971) mineralogical classification, opal 
can be subdivided into three general groups: opal-C (rela- 
tively well ordered o-cristobalite), opal-CT (disordered o- 
cristobalite with a-tridymite-type stacking), and opal-A 
{amorphous}. The powder X-ray diffraction measurements 
of four of the six samples analyzed by this method classi- 
fied them as opal-CT, which is consistent with their vol- 
canic origin (Jones and Segnit, 1971; Ostrooumov et al., 
1999, Fritsch et al., 2004). Their patterns were character- 
ized by main peaks in the 26 range—attributed to cristo- 
balite and tridymite phases—that showed various degrees 
of disorder (figure 5, left). The other two stones (nos. 20 
and 21) can be considered opal-C on the basis of their X- 
ray patterns, which were similar to those of a-cristobalite 
(figure 5, right). Opal-C is also associated with volcanic 
deposits (Jones and Segnit, 1971), but in general it is rarer 
than opal-CT (Fritsch et al., 2004). Moreover, our results 
are consistent with the findings by Elzea and Rice (1996) 
that opal-C and opal-CT are part of a continuum of disor- 


Figure 5. These powder X-ray diffraction patterns were collected from Malagasy samples consisting 
of opal-CT (left, no. 22) and opal-C (right, no. 21). The attribution of the main CT (cristobalite- 
tridymite) and tridymite peaks is shown for opal-CT, whereas all signals in the pattern on the right 
are related to cristobalite (the most important being the two peaks at 28.50 and 31.40° 20, which 
allow for a rapid identification). The broad band between 4.9 and 6.8° 20, especially visible in the 


pattern on the left, is due to clay minerals. 
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dered intergrowths between end-member cristobalite and 
tridymite stacking sequences. 

The diffraction patterns of some samples also showed, 
in accordance with SEM-EDS observations, a broad band 
between 4.9 and 6.8° 20, due to clay minerals. Identi- 
fication of the specific clay mineral(s) requires further 
study. 


Spectroscopy. Raman. This technique has been estab- 
lished as an effective, nondestructive method to character- 
ize gem opal (Smallwood et al., 1997; Ostrooumov et al., 
1999; Ilieva et al., 2007). The Raman spectra of our opal 
samples revealed several peaks between 3000 and 200 cm~!, 
due to different stretching and bending vibration modes of 
the Si-O system (see, e.g., Smallwood et al., 1997). As 
expected, the most intense Raman peaks were located in 
the ~500-200 cm-! range, which contains the typical fea- 
tures of tridymite and cristobalite (figure 6). 

In the spectra of samples 10 and 22, we observed a 
broad band centered at ~350 cmz! and a weaker band at 
~300 cm!, which are typical of opal-CT (e.g., Ostrooumov 
et al., 1999; Ilieva et al., 2007). These bands were not well 
resolved, as opal is a poor Raman scatterer, especially when 
a laser in the visible range (here, 632.8 nm) is used. Small 
features at 1086, 955, and 780 cm! were also present, 
together with a weak water signal at about 1620 cm! (not 
shown in figure 6). 

Opal-C samples 20 and 21 exhibited Raman scattering 
at 412 and 226 cm!, revealing cristobalite as their domi- 
nant structural component (Ilieva et al., 2007), in agree- 
ment with the X-ray diffraction data. These peaks are 
broader than those of a-cristobalite, in accordance with 
the greater structural disorder of opal. However, they may 
contain contributions from inclusions of a-cristobalite, as 
suggested by Gaillou et al. (2004). The samples also con- 
tained minor peaks at 1620, 1194 (in sample no. 2.1), 1090, 
and 780 cm!. 


Mid-Infrared. Although X-ray diffraction and Raman spec- 
troscopy are the most informative techniques for deter- 
mining an opal’s structure and typology, IR spectroscopy 
can be usefully coupled with these other analytical meth- 
ods. The IR spectra of the three opal-CT samples investi- 
gated (e.g., figure 7) were characterized by spectral features 
of molecular water and silanol (SiOH) groups, consisting of 
a broad absorption band at 3400 cm! and a feature at 
about 1650-1630 cm! (Farmer, 1974; Langer and Flérke, 
1975; Bartoli et al., 1990). The three strong bands at ~1100, 
790, and 470 cm”! are related to the fundamental Si-O 
vibrations (see, e.g., Farmer, 1974; Plyusnina, 1979; Webb 
and Finlayson, 1987), whereas the two weak bands at 
~2000 and 1880 cm~! are probably due to overtones and 
combinations of Si-O fundamentals (Langer and Flérke, 
1975). These IR spectra are consistent with the samples’ 
microcrystalline nature, and in particular with their CT 
typology (see also Adamo et al., 2010). 
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Figure 6. Raman spectra in the 1200-200 cm! 
range of the four Malagasy opals tested (nos. 10, 20, 
21, and 22) are compared to those of standard 
a-cristobalite and a-tridymite minerals from the 
RRUFF database (rruff.info). 


Clay-mineral impurities are responsible for the 3545 
and 692 cm7! absorption bands (Van Der Marel and 
Beitelspacher, 1976), which were observed in two of the 
three samples investigated. 
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Figure 7. This mid-IR spectrum of an opal-CT sample (no. 22) shows features related to molecular water, 
SiOH groups, and Si-O bonds, as well as clay mineral impurities (insets). 


IDENTIFICATION AND CONCLUSIONS 


Opal samples from a new deposit near Bemia, Madagascar, 
show a wide variety of colors, including those typical of 
fire opal, but always without play-of-color and often with 
strong color zoning in a characteristic banded structure. 
Darker colors correspond to higher iron content (i.e., Fe- 
containing inclusions). The samples investigated here 
were all microcrystalline (opal-CT or opal-C) with varying 
degrees of order, as indicated by the X-ray diffraction data 
and Raman and IR spectra. The RI values (1.415—1.462) are 
higher than those typical of fire opals from other localities, 
such as Mexico, as are the SG values (up to 2.38), which 
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are also slightly higher than those reported for opal in gen- 
eral. The Malagasy opals are also distinguishable from the 
original Mexifire synthetics described by Choudhary and 
Bhandari (2008), on the basis of their higher RI and SG val- 
ues. With respect to the Mexifire synthetic manufactured 
since late 2009, RI and SG are similar, though the slightly 
higher RI value of the new Mexifire material (1.470) 
should be diagnostic in most cases. 

Opal from Bemia has been mined for a few years and is 
starting to enter the market. The material found so far, as 
well as ongoing work at the deposit, indicates the poten- 
tial for economic production. 
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X-RAY COMPUTED MICROTOMOGRAPHY 
APPLIED TO PEARLS: METHODOLOGY, 
ADVANTAGES, AND LIMITATIONS 


Stefanos Karampelas, Juirgen Michel, Mingling Zheng-Cui, Jens-Oliver Schwarz, Frieder Enzmann, 
Emmanuel Fritsch, Leon Leu, and Michael S. Krzemnicki 


X-ray computed microtomography reveals 
the internal features of pearls with great 
detail. This method is useful for identifying 
some of the natural or cultured pearls that are 
difficult to separate using traditional X-radiog- 
raphy. The long measurement time, the cost 
of the instrumentation, and the fact only one 
pearl at a time can be imaged are some of 
this method's disadvantages. 


he value of a pearl is strongly dependent on its natu- 

ral or cultured origin (for the exact definitions of nat- 

ural and cultured pearls, see CIBJO, 2010). There are 
two major categories of cultured pearls: beaded (bead with 
a mantle-tissue graft; BCPs) and non-beaded (solely a man- 
tle-tissue graft; NBCPs). (For more information regarding 
grafting and beading, see Sturman [2009] and references 
therein.) 

Traditional X-radiographs are by far the most useful 
tool to separate cultured from natural pearls (Webster, 
1994). Radiographs provide a projection on a plane of the X- 
ray transparency of the investigated object; typically, the 
bead or structures related to the tissue used to stimulate 
growth of the cultured pearl will have a different appear- 
ance from that of the pearl itself. In the last decade, howev- 
er, the market has received large quantities of freshwater as 
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well as some saltwater NBCPs that are sometimes difficult 
to identify using radiography (Scarratt et al., 2000; 
Akamatsu et al., 2001; Hanni, 2006; Sturman and Al- 
Attawi, 2006; Sturman, 2009; figure 1). Moreover, drilling 
of pearls may remove the evidence laboratories need to 
determine their origin (Crowningshield, 1986a,b). Thus, 
there is a need to improve the acquisition of X-ray images 
of pearls—for example, through the use of multiple images 
taken in different directions. Even so, determination of the 
natural or cultured origin of a small number of pearls 
remains difficult with radiography alone (see questionable 
cases in Sturman, 2009). Recently, X-ray computed micro- 
tomography has shown promise for pearl identification 
(Strack, 2006; Wehrmeister et al., 2008; Kawano, 2009; 
Krzemnicki et al., 2009). 

Developed in the 1960s, computed tomography (CT or 
u-CT for computed microtomography) allows the user to 
investigate nondestructively the internal structure of an 
object with high spatial resolution, providing applications 
for biology/medicine, materials science, and geology (see 
Ketcham and Carlson, 2001; Van Geet et al., 2001; Jacobs 
and Cnudde, 2009). It works by iteratively taking radio- 
graphic projections of a rotating sample (usually through 
360°; figure 2). X-rays are attenuated by the sample as a 
function of its thickness and the linear attenuation coeffi- 
cient (also known as the absorption coefficient—in this 
case, how easily the material can be penetrated by the X- 
rays) of the material. Projections of the sample are typical- 
ly recorded by a CMOS (complementary metal-oxide 
semiconductor) flat-panel detector with an integrated scin- 
tillator. These projections are used to reconstruct three- 
dimensional (3D) models of the investigated object. Then, 
two-dimensional (2D) slices can be cut through the 3D 
models in different directions. Depending on the size of 
the studied area, it is possible to attain resolutions down 
to the micrometer scale. Resolution is generally given as 
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the length of one pixel, or expressed as a volume element 
(voxel, a 3D pixel). To be resolved, features must be several 
voxels in dimension in at least one direction. 

In this study, all the results are grayscaled—the radio- 
graphs as well as the 2D and 3D slices/models. In the 
radiographic images, lighter colors indicate materials with 
higher density (e.g., calcium carbonate) and darker colors 
represent lower-density materials (e.g., organic matter or 
voids). With longer measurements, the calcium carbonate 
polymorphs can be separated (e.g., aragonite from calcite 
and vaterite: see Wehrmeister et al., 2008; Soldati et al., 
2009). 


MATERIALS AND METHODS 


More than 50 samples known to be natural pearls and 
beaded or non-beaded cultured pearls from various rep- 
utable sources were imaged and compared using X-radiog- 
raphy and X-ray p-CT. This study includes the results for 
16 of these samples, representing different pearl categories: 
6 natural pearls, as well as 4 beaded and 6 non-beaded cul- 
tured pearls (both freshwater and saltwater) from various 
mollusks. Five were drilled or half-drilled; two were 
mounted in jewelry (see table 1). 

Film X-radiography was performed at the Gtibelin 
Gem Lab, following the standard techniques used in most 
gemological laboratories (see, e.g., Akamatsu et al., 2001). 
X-rays were generated by a Comet X-ray unit, and the 
samples were immersed in a lead nitrate solution (used as 
scatter-reducing fluid). Two or more radiographs were 
taken in different directions for all samples. Each image 
required about 20 minutes. 

Microtomography measurements were performed at 
the Institute of Geosciences of Mainz University, using a 
ProCon X-Ray CT-Alpha instrument equipped with a 
YXLON FXE 160.51 X-ray tube and a Hamamatsu flat- 
panel sensor detector (figure 3). Although this instrument 
is capable of taking images that are 2048 x 2048 pixels (50 
um per pixel), all of the images we used were taken with a 
setting of 1024 x 1024 pixels (100 um per pixel); that is, 
four pixels were merged as one during image recording. 
This procedure allowed for a shorter measurement time 
and smaller volumes of data, but it halved the given reso- 
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Data-reconstruction 
image processing 


Figure 1. Some white to yellowish brown (“golden”) 
pearls are difficult to identify by classical X-radiogra- 
phy, as they present questionable structures. A mix- 
ture of natural and cultured pearls (up to ~9.5 mm) 
are shown here. Photo by Evelyne Murer. 


lution. The instrumentation could measure objects as 
small as 1 mm or as large as ~100 mm wide and 90 mm 
tall. The highest resolution could be obtained by placing 
small objects close to the X-ray source; this was done in 
some cases to more closely examine interesting or ques- 
tionable structures. So-called region-of-interest (ROI) scans 
allow imaging of larger objects or magnifications of a spe- 
cific part of an object. The drawbacks of such scans are 
typically an increase in artifacts and poorer image quality. 
The sample chamber is 30 x 30 x 30 cm. Unlike radiogra- 
phy, microtomography can only image one pearl (loose or, 
in some cases, mounted) at a time, not a strand of pearls. 

A series of tests were run to define the ideal parameters 
for the highest contrast between the different phases in 
pearls. X-rays were generated with 100 kV accelerating 


Figure 2. Components 
of the p-CT analytical 
process are shown in 
this schematic drawing. 
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TABLE 1. Characteristics and p-CT resolution of the studied pearl samples.? 


u-CT 
Sample no. Type Mollusk Size (mm) Shape Color Condition resolution 

(um) 
SK-61 Natural SW Pteria spp. 8.7 > 8.1 Drop Gray-black Drilled® 11.0 
SK-46 Natural SW Pinctada spp. 6.4 Round Light “cream” Drilled 7.0 
Pp07 Natural SW Pteria spp. 10.1°65 + 3.9 Baroque Light “cream” Sawn 11.0 
GGLO3 N FW Unionida order  9.5-10.2 + 7.0 Button Light gray Whole 10.8 
GGL383 Unionida order 6.9-7.4 + 6.3 Button White Whole 8.0 
GGL27 Natu Unionida order 6.0 Round White Whole 6.4 
GGL17 Beaded SWCP P. margaritifera 9.7 Round Gray-black Whole 10.6 
GGL18 Beaded SWCP P. margaritifera 10.4 - 9.9 Drop Gray-black Whole 11:3 
GGL19 Beaded SWCP P. maxima 12.7 + 11.3 Button White Whole 13.8 
GGL382 Beaded FWCP Hyriopsis spp. 6.9 Round Light gray Drilled 7.7 
GGL22 Non-beaded SWCP. P. margaritifera 10.6 + 4.9 + 2.8 Baroque Light gray Whole 11.0 
SK-50 Non-beaded SWCP P. sterna 7.2+54+4.2 Baroque Gray-purple Whole 8.0 
SK-51 Non-beaded SWCP P. sterna 7.2 +3.9 + 3.5 Baroque Gray-purple Whole 8.0 
SK-54 Non-beaded FWCP Hyriopsis spp. 10.0 + 88 Drop Light gray-purple — Half-drilled 11.0 
SK-62 Non-beaded FWCP Hyriopsis spp. 11.0: 89 Drop Gray-purple Half-drilled® 10.0 
GGL26 Non-beaded FWCP Hyriopsis spp. 6.3 - 6.0 Near round Yellowish brown Whole 6.9 
@ Abbreviations: FW = freshwater, SW = saltwater, FWCP = freshwater cultured pearl, SWCP = saltwater cultured pearl. 
© Mounted 
Figure 3. For microtomography, we used the ProCon 

. oe NEED TO KNOW 


X-Ray CT-Alpha instrument based at the Institute of 
Geosciences of Mainz University. The outer dimen- 
sions are 190 + 150 + 100 cm, and the sample chamber 
is 80 + 380 + 30cm. The total weight of the instrument 
is 2.5 tons. Photo by J. Michel. 


e X-ray computed microtomography can reveal 
the internal structure of a pearl with microme- 
ter-scale resolution. 


¢ The technique is particularly effective for identify- 
ing non-beaded cultured pearls. 


e Drawbacks include artifacts produced by sample 
rotation and metal mountings, long measurement 
time, large data files, costly instrumentation, and 
the fact that only one pearl at a time can be 
imaged. 


voltage and 110 pA target current. The beam was 
prefiltered by 1-mm-thick aluminum foil to reduce beam- 
hardening effects. Projections were taken with an exposure 
time of 500 milliseconds. Each measurement consisted of 
800 projections (over a 360° rotation), averaging 10 images 
for each position. Resolution was strongly dependent on 
the size of the studied area, and ranged from 6.4 to 13.8 
um per voxel (see table 1). 

Reconstruction of the raw data was done using Volex 
software developed by the Fraunhofer Institute, Germany, 
and image processing employed Amira software. Data were 
output as 3D models and 2D slices in the x-, y-, and z-direc- 
tions. Each sample required about five hours for analysis 
(including sample mounting, machine set-up, measuring 
time, and data/image processing). All the calculations were 
carried out on PCs with >8 GB RAM. The data generated 
for each pearl consumed >10 GB of disk space. 
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Figure 4. In this (a) white button-shaped beaded 
saltwater cultured pearl from P. maxima (sample 
GGL19), the bead is visible in the radiograph (b) as 
well as in the 3D (c) and 2D (d) n-CT images; how- 
ever, the boundary between the nacre and the bead 
is sharper in the p-CT images, which also show 


organic matter surrounding the bead. (See also 
Depository item 1.) 


RESULTS AND DISCUSSION 

Selected results are shown in figures 4-8 (as well as in the 
GwG Data Depository at gia.edu/gandg), which provide 
photos of the samples, scans of the X-radiographic films, 
3D p-CT models, and 2D p-CT slices in the most informa- 
tive directions. (Note that the scanned films are of lower 
quality compared to the original films.) For the purpose of 
visualization, a portion of each 3D model has been 
removed to show the internal structures. The best struc- 
tural visualization of the samples is revealed by the 3D p- 
CT images. In addition to producing superior image quali- 
ty, microtomography allows the user to scroll through a 
pearl virtually by combining the single CT sections into a 
“movie,” enabling the dynamic recognition of internal 
structures that are difficult to interpret when observing sin- 
gle CT sections or radiographs (see Gev)G Data Depository 
for this article and for Krzemnicki et al., 2010). 

All the beaded cultured pearls as well as all but two of 
the non-beaded cultured pearls and natural pearls in this 
study could be identified by radiography. The beads in the 
BCPs (figure 4}, the structures associated with the grafted 
tissue in the NBCPs (figure 5), and the onion-like layers 
with a black point in the center of the natural pearls (figure 
6) typically were clearly seen in the radiographs. In some 
cases, however, the u-CT scans revealed additional charac- 
teristics useful for pearl identification. In figure 7, for exam- 


NOTES AND NEW TECHNIQUES 


ple, it can be seen that a drill hole removed part of the 
pearl’s central structures, and identification with traditional 
radiography was uncertain. Although some growth struc- 
tures appear on the radiograph, the p-CT images reveal a 
more detailed and three-dimensional view of the central 
growth structures that enabled the identification of this 
pearl as natural. Additional features such as cracks and 
growth lines were also revealed in some of the p-CT images. 
These characteristics were only ~10 pm thick (or less), and 
were not observed with radiography. 

The p-CT technique does have some limitations. Pearls 
that are mounted or that have a metal lining within the drill 
hole may show artifacts, which can mask the internal struc- 
tures and thus make their identification difficult (figure 8 
and Data Depository item 7). In radiographs, the metal 
mounting is less of an obstacle. Also, p-CT sections show 
reconstruction artifacts due to rotation. Although these arti- 
facts can be reduced with appropriate analytical parameters, 
generally they are not completely removed. The artifacts are 
manifested as perfectly centered fine circles in horizontal 
sections (i.e., transaxial sections), and as a blurry rotation 
axis in the center of the reconstructed image in vertical sec- 
tions (i.e., sagittal and coronal sections, which are oriented 
90° to one another), as illustrated in Data Depository items 
1-6. Care must be taken so the fine circles in the transaxial 
sections are not misinterpreted by an inexperienced observ- 
er as (natural) onion-like growth structures. 

More structures in natural and cultured pearls observed 
with p-CT are well illustrated by Krzemnicki et al. (2010), in 
the GWG Data Depository, and at www.gubelingemlab.ch. 


Figure 5. In this (a) gray-purple baroque-shaped non- 
beaded saltwater cultured pearl from Pteria sterna 
(“keshi”; sample SK-51), tissue-related structures are 
visible in the radiograph (b) and p)-CT images (c, d). 
Characteristically, these structures follow the shape of 
the pearl. Some finer-scale structures are seen in the 
u-CT images. (See also Depository item 2.) 
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Figure 6. In this (a) light gray button-shaped freshwa- 
ter natural pearl from the Unionida order (sample 
GGLO3), typical onion-like structures with a black 
point in the center are visible in the radiograph (b) as 
well as in the p)-CT images (c, d), but are sharper in 
the latter. The p-CT images also reveal fissures sur- 
rounded by a denser (white-appearing) material, 
which are barely visible in the radiograph. (See also 
Depository item 3.) 


0) 


Figure 7. In this (a) drilled, light “cream,” round salt- 
water natural pearl from Pinctada spp. (sample SK-46), 
concentric growth structures are observed in the radio- 
graph (b), but the drilling has partially removed the 
structures in the center of the pearl and identification 
with the radiograph alone is inconclusive. In the p-CT 
images (c, d), however, some remnants of the central 
growth structures are visible, revealing the pearl’s nat- 
ural origin. (See also Depository item 4.) 


Figure 8. In this (a) mounted, half-drilled, gray-purple, drop-shaped non-beaded freshwater cultured 
pearl from Hyriopsis spp. (sample SK-62), characteristic structures of a cultured pearl are observed in 
the radiograph (b) as well as in the 8D p1-CT image (c). However, in the )-CT image the metal partially 
masks the internal structure of the pearl. (See also Depository item 7.) 
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chiefly used in the writer’s laboratory, and 
by his students, is a direct-vision. prism spec- 
troscope with adjustable slit (R. & J. Beck’s 
No. 2458) having a dispersion of about 
10°. This balances quite easily on top of a 
microscope when the eyepiece, or better still 
perhaps, both eyepiece and draw tube have 
been removed. For safety’s sake, the spectro- 
scope is lightly held in the hand while an 
observation is being made. 

The specimen to be examined—it may be 
cut or uncut, mounted or unmounted, so 
long as light can be transmitted through it— 
is usually placed on a glass plate in the 
center of the microscope stage; a powerful 
beam of light from a 500 watt projection 
lamp is concentrated on the microscope 
mirror and reflected thence through a wide 
aperture substage condenser on to, and 
through, the stone. Using a low-power 
objective (1” or 114”), the light transmit- 
ted through the stone passes up the body 
tube (when the mirror is correctly adjusted) 
and is examined through the spectroscope, 
held lightly in the hand and resting on the 
body tube in place of the eyepiece. If the 
light, and focus of the objective have been 
correctly managed, a strong spectrum, free 
from streaks, should be observable by this 
means. 

For those who do not possess a monocular 
microscope -with a substage condenser, an 
alternative method of observation may be 
suggested, and may even be preferred. In 
this, the stone is simply placed face down- 
ward on a piece of black velvet or other 
dark cloth, and a beam of the most powerful 
light available is concentrated upon it at an 
angle of about 45° from the side opposite 
the observer. It should perhaps be remarked 
that here as in the microscope technique, 
any glare of light other than from the stone 
should be shielded from the observer by 
some form of lamp housing. To continue 
with the description of the second method— 
the light is reflected from inside the table 
facet, and can be viewed quite easily through 
the spectroscope held or clamped at an 
angle equal and opposite to that of the 


incident beam: Best results are obtained 
when the slit is about three inches from the 
stone, 


This reflected light method is particularly 
effective with weak spectra such as that of 
white zircon, since the light rays, having 
passed twice through the stone before enter- 
ing the spectroscope, are more strongly ab- 
sorbed than in direct transmission. When 
practicing either method for the first time 
it is wise to choose stones showing pro- 
nounced absorption bands before attempting 
more difficult cases. Almandine garnet, if 
ndt too deeply colored, is an obvious choice, 
and readily available, while almost any col- 
ored Ceylon zircon will show an exciting 
series of bands, and synthetic ruby also 
shows a clear-cut spectrum which is useful 
for practice. 


Just one more word of advice before pro- 
ceeding with the main part of this article. 
It is very important that the slit width and 
focus of the spectroscope should be correctly 
adjusted. This is perhaps most easily 
achieved by pointing the instrument at a 
brightly lic cloud or clear sky, and adjusting 
the slit and focus until the narrow dark 
“Fraunhofer” lines which cross the continu- 
ous spectrum of the sun can be seen clearly 
and sharply. When trying to see bands in 
stones through which little light can be 
transmitted—e.g. turquoise and some jades, 
or a deeply colored almandine—it: may be 
necessary to open the slit rather widely to 
allow enough light to enter. But when 
observing stones through which plenty of 
light can be transmitted the best results 
can be obtained when the slit is narrowed 
to the point where the horizontal streaks 
crossing the spectrum are only just cleared. 
Heavy and persistent horizontal streaks are 
a sign of dirt on the slit. This can easily be 
cleaned by opening it widely and gently 
tubbing a sharpened matchstick along the 
jaws. 


Now, after these rather lengthy prelim- 
inary notes, let us consider the emerald 
absorption spectrum. Where chromium- 
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CONCLUSIONS 


Although most cultured and natural pearls can be reliably 
separated with radiographs alone, their biomineralization 
is better visualized with X-ray p-CT (unless they are 
mounted in metal). In fact, some non-beaded cultured 
pearls require high-resolution 3D imaging for a correct 
identification; in such cases, »p-CT can be quite helpful. 
The main advantage of tomography is that it gives 
high-resolution information in three dimensions, whereas 
radiography condenses the 3D structures onto a flat film as 
a two-dimensional image. This becomes evident when 
observing fissures in pearls. Their position within the 3D 
volume of a pearl is sometimes difficult to interpret in 
radiographs, even when they are taken in different direc- 
tions. With y-CT, the tissue-related structures and the fis- 
sures are better revealed, so it is easier to make a correct 
identification. However, the technique is mainly useful for 
pearls that do not have metal mountings, it requires a long 
measurement time, and it consumes a huge amount of 
data storage space. In addition, u-CT instrumentation is 
still costly—about US$550,000 for the instrument and 
accessories—and the technique requires scientifically 
trained staff for analysis and interpretation. Note, though, 
that a new generation of instruments using X-rays are 
entering the market, which could be used for digital radio- 
graphy as well as p-CT, at the same or even lower prices. 
Additional y-CT studies of problematic pearls (e.g., the 
non-beaded types described by Sturman, 2009) are expect- 
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ed to reveal more of the strengths and limitations of this 
emerging method. Studies at higher resolution, magnifying 
a specific region of the sample (such as with synchrotron 
p-CT), may reveal some very small details of pearl struc- 
ture that are useful for their identification. Micro-CT anal- 
ysis may also prove helpful for identifying organic gem 
materials protected by CITES, such as corals and ivory. 
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Notes & NEW TECHNIQUES 


X-RAY COMPUTED MICROTOMOGRAPHY: 
DISTINGUISHING NATURAL PEARLS FROM 
BEADED AND NON-BEADED CULTURED PEARLS 


Michael S. Krzemnicki, Sebastian D. Friess, Pascal Chalus, Henry A. Hanni, and Stefanos Karampelas 


The distinction of natural from cultured pearls 
traditionally has been based on X-radiography. 
X-ray computed microtomography (u-CT) has 
recently been applied to gain more insight into 
pearl structures. Using this technique, this arti- 
cle presents features observed in a selection of 
natural pearls and beaded and non-beaded 
cultured pearls. Based on these observations, 
u-CT is shown to be a powerful tool for pearl 
identification. 


n recent years, we have seen more interest in natural 

pearls, especially in the high-end jewelry trade (figure 

1). A number of important historic natural pearls have 

been sold at auction in New York, Geneva, Hong Kong, 
and Dubai. However, the supply of newly harvested natu- 
ral pearls is very small, and is restricted to only a few local 
sources, mainly in the Middle East and Southeast Asia. 
Therefore, most natural pearls in the market today are 
from old stocks and historical collections, accumulated 
over many years. They may be found in estate jewelry or 
restrung into contemporary necklaces. 

Cultured pearls are far more abundant than natural 
pearls in today’s market. They mainly consist of Chinese 
freshwater cultured pearls from Hyriopsis spp. (|Akamatsu 
et al., 2001) and saltwater cultured pearls from several 
mollusks, including Pinctada maxima oysters in Australia 
and along the coast of Southeast Asia, P. margaritifera in 
the Pacific and the Red Sea, P. martensii in Japan, P. 


See end of article for About the Authors and Acknowledgments. 
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chemnitzii in China, and Pteria sterna in Mexico. As cul- 
tivation techniques have improved (Hanni, 2007), the dis- 
tinction between natural and cultured pearls has become 
more difficult (see, e.g., Scarratt et al., 2000; Akamatsu et 
al., 2001; Hanni, 2006; Sturman and Al-Attawi, 2006; 
Sturman, 2009), and we predict it will be even more chal- 
lenging in the future. 

For decades now, gemologists have relied primarily on 
X-radiographs for the separation of natural from cultured 
pearls (Webster, 1994; Sturman, 2009; and references there- 
in). Only recently has X-ray computed microtomography 
(u-CT) been applied to pearls (Strack, 2006; Soldati et al., 
2008; Wehrmeister et al., 2008; Krzemnicki et al., 2009; 
Kawano, 2009) and gemstone analysis (Hanni, 2009). This 
article focuses on the features observed with p-CT in natu- 
ral and cultured pearls (non-beaded and beaded). For back- 
ground on the technique, the reader is referred to Karam- 
pelas et al. (2010). 


MATERIALS AND METHODS 


From over 50 pearls analyzed with p-CT, we selected 11 
natural and 19 cultured pearls for this study, from both 
freshwater and saltwater mollusks (see table 1). The sam- 
ples are from the SSEF reference collection, and from rep- 
utable sources consisting of pearl farms and collectors of 
natural pearls (see Acknowledgments). 

Imaging was performed on a SkyScan 1172 high-resolu- 
tion p-CT scanner (SkyScan NV, Kontich, Bel- 
gium), equipped with a 100 kV / 100 pA X-ray source and a 
10 megapixel (4000 x 2000) X-ray sensitive CCD camera. 
The system allows for a flexible geometry along the sample 
path (i.e., objects can be magnified until the boundaries of 
the field-of-view of the camera are reached). The sample 
chamber is roughly 30 x 40 x 15 cm, but the largest sample 
that can be imaged is 50 mm in diameter. The scanner 
allows for image formats up to 8000 x 8000 pixels. The best 
achievable pixel size is 600 nm (isotropic), thus allowing a 
detail detectability below 1 pm. Reconstruction by means 
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of a modified Feldkamp algorithm was performed on a four- 
PC 64-bit reconstruction cluster using SkyScan’s NRecon 
platform. 

Samples were scanned using an 88 kV accelerating 
voltage and a target current of 100 uA, with a full 360° 
sample rotation (0.30 increment) and an exposure time of 
2356 milliseconds per frame. For a voxel size of 2-8 um (a 
voxel is a three-dimensional [3D] pixel), the scan time was 
less than two hours. A full dataset typically was 30 GB per 
pearl, and reconstructions took about six hours each. The 
resulting cross sections were resolved at 2.97 ym pixel size 
(4000 x 4000), and were converted into black-and-white 
binary bitmap images to model the pearls’ internal struc- 
tures. Additionally, the files were transformed into 3D 
models using the CTVol platform (SkyScan NV). In the 
present article, the p-CT images show a bit more noise 
than those reported in Karampelas et al. (2010) because we 
used double frame averaging, while Karampelas et al. used 
a 10-fold frame averaging with shorter exposure times. 


RESULTS AND DISCUSSION 


Natural Pearls. Natural pearls are mainly characterized by 
an onion-like structure of nacre layers, consisting of small 
aragonite tablets (Gutmannsbauer and Hanni 1994; 
Sturman, 2009; and references therein). Additionally, 
pearls contain an organic substance (conchiolin) and some 
have cores composed of radial calcite columns, which 
appear darker (in cross-sections and radiographs) due to the 
enrichment of organic matter. When natural pearls are 
sawn in half (figure 2), this structure can be observed in 
detail with a microscope. The p-CT images of natural 
pearls show these structures in three dimensions (see item 
1 in the GWG Data Depository at www.gia.edu/gandg, 
and figures 6 and 7 of Karampelas et al., 2010). Scrolling 
through reconstructed virtual slices of a natural pearl is 
particularly effective for revealing the growth structures, 
which often are highly uniform in spherical layers. Also 
typically observed are: (1) fissures due to ageing/drying of 


NOTES AND NEW TECHNIQUES 


Figure 1. X-ray computed 
microtomography may 
be an important tool in 
the analysis of single 
pearls. This exceptional 
five-strand natural pearl 
necklace (4.45-12.20 
mm) from the collection 
of Gourdyji des Perles 
Fines, France, was certi- 
fied recently at the SSEF 
Swiss Gemmological 
Institute. Photo by Luc 
Phan, © SSEF. 


the pearl, which usually partially follow the growth rings 
of the nacre (see figure 3a and 3b); and (2) curved intersec- 
tion lines in pearls grown together from two or more 
individuals (figure 3c). In radiographs, these features 
might be misinterpreted as cavity structures in a non- 
beaded cultured pearl. 


Beaded Cultured Pearls. Although beaded cultured pearls 
are generally easy to separate from natural ones using 
radiography (see, e.g., figure 4 of Karampelas et al., 2010), 
p-CT provides a much more detailed view of their struc- 
ture. For example, the images of sample mxt 14b—an oval 
P. maxima saltwater cultured pearl from Australia—reveal 
that the bead broke during drilling (figure 4a). 
Furthermore, the large cavity at the top of this cultured 
pearl shows a complex structure of layers of organic mat- 
ter (conchiolin) with small specks of calcium carbonate 
(seen as bright spots). 

More challenging are cultured pearls with bead materi- 
als such as non-beaded freshwater and saltwater cultured 
pearls or even natural pearls of low quality (Hainschwang, 
2010a,b; Hanni et al., 2010; Krzemnicki, 2010b). These are 
deliberately produced to resemble natural pearls as closely 
as possible. Although they can usually be detected by 
radiography, u-CT further strengthens the identification of 
these cultured pearls (figure 4b). 


Non-Beaded Cultured Pearls. The non-beaded cultured 
pearls analyzed for this study originate from both freshwa- 
ter (Hyriopsis spp.) and saltwater (P. maxima, P. margari- 
tifera, P. sterna) mollusks. The latter ones, sometimes also 
called “keshi” cultured pearls, have caused considerable 
concern in the trade (Hanni, 2006; Sturman and Al-Attawi, 
2006; Krzemnicki et al., 2009; Sturman, 2009; Krzemnicki, 
2010a), as increasing quantities are entering the market, 
often with excellent shape and color. They are thus rival- 
ing the historic natural pearls and may, when misidenti- 
fied as such, compromise the allure and rarity of the natu- 
ral products. Gemological labs are striving to establish cri- 
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Beadless Chinese freshwater cultured pearls 


@ © GC) O Figure 2. Shown here are 
Ag dyed sawn non-beaded fresh- 


Beaded saltwater cultured pearls | water cultured pearls 
Phillippines (top), beaded saltwater 


SE Tahiti cultured pearls (middle), 
= and natural pearls and 
F - a § non-beaded “keshi” 
: j cultured pearls (bottom). 
Japan Akoya Photo by H. A. Hanni, 
© SSEF. 
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Rejected bead “keshi” 


TABLE 1. Characteristics and u-CT resolution of the studied pearl samples.? 


Sample no. Type Mollusk Size (mm) Shape Color Condition es (ur) 
mxt 9 Natural SW P. radiata 6.02-6.97 Oval Light “cream” Undrilled 6.0 
mxt 57_2 Natural SW P. radiata 8.32-8.55 Button Light “cream” Undrilled 3.6 
mxt 29 Natural SW. P. radiata 9.84-11.20 Drop White Undrilled 3.0 
mxt 44 Natural SW P. maxima 9.55-19.95 Sl. baroque White Undrilled 3.1 
mxt 45 Natural SW. P. maxima 7.60-13.50 Baroque White Undrilled 3.5 
mxt 63_2 Natural SW P. radiata 8.20-8.31 Round “Cream” Drilled 25 
mxt 63_10 Natural SW P. radiata 8.46-8.55 Round “Cream” Drilled 2.5 
mxt 63_15 Natural SW P. radiata 8.96-9.57 Oval Light “cream” Drilled 2.5 
mxt 63_18 Natural SW P. radiata 9.39-10.10 Oval Light “cream” Drilled 25 
mxt 70 Natural SW P. radiata 9.42-11.20 Button Light “cream” Undrilled 3.0 
mxt 3 Natural FW Unionida 6.87-7.18 Round Slightly “rosé” Undrilled 3.0 
mxt 14b Beaded SWCP P. maxima 8.80-11.96 Oval White Drilled 4.9 
mxt 31 Beaded SWCP P. maxima 10.49-10.92 Round Yellow Half drilled 3.5 
HAH_1 Beaded SWCP P. maxima 9.12-9.25 Round White Undrilled 3.6 
HAH_2 Beaded SWCP P. margaritifera 9.26-9.47 Round Dark gray Undrilled 3.6 
mxt 21_1 Beaded SWCP P. maxima 6.55-18.54 Baroque White Undrilled 4.0 
mxt 37_1 Non-beaded SWCP. P. maxima 9.19-12.98 Baroque White Undrilled 2.6 
mxt 37_17 Non-beaded SWCP P. maxima 8.05-11.10 Oval White Half-drilled 2.3 
mxt 61_14 Non-beaded SWCP P. maxima 6.59-8.56 Button Yellow Undrilled 3.5 
mxt 61_20 Non-beaded SWCP P. maxima 6.91-7.62 Oval White Undrilled 3.6 
mxt 68 Non-beaded SWCP P. maxima 12.68-12.92 Round Light “cream” Drilled 3.6 
mxt 197 Non-beaded SWCP. P. maxima 10.66-14.95 Drop White Half drilled 3.6 
mxt 198 Non-beaded SWCP. P. maxima 10.00-13.28 Drop White Half drilled 3.9 
mxt 21_2 Non-beaded SWCP. P. maxima 14.30-20.52 Baroque White Undrilled 4.0 
mxt 1 Non-beaded FWCP Hyriopsis spp. 10.58-11.41 Oval Light orange Undrilled 4.9 
mxt 2 Non-beaded FWCP Hyriopsis spp. 8.51-10.82 Sl. baroque White Undrilled 4.0 
mxt 13a Non-beaded FWCP Hyriopsis spp. 9.80-13.70 Drop White Undrilled 5.4 
mxt 97 Non-beaded FWCP Unionida 14.38-16.30 Button Light “cream” Undrilled 4.2 
mxt 98 Non-beaded FWCP Unionida 15.70-17.56 Oval White Undrilled 3.7 
mxt 99 Non-beaded FWCP Unionida 17.54-20.84 Oval Orange Undrilled 4.6 


4 Abbreviations: FW = freshwater, SW = saltwater, FWCP = freshwater cultured pearl, SWCP = saltwater cultured pearl, SI. = slightly. 
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Figure 3. These photos and tomographic sections of 
natural pearls include (a) a Unionida natural freshwa- 
ter pearl (sample mxt 3) from Mississippi showing a 
small dark dot in the center due to organic matter; (b) 
a P. radiata natural saltwater pearl (mxt 9) from the 
Persian Gulf showing a larger dark central zone con- 
sisting of columnar calcite interlayered with some 
organic matter as well as partially concentric fissures; 
and (c) a P. maxima natural saltwater pearl from 
Vietnam (mxt 44) showing structures due to the merg- 
ing of two pearls during the growth history. The fine 
highly concentric circular structure seen in the tomo- 
graphic section of (a) is an artifact, and is not the same 
as the growth structure of the pearl (see Karampelas et 
al., 2010). Photos by M. S. Krzemnicki, © SSEF. See also 


Data Depository item 1. 


teria for separating these non-beaded saltwater cultured 
pearls from their natural counterparts. To better understand 
the structures in these cultured pearls, we have differentiat- 
ed them into two categories: (1) cultivation from a piece of 
mantle tissue only, and (2) cultivation from mantle tissue 
after the bead inserted at the same time has been rejected. 

If a non-beaded cultured pearl is grown directly from a 


NOTES AND NEW TECHNIQUES 


NEED TO KNOW 


e X-ray computed microtomography is effective 
for separating natural from cultured pearls, even 
those that contain pearls as bead materials. 


¢ Natural pearls are mainly characterized by a 
uniform onion-like structure of nacre layers and 
conchiolin. 


e Freshwater non-beaded cultured pearls contain 
small curved cavity structures in their centers. 


e Saltwater non-beaded cultured pearls (“keshi”) 
may show these curved structures, as well as 
larger cavities or calcareous spots in their center. 


piece of inserted mantle tissue—such as Chinese freshwa- 
ter products, but possibly other varieties (Hanni, 2008}— 
then a small curved cavity structure (“moustache”) will be 
present in its center (Scarratt et al., 2000). This cavity struc- 
ture represents the outline of initial nacre formation within 
the wrinkled mantle tissue after it has formed the pearl sac 
in the mollusk. The “moustache” may be difficult to see 
on radiographs, often requiring magnification. When we 
scroll through tomographic sections, however, this irregu- 


Figure 4. Photos and tomographic images of beaded 
saltwater cultured pearls are shown for (a) a P. maxi- 
ma specimen from Australia (mxt 14b) with a bead 
that broke during drilling, as well as a large cavity 
containing many small white calcium carbonate 
spots; and (b) a P. maxima sample (HAH_1) contain- 
ing a non-beaded Chinese freshwater cultured pearl 
as the nucleus. The irregular cavity structure of the 
non-beaded cultured pearl nucleus is evident in the 
center. Photos by M. S. Krzemnicki, © SSEF. See also 


Data Depository item 2. 


P. maxima acre 
FWCP 
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larly curved structure is much more obvious (figure 5a) and 
can even be visualized in three dimensions (figure 5b,c}. In 
the u-CT images of some samples, we also observed por- 
tions with a slightly darker gray appearance (not necessarily 
located in the center), which were similar to those 
described by Soldati et al. (2008) and Wehrmeister et al. 
(2008) as vaterite-rich zones within freshwater cultured 
pearls. However, more research is needed to verify this. 


Figure 6. Vertical (coronal) tomographic sections of 
these non-beaded saltwater cultured pearls show: (a) 
a large smoothly curved cavity structure (mxt 61_14; 
P. maxima, Australia), and (b) an irregular cavity 
structure due to a collapsed pearl sac (mxt 37_1). 
Photos by M. S. Krzemnicki, © SSEF. See also Data 


Depository item 38. 
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Figure 5. This non-beaded 
freshwater cultured pearl 
(mxt 1) from China has a 
characteristic curved 
“moustache” that was 
barely visible with radiog- 
raphy. With p-CT, this 
structure is clearly seen 
in: (a) a transaxial (hori- 
zontal) section, (b) a series 
of overlying transaxial 
sections transformed into 
black/white bitmap files, 
and (c) movie stills that 
show it from different 
angles. Photo by 

M. S. Krzemnicki, © SSEF. 


See also Data Depository 
item 3. 


For the cultured pearls grown after bead rejection, we 
have observed two types of features, possibly dependent on 
the stage at which the bead was rejected. For beads rejected 
during the first generation of cultivation, the mantle tissue 
inserted (commonly into the gonad) behaves as described 
above, forming a pearl sac and subsequently precipitating 
calcium carbonate (Hanni, 2006). Thus, we expect to see a 
rather small and thin curved “moustache” structure in the 
cultured pearl (similar to figure 5c) or a small rounded hol- 
low cavity. These cultured pearls are often button- to oval- 
and drop-shaped. Alternatively, for those formed after bead 
rejection during a second (or later) cultivation period (ie., 
when a preexisting pearl sac, usually in the gonad, was 
filled again with a bead that was rejected shortly thereafter), 
we observe larger cavities within the cultured pearl (figure 
6a}, often slightly curved (Farn, 1984; Hanni, 2006; 
Sturman, 2009). In cases where the pearl sac collapsed, we 
will see large and flat irregular cavity structures (figure 6b} 
in pearls, which often show a baroque shape. 

In some cases, especially in Pinctada spp. mollusks, 
small “additional” cultured pearls may form within the 
pearl sac, probably due to injuries during bead insertion 
(Hanni, 2006). Their internal structures are quite charac- 
teristic, often showing one or two small nacreous spots in 
the center (similar to the calcium carbonate spots seen in 
figure 4a), surrounded by an organic-rich core and a nacre- 
ous outer layer. Figure 7 shows a sliced specimen consist- 
ing of a pair of such “additional” cultured pearls attached 
to a beaded cultured pearl that formed within the gonad of 
a P. maxima oyster. The white calcareous spots in the 
centers are clearly visible. This feature is also evident in 
the p-CT scans of a similar beaded cultured pearl (P. maxi- 
ma) with an “additional” cultured pearl attached (figure 
8a). However, the “additional” cultured pearls need not be 
attached to a beaded cultured pearl, and may be found 
loose in the pearl sac. Figure 8b shows a complex case that 
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Figure 7. This sliced specimen (12 mm in diameter) 
shows a beaded cultured pearl with two attached cul- 
tured pearls that formed additionally in the pearl sac 
(in the gonad of P. maxima). Note the white calcareous 
spots in the centers of these “additional” non-beaded 
cultured pearls. Photo by H. A. Hanni, © SSEF. 


appears to consist of an “additional” non-beaded cultured 
pearl (again with a light-appearing spot in the center) that 
was apparently overlooked when harvesting a first-genera- 
tion beaded cultured pearl from the pearl sac in the gonad 
of a P. maxima oyster. Soon after, a second bead was intro- 
duced into the existing pearl sac, but was rejected. As a 
result the pearl sac collapsed, producing the complex inter- 
nal pattern of this baroque-shaped cultured pearl. 
Furthermore, the loose “additional” cultured pearls 
may be harvested and used as “keshi” cultured pearls 
(Krzemnicki, 2010a). Figure 8c shows such a loose “addi- 
tional” cultured pearl, again with a calcareous spot in the 
center. These cultured pearls show a disturbing resem- 
blance to natural pearls, and can be identified only by care- 
ful observations of radiographs or p-CT scans (Krzemnicki, 
2010a). We have also found indications that attached 
“additional” cultured pearls (such as in figure 8a) have 
been sawn from beaded cultured pearls and then used as 
beads for new cultured pearls, deliberately imitating the 
internal structures of natural pearls as much as possible. 


CONCLUSIONS 


The separation of natural from cultured pearls can be quite 
challenging, especially in light of new developments in 
pearl cultivation. X-ray computed microtomography is a 
powerful technique for visualizing internal structures that 
provide diagnostic evidence of natural vs. cultured pearl 
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origin. The advantage of this method lies in its high-reso- 
lution 3D modeling capability (see also GWG Data 
Depository and www.ssef.ch). In contrast, traditional 
radiography only provides a condensed 2D image of pearl 
structures. Small curved or folded cavity structures indica- 
tive of tissue culturing may only be discernible by careful- 
ly examining multiple radiographs taken at various orien- 


Figure 8. These non-beaded saltwater cultured pearls 
show some particularly interesting features; all have a 
small calcareous spot in the center. (a) An “additional 
cultured pearl is attached to a beaded cultured pearl 
(mxt 21_2; P. maxima) from Australia. (b) A baroque- 
shaped specimen (mxt 21_1; P. maxima) shows com- 
plex structures formed by a non-beaded cultured pearl 
attached to a non-beaded cultured pearl with a large 
irregular cavity structure due to a collapsed pearl sac 
(see also Data Depository item 4). (c) This “additional” 
cultured pearl (mxt 61_20) probably formed due to 
injuries during grafting of a silver-lipped pearl oyster 
(P. maxima). Although the structures are similar to 
those seen in natural pearls, the presence of calcium 
carbonate spots surrounded by organic-rich layers and 
subsequent nacre deposition is characteristic of these 
cultured pearls. Photos by M. S. Krzemnicki, © SSEF. 


” 
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tations. Furthermore, fissures may be misinterpreted as 
cavity structures, as their 3D position within the pearl is 
not readily visible in radiographs. (For more details on 
advantages and limitations of the u-CT method, see 
Karampelas et al., 2010.) 

Although all the described internal features may be 
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discernible with careful radiography, p-CT provides addi- 
tional useful structural information. Based on our experi- 
ence, we conclude that u-CT shows great potential for 
pearl testing. However, additional problematic samples 
need to be studied to fully assess the advantages of this 
method as compared to X-ray radiography. 
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HIBONITE: A NEW GEM MINERAL 


Thomas Hainschwang, Franck Notari, Laurent Massi, Thomas Armbruster, 


Benjamin Rondeau, Emmanuel Fritsch, and Mariko Nagashima 


A 0.23 g orangy brown crystal, a 0.39 ct step-cut 
gem later faceted from it, and a 0.71 g crystal—all 
reportedly from Myanmar—were characterized for 
this report. Infrared spectroscopy, X-ray diffraction, 
and chemical analysis identified the material as 
hibonite. These samples represent the first gem- 
quality hibonite ever recorded. 


| n late 2009, two transparent orangy brown crystals 
weighing 0.23 and 0.71 g (figures 1 and 2) were submit- 
ted to the AIGS Gemological Laboratory in Bangkok for 
identification. The crystals were said to originate from 


Myanmar, with no additional specifics given. Standard 
gemological testing and semiquantitative chemical analy- 
sis were inconclusive. The smaller crystal underwent fur- 
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ther analysis and was identified as hibonite; it was subse- 
quently cut into a 0.39 ct gemstone (figure 2, right). We 
believe these are the first gem-quality specimens of 
hibonite ever documented. 

Hibonite is a hexagonal mineral with the chemical for- 
mula (Ca,Ce}(Al,Ti,Mg),,O,. It has a Mohs hardness of 
7.5-8 and an SG of 3.84, and it is uniaxial negative with 
refractive indices of w=1.807 and ¢=1.790 (Roberts et al., 
1974). Hibonite was discovered in 1955 as opaque to par- 
tially translucent black grains in the Esiva alluvial thorian- 
ite and phlogopite deposit, located in Toliara (Tuléar) 
Province, Madagascar (Curien et al., 1956). This rather rare 
mineral was named after Paul Hibon, the French prospec- 
tor who discovered it (Fleischer, 1957). Hibonite is known 
to occur in meteorites, but it is most often associated with 
moderate- to high-grade metamorphic calcareous rocks, 


Figure 1. The 0.71 g 
(7.02 x 7.32 x 5.44 
mm) gem-quality 
hibonite crystal, 
reportedly from 
Myanmar, is 
shown from two 
different angles. 
Photos by L. Massi. 


sometimes with corundum, spinel and/or sapphirine, as 
documented at Andranondambo in Madagascar (Schwarz 
et al., 1996), in southern Tanzania (Maaskant et al., 1980), 
at Chyulu Hills in Kenya (Ulianov et al., 2005), and in the 
Achankovil shear zone in southern India (Rajesh, 2010). 
Macroscopic samples of hibonite are generally opaque and 
at best translucent, though very small transparent pale yel- 
low to brown crystals were reported from the Tanzanian 
occurrence. 
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Materials and Methods. Standard gemological proper- 
ties of the two crystals and the faceted gem that was sub- 
sequently cut were determined at the AIGS and 
GemTechLab laboratories using a refractometer (RI), 
hydrostatic balance (SG), and 6W long- and short-wave 
UV lamp (fluorescence). Internal features were observed 
with standard gemological microscopes at up to 120x 
magnification. 

Advanced testing was performed on the smaller crystal. 
Reflectance infrared spectra were recorded in the 7500-400 
cm! range at 4 cm™! resolution with Nicolet Nexus and 
Perkin Elmer BXII Fourier-transform infrared (FTIR) spec- 
trometers at GemTechLab and Gemlab, respectively. 
Raman spectra were recorded at the IMN-University of 
Nantes with a Horiba T64000 dispersive Raman spectrome- 
ter employing a 514 nm argon laser. Single-crystal X-ray 
diffraction analysis was performed at the University of Bern 
using a Bruker Apex diffractometer with MoKa radiation 
and an X-ray power of 50 kV/30 mA. Semiquantitative 
chemical analysis was performed by energy-dispersive X-ray 
fluorescence (EDXRF) spectroscopy with an Eagle III system 
at AIGS, a Thermo QuanX system at GemTechLab, and a 
custom-built EDXRF spectrometer with a thermoelectrical- 
ly cooled detector at Gemlab. Quantitative chemical analy- 
sis was achieved at the IMN-University of Nantes with two 
scanning electron microscopes (Zeiss Evo 40XVP and JEOL 
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Figure 2. The 0.23 g 
hibonite crystal (left) 
was fashioned into a 
0.39 ct step-cut gem 
(right). The smooth 
surface on the rough 
is a polished facet, 
which corresponds 
to the table of the 
faceted gem. The 
c-axis is nearly 
vertical. Photos by 
T. Hainschwang (left) 
and F. Notari (right). 


5800LV), each equipped with a Princeton Gamma Tech 
energy-dispersive IMIX-PTS detector. Polarized ultraviolet- 
visible-near infrared (UV-Vis-NIR) absorption spectra were 
recorded with a xenon-based prototype spectrometer at 0.6 
nm resolution in the 240-1050 nm range at Gemlab, and 
with a Hitachi spectrometer at 1 nm resolution in the 
190-900 nm range at GemTechLab. 


Results and Discussion. Standard gemological testing of 
the crystals and the faceted gem gave an SG of 3.84 and 
Ris of ~1.79-1.81, consistent with the reference values for 
hibonite cited above. Since the upper RI values were at the 
limit of the refractometer, the optic character and birefrin- 
gence could not be measured with certainty. The samples 
were inert to UV radiation. 

With magnification, a variety of inclusions were visi- 
ble in all the samples, most of them hexagonal and some 
triangular (figure 3). SEM-EDX analysis of several surface- 
reaching grains gave a chemical composition indicative of 
very pure corundum. A tiny (~50 nm) inclusion within one 
of these inclusions was found to be fluorite by the same 
method. Some of the other inclusions may be micas, simi- 
lar to those found in association with blue sapphire and 
hibonite in the Andranondambo deposit (Schwarz et al., 
1996), but they could not be identified by Raman analysis due 
to the interfering luminescence from the host (see below). 


Figure 3. Small triangular 
and hexagonal inclusions 
(possibly corundum and 
mica) were present in the 
hibonite. Photomicro- 
graphs by T. Hainschwang 
(left, field of view 0.5 mm) 
and L. Massi (right, magni- 
fied 50x). 
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colored minerals are concerned, there are 
two main regions of general absorption— 
one in the yellow and/or green, the other 
beginning in the blue and culminating in 
the violet part of the spectrum. Upon the 
position, intensity, and extent of these 
absorption bands depends the color of the 
stone. In ruby, 2 broad absorption band 
covers most of the yellow and green parts 
of the spectrum; there is a not very exten- 
sive “window” in the blue before the 
absorption sets in again and swallows up 


incident light tipping the scale one way 
or the other. 

If these broad absorption regions were 
all that one could see, the spectra of these 
minerals would be both dull and undiag- 
nostic; but the hall-mark of all minerals 
which owe their color to chromium is a 
series of natrow bands or lines in the red, 
and sometimes in the blue also. Even at 
room temperatures these bonds are so nar- 
row as to merit the. description ‘hair lines” 
which has sometimes been applied to them 


e Figure 1, Absorption spectra of (1) Ruby, (II) Alex- 
andrite, (III) Emerald. 


the remainder of the spectrum. The dichro- 
ism of ruby depends upon the expansion 
and shrinkage of the central absorption 
band, which can be watched through the 
spectroscope by rotating a nicol or polaroid 
disc between the specimen and the slit. In 
emerald, the central absorption region is 
relatively weak, covering only part of the 
yellow: the green and most of the blue are 
quite unabsorbed. In alexandrite, the central 
band is in an intermediate position and 
strength, which accounts for the curious 
half-way color of the stone, balanced 
between green and red, the nature of the 


while at liquid air temperatures they are 
narrower still, and are then almost compar- 
able with the emission or absorption spectra 
of vapors. 

The drawing reproduced in Fig. 1, which 
has been specially prepared for me by Mr. 
T. H. Smith, enables the reader to gain a 
clear conception Gf the main features of 
the three typical chromium spectra of ruby, 
alexandrite, and emerald. The drawing rep- 
resents the spectra as seen through a dif- 
fraction grating spectroscope, with the wave- 
length separation evenly developed through- 
out the spectrum. More will be said on this 
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Figure 4. Reflectance 
| FTIR spectra of the 
smaller crystal, taken 
O in two orientations, 
z 0.23 g crystal show some similari- 
js nas oe ties to the reference 
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Reflectance IR spectroscopy of the smaller crystal 
yielded patterns relatively close to that of a reference spec- 
trum of hibonite from Madagascar (internal reference, 

TABLE 1. Gemological properties and SEM-EDX GemTechLab and Gemlab). Nevertheless, the spectra 
quantitative chemical analysis of the 0.23 g hibonite. recorded from the sample were sufficiently different that 
the crystal’s identity remained in doubt (figure 4). 
Gemological Properties It proved very difficult to obtain useful Raman data, 
Color Orangy brown and the spectrum recorded on the smaller crystal was 
Refractive indices 1.79-1.81 inconclusive. The main features were two weak bands at 
Specific gravity 3.84 903 and 880 cm~!, a more distinct broad band at 740 cm!, 
Mohs hardness TY-8 and a weak broad band at 330 cm~!. Hibonite appears to 
Fluorescence Inert to long- and short-wave UV have a weak Raman signal, as many of the published spec- 
Internal features Triangular and hexagonal crystal tra are of poor quality. The hibonite reference spectra in 
inclusions, among others the RRUFF database (http://rruff.info), for example, are not 
a : ; pure Raman scattering signals, but appear to consist of 
Quantitative Chemical Analysis? luminescence signals. 

Element Atomic % The identification as hibonite was further supported by 
X-ray diffraction analysis, which established the material as 
Al 32.93 hexagonal with unit-cell dimensions of a = 5.592(2) A, c = 
Ca 3.37 2.1.989(3) A, and volume = 595.5(3) A?. This limited the 
. 9 ; possible mineral groups to taaffeite, h6gbomite, or hibonite. 
Zn 0.46 A crystal-structure refinement achieved from the X-ray 

Fe 0.08 diffraction data indicated near-end member hibonite. 
O 59.21 This result was confirmed by chemical analysis. 
EDXREF spectroscopy of several areas of the smaller crystal 
“Results are normalized to 100%. indicated mainly Al, plus Ca, Ti, Mg, Zn, and traces of Fe 
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UV-VIS-NIR ABSORPTION SPECTRA 
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Figure 5. The polarized UV-Vis-NIR spectra of the 
smaller hibonite crystal are characterized by an 
absorption continuum with superimposed broad 
bands, which is responsible for the orangy brown 
color. The small negative peak at 694 nm is due to 
Cr** Juminescence. 


and Sr; Cr was barely detectable (detection limit ~20 ppm). 
Quantitative SEM-EDX chemical analysis of this crystal 
gave a similar result, with slight differences due to the 
lower sensitivity of this method (detection limit ~100 
ppm; see table 1). The significant traces of Zn are surpris- 
ing for hibonite, as Zn is regarded as an uncommon impu- 


ABOUT THE AUTHORS 


rity in this mineral (e.g., Maaskant et al., 1980; Hofmeister 
et al., 2004). Also, we did not detect Ce (or any other rare- 
earth element), which is usually present in hibonite. 

The polarized UV-Vis-NIR spectra (figure 5) were char- 
acterized by broad bands overlaying an absorption continu- 
um with increasing absorbance from lower to higher ener- 
gies (higher to lower wavelengths). This continuum is 
responsible for the orangy brown color. Its origin is unclear, 
but it could be due to an Fe-Ti intervalence charge transfer, 
as both elements were detected by chemical analysis. 
Because this color mechanism absorbs light efficiently, it 
does not require high concentrations of these elements. 
This mechanism gives similar colors to a number of miner- 
als and gems such as dravite, andalusite, and micas (Fritsch 
and Rossman, 1988). The origin of the superimposed broad 
bands is uncertain; they contribute only very slightly to the 
color. The absence or very low concentrations of Ce and Fe, 
both potential light absorbers, may explain why this sam- 
ple is lightly colored when hibonite is usually black and 
opaque. 


Conclusions. Hibonite can be identified by its gemological 
properties (RI = 1.79-1.81, SG = 3.84, no UV fluorescence) 
and composition as determined by semiquantitative or 
quantitative chemical analysis. Gem-quality hibonite can 
now be added to the list of known gem minerals. Its rarity 
classifies it as an exotic collector’s stone. If more of this 
material is discovered, its qualities (hardness, attractive 
color, etc.) make it suitable for general use in jewelry. 
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UV-VIS ABSORPTION 


Unusual Polyphase Inclusions 
In CORUNDUM 


The New York laboratory recently 
identified some inclusions in corun- 
dum that have not previously been 
reported in the gemological literature. 
While examining a 3.79 ct unheated 
blue sapphire of metamorphic origin, 
we noted a small, transparent, sur- 
face-reaching crystal, which Raman 
analysis identified as zircon. Much to 
our surprise, the high-powered micro- 
scope built into the Raman instru- 
ment showed numerous (>10) inclu- 
sions within the zircon crystal (figure 
1). We noted several transparent 
rounded inclusions, a few euhedral 
crystals, and a reddish material. 
Raman analysis of the rounded fea- 
tures showed peaks associated with 
CO,, while the spectrum from the 
reddish regions indicated the presence 
of hematite. We had never before 
observed such “inclusions within 
inclusions” of zircon in sapphire. 

As part of GIA’s continuing effort to 
provide country-of-origin determina- 
tions for corundum, the New York lab- 
oratory has been characterizing more 
than 500 unheated corundum samples 
known to be from the Winza region of 


Editors’ note: All items were written by staff 
members of the GIA Laboratory. 
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Figure 1. The zircon crystal (~210 jm Jong, left) in an unheated blue sapphire 
has inclusions of its own that are visible at higher magnification (right). 


Tanzania. During this project, we 
found what we believe to be diaspore 
on the basis of Raman analysis (figure 
2); we also detected hematite in two 
samples (figure 3). Although polyphase 


Figure 2. The large white inclusion 
in this pink sapphire from Winza, 
Tanzania, had a Raman spectrum 
consistent with diaspore. Field of 
view ~0.5 mm. 
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inclusions in corundum from Winza 
have been characterized previously (D. 
Schwarz et al., “Rubies and sapphires 
from Winza, central Tanzania,” Winter 
2008 GewG, pp. 322-347, A. Peretti, 
“Winza rubies identified,” Contri- 
butions to Gemology, No. 7, 2008, 
www.gemresearch.ch/journal/No7/ 
No7.htm), we believe this is the first 
time diaspore and hematite have been 
identified as components of inclusions 
from this locality. 

David Kondo 


DIAMOND 

Black Diamond with Solid 

CO, Micro-Inclusions and 
Phosphorescent Zones 

Also recently examined at the New 
York lab was the 0.45 ct natural-color 
black heart-shaped diamond shown in 
figure 4 (left). Microscopic observa- 
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Figure 3. For these inclusions in a violetish blue sapphire (left) and a 
pink sapphire (right, taken with a Raman microscope)—both from 
Winza—Raman spectra for the red regions matched hematite. Fields of 
view 1.2 and 0.15 mm, respectively. 


tion revealed an abundance of clouds, 
and higher magnification showed 
clusters of round, disc-like inclusions 
~32, um across (figure 4, right). This is 
the first time we had observed such 
features in a black diamond, which 
derives its color from its inclusions. 
Due to time constraints, we did not 
have the opportunity to identify these 
inclusions using Raman microspec- 
troscopy. However, the mid-infrared 
(IR) spectrum demonstrated that the 
diamond’s major impurity was solid 
CO,, with dominant absorption peaks 
at ~2370 and ~658 cm! (figure 5). 
Features associated with micro-inclu- 
sions such as silicates and apatite also 
were observed, at 1055 and 575 cmr!, 
respectively (though not visible in fig- 
ure 5). Sharp absorption bands at 871 
and 721 cmz!, together with a broad 


band at 1430 cm-!, suggested the pres- 
ence of carbonates. Quartz absorption 
bands detected at 798 and 779 cm! 
were shifted from their normal posi- 
tions. This diamond also contained 
hydrous components, as revealed by a 
broad band at ~3220 cm"! that indicated 
asymmetric OH“ stretching (see D. A. 
Zedgenizov et al., “Carbonatitic melts 
in cuboid diamonds from Udachnaya 
kimberlite pipe [Yakutia]: Evidence 
from vibrational spectroscopy,” Miner- 
alogical Magazine, Vol. 68, No. 1, 2004, 
pp. 61-73). Another broad band at 
~1713 cm! may be related to the H,O- 
bending mode. Small hydrogen bands 
were observed at 4703 and 3107 cm. 
These features are not common in gem- 
quality diamonds. Absorption bands in 
the 1300-1000 cm! region suggested 
this was a type Ia stone. 


Figure 4. This 0.45 ct black diamond (left) contains abundant microscopic 
clouds. With high magnification (112.5x), clusters of round, disc-like 


inclusions are also seen (right). 
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When examined with the strong 
ultra-short-wave (~225 nm) ultravio- 
let radiation of the DiamondView, 
most of the stone fluoresced strong 
yellowish green, but there were three 
rectangular nonfluorescent zones (fig- 
ure 6, left). Unlike the rest of the dia- 
mond, these zones exhibited strong 
phosphorescence (figure 6, right). 
Photoluminescence (PL) spectroscopy 
using 488 and 633 nm lasers showed 
similar features for both these zones 
and the fluorescent areas, but a few 
PL bands—such as at 511, 572, 696.2, 
and 739 nm—were observed only in 
the nonfluorescent zones. The assign- 
ment for these bands is not clear, but 
they may be related to the unusual 
phosphorescence. The clouds in the 
diamond were confined to the {100} 
crystal plane in the dominant yellow- 
ish green fluorescent area, while the 
phosphorescent zones were formed in 
{111} directions. 

This black diamond offered a valu- 
able opportunity to study the geologic 
conditions of diamond growth. The 
micro-inclusions of solid CO, and 
water—which we have seen only 
rarely in gem-quality diamonds—sug- 
gested that this diamond formed from 
carbonate-rich melts. Internal pres- 
sure from these volatiles caused the 
quartz absorption bands to shift, 
which further suggests that these 
micro-inclusions were trapped during 
the diamond’s growth. 


Paul Johnson and Kyaw Soe Moe 


Fancy Vivid Blue 
HPHT-Treated Diamond 


As we have noted previously, many 
natural type Ib blue diamonds have 
gray or brown overtones that can be 
removed by high-pressure, high-tem- 
perature (HPHT) annealing, thus 
enhancing the blue color (see, e.g., 
Spring 2010 Lab Notes, pp. 51-52). 
Recently, the New York laboratory 
examined one such diamond with a 
hue more saturated than most other 
HPHT-treated blue diamonds we 
have tested. 

The 3.81 ct pear-shaped diamond 
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Figure 5. The IR spectrum of this natural-color black diamond demon- 
strates the presence of various micro-inclusions, such as solid CO,, 


carbonates, quartz, and water. 


(13.24 x 9.22 x 5.42 mm) was graded 
Fancy Vivid blue and displayed even 
color distribution (figure 7). The high- 
ly saturated hue in combination with 
well-balanced transparency was remi- 
niscent of a fine blue sapphire. 

Two tiny graphite flakes were seen 
when the stone (clarity graded VS,) 
was examined through the pavilion. 
No graining was detected. The dia- 
mond was inert to conventional long- 
and short-wave UV radiation. Only a 


weak blue fluorescence and very weak 
blue phosphorescence were visible 
with the strong ultra-short-wave UV 
radiation of the DiamondView; these 
less intense reactions are clearly differ- 
ent from those of most natural-color 
or HPHT-treated type I[b diamonds. 
The mid-IR spectrum showed 
strong boron-related absorptions (such 
as a peak at ~2800 cm”), which are 
typical of type IIb diamond. We estab- 
lished that the diamond was HPHT 


Figure 6. In the DiamondView, the black diamond displays strong yellow- 
ish green fluorescence except for three nonfluorescent rectangular zones 
(left). However, these rectangular zones show strong phosphorescence, 
while the rest of the diamond does not (right). 
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Figure 7. This 3.81 ct Fancy Vivid 
blue type IIb diamond was iden- 
tified as HPHT treated. 


annealed on the basis of its gemologi- 
cal properties and PL spectra collected 
at liquid-nitrogen temperature with 
laser excitations from UV to IR. 

The color of an HPHT-treated dia- 
mond can be affected by many fac- 
tors, such as the chemical purity of 
the starting material, the treatment 
conditions, and even the cut. In our 
experience, extremely attractive col- 
ors such as that seen in this diamond 
are rare. This is the fourth-largest 
Fancy Vivid blue HPHT-treated dia- 
mond GIA has graded to date. The 
largest weighed more than 7.5 ct. 


Wuyi Wang 


Interesting Display of the H3 
Defect in a Colorless Diamond 
Type Ila diamonds contain few impu- 
rities and usually show little variation 
in their gemological and spectroscopic 
characteristics. However, fluorescence 
imaging with the strong ultra-short- 
wave UV radiation of the Diamond- 
View occasionally reveals interesting 
internal features. Recently, a 2.24 ct 
pear-shaped diamond (11.63 x 7.43 x 
4.34 mm) was submitted to the New 
York laboratory for grading. IR absorp- 
tion spectroscopy confirmed that the 


SUMMER 2010 


Figure 8. These DiamondView images of a 2.24 ct colorless type Ila diamond display the H3 
defect in fern-like (left), flame-like (center), and distorted vein (right) structures. 


E-color, internally flawless stone was 
a typical type Ila diamond, with no 
impurity-related defects. 

A striking feature displayed in the 
DiamondView was the stone’s domi- 
nant blue fluorescence with unusual 
green patterns. Depending on the 
direction of observation, these green 
regions showed fern-like, flame-like, 
or distorted vein structures over the 
entire pavilion (e.g., figure 8). We also 
observed strong blue phosphores- 
cence in the DiamondView. 

PL spectroscopy at liquid-nitrogen 
temperature with 488 nm laser exci- 
tation showed relatively strong emis- 
sion from the H3 optical center with 
a zero-phonon line (ZPL) at 503.2 nm, 
weak emission from NV° at 575.0 
nm, and a sharp peak at 648.2 nm (fig- 
ure 9). The 648.2 nm emission is very 
likely a boron-related defect, and type 
Ila diamonds with this emission often 
display strong blue phosphorescence. 
The unusually strong H3 emission, 
together with the distinctive patterns 
observed in the DiamondView, 
demonstrated that the green fluores- 
cence is caused by the H3 optical cen- 
ter (see, e.g., Spring 2010 Lab Notes, 
pp. 49-50). 

Such an interesting pattern of H3 
distribution in a type Ia diamond is 
rare. The formation mechanism is 
not fully understood, but it could be 
related to the presence of lattice 
impurities (such as A-form nitrogen 
and vacancies) in a specific crystal 
orientation. 

Erica Emerson and Wuyi Wang 
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CVD SYNTHETIC DIAMOND 
Over One Carat 


Single-crystal synthetic diamonds 
grown by chemical vapor deposition 
(CVD) are occasionally submitted to 
the GIA Laboratory for identification 
and grading reports. For the first time, 
the New York laboratory has identi- 
fied a near-colorless CVD synthetic 
diamond larger than one carat that 
was submitted for grading. 

The 1.05 ct pear shape (9.81 x 5.95 


x 3.06 mm) was color-graded as equiv- 
alent to G (figure 10). In addition to 
pinpoint inclusions, it contained 
some feathers and fractures along the 
girdle, and its clarity grade was equiv- 
alent to I,. No fluorescence was 
observed when it was exposed to con- 
ventional long- and short-wave UV 
radiation. The mid-IR absorption 
spectrum showed no absorption in 
the one-phonon region and no hydro- 
gen-related absorption, which classi- 
fied it as type Ila. (It is unusual to 


Figure 9. The 2.24 ct colorless diamond’s PL spectrum shows a relatively 


strong emission from the H3 center. 


PL SPECTRUM 


Diamond Raman 


INTENSITY ——> 


580 600 620 640 


WAVELENGTH (nm) 


GEMS & GEMOLOGY 


SUMMER 2010 143 


Figure 10. This G-color CVD syn- 
thetic diamond weighs 1.05 ct. 


encounter a “white” CVD-grown dia- 
mond without H-related absorption at 
3123 cm!.) Images taken with the 
DiamondView showed strong pink 
fluorescence with some irregularly 
shaped areas of blue fluorescence (fig- 
ure 11). PL spectra collected at liquid- 
nitrogen temperature with laser exci- 
tations from the UV to IR regions 
revealed features typical of CVD syn- 
thetic diamond: strong emissions 
from NV centers, a doublet at 596.5 
and 597.1 nm, and [Si-V]- doublet 


Figure 11. When exposed to the 
strong short-wave UV radiation 
of the DiamondView, the 1.05 ct 
CVD synthetic diamond displays 
strong pink fluorescence with 
irregular areas of blue. 
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emissions at 736.6 and 736.9 nm. The 
gemological and spectroscopic fea- 
tures confirmed that this sample was 
a CVD synthetic diamond. 

It is clear that larger, better-quality 
CVD synthetic diamonds are being pro- 
duced as there is continued improve- 
ment in the growth techniques. 


Wuyi Wang and Kyaw Soe Moe 


Synthetic Diopside in 
Manufactured GLASS 
Manufactured glasses are familiar gem 
simulants, and are usually identifiable 
by included gas bubbles. If the glass 
has begun to devitrify, however, it 
may contain natural-appearing crys- 
talline inclusions, so identification 
may be confusing for all but the most 
experienced gemologists. Devitri- 
fication usually occurs in colored 
glasses, which contain additional ele- 
ments that increase the likelihood of 
developing crystals. These crystals 
typically nucleate on gas bubbles or 
foreign particles in the glass (J. I. 
Koivula, “A photolexicon of inclu- 
sion-related terms for today’s gemmol- 
ogist: Part 27,” Canadian Gemmo- 
logist, Vol. 17, No. 2, 1996, p. 40). 
The Carlsbad laboratory recently 


Figure 12. Synthetic diopside 
crystals decorate an elongated 
colorless rod of synthetic wollas- 
tonite in a piece of manufactured 
glass. Magnified 70x. 
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examined an unusual example of this 
phenomenon. The standard gemolog- 
ical properties (RI of 1.52 and hydro- 
static SG of 2.55) were consistent 
with manufactured glass. The piece 
displayed three distinct color zones: 
greenish blue, green, and essentially 
colorless. The colorless zone ran 
through the green area and contained 
numerous well-formed blocky green 
crystals, several of which had strong- 
ly saturated green cores (e.g., figure 
12). Raman analysis identified the 
crystals as diopside. Because these 
green synthetic diopside crystals only 
occurred in the colorless area, they 
appeared to have caused a “chro- 
mophore cannibalization” effect on 
the originally green glass, rendering 
those portions of the sample color- 
less. Energy-dispersive X-ray fluores- 
cence analysis of the host confirmed 
the presence of chromium, the likely 
chromophore of both the green por- 
tion of the glass and the synthetic 
diopside crystals. 

Also present were elongated color- 
less crystals, which Raman analysis 
identified as wollastonite. These 
appeared to be the initial devitrifica- 
tion product, followed by the synthet- 
ic diopside crystals, which were com- 
monly distributed along the length of 
the synthetic wollastonites (again, see 
figure 12). Irregularities along the syn- 
thetic wollastonite crystals likely 
served as nucleation sites for the syn- 
thetic diopside. 

While synthetic wollastonite has 
been reported previously in manufac- 
tured glass (H. A. Hanni et al., “A 
glass imitation of blue chalcedony,” 
Journal of Gemmology, Vol. 27, No. 
5, 2001, pp. 275-285), this is the first 
time we have seen synthetic diopside 
as a devitrification product. 


Nathan Renfro and John Koivula 


Green Be-Diffused SAPPHIRE 

Beryllium diffusion can produce a 
wide range of colors in corundum. The 
Carlsbad laboratory routinely encoun- 
ters blue, yellow, orange, pink, and red 
examples. Green is one of the more 
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Figure 13. Chemical analysis 
revealed that this 14.20 ct green 
sapphire had been treated by 
beryllium diffusion. 


unusual colors for this material, espe- 
cially in larger sizes, but we recently 
examined a 14.20 ct sample that was 
beryllium diffused (figure 13). 

The standard gemological proper- 
ties for this stone were consistent 
with corundum. Microscopic exami- 
nation revealed particulate clouds, 
flux-healed “fingerprints,” discoid- 
like fractures, and planar growth fea- 
tures. The desk-model spectroscope 
showed strong iron-related absorption 
centered at 450 nm. As expected, 
immersion displayed alternating blue 
and yellow color zones, a common 
feature in green sapphires. 

Beryllium diffusion was first 
detected in the early 2000s because of 
surface-conformal color zoning in 
orangy pink to pinkish orange sap- 
phires. However, the vast majority of 
Be-diffused corundum currently being 
processed does not show this type of 
zoning because the stones are diffused 
all the way through. Nevertheless, 
microscopic examination can offer 
clues to the likelihood of Be diffusion, 
such as synthetic overgrowth, signifi- 
cantly altered crystal inclusions, and 
localized blue zones of internal diffu- 
sion (caused by the release of Ti from 
inclusions such as rutile into the Fe- 
containing corundum host). While 
these clues alone are not proof of Be 
diffusion, their presence does suggest 
high-temperature heat treatment (see 
J. L. Emmett et al., “Beryllium diffu- 
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sion of ruby and sapphire,” Summer 
2003 GwG, pp. 84-135). 

The GIA Laboratory uses laser 
ablation—inductively coupled plas- 
ma-mass spectrometry (LA-ICP-MS} 
to test all heat-treated corundum for 
the presence of beryllium. This stone, 
which had features consistent with 
heat treatment, was no exception. 
LA-ICP-MS indicated an average Be 
concentration of just over 13 ppmw 
(27 ppma), enough to dramatically 
alter the color. 

The appearance in the market- 
place of this large green Be-diffused 
sapphire reinforces the need to send all 
suspect stones to a qualified laborato- 
ry for chemical analysis. Microscopic 
evidence of high-temperature treat- 
ment can raise suspicion of Be diffu- 
sion, but chemical analysis by a tech- 
nique capable of detecting traces of Be 
is necessary to confirm the treatment. 


Nathan Renfro 


Heat-Treated SPINEL 

This spring, the New York laboratory 
examined a 17.02 ct reddish orange 
oval modified brilliant (figure 14) that 
was singly refractive, had an RI of 1.719 
and SG of 3.59, and displayed a series of 
chrome lines with the desk-model 
spectroscope—all properties consistent 
with spinel. Magnification revealed 


Figure 14. Based on standard 
gemological observations and 
advanced testing, this 17.02 ct 
reddish orange oval modified 
brilliant was identified as a 
heated natural spinel. 


particulates and strings of minute 
inclusions (figure 15). These were rem- 
iniscent of boehmite in spinel (see E. J. 
Gitibelin and J. I. Koivula, Photoatlas of 
Inclusions in Gemstones, Opinio Ver- 
lag, Basel, Switzerland, 1986, p. 375), 
which suggested a natural origin. A few 
small expansion halos or “blebs” ema- 
nating from the strings of inclusions 
indicated that the stone might have 
been subjected to heat. 

Since first experimenting on heat- 
treated Tanzanian spinels in 2005, the 
GIA Laboratory has tested several hun- 


Figure 15. The internal features observed in the reddish orange spinel were 
limited to particulates and strings of minute inclusions. 
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Figure 16. PL spectra display a clear difference between unheated and 
heated natural Cr-bearing spinels. The spectra were collected using 
514.5 laser excitation, except for the heated natural spinel (which 
employed a 488 nm laser, with no effect on the peak width). 


dred other samples (see S. Saeseaw et 
al., “Distinguishing heated from 
unheated natural spinels: A short 
review of ongoing research,” March 22, 
2009, www.gia.edu/research-resources/ 
news-from-research). Our research has 
shown that unheated natural Cr-bear- 
ing (pink-to-red) spinel can be distin- 
guished from synthetic or heated 
spinel through room-temperature pho- 
toluminescence spectroscopy. Cr- 
related emission peaks in unheated 
stones are usually very sharp. With 
heat treatment, these become broad 
bands due to conversion of the crystal 
structure from “ordered” to “disor- 


dered.” We performed PL spectroscopy 
on the 17.02 ct stone using 514.5 nm 
laser excitation. The broad chromium 
emission bands observed at 676, 687, 
698, 708, and 717 nm indicated either 
a natural spinel that had been heat 
treated (figure 16) or a synthetic spinel. 
In contrast, a well-defined “organ- 
pipe” structure of the emission bands 
is typical of unheated natural Cr-bear- 
ing spinel (S. Muhlmeister et al., 
“Flux-grown synthetic red and blue 
spinels from Russia,” Summer 1993 
Gwe, pp. 81-98). 

To make the further separation of 
heated natural spinel from synthetic 


spinel in the absence of diagnostic 
inclusions, chemical analysis by LA- 
ICP-MS can be used. In general, syn- 
thetic materials have a purer chemi- 
cal composition than their natural 
counterparts. We detected significant 
amounts of impurities—including Li 
(77 ppm by weight), Be (32.6 ppm), 
Mn (243 ppm), and Ga (67 ppm)—in 
this sample. Concentrations of these 
elements in synthetic pink-to-red 
spinels are extremely low or not 
detectable. 

Based on the gemological, spectro- 
scopic, and chemical testing, we iden- 
tified this stone as natural spinel with 
“indications of heating.” It is our 
understanding (from the gem trade 
and our own research) that heat treat- 
ment may improve the clarity of some 
spinels, though not their color. The 
relative lack of inclusions suggests 
that this stone was heated to improve 
its clarity. 

David Kondo, Riccardo Befi, and 

Donna Beaton 


Erratum 

The Winter 2009 Lab Note “Diamond 
with flower-shaped cloud” (p. 290) 
erroneously stated that the hydrogen 
cloud followed the “{111} crystallo- 
graphic direction.” It should have read 
“{100} crystallographic direction.” 
Gems & Gemology regrets the error. 
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point later. As will be seen from th2 draw- 
ing, the strongest of the narrow bands or 
lines forms a doublet in the deep red. In 
addition, there are fainter and rather more 
diffuse lines nearer to the orange. In the 
ruby spectrum a doublet and a single line 
in the blue “window” form a distinctive 
feature; in alexandrite two rather weaker 
lines appear in nearly the same position, 
while in emerald one line is usually visible 
in the blue, sometimes accompanied by a 
much weaker member. In pyrope and in 


7000 §000 5000) 


transparency patch, giving a characteristic 
but indescribable appeararice to the spec- 
trum. There is a further narrow band at 
6370A, as can be seen in the drawing. In 
the ordinary ray, this is almost as strong as 
the doublet, and the orientation of a cut 
emerald can be approximately assessed by 
noting the relative strength of this band. In 
deep-colored emeralds, a line in the blue at 
4775A can be seen quite clearly. 

In transparent specimens, the emerald 
spectrum is sufficiently distinctive to form 


° Figure 2. Absorption spectrum of Emerald, as seen 
through a prism spectroscope. 


red spinel, it may be remembered there are 
no lines visible in the blue end of the 
spectrum. 

The drawing serves to bring out the 
essential similarity of these three spectra, 
and at the same time shows the differences 
between them which account for the differ- 
ent colors of the minerals concerned. 
Turning now to consider the emerald 
absorption spectrum in more detail, it can 
be seen that the two components of the 
strong doublet (6795 and 6820A) are twice 
as far apart as they are in ruby (6928 and 
6942A) and can thus be resolved even in a 
fairly small spectroscope, in which the ruby 
doublet will appear only as a single line. 
The next two bands, at 6625 and 6460A, 
are weaker and more diffuse, and on the 
short-wave side of each there is a curious 


a positive test for the gemstone. In translu- 
cent specimens, one must guard against con- 
fusion with fine pieces of jadeite, which also 
owe their lovely color to chromic oxide and 
therefore have a rather similar spectrum, so 
far as the lines in the red sre concerned. In 
jadeite the doublet is more diffuse, and 
cannot properly be resolved; also it is 100 
Angstroms deeper into the red. But without 
measurement and a good deal of practice 
there is certainly some danger of confusion 
here, and thus with translucent specimens 
of emerald-green a check test on the inclu- 
sions, dichroism, or refractive index (using 
Lester Benson’s valuable “distant vision” 
technique) will be a wise precaution. Jade- 
ite has its own distinctive absorption band 
at 4370A, but in green specimens this is 

Continued on Page 291 
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DIAMONDS 


Unusual facet arrangement produces scalloped appear- 
ance in diamond. Facet arrangement can have an impor- 
tant impact on a diamond's appearance. We recently had 
the opportunity to examine a stone cut by independent 
diamond cutter Zev Weitman (New York) that creates an 
interesting optical effect. 


Figure 1. In this unusual diamond cut, the stone has a 
scalloped appearance due to light leakage from the 
small crown facets adjacent to the upper edge of the 
girdle (1.19 ct, photo by Robert Weldon). The drawings 
of the stone’s crown and profile show the placement of 
the triangular crown facets. Note in the profile view 
that the girdle facets are uneven in size. 
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Figure 2. Setting the diamond in figure 1 in a ring 
with the six prongs placed at alternate facet junc- 
tions emphasizes the scalloped-edge pattern. 
Photo by Robert Weldon. 


Mr. Weitman’s bright and lively 12-sided modified 
round brilliant design appears to have a scalloped outline 
(figure 1). This visual effect is due to the presence of 
small, steep triangular crown facets near the girdle edge 
(figure 2). These facets are tilted to provide a direct light 
path through the stone. Since they “leak” light, they 
appear dark, which creates the scalloped appearance seen 
face-up. 

This cut variation provides a challenge for jewelry 
designers: Four prongs upset the apparent six- or 12-fold 
symmetry, and bezels or heavy prongs hide the girdle and 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu or 
GIA, The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. Original photos will be returned! after 
consideration or publication. 
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Figure 3. These chrysocolla chalcedony samples 
(13.68—31.25 ct) were recently produced from the Acari 
mine in southern Peru. Photo by Robert Weldon. 


this optical effect. Prongs set along the flat face of a facet 

can also hide the effect, but they can enhance it if careful- 

ly placed at specific facet junctions (see, e.g., figure 2). The 

optical effect is easiest to see when lighter prongs can be 
employed (as with pendants or earrings). 

Al Gilbertson (agilbert@gia.edu) 

GIA Laboratory, Carlsbad 


COLORED STONES AND 
ORGANIC MATERIALS 


Chrysocolla chalcedony from Acari, Peru. The Acari copper 
mine in the Arequipa region, southern Peru, has become an 


important source of gem materials such as “Andean” pink 
and blue opal and chrysocolla chalcedony (Summer 2006 
Gem News International [GNI], pp. 176-177). During the 
past two years especially, the mine produced a significant 
amount of high-quality chrysocolla, ranging from green to 
blue, according to Hussain Rezayee (Rare Gems & 
Minerals, Beverly Hills, California]. In April 2008, he 
received an initial rough parcel of 5 kg, from which he cut 
~500 carats of cabochons weighing up to 5 ct; ~20% were 
translucent. Five months later, he obtained an additional 
300 kg of “mine run” material in Peru, from which he cut 
an additional 4,000 carats of good-quality cabochons that 
ranged up to 30+ ct. The stones reportedly were mined by 
hand methods and have not undergone any treatments. 

Mr. Rezayee loaned five cabochons (13.68-31.25 ct; fig- 
ure 3) to GIA for examination, and the following proper- 
ties were collected: color—green-blue and blue-green; 
diaphaneity—translucent; spot RI—1.54-1.55; birefrin- 
gence—0.01; hydrostatic SG—2.63, and inert to both long- 
and short-wave ultraviolet (UV) radiation. The desk-model 
spectroscope showed a 650 nm cutoff, and no absorption 
lines indicative of dyeing. Microscopic examination 
revealed subtle spotty green inclusions, along with small 
fractures in some of the samples. These properties are con- 
sistent with those given for chrysocolla in the literature, 
except for the relatively high SG (compare to 1.93-2.40, R. 
Webster, Gems, 5th ed., revised by P. G. Read, 
Butterworth-Heinemann, Oxford, UK, 1994, pp. 399-400) 
and their homogeneous overall color appearance. 

Chemical analysis by energy-dispersive X-ray fluores- 
cence (EDXRF) indicated major amounts of Cu and Si, as 
well as traces of Pb and Fe in two of the samples. Infrared 
and Raman spectroscopy were performed to further char- 
acterize the samples. The IR spectra showed absorption 


Figure 4. A kunzite crystal (the dark-appearing object) is carefully extracted from a gem pocket at the Oceanview 
mine in Pala, California (left). IIuminated by a miner’s lamp, this just-extracted kunzite crystal shows fine color 


(right). Photos by M. Mauthner. 
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peaks at ~7077, 5234, 4440, and 2502 cm~!, plus broad sat- 
uration at ~3708-2546 and 2405-800 cmr!, as are typical 
of chrysocolla. The Raman spectra matched those of 
quartz in our database. 

Ultraviolet-visible-near infrared (UV-Vis-NIR) spec- 
troscopy can be used to detect dyed chrysocolla chal- 
cedony (see A. Shen et al., “Identification of dyed chryso- 
colla chalcedony,” Fall 2006 GwG, p. 140) by calculating 
the ratio of the integrated intensity of the Cu?* band to 
that of the structurally bonded OH band. Natural chal- 
cedony colored by chrysocolla has a ratio between 7 and 
44, while samples dyed with a copper solution have ratios 
from 0.5 to 3.0. The samples we examined had ratios 
from 33.5 to 54.7, confirming that they were not dyed. 

Erica Emerson (eemerson@gia.edu) and Jason Darley 


GIA Laboratory, New York 


Recent finds of kunzite in Pala, California. California's 
Pala pegmatite district, the type locality for kunzite 
(“lilac’”-colored gem spodumene}, still occasionally pro- 
duces fine gem material. In December 2009, workers at 
the Oceanview mine (owned by Jeff Swanger, Escondido, 
California) broke into a significant spodumene-bearing 
pocket. Other mines in the district have produced gem 
spodumene since its discovery there in 1903, but this was 
the first such find at the Oceanview mine after nearly 10 
years of regular part-time operation. The Elizabeth R 
mine, located nearby on the same pegmatite dike, pro- 
duced small quantities of kunzite on several occasions 
during the 1980s and as recently as two years ago (Winter 
2008 GNI, p. 373). 

Shortly after the discovery of the aquamarine- and 
morganite-bearing 49er Pocket in September 2007 (see 
Spring 2008, GNI, pp. 82-83), workers found traces of pale 
kunzite in the footwall below the 49er stope. In 
November 2009, they recovered a few gem-quality kun- 
zite crystals up to several centimeters long. Further min- 
ing entered a roughly 2 x 1.5 x 1 m zone in December that 
produced 7+ kg of kunzite, more than a quarter of which 
was clean, deep-colored gem material (e.g., figure 4)— 
including a very limpid and well-developed crystal weigh- 
ing over 300 g (figure 5). Some of the production has been 
sent to cutters, and a few dozen gems have been faceted 
so far (e.g., figure 6). More cutting material is in the pos- 
session of local dealers, and additional gems will undoubt- 
edly find their way to the market in the future. 

Just before this issue went to press, on June 28 the 
miners opened another kunzite pocket. However, this one 
was larger and contained spodumene ranging from “lilac” 
to pale blue-green to green, as well as some gem-quality 
green, pink, and bicolored tourmaline. The largest spo- 
dumene crystal uncovered so far measured ~20 x 10 x 1.5 
cm. More information and photos from this pocket are 
available in the Ge)G Data Depository (gandg.edu/gandg). 

Mark Mauthner (mmauthner@gmail.com) 
Carlsbad, California 
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Figure 5. These kunzite crystals (the largest is 11.2 
cm tall) were recovered from the Oceanview mine in 
December 2009. Photo by M. Mauthner. 


Figure 6. These kunzites (6.0, 7.5, and 6.5 ct) were 
faceted from material found recently at the 
Oceanview mine. Photos by M. Mauthner. 


Natural pearls of the Pectinidae family: Review and origin 
of color. Interest in non-nacreous natural pearls has been 
growing recently, mainly because of the attractive struc- 
tures they can exhibit (e.g., “flame” structures found in 
the Strombus gigas “queen conch” pearls). The 
Pectinidae (classified by Rafinesque, 1815) bivalves have 
been used for food and adornment since ancient times, 
and they are still harvested for their meat. Natural 
Pectinidae pearls can be found in Placopecten magellani- 
cus (Gmelin, 1791), Argopecten spp. (Monterosato, 1889), 
and Nodipecten spp. (Dall, 1898), they are also known as 
“scallop” pearls (The Pearl Book: Natural, Cultured # 
Imitation Pearls—Terminology & Classification, CIBJO, 
Milan, Italy, 2010, 53 pp.). However, the best-known 
“scallop” pearls are those from Nodipecten spp. These 
bivalves are found mainly in Baja California and in the 
eastern Pacific. To our knowledge, no cultured pearls from 
mollusks of the Pectinidae family have been reported. 
Scallop pearls range from white to “cream” white to 
light gray to yellow to brown, as well as pink to brown- 
ish purple (figures 7 and 8); the interior of the Pectinidae 
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shell can show similar colors. The pearls commonly 
measure up to 6 mm, and those larger than 12 mm are 
rare. They exhibit a variety of shapes; buttons, ovals, 
and drops are most common, sometimes circled. These 
shapes appear to be due to the pearls’ rotation during for- 
mation. Sometimes they vary in color along their rota- 
tional axis (e.g., figure 8, left). 

Some scallop pearls present interesting macroscopic 
and microscopic structures (e.g., figures 8 and 9). These 
structures have been described as a segmented patch- 
work of cells, with each cell comprising three differently 
oriented subsegments (K. Scarratt and H. A. Hanni, 
“Pearls from the lion’s paw scallop,” Journal of 
Gemmology, Vol. 29, No. 4, 2004, pp. 193-203). This is 
probably because of their prismatic calcite microstruc- 
ture, similar to that observed in some pearls from the 
Pinnidae family (“pen shell” pearls; see Fall 2009 GNI, 
pp. 221-223). 

Raman spectroscopy of the scallop pearls in figure 8 
(left) and several shells showed that their colored regions 
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Figure 7. These natural 
“scallop” pearls display 
a variety of colors, 
shapes, and qualities. 
The largest sample is 
12.4 x 9.7 mm (8.45 ct). 
Courtesy of K. C. Bell; 
photo by Evelyne Murer. 


contain a mixture of unsubstituted polyenic (poly- 
acetylenic) compounds. UV-Vis-NIR reflectance spectra 
of samples of various colors showed a gradual absorption 
from the UV to the NIR region, with the polyenic pig- 
ments absorbing in the blue and green portions of the 
spectrum. The specific color of each pearl seems to be 
due to the relative intensities of these absorptions. To 
the best of our knowledge, colored Pectinidae are the 
only gem-quality natural pearls that consist of calcite 
and contain polyenic pigments. Similar pigments with 
calcitic structures are observed in Corallium spp. corals. 
Acknowledgments: The authors are grateful to 
Thomas Hochstrasser (Hochstrasser Natural Pearls, 
Dorflingen, Switzerland) and K. C. Bell (KCB Natural 
Pearls, San Francisco) for supplying pearls for this study. 
Stefanos Karampelas 
(s.kKarampelas@gubelingemlab.ch) 
Gtibelin Gem Lab, Lucerne, Switzerland 


Thomas Hainschwang 
Gemlab Laboratory, Balzers, Liechtenstein 


Figure 8. Scallop pearls 
are non-nacreous and 
exhibit a range of 
colors. The yellowish 
brown sample in the 
left photo is 6.8 x 4.1 
mum, and the brownish 
purple pearl in the right 
image is 7.5 x 7.2 mm. 
Courtesy of Gtibelin 
Gem Lab, K. C. Bell, 
and Gemlab; photos by 
Evelyne Murer (left) and 
T. Hainschwang (right). 
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More on ruby from Cabo Delgado, Mozambique. In April 
2010, these authors visited the ruby mining site in Cabo 
Delgado Province, east of Montepuez, in northern Mozam- 
bique (see Winter 2009 GNI, pp. 302-303). Our associates in 
the evaluation of the deposit were Trevor Robson (Lusaka, 
Zambia) and Jeremy Rex (Transglobe, London). Located on a 
private game farm, the concession has been granted to 
Mwiriti Mining, based in Pemba. We were hosted and guid- 
ed by Mwiriti’s Carlos Asghar. Mwiriti employs 15-20 peo- 
ple and has an active exploration and mining program under 
way, but the deposit has been overrun by illegal miners. In 
fact, we saw several shafts (up to 20 m deep) they had sunk. 
As many as 4,000 illegal miners have been evicted in recent 
months, with several arrested while we were at the deposit. 
A number of foreigners have also been arrested while 
attempting to smuggle the rubies out of Mozambique. 

Our exploration activities revealed that the rubies are 
hosted by eluvial material as well as the underlying weath- 
ered bedrock. The bedrock consists of the Montepuez 
Complex, a Neoproterozoic suite of metamorphosed sedi- 
mentary rocks (amphibolite-grade schists and gneisses) 
that were intruded by granite, granodiorite, and tonalite. In 
the deeply weathered area we examined, the eluvium 
appeared to lie directly on Montepuez gneisses, which 
were crosscut by light-colored veins (now mostly weath- 
ered to clay; figure 10). These veins ranged up to 20 cm 
thick, and probably originally consisted of syenitic (silica- 
deficient) pegmatites and aplites. Ruby was seen in these 
veins and also in the overlying boulder-rich eluvium. The 
miners dig pits in the lateritic soil to search for light-col- 
ored, sand-rich layers that are indicative of underlying 
boulder beds (figure 11). We recovered the crystals in figure 
12 from the eluvial deposits. Their tabular euhedral form 
is characteristic of the ruby crystals from this area. 

The Montepuez deposits appear to extend over a large 
region. Mwiriti’s concession includes licenses for six con- 
tiguous properties that cover an area of 11,060 hectares. 
Additional ruby finds have been reported nearby, but out- 
side of the concession. Reliable local sources told us that 
rubies of similar color and character were being recovered 
10-20 km from the site we visited. 

Lawrence W. Snee (lawrencew.snee@gmail.com) 
Global Gems and Geology, Denver, Colorado 


Tommy Wu 
Shire Trading Ltd., Hong Kong 
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Figure 9. The structures 
observed in these scal- 

_ lop pearls are due to 
the arrangement of the 
calcitic prisms. Photo- 
micrographs by T. 
Hainschwang; width of 
right image is ~2 mm. 


Ruby, sapphire, and spinel mining in Vietnam: An 
update. After intense activity during the 1990s (see, e.g., 
R. E. Kane et al., “Rubies and fancy sapphires from 
Vietnam,” Fall 1991 GwG, pp. 136-155; R. C. Kammerling 
et al., “Update on mining rubies and fancy sapphires in 
northern Vietnam,” Summer 1994 GwG, pp. 109-114), 
gem mining in Vietnam slowed considerably in the 
2000s. During three expeditions, in January and May of 
2009 and April 2010, these authors were accompanied by 
Philippe Ressigeac (France), Jean Baptiste Senoble 
(Switzerland), Lou Pierre Bryl (Canada), Kham Vannaxay 
(Thailand), Tracy Lindwall (USA), Jazmin Amira 
Weissgarber Crespo (Germany), and David Bright (USA), 
to visit most of Vietnam’s ruby, sapphire, and spinel 
mines (figure 13) and collect specimens on-site for the 
GIA reference collection. 

Today, most gem mining is performed by independent 
miners and local farmers who dig for gems when agricul- 
tural activity is low (generally March-June and 
October-January in the north, and December—March in 


Figure 10. At the Montepuez ruby deposit, tabular 
crystals of corundum are hosted by deeply weathered 
light-colored veins that crosscut metasedimentary 
rocks. A clay-covered ruby crystal is being pointed out 
here, still in situ within a vein. Photo by L. W. Snee. 
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to reach the boulder-rich layers containing the ruby. These beds are usually found beneath light- 


colored sandy layers. Photos by L. W. Snee. 


the south) using simple hand tools. In northern Vietnam’s 
Yen Bai Province, ruby (mainly cabochon quality), star 
ruby, and dark red spinel are recovered sporadically 
around Tan Huong and Truc Lau, and on some islands in 
Thac Ba Lake. In addition, as of April 2010, an estimated 
500 miners were working near the town of Yen The (e.g, 
figure 14), as well as the villages of An Phu and Minh 
Tien, in the Luc Yen district. Besides ruby, the main pro- 
duction consists of spinel of various colors, blue sapphire, 
and green tourmaline; blue spinel (figure 15) has become 
increasingly popular with buyers since 2007. Luc Yen's 
production of fine gems is limited, however. Its output 
consists predominantly of small gems and specimens des- 
tined for use in decorative items, such as marble carvings 


Figure 12. These ruby samples were washed from a 

1 kg concentration of corundum and mica that was 
excavated from eluvial material at Montepuez. Photo 
by L. W. Snee. 
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and gem paintings, which are popular in Asian markets. 
These goods provide a steady income for most miners, 
enabling them to keep working the area and hopefully 
find fine gems from time to time. 

Beginning in 2010, some new operations were initiated 
in the Luc Yen district. Near An Phu, an Indian- 
Vietnamese joint venture (Vietnam Alliance Minerals 
Ltd.) secured an exploration license for the Cung Truoi 
and Mai Thuong areas, known for their ruby and spinel 
matrix specimens. At Truc Lau, an area known for large 
rubies and spinels, a private Vietnamese company (Doji 
Cie) is preparing for a mechanized operation. 

Further south, around Quy Hop in Nghe An Province, 
some rubies and sapphires are being recovered from the 
Chau Hong area as a byproduct of tin mining. Gem min- 
ing around Quy Chau is limited to nighttime digging by a 
few illegal miners. Nevertheless, the Doi Thy ruby mine 
could reopen at the end of 2010. 

In southern Vietnam, we witnessed small-scale min- 
ing of basalt-related blue, yellow, and green sapphires at 
Hong Liem near Phan Thiet (Binh Thuan Province}, and 
also at Dak Nong (Dak Lak Province). In other areas 
around Di Linh (Lam Dong Province], former jungle-cov- 
ered sapphire mining areas have been replaced by coffee 
plantations. 

Vincent Pardieu (vincent.par@giathai.net) 
GIA Laboratory, Bangkok 


Pham Van Long 
Center for Gem and Gold Research and Identification 
Hanoi, Vietnam 


Sphene from northern Pakistan. Attractive gem-quality 
sphene has been known from Pakistan’s North West 
Frontier Province since mid-2004 (see Spring 2006 GNI, 
pp. 67-68). At this year’s Arizona Mineral & Fossil Show 
(Hotel Tucson), Syed Iftikhar Hussain (Syed Trading Co., 
Peshawar, Pakistan) had some faceted sphene from a new 
locality in Pakistan: the Shigar Valley area, which is 
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Figure 13. Vietnam’s main ruby, sapphire, and 
spinel localities are shown on this map. Adapted 
from Kane et al. (1991). 


already famous for its production of aquamarine, topaz, 
black tourmaline, and other minerals. The sphene deposit 
is reportedly located near Niesolo in the Basha Valley, 
which is situated within Pakistan’s Gilgit-Baltistan terri- 
tory (formerly known as the Northern Areas). Sphene was 
initially found there in 2008, and Mr. Hussain knew of ~7 
kg of crystal fragments containing gem-quality areas. 
Although stones weighing 25-30 ct could be cut, they 
appeared too dark above 6-7 ct. The ~160 faceted stones 
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Figure 14. This small ruby mining operation is located in 
Khoan Thong Valley, west of Yen The town, in the Luc 
Yen district. This area was worked by Thai companies 
during the 1990s. Photo by V. Pardieu, April 2010. 


that Mr. Hussain had in Tucson showed fairly consistent 
color (figure 16), appearing yellowish green in daylight 
and brownish green in incandescent light. 

Brendan M. Laurs 


Figure 15. These blue spinels were mined in 
Vietnam’s Luc Yen district. The largest faceted stone 
weighs ~2 ct. Photo by V. Pardieu, January 2009. 
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Figure 16. These sphenes (up to ~1.7 ct) are reported- 
ly from a new locality in northern Pakistan's Shigar 
Valley area. Photo by Jeff Scovil. 


Spinel from Bawma, Myanmar. Fine-quality spinel has 
been known from Myanmar for many years, especially in 
bright red hues. Recently Hussain Rezayee informed us 
about a new find of orangy red to purplish red spinel near 
the village of Bawma in the Mogok area of Myanmar. He 


Figure 17. These spinels (0.35—3.52 ct) were cut from a 
piece of rough that was recently found at a new deposit 
in the Mogok area of Myanmar. The 0.59 ct stone is 
GIA Collection no. 38203; photo by Robert Weldon. 
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was told that a total of 1-2 kg of facetable rough were pro- 
duced in October-November 2009 before the mine was 
closed by the government. Although transparent pieces 
up to 20 g were found, most of the material was too dark 
for cutting attractive stones in large sizes. 

From a 6.8 g piece of rough, Mr. Rezayee cut five 
spinels weighing 0.35-3.52 ct (figure 17), which he sup- 
plied to GIA. The following properties were recorded: 
color—red; RI—1.718; hydrostatic SG—3.60; fluores- 
cence—weak-to-moderate red to long- and short-wave UV 
radiation; and a broad absorption observed in the green 
region along with a sharp absorption line at 684 nm visi- 
ble with a desk-model spectroscope. Microscopic exami- 
nation revealed “fingerprints” composed of minute octa- 
hedral negative crystals. All properties and observations 
were consistent with natural red spinel. Raman photolu- 
minescence spectra showed no indications of heating (see 
background on this technique in the Lab Note on pp. 
145-146 of this issue). 

During a recent trip to Myanmar, Mr. Rezayee was 
told that the Burmese government may be planning to 
mine the deposit in a joint venture with private compa- 
nies, so additional production seems likely. 

Editor’s note: Consistent with its mission, GIA has a 
vital role in conducting research, characterizing gem- 
stones, and gaining knowledge that leads to the determi- 
nation of gemstone origins. The gemstones studied in this 
report are not subject to the Tom Lantos Block Burmese 
JADE Act of 2008, and their import was in accordance 
with USS. law. 

Nathan Renfro (nrenfro@gia.edu) 
GIA Laboratory, Carlsbad 


Brendan M. Laurs 


Tsavorite and other green garnets reportedly from 
Afghanistan. In December 2008, Farooq Hashmi (Intimate 
Gems, Jamaica, New York) loaned GIA some green gem 
material that was sold to him as garnet in Peshawar, 
Pakistan. He purchased it several years ago, and was told 
it came from Kala, Kunar Province, Afghanistan. He 
reported seeing several parcels over the years in Peshawar, 
although the pieces tended to be small, mostly suitable 
for cutting melee stones. 

Examination of the 18 rough samples (0.08—0.21 g) and 
three faceted stones (0.09-0.20 ct; figure 18) revealed the 
following properties: color—medium-light to medium- 
dark yellowish green to green; RI—1.74 to 1.77 (spot read- 
ings of the rough samples fell within this range), hydrostat- 
ic SG—3.43-3.64; fluorescence—inert to long-wave UV 
radiation, and inert to very weak orange to short-wave UV; 
and absorption bands or cutoffs at 440 nm visible with the 
desk-model spectroscope. These properties are consistent 
with those reported for grossular to grossular-andradite 
garnet, although some of the SG values are somewhat low 
(as compared to the 3.57-3.66 range reported by C. M. 
Stockton and D. V. Manson, “A proposed new classifica- 
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Figure 18. These samples of grossular to grossular- 
andradite are reportedly from Afghanistan. The 
faceted stones weigh 0.09-0.20 ct, and were cut by 
Matt Dunkle; the two darker green ones are tsavo- 
rite. Photo by Jian Xin (Jae) Liao. 


tion of gem-quality garnets,” Winter 1985 GWG, pp. 
205-218). EDXREF spectroscopy of all the samples revealed 
major amounts of Ca, Al, and Si, with minor Mn, Fe, Ti, 
Cr, Cu, and Zn. Microscopic examination revealed nee- 
dles, liquid inclusions, partially healed “fingerprints,” dark 
crystal inclusions, and iron staining. 

Some of these samples of grossular to grossular-andra- 
dite were green enough to be considered tsavorite. We are 
unaware of tsavorite from Afghanistan being previously 
produced. 

Erica Emerson and Jason Darley 


SYNTHETICS AND SIMULANTS 


An unusual lab-grown gamet: Calcium niobium gallium 
garnet. There are two species of green laboratory-grown 
garnets that gemologists sometimes encounter: yttrium 
aluminum garnet (YAG) and gadolinium gallium garnet 
(GGG). Occasionally, though, a less familiar manufac- 
tured garnet will come through the laboratory. 

A 5.43 ct green stone resembling tsavorite (figure 19) 
was submitted to AGL for an origin report. The following 
gemological properties were recorded: singly refractive 
with weak anomalous double refraction; RI—over the 
limits of the standard refractometer; hydrostatic SG— 
4.73; and no reaction to long- or short-wave UV radia- 
tion. When examined with a desk-model spectroscope, it 
showed general absorption to 470 nm, with bands cen- 
tered at 585, 625, and 670 nm. Microscopic examination 
showed no inclusions or growth structures. Although the 
client believed it was demantoid, this was not supported 
by the SG value or spectrum. 

EDXREF spectroscopy revealed major amounts of galli- 
um and niobium, with minor Ca. (Oxygen, a light element, 
is not detectable with this instrument.) The FTIR spectrum 
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Figure 19. This 5.43 ct green sample proved to be 
calcium niobium gallium garnet, a lab-grown 
product with no natural counterpart. Photo by 
Bilal Mahmood. 


showed one distinct peak at 3532 cm7! and a smaller, 
broader peak at 3448 cm! it had some similarities to other 
lab-grown garmets in our database, but did not match any of 
them precisely. Based on these properties, we identified the 
sample as calcium niobium gallium garnet. 

Like YAG and GGG, calcium niobium gallium garnet 
has industrial use as a lasing material. Since this lab- 
grown garnet has no known natural counterpart, it would 
not be considered a “true” synthetic, which is also the 
case with YAG and GGG. 

Elizabeth Quinn Darenius 
(eqdarenius@aglgemlab.com) 
American Gemological Laboratories, New York 


Glass imitations of emerald with straight zones. For cen- 
turies, glass has been the most widely used gem simulant. 
This versatile substance is capable of imitating almost 
any gem material—organic or inorganic, transparent or 
opaque, in any color—and possessing phenomena such as 
chatoyancy, sheen, adularescence, opalescence, orient, 
and color change. Gas bubbles, swirl marks, or devitrifica- 
tion effects are useful for identifying glass. 

Recently, the Gem Testing Laboratory of Jaipur, India, 
received for identification the two green specimens in fig- 
ure 20 (17.05 and 1.79 ct}, which were submitted as emer- 
alds. Although the stones’ appearance initially suggested 
emerald, their exceptional color and clarity raised doubts 
regarding their origin. 

Both specimens displayed anomalous double refrac- 
tion in the polariscope, ruling out emerald. The 17.05 ct 
specimen had an RI of 1.730 and a hydrostatic SG of 4.36, 
while the 1.79 ct gem had an RI of 1.630 and an SG of 
3.03. Both were inert to long- and short-wave UV radia- 
tion and displayed no absorption features in the desk- 
model spectroscope. These properties indicated glass. 
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Figure 20. These 17.05 and 1.79 ct specimens, represented 
as emerald, were identified as glass imitations. 
Photo by G. Choudhary. 


Striking features were observed with magnification. 
Both specimens displayed a series of sharp, straight lines 
along their lengths (figure 21, left), which were visible 
with darkfield illumination but were much clearer when 
the stones were observed under immersion. Such straight 
lines are often associated with growth lines or zoning in 
natural gemstones. Viewed from different angles, some of 
these lines were revealed to be planes with sharp edges 
(figure 21, right). In addition, a few scattered gas bubbles 
were present in the 1.79 ct specimen. 

These glass imitations were readily identified with 
classical gem testing instruments, but they may pose a 
problem for jewelers or field gemologists who attempt to 
identify them with only a 10x lens. 

Gagan Choudhary (gtl@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


“Nanogems”—A new glass-ceramic material.* Glass- 
ceramic is a class of manufactured materials that consists 
of glass matrix and nanometer-size crystalline particles 
(oxides and silicates) that are grown within the matrix. It 
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has unusual physical properties—such as negative ther- 
mal expansion—that make it useful for specialized indus- 
trial applications. Glass-ceramic became known to the 
general public during the 1970s, when it was first used as 
a surface for cooking ranges. Until now, though, we have 
not seen glass-ceramic materials produced as gem simu- 
lants. One Russian manufacturer, Formica LLC (Moscow, 
with a factory in Bangkok), has developed a new glass- 
ceramic material that it calls “Nanogems.” According to 
the company, the material is available in a variety of col- 
ors, has a Mohs hardness of 7—7%, and its high thermal 
shock resistance makes it suitable for a variety of jewelry 
manufacturing processes. 

At the 2010 Tucson show, Formica LLC donated four 
samples to GIA, consisting of two blue and two green bril- 
liants ranging from 2.59 to 3.15 ct (figure 22). Standard 
gemological testing yielded the following properties: RI— 
1.621 (blue) and 1.629 (green); no dispersion evident; hydro- 
static SG—3.02-3.07; aggregate reaction in the polariscope; 
fluorescence—inert to long-wave UV and inert (green sam- 
ples) or weak white (blue samples) to short-wave UV, with 
no phosphorescence; spectroscope spectrum—three dis- 
tinct bands in the green, yellow, and red regions (blue sam- 
ples) and two distinct bands in the orange and red regions 
(green samples). Microscopic observation revealed only a 
few pinpoint inclusions and conchoidal fractures in the 
green samples. However, all four showed prominent grain- 
ing, in most cases throughout the entire specimen (figure 
23). When illuminated with a fiber-optic light source, all 
also had a somewhat milky appearance, as would be 
expected for light scattering from nano-crystals. 

Laser ablation-inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS} of all samples indicated a mainly 
Mg-Ti-Zn-Zr alumino-silicate composition. The blue 
samples contained ~80 ppm Co and the green samples 
~7000 ppm Ni. We believe these two elements are the 


The original title read “‘Nanogems’—A new lab-grown gem mate- 
rial.” This was an improper use of the terms lab-grown and gem 
material. —Eds, 


Figure 21. Both specimens 
in figure 20 displayed 
sharp, straight lines along 
the length of the gem, 
reminiscent of growth 
lines and zones in natural 
gemstones (left). Viewed 
from various angles, some 
of the lines were actually 
planes with sharp edges 
(right). Photomicrographs 
by G. Choudhary; magni- 
fied 45x. 
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Diamond Jewelry Through 
the Ages 


by 
KAY SWINDLER 
G.LA. Public Relations Director 


HE LOVE OF ORNAMENTING one- many factors have influenced the changes 

self seems to be inherent in the which have come about in jewelry design 
human being and even those primitive through the centuries. One of the greatest 
tribes who scorn dress itself will bedeck of these factors is fashion, and today fashion 
themselves with bright objects of adorn- is still a major influence on the jewelry 
ment in the form of shells, teeth, and metal. trends of the current century. 
This love of self-decoration must arise from Although we are concerned in this dis- 
two distinct emotions; the first, a wish to cussion with diamond jewelry, an under- 
stand out from the crowd and call attention standing of the evolution of all jewelry 
to one’s self; and the second, to portray makes it easier to recognize the beauty and 
rank of distinction and importance to the yalue of diamonds and to realize how, once 


world. having been discovered, they were destined 
One outstanding feature in the wearing to become the most cherished of gems. 
of jewelry is that it was first worn by male Many factors have been responsible for 


members of the sace and later, as civiliza- changes and improvements in jewelry de- 
tion developed to a greater degree, temale sign, although the passing of the centuries 
members of the tribe also adorned them- has found fashion the greatest of these 
selves with the bright baubles. This might factors affecting such changes: climate, con- 
be compared to the edict of Nature herself quest, travel, national events, economics, 
in giving to the male of most of the animal superstitions and beliefs of mankind have 
and fowl species the most brilliant colored all been dominant factors. 


coverings, while to the female she allotted EGYPTIAN JEWELRY 


the more drab of Nature’s dress. Although it is possible jewelry developed 


Since some primitive ancestor kicked a to some point of perfection in other prehis- 
calloused toe against a bright colored pebble toric lands, we have most definite proof of 
and picked it up out of curiosity, jewelry its degree of perfection from Egypt where 
has played a part in the lives of humans. many fine specimens have been unearthed. 
However, long before the introduction of | The very early use of the cylinder seal and 


gemstones, there were forms of jewelry— its evolution after the 12th Dynasty into the 
the earliest development of which was per- scarab seal was the creation of a utilitarian 
haps from a more or less utilitarian stand- accessory which was no doubt the forerun- 


point. To trace the evolution of jewelry mer of the great variety of ornamental and 
from its beginning to the present creation elaborate jewelry of the Egyptians. It is 
of exquisite diamond pieces is to find that believed much of their jewelry had symbolic 
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main coloring agents. UV-Vis spectroscopy showed 
results equivalent to those seen with the desk-model 
spectroscope: three obvious bands in the blue samples 
(545, 583, and 624 nm) and two in the green samples (593 
and 633 nm). The infrared spectra of all samples displayed 
a general absorption edge at 2150 cm™! and two distinct 
bands at 3641 and 3394 cm~!, probably related to the 
hydroxyl group. Four additional minor absorption bands 
were observed, at 4521, 4252, 2677, and 2244 cm7!. 
Raman spectroscopy indicated a broad hump typical of an 
amorphous material (i.e., glass), with some sharper bands 
(most prominently at 656 and 415 cm7!) that matched 
those of gahnospinel. Therefore, the properties of this 
material are consistent with a glass-ceramic. 

The aggregate polariscope reaction and strong graining 
should allow separation of this material from glasses typi- 
cally used as gem simulants. However, it is possible that 
not all faceted glass-ceramics will exhibit these features, 
making them more difficult to distinguish from glass— 
despite their unusual chemical composition. The most 
definitive separation criteria would be provided by X-ray 
diffraction, but this technique is not available in most 
gemological laboratories. 

Andy Shen (andy.shen@gia.edu) 
GIA Laboratory, Carlsbad 


Serpentine doublets, sold as pietersite, from Arizona. At 
the 2010 Tucson gem shows, one of these contributors 
(PH) purchased a few samples represented as pietersite 
that reportedly came from Globe, Arizona. The sample 
group contained rough pieces as well as cabochons (dou- 
blets) consisting of “pietersite” attached to black resin 
bases. Pietersite is composed of chatoyant silicified croci- 
dolite (a fibrous asbestos mineral)]—in the form of brec- 
ciated dark blue hawk’s-eye and/or brownish yellow 
tiger’s-eye. It was discovered in 1962, in northern Namibia 
(see Gem News, Summer 1988, pp. 117-118, and Spring 
1992, p. 61), and a similar rock was found in 1993 in 
Xichuan, Henan Province, China. Considering the rarity 
of pietersite deposits, a U.S. locality for this material 
would be noteworthy. 

The following properties were obtained from five of 
the Arizona cabochons (9.40-87.85 ct; e.g., figure 2.4): 
color—very light yellow to brownish yellow; spot RI— 
1.54-1.55; and fluorescence—inert to long- and short- 
wave UV radiation. Specific gravity measurements would 
not be meaningful because of the resin backing. 
Microscopic examination revealed that the gem material 
consisted of parallel fibers oriented perpendicular to the 
chatoyant bands, and those fibers were thus responsible 
for the tiger’s-eye effect. The fibers varied from white to 
light yellow, and some were brownish red as expected for 
staining by iron oxides/hydroxides. 

Three pieces of rough (45.16-420.12 g) also were 
examined. They were composed of white to light yellow 
fibers with crosscutting deep green and brown crystalline 
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Figure 22. These four glass-ceramic samples (2.59-3.15 
ct) were manufactured by Formica LLC. Photo by 
Robert Weldon. 


aggregates. Their structure consisted of asbestiform par- 
allel fibers oriented normal to the surfaces of fracture 
veins that were hosted within a massive brown-black 
matrix. Hydrostatic SG measurements of the three sam- 
ples yielded values of 2.43-2.46. Powder X-ray diffraction 
data identified the major mineral as serpentine, formed 
by an admixture of chrysotile and lizardite. The samples 
also contained minor amounts of quartz and calcite. 

This Arizona material is quite different from pietersite. 
Although its refractive index overlaps that expected for 
pietersite, its SG values are lower (cf., 2.50-2.58 from 
Namibia and 2.67-2.74 from China), which is consistent 
with serpentine. In addition, the Namibian and Chinese 
pietersite consists of fibers that are oriented in an irregular 
fashion, unlike this serpentine from Arizona. 


Figure 23. This green glass-ceramic specimen con- 
tains a few pinpoints, as well as prominent grain- 
ing when viewed in certain orientations. Photo- 
micrograph by A. Shen; field of view 1.8 mm wide. 
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Figure 24. This stabilized Arizona serpentine 
doublet (here, 87.85 ct) bears a resemblance to 
pietersite, and has been marketed as such. 
Photo by K. Hu 


According to Bruce Barlow (Barlow’s Gems, Cave 
Creek, Arizona), from whom the Arizona material was 
purchased, it is impregnated with resin to stabilize the 
fibers and create a polishable mass. Although this gem 
exhibits an attractive chatoyancy that is the hallmark of 
material from Namibia and China, its mineralogy is very 
different. 

Kaifan Hu (hukaifan@gmail.com) 
China University of Geosciences, Wuhan, China 


Peter Heaney 
Pennsylvania State University, University Park 


TREATMENTS 


A composite coral bangle. With China’s economic 
growth, more enhanced gem materials are being seen in 
that country’s jewelry markets. One of them is red coral, 
which has a long history as an ornamental gem. Because 
most corals are dendritic (branch-like}, they are usually 
fashioned as carvings or sculptures that suit this form, or 
as smaller cabochons and beads. Recently, the National 
Gemstone Testing Centre in Beijing received for identifi- 
cation a bangle that was represented as red coral (figure 
25). While the piece showed a uniform appearance in gen- 
eral, our suspicions were immediately raised because 
coral could not have been carved into such a shape due to 
the limitations nature imposes on its size and form. 

The outer surface of the bangle appeared uniform (fig- 
ure 26, left), but close examination of the inner surface 
revealed discontinuities in the pattern, as well as a layered 
structure (figure 26, right). Such features indicate an 
assembled piece. Closer examination showed that the 
bangle consisted of more than 250 sections. Each individ- 
ual piece was elongated and approximately the same size. 
Detailed microscopic examination revealed distinct junc- 
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tions between the sections, as well as impregnation in 
some areas by a filling material that resembled wax 
(figure 27). Unfortunately, we were unable to study the 
filler with IR spectroscopy because the client did not give us 
permission to take the powdered sample necessary for the 
analysis. 

Further examination revealed properties typical for 
natural coral: the distinctive red color; a refractive index 
of 1.58-1.60; and ribbed, pitted growth structures. Raman 
analysis of five spots on the outside of the bangle gave 
peaks at 1520, 1123, 1087, and 714 cm!, a typical combi- 
nation of bands associated with both the coral matrix and 
the natural compounds responsible for its color (see C. P. 
Smith et al., “Pink to red coral: A guide to determining 
origin of color,” Spring 2007 G&G, pp. 4-15). 

This is the first coral assemblage we have encoun- 
tered in our laboratory. According to the client, such ban- 
gles have been on the Chinese market since 2009. Often 
referred to as “salmon coral,” they are manufactured pri- 
marily by a Taiwanese-Italian joint venture. Based on 
conversations with the client, we believe that the pieces 
were assembled with an adhesive and cut into a bangle 
shape, which was then polished and carved with decora- 
tive patterns. 

Although this coral bangle is a manufactured compos- 
ite, its fine craftsmanship is remarkable. 

Jun Su (suj@ngtc.gov.cn), Taijin Lu, 
and Zhonghua Song 
National Gemstone Testing Centre, Beijing 


Figure 25. This bangle (74 mm diameter) proved to 
be an assemblage of more than 250 pieces of coral. 
Photo by Jun Su. 
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Figure 26. The outer surface of the bangle (left, 15 
mm wide) appears smooth and uniform, belying 
its composite nature. However, the layered struc- 
ture is clearly visible on the inner surface (right). 
Photos by Jun Su. 


Lead glass—filled ruby in antique jewelry. Treated rubies 
have recently been a hot topic for both the trade and 
mainstream news organizations, particularly the heavily 
lead glass-filled rubies that are widely available in the 
gem trade and can even be found in retail stores, jewelry 
websites, and TV shopping channels. AGL has adopted 
the term composite ruby to better distinguish this mate- 
rial from traditional heated rubies, while recognizing 
that it is neither an imitation ruby nor a synthetic. This 
treatment significantly impacts the original corundum’s 
appearance (perceived transparency and color), and it 
also requires special care to avoid damage to the stone. 
We know that the lead-glass filler can be etched by com- 
mon household cleaning products and a jeweler’s pick- 
ling solution, and the application of a jeweler’s torch can 
cause it to degrade. 

Despite the prevalence of this material in the mar- 
ketplace, we were still surprised by the piece in figure 
28, which was submitted for identification. This antique 
pendant was set with old-mine-cut diamonds and seed 
pearls, but the center stone was identified as a compos- 
ite ruby (using microscopy and EDXRF spectroscopy) 
that was estimated to weigh 7.5 ct. The pendant did not 
appear to be a replica, and the workmanship was indica- 
tive of an older piece. The composite ruby had been 
carefully reset, as the milgrain around the bezel was in 
good condition, and we saw no degradation of the glass 
in the stone that could be caused by the jeweler’s torch. 

The fact that this material has started showing up in 
antique jewelry is representative of how far it has pene- 
trated the market and reinforces the importance of prop- 
er disclosure. 

Elizabeth Quinn Darenius 


GEM NEWS INTERNATIONAL 


Figure 27. Magnification reveals distinct junctions 
between some of the individual coral pieces, discon- 
tinuities in the pattern, and areas containing a fill- 
ing material (circled). Photomicrograph by Jun Su; 
magnified 15x. 


Tanzanite and other gems set with colored adhesive. In 
March 2010, GIA was informed by goldsmith Ed Barker 
(Artistry in Gold, Yountville, California) about various 
gemstones he had encountered in bezel-set rings that 
were mounted with colored glue. The rings were pur- 


Figure 28. This antique pendant contains an 
approximately 7.5 ct lead glass-filled ruby. 
Photo by Bilal Mahmood. 
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Figure 29. This 1.87 ct tanzanite was mounted in 
a ring with a colored adhesive. Residual adhesive 
is still present on some of the crown facets, par- 

ticularly at the corners. Photo by Robert Weldon. 


chased during 2009 from a customer who had obtained 
them from a TV shopping network. When he removed 
the stones from their mountings, Mr. Barker noted that 
an adhesive—colored to enhance the appearance of the 
ruby, amethyst, or tanzanite gems—was present along the 
bezel area. 

Mr. Barker sent one of the stones, a 1.87 ct tanzanite, 
to GIA for examination (figure 29). A purple-colored flexi- 
ble adhesive was visible on some of the crown facets, par- 
ticularly at the corners (e.g., figure 30). The material was 
slightly tacky, making it attractive to dust particles. After 
the adhesive was removed, the color of the tanzanite 
appeared very slightly lighter. Mr. Barker indicated that 
the other stones he removed from the rings became 
noticeably lighter (particularly the amethyst). The colored 
adhesive was obviously intended to enhance the appear- 
ance of the stones, as well as help hold them in their 
mountings . . . buyer beware! 

Brendan M. Laurs 


CONFERENCE REPORTS 


Ist Italian Conference on Scientific Gemology. Organized 
by Dr. Eugenio Scandale (University of Bari Aldo Moro), 
Drs. Adriana Maras and Michele Macri (Sapienza 
University of Rome}, and Dr. Giancarlo Della Ventura 
(Roma Tre University), this conference took place June 
15-16, 2010, in Rome. There were ~120 registrants. 

In the plenary lecture, this author explored scientific 
gemology through several case studies: country-of-origin 
determination for ruby and sapphire, characterization of 
the Wittelsbach-Graff and Hope diamonds, and identify- 
ing new coated gems and CVD synthetic diamonds. Dr. 
Ilaria Adamo (University of Milan) reviewed the growth 
of synthetic gem materials, with an emphasis on beryl; 
Tairus and Malossi are currently the main producers. Dr. 
David Ajo (CNR - Institute of Inorganic Chemistry and 
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Surfaces, Padova, Italy) discussed the chemistry and 
physics of gem treatment, focusing on tanzanite. In a pre- 
sentation delivered by Dr. Cristiano Ferraris (National 
Museum of Natural History, Paris), Dr. Francois Farges 
(National Museum of Natural History, Paris, and Stanford 
University, California) hypothesized that the original 
piece of rough that yielded the Tavernier Blue/French 
Blue/Hope diamonds was naturally or manually cleaved 
from a rhombicuboctahedral crystal that could have 
weighed ~300 ct. 

Dr. Gioacchino Tempesta (University of Bari) reviewed 
the application of X-ray diffraction topography to imaging 
growth striations, dislocations, and subgrains in crystalline 
materials. These features may be optically invisible but 
are useful for fingerprinting individual gemstones. Dr. 
Giancarlo Della Ventura (Roma Tre University) examined 
applications of micro-FTIR spectrometry to gemology, 
including analysis of H,O and CO, in opal to differentiate 
various localities. Dr. Alessandro De Giacomo (University 
of Bari) reviewed the use of laser-induced breakdown spec- 
troscopy in gemology, and noted that the technique allows 
for 10-15% accuracy in a range from ~2 to 800 ppm. Dr. 
Davide Bleiner (University of Berne, Switzerland) dis- 
cussed LA-ICP-MS, and briefly mentioned a case study 
that documented higher Cu contents and heavy Cu iso- 
tope depletion with increasing temperature in Cu-diffused 
labradorite from Oregon. 

Dr. Caterina Rinaudo (University of Eastern Piedmont, 
Alessandria, Italy) differentiated sapphires from various 
localities (metamorphic and magmatic) using micro- 
Raman spectroscopy of inclusion suites. Ron Ringsrud 
(Ronald Ringsrud Co., Saratoga, California) conveyed the 
romance and science of emeralds, noting that highly satu- 
rated stones from Colombia’s La Pita mine can be effec- 
tively cut as shallow cushions since abundant light return 
is not necessary to best display their color. Dr. Stella 


Figure 30. With magnification, the colored adhe- 
sive is plainly visible on these crown facets of the 
tanzanite. Photomicrograph by Nathan Renfro; 
magnified 20x. 
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Nunziante Cesaro (Sapienza University of Rome) studied 
archeological emeralds from Oplontis, Italy, and deter- 
mined that their origin could be Egypt, Austria 
(Habachtal), or Russia (Ural Mountains). Dr. Alberto 
Paleari (University of Milan - Bicocca) used UV-Vis, EPR, 
and PL spectroscopy to determine that Mn** is the cause 
of iolite’s strong pleochroism. Dr. Cristiano Ferraris used 
high-resolution transmission electron microscopy to 
investigate the origin of color in blue apatite from Bahia, 
Brazil. He found strained microdomains of fluorine- and 
hydroxyl-rich apatite with dimensions in the violet-to- 
blue range of visible light (400-470 nm). 

Extended abstracts of the presentations will be pub- 
lished in a future issue of Rivista Gemmologica Italiana. 
The conveners hope to hold a similar event next year in 
Italy. 

Brendan M. Laurs 


Sinkankas Symposium 2010—Gem Feldspars. The eighth 
annual symposium in honor of John Sinkankas took place 
April 17 at GIA in Carlsbad. Co-hosted by GIA and the 
San Diego Mineral and Gem Society, the sold-out event 
was attended by 144 people. 

After opening remarks by convener Roger Merk 
(Merk’s Jade, San Diego, California), GIA’s Robert Weldon 
provided a photographic exploration of gem feldspar vari- 
eties, noting that feldspars show more types of phenome- 
na—including chatoyancy, schiller, labradorescence, and 
adularescence—than any other gem species. Dr. William 
“Skip” Simmons (University of New Orleans) reviewed 
the mineralogy of feldspars and described an important 
gem orthoclase deposit in southern Madagascar. He 
obtained typical pale yellow as well as colorless and pale 
green samples from local Malagasy dealers; X-ray diffrac- 
tion analysis showed they consisted of sanidine as well as 
orthoclase. 

Si Frazier (El Cerrito, California) recounted the discov- 
ery of spectrolite (gem-quality labradorite) at Ylamaa, 
Finland, which was found during the Winter War 
(1939-1940) when Lieutenant Peter Laitakari had a rocky 
outcrop blasted for boulders to be used as tank traps. 
Lisbet Thoresen (Beverly Hills, California) described the 
archaeogemology of amazonite and the ancient Egyptian 
mining sites surveyed by geologist Dr. James A. Harrell 
(University of Toledo}. One of the oldest known gem 
materials, amazonite was used for beads by prehistoric 
tribes in northern Africa and the civilizations of 
Mesopotamia and the Indus Valley (ca. 5200-3000 Bc); 
however, it was most popular in Dynastic Egypt 
(3000-332 BC], especially for amulets and jewelry inlays. 

Meg Berry (Mega Gem, Fallbrook, California) 
described the challenges and rewards of cutting gem 
feldspar. With Oregon sunstone, considerations include 
fractures/cleavages, the distribution of the schiller-caus- 
ing particles, and the best direction to view the schiller 
phenomenon. 
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Rock Currier (Jewel Tunnel Imports, Baldwin Park, 
California) conveyed his experiences with amazonite— 
mining at Pikes Peak, Colorado, and buying in Ethiopia. In 
both cases, the crystals had considerable iron staining, 
which was removed by soaking for several days in oxalic 
acid or Waller solution (sodium dithionite dissolved in 
water). Bill Larson (Pala International, Fallbrook, 
California) showed beautiful examples of gem feldspars 
from deposits around the world. He indicated that Sri 
Lanka has produced the best moonstones with strong blue 
adularescence, while Myanmar’s moonstones include a 
rare variety with orangy yellow adularescence and a four- 
rayed star. 

John Koivula (GIA Laboratory, Carlsbad) illustrated 
the “microworld” of gem feldspar, featuring inclusions in 
feldspar, feldspar as inclusions in other gem minerals, and 
structures and zoning in feldspar. Dr. George Rossman 
(California Institute of Technology, Pasadena) indicated 
that the wide variety of colors in feldspar are created by 
impurities or structural variations. 

Shane McClure (GIA Laboratory, Carlsbad) addressed 
the controversy about whether the red and green ande- 
sine reportedly from Tibet is naturally colored. The 
composition (i.e., anorthite content) of Tibetan andesine 
overlaps that of Mongolian material, but not Mexican or 
Oregon labradorite. There are no obvious differences in the 
internal features of Mongolian, Mexican, and Oregon 
material, except for larger copper platelets and potential 
differences in color zoning seen in some untreated Oregon 
stones. Material from all three locations has overlapping 
UV fluorescence. Currently GIA knows of no way to reli- 
ably separate Tibetan from treated Mongolian stones. In a 
second presentation, Dr. George Rossman provided con- 
vincing evidence that all the samples of red/green feldspar 
he has analyzed so far that were represented as being from 
Asia and the Congo were treated. 

The theme of next year’s Sinkankas symposium (date 
to be determined) will be diamond. 

Brendan M. Laurs 


MISCELLANEOUS 


Gem news from Myanmar. On January 29, 2010, the 
Myanmar Times reported that Max Myanmar Co. recov- 
ered a jadeite boulder weighing 115 tonnes from the 
Phakant (Hpakan) mining area. It reportedly measured 21 m 
long x 4.8 m wide x 10.5 m high, and was found 12 m below 
the surface near Sai Ja Bum village (plot no. Mupin 1). 

In March 2010, the 47th Gem Emporium realized sales 
of ~US$500 million from nearly 7,000 lots of jadeite and 
other gem materials. The 29th Pearl Emporium was held 
in Naypyidaw on May 13-15, 2010, offering 350 lots by 
tender and 31 lots by auction. Merchants from 27 compa- 
nies attended, and the 174 lots sold comprised a total of 
39,835 cultured pearls weighing 16,905 mommes. Some 
previous Burmese gem sales data are compiled in 
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TABLE 1. Yearly Burmese gem sales. 


Year Sales (kyats) 
2000-2001 363,000,000 
2001-2002 127,000,000 
2002-2003 249,000,000 
2003-2004 357,000,000 
2004-2005 616,000,000 
2005-2006 1,359,000,000 
2006-2007 2,236,000,000 
2007-2008 3,559,000,000 


table 1, and additional information can be found at 
www.palagems.com/gem_news_burma_stats.php. 
At Mong Hsu, miners are working an extension of the 
old deposit on the east side of the Thanlwin River, to the 
northeast of Mong Hsu. The quality of the rubies is 
reportedly the same as the material from the old deposit. 
On three occasions—in 2005, 2008, and 2010—this 
author has encountered African rubies (with no glass fill- 
ing) being sold in Myanmar. 
U Tin Hlaing 
Dept. of Geology (retired) 
Panglong University, Myanmar 


In Memoriam 


Roy E. “Chip” Clark: 1947-2010 


cientific and studio photographer Chip Clark of the Smithsonian 
Institution’s National Museum of Natural History passed away 
June 13. In photographing the museum’s exhibits, Mr. Clark cap- 
tured some of the world’s most famous gems. Several of his photos have 
appeared in Ge)G—including the shots of the Wittelsbach-Graff and Hope 
diamonds in this issue—as well as in numerous other publications and on 


Tucson Gem and Mineral Show posters. 


A native of Newport News, Virginia, where he was a member of the 
Junior Gem and Mineral Society, Mr. Clark earned a bachelor’s degree in 
biology from Virginia Tech University. He worked for NASA and taught 
high school biology and physical sciences before joining the Smithsonian 


ANNOUNCEMENTS 


Updated CIBJO Blue Books released. The World Jewellery 
Confederation (CIBJO) has released updated versions of its 
guides for gemstones, pearls, and precious metals, and 
will soon release a Gemmology Laboratory Book. These 
publications can be downloaded from www. cibjo.org. 

The Gemstone Book includes a new coding system for 
gem treatments developed in cooperation with the 
American Gem Trade Association and the International 
Colored Gemstone Association. The codes are listed as 
part of the nomenclature guide in Annex A. The Precious 
Metals Book was revised to prohibit the use of rhodium 
coating on yellow gold and require disclosure of any 
metal coating that changes the color of the base material. 
Also new is an annex listing national standards for pre- 
cious metal marking. The updated version of The Pearl 
Book contains only minor revisions. 

The Gemmology Laboratory Book will be released 
later in 2010, as a guide for the management and techni- 
cal operations of gemological laboratories. It will outline 
best practices and general requirements for testing and 
grading colored stones, diamonds, and pearls. 


in 1973. In addition to gems, he photographed rainforests, caves, and deep- 


sea environments around the world. He also shot freelance assignments 
for the National Geographic Society, the National Wildlife Federation, 
and Scientific American. Mr. Clark is survived by his wife and his daugh- 
ter by a previous marriage. He and his talent will be sorely missed. 
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American Luxury: 
Jewels from the House of Tiffany 


Edited by Jeannine Falino and 
Yvonne J. Markowitz, 207 pp., illus., 
publ. by Antique Collectors Club 
[www.antique-acc.com], Wood- 
bridge, Suffolk, UK, 2009. US$65.00 


This book pays tribute to Tiffany & 
Co.’s enduring ingenuity since 1842. 
What sets it apart from others written 
about Tiffany is the series of original 
essays by well-known authorities. 
Editors Falino and Markowitz con- 
tribute sections and are joined by Elise 
Misiorowski, Elizabeth Ann Coleman, 
and Gerald W. R. Ward, who each lend 
a wealth of information. 

The reader will enjoy learning 
how Tiffany & Co. earned its reputa- 
tion. The United States, a country of 
unbridled progress through the late 
19th and 20th centuries, offered the 
ideal environment for the firm to 
evolve and grow, lavishly meeting the 
luxury needs of the affluent while 
developing a quintessentially Ameri- 
can style using native materials and 
motifs. Tiffany displays at the Inter- 
national Expositions were met with 
great success, further enhancing the 
company’s reputation and earning it a 
place beside great European jewelers 
such as Cartier and Boucheron. The 
firm was quick to adopt technological 
advances, including the raised dia- 
mond mount (the “Tiffany setting”), 
new diamond-cutting techniques, and 
a system of hallmarking. 

One section covers Tiffany’s re- 
nowned gemologist, George Frederick 
Kunz. Having Kunz on staff during 
the latter 19th and early 20th cen- 
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turies kept Tiffany at the forefront of 
new and unusual gemstone discover- 
ies. Kunz was allowed to collect both 
personally and for Tiffany, and this 
trust enabled him to fulfill his passion 
while leading the company in a cre- 
ative direction. 

Other sections review the work of 
artistic greats such as Paulding 
Farnham and Louis Comfort Tiffany. 
One learns of the turbulent relation- 
ship between Farnham and LCT, and 
why pieces designed by both artists 
are rare. Founder Charles Lewis 
Tiffany’s successors in the 20th cen- 
tury continued to create extraordi- 
nary adornments designed by artists 
such as Jean Schlumberger, Angela 
Cummings, Elsa Peretti, and Paloma 
Picasso. 

Of particular interest is an entire 
section devoted to men’s jewelry. It 
covers the fascinating evolution from 
military, civic, and fraternal objects 
such as rings, badges, and swords to 
more recent items such as NFL Super 
Bowl rings. 

There is some repetition from one 
chapter to the next. Although the 
reader benefits from the individual 
perspective of each author, perhaps 
the editors could have planned the 
subjects a little tighter to avoid such 
overlap. 

Through the years, Tiffany & Co. 
has understood jewelry’s ability to 
evoke memories and people. This 
book is a must for the bookshelves of 
appraisers, designers, jewelers, and 
antique and estate dealers. 

MELINDA ADDUCCI 
Joseph DuMouchelle Appraisers 
Grosse Point Farms, Michigan 


GEMS & GEMOLOGY 


Gemstones 


By Karen Hurrell and Mary L. John- 
son, 319 pp., illus., publ. by Metro 
Books [www.barnesandnoble.com], 
New York, 2008. US$12.98 


Billed as a “complete color reference 
for precious and semiprecious stones 
of the world,” that covers “every 
aspect” of gems, this reference guide 
doesn’t quite meet such lofty claims. 
Yet it does provide a useful elemen- 
tary overview and may be handy as a 
quick resource for basic physical prop- 
erties of common gems. 

The book’s attempt to address a 
wide range of topics may also be to its 
detriment; each section is simple and 
brief, and the work may be spread too 
broadly for such a concise volume. 
The clearly written text is excellent 
for anyone interested in learning 
about gem materials, though the more 
complex terminology and descriptions 
of advanced testing equipment may be 
lost on the layperson. 

The guide begins with a simple, 
easy-to-understand introduction. The 
first section explains the basics of min- 
erals, gems, and precious metals, and 
contains simple definitions of some 
gemological characteristics. The bulk 
of the book showcases 130 gems, gem 
minerals, natural glasses, and organic 
gems that are attractively laid out in a 
fashion similar to a field guide. The 
gem minerals are divided into sections 
based on the crystal systems (an 
arrangement not obvious to the lay 
reader), but the question remains as to 
how the gem entries are organized 
within each section, as there does not 
seem to be an intuitive order. 
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Unfortunately, the entry headings 
and subheadings do not have a consis- 
tent format. Some primary headings 
identify the mineral species, with the 
subheading citing the mineral group; 
other main headings denote the gem 
variety, followed by the species as the 
subheading. Also, some common 
mineral groups (such as tourmaline 
and garnet) are identified within the 
headings, while others (e.g., feldspar) 
are not noted. At least one of the large 
bold entry headings (that of iolite) was 
misspelled (as “Lolite”). 

Each gem entry has four sections 
containing basic information on prop- 
erties and characteristics, as well as 
cutting, setting, and valuing. The top 
of each page contains a quick refer- 
ence list of physical properties along 
with notable geographic sources. Most 
common gemstones are included in 
this guide, although hematite is con- 
spicuously missing. The book does 
not include listings of synthetic gem- 
stones, and treatments and enhance- 
ments are not addressed. 

This reviewer did not take on the 
arduous task of checking the accuracy 
of all technical data; however, a quick 
spot check unveiled some confusion 
or errors in the stated refractive index- 
es for three of four random gemstones. 
This seemed largely related to the 
approach of listing the maximum 
extent of the value’s ranges. (Instead, 
the reviewer believes that citing stan- 
dard RI. values with their tolerances 
listed separately would have corrected 
much of the confusion and been more 
useful.) 

Following the gemstone directory 
is an attractive thumbnail photo 
gallery of each cut gem that is 
described. This can be used as a 
quick and basic reference guide to the 
gems’ colors. The color representa- 
tions are okay, although the illustrat- 
ed color for the padparadscha sap- 
phire looks distinctly red. The next 
section, “Identifying and Collecting 
Minerals and Gemstones,” contains 
five informative subsections, each 
comprising two pages. The first, 
“Identifying minerals,” cannot aid in 
the identification of individual speci- 
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mens, but it provides a general and 
very simplified approach for the curi- 
ous hobbyist. “Identifying Gems” 
attempts to consolidate a very com- 
plex “course” into little more than a 
page of instruction. “Further Testing” 
contains information that is beyond 
the elementary nature of the rest of 
this book, but is interesting for a 
more knowledgeable reader or tech- 
savvy hobbyist. “Gemstone Evalu- 
ation” provides a very good overview 
of the traits and methods by which 
gemstone values are judged, and 
“Mineral Evaluation and Storing” is 
very informative as well as interest- 
ing. The last subsection, “Gemstones 
by color,” is a valuable aid that lists 
gemstones under corresponding color 
headings. 

Incidentally, the bangle in the 
photo in the “Identifying Gems” sec- 
tion is misidentified in the caption, 
which describes gas bubbles in 
“jadeite”; since jadeite does not con- 
tain gas bubbles, this reviewer guesses 
that the caption contained a typo- 
graphical error and meant to indicate 
that the bangle is a jadeite imita- 
tion—probably glass. 

The book also contains a “Resour- 
ces” section that is conveniently 
divided into two parts for gemology 
and mineralogy. Books, peer-reviewed 
journals, trade publications, selected 
gem testing laboratories, associations 
and societies, clubs, appraisal refer- 
ences, and useful websites are includ- 
ed. Note, too, that the book’s style 
and design are very attractive, it is 
nicely colored with abundant pho- 
tographs, and has a high-quality paper 
and stiff paperboard cover. 

Although this book is not suited 
for use by a practicing gemologist or 
serious field collector, it is an enjoy- 
able and useful reference for anyone 
interested in learning about the basics 
of gem materials, or for a beginning 
collector-hobbyist. It may also have 
an appeal in jewelry stores as a 
counter reference for employees and 
as a colorful and attractive marketing 
aid for their colored-stone clients. 


CHERYL WENTZELL 
GIA Laboratory, Carlsbad 
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Diamonds: The Quest from Solid 
Rock to the Magic of Diamonds 


By Christine Gordon, 430 pp., illus., 
publ. by Tectum Publishers, 
Antwerp, 2008. US$135 


This beautifully produced coffee table 
book presents the story of diamonds 
from mine to wearer through magnifi- 
cent photographs and clearly written 
text. It is aimed at the general reader 
rather than professional geologists or 
gemologists, and for its audience it 
succeeds brilliantly. The photographs 
are reproduced in full-page splendor, 
and the last 200 pages are nearly all 
photos with short captions. My only 
quibble is that many captions are 
either absent or do not identify the 
mine, person, or collection of dia- 
monds being portrayed. 

The first chapter briefly discusses 
the formation of diamonds deep in 
the earth’s crust, some up to 3.5 bil- 
lion years ago, and includes a useful 
timeline of diamond history. There is 
an interesting aside on carbonado, the 
grayish black diamonds found in 
Brazil and the Central African 
Republic. They are very old, hard, and 
tough, and may have formed in the 
heart of giant red stars that exploded 
and scattered debris throughout the 
galaxies. Chapter 2 examines the 
countries in which diamonds are pro- 
duced. There are beautiful images of 
the ice road and the Ekati mine in 
Canada, the Mir mine in Siberia, and 
many large mines in Botswana, South 
Africa, Namibia, Lesotho, and Aus- 
tralia. There are also snapshots of 
small-scale artisanal miners in 
Angola, the Democratic Republic of 
Congo, and Sierra Leone. 

Some errors have crept into the 
section on Botswana, where dia- 
monds were first discovered in 1960 
(not 1974 as stated], and the first mine 
opened in 1970. The latest diamond 
mine to come onstream, and the first 
one not connected with De Beers, was 
the Lerala mine, located in northeast 
Botswana, which started in 2008 and 
closed six months later because of the 
global financial crisis. However, it 
had no connection (as the book states) 
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with the AK6 project, which is locat- 
ed near Orapa and is being developed 
by Dublin-based African Diamonds. 

The discussion of trading in rough 
diamonds mentions the shift from the 
near monopoly of De Beers in London 
to centers in Antwerp, Tel Aviv, 
Mumbai, and Dubai, and the require- 
ment of a Certificate of Origin by the 
Kimberley Process. Before being trad- 
ed, diamonds must be sorted by size, 
category (industrial or gem), shape 
(cuttable or noncuttable), and color, 
and this sorting may be repeated 
many times in more detail. 

The chapter on cutting describes 
the shift from the traditional centers 
in Amsterdam and Antwerp to the 
producing countries of Botswana, 
Namibia, and South Africa, and from 
Antwerp to Tel Aviv, Surat (India), 
and Guangzhou (China). The next 
chapter covers the four Cs (cut, clarity, 
color, and carat weight) and grading 
reports issued by GIA, HRD, EGL, and 
IGI. The text is rudimentary but is 
accompanied by beautiful photographs 
in which the true color of the dia- 
monds is revealed. 

The subsequent chapter, on creat- 
ing a jewel, is very short on descrip- 
tion but shows some magnificent 
images of crown jewels from Portugal, 
France, and especially England. A 
chapter on celebrities shows them 
wearing beautiful diamond jewelry, 
and a final chapter on industrial dia- 
monds contains a magnificent photo- 
graph (over 114 pages} of a collection of 
industrial rough. 

The book is not inexpensive, but 
discounts may be found. Regardless, 
it is a worthwhile addition to one’s 
library. 

A.].A. (BRAM) JANSE 
Perth, Western Australia 


Schiffer Earth Science 
Monographs 


Publ. by Schiffer Publishing 
[www.schifferbooks.com], Atglen, 
PA, 2008-2009. US$19.95 each 


The Schiffer Earth Science Mono- 
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graphs are (currently) a seven-volume 
series of collectors’ guides to (1) the 
mica group, (2) the epidote group, (3) 
fluorite, (4) the axinite group, (5) the 
vesuvianite group, (6) the three phases 
of titania (rutile, anatase, and brook- 
ite), and (7) the pyroxene group. 
(Volumes 2, and 3 were reviewed in 
the Spring 2009 and Winter 2009 
issues of GG.) Robert J. Lauf is the 
author of all the monographs except 
the third, Arvid Eric Pasto’s Col- 
lector’s Guide to Fluorite. This series 
was created for mineral collectors and 
addresses topics of general concern to 
them, without requiring a doctorate in 
mineralogy to comprehend the mate- 
rial. Each monograph follows a similar 
format, with sections on “Taxono- 
my,” “Formation and Geochemistry,” 
and “The Minerals.” 

In “Taxonomy,” special attention 
is given to how the minerals of each 
group or subgroup vary from the 
basic formula. The compositional 
diagrams, listings of accepted species 
with their formulas, tables of obso- 
lete and correct names of minerals, 
and diagrams of crystal structure on 
the molecular level are tremendously 
useful. The crystal-habit diagrams are 
particularly helpful to any collector 
who is attempting to identify a speci- 
men. Information on substitutions of 
atoms and on solid solutions and 
their extent is also provided. 

The “Formation and Geochem- 
istry” section explores the conditions 
and geologic settings essential to the 
formation of the minerals. This infor- 
mation is vital to collectors, as it 
explains differences in crystal habits 
and associated species that are seen 
in various formations. It can also be 
of great assistance to field collectors 
who know which kinds of geologic 
environments are likely to contain 
minerals of interest. Because of the 
unique relationship the titania min- 
erals have with each other, their 
phase relationships are explained in 
volume 6. 

For the true mineral collector, 
though, the heart of each volume is 
the “Minerals” section. An abun- 
dance of color photographs of speci- 


GEMS & GEMOLOGY 


mens, often from the best-known 
localities, grace this section. Most are 
fine examples of their species, often 
crystals rather than the massive ore- 
type specimens that typically appear 
in geology manuals. Many photos 
show the species in question with 
associated minerals or on matrix, pro- 
viding a valuable visual aid. Each soft- 
cover 8% x 11 inch volume contains 
about 90-120 color photographs of 
the minerals, as well as tables and 
diagrams. 

Though not specifically written 
for a gemological audience, this series 
offers information of value to the 
gemologist. Where applicable, cut 
examples of the gem varieties of min- 
eral species are shown in color with 
brief descriptions. The first volume is 
perhaps of least interest to gemolo- 
gists, since few mica species appear as 
cut gems. Axinite and vesuvianite 
minerals and the three phases of tita- 
nia are sometimes cut as gems for the 
collector but are not often seen in 
your local jeweler’s showcase. The 
pyroxene volume, however, describes 
many different kinds of gem species, 
including jadeite, spodumene, and 
diopside, and is worthwhile reading 
for the gemologist. 

MICHAEL T. EVANS, G.G. 

Gemological Institute of America 

Carlsbad, California 
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Minéraux Remarquables. By Jean- 
Claude Boulliar with photography by 
Orso Martinelli, 252 pp., illus., publ. 
by Plage [plage2@wanaadoo.fr], Paris, 
2009, €69 [in French and English]. 
This dual-language coffee table book 
depicts the finest specimens from the 
Mineral Collection of the University 
of Paris-Sorbonne. The specimens are 
arranged by mineral group and dis- 
played in full-color life-size photos. 
Also included is a series of short 
essays on photographing minerals, the 
history of the collection, and mineral 
collecting in general. 
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vette: age 


® Gold girdie and armlet from Egyptian 
12th dynasty. Green feldspar, carnelian, 
and gold shells form girdle. Carnelian 
and turquoise are used in armlet. Metro- 
politan Museum of Art. 


significance and it is possible that many red, white, violet, and yellow. Colored 
objects may have been worn as amulets. stones, or their imitations, were also 

Egyptian objects show a most decided mounted in gold and indicated a definite 
love of color including blue, apple green, striving for color effects. Stones used in- 


® Pair of gold and pearl earrings from Egypto-Syrian 
Period. 3rd Century A.D. Metropolitan Museum of Art. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Application of mineralogical methods to the investigation of 
some gem-quality corals. L. Natkaniec-Nowak 
[natkan@agh.edu.pl], M. Dumanska-Slowik, J. Fijal, and 
A. Krawczyk, Journal of Gemmology, Vol. 31, No. 5-8, 
2009, pp. 226-234. 

Coral samples were studied using scanning electron 

microscopy—energy-dispersive spectroscopy (SEM-EDS), X-ray 

diffraction (XRD) analysis, Fourier-transform infrared (FTIR) 
spectroscopy, and cathodoluminescence (CL). Observations 
with a loupe and polarizing microscope are also reported. The 
calcareous corals (white, red, pink, and blue) consisted mainly 
of poorly structured Mg-bearing calcite, and SEM-EDS analyses 
revealed a homogeneous composition. The FTIR spectra for all 
colors were similar, and also indicated only trace amounts of 
silicate minerals and organic matter. None showed cathodolu- 
minescence, which is consistent with their recent formation. 
FTIR spectroscopy demonstrated that the organic corals (black 
and gold) were composed mainly of collagen-type biopolymers, 
with subordinate carbonate. They had a concentric-radial struc- 
ture, and XRD analysis confirmed that the coral skeleton was 
largely amorphous or poorly crystalline. Overall, spectroscopic 
methods appear to be the most effective way to distinguish 
between natural and treated coral. ERB 


La turchese e i suoi giacimenti [Turquoise and its deposits]. 
M. C. Venuti, Rivista Gemmologica Italiana, Vol. 4, 
No. 1, 2009, pp. 13-33 [in Italian with English abstract]. 

Important aspects of turquoise (gemological properties, treat- 

ments, imitations, main producers, and consumers, etc.) are 
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practical of the recent literature on gems and gemology. Articles 
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reviewed, and the history and characteristics of turquoise 
from North American and Mexican deposits are discussed 
in detail, as are their uses in jewelry. The classic deposits 
in Egypt, Iran, and China are described only briefly. 
Numerous color photographs illustrate the mines, typical 
samples of rough, and cut stones and jewelry. RT 


DIAMONDS 


Argyle type Ia brown diamonds: Gemmological properties, 
FTIR, UV-Vis, CL and ESR features. A. Brajkovic 
[anna.brajkovic@unimib.it], V. Rolandi, and R. 
Scotti, Australian Gemmologist, Vol. 23, No. 12, 
2009, pp. 539-550. 

The authors examined 35 light brown rough diamonds 

from Australia’s Argyle mine. Hexagonal depressions and 

etching were the most common surface features; internal 
characteristics were irregular cracks, dislocation planes, 
and inclusions of graphite and eclogitic minerals. The 
nitrogen content was low (~700 ppm), and all samples con- 
tained hydrogen. The diamonds were found to be type 
IaAB. Raman and electron spin resonance spectra are pre- 
sented; cathodoluminescence imaging showed a general 
bright green emission with two broad components centered 
at 450 and 512-520 nm. From these observations, the 
authors suggest that the diamonds developed in a moder- 
ately nitrogen-poor eclogitic environment, where they 
experienced dissolution and resorption processes, as well as 
platelet degradation and post-growth plastic deformation. 
RAH 


Diamonds: Exploration, mines and marketing. G. H. 
Read [gread@shoregold.com] and A. J. A. (Bram) 
Janse, Lithos, Vol. 112S, 2009, pp. 1-9. 

The most significant diamond discovered in recent years is 
the 603 ct Lesotho Promise, recovered in 2006 from the 
LetSeng-la-Terae mine in the northeastern highlands of 
Lesotho. The rough stone sold for $12.4 million, and dia- 
monds cut from it are expected to bring $100 million. This 
type of find helps drive a multi-billion-dollar diamond 
exploration, mining, and marketing industry that operates 
in 45 countries worldwide. Five countries—Botswana, 
Russia, Canada, South Africa, and Angola—account for 
83% of annual production by value and 65% by weight. 
This production is attributed to four principal companies: 
De Beers, Alrosa, Rio Tinto, and BHP Billiton. Sixteen dia- 
mond mines have been opened and four have reopened in 
the past 12, years, and 11 advanced projects are being devel- 
oped into mines. One recent trend has seen mid-tier and 
junior diamond exploration companies involved in 
takeovers, mergers, and option agreements that consoli- 
date exploration areas and projects into fewer hands. In 
another trend, De Beers, BHP Billiton, and Rio Tinto have 
been farming out many of their large exploration holdings 
to juniors. 
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Diamond exploration worldwide amounted to $600 
million in 2007, followed by a similar total in 2008. The 
main activity was in Canada, followed by Botswana, 
Angola, and the Democratic Republic of the Congo. 
There has been minor but intriguing activity in Brazil and 
India. During the past five years, exploration has benefit- 
ed from higher-resolution geophysical techniques operat- 
ing from a variety of platforms, including fixed-and 
rotary-wing aircraft. Dense-media separators are seeing 
more frequent application in the processing of kimberlite 
bulk samples. In addition, exploration companies have a 
much better understanding of the relationship of major- 
and trace-element ratios in diamond indicator minerals. 

The market for rough diamonds has been strong and 
prices have risen dramatically over the past five years. 
The outlook for the diamond market suggests that 
demand will evolve to become considerably larger than 
supply. DAZ 


Formation of various types of graphite inclusions in dia- 
mond: Experimental data. A. F. Khokhryakov 
[khokhr@mail.ruj, D. V. Nechaev, A. G. Sokol, and 
Y. N. Palyanov, Lithos, Vol. 1128, 2009, pp. 
683-689. 

Graphite is a common inclusion in natural diamond, and 

there are several kinds of graphite that may be present. In 

this experimental study, synthetic diamonds were crystal- 
lized from various chemical systems at high pressures and 
temperatures using split-sphere equipment. In some cases, 
the crystals were then annealed under HPHT conditions. 

Depending on the growth environment, the authors pro- 

duced three types of graphite inclusions in the synthetic 

diamonds, which they suggest correspond to protogenetic, 
syngenetic, and epigenetic origins in natural diamonds. 

The inclusions appear to form at different times relative to 

diamond crystallization, under pressure-temperature 

regimes that are within the graphite stability field, but also 
under diamond-stable conditions. The morphology of the 
graphite inclusions, the appearance of strain patterns 
around them, and Raman spectroscopy of the graphite 
indicate particular geologic environments and mecha- 
nisms for the formation of graphite inclusions in diamond. 

JES 


Laser inscriptions on diamonds. R. Bauer [klepners@vic- 
net.net.au], Australian Gemmologist, Vol. 23, No. 
12, 2009, pp. 575-578. 
In recent years, laser inscriptions (usually of diamond 
report numbers) have become common practice for identi- 
fying individual stones. First, a diamond is inspected to 
find the best place on the girdle for the inscription; surface- 
reaching inclusions and feathers must be avoided. The gir- 
dle is then painted with an opaque solution, and a 1064- 
nm infrared laser is used to inscribe the stone. It is impor- 
tant to make sure that the certificate and the correspond- 
ing diamond actually belong together; examples have been 
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seen of mismatched reports and inscription numbers and, 
in one case, a diamond inscribed with a false GIA logo. 
RT 


Metasomatic origin of diamonds in the world’s largest 
diamondiferous eclogite. Y. Liu [yangl@utk.edu], 
L. A. Taylor, A. B. Sarbadhikari, J. W. Valley, T. 
Ushikubo, M. J. Spicuzza, N. Kita, R. A. Ketcham, 
W. Carlson, V. Shatsky, and N. V. Sobolev, Lithos, 
Vol. 112S, 2009, pp. 1014-1024. 
During their volcanic eruption, kimberlite magmas can 
transport not only diamonds but also rock fragments from 
the earth’s mantle to the surface. In most instances, these 
mantle xenoliths are peridotites or eclogites. In this study, 
a large 8.8 kg eclogite xenolith from the Udachnaya kim- 
berlite in Yakutia was carefully documented. High-resolu- 
tion X-ray computed tomography of the xenolith revealed 
more than 100 diamonds 1-5 mm across, as well as two 
clusters of intergrown diamond crystals ~10 mm across. 
The xenolith was sectioned into pieces for removal and 
study of the diamonds and adjacent minerals (sulfides, gar- 
nets, clinopyroxenes, and secondary minerals). 

The diamond crystals had a linear distribution along 
alteration zones in the xenolith. They exhibited various 
internal growth zoning patterns, as seen by cathodolumi- 
nescence, and different carbon-isotope values from the 
cores to the rims. There were also differences in the 
chemical composition of inclusions and the same miner- 
als in eclogite adjacent to the diamonds. The two dia- 
mond clusters exhibited dodecahedral crystal morpholo- 
gies that were the result of partial resorption. All of these 
features supported the conclusion that the diamonds 
formed by a multistage process involving several metaso- 
matic-fluid events. Similar observations have been pub- 
lished on diamonds from other eclogite xenoliths. The 
authors concluded that the formation of diamonds in 
most mantle eclogites involves repeated resorption and 
growth accompanied by plastic deformation after the for- 
mation of the other minerals in the eclogite. JES 


Mid-tier diamond producer emerges from Africa. A. Ruffini, 
Engineering and Mining Journal, Vol. 20, No. 9, 
2009, pp. 32-34. 

A few years ago, Petra Diamonds was a junior diamond 

exploration company focused on the promising Alto Cuilo 

project in Angola. With the economic downturn, Petra 
withdrew from Alto Cuilo and also pulled back from the 

Kono project in Sierra Leone. Petra then went on a dia- 

mond resource buying spree that has seen it become one of 

the world’s largest players outside the established majors. 

After purchasing Crown Diamonds, it bought the shut- 

down Koffiefontein mine from De Beers in July 2007 for 

about $11 million. This was the start of several purchases 
from De Beers, followed a year later by the famous 

Cullinan mine for $140 million. Next came Kimberly 

Underground Mines, and a 75% interest in Tanzania’s 
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Williamson mine for $10 million. The company now has a 
resource base of 265 million carats worth $27.3 billion, 
compared to a mere 11 million carats three years ago. 
Petra has emerged as a mid-tier diamond producer, not via 
exploration, but through acquisitions, primarily of opera- 
tions De Beers saw as peripheral to its own interests. 

DAZ 


On the unusual characteristics of the diamonds from 
LetSeng-la-Terae kimberlites, Lesotho. D. C. Bowen 
[recovery@letseng.co.ls], R. D. Ferraris, C. E. Palmer, 
and J. D. Ward, Lithos, Vol. 1128, 2009, pp. 767-774. 

The LetSeng-la-Terae kimberlites are located in Lesotho’s 

Maloti Mountains. The two pipes, along with their associ- 

ated eluvial and alluvial deposits, are renowned for their 

large colorless gem diamonds. Early artisanal (1959-1977) 

and large-scale (1977-1982) mining yielded a total of 

335,000 carats of diamonds, including the 601 ct Lesotho 

Brown in 1968. Recent operations (2003 through July 2008) 

recovered 265,000 carats, including 24 crystals weighing 

100+ ct (the largest being the colorless 603 ct Lesotho 

Promise). The authors studied ~200,000 carats of diamonds 

recovered from the two pipes during the recent mining 

period, and documented a number of interesting features. 
The LetSeng diamond population averages 75% gem 
quality, well above the global average for kimberlites (and 
more typical of alluvial deposits). The average size of ~1 ct 
per stone is also more typical of alluvial occurrences. The 
dominant crystal form is the dodecahedron, with a lesser 
percentage (about 30%) of irregular or elongated shapes; 
octahedrons and cubes are rare. The crystals typically 
appear rounded and resorbed. Brown diamonds are more 
prevalent in the larger Main pipe, while light yellow dia- 
monds are more common in the Satellite pipe; in both, 
~33% are colorless. Eighteen of the 24 100+ ct crystals were 
colorless type Ila diamonds. This combination of character- 
istics, most notably the abundance of large, high-quality 
colorless diamonds, makes the LetSeng-la-Terae kimber- 
lites economically viable despite the low ore grade and the 
remoteness and harsh climate of the locality. 
JES 


Tectonic setting of kimberlites. H. Jelsma [hielke.jels- 
ma@debeersgroup.com], W. Barnett, S. Richards, 
and G. Lister, Lithos, Vol. 112S, 2009, pp. 155-165. 
Kimberlites are the products of ancient volcanism that 
brought rocks (xenoliths) as well as diamonds and other 
minerals up from great depths (~150 km or more) in the 
subcontinental lithosphere. As such, they can be consid- 
ered time capsules of global tectonic events and the evolu- 
tion of continents. In this article, the authors present an 
overall model for the geologic setting of kimberlites in 
southern Africa and other parts of the world. Kimberlites 
are distributed in clusters in geologic time and space, and 
their ages span the assembly and breakup of a number of 
supercontinents such as Rodinia and Gondwana. These 
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supercontinents’ geologic timelines consist of long periods 
devoid of kimberlite magmatism that correspond to peri- 
ods of continental stability, and intervening brief periods 
of kimberlite emplacement related to continent reorgani- 
zation. The onset of kimberlite magmatism appears to be 
linked to thermal disturbances in the asthenosphere 
beneath continents, which may have contributed to their 
breakup. This magmatism seems to have taken place along 
distinct corridors where fracturing and rifting occurred in 
the lithosphere. Such zones apparently provided favorable 
conditions for kimberlite formation and eruption. 

JES 


GEM LOCALITIES 


Ambanja, premier gisement d’andradite démantoide 
gemme a Madagascar [Ambanja, first gem-producing 
area in Madagascar to produce andradite demantoid 
of gem quality]. B. Mocquet [blanca.mocquet@free.fr], 
Y. Lulzac, B. Rondeau, E. Fritsch, J. Le Quere, B. 
Mohamady, G. Crenn, C. Lamiraud, and S. Scalie, 
Revue de Gemmologie, No. 169, 2009, pp. 6-10 [in 
French]. 

This article describes gem-quality andradite found in 

northern Madagascar, northeast of Ambanja. The majority 

of the stones are green or yellow-green, while ~10% are 
brown and a few are bicolored. Refractive indices mea- 
sured with a Gemeter 90 microreflectometer ranged from 

1.85 to 1.87. Specific gravity was 3.72-3.89. These values 

are consistent with those reported for andradite. Raman 

spectra were also consistent with andradite. The major 
coloring agent of this demantoid is Fe**; the yellow com- 
ponent is due to an Fe-Ti* charge transfer. No chromi- 
um or vanadium was detected in these stones, which were 
almost pure andradite, Ca,Fe,(SiO,),. The authors suggest 
that such andradite colored by Fe** may be sold as deman- 
toid; many yellow-green Russian demantoids also do not 
contain chromium as a coloring agent. The geologic con- 
text of the deposit is still under investigation. 

GL 


Ancient deposit of blue chalcedony in Turkey. M. 
Hatipoglu [murat.hatipoglu@deu.edu.tr] and S. C. 
Chamberlain, Australian Gemmologist, Vol. 23, 
No. 12, 2009, pp. 567-574. 

The Saricakaya deposit, ~56 km north of Eskisehir in 

northwestern Turkey, contains massive deep blue chal- 

cedony with a thick brownish yellow crust, as well as 
massive light blue chalcedony showing slight adulares- 
cence. Mining has taken place since Roman times, and 
ample reserves are available at the current rate of mining. 

The distribution and quality of the chalcedony varies 

throughout the deposit. Cabochons of this material are set 

in gold or silver and used as earrings, brooches, rings, and 
pendants. RAH 


GEMOLOGICAL ABSTRACTS 


Famous mineral localities: Volodarsk-Volynski, Zhitomir 
Oblast, Ukraine. P. Lyckberg [lyckberg@pt.lu], V. 
Chornousenko, and W. E. Wilson, Mineralogical 
Record, Vol. 40, No. 6, 2009, pp. 473-506. 

Mined for decades by the Soviets for piezoelectric quartz, 

the pegmatites of the Volodarsk-Volynski area west of 

Kiev have also been an important source of large, etched 

crystals of yellow-green beryl as well as topaz for the col- 

lector market. This article provides a thorough history of 
the geology and discoveries of the district’s key gem-pro- 
ducing areas, generously illustrated with color pho- 
tographs of gem crystals, associated minerals, and the 
mines themselves. The emphasis is on key discoveries 
made in 1953, 1973, 1982, 1992, and since 1995, which 
account for most of the specimens seen in the market. 

Faceted and heat-treated material is briefly discussed. Due 

to the strategic importance of the deposits to the Soviets, 

these pegmatites are among the most studied in the world, 
greatly adding to our knowledge of these complex forma- 
tions. The enormous size of some of the pegmatite pockets 

(up to 8,000 m?) and the gem crystals that formed within 

them (including beryl >20 kg, topaz >100 kg, and quartz 

>10 tonnes} are particularly impressive. Gem mining in 
the district ceased in August 2009, and the authors con- 
clude that the deposits are likely exhausted. KAM 


Gem-corundum megacrysts from east Australian basalt 
fields: Trace elements, oxygen isotopes, and origins. 
F. L. Sutherland [lin.sutherland@austmus.gov.au], 
K. Zaw, S. Meffre, G. Giuliani, A. E. Fallick, I. T. 
Graham, and G. B. Webb, Australian Journal of 
Earth Sciences, Vol. 56, 2009, pp. 1003-1022. 
Though usually mined from placer deposits weathered 
from Cenozoic basalts in the eastern part of the continent, 
Australian ruby and sapphire did not form within these 
rocks. Rather, these corundum xenocrysts were entrained 
into the basaltic magma from some other source. Trace- 
element content (using laser ablation-inductively coupled 
plasma-—mass spectrometry) and oxygen-isotope values of 
the corundum were obtained from a broad sampling of 
Australia’s sapphire and ruby fields and compared to data 
from other basaltic deposits worldwide. These results 
showed how chromophores (Fe, Cr, Ti, and V) along with 
Ga and Mg contents, as well as 8!8O values, could be com- 
bined to “fingerprint” corundum to its locality and origi- 
nal genetic source (e.g., magmatic, metamorphic, or meta- 
somatic). A triangular plot of Ga-Mg-8!8O values clearly 
segregated the various deposits. These geochemically dis- 
tinct groups give researchers a better understanding of gem 
corundum genesis and emplacement, and ultimately may 
aid in prospecting and in determining the provenance of 
faceted material. KAM 


Gemstone deposits in Turkey. M. Hatipoglu [murat.hati- 
poglu@deu.edu.tr], H. Babalik, and S. C. Chamberlain, 
Rocks & Minerals, Vol. 85, No. 2, 2010, pp. 124-132. 
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Turkey has viable reserves of six gem materials: diaspore, 
fire opal, blue chalcedony, amethyst, smoky quartz, and 
agate. Commercial sources of these gems are known else- 
where in the world, with the exception of facetable dias- 
pore. The deposits are found in various rock types, in areas 
of volcanic and tectonic activity along major fault zones. 
The gem rough is typically exported, demonstrating that 
there is international demand for Turkish gems. The coun- 
try is believed to have a large economic potential for gem 
production. MK 


Jadeite jade from Myanmar: Its texture and gemmological 
implications. G. Shi [shiguanghai@263.net.cn], X. 
Wang, B. Chu, and W. Cui, Journal of Gemmology, 
2009, Vol. 31, No. 5-8, pp. 185-195. 

The authors investigated gemologically useful correlations 

between textural features and jade quality by studying the 

microstructural, chemical, and crystal dynamics of white 
jadeite from Myanmar. Two textural types are discerned: 
primary texture is coarse-grained, porous, and characteris- 
tic of nontransparent jadeite, but can be used as B-jade 

(acid-bleached and resin-impregnated); deformed and 

recrystallized texture is intermediate- to fine-grained and 

has the most potential as fine gems. B-jade can be quickly 
identified with a loupe or unaided eye by the damage to its 
texture from the bleaching process. 

The study also presents a model for how Myanmat’s 
rare “icy” or “glassy” jadeites formed, and maps their geo- 
logic setting. At least two coupled processes took place in 
this material: grain size reduction (via rotation recrystal- 
lization, grain boundary migration and diffusion, mechan- 
ical twinning, and shearing) and crystallographic orienta- 
tion, produced by ductile deformation under high-pres- 
sure, low-temperature metamorphism. 

Toughness is another important factor in grading 
jadeite—the tougher the jade, the better its quality. 
Jadeites with serrated high-angle-sutured and interlocking 
grain boundaries are tougher than other specimens of simi- 
lar grain size. Observing the crystal orientations and tex- 
tures in “windowed” rough can provide an indication of 
overall quality. 

Because green jadeite appears to have similar deforma- 
tion textures as the white type studied, the conclusions can 
be provisionally extended to green material. ERB 


Les gisements de saphirs et rubis associés aux basaltes 
alcalins de Madagascar: Caracteristiques géologiques 
et minéralogiques. lére partie: Caractéristiques 
géologiques des gisements [Sapphire and ruby 
deposits associated with alkali basalts in Madagascar: 
Geological and mineralogical characteristics. First 
part: Geological characteristics of the deposits]. S. 
Rakotosamizanany, G. Giuliani, D. Ohnenstetter, A. 
F. M. Rakotondrazafy, and A. E. Fallick, Revue de 
Gemmologie, No. 169, 2009, pp. 13-21 [in French 
with English abstract]. 
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Madagascar is one of the principal producers of gem corun- 
dum from basaltic fields. The main deposits are located at 
Ambondromifehy in the northern Antsiranana Province, 
Soamiakatra-Mandrosohasina in the central Antananarivo 
Province, and Vatomandry in the eastern Toamasina 
Province. Soamiakatra is the only primary deposit, where 
ruby is found in metagabbro and pyroxenite xenoliths. 
Petrographic studies have demonstrated two different con- 
ditions of ruby formation, at the boundary of the eclogite 
domain and in the granulite facies. In contrast, 
Madagascar’s basalt-related sapphires originated from alka- 
line mafic magmatic activity at the boundary between the 
lower continental crust and the mantle. They occur with- 
in syenite and anorthoclasite xenoliths in the basalts that 
transported them to the surface. GL 


New geological origin: Ruby from Mozambique. J. Kawano 
[laboratory@gaaj-zenhokyo.co.jp], H. Kitawaki, A. 
Abduriyim, and M. Okano, Gemmology, Vol. 40, 
No. 483, 2009, pp. 13-15 [in Japanese with English 
translation]. 

Rubies were recently discovered in northern Mozambique’s 

Niassa Province (M’sawize village in the Lichinga district) 

and Cabo Delgado Province (Montepuez area). The rubies’ 

internal features consist of twin planes, fluid-film inclu- 
sions, negative crystals, and crystalline inclusions. Many of 
the crystalline inclusions were colorless-to-green amphi- 
bole (possibly pargasite), while others were confirmed as 
apatite. Also observed were needle-like inclusions that pro- 
duce “silk.” Material resembling hematite was seen in 
some fractures. The IR spectrum of unheated Mozambique 

ruby shows a broad band composed of absorptions at 3309 

and 3081 cm-!, which disappears when the ruby is heated. 

In some cases, weak absorptions at 2074 and 1980 cm"! 

may be present, presumably from diaspore. Energy-disper- 

sive X-ray fluorescence chemical analysis detected about 
0.3-0.8 wt.% Cr and about 0.2-0.5 wt.% Fe. The iron con- 
tent is higher than in most non-basalt-related ruby, and 
lower than in stones with a basaltic origin. Most rubies 
from Mozambique have been heat-treated, leaving flux 
residues in the fissures. GL 


Scavengers from jade mines. N. Moe, Weekly Eleven 
News, No. 25, Vol. 5, March 31, 2010, p. 2.1. 
At Myanmar’s jade mines, scavengers commonly search 
the tailings for overlooked gem material. Groups of 10-15 
people work day and night, using improvised flashlights in 
the darkness. The scavengers keep track of which compa- 
nies are dumping material and when; discards from suc- 
cessful companies can bring crowds of 700-800 people. 
Potential jadeite boulders are captured as they roll 
down the dump pile. According to the scavengers, the 
jadeite rolls down slowly, twisting and turning, while 
other boulders roll quickly. Hammers are used to strike 
the boulders and test their hardness; jadeite produces a 
solid sound and the rock remains undamaged. The scav- 
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engers also know the various textures of the boulders and 
how to differentiate the jadeite. 

The jadeite scavenging has been practiced since 
1997-1998. At first most of the people were unemployed 
heroin addicts, but youths hoping to strike it rich soon 
joined them. The reward for finding a good-quality piece 
of jadeite is about 500,000 kyats (US$5,000), and profits 
are shared equally among the group. U Tin Hlaing 


A study of zircon from Tanzania—Malaya zircon. 
U. Henn [ulihenn@dgemg.com], Australian 
Gemmologist, Vol. 23, No. 10, 2009, pp. 453-456. 

So-called Malaya zircon originates from the region 

between Mkujani and Umba in the Tanga Province of 

northern Tanzania. The material shows an attractive range 
of colors, from yellow to brown and red. Both rough (as 
waterworn pebbles) and faceted stones were examined for 
this study. They showed relatively high SG (4.67—4.70) and 

RI (1.957-1.967) values. Microprobe analyses are reported 

for three zircons (yellow, light brown, and dark brown), 

revealing up to 0.24 wt.% UO,. The absorption spectra 
show the narrow bands and fine lines of U** in the 

510-690 nm region. RAH 


Zultanite, or colour-change diaspore from the Milas 
(Mugla) region, Turkey. M. Hatipoglu [murat.hati- 
poglu@deu.edu.tr] and M. Akgun, Australian 
Gemmologist, Vol. 23, No. 12, 2009, pp. 559-563. 

A color-change variety of diaspore occurs in the same area 

of Turkey as the well-known transparent, nonphenomenal 

diaspore. It exhibits an alexandrite-like color change, 
dependent on the nature of the incident illumination. 

Material with fine chatoyancy also has been found. An 

editor’s addendum (pp. 564-566) provides typical gemolog- 

ical data; the UV-Vis spectrum shows Fe- and Mn-related 
absorptions. RAH 


JEWELRY HISTORY 


82,000-year-old shell beads from North Africa and implica- 
tions for the origins of modern human behavior. A. 
Bouzouggar, N. Barton [nick.barton@arch.ox.ac.uk], 
M. Vanhaeren, F. d’Errico, S. Collcutt, T. Higham, E. 
Hodge, S. Parfitt, E. Rhodes, J.-L. Schwenninger, C. 
Stringer, E. Turner, S. Ward, A. Moutmir, and A. 
Stambouli, Proceedings of the National Academy of 
Sciences, Vol. 104, No. 24, 2007, pp. 9964-9969. 
Thirteen small, perforated marine shells (Nassarius gibbo- 
sulus) were recovered from an archeological site in eastern 
Morocco. The find supports related evidence that marine 
shells were collected in the North African regions ~82,000 
years ago (40 millennia before similar events in Europe). 
The shells were either perforated deliberately or carefully 
collected for their large perforations; wear patterns suggest 
suspended strung beads. Residues of red pigment found on 
10 of the shell beads indicate an added visual value. An 
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early distribution of beaded jewelry, used as symbolic, 
nonutilitarian objects for personal adornment, marks a 
fundamental stage in the emergence of modern social 
behavior. ERB 


What did the well-dressed Neanderthal wear? Jewelry. M. 
Lemonick, Time, January 12, 2010, www.time.com/ 
time/health/article/0,8599,1952933,00.html. 


In two caves in southern Spain, a team of paleoanthropolo- 
gists discovered ornaments dating back 50,000 years. The 
objects were primarily seashells, most of them pierced and 
bearing remnants of pigment, suggesting they were worn as 
jewelry. The scientists noted that these items predated the 
arrival of modern humans in Europe by an estimated 10,000 
years and were thus fashioned by Neanderthals. RS 


JEWELRY RETAILING 


Consumer insights into luxury goods: Why they shop 
where they do in a jewelry shopping setting. T. 
Sanguanpiyapan [sanguanpiyan@wisc.edu] and C. 
Jasper, Journal of Retailing and Consumer Services, 
No. 17, 2010, pp. 152-160. 

The authors surveyed jewelry buyers on why they chose to 

purchase at a particular retail outlet. The respondents 

were 60% women and 40% men; 56% were buying for 
themselves. The survey found a clear preference (60%) for 
freestanding jewelers, with respondents citing trust, the 
ability to interact with sales associates, a larger selection 
of merchandise and price ranges, and a more pleasurable 

shopping experience overall. While the survey indicated a 

growing acceptance of online shopping, retail jewelers can 

compete by understanding their clientele and presenting 
the products, prices, and shopping experience that appeal 
to them. RS 


Pricing anomalies in the market for diamonds: Evidence 
of conformist behavior. F. Scott [fscott@uky.edu] 
and A. Yelowitz, Economic Inquiry, Vol. 48, No. 2, 
2010, pp. 353-368. 
This article looks at the relationship between diamond 
pricing and consumer preferences. The authors examined 
the inventories of a number of popular online diamond 
sites and discovered substantial price differences centered 
around “focal-point” sizes—O0.50, 1.00, and 1.50 ct. The 
study found that comparable-quality diamonds weighing 
just over 0.50 ct were priced from 17.5% to 28% higher 
than diamonds just under 0.50 ct. The difference between 
diamonds just over and just under 1.00 ct was 5.2-10%. 
Between those key sizes, the price gap was about 3% for 
each 0.01 ct increase. The authors note that such pricing 
reflects an established concept whereby shoppers conform 
to focal points such as round-number carat weights as a 
standard for behavior. RS 
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SYNTHETICS AND SIMULANTS 


Spatial distribution of the nitrogen defects in synthetic 
diamond monocrystals: Data of IR mapping. Yu. V. 
Babich [babich@uiggm@nsc.ru] and B. N. Feigelson, 
Geochemistry International, Vol. 47, No. 1, 2009, 
pp. 94-98. 

The authors used FTIR mapping to obtain nitrogen-defect 

data from a synthetic diamond grown under high-pressure, 

high-temperature (HPHT) conditions. The 0.8 ct yellow- 
brown crystal was grown in the Fe-N-C metal-carbon sys- 
tem for 128 hours under 6.0 GPa pressure and at tempera- 
tures ranging from 1390 to 1475°C. A Fourier IT Bruker 

Vertex-70 spectrometer equipped with a Hyperion 2000 

microscope was used to study the composition, distribu- 

tion, and concentration of nitrogen defects, based on known 
specific absorptions (1130 cm! for C defects, 1282 cm for 

A defects, and 1332 cm~! for N* defects). The defects were 

mapped from seed-to-edge along the cubic and octahedral 

growth sectors on a (110)-oriented polished plate. 

The synthetic diamond was found to contain up to 300 
ppm nitrogen. Only C defects were present along the cubic 
sector, and only in the inner zones, with gradually decreas- 
ing concentration. C, A, and N* defects were all present 
along the octahedral growth sectors, with C defects only 
near the outer surface and A defects only within the inner 
portion. N* concentration gradually decreased from seed to 
edge, with better-developed octahedral sectors showing 
higher concentrations. The FTIR data matched previous 
reports of nitrogen-defect distributions, and they provide a 
useful basis for studying and visually representing nitrogen 
defects related to crystal growth parameters in synthetic 
and natural diamonds. JS-S 


TREATMENTS 


Differentiation of naturally-coloured and artificially irra- 
diated blue topaz specimens by their cathodolumi- 
nescence properties. Y. Song [psuywwg@gmail.com] 
and X. Yuan, Australian Gemmologist, Vol. 23, No. 
12, 2009, pp 551-558. 

Natural blue topaz is rare; most of the commercially avail- 

able material has been treated with gamma radiation, neu- 

trons, electrons, or a combination of these to induce the 
blue color. This detailed investigation showed that natural 
blue and artificially irradiated topaz can be distinguished 
by their cathodoluminescence responses. Natural blue 
topaz exhibited a strong (40-50 counts) CL fluorescence 
peak at around 492-500 nm, while irradiated material had 
a much weaker peak (15 counts). RAH 


Identification of dyed jadeite using visible reflection spec- 
tra. Y. Liu, T. Lu, M. Wang, H. Chen, M. Shen, J. 
Ke, and B. Zhang, Journal of Gemmology, Vol. 31, 
No. 5-8, 2009, pp. 181-184. 

Dyed, or C-type, jadeite is often identified by observing the 

dye in the pores and the spaces between interlocking crys- 
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tals. This article describes a method to identify dyed 
jadeite using a new type of visible reflection spectrometer 
(TrueColor) with dual integrating spheres. By combining 
reflection spectra in the visible range with IR absorption 
spectra, dyed-only and impregnated-and-dyed jadeites can 
be accurately identified. The reflection spectra of natural- 
color green jadeites typically show absorption lines at 433, 
437, 630, 655, and 691 nm; most dyed green jadeites do not 
show these absorption lines. The 437 nm absorption is the 
strongest of the five lines, and its presence in vivid green 
dyed jadeite suggests that the starting material was a low- 
grade pale green jadeite. GL 


Prevention of cracking in Ethiopian opal. S. V. Filin and 
A. I. Puzynin, Australian Gemmologist, Vol. 23, 
No. 12, 2009, pp. 579-582. 
Many opals from Ethiopia’s Shewa Province are prone to 
cracking over time or after minor heating. This is due to the 
presence of water in open pores and shrinkage cracks. A new 
treatment technique uses supercritical drying in an auto- 
clave with anhydrous ethanol, for which the critical temper- 
ature is 245°C at 6.4 MPa. Hydrated low-molecular-weight 
silica sols are then introduced into the open pores of the opal 
at a pressure of 500-600 bars. When this treated material is 
carefully polished, no significant cracks appear. RAH 


MISCELLANEOUS 


The commodification of fetishes: Telling the difference 
between natural and synthetic sapphires. A. Walsh 
[awalsh33@uwo.ca], American Ethnologist, Vol. 37, 
No. 1, 2010, pp. 98-114. 

Synthetic sapphires are often superior to natural stones in 

color and clarity. Why, then, do people place such value on 

natural goods? Using Ambondromifehy, Madagascar, as a 

backdrop, the author reviews how natural sapphire is 

brought to market and some of the controversies and proce- 
dures surrounding sapphire mining and processing. The arti- 
cle also discusses at length several spectacular, highly publi- 
cized specimens and concludes that a combination of locale, 
mystique, and storytelling sets natural sapphire apart from 
synthetic, adding value in the eyes of the public. RS 


Comprare gemme alla fonte: e se la sorgente fosse inquina- 
ta? [Buying gemstones at the source: And if the source 
is contaminated?] S. P. de Almeida, L. S. Souto, and 
M. Macri, Rivista Gemmologica Italiana, Vol. 4, No. 
1, 2009, pp. 39-51 [in Italian with English abstract]. 

Tourists and even professionals often think that buying 

gems from cutters and dealers in mining areas, or directly 

from the mine, is a good way to avoid fraud. Unfortunately, 
this is not true. The article describes the situation in Brazil, 
where synthetics and simulants are frequently offered as 
genuine. The most common deceptive practices are substi- 
tuting green glass for tourmaline, citrine for imperial topaz, 
irradiated blue topaz for aquamarine, and synthetic 
amethyst for natural amethyst. RT 
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MALACHITE, CHESSYLITE, CHRYSOCOLLA 


The specimen (A) is chrysocolla with azurite. Chrysocolla 
is a hydrous copper silicate, the copper accounting for its color. 
Because of its extreme softness it is not suitable for gem 
purposes but is important as the coloring agent in chrysocolla 
quartz. Another frequently encountered but soft stone is 
malachite, pictured at (B) and again at (C) surrounded by 
azurite. The specimen of chrysocolla is from Nevada, the 
malachite from Arizona. Specimens from the collection of 
British Museum (Natural History), London. 
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Retrospective of the First Decade of the 2000s: 
Looking Back as We Move Ahead 


nother decade, another period of sweeping change in 

the gem industry. . . . The articles in this retrospective 

offer four distinct perspectives on the developments of 
this tumultuous period, from the points of view of industry ana- 
lysts Russell Shor and Robert Weldon; geologist James Shigley 
and colleagues; seasoned gemologists Shane McClure, Robert 
Kane, and Nicholas Sturman; and research scientist Christopher 
(Mike) Breeding and coauthors. 


The content of this issue has been meticulously researched over 
the last several years. Russ Shor has been reporting on the busi- 
ness of diamonds and other gems for three decades now, and 
Robert Weldon has been doing the same for colored stones for 
nearly as long. Dr. Shigley and his coauthors started researching 
gem deposits for this retrospective issue almost as soon as they 
published the localities article in the Winter 2000 retrospec- 
tive—which built on the Spring 1990 retrospective article. Shane 
McClure has lived and breathed gem identification in the GIA 
Laboratory for more than 30 years, with his two colleagues pro- 
viding in-depth experience from both the lab and the industry. 
Dr. Breeding and his coauthors are experienced researchers 
tasked with applying the instruments and techniques described in 
their article to the gemological challenges of the 21st century. 


Certain developments dominated gemology in this first decade of 
the 2000s. High-pressure, high-temperature treatment of dia- 
monds augured chaos as we entered the century, but researchers 
around the world mobilized to find identification clues through 
traditional gemological observation as well as new technologies 
adapted from other fields. Likewise, beryllium diffusion of ruby 
and sapphire brought together geologists, gemologists, and physi- 
cists to determine the starting material used, the techniques being 
applied, and the instrumentation needed to identify the treat- 
ment. Little-known acronyms such as SIMS and LIBS permeated 
the gemological lexicon, and instrumentation such as LA-ICP- 
MS—once primarily the province of academia—became a fix- 
ture in many gemological labs. 


All these developments took place, as the lead article points out, 
during a period of profound changes in the diamond and colored 
stone industries. The traditional single-channel diamond distribu- 
tion system morphed into many channels, TV shopping and the 
meteoric rise of the Internet created new challenges for the brick- 
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and-mortar retailer, and new Mid 
attention to social and politi- Ati: eh 
cal issues in gem produc- 
tion radically transformed 
the supply chain. 


Amid all this change 
there was one constant 


that became ever more 
important as the decade pro- 
gressed: the need for coopera- 
tion, to work together to tackle these 
issues with our colleagues—not alone. 

Researchers from laboratories around the world furnished pieces 
to the puzzle that led to the identification of HPHT treatment of 
diamonds. Likewise, colored stone dealers, scientists, and labo- 
ratory gemologists contributed to the understanding and identifi- 
cation of beryllium diffusion. This decade also witnessed the cre- 
ation of the Kimberley Process Certification Scheme, which 
brought together nations, nongovernmental organizations, and 
diamond industry leaders to stop the trade in conflict diamonds. 


We at Gems & Gemology hope that you enjoy this valuable 
compendium, digest the wealth of information, and recognize 
the contributions made by so many individuals, companies, and 
organizations to move gemology forward in this first decade of 
the new millennium. 


One last note: Throughout the issue, you will see references to 
information available in our online G&G Data Depository 
(gia.edu/gandg). We urge you to visit the Depository for the addi- 
tional information it provides, especially the tables of diamond 
and pearl localities active during the decade. Note, too, that a 
retrospective article on synthetics and simulants will appear in 
our upcoming Winter 2010 issue. We are grateful to all of our 
authors for the vast amount of knowledge and research they 
brought to this endeavor—and their willingness to share so much 
with the greater gemological community. 


Alice S. Keller ¢ Editor-in-Chief ¢ akeller@gia.edu 
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AN ERA OF SWEEPING CHANGE IN 
DIAMOND AND COLORED STONE 
PRODUCTION AND MARKETS 


Russell Shor and Robert Weldon 


The diamond, colored stone, and pearl businesses have witnessed unprecedented change since 
the turn of the 21st century. Not only have new markets for gems emerged around the world, but 
channels of distribution have also changed dramatically as a result of economic forces and politi- 
cal pressures. De Beers abandoned its single-channel seller role, which created—for the first time 
in over a century—a competitive rough diamond market. Political problems in Madagascar and a 
ban on gem exports from Myanmar disrupted supply channels for sapphire and ruby. And the 
proliferation of new sales avenues, through the Internet and TV, has given consumers much more 
information about gems and forever changed the way they buy them. The use of gems to subsi- 
dize bloody conflicts and repressive regimes has moved the trades to become more accountable, 
as concerns over terrorism and illicit trading have created a new legal environment. At the same 
time, a new class of consumers who value ethically, socially, and environmentally friendly 
products are making their demands known in the gemstone business. 


he last decade was bookended by its two 

defining events: the September 11, 2001, ter- 

rorist attacks on the U.S and the world finan- 

cial crisis that struck in September 2008. The 
2001 attacks, which were followed by a terror attack 
on the Indian parliament in December, brought far- 
reaching international reviews of financial and secu- 
rity activities, while the crisis of 2008 placed much of 
the world’s financial institutions in jeopardy. In 
between, however, the decade saw substantial 
increases in wealth, both in most developed nations 
and in some developing nations, particularly India 
and China. 

For the diamond industry, this article will 
address the radical transformation it underwent on 
many levels during the last 10 years. The most sig- 
nificant event was the dissolution of the once tightly 
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controlled rough distribution channel into a more 
competitive market. In addition, producing nations, 
particularly in Africa, moved to derive greater eco- 
nomic benefits from their diamonds (figure 1). And 
social and political issues, from the Kimberley 
Process to anti-terrorist legislation, became a critical 
part of doing business, as the industry was subjected 
to close scrutiny from various government and law- 
enforcement agencies around the world. 

The traditional art of diamond cutting also was 
revolutionized by technology, which brought new 
cuts and greater demand for precision cuts. In dia- 
mond retailing, the Internet became the fastest- 
growing sector in the U.S., while India and China 
became important consumer markets. 

The colored gemstone industry also witnessed 
significant changes. It saw an evolution in the way 
gems are mined and the manner in which they are 
then distributed through the supply chain. The 
development of large-scale mining operations for 
colored gems has been in the news for the entire 
decade (Robertson, 2009). Nevertheless, it is believed 


GEMS & GEMOLOGY FALL 2010 


that about 80% of the world’s supply of colored 
gems still come from small-scale artisanal miners 
(Michelou, 2010; figure 2). 

The financial crisis at the end of the decade 
forced major cutbacks in diamond mining and 
prompted industry banks to re-evaluate long-accept- 
ed credit practices, with the result that supplies and 
distribution began changing in ways that still have 
not fully played out. Colored stone mining and cul- 
tured pearl farming also experienced severe cut- 
backs, while prices and demand grew increasingly 
volatile. 


PRODUCERS 
Diamond—From Supplier of Choice to Multiple 
Suppliers. De Beers. In 2000, the De Beers Diamond 
Trading Company (DTC), which then controlled 
about 64% of the world’s rough diamond output by 
value (Even-Zohar, 2007) and 50% by volume (Shor, 
2005), announced an ambitious plan to revamp its 
65-year-old sales structure. The initiative was called 
Supplier of Choice (SOC). The main components 
were designed to shift the burden of consumer adver- 
tising of diamond jewelry onto DTC clients; reset 
the client selection system to one based on a set of 
“objective criteria” determined through detailed 
company profiles; and implement “best practice” 
policies that required clients to source all of their 
rough from nonconflict producers, pay fair wages, 
ensure safe working conditions, and follow ethical 
trading practices (Shor, 2005; figure 3). 

Coinciding with the launch of SOC, the DTC 
also announced that it would abandon its traditional 
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Figure 1. Some of the most 
important developments of 
the decade were in the way 
rough diamonds were dis- 
tributed and the efforts of pro- 
ducing countries to gain 
greater economic benefits 
from their deposits. These 
rough diamonds are all ~1 ct 
in weight. GIA Collection no. 
24648; photo by R. Weldon. 


Figure 2. Small-scale artisanal miners, such as 

this tsavorite miner near Voi, in Kenya, are esti- 
mated to supply some 80% of the world’s gems. 
Photos by R. Weldon. 
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role of stockpiling diamonds during periods when 
demand was reduced or when production from par- 
ticular sources threatened to destabilize the market. 
This strategy had consumed considerable cash 
reserves and generated a great deal of controversy 
during the 1990s (Even-Zohar, 2007). When the DTC 
announced Supplier of Choice in 2000, it controlled 
an enormous rough stockpile, held by corporate par- 
ent De Beers, that was valued at more than $4.8 bil- 
lion and drawn from all producers in its network 
(Even-Zohar, 2007). The DTC’s overall aim, in addi- 
tion to freeing itself of the burden of stocking rough 
diamonds, was to comply with the European 
Union’s regulations regarding anti-competitive 
activity (Shor, 2005; Even-Zohar, 2007) and more 
tightly focus marketing and sales efforts on its own 
production. 

While Supplier of Choice was the most signifi- 
cant shift in De Beers’s operations, it also embarked 
on several major changes that affected the rough 
and, ultimately, polished diamond market. In 2001, 
De Beers converted from a publicly traded corpora- 
tion to a privately held company. The main share- 
holders were Anglo-American Group, 45%; Central 
Holdings, the Oppenheimer family trust, 45%; and 
Debswana, the De Beers—Botswana government part- 
nership that operates the country’s diamond mines, 
holding the remaining 10% (Shor, 2005). The deal 
cost $18.7 billion, financed mainly through sale of 
Anglo-American stock. However, the company also 
borrowed $3.35 billion from a consortium of banks, 
which transformed it from one with ready cash 
reserves to one carrying a significant debt. To pay 
down this debt, De Beers significantly reduced its 
workforce and sold the bulk of its diamond stockpile 
in an orderly fashion during the following two years. 

At the same time, De Beers sought (and in late 
2002, received) legal approval of its SOC initiatives 
from the European Commission (EC), which over- 
sees competitive issues in the EU. However, its June 
2003 announcement that it would drop one-third of 
its existing sightholders touched off several lawsuits 
in the U.S. and Europe from clients claiming they 
were unfairly removed (Shor, 2005). 

De Beers ran into other legal problems in the U.S. 
A number of class-action suits were filed during the 
early 2000s, alleging that the company had, over the 
years, violated anti-trust, unfair competition, and con- 
sumer protection laws in order to fix and raise dia- 
mond prices. The suits were combined under the 
jurisdiction of the U.S. District Court of New Jersey 
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Figure 3. Gareth Penny, outgoing managing director 
of De Beers Group, was the principal architect of the 
Supplier of Choice program. Photo by R. Weldon. 


(Diamond Class Action Settlement, 2010). De Beers 
initially declined to appear, leading to default judg- 
ments against it. After launching SOC, and with an 
aim of returning to the U.S., De Beers eventually 
negotiated a combined settlement that was approved 
in April 2008—though it admitted no wrongdoing. Of 
the total settlement, $22.5 million would go to 
“direct” purchasers (DTC clients) between 1997 and 
2006, while $272.5 million would be split by an “indi- 
rect purchaser” class, which included diamond 
wholesalers and retailers—who would divide half that 
amount—and consumers, who would share the sec- 
ond half. Although the court approved the settlement 
in August 2008, a number of claimants filed appeals 
contesting it (Diamond Class Action Settlement, 
2010). In July 2010, the U.S. Second Circuit Court of 
Appeals overturned the settlement, holding that the 
indirect purchaser class had been improperly certified. 
Then, in August, a panel of judges from that same 
court vacated that ruling, primarily on the grounds 
that both sides had agreed to the settlement, and 
referred the case to review by the full 15-judge panel 
of the court. At this writing, the case remains in 


limbo. 
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De Beers faced legal challenges from another 
front: EU approval of Supplier of Choice. Various 
parties claimed that the company’s relationship with 
Russia’s Alrosa, the world’s second largest diamond 
producer, was anti-competitive. Again, De Beers did 
not contest the challenge; and in 2004 it agreed to 
gradually scale down its rough diamond purchases 
from approximately $1.2 billion yearly, to $700 mil- 
lion in 2005, and by $75 million increments there- 
after until 2009, with the maximum set at $275 mil- 
lion (De Beers/ALROSA Trade Agreement, 2004). 

By 2008, the last “normal” year before the eco- 
nomic crisis forced major changes in mining opera- 
tions, the DTC’s share of the rough market was 
down to 42% by value and 29% by volume (Rio 
Tinto Diamonds, 2008). It had unloaded its diamond 
stocks and a number of its South African mines, and 
was making plans to shift the bulk of its operations 
to Botswana, which had acquired a significant share 
of the company (Even-Zohar, 2007). Because of the 
mine closures, De Beers’s market share by volume 
fell to just under 20% in 2009 (24 million carats 
against a world total of 125 million). The company 
expected to produce 31 million carats in 2010 and 
revive to 40 million carats in 2011, compared to 48 
million carats in 2007 (Penny, 2010). De Beers 
announced it would cap production at 40 million 
carats yearly after 2011 in order to extend the lives of 
its existing mines. 


Beneficiation. The 2000s also saw diamond-produc- 
ing counties begin to assert more control over the 
disposition of their resources. The “beneficiation” 
movement, creating added-value activities such as 
rough sorting and cutting in producer countries, also 
forced De Beers and the DTC to greatly restructure 
operations away from their traditional headquarters 
on London’s Charterhouse Street (Even-Zohar, 
2007). Botswana, which produces two-thirds of De 
Beers’s output (De Beers, 2009), used that leverage to 
create a separate DTC Botswana in 2.006. By the fol- 
lowing year, it had issued diamond manufacturing 
licenses to 16 companies—mostly Indian and 
Israeli—that agreed to establish cutting operations 
supplied from local production. The government 
also mandated that much of the sorting from its 
mines be done locally instead of in London. Both of 
these actions represented a drastic break from the 
long-standing DTC policy of integrating production 
from all of its sources and sorting it at its London 
headquarters (Even-Zohar, 2.007). Still, the DTC for- 
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malized the process when it appointed these 16 
companies sightholders. 

Beneficiation efforts have also led to 11 DTC- 
sightholder manufacturing facilities in Namibia. 
However, these are supplied from all DTC sources, 
not just local Namibian production. 

South Africa launched similarly ambitious efforts, 
beginning with amendments to the Diamond Act in 
November 2005. It also embarked on a plan to pro- 
mote black businesses under a series of Black 
Economic Empowerment (BEE) initiatives. The BEE 
laws required all diamond mining companies, includ- 
ing De Beers, to have a minimum of 26% black equi- 
ty within five years. The diamond portion of BEE also 
required that local diamond polishing operations 
would be offered first refusal for all diamonds mined 
in the country. The process was supervised by a gov- 
ernment-appointed State Diamond Trader, which 
was mandated to buy up to 10% of the nation’s out- 
put for resale to cutting operations (Hill, 2008). 

The State Diamond Trader’s office opened in 
June 2007 with the professed goal of buying $140 
million worth of rough. While the policy did result 
in an increase in the number of diamond manufac- 
turing operations in the country (e.g., figure 4), 
including 19 newly appointed DTC sightholders, the 
office was never sufficiently funded to purchase 
more than a tiny fraction of South Africa’s rough 


Figure 4. A renewed desire for black empowerment 
and beneficiation took root in the southern African 
diamond business at the beginning of this century, 
with the establishment of cutting factories throughout 
South Africa, Namibia, and Botswana, such as this 
facility in South Africa. Photo by R. Weldon. 


| 
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Figure 5. These two pink diamonds (0.51 and 0.55 ct) 
from the Argyle mine in Australia were part of the 2007 
Argyle pink diamonds tender. Photo by R. Weldon. 


production. At this writing, it has made little impact 
on the nation’s diamond industry (Creamer, 2009; 
"South Africa’s state diamond trader. . . ,”” 2010). 

De Beers also commissioned two new mines in 
Canada: Snap Lake and Victor. Snap Lake was initial- 
ly projected to yield 1.4 million carats yearly of pri- 
marily smaller diamonds; Victor’s production, esti- 
mated to be about half of that, was somewhat higher 
quality. The company appointed three Ontario sight- 
holders to polish 10% of its locally mined production 
(Golan, 2010). However, just as the mines became 
fully operational in the fall of 2008, the market went 
into a severe decline (Hill, 2009). 


Alrosa. After it was required—not without some 
objections—to scale back its rough sales to the DTC, 
Russia’s Alrosa developed its own client base, which 
included a number of major DTC sightholders. 
Alrosa had acquired a 32.8% interest in Angola’s 
Catoca mine in the early 1990s. Commissioned in 
1997, Catoca was producing just over 3 million 
carats yearly by 2003 (Even-Zohar, 2007) and 6 mil- 
lion carats by 2009, representing about 70% of the 
country’s diamond output (Nyaungwa, 2010). 
During the economic crisis of 2009, Alrosa began 
changing its rough sales policy from a DTC-like sys- 
tem of supplying several dozen firms, toward one 
that allotted much greater quantities to compara- 
tively few major buyers. In 2010, the company 
announced it would earmark a minimum of $500 
million worth of rough to four Indian companies 
over the following three years, contracting an addi- 
tional $300 million to a consortium of Israeli manu- 
facturers and $1.4 billion to Russian cutting opera- 
tions over the same period (Kravitz, 2010; Goldstein, 
2010). 
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Rio Tinto. In 2003, London-based mining giant Rio 
Tinto opened Canada’s second diamond mine, 
Diavik, with 60% ownership. Rio Tinto had estab- 
lished its own rough diamond sales channel in 1996, 
when its Argyle operation in Australia ended its 
sales agreement with the DTC (Shor, 2005). Diavik 
produced 3.8 million carats in its first year of opera- 
tion and more than 8 million carats over the follow- 
ing several years (Rio Tinto Diamonds, 2006). Rio 
Tinto marketed its share and its Argyle production 
through a sight system similar to the DTC’s, though 
it claimed its pricing would be more flexible than its 
rival’s (Even-Zohar, 2007). The company also adopt- 
ed a series of sustainable mining initiatives for its 
own operations and, like De Beers, developed a code 
of best business practice requirements for its clients. 
It also helped develop Canada-branded diamond pro- 
grams in cooperation with local diamond cutting 
operations (Rio Tinto Diamonds, 2004-05). 

Argyle, at its peak, was the world’s largest dia- 
mond producer by volume, yielding over 40 million 
carats yearly of predominantly near-gem diamonds 
during the 1990s. The majority of its cuttable output 
went to feed the discount diamond jewelry markets 
(Shor, 2005). As the millennium opened, however, 
Rio Tinto faced a decision over whether to convert 
Argyle to an underground mine. The project was 
estimated to cost $1 billion, and Rio Tinto studied it 
for five years before making the decision to go ahead 
in 2005 (Rio Tinto Diamonds, 2006; Bosshart, 2010). 
The construction underground and reduction in the 
open-pit operations cut Argyle’s yearly production to 
some 29 million carats in 2006, 20.5 million in 2007, 
and 15 million in 2008 (Janse, 2007, 2008, 2009). 

Because Argyle produces a significant amount of 
yellowish brown and brown diamonds (which it 
calls “Champagne” and “Cognac”), Rio Tinto was a 
charter member of the Natural Color Diamond 
Association, through which it promoted the $150 
million worth of those stones it mined each year. 
Argyle also produces several hundred carats of pink 
diamonds each year, which it markets at special ten- 
der auctions in Geneva, Switzerland (e.g., Rio Tinto 
Diamonds, 2008; figure 5). 


BHP Billiton. Canada’s first diamond mine, Ekati, 
was developed by BHP Billiton during the late 1990s. 
The company set aside 10% of its production by 
value, in specific qualities, for local polishing opera- 
tions (BHP Billiton, 2010). Unlike the DTC or Rio 
Tinto, BHP markets most of its production, current- 


GEMS & GEMOLOGY FALL 2010 


ly $40-$50 million monthly, by tender auctions 
through an Antwerp sales office. While this system 
has resulted in fluctuating prices, the BHP rough is 
so competitive that these are regarded by some 
observers as closest to true market prices (Even- 
Zohar, 2009). 


Other Producers. In the meantime, a number of 
junior producers developed smaller mines that large 
firms such as De Beers or Rio Tinto had withdrawn 
from or declined to exploit. The most significant 
was the LetSeng-la-Terae mine in the small nation of 
Lesotho. Originally operated by De Beers in the 
1970s, LetSeng closed in 1982 during a major indus- 
try slump and remained inactive for almost two 
decades. In 1999, two South African investment 
groups, JCI and Matodzi, acquired the property, 
restarting operations in 2004. In 2006, they sold a 
controlling interest to Gem Diamonds of South 
Africa (Gem Diamonds, 2010a). 

Soon after, the company unearthed the 603 ct 
“Lesotho Promise,” the 15th largest diamond ever 
found. A year later, it came up with the 493 ct 
LetSeng Legacy (figure 6), which Laurence Graff pur- 
chased for $10 million, as well as several other dia- 
monds weighing over 100 ct. The stream of huge 
stones continued: In 2008, LetSeng yielded a 478 ct 
stone that also went to Graff, and in 2010, it 


Figure 6. The 493 Letseng Legacy is one of several 100- 
ct-plus diamonds recovered from the Letseng-la-Terae 
mine in the last few years. Photo courtesy of the 
Antwerp World Diamond Centre. 
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announced a 196 ct diamond that drew estimates of 
over $11 million (Gem Diamonds, 2010b). While 
LetSeng’s production was relatively small—less than 
100,000 carats yearly—its average price per carat was 
nearly $1,900, compared to an industry average of 
$71 (Brough, 2007; LetS’eng Diamonds, 2.010). 

In 2007, Gem Diamonds acquired Australia’s 
Ellendale mine, the source of about half the fancy 
yellow diamonds entering the market; and by the 
end of 2009, it had completed a deal with Tiffany & 
Co. to supply a collection of fancy yellow diamond 
jewelry (Allen, 2009; Gem Diamonds, 2010c). 

As De Beers sold off some of its older operations 
in the middle of the decade, Petra Diamonds of South 
Africa acquired its Cullinan (formerly Premier) and 
Koffiefontein mines, both in South Africa, and its 
interest in the Williamson mine of Tanzania. Soon 
after the Cullinan deal went though (July 2008), Petra 
recovered a 26 ct stone that was cut to a 7.03 ct 
Fancy Vivid blue diamond that sold for $9.4 million 
($1.35 million per carat). In 2009, Petra recovered a 
507 ct diamond, which it named the Cullinan 
Heritage and sold to Hong Kong diamond trader 
Chow Tai Fook for $35.3 million, the highest known 
price ever paid for a rough diamond (Petra Diamonds, 
2010). 

By the end of 2007, diamond production had 
climbed to an estimated 168.1 million carats (Kim- 
berley Process, 2008), while prices for top-quality and 
large stones soared, both on the prospect that an 
increasingly affluent world would generate greater 
demand (Shor, 2008b). Events were in the offing, 
however, that would soon upend these assumptions. 


Colored Stones. In 2007, worldwide demand for all 
colored stones was about $10 billion, 7% of the total 
jewelry market according to a 2009 survey (BUZ 
Consulting, 2009). Broken down further, ruby and 
sapphire accounted for 30% ($3 billion) and emerald 
12% ($1.2 billion), with all other gemstones consti- 
tuting the remainder. The study, completed before 
the 2008 economic crisis, predicted a 5.2% average 
annual growth rate in worldwide demand for colored 
gems through 2020, largely from emerging markets 
such as India and China that have cultural affinities 
for gemstones. 


New Deposits and New Operations. Madagascar. 
Much of the global gem business for well over three 
years in the middle of the decade was dominated by 
Madagascar. This was due in part to the Malagasy 
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Printed in England, 


TURQUOISE 


Turquoise embedded in matrix from the well known Los 
Cerillos, New Mexico deposit, is seen at (A), while a fashioned 
stone from the same location is seen at(B). Pure turquoise 
such as this in a deep blue is rare and highly prized in Tibet. 
Persian turquoise matrix is shown at (C) and a specimen from 
a lesser known deposit, Wadi Maghara, Arabia Petraea, is seen 
at (D). Specimens from the collection of British Museum 
(Natural History), London. 


PLATE XXVII 


Figure 7. Madagascar produces rubies and sapphires of 
many colors, and production of these and other gems 
drove the global gemstone market for much of this 
decade. The orange-pink sapphire in the ring weighs 
3.15 ct; the loose stones are 2.11—4.13 ct. Courtesy of 
Omi Gems, Los Angeles; photo by R. Weldon. 


government’s decision to liberalize its mining sector 
(beginning in 2005) and in part to a historic financing 
scheme sponsored by the World Bank to help develop 
mining, gemology, and other value-added initiatives 
in the island nation. Most of the production was in 


Figure 8. Affluent 
Chinese consumers are 
avid collectors of 
Burmese jadeite, and 
much of the production 
of jadeite in Myanmar is 
exported to China. This 
upscale jadeite shop in 
Guangzhou caters to 
jadeite connoisseurs. 
Photo by R. Weldon. 
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tourmalines, sapphires (e.g., figure 7), and rubies, but 
a new gem mineral—pezzottaite—was also intro- 
duced. At its peak in 2007, the sector employed close 
to 100,000 people (Shor and Weldon, 2.009). 

However, Madagascar’s gemstone production suf- 
fered a serious setback in 2008, when the country’s 
then-president, Marc Ravalomanana, reversed some 
of his own liberalization policies by placing a ban on 
rough gemstone exports. His decision to clamp down 
followed the export of the 536 kg emerald-in-matrix 
specimen “Heaven’s Gift Emerald,” which Ravalo- 
manana claimed had been illegally taken from the 
country (Yager, 2008). Even though the ban on 
exports ended in July of 2009, the mining sector in 
Madagascar failed to get jump-started as a result of 
the global economic slump. 


Myanmar. Production at various Burmese corundum 
mines slowed considerably in the latter part of the 
decade, as trade sanctions deterred exports of rough 
material. The sanctions enacted by the U.S. and 
EU—among the world’s largest consumer markets 
for gems—cut supplies of Myanmar’s ruby and jade 
in Western markets to virtually nothing. This was 
particularly true after the U.S. Tom Lantos Block 
Burmese JADE Act, banning the importation of all 
ruby and jadeite mined in Myanmar, was signed into 
law in July 2008. The previous ban, enacted in 2003, 
did not cover Burmese gems that were cut in a third 
country. The cumulative sanctions caused Burmese 
ruby production to drop by an estimated 50% (Shor 
and Weldon, 2009). 
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Because Myanmar produced an estimated 90% of 
fine- and commercial-quality ruby, while Mada- 
gascar embargoed exports as noted above, supplies of 
ruby and sapphire slowed greatly. This not only cre- 
ated worldwide shortages of gem corundum, but it 
also proved devastating to Thailand’s gemstone cut- 
ting industry (Shor and Weldon, 2.009). 

One new source of corundum, Winza in Tan- 
zania, began yielding some fine-quality ruby in 2007 
(Schwarz et al., 2008), but the quantities produced 
could not begin to compensate for the loss of 
Myanmar and Madagascar goods. As supplies of fine 
and commercial qualities dwindled after 2008, a flood 
of nongem material entered world markets, especial- 
ly the USS., to fill the void. In its natural state, much 
of this material was infused with a lead-based glass to 
render it stable and attractive enough for jewelry use. 
This treated material, which traded for extremely 
low prices in gem markets, touched off two major 
controversies: (1) whether it was actually “ruby” 
(because some material was more filler than ruby, or 
was assembled from multiple pieces of corundum); 
and (2) how to describe it, with terms such as com- 
posite, filled, stabilized, and treated being used 
(Robertson, 2010). Lack of proper disclosure at retail 
also created controversy and brought on a number of 
press reports warning consumers about such stones 
(Wouters, 2010). 

Jadeite jade, an important gem in Chinese cul- 
ture, continued to be heavily mined in Myanmar. 
Between June 2009 and June 2010, more than 22,600 
metric tons of jade were produced (“Over 10,000 jade 
lots... ,” 2010), with much of that destined for 
China (Palagems, 2010; figure 8). Most was sold at 
official government Myanma Gems Enterprise gem 
auctions, though much was also distributed by other 
means, mainly through illicit smuggling into 
Thailand. 


Other Producers. Colombia remained the major pro- 
ducer of emeralds; about 60% by quantity and 80% 
by value (Kuri and Ramirez, 2008), but problems in 
the form of market decline, guerilla activities, and 
ongoing conflicts with drug cartels led to a precipi- 
tous drop in official exports, from a peak of $452.4 
million in 1995 to a reported $75 million by 2005 
(Kuri and Ramirez, 2008). A major new source of fine 
emeralds called La Pita, located in Colombia’s Boyaca 
Department, was developed in the late 1990s (Fritsch 
et al., 2002). By mid-decade, La Pita had produced 
hundreds of thousands of carats—some 40% of the 
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Figure 9. Near Nova Era in 
Minas Gerais, Brazil, the 
Belmont mine operates 
using sophisticated opti- 
cal sorters and other 
machinery to ensure an 
efficient and steady 
supply of rough (photo by Eric Welch). In the inset are 
two emeralds (17.4 g crystal and ~5 ct faceted stone) 
from the Belmont mine (photo by R. Weldon). 


output of Colombian emeralds—as production from 
other mines in the area slowed (Weldon, 2006). 

Brazil witnessed a sustained slump in overall 
gemstone production, in part due to the enforcement 
of minimum wage and environmental protection 
laws. However, its production of emeralds has 
reportedly increased with the opening of a new mine 
in the Nova Era region and technological develop- 
ments at established mines such as the Belmont 
(ICA, 2006; figure 9). Toward the end of the decade, 
Pakistan’s emeralds became embroiled in controver- 
sy over allegations that members of the militant 
Taliban were forcing residents of the Swat Valley, 
which had been closed for nearly a decade, to mine 
the material. It was reported that the proceeds were 
being used to finance terrorist activities (“Emeralds 
from Swat Valley. . . ,”” 2009). 

The decade also saw the rise in popularity of gar- 
nets such as spessartine (e.g., Laurs, 2002b), deman- 
toid (Laurs 2002a; Eddins 2010), and tsavorite 
(Mayerson and Laurs, 2004), as well as cuprian tour- 
maline (from Africa), thanks to the discovery of new 
sources (see, e.g., Laurs et al., 2008). 

And as fine ruby gained in price and grew ever 
scarcer in world markets, red spinel and pink-to-red 
tourmaline became sought-after alternatives. In 
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Figure 10. TanzaniteOne, formerly Afgem, is licensed to 
mine tanzanite at Block C in Merelani, Tanzania. This 
high-security screen enclosure (designed to prevent 
theft) guides miners to different shafts at the mine. 
Photo by R. Weldon. 


addition to the traditional spinel sources of Sri 
Lanka, Pakistan, and Myanmar (spinel, if polished 
elsewhere, is not included in the sanctions against 
the country), a new deposit was located in Tanzania 
in 2005 (Laurs, 2006), while Nigeria developed into 
an important source for pink tourmaline (Laurs, 
2009) following a 1999 discovery in the western part 
of that country. 


Large-Scale Mining Operations. Despite the recent 
economic downturn, global demand for gems grew 
over most of the decade. As a result, several corpora- 
tions have begun large-scale colored stone mining 
projects in the last 10 years. (By “large-scale,” we 
mean here that such a company is publicly traded, 
uses geophysical techniques to identify and analyze 
suitable deposits, and employs heavy machinery 
such as backhoes, bulldozers, pneumatic drills or 
jackhammers, explosives, and trucks to move large 
quantities of overburden to extract and presort gem 
materials.) In recent years, large-scale miners have 
also launched corporate social and environmental 
responsibility programs. 

We review some of the most notable companies 
here. 


Afgem and TanzaniteOne. Merelani, Tanzania, is 
the world’s sole commercial source for tanzanite. In 
2001, South Africa-based Afgem obtained govern- 
ment licensing to mine tanzanite and commenced 
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operations at Block C in Merelani, which contains 
several other blocks that are primarily worked by 
small-scale miners. Afgem soon modeled their pro- 
duction and marketing strategy after De Beers’s his- 
torical approach to the diamond business (Weldon, 
2001a). It did so by attempting to control output of 
the rare blue-to-violet gem through their mining 
operations (figure 10) and by purchasing tanzanite 
from local producers. Distribution was handled 
through a series of “sightholders,” or preferred deal- 
ers. Its primary aim was to stabilize what had been a 
highly volatile pricing structure for tanzanite since 
its discovery in 1967. TanzaniteOne Mining Ltd. 
acquired Afgem’s business and assets in 2004. Other 
colors of zoisite, including green (e.g., figure 11) and 
pink, have been mined in the Merelani area, though 
production remains sufficiently rare for them to be 
deemed collectors’ stones. 

At the height of tanzanite’s popularity, in 2000, it 
was named a birthstone for the month of December, 
ascension to a status that ranked it among the 
world’s most popular gems (Federman, 2006). How- 
ever, according to The Guide, which has monitored 
the value of tanzanite for several decades, prices 
dipped during the early-to-mid 2000s. In an extensive 
report on tanzanite values, Robertson (2006) attribut- 
ed the dip to a combination of factors, including mar- 
ket saturation in the U.S. He and others also reported 
on a decline in price for blue sapphires, which provid- 
ed the buying public with far greater choices when 
selecting blue stones (Weldon, 2001b). TanzaniteOne 
has sought to diversify its portfolio of gem offerings, 
and in 2009 it announced the acquisition of the 
“Tsavorite Project” from Green Hill Mining Ltd. and 


Figure 11. This 8.72 ct green zoisite and 11.30 ct tan- 
zanite are from Merelani, Tanzania. Faceted by Meg 
Berry, Fallbrook, California; photo by R. Weldon. 
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Kirkwood Resources Ltd., a license covering a 100 
km” area not far from Merelani. 


Gemfields. A gemstone exploration and mining 
company based in London, Gemfields began explo- 
ration and small-scale mining of emeralds in Zambia 
in 2000. In 2008, it was invited to start operations at 
the Kagem mine in the Kafubu District, historically 
Zambia's largest source of emeralds, which reported- 
ly produces about 20% of the world’s supply (Zwaan 
et al., 2007; “Acquisition of the Kagem mine,” 
2008). At the time, heavy financing for emerald pro- 
motion came from Pallinghurst Resources, which 
with other parties became a major shareholder in 
Gemfields. 

Gemfields also holds exploration licenses for 
emerald, ruby, and sapphire in Madagascar; owns the 
Kariba amethyst mine in Zambia; and has cutting 
facilities in Jaipur, India, where it auctions its pro- 
duction. With a view toward furthering its mine-to- 
market strategy, Pallinghurst has negotiated a 15- 
year license to use the Fabergé name in its brand- 
building efforts (Kurian, 2008). 


True North Gems. Canada-based True North Gems 
has been actively exploring and mining for emeralds, 
rubies (e.g., figure 12), and sapphires for about a 
decade. Its biggest investment is the Fiskenaesset 
Ruby Project in Greenland. While the company 
remains in the exploration phase of its ruby opera- 
tion in Greenland, it says it has identified some 30 
occurrences there. However, none of the material 
True North has sampled so far has reached the mar- 
ket (Shor and Weldon, 2009). 


Cultured Pearl Production. By 2000, pearl producers 
in Australia, Indonesia, French Polynesia (Tahiti), and 
China were in the process of breaking the century- 
long domination of pearl culturing by the Japanese 
pearl industry (figure 13). The result brought a much 
more diverse array of products and prices to the pearl 
market in the first decade of the new century, with 
Australian South Sea cultured goods at the high end 
for white pearls and Chinese freshwater cultured 
pearls, many of which resembled more expensive 
Japanese akoyas, in very low price points (Shor, 2007). 
The decade also saw the acceptance into fashion of 
fancy-colored cultured pearls: “goldens” from the 
Philippines, and greens and browns from French 
Polynesia. This broad array of goods was well pro- 
moted by large producers such as Paspaley in 
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Australia, Jewelmer in the Philippines, and Perles de 
Tahiti, the marketing consortium funded by the 
Polynesian government and local producers (Shor, 
2007). 

Even so, from 1999 to 2009 the combined esti- 
mated value of the three major groups of saltwater 
cultured pearls—akoya, South Sea, and Tahitian— 
decreased from $489 million to $367 million. The 
reasons for this shift were greatly increased produc- 
tion of South Sea (some say overproduction) and 
Tahitian goods, while akoyas declined (Miller, 
2009). An estimated 25 metric tons of white South 
Sea and black Tahitian cultured pearls were pro- 
duced in 2009, compared to 8.7 metric tons for both 
in 1999, at a lower per-pearl value as a result of the 
global economic downturn at the end of the decade. 

Production of Chinese freshwater cultured pearls 
stabilized at about 1,500-1,600 tons in 2.006 (Shor, 
2.007), but it declined sharply in 2009 to an estimat- 
ed 1,200 tons as many farms cut back (A. Miiller, 
pers. comm., 2010). While China’s cultured pearl 
production is 20 to 30 times greater than other pro- 
ducers in volume, the percentage of high-quality 
goods is extremely low, with the result that by mid- 
decade the total value was only about 20% of the 
saltwater pearl market (Shepherd, 2007). 


Figure 12. True North Gems has performed gem explo- 
ration and feasibility studies on various localities in 
the northern hemisphere. This pink sapphire and ruby 
sample comes from their Fiskenaesset Ruby Project 
along the southwest coast of Greenland. Courtesy of 
True North Gems; photo by R. Weldon. 
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Figure 13. These two South Sea necklaces typify fine 
quality in multi-color (inside, 12-15 mm) and white 
(outside, 11-16 mm) cultured pearls, which were fash- 
ionable throughout the decade. Courtesy of Armand 
Asher Pearls, New York. Photo by R. Weldon. 


MARKETING AND DISTRIBUTION 


Globalization has affected the gemstone business by 
making the world “smaller” through enhanced and 
easier communication by telephone, the Internet, 
and digital photography—but it has also made it far 
more complex. New selling channels have emerged. 
New gem sources have appeared, in some cases con- 
fusing established supplies and nomenclature. New 
treatments, some sophisticated, some deceptively 
simple, have been introduced. As the market has 
become global, an increased need for vigilance 
regarding the sourcing of gems has become required. 


New Channels Provide Strong Competition. 
Diamonds. The 1990s brought the Internet business 
boom, which saw the rise of the “e-tailer,” including 
jewelry sellers. The bust in late 2000 ended many of 
these ventures, but Internet retailing regrouped during 
the 2000s to become a solidly growing force, while 
the number of brick-and-mortar jewelers declined 
from 26,200 at the start of the decade to 22,100 by 
June 2010 (Jewelers Board of Trade, 2010a). The 
growth in Internet sales can be gleaned from the sales 


176 PRODUCTION AND MARKETS 


results of the largest online diamond seller, Blue Nile. 
In 2000, its first full year of operation, the company 
reported sales of $44 million. By 2003, sales had 
almost tripled to $128.9 million, and they reached 
$319.3 million by 2007. The 2008 economic crisis 
caused a dip, but sales rebounded in 2009 to $302.1 
million, and by the second quarter of 2010, Blue Nile 
had posted an industry-leading 9.7% year-over-year 
sales increase (Blue Nile, 2010). 

Many traditional jewelers added online sales 
channels as well, so that by 2004 an estimated 2% of 
all diamond sales in the U.S. were made online 
(Shor, 2005). By 2009, that share had more than dou- 
bled to 4.6%, or $2.7 billion, 70% of which were dia- 
mond-set pieces (Blue Nile, 2009b; Gassman, 2010). 

Demand for diamond grading reports soared dur- 
ing the decade, with every major gemological lab 
reporting strong intake gains. The reasons were root- 
ed in the proliferation of older treatments such as 
fracture filling, and development of new gem treat- 
ments such as HPHT color enhancement, combined 
with the rise of electronic diamond trading, which 
facilitated the sale of diamonds sight unseen (Bates, 
1998; Reiff and Rapaport, 1998; Halevi, 2004). As 
consumers grew more educated about diamonds, 
demand for grading reports increased yet again 
(Dobrian, 2006). One industry expert noted that 
GIA’s lab business increased 20% yearly between 
2001 and 2.005 (Even-Zohar, 2.005). 

Quality issues—especially those related to cut— 
also changed how diamonds were sold during the 
decade. By 2000, engineers and laser experts had 
devised equipment that could model and cut rough 
diamonds much more precisely than human labor, 
and consumers in Japan, a key diamond market, 
were demanding stones cut to very exacting stan- 
dards. The facet arrangements of such diamonds 
often formed what was called a “hearts and arrows” 
pattern (Shor, 2005; figure 14). In the U.S., a number 
of diamond manufacturers created successful brands 
by promoting round brilliants precision-cut for both 
proportions and facet placement. 

Yet cut grading had been the subject of consider- 
able controversy during the 1990s, when some 
(mostly opponents of online diamond trading) argued 
that such a grade would fully commoditize dia- 
monds, while others argued that it would prevent 
vendors from misrepresenting poorly cut stones 
with high color and clarity grades as top quality 
(Shor, 1997). The American Gem Society (AGS) grad- 
ing lab, which opened in 1996, began issuing reports 
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with cut grades based on the system AGS had devel- 
oped in 1966 that, in turn, was based on proportions 
devised by Marcel Tolkowsky in 1919. The AGS 
was the first lab to adopt a detailed cut grade system. 
The lab revised the system in 2005 to include light 
performance (how well a diamond refracts light from 
the crown and table) and add a grade for princess-cut 
diamonds (P. Yantzer, pers. comm., 2010). 

In 2004, GIA completed a 15-year study of dia- 
mond cut, which found that an excellent balance of 
fire and brilliance could be achieved by a number of 
proportion combinations beyond the traditional 
Tolkowsky “ideal” that had formed the basis for 
most diamond cut grades (Moses et al., 2004). The 
following year, those findings were incorporated into 
a cut grading system subsequently used on all GIA 
round-brilliant-diamond grading reports (Luke, 
2.006). Other labs, including Hoge Raad vor Diamant 
(HRD) and the International Gemological Institute 
(IGI), also began adding more cut information 

Advances in cutting technology also gave dia- 
mond manufacturers greater opportunities to design 
new, proprietary cuts that would offer differentiation 
at retail—important for branding initiatives—and, it 
was hoped, garner premium prices in a market where 
traditional cuts were commoditized in price lists. 
While some cuts never gained a foothold in the mar- 
ket, others, such as the Signet Corp. (Kay Jewelers) 


Figure 14. In efforts to differentiate themselves, and 
because of increasing demand for precision in cutting, 
many manufacturers fashioned diamonds to exacting 
standards throughout the decade. Note the precise 
arrow pattern in this 1.54 ct diamond, courtesy of 
Crossworks Manufacturing, member of the HRA Group, 
Vancouver, British Columbia. Photo by R. Weldon. 
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66-facet Leo Cut, became an integral part of the 
retailer's marketing efforts (Kay Jewelers, 2010). At 
the same time, a new take on an older cut—the 
Asscher cut—entered the market as an alternative to 
traditional shapes (Shor, 2005). By greatly speeding up 
and expanding the diamond cutting process, technol- 
ogy also put many more diamonds into the market- 
place, creating larger inventories and more price com- 
petition. This favored volume buyers like the large 
retail chains and mass merchandisers and, in tum, 
led to an increase in memo deals and extended pay- 
ment terms. 


Colored Stones. The U.S. market accounts for 35% 
of global sales of colored stones at retail, a position of 
dominance it has held for several decades. World- 
wide in 2007, sales of colored gemstones were esti- 
mated to be about $12 billion at retail, or 7% of total 
jewelry sales (BUZ Consulting, 2009). The U.S. also 
crossed the important billion-dollar benchmark in 
imports of unmounted colored stones, growing in 
size from almost $875 million in 2004 to $1.15 bil- 
lion by 2008, according to the U.S. Geological 
Survey (Olson, 2009). Globalization has also made 
colored stones more accessible to newly affluent 
consumers in places like the United Arab Emirates, 
Russia, Brazil, India, and China—locations that 
would not have been considered significant markets 
for gemstones during the 20th century (India’s 9.6 
billion... ,” 2008). 

Television shopping and Internet sites have 
increased the market for previously little-known 
gems, such as iolite, sunstone, and others. One such 
stone, sold almost exclusively through TV shopping 
channels, was red andesine feldspar, which caused a 
considerable controversy when undisclosed treat- 
ment came to light (Roskin, 2008; see below}. 

The online auction site eBay grew into a major 
sales outlet for vendors who wanted to reach the pub- 
lic directly. A recent (September 2010) search of the 
site found nearly 285,000 individual colored stones of 
all types, ranging from a 69 ct sapphire with a reserve 
of $1 million, to bead material at an initial offering 
price of one cent. The site’s ease of access for vendors 
also brought controversy over alleged fakes. In 2004, 
Tiffany & Co. sued the company over alleged coun- 
terfeit merchandise sold via eBay auctions and the 
misuse of its trademark. The case, which took four 
years to litigate, was ultimately decided in eBay’s 
favor when the U.S. District Court of New York 
determined that the burden of protecting the brand 
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Figure 15. The historic Wittelsbach Blue diamond was 
sold for a record-breaking $24.3 million to London jew- 
eler Laurence Graff at Christie’s in December 2008. It 
was subsequently recut to 31.06 ct, as shown here, and 
renamed the Wittelsbach-Graff. Photo by R. Weldon. 


fell on Tiffany, not the online auction seller. The 
court noted that eBay did make considerable effort to 
police its site for counterfeit goods (Clark, 2008). 


Nomenclature Issues. Differences of opinion about 
gemstone nomenclature have had an effect on the 
gem business in the last decade—particularly felt at 
the collector and dealer level. One of the most con- 
tentious examples involved violet-to-blue-to-green 
copper-bearing (cuprian) tourmalines, which were 
first discovered in Paraiba and Rio Grande do Norte 
states in Brazil in 1989 (Fritsch et al., 1990) and 
became known as Paraiba tourmaline in the trade. 
Their vibrant “electric” colors were distinctive and 
had not been observed in tourmaline from other 
localities. In a few years, as production tapered to a 
trickle, prices for this material soared wildly. 

Around 2001, a new deposit of cuprian tourma- 
line was discovered near Edeko, Nigeria, though this 
material did not have quite the same color saturation 
as the original Brazilian stones (Smith et al., 2001). In 
2005, another deposit was discovered in Mozambique 
(Laurs et al., 2008), and some of this new material 
approached the appearance of the best Brazilian tour- 
maline. Many dealers used Paraiba (or Paraiba-type, 
or Paraiba-like) as a general descriptor for cuprian 
tourmaline. In the absence of a recognized naming 
committee for gemstones, the Laboratory Manual 
Harmonisation Committee (LMHC; a panel com- 
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posed of representatives from major gem labs in 
Europe, the U.S., and Asia) issued a statement sup- 
porting the use of the term paraiba to refer to blue 
(electric blue, neon blue, or violet blue), bluish green, 
greenish blue, or green colors (of medium-to-high sat- 
uration and tone) of elbaite tourmaline, whatever its 
geographic origin (LMHC, 2010). 


Auctions. The last decade brought the first $1 mil- 
lion-per-carat fancy-colored diamond, the $100,000- 
per-carat colorless diamond, and extraordinary prices 
for top colored gems. These steep increases began in 
2005, when precious materials began inflating quick- 
ly in price, fueled by a decline in the USS. dollar (in 
which gold and diamonds have been historically 
traded) and a rise in the numbers of very wealthy 
people around the world. Some of this action was 
played out in public, primarily at auctions conduct- 
ed by Christie’s and Sotheby’s. The colored stone 
world was stunned in February 2006 when an 8.62 ct 
Burmese ruby sold at Christie’s Geneva for $3.64 
million, or $422,000 per carat—a record per-carat 
price for any colored stone. In October 2007, a 6.04 
ct Fancy Vivid blue diamond sold for $7.98 million 
at a Sotheby’s auction in Hong Kong, the first gem- 
stone to ever break the $1 million-per-carat mark, at 
$1.32, million. The buyer was London jeweler Alisa 
Moussaieff (Hines, 2007). 

A year later, another blue diamond shattered the 
record for the most expensive gemstone ever sold at 
auction, when the historic 35.56 ct Wittelsbach 
Blue, graded Fancy Deep grayish blue, sold to jeweler 
Laurence Graff for $24.3 million at a Christie’s auc- 
tion in London (Christie’s, 2008). Graff had the stone 
recut in a shape similar to the original (figure 15), 
losing 4.5 ct but shifting the color grade to Fancy 
Deep blue (Gaillou et al., 2010). 

While auction offerings and sales were restrained 
during the spring of 2009, sales of million-dollar-plus- 
per-carat blue diamonds and $100,000-plus per-carat 
D-flawless stones resumed a year later. At Sotheby’s 
April 7, 2010, Hong Kong sale, the De Beers 
Millennium blue diamond—a 5.16 ct Fancy Vivid 
blue IF—sold for $6.4 million to Moussaieff of 
London. The $1.24 million per-carat price was some 
20% over estimate. A month later in Geneva, a Swiss 
retailer paid $162,000 per carat for a D-flawless round 
brilliant of 16.92 ct. Also in April, Sotheby’s New 
York sold an 8.66 ct Burmese ruby for $2.1 million 
and a Kashmir sapphire bracelet for $2.85 million 
(“Magnificent Jewels. . . ,”” 2010). At the Hong Kong 
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sale that same month, an unidentified bidder paid 
$5.54 million for a jade necklace. 


Treatments. Methods of enhancing the appearance 
of natural gemstones have been practiced for cen- 
turies, but the decade saw a number of new tech- 
niques and the inevitable controversy over nondis- 
closure. 

The 1999 announcement of a new, difficult-to- 
detect process of improving the color of type Ila dia- 
monds by high-pressure, high-temperature annealing 
rocked the industry and threatened to undermine 
confidence in those stones until a reliable means of 
detection was discovered shortly thereafter (see., e.g., 
Smith et al., 2000). 

In 2002, the sapphire market received a jolt of its 
own from a previously unknown treatment that 
added traces of beryllium to the heating process and 
thereby altered the color of plentiful light pink sap- 
phire to a more marketable pinkish orange (“pad- 
paradscha”). Later the treatment was applied to cre- 
ate other sapphire colors (see, e.g., Emmett et al., 
2003. The result caused confidence and prices to 
drop, in some cases to extremely low levels, and led 
to press reports warning consumers about the pro- 
cess (Mazurkiewich, 2003). 

An old treatment of a popular gemstone received 
a new hearing in 2007 when the U.S. Nuclear 
Regulatory Commission (NRC) contacted retailers 
and wholesalers to determine whether their stocks 


Figure 16. Gems that are traditionally not treated, such 
as this 3.47 ct tsavorite from Kenya, were in high 
demand throughout the decade. Courtesy of RareSource, 
Chattanooga, Tennessee; photo by R. Weldon. 
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of irradiated “London Blue” topaz had come from 
NRC-licensed suppliers. Because there were no 
licensed distributors in the U.S. at the time, many 
retailers and wholesalers temporarily removed the 
gems from their inventory. The NRC continues to 
require proper licensing, though it has since been 
determined that the material on the market is safe 
to wear (Weldon, 2007). 

Nondisclosure of treatment led to a class action 
lawsuit against a major TV retailer who allegedly 
sold andesine feldspar that was altered to look like 
Oregon sunstone. The case created a major contro- 
versy within the gem industry (see, e.g., Graff, 2008). 
Likewise the proliferation of lead glass—filled rubies 
led to a number of televised exposés that publicized 
incidents of nondisclosure at retail. 

As education about gemstones has expanded, 
there has also been a resurgence of appreciation for 
less traditional gems that are more likely to be 
untreated (Robertson, 2009). For example, as more 
information became available about lead glass-filled 
rubies, buyers chose alternatives such as red spinel. 
As lawsuits concerning emerald treatments were 
disclosed in the press, demand grew for alternative 
green stones such as tsavorite or demantoid garnets 
(figure 16). 

In 2008, a controversial new treatment of tanzan- 
ite surfaced, affecting its perceived value and undoubt- 
edly hampering the gemstone’s recovery in value 
(McClure and Shen, 2008). While the market has 
largely understood and accepted that most tanzanite 
must be heat treated to achieve the colors associated 
with the gem, it does not readily accept impermanent 
surface coatings. 


India and China. Two powerhouses, India and China, 
became the world’s fastest-growing consumer mar- 
kets for diamond jewelry during the decade. India 
grew rapidly in the 1980s and 1990s as a diamond 
manufacturing center, but it also saw an exponential 
rise in affluence within the country as a whole. The 
result was a growing middle class that began buying 
diamond jewelry. One study reported that from 2000 
to 2005, consumer demand for diamonds in India 
increased at an annual rate of 43.5%, to $1.5 billion, 
about 2% of world diamond consumption. By 2009, 
India’s market share was about $5.5 billion, about 
8% of the world market. Diamond sales in China, 
excluding Hong Kong, grew at 9.15% yearly between 
2000 and 2005, to about $1.32 billion, slightly lower 
than India. By 2009, diamond sales had reached $6 
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billion, about 9% of the world total. One study pre- 
dicted that by 2015, India and China together would 
account for a world market share equal to that of the 
USS. (KPMG, 2.006). 


THE ECONOMIC CRISIS OF 2008-2009 


Retail. As the U.S. economy began slowing in late 
2007 and 2008, a number of large retail jewelry 
chains found themselves in difficulty and, ultimate- 
ly, liquidation. These included Friedman’s Jewelers, 
a 388-store chain (Graff, 2009), Fortunoff, a 20-store 
chain; and the 375-store Whitehall Jewellers (figure 
17). Several other jewelry chains also filed bankrupt- 
cy during this period, the 23-store Shane & Co. and 
the 15-store Christian Bernard stores. 

A key reason behind the liquidations of such large 
firms was that diamond suppliers, who had millions 
of dollars in outstanding invoices, feared that the 
equity capital firms that held large shares in these 
companies would get their money out through 
Chapter 11 reorganizations at the expense of the 
trade (White, 2008). The Whitehall bankruptcy and 
liquidation also presented a crucial legal test of 
memo (consignment) agreements, commonly used 
by most large diamond companies to supply major 
accounts. In July 2008, a U.S. bankruptcy court judge 
ruled that Whitehall could not sell $63 million worth 
of properly identified consigned merchandise because 
it had no legal title to it (Memorandum opinion, 
2008; White, 2008). 

In late September 2008, the collapse of invest- 
ment banker Lehmann Brothers set off a chain reac- 
tion that rippled through the global economy, as 
once-solid financial houses now seemed vulnerable. 
The holiday season of 2008 was a retailing disaster, 
even for strong firms. Signet, parent company of Kay 
Jewelers, reported that its fourth quarter same-store 
worldwide sales fell by 14.9% compared to the previ- 
ous year; Zale Corp. charted a decline of 22%; 
Tiffany & Co. noted a same-store fall-off of 23% 
worldwide; and Finlay Enterprises, which owned 
Carlyle & Co., Congress Jewelers, and Bailey Banks 
& Biddle, as well as operating a number of leased 
jewelry departments, reported that its same-store 
sales for the last quarter of 2008 fell 20% (Shor, 
2009a; Tiffany & Co., 2009; Signet Jewelers, 2009). 

Even the Internet was not spared. Blue Nile 
reported that its holiday season/fourth quarter sales 
fell to $85.8 million from $111.9 million a year earli- 
er (Blue Nile, 2009a), after five years of double-digit 
growth. 
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The second half of 2009 brought a slow recovery, 
with mixed U.S. holiday sales results that generally 
exceeded economists’ forecasts. Several large chains 
fared well—Signet and Tiffany reported same-store 
sales gains of 6.8% and 11%, respectively. However, 
others battled strong competitive pressures, such as 
Zale Corp., which suffered a decline of 15%. The big 
winner in diamond sales was the Internet, with Blue 
Nile, for example, reporting a 23% sales gain. 

By the second quarter of 2010, the number of 
stores operated by the top 10 U:S. retailers had 
dropped to 4,518, down from 5,978 at the beginning 
of 2008 (Jewelers Board of Trade, 2010b). 


Diamond Production. As the global crisis took hold, 
diamond manufacturers asked the DTC and other 
producers to cut back rough sales (Shor, 2008c). At 
the September 2008 DTC sight, held a week after 
the Lehman Brothers news, clients declined to buy 
some $60 million worth of rough—about 10% of the 
value of that month’s allocation. 

As 2009 opened, diamond trading was nearly par- 
alyzed at the wholesale level. The DTC allocated its 
smallest sight in many years, an estimated $108 mil- 
lion, and instituted a series of unprecedented non- 
prescheduled rough sales. Alrosa announced it 
would divert all its rough sales to the state stockpile 
Gokhran (Golan, 2009c; “Alrosa: $35 million. . . ,” 
2009). The value of worldwide mining output plum- 
meted from $14.3 billion in 2008 to $8.4 billion in 
2009. By weight, total production (including indus- 
trial qualities) dropped from 165 million to 124 mil- 
lion carats (Even-Zohar, 2010). 

The crisis created havoc in India, particularly 
Gujarat State, where an estimated 200,000 diamond 
workers—25% of the country’s diamond work- 
force—were furloughed (“‘Rough’ times ahead... ,” 
2009). The central and state governments, fearing 
that such a large number of unemployed workers 
created potential for unrest in an already volatile 
region of the country, formulated a stimulus package 
(Golan, 2009a). In June, the central government 
offered India’s 53 industry banks more than $4 bil- 
lion in credit guarantees to enable diamond manu- 
facturers to resume operations (Kazi, 2009). Within 
one month, as many as half of the idled workers 
were rehired (Polished Prices, 2009). 

In other diamond centers, banks were keeping a 
close watch on credit, but supported almost one- 
third of major diamond companies that, otherwise, 
might have collapsed (Segal, 2009). This prevented a 
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run of bankruptcies and inventories coming into the 
market. 

By early summer, the rough market had stabi- 
lized, with inventories at very low levels because of 
the cutbacks in mining and producer sales (Shor, 
2009b). Demand for rough now rose sharply as dia- 
mond manufacturers were getting back to work and 
needed goods. The DTC sold nearly $550 million at 
its June 2009 sight. Alrosa slowly resumed sales 
into the market in July, allocating about $150 mil- 
lion worth of rough to long-term clients (Golan, 
2009b). In August, the operation’s new president, 
Fyodor Andreyev, announced a much more aggres- 
sive sales policy (“Alrosa: $35 million. . . ,” 2009), 
which eventually saw some $900 million worth of 
rough going to the market during the second half of 
2,009. 

By October, banks and some diamond analysts 
were warning that the rising rough prices—which had 
recouped all of the early-year declines—were not war- 
ranted by still-sluggish demand for polished goods 
(“ABN Amro sees no recovery yet,” 2009). As a result 
of the precipitous rise in rough prices, the DTC 
stepped up rough sales during the first quarter of 2010, 
dealing a total of about $1.5 billion worth. During the 
same period, Alrosa sold $925 million in diamond 
rough while suspending all sales to the government 
stockpile. Polished prices, however, recovered much 
more slowly, even as diamond centers reported 
encouraging pre-holiday orders from retailers in the 
U.S. and other markets (Polished Prices, 2010). 
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Figure 17. Whitehall 
Jewellers was one of the 
many large chains that 
was forced to liquidate 
during the economic 
recession of 2008-2009. 
Photo © Najlah 
Feanny/Corbis. 


Colored Stones. The economic crisis exacerbated 
problems in the colored stone market that had 
adversely affected it for several years. The skyrocket- 
ing cost of gasoline and diesel fuel in the late 2000s 
had already curtailed mining activities in many coun- 
tries by making them too expensive to be economic. 
As noted earlier, mid-2008 brought a U.S. and 
European Union ban on all ruby and jadeite from 
Myanmar, while Madagascar suddenly imposed a ban 
on rough gem exports. 

As the economic crisis took hold and sales plum- 
meted, mining operations in key centers such as 
Brazil and Zambia curtailed or ceased production, 
though reports were anecdotal and offered no specifics 
(ICA Mining Report, 2006). Exploration also halted in 
many locales (Robertson, 2009). The depth of the 
problem was evident in the weak retail sales reported 
above for the 2008 holiday season. As a result, at the 
February 2009 gem shows in Tucson, reports estimat- 
ed that buying was down 30%-50% from 2008, and 
attendance at the American Gem Trade Association 
show was down 19% (Weldon, 2009). 

Thailand, which accounts for 70% of the world’s 
polished sapphire exports and 90% of polished ruby 
exports, was hard hit. By the time the global econo- 
my plunged into crisis in September 2008, numerous 
cutting firms had already closed or suspended opera- 
tions (Shor, 2008a). In 2009, exports of “precious” 
stones dropped 29.9% to $178.74 million compared 
to 2008. Exports of “semi-precious” stones (the term 
used by Thai customs for all colored stones other 
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e Amethyst necklaces with gold from 
Egyptian 12th dynasty. Metropolitan 
Museum of Art. 


cluded turquoise, emerald, feldspar, jasper, 
obsidian, lapis lazuli, and opaque glass. 


Earrings, necklaces, bracelets, rings, pen- 
dants, and diadems hung over the temples, 
all were plentiful. The Egyptians were 
highly skilled in chasing, engraving, and 
tepoussé and knew the art of soldering. It is 
believed the jeweler’s art of this early civi- 
lization reached its climax around 1600 B.C. 


PHOENICIAN JEWELRY 


The travel factor was never more impor- 
tant to the evolution of jewelry than through 
the Phoenicians, foremost navigators of the 
ancient world. As a consequence of their 
travels, their jewelry was a composite of the 
art borrowed from the lands they visited— 
Italy, Greece, and the islands. Phoenician 
tings were made of many materials—gold, 
silver, bronze, and even glass. Silver was, 
however, less prominent than gold. 


e Egypto-Syrian gold necklace with sap- 
phires and pearls. Middle of 3rd century. 
(Roman Period). Metropolitan Museum 
of Art. 


GREEK JEWELRY 


The jewelry of Greece is considered. that 
worn. from the close of the 5th century 
B.C. onward and it is, like all art of Greece 
in that period, of surpassing excellence. The 
Greeks were responsible for. the artistic 
development of gold jewelry. As ornamenta- 
tion they preferred filigree, and obtained 
color by the sparing use of enamel. Some 
granulated work was done by them but this 
type of embellishment is believed to have 
been invented by the Phoenicians and later 
perfected by the skilled Etruscans. The 
Greeks used it most frequently in the 7th 
to 8th centuries B.C., and it shows the influ- 
ence of Phoenician art with traces of Egyp- 
tian and Assyrian feeling. 


Much of the jewelry is designed for head 
wear, a number of gold crowns being among 
the more notable objects. Wreaths for gar- 
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Figure 18. Swala Gem Traders, based in Arusha, 
Tanzania, works a tsavorite mine in the rural region of 
Lemshuko. To serve the needs of the miners’ children, 
the company constructed a schoolhouse and hired a 
schoolmaster. This is an effort to provide learning oppor- 
tunities for people in the area. Photo by R. Weldon. 


than ruby, sapphire, and emerald) fell 17.5% to 
$201.5 million (Gem and Jewelry Institute of 
Thailand, 2010). 

By late 2009, colored stone dealers were noting a 
mild recovery, though supplies of many types of 
stones had become scarce because of reduced produc- 
tion and the Myanmar trade bans (Robertson, 2010), 
in spite of the fact Madagascar had lifted its export 
ban in July. Thai exports of colored stones increased 
6.28% to $137.9 million during the first quarter of 
2010. However, the political unrest that paralyzed 
Bangkok and several other cities in Thailand that 
spring kept buyers away from the country for part of 
the second quarter. 

Pearl production was also greatly affected by the 
economic crisis. Nearly half (300 of 650) of the farms 
in French Polynesia ceased operations in 2008 and 
2009. In addition, Perles de Tahiti ended its $1-$2 
million yearly promotions early in 2008, and the 
government abolished the export duty that had fund- 
ed them (Miiller, 2009). According to N. Paspaley 
(pers. comm., 2010), about 700,000 shell operations 
are expected in Australia in both 2010 and 2011—a 
considerable decrease from peak operations in 
2007-2008. To deal with the downturn in the mar- 
ket in 2009, most Australian pearl producers reduced 
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production or closed operations. Akoya production 
continued its decline, falling from 25 metric tons in 
2007 to an estimated 15 metric tons in 2009 (Miller, 
2009). Chinese freshwater pearl production plunged 
25%-30% from the high at mid-decade. 


SOCIAL ISSUES, A NEW INDUSTRY FORCE 


As the decade opened, brutal civil wars in Africa and 
terrorist attacks against targets in the U.S., India, and 
Europe created demand for greater accountability in 
the diamond and gem trades, while growing concerns 
over corporate governance issues in the wake of major 
business scandals such as Enron and WorldCom gen- 
erated public calls for increased transparency and 
ethics. These developments led to greater consumer 
attention to how and where gems were sourced and 
manufactured. In many cases, the buying public 
began asking if the gems they purchased were prod- 
ucts of fair trade; that is, if they provided a living wage 
throughout the supply chain (including at the source), 
fostered gender equality and opportunity, and were 
mined in a socially and environmentally friendly 
manner (e.g., figure 18). Increasingly, consumers 
expected independent verification of the claims—a 
dealer or retailer saying it was so was no longer 
enough (Weldon, 2008). 


The Kimberley Process. The issue of conflict, or 
“blood,” diamonds reached critical mass in 2000, 
while civil wars—funded primarily by diamonds— 
raged in Sierra Leone and Angola. As images of atroci- 
ties from these conflicts began appearing in the 
media, pressure built on the industry to stop the trade 
in conflict stones and thus help stem the violence. An 
estimated 3% of world diamond production came 
from these sources that year, though some non-gov- 
ernmental organizations (NGOs), wanting to draw 
attention to the larger issue of illicitly traded dia- 
monds, reported estimates as high as 25% (Smillie, 
2.010). In July 2000, representatives of various industry 
organizations convened in Antwerp to propose a sys- 
tem of monitoring and certifying legitimate rough dia- 
mond exports, which would help the United Nations 
and governments end the illicit trade. 

In December of that year, representatives from 
diamond producing and processing countries met in 
Kimberley, South Africa, to put together the formal 
policies and procedures of that system, known after- 
ward as the Kimberley Process. 

Two years later, 53 nations ratified the Kimberley 
Process Certification Scheme (KPCS), which took 
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effect January 1, 2003 (Shor, 2005). The KPCS 
required that all rough diamond imports carry cer- 
tificates indicating they were exported through legit- 
imate, official channels. By the end of 2003, Angola 
and Sierra Leone had regained sufficient control over 
their diamond production to be admitted as KPCS 
members, allowing their diamonds to be sold on 
world markets. The following year, the KPCS report- 
ed that it covered 99.8% of world diamond produc- 
tion. By that time, the conflicts responsible for the 
KPCS’s creation had ended and the body now took a 
role in ensuring diamonds remained in legitimate 
channels, preventing their use to fund wars or crimi- 
nal activity. While KPCS was generally regarded as 
successful in greatly reducing the flow of illicit dia- 
monds into the trade, a number of NGOs criticized 
it for being too dependent on voluntary compliance, 
the lack of independent monitoring, and a lack of 
resolve in dealing with alleged violators. 

By 2008, the KPCS had 75 member nations, but a 
new issue thrust it once again back into the news: 
Zimbabwe’s Marange diamond fields, also known as 
Chiadzwa, near the Mozambique border. Since 
KPCS regulators determined that the government 
controlling the diamond area was also responsible 
for killing more than 180 miners during a 2008 evic- 
tion action, the Kimberley Process was unable to 
take decisive action. This paralysis drew renewed 
criticism from both NGOs and the diamond indus- 


Figure 19. Most of the 
diamonds in Sierra 
Leone are found in allu- 
vial deposits by indepen- 
dent miners. These men 
are panning for dia- 
monds in one of Sierra 
Leone’s many rivers and 
streams. Photo taken in 
2006 by Ric Taylor. 
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try (Dugger, 2009; “Zimbabwe’s diamond controver- 
sy... ,” 2010). In July 2010, the Kimberley Process, 
after conducting an investigation into Marange dia- 
mond production, agreed to permit exports from two 
of the mining sites (“World Diamond Council con- 
cludes... ,” 2010). In August, the government sold 
900,000 carats from the concessions, and an addi- 
tional 500,000 carats in September. 

The decade also saw the rise of several initiatives 
designed to improve working conditions and returns 
for miners of alluvial deposits in West Africa (see, 
e.g., figure 19). One, the Diamond Development 
Initiative, founded in 2005, was an outgrowth of a 
collaboration involving several NGOs, De Beers, the 
Rapaport Group, and the World Bank. The DDI has 
conducted several studies tracking how alluvial dia- 
monds get to market, and the prices paid at each 
step of the pipeline in Sierra Leone and Democratic 
Republic of Congo (DRC), as well as ways of ending 
child labor in DRC diamond deposits. 

The studies will be used to develop sustainable, 
repeatable programs to help improve the lives of 
alluvial miners and their families (Diamond 
Development Initiative, 2010). Another organiza- 
tion, the Diamond Empowerment Fund, was estab- 
lished in 2007 by the diamond and jewelry industry 
to improve educational opportunities and living con- 
ditions in diamond-producing African nations 
(Diamond Empowerment Fund, 2010). 


Gems & GEMOLOGY FALL 2010 183 


Terrorism and PATRIOT Act Restrictions. Illicitly 
mined and exported diamonds also became the focus 
of attention following the September 11 terrorist 
attacks. Allegations that terrorists had used dia- 
monds, tanzanite, and other gems to raise and laun- 
der funds for al Qaeda and other terrorist groups 
prompted the U.S. government to examine industry 
dealings more closely. 

As a result, a provision was added to the PATRI- 
OT Act, passed five weeks after the attacks, to desig- 
nate all dealers of diamonds, gems, and jewelry as 
“financial institutions” and subject them to much 
more detailed financial reporting requirements. 
These included reporting all large cash transactions, 
obtaining valid identifications and addresses for both 
suppliers and clients, maintaining transaction 
records, and briefing staff on PATRIOT Act proce- 
dures. The European Union and other countries 
adopted similar measures in tandem with the U.S. 

Then, in November 2001, the Wall Street Journal 
reported that an al Qaeda operative named Wadih el 
Hage—who had been linked to the 1998 U.S. 
Embassy bombings in Kenya and Tanzania—had sold 
tanzanite to fund terrorism in East Africa (Block and 
Pearl, 2001). A notebook found among his posses- 
sions when he was captured mentioned his attempts 
to sell a parcel of tanzanite. Print, radio, and televi- 
sion media soon broadcast similar stories, and the 
repercussions for tanzanite were immediate and dey- 
astating (Drucker, 2002). Tiffany & Co., Zales, 
Walmart, and QVC all pulled tanzanite from their 
inventories, and they and other manufacturers can- 
celed outstanding orders. Sales of the gem plummet- 
ed to virtually nothing overnight (M. Avram, pers 
comm., 2001). 

However, the details in el Hage’s notebook 
sketched a different story. El Hage had tried to sell a 
parcel of tanzanite, but his notes also showed how lit- 
tle he knew about tanzanite or the gem market— 
such as where to sell it, or for how much. He chroni- 
cled his unsuccessful attempts to sell the material in 
London and San Francisco, and at trial it was revealed 
he actually had to borrow money from a friend to 
complete his fruitless trip (Weldon, 2002). No actual 
sale of tanzanite by him or any other operative was 
ever confirmed. In February 2002, the U.S. State 
Department declared that it did not consider tanzan- 
ite to have been used to raise funds for al Qaeda 
(Gomelsky, 2002). 

The diamond industry also came under suspicion 
in the aftermath of the September 11 attacks. In 
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November of that year, Washington Post reporter 
Douglas Farah reported that diamond dealers, work- 
ing through alleged al Qaeda operatives, had pur- 
chased diamonds from Sierra Leone rebels at below- 
market prices. The report also alleged that the dia- 
mond trade helped al Qaeda avoid a freeze of its bank 
assets (Farah, 2001). A staff report to the National 
Commission on Terrorist Attacks upon the United 
States (the “9/11 Commission”) later concluded that 
there was insufficient evidence to tie al Qaeda to the 
diamond trade (Roth et al., 2004), though some 
NGOs objected to its conclusions (Global Witness, 
2004). 


Responsible Jewelry. During the early part of the 
decade, a number of industry organizations indepen- 
dently drafted standards for responsible business prac- 
tices. To establish sets of commonly agreed-upon 
standards, 14 of the industry’s largest players— 
including diamond miners (De Beers, Rio Tinto, BHP 
Billiton), several diamond manufacturers, ABN Amro 
Bank, and major retailers such as Tiffany & Co. and 
Signet Group—formed the Council for Responsible 
Jewellery Practices (now called the Responsible 
Jewellery Council) in 2005 to create minimum stan- 
dards regarding fair labor practices, environmental 
sustainability, ethical trading, and transparent busi- 
ness dealings (Responsible Jewellery Council, 2010). 
By the following year, membership had reached 33 
after the council adopted a formal structure, was 
chartered in London, and promulgated a detailed set 
of standards in business, environmental, and social 
areas (Council for Responsible Jewellery Practices, 
2006). 

In December 2008, with codes of practice in 
place, the council moved into a new phase certify- 
ing members’ compliance to its best practice stan- 


dards. 


CONCLUSION 


The first decade of the 2000s witnessed the fragmen- 
tation of the rough diamond market, greater financial 
scrutiny of colored stone and diamond dealers, and 
the rise of social concerns. Today, consumers are 
much more aware of these issues as well as treat- 
ments, quality, and pricing, thanks in great part to 
widespread information on the Internet, a situation 
that will certainly improve as new ways of delivering 
information proliferate. 

For diamonds, the fragmenting of the rough dia- 
mond market will probably continue, as De Beers 
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recently announced it would keep mining at a 
reduced rate (about 40 million carats yearly, com- 
pared to 48 million before the economic crisis) while 
newer producers pursue independent sales channels. 
New estimates about Zimbabwe peg its diamond 
production at 40 million carats yearly, making it 
potentially the world’s largest by volume, yet not 
under the control of any single marketing channel 
(Thomas, 2010). The country’s uncertain political 
situation may lead to more changes in the near 
future. 

Politics in producing and processing nations will 
continue to affect the colored gemstone market. 
Ongoing sanctions against Myanmar by the U.S. and 
EU will keep a large percentage of ruby and jade 
from reaching those markets, while difficulties in 
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other producing countries will create spot shortages 
of gem-quality material. We do not know what new 
treatments are on the horizon, only that they are 
inevitable. In pearls, the majority of the industry is 
still working through the double challenge of over- 
production and diminished demand. 

The world economic crash of 2008 also brought 
changes in the ways the diamond and colored stone 
industries conduct business, particularly in financing 
and retail consolidation in the U.S., though the long- 
term effects are still far from being understood. 
However, the industries appear to have regained solid 
footing in recovery, aided greatly by two powerful 
emerging consumer markets in India and China— 
which promise to be even more important in the 
decade to come. 
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ERRATUM 


While every effort is expended to ensure the accuracy 
of the information printed in Gem & Gemology, on 
page 156 of the Summer 2010 issue an error occurred 
in, and was not corrected during, the editing process. 
In the report titled “/Nanogems’ — A new lab-grown 
gem material,” the part of the title reading “A new 
lab-grown gem material” should have read “A new 
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glass-ceramic material,” and this correction should 
also be reflected throughout the rest of text. We rec- 
ognize we improperly used the terms lab-grown and 
gem material when referring to what is essentially a 
glass. We have corrected the online version of the 
issue, and ask that you make a note correcting this in 
your copy. 
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GEM LOCALITIES OF THE 2000S 


James E. Shigley, Brendan M. Laurs, A. J. A. (Bram) Janse, 
Sheryl Elen, and Dona M. Dirlam 


While the past decade saw some impressive discoveries of diamonds and colored stones (such as 
corundum, spinel, garnet, and tourmaline), it also witnessed reduced gem production in many 
areas as a result of high development costs, environmental considerations, and the downturn in 
the global economy. With legal and ethical restrictions on the trade in gems from some nations, 
and with premium market values paid for certain stones from particular sources, “locality of ori- 
gin” determinations took on increased importance for some colored stones such as ruby, sap- 
phire, emerald, and copper-bearing tourmaline. This article reviews the geographic sources of 
diamonds and colored stones, as well as the areas of production for both natural and cultured 
pearls, that were commercially important during the years 2001-2010. Maps of most of the 
important gem-producing regions of the world are included on an accompanying wall chart. 


ew finds of both diamonds and colored 

stones, along with increased production of 

natural and cultured pearls, have charac- 

terized the last decade. Canada rose from 
virtually no diamond production in 1998 to rank sec- 
ond in value of global production in 2009. Existing 
diamond mines in Botswana and Russia were 
expanded, and in South Africa new mines opened. A 
number of the old De Beers mines in South Africa 
were closed, but later reopened under a new opera- 
tor. Some important colored stones included emer- 
alds from Zambia, rubies from Madagascar and 
Tanzania, sapphires from Madagascar (e.g., figure 1), 
spinels from Tanzania and Myanmar, opals from 
Australia and Ethiopia, and copper-bearing tourma- 
lines from Brazil as well as new sources in 
Mozambique and Nigeria. In cultured pearls, 
Chinese products have come to dominate global pro- 
duction by quantity and variety of new items being 
farmed. For most of the decade, there were signifi- 
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cant increases in the culturing of large white pearls 
from Australia, “golden” pearls from Indonesia and 
the Philippines, and black pearls from French 
Polynesia, the Cook Islands, and Mexico—although 
the global recession at the end of the decade has had 
a dampening effect on prices and production. 
Following the format established in the two pre- 
vious 10-year retrospective issues of this journal (see 
Shigley et al., 1990, 2000), this article identifies 
localities throughout the world that produced dia- 
monds, colored stones, and pearls on a commercial 
scale during the past decade. The selection of locali- 
ties included in this article was based on the pub- 
lished literature, Internet sources, and geologic 
resource maps, as well as on personal communica- 
tions provided by a number of experts on particular 
countries (see Acknowledgments in the G#G Data 
Depository at gia.edu/gandg). The lack of gem pro- 
duction information, especially for colored stones, 
complicates the task of identifying which localities 
were significant during the past 10 years, as well as 
which are still active. Table 1, at the end of the arti- 
cle, lists major colored stone localities. Tables for 
key diamond and pearl localities can be found in the 
Data Depository, along with a list of sources of 
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minor colored gemstones, and a comprehensive list 
of all references cited in the article and tables. Many 
of the key diamond and colored stone localities are 
plotted on several regional maps that comprise an 
accompanying wall chart. 

While the larger gem deposits are generally well 
known, information on some smaller sites is less 
certain because no recent published reports on them 
could be found. Although we have attempted to 
make this article as complete as possible, in some 
cases minor productive localities may have been 
overlooked. The spelling of locality names is taken 
whenever possible from the Microsoft Encarta World 
Atlas and maps.nationalgeographic.com. References 
for specific statements made in the text below can 
be found where the corresponding localities are list- 
ed in the tables. 


DIAMOND 


The highlights of the decade were the emergence of 
Canada as a major diamond producer and the contin- 
ued strength of diamond production in general, prior 
to the global financial crisis of 2008-2009. Annual 
rough diamond production worldwide rose from 117 
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Figure 1. Madagascar 
was one of the largest 
producers of sap- 
phires—in a variety of 
colors—in the 2000s. 
The stones shown 
here weigh ~3-5 ct. 
Courtesy of Menavi 
International; photo 
by Robert Weldon. 


million carats (Mct) in 2000, worth US$7.9 billion, to 
a peak of 176 Mct in 2006, worth $12 billion. Then, 
rough production declined slightly in 2007-2008 
before falling sharply in 2009 to 125 Mct, worth $8.6 
billion (for data covering 2000-2005, see Janse, 2006; 
for 2006-2009, see Janse, 2007-2010). The increase 
was due to newly discovered Canadian deposits com- 
ing to market and greater production from Botswana 
and Russia. The decline was due to reduced produc- 
tion from the Argyle mine in Australia, where min- 
ing of the large open pit was coming to an end. 
During the past decade, 20 mines entered full produc- 
tion (Read and Janse, 2009), of which two (Catoca in 
Angola and Ekati in Canada) already had initial pro- 
duction at the end of the 1990s. 

During the first decade of the 2000s, diamonds 
were mined on every continent except Antarctica, 
from three types of sources: (1) primary deposits 
developed in kimberlite pipes and dikes, and in 
some instances in lamproite pipes; (2) alluvial 
deposits, mainly from sand and gravel in river beds 
and river terraces; and (3) coastal deposits, from 
onshore beach sands and gravels and from offshore 
marine sediments. The G#)G Data Depository table 
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Figure 2. Average 
global diamond pro- 
duction for the period 
2001-2008 is reported 
by volume (left) and by 
value (right). Sources: 
U.S. Geological Survey, 
Mining Journal, and 
(since 2004) Kimberley 
Process data. 
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lists the commercial deposits that were active dur- 
ing this decade, along with an indication of their 
annual diamond production (ranging from “small” 
to “huge”; see table footnote for definitions of the 
size classifications) and the company responsible, as 
appropriate. 

Diamond exploration remained vibrant until 
2009, when the global financial crisis virtually elimi- 
nated such activity in most countries. Nevertheless, 
exploration continued at a reduced rate in the region 
around Canada’s Hudson Bay, resulting in the devel- 
opment of the Chidliak kimberlite field on southeast- 
ern Baffin Island, and in the discovery of kimberlites 
at Aviat, Amaruk, Nanugq North, and Churchill. 
Another area of interest is in the Bundelkhand region 
of India, where a promising lamproite field has been 
discovered (Janse, 2010). 


Africa. During the 2000s, the African continent 
remained the major producer of diamonds by vol- 
ume and by value (figure 2). 

In southern Africa, Angola produced medium- 
quality diamonds from the very large Catoca kimber- 
lite (Robles-Cruz et al., 2009) and four smaller mines. 
In addition, high-quality diamonds came from 12 
alluvial deposits that were for the most part devel- 
oped by expatriate companies and co-owned with 
Endiama, the national diamond company of Angola, 
as well as from many small deposits worked by arti- 
sanal miners (Gordon, 2004). Because of the global 
financial crisis, two alluvial deposits (Luarica and 
Faucama) stopped operating in 2009, but two others 
(Luana and Cassanguidi) opened in 2009-2010. The 
continued operation of many other alluvial deposits 
is uncertain. The Russian parastatal managing com- 
pany, Alrosa, planned to withdraw from Angola 
except for their participation in Catoca. 

During most of the decade, Botswana ranked first 
by value and second or third by volume (after Russia 
and the Democratic Republic of the Congo [DRC]) in 
global diamond production. There were three kim- 
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berlite mines with large-to-huge production, one 
with medium production (Damtshaa) that was 
closed in 2009 because of the global financial crisis, 
and one (Lerala) that produced relatively little and 
closed after only a few months due to low diamond 
value. Because De Beers shut its mines down for four 
months in 2009 to help stabilize diamond prices dur- 
ing the global financial crisis, and Russia did not, 
Botswana is now ranked third by value (after Russia 
and Canada) and also third by volume (after Russia 
and the DRG; Janse, 2010). 

Although production from the kimberlites in 
Lesotho is relatively small, the mines are renowned 
for their large (several over 100 ct) high-quality dia- 
monds (Bowen et al., 2009). Three kimberlites were 
mined: LetSeng-la-Terae since 2004, and Kao and 
Liqhobong intermittently during the decade. Kao 
was reopened in 2010, and Liqhobong is scheduled 
to reopen in 2012. The Mothae pipe is being devel- 
oped for future production. 

The main production from Namibia was derived 
from two coastal onshore mines operated by Namdeb 
and one offshore mine operated by De Beers Marine. 
However, there were also two small alluvial mines 
and several small coastal offshore producers. 

Diamonds in South Africa were mainly derived 
from six large kimberlite pipes, while 15 other small 
pipes were operated intermittently during the decade 
and had relatively small production of 10,000-100,000 
carats annually; the latter were all closed by 2009 
because of the global financial crisis. The main pro- 
ducer was De Beers Consolidated Mines, which oper- 
ated all five of the largest mines until mid-decade, 
when it sold three of them (Koffiefontein, Cullinan, 
and Kimberley; the latter includes the Bultfontein, 
Dutoitspan, and Wesselton pipes) to Petra Diamonds, 
and opened one new mine (Voorspoed). Four small 
kimberlite dike mines (Helam, Sedibeng, Star, and 
Klipspringer) survived the global financial crisis, but 
all others were closed in 2009. All 18 alluvial deposits 
were closed in 2009, and only those operated by 
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Rockwell, Trans Hex, Firestone, and Namakwa have 
been reopened. Four coastal offshore operations are 
still active, as are three onshore ones. 

Zimbabwe derived its diamonds from one kim- 
berlite mine at Murowa managed by Rio Tinto, and 
one alluvial deposit at Marange mined by local arti- 
sanal workers of disputed legal status. The Marange 
operation is overseen by military and police forces, 
who have been accused of numerous human rights 
abuses (Elliott, 2009), but so far the production is 
recognized by the Kimberley Process (KP). 

In Central Africa, the Central African Republic 
produced only alluvial diamonds, recovered by arti- 
sanal miners. Attempts by expatriate companies to 
develop these deposits have failed (Dietrich, 2003). 
The Democratic Republic of the Congo derived 
most of its diamonds from high-quality alluvial 
deposits in the western Kasai worked by artisanal 
miners. In the eastern Kasai, medium- to low-quality 
alluvial diamonds have been mined by dredging the 
Bushimaie river by the parastatal Société Miniére de 
Bakwanga (MIBA), and by Sengamines (now 
Emikor). Mwana Africa owns 20% equity in each 
company. Both MIBA and Emikor also recovered 
diamonds from kimberlite fields at Mbuji Mayi and 
Tschibwe in eastern Kasai (Long, 2007). Diamond 
exports from the Republic of the Congo for many 
years were believed to be derived from diamonds 
smuggled from the neighboring Democratic 
Republic of the Congo, but since 2007 the KP has 
recognized a small production from an as-yet- 
unidentified alluvial deposit in the western part of 
the country. 

In West Africa, diamond production in Ghana 
was derived only from alluvial deposits (Asiedu et 
al., 2004) that were mainly worked by licensed arti- 
sanal miners; the parastatal Ghana Consolidated 
Diamonds finally stopped production in 2007 
because of outdated and worn mining equipment. 
Although many kimberlite dikes and several small 
pipes are known in Guinea, production was derived 
from high-quality-diamond alluvial deposits primari- 
ly worked by artisanal miners, with four small oper- 
ations run by expatriate companies. Diamond pro- 
duction from the Ivory Coast derived only from 
unlicensed artisanal workers, and is not recognized 
by the KP. Diamonds from Liberia were mined arti- 
sanally from alluvial deposits. Sanctions on Liberian 
diamonds imposed by the KP from the end of 2001 
to the end of 2007 have now been lifted. Although 
three small kimberlite pipes and several dikes are 
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known in Sierra Leone, about 80-90% of the dia- 
mond production came from alluvial deposits in the 
southeastern part of the country. These were mined 
by artisanal workers and by two expatriate compa- 
nies. Koidu Pipes 1 and 2, were mined by Koidu Dia- 
mond Holdings, which is 80% owned by the 
Steinmetz Group. Koidu Pipe 3 was mined by West 
African Diamonds (Gberie, 2004, 2006). Since 2004, 
the KP has recognized a small annual production 
from Togo. The diamonds allegedly come from 
small artisanal workings exploiting alluvial deposits, 
but their location is still uncertain. 

In East Africa, numerous kimberlite pipes are 
known in Tanzania, but only the Williamson mine 
at Mwadui was developed by De Beers into a major 
operation (Stiefenhofer and Farrow, 2004). It was 
recently sold to Petra Diamonds, with the Tanza- 
nian government holding a 25% equity. Local people 
mine alluvial deposits around the Williamson mine 
(Mutagwabe et al., 2007; Scalie et al., 2007). 


Asia. Small quantities of diamonds have been recoy- 
ered from various deposits in China, India, and 
Indonesia, but the giant in the area is eastern Russia. 
The main producer in China appeared to be the 
small Shengli mine (also called the 701 mine; Wang 
et al., 2010) in the Mengyin area, though its produc- 
tion is not recognized by the KP. The diamonds that 
are recognized by the KP are of low quality and 
appear to come from dredging operations in the Yuan 
River in Hunan Province. One kimberlite with an 
adjacent alluvial placer in Liaoning Province also pro- 
duced small quantities of low-quality diamonds 
(Tompkins et al., 1999). The only official diamond 
production in India during the decade came from the 
Majhgawan open-pit lamproite mine (Chalipathi- 
Rao, 2006), which was closed for environmental rea- 
sons in 2006 and reopened in 2009 (Janse, 2010). In 
Indonesia, the only diamond production recognized 
by the KP was derived from the Cempaka mine in 
southeastern Kalimantan, which is now closed and 
for sale. Additional small production from Kali- 
mantan was derived from artisanal miners in the 
Martapura and Landak areas (Smith et al., 2009). 
About 20 kimberlite fields are known in the 
Siberian Platform of Eastern Russia, in the Sakha 
Republic (formerly Yakutia). They contain at least 
1,000 kimberlite pipes and dikes. Of this total, a 
dozen were developed by Russian parastatal manag- 
ing company Alrosa into mines located in three fields 
(Anastasenko and Leybov, 2008). Most of the large, 
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e Greek gold necklace with three pendant medallions of aven- 
turine and pink rubies. Filigree and animal motif are used. 3rd 
century B.C. Cleveland Museum of Art. 


landing the head were an important item 
and hairpins were very ornate. The signet 
ring was used but more care was taken with 
the engraving of the bezel or the gem set 
in the ring—since it was used as a seal—than 
was paid to the actual mounting. 

During the Greek supremacy, the jewelry 
craftsman went to. Nature for subjects and 
used motifs of fruit, flowers, foliage, and 
even replicas of animal and human forms. 
Primitive pieces, which were made in the 
period preceding this Greek period of clas- 
sical times, show spiral patterns employed 
on jewelry which is almost identical with 
motifs of Celtic ornaments. Fish, butterflies, 
and other creatures were also used. 


ETRUSCAN JEWELRY 
The Etruscans, during the time of their 


prominence in the development of the 
jeweler’s art, were famed for their jewels. 
Three distinct periods are evident. The 
earliest shows fine work, not particularly 
artistic in character, and somewhat Oriental 
in feeling. This is followed by the period 
in which the finest work was accomplished 
in both workmanship and design, with indi- 
cation of Hellenic influence. The last period 
500 to 300 B.C., shows that the Etruscans 
were following the Greek art but with a 
noticeable difference as the objects were 
large and coarse of execution. 


Much repoussé was used by the Etruscans 
but the. thing which distinguished their 
creations most of all is the use of tiny 
grains of gold of microscopic size which 
seem to have been made separately and 
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Figure 3. Australia’s Argyle mine is the world’s largest 
single diamond producer by volume. Since the 1980s, 
the deposit has been mined in a large open pit; the pro- 
cessing plant and west pit wall are shown here. Over 
the next few years, mining will move underground. 
This 2009 photo is courtesy of Rio Tinto Diamonds. 


old open-pit mines—including Mir, Internationalaya, 
Udachnaya, Aikhal, Zarnitsa, and Sytykanskaya— 
have transitioned into underground mining, entailing 
higher costs and lower output. The newer mines, 
Jubileynaya and Nyurba, are still open pits. In May 
2009, Alrosa announced they were opening a large 
mine on a cluster of three pipes in the Upper Muna 
area (Janse, 2010). Kimberlites there were discovered 
in the late 1960s, but until now Alrosa has avoided 
development above the Arctic Circle. 

The deposits in Western Russia (actually in 
Europe) continue to yield large quantities of dia- 
monds. Most come from the Arkhangelskaya kimber- 
lite pipe, the first in the Lomonossov cluster of five 
pipes to be developed into a very large mine (Verzhak 
and Garanin, 2005; Palazhchenko et al., 2008). 
Development of the rest of the Lomonossov cluster is 
planned for the future, with projected reserves of 
~200-230 Mct. Small quantities of diamonds were 
produced intermittently from scattered alluvial 
deposits in the Ural Mountains (Laiginhas, 2008). 


Australia. Two lamproite mines—Argyle and Ellen- 
dale—were the main producers. A small quantity of 
diamonds also came from the Merlin kimberlite, 
which closed in 2004 as Rio Tinto decided it was not 
economic. It is expected to be reopened in 2012 by its 
new owner, North Australian Diamonds (Janse, 2010). 

When the Argyle mine (figure 3) began produc- 
tion in 1986, the open-pit reserves were calculated to 
last 20 years. Its life has now expired, but to keep the 
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Indian diamond cutting industry buoyant, Rio Tinto 
decided in 2005 to continue mining by going under- 
ground. Rising prices for energy, steel, and labor 
caused cost overruns and delays, so the open-pit 
mine was extended initially to the end of 2008, then 
to 2010, and most recently to 2012. The open pit 
was expanded northward into lower-grade ore, 
resulting in a production decline from ~30 Mct for 
2005 to 15.4 Mct in 2009. Underground operations 
are scheduled to commence in mid-2012 and last for 
at least six years (Janse, 2010). 

In September 2007, Gem Diamonds purchased 
the Ellendale mine from Kimberley Diamond Co.; 
the deposit has produced a total of just over 1 Mct 
since 2002. This included some high-quality yellow 
diamonds (about 7% of total production), which in 
2009 sold for $2,480/ct. In December 2009, Gem 
Diamonds signed a long-term contract to sell the 
yellows to Laurelton Diamonds, an Antwerp sub- 
sidiary of Tiffany & Co. (Janse, 2010). 

All the activities mentioned above concern “old” 
prospects, and no new promising discoveries have 
been made in Australia in the last 20 years. The “Big 
Three” companies—De Beers, Rio Tinto, and BHP— 
have withdrawn from diamond prospecting there, 
but a few junior companies still continue to search. 


North America. The 2000s marked the first full 
decade of Canada’s position as a major diamond pro- 
ducer. In fact, in 2009 Canada globally ranked sec- 
ond in value and sixth in volume. The quality of the 
Canadian diamonds is high (see, e.g., figure 4), and 
they are not tainted by the “conflict diamond” 
issue. Production came from four kimberlite mines, 
three located in the Northwest Territories (Ekati, 
Diavik, and Snap Lake) and one in Ontario (Victor). 
A fifth kimberlite mine (Jericho, located in 
Nunavut) closed after an 18-month operation 
because the actual production was well below pro- 
jections made in economic feasibility studies (Read 
and Janse, 2010). 


South America. Although South America, especially 
Brazil, has great historical significance as a diamond 
producer, most of the deposits produce small quanti- 
ties. All Brazilian diamonds were mined from allu- 
vial deposits, located in many areas (Blore, 2005). 
About 80% were mined by local artisanal miners 
(garimpeiros), while Elkedra Diamonds and Vaal- 
diam Resources were the only major (foreign) com- 
panies involved. Hundreds of kimberlites are known 
in Brazil, but none has a producing mine. 
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Figure 4. The most important diamond production 
event of the decade was the emergence of Canada as 
a significant source. The diamonds shown here are 
from the Ekati mine in the Northwest Territories, and 
weigh a total of 6.73 ct (round brilliants) and 14.25 ct 
(crystals). Courtesy of BHP Billiton Diamonds; photo 
© GIA and Harold & Erica Van Pelt. 


All diamond deposits in Guyana are also alluvial, 
mined by local artisanal workers. No kimberlite or 
other primary host rock has been found there (Blore, 
2.006a). Until the end of 1982, when kimberlitic 
dikes and sills were discovered at the Guaniamo 
field, all diamond production from Venezuela was 
from alluvial deposits (Blore, 2006b). Canada-based 
Kansai Mining Corp. tried to develop a kimberlite 
mine at Guaniamo, but in 2008 the Venezuelan gov- 
ernment canceled all diamond mining concessions 
held by foreigners and brought all development to a 
halt. Recent (artisanal) production from Venezuela is 
not recognized by the KP. 


COLORED STONES 


Although Brazil remained an important gem source dur- 
ing the decade, most new discoveries of the major col- 
ored stones took place in two other regions. One con- 
sists of areas around the present-day Indian Ocean, con- 
sisting of East Africa and Madagascar, India, Sri Lanka, 
and Southeast Asia. In the geologic past, these areas 
were either juxtaposed or closer to one another due to 
plate tectonics, and they share some similar geologic 
environments that were conducive to gem formation. 
The other important region extends from Afghanistan 
and Pakistan in the west through northern India and 
Nepal to Myanmar and Vietnam in the east, along the 
major geologic boundaries where the Indian and Asian 
continental plates collided. 
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Some deposits were exploited by mining con- 
cerns using mechanized equipment, but many oth- 
ers were worked by local people using very basic 
tools and techniques. Localities for the major colored 
stones are listed in table 1 according to gem materi- 
al, while the Ge)G Data Depository lists these 
sources according to their geographic location by 
country. The Depository also includes separate list- 
ings for minor colored stones, sorted by gem materi- 
al and location. The tables provide literature refer- 
ences (where available) for the individual deposits. 


Emerald and Other Beryls. As with rubies, sapphires, 
and some other gem materials, determination of the 
country of origin was a lab service for emeralds dur- 
ing this decade, and many localities continued pro- 
ducing this popular gem. Accurate production figures 
are not available, but the most important sources 
were Colombia, Brazil, Zambia (figure 5), and Zim- 
babwe, which each produces commercial- to fine- 
quality material. Other sources included eastern 
Madagascar, the Panjshir Valley of Afghanistan, and 
the Swat Valley of Pakistan. 

Brazil remained an important source for aquama- 
rine, mainly from granitic pegmatites in the states of 
Minas Gerais, Bahia, and Espirito Santo. Additional 
sources were Malawi (mainly around Mzimba), 
Mozambique (Nampula and Zambézia provinces], 


Figure 5. Large-scale open-pit mining in Zambia, as 
shown here at the Grizzly mine near Kafubu, yielded 
major quantities of emerald during the 2000s. Photo 
by B. M. Laurs, August 2004. 


Gems & GEMOLOGY FALL 2010 193 


Figure 6. Along with Russia, Namibia remained an 
important source of demantoid, as shown by the 
stones from the Green Dragon mine in this fine jewel- 
ry. The bracelet (donated to the Smithsonian Insti- 
tution) contains 104 demantoids weighing a total of 
18.25 ct (3.0 and 3.5 mm diameter). The brooch (from 
a private collection) features three demantoids with a 
total weight of 2.71 ct set with 100 pieces of deman- 
toid melee (1.5-2.1 mm). Photo by Robert Weldon. 


Nigeria, and Zambia. Production of morganite con- 
tinued at previously known localities (e.g., Afghani- 
stan and Brazil), and large crystals of heliodor were 
recovered occasionally from Volodarsk-Volynskiy in 
the Ukraine. 


Chrysoberyl and Alexandrite. These gems were 
mined in Brazil, India (particularly Orissa), Madagas- 
car, Sri Lanka, and Tanzania from primary deposits 
in pegmatites and associated metamorphic rocks, or 
from secondary alluvial deposits. The most impor- 
tant source of alexandrite was probably the Hema- 
tita mine in Minas Gerais, Brazil. No important new 
chrysoberyl or alexandrite deposits were reported 
during the past decade. 
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Garnet. Many countries produced various species and 
varieties of gem garnet, including India (from Andhra 
Pradesh, Orissa, and Rajasthan) and Sri Lanka. In 
Namibia, production of fine spessartine decreased 
from the Kunene area, while the Green Dragon mine 
in the Tubussis area yielded commercial amounts of 
demantoid (figure 6). The Taita-Taveta region of 
Kenya (Coast Province, near Voi) produced color- 
change garnets as well as tsavorite. Additional major 
garnet sources include Madagascar (mainly around 
Ilakaka and a new deposit of demantoid at Antete- 
zambato), Nigeria (spessartine from Oyo State], and 
Tanzania (tsavorite or green grossular from around 
Arusha and Merelani, and various garnets from the 
Tunduru region and Umba Valley). A significant new 
spessartine deposit was found in Tanzania near the 
Kenyan border at Loliondo (figure 7). Both Japan and 
Mexico produced some interesting andradite showing 
iridescence. 


Jade. For the most part, major sources of both jadeite 
and nephrite remained the same as in the previous 
decade. The traditional sources of jadeite in northern 
Myanmar (mainly around Hpakant and Hkamti) 
were joined by the rediscovery of jadeite deposits in 
the Motagua Valley of Guatemala that had archaeo- 
logical significance for the ancient inhabitants of 
Central America. Nephrite continued to be produced 
from various localities in China, in Canada (mainly 
in British Columbia], near Cowell on Australia’s Eyre 
Peninsula, and on the South Island of New Zealand. 


Opal. Deposits in the Australian states of New South 
Wales, Queensland, and South Australia continued 
to be the main sources of play-of-color white and 
black opal, although overall production declined 
somewhat due to increased mining costs and govern- 
ment regulations. Classic localities in Mexico 
(Querétaro area) and Brazil (Piaui State) were impor- 
tant producers of “fire” and white opal, respectively. 
Commercial quantities were also mined in Ethiopia 
(including the large new deposit in Wollo Province; 
figure 8), central Europe, Honduras, Indonesia, 
Madagascar, Peru, Turkey, and the United States. 
The low cost and availability in numerous colors 
attracted jewelry designers to common opal from sev- 
eral sources. 


Peridot. Gem-quality olivine continued to be pro- 
duced in China, with significant amounts sold at 
below-market values that challenged producers of 
this material from the United States (Arizona). There 
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Figure 7. Bright orange spessartine was recovered 
from a new deposit near Loliondo, Tanzania. The 
crystal measures 27 x 23 x 19 mm, the carving is 30 x 
16 x 11 mm, and the cut stone weighs 1.95 ct. Speci- 
mens and photo courtesy of Jason Stephenson. 


was occasional production of large peridot crystals 
from Bernardmyo in Myanmar. Kohistan, an impor- 
tant source of large, high-quality peridot in northern 
Pakistan, saw decreased production in the latter part 
of the decade due to depletion of the source. 


Quartz—Amethyst, Citrine, and Rose. The states of 
Minas Gerais, Para, and Rio Grande do Sul in Brazil, 
and the Kalomo region of Zambia (figure 9), contin- 
ued to supply significant quantities of amethyst. 
Additional sources included the Thunder Bay region 
of Ontario in Canada, and the Artigas region of 
Uruguay. The Anahi mine near Sandoval in Bolivia 
was still the main producer of ametrine, while peg- 
matite deposits in Brazil, Madagascar, and elsewhere 
produced bulk rose quartz. 


Ruby and Sapphire. The major sources of gem corun- 
dum were Madagascar (various localities including 
Tlakaka and Sakaraha for sapphire, and Andilamena 
[figure 10] and Vatomandry for ruby), Mozambique 
(new deposits in Montepuez and Niassa/Lichinga}, 
Tanzania (a new occurrence at Winza [figure 11], as 
well as previous deposits), Kenya (John Saul mine 
and a new deposit at Baringo], India, Sri Lanka, 
Myanmar (Mogok and, for a period of time, at 
Nanyaseik), Thailand, Cambodia (Pailin), and Aus- 
tralia (mainly areas in New South Wales and 
Queensland). 

A decline in production of ruby from Mong Hsu 
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Figure 8. The Wollo Province of Ethiopia is the source 
of this fine 23.48 ct opal. Courtesy of Opalinda (Paris) 
and EyaOpal (Addis Ababa, Ethiopia); photo by 
Robert Weldon. 


Figure 9. Zambia remains one of the most important 
localities for fine amethyst, as shown by these stones 
(4.59-14.07 ct). Courtesy of Guy Clutterbuck; photo 
by Robert Weldon. 
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but the recovery of high-quality sapphires decreased 
because of exhaustion of some deposits and mining 
restrictions. A similar situation of diminished supply, 
government regulations, and no new ruby/sapphire 
discoveries occurred in Thailand, Vietnam, and Aus- 
tralia. For more on gem corundum localities in the 
2000s, see Shor and Weldon (2009). 


Spinel. Given the proliferation of ruby and sapphire 
treatments (e.g., beryllium diffusion and lead-glass 
fracture filling), spinel witnessed a surge in popularity 
during the 2000s with its attractive range of colors 
and lack of treatments except for occasional heating. 
Significant producers included the Mogok and 
Nanyaseik areas of Myanmar, the Luc Yen area of 
Vietnam, the Ilakaka region of Madagascar, and the 
Pamir Mountains in Tajikistan. In addition, the early 
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Figure 10. Andilamena, Madagascar, was the site of a 


major ruby rush, as shown here in 2005 when about Figure 12. At Mahenge, Tanzania, spinel is recovered 
15,000 people were living and working at the deposit. from a series of hand-dug pits that explore primary 
Photo by Vincent Pardieu. and secondary deposits. Photo by Vincent Pardieu. 


in Myanmar due to decreased reserves was offset by 
discoveries of additional deposits in Madagascar, 
northern Mozambique, and central Tanzania. 
Production of geuda corundum in Sri Lanka contin- 
ued mainly as a source of material for heat treatment, 


Figure 11. Winza, Tanzania, has produced fine rubies 
as well as gem corundum in a variety of colors 
(including the rare color-zoned stones shown on the 
tight). The sapphires shown here are heat treated and 
weigh 0.88-3.12 ct; the purple pear shape reportedly 
came from the Dodoma area (Winza region) in 2000, 
before the Winza deposit was discovered. The ruby is 
unheated and weighs 1.09 ct. Courtesy of Michael 
Nemeth; photo by Robert Weldon. 
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Figure 13. An important deposit of Cu-bearing tour- 
maline near Mavuco, Mozambique, yielded a wide 
variety of colors. These tumbled pieces of unheated 
tourmaline rough were compiled for a colorful neck- 
lace and bracelet suite; the yellow-green stone at the 
top weighs 23.25 ct, and the largest piece at the bot- 
tom is 61.88 ct. Courtesy of Mozambique Gems; 
photo by Robert Weldon. 


2007 discovery of a number of large, high-quality, red- 
to-pink spinel crystals (some weighing 20+ kg) in the 
Mahenge region of east-central Tanzania (figure 12) 
brought renewed interest in this gem mineral. 


Topaz. Pegmatite deposits in Brazil, Madagascar, 
Namibia, and Pakistan were the main sources of 
transparent colorless and blue topaz. Imperial topaz 
continued to originate from the Ouro Preto region of 
Minas Gerais in Brazil. 


Tourmaline. The most significant tourmaline devel- 
opment was the production of copper-bearing elbaite 
from Mozambique (figure 13) and Nigeria (figure 14) 
that in some cases rivaled the “neon” blue-to-green 
tourmalines from Brazil’s Paraiba State. Major 
sources of non-Cu-bearing tourmaline were Brazil 
(although the production there was smaller than in 
the previous decade}, Afghanistan (Kunar and 
Nuristan provinces), Mozambique (mainly Nampula 
and Zambézia provinces), Namibia (Karibib area), 
Nigeria (Kaduna, Kwara, Nassarawa, and Oyo States; 
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see figure 15), and Zambia (Mkushi and Lundazi; the 
latter was a source of distinctive “canary” yellow 
tourmaline). 


Zoisite and Tanzanite. Underground workings in the 
Merelani Hills area of Tanzania remained the world’s 
only commercial source of tanzanite, with produc- 
tion increasingly coming from the TanzaniteOne 
mines (Block C) and from numerous smaller work- 
ings in the nearby area. 


Other Gemstones. Several less-common colored 
stones became more prominent in the marketplace 
during the past decade. Gem-quality diaspore crystals 
were mined in the Ibir Mountains in Turkey and sold 
under the trade name Zultanite. Controversy over the 
source—and chemical diffusion color treatment—of 
andesine-labradorite feldspar put a spotlight on the 
world deposits reported for this material, especially in 
China. Sodalite was produced in several colors, partic- 
ularly from Afghanistan (figure 16) and Myanmar. 
Continued production of various colors of zircon from 


Figure 14, These heated Cu-bearing tourmalines from 
Nigeria (2.42-52.13 ct) show a range of blue-to-green 
colors. Courtesy of Hussain Rezayee, Rare Gems & 
Minerals; photo by Robert Weldon. 
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ah ede . Se oe war alg ; 
Figure 15. The Komu area of Nigeria produced gem 
tourmaline from several small pegmatite pits, such as 
this one near the Abuja Leather mining camp in Oyo 
State. Photo by Jean Claude Michelou. 


Myanmar, Sri Lanka, Tanzania, Cambodia, and 
Thailand combined with demand from designers to 
raise the profile of this gem. Significant quantities of 
attractive, highly dispersive sphene were produced 
from Madagascar and elsewhere. Various transparent 
gems featuring unusual inclusions also gained popular- 
ity with collectors and designers, spurring demand for 
these products. Production of benitoite in California, 
rhodochrosite in Colorado, and red beryl in Utah 
ended, and the mine sites were closed and reclaimed. 


Figure 16. Less common gem materials such as 
sodalite (here, from Badakhshan, Afghanistan) 
gained prominence as mining and exploration 
extended into more remote areas. Shown here are 
a 0.68 ct hackmanite, a 19.54 ct pale blue soda- 
lite, and a 2.08 ct yellow sodalite. Courtesy of 
Herb Obodda; photo by Robert Weldon. 
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PEARLS 

In the Winter 2000 Gems e& Gemology retrospective 
gem localities article (Shigley et al., 2000), the decade 
of the 1990s was described as the “pearl era,” with its 
dramatic increase in production and diversity of cul- 
tured pearls. That diversity dominated pearls in the 
past decade as well (e.g., figure 17), which witnessed 
dramatic fluctuations in both production and pricing. 
Shor (2007) documented these changes in his compre- 
hensive article. Another important pearl reference is 
Strack (2006), an expansion in English of the author's 
German book Perlen from 2001. Pearls, by H. Bari and 
D. Lam (2009), is a valuable new resource. 

Here we will highlight the changes in cultured 
pearl production during the past few years since 
Strack (2006) and Shor (2007). In addition, the pearls 
table in the G#@G Data Depository shows sources 
for the major types of pearls according to their locali- 
ty, and they are also listed by type of mollusk. 


Saltwater Cultured Pearls. During 1999-2009, the 
combined value of the three major groups of saltwater 
cultured pearls—white South Sea (includes “golden”), 
black South Sea, and akoya (from China as well as 
Japan)—decreased from $489 million to $367 million, 
and the relative percentages of each group changed 
(see figure 18 and Miller, 2009). In addition, more cul- 
tured pearls (particularly South Sea) were being pro- 
duced at a lower per-pearl value as a result of the glob- 
al economic downturn at the end of the decade. 


South Sea — Australia. In the waters around Austra- 
lia, five mollusks produce natural and cultured South 
Sea pearls in white, “golden,” black, and other colors. 
The pearling area extends from north of the Tropic of 
Capricorn along the northern and western coasts (a 
distance of 3,500 km [2,150 mi.]), from the 
Northwest Cape in the west to Cape York in the 
east, and from there along the eastern coast to 
Cooktown (Strack, 2006). 

To protect the mollusks from overharvesting, 
Western Australia’s Department of Fisheries estab- 
lished a quota system to regulate both the number of 
wild mollusks that could be collected for culturing 
and the number of licenses issued to pearl culturers. 
According to N. Paspaley (pers. comm., 2010), about 
700,000 shell operations are expected in Australia in 
both 2010 and 2011—a considerable decrease from 
the peak operations in 2007-2008. To deal with the 
downturn in the market in 2009, most Australian 
pearl producers reduced production while some with- 
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Figure 17. The 2000s witnessed the popularity of 
multi-species cultured pearl necklaces. The natu- 
ral-colored cultured pearls (8—10 mm) in this 
strand include pastel freshwaters from China, 
grays from French Polynesia, “goldens” from the 
Philippines, and whites from Australia. Courtesy 
of King’s Ransom; photo by Robert Weldon. 


drew from the industry. Consequently, there may be 
a shortage of high-quality cultured pearls when the 
oysters seeded in 2009-2010 are harvested. 


South Sea — French Polynesia. Since the late 1970s, 
French Polynesia has been the predominant produc- 
er of black South Sea cultured pearls. By the early 
2000s, the government had issued about 1,500 farm- 
ing licenses (Shor, 2007), but today there are fewer 


than 800 licenses as a result of the overproduction of 
lower-quality pearls, the loss of funds for marketing, 
and declining sales (E. Strack, pers. comm., 2010). 

However, the Pinctada margaritifera mollusk 
can be found in waters throughout the Indo-Pacific, 
and there are also pearl farms in the Cook Islands, 
Fiji, New Caledonia, Marshall Islands, and Ryukyu 
Islands, as well as in the Taiwan Strait (A. Miiller, 
pers. comm., 2010). 


South Sea — Southeast Asia. In Indonesia, the biggest 
producers are in the west Nusa Tenggara region 
around Lombok, which is known for its “golden” 
cultured pearls from Pinctada maxima. The popu- 
larity of this product increased dramatically over the 
decade (“Pearl farm information . . . ,”” 2009). 

Through its Indonesian subsidiary, PT Cendana 
Indopearls, Atlas Pacific Ltd. operates pearl farms in 
Bali, Lombok, and West Timor. However, its main 
culturing operation is in Aluyi Bay on Waigeo Island 
near New Guinea. They produce about 240,000 
white-to-“silver” cultured pearls annually (Bari and 
Lam, 2009). 

Jewelmer International Corp. continues to domi- 
nate the culturing of pearls in the Philippines, with 
six farms around the island of Palawan (Bari and 
Lam, 2009). Recently, however, the company pre- 
dicted a 30% decrease in production over the next 
12-18 months (“Jewelmer gets focused,” 2010). 

In Myanmar, three foreign (down from six earlier 
in the decade) and two local companies are conduct- 
ing pearl culturing on eight islands. During the 
decade, the cultured pearls were sold at the Myanmar 
Gems, Jade and Pearl Emporium to connoisseurs 


Figure 18. These pie charts show the dramatic shift in production by value of the three main 
saltwater cultured pearl categories. Adapted from Miller (2009). 
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Figure 19. Hundreds of larger industrial freshwater 
pearl farms along with thousands of smaller family 
pools are active in China. The plastic bottles are used 
to suspend the growing mussels in the lakes. Photo 
taken in Zhuji, 2007, by Valerie Power. 


from around the world. Myanmar produced 754 kg 
(201,081 mommes) of cultured pearls during the 
2008-2009 fiscal year (Central Statistical Organi- 
zation, 2010). 


Akoya. After reaching a peak of 230 tons in 1966, 
disease and competition from Chinese freshwater 
products have reduced the current estimate for 
akoya cultured pearls in 2010-2011 to 12 tons (and 
possibly to as low as 8 tons by 2012; Miiller, 2009). 
Miiller believes that at least some of Japan’s akoya 
farms will survive as the sale of these cultured 
pearls becomes a niche business. 

Akoya cultured pearls also come from China, 
South Korea, and Vietnam. A new farm in north- 
eastern Australia (Queensland) employs state-of-the- 
art environmental practices and has cultivated 
20,000 pearls averaging 10 mm in diameter, with 
plans to increase the size to 12 mm. 


Mexico. A pearl farm in Guaymas continues to pro- 
duce commercial quantities of mabe as well as bead- 
nucleated full-round cultured pearls from the indige- 
nous pearl oyster Pteria sterna. One indication of 
their natural color (and their Mexican provenance) is 
a red fluorescence to long-wave UV radiation (Bari 
and Lam, 2009). The Guaymas Pearl Farm produces 
about 8,000 cultured pearls per year (McLean, 2010). 
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Freshwater Cultured Pearls. China. Most of China’s 
freshwater pearl farms can be found within 300 miles 
(483 km) of Shanghai, in ponds and lakes (e.g., figure 
19) within the valleys of the Yangtze River and its 
tributaries. The total production was 900 tons in 
2000, and peaked in 2008 at 1,500 tons (Nucleated 
pearls, 2008; Bari and Lam, 2009; Canning, 2010). 
Since 2008, the number of farms dropped, as some 
went out of business and others were consolidated, 
resulting in about 500 large industrialized farms cur- 
rently in operation (J. Shepherd, pers. comm., 2010). 

Especially noteworthy during this decade are the 
experiments that have produced dramatically new 
cultured pearls. There are the colorful bead-nucleated 
cultured pearls called “fireballs,” which are noted for 
their tail. Another fascinating new product debuted 
in 2009 as “hollow keshi,” also referred to as “Soufflé 
pearls” (Sturman and Strack, 2010). By matching the 
implanted bead to the form of the pearl sac, farmers 
are better able to control the shape of the resulting 
cultured pearl. As a result, they are producing signifi- 
cant numbers of bead-nucleated rounds. 


Other Freshwater Cultured Pearls. In North America, 
freshwater pearls are cultured in the Tennessee River 
in an operation that now centers on one location in 
Birdsong Creek (Tennessee River Pearls, 2009). The 
last major production was in 2002, but substantial 
stock remains of fancy-shaped cultured pearls—from 
bars and buttons to coins and crosses. 

Vietnam is experimenting with some freshwater 
bead-cultured pearls of various hues. It is interesting 
to note that freshwater shells from Vietnam are also 
providing the bead nuclei for their domestic saltwa- 
ter cultured pearls (Pardieu and Vannaxay, 2010). 

In 2004, Chi Huynh, a California jewelry design- 
er and holder of the patent on a new pearl cultiva- 
tion process, developed the idea of transplanting 
mantle tissue along with a bead made from a gem 
material such as coral or turquoise into a mollusk 
while culturing black pearls off the coast of his 
homeland, Vietnam. After the cultured pearls were 
recovered, they were carved down to reveal the gem 
bead in places below. In 2010, his first crop of the 
summer yielded 10,000 cultured pearls. Named the 
“Galatea pearl,” he has also cultivated them in 
French Polynesia (Roskin, 2007). 


Cultured Conch Pearls. For more than 25 years, 
attempts at culturing pearls from the queen conch 
(Strombus gigas) had been unsuccessful. In 2009, 
scientists at Florida Atlantic University’s Harbor 
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Figure 20. This two-strand necklace, which was 
owned by the Maharajas of Baroda in western India, 
consists of 68 natural pearls from 9.47 to 16.04 mm. 
At the April 2007 Christie’s New York auction, the 
necklace and its accompanying ear pendants, brooch, 
and ring sold for $7,096,000, setting a world auction 
record for natural pearl jewels. Courtesy of Christie’s 
Images Ltd. 2010. 


Branch Oceanographic Institute developed propri- 
etary techniques to produce beaded and non-beaded 
cultured pearls from the queen conch. Identification 
criteria are being compiled to separate the cultured 
conch pearls from their natural counterparts (Wang 
et al., 2009), although this is not yet a commercial 
product. 


Cultured Abalone Pearls. Jewelry made with cul- 
tured abalone pearls is very popular in New Zealand 
and Australia, in part due to the farming efforts of 
the Eyris Blue Pearl Co. in New Zealand. Mabe cul- 
tured pearls have been farmed in red abalone by the 
U.S. Abalone Co. since 2000. Other farms have been 
attempted in Canada and along the Pacific coast of 
Baja California, but they are not currently in com- 
mercial production (E. Strack, pers. comm., 2010). 


Natural Pearls. The popularity of natural pearls has 
generated a global effort to recover them. While the 
mollusks that produce these pearls have suffered 
from overfishing, temperature changes, and pollu- 
tion, protective measures have been put in place, 
and some areas (e.g., Arabian Gulf, Red Sea, Indian 
Ocean, and Guaymas and the Sea of Cortez in 
Mexico) are beginning to see an increase in wild 
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mollusk populations as well as finding more natural 
pearls from the existing mollusks (K. C. Bell and E. 
Strack, pers. comms., 2010). 

During the past decade, there has been greater 
awareness of non-nacreous natural pearls from mol- 
lusks such as Strombus gigas (conch), Melo melo 
(melo), Mercenaria mercenaria (quahog or common 
hard-shelled clam), and the nautilus (K. C. Bell, pers. 
comm., 2010). Conch pearls are found in the waters 
of the Caribbean Sea from southern Florida to the 
northern coast of Colombia. Melo pearls are found in 
the South China Sea along the coasts of Vietnam, 
China, Myanmar, and the Philippines (Htun, 2006; 
Strack, 2006). According to F. Barlocher (pers. 
comm., 2010), during the decade about 30 melo 
pearls were recovered annually, but very few were 
perfectly round with top orange color. Quahog pearls 
are mainly found in waters along eastern Canada 
and down the eastern U.S. coast (Strack, 2006). The 
rarest may be nautilus pearls (“Nautilus pearls,” 
2010), which are reportedly found off the coast of the 
Philippines (Bari and Lam, 2009). 

Recent sales of natural pearls reflect their high 
value and growing popularity. For example, on April 
25, 2007, the Baroda suite of natural pearls sold for 
nearly $7.1 million at the Christie’s New York auc- 
tion (figure 20). 


CONCLUSIONS 


The past decade witnessed the continued production 
of diamonds and colored stones primarily from the 
geographic sources that had been important in the 
1990s. The main diamond developments centered 
around the new prominence of Canadian deposits, 
increased production from Botswana and Russia, and 
a decline in output from the Argyle mine in 
Australia. There continued to be discoveries of col- 
ored stones, mainly in East Africa and Southeast 
Asia, but overall gem mining was somewhat limited 
by the lack of easily worked deposits, governmental 
restrictions, exploration and exploitation costs, and— 
increasingly in many countries—environmental con- 
cerns. The most notable colored stone discoveries 
were rubies in Tanzania and Mozambique, Cu-bear- 
ing tourmaline in Mozambique and Nigeria, spinel in 
Tanzania, and high-quality opal in Ethiopia. 
Cutbacks in pearl culturing in response to the global 
economic downturn will result in lower production 
during the early years of the next decade. An expand- 
ed awareness of the diversity of natural pearls will 
contribute to their popularity. 
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soldered on. They also developed a kind 
of solvent which made invisible the joining 
of pieces of solder. 

The Etruscans particularly loved rings, 
and they wore them on every finger, includ- 
ing the thumb. Other articles made by them 
were fibula designed for wearing in rows 
down the front of the dress, necklaces, long 
earrings, and bracelets. They paid particular 
attention to decorations for the head. 


ROMAN JEWELRY 

In this period two important factors have 
bearing on the history of jewelry? The first 
is conquest, and the second wealth. It was 
a period of great display of personal pos- 
sessions. The Romans were more extrava- 
gant with rings than any other people. 
Rings for purely decorative purpose were 
designed in abundance and precious stones 
and engraved gems were coveted by all 
classes. 

Cameos and intaglios were extensively 
used and amber necklaces were largely 
favored. The snake was a favorite form both 
for bracelets and rings. During the Roman 


* Byzantine pear-shaped sapphire and 
pearl drops, strung on gold wire and 
encircled by an oval band of gold stud- 
ded with small pearls. Believed to have 
been made in Egypt in the 6th century, 
these pieces show the influence of -an 
earlier Roman period. Metropolitan Mu- 
seum of Art. 


e Amethyst necklace with gold beads 
and chain from South Russia. Ist cen- 
tury B.C. Cleveland Museum of Art. 


TABLE 1. Active gem localities of the 2000s for major colored stones. 


Gem material/locality 


Reference 


Gem material/locality 


Reference 


BERYL—Emerald 


¢ Africa 


Madagascar 


Fianarantsoa—Mananjary: Ambodibakoly, 
Ifanadiana, Irondro, Kianjavato, Morafeno 


Toliara—lanapera: Sakalava 
Mozambique 


Zambézia—Gilé: Niane, Rio Maria; \le: Maria Ill. 
Uape: Maria Norte 


Nigeria 


Nassarawa—Nassarawan Eggon 
Kaduna—Gwantu: Ankara; Nandu: Nandu 
Somalia 
Awdal—Alihiley, Simodi 
South Africa 
Limpopo—Gravelotte 
Tanzania 


Schwarz and Giuliani (2001), 
Griindmann and Giuliani (2002), 
Groat et al. (2008) 

Kanis and Schwarz (2002), 

F. Danet (pers. comm., 2009) 
Henn and Milisenda (2001), Moine 
et al. (2004), Vapnik et al. (2006) 
Vapnik et al. (2005), Andrianjaka- 
vah et al. (2009) 

Kanis and Schwarz (2002), 

jarques (pers. comm., 2009) 
Bettencourt-Dias and Wilson (2000), 
Kanis and Schwarz (2002), Vapnik 
and Moroz (2002), Schappmann 
(2005) 
Kanis and Schwarz (2002), 
J.C. Michelou (pers. comm., 
2009) 
Michelou (2007) 

Vapnik and Moroz (2000) 


= 


Kinnard (200 


Kanis and Schwarz (2002) 


Kanis and Schwarz (2002), M. Saul 
and W. Balmer (pers. comm., 2009) 


A miner at La Pita in Colombia displays a newly dis- 
covered emerald crystal. Photo by Robert Weldon. 
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Manyara—Mangola, Mayoka 
Rukwa—Sumbawanga 


Zambia 


Copperbelt—Luanshya-Kafubu: Chantete, 
Grizzly, Kagem 


Zimbabwe 


Mashonaland West—Karoi: Rukomechi. Mwami: 
Simu, Swallow 

Midlands—Somabhula, Mberengwe: Hyabert, 
Khanya Hlaza, Lodge, Machingwe, Mtombeni, 
Pandora, Pearzam, Sihande, Vidan East, Venus, Zeus 
(Sandawana) 

Masvingo—Masvingo: Brentwood, Mayfield; Guta: 
Chikwanda, Novello 


Moroz et al. (2001), Cairncross 
(2005a), Michelou (2006) 


Moroz et al. (2001), Michelou 
(2006) 
Kanis and Schwarz (2002) 
Milisenda et al. (1999), Taupitz 
(2003a), Laurs (2004c), Seifert et 
al. (2004), Cairncross (2005a), 
Zacharias et al. (2005), Zwaan et 
al. (2005), Lees (2009b), Behling 
and Wilson (2010), Cook (2010a) 
Kanis and Schwarz (2002), 

L. F. Marsh and F. Mugumbate 
(pers. comm., 2009) 


Zwaan and Touret (2000), 
Taupitz (2003b), Zwaan et al. (2004), 
Zwaan (2006) 


¢ Asia 
Afghanistan 


Badakhshan—Khash 

Laghman—Shamya 

Nuristana—Gamitha, Korgun, Lamonda, Titin 
Panjshir—Panjshir Valley: Bisma/ 


China 


Heilongjiang—Boli, Hehe, Jiamusi 
Yunnan—Maguan-Malipo: Dayakou Mountain, 
Nan-Jiang, Wenshan 

Xinjiang Uygur—Taxkorgan: Davdar 


India 


Orissa—Balangir, Phulabani, Sambalpur 
Rajasthan—Ajmer, Kaliguman, Rajgarh, Udaipur 
amil Nadu—Salem 

Pakistan 


Federally Administered Tribal Areas—Bajaur, 
ohmand: Gandao 

Gilgit-Baltistan—Basha Valley: Doko 

orth-West Frontier—Swat Valley: Charbagh, 
Gujar Kili, Makad, Mingora 


Russia 

iddle Ural Mountains—Asbest: Marinskiy, 
zumrudnye Kopi: Cheremshansk, Krasnobolotnoe, 
Malyshevsk, Sverdlovsk 


Schwarz and Giuliani (2002c), 
Kalukiewicz (2005), D. Blauwet 
(pers. comm., 2009) 


Laurs (2001a) 
Laurs (2001a) 
Sachanbirski et al. (2003), Fijat 


et al. (2004), Pardieu and 
Soubiraa (2006) 

Ou Yang (2005), Smith et al. (2005), 
X. Yuan (pers. comm., 2009) 

B. Ottens (pers. comm., 2009) 

Wu (2004), Liu (2005), Li (2009), 
arshall et al. (2009) 


Blauwet et al. (2005), Michelou 
and Pardieu (2009), Schwarz and 
Pardieu (2009) 

chwarz and Giuliani (2002c), G. 
houdhary, J. Panjikar, and A. 
holakia (pers. comm., 2009) 
ichelou (2006) 


chelou (2006) 


= 


a 


vVQM 


Schwarz and Giuliani (2002c), 
D. Blauwet (pers. comm., 2009) 


Einfalt (2002), Hammer (2004a) 


Hammer (2004a,d) 

Einfalt (2002), Hammer (2004a), 
Pardieu and Soubiraa (2006b), 
Arif et al. (2010) 


Zolotukhin (1999), Kupriyanova 
(2002), Hochleitner (2005a), 
Kozlov (2005), Lyckberg (2005a), 
P. Lyckberg (pers. comm., 2009) 


8 This table lists active mining localities of the decade for the more important 
colored stones, with references to publications in the contemporary literature 
and personal communications. The country name is followed by the 
province/state/region, then the district or mining area, and finally (in italics) the 
name of the closest town or mine/deposit/occurrence when known. Towns or 
mines that the authors believe were important producers during the past 
decade are shown in boldface text. The references cited can be found in the 
G&G Data Depository at gia.edu/ganag. Tables for the localities of diamonds. 
minor colored stones, and pearls can be found in the G&G Data Depository. 
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Gem material/locality 


Reference 


Gem material/locality 


Reference 


¢ Australia 


New South Wales—New England Range: Emmaville, 
Torrington 


Queensland—Mount Surprise 
Western Australia—Menzies, Pilbara, Poona, Wodgina 


Henry (2005), Sutherland (2006) 


«@ North America 
Canada 
Northwest Territories—Tungsten: Lened 


Ontario—Dryden: Taylor 


Yukon Territory—Finlayson Lake: 7sa da Glisza 
(Regal Ridge) 


United States 
North Carolina—Alexander: Hiddenite 


Wilson (2007,2010) 


Marshall et al. (2004), Groat et al. 
(2008 


Groat et al. (2002), Rohtert (2002b), 
Marshall et al. (2003), Wight (2003), 
Groat (2005) 


Wise (2002, 2009), Potucek (2005), 
Wise and Anderson (2006), Cook 
(2007), Mychaluk (2008), Speer 
(2008), White (2010) 


@ South America 
Brazil 


Bahia—Anajé, Brumado: Serra das Equas, Campo 
Formoso: Socoto; Piléo Arcado: Salininha, 
Pindobagu: Carnaiba 


Goiaés—Pirendpolis, Santa Teresinha: Campos 
Verdes, Santa Teresinha 


Minas Gerais—Conselheiro Pena: /tatiaia, Hematita, 
Itinga, \tabira: Belmont, La Rocha, Nova Era, Piteiras 


Rio Grande do Norte—Lajes 
Tocantins—Monte Santo, Paraiso do Tocantins 
Colombia 


Boyaca—Chivor, Cosquez, Muzo, Pava; 
Maripi (La Pita): Polveros; San Pablo 
de Borbur: Pefias Blancas 


Cundinamarca—Gachala, Yacopi 


Pinto and Pedrosa-Soares (2001), 
Schwarz and Giuliani (2002b) 


Couto (2000) 


D'el-Rey Silva and Neto (2002) 


Kanis (2001,2002), Levinson et 
al. (2001a), Mossman (2001), 
Preinfalk et al. (2002), Rondeau et 
al. (2003) 

ilisenda (2007) 

J. HyrS! (pers. comm., 2009) 
Banks et al. (2000), Giuliani et al. 
2000), Schwarz and Giuliani 
(2002a) 

Johnson et al. (2000a), Michelou 
2001,2005,2006), Boehm (2002a), 
Fritsch et al. (2002a), Vuillet et al. 
(2002), Campos-Alvarez and 
Roser (2007) 


BERYL—Aquamarine/Heliodor/Morganite 


¢ Africa 

Kenya 
Eastern—Embu 

Madagascar 


Antananarivo—Ambohidrano, Anjanabonoina, 
Ankazobe, Antsirabe, Betafo, Mahaiza, Mount Bity, 
Vohitrakanga 


Antsiranana—Andapa 
Fianarantsoa—Ambatovita, Isahara, Voandambo 
Mahajanga—Andriamena, Boriziny, Mahajamba 
Toamasina—Ambatondrazaka 
Toliara—Amboasary 

Malawi 
Northern—Mzimba 


Mozambique 


Nampula—Chalaua (Moma), Lalaua: La/aua; Malema: 


Mutuéli 


Tete—Maravia: Marirongué; Mutarara: Nhaphali, 
Zumbo: Mese River 


Zambézia—Alto Molécué: Namacotche; Gilé: 
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Cairncross (2005a) 


Henn and Milisenda (2001), 
F. Danet and F. Pezzotta (pers. 
comm., 2009) 


Pezzotta (2001b), Danet (2007) 


Pezzotta (2001b) 
Laurs and Quinn (2002a) 
Pezzotta (2001b) 


Cairncross (2005a), Michelou 
(2006), Dill (2007) 
J. Marques (pers. comm., 2009) 


Bettencourt-Dias and Wilson 


Marropino, Muiane, Naipa; Milange, Mocuba, Murrua 


Namibia 
Erongo—Erongo Mountains, Klein and Grosse 
Spitzkoppe, Réssing Mountain 


Nigeria 


Kaduna—Kwoi 

Kogi—Egbe, Okene 
Nassarawa—Akwanga 
Niger—Paikolo 

Ogun—jebu Igbo, Igbo Ora 
Oyo—Olonde: Concord, Gbayo 
Plateau—Bomo 

South Africa 

jorthern Cape—Keimoes 
Tanzania 


Arusha—Loliondo 
Rukwa—Sumbawanga 
Ruvuma—Nyamtumbo, Songea, Tunduru 
Zambia 

Central—Mkushi 

Eastern—Chama, Lundazi 


Southern—ltezhi-Tezhi 
Zimbabwe 


Mashonaland Central—Rushinga: First Try, God's Gift 
Mashonaland East—Mutoko: Benson 


Mashonaland West—Mwami: Baboon Hill, Gwati, JLM, 
Saint Ann's, Simu, Swallow, Green Walking Stick 


(2000), Schafer and Arlt (2000), 
Schappmann (2005), Cairncross 
(2005a) 

G. Schneider (pers. comm., 2009) 
Jahn (2000), Jahn and Bahmann 
(2000), Glas (2002), Laurs 
(2002a), Cairncross (2005a), 
Cairncross and Bahmann (2006a) 


Michelou (2006, 2007), 
J. Michelou (pers. comm., 2009) 


Cairncross (2005) 


ichelou (2006), D. Mantheakis 
(pers. comm., 2009) 


Laurs (2002b) 
C. Milisenda (pers. comm., 2009) 


ilisenda et al. (2000), Carranza 
et al. (2005) 


Cairncross (2005a), L. F. Marsh and 
F. Mugumbate (pers. comm., 2009) 


ilisenda et al. (2000), Cairncross 
2005b), Wise (2005) 


Cairncross (2005a) 
Cairncross (2005a) 


Matabeleland South—Filabusi, Zvishavane 
Masvingo—Gutu: Novello 

¢ Asia 

Afghanistan 


Kunar—Darra-i-Pech, Kala 


Nuristan—Grangal, Mawi, Papra, Paprowk, Waigon, 
Watata 


China 


Sichuan—Pingwu: Xuebaoding Mountain 


Yunnan—Yingjiang: Ailaoshan Mountains, 
Gaoligongshan Mountains 


Xinjiang Uygur—Altai Mountains: Koktokay 


India 


ammu and Kashmir—Sunjam, Zanskar 
Jharkhand—Hazaribag 


Orissa—Balangir, Kantabanji, Phulabani, Sambalpur, 
Subarnapur 

Rajasthan—Ajmer, Panwar, Sarwad, Shahpura, Tonk 
amil Nadu—Coimbatore, Dindigul, Kadavur, Kanga- 
yam, Kanniyakumari, Karur, Kurumbapatti, Madurai, 
Padiyur, Salem, Sivapuram, Tarapuram, Tharagampatti, 
iruchchirappalli, Tiruppur, Varusha Nadu 

Myanmar 


Karen 
Mandalay—Kabaing, Kume, Mogok: Sakhangyi 


GEMS & GEMOLOGY 


D. Blauwet (pers. comm., 2009) 
Glas (2002) 


Ou Yang (2005), Smith et al. 
(2005), Michelou (2006), X. Yuan 
(pers. comm., 2009) 


Liu (2005) 
Wu (2004), Liu (2005), Marshall 
et al. (2009) 

Tang et al. (2004), Liu (2005), 

Li (2009) 

Quinn-Darenius (2008), G. Choud- 
dhary and J. Panjikar (pers. 
comm., 2009 


Boehm (2000 


Michelou (2006), Win (2009) 
Boehm (2000), Michelou (2006) 


M. Smith, K. Thu, and T. Hlaing 
(pers. comm., 2009) 


Kyi etal. (2005), Hlaing (2009a) 
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Gem material/locality 


Reference 


Gem material/locality 


Reference 


Sri Lanka 


Shan—WMolo: Katchay, Momeik 


Pakistan 


Gilgit-Baltistan—Basha Valley: Bien, Biensia, Dogoro, 
Sibiri, Thorgu, Braldu Valley: Apo Ali Gun, Baha, 
Byansahpi, Chhappu, Dassu, Foljo, Gone, Hoh Nala, 
Nyet, Nyet Bruk, Teston, Tosho; Hunza Valley: Chumar 
Bakhoor, Nagar, \ndus Valley: Baluchi, Baralooma, 
Dassu, Drot, Haramosh, Khargulook, Raikot, Rhondu, 
Sabsar, Saichais, Sassi, Shengus; Shigar Valley: 
Haiderabad, Mungo, Sildi, Yuno 

Russia 

Middle Ural Mountains—Asbest: Marinskiy, 
Yekaterinburg: Aduy, Alabashka 
Transbaikalia—Borzya: Sherlova Gora, Chita: Adun- 
Chilon, Krasnyy Chikoy: Malkhan Mountains 


Central—Hatton, Nawalapitiya, Rattota 
Sabaragamuwa—Balangoda, Opanayaka, Ratnapura 
Southern—Hambantota, Lunugamwehera, Mitiyagoda 


Ukraine 
Zhytomyr—Zhytomyr: Volodarsk-Volynskiy 


Vietnam 


Nghe An—Qui Phong, Qui Vinh 
Phu Tho—Lu Phu, Phu Tho 
Thanh Hoa—xuan Loc 

Yen Bai—Minh Tien, Luc Yen 


Kyi et al. (2005) 

D. Blauwet (pers. comm., 2009) 
Hammer (2003a,2004d), Hammer 
and Muhammad (2004), Blauwet 
2004), Blauwet and Muhammad 
2004) 


P. Lyckberg (pers. comm., 2009) 


Hochleitner (2005a,b), Lyckberg 
(2005a), Badanina et al. (2008), 
P. Lyckberg (pers. comm., 2009), 
Zaraisky et al. (2009) 


G. Zoysa (pers. comm., 2009) 


Dissanayake et al. (2000) 


Laurs et al. (2006b), Michelou 
(2006) 


Lyckberg (2005a), Lyckberg et al. 
2009) 


Pham et al. (2004a), D. Blauwet 
(pers. comm., 2009) 


ichelou (2006) 


¢ Europe 
Finland 
Kymi—Luumak 


Lyckberg (2004a,b,2005b), Wise 
(2005) 


@ North America 
Canada 


British Columbia—Atlin, Bennett: Mount Foster, 
Passmore: B-Q Claim 


Ontario—Quadeville 
Yukon Territory—Watson Lake: True Blue 
United States 


California—Riverside: Chihuahua Valley; San Diego: 
Jacumba, Mesa Grande, Pala, Ramona, Rincon 


Colorado—Chaffee: Mount Antero 
Connecticut—Middlesex (East Hampton): Slocum 
Idaho—Sawtooth Mountains 
Maine—Oxford-Sagadahoc: Buckfield, Mount Mica, 
Oxford, Stoneham, Topsham 

New Hampshire—Grafton (Groton): Palermo, Sullivan- 
Cheshire: Keene 


Wilson (2010) 
Groat (2005), Wilson (2007) 


Wilson (2007) 

Groat (2005), Turner et al. (2007) 
White (2010) 

Fisher (2005), Mauthner (2008) 


Jacobsen (2005), Potucek (2005) 
Jarnot (2005), Wise (2005) 
Potucek (2005) 


Jarnot (2005) 
Wise (2005) 


@ South America 
Brazil 


Bahia—Alcobaca: Juerana; Itambé: Morro da Gloria, 
Paraiso; ttanhém: Jaqueté; Macarani: Lajedinho, 
Maiquinique: Jagarauna; Vitoria da Conquista: 
Cercadinho 

Espirito Santo—Baixo Guandu: Santa Cruz (Itapina); 
Castelo: Forno Grande, \taguagu: Boa Vista, Mimoso 
do Sul: Concérdia, Muqui: S20 Domingos; Pancas 
Minas Gerais—Conselheiro Pena-Galiléia- 
Resplendor; Medina-Pedra Azul; Santa Maria de 
Itabira-Ferros; Tedfilo Otoni-Topazio-Catuji-Padre 
Paraiso-Carai; Coronel Murta: Paineira, Pau Alto, 
Terra Corrida 
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César-Mendes et al. (2001), Pinto 
and Pedrosa-Soares (2001) 


Couto (2000), Menezes (2005) 


Menezes (2005) 


Mossman (2001), Viana et al. 
(2002), Laurs (2004a), Ferreira 
et al. (2005), Menezes (2005), 
Millisenda and Bank (2005), 
Steger (2006), L. Barbosa (pers. 
comm., 2009) 


Rio Grande do Norte—Acari, Lajes Pintadas, Sao 
Joao do Sabuji, Tenente Ananias 


Bhaskara-Rao (2002), Bhaskara- 
Rao et al. (2004), B. Cook (pers. 
comm., 2009) 


CHRYSOBERYL (Including cat's-eye) 


¢ Africa 

Madagascar 
Antananarivo—Ankazobe 

Fianarantsoa—Ambositra, llakaka 


oamasina—Ambatondrazaka 
Tanzania 


anyara—Mayoka 

itwara—Lumesule River 

Ruvuma—Muhuwesi River, Mtetesi River, Tunduru 
Zambia 

Eastern—Muyombe: Kalanga Hill 

Zimbabwe 


ashonaland West—Kadoma: Rattis; Mwami: 
Green Walking Stick, Haslemere, Pearl, Spider 


idlands—Somabhula 


asvingo—Gutu: Novello; Masvingo: 
Brentwood 


F. Danet (pers. comm., 2009) 
Henn and Milisenda (2001) 


ilisenda et al. (2001b), Pezzotta 
(2001f,g,h), Schmetzer et al. 
2002b) 


Pezzotta (2001b) 


ichelou (2006), W. Balmer, 
D. Mantheakis, and M. Saul (pers. 
comm., 2009) 


Pardieu (2007a) 


Zaéek and Vrdna (2002) 


L. F. Marsh and F. Mugumbate 
pers. comm., 2009) 


¢ Asia 
India 


Andhra Pradesh—Addatigala, Araku Valley, Chinta- 
palli, Godavari, Khammam, Paderu, Srikakulam, 
Vizianagaram 
Kerala—Quilon 
Orissa—Balangir, Kalahandi, Kantabanji, Koraput, 
Rayagada, Sambalpur 
Tamil Nadu—Dindigul, Kangayam, Kanniyakumari, 
Karur, Madurai, Tirunelveli 

Sri Lanka 
Sabaragamuwa—Kalawana, Niwitigala, Pelmadulla, 
Rakwana, Ratnapura 


G. Choudhary and J. Panjikar 
(pers. comm., 2009) 


Michelou (2006), Sarkar and Guru 
(2010) 


Michelou (2006) 


Michelou (2006), A. Dholakia 
(pers. comm., 2009) 


Michelou (2006) 


G. Zoysa (pers. comm., 2009) 


Southern—Akuressa, Deniyaya, Morawaka, Pattara ichelou (2006) 
¢ Australia 
Western Australia—Dowerin Downes and Bevan (2006) 


¢@ South America 

Brazil 
Espirito Santo—Colatina: Pancas 
Minas Gerais—Padre Paraiso 


CHRYSOBERYL —Alexandrite 


¢ Africa 
Madagascar 
Fianarantsoa—tlakaka 


Tanzania 
anyara—Mayoka 


Zimbabwe 


idlands—Somabhula 
asvingo—Gutu: Novello 


Pinto and Pedrosa-Soares (2001) 
J. Hyr8! (pers. comm., 2009) 
L. Barbosa (pers. comm., 2009) 


F. Danet (pers. comm., 2009) 


Milisenda et al. (2001b), Pezzotta 
(2001f,g,h), Schmetzer (2002) 


Michelou (2006), D. Mantheakis 
(pers. comm., 2009) 

L. F. Marsh and F. Mugumbate 
(pers. comm., 2009) 


¢ Asia 
India 


GEMS & GEMOLOGY 


G. Choudhary and J. Panjikar 
(pers. comm., 2009) 
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Gem material/locality Reference Gem material/locality Reference 

Andhra Pradesh—Addatigala, Araku Valley, Godavari, Michelou (2006) Dodoma—Winza Hanni (2008), Laurs and Pardieu 
Khammam, Srikakulam, Vizianagaram (2008), Schwarz et al. (2008), 
Chattisgarh—Raipur a Schmetzer et al. (2010) 
Kerala—Aruvikkara, Kolattupuzha, Ooruttambalam Michelou (2006) ilimeniare-—epngiden Mondarata aie i006 in ae 
Madhya Pradesh—Deobhog on (2006), Le Goff et al. 
Orissa—Sambalpur : : orogoro—Epanko, Lukande, Mahenge, Matombo, Pardieu and Senoble (2005e), 
Tamil Nadu—Dindigul, Kangayam, Kanniyakumari, Sarkar and Guru (2010) Uluguru Mountains Michelou (2006), Pardieu (2007a) 


Karur, Madurai, Palni, Tirunelveli 
Russia 


Middle Ural Mountains—Izumrudnye Kopi: 
Malyshevsk, Sverdlovsk 


Sri Lanka 


Sabaragamuwa—Kalawana, Niwitigala, Pelmadulla, 
Rakwana, Ratnapura 


Southern—Akuressa, Deniyaya, Morawaka, Pattara 


Hochleitner (2005a), Kozlov (2005), 
Lyckberg (2005a) 


G. Zoysa (pers. comm., 2009) 
Dissanayake et al. (2000) 


Rukwa—Chala 

Ruvuma—Amanimakoro, Masuguru, Mtetesi River, 
uhuwesi River, Ngapa, Songea, Tunduru 
Tanga—Kalalani, Umba Valley 


Zimbabwe 


idlands—Somabhula 


Hamid et al. (2000), Pardieu 
and Senoble (2005e) 


L. F. Marsh and F. Mugumbate 
(pers. comm., 2009) 


¢ Australia 
Western Australia—Dowerin 


Downes and Bevan (2006) 


@ South America 
Brazil 
Bahia—Pindobacu: Carnaiba 
Goias—Minagu: Pela Ema 
Minas Gerais—Hematita, Malacacheta, Manhuagu 


CORUNDUM—Ruby 


¢ Africa 
Kenya 


Coast—Kuranze: Ushinai; Mangare: John Saul 
(Rockland) 


Rift Valley—Eldoret: Baringo; West Pokot: A/ale 
Madagascar 


Antananarivo—Antanifotsy, Antsahanandriana, 
Faratsino, Soamiakatra 


Antsiranana—Ambondromifehy 
Fianarantsoa—Marosely, Miarinarivo, Sakeny 
Mahajanga—Andriba 


Toamasina—Ambatondrazaka, Ambodilalona, 
Amboditavolo, Ambodivandrika, Andilamena, 
Beforona, Didy, Moramanga, Tetezampaho, 
Vatomandry 


Toliara—Anavoha, Ambatomena, Ejeda, Fotodrevo, 
Gogogogo, Maniry, Vohitany 

Malawi 
Southern—Ntcheu: Chimwadzulu Hill 


Mozambique 


Cabo Delgado—Montepuez: Namahaca, 
Namahumbire 


Niassa—Marrupa: Luambéze River; Mavango: 

M’Sawize 

Tete—Changara: Dombe Mountain, Nhaponzo 
Tanzania 


Arusha—Landanai, Lossogonoi, Wundarara 


LOCALITIES OF THE 2000s 


Pinto and Pedrosa-Soares (2001) 


Petersen et al. (2002) 
Mossman (2001), Michelou 
(2006), L. Barbosa and J. HyrSl 
(pers. comm., 2009) 


Garnier et al. (2004a), C. Simonet 
pers. comm., 2009) 

ercier et al. (1999), Pardieu 
and Senoble (2005d), Michelou 
(2006), Laurs (2008), Pardieu 
(2008) 
Laurs (2002c), Blauwet and Laurs 
(2005), Pardieu and Senoble 
(2005d), Pardieu (2008) 
Giuliani et al. (2007a,b), 
Rakontondrazafy et al. (2008), 
F. Danet (pers. comm., 2009) 
Pardieu and Senoble (2005c), 
Rakotosamizanany et al. (2009) 
Rakotosamizanany et al. (2009) 


Laurs (2000), Cartier (2009) 


Hanni (2001), Hanni et al. (2001), 
Leuenberger (2001), Schwarz 
and Schmetzer (2001), Pardieu 
and Senoble (2005c), Rakoto- 
samizanany et al. (2009) 


Emmett (2000), Boehm (2004), 
Laurs (2004c), Dill (2005,2007), 
ichelou (2006), Dill and Ludwig 
(2008) 

J. Marques (pers. comm., 2009) 


Hanni and Krzemnicki (2009), 
Pardieu et al. (2009b,c,e) 


cClure and Koivula (2009), 
Pardieu et al. (2009b,c,e) 


Garnier et al. (2004a,b), W. Balmer, 
D. Mantheakis, and M. Saul (pers. 
comm., 2009) 


Pardieu (2007b), Le Goff et al. 
2008) 


¢ Asia 


Afghanistan 


Badakhshan—Khash 


Kabul—Jegdalek: Mirkhalwat, Warmankai 


Cambodia 


Pailin—Pailin 


China 


Yunnan—Ailaoshan Mountains, Jingping, Yuanjiang, 
Yuanyang 


India 


Andhra Pradesh—Anantapur, Chittoor, Guntur, 
Khammam, Nalgonda, Vishakhapatnam, Warangal 


Chattisgarh—Bastar, Raipur 


Karnataka—Channapatna, Chikmagalur, Coorg, 
Durgadahalli, Hassan, Somvarpet, Maddur, 
Madikeri, Mysore, Pavagada, Subrahmanya (Puttur), 
Ramanahalli, Tumkur 


Kerala—Kolattupuzha 


GEMS & GEMOLOGY 


Hammer (2003b), Garnier et al. 
(2008) 


Laurs (2007b), D. Blauwet (pers. 
comm., 2009) 

Bowersox et al. (2000), Garnier et 
al. (2006), Pardieu and Soubiraa 
(2006a) 


Pardieu (2009), Sutherland et al. 
(2009a) 


Ou Yang (2005), Smith et al. 
(2005), Michelou (2006), B. Ottens 
and X. Yuan (pers. comm., 2009) 


Wu (2004), Li (2009) 


G. Choudhary and J. Panjikar 
(pers. comm., 2009) 


Michelou (2006) 


Michelou (2006) 
Michelou (2006) 


The Mogok Stone Tract in Myanmar is the source of 
this 9.28 ct star ruby. Courtesy of Hussain Rezayee, 
Rare Gems & Minerals; photo by Robert Weldon. 
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Gem material/locality 
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Gem material/locality 


Reference 


Orissa—Angul, Balangir, Hinjlibahal, Kalahandi 
Tamil Nadu—Kangayam, Karur, Namakkal, Padiyur, 
Palni, Paramatti, Salem, Vellore 


Laos 


Bokeo—Ban Houayxay 
Myanmar 


Kachin—Nanyaseik, Nam Phyu 


Mandalay—Mogok, Thabeikkyin 


Shan—Mong Hsu 
Nepal 

Gandaki—Ganesh Himal: Dhading 
Pakistan 


Azad Kashmir—Neelum Valley: Nangimali 


Gilgit-Baltistan—Basha Valley: Bisi/; Hunza Valley: 


Ahmedabad, Bajouri, Ganesh, Hachindar, Hassanabad 


orth-West Frontie-—Bashi Valley, Battakundi 
Russia 
jorthern Ural Mountains—Polyarnyy: Rai-iz 


iddle Ural Mountains—Yekaterinburg: Alabashka, 
Lipovka 


Southern Ural Mountains—Plast: Svetioe 

Tajikistan 

Kuhistoni-Badakhshon—Pamir Mountains: Murgab, 
uzkol 

Thailand 


East—Bo Rai, Bo Waen, Khao Ploi Waen, Khao 
Saming, Welu Klang, Nong Bon, Tok Phrom 


North-East—Nong Khon, Nam Yuen 
Vietnam 


Binh Thuan—Da Ban, Dak Ton, Ma Lam 
Nghe An—Qui Chau, Qui Hoop 
Quang Nam—Phuoc Hiep 


Yen Bai—An Phu, Lue Yen, Minh Xuan, 
Tan Huong, Thac Ba, Truc Lau, Yen Bai 


Michelou (2006 
Sartar and Guru (2010) 


Michelou (2006), Graham et al. 
(2008) 
Sutherland et al. (2002) 

Barley et al. (2003), Garnier et al. 
(2004b,2008), Thein (2008), M. 
Smith, K. Thu, and T. Hlaing 
(pers. comm., 2009) 

Smith and Bosshart (2001), 
Hlaing (2008), Hlaing and Win 
(2008) 

Garnier et al. (2006), Mitchell et 
al. (2007), Searle et al. (2007), 
Yui et al. (2008) 


Garnier et al. (2006,2008) 
Hammer (2003b,2004d), Garnier 
et al. (2005a,2008), Laurs 

2007b), D. Blauwet (pers. comm., 
2009) 
Pécher et al. (2001 ,2002), 
Chamberlain et al. (2002), Beesley 
2004), Garnier et al. (2004), 
Pardieu and Soubiraa (2006b) 
Hammer (2004a), Garnier et al. 
2006) 
Pardieu et al. (2009f) 

P. Lyckberg (pers. comm., 2009) 
Grygoriev et al. (2000) 


Dufour et al. (2007) 


Sutthirat et al. (2001), Garnier et 
al. (2004b), Graham et al. (2008), 
P. Wathanakul (pers. comm., 
2009) 


Yui et al. (2006) 


Garnier et al.(2002,2004a,2005b, 
2005c,2006,2008), Giuliani et al. 
(2003), Pham et al. (2004a,b,c), 
Michelou (2006), Graham et al. 
(2008), D. Blauwet (pers. comm., 
2009) 
Nguyen et al. (2007) 

Pham et al. (2004d) 

Nguyen et al. (2007) 

Pardieu and Senoble (2005a), 
Blauwet (2006a) 


¢ Australia 


New South Wales—Barrington, Bingara, Cudgegong 
and Macquarie Rivers, Gloucester, Swanbrook, 
Tumbarumba 


Victoria 
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Brown (2002), Sutherland (2006), 
Sutherland and Webb (2007), 
Graham et al. (2008) 


McClure and Smith (2001), 
Sutherland and Fanning (2001, 
2007), Sutherland et al. (2003, 
2009b), Roberts et al. (2004), 
Webb (2007), Graham et al. (2008), 
B. Birch (pers. comm., 2009), 
Sutherland and Abduriyim (2009) 


Sutherland and Abduriyim (2009) 


¢@ South America 
Brazil 


Minas Gerais—Indaia, Malacacheta, Palmeiras, 
Sapucaia 


CORUNDUM-— Sapphire 


¢ Africa 
Kenya 


Coast—Kisoli 
Eastern—Garba Tula (Dusi), Kitui: Kisou 


Rift Valley—Eldoret: Baringo, Turkana: Kanakurdio 
Madagascar 


Antananarivo—Anjomakely, Antanifotsy, 
Mandrosohasina 


Antsiranana—Amboahangimamy, Ambondromifehy, 


Antserasera, Anivorano, Befotaka 


Fianarantsoa—Ambinda, Andranolava, llakaka, 
Marosely, Sahambano, Sakalalina, Zazafotsy 


Toamasina—Andilamena, Vatomandry 


Toliara—Amboasary, Andranondambo, Bekily, 
Betroka, lankaroka, Sakaraha, Voronkafatra 


Malawi 
Southern—Ntcheu: Chimwaazulu Hill 


Mozambique 
Manica—Chimoio: Chimoio 
Tete—Mutarara: Nhaphali 

Nigeria 


Bauchi—Tafawa Balewa 

Borno—Biu-Gunda 

Kaduna—Antang, Gidan Waya, Godogodo 
araba—Adamawa: Ganye; Gembu: Karim Lamido 
Tanzania 


Dodoma—Winza 


orogoro—Lukande, Mahenge, Matombo, Uluguru 
ountains 


Ruvuma—Amanimakoro, Masuguru, Mtetesi River, 
uhuwesi River, Ngapa, Songea, Tunduru 


Tanga—Kalalani, Kigwase, Umba Valley 
Zimbabwe 


idlands—Somabhula 


Liccardo et al. (2005) 


Garnier et al. (2004a), C. Simonet 
(pers. comm., 2009) 


Sutherland and Schwarz (2001), 
Simonet et al. (2004) 

Blauwet and Laurs (2005) 
Garnier et al. (2004a,b), Giuliani 
et al. (2007a,b), Rakontondrazafy 
et al. (2008), F. Danet (pers. 
comm., 2009) 
Rakotosamizanany et al. (2009) 


Laurs (2000, 2003a), Schwarz et 
al. (2000), Pardieu and Senoble 
(2005c), Rakotosamizanany et al. 
2009), Ramdohr and Milisenda 
(2004, 2006) 
Laurs (2000, 2003a), Milisenda 
et al. (2001), Pezzotta (2001f,g, 
h, 2006), Pardieu and Senoble 
(2005c), Ralantoarison et al. 
2006), Cartier (2009) 
Pardieu and Senoble (2005c), 
Rakotosamizanany et al. (2009) 
ilisenda et al. (2001a), Pardieu 
and Senoble (2005c) 


Emmett (2000), Rankin (2002), 
Laurs (2004c), Dill (2005,2007), 

ichelou (2006), Dill and Ludwig 
2008) 


J. Marques (pers. comm., 2009) 


Michelou (2006,2007), J. Michelou 
(pers. comm., 2009) 


Sutherland and Schwarz (2001) 


Garnier et al. (2004a,b), W. 
Balmer, D. Mantheakis, and M. 
Saul (pers. comm., 2009, 2010) 
Laurs and Pardieu (2008), Schwarz 
et al. (2008), Schmetzer et al. (2010) 
Pardieu and Senoble (2005e), 
ichelou (2006), Pardieu (2007a) 
Pardieu and Senoble (2005e), 
ichelou (2006), Pardieu (2007a) 
ichelou (2006) 


L. F. Marsh and F. Mugumbate 
pers. comm., 2009) 


¢ Asia 
Afghanistan 


Kabul—Jegdalek 
Wardak—Maidan Shahr 


GEMS & GEMOLOGY 


Hammer (2003b), Garnier et al. 
2008), D. Blauwet (pers. comm., 
2009) 

Bowersox et al. (2000) 

Laurs (2002d), Quinn and Laurs 
2004a) 
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Reference 


Cambodia 
Pailin—Pailin 
China 


Fujian—Mingxi: Ga/yang 
Hainan—Wenchang: Penglai 
Jiangsu—Liuhe: Lianshan 
Shandong—Changle: Wutu 
Xinjiang—Taxkorgan 

India 


Andhra Pradesh—Anantapur, Hindupur, 
Ratnagiri Hills 


Jammu and Kashmir—Doda, Sunjam 
Kerala—Quilon, Trivandrum 
Orissa—Balangir, Nawapara, Sambalpur 


Tamil Nadu—Kangayam, Kanniyakumari, Karur, 
Padiyur, Venkatpuram 


Laos 


Bokeo—Ban Houayxay 
Myanmar 


Sutherland and Schwarz (2001) 
Sutherland et al. (2009a) 


Sutherland and Schwarz (2001), 
Liu (2004), Ou Yang (2005), 
Smith et al. (2005), Michelou 
(2006), X. Yuan (pers. comm., 
2009) 


Li (2009) 
Li (2009) 
Li (2009) 
Li (2009) 

Tang et al. (2004) 


Garnier et al. (2004a,2008), 
G. Choudhary and J. Panjikar 
(pers. comm., 2009) 


Michelou (2006) 
Santosh et al. (2002) 


McClure et al. (2005a), Michelou 
(2006) 


Sutherland and Schwarz (2001), 
Garnier et al. (2004a), Michelou 
(2006) 


Sutherland et al. (2002a) 
Barley et al.(2003), Garnier et al. 


These sapphire crystals from Sri Lanka (yellow 
6.8 g, blue 8.4 g) show a typical bipyramidal 
habit. Courtesy of Bill Larson, Palagems.com; 
photo by Robert Weldon. 
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Kachin—Nanyaseik 
Mandalay—Kyauksin, Mogok, Thabeikkyin 


Shan—Mong Hkak, Mong Hsu 
Nepal 

Gandaki—Ganesh Himal: Dhading 
Pakistan 


Gilgit-Baltistan—Astore Valley: Batwash Gar, Hunza 
Valley: Ganesh 


North-West Frontier-—Battakundi, Kohistan: Sapat 


Russia 


Far East—Primorsky: Kedrovka River, Krasno- 
armeisky, Nezametnoye 


Sri Lanka 


Central—Elahera, Lunugala, Passara, Polonnaruwa 


Sabaragamuwa—Balangoda, Eheliyagoda, Embili- 
pitiya, Niwitigala, Pelmadulla, Rakwana, Ratnapura 


Southern—Kataragama, Matara, Ridiyagama 
Uva—Bibile, Haputale, Moneragala, Okkampitiya, 
Wellawaya 


Western—Akurana, Horana, Ingiriya, Kiriella, 
Pelpola, Pugoda 


Thailand 


East—Khao Ploi Waen 


North-East—Nong Khon, Nam Yuen 
North—Chiang Khong, Den Chai, Wang Chin 


West—Bo Phloi, Kanchanaburi 
Vietnam 


Binh Thuan—Da Ban, Dak Ton, Ma Lam, Phan Thiet 
Dak Lak—Dak Nong 

Dong Nai—Xa Gia Kiem, Xuan Loc 

Lam Dong—Bao Lac, Di Linh 

Nghe An—Qui Chau, Qui Hoop 


Quang Nam—Phuoc Hiep 
Yen Bai—An Phu, Bai Da Lan, Lue Yen, Yen Bai 


(2004b,2008), Thein (2008), M. 
Smith. K. Thu, and P. Hlaing 
(pers. comm., 2009) 


itchell et al. (2007), Searle et al. 
(2007) 


Hlaing (2008) 
Garnier et al. (2008) 


jammer (2003b,2004d), Henn 
nd Milisenda (2005), Garnier et 
. (2008), D. Blauwet (pers. 
omm., 2009) 


jammer (2004a) 


reper 


Quinn and Laurs (2004a), Pardieu 
et al. (2009f) 


Khanchuk (2002), Pakhomova 
et al. (2006), Nechaev et al. (2009) 
Dharmaratne (2003), Garnier et al. 
(2004a,b), Pardieu and Senoble 
(2005b), G. Zoysa (pers. comm., 
2009) 
Dissanayake et al. (2000), Pardieu 
and Senoble (2005b) 
Dissanayake et al. (2000), Pardieu 
and Senoble (2005b) 


Sutherland and Schwarz (2001), 
Garnier et al. (2004a,b), Graham 
et al. (2008), P. Wathanakul (pers. 
comm., 2009) 

Promprated et al. (2003), Yui et al. 
(2006) 
Wathanakul et al. (2007) 
Limtrakun et al. (2001), Yui et al. 
(2003) 
Choowong (2002) 
Sutherland and Schwarz (2001), 
Garnier et al. (2004a,b,2005b, 
2005c,2008), Pham et al. 
(2004a,b), Michelou (2006), 
Graham et al. (2008), D. Blauwet 
(pers. comm., 2009) 

Nguyen et al. (2007) 


Nguyen et al. (2007) 
Pardieu and Senoble (2005a), 
Blauwet (2006 


¢ Australia 


New South Wales—Barrington, Bingara, Cudgegong 
and Macquarie Rivers, Gloucester, New England 
Range: Glen Innes, Inverell, Tumbarumba, Yarrowitch, 
Oberon, Vulcan State Forest 


Queensland—Anakie, Rubyvale 


GEMS & GEMOLOGY 


Sutherland and Schwarz (2001), 
Brown (2002), Garnier et al. 
(2004a,b), Jaques and Milligan 
(2004), Sutherland (2006), 
Sutherland and Webb (2007), 
Graham et al. (2008) 
McClure and Smith (2001), 
Sutherland and Fanning (2001), 
Sutherland et al. (2002b, 2003, 
2009b), Roberts et al. (2004), 
Zaw et al. (2006), Webb (2007), 
Sutherland and Abduriyim (2009) 


Sutherland and Abduriyim (2009) 
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Gem material/locality 


Reference 


Gem material/locality 


Reference 


Tasmania—Weldborough 


Victoria 
New Zealand 
South Island—Dunedin 


Zaw et al. (2006), Sutherland and 
Abduriyim (2009) 
Sutherland and Abduriyim (2009) 


Kiefert et al. (2006) 


¢@ North America 
Canada 


British Columbia—Slocan Valley near Passmore: 
Blu Moon, Blu Starr, Sapphire Hill 


Nunavut—Baffin Island: Kimmirut 


Ontario—Bancroft 

United States 
Montana—Deer Lodge: Dry Cottonwood Creek, 
Granite: Rock Creek; Judith: Yogo Gulch; Lewis and 
Clark: American Bar, Dana Bar, Eldorado Bar, Emerald 
Bar, French Bar, Magpie Gulch, Metropolitan Bar, and 
Spokane Bar along the Missouri River 


Wilson (2010) 

Coenraads and Laird (2000), 
Wilson (2007) 

LeCheminant et al. (2004), Wilson 
(2007) 

Wight (2004) 


Mychaluk (2001), Berg (2004), 
Garnier et al. (2004a), Berger 
and Berg (2006), White (2010) 


@ South America 
Brazil 


Minas Gerais—Indaid, Malacacheta, Manhuacu, 
Palmeiras, Sapucaia 


Colombia 
Cauca—Mercaderes: Rio Mayo 


GARNET —Almandine/Rhodolite 


¢ Africa 
Ethiopia 

Sidamo—Agere Maryam, Chumba 
Kenya 


Coast—Chawia, Kamtonga, Kisoli, Kuranze, Mangare, 
anoa, Mgama, Mukongonyi, Mwachango: Kambanga 


Rift Valley—Kajiado 
Madagascar 


Antananarivo—Betafo 
Fianarantsoa—Ambositra, Ankaditany, llakaka, Ranohira 
Toamasina—Ambatondrazaka, Andreba, Marolambo 


Toliara—Ambovombe, Ampanihy, Bekily, Betioky, 
Betroka, Fotodrevo, Sakaraha, Taolagnaro, Tranoroa 


Mozambique 
iassa—Cuamba: Cuamba 
Tanzania 


Arusha—Komolo, Merelani Hills 
Kilimanjaro—Hedaru, Mwembe 
Lindi—Namungo 
Manyara—Lelatema Mountains 


Morogoro—Mahenge, Matombo, Mvuha, 
Uluguru Mountains 


Mtwara—Namaputa 
Ruvuma—Mtetesi River, Muhuwesi River, Tunduru 
Tanga—Kalalani, Kigwase, Mwakijembe, Umba Valley 


Henn and Petsch (2000), Liccardo 
et al. (2005) 


Johnson et al. (2000c), Romero- 
Ordéfiez and Rodriguez-Vargas 
(2002), Duroc-Danner (2003), 
Sutherland et al. (2008) 


Quinn and Laurs (2005a) 
C. Simonet (pers. comm., 2009) 


Henn and Milisenda (2001), 
F. Danet (pers. comm., 2009) 


Schmetzer et al. (2002c) 
Schmetzer et al. (2001,2002b) 


J. Marques (pers. comm., 2009) 


W. Balmer, D. Mantheakis, and M. 
Saul (pers. comm., 2009, 2010) 


Quinn-Darenius and Laurs (2008) 


Blodgett et al. (2007) 


¢ Asia 

Afghanistan 
Kunar—Darra-i-Pech 

India 


Andhra Pradesh—Bhadrachalam, Chittoor 


Orissa—Angul, Balangir, Deogarh, Kalahandi, Koraput, 
Phulabani, Nuapada, Sambalpur, Subarnapur 


Rajasthan—Ajmer, Bendria, Bhilwara, Kakaoria, 
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Quinn and Laurs (2004b) 


G. Choudhary and J. Panjikar 
(pers. comm., 2009) 


Sangwa, Sarwad, Tonk, Udaipur 


Tamil Nadu—Karur, Madurai, Nilgiri, Salem, 
Tiruchchirappalli 


Myanmar 

Shan—Mong Hsat 
Russia 

Karelia—Sortavala: Kitelskoe 
Sri Lanka 


Central—Elahera, Kongahawela, Maskeliya, 
Polonnaruwa 


Sabaragamuwa—Ratnapura 


T. Hlaing (pers. comm., 2009) 


P. Lyckberg (pers. comm., 2009) 
G. Zoysa (pers. comm., 2009) 


¢ Europe 
Austria 
Tirol—Ziller Valley 


Staebler and Pohwat (2008) 


¢ Oceania 
Solomon Islands 
alaita 


Thirangoon (2010) 


North America 

Canada 

British Columbia—Passmore: B-Q Claim 
unavut—Baffin Island 

United States 

Alaska—Wrangell Mountains: Wrangell! 


a4 


(daho—Benewah: Emerald Creek 


Wilson (2010) 
Wilson (2007) 
Wilson (2007) 
White (2010) 


Crawford et al. (2005), Staebler 
and Pohwat (2008) 


Ream (2000), Gunter (2008) 


South America 
Brazil 


a4 


Marimbondo 
Tocantins—Peixe: Fazenda Balisto 


GARNET —Andradite/Demantoid 


¢ Africa 
Eritrea 
Northern Red Sea—Sciumagalle 


Madagascar 
Antsiranana—Antetezambato 


Namibia 
Erongo—near Erongo Mountain, Tubussis: 
Green Dragon 


Rio Grande do Norte—Carnatiba dos Dantas: 


Ferreira et al. (2007) 


Eeckhout et al. (2004) 


Milisenda and Hunziker (1999), 
Furuya (2007b) 

F. Danet (pers. comm., 2009) 
Danet (2009a), Mocquet et al. 
(2009), Rondeau and Fritsch 
(2009), Rondeau et al. (2009b), 
Schmetzer and Karampelas 
(2009), Pezzotta (2010), Praszkier 
and Gajowniczek (2010) 


Laurs (2002e), Cairncross and 
Bahmann (2006a), Fritz et al. 
2007c), Furuya (2007p), 
Stephenson and Kouznetsov (2009) 


¢ Asia 
China 
Iran 
Kerman—Jiroft: Sogdan 


Japan 

Nara—Tenkawa: Kouse 
Pakistan 

Baluchistan 


Federally Administered Tribal Areas—Bajaur: Mana 


Gilgit-Baltistan—Nanga Parbat 
North-West Frontier-—Kaghan Valley 


GEMS & GEMOLOGY 


Renfro and Laurs (2010) 


Laurs (2002f), Douman and 
Dirlam (2004), Furuya (2007b), 
Karampelas et al. (2007), Zang 
(2008a), Stephenson and 
Kouznetsov (2009) 


Hainschwang and Notari (2006) 
D. Blauwet (pers. comm., 2009) 
Fritz and Laurs (2007b) 


Milisenda et al. (2001a), Quinn 
and Laurs (2005b) 


Furuya (2007b) 


Milisenda et al. (2001a), Quinn 
and Laurs (2005b) 
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Gem material/locality 


Reference 


Gem material/locality 


Reference 


Russia 


Middle Ural Mountains—Nizhniy-Tagil: Bobrowka 
River, Verkhniy Ufaley: Karkodino, Kladovka, 
Poldenevaya 


Turkey 
Erzincan—Erzincan 


Laurs (2003b), Hochleitner (2005a), 
Korchevskaya (2006), Furuya 
(2007b), Zang (2008a), P. Lyckberg 
(pers. comm., 2009), Stephenson 
and Kouznetsov (2009) 


Inns and Laurs (2009) 


@ Europe 
Italy 
Lombardy—Sondrio: Malenco Valley 


Zang (2008a), Adamo et al. 
(2009b), Stephenson and 
Kouznetsov (2009) 


@ North America 
Canada 
Quebec—Black Lake: Lac D'‘Amiante 
Yukon Territory —Swift River 
Mexico 
Sonora—Hermosillo 


Wilson (2010 
Wilson (2007), Amabili et al. (2009) 
Wilson (2007 


Boehm (2006 


GARNET —Grossular/ Hessonite/Tsavorite 


¢ Africa 

Kenya 
Coast—Chawia, Kamtonga, Kisoli, Kuranze, 
Mangare, Manoa, Mgama, Mukongonyi, 
Mwachango: Kambanga 


Rift Valley—Kajiado 
Madagascar 
Toliara—Behara, Bekily, Berenty, Ejeda, Gogogogo 


Mali 
Kayes—Sandaré 
Nigeria 
Cross River 
Kogi—Makutu 
Kwara—Babana 
Plateau 
Tanzania 


Arusha—Komolo: Lemeshuko; Loliondo, Merelani 
Hills 


Lindi—Mbekenyera, Namungu Hill 


Manyara—Lelatema Mountains, Naberera, Namalulu 


Ruvuma—Mtetesi River, Muhuwesi River, Tunduru 
Tanga—Kalalani 


C. Simonet (pers. comm., 2009) 
Levinson et al. (2001d), Pardieu 
and Senoble (2005d), Michelou 
(2006), Pardieu (2008), Pardieu 
and Hughes (2009), Jang-Green 
and Beaton (2009) 


F. Danet (pers. comm., 2009) 
Henn and Milisenda (2001), Laurs 
(2003a), Pardieu and Hughes 
(2009) 


Dameron (2008) 
J. Michelou (pers. comm., 2009) 


Levinson et al. (2001d), W. Balmer, 
D. Mantheakis, S. Merisheki, and 
. Saul (pers. comm., 2009) 
Pardieu (2007b), Pardieu and 
Hughes (2009) 
Pardieu (2007a), Pardieu and 
Hughes (2009) 
ayerson and Laurs (2004), 
Pardieu and Hughes (2009), Zang 
2008b), Beaton (2009c), Pardieu 
et al. (2010) 


Pardieu and Hughes (2009) 


¢ Asia 
Afghanistan 
Nuristan—Kantiwa, Munjagal 


India 
Andhra Pradesh—Nellore 
Jharknand—Hazaribag 
Karnataka—Hassan, Mysore, Shimoga 


Orissa—Angul, Balangir, Deogarh, Ghatpara, 
Jharposi, Kalahandi, Koraput, Phulabani 


Rajasthan—Ajmer, Shahpura 
Tamil Nadu—Nilgiri 
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Laurs and Quinn (2004), Blauwet 
(2008) 


J. Panjikar (pers. comm., 2009) 


M 


yanmar 
andalay—Kume 


Pakistan 


jorth-West Frontier—Mohmand: Ungade 


Sri Lanka 


Sabaragamuwa—Eheliyagoda, Ratnapura 


atara, Tanamalwila, Thelioya, Tissamaharama 
Uva—Okkampitiya 


Southern—Kamburupitiya, Kataragama, Lunugamwehera, 


T. Hlaing (pers. comm., 2009) 


D. Blauwet (pers. comm., 2009) 
G. Zoysa (pers. comm., 2009) 


¢ 


North America 


Canada 


Quebec—Ashestos: Jeffrey, Bancroft: York River, Black 
Lake: Lac d’Amiante; St.-Denis-de-Brompton: Orford 


Wilson (2010: 
Amabili et al. (2004,2008), Wilson 
(2007), Horvath and Spertini 
(2008), Zang (2008b) 


¢ 


South America 


Brazil 


Minas Gerais—Galiléia: Barra do Cuieté 
Paraiba—Santa Luzia: Agua Fria 


GARNET —Pyrope 


+ 
M 


Africa 
adagascar 
oamasina—Marolambo 


Oliara—Ampanihy, Antaratra, Bekily, Fotodrevo, 
Sakoandroa, Tranoroa 


Tanzania 


Lindi—Namtamba 
Tanga—Umba Valley 


Eeckhout et al. (2004) 


Eeckhout et al. (2004), Ferreira et 
al. (2006) 


F. Danet (pers. comm., 2009) 


Schmetzer et al. (2001,2002b), 
Krzemnicki et al. (2001), Laurs 
(2003a), Schmetzer (2003) 


Laurs and Quinn (2006a) 
Blodgett et al. (2007) 


Zambia 
Eastern—Sangu Seifert and Vrana (2003) 
¢ Asia 
China Ou Yang (2005) 
Heilongjiang—Shuangyashan Li (2009) 


India 


Andhra Pradesh—Bhadrachalam, Chittoor 


Phulabani, Sambalpur 


Rajasthan—Bendria, Kakaoria, Sangwa, Sarwad, Udaipur 


Tamil Nadu—Karur, Madurai, Nilgiri, Salem, 
Tiruchchirappalli 


Mongolia 


Khangai Mountains—Shavryn Tsaram 


Russia 


Yakutia: Sakha Republic—Mirnyy: Mir, Udachnyy: 
Udachnaya 


Orissa—Angul, Balangir, Deogarh, Kalahandi, Koraput, 


J. Panjikar (pers. comm., 2009) 


Dill et al. (2004,2006) 


P. Lyckberg (pers. comm., 2009) 


¢ 


Europe 


Czech Republic 


Bohemia—Ceské Stiedohoii Mountains: Podsedice 
Moravia—krkonoSe Mountains: Vestiev 


Italy 


Piedmont—Ala Valley, Varaita Valley 


GARNET — Spessartine 


¢ 


Africa 


Kenya 


Coast—Kamtonga 


Madagascar 


GEMS & GEMOLOGY 


Novak (2001), Seifert and Vrana 
(2005), Kourimsky and Hyrs! 
(2008), Zang and Gilg (2008) 


Guastoni et al. (2001), Simon (2008) 


Beaton (2009a) 
F. Danet (pers. comm., 2009) 


FALL 2010 209 


Gem material/locality 
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Gem material/locality 


Reference 


Fianarantsoa—llakaka 

Mahajanga—Ambohimaranitra 

Toliara—Antaratra, Sakoandroa 
Namibia 

Kunene—Hartmann Mountains: Marienfluss 
Nigeria 

Oyo—Komu, Ogbomosho, Iseyin 
Tanzania 

Arusha—Loliondo: Nani 

lringa 

Lindi—Namtamba 


Tanga—Kalalani, Umba Valley 


Palfi (2005), Staebler (2008), 

Cook (2010b), Milisenda et al. 

2010) 

Lind and Henn (2000), 

J. Michelou (pers. comm., 2009) 

ichelou (2007), Staebler (2008), 

ilisenda et al. (2010) 

D. Mantheakis and W. Balmer 

(pers. comm., 2009) 

Pardieu (2007b), Chadwick et al. 

2008a), Staebler (2008), 
ilisenda et al. (2010) 

Laurs (2002b) 

Laurs and Quinn (2006a), Quinn- 

Darenius and Laurs (2008) 

Staebler (2008) 


¢ Asia 
Afghanistan 
Kunar—Darra-i-Pech 
China 
Fujian—Tongbei: Wushan 
Myanmar 
Mandalay—Mogok: Sakhangyi 


Pakistan 
Azad Kashmir—Neelum Valley: Donga Nar 


Federally Administered Tribal Areas—Bajaur: Mana 


Quinn and Laurs (2004b) 
Ou Yang (2005) 
Ottens (2004) 


Kyi et al. (2005), N. and R. 
Schlussel (pers. comm., 2009) 


D. Blauwet (pers. comm., 2009) 


Beesley (2004), Blauwet (2008), 
Milisenda et al. (2010) 


Milisenda et al. (2001a), Quinn 


and Laurs (2005b) 
Gilgit-Baltistan—Braldu Valley: Byanno, Hoh Nala; Blauwet (2008) 
Indus Valley: Shengus 
¢@ North America 
United States White (2010) 


California—San Diego (Ramona): Little Three 


Laurs and Knox (2001), Staebler 
(2008), Milisenda et al. (2010) 


¢ South America 
Brazil 


Minas Gerais—Conselheiro Pena: Navegador, 
Galiléia: Barra do Cuieté, Escondido, Sao José 
da Safira: Poaia 


Rio Grande do Norte—Carnatiba dos Dantas: Alto 
Mirador, Pedra Bonita; Marimbondo 


Tocantins—Peixe: Fazenda Balisto 


GARNET — Uvarovite 


¢ Asia 
China 
Tibet—Bo Mi: Yi Gong 
Russia 
Middle Ural Mountains—Perm: Saranovskoye 


JADE—Jadeite 
¢ Asia 
Iran 


Hormozgan—Sorkhan 
Japan 
Niigata—Omi: Himekawa, Kotaki, and Omi Rivers 
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Eeckhout et al. (2002, 2004), 

L. Barbosa and J. HyrSl (pers. 
comm., 2009), White (2009) 
Eeckhout et al. (2002, 2004), 
Ferreira et al. (2007) 

Eeckhout et al. (2004), L. Menezes 
(pers. comm., 2009) 


He et al. (2000) 


Burlakov and Avdonin (2006), 
P. Lyckberg (pers. comm., 2009) 


Oberhansli et al. (2007) 


Chihara (1999), Harlow and 
Sorensen (2001), Morishita et al. 
(2007) 


Myanmar 


Kachin—Hpakant 


Sagaing—Hkamti 


Russia 
Northern Ural Mountains—Ketchpel River 
Siberia—Sayan Mountains: Borusskoye; 
Vitim River 

Turkey 
Bursa—Orhaneli 


Hughes et al. (2000), Qiu et al. 
2008), Shi et al. (2009a,b,2010) 
Harlow and Sorensen (2001), 
Levinson et al. (2001b), Ou Yang 
(2001a,b), Shi et al. (2003, 2005), 
. Hlaing (pers. comm., 2009) 
Levinson et al. (2001b), P. Hlaing 
(pers. comm., 2009) 
V. Zboykov (pers. comm., 2009) 
Harlow and Sorensen (2001 
Harlow and Sorensen (2001), 
Adams and Beck (2009) 


Okay (2002) 


¢ Europe 
Italy 
Piedmont—Po Valley 


Adamo et al. (2006) 


¢@ North America 
Cuba 

Guantanamo—Sierra del Convento 
Guatemala 

El Progreso—Motagua Valley: Manzanal 


JADE—Nephrite 


¢ Asia 
China 


Jiangsu—Suyang 

Liaoning—xXiuyan 

Qinghai/Gansu—Qilian Mountains 
Sichuan—Wenxi 

Xinjiang Uygur—Kunlun Mountains: Yutian 


Taiwan—Fengtien 
Russia 
Siberia—Sayan Mountains, Vitim River, 
Zakamensk 
South Korea 
Chuncheon 


Garcfa-Casco et al. (2009) 


Harlow and Sorensen (2001), 
Cleary and Rohtert (2002), 
Gendron et al. (2002), Miller 
(2002), Sisson (2002), Harlow et 
al. (2004), Marroni et al. (2009), 
Simons et al. (2010), Yui et al. (2010) 


Harlow and Sorensen (2001), He 
(2001), Ou Yang (2005), Smith et 
al. (2005), Michelou (2006), Li 
2009), X. Yuan (pers. comm., 
2009) 


Li (2005) 


Harlow and Sorensen (2001), Li 
(2005) 


Adams and Beck (2009) 
V. Zboykov (pers. comm., 2009) 


Harlow and Sorensen (2001), 
Lapot (2004) 


Yui and Kwon (2002), Kim (2007) 


¢ Australia 
South Australia—Cowell 


New Zealand 


South Island—Arahura River, Caples, Dun Mountain, 
aitai River, Mount Torlesse, Taramakau River 


Brown (2002), Sutherland (2006) 
Nichol (2000), Harlow and 
Sorensen (2001), Adams and 
Beck (2009) 

Harlow and Sorensen (2001) 
Wilkins et al. (2003), Adams et al. 
(2007 


4 


Europe 
Finland 
{ta-Suomen—Paakkila 
Etela-Suomen—Hakkila, Stansvik 
Italy 
Liguria—Sestri Levante 
Lombardy—Mastabia 
Poland 

Wroclaw—Jordanéw Slaski 
Switzerland 


Graubiinden—Faller Valley: Mulegns; Poschiavo 
Valley: Scortaseo 


GEMS & GEMOLOGY 


ichol (2004) 
ichol (2004) 


ichol (2003) 
ichol and Giess (2005a) 


ichol (2001) 


ichol and Giess (2005b,c) 
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Gem material/locality 


Reference 


@ Oceania 
New Caledonia—Tiwaka River 


Adams and Beck (2009) 


¢@ North America 
Canada 


British Columbia—Cassiar, Cry Lake, Dease Lake, 
Mount Ogden 


OPAL 


¢ Africa 
Ethiopia 
Shewa—Mezezo 


Wollo—Wegel Tena 


Madagascar 
Toliara—Beraketa, Tsivory 


Somalia 
Jodha—Qabri Baxar 


Wilson (2010) 

Nichol (2000), Harlow and 
Sorensen (2001), Simandl et al. 
(2001), Makepeace and Simandl 
(2004), Kim (2007), Adams and 
Beck (2009) 


Gaillou et al. (2008) 

jazzero (2003), Gauthier et al. 
(2004a), Tucci (2005), Staebler 
and Neumeier (2007) 

jazzero et al. (2009), Rondeau et 
al. (2009a) 
Simoni and Caucia (2009) 
Holzhey (2000), Henn and 
ilisenda (2001 


innaird (2002) 


¢ Asia 
Indonesia 
Java—Jawa Barat: Banten, Labak 


Iran 
Kerman—Shahr-e-Babak 

Myanmar 
Mandalay—Natogyi 

Sri Lanka 
Uva—Wellawaya 

Turkey 


Anatolia—Ktitahya: Simav 


Laurs (2001b), Milisenda and 
Wild (2004), Sujatmiko et al. 
(2004,2005), Staebler and Neu- 
meier (2007), Sun et al. (2009) 


Nagle (2007) 
T. Hlaing (pers. comm., 2009 
G. Zoysa (pers. comm., 2009 


Esenli et al. (2001,2003), Mutlu et 
al. (2005), Fischer (2007), 
Hatipoglu (2009) 


¢ Australia 


New South Wales—Lightning Ridge, White Cliffs 


Queensland—Bulgroo, Davenport-Palpara, 
Eromanga, Jundah, Koroit, Kynuna, Opalton, 
Quilpie, Toompine, Yaraka, Yowah 

South Australia—Andamooka, Coober Pedy, 
Lambina, Mintabie, Stuart Creek 


ownsend (2001), Brown (2002), 
Horton (2002), Sutherland (2006), 
hiry et al. (2006), Pecover 
(2007), Gaillou et al. (2008) 


homas et al. (2006), Frasier and 
Frasier (2007), Smith (2007), 

Roskin (2008) 
Cooper and Neville (2007) 


ownsend (2006,2009), Cody 
(2007), R. Coenraads (pers. 
comm., 2009) 


¢ Europe 
Hungary 

Zemplén Mountains 
Slovakia 

Ko8ice—PreSov: Dubnik 


Rondeau et al. (2004) 


Huber (2007) 


¢@ North America 
Canada 
British Columbia—Vernon: Klinker 


Honduras 


Gracias—San Antonio 
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Wilson (2010) 

Downing (2003), Wilson (2005), 
ichelou (2006), Gaber (2007) 
Banerjee and Wenzel (1999), Vogt 
(2004), Michelou (2006), Dabdouh 

(2007), Gaillou et al. (2008) 


Viti and Gemmi (2009) 


Lempira—Erandique: San Andres, Tablon; Sosual: 
Las Colinas 


Mexico 


Hidalgo—Zimapan: Leopard 
Jalisco—Magdalena 
Querétaro 

United States 
Louisiana—Vernon 
Mississippi—Claiborne 


Nevada—Humboldt: Virgin Valley, Pershing: 
Black Rock Desert 


Oregon—Lake: Juniper Ridge; Morrow: Opal Butte 
Wyoming—Granite Mountains 


Fritsch et al. (2002b), Cruz- 
Ocampo et al. (2007), Schiitz 
(2007), Gaillou et al. (2008) 


Coenraads and Zenil (2006) 
Michelou (2006) 
Michelou (2006) 
Gaber (2007), White (2010) 


Castor and Henry (2000), Clark 
(2005), Huber (2008) 


Laurs and Quinn (2003) 


¢ South America 
Argentina 
Brazil 


Bahia 


Fritsch et al. (2009) 


Pinto and Pedrosa-Soares (2001), 
Caucia et al. (2008b), Gaillou et 
al. (2008) 


Hyr8! (2002a) 


The diversity of colored stones mined during the 2000s 
is shown in these butterfly brooches. Top—Vietnamese 
spinel (8.47 ct in body) with Namibian jeremejevite for 
the eyes; center—natural pearls from Mexico’s Sea of 
Cortez (11.77 ct), with “rainbow” feldspars from 
Madagascar and diamonds in the wings, and 
Colombian emeralds for the eyes; and bottom—sphene 
from Madagascar (center stone 13.83 ct) with hatiyne 
from Germany for the eyes. Courtesy of Bernadine 
Johnston and Buzz Gray; photo by Robert Weldon. 
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¢ Italian fibula of 6th to 8th centuries. 
Onyx cameo and cabochons mounted in 
gold. Metropolitan Museum of Art. 


domination of Egypt many pearls were 
brought into Rome and these were particu- 
larly liked for the ears. No doubt emeralds 
came also from the Egyptian mines. Roman 
ladies dressed their hair most elaborately 
and used long jeweled hairpins to hold it 
in position. Pearls, precious gemstones, and 
other ornaments were frequently added to 
embellish’ the coiffure. Pliny — that erudite 
old Roman — in his Natural History of the 
World, describes a lady who at a simple 
betrothal ceremony was covered with: pearls 
and emeralds from head to foot. 


BYZANTINE JEWELRY 

Again travel and national events were 
responsible for a change in jewelry fashion 
during Byzantine prominence. A compro- 
mise between Oriental and Western influ- 
ences appeared after Constantine moved the 
seat of his empire to Byzantium in 330 A.D. 
Many subjects were driven from the home- 
land through the outbreak of iconoclasm 
and settled in Italy, Germany, and Gaul. 
The influence of these transported gold- 
smiths is felt most in the 8th century. 


Although mosaics were common, enamel 
and colored stones seem to have been gen- 
erally used. Faceting had not been invented 
so gemstones were mounted either in rough 
crystal form smoothed off, or cut in cabo- 
chon. 


Symbols of early Christianity had a re- 
markable effect on jewelry of this period. 
A favorite pendant of that time was in the 
form of the cross. At the beginning of the 
5th century, crescent-shaped earrings formed 
repoussé had a cross within a circle applied 
in open work design. Coins were frequently 
mounted in brooches, as in Roman times. 

Retained as an early Christian custom, 
the bride and groom wore at their wedding 
crowns of gold, silver, green leaves, or 
flowers. This custom is still prevalent in 
some countries today. 


CELTIC JEWELRY 

The Celtic period can be said to extend 
from the Prehistoric or Iron Age through 
the time of the Roman occupation. Ad- 
vanced skill in the art of enameling is one 
of the outstanding contributions by this 
race. This was applied on bracelets and 
pins — of the safety pin type — over copper 
and bronze. A great many dress fasteners or 
fibula have been discovered in Ireland which 
would indicate that again fashion had a 
part in the creation of jeweled ornaments. 
Amber was often used as a jewel. In addi- 
tion to this material, the Celts used jet, 
bone, and glass for fashioning beads. Dur- 
ing the period when British goldsmiths were 
using bronze, gold was in use in Ireland. 

One important contribution was made by 
the Celts after the advent of Christianity 
in Ireland, This is the Celtic brooch which 
dates from the 9th century A.D. It is sig- 
nificant both for its great size and for the 
fact that its ring has an opening, contrary 
to earlier forms of fastening. Silver was 
often used for these brooches, but they seem 
to have disappeared ‘entirely about the 13th 
century. 


ROMANO BRITISH JEWELRY 
British jewelry which dates from the 
Roman occupation (about 43 A.D. to 410 
A.D.) follows closely Italian design. Most 


objects are of bronze and the majority con- 


sists of pins employed both as dress fasten- 
ers and for confining the hair. In addition 
to bronze, bone and some colored glass or 
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Reference 


Gem material/locality 


Reference 


Paréa—Sao Geraldo do Araguaia 


Piaui—Pedro II: Boi Morto 


Peru 
Arequipa—Nazca: Acari 


Ica—Ica: Monte Rosa 


PERIDOT (Olivine) 


¢ Africa 


Egypt 
Red Sea—Zabargad Island 


Collyer and Kotschoubey (2000), 
Gauthier et al. (2004b), Farrar 
(2007) 
Hyr8l (2002), Laurs (2007a), 
Caucia et al. (2009) 


Gaillou et al. (2008) 


Hyr8! (2001a,2007), Quinn and 
Laurs (2003), Henn (2006a), 
Brajkovic et al. (2007), Caucia et 
al. (2008a) 


Hyr8l (2006) 


Brooker et al. (2004) 


¢ Asia 
China 


Hebei—Zhangjiakou: Damaping 
Jilin—Jiaohe 
ongolia 


yanmar 
Mandalay—Bernardmyo 


Pakistan 


Russia 

Kola Peninsula—Kovdor 
Sri Lanka 
Sabaragamuwa—Kolonne 


Tajikistan 


Kuhistoni-Badakhshon—Pamir Mountains: Kuh-i-Lal 


Vietnam 
Gia Lai—Bien Ho, Ham Rong 


Khangai Mountains—Shavryn Tsaram 


North-West Frontier-—Kohistan: Sapat 


Liu (2004), Ou Yang (2005), Smith 
et al. (2005), Michelou (2006), X. 
Yuan (pers. comm., 2009) 


Henn (1999), Li (2009) 


Dill et al. (2004,2006) 


Krzemnicki and Groenenboom 
2008), T. Hlaing (pers. comm., 
2009) 


Hammer (2004c), Bouilhol et al. 
2009) 


Sokolov et al. (2006) 


Graziani et al. (2002), G. Zoysa 
(pers. comm., 2009) 


Kondo (2008) 


Pham et al. (2004a), D. Blauwet 
(pers. comm., 2009) 


¢ Europe 
Italy 


Sardinia—Pozzomaggiore 


Adamo et al. (2009a) 


¢@ North America 
Canada 


British Columbia—Cherryville, Hendrix Lake, Lumby, 


Williams Lake 
United States 
Arizona—Gila: San Carlos 


Wilson (2010) 
Wilson (2005, 2007) 


White (2010) 


QUARTZ —AmethystCitrine/Ametrine 


¢ Africa 
Democratic Republic of the Congo 
Kenya 


Eastern—Kitui 
Madagascar 


Antananarivo—Andongologo, Bevitsika Mountain, 
Mahasolo, Soavinandriana 


Antsiranana—Ambakirano, Andapa 


Fianarantsoa—Ambatofinandrahana, Ambositra, 
Isahara, Mangataboahangy, Vondrozo, Vorondolo 
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Fritz and Laurs (2007a) 


C. Simonet (pers. comm., 2009) 
Henn and Milisenda (2001), 

F. Danet (pers. comm., 2009) 
Danet (2009) 


Pezzotta (2001e) 


Toamasina—Antanimbohibe, Didy, Vatomandry 


Mahajanga—Boriziny, Tsaratanana 


Toliara—lfotaka 
Morocco 

Tata—Tata 
Mozambique 


Nampula—Namapa: Namapa 
Tete—Zumbo: Catizane River 


Zambézia—Alto Molécué: Mo/dcué, Milange: 


Milange; Murrua 


Namibia 


Erongo—Erongo Mountains, Goboboseb Mountains, 


Otjiwarongo: Platveld 
Kunene—Namib Desert: Sarusas 


Nigeria 


Bauchi 
Cross River 
Gombe 
Kaduna 
Kano 

Oyo 


Taraba—Jalingo 
Zambia 


Central—Mumbwa 
Southern—Kalomo: Mapatizya 


Zimbabwe 


Bulawayo—Nyamandlovu: Chikodzi, Manzinyama 


E. Granon (pers. comm., 2009) 


Beaton (2009b) 
J. Marques (pers. comm., 2009) 


Bettencourt-Dias and Wilson (2000) 


G. Schneider (pers. comm., 2009) 


Cairncross and Bahmann (2006a), 
Michelou (2006) 


Laurs (2005a) 
Michelou (2006,2007) 


Laurs and Koivula (2003) 
C. Milisenda (pers. comm., 2009) 


ilisenda et al. (2001c), Anckar 
(2006) 


L. F. Marsh and F. Mutugumbate 
pers. comm., 2009) 


¢ 


Asia 


Afghanistan 


Ru 


So 


Ghazni—Zarkishen Mountain: Mogor 


ssia 
Far East—Magadan: Kedon 


Northern Ural Mountains—Khasavarka 
Middle Ural Mountains—Yekaterinburg: Aduy 
Yakutia (Sakha Republic)—Aldan: Obman 


uth Korea 
Kangwon—Eonyang 


Laurs (2002g) 
P. Lyckberg (pers. comm., 2009) 


Yang et al. (2001) 


° 


North America 


Canada 


Ontario—Thunder Bay 


Mexico 


Guerrero—Amatitlan 


United States 
Arizona—Maricopa: Four Peaks 


Georgia—Wilkes: Jackson's Crossroads 


Garland (2004), Kerr (2006), 
Wilson (2007,2010) 


Ontiveros et al. (2004) 

White (2010) 

Lowell and Koivula (2004) 

Laurs (2005b), Bowling et al. (2005) 


+ 
Bo 


South America 
ivia 


Brazil 


Santa Cruz—Sandoval: Anahi, Ayoreita, Mina Pobre 


Bahia—Caetité: Brejinho das Ametistas 


Geraldo do Baixio: Macaco, Sapo 


Rio Grande do Sui—Parana Basin 
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inas Gerais—Coronel Murta-Itinga: Jenipapo, 
Morro Redondo, Piauf, Galiléia-Conselheiro Pena-Sao 


Paré—Maraba: Alto Bonito, Pau d'Arco: Villa Esperanca 


Laurs (2001g,2010a), HyrS! and 
Petrov (2009), Weldon (2009) 
Pinto and Pedrosa-Soares (2001) 
Couto (2000) 

acri et al. (2006) 


ossman and Juchem (2000), 
Gilg et al. (2003), Proust and 
Fontaine (2007a,b), Duarte et al. 
2009), Commin-Fischer et al. 
2010) 
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Reference 


Uruguay 
Artigas—Artigas 


QUARTZ—Rose 


¢ Africa 
Madagascar 


Antananarivo—Ambohimanitra, Antsirabe, Betafo, 
Faratsiho, Mahaiza, Tsiroanomandidy 


Fianarantsoa—Ambositra 

Toamasina—Ambatomafana, Ambatondrazaka, 

Analangoaika, Antanimenabaka, Didy, Lakato, 

Moramanga, Ranomafana, Sahaviavy Fito 
Mozambique 

Zambézia—Alto Molécué: Naquilite, Naquissupa, 

Nuaparra 


Gilg et al. (2003), Michelou 
(2006), Duarte et al. (2009), 
Morteani et al. (2009) 


Henn and Milisenda (2001), 
F. Danet (pers. comm., 2009) 


Pezzotta (2001c) 


E. Granon (pers. comm., 2009), 
R. Gobert (pers. comm., 2009) 


Bettencourt-Dias and Wilson (2000) 


¢ Asia 
India 


Chhattisgarh—Raipur 

Maharashtra—Aurangabad 

Rajasthan 

Tamil Nadu—Kangayam, Karur, Salem 
Sri Lanka 

Central—Kaikawala, Matale 

Southern—Galle 


J. Panjikar and A. Dholakia (pers. 
comm., 2009) 


G. Zoysa (pers. comm., 2009) 


Schmetzer and Glas (2003) 


¢@ South America 
Brazil 
Minas Gerais—Sapucaia 


Rio Grande do Norte—Carnatiba dos Dantas: Taboa; 
Parelhas 


SPINEL 


¢ Africa 
Kenya 
Coast—Rukanga 
Madagascar 
Fianarantsoa—Ilakaka 


Tanzania 


Arusha—Komolo 

Morogoro—Chipa, Epanko, Kituti, Mahenge, 
Matombo, Mbarabanga, Mvuha, Uluguru 
Mountains 


Mtwara—Lumesule River 
Ruvuma—Mtetesi River, Muhuwesi River, Tunduru 


Pinto and Pedrosa-Soares (2001) 
Wilson (1999) 


Barreto et al. (2009), B. Cook 
(pers. comm., 2009) 


C. Simonet (pers. comm., 2009) 
Henn and Milisenda (2001) 
Schmetzer (2000), Milisenda et al. 
2001b), Pezzotta (2001f,g,h) 
ichelou (2006), W. Balmer, 
D. Mantheakis, and M. Saul (pers. 
comm., 2009, 2010) 
S. Merisheki (pers. comm., 2009) 
Hyr8! (2001b), Quinn and Laurs 
(2004d), Pardieu and Senoble 
2005e), Laurs (2006), Pardieu 
and Hughes (2008) 


Pardieu and Senoble (2005e), 


Pardieu (2007a) 

¢ Asia 

Afghanistan Hammer (2003b) 

China Liu (2004), Ou Yang (2005) 
Yunnan—Ailaoshan Mountains, Jingping, Yuanjiang, Laurs and Shigley (2005), 
Yuanyang B. Ottens (pers. comm., 2009) 

India 
Orissa 


Tamil Nadu—Kangayam, Karur, Tiruchchirappalli 
Laos 

Bokeo—Ban Houayxay 
Myanmar 
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G. Choudhary (pers. comm., 2009) 


Michelou (2006) 


M. Smith, K. Thu, and T. Hlaing 
(pers. comm., 2009) 


Kachin—Nanyaseik 


Kayah—Pawn Chaung 
Mandalay—Mogok 
Pakistan 


Gilgit-Baltistan—Hunza Valley: Ganesh, 
Hassanabad, Muchara Nala 


Sri Lanka 
Central—Elahera 


Sabaragamuwa—Balangoda, Eheliyagoda, 
Embilipitiya, Kuruwita, Rakwana, Ratnapura 


Southern—Kataragama 
Uva—Okkampitiya 
Western—Kiriella, Horana 
Tajikistan 
Kushistoni-Badakhshon—Pamir Mountains: 
Kuh-i-Lal 
Vietnam 


Nghe An—Qui Chau 


Yen Bai—An Phu, Lue Yen, Tan Huong, Thac Ba, 
Truc Lau 


Smith and Bosshart (2001), Hlaing 
and Win (2008), Pardieu and 
Hughes (2008) 


Hlaing (2004) 

Pardieu and Hughes (2008) 

D. Blauwet (pers. comm., 2009) 
Hammer (2004a) 


G. Zoysa (pers. comm., 2009) 
Dissanayake et al. (2000) 
Dissanayake et al. (2000) 


Pardieu and Hughes (2008), 

P. Lyckberg (pers. comm., 2009) 
Pham et al. (2004a), D. Blauwet 
(pers. comm., 2009) 


Pardieu and Senoble (2005a), 
Blauwet (2006a), Pardieu and 
Hughes (2008 


@ North America 
Mexico 
Nayarit—Acaponeta 


TOPAZ 


¢ Africa 
Madagascar 


Antananarivo—Faratsiho 
Antsiranana—Andapa 
Fianarantsoa—Ambositra, llakaka, Isahara 


Mozambique 
Tete—Maravia: Marirongué 
Zambézia—Gilé: Naipa 
Namibia 
Erongo—Klein Spitzkoppe 


Nigeria 


Bauchi—Magama 

Plateau—Bomo 

Nassarawa—Shabu 
Zambia 

Copperbelt—Karengerenge 
Zimbabwe 


ashonaland West—Guruwe: Dungusha; Mwami: 
Gwati, Saint Ann's, Topaz 
idlands—Somabhula 


Rohtert (2002a) 


Henn and Milisenda (2001), 
F. Danet (pers. comm., 2009) 


Milisenda et al. (2001b), Pezzotta 
(2001f,g,h) 


J. Marques (pers. comm., 2009) 


Cairncross (2005b), Haapala et al. 
(2007), G. Schneider (pers. 
comm., 2009) 

Michelou (2006,2007), 

J. Michelou (pers. comm., 2009) 


S. Vrana (pers. comm, 2009) 


L. F. Marsh and F. Mutugumbate 
(pers. comm., 2009) 


¢ Asia 

Afghanistan 
uristan—Paprowk 
China 


nner Mongolia—Alaxianzuangqi 
Jiangxi—Dayu: Piaotang 
Yunnan—Y ingjiang: Gaoligongshan Mountains 
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D. Blauwet (pers. comm., 2009) 


Liu (2004), Ou Yang (2005), 
Smith et al. (2005) 


Li (2009) 
B. Ottens (pers. comm., 2009) 


Wu (2004), X. Yuan (pers. comm., 
2009) 
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Xinjiang—Altai Mountains: Koktokay 
India 


Orissa—Balangir, Boudh, Subarnapur 


Tamil Nadu—Kangayam, Kanniyakumari, Karur, 
Tirunelveli 


West Bengal—Singhbhum 
Myanmar 


Mandalay—Kume, Mogok: Sakhangyi 
Shan—Molo: Katchay 

Pakistan 
Gilgit-Baltistan—Basha Valley: Sibiri; Braldu Valley: 
Apo Ali Gun, Baha, Chhappu, Dassu, Goiyngo Foljo, 
Gone, Nyet, Nyet Bruk, Teston; Hunza Valley: Hassana- 
bad: Indus Valley: Baluchi, Chhamachhu, Drot, Ishka- 
pul, Kaotoonery, Khargulook, Sabsar, Saischais, Sassi, 
Shengus; Shigar Valley: Haiderabad, Mungo, Yuno 


North-West Frontier—Katlang: Ghundao Hill 


Russia 
Middle Ural Mountains—Yekaterinburg: Alabashka 


Southern Ural Mountains—Plast: Kamenka and 
Sanarka Rivers 


Transbaikalia—Borzya: Sherlova Gora 

Sri Lanka 
Central—Elahera, Nawalapitiya, Polonnaruwa, Rattota 
Sabaragamuwa—Balangoda, Ratnapura 

Vietnam 


Oo 


Lam Dong—Bao Lac 
Thanh Hoa—xXuan Le 


Yen Bai—Tu Le 


B. Ottens (pers. comm., 2009) 


G. Choudhary and J. Panjikar 
(pers. comm., 2009) 


Sarkar and Guru (2010) 


. Smith, K. Thu, and T. Hlaing 
(pers. comm., 2009) 


Kyi etal. (2005), Hlaing (2009a) 


D. Blauwet (pers. comm., 2009) 


Hammer and Muhammad (2004), 
Blauwet (2004), Blauwet and 
uhammad (2004) 


Einfalt (2002), Hammer (2004c), 
orteani and Voropaev (2007) 


P. Lyckberg (pers. comm., 2009) 


G. Zoysa (pers. comm., 2009) 


Pham et al. (2004a), D. Blauwet 
(pers. comm., 2009) 


@ North America 

Canada 
British Columbia—Atlin, Mount Foster 
Yukon Territory—Swift River, Teslin 

United States 
California—San Diego (Ramona): Little Three 
Colorado—Park: Topaz Mountain 


New Hampshire—Carroll, Coos 


Wilson (2007,2010) 
Wilson (2007,2010) 
White (2010) 

Fisher (2002,2008) 


@ South America 
Brazil 


Minas Gerais—Carai, Itinga, Medina, Nova Era, Ouro 
Préto: Antonio Pereira, Boa Vista, Capao, Dom Bosco, 
Vermelhao, Catuji-Padre Paraiso: Marambaia, Pedra 
Azul, Virgem da Lapa 


Rondénia—Massangana River 


TOURMALINE 


@ Africa 

Democratic Republic of Congo 
Nord-Kivu—Virunga, Walikale 

Kenya 


Coast—Kamtonga, Kisoli, Kuranze, Lasamba Hill, 
Mangare: Rockland (John Saul), Yellow; Mgama, 
Mukongonyi, Mwachango: Kambanga, Mwakinsunzuru, 
Ngombeni 


Rift Valley—Narok: Osarara 
Madagascar 


Antananarivo—Anjanabonoina, Antandrokomby, 
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Pinto and Pedrosa-Soares (2001), 
L. Barbosa and J. Hyr! (pers. 
comm., 2009) 


Mossman (2001), da Costa et al. 
(2000), Morteani et al. (2002), 
Schott et al. (2003), Ferreira et al. 
(2005), Sapalski-Rosellé (2005) 


Laurs et al. (2004), Michelou (2006) 
C. Simonet (pers. comm., 2009) 
Simonet (2000,2006) 


Henn and Milisenda (2001), Glas 
(2002), F. Danet (pers. comm., 
2009), Scovil (2010) 


Laurs (2000), Pezzotta (2001b), 


Antsikoza, Antisirabe, Betafo, Manjaka, Mount Bity, 
Vohitrakanga 


Fianarantsoa—Alakamisy Itenina, Ambatofinandrahana, 
Ambatovita, Bevaondrano, Ilakaka, Isahara, Valozoro 


Toamasina—Ambatondrazaka 
Toliara—Taolagnaro 
Mozambique 


Cabo Delgado 
Manica—Nhampassa, Pataguenha 


Nampula—Nametil: Mogovolas; Moma: Mavuco, 
Nacala-a-Velha: Nacala 


Tete—Maravia: Marirongué 


Zamb€ézia—Alto Molécué: Namacotche; Gilé: 
Muhano, Naipa, Mocuba, Muiane, Naquissupa 


Namibia 
Erongo—Eausiro, Kubas, Neu Schwaben, Omapyo, 
Otjua, Uis, Usakos 


Nigeria 


Ekiti—ljero Ekiti 

Jigawa 

Kaduna—Kagarko 

Kwara—Babana, Lemo, Ndeji, Ora, Oro 
Nassarawa—Akwandoka, Garantu, Keffi 


Niger—Kontagora, Pandogari, Sarkin Pawa 


Oyo—Are, Budo, llorin: Edeko; Iseyin, Itasa, Komu, 
Ogbomosho 


Zamfara 
Tanzania 


Arusha—Landanai 
Manyara—Lengasti 


Morogoro—Mkuyuni, Uluguru Mountains 
Tanga—Daluni, Mnazi 
Zaire 
Katanga—Manono 
Zambia 
Central—Kabwe: Jagoda, Kumanga; Mkushi 


Eastern—Lundazi: Aries, Canary, Kalungabeba, 
Nyimba: Hofmeyer 


Zimbabwe 


Mashonaland West—Mwami: Gwati, Saint Ann's 
Matabeleland South—Gwanda 


Dirlam et al. (2002), De Vito et al. 
2006), Danet (2007), Praszkier 
2010 


ilisenda et al. (2001b), Danet 
2006), Pezzotta (2001f,g,h,2006) 


Pezzotta and Jobin (2004) 


Glas (2002), Rondeau and Delaunay 
2007), J. Marques (pers. comm., 
2009) 


Fritz et a 


- (2007a) 


Bettencourt-Dias and Wilson (2000) 
Schafer and Arlt (2000), Abduri- 
yim and Kitawake (2005), Schapp- 
mann (2005), Abduriyim et al. 
2006), Michelou (2006), Milisenda 
et al. (2006), Laurs and Zwaan 
2007), Laurs et al. (2008a,b), 
eves (2009), Pardieu et al. 
2009d) 
Jahn et al. (2001), Glas (2002) 
Keller et al. (1999), Laurs (2002a), 
Mossman (2002), Rustemeyer and 
Deyer (2003), Trumbull et al. 
2008), G. Schneider (pers 
comm., 2009) 
Glas (2002), Laurs et al. (2002a,b), 
Michelou (2006,2007), Breeding 
et al. (2007), Rondeau and 
Delaunay (2007), Laurs (2009a), 
J. Michelou (pers. comm., 2009) 


Michelou (2008-2009). Befi et a. 
(2009) 


Henn (2001), Laurs (2001c, 
2009c), Milisenda and Henn (2001), 
Smith et al. (2001), Laurs et al. 
(2002a,b), Abduriyim et al. (2006) 


Glas (2002), W. Balmer, D. 
Mantheakis, and M. Saul (pers. 
comm., 2009) 


Pardieu (2007b) 


Simonet (2006), S. Merisheki 
(pers. comm., 2009) 


Quinn and Laurs (2006b) 


Glas (2002) 

Glas (2002) 

Milisenda et al. (2000), Laurs 
(2004c) 

Milisenda et al. (2000), Laurs 
(2004c), Laurs et al. (2007,2009) 
L. F. Marsh and F. Mutugumbate 
(pers. comm., 2009) 

Glas (2002) 


¢ Asia 
Afghanistan 
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Gem material/locality 


Reference 


Gem material/locality 


Reference 


Nuristan—Chatrus, Diwaneh Baba, Gamitha, 
Golmata, Kalaigal, Kanalook, Kantiwa, Kurgal, 
Konquwa, Masey, Mawi, Nilaw-Kolum, Nishai, Papra, 
Paprowk, Rhodisht, Wama 


Kunar—Gur-Salak, Kala, Knana-Khana, Paroon Valley 
China 


Guangxi—Huangbao 
Inner Mongolia—Jiaoligetai 


Shanxi—Wutaishan Mountains, Yunzhongshan 
Mountains 


Sichuan—Kangding, Wenchuan, Xiaojin 


Yunnan—Gaoligongshan Mountains: Fugong, 
Gongshan, Lushui 


Xinjiang Uygur—Altai Mountains: Koktokay 


India 


Andhra Pradesh—Araku Valley, Borra, 
Vishakhapatnam 


Orissa—Boudh, Jharsuguda, Sambalpur 
Myanmar 


Karen 
Kayah—Pawn Chaung 
Mandalay—Singu: Letpanthla 


Shan—Makmai, Molo, Mong Hsu, Mong Long, 
Mong Pan, Momeik 


Pakistan 


Azad Kashmir—Neelum Valley: Dongar Nar 


Gilgit-Baltistan—Astore Valley: Harchoo Nirai, Mir Malik, 


Nanga Parbat, Braldu Valley: Dassu, Hoh Nala, Tosho; 
Hunza Valley: Nagar, Indus Valley: Baluchi, Baralooma, 
Gochalay, Kaotoonery, Khargulook, Shengus, Stak Nala 


Russia 


Transbaikalia—Chita: Adun-Chilon, Borschevochniye 
Mountains, Sherlova Gora; Krasnyy Chikoy: Malkan 
Mountains 


Sri Lanka 
Central—Badulla, Elahera, Passara, Polonnaruwa 


Sabaragamuwa—Balangoda, Embilipitiya, Kolonne, 
Ratnapura 


Uva—Okkampitiya 
Western—Avissawella 
Vietnam 


Yen Bai—An Phu, Khai Trung, Luc Yen, Minh Tien, 
Tan Lap 


Glas (2002), Natkaniec-Nowak 
et al. (2009) 


Liu (2004), Ou Yang (2005), Smith 
et al. (2005), Michelou (2006), X. 
Yuan (pers. comm., 2009) 


Glas (2002) 
Glas (2002) 
Glas (2002) 


Wu (2004) 


Tang et al. (2004), Wang et al. 
(2007), Zhang et al. (2008), Li 
(2009) 


G. Choudhary and J. Panjikar 
(pers. comm., 2009) 


Sarkar and Guru (2010) 


Kane (2002), T. Hlaing (pers. 
comm., 2009) 


Hlaing (2008) 
Hlaing (2007) 
Glas (2002), Kyi et al. (2005) 


Obodda (2003), Hammer and 
uhammad (2004), Blauwet (2004), 
Blauwet and Muhammad (2004), 
D. Blauwet (pers. comm., 2009) 
Beesley (2004) 


Laurs (20014), Glas (2002) 


Simmons et al. (2001), Glas 
(2002), Smirnov et al. (2003), 
Peretyazhko et al. (2004), Hoch- 
leitner (2005b), Lyckberg (2005b), 
Zagorsky et al. (2005), Zagorsky 
and Peretyazhko (2006), Badanina 
et al. (2008), Zagorsky (2010) 


G. Zoysa (pers. comm., 2009) 


Pham et al. (2004a), D. Blauwet 
pers. comm., 2009) 


¢@ North America 
Canada 
Northwest Territories—O’Grady Lake 


United States 


California—San Diego—Pala: Pala Chief, Stewart, 
Ramona: Little Three; Warner Springs: Cryo-Genie 


LOCALITIES OF THE 20005 


Ercit et al. (2003), Wilson (2007, 
2010) 

White (2010) 

organ and London (1999), 
Laurs (2001f, 2001i, 2002), 
2004b), Simmons et al. (2001), 
Fisher (2002,2008), Swoboda and 
Larson (2006), Symons et al. 
(2009), Ertl et al. (2010) 


Maine—Oxford: Mount Apatite, Mount Mica, Newry, 
Paris 


Simmons et al. (2001,2005a,b), 
Freeman (2005), Laurs and 
Freeman (2005) 


¢@ South America 
Brazil 


Cearaé—Solondpole-Quixeramobim 


Minas Gerais—Aracuai-ltinga-Santa Clara: Baixao, 
Jenipapo, Piaur, Pirineus, Teixeirinha, Urubu, Coronel 
urta: Aqua Branca, Barra de Salinas, Baixa Grande, 
Lavrinha, Lorena, Morro Redondo, Ouro Fino, 
Paineira, Pau Alto; Salinas: Salinas; Virgem 

da Lapa: Campinho, Manoel Mutuca; Conselheiro 
Pena-Divino das Laranjeiras-Governador Valadares- 
Galiléia: Jairo, Pamaro, Sapo; Malacacheta— 
Franciscopolis-Resplendor-Santa Rosa: Mutuca, Nova 
Santa Rosa; Sao José da Safira-Agua Boa; Aricanga, 
Chia, Cruzeiro, Pederneira, Santa Rosa 
Paraiba—Frei Martinho: A/to Quixaba; Pedra 
Lavrada: Serra Branca; Salgadinho: Mina da Batalha, 
Mineracao Batalha 


Rio Grande do Norte—Parelhas: A/to da Cabeca, 
Bulandeira, Mulungu (Boqueirdozinho/Capoeira), 
Quintos do Baixo 


ZOISITE (Includes tanzanite) 


¢ Africa 
Tanzania 
Arusha—Merelani Hills 


César-Mendes et al. (2001), Pinto 
and Pedrosa-Soares (2001), 
Neves (2009) 


Bilal et al. (2000), Mossman (2001), 
Bastos (2002), Karfunkel et al. 
(2002), Steger (2006), Viana 

et al. (2007), Menezes (2009) 


Shigley et al. (2001b), Cook (2002), 
Wilson (2002), Ferreira et al. (2005), 
Abduriyim et al. (2006), Michelou 
(2006), Furuya (2007a), Beurlen et 
al. (2009a,b) 


Johnson et al. (2000b), Laurs and 
Shigley (2000), Shigley et al. 
(2001b), Milisenda (2005), Abdur- 
iyim et al. (2006), Baumgartner et 
al. (2006), Michelou (2006), 
Furuya (2007a), Soares et al. 
(2008), Beurlen et al. (2009a,b) 


Malisa (2003), Scheepers and 
Scheepers (2003), Pardieu and 
Senoble (2005e), Zancanella 
(2004,2006,2007), Smuts (2005), 
Michelou (2006), Pardieu (2007b), 
Giuliani et al. (2008), Pardieu et 
al. (2009a), Wilson et al. (2009), 


Schroeder (2010) 
¢ Asia 
Afghanistan 
Nuristan—Shinwari Beaton and Lu (2009) 
Pakistan D. Blauwet (pers. comm., 2009) 
Gilgit-Baltistan—Shigar Valley: Alchuri Blauwet (2006b) 
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Kununurra: Dia 
Derby: Dia 
Pilbara, Wodgina: Em 
Poona: Em 

Yerilla Station: Chp 
Menzies: Em 

Dowerin: Alx, Chb 
Borroloola: Dia 

Lambina: Opl 

Mintabie: Opl 

Coober Pedy: Opl 

Stuart Creek: Opl 
Andamooka: Opl 

Cowell: Noh 

Mount Surprise: Em 
Hughenden: Fsp 

Kynuna: Opl 

Opalton: Opl 

Anakie, Rubyvale: Sa, Zrn 
Davenport: Opl 

Palpara: Opl 

Jundah: Opl 

Yaraka: Opl 

Bulgroo: Opl 

Eromanga: Opl 

Quilpie: Op! 

Toompine: Opl 

Koroit: Opl 

Yowah: Opl 

Marlborough: Chp 
Emmaville, Torrington: Em 
Glen Innes: Sa 

Inverell, Swanbrook: Ru, Sa 
Bingara: Ru, Sa 

Lightning Ridge: Opl 
Macquarie River: Ru, Sa 
White Cliffs: Opl 

Broken Hill: Rdn 
Yarrowitch: Sa 

Barrington, Gloucester: Ru, Sa 
Cudgegong River: Ru, Sa 
Oberon, Vulcan Forest: Sa 
Tumbarumba: Ru, Sa 
Weldborough: Sa 
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Blasting at Australia's Argyle diamond mine, near Kununurra 
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Khash: Em, Ru 

Fargon Meeru: Ttn 

Sar-e-Sang: LL 

Diwaneh Baba: Tur 

Papra, Paprowk: Brl, Tpz, Tur 
Kalaigal, Kantiwa, Munjagal, Nishai, 
Waigal, Warma: Brl, Grs, Tur 
Darra-i-Pech, Gur-Salak, Kala, Khana 
Khana, Paroon Valley: Adr, Brl, Sps, Tur 
Mawi, Nilaw-Kolum: Brl, Spd, Tur 
Kurgal, Shamya, Titin: Em, Tur 
Jegdalek, Shinwari: Ru, Sa, Zo 
Panjshir Valley: Em 

Maidan Shahr: Sa 

Mogor: Qz 


Baramula: Fsp 

Doda: Sa 

Sunjam: Bri, Sa 

Zanskar: Brl 

Wangtu: Fsp 

Sarwad (Sarwar): Alm, Bri, Prp 
Rajgarh: Ap, Em 

Sangwa (Taranau): Alm, Prp 

Ajmer: Alm, Ap, Brl, Em, Fsp, Grs 
Kakaoria, Tonk: Alm, Brl, Prp 

Panwar: Brl 

Shahpura: Brl, Grs 

Bendria, Bhilwara: Alm, Ap, Fsp, Prp 
Kaliguman: Em 

Udaipur: Alm, Em, Prp 

Panna: Dia 

Indarwa: Fsp 

Hazaribag: Brl, Fsp, Grs 

Kodarma: Fsp 

Baraganda: Ap 

Manbhum: Fsp 

Singhbhum: Tpz 

Raipur: Alx, Dia, RQ, Ru 

Deobhog: Alx 

Bastar: Ru 

Aurangabad: RO 

Jharsuguda: Tur 

Sambalpur: Alx, Alm, Brl, Chb, Crd, Em, Prp, 
Sa, Tur, Zrn 

Deogarh: Alm, Grs, Prp 

Jharposi: Grs 

Angul: Alm, Grs, Prp, Ru 

Ghatpara: Grs 

Nawapara: Alx, Sa 

Balangir: Alm, Brl, Chb, Em, Grs, Ky, Prp, 
Ru, Sa, Tpz, Zrn 

Subarnapur: Alm, Brl, Tpz 

Boudh: Tpz , Tur 

Kantabanji: Brl, Chb 

Phulabani: Alm, Bri, Em, Grs, Prp 
Hinjlibahal, Kalahandi: Alm, Ap, Chb, Crd, 
Grs, Ky, Prp, Ru, Zrn 

Koraput: Alm, Chb, Grs, Prp 
Rayagada: Chb, Sil 

Shimoga: Grs 

Chikmagalur: Ru 

Hassan: Grs, Ru 

Pavagada: Ru 

Durgahahalli, Ramanahalli, Tumkur: Ru 
Bangalore: Fsp 

Nagamangala: Ky 

Subrahmanya: Ru 

Somvarpet: Ru 

Coorg, Madikeri: Ru 

Mysore: Fsp, Grs, Ky, Ru 

Maddur: Ru 

Channapaitna: Ru 

Bobbili: Sil 

Srikakulam: Alx, Chb 

Araku Valley, Borra: Ap, Chb, Sil, Tur 
Paderu: Chb, Sil 

Vizianagaram: Alx, Chb 

Chintapalli: Chb, Sil 

Addatigala: Alx, Chb 

Vishakhapatnam: Alx, Ap, Chb, Ru, Tur 
Godavari (Kakinada): Alx, Chb 
Ratnagiri Hills: Sa 

Bhadrachalam: Alm, Prp 

Warangal: Ru 

Nalgonda: Ru 

Khammam: Alx, Chb, Ru 

Guntur: Ru 

Anantapur: Ru, Sa 

Nellore: Fsp, Grs 

Chittoor: Alm, Prp, Ru 

Hindupur: Sa 

Thiruvalla: Crd 

Kolattupuzha: Alx, Ru 

Quilon: Chb, Sa 

Aruvikkara, Uzhamalakkal: Alx, Brl 
Trivandrum: Crd, Fsp, Sa 

Nayyar, Ooruttambalam: Alx, Fsp 
Vellore, Venkatpuram: Ru, Sa 

Salem: Alm, Ap, Brl, Em, Fsp, Prp, RQ, Ru 
Nilgiri: Alm, Grs, Prp 

Coimbatore: Brl 

Tarapuram: Brl 

Namakkal: Ap, Ru, Sil 

Paramaitti: Ru 

Kangayam, Padiyur, Tiruppur: Alx, Brl, Chb, 
Crd, Fsp, RQ, Ru, Sa, Scp, Spl, Tpz, Zrn 
Karur, Kunjampalayam: Alm, Alx, Brl, Chb, 
Crd, Fsp, Prp, RQ, Ru, Sa, Scp, Spl, Tpz, 
Tin, Zrn 

Sivapuram: Brl 
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300 km 


Tiruchchirappalli: Alm, Bri, Crd, Fsp, Prp, 
Spl, Zrn 

Kiranur: Crd, Fsp 

Kadavur: Brl 

Dindigul: Alx, Brl, Chb, Fsp 
Kurumbapatti: Brl 

Palni: Alx 

Ramanathapuram: Zrn 

Madurai: Alm, Alx, Brl, Chb, Crd, Fsp, Prp 
Varusha Nadu: Brl 

Tirunelveli: Alx, Chb, Tpz, Zrn 
Kanniyakumari: Alx, Brl, Chb, Sa, Tpz, Zrn 


Nepal 


Dhading: Ru, Sa 


Pakistan 


Neelum Valley: Ru, Sps, Tur 

Basha Valley, Braldu Valley, Shigar Valley: 
Ap, Brl, Em, Ru, Sps, Tpz, Tur, Zo 

Hunza Valley: Ap, Brl, Ru, Sa, Spl, 

Tpz, Tur 

Raikot: Brl 

Astore Valley: Tur 

Batwash Gah, Mir Malik, Nanga Parbat: 
Adr, Sa, Tur 

Indus Valley: Brl, Fsp, LL, Sps, Tpz, Tur 
Battakundi, Kaghan Valley, Sapat: Adr, Ol, 
Ru, Sa 

Swat Valley: Em 

Mardan: Tpz 


Sri Lanka 


Eppawala: Ap 


Western Australia 


Rajasthan 


SOUTH ASIA 


300 miles 


Mumbai 


a BoM 


OmOND 


10 
11 
12 


13 
14 
15 
16 


17 


18 


19 


20 
il 
22 


23 
24 
25 
26 


Northern 
Territory 


o 
Alice Springs 


10° 


South %1 e 
Australia 12 


AUSTRALIA 


500 km 


1 
500 miles 


Madhya Pradesh 


Maharashtra 


Karnataka 


ao Andhra 
Pradesh 
45 : rades! n” 


84. @8! rail 
86.@985 Nadu 


Polonnaruwa: Alm, Sa, Tpz, Tur 
Akurana: Sa 

Kaikawala, Matale, Rattota: Brl, RQ, 
Tpz 

Elahera, Kongahawela: Alm, Crd, 
Fsp, Krn, Sa, Spl, Tpz, Ttn, Tur, Zrn 
Nawalapitiya: Brl, Tpz 

Mahiyangana: Ap 

Bibile: Sa 

Lunugala: Sa 

Badulla: Tur 

Avissawella, Pugoda: Sa, Tur 
Eheliyagoda, Kuruwita: Crd, Grs, Sa, 
Scp, Spl 

ngiriya, Kiriella: Sa, Spl 

Horana, Pelpola: Sa, Spl 

Kalawana, Niwitigala: Alx, Chb, Sa 
Opanayaka, Pelmadulla: Alx, Brl, 
Chb, Sa 


e, 7 
Queensland 


15 


Townsville 
v 6 


SRI LANKA 


ore 
Ver 20) 
Jharkand 


150 km 


1 
150 miles 


Balangoda: Chb, Fsp, Sa, Spl, Tpz, 
Tur, Zrn 

Ratnapura: Alm, Alx, Ap, Bri, Chb, 
Crd, Fsp, Grs, Krn, Sa, Scp, Spl, 
Tpz, Tur, Zrn 

Kolonne, Rakwana: Alx, Chb, Krn, Ol, 
Sa, Scp, Spl, Tur 

Passara: Sa, Tur 

Moneragala: Sa 

Okkampitiya: Ap, Crd, Grs, Krn, Sa, 
Spl, Tur 

Wellawaya: Opl, Sa 

Haputale: Sa 

Hatton, Maskeliya: Alm, Brl 
Ambalangoda, Mitiyagoda: Brl, Fsp 


Ef 
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29 
30 
31 
32 
33 
34 
35 
36 
37 
38 


Galle: RQ, Ttn 


Matara: Grs, Sa 


Akuressa, Kamburupitiya: Alx, Chb, Grs, Ttn 
Deniyaya, Morawaka: Alx, Ap, Chb, Zrn 
Embilipitiya: Sa, Spl, Tur, Zrn 

Ridiyagama: Sa 

Hambantota: Brl 

Tanamalwila: Grs 

Kataragama: Grs, Sa, Spl, Spd, Ttn, Zrn 
Lunugamwehera, Tissamaharama: Brl, Grs 
Telulla: Grs 

Pattara: Alx, Chb 


Ruby mine ai 


Robert Weldon 


Fancy purplish red Argyle diamond, 1.74 ct 


Vincent Pardieu 


Kris Gem Int'/Robert Weldon 


Blue sapphire from Sri Lanka, 10.21 ct 


Rio Tinto Diamonds/Robert Weldon 


AFR 


® 
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Angola 


Oakwnhd— 


Dundo: Dia 

Nzaji (Andrada): Dia 
Cafunfo: Dia 
Cuango-Luzamba: Dia 
Lucapa: Dia 

Saurimo: Dia 


Botswana 


1 
2 
3 


Letlhakane: Dia 
Palapye: Dia 
Jwaneng: Dia 


Central African Republic 


1 
2 


Kotto River: Dia 
Mambéré River: Dia 


Democratic Republic of the Congo 


akwWNM— 


Virunga: Tur 
Walikale: Tur 
Manono: Tur 
Bushimaie River: Dia 
Kasai River: Dia 


Ethiopia 


1 
2 
3 
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Kenya 
1 
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Chumba: Alm 
Agere Maryam: Alm 
Mezezo: Opl 

Wegel Tena: Opl 


Narok: Tur 

Eldoret: Ru 

West Pokot: Ru 

Turkana: Sa 

Garba Tula (Dusi): Sa 

Embu: Brl 

Kitui: Crd, Qz, Sa 

Kajiado: Alm, Grs 

Chawia, Manoa, Mgama, 

Taita Hills: Alm, Grs, Ru, Spl, Sps, Tur 
Mangare, Mukongonyi, 

Mwachango, Rukanga: Alm, Grs, Ru, 
Spl, Tur 

Kisoli, Kuranze, Lasamba Hill, 
Mwakinsunzuru: Alm, Grs, Ru, Sa, Tur 


Lesotho 


1 


Kao, LetSeng-la-Terae, Liqhobong: Dia 


Madagascar 


Befotaka: Sa 

Antetezambato: Adr 

Ambakirano, Manambato: Ap, Qz 
Amboahangimamy, Ambondromifehy, 
Antserasera, Anivorano: Ru, Sa 
Ankarafa, Daraina: Ap, Ttn 

Milanoa: Ap 

Ambilobe: Ap 

Andapa: Brl, Qz, Tpz 

Boriziny: Bri, Qz 

Mahajamba: Brl 

Tsaratanana: Qz 

Andriamena: Brl 

Ambohimaranitra: Sps 

Andriba: Ru 

Kandreho: Fsp 

Analangoaika, Andilamena, Antanimena- 
baka, Antanimbohibe: Qz, RQ, Ru 
Moramanga: RQ, Ru 

Ambatomafana: RQ 

Andreba: Alm 

Ambatondrazaka: Alm, Brl, Chb, Fsp, RQ, 
Ru, Tur 

Didy: Qz, RQ, Ru 

Sahaviavy Fito: RQ 

Lakato: RQ 

Beforona (Ambohitranefitra): Ru 
Ranomafana: RQ 

Ambodilazana, Amboditavolo, 
Ambodivandrika, Vatomandry: Qz, Ru, Sa 
Tetezampaho: Ru 

Marolambo: Alm, Prp 

Ankazobe: Brl, Chb 
Tsiroanomandidy: RQ 

Ambohidrano, Mahasolo, 
Soavinandriana: Brl, Euc, Qz 
Faratsiho: Ru, RQ, Tpz 

Antanifotsy, Antsahanandriana, 
Mandrosohasina: Ru, Sa, Zrn 
Bevitsika Mountain: Qz 
Ambohimanambola: Fsp 

Antsirabe, Betafo, Soamiakatra: Alm, Brl, 
RQ, Ru, Spd, Tur 

Andongologo, Anjanabonoina, 
Antsikoza, Mahaiza, Vohitrakanga: Brl, 
Dnb, Phk, Qz, RQ, Spd, Tur 
Mangataboahangy: Qz 

Anjomakely: Sa 

Ambohimanitra, Antandrokomby, 
Manjaka, Mount Bity: Brl, Dnb, RQ, 
Spd, Tur 

Sakaraha: Sa 

Anavoha, Fotodrevo: Alm, Prp, Ru 
Gogogogo, Vohitany: Grs, Ru 

Ejeda: Grs, Ru 

Behara, Betioky, Maniry: Alm, Fsp, Grs, Ru 
Tranoroa: Alm, Prp 

Berenty: Grs 

Ambatomanaho: Crd 

Ambovombe: Alm 

Amboasary: Brl, Sa, Zrn 

Taolagnaro: Alm, Tur 

Ambinda: Sa 

Betroka: Alm, Krn, Sa, Zrn 

Mahasoa: Fsp 

Mahabo: Fsp 

lanapera: Em 


57 
58 


59 
60 
61 
62 
63 
64 
65 
66 
67 
68 


69 
70 
71 
12 
73 
74 
75 
76 
ila 
78 


79 
80 
81 
82 
83 
84 


This chart accompanies the article published in the Fall 2010 issue of Gems & Gemology (Vol. 46, No. 3) titled 
“Gem Localities of the 2000s,” by J. E. Shigley, B. M. Laurs, A. J. A. Janse, S. Elen, and D. M. Dirlam. These regional maps 
show the approximate locations of gem localities that were significant or showed future potential in the first decade of 
the 2000s. Some regions (e.g., Russia and North America) are not shown due to space limitations. In general, the locality 
names listed here refer to the district where each gem deposit occurs. For some localities (i.e., in Sri Lanka and elsewhere), 
the mine/deposit/occurrence name is shown. In a few instances, localities plotted here are for overlapping mining areas at 

the scale of these maps. In such cases, not all the gem minerals indicated are found at each of these localities. 


Sakoandroa: Prp, Sps 

Ampanihy, Antaratra, Bekily: Alm, Grs, Prp, 
Sa, Sps 

lankaroka, Voronkafatra: Sa 
Ambatomena: Ru 

Beraketa: Opl 

Mitsinjo, Tsivory: Ap, Opl 

Isahara: Brl, Qz, Tpz, Tur 
Andranondambo: Sa 

Ifotaka: Qz 

Vorondolo: Qz 

lfanadiana: Em 

Ambodibakoly, lrondro, Kianjavato, 
Morafeno: Em 

Ambatovita: Brl, Dnb, Spd, Tur 
Bevaondrano: Tur 
Ambatofinandrahana: Qz, Tur 
Andranolava: Sa 

Voandambo: Brl, Spd 

Ambositra: Alm, Chb, Fsp, Qz, RQ, Tpz 
Valozoro: Tur 

Sakeny: Ru 

Ranohira: Alm 

llakaka: Alm, Alx, Chb, Ru, Sa, Spd, Sps, 
Tpz,Tur, Zrn 

Alakamisy Itenina: Tur 

Miarinarivo: Ru 

Ankaditany, Sakalalina, Zazafotsy: Alm, Sa 
Ambinda, Sahambano: Fsp, Sa 
Vondrozo: Qz 

Marosely: Ru, Sa 


Malawi 


1 
2 


Mzimba: Brl 
Ntcheu: Ru, Sa 


Mozambique 


M’Sawize: Ru 

Marrupa: Ru 

Montepuez: Ru 

Namapa: Qz 

Muiane: Brl, Tpz, Tur 

Malema: Brl, Scp 

Cuamba: Alm 

Nacala-a-Velha: Tur 

Lalaua: Brl 

Zumbo: Brl, Qz 

Changara: Ru 

Mutarara: Brl, Sa 

Chimoio: Sa 

Nametil: Tur 

Chalaua, Moma: Brl, Tur 

Gilé, lle, Murrua, Uape: Brl, Em, Qz, Scp, 
Spd, Tur 

Alto Moldécué: Brl, Qz, RQ, Tur 
Mocuba: Brl 

Milange: Brl, Qz 

Maravia: Brl, Fsp, Tpz, Tur 
Naquilite, Naquissupa: RQ, Tur 
Nhampassa: Tur 

Pataguenha: Tur 


Namibia 
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Hartmann Mountains: Sps 
Namib Desert (Sarusas): Qz 
Outjo: Tur 

Otjiwarongo: Qz 

Uis: Tur 

Goboboseb: Qz 

Erongo Mountains, Klein Spitzkoppe, 
Tubussis: Adr, Brl, Tpz, Tur 
Rossing: Brl 

Neu Schwaben: Tur 
Oranjemund: Dia 

Eausiro: Tur 

Omapyo: Tur 

Kubas: Tur 


Nigeria 


Babana: Grs, Tur 
Budo, Iseyin: Sps, Tur 
Komu: Spd, Sps, Tur 
Itasa: Tur 

Are: Tur 

Igbo Ora: Brl 

Olonde: Brl 

Ijebu Igbo: Brl 
Ogbomosho: Sps, Tur 
Lemo, Ndeji: Tur 
llorin: Tur 

Oro: Tur 

ljero Ekiti: Tur 

Ora: Tur 

Egbe: Brl 

Okene: Brl 

Okuta: Phk 
Kontagora: Tur 
Makutu: Grs 

Paikolo: Brl 
Pandogari: Spd, Tur 
Sarkin Pawa: Tur 
Keffi: Tur 

Garatu: Tur 
Akwandoka, Akwanga: Brl, Tur 
Nassarawan Eggon, Shabu: Em, Tpz 
Kagarko: Tur 

Kwoi: Brl 

Godogodo, Kafachan: Sa 
Gwantu, Nandu: Em 
Bomo: Brl, Tpz 

Jos: Phk 

Magama: Tpz 

Tafawa Balewa: Sa 
Gunda: Sa 

Jalingo: Qz 

Ganye: Sa 

Gembu: Sa 
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Somalia 


1 
2 
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Booroma (Alihiley): Em 
Booroma (Simodi): Em 
Qabri Baxar: Opl 


South Africa 
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14 
15 
16 
17 
18 
19 
20 
21 
22 
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24 


Messina: Dia 
Poitgietersrus: Dia 
Gravelotte: Em 
Pretoria: Dia 
Pretoria (Cullinan): Dia 
Swartruggens: Dia 
Lichtenburg: Dia 
Ventersdorp: Dia 
Kroonstad: Dia 
Theunissen: Dia 
Dealesville: Dia 
Koffiefontein: Dia 
Barkly West, Boshof, 
Kimberley: Dia 
Bloemhof: Dia 
Schweizer-Reineke: Dia 
Lime Acres: Dia 
Douglas: Dia 
Prieska: Dia 
Keimoes: Brl 

Reivilo: Dia 
Alexander Bay: Dia 
Port Nolloth: Dia 
Springbok: Dia 
Vredendal: Dia 


Tanzania 


Loliondo: Brl, Grs, Ky, Sps 
Engare Naibor: Fsp 

Longido: Fsp, Ru 

Mwadui: Dia 

Mangola: Em 

Kisiriri: Zrn 

Mayoka: Alx, Chb, Em 

Komolo, Merelani Hills, Lelatema 
Mountains: Alm, Ax, Grs, Spl, Zo 


Landanai, Lossongonoi, Naberera, 


Narujuruju: Fsp, Grs, Ru, Tur 


NIGERIA 
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Gaborone 


Haneti: Chp 

Hedaru: Alm 

Mwembe, Pare Mountains, Same: Alm, 
Crd, Zrn 

Mnazi: Tur 

Kalalani, Kigwase, Mwakijembe, Umba 
Valley: Alm, Grs, Prp, Ru, Sa, Sps, Tur, Zrn 
Usambara Mountains: Krn 

Korogwe: Zrn 

Daluni: Tur 

Winza: Ru, Sa 

Mpwapwa: Crd, Scp 

Geiro, Lukande: Fsp 

Kilosa: Fsp 

Matombo, Mkuyuni, Mvuha, Uluguru 
Mountains: Alm, Dnb, Ru, Sa, Spl, Tur 
Nyamtumbo: Brl 

Songea: Brl, Ru, Sa 

Mtetesi River, Tunduru: Alm, Bri, Chb, Grs, 
Ru, Sa, Spl, Taf 

Lumesule River, Muhuwesi River: Alm, 
Chb, Grs, Ru, Sa, Spl 

Masuguru: Ru, Sa 

Namaputa: Alm 

Ngapa: Ru, Sa 

Mpekenyera, Namungu Hill: Grs 

Chipa, Lukande, Mahenge, Epanko: Alm, 
Ru, Sa, Spl 

Chala, Sumbawanga: Brl, Em, Ru 
Mbinga: Ru, Sa 


Zambia 
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Muyombe: Chb 
Chama: Brl 

Sangu: Prp 

Lundazi: Bri, Sps, Tur 
Nyimba: Tur 

Mkushi: Brl, Tur 
Luanshya (Kufubu River): Em, Phk 
Kabwe: Tur 
Mumbwa: Qz 
Itezhi-Tezhi: Brl 
Kalomo: Qz 


BOTSWANA 
* 


ZAMBIA 3 
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be * 
ZIMBABWE 


LESOTHO 


Zimbabwe 


Makuti: Crd 

Karoi: Em 

Mwanmi: Brl, Chb, Em, Euc, Tpz, Tur 
Guruwe: Tpz 

Mutoko, Rushinga: Brl 

Kadoma: Chb, Euc 

Nyamandlovu: Qz 

Filabusi: Brl 

Gwanda: Tur 

Mberengwe: Em 

Somabhula: Alx, Chb, Em, Ru, Sa, Tpz 
Zvishavane: Crd 

Masvingo: Alx, Em, Chb 

Marange: Dia 

Chikwanda: Em 

Zvishavane: Dia 

Beitbridge: Crd 
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Robert Weldon 


Spinel from Vietnam, 4.69 ct 
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eo! 
Antananarivo 
Gy 


Antsirabe @36 @28 27 


MADAGASCAR 


Spinel mining at 
Mahenge, Tanzania 


oO 200 km 

— a ee 
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v) 200 miles 


Unheated Madagascar sapphires (~0.6-2 ct) 


RareSource/Robert Weldon 


Fine Gems Int'l/Robert Weldon 


Chinese freshwater cultured pearls (6.5—7.5 mm) 


MYANMAR 
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Nakhon Ratchasima 
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Vincent Pardieu 
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La Paz 


Maranhao 


°, 


ARGENTINA Rio Grande 


do Sul 


SOUTH AMERICA 


800 km 


800 miles 


Colombian emerald, 2.59 ct 


KEY/ABBREVIATIONS @ Gem Locality * National Capital + City 

Abg Amblygonite Dnb Danburite MSS = Maw-sit-sit Scp Scapolite 

AC Amber/copal Dia Diamond Nph Nephrite Spd Spodumene 

And Andalusite Dsp Diaspore Opl Opal Sil Sillimanite 

Alx Alexandrite Em Emerald (beryl) Ol Peridot (olivine) Sdl Sodalite 
(chrysoberyl) Euc Euclase Phk Phenakite Spl Spinel 

Alm Almandine/rhodolite Fsp Feldspar Prp Pyrope Sps Spessartine 

Adr Andradite/demantoid Grs Grossular/hessonite/ Qz Amethyst/citrine/ Taf Taaffeite 

Ap Apatite tsavorite ametrine Tur Tourmaline 

Ax Axinite Crd lolite (cordierite) Rds Rhodochrosite Tpz Topaz 

Bri Beryl Jd Jadeite Rdn Rhodonite Trq Turquoise 

Brz Brazilianite Krn Kornerupine RQ Rose quartz Ttn Sphene (titanite) 

Chb Chrysoberyl Ky Kyanite Ru Ruby (corundum) ZO Zoisite/tanzanite 

Chp Chrysoprase (UL Lapis lazuli Sa Sapphire (corundum) zr Zircon 


Valerie Power 


Robert Weldon 
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Cambodia 


1 
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Laos 
1 


Pailin: Ru, Sa 
Bong Long: Zrn 


Ban Houayxay: Ru, Sa, Spl 


Myanmar 


1 
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Hukawng Valley: AC 

Nam Phyu: Ru 

Hkamti: AC, Jd 

Hpakant, Kansi, Tawmaw: Jd, MSS 
Nanyaseik: Ru, Sa, Spl 

Mohnyin: Ky 

Bernardmyo, Kabaing, Kyatpyin, 
Kyauksin, Mogok: Abg, And, Ap, 
Brl, Dnb, Krn, LL, Ol, Ru, Sa, Scp, Sd, 
Spl, Sps, Tpz, Zrn 

Thabeikkyin: Ru, Zrn 

Mong Hkak: Sa 

Molo: Brl, Phk, Tpz, Tur 

Momeik (Mong Mit): Ap, Brl, Dnb, Phk, Tur 
Singu: Ap, Tur 

Natogyi: Opl 

Kume: Brl, Grs, Tpz 

Mong Long: Tur 

Makmai: Tur 

Mong Hsu: Dsp, Ru, Sa, Tur 

Mong Hsat: Alm 

Mong Pan: Tur 

Pawn Chaung: Spl, Tur 


Thailand 
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Chiang Khong: Sa 

Den Chai: Sa 

Wang Chin: Sa 

Nam Yuen, Nong Khon: Ru, Sa 
Bo Phloi: Sa 

Khao Ploi Waen: Sa 

Bo Rai, Bo Waen, Nong Bon, 
Tok Phrom, Welu Klang: Ru 
Khao Saming: Ru 
Kanchanaburi: Sa 


Vietnam 


Tu Le: Tpz 

An Phu, Bai Da Lan, Khai Trung, Luc Yen, 
Minh Tien, Minh Xuan, Tan Lap, Truc Lau: 
Brl, Fsp, Ru, Sa, Spl, Tur, Zrn 

Tan Huong, Thac Ba, Yen Bai: Ru, Sa, Spl 
Thach Khoan: Brl 

Phu Tho: Brl 

Xuan Le: Tpz 

Qui Chau, Qui Phong: Brl, Ru, Sa, Spl, Zrn 
Qui Hoop: Ru, Sa 

Bien Ho: Ol 

Di Linh: Sa 

Ma Lam, Phan Thiet: Ru, Sa 

Bao Lac: Sa, Tpz 

Xa Gia Kiem, Xuan Loc: Sa 


SOUTH AMERICA 


Argentina 


1 


Capillitas: Rds 


Bolivia 


1 
2 


Brazil 
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40 
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Chile 


1 


Sandoval: Qz 
Independencia: Sdl 


Boa Vista: Dia 

Sao Geraldo do Araguaia: Opl 
Itacupim Island: Trq 

Maraba, Tocantins River: Dia, Qz 
Pau d’Arco: Qz 

Gilbués: Dia 

Pedro II: Op! 

Quixeramobim: Tur 

Solondpole: Tur 

Caicara, Tenente Ananias: Brl, Em 
Sao Joao do Sabuji: Brl 

Equador, Pedra Lavrada: Euc, Tur 
Acari, Carnauba dos Dantas, 
Parelhas: Brl, Crd, RQ, Sps, Tur 
Lajes Pintadas: Brl 

Frei Martinho: Tur 

Santa Luzia: Grs 

Salgadinho: Tur 

Pimenta Bueno: Dia 

Juina: Dia 

Cuiaba: Dia 

Monte Santo: Em 

Peixe: Alm, Sps 

Pilao Acado: Em 

Campo Formoso, Pindobacu: Alx, Em 
Lengois: Dia 

Caetité: Qz 

Brumado: Em 

Anajé: Em 

Vitoria da Conquista: Bri, Ky 

Itambé: Brl 

Macarani, Maiquinique: Brl 
Alcobaga: Brl 

Itanhém: Brl 

Minagu: Alx 

Santa Teresinha de Goias: Em 
Pirendopolis: Em 

Pedra Azul: Brl, Tpz 

Medina: Brl, Tpz 

Itinga, Jequitinhonha: And, Qz, RQ, Tpz 
Araguai, Coronel Murta, 

Virgem da Lapa: Brl, Qz, Tpz, Tur 
Carai, Padre Paraiso: Brl, Chb, Tpz 
Catuji: Brl, Tpz 

Tedfilo Otoni, Topazio: Brl 

Agua Boa, Malacacheta: Alx, Ru, Sa, Tur 
Sao José da Safira, Virgolandia: Crd, Sps, 
Tur 

Diamantina: Dia 

Coromandel: Dia 

Ferros, Hematita, Itabira, Santa Maria de 
Itabira: Alx, Brl, Em, Tpz 

Ouro Preto: Euc, Tpz 

Conselheiro Lafaiete: Rdn 

Indaia: Ru, Sa 

Sapucaia: RQ, Ru, Sa 

Manhuagu: Alx, Sa 

Aracruz: Scp 

Divino das Laranjeiras: Abg, Brz, Tur 
Galiléia, Sao Geraldo do Baixio: Brl, Qz, 
Spd, Sps, Tur 

Conselheiro Pena: Em, Euc, Qz, Sps, Tur 
Resplendor: Brl 

Pancas: Brl 

Baixo Guandu: Brl 

Colatina: Chb 

Itaguagu: Brl 

Castelo: Brl 

Mimoso do Sul, Muqui: Brl 

Paraiso do Tocantins: Em 

Salinas: Tur 

Capelinha: Ttn 


El Polvo: LL 


Colombia 
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2 
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Muzo, Maripi (La Pita), 

San Pablo de Borbur, Yacopi: Em 
Chivor, Gachala, Macanal: Em, Euc 
Mercaderes: Sa 


Guyana 
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Bartica: Dia 
Issano: Dia 
Lethem: Dia 


Nazca: Opl 

Ica: Opl 

Yauli: Rds 

Oyon: Rds 
Huachocolpa: Rds 


Uruguay 


1 


Artigas: Qz 


Venezuela 


1 


2 
3 
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Santa Elena de Uairén: Dia 
El Dorado: Dia 

Paviche: Dia 

Caicara: Dia 
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CHALLENGE WINNERS 


This year, hundreds of readers participated in the 2010 Gems & GEMOLOGY 
. = Challenge. Entries arrived from around the world, as readers tested their gemological 
Gacy | knowledge by answering questions listed in the Spring 2010 issue. Those who 
earned a score of 75% or better received a GIA Letter of Completion recognizing 


their achievement. The participants who scored a perfect 100% are listed here. 
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AUSTRALIA Queensland, Palm Beach: Bert Last. Tasmania, Huonville: Joseph Bini. 
Victoria, Ringwood: Paulina Holmer. South Australia, Grange: Barbara Wodecki ¢ 
BELGIUM Brussels: Sheila Sylvester. Diegem: Guy Lalous. Diksmuide: Honore 
eu —— Loeters. Ruiselede: Lucette Nols. e CANADA British Columbia, Victoria: Anthony De 

Pe Goutiere. Ontario, Kingston: Brian Randolph Smith. St. Catharines: Alice 
Christianson. Quebec, Montreal: Marie-France Gilmert * FRANCE Les Breviaires: 
Thierry Cathelineau ¢ GREECE Thessaloniki: Panagiotis Efthimiadis ¢ INDONESIA 
Jakarta: Warli Latumena ¢ IRAN Tehran: Sabrina Amiri Garousi ¢ IRELAND Galway: 
Simon Zaletel ¢ ITALY Latina Scalo: Guidi Giuseppe. Ma/nete: Gabriele Tralli. 
Tarvisio: Chiara Piussi ¢ JAPAN Tokyo: Naoko Tokikuni ¢ KENYA Nairobi: Marvin 
M. Wambuae LITHUANIA Vilnius: Saulius Fokas ¢ NETHERLANDS Voorburg: 
Wilma van der Giessen ¢ RUSSIA Moscow: Vadim Prygov ¢ SWITZERLAND 
Geneva: Julie Falquet, Kanchan Nair. Muri bei Bern: Michael Huegi. Zurich: Doris 
ANSWERS Christine Gerber, Eva Mettler ¢ UNITED KINGDOM Buckinghamshire: Claire 
Mitchell. Edinburgh: A. Ewen Taylor. London: Karin Sixl-Daniell ¢ USA Arkansas, 


Bee Pages! 7a eee Greenbrier: Beverly A. Brannan. California, Carlsbad: Michael Evans, Brenda A. 


2010 issue for the questions. Harwick. Marina Del Rey: Veronika Riedel. Palo Alto: Grace Pahed. Rancho 
1 (d), 2 (a), 3 (a), 4 (b), 5 (0), 6 (a), Cucamonga: Sandy MacLeane. Santa Barbara: Joanne Moy. Colorado, Denver: Alan 
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GEMSTONE ENHANCEMENT AND 
ITS DETECTION IN THE 2000S 


Shane F. McClure, Robert E. Kane, and Nicholas Sturman 


Advances in technology and increased demand for lower-priced gem materials contributed to the 
proliferation of new treatments throughout the first decade of the 2000s. The developments that 
made the most difference were the diffusion treatment of corundum with beryllium, diffusion of 
copper into feldspar, clarity enhancement of ruby and diamond, and heat treatment of diamond, 
ruby, and sapphire. Gemological laboratories and researchers have done their best to keep up 
with these treatments, and the jewelry trade has struggled with how to disclose them. This article 
summarizes these developments and the methods used to identify the various enhancements. 


the events of the 1990s as they pertained to 

gemstone enhancements and their detection 
(McClure and Smith, 2000). At that time, we 
observed that the issue of disclosure (and, especially, 
the failure to disclose) had caused major upheaval in 
all areas of the jewelry industry. We ended that ret- 
rospective article by stating there would be no end to 
fresh challenges in treatment identification and dis- 
closure as we entered the new millennium. 

The 2000s certainly lived up to our expectations. 
There were treatments discovered that no one sus- 
pected were possible. There were crises of disclosure 
that resulted in televised exposés and unfavorable 
publicity for the industry. There were improvements 
in treatments developed in the ’90s that made them 
more efficient and often harder to detect. 

Detection methods have also become more and 
more complex. Gemological laboratories have had to 


A nother decade has passed since we reviewed 
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invest in more sophisticated instrumentation, some- 
times at great expense. For the frontline laboratories, 
being a good gemologist is no longer good enough. 
You must also have training in the earth sciences 
and analytical instrumentation to function effective- 
ly in such an environment. Now more than ever, the 
gemologist in the trade must be able to recognize 
when a stone requires more advanced testing. 

It is important to emphasize that many of these 
treatments can still be detected with standard gemo- 
logical equipment, but staying current on the latest 
developments is absolutely essential. The knowl- 
edge base concerning treatments is constantly 
changing. 

Nearly every gem material (e.g., figure 1) is subject 
to treatments of one form or another. Building on 
previous reviews (Kammerling et al., 1990a; McClure 
and Smith, 2000; Smith and McClure, 2002), the aim 
of this article is to provide an overview of the treat- 
ments and identification challenges associated with 
them that were common during the first decade of 
the 2000s. The authors strongly recommend that 
readers familiarize themselves with the original refer- 
ences, as all the pertinent information cannot be pre- 
sented in a review article. 
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NOMENCLATURE AND DISCLOSURE 


Although there is no global standard regarding 
specifically how a seller should disclose gem treat- 
ments or enhancements, there is general agreement 
that they should be disclosed. This disclosure 
should be to all purchasers, at all levels of com- 
merce (from miner to cutter, wholesaler, jewelry 
manufacturer, retailer, and—ultimately—the con- 
sumer). To find the proper protocol in your country 
or area, contact one of your national or regional col- 
ored stone and diamond organizations, such as 
AGTA (www.agta.org), ICA (www.gemstone.org], 
CIBJO (download.cibjo.org ), or the World Federa- 
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Figure 1. The 2000s continued to 
see the widespread use of treat- 
ments on a wide variety of gem- 
stones. The gems shown here 
were enhanced during the 2000s 
by heat (unless otherwise noted) 
or other methods known prior to 
the decade: (1) 8.43 ct aquama- 
rine; (2) 16.86 ct tanzanite; (3) 
10.08 ct tourmaline; (4) 4.65 ct 
Paraiba tourmaline; (5) 3.36 ct 
red beryl (clarity enhanced); (6) 
3.07 ct ruby; (7) 53.54 ct Cu-bear- 
ing tourmaline, Mozambique; (8) 
13.97 ct zircon; (9) 2.60 ct emer- 
ald (clarity enhanced); (10) 6.43 
ct zircon; (11) 8.04 ct blue sap- 
phire; (12) 12.15 ct pink sapphire; 
(13) 13.67 ct yellow sapphire; and 
(14) 9.07 ct blue topaz (irradiated 
and heated). Nos. 1, 3, 6, 8, 9, 11, 
12, and 13 are courtesy of Evan 
Caplan (Omi Gems, Los 
Angeles); 2, 4, 5, 7, and 10 are 
from Fine Gems International; 
and 14 is from Tino Hammid. 
Photo by Tino Hammid, 

© Robert E. Kane. 


tion of Diamond Bourses (WFDB, www.wfdb.com). 
In the early 2000s, a group that came to be 
known as the Laboratory Manual Harmonisation 
Committee (LMHC) was formed at the request of 
leaders of the colored stone industry. Its purpose was 
to bring together representatives of many of the 
major gem laboratories and attempt to standardize 
wording on their reports (“International labs. . . ,” 
2000). The LMHC is autonomous and has represen- 
tatives from the U.S., Switzerland, Thailand, Italy, 
and Japan. If agreement is reached on a given subject, 
they issue an information sheet with the wording 
expected to be seen on reports from those labs. To 
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Figure 2. This group of diamonds (0.30-0.74 ct) 
illustrates the wide array of colors that can be 
produced by artificial irradiation with subsequent 
annealing. Courtesy of Lotus Color; photo by 
Robert and Orasa Weldon. 


date, 10 such information sheets have been issued, 
and the group continues to meet twice a year (to 
download these standardized nomenclature sheets, 
go to www.lmhc-gemology.org/index.html). 


THERMAL ENHANCEMENT 


For a wide variety of gem materials, heat treatment 
is still the most common enhancement. In some 
cases, heat treatment can still be identified by rou- 
tine methods. In others, conclusive identification is 
possible only with advanced instrumentation and 
techniques. In still other gems (e.g., aquamarine, cit- 
rine, amethyst, and tourmaline), heat treatment 
remains virtually unidentifiable by any currently 
known methods. For this last group of stones, which 
are heated to induce permanent changes to their 
color, this enhancement may be the rule rather than 
the exception. One should assume that most of 
those gem materials have been heated. 
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High-pressure, high-temperature (HPHT) treat- 
ment of diamonds was only introduced commercial- 
ly in 1999, and much of the first decade of the 2000s 
was devoted to expanding this high-tech treatment 
to colored diamonds on the one hand—and detecting 
it on the other. Research efforts thus far have provid- 
ed methods to identify not only the lightening of off- 
color diamonds, but also the production of a wide 
variety of fancy colors. 


Diamond. The last decade bore witness to the 
greater presence of color-treated diamonds, with the 
global trade reportedly approaching 25,000 carats per 
month in the latter half of the decade (3-5% of the 
total diamond trade; Krawitz, 2007). Although not 
specifically noted, this figure probably refers mostly 
to irradiated and annealed diamonds of many differ- 
ent colors. Irradiation, heating, HPHT, or a combina- 
tion of these treatments can create virtually every 
hue (figure 2), including black and colorless. 


HPHT Treatment to Remove Color. HPHT treat- 
ment of diamonds to remove or induce color was a 
central topic of the diamond community throughout 
the 2000s. In 1999, General Electric Co. and Lazare 
Kaplan International announced the commercial 
application of an HPHT process for faceted diamonds 
(Pegasus Overseas Limited, 1999) that removed color 
from brown type Ila stones (by annealing out vacancy 
clusters associated with the brown color in plastical- 
ly deformed diamonds; Fisher, 2009). Even though 
scientists had recognized these and other possibilities 
30 years earlier (see, e.g., Overton and Shigley, 2008}, 
the results came as a surprise to many in the dia- 
mond world—a type Ila brown diamond of any size 
could be transformed into a colorless stone (see, e.g., 
Smith et al., 2000). After HPHT treatment, the 
majority of these diamonds received D through G 
color grades, and the results were permanent (Moses 
et al., 1999). Gemological researchers globally mobi- 
lized to understand and identify the process (e.g., 
Chalain et al., 1999, 2000; Schmetzer, 1999; Collins 
et al., 2000; Fisher and Spits, 2000; Smith et al., 
2000). 

By late 2000, more than 2,000 decolorized type Ia 
HPHT-treated diamonds had been seen at the GIA 
Laboratory (McClure and Smith, 2000). Today, with 
several treaters in various countries removing color 
from diamonds with HPHT annealing, this treat- 
ment has become almost commonplace. 

Determining diamond type is central to the 
detection of colorless to near-colorless HPHT-treat- 
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¢ 16th century Italian pendant of gold, 
crystal, enamel, and pearls. Religious 
topic is typical, Metropolitan Museum of 
Art. 


jet is used. Pins range from three to nine 
inches. in length. Beads of amber, pearl, 
glazed earthenware, and glass — principally 
blue glass —are found in abundance. Orna- 
mentation with enamel is also employed. 


Again, conquest and migration formed a 
basis for changes in jeweled ornamentation 
as the barbarian hordes swept over the con- 
tinent of Europe. Classical art vanished and 
there came into being an Oriental love of 
color. Red garnets or red glass were often 
inlaid on a metal surface, a process which 
was used from the 3rd to around the-8th 
century. This. type of barbarian-influenced 
jewelry diminished, and almost disappeared; 
when Charlemagne was crowned emperor 
in 768 A.D. 


ANGLO-SAXON JEWELRY 

Again invasion in the form of Teutonic 
hordes sweeping over Britain in the 5th 
century, following the extinction of Roman 
power, brought a change. Gold, silver, and 
some alloy was used during the period 
between the 5th and 7th century. The great- 
est number of pieces were of the pin type 
and were characterized by delicate fold work 
and a peculiarly harmonious blending of 
colors. Earrings were not common, nor were 
rings. However, some elegant necklaces 
formed of gold beads, amethyst, amber, and 
other precious stones were used. Brooches 
were numerous among Anglo-Saxon orna- 
ments and are remarkable for their beauty 
of workmanship. The brooch pin was often 
made of iron. 

With the advent of Christianity in Eng- 
land around the latter part of the 7th cen- 
tury, a profound change in ornaments was 
noticeable. Because the pagan custom of 


e 16th century Italian rosary of gold, 
onyx, and enamel. Life of Virgin shown 
in relief inside beads. Metropolitan Mu- 
seum of Art. 
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ed diamonds. For a thorough review of how diamond 
type is determined, see Breeding and Shigley (2009). 
Nearly 99% of all natural gem diamonds are type Ia. 
Thus far, all colorless to near-colorless HPHT-treat- 
ed diamonds reported in the literature have been 
type Ila. Fortunately, it is easy to determine if a dia- 
mond is not a type Ila by using the DiamondSure 
(Welbourn et al., 1996), SSEF Type II Diamond 
Spotter (Boehm, 2002; Hanni, 2002), or other simple 
gemological methods (Breeding and Shigley, 2009). 
At the present time, if a colorless to near-colorless 
diamond is not type IIa, then it is not HPHT treated. 

Visual features related to damage caused by the 
extreme conditions of the treatment may be seen in 
some colorless to near-colorless HPHT-treated dia- 
monds. These include a frosted appearance caused by 
etching or pitting, as well as gray or black graphitiza- 
tion, on naturals or fractures where they come to the 
surface. Such features are not commonly observed in 
untreated colorless type Ila diamonds, although light- 
ly pitted surfaces and graphitized or graphite inclu- 
sions have been seen on rare occasions. Therefore, 
such features are a good indication of treatment, but 
they are not proof by themselves (Moses et al., 1999, 
McClure and Smith, 2000; Gelb and Hall, 2002). 
Because these heat damage-related features are not 
always present in a faceted diamond or may be diffi- 
cult to discern, detection of HPHT treatment in a 
type Ila diamond generally requires measurement of 
the absorption and/or photoluminescence (PL) spec- 
tra taken with the diamond cooled to a low tempera- 
ture (see Chalain et al., 1999, 2000; Collins et al., 
2000; De Weerdt and Van Royen, 2000; Fisher and 
Spits, 2000; Hanni et al., 2000; Smith et al., 2000, 
Collins, 2001, 2003; Novikov et al., 2003; and 
Newton, 2006). 


HPHT Treatment to Produce Color. Refinements 
to HPHT processing have yielded commercial pro- 
duction of a variety of colors in both type I (orangy 
yellow, yellow, to yellow green) and type II (pink or 
blue) diamonds (Shigley, 2008; see, e.g., figure 3). 
Identifying HPHT-treated type Ia diamonds 
requires both IR and low-temperature visible-range 
spectroscopy, but several gemological properties 
offer evidence (see Reinitz et al., 2000). The pink and 
blue HPHT-treated diamonds initially examined by 
Hall and Moses (2000, 2001b) ranged from Faint and 
Very Light to Fancy Intense and Fancy Deep. Low- 
temperature PL spectra identified these products. As 
discussed below, combining treatments (e.g., HPHT 
annealing, irradiation, then low-temperature heat- 
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Figure 3. This 0.34 ct Fancy Light gray-blue diamond 
was successfully turned Fancy blue by HPHT treat- 
ment. Photos by Elizabeth Schrader. 


ing) can produce interesting results, such as intense 
pink-to-red diamonds (Wang et al., 2005b). Smith et 
al. (2008a,b) contributed useful charts for identifying 
the natural or treated origin of color in pink and blue 
diamonds. 


Heat-Treated Black Diamond. In the late 1990s, it 
became popular to pavé-set small natural-color black 
diamonds alongside colorless diamonds in jewelry 
(Federman, 1999, Gruosi, 1999; Misiorowski, 2000). 
This design trend continued into the 2000s. As is 
often the case with successful jewelry lines, less- 
expensive approaches soon followed. Harris and 
Vance (1972) had experimented with the production 
of artificial graphitization in diamond, which Hall 
and Moses (2001a) confirmed by heating a sample 
under vacuum for a few minutes to several hours 
and turning it black; Raman spectra showed a pat- 
tern that matched graphite. Notari (2002) discussed 
several different commercially practiced methods of 
heating to produce graphitization and black col- 
oration in diamonds. 

In many cases, microscopic examination with 
fiber-optic illumination can provide proof of heat 
treatment in black diamonds—the black (graphi- 
tized) areas are largely confined to surface-reaching 
cleavages and fractures (Hall and Moses, 2001a). In 
natural-color black diamonds, the graphitization is 
randomly dispersed throughout, referred to as a “salt 
and pepper” effect (Kammerling et al., 1990b). This 
random orientation is also seen in other color-caus- 
ing inclusions in natural-color black diamonds, such 
as magnetite, hematite, and native iron (Titkov et 
al., 2003). This determination, however, requires a 
gemologist experienced in examining known sam- 
ples of both natural-color and heat-treated black dia- 
monds (see, e.g., Smith et al., 2008c). 


Ruby and Sapphire. As in the preceding two decades, 
the heat treatment of corundum to substantially 
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Figure 4. Heat treatment with the stone placed in a 
flux has largely healed this fracture in a Mong Hsu 
ruby. However, it has left behind a “fingerprint” that 
looks similar to those found in synthetic rubies, 
another challenge for the gemologist. Photomicro- 
graph by S. F. McClure; magnified 40x. 


change its color remained a troublesome issue. 
Heating was applied to the vast majority of rubies 
and all colors of sapphires during the 2000s. 

In some cases, clarity was also affected, as with 
the flux-assisted healing of fractures (in combination 
with high-temperature heat treatment) that began in 
the early 1990s with the discovery of huge quantities 
of ruby at Mong Hsu, Myanmar (see Peretti et al., 
1995; figure 4). The 2000s ushered in a greater under- 
standing of this material—which dominated the ruby 
market—and cooperation between gemological labo- 
ratories to adopt standardized wording to describe 
heat treatment in corundum and, most importantly, 
the degree to which fracture “healing” has occurred 
and the amount of solidified flux “residue” (see e.g., 
www.lmhc-gemology.org/index.html). Today, there 
is less production of ruby at Mong Hsu, but this tech- 


Figure 5. This matched pair of blue sapphires (3.07 
and 3.10 ct) were heat treated by the Punsiri method. 
Photo by Maha Tannous. 
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nique is now being used on rubies from Africa (Shor 
and Weldon, 2009). 

There were also new areas of concern, such as 
beryllium diffusion with high heat (see “Diffusion 
Treatment” below) and the “Punsiri” high-tempera- 
ture treatment for blue sapphires. With regard to the 
latter, concerns arose in late 2003 when some labora- 
tories first observed unusual color concentrations in 
larger heat-treated blue sapphires (figure 5) immersed 
in methylene iodide (Scarratt, 2004; Smith et al., 
2004). All had one consistent characteristic: a color- 
less or near-colorless outer rim and a deep blue (or, if 
color change, purple) interior (figure 6). 

After comprehensive analytical research (and GIA 
and AGTA observation of the technique as performed 
by treater Tennakoon Punsiri in Sri Lanka), the SSEF, 
AGTA, and GIA laboratories all came to the same 
conclusion: These stones were not diffused with 
beryllium or any other element (McClure, 2003b; 
Hanni et al., 2004; “ICA issues its first lab report. . . ,” 
2004). The major gem labs continue to identify sap- 
phires treated by the “Punsiri” method as natural sap- 
phires that show evidence of heat treatment. 

Beginning mid-decade, demand and scarcity sig- 
nificantly drove up prices for colorless or “white” 
sapphire. As a result, dealers in Sri Lanka reported 
that lightly colored sapphires had been heated to ren- 
der them colorless (Robertson, 2008). Ironically, the 
scarcity of natural white sapphire was caused in part 
by the large quantities that were being used for Ti 
blue diffusion and, to a lesser extent, Cr red diffusion. 

Since the two previous Gw#G retrospective arti- 
cles on treatments (Kammerling et al., 1990a; 


Figure 6. The unusual color zoning in this color- 
change sapphire is typical of stones treated by the 
Punsiri method. Photomicrograph by S. F. McClure; 
magnified 10x. 
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McClure and Smith, 2000), heat-treatment technolo- 
gy—in the form of electric furnaces with precise 
temperature and atmospheric controls—has become 
more sophisticated and accessible. During the 1980s 
and 1990s, nearly all commercial corundum heat 
treatment was being conducted in Thailand. While 
Thailand remains important, Sri Lanka is now a 
major force, and smaller yet very effective corun- 
dum-heating capabilities exist in other producing 
regions such as Africa, Myanmar, China, and the 
U.S. (Montana). Nevertheless, some pink sapphires 
and rubies continue to be heated using simple blow- 
pipe methods at mine sites and trading centers in 
Vietnam, Sri Lanka, and elsewhere (R. Hughes, pers. 
comm., 2010). 

Heat treatment, particularly at high temperatures, 
can dramatically alter the internal characteristics and 
properties of sapphires and rubies. During the past 
decade, a number of articles addressed heat-treatment 
techniques and their effects on gem corundum from 
localities such as Madagascar (Wang et al., 2006a), 
Montana (Schmetzer and Schwarz, 2007; Kane, 2.008), 
Australia (Maxwell, 2002), Vietnam (Winotai et al., 
2004), Myanmar (Kyi et al., 1999), and Malawi 
(Rankin, 2002; Rankin and Edwards, 2003). 
Schmetzer and Schwarz (2005) discussed the identifi- 
cation of natural, heated, and Be-diffused yellow to 
reddish orange sapphires from Sri Lanka, Montana, 
Madagascar, and Tanzania. David and Fritsch (2001) 
contributed a valuable study on the use of infrared 
spectra to distinguish heated rubies and sapphires 
from 20 different geographic origins. 

Proof that a ruby or sapphire has been heat treat- 
ed is sometimes readily apparent, but in many cases 
it requires considerable knowledge and observational 
skills. The criteria for identifying heat treatment in 
rubies and sapphires using a microscope were set 
forth during the 1980s and ’90s (for a summary, see 
Kammerling et al., 1990a). Most still apply. They 
include stress fractures surrounding melted or heat- 
altered inclusions; spotty coloration in blue stones, 
best seen with diffused illumination; colored halos 
surrounding altered solid mineral inclusions; stubby, 
partially absorbed (dot-like) silk; and pockmarked, 
resorbed facets. 

Relatively low-temperature heating (i.e., 
800-1200°C), particularly of purplish pink sapphires 
(and some purplish red rubies) to remove the blue 
color component, is still very difficult to detect with 
standard microscopic testing. The lower the temper- 
ature used, the more difficult the detection will be 
(Krzemnicki, 2010). 
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Figure 7. This ~7.5-cm-wide piece of amber was cut in 
half and the segment on the left treated by the first 
step of the “greening” process and the half on the 
right treated by both steps to turn it green. Photo by 
Cc. D. Mengason. 


Equally important is being able to prove that a 
ruby or sapphire has not been heat treated. The 
decade yielded rich contributions in this area; see 
Shor and Weldon (2009) and Shigley et al. (2010) for 
important literature references. Smith et al. (2008d) 
and Smith (2010) provided useful charts for identify- 
ing the natural or treated state in rubies and sap- 
phires from around the world. 


Amber. Amber and copal are still heated to improve 
clarity, color, and hardness, and to induce “sun span- 
gles” (Kammerling et al., 1990a; O’Donoghue, 2.006). 
In 2009, Abduriyim et al. described a new method to 
produce a green color in amber and copal (figure 7), 
some as bright and green as peridot, using a two- 
stage process of controlled heat and pressure in an 
autoclave for long durations. Multiple treatments 
may increase the color saturation, producing an 
intense, pure green hue that has not been seen in 
untreated amber. The treatment also reportedly 
hardens the amber, making it more stable (Abduri- 
yim et al., 2009). While infrared spectroscopy can 
distinguish amber from copal (Guiliano et al., 2007), 
this new treatment process “ages” the copal, render- 
ing its properties similar to those of amber and mak- 
ing its identification as copal extremely difficult, 
even with advanced analytical methods. 

The presence of a small absorption around 820 
cm! in the FTIR spectra confirmed the use of multi- 
ple treatments on all the commercial “green amber” 
samples tested by Abduriyim et al. (2009). Although 
the use of heat treatment on a specific piece can be 
ascertained, whether or not the original starting 
material was copal or amber still cannot be routinely 


identified. 
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Gamet. Around 2003, members of the trade began 
reporting that Russian demantoid is routinely subject- 
ed to low-temperature heat treatment to remove or 
reduce the brown color component (“The reds. . . ,” 
2.003; N. Kuznetsov, pers. comm., 2003). Other than 
the presence of altered inclusions in some stones, no 
measurable gemological means of detection has yet 
been reported. The result is that some international 
laboratories make no determination of whether a 
demantoid has been heated, whereas others will 
state if indications of heating are present (Pala Inter- 
national, 2010). 


Spinel. As was the case with garnet, it was long 
believed that spinel was never treated. Beginning in 
2005, however, researchers determined that certain 
pink-to-red spinels from Tanzania were heat treated 
(Saeseaw et al., 2009a). In 2007, four large (6-54 kg) 
spinel crystals were faceted into many thousands of 
fine gems from melee sizes up to 10-50 ct (Pardieu 
et al., 2008). Again, rumors of heated spinel began to 
circulate. This prompted researchers to conduct 
before-and-after heat treatment studies of spinel 
from various localities. It was concluded that heated 
and unheated natural spinel could easily be distin- 
guished by the width of the 405 cm! Raman line, or 
by examining the width of the Cr** PL spectrum line 
in stones containing sufficient chromium (Saeseaw 
et al., 2009b,c; Kondo et al., 2010). 


Tourmaline. The heat treatment of Cu-bearing tour- 
malines from Paraiba, Brazil, and the enormous 
demand for both the natural-color and heat-treated 
material, continued through the decade. An interest- 
ing twist occurred when Cu-bearing tourmalines 
were discovered in Nigeria (Smith et al., 2001; 
Breeding et al., 2007) and Mozambique (Abduriyim 
and Kitawaki, 2005; Abduriyim et al., 2006; Laurs et 
al., 2008). 

These tourmalines were commonly heated (e.g., 
figure 8) to create a wide range of attractive colors 
similar to many of those found in Paraiba. With the 
exception of obviously heat-altered inclusions, stan- 
dard testing cannot identify heat treatment in these 
tourmalines. 

For several decades, heat has been known to 
reduce saturation in overdark red tourmalines. 
However, many cutters resist heating these stones 
because tiny fluid inclusions tend to burst during 
heating and cause breakage (B. Barker, pers. comm., 
2008). 
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Figure 8. This copper-bearing tourmaline from 
Mozambique was cut in half, and the piece on the 
right (8 x 20 mm) was then heat treated. Photo by 
C. D. Mengason. 


Zircon. Faceted orangy, pinkish, and yellowish 
brown zircons from Tanzania, known by trade 
names such as “cinnamon” zircon, were plentiful in 
the market (see figure 1, no. 10). To lighten overdark 
tones, nearly all such stones in the market have 
been heated—often in a test tube with low heat (R. 
Shah, pers. comm., 2010). Since there is no means of 
identifying whether these gems—like blue zircon— 
have been heated, we recommend that all zircon of 
this color range be considered as heated. 


Cultured Pearls. Although not widely recognized, 
heat is sometimes used to alter the appearance of 
cultured pearls. Heat alone usually produces more 
saturated yellow colors, and other effects can result 
when heat is used in combination with other meth- 
ods (“Better techniques improve brown pearls,” 
2.006) such as bleaching. In all cases, detecting heat 
treatment can be challenging. There are no obvious 
thermally enhanced inclusions as in some gems, and 
the only useful methods determined to date usually 
involve UV fluorescence reactions and UV-Vis-NIR 
spectroscopy (Elen, 2001; Wade, 2002). 


DIFFUSION TREATMENT 


Diffusion treatment was more problematic for col- 
ored stones than any other enhancement in the 
2000s. Beryllium diffusion, in particular, “upped the 
bar” on the sophistication of equipment and level of 
knowledge needed by gem laboratories. 
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Corundum. Titanium diffusion of sapphire contin- 
ued throughout the decade, with one instance 
reported of these stones sold in Australia as heat- 
treated Ceylon sapphire (“Fusion treated sapphire 
alert,” 2001). Little changed with this method, and 
its identification remains the same—color concen- 
tration along facet junctions, facet-related color, high 
relief in immersion, and the like (Kane et al., 1990). 

Chromium diffusion of corundum has been 
debated as being more of a chemical reaction at the 
surface of the stone than true diffusion. It was actu- 
ally shown on some stones to be a synthetic ruby 
overgrowth (Smith, 2002). This treatment is very dif- 
ficult to perform, and to the authors’ knowledge is 
not currently being used. 

The diffusion of corundum using cobalt was also 
reported in the last decade (Kennedy, 2001; McClure, 
2002b), but this material was easily identified with 
magnification and diffused light by a very shallow 
color layer that showed spotty coloration, as well as 
observation of a cobalt spectrum with a desk-model 
spectroscope. 

The first serious diffusion challenge started in 2001, 
when large numbers of pinkish orange (“padparad- 
scha”) sapphires showed up in certain markets (Genis, 
2003). The color was attributed to a new form of heat 
treatment done in Thailand. Some labs in Japan are 
said to have issued over 25,000 reports stating just that 
(Genis, 2003; Weldon, 2003). In early 2002, however, 
examination with the stones immersed in methylene 
iodide revealed that they had a surface conformal layer 
of orange color surrounding a pink core (Weldon, 2002; 
figure 9). With this discovery, the illusion that the 
color was caused by “standard” heat treatment began 
to crumble (“Orange crush,” 2002). 

The story is well documented by Emmett et al. 
(2003). At first, the reason for the orange surface- 
related color zone could not be determined. The 
standard equipment available in gemological labora- 
tories detected nothing unusual (McClure et al., 
2002). At the February 2002, Tucson shows, howey- 
er, it was announced that the culprit was beryllium 
(“GIA-GTL suspects beryllium causes orange colour 
in treated pink sapphires,” 2002; Hughes, 2002; 
Genis, 2003). Unfortunately, beryllium was almost 
unknown in corundum, with very little information 
available in the literature. 

There were two major differences between Ti and 
Be diffusion. First, beryllium, being a very small 
atom, was capable of diffusing all the way through 
even large sapphires. Titanium could not do this, 


GEMSTONE ENHANCEMENT AND ITS DETECTION 


Figure 9. A shallow surface-related orange rim around 
a pink core is diagnostic of some Be-diffused sapphires. 
Photomicrograph by S. F. McClure; magnified 10x. 


even with heating times lasting several weeks. 
Second, titanium is only capable of creating blue 
color in sapphire. Beryllium, however, can affect vir- 
tually every color of corundum in some way when 
combined with Fe (figure 10). Colorless, light yellow, 
or light blue can be turned to intense yellow (see, 
e.g., figure 11); pink can be altered to orange or pad- 
paradscha color; dark brownish red to bright red; and 
dark inky blue to lighter blue—just to name some of 
the possibilities (Coldham, 2002; Henricus, 2002; 
Moses et al., 2002). 

Identifying this treatment turned out to be com- 
plicated. Severely heat-damaged inclusions were 
found in many of these treated stones (Roskin, 
2003a; Schmetzer and Schwarz, 2005), but they only 
indicate that the stone was treated at extreme tem- 
peratures—they do not prove the presence of Be 
(Emmett et al., 2003). After a time, we started to see 
Be-diffused blue sapphires treated by an even newer 
method that showed no surface-related characteris- 
tics and created unusual inclusions (figure 12; 
Choudhary, 2006; Kitawaki and Abduriyim, 2006; 
Roskin, 2006; DuToit et al., 2009). These inclusions 
also did not prove Be treatment, but they strongly 
indicated that further testing was needed. 

Areas of synthetic corundum overgrowth were 
commonly seen on Be-diffused faceted stones, but Be 
was not necessary for this to happen (McClure, 
2002.a). UV fluorescence was helpful in some situa- 
tions, but not all (Fritsch et al., 2003). Even chemical 
analysis was a problem, as the standard instruments 
used at gemological laboratories and most universi- 
ties (EDXREF and electron microprobe) cannot detect 
light elements such as beryllium. Detecting Be 
meant using instrumentation such as mass spec- 
trometers. At that time, no gemological laboratory 
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Figure 10. Almost every color of corundum can be 
affected in some way by beryllium diffusion, as illus- 
trated by this large group of Be-diffused rough and 
faceted stones (1.03-8.53 ct). Photo by Robert Weldon. 


possessed this capability, so testing had to be done at 
commercial laboratories, which is very expensive. 
Today, several gem labs have this equipment in- 
house and offer Be testing as a service. 


Figure 11. As these before- 
and-after images illus- 
trate, beryllium diffusion 
can produce profound 
color alterations in corun- 
dum, here turning 1-2 ct 
light blue sapphires to 
intense yellow. Photos by 
Maha Tannous. 
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Feldspar. In 2002, a transparent red feldspar colored 
by copper debuted on the market, reportedly origi- 
nating from the Congo. This did not raise suspicion 
initially, as natural red feldspar colored by copper 
was already well known (from Oregon). Over time, 
however, the supposed location of this feldspar mine 
kept changing—to “China,” “Inner Mongolia,” and 
then “Tibet.” Although most of the feldspar was red, 
some green material also entered the market (e.g., 
figure 13). 

The first question raised about this material had 
nothing to do with treatment, but focused on 
nomenclature (Krzemnicki, 2004a): Was it 
labradorite or could it be called andesine? Andesine 
was rare in gem quality, so this could be very valu- 
able to marketing efforts. Although much of the 
material was indeed andesine, in time this became a 
secondary issue. Large amounts of this feldspar were 
being sold as all-natural, untreated material. In July 
2008, however, Masashi Furuya of the Japan 
Germany Gemmological Laboratory reported that he 
had direct evidence (from experiments done in 
Thailand) that this feldspar was being diffusion treat- 
ed by a three-step process that took months to com- 
plete (Furuya, 2008). He also mentioned the same 
type of material being diffused in China by an 
unknown process. 

Other reports suggested that the unusual color 
zoning found in this material indicated diffusion 
treatment (Fritsch et al., 2008). Subsequent studies 
conflicted with this idea, showing natural Oregon 
material with very similar zoning (McClure, 2009). 

To address the controversy, systematic experi- 
ments were undertaken to diffusion treat plagio- 
clase. They showed it was surprisingly easy to dupli- 
cate the Cu-diffusion process in only a few days 
(Roskin, 2008; Emmett and Douthit, 2009). Also, 
gemologists visited a mine in China’s Inner 
Mongolia that produced andesine-labradorite, but 
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Figure 12. Later developments in Be diffusion of blue 
sapphires created some very unusual inclusions. Photo- 
micrograph by S. F. McClure; field of view 2.0 mm. 


only with a pale yellow color (Abduriyim, 2008). The 
material could not be simply heated to red or green 
because it contained virtually no copper (Thiran- 
goon, 2009). This fact left diffusion as the only possi- 
ble treatment method for these stones. 

Claims of a mine in Tibet began in 2005, but 
their credibility was questionable. In 2008, a team 
visited a mine in Tibet, collected samples, witnessed 
mining, and documented red andesine that appeared 
to be in situ (Abduriyim, 2008). However, the sam- 
ples collected proved to be virtually identical to the 
diffused Inner Mongolian red andesine, calling the 
mine into question again. Its authenticity is still not 
resolved. 

With the controversy surrounding this material, 
identification of this feldspar as treated is still prob- 
lematic using standard gemological techniques, pri- 
marily because the issue of the Tibet mine is not 
resolved. Color zoning may be useful. A complete 
“bull’s-eye” color zoning with red-inside-green usu- 
ally means the stone is natural, while green-inside- 
red may indicate treatment (McClure, 2009). 
However, if you have a partial “bull’s-eye” or merely 
zoned areas, this criterion is unreliable. To date, larg- 
er platelets of copper have been found only in the 
natural Oregon material (McClure, 2009; Rossman, 
2009, 2010). However, separation of Oregon and 
Chinese feldspar in a gemological laboratory is not 
difficult as they are all distinct chemically. 


Topaz. Blue-to-green topaz surface-treated with 
cobalt was marketed in the 2000s as an alternative 
to irradiated blue topaz (Federman, 2007a), a tactic 
that took advantage of the public’s fear of radiation. 
This material has long been marked as “diffusion 
treated,” even though this claim was never truly 
substantiated. Gabasch et al. (2008) determined that 
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the layer of coloration was “diffusion induced,” cre- 
ating new phases at the surface. This is not so differ- 
ent from the opinions put forth in the late ‘90s that 
the treatment was more of a chemical reaction than 
diffusion. 

Several companies announced lines of “diffusion 
treated topaz” in new colors of red and pink to 
“champagne” and bicolors (Roskin, 2003b; “Diffused 
topaz from India,” 2003), but questions still exist as to 
whether they are from a diffusion or coating process. 

Identification of this material is fairly easy. With 
magnification, the color has a spotty appearance and, 
due to the extremely thin nature of the color layer, 
any small chips or abrasions will show the colorless 
nature of the base topaz. 


Other Materials. The discovery that diffusion treat- 
ment of feldspar was possible generated claims that 
many other gems—such as Cu-bearing tourmaline 
from Mozambique, Imperial topaz, and tsavorite 
(Federman, 2009)}—were also being diffusion treated. 
To date, no significant scientific data have been pre- 
sented to support these claims, though experiments 
have begun to explore some of these possibilities 
(Saeseaw et al., 2009a). 

There was one report of tanzanite possibly being 
diffused, but examination of the suspect stones 
showed no evidence of diffusion (Wang, 2003). 


CLARITY ENHANCEMENT 


During the 1990s, clarity enhancement was one of the 
jewelry trade’s most formidable challenges. Its use 


Figure 13. Represented as untreated plagioclase from 
Tibet, these feldspars weigh 0.45-15.51 ct. Photo by 
Robert Weldon. 
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Figure 14. The filler in most clarity-enhanced dia- 
monds is easily damaged by heat, which created the 
voids seen in this stone. Photomicrograph by S. F. 
McClure; field of view 2.1 mm. 


with emeralds—in what had basically amounted to a 
trade secret—was touted publicly and almost caused 
the crash of the emerald market. In addition, the clari- 
ty enhancement of diamonds spread rapidly, with 
improper disclosure causing the ruin of some busi- 
nesses. Clarity enhancement has remained a serious 
issue in the 2000s. However, the methods changed 
and the focus has been on different gem materials. 


Diamonds. The biggest concern about the clarity 
enhancement of diamonds via fracture filling 
revolved around the durability of the glass filler. 
Damage due to heat (figure 14) from standard jewelry 
repair procedures, such as retipping, inevitably 
caused problems at the retail level. One of the major 
treaters (Oved) announced in 2000 that they had 
developed a filler that could withstand such heat 
(Bates, 2000;”Oved announces. . . ,” 2000). However, 
testing showed that although the new Oved filler 
material seemed to withstand higher temperatures, it 
still could be damaged by some jewelry repair proce- 
dures, even when performed by a master jeweler 
(Shigley et al., 2000). Oved instituted a policy of laser 
inscribing their company name on a bezel facet of all 
the diamonds they treated so the filled stones could 
not be misrepresented (Gallagher, 2000). 

The practice of laser drilling diamonds to create 
an opening through which acid could be introduced 
to remove a dark inclusion had remained unchanged 
for many years, until a new version was introduced 
that took advantage of advances in laser technology. 
Developed in Israel and referred to as the “KM treat- 
ment” (short for kiduah meyuhad, or “special drill” 
in Hebrew; Horikawa, 2001), this method did not 
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actually drill a hole into the stones. Instead, it used 
lasers to create a small fracture from the inclusion to 
the surface so that the inclusion could be bleached 
without leaving a tell-tale hole at the surface (figure 
15; McClure et al., 2000a). Unfortunately, this treat- 
ment entered the market undisclosed, and its fraud- 
ulent nature caused the Israel Diamond Bourse to 
outlaw its use. It continues to be encountered, and is 
often referred to as “internal laser drilling.” 

Identification is done with magnification. The 
laser leaves behind lines or dots of irregular squig- 
gles, with feathers leading from an inclusion to the 
surface (figure 16]. These marks tend to look black in 
transmitted light, and are usually confined to a 
feather (McClure et al., 2000a; Cracco and Kaban, 
2002; McClure, 2003a). They may be tiny and diffi- 
cult to find even with a microscope—or large and 
numerous, easily seen with a loupe. 

Other observations were posted in the literature 
periodically. Among them were changes in flash- 
effect colors (Cracco and Johnson, 2008), filled frac- 
tures in treated-color diamonds (Song et al., 2009; 
Gelb, 2005), difficult-to-identify damaged fillers 
(Gelb and Hall, 2005), and fracture filling associated 
with a pink dye (Yeung and Gelb, 2004). 


Ruby. The first report of faceted rubies showing a 
flash effect similar to that seen in clarity-enhanced 
diamonds was in 2004 (“Lead-glass impregnated 
ruby. . . ,” 2004). Chemical analysis revealed that 
these rubies were filled with a high-lead-content 
glass. Soon other labs reported this treatment (“New 
treatment on unheated rubies... . ,” 2004; Rockwell 
and Breeding, 2004; Milisenda et al., 2005). 

It became apparent that this treatment was going 
to be very significant to the industry (Roskin, 2004). 
The starting material was very low quality, translu- 
cent-to-opaque, non-gem rough from Madagascar 
(Pardieu, 2005). By a process that involved low-tem- 
perature heating, cleaning in an acid bath, and then 
filling with a high-lead-content glass, this non-gem 
corundum was transformed into transparent, fac- 
etable material (figure 17). This made available huge 
amounts of treated rubies that were usually sold at 
very low prices. 

Identification of these filled rubies was not diffi- 
cult. Most had so many filled fractures that the flash 
effect was easy to see with magnification, although 
the red color of the ruby sometimes partially masked 
the orange flash (McClure et al., 2006; figure 18). 
Flattened gas bubbles and high-relief unfilled areas 
within the fractures were also readily visible with 
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magnification. However, the use of reflected light to 
look for differences in surface luster was not very 
helpful in this case. The luster of this glass was very 
similar to that of ruby, sometimes even higher 
(Smith et al., 2005), so it was much more difficult to 
see than the more typical silica glass fillers. 

The filler proved relatively durable to heat (up to 
~600°C}, but it was easily etched by even mild acids 
such as pickling solution (McClure et al, 2006). This 
etching turned the filler white near the surface, ren- 
dering it quite visible. 

Also of concern was the decreasing quality of the 
starting material. We began to see stones where the 
flash was everywhere, and internal filled cavities 
containing large spherical gas bubbles were common 
(Scarratt, 2009). 

The nomenclature for this treatment soon 
became an issue. The early material was referred to 
as clarity enhanced because even though the treat- 
ment was fairly extensive, the rubies were mostly 
solid material that would be expected to stay togeth- 
er even without the treatment. However, some of 
the later material contained so much glass that it 
appeared the glass was actually holding the pieces of 
ruby together. Soaking such stones in hydrofluoric 
acid to remove the glass resulted in their falling 
apart along fractures or being reduced to tiny pieces 
(Scarratt, 2009). Accordingly, GIA developed a three- 
tiered system, keeping clarity enhanced for more 
solid material, specifying ruby with glass for stones 
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Figure 15. Internal laser 
drilling can create a feath- 
er from a black inclusion 
to the surface of the dia- 
mond, providing a con- 
duit for the acid that will 
then bleach the inclusion, 
as shown in these before 
(left) and after photos. 
Photomicrograph by S. F. 
McClure; magnified 40x. 


Figure 16. Internal laser 
drilling can be identified 
by the characteristic 
inclusions—such as dots, 
squiggles, and disk-like 
marks—it leaves behind. 
Photomicrographs by S. F. 
McClure; magnified 25x 
(left) and 40x. 


that needed the glass to stay together, and using 
ruby/glass composite for those composed of unrelat- 
ed pieces of ruby floating in glass (Scarratt, 2009, fig- 
ure 19). The other labs of the LMHC adopted these 
criteria. American Gemological Laboratories (AGL) 
and the International Colored Gemstone Associ- 
ation (ICA) have chosen to call all these stones com- 
posite ruby. 

The real problem, however, is the large amount 
of this material that is being sold without any disclo- 
sure. So far, this treatment has even appeared in ruby 


Figure 17. Filling ruby with a lead-based glass can 
change non-gem corundum (on left) to transparent, 
facetable rubies such as those on the right. The sam- 
ples (2.13-39.17 ct) are courtesy of Hussain Rezayee 
and GIA; photo by Robert Weldon. 
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beads (Hanni, 2006a), color-change sapphires 
(Choudhary, 2008), hollowed-out rubies set in 
closed-back mountings (Krzemnicki, 2007), and 
estate jewelry (Quinn Darenius, 2010). 


Emerald. The damage caused to the emerald market 
in the 1990s from lack of disclosure of clarity 
enhancement slowly began to fade in the 2000s 
(Gomelsky, 2003). However, the debate over the use 
of oil versus polymers as filler material continues, 
and a significant study was done on the durability of 
fillers (Johnson, 2007). 

To address the possibility that a highly fractured 
stone was masquerading as a much finer one simply 
because of the treatment, labs started to state the 
degree of enhancement on their reports (e.g., 
McClure et al., 2000b). Different systems were devel- 
oped with anywhere from three to nine categories 
(Gomelsky, 2001a,b); the most common were three- 
or four-tiered. Today, degree-of-enhancement calls 


Figure 19. Some lead glass-filled rubies have so much 
glass that they are actually pieces of ruby floating in 
glass. Such material is more properly called a 
ruby/glass composite. Photomicrograph by S. F. 
McClure; field of view 4.1 mm. 
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Figure 18. Blue and orange 
flash colors are the best 
indication of lead-glass fill- 
ing, whether they are seen 
in fractures (left) or in inter- 
nal cavities that often also 
have spherical gas bubbles 
(right, with only the blue 
flash color visible). 
Photomicrographs by S. F. 
McClure; fields of view 2.4 
and 1.4 mm respectively. 


have become standard procedure for emerald reports 
from all the major laboratories. 

Near the end of the decade, it was reported that 
some emerald rough was being “stabilized” with 
hardened polymers, so larger stones could be cut 
(Roskin, 2007; Federman, 2008). In effect, though, 
the polymer glues the pieces of emerald together at 
the fractures (e.g., figure 20), so its removal would 
result in the stone falling apart (Federman, 2007b). 
This situation is very similar to that of the lead 
glass—filled rubies, making disclosure even more 
important. 


Other Materials. Laboratories have reported on 
many other filled gems. Some of those mentioned in 
the 2000s include: aquamarine and tourmaline 
(Wang and Yang, 2008; Deng et al., 2009), andalusite 
(Fernandes and Choudhary, 2009), fuchsite quartzite 
(Juchem et al., 2006), hackmanite (Wehr et al., 2009), 
and iolite (McClure, 2001). 


IRRADIATION AND COMBINED TREATMENTS 


Intense colors can be induced in many gems by 
exposing them to various forms of radiation, such as 
electrons, gamma rays, or neutrons. To remove 
unwanted color overtones, some irradiated stones 
are subsequently heated. While the 1980s saw signif- 
icant experimentation and development in the area 
of gemstone irradiation, very few new types of irradi- 
ated gems appeared on the market during the 1990s 
and 2000s. Likewise, little progress was made in 
detection methods. 

For many gems, there is no definitive test or 
series of tests to establish whether they have been 
irradiated. Even though irradiation has been used for 
many years to produce intense colors in yellow 
beryl, pink-to-red tourmaline, and kunzite, these 
enhancements remain undetectable. The same is 
true for blue topaz and many other routinely irradi- 
ated gem materials. 

Blue irradiated (and annealed) topaz generates 
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e 16th century Italian pendant. Pearls 
and enameled gold are fashioned in form 
of a swan. Metropolitan Museum of Art. 


burying objects with the dead was no longer 
practiced, few specimens remain today. 
Those which have been found are of excep- 
tional merit and include fine examples of 
cloisonne and enamel work since the Saxon 
jeweler mastered the art of fusing vitreous 
colors upon metal. Missionary work of the 
monks, who were often skilled goldsmiths 
and jewelers, helped to spread the art 
throughout the country. Rings dating from 
the 9th century were for the most part 
inscribed. 


MEDIEVAL JEWELRY 

With the beginning of the Medieval 
Period in history, fashion for the first time 
became an important factor in the history 
of civilization. Jewelry now began to have 
real material value, and the importance of 
portability of possessions was realized for 
the first time. At the same time, there was 
a corresponding advance in craftsmanship. 
Eastern influence was felt following the 
Crusades and there was also an influx of 
artisans from Italian cities who brought 
with them their own peculiar forms of skill. 
By the beginning of the 12th century the 
West seems to have become independent of 
the East. 


Religious objects were of far greater im- 
portance than objects for personal adorn- 
ment, although a great extravagance of 
fashion was seen at the courts. Garments 
were often heavily encrusted with pearls 
and precious stones. Faith in occult power 
was strong and now precious stones attached 
to themselves superstitious reverence. At 
this time, brooches for the hat were intro- 
duced and were originally all of religious 
adaptation. They continued in fashion until 


¢ 16th century Italian pendant. Mermaid 
of enameled gold and pearl, studded 
with rubies. Figure holds labradorite 
mirror and hour glass of baroque pearl 
and gold. Metropolitan Museum of Art. 
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more than $1 billion annually in retail sales 
(Robertson, 2007). The low cost of irradiated blue 
topaz (typically a few dollars per carat at wholesale) 
leaves the trade little economic incentive to deter- 
mine whether or not the gem has been treated. As a 
result, all blue topaz is assumed to have been irradi- 
ated. The same is true for smoky quartz and dark 
yellow beryl. 


Diamond. With the staggering prices realized at auc- 
tion for some fancy-color diamonds during the last 
decade (e.g., more than $1 million per carat for some 
natural-color blue and green diamonds), there is 
huge incentive to determine whether a diamond’s 
color is natural or irradiated. Large quantities of dia- 
monds continued to be irradiated (often followed by 
low-temperature annealing at atmospheric pres- 
sures] to produce a wide variety of colors—red, 
orange, yellow, green, blue, violet, and purple—in 
saturations from light to very dark (see Overton and 
Shigley, 2008; Shigley, 2008). Many treaters pro- 
duced small faceted irradiated (and annealed) colored 
diamonds for use in jewelry. 

The most significant developments in diamond 
irradiation since 2000 were in combination treat- 
ments. Both natural and synthetic diamonds are 
now color enhanced by a process that involves first 
HPHT annealing, then irradiation, followed by low- 
temperature heating (likely in that order), to produce 
several colors, including red, pink, orange, and green 
(Schmetzer, 2004; Shigley et al., 2004; Wang et al., 
2005a; Wang and Johnson, 2010b; Wang et al., 2010). 
Identification generally requires measurement in a 
laboratory of the absorption and/or photolumines- 
cence spectral features present with the diamond 
cooled to a low temperature, although in some cases 
standard gemological testing can also offer clues (see 
e.g., Shigley, 2008). Other combinations also exist, 
such as irradiated and glass-filled diamonds (Gelb, 
2005; Gelb and Hall, 2005). 


Topaz. The potential enforcement of Nuclear 
Regulatory Commission (NRC) guidelines on irradi- 
ated gems (American Gem Trade Association, 2007) 
caused great concern in the first decade of the 2000s. 
Since 1986, NRC regulations have stated that any 
neutron-irradiated gemstone produced in or import- 
ed into the U.S. must be tested for residual radiation 
by an NRC-licensed testing facility (Nuclear 
Regulatory Commission, 1986; Ashbaugh, 1988). 
Whereas considerable amounts of blue topaz were 
once treated in the U.S.—and then properly tested 
for radioactivity and held until the radioactivity sub- 
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Figure 20. In some emeralds, as with some rubies, the 
filler material may actually be holding the stone 
together. Note in this emerald that the resin is binding 
material that otherwise would be broken by the large, 
wide fractures. 


sided—nearly all treated blue topaz entering the 
market since the latter half of the decade has been 
irradiated and annealed in other countries, some of 
which may not restrict the export of “hot” material. 

Amid the confusion generated by this issue, sev- 
eral major retail chains and department stores 
stopped selling blue topaz. After receiving numerous 
trade and public inquiries regarding blue topaz, the 
NRC issued a fact sheet on irradiated gemstones 
(United States Nuclear Regulatory Commission, 
2008). To further address the issue, the Jewelers 
Vigilance Committee (JVC) and American Gem 
Trade Association (AGTA) published a 2008 
brochure titled “The Essential Guide to the U.S. 
Trade in Irradiated Gemstones.” 

To our knowledge, the NRC has still not 
enforced its regulations, and neutron-irradiated blue 
topaz continues to be imported and sold in the U.S. 
However, no blue topaz containing residual radioac- 
tivity has been reported recently in the trade. 

Earlier—around 2000—Europe faced similar con- 
cers that irradiated blue topaz exhibiting residual 
radioactivity had made its way into several different 
countries (Kennedy et al., 2000). 


U.S. Postal Service Irradiation. During the anthrax 
scare of late 2001, the USPS irradiated envelopes and 
packages to kill potential biological agents. The 
company that the postal service contracted with to 
perform the test, SureBeam, used a linear accelerator 
to create a beam of high-energy electrons. The 
potential impact of this exposure was immediately 
recognized, since the same ionizing radiation is rou- 
tinely used to change the color in several types of 


Gems & GEMOLOGY FALL 2010 231 


gems. McClure et al. (2001) showed alarming evi- 
dence of several gems that had their color changed 
dramatically after being exposed in SureBeam’s facil- 
ity to the same dosage as was used for the mail. The 
USPS subsequently abandoned these procedures, 
after determining that the time and money needed 
to sanitize all mail would be prohibitive. 


Green Quartz. In the latter part of the decade, an 
unusual amount of faceted green quartz suddenly 
appeared on the world market. Nearly all these 
gems—which originated from Rio Grande do Sul, 
Brazil—began as colorless to light yellow quartz that 
was subsequently irradiated to produce the green 
color (Kitawaki, 2006; Schultz-Giittler et al., 2008). 
Natural green quartz does exist but is extremely 
rare, and “greened quartz” (also known as prasiolite) 
is produced by heating certain types of amethyst. 
Irradiated green quartz shows a broad spectral 
absorption at 592-620 nm, while prasiolite exhibits 
a broad band centered at 720 nm. When examined 
under a Chelsea filter with incandescent light, irradi- 
ated green quartz appears red and prasiolite appears 
green (Schultz-Giittler et al., 2008; Henn and 
Schultz-Giittler, 2009). 


Beryl. In addition to the huge quantities of irradiated 
yellow beryl, which remains undetectable, irradiated 
yellowish green beryls were seen. Milisenda (2007a) 
reported absorption lines between 500 and 750 nm 
for the ordinary ray, which are also typically seen in 
artificially irradiated “Maxixe-type” beryls. Mili- 
senda (2007b) reported a beryl with “Maxixe-type” 
spectra that was offered for sale as a cat’s-eye scapo- 
lite but proved to be a blue irradiated cat’s-eye beryl. 


Hiddenite. Milisenda (2005a) reported on a parcel of 
intense green faceted spodumenes from Pakistan, 
offered for sale in Idar-Oberstein as hiddenite, that 
were artificially irradiated. The stones revealed a 
broad absorption band centered at 635 nm. As 
expected for this material, the color faded to the orig- 
inal pale pink within a few days. 


Pearls. The irradiation of pearls has been known for 
decades, and little has changed since 2000. The treat- 
ment is almost always associated with freshwater 
pearls or nuclei, since the radiation appears to alter 
the state of the trace element manganese found in 
these materials. Gray, silvery gray, and black colors 
have all been produced. In fact, pearls were one of the 
gems significantly altered by the U.S. postal service 
irradiation mentioned above. Detection remains a 
challenge in some cases, and research has continued 
on its identification (Liping and Zhonghui, 2002). 
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SURFACE COATING 


As it has been for centuries, applying surface coat- 
ings to change the color of gems continues to be a 
common practice. Not only do gemologists need to 
be aware of high-tech coatings, we must also 
remember to look for older, simpler alterations. 


Diamonds. Just as Miles (1964) described decades 
ago, in 2003 Sheby reported seeing two slightly yel- 
low diamonds that were coated with a blue material 
to improve the apparent color. Also as a recent 
reminder, Eaton-Magania (2010) described a 1.5 ct 
diamond with a color equivalent to Fancy pink that 
revealed a nearly imperceptible trace of reddish 
material on a natural when viewed with the micro- 
scope. After cleaning, the diamond was graded Faint 
pink. 

Sputter-coated optical thin films were originally 
developed in the 1940s to improve the optical perfor- 
mance of lenses. We continued to see similar coating 
technology used on diamonds in the 2000s. Evans et 
al. (2005) and Wang et al. (2006b) reported on faceted 
diamonds that were colored pink by sputter-coated 
thin films. A potentially new kind of diamond coat- 
ing was described by Epelboym et al. (2006}—rather 
than using the fluoride coatings previously known, 
pink and orange-treated diamonds were suspected of 
being coated with a silica film doped with gold. 

Shen et al. (2007) reported that the trade was sub- 
mitting greater numbers of pink diamonds coated by 
calcium fluoride (CaF,) to the GIA Laboratory for 
grading and origin reports. They also described 
Serenity Technologies’ use of multiple micro-thin 
coatings of various compositions to produce a vari- 
ety of colors on diamonds, including intense blue, 
green, yellow, and orange to pink to purple-pink (fig- 
ure 21). 

We continue to see crude yet effective colored 
coatings applied to the girdle facets of diamonds 
with permanent markers and solutions made from 
colored art pencils. 


Diamond-Like Carbon Thin Films. Super-hard coat- 
ings, such as diamond-like carbon (DLC) films, are 
becoming increasingly popular for a variety of 
mechanical, scientific, and technological applica- 
tions, such as cutting tools, razor blades, and the 
like. This technology is also making its way into the 
gem industry. Several companies, including Serenity 
Technologies and Zirconmania, market DLC-coated 
cubic zirconia. Eaton-Magafia and Chadwick (2009) 
reported that these products were easily separated 
from diamond. 
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Serenity Technologies also offers a “patent pend- 
ing nanocrystalline diamond coating process” 
named “Diamond Rx” which they apply to a variety 
of gems, including emerald, apatite, chrome diop- 
side, zircon, peridot, tourmaline, kunzite, tanzanite 
and aquamarine (Serenity Technologies, 2010). They 
maintain that such coatings are extremely durable. 
However, it is very difficult (and sometimes impos- 
sible) to identify whether these DLC coatings are in 
fact even present on a gemstone. 


Tanzanite. In April 2008, a Los Angeles gem dealer 
encountered two parcels comprising a few hundred 
color-coated tanzanites (E. Caplan, pers. comm., 
2010; figure 22). Research concluded that the smaller 
stones (4.5 mm) could be identified on the basis of 
unusually intense color for their size, by areas of 
wear seen with microscopic examination, and by 
unusual surface iridescence (“American Gemo- 
logical Laboratories identifies. . . ,” 2008; McClure 
and Shen, 2008). Larger stones (e.g., 3+ ct) were 
much more difficult to identify with magnification, 
but EDXRF and LA-ICP-MS analyses revealed Co, 
Zn, Sn, and Pb in the coating (McClure and Shen, 
2008). Since their initial sighting, coated tanzanites 
have all but disappeared from the market. 


Topaz. In the late 1990s, we began to see different col- 
ors of topaz (blue-to-green, orange, pink, and red) that 
were being represented as “diffused” (Fenelle, 1999, 
McClure and Smith, 2000). Schmetzer (2006, 2008) 
reviewed the patent literature and concluded that the 
various mechanisms and treatment methods were not 
diffusion and should all be described as “surface coat- 
ed.” However, Gabasch et al. (2008) showed that cer- 
tain colors were due to coatings, whereas others were 
diffusion-induced. For more details, see the section on 
topaz under “Diffusion Treatment” above. 


Coral. Typically, gem coatings are ultra-thin. 
However, Hanni (2004) described black coral (also 
known as horn coral) that was coated with several 
relatively thick layers of artificial resin. 


Pearls. Any gem can be coated to alter its color, pro- 
vide a degree of protection, improve the luster, or 
mask some imperfection. Pearls usually fall into the 
latter three categories. Porous by nature, pearls may 
be coated for protection from harmful chemicals. Or 
they may have luster and/or surface imperfections 
that a coating can hide. In this decade, a number of 
coatings were applied to natural and cultured pearls 
(Moses and Reinitz, 2000; Hurwit, 2002; Krzem- 


GEMSTONE ENHANCEMENT AND ITS DETECTION 


‘ ine 


Figure 21. New coatings can turn diamonds virtually 
any color, as illustrated by these ~0.40 ct coated dia- 
monds. Courtesy of Serenity Technologies; photo by 

C. D. Mengason. 


nicki, 2005a; Shor, 2007). One development in par- 
ticular that should be carefully monitored by the 
pearl industry in the future is the application of DLC 
coatings (Drucker, 2008) to improve durability. 


DYEING 


Although it dates back to the time of Pliny (23-79 
AD), dyeing continues to be seen in nearly every 
gem material that is porous or has surface-reaching 
fractures. Careful microscopic examination will fre- 
quently reveal the presence of dye in cracks and 
around grain boundaries. In a number of porous 
materials, rubbing the surface with a cotton swab 
soaked in acetone or a 10% hydrochloric acid solu- 
tion can identify the presence of dye. In others, 
absorption spectra can provide proof of dyeing. 


Pearls. Dye continues to be used to improve the 
appearance of lower-quality natural and cultured 


Figure 22. Tanzanite coated with a cobalt-colored 
material was of great concern for a brief time. All of 
these tanzanites (0.50-3.01 ct) were coated, but the 
one on the lower left was repolished to give an idea of 
the original (paler) color. Courtesy of Fine Gems Inter- 
national; photo by Roger Mathis, ©Robert E. Kane. 
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Figure 23. Dyed “golden” pearls, such as the 
11.4-14.0 mm cultured pearls shown here, were only 
one of the identification challenges related to pearls 
in the last decade. Photo by Robert Weldon. 


pearls (Hurwit, 2001; Overton and Elen, 2004; 
Wentzell, 2005). While the majority of dyed pearls 
are nacreous, dye may also be used to make non- 
nacreous pearl imitations more convincing, such as 
those mimicking Melo pearls (Wentzell, 2006). Of 
ongoing concern since the late 1990s is the detection 
of dyed “golden” cultured pearls (figure 23; 
“Concerns raised. . . ,” 2003; Liu and Liping, 2007). 
Some samples present identification challenges, 
requiring the use of chemical analysis to detect trace 
elements such as iodine. Other developments 
involve the use of additional whitening compounds 
in freshwater non-beaded cultured pearls (Shouguo 
and Lingyun, 2001) and the use of metallic dyes 
injected into pearl sacs (“Pre-harvest colour-treated 
Akoya unveiled,” 2008; Coeroli, 2010). A form of 
dyeing marketed as “lasering” has also been report- 
ed. This is said to produce dark “peacock” green or 
dark purple colors (Liping, 2002). 


Other Gem Materials. Several other dyed gem mate- 
rials were encountered during the decade. Blue and 
green diamond crystals were found to owe their 
color to dyeing (Van der Bogert, 2005). Quartzite was 
dyed red to imitate ruby (Mayerson, 2003a), whereas 
green dye was found in quartzite to resemble emer- 
ald (Milisenda, 2003). Mayerson (2003b) described an 
effective simulant for high-quality jadeite: a tricol- 
ored (lavender, green, and orange) dyed and polymer- 
impregnated quartzite bangle bracelet. Tan et al. 
(2006) used light-induced autofluorescence spec- 
troscopy to identify dyed polymer-impregnated 
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jadeite. Of particular interest was dyed jadeite found 
to resemble nephrite jade (Mayerson, 2.004). 
Low-quality red and blue corundum were found 
to have been dyed (Milisenda, 2004). A parcel of 
faceted “rubies” purchased in Afghanistan was iden- 
tified by Milisenda (2005b) as dyed sillimanite. Dyed 
blue carbonate minerals, such as magnesite and 
dolomite, were sold as turquoise (“Some dyed min- 
erals. . . ,”” 2000). To imitate common opal from the 
Peruvian Andes, marble was dyed pink and fash- 
ioned into beads (Milisenda, 2006). Raman and IR 
spectra identified dyed black chalcedony in an 
attractive pendant set with diamonds and pearls 
(DeGhionno and Owens, 2003). A copper-based dye 
was detected with UV-Vis-NIR spectroscopy in a 
natural-appearing chalcedony bead (Inns, 2007a). 


BLEACHING 


Bleaching is a process that uses agents such as acids 
or hydrogen peroxide to remove unwanted color 
from a gem. Only a limited number of materials will 
respond to such treatment. 


Jadeite. Jadeite with brown staining caused by natural 
iron compounds is often bleached with acid. This treat- 
ment started in the 1990s and was categorized in the 
impregnation section of McClure and Smith (2000). 
This is because jadeite treated in this manner must be 
impregnated with polymers, as the acid damages the 
structure, making it very susceptible to breakage. 

This treatment has become commonplace in the 
jadeite market. However, the bleaching itself typical- 
ly cannot be detected, only the polymers used for 
impregnation (Sun, 2001; Fan et al., 2007). The treat- 
ment is now being used on nephrite jade as well 
(Jianjun, 2005). 


Pearls. Bleaching is considered an “acceptable” pearl 
treatment due to the difficulty of proving a pearl’s 
exposure to chemicals such as hydrogen peroxide. 
All types of pearls are routinely bleached: natural, 
bead cultured, and non-bead cultured. Akoya cul- 
tured pearls continue to be routinely bleached and 
“pinked” (Roskin, 2002b). Bleaching is also known 
to be a major component of the proprietary process 
used to produce the “chocolate” cultured pearls (fig- 
ure 24) that entered the market during the decade 
(Zachovay, 2005; Hanni, 2006b; Wang et al., 2006c; 
Federman, 2007c). 


Other Materials. While there are undoubtedly addi- 
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Figure 24. It is believed that most of the “chocolate” 
cultured pearls on the marketplace in the last decade 
were originally black cultured pearls that were treat- 
ed by a process that involved bleaching to achieve 
this color. This strand (12.0-13.7 mm) is courtesy of 
Emiko Pearls International; photo by Robert Weldon. 


tional porous materials that could be bleached, the 
only other one we could find reference to is coral. 
Black coral is bleached to “golden” coral, which is 
easily identified by its distinctive structure (Weldon, 
2003}. 


IMPREGNATION 


Impregnation of aggregate stones and other porous 
materials was seen more often in the first decade of 
the 2000s. This is largely due to increased demand 
for inexpensive stones, a phenomenon primarily 
driven by television shopping networks. The prac- 
tice now extends to some unusual materials as well. 
A number of the gems were only usable in jewelry 
when they were treated by impregnation (often 
referred to as “stabilization”. 


Jadeite. The polymer impregnation of jadeite follow- 
ing the bleaching process described above was com- 
mon during the last decade and will likely remain so 
in the future. At least one new analytical method 
was reported to detect this treatment (Liu et al., 
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2009), but its identification is still usually done with 
IR spectroscopy. 


Nephrite. Nephrite was reported to have been poly- 
mer impregnated after bleaching with the intent of 
imitating “Hetian white” nephrite (Jianjun, 2005). It, 
too, can be positively identified by IR spectroscopy. 


Turquoise. The greater demand for turquoise (a 
favorite of TV shopping networks) led to the use of 
more lower-quality impregnated material. Sometimes 
the treatment is so extensive that the material is actu- 
ally a composite (figure 25), and gemological proper- 
ties such as SG and RI no longer match turquoise 
(Choudhary, 2010; McClure and Owens, 2.010). 
Materials used for impregnating turquoise include 
wax and hardened polymers. A UV-hardened polymer 
was identified as a filler for the first time using Raman 
spectroscopy (Moe et al., 2007). 

Identification of this treatment is still mostly 
accomplished via IR spectroscopy (Henn and 
Milisenda, 2005; Chen et al., 2006), although many 
examples show veins and cavities filled with poly- 
mers that are visible with magnification. 

Late in the decade, a product marketed as “Eljen” 
turquoise was claimed to be treated by a new propri- 
etary process that improved the hardness and polish 
of soft porous turquoise. Testing showed it to be 
impregnated with a polymer, but it did seem harder 
than most impregnated turquoise, which would 
account for the improved polish (Owens and 
Magania, 2009). 


Opal. Natural opal—a hydrous, porous material— 
has a tendency to dry out and crack spontaneously. 
This tendency is so strong in opal from some 
deposits that most of the material is not usable in 
jewelry (e.g., Virgin Valley, Nevada). To address this 
problem, two new treatments were reported in the 
2000s: (1) oil or wax impregnation of Mexican fire 
opal (Gambhir, 2001); and (2) a drying-out process 
followed by impregnation with a silica compound, 
used on Ethiopian opals (Filin and Puzynin, 2009). 


Other Materials. As mentioned at the beginning of 
this section, impregnation was used on a number of 
more unusual materials during the decade. These 
include quartzite (Kitawaki, 2002; Juchem et al., 
2.006}, seraphinite (Henn, 2008), and sillimanite 
(Singbamroong, 2.005). It even extended to some 
manufactured materials, most notably a much- 
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Figure 25. The demand for turquoise is so strong that 
low-quality material is being treated by polymer 
impregnation and pressed into a composite material 
to make it salable. The treatment is sometimes so 
extensive that the gemological properties are altered. 
These carvings, 3.0-6.0 cm wide, are courtesy of 
Silver Express; photo by Robert Weldon. 


debated material from Mexico called “Rainbow 
Calsilica” (Kiefert et al., 2002). This material 
required impregnation with polymers to be useful in 
jewelry, as it was very porous and would not take a 
polish in its original state (Kiefert et al., 2002; Frazier 
and Frazier, 2004). 


LUSTER ENHANCEMENT 


This term is sometimes used to describe a treatment 
common to jade and some other gem materials in 
which a substance such as wax is rubbed on the sur- 
face of the stone to improve its appearance. The wax 
is only present on the surface and in depressions 
such as grooves in carvings, so it is not considered an 
impregnation. Although such substances are some- 
times applied to pearls (Petersen, 2000), Iuster 
enhancement of pearls typically has a somewhat dif- 
ferent meaning. 

In the cultured pearl industry, the name Maeshori 
is associated with this kind of treatment (Akamatsu, 
2.007; Shor, 2007). Developed in the 2000s to improve 
the prepolishing process, it involves the use of solvents 
to “clean” nacreous pearls and hence produce a more 
lustrous surface. Various other forms of this treatment 
also exist (Lingyun et al., 2007). Polishing continues to 
be used on all types of nacreous and non-nacreous 
pearls to improve their salability. It takes place at all 
steps of the supply chain (Pousse, 2001), starting with 
the farmers, who often tumble their cultured pearls 
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with walnut chips (N. Paspaley, pers. comm., 2008) 
and/or other materials and then polish them. 


CONCLUSIONS 


The first decade of the 2000s brought many new, 
unanticipated enhancements. Some of these—such 
as HPHT treatment and beryllium diffusion of 
corundum—usually cannot be identified by gemolo- 
gists with standard equipment. In most cases, stones 
that might be treated by these methods must be sent 
to a well-equipped gemological laboratory to get a 
conclusive identification. Still, today’s gemologist 
can benefit by developing their ability to recognize 
when a stone shows evidence it has not been treated 
(particularly for rubies and sapphires) and also recog- 
nizing when they cannot tell and the stone must be 
sent for further testing. 

It is interesting that in their retrospective of the 
1990s article, McClure and Smith (2000) predicted 
that new filling processes would bring clarity 
enhancement to ruby, sapphire, and alexandrite. 
Three years later, at least part of this prediction 
came true with the development of a lead-glass filler 
for ruby. There is every reason to believe that this 
treatment, or a similar one, will soon extend to other 
relatively high RI materials. 

Already in 2010 we have seen several new devel- 
opments, including lead-glass filling of star rubies 
(Pardieu et al., 2010a) and a combination treatment 
of rubies from Mozambique that includes partial 
healing of fractures and partial filling with a glass 
that does not contain lead (Pardieu et al., 2010b). 

With these developments, disclosure has become 
a significant topic at every trade show and gemologi- 
cal conference. As the trade discovered with emerald 
fillers (and the impact of nondisclosure on emerald 
sales) in the ‘90s, they neglect this subject at their 
peril. Consensus is critical. Discovering a treatment 
exists and developing identification criteria are an 
important start, but the trade and gemological com- 
munity must work together to address the issues of 
what to call a treated material, how to disclose it, 
and how to make sure it gets disclosed. Important 
steps in this direction have been made, but more are 
needed. 

McClure and Smith (2000) also predicted—cor- 
rectly—that technology would advance at an even 
faster rate during the next decade. This will 
undoubtedly be the case from now on, making the 
unforeseen the norm in the gemological world as it 
is in the world at large. 
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* 17th century French badge of Order 
of St. Michael. Shell cameo mounted in 


gold and enamel. Metropolitan Museum 
of Art. 


the end of the 17th century. Fashion further 
dictated jewelry trends and the elaborate 
hair style which covered the ears, discour- 
aged any use of earrings during the Middle 
Ages. 

A new invention of the period was the 
pomander. This highly decorated scent case, 
often used for carrying other cosmetics as 
well, was no doubt the early ancestor of the 
present vanity case. The bishop’s ring, the 
gimmel ring, the posy ring, all were prod- 
ucts of this period. One of the most popular 
practices of the Christians in the Middle 
Ages was the wearing of pendants which 
took the form of crosses, medallions, or 
monograms. Some were painted with trans- 
lucent enamels, while others were wrought 
in metal. 

The long sleeves which were worn 
throughout the Middle Ages did not favor 
the use of bracelets, although some ladies 
wore rosaries around their wrists. Jeweled 
belts came into prominence among the 
wealthy: at this time. 


RENAISSANCE JEWELRY 
Wealth was abundant in the 15th and 
16th centuries and a great new awakening 
and love of living was manifested in jewelry 


creations as well as in all other forms of 
art. There was no kind of technical work— 
hammering, chasing or casting~and, above 
all, enameling—which was not now brought 
to perfection. 

The joining of bright colored gems with 
delicately worked gold enriched with enam- 
els was the fundamental motif of jewelry of 
the period. Greater masses among the mid- 
dle classes had more wealth which was a 
powerful force in increasing the production 
of jewelry. A similar situation existed in 
this country during World War II. 

The favorite stone of the period was the 
ruby; also, many pearls were used. Much of 
the Spanish jewelry was lavish with emer- 
alds after the conquest of Peru. Diamonds 
were used, but the art of cutting them had 
still to be discovered, and they were used 
principally as contrast with more brilliant 
stones. Cameos again became popular. 


* 18th century Indian necklace. Rubies 
and aquamarines in translucent blue 
enamel form floral design. Metropolitan 
Museum of Art. 
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DEVELOPMENTS IN GEMSTONE 
ANALYSIS TECHNIQUES AND 
INSTRUMENTATION DURING THE 2000S 


Christopher M. Breeding, Andy H. Shen, Sally Eaton-Magafia, George R. Rossman, 
James E. Shigley, and Al Gilbertson 


The first decade of the 2000s continued the trend of using more powerful analytical instruments 
to solve gem identification problems. Advances in gem treatment and synthesis technology, and 
the discovery of new gem sources, led to urgent needs in gem identification. These, in turn, led to 
the adaptation of newer scientific instruments to gemology. The past decade witnessed the 
widespread use of chemical microanalysis techniques such as LA-ICP-MS and LIBS, lumines- 
cence spectroscopy (particularly photoluminescence), real-time fluorescence and X-ray imaging, 
and portable spectrometers, as well as the introduction of nanoscale analysis. Innovations in laser 
mapping and computer modeling of diamond rough and faceted stone appearance changed the 
way gemstones are cut and the manner in which they are graded by gem laboratories. 


he science of gemology has its roots in two 

main functions: observation and interpreta 

tion of those observations. With this 
approach, gemologists have developed quite 
effective ways of identifying gem materials, separat- 
ing natural from laboratory-grown samples, and 
detecting various treatments. For decades, interpre- 
tation of clues seen with the refractometer, polar- 
iscope, microscope, and hand spectroscope seemed 
all that was necessary for the identification of most 
gem materials. However, the late 1970s and ’80s wit- 
nessed major advances in gem synthesis methods 
and the application of treatments to a wider array of 
materials, creating a need to apply the same observa- 
tional and interpretational skills to data collected 
with more sophisticated analytical instruments. 
Subsequently, infrared and UV-visible spectrometers, 
as well as energy-dispersive X-ray fluorescence 
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(EDXRF) and Raman instruments, met many of the 
analytical needs of gemological laboratories 
(Devouard and Notari, 2009; Hanni, 2009; Hain- 
schwang, 2010). These technologies were further 
refined and new ones were adapted (see, e.g., figure 1) 
as more advances were made in gem synthesis and 
treatment, and as computer technology for instru- 
ment control and data collection enabled more appli- 
cations. 

Looking back at the two previous GWG retro- 
spective technology articles (Fritsch and Rossman, 
1990; Johnson, 2000), it is apparent that gemological 
laboratories have embraced modern analytical 
instruments more and more in recent years. In the 
gemological literature, it is common to see these 
instruments referred to as “advanced” or “high 
tech.” The reality is that most of these technologies 
have existed for some time in research universities 
and other industries. In most cases, the instrumenta- 
tion required modification for the nondestructive 
analysis of faceted gemstones. Additional challenges 
were involved in the collection of high-quality data 
from gems using these instruments. The adaptation 
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Figure 1. During the first decade of the 2000s, gemologists benefited from expanded spectroscopic 
capability. While they continued to use desktop and handheld spectroscopes (top) for daily identifica- 
tion, they also had access to information provided by high-resolution analytical instruments such as 
LA-ICP-MS (bottom) in the well-equipped gemological laboratory. LA-ICP-MS requires the removal of 
a minute amount of material for analysis, but the resulting pit is visible only with magnification (as 
in the SEM image seen here). Photos by Kevin Schumacher (lower left) and A. Shen (lower right). 


of existing technology to gemological applications is 
the true innovation for gemologists. 

This article surveys advances in analytical instru- 
mentation during the first decade of the 21st century 
(2001-2010). The reader will see that the application 
of new technologies for gem analysis is an evolving 
process, driven by industry demands but also heavily 
influenced by the availability and affordability of the 
instrumentation. 


HOW FAR WE’VE COME SINCE 2000 


General Electric’s introduction of HPHT treatment 
of diamonds at the end of the 1990s had a huge 
impact on the diamond industry and gemological 
laboratories alike. Almost overnight, we learned that 
colorless as well as fancy-colored diamonds could, 
within hours, be produced from off-color (typically 
brown) starting material in the same types of high- 
pressure, high-temperature presses used to grow syn- 
thetic diamonds (figure 2; see, e.g., Fisher and Spits, 
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2000; Smith et al., 2000). In many cases, there were 
no reliable ways for gemologists to visually distin- 
guish these HPHT-treated diamonds from naturally 
colored stones (Moses et al., 1999). The effects of this 
treatment almost single-handedly thrust photolumi- 
nescence (PL) analysis into the gemological lime- 
light (Chalain et al., 1999). 

The early 2000s also saw huge improvements in 
the growth of synthetic diamonds by the chemical 
vapor deposition (CVD) method. Prior to this decade, 
the vast majority of single-crystal CVD synthetic 
diamonds consisted of very thin (<1 mm) plates or 
coatings on seed crystals (Wang et al., 2007). By 
2010, faceted colorless, brown, yellow, and pink 
samples up to ~1 ct were being produced by at least 
one U.S. company (Apollo Diamond Inc.) and were 
being submitted to the GIA Laboratory for grading 
reports. Crystals as large as 10 ct have reportedly 
been grown in university and research laboratories 
(Hemley and Yan, 2005; Wang et al., 2007, 2010). PL 
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analysis and luminescence imaging proved essential 
for the identification of many of these new synthetic 
diamonds. The DiamondView instrument, devel- 
oped by De Beers in the mid-1990s (Welbourn et al., 
1996}, provided a practical means of imaging growth- 
related fluorescence patterns. 

The colored stone industry was not without sev- 
eral critical events as well. In 2002, the undisclosed 
diffusion of trace amounts of beryllium into corun- 
dum nearly destabilized the sapphire trade due to 
the influx of large amounts of treated orange, red, 
and pinkish orange (“padparadscha”) material (see, 
e.g., Emmett et al., 2003; Notari et al., 2003). 
Because the light element Be cannot be detected by 
EDXRE analysis, which was routinely used to deter- 
mine chemical composition in many gemological 
laboratories, researchers and lab gemologists turned 
to laser-induced breakdown spectroscopy (LIBS) and 
laser ablation—inductively coupled plasma—mass 
spectrometry (LA-ICP-MS). 

The first decade of the 2000s also saw increased 
demand for country-of-origin information on lab 
reports for rubies, sapphires, and emeralds. 
Discoveries of new sources for copper-bearing tour- 
maline in Nigeria (2001) and Mozambique (2005) 
generated interest in separating these gems from 
those of Brazil (figure 3; see Abduriyim et al., 2006; 
Laurs et al., 2008). The value of trace-element analy- 
sis to country-of-origin determination further 
spurred the use of LA-ICP-MS in the gemological 
community. The demand for gem lab report services 
to be offered on-site at trade shows prompted the 
development and proliferation of portable infrared 
and visible-range absorption spectrometers. 

This past decade also witnessed new develop- 
ments in the pearl industry, including treated yellow 
and “chocolate” cultured pearls, the introduction of 
cultured conch pearls, and the proliferation of bead- 
less cultured pearls (Elen, 2002; Wang et al., 2006; 
Krzemnicki et al., 2009a; Wang et al., 2009; 
Karampelas et al., 2010; Krzemnicki et al., 2010). 
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Figure 2. At the end of the 

1990s, HPHT treatment of 
diamond using large press- 
es (left) changed the indus- 


poe try forever and drove inno- 
vation in the use of analyt- 
ical techniques such as 
photoluminescence to 

After ; ‘ ack 

HPHT identify the origin of color 


in diamonds. Photos by 
Robison McMurtry. 


The need to identify these products led to broader 
use of X-ray and luminescence imaging. 

Late in the decade, a new generation of very thin 
colored or colorless surface coatings began to be 
applied to diamond, topaz, cubic zirconia, and tan- 
zanite (e.g., Shen et al., 2007, Gabasch et al., 2008; 
McClure and Shen, 2008). The semiconductor indus- 
try and academic communities developed sophisti- 


Figure 3. New sources of copper-bearing tourmaline 
were discovered in Nigeria (19.90 ct) and 
Mozambique (4.29 ct) in the early 2000s, driving a 
demand for country-of-origin certification to sepa- 
rate them from Brazilian Paraiba stones (2.59 ct). 
LA-ICP-MS analysis of trace elements in tourmaline 
proved to be very effective in separating these tour- 
malines (graph simplified from Abduriyim et al., 
2006). Photos by Robert Weldon. 
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cated tools for nano-scale fabrication, coating, and 
analysis. This technology was then applied to a vari- 
ety of gem materials as coatings and chemically 
modified surface layers of just a few tens of nanome- 
ters thick. While such treatments can often be iden- 
tified using standard gemological observation, some 
are difficult for gemologists to detect. 

Nano-fabrication methods to improve gemstone 
appearance have also been introduced recently 
(Gilbertson et al., 2009). In addition, the 2000s were 
marked by increased demand by consumers for more 
cut-quality information on diamond grading reports. 
Evaluation of cut quality became much more feasible 
over the last 10 years thanks to advances in gemstone 
facet mapping tools and automated facet and propor- 
tion measuring techniques (Moses et al., 2004). 

Of course, not all the instrument technologies 
that were used to address gemological problems 
became mainstays in gem labs. Techniques such as 
EPR/ESR, XRD, NMR, NAA, PIXE, SEM, TEM, and 
others were occasionally applied for specific research 
needs, but due to cost, sample destruction, or limits 
on applications, these powerful tools have not yet 
seen routine use in solving gemological challenges. 
See the GWG Data Depository (gia.edu/ 
gandg) for a list of references to studies in which 
these other techniques were applied to gemological 
problems. 


CHEMICAL ANALYSIS 


One of the most important advances in gemology 
since 2000 is the emergence of new techniques for 
microchemical analysis. This technology has been 
extensively used by the materials science and geolo- 
gy communities since well before 2000. Commonly 
the term microchemical analysis refers to tech- 
niques using micrometer-to-submicrometer beams 


of charged particles or electromagnetic radiation for 
localized chemical analysis, such as an electron 
microprobe or secondary ion mass spectrometry 
(SIMS). Microprobe analysis has been used in gemol- 
ogy for decades, while SIMS was introduced to the 
gem trade in the early 2000s. However, these two 
types of instruments have not become widely avail- 
able in gemological laboratories due to their high 
acquisition and operating costs, and sample prepara- 
tion requirements (mounting, carbon coating, etc.). 
The widespread use of another technique, LA-ICP- 
MS, greatly changed the gemological identification 
landscape in the first decade of the 2000s. 


LA-ICP-MS. A typical quadrupole ICP-MS attached 
to a laser ablation unit (213 nm or 193 nm wave- 
length) can be acquired for a quarter the price of an 
electron microprobe or SIMS instrument (the latter 
generally costs in excess of US$1 million). LA-ICP- 
MS can detect almost all chemical elements with 
detection limits in the range of parts per million 
(ppm) to even parts per billion (ppb) levels (Abduri- 
yim and Kitawaki, 2006; Sylvestor, 2008). 

An LA-ICP-MS instrument consists of three com- 
ponents: (1) a laser ablation unit, (2) an inductively 
coupled plasma torch, and (3) a mass spectrometer 
(figure 4). Three commonly used laser wavelengths 
are 2.66, 213, and 193 nm, the choice of which is typ- 
ically determined by the primary use of the instru- 
ment. The laser physically ablates (removes) small 
amounts of material from a gem sample using short 
pulses. The typical spot size for analysis is ~40 um in 
diameter (again, see figure 1), approximately half 
that of a human hair. The ablation depth is ~20-30 
um. The required sample amount is in the 
picograms (10- g) to nanograms (10~° g) range, 
which is an extremely small amount of material 


Figure 4. LA-ICP-MS consists of a laser-ablation sample introduction chamber, an inductively coupled 
plasma (ICP) unit, and a mass spectrometer (MS); the diagram is adapted from Masaaki (2006). Typical 
laser ablation spots are very small (40 ym across, see also figure 1), as seen compared to a standard 
laser inscription on the girdle of a sapphire (right). Photomicrograph by J. Shigley; magnified 10x. 
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Figure 5. Beryllium-diffusion treatment of sapphire to produce padparadscha-like and other colors 
led to the widespread use of LA-ICP-MS in gem labs. The untreated stone is 88.11 ct and the Be- 
diffused sample is 2.16 ct. Photos by Kevin Schumacher (left) and Robert Weldon (center). 


(i.e., <O.00000001 ct). Therefore, this method is gen- 
erally considered minimally destructive. 

After ablation, the vaporized material is trans- 
ported by a carrier gas (usually He or Ar) to the ICP- 
MS where a plasma torch, typically operating at 
8,000-10,000°C, ionizes the sample aerosol, causing 
all atomic elements present to have positive or nega- 
tive charges. Once the sample is ionized, the ions are 
sent to the last part of the instrument, the mass ana- 
lyzer (most commonly, a quadrupole mass spec- 
trometer). The mass spectrometer separates the dif- 
ferent ions in the plasma before they enter the detec- 
tor, which measures the quantity of each ion. 

One big advantage of LA-ICP-MS analysis is that 
it requires minimal sample preparation. In addition, 
it can analyze samples of almost any shape and size. 
Since laser pulses ablate the sample continuously, 
any possible surface contamination will be ablated 
away after a few laser pulses and does not affect the 
analysis. In reality, the LA-ICP-MS is analyzing a 
“depth profile” of a sample, beginning at the surface 
and extending into its interior. This feature can be 
advantageous for some applications, such as study of 
inclusions. LA-ICP-MS can be fully quantitative if a 
set of standards with known concentrations for the 
elements of interest in the same matrix is available. 
Also useful are some commonly available multi-ele- 
ment doped glass standards (see, e.g., Abduriyim and 
Kitawaki, 2006; Sylvestor, 2008). Without the use of 
such standards, the analytical results obtained by 
this technique must be considered semiquantitative. 

As noted earlier, the introduction of LA-ICP-MS 
was a matter of necessity for the identification of Be-dif- 
fused sapphires (figure 5; see also Emmett et al, 2003), 
since traditional techniques, such as EDXRF and elec- 
tron microprobe analysis, could not detect elements as 
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light as beryllium. With its excellent detection ability 
(<0.2 ppm) for Be, LA-ICP-MS rapidly found its way 
into gemological laboratories in the 2000s. 

The superior sensitivity of LA-ICP-MS to almost 
all elements in the periodic table has given gemolo- 
gists new insights and perspectives on various gem 
materials. For example, data produced by this tech- 
nique are now being used for country-of-origin stud- 
ies on rubies, sapphires, copper-bearing (Paraiba- 
type) tourmalines, and emeralds (e.g., Abduriyim and 
Kitawaki, 2006; Abduriyim et al., 2006). In addition, 
many attempts were made to study trace elements 
in diamonds to determine their geographic origin in 
support of the Kimberley Process (Weiss et al., 2008; 
McNeill et al., 2009). However, little progress was 
made on this front because trace-element impurities 
in diamonds could not be consistently linked to geo- 
graphic origin. This is probably because diamonds 
most often crystallize deep in the Earth’s mantle. 
Unlike the source-specific trace elements in other 
gems that are often unique to particular regions (i.e., 
“countries”} of the earth’s crust, the mantle is a con- 
stantly evolving and mixing reservoir of partially 
molten rock beneath the crust, rendering diamond 
country-of-origin determination on the basis of trace 
elements all but impossible. 

LA-ICP-MS has been used for a number of other 
applications, including the separation of natural and 
synthetic gems and the identification of pearl nuclei 
(e.g., Abduriyim et al., 2004; Sinclair, 2005; Wang et 
al., 2005; Jacob et al., 2006; Krzemnicki et al., 2007; 
Peucat et al., 2007; Breeding and Shen, 2010). 


LIBS. This analytical method uses energy pulses 
from a high-energy laser to ablate small quantities of 
a sample. With focused laser beams, the area of abla- 
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tion can be just tens of micrometers wide. The ablat- 
ed material is heated to such a high temperature that 
the atoms and ions are in an energetically excited 
state and emit light at characteristic wavelengths. 
The chemical elements present in the sample are 
measured by sensitive optical spectrometers posi- 
tioned at the plume of ablated material. 

LIBS instruments require no vacuum and typical- 
ly have a microscope coupled to a video camera for 
precise positioning of the sample. LIBS costs less 
than many other instruments capable of trace-ele- 
ment analysis, provides rapid results, and is compar- 
atively easy for an operator to use. Its application in 
gemology was motivated by the fact that LIBS is sen- 
sitive to beryllium, with detection limits of a few 
parts per million, so the technology was initially 
used to test for Be-diffused corundum (Krzemnicki et 
al., 2004, Abduriyim and Kitawaki, 2006). However, 
LIBS analyses have proved more difficult to rigorous- 
ly quantify than analyses from LA-ICP-MS or SIMS, 
and LIBS instruments are less sensitive than the 
other two methods. LIBS has also been used to deter- 
mine the minor and trace elements in beryl 
(McMillan et al., 2006a,b). 


SIMS. This powerful method can analyze most ele- 
ments of the periodic table with high sensitivity 
(parts per billion to parts per trillion). It can provide 
detailed compositional depth profiles near the sur- 
face of samples, even resolving chemical changes 
with depth at the nanometer scale, as seen in the 
chemical profile of a diamond surface coating shown 
in figure 6. While the sensitivity is excellent for 
most elements, the sample preparation needed is sig- 
nificant (see below) and the cost of analysis is high. 
Considerable time and effort is also necessary to pro- 
duce the standards necessary for quantitative analy- 
ses. Nevertheless, SIMS is rapidly gaining impor- 
tance in materials science, geoscience, and gemology 
(e.g., Emmett et al., 2003; Koch-Muller et al., 2006; 
Reiche et al., 2006; Fayek, 2009). 

The analysis requires a flat surface, and the samples 
usually must be electrically conductive or coated with 
a thin layer of gold to maintain charge neutrality in the 
focused ion beam (typically oxygen or cesium ions). 
More-involved methods do exist, however, to flood 
nonconductive samples with electrons (negative ions) 
when positively charged ion beams are used. Samples 
are evacuated at ultra-high vacuum (10°!° torr) for sev- 
eral hours before entering the ion-beam compartment. 
The instrument pictured in figure 6 can accommodate 
samples up to 1 inch (2.5 cm) in diameter. 
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SIMS can measure the isotopic compositions of 
most elements, which opens the possibility of apply- 
ing the data to country-of-origin determinations. 
Although seldom used in gemology today, the precise 
determination of isotopic ratios can be of great value 
in the origin determination of a wide variety of gem 
materials. Early studies (Giuliani et al., 2000, 2005) 
correlated emerald samples from a few localities with 
their measured oxygen isotope ratios. More recently, 
Giuliani et al. (2007) applied the technique to corun- 
dum, reporting that the ratio of !8O to !°O (expressed 
in units of 8!8O) ranges between 1.3 and 15.6 parts 
per thousand (%o) as compared to an ocean water 
standard for samples of various geologic origins. For 
example, corundum samples from cordierite-grade 
metamorphic rocks had 8!8O of 1.7-2.9%o, whereas 
those from marble skarn deposits ranged from 10.7 to 
15.6%o, indicating that isotopic signatures can be 
powerful tools for origin determination when com- 
bined with other gemological observations. It was 
also determined that heat treatment did not affect 
the oxygen isotopic values of these samples. 


RAMAN AND LUMINESCENCE 
SPECTROSCOPY 


Today, photoluminescence or UV-Vis-NIR absorp- 
tion spectroscopy may be required to determine if a 
diamond is naturally colored or treated, and Raman 
spectroscopy often proves useful in colored stone 
identification. In most cases, a combination of spec- 
tral features and gemological properties can provide 
a reliable identification. In addition, the challenges 
presented by gem-quality CVD synthetic diamonds 
have made gemological laboratories more dependent 
on high-quality PL spectroscopy (e.g., Wang et al., 
2007). 

Both Raman and PL spectroscopy typically 
involve exciting a sample with a laser and analyzing 
the light given off in response. Raman scattering 
occurs when laser light is absorbed by the sample 
and, depending on the vibrational structure of the 
material, re-emitted (i.e., scattered) with frequencies 
that are shifted relative to the excitation source. 
Photoluminescence involves absorption of laser 
light, a photo-excitation process, and the dissipation 
of excess energy by emission of light of different 
wavelengths that depend on the electronic structure 
of defects present in the material. Most Raman spec- 
trometers can measure photoluminescence as well 
as Raman scattering. 

In the 2000 retrospective issue (Johnson, 2000), 
Raman spectroscopy and Raman libraries were dis- 
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Figure 6. This Cameca IMS 7f-GEO magnetic sector SIMS instrument (left) is used at the California Institute 
of Technology. The ultra-high vacuum airlock through which samples are introduced is in the front left of 
the instrument. The mass spectrometer is to the right side, and the ion guns are at the rear-center and right 
side. SIMS was used to analyze the chemical composition of the coating on this facet of a pink diamond 
(leaving the rectangular spots on the oxidized coating seen in reflected light on the image at upper right; 
magnified 20x). Analysis revealed that the coating was composed primarily of Au and Si (lower right; 
modified from Shen et al., 2007). Photos by G. Rossman (left) and A. Shen (top right). 


cussed and photoluminescence (PL) spectroscopy 
was mentioned briefly. At the time, the PL method 
did not have significant gemological applications or 
widespread use. 


Raman. Raman spectrometers are useful for rapidly 
identifying gemstones, since most materials produce 
characteristic Raman spectra. Advances in NIR and 
visible lasers, charge-coupled device (CCD) detec- 
tors, and Rayleigh rejection filters have increased the 
detection sensitivity and decreased background fluo- 
rescence. With these advances, Raman spectra can 
be collected from most stones, even those with 
strong fluorescence reactions. 

The use of Raman spectra to identify gem and 
other minerals requires a spectral reference library 
against which an unknown sample can be compared. 
One of the most reliable ones is the RRUFF project 
(Downs, 2006). See box A for a list of databases of 
interest to those involved with gem characterization. 


Photoluminescence. Whereas Raman spectroscopy 
can prove that a sample is diamond, PL spectroscopy 
is needed to study the subtle distinctions in dia- 
mond lattice defects that are useful for distinguish- 
ing between natural, synthetic, and treated dia- 
monds, and for determining the origin of a dia- 
mond’s color. The configuration of the components 
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within the diamond lattice—such as nitrogen, 
vacancies (missing carbon atoms), and out-of-posi- 
tion carbon—varies with a diamond’s growth or 
temperature history. The high sensitivity of PL (typi- 
cally at the parts-per-billion level) allows the detec- 
tion of very subtle peaks that cannot be observed 
using other forms of spectroscopy (e.g., the H3 peak 
is rarely seen in the UV-Vis absorption spectra of 
colorless type Ila diamonds, but it is commonly 
observed in their PL spectra). Many such diamond 
peaks are included in Zaitsev (2003), an extensive 
compendium of spectral features obtained from 
much of the scientific diamond literature. 

As an example, Fisher and Spits (along with 
Smith et al.) reported in 2000 on the HPHT decol- 
orization of type Ila brown diamonds, and showed 
that laser-excited PL spectroscopy with the stones at 
liquid-nitrogen temperature (77 K) was a reliable 
method to identify them (see Johnson, 2000). 
Suddenly, PL spectroscopy was catapulted into 
widespread use in major gem testing laboratories, 
and it has since proved very helpful for detecting 
several types of color treatment in diamonds, includ- 
ing irradiation and combination treatments (e.g., 
Wang et al., 2005), as well as for identifying CVD 
synthetics (e.g., Martineau et al., 2004; Wang et al., 
2007, 2010). 
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Box A. ONLINE DATABASES WITH REFERENCE SPECTRA 
OR GEMOLOGICAL INFORMATION 


A quality database of reference spectra is vital for 
proper interpretation of the data collected from most 
of the analytical instruments discussed in this article. 
However, compiling such a database is a very diffi- 
cult task. A comprehensive set of representative 
gems is rarely available at any given time, so refer- 
ence data must be collected over a long period of time 
in a manner that is consistent, reproducible, and uni- 
versally accessible. Such a task is often very expen- 
sive and includes proprietary information, resulting 
in few publically available resources. Below we have 
provided some publically available (free or for pur- 
chase) online databases of interest to gemologists. 


Bio-Rad Spectral Database 
www.knowitall.com/academic/welcome.asp 
Infrared and Raman spectra database of organic and 
inorganic chemical compounds 


GIA Gem Project — Edward J. Gtibelin Collection 
www.gia.edu/research-resources/gia-gem-database/ 
index.html 

Infrared, visible, Raman, photoluminescence, and 
EDXREF spectra of gem minerals 


National Institute of Standards and Technology 
(NIST), Washington DC: NIST Chemical WebBook 
webbook.nist.gov/chemistry/ 


PL spectroscopy has also proved useful for some 
colored stone applications. For example, separating 
natural from synthetic spinel can be difficult in high- 
clarity gems. However, PL analysis of samples with 
trace or higher concentrations of chromium can easi- 
ly distinguish laboratory-grown material from natu- 
ral spinel (figure 7; Notari and Grobon, 2003; Shen et 
al., 2004; Kitawaki and Okano, 2.006). Similar fea- 
tures provide evidence for the heat treatment of nat- 
ural spinel to enhance color (Saeseaw et al., 2009). 
Additionally, PL analysis can be combined with 
Raman spectroscopy to separate natural red coral 
from its dyed counterpart (Smith et al., 2007). 
Cathodoluminescence (CL). Cathodoluminescence is 
the emission of light from a material that is excited by 
an electron beam. The resulting luminescence can be 
imaged to show spatial variations in color or intensity, 
or it can be collected as spectra in the UV-Vis-NIR 
range. Depending on the type of CL instrument, the 
sample needs to be under vacuum (typically ~10~ torr}, 
which can significantly add to data collection time. 
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Infrared, visible, and mass spectra of standard 
reference materials 


National Institute for Advanced Industrial Science 
and Technology (AIST), Japan: AIST Spectral Data- 
base for Organic Compounds (SDBS) 

http://riodb01 .ibase.aist.go.jp/sdbs/cgi-bin/cre_index.cgi 
Infrared, nuclear magnetic resonance, and electron 
spin resonance spectra of organic chemical compounds 


Sigma-Aldrich Chemical Catalogue 
www.sigmaaldrich.com, search for “spectrum 
library” 

Infrared, Raman, and nuclear magnetic resonance 
spectra of organic and inorganic chemical compounds 


Mineral Spectroscopy Server, California Institute 
of Technology 
http://minerals.gps.caltech.edu/FILES/Index.html 
Visible, infrared, and Raman spectra of some 
minerals 


RRUFF Mineral Database, University of Arizona 
http://rruff.info/index.php 

Chemical composition (electron microprobe), 
Raman spectra, and X-ray diffraction data of a large 
number of minerals (also infrared ATR) 


In many cases, photoluminescence (in the case of 
spectra) and the DiamondView (in the case of imag- 
ing) can provide comparable data, and these instru- 
ments are used far more frequently in gemology 
because the samples do not need to be under vacu- 
um. CL has similar applications to PL since it can 
excite peaks that can be used to determine diamond 
type, examine melee (Kanda, 2006; Kanda and 
Watanabe, 2006), and distinguish natural from syn- 
thetic diamonds on the basis of differences in growth 
morphology (e.g., Shigley et al., 2004). 

The major advantages of CL analysis are its abili- 
ty to resolve features down to 10-20 nm and the fact 
it allows simultaneous collection of imaging and 
spectroscopic data (e.g., Yang et al., 2003). Therefore, 
any features observed in CL imaging may be ana- 
lyzed spectroscopically. 

For materials of gemological interest, CL has 
been used mostly on diamonds, but also on quartz 
(Miller et al., 2003), jade (Kane and Harlow, 2006; 
Ouyang et al., 2006), and sapphire (Lee et al., 2006). 
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ADVANCES IN SPECTROMETERS 
AND LIGHT SOURCES 


Recent developments in spectrometers and light 
sources have produced instruments that are highly 
portable and available as modular components, 
allowing users to customize the instrumentation to 
fit their needs or to reduce expenses by purchasing 
only the necessary equipment and spectrometer res- 
olution. This new generation is also quite affordable, 
as high-quality spectra can be obtained from instru- 
ments costing as little as a few thousand dollars, 
depending on the application. 


Spectrometers. In the last several years, the availabil- 
ity of spectrometers with charge-coupled device 
(CCD) detectors has greatly increased the speed of 
collecting UV-Vis-NIR absorption and fluorescence 
spectra (down typically from a few minutes to a few 
seconds], and made it possible to easily measure very 
short-lived phosphorescence spectra (see, e.g., Fritsch 
et al., 2003; Eaton-Magania et al., 2008). 

Earlier technology (such as wavelength-scanning 
spectrometers and spectrofluorometers) cannot 
record time-dependent spectra (e.g., phosphores- 
cence}, because those instruments sequentially pro- 
ceed across the wavelength range by moving a prism 
or diffraction grating to collect spectral data. In con- 
trast, the CCD spectrometers developed during this 
decade can simultaneously collect data over the 
entire wavelength range (although with reduced res- 
olution for large wavelength ranges). Depending on 
the light source and the material being evaluated, 
these spectra can be collected over extremely short 
integration (i.e., data collection) periods. 


Light Sources. In 2005, researchers studied the phos- 


phorescence spectra of the Hope diamond (Eaton- 
Magana et al., 2008) using a CCD spectrometer and 
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a broadband UV source that provided radiation in 
the 215-400 nm range. This broad range made it 
impossible at the time to distinguish the various 
phosphorescence reactions at short- and long-UV 
wavelengths unless a filter that limited the wave- 
length range was used. This considerably reduced 
the luminescence signal intensity and required a 
high-sensitivity, low-resolution spectrometer. 

Since then, several alternative light sources have 
been introduced that are considerably advanced in 
their technology, light output, and size. UV-range 
LEDs have improved significantly in the last few 
years, and have a high energy output that enables 
the use of a high-resolution spectrometer and shorter 
integration times (figure 8). They also surpass stan- 
dard gemological lamps in that they provide only a 
very narrow band of UV radiation. These UV sources 
have resulted in significant improvements in the 
quality of fluorescence and phosphorescence spectra. 


REAL-TIME IMAGING 

Imaging techniques have always been important in 
the analysis and identification of gems. From the 
face-up color to the nature of inclusions and other 
internal features, gems have a variety of properties 
that require visual representation. Thanks to 
advances in digital photography, the first decade of 
the 2000s saw the development of real-time imaging 
of properties such as fluorescence and X-ray trans- 
parency. Prior to this decade, these techniques were 
limited by long exposure requirements. Real-time 
imaging allows for instant visual analysis of bulk flu- 
orescence, internal structures, and differences in 
luminescence between host gem and fracture-filling 
materials (Notari et al., 2002). Compared to conven- 
tional film-based analysis, in which only a few areas 
or viewing angles of a stone are typically recorded, 
real-time imaging allows for a more complete evalu- 
ation of the gem. In most instruments, samples can 
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Figure 8. The fluorescence collected from analogous 
greenish yellow diamonds, but illuminated by differ- 
ent light sources, show different spectra (red spec- 
trum, from Eaton-Magana et al., 2007, collected June 
2005; blue spectrum collected November 2009). The 
later-generation LED allows the use of a higher-reso- 
lution spectrometer, which reveals much finer detail, 
including the N3 (415 nm) and H3 (503.2 nm) zero- 
phonon lines and their sidebands. These narrow- 
band LEDs provide gemologists with a better under- 
standing of the causes of fluorescence in gems. 


be moved and rotated while images are continuously 
acquired and viewed. In an ever-evolving world of 
complex gem treatments and synthetics, subtle 
details seen in several orientations are often the key 
to identification. 


DiamondView. The DTC DiamondView instru- 
ment was introduced in the 1990s for separating nat- 
ural from HPHT-grown synthetic diamonds (Wel- 
bourn et al., 1996). While the instrument remains 
valuable for that purpose, the 2000s saw the devel- 
opment of several new applications. In addition to 
growth sectors, a number of defects can be identified 
that provide useful information about the thermal 
history of a diamond, including some indications of 
HPHT treatment (Breeding et al., 2006). Also, CVD 


Figure 9. The DTC 
DiamondView instrument 
allows for real-time imag- 
ing of fluorescence features 
in diamonds and other 
gems, such as the charac- 
teristic curved growth lines 
seen in CVD synthetic dia- 
mond (left) and synthetic 
sapphire (right). Photos by 
Karen Chadwick (left) and 
C. M. Breeding (right). 
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synthetic diamonds can often be identified by a 
characteristic pattern (figure 9). 

Features seen with the DiamondView in colored 
stones were shown to be valuable as well. Heat 
treatment of ruby and sapphire can sometimes be 
identified from blotchy colored patterns of fluores- 
cence, and growth lines in high-clarity flame-fusion 
synthetic gems can often be identified in the 
DiamondView because they tend to fluoresce 
enough to show their curved pattern even when 
they are not easily visible with a microscope (again, 
see figure 9; Breeding et al., 2006). Fracture-filling 
materials in many treated gems have a distinctive 
fluorescence when viewed with the DiamondView. 
For example, the type of glass filler used in ruby and 
sapphire can be identified from the fluorescence 
color: Lead-glass fillers fluoresce blue, whereas typi- 
cal heating-related glass-filled fractures and cavities 
usually show a white fluorescence. The Diamond- 
View can also be used to separate oil and epoxy 
fillers in emeralds (Breeding et al., 2006). 


X-ray Radiography and Tomography. We also saw 
real-time X-ray imaging applied to gem analysis dur- 
ing the first decade of the 2000s. X-ray techniques 
are particularly useful for evaluating whether pearls 
are natural or cultured and grown in saltwater or 
freshwater, by revealing details of their internal 
characteristics. X-radiography has long been used to 
reveal the growth structure and presence or absence 
of a bead nucleus in natural and cultured pearls. The 
instrumentation now allows the analyst to move the 
pearls and other samples laterally while viewing 
radiography images in real time. In addition, the X- 
ray detector and/or source can be moved to image 
different depth sections within the pearl, all while 
the changes are seen on a monitor (and can be cap- 
tured digitally at any time). Whereas older, film- 
based radiography was used to collect only 1-2 
image positions due to the time required to develop 
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British rulers — Henry VIII, Elizabeth, 
Charles—all followed the extravagant habits 
of the Italian and French Renaissance. Jew- 
eled initials were worn in the form of 
pendants. Designs for the larger ones were 
set. with sapphires, diamonds, rubies, and 
pearls. Many terminated with large pear- 
shaped pearls. Elizabeth was particularly 
fond of pearls. The unfortunate and un- 
happy Mary Stuart, like her cousin Eliza- 
beth, was always most lavish in her display 
of jewelry. 


DIAMOND CUTTING 

Until the 16th century, there were two 
ways of cutting the diamond. One, was to 
take the octahedral crystal and place the 
lower half into the mounting and let the 
second half emerge to a point. The other 
was to mount the lower half into the 
mounting but to level off the top portion 
into a table effect. Often it was foiled, 
mostly with black. Since faceting was un- 
known, it is small wonder that the diamond 
did not enjoy great popularity until later 
when all its inward fire and beauty had 
been released. 

Toward the end of the 16th century, 
Daniel Mignot helped to popularize the 
diamond by producing jewelry in which 
the diamonds were alternated with colored 
stones, set closely together. Diamonds when 
used alone. were usually mounted in silver, 
while colored stones were mounted in gold. 
This manner of mounting was still used in 
the 18th century by some jewelers. 


17TH CENTURY 

Desire for the possession of diamonds 
and a greater appreciation of their beauty 
can no doubt be credited to a large extent 
to French travelers such as Tavernier, Char- 
din, and others who related the admiration 
for the stones at Eastern Courts. The open- 
ing of the Golconda mines also. made avail- 
able more diamonds.and spurred the gem 
cutters to improve their methods of fash- 
ioning the diamond. 

The art of cutting is generally credited 
to Louis de Berghem of Bruges in the year 
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1475, although Burgess states the art of 
cutting was discovered in 1456 and some 
authorities claim that the art was unknown 
until 1520. 


At the beginning of the 17th century, 
the first rose cut began to appear. This 
early cutting did little to improve the dia- 
mond, for usually, only four to six irregu- 
larly cut facets were used so as not to reduce 
the size of the crystal. By the middle of the 
century Cardinal Mazarin, a great lover of 
the diamond, encouraged Dutch lapidaries 
to experiment in cutting the diamond and 
a method was eventually evolved whereby 
sixteen facets were used and the true rose 
cut was born. ‘Mazarin personally directed 
the cutting of twelve diamonds which he 
sent to the French Court. This: method of 
cutting was used until the beginning of 
the 18th century when the brilliant cut 
was introduced. It is said to have been in- 
vented by Vincenti Peruggi of Venice late 
in the 17th century. 


18TH CENTURY 

In .this century, the craze for diamonds 
became an obsession and must have fol- 
lowed the discovery that nothing else shows 
so well by artificial light as the diamond. 
Until the middle of the. 18th century danc- 
ing had been done mostly in the daytime, 
and outside. This now changed to night 
dancing and the diamond was much. in 
demand, showing to great advantage in the 
brightly lighted ballrooms. 


Early in the century, the jewelers’ art 
consisted of mounting diamonds and colored 
stones together in various trivial designs. 
Each stone had its own tiny setting. Later, 
diamonds were mounted with no visible line 
of metal between. The stones were fre- 
quently rose cut, although brilliants were 
more esteemed. About 1770 diamonds were 
no longer mixed with colored stones. In the 
last thirty years of the century, demand was 
for diamonds or pearls only, and color was 
obtained by enamel or miniature painting. 
The favorite setting of diamonds for the 
last thirty years of the century was on a 
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Figure 10. Software such as the Lexus M-Box has provided unprecedented opportunities for gem cutters to 
map their rough stones to maximize cutting efficiency. Composite image courtesy of Lexus. 


the film, the newer, digital imaging systems allow 
for virtually unlimited images that can be adjusted 
as they are seen by the analyst. 

Another advancement in imaging that the gemo- 
logical community first used in the 2000s involves X- 
ray computed microtomography. This technique 
enables high-resolution X-ray “slices” through a 
rotating pearl (Krzemnicki et al., 2009a, 2010; Karam- 
pelas et al., 2010) that are then combined using spe- 
cialized computer software to generate a three- 
dimensional (3D) representation of its internal struc- 
ture. Despite long acquisition times, this type of 
imaging is potentially valuable for pearl identifica- 
tion because a single radiograph is limited by the 
angle at which it is collected relative to the orienta- 
tion of internal features. X-ray computed microto- 
mography overcomes that limitation by creating a 
full 3D rendering of the sample. 

A related technique, X-ray topography, has been 
used to study the internal structure and growth his- 
tory of diamonds (Diehl and Herres, 2004). 


DIAMOND CUTTING AND EVALUATION 


For centuries, it was understood that the face-up 
appearance of polished diamonds is related to facet 
arrangement and their relative angles (e.g., Moses et 
al., 2004). As profit margins for gem cutting have 
decreased, tools for planning the optimized cutting 
of rough diamonds have improved. Diacom, Lexus, 
OGI, and Sarin have introduced methods of scanning 
the shape and dimensions of rough diamonds, and 
some map inclusions as well (e.g., Sarin’s new 
Galaxy 1000 and the Lexus M-Box; see figure 10). 
The Galaxy 1000 system can map inclusions in 
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frosted rough diamonds. Software packages help 
operators determine the highest value for recovery 
by offering various cuts and clarities, along with esti- 
mated finished carat weights. These software pack- 
ages consider the grading standards of different labs, 
and can be adjusted to meet manufacturer-specific 
parameters for cutting. Various types of equipment 
also assist the operator in monitoring the multiple 
phases of the cutting process. Automatic marking, 
laser cutting, bruting, and polishing machines have 
reduced the work force needed, now that one person 
can monitor many machines at once. 

With the advent of noncontact optical measure- 
ment tools in the 1990s, advances in computer ray- 
tracing, various handheld viewers, equipment to 
assess light performance, and computer simulations 
of these tools, cut grading analysis for round brilliant 
diamonds has gone far beyond the basic angles that 
were long understood by cutters. The result is the 
development of various cut grading systems since 
2000, including: 

e American Gem Society’s Angular Spectrum 
Evaluation Tool (ASET) and cut grading system 

e GIA’s cut grading system 

¢ Holloway Cut Adviser (HCA) 

e HRD’s cut grading system 

e Imagem’s VeriGem 

e isee2 cut grading system 

e William Bray’s diamond cut scoring system 


NANO-SCALE CONSIDERATIONS 


For decades, gemological observations were focused 
on macroscopic features and microscopic details at 
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Figure 11. The early 2000s saw diamond coatings 
as thin as 60 nm being applied to gemstone 
surfaces to produce color. This SEM image shows 
slight wear of the coating near a facet junction 
on a coated pink diamond. Gemologists 
sometimes use this type of imaging to better 
understand the nature of these ultra-thin gem 
coatings. Micrograph by W. Wang. 


the scale of millimeters or even as small as microm- 
eters. The first decade of the 2000s, however, intro- 
duced nano-scale etching features and surface coat- 
ings to the gem industry (Rossman, 2.006). 

In 2009, researchers presented a method of plas- 
ma etching to create microscopic diffraction gratings 
on the pavilion facets of round brilliant cut dia- 
monds (Gilbertson et al., 2009). The result was a 
noticeable increase in the fire seen when the dia- 
monds were viewed face-up. The diffraction gratings 
were etched at the nano- to micrometer scale to sep- 
arate incident white light into its spectral colors and 
thereby produce the new visual effect. 

Also during the decade, extremely thin surface 


Figure 12. Ultra-shallow 
diamond engravings such 
as GemEx’s ion images 
(left) and the DTC Forever- 
mark (right) were reported- 
ly created using focused ion 
beams. These marks are so 
shallow that they require 
special viewers (distributed 
by the engravers) to be easi- 
ly seen. Photo courtesy of 
GemEx (left) and 
Forevermark (right. 
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coatings were applied to a variety of gem materials 
(including diamond, topaz, quartz, tanzanite, and 
cubic zirconia) to significantly change a stone’s color 
(figure 11) and resistance to wear. Individual coating 
layers, composed of elements such as Si, Ca, F, O, C, 
Au, Ag, Ti, Co, Fe, and Cr (Shen et al., 2007, Gabasch 
et al., 2008; McClure and Shen, 2008), have been mea- 
sured using SIMS depth profiling analysis to be only a 
few tens of nanometers thick (again, see figure 6). 
While most of these new nano-scale gem treat- 
ments and coatings can be detected by careful micro- 
scopic examination, some remain difficult to identi- 
fy. For a better understanding of the nature of the 
coatings and treatments, gem laboratories have 
reached out to the broader research community for 
new techniques capable of analyzing at that scale. 
Many commercial companies have expressed inten- 
tions to continue refining the quality of their nano- 
scale treatments, so it is critical that laboratories be 
proactive and evaluate alternative techniques and 
instruments such as nanoSIMS and focused ion 
beam (FIB) technologies that are designed for sample 
preparation and analysis at the nano scale. 


NanoSIMS. SIMS instruments (described above) pro- 
duce an analysis spot of several tens of micrometers 
in diameter. In situations where smaller resolution 
is required, trace-element and isotopic analysis can 
be done on spots of a few tens of nanometers using a 
nanoSIMS instrument. It can analyze up to seven 
different masses at a time, allowing precise isotopic 
ratios to be determined from the same small vol- 
ume. While this technology is not regularly used for 
gemological investigation, it has great potential for 
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Figure 13. This Thermo iS10 FTIR (left) is one of the fast and portable desktop spectrometers often 


Type tla 
diamond 


WAVENUMBER (cmv! 


used by gemologists both in labs and at trade shows. Handheld FTIR units such as the Exoscan (lower 
right, designed by A2 Technologies) can be taken directly into the field to analyze gems and surrounding 
rocks. Both types of instruments are capable of providing valuable information about gems such as this 
5.66 ct type Ia colorless diamond (upper right). Photos by C. M. Breeding (left), Robison McMurtry (upper 


right), and courtesy of A2 Technologies (lower right). 


the identification of coatings and other nanometer- 
scale features of gems. 


FIB. Another technology used by the semiconductor 
industry, FIB instruments focus a beam of ions of a 
chosen chemical element (usually gallium) on a tar- 
get with a spot size of a few nanometers. The ion 
beams sputter away precise amounts of material, 
allowing precision milling of the target. Small, care- 
fully controlled slices of a sample can be removed, 
typically for examination in a transmission electron 
microscope. Such slices are very useful for examin- 
ing nano-scale inclusions in gems that are too small 
to be sampled by conventional microscopic means. 
The 2000s also saw the use of ion beams to create 
inscriptions or branding symbols on—or just 
under—a diamond's surface (e.g., Sheby and Cracco, 
2002, figure 12). 


HANDHELD AND PORTABLE SPECTROMETERS 


The greater need for spectroscopic analysis in gem 
identification was accompanied by a desire to take 
the instruments “on the road.” This has become par- 
ticularly important for gemological labs that issue 
reports on-site at trade shows. In some cases, large 
gems or gem-encrusted artifacts at museums cannot 
be transported off-site for analysis, making it impera- 
tive that data be collected at the museum. 
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The first decade of the 2000s saw tremendous 
advances in the development of this portable technol- 
ogy. Portable (and some handheld) FTIR, UV-Vis-NIR, 
Raman, and EDXRF instruments all became readily 
available by the end of the decade. While handheld 
devices are not currently in widespread use in gemolo- 
gy, the advances in technology allow them to collect 
data comparable to many lab spectrometers. 

Handheld FTIR instruments designed to be used 
in the field were equipped with diamond ATR 
(attenuated total reflectance) tips allowing for reflec- 
tion analysis when the tip can be placed in contact 
with a sample. For transmission FTIR analysis, 
small, portable benchtop spectrometers became 
available. In most cases, these instruments are engi- 
neered for particular acquisition needs (i.e., the mid- 
infrared range) and have fixed beam splitters, higher 
resolution, and detectors that are electrically cooled, 
removing the need for a supply of liquid nitrogen for 
cooling (see, e.g., figure 13). 

Handheld Raman instruments involved the local- 
ization of laser and optical components into a probe 
head that could be positioned very close to a sample, 
whereas tabletop Raman systems were engineered 
small enough to fit on a microscope (figure 14). Most 
handheld units have spectral resolution in the range 
of 7-10 cm~!, which is lower than the resolutions 
typically used in a laboratory setting (<4 cm~), but 
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Figure 14. Portable desk- 
top microRaman systems 
such as the Horiba 
XploRA (upper left) 
maintain most of the res- 
olution of research-grade 
units, allowing for easy 
identification of gems 
such as this 2.05 ct 
grossular (upper right; 
photo by Robison 
McMurtry). The ability to 
localize Raman filters 
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into a fiber probe (lower 
right; reproduced from 
Eckenrode et al., 2001) 


allows handheld units Spectrum out 
such as the FirstDefender teun Em) 
RM (lower left; courtesy aaa 
of Thermo Fisher (90 ym) 


Scientific) to be used 
almost anywhere. 


still useful for identification of materials in the field. 

UV-Vis absorption spectroscopy saw the develop- 
ment of numerous portable units based on small, 
fast CCD spectrometers, which were coupled by 
fiber-optic cables to various light sources and fiber 
probes or integrating spheres to provide a relatively 
easy means of collecting data from gemstones (figure 
15; Krzemnicki et al., 2009b). This capability is par- 
ticularly important for colored stones, because the 


Figure 15. Compact CCD spectrometers and light 
sources can be constructed into highly portable 
UV-Vis-NIR absorption spectroscopy units such as 
this one designed by SSEF (Krzemnicki et al., 2009b). 
Photo by M. S. Krzemnicki, © SSEF Swiss 
Gemmological Institute. 
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visible absorption spectrum is a direct representation 
of the constituents (including defects, impurities, 
etc.) that cause color. An additional advantage of 
fiber-optic cables is their use in focusing incident 
light directly at, and collecting transmitted light 
directly from, the surface of a gem. With a tradition- 
al visible-range spectrometer, a faceted gemstone 
scatters the transmitted light so widely in the sam- 
ple compartment that only a limited percentage of it 
falls on the detector. 

The early 2000s also saw the introduction of sev- 
eral handheld EDXRF analyzers (Voynick, 2010). 
While the elemental detection limits of these instru- 
ments are higher than their larger, laboratory coun- 
terparts, the handheld devices can be used in the 
field for immediate identification of the chemical 
composition of many gems. 

While the desktop portable spectrometers gener- 
ate data very similar to the data generated by their 
larger research-grade counterparts—which is then 
interpreted by a trained scientist—handheld spec- 
trometers are typically used for field investigations 
and require instant data analysis and interpretation 
within the device itself. Thus, the quality of an anal- 
ysis is often dictated by the quality of the library of 
reference spectra against which the data are internal- 
ly compared to generate a match (particularly with 
Raman and FTIR spectroscopy; again, see box A). For 
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relevance to gemology, this means that an extensive 
collection of known gem materials (including rare 
and exotic gems, as well as synthetic and treated 
gem materials that are absent from most commer- 
cially available spectral libraries) must be available 
for analysis in order to create a comprehensive refer- 
ence library. Analysis of an unknown sample in the 
field is of little value without such a database, so 
handheld instruments are often only as good as their 
reference libraries. 


WHAT'S NEXT? 


The coming decade will inevitably see improve- 
ments in the standard spectroscopic techniques 
(FTIR, UV-Vis-NIR, Raman) that are commonly 
used for gem applications (Fritsch 2006; 2007). As 
higher-resolution, faster, less-expensive detectors 
and more powerful light sources are introduced, 
many of these techniques will become even more 
important tools in everyday gem analysis. In fact, 
the next decade may well see small, portable spec- 
trometers sitting alongside refractometers and 
microscopes on the desks of bench gemologists. 

The next several years will likely include contin- 
ued development and improvement of the coating 
techniques that were introduced in the first decade 
of this century. Detection of coatings on the order of 
a few tens of nanometers thick will require greater 
emphasis on surface profiling and nano-scale imag- 
ing. 

A treatment that may become important in the 
industry is ion implantation of trace elements in 
gems to introduce color (e.g., Intarasiri et al., 2009). 
While this technique has been proved possible (e.g., 
figure 16), the current costs and damage to the 
stones have made it only a research curiosity for 
now. We speculate that the next decade will see 
refinement of this technique by treaters and the 
implantation of new impurities in gem surfaces. 
Gemological laboratories have seen very few ion- 
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implanted samples for study, so a concerted effort is 
needed to characterize the results of this type of treat- 
ment before it becomes commonplace in the trade. 


CONCLUSIONS 


From the introduction of HPHT-treated diamonds at 
the end of the 1990s to the Be-diffusion of corundum 
in 2003 and the Cu-diffusion in feldspar over the last 
few years, the first decade of the 2000s was particu- 
larly challenging for the gemological community. 
These and other treatments, as well as advances in 
synthetic growth techniques (CVD, etc.), forced the 
development or adaptation of analytical instrumenta- 
tion just to keep pace. The most significant changes 
came in the micro-scale chemical analysis of gems. 
LA-ICP-MS (and to some extent, LIBS) became main- 
stays in gem analysis for identifying treatments and 
providing reliable information about country of ori- 
gin. New types of surface coatings led to the applica- 
tion of nano-scale analysis to gemological problems. 
Luminescence spectroscopy continued the breakneck 
pace of innovation initiated by HPHT treatment of 
diamonds. Raman and photoluminescence spec- 
troscopy are now standard procedures in any gem lab- 
oratory that examines diamonds. Real-time imaging 
introduced a new level of viewing intricate details in 
pearls and fluorescence features in gems, while 
improvements in the portability of many instru- 
ments allowed them to be taken to museums and 
trade shows. 

Gemology is a constantly evolving field, from the 
identification of treatments and synthetics to the 
grading of the cut quality of a faceted stone. As treat- 
ment and synthesis technology evolves to create gems 
or gem colors that more closely resemble their natural 
counterparts, the technology needed to identify them 
must keep pace. Gem treatment and synthesis facili- 
ties rarely provide information about their activities, 
so all must be inferred through careful, detailed inter- 


pretation of clues and comparison with known natu- 


Figure 16. This sapphire 
from Southeast Asia is 
shown before (left) and 
after (right) treatment 
with ion implantation 
(photos from Intarasiri 
et al., 2009). This tech- 
nique may play a role 
in color treatment in 
the coming decade. 
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ral, synthetic, and treated samples. In addition, most 
natural gems show tremendous variability, often ren- 
dering large spreads in analytical results and some 
uncertainty in interpretation. Nevertheless, the global 
gemological community has long managed to meet 
these challenges through a continued commitment to 
research. This commitment is the driving force 
behind the significant advances in the application of 
new technology to gem identification witnessed dur- 
ing the first decade of the 2000s. 
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MORE ON THE RELATIONSHIP OF THE 
WITTELSBACH-GRAFF AND HOPE DIAMONDS 


must confess to serious reservations concerning the 

claim by the authors in the article “The Wittelsbach- 
Graff and Hope Diamonds: Not Cut from the Same 
Rough” (Summer 2010 G&G, pp. 80-88). They state that, 
based on “small but significant” differences in their red 
phosphorescence and major differences in observed strain 
patterns, their study “clearly shows that the [two dia- 
monds] did not originate from the same crystal.” How can 
they be so sure? They appear to believe that inhomogene- 
ity within a single diamond crystal is impossible. 

My study of different small gems cut from pieces pro- 
duced when a very large diamond crystal was cut into the 
407.43 ct Incomparable Diamond (Lapidary Journal, 
November 1994, pp. 35-37, 77-78) revealed not only that 
the original diamond was color zoned, but also that the 
different zones reacted differently to long-wave UV radia- 
tion. The darker brownish yellow gems fluoresced a strong 
yellow, while the colorless gems had no fluorescence—all 
cut from the same crystal. Could not, then, the Wittels- 
bach and the Hope have come from the same rough, each 
from a slightly different zone? By the same token, is it not 
possible that the strain patterns of different zones within a 
large crystal could also differ significantly? As far as I 
know, a study of strain patterns from different segments of 
a large zoned diamond crystal has never been conducted. 
For this reason I feel it is premature to make the claim 
that these two famous diamonds could not have been 
parts of a once very large crystal. 

John S. White 
Stewartstown, Pennsylvania 


Reply. We are pleased to respond to Mr. White’s thoughtful 
comments. He correctly notes that some natural diamonds 
can be very inhomogeneous in their luminescent and opti- 
cal properties. However, there is an important distinction 
between the Incomparable and the Wittelsbach-Graff and 
Hope diamonds: The Incomparable is type Ila with very 
low impurity levels. The Wittelsbach-Graff and Hope are 
boron-containing type IIb diamonds, and therefore their 
luminescence properties cannot be directly compared to 
type IIa diamonds like the Incomparable (see C. M. 
Breeding and J. E. Shigley, “The ‘type’ classification system 
of diamonds and its importance in gemology,” Summer 
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2009 GWG, pp. 96-111). Mr. White observed that the 
intensity of the yellow fluorescence in the Incomparable 
and sister stones correlated positively with the intensity of 
the brown-to-yellow bodycolor, and colorless regions were 
inert. In the Incomparable diamond, the “citron” yellow 
fluorescence was observed to be “more or less parallel to 
the table face” (J. S. White, “The tell-tale glow?,” Lapidary 
Journal, November 1994, p. 37). In type Ila brown dia- 
monds, yellow-green luminescence is known to be related 
to plastic deformation, mostly in lamellae along {111} that 
are related to the H3 center (two nitrogens associated with 
a vacancy; see, e.g., A. T. Collins et al., “Colour changes 
produced in natural brown diamonds by high-pressure, 
high-temperature treatment” Diamond and Related 
Materials, Vol. 9, 2000, pp. 113-122), which might be con- 
sistent with Mr. White’s observations. 

Some type IIb diamonds also show zoning (e.g., 
Summer 2005 Lab Notes, pp. 167-168), such as localized 
areas of type Ila (colorless with no boron) or of a gray com- 
ponent related to plastic deformation (see, e.g., D. Fisher et 
al., “Brown colour in natural diamond and interaction 
between the brown related and other colour-inducing 
defects,” Journal of Physics: Condensed Matter, Vol. 21, 
2009, Art. 364213, 10 pp.). But we observed no such zoning 
in the Wittelsbach-Graff and Hope diamonds either with 
visible light or in their phosphorescence behaviors. 

In our study, we based our conclusion on results from 
three different observations: phosphorescence spec- 
troscopy, strain patterns as observed under crossed polariz- 
ers, and dislocation networks revealed by the Diamond- 
View instrument. The phosphorescence spectra from the 
two diamonds were remarkably similar, but showed small 
but reproducible differences, even when we looked at spec- 
tra collected from numerous places on each. The strain 
patterns revealed a more dramatic, and compelling, differ- 
ence. Strain in natural diamonds is caused by stress 
applied when the crystals were at high pressure and high 
temperature, that is, before they reached the earth’s sur- 
face (A. R. Lang, “Causes of birefringence in diamond,” 
Nature, Vol. 213, 1967, pp. 248-251). The tatami strain 
pattern is attributed to plastic deformation that occurs in 
lamellae parallel to one, two, or three of the {111} octahe- 
dral planes, depending on the direction(s) of the external 
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Cartier and America 


By Martin Chapman, 177 pp., illus., 
publ. by Prestel USA [prestel.txt9.de/, 
New York, 2009. US$35.00 


High Jewelry by Cartier: 
Contemporary Creations 


Ed. by Suzanne Tise-Isoré, 265 pp., 
illus., publ. by Flammarion [edi- 
tions.flammarion.com], Paris, 2009. 
US$125.00 


After establishing itself as a luxury 
goods retailer on the Boulevard des 
Italiens in Paris in the late 1890s, 
Cartier quickly became an interna- 
tionally acclaimed fine jeweler. One 
of the forces behind the firm’s mete- 
oric rise was its presence in New 
York, setting it apart from Parisian 
contemporaries. Cartier’s genuine 
interest in exceptional gems (dia- 
monds, natural pearls, and faceted 
sapphires, as well as gem carvings) 
and dedication to excellence in 
design, materials, and fabrication cat- 
apulted it to the iconic status it still 
enjoys today. Originally a family 
company patronized by European and 
Indian courts, and then by American 
elites, the firm is now part of an inter- 
national luxury group and remains on 
the cutting edge of fashion and jewel- 
ry creation. 

In 2009, Cartier commemorated 
its first century in grand style with 
this pair of books. Both allow the 
reader to view Cartier’s ascendance 
through an exceptional assembly of 
jewels, but their perspectives are radi- 
cally different. High Jewelry by 
Cartier is a lavishly illustrated the- 
matic catalogue of the brand’s most 
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recent work. Cartier and America 
was conceived more as a history 
book, showing the evolution of the 
brand and its following in America, 
particularly among famous collectors 
such as Marjorie Merriweather Post, 
Grace Kelly, and Elizabeth Taylor. 

High Jewelry's strength lies in its 
beautiful photos of Cartier’s latest 
creations. The red fabric cover and 
lettering are reminiscent of the 
famous Cartier signature box, and the 
overall presentation continues this 
luxurious motif with sketches and 
photos of wax and semi-finished jew- 
elry presented in an artistic chiaro- 
scuro, where the black background 
highlights their splendor and allows 
their full appreciation by the reader. 
Renderings of colored stones accu- 
rately represent their hues. Most of 
the pictures are magnified to display 
nuances of asymmetrical and uncali- 
brated gemstones, including brio- 
lettes, drops, and pearls. 

Yet the book remains a beautiful 
enigma. It features magnificent repre- 
sentations of the pieces but provides 
minimal background, with no men- 
tion of provenance or date of origin. 
The reader might rightfully ask, for 
instance, if the pieces are privately 
owned or part of a museum collec- 
tion. Were they a special order or a 
limited series? Were the gemstones 
recently cut, or are they older stones 
that have been incorporated into a 
contemporary setting? While the cap- 
tions generally include the carat 
weight of center stones, it is difficult 
to determine the size of the pieces 
from the information provided. 

Cartier and America takes a dif- 
ferent approach. It was created to 
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accompany the exhibition that took 
place at the Legion of Honor in San 
Francisco December 2009-May 
2010. It contains many interesting 
photos of Cartier’s New York flag- 
ship store on Fifth Avenue (renamed 
Place de Cartier in 2001) and noted 
American collectors adorned with 
their favorite Cartier jewelry. The 
result is a fascinating historical jour- 
ney that showcases the distinct style 
of each period. The book portrays 
some of the jewels designed to cater 
to the tastes of America’s fashion- 
able elite. Some truly iconic pieces 
are featured, including Marjorie 
Merriweather Post’s diamond and 
carved emerald pendant/brooch 
(which also appears on the cover of 
the book}, the Daisy Fellowes so- 
called Hindu necklace, and the dia- 
mond tiaras and realistic snake and 
crocodile necklaces designed exclu- 
sively for Mexican actress Maria 
Félix. The three most outstanding 
chapters are those devoted to the Art 
Deco period, the Mystery Clocks 
(only 12 were ever created), and the 
final section featuring all 277 pieces 
from the exhibition, with thumbnail 
photos, detailed descriptions, and 
measurements. 

Both books masterfully display 
Cartier’s specificity of design; use of 
exceptional gemstones set in a vast 
array of materials; revival of exotic, 
whimsical animal and floral motifs; 
and finely articulated structures. Both 
provide a valuable resource for jewel- 
ry lovers who want to refer to 
Cartier’s style from the early Belle 
Epoque to contemporary creations. 


DELPHINE A. LEBLANC 
Hoboken, New Jersey 
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Gems and Gemstones: 
Timeless Natural Beauty of the 
Mineral World 


By Lance Grande and Allison 
Augustyn, 369 pp., illus., publ. by 
The University of Chicago Press 
[www.press.uchicago.edu], Chicago 
and London, 2009. US$45.00 


This fine book was written to coin- 
cide with the opening of the newly 
renovated Grainger Hall of Gems at 
the Field Museum in Chicago. The 
foreword captures the tenor: “As 
befitting a natural history museum, 
the Grainger Hall of Gems showcases 
not only scintillating cut gems and 
intriguing jewelry designs, it also fea- 
tures uncut crystals in all their amaz- 
ing natural beauty. The juxtaposition 
of the natural form and the jeweler’s 
art is the main thrust of the exhibi- 
tion, and the inspiration for this com- 
panion volume.” 

The book flows logically from 
chapter to chapter. The first is a sim- 
ple but sound introduction to gems. 
This is followed by “Formation of 
Gems” and “Classification of Gems,” 
leading into the heart of the book. 
Here the Grainger collection is docu- 
mented over more than 200 pages. 
Each gem species is discussed and 
illustrated with stunning photographs 
of loose gemstones, crystals, or 
mounted jewels from the collection. 
There are modern jewelry pieces and 
combinations of rough and cut stones, 
many in full-page presentation. Lead 
photographer John Weinstein did a 
fine job of preparing most of the 
images. 

The Grainger gallery features 
many pieces from the Hope collection 
(the same collection that once con- 
tained the Hope diamond), and sever- 
al are shown here. Some of the more 
famous Hope pieces are the Aztec 
“Sun-God” opal and “Blaze,” a 97.45 
ct red topaz set in a modern Lester 
Lampert design. This chapter contin- 
ues with additional gem materials 
such as tanzanite, jadeite, spinel, and 
garnet, including tsavorite and a 7.13 
ct Russian demantoid. One of the 
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most stunning pieces is an Edwardian 
platinum necklace, exquisitely set 
with 300 small diamonds and a 60.2 
ct blue sapphire carved into the form 
of a lovely face. The blue just glows. 

The chapters continue with 
“Tnorganic Gems Not Described Here” 
(included for the sake of complete- 
ness), “Organically Derived Gem - 
stones,” and “Organic Gem Types,” 
which deals with pearls, coral, amber, 
ivory, and the like. Also covered are 
precious metals (primarily gold); syn- 
thetics, simulants, and treatments 
(“Augmentation”); mining; ethics; 
folklore and magic; birthstones; and 
the history of the Field Museum’s gem 
halls. 

I highly recommend this book as a 
resource for anyone interested in fab- 
ulous examples of gems and jewels. 

BILL LARSON 
Pala International 
Fallbrook, California 


Between Eternity and History: 
Bulgari. From 1884 to 2009, 
125 Years of Italian Jewels 


Edited by Amanda Triossi, 375 pp., 
illus., publ. by Skira Editore 
[www.skira.net], Milan, 2009. 
US$80.00 


Greek jeweler Sotirio Bulgari estab- 
lished his first shop in Rome in 1884, 
thus launching the brand’s rise to 
international prominence. To com- 
memorate the 125th anniversary of 
this event, an exhibition of Bulgari 
creations was held from May to 
September 2009 at the Palazzo Delle 
Esposizioni, only a few blocks from 
the original location at 85 Via Sistina. 

Ably curated by Amanda Triossi 
(who co-authored a previous book on 
Bulgari, reviewed in the Winter 2008 
G&G), this exhibition amassed a 
huge—and heretofore unrivaled—col- 
lection of famous Bulgari pieces creat- 
ed throughout the years. There is per- 
haps no better way to view the arc of 
Bulgari’s ascendance than through 
this assembly of jewels. And for those 
of us who were unable to travel to 
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Rome to see this exhibition, Triossi 
has produced an artful coffee table 
book that comprehensively mirrors it. 

The 900-plus illustrations include 
archival photos of 19th-century 
Rome, original jewelry sketches, and 
snapshots of movie stars wearing 
Bulgari jewelry. The catalogue is an 
interesting and comprehensive selec- 
tion of the finest pieces, including 
jewelry from the Bulgari Vintage 
Collection and from private collectors 
such as Elizabeth Taylor. 

The book traces the history of the 
brand from Sotirio Bulgari’s early silver 
ornaments in the neo-Hellenistic tradi- 
tion to the most contemporary fine 
jewelry pieces. It explores Bulgari’s 
iconic styles, such as coin jewelry, the 
Melone bag, Tubogas jewelry, snake 
watches, and the Parentesi motif, to 
name a few. Finally, the book relates 
the house’s transition from traditional 
silversmith to a high-end jeweler using 
platinum after 1905. As it became 
more established, Bulgari explored the 
many jewelry styles of the 20th centu- 
ry while affirming its own signature 
aesthetic, characterized by the use of 
very strong metal structures, cabo- 
chon-cut gemstones, and bold color 
contrasts. The firm’s attention to 
design and craftsmanship, and its taste 
for fine gems, are particularly well 
illustrated here. The pictures, artfully 
color enhanced, even show the gem- 
stones’ inclusions. 

Of the book’s 19 chapters, the 
ones on the 1950s and 1960s “color 
revolution,” the 1970s “eclectic cre- 
ativity,” and the 1980s and 1990s 
“opulence and colour” best illustrate 
Bulgari’s uniqueness and innovation. 
During these decades, Italian design 
in general became more and more 
appreciated. 

One of the most interesting sec- 
tions features all 493 pieces gathered 
for the exhibition, with thumbnail 
photos and detailed descriptions and 
measurements. However, the book 
might have benefited from a paginated 
table of the illustrations and a glossary 
of jewelry terms, common Bulgari 
styles, and important members of the 
family. Last, more insight into both 
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background of rich blue enamel, or blue 
glass over foil. Diamonds were mounted 
over this in the shape of a bouquet or bas- 
ket of flowers, all surrounded by tiny stones 
exquisitely cut. In favor during this period 
were brooches, chatelaines with seals and 
keys, all surrounded by small diamonds and 
intertwined with initials, hearts, crowns, 
and flowers. 

Late in the 18th century, marquise rings 
were introduced. These were generally oval 
or long octagonal and very large with the 
bezel sometimes one and one half inches 
long. The backgrounds were of blue glass 
or enamel over ribbed or matted gold. In 
the center was mounted in silver, one or 
more diamonds. The bezel was surrounded 
with a border of tiny diamonds. Buckles 
were also in high fashion and the most 
desired were silver mounted with diamonds. 


19TH AND 20TH CENTURIES 

In the 19th century diamonds were worn 
and treasured by all who could afford them. 
Napoleon’s Court was resplendent with the 
glitter of diamonds. In the New World, 
rich planters of the South indulged their 
fancy in the precious gems.. Although few 
diamonds now came from India, the dis- 
covery of the South Africa diamond fields 
late in the 19th century made available a 
quantity sufficient to supply all who could 
buy them. 

And so, today, the diamond continues to 
be the most desired and valuable of gems. 
Nothing will ever surpass its beauty and 
fine qualities. The 20th century finds de- 
signs of modern inspiration — but however 
it is used, the diamond will remain through 
the ages the most cherished of all gemstones. 


* In the 20th century, diamonds are the unrivaled favorites. This 
exquisite necklace is fashioned entirely of diamonds, using bag- 
uettes and 75 brilliant-cut stones. Courtesy of Harry Winston, 


New York City. 
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the creative process of the early 
founders and today’s corporate organi- 
zation would have been interesting. 
Nevertheless, the book is a must- 
have for gem enthusiasts, jewelry 
designers, appraisers, and even auc- 
tioneers who want to know Bulgari 
jewelry better. It allies the aesthetic 
quality of an art book with the pre- 
cise, detailed documentation of a 
gemologist and art historian. 
DELPHINE A. LEBLANC 
Hoboken, New Jersey 
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visually stunning work is a follow-up 
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2,000 photographs illustrate an array 
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included insects. 
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[www.reneenewman.com], Los Ange- 
les, 2010, US$19.95. Updated from the 
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forces applied to the stone. It is, there- 
fore, unlikely for a single crystal to 
contain several regions with distinct- 
ly different strain features, and, in 
fact, such a situation has never been 
reported for natural diamonds. 

The Hope diamond shows pre- 
dominantly one direction of strain 
(again, see figures 8D-F in our article}, 
which appears to be uniform through- 
out the diamond. The Wittelsbach- 
Graff diamond, on the other hand, 
exhibits a significantly finer-scale 
strain pattern, with distinct lamina- 
tions oriented almost equally in three 
directions (figures 8A-C), and also uni- 
form throughout the stone. The 
nature of the stress experienced by the 
two diamonds when they were still 
deep inside the earth was therefore 
significantly different: predominantly 
isotropic for the Wittelsbach-Graff dia- 
mond, and more unidirectional for the 
Hope diamond. 

Finally, DiamondView images of 
the two stones revealed defect pat- 
terns that are typical of type II dia- 
monds and are also the result of plas- 
tic deformation and annealing experi- 
enced deep in the earth (see Lang, 
1967, and the references given in our 
article). Again, the mosaic defect pat- 
terns of the two diamonds, although 
uniform within each individual stone, 
are significantly different in scale 
from each other, indicating that they 
did not experience the same deforma- 
tion and annealing history. 

In the end, based on these observa- 
tions and our collective experience, 
we could only conclude that the 
Wittelsbach-Graff and Hope dia- 
monds did not come from the same 
original crystal. 

Eloise Gaillou and Jeffrey Post 
National Museum of Natural 
History, Smithsonian Institution, 
Washington, DC 


Wuyi Wang, John King, 
and Tom Moses 
GIA Laboratory, New York 


James E. Butler 
Huntingtown, MD 
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COLORED STONES AND 
ORGANIC MATERIALS 


Inside emeralds. C. P. Smith and E. Quinn Darenius, Rapaport 
Diamond Report, Vol. 32, No. 9, 2009, pp. 139-148. 
Originally found in ancient Egyptian mines in the Ist century 
BC, commercial sources of emerald now include Zambia, Brazil 
(the largest producer by volume}, and most notably Colombia. 
Smaller but still important mines are located in Russia, 
Afghanistan, and Zimbabwe. Instability in Pakistan, Afghanistan, 

and Madagascar has caused output to drop significantly. 

Most emeralds are heavily included, especially with feath- 
ers (open fissures). The high contrast between air-filled feath- 
ers and the emerald’s bodycolor makes the inclusions readily 
visible. To reduce their visibility, treaters fill the fissures with 
oils, waxes, resins, and polymers, using a substance with a 
refractive index approximating that of the host emerald. This 
process is usually done after polishing, but some emeralds are 
treated in the rough to give them greater stability prior to cut- 
ting. Key internal features of emeralds from various geograph- 
ic origins are reviewed. JS 


DIAMONDS 


The Argyle diamond mine in transition from open pit to 
underground extraction. G. Bosshart [george.bosshart@ 
hispeed.ch] and J. G. Chapman, Australian Gemmo- 
logist, Vol. 24, No. 1, 2010, pp. 4-8. 

At the Argyle diamond mine in Western Australia, an under- 

ground project is using block caving techniques to reach deeper 

portions of the diamondiferous lamproite. This program could 
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extend the life of the mine to 2018. It entails a high level 
of automation, as well as measures to combat monsoonal 
downpours. RAH 


Brown colour in natural diamond and interaction between 
the brown related and other colour-inducing defects. 
D. Fisher, S. J. Sibley, and C. J. Kelly, Journal of 
Physics: Condensed Matter, Vol. 21, No. 36, 2009, 
Art. 364213 (10 pp.]. 
Optical absorption spectroscopy was used to investigate 
current models for lattice defects in low-nitrogen (type Ila) 
diamonds. These defects give rise to the optical absorp- 
tions that produce brown and pink colors. The energy nec- 
essary to remove the brown color was consistent with 
expectations of the energy needed to remove so-called 
vacancy clusters. These neighboring groups of 40-60 miss- 
ing carbon atoms represent the currently accepted model 
of the defect responsible for the optical absorption that 
produces the brown coloration. The theoretically deter- 
mined electronic states for these vacancy clusters agree 
with observations of brown and pink diamonds. A model 
presented for these electronic states provides an explana- 
tion for the diamonds’ colors, their photochromic effect, 
and their decolorization during HPHT annealing. 
JES 


Dislocations, vacancies and the brown colour of CVD and 
natural diamond. R. Jones [jones@ex.ac.uk], Diamond 
and Related Materials, Vol. 18, No. 5/8, 2009, pp. 
820-826. 

Natural brown diamonds exhibit a broad featureless 

absorption that stretches from the infrared through the 

visible to the ultraviolet regions of the electromagnetic 
spectrum. HPHT annealing can remove this broad absorp- 
tion, rendering the diamonds colorless and much more 
valuable. Scientists have proposed several ideas on the 
nature of the lattice defects that produce this absorption. 

Earlier investigators suggested that the brown color was 

due to broken carbon-carbon bonds, located along parallel 

planar structures (i.e., “graining”) and thought to be sites 
of plastic deformation. Heating would be expected to heal 

these broken bonds or dislocations, accompanied by a 

decrease in the broad absorption. This model has several 

problems in correlating the dislocation density with the 
magnitude of the absorption. A newer model attributes 
brown color in low-nitrogen (type Ia) natural diamonds to 

absorption caused by globular multivacancy defects (i.e., 

vacancy clusters), and evidence seems to support this 

model. There is some uncertainty that this defect pro- 
duces brown color in CVD-grown synthetic diamonds, 
since the coloration disappears at lower heating tempera- 
tures, suggesting a less stable type of lattice defect. 

JES 


Properties of optically active vacancy clusters in type Ila 
diamonds. J.-M. Maki [jmmaik@cc.hut.fi], F. Tuo- 
misto, C. J. Kelly, D. Fisher, and P. M. Martineau, 
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Journal of Physics: Condensed Matter, Vol. 21, No. 

36, 2009, Art. 364216 (10 pp.]. 
Both colorless and brown type Ila diamonds were investi- 
gated to better understand the origin of the brown col- 
oration. The brown diamonds were found to contain opti- 
cally active vacancy clusters that strongly correlated with 
the optical absorption spectra. Such vacancy clusters were 
missing in the colorless diamonds. During HPHT anneal- 
ing, these clusters gradually disappeared, and brown dia- 
monds heated to 2500°C resembled the colorless samples 
visually and optically. The authors conclude that the 
brown coloration originates from the vacancy clusters, and 
their removal during HPHT annealing causes a loss of this 
coloration. JES 


Formation of diamond in the earth’s mantle. T. Stachel 
[tstachel@ualberta.ca] and J. W. Harris, Journal of 
Physics: Condensed Matter, Vol. 21, No. 36, 2009, 
Art. 364206 (10 pp.}. 

The principal sources of diamond are peridotitic and 

eclogitic domains located at depths of 140-200 km in por- 

tions of the lithosphere that underlie continental cratons. 

In these domains, diamonds probably formed in the pres- 

ence of upwardly percolating carbonate- or methane-bear- 

ing melts, or under subsolidus conditions, in the presence 
of similar C-H-O fluids. Based on diamond composition 
and age dating, their precipitation from methane-bearing 
melts/fluids appears to have predominated in the Archean 
Epoch (prior to 2500 million years ago). Increased produc- 
tion and subduction of oceanic carbonate minerals during 
the Paleoproterozoic (2500-1600 Ma) gave rise to more 
oxidized fluids given off by subducted continental crust 
and, consequently, a shift toward diamond precipitation 
from more carbonate-bearing fluids in the lithosphere. 

Diamonds from some deposits with unusual chemical or 

carbon isotopic compositions reflect unique sets of forma- 

tion conditions or modifications caused by post-growth 
geologic events. JES 


Morphology and defects of diamond grains in carbonado: 
Clues to carbonado genesis. V. A . Petrovsky, A. A. 
Shiryaev [shiryaev@ns.crys.ras.ru], V. P. Lyutoev, A. 
L. Sukharev, and M. Martins, European Journal of 
Mineralogy, Vol. 22, No. 1, 2010, pp. 35-47. 

Paramagnetic and non-paramagnetic defects in grains of 

diamond within Brazilian carbonado indicate that many of 

the studied specimens were annealed under mantle condi- 
tions, though for a relatively short time. The diamond 
grains showed various morphological forms with low 
degrees of dissolution; these included reentrant apexes and 
incomplete growth layers on faces. It is suggested that 
micron-sized single crystals of diamond of predominantly 
octahedral and cuboctahedral shape grew under conditions 
of lower carbon supersaturation. Decreasing temperature 
is a plausible driving force for crystallization. Mass crystal- 
lization of diamond occurred during the second stage of 
carbonado formation. The necessary carbon supersatura- 
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tion was probably caused by crystallization of other miner- 
als, leading to a decrease in the volume and/or constitu- 
tion of the parent solution. RAH 


Nature and genesis of Kalimantan diamonds. C. B. Smith 
[chris_b_smith@btopenworld.com], G. P. Bulanova, 
S. C. Kohn, H. J. Milledge, A. E. Hall, B. J. Griffin, 
and D. G. Pearson, Lithos, Vol. 112S, 2009, pp. 
822-832. 
Diamonds have been recovered from alluvial sediments in 
the Indonesian province of Kalimantan on the island of 
Borneo since ancient times (~600 AD). Four main deposits 
are known. The diamonds are often of gem quality but 
tend to be small, though a few crystals over 100 ct have 
been found. No primary diamond-bearing igneous host 
rocks have ever been identified. 

In this study, 872 diamonds from the four deposits 
were characterized by a range of techniques. On the basis 
of their crystal morphology and growth structures, as well 
as the nitrogen aggregation characteristics determined by 
IR spectroscopy, the diamonds resembled those transport- 
ed to the surface by kimberlite or lamproite volcanism 
from sources in the subcontinental lithospheric mantle. 
The diamonds were divided into five genetic groups, 
which are found mixed together in each of the four 
deposits, presumably due to a long history of sedimentary 
recycling and alluvial transport. Thermobarometry calcu- 
lations based on inclusion chemistry suggest the diamonds 
originated from depths of 120-160 km, similar to the man- 
tle conditions of diamond formation in both Africa and 
Russia’s Yakutia region. JES 


Quantitative analysis of trace element concentrations in 
some gem-quality diamonds. J. McNeill, D. G. 
Pearson, O. Klein-BenDavid, G. M. Nowell, C. J. 
Ottley, and I. Chinn, Journal of Physics: Condensed 
Matter, Vol. 21, No. 36, 2009, Art. 364207 (13 pp.). 

Scientists believe that diamonds crystallize from a fluid 

phase deep in the mantle, but the nature of this fluid is not 

fully understood. Tiny quantities of the fluid become 
trapped as inclusions, and even high-purity gem diamonds 
are thought to contain submicroscopic fluid or melt inclu- 
sions. When these diamonds are ablated for chemical anal- 
ysis, the removed material will contain the contents of 
these inclusions as well as impurities in the diamond lat- 
tice. This article describes a new technique involving sec- 
tor-field inductively coupled plasma—mass spectrometry 

(ICP-MS) for trace-element analysis of diamonds. Laser 

ablation occurs in a closed-system cell, and the products 

are preconcentrated in solutions for analysis. Using this 

method, the authors found that the detection limits for a 

wide range of elements lie between sub-picogram and low- 

picogram levels (1 pg = 1 x 10-!? g). 

In this study, 10 colorless gem diamonds from the 

Cullinan (formerly Premier) mine in South Africa, one 

from Venezuela, and one each from the Udachnaya and 
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Mir mines in Russia were investigated by ICP-MS chemi- 
cal analysis, cathodoluminescence imaging, and infrared 
spectroscopy. All the diamond samples were in the form 
of polished flat plates. A wide range of elements were 
detected in the part-per-trillion (ppt) to part-per-million 
(ppm) range. Despite the small sample size, the authors 
found evidence for two types of diamond-forming fluids: 
one that displays enrichments in large-ion lithophile ele- 
ments (LILE) such as Ba, U, and La versus Nb, and anoth- 
er that does not. This distinction seems to be consistent 
with similar studies of fluid-inclusion-rich fibrous (coat- 
ed) diamonds. 

Although more diamonds from additional sources need 
to be analyzed, this type of study provides a potential basis 
for determining the geographic origin of gem diamonds, 
allowing the industry to distinguish legitimate and illicit 
sources on the basis of trace-element chemistry. 

JES 


GEM LOCALITIES 


Colour-change garnets from Madagascar: Variation of 
chemical, spectroscopic and colorimetric properties. 
K. Schmetzer [schmetzerkarl@hotmail.com], H.-J. 
Bernhardt, G. Bosshart, and T. Hainschwang, Jour- 
nal of Gemmology, Vol. 31, No. 5/8, 2009, pp. 
235-282. 
This study presents a detailed investigation of the color- 
change behavior of 52 gem garnets from Bekily, Mada- 
gascar. They were separated into two groups according to 
their color seen in daylight: those that were green to 
greenish blue, and those that were yellow-green to orange. 
In extreme cases, garnets from the first group may appear 
blue-green in daylight and purple in incandescent light. 
Electron microprobe data identified all the stones as 
pyrope-spessartine with minor amounts of Cr and V. The 
samples were divided into seven categories to correlate 
their chemical composition and their color-change behav- 
ior. Their visible spectra exhibited a dominant absorption 
band between 569 and 584 nm. 

The origin of color in garnets is complex, with several 
transition metal cations (in varying concentrations and 
valence states) playing a potential role in causing or modi- 
fying the perceived colors. The authors found no simple 
parameters that explained the color or color-change 
behavior in the suite of garnets. 

The authors recommend that the terms alexandrite 
effect and alexandrite-like effect only be used for stones 
that display a color change in the range historically 
described for natural alexandrite. Descriptive terms such 
as faint, moderate, strong, or very strong, which can rep- 
resent a combination of both hue angle and color differ- 
ence changes and can be correlated to these calculated 
values, provide some indication of color-change strength. 
In addition, they suggest that stones exhibiting a faint 
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color change be described as displaying a color variation, 
and that the term color shift be abandoned. JES 


Gemmologische Kurzinformationen: Das neue Rubin- 
vorkommen von Montepeuz, Mosambik [Gemolo- 
gical short notes: The new ruby deposit of Monte- 
puez, Mozambique]. H. A. Hanni [h.a.-haenni@ 
sunrise.ch] and M. S. Krzemnicki, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 58, 
No. 3-4, 2009, pp. 127-130 [in German with English 
abstract]. 

This study presents preliminary results on rubies from a 

new deposit in the Montepuez area of northeastern 

Mozambique. These iron-bearing rubies often show twin 

lamellae and contain minor rutile silk, corroded amphi- 

bole grains (identified by Raman analysis), negative crys- 
tals, zircons, fluids, and secondary minerals in fissures. 

The iron content affects the rubies’ fluorescence and 

absorption spectrum. Energy-dispersive X-ray fluorescence 

(EDXRF) spectroscopy detected traces of Ti, Cr, Fe, and 

Ga. Rubies from Montepuez often have surface-reaching 

fissures, which makes them amenable to flux heating and 

glass filling. GL 


The gemstone deposits of Brazil: Occurrences, production 
and economic impact. S. de Brito Barreto [bsan- 
dra@ufpe.br] and S. M. B. Bittar, Boletin de la Socie- 
dad Geologica Mexicana, Vol. 62, No. 1, 2010, pp. 
123-140. 

The authors report that in 2005, Brazil ranked first in the 

world in variety and quantity of gems produced, with tour- 

maline, topaz, and quartz (agate, amethyst, and citrine) wor- 
thy of note. The country was also the second-largest 
exporter of emeralds, and one of the few sources of Imperial 
topaz and Paraiba-type tourmaline. It also provides dia- 
monds, rubies, and sapphires on a smaller scale. Gem pro- 
duction occurs across the country but is especially concen- 
trated in the states of Minas Gerais, Mato Grosso, Goias, 

Rio Grande do Sul, and Bahia. These account for 97% of 

Brazil's official gem production. Gem production in Brazil is 

carried out by a few mining companies and thousands of 

independent miners, and the heavy tax burden on the min- 
ing sector allows the informal sector to thrive. This is 
reflected in the volume of gems smuggled abroad and the 
lower-than-expected official figures for production and sales. 

DAZ 


Geographic typing of gem corundum: A test case from 
Australia. F. L. Sutherland and A. Abduriyim, Journal 
of Gemmology, Vol. 31, No. 5-8, 2009, pp. 203-210. 
The authors compared previously published results from 
laser ablation ICP-MS analysis of sapphires from unknown 
mines in New South Wales, Australia, to the results from 
known mines. For indicating magmatic/metamorphic ori- 
gin, Ga and Mg were the most important trace elements. 
The unsourced NSW sapphires were most similar to the 
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Invernell and Barrington magmatic groups, and likely cor- 
responded to the Invernell Blue Group. Such studies show 
promise in identifying the exact mine of origin for sap- 
phires. AB 


Les gisements de saphirs et rubis associés aux basaltes 
alcalins de Madagascar: caractéristiques géologiques 
et minéralogiques 2éme partie: Caractéristiques 
minéralogiques [Sapphire and ruby deposits associ- 
ated to alkali basalts in Madagascar: Geological and 
mineralogical characteristics, Part 2: Mineralogical 
characteristics]. S. Rakotosamizanany, G. Giuliani, 
D. Ohnenstetter, A. F. M. Rakotondrazafy, and A. E. 
Fallick, Revue de Il’Association Francaise de Gem- 
mologie, No. 170, 2009, pp. 9-18 [in French]. 

In this study of basalt-associated corundum from Mada- 

gascar, sapphires from Ambondromifehy and Nosy Be typ- 

ically displayed a barrel-shaped habit, though most were 
somewhat rounded and corroded. In general, one of the 
hexagonal dipyramids w {14 14 28 3} or z {2241} was com- 
bined with the pinacoid c {0001}. Rubies from Soamikatra 
and corundum from Toamasina were generally rounded, 
but also short-prismatic or pseudohexagonal following 

their basal pinacoid c. 

Iron is the main chromophore of sapphire; the Fe?*/Fe** 
ratio and the quantity of titanium and chromium also pre- 
sent during formation determine the color. Chromium is 
the second most important chromophore for pink, violet- 
blue, and some blue-green to light blue sapphires. For 
ruby, chromium is the primary chromophore. Iron and 
vanadium produce red-brown to purplish blue crystals. 
The entire color range of the sapphire samples—including 
yellow, greenish blue, and blue to blue-violet—showed 
absorption bands at 376, 388, and 450 nm. Deeply colored, 
high-quality rubies were characterized by the ratio 
Fe,O,/Cr,O, < 1. 

The most common inclusions in sapphires from 
Ambondromifehy and Nosy Be were iron-bearing spinel 
(hercynite), Nb-Ta oxides, samarskite, and zircon. Ruby 
from Soamikatra contained rutile, zircon, apatite, phlogo- 
pite, albite, spinel, and garnet. The Vatomandry rubies 
contained rutile, zircon, pentlandite, talc, phlogopite, sil- 
limanite, and titanite. The most common inclusions in 
Vatomandry sapphires were zircon and pyrochlore. 

Before they were brought to the surface by alkali 
basalts, the origin of the sapphires can be linked to either 
a dominant magmatic process (linked to syenites) or a 
metamorphic process. Those with inclusions such as 
pyrochlore, samarskite, uraninite, and anorthoclase have 
a syenitic origin. The inclusion suite in the rubies pro- 
vides proof of a metamorphic paragenesis. GL 


Jadeite jade occurrence from the Sierra del Convento 
mélange (eastern Cuba). J. Cardenas-Parraga [cpjuan@ 
correo.ugr.es], A. Garcia-Casco, K. Ntiez-Cambra, 
A. Rodriguez-Vega, I. F. Blanco-Quintero, G. E. 
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Harlow, C. Lazaro, Boletin de la Sociedad Geologica 

Mexicana, Vol. 62, No. 1, 2010, pp. 199-205. 
A large source of jadeite was recently discovered in eastern 
Cuba, in the Macambo region of the Sierra del Convento 
serpentinite-matrix subduction mélange. The jadeite has 
been found as centimeter-sized pebbles in local rivers and 
beaches, as centimeter- and meter-sized detrital pebbles in 
conglomerates containing other rocks from the mélange, 
and as in situ tectonic blocks within the mélange that 
range up to 6 m in dimension. Gem-quality jadeite sam- 
ples from all three sources exhibited a homogenous light 
green color with granoblastic texture and fine-to-medium 
grain size. Considering the quantity and variety of jadeite, 
the Macambo deposits could become an important source 
of this gem material. Other areas of the Sierra del Con- 
vento mélange with similar geologic characteristics may 
also bear gem-quality jadeite. AB 


The Merelani tanzanite mines. W. E. Wilson [min- 
record@comcast.net], J. M. Saul, V. Pardieu, and R. 
W. Hughes, Mineralogical Record, Vol. 40, No. 5, 
2009, pp. 346-408. 
The authors give an in-depth account of the Merelani tan- 
zanite mines in the Arusha region of Tanzania. After a 
brief description of the locale, the article details the often 
conflicting accounts of the discovery of the vanadium-rich 
blue zoisite now known as tanzanite (generally credited to 
Manuel de Souza, in 1967). Decades of claim stakes and 
changing ownership are discussed, concluding with the 
present-day mining areas demarcated by the Tanzanian 
government: Blocks A, B, C, and D. As of 2007, Block A 
was still producing but had never achieved high yield. Like 
Block A, Block B is difficult to access and riddled with 
primitive mine shafts and pits. This was the site of the 
1998 and 2008 floods that killed hundreds of miners 
trapped underground. Block D, a similarly primitive min- 
ing area, was visited by two of the authors to document 
the mining conditions. Block C, owned by TanzaniteOne, 
the leading marketer of tanzanite, is the most modern and 
productive concession. 

The second half of the article describes the geology of 
the Merelani area (part of the gemologically fascinating 
Mozambique Orogenic Belt), the formation of vanadium- 
bearing zoisite, and the many other minerals recovered 
from the deposit. Since 2005, intensive geological investi- 
gation of the reserves in Block C has revealed much larger 
tanzanite-bearing layers than anticipated, increasing the 
mine’s life expectancy by more than 20 years. In addition 
to tanzanite, various colors of gem zoisite have been 
found, including yellow, pink, red, green, and bicolored 
varieties. While tanzanite made the mine famous, other 
gem-quality minerals found there include apatite, axinite- 
(Mg}—once mistaken for tanzanite—“chrome” tourma- 
line (dravite), green diopside, tsavorite, and green tremo- 
lite. The spectacular, often euhedral crystals are prized by 
mineral collectors who pay high prices for intact speci- 
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mens. World record holders include a 185 g tsavorite (cut 
to 325 ct) mined from 160 m depth at Block D, the 3 kg 
“Mawenzi” gem-grade tanzanite crystal found at 270 m 
in Block C, and a heavily included 6.5 kg tanzanite crystal 
recovered from the TanzaniteOne Main Shaft in 2008. 
The article concludes with tanzanite’s morphological 
and gemological properties, including heat treatment and 
coloration mechanisms. ES 


Microstructures observed in Andamooka matrix opal. G. 
Pearson [grantpearson@optusnet.com.au], Austra- 
lian Gemmologist, Vol. 24, No. 2, 2010, pp. 32-37. 
Stereomicroscopy and photomicrography of opals from 
Andamooka, South Australia, revealed a range of micro- 
structures that differed from the usually assumed constitu- 
tion of a simple quartz-rich sandstone cemented by opal. 
The porosity of the matrix opal enables it to be stained by 
black pigments to create a gem material that resembles 
the well-known black opal of Lightning Ridge, New South 
Wales. RAH 


Moganite and quartz inclusions in the nano-structured 
Anatolian fire opals from Turkey. M. Hatipoglu, 
Journal of African Earth Sciences, Vol. 54, No. 1/2, 
2009, pp. 1-21. 

Red, orange, yellow, and colorless opals are found near the 

town of Simav in west-central Turkey. They occur as 

small nodules within shrinkage and dehydration cracks in 
rhyolitic lavas and tuffs. This study characterized the opals 
using several analytical techniques. Microscopic examina- 
tion revealed that they generally consist of a nano-sized 
matrix material (opal-CT and opal-C) and centrally locat- 
ed, micron-sized translucent inclusions consisting of parti- 
cles of moganite, quartz, and an orthorhombic silica phase. 
The identification of these phases was confirmed by X-ray 
diffraction data. The opal nodules are believed to have 
formed by precipitation of colloidal silica, first producing 
the opal phases near the outer edges of the open vesicles, 
followed by formation of coarser moganite, quartz, and the 
third silica phase as the translucent inclusions near the 
central part of the vesicles. JES 


The structure and chemical composition of trapiche blue 
sapphire from southern Vietnam and Cambodia. K. 
Khotchanin [kh_kanyarat@yahoo.com], P. Thana- 
suthipitak, and T. Thanasuthipitak, Journal of the 
Gemmological Association of Hong Kong, Vol. 30, 
2009, pp. 25-35. 

While trapiche emerald is well known, trapiche corundum 

(especially blue sapphire) is considerably rarer. The authors 

examined 33 blue sapphires from Vietnam and 27 from 

Cambodia. The majority showed trapiche structure, but 

non-trapiche specimens were included for comparison. 

The trapiche sapphires typically featured a brown core and 

brown to yellowish brown arms separating the sections of 

blue crystal; dotted and needle-like inclusions were also 
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seen. Iron and titanium were both present in the samples, 
but the iron was concentrated in the trapiche core while 
the titanium was evenly distributed for the most part. The 
authors also compared the visual characteristics of 
trapiche rubies and sapphires, as well as trapiche vs. star 
phenomena. The trapiche structure could point to a multi- 
stage growth process that starts at the core, with the arms 
and blue crystal segments growing concurrently but at dif- 
ferent rates. AB 


Tectonic implications of new single zircon Pb-Pb evapo- 
ration data in the Lossogonoi and Longido ruby-dis- 
tricts, Mozambican metamorphic belt of north- 
eastern Tanzania. E. Le Goff [e.legoff@brgm.fr], Y. 
Deschamps, and C. Guerrot, Comptes Rendus 
Geoscience, Vol. 342, No. 1, 2010, pp. 36-45. 

Ruby deposits at Lossogonoi and Longido in northeastern 

Tanzania are two of the numerous gem occurrences along 

the regional orogenic belt on the eastern margin of Africa, 

from Ethiopia down through Mozambique. Dating of zir- 
cons found in metamorphic rocks from the two ruby 
deposits demonstrates the existence of Archean and Paleo- 
proterozoic igneous rocks with emplacement ages between 

2636 and 2448 Ma. These ancient rocks were reworked 

much later (~640-600 million years ago) during the Pan- 

African orogeny. In both deposits, ruby is thought to have 

formed by a metamorphic-metasomatic process, which 

accompanied regional deformation of the host rocks rough- 
ly 610 million years ago. JES 


U.S. gemstones: An overview. J. S. White, Rocks # Miner- 

als, Vol. 85, No. 1, 2010, pp. 14-23. 
While not as important a gem producer as nations such as 
Brazil or Madagascar, the United States enjoys an extraor- 
dinary diversity of gem deposits. Tourmaline occurs in 
pegmatite formations in both California and Maine. 
American tourmaline mining activity began in 1820, after 
glassy green fragments were found among the roots of a 
fallen tree at Mount Mica, Maine. Pegmatite discoveries in 
California were also serendipitous. During the 1860s, a 
salesman in Mesa Grande supposedly noticed children 
playing with brightly colored marbles that turned out to be 
tourmaline. This led to the discovery of several closely 
related deposits in the mountains of southern California. 
Between 1910 and 1920, 120 tons of tourmaline were 
extracted from the Mesa Grande area, mostly from the 
Himalaya mine. 

Emerald and diamond deposits lie in North Carolina 
and Arkansas, respectively, but these are modest com- 
pared to other worldwide sources. Montana has been pro- 
ducing large quantities of sapphires since 1860. Dredged 
with gold along the Missouri River northeast of Helena, 
sapphire deposits were eventually found throughout the 
southwestern portion of the state. By 1959, the total pro- 
duction of industrial and gem sapphires from Montana 
was estimated at $3-$5 million. The easternmost deposit, 
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located at Yogo Gulch, produces “cornflower” blue sap- 
phire, and is the only Montana deposit that is mined from 
rock rather than dredged from gravel bars in the Missouri 
River. The largest fine faceted Montana sapphire is an 
18.10 ct unheated blue from El Dorado Bar in Lewis and 
Clark County. 

In Arizona, peridot of basaltic origin has been known 
for quite some time. But it was not until the 1990s that 
large-scale mining was attempted at the San Carlos Indian 
Reservation in Gila County. It was readily available at the 
Tucson shows for several years but seems to have disap- 
peared from the market, reportedly because of rivalries 
within the tribal community. Turquoise was first mined 
at least 2,600 years ago in what is now New Mexico. 
More recently, production has taken place in Arizona 
(Globe-Miami district of Gila County) as a byproduct of 
copper mining. Nevada was the leading U.S. producer of 
turquoise until the 1980s. 

Although the term sunstone refers to several different 
materials, the labradorite variety with copper inclusions 
comes from several active mines in Oregon, one in Harney 
County and the other five in Lake County. One of the Lake 
County mines produces an estimated 50,000 carats of fac- 
etable material annually, most of it fashioned into beads. 

Opal occurs in several places in the U.S., most notably 
within beds of volcanic ash in Virgin Valley, Nevada, and 
in other deposits in Oregon and Idaho. 

Two lesser-known gems occur only in the United 
States: benitoite from California and red beryl from Utah. 
Also cited as a possible uniquely American gem is hid- 
denite from North Carolina. Another “hiddenite” deposit 
has been found in Brazil, but the material lacks color sta- 
bility under sunlight. (Editors’ note: Hiddenite is also 
known from elsewhere; see K. M. Chadwick et al., “Gem 
News International: Cr/V-bearing green spodumene from 
Afghanistan,” Fall 2007 G&G, pp. 265-267.) 

JEC 


INSTRUMENTS AND TECHNIQUES 


Applications of Raman spectroscopy to gemology. D. Ber- 
sani [danilo.bersani@fis.unipr.it] and P. P. Lottici, 
Analytical and Bioanalytical Chemistry, Vol. 397, 
2010, pp. 2631-2646. 

Raman spectroscopy offers a nondestructive means of 

identifying gem inclusions and treatments, requiring only 

a small amount of material and no sample preparation. 

Raman analysis is not limited to inorganic crystals—it can 

also be used to gather data on organic and amorphous 

materials. Both laboratory and portable systems exist; lab- 
oratory setups offer better performance in terms of spectral 
and spatial resolution and acquisition time. Raman spec- 
troscopy can be used to identify mineral species and com- 
position, investigate the origin of a gem, and detect various 
treatments. DAZ 
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SYNTHETICS AND SIMULANTS 


Kinetics of diamond single crystal growth in Fe-Co sol- 
vents doped with titanium and zirconium. V. V. 
Lysakovskii and S. A. Ivakhnenko, Journal of Super- 
hard Materials, Vol. 31, No. 1, 2009, pp. 7-11. 

This study examined the impact on diamond crystalliza- 

tion of varying the amounts of titanium and zirconium 

(known nitrogen-getters), coupled with varying tempera- 

ture and pressure. Specifically, the authors researched the 

diamond types, growth rates, crystal habits, and nitrogen 
concentrations in high-pressure, high-temperature (HPHT) 
synthetic diamonds grown from an Fe-Co-C solution. 

The authors employed pressures of 5.5-6.1 GPa and 
temperatures of 1380-1680°C over a period of 22-150 
hours. The dopant concentrations were 1.81-5.35 wt.% 
Ti and 0.64-6.30 wt.% Zr. These dopants were intro- 
duced as 50 um thick foils. IR spectroscopy was used to 
determine nitrogen concentrations and impurity center 
types by applying known absorption coefficients. 

The synthetic diamonds were types Ib, Ib+IIb, or Ila. 
They had nitrogen concentrations of <5-35 ppm, and 
average growth rates of 2.5-6.1 mg/h were recorded. The 
observed habits were cuboctahedral, tetragontrioctahe- 
dral-octahedral, and octrahedral. Below 3.6 wt.% Ti (or 
2.54 wt.% Zr), type Ib or Ib+IIb synthetic diamonds were 
formed containing 15-35 ppm N. Increasing Ti to 5.35 
wt.% (or Zr to 3.8 wt.%}] produced type Ila diamonds with 
N concentrations below 5 ppm. However, with these 
higher dopant concentrations, light yellow-green type Ib 
crystals resulted at elevated pressure (6.1 GPa) and tem- 
perature. This is explained by the release of bound nitro- 
gen; the chemical reaction favors the formation of Ti(Zr]- 
carbon inclusions over nitrogen compounds at lower pres- 
sure and temperature. Increasing the temperature resulted 
in crystal habits from cuboctahedral to tetragontrioctahe- 


dral-octahedral to octrahedral. JS-S 


TREATMENTS 


Brown diamonds and high pressure high temperature 
treatment. D. Fisher [david.fisher@dtc.com], Lithos, 
Vol. 112S, 2009, pp. 619-624. 
With the rise in the HPHT-treatment of brown diamonds, 
there is considerable interest in determining the precise 
origin of their color. Brown diamonds can be either type I 
(nitrogen-bearing] or type II (largely nitrogen-free). Shear 
stresses late in their formation, possibly during kimberlite 
emplacement, induced plastic deformation in their crystal 
structure. This deformed crystal structure may contain 
vacancy clusters, or aggregates of small voids within the 
crystal. While vacancy clusters are difficult to analyze 
with existing technology, empirical observations (the clus- 
ters are removed by HPHT treatment) and theoretical cal- 
culations support the theory that a defect consisting of ~60 
vacancies causes brown coloration. The article also 
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addresses color removal and color alteration via HPHT 
treatment, as well as the methodology of detecting HPHT- 
treated stones, which is critical to maintaining consumer 
confidence in the diamond industry. AB 


Coated and fracture-filled coloured diamond. Z. Song, T. 
Lu, M. Shen, J. Su, J. Dong, and X. Zhang, Austra- 

lian Gemmologist, Vol. 24, No. 1, 2010, pp. 41-43. 
Color and clarity enhancement were detected in a 2.05 ct 
brownish orange-yellow round brilliant that displayed fea- 
tures indicating coating and glass filling. Typical damage to 
the coating layer was seen, as well as a flash-effect from 
filled cracks. EDXRF analyses indicated the presence of Ag, 
Fe, Ti Al, Pb, and Br in the diamond. The authors conclud- 
ed that this stone was treated by Pb and Br glass filling, fol- 

lowed by a coating that involved Ag and Fe nanoparticles. 
RAH 


A comparison of diamonds irradiated by high fluence neu- 
trons or electrons, before and after annealing. T. 
Hainschwang [thomas.hainschwang@gemlab.net], 
A. Respinger, F. Notari, H. J. Hartmann, and C. 
Gtnthard, Diamond & Related Materials, Vol. 18, 
No. 10, 2009, pp. 1223-1234. 

The authors compared the visible and IR spectra for sever- 

al type Ia diamonds before and after irradiation with high 

doses of neutrons or electrons, and then after annealing in 
50°C increments up to 1100°C. The samples turned from 
near colorless to very dark green to opaque black upon 
irradiation, and then deep greenish yellow to deep orangy 
brown upon annealing. The amount of brown color pro- 
duced during the annealing was found to be related to the 
type of radiation used, and likely to the total radiation 
dose. All the diamonds turned yellowish or orangy brown 
after annealing above 700°C. After annealing to ~900°C, 
most exhibited unusually strong H1b (~4932, cm™!) and/or 

H1c (~5165 cm~!) infrared absorptions. Because of their 

much greater mass, neutrons induced more extensive 

defects in the diamond lattice than electrons. Neutron 
bombardment also produced more spectral features. 

Certain features were found in type Ia diamonds irradiated 

in one way but not the other, suggesting that diamonds 

treated by either irradiation or annealing can be distin- 
guished. JES 


Effects of heating on fire opal and diaspore from Turkey. 
M. Hatipo lu, N. Can, and T. Karali, Physica B, Vol. 
405, No. 7, 2010, pp. 1729-1736. 
Important deposits of orange-red fire opal and yellow-green 
diaspore occur in Turkey. The opal is found in the 
Saphane region of Ktitahya Province, and the diaspore in 
the Milas region of Mugla Province. Samples of both 
materials were characterized by X-ray diffraction, X-ray 
fluorescence spectroscopy, and IR spectroscopy. Gradual 
heating to 1400°C resulted in measurable weight losses, 
attributed to the removal of water (molecular H,O and/or 
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OH groups) over particular temperature ranges— 
342-722°C in the fire opal, and 592-718°C in the diaspore. 
When faceting these materials, the lower temperatures of 
these ranges should be considered the point of decomposi- 
tion, and not be exceeded. Complete decomposition 
occurred in both minerals between 1230 and 1350°C. 
These heating behaviors are slightly different from similar 
opal and diaspore samples found in other world localities. 
JES 


MISCELLANEOUS 


Diamonds and clubs: The militarized control of diamonds 
and power in Zimbabwe. Partnership Africa Canada, 
June 2010, www.pacweb.org/Documents/diamonds_ 
KP/Zimbabwe-Diamonds_and_clubs-eng-June2010. 
pdf. 

Diamond production in Zimbabwe was mostly limited 

to accidental finds in alluvial gold diggings until 2004, 


when Rio Tinto began mining the Murowa kimberlite 
cluster. The Marange strike in June 2006, in Chiadzwa 
Province near the border with Mozambique, changed the 
picture after depressed economic conditions caused a 
massive diamond rush and tens of thousands of illegal 
miners descended on the area. The ensuing government 
crackdown led to allegations of widespread human rights 
abuses. 

The paper, based on a field visit to Zimbabwe in April 
2010, details how a handful of Zimbabwean politicians 
and military leaders have brutally seized control of the 
country’s diamond resources, which they are using to 
jockey for power in a post-Mugabe era. This threatens the 
viability of the coalition government created in February 
2009. The state of affairs in Zimbabwe clearly defies the 
Kimberly Process Certification System (KPCS) and high- 
lights its shortcomings. The paper ends with a list of rec- 
ommendations and calls for a restructuring of the KPCS 


to include a mandate to protect human rights. 
E] 
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AST YEAR AT THE CONCLAVE held 
in Boston the progress made during 
the last twenty-five years in Europe, the 
United States, and Canada in standardizing 
the names and descriptions of gems was 
discussed briefly. It was reported that in 
1947 a committee of the American Gem 
Society requested the Educational Advisory 
Board of the Gemological Institute of Amer- 
ica to ptepare and recommend a standard- 
ized Nomenclature to the Society. Although 
some progress was made, it was not until 
during the past year that it was possible to 
devote much time to the preparation of the 
lists. 

As a result of a great deal of correspond- 
ence, it was decided to prepare three No- 
menclature lists as follows: A) Important 
Gem Minerals, B) Other Gem Minerals, 
and C) Organic Gem Matetials. Copies of 
the proposed lists A and C were prepared 
and sent to the members of the Educational 
Advisory Board. These lists were .accom- 
panied by a questionnaire asking for infor- 
mation which would be helpful to the Board 
in determining its policy in formulating 
lists which could be recommended for adop- 
tion by the American Gem Society, and 
which might meet with the approval of 
other organizations the world over. Among 


the questions asked were: should (1) rubel- 
lite be used for red tourmaline, (2) hya- 
cinth or jacinth for red to orange-brown 
zircon, (3) ruby for red color, (4) cat’s- 
eye precede or follow the mineral to which 
it refers, and so forth. 

The A list of Important Gem Minerals 
includes the diamond, corundum, chryso- 
beryl, spinel, topaz, beryl, zircon, tourma- 
line, the garnet group, ‘peridot, quartz, spo- 
dumene, the jade group, opal, the feldspar 
group, lapis-lazuli, and turquoise. The C 
list, Organic Gem Materials, includes pearl, 
amber, coral, and jet. 

The replies from the members of the 
Board in the United States and Canada and 
from abroad were tabulated and analyzed. 
The response was very gratifying and the 
comments made by Dr. G. F. Herbert Smith, 
President of the Gemmological Association 
of Great Britain; Dr. L. J. Spencer, Editor 
of the Mineralogical Magazine and for many 
years Keeper of Minerals at the British 
Museum; B. W. Anderson in charge of the 
Diamond, Pearl, and Precious Stone Trade 
Section of the London Chamber of Com- 
merce; and P. Grodzinski, Technical Editor 
of the Industrial Diamond Review, should 
prove to be very helpful in our endeavor to 

Continued on Page 290 
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A Fond Farewell 


his is indeed a fond farewell. In January 2011, I am 

stepping down from G&G, and retiring from GIA, 

after 30 years first as managing editor, then editor, 

and most recently editor-in-chief of the journal. As is 
so often stated, I am doing so “for personal reasons.” But 
there are no secrets here. My daughter, Elizabeth, is expect- 
ing twins in February, my first grandchildren. She has asked 
for my help. How can I say no? 


Elizabeth was less than a 
year old when Richard 
Liddicoat hired me in 
1980 to remake GWG as 
a true professional jour- 
nal. I arrived at GIA with 
several years’ experience 
working for peer-review- 
ed marketing and medical 
journals and with some 
knowledge of the geology 
and gemology communi- 
ties. I thought I would 
rework the journal and 
move on. But as so many 
of you know, gemology is 
addictive. Soon I was enthralled with the possibilities G@G 
offered to promote this relatively new science. 


In the early years of the “new” G&G, most of our articles 
revolved around colored stones: separation from simulants 
and synthetics, identification of treatments, and especially 
characterization of new and historic localities, such as emer- 
alds from Colombia and lapis lazuli from Afghanistan. In the 
1990s, we published some of the earliest reports on copper- 
bearing tourmalines from Paraiba, Brazil; rubies and sap- 
phires from Vietnam, and rubies from Mong Hsu, Myanmar. 
Since then, groundbreaking articles on emerging gem 
deposits in Madagascar and countries on the African conti- 
nent have appeared. 


Over the years, though, diamonds became more prominent 
in the pages of the journal. Perhaps Ge#G’s strongest contri- 
bution to the diamond community over the last three 
decades has been the articles on the characterization and 
identification of synthetic diamonds. Yet I am equally proud 
of our reporting on diamond treatments and especially the 
identification of glass-filled diamonds in the late ’80s and 
early ‘90s. A decade later, the more sophisticated—and 
potentially more devastating—HPHT treatment of dia- 
monds was successfully tackled in G#WG by researchers 
from the GIA, Giibelin, De Beers, and SSEF laboratories, 
among others. We know that it is only by cooperation and 
collaboration—and the sharing of information in a respect- 
ed forum—that gemology can progress as a science in sup- 
port of public confidence in the gem and jewelry industry. 


EDITORIAL 


I can take little credit, though, for what is one of G#G’s 
most important contributions to the science of gemology: 
becoming the first gemological journal admitted to the 
Thomson Reuters (formerly ISI) database, the world’s fore- 
most resource for accessing scientific content. Editor 
Brendan Laurs rallied the support of leading researchers to 
secure this honor and thus enhance the stature of gemology 
in the scientific community. 


With this, my last issue, I extend to you—the readers of 
GewG—ny heartfelt thanks for your support all these years. 
I have loved interacting with you first by mail then by e- 
mail, visiting with you at trade shows, and sharing experi- 
ences at the GIA International Symposia. In fact, GIA has 
asked me to complete one last project—my role as co-chair 
of the business track of GIA Symposium 2011, which will be 
held May 29-30 at GIA headquarters in Carlsbad, California. 
It will give me great pleasure to see many of you there and 
thank you in person. 


At this time, I turn the journal over to the capable hands of 
interim editor-in-chief Brendan Laurs, managing editor Tom 
Overton, and associate editor Stuart Overlin. Please give 
them your support as well. They are the future of gemology, 
as told through the pages of GWG. 


With best personal regards, 


Alice S. Keller 
Editor-in-Chief 
akeller@gia.edu 
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SYNTHETIC GEM MATERIALS 
IN THE 2000s: 
A DECADE IN REVIEW 


Nathan Renfro, John I. Koivula, Wuyi Wang, and Gary Roskin 


The first decade of the 2000s brought a constant flow of previously known synthetics into the 
marketplace, but little in the way of new technology. The biggest development was the commer- 
cial introduction of faceted single-crystal gem-quality CVD synthetic diamonds. A few other inter- 
esting and noteworthy synthetics, such as Malossi hydrothermal synthetic emeralds and Mexifire 
synthetic opals, also entered the market. Identification of synthetic gem materials continued to be 
an important function of—and, in some cases, challenge for—gemologists worldwide. 


ologies used to detect new and existing materi- 
als is of great importance to the international 
gem community. Indeed, whether a synthetic gem 
was grown in the 2000s or the 1880s, today’s gemol- 
ogists must still be prepared to deal with it. Many 
synthetic gems were prominent in the marketplace 
in the first decade of the 2000s (see, e.g., figure 1). 
The decade also saw some new synthetics. Among 
the synthetic colored stones introduced was the 
Malossi hydrothermal synthetic emerald (Adamo et 
al., 2005), which was gemologically similar to both 
Russian synthetic emeralds and those manufactured 
by Linde-Regency in the United States. Also new to 
this decade was a synthetic fire opal marketed as 
Mexifire (Choudhary and Bhandari, 2008). On initial 
examination, this nonphenomenal synthetic opal 
resembled manufactured glass. 
Yet it is clear from the overall volume of pub- 


T he development of synthetics and the method- 
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lished literature that the most significant develop- 
ments—and the focus of most research—during this 
decade involved the production of gem-quality syn- 
thetic diamonds, primarily those grown by the com- 
paratively new CVD (chemical vapor deposition) 
process. Who can forget the September 2003 cover of 
Wired magazine, with a diamond-pavéd “supermod- 
el” next to the headlines “$5 a carat. Flawless. Made 
in a lab.”? This article proclaimed that “The dia- 
mond wars have begun,” and touted the potential for 
outright cheap but extremely high-quality colorless 
and fancy-colored synthetic diamonds grown by two 
very different processes (CVD and HPHT). Although 
neither of these technologies was new to the 
2000s—and neither has even approached a price as 
low as $5 a carat—both made important commercial 
statements and had a major impact on the diamond 
trade and gemological research during this first 
decade. 

It is important to state that reviews such as this 
can serve only as guides to the available gemological 
literature. Anyone seeking in-depth information 
regarding synthetic gems and their identification 
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should consult the references at the end of the arti- 
cle to gain the knowledge required to recognize and 
correctly identify the various materials under discus- 
sion. In addition, useful reviews of synthetic materi- 
als that have impacted the gem trade were previous- 
ly published in Gems & Gemology (Nassau, 1990; 
Koivula et al., 2000) and in Elements magazine 
(Kane, 2009), while the largest collection of images 
detailing inclusions and other microfeatures in 
gemologically significant synthetics can be found in 
the three volumes of the Photoatlas of Inclusions in 
Gemstones (Gibelin and Koivula, 1986, 2005, 2008). 

It should also be noted that only those synthetic 
products that are actually new to the prior decade 
are included in this review. For example, although 
hydrothermally grown cobalt-colored synthetic blue 
quartz was described in the Winter 2008 issue of 
Gems & Gemology (Choudhary, 2008), it is actually 
a material that was introduced in the 1990s (see 
Koivula et al., 1993), so it was not included in this 
retrospective. 


SYNTHETIC DIAMOND 
Synthetic diamonds were an important concern 
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Figure 1. Consisting of 
synthetic alexandrite, 
amethyst, beryl, corun- 
dum, diamond, and fire 
opal, this collection 
represents some of the 
interesting and unusual 
synthetic gem materials 
encountered in the 
decade of the 2000s. 
The three smallest 
stones are synthetic 
diamonds weighing 
0.06-0.14 ct. Photo by 
Robert Weldon. 


throughout the past decade, although supplies of 
gem-quality material were never extensive, and fash- 
ioned synthetic diamonds were only occasionally 
submitted for diamond grading reports. In the GIA 
Laboratory, for example, gem-quality synthetic dia- 
monds have been seen only rarely (a fraction of a per- 
cent of the large volume of diamonds examined 
daily), and the vast majority have had a (fancy) body- 
color. Kitawaki et al. (2008) of the GAAJ-Zenhokyo 
Laboratory in Tokyo reported identifying more than 
100 yellow synthetic melee diamonds (smaller than 
0.20 ct) among material received for identification 
over the course of four months, a significant amount 
but still a small portion of the total number of melee 
stones examined. 

The big shift between the 1990s and the 2000s 
came in the processes used to synthesize diamonds. 
In the 1990s, synthetic diamonds grown by the 
application of both high pressure and high tempera- 
ture in molten iron/nickel fluxes (the HPHT process} 
were of primary concern. Such lab-grown diamonds 
produced today are still commonly yellow to brown- 
ish orange as grown (due to nitrogen; Shigley et al., 
2.002), but they can also be grown with a blue body- 
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color and treated to pink (Shigley et al., 2004). While 
the quality, quantity, and size of these synthetics 
have increased over the past decade—with the 
largest faceted HPHT synthetic diamond submitted 
to the GIA lab being 4.09 ct (Wang and Moses, 
2010}the detection methods used to separate them 
from natural diamonds have remained essentially 
the same. 

Early in the decade, companies like Gemesis 
Corp. in Sarasota, Florida, began to produce and mar- 
ket HPHT-grown synthetic diamonds, primarily in 
shades of yellow to orange (again, see Shigley et al., 
2002). Chatham Created Gems began to sell their 
own branded HPHT-grown stones in a variety of col- 
ors (again, see Shigley et al., 2004), such as blue, yel- 
low, and pink. It was CVD synthesis by Apollo 
Diamond, however, that caused the largest stir in 
the trade. 

The CVD method involves bringing together the 
needed gaseous reagents—typically a small amount 
of methane (CH,) in hydrogen (H,}—in a chamber 
with a substrate. A reaction among these compo- 
nents is initiated at high temperatures and low pres- 
sures. The reactants, products, and reactive species 
are transported throughout the chamber by diffu- 
sion and convection. Over the substrate surface, 
various reactions (adsorption, diffusion, and desorp- 
tion) occur among the chemical species, leading to 
the deposition of synthetic diamond and, ultimate- 
ly, the growth of a continuous layer of material 
(Butler and Woodin, 1993; Davis, 1993; Spear and 
Dismukes, 1994, Butler et al., 2009). When a dia- 
mond (natural or synthetic) is used as the substrate, 
single-crystal CVD gem-quality synthetic diamond 
can be produced. 

The first successful and reproducible growth of 
synthetic diamond as a thin film using a CVD tech- 
nique was achieved by W. G. Eversole in 1952 
(Kiffer, 1956, as referenced in Angus, 1994). It is 
interesting to note that this event predated General 
Electric’s 1955 announcement that its researchers 
had created single-crystal synthetic diamonds by the 
HPHT method (Bundy et al., 1955, as referenced in 
Angus, 1994). However, the early CVD products 
were exclusively polycrystalline (and, therefore, not 
gem quality), and the first single-crystal CVD-grown 
synthetic diamonds were extremely small (on the 
order of a few micrometers). Not until 1993 did 
Badzian and Badzian report the growth of single- 
crystal CVD synthetic diamond as thick as 1.2 mm; 
subsequently, several other groups (e.g., Doering and 
Linares, 1999; Linares and Doering, 1999) reported 
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Figure 2. This near-colorless synthetic diamond 
(0.30 ct) illustrates the improvements in color and 
clarity seen in the later CVD-grown products offered 
by Apollo Diamond. Photo by Jian Xin Liao. 


the CVD growth of undoped and boron-doped single- 
crystal synthetic diamond of approximately 1 mm 
thickness. 

Early in the 2000s, however, Wang et al. (2003) 
reported on the gemological and spectroscopic prop- 
erties of 15 CVD synthetic diamonds from Apollo 
Diamond; only a few were faceted. As a common 
feature, these samples had a limited thickness or 
depth (0.6-2.5 mm] and all displayed varying satura- 
tion of a brown hue. The faceted samples were small 
(<0.30 ct) and contained abundant cleavage cracks 
and pinpoint-sized black inclusions. Martineau et al. 
(2004) described the experimental CVD products 
from De Beers. More than a thousand samples (pro- 
duced for research purposes only) were studied for 
that report, including high-purity type Ila colorless, 
brown, pink, and boron-doped type IIb blue synthetic 
diamonds. The faceted goods ranged from ~0.3 to 2.6 
ct, with clarities varying from IF to I,. Since then, 
significant improvements in the CVD growth tech- 
nique and, consequently, crystal quality have been 
reported (Yan et al., 2004; Tallaire et al., 2005; Wang 
et al., 2005; Miyatake et al., 2007). 

Wang et al. (2007) analyzed the gemological and 
spectroscopic properties of 43 samples of Apollo’s 
later production (figure 2), which showed major 
improvements in size, color, and clarity. In addition 
to colorless and near-colorless material, fancy orange- 
to-pink hues were produced—comparable in color 
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Figure 3. This 0.61 ct round brilliant from Apollo 
Diamond is an example of the strongly colored pink 
synthetic diamonds now being produced by the CVD 
method. Photo by Jian Xin Liao. 


and clarity to natural diamonds. These colors were 
attributed to a broad absorption band at ~520 nm, 
which has not yet been observed in natural diamonds 
and is distinctly different from the 550 nm band seen 


Figure 4. Although they are also observed in some 
natural diamonds, high-order interference colors 
are considered an indicator of CVD-grown syn- 
thetic diamonds, as is the case with the sample 
illustrated here. Photomicrograph by Jian Xin 
Liao; magnified 46x. 
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in natural pinks. More recently, Apollo Diamond 
introduced strongly colored pink CVD synthetic dia- 
monds (Wang et al., 2010; figure 3), with relatively 
high concentrations of nitrogen-vacancy (NV) cen- 
ters. These were color graded mainly as Intense to 
Vivid pink, and weighed ~0.3-0.7 ct. 

It is important to note that—though still quite 
rare—faceted CVD-grown diamonds are being traded 
in the jewelry market, with a few having been identi- 
fied in gem laboratories during routine testing (e.g., 
Chadwick, 2008; Chadwick and Breeding, 2008; 
Wang, 2009; Kitawaki et al., 2010; Wang and Johnson, 
2010). A near-colorless faceted CVD synthetic dia- 
mond weighing over 1 ct was identified recently by 
the GIA lab (Wang and Moe, 2010). 

CVD synthetic diamonds can be identified 
through careful attention to their gemological and 
spectroscopic properties. While not conclusive, sev- 
eral gemological observations serve as good indica- 
tions: strong internal graining with an indistinct 
“fuzzy” appearance, high-order interference colors 
(figure 4), and the presence of pinpoints. These 
gemological features do, however, appear in some 
natural diamonds as well. 

Early products from Apollo with varying satura- 
tions of brown color displayed a weak orange fluores- 
cence to UV radiation that was considered a useful 
indication of CVD synthesis (Roskin, 2003; Wang et 
al., 2003; Martineau et al., 2004). However, this fea- 
ture is absent from most of the new products. 
Fluorescence and phosphorescence images obtained 
with the DTC DiamondView continue to be very 
useful for the identification of CVD synthetic dia- 
monds. In particular, orange fluorescence with irregu- 
larly patterned areas of blue fluorescence, as well as 
narrow growth bands, appear to be characteristic 
when they are present. Spectroscopic features are 
very important for CVD synthetic diamond identifi- 
cation. The 3123.5 cm"! absorption in the mid- 
infrared region, strong emissions from NV centers, 
the 596/597 nm doublet emission, and the doublet 
[Si-V} emission at 736.6 and 736.9 nm are very use- 
ful (figure 5). 


LifeGem Synthetic Diamonds. One synthetic dia- 
mond innovation the trade likely did not expect was 
announced by LifeGem (now LifeGem Created 
Diamonds), of Elk Grove Village, Illinois, in 2003 
(Laurs and Overton, 2003). In 2004 during an 
Accredited Gemologists Association panel in Tucson, 
Arizona, Alex Grizenko of Lucent Diamonds stated 
that LifeGem diamonds were being processed from 
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London Laboratorys New 


X-Hay Equipment 


by 


ROBERT WEBSTER 


N 1928, SOON AFTER the Hatton Gatr- 

den laboratory commenced operations, 
the need for an X-ray set for pearl testing 
became apparent, and the Director, Mr. B. 
W. Anderson, at the behest of the Com- 
mittee of the Diamond, Pearl and Precious 
Stone Trade Section of the London Chamber 
of Commerce, visited the French laboratory 
to inspect the set already in operation there. 


From the information gained in Paris, 
and with the excellent cooperation of Brit- 
ish X-ray equipment manufacturers, a suit- 
able apparatus was designed and installed. 
This set, built in the day when such elec- 
trical equipment had massive proportions, 
did wonderful service. and mercifully sur- 
vived the holocaust of the Second World 
War. But the passing of years and the com- 
plete removal during the war of such a 
“roomful” of apparatus to the better safety 
of a solid basement had taken its toll. Even- 
tually both tube and generator ceased to 
function, not, however, without a ‘“death- 
spasm”; when one of the main condensers 
blew out with a noise like rocket-firing air- 
craft in full blast—much, it must be said, 
to the consternation of the laboratory staff. 


With such a contingency in mind, the 
go-ahead Committee which controls . the 
London laboratory, had already decided on 
the provision of new and up-to-date X-ray 
equipment and Mr. Anderson, with Mr. C. 
G. Osment of General Radiological Ltd. 


discussed the design of a new set. However, 
the need was urgent and to get over im- 
mediate difficulties Mr. Osment’s firm 
kindly loaned a small portable. medical 
diagnosis set incorporating an oil-cooled 
tube with tungsten target. Working with 
this apparatus was unduly slow for long 
exposures had to be carried out in several 
“doses” in order not to overheat the tube. 
This set taught the laboratory staff much, 
for to avoid long exposure times, more 
concentration on direct X-radiography was 
a natural outcome—a technique which had 
previously been little explored. 


At long last came the first glimpse of the 
new apparatus—on the test bed at the works 
—and finally its installation at Hatton Gar- 
den. Totally enclosed in a cabinet of sheet 
metal heavily backed with lead, the set is 
little larger than a household refrigerator 
and is tastefully finished in a “crazed” grey 
enamel. The fore part of the cover, carrying 
the voltmeter, ammeter, and a lead-glass 
viewing window (to observe fluorescence 
effects), opens up in order to adjust the 
tube head and mount the specimens and 
film carriers. 


Below this cover, and on the over-hung 
top portion of the cabinet, are two doors 
which may be opened to make adjustments 
should it not be absolutely necessary to lift 
the heavy lead-lined cover. Below these 
doors are the hand wheel for voltage con- 
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Figure 5. Absorption at 3123.5 cm in the mid-IR region (right), strong emissions from NV centers, 
a 596/597 nm doublet, and another doublet at 736.6 and 736.9 nm (left) are currently very useful 


features in the identification of CVD-grown diamonds. 


“100% cremated carbon” (Roskin, 2004). When a per- 
son decides in advance to undergo the LifeGem pro- 
cess, a special cremation procedure preserves enough 
carbon to grow the diamond. In other cases, LifeGem 
needs to add carbon to complete the gem, as ash from 
traditional cremation doesn’t retain enough for the 
diamond growth process (Grahm, 2003). The compa- 
ny reported having partners in the mortuary business 
worldwide and produced ~1,000 diamonds annually. 
Dean VandenBiesen, one of the company’s founders, 
said they used 8 oz. (227 g) of cremated remains to 


Figure 6. Possibly resulting from autoclave contamina- 
tion, phantom planes consisting of dark blue crystallites 
of copper chloride were observed for the first time in 
Russian hydrothermal synthetic rubies. 
Photomicrograph by J. I. Koivula; magnified 20x. 
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retrieve the carbon needed to grow one LifeGem syn- 
thetic diamond (pers. comm., 2004). From those who 
are not being cremated but prepared for burial, Mr. 
VandenBiesen indicated that ~40% of the carbon 
needed for a LifeGem was retrieved from a 5 g sample 
of the deceased's hair. 


A Worried Trade. While the gem industry was well 
aware of the commercial advances in gem-quality 
synthetic diamonds, it was September 2003 when 
the consumer was thrust into the mix. But the news 
was not passed through the jewelry trade—it came 
from a story in the technology magazine Wired 
(Davis, 2003). 

Davis’s “The New Diamond Age” article was a 
well-researched and entertaining docudrama: “Armed 
with inexpensive, mass-produced gems, two startups 
are launching an assault on the De Beers cartel.” 
]CK’s senior diamond editor Rob Bates (2003) later 
wrote, “Wired magazine sent shock waves through 
the industry . . . . The story on diamond synthetics 
covered mostly familiar territory for the industry— 
but its sensational tone caused some to worry.” 

The article described a concerned “Antwerp deal- 
er,” who was quoted as saying that “unless [CVD syn- 
thetics] can be detected, they will bankrupt the indus- 
try.” Davis also noted “a De Beers executive” who 
had “gone pale and hands shaking” at the thought of 
mass-produced synthetic gem-quality diamonds. The 
Wired feature did give consumers their first glimpse 
of Gemesis’ HPHT and Apollo’s CVD gem-quality 
synthetic diamonds, even going so far as to mention 
their potential future use as a replacement for silicon 
in computer microprocessors. As noted above, how- 


GEMS & GEMOLOGY WINTER 2010 


Figure 7. To produce a novelty, flame-fusion syn- 
thetic rubies and sapphires can be easily cut from 
areas within a boule where near-colorless portions 
join with the colored overgrowths. When this is 
done, a strongly color-zoned synthetic is the result, 
as shown by this 1.05 ct example. Composite 
photo by H. A. Haénni, © SSEF. 


ever, well-equipped gemological laboratories can 
identify all synthetic diamonds, and the “$5 a carat” 
flawless lab-grown diamond remains a journalist’s 
attention grabber—with no basis in the marketplace. 


SYNTHETIC RUBY 


No new types of synthetic rubies were introduced 
into the gem trade in the past decade. However, 
there were reports of interesting internal features in 
previously known and well-documented products. 
One of these inclusions consisted of phantom planes 
in Russian hydrothermal synthetic rubies that were 
randomly dusted with intense dark blue crystallites 
(figure 6) of transparent-to-translucent copper chlo- 


Figure 8. Containing numerous glass-filled surface- 
reaching cracks, this 3.50 ct flame-fusion synthetic 
ruby illustrates that synthetics can be treated, and that 
the presence of a treatment should not be construed as 
indicating natural origin. Photo by Robert Weldon. 
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ride (Gtibelin and Koivula, 2005). In theory, it is pos- 
sible that the precipitation of these crystals resulted 
from contamination, perhaps caused by a small 
“leak” through the inert metal lining in a copper 
containment vessel. 

Another unusual sample was a strongly color- 
zoned flame-fusion synthetic ruby that had been 
faceted into an off-round oval mixed cut with a pur- 
plish red color zone located near the culet (figure 7). 
In face-up position, this synthetic appeared purplish 
red, even though the bulk of the material, including 
most of the pavilion and the entire crown, was actu- 
ally very pale blue to almost colorless (Kiefert et al., 
2004). It is not known if the original crystal was 
intentionally grown to be strongly color zoned or 
whether this was an accident of the growth process. 
In the past, flame-fusion synthetic rubies and sap- 
phires have been grown using colorless synthetic 
corundum rods as “seeds.” Synthetic gems could be 
cut from those areas where the near-colorless por- 
tions join with the colored overgrowth. 

A continuing problem for gemologists is the 
many treated synthetics in the marketplace—and 
the risk they could be misidentified as treated natu- 
ral stones. One such synthetic product is lead 
glass-filled flame-fusion synthetic ruby (see, e.g., fig- 
ure 8). Jang-Green and Befi (2007) reported on a 12.84 
ct sample that was apparently quench crackled to 
induce surface-reaching fractures, and those frac- 


Figure 9. With immersion microscopy, curved striae 
were spotted in this quench-crackled, lead glass-filled 
12.84 ct flame-fusion ruby, which readily served to 
identify it as a synthetic. Photomicrograph by 
Riccardo Befi and HyeJin Jang-Green; magnified 40x. 
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tures were then filled with lead glass to reduce their 
visibility. When the sample was examined with 
immersion, curved striae readily identified it as a 
synthetic (figure 9). Relatively inexpensive, high- 
quality flame-fusion and Czochralski-pulled synthet- 
ics are available in large quantities, so it is not too 
surprising that they would be subjected to treat- 
ments of all types, including glass infilling. There- 
fore, it is important to identify not only the presence 
of a treatment, but also the natural or synthetic ori- 
gin of the starting material to which that treatment 
has been applied. 


SYNTHETIC SAPPHIRE 


Hydrothermal synthetic sapphires grown in Russia 
continued to be available, in colors other than the 
normally expected blue. The Gem Testing Labora- 
tory in Jaipur, India, examined ~20 faceted synthetic 
yellow sapphires that proved to be grown by the 
hydrothermal method (Choudhary, 2005). They 
ranged from 3.50 to 5.30 ct and had characteristic 
inclusions such as scattered flake-like “breadcrumbs” 


Figure 11. This 0.91 ct bluish green flame-fusion syn- 
thetic sapphire displayed a bodycolor and inclusions 
the GIA Laboratory had never encountered before. 
Photo by Robert Weldon. 


Figure 10. Distinctive 
roiled-to-angular growth 
structures, sometimes 
described as chevron 
shaped, make hydrother- 
mally grown yellow syn- 
thetic sapphires relative- 
ly easy to identify. 
Photomicrographs by J. I. 
Koivula; magnified 15x 
and 40x. 


and distinctive roiled-to-angular growth structures 
(figure 10) sometimes described as chevron-shaped. 

As with synthetic rubies, unusual internal fea- 
tures were also observed in synthetic sapphires dur- 
ing this decade. Koivula et al. (2008) reported on 
bluish green flame-fusion synthetic sapphires (e.g., 
figure 11) that contained numerous vibrant blue 
solid inclusions, as well as the more expected round- 
ed and distorted gas bubbles (figure 12). Because of 
their color, the inclusions were suspected to contain 
cobalt. Indeed, a very weak visible-light absorption 
spectrum attributed to cobalt was detected with a 
standard gemological spectroscope. Raman analysis 
could not conclusively identify these isotropic inclu- 
sions, but it suggested that they were related to 
spinel. 


SYNTHETIC EMERALD AND OTHER BERYLS 

Available in the gem trade since 2004, the Malossi 
product (reportedly grown in the Czech Republic 
using Italian technology) was the only new develop- 


Figure 12. Associated with the gas bubbles more typi- 
cal of flame-fusion material, these cobalt-colored blue 
inclusions in the synthetic sapphire in figure 11 could 
not be conclusively identified. Photomicrograph by J. I. 
Koivula; magnified 25x. 
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Figure 13. Malossi hydrothermal synthetic emeralds have been available in the trade since 
2004. The rough specimen on the left (~6 cm long) is partially encrusted with white synthetic 


phenakite crystallites. Photos by Ilaria Adamo. 


ment in the area of synthetic emeralds in the 2000s 
(see figure 13 and Adamo et al., 2005). This is 
believed to be a new type of synthetic emerald col- 
ored only by Cr*+. The highly diagnostic growth 
structures normally encountered in hydrothermally 
grown material were all but absent from the samples 
examined. Nevertheless, the reported growth 
method is similar to that described for other hydro- 
thermal synthetic emeralds: that is, use of a natural 
beryl seed plate in an autoclave. The producer indi- 
cated that hydrochloric acid is used to prevent Cr 
from precipitating out of the solution so it can 
instead be incorporated into the crystals (Adamo et 
al., 2005); features in the mid-IR spectrum are con- 
sistent with this statement. 

Separation of the Malossi product from natural 
emerald is relatively straightforward. Irregular growth 
features, a seed plate, and synthetic phenakite-like 
crystals (figure 14) all readily indicate synthetic ori- 
gin. Chemically, the presence of Cl concentrations 
greater than 0.2. wt.% and the absence of additional 


Figure 14. A cluster of small inclusions, probably 
synthetic phenakite, were observed in this Malossi 
hydrothermal synthetic emerald. Photomicrograph 
by Renata Marcon; magnified 50x. 
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trace elements can provide supporting evidence for 
the Malossi product, but these criteria should not be 
relied on independently. Mid-IR spectroscopy can 
also be used to aid in the separation, as there are sev- 
eral bands related to Cl in the 3100-2500 cm7! range. 
Although Russian hydrothermal synthetic emer- 
alds are not new to the 2000s, an excellent review 
article discussing their microscopic properties was 
published by Schmetzer et al. (2007). 
Hydrothermally grown synthetic aquamarines, 
some violetish blue, were also reported in the 2000s 
as having been grown by Malossi in the Czech 
Republic (Adamo et al., 2008; see, e.g., figure 15). Just 
as with previously described synthetic aquamarine 
(Koivula and Kammerling, 1988) from Novosibirsk, 
Russia, that was marketed through the Tairus joint 
venture (Thailand-Russia}, these new Malossi manu- 
factured aquamarines also displayed characteristic 


Figure 15. During the first decade of the 2000s, in 
addition to synthetic emeralds Malossi also produced 
hydrothermally grown synthetic aquamarines, such 
as the rough (14-16 g) and faceted (2.0-5.0 ct) 
material shown here. Photo by Alberto Malossi. 
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Figure 16. Like those previously produced in Russia, 
the Czech-Italian Malossi-manufactured blue beryls 
display characteristic roiled-to-angular structures or 
patterns of subgrain boundaries and intergrowths. 
Photomicrograph by Ilaria Adamo; magnified 25x. 


roiled-to-angular growth structures or patterns of sub- 
grain boundaries or intergrowths (figure 16). 
Although hydrothermally grown synthetic red 
beryl was produced in earlier decades, the detailed 
descriptions by Shigley et al. (2001) and Fumagalli et 
al. (2003) are particularly useful in separating it from 
natural red beryl. Manufactured by the Institute of 
Crystallography and an affiliated company, Emcom 
Ltd., both located in Moscow, this material is pro- 
duced under conditions similar to those used to 
grow other varieties of synthetic beryl. To give the 
red, pinkish red, and orange-red colors (figure 17), Co 
and Mn are introduced into the nutrient solution. RI 
and SG measurements were within published ranges 
for natural red beryl. Magnification revealed 


Figure 17. Manufactured in Moscow, these hydrother- 
mally grown orange-red and pinkish red synthetic beryls 
derive their color from cobalt (left and center, 1.08 

and 1.95 g) and manganese (right, 6.32 g) introduced 
into the nutrient solution. Photo by Robert Weldon. 
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chevron-shaped growth zoning, typical of hydrother- 
mal synthetic beryl products. Several absorption 
bands were seen between 530 and 590 nm; these are 
due to Co”* and are not observed in natural red beryl. 
Chemical analysis showed that Co and Ni were the 
two most diagnostic trace elements, as these ele- 
ments are not seen in natural red beryl. Another 
diagnostic feature is an absorption band in the 
infrared between 4200 and 3200 cm:!. This band is 
related to water and is absent from natural red beryl, 
which formed in a pneumatolytic high-temperature 
igneous (rhyolitic) environment that contained very 
little water. 


SYNTHETIC JADEITE 


The production of intense green, highly translucent 
synthetic “Imperial” jadeite was perhaps one of the 
most interesting and exciting developments in the 
first decade of the 2000s. While the synthesis of 
jadeite had been attempted by General Electric for 
more than 20 years (Nassau and Shigley, 1987}, it 
was not until this decade that a truly successful 
product was achieved (Moses, 2002). As shown in 
figure 18, the quality of this synthetic rivals that of 
the finest natural green jadeite. Most of the material 
is very slightly mottled in white and intense green, 
with the overall effect being a rich green color. Only 
one cabochon examined contained an inclusion—an 
irregular black patch that could not be identified (fig- 
ure 19). The small number of samples seen had 
gemological properties that overlapped those of nat- 
ural jadeite of similar color and translucency. 
Fortunately, there are obvious differences in the IR 
region (Cao et al., 2008). Since FTIR analysis is a 
standard technique used to check jadeite for polymer 
impregnation, it is doubtful that any of these syn- 


Figure 18. During the past decade, General Electric 
grew extremely high-quality synthetic jadeite, as 
illustrated by these two cabochons (5.20 and 6.73 ct). 


Photo by Robert Weldon. 
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Figure 19. The only inclusion observed in the two 
cabochons of GE synthetic jadeite was this uniden- 
tifiable irregular dark spot. Photomicrograph by J. I. 
Koivula; magnified 20x. 


thetic jadeite cabochons will be undetected in the 
laboratory if or when this synthetic is commercially 
manufactured and distributed (which, to the best of 
our knowledge, is not yet the case). 


SYNTHETIC QUARTZ 


Hydrothermal growth of synthetic quartz on prepared 
seed crystals was a significant synthesis technique 
throughout the 1990s. While synthetic amethyst (fig- 
ure 20) is not a new development, a detailed study by 
Balitsky et al. (2004) compared the infrared absorption 
spectra of numerous synthetic amethyst samples 
grown from K,CO, and NH,F solutions, along with a 
limited number of Chinese and Japanese hydrother- 
mal synthetics. 

Absorption bands at ~3595 and 3543 cm! have 
diagnostic value in separating natural and synthetic 
amethyst (see also Karampelas et al., 2005). While the 
3595 cm! band has not been observed in synthetic 
amethyst, it is occasionally also absent from natural 
material, which limits its diagnostic effectiveness. 
When the 3543 cm! band is found in amethyst grown 
in a near-neutral NH,F solution (indicated by addi- 
tional bands at 3680, 3664, and 3630 cm), synthetic 
origin is certain. The 3543 cm! band, however, is 
commonly seen in more commercially significant 
synthetic amethyst grown in alkaline K,CO, solu- 
tions, and it has occasionally been observed in natural 
amethyst from a few localities. For the most part, 
then, these features are not independently conclusive 
of natural or synthetic origin in amethyst, but they 
provide supporting evidence for origin determination 
(Balitsky and Balitskaya, 2009). A combination of 
microscopic observations, such as growth features and 
inclusions, should be used in conjunction with these 
IR features. 
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Figure 20. While synthetic amethyst, such as this 
3.90 g crystal and 10.10 ct round brilliant, was not 
new in the last decade, advances were made in the 
use of FTIR spectroscopy to identify it. Photo by 
Robert Weldon. 


SYNTHETIC ALEXANDRITE 


Synthetic alexandrite of high clarity is commonly 
grown by the Czochralski process, which was not 
new to the 2000s. Such material generally does not 
cause any real concern among gemologists, since we 
are immediately suspicious of any nearly flawless 
colored stone. Melt-grown synthetic alexandrites 
can be readily separated from natural stones by FTIR 
analysis (Stockton and Kane, 1988). 

As with any gem material, however, unusual 
examples may occasionally appear. Some synthetic 
alexandrites contain odd-shaped “gas bubbles” (fig- 
ure 21) that, on first observation, can appear very 
similar to the negative crystals seen in natural 
alexandrite (Mayerson and Kondo, 2005). While 
faceted synthetic alexandrites are often virtually 
flawless, cabochons usually contain at least a few 
easily observed gas bubbles that are useful in identi- 
fication. However, if a few high-relief “negative crys- 
tals” are the only inclusions present, care should be 
exercised to make sure they are not the distorted gas 
bubbles found in a Czochralski-pulled synthetic. 


SYNTHETIC OPAL 


A nonphenomenal synthetic fire opal called Mexifire 
(figure 22) was one of the few new synthetic colored 
stones produced and marketed in the 2000s 
(Choudhary and Bhandari, 2008; Bhandari and 
Choudhary, 2010; Henn et al., 2010). While synthetic 
opal has been commercially produced since 1975, 
most of this material shows play-of-color. Mexifire 
does not, and its structure is reportedly similar to that 
of natural opal (i.e., composed of silica spheres); it also 
owes its orange color to traces of iron. One notable 
advantage to the synthetic material is that it does not 
appear to craze, as its natural counterpart often does. 
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Figure 21. The distorted gas bubbles that sometimes 
occur in Czochralski melt-grown synthetic alexan- 
drites can have the appearance of high-relief negative 
crystals. Such inclusions may be quite deceptive. 
Photomicrograph by J. I. Koivula; magnified 25x. 


Gemological properties of the initial Mexifire 
product showed RI readings that were slightly lower 
(1.380-1.405) than those reported for natural fire 
opal (1.420-1.430). The SG (1.63-1.77) was also 
lower than what would be expected for natural fire 
opal (~2.00). The Mexifire product has a zonal turbid 
structure, and minute pinpoints are scattered 
throughout the material (figure 22, right). Unlike 
synthetic opals from other manufacturers, the 
Mexifire synthetic opals do not show a characteristic 
“chicken wire” or columnar structure. Energy-dis- 
persive X-ray fluorescence (EDXRF) spectroscopy 
showed traces of Fe and Ca in the Mexifire product, 
which is consistent with natural fire opal. While Zr 
has been used to impregnate and stabilize opal in the 
past, it was not detected in this material. IR spec- 
troscopy showed an absorption hump at 4600-4300 
cm! that is sometimes absent from natural opal. 
While this feature cannot provide proof of natural or 
synthetic origin, the absence of this feature may sug- 
gest natural material. 

Since late 2009, the process has been modified 
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such that the new Mexifire product has gemological 
properties much more like those of natural fire opal. 
While the microscopic properties of the two genera- 
tions of material are similar, the new Mexifire syn- 
thetic opal has a consistent RI reading of 1.47 and an 
SG of 2.19. Although these measurements are not 
exactly the same as natural material, they are close 
enough to cause concern, and careful testing is 
required if an opal is suspect. Fortunately, the new 
Mexifire material shows a characteristic infrared 
spectrum that allows conclusive separation from 
natural opal. Features observed in the new genera- 
tion of Mexifire opal are a weak hump at ~5440 
cm7!, a sharp peak with a shoulder ~4520 cmr!, an 
absorption band in the 4000-3250 cm~! region, a 
weak shoulder at 2652 cm7!, and complete absorp- 
tion of wavelengths below 2400 cm=! (Bhandari and 
Choudhary, 2010). 

While Mexifire synthetic opal is very similar to 
natural opal in many respects, careful RI and SG 
measurements should give a strong indicator of its 
synthetic origin. When identifying gem materials in 
this property range, it should be noted that manufac- 
tured glass is also a possibility. 


UNUSUAL SYNTHETICS 


Experimentation and failed laser development some- 
times result in unusual synthetic gem materials. 
Such was the case with two materials reported in 
the 2000s. 

A synthetic apatite (figure 23) with a color change 
from purple pink in incandescent light to violetish 
blue in fluorescent light was reported by McClure 
(2001). While most of the gemological properties 
were consistent with natural apatite, suspicion arose 
from an unusual spectrum (seen with a desk-model 
spectroscope) that was different from natural materi- 
al. EDXRF analysis showed that the synthetic 


Figure 22. At 1.47 and 1.56 ct 
(left), these two Mexifire syn- 
thetic opals show the color 
range and transparency of this 
nonphenomenal material. 
These synthetics commonly 
have a turbid appearance and 
minute pinpoints (right). Left 
photo by Robert Weldon; right 
photomicrograph by J. I. 
Koivula, magnified 60x. 
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Figure 23. Significant amounts of neodymium and strontium were detected in this unusual 3.03 ct 
color-change synthetic apatite. Magnification (right) revealed features that indicated synthetic 
origin, such as these elongated gas bubbles. Left photo by Robert Weldon; right photomicrograph 
by J. I. Koivula, magnified 30x. 


apatite contained a significant amount of neodymi- 
um and a small amount of strontium. Magnification 
revealed chevron-type growth and elongated gas bub- 
bles, features that strongly supported a synthetic ori- 
gin (figure 23, right). While synthetic apatite is an 
oddity in the gem world, it has previously been 
reported for laser applications (Koivula et al., 1992). 

Another oddity reported in the early 2000s was 
the growth of synthetic topaz crystals up to 20 g (100 
ct) in size (Lu and Balitsky, 2001). This may strike 
the reader as particularly unusual given the abun- 
dance of natural topaz in large sizes. The stated rea- 
son for growing this synthetic was to better under- 
stand crystal formation, morphology, and causes of 
color in natural pegmatitic topaz. This material was 
hydrothermally grown using crushed natural quartz 
and topaz dissolved in an aqueous fluoride-bearing 
fluid. Light gray to colorless crystals were produced 
as overgrowths on a natural topaz seed plate suspend- 
ed in the nutrient solution. Experiments were then 
conducted to modify the color of the as-grown crys- 
tals. As is also the case with treated-color natural 
topaz, reddish brown was produced by ionizing irradi- 
ation (Balitsky et al., 2004) and blue was produced by 
high-energy electron irradiation with subsequent 
heat treatment (Lu and Balitsky, 2001). The gemolog- 
ical properties and Raman and FTIR spectra were 
within the ranges for natural material. Chemical 
analysis by EDXRF showed traces of germanium, 
nickel, and iron. 


CONCLUSION: PREDICTIONS 
FOR THE NEXT DECADE 


It is safe to predict that technology will continue to 
advance, and with that will come improvements in 
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existing synthesis techniques and products. As with 
synthetic apatite and topaz, there will always be 
unusual materials produced with what appear— 
now—to have limited commercial potential. Such 
synthetics will surely arise from time to time and 
present their own unique gemological challenges. 
We believe, however, that the greatest advances in 
synthesis will continue to be focused on the most 
commercially important gems: diamond, emerald, 
ruby, and sapphire. 

Currently, the vast majority of gem-quality syn- 
thetic diamonds are melee-size HPHT-grown mate- 
rial (Quinn, 2005; Kitawaki et al., 2008), which 
require care to identify. Eventually, the trade will 
have to decide at what point it is no longer econom- 
ic to identify such small synthetic diamonds, espe- 
cially if swift, accurate, and inexpensive testing 
methods are not developed. 

Will the jewelry industry be ready for these devel- 
opments? When you consider that many synthetic 
growth processes are more than a century old and 
still plague the trade, our preparedness must be ques- 
tioned. If tradespeople continue to submit flame- 
fusion synthetic rubies, sapphires, and spinels to gem 
laboratories for identification, then one must ask: 
How are they handling the thousands of carats of 
more technologically advanced flux-grown, 
hydrothermal, and Czochralski-pulled synthetics? 
We believe the answer will be found through gemo- 
logical education. Over the next decade, every jewel- 
er’s goal should be to gain gemological expertise on a 
par with their “computer age” business skills. It is 
vital to have a sound working knowledge of the iden- 
tifying characteristics for all synthetics, past and pre- 
sent. Such knowledge will also help the gemologist 
prepare for future developments. 
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Figure 24. Purchased over the internet, these were 
advertised as heat-treated natural sapphires, but all 
turned out to be flame-fusion synthetics (4.5—7.0 ct). 
Photo by G. Roskin. 


New treatment processes were by far the big 
news of the past decade. Because of that, today’s 
experts too often expect sapphires to be beryllium 
treated, or diamonds to be HPHT treated. In Las 
Vegas in June 2010, a 1977 GIA classmate of one of 
the authors (GR) handed him a parcel of seven 
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Notes & NEW TECHNIQUES 


YELLOW SCAPOLITE 
FROM IHOSY, MADAGASCAR 


Margherita Superchi, Federico Pezzotta, Elena Gambini, and Emanuela Castaman 


Attractive yellow to light greenish yellow gem 
scapolites have been mined from a skarn deposit 
near the town of Ihosy, in southern Madagascar, 
since the late 1990s. Chemical analysis indicates 
that the scapolites have a mostly meionite con- 
tent, with lesser amounts of marialite and a small 
percentage of silvialite. These results are agree- 
able with the RI measurements and IR spectra. 
Inclusions were identified as diopside, garnet 
(andradite-grossular), and mica (probably phlo- 
gopite), consistent with the minerals accompa- 
nying scapolite in lhosy skarns. The samples’ UV 
fluorescence appears to be distinctive from that 
of commercially available scapolites from other 
localities. 


capolite is a silicate mineral that occurs in 
crystals often characterized by good trans- 
parency, significant size, and a wide variety of 
colors: greenish yellow, yellow, pink, purple, 
dark pinkish purple, and violet. Colorless crystals 
also exist. Despite its relatively low hardness (Mohs 
6], it has interest as a collector’s gem. The most 
important localities for gem-quality scapolite are 
Afghanistan (Badakhshan), China (Xinjiang-Uygur 
Autonomous Region), Myanmar (Mogok), Pakistan, 
Sri Lanka, Tajikistan, Kenya, Madagascar, 
Mozambique, Tanzania, and Brazil. 
The scapolite group consists of two main end 
members: marialite (Na,[Al,Si,O,,]Cl) and meionite 
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(Ca,[A1,Si,O,,]CO,). Intermediate compositions in 
the solid-solution series are named after the closest 
end member (Deer et al., 1992). Meionite (Me) pos- 
sesses higher RI and SG values than marialite. The 
meionite end member has refractive indices of n, = 
1.600 and n, = 1.564, and an SG of 2.78; the marialite 
end member has Ris of n, = 1.539 and n, = 1.531 and 
an SG of 2.50 (Deer et al., 1992). A third end member 
of the group, silvialite, is characterized by an SO, 
anionic group (Ca,[Al,Si,O,,|SO,; Teertstra et al., 
1999). however, silvialite has not been considered in 
previous gemological studies of gem scapolite. 

It has not yet been systematically established 
whether the different colors of scapolite correspond 
to different compositions. Likewise, it is also unclear 
if properties such as RI and SG are related to specific 
colors. However, Couper (1991), reporting on a study 
of scapolite from Myanmar, noted that violet-to- 
pink samples plotted in the marialite field, and yel- 
low and colorless samples fell in the meionite field. 
Because of the uncertainties concerning minerals of 
this group, a better knowledge is needed of the com- 
position of gem-quality scapolites and the methods 
for their identification. 

This study characterizes yellow scapolite from 
the Ihosy deposit in Madagascar, and investigates 
the suitability of previously established methods for 
calculating scapolite composition so it can be prop- 
erly identified. 


BACKGROUND 


Yellow gem scapolite has been known from 
Madagascar since the beginning of the 20th century 
(Lacroix, 1922). In the past, production was sporadic 
and large gem crystals were rare. In the late 1990s, 
however, a new discovery was made about 35 km 
south of the town of Ihosy, in veins associated with 
skarn rocks typical of southern Madagascar 
(Martelat et al., 1997). The high-grade gneiss host 
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rocks contain a network of narrow granular scapo- 
lite veins associated with calcite, apatite, diopside, 
and minor spinel. 

Local miners equipped with hand tools have 
worked the veins close to the surface in partially 
weathered horizons, and in fresh rock to a depth of a 
few meters. In 2007, occasional finds of good-quality 
scapolite caused them to work the deposits more 
actively, and there was a significant increase in pro- 
duction. The material showed an attractive yellow 
color (figure 1), and several kilograms of gem-quality 
rough—including clean, well-formed crystals up to 
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Figure 1. The largest of 
these rough scapolites 
from Ihosy weighs 
about 10 g and mea- 
sures 2.7 cm in diame- 
ter. A standard penlight 
is shown for scale. 
Photo by F. Pezzotta. 


90 g—began to reach the local market. The faceted 
scapolites usually range from 4 to 12 ct, with some 
pieces as large as 30 ct (e.g., figure 2). 


MATERIALS AND METHODS 


Five cut stones (4.14-7.50 ct} and 16 pieces of rough 
(0.74-2.15 g) scapolite were analyzed (figure 3). 
Samples were selected from a large parcel of rough 
purchased from local miners in Ihosy by author FP. 
The studied samples are representative of the quality 
range produced from this locality. The five faceted 
stones were cut in Antsirabe (Madagascar) by a local 


Figure 2. These 
faceted scapolites 
from Ihosy weigh 
22.5 ct (left) and 
29.7 ct (right). 
Courtesy of 
Giovanni Bossi and 
Riccardo Caprilli, 
respectively; photos 
by Roberto Appiani. 
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Figure 3. These five faceted scapolites (4.14—7.50 ct) 
and 16 rough crystals (0.74-2.15 g) from Ihosy were 
studied for this report. Photos by E. Castaman. 


gem cutter; they were examined by standard gemo- 
logical methods to determine their refractive indices, 
hydrostatic specific gravity, and microscopic features 
(using 20x—60x magnification). Long-wave (365 nm) 
and short-wave (254 nm) ultraviolet fluorescence 
was observed using a standard UV lamp. 
Semiquantitative analyses of all 21 samples were 
performed with energy-dispersive X-ray fluorescence 
(EDXRF) spectroscopy using a Philips 9100 instru- 
ment operated with a voltage of 35 kV and a current 
of 100 uA. We also performed quantitative analyses 
of two representative pieces of rough (S2-P and S4-P}, 
which were mounted in resin and polished, using a 
Cameca SX50 wavelength-dispersive spectroscopy 
(WDS) electron microprobe with an accelerating 


TABLE 1. Properties of five cut scapolites from 
Ihosy, Madagascar. 


Sample Weight Rl SG Me (%)® 
(ct) (n.=N,) 

1 4.13 1.555-1.575 2.68 60.0 

2 4.32 1.555-1.580 271 64.9 

3 5.70 1.554-1.581 2.72 64.9 

4 7.23 1.555-1.581 2.72 65.9 

5 7.50 1.552-1.574 2.68 56.0 


4 All samples fluoresced pale yellow to long-wave UV radiation and 
strong purplish red to short-wave UV. 

© Calculated from refractive indices following the formula reported in 
Deer et al. (1992). 
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voltage of 15 kV and a current of 15 nA. Minerals 
used as standards for each element were apatite (F], 
albite (Na), olivine (Mg), corundum (Al), wollastonite 
(Si, Ca), sphalerite (S), vanadinite (Cl), orthoclase (K}, 
synthetic MnTiO, (Ti, Mn), hematite (Fe), and 
celestite (Sr). 

Infrared absorption spectroscopy of the scapolite 
was performed, but the spectra were not useful 
because the thickness of the whole samples resulted 
in total saturation in the 1600-400 cm~ region 
(obscuring the diagnostic area for scapolite at 610.4 
cm~'). Accordingly, we used the KBr disc method on 
powder from one of the pieces of rough, and ana- 


NEED TO KNOW 


¢ Gem scapolite is a solid-solution series consist- 
ing of two main end members, marialite and 
meionite, and a third end member, silvialite. 

e RI, SG, and IR spectral features vary with 
chemical composition. 

¢ Gem-quality yellow scapolite has been pro- 
duced sporadically from the Ihosy area since the 
late 1990s. 

¢ Unlike most other gem scapolite, which is primari- 
ly marialite, Ihosy scapolite is mostly meionite with 
lesser marialite and minor silvialite components. 


lyzed it with a Jasco FTIR 410 spectrometer (64 
scans and a resolution of 4 cm™'). 

The few inclusions we observed in both the 
rough and faceted samples were analyzed by Raman 
spectroscopy (Renishaw 1000 instrument equipped 
with a 514 nm laser). One surface-reaching inclusion 
was analyzed by electron microprobe. 


RESULTS AND DISCUSSION 

The samples were yellow to light greenish yellow 
(Munsell 10Y 9/4 to 10Y 9/6), with moderate light 
yellow to light yellow-green pleochroism. Standard 
gemological data for the five cut stones are report- 
ed in table 1. The refractive indices were n,= 
1.574-1.581 and n,=1.552-1.555, with a birefringence 
of 0.022-0.027; the SG ranged from 2.68 to 2.72. 
These values are consistent with meionite-dominant 
scapolites (Deer et al., 1992). All the samples fluo- 
resced pale yellow to long-wave UV radiation and 
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TABLE 3. Quantitative electron microprobe analyses of 
two rough scapolite samples from Ihosy, Madagascar. 


strong purplish red to short-wave UV. The fluores- oxide wt.%) So-pa S4-pb 
cence of Ihosy scapolite is similar only to that of the 


rare crystals found in Switzerland (table 2). ae — iat 
: ass ous TiO. 0.01 0.01 
Semiquantitative EDXRF data from all samples ALO 26.83 25.77 
suggested a limited compositional range. Therefore, BG. 0.06 0.04 
we believe the two rough pieces chosen for quantita- MnO 0.01 0.01 
tive WDS electron microprobe analysis (table 3) are MgO 0.03 0.02 
representative for all these samples. The data CaO 16.24 14.41 
revealed they were mainly meionite (54.7-62.0%) Na,O 3.82 4.95 
with lesser marialite (29.9-37.8%) and minor silvi- K,0 0.66 0.80 
alite components (7.5—-8.1%; see also figure 4). The SO; 0.71 0.70 
chemical composition had significant influence on Cl “ee me 
the physical properties of the gem material. c i age 
Ulbrich (1973), Arem (1987), and Deer et al. Total 94.34 97.88 
(1992) related scapolite’s refractive indices to its Calculated components (%)° 
meionite content. Their methodology for calculating Meionite 62.0 54.7 
composition from RI values does not take into Marialite 29.9 37.8 
account the silvialite component (a rather new addi- Silvialite 8.1 75 
tion to the scapolite group). Moreover, Deer et al. d Aged chi BenbanaiSes. 


(1992) pointed out the uncertainty of the method for —_—? Average of 18 point analyses. 
. taini latively large amounts of K ° Calculated using Mincalc software; CO, used for the meionite 

specimens contalmng rela ave y ge oO i ’ component was calculated to obtain the best stoichiometry. 
S, or Cl, and suggested a typical error of +6.5% in the 
Me value. Nevertheless, in view of the rather consis- 
tent and relatively low silvialite component of our 
samples, we applied the method proposed by Deer et 
al. (1992), represented by the equation (n,+n,}/2 im tion of the two scapolite samples analyzed by elec- 
1.5346 + 0.000507(Me 7). The results, shown a tron microprobe. The oval field illustrates the com- 
table 1, indicate a meionite content of 56.0-65.9%, _ positional variation (from EDXRF semiquantitative 
assuming a two-component composition. These analyses) of all 21 samples. 
results are in good agreement with the microprobe 
data obtained from the two crystals. Moreover, the 
SG values of the samples generally agreed with their MEIONITE 
meionite content, per Deer et al. (1992). 0 100 

Wehrenberg (1971) proposed an indirect method for 


Figure 4. This ternary diagram shows the composi- 


e Scapolite S2-P 


A Scapolite S4-P 

20 80 
TABLE 2. UV fluorescence of yellow scapolite from 
various geographic origins. 


UV fluorescence 


Locality ee eS ee 

Long-wave (365 nm) —Short-wave (254 nm) 
Madagascar@ Pale yellow Strong purplish red 
Tanzania® Pale purple Strong purple 
Tanzania? Strong yellow Strong yellow 
Myanmar®® Pale yellow to orange Moderate yellow- 

orange to pink 

Brazil (Espirito nert to pale “lilac’-pink Strong red to purple 
Santo)® 
Switzerland (Lake Pale yellow Strong purplish red 10 - - o 
Tremorgio)® 0 10 20 30 40 50 ° 460 70 80 90 100 
@ Samples from the Natural History Museum of Milan. MARIALITE SILVIALITE 


© Data from Arem (1987). 
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FTIR ABSORPTION SPECTRUM 


1004 


ABSORBANCE 


Figure 5. The FTIR 


go spectrum on the left 
and the diagram on 
= the right (after 
+70 Wehrenberg, 1971) 


illustrate the correla- 


= tion between the 
ie absorption peak at 
| 40 610.4 cm“! and Me 


content. 
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determining meionite content based on the position of 
the IR band located at ~610 cm~!, which is directly 
related to meionite content in scapolites containing 
20-90% Me. Sample S2-P’s diagnostic peak was cen- 
tered at 610.4 cm, which corresponds to 67% + 5% 
meionite (figure 5). This is somewhat similar to the 
62.0% Me obtained by microprobe analysis if we con- 
sider that the latter value was calculated for a three- 
component system (i.e., accounting for silvialite, in 
addition to marialite and meionite). On the same sam- 
ple, the refractive indices obtained on a polished area 
before mounting in epoxy correlated to 62.9% Me. 
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Inclusions were rare in all samples, and most 
consisted of hollow channels, probably related to 
growth structures that were affected by late-stage 
corrosion. The few mineral inclusions observed in 
the samples (e.g., figure 6) were identified by Raman 
spectroscopy as garnet (andradite-grossular), mica 
(very likely phlogopite, the most abundant mica in 
the host rock), and calcic pyroxene. Microprobe 
analysis of the (surface-reaching) pyroxene identified 
it as diopside. All of these inclusions correspond 
with minerals present in the skarn host rocks at the 
Thosy deposit. 


Figure 6. Microscopic 
examination revealed 
inclusions of tabular 
hexagonal mica and 
brownish orange garnet 
(left), as well as diop- 
side (right). Photo- 
micrographs by E. 
Castaman; fields of 
view 0.5 mm (left) and 
0.8 mm (right). 
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CONCLUSIONS 


Various analytical techniques allowed us to estab- 
lish the meionite-dominant composition of Ihosy 
scapolites, in the approximate range of 55-65% Me. 
The results obtained from different samples using 
the three methods applied (electron microprobe, RI, 
and FTIR) were generally in good agreement. 
Moreover, the electron microprobe analyses showed 
the silvialite content of the Ihosy scapolite was ~8%. 
To our knowledge, this is the first gemological study 
in which the silvialite content of scapolite has been 
reported. We have yet to make compositional com- 
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parisons with scapolites from other sources. 
Nevertheless, it is interesting to note that these 
scapolites fell in the meionite field, while the major- 
ity of commercial gem scapolite from other locali- 
ties are marialite (see, e.g., Graziani and Giibelin, 
1981 [Tanzania]; Peili, 1992 [China]; Kammerling et 
al., 1995 [Tajikistan]; Gomes et al., 2004 [Mozam- 
bique]; Zwaan, 1996 [Sri Lanka]; and McClure et al., 
2005 [Afghanistan]}. 

Although only limited mining for Ihosy scapolite 
is being conducted, there is strong potential for 
future production from this deposit. 
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A MICROSTRUCTURAL STUDY OF PIETERSITE 
FROM NAMIBIA AND CHINA 


Kaifan Hu and Peter J. Heaney 


(the main sources) using powder He 
tion, optical microscopy, environmental scan- 
ning electron microscopy, and conventional 
gemological methods. On the basis of the 

results, quantitative approaches were developed 
to distinguish pietersite samples from the two 
localities. It is also proposed that the petrogene- 
sis of this gem material is quite different from that 
of South African tiger’s-eye. 


Pieters, a well-known gem and mineral dealer 

who first described it in 1962 from a locality in 
Namibia (Thomas, 2008). The term is now used gen- 
erally to describe brecciated varieties of tiger’s-eye. 
Tiger’s-eye sensu stricto occurs within Precambrian 
banded iron formations as seams that run parallel to 
layers of jasper. It is characterized by lustrous “gold- 
en” brown bands that exhibit a radiant chatoyancy 
when polished due to the inclusion of crocidolite 
fibers within a microcrystalline silica host (Heaney 
and Fisher, 2003). (Crocidolite is an asbestiform vari- 
ety of an amphibole called riebeckite.) Although 
Namibian pietersite exhibits the same mineralogy as 
tiger’s-eye, the chatoyant field is not observed as a 
continuous band. Rather, pietersite contains angular 
fragments that are cemented as an irregular patch- 


P ietersite is named after its discoverer, Sid 
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work of “bundles,” some of which exhibit sheen 
(Koivula et al., 1992). Thus, pietersite offers a chaotic 
chatoyancy, with a brecciated texture that has been 
likened to bold paint strokes that flow in many 
directions (see, e.g., figure 1). 

Pietersite has been found at two main sources: 
Kuraman, Namibia; and Xichuan, Henan Province, 
China. Mr. Pieters discovered the Namibian 
pietersite within round dolostone cobbles while 
prospecting some farmland in the neighborhood of 
Outjo, in the Kuraman district. He registered the 
gem in the mineral records of Great Britain in 1964 
and brought it to market in the 1970s (Koivula et 
al., 1992; Thomas, 2008). In 1996, Zeitner reported 
that much of the minable stock in Namibia was 
depleted and that material was becoming scarce. 
Chinese pietersite was discovered in 1966 while 
geologists were prospecting for crocidolite. It was 
mined in the 1970s and 1980s, but it did not come 
to market until the 1990s (Zhong, 1994). Although 
it appears that both mining areas are still closed, 
material from these localities continues to appear 
in the marketplace. 

In this article, we compare the properties of 
pietersite from Namibia and China, identify their 
distinguishing characteristics, and propose mecha- 
nisms for their formation that account for differ- 
ences in their appearance and phenomena. A com- 
parison to South African tiger’s-eye is also provided. 


MATERIALS AND METHODS 


The specimens examined included five samples from 
China and six from Namibia (e.g., figure 2). The 
Chinese specimens consisted of two flat polished 
oval slabs from the GIA Collection (no. 32394, donat- 
ed by the late Hannes Kleynhans) and three cabo- 
chons labeled as Chinese and purchased at the 2008 
Tucson Gem and Mineral Show. The Namibian 
specimens consisted of three polished pieces and 
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Figure 1. China and Namibia are the only known sources of gem-quality pietersite. Studied 
for this report, this Chinese sample (left, 39.85 g) displays an overall brownish red color, 
whereas the polished specimen of Namibian pietersite (right, 80.76 g) is dominated by 
blue-gray, “golden” yellow, and white hues. Photos by K. Hu. 


three flat unpolished slabs from author PJH’s person- 
al collection (purchased at the 2008 and 2009 Tucson 
gem shows]. Two of the six Namibian samples con- 
tained traces of the original host rock. The specimens 
ranged from 7 to 85 g. 

Standard gemological tests were performed on 
all samples. RI values were measured from the 
five Chinese and three Namibian polished speci- 
mens with a GIA Duplex refractometer. We 
obtained hydrostatic SG values using a Scout Pro 
SP 602 electronic balance. UV fluorescence was 
observed with standard long-wave (366 nm) and 
short-wave (254 nm) UV lamps. 


Figure 2. These are some of the Namibian pietersite 
specimens that were investigated for this report 
(3.3-6.0 cm in maximum dimension). Photo by K. Hu. 
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Eight doubly polished petrographic thin sections 
were prepared from both the Chinese and the 
Namibian material (four from each), and these were 
examined with an Olympus SZ-CTV microscope 
and an Olympus BX40 petrographic microscope. 
Photomicrographs were obtained with a Nikon DS- 
5M camera. Powder X-ray diffraction (KRD) patterns 
were collected using a Rigaku DMAX-Rapid micro- 
diffractometer. Environmental scanning electron 
microscope (ESEM, in which the sample does not 
need an electrically conductive coating) analysis of 
all eight thin sections was performed using an FEI 
Quanta 200 microscope operating at 20 kV, and 
chemical analyses were obtained using an Oxford 
INCA energy-dispersive spectroscopy system. All 
work was conducted in the Pennsylvania State 
University Mineralogy Laboratory in the Depart- 
ment of Geosciences, and in the Materials Charac- 
terization Laboratory at the Pennsylvania State 
University Materials Research Institute. 


RESULTS 


The gemological properties of the samples are 
described below and summarized in table 1. 


Visual Appearance. The Chinese pietersite speci- 
mens were intensely brecciated, with individual 
fields measuring 2-8 mm in diameter. The overall 
color was a jasper-like brownish red hue, but regions 
of chatoyant blue and yellow were discernible, with 
white flecks from calcite. The chatoyant effect was 
best developed in the yellow regions, but it was 
noticeably less vibrant than is typically observed in 
Namibian pietersite. 

The color of the Namibian specimens was not as 
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TABLE 1. Gemological properties of pietersite from China and Namibia. 


Property China Namibia 
Color Brownish red, “golden” yellow to brown, Blue-gray, “golden” yellow to brown, rarely red 
rarely blue 
Diaphaneity Opaque Semitranslucent to opaque 
Refractive index 1.54-1.55 1.54-1.55 
Specific gravity 2.67-2.74 2.50-2.58 
UV fluorescence 
Long-wave Inert Moderate-to-weak light green 
Short-wave White in calcite areas Moderate-to-strong bright green 
XRD analysis Quartz, minor calcite Quartz, minor calcite 


Textural features observed by 
optical microscopy and ESEM 


Brecciated clasts measuring 2-8 mm in diameter; 
fibrous crocidolite intensely coated by hematite 
and chlorite; quartz veins cross-cutting crocido- 


Brecciated clasts measuring 5-10 mm in diameter; 
fibrous crocidolite occasionally coated by 
goethite and hematite; chalcedony spherulites; 


lite; calcite inclusions 


varied as that of the Chinese material. Blue-gray and 
“golden” yellow fibrous regions predominated, with 
rare secondary brownish red fields, and the overall 
bodycolor of the Namibian specimens was blue-gray. 
The brecciated clasts ranged from 5 to 10 mm in 
diameter, but on average they were larger than those 
seen in the Chinese specimens. Chatoyancy was par- 
ticularly well developed in the blue fields. Three of 
the Namibian specimens had ~2-mm-thick veins of 
colorless translucent chalcedony. Chalcedony was 
observable in the Chinese specimens only with the 
aid of light microscopy. 


Refractive Index. The RI values, around 1.54, were 
consistent with quartz for all samples. There was no 
difference in RI values between the Chinese and 
Namibian specimens. 


Specific Gravity. The SG values of the Chinese spec- 
imens ranged from 2.67 to 2.74. The SG values of 
the Namibian specimens were notably lower, 
2.50-2.58. The SG of quartz is 2.65. 


UV Fluorescence. Most of the Namibian specimens 
luminesced a moderate-to-weak light green to long- 
wave UV radiation and a moderate-to-strong bright 
green to short-wave UV. This bright green lumines- 
cence is most likely explained by the greater chal- 
cedony content in those sectors. Portions of some of 
the Chinese specimens luminesced white to short- 
wave but were inert to long-wave UV; these areas 
corresponded to calcite. 


Powder X-ray Diffraction. Our XRD patterns for the 
Chinese and Namibian specimens were indistin- 
guishable, producing diffraction peaks only for 
quartz with minor calcite. No evidence of crocido- 
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inclusions of calcite, dolomite, barite, and pyrite 


lite was detected. This result is similar to our expe- 
rience with many tiger’s-eye specimens from 
Griquatown, South Africa, for which crocidolite 
was detected only by synchrotron X-ray radiation 
(Heaney and Fisher, 2003). We infer from these 
results that despite the intense chatoyancy of 
pietersite, the mass fraction of crocidolite is on the 
order of a few weight percent or less. 


NEED TO KNOW 


e Pietersite, often described as a brecciated variety 
of tiger’s-eye, is known from China and Namibia. 


e Pietersite from the two localities has similar RI 
ranges, but the Namibian material has a lower SG. 


* Crocidolite fibers are more densely intergrown 
(parallel, radial, and disordered textures) in 
Chinese samples. The fibers in Namibian speci- 
mens are generally oriented parallel to one another. 


¢ Namibian pietersite formed under very different 
geologic conditions from those that produced 
South African tiger’s-eye. 


Optical Microscopy. Examination of thin sections of 
pietersite from both China and Namibia revealed 
the presence of crocidolite embedded within micro- 
crystalline quartz. The crocidolite could be distin- 
guished on the basis of its moderately high relief, 
pleochroic grayish blue to greenish blue coloration, 
and optical extinction of 8-10° in cross-polarized 
light. 

We also noted significant textural differences 
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Figure 3. In cross-polarized light, this Namibian 
pietersite exhibits fibrous chalcedony (Qtz) spheru- 
lites that are embaying calcite (Cc) and are surround- 
ed by fine-grained hematite. Photo by K. Hu. 


between the Chinese and Namibian specimens. In 
the Chinese samples, the fibers were more densely 
intergrown, and they showed a broader variety of 
fabrics—parallel, radial, and disordered. They ranged 
from 20 pm to 2 mm long and rarely exceeded 2 um 
wide. Both hematite and chlorite coated the fibers of 
crocidolite. The Chinese pietersite also differed from 
the Namibian samples in the presence of fibrous 
chlorite inclusions. The chlorite fibers exhibited 
strong pleochroism from deep green to yellowish 
brown. 

Unlike the Chinese material, the crocidolite 
fibers in the Namibian specimens were generally ori- 
ented parallel to one another. Fiber lengths were 
shorter than in the Chinese material, typically 
10-50 ym, and they were less than 2 um wide. The 
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fabric of the microcrystalline quartz also differed sig- 
nificantly; it was commonly fibrous chalcedony and 
quartzine, whereas in Chinese samples it was uni- 
formly fine-grained and equant, similar to jasper 
(Heaney and Veblen 1992). Radial spherulites of 
chalcedony grew within both calcite and hematite in 
the Namibian pietersite (figure 3). 


ESEM Analysis. Consistent with the overall jasper- 
like red bodycolor of the Chinese pietersite, ESEM 
imagery showed that the crocidolite fibers were coat- 
ed with hematite to a much greater degree than in the 
Namibian specimens (figure 4, right). Both Chinese 
and Namibian pietersite included calcite as an acces- 
sory mineral (figure 4, left), but ESEM revealed that 
the Namibian pietersite also contained microcrys- 
talline dolomite, barite, and pyrite (figure 5), which we 
did not observe in the Chinese specimens. In places, 
these minerals were partly replaced by quartz, with 
only the edges of crystals visible (figure 6). 

Backscattered electron images of the quartz 
matrix in the Namibian pietersite revealed growth 
textures that were unusual and instructive. Rims of 
fine-grained hematite typically enveloped radially 
fibrous chalcedony spherules, which embayed the 
precursor dolostone (figure 7, left). The chalcedony 
spherules displayed concentric, oscillatory spheres of 
microquartz fibers and open cavities. Crocidolite 
fibers grew out radially from the hematite-rimmed 
spherulites into open spaces between them (again, 
see figure 7, left). In regions marked by a higher 
degree of overall silicification, the chalcedony 
spherules appear to have coalesced, and the cores 
locally contained fibers of crocidolite coated with 
hematite. In more silicified samples, the crocidolite 
fibers were seen transecting multiple spherulites (fig- 
ure 7, right). 


Figure 4. Parallel aggregates 
of crocidolite (Cro) and 
intergrowths of calcite (Cc) 
are evident in the back- 
scattered electron (BSE) 
image of Chinese pietersite 
on the left. On the right, 
the BSE image of a Chinese 
specimen shows the coat- 
ing of some crocidolite 
fibers (dark gray) by 
hematite (Hem; light gray). 
Micrographs by K. Hu. 
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trol; the ‘‘on” and “off” button; the knob 
controlling the filament temperature (milli- 
amperes), and a thirty minute time-clock 
graduated in ten second intervals which 
insures the set shutting off after the given 
time exposure has elapsed. The center front 
has a drop door to allow a removable tray 
to be placed at either of three levels in the 
center well so that direct X-radiographs may 
be taken at various distances from the target. 


Underneath this “over-hung” top is the 
main pedestal which is divided into two 
sections, one of which contains the high- 
voltage generator with the main switch 
mounted on the front, while the other half 
is a shelved cupboard for storing any acces- 
sories. On the side of the set hangs a hand 
timer for. short exposures up.to ten seconds 
which is graduated to tenth seconds. 
Mounted on the wall beside the set is a 
“flow switch” which shuts the high-tension 
current off should the water supply to the 
anode cooling fail, or the pressure become 
too high; the set automatically switching 
on again when the water supply becomes 
normal. In fact the set is practically fool- 
proof for it cannot be started unless all the 
doors and the cover are closed, and the set 
immediately stops if any door is opened 
while the set is ranning—such switching-off 
of the set does not invalidate an exposure 
for the timing clock also stops until the 
set restarts. 


The tube is a Machlett Type 0-2 Diffrac- 
tion model. It is an oil-insulated, hermet- 
ically sealed type of shockproof X-ray tube 
which runs at a maximum of 50 pkV and 
20 mA; has a molybdenum target and two 
beryllium windows, diametrically opposed, 
as ports for the X-radiation. The tube is 
mounted in two sets of roller bearings; one 
just behind the target head and the other 
just forward of the rear end of the tube 
which carries the high-voltage cables. This 
allows a rotation of the tube through ninety 
degrees so that the rays can either be di- 
rected laterally—this being the position for 


lauegram work—or vertically for direct X-ra- 
diography and fluorescence. The beam not 
required being “stopped-off” by a brass 
plug. 

For taking laue-spot pictures of pearls, 
the pearls to be tested are mounted in 
specially designed screw holders or vices 
which incorporate a lead collimator for 
limiting the beam of X-rays. These pearl 
holders, which snap into spring-loaded re- 
cesses in the tube head, are so arranged 
that they are in correct alignment with the 
focal spot. Plain brass and lead collimators 
are supplied for use in cases where the 
pearl is an awkward shape of is mounted 
in jewelry from which it cannot be easily 
removed. 


Arranged on arms, which may be swung 
out of the way when not in use, are the 
two cassette holders which take Kodak plas- 
tic dental cassettes fitted with intensifying 
screens on two sides in order that double- 
coated film may be used. When in position 
for taking laue photographs the cassettes 
are approximately 7.5 cms. from the pearl, 
at which distance the exposure needed is 
not unduly protracted yet at the same time 
the spot pattern is clear of the heavy trace 
of the main undeviated beam. The distance 
of the pearl from the target is approximately 
4 cms. which insures a powerful beam being 
used with great efficiency—a lauegram of a 
ten grain pearl can be taken in the phenom- 
enally short time of two and a half minutes. 


Foolproof, smooth in operation, such a 
set is a pleasure to use, and to the London 
staff an incentive to much work in routine 
and research; an opportunity, too, to study 
the possibilities of those pearl testing meth- 
ods more favored in the North American 
continent—fluorescence and direct X-radiog- 
raphy. Mineral fluorescence under X-rays is 
another exciting line of inquiry, while, with 
the addition of a suitable camera, X-ray 
powder photography will be possible, and 
serve as a powerful aid in such cases as 
turquoise and other troublesome gem 
materials. 
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Figure 5. As revealed in BSE images (and identified by energy-dispersive spectroscopy), 
Namibian pietersite included barite (Brt; left), pyrite (Py; center), and dolomite (Dol; right). 
Micrographs by K. Hu. 


Consistent with a previous report (Leake et al., 
1992), energy-dispersive spectroscopy revealed that the 
crocidolite in both Chinese and Namibian material 
contains variable amounts of Mg in solid solution with 
Fe and should be classified as magnesioriebeckite. 


DISCUSSION 


Pietersite has been described as a “breccia aggregate 
made up largely of hawk’s-eye and tiger’s-eye” 
(Schumann, 2009, p. 320) and as a “disoriented pseu- 
do-crocidolite mass with limonite” (Manutchehr- 
Danai, 2008, p. 368). Our analyses indicate that 
pietersite specimens from Namibia and China do 
share many hallmarks of tiger’s-eye. Mineralogi- 
cally, both tiger’s-eye and pietersite contain asbesti- 
form fibers of crocidolite embedded within a fine- 
grained quartz host, and the included crocidolite is 
responsible for the chatoyancy of the material. 
Chatoyancy is degraded where the crocidolite has 
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altered to iron (hydrJoxides. For example, much of 
the Chinese material that we examined contained 
nonphenomenal areas in which a jasper-like dullness 
superseded the original chatoyancy because of this 
alteration reaction. Finally, like tiger’s-eye, the 
pietersite samples revealed no evidence for pseudo- 
morphism of quartz after crocidolite, despite popular 
assumptions to the contrary. 

Nevertheless, our analyses suggest that the petro- 
genesis of pietersite is quite different from that of 
the tiger’s-eye found in Griquatown, South Africa. 
Heaney and Fisher (2003) proposed that South 
African tiger’s-eye formed through a “crack-seal” 
process: The hydrofracture of banded-iron forma- 
tions generated flat seams parallel to the jasper bed- 
ding planes, and these cracks were sealed by quartz 
and crocidolite as an antitaxial infilling (i.e., growth 
from opposing crack walls toward the center of the 
vein). The quartz crystals in tiger’s-eye exhibit a 


Figure 6. These BSE 
images of Namibian 
pletersite show the 
replacement of barite 
by quartz, leaving only 
the outer rims of the 
crystals. Micrographs 
by K. Hu. 
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characteristic columnar habit with an elongation 
parallel to the c-axis. The crocidolite fibers asym- 
metrically cross-cut the quartz boundaries, and the 
ends facing the vein wall are jagged while those fac- 
ing the vein interior are tapered. 

The textures in Namibian pietersite rule out a 
crack-seal origin. Many lines of reasoning suggest 
instead that the Namibian (and perhaps the Chinese} 
pietersites are solution breccias. (Solution breccias 
form when soluble minerals are partly or wholly 
removed by circulating groundwater, creating cavi- 
ties into which overlying rock collapses and frag- 
ments. Often, the fragmented material is subse- 
quently welded into a breccia by precipitation of a 
silica or calcite cement from the groundwater.) 
Namibian pietersite is developed within dolostone 
cobbles that underwent fragmentary dissolution and 
were silicified. During this process, silica-rich fluids 
partially dissolved the original dolomite and deposit- 
ed chalcedony spherulites. The presence of hematite 
crystals at the centers of the spherulites suggests 
that hematite served as nucleation centers for silica. 
The growth of chalcedony fibers radially outward 
from these nuclei “bulldozed” residual hematite to 
form exterior rims of hematite. 

We propose that a later episode of fluid infiltra- 
tion resulted in the formation of crocidolite (a sodic 
amphibole) from reactions between chalcedony and 
hematite in the presence of aqueous Na’. The forma- 
tion of crocidolite during the coalescence of chal- 
cedony spherulites generated regions in which the 
crocidolite fibers grew as parallel thatches. These 
sheaves of crocidolite are responsible for the spectac- 
ular chatoyancy observed in the highest-quality 
pietersite specimens. As is typical of dissolution 
breccias, however, the replacement of dolostone by 


silica was localized, and resulted in distinct patches 
of crocidolite with differing fiber orientations. This 
produced the chaotic chatoyancy that differentiates 
pietersite from South African tiger’s-eye. The optical 
homogeneity that is characteristic of the latter prob- 
ably can be attributed to the large-scale tectonic 
forces that exerted a broad control over crack-seal 
fiber growth. Chemical dissolution, by contrast, is 
not correlated over long spatial scales. 

As is also typical of many South African tiger’s-eye 
specimens, the last stage of pietersite formation 
involved a back-reaction of crocidolite to hematite 
and/or goethite. These microcrystalline iron 
(hydr)oxides initially coated the crocidolite fibers; 
then, in some instances, they completely replaced the 
fibers pseudomorphically. This final alteration reac- 
tion may have occurred at low temperatures much 
more recently than the crocidolite reaction, which 
presumably required low-grade metamorphism 
(Miyano and Klein, 1983). The breakdown of the cro- 
cidolite to iron (hydr)oxides proceeded to a greater 
extent in the Chinese than in the Namibian material, 
and it greatly diminished the capacity for chatoyancy. 


CONCLUSION 

Despite similarities in color, appearance, and miner- 
alogy, we believe pietersite crystallized under very 
different geologic conditions from those that pro- 
duced South African tiger’s-eye. Whereas South 
African tiger’s-eye probably can be attributed to 
crack-seal events related to tectonic stress fields, 
Namibian pietersite (e.g., figure 8) is a brecciated 
gem material created by fragmentary dissolution of 
precursor dolomite and replacement by silica. 
Subsequent reactions between silica and hematite in 
the presence of aqueous Nat formed crocidolite. 


Wi 


cedony (Qtz) surrounded by 
white-appearing rims of 
hematite (Hem). Dark gray 
fibers of crocidolite (Cro) are 


Figure 7. On the left, BSE imag- 
ing reveals radially fibrous chal- 


present between the chalcedony 
spherulites. The black areas are 
empty cavities. The BSE image 
on the right shows crocidolite 
fibers transecting chalcedony 
spherulites in Namibian pieter- 
site. Micrographs by K. Hu. 
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With little published information on the geologic 
setting of the Chinese pietersite, assigning the same 
petrogenetic model to the material from Xichuan is 
less certain. Despite their geographic separation, the 
microscopic textures of the Namibian and Chinese 
materials are strikingly similar. Nevertheless, our 
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Figure 8. This slab 
of pietersite (12 cm 
across) shows the 
colorful appearance 
and brecciated tex- 
ture that are typical 
of fine Namibian 
material. Photo by 
John Passaneau. 


investigations have revealed that Namibian pieter- 
site can be distinguished from its Chinese counter- 
part in several ways. Careful microscopic examina- 
tion along with specific gravity and UV fluores- 
cence characteristics can readily discriminate gems 
from these different localities. 
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Rapid Communications 


UPDATE ON MEXIFIRE SYNTHETIC FIRE OPAL 


Rajneesh Bhandari and Gagan Choudhary 


As a result of changes in the manufacturing 
process, recent production of the synthetic fire 
opal marketed as “Mexifire” exhibits some new 
properties. While the earlier material could be 
identified on the basis of low RI and SG values, 


the new synthetics have values that are quite 
similar to—and partially overlap those of— 
natural fire opals. With the change in the 
manufacturing process, the water content has 
also changed, as reflected in the IR spectra. 


n Choudhary and Bhandari (2008), we described 
a new synthetic fire opal marketed as 
“Mexifire.” The article detailed the material’s 
gemological properties, chemical composition, 
and infrared spectra, as well as provided a brief out- 
line of the manufacturing process. Since November 
2009, this process has been slightly modified. 
Water content is now controlled in such a manner 
that the refractive index and specific gravity values 
are much closer to those of natural fire opal. This 
article presents the properties of this new genera- 
tion of Mexifire; the previous generation is no 
longer being produced, although some material 
undoubtedly remains in the marketplace. 


Materials and Methods. We examined nine faceted 
ovals (3.40-4.40 ct; figure 1) representative of the 
new Mexifire production. Standard gemological 
tests were performed on all samples. Qualitative 
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energy-dispersive X-ray fluorescence (EDXRF) 
chemical analyses of all samples were conducted 
using a PANalytical Minipal 2 instrument under 
two different conditions: Elements with a low 
atomic number (e.g., Si) were measured at 4 kV 
tube voltage and 0.850 mA tube current, while 
transition and heavier elements were measured at 
15 kV and 0.016 mA. Spectroscopic measurements 
of all samples in the infrared range (6000-400 cm!) 
were performed with a Shimadzu IR Prestige 21 
Fourier-transform infrared (FTIR) spectrometer, 
operating at room temperature with a diffuse- 


Figure 1. These new samples of Mexifire synthetic fire 
opal (3.40-4.40 ct) were manufactured by a modified 
process and exhibit properties different from those 
recorded in the original production in 2008. Photo by 
G. Choudhary. 
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TABLE 1. Properties of Mexifire synthetic opals (new and original products) and natural fire opals. 


Properties 


New Mexifire synthetic 
fire opal (this study) 


Mexifire synthetic fire opal 
(Choudhary and Bhandari, 2008) 


Natural fire opal 


Color 
Color distribution 


Diaphaneity 


Quality of polish 
Refractive index 


Specific gravity 


Polariscope 
reaction 


Long- and short-wave 
UV fluorescence 


Spectroscope 


Internal features 


Brownish orange to orangy brown 
Typically even; on rotation, color 
appeared to concentrate in the center 
Transparent under normal viewing 
conditions; translucent/turbid with 
fiber-optic light 

Good 

1.470 


2.19 


Weak strain pattern; no snake-like 
bands observed 
Inert 


No features 


e Zoned turbidity 
e Scattered pinpoints 


Brownish orange to orangy yellow 
Typically even 


Transparent under normal viewing 
conditions; translucent/turbid with 
fiber-optic light 


Good 
1.380-1.405 
1.63-1.77 


Strong strain pattern with snake-like 
bands 


Inert 
No features 


e Zoned turbidity 

e Scattered pinpoints 

e Whisker-like inclusion in one 
sample 


Brownish orange to orangy yellow 


Often color zoned; flow-like or wavy 
pattern 


Transparent to translucent 


Dull to good 

1.440-1.460 (Simoni et al., 2010); 
1.400-1.435 (Choudhary and 
Bhandari, 2008); and 1.435-1.455 
(Webster, 1994) 
2.15-2.38 (Simoni et al., 2010); 
1.92-2.06 (Choudhary and 
Bhandari, 2008); and 1.97-2.06 
(Webster, 1994) 
Weak strain pattern; no snake-like 
bands observed 

Inert 


No features 


Choudhary and Bhandari (2008): 

e Zoned turbidity 

e Scattered pyrite or some flake- 
like inclusions 


EDXRF analysis Si, Fe, and Ca 


Weak hump at ~5440 cm='; sharp 
peak with a shoulder at ~4520 cm; 
absorption band in the 4000-3250 
cm=' region; weak shoulder at 2652 
cm=; a sharp peak at 2262 cm=' and 
complete absorption below 2100 cm-' 


FTIR spectroscopy 


reflectance accessory in transmittance mode. We 
used a standard resolution of 4 cm and recorded 
50 scans per sample. In addition to the nine faceted 
samples, two slices (one from the previous produc- 
tion and one from the new production) with paral- 
lel surfaces were prepared for FTIR analysis; both 
measured 10.06 x 8.06 x 4.75 mm. 


Results and Discussion. Physical and Optical 
Properties. The physical and optical characteristics 
of the new Mexifire synthetic fire opals are given in 
table 1, together with the Mexifire properties 
reported in Choudhary and Bhandari (2008) and 
those of natural fire opal. Most of the samples we 
examined for the current study were brownish 
orange; only one was orangy brown (again, see fig- 
ure 1). The samples exhibited even coloration and 
good transparency under normal lighting condi- 
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Si, Fe, and Ca 


Absorption band in the 5350-5000 
cm~t region; hump from 4600 to 
4300 cm; detector saturated below 
4000 cm 


¢ Dendritic inclusions common 
e Flow patterns, cloudy zones, and 
fluid inclusions 


Si, Fe, and Ca (Choudhary and 
Bhandari, 2008); Al (Gaillou et al., 
2008) 


Absorption band in the 5350-5000 
cm! region; hump from 4600 to 
4300 cm (absent from some 
stones); detector saturated below 
4000 cm=' (Choudhary and 
Bhandari, 2008) 


tions, but (as with the earlier product) they 
appeared slightly turbid when viewed with a fiber- 
optic light (figure 2). When the specimens were 
rotated and viewed from different directions, the 
color appeared to be concentrated toward the center. 

The most significant development with these 
products was the fact they had higher RI and SG 
values than the Mexifire synthetics studied previ- 
ously. All the new samples yielded consistent RI 
and SG readings of 1.470 and 2.19, respectively, 
which are closer to those of their natural counter- 
parts (again, see table 1). Simoni et al. (2010) report- 
ed RI values for natural fire opal from Bemia, 
Madagascar, of 1.440-1.460 and SG values of 
2.15-2.38. The SG values of these new Mexifire 
synthetics clearly overlap those of the fire opals 
from Madagascar, though the RI values, while close 
to natural fire opals, are sufficiently higher to allow 
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Figure 2. The turbid zones observed in almost every 
Mexifire sample remain an identifying criterion. 
Photomicrograph by G. Choudhary, fiber-optic 
illumination; magnified 15x. 


a clear distinction. However, because there are 
minute variations in the calibration of refractome- 
ters of different makes and models, one must be 
very careful when using RI to separate natural from 
synthetic fire opals. 


Microscopic Features. In addition to the zoned tur- 
bidity, these samples displayed fine pinpoints scat- 
tered throughout (figure 3), like the earlier product 
(Choudhary and Bhandari, 2008). These pinpoints 
were clearly seen with fiber-optic illumination, but 
they were only weakly visible with darkfield illu- 
mination. We could not resolve the exact nature of 
the pinpoints with the instruments we used. 
Although similarly scattered flake-like inclusions 
have been seen previously in natural opals, and 
Gtbelin and Koivula (2005) mentioned tiny grains 
of pyrite scattered throughout one stone, we did 
not find any reports of such “pinpoint” inclusions 
in natural opal. 


EDXRF Analysis. As was reported for the earlier 
material in Choudhary and Bhandari (2008), only 
Si, Fe, and Ca were detected in the new Mexifire 
synthetic fire opals. There were no additional ele- 
ments. Gaillou et al. (2008) reported Al as a major 
impurity in natural opals; however, we did not 
detect any Al in the natural samples we studied for 
the previous article or received for identification at 
the laboratory over the years. In our samples, we 
recorded the same results for both the natural and 
the synthetic opals. 
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Figure 3. The exact nature of the scattered pinpoints 
in the Mexifire material could not be resolved at 80x 
magnification. Photomicrograph by G. Choudhary, 
fiber-optic illumination. 


FTIR Analysis. The IR spectra of the new Mexifire 
product were quite different from those of either nat- 
ural fire opal (studied in the previous article or at the 
Gem Testing Laboratory in Jaipur) or the earlier syn- 
thetic product. All nine samples displayed a weak 
hump at ~5440 cm~!, a sharp peak with a shoulder 
~4520 cmz!, an absorption band in the 4000-3250 
cm! region, a weak feature at 2652 cm!, and com- 
plete absorption of wavelengths below 2400 cm. 

The earlier version of Mexifire had an absorption 
band in the 5350-5000 cm! region; this feature also 
consisted of a series of sharp peaks, depending on 
the transmission. A hump was observed in the 
4600-4300 cm! range, often with small peaks (a fea- 
ture absent in some natural opals, including fire 
opal). The detector was saturated by strong absorp- 
tion below ~4000 cm~!. The absorption at ~5440 
cm! in the new Mexifire product is attributed to O- 
H stretching/vibration, the peak at ~4520 cm! is 
due to a combination of O-H stretching and Si-O-H 
bending, and the absorption band in the 4000-3250 
cm! region is due to the presence of O-H groups 
(Yamagishi et al., 1997). 

These differences in the IR spectra reflect the 
lower water content of the new type of Mexifire opal. 
Although some of the differences could also have 
been due to variations in sample thickness (i.e., 
thicker samples would have greater absorbance and 
vice versa}, the fact that the samples previously stud- 
ied were smaller (0.23—3.50 ct) than those in the pre- 
sent study (3.40-4.40 ct) negates this possibility. To 
confirm this, we cut slices of equal thickness (4.75 
mm) from one piece each of old and new Mexifire 
opal and polished two parallel faces; the IR spectra of 
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Figure 4. This IR spectrum of a slice of the new 
Mexifire synthetic opal (top; 4.75 mm thick) is 
quite different from that of a slice from the previ- 
ous generation (center; 4.75 mm) and from natu- 
ral fire opals (bottom; 0.6—4.0 ct) studied by the 
authors in the past. 
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both slices were similar to the spectra described 
above for faceted samples (figure 4). However, for the 
slice of new Mexifire synthetic opal, a sharp peak at 
22.62 cm! was resolved and the area of complete 
absorption was reduced to 2100 cmr!. The other fea- 
tures and peaks remained unchanged between the 
slice and faceted samples of the new product. 

It should be noted, though, that some natural 
opals from Ethiopia show absorption features simi- 
lar to those seen in this new Mexifire product (E. 
Gaillou, pers. comm., 2010). Therefore, it does not 
appear that IR spectra provide a conclusive means 
of differentiating these new Mexifire opals from 
natural opal. 


Conclusions. The higher RI and SG values of these 
new Mexifire synthetic fire opals will make their 
identification more difficult. The microscopic fea- 
tures are unchanged, however, and the fine pin- 
points scattered throughout remain helpful in iden- 
tifying the synthetic product. IR spectra, when used 
carefully, can offer some identification criteria, 
although similar absorption features have been 
seen in some natural opals from Ethiopia. The 
changes in the RI and SG values correlate with 
changes seen in the IR spectra as a result of a lower 
water content. Since the water content in these syn- 
thetics can be controlled, we anticipate additional 
changes in the properties of future product. Work is 
ongoing to further characterize this material. 
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Rapid Communications 


A STUDY OF THE GEMS IN A CIBORIUM 


FROM EINSIEDELN ABBEY 


Stefanos Karampelas, Marie Worle, Katja Hunger, Hanspeter Lanz, 


Danilo Bersani, and Susy Giibelin 


The gemstones that adorn a late-16th-century 
ciborium from Einsiedeln Abbey in Einsiedeln, 
Switzerland, were investigated by nondestruc- 
tive gemological methods and EDXRF and 
Raman spectroscopy at the Collections Center 
of the Swiss National Museum. The ciborium is 
decorated with 17 colored stones: 10 alman- 
dine garnets, four grossular garnets, and three 
sapphires. Inclusions in the sapphires and a his- 
toric description of the piece suggest a Sri 
Lankan origin for the gems. 


treasury of Einsiedeln Abbey, an important 

Benedictine monastery in Einsiedeln, 
Switzerland, were recently loaned to the Swiss 
National Museum in Affoltern am Albis, for identifi- 
cation of the materials used in their construction. 
This article presents the results of the investigation 
of the oldest object, a late-16th-century ciborium (a 
container for storing the consecrated host from a 
Mass; figure 1). 

Einsiedeln Abbey dates from the 10th century. It 
is dedicated to Our Lady of the Hermits and is a des- 
tination on a major Roman Catholic pilgrimage, the 
Way of Saint James. The ciborium was crafted by 
Nikolaus Wickart, an established goldsmith, in Zug 


A group of four sacred objects belonging to the 


See end of article for About the Authors and Acknowledgments. 
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about 1592. Its construction cost 300 krones (equiv- 
alent to 975 g of gold), paid for by donations from 
Maximilian III of Habsburg and numerous other 
contributors. The main body of the ciborium depicts 
the 12. apostles of Jesus Christ, while the lid illus- 
trates the passion of Christ and is where the 
Christogram IHS is engraved. On the underside of 
the ciborium, there are several stamps, including 
those of Maximilian III, Wickart, and Einsiedeln 
Abbey. For more information regarding the history 
of the ciborium, as well as a stylistic and icono- 
graphic description, see Distelberger and Lanz 
(2009). 

The ciborium could not be removed from the 
Swiss National Museum laboratory for security rea- 
sons; thus, all testing took place there. The results 
were compared with the observations made by 
Father Eustache Tonassini from 1794 to 1798, dur- 
ing the documentation of the treasures of Einsiedeln 
Abbey (figure 2). Father Tonassini mentioned that 
all the stones and the gold had an “oriental” origin. 


Materials and Methods. Only nondestructive means 
could be used to examine this artifact, and all the 
investigators wore cotton gloves to avoid causing 
damage. Microscopic examinations were performed 
on all gems using a Zeiss Stemi 2000-CS binocular 
microscope equipped with a fiber-optic light source 
and a camera. However, the object was difficult to 
handle under the microscope, which impacted the 
quality of the photos. Fluorescence reactions to 
standard long-wave (366 nm) and short-wave (254 
nm) UV radiation were observed on all stones with 
an 8 watt UV lamp from System Eickhorst UV. On 
six stones, where the geometry of the object permit- 
ted, we performed semiquantitative chemical analy- 
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sis by energy-dispersive X-ray fluorescence (EDXRF) 
with an Edax Eagle III XXL micro-analyzer. This 
instrument has a large sample chamber and is 
equipped with a lens for micro-measurements (spot 
size ~50 m). A rhodium tube was used for the analy- 
sis, under the following conditions: no filter, 20 kV, 
100 pA, a livetime of 200 seconds per measurement 
point, and 30 points per measurement area. 

Conclusive identifications were made by taking 
Raman spectra of all the gems and comparing them 
to the Gtbelin Gem Lab’s reference spectra as well 
as those in the RRUFF project (http://rruff.info) and 
other published references. Spectra were obtained 
with a Horiba Jobin Yvon (LabRam Aramis) spec- 
trometer coupled to an Olympus metallurgical 
microscope. As all stones were difficult to access, we 
used an additional L-shaped lens (magnification 30x) 
to take the spectra (figure 3) and a camera for ade- 
quate positioning of the beam. Measurements were 
carried out using excitation wavelengths of 532 nm 
(Nd:YAG laser), 633 nm (He:Ne laser), and 785 nm 
(diode laser). Laser power was 50 mW, with a 60 sec- 
ond acquisition time, at various resolutions (2-4 
cm!) in the range from 200 to 2000 (sometimes up 
to 4000) cm=!. To confirm the results, we took mea- 
surements on at least two different points of each 
gemstone. 


Results and Discussion. The ciborium contains 17 
colored stones—10 pinkish red, four orange, and 
three light blue—mounted in metal settings that are 
attached to the body and lid. Its total weight is 1,350 
g, and its height is 33 cm (about 13 in.). All the gems 
are held in closed-back settings, thus, their faceting 
arrangements were identified only from the crown. 
They were polished in near-round, rectangular, 
octagonal, and cushion shapes (all the light blue 
stones had slightly domed tables; e.g., figure 4), with 
one step of parallel facets on the crown. Table 1 pro- 
vides a summary of the sizes, colors, and 
shapes/cuts. No indications of doublets, imitations, 
glasses, or synthetics were observed with magnifica- 
tion. 

Raman spectroscopy demonstrated that all 10 red 
stones were Al-garnets. Father Tonassini had 
described these stones as rubies. All four orange 
stones were Ca-garnets. These were identified by 
Father Tonassini as “hyacinth” (an archaic term for 
red-orange-yellow zircon). Although some slight dif- 
ferences in the spectra of the 10 Al- and four Ca-gar- 
nets were observed (reflecting differences in compo- 
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Figure 1. This gold and gem-set ciborium (33 cm 
high), which dates from the end of the 16th century, 
is part of the treasures of Einsiedeln Abbey in 
Switzerland. Photo by Donat Stuppan, Swiss 
National Museum. 


sition), all were close to almandine and grossular, 
respectively (see table DD-1 and figure DD-1 in the 
Gw&G Data Depository at gia.edu/gandg,; for more 
information regarding the semiquantitative analysis 
of garnets, see Smith [2005] and Bersani et al. [2009] 
and references therein). 

The blue stones all showed the main characteris- 
tic vibration band of corundum at about 415 cm. 
Additionally, bands at 1400 and 1370 cm" were 
observed with 633 nm excitation; these are the char- 
acteristic Cr photoluminescence emission bands of 
corundum (see figure DD-2 in the G&G Data 
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¢ Red coral brooch and earrings from Rome. Positive 
date unknown. 


Coral— 
The Forgotten bem 


by 


LAWRENCE L. COPELAND 
Gemological Institute of America Literary Research 


ORAL, AS AN ARTICLE of personal 

adornment, has enjoyed a varying 
degree of popularity since ancient times. 
According to Pliny, it was valued as highly 
in India as was pearl in Rome, but no 
longer does it hold such a distinction in 
the Western world. Like so many of the 
lesser-known and appreciated gem materials, 
coral possesses not only a rich historical 
background, but an ample share of tangible 
attributes as well. Of all the gems associated 
with the sea, including pearl, amber, and 
jet, none is more colorful as a costume 
accent than coral. 

An interesting but little-known fact con- 
cerns the use of coral in articles of jewelry 
fashioned by the Indian tribes of the South- 
western United States. Prior to the coming 
of Coronado and Cortez, the Pueblo Indians 


of New Mexico and Arizona made extensive 
use of variously colored fragments of the 
spiny oyster shell from the Gulf of Mexico. 
Red was the most highly prized and even- 
tually, through inter-tribal trading practices, 
it became popular with the Zuni and Hopi 
peoples as well. Sometime after 1540 the 
Spaniards, deciding to take advantage of 
the natives’ love for the red shell, began 
importing coral and selling it as a superior 
substitute. Historical records indicate that 
it was readily accepted and soon became 
quite valuable, often selling for as high as 
$100.00 per pound. Just when this trade 
first began has not been definitely estab- 
lished, but the oldest available reference 
bears the date 1822. The center of the activ- 
ity seems to have been Santa Fe, New 
Mexico. 
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Depository). Father Tonassini correctly identified 
these stones as sapphires. 

The EDXREF results for the six stones analyzed 
were in agreement with the Raman data. Different 
points on the metal were also analyzed and found to 
contain 82-85% gold, 7-8% silver, and 6—9% cop- 
per. No evidence was observed that any of the stones 


Figure 8. A Raman spec- 
trometer with an L-shaped 
lens was used to take spec- 
tra on the mounted cibori- 

um gems (inset), which 
were difficult to access 
with conventional equip- 
ment. All the stones were 
conclusively identified 
with this instrument. 
Photos by Michael Worle. 
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Figure 2. The ciborium 
(left) is mentioned in 
an 18th century inven- 
tory (right) prepared 
by Father Eustache 
Tonassini. Photos by 
Hanspeter Lanz, Swiss 
National Museum 
(left), and Franz Kdlin, 
Einsiedeln Abbey 
(right). 


had been removed after they were originally set. 

All the garnets were inert to UV radiation. The 
three sapphires fluoresced faint orange-yellow to 
long-wave UV and faint orange to short-wave UV. 
With magnification, the almandines showed mainly 
rutile needle—like inclusions and zircons, while the 
grossulars contained negative crystals and healed 
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fissures. In the sapphires we saw mainly rutile nee- 
dles (figure 4, right), fissures, negative crystals, and 
black particles. Taking into account when these 
stones were set and the oriental origin mentioned 
by Father Tonassini, Sri Lanka is the most probable 
source. The inclusions in these sapphires are consis- 
tent with sapphires from that island nation. At the 
time, garnets were also known from the same 
region (as well as from India]. However, more 
research with other methods and reference materi- 
als would be necessary to build a comprehensive 
database with which to compare these samples. 


Figure 4. Sapphire KS1 
(see table 1), like the 
other sapphires in the 
ciborium, has a slightly 
domed table (left; stone 
is 10.4 mm wide) and 
rutile needle-like inclu- 
sions (right; field of view 
~90 um). Photos by 
Marie Worle. 


Conclusion. The Einsiedeln ciborium is decorated 
with 17 colored stones, all of which have old cuts 
and are natural. We saw no evidence that any were 
doublets or imitations, contrary to studies on other 
historical objects (e.g., Hanni et al., 1998, and refer- 
ences therein). Using Raman spectroscopy, we found 
that 10 were almandine (identified by Father 
Tonassini as rubies), four grossular (originally identi- 
fied as hyacinths) and three were sapphires (identi- 
fied by Father Tonassini as such). Further research 
would be needed to confirm the geographic origins, 
though Sri Lanka is possible. 


TABLE 1. Characteristics of the colored gems set in the ciborium from Einsiedeln Abbey. 


‘i : Identification 
leasurements = 
Number? Color Shape/Cut i : Tonassini 
(crown; mm) This study (1794-98) 
CN1S1 Pinkish red Modified rectangular/step Os SS Almandine Ruby 
CN1S2 Pinkish red Near round/step BA 82 15.2 Almandine Ruby 
CN1S3 Pinkish red Near round/step 5.2 x 4.9 Almandine Ruby 
CN1S4 Pinkish red odified rectangular/step 3.7 *3.5 Almandine Ruby 
CN1S5 Pinkish red odified rectangular/step 44x 3.4 Almandine Ruby 
CN2S1 Orange Modified rectangular/step 74x 6.3 Grossular Hyacinth 
CN2S2 Pinkish red Near round/step Do 6 SZ Almandine Ruby 
CN2S3 Pinkish red Near round/step 5.2 x 4.7 Almandine Ruby 
CN2S4 Orange Near round/step 55) 53 Sy Grossular Hyacinth 
CN2S5 Pinkish red Oval/step 51x 4.7 Almandine Ruby 
CN2S6 Pinkish red Modified rectangular/step 7.6 x 6.0 Almandine Ruby 
KS1 Light blue Octagonal/step 10.4 x 9.0 Sapphire Sapphire 
KS2 Orange odified rectangular/step 10.0 x 7.3 Grossular Hyacinth 
KS3 Light blue Octagonal/step 10.1 x 8.0 Sapphire Sapphire 
KS4 Orange Octagonal/step 13.3 x 10.0 Grossular Hyacinth 
KS5 Light blue Octagonal/step 12.4x 9.7 Sapphire Sapphire 
KS6 Pinkish red Oval/cabochon 13.9 x 10.7 Almandine Ruby 


@The numbering of the stones begins from the stamp of Einsiedeln and proceeds clockwise: C indicates the lid, K the body, and S the stone. On the lid, 
two levels are present: N71 for the upper level and N2 for the lower. For example, stone CN2S5 is in the lid, in the second level, the fifth stone clockwise 


from the Einsiedein stamp. 
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recent weeks, however, the New York 
lab has examined an increasing num- 
ber of relatively large HPHT-treated 
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One example is the round-cut 
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diamond in figure 1, which was color 
graded F. While many HPHT-treated 
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Figure 1. The New York lab has been seeing a greater number of relatively 
large HPHT-treated type Ila diamonds, such as this 18.12 ct round bril- 
liant (left). The hexagonal graphite inclusion it contained (right, magnified 
112x) is a good indication of this treatment. 


very likely that this inclusion was 
formed due to graphitization of the 
host diamond; its presence and the 
tension fracture are good indications 
that this stone was HPHT treated. 
Careful spectroscopic analysis provid- 
ed confirmation of HPHT treatment. 

HPHT annealing involves a higher 
risk of damaging the diamond than 
other treatment techniques, so it is 
somewhat unusual to see it applied to 
such large stones. It is not clear if this 
increase in the number of large treat- 
ed diamonds is a short-term phenom- 
enon or the beginning of a trend. One 
possible explanation is that more of 
the suitable starting material has be- 
come available in the market. 


Wuyi Wang 
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One Dapper Diamond 


Gemological microscopy occasionally 
reveals unusual inclusions that stim- 
ulate the imagination and remind the 
viewer of landscapes, insects, flowers, 
and the like. An unlikely new source 
for playful imagery is the DTC 
DiamondView, which reveals a dia- 
mond’s growth patterns by exposing 
the stone to intense short-wave ultra- 
violet (UV) radiation. 

The Carlsbad laboratory recently 
examined an ~1 ct Fancy Deep brown- 
ish greenish yellow round brilliant to 
determine its origin of color. Initial 
examination with a microscope 
revealed only a few small clouds, and 
Fourier-transform infrared (FTIR) spec- 
troscopy indicated that the diamond 
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Figure 2. The DiamondView image at left, which depicts a pattern remi- 
niscent of a necktie, reveals a pseudo-cuboctahedral growth structure 
unique to some natural type Ib diamonds. HPHT-grown synthetic dia- 
monds can show similar structures (right), but the patterns are more 
angular and symmetrical due to their controlled artificial growth condi- 


tions. Fields of view ~7 mm. 


was type Ib. Since almost all HPHT- 
grown synthetic diamonds are type Ib, 
the laboratory often examines the flu- 
orescence patterns of type Ib stones 
with the DiamondView when other 
gemological testing proves insuffi- 
cient to establish natural or synthetic 
origin. However, when this stone was 
placed in the DiamondView, we were 


amused to see a fascinating geometric 
growth pattern that resembled a man’s 
necktie worn around the culet, com- 
plete with tie clip (figure 2, left). 

This fluorescence image reveals a 
pseudo-cuboctahedral growth struc- 
ture that is unique to some natural 
type Ib diamonds and is proof that 
this stone is natural. It is similar to, 


Figure 3. A pink coating was detected on this Very Light pink heart 
shape (1.50 ct) and Faint pink pear shape (1.68 ct). The diamonds 
initially appeared equivalent to Fancy pink and Fancy Light pink, 
respectively (see insets for approximate color representations). 
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but not to be confused with, the 
cuboctahedral growth structure seen 
in synthetic diamonds (figure 2, right), 
which is more structured and has a 
predictable symmetry and geometry. 
DiamondView imagery is becom- 
ing more widely published because of 
the intriguingly complex and even 
beautiful compositions of pattern and 
color that can be seen in both natural 
and synthetic diamonds. Such images 
offer yet another perspective on the 
fascinating micro-world of gems. 
Laura L. Dale 


Pale Pink Diamonds, 
Coated Fancy Pink 


Numerous reports have described dia- 
monds that were coated pink, by 
techniques ranging from the ancient 
practice of “painting” a stone (e.g., 
Summer 1983 Lab Notes, pp. 112- 
113) to sophisticated thin-film coat- 
ings (e.g., A. H. Shen et al., “Serenity 
coated colored diamonds: Detection 
and durability,” Spring 2007 GwG, 
pp. 16-34). Recently, the Carlsbad lab 
received a 1.50 ct heart shape and a 
1.68 ct pear shape (figure 3) that ini- 
tially appeared the equivalent of 
Fancy pink and Fancy Light pink, 
respectively. Their FTIR and photolu- 
minescence (PL) spectra were consis- 
tent with type Ila pink diamonds. 
However, their Vis-NIR spectra (taken 
at low temperature) were anomalous 
for such stones, which show a broad 
band centered at 550 nm. Instead, the 
spectra of both displayed peaks cen- 
tered at ~505 and 540 nm (e.g., figure 
4, top trace). Additional exposure to 
the liquid-nitrogen bath decreased the 
intensity of these absorption peaks 
(e.g., figure 4, middle trace). 

Microscopic observation revealed 
a nearly imperceptible trace of red- 
dish residue on a natural of one of the 
diamonds. After both were thorough- 
ly cleaned in soapy water and, ulti- 
mately, acetone, they were noticeably 
lighter in color, indicating they had 
been treated with a coating that was 
removed by such a solvent. 


The cleaned diamonds now 
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Figure 4. The initial Vis-NIR spectrum for the 1.68 ct pear shape (top) 
was not consistent with a type Ila pink diamond and was weaker 
when retested after additional exposure to a liquid-nitrogen bath 
(center). After all traces of the coating were removed with soapy 
water and acetone, the spectrum showed the expected 550 nm band 
(bottom). Per standard procedure, all Vis-NIR spectra were collected 


at liquid-nitrogen temperature. 


showed the expected Vis-NIR spectra 
(e.g., figure 4, bottom trace). When 
they were color graded a second time, 
without the coating, the heart shape 
was Very Light pink and the pear 
shape Faint pink—a decrease of sever- 
al color grades for both. Despite a 
slight reduction in some broad fluo- 
rescence bands, the PL spectra 
showed no changes. This was not sur- 
prising, as surface treatments are usu- 
ally not detectable with analytical 
methods that penetrate deep into the 
diamond, such as FTIR and PL (again, 
see Shen et al., 2007). 

The treatment was undoubtedly 
meant to intensify the color of these 
pale pink diamonds, likely with the 
knowledge that the coating would not 
be permanent but the hope it would 
at least last through the grading 
process. The coating generally with- 
stood normal handling with tweezers 
and cleaning with a gem cloth, and 
some was still present after exposure 
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to the liquid-nitrogen bath. However, 
a simple but thorough cleaning with 
soapy water removed most of the 
coating, and acetone removed the 
rest. 

Sally Eaton-Magana 


SYNTHETIC DIAMOND 


Intense Purplish Pink 
HPHT-Grown/Treated 
Synthetic Diamond 


Many of the pink-to-red diamonds 
currently in the jewelry market owe 
their color to artificial treatment. 
This usually involves natural starting 
material and multiple treatment 
processes, including HPHT annealing 
combined with irradiation and 
annealing at relatively low tempera- 
tures. HPHT annealing can be used to 
create isolated nitrogen, followed by 
irradiation to create vacancies, and 
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low-temperature annealing to create 
suitable concentrations of nitrogen- 
vacancy (NV) centers, which are 
responsible for the pink-to-red color 
(e.g., Winter 2005 Lab Notes, pp. 
341-343). This technique has also 
been applied to HPHT-grown synthet- 
ic diamonds since the 1990s (e.g., 
T. M. Moses et al., “Two treated-color 
synthetic red diamonds seen in the 
trade,” Fall 1993 GWG, pp. 182-190). 
However, it appears that some HPHT- 
grown synthetic diamonds can be pro- 
duced with very low controlled nitro- 
gen concentrations for a more intense 
color appearance with after-growth 
treatments. 

The 0.20 ct round brilliant in fig- 
ure 5 was color graded Intense pur- 
plish pink at the New York laborato- 
ry. Although there were few internal 
inclusions, it had a large surface- 
reaching fracture with a cavity on the 
table and crown facets. It displayed 
strong color zoning, with zones of 
intense pink color, and fluoresced 
strong orangy red to both long- and 
short-wave UV radiation. 

Our initial observations suggested 
that this might be one of the multiply 
treated natural diamonds described 
above. The mid-IR spectrum showed 
a type Ia diamond with a very low 
nitrogen concentration. The UV-Vis 
spectrum, taken with a custom-made 
high-resolution UV-Vis spectrometer, 
indicated that the pink color was 
caused by strong NV centers at 575 


Figure 5. This 0.20 ct Intense pur- 
plish pink round brilliant proved to 
be a treated synthetic diamond. 
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Figure 6. In the DiamondView, the round brilliant in figure 5 showed a 
subtle synthetic growth structure, which was more obvious on the pavil- 
ion (left). 


and 637 nm. These strong vacancy 
centers can be produced by HPHT 
treatment, and their intensity is relat- 
ed to the amount of nitrogen in the 
diamond. Other features in the visible 
spectrum, such as a strong peak at 
595 nm, were indicative of artificial 
irradiation. All these observations 
confirmed that an irradiation/anneal- 
ing treatment was involved in intro- 
ducing the NV centers, which are 
responsible for the attractive pink 
color. These features are very similar 
to those observed in natural dia- 
monds that have undergone multiple 
treatments. 

However, careful examination 
with the DTC DiamondView 
revealed a subtle growth structure 
that was indicative of an HPHT- 
grown synthetic diamond. Seen face- 
up, the unusual growth zoning was 
suspicious but not definitive, while 
the pattern seen on the pavilion 
showed obvious multi-sectoral syn- 
thetic growth (figure 6). It appeared 
that this synthetic diamond was care- 
fully grown with a very low concen- 
tration of nitrogen (~1 ppm), but 
enough to induce the high concentra- 
tion of NV centers during post-growth 
treatments. 

Care is needed to separate these 
types of synthetic pink-to-red dia- 
monds from treated natural dia- 
monds. 

Paul Johnson 
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Large (4+ ct) Yellow-Orange 
HPHT-Grown Synthetic Diamond 


Lab-grown diamonds have improved 
dramatically in recent years. In the 
Summer 2010 Gw#G, W. Wang and 
K. S. Moe reported on the first near- 
colorless chemical vapor deposition 
(CVD)-grown synthetic diamond over 
1 ct identified by the New York labo- 
ratory (Lab Notes, pp. 143-144). Now 
we have examined a yellow-orange 
HPHT-grown synthetic diamond (fig- 
ure 7) that is also notable for its large 
size and high quality. 

The rectangular sample (9.07 x 
8.54 x 5.98 mm) weighed 4.09 ct, 
making it the largest faceted synthet- 
ic diamond submitted to the GIA 
Laboratory for testing and grading to 
date. It was color graded Vivid yellow- 
orange and had notably even color dis- 
tribution (color zoning is common in 
HPHT synthetic diamonds). Some 
strings of black pinpoint inclusions 
were seen with the microscope, and 
the clarity grade was VS,, which is 
remarkable for a large synthetic dia- 
mond. Fluorescence images collected 
using the DiamondView showed typ- 
ical synthetic growth sectors, with 
patterns of varying intensity and 
color. These features were more obvi- 
ous when viewed through the pavil- 
ion than through the table. 

The mid-IR absorption spectrum 
revealed a high concentration of pre- 
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dominantly A-form nitrogen. Also 
observed was a weak absorption at 
1344 cm! from isolated nitrogen, 
which was responsible for the yellow- 
orange color. The UV-Vis absorption 
spectrum showed a gradual increase 
in absorption from ~570 nm to higher 
energies, a typical feature caused by 
isolated nitrogen. A moderately 
strong, sharp absorption at 793.6 nm, 
attributed to a Ni-related defect, was 
also recorded, and we observed a 
weak peak at 986.2 nm from the H2 
defect. 

The predominantly A-form nitro- 
gen and the occurrence of the H2 opti- 
cal center strongly suggested growth 
at a relatively high temperature. An 
advantage to high-temperature growth 
is that it limits the development of 
growth sectors other than {111}. As a 
result, the color appears more evenly 
distributed. This sample’s size, clarity, 
and vivid, evenly distributed yellow- 
orange color were exceptional and 
demonstrate continued improvements 
in the HPHT growth technique. 

Subsequently, Gemesis president 
and CEO Stephen Lux stated that this 
was the largest cut stone the compa- 
ny had produced (M. Graff, “Gemesis 
to sell lab-grown whites to con- 
sumers,” National Jeweler, Nov. 24, 
2010). 

Wuyi Wang and Tom Moses 


Figure 7. This 4.09 ct HPHT-grown 
synthetic diamond was clarity 
graded VS, and color graded Vivid 
yellow-orange. 
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Figure 8. This 0.30 ct Vivid blue round brilliant (left) was identified as an 
HPHT-grown synthetic diamond by the growth pattern displayed in the 
DiamondView (right). It contained a Si-related defect that usually occurs 
only in CVD synthetic diamonds and is believed to result from post- 


growth treatment. 


Silicon-Vacancy Defect 

Found in Blue HPHT-Grown 
Synthetic Diamond 

Gem-quality type Ib synthetic dia- 
monds, which contain traces of boron 
and usually have a blue color, can be 
created by both HPHT and CVD 
growth processes. The Si-related lat- 
tice defect is widely considered an 
identifying feature of CVD synthetic 
diamond. At the New York lab, how- 
ever, we recently tested an HPHT- 
grown synthetic type IIb diamond 
that contained this defect. 

The 0.30 ct round brilliant (4.43 x 
4.33 x 2.67 mm) was color graded 
Vivid blue (figure 8, left). Like other 
HPHT-grown synthetic diamonds, it 
contained some pinpoint inclusions 
and showed uneven color distribu- 
tion along growth sectors that were 
clearly revealed in DiamondView flu- 
orescence images (figure 8, right). 
These were the only internal features 
seen. The mid-IR absorption spec- 
trum showed a relatively high con- 
centration of boron, consistent with 
the intense blue coloration. However, 
PL spectroscopy at liquid-nitrogen 
temperature using 514 nm laser exci- 
tation revealed clear Si-related emis- 
sion lines. The sharp peaks at 736.7 
and 737.0 nm (figure 9}, attributed to 
a [Si-V]}- lattice defect, closely matched 
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those observed in CVD synthetic 
diamonds. 

This is the first documented [Si-V]- 
defect in an HPHT-grown synthetic 
gem diamond. Its occurrence strongly 
suggests some post-growth treatment 


process. During treatment, an exist- 
ing Si impurity could have combined 
with other optical centers such as a 
vacancy and formed the [Si-V]- defect. 
As always, care is required in identi- 
fying synthetic diamonds, particular- 
ly when post-growth treatment is 
involved. 

Kyaw Soe Moe and Wuyi Wang 


Three Melee-Size 
Synthetic Diamonds 


Small synthetic diamonds pose a spe- 
cial concern in the trade, since they 
are often mixed in parcels with loose 
natural melee and are less likely to be 
sent for a lab report. A Fall 2008 GWG 
article, H. Kitawaki et al.’s “Identifi- 
cation of melee-size synthetic yellow 
diamonds in jewelry” (pp. 202-213), 
described the identification of very 
small synthetic diamonds by combin- 
ing analytical techniques with stan- 
dard gemological testing. The GIA 
Laboratory in New York recently 
examined three melee-size yellow 


Figure 9. Sharp emissions at 736.7 and 737.0 nm were detected in 
the 0.30 ct HPHT-grown synthetic diamond’s PL spectrum. These 
lines, assigned to the [Si-V]- lattice defect, correspond closely to 
those observed in CVD synthetic diamonds. 
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Figure 10. Melee-sized synthetic diamonds such as these (0.009, 0.010, and 0.080 ct) are usually 
set in jewelry as accent stones, making them difficult to identify without careful examination. 


round brilliants (0.009, 0.010, and 
0.080 ct) submitted for color origin 
reports (figure 10) that confirmed how 
challenging the identification of small 
diamonds can be. 

Microscopic examination at high 
magnification revealed that two of 
the round brilliants contained metal- 
lic flux inclusions (that were attracted 
to a magnet) and pinpoints, which are 
characteristic of synthetic diamond. 
The third sample showed no inclu- 
sions indicative of a synthetic. All 
three displayed even color zoning, 
without the hourglass growth struc- 
ture typical of synthetic diamond. 
The three samples were inert to long- 
wave UV radiation and exhibited a 
weak-to-moderate chalky yellow 
reaction to short-wave UV. None 
showed the cross-shaped green lumi- 
nescence typically seen in synthetic 
diamonds when exposed to long- and 
short-wave UV. With only limited 
evidence that these were synthetics, 
we turned to advanced testing. 

Infrared absorption spectroscopy 
revealed that all three samples were 
type Ib, as expected for HPHT synthet- 
ic diamonds, with moderate concen- 
trations of isolated nitrogen. Exami- 
nation with the DTC DiamondView 
showed growth structures that con- 
firmed they were synthetics, with 
much weaker fluorescence in the {110} 
and {113} growth sectors (figure 11). 

It is important for the trade to be 
aware of the presence of melee-size 
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synthetic diamonds, which are nor- 
mally used as accent stones in jewel- 
ry. They may require careful exami- 
nation to identify. When standard 
gemological testing proves inconclu- 
sive, advanced laboratory analysis is 
needed. 


Jason Darley, Sally Chan, and 
Michelle Riley 


Artificial Metallic Veining in 
MANUFACTURED GEM MATERIALS 
The Carlsbad laboratory recently 


Figure 11. This DiamondView 
image of the 0.010 ct sample dis- 
plays a typical synthetic diamond 
growth structure, with much 
weaker fluorescence in the {110} 
and {113} growth sectors. 
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examined one purple and one green- 
ish blue cabochon (26.24 and 6.11 ct) 
manufactured from turquoise, plastic, 
and metal flakes (figure 12). While 
composite turquoise is becoming 
increasingly common in the gem 
trade, this was the first time we had 
encountered artificial metallic vein- 
ing in this material. 

The gemological properties of the 
cabochons—especially the spot RIs of 
1.58 (the purple cab) and 1.60 (the 
greenish blue]|—were consistent with 
those of impregnated turquoise, 
which can have a refractive index 
lower than that of untreated material 
(1.61-1.65) due to the plastic impreg- 
nation. When exposed to long-wave 
UV radiation, the purple cabochon 
fluoresced moderate-to-strong orange 
and the greenish blue cabochon fluo- 
resced weak blue. Microscopic exam- 
ination of the purple cabochon 
showed obvious veins of red plastic. 
Plastic veining was also observed in 
the greenish blue cabochon, but those 
veins appeared colorless. With the 
exception of the metallic veining, this 
purple material was similar to that 
reported earlier this year (Spring 2010 
Lab Notes, pp. 56-57). 

Closer inspection of the metallic 
veining in both stones revealed that 
these veins were actually composed 
of fine flattened particles of metal sus- 
pended in a plastic. These flakes typi- 
cally were aligned parallel to the walls 
of the veins (figure 13) and showed a 
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During the last century the Pueblo In- 
dians have worn bits of coral in their neck- 
laces, either in combination with silver 
beads or interspersed with shell and tur- 
quoise. This is also true of the Navajo, but 
it is not mentioned among the eighteen 
sacred objects which they prize so highly. 

Contemporary Indian craftsmen, however, 
find little use for genuine coral. Only occa- 
sionally will one find a small piece (gen- 
erally the Mediterranean variety) set in a 


silver mounting of a ring or brooch, usually: 


by the Zuni tribe of New Mexico. But this 
is the rare exception rather than the rule 
and is considered merely incidental to the 
article as a whole. The red portions of the 
better quality Indian brooches and mosaic 
rings on the market today consist of pieces 
of the red abalone or spiny oyster shell, the 
same material that was popular prior to the 
Spanish invasion, while the ultra-modern, 
less expensive ornaments may contain col- 
ored plastic or other man-made materials 
which simulate genuine coral. 

Antique necklaces, consisting entirely of 
coral beads, are extremely rare at the present 
time, and always command a high price 
among dealers and collectors. 

It is generally agreed among anthropolo- 
gists that much of the importance given to 
coral and shell by the Indians resulted from 
their instinctive worship of anything asso- 
ciated with water, for to water these people 
of the semi-arid Southwest owed their very 
existence. Even today this concept still exists 
in the form of religious and ceremonial 
symbols representing clouds, lightning, fish, 
turtles, and other objects suggestive of 
water. In former times long pilgrimages 
were: made to the Pacific for the express 
purpose of obtaining sea water for use in 
certain tribal ceremonies. 

The superstitions associated with coral are 
many and varied. Not only was it important 
from the standpoint of beauty, but it was 
used extensively for medicinal purposes. 
Ground to a fine powder and mixed with 
water or wine, coral was said to cure a wide 
assortment of human ills. 


¢ Navajo necklace of crudely: fashioned 
red coral beads. Late 18th century 
Southwest Museum, Los Angeles. 


That coral possessed the power to ward 
off evil, impart wisdom, staunch the flow 
of blood, and drive off fever are represen- 
tative of the numerous beliefs that once 
persisted. 

Among the Romans, branches of coral 
were hung around children’s necks to pre- 
serve them from danger. A belief in the 
potency of coraleas a charm continued to be 
entertained throughout medieval times, and 
even in this century in Itrly coral has been 
worn as a preservative frum the eyil eye 
and by females as a cure for sterility. Al- 
though Pliny points with scorn to most of 
the exaggeration of the magicians of his 
day regatding the charms of gem materials, 
he relates their claims that coral quiets the 
waves of the sea and makes it calm. Further, 
he tells how they claim that it preserves 
the wearer from lightning and terrible 
tornadoes, 

During the height of the Roman civiliza- 
tion it was an accepted fact that a dog’s 
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Figure 12. Artificial metallic veining is prominent in both of these 
composite turquoise cabochons (6.11 and 26.24 ct). 


finely foliated structure. Similar- 
appearing material was recently 
reported by G. Choudhary (Summer 
2010 GwG, pp. 106-113), but the 
metallic veining was not identified. 
By contrast, natural turquoise occa- 
sionally contains black or brown 
veins of limonite and also grains of 
pyrite. 

With client approval, small sam- 
ples were collected from the purple 
and greenish blue host material for 
advanced testing. Mid-IR  spec- 
troscopy confirmed that they were 
turquoise. To identify the metallic 
component, we removed small areas 
of those veins and analyzed them 


Figure 13. The metallic veins in 
this composite turquoise cabochon 
are composed of tiny copper flakes 
suspended in a plastic resin. Note 
the fine foliation of the flakes. 
Magnified 60x. 
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using energy-dispersive X-ray fluores- 
cence (EDXRF) spectroscopy. The yel- 
low metal from the greenish blue 
cabochon was identified as copper; 
also present in the turquoise host 
were fragments of pyrite. The only 
element detected in the white metal 
from the purple cabochon was zinc. 
This type of artificial metallic 
veining has also been seen recently in 
imitation lapis lazuli. Diane Hankin- 
son loaned GIA a 36.43 ct pierced 
carving of what she assumed to be 
natural lapis lazuli (figure 14). The 
testable gemological properties were 
in the range of those published for the 
natural material, but magnification 
revealed a manufactured structure of 
finely ground blue fragments punctu- 
ated by small areas of brassy metallic 
veining. Magnification of the veins 
revealed the same finely foliated 
structure as in the turquoise veining 
described above. EDXRF testing of the 
vein material confirmed the presence 
of both copper and zinc, the major 
components of brass. This veining 
was obviously used to simulate pyrite 
in natural lapis lazuli, and was quite 
convincing without magnification. 
As the popularity of turquoise and 
other affordable ornamental gem 
materials grows, there will be an ever- 
increasing number of treatments to 
make a competitive saleable product. 
Adding metallic veining is surprising- 
ly effective at creating interesting and 
sometimes natural-appearing manu- 
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factured gem materials. Although we 
have only seen this technique in com- 
posite turquoise and imitation lapis, 
it could be readily applied to other 
materials, such as gold-veined quartz 
or composite coral. The structure of 
the vein, characterized by fine metal 
flakes in a plastic suspension, pro- 
vides visual evidence that the item 
has been manufactured. 

Nathan Renfro and Phil Owens 


A Rare Natural Green PEARL 


Natural pearls are quite rare, and 
those with a natural green color are 
rarer still. Even then, the color tends 
to be greenish gray, where gray is the 
dominant hue. The Bangkok laborato- 
ry recently examined a green-gray 
round pearl (figure 15) that measured 
10.35 x 9.98 x 9.18 mm (6.72 ct). The 
pearl was mounted with a 0.70 ct D- 
color SI, diamond in a yellow and 
white metal pendant suspended from 
a linked chain interspersed with natu- 
ral “seed” pearls. 


Figure 14. This 36.43 ct pierced 
carving of imitation lapis also 
showed artificial metallic veining 
caused by microscopic metallic 
flakes suspended in a plastic resin 
(inset, magnified 60x). The metal 
is a brass alloy 
composed of 
copper and zinc. 
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Figure 15. This 10.35 x 9.98 x 9.18 
mm (6.72 ct) natural pearl had a 
rare untreated green-gray color. 


Microscopic examination of the 
pearl revealed overlapping platelets of 
aragonite that varied from green to 
blue-green, with none of the artificial 
color concentrations at the platelet 
edges that would indicate dye (figure 
16). It fluoresced a dull, mottled green 
to long-wave UV radiation and was 
inert to short-wave UV. Micro- 
radiography revealed the concentric 
growth structures characteristic of 
natural origin. We used EDXRF to 
determine the Mn and Sr concentra- 


Figure 16. The surface structure of 
the green-gray natural pearl 
revealed serrated black lines 
against a green background, 
denoting the edges of overlapping 
platelets of nacre. Magnified 180x. 
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tions and thereby establish whether 
the pearl formed in a saltwater or 
freshwater mollusk. EDXRF detected 
77 ppmw Mn and 2.148 ppmw Sr, indi- 
cating a saltwater origin. 

The pearl’s Raman spectrum con- 
tained a major peak at 1087 cm and 
a doublet situated at 703.6 and 706.9 
cm-!, confirming that the outer 
platelet layer was composed of arago- 
nite, the norm for natural saltwater 
pearls. The pearl’s UV-Vis reflectance 
spectrum showed troughs at 229, 2.82, 
343, 489, and 834 nm, extending from 
the near-infrared through the visible 
and UV regions. These features are 
not found in typical spectra for 
Pinctada margaritifera pearls, which 
have a reflectance trough at 700 nm. 
Because the reaction to long-wave UV 
did not match that expected for pearls 
from Pteria sterna, the most likely 
mollusk host is Pinctada mazatlani- 
ca, the black-lipped oyster from Baja 
California, Mexico. 

Kenneth Scarratt 


Rock Containing 
RICHTERITE and SUGILITE 


In the laboratory, where we typically 
examine homogeneous materials, it is 


Figure 17. This 5.59 ct modified 
triangular step cut proved to be a 
rock composed primarily of rich- 
terite and sugilite. 
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interesting to encounter a combina- 
tion of minerals in a single stone. The 
Carlsbad laboratory recently received 
such a specimen, a 5.59 ct translucent 
dark blue and purple modified trian- 
gular step cut that was submitted for 
identification (figure 17). In addition 
to its purple and blue sections, the 
stone contained a brown accessory 
mineral; overall, it had a slightly lay- 
ered structure (figure 18). 

The blue and purple sections had 
spot RIs of 1.62, and 1.61, respectively. 
In the handheld spectroscope, the blue 
portion displayed a weak 540-580 nm 
band and a strong 650-680 nm band, 
while the purple section showed a 550 
nm band. Raman spectra yielded good 
matches with richterite for the blue 
mineral, sugilite for the purple miner- 
al (consistent with the 550 nm absorp- 
tion band), and aegirine for the brown 
accessory mineral. 

Richterite (Na[CaNa|Mg.Si,O,,[OH],) 
belongs to the amphibole group; 
blue richterite is a potassium-bearing 
version of the mineral. Sugilite 
(KNa,[Fe,Mn,Al],Li,Si,,O,,) is from 
the milarite group, while aegerine 
(NaFeSi,O,) is in the pyroxene group. 
All three minerals have commonali- 
ties in their chemical composition 
and mode of formation, so finding 
them together in one rock is not too 
surprising. The client suggested that 
the rock might be from the Wessels 
mine in South Africa, which is 
known for yielding potassian rich- 
terite and sugilite. 

Alethea Inns 


Lead Glass—Filled RUBY Damaged 
During Jewelry Repair 

Ruby filled with lead glass has been 
the source of much concern in the 
jewelry industry for several years. 
One of the main reasons is that the 
filler material is not durable—tests 
have shown that it is highly suscepti- 
ble to damage from solvents, even rel- 
atively mild ones such as lemon juice. 
The initial study of the durability of 
these stones (S. F McClure et al., 
“Identification and durability of lead 
glass-filled rubies,” Spring 2006 
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Figure 18. The stone in figure 17 showed a sharp boundary between the blue richterite and purple 


sugilite in some areas (left), and an intergrowth (center) or layered structure (right) with brown 


aegirine in others. Magnified 15x. 


Ge&G, pp. 22-34) found that jeweler’s 
pickling solution rapidly etched the 
lead glass filler at the surface. To pre- 
vent such damage, we recommended 
that jewelers remove all rubies treated 
in this way from their settings before 
undertaking repair procedures. 

Of course, to follow that advice 
one would first need to know a ruby 
has been treated by this method. It is 
unfortunate that sometimes a jeweler 
will not examine a stone thoroughly 
enough or will depend on what the 
client says about it. Inevitably, this 
practice leads to problems. 

One such case is illustrated in fig- 
ure 19. This ~6 ct ruby was sent to the 
Carlsbad lab because it had been dam- 
aged during repair procedures and the 
jeweler wanted to know what had 
happened. While the exact circum- 


Figure 19. This ~6 ct lead 
glass-filled ruby appears to have 
been damaged by immersion in 
jeweler’s pickling solution. 
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stances were not revealed to us, the 
appearance of the stone suggested it 
was left in the setting during soldering 
or retipping and subsequently placed 
in a pickling solution for cleaning. 
This is standard procedure and usual- 
ly will not harm a ruby. As outlined 
above, however, rubies filled with lead 
glass are certain to be damaged, caus- 
ing a significant change in the stone’s 
appearance and a very unhappy client. 
As far as we know, these stones can- 
not be retreated once they are dam- 
aged; in this case, it appears that some- 
one tried to hide the damage by apply- 


Figure 20. A red substance applied 
at the surface of the fractures may 
have been intended to disguise the 
damage to the ruby. Field of view 
~1.1 mm. 
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ing a red substance (possibly ink) to 
the surface, hoping it would penetrate 
into the fractures (figure 20) and make 
them less visible. If that was the 
intent, it did not succeed. 

Shane F. McClure 


Natural SAPPHIRE with a 

Sapphire Inclusion 

Of the many sapphires submitted to 
the Bangkok laboratory for identifica- 
tion, a 43.05 ct blue cushion cut 
received recently proved to be partic- 
ularly unusual. The RIs of 1.760 and 
1.769, together with a hydrostatic SG 
of 3.99, identified it as corundum. But 
microscopic observation revealed a 
very interesting inclusion. 

Under the crown and just below 
the girdle, we found a crystal with the 
hexagonal shape typical of sapphire. 
And this inclusion had inclusions of 
its own (figure 21). The area where the 
crystal reached the surface (part had 
been removed during cutting) showed 
a uniform luster with the host, sup- 
porting its identification as sapphire. 
Further examination of both the host 
and the included crystal using Raman 
microspectroscopy confirmed both 
were corundum. The included sap- 
phire crystal contained exsolved nee- 
dles, many colorless crystals, and 
some secondary fluid inclusions (fig- 
ure 22). By contrast, the host sapphire 
was relatively free of internal features. 
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Figure 21. This sapphire crystal is 
included in a 43.05 ct blue sap- 
phire (magnified 20x). 


A variety of inclusions are com- 
mon in sapphires, but included crys- 
tals with their own inclusions are sel- 
dom encountered. This is the first 
sapphire in sapphire this contributor 
has seen. 

Garry Du Toit 


SYNTHETIC SPINEL and 
SYNTHETIC RUBY Doublet 


The Carlsbad lab has seen a number 
of corundum doublets over the years, 
most with natural corundum crowns 
and synthetic corundum pavilions. 
We have also encountered colorless 
spinel crowns attached to a variety of 
materials. 

We recently received a 4.85 ct red 
specimen for identification. Standard 
gemological testing produced refrac- 
tive indices of 1.725 on the crown and 


Figure 23. These gas bubbles are 
trapped in a colorless, transparent 
layer of glue along the separation 
plane between the doublet’s two 
layers. Curved striae from the syn- 
thetic ruby pavilion are also visi- 
ble. Magnified 22.5x. 
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Figure 22. At 50x magnification, 
needles, crystals, and secondary 
fluid inclusions can be seen inside 
the included sapphire crystal. 


1.760-1.770 on the pavilion. Viewed 
face-up with magnification, the sam- 
ple revealed a single plane of transpar- 
ent, colorless glue with planar gas bub- 
bles (figure 23). The glue layer separat- 
ed a blue crown from a red pavilion. 
The separation plane was easily visible 
in reflected light (figure 24). These 
results indicated an assembled stone. 
The crown showed a slightly dif- 
ferent luster from the pavilion when 
viewed with reflected light. Com- 
bined with the properties mentioned 
above, the curved striae indicated 
synthetic spinel. The pavilion had a 
large fracture that terminated at the 
crown, making the doublet even 


Figure 24. In reflected light, the 
separation plane between crown 
and pavilion is obvious. 
Magnified 40x. 
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Figure 25. Immersed in water, the 
4.85 ct doublet displays different 

colors in the crown and pavilion, 

and an abrupt termination of the 
fracture at the crown. 


more apparent. Also evident in the 
pavilion were gas bubbles and curved 
striae, both typical of flame-fusion 
synthetic ruby. When viewed with 
immersion, the two components of 
the doublet were obvious (figure 25). 

The two components also reacted 
differently to UV radiation. The 
crown was inert, while the pavilion 
showed moderate red fluorescence 
when exposed to long-wave UV radia- 
tion. With short-wave UV, the crown 
showed moderate chalky green fluo- 
rescence, typical of synthetic spinel, 
while the pavilion had a weak-to- 
moderate red reaction. 

It was unclear what gem this dou- 
blet was intended to imitate—per- 
haps red spinel. We were surprised to 
see a doublet with a synthetic crown 
and pavilion, since it is unlikely to 
pass for a natural material. 

Alethea Inns 
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COLORED STONES AND 
ORGANIC MATERIALS 


Amber with mineral inclusions. Besides its use as a gem 
material, amber has scientific value because of the wide 
variety of inclusions it contains. However, most such 
inclusions are organic in nature. Inorganic inclusions are 
rare, though pyrite and quartz have been reported (e.g., E. J. 
Gibelin and J. I. Koivula, Photoatlas of Inclusions in 
Gemstones, 2nd ed., ABC Edition, Zurich, 1992, pp. 
212-228). 

Recently, two transparent yellow samples (189.35 and 
115.33 ct) with an unusually wide variety of inclusions— 
including some with a metallic appearance (figure 1)—were 


Figure 1. In addition to a variety of organic materials, 
these two samples of Baltic amber (189.35 and 115.33 
ct) contain inclusions of pyrite and other minerals. 
Photo by Li Haibo. 
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submitted to the NGTC Gem Laboratory for identification 
reports. Among the internal features were trapped insects, 
gas bubbles, reddish brown flow lines, plant debris, and 
minerals. Those with a metallic luster occurred in various 
sizes and shapes, and two were large enough to be seen 
with the unaided eye (again, see figure 1). With magnifica- 
tion, we observed a large number of round metallic inclu- 
sions, measuring several microns to several hundred 
microns, in one piece; a few reached the surface of the host 
and showed a “golden” metallic luster (figure 2). In the 
other sample, the metallic inclusions were interspersed 
with other minerals and organic material. 

The specimens fluoresced chalky blue to both long- 
and short-wave UV radiation, while the surface-reaching 
metallic inclusions were inert. Both samples had unpol- 
ished areas, making it easy to remove a minute amount of 
material for FTIR analysis. The spectra showed two char- 
acteristic peaks, at 1735 and 1157 cm7|, indicating that the 
specimens were Baltic amber. Energy-dispersive X-ray flu- 
orescence (EDXRF) spectroscopy of the metallic inclusions 
suggested pyrite, as both Fe and S were identified. The 
inclusions’ Raman spectra showed two strong, sharp peaks 
at 372 and 339 cm:!, with a weak peak at 425 cm7!; these 
features are also characteristic of pyrite. Analysis of the 
other mineral inclusions in the 189.35 ct sample by 
Raman spectroscopy and microscopic examination 
between crossed polarizers identified them as feldspar, 
quartz, and jet (figure 3). 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu or 
GIA, The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. Original photos will be returned after 
consideration or publication. 


GEMS & GEMOLOGY, Vol. 46, No. 4, pp. 309-335. 
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Figure 2. Where they reach the surface of the samples, 
the pyrite inclusions show a “golden” metallic luster. 
Photomicrograph by Li Haibo; magnified 100x. 


In November 2010, a Burmese amber sample submit- 
ted to our laboratory displayed similar pyrite inclusions. 

Li Haibo (Ihb@ngtc.gov.cn), Lu Taijin, 

Shen Meidong, and Zhou Jun 

National Gemstone Testing Center Gem Laboratory 

Beijing, China 


Additional field research on Tibetan andesine. In late 
September 2010, an international group investigated ande- 
sine occurrences in Tibet in an effort to resolve the contro- 
versy over the origin of red andesine from China. The 
group was organized by coauthor AA and hosted by miner 
Li Tong and his wife, Lou Li Ping. It also included Richard 


Figure 3. Microscopic examination of the larger amber 
sample between crossed polarizers reveals additional 
inclusions, composed of feldspar, quartz, pyrite, and 
jet. Photomicrograph by Li Haibo; magnified 100x. 


Feldspar 


310 GEM NEWS INTERNATIONAL 


Hughes (Sino Resources Mining Corp., Hong Kong), Flavie 
Isatelle (geologist, France), Christina Iu (M. P. Gem Corp., 
Kofu, Japan), Thanong Leelawatanasuk (Gem & Jewelry 
Institute of Thailand, Bangkok), Young Sze Man (Jewellery 
News Asia, Hong Kong}, and coauthor BML. The group 
flew from Guangzhou, China, to Lhasa, Tibet, and then 
drove west for ~7 hours (350 km) to Shigatse, Tibet’s sec- 
ond-largest city. The andesine mining area is located about 
1.5 hours’ drive from Shigatse. Paved roads lead to within 
1-3 km of all three reported Tibetan andesine localities: 
Bainang, Zha Lin, and Yu Lin Gu (see table 1 for GPS coor- 
dinates). 

The Bainang mine, allegedly Tibet’s principal source of 
andesine, was visited by one of us in 2008 (see Winter 2008 
Gem News International, pp. 369-371; A. Abduriyim, 
“The characteristics of red andesine from the Himalaya 
highland, Tibet,” Journal of Gemmology, Vol. 31, No. 5-8, 
2009, pp. 283-298). The deposit is located ~2.2 km south- 
west of Nai Sa village, where we saw ~10 kg of material 
that local people claimed to have collected and stockpiled 
over the past three years. We were told most of the mining 
at Bainang took place in 2005-2008 and was organized by 
Li Tong. Unfortunately, we were forbidden from visiting 
the deposit by a powerful local lama, despite having official 
permission from the Chinese government and police 
escorts. 

The Zha Lin deposit is located adjacent to a village of 
the same name. Reportedly it was mined by local people 
in 2006-2008 using simple hand tools, and ~2, tonnes of 
andesine were produced there. (Author AA did not visit 
the deposit in 2008 because Li Tong was not yet aware of 
it.) We saw a series of shallow pits in the mining area, but 
there was no evidence of recent digging. The deposit is 
hosted by medium-gray silty soil (figure 4, left) that under- 
lies alluvial material consisting mainly of shale and mud- 
stone with less-common quartz vein material. The 
authors dug two small pits (~0.7-1.2 m maximum depth) 
where we saw pieces of andesine on the surface, and many 
pieces were found at depth in both of them. We also dug 
three pits in random areas of alluvium (under thorn bush- 
es) located 30-50 m upslope from the mining area where 
there was no surface evidence of andesine or prior digging 
(figure 4, right). These pits ranged up to 0.3 m deep, and 
andesine was found below the surface in two of them. 


TABLE 1. Location of reported Tibetan andesine 
occurrences. 


Location GPS coordinates Elevation 
Bainang 29°02.48'N, 89°22.25'E 4,100 m (13,452 ft.) 
(south mine) 
29°02.72'N, 89°22.11'E 4,076 m (13,378 ft.) 
(north mine) 
Zha Lin 29°03.95'N, 89°20.88’E 3,929 m (12,891 ft.) 
Yu Lin Gu 29°03.08'N, 89°20.76’E 4,102 m (13,460 ft.) 
GEMS & GEMOLOGY WINTER 2010 
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Figure 4. Shallow pits dug in silty soil appear 


to be the source of andesine at the Zha Lin deposit (left). 


The site of one of the random test pits near Zha Lin from which the authors recovered andesine is 


shown on the right. Photos by B. M. Laurs. 


As seen previously in andesine allegedly of Tibetan origin, 
all the rough material appeared waterworn and ranged 
from pale to deep red, with a few pieces containing bluish 
green areas. 

At Yu Lin Gu, we found andesine scattered across an 
alluvial fan (figure 5) located ~2 km up-valley from Zha 
Lin. Reportedly ~200 kg of andesine have been collected 
there by local people since 2006, with no organized min- 
ing; the andesine has only been picked up from the sur- 
face. We collected several pieces that were locally concen- 
trated in patches consisting of 4-10+ pieces per square 
meter. Most were found on raised portions of the dissected 
alluvial fan, and also in an active intermittent creek on 
one side of the fan. We recovered andesine from the sur- 
face or slightly below the surface in loose silty soil, but no 
stones were found when we dug pits into the alluvial fan. 
The range of color and degree of rounding in these pieces 
were similar to what was seen in the material from Zha 
Lin, but many were less saturated (figure 6). 

We were unable to verify whether Yu Lin Gu is a true 
andesine deposit because we could not find samples at 
depth. At Zha Lin, our discovery of andesine within pits 
dug in random, previously unexplored areas near the 
reported mining area is consistent with what we would 
expect for a genuine Tibetan andesine deposit. The original 
source rock for the andesine was not evident in the area, 
and it may have eroded away. Our final conclusion regard- 
ing the controversies surrounding Tibetan andesine will 
depend on the laboratory analyses of samples obtained on 
this expedition. 

Ahmadjan Abduriyim (ahmadjan@gaaj-zenhokyo.co.jp) 
Gemmological Association of 
All Japan — Zenhokyo, Tokyo 


Brendan M. Laurs 
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Aquamarine and heliodor from Indochina. In June 2010, 
Jack Lowell (Colorado Gem & Mineral Co., Tempe, 
Arizona) informed GIA about some attractive gem-quality 
crystals of aquamarine and heliodor from Indochina (fig- 
ures 7 and 8). According to his supplier (Tan Pham, 
Vietrocks.com, Philadelphia), good-quality aquamarine 
was mined in 2008 from northern Vietnam, from separate 
areas in the neighboring provinces of Thanh Hoa and 
Nghe An. The Thanh Hoa finds are located in Thuong 
Xuan District, while the Nghe An deposits are in Que 
Phong District. Aquamarine from Nghe An was also pro- 
duced in 2003-2004; the more recent crystals range up to 


Figure 5. At Yu Lin Gu, andesine was found on the 
surface of this alluvial fan. Photo by B. M. Laurs. 
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Figure 6. These andesines were recovered by the authors from the Zha Lin (left, 0.10-1.14 g) and 
Yu Lin Gu (right, 0.25-1.55 g) localities in Tibet. Photos by Robert Weldon. 


Figure 7. Fine aquamarine crystals such as these (up 
to 8.9 cm long) have been produced from a relatively 
new deposit in Thanh Hoa Province, Vietnam. Photo 
by Jack Lowell. 
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20 cm long. Matrix specimens (associated with smoky 
quartz) have been recovered only rarely (from Thanh Hoa) 
due to the weathering of the pegmatite host rocks. Mr. 
Lowell indicated that the Thanh Hoa deposit has yielded 
substantially more production than Nghe An (specific data 
were unavailable), and that crystals from the latter deposit 
are a darker blue. Clean gemstones up to ~35 ct have been 
faceted from the Vietnamese aquamarine. 

Well-formed crystals of heliodor (e.g., figure 8) were 
recently produced from another area in Southeast Asia, 
which Mr. Pham suspects is Cambodia. The crystals were 
first noted on the Vietnamese market with a third-party 
source in 2007; those seen by Mr. Pham ranged up to 7.5 
cm long. This heliodor, as well as the aquamarine 
described above, has been popular with Chinese buyers. 

Brendan M. Laurs 


Dark blue aquamarine from Tsaramanga, Madagascar. In 
July 2009, 300 kg of dark blue aquamarine were recovered 
from a pegmatite at Tsaramanga, in central Madagascar. 


Figure 8. These gem heliodor crystals (up to 7.5 cm 
long) are from Southeast Asia. Photo by Jack Lowell. 


— ——— 
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The mine (figure 9) is located 5 km from the village of 
Mahaiza, in the Betafo district. Tsaramanga was first 
mined by the Germans in the 1920s for tourmaline (black, 
yellow, and green), pink beryl, and other gem minerals. 
Today the main production is rose quartz from the peg- 
matite’s core zone (figure 10, left), but occasional concen- 
trations of large (up to 1.5 m long and 40 cm in diameter} 
dark blue aquamarine crystals are uncovered (e.g., figure 
10, right). Some beryls showing multiple colors have also 
been discovered, though not of gem quality. 

The geology of the area consists of gabbros that are 
intruded by feldspar-rich pegmatites and some large veins 
of quartz. There are two types of pegmatites, defined by 
their mica content: muscovite bearing (with aquamarine) 
and biotite-phlogopite bearing. The main open pit at 
Tsaramanga measures ~70 x 20 m, and is worked by a 
team of 10-12 miners using pneumatic drills and hand 
tools such as hammers and steel bars. 

About 10% of this recent aquamarine production was 
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Figure 9. The 
Tsaramanga peg- 
matite mine in cen- 
tral Madagascar has 
produced notable 
finds of dark blue 
aquamarine in 
recent years. Photo 
by De Rosnay. 


facetable, while 60% was cabochon and carving grade, and 
the remaining material was fractured and opaque. The 
unusually dark color of the aquamarine makes this mine 
noteworthy. Although the kilogram-size beryl crystals 
(e.g., figure 11) are highly fractured due to their formation 
within quartz and feldspar rather than open pockets, they 
typically contain substantial gemmy areas (figure 11, inset) 
that can yield attractive faceted stones up to ~6—7 ct. 
Flavie Isatelle (flavie.isatelle@gmail.com) 
Avignon, France 


Diopside from Pakistan. In 2007, gem dealer Farooq 
Hashmi (Intimate Gems, Jamaica, New York) obtained a 
parcel of pale yellowish green rough in Peshawar, 
Pakistan. The seller indicated that it was from a new find 
in the Northern Areas of Pakistan (now called Gilgit- 
Baltistan), but he did not know the identity of the materi- 
al. The 200 g parcel contained pieces weighing ~1-5 g. Mr. 


Figure 10. The main pit 
at Tsaramanga (left) is 
mined primarily for rose 
quartz, but occasional 
concentrations of large 
dark blue aquamarine 
crystals (right) have 
been discovered. Photos 
by F. Isatelle 
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collar, set with coral and flint, acted as a 
positive remedy for hydrophobia! ‘Still an- 
other belief, reported by Kunz to have been 
contained in an old pharmacopoeia, concerns 
the preparation and use of a “Tincture of 
Coral.” After a lengthy and tedious process 
of heating a branch of coral in melted wax 
and steeping the resultant product in alco- 
hol, a red liquid was eventually produced. 
Not only was it said to be an excellent 
tonic but, by causing perspiration and diu- 
retic action, it was supposed to have had 
the power to drive “bad humors” from 
the body. 

Among the more widespread beliefs of 
early centuries was the theory that red coral 
changed its hue in conformance with the 
condition of the wearer's health. According 
to the writings of Johann Wittich, a Ger- 
man physician of the sixteenth century, the 
validity of this concept was exemplified by 
the death of a patient whose red coral neck- 
lace turned whitish with the onset of sick- 
ness, then a dirty yellow, and finally with 
the coming of death, became covered with 
black spots. 

Popular in eighteenth century France was 
a necklace known as a pater de sang (blood 
rosary), which was supposed to check hem- 
orrhages. In a volume treating of supersti- 


tions of the period, however, the anonymous 
author questioned the practicability of the 
rosary. Assuming that the beneficial effect 
could only be produced by thickening the 
blood, he reasoned that the detriments might 
very well outweigh the advantages—for if 
the rosary possessed the power at one time 
it must possess it constantly, therefore ren- 
dering the overall action very dangerous! 
Superstition dictated that, in order to 
retain its remarkable powers as an amulet, 
coral must not have been carved or other- 
wise worked by man. In addition, it had to 
be worn in a conspicuous place. Once 
broken, the magic powers no longer existed. 
In early day Persia, odor played an im- 
portant part in distinguishing imitation 
from genuine coral—not without the smell 
of sea water could it be genuine. The Per- 
sians also believed that the precious red 
coral did not acquire its characteristic color 
until it had been removed from the sea. 
Among the Chinese and Hindus, coral was 
held in high esteem since it was used to 
ornament the images of their gods. 
Together with turquoise and amber, coral 
tanks as one of the most popular gem 
materials with the people of Tibet. Aside 
from its esthetic value it has a deep relig- 
ious significance, red being symbolical of 


* Portion of Tibetan head ornament 
with coral and turquoise from 17th to 
19th centuries. Metropolitan Museum of 
Art. 
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Figure 11. This specimen of aquamarine in rose 
quartz matrix shows the unusually dark color of the 
material from Tsaramanga. Such crystals typically 
contain abundant fractures with small gem-quality 
areas (see inset). Photos by De Rosnay. 


Hashmi saw another parcel of this material with the same 
dealer during a subsequent trip in mid-2008, but it was of 
inferior quality. 

Mr. Hashmi loaned GIA two well-formed crystals and 
a 1.97 ct round brilliant, faceted by Robert Buchannan 
(Hendersonville, Tennessee; see the _ GwG Data 
Depository at _gia.edu/gandg for faceting notes), which are 
shown in figure 12. Standard gemological testing gave the 
following properties: color—light yellowish green to yel- 


Figure 12. These three samples (the round brilliant 
weighs 1.97 ct), reportedly from northern Pakistan, 
proved to be diopside. Photo by Robert Weldon. 
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lowish green; pleochroism—none; RI—n, = 
1.670-1.675 and n, = 1.695-1.698; birefrin- 
gence—0.025-0.028; hydrostatic SG—3.27; 
Chelsea filter reaction—none; fluores- 
cence—inert to long- and short-wave UV 
radiation; and a fine absorption line at 505 
nm visible with the desk-model spectroscope. These prop- 
erties are consistent with diopside (R. Webster, Gems, 5th 
ed., rev. by P. G. Read, Butterworth-Heinemann, Oxford, 
UK, 1994, pp. 330-331). Microscopic examination 
revealed strong doubling in the faceted stone (and no 
inclusions), while the two crystals contained “finger- 
prints” and iron-stained fractures. 

EDXREF spectroscopy of the three samples showed the 
presence of Si, Mg, Ca, Fe, Al, and Cr. Laser ablation—induc- 
tively coupled plasma—mass spectrometry (LA-ICP-MS) 
analysis indicated a similar composition and revealed 
traces of V. Previous research on pyroxenes by E. Huang et 
al. (“Raman spectroscopic characteristics of Mg-Fe-Ca 
pyroxenes,” American Mineralogist, Vol. 85, 2000, pp. 
473-479) confirmed that Raman spectroscopy can differen- 
tiate diopside from other minerals in the (Mg,Fe,Ca)-pyrox- 
ene group, such as enstatite, ferrosilite, hedenbergite, and 
wollastonite. The Raman spectra of these three samples 
showed diopside vibration modes similar to those pub- 
lished in Huang et al. (spectra are available in the G#G 
Data Depository). We therefore identified the material as 
diopside. 

Pamela Cevallos (pcevallo@gia.edu) 
GIA Laboratory, New York 


Record-breaking emerald discovered in Hiddenite, North 
Carolina. Although the area around Hiddenite, North 
Carolina, has historically produced some exquisite mineral 
specimens, gem-quality emeralds from this localitiy are 
exceedingly rare and highly sought-after by collectors. 
Until recently, the largest known faceted example was an 
18.88 ct pear shape, named the Carolina Queen. The ~14 g 
rough from which it was cut was found in the fall of 1998 
at the Rist mine, now called the North American Emerald 
mine. This same crystal also produced a 7.85 ct oval named 
the Carolina Prince, which sold for $500,000 to a collector 
with family ties to the town of Hiddenite. 

In August 2009, a 62.01 g gem-quality emerald crystal 
was discovered in decomposed soil at the Adams Farm (fig- 
ure 13), previously known primarily as a source of hidden- 
ite (green Cr-bearing spodumene). Miner Terry Ledford and 
landowner Renn Adams unearthed the emerald from a 
depth of 4.3 m while pursuing the seams that occasionally 
lead to pockets containing hiddenite. The discovery 
occurred in an open field near an overgrown exploration 
site originally developed by Dr. William Hidden, who was 
reportedly dispatched to the area by Thomas Edison to 
procure platinum for his light bulb filaments. Together Dr. 
Hidden and Dr. George Frederick Kunz—the well-known 
late 19th/early 20th century gemologist-author—identified 
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63 different gems and minerals in the Hiddenite area. 

The rough emerald exhibited rutile crystals on some 
faces, a classic signature of North Carolina emerald. After 
several weeks of study, the owners decided to cut the 
largest gem possible and enlisted the services of Jerry Call, 
an experienced cutter who had also faceted the 13.14 ct 
pear-shaped Carolina Emerald acquired by Tiffany & Co. in 
the 1970s. The result was a free-form step cut that weighed 
an impressive 74.66 ct, anew North American record. 


Figure 14. The recut emerald, named the Carolina 
Emperor, is shown with an enlarged image of the 
60+ ct Catherine the Great Emerald brooch on the 
cover of this Christie’s catalog dated April 22, 2010. 
Photo by C. R. Beesley. 
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Figure 13. Miner Terry 
Ledford displays the 
large emerald crystal 
next to the pocket 
where it was found in 
August 2009 in 
Hiddenite, North 
Carolina. The crystal 
(inset) was well formed 
and weighed 62.01 g. 
Photos courtesy of 
Terry Ledford. 


Soon after, Christie’s announced the sale of a 60+ ct 
Colombian emerald brooch that belonged to Russia’s 
Catherine the Great in the 18th century. Because of the 
size and quality similarities between the two emeralds, 
Adams and Ledford agreed with the suggestion to recut 
their stone into a hexagonal mixed cut emulating the 
Catherine the Great Emerald (figures 14 and 15). After 
three days of meticulous recutting by Ken Blount of Nassi 
& Sons, in New York City, the recut gem weighed 64.83 
ct and showed a significant improvement in appearance. 
Dubbed the Carolina Emperor, it is the largest cut emerald 
from North America and has set a new benchmark for size 
and quality of North Carolina emeralds. 

C. R. “Cap” Beesley (capbeesley@yahoo.com) 
Gemstone Standards Commission, New York City 


Figure 15. At 64.83 ct, the Carolina Emperor is the 
largest cut emerald from North America. Photo by 
C. R. Beesley. 
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Figure 16. Attractive cabochons of emerald-in- 
matrix (here, 15.27 and 34.37 ct) have recently been 
produced from material mined in Bahia, Brazil. 
Photo by Robert Weldon. 


Emerald-in-matrix from Bahia, Brazil. At the 2009 Tucson 
gem shows, Joseph Rott (Tropical Imports, Belo Horizonte, 
Brazil) informed GIA about polished samples of emerald- 
in-matrix that were sourced from a long-known emerald 
deposit in Bahia, Brazil. This material consists of euhedral 
translucent emerald crystals embedded in white (or rarely 
pale pink) feldspar. Similar material has been reported 
from the Big Crabtree mine in Mitchell County, North 
Carolina (Summer 1993 Gem News, p. 132), and from the 
Nova Era area of Minas Gerais, Brazil (Summer 2002 GNI, 
pp. 176-177). 

Mr. Rott donated two square cabochons of the Bahia 
material to GIA (figure 16), and they were studied for this 
report. The white matrix was confirmed to be feldspar and 
quartz by Raman analysis. EDXRF spectroscopy indicated 
that chromium (rather than vanadium) was the chro- 
mophore in the emerald. The cause of color in the pale 
pink feldspar was explored with EDXRF but could not be 
determined conclusively. Examination of the samples 
with magnification revealed inclusions of feldspar and 
dark brown mica (identified by Raman analysis as biotite); 
the emeralds also showed fracturing throughout. As with 
many emeralds, these samples were clarity enhanced by 
oiling. The oil was easily visible when tested with a hot 
point, as the fractures began to sweat slightly. The frac- 
tures in the samples fluoresced moderate blue to long- and 
short-wave UV radiation, which also provides evidence of 
clarity enhancement. 

Mr. Rott indicated that ~100 kg of this material has 
been mined and over 2,000 carats of cabochons have been 
cut in sizes ranging from 8 x 10 mm to 20 x 25 mm. This 
emerald-in-matrix offers another option for designers, col- 
lectors, or anyone else who appreciates new and unusual 
gem materials. 

Nathan Renfro (nrenfro@gia.edu) 
GIA Laboratory, Carlsbad 
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5th century garnet jewelry from Romania. In 2007, nine 
gold pendants were discovered in an ancient tomb excavat- 
ed at a shopping center 5 km west of Cluj-Napoca, 
Romania. Archeologists determined that the pieces 
belonged to a princess of the 5th century Gepids, a Gothic 
tribe (contemporaneous with the Merovingians) who lived 
in the Transylvania region of central Romania. Each pen- 
dant measured ~3.85 cm long and contained five tablet-cut 
red stones (about 1.5 mm thick) in a closed-back setting (fig- 
ure 17). Their initial appearance suggested they were rubies. 
The jewels were studied on a single day using nondestruc- 
tive techniques, and the results were initially presented at 
the XIX Congress of the Carpathian-Balkan Geological 
Association in Thessaloniki, Greece, in September 2010. 

The stones were isotropic, with a refractive index of 
~1.78 (using the spot method on the edge of one slab that 
protruded from the mounting), and had an almandine-like 
spectrum. Each plate contained crystallographically orient- 
ed rutile needles, and some of the plates contained pin- 
points, negative crystals, and small crystals with the 
appearance of apatite. Most prominent were black, some- 
times hexagonal, platy crystals (figure 18) that were nearly 
identical to ilmenite inclusions seen previously in alman- 
dine (see, e.g., E. J. Giibelin and J. I. Koivula, Photoatlas of 
Inclusions in Gemstones, 3rd ed., ABC Edition, Zurich, 
1997, p. 289). Raman spectroscopy confirmed the stones 
were garnet with a high almandine content, with main 
bands at ~915, 550, 500, and 350 cmt. 

EDXRE spectroscopy showed the metal was nearly 
pure gold, with only traces of Ag and Cu. A crisscross waf- 
fle-like pattern was stamped into gold foil mounted in the 
gold setting behind the garnet slices (see figure 19). This 
texture was visible through the transparent stones, produc- 
ing an effect reminiscent of modern guilloché enamel, in 
which a pattern is engraved in the metal before the enamel 
is applied. A similarly stamped foil configuration has been 
observed in garnet, silver, and gold jewelry from nearby 
Potaissa, also a Gepid site (C. Ionescu and V. Hoeck, 
“Zusammensetzung und Herkunft der Granate der 
Ohrringe und einer Gtrtelschnalle aus dem Grab der 
Franziska aus Potaissa [Turda, Rumdnien] [About the com- 
position and origin of garnets mounted in the earrings and 
buckle from the tomb of Franziska in Potaissa (Turda, 
Romania)],” in M. Barbulescu, Ed., Das Germanische Fur- 
stengrab von Turda |The Germanic Princess Tomb from 
Turda], Tribuna, Cluj-Napoca, Romania, 2008, pp. 
295-310). 

The almandine-rich composition of this garnet would 
be expected to have an overdark appearance if such materi- 
al was faceted into stones of typical size for jewelry. Its use 
in these pendants was possible only because the plates are 
so thin. Generally, red gem garnets are a mixture of pyrope 
and almandine, with typically >40% pyrope (see figure 7 of 
D. V. Manson and C. M. Stockton, “Gem garnets in the 
red-to-violet color range,” Winter 1981 GWG, pp. 
191-204). The flat morphology of the garnet plates may 
have resembled the shape of the original rough if the crys- 
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tals had developed “fracture cleavage,” as described by J. 
Ganguily et al. (“Reaction texture and Fe-Mg zoning in 
granulite garnet from Sgstrene Island, Antarctica: 
Modeling and constraint on the time-scale of metamor- 
phism during the Pan-African collisional event,” 
Proceedings of the Indian Academy of Sciences, Earth 


Figure 18. Several inclusions were visible in the gar- 
net slices, including black platy crystals of what 
appeared to be ilmenite. Photomicrograph by C. 
Ionescu; field of view ~2.7 mm. 


Figure 17. These 5th cen- 
tury gold and garnet pen- 
dants (~3.85 cm long) 
were discovered near Cluj- 
Napoca, Romania. Photo 
by C. Ionescu. 


and Planetary Sciences, Vol. 110, No. 4, 2001, pp. 
305-312). Although our research is ongoing, we believe 
the garnet originated from European deposits that were 
known at the time, possibly the Austrian localities of 


Figure 19. Each flat almandine slice is set above a 
crisscross-stamped piece of gold foil. The appearance 
is reminiscent of guilloché enamel. The foil contains 
a few square holes that were probably produced dur- 
ing the stamping process. Photomicrograph by C. 
Ionescu; field of view ~2.7 mm. 
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Figure 20. Shown here are some of the Pinctada radi- 
ata and pen shells collected during a recent dive off 
the coast of Bahrain. The largest shell is ~50 cm 
long. Photo by A. Al-Attawi. 


Dunkelsteinerwald or Zillertal. 

Acknowledgment: This study was funded by the 
Romanian Ministry of Education and Research, ID- 
2241/2008. 

Emmanuel Fritsch 


Corina Ionescu (corina.ionescu@ubbcluj.ro), 
Viorica Simon, Szabolcs Nagy, 

Katalin Nagy-Pora, and Mihai Rotea 
Babes-Bolyai University, Cluj-Napoca, Romania 


Figure 21. A near-“golden” off-round pearl (5.0-5.5 
mm) was found in this P. radiata oyster. Photo by 
A, Al-Attawi. 
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Natural pearl diving off the coast of Bahrain. In June 2010 
while visiting Manama, Bahrain, these contributors had 
an opportunity to experience pearl diving in a manner 
similar to that used in the past. Although our methods 
were not completely authentic in a historic sense—that 
is, no nose clip (Al Fetam), no stone weight (Al Kher) to 
take us to the sea bed, no person on deck to pull the rope 
attached to the net basket and accompanying diver to the 
surface (Al Seib), no net bags (Al Deyeen) to contain the 
shells collected on the sea bed, and no traditional fishing 
vessel (e.g., dhow}—we did search for mollusks without 
using compressed air. 

Our first stop was an area southeast of Manama’s 
Marina Club (~45 minutes by boat) that had been recom- 
mended by local contacts. The water was just over 2m 
deep, and the sea bed was liberally scattered with speci- 
mens of Pinctada radiata and some Pinnidae (“pen shell’) 
bivalves (~5-10 shells/m?). We collected shells of both 
mollusks before moving to a slightly shallower area near- 
by. Although that area contained <5 shells/m/?, it did not 
take long to collect ~200 shells total, mostly P. radiata but 
also some pen shells (e.g., figure 20). 

On the boat trip back to Manama, we opened the mol- 
lusks with knives and carefully examined their interiors 
for pearls. Contributor AA-A discovered an ~2 mm 
cream-colored seed pearl in the mantle region of a P. radi- 
ata, and contributor AA found a 5.0-5.5 mm near-"gold- 
en” pearl within the gonad region of a P. radiata (figure 
21). Two small blister pearls were also found attached to 
shells. 

Only two whole pearls were found in the 200 or so 
mollusks recovered. This 1:100 ratio provides some idea of 
how many Arabian Gulf oysters must be opened to find a 
pearl worthy of mention, a notion that was reinforced by 


Figure 22. Quantities of fine natural pearls are still 
being produced in the Arabian Gulf. The largest 
shown here is ~10 mm. Courtesy of Al-Mahmood 
Pearls; photo by N. Sturman. 
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several dealers in Manama. Nevertheless, it is significant 
that the Arabian Gulf still produces natural pearls (e.g., fig- 
ure 22). 


Nick Sturman (nsturman@gia.edu) 
GIA Laboratory, Bangkok 


Stefanos Karampelas 
Guibelin Gem Lab, Lucerne, Switzerland 


Ali Al-Attawi 
Gem & Pearl Testing Laboratory of Bahrain, Manama 


Ahmadjan Abduriyim 


Update on ruby and sapphire mining in Pakistan and 
Afghanistan. In June-July 2010, this contributor visited 
two corundum deposits in Pakistan and Afghanistan to 
collect reference samples for GIA: Basil in Pakistan and 
Jegdalek in Afghanistan. 

In Pakistan, ruby and sapphire have been reported from 
five deposits: Nangimali (in Pakistan-controlled Azad 
Kashmir), Hunza (in northern Pakistan along the Kara- 
korum Highway; see, e.g., Fall 2007 GNI, pp. 263-265), 
Bisil (in northern Pakistan’s Basha Valley; see Fall 2007 
GNI, pp. 263-265), Basil (in the Kaghan Valley of North- 
West Frontier Province), and Batakundi (also in the 
Kaghan Valley, located 30 km from Basil). Regarding the 
Bisil deposit, this author was unable to confirm its exis- 
tence or learn any information about the activity there. 

The Basil deposit was discovered in 1996. There were 
three mining sites as of June 2010, operated by Kashmir 
Gems Ltd. (e.g., figure 23). The first two produce pink, pur- 
ple, and blue sapphires from graphite veins. At the third 
site, pink sapphires are found associated with marbles. 
Mining usually takes place from June to October by small 
teams using explosives and jackhammers. The output (e.g., 


Figure 23. Pakistani miners are seen at the entrance of 
a sapphire mine in Basil, Pakistan. The mine is locat- 
ed at an altitude of 4000 m. Photo by V. Pardieu. 


figure 24, left) appears to be more significant than that of 
Nangimali or Batakundi. From this author’s field research 
and conversations with miners/dealers who worked in 
Batakundi for several months in 2003 and 2004, it turns 
out that Basil is the source of the pink-to-purple sapphires 
previously described as coming from Batakundi (see Winter 
2004 GNI, pp. 343-344; www.gia.edu/research-resources/ 
news-from-research/batakundi_sapphire.pdf). By contrast, 
Batakundi is the source of distinctly different material 
(e.g., figure 24, right) and is more difficult to access. 
According to Guy Clutterbuck (pers. comm., 2006}, 
Batakundi began producing small dark red rubies from a 
marble-type deposit in 2000, but several miners apparently 
died as a result of falls or from altitude sickness. Mining at 


Figure 24, Some rough and faceted (~0.7 ct) sapphires from Basil are shown on the left. On the right 
are rubies reportedly from Batakundi, Pakistan; the smaller stones are 0.4—1 ct. Photos by V. Pardieu. 
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Figure 25. The pieces of rough in this parcel of blue 
sapphires from Badakhshan weigh up to 4 g. Photo 
by V. Pardieu. 


Batakundi is said to have stopped after the devastating 
earthquake that hit Azad Kashmir in September 2005. 

In Afghanistan, there are four ruby and sapphire 
deposits. Jegdalek, located in the eastern part of Kabul 
Province near Sorobi, is a well-known source of ruby from a 
marble-type deposit (G. W. Bowersox et al., “Ruby and sap- 
phire from Jegdalek, Afghanistan,” Summer 2000 GWG, pp. 
110-126). The mining area is about 10 km long by 2 km 
wide and operates year-round. Approximately 200-300 min- 
ers were working the area in July 2010, significantly more 
than during this contributor’s visit in the summer of 2006 
(when mining was illegal). Ruby-bearing marble is dug from 
trenches extending over several hundred meters, and some 
tunnels are reportedly more than 200 m deep. According to 
the miners, output is limited by a lack of explosives, and 


Figure 26. These sapphires were found in 2009 in the 
Auvergne region of central France. Photo by B. Devouard. 
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water infiltration is a problem in some deep trenches. 

Near Maidan Shar, in Vardak Province, a small blue 
sapphire deposit was active at the beginning of the 2000s 
(Winter 2004 GNI, pp. 343-344), but mining reportedly 
stopped because there was no market for the stones. The 
material was too gray and included, and treatments were 
not effective in improving it. The deposit reportedly closed 
after 2006. 

In Badakhshan Province, a small marble-hosted ruby 
deposit is supposedly located near Khash (see Fall 2007 
GNI, pp. 263-265), a small village about two hours west of 
the village of Bohorak. In July 2010 this author was not 
allowed to come within 1 km of the reported deposit. 
Fewer than 10 miners were said to be working in tunnels 
dug on a hillside overlooking the valley. According to local 
residents, besides rubies and some low-quality blue sap- 
phires, the area around Bohorak and the village of Jorm 
produces blue spinel, sphene, aquamarine, green and pink 
tourmaline, and diopside. 

Also in Badakhshan, blue sapphires were reportedly 
discovered in 2008 near the famous lapis lazuli mines at 
the village of Sar-e-Sang. The sapphires are associated 
mainly with mica, and usually form hexagonal bipyrami- 
dal crystals that range up to 4 g (figure 25). Dealers in 
Kabul reported that the main market for these sapphires is 
Jaipur, India. 

Chicken Street, the main gem trading area in Kabul, 
was much more active in 2010 than in 2006. Rubies were 
available from Jegdalek as well as Tajikistan, and some 
parcels also contained synthetics and heated stones (proba- 
bly of African origin). Lead glass—filled rubies were also 
common in the Kabul market. Also seen were many 
parcels of emeralds said to be from Panjshir and Laghman 
(Afghanistan], Xinjiang (China), Swat (Pakistan), and 
Zambia. Afghan tourmaline, kunzite, and aquamarine 
(reportedly from Kunar and Nuristan), and pink spinel 
from Tajikistan, were also available in a variety of quanti- 
ties and qualities. 

Vincent Pardieu (vpardieu@gia.edu) 
GIA Laboratory, Bangkok 


Figure 27. These faceted sapphires from the 
Auvergne discovery range from 0.3 to 5.0 ct. 
Photo by B. Devouard. 
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Photo by V. Pardieu. 


Rediscovery of sapphires in central France. The Auvergne 
region, in France’s Massif Central, was an important 
source of gems from the Middle Ages to the end of the 
19th century (F. H. Forestier, “Histoire de l’un des gise- 
ments de gemmes le plus anciennement connu d’Europe 
occidentale: Saphirs, grenats et hyacinthes du Puy-en- 
Velay [History of one the oldest known gem deposits in 
western Europe: Sapphires, garnets, and zircons from Puy- 
en-Velay],” Cahiers de la Haute Loire, 1993, pp. 81-152). 
This region has been affected by several episodes of 
Cenozoic volcanism that resulted in abundant alkaline 
basaltic flows. In 2009, a prospector panning a riverbed 
found several thousand carats of rough sapphires. The 
stones ranged from 2, to 15 mm and had irregular resorbed 
shapes, with colors ranging from greenish yellow to green- 
ish blue to saturated blue, as well as dark blue and black. 
Their moderate-to-strong pleochroism was typical of mag- 
matic sapphires from basaltic terrain. 

Approximately 10% (~40 g) of the rough was of gem 
quality (e.g., figure 26), and a dozen stones have been 
faceted (e.g., figure 27) by lapidary Jacques Dreher in 
Clermont-Ferrand, the regional capital. These gems 
weighed 0.3-5.0 ct and were mostly clean to lightly 
included. Gem-quality sapphires in such quantity and 
quality have not been encountered in France, or arguably 
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Figure 28. This sapphire washing area lies near the village of Ambalavy, about 50 km southwest of Iakaka. 


all of Europe, since the workings at Mont Coupet (also in 
Auvergne) during the late 19th century. 

Bertrand Devouard (b.devouard@opgc.univ- 

bpclermont.fr) and Etienne Médard 

Laboratoire Magma et Volcans, Blaise Pascal University 

CNRS (UMR 6524), Clermont-Ferrand, France 


Benjamin Rondeau 
Laboratoire de Planétologie et Géodynamique 
CNRS (Team 6112), University of Nantes, France 


Emmanuel Fritsch 


Update on sapphire mining in southern Madagascar. In 
July-August 2010, this contributor visited the Ilakaka- 
Sakaraha and Andranondambo mining areas in southern 
Madagascar with several companions (see listing at the 
end of this report). In addition to collecting reference sam- 
ples for GIA, our goal was to assess the state of the sap- 
phire industry in the region. 

Discovered in 1998, the Ilakaka-Sakaraha deposit (fig- 
ure 28) extends more than 80 km from the Isalo National 
Park toward Toliara on the southwest coast. It quickly 
became one of the world’s most important gem deposits, 
producing an abundance of pink and blue sapphires. 
Although more than 99% of the blue sapphires require 
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Figure 29. These blue sapphires are from Andranon- 
dambo. Photo by V. Pardieu. 


heat treatment to be marketable, several exceptional 
stones are found daily that do not require heating. The 
deposit also yields yellow, purple, violet, and pinkish 
orange “padparadscha” sapphires, as well as chrysoberyl 
(including alexandrite), zircon, garnet, spinel, and other 
gems. Mining takes place year-round, mostly by artisanal 
methods. Many dealers from Thailand and Sri Lanka con- 
tinue to have buying offices in the area. Most purchases 
are exported to those two countries for heat treatment and 
cutting before the gems make their way to the market. 

Gem mining in Madagascar, particularly in Ilakaka, 
has faced many difficulties in recent years. In particular, 
from February 2008 to July 2009, the Malagasy govern- 
ment banned all gem exports. Compared to previous visits 
in 2005 and 2008 by this author, the number of foreign 
buyers has clearly dropped, and digging in the Ilakaka area 
has waned. As a result, the mining community has suf- 
fered shortages of food and other necessities, and security 
issues are plaguing the region. 

In 2010, we found only three small operations (two 
Thai, one Malagasy) still using machinery. Most of the 
companies once involved in mechanized mining have 
withdrawn because of the poor market, fuel costs, and a 
lack of support from the Malagasy authorities. Because the 
government tolerates illegal mining, it is very difficult for 
companies that own mining rights to work legally and 
responsibly. 

At the time of our visit, the main mining area was 
located near Antsoa, a village on the Taheza River south- 
east of Sakaraha, where about 1,500 miners were backed 
by Sri Lankan and local buyers. Antsoa was reportedly pro- 
ducing the best blue sapphires, with fine rough stones up 
to 10 g. At the more than 20 other sites we visited, we 
found anywhere from 10 to 500 people working. We esti- 
mate that about 50,000 people are now earning a living 
(directly or indirectly) from sapphire mining in Ilakaka- 
Sakaraha, half the number reported in 2005. 

In the Andranondambo area, blue sapphires are mined 
from several primary deposits. Société d’Investissement 
Australien 4 Madagascar, an Australian company, mined 
the area for a few years but stopped in 2009. Today, small 


322 GEM News INTERNATIONAL 


groups of artisanal miners work sites near Andranon- 
dambo, Maromby, Tirimena, and Siva. The most active 
mining area appeared to be Ankazoabo (north of Andra- 
nondambo), where Malaysian company Nantin Ltd. was 
operating heavy machinery alongside some 200 artisanal 
miners using hand tools. 

While many gems are still produced, particularly fine 
blue sapphires (e.g., figure 29), the shrinking margins have 
led to fierce competition between buyers. Meanwhile, the 
miners’ living and working conditions are very difficult. 
Most mining companies have stopped their activities, and 
many buyers are considering a switch to ruby dealing in 
Mozambique. 

The author thanks the following for helping with the 
expedition and editing this report: Nirina Rakotosaona 
(Société Miniére du Cap, Antananarivo, Madagascar), Marc 
Noveraz (Switzerland), Richard W. Hughes (Bangkok), 
Tracy Lindwall (San Francisco}, Lou Pierre Bryl (Gaspé, 
Canada), Jazmin Amira Weissgarber Crespo (Mannheim, 
Germany), and Philippe Ressigeac (Montauban, France). 

Vincent Pardieu 


A strongly thermoluminescent spodumene. Thermo- 
luminescence is a property of some minerals whereby they 
glow when heated to a certain temperature. Minerals 
known to display this property include fluorite (referred to 
as chlorophane), apatite, calcite, lepidolite, and spodumene 
(see www.galleries.com/minerals/property/pleochro.htm 
#thermo). The Gem Testing Laboratory of Jaipur, India, 
recently examined a spodumene that showed a striking 
example of thermoluminescence. 

The pear-shaped green stone (figure 30) weighed 16.17 
ct and measured 19.94 x 11.55 x 10.82 mm. Its color was 
reminiscent of green beryl or emerald from Nigeria, but the 
bright luster and liveliness ruled out the possibility of 
beryl. The following gemological properties were recorded: 
RI—1.660-1.675; birefringence—O0.15; hydrostatic SG— 


Figure 30. This 16.17 ct green spodumene was 
notable for its strong thermoluminescence at low 
temperature. Photo by G. Choudhary. 
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3.17; fluorescence—strong orange to long-wave UV radia- 
tion and strong pink to short-wave UV (figure 31); and a 
weak absorption band visible in the blue region at around 
440 nm in the desk-model spectroscope (no chromium 
lines were detected). These properties are consistent with 
those reported for spodumene (R. Webster, Gems, 5th ed., 
rev. by P. G. Read, Butterworth-Heinemann, Oxford, UK, 
1994, pp. 186-189). With magnification, a few liquid “fin- 
gerprints” were observed under the table and crown facets. 
Cleavage planes, a common feature in spodumene, were 
not evident. 

Microscopic examination was conducted with the aid 
of a fiber-optic lamp. Curiously, when the examination 
was completed, the green spodumene appeared bright 
orange (figure 32). Within a few minutes, however, the 
original green color returned. The orange glow was caused 
by the heat of the fiber-optic lamp exciting the spo- 
dumene’s activator elements to produce thermolumines- 
cence. The effect was similar to the stone’s fluorescence 
reaction to long-wave UV radiation (again, see figure 31, 
left). The stone was reheated with the fiber-optic lamp and 
glowed orange again after three minutes of exposure, 
before returning to its original color within two to three 
minutes after removal of the lamp. These steps were 
repeated several times with consistent results. 


Figure 32. The heat generated by a fiber-optic lamp 
caused the spodumene to thermoluminesce bright 
orange. The original green color returned within 
three minutes after the stone was removed from the 
lamp. Photo by G. Choudhary. 
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Figure 31. The spodumene 
in figure 30 fluoresced 
strong orange when 
exposed to long-wave UV 
radiation (left) and strong 
pink under short-wave 
UV (right). Photos by 

G. Choudhary. 


EDXRE analysis revealed the presence of Al, Si, and Fe. 
Mn, a common constituent in spodumene that is also 
responsible for its strong fluorescence (see M. Robbins, 
Fluorescence: Gems and Minerals Under Ultraviolet 
Light, Geoscience Press, Arizona, 1994, pp. 265-266), was 
not detected in this specimen. Therefore, the cause of the 
fluorescence and thermoluminescence is unknown. 

This is the first time this contributor has seen the heat 
of a fiber-optic lamp cause thermoluminescence in a gem- 
stone. Webster (1994, p. 187) mentioned this effect occur- 
ring in X-ray irradiated kunzite at temperatures around 
200°C. The present sample has probably not been labora- 
tory irradiated, as the color was stable even after repeated 
heating with the fiber-optic lamp. Its thermoluminescence 
at such a low temperature makes it quite an unusual spec- 
imen. 

Gagan Choudhary (gtl@gjepcindia.com) 
Gem Testing Laboratory 
Jaipur, India 


“Neon” blue-to-green Cu- and Mn-bearing liddicoatite 
tourmaline. Four greenish blue faceted oval specimens, 
1.29-1.45 ct, were recently submitted to the Gtibelin Gem 
Lab (figure 33). The stones were similar in hue, tone, and 
saturation to Paraiba-type tourmaline. Standard gemologi- 


Figure 33. These four liddicoatite tourmalines 
(1.29-1.45 ct) have colors similar to those of some 
Paraiba-type elbaite tourmaline. Photo by L. Klemm. 
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one of the incarnations wf Buddha. During 
a visit to Tibet in the thirteenth century, 
Marco Polo, the Italian explorer, noted the 
predominant use of coral for personal 
adornment as well as for ornamenting the 
idols in their temples. 

Lieut. Col. L. Austine Waddell who 
teached Lhasa, capitol city of Tibet, in 
August 1904 with the British Expedition 
under the command of Colonel F, E. Young- 
husband, gives an interesting account of a 

- vase used in ceremonies praying for the 
long life of the Grand Lama. The vase is 
beautifully designed of coral, lapis lazuli, 
and white chalcedony, and is entirely the 
work of Parisian artisans. The large pieces 
of coral came from Leghorn, and the high 
priest went there himself to procure them. 

In certain parts of Africa strings of coral 
once possessed a vety sacred quality and 
were regarded as the most priceless gift a 
ruler could bestow. So great was the im- 
portance of such a royal gift that, should 
it be lost or stolen, all involved in the inci- 
dent suffered the penalty of death. 

About the beginning of the Christian 
era a great trade was carried on in coral 
between the Mediterranean cities and India, 
where it was highly esteemed as a substance 
endowed with mysterious sacred properties. 
Pliny tells us that previous to the Indian 
demand, the Gauls were in the habit of 
using it for the ornamentation of their hel- 
mets and weapons of war; but in his day so 
great was the Eastern demand that it was 
very rarely seen even in the regions which 
produced it. 

In chemical composition coral is primar- 
ily calcium carbonate (CaCO;), with minor 
amounts of magnesium carbonate 
(MgCO;), calcium sulphate (CaSO,), fer- 
ric oxide (Fe.O;), and insignificant quan- 
tities of water, organic matter, and miscel- 
laneous mineral substances. It is the pres- 
ence of the organic matter which causes 
coral to become black upon being heated. 
The specific gravity varies between 2.6 and 
2.7 and the hardness lies between 3 and 4. 
Precious black coral is somewhat softer, 


having a value of 214 to 3 on Mohs’ scale 
of hardness and being appreciably lower in 
specific gravity —approximately 1.34 to 
1.495. As a general rule, the greater the 
content of magnesium carbonate the greater 
the hardness. Coral is translucent to opaque. 
Its luster is dull to greasy in the rough— 
polished specimens are at best sub-vitreous. 
While not excessively durable in any re- 
spect, it is sufficiently tough to be worked 
with a knife or file or turned on a lathe. 
Coral is formed as a result of the deposi- 
tion of calcium carbonate by a gelatinous 
marine animal (polyp) around its body in 
branch-like shapes which are built up in 
the form of hollow, fitted tubes. The cal- 
cium carbonate is probably in the form of 
calcite, the fibrous crystals of which radiate 
at 90 degree angles to the main axis of the 
skeleton. The calcareous skeleton of a coral 
colony is firmly attached by a circular-shaped 
“foot” to any suitable natural or foreign 
object on the ocean floor. The nature of the 
cementing process is such that the disc-like 
foot provides a firm foundation for the 
entire structure. It is perhaps of interest to 
note that the coral colony, unlike plants, 
always gtows in a direction perpendicular 
to the surface to which it is attached. For 
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Figure 34. Polarized UV-Vis-NIR spectra of the stones in 
figure 33 show Cu** absorptions in the red region (~700 
nm), with increasing absorption in the near-IR region 
(~900 nm). The small, sharp peak at ~415 nm is probably 
due to Mn?*, and the increasing absorption toward the 
UV region is likely attributable to Mn?*-Ti* interva- 
lence charge transfer. 


Figure 35. This ternary diagram of the 
four samples’ average chemical composi- 
tion (blue circles) shows that they fall in 
the field for liddicoatite. The green cir- 
cles in the elbaite field correspond to 
analyses of typical Paratba-type tourma- 
line from Brazil, Nigeria, and Mozam- 
bique in the Gtibelin Gem Lab’s refer- 
ence collection; all of these data plot in 
the elbaite field. 
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cal examination gave the following properties: RI—n, = 
1.640-1.641 and n, = 1.621-1.622; birefringence— 
0.018-0.020; and SG—3.06-3.08; all these are consistent 
with tourmaline. Microscopic observation revealed paral- 
lel tubes, some hollow and others stained yellow to red- 
brown. Partially healed and unhealed fissures were also 
seen, and portions of the fissures were either frosted or 
reflective. Similar patterns have been observed in some 
heat-treated Paraiba-type tourmaline from Mozambique 
(B. M. Laurs et al., “Copper-bearing [Paraiba-type] tourma- 
line from Mozambique,” Spring 2008 G#G, pp. 4-30). All 
four samples fluoresced moderate yellowish green to long- 
wave UV radiation and faint yellowish green to short-wave 
UV. 

The samples’ UV-Vis-NIR spectra (figure 34) were also 
similar to those of Paraiba-type tourmaline (see P. B. 
Merkel and C. M. Breeding, “Spectral differentiation 
between copper and iron colorants in gem tourmalines,” 
Summer 2009 GwG, pp. 112-119, and references therein). 
Surprisingly, however, LA-ICP-MS analysis showed that 
though all of the samples were lithium tourmalines, they 
contained more Ca than alkalis (Na+K). EDXRF analysis 
also revealed significantly more Ca than typical of Paraiba- 
type tourmaline. All samples also contained minor 
amounts of Mn and Cu. 

Elbaite is an Na-rich lithium tourmaline; the other 
lithium tourmalines are liddicoatite and rossmanite. 
Identification of tourmaline species is complex, as to date 
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there are 13 known end members. When plotting the 
chemical composition of these specimens on a ternary dia- 
gram for lithium-rich tourmaline, all four samples fell in 
the liddicoatite field (figure 35). Based on calculations 
using a recently developed tool (L. Klemm and P. Hardy, 
“Determination of tourmaline species by advanced chemi- 
cal analysis,” Proceedings of the 3rd European Gem- 
mological Symposium, Berne, Switzerland, June 5-7, 
2009, pp. 58-59) and averaging the four chemical analyses 
obtained on each stone by LA-ICP-MS, the samples con- 
tained a 50-57% liddicoatite component; thus, all four 
were liddicoatite tourmaline. 

Some traders we spoke with believe that these stones 
are from Mozambique, near the mine that produced 
Paraiba-type elbaite. We also have been told that liddicoat- 
ite rough has been found in this area that does not need 
heat treatment to produce the desirable greenish blue col- 
oration. This is the first report of Cu-Mn bearing liddicoat- 
ite tourmalines of such color. 

Stefanos Karampelas (s.karampelas@gubelingemlab.ch) 
and Leo Klemm 
Giibelin Gem Lab, Lucerne, Switzerland 


INSTRUMENTS AND TECHNIQUES 


Use your LCD screen as a gemological tool. Most LCD 
(liquid crystal display) screens, such as those used for com- 
puter or mobile phone displays, are sources of plane-polar- 
ized light. We recently tested the possibility of using such 
screens to observe the pleochroism of faceted gems. When 
we placed a few gems table-down over the white portion of 
a mobile phone display, the pleochroism was readily visi- 
ble (figure 36). Further, by using a handheld polarizer, such 
as a camera polarizing filter or even polarizing sunglasses, 
one can create a makeshift polariscope (figure 37). 

Given the widespread use of LCD screens in various 
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products, gemologists should keep them in mind as a con- 
venient working tool when traditional instruments are not 
available, particularly in the field. Note, however, that 
some displays using new technology (e.g., OLED—organic 
light emitting diodes) are not a source of polarized light 
and thus cannot be used as gemological tools. It is there- 
fore advisable to first test a screen with a polarizing filter. 
Bertrand Devouard and Rémi Bornet 
Laboratoire Magma et Volcans, Blaise Pascal University 
CNRS (UMR 6524), Clermont-Ferrand, France 


Franck Notari, Benjamin Rondeau, 
and Emmanuel Fritsch 


Smartphone photomicrography. Smartphones such as the 
Apple iPhone, Motorola Droid, and Nokia N8 have 
become increasingly popular in recent years. Top-end 
models typically feature good-quality digital cameras that 
rival some “point-and-shoot” cameras, in addition to hav- 
ing basic photo-editing software. 

The popularity of smartphones has also spawned the 
development of numerous accessories that can expand 
their functionality even further. One such accessory is a 
low-power microscope that clips onto the phone over the 
camera lens. This contributor was interested in seeing if 
this device could have gemological applications. 

The microscope accessory in figure 38 was ordered on 
the Internet for less than US$20. Its sliding housing offers 
varying levels of magnification, and illumination is provid- 
ed by two white LEDs. The lighting assembly can be rotat- 
ed about 45° to change the angle of illumination. 

Although this device is clearly not optimized for gemo- 
logical use, with some practice it was possible to produce 
serviceable photomicrographs. The images in figure 39 
were taken with an Apple iPhone 4 using the ProCamera 
photography application, which allows manual adjust- 
ment of focus and white balance. As with any photogra- 


Figure 36. When pleochroic 
stones are placed table- 
down on an LCD screen, as 
on this cell phone, they 
display pleochroism when 
rotated 90° (from left to 
right and top to bottom: 
kornerupine, tourmaline, 
chrome diopside, iolite, 
and smoky quartz). 

Photo by B. Devouard. 
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phy, the biggest challenge was the lighting. The LEDs 
proved too bright in most situations, and better results 
were achieved by partially shielding them or turning them 
off and relying on ambient light. Although the micro- 


Figure 38. This inexpensive microscope accessory 
clips over a smartphone camera lens. Ilumination 
is provided by LEDs. Photo by Robert Weldon. 
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Figure 37. A simple polari- 
scope is created when a 
polarizer is placed in front 
of the plane-polarized LCD 
screen. Here, a colorless 
topaz has been rotated on 
the cell phone screen 
under a camera polarizing 
filter. Photo B. Devouatrd. 


scope’s packaging promised magnification up to 60x, in 
practice it was impossible to obtain good focus beyond 
medium power (~20x). The best results were produced 
with a combination of the phone’s digital zoom, careful 
adjustment of the autofocus, and a steady hand. 

Although this device clearly will not replace a standard 
gemological microscope or even a loupe, it appears to pro- 
vide a useful field tool in the gemologist’s arsenal. 

Thomas W. Overton (toverton@gia.edu) 
GIA, Carlsbad 


SYNTHETICS AND SIMULANTS 


Filled copal imitation of amber. Amber is one of the most 
popular gem materials for traditional Islamic prayer beads 
(Mesbah in Arabic). Specimens with inclusions of plants, 
insects, or even animals are often used. However, we have 
also seen amber imitations fashioned for this purpose. 

We recently received a strand resembling amber that 
consisted of 33 yellow round beads (~12 mm in diameter) 
with two oval-shaped separators and a fancy-shaped link 
(figure 40). The round beads contained dark brown plant 
debris and a variety of insects: ants, mosquitoes, ladybugs, 
and flies, all in good condition. They were inert to short- 
wave UV radiation, but their reaction to long-wave UV 
was striking. They displayed a moderate chalky greenish 
yellow fluorescence, which appeared to be confined to the 
surface, together with distinctive chalky blue circular 
areas (figure 41)—most located near drill holes—that 
strongly suggested assemblages. 

We obtained spot RI readings of 1.52 on the circular 
zones and 1.54 elsewhere. Observation between crossed 
polarizers revealed strong anomalous double refraction with 
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strain colors. With the client’s permission, we conducted 
hot-point and acetone tests on very small, inconspicuous 
areas. The main portion of the beads had a resinous odor, 
while the circular zones had an acrid odor. During acetone 
tests, the main areas revealed slightly softened and etched 
surfaces, while the circular portions showed even stronger 
surface etching. The characteristics of the bulk of the beads 
were consistent with copal, while those of the circular por- 
tions were consistent with plastic. This was the case for all 
33 round beads, while the separators and link of the strand 
only showed characteristics consistent with copal, with no 
circular portions or insects. 

Microscopic observation clearly revealed a separation 
plane between the main part of the beads and the circular 
blue-fluorescing areas, denoted by curved polish marks 
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Figure 39. Taken with 
an Apple iPhone and 
the clip-on microscope 
in figure 38, these 
images show flux inclu- 
sions in synthetic emer- 
ald (left), needle-like 
inclusions in corundum, 
and a “lilypad” inclu- 
sion in peridot. Photo- 
micrographs by 

T. W. Overton; fields 
of view ~4.0 mm. 


beneath the surface (figure 42, left). Examination with 
immersion (in water) indicated that all the round beads 
were cored and filled with a colorless to light yellow plas- 
tic, along with insects (figure 42, right). Gas bubbles were 
seen adjacent to insects within the plastic. In addition, a 
separation plane was visible between the beads’ plastic 
core (containing the insects) and a plastic outer layer that 
formed the circular-fluorescing zones (which contained 
plant debris). The plant debris resembled that which was 
present in the copal, and apparently was added to the plas- 
tic to make it less noticeable. 

On the basis of the evidence, we concluded that the 
beads consisted of copal filled with plastic to imitate 
insect-bearing amber. It appears that each round copal 
bead was subjected to the following process: (1) drilling 


Figure 40. The beads in 
this rosary (~12 mm in 
diameter) proved to be 
copal filled and assem- 
bled with plastic to 
imitate amber. Photo 
by S. Singbamroong, 

© Dubai Central 
Laboratory. 
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Figure 41. When exposed to long-wave UV radiation, 
the beads display a moderate chalky greenish yellow 
fluorescence, as well as chalky blue circular patterns. 
Photo by S. Singbamroong, © Dubai Central 
Laboratory. 


and hollowing out the interior, (2) filling with plastic that 
contained insects, and (3) masking the hole with plastic 
containing plant debris. The inner filling material contain- 
ing the insects was exposed on a small portion of the sur- 
face of a few beads, and acetone and hot-point testing of 


those areas gave results consistent with plastic. 
Sutas Singbamroong (sssutas@dm.gov.ae) and 
Moza Rashed AI Falasi 
Gemstone Unit, Dubai Central Laboratory 
Dubai, United Arab Emirates 


Glass with crystalline aggregates. Glass is the most com- 
mon gem simulant and can show a wide variety of colors, 
transparencies, and optical effects. Most examples display 
similar features—namely gas bubbles, swirl marks, and 
devitrification effects—but in the last few years this con- 
tributor has encountered some interesting and unusual 
glass specimens (see, e.g., Summer 2007 GNI, pp. 174-175; 
Summer 2010 GNI, pp. 155-156). 

Recently, the Gem Testing Laboratory of Jaipur, India, 
received a green 25.04 ct step cut measuring 20.04 x 14.86 
x 6.36 mm (figure 43). It had the translucency of chal- 
cedony and the color of emerald. None of emerald’s dis- 
tinct inclusions were observed microscopically, however, 
and the heft was sufficiently high to rule out emerald or 
chalcedony. Microscopic examination with fiber-optic 
light revealed aggregates of colorless crystalline features 
throughout the sample (figure 44). The crystals were easily 
resolved at higher magnification and were much larger 
than those found in cryptocrystalline materials such as 
chalcedony. The presence of these crystals initially sug- 
gested a natural origin. 

Standard gemological testing, however, revealed the 


Figure 42. Microscopic observation clearly reveals a separation plane between the main part of the beads and 
the blue-fluorescing round areas, denoted by circular polish marks beneath the surface (left). Immersion in 
water revealed they were copal beads that had been cored and filled with a colorless to light yellow material 
containing insects (right). Also visible are small bubbles next to the insect (white arrows) and a separation 
plane between the insect-bearing plastic in the core and an outer plastic layer containing plant debris (red 
arrows). Photomicrographs by S. Singbamroong, © Dubai Central Laboratory; magnified 10x. 
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Figure 43. This 25.04 ct translucent green specimen, 
which proved to be glass, is unusual for its crystalline 
features. Photo by G. Choudhary. 


following properties: RI—1.745; hydrostatic SG—4.33, 
aggregate reaction in the polariscope; UV fluorescence— 
chalky blue to short-wave, and inert to long-wave UV. 
These properties indicated a glass, which was confirmed 
by FTIR and EDXRF analysis. The IR spectrum displayed 
twin humps between 3600 and 2600 cm~! and complete 
absorption up to 2500 cm7!, while qualitative EDXRF 
revealed the presence of Si, Ca, and Pb, the last being 
responsible for the high RI and SG values. During a subse- 
quent microscopic examination of the sample, one gas 
bubble was finally resolved. 

Crystalline features have been reported previously as 
inclusions in glass (see, e.g., H. A. Hanni et al., “A glass 
imitation of blue chalcedony,” Journal of Gemmology, 
Vol. 27, No. 5, 2001, pp. 275-285; Lab Notes: Spring 2008, 
pp. 70-71; Summer 2010, pp. 144); these are attributed to 
partial devitrification. Hanni et al. (2001) identified the 
transparent and colorless crystalline inclusions as wollas- 
tonite, but those in our sample could not be identified 
with the techniques available. 

Such specimens make very convincing gem simulants. 
In the absence of proper gemological testing and 
FTIR/EDXRF analysis, there is a strong possibility of 
misidentification. 

Gagan Choudhary 


Synthetic ruby specimen sold as natural. G#G has report- 
ed on a number of synthetic rubies sold as natural crystals 
(see Fall 1993 Lab Notes, p. 204; Fall 2001 GNI, pp. 
243-245). A recent case underscores the importance of tak- 
ing precautions against such frauds. 

Dubai is a relatively new market for rough and pol- 
ished colored stones, and an intersection between African 
sources and the Asian trade. It has also seen a variety of 
imitations of natural gem crystals. In fact, within the past 
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Figure 44. The glass specimen in figure 43 displays 
homogeneous colorless crystals throughout, giving it 
an aggregate structure. Photomicrograph by G. 
Choudhary; magnified 60x. 


two years, these contributors have reported on imitations 
of diamond and emerald crystals (Fall 2009 GNI, pp. 
230-231; Winter 2009 GNI, pp. 305-306). 

Recently, the Dubai Central Laboratory received a 
rough specimen for identification. The red “crystal” (figure 
45) had a distorted hexagonal shape and was attached to 
some matrix material. It was identified as ruby by its 
absorption spectrum with a handheld spectroscope, a find- 
ing confirmed by UV-Vis-NIR spectroscopy. Using a 
microscope, we observed curved striae and filled cavities; 
gas bubbles were visible in the filling material. We there- 
fore identified this sample as synthetic ruby with filled 
fractures. Raman spectroscopy identified the matrix as 
quartz, which had been joined to the synthetic ruby by 
some type of glue. Since quartz is geologically incompati- 
ble with corundum, the matrix provided another clue that 
this specimen was a fake. 

This case again illustrates the importance of gem labo- 
ratory reports and the necessity of thoroughly examining a 
piece before purchase. 


Nazar Ahmed (nanezar@dm.gov.ae) 

and Hassan Al Marzooqi 

Gemstone Unit, Dubai Central Laboratory 
Dubai, United Arab Emirates 


MISCELLANEOUS 


Louis XV’s Golden Fleece—recreated. In 1743, King Louis 
XV of France became a knight of the Order of the Golden 
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Fleece, the first French ruler to receive this distinction 
since its founding in Burgundy three centuries earlier. In 
1749, the king’s jeweler, Jacqumin, created an emblem of 
this order for the king. It was composed of three exception- 
al gems: the 69 ct French Blue diamond; a 32.62 ct light 
blue diamond later named the Bazu; and the 107 ct Céte 
de Bretagne, a spinel carved as a dragon. This masterpiece 
of French rococo jewelry was stolen and disassembled in 
1792, during the revolution; only the spinel carving 
remained intact, and it now resides in the Louvre. Many 
historians have since tried to reconstruct this emblem on 
paper (e.g., B. Morel, The French Crown Jewels, Fonds 
Mercator, Antwerp, 1988; H. Tillander, Diamond Cuts in 
Historic Jewelry: 1381-1910, Art Books Intl. Ltd., London, 
1995). 

Recently, these contributors recreated the Golden 
Fleece as accurately as possible, based on a 2008 painting 
(see figure 15 in Farges et al., “The French Blue and the 
Hope: New data from the discovery of a historical lead 
cast,” Spring 2009 GwG, pp. 2-17) as well as a drawing of 
the original piece that was discovered in the 1980s in 
Switzerland. We tried to incorporate Jacqumin’s tech- 
niques and savoir faire by using 3D rendering for the 
design and analyzing historical elements (such as diamond 
setting) that were not available to, or not considered by, 
previous investigators. 

Replicas of the two blue diamonds were created from 
cubic zirconia. The Céte de Bretagne dragon was carved 
from lead glass using a wax replica based on 3D-scaled pic- 
tures of the original. Gold and manganese pigments in the 
glass were used to simulate the color of the spinel. The 
emblem’s 500+ remaining “diamonds” were fashioned 
from cubic zirconia using a baroque cushion cut. The red 
and yellow stones, which adorned the dragon’s flames and 
the golden fleece, were made from colorless CZ and then 
painted on their backs, following Jacqumin’s original 
method. 

Since the emblem was most likely made of silver-plat- 
ed gold, as was the custom for French royal jewelry at the 
time (the setting of diamonds in gold was considered taste- 
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Figure 45. This synthetic 
ruby “crystal” (2.7 cm 
tall) was fashioned to 
imitate natural ruby in 
matrix. Photos by N. 
Ahmed, © Dubai 
Gemstone Laboratory. 


less by royal French jewelers), we decided to create a set- 
ting constructed primarily of sterling silver. The metal 
was carved to recreate the delicate distribution of the drag- 
on’s wings and tail, as well as the palms over which the 
dragon is suspended. Some parts of the silver setting were 
gilded to recreate the elegant combination of gold and sil- 
ver that likely prevailed in the original, and all the stones 
were set using 18th century techniques. 

After three years of work, the recreated Golden Fleece 
(figure 46) was unveiled on June 30, 2010, at the site where 
the original jewel was stolen in 1792: the former royal 
storehouse, now the Hotel de la Marine on Place de la 
Concorde in Paris. The event was filmed for a documen- 
tary on the French Blue, and an English-language version 
titled “Secrets of the Hope Diamond” will be broadcast in 
the U.S. in 2011 on the National Geographic channel. 

Herbert Horovitz 
Geneva, Switzerland 


Francois Farges (farges@mnhn.fr) 
Muséum National d’Histoire Naturelle 
Paris, France 


CONFERENCE REPORTS 

20th Annual Goldschmidt Conference. The geochemistry- 
focused Goldschmidt Conference was held June 13-18, 
2010, in Knoxville, Tennessee. The meeting featured a ses- 
sion titled “Geochemistry and Trace Elements in Gem 
Materials,” chaired by Drs. Emmanuel Fritsch and 
Benjamin Rondeau (both from the University of Nantes, 
France), who opened with a brief discussion on the increas- 
ing importance of trace-element chemistry for investigat- 
ing gemological problems. Their remarks were followed by 
several interesting talks. Abstracts can be viewed at 
www.goldschmidt2010.org/abstracts/view. 

This contributor demonstrated the use of LA-ICP-MS 
analysis in separating amethyst, citrine, and malachite 
from their laboratory-grown equivalents. Dr. Adolf Peretti 
(GRS Gemresearch Swisslab, Lucerne) presented data 
showing small-scale chemical variations within single 
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crystals of Paraiba-type tourmaline, and cautioned against 
using color-specific geochemical criteria to identify geo- 
graphic origin. Dr. Laurence Galoisy (University of Paris) 
discussed the role of chromium and other transition ele- 
ments in the color of garnets from Thailand and East 
Africa. Kaifan Hu (Pennsylvania State University, Uni- 
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Figure 46. This photo of 
the reconstructed 
Golden Fleece (~16 x 5 
cm) shows a CZ replica 
of the 69 ct French Blue 
that is set above the 
fleece composed of about 
one hundred yellow 
paint—backed cubic zir- 
conias, and set below a 
glass replica of the 107 ct 
Cote de Bretagne spinel. 
Photo by F. Farges. 


versity Park) showed how gem pietersite from Namibia 
can be separated from similar Chinese material on the 
basis of microstructures. 

Both session leaders examined the chemical composi- 
tion of opal. Dr. Fritsch described how differences in urani- 
um content affect the occurrence of green and blue UV 
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luminescence. Dr. Rondeau presented geochemical data 
for opals from Wollo, Ethiopia (see Summer 2010 GwG, 
pp. 90-105). Of particular note were elevated barium con- 
centrations, which are atypical of opal from volcanic envi- 
ronments. 

Two talks dealt with trace elements in diamond. 
Yakov Weiss (Hebrew University of Jerusalem) categorized 
the trace-element composition of fluids trapped in fibrous 
diamonds into three groups that might prove useful in 
determining geographic origin. Dr. Eloise Gaillou (Smith- 
sonian Institution, Washington, DC) set forth a method for 
calculating total boron concentration in type IIb blue dia- 
monds and compared that with existing methods using 
FTIR analysis. 

Three posters also were displayed as part of the gem 
session. W. Bieri (GRS Gemresearch Swisslab) showed 
how the chemical composition of apatite inclusions in 
corundum and spinel can help specify the geographic ori- 
gin of the host gem. Dr. Andy H. Shen (GIA Laboratory, 
Carlsbad) presented detailed data showing the possibility 
of using LA-ICP-MS analysis to measure trace concentra- 
tions of silicon in sapphire; this element may have an 
important effect on color centers in corundum. Finally, 
Kristen Yetter (New Mexico State University, Las Cruces) 
showed how LIBS analysis can provide a preliminary indi- 
cation of geographic origin in some rubies and sapphires. 


Christopher M. Breeding (mbreedin@gia.edu) 
GIA Laboratory, Carlsbad 


20th General Meeting of the International Mineralogical 
Association (IMA). This meeting was held August 21-27 
at Eétvés Lorand University in Budapest. Some 1,700 par- 
ticipants from 74 countries attended, making it the largest 
IMA event to date. The conference featured several presen- 
tations of gemological interest, some of which are summa- 
rized here. Abstracts of all oral and poster presentations 
can be found at www.ima2010.hu/img/doc/ima2010_ 
abstracts.pdf. 

In an invited presentation, Thomas Hainschwang 
(Gemlab Laboratory, Balzers, Liechtenstein) reviewed the 
challenges of separating natural- and treated-color dia- 
monds using visible, infrared, and photoluminescence 
spectroscopy. These techniques allow researchers to char- 
acterize optical defects in diamonds, some of which can be 
created, modified, or destroyed by laboratory treatment 
processes. The behavior of optical defects during treatment 
is a key to colored diamond identification. Dr. Thomas 
Stachel (University of Alberta, Edmonton, Canada} 
showed that most gem diamonds originate from several 
source rocks in portions of the lithospheric mantle 
beneath cratons. Dr. Richard Taylor (University of Saint 
Andrews, Scotland) discussed the chemical analysis of 
trace elements in gem feldspars using two analytical tech- 
niques: X-ray absorption fine structure (XAFS) and X-ray 
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excited optical luminescence (KEOL). Dr. Alessandra 
Costanzo (National University of Ireland, Galway) 
described the results of a study of fluid inclusions in emer- 
alds from the Piteiras mine in Minas Gerais, Brazil. Dr. 
Bertrand Devouard (Blaise Pascal University, Clermont- 
Ferrand, France) presented detailed chemical composition 
data on pezzottaite samples from Madagascar, Afghanistan, 
and Myanmar. Some specimens from Myanmar displayed 
hourglass-shaped color zoning, with significantly greater 
cesium content in the more strongly colored sectors. 

One of these contributors (SK) compared microradiog- 
raphy with X-ray computed microtomography for imag- 
ing the internal structure of pearls. Despite a data-collec- 
tion time lasting several hours, computed microtomogra- 
phy offered improved resolution over conventional imag- 
ing techniques. A study of the internal features and 
chemical composition of 170 alexandrite samples from 
various sources was presented by Anna-Kathrin Malsy 
(Giibelin Gem Lab, Lucerne, Switzerland). On the basis 
of LA-ICP-MS analyses, most sources could be differenti- 
ated on a triangular plot of boron, tin, and magnesium 
contents. The chemical composition data proved far 
more valuable than microscopic examination, since there 
were no diagnostic inclusions. 

Dr. Pornsawat Wathanakul (Kasetsart University, 
Bangkok) compared the properties of blue-green-yellow 
sapphires from the Nam Khun—Nam Yuen region of 
Thailand and Garba Tula in Kenya. Both groups of sap- 
phires come from basaltic host rocks, but slight differences 
in their visible absorption spectra appear to distinguish 
them. Somruedee Satitkune, also of Kasetsart University, 
examined mineral inclusions in diamonds from the 
Koffiefontein and Finsch mines in South Africa. She 
showed that inclusions with cubic symmetry (such as 
pyrope and chromite) exhibit nearly the same angular ori- 
entation to the {111} crystal face of diamond, whereas 
inclusions of minerals with lower symmetry (diopside and 
olivine) display more variable angular orientations. 

Dr. Gaston Giuliani (Institute of Research for 
Development, and Center for Petrographic and Geo- 
chemical Research, Nancy, France) described how meta- 
morphism of evaporates associated with sedimentary car- 
bonate rocks provided the fluids partly responsible for 
the formation of some important colored stone deposits. 
Dr. Dorrit Jacob (Johannes Gutenberg University, Mainz, 
Germany) detailed the use of chemical composition data 
obtained by LA-ICP-MS analysis to differentiate freshwa- 
ter cultured pearls from various geographic sources using 
the ratio of Ba/Sr versus B concentrations. Tashia 
Dzikowski (University of British Columbia, Vancouver, 
Canada) reported on the discovery of a ruby and sapphire 
deposit hosted in marbles near Revelstoke, British 
Columbia. She also provided details on the geologic con- 
ditions of corundum formation. Dr. Tobias Hager 
(Johannes Gutenberg University) described an interesting 
occurrence of ruby and sapphire, rimmed by spinel, from 
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the Luc Yen-Yen Bai mining area in Vietnam. Micro- 
scopic evidence suggests the spinel formed by an alter- 
ation reaction between corundum and dolomite. 

During the conference, a meeting of the IMA 
Commission on Gem Materials (CGM) was held under 
the direction of the chair of the commission, Dr. Lee 
Groat (University of British Columbia, Vancouver). 
Among the items discussed was the creation of a CGM 
website, which may include an online atlas of gem 
deposits and also links to gem museums throughout the 
world. 


James E. Shigley (jshigley@gia.edu) 
GIA Research, Carlsbad 


Stefanos Karampelas 


Carpathian and Balkan Geological Association (CBGA) 
meeting. The 19th meeting of the CBGA took place in 
Thessaloniki, Greece, August 23-26, 2010. About 700 par- 
ticipants from 15 countries attended the event, which for 
the first time featured a session on gemology, with a par- 
ticular focus on archeogemology as well as gems from the 
Carpathian and Balkan regions. 

In the keynote lecture, Dr. Emmanuel Fritsch 
(University of Nantes, France) gave an update on the origin 
of color in minerals and gems. This contributor presented a 
nondestructive study of four late-16th and early-17th cen- 
tury religious artifacts from the Benedictine Abbey of 
Einsiedeln, Switzerland. The results of this analysis were 
compared with observations recorded at the end of the 17th 
century (for more details, see the article on pp. 292-296 of 
this issue). 

Elisabeth Strack (Gemmological Institute of Hamburg, 
Germany) used “classical gemology” to investigate three 
jewelry pieces uncovered from the ruins at Veliki Preslav, 
Bulgaria, that date from the 9th century. These items con- 
tained a garnet, purple sapphires, emeralds with indica- 
tions of Egyptian origin, and saltwater pearls. Dr. Corina 
Ionescu (Babes-Bolyai University, Cluj-Napoca, Romania) 
examined some unusual 5th century garnet-set jewelry 
(see the GNI entry on pp. 316-318 of this issue). A report 
on Bulgarian gem carvings from the Neolithic and 
Chalcolithic periods and their impact on the history of 
gemology was presented by Dr. Ruslan I. Kostov (St. Ivan 
Rilski University of Mining and Geology, Sofia). He indi- 
cated that these carvings represent the earliest record of 
fashioned nephrite from Bulgaria (figure 47) and the earli- 
est known turquoise from the eastern Rhodope 
Mountains. 

In the poster session, Zoran Miladinovic (University of 
Belgrade, Serbia) discussed some deposits of gem-quality 
silica minerals (e.g., amethyst) found in a volcanic com- 
plex extending from southern Serbia to northern Greece 
(the Lece-Chalkidiki metallogenic zone). Dr. Ludmila 
IllaSova (Constantine the Philosopher University, Nitra, 
Slovakia) reviewed opals and other gem-quality silica min- 
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Figure 47. This zoomorphic nephrite amulet from 
Bulgaria measures 4.2 x 3.7 cm and is from the early 
Neolithic period (i.e., end of the 7th millennium BC). 
Courtesy of the Regional Historical Museum, 
Kurdjali, Bulgaria (collection no. 4532); photo by 
Vladimir Alexeev. 


erals from various locations in Slovakia. Dr. Magdalena 
Dumaniska-Stowik (University of Krakow, Poland) offered 
preliminary results from a fluid inclusion study of topaz 
crystals from Volodarsk-Volynski, Ukraine, that apparent- 
ly formed at about 360-385°C. Preliminary results from 
an FTIR and powder X-ray diffraction study of heated and 
unheated freshwater cultured pearls were presented by 
Eleni Theodosoglou (Aristotle University of Thessaloniki, 
Greece). Color differences were observed after heating at 
250°C for one hour in air (5°C/min heating rate). The sam- 
ples’ XRD patterns did not change after heating, but some 
infrared bands showed slight differences related to organic 
matter and water. 
The 20th CBGA meeting will take place in Albania in 
2014. 
Stefanos Karampelas 


European Diamond Conference. More than 300 delegates 
attended the 21st European Conference on Diamond, 
Diamond-Like Materials, Carbon Nanotubes, and Nitrides, 
held September 5-9, 2010, in Budapest. Highlights of gemo- 
logical interest from the ~330 oral and poster presentations 
are summarized here. 

Several researchers, including Dr. Mikhail Lukin 
(Harvard University) and Dr. Mark Newton (University of 
Warwick, England) presented new research on nitrogen 
vacancy (NV) centers that occur—or have been created 
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example, the direction of growth would be 
downward in the case of initial attachment 
to the underside of a rock. Coral occurs in 
shallow water, generally ranging in depth 
from ten to fifty feet. Occurrences up to one 
thousand feet have been infrequently en- 
countered, however. Usually the quality of 
color increases with depth. 

Because of its distinctive appearance 
under magnification—described as minutely 
streaked or grained —and its characteristic 
shape in the natural state, coral is seldom 
confused with other gem materials. The 
streaks, sometimes referred to as “furrows,” 
assume either a parallel or modified spiral 
arrangement, which, in the former instance, 
seem to correspond to the growth of the 
stem and its branches. Other distinguishing 
features are small, circular, shallow depres- 
sions which indicate the growth site of the 
individual polyps. Minute pits, caused by 
certain boring-type marine organisms, may 
also be present. The principal substitutes 
for coral are celluloid, wood, and sealing 
wax, none of which has the characteristic 
surface appearance of genuine coral. 

When heated, celluloid emits a camphor 
odor. Wood is scratched by the finger nail, 
exposing typical wood texture under the 
artificial surface. Under magnification, seal- 
ing wax presents a flowed or glass-like 
appearance. Coral effervesces briskly with 
hydrochloric acid, while the above substi- 
tutes fail to react. The acid test is of no 
value in separating coral from conch pearl 
(often called pink pearl), since both ma- 
terials effervesce. Higher specific gravity 
(2.83-2.86) and a decidedly different ap- 
pearance under the lens—described as scaly, 
irregular, and porcelain-like—serve to iden- 
tify conch pearl. 

Although many types of coral exist, only 
one variety is particularly adapted to articles 
of jewelry. This member of the family is 
commonly referred to as Precious or Noble 
coral, and bears the scientific title Coralliam 
Rubrum-. or Corallium Nobile. Its color 
ranges from pure white to dark red, the 
former said by some authorities to be due 
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to a diseased condition of the organism. 

The source of precious coral is confined 
largely to the Mediterranean Sea and its in- 
lets, with the coasts of Tunis, Algeria, 
Moroco, Sardinia, and Sicily ranking as the 
principal producers. Less important sources 
ate the coasts of Ireland, Australia, and 
Japan. A black variety also belongs to this 
species, but the color represents the first 
stage of the decomposition of precious coral 
and is only superficial, usually extending 
just below the surface. Black coral proper 
is a distinct species known to zoologists as 
Antipathes Spiralis. In contrast to the cal- 
careous nature of most coral, this type is 
often described as a horny substance, lend- 
ing itself well to carving and molding. The 
Indian Ocean is its habitat and it is known 
to the natives of that region by the name of 
akabar; it is sometimes referred to by 
jewelers as “Kings Coral.” A_ similar 
material is known to occur in the Mediter- 
ranean afea where it is known as giojetto. 
An attractive blue coral, Allopora Sub- 
violacea, was formerly fished off the 
Cameroon and Gulf coasts of West Africa, 
but the supply has long since been exhausted, 
it is no longer of gemological importance. 
Fossil coral or silicified coral (beekite) has 
no vaiue as a gem. 

Of the factors attecting the value of coral, 
color demands first consideration. In addi- 
tion, although secondary in importance, it 
must be compact, capable of taking a 
good polish, and free from visible spots 
and other: obvious structural defects. As 
with many other commodities, fashion 
plays an important part in determining 
which color of coral shall command the 
highest price. Some variation of red, how- 
ever, seems always to be preferred. Racial 
custom, too, is a contributing factor in this 
respect, as evidenced by the Arabs long- 
standing preference for the bright red shade. 
Of perennial popularity in Europe is a 
“fresh rose” color, known to coral dealers 
as pelle d’angelo (angél’s flesh). Other de- 
scriptive terms commonly employed are 
bianco (pure white), roso pallido (pale 
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after growth—in synthetic diamond. NV centers are com- 
mon in natural diamonds as well, and have proven impor- 
tant for the detection of HPHT treatment since the late 
1990s. 

Dr. Bert Willems (HRD, Antwerp) presented a study of 
six CVD synthetic diamond samples grown at LIMHP- 
CNRS (Villetaneuse, France). These high-quality plates 
contained varying nitrogen contents (up to 200 ppm) and 
were characterized by a 525 nm band in the UV-Vis 
absorption spectra, along with strong NV centers and a sil- 
icon peak at 737 nm. 

Dr. Riadh Issaoui (LIMHP-CNRS) provided the latest 
results of growing free-standing type IIb CVD synthetic dia- 
mond plates. Good-quality plates (measuring 5 x 5 mm and 
200 pm thick) were grown at an intermediate microwave 
power density of 80 W/cm’, a substrate surface tempera- 
ture of 800-1000°C, a total feed-gas rate of 200 standard 
cubic centimeters per minute, a boron-to-carbon ratio of 
3000 ppm, and a 5% methane concentration. 

Dr. Andrey Bolshakov (Russian Academy of Sciences, 
Moscow) grew thin films of CVD synthetic diamond that 
mimicked the structure of opal, resulting in novel three- 
dimensional photonic crystals. Using porous synthetic 
opal as a template, he and his colleagues grew CVD syn- 
thetic diamond either in the voids between the silica 
spheres or in place of the etched silica. With the recent 
interest in diamond-like coatings applied to gemstones, 
the implications of this work may someday be seen in the 
jewelry industry. 

This contributor compared the phosphorescence spec- 
tra results of 357 natural type Ib diamonds with those of 
HPHT-treated and HPHT-grown synthetic diamonds. The 
only phosphorescence bands observed in the natural dia- 
monds were centered at 500 and 660 nm. None of the 
treated or synthetic diamonds showed the 660 nm band, 
but all did display the 500 nm band, usually at higher 
intensity than in the comparable natural diamonds. 


Sally Eaton-Magania (smagana@gia.edu) 
GIA Laboratory, Carlsbad 


5th International Workshop on Provenance and 
Properties of Gems and Geo-materials. Since 1997, these 
workshops have been held approximately every two years 
in Hanoi. The most recent session took place October 
18-24, 2010, at the Vietnamese Academy of Science and 
Technology, with more than 60 participants from 13 
countries in attendance. The workshop started with a 
one-day field trip to an akoya pearl farm at Ha Long Bay 
(figure 48). Over the next three days, about 40 talks and 
posters were presented. 

Dr. Christoph Hauzenberger (University of Graz, 
Austria) discussed the petrology and geochemical charac- 
teristics of spinel rims surrounding some ruby and sap- 
phire samples from Truc Lau in northern Vietnam. Dr. 
Chakkapan Sutthirat (Gem and Jewelry Institute of 


334 GEM NEWS INTERNATIONAL 


Thailand and Chulalongkorn University, Bangkok) com- 
pared the spectroscopic, chemical, and microscopic char- 
acteristics of Vietnamese rubies from two different 
regions, Luc Yen and Quy Chau. Dr. Visut Pisutha- 
Arnond, representing the same institutions as Dr. 
Sutthirat, gave an update on the spectroscopic, chemical, 
and microscopic characteristics of gem-quality purplish 
red almandine from Houaphan Province in northeastern 
Laos. Dr. Pornsawat Wathanakul (Gem and Jewelry 
Institute of Thailand and Kasetsart University, Bangkok) 
offered preliminary means of identifying the origin of 
some alexandrites. Walter Balmer (Chulalongkorn Uni- 
versity) delivered a portion of his Ph.D. research on the 
possible genetic link between the marble-hosted ruby 
deposits in Luc Yen and those near Yuan Jiang in the Ailao 
Shan Mountains of China. 

Dr. Boontawee Sriprasert (Department of Mineral 
Resources, Bangkok) summarized heating experiments on 
the coloration of tourmaline. Dr. Bhuwadol Wanthana- 
chaisaeng (Burapha University, Chanthaburi, Thailand) 
outlined the identification of heat-treated zircons by their 
FTIR spectra. Dr. Kanphot Thongcham (Ramkhamhaeng 
University, Bangkok) examined the effects of annealing on 
the color of zircon. Dr. Vu Phi Tuyen (Vietnamese 
Academy of Science and Technology, Hanoi) presented the 
results of photoluminescence and thermoluminescence 
studies of zircon during annealing. 

Dr. Tobias Hager (Johannes Gutenberg University, 
Mainz, Germany) described gemological applications of 
Cr** luminescence. In some spinels, Dr. Hager reported, 
the FWHM (full width at half maximum) of chromium 
bands at ~700 nm increases after heat treatment. Dr. Lutz 
Nasdala (University of Vienna, Austria) described defect 
luminescence of ion-irradiated gem materials, focusing on 
diamond and zircon. 

One of these contributors (SK) described the structures 
and pigments observed in natural pearls, focusing on non- 
nacreous types such as melo, scallop, and quahog. Dr. 
Jayshree Panjikar (Institute of Gem & Jewellery, Pune, 
India) reviewed the microscopic and crystallographic fea- 
tures of gem-quality beryl from India. 

The last day of the presentations took place at the 
headquarters of Doji Gold & Gems Group, where partici- 
pants were briefed on the company’s gem mining activi- 
ties and their cutting factory. In addition, Dr. Dietmar 
Schwarz (Giibelin Gem Laboratory, Lucerne, Switzer- 
land) reviewed ruby, sapphire, and emerald mining and 
marketing. The conference closed with a three-day field 
trip, led by Doji vice chairman Duong Anh Tuan, to a 
primary marble-hosted spinel mine and a secondary ruby 
and spinel mine in the Yen Bai region. 


Stefanos Karampelas 
Le Thi-Thu Huong 


Faculty of Geology, Vietnam National University 
Hanoi 
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Figure 48. This akoya cultured pearl farm is located at Ha Long Bay in northeastern Vietnam. 
Photo by Christoph Hauzenberger. 


ERRATA 


1 


The Summer 2008 GNI section (pp. 184-185) erro- 
neously reported the yellow vanadinite locality as the 
Democratic Republic of the Congo. Dr. Lavinsky’s 
supplier has now admitted that the material was 
actually found in Otjitheka, Kaokoland, northwest 
Namibia. 


. The business retrospective article by R. Shor and R. 


Weldon in the Fall 2010 issue (pp. 166-187) incorrect- 
ly stated that the American Gem Society Laboratory 
was the first grading lab to issue a cut grade on dia- 
mond grading reports. A number of smaller labs were 
in fact issuing cut grades prior to AGS. We thank 
David Atlas for bringing this to our attention. 


. There were two errors in table 1 of the gem localities 


retrospective article by J. E. Shigley et al. in the Fall 


2010 issue (pp. 188-216). On page 203, the Hiddenite 
emerald locality is located in Alexander County, not 
Mitchell County. On page 214, Malawi should not 
have been listed as a tourmaline locality; the Canary 
deposit is actually located in Lundazi, Zambia. 


. The C. M. Breeding et al. technology retrospective 


article in the Fall 2010 issue (pp. 241-257) incorrectly 
referred to the Holloway Cut Adviser as Holloway 
Cut Analysis. In addition, The Lexus M-Box software 
referred to in the article was developed by OctoNus 
(Lexus is the distributor) and the image in figure 10 
shows the Oxygen software user interface. The rough 
diamond planning system also makes use of 
DiamCalc, which OctoNus developed in the late 
1990s and today is used widely to assist in the evalua- 
tion of diamond cutting. Our thanks to Sergey 
Sivovolenko for providing this additional information. 


For online access to all issues of GEMS & GEMOLOGY from 1981 to the present, visit: 
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Blood on the Stone: 
Greed, Corruption, and War in 
the Global Diamond Trade 


By Ian Smillie, 252 pp., publ. by 
Anthem Press [www.anthempress. 
com], London, 2010. US$29.95 


Ian Smillie starts his new book by 
saying that it will address how dia- 
monds fueled some of the most brutal 
wars in Africa. Blood on the Stone 
achieves this goal comprehensively 
and compellingly. More importantly, 
it also explores the larger issue behind 
this story—that of the extraction of 
mineral resources from developing 
countries and the struggle to force 
corporate accountability for the abus- 
es and imbalances that have resulted. 

The prologue relates the history of 
Smillie’s own involvement in the con- 
flict diamond issue, beginning with a 
meeting in the Ottawa offices of the 
nongovernmental organization Part- 
nership Africa Canada, where he 
worked in 1997, and leading into his 
travels as a UN-appointed expert, 
which took him from war-torn regions 
of Africa to the White House. 

Over a period of 10 years, Smillie 
became renowned for his knowledge of 
the conflict diamond issue and as an 
advocate for change. He takes pains to 
stress that diamonds did not cause the 
rebel wars in Sierra Leone, Angola, and 
the Democratic Republic of Congo. 
But they did prolong these conflicts by 
providing huge amounts of money to 
finance them. There has been much 
debate as to whether greed or 
grievance was the cause—the answer, 
according to Smillie, was both. 

During the 1990s, perhaps 25% of 
the world’s trade in rough diamonds 
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was infected by some sort of illicit 
activity. The context for how this 
activity came to be so commonplace 
lies in the nature of the product and 
the trade: the portability and accessi- 
bility of diamonds, the industry’s 
inherent secrecy and preference to 
avoid paperwork, the lack of govern- 
ment controls, and the difficulty of 
obtaining accurate data to track the 
flow of goods. Diamonds have long 
been linked to tax evasion and money 
laundering. In the 1990s, though, they 
were used to bankroll wars that 
claimed millions of lives and caused 
untold suffering. 

Students of gemology will appreci- 
ate Smillie’s review of the history of 
diamonds, with its concise and precise 
descriptions of their geology and time- 
lines of important discoveries. Unlike 
many popular accounts of the dia- 
mond trade, this section is both scien- 
tifically accurate and well researched. 
Background on De Beers and its con- 
trol of much of the rough diamond 
trade sets the scene for how combat- 
ants were able to use diamonds to 
fund conflict. 

But it is in the surprisingly even- 
handed historical accounts of the dia- 
mond trade and politics in Angola, 
Liberia, Sierra Leone, and the DRC that 
Smillie’s measured analysis and histor- 
ical knowledge comes into its own. In 
these chapters, the reader is taken deep 
into the sordid tales of African history 
since independence. From the De 
Beers-funded International Diamond 
Security Organisation in West Africa 
during the 1950s to the shadowy 1980s 
terrorist training camps in Libya, the 
training grounds for the perpetrators of 
the madness that gripped Sierra Leone 
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and Liberia in the 1990s, Smillie paints 
a grim picture of the damage wreaked 
by the sale of diamonds. 

Any consumer who has recently 
purchased a diamond will learn that 
there is a 60% chance it came from 
Africa, and a 90% chance it traveled 
to the cutting centers of both Antwerp 
and India. They will also learn that 
before the 2003 implementation of the 
Kimberley Process Certification 
Scheme (KPCS), one out of four dia- 
monds were at some point likely 
stolen, illegally mined, or used to 
launder money or evade taxes. 

The book ends with a discussion 
of how the NGOs forced the diamond 
industry to accept responsibility for 
the problems occurring in Africa and 
their search for a solution. The 
drawn-out negotiations and politick- 
ing between governments, industry 
representatives, and NGOs to estab- 
lish the KPCS makes for compelling 
reading. It took a dozen meetings 
between May 2000 and November 
2002 to set up an international certifi- 
cation system for rough diamonds, 
which was launched in January 2003. 

Yet Smillie is critical of the cur- 
rent state of the KPCS and argues that 
it will fail unless it can deal decisively 
and effectively with new problems as 
they arise. What the author does not 
discuss is the fact that he himself 
resigned from involvement in the 
scheme in May 2009. He is now active 
with the Diamond Development 
Initiative, which seeks to redress 
some of the imbalances caused by the 
global trade in diamonds. 

Smillie’s skill is the ability to 
write a scholarly record of the circum- 
stances that created conflict diamonds 
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while also providing an entertaining, 
fast-paced read full of intrigue. It is 
unfortunate, then, that the book 
lacked the attention of an experienced 
editor. Each of the 13 chapters feels 
self-contained, and consequently there 
is considerable overlap between them, 
at times almost verbatim. 

Blood on the Stone will be wel- 
comed by anyone interested in Africa, 
corporate social responsibility, and 
geopolitics. Though a troubling book 
for many in the jewelry trade, it pro- 
vides an important lesson for those 
keen to learn more about the topical 
issue of accountability and traceability 
of the product they sell. As the author 
points out, the diamond trade is dis- 
jointed. It portrays the romance and 
beauty of diamonds from gleaming 
showcases in major cities. Yet the 
product often starts its journey in an 
alluvial river bend in West Africa, 
where ownership is often fleeting and 
dangerous, and never forever. 


EDWARD JOHNSON 
GIA London 


Jewellery in the Age of 
Queen Victoria: 
A Mirror to the World 


By Charlotte Gere and Judy Rudoe, 
552 pp., illus., publ. by The British 
Museum Press [www.britishmuseum 
shoponline.org], London, 2010. £50.00 


This book is a welcome addition to 
the literature on 19th century jewelry. 
The authors have done a remarkable 
job of interpreting how jewelry was 
designed and worn during this pros- 
perous age. Rather than presenting the 
subject in a strictly chronological 
manner or by describing the work of 
individual jewelers, their approach is 
to identify the cultural and emotional 
significance of jewelry in Victorian 
society. 

I must warn you that nothing 
about this work is lightweight. It is a 
heavy book, literally and figuratively. 
There is no cozy reading in bed with 
this tome—it requires a library table 
to support its weight! Gere and Rudoe 
have done exhaustive research on 
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every cultural aspect that might have 
had any bearing on Victorian jewelry, 
as is evident in the six-page bibliogra- 
phy and 33 pages of footnotes. Keep a 
bookmark placed in the footnotes as 
you read each chapter, as they contain 
many tidbits of additional informa- 
tion you won't want to miss. 

The book is also heavily illustrated 
with images of jewelry, portraits (both 
rendered and photographic), as well as 
newspaper articles and jewelry adver- 
tisements. Be sure to read all the cap- 
tions, as they provide valuable infor- 
mation to support the text. Happily, 
the authors have a light touch, mak- 
ing the book enjoyable and absorbing. 

Ten chapters focus on the various 
cultural influences of the era. The 
first chapter, by far the longest, is an 
overview of Queen Victoria’s life 
(1819-1901). It shows how jewelry 
fashion and styles were influenced by 
her coronation, her marriage to Prince 
Albert, the birth of her children, the 
tragedy of her husband’s early death, 
her 40-year widowhood, and her man- 
agement of a burgeoning empire. 

The next four chapters address 
social factors of jewelry design. Gere 
and Rudoe explore the role jewelry 
played in public and private life as 
dictated by etiquette (jewelry appro- 
priate for wear during the stages of 
mourning, for example), and how jew- 
elry interacted with the prevailing 
clothing fashions. The authors deci- 
pher the hidden messages jewelry car- 
ried during this sentimental age, as 
well as the fascination with novelty 
that pervaded the 19th century and 
how this was manifested in jewelry. 

Chapter 6, “Britain and the World,” 
underscores the enormous impact of 
the International Exhibitions. From the 
first Great International Exhibition in 
London in 1853 to the Paris Exposition 
of 1900, these extraordinary events 
introduced art and artifacts from India, 
the Islamic world, China, and Japan to 
Europe and the West. This cultural 
integration had a profound effect on 
jewelry design and manufacture. 

The wide range of historical and 
archeological revival styles are covered 
next. The authors do a great service by 
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neatly categorizing the different influ- 
ences, as they are often intermingled 
in a single piece of jewelry. Gothic and 
Renaissance revival styles are deci- 
phered in chapter 7, followed by the 
different motifs that emerged from 
archeological discoveries in Egypt, 
Italy, Greece, Ireland, and Scandinavia. 

Cameos—arguably the quintessen- 
tial jewel of the Victorian era—are 
examined in chapter 9. We learn why 
these mini-sculptures in hardstone 
and shell were so highly prized. The 
final chapter is devoted to the various 
types of souvenir jewelry brought back 
from travels abroad. These include 
painted enamels from Switzerland; 
Italian pietra dura, micromosaics, and 
carved coral; and delicate ivory carv- 
ings from Germany. 

It is important to understand that 
Jewellery in the Age of Queen Vic- 
toria deals with the jewelry worn by 
royalty and the very wealthy. Jewelry 
of the Arts & Crafts movement and 
Art Nouveau style were not favored 
by the Victorian elite, so readers 
should not be surprised that these are 
not mentioned. Gere and Rudoe have 
masterfully interwoven the cultural 
influences of the age into a marvelous 
and colorful tapestry, providing a 
clearer understanding of why fine jew- 
elry took the forms that it did during 
Queen Victoria’s reign. 

ELISE B. MISIOROWSKI 

Exhibit Curator 

“All That Glitters: 

The Splendor and Science of 

Gems and Minerals” 

San Diego Natural History Museum 


Amethyst Uruguay 


By Reinhard Balzer, 304 pp., illus., 
publ. by Christian Weise Verlag 
[www.lapis.de], Munich, 2009. US$65 


This is a well-written historical 
account of how the gem cutting 
industry in Idar-Oberstein, Germany, 
fueled the mining and trading of 
agates in South America during the 
early 19th century. The promise of 
land and new resources was the driv- 
ing force that led German families in 
the gem cutting business to settle in 
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South America. 

The author supports the historical 
information by reproducing original 
letters between German miners in 
South America and their families in 
Idar-Oberstein, which offers a very 
real connection with these early min- 
ers. Overall, the book is thorough in 
both the information presented and 
the period photography. The text reads 
well, though the dual-language 
German-English format makes the 
book rather bulky. The highlight for 
this reviewer lies in the photos of the 
modern mining areas, as well as the 
amethyst specimens, which are noth- 
ing short of spectacular. The quality of 
the photography reveals tremendous 
detail. The final chapter showcasing 
these specimens leaves little room for 
the imagination, painting a vivid pic- 
ture of the treasures these early min- 
ers would likely have discovered. 

While the history and lore of a 
mining area contributes to the value of 
many gems, amethyst is not typically 
considered one of them. Nevertheless, 
this book makes a noteworthy attempt 
to give the reader a deeper understand- 
ing and appreciation for this material 
and its rich history in Uruguay. 

Overall, this book is recommend- 
ed for anyone interested in gems and 
their history, and it is an essential 
read for those with particular interest 
in amethyst. 

NATHAN RENFRO 
GIA Laboratory 
Carlsbad, California 


The Fancy Color Diamond 
Book: Facts & Secrets of 
Trading in Rarities 

By Eden Rachminov, 231 pp., illus., 
publ. by Diamond Odyssey 


[www.diamondodyssey.org], 
Tel Aviv, 2009. US$215.00 


This attractive book by third-genera- 
tion gem dealer Eden Rachminov was 
created for fancy-color diamond enthu- 
siasts and trade professionals. Filled 
with photos of rough and faceted col- 
ored diamonds, it offers a wealth of 
information. Nine chapters cover dia- 
mond colors, cuts, and shapes; how to 
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read a diamond grading report; dia- 
mond trade nicknames (e.g., tradition- 
al terms such as cape, canary, etc.); 
treated diamonds; and diamond forma- 
tion. The book’s structure closely fol- 
lows the GIA diamond grading course 
and applies it to colored diamonds. 

One of the book’s merits is that it 
impresses on the reader the rarity of 
fancy-color diamonds. It also rein- 
forces the basic principles that govern 
diamond cut, shape, and grading. The 
inclusion photomicrographs deserve 
special mention for their quality. The 
book clearly compares the color grad- 
ing process for near-colorless dia- 
monds to that for fancy-color dia- 
monds (with the latter far more com- 
plex), and presents color reference 
charts for yellows, pinks, and blues. 
Through simple scientific explana- 
tions, it also presents a brief overview 
of color origin in diamonds. 

Unfortunately, because the colors 
in the charts are represented in the 
purest hues, the reader cannot appreci- 
ate the subtle nuances that give colored 
diamonds their distinctiveness and are 
critical to appreciating their rarity and 
value. For instance, a very pale colored 
diamond might be much more valuable 
than one of greater intensity if its hue is 
more desirable. Colored diamond hues, 
saturations, and tone are very specific. 
Rachminov does a superb job, however, 
of covering the vast palette, including 
the rarely featured chameleon, gray, 
brown, and black varieties. While the 
book includes an overview of treated 
diamonds, the lack of scientific expla- 
nation or photos in this section makes 
it difficult to grasp the complexities of 
diamond enhancements. 

One of the book’s greatest 
strengths is that it addresses (from a 
dealer’s perspective) one of the most 
frequently asked questions: Which 
colors are the rarest and most expen- 
sive? Another is the value scale com- 
parison for each of the different colors 
of colored diamonds, though it is dis- 
appointing that the prices are quoted 
in broad generalities, despite publicly 
available auction results. Additionally, 
the book gives an interesting answer 
to the important question of which 
color intensity is most valuable: deep, 
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intense, or dark? The author empha- 
sizes very clearly the importance of 
cut and openly explains the fact—well 
known in the trade—that fancy shapes 
help lengthen the light rays within the 
stones and make colors look more 
intense. Therefore, traditional shapes 
are rarer and more valuable for colored 
diamonds. The author further explains 
that blue fluorescence has far less 
impact on a colored diamond than on 
a colorless one. The reader will learn 
how to read a diamond report, which 
information is the most important, 
and which is a potential deal-breaker. 
Fancy-color diamonds are not for 
everyone, but for those who do their 
homework and choose selectively, 
they are prized possessions. With its 
lavish illustrations on a variety of 
subjects, the book delivers a complete 
overview of colored diamonds, one 
that will stimulate further interest in 
this fascinating topic. 
DELPHINE A. LEBLANC 
Hoboken, New Jersey 
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Agates and Jaspers. By Ron Gibbs, 239 
pp., illus., publ. by theimage.com 
[www.theimagebooks.com], Weding- 
ton, NC, 2009, US$40.00. This com- 
prehensive, meticulously photographed 
work sets out to be a complete guide to 
agates and succeeds admirably. Agate 
formation, properties, structure, and 
identification are reviewed in detail, 
with more than 1,000 photos and dia- 
grams describing the structural features 
of agates and jaspers. TWO 


Minerals & Precious Stones of Brazil. 
By Carlos Cornejo and Andrea Bar- 
torelli, 704 pp., illus., publ. by Solaris 
[www.solariseditora.com.br], Sado 
Paulo, Brazil, 2010, R$148.00. This 
massive volume presents a compre- 
hensive historical and iconographic 
review of Brazil’s minerals and pre- 
cious stones. In addition to a detailed 
history of Brazilian gems, it provides a 
photographic record of the most 
important specimens of beryl, tourma- 
line, garnet, topaz, amethyst, and dia- 
mond, among others. TWO 
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COLORED STONES AND 
ORGANIC MATERIALS 


Appearance of new bead material in cultured pearls. H. A. 
Hanni [info@gemexpert.ch], M. S. Krzemnicki, and L. 
Cartier, Journal of Gemmology, Vol. 32, No. 1-4, 2010, 
pp. 31-37. 

Following a brief description of conventional shell beads and 

unusual materials recently used for culturing pearls, the 

authors describe the feasibility, characterization, and detection 
of Chinese freshwater cultured pearls (CFCPs) used to nucleate 
pearls in oysters. Some other unusual bead materials include 
bironite and pressed barium sulfate. One new technique uti- 
lizes irregularly shaped shell beads to produce baroque South 

Sea cultured pearls. Radiographs of the latter reveal the nature 

of the shell core, making them easily identifiable. 

As traditional bead materials become less viable due to cost 
and scarcity, the abundance of nearly round CFCPs offers a pos- 
sible alternative for pearl culturing. To study the method’s 
effectiveness and the identifying characteristics of the resulting 
cultured pearls, the authors nucleated 200 Pinctada maxima 
and 200 Pinctada margaritifera oysters with 6.5 mm CFCPs. 
They found that the rejection rate was slightly lower than for 
shell beads, and that CFCPs larger than 9 mm could be used in 
a second nucleation. The cultured pearls were harvested after 
13 months and compared with conventionally produced sam- 
ples by slicing to reveal cross sections and also using microto- 
mography and conventional radiography. Features typical of 
CFCPs—such as a complex central cavity, undulating hair- 
lines, and fine fissures between layers—can be used to readily 
identify these cultured pearls. The advantages of CFCPs over 
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shell beads include abundance and ease of drilling, but the 
comparative costs will determine whether they become 
the preferred bead material. 
Much more difficult to identify are samples produced 
using low-quality natural pearls as beads. 
EAS 


Boron and lithium isotopic compositions as provenance 
indicators of Cu-bearing tourmalines. B. M. Shabaga, 
M. Fayek [fayek@cc.umanitoba.ca], and F. C. 
Hawthorne, Mineralogical Magazine, Vol. 74, No. 2, 
2010, pp. 241-245. 
Eight samples of Cu-bearing tourmaline were analyzed for 
this study: four from Paraiba State, Brazil; two from 
Nigeria; and two from Mozambique. Electron microprobe 
analysis revealed that the samples had similar chemical 
compositions and were classified as fluor-elbaite. 
Secondary-ion mass spectrometry (SIMS) was used to mea- 
sure the stable isotopes of B and Li to develop criteria to 
distinguish their origin and identify the source of fluids 
that precipitated these tourmalines. 

The 8!!B values of the tourmaline from Paraiba ranged 
from —42.4 to -32.9%o, while the values of the samples 
from Nigeria and Mozambique ranged from -30.5 
to -22.7%o and -20.8 to -19.1%o, respectively. The 5!'B val- 
ues were relatively homogeneous and displayed no over- 
lap. There was some overlap in the 8’Li values in samples 
from the three localities. Nevertheless, Cu-bearing tour- 
malines from each locality could be fingerprinted by their 
combination of 8!'B and 8’Li values. 

The very low 8!'B values are among the lowest report- 
ed for magmatic systems, expanding the global range of B 
isotopic composition for tourmaline by 12%o. The corre- 
sponding 6’Li values +24.5-+46.8%o are among the highest 
reported, though they are less diagnostic of the Li source. 
The combination of high 8’Li values and low 8!!B values 
suggests a nonmarine evaporite or brine as the source for Li 
and B, either as constituents of the magma source region or 
through assimilation during magma ascent. The wide range 
in 6B and 8&Li values suggests that B and Li isotope frac- 
tionation occurred during magmatic degassing and late- 
stage magmatic-hydrothermal evolution of the granitic 
pegmatite systems that produced these tourmalines. 

GL 


The formation of agate structures: Models for silica trans- 
port, agate layer accretion, and for flow patterns and 
flow regimes in infiltration channels. E. Walger, G. 
Mattheb, V. V. Seckendorff [volker.von_seckendorff@ 
uni-wuerzburg.de], and F. Liebau, Neues Jahrbuch 
ftir Mineralogie, Abhandlungen, Vol. 186, No. 2, 
2009, pp. 113-152. 

An agate may contain one or more of three different struc- 

tures: common agate banding, horizontal layering, and/or 

infiltration channel banding. Common agate banding is a 

three-dimensional layered structure, with each layer mea- 
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suring a few microns thick. This structure can be formed 
by either an externally controlled accumulation process or 
an internally controlled differentiation process. Horizontal 
layering features parallel layers that can be quite exten- 
sive. Infiltration channel banding develops in a cavity that 
has been lined by layers of common agate banding. An 
infiltration channel is formed by fluid (silica) jets, which 
enter through one or more capillary fissures that penetrate 
the first layer of silica gel lining the inner surface of the 
cavity. Occasionally, the capillary fissure may be filled 
with non-silica minerals such as barite and calcite. 

The authors propose a new model for agate formation 
that explains these three structures through water 
molecule cluster size, Brownian motion and limiting 
velocity, the penetration depth of the silica jet, and the 
duration of the cavity-filling process. Syneresis or aging 
(i.e., spontaneous dehydration, crystallization, and shrink- 
ing) occurs immediately after the formation of the first 
layer of silica gel (composed of disorderly packed spheres) 
in the cavity. This is followed by the supply of silica from 
the host rock. A relaxation mechanism is essential to 
achieving the typical agate texture of multiple silica (chal- 
cedony) layers. This mechanism also controls the thick- 
ness of each layer. The agate structure can be formed 
either with an infiltration channel (by injection) or with- 
out one (by a direct process). 

The rate of silica transport can be measured by the 
ratio of total surface area of the innermost active silica 
layer and the cross-sectional area of the capillary fissure. 
This ratio increases as the cavity becomes larger. Thus, 
the time needed for silica gel to fill a large cavity or a 
small one may be about the same. Silica gel starts to pre- 
cipitate when it reaches the minimum level of supersatu- 
ration. Non-silica minerals as precursors of agate forma- 
tion or as part of the agate structure suggest that the silica 
supply also contains other mobile chemical species from 
the host rock. Thin sections show that silica fibers in the 
agate layers always form perpendicular to the growth sur- 
face, though they appear to be deformed. The calculated 
duration of agate formation ranged from a few hundred to 
more than 10,000 years. KSM 


“Real” hiddenite and real names. R. C. Tacker [christo- 
pher.tacker@ncdenr.gov], Rocks & Minerals, Vol. 
85, No. 3, 2010, pp. 264-268. 
Named in honor of William Earl Hidden, who document- 
ed specimens in North Carolina during the late 1800s, the 
Cr-bearing green spodumene known as hiddenite is also 
found in the Tuva Republic of Siberia; Kabbur, India; and 
Minas Gerais, Brazil. Some controversy surrounds the 
varietal name, since J. A. D. Stephenson described green 
spodumene from North Carolina prior to Hidden. While 
the International Mineralogical Association does not dif- 
ferentiate the variety names hiddenite and kunzite from 
spodumene, CIBJO recognizes hiddenite as green spo- 
dumene that owes its color to chromium. EAS 
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Spessartin: Von Sammlerstein zum Topseller [Spessartine 
garnet: From collector stone to top seller]. C. C. 
Milisenda [info@gemcertificate.com], T. Lind, and 
U. Henn, Gemmologie: Zeitschrift der Deutschen 
Gemmologische Gesellschaft, Vol. 59, No. 1-2, 
2010, pp. 3-18 [in German]. 

Named after the Spessart Mountains of northwestern 

Bavaria, spessartine (Mn,Al,SiO,) is an orange garnet that 

is sometimes known as “Mandarin garnet” in the trade. 

Production has always been erratic, and there are only a 

handful of traditional sources: Amelia, Virginia; Ramona, 

California; Minas Gerais, Brazil; Sri Lanka; and various 

locations in Africa. Because of their scarcity, these garnets 

were traditionally collectors’ stones. 

In 1992, a new occurrence was discovered in Namibia, 
followed a year later by a discovery in the Neelum Valley 
of Azad Kashmir. Spessartines emerged from Nigeria in 
1998 and from Tanzania in 2007. The stones from 
Namibia and Tanzania are predominantly spessartine- 
pyrope garnets, with Tanzanian stones having a higher 
pyrope content. Samples from Azad Kashmir and Ramona 
are spessartine-almandine. Nigerian samples commonly 
have a high spessartine content, up to 95 mol.%, and 
varying traces of pyrope and almandine. The supply has 
dwindled in recent years, a trend that could return the 
gem to collector status. 

GL 


DIAMONDS 


Diamond formation in the deep mantle: The record of 
mineral inclusions and their distribution in rela- 
tion to mantle dehydration zones. B. Harte 
[ben-harte@ed.ac.uk], Mineralogical Magazine, Vol. 
74, No. 2, 2010, pp. 189-215. 

As natural diamonds are believed to crystallize in flu- 

ids/melts, the author proposes that diamonds and inclu- 

sions of particular compositions are restricted to two 
depth intervals (the lower asthenosphere and upper tran- 
sition zone, and the upper/lower mantle) because they 
are controlled by locations of fluid/melt occurrence. 
Explanations for the depth restrictions and composition- 
al restrictions of diamond inclusions are explored. The 
author gives a lengthy overview of past research related 
to diamonds, their inclusions, and mantle xenoliths 
formed in the diamond stability field in the earth’s man- 
tle lithosphere. A comparison of the inclusions and asso- 
ciations found in diamonds with experimentally deter- 

mined silicate assemblages to depths of ~800 km shows a 

close correspondence between the data. The formation of 

mafic and ultramafic deep-mantle rocks and their dia- 
monds is associated with subduction zones, where dehy- 
dration reactions occurred in subducted material or at 
the subduction interface. 

EAS 
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Diamonds through time. J. J. Gurney [john.gurney@minserv. 
co.za], H. H. Helmstaedt, S. H. Richardson, and S. B. 
Shirey, Economic Geology, Vol. 105, No. 3, 2010, 
pp. 689-712. 

The vast majority of gem diamonds formed during episod- 

ic events in the lithospheric mantle beneath continental 

cratons and were transported to the surface during a span 
from at least the Archean to the Phanerozoic. Harzburgite 
and eclogite are important diamond source rocks in the 
mantle. Most diamonds formed 1-3 billion years ago, and 
geologic evidence suggests that they spent long periods in 
the mantle before being transported to the earth’s surface. 

There is also evidence that during these periods, the crys- 

tals underwent partial resorption and recrystallization. 

With improved methods of isotope analysis, diamond for- 

mation ages can now be correlated with processes in the 

upper mantle such as craton accretion and craton edge 
subduction. JES 


Lithoprobe’s impact on the Canadian diamond-explo- 
ration industry. D. B. Snyder [dsnyder@nrcan.gc.ca] 
and H. S. Grtitter, Canadian Journal of Earth 
Sciences, Vol. 47, No. 5, 2010, pp. 783-800. 

Lithoprobe is a Canadian national research project estab- 

lished in 1984 to better understand the evolution of the 

northern part of North America. Using geologic and geo- 
physical methods, Lithoprobe has demonstrated the very 
different geologic settings for the parageneses of peridotitic 
and eclogitic diamonds found across Canada. On a regional 
scale, seismic methods have delineated many of the oldest 
cratonic mantle blocks, as well as associated Archean and 

Proterozoic suture zones, where larger percentages of dia- 

mondiferous eclogites may occur. On a local scale, geo- 

physical surveys have resulted in high-resolution (meter- 
scale) mapping of diamond-bearing kimberlite pipes and 
shallow-dipping dikes, allowing more precise volume esti- 
mation and more efficient mining. 

JES 
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The alluvial sapphire profiles of Mayo Kewol placer in the 
Adamawa region (North-Cameroon): Granulometric 
and mineralogical features. M. L. Boaka 4 Koul 
[boakami@yahoo.fr], R. Yongue-Fouateu, and P.-D. 
Ndjigui, Journal of African Earth Sciences, Vol. 56, 
No. 2/3, 2010, pp. 121-126. 

Blue sapphires, along with other gems and heavy minerals, 

have been found in alluvial placers in several areas of 

Cameroon. The Mayo Kewol (Kewol River) placer covers 

an ~170 km? area in the western portion of Adamawa 

Province. Based on sediment samples and profiles, the gem 

minerals were found to occur along several horizons with- 

in the alluvial sequence. The authors were able to recog- 
nize several populations of sapphires based on their crystal 
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shape and degree of abrasion (indicated by roundness). 
Sapphires could not be found in any rocks exposed in the 
study area, so their primary source is unknown. 

JES 


Andradite from Antetezambato, north Madagascar. F. 
Pezzotta [fpezzotta@yahoo.com], Mineralogical 
Record, Vol. 41, May-June 2010, pp. 209-229. 

In 2006, spectacular demantoid and topazolite (andradite) 

crystals on matrix were found in northern Madagascar. 

The location of the andradite occurrence—in a mangrove 

swamp subject to tidal surges—makes it difficult to 

extract the gem material, but the quality is very high. 

Initially identified as tourmaline, zircon, or sapphire, the 

green crystals were properly identified by the University of 

Nantes as demantoid. 

JEC 


Demantoid und Topazolith aus Antetezambato, 
Nordmadagaskar [Demantoid and topazolite from 
Antetezambato, northern Madagascar]. F. Pezzotta 
[fpezzotta@yahoo.com], Lapis, Vol. 35, No. 10, 2010, 
pp. 31-39, 90 [in German]; Eine Reise zu den Deman- 
toiden von Antetezambato [A travel to the deman- 
toids of Antetezambato]. J. Hintze [jentschmineral@ 
aol.com], Lapis, Vol. 35, No. 10, 2010, pp. 40-43 [in 
German]. 

These two articles provide an update on the demantoid 

deposit at Antetezambato. The mining rush of 2009 is 

clearly over, and almost all the diggers have moved to a 

new gold deposit. Consequently, the production and quali- 

ty of the demantoid have dropped, while prices have 
increased. Many specimens offered for sale are manufac- 
tured fakes. 

RT 


Conditions for Early Cretaceous emerald formation at 
Dyakou, China: Fluid inclusion, Ar-Ar, and stable 
isotope studies. G. Xue, D. Marshall [marshall@ 
sfu.ca], S. Zhang, T. D. Ullrich, T. Bishop, L. A. 
Groat, D. J. Thorkelson, G. Giuliani, and A. E. 
Fallick, Economic Geology, Vol. 105, No. 2, 2010, 
pp. 339-349, 

In 1992, prospectors accidentally discovered emeralds near 

the Chinese village of Dyakou, in southeastern Yunnan 

Province near the border with Vietnam. The emeralds 

occur in quartz and quartz-pegmatite veins that intrude 

deformed metamorphic rocks (granofels and schists) of 

Proterozoic age. Ar-Ar dating of micas in the veins indi- 

cates they are of Cretaceous age (124 + 1 million years). 

Oxygen isotope data suggest that vein formation occurred 

at temperatures of 365-420°C and pressures of 1.5-3.3 

kbar. The Be- and Cr-rich fluids that produced the emer- 
alds resulted from the intrusion of evolved granitic mag- 
mas into the metamorphic rocks. 

JES 
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Le district minier 4 “tsavorite” de Lemshuku, Tanzanie 
[The tsavorite mining district of Lemshuku, 
Tanzania]. J. Feneyrol, G. Giuliani, D. Ohnen- 
stetter, M. Saul, E. Saul, and J. M. Saul, Revue de 
Gemmologie, No. 172, 2010, pp. 11-22 [in French]. 

Tsavorite [Ca,Al,(SiO,)] is a vanadium-bearing green 

grossular garnet discovered in the late 1960s by Campbell 

Bridges near Komolo in northeastern Tanzania. It has 

since been found elsewhere in Tanzania and in Kenya, 

Madagascar, Pakistan, and Antarctica. The three Tan- 

zanian deposits lie in the Lelatema Fold Belt at Merelani, 

Namalulu, and Lemshuku. 

At Lemshuku, two types of mineralization have been 
recognized: (1) primary deposits in graphitic gneiss, where 
tsavorite occurs in quartz-bearing veins associated with 
graphite and pyrite; and (2) a secondary deposit in an allu- 
vial basin. Mechanized mining of the Lemshuku placer 
produces 12 g per day, with stones ranging from 0.5 to 3 
cm. The hues vary from yellow-green to dark green; the 
intensity of the color corresponds to the vanadium and 
chromium content. No treatment is needed to enhance 
color or clarity. 

GL 


Estrazione di granato grossularia (var. essonite) a 
Kamburupitiya, Sri-Lanka [Mining of grossularite 
garnet (variety hessonite) at Kamburupitiya, Sri 
Lanka]. F. Troilo and E. Costa, Rivista Gemmo- 
logica Italiana, Vol. 4, No. 3, 2009, pp. 165-174 [in 
Italian]. 

Sri Lanka is a leading producer of hessonite, almost all of it 

coming from a mine at Kamburupitiya about 60 km north 

of Matara. The authors visited a typical small-scale mine 
in that area with a shaft extending 25 m down to the gem- 
bearing gravels. Because the deposit is eluvial, the hes- 
sonites occur mainly as fragments. Cuttable pieces gener- 
ally weigh 2-5 g, but 50 g stones also have been recovered. 

The material goes directly to the cutter, and very few 

rough stones are available. The hessonites from Kamburu- 

pitiya are relatively pure grossular, with an andradite com- 
ponent of ~10%. Typical inclusions are apatite and possi- 
bly calcite. 

RT 


Gem-quality transparent diaspore (Zultanite) in bauxite 
deposits of the Ilbir Mountains, Menderes Massif, 
SW Turkey. M. Hatipoglu [murat.hatipoglu@ 
deu.edu.tr], N. Ttirk, S. C. Chamberlain, and A. M. 
Akgiin, Mineralium Deposita, Vol. 45, No. 2, 2010, 
pp. 201-205. 
Yellowish green transparent diaspore crystals occur within 
two metamorphosed bauxite horizons in bedded marbles 
of the Ilbir Mountains in southwest Turkey. The horizons 
are several meters thick. The diaspore crystals typically 
display a tabular habit and “dovetail” contact twinning, 
and some show color-change behavior under different 
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lighting. Their average length is 5 cm, but crystals up to 35 
cm have been found. They occur (along with muscovite, 
hematite, ilmenite, chloritoid, and calcite) in small open 
spaces within fracture zones that crosscut the bauxite 
horizons. Diaspore and the associated minerals formed by 
hydrothermal remobilization of chemical components 
from the bauxite horizons. The diaspore from this locality 
is marketed as Zultanite. JES 


Petrography and chemistry of SiO, filling phases in the 
amethyst geodes from the Serra Geral Formation 
deposit, Rio Grande do Sul, Brazil. A. Commin- 
Fischer, G. Berger [berger@lmtg.obs-mip.fr], M. 
Polvé, M. Dubois, P. Sardini, D. Beaufort, and M. 
Formoso, Journal of South American Earth Sciences, 
Vol. 29, No. 3, 2010, pp. 751-760. 

Important sources of amethyst in the form of crystal-filled 

geodes and crystal-lined fractures are found in basalts of 

Rio Grande do Sul State in Brazil and in areas of neighbor- 

ing Uruguay. The amethyst typically occurs with chal- 

cedony and colorless quartz. Textural relationships and 
trace-element data suggest that these three phases formed 
in a single growth event at temperatures below 100°C. 

The host basalt or an underlying sandstone formation are 

considered possible sources of silica that was mobilized 

into a mineralizing fluid by a regional hydrothermal event. 

Silica precipitation occurred in open spaces in the basalt 

upon cooling and oxidation of this percolating fluid, first 

as chalcedony and then as colorless quartz. Over time, the 

fluid’s silica content decreased, with amethyst forming 

during the final oxidizing stage of geode mineralization. 
JES 


Spinels from Ywathit deposit, Kayah State, Myanmar. U 
T. Hlaing, [p.tinhlaing@gmail.com], W. Atichat, and 
C. Sutthirat, Australian Gemmologist, Vol. 24, No. 
3, 2010, pp. 61-63. 
Pink, red, and orange spinel occurs in alluvial deposits 
near Ywathit in eastern Myanmar. Most of the pieces 
range from 1.0 to 2.5 cm; the larger stones (up to 6 g) are 
waterworn and have pitted and etched faces. Eight elec- 
tron microprobe analyses demonstrated that they are 
almost pure spinel, with only minor amounts of Fe and 
Zn. Their inclusions consist of partially healed fractures, 
dark clouds, and some crystallites. 
RAH 


INSTRUMENTS AND TECHNIQUES 


EDXRE quantitative analysis of chromophore chemical 
elements in corundum samples. L. Bonizzoni, A. 
Galli [anna.galli@mater.unimib.it], G. Spinolo, and 
V. Palanza, Analytical and Bioanalytical Chemi- 
stry, Vol. 395, 2009, pp. 2021-2027. 


In recent decades, a considerable amount of research has 
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dealt with the physicochemical causes of different colors 
of corundum. Much of it focused on optical absorption 
studies of corundum from various geographic origins, nat- 
ural and synthetic, treated and untreated. The attribution 
of some of the absorption bands is still a matter of debate. 
This study examines the absorption bands in the NIR and 
visible ranges that do not involve intervalence-charge- 
transfer transitions (Fe?*— Fe** and Fe**>Ti**), commonly 
thought to be responsible for blue color in sapphire. 
EDXREF analysis revealed the presence of Cr, Ti, Fe, V, 
and Ga in the corundum samples, in percentages that 
depend on the samples’ characteristics (color, provenance, 
and origin). The data were compared to the results 
obtained by techniques such as optical absorption photo- 
luminescence, not only for the correct attribution of some 
absorption bands, but also to match the luminescence and 
absorption spectra and their relative intensities in a semi- 
quantitative manner. This matched interpretation may be 
performed by taking into account the ion concentrations 
in the corundum structure, the spectral location and the 
probability of the induced absorption, and spontaneous 
emission processes in the samples. 
ERB 


Towards the differentiation of non-treated and treated 
corundum minerals by ion-beam-induced lumines- 
cence and other complementary techniques. H. 
Calvo del Castillo [hcalvo@ulg.ac.be], N. Deprez, T. 
Dupuis, F. Mathis, A. Deneckere, P. Vandenabeele, 
T. Calderon, and D. Strivay, Analytical and 
Bioanalytical Chemistry, Vol. 394, 2009, pp. 
1043-1058. 

A set of 78 red, pink, and yellow rough and faceted corun- 
dums of known origin, both treated and untreated, were 
examined by ion-beam-induced luminescence (IBIL, or 
ionoluminescence), micro-Raman spectroscopy, proton- 
induced X-ray emission (PIXE), and proton-induced 
gamma-ray emission (PIGE) to explore new methods for 
separating treated and untreated corundum. PIXE elemen- 
tal concentrations showed enriched calcium and lead, 
which in some cases could be linked to treatment with 
fluxes or lead oxide. This technique was useful in detect- 
ing lead glass-filling treatment. Based on the concentra- 
tions of chromium and iron, it was possible to distinguish 
various origins for the different groups of samples. Raman 
spectroscopy corroborated PIXE analysis in detecting lead 
oxides. 

IBIL could differentiate treated and untreated samples 
of the same type by their luminescence features. Micro- 
Raman and PIXE were complementary techniques that 
worked well for the samples containing lead glass, though 
neither conventional heating nor beryllium treatment 
could be identified without IBIL. PIGE could not detect 
beryllium due to the low cross section of the nuclear reac- 
tion chosen for Be identification. 

ERB 
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rose), roso vivo (bright rose), rosso (red), 
rosso scuro (dark red), secondo coloro 
(second color), and finally the darkest red 
of all, carbonetto or arciscuro. These terms 
originated in Italy, the past and present 
center of the coral industry. 

A striking pecularity of coral is its uni- 
formity of color — very seldom will it show 
different colors or different. shades or tints 
of color in the same piece. It has been said 
that coral experts are able to detect and 
classify over one hundred shades of red, a 
fact that forcibly emphasizes the wide color 
range available. Current prices for fine 
quality rough material range between $12 
and $20 per pound; finished beads of 
superior quality and workmanship vary 
from $5 to $7.50 per carat. 

The fishing and working of coral is almost 
entirely an Italian industry. Fishing is invari- 
ably done during the summer months, since 
the winter storms materially increase ‘the 
hazards to both men and cargo. The boats, 
built specifically for the purpose, are all con- 
structed along the same lines and, even 
though comparatively small, they are never- 
theless solid and seaworthy. In shallow water 
little difficulty is experienced by the divers, 
but areas of greater depth — from which the 
finest material is obtained —.rcequire special 
apparatus. ; i : 

Coral is most commonly: fashioned into 
beads — either round or egg-shaped — and 
used in the manufacture ‘of. necklaces, 
rosaries, and bracelets. Carved. ornaments, 
including cameos and intaglios, are frequent- 
ly seen — beautifully intricate: pieces which 
represent the height of: the Italian crafts- 
man’s art. Other carvings may represent such 
familiar objects as trees, birds, and animals 
— even pieces of sufficient ‘size for umbrella 
handles and walking sticks have been carved. 

Although the potential possibilities for 
the use of coral in decorative fashions is un- 
limited, it will from a sales standpoint pro- 
bably never merit more than an obscure 
corner of the jeweler’s showcase. Neverthe- 
less its value as an accent or contrast medium 
should not be overlooked. In combination 


with turquoise it makes a striking accent 
when worn with pastel tints. Its wide range 
of color makes it a suitable jewelry acces- 
sory for all women — the pinks for blondes, 
and red or white most effective for brunettes. 
In offering coral as a novel and charming 
effect in personal adornment, the jewelers 
should stress always the importance of its 
wide color range as this is his principal 
sales tool. 


1. Dr. Max Bauer and L. J.. Spencer, Precious 
Stones, London, 1904. 

2. Julius Wodiska, A Book of Precious Stones, 
New York, 1909. 

3. Dr. Sydney H. Bali, A Roman Book om Pre- 
cious Stones, G.1.A., Los Angeles, 1950. 

4, F. W. Hodge, Director of the Southwest Mu- 
seum, Highland Park, Los Angeles. (Private 
communications) . : 

5. Arthur Woodward, Chief Curator of History, 

“ Los Angeles County Museum. (Private com- 
munications). 

6. Museum of New Mexico (School of American 
Research), Santa Fe, New Mexico. 

7.,G.LA. Courses. 


° Oriental figurine carved from. precious 
rose-colored coral on teakwood base. 
Courtesy Lelande Quick. 


X-ray fluorescence analyzers: Science fiction comes to life 
in this handheld device. S. Voynick, Rock & Gem, 
Vol. 40, No. 9, 2010, pp. 20-28. 

When X-rays bombard atoms, certain electrons become 
energized; when the atoms return to their normal state, 
these electrons release their excess energy as secondary or 
fluorescent X-rays. Handheld X-ray fluorescence (XRF) 
analyzers began appearing in the mid-1990s, and contin- 
ued refinement has produced the remarkable instruments 
in use today. Lightweight handheld models such as the 
Thermo Scientific Niton XL3t analyzer have recently 
become available. The nondestructive analysis requires 
only a few seconds and provides both laboratory-grade 
accuracy and a permanent data record. The instrument is 
configured specifically for geochemical analysis and can 
identify 29 elements selected for their importance in gen- 
eral mining and mineral exploration. It can analyze miner- 
als, ores, and drill-hole samples; monitor ore grades in 
working mines; and measure the elemental compositions 
of mill tailings, mill concentrates, and smelter products. 
One drawback is the cost: Because of the research and 
development expenses and the low volume of instruments 

produced, the Niton XL3t analyzer sells for $42,000. 
GL 


JEWELRY RETAILING 


Female empowerment gathers pace as self-purchases con- 
tinue to rise. New York Diamonds, Vol. 118, May 
2010, pp. 22-26. 

As women command higher salaries and seek jewelry that 

reflects their lifestyle and personality, female self-purchas- 

ing has become a trend. Analysts believe the trend started 
last decade with the De Beers ad campaign for the right- 
hand ring. Powerful female politicians and entertainers 
have also influenced the self-purchase market. Because 
women self-purchase for many reasons and through many 
venues, it is difficult to assess the value of this market. But 
given its annual growth of around 20%, the jewelry indus- 
try should develop more marketing programs aimed at 
women. MK 


SYNTHETICS AND SIMULANTS 


A different kind of composite. G. Choudhary [gtl@gjepin- 
dia.com], Gems & Jewellery, Vol. 19, No. 1, 2010, 
pp. 10-12. 
Two unusual composite gems were submitted to the 
Gem Testing Laboratory of India. Presumably fashioned 
to simulate emerald, the specimens had a moderate to 
highly saturated green color. Microscopic examination 
revealed inclusions found in natural emeralds, as well as 
flattened gas bubbles visible near the pavilion. Diffused 
light and immersion in bromoform showed areas of vary- 
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ing saturation on the pavilion facets that followed the 
profile of the stone, along with pale yellow junctions and 
a nearly colorless central region. A chalky blue UV fluo- 
rescence reaction along the yellow junctions appeared to 
indicate glue. Gemological properties confirmed beryl at 
the center (table), surrounded by pieces of glass attached 
to the pavilion. While careful observation revealed the 
nature of these composites, they could be difficult to 
detect in a mixed parcel. 

EAS 


New data for distinguishing between hydrothermal syn- 
thetic, flux synthetic and natural corundum. A. S. 
Bidny [alexei.bidny@gmail.com], O. S. Dolgova, I. A. 
Baksheev, and I. A. Ekimenkova, Journal of Gem- 
mology, Vol. 32, No. 1-4, 2010, pp. 7-13. 

To provide more-reliable criteria for distinguishing natural 

and synthetic (flux and hydrothermally grown) corundum, 

excitation spectroscopy and oxygen-isotope analysis were 
used to study 35 samples. The natural corundum was from 

Russia, Madagascar, Tanzania, and Vietnam, and the syn- 

thetic samples were from various laboratories. Photo- 

luminescence (PL) spectroscopy revealed a 290 nm excita- 
tion band in synthetic rubies, but not in natural samples. 

UV-Vis absorption spectroscopy showed a narrow band at 

342 nm in flux-grown corundum but not in natural or 

hydrothermally grown samples. FTIR spectra showing so- 

called water bands related to OH complexes were distinct- 
ly different in natural and hydrothermal samples and alto- 
gether absent from flux-grown material. EDXRF data 
showed varying proportions of chromium, iron, and galli- 
um impurities in samples from different laboratories and 
geographic localities. Although isotopic analysis is 
destructive, this technique could identify synthetic corun- 
dum and also help determine the type of deposit from 
which natural material was obtained. The technique even 
showed potential for determining geographic origin of 
samples from various Russian localities representing 
igneous, skarn, hydrothermal, and metamorphic deposits. 
The oxygen-isotope values reflected the source composi- 
tions of the water involved in their crystallization; anoma- 
lous results for samples from Khitostrovskoye were 
believed to be the result of contamination by meteoric 
water, which was negligible in samples from the other 
localities. EAS 


Recent advances in high-growth rate single-crystal CVD 
diamond. Q. Liang [qliang@ciw.edu], C. Yan, Y. 
Meng, J. Lai, S. Krasnicki, H. Mao, and R. J. 
Hemley, Diamond and Related Materials, Vol. 18, 
2009, pp. 698-703. 

The authors employed microwave plasma chemical 

vapor deposition (MPCVD) with varying atmospheres to 

grow thick films of high-quality synthetic diamond at 
elevated rates of 40-100 um/hr. Post-growth treatments 
enhanced the crystals’ mechanical, optical, and electrical 
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properties. The synthetic diamonds were characterized 
using an array of techniques, including electron paramag- 
netic resonance (EPR), photoluminescence, and ultravio- 
let, visible, infrared, and Raman spectroscopy. The 
authors also used Vickers indentation to test the 
mechanical properties and SIMS analysis to measure 
nitrogen impurity contents. 

Near-colorless and flawless single-crystal CVD syn- 
thetic diamonds up to 2, ct were grown; these were diffi- 
cult to distinguish from natural type Ila diamond. To 
enhance their mechanical properties, samples with higher 
nitrogen content were grown and subsequently treated by 
high-pressure, high-temperature annealing at 2000°C and 
57 GPa pressure for 10 minutes. These treated synthetics 
were found to be harder and tougher than natural dia- 
monds. Finally, low-pressure, high-temperature (LPHT) 
treatments were performed to produce more transparent 
and colorless crystals. Significantly, the samples that 
were free of visible inclusions had a lower tendency to 
form graphite under LPHT conditions than natural dia- 
mond. Their defect structures with respect to incorporat- 
ed nitrogen, incorporated hydrogen, and vacancy clusters 
differed significantly from those found in natural dia- 
monds. These differences led to special properties in both 
the as-grown and treated synthetic diamonds. 


JS-S 


TREATMENTS 


APHT treatment of brown type Ia natural diamonds: 
Dislocation movement or vacancy cluster destruc- 
tion? V. G. Vins [vgvins@gmail.com], A. P. Yelis- 
seyev, S. S. Lobanov, D. V. Afonin, A. Yu. Maksi- 
mov, and A. Ye. Blinkov, Diamond and Related 
Materials, Vol. 19, No. 7/9, 2010, pp. 829-832. 

Using a specially designed apparatus, type Ia brown dia- 
monds were subjected to high-temperature heating (up to 
2100°C) in an inert gas at atmospheric pressure (APHT). 
The heating was performed in five or six successive ther- 
mal shocks, each lasting about two seconds. The total 
exposure time was kept very brief to minimize graphitiza- 
tion of the diamond. Prior to heating, the diamonds were 
dark brown and exhibited evidence of strong plastic defor- 
mation (e.g., uneven color distribution in the form of paral- 
lel bands of brown color). After treatment, they were light 
brown or yellowish brown due to the destruction of lattice 
defects responsible for the dark brown color. Details of the 
changes in lattice defects were revealed by infrared and 
photoluminescence spectroscopy. 

The article also describes the results of preliminary 
experiments on APHT color treatment of yellow, red, and 
purple-red synthetic diamonds. Many of these color and 
lattice-defect changes have been observed as a result of 
traditional HPHT diamond treatment. 

JES 
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Detection of beryllium treatment of natural sapphires by 
NRA. P. C. Gutiérrez [carolina.gutierrez@uam.es], 
M.-D. Ynsa, A. Climent-Font, and T. Calligaro, 
Nuclear Instruments and Methods in Physics 
Research B, Vol. 268, 2010, pp. 2038-2041. 

The possibility of using a nondestructive nuclear reaction 

analysis (NRA) technique for detecting Be diffusion in 

corundum was investigated. Be diffusion is usually detect- 
ed with techniques such as laser ablation—-inductively cou- 
pled plasma—mass spectrometry (LA-ICP-MS) or laser- 
induced breakdown spectrometry (LIBS), which are micro- 
destructive (leaving 50-100 um diameter craters on the 
gems). NRA involves examining nuclear reaction products 
such as protons, alpha particles, and gamma rays generated 
by a helium ion beam. The radiation fingerprint identifies 
individual light isotopes and quantifies them with ppm sen- 
sitivity. Tests were conducted to optimize beam energy and 
dose to obtain the appropriate peak-to-background ratio for 
detecting Be. With a 2.8 MeV external He beam and a beam 
dose of 200 uC, beryllium concentrations of 5-16 ppm were 
measured in the samples, with a detection limit of 1 ppm. 
GL 


Determination of the potential for extrinsic color develop- 
ment in natural colorless quartz. E. H. Nunes, V. 
Melo, F. Lameiras [fernando.lameiras@pq.cnpq.br], O. 
Liz, A. Pinheiro, G. Machado, and W. Vasconcelos, 
American Mineralogist, Vol. 94, 2009, pp. 
935-941. 

Colorless quartz can become colorized after exposure to ion- 

izing radiation (e.g., gamma rays, X-rays, and high-energy 

electron beams) and heat, due to trace elements such as alu- 
minum, iron, hydrogen, lithium, and sodium. Infrared spec- 
troscopy was used to identify the color potential of several 
thousand samples from Brazil, Uruguay, Bolivia, and 

Colombia. At room temperature, all the colorless samples 

showed bands at 3063, 2935, 2771, 2677, 2600, and 2499 

cm-!. The samples that remained colorless after irradiation 

also displayed bands at 3304 and 3202 cm™!. The samples 
that became grayish to black after irradiation contained 

additional bands at 3483, 3433, and 3381 cm“; the 3483 

cm! band is related to greenish yellow, yellow (citrine], or 

brown colors after irradiation and heating. The samples that 
became grayish “olive” green after irradiation and “olive” 
green after further heating showed an additional pair of 
bands at 3510 and 3304 cm. The samples that became vio- 
let (amethyst) or green (prasiolite) after irradiation, or “sky” 
blue after irradiation plus heating, displayed a broad band at 
~3341 cm! and a band at 3585 cmr!. 

ERB 


Identificazione di acquamarine trattate termicamente 
[Identification of heat-treated aquamarines]. I. 
Cascione, F. Caucia, I. Adamo, and V. Bordoni, 
Rivista Gemmologica Italiana, Vol. 5, No. 1, 2010, 
pp. 23-31 [in Italian]. 
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Ten aquamarine samples from Nigeria and Minas Gerais, 
Brazil, were heated and their property changes documented. 
The stones were heated in four stages from approximately 
300 to 480°C, which in each case led to distinct color 
changes from green to blue. Weight, density, and refractive 
index before and after heating were compared. Based on 
qualitative and quantitative electron microprobe analyses as 
well as UV-Vis-NIR and mid-infrared spectroscopy, the 
color changes could generally be linked to an Fe**-Fe?* inter- 
valence charge transfer. Aside from color, the most signifi- 
cant change was a higher RI. Despite the small sample size 
tested, the increased refractive index might offer a clue in 
identifying heat treatment. [Abstractor’s note: There 
appears to be too much overlap in RI to reliably distinguish 
between heated and unheated stones. | 

RT 


MISCELLANEOUS 


Dangerous dust. D. Hamilton, Rock &) Gem, Vol. 40, No. 
8, 2010, pp. 26-29. 
Dust is the lapidary’s forgotten hazard. Whether it is 
inhaled or ingested or comes in contact with exposed skin, 
lapidary dust can cause serious health problems. Some 
dust is poisonous, and the worst contains copper oxide, 
which can damage the endocrine and central nervous sys- 
tems. Gems that pose this hazard include turquoise, 
chrysocolla, malachite, and azurite. Silicates such as 
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quartz can cause silicosis, a respiratory disease. Asbestos 
can be found in tiger’s-eye and soapstone. Some fossils are 
radioactive, and care should be taken when collecting and 
polishing them. A few simple precautions can minimize 
the dangers and keep a workshop safe. 

MK 


Los minerales de colecci6én como recurso econémico en 
paises en vias de desarrollo [Minerals for collectors 
as a source of income in developing countries]. J. C. 
Melgarejo [joan.carlos.melgarejo.draper@ub.edu], M. 
Campeny, J. Sanz, C. Curto, and J. Vifials, Bolétin 
de la Sociedad Geologica Mexicana, Vol. 62, No. 1, 
2010, pp. 55-100 [in Spanish]. 
The production of minerals for collectors offers a good 
opportunity to create additional income in rural areas of 
developing countries. Unfortunately, rural populations 
usually have little knowledge about the mining and mar- 
keting of mineral specimens. This article provides the 
basic knowledge and deals systematically with a wide 
range of questions, such as: What types of collections are 
there? What are the usual sizes of mineral specimens? 
What do they look like? Which criteria determine the 
value of a specimen? How are the specimens prepared for 
sale and transport? Which marketing channels are there 
for minerals? Each subject is illustrated by color pho- 
tographs. Lists of mineralogical laboratories and useful 
websites are provided. 
RT 
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Markowitz, Eds.)Su10:S1 

Amethyst Uruguay (Balzer)W10:S2-S3 

Archaeomineralogy, 2nd ed. 
(Rapp)Sp10:S3 

Between Eternity and History: Bulgari. 
From 1884 to 2009, 125 Years of 
Italian Jewels (Triossi)F10:S3 

Blood on the Stone: Greed, Corruption, 
and War in the Global Diamond 
Trade (Smillie)W10:S1 

Cartier: Innovation Through the 20th 
Century (Chaille)Sp10:S2 

Cartier and America (Chapman)F10:S2 

Contributions of the 4th International 
Symposium on Granitic Pegmatites 
(Estudos Geoldgicos)F10:S4 

Diamonds: The Quest from Solid Rock 
to the Magic of Diamonds 
(Gordon)Su10:S2-S3 

Exotic Gems, Vol. 1 (Newman)F10:S4 

The Fancy Color Diamond Book: Facts 
& Secrets of Trading in Rarities 
(Rachminov]W10:S3 

Gem and Ornamental Materials of 
Organic Origin (Campbell 
Pedersen)F10:S4 

Gems and Gemstones: Timeless 
Natural Beauty of the Mineral World 
(Grande and Augustyn)F10:S3 

Gemstones (Hurrell and 
Johnson)Su10:S1-S2 

Genuine Diamonds Found in Arkansas, 
3rd ed. (Worthington)Sp10:S2 

High Jewelry by Cartier: Contemporary 
Creations (Tise-Isoré)F10:S2 

Imperishable Beauty: Art Nouveau 
Jewelry (Markowitz and 
Karlin)Sp10:S3 

Jewellery in the Age of Queen Victoria: 
A Mirror to the World (Gere and 
Rudoe]W10:S2 

Jewelry #& Gems: The Buying Guide, 
7th ed. (Matlins and Bonanno)F10:S4 

Minerals & Precious Stones of Brazil 
(Cornejo and Bartorelli)W10:S3 

Minéraux Remarquables 
(Boulliar)Su10:S3 
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Modern Jewellery Design: Past and 
Present (Ludwig)Sp10:S1-S2 
The Most Fabulous Jewels in the 
World: Graff (Etherington- 
Smith)Sp10:S2-S3 
Pearl Buying Guide, 5th ed. 
(Newman)F10:S4 
Ruby, Sapphire, and Emerald Buying 
Guide, 3rd ed. (Newman)Sp10:S3 
Schiffer Earth Science Monographs 
(Schiffer Publishing)Su10:S3 
Tables of Gemstone Identification 
(Giinther)Sp10:S3 
Boxes [article sidebars] 
online databases of gemological infor- 
mation in the 2000s 
(Breeding)F10:241-257 
Brazil 
barite from Acre (GNI)Sp10:60 
“Churrasco quartz” from Bahia 
(GNI)Sp10:63 
emerald-in-matrix from Bahia 
(GNI)W10:316 
rhodonite, cat’s-eye, from Minas Gerais 
(GNI)Sp10:64 
Burma, see Myanmar 


C 


Calcium niobium gallium 
lab-grown garnet (GNI)Su10:155 
California, see United States 
Cat’s-eye, see Chatoyancy 
Chalcedony 
chrysocolla, from Peru (GNI)Su10:148- 
149 
“Challenge,” see Gems & Gemology 
Charts 
gem localities of the 2000s 
(Shigley|F10:188-216 
Chatoyancy 
in rhodonite from Brazil (GNI)Sp10:64 
Chemical analysis 
developments in the 2000s 
(Breeding)F10:241-257 
Chemical composition 
of bastnasite-(Ce) and parasite-(Ce] 
from Malawi (Guastoni)Sp10:42-47 
of natural and synthetic emerald 
(Huong)Sp10:36-41 
of opal from Wollo, Ethiopia 
(Rondeau)Su10:90-105 
Chemical vapor deposition [CVD], see 
Diamond, synthetic 
China 
andesine from Tibet, purported locali- 
ties (GNIJW10:310-312 
andradite from (GNI)Sp10:59-60 
pietersite from Henan Province 
(Hu)W10:280-286 
“Soufflé” freshwater cultured pearls 
from (GNI)Sp10:61-63 
Chrysoberyl 
localities of the 2000s (Shigley)F10:188- 
216 
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Chrysocolla, see Chalcedony 
Clarity enhancement 
developments in the 2000s 
(McClure}F10:218-240 
Clark, Roy E. “Chip” 
obituary (GNI)Su10:162 
Coating 
developments in the 2000s 
(McClure)F10:218-240 
of diamond, pink (LN)W10:299-300 
of tanzanite with a colored adhesive 
(GNI)Su10:159-160 


Color change 
in synthetic apatite (McClure)F10:218- 
240 
Color zoning 
in barite from Brazil (GNI)Sp10:60 


Colored stones 


localities of the 2000s (Shigley)F10:188- 


216 

production and markets, in the 2000s 
(Shor)F10:166-187 

treatments, developments in the 2000s 
(McClure)F10:218-240 


Composite materials 
coral bangle (GNI)Su10:158-159 
turquoise, green and purple— 
(LN)Sp10:56-57; and blue 
(Choudhary)Su10:106-113, 
(LN]W10:303-304. 
see also Ruby, lead glass—filled 


Computed tomography, see X-ray comput- 
ed microtomography 
Computer modeling 
of the Tavernier Blue and Hope dia- 
monds (Sucher)Sp10:28-35 
Conference reports 
Carpathian and Balkan Geological 
Association meeting (GNI}W10:333 
European Diamond Conference 
(GNIJW10:333-334 
1st Italian Conference on Scientific 
Gemology (GNI)Su10:160-161 
5th International Workshop on 
Provenance and Properties of Gems 
and Geo-materials (GNI)W10:334 
Sinkankas Symposium 2010—Gem 
Feldspars (GNI)Su10:161 
20th Annual Goldschmidt Conference 
(GNI)W10:330-332 
20th General Meeting of the Inter- 
national Mineralogical Association 
(GNIJW10:332-333 
Copal 
filled, to imitate amber (GNI)W10:326- 
328 
Coral 
composite bangle (GNI)Su10:158-159 
enhancements in the 2000s 
(McClure)F10:218-240 
Corundum, see Ruby; Sapphire 
Cultured pearl, see Pearl, cultured 
Cuts and cutting 
of hanksite from California 
(GNI)Sp10:60-61 
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see also Diamond, cuts and cutting of 


CVD [chemical vapor deposition]-grown 
synthetic diamonds, see Diamond, 
synthetic 


D 


Database 
online sources of gemological informa- 
tion in the 2000s (Breeding]F10:241- 

257 


De Beers 
developments in the 2000s 
(Shor)F10:166-187 
Demantoid, see Andradite 
Diamond 
localities of the 2000s (Shigley)F10:188- 
216 
production in the 2000s—({Shigley) 
F10:188-216; and marketing 
(Shor)F10:166-187 
with strong green fluorescence 
(LN)Sp10:49-50 
with unusual display of H3 defect 
(LN)Su10:142-143 
see also Diamond, colored; Diamond, 
cuts and cutting of; Diamond, inclu- 
sions in; Diamond, synthetic; 
Diamond treatment; DiamondView 
imaging 
Diamond, colored 
black, with solid CO2 micro-inclusions 
and phosphorescent zones 
(LN)Su10:140-142 
blue type IIb HPHT-treated—6.46 ct 
(LN)Sp10:50-51; Fancy Vivid 
(LN}$ul0:141-142 
brownish greenish yellow—with 
cuboid cloud (LN)Sp10:64-65; type Ib, 
with unusual growth structure 
(LN)W10:298-299 
greenish yellow, colored by IR-inactive 
nitrogen (LN)Sp10:52 
Hope diamond—possible sister stones 
of (Sucher)Sp10:28-35; relationship to 
the Wittelsbach-Graff diamond 
(Gaillou)Su10:80-88 
orangy red, coated and fracture-filled 
(LN)Sp10:48-49 
pink—color darkened by coating 
(LN)W10:299-300; colored by multi- 
ple treatments (LN)Sp10:51-52 
Wittelsbach-Graff, relationship to the 
Hope diamond (Gaillou)Su10:80-88 


Diamond, cuts and cutting of 
developments in the 2000s 
(Breeding)F10:241-257 
facet arrangement produces scalloped 
appearance (GNI)Su10:147-148 
the Tavernier Blue recut to produce the 
French Blue (Sucher)Sp10:28-35 
Diamond, inclusions in 
cuboid cloud, in brownish greenish yel- 
low (LN)Sp10:64-65 
of graphite, in large HPHT-treated 
(LNJW10:298 


WINTER 2010 S13 


Diamond, synthetic 

CVD-grown—color alterations in, with 
heat and UV exposure (Khan) 
Sp10:18-26; colorless, 1.05 ct, sub- 
mitted for grading (LN)Su10:143-144; 
red, with multiple treatments 
(LN)Sp10:52-54; strongly colored 
pink (Wang)Sp10:4-17; treated pink 
melee (GNI)Sp10:68-69 

HPHT-grown—large (4+ ct) yellow- 
orange (LN)W10:301, with Si-vacan- 
cy defect (LN)W10:302, treated pur- 
plish pink (LN)W10:300-301; yellow 
melee (LN)W10:302-303 

LifeGem, produced from cremated 
remains (Renfro)W10:260-273 


Diamond treatment 
coated—and fracture-filled, orangy red 
(LN]Sp10:48-49, pink (LN]W10:299- 
300 
developments in the 2000s 
(McClure)F10:218-240 
HPHT—3.81 ct Fancy Vivid blue 
(LNSul0:141-142; 6.46 ct blue 
(LN)Sp10:50-51; influx of large type 
Ta (LNJW10:298 
irradiated, black (LN)Sp10:50 
pink, treated by multiple processes 
(LN)Sp10:51-52 
see also Diamond, synthetic 
DiamondView imaging 
of black diamond with phosphorescent 
zones (LN)Su10:140-142 
of coated orangy red diamond 
(LN)Sp10:48-49 
developments in the 2000s 
(Breeding)F10:241-257 
of diamond with strong green fluores- 
cence (LN)Sp10:49 
of H3 defect in a colorless diamond 
(LN)Su10:142-143 
of “necktie” pattern in type Ib diamond 
(LN]W10:298-299 
of synthetic diamond, CVD-grown— 
colorless 1.05 ct (LN)Su10:143-144; 
pink (Wang)Sp10:4-17; treated pink 
(GNI)Sp10:68-69 
of synthetic diamond, HPHT-grown— 
blue, with Si-vacancy (LN)W10:302; 
HPHT-treated purplish pink 
(LNJW10:300-301; yellow melee 
(LN)W10:302-303 
of type Ila greenish yellow diamond 
(LN)Sp10:52 
of the Wittelsbach-Graff and Hope dia- 
monds (Gaillou)Su10:80-88 
Diffusion treatment 
developments in the 2000s 
(McClure]F10:2.18-240 
of sapphire with Be—green 
(LN)Sul10:144-145; with interesting 
zoning patterns (GNI)Sp10:70 
Diopside 
from Madagascar (GNI)Sp10:65-66 
from Pakistan (GNI)W10:313-314 


Doublets, see Assembled gem materials 


Durability 
of lead-glass filling in ruby, damaged dur- 
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ing jewelry repair (LN)W10:305-306 
Dyeing 

of conch shell beads (GNI)Sp10:71-72 

developments in the 2000s 
(McClure}F10:218-240 

of turquoise, composite— 
(Choudhary)Su10:106-113; with 
metallic veining (LN)W10:303-304 


E 


Editorials 

“The Dr. Edward J. Gtibelin Most 
Valuable Article Award” Sp10:1-2 

“A Fond Farewell” (Keller)W10:259 

“GIA Symposium 2011: Advances in 
Gemological Research” 
(Keller)Sul0:79 

Retrospective of the First Decade of the 
2000s: Looking Back as We Move 
Ahead” (Keller)F10:165 


Electron-microprobe analysis 
of yellow scapolite from Madagascar 
(Superchi)W10:274-279 
see also Chemical composition 


Emerald 

confocal Raman spectroscopy to sepa- 
rate natural from synthetic 
(Huong)Sp10:36-41 

enhancements in the 2000s 
(McClure)F10:218-240 

glass imitation of (GNI)Su10:155-156 

in matrix, from Brazil (GNI)W10:316 

from North Carolina, 64.83 ct 
(GNI)W10:314-315 


Emerald, synthetic 
confocal Raman spectroscopy to sepa- 
rate from natural (Huong)Sp10:36-41 
developments in the 2000s 
(Renfro)W10:260-273 
Enhancement 
and its detection in the 2000s 
(McClure}F10:218-240 
see also Bleaching; Clarity enhance- 
ment; Coating; Diamond treatment; 
Diffusion treatment; Dyeing; Filling, 
fracture or cavity; Heat treatment; 
Impregnation; Irradiation, Luster 
enhancement; Treatment; specific 
gem materials 


Einsiedeln Abbey, Switzerland 
gems in a ciborium from 
(Karampelas)W10:292-296 


Errata 

to “Developments in techniques and 
instrumentation during the 2000s” 
(Breeding]F10:241-257—-correct name 
of Holloway Cut Adviser and devel- 
oper of M-Box software 
(GNI)W10:335 

to “Diamond with flower-shaped 
cloud” (LN)W09:290—cloud orienta- 
tion {100} (LN)Su10:146 

to “Era of sweeping change in diamond 
and colored stone production and 
markets” (Shor)F10:166-187—first 
lab to issue diamond cut grades 
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(GNIJW10:335 

to “faceted vanadinite” (GNI)Su08:184- 
185—mine location (GNI)W10:335 

to “Gem localities of the 2000s” 
(Shigley)F10:188-216—location of 
Hiddenite emerald and Canary tour- 
maline mines (GNI)W10:335 

Ethiopia 

opal from Wegel Tena, Wollo Province 

(Rondeau)Su10:90-105 


F 


Faceting, see Diamond, cuts and cutting of 
Fair trade practices 
in the 2000s (Shor]F10:166-187 
Fakes, see specific gem materials simulated 
Feldspar, see Andesine 
FIB, see Focused ion beam 
Filling, fracture or cavity 
of jadeite, transparent (LN)Sp10:54-55 
of ruby with lead glass—in antique pen- 
dant (GNI)Su10:159; damaged during 
jewelry repair (LN)W10:305-306 
Flash effect 
in filled jadeite (LN)Sp10:54-55 
Fluorescence, ultraviolet [UV] 
of composite turquoise 
(Choudhary)Su10:106-113 
of filled copal beads (GNI)W10:326-328 
of pink CVD-grown synthetic diamond 
(Wang)Sp10:4-17 
strong green, in diamond (LN)Sp10:49 
see also DiamondView imaging 
Focused ion beam [FIB] 
developments in the 2000s 
(Breeding)F10:241-257 
France 
sapphire from Auvergne (GNI)W10:320- 
321 
French Blue diamond 
CZ replica in recreated Golden Fleece 
(GNI)W10:329-331 
relationship to the Tavernier Blue and 
Hope diamonds (Sucher)Sp10:28-35 


G 


Garnet 
enhancements in the 2000s 
(McClure)F10:218-240 
localities of the 2000s (Shigley)F10:188- 
216 
see also Almandine, Andradite, 
Grossular, Pyrope-almandine 
Garnet, synthetic 
calcium niobium gallium 
(GNI)Sul10:155 
Gemological Institute of America 
Symposium 2011 (Keller)Su10:79 
Gems &) Gemology 
“Challenge”—Sp10:74-74, winners and 
answers F10:217 
Edward J. Gtibelin Most Valuable 
Article Award Sp10:1-2 
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Glass 
green—with crystalline aggregates 
(GNI)W10:328-329; with straight 
zones, imitating emerald 
(GNI)Su10:155-156; with synthetic 
diopside inclusions (GNI)Su10:144 
see also Glass-ceramic 


Glass-ceramic 
“Nanogems” (GNI)Su10:156-157 


Golden Fleece 
of Louis XV, recreated (GNI)W10:329- 
331 


“Golden tridacna” beads, see Shell 


Grossular 
tsavorite—and other green garnets 
reportedly from Afghanistan 
(GNI)Sul10:154-155; from Tanzania 
(GNI)Sp10:67-68 


H 


Hanksite 
as a gem material (GNI)Sp10:60-61 


Heat treatment 
developments in the 2000s 
(McClure}F10:218-240 
of spinel (LN)Su10:145-146 


Heliodor 
from Southeast Asia (GNIJW10:311-312 
Hibonite 
reportedly from Myanmar 
(Hainschwang)Su10:135-138 
High-pressure, high-temperature [HPHT] 
synthesis, see Diamond, synthetic 
High-pressure, high-temperature [HPHT] 
treatment, see Diamond treatment 
History 
of 5th century jewelry from Romania 
(GNI)W10:316-318 
of gems in a ciborium from Einsiedeln 
Abbey, Switzerland 
(Karampelas)W10:292-296 
of the Golden Fleece of Louis XV 
(GNIJW10:329-331 
Hope diamond 
relationship to the Tavernier Blue and 
French Blue diamonds 
(Sucher)Sp10:28-35 
relationship to the Wittelsbach-Graff 
diamond (Gaillou)Su10:80-88 
Hydrophane 
opal from Wollo Province, Ethiopia 
(Rondeau)Su10:90-105 


Imitations, see specific gem material imitated 
Impregnation 
developments in the 2000s 
(McClure)F10:218-240 
Inclusions 
in almandine in Romanian jewelry 
(GNIJW10:316-318 
in ametrine from the Yuruty mine, 
Bolivia (GNI)Sp10:58-59 
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in andradite from China (GNI)Sp10:59- 
60 

in bastnasite-(Ce) and parasite-(Ce) 
from Malawi (Guastoni)Sp10:42-47 

blockage-induced growth tubes in tour- 
maline (LN)Sp10:55-56 

in brownish orange sapphire, Be-dif- 
fused (GNI)Sp10:70 

of chamosite and tourmaline in 
“Churrasco quartz” (GNI)Sp10:63 

in diamond—cuboid cloud 
(LN)Sp10:64-65; graphite in large 
HPHT-treated (LN)W10:298 

of diaspore and hematite in sapphire 
from Tanzania (LN)Su10:140-141 

in glass—crystalline (GNI)W10:328- 
329; with straight growth lines 
(GNI)Su10:155-156; synthetic diop- 
side (GNI)Su10:144 

in hanksite, gaylussite (GNI)Sp10:60-61 

of hematite in fire opal from 
Madagascar (Simoni)Su10:114-121 

in hibonite (Hainschwang]Su10:135-138 

of insects and plant debris in filled 
copal (GNIJW10:326-328 

in Mexifire synthetic opal 

Bhandari)W10:287-290 

of minerals in amber (GNI)W10:309-310 

in “Nanogem” glass-ceramic 

GNI)Su10:156-157 

in opal from Wollo Province, Ethiopia 

Rondeau)Su10:90-105 

in pietersite (Hu)W10:280-286 

in pink CVD synthetic diamond 

Wang)Sp10:4-17 

polyphase, in sapphire from Tanzania 

LN)Su10:140-141 

of sapphire in sapphire (GNI)W10:306- 

307 

in scapolite, yellow, from Madagascar 

Superchi)W10:274-279 

of solid CO, in black diamond 

LN)Su10:140-142 

in spinel, heat-treated reddish orange 

LN)Su10:145-146 


Indochina 
aquamarine and heliodor from 
GNIJW10:311-312 


Infrared spectroscopy, see Spectroscopy, 
infrared 
Instruments 

developments in the 2000s 
(Breeding)F10:241-257 

LCD screen as source of polarized light 
(GNI)W10:325-32.6 

smartphone photomicrography 
(GNI)W10:325-32.6 

see also Backscattered electron imag- 
ing; DiamondView imaging; 
Electron-microprobe analysis; 
Focused ion beam; Lighting; 
Photomicrography; Polariscope; 
Scanning electron microscopy; 
Spectrometry [various]; Spectroscopy 
[various]; Transmission electron 
microscopy; X-radiography; X-ray 
computed microtomography; X-ray 
diffraction 


B 
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Irradiation 
developments in the 2000s 
(McClure}F10:218-240 
see also Diamond treatment 


J 


Jade 
enhancements in the 2000s 
(McClure}F10:218-240 
localities of the 2000s (Shigley)F10:188- 
216 


Jadeite 
enhancements in the 2000s 
(McClure)F10:218-240 
treated, exceptionally transparent 
(LN)Sp10:54-55 
Jadeite, synthetic 
developments in the 2000s 
(Renfro)W10:260-273 
Jewelry 
antique, with lead glass—filled ruby 
(GNIJSul0:159 
5th century garnet jewelry from 
Romania (GNIJW10:316-318 
gem tapestry (GNI)Sp10:72-73 


K 


Kimberley Process 
to address conflict diamonds 
(Shor)F10:166-187 


Kunzite, see Spodumene 


L 


LA-ICP-MS, see Spectrometry, laser abla- 
tion—inductively coupled plasma—mass 
Lapidary arts, see Cuts and cutting; 
Diamond, cuts and cutting of 
Lapis lazuli 
imitation, with metallic veining 
(LN)W10:303-304 
Lepidolite 
beads from Mozambique (GNI)Sp10:61- 
62, 
Letters 
diffraction gratings on diamond sur- 
faces (Let)Sp10:73 
more on the relationship of the 
Wittelsbach-Graff and Hope dia- 
monds (Let)F10:S1,S4 
LIBS, see Spectroscopy, laser-induced 
breakdown 
Liddicoatite, see Tourmaline 
LifeGem, see Diamond, synthetic 
Lighting 
developments in the 2000s 
(Breeding)F10:241-257 


Luminescence, see DiamondView imaging; 
Fluorescence, ultraviolet [UV]; 
Phosphorescence 

Luster enhancement 
developments in the 2000s 

(McClure}]F10:218-240 
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M 


Madagascar 
aquamarine from Tsaramanga 
(GNIJW10:312-314 
diopside from Ihosy (GNI)Sp10:65-66 
fire opal from Bemia (Simoni)Su10:114- 
121 
sapphire from Ilakaka and 
Andranondambo (GNI)W10:321-322 
scapolite from Ihosy 
(Superchi)W10:274-279 
Malawi 
bastnasite-(Ce} and parasite-(Ce) from 
Mt. Malosa (Guastoni)Sp10:42-47 


Marketing and distribution 
of diamonds and colored stones in the 
2000s (Shor)E10:166-187 
Mexifire, see Opal, synthetic 
Microprobe, see Chemical composition 
Microtomography, X-ray computed 
developments in the 2000s 
(Breeding)F10:241-257 
of pearls (Karampelas)Su10:122-127; 
(Krzemnicki)Sul10:128-134 
Most valuable article, see Gems & 
Gemology 
Mozambique 
lepidolite beads from Alto Ligonha 
GNIJSp10:61-62 
Paraiba-type liddicoatite, possibly from 
GNIJW10:323-325 
ruby from Cabo Delgado 
GNI)Su10:151-152 
Myanmar 
gems from, update (GNI)Su10:161-162 
hibonite, reportedly from 
Hainschwang)Su10:135-138 
spinel from Bawma (GNI)Su10:154 


N 


Namibia 
pietersite from Kuraman (Hu)W10:280- 
286 
“Nanogems” 
glass-ceramic material (GNI)Su10:156- 
157 
NanoSIMS, see Spectrometry, secondary 
ion mass [SIMS] 
“Neptunian” beads, see Shell 
North America 
gem localities of the 2000s 
(Shigley|F10:188-216 
North Carolina, see United States 


O 


Obituary 
Roy E. “Chip” Clark (GNI)Su10:162 
Opal 
enhancements in the 2000s 
(McClure}F10:218-240 
fire—comparison to “Mexifire” 
(Bhandari)W10:287-290, from 
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Madagascar (Simoni)Su10:114-121 


localities of the 2000s (Shigley)F10:188- 


216 
play-of-color, from Wollo Province, 
Ethiopia (Rondeau)Su10:90-105 
Opal, synthetic 
developments in the 2000s 
(Renfro)W10:260-273 
“Mexifire” (Bhandari]W10:287-290 


P 


Pakistan 
diopside from Gilgit-Baltistan 
(GNI)W10:313-314 
ruby and sapphire from (GNI)W10:319- 
320 
sphene from the Shigar Valley 
(GNI)Su10:152-154 
“Paraiba” tourmaline, see Tourmaline 
Parisite-(Ce) 
from Malawi (Guastoni)Sp10:42-47 
PATRIOT Act 
impact of, in the 2000s (Shor)F10:166- 
187 


Pearl 
from Bahrain (GNI)W10:318-319 
enhancements in the 2000s 
(McClure}F10:218-240 
freshwater, large pair (LN)Sp10:55 
green-gray (LN)W10:304-305 
scallop (GNI)Su10:149-151 
X-ray computed microtomography to 
separate from cultured 
(Karampelas)Su10:122-127; 
(Krzemnicki)Su10:128-134 
Pearl, cultured 


enhancements in the 2000s 
(McClure}F10:218-240 


localities of the 2000s (Shigley)F10:188- 


216 

production and markets, in the 2000s 
(Shor)F10:166-187 

“Soufflé” freshwater, from China 
(GNI)Sp10:61-63 

X-ray computed microtomography to 
separate from natural 
(Karampelas)Su10:122-127; 
(Krzemnicki)Su10:128-134 


Peridot 


localities of the 2000s (Shigley)F10:188- 


216 


Peru 
chrysocolla chalcedony from Acari 
(GNI)Su10:148-149 


Phosphorescence 
of the Wittelsbach-Graff and Hope dia- 
monds (Gaillou)Su10:80-88 
of zones in black diamond 
(LN)Su10:140-142 


Photomicrography 
using a smartphone and clip-on micro- 
scope (GNI)W10:325-326 


Pietersite 


from Namibia and China (Hu)W10:280- 


286 
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serpentine doublets sold as 
(GNI)Su10:157-158 
Play-of-color, see Opal 
Polariscope 
with LCD screen as light source 
(GNI)W10:325-32.6 
Pyrope-almandine 
from the Solomon Islands 
(GNI)Sp10:66-67 


Q 


Quartz 

“Churrasco,” with tourmaline and 
chamosite inclusions, from Brazil 
(GNI)Sp10:63 

localities of the 2000s (Shigley)F10:188- 
216 

see also Ametrine [amethyst-citrine], 
Pietersite 


Quartz, synthetic 
developments in the 2000s 
(Renfro)W10:260-273 


R 


Religious artifacts 
gems in a ciborium from Einsiedeln 
Abbey, Switzerland 
(Karampelas)W10:292-296 


Rhodonite 
cat’s-eye, from Brazil (GNI)Sp10:64 
Richterite 


and sugilite, rock containing 
(LN}W10:305-306 


Rock 

containing richterite and sugilite 
LNJW10:305-306 
emerald-in-matrix, from Brazil 
GNI)W10:316 
Romania 


5th century jewelry from Cluj-Napoca 
GNI)W10:316-318 
Ruby 
enhancements in the 2000s 
McClure}F10:218-240 
lead glass—filled—in antique jewelry 
GNI)Su10:159; damaged during jew- 
elry repair (LN)W10:305-306 
localities of the 2000s (Shigley)F10:188- 
216 
from Mozambique (GNI)Su10:151-152 
from Pakistan and Afghanistan 
GNI)W10:319-320 
polyphase inclusions in (LN)Su10:140- 
141 
set with colored adhesive 
GNI)Su10:159-160 
from Vietnam (GNI)Su10:151-153 
Ruby, synthetic 
developments in the 2000s 
Renfro)W10:260-273 
doublet with synthetic spinel 
LN]W10:307 
specimen sold as natural 
GNI)W10:329-330 
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S 


Sapphire 

diffusion-treated with Be—brownish 
orange with zoning pattern 
(GNI)Sp10:70; green 14.20 ct 
(LN)Su10:144-145 

enhancements in the 2000s 
(McClure}F10:218-240 

from France (GNI)}W10:320-321 


localities of the 2000s (Shigley)F10:188- 


216 

from Madagascar (GNI)W10:321-322 

from Pakistan and Afghanistan 
(GNIJW10:319-320 

polyphase inclusions in (LN)Su10:140- 
141 


with sapphire inclusion (GNI}W10:306- 


307 
from Vietnam (GNI)Su10:151-153 
Sapphire, synthetic 
developments in the 2000s 
(Renfro)W10:260-273 


Scanning electron microscopy [SEM] 
environmental (ESEM), analysis of 
pietersite (Hu)W10:280-286 
of “Soufflé” cultured pearls 
(GNI)Sp10:61-63 
Scapolite 
yellow, from Madagascar 
(Superchi)W10:274-279 


Serpentine 
doublets sold as pietersite 
(GNI)Su10:157-158 


Shell 
conch beads, dyed (“Neptunian” or 
“Golden tridacna”) (GNI)Sp10:71-72 


SIMS analysis, see Spectrometry, sec- 
ondary ion mass 

Simulants, see specific gem materials 
simulated 


Solomon Islands 

garnet and zircon from Malaita 
GNI)Sp10:66-67 
South America 

gem localities of the 2000s 
Shigley|F10:188-216 


Spectrometers, handheld and portable 
developments in the 2000s 
Breeding)F10:241-257 


Spectrometry, laser ablation-inductively 
coupled plasma-mass [LA-ICP-MS] 
developments in the 2000s 

Breeding)F10:241-257 

of fire opal from Madagascar 

Simoni)Su10:114-121 

to identify natural and synthetic emer- 

ald (Huong)Sp10:36-41 

of liddicoatite, Paraiba-type 

GNI)W10:323-325 
see also Chemical composition 

Spectrometry, secondary ion mass [SIMS] 
developments in the 2000s 

Breeding)F10:241-257 

Spectroscopy, confocal micro-Raman 
to identify natural and synthetic emer- 
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alds (Huong)Sp10:36-41 


Spectroscopy, energy-dispersive 
of hibonite (Hainschwang)Su10:135-138 


Spectroscopy, infrared 

of composite turquoise 
(Choudhary)Su10:106-113 

of diamond—black (LN)Su10:140-142,; H- 
rich brownish greenish yellow 
(LN)Sp10:64-65; Wittelsbach-Graff and 
Hope diamonds (Gaillou)Su10:80-88 

of diamond, CVD synthetic—before 
and after exposure to heat and UV 
rays (Khan)Sp10:18-26; pink 
(Wang)Sp10:4-17 

of fire opal from Madagascar 
(Simoni)Su10:114-121 

of hibonite (Hainschwang)Su10:135-138 

of Mexifire synthetic opal 
(Bhandari)W10:287-290 

of scapolite from Madagascar 
(Superchi)W10:274-279 


Spectroscopy, laser-induced breakdown 
[LIBS] 
developments in the 2000s 
(Breeding)F10:241-257 


Spectroscopy, phosphorescence 
of the Wittelsbach-Graff and Hope dia- 
monds (Gaillou)Su10:80-88 


Spectroscopy, photoluminescence 

of a colorless diamond with a strong H3 
defect (LN)Su10:142-143 

developments in the 2000s 
(Breeding)F10:241-257 

of spinel (LN)Su10:145-146 

of synthetic diamond—CVD-grown 
pink (Wang)Sp10:4-17; HPHT-grown 
blue, with Si-vacancy (LN)W10:302 

Spectroscopy, Raman 

of bastnasite-(Ce] and parasite-(Ce) 
from Malawi (Guastoni)Sp10:42-47 

confocal, to separate from natural 
emerald (Huong)Sp10:36-41 

developments in the 2000s 
(Breeding)F10:241-257 

of opal—fire, from Madagascar 
(Simoni)Su10:114-121; play-of-color, 
from Wollo Province, Ethiopia 
(Rondeau)Su10:90-105 

of gems in a ciborium from Einsiedeln 
Abbey (Karampelas)W10:292-296 


Spectroscopy, UV-Vis-NIR 
of coated diamond—orangy red 
(LN)Sp10:48-49; pink (LN)W10:299- 
300 
of CVD synthetic diamond—before and 
after exposure to heat and UV rays 
(Khan)Sp10:18-26; pink 
(Wang)Sp10:4-17; treated red 
(LN)Sp10:52-54 
of hibonite (Hainschwang)Su10:135-138 
of Paraiba-type liddicoatite 
(GNI)W10:323-325 
Sphene [titanite] 
from the Shigar Valley, Pakistan 
(GNI)Su10:152-154 
Spinel 
enhancements in the 2000s 
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(McClure}F10:218-240 

heat-treated reddish orange 
(LN)Sul0:145-146 

localities of the 2000s (Shigley)F10:188- 
216 

from Myanmar (GNI)Su10:154 

red to pink, from Tanzania 
(GNI)Sp10:58 

from Vietnam (GNI)Su10:151-153 

Spinel, synthetic 

doublet with synthetic ruby 

(LN]W10:307 


Spodumene 
green, thermoluminescent 
(GNI)W10:322-323 
kunzite from California 
(GNI)Su10:148-149 
Stability 
of opal from Wollo Province, Ethiopia 
(Rondeau)Su10:90-105 
Strain 
in treated pink CVD synthetic diamond 
(GNI)Sp10:68-69 
of the Wittelsbach-Graff and Hope dia- 
monds (Gaillou)Su10:80-88 
Sugilite 
and richterite, rock containing 
(LN)W10:305-306 


Switzerland 
gems in a ciborium from Einsiedeln 
Abbey (Karampelas)W10:292-296 


Synthetics 
of the 2000s (Renfro)W10: 260-273 
see also specific gem materials 


T 


Tanzania 
sapphire from Winza, with polyphase 
inclusions (LN)Su10:140-141 
tsavorite from Namalulu (GNI)Sp10:67- 
68 


Tanzanite 
enhancements in the 2000s 
(McClure)F10:218-240 
localities of the 2000s (Shigley)F10:188- 
216 
set with colored adhesive 
(GNI)Su10:159-160 


Tapestry 
of gems (GNI)Sp10:72-73 
Tavernier Blue diamond 
relationship to the French Blue and 
Hope diamonds (Sucher)Sp10:28-35 
Thermoluminescence 
of green spodumene (GNI)W10:322-323 
Tiger’s-eye 
as compared to pietersite (Hu)W10:280- 
286 
Titanite, see Sphene 
Topaz 
enhancements in the 2000s 
(McClure}F10:218-240 
localities of the 2000s (Shigley)F10:188- 
216 
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Topaz, synthetic 
developments in the 2000s 
(Renfro)W10: 260-273 


Tourmaline 

with blockage-induced growth tubes 
(LN)Sp10:55-56 

enhancements in the 2000s 
(McClure]F10:2.18-240 

liddicoatite, Paraiba-type 
(GNIJW10:323-325 

localities of the 2000s (Shigley)F10:188- 
216 


Transmission electron microscopy [TEM] 
of opal from Wollo Province, Ethiopia 
Rondeau)Su10:90-105 


Treatment 
developments in the 2000s 

McClure}F10:218-240 

lead-glass filling of ruaby— 

GNI)Su10:159; damaged during 

repair (LN)W10:305-306 

of turquoise with colored polymer 

LN)Sp10:56-57 

see also Bleaching; Clarity enhance- 
ment; Coating; Diamond treatment; 
Diffusion treatment; Dyeing; 
Filling, fracture or cavity; Heat 
treatment; Impregnation; 
Irradiation; Luster enhancement; 
specific gem materials 


Tsavorite, see Grossular 
Tucson gem and mineral shows 

highlights of (GNI)Sp10:58-64 
Turquoise 

blue and purple composite, with metal- 
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lic veining (LN)W10:303-304 
enhancements in the 2000s 
(McClure}F10:218-240 
green and purple, treated— 
(LN)Sp10:56-57; and blue, composite 
(Choudhary)Su10:106-113 


U 


Ultraviolet fluorescence, see Fluorescence, 
ultraviolet [UV] 
United States 
hanksite from California (GNI)Sp10:60- 
61 
kunzite from Pala, California 
(GNI)Su10:148-149 
serpentine doublets from Arizona 
(GNI)Su10:157-158 
64.83 ct emerald, from Hiddenite, 
North Carolina (GNI)W10:314-315 


Vv 


Vietnam 
aquamarine from Thanh Hoa and Nghe 
An provinces (GNI)W10:311-312 
ruby, sapphire, and spinel mining 
update (GNI)Su10:151-153 


Ww 


Wittelsbach-Graff diamond 
relationship to the Hope diamond 
(Gaillou)Su10:80-88 


X 


X-radiography 
developments in the 2000s 
(Breeding)F10:241-257 
of pearls (Karampelas)Su10:122-127, 
(Krzemnicki)Su10:128-134 
X-ray computed microtomography 
developments in the 2000s 
(Breeding)F10:241-257 
of pearls (Karampelas)Su10:122-127, 
(Krzemnicki)Su10:128-134 
X-ray diffraction 
of fire opal from Madagascar 
(Simoni)Su10:114-121 


Z 


Zircon 
enhancements in the 2000s 
(McClure)F10:218-240 
from the Solomon Islands 
(GNI)Sp10:66-67 
Zoisite 
localities of the 2000s (Shigley)F10:188- 
216 
see also Tanzanite 


Zoning, see Color zoning; specific gem 
materials 
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Gemological Vigests 


NOTES ON 
IMITATION PEARLS 


OST gemologists are familiar with the 

fact imitation pearls are made by 
spraying or dipping glass beads into a 
solution made from fish scales. The nature 
of this solution is of interest and we are 
indebted to Dr. L. M. Greenstein, researcher, 
and the Mearl Corporation, manufacturers 
of New York City, for a more detailed 
description of the process employed. 


Contrary to the belief of some laymen, 
actual scales are not used in solution but 
are the source of a material—guanine—which 
has the lustrous property desired. Guanine, 
in the form of tiny crystals, adheres to the 
membrane of the scales and causes the 
orient as seen on the fish. 


Almost any member of the herring fam- 
ily can be used in producing imitation 
pearls. The tiny crystals of guanine are 
released from the membrane by soaking the 
scales in an aqueous detergent, the exact 
nature of which varies with the processor 
and is a trade secret. After repeated wash- 
ings and the use of a centrifuge, the solution 
is changed gradually from an aqueous one 
to a cellulose nitrate solution. At no time 
must the guanine dry out. A standard pearl 
essence is made of eleven per cent suspen- 
sion of crystals in cellulose nitrate. 


Imitation pearls are currently made by 
dipping so-called alabaster glass beads into 
a mixture of six ounces standard pearl 
essence to one gallon of clear cellulose ni- 
trate. Occasionally plastic beads are used. 
They have a specific gravity under 2.00, 
while the glass used has a specific gravity 
near 2.53, 

The drilled beads are placed on thin 
sticks and a number of them fastened to a 


board. After dipping, the board is rotated 
slowly and a 45-minute period is allowed 
between each of the four or five coats. Finer 
lustef is produced if a thinner mixture is 
used and more coats applied. However, in 
either case, the resultant “pearls” lack the 
orient of natural or cultured pearls, though 
luster may be quite good. 


Orient may be simulated by dipping 
these pearls into a clear cellulose acetate, 
after which they are carefully polished and 
then dipped into clear cellulose nitrate. An 
interference effect is set up between these 
last two layers and with the underlying 
lustrous essence, a good resemblance to 
nature’s product is produced. This process 
is, of course, more expensive but results in 
a much more effective imitation, 


Large objects, such as statuettes, are 
sprayed with the essence rather than dipped, 
in which case a thinner solution is used. 


G. R. Crowningshield, G.LA. 


BRAZILIANITE COLLECTION 
BELIEVED LARGEST 


127.44 carat parcel of brazilianite, 

consisting of twenty brilliant-, emer- 
ald-, and square-cut stones, is considered to 
be the largest single collection of gem qual- 
ity brazilianite known. Outstanding in this 
group is a 44.02 carat emerald-cut stone— 
the largest individually fashioned specimen 
on record, 

Owned by Edward Swoboda, Los Angeles 
gem dealer, these stones of light, greenish 
yellow conform to the typical color classi- 
fication of all known brazilianite. 

The present deposit on the Corrego Frio 
in Minas Geraes is reported virtually ex- 
hausted, which may soon place brazilianite 
in the category of an extinct species. 
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major- and trace-element composition of four zir- 
cons from Muling. The predominant impurities 
were Hf, Al, Mg, Ca, Y, REE, P, Th, and U. The con- 
centrations of Th (355-2440 ppm) and U (341-871 
ppm) were high enough that they would be expected 
to cause metamictization of zircon over time. The 
relatively high concentration of rare-earth elements 
(again, see table 1) indicates that the Muling zircons 
came from mafic rocks (Fan et al., 1998). 


Raman Spectroscopy. Figure 7 shows the polarized 
Raman spectra of four representative samples of 
Muling zircon. Some of the main features include 
the internal modes at 1005 cm”! (Si-O v, stretching), 
973 cm! (Si-O v, stretching), and 438 cm"! (Si-O v, 
bending). The assignments of the bands at 393 and 
356 cm7! are still the subject of debate, and have 
been described as internal or external modes. The 
three bands at 224, 213, and 201 cm! are generally 
considered lattice modes, such as vibrations involv- 
ing SiO, tetrahedrons and Zr ions (Hoskin and 
Rodgers, 1996; Nasdala et al., 2003). The reason for 
variations in the relative intensity of the most 
prominent bands at 1005 and 356 cm! has not yet 
been well explained. 

Nasdala et al. (1998) showed that Raman spectra 
of slightly to moderately metamict zircons have the 
same band pattern as crystalline zircon; however, 


NOTES AND NEW TECHNIQUES 


Figure 4. Metamict zir- 
con inclusions in the 
zircon samples often 
contain one or two 
voids and have halos of 
small decrepitated melt 
inclusions surrounding 
them. Photomicro- 
graphs by T. Chen; 
magnified 200x (left) 
and 100x (right). 


Figure 5. Apatite inclu- 
sions were observed as 
high-relief stubby crys- 
tals (left, 66 um long) 
and colorless prisms 
(right, 110 um Iong). 
Photomicrographs by 
T. Chen. 


the full width at half maximum (FWHM) of the 
intense mode at about 1000 cm”! increases as a func- 
tion of radiation damage (Nasdala et al., 1998). In 
well-crystallized zircon, the v, FWHM is less than 5 
cm~!, while partially metamict zircon commonly 
has a FWHM value greater than 10 cm"!. In this 
study, v, FWHM values ranged from 5.15 to 5.56 
cm-!, indicating well-crystallized material (i.e., 


Figure 6. This group of magnetite inclusions in zircon 
occurred as short, parallel prisms. Photomicrograph 
by T. Chen; magnified 200x. 
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TABLE 1. Major- and trace-element composition of 
four samples of zircon from Muling, China.? 


Composition C-1 C-2 C-4 P-4 P-10 
Oxide (wt.%) 

SiO, 33.82 33.15 33.03 32.79 32.92 
ZrO, 62.30 64.32 63.88 63.63 64.62 
HfO, 1.21 1.20 1.10 1.19 1.11 
Al,O3 0.04 0.05 0.03 0.06 0.07 
MgO 0.03 0.04 0.02 0.03 0.03 
CaO 0.03 0.03 0.03 nd° 0.02 
Total 97.43 98.79 98.09 97.70 98.77 
Element (ppmw) 

La 0.014 0.016 0.100 0.045 0.051 
Ce 75.9 113 334 203 247 
Pr 0.19 0.27 1.34 0.90 0.95 
Nd 3.64 5.33 21.5 13.9 15.9 
sm 9.53 13.3 35.1 24.8 27.5 
Eu 5.44 7.50 16.6 12.3 14.6 
Gd 58.6 81.8 139 109 126 
To 22.3 30.8 41.4 33.9 39.5 
Dy 265 363 403 351 401 
Ho 95.5 129 123 109 126 
Er 390 519 438 401 465 
Tm 78.4 99.6 78.2 73.4 83.1 
Yb 641 809 586 567 642 
Lu 107 137 90.1 85.9 105 
REE (total) 1752 2309 2307 1985 2294 

P 367 376 234 201 240 

Ti 2.67 3.15 8.55 5.06 8.51 
Y 2752 3687 3347 2972 3552 
Nb 13.4 19.5 67.5 30.3 57.4 
Hf 7463 7458 7218 7005 7667 
Ta 3.89 5.36 13.6 7.90 13.7 
Pb 0.600 0.740 2.22 0.840 1.52 
Th 355 487 2440 613 1373 

U 341 404 871 439 679 


@ “C” represents a sample cut perpendicular to the c-axis, and “P” 


represents a sample cut parallel to the c-axis. The number fol- 
lowing the letter refers to the sample number (i.e., C-4 and P-4 


were polished plates cut from the same rough zircon). 
» Abbreviation: nd = not detected. Elements not detectable 
in all samples are not shown in the table. 


“high” zircon). The FWHM value of v, measured 
from the zircon inclusions (figure 4) was 9.47 cm7!, 
indicating they were partially metamict. 


UV-Vis-NIR Spectroscopy. Zircon coloration depends 
on transition metal content and the presence of radia- 
tion-induced color centers (Nasdala et al., 2003). 
Polarized UV-Vis-NIR absorption spectra from one 
sample are shown in figure 8. The spectra are similar 
to that of a brownish red zircon from Chanthaburi, 
Thailand, which is believed to be colored by radiation 
damage (see minerals.caltech.edu/files/visible/zircon/ 
index.htm). The characteristic absorption spectra, 
consisting of sharp lines below 600 nm, are attributed 


40 Notes AND NEW TECHNIQUES 


RAMAN SPECTRA 


356 
438 


1005 213 
a8 224 
P-9 £ 201 
t WUE 7 Ie SJ Nhe 
> 
e P-7 Eljc 
= Le 
Z 
Ld 
2 P-10 E|| 
= c 
2 Bee 393 Ian 
pice C-5 Elc oe Il 
1000 800 600 400 200 


RAMAN SHIFT (cm‘?) 


Figure 7. Polarized Raman spectra of oriented pol- 
ished plates of Muling zircon show different relative 
band intensities. The most intense band in samples 
C-5 and P-10 is at 1005 cm-', whereas the strongest 
band in P-7 and P-9 is at 356 cm=!. 


to f-f transitions (movement of electrons between 
atomic f orbitals of different energies) related to REEs 
and elements such as U and Th (actinides and lan- 
thanides). As in most natural zircon, these sharp lines 
are weak and faint (Nasdala et al., 2003). 


Heat Treatment. Figure 9 shows five zircons before 
(top) and after (bottom) heating to 1100°C. After the 
experiment, their tone significantly lightened and 


Figure 8. These polarized UV-Vis-NIR absorption 
spectra were obtained from two polished plates 
(~1 mm thick) cut from the same crystal. 
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much of the red hue was removed. The color 
changes seemed to be less related to the original hue 
than to the amount of inclusions in the sample; 
heating caused the more transparent zircons to 
become more colorless. However, some orange areas 
were seen around cracks in the heated samples. We 
expect that more commercially desirable colors can 
be obtained by heating for shorter durations and/or 
at lower temperatures. 


CONCLUSION 

Alluvial deposits at Muling, in northeastern China, 
host gem-quality brownish red zircon crystals that 
show a combination of tetragonal prismatic and 
pyramidal faces. Melt inclusions are common, and 
trace-element content indicates a mafic source. 
Raman spectroscopy suggests they underwent very 
little radiation damage. Polarized UV-Vis-NIR 
absorption spectra showed weak sharp lines caused 
by f-f transitions related to actinides and lan- 


Figure 9. These Muling zircon samples (0.49-0.77 g), 
shown before and after heating, became significant- 
ly lighter after heat treatment. Photos by Y. Liu. 


thanides. This locality shows potential as a commer- 
cial source of gem zircon. 
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AQUAMARINE FROM THE THUONG XUAN DISTRICT, 
THANH HOA PROVINCE, VIETNAM 


Le Thi-Thu Huong, Wolfgang Hofmeister, Tobias Hager, Nguyen Ngoc Khoi, 
Neguy Tuyet Nhung, Wilawan Atichat, and Visut Pisutha-Arnond 


Vietnamese aquamarine is notable for its attrac- 
tive color and well-formed crystals. Commer- 
cially significant deposits are known only from 
the Thuong Xuan District in Thanh Hoa 
Province, where the aquamarine (as well as 
topaz) have been mined from granitic pegmatites 
and associated eluvial deposits. Rough and cut 
samples were investigated by standard gemolog- 
ical methods, Raman and IR spectroscopy, and 
electron microprobe and LA-ICP-MS chemical 
analysis. The samples were characterized by a 
low concentration of alkalis and relatively high 
amounts of iron and cesium. Raman and IR 
spectroscopy showed the presence of CO, and 
type | H,O in the beryl structural channels. 


mainly from Brazil and Africa (Bank et al. 

2001; Webster, 2002), as well as Pakistan, 
Russia, Myanmar, China, India, Ukraine, and the 
United States (Shigley et al., 2010). Aquamarine was 
discovered in Vietnam in 1985 at the village of Xuan 
Le (Thuong Xuan District in Thanh Hoa Province} 
during geological mapping by the government. 
While known for more than 25 years, this attractive 
aquamarine has been described in only a few brief 
reports (Pham Van et al., 2004; Huong et al., 2008; 
Atichat et al., 2010; Laurs, 2010). According to local 


Gynt te aquamarine has been produced 
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dealers, ~100-150 kg of gem material were recovered 
by local people annually during the past decade, and 
in 2010 some 300-400 kg were produced. A limited 
number of gemstones have been faceted so far (e.g., 
figure 1), and sold mainly into the Vietnamese mar- 
ket. This article describes the geologic setting, 
gemological properties, and spectroscopic character- 
istics of Thuong Xuan aquamarine. 


LOCATION, GEOLOGY, AND MINING 


The Thuong Xuan aquamarine deposits lie ~70 km 
west of the provincial capital, Thanh Hoa City (fig- 
ure 2). While Thuong Xuan is the only commercial- 
ly significant aquamarine locality in the country, 
the adjacent Que Phong District in Nghe An 
Province has produced small amounts of aquama- 
rine from eluvial deposits. 

The Thuong Xuan region is cross-cut by a group 
of mainly northwest-trending faults. The aquama- 
rine is hosted by pegmatites distributed mostly 
within the Ban Chieng and Ban Muong granite com- 
plexes, which together cover an area of 100 km? (fig- 
ure 3). The pegmatite bodies typically form lenses or 
veins, ranging from 10 to 30 cm thick and a few 
meters in length to 4-5 m thick and tens of meters 
long. According to unpublished research by one of 
the authors (NNK), the pegmatites consist of quartz 
(38-48%), K-feldspar (~35%), plagioclase (18-24%), 
muscovite (2.3-3.5%], and biotite (0O-2.%). Quartz, 
feldspar, aquamarine, topaz, tourmaline, fluorite, 
and (rarely) zircon are found in miarolitic cavities. 
Although the topaz is of gem quality, it is not hosted 
by the same pegmatites as the aquamarine. 

Many eluvial occurrences of aquamarine are 
known, of which four—Ban Pang, Lang Ben, Non Na 
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Ca, and Ban Tuc—are the most productive; all are 
derived from pegmatites intruding the Ban Chieng 
granite. Most of the recent production has come 
from these deposits, which typically contain aqua- 
marine of very good gem quality together with 


Figure 2. The Thuong Xuan aquamarine deposit is 
located in north-central Vietnam, not far from the 
border with Laos. 
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Figure 1. These 
faceted aqua- 
marines (2.40-7.65 
ct) from Vietnam’s 
Thuong Xuan Dis- 
trict were studied for 
this report. Photo by 
L. T.-T. Huong. 


quartz, topaz, and cassiterite. So far there has been 
no organized mining; the crystals are simply gath- 
ered by hand from the eluvial deposits or recovered 
from shallow workings in the pegmatites using rudi- 
mentary tools. The crystals have a prismatic hexago- 
nal shape, variable hue and saturation, and are trans- 
parent to translucent. They typically range from 5 to 
20 cm long and 1-6 cm in diameter. 


MATERIALS AND METHODS 


Six aquamarine crystals from eluvial deposits (up to 
4.5 cm long; figure 4) and four faceted stones 
(2.40-7.65 ct; again, see figure 1) representative of 
the current production from Thuong Xuan were 
examined using standard gemological techniques. 
These samples were purchased from local dealers, 
except for one crystal that was found in an eluvial 
deposit by one of the authors (NTN). All samples 
were tested with a dichroscope, Schneider refrac- 
tometer, hydrostatic Shimadzu balance, UV lamp, 
and Schneider immersion microscope with Zeiss 
optics. 

Raman spectroscopy was used to investigate H,O 
and CO, molecules in the beryl structural channels, 
as these can show differences between aquamarine 
from different sources, and to identify inclusions in 
selected samples. The spectra were collected with a 
Jobin Yvon LabRam HR 800 spectrometer coupled 
with an Olympus BX41 optical microscope and an 
Si-based CCD (charge-coupled device) detector; sam- 
ples were excited by a 514 nm green Ar* ion laser. 
Raman microspectroscopy of inclusions was per- 
formed in confocal mode, facilitating analysis at the 
micron scale (2-5 um). 
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Figure 3. The primary and eluvial occurrences of aquamarine in the Thuong Xuan area are associated 


with granitic rocks. Modified after Bach and Quan (1995). 


To study the characteristics of H,O in the beryl 
channels, we recorded IR spectra from portions of 
two crystals using the KBr pellet method (2 mg of 
powdered sample mixed with 200 mg of KBr) in the 
range of 4000-500 cm7! with a Perkin Elmer FTIR 
1725X spectrometer. 

Three of the crystals were partially polished for 
chemical analysis by electron microprobe and by 


Figure 4. These 
aquamarine crys- 
tals (up to 4.5 cm 

long) were char- 
acterized for this 
study. Photo by 

L. T.-T. Huong. 
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laser ablation-inductively coupled plasma—mass 
spectrometry (LA-ICP-MS). Microprobe analyses 
were performed with a JEOL JXA 8900RL instrument 
equipped with wavelength-dispersive spectrometers, 
using 20 kV acceleration voltage and 20 nA filament 
current. Silicon was analyzed by microprobe, and 
wollastonite was used as the standard. LA-ICP-MS 
data for all elements except Si were obtained using an 
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Agilent 7500ce ICP-MS in pulse counting mode, and 
ablation was achieved with a New Wave Research 
UP-213 Nd:YAG laser ablation system, using a pulse 
repetition rate of 10 Hz, an ablation time of 60 sec- 
onds, a dwell time of 10 milliseconds per isotope, a 
100 um crater diameter, and five laser spots averaged 
for each sample. Be was calibrated using the NIST 
612. glass standard, and BCR2G glass was also ana- 
lyzed as a reference material. 


RESULTS AND DISCUSSION 


Visual Appearance and Gemological Properties. The 
six crystals were translucent to transparent, and 
light to medium blue. They consisted of well-formed 
hexagonal prisms {1010}, {0110}, and {1100}, while the 
basal pinacoids {0001} were typically broken or 
rounded. The four cut samples were fairly clean to 
the naked eye, with fractures visible in some sam- 
ples. They were light to medium blue with moderate 
saturation, and showed obvious pleochroism when 
viewed with the dichroscope. The refractive indices 
were n, = 1.572-1.579 and n, = 1.569-1.573. SG val- 
ues varied between 2.66 and 2.70. All samples were 
inert to long- and short-wave UV radiation. 


Internal Features. Microscopic observation revealed 
growth tubes and angular or elongated two-phase 
(liquid and gas, figure 5A) fluid inclusions in all the 
samples. Multiphase (liquid, gas, and crystal) inclu- 
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Figure 5. Inclusions 
documented in the 
Thuong Xuan aquama- 
rine included growth 
tubes and two-phase 
inclusions (A), three- 
phase inclusions with 
calcite and albite (B), 
and mineral inclusions 
of hematite (C) and 
biotite (D). Photo- 
micrographs by L. T.-T. 
Huong; magnified 50x. 


NEED TO KNOW 


¢ North-central Vietnam is a source of well-formed 
crystals of attractive blue aquamarine. 

¢ Local people mine the aquamarine from granitic 
pegmatites and associated eluvial deposits. 

¢ The aquamarine contains low alkalis and rela- 
tively high iron and cesium. 

¢ Carbon dioxide and type | water are present in 
the beryl-structure channels. 


sions were seen less frequently. The liquid and gas 
phases were identified by Raman spectroscopy as 
H,O and CO,. Transparent crystals in the multi- 
phase inclusions within one sample were identified 
as calcite and albite (figure 5B). Hematite and biotite 
were found as mineral inclusions in one sample (fig- 
ures 5C,D). 


Chemical Composition. The chemical composition 
of the three analyzed samples is presented in table 1. 
The Thuong Xuan aquamarines were characterized 
by a relatively high concentration of Fe (up to 1.50 
wt.% Fe,O,; compare to Adamo et al. [2008] and 
Viana et al. [2002]) and low amounts of Na (up to 
0.048 wt.% Na,O) and K (up to 0.007 wt.% K,O). 
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Gemological Uigests 


JADEITE AND NEPHRITE JADE 
DISCOVERED IN 
CALIFORNIA 


Of gemological interest is the report by 
the California Department of Natural Re- 
sources, Division of Mines, that jadeite jade 
was found recently as a single stream- 
rounded boulder in Clear Creek, San Benito 
County, California. Although not of gem 
quality, the jadeite is opaque, grayish green, 
compact, and extremely tough. This is the 
largest specimen of jadeite yet found in 
North America. The discovery was made by 
K. J. Frisch and the late L. Ph. Bolander of 
Oakland. 


Jadeite is a pyroxene with fibrous, micro- 
crystalline structure; in pure form it is 
sodium aluminum silicate, but it commonly 
contains variable amounts of two other 
pyroxene molecules, diopside or acmite. The 
wide range of color, usually in shades of 
green, but also white and nearly black, is 
ascribed to this variability in composition. 


The Division of Mines Laboratories, 
where the first examination of this jadeite 
was made, found sodium, aluminum, and 
silica, indicating a small admixture of the 
diopside molecule. Further studies were 
made by A. F. Rogers of Stanford University 
and by George Switzer of the U. S. National 
Museum, Washington, D. C. and a member 
of the Editorial Board of Gems and Gemo- 
logy. They stated, “optical, X-ray, and 
chemical data show the material to be nearly 
pure jadeite.” 


A recent major discovery of nephrite jade 
has been made near Porterville, Tulare 
County, California, according to the Callt- 
fornia State Division of Mines. This material 
is of medium to dark green color, excellent 
translucency, and fine cutting quality. Two 
separate deposits have been found and ma- 


rerial in excess of one ton has been extracted 
from one deposit. Several more tons are in 
sight. Compressed air drilling equipment is 
used, but due to the high degree of tough- 
ness of jade, mining has been slow and dif- 
ficult. Two other commercially important 
nephrite jade localities in the United States 
are known — one in Monterey County, 
California, and the other near Lander, 
Wyoming. 


TOURMALINE CAT'‘S-EYE 
STUDIED 


Among the more rare and unusual colored 
stones studied in the G.1.A. Laboratory dur- 
ing recent weeks was a small selection of 
tourmaline cat’s-eyes. Owned by a Los 
Angeles gem and mineral dealer, the 
chatoyant material represented but an in- 
finitesimal portion of a large shipment of 
ordinary Brazilian tourmaline. While not 
common in any quality, the finer specimens 
are extremely scarce and could, with suffi- 
cient supply and proper marketing, gain 
rapidly in public favor. 

The gems were particularly interesting in 
that the parallel fibers or inclusions causing 
the “eye” (chatoyant band) were unusually 
small and compact — in contrast to the very 
obvious inclusions most generally encoun- 
tered — thereby closely approximating the 
silky appearance and well-defined chatoyancy 
of the better quality chrysobery! cat’s-eye. 
These features, together with a body color 
of deep, intense bluish green, resulted in a 
stone of unusual beauty and uniqueness. 
Occurrences of gem quality material, how- 
ever, are sporadic, and the possibility of 
encountering commercial quantities in the 
future is very remote.— 


Lawrence L. Copeland, G.LA. 
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TABLE 1. Chemical composition of aquamarine from 
Thuong Xuan, Vietnam. 


Chemical Sample 1 Sample 2 Sample 3 
composition 
Oxides (wt.%) 
SiO, 65.42 65.87 66.41 
Al,O, 18.13 17.80 18.55 
Fe,0, 1.50 1.42 1.37 
Sc,0, 0.005 0.005 0.005 
BeO 13.40 13.52 12.59 
nO 0.012 0.009 0.011 
gO 0.046 0.058 nde 
CaO 0.046 0.030 0.027 
Na,O 0.025 0.048 0.037 
K,O 0.007 0.003 0.006 
Li,O 0.009 0.001 0.002 
Cs,O 0.193 0.126 0.132 
Total 98.79 98.89 99.14 
Trace elements (ppm) 
B 1.87 2.82 2.33 
P 49.5 17.6 40.2 
Ti 6.18 3.07 2.24 
Vv 0.525 0.477 0.198 
Cr 2.06 102 2.53 
Co 0.247 0.134 0.082 
Ni 1.9 5.0 0.8 
Ga 71.4 71.2 70.0 
Ge 0.850 0.630 1.06 
Rb 58.1 54.9 55.7 
Sr 0.047 0125 0.510 
a4 0.042 0.018 0.046 
Zn 0.130 0.123 0.060 
Nb 0.027 0.027 0.037 
Mo 0.082 0.108 0.223 
Ba 0.178 0.152 0.780 
La 0.024 0.033 0.019 
Ta 0.022 0.011 0.030 


4 Si was analyzed by electron microprobe, and the others by LA-ICP- 
MS. Elements typically reported in beryl analyses were converted to 
oxides for ease of comparison with the published literature. 

© Abbreviation: nd = not detected. 


The Cs contents were very high compared to aqua- 
marine from other sources (Adamo et al., 2008; 
Viana et al., 2002), with up to 0.193 wt.% Cs,O. 
Also present were small but significant amounts of 
Mg, Mn, Ca, Sc, Li, Ga, Rb, and P, as well as traces 
of several other elements (again, see table 1). 


Spectroscopic Investigation. Raman. The main 


Raman bands of the beryl group, shown in figure 6, 
are due to ring vibrations (e.g., Kim et al., 1995; 
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Charoy et al., 1996) and Si-O stretching vibrations 
(Adams and Gardner, 1974; Huong, 2008). In addi- 
tion, a band at 1243 cm"! present in all samples is 
related to the vibration of CO, molecules in the 
beryl structural channels (Charoy et al., 1996). It was 
seen only in the Elic orientation, because the only 
possible orientation of CO, molecules in the chan- 
nel is with the symmetry axis parallel to the c-axis. 
While CO, has been previously documented as a 
channel constituent in beryl (e.g., Aines and Ross- 
man, 1984), to our knowledge it has not been 
ascribed to aquamarine from a particular locality. 

Figure 7 shows a representative Raman spectrum 
of Thuong Xuan aquamarine in the 3700-3500 cm7! 
range, which corresponds to the energy of H,O vibra- 
tions in beryl. A band at 3608 cm-'—related to type I 
H,O and not associated with alkalis (e.g., Huong et 
al., 2010)—was observed in all samples. Conversely, 
a band at 3598 cm™!—related to type II H,O and 
associated with alkalis—was almost undetectable. 
This is consistent with the chemical data showing 
low contents of alkalis (sodium and potassium], 
which are associated with type II H,O in the struc- 
tural channels of beryl. 


Infrared. Various bands consistent with those typi- 
cally seen in aquamarine were observed in the IR 
spectra of the Thuong Xuan aquamarines (figure 8). 
Those recorded in the range 1300-800 cm-! have 


Figure 6. In addition to typical Raman features for 
beryl, the aquamarine showed a peak at 1243 cm~! 
in the Ellc orientation that is due to CO). 
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Figure 7. Raman spectra of the aquamarine showed 
a band at 3608 cm"! that is associated with type I 
H,O. This indicates a very low alkali content. 


been assigned to internal Si-O vibrations (Gervais 
and Pirou, 1972; Adams and Gardner, 1974; Hof- 
meister et al., 1987; Aurisicchio et al., 1994). Bands 
appearing at ~750 and 680 cm! were ascribed to the 
Be-O cluster by Hofmeister et al. (1987). The two 
bands at 525 and 500 cm™! correlate to Si-O-Al 
stretching (Plyusnina, 1964). The doublet at 2364 
and 2340 cm! is due to carbon dioxide (Leung et al., 
1983). 

Features in the 1700-1500 cm~! and 3800-3500 
cm"! ranges are generated by different types of H,O 
(Wood and Nassau, 1967). In the latter range, the 
Thuong Xuan aquamarines showed only one band at 
3694 cm. This correlates to type I H,O (Schmetzer 
and Kiefert, 1990), and is consistent with the Raman 
analyses and very low alkali contents of this 
aquamarine. 


CONCLUSION 


Since the early 2000s, a significant amount of gem- 
quality aquamarine has been recovered from the 
Thuong Xuan area by local people, and more produc- 
tion is expected in the future. Some of the aquama- 
rine has been mounted into jewelry (figure 9) for dis- 
tribution mainly into the Vietnamese market. This 
aquamarine contains low concentrations of alkali 
ions, and relatively high amounts of iron and 
cesium. The low alkalis were revealed by chemical 
analysis and by the sole presence of type I H,O in 
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Figure 8. Infrared spectra of the Vietnamese aqua- 
marine showed a band related to type I H,O at 3694 
cm! and a doublet at 2364 and 2340 cm! that is 
due to CO,. 


Raman and IR spectra. In addition, the presence of 
CO, molecules in structural channels was indicated 
by Raman spectroscopy. 


Figure 9. A limited amount of Vietnamese aquama- 
rine has been faceted and mounted into jewelry, 
such as the 6.5 ct stone shown in this gold ring. 
Courtesy of Duong Anh Tuan, Doji Gold # Gems 
Group, Hanoi; photo by L. T.-T. Huong. 
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DIAMOND 


Large HPHT-Treated Cape Diamond 


Since the early 2000s, high-pressure, 
high-temperature (HPHT) treatment 
has been used extensively to improve 
the color of diamonds. In the early 
stages, the typical starting material was 
brown type Ila diamond, which was 
processed to achieve a colorless to near- 
colorless stone. In recent years, we 
have also seen brown type IaB dia- 
monds HPHT-treated to near-colorless 
(J. Van Royen et al., “HPHT treatment 
of type IaB brown diamonds,” Fall 2006 
GwG, pp. 86-87). The treatment can 
also change the bodycolor of colored 
diamonds, such as gray type IIb stones 
that are altered to blue. On rare occa- 
sions, the GIA Laboratory has seen 
light yellow cape diamonds HPHT- 
treated to vivid yellow. 

The New York lab recently 
received a 28.65 ct brownish yellow- 
ish orange emerald-cut diamond (fig- 
ure 1) for grading. Microscopic exami- 
nation revealed few inclusions, and 
the stone showed a good polish except 
for one facet with a frosted surface, 
which suggested HPHT treatment 
(figure 2). The diamond was inert to 
both long- and short-wave UV radia- 
tion. Infrared spectroscopy revealed 
that it was type Ia with a spectral pat- 


Editors’ note: All items were written by staff 
members of the GIA Laboratory. 
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Figure 1. This 28.65 ct Fancy 
Deep brownish yellowish orange 
diamond is HPHT treated. The 
starting material was probably a 
typical cape diamond with light 
yellow or brownish yellow color. 


tern typical of cape diamonds, which 
was inconsistent with the brownish 
orange color. The UV-Vis absorption 
spectrum, however, did not show a 
cape spectrum. Instead, we observed 
an increase in absorption from 700 
nm to higher energies (attributed to 
isolated nitrogen) and a weak absorp- 
tion from the H2 optical center (zero- 
phonon line at 986.2 nm). 

These gemological and spectro- 
scopic properties indicated that this 
large brownish yellowish orange dia- 
mond was HPHT treated. The starting 
material probably had a light yellow or 
brownish yellow bodycolor. Instead of 
becoming intense yellow, HPHT 
treatment produced a strong yellowish 
orange hue with a brownish modifier, 
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which could be attributed to a rela- 
tively high concentration of isolated 
nitrogen as well as the size of the 
stone. 

Jason Darley 


A Very Large Colorless 
HPHT-Treated Diamond 


Over the past year, the laboratory has 
observed an influx of large HPHT- 
treated diamonds, both type I and 
type II (see Lab Notes: Spring 2010, 
pp. 50-51; Winter 2010, p. 298; and 
the previous entry in this issue}. This 
trend has continued in 2011. 

Among the HPHT-annealed dia- 
monds we have identified recently, 
one was exceptional. This cushion- 
cut diamond weighed 38.59 ct (24.37 
x 18.69 x 10.22, mm; figure 3) and was 
graded F color with a clarity of VVS,. 
Microscopic examination revealed 
internal graining in a few orienta- 
tions, and strong internal strain was 
seen with crossed polarizers. Such fea- 


Figure 2. The diamond in figure 1 
had a frosted surface along the 
girdle, a good indication of HPHT 
treatment. Magnified 40x. 
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Figure 3. This 38.59 ct cushion- 
cut diamond proved to be HPHT 
treated. 


tures are common in HPHT-treated 
type Ila diamonds (T. M. Moses et al., 
“Observations on GE-processed dia- 
monds: A photographic record,” Fall 
1999 G&G, pp. 14-22). 

The IR absorption spectrum re- 
vealed a typical type Ila diamond, with 
no detectable nitrogen- or hydrogen- 
related features. The UV-Vis spectrum 
also showed no isolated nitrogen-relat- 
ed absorptions. However, photolumi- 
nescence spectroscopy collected at liq- 
uid-nitrogen temperature with laser 
excitations of varying wavelength con- 
firmed HPHT annealing, consistent 
with the graining and strain patterns 
seen with the microscope. 

This is one of the largest HPHT- 
treated diamonds the GIA Laboratory 
has ever identified. Treating diamonds 
this size is risky, and we suspect that 
not all facilities have the equipment to 
anneal them, as the capsule normally 
used in HPHT presses will not accom- 
modate such a large stone. It is also 
possible that such diamonds take 
longer to process. 

Gem diamonds of this size and 
quality are extremely rare. The increas- 
ing number of large HPHT-treated dia- 
monds seen in the laboratory under- 
scores the importance of proper disclo- 
sure and reliable gem identification. 

Wuyi Wang and Tom Moses 
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Thermoluminescence from 
Type laB Diamonds 


The luminescence properties of dia- 
mond are widely documented in the 
scientific literature. Analysis of fluo- 
rescence, phosphorescence, cathodolu- 
minescence, and photoluminescence 
(PL) reactions has proven extremely 
valuable to gemological laboratories in 
identifying natural, lab-grown, and 
color-treated diamonds. Thermolumi- 
nescence (TL), the reemission of stored 
energy as light in response to heating, 
has also been observed in diamond, 
though its value to gemologists has 
been limited at best. 

During PL testing of near-color- 
less diamonds in the Carlsbad labora- 
tory, we observed an interesting TL 
response from certain stones. After 
exposure to 325 nm laser excitation 
while cooled to liquid-nitrogen tem- 
perature (~77 K), many pure type IaB 
diamonds briefly luminesced when 
they were removed from the cryo- 
genic vessel and allowed to warm to 
room temperature (figure 4). We did 
not notice this behavior in diamonds 
of other types observed under the 
same conditions. Pure type IaB dia- 
monds are dominated by B-aggregated 
nitrogen impurities (~1175 cm! in 
FTIR spectra; figure 5) and are rela- 
tively uncommon among nitrogen- 
containing diamonds. Their observed 


Figure 4. This colorless type IaB 
diamond (~0.75 ct) was cooled in 
a liquid-nitrogen bath during 325 
nm laser PL analysis. When the 
stone was removed and warmed 
to room temperature, it briefly 
displayed a blue thermolumines- 
cence emission. 
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TL emissions were short-lived (<2 
seconds), mostly blue, and varied 
from strong to very weak. A few sam- 
ples showed green emission. 

To determine the lattice defect 
responsible for the luminescence, we 
measured the TL emission using a 
portable CCD spectrometer. The dia- 
monds showing blue TL displayed a 
broad luminescence band from ~410 
to 510 nm. PL spectra collected from 
the same stones using 325 nm laser 
excitation showed a very strong N3 
defect (415 nm), which is likely the 
cause of the blue TL emission (figure 
6). One diamond displaying green TL 
had a luminescence band from ~490 
to 550 nm, which we attributed to H3 
defects (503.2 nm) recorded in the PL 
spectrum of the sample. 

While the TL behavior is apparent- 
ly restricted to nearly pure type IaB 
diamonds, the reason for this remains 
unclear. The B-aggregate of nitrogen is 
associated with lattice vacancies that 
may somehow play a role. Addi- 
tionally, it is well known that A-aggre- 
gated nitrogen impurities tend to 
quench luminescence. We did notice 
that as the A-aggregate became more 
abundant, the TL emission disap- 
peared, even in stones with high con- 
centrations of B-aggregates. While 
there is no obvious explanation for the 
link between this TL behavior and 
pure type IaB diamonds, the lumines- 
cent effect is a fascinating byproduct 
of laboratory testing. 

David Nelson and 
Christopher M. Breeding 


Two Diamonds Cut to 
Exhibit Inclusions 


The New York lab recently observed 
two striking examples of hydrogen- 
and etch-related features in diamonds 
that had been manufactured to high- 
light their inclusions. Hydrogen-relat- 
ed features often take the form of well- 
defined symmetrical clouds that are 
usually dark-colored or gray (W. Wang 
and W. Mayerson, “Symmetrical 
clouds in diamond—The hydrogen 
connection,” Journal of Gemmology, 
Vol. 28, No. 3, 2002, pp. 143-152). 
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FTIR ABSORPTION SPECTRUM 


ABSORBANCE 


fluids can dissolve deep into the inte- 
rior of the diamond, following direc- 
tions of weakness in the crystal struc- 
ture. It is very common to see etch 
channels along the [111] directions, as 
in this example. These channels had a 
brown color from natural radiation 
staining. 

The varying appearance of hydro- 
gen clouds is not fully understood. 
One possible explanation is that a 
cloud tends to be concentrated in the 
{100} growth sector due to the dia- 
mond’s higher surface energy during 
growth. If growth paused for any rea- 
son, the cloud could have spread along 
the crystal edges, forming an octahe- 
dral outline once growth resumed. 

Rather than follow the conven- 
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Figure 5. FTIR spectroscopy demonstrated that the diamonds showing TL 
emission were nearly pure type IaB, as indicated by the band at 1175 cm“. 


Such clouds are often obscured by a 
diamond’s faceting, but that was not 
the case with these specimens. 

The first, a 1.05 ct Fancy gray— 
greenish yellow octahedron (figure 7), 
had been polished to preserve the orig- 
inal rough shape. Clearly visible in the 
interior was a cloud with an elaborate 
structure that was well-aligned with 
the polished faces. Such formations 
could be related to octahedral growth 
and variations in the crystallization 
environment. Viewed through the large 
triangular facets, the cloud resembled a 
Star of David hexagram. 

The other diamond, a 4.51 ct 
Fancy greenish yellow-brown round 
brilliant (figure 8), contained a hydro- 
gen cloud composed of six roughly 
oval-shaped arms aligned to a central 
point and extending along the [100] 
axes. Even more conspicuous were 
bundles of needle-like etch channels 
that converged in the diamond’s cen- 
ter (see also Fall 2009 Lab Notes, pp. 
209-210). These channels result from 
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a tional approach to cutting, which 
seeks to minimize inclusions for the 
sake of market value, these unusual 
diamonds accentuated the natural 
beauty of their growth features, mak- 
ing them truly one-of-a-kind. 
Jon Neal, Jason Darley, 
and Vinny Cracco 


Figure 6. PL analysis of type IaB diamonds with blue TL emission 
showed a prominent N3 defect (415 nm peak), which is likely the 
cause of the TL behavior. 
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corrosive fluids in the magma that 400 
transport diamonds from deep within 
the earth to near-surface environ- 
ments. Under certain conditions, the 
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Figure 7. This 1.05 ct Fancy gray- 
greenish yellow diamond contains 
a cloud with an octahedral struc- 
ture that matches that of the pol- 
ished faces. 


HALITE 

Submitted for Identification 

A 13.25 g near-colorless piece of rough 
was recently submitted to the Carls- 
bad laboratory for identification (fig- 
ure 9). Initial examination showed a 
rounded surface with one large flat 
side that was obviously a cleavage, as 
its stepped appearance in some areas 
indicated it had been broken rather 
than sawn. Dissolution tubes extend- 
ed into the stone in three directions at 


right angles. 


Figure 8. In this 4.51 ct Fancy 
greenish yellow-brown round 
brilliant, bundles of needle-like 
etch channels converge at the 
center, dividing the six oval- 
shaped clouds (only four of which 
are visible here). 
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The RI of the cleavage surface was 
around 1.55, though the unpolished 
surface yielded a rather indistinct 
reading. The optic character, observed 
with a polariscope, was singly refrac- 
tive. The specimen fluoresced weak 
yellow to long-wave UV radiation and 
was inert to short-wave UV. Given the 
dissolved appearance of the surface, 
the author was hesitant to measure 
the sample’s hydrostatic specific grav- 
ity. Water-soluble minerals have been 
used as gems (e.g., the hanksite 
described in the Spring 2010 Gem 
News International [GNI], pp. 60-61), 
and immersing such a specimen 
might cause damage. 

While there were no obvious 
external clues to the morphology of 
the specimen other than its perfect 
cleavage, microscopic examination 
proved more revealing. With magnifi- 
cation, numerous planes of fluid- 
filled cubic negative crystals were 
visible (figure 10, left). The cubic 
crystal system was consistent with 
the singly refractive character. Most 
of the negative crystals contained a 
brown to colorless liquid with a gas 
component, but a few contained a 
green fluid with several daughter 
crystals (figure 10, right). Both types 
of fluid inclusions were indicative of 
a natural material. 

Further testing with energy-dis- 
persive X-ray fluorescence (EDXRF) 
spectroscopy indicated that the major 
elements were sodium and chlorine. 
The ionic combination of these two 
elements is familiar to us as halite, or 
common table salt. Raman analysis 
confirmed this identification. 

Although halite is not rare or 
durable enough to be considered a gem 
material, this proved to be an interest- 
ing exercise in identification. Because 
the surface provided so little crystallo- 
graphic information, most of the clues 
could only be gathered from micro- 
scopic features. A solid foundation in 
crystallography and microscopy is 
essential for any gemologist, who may 
be called on to identify even non-gem- 
related materials. 

Nathan Renfro 
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Three Similar-Appearing Green 
Stones: JADEITE, OMPHACITE, 
and HYDROGROSSULAR 

The New York laboratory recently 
received several green cabochons for 
identification over the period of a few 
days (e.g., figure 11). They all had a sat- 
urated green color, and microscopic 
observation revealed similar micro- 
crystalline textures. Observation with 
a dichroscope showed very weak or no 
pleochroism, which is common for 
fine-textured aggregates. In the desk- 
model spectroscope, all of the cabo- 
chons displayed chromium lines near 
690 nm, and all but one also had a line 
near 437 nm, as seen in jadeite and 
omphacite. The samples were inert to 
long- and short-wave UV radiation. 
Their SG values, however, varied from 
2.90 to 3.34. In addition, all but one of 
the cabochons had refractive indices 
of 1.66-1.68—typical values for 
jadeite and omphacite—while the 
other stone (also with the highest SG 
value) had an RI of 1.72. 

Raman spectroscopy identified 
the stone with the highest RI and SG 
values as hydrogrossular (hibschite). 
This identification was further sup- 
ported by infrared spectroscopy, based 
on distinct hydroxyl absorption bands 
in the 4000-3000 cm! region. 
EDXREF spectroscopy indicated major 
amounts of calcium, aluminum, and 
silicon, with minor chromium, con- 
sistent with hydrogrossular’s formula 
of Ca,AL,(SiO,),,(OH),, (x = 0.2-1.5) 


Figure 9. The rounded surface of 
this 13.25 g piece of halite was the 
result of dissolution. The cleavage 
plane indicates the specimen had 
been cleaved after dissolution. 
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Figure 10. The cubic habit of these fluid-filled negative crystals reveals 


the halite’s crystal structure (left, magnified 60x). A few of them hosted a 
green fluid and multiple daughter crystals (right, magnified 100x). 


and the stone’s green color. Hydro- 
grossular occurs in green colors when 
trace amounts of chromium are pres- 
ent, and variations in hydroxyl con- 
tent cause differences in physical 
properties such as RI and SG (W. A. 
Deer et al., Rock-Forming Minerals 


bands; amphibole (nephrite) and ser- 
pentine-group minerals are some of 
the better-known examples. Proper 
identification requires careful observa- 
tion and testing. 

Ren Lu 


Orthosilicates, Vol. 1A, 2nd ed., 
Longman Group Ltd., London, 1982). 
The other cabochons were identi- 
fied as jadeite or omphacite, using the 
same techniques. Omphacite [(Ca,Na] 
(Mg,Fe,Al)Si,O,] is a clinopyroxene 
that forms a solid solution with 
jadeite (NaAISi,O,). Both minerals 
have similar properties—such as over- 
lapping RI values—and they were dif- 
ferentiated by Raman spectroscopy. 
Further confirmation was provided by 
EDXRE, which revealed the presence 
of Ca and Fe in omphacite, and the 
absence of these elements in jadeite. 
Positive identification of jadeite 
can be difficult because other minerals 
also exhibit similar fine aggregate tex- 
ture, SG and RI ranges, hardness, UV 
reaction (if not impregnated), and/or 
chromium-related UV-Vis absorption 


Beryllium- and Tungsten-Bearing 
SAPPHIRES from Afghanistan 

In March 2010, the Bangkok laborato- 
ry received a rough parcel of 175 blue 
sapphires reportedly from a relatively 
new deposit near the lapis lazuli 
mines in the Kokcha Valley of 
Afghanistan’s Badakhshan Province. 
The pieces ranged from ~0.2 to 4 g (fig- 
ure 12), and about half the parcel was 
gem quality. During a trip to Afghani- 
stan in July 2010 (see Winter 2010 
GNI, pp. 319-320), one of us (VP) 
obtained six additional samples said to 
be from this deposit, consisting of blue 
sapphires on a matrix of bluish green 
and yellowish brown crystals (identi- 
fied as dravite and phlogopite by 
Raman and laser ablation—inductively 


Figure 11. These three similar-looking stones were identified (left to right) 
as jadeite (23.90 ct), omphacite (8.12 ct), and hydrogrossular (13.90 ct). 
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coupled plasma—mass spectrometry 
[LA-ICP-MS] analysis, respectively). 

Of the 181 samples, most had 
strong hexagonal blue color zoning 
surrounding a yellow core that dis- 
played a six-rayed star pattern when 
viewed with transmitted light (figure 
13). Common inclusions were nega- 
tive crystals (sometimes associated 
with healed fissures), corroded zircon 
crystals, twin planes, and crystals of 
corundum. Most of the sapphires were 
sector zoned with colorless areas asso- 
ciated with the basal pinacoid. 

EDXRE analysis detected iron, gal- 
lium, vanadium, and surprisingly, 
tungsten (an element typically associ- 
ated with synthetics]. LA-ICP-MS 
showed similar amounts of gallium 
and vanadium in both the blue and col- 
orless areas. However, the colorless 
areas were higher in magnesium and 
lower in iron, while titanium was 
nearly absent. Significant levels of 
beryllium (up to 20 ppma), as well as 
niobium, tin, tantalum, zirconium, 
hafnium, and tungsten (30-700 ppma) 
were found in the colorless areas but 
not in the blue portions. Though not 
common, beryllium (in association 
with niobium and tantalum) has been 
reported in some untreated blue sap- 
phires from Madagascar (V. Pardieu, 
“Beryllium discovered in unheated 
sapphires,” InColor, Fall-Winter 2007- 
2008, p. 41) and Tasmania (B. M. 
McGee, “Characteristics and origin of 
the Weldborough sapphire, NE Tas- 
mania,” bachelor’s thesis, School of 
Earth Sciences, University of Tas- 
mania, 2005). 

UV-Vis spectroscopy showed 
strong absorptions at 580 and 700 nm 
(o-ray) and ~700 nm (e-ray) that are 
typical of metamorphic/metasomat- 
ic-type blue sapphires. Very weak 
iron-related absorptions were visible 
at 377, 388, and 450 nm, and the spec- 
trum cutoff tended to be very low 
(around 300 nm). The FTIR spectra 
(figure 14) showed strong absorption 
between 3700 and 3100 cm! (proba- 
bly due to molecular water) as well as 
features related to diaspore (lines at 
2120 and 1990 cm“! and broad bands 
around 3020 and 2880 cm~!) and mica 
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(~0.2-4 g) are reportedly from 
Afghanistan’s Badakhshan 
Province. Most are tabular 
prisms, with a colorless area (that 
appears grayish here) on the top 
and bottom of each crystal. 


(lines in the ~3700-3620 cm~! region) 
in most samples. A band at 3163 cm“! 
was also observed in most of the sap- 
phires, along with some unusual 
absorptions: a broad band at 3428 cm“, 
a sharp feature at 3387 cm~!, and a 
series of four broad bands at ~4450, 
4306, 4200, and 4100 cm. 

The presence of such distinctive 
chemical and spectral features in these 
sapphires, combined with their report- 
ed origin near the historic Afghan lapis 
mines, makes them a very interesting 
addition to the marketplace. 

Vincent Pardieu, Sudarat Saeseaw, 
Kamolwan Thirangoon, and 
Pantaree Lomthong 


Figure 13. Microscopic examina- 
tion of this sapphire with trans- 
mitted light shows hexagonal blue 
bands surrounding a yellow core 
that displays a star pattern. The 
high-relief inclusion in the core is 
a negative crystal. Magnified 40x. 
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Aggregate of Black 
SYNTHETIC MOISSANITE and 
Crystalline SILICON 
The Carlsbad laboratory recently 
received a 1.35 ct black submetallic 
round brilliant for an identification 
and origin report. It had an SG of 
3.06, an over-the-limit RI, and was 
opaque to strong fiber-optic light. 
These properties suggested synthetic 
moissanite, although the SG was 
lower than the 3.22 previously 
reported for this material (K. Nassau 
et al., “Synthetic moissanite: A new 
diamond simulant,” Winter 1997 
Gw&G, pp. 260-275). Curiously, the 
sample displayed a granular structure 
in reflected light, which seemed to be 
an intergrowth of a higher-luster 
metallic material with a duller, dark- 
er matrix (figure 15). Raman spec- 
troscopy identified the matrix as syn- 
thetic moissanite and the interstitial 
metallic material as crystalline sili- 
con. The abundance of silicon in this 
sample accounted for its low SG. 
Silicon inclusions in black syn- 


thetic moissanite were described 
recently by Haibo et al. (Winter 2009 
GNI, p. 308), though the intergrowth 
in this stone was much more exten- 
sive than the isolated silicon blebs in 
that report. Like the samples exam- 
ined by Haibo et al., though, this 
black synthetic moissanite appeared 
to be a product of the physical vapor 
transport (PVT) technique. Silicon 
inclusions have not been reported in 
synthetic moissanite grown by seeded 
sublimation, but they are known in 
PVT material grown in China (Z. 
Chen et al., “Growth of large 6H-SiC 
single crystals,” Journal of Inorganic 
Materials, Vol. 17, No. 4, 2002, pp. 
685-690). 

Alethea Inns 


SYNTHETIC STAR SPINEL 
Imitation of Moonstone 

The Carlsbad laboratory recently 
examined a translucent white round 
cabochon that initially appeared to be 


Figure 14. These FTIR spectra of a Badakhshan sapphire (sample 
668563702, 1.35 ct and ~4 mm thick) reveal strong absorption between 
3700 and 3100 cm-! (probably due to molecular water), as well as mica- 
related bands and some unusual features. 
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Figure 15. Reflected light shows the aggregate structure of the synthetic 
moissanite (which appears dark gray here, with darker pits) and the 
bright-reflecting crystalline silicon. Magnified 30x (left) and 112x (right). 


a moonstone (figure 16). The sam- 
pleshowed a pronounced bluish adu- 
larescence in diffused lighting. When 
viewed with a direct light source such 
as fiber-optic illumination, however, 
it displayed a pronounced star (figure 
16, right). This star contained four 
pairs of rays, a somewhat unusual 
configuration. 

Gemological testing revealed prop- 
erties consistent with synthetic 
spinel, including a spot RI reading of 
1.72, and strong green fluorescence to 
short-wave UV radiation. Microscopic 
examination uncovered a dense net- 
work of dislocation stringers, oriented 
crystallographically throughout the 
gem (figure 17). In cross-polarized 
light, these dislocation networks dis- 
played considerable strain. Also 
observed with magnification was a 
blue metallic coating on the back of 


the cabochon. In reflected light, there 
were obvious areas where the coating 
had chipped off (figure 18). This coat- 
ing was apparently added to create an 
effect resembling the blue adulares- 
cence seen in moonstone. 

Because the mounting prevented 
additional tests such as specific gravi- 
ty measurement, advanced testing 
was needed to confirm the identity of 
this cabochon. EDXRF spectroscopy 
showed Al and Mg as the only major 
elements, consistent with the expect- 
ed composition of spinel. Minor trace 
elements were iron, titanium, and 
chromium. 

The crystallographically oriented 
dense network of dislocations is the 
presumed source of the asterism, and 
the four-rayed pattern is consistent 
with the synthetic spinel’s cubic crys- 
tal structure. This contributor had 


Figure 16. This ~5 ct synthetic star spinel made a convincing moon- 
stone imitation in diffused lighting, but in direct lighting it showed 


a pronounced star. 
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Figure 17. Dense stringer-like dislo- 
cations throughout the synthetic 
star spinel, viewed here at 60x mag- 
nification, produced the asterism. 


Figure 18. Defects in the metallic 
blue coating on the back of the syn- 
thetic star spinel were obvious in 
reflected light at 100x magnification. 


never seen a synthetic star spinel, 
much less one that imitated moon- 
stone. Given moonstone’s wide avail- 
ability and typically modest price, it 
is unlikely that there are many such 
specimens in the market. Never- 
theless, buyers should be aware that 
imitations can occur at any price 
level. And even though this cabochon 
proved to be a synthetic imitation, it 
can be appreciated as an interesting 
specimen in its own right. 

Nathan Renfro 
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Gemological Digests 


IRRADIATED ZIRCON COLORED 
VIOLET 

Prof. Dr. K. Fe es ee Director of 
the Gemological Institute of Idar-Oberstein, 
tells us of his experiences with violet colored 
zircon, Some’ time ago he received samples 
of zircon from two deposits in Siam. For 
three weeks he irradiated them with radium 
of enormous intensity. Among the zircons 
were two ‘pieces, brown by nature and 
burned colorless. After the irradiation they 
showed a violet color, nearly as amethyst. 
After exposing them at the window to dif- 
fused daylight for four weeks, to test the 
stability of color against light, these zircons 
turned a pale violet. 


Continued from Page 278 


make the Nomenclature international in 
character. 


The various comments were discussed at 
great length by Messrs. H. Paul Juergens, 
Richard T. Liddicoat, Charles H. Church, 
Oscar Kind, Jr., Ralph J. Holmes, Chester 
B. Slawson, Jerome B. Wiss, Lester Benson, 
and Edward H. Kraus. The preliminary lists 
will now be revised, and as soon as list B, 
Other Gem Minerals, can be prepared, all 
will be sent to the members of the Educa- 
tional Advisory Board for further comment. 


Since much correspondence is involved, a 
longer time is required to reach final deci- 
sions than would be necessary if the mem- 
bers of the Board could be assembled for. a 
conference of sevéral days. However, every 
effort will be made to agree upon a standard- 
ized Nomenclature which can be submitted 
to the president of -the American Gem 
Society, and by him, through the regular 
channels, to the members of the Society for 
approval at the next Conclave. 


1) Given at the American Gem Society 
Conclave in Detroit, March 26, 1950. 


‘thirty-five years’ 


REVIEW 

“The Art of the Lapidary,,” by Francis J. 
Sperisen, published by The Bruce Publishing 
Company, Milwaukee, Wisconsin, Available 
through the Gemological Institute of Ameri- 
ca. Price $6.50. 

‘Written by a professional lapidary with 
this book is 
not written for the beginner but rather for 


experience, 


the more advanced hobbyist who wishes to 
try new. techniques and enter new fields of 
the lapidary art. ; 

The main portion of this book is devoted 
to faceting and cabochon cutting. Many new 
approaches are presented including sphere, 
cylinder, and cube cutting. The styles and 
phases of faceting given, differ in many 
respects from those appearing in other books 
on this subject. 

Other branches of the art of the lapidary 
presented include: hole drilling in stones, 
engraving, carving, sculpturing, mosaic, in- 
lay, and parquetry, 

The entire book is. profusely illustrated 
with excellént drawings and photographs, 
numbering more than 400. 

In the beginning, the author devotes sixty- 
séven pages to the identification and physical 
classification of gems. This part of the book, 
in contrast to the lapidary section, does not 
cover the subject adequately. The diamond- 
cutting section also is less effectively 
handled. The photomicrographs of gems are 
very well done, but are far in advance of 
the accompanying material. However, this 
is a small portion of the book and should 
not detract from its value. The Art of the 
Lapidary is a valuable addition to the library 
of any gemologist or lapidary. 

Jack Schunk, G.1.A. 
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Many dealers at this year’s Tucson gem and mineral shows 
were surprised by better-than-expected sales on the heels of 
the global economic downturn. The success was apparently 
due to the need to restock inventories after buying was cur- 
tailed during the past two years, as well as enthusiasm for 
an improved economic outlook. Some of the gem and min- 
eral standouts included Vietnamese spinel (see figure 1 left 
and report on pp. 60-61 of this issue), rare stones that are 
also quite attractive (e.g., the vayrynenite in figure 1 right), 
and some large pieces of gem rough (e.g., the morganite in 
figure 2). Several additional notable items seen in Tucson 
are described in the following pages and will also be docu- 
mented in future issues of GWG. 

The theme of this year’s Tucson Gem and Mineral 
Society show was “Minerals of California,” which fea- 
tured many displays of particular interest to gemologists 
such as pegmatite gems and benitoite. The theme of the 
2012, TGMS show will be “Minerals of Arizona” in honor 
of Arizona’s Centennial. 

GwG appreciates the assistance of the many friends 
who shared material and information with us this year, 
and also thanks the American Gem Trade Association for 
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Figure 1. Among the 
Vietnamese spinels seen at 
this year’s Tucson shows was 
the 2.59 ct cobalt blue gem 
on the left (courtesy of 
Palagems.com, Fallbrook, 
California; photo by Robert 
Weldon). The rare vayrynen- 
ite from Pakistan on the right 
weighs 2.41 ct (photo and 
stone courtesy of The Gem 
Trader, Surprise, Arizona). 


providing space to photograph these items during the 
AGTA show. 


COLORED STONES AND 
ORGANIC MATERIALS 


Faceted cavansite. Cavansite is a rare calcium vanadium 
phyllosilicate that occurs primarily as fibrous ball-shaped 
aggregates. Most cavansite on the market is recovered 
from cavities in basaltic rocks near Pune, India, that are 
part of the famous Deccan Traps (see M. F. Makki, 
“Collecting cavansite in the Wagholi quarry complex, 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu or 
GIA, The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. Original photos will be returned after 
consideration or publication. 
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Figure 3. These bright blue stones (1.45-2.45 ct) are 
faceted examples of the rare mineral cavansite. Photo 
by Robert Weldon. 


Pune, Maharashtra, India,” Mineralogical Record, Vol. 36, 
No. 6, 2005, pp. 507-512). Though its bright saturated blue 
color has made it sought-after by mineral collectors, it has 
not seen use as a gemstone because of its low hardness 
(Mohs 3.5) and durability. 

At the Gem & Jewelry Exchange (GJX) show, Mauro 
Panto of The Beauty in the Rocks, Perugia, Italy, offered 
numerous pieces of faceted cavansite (e.g., figure 3). Most 
stones weighed 1-5 ct, rarely up to 10 ct. He said that 
about 500 carats have been faceted so far, all showing the 
typical bright blue to greenish blue coloration of cavansite. 

As would be expected, faceting cavansite is very diffi- 
cult, since the fibrous crystals are prone to splitting. 
According to Mr. Panto, the material is faceted by a propri- 
etary process that does not involve stabilization or treat- 
ment of any kind. Because of the aggregate nature of the 
material, the cut stones typically contain small cavities, 
and only top-quality pieces show no pits or nicks. It is 
always translucent. 

Though it is intended as a collectors’ stone, Mr. Panto 
reported that a few designers have set faceted cavansite in 
jewelry. Because production of cavansite is limited and 
good-quality pieces suitable for faceting are rare and expen- 
sive, only limited amounts of the cut material are expect- 
ed to be available in the future. 

Thomas W. Overton (toverton@gia.edu) 
GIA, Carlsbad 
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Figure 2. This semi- 
transparent morganite 
from Brazil weighs an 
impressive ~22.4 kg, 
and was part of an even 
larger crystal. The 
stone’s pleochroism is 
easily visible when 
viewed from different 
directions. Photos by 
Eric Welch; courtesy of 
BC Gemas do Brasil, 
Governador Valadares, 
Brazil. 


New find of green grossular at Merelani, Tanzania. While 
in Tucson for the gem and mineral shows, Bill Larson 
(Palagems.com, Fallbrook, California) and Steve Ulatowski 
(New Era Gems, Grass Valley, California) showed this 
contributor some newly mined green grossular from 
Tanzania that was impressive for its transparency and 
good color. They said it was produced in mid-December 
2010 from Block D at the Merelani tanzanite mines. All 
the new production reportedly came from a single pocket 
that yielded ~0.5 kg of grossular crystals and did not con- 
tain any tanzanite. The crystals were lustrous and very 
well formed (e.g., figure 4); some had only a small attach- 
ment point with the graphite matrix. The presence of 
graphite on the base of some crystals gave them a dark 
appearance when viewed in some directions. Several gem- 
stones have been cut from this grossular, reportedly up to 
nearly 100 ct, and they display a more intense color than 
typical “mint” green garnet from this deposit (e.g., figure 5). 
Brendan M. Laurs 


Blue quartz colored by trolleite and lazulite inclusions. At 
the Pueblo Gem & Mineral Show, Leonardo Silva Souto 
(Cosmos Gems, Teofilo Otoni, Brazil) displayed blue 
quartz colored by crystalline inclusions. He stated that the 
material was mined in the northern part of Minas Gerais 


Figure 4. These grossular crystals (1.49-26.82 g) were 
recovered in mid-December 2010 from Merelani, 
Tanzania. Courtesy of Palagems.com; photo by 
Robert Weldon. 
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Figure 5. Compared to typical “mint” green garnet (cen- 
ter, 10.62 ct) from Tanzania, the new production shows 
a more intense color (left and right, 8.67 and 17.18 ct). 
Courtesy of New Era Gems; photo by Jeff Scovil. 


State in Brazil. His company acquired a 70-80 kg rough 
parcel in Teofilo Otoni in August 2010, which was pol- 
ished into approximately 3,500 carats of translucent to 
opaque cabochons weighing 10-30 ct (e.g., figure 6). The 
color was mostly homogeneous, though a few stones were 
zoned in blue to greenish blue. 

Three opaque cabochons (~20 ct each) were donated to 
the Mineralogy Museum at the University of Rome “La 
Sapienza,” and examined for this report. They were char- 
acterized by standard gemological techniques, and also by 
a Cameca SX-50 electron microprobe at the Italian 
National Research Council’s Institute of Environmental 
Geology and Geoengineering (IGAG-CNR) in Rome. The 
gemological properties were consistent with quartz, and 
microscopic examination revealed diffuse and intercon- 
nected wispy blue areas. Microprobe analyses of the blue 
inclusions identified both trolleite and lazulite (see the 
Gw@G Data Depository at gia.edu/gandg), which are alu- 
minum phosphates. 

Colored by mineral inclusions rather than trace ele- 
ments or color centers, natural blue quartz is always 


Figure 6. These blue quartz cabochons (~10-30 ct) are 
colored by trolleite and lazulite inclusions. Photo by 
M. Campos Venuti. 
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either translucent or opaque. Quartz with blue inclusions 
of dumortierite, riebeckite, tourmaline, gilalite, lazulite, 
ajoite, and papagoite are well known in the literature. To 
the best of our knowledge, however, this is the first docu- 
mented case of blue quartz colored by trolleite and 
lazulite. 

According to Mr. Souto, additional production of this 
quartz is expected in the future. The trolleite and lazulite 
inclusions are not particularly attractive on their own, 
making this material an unlikely candidate for the inclu- 
sion collector’s market. Nevertheless, the homogeneous 
blue color and the availability in calibrated sizes give this 
quartz interesting potential for jewelry. 

Michele Macri (michele@minerali.it) and Adriana Maras 
Department of Earth Sciences 
University of Rome “La Sapienza” 


Marcello Serracino and Marco Albano 
IGAG-CNR, Rome 


Spectral interference in quartz from India. At the Pueblo 
Gem & Mineral Show, an interesting variety of quartz was 
being marketed under the name “Anandalite” by Nirvana 
Stone (Tokyo and Osaka, Japan). To the casual observer, 
this material appeared to be ordinary quartz crystal clus- 
ters, but closer inspection under direct lighting revealed a 
distinct phenomenon: spectral interference colors under 
minor rhombohedral faces. These clusters came in a wide 


Figure 7. This quartz from India (46 g cluster and 0.29 
ct faceted stone) shows spectral interference colors due 
to lamellar twinning. Photo by Robert Weldon. 
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Figure 8. The subsurface location of the interference 
colors shows that the feature is a natural phe- 

nomenon in the quartz and not the result of a coat- 
ing. Photomicrograph by N. Renfro; magnified 20x. 


variety of sizes, from a few grams to hundreds of grams 
(e.g., figure 7). Most of the individual quartz crystals were 
on the order of ~5 mm long, with some specimens featur- 
ing crystals up to ~15 mm long. The quartz ranged from 
colorless to very pale purple; faceted stones were also avail- 
able in sizes up to several carats. The dealer stated that the 
source was India, but did not specify an exact locality. 

This phenomenon in quartz is known as the “Lowell 
effect,” after gem dealer Jack Lowell, who first observed it 
in amethyst from Artigas, Uruguay. The effect has also 
been seen in quartz and amethyst from Orissa, India, and 
Washington state (E. G. Gtibelin and J. I. Koivula, Photo- 
atlas of Inclusions in Gemstones, Vol. 2, Opinio Verlag, 
Basel, Switzerland, 2005, pp. 568 and 644). The cause 
appears to be lamellar twinning along the minor rhombo- 
hedral faces (figure 8). The twinning likely results from a 
modification in the growth environment during the late 
stages of formation, given the fact that so many of the 
crystals in a single cluster show the phenomenon at the 
same stage of growth. 

While this is not the first time such material has been 
reported, this does appear to be the first time it has been 
mined in marketable quantity. Since this phenomenon 
resembles the much more common iridescence from air- 
filled cracks, it is possible that such phenomenal quartz 
has been overlooked in the past. 

Nathan Renfro (nrenfro@gia.edu) and John I. Koivula 

GIA Laboratory, Carlsbad 


Scapolite from India. At the AGTA show, Dudley Blauwet 
(Dudley Blauwet Gems, Louisville, Colorado) exhibited 
rough and cut yellow scapolite from a relatively new find 
in India (figure 9). According to his supplier, the crystals 
came from a pegmatite located ~10 km from Karur in the 
southern Indian state of Tamil Nadu. The scapolite report- 
edly was mined from seams between layers of feldspar. 
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Figure 9. This attractive yellow scapolite is reportedly 
from the southern Indian state of Tamil Nadu. 
Courtesy of John Taylor (27 x 11 mm crystal) and 
Dudley Blauwet Gems (5.27 ct cut stone); photo by 
Robert Weldon. 


Mr. Blauwet first encountered the rough material at 
the September 2009 Denver Gem and Mineral Show. 
Since then, one of his part-time employees (John Taylor of 
Bloomington, Illinois) purchased four lots of terminated 
crystals from the Indian supplier, and in September 2010 
Mr. Blauwet obtained a parcel of gem rough (broken crys- 
tals) from the same supplier. Nineteen stones have been 
faceted, 76.14 carats in total, ranging from 3.11 to 5.27 ct. 
These consisted of matched sets, pairs, and suites of simi- 
lar-sized stones, cut with the table oriented perpendicular 
to the c-axis for the best color. He reported that all of the 
stones except one had an RI range of 1.537-1.556. This cor- 
responds to an intermediate composition between mari- 
alite and meionite (W. A. Deer et al., Rock-Forming 
Minerals—Framework Silicates, Vol. 4, Longman, 
London, 1963, pp. 321-337). The stones fluoresced intense 
pink-orange to short-wave UV radiation and (with one 
exception) lavender to long-wave UV. 

Despite numerous buying trips to India over the past 
30 years, Mr. Blauwet has never encountered gem-quality 
Indian scapolite. A review of the literature yielded only 
one reference to such material (U. Henn, “Scapolite cat’s- 
eyes from India,” Gemmologie: Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 54, No. 1, 2005, pp. 
55-58), but the samples documented in that article were 
chatoyant and typically brownish orange to yellowish 
brown. Mr. Blauwet stated that the top-quality material 
from the new locality has a lighter but more consistent 
color than fine scapolite from Dodoma, Tanzania. 

Stuart D. Overlin (soverlin@gia.edu) 
GIA, Carlsbad 
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Figure 10. At Lang Chap in northern 
Vietnam, miners dig through mud in 
search of spinel while local buyers 
observe the digging from above (photo 
by D. Blauwet). The Lang Chap 
spinels in the inset weigh 1.71-3.18 ct 
(photo by Robert Weldon). 


Spinel from northern Vietnam, including a new mine at 
Lang Chap. The year 2010 saw impressive production of 
spinel from Yen Bai Province in northern Vietnam (see, 
e.g., Summer 2010 Gem News International [GNI], pp. 
151-153). This material was widely available in Tucson, 
including at this contributor’s booth at the AGTA show. 
In May, June, and October, this author visited all of the 
deposits reviewed here except for Bai Son and Trum Chan. 

A new mine at Lang Chap (figure 10) was discovered in 
mid-April in a remote bamboo jungle about 20 km 
west-southwest of Luc Yen (Yen The) at 22°05'86"N, 
104°34'83"E. By late May, some 350 people were working 
secondary deposits to a depth of ~2 m in a steep narrow 
valley. Waterworn pieces of “maroon” (dark purplish red) 
spinel up to 3 cm across were found, along with excellent 
red-pink to pinkish red-orange gem rough. By October, 


Figure 11. The Cong 
Troi mine at An Phu 
produces a wide range 
of spinel colors (left, 
0.97-6.07 ct). Other 
mines in the An 
Phu-Luc Yen area 
yield “cobalt” blue 
spinel (right, 1.83- 
7.78 ct). Photos by 
Robert Weldon. 
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though, the number of workers at Lang Chap had dwin- 
dled to about 30, and less rough material was available. For 
more information on this mine, see D. Blauwet, “La mine 
de spinelle de Lang Chap, au Nord du Vietnam,” Revue de 
Gemmologie A.F.G., No. 173, 2010, pp. 11-15. 

The most important of Vietnam’s spinel deposits, 
Cong Troi (Gateway to the Sun) at An Phu, has been 
mined since the mid-1990s and had another good year in 
2010. In addition to well-formed crystals embedded in 
marble, the production included rough material from allu- 
vial traps in the weathered marble. This locale is known 
for its variety of spinel colors (figure 11, left), consisting 
mainly of maroon to purple, pink, and padparadscha-like 
stones. In addition, the mine has produced dark blue to 
grayish blue, light bluish gray, and “lavender” to purple 
spinel, along with a rare variety that is lavender in daylight 
and pink under incandescent light. 

Elsewhere in Yen Bai Province, “cobalt” blue spinel 
(figure 11, right) was still available from the Bai Son mine 
near An Phu. Some of this violetish blue spinel changes to 
violet-purple under incandescent light (see also J. B. 
Senoble, “Beauty and rarity—A quest for Vietnamese blue 
spinels,” InColor, Summer 2010, Issue 14, pp. 18-23). 
Large pieces of rough (8-20 g) were seen in local markets 
in June, though clean material was very rare. Bai Son also 
yields a rare “sky” blue spinel, some of which turns laven- 
der under incandescent light. Cobalt blue spinel was also 
obtained from mines located about 10 km from Luc Yen, 
at Bai Gau (dark blue) and Trum Chan (light to medium 
blue). Some of the lighter blue spinel from Trum Chan 
turns light lavender under incandescent light. A 370 g 
color-zoned (light “aqua” blue to a medium “sky” blue) 
specimen containing transparent areas was discovered at 
Trum Chan in June. Other colors include light pink, 
smoky pink, pink-red to red-orange (figure 12, center-right 
stone}, and various shades of lavender and maroon. 

Bai Linh, located 10 km northeast of Luc Yen near the 
corundum deposit of Lieu Do, produces orange-red spinel 
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Figure 12. These pink to red to red-orange spinels 
come from Tan Huong (three stones on left, 2.05-6.00 
ct), Minh Tien (top right, 4.20 ct), Traum Chan (center 
right, 2.10 ct), and Bai Linh (bottom right, 0.62 ct). 
Composite photo by Robert Weldon. 


(figure 12, bottom right). A limited amount of pink to pur- 
plish pink spinel (figure 12, top right) comes from alluvial 
workings between An Phu and the noted tourmaline 
locale of Minh Tien several kilometers to the north. Only 
a few pieces offered in local markets were identified as 
being from this area, but all of them were relatively large 
(3+ g). 

In the Yen Bai area, pink to dark purplish red stones 
(figure 12, left group) have been produced from Tan 
Huong, a noted star ruby locality ~80 km south of Luc 
Yen. Cut spinels from this area range up to 6 ct. 

Production of spinel from Yen Bai Province is expected 
to continue during the 2011 mining season. 

Dudley Blauwet (mtnmin@q.com) 
Dudley Blauwet Gems, Louisville, Colorado 


Gem zektzerite. Rare minerals occasionally find their way 
to the hands of a lapidary, where they are transformed into 
gems. This was the case with a small parcel of zektzerite 
recently loaned to GIA for examination by Brad Payne, 
who also offered this material at the 2011 Tucson Gem & 
Mineral Show. 

Zektzerite, LiNaZrSi,O,., is an orthorhombic mineral 
in the tuhualite group. It was named in honor of geologist 
Jack Zektzer, who first initiated a study of this material at 
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Figure 13. These four samples (the tabular crys- 
tal weighs 0.6 g) are the rare mineral zektzerite. 
Photo by Brad Payne. 


the Smithsonian Institution’s Department of Mineral 
Sciences in 1975. His samples originated from the Golden 
Horn batholith in Okanogan County, Washington, the 
same source as the old stock that Mr. Payne recently 
acquired and faceted. 

Six faceted samples (0.21-1.54 ct) and a 0.6 g tabular 
pseudohexagonal crystal were examined at the GIA Labora- 
tory in Carlsbad. With the exception of one light purplish 
pink gem, the faceted stones had a light brownish yellow- 
ish orange color (figure 13). Standard gemological testing 
revealed RIs of 1.580-1.583. The average SG, determined 
optically using a Sarin device, was 2.81. All of the samples 
were inert to long-wave UV-radiation, and fluoresced weak 
to moderate yellow to short-wave UV. These characteris- 
tics are consistent with those reported for zektzerite in 
mineralogy textbooks. Raman analysis confirmed this 
identification. 

Magnification revealed liquid “fingerprint” inclusions 
and cleavages throughout the stones (figure 14, left). One 
sample also contained numerous dark blue pleochroic 
elongated crystals (figure 14, right), but their depth pre- 
cluded Raman analysis. 

A review of the literature found no published reports of 
faceted zektzerite. Given the rarity of this material, it 
would seem to have a niche as a collector’s stone. 

Nathan Renfro 


Figure 14. Inclusions in the 
zektzerite consisted of fluid 
fingerprints composed of 
numerous negative crystals 
with communication tubes 
(left), as well as dark blue 
pleochroic crystals (right). 
Photomicrographs by N. 
Renfro; magnified 110x. 
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SYNTHETICS AND SIMULANTS « =) 
“Coral Sea” agate. At the AGTA show, Bill Heher (Rar 
Earth Mining Co., Trumbull, Connecticut), had some new 
doublets that were marketed as Coral Sea agate (figure 15). 
Formed of natural lace agate from Oregon on a reconstitut- 
ed turquoise backing, the polished slab had scenes resem- 
bling a coral reef. The concept was developed by lapidary 
Fred Graupp (Robesonia, Pennsylvania). 

Sizes ranged from 18 x 13 mm ovals up to free-form 
pieces of 70 mm or larger. Mr. Heher stated that he has 
sold over 200 pieces, but supplies are limited because the 
production process is very labor intensive. 

Thomas W. Overton 


Figure 15. Doublets of lace agate and reconstituted 
turquoise, sold as Coral Sea agate, often resemble 
coral reef scenes. The piece shown here weighs 37.40 
ct; its assembled structure is apparent when viewed 
along the edge. Composite photo by Robert Weldon. 


Dendritic agate in doublets, inlays, and jewelry. The Fall 
2008 GNI section (pp. 262-263) reported on a large selec- 
tion of dendritic agate from central India. The stones were 
fashioned by Indus Valley Commerce (Ghaziabad, India) to 
reveal an array of colors and patterns, in a clarity range of 
transparent to translucent. At the Arizona Mineral and 
Fossil Show, the company exhibited some attractive new 
applications of the material, in the form of doublets, 
inlays, and pendant jewelry. 

The doublets are produced by bonding a cap of clear 
quartz to a typically thin layer of agate, giving it a beveled 
appearance (figure 16). According to company director 
Tarun Adlakha, the museum-grade epoxy and two-week 
curing process ensure strength and color stability, even 
under UV exposure. The inlays (figure 17) offer other inter- 
esting design possibilities, with dendritic agate discs 
framed inside of other gem materials such as rock crystal, 
jasper, chrysoprase, obsidian, tiger’s-eye, and banded agate. 
The agate pendants (e.g., figure 18) are made by hand and 
combine Mogul-inspired floral motifs with garnet, spinel, 
emerald, sapphire, and old-cut diamond accents. The agates 


62 GEM News INTERNATIONAL 


Figure 16. The profile view of this 16 x 25 mm agate 
doublet reveals its quartz cap. Composite photo by 
Robert Weldon. 


in the inlay and jewelry pieces range from 6 to 50 mm. 

The 2008 GNI report noted that Indus Valley 
Commerce had planted cucumbers and other deep-rooting 
vines to loosen the alluvium along the Narmada River and 
draw the agate nodules to the surface. While that method 
is still used to some extent, most of the mining is now 
done by conventional digging, in pits as deep as 50-60 feet 
(15-18 m). Current production totals 7,000-—8,000 finished 
pieces annually. 

Stuart D. Overlin 


Figure 17. This ensemble shows dendritic agate 
inlaid in chrysoprase (left, 22 x 35 mm), snowflake 
obsidian (center, 31 x 37 mm), and agate (right, 30 
mm). Photo by Robert Weldon. 
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Figure 18. This Mogul-style pendant features a 51 ct 
dendritic agate set in gold with flat-cut diamonds 
and a carved garnet drop. The adjustable cord is 
strung with garnet beads and shellac-filled 22K gold 
spacers. Photo by Jeff Scovil. 


GNI REGULAR FEATURES 


DIAMONDS 


Artisanal diamond mining in Liberia. Since the early 
1900s, northwest Africa has been an important source for 
diamonds, almost all of them alluvial. Sierra Leone, 
Guinea, Ivory Coast, and Liberia (figure 19) are the main 
diamond sources in this region. The deposits are mainly 
worked by artisanal miners, who continue to prospect new 
fields in the area. 

Liberia’s Mano River basin is located in Grand Cape 
Mount County and forms part of the border with Sierra 
Leone. It is underlain by the Mano Craton of West Africa. 
Small diggings in this field commonly produce 0.5-4 ct 
yellow diamonds (figure 20), as well as some gray and 
brown stones. Very rarely recovered are light green, blue, 
and pink diamonds in the ~0.5-1.5 ct range. Although it is 
impossible to know the exact production from the Mano 
River basin, the monthly yield (including industrial-quali- 
ty stones) is likely a few hundred carats, with ~10% or less 
being gem quality. 

A less significant source of Liberian diamonds is the 
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Figure 19. The Mano River basin and the Ganta field 

are sources of diamond in Liberia. 


Ganta field in Nimba County, located near the border 
with Guinea. This area is less populated and has fewer 
miners, but it has an alluvial structure similar to that of 
the Mano River basin. This contributor saw many differ- 
ent qualities and colors of diamonds during a visit in 
November 2010 (figure 21). Most of the stones weighed 
0.5-8 ct and were heavily included (industrial quality), 

showing macle and ballas (fibrous spherical) morphology. 
Makhmout Douman (makhmout@arzawagems.com) 
Arzawa Mineralogical Inc., New York 


COLORED STONES AND 

ORGANIC MATERIALS 

Update on emerald mining at Kagem, Zambia. In January 
2011, these contributors spent three days at the Kagem 
emerald mine in the Kafubu area of northern Zambia. 


Figure 20. Miners dig for diamonds —— 
along the Mano River near the town of 
Lofa. The yellow Mano River diamonds 6) 
in the inset weigh 4.38 and 0.68 ct. 

Photos by M. Douman. 
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Figure 21. A wide range of quality is exhibited by 
diamonds (here, 0.4—6 ct) from the Ganta area of 
Liberia. Photo by M. Douman. 


Kagem, owned and managed by Gemfields (London), is 
located 35 km south of Kitwe, near the border with the 
Democratic Republic of Congo. Our visit was led by 
Gemfields geologist Robert Gessner. 

The Kagem mine (figure 22) is located on the eastern 2 
km of the Fwaya-Fwaya belt, which runs east to west over 8 
km and is one of the world’s richest emerald deposits. 
Production takes place year-round, though it slows during 
the rainy season. The gems are found in a biotite-phlogopite 
schist reaction zone (10 cm to 1 m thick) that mainly 
formed between subvertical quartz-tourmaline veins and the 
host ultramafic talc-magnetite-schist. The emeralds are 
recovered by “chiselers” using hand tools. (For more on the 
geology and mining of Zambian emeralds, see J. C. Zwaan et 


Figure 22. 
Gemfields’ 
Chama/Fwaya- 
Fwaya/F10 pit at 
the Kagem mine is 
one of the largest 
colored stone exca- 
vations in the 
world. Photo by V. 
Pardieu. 
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al., “Emeralds from the Kafubu area, Zambia,” Summer 
2005 GWG, pp. 116-148; and Winter 2009 GNI, pp. 
298-299.) The mineralized material surrounding the hand- 
mined areas is transported to a washing plant and separated 
into low- and high-grade piles for processing. After the mate- 
rial has been crushed and washed, the emeralds are hand- 
picked from conveyor belts. Automated optical sorting is 
not feasible, as the emeralds are often still embedded in the 
schist. After trimming/cobbing, the emeralds are soaked in 
mineral oil and sorted by color, clarity, and size (e.g., figure 
23). The stones range up to 5-6 cm long, and good-quality 
emeralds measuring 4-5 cm are not uncommon. 

Kagem has traditionally been an open-pit mine. The 
huge excavation we witnessed during our visit (again, see 
figure 22) was dug since 2007 (and Gemfields’ arrival in 
2008), and resulted from merging three pits (Chama, 
Fwaya-Fwaya, and F10). Most of the current production is 
coming from that excavation. However, because the emer- 
ald-bearing zone dips 16° south-southeast, large amounts 
of waste material must be removed to reach it. In February 
2009, Gemfields began a feasibility study for underground 
exploitation. At the time of our visit, a mining project 
located in the former F10 pit area had reached a depth of 
135 m, with 43 m comprised by an inclined tunnel. Along 
the tunnel there were 70 m of exploratory workings. The 
company plans to extend the tunnel 130 m deeper. 

The authors also visited a new open pit that is being 
explored by Gemfields at Lushingwa, located 1.5 km 
southeast of the Fwaya-Fwaya pit. Since the geology varies 
considerably over the area, core drilling is being done to 
gain a better understanding of the emerald mineralization. 

Gemfields has an efficient, well-run operation in place. 
The biggest challenges are profitably producing good-quali- 
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Figure 23. A small amount of the production from 
Kagem consists of top-grade emeralds such as those 
shown here (up to 2 cm long). Some of the crystals are 
partially covered by a thin layer of biotite-phlogopite 
from the host schist. Photo by V. Pardieu. 


ty rough while preventing theft and illegal mining from 

such a large (46 km), thickly forested area. The company 

is concerned about the safety and living conditions of its 

workers and supports social projects in the area, particular- 
ly education. 

Flavie Isatelle (flavie.isatelle@gmail.com) 

Centre de Recherche Gemmologique 

University of Nantes, France 


Vincent Pardieu 
GIA Laboratory, Bangkok 


Pargasite from Tanzania. G. Scott Davies (American-Thai 
Trading, Bangkok) recently donated eight specimens of 
transparent yellowish brown pargasite to GIA (figure 24). 
The five rough stones ranged from 0.3 to 1.67 g, and the 
three faceted samples weighed 1.23, 1.25, and 1.39 ct. All 
are reportedly from the Dodoma region in central Tanzania. 
Mr. Davies said that he obtained 700 grams of rough in 


Figure 24. These five rough and three faceted parga- 
site samples from Tanzania range from 1.23 to 8.36 
ct. Gift of American-Thai Trading, GIA Collection 
nos. 38317-38324. Photo by G. Scott Davies. 
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Bangkok in late 2007, but has not encountered any addition- 
al rough material since then. The stones faceted from this 
material were medium-to-dark slightly yellowish brown, 
and the largest stone he cut weighed just over 3 ct; perfect 
cleavage makes cutting larger stones a challenge. 

The rough and cut samples were examined at the GIA 
Laboratory in Bangkok. All of the crystals exhibited perfect 
cleavage in one direction parallel to the prism. Three had 
cleaved surfaces on two parallel sides, while two others 
showed one cleaved surface, with the opposite parallel sur- 
face appearing natural in form; one of those faces possessed 
distinct etch marks. Standard gemological testing of the 
rough and faceted samples gave the following properties: 
color—orangy brown to yellowish brown, with pronounced 
pleochroism (greenish yellow and brown), RI (from the 
faceted stones)—n, = 1.628, ny = 1.633, and n, = 1.648; optic 
sign—positive; birefringence—0.020; hydrostatic SG—3.09 
(with two of the rough pieces registering 3.07 and 3.08); 
Chelsea filter reaction—none; fluorescence—inert to long- 
wave UV radiation, and moderate to strong chalky yellow 
to short-wave UV; and no diagnostic absorption features 
visible with a handheld spectroscope. Microscopic exami- 
nation revealed numerous fine oriented tubes and pin- 
points throughout the stones, as well as some planar fluid 
inclusions (related to incipient cleavage). Some of the rough 
samples exhibited distinct two-phase inclusions containing 
an unidentified metallic crystal. Other than the SG, these 
properties are close to those of a pargasite sample from 
Myanmar described in the Fall 2004 GNI section (pp. 
254-256). However, the SG still falls within the range 
reported for pargasite in mineralogy textbooks. 

Pargasite is a member of the amphibole group and has 
the chemical formula NaCa,|(Mg,Fe”*),Al](Si,Al,)O,,(OH),. 
Energy-dispersive X-ray fluorescence (EDXRF) spec- 
troscopy of the samples detected major Si, Ca, Al, Mg, and 
Fe—as would be expected from pargasite’s formula (Na is 
not detectable by this method}—as well as traces of Ti and 
K. Raman analysis produced a match to the pargasite refer- 
ence spectra in GIA’s Raman database. To the best of our 
knowledge, this is the first report of gem-quality pargasite 
from Tanzania. 

Nick Sturman (nsturman@gia.edu) 
GIA Laboratory, Bangkok 


Scapolite from Afghanistan. In February 2010, GIA 
received some colorless scapolite from Dudley Blauwet 
that was notable for its fluorescence and inclusions. 
According to his supplier, it came from the Chilmak mine, 
which is located above Kiran village ~10 km from the his- 
toric lapis lazuli mines (Lajuar Madan) in the Kokcha 
Valley, Sar-e-Sang District of Afghanistan. Mr. Blauwet 
first saw matrix specimens of this material in 2005. In 
mid-December 2009, he purchased a 1.3 kg rough parcel in 
Peshawar, Pakistan, which consisted of broken fragments 
and some complete crystals. The majority of the material 
was semitranslucent; less than 100 g was translucent to 
transparent, and some of this contained small but conspic- 
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Continued from Page 266 
generally masked by the general absorption 
of the violet, so that it is in paler jades that 
this band is most useful. 

Before leaving the spectrum of emerald 
the question of synthetic emerald should be 
briefly considered. In the matter of absorp- 
tion, synthetic emerald bears much the same 
relation to the natural mineral as synthetic 
ruby does to natural ruby —that is, it is 
virtually the same only rather more intense, 
owing to the presence of a higher percent- 
ave of chromic oxide. In the early German 
synthetic emeralds, two “extra” bands ap- 
peared, not previously noted in natural 
stones. However, these bands (at 6060 and 
5940A) have since been observed in deep- 
colored native emeralds, and cannot be 
relied Thus the 
refractive index, and density must still re- 


upon, internal features, 
main the surest tests for synthetic emerald. 

The absorption spectrum of alexandrite 
has already been described to some extent 
above, and can be quite briefly dealt with. 
The doublet (6795 and 6774A) and the 
three other notable lines in the red at 6650, 
6550, 6450A, are more sharply defined than 
in emerald, and the two lines in the blue, at 
4720 and 4G600A, are stronger. When ex- 
amined “blind” che spectrum might be mis- 
taken for that of Siam ruby, but the red 
doublet can only exceptionally be seen as a 
fluorescence line in alexandrite, and there 
are two lines in the blue instead of three 
as in ruby. A glance at the stone in daylight 
would in any case make one realize that one 
was not dealing with ruby. 

Alexandrite is notably pleochroic, and the 
absorption therefore varies a good deal with 
direction: in any random direction, how- 
ever, the bands listed above should be vis- 
ible. The synthetic corundum colored by 
traces of vanadium, which so often masquer- 
ades as alexandrite, has its own quite dis- 


tinctive spectrum, in which a single narrow 
line appears in the blue at 4750A. 

It was mentioned above that the spectra 
in Fig. 1, are drawn as seen through a dif- 
fraction grating spectroscope. In the prism 
instrument recommended (for the greater 
clarity and intensity of the spectrum pro- 
duced) the dispersion of wavelengths in- 
creases progressively towards the violet, with 
the result that the red end of the spectrum 
is fat more compressed relatively to the 
other end of the spectrum. This of course 
makes the distribution of the absorption 
bands appear different. This is apt to be con- 
fusing to the student, particularly as the 
colored drawings of spectra which have so 
far appeared (notably in my book Gem 
Testing and Webster’s Gemmologist’s Com- 
pendium) have been drawn with the wave- 
lengths evenly distributed, as seen through 
a diffraction grating. | have therefore had 
another drawing prepared showing as nearly 
as possible, the disposition of the bands in 
the emerald absorption spectrum as seen 
through a prism spectroscope. It will be 
seen from the wavelength scale how the 
spectrum spreads more and more towards 
the shorter wavelengths (Fig. 2). 

In conclusion I should. like to thank Mr. 
T. H. Smith for his kindness in preparing 
for me these careful and accurate drawings. 


INDEX NOW 
AVAILABLE 

According to Paul Grodzinski, Technical 
Editor of the Industrial Diamond Review, 
the Industrial Diamond Trade Names Index 
has been completed. This work is a compila- 
tion of trade names, firms, addresses, etc., 
of the diamond industry. Further informa- 
tion regarding this publication may be ob- 
tained from the Industrial Diamond Review, 
226 Latymer Court, Hammersmith, London, 
W.6, England. 
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uous inclusions of a bright blue mineral. He offered a few 
faceted stones for the first time at the 2010 Tucson gem 
show. In November 2010, he purchased 1.7 kg of similar 
material in Peshawar, with 5-10% being transparent 
enough to facet into clean stones or translucent cabs with 
the blue inclusions. As of April 2011, he had cut 19 stones 
that ranged up to 3.98 ct (most weighed ~1.5 ct); he pre- 
dicted a total of 120 carats when the cutting is complete. 

Five polished scapolite samples from Mr. Blauwet (fig- 
ure 25, top) were examined at GIA: two faceted stones 
(0.66 and 1.59 ct) and three cabochons (1.48, 2.36, and 3.06 
ct). All were colorless with varying degrees of transparen- 
cy; the cabochons had numerous eye-visible blue inclu- 
sions. Standard gemological testing yielded the following 
properties: RI—1.539-1.549, birefringence—0.005-0.009; 
and hydrostatic SG—2.55 and 2.59 for the faceted stones 
and 2.49-2.59 for the cabochons. These properties are con- 
sistent with published values for scapolite-group minerals. 
In addition, scapolite is known to have strong UV fluores- 
cence. The faceted stones fluoresced very strong yellow to 
long-wave UV radiation (figure 25, bottom) and moderate 
yellow to short-wave UV. The heavily included cabochons 
showed weaker reactions. 

Scapolite is a solid-solution series with marialite 
(Na,Al,Si,O,,Cl), meionite (Ca,Al,Si,O,,CO,}, and silvialite 
(Ca,A1,Si,O,,SO,) end members (M. Superchi et al., 
“Yellow scapolite from Ihosy, Madagascar,” Winter 2010 
GwG, pp. 274-279). EDXRF spectroscopy indicated that 
all the samples contained Na, Al, Si, S, K, Ca, Cl, Br, and 


Figure 26. Inclusions 
of blue lazurite (left) 
and prismatic apatite 
(right) were seen in 
the scapolites. Photo- 
micrographs by A. H. 
Shen; image widths 
3.7 mm (left) and 2.1 
mm (right). 
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Figure 25. These faceted 
(0.66 and 1.59 ct) and 
cabochon-cut (1.48-3.06 
ct) scapolites are from 
Afghanistan. They fluo- 
resced yellow when 
exposed to UV radiation 
(bottom, long-wave UV). 
Photos by Robert Weldon. 


Sr. Laser ablation-inductively coupled plasma—mass spec- 
trometry analysis confirmed most of these elements 
except Cl and Br; additionally, it also identified the pres- 
ence of Li, Be, and B, as well as Rb, Ba, and Pb. Quanti- 
tative data reduction for one sample indicated it was main- 
ly marialite with a very small silvialite component. This 
result was consistent with the RI and SG measurements, 
which indicated a nearly pure marialite composition. 

Typical inclusions in the faceted stones were feathers 
and numerous tiny crystals, some of which had a blue 
color similar to that seen in the cabochons (figure 26, left). 
These blue crystals were identified as lazurite by Raman 
microspectroscopy. One of the faceted stones contained 
two elongated euhedral crystals, one of which had a sharp 
termination. Raman spectroscopy identified them as 
apatite (figure 26, right). 

Although similar yellow fluorescence has been report- 
ed in scapolite from Tanzania (J. E. Arem, Color Encyclo- 
pedia of Gemstones, 2nd ed., Van Nostrand Reinhold, 
New York, pp. 166-167), the inclusions in this Afghan 
material are distinctive. 

Andy H. Shen (andy.shen@gia.edu) 
GIA Laboratory, Carlsbad 


Tourmaline finds at Mt. Marie, Paris, Maine. Some 
notably bright colors of tourmaline have recently been pro- 
duced from the Mt. Marie quarry in Oxford County, 
Maine. The site is located 7 km east of South Paris and 6.5 
km southeast of the famous Mount Mica pegmatite (see 
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W. B. Simmons et al., “Mt. Mica: A renaissance in Maine’s 
gem tourmaline production,” Summer 2005 GwG, pp. 
150-163). The quarry was originally opened in 1901 by the 
Mt. Marie Mineral Company in the search for feldspar for 
industrial use (J. C. Perham, Maine’s Treasure Chest: 
Gems and Minerals of Oxford Co., 2nd ed., Quicksilver 
Publications, West Paris, Maine, 1987). Mining continued 
sporadically at Mt. Marie throughout the last century and 
resulted in numerous quarries and small exploratory pits 
in the large granite pegmatite. This dike is part of the 
Oxford pegmatite field of western Maine and is geochemi- 
cally classified as an LCT-type pegmatite (i.e., relatively 
enriched in lithium-cesium-tantalum). The portion of the 
pegmatite that most frequently bears miarolitic cavities 
(“pockets”) is 3-5 m thick, ~30 m wide on an approximate 
east-west strike, and dips south at ~16°. 

The quarry is currently owned by Mt. Marie LLC, and 
is under lease to Mt. Marie Mining LLC; one of these 
authors [DD] has mined the site since 1993. Between 1993 
and the end of the 2008 field season, the mine produced 
several sub-meter-sized pockets that contained ~4,000 
carats of facet-grade gem tourmaline in a broad range of 
colors, including pink, reddish orange, green to greenish 
blue, and blue (e.g., figure 27). There were also uncommon 
finds of facetable black tourmaline (schorl), colorless to 
light pink cesium beryl, and smoky quartz. 

In May and June of 2009, two pockets (e.g., figure 28) 
produced 2,000 carats of bluish green to blue facet-grade 
tourmaline. About 500 carats of this material, including a 
13.4 g crystal section (figure 29, left], was blue when 
viewed perpendicular to the c-axis and intense blue when 
viewed down the c-axis. About 60 carats of faceted stones 
weighing 1.0-5.5 ct have been cut from this material to 
date. Most of the remaining 1,500 carats is a more typical 
bluish green (darker when viewed down the c-axis). A few 
bicolored crystal sections were produced that exhibit both 
bluish green and greenish blue to blue colors. 

From mid-2009 through October 2010, efforts were pri- 
marily directed at improving mine access and removing 
additional hanging wall from the productive zone. Mining 
resumed in November 2010—yielding an attractive yel- 
lowish green crystal (figure 29, right)—and will continue 
in the 2011 field season. 

Dennis Durgin (dennisd@megalink.net) 
Mt. Marie Mining LLC, Hebron, Maine 


Jim Clanin 
JC Mining, Bethel, Maine 


The origin of color in tourmaline from Mt. Marie, Maine. 
In September and December 2010, Dennis Durgin sent 
this author two fragments of recently mined Mt. Marie 
tourmaline for color-origin investigation. The samples 
were yellowish green (GRR 2016, 19 x 12 x 9 mm) and 
dark blue (GRR 2924, 15 x 15 x 6 mm). The green piece 
displayed a prism face and was polished into a 6.06-mm- 
thick wafer. The blue fragment was sliced parallel to the c- 
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Figure 27. These tourmalines (1.05—4.10 ct) are repre- 
sentative of material produced from Mt. Marie in 
Oxford County, Maine, since 1993. Photo by Jeff Scovil. 


axis and polished into a 1.25-mm-thick wafer. Absorption 
spectra were collected in the 350-1100 nm range using a 
silicon diode-array microspectrometer with a calcite polar- 
izer, and in the 1000-2000 nm region with a Nicolet 
Magna 860 FTIR spectrometer with a CaF, beam splitter, 
a deuterated triglycine sulfate detector, a tungsten-halogen 
lamp, and a LilO, crystal polarizer. 

When viewed down the c-axis of the samples, the 
absorption behavior was governed by the light polarized 
perpendicular to the c-axis (i.e., Elc). Both the blue and 
green colors of Mt. Marie tourmaline showed strong 
absorption below 350 nm in the UV region and a trans- 
mission window in the violet-to-yellow wavelengths 
(400-600 nm; figure 30). Both also had a broad Fe?* 


Figure 28. The Mt. Marie quarry has recently pro- 
duced some exceptional blue to greenish blue tour- 
maline. Mine owner Dennis Durgin is shown here 
with one of the pockets opened in 2009. Photo by 
Hugh Durgin. 
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absorption centered near 710 nm in the deep red region 
and an additional Fe** absorption in the near-infrared 
from 1000 to 1500 nm. Sharp absorption from hydroxyl 
groups occurred in the 1400-1500 nm range, predomi- 
nantly parallel to the c-axis. 


Figure 30. These UV-Vis-NIR absorption spectra of 
green (top) and blue (bottom) tourmaline from Mt. 
Marie (plotted for 1.0 cm thickness) illustrate the fea- 
tures that are responsible for their respective colors. 


UV-VIS-NIR ABSORPTION SPECTRA 
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Figure 29. Both pleochroic 
colors can be seen in the 
blue 13.4 g Mt. Marie 
tourmaline on the left. 
The 27.8 g yellowish 
green crystal on the right 
was recovered in 
November 2010. Photos 
by Jeff Glover (left) and 
Hugh Durgin (right). 


The green material (figure 30, top) had the maximum 
transmission in the yellow-green portion of the spectrum 
(~572, nm) and significant transmission in the green region, 
but with increasing absorption toward the blue and violet 
(400-500 nm); the combined effect of these produced the 
yellowish green color. The blue material lacked absorption 
in the blue-violet region and therefore transmitted a 
greater proportion of that light, resulting in the blue color. 
The higher overall absorption of the blue sample in the 
ELc direction was due to a small amount of titanium inter- 
acting with iron in what is known as Fe?*-Ti** intervalence 
charge transfer (S. M. Mattson and G. R. Rossman, “Fe?*- 
Ti* charge transfer in stoichiometric Fe*,Ti*t-minerals.” 
Physics and Chemistry of Minerals, Vol. 16, 1988, pp. 
78-82). 

Compared to the green sample, the greater intensity of 
the 710 nm band in the blue tourmaline (figure 30, bot- 
tom) in the spectrum taken with Elic polarization indi- 
cates that it had a higher concentration of iron. The inten- 
sity of this absorption in the E_c polarization was notice- 
ably higher. This occurs when there is Fe** interacting 
with the Fe* (S. M. Mattson and G. R. Rossman, “Fe?*- 
Fe** interactions in tourmaline,” Physics and Chemistry 
of Minerals, Vol. 14, 1987, pp. 163-171). Therefore, an 
“open” (not overly dark) appearance when looking down 
the c-axis occurs when there is only a limited amount of 
Fe?*-Fe** interaction. 

In summary, the blue color resulted from the presence 
of Fe?* and the absence of Ti**, coupled with a small 
amount of Fe**. The green color resulted from Fe** (with 
little or no Fe**) interacting with a small amount of Ti*. 
These color mechanisms are typical of blue and green gem 
tourmaline. 

George R. Rossman (grr@gps.caltech.edu) 
California Institute of Technology, Pasadena 


SYNTHETICS AND SIMULANTS 


Trapiche emerald imitation. Two interesting samples 
resembling trapiche emerald were recently brought to our 
attention by gem dealer Farooq Hashmi (Intimate Gems, 
Jamaica, New York). They had been cut from the same 
“crystal,” which closely resembled a natural trapiche 
emerald. The “crystal” was obtained on a mid-2010 trip to 
Colombia from a seller who was not initially aware he had 
acquired an imitation. To better expose the assembled 
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Figure 31. These two “trapiche emeralds” (5.17 and 
3.58 ct) are actually clever assemblages. They were 
sliced from the same piece of rough by gem cutter 
Lain Murphy (Clifton, Colorado). Photo by Robert 
Weldon. 


nature of the item, Mr. Hashmi had it sliced and polished 
into the pieces shown in figure 31. 

The samples weighed 5.17 and 3.53 ct, and measured 
~10-11 mm in diameter. Magnification revealed an 
unevenly distributed dark substance on the original sur- 
face of the rough. The pieces of the assemblage were 
joined with adhesive that was colorless in some areas and 
black in others, to better mimic natural trapiche structure. 
Raman spectroscopy identified the assembled pieces as 
beryl and the substance holding them together as a poly- 
mer. Raman analysis of inclusions in the beryl confirmed 
the presence of dolomite, calcite, and pyrite. A cylindrical 
core of slightly darker green beryl was located in the cen- 
ter of the assemblage. The continuity of the inclusions 
throughout the assembled pieces (except in the core) sug- 
gests that the original crystal had been drilled through the 
middle and then cut into six equal sections (figure 32). 

A cabochon cut from a similar “trapiche” assemblage 
was reported in the Fall 1998 Lab Notes (p. 212). It con- 
sisted of a clear core surrounded by a black rim from 
which black arms extended in six directions (for compari- 
son, see E. J. Gtibelin and J. I. Koivula, Photoatlas of 
Inclusions in Gemstones, ABC Edition, Zurich, 1986, p. 
253). The present example shows that such assemblages 
continue to be found in the marketplace, even mimicking 
rough material. 

Riccardo Befi (rbefi@gia.edu) 
GIA Laboratory, New York 


A new rough nephrite imitation. Nephrite jade has a rich 
7,000-year history in Chinese culture. However, imita- 
tions made from marble and serpentine are often seen in 
the Chinese market. In early 2010, a new type of artificial 
rough nephrite appeared. This material is difficult to iden- 
tify with the unaided eye, and its market presence contin- 
ues to grow. To characterize this new imitation, we pur- 
chased two samples (3 and 15 kg) from a market in Hetian 
(Xinjiang Uygur Autonomous Region) in the summer of 
2010, and studied their gemological properties using 
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Figure 32. The continuity of inclusions across the 
separation planes in the green beryl assemblage 
suggest that the original crystal was drilled through 
the center and then sawn into six equal sections. 
Photomicrograph by R. Befi; magnified 15x. 


microscopic and spectroscopic techniques at the National 
Gemstone Testing Center (NGTC) laboratory in Beijing. 
The material was white with unevenly distributed 
orangy brown areas (figure 33). In some areas the color 
appeared to be applied with a brush, with traces of brush- 
strokes visible. To imitate the appearance of natural 
nephrite, pits and cavities had been etched into some areas 
of the surface. These were larger than those typically seen 
in natural nephrite, and had a lower luster than the sur- 
rounding areas. In addition, polish lines were visible with 
magnification. Unlike natural nephrite, which can show 
deep cracks, these samples had few fractures and they 
rarely extended into the interior. We noted a consistent 


Figure 33. When broken open, this imitation nephrite 
sample (originally 12 x 9 x 6 cm and weighing 3 kg) 
was found to contain steel disks embedded within the 
surrounding material. Photo by Y. Zhang. 
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Figure 34. Infrared spectra of the imitation nephrite 
showed clear differences from natural material, and 
identified it as aromatic polyester resin. 


depth of color in and around the fractures, which would 
also be unusual in natural material. The hardness was very 
low (approximately Mohs 2.5), and the material was easily 
scored with a knife. 

We broke apart the two imitations to observe their 
internal structures, and both revealed foreign material that 
was apparently added to increase their heft. One sample 
contained steel disks (again, see figure 35), while the other 
held chunks of concrete and stone. Though both of our 
samples had a lower density than nephrite jade, their heft 
was close enough to confuse buyers. However, because 
their internal contents varied and were not tightly held by 
the surrounding material, different areas produced differ- 
ent sounds when struck. Not surprisingly, the imitation 
that contained steel disks was attracted to a magnet. As 
natural nephrite is not magnetic, this is a useful identifica- 
tion criterion when present. 

FTIR spectroscopy (KBr pellet method) of the imita- 
tions using a Nicolet 6700 infrared spectrometer gave very 


Figure 36. The engraved 
pattern and polish lines 
on the surface of the imi- 
tation pearl (left) are dis- 
tinct from the appear- 
ance of non-nacreous 
natural pearls showing a 
flame structure (right). 
Photos by T. 
Hainschwang. 
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Figure 35. This shell specimen (~20.0 mm long) was 
apparently fashioned to resemble a non-nacreous nat- 
ural pearl. Photo by T. Hainschwang. 


different results from natural nephrite: a series of bands at 
3620, 3526, 3467, 3395, 1728, 1632, and 1020 cm”! that are 
associated with aromatic polyester resin (figure 34). 

As the price of nephrite jade rises and manufacturing 
technology continues to advance, such imitations are like- 
ly to become even more prevalent in the gem market. 

Xiaoyan Feng (fengxy@ngtc.gov.cn), Yong Zhang, 
Maituohuti Abuduwayiti, and Taijin Lu 
NGTC, Beijing 


A skillfully crafted non-nacreous pearl imitation. The cur- 
rent popularity of non-nacreous natural pearls has led to 
many types of imitations, from sculpted coral and shell to 
glass and plastic. Non-nacreous white pearls are the most 
commonly imitated, since the shell of the giant clam 
(Tridacna sp.) is thick enough to allow the creation of large 
fakes. These are usually easy to identify, since they show a 
distinctive layered structure when viewed with strong 
transmitted light. 
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This contributor recently received a parcel represented 
as non-nacreous pearls. At first sight, one 24.64 ct speci- 
men (figure 35) looked like a drop-shaped non-nacreous 
white pearl with a surface pattern that in some directions 
might be mistaken for a flame structure. Some white non- 
nacreous natural pearls display spectacular flame struc- 
tures due to their fibrous nature. On closer examination, 
however, it quickly became evident that something was 
amiss: The “structure” consisted of engraved lines run- 
ning from top to bottom. When viewed with a microscope, 
the surface showed obvious polish lines (figure 36, left), 
and the specimen’s appearance bore little resemblance to 
the flame structure seen in natural non-nacreous pearls 
(figure 36, right). 

Strong transmitted light showed obvious internal par- 
allel banding, oriented in a different direction from the 
engraved pattern (figure 37). This banding corresponded to 
the growth layers that are characteristic of shell but never 
seen in natural pearls. Some natural non-nacreous pearls 
can show weak diffuse banding, but it appears quite differ- 
ent from that of carved shell material. 

This sample was identified as a marine calcareous sub- 
stance by its chemical composition, which consisted of 
calcium (plus oxygen) with traces of strontium. The size 
(~20.0 x 16.5 x 16.3 mm) suggested an imaginatively 
sculpted piece of Tridacna shell. This interesting case 
offers yet another example of an inventive pearl imitation 
using inexpensive material. 

Thomas Hainschwang 

(thomas. hainschwang@gemlab.net) 

GGTL Gemlab-—Gemtechlab Laboratory 
Geneva, Switzerland, and Balzers, Liechtenstein 


Plastic-coated quartz, imitating emerald. There are numer- 
ous natural, artificial, and treated materials that can imi- 
tate emerald quite convincingly. Recently, the Gem 
Testing Laboratory in Jaipur received for identification a 
green 73.58 ct drilled briolette measuring 34.10 x 23.14 x 
15.68 mm (figure 38). The owner of the stone was certain 
it was an emerald of Colombian origin. 

Although the characteristic green color suggested 
emerald, the specimen’s duller luster gave us some hesita- 
tion. We examined it initially with a microscope, as the 
presence of certain inclusions would have been enough to 
indicate a natural emerald. Instead we observed elongated 
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Figure 37. With strong 
transmitted light, the imi- 
tation pearl exhibited the 
distinct internal banding 
typical of carved shell. 
Photos by T. Hainschwang. 


two-phase inclusions and reflective liquid films, an inclu- 
sion scene not typically associated with Colombian emer- 
ald. In addition, gas bubbles (figure 39, left) were present, 
mainly at or near the surface of the sample. On careful 
examination, a thick coating was visible; all the gas bub- 
bles were restricted to this layer. 

Examining the edges of the drill hole, we observed col- 
orless areas under the thick green coating (figure 39, right). 
Such areas were also evident on a few facet edges where 
the coating had chipped off. Hot point testing on an incon- 
spicuous area showed signs of melting. This suggested 
plastic, which would also explain the sample’s dull luster. 
RI testing revealed a vague shadow edge around 1.54, and 
the hydrostatic SG was 2.60. The specimen gave a chalky 
yellow reaction to long-wave UV radiation, and a weak red 
reaction with the Chelsea filter. With a handheld spectro- 
scope, it displayed a strong band in the red region at 
around 650 nm, a feature typically associated with green 
dye. These properties could not reliably identify the color- 
less base material, but infrared spectroscopy proved it was 
quartz (rock crystal). The IR spectra also showed an 
absorption band at 3060-2810 cm7! that may be associated 
with polymers/plastics, but additional bands expected for 
the plastic coating could not be resolved due to interfer- 


Figure 38. This 73.58 ct briolette, submitted as emer- 
ald, was identified as plastic-coated quartz. Photo 
by G. Choudhary. 
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ence with other spectral features. 

We concluded that this specimen was plastic-coated 
quartz. In the absence of gemological testing, correct iden- 
tification would have been problematic, especially for a 
trader or dealer equipped only with a loupe. 

Gagan Choudhary (gtl@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


TREATMENTS 


Lead glass-filled trapiche ruby. Since 2004, the treatment 
of corundum (particularly ruby) by filling fractures with a 
lead-based glass has become widespread. There have been 
several developments since the treatment first appeared, 
such as glass compositions that do not show the 
orange/blue “flash effect” and new geographic origins and 
varieties of filled material (e.g., faceted rubies from 
Mozambique and star rubies from Madagascar). These 
contributors recently encountered yet another permuta- 
tion: lead glass—filled trapiche ruby. 

In August 2010, one of us (OS) purchased a 20.37 ct 
translucent cabochon represented as trapiche ruby at the 
Chanthaburi gem market in Thailand. The seller indicated 
the gem came from Mozambique and had been treated 


Figure 40. This 20.37 ct trapiche ruby, reportedly 
from Mozambique, is filled with a lead-based 
glass. Photo by O. Segura. 
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Figure 39. Gas bubbles were 
common at or near the sur- 
face of the briolette, suggest- 
ing a coating (left, magni- 
fied 60x). Chipped areas of 
coating around the drill hole 
revealed the colorless quartz 
underneath (right, magni- 
fied 45x). Photomicrographs 
by G. Choudhary. 


with lead glass. To our knowledge, trapiche rubies from 
Mozambique are rarer but larger than those from Mong 
Hsu, Myanmar. The sample displayed the classic trapiche 
pattern with six clearly delineated sectors and the hexago- 
nal growth zones often seen in corundum also were obvi- 
ous (figure 40). 

The gemological properties were typical for ruby, with 
Rls of 1.755-1.770, a hydrostatic SG of ~3.95, and a stan- 
dard ruby spectrum with the handheld spectroscope. The 
material fluoresced strong red to long-wave UV radiation 
and was inert to short-wave UV. 

Viewed with the microscope, the stone showed areas 
of slightly duller luster in reflected light (figure 41), as is 
typical of lead glass-filled gems. An abundance of flat- 
tened and spherical bubbles of various sizes (e.g., figure 42) 
indicated widespread filling, possibly in preexisting cavi- 
ties. This raised the question of whether the gem was a 
single piece of ruby or a composite. Close examination of 
the trapiche pattern and orientation of the “silk” in the 
cabochon demonstrated that it was indeed fashioned from 
a single crystal, despite the high glass content. Also visible 
were numerous crystal inclusions with a morphology and 
relief that suggested apatite (again, see figure 42). 

Other traders in Chanthaburi later showed us large (up 
to 181 ct) untreated trapiche rubies that reportedly came 
from the Nzérékoré area of southeastern Guinea, an 
undocumented source for this kind of ruby. Unfortu- 
nately, we could not acquire any samples for analysis. 

Olivier Segura (oliviersegura@free.fr) 
Mandara, Montsoult, France 


Emmanuel Fritsch 


MISCELLANEOUS 


Myanmar Gem Emporium. The mid-year session of the 
2010 Myanmar Gem Emporium took place November 
17-29. For the first time, the government-run tender was 
held in the new capital city of Naypyidaw. An estimated 
6,750 merchants attended, with more than half of them 
from mainland China, Hong Kong, and Taipei. The empo- 
rium saw record-breaking sales of its jade, pearl, and 
assorted gem lots, including 7,784 of the 9,157 jade lots 
offered. In a story published February 14, 2011, China’s 
Xinhua News Agency reported total sales of $1.4 billion. 
The emporium’s first session for 2011 was held March 
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Figure 41. Reflected illumination shows areas filled 

with a glass-like material of only slightly lower lus- 
ter than the host ruby. Photomicrograph by O. 
Segura; magnified 10x. 


10-22, again in Naypyidaw, with nearly twice as many 
jade lots offered. According to the Democratic Voice of 
Burma, jade prices were 10 times higher than the previous 
year, fueled by Chinese demand. Nevertheless, Xinhua 
reported on March 23 that 13,608 of the 16,939 lots were 
sold. That same article noted Myanmar’s latest production 
figures. From April through November 2010, the country 
yielded 27,251 tons of jade and 9.6 billion carats of other 
gems (including ruby, sapphire, spinel, and peridot), as 
well as 300 kg of cultured pearls. 
U Tin Hlaing 
Dept. of Geology (retired) 
Panglong University, Myanmar 


W. orld-renowned scientist Dr. Kurt Nassau, a longtime 
contributor and review board member for Gems & 
Gemology, died December 18, 2010, at his home in 
Lebanon, New Jersey. He was 83. 

Born in Austria in 1927, Dr. Nassau fled the country 
with his family in the late 1930s. They settled in England, 
where he attended school and university before immigrat- 
ing to the United States after World War II. 

Dr. Nassau served as a medical researcher at the 
Walter Reed Army Medical Center in Washington, DC, 
before earning a doctorate in chemistry from the 
University of Pittsburgh. He joined Bell Laboratories (now 
Lucent Technologies) in 1959 and became known for his 
research in crystal chemistry and growth. 

As a leading expert on the causes of color, especially in 
minerals and gems, Dr. Nassau began assisting GIA’s New 
York laboratory in the 1960s and served on the GIA Board 
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Figure 42. Trapped bubbles of various sizes demon- 

strate the extent of lead-glass filling in the trapiche 
ruby. Dark-colored inclusions, presumably apatite, 
are visible on the right. Photomicrograph by O. 
Segura; magnified 20x. 


ERRATUM eee 


The Fall 2010 gem treatments retrospective article by S. F. 
McClure et al. (pp. 218-240) stated that Schmetzer (2008) 
had concluded that certain topaz treatment methods were 
“not diffusion.” In fact, Dr. Schmetzer’s article reviews 
the published U.S. patent application by W. B. Yelon et al. 
(2007/0110924 Al, Process for Improving the Color of 
Gemstones and Gemstone Minerals Obtained Thereby, 
filed November 14, 2005, published May 17, 2007), which 
describes the existence of a diffusion layer between topaz 
and the coating. We thank Dr. Schmetzer for bringing this 
to our attention. 


of Governors from 1975 until 1994. While a member of 
the Board, he played a key role in facilitating the 1988 pur- 
chase of the Sinkankas Library for GIA. 

Dr. Nassau was the author of eight books, including the 
landmark Gems Made by Man (1980), The Physics and 
Chemistry of Color (1983), and Gemstone Enhancement 
(1984). He published more than 470 articles and held 17 
patents. He was also a major donor of books and crystal 
specimens to the GIA Collection and the Richard T. 
Liddicoat Library and Information Center. 

Dr. Nassau was a frequent contributor to GWG from 
the 1960s through the 1990s, and served on the journal’s 
Editorial Review Board for more than 20 years, from 1981 
until his retirement in 2002. He won the Dr. Edward J. 
Giibelin Most Valuable Article Award three times, most 
recently for his Winter 1997 article, “Synthetic 
Moissanite: A New Diamond Substitute.” 
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SYNTHETIC GEM MATERIALS IN THE 2000s: A DECADE IN REVIEW 


Nathan Renfro, John I. Koivula, Wuyi Wang, and Gary Roskin 


Nathan Renfro is a staff gemologist at the GIA Laboratory in Carlsbad. After 
completing his undergraduate geology studies at Appalachian State University, 
Mr. Renfro obtained a Graduate Gemologist diploma from GIA. Since joining 
the laboratory in 2008, he has contributed several articles and Lab Notes to 
Ge&G. John Koivula is chief gemologist at the GIA Laboratory in Carlsbad. A 
renowned expert on microscopy, photomicrography, and gem inclusions, he is 
author of MicroWorld of Diamonds, co-author of the three-volume Photoatlas 
of Inclusions in Gemstones, and co-author of Geologica. He holds bachelor’s 
degrees in chemistry and mineralogy-geology from Eastern Washington State 
University. Wuyi Wang is director of research and development at the GIA 
Laboratory in New York. He holds a bachelor’s degree in geology from Beijing 
University and a doctorate in geology from the University of Tsukuba. He has 
spent nearly 20 years studying diamond geochemistry and the treatment of dia- 
monds and other gem materials. Gary Roskin is editor of the online magazine 
The Roskin Gem News Report. He was a GIA staff member from 1977 to 1992, 
serving as an instructor, laboratory supervisor, and alumni association execu- 
tive director. From 1997 to 2009, he was the gemstone editor of JCK magazine. 


THE WITTELSBACH-GRAFF AND Hope DIAMONDS: 
Not CuT FROM THE SAME ROUGH 


Eloise Gaillou, Wuyi Wang, Jeffrey E. Post, John M. King, 
James E. Butler, Alan T. Collins, and Thomas M. Moses 


Eloise Gaillou is a postdoctoral fellow at the Smithsonian Institution’s National 
Museum of Natural History and at Carnegie Institution, both in Washington, 
DC. She obtained her PhD in France in 2006, working on geologic and physical 
aspects of opals. Her current research focuses on defects in natural diamonds 
and their influence on physical properties. Wuyi Wang was profiled in the sec- 
ond-place entry. Jeffrey Post is curator of the U.S. National Gem and Mineral 
Collection at the Smithsonian Institution’s National Museum of Natural 
History in Washington, DC. He holds bachelor’s degrees in geology and chem- 
istry from the University of Wisconsin-Platteville and a PhD in chemistry from 
Arizona State University. Dr. Post has published numerous articles on mineral- 
ogy, gemology, geochemistry, and crystallography. John King is chief quality 
officer of the GIA Laboratory in New York and the editor of Gems e) Gemology 
in Review: Colored Diamonds. A noted artist, Mr. King received his master’s 
degree from Hunter College, City University of New York. One of his research 
areas has been the characterization and color description of colored diamonds. 
James Butler is a consultant in Huntingtown, Maryland, retired from the Naval 
Research Laboratory. Dr. Butler has published more than 190 papers on experi- 
mental chemical physics. He received a bachelor’s degree from MIT and a PhD 
from the University of Chicago, both in chemical physics. Alan Collins is emer- 
itus professor of physics at King’s College London. He has carried out extensive 
research on the optical and electronic properties of diamond, much of which 
has relevance to gemology. He holds PhD and DSc degrees from the University 
of London. Thomas Moses is senior vice president of the GIA Laboratory and 
Research, New York. 
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4. During the decade of the 2000s, 
which country emerged as a 
major new source of high-quality 
gem diamonds? 


A. Angola 
B. Brazil 
C. Canada 
D. China 


are from the 
5. Based on crystallographic model- 
ing, the technology existing at 
the time, and historical consider- 
ations, it is most likely that the 
French Blue and Hope diamonds 
were recut from the Tavernier 
Blue and French Blue diamonds, 
respectively, by: 
A. acombination of cleaving, 
sawing, and grinding. 
B. cleaving and grinding. 
C. sawing and grinding. 
D. grinding alone. 
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cations in those issues to find the single best answer 
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Mark your choice on the response card provided 
in this issue or visit gia.edu/gandg to take the 
Challenge online. Entries must be received no 
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movement saw dia- 
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assert more control over their 
own resources. 
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1. The contents in the does not provide a conclusive 8. The fire opal from a new source 
Hope and Wittelsbach-Graff dia- means of separation. at Bemia, Madagascar, has an 
monds are characteristic of other A. Australia unusually high 
type IIb blue diamonds, suggest- B. Ethiopia A. luster. 
ing that their intense blue color C. Mexico B. play of color. 
results primarily from their large D. Oregon C. specific gravity. 
size rather than from an unusual- D. transparency. 
ly high amount of this impurity. 3. The strong pink coloration of the 

A. boron latest CVD synthetic diamonds 9. Since 2004, the gem industry has 
B. carbon from Apollo is caused by seen non-gem corundum trans- 
C. hydrogen , which efficiently formed into transparent, fac- 
D. nitrogen absorb most yellow, green, and etable rubies through 
orange wavelengths. A. beryllium diffusion. 
2. Because some natural opals from A. GRI1 emissions B. dyeing. 
show absorption fea- B. H82 defects C. filling with lead-bearing 
tures similar to Mexifire synthetic C. NV centers glass. 
fire opals, infrared spectroscopy D. Si-related features D. traditional heat treatment. 
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Many opals from Wegel Tena, 
Ethiopia, exhibit Pa 
feature seldom seen in material 
from other countries. 


A. chatoyancy 

B. “digit patterns” 

C. hydrophane behavior 
D. play of color 


In contrast to traditional radiogra- 
phy, which provides a condensed 
two-dimensional image, X-ray 
computed microtomography 

A. adds further dimensions to 
pearl grading. 

B. has a high-resolution 
modeling capability for ob- 
serving fine internal struc- 
tures in three dimensions. 

C. produces a three-dimen- 
sional hologram of a pearl 
and its inner structures. 

D. allows more precise 
mapping of inclusions. 


Although they are also observed 
in some natural diamonds, 

are considered an 
indicator of CVD-grown syn- 
thetic diamond. 


A. mineral inclusions 

B. cross-shaped luminescence 
patterns 

C. high-order interference colors 

D. metallic inclusions 


spectroscopy is the 
most powerful tool in the nonde- 
structive identification of poly- 
mer-treated turquoise and other 
stones. 


A. Fourier-transform infrared 
B. Laser-induced breakdown 
C. Raman 

D. UV-visible 


Bastnasite-(Ce) and parisite-(Ce} 
from Malawi have a similar 
brownish orange color but can 
be separated on the basis of 


A. chemical composition. 

B. Raman analysis. 

C. standard gemological 
properties. 

D. all of the above 


GEMS & GEMOLOGY CHALLENGE 


TAKE THE 2011 @ ) 


CHALLENGE 


115), 


16. 


I 


18. 


19. 


20. 


Between 2000 and 2010, which 
of these countries was not a 
source of copper-bearing tour- 
maline? 


A. Brazil 

B. Myanmar 

C. Mozambique 
D. Nigeria 


The intense green, highly 
translucent synthetic jadeite 
produced by General Electric 
during the 2000s had properties 
that overlapped those of natural 
jadeite, except for obvious differ- 
ences in 


A. birefringence. 

B. infrared spectrum. 
C. Raman spectrum. 
D. UV fluorescence. 


The infrared absorp- 
tion feature, which may be used 
to help identify CVD synthetic 
diamonds, weakens significantly 
after heating to 525°C but is 
recovered upon UV exposure. 


A. 1344 cm"! 
B. 3107 cm"! 
C. 3123 cm! 
D. 1454 cm! 


In 2008, the violent eviction of 
miners from the government- 
controlled Marange diamond 
fields in led to sharp 
criticism of the Kimberley 
Process’s effectiveness in com- 
bating conflict diamonds. 


A. Angola 

B. Ivory Coast 
C. Sierra Leone 
D. Zimbabwe 


X-ray computed microtomogra- 
phy is best suited for examining 


A. asingle strand of pearls at a 
time. 

B. multiple strands of pearls. 

C. single pearls. 

D. mounted pearls. 


During the past decade, the 
value of trace-element analysis 
in determining a gem’s country 
of origin has spurred the use of 
spectroscopy. 
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A. electron paramagnetic 
resonance 

B. laser ablation—inductively 
coupled plasma—mass 

C. nuclear magnetic resonance 

D. photoluminescence 


Chemical analysis of a gem 
hibonite crystal indicated signif- 
icant traces of , which 
is usually regarded as an uncom- 
mon impurity in this mineral. 


A. aluminum 
B. chromium 
C, @eaiwinn 

D. zinc 


Parallel fibers of are 
responsible for the spectacular 
chatoyancy observed in fine- 
quality pietersite specimens. 


A. actinolite 
B. crocidolite 
C. hematite 
D. rutile 


Unlike many other historical 
gem-adorned objects, the 16th- 
century ciborium from 
Einsiedeln Abbey in Switzerland 
contained no 


A. doublets. 

B. glasses. 

C. imitations. 

D. any of the above 


An important concern for the 
diamond community through- 
out the 2000s was 

treatment to remove or induce 
color. 


A. dyeing 
B. high-pressure, high- 
temperature 


C. irradiation 
D. surface coating 


When examined with confocal 
micro-Raman spectroscopy, 

emeralds did not 
show Raman bands for type I or 
II water. 


A. flux-grown synthetic 

B. hydrothermally grown 
synthetic 

C. natural (high alkali content) 

D. natural (low alkali content) 
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What's missing — 
from your collection? 


Spring 2007 

Pink-to-Red Coral: Determining Origin of Color 
Serenity Coated Colored Diamonds 

Trapiche Tourmaline from Zambia 


Summer 2007 

Global Rough Diamond Production since 1870 

Durability Testing of Filled Diamonds 

Chinese Freshwater Pearl Culture 

Yellowish Green Diopside and Tremolite from 

Tanzania 

Polymer-Impregnated Turquoise 

Fall 2007 

The Transformation of the Cultured Pearl Industry 

Nail-head Spicule Inclusions in Natural Gemstones 

Copper-Bearing Tourmalines from New Deposits 
in Paraiba State, Brazil 

‘Type Ja Diamond with Green-Yellow Color Due to Ni 


Winter 2007 
Latest CVD Synthetic Diamonds from Apollo 
Diamond Inc. 
Yellow Mn-Rich Tourmaline from Zambia 
Fluorescence Spectra of Colored Diamonds 
An Examination of the Napoleon Diamond Necklace 
Spring 2008 
Copper-Bearing (Paraiba-type) 
Tourmaline from Mozambique 
A History of Diamond Treatments 
Natural-Color Purple Diamonds from Siberia 


Summer 2008 
Emeralds from Byrud (Eidsvoll), Norway 
Creating a Model of the Koh-i-Noor Diamond 
Coated Tanzanite 
Coloring of Topaz by Coating and 

Diffusion Processes 


Fall 2008 

Identification of Melee-Size Synthetic 
Yellow Diamonds 

Aquamarine, Maxixe-Type Beryl, and 
Hydrothermal Synthetic Blue Beryl 

ANew Type of Synthetic Fire Opal: 
Mexifire 

The Color Durability of “Chocolate Pearls” 


Winter 2008 

Color Grading “D-to-Z” Diamonds at the GIA 
Laboratory 

Rubies and Sapphires from Winza, Tanzania 
The Wittelsbach Blue 


Spring 2009 

The French Blue and the Hope: New Data 

rom the Discovery of a Historical Lead Cast 

Gray-Blue-Violet Hydrogen-Rich Diamonds 

rom the Argyle Mine 

Hackmanite/Sodalite from Myanmar and 

Afghanistan 

Pink Color Surrounding Growth Tubes and 
Cracks in Tourmalines from Mozambique 

Identification of the Endangered Pink-to-Red 
Stylaster Corals by Raman Spectroscopy 


Spring-Winter 2010 


Summer 2009 

Celebrating 75 Years of Gems & Gemology 

The “Type” Classification System of Diamonds 

Spectral Differentiation Between Copper and Iron 
Colorants in Gem Tourmalines 

Andalusite from Brazil 

Peridot from Sardinia, Italy 


Fall 2009 
Characterization of “Green Amber” 
Crystallographic Analysis of the 

Tavernier Blue 
“Fluorescence Cage”: Visual Identification 

of HPHT-Treated Type I Diamonds 
Ammolite Update 
Polymer-Filled Aquamarine 
Yellow-Green Hatiyne from Tanzania 
Aquamarine from Masino-Bregaglia Massif, Italy 


Winter 2009 

Ruby and Sapphire Production and Distribution: 
A Quarter Century of Change 

Cutting Diffraction Gratings to Improve 
Dispersion (“Fire”) in Diamonds 

Chrysoprase and Prase Opal from Haneti, 
Central Tanzania 

Demantoid from Val Malenco, Italy 


Spring 2010 

Strongly Colored Pink CVD Lab-Grown 
Diamonds 

Color Alterations in CVD Synthetic Diamond 
with Heat and UV Exposure 

Possible “Sister” Stones of the Hope Diamond 

Confocal Micro-Raman Spectroscopy 

Bastnasite-(Ce) and Parisite-(Ce) from Malawi 


Summer 2010 

The Wittelsbach-Graff and Hope Diamonds: 
Not Cut from the Same Rough 

Play-of-Color Opal from Ethiopia 

A New Type of Composite Turquoise 

Fire Opal from Madagascar 

X-ray Computed Microtomography 
Applied to Pearls 

Hibonite: A New Gem Mineral 


Fall 2010 

An Era of Sweeping Change in Diamond and 
Colored Stone Production and Markets 

Gem Localities of the 2000s 

Gemstone Enhancement and Its Detection 
in the 2000s 

Developments in Gemstone Analysis Techniques 
and Instrumentation During the 2000s 


Winter 2010 

Synthetic Gem Materials in the 2000s 
Yellow Scapolite from Madagascar 
Pietersite from Namibia and China 

Update on Mexifire Synthetic Fire Opal 
Gems in a Ciborium from Einsiedeln Abbey 
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Pearls 


By Hubert Bari and David Lam, 336 
pp., illus., publ. by Skira Editore 
[www.skira.net], Milan, Italy, 2010. 
US$85.00 


Hubert Bari and David Lam have cre- 
ated a delightful work, teaming with 
photographer Christian Creutz to pro- 
duce this valuable resource. For a 
study of natural pearls, readers have 
long turned to Kunz and Stephenson’s 
1907 masterpiece, The Book of the 
Pearl. Since the late 20th century, 
writers such as Farn, Dickinson, 
Shirai, Ward, and Newman have con- 
tributed smaller but very helpful 
books on cultured and natural pearls. 
In recent years, enthusiasts have been 
treated to two important reference 
works, Elisabeth Stack’s Pearls (2006) 
and Paul Southgate and John Lucas’s 
The Pearl Oyster (2008). This new 
volume will be a welcome addition to 
the pair. 

The book was published to accom- 
pany the Pearls exhibition held at the 
Museum of Islamic Art in Doha, 
Qatar, which ran from January to June 
2010. In the preface, exhibit chair 
Sheikha Al-Mayassa bint Hamad bin 
Khalifa Al-Thani expresses her hope 
that the reader will discover the many 
aspects of the pearl and better under- 
stand the scientific and cultural layers 
“that play a part in the creation of this 
small but miraculous orb.” 

Six chapters deal with the nature 
and formation of the pearl, the vari- 
ous mollusks, the history of pearls, 
the age of great fisheries (1850-1940), 
cultivation, gentlemen-farmers, and, 
in a final section titled “Hommage to 
Mademoiselle,” fashion designer 
Coco Chanel and her love of the gem. 

The 350 photographs are stunning. 
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The reader begins to appreciate the 
depth of the Qatar museum collec- 
tion, starting with the 21 rare and 
unusual natural pearls featured on 
the cover. In addition, Bari and Lam 
have traveled the world to collect 
photos of the finest specimens from 
other important collections, includ- 
ing those of Hussein Alfardan, the 
British Museum, major pearl produc- 
ers, numerous national archives, the 
Mikimoto Museum, and noted gem 
photographers such as Christian 
Creutz, Tino Hammid, John Koivula, 
and Jeff Scovil. 

The illustrations aren’t limited to 
photos of pearls, shells, and pearl jew- 
elry. There is a rich tapestry of maps, 
early book illustrations, and photos of 
pearling vessels and farms through 
the ages that detail our fascination 
with the queen of gems. For many 
this will be an opportunity to grasp 
the richness of the pearl’s history in 
the Arabian Gulf. One begins to 
appreciate how pearls have influenced 
the lives of the people who have 
sought them through the millennia 
and across the continents. 

The richly told text offers a 
remarkable compilation of interest- 
ing items. This reviewer takes 
exception, though, to the authors’ 
belief (from the beginning of chapter 
3, “The Pearl: A History of Indiffer- 
ence and Passion”) that the absence 
of pearl jewelry artifacts from early 
cultures shows that they valued 
shell more than pearls. Rather, the 
pearl was likely so rare and so prized 
that these treasures were kept hid- 
den, much the way diamonds were 
hidden in ancient India. Only fur- 
ther translation of early texts will 
serve to reinforce one point of view 
or the other. 
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One wishes the authors had 
included an index, always a time-con- 
suming task and often done just as 
the book is scheduled to be published. 
Even so, this is more than a coffee 
table book—one wishes to locate the 
photos, facts, and stories throughout 
it. Regardless, Pearls will be a remark- 
ably affordable and treasured addition 
to any pearl library. 

DONA M. DIRLAM 

Richard T. Liddicoat Gemological 
Library and Information Center 
GIA, Carlsbad 


Terra Spinel Terra Firma 


By Vladyslav Y. Yavorsky with 
Richard W. Hughes, 204 pp., illus., pri- 
vately published [http://spinelbook. 
com], 2010. US$95.00 


This masterful work showcases the 
beauty and amazing color variations 
found in spinel. Vladyslav Yavorsky’s 
sincere passion is captured through 
each photograph and thoughtful 
description. He covers all the major 
sources with images of some of the 
finest examples of spinel. Every page 
is a new delight, as the photos seem 
to come to life. Yavorsky’s eye for 
color is revealed through his pairing 
of the endless palette of spinel hues 
with images of landscapes, textiles, 
and beautiful people from the faraway 
places where these gems are found. 
For those interested in the history 
of spinel and a bit of lore, coauthor 
Richard Hughes provides just enough 
information to capture the reader’s 
interest while leaving one hungry for 
more. Hughes touches on gemology 
and briefly explores the history of 
famous spinels mistaken for rubies. 
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While not a scientific book, it does 
capture the beauty and essence of one 
of the most unique and underappreci- 
ated gems available. 

The tour of spinel-producing coun- 
tries begins in Burma, continuing 
through Sri Lanka and on to Tajikistan, 
Tanzania, and Madagascar before end- 
ing in Vietnam. Each section features a 
map and a brief summary highlighting 
the spinel-mining areas of that country. 
Along the way, Yavorsky shares his 
photographic and cutting skills, as 
every page reveals yet another fabulous 
spinel, friendly miner, or remote land- 
scape. The kaleidoscope of gem colors 
includes ruby red, jacaranda lavender, 
metallic gray, vivid pink, saffron 
orange, cobalt blue, and many more, 
from the softest pastels to the most 
intense neon colors imaginable. 

Yavorsky best sums up his relent- 
less passion for discovery when he 
writes, “Thus I continue to travel with 
loupe and camera, ever seeking to 
expose a hitherto unrevealed face of a 
crystal, person or landscape, attempt- 
ing to highlight that which is worthy. 
This is my quest, to be faithful and 
relentless in my search for beauty.” 

At the end of the book, there is a 
delightful surprise in the final pages 
showing spinel’s plethora of colors. 
This pictorial treasure is a must for 
any gem enthusiast or designer 
searching for inspiration from one of 
the most unique and beautiful gems 
in the world. 

EDWARD BOEHM 
RareSource 
Chattanooga, Tennessee 


Colour of Paradise: 
The Emerald in the Age of 
Gunpowder Empires 


By Kris E. Lane, 280 pp., illus., publ. 
by Yale University Press 
[http://yalepress.yale.edu], New 
Haven, CT, and London, 2010. 
US$40.00 


Emerald green is unlike any other 
color in gemology. Despite compar- 
isons to the color of spring pastures, 
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the green of emerald is more often 
approached than attained outside the 
gem world. Here, Kris Lane presents 
an exhaustively researched treatise 
that broadens our understanding of 
emeralds plucked and pillaged from 
Colombia as they crossed the seas to 
Asia and Europe, centuries before 
their modern appearance in jewelry 
showcases and museums. This schol- 
arly book tackles aspects of the emer- 
ald trade that are not widely pub- 
lished but are as extraordinary as the 
gem’s elusive color. 

To the Muzos, Muiscas, and other 
pre-Columbian tribes who valiantly 
but unsuccessfully attempted to pro- 
tect their magical caches from 
European marauders, emeralds were 
considered essential to aspects of trib- 
al life beyond soothsaying, jungle 
healing, and the preservation of 
female chastity. Lane presents the 
anguish of emerald’s forced entry into 
global trade in painstaking detail. The 
subtext of his in-depth review of trade 
records, sailing manifests, diaries, and 
even shocking shipwreck discoveries 
underscores how incomplete our 
assessment remains of the wild global 
ride taken by esmeralda. 

The book’s subtitle references the 
shortcuts to empire-building un- 
leashed by the harnessing of gunpow- 
der, which elevated conflict from an 
era of crossbowmen, archers, and rams 
to better war through chemistry. The 
gunpowder empires held sway from 
the 16th century, when Moguls ruled 
Muslim Asia and European explorers 
colonized the Americas in search of 
gold and riches. Though pestilence 
proved nearly as effective as pugnacity 
in European hegemony over the New 
World, the net effect was the eventual 
wresting of emerald riches from native 
Indo-Americans into the hands of 
European explorer-warriors and multi- 
ethnic merchants, with ragtag adven- 
turers and would-be fortune hunters 
bringing up the rear. 

Lane, a history professor at the 
College of William and Mary, cites 
primary sources obtained from multi- 
national archives, libraries, anthropol- 
ogists, diaries, translations, and other 
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documents that date to some of the 
earliest 16th century Spanish explor- 
ers. Deeper into the text, Lane delivers 
on the promise of his title by connect- 
ing the rare color of this exotic stone 
to the green Paradise of Islam. Here, 
the trained Latin Americanist argues 
that the Ottomans, Persia’s Safavid 
dynasty, and particularly the Moguls 
caught “emerald fever” over a gem 
they interpreted as a means of divine 
protection. These rare treasures from 
another side of the world offered a link 
to the heavens, the ultimate fulfill- 
ment that awaited those fortunate or 
victorious enough to possess them. In 
this way, emeralds signified another 
manifestation of the powers bestowed 
on their regal owners. Lane also 
details the importance of emeralds in 
elaborate gift-giving rituals afforded to 
the highest ranks of these ruling civi- 
lizations, which he interprets as dra- 
matic assertions of dominance and 
power rather than as acts of generosi- 
ty, recognition, or reward. 

Though European courts were also 
enamored of emeralds, their passion 
was more accessory-driven and hardly 
elevated to the fever pitch of South 
Asia and the Indian subcontinent. 
Lane shows how the initial arrival and 
subsequent notoriety of emeralds in 
South Asia conferred an “Oriental” 
provenance to the gem that supplant- 
ed its New World origin. Europeans, 
whether influenced by the blinding 
glitter of gold or a New World associa- 
tion considered déclassé at the time, 
came to see emeralds as Eastern 
objects of desire, showcased by rulers 
such as the despotic Nadir Shah. Lane 
traces this paradoxical exaltation of 
emerald as the gem passed from Asia 
and back through trade routes to 
Europe, where it would eventually be 
coveted and collected by the imperial 
courts, though never to the same 
degree as the Near East, the Indian 
subcontinent, and Asia. 

An epilogue reviews the post-colo- 
nial turmoil of the Muzo mines, the 
rediscovery of the Chivor region’s 
Somondoco mines in 1890, and 20th 
century emerald mining in the era of 
capitalists, attempted government 


SPRING 2011 


takeovers, and later the emerald boss- 
es known as esmeralderos. Most of it 
isn’t very pretty. 

The book includes 16 well-chosen 
full-page color plates, as well as a vari- 
ety of diagrams, maps, illustrations, 
tables, and appendices that detail 
emerald production over these earlier 
centuries. These should well serve 
future emerald scholars and historians. 

Although it is a dense and difficult 
read, Lane’s labors will be appreciated 
by emerald and gem scholars who seek 
deeper understanding of the often bar- 
baric and tortuous history associated 
with one of nature’s most resplendent 
wonders. The documentation and 
annotated footnotes alone may send 
generations of scholars back to the 
archives to uncover other layers 
behind emerald’s many mysteries, 
from the depths of shipwreck-littered 
ocean floors to the impenetrable col- 
lections still sequestered in banks and 
subterranean vaults of countries where 
Americans are no longer welcome. 

MATILDE PARENTE 
Libertine 
Indian Wells, California 


Twentieth-Century Jewellery: 
From Art Nouveau to 
Contemporary Design in 
Europe and the United States 


By Alba Cappellieri, 248 pp., illus., 
publ. by Skira Editore [www.skira. 
net], Milan, 2010. US$85.00 


Broad in scope and beautiful in pre- 
sentation, this book is nevertheless a 
bit intimidating. It truly covers the 
entire history of 20th century jewelry. 
And a fascinating century it was for 
jewelry—from Art Nouveau to Art 
Deco, from Tiffany to Trifari, from 
high art to pop art, from 1900 to 2008, 
the author covers it all. 

The discussion is divided into six 
eras: 1900-1918 (“Art Nouveau and 
Mode Blanche”); 1919-29 (“Art Deco: 
White, Black and Tutti Frutti”); 
1929-46 (“Somewhere Between the 
International Style and Organicism”); 
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1947-67 (“From the New Look to 
Pop”); 1968-78 (“From Radical to 
Global”); and 1979-2008 (“From 
Materialism to Minimalism”). Each 
section attempts to portray what was 
happening in society, art, architec- 
ture, and fashion, and how those and 
other factors influenced jewelry mate- 
rials and styles, and how it was worn. 

This book is an ambitious under- 
taking, and it largely succeeds. The 
historical information is fascinating, 
meticulously researched, and annotat- 
ed. (I particularly liked the easy-to- 
read glossary.) It is lavishly illustrated 
with many beautiful and unique 
pieces of jewelry. 

I do feel the content would have 
been more interesting (or perhaps easi- 
er to absorb) if the illustrations had 
appeared with the corresponding text, 
but virtually every one of them 
appears in a separate section titled 
“Works.” One must wade through 
some rather daunting text to reach 
this aesthetically satisfying section of 
images. And some of the captions 
were far removed from their related 
images, requiring careful examination 
to match descriptions with photos. I 
did appreciate the fact that so-called 
costume jewelry and art jewelry were 
not ignored; their inclusion gave the 
book a very well-rounded feel. I would 
recommend this work to anyone 
wishing to view the amazing evolu- 
tion of jewelry and wearable art during 
the last century. 


JANA MIYAHARA-SMITH 
GIA, Carlsbad 


Jewellery from the Orient: 
Treasures from the Bir Collection 


By Wolf-Dieter Siewert, 320 pp., 
illus., publ. by Arnoldsche Art 
Publishers [www.arnoldsche.com], 
Stuggart, Germany, 2009. US$85.00 


Dr. Umit Bir was a Turkish native 
living in Germany who began collect- 
ing silver cultural objects in the late 
1950s during his travels across 
Europe, North Africa, and Asia. His 
collection, now comprising more 
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than 3,000 objects, has resided at the 
Museum fur Volkerkunde in Leipzig 
since 2004. Siewert’s book is a review 
of 775 artifacts from this collection. 

Yet this book is far more than an 
exhibit catalog. It is better described as 
a historical and ethnographic review 
of the cultures and peoples who pro- 
duced these objects. Siewert provides 
comprehensive details on antique sil- 
ver jewelry that many in our industry 
have encountered, yet struggle to 
research and appraise. Until now there 
have been few, if any, books on sil- 
ver’s cultural influence written with 
such depth. This historical read 
reminds us that silver ornamental 
jewelry and objects have spanned the 
globe throughout the centuries. High- 
quality color photographs and details 
appear on every page. 

Sections of the book cover silver’s 
impact across the European Orient, 
the Mediterranean to the Atlantic, the 
Arabian Sea, the Indian Ocean, Indo- 
nesia, and trade routes traveled by 
nomadic people. The stories describe 
how both men and women of different 
cultures used this jewelry to convey 
meaning in every aspect of their lives: 
religion, love, death, marriage, fertili- 
ty, medicine, travel, education, status, 
and the rise and fall of empires. We 
better understand how the jewelry we 
handle today has deep-rooted mean- 
ing, and how these family treasures 
become collector’s items over time. 
We are reminded that jewelry did not 
start out as a fashion statement the 
way we know it today. Many of the 
items shown in this volume do not 
even appear as modern jewelry: 
swords, amulets, head dresses, belts, 
heavy bracelets, cigarette holders, and 
chest dresses worn by men. 

Although not a light read, this 
book is valuable to appraisers, collec- 
tors, museums, auction houses, and 
anyone interested in the meaning of 
the exotic and difficult to identify sil- 
ver jewelry and objects that might 
pass through their hands. 

MELINDA ADDUCCI 

Joseph DuMouchelle Auctioneers 

Grosse Pointe Farms, Michigan 
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COLORED STONES AND 
ORGANIC MATERIALS 


A contribution to the study of FTIR spectra of opals. I. Adamo 
[ilaria.adamo@unimi.it], C. Ghisoli, and F. Caucia, 
Neues Jahrbuch ftir Mineralogie, Abhandlundgen, Vol. 
187, No. 1, 2010, pp. 63-68. 

Opals are water-bearing micro- and non-crystalline silica min- 

erals with the chemical formula SiO,enH,O. On the basis of X- 

ray diffraction, they can be subdivided into three general 

groups: opal-C (relatively well-ordered o-cristobalite, with 
minor evidence of tridymite]; opal-CT (disordered a-cristobalite 
with a-tridymite-type stacking); and opal-A (amorphous). 

Thirty-four gem-quality opal samples of known origin, com- 

prising the most important types of natural and synthetic opal 

on the market (with and without play-of-color), were examined 
by Fourier-transform infrared (FTIR) spectroscopy. The FTIR 
spectra were typical of water-bearing silicates with tetrahedral 
coordinated silicon. Opal-C was easily identified by sharp 
peaks at about 620 cm", typical of well-ordered o-cristobalite. 
The distinction between opal-CT and opal-A required careful 
comparison of the three Si-O bands at 1100, 790, and 470 cmt, 
particularly the second one, which is always at higher frequen- 
cies in opal-A than in opal-CT (800-796 and 792-788 cm", 
respectively). Infrared spectroscopy can also easily detect the 
presence of clay minerals, providing useful information about 
the opal’s genesis and the locality. GL 


Green andradite stones: Gemmological and mineralogical 
characterisation. I. Adamo, G. D. Gatta [diego.gatta@ 
unimi.it], N. Rotiroti, V. Diella, and A. Pavese, 
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European Journal of Mineralogy, Vol. 23, No. 1, 

2011, pp. 91-100. 
Andradite is a rock-forming mineral typically found in 
metamorphic rocks, such as skarns and serpentinites. 
Green andradite (demantoid) is one of the most valued 
gems among the garnet-group minerals, due to its color, 
brilliance, and rarity. Sources include Russia (central Ural 
Mountains), Italy (Val Malenco, Sondrio), Iran (Kerman 
Province), northern Pakistan (Kaghan Valley), Namibia 
(Erongo Province), and northern Madagascar (Antete- 
zambato). Samples from these sources were examined by 
standard gemological testing, electron microprobe analy- 
sis, UV-Vis-NIR and mid-infrared spectroscopy, and single- 
crystal X-ray diffraction to determine their gemological 
and crystallographic characteristics. 

The garnets were almost pure andradite, with small 
amounts of other elements. The Cr content did not affect 
the unit-cell constant, and cell refinement suggested that 
Cr** can share the octahedral site with Fe** in the garnet 
structure. The UV-Vis-NIR spectra were characterized by 
Fe*+ absorption features, which represent the main cause 
of color, while the mid-IR spectra revealed the presence of 
hydroxyl groups. DAZ 


The profile of trace elements, including the REE, in gem- 
quality green andradite from classic localities. R. 
Bocchio [roseangela.bocchio@unimi.it], I. Adamo, 
and V. Diella, Canadian Mineralogist, Vol. 48, No. 
5, 2010, pp. 1205-1216. 

Fifteen gem-quality samples of demantoid from Italy 

(Aosta and Val Malenco)}, Russia, Iran, Pakistan, Namibia, 

and Madagascar, and two samples of grossular and 

uvarovite, were analyzed by electron microprobe and LA- 

ICP-MS. All the andradite samples were found in serpenti- 

nite host rocks except for two samples from Namibia and 

Madagascar, which formed in skarns. Nine samples from 

Val Malenco possessed almost pure andradite end-member 

compositions, though a minor uvarovite component 

resulted from the internal diffusion of chromium from 
magnetite inclusions. The sample from Madagascar was 
also close to the pure end-member and homogeneous, 
while samples from Aosta, Russia, Iran, and Pakistan 
ranged from 91 to 96 mol.% andradite. Other garnet com- 
ponents detected were grossular in samples from Aosta 
and Russia, and uvarovite in those from Iran and Pakistan. 

Major and trace elements in the Namibian sample were 

heterogeneous, ranging from pure andradite to And,, Grog, 

within a single crystal, reflecting the geochemical process- 
es involved in the skarn host rocks. 

The metasomatic reactions caused higher concentra- 
tions of rare-earth elements (REE) in skarn-hosted 
Madagascar and Namibian demantoid than in other sam- 
ples (hosted by serpentinite). The pattern of trace ele- 
ments such as Sc, Ti, V, Cr, Co, Ni, Zn, Sr, Y, and Zr was 
similar for all the samples, showing a “U” shape. The 
Russian sample had no Ni and very low amounts of Y and 
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Zr. The concentrations of Cr, Ti, and V were also very 
low in the samples from Madagascar and Namibia. All 
the Fe-rich samples (2And,,) contained Cr ranging from 
~2, to 4189 ppm, which was correlated to color variations. 
They also showed a strong positive Eu anomaly and were 
enriched in light rare-earth elements (LREE) but poor in 
heavy rare-earth elements (HREE). In contrast, none of 
the grossular-bearing samples showed the Eu anomaly 
and possessed high concentrations of medium-REE and 
HREE. The Russian sample was very low in both LREE 
and HREE. The three Cr-bearing samples from Italy (Val 
Malenco)}, Iran, and Pakistan showed a relatively flat REE 
distribution. The positive Eu anomaly in most of the Fe- 
and Cr-bearing samples suggested that divalent Eu was 
dominant in the mineralizing fluids. The Eu2* anomaly in 
these fluids may be caused by the hydrothermal alteration 
process between Eu** and Fe”*, resulting in Eu?* and Fe** 
cations. KSM 


Inside sapphires. C. P. Smith, Rapaport Diamond Report, 
Vol. 33, No. 7, 2010, pp. 123-132. 
The provenance of fine sapphires can greatly increase their 
value in the eyes of connoisseurs. Most sapphires can be 
associated with two geologic events: (1) the orogeny that 
created the Himalayas (55 million years ago [Ma]} and pro- 
duced sapphire deposits from Afghanistan through 
Kashmir and east into Vietnam, and (2) the Pan-African 
orogeny (800-450 Ma) that produced the deposits in Sri 
Lanka, Madagascar, Kenya, Tanzania, and Mozambique. 
Having created a source classification scheme for 
rubies (see Rapaport Diamond Report, Vol. 37, No. 47, 
2008, pp. 140-148), the author presents a similar one for 
sapphires. This scheme has two tiers, the first separating 
sapphires into three groups based on broad geologic for- 
mation scenarios: Met (metamorphic), Mag (magmatic), 
and Met-Mag (having characteristics outside of classical 
Met and Mag). The second tier further divides sapphires 
into types I through IV based on their dominant inclu- 
sions and other features, as well as advanced analytical 
data. Photomicrographs illustrate the internal characteris- 
tics that differentiate sapphires produced by important 
localities. The current range of sapphire treatments is also 
reviewed. AB 
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Ages of cratonic diamond and lithosphere evolution: 
Constraints on Precambrian tectonics and diamond 
exploration. H. Helmstaedt [helmstaedt@geol. 
queensu.ca], J. J. Gurney, and S. H. Richardson, 
Canadian Mineralogist, Vol. 48, No. 6, 2010, pp. 
1385-1408. 

Age dating of syngenetic inclusions within peridotitic and 

eclogitic minerals shows that diamond formation occurred 

in episodes in the subcontinental lithospheric mantle. 
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From studies of the geologic record, these episodes could 
be correlated with important craton-forming events in the 
Archean and Proterozoic. 

Diamonds containing peridotitic inclusions formed 
between ~3.5 and 3.2 billion years ago (Ga), in the 
Paleoarchean. Formation of these diamonds occurred in 
harzburgite, containing subcalcic garnet and/or chromite, 
within the lithospheric roots of the nuclei of the oldest 
cratons. The process appears to have been associated with 
a metasomatic event triggered by the infusion of CO,-rich 
subduction(?}-related fluids. Post-Archean peridotitic dia- 
monds formed later (~2.3-1.9 Ga} in lherzolite source 
rocks. 

Diamonds with eclogitic inclusions formed over a 
longer period, some 2.9 to 0.58 billion years ago. An earli- 
er period (~2.9-2.5 Ga] is associated with the accretion of 
Paleoarchean continental nuclei into composite Archean 
cratons. This involved subduction of the intervening 
seafloor, partial melting of the hydrated oceanic crust, and 
granitic magmatism. Later eclogitic diamonds, along with 
peridotitic diamonds found in lherzolite, formed during 
geologic events in the Proterozoic that are associated with 
modifications of earlier cratonic roots. 

Kimberlite magmas, the most important source of 
gem diamonds, mainly sampled harzburgite source rocks 
during their rise through the subcontinental lithosphere. 
As a guide to diamond exploration, the authors recom- 
mend that geologists concentrate on identifying micro- 
continental nuclei older than 3 Ga within Archean or 
Proterozoic cratons. The tectonic history of these nuclei 
must then be analyzed to establish whether a diamond- 
bearing root was preserved beneath them that could have 
been sampled by kimberlitic magmas. 

JES 


Are diamond-bearing Cretaceous kimberlites related to 
low-angle subduction beneath western North 
America? C. A. Currie [claire.currie@ualberta.ca] 
and C. Beaumont, Earth and Planetary Science 
Letters, Vol. 303, No. 1-2, 2011, pp. 59-70. 

Kimberlites, and to a lesser extent lamproites, are the main 
host materials for economic diamond deposits. They gener- 
ally occur in continental interiors far from plate margins, 
making their relationship to plate tectonic processes enig- 
matic. One mechanism, potentially applicable to a limited 
subset of kimberlite events, invokes a relationship between 
kimberlite magmatism and lithospheric subduction. 

This study investigates a subduction hypothesis for 
kimberlites in North America’s western interior by: (1) 
presenting evidence that the Farallon Plate was suitably 
positioned beneath the continent as early as 100 Ma, (2) 
developing a numerical model of low-angle subduction, 
and (3) using the model to assess the potential for subduc- 
tion-related volatiles in forming kimberlite magmas. 

The numerical model places the source region of the 
western North America interior magmas above the low- 
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angle Farallon Plate and directly implicates devolatiliza- 
tion of this plate in magma genesis. It is proposed that an 
influx of fluids triggered a small amount of partial melt- 
ing of the deep craton lithosphere, forming a source of 
kimberlite and lamproite magmas. 

Rapid, low-angle subduction reaching beneath craton- 
ic continental interiors appears to be relatively rare. 
Therefore, subduction-related magmatism may be limited 
to a small number of kimberlite events. Where there is no 
evidence for contemporaneous low-angle subduction, 
other mechanisms must have been responsible for pro- 
ducing the kimberlites. DAZ 


Composition of cloudy microinclusions in octahedral dia- 
monds from the Internatsional’naya kimberlite pipe 
(Yakutia). S. Yu. Skuzovatov [justsquall@gmail.com], 
D. A. Zedgenizov, V. S. Shatsky, A. L. Ragozin, and 
K. E. Kuper, Russian Geology and Geophysics, Vol. 
52, No. 1, pp. 85-96. 

Octahedral diamond crystals (~1 mm) from the 

Internatsional’naya pipe in the Yakutian diamondiferous 

province contain cloudy microinclusions in their core. 

Diamond is an ideal container for transporting a mineral- 

forming medium—preserved as microinclusions—and pro- 

cesses such as mantle metasomatism, diamond formation, 
and partial melting of upper-mantle rocks can be under- 
stood by studying them. Diamond crystals from Yakutia 
were polished into 24 plates (0.3-0.8 mm thick), parallel to 

a {110} face, and studied using optical and scanning elec- 

tron microscopy, cathodoluminescence, X-ray topography, 

and EDXRE and IR spectroscopy. 

A shift from cuboid to octahedral morphology was 
observed, caused by different growth rates between {111}, 
{100}, and {110} faces. The internal structure consisted of a 
cubic or cuboid core, containing microinclusions and dis- 
locations, followed by an octahedral rim. This change in 
growth structure was controlled by a layer-by-layer 
growth mechanism and a decrease in carbon supersatura- 
tion of the fluid/melt. The cubic cores contained mainly 
nitrogen B-centers, while cuboid cores were dominant in 
A-centers. The average nitrogen content was ~700 ppma. 
Some samples showed a higher nitrogen content and 
aggregation state (B-centers) in their core; hydrogen 
defects were also higher in the core. The 8,,C values of 
cuboid and cubic cores were similar to isotope values of 
carbon from the mantle—a light isotopic composition 
that ranged from —5.9 to —6.7%o. IR absorption bands at 
3420 and 1650 cm"! for water, 1430 and 880 cm"! for car- 
bonates, and 1200-900 cm! for silicates were detected in 
the microinclusion-bearing core region. Carbonates corre- 
lated negatively with water content, formed predominant- 
ly by OH groups rather than molecular water. The cubic 
cores were also rich in bivalent cations (Ca**, Mg?*, and 
Fe?*) and poor in Si and Al. The ratio of Mg/(Mg+Fe) in 
the cloudy microinclusions varied considerably between 
crystals but very slightly within each sample, suggesting a 
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heterogeneous diamond crystallization medium. The 
bulk composition was in the continuous transition 
between carbonate and chloride end-members, meaning 
the microinclusions would have been miscible fluids 
under diamond-forming conditions. KSM 


Sparkle returns. B. Janse, Mining Journal, Sept. 10, 2010, 
pp. 12-17. 

After the economic crisis of 2008, a number of major dia- 
mond mining houses curtailed activities in the early part 
of 2009. Rough diamond prices declined sharply during 
this period. As the year progressed, however, mining activ- 
ity and prices recovered strongly. This article details dia- 
mond mining in Canada, Africa, Russia, and Australia. 
Production from Canada, Russia, and southern Africa has 
rebounded, and some promising new prospects are being 
explored. Production from Central Africa is still uncertain, 
as major players who withdrew in 2008 have yet to return. 
The effects on Australia were minor, as Rio Tinto was in 
the midst of converting Argyle into an underground mine. 
The paper also describes exploration activities and some 
social issues surrounding diamond production. 

RS 
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Charoite: Russia’s royal gem. B. Jones, Rock & Gem, Vol. 
40, No. 12, 2010, pp. 34-36, 62. 
A rock known since 1978, charoite is composed mainly of 
the purple mineral charoite; the remainder may consist of 
more than 30 mineral species. The rock must contain 
30-95% charoite mineral to be suitable for lapidary use. 
The varying mineral content is what creates the variations 
in color and pattern. Charoite’s properties make it a good 
lapidary and ornamental stone, with most specimens 
showing some chatoyancy. The most sought-after color is 
a rich violet, and it may be tinged by blue, red, pink, or 
brown. Charoite is hosted by the Sirenevy Kamen deposit 
in Siberia. Extraction requires hard-rock mining, and the 
area’s remoteness makes this quite difficult. Glacial action 
has helped expose mineralized areas, and numerous sites 
have been mined. Supplies should be available for many 
years. MK 


The conditions of formation of sapphire and zircon in the 
areas of alkali-basaltoid volcanism in central 
Vietnam. A. E. Izokh [izokh@uiggm.nsc.ru], S. Z. 
Smirnov, V. V. Egorova, T. T. Anh, S. V. Kovyazin, 
N. T. Phuong, and V. V. Kalinina, Russian Geology 
and Geophysics, Vol. 51, No. 7, 2010, pp. 719-733. 

In central Vietnam, sapphire placers exist in the provinces 

of Gia Lai (Pleiku village), Dak Lac (Dak Nong), Bin Phuoc, 

Bin Tuan (Hong Liem), Lam Dong, and others. Zircon and 

garnet placers exist in Dong Nai (Gia Kiem). The chemical 

composition of associated clinopyroxene and garnet 
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megacrysts from the Dak Nong sapphire deposit showed 
that the gems are related to alkali basaltic magma that 
interacted with a deep-seated magma chamber. The cham- 
ber was a source of heat and CO,-rich fluids for generating 
lower-crustal syenitic melts, producing zircon. Sapphires 
crystallized from a more fractionated iron-rich syenitic 
melt with the participation of CO, and CO,-H,0 fluids in 
shallower crustal horizons. 

The major and trace elements of the four minerals 
were analyzed to further define the formation conditions 
of the sapphire and the zircon. Based on their geologic 
relationships, the presence of zircon, clinopyroxene, and 
garnet can be used as a criterion for sapphire prospecting. 

DAZ 


The genesis of the amethyst geodes at Artigas (Uruguay) 
and the paleohydrology of the Guarani aquifer: 
Structural, geochemical, oxygen, carbon, strontium 
isotope and fluid inclusion study. G. Morteani, 
[gmorteani@gmx.de], Y. Kostitsyn, and C. Preinfalk, 
International Journal of Earth Sciences, Vol. 99, 
2010, pp. 927-947. 

Uruguay and Brazil are the world’s leading producers of 

amethyst and agate from geodes. A detailed chemical anal- 

ysis of the amethyst deposits of Artigas, Uruguay, as well 
as a review of the hydrology (current and ancient) of the 

Guarani aquifer in the Artigas area, was conducted to 

determine the formation conditions of the amethyst. The 

geodes were not filled by magmatic fluids but were shaped 
by them. The crystallization temperature of amethyst in 
the geodes was less than 120°C, and the geothermal fluid 
from which the amethyst crystallized came from the arte- 
sian-stratified Guarani aquifer. Therefore, low-temperature 
fluids from the aquifer, rather than magmatic fluids, 
played a key role in the amethyst’s genesis. 

DAZ 


Genesis of Guatemala jadeitite and related fluid charac- 
teristics: Insight from zircon. T.-F. Yui [tfyui@earth. 
sinica.edu.tw], K. Maki, T. Usuki, C.-Y. Lan, U. 
Martens, C.-M. Wu, T.-W. Wu, and J. G. Liou, 
Chemical Geology, Vol. 270, No. 1-4, 2010, pp. 
45-55. 

Jadeitite is a rare rock variety (typically >90% jadeite by 

volume) found near subduction zones in high-pressure 

metamorphic rocks. Geochemical study of this gem mate- 
rial helps earth scientists understand the complex work- 

ings of plate boundaries. U-Pb dating of zircon within a 

jadeitite boulder found north of the Motagua Fault Zone in 

central Guatemala showed it was much older than other 

jadeitites from the same region (95.1 + 3.6 Ma vs. 77-65 

Ma). This older age was interpreted as the time of jadeitite 

formation, whereas the more recent age range corresponds 

with cooling after superimposed metamorphism at ~70 

Ma. Rare-earth element concentrations in both jadeitite 

and zircon were very low and showed a variety of patterns. 
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For example, zircon exhibited both positive and negative 
Eu anomalies, suggesting a possible influence by the 
decomposition of associated plagioclase. Vein precipitation 
and metasomatic replacement (contrasting mechanisms 
for jadeitite genesis) are also evaluated in detail. 

If the common assumption that jadeitite was formed 
by the serpentinization of ultramafic rocks is correct, the 
ultramafics must contain olivine as a major phase, the 
protolith must contain mica/feldspar, and a reducing fluid 
(of high pH) must be able to “pulse” in/out of the rock 
over time. This combination would provide the Al, Na, 
Zr, and Hf required to form and preserve jadeitite and zir- 
con in the concentrations observed. These unique circum- 
stances explain why jadeitite (and, by extension, jadeite) is 
rare in subduction zones. KAM 


Geochemical and scintillometric characterization and cor- 
relation of amethyst geode-bearing Parana lavas from 
the Quarai and Los Catalanes Districts, Brazil and 
Uruguay. L. A. Hartmann [leo.hartmann@ufrgs.br], 
W. Wildner, L. C. Duarte, S. K. Duarte, J. Pertille, K. 
R. Arena, L. C. Martins, and N. L. Dias, Geological 
Magazine, Vol. 147, No. 6, 2010, pp. 954-970. 

World-class lava-hosted amethyst geode deposits are locat- 

ed in northern Uruguay near Artigas and across the border 

in Rio Grande do Sul state of southern Brazil. A regional 
geochemical and gamma spectrometric (scintillometric) 
field survey differentiated six basalt, basaltic andesite, and 

andesite lava flows (with a total thickness of up to 300 m) 

of Cretaceous age, two of which host amethyst (and agate). 

The magmas likely formed by melting in the lithospheric 

mantle. After being injected into the crust and assimilat- 

ing some crustal rocks, they were erupted onto the surface. 

The lavas flowed over Aeolian sandstones to form a strati- 

graphic sequence that can now be more easily distin- 

guished in the field throughout this region. Recognition of 
the distinctive lava sequence provides exploration criteria 
for amethyst and agate. JES 


La mine de spinelle de Lang Chap, au Nord du Vietnam 
[The spinel mine of Lang Chap in northern 
Vietnam]. D. Blauwet, Revue de Gemmologie a.f.g., 
No. 173, September 2010, pp. 11-15 [in French]. 

A new red spinel mine at Lang Chap in northern Vietnam 

opened in April 2010. The site is a difficult two-hour drive 

from Luc Yen in Yen Bai Province. Mining takes place by 
artisanal methods, and as many as 2,000 miners have been 
active, though only 400 were present on the day of the 
author’s visit. In most of the pits, rock outcrops were 
absent. Basic washing systems are used to clean the eluvi- 
um in bamboo baskets. The spinel crystals were water- 
worn and ranged up to 3 cm. The author reported purchas- 
ing a fine 6 g red spinel that yielded a 7.5 ct faceted stone. 

Many gem dealers have made their way to Yen Bai 

Province to purchase this new spinel, causing dramatic 

price increases in the local market. GL 
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Die Praparation spektakularer Smaragdstufen aus der 
Kagem Mine, Kafubu, Sambia [The preparation of 
spectacular emerald specimens from the Kagem 
mine, Kafubu, Zambia]. S. Behling, Lapis, Vol. 36, 
No. 1, 2011, pp. 15-23. 

The Kagem mine is an important producer of fine emer- 

alds. The rough is normally trimmed and sorted from the 

host schist by hand. However, some emerald crystals up to 

6 inches long occur in massive quartz boulders and cannot 

easily be processed without damaging the emeralds. In 

2009, mine owner Gemfields PLC asked Collector's Edge 

Minerals Inc. to process these boulders. This article 

describes how the Medusa—a spectacular specimen with 

seven free-standing emerald “pencils’”—was meticulously 
prepared over a period of 17 months. The article includes 
photos of the mine and its products, as well as a series of 
eight images illustrating the different stages of the 
Medusa’s preparation. RT 


Rubin in Zoisit—ein Klassiker aus Longido in Tansania 
[Ruby in zoisite—A classic from Longido, 
Tanzania]. J. Hintze, Lapis, Vol. 35, No. 12, 2010, 
pp. 15-19. 

The Mandarara mine near Longido, Tanzania, has pro- 

duced cabochon-quality ruby and ornamental ruby in 

green zoisite since 1949. The material is sorted into three 
categories: ruby crystals with good hexagonal form (“speci- 
mens”); larger pieces composed of ~70% ruby, with indis- 
tinct or no crystal faces (“ruby blocks”); and zoisite pieces 
speckled with smaller ruby inclusions (“ruby spots”). 
Mining is well organized and takes place underground, 
with a shaft following the steeply dipping zoisite rock. 

The operation has reached the point where a large invest- 

ment will be necessary to continue. Prospecting for simi- 

lar occurrences in the surrounding area is ongoing. 
RT 


INSTRUMENTS AND TECHNIQUES 


L’évolution des techniques de photographie des inclu- 
sions dans les gemmes: la micro-photographie 
numérique [Evolution of photography techniques 
used on inclusions in gemstones: Digital photomi- 
crography]. M. F. Hiigi, Revue de Gemmologie 
a.f.g., No. 173, 2010, pp. 6-10. 

The earliest illustrations of inclusions in minerals can be 

found in a 17th century book, Anathase Kircher’s Mundus 

Subtarreanus, which contains many beautiful drawings of 

insects in amber and fluid inclusions in quartz and halite. 

Austrian scientist Herman Michel introduced photomi- 

crography to gemology in the early 20th century. One of 

his pupils, Dr. Edward J. Giibelin, became a pioneer of this 
technique during the 1940s. The three-volume Photoatlas 
of Inclusions in Gemstones, which he co-wrote with John 

Koivula, is the culmination of these efforts. 
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Photomicrography does have its limitations, as the 
human eye perceives details in dark and light areas better 
than electronic sensors. Recent developments in digital 
photomicrography allow the extension of the dynamic 
range (high dynamic range imaging} as well as the depth 
of field. Both significantly enhance the capabilities of pho- 
tomicrography, though fraudulent manipulation of the 
images is also possible. GL 


The hidden beauty of Brazilian gemstones. M. F. Htigi, 

InColor, No. 15, Fall/Winter 2010, pp. 46-51. 
The author explores modern photomicrography tech- 
niques using Brazilian gems as examples. While conven- 
tional photography must deal with limitations in lumi- 
nance range and depth of focus, digital photomicrography 
and illumination techniques developed in the last few 
years produce results that are closer to the actual visual 
impression of microscopic observation. High dynamic 
range imaging extends the luminance range beyond one- 
shot photography. A series of photographs of different 
exposure times (exposure bracketing) is combined using 
software (such as Photomatix Pro, Photosphere, and 
Photoshop) and finished by “tone-mapping” to produce a 
well-balanced photo that more accurately reproduces what 
the human eye sees. 

A second important development in digitally pho- 
tographing the inner world of gemstones is the extension 
of focal depth. Digital imaging software (e.g., Syncroscopy 
AutoMontage) can render relatively large internal features 
entirely in focus. This may also serve as a first step in 3-D 
modeling or spatial analysis of inclusions. 

In addition, improved lens speed and stronger light 
sources such as halogen bulbs and LED illumination 
allow the use of polarized light as a standard technique in 
gemological microscopy. A microscope-mounted polariz- 
ing filter suppresses the blurring caused by birefringence, 
while crossed polarizers enable the examination of 
anisotropic mineral inclusions, twinning planes, and 
ADR-related characteristics. A first-order-red compen- 
sator replaces the total extinction of crossed polarizers 
with a purplish red first-order interference color, which is 
useful for reducing very strong contrast and making 
details within zones of extinction more visible. These 
new techniques can advance our knowledge and general 
appreciation of the hidden beauty of gemstones. 

ERB 
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Hippologie arabe et archéogemmologie sur un harnache- 
ment mameluk 1ére partie. [Arab hippology and 
archaeological gemology on a Mamluk harness— 
Part 1]. E. Gonthier [gonthier@mnhn.fr], T. De- 
Noblet, and J.-P. Sage-Fresnay, Revue de Gemmolo- 
gie a.f.g., No. 173, 2010, pp. 23-24. 


GEMOLOGICAL ABSTRACTS 


An 18th century Mamluk harness now housed in the 
Invalides Musée de l'Armée collection in Paris was recov- 
ered by French soldiers during Napoleon’s Egyptian cam- 
paigns. It evokes the passion of the Egyptians and the 
Mamluk warriors for their horses and the symbolic value 
given to gemstones and metals, which went beyond their 
technical or aesthetic significance. The object is of a 
remarkable decorative richness, upholstered in red velvet 
and decorated across the entire surface with gold embroi- 
dery. The red cotton seat of the saddle is dotted with flow- 
ers interspersed with crescents, bordered with studs, and 
covered with cabochon-cut gemstones. These cabochons 
were identified as lapis lazuli, dumortierite quartz, and red 
coral by portable Raman spectroscopy. GL 


Secrecy, splendour and statecraft: The jewel accounts of 
King Henry III of England, 1216-72. B. L. Wild, 
Historical Research, Vol. 83, No. 221, 2010, pp. 
409-410. 

The 13th century jewel accounts of King Henry III are 
the oldest and most detailed records of their kind. They 
were appended to the royal wardrobe accounts and con- 
tain descriptions of gifts given to and received by the 
monarch during his reign. These include jewels, metal 
objects, regalia, and other items of importance to the 
royal court. 

Information from the wardrobe account was based on 
two sets of rolls compiled annually for the exchequer, the 
office that collected revenue. The exchequer kept them as 
a record after the annual audit, which is how they have 
survived to this day. These rolls showed how the keeper 
of the wardrobe spent his funds. With each change of 
keeper, the organization of information in the rolls 
changed considerably. Each department under the keeper 
of the wardrobe had its own keeper, so there would be 
many minor rolls (sometimes a hundred) and one master 
roll. 

The richness of the rolls is revealed in the very first 
jewel account, with its description of more than 2,000 
objects recorded during the first years of Henry II’s rule 
(1234-12.36]. The scale of these treasures is evident from 
the 173 rings, 103 gold brooches, and cloths of gold. In 
comparison, the jewel account from the final years of 
Henry’s reign (1268-1272), describes more than 2,500 
objects. The only item mentioned in the jewel rolls that 
still exists is one of a group of gold bullae made for 
Henry’s second son Edmund, titular King of Sicily. 

JES 


SYNTHETICS AND SIMULANTS 


Gas bubbles in shaped sapphire. O. M. Bunoiu [bunoiu_ 
madalin@yahoo.com], T. Duffar, and I. Nicoara, 
Progress in Crystal Growth and Characterization 
of Materials, Vol. 56, No. 3-4, 2010, pp. 123-145. 
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This study was conducted to better understand the causes 
and distribution of the small bubble or “micro-void” 
defect commonly found in synthetic sapphire grown 
using the Stepanov or EFG (edge-defined film-fed growth) 
technique. The presence of micro-voids in synthetic sap- 
phire is undesirable in that they undermine its optical and 
mechanical properties. The factors considered in this 
study included gas origin, thermal decomposition of 
molten alumina, reaction between melt and crucible, 
quality of raw material, growth atmosphere, crucible 
composition, presence of graphite in the furnace, bubble 
nucleation, bubble transport in the melt, the growth 
interface, and bubble location in the crystal. Synthetic 
sapphire crystals were grown with different raw materials 
under various growth atmospheres, pulling rates, growth 
shapes (rod versus ribbon), equipment setups, and heat- 
source conditions. 

The authors propose a mechanism for micro-void for- 
mation in shaped synthetic sapphire based on their find- 
ings, coupled with their literature survey and finite ele- 
ment calculations. They determined that the main gas 
present in the voids was CO, a finding confirmed by 
mass spectroscopy. They were surprised to learn that the 
gas concentration in the crystals was independent of 
growth conditions or equipment setup. They did find a 
correlation between the crucible material and the pres- 
ence of graphite in the growth chamber with the forma- 
tion of micro-voids in synthetic sapphire. Specifically, 
molybdenum crucibles appear to enhance micro-void for- 
mation compared to tungsten or iridium crucibles. 
Graphite furnace parts also appear to contribute to 
micro-void formation. JS-S 


Mechanisms of the formation and morphogenetic types of 
fluid inclusions in crystals of synthetic minerals. O. 
V. Balitskaya and V. S. Balitsky [ovbalitskaya@ 
mail.ru], Doklady Earth Sciences, Vol. 435, No. 1, 
2010, pp. 76-80. 
The authors report on methods for generating artificial 
fluid inclusions in hydrothermally grown synthetic gem 
materials. Studying these inclusions and their formation 
conditions offers valuable insight into the mechanisms by 
which natural minerals form. Among the synthetic mate- 
rials studied were quartz, calcite, fluorite, and topaz. The 
various inclusions that formed (from both stimulated and 
spontaneous origin) and their characteristics are 
described. Inclusions of stimulated origin formed by 
drilling, sawing, fracturing, or etching the seed crystals 
under specific conditions to create vacuoles, then healing 
those vacuoles by various hydrothermal growth methods. 
Inclusions of spontaneous origin were formed from cavi- 
ties on the seed crystals that were preexisting, not inten- 
tionally induced. The study was able to mimic inclusions 
that naturally occur in quartz, calcite, fluorite, and topaz 
at high temperatures and pressures in aqueous-hydrocar- 


bon fluids. JS-S 
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TREATMENTS 


High pressure high temperature treatment of diamonds— 
A review of the patent literature from five decades 
(1960-2009). K. Schmetzer, Journal of Gemmology, 
Vol. 32, No. 1-4, 2010, pp. 52-65, plus 14 supple- 
mentary pages of appendices. 

Although color treatment of diamonds by HPHT anneal- 
ing was first recognized by scientists in the 1960s, its late- 
1990s introduction to the gem trade, and the gemological 
challenges of detecting this method, have caused great 
concern in the jewelry industry. Claims in patent docu- 
ments from the U.S. and elsewhere describe several 
changes in color-causing optical defects in the diamond 
lattice that can be achieved by annealing under high tem- 
perature and pressure conditions (with a separate irradia- 
tion procedure in some cases): 


1. Diffusion of boron to create a thin blue, electrically 
conductive layer on the diamond surface; similar 
experiments using aluminum seemed to “whiten” the 
diamond. 

2. Removal of brown coloration from type Ila diamonds 
to render them colorless. 

3. Alteration of the brown color in type II diamonds to 
induce either a reddish pink or a blue color. 

4. Alteration of the brown color in type Ia diamonds to 
create green, yellow-green, or yellow colors. 

5. Alteration of the brown color in type Ib diamonds to 
create a yellow color. 


Specific patents and applications (available online) are 
cited for each of these changes, along with the annealing 
parameters and the resulting changes in diamond color 
and other physical properties. Some discrepancies and 
inconsistencies exist among the claims made in these 
patent documents, which involve separate research 
groups using different HPHT equipment and treatment 
conditions. Some explanation is given for the alterations 
in optical defects that change a diamond's color. 

JES 


MISCELLANEOUS 


Beyond the “crisis of youth”? Mining, farming, and civil 
society in post-war Sierra Leone. R. Fanthorpe 
[rf2.1@sussex.ac.uk] and R. Maconachie, African 
Affairs, Vol. 109, No. 435, 2010, pp. 251-272. 

Many youths in postwar Sierra Leone have formed cooper- 

atives to engage in economic activities such as selling 

music cassette tapes. Yet efforts to organize diamond min- 
ing cooperatives have come into conflict with large corpo- 
rations, most of them allied with local chiefs who have 
jurisdiction in the areas. These companies have increasing- 
ly turned to mechanization, which aggravates the youth 
unemployment problem. Nevertheless, some young peo- 
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ple are finding opportunities farming arable land adjacent 
to the diamond mines. RS 


Environmental stewardship in gemstone mining: Quo 
vadis? L. Cartier [laurent.cartier@unibas.chl, 
InColor, No. 15, Fall/Winter 2010, pp. 12-19. 

This article explores some of the complex relationships 

between gems and the ecologies from which they are 

extracted. Although a number of large- and medium-scale 
companies are involved in colored stone mining, artisanal 
miners represent 80% of the extraction efforts. Protecting 
vulnerable ecologies is difficult when artisanal miners do 
not share the same sense of environmental responsibility 
as local people who depend on the viability of the land. 

Just as often, regulation and other government support for 

sustainability is limited or nonexistent. 

The author argues that all gem industry stakeholders, 
including government agencies and consumers, must 
examine and assume responsibility for the social, eco- 
nomic, regulatory, and environmental interrelationships 
that constitute a sustainable approach to gem mining. 
The core sustainability question is this: Has the extrac- 
tion left a viable physical and social environment that can 
support livelihoods in the long term once mining has 
ceased? 

The author provides an excellent table summarizing 
major environmental challenges associated with gem 
mining. He specifies six domains (water, soil, air, 
flora/fauna, human, and landscape), with 18 potential 
long-term consequences of mining and, most important- 
ly, mitigation strategies. The article also discusses some 
of the cultural, economic, and institutional variables that 
undergird the continued lack of progress. 

Twelve general recommendations to support responsi- 
ble environmental stewardship and sustainability are 
offered. These include cost-effective regulatory mecha- 
nisms adapted to local realities, training, incentives, and 
practical assistance in cleaner production methods and 
the reclamation of mining sites. 

ERB 


The geoheritage significance of crystals. M. Brocx [geo- 
heritage@iinet.net.au] and V. Semeniuk, Geology 
Today, Vol. 26, No. 6, Nov.-Dec. 2010, pp. 216-225. 

Earth can be considered a crystalline planet, with thou- 
sands of ubiquitous mineral varieties occurring in diverse 
environments. Like larger geologic formations, these crys- 
tals are significant in deciphering the earth’s history. This 
article discusses how specific crystals are of geoheritage 
significance. 

The principles of geoconservation and geoheritage as 
applied to geologic sites are reviewed in detail. The article 
also suggests that some crystals, because of their distinc- 
tive attributes (size, rarity, inclusions, etc.) or location on 
Earth should be afforded geoheritage status, worthy of 
protection through geoconservation. Eight of the 15 sig- 
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nificant geologic phenomena used to identify geoheritage 
and geoconservation significance apply to crystals and 
minerals. 

The author illustrates a range of 18 internal features 
and nine crystal settings and features (e.g., veins, geodes, 
euhedrality, large cavities, and caves). An extensive table 
of notable crystal and mineral sites worldwide and their 
significance is provided. It includes amethyst-bearing 
geodes, well-formed dravite and elbaite tourmaline crys- 
tals, gypsum crystals in Mexico and Spain, zircon crystals 
of Jack Hills in Australia (the oldest crystals on Earth), 
well-formed pyrite in Spain, and Iceland spar. 

ERB 


Has clarity been brought to the diamond sector? A survey 
into AML and TF risk mitigation by diamond 
traders and their financiers. M. van Dijck 
[marten.van.dijck@nl.abnamro.com], Crime, Law 
and Social Change, Vol. 52, No. 5, 2009, pp. 74-93. 

This article examines the complex legal, social, and politi- 

cal forces affecting the world diamond industry and the 

various measures taken during the past decade, such as the 

Kimberley Process and financial regulatory legislation, in 

anti-money laundering and countering the financing of ter- 

rorism. The author notes that while the diamond industry 
is largely clean of such illegal activities, its lack of trans- 
parency does make it a potential vehicle for money laun- 
dering and terror finance. Because the industry is so depen- 
dent on bank credit, financial institutions have assumed 
the role of forcing it into compliance with international 
laws. RS 


A “Kimberley protest”: Diamond mining, export sanc- 
tions, and poverty in Akwatia, Ghana. G. Hilson 
[g.m.hilson@reading.ac.uk] and M. J. Clifford, 
African Affairs, Vol. 109, No. 436, 2010, pp. 
431-450. 

While the Kimberley Process has been reasonably effective 

in controlling illicit mining and trading of rough dia- 

monds, it does not always take into account local dynam- 
ics, which can lead to counterproductive sanctions. The 

Kimberley Process enacted sanctions against Ghana in 

2006 because its government could not account for an 

increase in rough diamond exports since 2000. Some ana- 

lysts had attributed the increase to smuggling from neigh- 
boring Ivory Coast, which was (and remains) in the midst 
of a civil conflict. However, the vast majority of the 
increase in rough diamond exports came from informal 
diggings in Akwatia, the country’s main diamondiferous 
area, but outside the traditional mining concession set up 
years earlier by Ghana Consolidated Diamonds. The gov- 
ernment kept poor records of such stones, even though the 
buyers had purchased and exported the stones legally. The 
ensuing temporary embargo on Ghana’s diamonds in 

2006-2007 created a great deal of hardship in the country’s 

diamond industry. RS 
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Sierra Leone’s illicit diamonds: The challenges and the 
way forward. S. A. Wilson [wilsonsi@msu.edu], 
GeoJournal, DOI 10.1007/s10708-009-9321-6, 2009, 
22 pp. 

Dating back to its colonial era, Sierra Leone’s widely scat- 

tered alluvial diamond deposits have created huge challenges 

for authorities to bring about full legitimacy. The deposits 
are in remote locations, far removed from any government 
center, attracting local and international buyers who smug- 
gle rough out of the country or bribe officials to avoid paying 
mining license fees, rents on concessions, and customs 
duties. These issues became particularly acute during the 
country’s civil war of the 1990s and remain troublesome 
today. Cooperative efforts to bring international buyers into 
producing areas to buy directly from miners increase the 
likelihood of legal compliance, providing a higher return to 
the government from taxes and allowing miners to realize 
better prices for their diamonds. RS 


Tanzanite as a conflict gem: Certifying a secure commod- 
ity chain in Tanzania. R. A. Schroeder [rschroed@ 
rci.rutgers.edu], Geoforum, Vol. 41, No. 1, 2010, pp. 
56-65. 


The author recounts the efforts by tanzanite miners to 
counteract negativity publicity following a 2001 Wall 
Street Journal article that alleged the gem was being sold to 
finance terror. While the allegations were soon disproved, 
conflicts between artisanal miners and the large South 
African mining company Afgem (now TanzaniteOne), as 
well as conditions in the artisanal workings, created ongo- 
ing public relations problems. In response, Afgem branded 
itself as an ethical miner. Doing so, however, brought 
unexpected scrutiny upon the firm. The supply-chain 
accountability requirements of the U.S. PATRIOT Act 
forced all suppliers to comply with minimum standards, 
requiring Afgem to rebrand itself once again. 

RS 
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A MARKETPLACE OF NEW IDEAS 


SYSTEMATIC DIAMOND DESCRIPTIONS 
FOR USE IN GEOLOGY AND 
EXPLORATION 


Julie A. Klettke (klettke@src.sk.ca) 
Saskatchewan Research Council, Saskatoon, Saskatchewan, 
Canada 


Diamond crystal descriptions are used by dealers, cutters, 
physicists, and geologists. Yet each discipline has different 
needs and applications, and no coherent classification scheme 
exists. Researchers such as Orlov, Harris, Gurney, Robinson, 
Afanasiev, and Spetsius have published valuable works that 
describe diamond crystals, but objective comparison between 
terminologies is often elusive. For the purpose of geologic 
study, exploration, and resource evaluation, an industry-wide 
classification scheme is proposed. 

As one of the few commercial diamond recovery laborato- 
ries in the world, the Saskatchewan Research Council 
Geoanalytical Laboratories Diamond Services (SRC-GLDS) 
has worked with various sectors of the industry. SRC-GLDS 
has implemented the proposed scheme into its diamond analy- 
sis and received substantial positive feedback. A trained geolo- 
gist, gemologist, or mineralogist can use this system to generate 
a complete description of diamond crystals, thereby producing 
consistent and objective raw data. 

The diamond classification scheme calls for observation 
and qualitative determination of the following criteria: color, 
clarity, inclusions, crystal shape, surface features, and descrip- 
tors. Color is broken down into seven groups based on satura- 
tion. Clarity is represented by three degrees of light transmis- 
sion. Inclusions are divided into five categories, ranging from 
absent to heavily included. Diamond morphology has been 
narrowed down to eight primary and secondary crystal shapes 
for easy reference. Resorption of the octahedron is compared 
to the visual standards devised by Robinson (1979). Surface 
characteristics that affect the stone’s overall appearance are 
placed into nine categories. Last, six descriptors are provided 
for other common features, such as twinning and breakage. 

This systematic diamond crystal description scheme is sup- 
ported by qualitative standards referenced through the use of 
photographs and charts; it also incorporates detailed discus- 
sion to aid classification. Analysis of the data produced can be 
used to aid geologic study and resource evaluation of diamond 
deposits. SRC-GLDS’s goal is to create international consensus 
for this classification scheme within an enigmatic industry. 
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USING A CONCRETE MIXER TO SORT 
GEM-BEARING GRAVELS FOR ARTISANAL 
AND SMALL-SCALE MINING 
Rouay Limsuwan (worldgemcorouay@hotmail.com) and 
Takehiro Sakimoto 


World Gemstone Exploration and Mining Consultant Co. Ltd., 
Bangkok 


An inexpensive concrete mixer can easily be converted into a wash- 
ing and sorting machine for gem-bearing gravels. The inside of the 
mixer is fitted with a cylindrical steel cage (40 cm in diameter and 
80 cm long) that functions as a trommel. The cage can have a mesh 
size of 1 inch (2.5 cm) or any other desired size. This changeable 
steel cage is installed inside the concrete mixer body by connecting 
it with bolts to the base and side walls. Around the curved area 
toward the bottom of the mixer, openings of suitable size are cut 
and covered with sieves that are bolted to the surface. Therefore, 
sieves of various sizes can be changed quickly as needed. 

To operate the machine, the trommel is filled with gem-bearing 
gravels and the mixer is spun at an angle of ~20—45°. The angle and 


Lid 


Concrete mixer 


Cylindrical steel cage 


This diagram shows a concrete mixer fitted with a cylindrical steel cage 
that functions as a trommel. 


rotational speed are adjusted for maximum efficiency. A small water 
pump sends high-pressure spray through a % inch nozzle into the 
rotating trommel. After a few minutes, once the water flowing out 
of the mixer is clean, the washing and sorting is complete. The 
coarse-grained materials are trapped inside the trommel, while the 
medium-grained pebbles and gravels are left in the bottom of the 
mixer. The fine-grained sand, silt, and clay are eliminated with the 
washing slurry through sieves. The coarse and medium-sized mate- 
rial can then be easily collected and processed by hand-picking. 

The thick body of the mixer is sturdy enough to handle the 
hard work of sizing stream sediments, and the machine can be con- 
veniently moved between various mining sites. With this device, 
artisanal and small-scale miners can bring more product to market. 
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PETROGENESIS OF THE LI-BEARING 
STEWART PEGMATITE, PALA, CALIFORNIA 


Douglas Morton (douglasmmorton@gmail.com)', Blue 
Sheppard?, Cin-Ty Lee?, Dave Kimbrough‘, Byron Berger®, 
Robert Fleck®, Ronald Kistler®, William Benzel®, Lawrence 
Snee’, and Krishangi Groover* 

1U.S. Geological Survey and University of California, Riverside, 
California; 7Gems of Pala, Pala, California; 3Rice University, Houston, 
Texas; “San Diego State University, California; 5U.S. Geological 
Survey, Denver, Colorado; °U.S. Geological Survey, Menlo Park, 
California; 7Global Gems and Geology, Denver, Colorado 


A study is underway to unravel the petrogenesis of the gem- and 
lichium-bearing Stewart pegmatite in Pala, California, which is a 
source of pink tourmaline and other gems. Prevailing concerns 
include: (1) the relationship between the host gabbro and the 
pegmatite, (2) the age of the gabbro and the pegmatite, (3) the 
source and nature of the pegmatite-forming material, (4) the tem- 
perature and pressure of pegmatite crystallization, and (5) the 
duration of pegmatite formation. 

The host gabbro and the Stewart pegmatite have initial 
87Sr/%°Sr ratios of 0.7037 and 0.7040, respectively, consistent with a 
common origin. The Sycamore Flats olivine gabbro, a small-scale 
analog of the Pala gabbro, contains 48% SiO, and minor micropeg- 
matitic stringers in its center with 77% SiO,,. The micropegmatites 
setting indicates they were derived from the gabbro magma as 
immiscible components. Findings show that the micropegmatites 
formed from a gaseous fluid, not a silicate melt. 

We interpret that the Stewart pegmatite was derived from an 
immiscible gaseous fluid derived from the crystallizing gabbro. 
The U/Pb age of zircon from the Pala gabbro is 103 Ma, while 
the “°Ar/Ar age of Stewart muscovite is 100 Ma; adjusting for 
the temperature of Ar retention in muscovite, the gabbro and 
pegmatite are the same age. 

After pegmatite emplacement, volatiles rose within the peg- 
matite, making the footwall cooler than the solidus and forming 
the aplitic-textured footwall. After most of the pegmatite had 
crystallized, pegmatite formation continued as gaseous fluids 
moved up from the core zone, autometasomatically replacing the 
earlier-formed pegmatite. The metasomatic pegmatite formed 
upward-tapering “chimneys.” The outer portions of the chimneys 
consist of albite, quartz, muscovite, and perthite, while their cores 
are largely albite-containing, gem-bearing miarolitic cavities. 

Tourmaline in the chimneys systematically crystallized as 
schorl in the uppermost part of the chimney, followed by 
green/blue elbaite in upper miarolitic cavities, pink elbaite and 
morganite in intermediate cavities, and finally pink elbaite and 
kunzite in the lowest cavities. The Li-rich core zone, which is 
devoid of miarolitic cavities, consists of albite, petalite, heulandite, 
lepidolite, frozen elbaite, amblygonite, and frozen laths composed 
of petalite, spodumene, heulandite, stilbite, and tridymite. 
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A STUDY OF RUBY ON PAINITE 
FROM THE MOGOK STONE TRACT 


Andy Nissinboim and George E. Harlow 
(gharlow@amnh.org) 
American Museum of Natural History, New York 


Rubies from the Mogok Stone Tract in Myanmar are among the 
finest on Earth. Although the marble source in the Mogok meta- 
morphic belt is well established, the process of ruby formation has 
been a subject of much debate. Iyer (1953) attributed this process, 
and that of spinel, to metamorphism of the aluminous compo- 
nent in the carbonate sediment. Giibelin (1965) proposed a 
pneumatolytic interaction of granitic liquids with the marble. 
Garnier (2003) and Giuliani et al. (2007) hypothesized that 
ultra-saline hydrous fluids from evaporitic components of the 
sediments scavenged the silica to leave corundum through a meta- 
somatic reaction. On the basis of mineral associations (scapolite, 
cancrinite-group, moonstone, etc.) in some ruby specimens, 
Harlow (2001) argued that they formed similarly to a skarn. 

Our observations of ruby overgrowths on painite, 
CaZrBAl,O,,, 
timing of crystallization in the Mogok Stone Tract. At Wetloo, an 


have defined the mineral assemblages and relative 


abundance of painite was found at the contact of a pegmatite 
with marble. Two painite specimens with overgrowths of ruby 
were sectioned to permit textural and mineral examination with 
X-ray diffraction, electron microprobe, backscattered-electron 
imaging, and microscopic study. The painite crystals are actually 
clusters of parallel hexagonal prisms (rods), with an interstitial 
mixture of zircon + ruby and foitite + zircon. Coronal over- 
growths on painite and vermicular intergrowths indicate a second 
generation of foitite, plus new margarite, zircon, and srilankite. 
Corundum is in intimate contact with foitite and some zircon. 

We propose that painite formed from a skarn reaction ofa Zr- 
rich pegmatitic fluid with marble. A subsequent fluid led to a 
reaction of painite to zircon + foitite + margarite + srilankite, 
though perhaps not in a single stage, as evidenced by the differ- 
ences in silica activity observed in the concurrent phases. The 
intergrowths and overgrowths of corundum suggest a coeval to 
late fluid-carbonate reaction; alumina and Cr are at least partially 
sourced from painite. Clearly, both textures and phase assem- 
blages indicate reaction relationships for the formation of corun- 
dum with painite. U-Pb dating of Wetloo zircon yielded 16 + 0.5 
Ma (Thu, 2007), indicating they are younger than the 18.7-17.1 
Ma (both + 0.2 Ma) age of other Mogok ruby associations 
reported by Garnier et al. (2006). For Mogok ruby, multiple ages 
and mechanisms of formation must be considered. 
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GEMSTONES FROM MEXICO—A REVIEW 


Mikhail Ostrooumov (ostroum@umich.mx) 
University of Michoacan, Morelia, Mexico 


Nature endowed Mexico with enormous metallic and nonmetal- 
lic mineral resources. But despite extensive research, scientists still 
have not properly explored the Mexican territory from a miner- 
alogic or especially a gemological point of view (Victoria, 1998; 
Ostrooumovy, 2001). Moreover, some gemologists have consid- 
ered it an insignificant source of gem materials. Unfortunately, 
there have been relatively few publications dedicated to the evalu- 
ation and characterization of Mexican gem deposits, while those 
reports that have been published are often confusing and even 
contradictory. 

The most economically important gems produced in 
Mexico today are volcanic opals, with or without play-of-color, 
from the states of Jalisco and Querétaro. The color and crystal 
chemistry of these volcanic opals were investigated recently 
(Ostrooumoy, 2007a,b). Other traditional gems and collector’s 
stones—such as moonstone, topaz, danburite, amethyst, fire 
agate, amber, turquoise, malachite, obsidian, “onyx” marble, 
pearl, and coral—are exploited on a limited scale. Tourmaline, 
sphene, peridot, and grossular and almandine are rare. Recently, 
the first Mexican amazonite was discovered in Chihuahua State, 
and the first jadeite-bearing pebbles were found in secondary 
deposits in the Vizcaino Peninsula of Baja California Sur. These 
finds demonstrate the importance of systematic research of the 
Mexican subsoil, which could lead to the discovery of other gem 
localities. 
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THE PEDERNEIRA PEGMATITE, MINAS GERAIS, 

BRAZIL: GEOLOGY AND GEM TOURMALINE 
Federico Pezzotta (fpezzotta@yahoo.com)', Ilaria Adamo?, 
Valeria Diella®, G. Diego Gatta?, and Rosa M. Danisi? 
‘Department of Mineralogy, Natural History Museum, Milan, Italy; 
7Department of Earth Sciences, University of Milan; “Istituto per la 


Dinamica dei Processi Ambientali, National Council of Research 
(CNR), Milan 


The Pederneira mine, located a few kilometers north of the 
famous Cruzeiro mine in the Sao José de Safira area of Minas 
Gerais, Brazil, produced an extraordinary quantity of gem tour- 
maline crystals from 1980 to 2006. In 2010, U.S.-based Fine 
Minerals International began a geologic prospecting and under- 


This gem-quality tourmaline crystal was recently produced from the 
Pederneira mine in Minas Gerais, Brazil. Photo by Marco Lorenzoni. 
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ground mining project to evaluate the deposit’s remaining poten- 
tial. The lead author has been involved in the geologic study of 
Pederneira and collected new data and representative samples of 
pegmatitic rocks, minerals in pockets, and tourmaline gem mate- 
rial. A complete gemological characterization of tourmaline from 
this locality was conducted in collaboration with the University 
of Milan and the National Council of Research in Milan. 

The Pederneira tourmaline deposit is characterized by two 
major pegmatitic bodies: a lower one miners call Dilo, and an 
upper one known as Dada. These two masses are roughly pris- 
matic in shape and dip steeply to the southwest. They are inter- 
connected, and bounded at the top and bottom by subhorizontal 
barren pegmatitic dikes. The host rock is composed of biotite- 
and muscovite-bearing paragneiss, with quartz and plagioclase, 
and accessory garnet and tourmaline (dravite). Both pegmatites 
exceed 30 m in width. The Dilo pegmatite contains large enclaves 
of host rock. Large, spectacular gem-bearing pockets are distribut- 
ed along the core zone of both the Dilo and Dada pegmatites. 

Pederneira’s gem tourmaline is characterized by a wide variety 
of red-to-purple and green colors. Bicolored and “watermelon” 
crystals are common. Blue-green to grayish blue and blue colors 
are rarer, as is cat’s-eye material (red or green). The high-quality 
gem crystals in the pockets largely consist of second-generation 
“pencils” that grew into the cavity in the crystallographic direc- 
tion of the analogous pole (mostly pedial terminations) or the 
antilogous pole (mostly pyramidal terminations). Microprobe 
analyses of the gem material revealed compositions in the elbaite 
field, with variable contents of fluorine and a high rossmanite 
component in some pink samples. Foitite was confined to dark 
green to black portions of the crystals. The only significant minor 
elements were iron and manganese. At present, the potential for 
future production is uncertain, and a significant investment in the 
mining of new exploration tunnels is in progress. 


BLUE “OPAL” (OR CRISTOBALITE?) FROM 
RIO GRANDE DO SUL, BRAZIL 


Jurgen Schnellrath (jurgen@cetem.gov.br)', Hélio S. 
Amorim?, Pedro L. Juchem?, Tania Mara M. Brum3, and 
Roberto Salvador D. Miceli! 

‘Laboratorio de Gemologia, Centro de Tecnologia Mineral (CETEM), 
Rio de Janeiro; *Laboratory of Crystallography and X-Rays, 
Universidade Federal do Rio de Janeiro; Universidade Federal do 
Rio Grande do Sul, Porto Alegre, Brazil 


Rio Grande do Sul is well known for its huge agate and amethyst 
geode deposits in volcanic rocks. Various colors of opal are also 
associated with these deposits, especially in areas near the main 
agate production center of Salto do Jacui. The opal is usually 
found within geodes in alternating layers with chalcedony, cement- 
ing breccias, or irregularly deposited along fractures and ancient 
lava flow structures. The degree of crystallinity varies considerably, 
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from highly disordered opal-CT to well-ordered opal-C. 

This work focused on some blue “opals” that occur in the 
region. They have greater refractive index (1.475) and specific 
gravity (2.25) values than those reported for pure Brazilian opal 
and other opal occurrences worldwide. Their X-ray diffraction 
pattern presents all the characteristics of a pure cristobalite spec- 
trum, with a very intense and narrow peak at 4.04 Awith a full 
width at half maximum (FWHM) of only 0.036 A. The Raman 
spectrum also shows the typical features of pure cristobalite, with 
peaks at 419, 232, and 114 cm™!. The main Raman peak has a 
FWHMas lowas 23 cm“!. Furthermore, thermogravimetric stud- 
ies revealed a transition from «- to @-cristobalite at 266°C. This 
transition was confirmed by recording X-ray spectra while slowly 
heating the material from room temperature to 300 °C. The final 
result of heating true opal should always be a-cristobalite. 

We therefore consider this gem material cristobalite. 
Thermogravimetric analysis can be used as an additional tool to 
distinguish it from opal-C samples with very high RIs and SGs. 
Although the material's values still lie below those listed for cristo- 
balite, lower values are to be expected for a porous aggregate that 
contains water and/or air in its voids. Indeed, this cristobalite 
contains nearly 2% water that is released from the pores at very 
low temperatures (39°C), causing it to destabilize and whiten if 
exposed to heat or dry air for extended durations. We also had the 
opportunity to analyze a very similar blue “opal” from Oregon. 
Our results suggest it is identical to the cristobalite material 
described in this work. 


RECENT TRENDS IN WORLD 
COLORED GEM PRODUCTION 


Thomas R. Yager (tyager@usgs.gov) 
U.S. Geological Survey, Reston, Virginia 


The US. Geological Survey publishes world production figures 
for more than 80 mineral commodities annually. Colored stone 
production, unlike that of diamond, is inherently difficult to esti- 
mate because of the fragmentary and commonly informal nature 
of the industry, the lack of government oversight in many of the 
source countries, and the wide quality variations for each gem 
material. For these reasons, world production figures for colored 
stones were not published by the USGS until 2008. Concerns 
over the misuse of diamonds and possibly other gems to fund civil 
wars and terrorism have led the USGS to reexamine colored 
stone production in detail. Based on government data, company 
reports, and a review of the colored stone mining literature, the 
agency has estimated global production of amethyst, emerald, 
ruby, sapphire, and tanzanite for the years 1995 to 2008, and for 
alexandrite from 2001 to 2008. 

From 1995 to 2005, Colombia was the world’ leading emerald 
supplier, accounting for about half of global production by volume. 
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Bombarded 


Diamonds 


by 


MARTIN L. EHRMANN 


The increasing number of green dia- 
monds appearing on the market is arousing 
the curiosity of jewelers and gem dealers 
throughout the country. Since there is 
much controversy regarding the origin of 
such stones, a factual account of the writer’s 
experience with green diamonds seems most 
timely. 

It is known that diamonds have turned 
green after being treated by direct contact 
with radium. For the past thirty-five years, 
such stones have come on the market and 
have brought large sums. However, the 
radio activity, of these stones may cause harm 
to the wearers. 

When, in 1940, a green diamond weigh- 
ing approximately fourteen carats and repre- 
sented as a natural green diamond was 
brought to the writer’s attention, it was 
viewed with great scepticism. 

During a period of eight months, this 
gteen diamond was subjected to every possi- 
ble test.and was shown to leading authori- 
ties in the field. However, at the end of 
that time, it could not positively be stated 
that it was a natural green diamond. The 
only certainty established was that it was 
not a radium treated stone. 

Dr. Roy Chapman Andrews, the Director 
of the American Museum of Natural His- 
tory at the time, was very much intrigued 
by this diamond and wanted to acquire it 
for the Museum. Barbara Hutton, then 
Princess Mdvani, was interested in pur- 


chasing an unusual gem to give to the 
Museum, and Dr. Andrews made atrange- 
ments for her to see the stone. She was 
told about all the tests made on it. She 
was also informed that, in spite of all the 
positive tests, there was a doubt of its abso- 
lute authenticity of color. No guarantee 
was given to her that it was a natural 
green stone. Under these circumstances, 
with a doubt of the authenticity of its color, 
the Princess decided against purchasing the 
stone for the Museum. 

About the same time, several smaller 
green diamonds were appearing on the 
market, but none of them could be traced 
back to the original source. Upon being 
tested, some of these stones proved to be 
radium treated; others gave the same results 
as the large fourteen carat stone. Slowly 
a rumor began circulating that diamonds 
had been treated by the cyclotron and had 
turned green successfully. 

In those days the only operating cyclo- 
tron was at the University of California at 
Berkeley. Upon checking there, it was 
learned that the cyclotron had never been 
used in any diamond experiments. The final 
conclusion was that the only test for this 
fourteen carat green diamond was to re-cut 
it, which the owner absolutely refused to 
permit even with the assurance of payment 
for any loss of weight. 

The writer could not get green diamonds 
out of his mind and decided to do some- 
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TABLE 1. World emerald production (1996-2008). 


Country 1996 1999 2002 2005 2008 
Brazil® 1,300 460 700 1,500 2,500 
Colombia’ 2,300 2,100 1,800 1,700 570 
Russia — _— 800 618 270 
Zambia 570° 445 1,860 1,100° 1,800 
Zimbabwe 108 21 33 20° _ 
Other? 25 29 118 135 pial 
Total® 4,300 8,100 5,300 5,100 5,300 


@ Values in kg. Sources: U.S. Geological Survey Minerals Yearbook, 
company reports, and unpublished data. 
» Estimated; data are rounded to no more than three significant digits. 


By 2008, Colombia ranked third in volume, behind Brazil and 
Zambia. Russia resumed emerald mining in 2001 with the reopen- 
ing of the Malysheva mine, which shut down again in 2008. 

Ruby production in Madagascar and Myanmar appears to 
have declined in recent years. Tanzania’s output likely rose in 
2008 with the discovery of the Winza deposits. Ruby mining also 
seems to have increased in Pakistan and Tajikistan, and to have 
resumed in Malawi. Greenland and Mozambique, meanwhile, 
have emerged as new ruby sources. 

World sapphire production likely declined in recent years, 
with diminished output from Afghanistan, Australia, China, 
Madagascar, Myanmar, Nepal, and Sri Lanka. In Australia, large- 
scale mining operations either shut down or scaled back because 
of high production costs. Madagascar’s output declined with the 
depletion of near-surface deposits at Ilakaka and Sakaraha, as well 
as the 2008-2009 ban on rough gem exports. 

Bolivia, Brazil, Uruguay, and Zambia appear to be the world’s 
leading amethyst producers. Uruguayan production has increased 
in recent years. In Zambia, output from the Kariba mine peaked 
in 2007. 

India’s alexandrite production climbed in 2008 after the 
Vishakhapatnam mines reopened. Russian alexandrite enjoyed a 
resurgence from 2001 to 2008, with the reopening of the 
Malysheva mine. 


COLORED STONE AND PEARL 
IDENTIFICATION 


SPECTRAL CORRELATION OF 
MANGANESE AND IRON IN 
TOURMALINES FROM MADAGASCAR 


Yong-Kil Ahn (ykahn@hanyang.ac.kr), Jin-Gyo Seo, and 
Jong-Wan Park 

Division of Materials Science and Engineering, Hanyang University, 
Seoul, Republic of Korea 
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Eighteen colored tourmalines (colorless, pink to yellow, green to 
blue, and brown) from Madagascar were studied using UV-Vis, 
FTIR, and wavelength-dispersive X-ray fluorescence spec- 
troscopy. The samples had been irradiated and/or heat-treated. 
Most had prominent amounts of Mn and/or Fe, which were 
responsible for the different colors. The green to blue samples 
contained distinctly higher Fe contents, while the lowest Mn con- 
tents were detected in the pink to yellow samples. The brown 
samples had significant Mn and ~3 wt.% Fe. 

UV-Vis spectroscopy of the pink tourmalines showed broad 
absorptions in the vicinity of 510 and 530 nm due to Mn**, but 
these bands were absent from the colorless tourmaline. After the 
pale pink and colorless tourmalines were irradiated with an ener- 
gy of 10 MeV and a dose of 2 x 10” electrons/cm? for one hour, 
they changed to red and yellow, respectively. Greenish blue tour- 
malines exhibited absorption maxima in the 710-740 nm region 
attributed to Fe** (no Cu’* absorptions were detected). Brown 
tourmalines showed absorption bands at 410 and 710 nm that 
resulted from Mn?* and Fe’*, respectively. Thus, the brown color 
was produced by a combination of the two absorption bands. 


Mn AND Fe CONCENTRATIONS 
OF VARIOUS COLORS OF TOURMALINE 
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This plot shows the Mn and Fe contents of tourmalines of various colors. 


If Mn occurs as Mn”, the tourmaline will appear very pale 
pink or colorless because the d° configuration does not have spin- 
allowed transitions. Therefore, Mn?* is not a significant chro- 
mophore in tourmaline. When the pale pink tourmaline was irra- 
diated by electrons, a strong absorption band, apparently due to 
Mn**, appeared in the vicinity of 510 nm. The dé configuration 
of Mn+* has been assigned to absorption bands at 390 and 510 
nm as ‘d-d’ transitions of °E—>°A, and °B,—>°A,, respectively 
(Marly and Sandao, 1988). In the FTIR spectra, a combination of 
stretching and bending modes of cationic units (MOH, where M 
may be Al, Mg, Fe, Mn, etc.) was observed in the 4600-4300 
cm! range (Reddy et al., 2007). 
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CHINESE FRESHWATER CULTURED PEARLS 
WITH EXOTIC METALLIC COLORS 
Blaire Beavers (gemgeek@netscape.com)' and Jeremy 
Shepherd? 


‘Designs by Blaire, San Diego; 7PearlParadise.com Inc., 
Los Angeles 


First seen occasionally in multicolored strands, metallic cultured 
pearls have steadily become more common over the last five years. 
Entire strands of these exotic cultured pearls are now readily avail- 
able in lower grades in 6-12 mm sizes. Exceptionally high-grade 
goods are more difficult to come by, but they are available 
through special collaboration with producers. 

Exotic-colored metallic cultured pearls initially aroused suspi- 
cion that their color and mirror-like surface was the product of 
human intervention. Upon investigation, this has not been the 
case. There are only a small number of these cultured pearls avail- 
able, but they have been selling for the same price as standard- 
color tissue-nucleated products. They are regarded by processors 
as a nuisance in strand matching. 

Compared to the standard Chinese freshwater cultured pearl 
colors—white to “ivory,” “peach” to “apricot; and pink to laven- 
der—the metallic ones are easily recognized on close inspection. 


Pink sapphires and diamonds complement the exotic color in this 
metallic cultured pearl ring by Takayas Mizuno. The cultured pearls 
in this photo are 8-10 mm. Photo by B. Beavers. 
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They may glisten on the surface as if coated in “aurora borealis” (a 
commercial coating intended to mimic the natural phenomenon 
of colorful lights displayed in the polar sky), or they may have a 
purely metallic look. 

Called strange-color by the Chinese, the pink-green-“bronze” 
color is the rarest of the exotic colors of these metallic cultured 
pearls. Other unusual colors, such as green, purple, and rarely, 
blue may be seen. Many of the better baroque cultured pearls have 
a strong orient that appears to float on the surface. As more of 
these beautiful cultured pearls are used by designers and con- 
sumer awareness grows, producers are sure to hand-select them as 
premium goods. 


NATURAL NON-NACREOUS PEARLS FROM 
THE GIANT CLAM TRIDACNA GIGAS 


David Bidwell (david.bidwell@eglusa.com)', Nick DelRe?, 
Annette Widemann?, and Marina Epelboym 

'Gem Pro, New Rochelle, New York; 7European Gemological 
Laboratory (EGL) USA, New York 


Non-nacreous pearls from the giant clam Tridacna gigas are an 
often overlooked curiosity in the mollusk realm. Although these 
specimens are natural, their typically baroque shape keeps them in 
the shadows of their more attractive nacreous and non-nacreous 
counterparts. 

Known in folklore as the “giant killer clam? these mollusks 
have been documented to measure more than four feet across and 
weigh more than 200 kg. Inhabiting the Indo-Pacific waters, these 
living jewels display a variety of colors. In death, they become jew- 
els of a different sort. Demand for the giant clam’s meat and orna- 
mental shell has led to overharvesting, and they are now one of 
the most endangered clam species. This has prompted conserva- 
tionists to protect the mollusk through nurseries, aquaculture 
programs, and import restrictions on giant clam products. Noted 
guidelines have been formalized by CITES (Convention on 
International Trade in Endangered Species of wild flora and 
fauna). These restrictions have also made it more difficult for 
gemologists to obtain specimens for in-depth documentation. 
Particularly rare are the large blister and loose pearls produced by 
some giant clams. Of historical note are the Pearl of Allah, the 
Pearl of Elias, and the Palawan Princess. 

The authors recently examined the 2.27 kg Palawan Princess, 
as well as more than 40 smaller pearls from Tridacna gigas and 
other species from the same genus. The weights ranged from <1 
to 72 ct, and sizes ranged from 5.95-5.97 x 3.04 mm to 26.10 x 
22.84 x 16.63 mm. Shapes were variable, from symmetrical to 
baroque, with some being worked. Colors ranged from white to 
off-white, some being brownish and yellowish; two were an 
unusual orange color. Physical, chemical, and optical properties 
were obtained from standard gemological testing (RI, SG, surface 
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textures, etc.) and from UV-Vis, Raman, FTIR, and EDXRF 
spectroscopy. Surface luster was porcelaneous, waxy, or matte, and 
the silky flame-like structure observed was variable (none to quite 
strong). RI and SG were standard for Tridacna. One worked 
specimen turned out to be crafted from Tridacna shell. UV-Vis, 
Raman, FTIR, and EDXRF spectroscopic features were consis- 
tent with the coloration and carbonate material of the non-nacre- 
ous pearls tested. 


APPLICATION OF DISCRIMINANT ANALYSIS 
IN GEMOLOGY: COUNTRY-OF-ORIGIN 
SEPARATION IN COLORED STONES AND 
DISTINGUISHING HPHT-TREATED DIAMONDS 


Troy Blodgett (tblodgett@gia.edu) and Andy Shen 
GIA, Carlsbad 


Country-of origin determination for corundum and Cu-bearing 
tourmaline is a service often sought by the trade. Inclusions and 
other features are unique to some localities, and microscopy can 
narrow down the geographic origin considerably. Trace-element 
chemistry is an integral part of this determination process and 
becomes critical when samples lack distinctive microscopic features. 

LA-ICP-MS analyses of the trace elements in ruby, sapphire, 
and Cu-bearing tourmaline samples from several deposits were 
used to measure subtle differences in the geologic environments 
represented, providing “fingerprints” of the source locality. Linear 
discriminant analysis is a statistical method related to both multi- 
variate analysis of variance and multiple regression. It considers all 
elements provided and uses Fisher’s linear model (Fisher, 1936) 
to place unknown samples into the most likely category of known 
groups. In addition to selecting the country of origin based on the 
highest discriminant score, we also superimposed each unknown 
sample’s scores for the two locations with the highest likelihood 
of occurrence onto a plot of previous scores for known samples. 
The plot provides a visual assessment of how closely an unknown 
sample fits a particular known group relative to another known 
group. Below isa list of samples and localities analyzed. 


e Ruby (522 samples): six elements (Mg, Ti, V, Cr, Fe, and 
Ga) and nine localities —Mong Hsu and Mogok (Myan- 
mar), Tajikistan, Lake Baringo (Kenya), Songea (Tanzania), 
Thailand, and undifferentiated deposits in Madagascar, 
Pakistan, and Vietnam. 


e Sapphire (407 samples): six elements (Mg, Ti, V, Cr, Fe, 
and Ga) and seven localities —Mogok, Kashmir, Andra- 
nondambo and Ilakaka (Madagascar), Sri Lanka, Songea 
(Tanzania), and Lam Dong (Vietnam). 


e Cwhearing tourmaline (336 samples): six elements (V, Cu, 


Zn, Ga, Sr, and Pb) and three localities—Brazil (including 
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LINEAR DISCRIMINANT ANALYSIS 
OF CU-BEARING TOURMALINE 


m@ Nigeria 
a Brazil 
m Unknown 


DISCRIMINANT BRAZIL 


DISCRIMINANT NIGERIA 


This plot illustrates how linear discriminant analysis can be used to 
determine the country of origin for Cu-bearing tourmaline. Here, an 
unknown sample falls within the discriminant field corresponding to 
Brazil; it will then be plotted in a diagram comparing Brazil and 
Mozambique. 


Paraiba and Rio Grande del Norte States), Nigeria, and 
Mozambique. 


In addition, we have begun applying the technique to peridot 
for the purpose of identifying the source of particular gems of 
archaeological significance. 

Discriminant analysis has also been useful in separating 
HPHT-treated from natural-color diamonds with photolumi- 
nescence spectroscopy. Numerous peak heights, full width at half 
maximum (FWHM) measurements, and peak areas were ana- 
lyzed. The absorption centers most useful for identifying HPHT- 
treated diamonds were at 503.2, 575, and 637 nm. 
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REMARKABLE GEMS ENCOUNTERED AT THE 
GEM TESTING LABORATORY, JAIPUR, INDIA 


Gagan Choudhary (gtl@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Since June 2010, several remarkable gems have passed through 
the Gem Testing Laboratory in Jaipur, India. 

Oriented needle-like inclusions were found in a flux-grown 
synthetic emerald. The needles appeared to be oriented along the 
prism faces; however, they intersected one another at approxi- 
mately 60°. This synthetic emerald also contained numerous bire- 
fringent and elongated colorless crystals showing a hexagonal pro- 
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These elongated birefringent colorless crystals with a hexagonal profile 
were seen in a flux-grown synthetic emerald. Photomicrograph by G. 
Choudhary; crossed polarizers, magnified 60x. 


file. In the absence of flux “fingerprints,” it could easily have been 
mistaken as natural. The specimen was conclusively identified as 
synthetic by its infrared spectrum, which did not display any 
water-related features. 

A green quartz contained “lily pad”—like inclusions. The pres- 
ence of color zones/planes perpendicular to the optic axis indicat- 
ed synthetic origin, which was confirmed by FTIR analysis. 

A dark bluish green serpentine was remarkable for its purple 
transmission in fiber-optic light. The 


SPECTROSCOPIC EXAMINATION OF 
COMMERCIALLY AVAILABLE QUARTZ VARIETIES: 
A GEMOLOGICAL PERSPECTIVE 
Gagan Choudhary (gtl@gjepcindia.com)' and Shyamala 
Fernandes? 


'Gem Testing Laboratory, Jaipur, India; “Indian Institute of 
Jewellery, Mumbai, and SF Gem Labs, Goa, India 


The lack of inclusions and visible growth features (color zoning) 
makes the separation of colorless natural and synthetic quartz quite 
challenging. Colorless quartz (rock crystal) can also be produced by 
heating other natural or synthetic quartz varieties, such as amethyst, 
citrine, smoky, green (prasiolite), and greenish yellow (lemon). 
Rock crystal is the purest variety of quartz, but it often contains 
Al* impurities for which the charge imbalance is compensated by a 
nearby interstitial alkali ion; this is a precursor for smoky quartz, 
which is produced by natural or artificial irradiation. Iron impuri- 
ties result in green (Fe**), yellow (Fe**), or violet (Fe**) colors. 
Infrared spectroscopy provides useful data for differentiating 
between natural and synthetic quartz, while also identifying the 
original color variety. In our study, the OH, ALOH/Li, Al-OH, 
Si-O/AIL-OH, and Si-O related bands at ~3593, 3480, 3379, 
3305, and 3198 cm”! consistently appeared in natural rock crystal, 
while the 3584, 3421, 3297, and 3198 cm” absorptions were pre- 


exact cause of the purple transmis- 
sion could not be determined, but it 
appeared to be the presence of 
minute particles arranged in planes. 
The specimen also displayed a strong 
absorption in the yellow-to-green 
region of the desk-model spectro- 
scope. 

Other interesting materials 
included a synthetic sapphire with 
natural-appearing milky zones, a fluo- 
rite with corundum-like color zones, 
and glass specimens with transparent 


included crystals. 


Changes in color are pro- 
duced by heating various col- 
ors of natural or synthetic 
quartz, as shown here for 
natural samples. 
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sent in synthetic rock crystal; the most important band for distin- 
guishing natural from synthetic material was at 3480 cm™!. IR data 
also help differentiate between natural and synthetic versions of 
other colored varieties and whether the color is natural or pro- 


duced by heating. 


IR AND UV-VIS SPECTROSCOPY OF GEM 
EMERALDS—A TOOL TO DIFFERENTIATE 
NATURAL AND SYNTHETIC STONES, 
AS WELL AS GEOGRAPHIC ORIGIN? 

Katrien de Corte (katrien.de.corte@hrdantwerp.be)! and 


Mathieu Van Meerbeeck? 
"HRD Antwerp, Belgium; "University of Ghent, Belgium 


Research on emerald’s characteristics and origins is of great impor- 
tance to the gem industry. We tested the usefulness of two spec- 
troscopic methods to (1) distinguish synthetic from natural emer- 
alds, (2) discriminate between the different provenances of natu- 
ral emeralds, and (3) identify the various types of synthetic emer- 
alds. Using UV-visible and Fourier-transform infrared spec- 
troscopy, we investigated 133 emeralds of natural or synthetic ori- 
gin and, for the natural stones, known provenance. Based on our 
spectroscopic observations, we were able to assign 78% of the 
emeralds to their proper origin. We identified every synthetic 
emerald and recognized all natural Colombian emeralds as well as 
all flux and hydrothermal synthetics. We also observed character- 
istic features in 86% of the Zambian emeralds. 


EXTREME CONOSCOPY 


Sylvia M. Gumpesberger (sgumpesberger@hotmail.com) 
George Brown College, Toronto, Canada 


Conoscopy is an important yet sometimes challenging gemologi- 
cal technique for locating and identifying interference figures in 
gem materials. Using fixed polarizing filters, combined with mini- 
and micro-sized transparent, colorless spheres singly and in multi- 
ple arrays, demonstrates: (1) typical uniaxial, uniaxial quartz 
“bull’s-eye” and biaxial conoscope images and their crystallo- 
graphic relationships; and (2) uniaxial versus bull’s-eye figures in 
Brazil law-twinned amethyst or ametrine. 

Preparation—Uniaxial: Stack two sticky-backed polarizing 
filter sheets in crossed-polar orientation with the glue sides facing 
each other. Place polished quartz and tourmaline slabs (looking 
down the optic axis) on the stacked filters and trace their outlines. 
Cut the traced shapes from the marked filters and peel the protec- 
tive plastic from the glue and non-glue sides. Next, fit and adhere 
the filters to opposite sides of each mineral slab, maintaining 
crossed-polar orientation. Each slab is now fixed with its own 
polariscope. 

Preparation—Biaxial: Locate one optic axis in a danburite 
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crystal by positioning it horizontally between crossed polars and 
rolling the horizontal crystal until a prism face exhibits interfer- 
ence colors. Adhere the fitted crossed-polarizing filters on this 
prism face and its opposite face. The danburite crystal is now also 
bound within a polariscope. 

Sphere Array: Line the bottom of a plastic Petri dish with 
mini- or micro-sized spheres. This is now a single-plane, multi- 
conoscope unit for unaided or magnified viewing. 

Process: Place the filter-bound specimens over a diffused 
white light source such as a pocket torch or light table. Interference 
colors will be evident. Alternately place larger individual spheres 
and the multi-sphere arrays over each specimen. Compare the vari- 
ous figures that appear in the spheres. This method is recommend- 
edas an adjunct to conventional conoscopy. 

The many advantages of fixing specimens in a polariscope 
include: (1) easy specimen manipulation for better observation; 
(2) connection of crystal orientation and optic axes; (3) simple 
determination of optic figures; (4) observation of Brazil-law twin- 
ning; (5) the potential to demonstrate right- or left-handed twin- 
ning in quartz (with the use of retardation plates); and (6) relative 
ease of capturing photographic and video images of interference 
figures. Larger sizes of strained spheres (glass, plastic, or Biogel) 
that would normally exhibit notable strain within a polariscope 
show minimal strain outside the polariscope when used over the 
filter-bound specimens. 


An array of mini-sized spheres shows multiple uniaxial interference 
figures across the entire surface of the twinned amethyst slab on the left. 
The ametrine slab on the right exhibits typical uniaxial figures in 
Brazil law-twinned zones as well as uniaxial bull’s-eye figures in 
untwinned areas. Both types of figures are visible in the amethyst, 
showing that it can exhibit twinned and untwinned zones in the same 
crystal. Photo by S. M. Gumpesberger; specimens courtesy of the Royal 


Ontario Museum, Toronto, Canada. 
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DETERMINING THE CHEMICAL COMPOSITION 
OF GARNETS USING RAMAN SPECTROSCOPY 


Rachel R. Henderson (rachelreneehenderson@gmail.com)', 
Robert T. Downs’, and Jennifer La Sure? 

‘Department of Color Science, Rochester Institute of Technology, 
Rochester, New York; *Department of Geosciences, University of 
Arizona, Tucson 


Garnets are a group of minerals with diverse chemical composi- 
tions and a multifaceted impact on the geological and gemologi- 
cal sciences. Chemical composition is critical to the identity of a 
garnet’s species, such as andradite (demantoid), grossular (tsa- 
vorite), almandine, pyrope, or spessartine. Garnet composition is 
typically determined using an electron microprobe or mass spec- 
trometer. In recent decades nondestructive Raman spectroscopy 
has been used to identify crystalline materials by observing their 
vibrational modes. Forty garnets, representing all six major 
species, taken from RRUFF project samples (http://rruff-.info), 
were analyzed to develop a technique that correlates the Raman 
modes of a garnet with its chemical composition. Chemistry was 
determined by electron microprobe, and Raman spectra were 
measured using a Thermo Nicolet Almega microRaman system 
or an open-access, custom-built Raman instrument. A correlation 
matrix was created to correlate the shifts in Raman peak position 
with changes in chemical composition. 

This approach can characterize garnet samples with 15 chem- 
ical compositional variations using six Raman modes. The 
method was accurate to within 3% of the electron microprobe 
calculation of bulk chemical composition, and it correctly identi- 
fied all species of garnet. This technique makes it possible to 
determine the chemical composition of garnets nondestructively 
and relatively inexpensively, and made the identification of garnet 
group species much faster and easier than with the use of micro- 
probe analysis. 


CIRCLE AND SPOT FORMATION MECHANISMS 
AND CHANGES IN LUSTER, COLOR, 

AND ROUNDNESS OF CULTURED PEARLS 

BY GRAFTING METHODS IN 

PINCTADA MARGARITIFERA 


Masahiro Ito (hiroito@mail.fm) 
College of Micronesia Land Grant Program, Pohnpei, Micronesia 


This study investigated factors affecting the quality of cultured 
pearls, such as circles, spots, and irregular shape, luster, and color. 
Some pearl mollusks show phenomena similar to circle and spot 
marks on the nacreous part of their inner shell, and changes in 
shape, luster, and color have been reported by pearl-grafting tech- 
nicians and farmers. Between 2006 and 2009, a total of 4,011 cul- 
tured pearls were examined for their quality, of which 828 with 
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circle marks were chosen for the experiments. As the pearl indus- 
try does not have a unified grading standard, the author adopted 
the GIA grading system. A GIA-educated pearl grading expert 
was employed to assess quality, and grafting operations were con- 
ducted by a highly regarded retired master technician. 

The results indicated that circles most likely form during the 
first, or “virgin? cultivation. The harvest from regrafted P mar- 
garitifera mollusks (“seconds”) showed fewer instances of circling, 
and circles were less prominent. 

It is widely speculated that circles form because of rotation or 
movement of the cultured pearl inside the pearl sac, and that cir- 
cled products are found more often in younger, more muscular 
mollusks. According to this theory, the rotation or movement of 
the cultured pearl should produce non-linear or sinuous marks. 
This study found no such sinuous patterns among the several 
thousand samples examined, with only a few showing circles that 
crossed or overlapped. Virtually all had perfectly “ringed” or linear 
forms. The circle marks were directional, perpendicular to the 
axis of rotation, and parallel to one another. This suggests that an 
implanted piece of mantle tissue propagated directionally, and 
that the newly formed pearl sac could represent groups of direc- 
tionally formed epithelial cells. 

Thus, the author proposes that aligned groups of cells have 
similar or identical functions in nacre secretion capability, 
which develops into circle marks. This hypothesis would shed 
light on a century-old myth about circled pearl formation and 
possibly unite current theories on the mechanisms of mantle 
epithelium cell proliferation and gene-controlled nacre crystal- 
lization processes. 

Another finding of this research concerns differences in for- 
mation between circles and spots: While most of the circles 
appeared to have originated during the virgin pearl formation, 
spots tended to occur in pearls cultured from mollusks that had 
been regrafted. The results from three years of consecutive graft- 
ing experiments further revealed that roundness increased in the 
“seconds” and “thirds” compared to the virgin cultured pearls, 
while luster and color tended to fade. 


THE OBSERVATION OF DEFECTS AFTER THE 
PRETREATMENT AND SIMPLE HEAT TREATMENT 
OF RUBY 
Bo-Hyun Lee (niwakaamezzang@hotmail.com)', Kyeung- 
Moon Choi', Young-Chool Kim’, and Seog-Joo Yon? 


‘Dongshin University, Gwang-Ju, Republic of Korea; “Hanmi 
Gemological Institute, Seoul, Republic of Korea 


Ruby is commonly pretreated to remove unnecessary impurities 
before heating. We have developed a hydrothermal pretreatment 
method, using a mixed-acid solution (1OHF-3HCI-2H,SO,) at 
200°C for 72 hours, that eliminated impurities faster than the pro- 
cess commonly used. The technique affected not only color and 
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After heat treatment, alumina particles with hexagonal or pyrami- 
dal shapes were visible on the surface of this ruby that had undergone 
pretreatment. 


clarity, but also the weight of the stones after treatment. 

We examined the surface features of rubies of various origins 
(Mozambique, Madagascar, Myanmar, Vietnam, Sri Lanka, and 
Cambodia, as well as a Verneuil synthetic ruby for comparison) 
before and after the pretreatment process, and then after heat 
treatment. After pretreatment, we observed several differences in 
visible surface defects and solubility according to sample origin 
and quality (ie. the amount of inclusions and of hydrated alumina 
minerals such as diaspore, boehmite, and bauxite). The natural 
rubies showed various surface defects (etch pits, pores, and cracks) 
when viewed with high-magnification (SEM-EDS); the pores 
were formed by the dissolution of hydrated alumina impurities. 
FTIR analysis prior to pretreatment indicated that the higher- 
quality rubies contained less alumina impurities. 

During hydrothermal pretreatment, the alumina was dissolved 
and precipitated on the surface as a visible white powder. After 
simple heat treatment at 1600°C, the alumina particles showed 
hexagonal or pyramidal shapes, depending on the quantity of Fe. 
For rubies with a higher Fe content, the particles took a pyramidal 
shape; low-Fe samples exhibited hexagonal pillars. We observed 
that, in addition to the formation of alumina particles, heating 
helped heal some of the etch pits, pores, and micro-cracks. 


OPERATIONAL CONSIDERATIONS OF EDXRF, 

LA-ICP-MS, AND PHOTOLUMINESCENCE 

TECHNIQUES IN THE ANALYSIS OF PEARLS 
Ren Lu (ren.lu@gia.edu)', Chun-Hui Zhou’, and Nicholas 


Sturman? 
'GIA, New York; ?GIA, Bangkok 


The gemological characterization of pearls requires knowledge of 
their internal structures (microradiography and/or computed 
microtomography) and chemical composition (in particular, Mn 
and Sr) to help differentiate between freshwater and saltwater 
environments. This information also plays a role in identifying 
the producing mollusks. Modern analytical techniques such as 
EDXRE spectroscopy, LA-ICP-MS, and photoluminescence 
(PL) are used to detect Mn and other trace elements at various 
sensitivities and sampling depths. 

EDXRE spectroscopy, a nondestructive technique, typically 
provides semiquantitative or quantitative results for Mn and Sr 
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over a circular sampling area of 1-3 mm in diameter. The conven- 
tional technique of X-ray fluorescence imaging is capable of sam- 
pling through the whole pearl at elevated X-ray energy. However, 
the technique does not directly provide quantitative information 
on chemical makeup to differentiate pearls in the way that 
EDXRF permits. 

LA-ICP-MS, which leaves tiny, submillimeter pits in the sam- 
ple’s surface, offers high sensitivity and covers a greater range of 
elemental concentrations. Yet it only samples the outermost layers 
of the pearl. 

PL spectroscopy is known to be highly sensitive to trace 
amounts of elements down to the parts per billion (ppb) level. 
Laser-induced PL spectroscopy is a convenient extension of 
Raman spectroscopy during pearl analysis. 

In this study, the detection depth of EDXRF was examined 
initially by placing a piece of lead (impenetrable to the X-ray 
beam) on sections of cultured pearls of various thicknesses. The 
results suggested a maximum penetration depth of about 1 mm. 
However, further tests on Akoya bead-cultured pearls proved 
that the actual detection depth for Mn was much shallower, at 
well below 500 um. To illustrate the potential problems of this 
limited sampling depth, three freshwater non-bead cultured 
pearls were cut in half and elemental analysis was performed 
throughout their cross sections by LA-ICP-MS. The results 
showed unequal distribution of Mn concentration from the cen- 
ter to the surface of these cultured pearls. Moreover, the amount 
of Mn coincided with the samples’ growth rings and color varia- 
tions at regular intervals. This kind of information cannot be 
obtained if only the surface nacre is analyzed by EDXRF and 


Natural variations in the amount of trace elements present within the 
internal growth structures of pearls are shown in this LA-ICP-MS data 
for Mn content taken from a cross-section of a freshwater cultured pearl. 
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LA-ICP-MS. Finally, a preliminary study was performed on the 
sampling depth of PL by placing a piece of ruby beneath the cul- 
tured pearl samples. The presence of ruby’s characteristic lumi- 
nescence peaks for thicker cultured pearl samples indicates that 
laser PL analysis occurs throughout the nacreous layers deep into 
the samples, unlike EDXRF and LA-ICP-MS techniques. The 
potential for laser PL to be a more useful technique in pearl anal- 
ysis therefore exists. 

In conclusion, these studies provide comparative findings on 
cultured pearls examined using the methods mentioned above, 
and show that some operational considerations should be taken 
into account particularly during quantitative data collection. 


EXPERIMENTS ON ANCIENT 
GEM TREATMENT TECHNIQUES 


Cigdem Lule (clule@gemguide.com) 
Gemworld International, Glenview, Illinois 


Many gem treatments commonly encountered today have been 
known, practiced, and documented since ancient times. In fact, 
some techniques for altering and improving the natural appear- 
ance of low-quality gems predate the gemological literature. 
These procedures, recorded as recipes, describe both treatments 
as well as methods to imitate valuable gems using ordinary 
materials. 

Some recipes recorded in the early literature include very 
unusual ingredients that would not be considered as part of a sci- 
entific study today. There is a point in history where science had 
an unclear distinction from alchemy—between, roughly, the 13th 
and 20th centuries, “magical” and medicinal use of gems was 
more common than ornamental use. But contrary to general 
interpretation of ancients by our modern society, this approach 
was rarely seen before medieval times. 

The ancient treatment techniques include heating, dyeing, 
oiling, and quench crackling. This study reviews some modern 
experiments using these recipes. Ancient gem-related texts such as 
Theophrastus’ On Stones and Pliny the Elder’s 37th volume of 
Natural History are the most notable documents. However, sig- 
nificant yet lesser-known ancient writings such as the Stockholm 
Papyrus from 400 AD and Al-Biruni’s 11th century Iz Knowledge 
of Precious Stones contain gem treatment recipes that were the 
focus of this study. 

Stockholm Papyrus and Pliny’s Natural History give details of 
heat treatment of agates in honey to darken their color. As an 
early example of a gem treatment, this was widely practiced in 
Hellenistic and Roman eras to provide suitable carving material 
for engraving cameos. Schmidt (2009) demonstrated the steps of 
this procedure and proved that a combination of honey and con- 
trolled heating darkened the color and enhanced the layered 
appearance of agates. This particular experiment also verifies the 
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capability of ancient lapidaries in using locally available material 
rather than relying on imported agates, as otherwise suggested by 
many historians based on Pliny’s writings. 

Similarly, Al-Biruni gives a recipe for removing dark col- 
oration in rubies. In order to test the recipe, J. Emmett (Crystal 
Chemistry, Brush Prairie, Washington; pers. comm., 201 1) heat 
treated Mong Hsu rubies at 1100°C for 10 hours in air, precisely 
as described by the ancient text. The result was lighter and uni- 
formly colored rubies. 


REFERENCE 

Schmidt R. (2009) Die Achate von Studen Kladenets, Ostliche 
Rhodopen/Bulgarien—ein FundberichtVer6éffentlichungen 
Naturhist. Museum Schleusingen, Vol. 24, pp. 53-80. 


A GEMOLOGICAL COMPARISON OF THE 
TWO MAJOR OREGON SUNSTONE DEPOSITS 


Shane F. McClure (smcclure@gia.edu) 
GIA, Carlsbad 


Gem feldspar naturally colored by copper has been mined for 
many years in the state of Oregon and has come to be known as 
“Oregon sunstone.” Two areas produce almost all of this material. 
The first lies in the southern part of the state, near the small town 
of Plush. This is a large area in which there are many mines, the 
largest of which is the Dust Devil. The second site, located to the 
north, is a single mine known as the Ponderosa. The gem 
labradorite from these two sources is similar in many respects. 
Oregon miners, however, have long maintained there are signifi- 
cant differences. This study investigates what differences, if any, 
there are from a gemological viewpoint. 

Physical Appearance: At both sites, the rough material 
occurs mostly as broken fragments. Many pieces have some 
unbroken surfaces that show evidence of dissolution. But whereas 
the Dust Devil feldspar is largely free of matrix, the Ponderosa 
rough often has a thin coating of opaque reddish brown material 
adhering to the surface. 

Most of the samples recovered from the two deposits are light 
yellow with no schiller. The Dust Devil material is a deeper yel- 
low and mostly transparent. The Ponderosa material is typically 
pale yellow—almost colorless—and semitransparent. Both sites 
also produce yellow stones with copper schiller, as well as red, 
green, and bicolored material (with and without schiller), but the 
Ponderosa mine yields a rare deep red feldspar that this author has 
not seen from the Dust Devil. 

Inclusions: Aside from the persistent cloudiness of many 
Ponderosa specimens, there is no apparent difference in the inclu- 
sion suites of stones from the two areas. 

Chemistry: Samples from both mines fall within the 
labradorite compositional range for plagioclase. Yet the 
Ponderosa material plots closer to bytownite, sometimes even 
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crossing the border into that species, while the Dust Devil stones 
plot closer to the middle of the labradorite range. These group- 
ings are distinct but do show a small amount of overlap. 

Conclusion: From these and other observations, we know 
there are clear differences in the gem feldspar from these two loca- 
tions. These differences may help in understanding the complex 
formation of these stones, and in detecting and anticipating 
feldspar treatments. 


CHANGES IN COLOR AND OPTICAL 
PROPERTIES OF VARIOUS SAPPHIRES BY 
ELECTRON-BEAM IRRADIATION 

Jin Gyo Seo', Kyung Yeon Kim?, Yong Kil Ahn’, and Jong 

Wan Park (jwpark@hanyang.ac.kr)? 

'Department of Materials Science and Engineering, Hanyang 


University, Seoul, Republic of Korea; Department of Materials & 
Chemical Engineering, Hanyang University 


Sapphire may occur in various colors as a result of intervalence 
charge transfer (IVCT) depending on the type and combination 
of transition metals (e.g., Fe, Ti, and Mg) that substitute for Al. 
Iron may exist in a ferrous (Fe**) or ferric (Fe**) state in sapphire. 
Yellow is caused by Fe** existing singly or as a pair; charge transfer 
between Mg** and a trapped hole can also cause yellow color. 
Titanium alone cannot produce color, but if iron and titanium 
atoms are present, a sapphire will be blue. In general, the origin of 
the blue color is thought to be generated by IVCT between Ti** 
and Fe**, while pink, orange, and green colors are believed to 
originate through the interaction of the blue color from the 
IVCT of Ti** and Fe”*, and the yellow produced by the IVCT of 
Fe?+-Fe** (Burns, 1981). 

In this study, we investigated changes of color and spectral 
characteristics in six colors of sapphire (colorless, blue, orange, yel- 
low, pink, and green) after electron-beam irradiation. The irradia- 
tion was performed with an energy of 10 MeV and a dose of 3 x 
10’ electrons/cm”. After irradiation, the colorless, blue, and pink 
groups (which had somewhat lower Fe content by wavelength- 
dispersive XRF analysis) changed from their initial color to dark 
yellow; the green, orange, and yellow groups did not. 
Interestingly, Ti was not detected in any of the samples by XRF, 
but Si** (a donor ion) was detected in all samples. The Si content 
of the colorless, blue, and pink samples was very low compared to 
the green, orange, and yellow groups. The important factor is the 
total amount of Si and Fe within the sapphires of each group. In 
the case of the colorless, blue, and pink groups, IVCT takes place 
between the Fe?* and Si** ions, but since there are fewer Si** ions 
to consume than in the green, orange, and yellow groups, it is like- 
ly that many extra Fe’* ions remain even after interacting with 
Si** ions. The remaining Fe** ions could not influence the color 
of the sapphire until electron-beam irradiation transformed them 
to Fe**, producing dark yellow coloration. 
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Shown here are the effects of electron beam irradiation on various 


colors of sapphire. 


REFERENCE 
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THE GIA GEM PROJECT—AN ONLINE RESOURCE 
OF INFORMATION ON GEMSTONES 
James E. Shigley (jshigley@gia.edu), Brooke Goedert, and 


Terri L. Ottaway 
GIA, Carlsbad 


In 2005, GIA acquired the gem collection of the eminent Swiss 
gemologist Dr. Edward J. Giibelin (1913-2005). The collection 
consists of more than 2,800 samples representing 225 different 
minerals and other gem materials. Dr. Giibelin assembled it over a 
span of six decades (from ~1940 to 2000) by purchases from 
knowledgeable dealers and during trips to major gem-producing 
localities. The items in the collection are now being systematically 
documented to expand GIA’ gem information database. 

To help fulfill its mission as a public-benefit organization, and 
to support its students and staff, GIA is making the contents of 
the Edward J. Giibelin collection database available on its website 
(www.gia.edu/gia-gem-project). At present, data on 330 gem- 
stones—including beryl, garnet, spinel, tourmaline, and zircon, 
among others—can be viewed, and additional groups will contin- 
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ue to be posted. Each listing, also available as a downloadable 
PDF document, contains a photo of the gem, standard gemologi- 
cal properties, a photomicrograph of an interesting internal fea- 
ture, and several types of spectra (visible, infrared, photolumines- 
cence, and Raman, along with EDXRF qualitative chemical anal- 
ysis). Also provided is an explanation of the data collection proce- 
dures used for this project. 

This is the first publicly available online database that 
includes gemological, spectroscopic, chemical, and photographic 
data gathered on a wide variety of natural gemstones. Although 
valuable mineral databases do exist, they often do not provide 
essential information needed by gemologists, and the books pub- 
lished on minerals and gems generally represent compilations of 
information. By presenting entire sets of data collected from each 
gem sample, obtained using consistent collection procedures and 
analytical instrumentation, this database will allow a better corre- 
lation of gemological properties. With the preservation of the 
Edward J. Giibelin gem collection at GIA, samples will be avail- 
able for characterization as new analytical instrumentation or 
techniques are introduced, or as new gemological studies are 


needed. 


SPECTROSCOPIC CHARACTERISTICS OF 
SOME GEM TOURMALINES 


Boontawee Sriprasert (boontawee@gmail.com) 
Department of Mineral Resources, Bangkok 


In the gem trade, jewelry-quality tourmalines are usually defined 
by color rather than by chemical composition or mineral species. 
Five species of tourmaline are commonly used for gems and jewel- 
ry: elbaite, dravite, liddicoatite, schorl, and uvite. In this study, yel- 
lowish green, greenish blue, and green to dark green tourmalines 
were separated into elbaite and dravite using photoluminescence 
(PL), EDXRE, and in some cases UV-Vis-NIR spectroscopy. The 
PL spectra of dravite displayed dominant peaks from about 680 to 
690 nm (Cr** and Fe**), while the elbaite showed main peaks at 
about 627-633 nm (V*"). The PL data were consistent with the 
EDXREF chemical data, in that dravite always had a higher Mg 
content than elbaite. With UV-Vis-NIR spectroscopy, dravite 
showed strong absorption peaks at ~437 and 606 nm (V**), 
whereas elbaite displayed strong absorption from ~715 to 730 nm 
(Fe?*). For gemologists, these spectroscopic data can be used as 
preliminary diagnostic tools for differentiating elbaite and dravite. 


NEW ARTIFICIALLY ASTERIATED GEMSTONES 


Martin P. Steinbach (gstargems@aol.com) 
Steinbach —- Gems with a Star, Idar-Oberstein, Germany 


About 40 different gems are known to display asterism (and sev- 
eral trapiche varieties can show fixed stars). The minute, oriented 
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inclusions of these gems are able to create stars with four, six, 
eight, 12, 18, or even 24 rays. In addition to the well-known 
stones with four- and six-rayed stars, this author has encountered 
some rare new varieties of asteriated gems (color-change garnet, 
chrysoberyl, and rutile). 

Synthetic star corundum has been known since about 1947, 
and diffusion-treated blue star sapphires first appeared on the 
market during the early 1980s (Nassau, 1981). The use of artifi- 
cially etched crystal faces or scratched metal plates (at the base of 
the cabochon) to create asterism was documented as early as the 
first half of the 19th century. A relatively new imitation of aster- 
ism—stones with stars created by scratching fine lines on the 
upper dome of the cabochon—appeared about 10 years ago. 
Such artificially asteriated gems mentioned in the literature 
include cassiterite, chrysoberyl, garnet, rutile, samarskite (scheel- 
ite?), and sinhalite (McClure and Koivula, 2001); black tourma- 
line (Schmetzer and Steinbach, 2002); and sphalerite (Hyr8l and 
Steinbach, 2009). Artificially asteriated examples of pyrite, iolite, 
green garnet, chrome diopside, green tourmaline, and sapphire 
are described here for the first time. 

Features used to identify the scratching include: 


e Unnatural appearance of the star. 

e Lack of oriented, acicular inclusions in the stone. 

e Oriented scratches on the surface of the cabochon. 

e Incomplete, crooked, or asymmetrical rays of the star. 
e So-called “satellite beams” on the stone. 

e Extra rays incompatible with the crystal symmetry. 


e The star appears sharpest when the camera is focused above 


the surface of the cabochon. 


The star in this 4.57 ct iolite was created by scratching fine oriented 
lines on the dome of the cabochon. Photo by M. P. Steinbach. 


SUMMER 2011 


GEMS & GEMOLOGY 


thing about it. After discussing the prob- 
lem with the late Dr. Harry Berman, Pro- 
fessor of Mineralogy at Harvard University, 
it was decided to investigate the possibilities 
of coloring diamonds in the cyclotron which 
Harvard University had acquired in the 
ensuing year. Dr. Berman contacted the 
Physics Department and received permission 
for the use of the cyclotron during the 
petiods when it was free. Because diamonds 
were so costly (and the use of the cyclotron 
was costly, too), the most economical means 
were used. The experiment started with 
the cheapest small diamonds available. 
None of the physicists had ever worked 
with diamonds, but they were most eager 
to cooperate. A copper clamp was devised 
in which the diamond was mounted, held 
by prongs .coveting only a small part of 
the stone, and then placed under the direct 
beam, of the cyclotrosi. The first bombard- 
ment of only one minute with a 5 micro 
amp beam current (volt energy was not 
recorded) gave negative results. Increased 
bombardment time from one to two and 
then to three minutes, with increases in 
the micro amp beam current, began.to give 
fairly decent results. ‘The diamonds turned 
various colors, from light green to. dark 
brown, even though the stones used were 
of the same quality and original color. 


The stones were more or less Cape 
stones; they were the cheapest! Why some 
tugned green and others brown could not 
be determined. To this day variations in 
color after treatment are unexplained. A 
solution to the problem may be found in 
the following facts. Contrary to popular 
belief that diamonds, beyond containing 
a little hydrogen, are pure carbon, ‘it has 
been «ascertained at ‘Massachusetts Institute 
of Technology that as many as thirteen 
minor elements are present in diamonds. A 
spectrograph is used’ to detect what element 
is present. These minor elements are not 
present as inclusions, but they are distrib- 
uted throughout the crystal structure. The 
foréign elements present in a diamond 


range from very small traces up to one 
tenth of one per cent. The difficulty arises 
from the fact that only powdered diamonds 
can be used in spectrographic analysis. The 
thirteen different elements found in dia- 
monds were identified by their emission 
spectra in the following order of their, 
abundance: aluminum, silicon, calcium, ’ 
magnesium, copper, barium, iron, strontium, 
sodium, silver, titanium, chromium, and 
lead. Aluminum, silicon, and calcium seem 
to be present in almost all diamonds thus 
tested. Iron and titanium seem consistently 
ptesent in diamonds that have a definite 
tint, such as canary, pink, brown, etc. 


It is assumed that the minute impurities 
in the diamond determine the ultimate 
color, when subjected to bombardment in 
the cyclotron. To establish this assumption, 
it would be necessary to obtain a spectro- 
graphic analysis of the diamond to ascer- 
tain its impurities, before it is treated. 
However, since spectrographic analysis of 
a diamond can be made only after the dia- 
mond is’ crushed, it is obvious that such 
analysis is unfeasible. Some day, perhaps, 
a spectrograph may be devised that wilh 
reveal impurities in the whole diamond. It 
would then be simple to find which im- 
purity turns to what color under the cy- 
clotron. 

Subsequently, experiments were begun 
with larger diamonds of various colors. 
After bombardment in the cyclotron, there 
was no difference in result between a stone 
of very fine, white color and a stone of Cape 
color. If they did turn green, the colors 
were about the same; if they turned brown 
ot golden color, it was not due to the origi- 
nal color. However, several brown dia- 
monds thus treated turned to dirty olive 
green, tather than to light tourmaline green. 
The average time of deuteron bombardment 
‘was six minutes with a 5 micro amp beam 
current on each side, regardless of size. 

When a diamond was treated only on 
one side, through the culet, it turned just 
about the same color as one treated on both 
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EXPERIMENTS ON HEATING OF 
BLUE SAPPHIRES WITH BERYLLIUM 


Pornsawat Wathanakul (pwathanakul2@gmail.com)'?, 
Wiwat Wongkokua’®, Thanapong Lhuaamporn', Monruedee 
Tawornmongkolkij?, Thanong Leelawatanasuk?, Wilawan 
Atichat?, Visut Pisutha-Arnond?4, Chakkaphan Sutthirat?-4, 
and Boontawee Sriprasert?® 

‘Department of Earth Sciences, Kasetsart University, Bangkok; 
?Gem and Jewelry Institute of Thailand (GIT), Bangkok; 
3Department of Physics, Kasetsart University; ‘Department of 
Geology, Chulalongkorn University, Bangkok; Department of 
Mineral Resources, Bangkok 


The Gem and Jewelry Institute of Thailand has conducted exper- 
iments on the beryllium-diffusion treatment of blue sapphires. 
Rough corundum samples from both metamorphic and basaltic 
deposits were collected; they ranged from light to medium blue. 
Eight to 10 samples were used in each experimental batch. The 
stones were analyzed specifically for their trace-element chemistry 
using LA-ICP-MS and other spectroscopic methods such as UV- 
Vis and FTIR. These properties, as well as visual characteristics 
(color, zoning, and internal features), were recorded before and 
after each step of the treatment. 

The sapphires were first heated in the presence of beryllium 
oxide to 1650°C in an electric furnace for 50-80 hours. Almost 
all the metamorphic samples turned yellow, greenish yellow, or 
yellow with blue patches; the latter could be further heated to 
achieve a greenish yellow color. For the most part, the basaltic 
sapphires showed mild reactions to the experiment, but some of 
the medium blue samples turned very dark blue. 

The sapphires then underwent further heating without bery]- 
lium in a reducing environment at 1200-1500°C for 12-24 
hours, and were left to cool in the furnace. Their resulting colors 
were blue, greenish blue, and (especially in the basaltic stones) 
dark blue. These experiments showed that not all sapphires turn 
blue with beryllium-assisted heating under these experimental 
conditions, though longer heating might be needed. 

The origin of the corundum was critical to the outcomes, as 
metamorphic sources yielded better results. Several of the samples 
showed internal features resembling those seen in Be-diffused 
blue sapphires in the marketplace. 
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It is likely that heating with the assistance of beryllium better dis- 
solves mineral inclusions in the samples, especially Ti-bearing phases 
such as rutile. Such heating also appears to promote a better distribu- 
tion of blue color-causing elements such as Ti and Fe. Subsequent 
lower-temperature heating in a reducing atmosphere helps produce 
blue coloration, and LA-ICP-MS analyses showed that some of the 
beryllium is driven out of the samples during that step. 


NEW TECHNOLOGIES AND 
INSTRUMENTATION 


INCLUSION MAPPING IN DIAMONDS 


Akiva Caspi (akiva.caspi@sarin.com) 
Sarin Technologies Ltd., Ramat Gan, Israel 


Inclusions are part of the life cycle of diamond cutting and evalua- 
tion, from the marker’s decision on how to cut the stone through 
the polishing process and clarity grading after the diamond is 
fully polished. In the rough stage, a frosted surface may obscure 
the inclusions or conceal their true location. To view the inclu- 
sions, the marker polishes flat “windows” on the surface. 
However, the polisher cannot judge the penetration depth and 
the final weight of the diamond if he were to polish it out. With 
regard to polished diamonds, the current method of document- 
ing the structure and location of inclusions relies on an experi- 
enced gemologist using a quality microscope or loupe, and the 
results are often mixed. 

Sarin has systems for accurate 3D mapping of the diamond 
surfaces (rough and polished) and has introduced a new system, 
Galaxy, to map their inclusions. It covers all types of inclusions: 
cracks, clouds, crystals, etc., both transparent and opaque. It scans 
most types of diamonds, from clean to heavily included, as well as 
transparent, frosted, and even slightly coated. It detects inclusions 
down to VS size, and even VVS in many cases. As a result, the 
planner can maximize the value of the polished diamonds to be 
cut from the rough, while the polisher can better evaluate the 
option of polishing out inclusions to improve clarity. It also great- 
ly speeds up the clarity grading process by detecting all significant 
inclusions and generating a 3D model of their distribution in the 
diamond, allowing the gemologist to focus on assigning a grade. 


SYMMETRY: FROM ASSESSMENTS 
TO METRICS 


Akiva Caspi (akiva.caspi@sarin.com) and Avi Kerner 
Sarin Technologies Ltd., Ramat Gan, Israel 


The symmetry grading of polished diamonds is based on round- 
ness, variation in angles and alignments, and other parameters. 
Non-contact measuring systems such as the Sarin DiaMension 
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allow calculated 3D modeling of the data required to evaluate 
symmetry with regard to these manufacturing parameters. 
However, current systems for 3D modeling are not accurate 
enough to provide reliable, repeatable values. The recently intro- 
duced Sarin DiaMension HD uses a high-resolution camera, 
advanced optics, improved calibration, and a sophisticated algo- 
rithm to generate a 3D model of a diamond’ shape. It enables the 
automatic symmetry grading of a diamond in the same manner a 
proportion scope was once used to evaluate cut. 

There are two challenges in assessing symmetry. One is evalu- 
ating how well the facets meet (their “pointing”). A standard 
round brilliant has five types of pointing and a total of 40 corners 
where facets meet. The asymmetry of the pointing is defined by 
the diameter of the circle that encloses the meeting point. Once 
the values for each pointing are known, a grading laboratory can 
set the upper and lower limits for each grade and pointing type. 
With these limits, a symmetry grade can be assigned to the 40 
individual meeting points. The second challenge is to assign an 
overall symmetry grade. This is determined by the lowest grade of 
the various parameters (roundness, table off-center percentage, 
culet off-center percentage, table/culet alignment, table size varia- 
tion, crown height variation, pavilion depth variation, girdle 
thickness variation, crown angle variation, and pavilion angle vari- 
ation) or a combination of grades. The Sarin device provides both 
the means and metrics to measure the symmetry features, and a 
tool to automatically determine the overall symmetry within a 
grading laboratory's defined parameters. 


INSTRUMENTAL COLOR MEASUREMENT AND 
GRADING OF FACETED GEMSTONES 


Yan Liu (yliu@liulabs.com) 
Liu Research Laboratories LLC, South El Monte, California 


A dual integrating sphere spectrometer with artificial intelligence 
(including neural network and fuzzy logic algorithm software) 
has been developed for the color measurement and color grading 
of faceted gemstones using the Universal Color Grading System. 
The spectrometer can also accurately grade fancy-colored dia- 
monds using a modified GIA grading system, as well as green 
jadeite according to Chinese grading standards. 

The dual integrating sphere optic arrangement includes mea- 
surement and sample integrating spheres, and a sample platform 
with a measurement window. CIE Standard Iluminant D65 and 
the CIE 1931 2° Standard Observer are used. The 
illuminating/viewing geometry is diffuse/0 degree (d/0) to simu- 
late the geometry of human visual color grading. The measure- 
ment integrating sphere provides diffused light to illuminate a 
gemstone face-down on the sample platform, and the sample inte- 
grating sphere serves as a white background. The light reflected 
from the table plus the transmittance light reflected back through 
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Sample integrating sphere 


Measurement window filter 
Sample platform 


Measurement window 
Light source 


Measurement integrating sphere 
Baffle 


Spectrometer Computer 


Fiber-optic lens 


This dual integrating sphere spectrometer was developed for color mea- 
surement and color grading of faceted gemstones. 


the stone by the sample integrating sphere is collected by a lens at 
the bottom of the measurement integrating sphere. The collected 
light is sent to the spectrometer to measure the spectral reflectance. 

The color grading software includes a neural network, a color 
calculation routine, a CIELAB-to-color-nomenclature look-up 
table, and a fuzzy logic algorithm. The trained neural network 
collects physical and optical properties, and outputs parameters 
for the spectrometer to measure the spectral reflectance. The 
color calculation routine determines the average color from the 
measured spectral reflectance. The software then checks the look- 
up table to determine its average color grade within the Universal 
Color Grading System. Based on the parameters from the neural 
network and the average color, the fuzzy logic algorithm deter- 
mines the true color grade. The Universal Color Grading System 
optimizes the arrangements of color grades in CIELAB color 
space. The System has a minimum number of boundaries with a 
maximum color grade in three color dimensions. Importantly, all 
color grades are also optimized so that the largest possible color 
difference of each color grade is minimized. The spectrometer 
can directly measure visible fluorescence, since the illuminating 
light is in the whole visible wavelength range. The spectrometer 
can also accurately measure the color of gemstones that have visi- 
ble fluorescence, such as the red color of ruby. 


AUTOMATED REAL-TIME SPECTRAL ANALYSIS 
FOR GEMSTONES 


Quetzalcoatl Magafa (quetzalcoattm@hotmail.com) and 
Stephen Balinskas 
Spectralysis, San Clemente, California 


Spectra are now routinely collected in gemological laboratories as 
nondestructive analytical measurements. They can be vital to 
revealing the geographic source, color origin, and identity of gem 
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materials. As treatments and gem synthesis techniques become 
more sophisticated, gemologists are required to search for increas- 
ingly subtle clues that can distinguish natural from synthetic and 
treated gem materials. Therefore, gems are often subjected to sev- 
eral types of spectroscopy to reveal the histories hidden in their 
defect configurations and chemical compositions. The most 
effective testing method is to gather sets of known samples, collect 
their spectra, and then analyze the peaks in those spectra using 
advanced chemometric techniques. The confluence of data 
extracted from the spectra of unknown samples can then be ana- 
lyzed, and the conclusion will have a quantifiable confidence. 

To aid in that analysis, we have developed an innovative peak- 
finding/fitting computer program called Spectralysis, which can 
process spectra on an industrial scale. The program can also han- 
dle complex spectra, which we define as those having more than 
60 peaks, including numerous convoluted peaks, a combination 
of broad and sharp peaks, and background fluorescence. The 
analysis extracts quantitative results, enabling users to draw sub- 
stantiated conclusions regarding origin identification (eg., natu- 
ral, synthetic, or treated). 

The program performs batch processing so human interac- 
tion for each spectrum is unnecessary. This algorithm thus allows 
researchers to spend less time and resources on data mining and 
processing, while opening new avenues of research by highlight- 
ing previously unknown relationships between peaks. 

The variation in peak width and height between Spectralysis 
and a manual peak-fitting program such as Grams is generally less 
than 5%. Our experience has shown that an error of up to 10% 
can be introduced by human variation in calculating the full 
width at half maximum (FWHM) in Grams. Most importantly, 
Spectralysis automatically retains peak parameters such as height 
and area for searching, categorizing, and correlating with other 
spectra using chemometric methods. 

The functionality described here should not be confused 
with that of library-matching programs—Spectralysis is compati- 
ble with them nonetheless—that can distinguish ruby from gar- 
net, for example, but generally not natural from treated gem- 
stones, which is the intended scope of our software. We have 
demonstrated the program's effectiveness using nonproprietary 


spectra culled from the RRUFF database (http://rruffinfo). 


DETERMINING THE PROVENANCE OF 
GEMSTONES USING THE MATERIALYTICS 
SEQUENCING SYSTEM (M2S) 


Catherine McManus (kate. mcmanus@materialytics.com)', 
Tristan Likes', Nancy McMillan2, Kristen Yetter2, Jim Dowe®, 
Michael Wise‘, Steve Buckley®, Gregg Lithgow®, Chris 
Stipes®, and Peter Torrione® 

'Materialytics, Killeen, Texas; Department of Geological Sciences, 
New Mexico State University, Las Cruces; “Analytical Data Services, 
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Harker Heights, Texas; “Smithsonian Institution National Museum 
of Natural History, Washington, DC; °Photon Machines Inc., 
Redmond, Washington; ‘New Folder Consulting, Durham, North 
Carolina 


A new quantitative process, the Materialytics Sequencing System 
(M2S), increases accuracy in identifying the provenance of cer- 
tain geomaterials, including (but not limited to) beryl, corun- 
dum, gold, and tourmaline. Using laser-induced breakdown spec- 
troscopy (LIBS) and unique pattern-recognition software, this 
system can match these geomaterials to their country of origin 
with greater than 95% accuracy. 

An extensive inventory of specimens—more than 42,000 and 
growing—has been collected and maintained; the integrity of 
this sample set is crucial to provenance identification. The 
Materialytics inventory contains samples from six continents, 
more than 60 countries, and 225 localities in all. 

The M2S system consists of dual Nd:YAG lasers (266 and 
1064 nm), an intensified CCD camera, an Echelle spectrometer, 
and computer software designed to maximize the signal obtained 
from a sample while minimizing the traces of testing. The laser 
ablates a small area of the sample, producing a microplasma that 
emits light in the 200-900 nm range. This light is collected by 
more than 40,000 channels of the spectrometer. These 40,000 
dimensions are then analyzed using pattern recognition software 
that compares the signature of an unknown specimen to a large 
database of signatures from thoroughly documented specimens. 

The interplay between the variability and commonality of 
the data from crystal to crystal, mine to mine, mining region to 


This blue topaz is shown inside the LIBS chamber of the Materialytics 
Sequencing System (M2S). Photo © Materialytics. 
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mining region, and country to country requires a combination 
of statistical pattern recognition methods (principal compo- 
nents analysis, maximum redundancy analysis, partial least 
squares, and Bayesian networks) to achieve consistent results 
over a wide range of samples. M2S integrates these various 
methods into a single computer program that adapts to each 
sample, based on the nature of the data, and does not require 
any human intervention. 


RECENT ADVANCES IN 
SYNTHETIC SAPPHIRE GROWTH 


Jennifer Stone-Sundberg (jennifer@crystal-solutions.net) 
Crystal Solutions, Portland, Oregon 


Hundreds of tons of synthetic corundum are produced annually. 
This demand is fueled in part by high-technology applications 
and has driven innovations in sapphire crystal growth techniques. 
These improvements have resulted in the production of larger, 
higher-purity, and more defect-free synthetic sapphire material. 
Traditional crystal-growth methods employed for the production 
of gem-quality synthetic sapphire and ruby are now being joined 
by several other techniques—including edge-defined film-fed 
growth (EFG), heat exchanger method (HEM), Kyropoulos, ver- 
tical horizontal gradient freezing (VHGF), and controlled heat 
extraction system (CHES)—in the quest for larger, more perfect 
colorless synthetic sapphire. 

EFG works by pulling melt through a shaped die in an evacu- 
ated furnace. The die is placed at the top of the melt, the melt 
wets the die through capillary action, a seed is dipped into the 
melt at the top of the die, and a shaped crystal is drawn upwards 
(Harris, 2004). 

The HEM involves no movement. The seed is placed in 
the bottom of a crucible, and the filled crucible is evacuated 
and resistively heated. A low flow of helium is used to keep 
the seed from melting. The furnace temperature is held con- 
stant through the entire growth cycle. When growth is com- 
plete, the furnace is slowly cooled and the crystal is annealed 
in situ. The lack of motion and long growth time contribute 
to low dislocation density (Harris, 2004). 

Kyropoulos growth involves seeding an inductively heated 
melt from the top, rotating the seed and crystal during growth, 
and crystallizing the melt in the crucible by decreasing the tem- 
perature (Dobrovinskaya et al., 2009). 

The VHGF method, a variation of vertical Bridgeman growth, 
also involves no motion of the melt or crucible. The resistively heat- 
ed melt is seeded from the bottom and has its extremely small verti- 
cal and horizontal temperature gradients tightly controlled, result- 
ing in very low dislocation densities (Ahn, 2011). 
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Rubicons first synthetic sapphire grown by the Kyropoulos method at 
their new plant in Batavia, Illinois, measured ~30 cm in diameter. 


Courtesy of Business Wire. 


The CHES technique maximizes large-diameter cylindrical 
synthetic sapphire. The melt is produced and homogenized over 
a significant period under vacuum, is seeded from the bottom, 
and the crucible is vertically translatable. Also movable are the 
gradient control device and seed-cooling component. To induce 
crystallization, the melt is cooled from the bottom and the seed is 
cooled with He, Ne, or H (Gupta et al. 2010). 

Most of these new techniques employ conditions that are not 
ideally suited to the growth of synthetic ruby and colored sap- 
phire. But with the availability of increasing amounts of synthetic 
sapphire from these continuously improving techniques, it is 
helpful to have some basic familiarity with these methods and the 


material produced from them. 
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PROVENANCE OF RUBIES AND SAPPHIRES: 
AN APPLICATION OF LASER-INDUCED 
BREAKDOWN SPECTROSCOPY (LIBS) AND 
ADVANCED CHEMOMETRICS FOR THE 
GEM INDUSTRY 
Kristen Yetter (kyetter6@nmsu.edu)', Nancy J. McMillan’, 
Catherine McManus?, and Tristan Likes? 


‘Department of Geological Sciences, New Mexico State University, 
Las Cruces; *Materialytics, Harker Heights, Texas 


Rubies and sapphires totaling 572 samples of known origin from 
24 deposits in 12 countries (Afghanistan, Australia, Greenland, 
India, Kenya, Madagascar, Myanmar, Pakistan, Sri Lanka, 
Tanzania, the United States, and Vietnam) were analyzed using 
an Ocean Optics 2500+ LIBS system. A 1064 nm Nd:YAG 
nanosecond laser was focused on a small area of each stone and 
pulsed at 120 mJ to ablate the sample, forming a short-lived, high- 
temperature plasma. As excited electrons decayed back to their 
stable configurations, photons were emitted and transmitted via 
an optic fiber to a spectrometer that separated the light into its 
constituent wavelengths, each of which corresponds to a specific 
element. Analyses were performed in an argon atmosphere to 
enhance the signal and minimize traces of testing. Average abla- 
tion craters were approximately 200 zm diameter; LIBS systems 
can be customized to minimize damage. Each stone was analyzed 
30 times. Raw spectra were processed with a pair of advanced 
chemometric techniques: principal component analysis (PCA) 
and partial least squares (PLS) regression using Unscrambler soft- 
ware. PCA was used to simplify the dataset from 13,700 dimen- 
sions (each wavelength measured) to two to four dimensions by 


These sapphire crystals (0.08-0.40 g) from Ratnapura, Sri Lanka, 
were analyzed by LIBS. Courtesy of Materialytics. 


generating meaningful combinations of wavelengths (elements). 

PLS regression models were calculated to characterize half the 
sample set (trainers). The trainers defined chemofacies, or chemi- 
cally distinct datasets, which could be separated using the algo- 
rithm developed in this study. Because each deposit defines a 
unique chemofacies, it is possible to predict the provenance of the 
samples not used in the calculations (verification samples). Using 
the algorithms developed, tests of 122 verification sapphires and 
164 verification rubies yielded correct identification rates of 93% 
and 90%, respectively. Misidentified samples were the result of 
poorly characterized chemofacies due to small sample sets. This 
work demonstrates that the provenance of rubies and sapphires can 
be determined through chemometric analysis of LIBS spectra. 


BUSINESS TRACK 


“PIGEON’S BLOOD" RUBY AND 
“ROYAL BLUE” SAPPHIRE: 
COLOR STANDARDS FOR THE GEM TRADE 


Wilawan Atichat (awilawan@git.or.th)', Pongchan 
Chandayot?, Sakrapee Saejoo', Thanong Leelawatanasook', 
Boontawee Sriprasert', Visut Pisutha-Arnond", 
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Science, Kasetsart University, Bangkok 


The Gem and Jewelry Institute of Thailand (GIT), with the 
cooperation of the Thai Gem and Jewelry Traders Association 
and the Chanthaburi Gem and Jewelry Traders Association, has 
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developed a quality assessment system for colored stones, specifi- 
cally gem corundum. This system considers three major factors: 
color, clarity, and cut. Research has been conducted since 1999, 
and the assessment system has been continually refined through 
input from gem traders and gemologists. The GIT has estab- 
lished colored stone master standards for eight varieties of corun- 
dum, including ruby and blue, padparadscha, yellow, pink, pur- 
ple, orange, and green sapphires. These master stones are oval 
shaped and at least 0.50 ct each. 

The GIT’s standards are based on the Munsell system. The 
locally-used common color names were converted to the Munsell 
color codes, which were then modified so that they can be better 
understood by relying on the color code chart of the ISCC-NBS 
(Inter-Society Color Council—National Bureau of Standards) 
system. Moreover, the Munsell color codes can be converted into 
color notations in two CIE (Commission Internationale de 


lEclairage) systems, CIE L*U*V and CIE L*a*b, that are widely 
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used in spectrophotometer and other colorimetric equipment. 

In addition, the historic terms pigeon’ blood ruby and royal 
blue sapphire are still ambiguous to a number of traders and cer- 
tainly unclear to most consumers. Such confusion has impeded 
potential buyers. Therefore, the GIT’s comprehensive research 
has also focused on standardizing these color descriptors. A color 
master set of pigeon’s blood rubies was established, consisting of 
10 master stones in the vivid red range with intense color and 
medium tone. The color master set of royal blue sapphires con- 
tains 10 master stones in the vivid blue range with intense color 
and medium-dark tone. 

These standards for pigeon’s blood ruby and royal blue sap- 
phire have been successfully implemented to promote the sale of 
Thai gemstones both domestically and internationally since 
2008. 


“TOO PRECIOUS TO WEAR": 
THE ROLE OF THE JEWELRY INDUSTRY 
IN CORAL CONSERVATION 


Charles Carmona (cicarmona@aol.com)', Jo Ellen Cole?, 
and Jacqueline Marks? 

‘Guild Laboratories Inc., Los Angeles; *Cole Appraisal Services, 
Carlsbad, California; ?SeaWeb, Silver Spring, Maryland 


Coral reefs are the most diverse marine ecosystems, second only 
to tropical rainforests in terms of biological diversity, supporting 
more than 5,000 known species. Historically, an estimated nine 
million marine species, or a third of all marine life, lived on the 
shallow-water coral reefs. But corals and coral reefs throughout 
the world are being threatened by climate change, ocean acidifica- 
tion, pollution, overfishing, and consumer demand for this attrac- 
tive material in jewelry and home décor items. Red and pink 
corals are among the most valuable and widely traded of these 
species. With the loss of habitat and the disappearance of pre- 
cious coral from shallow-water reefs, extraction of red and pink 
corals from deep-water sources for jewelry use poses one of the 
greatest threats to deep-water reefs. But it can be remedied 
through changes in the marketplace and consumer behavior. 
Leaders in the jewelry and home décor industries can help reduce 


Red coral (left) is being unsustainably harvest- 
ed and worked into products such as coral beads 
(right, 1.3 cm long each) for the international 
jewelry trade. Alternatives to real coral should 
be utilized to reduce pressure on this species. 
Photos by Juan Cuetos/Oceana (left) and Ernie 
Cooper/World Wildlife Fund (right). 
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demand for precious corals by refusing to incorporate them into 
their designs. Tiffany & Co. and other jewelers are participating 
in an initiative led by SeaWeb, a nonprofit ocean conservation 
organization. 

SeaWeb’s “Too Precious to Wear” campaign seeks to reduce 
the use of coral as a gem material by: 


1. Highlighting the threats posed by consumer demand and 
an unregulated international coral trade. 


2. Working with influential jewelers and designers to bring 
together leading voices for coral conservation. 


3. Raising awareness of coral alternatives that celebrate the 
ocean without harming it. 


The jewelry industry is in a unique position to help prevent 
further loss to red and pink coral. By simply becoming aware of 
the issue and looking to corals as an inspiration in jewelry designs, 
but not as part of the jewelry—leaving vital corals where they 
belong—designers and retailers can make a difference. 


MARKET TRENDS IN A CHANGING 
GLOBAL ECONOMY 


Richard B. Drucker (rdrucker@gemguide.com) 
Gemworld International Inc., Glenview, Illinois 


Emerging markets worldwide have had a significant impact on 
gemstone prices. The United States has historically been the 
number one consumer of gemstones, driving prices up or down. 
This has changed, and we are now seeing countries such as China 
and India influence prices. The US. recently experienced its worst 
recession in 80 years, and demand for fine gems practically halted 
there over the past two years. One would have expected gem 
prices to plummet due to the serious lack of demand. Yet we saw 
increases, in some cases quite dramatic. The US. was no longer 
dictating the market. 

Another key factor that has kept prices for colored stones high 
is the significant reduction in mining activity. While mining costs 
increased, overall global demand slowed, thus there was little incen- 


tive to keep mines operating. As shortages arose for some gems, the 
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demand from emerging markets continued to push prices up. 

Top-quality ruby has always been scarce, and prices have his- 
torically been strong and rising. With increased treatments of 
commercial material and global demand for finer goods, prices 
have surged even higher in recent years. Premiums for unheated 
rubies over heat-treated material continue to rise. Although 
unheated rubies can come from multiple locations, the main 
source of interest is Myanmar. Despite the U.S. embargo, prices 
increased dramatically in the past five years mostly due to emerg- 
ing markets and demand from countries such as China and India. 

Prices for blue sapphire dropped in the mid- to late-1990s 
due mainly to the large production from Madagascar. With the 
strong worldwide demand and the same economic factors, we are 
seeing recent price increases for blue sapphire, especially in finer 
qualities. 

Prices for emeralds are rising with better demand in Europe 
and Asian markets and the weakness of the US. dollar against 
Colombian and other currencies. Also, the maturing attitude 
toward treatments of emeralds has reduced fears and increased 
the appetite to buy them. 

While we are seeing a gradual return to buying in the US., the 
long-term projection is that cyclical changes will result in at least a 
partial return to a stronger U.S. economy and more prominent 
influence on the global gem markets. There is a spreading of 
wealth globally, with emerging and transitioning economies that 
did not exist a decade ago. At the same time, we are seeing a 
demographic shift toward younger consumers outisde the U.S. 
While the US. will still have an influence on world gem prices, it 
will not be as strong as in the past. 


Changing premiums on 1 ct Burmese rubies, 
unheated. 


Commercial Good Fine Extra Fine 
2006 0% to+75% +50%t0+75%  +50%t0+75%  +50% to+/5% 
2010 0% t04125% +75% to +125% =+75% to +150%  +150% to +250% 


2011 0% to+150% +125% to+175% +125% to +200% +200% to +300% 


GEMSTONE COLOR AS NATURE'S PALETTE: 
VAN GOGH'S COMMENTARY ON A 111 CT STAR 
SAPPHIRE AND OTHER GEM-QUALITY 
CORUNDUM 

Emily Dubinsky (edubinsk@gia.edu)', John King', and 


Benjamin Zucker? 
‘GIA, New York; ?Precious Stones Company, New York 


The shimmering beauty of blues, yellows, reds, and pinks in gem- 
stones is reminiscent of masterpiece paintings. Vincent Van 


Gogh's remarkably vivid blues in The Starry Night have captivated 
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The application of color in the visual arts and in nature shows many 
interesting parallels. Both the Starry Night Sapphire, a 111.96 ct 
unheated Burmese gem shown here (and recent recipient of a GIA 
Monograph) and its namesake Van Gogh painting evoke a celestial 
feel rendered through variations of blue coloration. Although 
expressed through entirely different media, the messages conveyed by 
these works of art are remarkably similar. Photo by Robert Weldon. 


viewers for the past century. We examined a 111.96 ct Burmese 
star sapphire with a similar color. 

Sapphire owes its color to traces of titanium and iron. The 
depth of color often varies according to the viewing angle and the 
inclusions in the stone. For example, the nature and orientation of 
color banding in sapphire greatly influence the face-up color. The 
same intense parallel banding of color can be seen as a painting by 
Mother Nature. Van Gogh’s brush often painted feverish, nearly 
parallel swatches of color, as also illustrated in the 111 ct Burmese 
sapphire. 

Ruby is colored by trace amounts of chromium. The color of 
a classic Burmese ruby can evoke the shade of red seen in Van 
Gogh’s The Night Café. Chromium present in lesser concentra- 
tions uses softer brushstrokes, imparting the delicate pink prized 
in padparadscha sapphires, which can also be seen in the vase of 


flowers in The Night Cafe. 


AN ANALYSIS OF THE DEVELOPMENT AND 
TAX POLICY OF CHINA'S GEM INDUSTRY 

Qingze Jia (jiaqz17@163.com) 

University of International Business and Economics of China, 

Beijing 
Over the past three decades, China’s decision to open itself to 
trade with other nations has led to rapid economic growth and a 
rise in the number of Chinese families with high net worth. 
With this prosperity, China has become the world’s third-largest 
consumer of luxury goods, according to Goldman Sachs, 


Gems & GEMOLOGY SUMMER 2011 159 


POSTER SESSION: 


A MARKETPLACE OF NEW IDEAS 


accounting for 12% of global consumption. By 2015, that figure 
is expected to rise to 29%, with China surpassing the United 
States and Japan as the most important luxury player. China is 
already estimated to be the world’s largest jewelry market, and 
the expansion of its gold market has attracted more and more 
high-end brands from overseas. As a result, it is playing an 
increasingly significant role in the international jewelry trade. 

Within this context, it is important to study the impact of the 
Chinese government's policies with respect to the country’s gem 
market and its future. A newly imposed domestic tax on the gem 
market, 5% for gold, silver, platinum, and diamond jewelry or dia- 
monds, and 10% for other expensive jewelry or jade, will be a 
huge challenge in the coming years. Although the initial aim of 
levying a tax on the gem market is to limit luxury consumption by 
the wealthy and reduce the income gap between rich and poor, in 
practice the taxation on these gem products has already had a 
larger effect on average consumers than wealthy ones. The tax 
may bring changes in consumption by middle-class consumers, 
leading to lost tax revenue and reduced financial support for fair 
income allotment by the government. It may also shrink the gem 
market and limit the growth and development of China’s gem 
industry. 


MINERAL COLLECTORS—AN OVERLOOKED 
GEM MARKET 


Mary Johnson (mlj@cox.net) 
Mary Johnson Consulting, San Diego 


Although numbers are not readily available, mineral specimens 
are a multi-million-dollar-per-year business. Fine mineral speci- 
mens often sell for tens of thousands of dollars. Gem minerals sell 
for a premium over non-gem minerals, with some specimens 
offered for millions of dollars. Most dealers in gem rough fail to 
take advantage of this market. To do so, they must understand 
which factors mineral collectors care about, and which gem quali- 
ties are less important. 

Ideally, a mineral specimen should have sharp crystal faces, 
including a well-formed termination. It should appear complete 
from at least one viewing direction. Crystal faces should be lus- 
trous and the edges undamaged. Attached matrix is desirable. 
Color and internal clarity are secondary factors. The most com- 
mon undesirable feature in a specimen is visible damage, though 
sawn or polished crystal surfaces are considered worse than bro- 
ken ones. 

Although a mineral specimen should appear completely 
natural, most undergo cleaning. Treatments such as repair and 
oiling should be disclosed. Drastic treatments (e.g., dyeing, 
applying colored oils, and irradiation) detract from a speci- 
men’s value. Mineral specimens can be “faked” by artificial 
assemblage and synthetic overgrowths; fakes have value mainly 
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as curiosities. 

A mineral specimen should have accurate locality informa- 
tion, at the county/state/country level. In general, the more spe- 
cific the information is (such as mine, stope, or pocket, and date 
of collection), the better. 

Collectors prefer to acquire specimens they can examine in 
person. For this reason, many specimens are sold during regional, 
national, or international mineral shows, through private transac- 
tions, or at natural history auctions. Mineral dealers also have 
physical stores, catalogs, and internet sites. 

How can a gem dealer tap into this often-overlooked market? 


1. Learn about mineral aesthetics. Visit museums and mineral 
shows, and consider subscribing to mineral magazines such 
as Mineralogical Record, Rocks & Minerals, and Lapis. 


2. Look through your stock. High-quality rough that makes 
an attractive specimen could be sold to mineral collectors at 
your usual gem price or higher. 


3. Use a different marketing channel for your minerals than 
you use for your gems, such as a separate website, show, 
booth, or display case. Or partner with a mineral dealer. 
Consider selling minerals in a retail venue. 


HALLMARKING: A POWERFUL BENEFIT TO 
THE CONSUMER, RETAILER, AND 
INTERNATIONAL TRADE 


Hallmark Research Institute (Danusia Niklewicz, William 
Whetstone, and Lindy Matula; hallmarkstudies@gmail.com) 
San Francisco 


Since the Middle Ages, many countries have adopted assaying and 
hallmarking as a means of providing consumer protection and 


These examples show the types of information that can be contained 
in a hallmark. Top lefi: Czechoslovakia, 1921-1929, 800 silver; top 
right: France, 1912-1994, 750 gold and 950 platinum minimum 
standards, tested by touchstone, up to 69% is gold with balance in 
platinum; bottom: Scotland, 1861-62, 925 sterling silver, assayed in 
Glasgow, duty was paid, maker’s mark on left. 
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quality assurance with regard to the fineness of precious metal 
items. Today, assaying and hallmarking are universally recognized 
as essential to upholding such fineness standards. Just as a diamond 
grading report or a colored stone identification report provides the 
consumer with an independent confirmation of a stone’s quality 
analysis, a hallmark is a permanent universally recognized stamp 
that guarantees that a precious metal item has been assayed and 
meets or exceeds the indicated standard of fineness. 

With gold, silver, platinum, and palladium presently trading at 
record prices, the practice of under-karating has plagued countries 
without mandatory hallmarking laws. Austria, during hundreds of 
years of hallmarking, once had less than 1.5% of its precious metal 
items declared as under-karated. The country discontinued 
mandatory hallmarking in 2001, and by 2006 under-karating had 
increased to 14.9%. The government of India and their Bureau of 
Indian Standards, recognizing the ever persistent problem of man- 
ufactured substandard articles of precious metal, spent over 10 
years implementing mandatory hallmarking, effective as of 2011. 

Today with globally linked economic and social interaction, 
the practice of hallmarking will continue to instill consumer con- 
fidence in both the domestic and international trade of precious 
metal items. The Hallmark Research Institute (HRI) is dedicated 
to the study, education, and publication of reference materials on 
hallmarks of the world. HRI is a firm advocate for hallmarking 
and believes that, for the benefit of the consumer and for interna- 


tional trade acceptance, global hallmarking is a feasible goal. 


A CASE STUDY IN THE PERCEPTION OF 
RARITY—RUBY 


Stuart Robertson (srobertson@gemguide.com) 
Gemworld International, Glenview, Illinois 


Developments from the late 20th century and into the new mil- 
lennium have had a profound influence on the fundamental per- 
ception of rarity in the global gem trade. The concept of rarity as 
it pertains to ruby, which was once regarded as the king of all 
gems, has been so distorted as to relegate many of these stones to 
costume jewelry status. 

Methods for enhancing ruby have evolved dramatically dur- 
ing the past 25 years. At no point in history have treatments 
altered a gem to the extent that is routinely achieved today. The 
prevalence of treatments has unlocked the potential to market a 
vast quantity of previously unsalable natural corundum. The 
implications of this for the perception of rarity and the very defi- 
nition of a “gem” material should be apparent. 

Gemology dictates that a mineral must be beautiful, durable, 
and zare to qualify as a gem. However, current practices are navi- 
gating the international gem trade away from this standard. In 
recent years a proliferation of treated corundum has been market- 
ed to consumers as “rare” and “valuable.” Yet these products are 
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unsalable without the often substantial alteration achieved from 
treatment. 

Historically, treated stones were not considered natural stones 
in commerce. This attitude appears consistent until the early- to 
mid-20th century, when the concept of natural (but treated) was 
promulgated among dealers. The reality is that the ability to own 
fine gems would not extend beyond the wealthiest members of 
society if not for treated gems. However, the increasing reliance 
on treatments has contributed to formation of a bifurcated mar- 
ket in which natural (unenhanced) gem-quality ruby shares few if 
any characteristics with the vast majority of “ruby” sold as its pre- 
cious namesake. 

The extent to which the global market relies on treatments 
would suggest that it is no longer the mineral’s beauty, but often 
instead its potential beauty to be achieved through treatments that 
joins durability and “rarity” as a defining trait. 

Additional challenges regarding nomenclature have caused 
confusion in the ruby market. It is not uncommon to encounter 
a gem that is sold as “unheated” yet has some superficial 
enhancement (e.g., oiling) that goes undisclosed. Incon- 
sistencies in nomenclature are also seen in the area of prove- 
nance testing. Terms such as Classic Burma, Burma, and Burma- 
like are designed to associate ordinary material with a high-value 
provenance. Yet it was the historic rarity of fine ruby from 
Burma that led to its recognition as the pricing benchmark by 
which all other origins were measured. With an abundance of 
corundum that can be vastly improved by treatments, what 
image will the term ruby create in the minds of consumers in the 
future? 


ABBREVIATED JEWELRY DESCRIPTIONS— 
A UNIFORM STANDARD 


C. Kirk Root (kirk@kirkrootdesigns.com) 
Austin Jewelry Appraisers, Austin, Texas 


Shorthand notations are widely used for appraisal and auction 
jewelry descriptions, yet they are not employed consistently or in 
a systematic fashion. Standardizing these abbreviations would 
advance the science of gemology, and the jewelry industry at its 
most basic level, increasing productivity for all users. 

Contract work for the US. Department of Justice as adminis- 
tered through the U.S. Marshals Service in the past five years has 
developed a standardized system of written abbreviations for jew- 
elry descriptions. The system is effective in quickly and concisely 
communicating levels of quality between professionals, resulting 
in increased efficiency in appraisals, note taking, inventory, and 
auction cataloging. Adopting these standards throughout the gem 
and jewelry industry would foster improved communication 
within the trade, and would bridge the communication gap 
between jeweler and consumer. 
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Here is an example of an auction description of a jewelry 
item: RING: Lady’s 14kt diamond engagement ring; 1 (ctr) rb 
dia, 5.68mm x 5.72mm x 3.42mm = est 0.76ct, V.Good/G/VS,; 
4 tap bag dias, 4.0mm x 2.0mm-1.5mm = est 0.40cttw, Good/G- 
I/VS; Size 6.5; * tdmk; 6.84 grams. 


Partial listing of jewelry description abbreviations. 


Karat kt Equals = 
Center ctr Estimated est 
Round Brilliant — ro Carat ct 
Diamond dia Very Good (cut) V.Good 
Millimeter mm Carat Total Weight — cttw 
By x Trademark tdmk 


LECTURES—AN INSPIRATIONAL WAY FOR 
ARTISTS TO COMMUNICATE 


Helen Serras-Herman (helen@gemartcenter.com) and 
Andrew Herman 
Gem Art Center, Rio Rico, Arizona 


Gem and jewelry artists should explore every path that can lead 
them to new customers, including telemarketing, email, the 
Internet, and social media. Another very successful approach is 
through lecture presentations: events where you can showcase 
and describe your artwork, while demonstrating your expertise. 
Giving a well-organized presentation that features distinctive 
photos, along with exhibiting some characteristic pieces for par- 
ticipants to examine, is an engaging form of communication. 
Whether it is a highly specialized trade audience at a national 
event, or your local gem and mineral society, arts group, or civic 
club, you have an audience that came to listen to you. Face-to- 
face personal interaction is one of the best ways to find new cus- 
tomers. Potential customers become engaged when they hear 
your personal story. They want to know when and how you got 
started, who influenced you, sources of inspiration, and the pro- 
cess of creation. These are the main questions asked time and 
time again. Your audience is looking for an understanding of the 
value of your work, an inspiration to start creating their own 
jewelry and cut stones, a reason to own one of your pieces, or 
maybe all of the above. They are looking for encouragement 
and knowledge. 
In giving your talk: 


e Share your journey, elaborate on your artwork, and disclose 
techniques. 


e Discuss the costs behind the artwork. 
e Give a virtual tour of your workshop. Show your tools. 


e Describe labor-intensive lapidary and jewelry procedures. 
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This necklace Marine Ray, featuring a detachable pendant and pin, is 
composed of carved Larimar (205.0 ct), two faceted chrysoberyls (1.12 
carats total) and freshwater cultured pearls, set in 18K yellow gold. 
Photo by A. Herman and H. Serras-Herman. 


e Knowthe origin and properties of your gem materials. 


e Feature new or rare gem materials (eg, Larimar), and share 
stories about their discovery, or your personal mining 
adventures. 


e Invite them to visit your website to look at your artwork 
and calendar of upcoming events for shows and lectures. 


e Invite them to your next open studio, show, or exhibit. 
Benefits: 
e The value of your artwork will be better understood. 


e Those previously unfamiliar with your work may become 
your new customers, while your existing clientele may see a 
new piece that they would like to have. 


e There may be people in the audience from another group 
or organization who may in turn invite you to make a 
presentation. 


e The host group, the local newspaper, or a national maga- 
zine may write an article about the event and your work. 


Give an inspirational talk, and your artwork will become 
memorable. Connect with your lecture audiences and you will 
find loyal new customers. 
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QUARTZ 
(chalcedony) 


Almost any choice of color can be satisfied in the many 
varieties of quartz gems. Those shown here are aventurine (A) 
from India, the light spots being reflections from metallic inclu- 
~~ sions; an Arabian moss agate (B); chrysoprase (C) from 

Silesia, the latter often poorly duplicated by dyeing other light 
colored chalcedony; a sardonyx (D) carved into a cameo of 
Diana, and (E) a large piece of jasper. The various colors are 
due to the presence of other minerals. Specimens from the 
collection of British Museum (Natural History), London. 
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POLISHED DIAMOND SUPPLIES FROM 
SECONDARY MARKET SOURCES 


Russell Shor (rshor@gia.edu) 
GIA, Carlsbad 


The supply of polished diamonds from secondary market 
sources—that is, sales from consumers and estates back into the 
trade—has increased nearly threefold during the past five years 
because of two major factors: (1) record prices for gold and plat- 
inum have provided an economic incentive for consumers to sell 
their jewelry items for their metal value, and (2) the difficult 
economy of the past three years has made the sale of jewelry items 
necessary for many people. The path of these diamonds can be 
traced through a number of channels, including retail jewelers, 
pawn shops, special trade shows, liquidators, a brokers’ network 
and back to the New York and Indian diamond industries. While 
no exact figures are available, the estimated quantity of diamonds 
sold through such channels in 2010 ranged between two and 
three million carats—an output comparable to a major diamond 
mine. 

The potential for recovering diamonds from previously sold 
jewelry is vast. Surveys of the US. diamond jewelry industry con- 
ducted between 1976 and 1999 found that more than 400 million 
pieces were sold on the secondary market during that period. 


RECOMMENDATIONS FOR ADVANCING 
THE COLOR SCIENCE OF GEMOLOGY 


Thomas E. Tashey Jr. (ttasheyjr@yahoo.com) 
Professional Gem Sciences Laboratory Ltd., Chicago, Illinois 


A simple nomenclature change for diamond master stones, from 
E, E G, and so forth to D-E, E-F, F-G, etc., along with a tighten- 
ing of tolerances and the elimination of the mid-grade master, 
would improve the system of color grading. It would enable 
industry professionals to determine more precisely which color 
grade a diamond will receive on a grading report. 

Face-up color descriptions of diamonds such as top white, 
white, near white, and yellowish white are more meaningful than 
the table-down descriptions of colorless, near colorless, and faint 
yellow. When transparent, colorless diamonds are viewed face-up, 
the light that is reflected appears white, just as it does when 
reflected from crushed ice or fallen snow. 

The fancy-color diamond system rates the amount of color in 
a stone, rather than describing its face-up color appearance. The 
terms Fancy Yellow or Fancy Pink are incomplete, lacking adjec- 
tives to better define their place in color space. The Fancy Intense 
Pink grade is given to diamonds with less color saturation than 
comparably described colored gemstones. I propose that fancy- 
color diamonds be described and graded using the same system 
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that is used for colored gemstones. 

In the real world of color, as tone is increased in certain hues, 
the color we perceive changes. Pink turns red, yellowish pink 
turns orange, and yellow turns brown. The Munsell Color-Order 
System, developed in 1905, accurately describes the visual color 
space on three axes, each scaled with equal visual steps represent- 
ing hue, tone, and saturation. I recommend that the industry 
adopt its use. 

The Verilux lamps used in the GIA DiamondLite and 
DiamondDock emit a significant amount of UV radiation. A 
very strong blue fluorescent diamond will have its true bodycolor 
appearance and grade improved by three to four letter grades 
when viewed under Verilux lamps. LED lighting is UV free. 
Because approximately 15% of the diamonds have fluorescent 
strengths great enough to be affected, I propose that two different 
color grades be given on a diamond grading report. One grade 
would be assigned while being viewed under Verilux lamps, and 
one while under LED lamps. 

When a lab uses a faint blue fluorescent diamond master 
standard to determine fluorescence strength, it is inaccurate to 
note a stone having slightly less fluorescence as None. I suggest 
that None be replaced with Negligible. 

Because fluorescence is noted on diamond grading reports for 
identification purposes, it is important to include a hue with the 
term Faint. I suggest that labs using Faint to describe fluorescence 
change their policies to include a hue in their description. 


THE ANAHI AMETRINE MINE: A MODEL 
FOR GEMSTONE SUSTAINABILITY 


Robert Weldon (rweldon@gia.edu) 
GIA, Carlsbad 


In southeastern Bolivia, close to the Brazilian border, lies the world’s 
principal source of ametrine. Once under the control of the 
Bolivian military, the Anahi mine reverted to private ownership in 
the late 1980s. Since acquiring the mine, Ramiro Rivero has trans- 
formed the custodianship of the mine’ resources, its product mar- 
keting, and environmental impact. 

Anahi is managed by a group of companies, the Minerales y 
Metales del Oriente Group (M&M), that includes the mining 
camp concession and sorting facilities. In Santa Cruz de la 
Sierra, M&M oversees Anahi Jewelry Manufacturing, which 
includes factories for preforming and cutting as well as jewelry 
design and manufacturing. M&M also administers retail outlets 
and franchises across Bolivia under a division known as Joyerias 
Anahi, SRL. 

Rivero’s mine-to-market approach is guided by the safety and 
well-being of the group’s 300 employees. Working hours are reg- 


ulated at the mine, where the miners receive three daily meals, 
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and leisure time is promoted for greater creativity and better 
morale. Because of the area’s remoteness, telephone service is pro- 
vided to keep miners in touch with families far away. In addition 
to a nurse and emergency medical facilities, a local airstrip is 
available for the rapid transport of injured or sick workers to hos- 
pitals in larger cities. Gender equality at M&M's sorting, cutting, 
and jewelry design plants is also evident. “I want anyone to feel 
comfortable coming into my office with an idea,’ Rivero says. 
“We are a family,” 

M&M is conscious of the mine’s environmental footprint. 
One illustration of this is the handling of silt from the water can- 
nons used to wash the mined material. The silt is systematically 
separated, dried, and used for brick making or remixed with larger 
particulates. Also strict prohibition on hunting and fishing on the 
mine’s property is enforced. 


Minerales y Metales del Oriente controls the supply chain of 
amethyst, citrine, and ametrine from the mine to the market in a 
sustainable fashion. Here, a worker sorts rough ametrine crystals. 


Photo by R. Weldon. 


The socially and environmentally responsible practices imple- 
mented at Anahi serve as a model for other gem localities. 


This ts what you've been waiting for! 


Exclusive for G&G Subscribers: 
G&G eBrief 


eBrief =:::::samm 


G&G eBrief is our monthly electronic newsletter providing 
short practical updates on the newest developments in 
gemology. Each issue contains the latest reports from the GIA 
Laboratory, global news and trade alerts, quick tips for gem 
identification, a conference and exhibit calendar, and more. 


Gems & Gemology is pleased 
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RESEARCH ON GEM FELDSPAR FROM 
THE SHIGATSE REGION OF TIBET 


Ahmadjan Abduriyim, Shane F. McClure, George R. Rossman, Thanong Leelawatanasuk, 
Richard W. Hughes, Brendan M. Laurs, Ren Lu, Flavie Isatelle, Kenneth Scarratt, Emily V. Dubinsky, 
Troy R. Douthit, and John L. Emmett 


The existence of a natural red andesine deposit in China/Tibet has been the subject of controversy 
since 2006. In late September 2010, an international group traveled to the Shigatse region of Tibet 
and visited two reported andesine occurrences, at Zha Lin village and the Yu Lin Gu alluvial fan. 
These sites are located ~3 km from the previously investigated Bainang andesine mining area near 
Nai Sa village. The Zha Lin deposit appeared genuine, but the group could not confirm the authen- 
ticity of the Yu Lin Gu occurrence, and no primary andesine-bearing source rocks were found in 
either area. Some of the samples had glassy surface residues that are difficult to explain naturally, 
while initial argon isotopic measurements of a few Zha Lin and Yu Lin Gu andesines (without glassy 
residues) showed that they had not been heated. Laboratory studies of the Tibetan samples—and a 
comparison to known-treated red andesine from Inner Mongolia—showed that it may be possible 
to separate these feldspars using a combination of several advanced destructive techniques, but this 
methodology is not practical for gem testing laboratories. More detailed investigations will be 
needed to establish feasible identification criteria for natural-color andesine from Tibet. 


of gem quality has been known from Oregon 
for decades (e.g., Johnston et al., 1991). In 
2.002, a new gem plagioclase appeared on the market, 
allegedly from the Democratic Republic of the 
Congo (Fritsch, 2002; Krzemnicki, 2004; here 
referred to as the Congo), and similar material 
appeared in 2005 that was represented as being from 
Tibet (see, e.g., figure 1 and Laurs, 2005). Chemical 
analysis of red feldspars reportedly from Tibet (an 
autonomous region of China) and the Congo showed 
that they fall near the border of the andesine- 
labradorite compositional range (Abduriyim, 2009b; 
Rossman, 2011); for simplicity, this material will be 
referred to as andesine in this article. 
Reports published in 2008 showed evidence that 


C opper-bearing red to green plagioclase feldspar 
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copper was being diffused into andesine in China 
and Thailand by a multi-step heating process 
(Furuya, 2008; Milisenda et al., 2008). While this was 
apparently being performed on an experimental basis 
in Thailand, commercial treatment was reportedly 
taking place in China by a professor in Xi’an (Lang, 
2002). The starting material was alleged to be pale 
yellow andesine from Guyang County, Inner 
Mongolia, China. Suspicions about the authenticity 
of the “Chinese red feldspar” on the market circulat- 
ed on the Internet and elsewhere (e.g., Furuya, 2008; 
James, 2008). 

To address whether natural red andesine occurs 
in Tibet, in 2008 one of the authors (AA) and five 
gem dealers and a gemologist visited an alleged 
deposit called Bainang (or Bai Lang), located near Nai 
Sa village ~55 km southeast of Shigatse (or Xigazé; 
see figure 2; Abduriyim, 2008, 2009a,b). The visit 
was organized by Chinese miner Li Tong (Tibet 
Andesine, Shenzhen, China). Author AA also visited 
two deposits of pale yellow andesine in Inner 
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Figure 1. These 
andesines (6.71-15.51 
ct) were represented 
as untreated (natural 
color) stones from 
Tibet. Courtesy of Do 
Win Development Co. 
Ltd.; photo by Robert 
Weldon. 


Mongolia (Shui Quan and Hai Bou Zi, both in 
Guyang County), and samples were collected at each 
locality. In addition, he attempted to contact the 
Chinese treater in Xi’an, who was unwilling to meet 
with him. 

The internal features and chemical composition 
of the Tibetan samples collected on the 2008 expedi- 
tion were found to closely resemble the allegedly 
copper-diffused Inner Mongolian red andesine on the 
market, to the degree that doubt was cast on the nat- 
ural origin of the Tibetan stones (Hughes, 2010; 
Rossman, 2.011). 

In an effort to resolve the controversy, other field 
trips to Tibet were carried out in 2009 by 


TIBET AUTONOMOUS REGION occurences 
1 Zha Lin 


2 YuLin Gu 
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Reported andesine 


3 Nai Sa-Bainang 


BANGLADESH 


GemResearch Swisslab (GRS, Lucerne, Switzerland) 
and in 2010 by China’s National Gemstone Testing 
Center (NGTC, Beijing). Dr. Adolf Peretti from GRS 
was taken by Li Tong to a Tibetan deposit located 
hundreds of kilometers away from the site of AA’s 
2008 Tibet trip (again, see figure 2), but Peretti con- 
cluded the occurrence was fake (Fontaine et al., 
2010). On two expeditions in May and August 2010, 
teams from NGTC collected andesine samples from 
a reported deposit near Zha Lin village and at the 
Nai Sa—Bainang mine. They believed that these sites 
were probably “salted,” but that the question could 
only be truly answered with a full geologic survey of 
the area (Wang et al., 2011). 


Figure 2. The reported 
andesine mines visited 
by Abduriyim’s 2010 
expedition are located in 
south-central Tibet, ~55 
km from Shigatse. Also 
shown is another report- 
ed andesine occurrence 
in Tibet (Gyaca) that 
Fontaine et al. (2010) 
determined was fake. The inset 
shows the locations of the report- 
ed Zha Lin, Yu Lin Gu, and Nai 
Sa—Bainang andesine localities in 
Tibet. 
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In late September 2010, another party visited 
Tibet that included authors AA, BML, RWH, TL, FI, 
and Young Sze Man of Jewellery News Asia. Accom- 
panying them were Christina Iu (M. P. Gem Corp., 
Yamanashi, Japan), Li Tong and his wife, and He 
Qung (an employee of Mr. Tong’s). They studied the 
reported andesine occurrence at Zha Lin village, as 
well as an additional locality called Yu Lin Gu 
(Abduriyim and Laurs, 2010; Abduriyim et al., 2010; 


NEED TO KNOW 


e At Zha Lin and Yu Lin Gu in southern Tibet, 
andesine pebbles are hosted by alluvial sedi- 
ments, as at the nearby Nai Sa-Bainang occurence. 

¢ Samples from all three localities showed over- 
lapping gemological and chemical properties, 
except for traces of Ag in Yu Lin Gu andesine. 

¢ Some of the samples had glassy surface residues, 
while initial argon isotopic measurements of 
pieces from Zha Lin and Yu Lin Gu (without 
glassy residues) showed no evidence of signifi- 
cant heating. 

¢ No reliable and practical methodology was 
found for separating these feldspars from known- 
treated red andesine from Inner Mongolia. 


Hughes, 2010; Leelawatanasuk, 2010). These areas 
are located ~3 km from the Nai Sa—Bainang mining 
area that AA visited in 2008. Due to the objection of 
a local monk who controls access to the land in this 
area, the party was unable to visit the Bainang mine. 
According to villagers interviewed by the expedition, 
the orange-red stones have been known in this 
region of Tibet for several decades or longer. 

This article reviews the geologic field informa- 
tion gathered by the expedition group and briefly 
summarizes results of laboratory work on the sam- 
ples they collected, including their gemological prop- 
erties, surface features, chemical and isotopic com- 
position, and structural order as revealed by powder 
X-ray diffraction. In addition, this study gives obser- 
vations of “matrix” specimens that were supplied 
through Li Tong, and also reports some initial exper- 
iments that investigated the diffusion of silver into 
andesine (since this element was detected in sam- 
ples from the Yu Lin Gu occurrence}. Due to space 
limitations, only brief excerpts of this research could 
be published here; full reports are available on the 


ANDESINE FROM TIBET 


GIA website (www.gia.edu/research-resources/news- 
from-research/index.html]). Although the andesine 
controversy is still not resolved, it is hoped that this 
article will provide a foundation for others who wish 
to pursue further studies of this material. 


LOCATION AND ACCESS 


With the exception of the occurrence visited by Dr. 
Peretti, the reported andesine deposits are located in 
Bainang County, ~55 km southeast of the region’s 
second largest city, Shigatse (or Xigazé), in southern 
Tibet (figure 2 and table 1). All three localities (Nai 
Sa-Bainang, Zha Lin, and Yu Lin Gu) are situated 
within 2-3 km of one another. They are located ~8 
km southeast of Bainang town, near the villages of 
Zha Lin (Zha Lin and Yu Lin Gu localities) and Nai 
Sa (Bainang mine). 

From the capital city of Lhasa, it takes more than 
five hours to drive ~300 km to Shigatse on a paved 
road that crosses two passes at 4,900 and 5,088 m. 
From Shigatse, it takes another 1—2 hours to drive to 
the mining area on mostly paved roads. Foreigners 
are forbidden from visiting this area without autho- 
rization from both the Chinese government and 
local authorities. 


GEOLOGIC SETTING 


The andesine is hosted by alluvial sediments weath- 
ered from sedimentary formations consisting mainly 
of shale and clay-rich sandstone. These were 
described as Tertiary on a geologic map published by 
the Chinese government (“Qin Zang Gao Yuan...,” 
2.005), while Guilmette (2008) indicated that the sed- 
imentary formations in this area are much older 
(Late Triassic). Mechanical weathering of these 
rocks created alluvial fans and stream-deposited 
gravels that locally contain pebbles of the andesine. 
No original host rocks for Tibetan andesine were 
found during any of the field studies mentioned 


TABLE 1. Reported andesine deposits in Tibet. 


Site Coordinates 


29°02.57’°N, 89°22.17’°E; 4,072 m (13,360 ft. 
29°02.71’N, 89°22.18'E; 4,049 m (13,285 ft. 


Bainang (South) ( ) 
( ) 
29°03.95’N, 89°20.88’E; 3,929 m (12,891 ft.) 
( ) 
( ) 


Bainang (North) 
Zha Lin 

Yu Lin Gu 
Gyaca (Jia Cha) 
County, Shan 
Nan area 


29°03.08'N, 89°20.76'E; 4,102 m (13,460 ft. 
29°08.07’N, 92°35.95’E; 3,400 m (11,155 ft. 


8 Coordinates for the Bainang localities are from Wang (2011). 
» Visited by GemResearch SwissLab in 2009, but determined to be “salted.” 
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Figure 3. At Zha Lin, andesine was said to be mined 
from shallow pits such as those shown here. Excava- 
tions in this area by Abduriyim’s 2010 Tibet expedi- 
tion revealed andesine within silty sediments (inset). 
Photos by B. M. Laurs. 


above, and the expected rock types (i.e., lavas of 
basaltic composition) are not shown on geologic 
maps of the area. Therefore, if such rocks previously 
existed in the area, they must have been tectonically 
displaced and/or have weathered away. 

The following geologic descriptions are summa- 
rized from observations made during Abduriyim’s 
2010 expedition. At Zha Lin, andesine was found in 
gray silty sediments of an alluvial plain (figure 3). 
Miner Li Tong informed the team that local people 
recovered ~2, tonnes of andesine using simple hand- 
mining methods; shallow pits were visible over an 
area measuring approximately 200 x 100 m. The 
authors randomly selected several areas within and 
upstream from the former mining area and dug five 
pits up to 1.2 m deep. They found andesine in nearly 
all the pits, including those dug ~30 m upstream 
from the mining area under slow-growing thorn 
bushes at depths down to 30 cm (about 12 inches; 
figure 4). The discovery of andesine within pits dug 
in random, previously unexplored areas near the Zha 
Lin mining area is consistent with what we would 
expect for a genuine Tibetan andesine deposit. 

The Yu Lin Gu occurrence (figure 5) is located on 
an alluvial fan 2 km upstream and to the southwest 
of Zha Lin. Andesine was locally concentrated in 
patches on the surface of the fan within gravel and 
rock fragments (figure 5, inset), and also in an inter- 
mittent creek on the fan. Local people reportedly 
picked up ~200 kg andesine from the surface; there 
was no evidence of any excavations. The team dug 
several pits, but recovered andesine only at the sur- 
face (or rarely within a few centimeters of the sur- 
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face in a thin layer of loose silty sand). Because expe- 
dition members did not find samples at depth, they 
could not verify the authenticity of the deposit. 


MATERIALS AND METHODS 


Four matrix samples of andesine (as well as 12. pieces 
with small amounts of matrix attached) were exam- 
ined by authors SFM and KS at GIA in Carlsbad and 
Bangkok, respectively, using a gemological micro- 
scope, Raman spectroscopy, and laser ablation—induc- 
tively coupled plasma—mass spectrometry (LA-ICP- 
MsS). Additional matrix samples were studied at the 
California Institute of Technology using attenuated 
total reflection infrared spectroscopy. All the matrix 
samples were obtained indirectly through miner Li 
Tong, and stated to be from Tibet. 


Figure 4. This 30-cm-deep pit was dug by 
Abduriyim’s 2010 Tibet expedition under a thorn 
bush selected at a random location above the Zha 
Lin mining area. Several pieces of andesine were 
recovered from this pit. Photo by B. M. Laurs. 
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Unless otherwise indicated, all the additional 
samples described in this article were obtained on 
Abduriyim’s 2010 expedition. These were personally 
collected by expedition members (for samples from 
Zha Lin and Yu Lin Gu, e.g., figure 6 [left and cen- 
ter]) or purchased by them in Nai Sa village (for sam- 
ples from the Bainang mine area, which had report- 
edly been collected there by local people since 2007; 
see figure 6, right). In addition, in Guangzhou the 
group obtained a parcel of pale yellow andesine 
reportedly mined in Inner Mongolia, as well as two 
lots of red andesine that were reportedly copper-dif- 
fused in China using Inner Mongolian pale yellow 
andesine as starting material (figure 7)—either in 
Xi’an in 2004-2005 or in Shenzhen in 2007-2008. 
Hereafter, these Cu-diffused samples will be referred 
to as “known-treated” andesine. Operating condi- 
tions for the electron microprobe, LA-ICP-MS, and 
X-ray diffraction analyses described below are report- 
ed in the respective full articles on the GIA website. 

The gemological properties (RI, SG, UV fluores- 
cence, Chelsea filter reaction, spectroscope observa- 
tions, and microscopic characteristics) of 198 pieces 
of reddish orange to orange-red andesine from Zha 
Lin and Yu Lin Gu were collected by author AA 
using standard instrumentation. From these, 95 
were polished with two parallel windows, and were 
cleaned with acetone and aqua regia in an ultrasonic 
bath to remove surface contamination. In addition, 
50 known-treated red andesine samples (from both 
Xi’an and Shenzhen) were characterized. 

Author TL conducted a preliminary study of sur- 
face residues on four additional red Tibetan samples 
(one from Yu Lin Gu and three from Nai Sa—Bainang} 
and two red pieces of the known-treated andesine 
using a scanning electron microscope (SEM) at the 
Scientific and Technological Research Equipment 


Figure 5. The Yu Lin Gu andesine occurrence consists of 
an alluvial fan where andesine has been found locally 
scattered on the surface and in an intermittent creek 
(photo by B. M. Laurs). The inset shows a red andesine 
pebble as it was found on the surface of the alluvium 
(photo by A. Abduriyim). 


Center, Chulalongkorn University, Bangkok, using a 
JEOL JSM-5800LV instrument equipped with an 
energy-dispersive spectrometer; it was capable of 
200-10,000x magnification. 

Quantitative chemical analysis using a JEOL 
JXA-8500 electron microprobe was carried out by 
author AA at NIMS (Tsukuba, Japan) on polished 
surfaces of eight orange-red and red samples (two 
each obtained at Zha Lin and Yu Lin Gu during the 
2010 expedition, and two each of the known-treated 
stones from Xi’an and Shenzhen). Five spots were 
analyzed on each sample. 

LA-ICP-MS trace-element data were obtained by 
author AA from 80 orange-red to red Tibetan samples 
(20 from Zha Lin and 40 from Yu Lin Gu obtained in 
2010, and 20 from Abduriyim’s 2008 expedition to 
Nai Sa-Bainang), 45 known-treated red samples (22 
from Xi’an and 23 from Shenzhen), and 12 pale yel- 


Figure 6. Some of the andesine samples obtained by Abduriyim’s 2010 expedition are shown here. 
From left to right, the samples are from Zha Lin (0.10-1.14 g, personally collected), Yu Lin Gu 

(0.25-1.55 g, personally collected), and Nai Sa—Bainang (0.37-2.92 g, purchased in Nai Sa village). 
Photos by Robert Weldon. 
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Figure 7. These samples, which were obtained in 
Guangzhou by Abduriyim’s 2010 expedition, consist 
of pale yellow Inner Mongolian andesine (top row, 
5.21-15.36 g) and red andesine that was reportedly 
treated in China using the Inner Mongolian starting 
material. The samples in the middle row were said to 
have been treated in Xi'an in 2004-2005, and those in 
the bottom row were reportedly treated in Shenzhen 
in 2007-2008. Photo by Robert Weldon. 


low pieces from Inner Mongolia. The instrumenta- 
tion consisted of a New Wave Research UP266 laser 
ablation system attached to an Agilent 7500a series 
ICP-MS at the GEMOC Key Centre, Macquarie 
University, Sydney, Australia. 

Author AA also arranged for powder X-ray 
diffraction measurements at the Australian Museum 
on 42 samples to investigate whether the feldspar’s 
lattice (unit cell) parameters were indicative of treat- 
ment. These consisted of 20 pieces of orange-red and 
red andesine from Tibet (5 from Zha Lin, 5 from Yu 
Lin Gu, and 10 from Nai Sa-Bainang), 10 red known- 
treated stones (five each from Xi’an and Shenzhen}, 
and 12 pale yellow samples from Inner Mongolia. 
Data were collected with a Shimatsu LabX XRD- 
6000 X-ray diffractometer, and the lattice parameters 
were calculated by the least-squares method using 
CELLCalc software, with A26 = 20,3,-20,,, to deter- 
mine structural states based on measurement of the 
spacing between the (131) and (131) peaks of the 
powder X-ray diffraction pattern (Ribbe, 1972). To 
test whether the A206 parameters were changed by 
heating, we selected two pale yellow Inner Mon- 
golian samples for copper diffusion experiments. 
Each sample was cut into two pieces. Half of one 
sample (INMG-DF-001a) was buried in ZrO, powder 
mixed with 2-3% copper powder and diffused at 
1160°C for 50 hours, and half of the other stone 
(INMG-DF-002a) was packed into Al,O, powder 
mixed with 2-3% copper powder and heated at 
1000°C for 24 hours. The remaining halves were 
retained as control samples. 
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Argon isotope measurements were conducted in 
the Farley lab at Caltech on nine samples (one red 
piece from Abduriyim’s 2008 expedition, six red 
pieces obtained during his 2010 Tibet trip, one red 
“Chinese” sample donated by Andegem, and one 
piece of yellow Inner Mongolian andesine). The sam- 
ples were prepared and analyzed following the proce- 
dures described in Rossman (2011), except that each 
sample was wrapped in aluminum foil and placed 
under high vacuum overnight, and then was com- 
pletely melted in a tantalum furnace (rather than 
being heated by a laser) for argon extraction. 

Traces of silver have been detected in andesine 
collected from Yu Lin Gu (A. Abduriyim, unpub- 
lished data}, so a set of diffusion experiments were 
conducted by authors RL, EVD, TRD, and JLE at 
Crystal Chemistry to better understand silver incor- 
poration in plagioclase. Two sets (10 pieces each) of 
pale yellow andesine from Inner Mongolia were 
sliced into wafers ~3-3.5 mm thick. They contained 
various amounts of snowflake-like inclusions, fine 
particulate clouds, and some growth tubes. The sam- 
ples were packed in ZrO, powder doped with 1% 
metallic silver. One set (cc1032-2) was diffusion 
treated at 1170°C for 31 hours, and the other set 
(ccl1032-3) was treated at the same temperature for 
180 hours. The temperature was chosen to be near 
90% of the solidus temperature of the material to 
facilitate efficient diffusion. One untreated sample 
and three samples from each treatment condition 
were sliced in half and the cut edges were polished 
for chemical analysis by LA-ICP-MS. 


RESULTS AND DISCUSSION 


Matrix Rock Observations. All the matrix material 
had a similar appearance, consisting of a light gray 
porous substance containing tube-shaped structures 
(figure 8, left). The matrix was found to be calcium 
carbonate (mostly calcite) that apparently formed by 
secondary precipitation (i.e., caliche). Such a matrix 
has not previously been reported for andesine. 

Closer inspection of the specimens revealed addi- 
tional features that were hard to explain. In many 
pieces, junctions between the andesine and matrix 
contained a transparent to translucent material that 
resembled liquid but was not. It “wetted” the sur- 
rounding matrix, filling in pores and making them 
shiny (figure 8, center), often forming a meniscus 
where the feldspar came in contact with the matrix. 
LA-ICP-MS chemical analysis of this contact materi- 
al showed mostly aluminum with some silicon and 
calcium, as well as numerous trace elements. No 
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Printed in England. 


QUARTZ 
(crystalline) 


Rock crystal, such as the small quartz crystal (A) in a 
cavity in dolomite, has been fashioned and sold incorrectly as 
various types of diamond. Figure (B) is smoky quartz and 
citrine (C) is a common substitute for topaz. (D) shows an 
amethyst aggregate from Cornwall and (E) the fashioned stone. 
Specimens from the collection of British Museum (Natural 
History) , London, 


PLATE XXIX 


Figure 8. The matrix samples contained rounded pieces of andesine embedded in porous carbonate 
rock that had the appearance of caliche (e.g., left image). The junction of the andesine and the matrix, 
as well as the surrounding area, contained a material that made the porosity of the matrix look wet 
and shiny (center, field of view 4.0 mm). One specimen contained transparent blue fibers that were 
flexible (right, field of view 1.0 mm) and partially melted during Raman analysis, which produced 
spectra similar to nylon. Photos by K. Scarratt (left) and S. F. McClure. 


spectral match—or polymers—were found using 
Raman spectroscopy. 

Some of the specimens had fibers embedded in 
the matrix and in the contact material. In at least 
one specimen, the fibers were blue and flexible (fig- 
ure 8, right). Raman analysis of the most accessible 
fiber proved difficult because it melted when 
exposed to the laser, even after the power level and 
laser frequency were changed. The best match for 
the (weak) Raman signal was nylon. We concluded 
that the fiber was man-made and could not have 
occurred naturally in the specimen. Further exami- 
nation also revealed parts of insects stuck in the 
matrix. 

One large matrix specimen was broken apart with 
a hammer, but no andesine was found inside. The 
two pieces of andesine originally visible on the sur- 
face of the specimen were both broken out of the 
matrix, and one of them had a flat cleavage surface 
that left a well-preserved imprint in the contact 
material where it was attached to the matrix. This 
area had a fine texture that was somewhat glassy, and 
it was completely unlike the surrounding matrix. It 
did not bear any resemblance to a natural material. 

Analysis of small fragments (<250 um) of the con- 
tact material by attenuated total reflection IR spec- 
troscopy showed calcite plus some organic material, 
as indicated by C-H absorptions near 2900 cm~!. In 
contrast, spectra of the matrix away from the ande- 
sine showed dominantly calcite. While not proof of 
an assemblage, this is consistent with the presence 
of an organic binder used to attach the andesine to 
the matrix. 

Our observations suggest that the matrix speci- 
mens were manufactured. In addition, no specimens 
of this kind were seen by team members who visited 
the reported mine sites in Tibet. 
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Gemological Observations. The andesine samples 
collected from Zha Lin and Yu Lin Gu were general- 
ly visually indistinguishable from one another and 
from those obtained in Nai Sa village that were rep- 
resented as being from the Bainang mining area 
(with exceptions indicated below). Most were trans- 
parent to translucent, but their overall gem quality 
was not high (again, see figure 6). In fact, very few of 
the samples would be expected to yield high com- 
mercial-quality cut gemstones. Most of the pieces 
were under a centimeter and the largest reached 
~2 cm. Most were pale orangy red or red, with some 
rare pure red samples. Compared to andesine from 
the Nai Sa-Bainang area, the Zha Lin and Yu Lin Gu 
samples generally were a weaker red (again, see fig- 
ure 6). Some stones showed blue-green or red zones 
or patches (e.g., figure 9), and any surface-reaching 
fractures were surrounded by a narrow colorless 
zone. In addition, a few of the Yu Lin Gu samples 
showed a distinct yellow color zone near their sur- 
face. Most samples also had a narrow colorless rim 
along their surface, and some stones showed concen- 
tric color zoning with green-blue and red bands (see, 
e.g., figure 14 in Rossman, 2011). All samples were 
rounded, with a smooth waterworn appearance and 
generally elongated shapes. A few andesines had bro- 
ken cleavage surfaces, embayed areas that appeared 
to have been created by chemical etching, or areas 
with a melted glassy surface (see further description 
below). Etch features are common in known-natural 
feldspars from other sources such as Oregon, but to 
our knowledge melted glassy surfaces are not. 

The gemological properties are summarized in 
table 2. RI and SG values for all samples fell in the 
range of andesine. The samples fluoresced weak 
chalky orange to long-wave UV radiation, and were 
dark red or inert under short-wave UV. They retained 
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Figure 9. These Tibetan andesine samples (0.20-1.01 g, 
from Yu Lin Gu) show various uneven blue-green or 
red zones. Surface-reaching fractures are surrounded 
by narrow colorless areas. Photo by A. Abduriyim. 


their red appearance under a Chelsea filter. Some red 
stones appeared green in diffused transmitted light. 
Microscopic examination revealed that most of 
the Zha Lin and Yu Lin Gu samples contained 
prominent twin lamellae parallel to {010}, turbid 
milky clouds and particles between the twin lamel- 
lae (figure 10, left), parallel lath-like hollow chan- 
nels, pipe-like structures, irregular dislocations (fig- 
ure 10, center), and fissures. A few stones also con- 
tained partially healed fractures that had no surface 
expression in reflected light. A very few samples 
contained native copper grains or platelets, which 
produced reddish orange schiller after polishing (fig- 
ure 10, right). Similar copper platelets are known in 
Oregon labradorite, but those platelets tend to be 
much larger. No platelets were seen in any of the 


TABLE 2. Gemological properties of rough andesine 
obtained in Tibet in 2010. 


Color Reddish orange, orange-red, and deep 
red, sometimes with a colorless rim and/or 
uneven green or bluish green zones, patches, 
or stripes. 

Diaphaneity Transparent to translucent 

Appearance Smooth rounded faces, some cleavage 
surfaces, surface etching, melted glassy 
surface 

Rl@ =" 5501-552) B= 1555-1557, 

y = 1.560-1.561 

Birefringence 0.009-0.010 

Optic sign Biaxial positive 

SG 2.67-2.72 

Pleochroism Weak (red-green) 

UV fluorescence 

Long-wave Weak chalky orange 
Short-wave Dark red or inert 
Chelsea filter Red (for red samples) 
Spectroscope Broad absorption at 560 nm in red stones 


and a very weak band at 630 nm in green 
color zones. 

Color zoning, twin lamellae, turbid milky 
clouds and particles, lath-like hollow chan- 
nels, pipe-like growth tubes, irregular dis- 
locations, fractures, uncommon tiny native 
copper grains or platelets 


Internal characteristics 


4 Measured on polished surface. 


known-treated samples. 

The known-treated samples contained pipe and 
tube-like structures, discoid fractures, a recrystal- 
lized white residue filling the lath-like hollow chan- 
nels, and cloud-like inclusions. Overall these inter- 
nal features resembled those seen in the Tibetan 
andesines. However, distinct concentric color fluctu- 
ations from the rim to the core were present in some 
of the known-treated stones (e.g., figure 11). These 
layer-by-layer color zones appeared more distinct 
than in the Tibetan samples examined. 


Figure 10. Some internal features noted in the Tibetan andesine included turbid milky clouds and 
particles between twin lamellae (left), irregular dislocations (center), and rare schiller from the 
presence of native copper inclusions (right). Photomicrographs by F. Isatelle (left, magnified 10x) 


and A. Abduriyim (center and right, magnified 15-20x). 
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Surface Residue Features. Microscopic observation 
of the samples from all three reported Tibetan locali- 
ties, as well as the known-treated andesines, 
revealed unusual glassy surface residues in the frac- 
tures, cavities, and depressions of some specimens, 
as reported previously in red andesine from Tibet or 
“China” (e.g., Abduriyim, 2009b; Lan et al., 2009; 
Rossman, 2011). However, many of the samples 
studied (~80-85%)}, whether Tibetan or known treat- 
ed, did not show any residues, and residues were not 
present on any of the pale yellow andesine from 
Inner Mongolia. Of the six specimens examined by 
author SFM that were dug from two random holes 
above the main mining area in Zha Lin, three had 
these glassy residues in depressions or cavities. 

The residues (e.g., figure 12) ranged from opaque to 
transparent and were colorless/white, yellow, orange, 
brown, or black. Microscopic examination of these 
residues typically showed characteristics of a viscous 
liquid that filled low areas and then solidified: a 
meniscus against the feldspar, columns of this materi- 
al bridging gaps in the feldspar (e.g., figure 12, right), 
and gas bubbles. Dendritic formations of a metallic 
material were sometimes visible in the residues (for 
more on these, see the SEM study below). 

On both the Tibetan and known-treated stones, 
the glassy residue material sometimes cemented 
small fragments of feldspar to the surface of the 
andesine, as documented previously (Rossman, 
2011). Also seen were small fragments of quartz 
attached to the surface with a material identified by 
Raman analysis as amorphous silica. 

Most of the Raman spectra we acquired on the 
residues did not match anything in our database. On a 
few samples, particularly in some dark areas, we 
obtained a good match with amorphous carbon. The 
chemistry of these residues was consistent between all 
of the Tibetan and known-treated samples that were 
analyzed. In agreement with the findings of Rossman 
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Figure 11. This known-treated andesine shows 
concentric color fluctuations. Photomicrograph 
by A. Abduriyim; magnified 22x. 


(2011), compared to the host andesine, all the residues 
had relatively high levels of potassium and copper 
with trace amounts of numerous other elements. 

At present, we do not know the origin of these 
residues or why there is quartz and feldspar fused to 
the surface of these stones. 


SEM Study of Surface Features. SEM observations of 
red andesine samples from Yu Lin Gu and the Nai 
Sa-Bainang area showed percussion marks on their 
surfaces (figure 13, left) that appeared consistent 
with sedimentary transport. Whitish residues in 
some depressions and fractures proved to be crys- 
talline materials containing silicon as their major 
constituent (probably microcrystalline silica or fine- 
grained quartz; figure 13, center). Some of these Si- 
rich patches on red andesine from Nai Sa—Bainang 


Figure 12. Channels on 
these andesines are filled 
with a transparent yellow- 
brown glassy material (left, 
known-treated stone, 
image width 2.9 mm) or an 
opaque yellow substance 
partially bridging the gap 
in the specimen (right, from 
Zha Lin, image width 1.75 
mm). Photomicrographs by 
S. F. McClure. 
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microcrystalline Si-rich material (center) on samples from Yu Lin Gu. The SEM image on the right 
of a sample from Nai Sa—Bainang shows dendritic copper growths with copper microclusters on top of 
a crystalline silica-rich material (right). 


hosted tiny dendritic copper growths partially cov- 
ered with copper-rich microclusters (figure 13, right). 

SEM imaging of both of the known-treated 
andesines revealed mainly glassy surfaces and resi- 
dues from prolonged treatment with a flux. An Al- 
rich compound was also observed (figure 14, left). No 
percussion marks were observed on these samples, 
but numerous copper-rich microclusters were seen 
on areas of silica-rich glassy residues (figure 14, right). 


Chemical Composition. Microprobe analysis of two 
andesine samples from Zha Lin yielded a composi- 
tion of Aby, y7:Anyg <9:Or, 5 3, (expressed as mol.% 
albite:anorthite:orthoclase). They plotted in the ande- 
sine field, near the border with labradorite. Two sam- 
ples from Yu Lin Gu showed a similar range of major 
elements but with more varying anorthite contents 
(An, <), which placed them in the labradorite field. 
With the exception of the An,, sample, these data 
overlap the compositions given by Rossman (2011) 
for samples from Tibet and “China.” A similar com- 
position was documented in the Nai Sa—Bainang 
andesine studied by Abduriyim (2009b). Microprobe 
analyses of four known-treated samples gave compo- 
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sitions of Abyg yo:ANy7 <9:Ot, ¢ 3, Placing them in the 
andesine field at/near the border with labradorite, 
indistinguishable from the Tibetan samples. The Zha 
Lin and Yu Lin Gu andesine contained overlapping 
copper contents (0.04—0.15 wt.% CuO), similar to the 
range in the known-treated samples (0.04—0.11 wt.% 
CuO). 

LA-ICP-MS analyses of samples from all three 
Tibetan localities showed a similar range of Li, B, 
Mg, P, K, Sc, Ti, V, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, 
Rb, Sr, Y, Zr, Ba, and Pb, as well as the rare-earth ele- 
ments La, Ce, Pr, Nd, and Eu. Copper ranged from 
270 to 1200 ppmw, and tended to be higher in stones 
with a redder color. Li contents showed correspond- 
ing increases with Cu, while Ni concentrations were 
higher at the surface than the interior. 

Traces of silver were recorded only in samples 
from Yu Lin Gu, ranging from 35 to 2900 ppmw. 
The concentration of Ag at the outer edge of the 
samples, where a colorless rim was visible, was 
much higher than the average inside the stones. 
Also, the amount of Ag appeared to diminish toward 
the center of the stones. In contrast, the distribution 
of Cu and other trace elements throughout the sam- 


Figure 14. These SEM 
images of known- 
treated andesine 
samples show an Al- 
rich compound (left) 
and dendritic copper 
growths with copper 
microclusters on top 
of silica-rich glassy 
residue (right). 
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MULTIVARIATE ANALYSIS OF CHEMICAL DATA 


© Inner Mongolia 
A ZhaLin 

@ YuLin Gu 

© Nai Sa-Bainang 


+ Known treated (Xi'an) 


X Known treated (Shenzhen) 


Figure 15. Trace-element 
data of the Tibetan/Inner 
Mongolian andesines and 
known-treated samples 
were processed by multi- 


variate statistical analysis 
—— into this principal compo- 
=o nent diagram. Ten iso- 


COMPONENT 3 


topes (°K, DTj, 57Fe, Ga, 
8857, 107 Ag 137Bg, 139.a, 
140Ce, and 2°Pb) were cat- 
+ egorized into two parame- 
ters as component 1 and 
component 3. There is 

mM ~30% overlap between 
the two groups. 


COMPONENT 1 


ples did not show any specific trends. Some stones 
from Zha Lin showed a very low amount of Ag at 
the surface (~0.12-0.26 ppm by weight) but none in 
their interior. Ag was not detected in any of the 
other stones. 

The known-treated samples showed trace-ele- 
Ment contents similar to those of the Tibetan 
stones, but the Cu content decreased from the rim 
toward the core in most of the samples. Barium con- 
tents were slightly lower (99-142, ppmw) than in the 
Tibetan andesine (123-166 ppmw). 

Multivariate statistical analysis of the trace-ele- 
ment data yielded the principal component diagram 
in figure 15. Data are shown for the 80 samples from 
the three reported Tibetan localities and the 12 pale 
yellow samples from Inner Mongolia. The red sym- 
bols indicate the 45 known-treated samples. 
Although there was ~30% overlap between the two 
groups, the known-treated samples tended to have 
lower values for the component | parameter. 


Powder X-ray Diffraction. Using the parameter of 
A260 = 20,3,-20,,,, combined with anorthite content, 
we can determine the Al/Si distribution among the 
four tetrahedral sites in the plagioclase structure 
(Ribbe, 1972). The diffraction data for five Zha Lin 
andesines gave values of A20 = 1.9554°-1.9724°, 
while five samples from Yu Lin Gu yielded A20 = 
1.9572°-1.9700° and 10 from Nai Sa—Bainang were 
calculated as A20 = 1.9539°-1.9668° (figure 16). Of 
the known-treated samples, five from Xi’an were in 
the range A260 = 1.9574°-1.9886° and five from 
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Shenzhen gave A20 = 1.9720°-2.0047°. The tendency 
for the known copper-diffused samples to have a 
higher parameter is reflected by the degree of Al/Si 
disorder at the tetrahedral site. The temperature at 
which this disorder formed is probably higher than 
800-900°C. The 12 pale yellow samples of Inner 
Mongolian andesine showed a significantly lower 
parameter of A260 = 1.9161°-1.9506° compared to the 
Tibetan and known-treated samples. 

Our copper diffusion experiments confirmed that 
the A26 parameter can be changed significantly by 
high-temperature heating. Both diffused samples 
showed red and green colors, and the parameters 
changed from A260 = 1.9264° to 1.9764°, and from A260 
= 1.9506° to 1.9811°. The high temperatures associ- 
ated with laboratory diffusion of Cu into plagioclase 
are reflected in the increased disorder measured by 
powder X-ray diffraction. 


Argon Isotopes. Rossman (2011) reported that argon 
isotopic analysis of red andesine samples collected 
by Abduriyim’s 2008 expedition to the Nai 
Sa-Bainang mine gave a much lower “°Ar/*°Ar ratio 
than untreated pale yellow andesine from Inner 
Mongolia. These observations led to the suspicion 
that those Tibetan samples had been treated by high- 
temperature copper diffusion, despite the conclu- 
sions of Abduriyim (2009a,b), who investigated the 
Bainang mine, that the deposit was authentic. 

The results of argon isotopic measurements of 
andesines obtained on Abduriyim’s 2010 expedi- 
tion, and of other samples for comparison, are 


GEMS & GEMOLOGY SUMMER 2011 177 


POWDER X-RAY DIFFRACTION DATA 


© Inner Mongolia 

A ZhaLin 
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Figure 16. In this diagram, the A206 
values (calculated using the parame- 
ter of A20= 26,3,-26,,,) obtained from 
powder X-ray diffraction data show 
some overlap between Tibetan ande- 
sine and known-treated samples. The 
untreated Inner Mongolian andesine 

: samples have the lowest A206 values. 
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shown in table 3 and figure 17. None of the samples 
tested for argon isotopes showed evidence of the 
glassy surface residues mentioned above. The pale 
yellow Inner Mongolian rough had a high #°Ar/*°Ar 
ratio, comparable to the results obtained in 2008. In 
fact, it contained so much “°Ar that it saturated the 
detection system. However, a rough red andesine 
from Andegem showed a low ratio, consistent with 
author GRR’s previous isotopic measurements from 
the same sample and the conclusion that such 
material was diffusion treated at high temperatures. 
A rough red sample purchased in 2010 at Nai Sa vil- 
lage (said to be from the Bainang mine) showed an 
argon ratio somewhat comparable to the value 
obtained from an andesine collected at the mine by 
Abduriyim in 2008. The two samples from Yu Lin 
Gu showed very high argon ratios. The three stones 
from Zha Lin had elevated argon ratios comparable 
to those obtained from the pale yellow Inner 
Mongolian andesine examined in 2.008. 

Although the furnace heating procedure used in 
this study was different from the laser heating 
reported in Rossman (2011), a comparison of the data 
obtained by both techniques on sample GRR 2641 
shows consistent ratios within expected variations. 


The present study indicates that the Yu Lin Gu and 
Zha Lin samples tested were not subjected to the 
heat treatment process usually applied to commer- 
cial red andesine. The nature of the Nai Sa—Bainang 
samples tested is more difficult to establish defini- 
tively. Their argon ratios were somewhat higher 
than those typically found in treated red andesine, 
but significantly below those observed in material 
from Yu Lin Gu and Zha Lin. 


Diffusion of Ag in Feldspar. The untreated Inner 
Mongolian andesine contained no detectable silver. 
After diffusion treatment, the samples’ coloration 
appeared unchanged but they contained surface-con- 
formal concentrations of Ag. Those treated for 31 
hours showed a maximum Ag content of ~900 
ppmw, and silver was detectable to a depth of 0.7 
mm. Samples treated for a much longer duration 
(180 hours) exhibited a lower maximum concentra- 
tion of Ag at 200 ppmw, but silver was detectable to 
a greater depth of ~1.2 mm. For samples treated for 
both durations, a lower concentration of silver was 
detected near the surface as compared to several 
hundred micrometers below it. 

The observed diffusion profiles through the sam- 


TABLE 3. Argon isotope ratios of andesine reportedly from “China,” Tibet, and Inner Mongolia. 


Sample no. Description Source Reported location Test date 40Ar/S6Ar 
GRR 2641 Red rough Andegem, 2008 “China” July 20, 2009 650 
GRR 2921 Red rough Nai Sa—Bainang, 2008 Tibet July 20, 2009 1631 

72.49 TW Red rough Bainang, purchased in Nai Sa, 2010 Tibet Dec. 28, 2010 1055 
A382 Red rough Yu Lin Gu, in creek, 2010 Tibet Dec. 28, 2010 ale 25 
29.17 TW Red rough Yu Lin Gu, on surface, 2010 Tibet Dec. 28, 2010 11685 
A830 Red rough Zha Lin, 1.2 m deep pit at mine site, 2010 Tibet Dec. 28, 2010 3884 
A824 Red rough Zha Lin, 30 cm deep pit under bush, 2010 Tibet Dec. 23, 2010 6434 
A347 Red rough Zha Lin, on surface at mine site, 2010 Tibet Dec. 23, 2010 4309 
215.12 TW Pale yellow rough Litto Gems, 2010 donation Inner Mongolia Dec. 28, 2010 >6000 
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ples suggest that silver substitution in plagioclase is 
quite high. It is likely even higher than the diffusion 
profile suggested by the 31-hour experiment, because 
the drop in silver concentration at the surface of the 
sample indicates outward diffusion of silver during 
the experiment. This likely occurred because the 
vapor pressure of silver at 1170°C is ~0.12 torr, so it 
distills out of the zirconia carrier as the experiment 
proceeds. As it is depleted, some of the silver in the 
plagioclase diffuses back down the concentration 
gradient out toward the surface. 

This experiment shows that silver—like copper— 
can diffuse into plagioclase under conditions that 
may exist in nature or may be created in the lab. 


CONCLUSIONS 


Since 2005, gem-quality andesine represented as 
being from Tibet—mostly red to orange but also 
showing other colors and sometimes strong color 
zoning—has been available in the marketplace. This 
article mainly presents findings associated with 
Abduriyim’s 2010 expedition, which visited two 
reported Tibetan andesine occurrences, Zha Lin and 
Yu Lin Gu, located near the previously investigated 
Nai Sa—Bainang mining area. The group found strong 
field evidence for a genuine andesine deposit at Zha 
Lin, but could not confirm the authenticity of the 
Yu Lin Gu occurrence. No primary andesine-bearing 
source rocks were found in either area. A more thor- 
ough geologic investigation of the region is still 
needed. 

No matrix specimens were seen in the field; how- 
ever, examination of matrix specimens represented 
as being from Tibet suggested they had been manu- 
factured. The andesine samples obtained at Zha Lin 
and Yu Lin Gu by the 2010 expedition—for the most 
part, rounded pebbles—showed an overall low quali- 
ty compared to the abundance of attractive gems 
represented as Tibetan in the marketplace. There 
was an overlap in gemological properties between 
the Tibetan and known-treated samples obtained by 
the expedition. The chemical properties also over- 
lapped, except for the presence of significant 
amounts of Ag only in the Yu Lin Gu samples and a 
possible depletion of Ba in the known-treated stones. 
Multivariate statistical analysis of the chemical data 
gave a 30% overlap in the Tibetan and known-treat- 
ed stones. A preliminary SEM investigation suggest- 
ed that both the Tibetan and known-treated 
andesines may host surface residues consisting of 
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Figure 17. Elevated argon isotopic ratios were 
obtained for pale yellow andesine from Inner 
Mongolia, as well as red samples from Yu Lin Gu and 
Zha Lin that were collected during Abduriyim’s 2010 
expedition. Red andesines reportedly from the 
Bainang mine contain significantly less “Ar, while a 
“Chinese” red sample obtained from Andegem in 
2008 shows a low ratio indicative of high-tempera- 
ture heating. 


copper-rich micro-clusters and patches of silica, but 
the crystallinity of the silica appeared different in 
the different sample types. Glassy surface residues 
were present on some of the Tibetan and known- 
treated stones. Powder X-ray diffraction data showed 
some overlap between Tibetan and known-treated 
stones. Argon isotopic studies indicated that the 
samples tested from Zha Lin and Yu Lin Gu (none of 
which had glassy surface residues) had not been 
exposed to the high temperatures associated with 
diffusion treatment. 

Although some of the evidence obtained from 
field and laboratory studies is supportive of genuine 
natural-color andesine from Tibet, the inconclusive 
and sometimes contradictory results described above 
and in other studies (e.g., Rossman, 2011; Peretti et 
al., 2011) indicate that not all the stones represented 
as Chinese or Tibetan are authentic. Our research 
has shown that to date there is no reliable, realistic 
way to separate the natural Tibet material from the 
treated stones from Inner Mongolia. It is possible 
that this separation might be made using a combina- 
tion of several advanced techniques, but most of 
them are expensive, destructive, and/or not widely 
available, so they are impractical for individual 
andesines. Therefore, at this time, GIA’s laboratory 
reports on these stones state “Color origin cannot 
currently be determined.” Additional research is 
needed to establish unambiguous identification cri- 
teria for stones of natural versus treated origin. 
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sides. The difference was that, upon close 
examination, one could see a slight color 
demarcation through the girdle. However, 
this slight difference of color was overcome 
by treatment on the other side of the 
stone. The only definite marks left by the 
cyclotron were very small burn marks, 
shown as minute black pin-points through- 
out the stone. As for radio activity, dia- 
monds bombarded in the.cyclotron lose all 
traces of radio activity from thirty minutes 
to twenty-four hours after bombardment. 


The color of a cyclotron bombarded dia- 
mond is apparently permanent. Even 
though the color change is only skin deep, 
exposure to sun or light has not. changed 
treated stones. It can be assumed however, 
the heat treatment of 1200 degrees Fahren- 
heit, or more, could restore the original 
color, since deuteron bombardment does not 
penetrate into the stone. This fact was ptov- 
ed at the time by re-cutting several stones 
which had been treated. Just slight re-cut- 
ting on every facet restored the original 
color. More recent experiments, which will 
be discussed later, have established that 
treatment with cyclotron possessing greater 
voltage and micro amp power can penetrate 
the stone completely. 


Diamonds can also be turned green by 
placing them in the cyclotron for seven or 
eight days outside the area of the beam 
light. In this case, it is the Gamma rays 
and neutrons that cause the change. The 
color produced by the Gamma rays and 
neutrons is entirely different, as the stone 
turns a very light green, rather than a rich 
tourmaline green. Of twelve stones thus 
treated, the colors were exactly the same. 
It was also found that the color was not 
permanent. Upon exposure to daylight or 
sunlight, neutron treated stones gradually 
faded and returned to their original color. 


In 1946 the Physics Department of Co- 
lumbia University in New York City cooper- 
ated in further experiments with cyclotron 
treated diamonds, in the coufse of which 
a startling discovery was made. Prior to 


SUMMER. 1950 


bombardment, all diamonds used were 
tested for fluorescence. Some of the fluor- 
escent stones lost every trace of fluorescence 
after bombardment, while others retained 
their fluorescence. 

During this time, also, a diamond acci- 
dentally dropped into the inner works of 
the cyclotron. Naturally, strategic work 
that was being done could not be inter- 
rupted, and almost two weeks elapsed be- 
fore the cyclotron was dismantled for its 
regular cleaning. The diamond was finally 
recovered in the midst of all the rubble. 
Its color was amazing. It had turned as 
red as the very finest pigeoh blood ruby 
ever seen. The stone could not be touched 
for at least a half hour, until it lost its 
radio activity. Unfortunately, by the time 
it was cool enough to be handled, the color 
had changed to a dirty brown, making it 
much less attractive than its original Cape 
color, Except for that experience, nothing 
new was’ learned at the time. 

It is a certainty that, with much patient 
experimenting and considerable outlay of 


money, it will be possible to change the 


color of diamonds into any color of the 
tainbow by bombardment in the cyclotron. 
It is not too farfetched to say that Cape 
diamonds can be made white. To accom- 
plish this feat, it would be necessary to 
have a cyclotron built exclusively for such 
experimentation—and half a million dollars 
would be just the initial outlay for that 
purpose! 

Recent experiments have just been com- 
pleted at the University of California at 
Berkeley, where the cyclotron is much more 
powerful than Harvard’s or Columbia’s. 
Four stones wete subjected to an Alpha 
particle bombardment for five minutes with 
a 2 micro amp beam current and 40,000,000 
volt energy. Two of the stones turned a 
brown color; the other two lost some of 
their Capish color atid turned whiter. 

Another stone was. bombarded with a 15 
micro amp beam current of Alpha particles 
and 40,000,000 volt energy for four min- 


Continued on Page 318 


297 


ee EMS A ns 
EMOLOGY 


Pallasitic Peridot 
Vietnamese Ruby and Sapphire 


CVD Synthetic Diamond and 
Synthetic Amethyst Identification 


Diamond Stamp Collection 


seeeeeeret 
if 


of Dehres Limited handles more 
diamonds in a day than most people see in a lifetime. Here he 
discusses the power of reputation, global diamond investment 
and why a GIA report is vital to any business built on integrity. 


What's something most people don’t know about your job? It's the only business in the world conducted on trust. You 
sell 1 to 5 million dollars just on the telephone, without even a signature. 


A diamond dealer’s most valuable asset? Reputation. Yes, you need a sense of artistic value and a knack for design, but 
the most essential part is integrity. You can't survive without it. 


What has doing business in Hong Kong taught you about the Asian market? It's one of the strongest in the world. 


Every day, there are new millionaires and new businesses. Asians are very investment-conscious. Diamonds are safer and more 
profitable than money in a bank. 


All-time favorite purchase? Most recently, a 100+ ct. D FL. Incredible brilliance and scintillation. Such a beauty. People fell 
down when they saw it. 


Did it arrive with a grading report? Ha, ha. GIA, of course. What responsible businessman, with a good reputation and name, 
would sell a diamond without a GIA report? 


Why is a GIA evaluation so important to one’s reputation? It's the most reliable, authentic, dependable gem institute in 
the world. People know that, especially in the Far East. Remember what | said about reputation? A GIA report is crucial. 


Business words to the wise? Selling is an idea game. The more knowledge you have, the more confidence you feel. 


GIA gratefully acknowledges those who, for 80 years, have used our resources to 
further world expertise in gems. Invest in your success at WWW.gia.edu 
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EDITORIAL 


NEW BEGINNINGS 


hank you for t he warm welcome that I’ve received as the new editor-in-chief of 
Gems & Gemology. 1am pr ivileged to now bea par t of t he gemological com mu- 
nity and to join such a passionate industry—to be captivated not only by the beauty 
of the gem world, but also by its science. 


Of course, the challenge for scie ntists today is t he same a s it was yesterday: to translate 
ongoing research into definitive answers. As you k now, science doesn’t always come u p 
with absolutes; conclusions are mostly partial and incremental. It’s like adding chapters to 
a never-ending book. 


We all know that technology is always pushing the 
boundary of what is possible. Just look at its impact 
not only on gem treatments, but also on m ining, 
stone cutting, gem identification, and so on. 
Gemologists now have to chase more subtle fea- 
tures in determining whether a gem is natural or 
synthetic. 


In this digital age, we can brace ou rselves or simply 
embrace the new wave of ( inevitable) change. As 
the saying goes, change is constant. So the timeliness 
and the fashion in which we disseminate scientific 
results and information will be more important 
than ever to keep you abreast of these developments. 
As I fol low in the fo otsteps of m y esteemed prede- 
cessors, this will continue to be a part of GeG’s 
mission, par ticularly as new gem and j ewelry mar- 
kets open up and new challenges arise. 


In this issue of GexG, we report on t he geology and g emological characteristics of r uby 
and sapphire from Yen Bai Province, in northern Vietnam. There is an ar ticle by GIA 
researchers on the use of trace-element analysis to distinguish meteoritic peridot from ter- 
restrial peridot, anda 
study of the origin and 
nature of luminescent 
regions in CVD-grown 
synthetic diamond, which 
distinguish them from 
natural material. We also 
feature an important collection of diamond-themed stamps, and an update on the separa- 
tion of natural versus synthetic amethyst using infrared spectroscopy. 


...the challenge for scientists today is t he same as it 
was yesterday: to translate ongoing research into 


definitive answers. 


I certainly look forward to working with all of you. We're not just in the industry—we’re all 
a part of the industry as a whole. 


I will close with Richard T. Liddicoat’s words from the Spring 1981 issue of GexG: “It is the 
intention of the staff of Gems & G emology to provide gemologists and g em enthusiasts 
everywhere with the latest developments and the most comprehensive coverage in the field.” 
This still rings true today! 


Jan Iverson | Editor-in-Chief | jan.iverson@gia.edu 
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RUBY AND SAPPHIRE FROM THE 
TAN HUONG—TRUC LAU AREA, 
YEN BAI PROVINCE, 
NORTHERN VIETNAM 


Nguyen Ngoc Khoi, Chakkaphan Sutthirat, Duong Anh Tuan, 
Nguyen Van Nam, Nguyen Thi Minh Thuyet, and Nguy Tuyet Nhung 


Primary and secondary deposits in the Tan Huong-Truc Lau area of northern Vietnam’s Yen Bai 
Province have supplied rubies (especially star rubies) and some sapphires—mostly of cabochon 
quality—for more than a decade. The gems are typically translucent to semitransparent and pink 
to purplish or brownish red, with rare color zoning. The most distinctive features of this corun- 
dum after polishing include growth zoning and asterism. The samples contain relatively high 
amounts of Fe and variable Ti and Cr. The geologic origin and gemological properties of this 
corundum are distinct from that of the adjacent Khoan Thong-An Phu area. 


Province, and the Luc Yen District in particular, 

have been widely known for producing high- 
quality rubies and sapphires. Subsequent deposits 
found elsewhere in Vietnam (Long et al., 2004) 
include Quy Chau-Quy Hop (Nghe An Province), Di 
Linh (Lam Dong}, Dak Ton (Dak Nong], and Ma Lam 
and Da Ban (Binh Thuan). Still, Yen Bai remains the 
country’s most important source of ruby and sap- 
phire. Much of the production consists of cabochon- 
quality stones from the Tan Huong-Truc Lau area 
(e.g., figure 1), as described in this article. 

Vietnamese geologists first discovered gem-quali- 
ty corundum and spinel at Luc Yen in 1983 (Vinh, 
1991). In early 1987, the Geological Survey of 
Vietnam found abundant gem material in alluvium 
in Luc Yen’s Khoan Thong area. Mining activity 
soon thrived, with many companies operating in the 


Fe: more than 20 years, Vietnam’s Yen Bai 


See end of article for About the Authors and Acknowledgments. 
GEMS & GEMOLOGY, Vol. 47, No. 3, pp. 182-195, 
http://dx.doi.org/10.5741/GEMS.47.3.182. 
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region (Voi, 1991). Other gem occurrences near 
Khoan Thong followed, such as Nuoc Ngap, Hin 
Om, Khau Nghien, Vang Sao, May Thuong, May Ha, 
An Phu, Phai Chap, Tan Lap, and Lam Dong. These 


Figure 1. These star rubies (6.16-11.66 ct) are from 
the Tan Huong-Truc Lau area of northern Vietnam. 
Photo by Nuttapol Kitdee, GIA, Bangkok. 
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are located on the east side of the Chay River and 
have been referred to by locals as bai ci, or “old 
mines” (see figure 2). 

In the mid-1990s, several bdi moi (“new mines”} 
were established on the west side of the Chay River. 
These included Tan Huong, Truc Lau, kilometer 12 
of National Road 70, Tan Dong, Hoa Cuong, Cam 
An, Bao Ai, Ngoi Nhau, and Ngoi Hop (again, see fig- 
ure 2). Although corundum was discovered in this 
area in 1986 (Quan et al., 1998), there was no signifi- 
cant mining until local diggers arrived at Tan Huong 
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HA GIANG 


toes 
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Figure 2. In northern 
Vietnam’s Yen Bai 
Province, primary and 
secondary corundum 
deposits have been 
mined on both sides of 
the Chay River: the origi- 
nal Khoan Thong-An 
Phu mines on the east 
side and the newer Tan 
Huong-Truc Lau mines 
on the west. The size of 
each symbol is propor- 
tional to the importance 
of that mining area. 
Modified after Xuyen 
(2000) and Vinh (2005). 


PHU THO 


in 1994 (Thang, 1998). In 1996 the Vietnam National 
Gold and Gem Corporation (VIGEGO) conducted 
systematic assessments of Tan Huong (covering an 
area of 6 km’) and Truc Lau (20 km/’). Official min- 
ing operations by VIGEGO started at Tan Huong the 
following year, yielding hundreds of kilograms of 
ruby and star ruby (Thang, 1998). Subsequently, 
other secondary (placer) and primary occurrences 
were discovered and mined (e.g., Quan et al., 2000). 
Currently, the only large-scale mechanized opera- 
tion (figure 3) belongs to DOJI Gold & Gems Group 


Figure 3. DOJI Gold & 
Gems Group currently 
conducts the only large- 
scale mining activities 
in the Tan Huong-Truc 
Lau area. These 2010 
photos show open-pit 
mining at Truc Lau (left) 
and the associated pro- 
cessing plant (right). 
Photos by N. N. Khoi. 
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Figure 4. Local miners dig for spinel and corundum 
at the Lang Chap occurrence in June 2010. 

Photo by N. N. Khoi. 


in the Truc Lau valley. Also some small-scale min- 
ing using primitive methods occurs sporadically, 
particularly during the dry season. Most recently, in 
February 2010, hundreds of local miners began operat- 
ing illegally at Lang Chap, mostly for spinel (figure 4). 

The mines on the west side of the Chay River 
typically yield cabochon-quality ruby and pink sap- 
phire. However, some very large rubies weighing 
tens of kilograms have been found. Some of these 
contain transparent, gem-quality portions that can 
be faceted. A semitransparent to nearly transparent 
290 ct fragment, detached from a 2.58 kg rough ruby 
discovered at Tan Huong in 1997, sold for 
US$290,000 at the Rangoon Gem Emporium 
(Myanmar) later that year (Nguyen Xuan An, pers. 
comm., 1998). Large star rubies and pink sapphires 
are also known. Two pieces (1.96 and 2.58 kg) now 
belong to the State Treasury’s collection, while DOJI 
Gold & Gems Group has preserved an 18.8 kg speci- 
men (figure 5). 

For the sake of clarity, we will refer to the original 
deposits on the east side of the Chay River as Khoan 
Thong—An Phu and to the newer localities on the 
west side as Tan Huong-Truc Lau (the latter names 
are the main mining areas). The older deposits also 
have been referred to in the literature as simply Luc 
Yen (Kane et al., 1991; Long et al., 2004; Garnier et 
al., 2008), while the newer ones have been called Yen 
Bai (Long et al., 2004). This terminology is potential- 
ly confusing because Khoan Thong, An Phu, and 
Truc Lau administratively belong to the Luc Yen 
District, while Tan Huong is part of the Yen Binh 
District (again, see figure 2). Nevertheless, all of these 
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occurrences occupy the northeastern part of Yen Bai 
Province, ~250 km northwest of Hanoi. From the 
city of Yen Bai, it is easy to reach the new mining 
area by driving northwest along National Road 70, 
along which most of the occurrences are located. 

This article describes the geology and gemologi- 
cal characteristics of gem corundum from Tan 
Huong-Truc Lau and compares it to the material 
from the well-known Luc Yen deposits. 


GEOLOGY AND OCCURRENCE 


The Khoan Thong-An Phu and Tan Huong-Truc Lau 
mining regions lie about 15 km from one another, 
but their geologic settings are clearly different. Most 
primary and secondary corundum occurrences in the 
Tan Huong-Truc Lau area are located within the Day 
Nuti Con Voi mountain range, which stretches from 


Figure 5. The 18.8 kg Great Star Ruby, one of many 
large gems mined at Tan Huong—Truc Lau, belongs to 
DOJI Gold & Gems Group. The stone measures 
approximately 32 x 24 x 17 cm and has been partly 
tumbled and polished to reveal its asterism. Photo by 
N.N. Khoi. 
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Figure 6. This simplified 
geologic map shows the 
locations and rock for- 
mations of the corundum 
occurrences at Khoan 
Thong-An Phu and Tan 
Huong-Truc Lau. 
Modified after Vinh 
(2005) and Xuyen (2000). 
Smaller deposits are not 
shown here. 
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Lao Cai Province southeast to Yen Bai Province. The 
mountains are bounded by lateral strike-slip faults 
(figure 6) forming a major Cenozoic geologic disconti- 
nuity in Southeast Asia known as the Ailao 


NEED TO KNOW 


¢ Northern Vietnam’s Yen Bai Province has pro- 
duced ruby and sapphire from adjacent geologi- 
cally distinct areas referred to as “Luc Yen” and 
“Yen Bai.” 

e The latter area pertains to deposits (both primary 
and secondary) located on the west side of the 
Chay River in the Tan Huong-—Truc Lau area. 

e Since the mid-1990s, these deposits have pro- 
duced mainly cabochon-quality rubies (especial- 
ly star rubies) and some sapphires. 

e Although large pieces are known, the corundum 
is typically semitransparent to translucent, and 
most ranges from pink to purplish or brownish red. 


Shan-Red River Shear Zone (Trinh et al., 1998, 1999, 
Leloup et al., 2001). 

Rocks in the Tan Huong-Truc Lau area mainly 
consist of plagiogneiss and other gneisses intercalat- 


RUBY AND SAPPHIRE FROM NORTHERN VIETNAM 


ed with lenses of amphibolite and marble; they are 
grouped as the Nui Voi Formation (Long et al., 2004; 
Nam, 2007; Garnier et al., 2008; again, see figure 6). 
These rocks underlie the Ngoi Chi Formation, 
which comprises schist, amphibolite, and marble. 
Both formations appear to have been intruded by 
granite, syenite, and pegmatite of the Tan Huong 
magmatic complex, which is 22-25 million years old 
(Nam and Huyen, 2010). 

Primary corundum deposits in the Tan 
Huong-Truc Lau area can be classified into three 
main types: 


1. Gray, grayish white to bluish gray, and yellow- 
ish gray corundum embedded in gneisses, such 
as the Co Man outcrop in Truc Lau valley, and 
the Khe Nhan and Kinh La occurrences in the 
Tan Huong area (Nam, 2007; Thuyet, 2008). 
The corundum usually consists of large (1-3 
cm, with some over 10 cm) well-formed crys- 
tals of very low or non-gem quality (Nam, 2007; 
Thuyet, 2008; figure 7, left). 


2. Dark red to pinkish red rubies of low-to-medi- 
um gem quality. These are usually also large 
and come from weathered pegmatoid feldspath- 
ic rocks (e.g., the occurrences at kilometers 12, 
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15, and 23 along National Road 70, and also 
Slope 700). 


3. Rubies in large marble lenses intercalated with- 
in gneiss, mica schist, and amphibolites (e.g., 
the Tan Huong drill core, and DOJI’s Truc Lau 
mine). This type of ruby appears to have higher 
gem quality, but its distribution is limited. 


These occurrences, mostly related to gneisses and 
schists of metasedimentary origin, are much differ- 
ent from the corundum deposits of Khoan 
Thong-An Phu, which are mainly hosted by marble 
formations. 

The corundum-bearing host rocks in the Tan 
Huong-Truc Lau area appear to have originated from 
the metamorphism of fine-grained sediments of vari- 
able composition (Katz, 1972; Simandl and Paradis, 
1999). For example, gneisses from the Co Man and 
Kinh La outcrops have a wide compositional range, 
from 50-90% feldspar, up to 40% biotite, and up to 
20% sillimanite. In addition, ruby-bearing feldspathic 
rocks (e.g., the Slope 700 outcrop) typically consist of 
K-feldspar and biotite (or vermiculite; figure 7, right). 


Figure 7. The left sample 
of corundum-bearing 
gneiss, from Co Man, con- 
tains mainly feldspar, 
biotite, sillimanite, and 
sapphire crystals up to 3 
cm long. The feldspathic 
tock from the Slope 700 
outcrop (right) typically 
consists of K-feldspar, 
biotite, and ruby. Photos 
by N. V. Nam. 


The primary host rocks are usually deeply weathered, 
forming numerous eluvial deposits. 

The secondary (eluvial and alluvial) corundum 
deposits usually contain dark red ruby, pink sap- 
phire, and red and brown spinel, as well as some gar- 
net, trapiche-like bluish gray sapphire, sillimanite, 
and quartz. Of these mining areas, Truc Lau and Tan 
Huong are the most important. Truc Lau occupies a 
large valley, about 5 km long, that contains eluvial 
and alluvial sediments. The eluvium consists of 
three layers: topsoil (averaging 1 m thick); a gem- 
bearing layer (0.8-1 m thick) containing corundum 
and spinel that is composed of pebbles, gravel, and 
sand, and a deeply weathered gneiss layer (3 m thick) 
that typically contains ruby and sapphire. Compared 
to the eluvium, the alluvial deposits at Truc Lau are 
thicker (~10 m). Ruby, sapphire, and spinel are found 
within a gravel paleoplacer (1.2-5.0 m thick) that 
lies on bedrock, and is buried below 0.5-3.5 m of 
Quaternary sediments and 0.5-1.5 m of topsoil 
(figure 8). In 2002, 1-2 kg per month of pink sapphire 
and star ruby were produced from this paleoplacer. 

At Tan Huong, the main gem occurrences are 


Figure 8. Alluvial layers in the Tan Huong-Truc Lau area consist of soil, sandy and pebbly clays, 


and gravels containing gem corundum. 
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e A view of Serrinha showing the face and floor of the mine. 


The Origin and Uistribution 
of Diamonds in 
Brazil 


THOMAS DRAPER 


it is now an accepted fact that the dia- 
monds found in Southern and Central 
Africa are being derived from an ultra- 
basic rock to which the distinctive name 
“kimberlite” has been applied. This inti- 
mate association has been confirmed by the 
discovery of diamonds under identical con- 
ditions near Murfreesboro in Arkansas. The 
inference that an ultra-basic magma is 
essential to the growth and formation of 
the diamond followed as a matter of course. 
It seemed reasonable to assume that the 
widespread occurrence of diamonds in Bra- 
zil would eventually be traced to the same 
source. Up to date, this expectation has 
not been realized. There is, however, evi- 
dence to show that the alluvial diamonds 
found at widely separated points in Brazil 


are of local origin in areas where ultra- 
basic rocks have not, up to the present, 
been identified. The origin of these dia- 
monds has been, and still is, a matter of 
scientific controversy which will not be 
settled until further evidence is available. 
The divergence of opinion ranges through 
vatious possibilities, including fluviatile, 
glacial, hydrothermal, metamorphic, and 
volcanic. Of these, both the fluviatile and 
glacial theories can be dismissed as un- 
tenable since they account for the migration 
of diamonds but beg the question of origin 
itself. It is difficult to imagine how any 
agent involving transportation could have 
spread diamonds throughout the length and 
breadth of Brazil’ without mixing them 
up. It is even more difficult to suggest 
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arranged in a northwesterly direction, bounded by 
two small lakes. The alluvial deposits consist of a 
topsoil layer (~0.5 m thick), a sand horizon with 
areas of humus (~0.5-1 m thick), and a ruby-, sap- 
phire-, and spinel-bearing layer above the bedrock 
that contains mixed sand, pebbles, and boulders 
(~1.2—2.5 m thick). All of the alluvial deposits in the 
Tan Huong-Truc Lau area are quite similar to those 
shown in figure 8. 


PRODUCTION AND DISTRIBUTION 


Current production of gem material from Tan 
Huong-Truc Lau is about 10 kg per month. This 
includes approximately 20-30% ruby and some sap- 
phire, and 70-80% spinel. Only 10-15% of the 
stones are of gem quality; the rest are suitable for 
carving material or as specimens. Most of the gems 
are cut and sold locally. DOJI Gold & Gems Group 
is the major exporter of faceted Vietnamese gem- 
stones to the world market, either directly or 
through the international gem fairs in Bangkok, 
Hong Kong, Tokyo, and Kobe. The main markets for 
high-quality corundum are Japan, North America, 
and Hong Kong. Large, medium-quality stones are 
sold in the Middle East, Taiwan, and Southeast Asia, 
while low-quality commercial products go to India 
and China. 

Heat treatments, including lead-glass filling, have 
been applied to these materials, but most appear to 
be unsuccessful. After heat treatment, white stripes 
often appear along fractures. 


MATERIALS AND METHODS 


A total of 57 gem samples from Tan Huong-Truc 
Lau, including 15 rough and 42 cut stones (12 
faceted and 30 cabochons}, were collected by the 
authors over a period of many years, and examined 
as summarized in table 1. Among these, 29 cut sam- 
ples (nine faceted and 20 cabochons) and 10 pieces of 
rough were from secondary deposits (e.g., figure 9). 
The remaining 13 cut samples (three faceted and 10 
cabochons} and five pieces of rough were from pri- 
mary host rocks (e.g., figure 10) along National Road 
70, at kilometers 12, 15, and 23, and at Slope 700. 
All of these were gem quality, although those from 
primary occurrences typically were of much lower 
quality. 

We used standard gemological equipment to 
record optic character, refractive indices and birefrin- 
gence, pleochroism, absorption spectra, and UV fluo- 
rescence (to long- and short-wave radiation). Specific 
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gravity was measured by the hydrostatic method 
using an electronic balance. Various gemological 
microscopes (vertical and horizontal, incorporating 
different lighting techniques) were used to observe 
internal features. 

Raman microspectroscopy was performed on nine 
observable mineral inclusions embedded in transpar- 
ent hosts. The spectra were collected using a Jobin 
Yvon LabRam HR 800 spectrometer coupled with an 
Olympus BX41 optical microscope and an Si-based 
CCD (charge-coupled device) detector at the Institute 
of Geosciences, Johannes Gutenberg University 
(Mainz, Germany). The samples were excited by a 
514 nm Ar-ion laser. The confocal mode was used to 
enable analysis at the micron scale (~0.2-0.5 pm). 

Absorption spectra of three Tan Huong-Truc Lau 
rubies were collected using a Shimadzu UV-2450 
UV-Vis spectrophotometer at the Center for 
Material Sciences, Hanoi University of Science. 

Polished thin sections of 23 samples selected 
from primary and secondary deposits at Truc Lau 
and Tan Huong were prepared for quantitative 
chemical analysis by electron microprobe. The anal- 
yses were performed using three different instru- 
ments, as indicated in table 2. Also analyzed were 29 
mineral inclusions exposed on the polished surfaces. 


GEMOLOGICAL CHARACTERISTICS 


Crystal Morphology. Two main crystal forms char- 
acterized the morphology of the corundum from pri- 
mary deposits: 


1. Prismatic crystal habits composed of the hexag- 
onal prism a {1120} and basal pinacoid c {0001} 

2. A modification of this habit, with the addition 
of the positive rhombohedron r {1011} 


The crystals had short prismatic and sometimes 
tabular hexagonal shapes, with a height-to-width 
ratio ranging from 1 to 3. 


Visual Appearance. In general, rubies and sapphires 
from Tan Huong-Truc Lau are only of cabochon 
quality. Transparent to semitransparent pieces 
with more marketable red to pink colors occur in 
secondary deposits, while those extracted from pri- 
mary deposits are usually opaque to translucent 
and have dull to dark colors unsuitable for cutting. 
Corundum from the primary deposits ranges from 
colorless to gray, pale blue, and yellowish to dark 
red and violetish pink; only the latter is typically of 
gem quality (again, see figure 10). Corundum from 
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TABLE 1. Gemological characteristics of rubies and sapphires from Tan Huong—Truc Lau, Vietnam. 


Property 


Color 


Pleochroism 


Diaphaneity 


Refractive Indices 


Birefringence 
Optic character 
Specific gravity 


UV fluorescence* 


Spectroscope 
spectrum 


Internal features 


Primary deposits 


Secondary deposits 


No. of samples Observations 


13 polished Colorless, gray to yellowish gray, 
bluish or greenish gray 

Dark red, red to pink, purplish 
pink 

Weak to moderate 

Dark red to red, pink: Violet to 
violetish red, orange to orangy red 
Bluish gray: Greenish gray to 
bluish gray 

Poor to moderate clarity and 
opaque to translucent; rarely 
semitransparent to transparent 
n, = 1.762-1.763 

n, = 1.770-1.771 

n = 1.76-1.77 (spot method) 


13 polished 


5 rough, 
13 polished 


3 faceted 


10 cabochon 


3 faceted 0.008-0.009 
3 faceted Uniaxial negative 
5 rough, 3.91-3.99 
13 polished 
5 rough, Gray to white, bluish gray: 
13 polished Inert to both LW and SW 
Red to pink: 
e LW: Moderate to weak red 
e SW: Weak red 
5 rough, Red to pink: Chromium spectra 
13 polished Bluish and greenish gray: 450 nm 
(faint line) 
5 rough, e |lmenite, plagioclase, biotite, 
13 polished muscovite, apatite, zircon, rutile 


needles, magnetite, chlorite 

Primary and secondary liquid-gas 

inclusions 

e Growth zoning, parting, fractures, 
lamellar twinning 


No. of samples 


29 polished 


29 polished 


10 rough, 
29 polished 


9 faceted 


20 cabochon 


9 faceted 
9 faceted 
10 rough, 
29 polished 
10 rough, 
29 polished 


10 rough, 
29 polished 


10 rough, 
29 polished 


Observations 


Pink, pinkish to purplish and 
brownish red, dark red 


Moderate to strong 
Dark red to red, pink: Violet to violetish 
red, orange to orangy red 


Poor to moderate clarity, opaque to 
translucent and semitransparent; 
some parts may be transparent 

n, = 1.762-1.763 

n, = 1.770-1.7714 

n = 1.76-1.77 (spot method) 


0.008-—0.009 
Uniaxial negative 
3.92-4.07 


Red to pink: 
e LW: Moderate to strong red 
e SW: Weak to moderate red 


Red to pink: Chromium spectra 


e Rutile (needles, silk, clouds, and 
stringer formations), ilmenite, zir- 
con, apatite, spinel, diaspore, pla- 
gioclase, biotite, muscovite, chlo- 
rite, allanite(?), magnetite 

e Primary and secondary liquid-gas 
inclusions 

e Growth zoning, parting, fractures, 
lamellar twinning 


@ Abbreviations: LW = long-wave, SW = short-wave. 


Figure 9. These rough and cut rubies are from secondary deposits at Truc Lau. The cabochons on the right 
range from 8.24 to 19.53 ct. Note the asterism in the stone on the lower right. Photos by N. N. Khoi. 
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Figure 10. This ruby crystal (2.45 g) formed in feldspath- 
ic host rock (see figure 7, right). Photo by N. V. Nam. 


the secondary deposits, however, has more desir- 
able colors that commonly range from dark red, 
brownish red, and violetish to pinkish red (figures 1 
and 11). The secondary deposits also yield sapphires 
that are usually colorless, yellowish gray, bluish 
gray, or multicolored. Blue, green, and yellow hues 
are very rare. Diaphaneity ranges from opaque to 
nearly transparent. 


The corundum’s dimensions vary considerably, 
from several millimeters to several centimeters. The 
most significant visual features are growth zoning 
(straight and angular) and asterism (figure 12); about 
30% of the gem-quality stones show a star phe- 
nomenon, according to the miners. Color irregulari- 
ties such as spots, streaks, and patches are uncom- 
mon in these rubies and sapphires. 

Another distinct characteristic of corundum 
(especially ruby) from both primary and secondary 
deposits in Tan Huong-Truc Lau is an overgrowth 
of iron-stained spinel. These coated stones have an 
unsightly yellowish gray appearance until the 
spinel crust is cut away to reveal a red core of ruby 
(figure 13). Local gem dealers call the spinel- 
encrusted material hang mo bat (gamble merchan- 
dise), indicating the uncertainty of dealing with 
these goods. 


Optical Characteristics and Specific Gravity. The 
refractive indices, birefringence, and specific gravity 
values of ruby and sapphire from Tan Huong-Truc 
Lau fell within typical values for corundum, and 
there was little difference in these properties 


TABLE 2. Summary of electron microprobe analyses of corundum from Tan Huong—Truc Lau, Vietnam.? 


Primary corundum 


Secondary corundum 


ae Bluish gray to pale Pale pink, Pink to red, Dark red, Violetish red to violetish 
blue, from Truc Lau® from Truc Lau from Truc Lau® from Tan Huong? pink, from Tan Huong? 
(10) (3) (4) (1) (5) 
Al,O3 97.12-98.95 99.00-99.30 98.90-99.30 99.76 98.90-99.98 
SiO, nd-0.10 nd-0.10 - - - 
TiO, nd-0.05 nd-0.22 nd-0.05 - 0.014-0.11 
Cr,0, nd-0.04 0.11-0.44 0.07-0.69 0.18 0.69-0.27 
FeO 0.94-1.38 0.15-0.48 0.03-0.37 - 0.005-0.15 
nO nd-0.02 - - - - 
gO nd-0.02 - - - - 
NiO nd-0.04 - - - - 
CaO nd-0.04 - ~ - - 
Na,O nd-0.02 - - - - 
K,O nd-0.03 - - - - 
V,Os - - - - nd-0.12 
ZnO nd-0.23 - - - - 
Ga,O,, = = - = nd—0.04 
Total 99.51 99.84 99.67 99.94 100.16 


@ Number of samples shown in parentheses; average of 4-5 analyses per sample. Total iron is reported as FeO. Abbreviation: nd = not detected. 

© Analyzed at Vietnam Institute of Geosciences and Mineral Resources, using a JEOL JXA 8800R/8900 microprobe with an accelerating voltage of 15 
kV, a beam current of 1.2 nA, and a collection time of 20 seconds (major elements) or 15 kV, 50 nA, and 80 seconds (trace elements). 

¢° Analyzed at the Institute of Geology, Russian Academy of Science, using a Camebax-Kevex microprobe with an accelerating voltage of 15 kV, beam 


current of 20 nA, and collection time of 20 seconds. 


4 Analyzed at the Earth Sciences Institute, Academia Sinica, Taiwan, using a JEOL JXA 8900-R microprobe with an accelerating voltage of 15 kV, a 


beam current of 20 nA, and a collection time of 20 seconds. 
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Figure 11. These red to pinkish red rubies (4.26-14.58 
ct) are from alluvial deposits in the Tan Huong—Truc 
Lau area. Note the asterism in some of the stones. 
Photo by N. N. Khoi. 


between primary and secondary corundum (table 1). 
Although high-SG mineral inclusions were common 
in corundum from the primary deposits, some sam- 
ples from the secondary deposits actually had higher 
SG values (up to 4.07, versus 3.99). This may be 
caused by a higher content of heavy inclusions such 
as ilmenite. 


Figure 12. Growth zoning and asterism are often 
observed in corundum from secondary deposits in 
the Tan Huong-Truc Lau area. These samples range 
from 13.77 to 24.54 ct. Photo by N. N. Khoi. 
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Internal Features. The majority of the gem-quality 
samples were from secondary deposits, which we 
aimed to separate from the Khoan Thong-An Phu 
gem materials. Nevertheless, some samples from the 
primary deposits were investigated for comparison. 
These contained various mineral inclusions, such as 
ilmenite, plagioclase, biotite, muscovite, apatite, zir- 
con, rutile, magnetite, and chlorite. Among these, 
ilmenite, biotite, and magnetite were the most com- 
mon. Primary and secondary gas-liquid inclusions 
were also encountered frequently. 

The most common mineral inclusions in sam- 
ples from secondary deposits were rutile, ilmenite, 
zircon, apatite, spinel, and diaspore; some plagio- 
clase and mica (biotite and muscovite) were also 
observed. The rutile usually occurred as short nee- 
dles, but also seen were tiny rutile inclusions with a 
silk-like appearance that formed antenna-like pat- 
terns (figure 14). 

In general, the range of mineral inclusions was 
similar between the primary and secondary samples. 
Ilmenite was typical, and easily recognized by its 
stubby crystal shape, black color (figure 15, left), and 
submetallic luster when exposed to the surface. 
Apatite (figure 15, right) and zircon were also fre- 
quently encountered in our samples, forming near- 
colorless euhedral crystals. In addition, we observed a 
wide range of fluid inclusions that often showed vari- 
ous stages of healing, forming negative crystals (figure 
16), “fingerprints,” feathers, folded patterns, and irreg- 
ular fluid droplets. Iron stains were also apparent. 


Figure 13. Rubies from secondary deposits at Tan 
Huong—Truc Lau are often coated by an iron-stained 
spinel aggregate. Here the spinel overgrowth has partial- 
ly broken away from a ruby crystal (~2 cm across) after 
the specimen was sawn open. Photo by N. V. Nam. 
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Optical phenomena such as asterism, chatoyancy, 
and sheen were caused by oriented micro-inclusions, 
rutile needles in particular. The star effect in many of 
the rubies was quite sharp and attractive. Straight 
and angular growth zones, typically sharp and well 
defined, were conspicuous in most stones. Asterism 
and growth structures were observed together in 
some instances (figure 17, left). Three systems of 
polysynthetic lamellar twinning parallel to the posi- 
tive rhombohedron r {1011} were quite common (fig- 
ure 17, right). Fracturing along these twin planes 
yielded parallelogram-shaped rough material. 


Absorption Spectra. Preliminary observation of the 
ruby samples with the desk-model spectroscope 
showed essentially the same features as the diagnos- 
tic absorption spectra described by Liddicoat (1993) 
for natural and synthetic rubies and purple sapphire. 
The strong lines at 692 and 694 nm often appeared 
as a single bright emission line at 693 nm. UV-Vis 
absorption spectroscopy (figure 18) showed peaks at 
~378, 389, and 456 nm related to iron (Fe** and Fe"). 
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Figure 14. Rutile inclusions, 
usually as short needles ori- 
ented in three directions 
(left), may contribute to the 
asterism in some of the 
corundum. Rutile inclusions 
may also show a silky 
appearance (left) or antenna- 
like patterns (right). Photo- 
micrographs by N. N. Khoi; 
magnified 45x. 


— 


A broad band centered around 570 nm, related to 
Fe**/Ti**, also appeared in these spectra. Cr** fea- 
tures were evidently superimposed by the iron 
absorptions. 


Chemical Analysis. Microprobe analyses of sap- 
phires from primary deposits (table 2) showed rela- 
tively high contents of iron, especially in bluish gray 
stones (0.15-1.38 wt.% FeO). Chromium contents 
ranged from low (<0.04 wt.% Cr,O,) in bluish gray 
sapphires to moderate (0.11-0.44% Cr,O,) in the 
pink sapphires. Titanium contents ranged up to 0.22 
wt.% TiO,. In addition, some samples showed very 
small amounts of Si, Ca, K, Na, Ni, and Zn, probably 
due to tiny mineral inclusions. 

The trace-element compositions of stones from 
placer deposits were similar to those from primary 
deposits. Their varying proportions clearly corre- 
sponded to differences in color. Greater contents of 
Cr were recorded for pink sapphires and rubies. In 
general, both rubies and sapphires from Tan 
Huong—Truc Lau had high Fe contents. 


| Figure 15. Ilmenite is a 
typical inclusion in ruby 
and sapphire from Tan 
Huong-Truc Lau, and usu- 

| ally shows a stubby shape 
and black color (left). 
Apatite typically occurs as 
colorless to light-colored 
euhedral crystals, as 
shown on the right. 
Photomicrographs by 
N.N. Khoi; magnified 45x. 
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Figure 16. Negative crystals are quite common in 
ruby and sapphire from Tan Huong-Truc Lau, usual- 
ly distributed along fractures and fissure planes. Two 
phases (gas and liquid) were occasionally observed in 
these inclusions. Photomicrograph by N. N. Khoi; 
magnified 45x. 


DISCUSSION 


Although gem corundum from Tan Huong-Truc 
Lau, especially star ruby, has been sold in the world 
market for more than 10 years, these Vietnamese 
deposits remain largely unknown. Many in the trade 
assume the stones are from Luc Yen (i.e., Khoan 
Thong—An Phu), but those belong to different geolog- 
ic settings and consequently have distinctive gemo- 


logical properties (Khoi, 2004; Khoi et al., 2010a,b), 
as discussed below. 


Morphology and Appearance. In contrast to the short 
prismatic and sometimes tabular morphologies of 
corundum from Tan Huong-Truc Lau, crystals from 
Khoan Thong-An Phu typically have a barrel or 
spindle shape with n, z, and w hexagonal dipyramids, 
r rhombohedra, and c pinacoidal faces with length- 
to-width ratios from 5 to 6 (Long, 2003; Nam, 2007; 
Thuyet, 2008). The most distinctive feature of the 
Tan Huong-Truc Lau corundum is its coating of 
granular spinel (Hager et al., 2010, Hauzenberger et 
al., 2010). Also, pieces of rough from Tan 
Huong-Truc Lau are generally much larger than 
those from Khoan Thong-An Phu. 

The majority of cut stones from Khoan 
Thong—An Phu range from “pure” red or pink to pur- 
plish red or pink; other hues such as blue, orangy 
red, violet, or multicolored are also found with vary- 
ing tones and saturations. Both rough and polished 
stones commonly have strong color zoning visible to 
the unaided eye. Diaphaneity usually ranges from 
transparent to translucent (Kane et al., 1991; Long, 
2.003; Khoi et al., 2010a). In contrast, corundum from 
Tan Huong-Truc Lau shows less color variation, 
mostly consisting of pink to purplish or brownish 
red hues. Color zoning is uncommon. Diaphaneity is 
commonly semitransparent to translucent or opaque 
because of fracturing and the abundance of inclu- 
sions. Interestingly, some features typical of this 


Figure 17. Asterism and growth structures are seen in this 14.45 ct pink sapphire from Truc Lau (left). 
Polysynthetic twinning, parallel to the positive rhombohedron r {1011}, is a common feature of ruby 
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and sapphire from Tan Huong-Truc Lau (right). Photomicrographs by N. N. Khoi; magnified 12x. 
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Figure 18. This UV-Vis-NIR spectrum of a ruby from a 
primary deposit at Truc Lau is dominated by Fe-related 
absorptions. 


corundum (large size, asterism, and angular growth 
structures) are also seen in ruby crystals from 
Karnataka, India (Panjikar et al., 2009). 


Internal Features. A summary of mineral inclusions 
in corundum reported from both mining areas is pre- 
sented in table 3. The most common mineral inclu- 
sions in Khoan Thong-An Phu corundum are calcite, 
rutile, apatite, spinel, zircon, corundum, pyrrhotite, 
graphite, boehmite, hematite, phlogopite, muscovite, 
hercynite, tourmaline, and iron oxide or hydroxide 
(Kane et al., 1991; Long, 1999; Long et al., 2004; Khoi 
et al., 2010a,b). Straight, angular color zones and col- 
ored patches and spots are usually seen in the blue 
sapphires, and swirl growth marks are observed occa- 
sionally (see Kane et al., 1991; Long et al., 2004). 

Gem corundum from Tan Huong-Truc Lau con- 
tains a diversity of mineral inclusions, most com- 
monly ilmenite, rutile, apatite, zircon, diaspore, 
boehmite, magnetite, plagioclase, biotite, mus- 
covite, and chlorite. Although straight and angular 
growth structures are quite common, color irregu- 
larities are rare. Trapiche rubies and pink sapphires 
are also known from this region (Schmetzer et al., 
1996), but were not examined for this report. 

The common polysynthetic twinning in corun- 
dum from the Tan Huong-Truc Lau area may be 
related to deformation from the Red River Shear 
Zone (Khoi et al., 2010b). 


CONCLUSIONS 


For more than two decades, Vietnam has been an 
important source of gem ruby and sapphire. Most of 
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TABLE 3. Comparison of internal features in corundum 
from Tan Huong—Truc Lau and Khoan Thong-An Phu, 
Vietnam.? 


Internal feature = Tan Huong-Truc Lau’ Khoan Thong-An Phu 


Solid Inclusions 
Anatase + 
Anhydrite + 
Apatite ++ ++ 
Biotite + 
Boehmite + + 
Calcite +++ 
Chlorite + 
Corundum + 
Diaspore + + 
Dolomite + 
Graphite + 
Halite + 
Hematite + 
Hercynite + + 
Imenite ++ 
ron oxide or +4++ +4++ 

hydroxide 
Magnetite ++ 
Margarite + 
Monazite + 
Muscovite + + 

epheline + 

ordstrandite + 
Phlogopite + + 
Plagioclase + 
Pyrite + 
Pyrrhotite + 
Rutile (primary) + + 
Rutile needles ++ ++ 

(silk, cloud) 
Sphene + 
Spinel + + 
Tourmaline e 
Zircon ++ + 


Liquid Inclusions 

“Fingerprints” ++ 44 

Negative crystals + + 

Salts (Na, Ca, + 
K chlorides) 


Other Features 

Color zoning + ++ 

Growth structures ++ ++ 

Twinning + a 

Swirl growth marks + 

Wedge-shaped ra 
growth features 


@ Symbols: +++ = common, ++ = frequently encountered, + = 
encountered. 

» From this study. 

° References: Kane et al. (1991), Long (1999), Vinh et al. (1999), Dao 
and Delaigue (2001), Giuliani et al. (2003), and Long (2003). 


the production has come from Yen Bai Province; the 
original deposits in the Khoan Thong—-An Phu area 
and the newer ones in Tan Huong-Truc Lau are con- 
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sidered to have the most potential (see figure 19). 
Despite their proximity, the two areas belong to dif- 
ferent geologic settings (marble- and gneiss-hosted, 
respectively). The Tan Huong—Truc Lau deposits are 
mostly restricted to the Day Nui Con Voi mountain 
range, which is associated with the Red River Shear 
Zone. Recent mining activities mostly consist of 
sporadic diggings by local people, though a few 
mechanized pits are active. 

Gem corundum from Tan Huong-Truc Lau usual- 
ly shows a tabular crystal form with deformed 
polysynthetic twinning along rhombohedral faces 
and sharp growth zones. Their typical colors range 
from pink to pinkish red. Color irregularities such as 
zoning and spots or patches are rare. Many stones, 
particularly the sapphires, have low transparency due 
to abundant fracturing and inclusions. The density of 
mineral inclusions appears crucial to differentiating 
these stones from those from the Khoan Thong-An 
Phu deposits. The most common mineral inclusions 
in the Tan Huong-Truc Lau stones are clusters of 
tiny short rutile needles, black stubby ilmenite, euhe- 
dral apatite, and assemblages of various minerals (e.g., 
ilmenite, rutile, and zircon), often in the same stone. 

Although the vast majority of gem corundum 
from Tan Huong-Truc Lau is suitable for cutting 
cabochons (including star rubies) rather than faceted 
stones, some exceptionally large pieces of rough con- 
taining gem-quality areas are known. The deposits 
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Figure 19. This ring is set with a 17.50 ct star ruby from 
Truc Lau. The star is sharp and complete throughout the 
stone. Jewelry courtesy of DOJI Gold #) Gems Group; 
photo © DOJI Gold # Gems Group and N. N. Binh. 


show strong potential for producing commercial 
quantities of gem corundum for many years. The 
main markets for gem material from the Tan 
Huong—Truc Lau area are Japan, the Middle East, and 
India. 
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Notes & NEW TECHNIQUES 


INFRARED SPECTROSCOPY OF NATURAL VS. 
SYNTHETIC AMETHYST: AN UPDATE 


Stefanos Karampelas, Emmanuel Fritsch, Triantafillia Zorba, and Konstantinos M. Paraskevopoulos 


When microscopic identification is not feasible, 
FTIR spectra at high resolution (0.5 cnr) can distin- 
guish natural and synthetic amethyst. The 3595 
cm band is characteristic of natural amethyst and 
has a full width at half maximum (FWHM) of 3.3 + 
0.6 cm-. In synthetic amethyst, this band is either 
absent or (very rarely) about twice as broad. 
Exceptions to this criterion include natural amethyst 
with pronounced near-colorless zones, which do 
not always display this band, and natural specimens 
that either have an intense, unusually broad 3595 
cm band or show total absorption in the X-OH 
region (3800-3000 cm-) of the spectrum. 


nents and in various geologic environments 

(figure 1). Some contemporary sources are 
Brazil, Uruguay, Zambia, Namibia, Mexico, Russia, 
Arizona, Canada, Bolivia, and Sri Lanka (Shigley et 
al., 2010). Synthetic amethyst crystals are grown in 
either a near-neutral NH,F solution (see figure DD-1 
in the GWG Data Depository at gia.edu/gandg} or an 
alkaline K,CO, solution (figure 2). The identification 
of NH,F-grown synthetic amethyst is straightfor- 
ward with standard microscopy (observation of color 
zoning; figure DD-2) or infrared spectroscopy 
(Balitsky et al., 2004b; figure DD-3). However, most 


G em-quality amethyst is found on all conti- 
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synthetics in the market today are grown in K,CO, 
solution (cited below simply as “synthetic” 
amethyst). Classical gemological techniques (obser- 
vation of twinning, color zoning, and inclusions) can 
distinguish only some of these synthetics 
(Crowningshield et al., 1986; Notari et al., 2001, and 
references therein). The highest-quality products are 
free of inclusions, distinct color zoning, and in many 
cases twinning, which makes their identification 
more challenging. 

Recent investigations have demonstrated the effec- 
tiveness of laser ablation—inductively coupled plas- 
ma-mass spectrometry (LA-ICP-MS) in separating 
natural and synthetic quartz. Plots of Ti+Cr vs. Ga are 
reportedly the most useful (Breeding and Shen, 2010). 
Unfortunately, this technique is not widely available 
and is too expensive to use for the identification of a 
common gem such as amethyst. Furthermore, over- 
heating from the ablation laser may cause cracks in 
the samples (L. Klemm, pers. comm., 2.011). 

Infrared absorption spectroscopy in the region of 
X-OH stretching vibrations (i.e., 3800-3000 cm!) 
has long been considered useful for distinguishing 
natural and synthetic amethyst (Smaali, 1998; 
Zecchini and Smaali, 1999; Notari et al., 2001; 
Balitsky et al., 2004a,b; Karampelas et al., 2006, and 
references therein). In this region, the infrared spec- 
tra of natural and synthetic amethyst are largely 
similar, though they have some important differ- 
ences. The specific range of interest is from 3640 to 
3500 cm=!, where both show absorptions at approxi- 
mately 3612 and 3585 cm!. These two absorptions 
are probably due to vibrations caused by Al substitu- 
tions (Kats, 1962). 

Earlier studies used bands at 3595 and 3543 cm"! 
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¢ A bird’s-eye view of the Dattas mine, near Diamantina. 


any point or points from which they 
could have been derived, other than those 
already discovered. 

The discovery of alluvial diamonds in 
South Africa was followed shortly after- 
wards by noting that they also occurred 
in a soft underlying clay which the miners 
called “yellow ground.” Later developments 
showed that this clay merged into “blue 
ground” and finally into “hard bank” or 
kimberlite in its indurated form. Even- 
tually, it was found that kimbefrlite in its 
altered and unaltered condition occurred in 
isolated circular patches consisting of a 
highly ultra-basic rock. At the same time 
it became evident that these patches tepre- 
sented the stub ends of ancient volcanoes 
from which the upper portions have 


been removed by denudation. Other pipes 
wete discovered in the immediate vicinity. 
Within a few ‘years Brazil was ovsted 
from its position which had been seriously 
impaired by the Napoleonic wars, by the 
struggle for independence in Brazil itself, 
but mote especially by the abolition of 
slavery at about the same time as the South 
Aftican mines were consolidated into a sin- 
gle group and production intensified. At 
later dates other pipes were discovered in. 
South Africa, including the recent sensa- 
tional example by Williamson in Tanga- 
nyika. 

Kimberlite is a distinctive rock. It is 
comparatively easy to identify microsco- 
pically by its heaviness and greenish color 
but more especially by the inclusion of 


e A dyke in the Boa Vista mine neat Diamantina. Diamond bearing 


material is on the left and right. 


to separate natural and synthetic amethyst. The 
band at 3543 cmr!, observed in the vast majority of 
lab-grown amethyst, was considered indicative of 
synthesis (Fritsch and Koivula, 1988). However, 
stones from a number of natural deposits can also 
show this absorption (Kitawaki, 2002), which is 
related to the negative rhombohedron growth sector 
rather than synthesis (Balitsky et al., 2004a,b). 
Likewise, the 3595 cm! band observed in most nat- 
ural amethyst was once considered indicative of nat- 
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Figure 1. Determining 
the natural or synthetic 
origin of some amethyst 
remains a challenge for 
gemologists. Shown here 
are three natural sam- 
ples weighing 22.00- 
43.79 ct (at left; GIA 
Collection nos. 13148, 
37216, and 31971) and a 
4.89 ct synthetic (the 
emerald cut at lower 
right, GIA Collection 
no. 17289) in front of 
various samples of unde- 
termined origin. Photo 
by Robert Weldon. 


ural origin (Zecchini and Smaali, 1999, and refer- 
ences therein}, but this band was subsequently noted 
in the spectra of some synthetic amethyst (Notari et 
al., 2001; Karampelas et al., 2005, 2006), and was 
reported to be absent from some natural samples 
(Balitsky et al., 2004a,b). FTIR measurements at high 
resolution (0.5 cm-!) found that this band is present 
in all natural amethyst, but can be missed with stan- 
dard 4 cm”! resolution. In synthetic amethyst, this 
band is either absent or (rarely) when present has a 


Figure 2. These 
K,CO,-grown synthetic 
amethysts include an 
unusual Russian pris- 
matic cluster (left; 10 
cm tall) and a crystal 
weighing more than 1 
kg (right; 15 cm tall). 
The vast majority of 
synthetic amethyst in 
the gem market is 
K,CO, grown. Photos 
by Franck Notari. 
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TABLE 1. Comparison of the 3595 cm“ band in natural and 
synthetic (K,CO, grown) amethyst. 


Sample Weight No. FWHM 
no. Origin Type (ct) scans* (cm) 
Natural 
Am008 Bolivia (Anahi) Rough 0.4 128 0r512 2.7 
Am082_— Bolivia (Anahi) Rough 4.1 1280r1024 3.2 
Am106__ Brazil (Maraba) Rough 6.3 1280r1024 3.3 
Am016_ Brazil (Pau d’Arco) Rough 0.8 200 or 300 3.5 
Am448__ France (St. Raphael) Rough 1.0 128 or 512 3.0 
Q022 Japan (Ishikawa) Faceted 2.3 5120r 512 3.0 
Am060_ Mexico (Veracruz) Faceted 3.0 1280r1024 3.3 
Ru007 ~—_-Russia (Urals) Rough 1.0 128 or 512 3.0 
Uru007 Uruguay (Artigas) Rough 0.4 1280r512 3.9 
Am068_ USA (Four Peaks, | Rough 3.4 1280r1024 3.0 
Arizona) 
Am075 = Zambia (Solwezi) Rough 3.8 150 or 300 3.5 
Am080_ = Zambia (Solwezi) Faceted 4.0 128 0r 512 3.5 
Am023 Unknown Faceted 1.2 200 or 700 5.0 
Am057 ~~ Unknown Faceted 2.9 200 or 700 5.0 
Synthetic 

Q198 Japan Faceted 3.1 300 or 900 = 
Ami69 Russia Faceted 8.5 128 or 1024 - 
Am004_~~Fussia (prismatic) = Rough 0.2 256 or 1024 - 
Am585__ “Russia Faceted 29.3 128 or 1024 - 
Am4 Russia Faceted 16.0 128 or 1024 = 
Am1612 Russia Faceted 8060.0 128 or 1024 = 
Ami77 Russia Faceted 8.9 128 or 1024 - 


@ At 4 or 0.5 cm" resolution, respectively. 


FWHM value approximately two times larger than 
that of natural specimens (Karampelas et al., 2005, 
2006). 


MATERIALS AND METHODS 


This study was carried out on 21 samples, 14 natural 
and seven synthetic. Several geographic localities 
were represented, including some that did not satisfy 
the proposed IR separation criteria given in previous 
studies. The natural identity of two samples of 
unknown origin was confirmed microscopically. All 
the synthetic amethyst samples in this study were 
grown in alkaline K,CO, solutions, including rare 
and unusual prismatic material (figure 2, left). Nine 
samples were faceted and 12 were rough (for details 
on their size and origin, see table 1). All were 
obtained from reputable sources (see Acknowledg- 
ments}, and none contained near-colorless zones. 
Infrared absorption spectra of the faceted and 
some of the rough samples were acquired with a 
Bruker Vertex 70 FTIR spectrometer (under vacuum) 
at the University of Nantes, and a Varian 640 FTIR 
spectrometer at the Gibelin Gem Lab, both using a 
diffuse reflectance accessory as a beam condenser. 
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A Bruker 113v FTIR spectrometer (under vacuum) in 
the Physics Department of Aristotle University was 
used for measurements on some of the rough sam- 
ples. The spectra were taken in random crystallo- 
graphic orientation, as the bands of interest are little- 
affected by direction (see Karampelas et al., 2005). 

Previous studies found that the true shape of the 
3595 cm! band is obtained at a resolution of 0.5 
cm! (Karampelas et al., 2005; figure DD-4). Thus, 
we measured the samples at 0.5 cm“, as well as at 
the standard 4 cm” resolution. To obtain a high sig- 
nal-to-noise ratio, multiple scans were collected 
(again, see table 1). When the 3595 cm"! band was 
present, we measured its FWHM (see figure DD-5 for 
more information on this process]. 


RESULTS AND DISCUSSION 


IR absorption spectra in the 3640-3500 cm"! range 
are presented in figures 3-5 (and DD-6 through DD- 


NEED TO KNOW 


e Standard gemological testing is not always suffi- 
cient to identify synthetic amethyst. 


¢ High-resolution (0.5 cm) FTIR analysis has 
shown that the band at 3595 cm is present in 
the vast majority of natural amethyst. 


¢ While the 3595 cm! band can occur in synthetic 
amethyst, it has a much larger FWHM value than 
in natural specimens. 


10). The spectra corresponding to the two different 
resolutions are stacked and offset in absorbance for 
clarity. In these figures, the upper spectra are taken 
at a resolution of 0.5 cm", and the lower ones with a 
4 cm"! resolution. The expected absorption bands at 
3614 and 3585 cm"! were observed in all samples, 
natural and synthetic. The 3543 cm7! band was 
observed in five of the natural and all of the synthet- 
ic amethyst (see figure 3 and also figures DD-6 and 
DD-7}. 

The 3595 cm! band was visible in some natural 
amethyst at 4 cm"! resolution and in all of them at 
0.5 cm" resolution (see figure 4 and also figures DD- 
8 and DD-9). In some samples, this band was very 
intense (figures 5 and DD-10). The band did not 
appear in the spectra of any of the synthetic 
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Figure 3. The infrared absorption spectra of a rare 0.2 ct 
rough “prismatic” synthetic amethyst from Russia 
(Am004; see figure 2, left) are shown at resolutions of 4 
cm! (red) and 0.5 cm"! (black). The 3595 cm! band is 
not observed, but a shoulder is present at 3543 cmt. 


amethyst studied here, though it did in a sample 
from a previous study (Karampelas et al., 2005). 
Some natural material from (Maraba) Brazil shows 
total absorption in the ~3600 to 3000 cm”! region, 
but this has been documented as being characteristic 
of natural amethyst (Smaali, 1998). In a previous 


Figure 4. The infrared absorption spectra of a 3.8 ct 
rough amethyst from Zambia (Am075) are shown at 
resolutions of 4 cm“ (red) and 0.5 cm (black). The 
3595 cm band is barely visible at 4 cm but well 
resolved at 0.5 cm~! (FWHM of 3.5 cm"). 


IR ABSORPTION SPECTRA 


3585 


ABSORBANCE 
1 1 1 1 1 1 1 1 1 1 1 
8 
5 
g 


0.4 u T u T T i T i T u T 
3640 3620 3600 3580 3560 3540 3520 3500 


WAVENUMBER (cm) 


NOTES AND NEW TECHNIQUES 


IR ABSORPTION SPECTRA 


3.25 3595 


ABSORBANCE 


0.8 T T T T T T T T T T T T T T 
3640 3620 3600 3580 3560 3540 3520 3500 


WAVENUMBER (cm) 


Figure 5. The infrared absorption spectra of a 2.9 ct 
rough amethyst of unknown origin with natural inclu- 
sions (Am057) are shown at resolutions of 4 cm™ (red) 
and 0.5 cm“ (black). The 3595 cm“! band is more 
intense than the one at 3585 cm~ in both spectra, with 
an FWHM of 5 cm~ at 0.5 cm“ resolution. A shoulder 
at about 3562 cm! is observed at both resolutions. 


study, a sample that presented total absorption in 
this region was cut into two halves, which both dis- 
played the 3595 cm! band (as well as those at 3585 
and 3614 cm™!; Karampelas, 2002). Some natural 
amethyst from other localities (e.g., Solwezi, 
Zambia) also shows strong absorption (i.e., a high 
absorption coefficient) in this region. Relatively 
small pieces (<10 ct) of natural amethyst with a high 
absorption coefficient can show total absorption in 
the ~3600 to 3000 cm" region. To date, no known 
synthetic amethyst (even large samples, figure DD-7) 
presents total absorption in this region. However, 
more samples of synthetic amethyst need to be stud- 
ied to strengthen these findings. 

The natural amethyst FWHM values of the 3595 
cm! band at 0.5 cm" resolution are similar to those 
previously published (3.3 + 0.6 cm~!; Karampelas et 
al., 2006). Some larger 3595 cm=! bands recorded in 
this study (FWHM: 5.0 cm!) were obtained from sam- 
ples in which the 3595 cm“! band was more intense 
than the 3585 cm! band (again, see figures 5 and DD- 
10). Very intense bands at 3595 cmc! have also been 
measured in rock crystal quartzes from Norway and 
Japan (Nimi et al., 1999, Miller and Koch-Miiller, 
2009). Although some natural samples with colorless 
bands do not show absorption at 3595 cm=!, most of 
those can be identified with classical gemology (e.g., 
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observations of twinning and color zoning). 

The exact cause of the 3595 cm! band in ame- 
thyst is unknown (Staats and Kopp, 1974; Nimi et 
al., 1999, Miyoshi et al., 2005; Lameiras et al., 2009, 
Thomas et al., 2009; Miiller and Koch-Miiller, 2009). 
This OH- band has been linked to the presence of 
boron in synthetic quartz (Staats and Kopp, 1974), 
and more recently it was observed in the spectra of 
B-doped synthetic quartz with an FWHM of about 7 
cm! (at 2 cm"! resolution; Thomas et al., 2009). The 
same OH band was attributed to structural B-relat- 
ed defects in the lattice of natural quartz (Mtiller and 
Koch-Miiller, 2009). To the best of our knowledge, 
however, B-doped synthetic amethyst is not present 
in the gem market. Additional research is needed to 
find the exact cause of the slight differences in the 
FWHM of the 3595 cm band in natural and syn- 
thetic amethyst. 


CONCLUSION 


When classical gemological techniques are inconclu- 
sive, FTIR spectroscopy at high resolution (0.5 cm") 
can provide a criterion of demonstrated validity in 
separating the material currently on the market (fig- 
ure 6}, including some rare and unusual synthetics. If 
there is no 3595 cm"! absorption, or if it has an 
FWHM of 7 cm! or more, the sample is synthetic. If 
the 3595 cm! band has a width of 3.3 + 0.6 cm", the 
sample is natural. If the 3595 cm~! band is more 
prominent than the 3585 cm“! band, its FWHM can 
be larger. Total absorption in the X-OH region 
(3800-3000 cm!) occurs only in natural amethyst 
and has not been observed to date in synthetic mate- 
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Figure 6. Shown here are infrared absorption spectra at 
0.5 cm! resolution of two synthetic amethysts (green: 
Am006, and red: K,CO,-grown from Russia, not present- 
ed in table 1 but published in Karampelas et al., 2005) 
and two natural specimens (black: Am060, and blue: 
Am023). In the synthetics, the 3595 cm band is either 
absent (green) or has an FWHM of 7 cm“ (red). Natural 
amethyst typically has the 3595 cm band with an 
FWHM of 3.3 + 0.6 cm! (black). However, some natural 
samples have a 3595 cm band that is more intense 
than the one at 3585 cm, with an FWHM of 5 cm7 at 
0.5 cm“ resolution (blue). 


rial. The IR criteria cited above are only valid for 
amethyst that does not have large near-colorless 
zones. The 3595 cm! band may be due to a boron- 
related defect in the amethyst lattice. 
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EXPLORING THE ORIGIN AND NATURE 
OF LUMINESCENT REGIONS 
IN CVD SYNTHETIC DIAMOND 


Bert Willems, Alexandre Tallaire, and Julien Barjon 


In the DiamondView instrument, blue to blue- 
green luminescent zones may be seen in CVD 
synthetic diamond when the growth run has 
been interrupted and resumed, a well-known 
practice in the production of gem-quality CVD 
synthetics. DiamondView, photoluminescence 
(PL), and cathodoluminescence (CL) imaging 
were applied to study the origin and nature of 
these luminescent regions in two samples of 
high-purity single-crystal CVD synthetic dia- 
mond. DiamondView and PL measurements 
showed a correlation with silicon-related centers. 
In addition, CL analysis confirmed the presence 
of boron. Both silicon and boron showed prefer- 
ential incorporation at the interface between 
CVD layers, where a higher uptake of impurities 
lead to the observed luminescence. Although the 
growth interruptions cannot be detected with the 
naked eye, the growth history can be determined 
accurately using luminescence imaging and 
spectroscopy techniques. 


uminescence spectroscopy and imaging are 
important techniques for characterizing optical 
defects in diamond. The luminescence charac- 
teristics of diamond have been studied extensively 
and have provided insight into associated optical 


See end of article for About the Authors. 
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defect centers (see, e.g., Walker, 1979; Collins, 1992). 

The Laboratoire des Sciences des Procédés et des 
Matériaux (LSPM; formerly known as Laboratoire 
dIngénierie des Matériaux et des Hautes Pressions, 
LIMHP) near Paris grows high-purity, unintentional- 
ly doped single-crystal chemical vapor deposition 
(CVD) synthetic diamond for high-power electronic 
devices (Kone et al., 2010). As part of the fabrication 
process for such applications, several active layers 
may be grown in different CVD reactors (Denisenko 
and Kohn, 2005), which requires that the growth run 
be interrupted and resumed in cycles. Although the 
CVD synthetic diamond samples studied here were 
thin plates rather than faceted gems, the same 
approach is applicable to the production of gem- 
quality CVD synthetic diamonds (figure 1), as it 
enables the growth of thick single crystals in three 
dimensions (Ho et al., 2006) and offers a method to 
control the bulk crystalline quality (Friel et al., 
2009). The present study focuses on the lumines- 
cence generated by optical defect centers occurring 
in the process of these growth interruptions and 
resumptions (with pre- or intermediate etching 
steps}. As such, gemologists can acquire in-depth 
information about the origin and growth history of 
these synthetic diamonds, which is crucial in differ- 
entiating them from natural material. 


MATERIALS AND METHODS 


The two synthetic diamond samples investigated 
here were grown at LSPM-CNRS using the plasma- 
assisted CVD method (Achard et al., 2005). Sample 
A was synthesized in a microwave plasma reactor 
operating at 2.45 GHz. A previously etched HPHT- 
grown type Ib (100)-oriented synthetic diamond was 
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used as the substrate. The growth was performed in 
two runs under high-power conditions (3 kW, 200 
millibars, 850°C, 4% CH,). The thickness of materi- 
al deposited was 190 um in the first growth run, and 
330 um in the second. Before deposition took place 
in the second run, a high-power pure hydrogen plas- 
ma was applied for 45 minutes. This step is neces- 
sary to clean and prepare the surface prior to growth. 
Figure 2. shows the schematics of the growth layers 
(left) and DiamondView images (right) taken from 
the cross-sectional {100} side of the sample. The 
HPHT-grown substrate was subsequently removed 
by laser cutting. After polishing, the final thickness 
of the sample was about 465 um and the lateral 
dimensions were 4.49 x 4.52. mm. 

Sample B was grown for cathodoluminescence 
(CL) study under similar conditions. The initial lat- 
eral dimensions before laser cutting were 4.32 x 4.32 
mm. Three CVD layers were grown with thickness- 
es of 190, 175, and 220 um, corresponding to two 
growth interruptions resulting in a final thickness of 
585 um. Before the growth was resumed, the crystal 
was submitted to H,/O, (98%/2%) etching in high- 
power conditions for about 30 minutes. This 
ensured the surface was clean prior to growth, but it 
also induced a slight roughening. To access the phos- 
phorescent region of the sample, a cross-sectional 
slice was prepared by laser cutting and polishing 
along two opposite corners. The schematics of the 
cross-sectional slice of sample B are illustrated in fig- 
ure 3 (left). The corresponding DiamondView (cen- 
ter) and CL (right) images show the interfaces 
between the successive synthetic diamond layers. 

Sample A was examined by optical microscopy 
combined with luminescence spectroscopy and 
imaging techniques. Optical micrographs were 
recorded using the D-Scope stereomicroscope. This 
microscope (with magnifications of 0.7-40x) was 
equipped with an illumination system consisting of 


Figure 2. The schematics 
of the growth layers in 
sample A are shown for a 
cross-section across {100}. 
At right, the Diamond- 
View luminescence (top) 
and phosphorescence 
(bottom) images show the 
two CVD layers and the 
HPHT-grown substrate. 
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CVD layer 2 (330 pm) 


CVD layer 1 (190 pm) 


Figure 1. Colorless gem-quality CVD-grown synthet- 
ic diamonds such as these (0.22—-0.31 ct) are now 
commercially available, making proper identifica- 
tion important. Photo by Robert Weldon. 


darkfield, overhead daylight, and fluorescence 
modes. A specially designed vacuum sample manip- 
ulator allowed easy handling. Crossed-polarized 
images were acquired with a Leica DFC digital cam- 
era attached to a Leica DL LM microscope. 
Luminescence patterns generated by the intense 
ultra short-wave UV illumination of the Diamond- 
View instrument were recorded with the maximum 
illumination power (100%)}, full aperture (100%), and 
integration times of 4-10 seconds. 
Photoluminescence (PL) measurements were per- 
formed on sample A using a Renishaw inVia Raman 
microscope at 77 K. The system was equipped with 
an Ar-ion laser operating at an excitation wave- 
length of 514.5 nm. Highly localized PL information 
was acquired using a Leica Fluotar L 50x objective 
(NA = 0.55) in the high-confocal mode using a 2D 
increment of 5 ym depth x 25 um across, with a slit 
width of 20 um and a CCD area of 2 pixels (image 


CVD layer 2 


’ CVD Jayer 1 


HPHT substrate 


CVD layer 2 
CVD layer 1 


HPHT substrate 
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CVD layer 3 
CVD layer 2 
CVD layer 1 


CVD layer 3 


HPHT substrate 


CVD layer 1 (190 pm) 


Figure 3. The schematics of the growth layers in sample B are also shown for a cross-sectional slice (across {100}, 
left). The DiamondView luminescence image (center) shows the successive CVD layers and the HPHT-grown 
substrate. The cathodoluminescence image (right) depicts the roughened interface between the CVD layers, 
which exhibits typical etching features and dark lines due to threading dislocations (Tallaire et al., 2011). 


height) x 576 pixels (spectrometer range], resulting in 
an axial resolution of ~5 um. Applying an automated 
xyz sample stage, we recorded detailed line and 
depth profiles and 2D mapping. 

CL imaging of sample B was performed using a 
10 kV electron beam produced in a JEOL 7001F scan- 
ning electron microscope. Monochromatic CL 
images were taken by filtering the excitonic signal 
through the monochromator, which was also 
equipped with a photomultiplier detector synchro- 
nized with the beam scanning. 


RESULTS AND DISCUSSION 


Optical Microscopy and Diamond View Imaging. 
Strain-related birefringence in sample A is shown in 
figure 4 (top left). Typical four-petal patterns related 
to dislocation bundles also were clearly observed. 
Their density was higher at the boundary with the 
HPHT-grown substrate, but they were also visible 
throughout the interior of the sample. Two exam- 
ples of dislocation bundles are indicated with white 
arrows. Such threading dislocations in CVD synthet- 
ic diamond are usually formed at the substrate/layer 
interface and penetrate through the overgrowth by 
propagating along the [001] growth direction (Friel et 
al., 2009; Pinto and Jones, 2009). 

The DiamondView images in figure 4 were taken 
from the top (growth side; upper right) and from the 
bottom (substrate side; lower left) of sample A, and 
showed a blue to blue-green “picture frame” corre- 
sponding to the interface between the subsequent 
CVD layers but also above the substrate imprint. In 
addition to the “picture frame,” numerous sharp vio- 
letish blue linear features were observed, these are 
related to the dislocation bundles. 

From the substrate side, sample A also showed a 
weak-to-strong red luminescence. This red lumines- 
cence originates from NV° and NV~ centers at 575 
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and 637 nm and is characteristic of trace nitrogen 
incorporation in this particular region of the sample. 
Previous measurements have shown that when no 
nitrogen is intentionally added to the gas phase, the 


NEED TO KNOW 


¢ Production of large single-crystal CVD synthetic 
diamonds typically involves multiple growth runs. 


e Blue to blue-green luminescent zones may be 
created when the growth run is interrupted and 
resumed. 


DiamondView, photoluminescence, and 
cathodoluminescence imaging were applied to 
study the origin and nature of these luminescent 
zones. 


Both silicon and boron showed preferential 
incorporation at the interface between CVD lay- 
ers, though the exact cause of the luminescence 
is still under investigation. 


nitrogen content in the synthetic diamond crystal is 
below 10 ppb (Tallaire et al., 2006), which is believed 
to be the case here. The incorporation of nitrogen 
impurities in the crystal was not uniform, however, 
since no red luminescence was observed on the 
other side of the sample. 

Blue to blue-green phosphorescence lasting up to 
several seconds was observed (figure 4; lower right). 
Similar phosphorescence has been documented in 
HPHT-grown synthetic and treated blue type IIb dia- 
mond crystals (Watanabe et al., 1997; Lu and Eaton- 
Magana, 2009). Boron-doped blue type Ilb synthetic 
diamonds exhibit a blue to blue-green phosphores- 
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cence peak with a maximum at ~500 nm. In con- 
trast, virtually all natural blue type IIb gem dia- 
monds exhibit two phosphorescence peaks, one at 
~500 nm (blue-green) and the other at ~660 nm 
(orange-red). In addition, it was reported that an 
HPHT-treated blue diamond only exhibited a peak 
at 500 nm (Eaton-Magana et al., 2008). These results 
suggest that phosphorescence spectroscopy might be 
an effective tool for discriminating synthetic from 
natural blue diamonds. In this study we report for 
the first time the observation of this blue to blue- 
green phosphorescence in (near-)colorless CVD syn- 
thetic diamond crystals where boron is present as a 
background impurity, as no boron was intentionally 
added during the growth process. 

The origin of this phosphorescence has been 
attributed to the generally accepted donor-acceptor 
recombination mechanism (Dean et al., 1965), where 
holes bound to boron acceptors recombine with elec- 
trons that are bound to donors and emit lumines- 
cence with energy equal to the difference in energy 
between the donor and acceptor. The identity of the 
donor impurities is still under debate. 


Cathodoluminescence Imaging. As shown in figure 
3 (right), the interface between two successive CVD 
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layers was clearly visible with CL imaging. The 
interface was slightly roughened and showed the 
appearance of typical etching features. 

CL spectroscopy of sample B was performed in a 
previous study (Tallaire et al., 2011), and clearly 
showed the presence of boron impurities. However, 
it was not possible to draw conclusions about nitro- 
gen incorporation from the CL observations. 


Photoluminescence Spectroscopy and Imaging. The 
normalized PL emission intensity profiles of selected 
optical defects (NV° at 575.0 nm, NV~ at 637.2 nm, 
and a [Si-V} doublet at 736.6-736.9 nm) on the sub- 
strate side are shown in figure 5 (right). The analyzed 
area is marked with an arrow in the DiamondView 
image in figure 5 (left). The NV luminescence 
decreased progressively from the edge of the layer 
toward the interior. The most striking feature was a 
sharp increase in the [Si-V} doublet emission near 
the blue luminescence band. (Note: Features in the 
PL line scan do not reflect the strong red/orange 
band visible in the DiamondView image. PL mea- 
surements in the confocal mode used in this study 
analyze a restricted volume, and the data in figure 5 
were obtained from the near-surface. Based on PL 
depth profile measurements [see below], there is a 


Figure 4. Strain-related birefringence (top 
left) was observed between crossed polar- 
izing filters in sample A. The substrate’s 
imprint is indicated (white square), as are 
two examples of dislocation bundles 
(arrows). In DiamondView images of the 
growth side (top right) and the substrate 
side (bottom left), a square “picture 
frame” corresponds to the interface 
between the subsequent CVD layers. The 
dark circular outline indicates the position 
of the vacuum sample manipulator. The 
corresponding phosphorescence image of 
sample A (bottom right) was recorded 
with a delay time of 1 millisecond. The 
“picture frame” is clearly presented in the 
phosphorescence image. 
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Figure 5. DiamondView imaging (left) and normalized photoluminescence intensity profiles (right) of NV° (575.0 nm), 
NV- (637.2 nm), and [Si-V]~ (736.6-736.9 nm) from the substrate side of sample A show a decrease in NV luminescence 
from the edge to the interior, and a sharp increase in the [Si-V]- doublet emission near the blue luminescence band. 


great amount of NV luminescence centers present at 
depth. Also, the DiamondView image shows both 
fluorescence and phosphorescence; the blue to blue- 
green phosphorescence is much stronger and over- 
whelms the red-orange fluorescence.} 

A combination of line and depth profiles gener- 
ates 2D images reflecting the PL intensity of the dia- 
mond Raman line and the luminescence associated 
with the NV®°, NV-, and [Si-V} centers, as shown in 
figure 6. The [Si-V} associated luminescence is clear- 
ly localized in a well-defined zone, and extends verti- 
cally over several tens of micrometers. Its location is 
consistent with the interface between the two CVD 
layers, suggesting preferential incorporation, as with 
boron. In contrast, nitrogen does not show clearly 
preferential incorporation. 

Boron, one of the main impurities reported to 
cause phosphorescence, was clearly detected in both 


Figure 6. Photolumin- 
escence depth profiles of 
the substrate side of sam- 
ple B were used to create 
the two-dimensional maps 
on the right, which reflect 
the PL intensities of the 
Raman line and NV®, 
NV,, and [Si-V]-centers. 
The [Si-V]- luminescence 
is clearly localized along 
the interface between the 
two growth layers. 
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samples (see also Tallaire et al., 2011). In addition, 
silicon was found to be incorporated at the interrupt- 
ed interface where new dislocations were formed. 
Although NV centers were absent, nitrogen could 
still be present as isolated single substitutional 
impurities not causing direct luminescence. The 
cause of the phosphorescence at the growth interrup- 
tion cannot be fully determined at this time, and fur- 
ther studies will be required to identify the contribu- 
tion of silicon, nitrogen, and dislocations. 


CONCLUSIONS 


Analysis using complementary luminescence spec- 
troscopy and imaging techniques identified preferen- 
tial incorporation of trace impurities in the CVD 
synthetic diamond crystals, especially at the inter- 
face between successive layers. CL analysis con- 
firmed that boron is present at the interrupted inter- 
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e A view of the canal at Dat- 
tas mine located near Diaman- 
tina. 


cettain minerals, nearly all of which can 
be identified by the naked eye. Different 
varieties of kimberlite occur in South Africa, 
according either to the absence or predomi- 
nance of certain of its elements. They all 
contain olivine in its amorphous and ctys- 
talline forms and a variety of accessory 
minerals, including pyrope garnets, ilmenite, 


e A monitor operating against the 
left bank of the canal at Sao Joao da 
Chapada mine. 


vaalite, mica, cyanite, chrome diopside, en- 
Statite, chromite, and perofskite. Some of 
these minerals may be wholly absent or 
only distinguishable under a microscope. 
Taken in conjunction, they constitute the 
“satellites” of the diamond. Their profu- 
sion relative to the diamond itself is used 
by South African prospectors to track the 
diamond to its lair. These satellites are 
rarely found in any of the Brazilian dia- 
mond fields where the formacao of the 
garimpewo consists of a variety of minerals 
having no genetic relationship to the dia- 
mond itself.. They ate merely accidental 
associates derived from the rocks in the 
immediate vicinity or even from a greater 
distance. 

Kimberlite is also characterized by the 
fact that it contains a variety of zenoliths 
or fragments of any or all of the rocks 
through which the magma stoped its way 
upwards. These include eclogite and Iher- 
zolite, both of which are of deep-seated 
origin. Zenoliths constitute an important 
factor in prospecting for kimberlite pipes 
since the occurrence of any rock foreign 
to the locality attracts attention and needs 
explanation. It is on record that the Rob- 
erts’ Victor mine was discovered by noting 
the presence of a few lumps of granite in 
a region where granite should not have 
occurred. 
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face, while PL showed the presence of silicon-related 
defects. All these impurities are present at back- 
ground levels in the CVD reactor chamber. We pro- 
pose that the uptake of these impurities is enhanced 
at the growth resumption of the crystal, leading to 
the appearance of a distinct luminescent pattern. On 
the microscopic level, the surface is roughened by 
the formation of etch pits that decorate threading 
dislocations. The surface roughening enhances the 
uptake of these impurities and also the generation of 
new threading dislocations. 

The samples in this study were too thin to be cut 
into gemstones, but larger samples are technological- 
ly feasible. It is likely that CVD growth techniques 
will continue to improve, resulting in purer and larg- 
er CVD synthetic diamonds entering the gem mar- 
ket. The spatial distribution of spectroscopic features 
is important for CVD synthetic diamond identifica- 
tion, as they can provide evidence of the growth his- 
tory and, in particular, growth interruptions that are 
commonly used for the synthesis of large crystals. 
Moreover, typical luminescence features associated 
with CVD synthetic diamonds (such as NV°, NV-, 
and [Si-V}), as reported in the literature (Martineau et 
al., 2004), were also clearly detected in this study. 

The identification of CVD synthetic diamonds 
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depends on a combination of various gemological 
and spectroscopic features, as no single feature will 
ensure proper identification. The observations 
obtained in this study by DiamondView, cathodolu- 
minescence, and photoluminescence spectroscopy 
and imaging showed typical CVD-related optical 
centers. The discrete growth interruptions between 
subsequent CVD layers can be monitored and visu- 
alized. As such, the observations unambiguously 
confirmed the synthetic origin of these samples. The 
combination of these techniques is fully applicable 
in the detection and identification of natural and 
synthetic gem diamonds. 
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IDENTIFICATION OF EXTRATERRESTRIAL 
PERIDOT BY TRACE ELEMENTS 


Andy H. Shen, John |. Koivula, and James E. Shigley 


ively coup! plasma—m: ISS spe ett i 

ICP-MS). Among the 32 elements analyzed, six 
of them—Li, V, Mn, Co, Ni, and Zn—provided 
an excellent separation between pallasitic and 

terrestrial peridot. 


“the gem of the sun,” has long been valued as 
a gemstone. It was mined on Zabargad (now 
St. John’s Island) in the Red Sea some 3,500 years 
ago, making it one of the earliest known gemstones 
(Gitbelin, 1981; Ogden, 1992). Peridot is the gem- 
quality green variety of olivine, an important min- 
eral found in ultramafic igneous rocks such as 
dunite and in mafic rocks such as basalt. Among 
the major modern productive localities, the main 
sources of peridot are peridotite xenoliths in alkali 
basalts (U.S., Myanmar, China) and serpentinized 
dunites (Pakistan). 
Olivine is believed to be one of the major miner- 
als in the earth’s mantle and in many rocky planets 
and smaller bodies in the solar system. Pallasite is a 


P eridot, known by the ancient Egyptians as 
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rare type of stony iron meteorite that contains gem- 
quality crystalline olivine in an iron-nickel matrix 
(figure 1). It is believed to have formed in asteroids 
composed of an iron-nickel core and a silicate man- 
tle (Dodd, 1981). The olivine crystals can be extract- 
ed from some of these meteorites to make beauti- 
ful—although typically small—faceted gems (Koivu- 
la et al., 1993a,b, 1994). Pallasitic peridot gemstones 
were first characterized in 1991, and the subsequent 
report by Sinkankas et al. (1992) found that their 
optical and physical properties, such as refractive 
index and specific gravity, were very similar to and 
overlapped those of their terrestrial counterparts, 
negating any useful separation through standard 
gemological testing. 

Nevertheless, the inclusion suites of pallasitic 
peridot can be quite telling, allowing relatively easy 
separation from terrestrial material (e.g., Koivula, 
1981; Koivula and Fryer, 1986; Milisenda et al., 
1996; figures 2 and 3) by means of magnification. In 
addition, due to pallasite’s fiery descent through 
earth’s atmosphere, inclusion-free extraterrestrial 
olivine of significant size (>1 ct) is virtually unheard 
of. Olivine is generally heat- and impact-sensitive 
and is prone to cracking, so any peridot pieces 
extracted from such meteorites are typically frac- 
tured, and any gems fashioned from them usually 
weigh less than half a carat. 

Because pallasitic peridot is a commercially avail- 
able extraterrestrial gem, there is sufficient interest 
to make its identification worthwhile. A peridot 
without diagnostic inclusion features requires chem- 
ical analysis to make the determination. We used 
LA-ICP-MS to study the trace-element chemistry 
because of the wide range of elements this technique 
can analyze, as well as its superior sensitivity. 
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Figure 1. These polished pallasitic peridot specimens (50.00 and 25.66 ct) are from the Esquel meteorite, which 


was found in Argentina in 1951. Photo by Maha Smith. 


In terms of chemical composition, olivine is 
among the most extensively studied minerals, with 
scores of published studies on major and trace-ele- 
ment chemistry of samples from many natural 
occurrences. In the GEOROC database maintained 
by the Max Planck Institute for Chemistry in Mainz, 
Germany (http://georoc.mpch-mainz.gwdg.de/ 
georoc), more than 40,000 records are dedicated to 
olivine. Yet geochemical studies focusing on gem- 
quality peridot are very limited, and not all trace ele- 
ments are included in GEOROC’s data. The gemo- 
logical literature contains very few papers on palla- 
sitic peridot (see Sinkankas et al., 1992; Pearson, 
2009), let alone detailed studies of its trace-element 
composition. To our knowledge, though much 
research has been published on the trace-element 
composition of olivine in pallasite (see Hsu, 2003 
and the references therein), most of the literature is 
focused on deducing the parent body or the thermal 
history of the pallasites, and very few articles have 
mentioned terrestrial olivine at all. One recent study 
(Leelawatanasuk et al., 2011) specifically focused on 
comparing gem peridots from terrestrial and extra- 
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terrestrial sources, though using EDXRF rather than 
LA-ICP-MS. In this article, we present our chemi- 
cal analysis results comparing pallasitic peridots to 


Figure 2. Cruciform acicular dislocations have been 
observed in pallasitic peridot. Such features have not 
been seen in terrestrial material. Photomicrograph by 
J. I. Koivula; magnified 15x. 
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Figure 3. Other internal features distinctive of pallasitic peridot are striated brownish red plates (left) and thin trans- 
parent reddish brown platy inclusions (center); the platy inclusions also showed iridescence (right). Neither type of 

inclusion could be identified with Raman analysis. Photomicrographs by J. I. Koivula; magnified 80x (left) and field 
of view 1.2 mm (center and right). 


natural samples from several known terrestrial 
localities. 


MATERIALS AND METHODS 


Twenty-six samples of pallasitic peridot and 27 ter- 
restrial samples were examined as part of this study. 
The latter consisted of 22 pieces of rough, four 
faceted stones, and one cabochon (table 1). Three of 
the pallasitic peridot samples were faceted stones, 
but the remainder were still in matrix as part of 
three polished slabs from the Esquel meteorite (e.g., 
figure 1). 

We performed chemical analyses with a Thermo 
X Series Il ICP-MS. A New Wave Research UP-213 
laser ablation unit with a frequency-quintupled 
Nd:YAG laser (213 nm wavelength) running at 4 ns 


TABLE 1. Terrestrial peridot samples used in this study. 


pulse width was chosen to ablate the samples. We 
used 55 um diameter laser spots, a fluence of around 
10 J/cm?, and a 7 Hz repetition rate. For most of the 
terrestrial samples, we selected three spots for 
analysis, though some of the rough was tested on up 
to six spots. The faceted pallasitic samples received 
three analysis spots and the pieces in the slabs only 
two. For the ICP operations, the forward power was 
set at 1300 W and the typical nebulizer gas flow was 
~0.90 l/min. The carrier gas used in the laser abla- 
tion unit was He, set at 0.78 1/min. The actual neb- 
ulizer flow rate varied somewhat from run to run. 
The criteria for the alignment and tuning sequence 
were to maximize Be counts and keep the ThO/Th 
ratio below 2%. We used National Institute of 
Standards and Technology SRM (standard reference 


Locality No. samples Weight (ct) Description Source® References 
China 2 2.98-4.51 Emerald and GIA Huang and Xu (2010) 
triangular cut 
Hawaii, USA 1 0.48 Rough JIK Baker et al. (1996) 
Kilbourne Hole, Texas, USA 2 2.06-2.88 Rough GIA Bussod and Williams (1991), 
Fuhrbach (1992) 
San Carlos, Arizona, USA 3 1.17-10.85 Rough and GIA, JIK Frey and Prinz (1978) 
oval cut 
Mogok, Myanmar 2 0.93-1.90 Rough GIA Webb (1993) 
Norway 2 9.538-17.11 Oval cut GIA Kostenko et al. (2002) 
Pakistan 3 0.64-15.11 Rough and GIA Kane (2004), Bouilhol et al. (2009) 
cabochon 
Saudi Arabia 4 1.60-2.88 Rough JR McGuire (1988), Camp et al. (1992) 
Tanzania 2 2.49-2.79 Rough GIA Furman (2007) 
Zabargad (St. John’s Island), 6 2.338-5.17 Rough LT, JH Kurat et al. (1993), Brooker et al. (2004) 
Egypt 


8 Initials other than GIA refer to authors or those listed in the Acknowledgments. 
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material) 610 and 612 glasses for calibration. We 
analyzed three spots apiece on the standards at the 
beginning of the experiment; after every four to five 
sample runs, three additional spots were measured. 
This process allowed us to correct the drift of the 
instrument. 

To obtain accurate and precise trace-element 
chemistry, we selected ?°Si as our internal standard. 
To determine the accurate concentration of Si, we 
used the method developed by Breeding and Shen 
(2008), renormalizing each experimental run into a 
model molecular formula of (Mg,Fe,Mn,Ni)},SiO, and 
then calculating the Si concentration from that for- 
mula. The calculated Si concentrations were used as 
internal standard values for experimental runs, and 
the concentrations of the other 27 trace elements 
were then calculated. 


RESULTS AND DISCUSSION 


Table 2. shows the chemical elements that can be 
used to separate pallasitic and terrestrial peridot. 
Most olivines belong to a complete solid-solution 
series between forsterite (Mg,SiO,) and fayalite 
(Fe,SiO,). Tephroite (Mn,SiO,) and Ni-olivine 
(Ni,SiO,) have the same olivine structure and can 
form a solid solution—typically in small amounts— 
with forsterite and fayalite. Most peridot falls toward 
the forsterite end of the solid solution. The major- 
element composition of our samples is given in table 
2 as molar percent forsterite. This limited range of 
compositional variation accounts for the restricted 
variability of the gemological properties (Phillips and 
Griffen, 1981; Deer, et al., 1982). 


TABLE 2. Concentration ranges of diagnostic trace 
elements, and gemological properties, of tested peridot 
samples. 


Element (ppm) Terrestrial Extraterrestrial 
Li 1.10-14.5 0.21-0.96 
Vv 0.11-4.46 9.18-23.4 
Mn 772-1410 1920-2490 
Co 84.8-147 4.37-19.6 
Ni 1770-4070 8.53-112 
Zn 9.04—-67.4 5.20-9.98 
Molar fraction F096 9-F Ose 6 FOg9,9-FOg5,5 
(forsterite%) 

SG? 3.27-3.36 3.35-3.40 
RI (n,)? 1.640-1.655 1.652-1.662 
RI (ng)? 1.657-1.675 1.670-1.683 
RI (n,)* 1.680-1.693 1.690-1.703 


@ Values estimated (RI) or calculated (SG) from Deer et al. (1982). 
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Figure 4. Chemical plots of vanadium vs. lithium 
(top), nickel vs. manganese (middle), and zinc vs. 
cobalt (bottom) all show an obvious separation 
between the extraterrestrial and terrestrial peridot 
groups. The concentration ranges of these ele- 
ments are listed in table 2. 
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Of the 32, elements studied, six—Li, V, Mn, Co, 
Ni, and Zn—were diagnostic. Figure 4 (top) is a plot 
of V vs. Li, which displays an obvious separation 
between pallasitic and terrestrial peridot. The same 
observations are seen in the plots of Ni vs. Mn (fig- 
ure 4, middle) and Zn vs. Co (figure 4, bottom). In all 
three of these plots, the data points for the samples 
of pallasitic and terrestrial origin are clearly segregat- 
ed. When we compared our extraterrestrial data set 
with published pallasitic olivine chemical data, our 
Ni, Co, and Mn concentrations agreed with the 
results in Hsu (2003) almost perfectly. All but one of 
these six elements, Li, can also be determined using 
EDXRF, but the concentrations of V in terrestrial 
peridot and those of Co and Zn in pallasitic peridot 
may be difficult to detect or determine accurately 
with EDXRF because they are so low. However, if an 
EDXRF instrument can accurately determine Mn 
and Ni, then it is possible to perform the separation 
based on these two elements alone (Leelawathana- 
suk et al., 2011). 

Although we analyzed a limited number of peri- 
dot samples from a single pallasite and various ter- 
restrial sources, each group showed remarkable con- 
sistency. Leelawatanasuk et al. (2011) studied four 
different pallasite meteorites, and their results also 
showed good consistency among those samples. In 
addition, our major-element compositional data 
agreed well with the chemistry of most pallasitic 
olivines (from over 40 fall locations) listed in Wasson 
and Choi (2003). This consistency in major-element 
chemistry has been noted in the literature. 


CONCLUSION 


Twenty-six samples of pallasitic peridot and 27 rep- 
resentative samples from 10 world localities were 
analyzed by LA-ICP-MS. The results showed that six 
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Figure 5. Though its rarity limits its commercial sig- 
nificance, pallasite can make an attractive gemstone. 
This faceted stone (1.12 ct) from the Esquel pallasite 
is resting on a polished slab that was cut from the 
same meteorite. Courtesy of Robert A. Haag; photo 
by Robert Weldon. 


elements—Li, V, Mn, Co, Ni, and Zn—provided 
excellent separation between pallasitic (figure 5) and 
terrestrial origin. The collection of additional data on 
pallasitic and terrestrial peridot is ongoing. 


California), Dr. John Roobol (retired geologist, Saudi 
Geological Survey, Saudi Arabia), and Dr. Jim Harrell 
(Professor Emeritus, University of Toledo, Ohio) for provid- 
ing peridot samples from Saudi Arabia and the Egyptian 
island of Zabargad. Pallasitic samples were kindly loaned 
for photography by Robert A. Haag (The MeteoriteMan, 
Tucson, Arizona). 
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A HISTORY OF DIAMONDS THROUGH PHILATELY: 
THE FRANK FRIEDMAN COLLECTION 


Stuart D. Overlin 


| aly 

tion of diamond-themed stamps and other postal 
material offers an illuminating visual record of 
diamond history. Comprising approximately 
2,000 pieces, these items chronicle diamond for- 
mation, the history of mining and manufactur- 
ing, and the evolution of a science and an indus- 
try built around this remarkable gemstone. 


postal material, first became popular with the 

introduction of the British penny and two- 
penny adhesive stamps in 1840. Much of the hobby’s 
attraction lies in the range of fascinating subjects 
that have been documented. Diamonds have 
appeared in postage stamps, special cancellation 
marks, and postcards issued by numerous countries, 
especially those with ties to the industry (figure 1). 
The present article reviews one important collection 
of such material. 

Frank Friedman (figure 2) has spent much of his 
life in the South African gem and jewelry industry. 
He joined the family enterprise, J. Friedman Jewel- 
lers, as an apprentice goldsmith in 1959 and helped 
build it into one of the country’s top retailers. In 
1985 he established F. Friedman Jewellers, which 
was rebranded as Frankli Wild in 1999. 

Mr. Friedman began collecting stamps in 1961, 
inspired by a jewelry magazine article that described 


P hilately, the collecting of stamps and other 


See end of article for About the Author and Acknowledgments. 
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the hobby as “the poor man’s way to collect gems” 
(Friedman, 2007). He joined the Johannesburg 
Philatelic Society to learn more and began to acquire 
pieces. His collection now totals approximately 
2,000 items from more than 36 countries. In addi- 
tion to stamps, it contains rare postcards, cancella- 
tion marks, historical letters, and original artists’ 
renderings of stamp and cancellation designs. 

Mr. Friedman has displayed his collection inter- 
nationally on several occasions. In 1989 it was show- 
cased in the Harry Oppenheimer Museum at the 
Israeli Diamond Center in Ramat Gan. In June 1997, 
it was the keynote exhibit at the Vicenza Trade Fair 
(Weil, 1997). Awards include a gold medal at the 
2006 World Philatelic Exhibition in Washington 
(“Stamp of approval,” 2006), a 2008 silver medal at 
the World Stamp Championship in Israel, and a large 
vermeil medal at the 26th Asian International Stamp 
Exhibition (Joburg 2010). 


HIGHLIGHTS FROM THE COLLECTION 


Selected items from the Friedman collection, arranged 
thematically, are described below. These were chosen 
for their historical and educational value. 


Diamond Origins. The pair of stamps in figure 3 
depicts the eruptive emplacement of diamonds on 
the earth’s surface. The 1973 Lesotho stamp pro- 
vides a cross-section of a diamond-bearing kimber- 
lite pipe. The artist’s rendering for a 1993 stamp 
from the Tongan island of Niuafo’ou shows an 
erupting volcano juxtaposed with diamond crystals 
and a polished stone. 


History of Prospecting and Mining. Throughout 
much of recorded history, India was the world’s sole 
diamond source. After alluvial diamonds began to 
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Figure 1. These diamond-themed stamps issued by 
various countries are shown with seven rough crys- 
tals (1.24—22.32 ct). The diamonds were donated to 
GIA by De Beers chairman Ernest Oppenheimer in 
1955. Photo by Robert Weldon. 


Figure 2. Jeweler Frank Friedman examines some of the 
prized stamps from his collection. “Through stamps 
you learn so much about the different countries and 
glean a lot of information about the diamond trade in 
those countries,” he says. Photo by Merle Friedman. 


Pin Wai 
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NEED TO KNOW 


e Jeweler Frank Friedman’s diamond-themed col- 
lection of stamps and other postal material con- 
tains ~2,000 pieces, representing more than 36 
countries. 

¢ The pieces date back to the early 19th century 
and illustrate diamond formation, the growth of 
the global trade, the cutting and polishing pro- 
cesses, important diamonds, and distinguished 
scientists. 


emerge from Brazil in the mid-1700s, the Portuguese 
crown controlled the market for the next hundred 
years. The Friedman collection’s earliest cover, an 
envelope or postcard sent through the mail system, 
is an 1807 specimen with a postmark from the 
Brazilian mining town of Diamantina (figure 4). 

The discovery of diamonds in South Africa in late 
1866 marked the birth of the modern industry. 
Although the country did not issue stamps featuring 
diamonds until 1960, other postal items show early 
South African mining. Examples are an 1873 cover 
with a “De Beers NR” (New Rush] cancellation mark 
and turn-of-the-century postcards from the Jagers- 
fontein and Kimberley mines (again, see figure 4). 


i 
KIMERLITE' VOLCANO 


ERODED 
PIPE 


NIUAFO'OU 


Figure 3. The Lesotho stamp on the left and the artist’s 
rendering for a stamp from the Tongan island of 
Niuafo'ou illustrate the process of diamond emplace- 
ment in kimberlite. 


Twentieth-century mining developments else- 
where in Africa are represented in figure 5. In 1964, 
three decades after it began producing diamonds, 
Sierra Leone issued the world’s first self-adhesive 
stamps, bearing the inscription “Land of Iron & 
Diamonds.” Subsequent stamps featuring diamonds 
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Figure 4. Early diamond mining history is shown in this series: 
an 1807 Brazilian postmark from Diamantina, an 1873 “De 
Beers NR” (New Rush) cancellation, a 1903 postcard of miners 
having breakfast at Jagersfontein, and a turn- of-the-century 
postcard that features Cecil Rhodes and a washing plant at the 
Kimberley mine. 


had advertisements for Harry Winston on the paper 
backing. Other pieces from this set recognize diamond 
mining in South-West Africa (now Namibia]. An origi- 
nal artist’s rendering for a 1974 stamp shows marine 
mining along the coastline, while a 1983 issue marks 
the 75th anniversary of Namibian diamond mining. In 
the latter scene, prospectors are literally scratching the 
surface of the desert at Kolmanskop (near Ltideritz). A 
1987 stamp shows Kolmanskop after it was aban- 
doned in 1950, while a 2008 set of four commemo- 
rates the country’s diamond mining centennial. 


The Global Diamond Industry. Pioneers of the 
African diamond industry appear in figure 6, begin- 
ning with a 1940 stamp from Southern Rhodesia 
(now Zimbabwe) bearing a likeness of De Beers 
founder Cecil Rhodes (1853-1902). A 75th anniver- 
sary stamp commemorates August Stauch, the rail- 
road supervisor who secured the prospecting rights 
near Ltideritz in 1908 after his employees brought 


Figure 5. Items related to 20th century diamond mining 
include (clockwise from top left) a diamond-shaped 
stamp and a Harry Winston advertisement from the 

backing of a self-adhesive stamp, both from Sierra 

Leone; an original rendering of coastal mining in South- 

West Africa; four stamps marking the 100th anniversary 

of diamond mining in South-West Africa (now 

Namibia); and a pair of stamps showing the desert min- 

ing town of Kolmanskop. 
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Figure 6. Captured in the 
top row are early dia- 
mond magnates Cecil 
Rhodes, August Stauch, 


and Ernest Oppenheimer. 


The bottom row shows 
an Israeli cancellation 
mark for the 1956 World 
Congress of Diamond 
Bourses, a printer’s proof 
of a 1992 Belgian stamp 
issued on the Antwerp 
Diamond Club’s centen- 
nial, and a 1997 German 
stamp celebrating Idar- 
Oberstein’s 500 years as 
a gem cutting center. 


Figure 7. The individual stamps below depict the transformation of rough diamonds. On the left, 
clockwise from top left: a sorter examining a crystal, a processing plant in Ivory Coast, the five 
stages of diamond cutting, a worker at a diamond polishing wheel, and a pair of Belgian stamps 
commemorating Antwerp’s role as a world diamond cutting center. Diamonds were once routinely 
shipped by regular mail, as seen on the right in a 1940 package containing 1,410 carats sent from the 


Williamson mine in Tanganyika. 
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Figure 8. Famous diamonds appear in these items 
from the Friedman collection (top to bottom): a 1953 
telegram from the Indian parliament regarding own- 
ership of the Koh-i-Noor, a 1971 Soviet stamp depict- 
ing the Shah diamond, South African stamps of 
Cullinans I and II, and an original artist’s rendering 
for a 1976 stamp of the Lesotho Brown. 


him handfuls of shiny stones. A 1983 stamp from 
South-West Africa honors Sir Ernest Oppenheimer 
(1880-1957), who led De Beers for 30 years and 
established its Central Selling Organisation in 1934. 
The collection also offers a glimpse into the dia- 
mond trade’s impact elsewhere. These pieces 
include an Israeli cancellation mark created for Tel 
Aviv’s hosting of the 1956 World Congress of 
Diamond Bourses, a 1992 Belgian stamp printed for 
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the Antwerp Diamond Club’s centennial, and a 1997 
German stamp celebrating 500 years of the diamond 
and colored stone industry in Idar-Oberstein. 


Cutting and Polishing. Figure 7 follows the transfor- 
mation of diamonds from rough to polished gems, 
starting with a signed proof of a 1972 Ivory Coast 
stamp of a diamond processing plant. In a 2001 
stamp issued by Botswana, a sorter uses her loupe 
visor to examine a crystal. A printer’s proof of an 
Ivory Coast stamp from 1972 shows a processing 
plant, while a 1970 Botswanan stamp illustrates the 
five stages of diamond cutting: rough octahedron, 
sawn crystal, fashioned girdle, polished top, and bril- 
liant cut. A signed proof of a 1966 Central African 
Republic stamp shows a worker at a polishing 
wheel. Belgian-issued stamps from 1960 and 1983 
celebrate Antwerp’s role as a world diamond cutting 
center. Diamonds all along the distribution chain 
were once routinely shipped by regular mail, as indi- 
cated by the parcel carrying 1,410 carats of diamonds 
from the Williamson mine in Tanganyika (now 
Tanzania) in 1940, the year it opened. 


Famous Diamonds. The Friedman collection also 
portrays some of the world’s most exceptional dia- 
monds (figure 8). The first is the legendary Koh-i- 
Noor, the ancient Indian diamond that was handed 
over to the British Empire in 1850. Evidence of a 
postcolonial dispute over the Koh-i-Noor emerges in 
a 1953 telegram from the Indian parliament that 
mentions the diamond’s ownership. A 1971 Soviet 
stamp shows the 88.7 ct table-cut Shah, including 
the engraved inscriptions. This diamond was offered 
by Persian ruler Fath Ali Shah to placate Czar 
Nicholas I after the 1829 assassination of a Russian 
diplomat (Balfour, 2000). Cullinans I and II, cut from 
a 3,106 ct piece of rough discovered at South Africa’s 
Premier mine, became the centerpiece of the Crown 
Jewels of England. They are seen in a pair of 1980 
South African stamps issued on the 75th anniversary 
of the discovery of the rough. Rounding out this 
group is a hand-painted proof of a 1976 stamp featur- 
ing the Lesotho Brown. This 603.1 ct diamond was 
discovered in 1967 and later cut into 18 stones, one 
of which was set in an engagement ring for 
Jacqueline Kennedy Onassis (Balfour, 2000). 


Scientific Breakthroughs. Figure 9 shows a selection 
of stamps commemorating scientists who advanced 
our understanding of diamonds. A 1980 German 
stamp recognizes naturalist Albertus Magnus 


GEMS & GEMOLOGY FALL 2011 


SVERIGE 


Dr Alex L du Toit (1878-1948) 
opit-Theorist: Continental éeit/Pine 


Figure 9. These stamps featuring Albertus Magnus, 
Antoine Lavoisier, Pierre and Marie Curie, Henri 
Moissan (far left in the group illustration), and 
Alexander Du Toit recognize pioneers of diamond 
research. 


(1193-1280), a medieval writer on diamonds and one 
of the first to document the gem’s extraordinary 
hardness. The famed chemist Antoine Lavoisier 
(1743-1794), whose research demonstrated that dia- 
mond consists of pure carbon, is featured in a 1943 
French stamp. A 1977 stamp issued by the Central 
African Republic pays tribute to Marie and Pierre 
Curie, who received the 1903 Nobel Prize in physics 
for their early studies of radiation and tested its 
effects on diamond. Fellow Nobel Prize winner 
Henri Moissan, seen in a 1966 Swedish stamp, per- 
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formed early experiments on diamond synthesis. In 
1991, South Africa issued a stamp in honor of 
Alexander Du Toit, the chief geological consultant 
to De Beers from 1927 to 1941. Dr. Du Toit mapped 
the geology of his native country and produced influ- 
ential work supporting the continental drift theory, 
which asserts that South Africa and South America 
were once connected. 


CONCLUSION 


Fifty years after starting his collection, Mr. Friedman 
still adds to it regularly. “One of the thrills of col- 
lecting is filling that gap that has eluded me for 
years, or finding an unusual variety in an unexpected 
way,” he says. “For instance, I’ve just acquired a 
Namibian stamp of a diamond-barren kimberlite 
pipe. It enhances the Namibian content.” 

Even in the age of digital communication, phi- 
lately remains a powerful educational medium, a 
form of visual history in miniature. The portraits, 
scenes, and other information capture illuminating 
details and foster greater appreciation of the subject. 
Frank Friedman’s philatelic collection, which pre- 
serves several aspects of diamond history, repre- 
sents an important contribution to gemology’s 
scholarship and heritage. 
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This year, hundreds of readers participated in the 2011 GEMS & GEMOLOGY 
( ; & G Challenge. Entries arrived from around the world, as readers tested their 
gemological knowledge by answering questions listed in the Spring 2011 


( H A [ | = N CS E issue. Those who earned a score of 75% or better received a GIA Letter of 


Completion recognizing their achievement. The participants who scored a 


W N N E RS perfect 100% are listed here. 


AUSTRALIA Queensland, Elanora: Bert J. Last. Warwick: Elizabeth 
Cassidy. Victoria, Ringwood: Paulina Holmer. Western Australia, 
Coogee: Helen Judith Haddy. South Australia, Grange: Barbara 
Wodecki ¢ BELGIUM Flemish Brabant, Brussels: Brigitte Revol 
MacDonald. West Flanders, Ruiselede: Lucette Nols. Egenhoven: Guy 
Lalous. Hemiksem: Daniel De Maeght ¢ CANADA British Columbia, 
Delta: Barbara Mui ¢ INDONESIA Jakarta: Warli Latumena ¢ IRELAND 
Galway: Simon Zaletel ¢ ITALY Varese, Ma/nate: Gabriele Tralli. 
Naples: Stefano Montemurro. Udine, Tarvisio: Chiara Piussi ¢ LITHUA. 
NIA Vilnius: Saulius Fokas ¢ NETHERLANDS Rotterdam: E. van Velzen ¢ NEW 


LAND Tauranga: Graeme Petersen. Wellington: Thomas Brent Layton 
e SPAIN Las Palma De Gran Canaria: Robert Ernst. Valencia: Monika P. Bergel 
Becker ¢ SWITZERLAND Zurich: Doris C. Gerber, Eva Mettler © UNITED KING 
DOM Devon, Okehampton: Damian J. Miles ¢ USA Arkansas, Greenbrier: 
Beverly A. Brannan. California, Anaheim: Nalini Pattni. Carlsbad: Brenda 
Harwick, Abba Steinfeld. Hidden Hills: Bradley Partington. Rancho 
Cucamonga: Sandy MacLeane. Redwood City: Starla Turner. Connecticut, 
Wilton: Susan DiGeorgio. Florida, Clearwater: Tim Schuler. Deland: Sue 
Angevine Guess. Longwood: David Hermann. Riverview: Kenneth S. Fee. 


Tampa: R. Fred Ingram. Georgia, Roswell: Gary Braun. Hawaii, Makawao: 

Alison Fahland. lowa, West Des Moines: Franklin Herman. Illinois, 

Bloomington: William Lyddon. Downers Grove: Sakina Bharani. Indiana, Carmel: 
Wendy Wright Feng. Louisiana, Baton Rouge: Cynthia Gestring-Blumberg. Lake 
Charles: Cynthia McCown. Massachusetts, Littleton: Jane L. Millard. Millbury: 
Bernard M. Stachura. Maryland, Chevy Chase: Andrea R. Blake. Missouri, Saint 
Ann: Bruce S. Hoffmann. Minnesota, Minneapolis: Andy Stevens. Montana, 


Answers 


Billings: Onna Stene. New Jersey, Monmouth Beach: Michele Kelley. West See pages 75-76 of the Spring 


Orange: Jessica M. Craig. Nevada, Las Vegas: Colleen Walsh. Reno: Terence E. Doitiieste Onteucchons, 


1 (a), 2 (b), 3(c), 4 (©), 5 ), 


Terras. New York, City Island: Marjorie Kos. Hawthorne: Lorraine Bennett. 
Tarrytown: Ronnie Xu. Ohio, Dayton: Michael Williams. Medina: Charles 
Perkins. Pennsylvania, State College: Dennis Zwigart. Rhode Island, Rumford: 


( 
Sarah Horst. South Carolina, Sumter: James S. Markides. Texas, Amarillo: (b), 11 (b), 12 (©), 13 (a), 14 
Daniel Novak. Livingston: Janet S. Mayou. Virginia, Hampton: Edward A. (d), 15 (b), 16 (b), 17 (c), 18 
Goodman. Washington, Bellevue: Thomas Charles Estervog. Bothell: Kathryn (d), 19 (c), 20 (b), 21 (d), 22 
Howe. Freeland: Warren Carrow. Seattle: Janet Suzanne Holmes. Wisconsin, (b), 23 (d), 24 (b), 25 (a) 


Beaver Dam: Thomas G. Wendt. Pulaski: Stephen Kientop. 
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EDITORS 


Unusually Large CLINOHUMITE 


Clinohumite, (Mg,Fe”*),(SiO,),(EOH),, 
is a fairly rare collectors’ stone with 
orangy yellow to brownish orange col- 
oration. Faceted stones typically 
weigh <2 ct, but a few much larger 
stones have been cut (e.g., 36.56 ct, 
see L. Massi, “AIGS Bangkok inspects 
exceptional clinohumite from Tajiki- 
stan,” InColor, Summer 2007, pp. 
30-31). In the present report, we doc- 
ument the properties of an exception- 
ally large clinohumite weighing 84.23 
ct (32.6 x 24.79 x 17.77 mm). For 
background information on the cut- 
ting of this stone, see Y. Zhukov, 
“Clinohumite—The mountain fire,” 


Editors’ note: All items were written by staff 
members of GIA laboratories. 


Gems & GemoLoey, Vol. 47, No. 3, pp. 222-233, 
http://dx.doi.org/10.5741/GEMS. 47.3.222. 


©2011 Gemological Institute of America 
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Figure 1. This faceted clinohumite 
weighs an impressive 84.23 ct. 


InColor, Spring 2011, pp. 48-51. 

The stone was faceted into a pear 
brilliant and was brownish orange (fig- 
ure 1). Internal features consisted of 
numerous two-phase inclusions (fig- 


ure 2, left) and “fingerprints,” as well 
as distinct angular brownish orange 
growth lines (figure 2, center), as docu- 
mented previously in clinohumite 
(e.g., U. Henn et al., “Gem-quality cli- 
nohumite from Tajikistan and the 
Taymyr region, northern Siberia,” 
Journal of Gemmology, Vol. 27, No. 6, 
2001, pp. 335-339; and Winter 2004 
GNI, pp. 337-338). Abundant twin 
planes were also seen with cross- 
polarized light (figure 2, right). The 
stone was inert to long-wave UV radi- 
ation, whereas short-wave UV pro- 
duced moderate orange to strong 
chalky yellow fluorescence along the 
growth lines. Its Raman spectrum, 
along with gemological properties 
such as RI (1.635-1.670) and SG (3.21) 
values, confirmed that it was clinohu- 
mite. IR spectroscopy recorded typical 
absorptions for clinohumite, including 
a broad band centered at 3560 cm! due 
to OH stretching and additional bands 
at 4100 and 4510 cm! caused by 
MgOH units and Si-OH bonding, 


Figure 2. Microscopic observation of the clinohumite revealed two-phase (fluid-gas) inclusions, 
(left, magnified 35x), distinct angular brownish orange growth lines (center, 12x), and numerous 
twin planes (right, cross-polarized light, 75x). 
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respectively (R. L. Frost et al., “Near- 
infrared and mid-IR spectroscopy of 
selected humite minerals,” Vibra- 
tional Spectroscopy, Vol. 44, 2007, pp. 
154-161, http://dx.doi.org/10.1016/ 
j.vibspec.2006.11.002). The FTIR and 
Raman spectra of this stone are avail- 
able in the GWG Data Depository 
(gia.edu/gandg). Energy-dispersive X- 
ray fluorescence (EDXRF) spectros- 
copy detected major amounts of Mg, 
Fe, and Si, and traces of Ti and Mn, as 
expected for clinohumite. 

There are two main localities that 
produce gem-quality clinohumite— 
the Pamir Mountains of Tajikistan 
and the Taymyr region of northern 
Siberia (Massi, 2007). Unfortunately, 
the geographic origin of the present 
clinohumite is unknown. It is the 
largest gem-quality clinohumite ever 
tested at GIA. 

Kyaw Soe Moe and Wai Win 
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Black Diamond, Colored by Strong 
Plastic Deformation 


Black color in diamonds can have var- 
ious natural or artificial causes, from 
inclusions (abundant graphite or pin- 
points, or dense clouds) to heating or 
extremely strong irradiation. The 
New York laboratory recently exam- 
ined a black diamond colored by 
another mechanism. 

This round-cut diamond weighed 


Figure 3. The black color of this 
0.85 ct diamond is attributed to 
very strong plastic deformation. 


LAB NoTEs 


Figure 4. With magnification and 
very strong lighting, the diamond 
in figure 3 showed a dark brown 
color with banded linear distri- 
bution. Magnified 70x. 


0.85 ct (5.70 x 5.78 x 3.87 mm) and was 
color graded as Fancy black (figure 3). 
Viewed with magnification and very 
strong fiber-optic illumination, it 
revealed fractures and mineral inclu- 
sions, as well as a dark brown color 
with banded linear distribution (figure 
4). Strong plastic deformation and the 
related linear banding were also clearly 
revealed in the DiamondView. Its mid- 
infrared spectrum showed strong N- 
related absorption in the one-phonon 
region and a weak H-related feature at 
3107 cm-!. Also recorded were very 
strong absorptions from amber centers 
at ~4170 and 4070 cm7!, with intensi- 
ties of 2.0 and 1.1 cm7!, respectively. 
The vacancy cluster, a diamond 
lattice defect closely related to plastic 
deformation, usually absorbs visible 
light from ~600 nm to lower wave- 
lengths. When its concentration is 
very high, such as in this diamond, its 
absorption extends across the entire 
visible light region and blocks the vast 
majority of light. It is very rare to see a 
natural gem diamond with such 
strong plastic deformation that it 
causes a black appearance. This stone 
demonstrates yet another cause of nat- 
ural black color in diamond. 
Wuyi Wang 


Coated Black Diamond 


Gems & Gemology has reported on a 
number of interesting black diamonds 
in recent years (see the Spring 2007, 
Winter 2007, Fall 2008, and Summer 
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Figure 5. This 1.29 ct diamond 
proved to be coated to enhance 
its black color appearance. 


2010 Lab Notes sections and S. V. Tit- 
kov et al., “An investigation into the 
cause of color in natural black dia- 
monds from Siberia,” Fall 2003, pp. 
200-209). This color, when natural, is 
typically caused by dark/intense min- 
eral or cloud inclusions. It can also be 
induced by artificial irradiation or 
graphitization along fractures due to 
heating (naturally or in the laboratory). 

Recently, the New York laboratory 
received a 1.29 ct black pear shape (fig- 
ure 5) for color origin determination. 
Infrared absorption spectroscopy con- 
firmed it was a type Ia diamond with 
hydrogen impurities. As expected, it 
was inert to both long- and short-wave 
UV radiation. However, microscopic 
examination revealed a distinctly 
lighter color along the facet junctions 
(figure 6), and these areas showed con- 
trasting luminescence in _ the 


Figure 6. In reflected light, the 
1.29 ct diamond displays a dis- 
tinctly lighter color along the 
facet junctions. Magnified 30x. 
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Figure 7. In the DiamondView, the coating on the black diamond was 
apparent from the different luminescence of the facet junctions, 
where it had apparently worn off (left). After cleaning with acetone 
and corundum powder (with client permission), the coating appeared 
smeared and the junctions were less distinct (right). 


DiamondView (figure 7). The girdle 
also showed uneven concentrations of 
dark color, and there were scratches 
on the pavilion that were lighter than 
the black bodycolor; both of these 
could be easily observed with the 
microscope. Feathers within the dia- 
mond were dark colored due to black 
natural inclusions. It was obvious that 
this diamond, though rather dark, had 
been coated to further enhance its 
color. 
This was our first encounter with 
a coated black diamond. Because of 
the coating, we did not issue a color 
grade. In this case, the black coating 
made the stone appear a deeper, more 
even black. Although coating a black 
diamond can improve its overall 
appearance or color distribution, in 
this case the treatment was detectable 
with a microscope. 
Erica Emerson 


Coated Diamond with 
Spectroscopic Features of a 
Natural-Color Pink 


Coated diamonds are fairly commonly 
encountered, both in the trade and the 
grading lab. Most coatings consist of a 
thin film applied to one or more pavil- 
ion facets, often at or near the girdle 
edge, though sometimes the coating 
will completely cover the diamond’s 
surface. Because of the value of natu- 
ral-color pink diamonds, pink is a 
common choice for such coatings, 
which are intended to deepen a weak 
bodycolor or to mask an undesired one 
(e.g., Winter 2010 Lab Notes, pp. 
299-300). This treatment can be iden- 
tified through microscopic observa- 
tion and UV-Vis spectroscopic fea- 
tures. In the case of pink-coated dia- 
monds, the typical absorption band at 
~520 nm (see A. H. Shen et al., 


Figure 8. This 1.05 ct diamond owed its apparent Fancy Light brown-pink 
color (left) to a coating. After the coating was removed by acid cleaning, 
the diamond was given a color grade of J (right). 
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“Serenity coated colored diamonds: 
Detection and durability,” Spring 
2007 G&G, pp. 16-34, http://dx.doi. 
org/10.5741/GEMS.43.1.16) is easily 
distinguished from the ~550 nm band 
in natural-color stones. 

The 1.05 ct heart-shaped diamond 
in figure 8, recently submitted for 
color grading, initially received a grade 
of Fancy Light brown-pink. Its UV-Vis 
spectrum showed the broad ~550 nm 
absorption band (figure 9) typical of 
naturally colored pink diamonds. 
With magnification, however, a coat- 
ing was clearly visible on the pavilion 
facets (figure 10). After the coating was 
removed by boiling the stone in acid, 
the color grade was revised to J (figure 
8, right). 

Because the normally diagnostic 
absorption band for a pink coating 
was shifted from 520 to 550 nm, 
spectroscopy alone would not have 
detected this coating. This reinforces 
the essential role of conventional 
observation in gem identification. 

Sally Chan 


Colorless Untreated Diamonds 
with High Levels of Strain 


Diamonds form under enormous 
heat and pressure deep in the earth, 
and endure additional stresses during 
their journey to the surface. Such 
stresses can cause irregularities in 
their lattice structure, which can 
impart color to a diamond in a variety 
of ways. For example, brown color in 
type IIa diamonds is believed to be 
caused by vacancy clusters, and the 
depth of color generally corresponds 
to the degree of strain (D. Fisher et al., 
“The vacancy as a probe of the strain 
in type Ila diamonds,” Diamond and 
Related Materials, Vol. 15, 2006, pp. 
1636-1642, http://dx.doi.org/10.1016/ 
j.diamond.2006.01.020; D. Fisher, 
“Brown diamonds and high pressure 
high temperature treatment,” Lithos, 
Vol. 1125, 2009, pp. 619-624, http:// 
dx.doi.org/10.1016/j.lithos.2009. 
03.005). Since high-pressure, high- 
temperature (HPHT) treatment can 
remove brown color from type Ila 
diamonds but has a minimal effect 
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Figure 9. The coated diamond’s absorption band at ~550 nm was very 
similar to that of a naturally colored pink diamond. Both spectra were 
collected at liquid-nitrogen temperature. 


on strain, the presence of strain can 
be an important criterion for identi- 
fying HPHT-annealed stones. 
Recently, the Carlsbad laboratory 
received two colorless type Ila dia- 
monds for identification: a 0.90 ct E- 
color marquise and a 0.73 ct D-color 
round brilliant. Based on gemological 
and spectroscopic features, these dia- 
monds were found to be natural and 
untreated. However, in the course of 
this determination, we also noticed 
that both showed an unusually high 
degree of “tatami” strain (figure 11) 
when viewed with cross-polarized 


Figure 10. A pink coating on the 
diamond’s pavilion facets was 
clearly visible with magnification 
(here, 40x). 
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light. The strong strain patterns were 
more consistent with those seen in 
brown diamonds. Typically, type Ia 
colorless diamonds show a tatami 
pattern, but with a lower concentra- 
tion of strain laminations. 

In addition to visual assessment 
using crossed polarizers, an indirect 
but relatively reliable indicator of 
strain is the peak width of certain 
defects determined from photolumi- 
nescence (PL) spectra taken at liquid 
nitrogen temperature. The PL spec- 
trum of the 0.90 ct diamond showed 


both the neutral (575 nm) and nega- 
tively charged (637 nm) NV centers; 
the full width at half maximum 
(FWHM) for these centers was 0.89 
and 1.56 nm, respectively. As with 
the observed strain, these values were 
much higher than is commonly seen 
in untreated colorless diamonds. A 
compilation of calculated FWHM val- 
ues for 250 untreated diamonds in the 
D-E range showed that the NV° cen- 
ter had an average width of 0.29 nm 
with a standard deviation of 0.07 nm; 
the highest value was 0.65 nm. For 
the NV- center, the average width 
was 0.30 nm with a standard devia- 
tion of 0.10 nm; the maximum was 
0.79 nm. These values are far lower 
than those for the 0.90 ct diamond. 

It is unusual to find natural-color 
diamonds that endured such a high 
amount of stress during their history 
and yet remained colorless. One pos- 
sible explanation is that the associat- 
ed brown coloration was naturally 
annealed out during their geologic 
history. 

Sally Eaton-Magana 


HPHT Treatment for Subtle 
Color Enhancement of Diamond 


It is well known that HPHT anneal- 
ing can remove brown coloration 
from natural type Ila diamonds, mak- 
ing them colorless to near-colorless. 
While a significant number of HPHT- 


Figure 11. These untreated natural type IIa diamonds (0.90 ct E color, left; 
0.73 ct D color, right) experienced a high amount of stress, as evidenced by 
the extensive “tatami” strain seen in cross-polarized light. They are unusu- 
al since they do not show any of the brown color that typically correlates 
with such strain. (The apparent brown color in these images is an artifact of 


the lighting.) 
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Figure 12. Shown here after HPHT treatment (E-F color, 1.74—2.57 ct), 
these type Ila diamonds originally had color grades of J-M. This demon- 
strates that HPHT annealing is being used to make subtle color improve- 


ments in such diamonds. 


treated type Ila diamonds have been 
seen in gem laboratories over the past 
decade, little has been published on 
the characteristics of the starting 
materials. Recently, however, the 
New York laboratory had the oppor- 
tunity to follow four diamonds 
through the HPHT treatment process. 

When they were first received, 
three of the four round diamonds 
(1.8-2.6 ct) were color graded in the 
J-K range, with the fourth being M 
color. Photoluminescence spectros- 
copy confirmed that they were natu- 
rally colored. Infrared spectroscopy 
showed they were very pure type Ila; 
only one stone had an extremely 
weak hydrogen-related absorption, at 
3107 cm7!. When the diamonds reap- 
peared in the lab very recently, their 
color ranged from E to F (figure 12). 
They also showed a 2-5% weight 
loss, consistent with the necessary 
repolishing after treatment. Their 


226 


LAB Notes 


photoluminescence spectra revealed 
the exact changes that were expected 
as a result of HPHT annealing. 
Though the general impression of 
HPHT treatment in the trade is that it 
is used to turn obviously brown dia- 
monds colorless, this experience sug- 
gests that such treatment may also be 
used to achieve more subtle improve- 
ments in diamond color. 
Wuyi Wang 


An Interesting Luminescent 
Cleavage in Diamond 


Although diamond is the hardest natu- 
ral substance, it still is susceptible to 
breakage along its cleavage directions. 
Often mistakenly described as a “frac- 
ture,” cleavage is one of the most com- 
mon clarity characteristics in gem- 
quality diamonds, and generally is of 
little interest to gemologists. However, 
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the Carlsbad laboratory recently grad- 
ed a type Ia colorless round brilliant 
with a remarkable cleavage-related fea- 
ture. The cleavage showed prominent 
brown radiation staining, suggesting 
that radioactive fluids had been pres- 
ent in the post-growth environment 
(figure 13). When the diamond was 
viewed face-up in the microscope with 
darkfield illumination, the cleavage 
also exhibited pronounced green lumi- 
nescence to visible light (figure 14, 
left); fiber-optic illumination made the 
green luminescence even more dra- 
matic. Radiation stains are well docu- 
mented in the gemological literature 
(e.g., J. I. Koivula, The MicroWorld of 
Diamonds, Gemworld International, 
Northbrook, Illinois, 2000). 

Green luminescence in diamond 
is known to be produced by the H3 
lattice defect (503.2 nm), which con- 
sists of two nitrogen atoms separated 
by a vacancy (N-V-N]°. When exam- 
ined in the DiamondView, the stone 
showed clear green fluorescence along 
the cleavage (figure 14, right). Using 
this image as a map, we collected pho- 
toluminescence data from the cleav- 
age area. In addition to the H3 defects, 
analysis also revealed high concentra- 
tions of the 3H interstitial defect 
(503.4 nm). An interstitial defect 
occurs when a carbon atom is dis- 
placed from its original lattice posi- 
tion, typically by radiation. Thus, the 
occurrence of 3H with the green 
luminescing H3 defects is consistent 


Figure 13. The brown coloration 
confined to the cleavage area of 
this diamond resulted from the 
interaction of radioactive fluids 
in the post-growth environment. 
Magnified 20x. 
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e A view of the Boa Vista mine. 


The presence of eclogite and lherzolite 
in some of the South African mines has led 
to the interesting conclusion that they con- 
stitute the true matrix of the diamond since 
Professor Bonney’s discovery of ten small 
diamonds in an eclogite boulder from the 
Newlands mine. It has also been noted 
that eclogite and lherzolite proportionately 
contain all the characteristic minerals of the 
eruptive diamond bearing breccia. Frag- 
ments of eclogite occur in the Agua Suja 
mine on the Bagagem river, in the State 
of Minas Geraes (No. 8 on the accompany- 
ing map). Here the presence of ilmenite, 
perofskite, pyrope garnets, and other satel- 
lites has also been noted. This mine is 
remarkable for the fact that it is probably 
the only one in the world that consistently 
produces cube diamonds. 

The manner and circumstances under 
which diamonds occur in South Africa 
seemed to justify the conclusion that in 
Brazil they would eventually be traced to 
the same source. Since this has not hap- 
pened, it either leaves the problem unsolved 
or implies that an ultra-basic magma is 
not essential to the formation and growth 
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of the diamond. Kimberlite itself easily 
decomposes and seldom outcrops on the 
surface. The absence of the satellites of 
the diamond -in nearly all the diamond 
fields of Brazil seems to preclude the pos- 
sibility of its occurrence. The exception is 
the Abaeté region, where ultra-basic rocks, 
closely related to kimberlite, have been 
found and where the diamond and _ its 
satellites also occur. 

The diamond fields of Brazil begin on 
the borders of Venezuela and British 
Guiana where diamonds are also found, 
extending into the State of Parana in the 
south and across Brazil from its eastern 
coast to its western borders. The fields 
occur in isolated patches which, in some 
cases, have no apparent relation to each 
other. The diamonds, themselves, show 
marked variations in size, shape, color, and 
quality from those of the nearest neighbor- 
ing field. In certain cases, more especially 
in the Diamantina area, certain characteris- 
tics identify the product of mines lying in 
close proximity to each other. In the river 
beds and valleys, where den idation has been 
responsible for their deposition, they are 
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Figure 14. Darkfield illumination revealed green luminescence along the 
cleavage shown in figure 13 (left, see arrows; magnified 20x). In the 

DiamondView (right), green luminescence from the H3 defect was clear- 
ly visible. Magnified 30x. 


with the microscopic evidence of 
radiation staining. 

This is one of the more unusual 
examples of cleavage we have seen in 
the Carlsbad laboratory. The dia- 
mond’s cleavage, radiation staining, 
and green luminescence all reveal 
important information about its his- 
tory and indicate that radiation expo- 
sure occurred naturally. 

Nathan Renfro and 
Christopher M. Breeding 


A Large HPHT-Annealed 
Pink Diamond 


Unlike irradiation treatment, which 
usually adds additional color, anneal- 
ing a natural diamond under HPHT 


Figure 15. This 21.73 ct Light 
pink diamond proved to be 
HPHT annealed. 
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conditions can remove preexisting 
colors as well as create new ones. 
When a suitable type Ila brown dia- 
mond is HPHT annealed at tempera- 
tures appropriate for removing brown 
but not pink coloration, then the pre- 
existing pink color can be enhanced. 
Such HPHT-treated type Ila pink dia- 
monds have been available for more 
than 10 years (e.g., Fall 2000 Lab 
Notes, pp. 254-255). 

The New York laboratory recently 
received the large pink diamond in fig- 
ure 15 for identification. This mar- 
quise brilliant (28.15 x 15.41 x 7.71 
mm) weighed 21.73 ct and was color 
graded Light pink. The color was dis- 
tributed evenly throughout the stone 
with no detectable pink graining, and 
it showed typical blue fluorescence 
when examined in the DiamondView. 
The mid-IR spectrum showed type Ia 
features with no detectable hydrogen- 
related absorption at 3107 cm. A 
weak band centered at ~550 nm was 
present in the UV-Vis absorption spec- 
trum at liquid nitrogen temperature. 
This band is very common in natural- 
ly colored pink-to-red diamonds and 
can be made more visible by removing 
other unwanted colors. Photolumi- 
nescence spectra collected at liquid 
nitrogen temperature with varying 
laser excitations confirmed that this 
diamond was HPHT annealed. 

HPHT annealing has become a 
very common type of diamond color 
treatment. With advances in process- 
ing techniques, a substantial number 
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of large diamonds can now be treated 
successfully, though these can still be 
identified by gem labs. This 21.73 ct 
pink diamond is one of the largest 
HPHT-treated pink diamonds identi- 
fied in GIA’s laboratories. 

Wuyi Wang 


SYNTHETIC DIAMOND 


Gem-Quality CVD Synthetic 
Diamonds from Gemesis 


In recent years, limited quantities of 
gem-quality synthetic diamonds pro- 
duced by chemical vapor deposition 
(CVD) have reached the market. Most 
of these have come from Apollo 
Diamond Inc. (Boston, Massachusetts). 
We recently examined similar prod- 
ucts introduced by Florida-based 
Gemesis Corp., better known for its 
HPHT-grown synthetic diamonds (J. E. 
Shigley et al., “Gemesis laboratory-cre- 
ated diamonds,” Winter 2002 GwG, 
pp. 301-309). In November 2010, the 
company announced plans to market 
CVD-grown synthetics. 

GIA examined 16 CVD synthetic 
diamonds (e.g., figure 16) that were 
faceted as round brilliants with the 
exception of one rectangular cut. 
They ranged from 0.24 to 0.90 ct, with 
an average weight of 0.46 ct. They 
were colorless (3 samples), near-color- 
less (11), and lightly colored (2). For 
the most part, clarity grades fell 
between IF and VVS, due to internal 
graining and a few pinpoint inclu- 
sions. Only four of the 16 samples had 
VS clarity. 

Infrared absorption spectroscopy 
revealed that all of the CVD synthetic 
diamonds were type Ia. Unlike typical 
as-grown CVD products, no defect- 
related absorptions were recorded in 
either the mid- or near-infrared 
regions. Photoluminescence analysis 
of all samples showed moderately 
strong emission from the H3 optical 
center (zero-phonon line at 503.2 nm), 
moderately strong emissions from NV 
centers (575.0 and 637.0 nm), and mod- 
erate to strong emissions from the [Si- 
V} center (doublet at 736.6 and 736.9 
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Figure 16. These CVD synthetic diamonds were produced by Gemesis. 
The 0.39 ct round brilliant on the left was graded F color and VVS, 
clarity; the 0.83 ct sample on the right was graded J-VVS,. 


nm). In four samples, the [Si-V]- con- 
centrations were relatively high and 
could even be detected in the UV-Vis 
absorption spectra. A notable feature of 
these synthetic diamonds was their 
weak to moderate green fluorescence 
to short-wave UV radiation. Most were 
inert to long-wave UV radiation, with 
only five samples showing very weak 
green fluorescence. In the Diamond- 
View, they exhibited strong green fluo- 
rescence and noticeable blue phospho- 
rescence; characteristic growth stria- 
tions also were easily seen. 
Gemological and spectroscopic 
observations strongly suggested that 
these CVD synthetic diamonds were 
annealed after their growth, presum- 
ably to improve their color and trans- 
parency. This study confirms that 
the quality of CVD synthetic dia- 
monds continues to improve. Never- 
theless, gemological and spectro- 
scopic features can clearly separate 
Gemesis CVD synthetics from natu- 
ral diamonds. 
Wuyi Wang and Thomas M. Moses 


Treated Synthetic Diamonds with 
Pink Color Intensified by 
Fluorescence 

A combination of irradiation and 
HPHT annealing can create pink to 
red colors in both natural and synthet- 
ic diamonds. We have reported on a 
number of these treated stones over 
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the past few years (see, e.g., Lab Notes: 
Winter 2005, pp. 341-343; Spring 
2010, pp. 51-52 and 52-54; and 
Winter 2010, pp. 300-301). Two more 
examples recently submitted (on sepa- 


rate occasions) to the New York labo- 
ratory showed an unusual fluores- 
cence effect. 

The two round brilliants (0.47 and 
0.63 ct; figure 17) were color graded 
Fancy Vivid purplish pink and Fancy 
Deep purple-pink, respectively. Their 
mid-IR spectra indicated they were 
type Ib, with a very low concentra- 
tion of isolated nitrogen. However, 
they did not display the “tatami” 
strain pattern expected for such 
diamonds, so we tested them using 
the DiamondView. The 0.47 ct 
round brilliant showed the cubocta- 
hedral pattern typical of HPHT syn- 
thetic growth, while the 0.63 ct sam- 
ple had a CVD growth pattern; both 
displayed strong orange lumines- 
cence (figure 17, bottom). Micro- 
scopic examination revealed strong 
color zoning along growth sectors in 
the 0.47 ct synthetic, but this effect 
was very subtle in the 0.63 ct sample 


Figure 17. These treated-color synthetic diamonds (0.47 and 0.63 ct) have 
an evenly distributed face-up color. Their DiamondView images (bottom) 
display the patterns typical of HPHT (left) and CVD growth (right). 


Gems & GEMOLOGY 


FALL 2011 


Figure 18. In diffused light, the 0.47 ct pink synthetic diamond displayed 
strong, uneven color zoning along growth sectors (left, magnified 45x). 
The 0.63 ct sample only showed subtle color zoning (right, 35x). 


(figure 18). The former had only a 
VVS,-grade feather in the lower gir- 
dle facet, while the latter contained 
graphitized feathers and tiny black 
particles (possibly graphite). 

The diamonds’ UV-Vis-NIR ab- 
sorption spectra were collected at liq- 
uid-nitrogen temperature with broad- 
band illumination (Avantes AvaLight- 
HAL-S) and a CCD detector (Ocean 
Optics HR-4000). This light source 
has significant emission in the visi- 
ble-light region (>400 nm) but very 
little in the UV region. The 575 nm 
feature (zero-phonon line of NV°) 
appeared as a negative peak (figure 
19), caused by fluorescence. Strong 
fluorescence was also present in the 
~650-825 nm region from the NV-~ 
center (637 nm). In addition, a sharp 
peak at 595 nm was recorded in the 
absorption spectra, and this peak, 
together with the strong NV features 
at 575 and 637 nm, were also detected 
in low-temperature photolumines- 
cence spectra. These features suggest 
that both pink synthetic diamonds 
had undergone post-growth treat- 
ments, such as irradiation and anneal- 
ing. These treatments caused the 
vacancies to migrate and combine 
with preexisting isolated nitrogen 
atoms, forming the NV centers that 
produce the strong purplish pink 
color. 

The absorption spectra of most 
pink diamonds that are naturally col- 
ored by NV centers show a transmis- 
sion window in the red region with a 
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smooth, gentle slope (indicated by 
the blue dotted line in figure 19). 
These samples had a more pro- 
nounced window (represented by the 
shaded region) due to the emission 
from NV~ centers. Fluorescence from 
the NV~- center, activated by visible 
light, strongly enhances pink to red 
color in diamond. This phenomenon 
is not as obvious in natural-color 
pink diamonds that are colored by 


NV centers, due to their much lower 
concentrations. 
Kyaw Soe Moe 


PEARL 
Cultured Pearls from Pteria Sterna 
With Plastic Bead Nuclei 


It is generally agreed that freshwater 
mother-of-pearl shell nuclei produce 
the best results for both saltwater and 
freshwater beaded cultured pearls. 
Occasionally, other materials such as 
saltwater shell, ceramic, plastic, or 
wax have been used, but these are not 
common due to high rejection and 
mortality rates (P. C. Southgate and J. 
S. Lucas, Eds., The Pearl Oyster, Else- 
vier, Amsterdam, 2008). 

Recently, we received two yellow- 
ish brown samples (both ~8 mm in 
diameter; e.g., figure 20) for identifica- 
tion. Microradiography revealed cen- 
trally positioned beads that were 
noticeably more transparent to X-rays 
than typical freshwater shell nuclei. 
The beads appeared to have distinct 


Figure 19. In this UV-Vis-NIR absorption spectrum (here, of the 0.47 ct sam- 
ple), the unusual shaded region represents the strong emission of NV~ cen- 
ters, which contribute to the pink bodycolor. In most natural-color pink 
diamonds, this region normally shows the absorption indicated by the blue 


dotted line. 
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proved to have a plastic bead. X-ray computed microtomography of a 
similar sample (center) showed the presence of a near-X-ray-transparent 
bead as well as a drill hole. When the first sample was sawn in half 
(right), a white plastic bead was revealed inside. 


uniform edges and drill holes, although 
the cultured pearls themselves were 
not drilled. One had a slight exterior 
depression apparently corresponding 
to one end of the drill hole. 

Further gemological testing (UV 
fluorescence, UV-Vis reflectance spec- 
troscopy, and EDXRF analysis) indi- 
cated that these samples were from 
the saltwater mollusk Pteria sterna, a 
species native to the Sea of Cortez in 
Mexico. Although we have occasion- 
ally seen cultured pearls with near-X- 
ray-transparent beads, and reported on 
some of them in the Lab Notes section 
(e.g., Summer 1988, pp. 114-115; 
Spring 1994, p. 45), we decided to 
acquire the samples from the client in 
order to investigate further and identi- 
fy the material that was used. 


One of the two samples was exam- 
ined using X-ray computed microto- 
mography to obtain more detailed 
images of its internal structure (figure 
20, center). The resulting images con- 
firmed, with more detail, a distinct 
uniform bead outline and drill hole. 
The second sample was cut in half for 
visual observation and Raman spectro- 
scopic analysis. The exposed bead was 
semitranslucent, white, with a plastic- 
like appearance (figure 20, right), and 
was easily scratched using a metal 
probe. Raman spectroscopy showed a 
dominant peak at 997 cm=!, which cor- 
responded to predominantly aromatic 
functional groups of possible poly- 
styrene materials. 

This is the first time we have 
reported on plastic beads used in Pteria 


Figure 21. The very large conch pearl in the pendant weighs approximate- 
ly 100 ct. By comparison, most conch pearls (left, 8.04 ct, 13.53 x 10.65 x 
7.95 mm) are much smaller, as are South Sea (second from right, 13.00 
mm) and akoya cultured pearls (right, 6.75 mm). 
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sterna mollusks. Whether this atypical 
bead material is becoming more preva- 
lent is unknown. 

[Note: Though we have used the 
term cultured pearl in this note for 
simplicity, we recognize that in this 
instance the usage may not be in 
agreement with recognized defini- 
tions, e.g., the CIBJO Pearl Book.| 

Chunhui Zhou and Akira Hyatt 


Large Conch Pearl 


Pearls from the Queen conch, Strom- 
bus gigas, have long been collectors’ 
items, prized for their unique and 
attractive color and surface structure. 
Conch pearls come in a range of col- 
ors from white to yellow to brown, 
but the most desirable is pink. 

Recently, a large conch pearl 
mounted in a pendant (figure 21) was 
submitted to the New York laboratory 
for identification. The baroque-shaped 
light pink to white specimen measured 
35.20 x 21.65 x 16.33 mm, weighed 
approximately 100 ct, and showed a 
very fine flame structure (figure 22). X- 
radiography revealed an unusually 
large number of layered natural growth 
structures, which corresponded to the 
contours of the pearl’s surface. 

Raman and UV-Vis reflectance 
spectra were collected from both the 
light pink and white regions of the 
pearl. Raman spectroscopy of the pink 
area with 514 nm excitation showed 
two small peaks at 1520 and 1130 cm, 
which are characteristic of the pig- 
ments responsible for pink color in 


Figure 22. The large conch pearl 
in figure 21 displayed a very fine 
flame structure. Magnified 100x. 
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conch pearls. These peaks were barely 
visible in the spectrum of the white 
area. The UV-Vis reflectance spectrum 
of the pink area also showed stronger 
absorption between 480 and 560 nm 
than did that of the white area; this 
absorption in the green region of the 
spectrum is responsible for the pink 
color. All of these results suggested 
that the pink color was natural and not 
the result of treatment. 

Though most conch pearls are 
small (see E. Fritsch and E. B. Misio- 
rowski, “The history and gemology 
of Queen conch ‘pearls,’” Winter 
1987 GWG, pp. 208-221), large ones 
have been reported. The 2005 
“Allure of Pearls” exhibit at the 
Smithsonian Museum of Natural 
History (www.mnh.si.edu/exhibits/ 
Pearls/index2.htm) featured two loose 
pink conch pearls belonging to collec- 
tor Susan Hendrickson that weighed 
17.70 and 22.40 ct, as well as the 
Queen Mary Brooch set with two pink 
conch pearls weighing 24.90 and 28.10 
ct. We reported on another large conch 
pearl in 2008 (125.26 ct; Spring 2008 
Lab Notes, p. 72); though that baroque 
specimen was somewhat larger than 
this pearl, the bodycolor was a mix of 
pink, orange, and white. Most conch 
pearls are far smaller (again, see figure 
21), making this specimen a true rari- 
ty, in both size and quality. 

JaeWon Chang and Akira Hyatt 


SAPPHIRE 


Natural and Synthetic Green 
Sapphires with Similar Color but 
Remarkably Different Chromophores 


Recently, two green gems were submit- 
ted to the New York laboratory. One 
stone (12.80 x 10.90 x 8.75 mm, figure 
23, left), mounted in a ring with numer- 
ous transparent near-colorless stones, 
was easily identified as a natural sap- 
phire by its inclusions and trace-ele- 
ment content measured by LA-ICP-MS. 
The other gem (2.07 ct; 7.77 x 6.09 x 
4.93 mm) had no readily apparent inclu- 
sions (figure 23, center). Careful exami- 
nation of the latter gem in immersion 
revealed faint curved color banding, 
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indicative of a melt-grown synthetic. 
LA-ICP-MS analysis confirmed that it 
was synthetic sapphire, as cobalt was 
the only trace element detected (aver- 
age 25 ppma). Previous reports on 
cobalt-doped melt-grown synthetic sap- 
phires were published in Spring 1996 
Lab Notes (p. 51), Spring 2001 Gem 
News International (pp. 75-77), and 
Spring 2008 Lab Notes (pp. 72-73). 
Sapphires—whether natural or 
synthetic—with such a distinct green 
coloration are rarely seen in the lab, 
and it is quite interesting that two 
very different compositions produced 
such a similar coloration. UV-Vis-NIR 
spectroscopy of the natural sapphire 
showed an absorption spectrum typi- 
cal of corundum with a high iron con- 
tent: strong lines at 450, 388, and 377 
nm from Fe**, and broad bands at 580 
and 700 nm due to Fe?*-Ti** interva- 
lence charge transfer (figure 24). In 
addition, the 1050-1075 nm band (due 
to Fe**) was surprisingly strong. It is 
well known that a high content of Fe** 
induces a yellow coloration in sap- 
phire, and even small concentrations 
of Fe*-Ti** pairs contribute a blue 
color component. The resulting green 
color of this sapphire, which had an 
average Fe content of 1155 ppma, is 
quite consistent with its composition. 
Polarized UV-Vis-NIR spectra of 


the synthetic sapphire showed only 
two broad bands centered at 450 and 
660 nm, which have been attributed 
to Co** substituting for octahedral 
Al** (e.g., R. Miiller and Hs. H. Giin- 
thard, “Spectroscopic study of the 
reduction of nickel and cobalt ions in 
sapphire,” Journal of Chemical 
Physics, Vol. 44, No. 1, 1966, pp. 
365-373, http://dx.doi.org/10.1063/ 
1.1726471). The two band positions 
were virtually identical for the ordi- 
nary and extraordinary rays, but the 
intensity of the 660 nm band was 
greater for the ordinary ray. Further- 
more, a weak sharp line at approxi- 
mately 691 nm was visible in the 
ordinary ray spectrum. A transmis- 
sion window near 500 nm in the spec- 
tra of both samples is largely responsi- 
ble for their similar green coloration. 
Color coordinate calculations 
using the spectra reported in Miiller 
and Gtnthard (1966) for 2-mm-thick 
wafers gave L*a*b* coordinates of 
81/51/20 and 86/-34/36 for the ordi- 
nary ray and extraordinary ray, respec- 
tively (again, see figure 23). These cor- 
respond to a coloration that is remark- 
ably similar to the synthetic sapphire 
reported here, supporting our conclu- 

sion that its color is due to Co*. 
Emily V. Dubinsky 


Figure 23. The 12.80-mm-long sapphire on the left was identified as natu- 
ral, with its color due to a high iron content. The 2.07 ct gem on the right 
is a cobalt-bearing synthetic sapphire. For comparison, color coordinates 
(far right) were calculated for optical spectra reported in Mtiller and 
Gitinthard (1966) for Verneuil synthetic sapphire containing Co** 
(ordinary ray, top; extraordinary ray, bottom). 
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Figure 24. In these UV-Vis-NIR spectra, the natural green sapphire shows 
strong Fe-related features that are absent from the synthetic sample, 

which has bands attributed to Co**. The approximate path lengths of the 
beam are 9 mm for the natural stone and 5 mm for the synthetic sample. 


Unusual Be-Diffused Pink 
Sapphire . . . A Cautionary Note 


The Carlsbad laboratory recently 
examined a 1.40 ct pink sapphire with 
unusual orange color zones that was 
submitted for a sapphire report. Initial 
microscopic observation revealed 
numerous thermally altered light-col- 
ored crystals, some of which were sur- 
rounded by discoid “fingerprints” (fig- 


Figure 25. The altered appear- 
ance of these crystals, which are 
probably zircon, is consistent 
with the high-temperature heat 
treatment necessary for Be diffu- 
sion of the host sapphire. 
Magnified 70x. 
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ure 25), an inclusion scene consistent 
with high-temperature heat treat- 
ment. Immersion revealed a planar 
orange zone near the culet and a shal- 
low orange zone parallel to the table 
facet (figure 26). Orange color zones in 
heat-treated pink sapphires may be 
indicative of beryllium-diffusion treat- 
ment. However, when the stone was 
tested by laser—ablation inductively 
coupled plasma—mass spectrometry 


Figure 26. The orange color zones 
along the culet and table of this 
pink sapphire, as seen immersed 
in methylene iodide, were caused 
by Be-diffusion treatment. Magni- 
fied 10x. 
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(LA-ICP-MS) in the girdle area (as is 
GIA’s standard practice, to avoid plac- 
ing an ablation spot in an area that 
could affect the stone’s appearance), 
no Be was detected. This was not sur- 
prising because there was no orange 
color near the girdle. 

The orientation of the orange zon- 
ing in this sapphire was perpendicular 
to the c-axis. This is a common orien- 
tation for natural orange zones in pad- 
paradscha sapphire that are caused by 
trapped hole defects induced by an 
excess of natural magnesium (J. L. 
Emmett et al., “Beryllium diffusion of 
ruby and sapphire,” Summer 2003 
GwG, pp. 84-135). To rule out such 
orange zoning from naturally incorpo- 
rated trapped hole centers, it was nec- 
essary to check for the presence of Be 
directly in one of the orange color 
zones. After obtaining permission 
from the client, LA-ICP-MS measure- 
ments revealed more than 35 ppma Be 
in an orange area, which is enough to 
impart significant orange color in a 
pink sapphire. 

It was obvious from the shape and 
orientation of the color zones that the 
stone was beryllium-diffusion treated 
as a tabular preform or piece of rough 
that had sufficient sacrificial material 
to allow all traces of Be to be removed 
from the girdle area during cutting. It is 
difficult to say whether this was a 
deliberate attempt to defeat the stan- 
dard practice of testing for beryllium in 
the girdle. Nevertheless, careful gemo- 
logical observation in immersion and 
an understanding of color modification 
in corundum prevented this Be-dif- 
fused sapphire from being misidenti- 
fied as a standard heated sapphire. 

Nathan Renfro and Amy Cooper 


Unusually High Beryllium in 
Three Blue Sapphires 


Trace amounts of natural beryllium 
are sometimes detected in untreated 
sapphires, such as those from Mada- 
gascar. Typically, natural concentra- 
tions range from <1 ppma to about 
4-5 ppma Be. Higher concentrations 
(>15 ppma) are usually associated 
with beryllium diffusion treatment. 
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Figure 27. This 3.21 ct sapphire 
contained relatively high levels 
of naturally occurring beryllium. 


In addition, naturally occurring beryl- 
lium in corundum is often present 
with traces (usually <1 ppma) of nio- 
bium, tantalum, light rare-earth ele- 
ments, and thorium (see A. Shen et 
al., “From the GIA Laboratory: Beryl- 
lium in corundum: The consequences 
for blue sapphire,” GIA Insider, Vol. 
9, No. 2, Jan. 26, 2007). 

During routine testing, three blue 
sapphires recently submitted for iden- 
tification were found to contain rela- 
tively high levels of beryllium. The 
three consisted of one ring-mounted 
stone and two loose sapphires weigh- 


Figure 28. Higher concentrations 
of Be in this blue sapphire (val- 
ues in ppma are shown next to 
each spot) were often associated 
with the presence of milky 
clouds. Magnified ~75x. 
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Figure 29. The concentrations of niobium (Nb, circles) and tantalum (Ta, 
triangles) showed an overall positive correlation to Be levels in the three 
sapphires (red = 3.17 ct, blue = 3.21 ct, and green = mounted sapphire). To 
convert to units of ppmw, the ppma values are multiplied by 0.44 for Be, 


4.56 for Nb, and 8.87 for Ta. 


ing 3.17 and 3.21 ct (e.g., figure 27). 
Two of the samples showed micro- 
scopic evidence of heating, while the 
other sapphire (3.17 ct) had inclusion 
features that proved it was unheated. 
The 3.21 ct stone showed a chalky 
blue reaction to short-wave UV radia- 
tion (consistent with its low iron con- 
tent) and strong blue bands when 
viewed in immersion, while the other 
two sapphires were inert to long- and 
short-wave UV radiation due to their 
relatively high iron contents. All 
three stones contained milky clouds. 

Trace-element analysis of all three 
sapphires with LA-ICP-MS showed a 
wide range of Be concentrations, from 
virtually absent up to 33 ppma (figure 
28). The concentrations of Be were, in 
general, positively correlated to various 
transition metals and light rare-earth 
elements, including niobium, tanta- 
lum, tungsten, lanthanum, cerium, 
hafnium, and thorium (e.g., figure 29). 
Higher concentrations of all these ele- 
ments, including Be, were often associ- 
ated with the clouds, as documented 
previously in Be-bearing untreated sap- 
phires. Magnesium also showed a posi- 
tive correlation with Be, but with large 


GEMS & GEMOLOGY 


variations. Titanium showed both pos- 
itive and negative correlation with Be, 
possibly due to Ti concentration varia- 
tions in the blue zones. 

The amount of Be in these sap- 
phires is similar to or higher than that 
recorded in some Be-diffused stones. 
Their properties suggest that they 
came from at least two different 
deposits or deposit types, but their spe- 
cific origins could not be determined. 
This is another example showing that 
thorough gemological and chemical 
analysis is necessary to identify beryl- 
lium-diffusion treatment. 

Ren Lu and Andy H. Shen 
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DIAMONDS 


Type Ib greenish brown diamonds with a color shift. 
Single substitutional nitrogen causes yellow color in dia- 
mond. Therefore, type Ib diamonds are often assumed to 
be yellow (so-called canary diamonds). While this is true 
for type Ib synthetic diamonds, only rarely do their natural 
counterparts exhibit a pure yellow color. The most com- 
mon color of type Ib diamonds is “olive,” a mixture of 
green, brown-yellow, and gray. Some natural type Ib dia- 
monds contain mixed orange and yellow colors, though 
often with a brownish or greenish component. In our expe- 
rience, pure brown samples are by far the rarest of the type 
Tb diamonds, and they are seldom larger than 0.25 ct. 

Recently, the GGTL laboratory received two greenish 
brown diamonds (1.22 and 3.01 ct) for analysis that were 
reportedly purchased directly from the mines in Simi, Sierra 
Leone. FTIR spectroscopy showed they were pure type Ib, 
with approximately 3.6 and 8 ppm, respectively, of single 
substitutional nitrogen. In daylight-equivalent illumination, 
the two diamonds were color graded Fancy Dark greenish 
brown and Fancy yellowish greenish brown. However, they 
showed a distinctly different coloration under incandescent 
light, where they appeared Fancy Dark orangy brown and 
Fancy orangy yellowish brown (figure 1). 

When exposed to the 310-410 nm broadband illumina- 
tion of our fluorescence microscope, both diamonds exhib- 
ited very distinct, rather homogenously distributed reddish 
orange luminescence. Exposure to standard UV radiation 
gave similar fluorescence reactions: orange to long-wave 
and a less intense orange to short-wave UV. Low-tempera- 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu or 
GIA, The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. Original photos will be returned after 
consideration or publication. 
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ture (77 K) PL spectroscopy, using 405 and 532 nm excita- 
tion, identified the cause of the diamonds’ luminescence 
as the NV? center (575 nm), which dominated their spectra 
(e.g., figure 2). In addition, the NV- emission (637 nm) was 
detected with 532 nm excitation (figure 2, bottom). 

The diamonds’ UV-Vis-NIR spectra, obtained at 77 K 
inside an integrating sphere under intense incandescent 
illumination, showed the NV° and NV- emissions were 
superimposed on the absorption continuum typical of 
brown diamonds. Intense incandescent light efficiently 
excited the NV° and NV- fluorescence, influencing the 
apparent color of the diamonds. 

It is important to note that the color grading of fancy- 
color diamonds actually includes the effect of fluores- 
cence. For instance, purely yellow diamonds with strong 
green luminescence can receive green color grades, even 
though they do not have a greenish bodycolor. (However, 


Figure 1. These 1.22 ct (top) and 3.01 ct (bottom) 
greenish brown type Ib diamonds, seen under day- 
light-equivalent illumination (left), become distinct- 
ly orangy brown under incandescent light (right). 
Photos by T. Hainschwang. 
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Figure 2. The low-temperature photoluminescence 
spectra of the 1.22 ct diamond at 405 nm (top) and 
532 nm excitation (bottom) show that the orange 
luminescence (inset, photographed under 310-410 
nm broadband excitation) is caused by the NV° 
defect. Inset photo by T. Hainschwang. 


near-colorless diamonds with extremely strong blue fluo- 
rescence are not color graded blue.) A notable example of a 
diamond with this type of fluorescence-related color 
change is the light brown Tavernier diamond, which 
appears light pink in incandescent light (Y. Liu et al., “The 
alexandrite effect of the Tavernier diamond caused by fluo- 
rescence,” Color Research and Application, Vol. 23, No. 5, 
1998, pp. 323-327, http://dx.doi.org/10.1002/(SICI)1520- 
6378(199810)23:5<323::AID-COL8>3.0.CO;2-Y). However, 
the Tavernier is not considered a fancy-color diamond 
since it belongs to the D-to-Z range. 

We informed the client of the observed color shift 
shown by the diamonds and noted the phenomenon on 
their reports, with a comment stating that it was related to 
fluorescence. 

Thomas Hainschwang 

(thomas. hainschwang@gemlab.net) 

and Franck Notari 

GGTL Gemlab-—Gemtechlab Laboratory 
Balzers, Liechtenstein, and Geneva, Switzerland 


Emmanuel Fritsch 
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COLORED STONES AND 
ORGANIC MATERIALS 


Gem-quality afghanite from Afghanistan. At the 2011 
Tucson gem shows, Dudley Blauwet (Dudley Blauwet 
Gems, Louisville, Colorado) exhibited several hundred 
afghanites with a light blue color similar to that of aqua- 
marine (e.g., figure 3). Mr. Blauwet purchased his first 
rough piece of this material during a December 2009 trip 
to Peshawar, Pakistan. His supplier was not certain of the 
stone’s identity, only that it came from a group of mines 
near the well-known Lajuar Madan lapis lazuli deposit in 
the Sar-e-Sang district of Afghanistan’s Badakhshan 
Province. The crystal yielded a clean 1.16 ct trilliant. 

On a return visit in November 2010, Mr. Blauwet pur- 
chased two additional lots of the material, 96 g in all, from 
a former partner of the original supplier. These were sold 
to him as afghanite, an identity confirmed by electron 
microprobe analysis (performed by Cannon Microprobe, 
Seattle, Washington) of two crystals. They exhibited 
hexagonal pyramidal terminations, which is typical of 
afghanite. From this rough parcel, about 45 carats of clean 


Figure 3. These light blue afghanites (0.50, 1.16, and 
0.23 ct) were faceted from material reportedly found 
recently in Afghanistan’s Badakhshan Province. 
Photo by Robert Weldon. 


stones were cut, the two largest weighing 1.16 and 1.18 ct. 
Later in November, Mr. Blauwet returned to Peshawar and 
obtained another 320 g of rough sorted into four lots of var- 
ious qualities. Some of these pieces also displayed the dis- 
tinctive hexagonal pyramidal terminations. The two better 
lots, which totaled about 65 g, featured clean facet-grade 
material, including one piece that may eventually yield a 
3.5 ct gem. Most of the lesser-quality rough was translu- 
cent, with some appearing silky. 

Afghanite typically has a dark blue color, and gem- 
quality stones are considered very rare (see Spring 2008 
GNI, pp. 79-80). Mr. Blauwet noted a strong demand for 
this brightly colored afghanite in Tucson. 

Stuart D. Overlin (soverlin@gia.edu) 
GIA, Carlsbad 


Iridescent ammonite from Madagascar. At the 2011 Tucson 
Gem shows, Marco Campos Venuti (Seville, Spain) had iri- 


Gems & GEMOLOGY FALL 2011 235 


Figure 4. Ammonite from Madagascar showing 
attractive iridescence is now being cut into cabo- 
chons, in addition to the polished fossils seen previ- 
ously. The specimens shown here range from 2.8 to 
6.4 cm long. Photo by Jeff Scovil. 


descent fossil ammonites from southern Madagascar as 
whole polished pieces as well as cabochons (figure 4). 
Although this type of ammonite has been known for more 
than a decade (see, e.g., Fall 2000 GNI, pp. 267-268), this 
was the first time that this author has seen it fashioned into 
cabochons for jewelry use. Mr. Campos Venuti marketed 
this material as “Madammolite,” and had about 50 cabo- 
chons that were cut into various shapes, as well as 100 
matched pairs, ranging from 15 to 40 mm in longest dimen- 
sion. He stated that the outer surface of the fossil must be 
polished off to reveal the underlying iridescence; no stabi- 
lization or other treatments are performed on the material. 
All of the pieces displayed red-orange iridescence, and small 
areas of green and blue also were seen in a few cabochons. 
The iridescent layer was very thin (<1 mm), and was better 
developed on one side of the fossil than the other, which 
created difficulty in cutting matched pairs. Fractures in the 
material created an additional challenges for shaping the 
cabochons. The iridescent patterns ranged from smooth and 
homogenous to a pleasing ridged appearance. 

The availability in a variety of shapes and matched 
pairs gives designers interesting opportunities to incorpo- 
rate these iridescent gems into jewelry, provided they are 
properly protected from scratching or impacts that could 
break the thin nacreous layer. 

Brendan M. Laurs 


Aquamarine from Thanh Hoa Province, Vietnam: Mining 
update. In May 2011, this contributor visited the aquama- 
rine deposits on the west side of Thanh Hoa Province in 
northern Vietnam (see L. T.-T. Huong et al., “Aquamarine 
from the Thuong Xuan District, Thanh Hoa Province, 
Vietnam,” Spring 2011 Ge&G, pp. 42-48, http://dx.doi.org/ 
10.5741/GEMS.47.1.42). The journey started in Hanoi, the 
home of Mr. Lai Duy, a close friend and guide for the trip. 
We drove south on the main highway for about five hours 
to Thanh Hoa city. Continuing on narrow side roads, we 
passed lush rice fields and beautiful karst (weathered lime- 
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stone) landscapes en route to the remote mountains that 
host the aquamarine-bearing granitic pegmatites. From the 
village of Xuan Le, motorbikes were used to traverse the 
final 7-8 km to the base of the mountains, along a narrow 
dirt track that crossed several streams on rickety 1-m-wide 
wooden bridges. 

A steep slippery footpath led from Lang Ben village up 
to the mining area. After climbing slowly in the tropical 
heat for about 1 hour and 40 minutes—and passing an area 
that reportedly was mined for topaz—the trail emerged 
from the jungle into an area containing dozens of shallow 
pits mined for the aquamarine (e.g., figure 5). The workings 
were sporadically distributed over a distance of ~400 m, 
extending from an elevation of 592 m (1,943 ft) to 621 m 
(2,039 ft). The pegmatites dipped almost vertically and 
were highly decomposed. The shafts reached depths up to 
15 m (figure 6), and horizontal tunnels were present at the 
bottom of some shafts. There were no timbers or other sup- 
ports, but the tunnels did not appear in danger of collaps- 
ing. No pumps or any other mechanized equipment were 
present, probably due to the difficulty of the climb, and the 
fact that hand tools were sufficient for digging through the 


Figure 5. Aquamarine workings in Vietnam’s Thanh 
Hoa Province consist of small pits surrounded by 
dense jungle. Photo by D. Blauwet. 


GEMS & GEMOLOGY FALL 2011 


* Where it is not possible to deflect the stream by dams, sand is removed 
from under water by divers. Usually a raft is secured in the center of the 
stream by cables from either shore. This is a view of the Rio das Velhas 


Triangulo Mineiro. 


mixed. In some cases, the tributaries enter- 
ing on one side of a river are diamantifer- 
ous and their opposite number barren. The 
principal diamond fields of Brazil corre- 
spond to its major watersheds and most 
elevated points. 


Jt is not difficult for an experienced 
buyer to recognize the origin of a parcel 
of diamonds coming from any particular 
area of mine or even to identify individual 
stones in mixed parcels. 


The fields at present under exploitation 
are shown on the accompanying map, cor- 
responding to the following numbers and 
descriptions: 


Alluvial diamonds are 
found in the Rio Branco and other tribu- 
taries of the Amazon. Diamonds are small 
but of good quality, with a low percentage 
of industrials. 


2—The Maraba field. This is an isolated 
patch in the Tocantins river in the State of 
Para near the border of Maranhao. A re- 
cent discovery in the river bed which can 
be worked only during the dry season. Dia- 
monds below ten carats, of good quality, 
hardly any industrials. 


1—Amazonian. 


SUMMER 1950 


3—Gilbués in the southern part of the 
State of Piuhy. Diamonds small, low per- 
centage of gemstones of good color. 
“4-The Bahia field, discovered in 1841 
or thereabouts, lies on the same watershed 
as the Diamantina field, the Sérra do Es- 
pinacho. There ate many points of resem- 
blance, geologically, to justify the conclu- 
sion that they are intimately related as 
regards origin. Situated at a mean eleva- 
tion of 3500 feet above sea level, this field 
begins at Estiva and extends southward 
to Chique Chique and Mucugé. 

Included in the intermediate areas are 
Pedro Cravada, Santo Antonio, Lencoes, 
Genipapo, Roncador, and Andarahy. All of 
these areas are situated either on or lying 
between the tributaries of the Santo An- 
tonio river, itself a tributary of the Par- 
aguassu. The diamonds of this field, al- 
though showing local variations, are char- 
acterized by the high qualities and even 
size of the stones. More important is the 
fact that it is the only field in the world in 
which carbonados occur in commercial quan- 
tities. At one time in its history, Bahia not 
only exceeded Diamantina in production but 
also considered its gemstones of secondary 


we 
o 
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weathered deposit. According to a local miner, this area 
had been worked for about four years, producing an esti- 
mated 50-60 kg annually of mixed-grade aquamarine. 

Climbing higher up the mountain to an elevation of 
811 m (2,661 ft; coordinates 19°50.7' N, 105°09.7' E) 
revealed an area that was actively being mined for aqua- 
marine and topaz. These workings consisted of larger tun- 
nels that penetrated deeper (15-20 m) into the hillside but 
at shallow angles. These pegmatites contained much more 
quartz, with broken fragments up to ~20 cm seen in the 
mine dumps. The quartz was generally opaque, white to 
light smoky, and partially crystallized. Approximately a 
dozen miners were active in this area, and they offered 
small parcels consisting of broken fragments (1-3 g) and a 
few complete crystals (up to ~7 cm long; figure 7) of attrac- 
tive blue aquamarine. The crystals commonly had small 
fractures along their length that would restrict the cutting 
of clean stones to relatively small sizes but with good 
color saturation (again, see figure 7). Colorless topaz was 
occasionally found as small lustrous transparent crystals. 
The miners indicated this area had been worked for sever- 
al months. 

This fascinating—and arduous—expedition provided a 
first-hand view of these little-known aquamarine deposits, 
which appear to have good potential for producing gem- 
and specimen-quality material for many years to come. 

Dudley Blauwet (mtnmin@q.com) 
Dudley Blauwet Gems, Louisville, Colorado 


Purplish blue and red-brown chalcedony from Peru. While 
chalcedony often occurs in light blue hues, saturated blue 
specimens are known from just a few localities, such as 
Ysterputz in Namibia and Chikwawa in Malawi. Blue 
chalcedony was found in Peru several years ago, but the 
quality was not high and the material was only used local- 
ly. The exact locality is not publicly known, though ini- 
tially it was believed to lie in the vicinity of Huachocolpa 
in the Huancavelica region. This contributor was recently 
informed by a reliable local dealer, who visited the locali- 
ty, that the material comes from a site called Yanacodo, 
about 30 km west of the city of Huancavelica. Recent pro- 
duction from this deposit (since 2010) is comparable to the 
finest blue chalcedony from other sources (e.g., figure 8). 
While in Lima in February 2011, this contributor saw sev- 
eral hundred kilograms of rough and at least 50 cabochons 
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Figure 6. At the Thanh Hoa 
deposits, ropes are used to 
hoist aquamarine-bearing 
material from shafts (left). 
Some of the shafts reach 
depths of ~15 m (right). 
Photos by D. Blauwet. 


measuring up to 4 cm across. 

Ten pieces of rough and five cabochons were examined 
by this contributor for this report. All were purplish blue, 
and many displayed agate-like zoning. The samples had a 
spot refractive index of 1.54 and a specific gravity of 
2.60-2.61, consistent with published values for chal- 
cedony, and no features were seen with the hand spectro- 
scope. As expected, the material showed an aggregate reac- 
tion in the polariscope, which confirmed its fibrous struc- 
ture. The chalcedony was inert to UV radiation, although 
a few pieces contained veinlets that fluoresced white to 
both long- and short-wave UV radiation. 

Another unusual chalcedony from Peru appeared in 
February 2011. It is reportedly from the vicinity of Santa 
Ana village, about 30 km southeast of Huancavelica. The 
chalcedony is red-brown and therefore can be described as 
sard or carnelian. It contains small cavities that are usually 
filled by colorless chalcedony. Although carnelian normal- 
ly occurs as concretions in sedimentary rocks, here it 
forms crusts and rarely even stalactites up to 3 cm long 
(e.g., figure 9) within cavities hosted by volcanic rocks. 
From a study of three pieces of rough and three table cuts, 
its gemological properties were the same as for the blue 
variety, except that it fluoresced green to long-wave UV— 
particularly in lighter colored areas. 

Jaroslav Hyrsl (hyrs]@kuryr.cz) 
Prague, Czech Republic 


Figure 7. These Vietnamese aquamarines range from 
1.5 to 7.1 cm long (crystals) and 1.34 to 6.96 ct (cut 
stones). Photo by Robert Weldon. 
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Figure 8. Fine blue chalcedony such as these pieces 
(6.1 and 4.0 cm wide) became available from Peru in 
2010. Gift of J. Hyrsl, GIA Collection nos. 38420 and 
38421; photo by Robert Weldon. 


Update on emerald mining in Afghanistan. In May 2011, 
author VP traveled to Afghanistan to collect reference sam- 
ples for GIA’s laboratory. Unfortunately, due to the security 
situation in parts of Afghanistan, it was impossible to visit 
the ruby mining area near Jegdalek or the various deposits 
in Badakhshan. However, the authors spent three days in 
the emerald mining area near the village of Khenj in the 
Panjshir Valley (see, e.g., G. W. Bowersox et al., “Emeralds 
of the Panjshir Valley, Afghanistan,” Spring 1991 GwG, pp. 
26-39, http://dx.doi.org/10.5741/GEMS.27.1.26}. 

We witnessed about 400 miners working in the Khenj 
area. Mining is performed by groups of up to 20 people, 
some working in day/night shifts. The most active site 
was Kamar Safeed (figure 10), situated on cliffs at an eleva- 
tion of 3,000 m. Up to 300 miners were working this site. 


Figure 9. Carnelian from Santa Ana, Peru (here, 10.5 
cm wide), rarely displays finger-like formations. Photo 
by J. Hyrsl. 
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Small groups were also active at Koskanda, Norola, 
Siakolo, Habal, and Batak. The Michalak area, where sev- 
eral hundred miners were said to be active in 2010, was 
practically abandoned. The Tartah and Dalnow deposits 
have reportedly been exhausted. Security concerns pre- 
vented a visit to the emerald mining areas in the Panjshir 
Valley located outside of the Khenj area (Dach Te Rivaat 
and Mukeni), where operations are reportedly limited. 

All of the mining activities witnessed at Khenj were 
underground, in a maze of tunnels reaching 200 m deep. 
Because conventional explosives cannot be legally 
obtained in Afghanistan, miners were fabricating their 
own by mixing fertilizer with the contents of old unex- 
ploded Soviet military ordnance (figure 11). These mix- 
tures are too powerful for gem mining, and many fine 
stones are consequently broken or fractured by the blasts. 

Dealers in Kabul reported that emerald production had 
been good during the past few months, and this was con- 
firmed by miners in Khenj. The emerald parcels were said 
to be exported to Pakistan or Dubai for faceting. The gems 
were typically light green to deep green, often with very 
good transparency. While most of the rough stones were 
small (less than 1 g), we also saw several large fine emerald 
crystals up to 6 g, as well as some attractive mineral speci- 
mens. A preliminary study of the emeralds obtained from 
the Khenj area (e.g., figure 12) revealed that their inclu- 
sions mirror those normally seen in Colombian emeralds. 

The situation at the emerald mines has improved since 
VP’s previous visit in 2006. Khenj can now be reached in 
three hours from Kabul using a new road. Small hydroelec- 
tric power stations have brought electricity to the valley, 
and the miners are using generators to light and ventilate 
the tunnels. While working the Panjshir emerald mines 
remains very difficult, the high-quality stones can provide 
good income. 


Figure 10. Situated on steep cliffs, Kamar Safeed is the 
most active emerald mining area near Khenj, a village in 
the Panjshir Valley of Afghanistan. Photo by V. Pardieu. 
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Figure 11. Afghan emerald miners mix fertilizer 
with old Soviet military explosives for blasting pur- 
poses, which often damages the fragile crystals. 
Photo by V. Pardieu. 


The Afghan government faces many challenges, one of 
which is replacing a complicated and inefficient rough 
stone export system. According to one government offi- 
cial, the tax value of a parcel for export must be negotiated 
and a 15% tariff paid, then another 9% is levied at the air- 
port. In addition, several papers must be obtained from the 
Ministry of Mines and the Afghan Chamber of Commerce 


Figure 12. These emerald samples are from the Khenj 
area of the Panjshir Valley. The cut stones weigh 
~1.5—2 ct. Photo by V. Pardieu. 
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and Industry. The whole process takes anywhere from 

three days to a week. Streamlining the export process 

would encourage legal exports, benefiting the local gem 
industry and the country as a whole. 

Vincent Pardieu (vpardieu@gia.edu) 

GIA, Bangkok 


Guy Clutterbuck 
CGM Ltd., Dublin 


A deep green fuchsite-rich rock. The Ricerche e Analisi 
Gemmologiche (RAG) laboratory in Turin, Italy, received 
for identification three samples of a deep green material 
that resembled jadeite or nephrite (figure 13). No informa- 
tion was provided on the samples’ source. The material 
consisted of thin slabs no more than a few millimeters 
thick, with a fine granular structure characterized by a 
deep green matrix and some very small white spots. 


Figure 13. This polished slab (~32 mm long), resem- 
bling jadeite or nephrite, proved to be a rock composed 
of fuchsite, albite, and sphene. Photo by R. Navone. 


The samples’ RI, measured with a refractometer using 
the distant observation technique, was between 1.53 and 
1.56. The SG was 2.78 and the Mohs hardness was 5-5/4. 
The material was inert to long- and short-wave UV radia- 
tion, and the handheld spectroscope showed general 
absorption in the deep red region of the spectrum. The 
samples had a fairly even color distribution and no appar- 
ent cleavage. At first glance, they could have been either 
natural or artificial, as they resembled a compressed pow- 
der with some type of hardening media. 

With the permission of the client, we cut a thin section 
from one of the slabs for examination with a polarizing 
microscope (figure 14). The matrix consisted of a colorless 
to green foliated aggregate with low relief and low-order 
interference colors, consistent with a mica-group mineral. 
The thin section was also studied at the University of 
Turin’s mineralogy department with a Cambridge S-360 
scanning electron microscope equipped with an Oxford 
INCA energy-dispersive spectrometer. SEM-EDS spec- 
troscopy identified the material as fuchsite, the green 
chromium-bearing variety of muscovite (in this case, 
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Figure 14. Viewed in cross-polarized light, this thin sec- 
tion of one of the slabs shows bright interference colors 
corresponding to Cr-bearing muscovite, gray low-relief 
areas of albite (center), and high-relief grains with high- 
order interference colors that are sphene. Photomicro- 
graph by E. Costa; image width ~0.5 mm. 


1.0-1.5 wt.% Cr,O,). Also present was an anhedral gray to 
white mineral with low relief; it was shown to be albite. 
Finally, there were a number of high-relief inclusions, deep 
yellow to brown and brownish black, with high-order inter- 
ference colors; these were identified as sphene. 

Figure 15 shows an SEM backscattered electron image of 
the thin section, in which the gray tone is proportional to the 
mean atomic number of the phase. The light gray—appearing 
matrix is the Cr-bearing muscovite, the dark gray areas are 
albite, and the white portions represent sphene. 

We detected no dyes, polymers, or other foreign media, 
and the texture of the minerals demonstrated the material's 
natural origin. We concluded that the slabs were cut and pol- 
ished from a fine-grained metamorphic rock consisting pre- 
dominantly of fuchsite. The material had an attractive green 
color and could be used for cabochons or carving, although 
with caution due to its relatively low hardness. Cabochons 
consisting of fuchsite aggregates have been seen previously 
(as emerald imitations; see Summer 2002 Gem News 
International [GNI], pp. 183-184), but those were more 
translucent than the material documented here, and they 
also contained inclusions of rutile and dolomite, rather than 
the albite and sphene impurities in the present samples. 

Emanuele Costa (emanuele.costa@unito.it) 
Department of Mineralogy and Petrology 
University of Turin, Italy 


Raffaella Navone 
RAG Gemological Laboratory, Turin 


Figure 16. Pyrope-spessar- 
tine from Nandagala, 
Tanzania, shows a distinct 
color change between day- 
light-equivalent fluorescent 
(left) and incandescent (right) 
light. The faceted stone | — 
weighs 11.81 ct andthe —s.. 
rough pieces are 0.4-1.2 g. SS 
Photos by V. Pardieu. 
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Figure 15. The texture of the green rock is well dis- 
played in this backscattered electron image of the 
thin section in figure 14, which shows Cr-bearing 
muscovite (light gray), albite (dark gray), and sphene 
(white). The black areas are microscopic pores in the 
tock. Image by E. Costa. 


Color-change garnet from Nandagala, Tanzania. Mark Saul 
(Swala Gem Traders, Arusha, Tanzania) recently informed 
GIA’s Bangkok lab about a new deposit of color-change 
garnet near Nandagala village, Lindi Province, southern 
Tanzania. According to Mr. Saul, the stones were believed 
to be alexandrite when first discovered in January 2011, 
resulting in a minor gem rush and several dealers overpay- 
ing for rough. The garnet comes from two diggings: A pri- 
mary deposit where small (typically <0.2 g) dark-colored 
stones are found, and a nearby alluvial deposit that pro- 
duces somewhat lighter pieces up to ~2 g. One large (>5 g} 
clean stone from the alluvial deposit was faceted into the 
11.81 ct gem in figure 16. The alluvial deposit also pro- 
duces clean but nonphenomenal brownish orange garnets, 
some of which exceed 20 g. 

The five rough samples in figure 16 were purchased by 
GIA, and four were polished with parallel windows and 
examined for this report. Their color change was distinct, 
showing greenish blue in fluorescent light and purplish red 
or red in incandescent light. They had RI and SG values of 
1.762 and 3.89, which are typical for color-change pyrope- 
spessartine (e.g., D. V. Manson and C. M. Stockton, 
“Pyrope-spessartine garnets with unusual color behavior,” 
Winter 1984 G&G, pp. 200-207, http://dx.doi.org/10.5741/ 
GEMS.20.4.200). They were inert to long- and short-wave 
UV radiation. With the desk-model spectroscope, the 
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Figure 17. Partially healed fissures, needles, and black grains formed a typical inclusion scene in the color- 
change garnet samples (left). Also present were zircon-like crystals (center; cross-polarized light) and another 
type of dark reddish brown crystalline inclusion (right). Photomicrographs by V. Pardieu; magnified 40x. 


darkest sample showed a band at ~400 nm and a broad 
absorption at ~570 nm; the latter feature was less obvious 
for lighter stones with a weaker color change. The inclu- 
sion scene (figure 17) was dominated by needles, zircon- 
like crystals, partially healed fissures, and negative crys- 
tals. We also saw some black opaque, reddish brown, and 
elongated greenish crystals. Unfortunately, the inclusions 
were too deep in the samples to be identified with Raman 
spectroscopy. 

Chemical composition was measured using EDXRF 
spectroscopy and a Thermo X Series II LA-ICP-MS. 
The garnets had an average composition of Pyp,,Spsj9- 
Grs, -Alm,Gol,Uva, « (with 7300 ppm V and 1100 ppm 
Cr). This was very similar to that reported for color-change 
garnets from Bekily, Madagascar (K. Schmetzer and H. J. 
Bernhardt, “Garnets from Madagascar with a color change 
of blue green to purple,” Winter 1999 GwG, pp. 196-201, 
http://dx.doi.org/10.5741/GEMS.35.4.196}. 

UV-Vis absorption spectra were collected using a 
PerkinElmer Lambda 950 spectrometer. A strong absorp- 
tion band at ~570 nm (due to V** and Cr**) dominated the 
spectra of all samples (e.g., figure 18). This band created two 


Figure 18. This UV-Vis spectrum of a light-colored 
Nandagala garnet (3.3 mm thick) shows a broad absorp- 
tion at ~570 nm due to V* and Cr**, creating transmis- 
sion windows in the blue-green and red regions. 
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transmission windows, in the blue-green (~480 nm) and red 
(700 nm) regions, which are responsible for the color 
change. The darkest sample showed a cutoff at ~440 nm, 
while the lighter stones had a cutoff at ~310 nm and also 
showed absorptions due to Mn?* (408, 423, and 489 nm}, 
Fe** (432 nm}, and Fe”* (463 nm; see P. G. Manning, “The 
optical absorption spectra of the garnets almandine-pyrope, 
pyrope and spessartine and some structural interpretations 
of mineralogical significance,” Canadian Mineralogist, 
Vol. 9, 1967, pp. 237-251). 

This new Tanzanian deposit joins Kenya and Mada- 
gascar as another source of color-change garnet in the East 
African region. 

Vincent Pardieu, Kamolwan Thirangoon, and 
Sudarat Saeseaw 
GIA, Bangkok 


An examination of some colorless gems from Myanmar. 
This contributor recently had the opportunity to examine 
rough and cut samples of four colorless gems—phenakite, 
petalite, pollucite, and goshenite beryl—recovered from 
granitic pegmatites located near Molo village in Momeik 
township, northern Shan State, Myanmar. At this locality, 
pegmatite dikes intrude a peridotite body that is hosted by 
gneiss, marble, and calc-silicate rocks of the Mogok Group. 
The pegmatites primarily produce gem-quality pink tour- 
maline, along with other minerals such as topaz, beryl, 
hambergite, quartz, and the colorless gems listed above 
(see, e.g., figure 19 and U H. Kyi et al., “The pegmatitic 
gem deposits of Molo [Momeik] and Sakhan-gyi [Mogok],” 
Australian Gemmologist, Vol. 22, No. 7, 2005, pp. 
303-309). 

The phenakite (Be,SiO,) crystals were distorted and 
some were twinned. They showed etch marks on their 
prism faces. The faceted gems usually weigh <1 ct. 
Inclusions consisted of small growth tubes and tiny irregu- 
lar solid crystals. 

The petalite (LiAlSi,O,,) crystals showed etched cleav- 
ages with deep channels. The material is transparent in a 
range of sizes, yielding finished gems of 3-50 ct. Small 
solid colorless rounded inclusions were present. 

The rough pollucite (CsAlSi,O,-nH,O) did not show 
any crystal faces, and its surfaces were cracked, pitted, and 
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Figure 19. These samples of phenakite (2.5 ct), goshen- 
ite (4.9 ct), and pollucite (1.0 ct) are from the Momeik 
area near Mogok, Myanmar. Photo by U T. Hlaing. 


iron stained. Cut gems generally range from 3 to 6 ct. 
Parallel lath-like solid inclusions and spiky crystals were 
seen. 

The goshenite crystals were tabular and typically yield 
finished gems of 0.85-2.0 ct. The material was quite 
included, with internal features consisting of two-phase 
“fingerprints,” distorted needle-shaped crystals in random 
orientations, and white opaque solids. 

The gemological properties recorded from the 
phenakite, petalite, pollucite, and goshenite samples were 
within reported ranges. They can be differentiated from 
one another by their standard gemological properties (e.g., 
RI and/or SG values) and sometimes by their morphologic 
characteristics. The Burmese petalite is tabular to elongat- 
ed with prominent cleavage, phenakite forms isolated pris- 
matic crystals with rhombohedral terminations, goshenite 
typically consists of short prismatic crystals, and pollucite 
is recovered as broken pieces without any crystal faces. 

U Tin Hlaing 
Dept. of Geology (retired) 
Panglong University, Myanmar 


Nuummite from Mauritania. Iridescent orthoamphibole 
(anthophyllite-gedrite) as a gem material was first reported 
from Greenland nearly 25 years ago (P. W. Uitterdijk Appel 
and A. Jensen, “A new gem material from Greenland: 
Iridescent orthoamphibole,” Spring 1987 GWG, pp. 36-42, 
http://dx.doi.org/10.5741/GEMS.23.1.36). Until fairly 
recently, this was the only known locality for this gem, 
called Nuummite. The Greenland material is notable for 
its golden iridescence, though blue iridescence has also 
been seen (Spring 2000 GNI, pp. 73-74). 

In 2009, a new source of gem-quality iridescent 
orthoamphibole was discovered in the Sahara Desert of 
central Mauritania (see T. Kobayashi, “Iridescent Nuu- 
mite,” Gemmology, Vol. 41, No. 486, Issue 3, pp. 14-15 [in 
Japanese]). Three faceted stones and a piece of rough were 
donated to GIA by G. Scott Davies (American-Thai 
Trading, Bangkok). His company has cut more than 3,000 
carats of this Nuummite, showing iridescence that is most- 
ly bluish green, although some stones appear golden yellow 
and a small percentage are a highly desirable pure blue (e.g., 
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Figure 20. These samples of Nuummite (an aggregate 
of iridescent orthoamphibole) from Mauritania weigh 
9.20-16.03 ct and illustrate the variation in color of 
this material. Photo by, and gift of, G. Scott Davies; 
GIA Collection nos. 38384-38386. 


figure 20). Finished stones are typically cut to between 10 
and 20 mm, corresponding to a weight range of ~8—20 ct in 
cabochon or faceted form. This size range is preferable 
because the iridescence is not apparent in smaller stones, 
and larger pieces can show an uneven color distribution. 
Raman spectra of the iridescent laths were consistent 
with anthophyllite and gedrite, which are orthorhombic 
members in the magnesium-iron-manganese-lithium 
amphibole group. The samples had RI measurements 
between 1.649 and 1.669, consistent with the Raman iden- 
tification. A second shadow edge also was noted at 1.54, 
due to an additional mineral component in the rock. 
Brassy metallic mineral grains, presumably pyrite, were 
also seen in the samples. Hydrostatic SG was 2.98 + 0.05, 
and all three stones were inert to long- and short-wave UV 
radiation. With magnification, the iridescent phenomenon 
closely resembled that of labradorite. It therefore seems 
likely that the iridescence is caused by a lamellar structure 


Figure 21. These Nuummite orthoamphibole laths show 
blue iridescence on the outer perimeter that shifts to 
greenish yellow toward the interior, suggesting a chemi- 
cal variation within the crystal. Photomicrograph by 

N. Renfro; magnified 20x. 
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of the orthoamphibole mineral grains. The iridescence dis- 

played color zoning from blue to greenish yellow toward 

the core of the crystals (figure 21). This type of concentric 
zoning suggests a chemical variation in the amphibole. 

This new find of iridescent orthoamphibole makes for 

an interesting and unusual gem. This material has also 

been offered by online dealers as spheres several centime- 

ters in diameter. 
Nathan Renfro (nrefro@gia.edu) 
GIA, Carlsbad 


Blue opal showing play-of-color from Sinaloa, Mexico. 
Mexican opal is known mainly from Querétaro and Jalisco 
States, which are most recognized for producing “fire” and 
“crystal” varieties. Recently the owners of an opal mine in 
Sinaloa State (Bertha Almaral, Marco Reyes, and Juan Vital) 
showed this contributor a number of specimens that dis- 
played a blue bodycolor and an attractive play-of-color. 

The volcanic-hosted deposit is located near the town of 
Cosala, approximately 137 km (85 miles) north of 
Mazatlan. Although the site was discovered 25 years ago, 
mining activity has been sporadic and limited to hand 
methods. Under the ownership of Blue Opal Light Co. 
since April 2011, operations have become mechanized. A 
backhoe fitted with a hydraulic hammer is used to break 
up the host rhyolite in search of opal concentrations (fig- 
ure 22, left). This opal forms nodules and infillings in a 
rhyolite lava flow, and is commonly surrounded by perlite 
(figure 22, right). The owners estimate that only 10% of 
the deposit has been mined. 

Two cabochons (one loose and one mounted) were 
briefly examined at GIA, and they had spot RI values of 
1.46 and 1.47. The hydrostatic SG of the unmounted 
sample was 2.32, but this value is not reliable due to the 
presence of some matrix material in the cabochon. Both 
samples—as well as several rough pieces—showed inter- 
esting UV fluorescence: They were inert to long-wave 
but luminesced strong green to short-wave UV, with no 
phosphorescence. 

The opals (figure 23) are reportedly stable, as pieces dis- 
covered two decades ago have not shown any crazing. The 
material will be marketed as Lightning Blue Opal, starting 
in late 2011. 

Stuart D. Overlin 


Pallasite pendants. Bob and Carol Falls of Rock Falls 


Designs (Colorado Springs, Colorado) recently showed 
GIA some interesting pendants (e.g., figure 24) set with 
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Figure 22. Mechanized min- 
ing is once again producing 
blue opal from Sinaloa, 
Mexico (left). The opal is 
hosted by rhyolite, and the 
adjacent matrix is common- 
ly silicified into perlite 
(right). Courtesy of Blue 
Opal Light Co. 


pallasite from the Esquel meteorite. Pallasite is a rare type 
of stony iron meteorite containing inclusions of transpar- 
ent crystalline olivine (peridot) in an iron-nickel matrix 
(for more information on pallasitic peridot, see the article 
by A. Shen et al. on pp. 208-213 of this issue). Faceted pal- 
lasitic peridot, though rare, has seen jewelry use in the 
past. These pendants were unusual in that they combined 
polished pieces of pallasite with mother-of-pearl to create 
an attractive optical effect. 

According to Mr. Falls, slices of pallasite were selected 
based on the characteristics of the olivine crystals, which 
need to be sufficiently large and transparent. These were 
then polished and mounted on top of iridescent slabs of 
mother-of-pearl, which were selected based on the pattern 
and positioning of the iridescent areas. The sheen from the 
mother-of-pearl helps to reflect light back through the 
olivine crystals; the backs of the pendants also are left 
open to allow light in from behind. 

Mr. Falls reported that five of these pendants have been 
produced to date, ranging from 2 to 5 cm long. They plan 
to continue production as long as sufficient Esquel materi- 
al is available. 

Thomas W. Overton (toverton@gia.edu) 
GIA, Carlsbad 


Figure 23. These opals from Sinaloa represent higher- 
quality material from the deposit. The loose cabo- 
chon weighs 30.41 ct, and the matrix specimen is 
8.7 cm long. The earrings in the inset 
contain opals measuring 21 x 12 mm. 
Samples courtesy of Blue Opal Light 
Co.; photos by Robert Weldon. 
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Figure 24. This unusual pendant (2.5 x 3.0 cm) is 
mounted with polished pallasite over mother-of-pearl. 
Photo by Robert Weldon. 


Chinese freshwater cultured pearls beaded with baroque 
freshwater cultured pearls. This contributor recently exam- 
ined a strand of Chinese freshwater cultured pearls loaned 
by Jeremy Shepherd of Pearl Paradise, Los Angeles, 
California. According to Mr. Shepherd, they were produced 
at the same farm in Jiangsu Province that was the source of 
the so-called “Soufflé pearls” (“beaded” with mud) that 
began appearing on the market in September 2009 (see 
Spring 2010 GNI, pp. 61-63). 

The strand (figure 25) originally consisted of 23 cul- 
tured pearls weighing a total of 66.8 g; two were subse- 
quently sacrificed for destructive testing (see below). They 
were of baroque shape, ranging from 17.0 x 12.0 mm to 
21.0 x 13.6 mm. Colors varied from white with a distinct 
purplish green overtone to light purple, purplish green, 
orange, and bronze with varying overtones. The five cul- 
tured pearls with a white bodycolor all showed strong blue 
fluorescence to long-wave UV radiation; the others were 
inert. All displayed a pronounced metallic luster (again, 
see figure 2.5). 


Figure 25. These Chinese freshwater cultured pearls 
(17-21 mm long) proved to be beaded by baroque 
cultured pearls. Photo by E. Strack. 


Thirteen of the 23 cultured pearls were examined by X- 
radiography. Strangely, all the X-radiographs showed beads 
with an off-round shape (figure 26, left). In particular, the 
internal features of the beads strongly suggested that non- 
beaded freshwater cultured pearls had been used. To fur- 
ther investigate this possibility, one sample was sawn in 
half (figure 26, center), revealing a concentric structure sur- 
rounded by an outer rim of nacre. The rim was clearly dis- 
tinguishable from the inner portions and appeared more 
yellowish with a uniform color distribution; its thickness 
varied from 0.6 to 1.2 mm. A second sample was broken 
apart with a jeweler’s hammer, confirming that a white 
freshwater cultured pearl of baroque shape had been used 
as a bead (figure 26, right). 

According to Mr. Shepherd, these cultured pearls were 
produced using the same type of mussel as the “Soufflés,” 
which some believe to be a hybrid of the Chinese 
Hyriopsis cumingii and the Japanese Hyriopsis schlegelii, 
though it may be a local variety of H. cumingii. This mus- 
sel shell shows a strange curvature on its outer rim that 


Figure 26. The X-radiograph of the cultured pearls (left) revealed off-round beads displaying concentric growth 
structures that were clearly visible when one sample was cut in half (center, 15.7 x 12.5 mm). When another 
sample was broken apart (right, originally 17 x 12 mm), a baroque freshwater cultured pearl bead was exposed. 
Photos by E. Strack. 
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Figure 27. The alleged hybrid of Hyriopsis cumingii and 
Hyriopsis schlegelii used to produce these cultured 
pearls shows an unexplained curvature at the rim (see 
arrow) and intense iridescence. The shell (13 x 19 cm) 
contains a blister pearl on the left (26.3 mm long), and 
is shown with an assortment of mostly “Soufflé pearls” 
that are 10-17 mm long. Photo by Jeremy Shepherd. 


lacks explanation so far (figure 27). Similar curvatures have 
been observed in old European pearl mussel shells 
(Margaritifera margaritifera). It is also interesting to note 
that the interior of the shell shows an array of intense 
spectral colors. The cause of these metallic colors, which 
are also visible in the resulting cultured pearls, has not yet 
been determined. It is highly probable that both the 
“Soufflé pearls” and the “pearl-beaded” samples described 
here are produced inside the mantle, probably in a later 
growth phase, by making use of existing pearl sacks that 
stemmed from a previous harvest. 
Elisabeth Strack (info@strack-gih.de) 
Gemmologisches Institut Hamburg, Germany 


Quartz with spessartine inclusions. Brazil’s Navegadora 
mine (Lavra da Navegadora) in the Conselheiro Pena area 
of Minas Gerais State has been an important producer of 
spessartine, mainly as etched crystals that are sought by 
mineral collectors (e.g., J. S. White, “Spessartine from the 
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Navegadora mine, Minas Gerais, Brazil,” Rocks & 
Minerals, Vol. 84, No. 1, 2009, pp. 42-45, http://dx.doi.org/ 
10.3200/RMIN.84.1.42-45). The mine has also produced 
attractive quartz with inclusions of spessartine, as dis- 
played at the 2011 Tucson gem shows by Luciana Barbosa 
(Gemological Center, Los Angeles). She indicated that the 
material has been sporadically produced, but became sig- 
nificantly more available between 2009 and 2010. She 
obtained enough rough material to cut and polish about 
15-20 pieces. This quartz has been worked into a wide 
range of products (e.g., figure 28), ranging from 5 ct gems 
to faceted stones in the 100 ct range and large polished 
crystal points and spheres. 

Although euhedral syngenetic spessartine has been 
reported previously as inclusions in quartz (e.g., E. J. 
Giibelin and J. I. Koivula, Photoatlas of Inclusions in 
Gemstones, ABC Edition, Zurich, Switzerland, 1986, p. 
159), the availability of this material in significant quanti- 
ties and sizes is notable. 

Brendan M. Laurs 


Pink cat’s-eye quartz, with color and chatoyancy caused by 
tourmaline needles. Chatoyant quartz is widely available 
in gray, yellow, and green, and it is often misrepresented as 
chatoyant chrysoberyl. Recently, this contributor exam- 
ined a pink cat’s-eye quartz that proved interesting because 
of the unusual cause of the color and chatoyancy. 

The 34.65 ct specimen (figure 29) displayed a broad but 
distinct chatoyant band with a dull vitreous luster. At first 
glance, it was reminiscent of chatoyant tourmaline 
because of its color. Closer examination with the unaided 
eye showed color concentrations in various areas, especial- 
ly toward the sides. This suggested the presence of a dye 
along the growth tubes/surface breaks. The specimen 
appeared anisotropic under crossed polarizers, with some 
interference colors perpendicular to the chatoyant band or 
along the direction of the needles. This suggested a uniaxi- 
al mineral, although a clear optic figure could not be 
resolved due to the dense inclusions. Spot RI and hydro- 


Figure 28. These quartz 
specimens from Brazil con- 
tain well-formed inclusions 
of spessartine. The faceted 
stone weighs 18.60 ct (photo 
by Robert Weldon) and the 
cabochon weighs 25.60 ct 
(photo by Luciana Barbosa). 
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Figure 29. This 34.65 ct quartz specimen, despite its 
resemblance to rose quartz, owes its pink color and 
distinct chatoyant band to the presence of tourma- 

line needles. Photo by G. Choudhary. 


static SG were measured at approximately 1.54 and 2.68, 
respectively. The sample displayed no reaction to UV radi- 
ation, and no features were seen with the desk-model 
spectroscope. These properties indicated quartz, but fur- 
ther analysis was required. 

With magnification, the sample displayed long tube or 
needle-like inclusions (figure 30). From the side, some 
pink color was observed along these tubes, which again 
raised suspicion regarding the cause of color. The cross- 
section of the tubes was even darker. At higher magnifica- 
tion, some appeared perfectly triangular (figure 31), a fea- 
ture typically associated with trigonal minerals such as 
tourmaline. This was further supported by the color of the 
tubes and the absorption along the c-axis: The inclusions 
appeared darker when viewed in cross-section. Hence, the 
bodycolor of the sample was colorless but appeared pink 
due to the colored inclusions. 

IR transmission spectra were obtained both parallel 
and perpendicular to the needles. In the parallel direction, 


Figure 30. Viewed with magnification, the needles 
appeared pink while the rest of the sample was col- 
orless. This suggested that the quartz’s pink appear- 
ance was due to these inclusions. Photomicrograph 
by G. Choudhary; magnified 48x. 
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Figure 31. The cross-section of the needles in figure 
30 displayed a perfect triangular shape typically 
associated with minerals belonging to the trigonal 
system, such as tourmaline. Photomicrograph by 
G. Choudhary; magnified 64x. 


two sets of distinct peaks were seen: in the 4800-4200 
cm region (4594, 4534, 4438, and 4343 cmr!) and in the 
3700-3000 cm! region (3585, 3563, 3480, 3379, 3300, and 
3197 cm). According to our database and past studies (see, 
e.g., L. T. M. Oanh et al., “Classification of natural tourma- 
lines using near-infrared absorption spectroscopy,” VNU 
Journal of Science: Mathematics — Physics, Vol. 26, 2010, pp. 
207-212; G. Choudhary and S. Fernandes, “Spectroscopic 
examination of commercially available quartz varieties: A 
gemological perspective,” Summer 2011 GWG, pp. 
146-147), the first set of peaks is similar to those seen in 
tourmaline, while the second corresponds to those seen in 
quartz. In the perpendicular direction, only a broad absorp- 
tion band was observed in the 3700-3000 cm" region, due to 
the lower degree of transmission in that orientation. 

On the basis of microscopic examination and the infrared 
spectra, we identified this sample as quartz with inclusions 
of pink tourmaline. Tourmaline is a common mineral inclu- 
sion in quartz, but typically it is randomly oriented. Thus, 
this sample was interesting and unusual because of its pink 
color (though it was not rose quartz) and chatoyancy. Both 
were caused by the presence of parallel tourmaline needles. 

Gagan Choudhary (gtl@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


An exceptional rhodochrosite carving. Rhodochrosite, a 
manganese carbonate mineral known for its classic “rose’’- 
red color, is often found as massive pink opaque or translu- 
cent specimens. Such material is available in large sizes 
and typically fashioned into ornamental carvings, beads, 
and cabochons. Transparent specimens, however, are rela- 
tively rare. 

The Gem Testing Laboratory of Jaipur, India, recently 
tested a carved specimen (figure 32, left) that was remarkable 
for its size and fair degree of transparency. The color was 
uneven, ranging from brownish red to reddish brown to 
brownish pink. The specimen weighed 10.875 kg and mea- 
sured approximately 21.60 x 20.50 x 15.60 cm. It was carved 
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importance to carbonados. It also produces 
the highest percentage (eighty pet cent) 
and the highest quality of industrial dia- 
monds hitherto found in any part of Brazil. 
Diamantina, lying at the southern extremity 
of the same watershed, produces neither car- 
bonados nor industrial. stones. Why there 
is such a difference in two areas formed 
uinder the same conditions is one of the 
outstanding problems in the genesis of the 
diamond in Brazil. Satellites of the diamond 
are only represented by a few particles 
of ilmenite and garnets. 

4 A & B—The isolated alluvial patches 
at Camassary and Itapicury lie north of the 
city of Sao. Salvador (Bahia). Probably 
derived from main field by transportation. 

4 C—The Salobro field at Canavieras in 
Bahia is slightly north of the mouth of the 
Jequitinhonha river to which it may pos- 
sibly owe its diamonds. This field has the 
distinction of lying further east and being 
lower in. elevation than any other in Brazil. 
Originally discovered by the presence of a 
diamond in the roots of a. fallen tree, it 
became the scene of great activity towards 
the end of the last century because of the 
exceptionally high quality of its diamonds. 
The unhealthy climate and waterlogged 
condition led to its abandonment. Desirous 
of obtaining information regarding its dia- 
monds, the writer asked a local buyer who 
answered that he had never heard of it. 

5—The Diamantina field which will be 
described more fully below. 

G6—The Abaeté field in the State of 
Minas Geraes comprises an extensive area 
embracing the northern slope of the Serra 
da Matta da Corda. This constitutes the 
watershed of the Paranahyba, flowing south, 
and the Sao Francisco river flowing north. 
The Inday4, Borrochudo, Abaeté, Somno, 
and Santo Antonio tributaries of the Sao 
Francisco river are the principal sources of 
the diamonds in this area. Mining is done 
either by diverting the river, by diving, or 
by working their benches.and banks. Next 
to Diamantina, it is the oldest field in 


Brazil. A clause in the contract granted 
Felisberto Caldeira Brant in 1748 stipu- 
lated that he should exploit that region 
with a minimum of 200 slaves but for 
reasons which need not be stressed here, 
the results were disappointing. 

Of all the diamantiferous ateas in Brazil, 
Abaeté is the one which most closely resem-, 
bles the South African occurrences. Ultra: 
basic rocks, related to kimberlite, outcrop 
in various localities and the typical satel- 
lites of the diamond also occur. Its dia- 
monds show characteristics not found else- 
where in Brazil. They are invariably much 
larger. Splinters and colored stones, rare 
in other parts, are not infrequent. The 
satellites may have been shed by the out- 
crops mentioned but their association with 
the diamond itself is significant. The pos- 
sibility of finding kimberlite in this field 
has been dismissed by Brazilian geologists 
with a considerable amount of contempt. 
Brazil, they say, is different. 

7—Coromandel and Patos, on the south 
side of the Matta da Corda with local 
variations, represent the extension of the 
Abaeté field on the upper tributaries of 
the Paranahyba. The Getulio Vargas dia- 
mond, the largest hitherto found in Brazil 
and the fourth largest of the wotld’s dia- 
monds, weighed seven hundred twenty-six 
and a quarter carats. This stone was found 
by two garimpeiros working on the banks 
of the Santo Antonio river who sold it for 
Cr$200,000. Eventually it was bought by 
Jonas Polak who sold it to Harry Winston 
for $500,000. 


The Abaeté-Coromandel field has also 
produced the Darcy Vargas, four hundred 
and twenty-six carats, the Dutra, and other 
large stones, including the Eugenia. The 
latter weighed one hundred and twenty- 
seven carats and was one of the purest ever 
found in Brazil. Splinters and fragments 
weighing over fifty carats are not uncom- 
mon in this area. Although attracted by 
the possibility of finding another Getulio 
Vargas, garimpeiros ate not usually suc- 
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in the form of Lord Mahaveera, one of the ancient Indian 
sages who established the tenets of Jain Dharma. The piece 
was also noteworthy for the fine artistic work on the back, 
which is unusual (figure 32, right). 

Although the bodycolor clearly suggested rhodochrosite, 
we conducted gemological tests to establish the identity. 
However, the carving’s large size impeded our ability to mea- 
sure all the properties. Its relatively dull luster indicated a low 
hardness, which was confirmed by scratching an inconspicu- 
ous spot on the base with fluorite. The spot RI of around 1.60 
displayed a large birefringence blink, typically associated with 
carbonate minerals. A weak red reaction was visible with 
long- and short-wave UV radiation, and the handheld spectro- 
scope showed strong absorption bands centered at ~460 and 
550 nm. We could not measure the carving’s specific gravity, 
but its heft indicated a somewhat high SG value. 
Examination with strong fiber-optic light and a loupe in rela- 
tively transparent areas revealed three directions of cleav- 
age (figure 33), a feature associated with calcite-group min- 
erals such as rhodochrosite. In addition, some portions on 
the back had rhodochrosite’s characteristic irregular to 
wavy concentric banding patterns (figure 34). 

Identifying this specimen was not particularly difficult, 
even though its size did not allow the measurement of all 


Figure 33. Relatively transparent areas of the carving dis- 
played the three directions of cleavage that are associated 
with the calcite group of minerals. Photo by M. B. Vyas. 
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Figure 32. This carved 
thodochrosite is excep- 
tional for its size (10.875 
kg), rich brownish red 
color, transparency, and 
artistic quality. Photos by 
M. B. Vyas. 


gemological properties. Encountering such a large and 

finely carved rhodochrosite with attractive color and trans- 
parency was truly a pleasure. 

Gagan Choudhary and Meenu Brijesh Vyas 

Gem Testing Laboratory, Jaipur, India 


Sapphire and zircon from Ethiopia. In March 2010, Farooq 
Hashmi (Intimate Gems, Glen Cove, New York) loaned 
GIA several rough and faceted sapphires that he obtained 
on a buying trip to Ethiopia. According to Mr. Hashmi, the 
stones came from Yabelo in southern Ethiopia, 185 km 
northwest of the Moyale border with Kenya. The sap- 
phires (figure 35) are associated with reddish brown zircon 
(figure 36) in secondary deposits. He reported that the 
rough zircon was generally available in the 0.5-3 g range, 
and that production of better-quality sapphire and zircon 
typically has been about 1 kg per month. 

The sapphires ranged from yellow to brownish green to 
blue, and many of the rough pieces showed strong yellow and 
blue color zones. The four faceted sapphires examined 
(0.34-1.32. ct) were cut as round brilliants with the optic axis 
oriented approximately perpendicular to the table. They yield- 
ed the following properties: RI—n, = 1.765, n, = 1.775; birefrin- 
gence—0.010; SG—3.95-4.03, with the more reliable values 


Figure 34. Areas of the carving showed rhodo- 
chrosite’s characteristic wavy to irregular growth 
banding. Photo by G. Choudhary. 


aa 
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Figure 35. These sapphires are from a new deposit in 
Ethiopia. The four faceted samples (cut by Matt Dunkle, 
Aztec, New Mexico) range from 0.34 to 1.32 ct; the largest 
rough stone is 12.06 ct. Photo by Robert Weldon. 


of 3.99 and 4.00 coming from the larger specimens; UV fluo- 
rescence—inert to both long- and short-wave UV radiation, 
except for one yellow stone that fluoresced very weak orange 
to long-wave UV; and bands at 450, 460, and 470 nm seen 
with the desk-model spectroscope. Microscopic examination 
(figure 37) revealed sparse long needles, dense clouds of short 
needles and particles, equatorial thin films, and reddish brown 
platelets of hematite (identified by Raman spectroscopy). Uni- 
directional twinning was also seen in one rough specimen. 

UV-Vis-NIR spectroscopy of the sapphires confirmed 
the Fe*+ absorption features at 450 (very strong), 460, and 
470 nm, as well as strong peaks at 376 and 386 nm 
attributed to Fe**-Ti** intervalence charge transfer. In addi- 
tion, the blue to green stones exhibited a broad interva- 
lence charge transfer absorption due to iron in the 
800-900 nm range. 

The trace-element composition of three representative 
sapphires measured by EDXRF spectroscopy showed rela- 
tively high levels of Fe in all colors, small amounts of Ga 
and Ti, no detectable V, and no Cr except in the yellow 
stone (table 1). These properties are consistent with sap- 
phires of magmatic origin. 

A 13.01 ct zircon (again, see figure 36) was also exam- 


Figure 36. Reddish brown zircon is mined with sap- 
phire in the Ethiopian deposit. This unheated 13.01 
ct oval brilliant was cut by Hassan Z. Hamza (Noble 
Gems Enterprises, Dar es Salaam, Tanzania) from 
the largest piece of rough seen by Mr. Hashmi. Photo 
by Robert Weldon. 
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Figure 37. The faceted dark blue-green sapphire in 
figure 35 contained needles (probably rutile), clouds, 
and equatorial thin films. Photomicrograph by D. 
Beaton; image width 1.0 mm. 


ined for this report. Its RI was >1.81, SG was 4.70, and it 
fluoresced weak orange with yellow chalkiness to short- 
wave UV radiation. Magnification revealed strong dou- 
bling and wispy stringers of reflective particles. Its proper- 
ties are consistent with “high”-type (non-metamict) 
unheated zircon. 
Donna Beaton (donna.beaton@gia.edu) 
GIA, New York 


TABLE 1. Chemical composition of sapphires from 
Yabelo, Ethiopia. 


Oxide (wt.%) Olive green Yellow Dark blue-green 
TiO, 0.009 0.002 0.004 
Cr,0, ndé@ 0.001 nd 
FeO, 1.488 1.037 0.928 
Ga,O,, 0.014 0.010 0.010 


4 nd = not detected. 


Update on sapphire mining in Sri Lanka. In March-April 
2011, this contributor visited several sapphire deposits in 
Sri Lanka to gather information and collect samples for 
the GIA laboratory reference collection. The trip assistants 
included recent graduates from GIA’s Bangkok campus 
(Andrea Heather Go of Canada and Afsaneh Tazari of 
Iran), David Goubert of Switzerland, and Jeremy Brian and 
Jonathan Muyal of France. Our work was facilitated by 
ICA members Armil Samoon (Sapphire Cutters Ltd., 
Colombo) and Gamini Zoysa (Institute of Gemmological 
Sciences, Colombo). 

The region around Ratnapura continues to be the most 
active gem mining area. We saw 14 mechanized opera- 
tions in the area (e.g., figure 38), quite an increase com- 
pared to the author’s previous visit in 2005 when only one 
such mine was working. Most of the operations use water 
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Lanka, including this operation at Kuruwita near 
Ratnapura. Photo by V. Pardieu. 


cannons and gravel pumps inside the pits, and some use an 
excavator to bring the gem-bearing gravels (illam) to trom- 
mels and jigs for processing. We also witnessed traditional 
pit mining in paddy fields and rivers, and well as hillside 
mining that takes place where the gem-bearing layers are 
very close to the surface (figure 39). The area produces 
mainly blue (typically with some yellowish zones], yellow, 
pink, and geuda sapphires (e.g., figure 40). Gem mining and 
trading around Ratnapura is well regulated. Most opera- 
tions possess mining licenses, and the production is usual- 
ly sold through an auction system. The region hosts sever- 
al busy gem markets, as well as cutting and treating cen- 
ters. A number of treaters are active using both modern 
and traditional heating methods. 

The second most active mining area is near Elahera 
(especially the Matale District). We visited nine mecha- 
nized operations scattered over a large area. Activities 
were somewhat limited due to early rains, and we were 
informed that 20-30 excavators are expected to be work- 
ing in the area after seasonal agricultural activities are 
completed. In addition, several hundred small-scale tradi- 
tional mines are anticipated. Unfortunately, a dam project 
near Elahera is expected to flood some potentially rich sap- 
phire prospects, raising concerns among miners. This 
region is drier than Ratnapura and the gem gravels are not 
as deep. The miners usually dig during the dry season, 
stockpile the gem gravel, and then wash it during the rainy 
season. Production includes sapphire, ruby, garnet, tour- 
maline, zircon, chrysoberyl, and many other gems. The 
sapphires are mainly blue, geuda, and yellow; pink is least 
common. The blue sapphires can be extremely fine and 
are usually more evenly colored than those found around 
Ratnapura. The rubies (very rare) are usually pinkish with 
some blue zoning. 

Our next stop was Hasalaka to the south in the high- 
lands. There was little activity, reportedly due to the rice 
harvest; up to 3,000 people were said to be active there 
recently. We saw sapphires that were yellow, ottu type 
(blue on the surface with a colorless or yellowish core), and 
geuda; most had very good crystal shape. 
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involves digging shallow pits to reach gem-bearing hori- 
zons, as shown here near Balangoda, about 35 km east 
of Ratnapura. Photo by V. Pardieu. 


Further southeast, we visited a large mechanized mine 
near Bibile where several excavators were being used to 
recover mainly geuda and yellow sapphires. The operation 
reportedly started about one year ago and was similar to 
the other large pits we saw near Ratnapura. 

Continuing south, we documented some mechanized 
operations in paddy fields to the north of Passara. The pro- 
duction consisted mainly of yellow, geuda, pink, padparad- 
scha, and some blue sapphires; most of the crystals were 
well formed. Further south toward the coast we visited 
Okkampitiya and Kataragama. Although we saw some 
evidence of mining in these areas, there was little activity 
due to heavy rains. 

Vincent Pardieu 


Green cat’s-eye spodumene from Brazil. At the 2011 
Tucson gem shows, Luciana Barbosa showed this contrib- 
utor some green spodumene that displayed chatoyancy 
(e.g., figure 41). The material was reportedly mined from 


Figure 40. These sapphires were seen near Niwitigala 
in the Ratnapura area. Photo by V. Pardieu. 
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Figure 41. This green spodumene from Brazil (4.35 and 
6.15 ct) shows chatoyancy. Photo by Robert Weldon. 


the Neves pegmatite in the Aracuai area of Minas Gerais 
State. Although the deposit has been a source of facet- 
grade green spodumene for years, Ms. Barbosa first saw 
small parcels of the chatoyant material in 2010; only 
about 5% of the production shows this effect, yielding 
enough rough material to polish about 25 cabochons. 
While clean faceted stones may reach 20+ ct, the cat’s-eyes 
tend to be smaller, typically as cabochons weighing 5-8 ct. 
The material is reportedly not treated in any way. 
Although GIA has seen several examples of cat’s-eye 
kunzite, green spodumene showing chatoyancy is much 
more unusual (S. F. McClure, pers. comm., 2011). 
Chatoyant kunzite has been reported previously (“Kunzit- 
katzenaugen aus Brasilien [Kunzite cat’s-eye from Brazil],” 
Gemmologie: Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 46, No. 2, 1997, pp. 64-65, and refer- 
ences therein), but this is the first time that green material 
has been documented in the literature, to this author’s 
knowledge. 
Brendan M. Laurs 


A color-zoned topaz. The Gem Testing Laboratory in 
Jaipur, India, received for identification a transparent yel- 
lowish to greenish brown specimen that was striking for 
its unusual color zoning. The oval mixed cut (figure 42) 
weighed 27.38 ct and measured 21.18 x 16.39 x 9.64 mm. 
The specimen initially appeared to be a sapphire because 
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Figure 42. This 27.38 ct topaz shows unusual color zon- 
ing, with a pattern resembling that seen in sapphire. 
Photo by G. Choudhary. 


of the pattern of its color zoning, but the luster and bril- 
liance were lower than would be expected. 

The stone had refractive indices of 1.621-1.629, with a 
birefringence of 0.008 and a biaxial positive optic sign. The 
hydrostatic SG was 3.57, and moderate greenish brown to 
brown pleochroism was observed. The sample was inert to 
long-wave ultraviolet radiation and displayed a weak green 
reaction to short-wave UV. No absorption features were 
observed with the desk-model spectroscope. The RI and 
SG values were consistent with topaz; the RIs indicated an 
intermediate OH/F composition, while the SG was consis- 
tent with F-rich topaz (R. Webster, Gems, 5th ed., rev. by 
P. G. Read, Butterworth-Heinemann, Oxford, UK, 1994, 
pp. 150-163). 

When the topaz was immersed in bromoform, the 
color zones became sharper and more prominent (figure 
43), and they were still reminiscent of those seen in sap- 
phire. The angles formed by the zones varied with viewing 
direction. Viewed from the table, the angles were approxi- 
mately 40°/140° (figure 43, left); from the side, they were 
70°/110° (figure 43, right). These angles are different from 
those seen in corundum (60°/120°). We were unable to find 
any reference in the literature to such angles formed by 
the crystal faces of topaz; the pyramidal faces {111} and 
{111} only form an angle of 39° (E. S. Dana, Mineralogy, 
4th ed., rev. by W. E. Ford, Wiley Eastern Ltd., New Delhi, 
1949, pp. 613-615). The intersection of the color zones did 


Figure 43. The angles formed 
by the color zones in the 
topaz were different when 
viewed from the table (left) 
and the side (right). Also 
note the planes of intersec- 
tion, which form a zigzag 
pattern. Photos by G. 
Choudhary. 
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Figure 44. The topaz contained tiny transparent crystal 
inclusions associated with streams of fine pinpoints, 
forming “comet-tail” patterns. Photomicrograph by 

G. Choudhary; magnified 45x. 


not form a smooth plane but rather a zigzag pattern (again, 
see figure 43, left]. Therefore, the exact orientation of these 
color zones is unknown and can only be assumed to be 
aligned with the pyramidal faces. 

With magnification, the sample was mostly clean, 
except for a few tiny transparent crystals associated with 
streams of fine pinpoints that formed comet-like patterns 
(figure 44). Similar inclusions were documented in topaz 
by E. J. Giibelin and J. I. Koivula (Photoatlas of Inclusions 
in Gemstones, Vol. 2, Opinio Publishers, Basel, 
Switzerland, 2005, pp. 751-752). 

This is the first time this contributor has encountered 
topaz with a distinct color zoning pattern. 

Gagan Choudhary 


Variscite from Peru. Green variscite is a popular ornamen- 
tal material that is best known for the attractive nodules 
from Clay Canyon, Utah (W. E. Wilson, “Famous mineral 
localities: The Clay Canyon variscite mine, Fairfield, 
Utah,” Mineralogical Record, Vol. 41, No. 4, 2010, pp. 
321-349). More recently, gem-quality variscite was found 
in the Meekatharra District in Western Australia (Spring 
2007 GNI, pp. 63-64). 

In 2009, a new find of variscite was discovered in Peru. 
The material was initially thought to be green turquoise, 
and its locality was kept secret. An abundance of rough 
came to market in early 2011, reportedly from the vicinity 
of Yauli, 20 km east of the city of Huancavelica and ~200 
km southeast of Lima. The geological position of the find 
is not known, but variscite normally originates near the 
earth’s surface from the interaction of Al-rich rocks with 
meteoric phosphate-bearing waters. The Peruvian rough 
forms veins rather than nodules, and is usually light green 
or rarely gray-green (figure 45). It typically contains hollow 
cavities, which can be up to 2 cm long; these diminish a 
specimen’s value. Nevertheless, cabochons can be quite 
attractive. Some of the gray-green material shows a lamel- 
lar agate-like structure (see the stone on the right in figure 
45). While in Lima in February 2011, this contributor saw 
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at least 100 kg of rough, although much more material has 
probably been produced since then. 

Ten rough pieces and six cabochons (up to 4 cm across) 
were examined for this report. All were identified as 
variscite by X-ray diffraction, regardless of their color. The 
cabochons yielded the following gemological properties: 
spot RI—1.55-1.56; SG—2.12-2.23 (lower for material 
with cavities); Mohs hardness—33-4, streak—colorless; 
UV fluorescence—weak green-yellow reaction to long- 
wave and inert to short-wave UV; and no features seen 
with the hand spectroscope. While these samples were not 
treated, polymers can enhance variscite’s durability and 
utility for jewelry. 

Jaroslav Hyrs1 


SYNTHETICS AND SIMULANTS 


An accidental corundum and lead glass triplet? In 
December 2010, one of these contributors (P-YC) acquired 
a parcel of six oval black cabochons—sold as star sap- 
phires—through several dealers from Chanthaburi, 
Thailand via eBay. Since the Gemmological Association of 
All Japan (GAAJ) laboratory had described black star sap- 
phires treated with lead glass (“Lead glass filled black star 
sapphire,” Gemmology, Vol. 39, No. 470, issue 11, 2008, p. 
2), the parcel was inspected carefully, and one cabochon 
exhibited an unusual feature. At 10x magnification, the 
6.01 ct stone appeared to have a thin transparent section 
through the center, roughly parallel to its base and ~0.5 
mm thick at its widest point (figure 46). Standard gemo- 
logical testing gave the expected spot RI of ~1.76 and a 
hydrostatic specific gravity of 4.00. Some fractures con- 
tained a foreign material with an RI close to that of corun- 
dum, as evidenced by their similar luster in reflected light. 
The unusual transparent layer appeared yellow and con- 


Figure 45. These variscites are from a new find in Peru. 
The pear-shape cabochon is 14.76 ct and the oval is 9.81 
ct. Gift of J. Hyrsl, GIA Collection nos. 38422 and 
38423; photo by Robert Weldon. 
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Figure 46. This corundum and 
lead glass triplet (6.01 ct) shows a 
thin transparent yellow layer with 
included gas bubbles when 
viewed from the side in benzyl 
benzoate immersion. The cabochon’s general appearance is 
typical of black star sapphires from Thailand (inset). Photos 
by E. Fritsch and B. Rondeau (inset). 


tained numerous gas bubbles, suggesting a glass. Some of 
the bubbles reached the surface, creating cavities. 

The stone was examined with a JEOL 5800 scanning 
electron microscope. The transparent section showed a 


Figure 47. In this backscattered electron micrograph, the 
transparent layer in the black star sapphire shows a light 
tone indicative of a high atomic number, consistent 
with a high lead content. A surface-reaching bubble is 
seen in the center; note that the two sides of the fracture 
do not correspond in shape. Image by E. Fritsch. 
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contrasting tone, even in secondary electron imagery. The 
contrast was even more pronounced in a backscattered 
electron image (figure 47), which is sensitive to atomic 
number. Chemical analysis with a PGT IMIX secondary 
X-ray detector indicated that the transparent layer was 
composed of Pb, Si, Al, and O, strongly suggesting a lead- 
based glass. The matrix was clearly corundum—contain- 
ing only aluminum and oxygen—but elsewhere in the 
stone the lead-based substance could be found in narrow 
fractures, mostly parallel to the base. 

Because the top and bottom edges of the transparent 
layer did not correspond in shape (again see figure 47), it 
was not a fracture filling in a single crystal. The relative 
crystallographic orientation of the two halves, examined 
using strong lateral fiber-optic illumination to reveal 
growth zones, also differed. The upper half showed a typi- 
cal dark brown chevron, with one side roughly parallel to 
the long axis of the stone, while the bottom half had 
stripes that were nearly parallel to the short axis. This 
meant that both sections shared roughly the same optic 
axis plane, but were rotated ~30° from one another. 

The two halves of this cabochon were likely treated 
with lead glass as part of a larger parcel of black star sap- 
phire rough. By chance, two crystals showed parting per- 
pendicular to the c-axis, and those two parting surfaces, 
both approximately flat, came in contact during the treat- 
ment. When the molten lead glass solidified, the two 
halves were fused together and cut into a cabochon, leav- 
ing a thin layer of lead glass between them. This cabo- 
chon, then, would be most properly described as a corun- 
dum-glass-corundum triplet. 

Emmanuel Fritsch 


Pierre-Yves Chatagnier 
Centre de Recherches Gemmologiques, Nantes, France 


Benjamin Rondeau 
CNRS, Team 6112, Laboratoire de Planétologie 
et Géodynamique, University of Nantes, France 


Stefanos Karampelas 
Gubelin Gem Lab, Lucerne, Switzerland 


Eloise Gaillou 
Carnegie Institution, Washington, DC 


Glass triplet resembling coated “mystic topaz.” Recently 
these contributors received from India a 10.32 ct oval 
mixed cut that had been purchased as a coated “mystic 
topaz.” However, when viewed from the side, the sam- 
ple’s true nature as a triplet became apparent (figure 48). 
A thin iridescent layer ran through its center, between 
colorless top and bottom halves, and the “mystic” effect 
was reflected throughout the specimen. When placed in 
an immersion cell with water, the triplet lost most of its 
colorful appearance. 

Both the top and bottom were singly refractive with an 
RI of 1.581, and the hydrostatic SG was ~2.47. In the polar- 
iscope, it displayed anomalous double refraction when 
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Figure 48. The two halves of this colorful glass triplet 
(12.28 x 17.33 x 7.92 mm) are easily visible to the 
naked eye. The junction between them is seen within 
the frosted girdle. Photo by O. Segura. 


viewed from the side. We saw no internal characteristics 
with magnification, only some rounded facet junctions. 
All of these features are consistent with glass. 

Energy-dispersive chemical analysis using an EDAX 
instrument revealed Si and K as major components, with 
impurities of Ti, Fe, Zn, and Zr. This composition is typi- 
cal of glass, and has been seen previously in other glass 
imitations, although the Ti might be attributed to the 
layer creating the iridescent effect. 

“Mystic topaz” was first introduced in 1998 by Azotic 
Coating Technology (Rochester, Minnesota) as an enhance- 
ment of colorless topaz with a thin-film coating of undis- 
closed material. Today, many firms worldwide use the 
same process with topaz, quartz, and glass. Although the 
coating is quite resistant, it can be scratched or damaged by 
abrasives, chemicals, or an ultrasonic cleaner. Thus, coated 
gems cannot be recut or repolished. Placing the iridescent 


Figure 49. Viewed face up, the internal iridescent 
layer in the glass triplet reflects scratches on the 
table. Photo by O. Segura. 
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layer inside a triplet creates a much more durable multicol- 
or effect. However, since the coating is parallel to the table, 
it reflects and colors any surface scratches and breaks (fig- 
ure 49), thus making these defects far more visible than on 
externally coated stones. Although such a triplet is not par- 
ticularly difficult to design and produce, this is the first 
example we have seen. 
Olivier Segura (o.segura@bjop.fr) 
Laboratoire Francais de Gemmologie, Paris, France 


Emmanuel Fritsch 


CONFERENCE REPORTS 


ICA Congress 2011. Fair trade certification is not yet avail- 
able for gemstones, but it is clear that the movement is 
gaining grassroots support. Fair trade, corporate social 
responsibility, and supply chain issues were central topics 
at the 14th biennial International Colored Gemstone 
Association (ICA) Congress in Rio de Janeiro, May 1-4. In 
the more than 20 presentations delivered at the confer- 
ence, industry leaders urged ICA’s international delegates, 
which include miners, gem wholesalers, and gemstone 
dealers, not to ignore these issues in the colored stone 
industry. Highlights of some of the presentations are given 
below. 

Eli Izhakoff of the World Diamond Council, New 
York, a key player in developing the Kimberly Process 
certification scheme for diamonds, urged delegates to rec- 
ognize problems and develop defensive strategies, much 
like the WDC does to stay ahead of issues with “conflict 
diamonds.” Andy Lucas of GIA in Carlsbad used video 
examples of how rural communities develop skills 
through education and training, which he said leads to 
social sustainability and poverty alleviation in mining 
areas. He highlighted GIA’s efforts at developing educa- 
tional programs to meet those needs. Vincent Pardieu of 
GIA in Bangkok suggested that remote gem locales devel- 
op partnerships with existing civic groups, such as those 
protecting game reserves and national parks, to advance 
social and environmental responsibility. This contributor 
noted that in the absence of a fair trade label for gem- 
stones, there are many things that small- and medium- 
scale miners can do to alleviate poverty, protect the envi- 
ronment, and ensure the supply chain from mine to mar- 
ket. Some miners and gem dealers are already creating a 
blueprint for “doing the right thing” in the gem business, 
such as Eric Braunwart of Columbia Gem House, who 
asks his suppliers, employees, and other stakeholders to 
sign and uphold a series of Quality Assurance and Fair 
Trade Gems Protocols. 

Congress attendees also heard from other segments of 
the industry, including policy makers and gem miners. Dr. 
Gaetano Cavalieri of the World Jewellery Confederation 
(CIBJO), Milan, Italy, discussed the CIBJO Blue Books, 
which promote standards for nomenclature and disclosure 
codes for gem treatments. He described CIBJO’s commit- 
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ment to social and economic responsibility through the 
development of the World Jewelry Confederation 
Education Foundation under the auspices of the United 
Nations Millennium Development Goals. Ian Harebottle, 
CEO of Gemfields, London, which mines for emerald in 
Zambia, noted that his company focuses on social sustain- 
ability by supporting local schools, medical clinics, and 
farming projects, as well as working in partnership with 
other stakeholders. Gemfields sells off old equipment 
rather than discarding it, plants trees in waste dumps, and 
fills nonworking pits with water and stocks them with 
fish. He pointed out that such efforts also need to be eco- 
nomically sustainable: They are only made possible by 
mining consistent supplies of rough gems, investing in key 
resources, and developing marketing campaigns to ensure 
stable market prices. 

Representatives from two laboratories pointed to their 
efforts in determining gemstone country of origin, which goes 
to the heart of supply chain issues, particularly in areas of 
conflict. Dr. Dietmar Schwarz of the Gtibelin Gem Lab, 
Lucerne, Switzerland, spoke about global sources of corun- 
dum, while Thomas Hainschwang of GGTL Laboratories, 
Balzers, Lichtenstein, discussed their efforts to trace emeralds 
through observation, chemical composition, and spectroscopy. 

Copies of some of the presentations delivered at the con- 
ference are available on the ICA website (visit www.gem- 
stone.org, and click on “ICA Congress 2011” under Quick 
Links). 

Robert Weldon (rweldon@gia.edu) 
GIA, Carlsbad 


Scottish Gemmological Conference 2011. This four-day 
SGA event was held in Perth, Scotland, on April 29—May 2 
with more than 50 delegates in attendance. The first lec- 
ture, by Dr. Marcia Pointon (University of Manchester, 
U.K.), addressed the depiction of geologic features and 
mineral specimens by 19th century British artists. 

Two lectures on alexandrite were given by Dr. Karl 
Schmetzer (Petershausen, Germany). The legend of alexan- 
drite being discovered the same day that Russian crown 
prince Alexander came of age seems to be false, as records 
show it was found a year earlier. Historically, alexandrite 
production in Russia was a byproduct of emerald mining, 
and the gem was not considered important. The color 
change of alexandrite is best described as going from 
bluish green to purplish red. Stones showing a color 
change without a red component should simply be 
described as color-change chrysoberyl. 

Alan Hodgkinson (SGA president, Edinburgh), dis- 
cussed issues surrounding specific gravity testing. 
Traditional heavy liquids such as bromoform, methylene 
iodide, and Clerici solution are all toxic. A safer and more 
versatile liquid is sodium polytungstate (SG 2.9), which is 
water-soluble and also has a specific gravity that corre- 
sponds directly to its refractive index. Thus, if the liquid is 
adjusted so that a stone remains suspended, a drop of that 
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liquid can be placed on a refractometer to determine the 
stone’s RI. When working with mounted stones, RI can be 
determined from the point at which a stone “disappears” 
in the liquid. With traditional hydrostatic weighing, the 
use of pure water at 4°C and taking readings to at least two 
places to the right of the decimal point are important. 

Dominic Mok (Asian Gemmological Institute & 
Laboratory, Hong Kong) discussed the laboratory situation 
in the Far East. There are now more than 20 labs in Hong 
Kong, as well as increased competition from China. Prices 
for services have fallen substantially, and customers are 
insisting that more advanced testing such as EDXRF anal- 
ysis be shown on reports. Due to insurance considerations, 
more-expensive items cannot be kept overnight, so same- 
day service is required. 

Market trends were addressed by Stuart Robertson 
(Gemworld International, Glenview, Illinois). Economic 
recovery is slow in the U.S. and Europe, while the Far East 
markets continue to be strong. Blue sapphire is still the 
best seller, with ruby drawing very high prices for extra 
fine color, and the emerald market is improving as a result 
of greater consumer acceptance of treatments and an 
increase in supply. Color substitutions are commonly 
being used to provide lower-cost alternatives (e.g., rubellite 
tourmaline and spinel instead of ruby, and apatite instead 
of Paraiba tourmaline). Treatments are creating a category 
best described as “Fashion Accessories,” and such stones 
cannot be promoted as rare. 

David Callaghan (retired jeweler, London) discussed 
the use of nature motifs in jewelry. He showed examples 
of flowers, insects, and animals that were depicted with 
gemstones or materials such as enamel and Bakelite. 

In the closing two days, delegates had the option to 
attend various workshops and tour the mineral collection 
on display at the National Museum of Scotland in 
Edinburgh. 

Douglas Kennedy (douglas@gialondon.co.uk) 
GIA, London 


Sinkankas Diamond Symposium 2011—Diamond. The 
ninth annual symposium in honor of John Sinkankas took 
place April 16 at GIA in Carlsbad. Co-hosted by GIA and 
the San Diego Mineral and Gem Society, the sold-out 
event was attended by 132 people. 

After opening remarks by convener Roger Merk 
(Merk’s Jade, San Diego, California), Scott Sucher (The 
Stonecutter, Tijeras, New Mexico) reviewed the fascinat- 
ing history of diamond cutting up to 1750. The first record 
of diamond being “made” was in 1280 AD, when stones 
were “point cut” by grinding them on an iron plate with 
diamond grit. Major breakthroughs came with the devel- 
opment of the scaife in the 1400s and wire saws in the 
1600s. Al Gilbertson (GIA, Carlsbad) continued with dia- 
mond cutting after 1750, following the development of the 
brilliant cut with contributions by John Mawe, Henry 
Morse, and Marcel Tolkowsky. In contemporary times, we 
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have seen the development of laser cutting, proportion 
viewers, and automated scanners that provide a variety of 
possibilities for cutting rough into various fancy shapes. 

Dr. James Shigley (GIA, Carlsbad) reviewed the geolo- 
gy and exploration of diamond deposits. An economic 
kimberlite pipe typically has a grade of only one part dia- 
mond per | million parts host rock (0.0001% by volume). 
Dr. William “Skip” Simmons (University of New Orleans) 
focused on diamond’s crystal structure and mineralogy. 
Due to its high density, diamond has the highest RI of any 
natural colorless transparent material. 

Dr. Sally Eaton-Magana (GIA, Carlsbad) reviewed the 
production of synthetic diamond by chemical vapor depo- 
sition (CVD) and high pressure, high temperature (HPHT) 
growth techniques. For the latter process, it takes about 80 
hours to grow a 3.5 ct crystal. Dr. Christopher (Mike) 
Breeding (GIA, Carlsbad) explained how treatments such 
as irradiation and heating (with or without accompanying 
high pressure]—and various combinations thereof—can 
change the color of diamond based on the characteristics 
of the starting material. For example, HPHT processing of 
type Ia pale yellow starting material containing nitrogen 
pairs can form defects consisting of isolated nitrogen 
atoms that are then irradiated and annealed to produce NV 
centers, which give rise to red coloration. Dr. George 
Rossman (California Institute of Technology, Pasadena) 
examined the causes of coloration in diamond. While the 
mechanisms involved in producing the color of yellow, 
blue, green, brown, and black stones are known, the color 
origin of blue-gray-violet, red-pink, and “chameleon” dia- 
monds is not well understood. 

Meg Berry (Mega Gem, Fallbrook, California) described 
her experience with diamond drills for processing and 
carving gem materials. She favors a 0.75-mm-diameter bit 
that is sintered with diamond particles, rather than being 
CVD coated. John Koivula (GIA, Carlsbad) illustrated the 
“microworld” of diamond, and emphasized that mineral 
inclusions are actually quite rare, with fissures/feathers 
and graphite being much more common. Certain mineral 
inclusions are indicative of a diamond’s source rock, such 
as chromite (peridotite), omphacite (eclogite), and 
moissanite (deep mantle paragenesis). 

Each attendee received a two-volume handout with 
presentation summaries as well as outside contributions; 
additional copies are available from Mr. Merk ($25 + ship- 
ping; merksjade@cox.net}. Next year’s Sinkankas sympo- 
sium will take place April 21, and the theme will be topaz. 

Brendan M. Laurs 


MISCELLANEOUS 


A jewel that survived 9/11. September 11, 2011, marked 
the 10-year anniversary of the terrorist attacks on New 
York and Washington, DC. In the aftermath of the New 
York attacks, a nine-story office building adjacent to 
the twin towers, 5 World Trade Center, partially col- 
lapsed but remained standing. The structure was ulti- 
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mately demolished in January 2002. Buried under tons 
of rubble inside the building were 2,500 safety deposit 
boxes in the vault of a JPMorgan Chase branch. The 
vault sustained severe damage from the fires that 
burned for several days after the attacks. 

The melted and semi-fused safety deposit boxes were 
subsequently moved as a unit to the basement of One 
Chase Manhattan Plaza. In early 2002, the bank began 
meeting with box owners to return any remaining con- 
tents. Charles Maikish, a JPMorgan Chase official, told the 
New York Daily News that workers had found mostly 
ashes in the boxes: “The only thing that would have sur- 
vived was metal or stone.” 

Los Angeles gem specialist Robin Silvers recently 
brought to this contributor’s attention a piece of jewelry 
that survived the disaster in one of these deposit boxes, a 
1950s-era 14K white gold ribbon bow brooch (figure 50). A 
client of hers was hoping to restore the brooch. The 
client’s father had recovered it with a few other jewelry 
articles during the very last appointment for retrieving 
possessions. The insurer had an appraisal done and 
returned the jewelry six months later. 

This contributor’s examination showed the following: 
The brooch measured 49.85 x 31.00 mm and contained 75 
diamonds (2.78 carats estimated total weight) in a variety 
of cuts and settings, consisting of eight prong-set round 
brilliants, 41 bead-set round single cuts, seven prong-set 
marquise cuts, and 19 channel-set baguettes. It was miss- 
ing one diamond (apparently lost before the terrorist 
attack). The metalwork was blackened, but remarkably 
the diamonds were in good condition and did not show 
any significant signs of degradation. 

The client ultimately decided not to restore the piece, 
preferring instead to keep the brooch in its present condi- 
tion so people can reflect on the ironic beauty of this 
blackened jewel that survived the tragic September 11 
attacks. 

David Humphrey (dhjewels@earthlink.net) 
Gallery of Rare Jewels, Pacific Palisades, California 


Update on Myanmar gem sales and production. The 
Myanma Gem Emporium conducted a special sale of 
jadeite, cultured pearls, and other gems July 3-13, 2011. 
According to an article in Working People’s Daily (July 15, 
2011, pp. 9, 16), a total of 22,317 lots of jade were offered, 
of which 17,449 sold. Of those, 17,222 lots sold by tender 
and 227 by competitive bidding. Attendance and buying, 
especially from China, was up from previous sales. On 
average, jade lots sold at 343% of reserve prices. A total of 
38 lots of other gems were sold, and cultured pearls also 
were popular among buyers. 

Production of jadeite in Myanmar remains strong, 
while figures reported for other gem materials show vari- 
able trends (see table 1). 

U Tin Hlaing 
Dept. of Geology (retired) 
Panglong University, Myanmar 
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Figure 50. This white gold and diamond brooch 
(49.85 x 31.00 mm) was recovered from a melted 
safety deposit box at the World Trade Center site 
that was devastated by the September 11, 2001, 
terrorist attacks. The metalwork is blackened, 
but the diamonds are in good condition. Photo 
by Robert Weldon. 
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Gems & Gemology regrets two incorrect figure captions 
in the Summer 2011 Symposium Proceedings issue. 


1. In the abstract by C. P. Smith, “Natural-color tanzan- 


TABLE 1. Production of jadeite and other gems 
in Myanmar, 2005-2010. 


Year Jadeite Ruby Sapphire Spinel Peridot 
(tons) (carats) (carats) (carats) (carats) 

2005-2006 20,005 2,298,413 428,891 - 125,755 
2006-2007 20,458 1,555,596 715,160 833,218 344,471 
2007-2008 20,266 1,518,854 308,642 925,050 732,442 
2008-2009 32,921 1,821,085 1,234,596 363,260 583,215 
2009-2010 25,795 1,692,587 1,081,773 429,312 21,160 


ite” (p. 119), the caption should have read as follows: 


Heating of zoisite produced little to no change in 
V** absorptions. A shift in the absorption edge was 
recorded along the alpha pleochroic direction, 
while additionally along the beta direction a band 
at 375 nm became apparent. The most significant 
change took place along the gamma direction, 
where the shift in the absorption edge revealed 
another band at ~380 nm, and the combined 
removal of the 455 nm band created a transmission 
window in the blue region of the spectrum. This 
caused the pleochroic hue to change dramatically 
from a brown-yellow or brownish greenish yellow 
to slightly greenish blue. 


2. In the abstract by S. Gumpesberger, “Extreme conos- 
copy” (p. 147), the caption should have read as follows: 


An array of mini-sized spheres shows multiple 
uniaxial figures across the entire surface of the 
twinned amethyst slab on the left. The ametrine 
slab on the right exhibits typical uniaxial figures in 
Brazil law-twinned zones as well as uniaxial bull’s- 
eye figures in untwinned areas. Amethyst can also 
exhibit twinned and untwinned zones in the same 
crystal. Photo by S. M. Gumpesberger; specimens 
courtesy of the Royal Ontario Museum, Toronto, 
Canada. 


We thank Mr. Smith and Ms. Gumpesberger for bring- 
ing these corrections to our attention. 
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cessful in this field due to the scarcity of 
small diamonds. The big ones, they say, 
are “longe,” i.e., too far apart. 


8—The Bagagem or Estrella do Sul field 
is on the head waters of the Bagagem 
river, a tributary of the Paranahyba. This 
ranks as one of the most famous in Brazil 
for the purity and even size of its dia- 
monds but more especially because it pro- 
duced the Estrella do Sul in 1853. .In its 
original form it Weighed two hundred and 
fifty-four carats and one hundred twenty- 
five after cutting. Although surpassed by 
others of later date, it still ranks among 
the finest. The Agua Suja Company, 
formed by an Anglo-French group in 1909, 
is one of the few mines in Brazil that has 
been successful due to the fact that cir- 
cumstances permit the use of hydraulic 
methods. It is, as Previously stated, the only 
one in the world which consistently pro- 
duces the adamantine rarity, the cube dia- 
mond. The Dresden diamond, one hundred 
and seventeen carats in the rough, was 
also found in this field in 1857. 


9—The Piumhy field, near the source of 
the Sao Francisco river, probably owes its 
diamonds to an undiscovered area in the 
Serra da Canastta above the Sao Roque 
falls. Its diamonds seldom exceed two 
carats, with a high percentage weighing 
less than twenty points. 

10—In the Triangulo Mineiro, lying be- 
tween the States of Sao Paulo and Goyaz, 
there are several patches of alluvial dia- 
monds. In Uberaba the diamonds ate gen- 
etally under half a carat, white, and of 
good shape. Tupaciguara, on the Rio das 
Velhas, produces stones under ten carats, 
few small stones, and varied colors, browns 
predominating. In Imiutaba, on the Rio 
Tijuco, a diamond weighing one hundred 
and five carats was found immediately 
below the Ituiutaba power plant. 

-11—The Sapucahy-Merim area on the 
borders of the States of Sao Paulo and 
Minas Geraes near the town of Franca in 
Sao Paulo. 


12—The Tibagy field in the State of 
Parana. About forty-five per cent of its 
production is industrial stones of good 
quality. Its white stones ate of the finest 
quality. 

13—In the State of Goyaz, west of the 
Abaeté-Coromandel area, on both sides 
of the watershed separating the northern 
and southern river basins, there are a 
number of patches under exploitation. These 
include Baliza, Registro de Araguaya, Barra 
do Rio Garcas, Sao Domingos, and Santa 
Rita do Paranahyba. The two first men- 
tioned produce gemstones of the finest 
quality and shape, generally under two 
carats in weight and also well rounded, 
brownish industrials comprising about fifty 
per cent of the total production. At Santa 
Rita, diamonds are’ recovered by divers 
during the dry season. Its production is 
low but of good quality. 


14—Matto Grosso. The Goyaz field ex- 
tends actoss the border. It ermbraces the 
area lying between the Rio das Mortes and 
the Araguaya and their tributaries flowing 
north and Sao Lourencco and Itaquira flow- 
ing south into the Paraguay river. Poxoreu, 
Cacanunga, Lageado, and Bonito are the 
centers of diamond mining in this region. 
Large quantities of small stones, under one 
carat in weight, predominate. However, 
larger ones, up to forty carats, have 
beén found occasionally. Other areas in 
this State include Diamantino, Rosario, 
Raizinha, Cuyabé Coxipd, and_ isolated 
patches at Coxim and Jauru on the Tau- 
gary river and Aquidauana further south. 

Matto Grosso is noted for the excellent 
quality of its gem diamonds but more es- 
pecially for the quality-and quantity (forty 
per cent) of its industrials. The diamonds 
vary in aspects in different fields in size, 
quality, shape, and defects. 

5—The Diamantina field is not only the 
oldest but also the most consistent producer 
in Brazil. It is also the only field in which 
there is definite evidence to show that its 
diamonds are of local origin. That they 
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Living Jewels: 
Masterpieces from Nature 


By Ruth Peltason, 224 pp., illus., 
publ. by The Vendome Press 
[www.vendomepress.com], New 
York, 2010. US$50.00 


In a time of skyrocketing gold prices, 
it is interesting to see organic materi- 
als such as leather, wood, amber, and 
feather making a strong comeback in 
the jewelry industry. Yet this “new” 
trend is as old as jewelry itself. Pelta- 
son takes the reader on a thematic 
journey to explore the variety of “liv- 
ing jewels,” traditional as well as 
exotic. Organic materials are just as 
challenging as minerals for gemolo- 
gists, whether it concerns identifica- 
tion, treatment detection, disclosure, 
or ultimately valuation. This book is 
intended for jewelry amateurs and 
professional dealers interested in 
estate pieces, as well as jewelry 
designers. 

Lavishly embellished with more 
than 350 color illustrations, Living 
Jewels presents a vast selection cho- 
sen according to three main criteria: 
originality, historical importance, and 
the aesthetic prominence of the 
organic material. It is therefore a sub- 
jective selection comprising famous 
jewelry houses such as Van Cleef & 
Arpels, Cartier, Tiffany, Boivin, 
Belperron, Verdura, and Grima, while 
also spotlighting contemporary jewel- 
ers such as Marguerite Stix, Patricia 
Van Musulin, Ted Muelhing, and 
Jennifer Trask. The book is well orga- 
nized by material: amber, coral, horn, 
ivory, pearls, shell, tortoise shell, 
wood, and “exotica.” 

Among the most noteworthy ele- 
ments is a detailed 40-page section on 
pearls. It features classical pearl jewel- 
ry such as Victorian fringe necklaces 
as well as the most contemporary 
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pieces such as the “Queen Anne’s 
lace” pin by Ted Muehling. Also in 
this section are coveted pearl trea- 
sures, including the late Elizabeth 
Taylor’s Peregrina pearl and the so- 
called Baroda pearl necklace by 
Cartier. Non-nacreous pearls such as 
melo and conch are also discussed. 
Two other sections of particular 
interest deal with wood and exotica. 
The wood section shows how this 
versatile material, so prominent in 
the decorative arts, is used by jewel- 
ers. A most welcome glossary on 
selected varieties of wood provides 
simple and useful descriptions for 
identification. After highlighting Art 
Deco and 1970s pieces, Peltason 
reviews interesting works of contem- 
porary studio artists such as Noma 
Copley, Christine J. Brandt, Liv 
Blavarp, and Anthony Roussel. She 
features Lee Hale and Kiff Slemmons, 
who use reclaimed everyday materi- 
als such as pencils and rulers. Equally 
interesting is the exoticas section, 
which displays the use of scarabs, but- 
terflies, feathers, teeth, animal skins 
(snakeskin and stingray), and even 
various type of hair (elephant and 
human). She also rekindles the mem- 
ory of Harry Emanuel, an English 
Victorian jeweler remembered for his 
exquisite hummingbird ear pendants. 
Peltason’s elegant writing style is 
one of the book’s main assets. One 
might hope, however, for more con- 
tent on this rich topic. For instance, 
the materials are presented very suc- 
cinctly, with room for more detailed 
gemological content. The antique 
jewels come with very little contextu- 
al information on art period, manu- 
facturing techniques, and provenance. 
Some of the jewelry in the exotica 
section warrants more detailed ethno- 
logical explanation. The photos are 
obviously of various sources and 
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reproduction quality, with different 
magnifications often on the same 
page. Unfortunately, this makes it 
more difficult to evaluate the rarity 
and quality of an individual piece. 
This becomes particularly evident in 
the pearl section, where assessing the 
actual size of the jewelry and gem- 
stones is a challenge, some pieces 
being magnified and others mini- 
mized. Jewelry size information isn’t 
noted either. 

Nevertheless, Living Jewels is an 
elegant and interesting book for 
antique jewelry enthusiasts, one that 
explores a rich topic with a wide scope 
of interest from 19th century jewelry 
to the most cutting-edge creations. 


DELPHINE A. LEBLANC 
Hoboken, New Jersey 


The Extraordinary World of 
Diamonds 


By Nick Norman, 302 pp., illus., 
publ. by Janaca Media 
[janaca.co.za], Auckland Park, 
South Africa, 2010. R199.96 


The world of diamond is an extraordi- 
nary one indeed. The author has 
made a brave attempt to outline this 
world in 300 pages. The book is illus- 
trated with many well-chosen 
archival and contemporary pho- 
tographs acquired from the Brent- 
wood Library in Johannesburg, De 
Beers, and various diamond mining 
companies. 

The first 40 pages give a summary 
overview of where diamonds are 
found, a history of their discoveries, 
prospecting and mining methods, and 
cutting and polishing. The next 150 
pages discuss in greater detail the 
development of discoveries from 
ancient India, Brazil, and Venezuela, 
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to more recent times in South Africa 
and the rest of the continent, Russia, 
Canada, and Australia. Earlier narra- 
tives such as Legrand’s 1980 book 
Diamonds: Myth, Magic and Reality 
are used extensively, but for recent 
developments the author has drawn 
upon firsthand accounts from known 
experts. Included are discussions of 
the recently discovered diamond 
mines in Canada, the Bunder prospect 
in India, and the Argyle mine in 
Australia. 

The next 60 pages present a more 
detailed account of modern explo- 
ration and mining, beginning with 
criteria for area selection, defining 
drill targets, and conducting feasibili- 
ty studies. Also included are case his- 
tories of the alluvial deposits at Oena 
in the lower Orange River, Verneuk- 
pan in Namaqualand, coastal and off- 
shore deposits along the Atlantic, and 
kimberlites in Botswana and Canada. 
There is also a discussion of Clifford’s 
rule, kimberlite indicator minerals 
(e.g., G10 garnet and the Gurney 
Cr/Ca diagram), and the distribution 
of carbon in the mantle and subduct- 
ed crust. This is followed by a discus- 
sion of microdiamonds formed by 
meteorite impact (exemplified by 
Popigai in northern Siberia), microdia- 
monds found in meteorites, graphi- 
tized diamonds in the Ronda ultraba- 
sic massif in southern Spain, and a 
possible cosmic origin of carbonado. 

This is followed by a chapter on 
diamond deposits along the Atlantic 
coast of South Africa and Namibia, 
and how the diamonds traveled from 
inland kimberlite deposits. This chap- 
ter seems a bit misplaced, as its con- 
tent really belongs in the section on 
case histories. A final chapter on the 
supply chain discusses the Central 
Selling Organisation and the breakup 
of its “single-channel marketing 
pipeline” in the wake of conflict dia- 
monds and new mines in Australia 
and Canada that were outside De 
Beers’s control. 

The author effectively uses text 
boxes to present short biographies and 
specific subjects, and he tells the story 
in clear language. There are some 
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lapses, though. In the glossary, for 
instance, a diamantaire should be 
defined as a trader in diamonds, not 
just a cutter. The case history for the 
discovery of Orapa should have linked 
Gavin Lamont with Manfred Marx, 
the young De Beers geologist who 
actually discovered the mine by col- 
lecting soil samples on the site and 
noting the large numbers of garnets in 
them. And while the Popigai and 
Ronda occurrences are mentioned, 
the very large source of microdia- 
monds near Kokchetav in northern 
Kazakhstan is omitted. There, dia- 
monds are contained in Cambrian 
metasediments that were deeply 
buried and subsequently uplifted. In 
contrast to Ronda, however, the tiny 
diamonds were enclosed in garnet and 
zircon crystals and thereby preserved 
from graphitization. 

It is the maps, which appear to 
have been adapted from a simple atlas, 
that let the book down. All nine maps 
contain some mistakes—misplaced 
symbols, misnamed or omitted occur- 
rences, and inconsistent terminology 
in the captions. 

Overall, this is an interesting story 
that should have been edited more 
tightly, as the sequence of subjects 
jumps around and parts are repetitive 
(beach and offshore mining are dis- 
cussed in three different sections in 
the book). The first 40 pages are spent 
summarizing the rest of the book, and 
a detailed discussion of the subject 
matter doesn’t begin until page 60. In 
a book that tries to cover the whole 
world of diamonds in 300 pages, that 
seems a waste of space. The book is 
written as a story rather than a scien- 
tific text, so it falls between two 
stools. It is not up to the standard of a 
textbook on diamond geology, but at 
the same time it is sometimes too 
detailed for the interested layman 
who would have to be well versed in 
geology and geography to fully appre- 
ciate the text. Otherwise, it is a well- 
told story and a reasonably priced 
book. 

A.J. A. (BRAM) JANSE 
Archon Exploration 
Carine, Western Australia 
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The Workbench Guide to 
Jewelry Techniques 


By Anastasia Young, 320 pp., illus., 
publ. by Interweave Books 
[www.interweave.com|], Loveland, 
CO, 2010. $34.95 


In this meticulously prepared work, 
Anastasia Young presents over a hun- 
dred jewelry making processes and 
techniques, organized in a bench ref- 
erence style. The book opens with a 
contents section that goes beyond a 
simple listing of topics and page 
numbers. There is a “technique file” 
that numbers all the methods 
described and the relevant page num- 
bers, making it simple to quickly 
locate a specific topic. There are also 
mini-indexes called “finders” strate- 
gically placed throughout the book. 
As a result of this well-considered 
structure, navigating the book is a 
pleasure. 

The first chapter opens with a 
short piece on how to set up a small 
workshop. The rest of the chapter is 
about the tools and materials used to 
make jewelry. As an unreformed tool- 
aholic, I was delighted with this sec- 
tion. Each item was represented by a 
small high-quality photograph of each 
tool, the techniques it is used for, and 
how it is used. I particularly liked the 
fact that the author noted the skill 
level required for each tool. Essential 
tools for beginning goldsmiths were 
also identified by a symbol to help 
novices assemble a tool kit. The 
materials section of the chapter gives 
a broad overview of both traditional 
and nontraditional materials used in 
modern jewelry, ranging from gold to 
concrete. 

The second chapter is the heart of 
the book. It begins with essential tech- 
niques that must be mastered, includ- 
ing sawing, filing, soldering, sanding, 
and polishing; these become more 
advanced as you go farther into the 
chapter. Each technique is described 
in some detail and then illustrated 
using three or four photographs 
accompanied by captions. The meth- 
od is effective in conveying a basic 
understanding. Jewelers who have 
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mastered the core techniques should 
be able to incorporate the more 
advanced techniques into their own 
projects using the examples provided. 

Given the broad range of tech- 
niques the author describes, it would 
be unfair to expect a lot of detailed or 
highly technical information. The 
section on chasing and repoussé is 
typical of her approach. Its four pages 
cover three techniques, well de- 
scribed and illustrated, with three 
excellent photos of jewelry made 
using the techniques and about a 
dozen paragraphs discussing materi- 
als, tools, and the basic operations 
involved. While she mentions that 
chasing tools can be handmade by 
the craftsman, she does not go into 
the details of annealing, shaping, 
hardening, and tempering them, 
although she does point out the 
necessity of these steps. Clearly, if 
you want to master one of these tech- 
niques, you will need to look beyond 
this book. On the other hand, if you 
would like to try some of them out 
and see how they apply to your work, 
it is a great starting point. 

The chapter ends with a section 
on outwork. This section discusses 
the kinds of work that might be con- 
tracted out to someone with ad- 
vanced expertise or specialized equip- 
ment. Many books written about our 
field mistakenly give the impression 
that the craftsman should master 
every technique and “do it all.” The 
fact is that there have always been 
specialists, and it is perfectly appro- 
priate to send out work to someone 
who can do it faster or better. The 
jewelry industry is seeing the rapid 
development of many highly techni- 
cal and expensive processes, and none 
of us has the time or capital required 
to master it all. This section discusses 
the kind of jobs that might be out- 
sourced and contains many common- 
sense suggestions about how to work 
with subcontractors to achieve good 
results. 

The third chapter is a brief 10 
pages on design, including inspiration 
and where to find it, sketching, and 
technical drawing. I particularly liked 
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the Design Checklist and the notion 
of a “brief” to define and give struc- 
ture to a project. The last section, 
Design Realization, shows how to 
convert drawings and concepts into 
finished items. The idea of using 
models or 3-D sketches made from 
inexpensive or easily worked materi- 
als such as paper or modeling clay to 
work out final shapes and solve 
assembly problems is excellent. I was 
impressed with the author’s emphasis 
on keeping detailed notes and draw- 
ings so that the sequence for con- 
structing the piece has been worked 
out before expensive materials and 
labor are applied. 

Next, the Going into Business 
chapter covers a topic often omitted 
in books of this type. In today’s global 
market, understanding the business 
side of our craft has become more 
important than ever. The first half of 
the chapter covers photography and 
promoting one’s work. The author 
has included a technique file that 
shows how software can improve an 
image, plus a brief discussion of the 
difficulty in getting quality images of 
jewelry. Her section on promotional 
material is only one page, but it is full 
of great ideas for communicating a 
clear identity or brand to the world. 
The balance of the chapter deals with 
pricing jewelry and deciding where to 
sell it and how to display it. 

This book is very attractive; 
almost every page has a photograph of 
jewelry that relates to the text on that 
page. The layout is pleasing and user 
friendly, the text well written and 
packed with good information. This is 
a valuable book for students and 
beginning goldsmiths, who will dis- 
cover the broad range of techniques 
and materials available today. Pro- 
fessional designers and goldsmiths 
who seek innovative techniques or 
materials to meet the changing 
demands of today’s jewelry market 
will also find plenty of inspiration 
here. 


DOUG CANIVET 
Gemological Institute of America 
Carlsbad, California 
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World Hallmarks, Volume I: 
Europe, 19th to 21st Centuries, 
2nd ed. 


By William Whetstone, Danusia 
Niklewicz, and Lindy Matula, illus., 
publ. by Hallmark Research Institute 
[www.hallmarkresearch.com|], San 
Francisco, 2010. $228 


This is a wonderfully organized vol- 
ume that has long been needed by 
appraisers, collectors, and museums. 
The authors have a gift for taking this 
very complex subject and making it 
easily understandable. 

The book’s “5S” approach to iden- 
tifying hallmarks stands for Strike, 
Shape, Style, Standard, and System. 
Strike is the actual stamping of an 
impression onto a tested metal and 
the resulting placement and quality of 
that impression. The shape of the 
mark is its outline, while the style 
refers to its design and imagery. Stan- 
dard marks indicate the fineness of a 
particular metal. Lastly, the System of 
sequential hallmarks involves the 
mark image and the existence of a 
surrounding frame with specific shape 
and fineness numbers, sometimes 
with a date number or letter. 

The fifth S, System, also includes 
four subcategories: Implied, Symbolic, 
Inclusive, and Sequential (ISIS). In this 
methodology, an implied hallmark is 
recognized by the core image and/or 
frame shape. These alone can indicate 
type of metal, metal fineness, and 
country or location of assay. A sym- 
bolic hallmark uses a formal or 
national symbol representing the 
assaying country but provides little 
other information. A hallmark with 
letters and numbers added to a core 
image is considered an inclusive hall- 
mark. The most informative and easi- 
ly read hallmarks are sequential hall- 
marks, consisting of a series of marks 
in a line or cluster. 

The chapters that follow give a 
brief history of the European hallmark- 
ing systems by country. The 5S sys- 
tem is applied, and a timeline of pre- 
cious metal use in each country is pro- 
vided. Additional hallmarks, along 
with ancillary marks that serve a spe- 
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cific purpose, are described with assay 
office marks and identification sym- 
bols. 

In the back of the book is an ana- 
lytical index containing a convenient 
listing of hallmark images. Although 
this image index does not include all 
hallmarks, its orderly arrangement 
makes looking for the image less 
overwhelming than one might sup- 
pose. A historical timeline illustrates 
various periods of political transition 
for the countries that once formed the 
Austro-Hungarian Empire, the Rus- 
sian Empire and the USSR, and 
Yugoslavia. The glossary of hallmark 
terms is helpful in reading this book, 
and an extensive bibliography com- 
pletes the work. Companion volumes 
featuring hallmarks of other countries 
are in the works. 


JO ELLEN COLE 
Vista, California 


Mineral Treasures of the World 


By The Geological Museum of 
China and The Collector’s Edge 
Minerals Inc., 125 pp., illus., publ. 
by Geological Publishing House 
[www.gph.com.cn], Beijing, 2010. 
¥286 


The “Mineral Treasures of the 
World” exhibit opened in the summer 
of 2010 during China’s World Fair in 
Shanghai. Cosponsored by the 
Geological Museum of China and 
The Collector’s Edge Minerals, it 
showcased many of the world’s great- 
est localities for fine minerals with 
very rare and exquisite examples. 
This book was written to accompany 
the exhibition, while educating read- 
ers and serving as an infomercial for 
The Collector’s Edge. 

The book’s Gallery of Treasures 
section contains splendid color pho- 
tographs of specimens from the exhib- 
it. They are outstanding examples, 
worthy of the finest collections—trea- 
sures indeed! Each specimen is 
described with its name, chemical 
formula, size, and a brief narrative. 
Many of these are gem species. 
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The book’s educational purpose 
is accomplished by the first five 
chapters. They cover the mining of 
specimens, their trimming and 
cleaning, identifying superb speci- 
mens, worldwide market trends, and 
how to start collecting fine minerals. 
These chapters are richly illustrated 
with color photographs that accentu- 
ate the subject matter. They build a 
strong case for collecting fine miner- 
als, comparing them to fine works of 
art that justify their high prices. The 
effort and expense of their mining 
and the careful cleaning and trim- 
ming necessary to bring out their 
best are chronicled in the story that 
follows one piece from mine to min- 
eral cabinet. The criteria of excel- 
lence are given as a general guide to 
help the reader recognize a fine min- 
eral specimen and why it holds 
greater value. 

The book extols the virtues of 
collecting and preserving fine miner- 
als for their enjoyment and as an 
investment, while also setting out on 
its third purpose, to be an advertise- 
ment for The Collector’s Edge 
Minerals as a prime source for their 
acquisition. In relating its care and 
know-how, the company makes a 
strong case for itself. 

The Mineral Treasures of the 
World exhibit ended in July 2010, but 
this accompanying book stands as a 
permanent record of its excellence. 
Readers of Gems &) Gemology, espe- 
cially those who also collect minerals 
or appreciate gem species in their nat- 
ural finest forms, should enjoy this 
book. Although it does mention that 
some of these specimens are afford- 
able, it should have elaborated on this 
point, as most people only dream of 
owning such a specimen, let alone an 
entire collection of them. And while 
The Collector’s Edge is a great 
resource, there are many other excel- 
lent dealers to choose from. With 
these last few points in mind, this 
book is highly recommended, espe- 
cially for the beginner. 

MICHAEL T. EVANS 

Gemological Institute of America 

Carlsbad, California 
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Collectors Guide to Granite Pegma - 
tites. By Vandall T. King, 96 pp., 
illus., publ. by Schiffer Publishing 
[www.schifferbooks.com], Atglen, 
PA, 2010, US$19.95 


Collectors Guide to Silicate Crystal 
Structures. By Robert J. Lauf, 96 pp., 
illus., publ. by Schiffer Publishing 
[www.schifferbooks.com], Atglen, 
PA, 2010, US$19.95 


These works, volumes 8 and 9 of the 
Schiffer Earth Science Monograph 
series, review the formation and min- 
eralogy of pegmatites and the crystal- 
lography of silicates, respectively. 
Typical for the series, both books are 
aimed at the educated collector rather 
than the academic reader. Both are 
also well illustrated, though the peg- 
matite volume curiously features sev- 
eral photos of Colombian emerald 
and red beryl, neither of which form 
in pegmatites. 

TWO 


Gems and Gemology in Pakistan. 
By Tahseenullah Khan and Allah 
Bakhsh Kausar, 231 pp., illus., publ. 
by Geological Survey of Pakistan 
(www.gsp.gov.pk), Quetta, 2010, Rs. 
3000. This special publication by the 
Geological Survey of Pakistan reviews 
the exploration, mining, manufactur- 
ing, and marketing of gem materials 
from that country. 


TWO 


Diamond Math. By Kenneth A. Glas - 
ser, 451 pp., illus., publ. by Kenneth 
A. Glasser Co. [www.diamondmath. 
com], Las Vegas, 2010, US$75.00. 
This pocket-sized handbook contains 
a set of charts allowing quick estima- 
tion of a diamond’s weight based on 
its external measurements. Separate 
charts are provided for rounds and a 
wide variety of fancy cuts. 


TWO 


FALL 2011 


EDITORS 


Brendan M. Laurs 


Thomas W. Overton 
GIA, Carlsbad 


REVIEW BOARD 
Edward R. Blomgren 
Owl’s Head, New York 


Annette Buckley 
Austin, Texas 


Jo Ellen Cole 
Vista, California 


R. A. Howie 
Royal Holloway, University of London 


Edward Johnson 
GIA, London 


Michele Kelley 
Monmouth Beach, New Jersey 


Guy Lalous 
Academy for Mineralogy, Antwerp, Belgium 


Kyaw Soe Moe 
GIA, New York 


Keith A. Mychaluk 
Calgary, Alberta, Canada 


Joshua Sheby 
New York, New York 


James E. Shigley 
GIA, Carlsbad 


Russell Shor 
GIA, Carlsbad 


Elise Skalwold 
Ithaca, New York 


Jennifer Stone-Sundberg 
Portland, Oregon 


Rolf Tatje 
Duisburg, Germany 


Dennis A. Zwigart 
State College, Pennsylvania 


GEMOLOGICAL ABSTRACTS 


G&G 


Online — 


COLORED STONES AND 
ORGANIC MATERIALS 


A survey of Mn-rich yellow tourmaline from worldwide locali- 
ties and implications for the petrogenesis of granitic peg- 
matites. W. B. Simmons [wsimmons@uno.edu], A. U. 
Falster, and B. M. Laurs, Canadian Mineralogist, Vol. 49, 
No. 1, 2011, pp. 301-319, http://dx.doi.org/10.3749/ 
canmin.49.1.301. 

While yellow is an uncommon color for tourmaline, this vari- 

ety has been found in certain granitic pegmatites in several 

countries. The authors present electron microprobe data from 
more than 200 yellow to yellow-green tourmalines from 

Zambia, Madagascar, Russia, Mozambique, Nepal, the United 

States, and Democratic Republic of Congo. The material is pre- 

dominantly Mn-rich elbaite and “fluor-elbaite” (>3 wt.% 

MnO), although rare yellow rossmanite and “fluor-rossmanite” 

have come from Mozambique. Among the analyzed samples, 

the MnO content ranged from 3.09 to 8.90 wt.%. No material 
that could be classified as tsilaisite (>10.71 wt.% MnO) was 
encountered. The analyzed samples also had higher TiO, con- 
tents (averaging 0.28 wt.%)] than pale-color tourmalines. The 
yellow color is due to absorptions associated with the Mn?*- 

Ti* intervalence charge-transfer mechanism. Yellow tourma- 

line is a rare late-stage magmatic to miarolitic cavity—stage 

mineral that requires specific conditions to form. Its presence 
implies that the original pegmatite-forming melt is relatively 
low in Fe and enriched in both Mn and B. During the early 
stages of melt crystallization, Fe must be removed from the 
system, but abundant Mn and B along with traces of Ti must 
still be available during the late stages of pegmatite formation 
for yellow tourmaline to crystallize. 

JES 
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DIAMONDS 


Alluvial diamond resource potential and production 
capacity assessment of the Central African Repub- 
lic. P. G. Chirico [pchirico@usgs.gov], F. Bar- 
thélémy, and F. A. Ngbokoto, U.S. Geological 
Survey Scientific Investigations Report 2010-5043, 
Reston, Virginia, 2010, 22 pp. 


Diamonds from what is now the Central African Republic 
(CAR) were discovered almost a century ago, and commer- 
cial production began in 1931. The diamonds are recovered 
along rivers that cut through sandstone formations in both 
the Kadéi-Mambéré-Sangha region near Berberati, and the 
Haute-Kotto region northeast of Bria. The country was 
studied as part of an ongoing effort to assess world dia- 
mond production for the Kimberley Process certification 
scheme. Because accurate production figures from the 
CAR are not available, the authors used two indirect 
methods to estimate diamond potential and production. 
The methods took into account the size and grade of the 
alluvial deposits, as well as the human resources engaged 
in artisanal mining efforts. An estimated 39 million carats 
of diamonds remain in these two regions, roughly twice 
the country’s total output since 1931. Production capacity 
is calculated at 840,000 carats per year, twice what has 
been reported by the CAR government. JES 


Alluvial diamond resource potential and production capac- 
ity assessment of Ghana. P. G. Chirico [pchirico@ 
usgs.gov], K. C. Malpeli, S. Anum, and E. C. Phil- 
lips, U.S. Geological Survey Scientific Investi- 
gations Report 2010-5045, Reston, Virginia, 2010, 
25 pp. 


Diamonds were first found in the former Gold Coast 
Colony (now Ghana) in 1919 along the Birim River near 
the town of Abomoso, and commercial mining began 
shortly afterward. There are no known kimberlite occur- 
rences in Ghana. The two major alluvial diamond mining 
areas are along the Bonsa River valley southwest of 
Tarkwa, and the Birim River valley between the towns of 
Akwatia and Oda. In both areas, diamonds are mined (usu- 
ally by artisanal diggers) from gravel layers beneath the 
alluvial flood plains and adjacent terraces. Based on careful 
geological fieldwork, an estimated 91.6 million carats of 
alluvial diamonds remain in these two areas. 

JES 


Alluvial diamond resource potential and production 
capacity assessment of Mali. P. G. Chirico [pchiri- 
co@usgs.gov], F. Barthélémy, and F. Koné, U.S. 
Geological Survey Scientific Investigations Report 
2010-5044, Reston, Virginia, 2010, 23 pp. 


Alluvial diamond deposits occur in Mali along river sys- 
tems in the southwest portion of the country between the 
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village of Kéniéba and the border of neighboring Senegal. 
Some kimberlite pipes in the area have been identified, but 
in most cases the primary sources of these diamonds are 
unknown. Most have been found fortuitously by artisanal 
gold washers. An interesting characteristic of diamonds 
from the Kéniéba area is their exceptional size—nearly 
15% of them weigh >15 ct. Crystals larger than 50 ct are 
common, and the largest reported to date weighed 232 ct. 
This report represents the results of a field study undertak- 
en to assess Mali’s overall diamond potential. The 
resource assessment focused on two alluvial mining areas, 
Kéniéba and the nearby Bougouni region. The authors esti- 
mate that these two regions contain approximately 2.3 
million carats of diamonds. JES 


Brown diamonds from an eclogite xenolith from 
Udachnaya kimberlite, Yakutia, Russia. A. S. Stepa - 
nov [aleksandr.stepanov@anu.edu.au], A. V. 
Korsakov, O. P. Yuryeva, V. A. Nadolinniy, M. Per- 
raki, K. De Gussem, and P. Vandenabeele, Spectro- 
chimica Acta A: Molecular and Biomolecular 
Spectroscopy, Vol. 80, No. 1, 2011, pp. 41-48, 
http://dx.doi.org/10.1016/j.saa.2011.01.006. 


Brown diamonds represent a significant proportion of glob- 
al diamond production, and their economic importance 
has encouraged intensive research on color enhancement 
processes. The authors performed petrographic and spec- 
troscopic studies of brown diamonds from an eclogite 
xenolith from the Udachnaya pipe (Yakutia, Russia). A 
thick plate was cut from the middle of the xenolith, from 
which 19 thin sections were subsequently prepared. In 
addition, diamonds were extracted from the xenolith and 
their distribution was mapped. A polarizing microscope 
was used to examine both the thin sections and the dia- 
mond crystals. Brown diamonds were randomly inter- 
mixed with colorless ones in the rock, often at the grain 
boundaries of clinopyroxene and garnet. 

Electron paramagnetic resonance, photoluminescence, 
infrared, and Raman spectroscopy were used to identify 
defects in the diamonds. The brown diamonds were char- 
acterized by a set of defects (H4, N2D, and a line at 490.7 
nm), which is typical for plastically deformed diamonds 
and indicates that they were likely annealed for a relative- 
ly short period after deformation occurred. The Raman 
peak corresponding to graphite was not observed in brown 
regions of the diamonds, eliminating the possibility that 
graphite caused the coloration. Comparison with previous 
reports of brown diamonds from eclogites showed that 
the eclogitic sample had a typical structure, with no signs 
of apparent deformation. Two mechanisms are proposed: 
(1) deformation of the eclogite by external forces followed 
by subsequent recrystallization of silicates, or (2) deforma- 
tion by local stress arising from decompression and 
expansion of silicates during the xenolith’s ascent to sur- 
face conditions. GL 
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Spectroscopic and microscopic characterization of color 
lamellae in natural pink diamonds. E. Gaillou 
[gailloue@si.edul], J. E. Post, N. D. Bassim, A. M. 
Zaitsev, T. Rose, M. D. Fries, R. M. Stroud, A. 
Steele, and J. E. Butler, Diamond and Related 
Materials, Vol. 19, No. 10, 2010, pp. 1207-1220, 
http://dx.doi.org/10.1016/j.diamond.2010.06.015. 

Some natural pink diamonds owe their coloration to mul- 

tiple thin (~1 mm) pink lamellae oriented along octahedral 

planes. Gemologists refer to these parallel colored lamellae 
as a type of “graining.” The diamond is often nearly color- 
less between these lamellae, and stronger pink color is 
associated with more numerous lamellae. Examination at 
high magnification shows that the lamellae consist of 
paired microtwins created by plastic deformation when 
the diamond was under stress. The color of these dia- 
monds results from a broad absorption band centered at 
about 550 nm. The optical defect responsible for this broad 
spectral feature was not identified, but it is likely associat- 
ed with plastic deformation. Different optical defects were 
identified spectroscopically within the lamellae (where 
residual stress persists) and the intervening diamond. The 
authors suggest that during plastic deformation, carbon- 
atom vacancies are created in the diamond lattice during 
twinning, and when these vacancies diffuse through the 
lattice they tend to become trapped by nitrogen impurities 
to form the new defect centers along the lamellae. 
Annealing of plastically deformed brown diamonds can 
result in a residual pink color that is stable under high 
pressure and temperature conditions. The authors con- 
clude that the deformation responsible for the pink color 
in diamond occurred in the earth’s mantle. Similar lamel- 
lae causing the brown color of some diamonds probably 
resulted from deformation during a more recent geologic 
event, such as a rapid ascent to the surface in kimberlitic 
or lamproitic eruptions. JES 


Trace-element patterns of fibrous and monocrystalline dia- 
monds: Insight into mantle fluids. S. Rege, W. L. 
Griffin [bill.griffin@mq.edu.au], N. J. Pearson, D. 
Araujo, D. Zedgenizov, and S. Y. O'Reilly, Lithos, 
Vol. 118, 2010, pp. 313-337, http://dx.doi.org/ 
10.1016/j.lithos.2010.05.007. 

The fluids in the earth’s mantle provide valuable informa- 

tion for understanding complex metasomatic processes. 

These fluids can be trapped inside a diamond during its 

formation in the cratonic subcontinental lithospheric 

mantle. The trace-element patterns of 538 fibrous and 
monocrystalline diamonds from deposits worldwide were 
measured and analyzed using LA-ICP-MS. 

In the fibrous diamonds, trace-element concentrations 
varied irregularly within each stone, so no obvious chemi- 
cal zoning was observed. There were two groups—those 
rich in K-Rb-Ba and those poor in Ba-Rb-K. Rock-forming 
elements such as Al, Ca, Mg, K, Fe, and Ti showed posi- 
tive correlations with each other, although this could not 
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be easily related to petrogenetic processes. Therefore, 
these elements represented the fluids trapped during dia- 
mond formation. The chemical patterns observed in the 
fibrous diamonds were broadly similar to those seen in 
kimberlites and carbonatites. 

Peridotitic monocrystalline diamonds were classified 
into two groups. The first showed a higher trace-element 
content but a negative anomaly in Ce, Y, and Sr. The sec- 
ond group had lower trace-element concentrations, while 
Yb, Lu, Ba, and Rb were below the limit of detection. 
Chalcophile elements, such as Pb, Cu, Zn, Co, and Ni 
also were detected, representing submicroscopic sulfide 
inclusions. Eclogitic monocrystalline diamonds were also 
divided into two groups. The major rock-forming ele- 
ments, such as Na, Fe, Mg, and Al, were present in these 
diamonds, while chalcophile element contents were low. 
Interestingly, the trace-element patterns of both peri- 
dotitic and eclogitic diamonds from a single source were 
similar. The authors propose the existence of immiscible 
high-density fluids/melts within the diamond stability 
field (6 GPa and 1200-1300°C). According to this model, 
most peridotitic and eclogitic monocrystalline diamonds 
likely crystallized from fluids such as the high-density 
hydrous-silicic fluids related to the precipitation of 
fibrous diamond. 

Although diamonds of subduction origin did not con- 
tain rock-forming elements, they did show similar pat- 
terns of other elements. Thus, they were formed from 
broadly similar high-density fluids. Diamonds of 
superdeep origin (from the transition zone to the lower 
mantle) had patterns similar to those of other monocrys- 
talline diamonds around the world, except those from 
Brazil, in which Al was the only rock-forming element 
detected. A direct link between diamond-forming fluids 
and pyrope, the most important diamond indicator miner- 
al, was also found by analyzing trace-element patterns. 
The diamond growth rate and environment may be close- 
ly related. In other words, diamond grows more slowly in 
silicate-rich fluids, and consequently fewer fluid inclu- 
sions are trapped. KSM 


GEM LOCALITIES 


Geochemical and geological controls on the genesis of 
gem-quality “Paraiba tourmaline” in granitic peg- 
matites from northeastern Brazil. H. Beurlen 
[beurlen@ufpe.br], O. J. M. de Moura, D. R. Soares, 
M. R. R. da Silva, and D. Rhede, Canadian Miner- 
alogist, Vol. 49, No. 1, 2011, pp. 277-300, 
http://dx.doi.org/10.3749/canmin.49.1.277. 

Brazil’s famous “neon” blue Cu-bearing elbaite tourma- 

lines occur in only four deposits of zoned and highly frac- 

tionated granitic pegmatites of the Borborema Pegmatitic 

Province. Among several thousand barren pegmatites and 
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more than 750 Be-Li-Ta rare-metal pegmatites known in 
this region, it is only in these four deposits (Batalha, 
Capoeira, Glorious, and Quintos) that the necessary condi- 
tions were met for these tourmalines to form. The peg- 
matites are hosted by Fe-poor quartzite or metaconglomer- 
ate of the Equador Formation, and they are rich in Li min- 
erals (mainly spodumene or lepidolite) and in B. 
Significant amounts of schorl that crystallized in the bor- 
der zone helped lower the Fe and Mg contents of the peg- 
matite-forming melt to allow the subsequent crystalliza- 
tion of Fe-poor elbaite. These pegmatites also show exten- 
sive replacement of feldspar and other primary minerals by 
lepidolite. 

The Cu-bearing tourmalines usually occur at the tran- 
sition between an albite-rich inner intermediate zone and 
the quartz core, where they form wedge-shaped crystals 
arranged in fan-like, radial, or comb-textured aggregates. 
In some cases, they are also found in crystal-lined cavities 
in the center of the pegmatites. The tourmalines may be 
strongly color zoned, with a pink to red core, a blue inter- 
mediate portion, and a green rim. They are distinguished 
by relatively high Cu, Li, and F, low Mn and Mg, and near 
absence of Fe. They formed by direct crystallization from 
a pegmatite-forming melt during an early stage of forma- 
tion of the quartz core. The crystals are often partially or 
completely replaced by lepidolite except within the 
quartz core. Several sources have been suggested for the 
copper found in these tourmalines, such as skarns and 
quartz veins containing Cu-sulfide minerals in the Jucu- 
rut Formation that underlies the Equador Formation, but 
this question has not been fully answered. 

JES 


The history of kunzite and the California connection. M. 
Mauthner [mmauthner@gmail.com], Rocks & 
Minerals, Vol. 86, No. 2, 2011, pp. 112-131. 

Facts are often lost to history, but occasionally good detec- 

tive work can bring back missing details and complete an 

interesting story. Kunzite, the main gem variety of spo- 
dumene, is relatively new to commercial markets, dating 
back to the early 1900s. Yet questions remain about when, 
where, and by whom the “first” specimens were truly dis- 
covered. Detailed research has yielded a surprisingly 
intriguing history that traverses a scientific rivalry, exotic 
localities, and hardened prospectors. Equally noteworthy 
are the article’s historical photographs, many of which the 
author has rephotographed from the originals. Although 
heavily weighted toward Southern California discoveries, 
the article provides a good summary of kunzite finds in 
Brazil and Madagascar. Discussion of kunzite from 
Afghanistan and Nigeria is limited. KAM 


L’opale du Wollo, Ethiopie: Des mines de gisement! [Opal 
from Wollo Ethiopia: A source of mining capacity!] 
F. Mazzero, C. Désagulier, B. Rondeau, D. Ayalew, 
G. Ezezew, T. Cenki, and E. Bekele, Revue de Gem- 
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mologie a.f.g., No. 174, 2010, pp. 14-20 [in French]. 

The article investigates the geologic conditions of gem 
opal formation at Wegel Tena, in Ethiopia’s Wollo 
Province. The deposit consists of a single horizontal layer 
of weathered ignimbrite (a volcano-sedimentary rock of 
rhyolitic composition, formed by the deposition of vol- 
canic ash over a wide area) within a thick series of unal- 
tered Oligocene ignimbrite. The opals contain very well- 
preserved plant fossils, which show they formed in a sedi- 
mentary environment, most likely during a pause in the 
volcanic succession. 

Mining conditions at Wegel Tena are harsh and danger- 
ous, and the workers have little knowledge of proper tech- 
niques. Their tools are limited to hammers, chisels, shov- 
els, and pickaxes. Many fatal accidents occur due to col- 
lapsing tunnels or falls from cliffs. There is no shoring or 
ventilation in the tunnels. During their visit, the authors 
explained some basic safety rules to the miners and donat- 
ed safety equipment. The deposit is very promising, as the 
opalized layer is quite extensive and shows a high gem 
opal content. Wegel Tena has the potential to become an 
important opal deposit, provided that the mining becomes 
more organized and professional. GL 


Prediction of exploration target areas for gem deposits in 
Mogok Stone Tract, northern Myanmar, by inte- 
grating remote sensing and geoscience data. T. K. 
Oo, Advances in Geosciences, Vol. 26, 2010, pp. 
181-198. 

The region around Mogok in northern Myanmar has been 

one of the world’s most famous gem-producing areas for 

almost 400 years. Igneous and metamorphic rocks, includ- 
ing granites and pegmatites, gneisses, marbles, schists, and 
quartzites, are the source for the ruby, sapphire, and other 
gems that are found in both primary and secondary 
deposits. Most economic gem mines are found either 
along certain horizons in marbles or in skarns, as well as 
in alluvial placers derived from these rocks. The overall 
geology of the area is complex, with igneous rocks intrud- 
ing into preexisting metasedimentary rocks, which are 
folded and faulted on a regional scale. Remote sensing and 
geoscience data have produced a map of promising target 
areas for gem mineralization at locations where marbles 
occur. JES 


Rubis et saphirs de Marosely, Madagascar [Ruby and sap- 
phire from Marosely, Madagascar]. L. E. Cartier 
[gemlab@ssef.ch], Revue de Gemmologie a.f.g., No. 
175, 2011, pp. 9-13 [in French]. 

This article examines the eluvial corundum deposit 

recently discovered at Marosely, in south-central Mada - 

gascar. The material ranges from red to blue, and stones 
are typically zoned, giving them an overall purple color. 

FTIR spectra show the presence of 3160 and 3309 cm"! 

absorptions in the untreated corundum. The relevance of 

these bands to the detection of heat-treated corundum is 
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are, in fact, being derived from material 
which has no affinity with kimberlite and 
in. which the satellites of the diamond are 
absent. At first sight this material appears 
to be an ordinary conglomerate. On closer 
examination, it is seen to be composed of 
rounded boulders and pebbles, derived 
from the surrounding quartzites and 
schists, separated by a sericitic binder. The 
boulders rarely touch each other and ap- 
pear to have been suspended in a highly 
plastic material. They show no signs of 
selective stratification and are invariably 
highly decomposed without any apparent 
reason for being so. They are oblong 
rather than rounded and present the same 
orientation in different mines. 

Locally known as “Massa” mines because 
of their pasty condition, they conform to 
the watershed separating the Sao Fran- 
cisco and Jequitinhonha river basins and 
to the anticlinal fold which the watershed 
represents. From north to south, in iso- 
lated patches which have no apparent con- 
nection, they occur in the following order: 
Corrego Novo, Jobé, Camp Sampaio, 
Pagao, Barro, and Douro at Sao Joao da 
Chapada Morrinhos, Alto de Morrinhos, 
Damasio, Spoa, Lavrinha, Guinda, Canudin- 
hos, Dattas, and Tejucal. With one or two 


exceptions these are opencast mines cov- 
ering a considerable area including Boa 
Vista, Serrinha, and Cavalo Morto mines. 
These lie somewhat off the watershed to 
the east. Each and every one of them 
yields diamonds differing from its nearest 
neighbor. It is, for instance, impossible 
to confuse the inferior stones of Campo 
Sampaio with those of Pagao less than a 
mile distance across the same valley. To 
enumerate all the differences and distin- 
guishing characters of the diamonds from 
these mines would extend this article to 
an indefinite length. To quote all the 
opinions and arguments for and against 
the different theories would extend it into 
a book. The writer has purposely re- 
frained from presenting any evidence other 
than that which can be deduced from the 
differences in size, quality, shape, or other 
characteristics of the different productive 
areas. Based on these factors, it appears 
evident that the Abaeté-Coromandel area is 
the one in which to find kimberlite but 
that the other fields tend to show that an 
ultra-basic magma is not essential to the 
growth and formation of the diamond. 

Brazilian production of diamonds is thirty 
per cent gemstones, thirty per cent indus- 
trials, and forty per cent inferiors. 


* Mining for diamond on the Parauna River near Diamantina. Spot tests are 
taken by hand drilling when it is believed diamonds may be present in the 
gravels, thus determining the value. 


discussed. LA-ICP-MS data for chromophores in color- 
zoned samples are consistent with EDXRF spectroscopy. 
Results for other trace-elements (i.e., concentrations of 
<1000 ppm) proved less revealing. Further research using 
other analytical methods is needed to advance the study of 
the corundum origin. GL 


Sapphires from Sri Lanka. T. Waltham [tony@geophotos. 
co.uk], Geology Today, Vol. 27, No. 1, 2011, pp. 
20-24. 

Sri Lanka has long been famous for its sapphires, which 

are found scattered in the soils of the country’s valley 

floors. Half of the world’s sapphires weighing more than 

100 ct hail from the Ratnapura region. Sri Lanka’s gem 

deposits, mined for over 2,000 years, are best exploited 

through small-scale, nonmechanized mining. Shallow 
pits worked by only a few miners dot the forested area of 

Ratnapura, and when the pits reach bedrock, they are con- 

sidered mined out. Old pits are refilled with soil from new 

adjacent pits. This article features excellent photos 
accompanying detailed descriptions of the locals’ mining 
processes. 

Once the sapphires have been mined, they enter into a 
low-key local trade. Buyers and miners do not sell from 
formal stalls but instead gather around the local clock 
tower to deal through trusted verbal transactions. The 
country also has a significant (50,000+ people) cottage 
industry of cutting and polishing stones. 

The majority of Sri Lankan sapphires are pale, and 
these are heat treated to darken their color. Sapphires are 
far from the only gems produced in Sri Lanka; only a 
quarter of its 3-million-carat annual production is sap- 
phire. Other gems include spinel, aquamarine, garnet, 
alexandrite, and zircon. AB 


INSTRUMENTS AND TECHNIQUES 


Test visuel sur l’attraction magnétique des matiéres 
gemmes [Visual test of the magnetic attraction of 
gemstone materials]. T. Pradat and J.-P. Gauthier, 
Revue de Gemmologie a.f.g., No. 175, 2011, pp. 
14-18 [in French]. 

Gems can show different types of magnetism (dia-, para-, 

ferro-, antiferro-, and ferrimagnetism) depending on their 

composition and the “spin” of certain elements they con- 
tain. This determines whether they are strongly or weakly 
attracted to a magnet, or not at all. This behavior is easily 
demonstrated with neodymium magnets, which are inex- 
pensive and very strong. The authors describe three simple 
methods (direct application, the floating technique, and 
the pendulum method) for determining a gem’s magnetic 
behavior. These can be applied as a quick test for presort- 
ing mixed lots of similar-looking stones (e.g., red garnets 
and spinels, as illustrated). However, magnetism alone is 
not sufficient for identifying a gem, and a sample’s identity 
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must always be corroborated by standard tests. The article 
contains a useful, comprehensive list of gems and their 
magnetic characteristics. RT 


Three-dimensional X-ray radiography. T. Hainschwang 
[thomas.hainschwang@ggtl-lab.org], Gems & Jewel- 
lery, Vol. 20, No. 1, 2011, pp. 11-14. 
X-ray computed microtomography is the most sophisticat- 
ed and effective method for 3D X-ray imaging, but it is 
very costly and time-consuming. Thus the author devel- 
oped a rapid, economical analytical method. Three-dimen- 
sional X-ray radiography was conducted using a tunable X- 
ray tube, a digital X-ray sensor, and a high-precision rota- 
tion device. 

The process involves recording multiple images to 
obtain 3D radiographs, and these are processed using spe- 
cial software for higher contrast and sharpness. Each anal- 
ysis requires 20 minutes, including sample preparation 
and data processing. Extensive testing proved that this 
system could identify and quantify dense filler substances 
in gemstones, such as fissure-filled rubies and diamonds. 
It also revealed the concentric structure of a natural pearl 
from Pteria penguin, whereas conventional X-radiography 
usually shows indistinct structure. Unfortunately, entire 
pearl strands cannot be scanned by this method. 

The 3D X-ray radiography system is cost-effective to 
operate and maintain, and it is a faster method than X-ray 
computed microtomography. Although its images do not 
have such high resolution, they are far superior to conven- 
tional X-radiographs. KSM 


JEWELRY HISTORY 


Brazilian colored gemstones in historical jewelry. R. 
Galopim de Carvalho, InColor, No. 15, Fall/Winter 
2010, pp. 40-44. 

Brazil is well known for its seemingly inexhaustible supply 

of various gems from many areas of the country. But until 

the discoveries of gold in Minas Gerais in the 17th century 
and of diamonds in the mid-1720s, little was known of 

Brazil’s stunning mineral wealth. When diamonds were 

found near a town now called Diamantina, locals became 

more aware of the mineral riches in the riverbeds and other 
sedimentary deposits. During the second quarter of the 
18th century, prospectors discovered what were initially 
termed “Brazilian rubies” in the Ouro Preto area of Minas 

Gerais. These turned out to be yellow, orange, pink, and 

orangy red topaz, and they soon proved quite popular with 

jewelers in Portugal, which still ruled Brazil. The trade 
term “Imperial” topaz is thought to have originated soon 
after the discovery of these deposits. 

To enhance the apparent color of Brazilian gemstones, 
colored foil was often placed under closed-back settings. In 
the late 18th and early 19th centuries, colorless topaz was 
widely used in silver jewelry. Several methods were 
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employed to make it resemble diamond, including paint- 
ing the culet with black ink to simulate the extinction of 
light in diamonds with a closed-back setting. In the late 
1700s, huge quantities of colorless quartz were discovered 
in Brazil, and the resulting gems also were set in Portu- 
guese silver jewelry with closed backs and painted culets. 
Pyrope-almandine and transparent yellow chrysoberyl 
were also given the foil-back treatment to present a uni- 
form color. JEC 


Hippologie arabe et archéogemmologie sur un harnache- 
ment mameluk, 2éme Partie [Arab hippology and 
archaeological gemology on a Mamluk harness - 
Part 2]. E. Gonthier [gonthier@mnhn.fr], T. De- 
Noblet, and J.-P. Sage-Fresnay, Revue de Gemmo- 
logie a.f.g., No. 174, 2010, pp. 27-30. Hippologie 
arabe et archéogemmologie sur un harnachement 
mameluk, 3éme Partie. E. Gonthier, T. De-Noblet, 
and J.-P. Sage-Fresnay, Revue de Gemmologie a.f.g., 
No. 175, 2011, pp. 22—27 [in French]. 

Part 2. of this series on the Mamluk harness (see abstract of 

Part 1 in Spring 2011 GwG, p. S9) focuses on its dark blue 

lapis lazuli and red coral, and the meaning of these colors. 

Lapis was associated with the night and its myriad stars, 

the sacred sanctuary of the pharaohs’ souls. Red coral was 

prized for its rarity and its symbolic and traditional values. 

The color red represented the desert, as well as blood, vio- 

lence, and victory. The article also mentions the shipping 

routes that brought these stones to Egypt. 

Part 3 examines the harness’s turquoise and ruby. 
Turquoise from Persia has a more stable color than its 
Chinese counterpart, and the color quality of the turquoise 
in the harness suggests a Persian origin. The ruby is evi- 
dence of the trade ties between the Far East and North 
Africa. The caravans of the Silk Road brought the stones 
first to Turkey and then to Egypt. It is difficult to identify 
the exact origin of the ruby in the Mamluk harness, 
though it could be of Afghan or Tajik origin. In the 
Mamluk tradition, the role of precious metals and stones 
complements the relationship between man and his horse. 
The Arabian horse was ornately decorated not because its 
rider was a lord, but because this breed was considered the 
mount of the prophet. GL 


Gemme da Vigna Barberini (Colle Palatino, Roma) 
[Gemstones from Vigna Barberini (Palatine Hill, 
Rome)}. E. Gliozzo, N. Grassi, C. Meneghini, P. 
Bonanni, and M. A. Tomei, Rivista Gemmologica 
Italiana, Vol. 5, No. 3, 2010, pp. 185-196 [in Italian]. 

The authors examined 25 gemstones found in archaeologi- 

cal excavations of Vigna Barberini, a lst/2nd century AD 

site at the Palatine Hill of Rome. Spatially resolved X-ray 
diffraction, Raman spectroscopy, and PIXE measurements 
were used to identify the stones, which included various 
chalcedony and jasper varieties, almandine, peridot, and 
lapis lazuli. In most cases, however, their geographic origin 
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could not be determined. The approach used in this study 
may help to establish discriminating criteria, which in 
turn would allow the reconstruction of ancient trade 
routes. RT 


Non-destructive analysis of amber artefacts from the pre- 
historic Cioclovina hoard (Romania). E. S. Teodor 
[esteo60@yahoo.co.uk], E. D. Teodor, M. Virgolici, M. 
Manea, G. Truica, and S. Litescu, Journal of Archae- 
ological Science, Vol. 37, 2010, pp. 2386-2396, 
http://dx.doi.org/10.1016/j.jas.2010.04.011. 

Amber is well known from the Baltic Sea and the 

Dominican Republic, but deposits are found around the 

world, including Romania (referred to as Rumanite or 

Romanite). The aim of this study was to determine if the 

samples found in a Romanian archeological hoard came 

from local deposits or from the shores of the Baltic Sea on 
the Amber Route, which crossed central Europe. 

Nondestructive analytical techniques are naturally 
preferred for archeological artifacts. A total of 43 amber 
bead fragments belonging to 13 different types according 
to shape and color, dating from the transitional period 
between the Late Bronze Age and the Iron Age, were ana- 
lyzed by Fourier-transform infrared spectroscopy—variable 
angle reflectance (FTIR-VAR) and Fourier-transform 
Raman spectroscopy (FT-Raman) coupled with multivari- 
ate data analysis. Raman spectroscopy has been used in 
the last decade to identify specific structural units or 
functional groups in complex mixtures of fossil resins, 
allowing quick and nondestructive provenance determi- 
nation; this technique has also been used to identify and 
explain chemical degradation mechanisms of Baltic 
amber. The combination of the two analytical techniques 
used in this study increases the accuracy of either tech- 
nique alone, given the great similarities between Baltic 
and Romanian amber. 

The results strongly suggest that a large part of the 
amber from the hoard had its origin in the Buzau county 
of Romania, not in the Baltic area, and thus had no con- 
nection to the Amber Route. ERB 


SYNTHETICS AND SIMULANTS 


Crystal growth and perfection of large octahedral synthetic 
diamonds. A. F. Khokhryakov [khokhr@uiggm. 
nsc.ru], Y. N. Palyanov, I. N. Kupriyanov, Y. M. 
Borzdov, A. G. Sokol, J. Hartwig, and F. Masiello, 
Journal of Crystal Growth, Vol. 317, 2011, pp. 32-38, 
http://dx.doi.org/10.1016/j.jcrysgro.2011.01.011. 

For this study, the authors produced 30 octahedral synthet- 

ic diamonds ranging from 0.4 to 3.5 ct using a high-pres- 

sure, high-temperature (HPHT) technique. The crystals 

were grown using a split-sphere (BARS) apparatus and a 

Niy Fe, metal alloy catalyst. Growth conditions included 

a temperature of 1550°C and a pressure of 5.7 GPa. The 
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largest crystal produced was 3.53 ct and had a maximum 
width of 9 mm. Dislocation-free regions of about 58 mm? 
and some dislocation-free {111} growth sectors were typical 
for the larger crystals. The defects in these synthetic dia- 
monds were studied using selective etching, double-reflec- 
tion interference microscopy, infrared spectroscopy, and 
other techniques such as X-ray topography, cathodolumi- 
nescence, and photoluminescence. 

The carbon source was located above the growth zone. 
Growth occurred as the carbon was deposited on the cool- 
er central part, and convection rotated the melt upward 
along the hotter exterior walls. The upper {111} faces were 
preferred, with average growth rates of 39-45 pm per 
hour. The resulting crystals exhibited low birefringence 
and were generally inclusion-free and brownish yellow. 
All of the synthetic diamonds exhibited nitrogen concen- 
trations between 100 and 200 ppm, with the nitrogen in 
the form of either C-centers (single substitutional atoms) 
or A-centers (pairs of nitrogen atoms in neighboring sub- 
stitutional positions). The degree of nitrogen aggregation 
ranged from 5% to 60%, classifying them as types Ib+IaA 
and IaA+Ib. X-ray topography studies on (110) plates cut 
from the centers of the diamonds found that the synthetic 
diamonds contained less than four bunches of defects 
extending from the seed crystal. It was concluded that 
single <111> dislocations result in low, wide growth 


hillocks. JS-S 


Developments of elemental technologies to produce inch- 
size single-crystal diamond wafers. H. Yamada 
[yamada-diamond@aist.go.jp], A. Chayahara, Y. 
Mokuno, N. Tsubouchi, S. Shikata, and N. Fuji- 
mori, Diamond and Related Materials, Vol. 20, 
2011, pp. 616-619, http://dx.doi.org/10.1016/j. 
diamond.2011.01.001. 

Diamond offers many advantages over other semiconduc- 

tor materials, such as a wide band gap and high thermal 

conductivity. The availability of diamond wafers is there- 
fore of great interest to the semiconductor industry. 

Currently, three main factors limit the production of 

these wafers: the difficulty of growing single-crystal syn- 

thetic diamond in suitable sizes at feasible growth rates, 
the lack of sufficiently large seed crystals, and the materi- 
al’s brittleness. 

The authors produced 1 inch (2.5 cm) mosaic synthet- 
ic diamond wafers based on the microwave plasma CVD 
growth technique. Their process involved many clever 
steps to enlarge a seed crystal and subsequently clone it. 
Initially, enlargement was done by growth on various 
faces. A lift-off process involving ion implantation facili- 
tated cloning. Then, six half-inch seed clones were joined 
to further widen the synthetic diamond wafer in the 
desired orientation. Finally, clones of this mosaic wafer 
were produced. 

The mosaic wafer was examined with Raman spec- 
troscopy at the junctions between seed crystal clones as 
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well as in non-junction areas. It was determined that the 
full width at half maximum (FWHM) of the 1335 cm! 
absorption is about 1.5x greater at the junctions than in 
the non-junction areas. In all cases, the FWHM was less 
than 5 cmr!, a value better than that of synthetic diamond 
grown hetero-epitaxially and near that of the HPHT-grown 
type Ib substrate, but worse than that of high-quality 
CVD-grown single-crystal synthetic diamond. The trans- 
mission of the mosaic wafers grown in this study showed 
the cutoff wavelength to be between that of CVD type Ila 
and HPHT type Ib synthetic diamond. 

]S-S 


TREATMENTS 


Discrimination between natural and HPHT-treated type 
IIa diamonds using photoluminescence spectros- 
copy. H. J. Lim, S. Y. Park, H. S. Cheong [hcheong@ 
sogang.ac.kr], H. M. Choi, and Y. C. Kim, Diamond 
and Related Materials, Vol. 19, No. 10, 2010, pp. 
1254-1258, http://dx.doi.org/10.1016/j.diamond. 
2010.06.007. 

Based on a study of 71 untreated type Ila diamonds (65 

D-F color, and six brown/M color) and 12 known-HPHT- 

treated stones, the authors presented spectroscopic criteria 

for distinguishing between them. Photoluminescence 
spectra were collected using 488 and 514.5 nm lasers, with 
diamonds cooled in a liquid helium cryostat. Spectra were 
collected on the six M-color diamonds both before and 
after annealing. The authors reported that the loss of 
brown color in these diamonds was minimal, which they 
attributed to the heating conditions they could achieve 
during the treatment (only up to 1800°C for three hours). 

The authors summarized changes in spectral features 

(peak position and width, and the occurrence of peaks 

with respect to one another) related to the GR1, NV, H4, 

and H8 defect centers in both the untreated and treated 
diamonds, and in the six diamonds that were annealed. 

They proposed a discrimination scheme based on the pres- 

ence or absence of specific PL spectral features, which they 

claim provides strong evidence to distinguish untreated 
and HPHT-treated colorless type Ia diamonds. 
JES 


Nouvelle absorption utile 4 la détection des diamants 
traités par irradiation et chauffage: Le triplet 4 6021, 
6070 et 6139 cm [New absorption useful in 
detecting diamond irradiation and annealing treat- 
ment: A triplet at 6021, 6070 and 6139 cm]. A. 
Respinger [axel.respinger@gemtechlab.ch], Revue de 
Gemmologie a.f.g., No. 175, 2011, pp. 6-7 [in 
French]. 

Samples of irradiated green diamonds were heated from 

300°C to 1100°C in 50° increments to observe changes in 

their infrared spectra. Hla, H1b, and H1c absorptions were 


GEMS & GEMOLOGY FALL 2011 $11 


detected, as well as a previously undocumented triplet at 
6139, 6070, and 6021 cm:!. The triplet, which starts to 
appear at 1000°C, occurs mainly in type IaAB diamonds 
but also in some type IaB diamonds. The feature seems to 
be associated with B aggregates. GL 


MISCELLANEOUS 


2010: Year of replenishment, speculation and recycling. 
C. Even-Zohar, Idex, Vol. 26, No. 253, 2011, pp. 
65-73. 

In the author’s annual assessment of the diamond 

pipeline, 2010 was characterized by three factors: replen- 

ishment of rough supply, recycling of polished goods, and 
the return of diamond speculation. Due to the global eco- 
nomic downturn, 2009 saw the most severe financial con- 
traction since World War II. But the trade managed it well 
and avoided major bankruptcies. After the supply of rough 

into the pipeline fell by about 50% in 2009, 2010 was a 

year to restock, even if consumer demand had not yet 

returned. Estimates for 2010 rough production were set at 

125-130 million carats, valued at US$11.8-$12.2 billion. 

That production figure was up from 2009 but still consid- 

erably down from the 160-165 million carats produced in 

2008. With a widening supply-demand deficit, rough prices 

rose accordingly. Meanwhile, many looked for alternatives 

to rough. 

The year saw extensive recycling of previously owned 
polished diamonds back into the markets, especially from 
the U.S. into India. The author estimates that a global 
total of 5.2 billion carats of diamonds have been mined, 
worth about US$0.9-1.2 trillion in polished prices today, 
and up to half of that is in American hands. He quotes 
sources as using a widely accepted recycling price of 80% 
below Rapaport. Global recycling has become an impor- 
tant part of the trade, estimated to be worth US$6 billion 
in 2010. 

The use of diamonds as an investment vehicle is once 
again becoming a factor, mainly because of expected sup- 
ply shortages. EJ 


Blood diamonds: International policy options for conflict 
resolution. S. Lahiri [lahiri@siu.edy], Indian Growth 
and Development Review, Vol. 2, No. 1, 2010, pp. 
5-20, http://dx.doi.org/10.1108/1753825101 1035846. 

The article develops a model, based on recent hostilities, 

of how revenues from conflict diamonds, foreign aid, and 

arms sales to warring nations make such conflicts worse— 
especially as foreign aid goes toward recruiting soldiers and 
buying arms. The paper employs mathematical formulas 
to model how controlling these factors could affect poten- 
tial conflicts. The author concludes that taxing arms ship- 
ments and limiting them by international agreement are 
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the most effective means of reducing the severity of con- 
flicts. RS 


Diamonds without borders: An assessment of the chal- 
lenges of implementing and enforcing the KP 
Certification Scheme. Partnership Africa Canada, 
November 2010, www.pacweb.org/documents/ 
diamonds_kp/diamonds_without_borders-nov2010_ 
eng.pdf. 

Diamonds are notoriously easy to smuggle. Israel, as chair 

of the Kimberley Process Certification System (KPCS) in 

2010, recognized the importance of strengthening efforts 

to combat diamond smuggling. This report by Partnership 

Africa Canada, presented to the KPCS Plenary in 

November 2010, details the work done by Israel, Canada, 

and the U.S. to conduct multi-stakeholder consultations 

in four West African countries: Guinea, Ivory Coast, Sierra 

Leone, and Liberia. 

Multilateral solutions were put forward such as col- 
laboration between officials from key importing and 
exporting countries, and mechanisms for greater informa- 
tion sharing. Also emphasized were national solutions 
such as addressing the low prices offered to artisanal min- 
ers, which fuels the incentive to smuggle. Increased gov- 
ernance, including gathering of meaningful production 
data and the use of law enforcement to bring smugglers to 
justice, was also suggested. EJ 


Environmental stewardship in gemstone mining: Quo 
vadis? L. Cartier [laurent.cartier@unibas.ch], 
InColor, No. 15, Fall/Winter 2010, pp. 12-19. 

This article explores some of the complex relationships 
between gems and the environmental ecologies from 
which they are extracted. Although a number of large and 
medium-scale companies are involved in colored stone 
mining, artisanal miners represent 80% of the extraction 
efforts. Protecting vulnerable ecologies is difficult when 
artisanal miners do not share the same sense of environ- 
mental responsibility as the local people who depend on 
the viability of the land. Just as often, regulation and 
other government support for sustainability is limited or 
nonexistent. 

The author argues that all gem industry stakeholders, 
including government agencies and consumers, must 
examine and assume responsibility for the social, econom- 
ic, regulatory, and environmental interrelationships that 
constitute a sustainable approach to gem extraction. The 
core sustainability question is this: Has the extraction left 
a viable physical and social environment that can support 
livelihoods in the long term once mining has ceased? 

The author provides an excellent table summarizing 
major environmental challenges associated with gem 
mining. He specifies six domains (water, soil, air, 
flora/fauna, human, and landscape}, with 18 potential 
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long-term consequences of mining and, most important- 
ly, mitigation strategies. The article also discusses some 
of the cultural, economic, and institutional variables that 
undergird the continued lack of progress. 

Twelve general recommendations to support responsi- 
ble environmental stewardship and sustainability are 
offered. These include realistic, cost-effective regulatory 
mechanisms adapted to local realities, training, incen- 
tives, and practical assistance in cleaner production meth- 
ods and the reclamation of mining sites. 

ERB 


Gemstone mining as a development cluster: A study of 
Brazil’s emerald mines. J. Puppim de Oliveira and S. 
Ali [japo3@yahoo.com], Resources Policy, Vol. 36, 
No. 2, 2010, pp. 132-141, http://dx.doi.org/10.1016/ 
j.resourpol.2010.10.002. 
Using the concept of clusters and social upgrading, the 
authors employ the case study method to analyze six 
municipalities within the three most important emerald 
producing regions in Brazil (the states of Goias, Minas 
Gerais, and Bahia), in order to understand the numerous 
social, economic, and policy dynamics of emerald mining 
and its impact on local development. In this context, clus- 
ters are small agglomerations of economic agents working 
in one specific sector in one region. 

Most of the value-added economic benefits of emerald 
mining have accrued to the top of the production chain, 
which generally lies outside the mining region. In fact, 
some specialists estimate that less than 5% of the retail 
price of a good emerald remains at the local level. Because 
most added value arises elsewhere, the local tax revenue 
from mining is also small. Thus, the economic benefits of 
emerald mining to local communities are minimal. 

In many cases the mining activities also have caused 
significant negative social impacts: increased strain on 
public services and resources, greater crime, and health 
and safety problems. The working conditions for miners 
are notoriously poor: long hours, low wages, and danger- 
ous mine conditions such as poor ventilation and extreme 
heat. Workers also have, at best, informal contracts and no 
benefits. The environmental impacts include deforesta- 
tion, erosion, and soil and water pollution due, in large 
part, to a lack of appropriate controls and technology. 

Small-scale emerald mining may potentially create 
favorable conditions conducive to longer-term develop- 
ment. Better cluster governance could harness the benefits 
of scale and collective efficiency to overcome the main 
obstacles to social development by upgrading through 
markets, ethical concerns, and thoughtful regulation. 

ERB 


The geoheritage significance of crystals. M. Brocx, [geo- 
heritage@iinet.net.au] and V. Semeniuk, Geology 
Today, Vol. 26, No. 6, 2010, pp. 216-225, 
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http://dx.doi.org/10.1111/j.1365-2451.2010.00773.x. 
The earth can be considered a crystalline planet, with 
thousands of ubiquitous mineral varieties occurring in 
diverse geologic environments. Like larger geologic forma- 
tions, these crystals are significant for deciphering Earth 
history. This article discusses how specific crystals are of 
geoheritage significance. 

The principles of geoconservation and geoheritage as 
applied to geologic sites are reviewed in detail. The article 
also suggests that some crystals, because of their distinc- 
tive attributes (size, rarity, inclusions, etc.) or locality 
should be afforded geoheritage status, worthy of protec- 
tion through geoconservation. Eight of the 15 significant 
geologic phenomena used to identify geoheritage and geo- 
conservation significance apply to crystals and minerals. 
The authors illustrate a range of internal features (e.g., 
various types of zoning and inclusions) and nine crystal 
settings and features (e.g., veins, geodes, euhedrality, large 
cavities, and caves). These, and other dimensions such as 
arrangement of crystals (e.g., aggregations), occurrence of 
unique and unusual features (e.g., largest or best formed of 
its kind), and cultural value justify that crystals can be an 
important basic component in a given region for under- 
standing the larger history of the earth, and thus are sig- 
nificant for geoheritage and geoconservation. 

An extensive table of notable crystal and mineral sites 
worldwide and their significance is provided. It includes 
amethyst-bearing geodes, large well-formed dravite and 
elbaite tourmalines, large gypsum crystals in Mexico and 
Spain, zircon crystals from Jack Hills in Australia (the old- 
est crystals on Earth), well-formed pyrite in Spain, and 
outstanding Iceland spar (transparent calcite). 

ERB 


The Tucson mineral show and the market for collector 
minerals: The potential for artisanal and small scale 
miners. B. Ross [brad.ross@riotintocom], S. Des- 
sureault, and M. Rieber, Resources Policy, Vol. 36, 
No. 2, 2011, pp. 168-177, http://dx.doi.org/10.1016/ 
j.resourpol.2010.11.001. 

During the first two weeks of February, the city of Tucson 

in Arizona hosts 43 gem and mineral shows, making it the 

largest event of its kind in the world. Six of these shows 
specialize primarily in collector minerals. This article 
focuses on the potential for artisanal and small-scale min- 
ers to compete in the collector market. The principal chal- 
lenges facing them are capital requirements and intense 
competition. Because of these barriers, and the way the 
shows are managed and organized, participation is difficult 
or impossible for the miners. With the support of govern- 
ment policy makers and NGOs, alternative solutions— 
including the creation of a separate venue in Tucson solely 
for artisanal and small-scale miners—may help these indi- 
viduals find success in this lucrative market. 
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EDITORIAL 


GREAT EXPECTATIONS 


e all have great expectations for 2012. I’ve gone a step further 

with my New Year's resolutions by creating a “goals” book. 

Not only do | write down my goals, but | also add details such 

as how and when | will achieve them, and include pictures to 
make it more visual. 


So, what new things can you expect from Gems & Gemology in the year 
ahead? Our goal is to create an enhanced digital journal, one that offers a 
more interactive experience for our online audience, in support of what we 
already do. Digital is changing the way information is consumed, and it pro- 
vides a unique opportunity to reinvent the way we engage with you, our 
readers. Digital is beyond relevant: It is the future. 


But first we finish 2011. Our final issue of the year includes a report by GIA 
researchers on a new purple opal that’s been hitting the market. Although it 


was reportedly natural material from Mexico, gemological investigation identified it as dyed opal 
from Ethiopia. Because this hydro- 


[were phane opal can be very absorbent, 
Our goal is to create an enhanced digital journal, one we can expect to see many other 


that offers a more interactive experience for our online __ treatments applied to it. 


audience, in support of what we already do. 


Another piece by GIA researchers 


examines symmetry parameters in 
diamond grading. Thanks to improve- 
ments in measuring round brilliants with optical scanners, GIA can now evaluate symmetry more 
consistently. This measurement-based procedure will complement the visual assessment of symmetry, 


which is one of the components of GIA’s diamond cut grade. 


We also feature a set of six antique brooches, apparently from the early- to mid-19th century, set 
with light blue cabochons that were once thought to be turquoise. Analysis revealed that most of 


the supposed turquoise cabochons are actually fossilized dentine, also known as odontolite. 


In this issue, we also highlight neutron-irradiated “London Blue” topaz. Some trace impurities in 
this topaz become radioactive after neutron irradiation. The authors found 


ple by delivering relevant content in innovative ways. 


E Cheers, 


LN, Ct -— 
Jan Iverson | Editor-in-Chief | jan.iverson@gia.edu 
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In 2012, | hope you achieve your goals and meet your expectations. 


that irradiated samples from China contained up to four of these radioac- 
tive impurities. Most of the samples were safe to handle 95 days after irra- 
diation, but others will require several years to reach a safe level. 


| suspect that many of us, when we were younger, thought we'd be flying 
around in space pods by now instead of driving cars. Yet when the future 
arrives, we find that technology never changes as fast as our minds imag- 
ined it! As we progress in our digital offerings, we are going to keep it sim- 
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Are synthetic Hed Spinels 
Available? 


by 


DR. E. J. GUBELIN, C.G., F.G.A., 


Lucerne 


In Gems & Gemology, Spring 1949 Issue, 
A. K. Seemann published a paper on 
“American Synthetic Crystals,’! in which 
he made the inadvertent statement that 
spinel boules were available in a variety 
of colors in the USA, including ruby and 
garnet red. To me this seemed to be def- 
initely a new achievement in the produc- 
tion of synthetic spinels and I was indeed 
surprised when I read his assertion, as 
until then I had been under the impression 
that synthetic red spinels could not be ob- 
tained in sufficiently good color quality. 
Further, it is known that neither the I. G. 
Farben (German Dye Trust), Wiedes Car- 
bid Werke (specializing in the production 
of synthetic spinels), nor any of the highly 
developed Swiss Synthetic Plants were able 
to turn them out as a commercial product. 


Until I learned that this article was a 
copy of a speech delivered at the American 
Gem Society Conclave and that the state- 
ment in question when edited for publica- 
tion had been overlooked by both the 
author and the staff of Gems & Gemology, 
I felt bound to challenge the article. It 
would seem that, if this really proved to 
be a new development, the gemologist 
should at least be prepared and any red 
spinel with synthetic features 
cause concern. 


need not 


The results gathered from ensuing inves- 


*Vide list of literature consulted. 
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tigations—a study of relevant literature,* 
and correspondence with the world’s great- 
est authority on synthetic spinels, Dr. W. F. 
Eppler2—will throw light on the dilemma 
in the following paragraphs. 

It is well known to gemologists that the 
chemical compound of the synthetic spinel 
discerns itself from that: of the genuine 
gem by a considerable excess of alumina, 
because the verneuil process does not lend 
itself to the manufacture of spinels of 
normal composition. The structure of nat- 
ural spinel contains equal amounts of Al 
and Mg oxides corresponding to. the for- 
mula Mg0’A1,0,. Synthetic spinels made 
from such an equimolecular mixture do not 
grow as single crystals, but form aggregates 
of several crystals with varied orientation, 
although externally they resemble ordinary 
boules. These manufactured crystals crack 
easily when cooled. It was an accidental 
discovery, subsequently proved beyond 
doubt, which led to the production of spinel 
boules consisting of single crystals from 
raw material with an unusual excess of 
alumina. 

While in natural spinel the chemical 
composition of MgO and A1,,0, conforms to 
a ratio of 1:1, in the synthetic counterpart 
the amount of alumina increases to as much 
as 3.5, giving the approximate formula: 
1 Mg0.3.5. Al,0,. Dr. W. F. Eppler3 
assumes this excess alumina to act as a 
crystallizer in the spinel synthesis. Today 
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DYED PURPLE HYDROPHANE OPAL 


Nathan Renfro and Shane F. McClure 


Opals with an unusual purple bodycolor and strong play-of-color have recently appeared in the 
market. Reportedly from a new deposit in Mexico, they have a vivid bodycolor unlike that of any 
natural play-of-color opal seen in the trade so far. This alone was enough to raise suspicion, and 
gemological and spectroscopic evidence indicates that the purple coloration is artificial. A com- 
parison of this purple opal with numerous samples from Ethiopia’s Wollo Province strongly sug- 
gests that it is actually dyed hydrophane opal from those deposits. Several previously undocu- 
mented characteristics of Wollo opals are described, including zeolite mineral inclusions. 


ot often is a significant new deposit discov- 
Ne: of a well-known gem material. The 

1994 discovery of play-of-color opal in 
Ethiopia’s Shewa Province sparked the industry’s 
attention. Unfortunately, much of this opal turned 
out to be unstable, and spontaneous fracturing ren- 
dered it largely unusable for jewelry (Johnson et al., 
1996). In 2008, another large Ethiopian deposit was 
found in the province of Wollo. While similar in 
appearance to some of the Shewa material, this opal 
appears to be much more stable than its predecessor 
(Rondeau et al., 2010). The 2011 Tucson show saw 
an abundant influx of beautiful and relatively inex- 
pensive opal from the Wollo deposit. 

The new Ethiopian material displayed a property 
not often seen in opal. Much of the opal is hydro- 
phane, meaning it is very porous and easily absorbs 
water (or other liquids), often turning translucent or 
transparent in the process. The degree to which 
these stones show this property varies, but some 
absorb water so readily that the tiny bubbles escap- 
ing from their surface give the impression of efferves- 
cence. This property, while interesting to watch, also 
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has an important implication: Any gem material 
that absorbs liquids so easily has the potential to be 
treated by methods such as dyeing or impregnation. 
Recognizing this possibility, we performed several 
experiments to determine the effect of such treat- 
ments on this opal, before they appeared in the mar- 
ket. These experiments—which were surprisingly 
successful—led us to believe that it would only be a 
matter of time until we encountered such treated 
material in the trade. 

Indeed, in October 2011, we were presented with 
several samples of hydrophane opal that had a bright 
purple bodycolor (not known to occur naturally in 
play-of-color opal; e.g., figure 1), and our suspicions 
were immediately raised (Renfro and McClure, 2011). 
In addition, these opals were said to be from a new 
source in Mexico, but everything about them except 
the color reminded us of Ethiopian opal from Wollo. 

Purple opal has been reported from several locali- 
ties, including Mexico. However, all of the material 
examined to date was opaque (or at best translucent) 
and did not possess play-of-color. The purple in these 
common opals has been attributed to inclusions of 
fluorite (Fritsch et al., 2002). 

While the color of the new play-of-color samples 
was said to be natural, the authenticity of any gem 
material can only be proven through scientific analy- 
sis and observation. Our goal in this study is to 
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answer two fundamental questions: Is this purple 
opal naturally colored, and is it actually from a new 
deposit in Mexico? This article also reports the 
results of an experiment on the dyeing of hydro- 
phane opal from Wollo Province. 


MATERIALS AND METHODS 


Nine purple opal cabochons ranging from 4.13 to 
15.25 ct, and nine rough opal samples between 0.66 
and 1.96 g, were submitted for testing at GIA’s 
Carlsbad laboratory. Seven of the rough opals had a 
purple bodycolor of varying intensity, but one had a 
distinct green-blue bodycolor (0.76 g) and another 
was light blue (0.93 g). Client permission was 
obtained for potentially destructive testing on these 
stones, as hydrophane opal will occasionally crack 
when soaked in liquid (author NR’s personal experi- 
ence). To expand our sample base, we subsequently 
borrowed 22 rough opals (0.57—3.96 g} from the same 
source that submitted the purple cabochons. These 
ranged from light to very dark purple, except for 
three samples showing no visible purple color. Two 
of the 22. samples also showed an amber color zone. 
We also examined approximately 2 kg of rough natu- 
ral hydrophane opal from Wollo (loaned from two 
reputable sources who obtained them in Ethiopia) 
for comparison with the purple opal. 

We performed standard gemological characteriza- 
tion of all cut samples (both dyed and natural) with a 
Duplex II refractometer, a desk-model spectroscope, 
a long- and short-wave 4 watt UV lamp, and a gemo- 
logical microscope. Inclusions were identified with a 
Renishaw InVia Raman microscope using a 514 nm 
argon-ion laser at a resolution of 1 cm=!. 

Visible spectroscopy measurements were made 
by soaking one purple opal cabochon and the green- 
blue piece of rough opal in acetone (with the client’s 
permission) for 54 hours, and then placing the ace- 
tone in standard 1 cm glass cuvettes for analysis 
with a Perkin Elmer Lambda 950 spectrometer. We 
used a data interval and slit width of 1 nm, and base- 
line correction was accomplished using a 1 cm glass 
cuvette filled with pure acetone. Spectroscopy was 
not performed directly on the opals themselves, in 
order to eliminate interference from light scatter and 
the intrinsic opal spectrum that would prevent us 
from making baseline-corrected measurements of 
any dye present in the samples. Such measurements 
were necessary for color analysis, as described 
below. 

From the absorption spectrum of the acetone 
solutions, we calculated color space coordinates to 


DYED PURPLE OPAL 


Figure 1. The purple bodycolor of this new opal, report- 
edly from Mexico, raised concerns about the origin of 
the material. Shown here are three rough samples rang- 
ing from 1.28 to 3.09 g and five cabochons weighing 
§.31-9.32 ct. Photo by Robert Weldon. 


visually verify that the spectra collected were indeed 
responsible for the samples’ coloration. Because of 
the very low absorption values of the solutions, they 
needed to be concentrated to visually resolve color. 
Since we could not physically concentrate our solu- 
tions and still have enough volume to fill the 
cuvettes, this was done artificially by multiplying 
the absorption values by a factor of 15. This method 
is equivalent to a solute (dye) concentration 15 times 
greater than that in the original solutions due to the 
linearity of absorption. The absorption values of the 
artificially “concentrated” acetone solutions were 
converted to transmission spectra using GRAMS 
spectroscopy software by Thermo; CIE L*a*b* color 
space coordinates were calculated using the GRAMS 
color analysis application. These coordinates were 
imported into Adobe Photoshop to produce color 
samples. 
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Figure 2. The purple opal (left, image width 7.8 mm) displayed a “digit” pattern of play-of-color and 
a cellular pattern of potch that had a greenish cast, much like natural Wollo opal (right, image 
width 4.3 mm). Photomicrographs by S. F. McClure. 


Chemical analysis of 15 samples (seven untreated 
white Wollo opals and eight purple samples) was 
performed using a Thermo X Series II ICP-MS with a 
New Wave Research UP-213 laser ablation sampling 
system and a frequency-quintupled Nd:YAG laser 
(213 nm wavelength) with a 4 ns pulse width. We 
used 55-um-diameter ablation spots, a fluence of 
around 10 J/cm”, and a 7 Hz repetition rate. Quali- 
tative chemical analysis of two rough samples (one 
treated and one untreated) showing black surface 
material was also performed with a Thermo ARL 
Quant-X EDXRF system in a vacuum, utilizing no 
filter at 4 kV and 1.98 mA, and a cellulose filter at 8 
kV and 1.98 mA. 

As noted above, given the hydrophane character 
of Wollo opal, it should be amenable to dyeing. To 
test this, eight rough (0.17-1.42 g) and three cabo- 
chons (1.65—3.55 ct) of hydrophane opal from the 
personal collection of author NR were immersed in 
variously colored solutions prepared from Sharpie 
permanent markers and acetone. The samples were 
soaked for anywhere from several minutes to several 
hours, depending on how rapidly the solution was 


Figure 3. In many of the 
purple opals, color con- 
centrations were evident 
in surface pits (left, 
image width 2.2 mm), 
and on unpolished areas 
(right, image width 2.4 
mm). Photomicrographs 
by S. F. McClure. 
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absorbed. After removal from the solution, the sam- 
ples were dried under a tensor lamp for several hours 
until the acetone had completely evaporated. 


RESULTS AND DISCUSSION 


Gemological Properties. All the opals provided by our 
client were clearly hydrophane, as they tended to feel 
sticky when handled, a result of the opal trying to 
draw moisture from the skin. The spot RI measure- 
ments of the nine purple opal cabochons ranged from 
1.37 to 1.41. The SG was between 1.70 and 1.77, as 
measured hydrostatically before allowing the stones 
to completely soak full of water. All samples showed 
a very weak blue reaction to long- and short-wave 
UV radiation. A broadband absorption was seen in 
the desk-model spectroscope from ~550 to 600 nm. 
Magnification revealed octahedral to irregularly 
shaped dark crystals of pyrite, tube-like inclusions 
that resembled fossilized plant matter, and cellular 
play-of-color referred to as a “digit pattern” because 
of its resemblance to fingers (figure 2; Rondeau et al., 
2010). The pattern consists of relatively large rounded 
cells separated by a thin network of potch (common 
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Figure 4. Surface-reaching inclusions in the purple 
opals sometimes had a purple color. Those shown here 
probably consist of fossilized plant matter. Photo- 
micrograph by S. F. McClure; image width 3.1 mm. 


opal without play-of-color) that has a slightly green- 
ish appearance. Also seen in some samples were sub- 
tle purple color concentrations around pits, scratches, 
surface-reaching fractures, and sometimes on unpol- 
ished surfaces (figure 3). Some surface-reaching inclu- 
sions were also purple (figure 4). However, not all of 
the samples showed color concentrations. 

Gem materials are often immersed in a liquid of 
similar refractive index to see subtle internal fea- 
tures such as color zoning. This is particularly help- 


Figure 5. Immersion of this light blue rough opal in 
water showed a surface-conformal color layer, which 
is indicative of treatment. Photomicrograph by 

N. Renfro; image width 9.5 mm. 
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ful with rough material. With opal, water serves as 
an adequate immersion liquid. One of the rough 
stones in the initial group had a light blue bodycolor 
and did not appear to be treated. We were quite sur- 
prised when immersion revealed a blue zone along 
the surface of the stone (figure 5). This type of sur- 
face-conformal coloration is indicative of color treat- 
ment in many gem materials, including beryllium- 
and titanium-diffused corundum, smoke-treated 
opal, and dyed agate. 


Spectroscopy of the Dye. No color was observed in 
the acetone after soaking the purple sample for up 


NEED TO KNOW 


e In late 2011, purple opal showing strong play-of- 
color appeared in the market, reportedly from a 
new deposit in Mexico. 

e The presence of a dye was indicated by soaking 
the opal in acetone for an extended period (54 
hours), followed by spectroscopic processing of 
the solution that yielded a purple color consis- 
tent with the opal’s bodycolor. 

e Physical, chemical, and microscopic properties 
of the purple opal overlap those of hydrophane 
opal from Ethiopia’s Wollo Province, except for 
the purple color. 


¢ Dye experiments on Wollo hydrophane opal 
produced vivid bodycolors. 


e Multiple lines of evidence indicate that the pur- 
ple opal is actually dyed Wollo hydrophane. 


to 16 hours. After 54 hours, the acetone solution 
appeared very light purple. Spectroscopy of this 
sample revealed a broad asymmetrical feature with 
an apparent maximum located at about 594 nm and 
a shoulder close to 557 nm (figure 6, top]. This fea- 
ture was consistent with the broadband absorption 
observed in the desk-model spectroscope. 

The CIE L*a*b* coordinates calculated using 
GRAMS and Adobe Photoshop software yielded a 
purple color (figure 6, center), consistent with the 
bodycolor of the opal. This proved that the coloring 
agent of the purple opal can be partially removed 
with acetone, and since we know of no naturally 
occurring coloring agent showing this behavior, we 
concluded that the opals are colored by an artificially 
introduced dye. 
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Figure 6. After a purple opal was soaked in acetone, 
the solution’s visible-range spectrum revealed a broad 
asymmetrical absorption feature (top). The absorption 
from the artificially “concentrated” dye (center, trans- 
mission spectrum) generated a CIE L*a*b* color 
space coordinate consistent with the opal’s purple 
bodycolor. Two color components of the purple dye 
were resolved from the transmission spectrum (bot- 
tom). The 557 nm feature produced the purplish pink 
component, and the 594 nm feature contributed the 
blue one. 


264 DYED PURPLE OPAL 


To better understand the absorption spectrum of 
the purple dye, we used the peak fitting application 
of GRAMS to resolve the individual features from 
the asymmetric absorption (figure 6, bottom). The 
full width at half maximum (FWHM) of the 557 nm 
feature was 72, nm, and the FWHM of the 594 nm 
feature was 36 nm. Processing of these component 
spectra showed that the 557 nm feature was respon- 
sible for a purplish pink component, while the 594 
nm band contributed a blue component. The combi- 
nation of these purplish pink and blue features is 
responsible for the purple color. 

This dye extraction procedure was also applied to 
the green-blue piece of rough (figure 7, inset). After 
the opal had soaked in acetone for several hours, we 
measured the solution’s visible absorption. A broad 
band was recorded at 627 nm (figure 7); the calculat- 
ed color was again consistent with the opal’s body- 
color. 
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Figure 7. A green-blue opal was also soaked in ace- 
tone, and spectroscopy of the solution revealed a 
broad absorption feature centered at 627 nm. The cor- 
responding color space coordinates yielded a color 
sample consistent with the bodycolor of the sample. 
Inset photo by Robison McMurtry. 


Comparison of Dyed Purple Opal to Wollo Hydro- 
phane. We compared the physical appearance, gemo- 
logical properties, and other analytical results for the 
dyed material with opals from Wollo Province to 
assess the original source of the treated opal and help 
investigate claims of Mexican origin. 


Gemological Properties. The RI and SG values of the 
dyed opal were virtually identical to those of Wollo 
opal. This is notable because both properties are par- 
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Figure 8. Both the Wollo (left) and dyed purple (right) opals showed irregular to octahedral black-appearing crystals 
of pyrite. Photomicrographs by N. Renfro (left, image width 0.8 mm) and S. F. McClure (right, image width 1.7 mm). 


ticularly low for play-of-color opal (Webster, 1996). 
Ultraviolet fluorescence was also very similar 
between the two (see also Rondeau et al., 2010). 

Most opal is porous to a minor degree, but it is 
quite unusual for it to be so porous as to qualify as 
hydrophane. Both Wollo opal and the purple opal dis- 
play this property—sometimes it is so prominent 
that the transparency can be seen to improve as it 
soaks up water. Mexican hydrophane opal is known, 
but to our knowledge it is opaque and light pink or 
brown (with or without play-of-color). 

The structure of the play-of-color is also notewor- 
thy. Wollo opal sometimes displays an unusual 
“digit pattern” to its play-of-color that many consid- 
er unique to Ethiopian material (Rondeau et al., 
2010). We observed this same pattern in some of the 


purple opal. A similar pattern has been reported in 
some opal from Virgin Valley, Nevada, but it was 
smaller and had a slightly different appearance 
(Giibelin and Koivula, 2005). 


Inclusions. Microscopic characteristics are essential 
to any comparison of gem materials. All of the fea- 
tures described in this section were seen in both the 
untreated Wollo samples and the purple opals. 
Among those reported previously in Ethiopian opal 
are small black octahedral crystals that have been 
suggested to be pyrite (Johnson et al., 1996; Rondeau 
et al., 2010; figure 8) and irregular tubular inclusions 
with a cellular structure that are probably fossilized 
plant matter (Rondeau et al., 2011; figure 9). Though 
neither can be considered unique to Ethiopia, pyrite 


Figure 9. Irregular tube-like inclusions that appear to be fossilized plant matter occurred in both the Wollo opal (left, 
image width 4.4 mm) and the dyed opal (right, image width 5.0 mm) samples. Photomicrographs by S. F. McClure. 
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octahedra are certainly rare in gem opal. Plant mat- 
ter is found included in opal from a number of other 
deposits. 

We discovered another type of inclusion that to 
the best of our knowledge has not been reported in 
opal: a zeolite mineral, possibly chabazite. It formed 
numerous small, transparent, colorless, euhedral 
pseudo-cubic crystals (figure 10). They were present 
only in rough material, at or near the surface, but 
always included within the opal, whether the natural 
Wollo or dyed purple material. The crystals appear to 
have been growing on the matrix before it was 
engulfed by the opal. 

Also found in the rough opal samples, either at or 
just below the surface, was a flat round brown material 
with a radial structure (figure 11). These were typically 
seen along fracture surfaces. We were unable to match 
their Raman spectra to anything in our database. 
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Figure 10. Pseudo-cubic crystals 
of a zeolite mineral (possibly 
chabazite) were found in both 
Wollo opal (left, image width 
2.0 mm) and the dyed purple 
opal (right, image width 4.3 
mm). We believe this is the first 
report of this mineral as an 
inclusion in opal. Photomicro- 
graphs by S. F. McClure. 


Figure 11. Surface to subsur- 
face circular radiating brown 
inclusions were occasionally 
visible in both Wollo opal (left, 
image width 2.0 mm) and the 
dyed purple material (right, 
image width 6.5 mm). Photo- 
micrographs by S. F. McClure. 


Surface Characteristics. Because we examined 
numerous rough samples of both natural Wollo and 
dyed purple opal, we noted some surface features 
that would not be visible on cut stones. 

Layers of a dark brown to black opaque material 
were present on many of the natural Wollo samples. 
The same material was found on the surface of the 
rough purple opal we examined—the only difference 
being that it was distinctly purplish (figure 12). We 
were unable to obtain a conclusive Raman spectrum 
from this material, but the spectra did indicate the pres- 
ence of amorphous carbon. EDXRF analysis detected 
considerable Mn. Previous studies of Ethiopian opal 
have identified such material as a manganese oxide 
(Johnson et al., 1996; Rondeau et al., 2010). 

The rough Ethiopian opal we examined some- 
times had a brownish pink to pink opaque material 
on the surface that was very friable and had a matte 


Figure 12. Black to brownish 
black surface coatings were pres- 
ent on rough pieces of both the 
Wollo (left) and purple (right) 
opals, the only difference being 
the purplish cast of the coating on 
the dyed material. Photomicro- 
graphs by S. F. McClure; image 
width 6.7 mm. 
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or dull fracture luster (figure 13, left). Raman spec- 
troscopy gave a poor unidentifiable signal, and LA- 
ICP-MS analysis showed it was composed primarily 
of Si. We suspect it is some kind of highly disordered 
common opal. This same material was found on the 
surface of some of the rough purple opal, the only 
difference being the color: It was mostly dark gray 
and uneven, with much darker fractures and an 
often purplish cast (figure 13, right). 


Matrix. Many of the rough samples, both natural 
Wollo and dyed purple, still had matrix attached to 
them. The matrix was typically beige, though sever- 
al pieces of the dyed opal had matrix that was very 
dark purplish gray. In all cases, it was a soft clay-like 
material that contained numerous mineral grains. 
These matrix-hosted mineral grains were found in 
both the Wollo and the purple opal, and consisted of: 


Figure 13. Some Wollo opals dis- 
played opaque material on the 
surface that may be a type of com- 
mon opal (left, image width 8.0 
mm). Some of the purple samples 
showed similar material, except 
that it was purplish gray (right, 
image width 5.9 mm). Photo- 
micrographs by S. F. McClure. 


Figure 14. Well-formed quartz 
crystals with very short prism 
faces were visible in the matrix 
of both Wollo opal (left, image 
width 2.3 mm) and the dyed 
purple material (right, image 
width 1.4 mm). Photomicro- 
graphs by S. F. McClure. 


(1) transparent light brown hexagonal crystals of 
quartz with very short prism faces (figure 14}, some 
of which showed dissolution features and contained 
rounded light green and black inclusions (figure 15); 
(2) prismatic colorless to light yellow crystals of K- 
feldspar; and (3) dark green prismatic fractured crys- 
tals of aegirine, a pyroxene (figure 16). The quartz 
and feldspar were common, but we observed only 
one example of the aegirine in a Wollo opal and one 
in a purple sample. 

One question that arises is how the purple opal 
can be dyed if the matrix of some pieces is still the 
natural beige color. Digging into an area of dark pur- 
plish gray matrix with a needle probe showed the 
normal beige color just below the surface (figure 17). 
This indicates that the dye did not penetrate the 
matrix very deeply. Therefore, one possible explana- 
tion for the natural-colored matrix on the purple 


Figure 15. Some of the etched quartz 
attached to the matrix of both kinds 
of opals contained identical inclu- 
sions of a translucent green material 
and a black mineral (too small to 
identify with Raman analysis). 
Photomicrographs by S. F. McClure; 

* image width 1.4 mm (left, Wollo 
opal; right, dyed purple opal). 
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opal is that the top layer of matrix was removed 
after the stones were dyed. The softness of the 
matrix would make this easy to do. 


Chemical Composition. We suspected that chemi- 
cal analysis would provide important clues to the 
origin of the purple opal. Gaillou et al. (2008) found 
that opal from the initial Ethiopian deposits at 
Shewa was easily distinguished by its high Ca con- 
tent (>1000 ppmw), combined with the presence of 
Nb. That study found high Ca in orange to brown 
opals only—white Ethiopian opals were not dis- 
cussed. Two years later, in a report on Wollo opal, 
Rondeau et al. (2010) noted a high Ba content (>100 
ppmw) in white opals. This was based on a very 
small sample base, and the article acknowledged 
that further analyses were necessary. 


Figure 17. In some instances, areas of matrix still 
attached to the rough purple opal had a dark pur- 
plish gray color. When scratched with a probe, the 
matrix under the surface displayed the normal beige 
color. Photomicrograph by S. F. McClure; image 
width 5.9 mm. 
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Figure 16. Aegirine crys- 
tals were found in the 
matrix of one Wollo (left, 
image width 2.2 mm) 
and one dyed purple opal 
(right, image width 1.9 
mm). Photomicrographs 
by S. F. McClure. 


The small number of samples (15 total) analyzed 
for this study makes it difficult to detect meaningful 
chemical trends. Overall, the Ca content of all sam- 
ples was much higher than the threshold reported by 
Gaillou et al. (2008): 8,000-10,000 ppmw or higher. 
Additionally, all the samples contained trace amounts 
of Nb. The Ba content of the purple opals tended to be 
lower (80-155 ppmw) but reached 475 ppmw. The Ba 
content of the untreated Wollo opal was higher over- 
all (175-285 ppmw], but ranged from 65 to 1400 
ppmw. There are several possible explanations for 
this, one of which is that we do not know the starting 
color of the dyed opal. It could have been yellowish or 
orangy, in which case it would be expected to have a 
lower Ba content, as reported by Rondeau et al. (2010). 
None of the other elements showed any meaningful 
trends. Clearly, further investigation is necessary to 
assess the compositional range of these opals. 


Dyeing Ethiopian Hydrophane. Vivid bodycolors 
were produced in our dye experiments (figure 18), 
and they show how easy it is to artificially color 
Ethiopian hydrophane opal. We also noted dye con- 
centrations around fine scratches and pits in the sur- 
face, implying that the dye transport mechanism is a 
function of surface area. As scratches represent local- 
ized zones of high surface area, it is reasonable to 
conclude that the transport of a mobile fluid in the 
opal is driven by capillarity. 

To support this hypothesis, we scratched “GIA” 
on one white Ethiopian opal cabochon and immersed 
it in our blue dye solution for several seconds. The 
dye penetrated the stone much deeper in the area 
immediately surrounding the scratched letters (figure 
19, left and center). Very fine scratches on the cabo- 
chon were also visibly colored by the blue dye. We 
then tested the stability of the dyed color by soaking 
the stone in pure acetone. After several hours, the 
acetone turned slightly blue and the stone became 
more uniformly colored and lighter (figure 19, right). 
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A second dyed blue opal was soaked in water for 
more than a week with no observable change in the 
color of the opal or the water. The stability of the 
dye is therefore largely dependent on the type of sol- 
vent to which it is exposed. 

Interestingly, the client discovered that soaking 
the purple opals in hydrogen peroxide would decol- 
orize them. With the client’s permission, we demon- 
strated this on a 0.57 g piece of rough purple opal, 
soaking it in a 3% solution of hydrogen peroxide for 
72 hours. A significant amount of color was lost from 
the stone, which had a light purplish gray appearance 
after soaking (figure 20). An absorption spectrum col- 
lected on the hydrogen peroxide after soaking the 
purple opal was featureless. This suggests that the 
dye was not necessarily removed from the opal or dis- 
solved into the hydrogen peroxide solution; instead, 
the dye molecules were chemically altered into a 
compound that does not absorb visible light, or 
bleached. This technique may be effective in decol- 
orizing some dyed opal, but it would be highly depen- 
dent on the type of dye used. 


Identification and Origin of Dyed Purple Opal. 
Purple color has never been reported for natural 
play-of-color opals. Microscopic examination 
strongly suggested the presence of a dyeing agent in 
the purple sample we examined: color concentra- 
tions in fractures and surface pits, patches of purple 
color on the surface, surface-reaching inclusions 
that were purple, and certain characteristics on the 
surface of the rough such as opaque material with 
dark purplish gray fractures and layers of a dark 
brown to black material with a purple cast. Proof of 
dye treatment was that the color could be partially 
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Figure 18. A variety of vivid colors were easily pro- 
duced by dyeing white Wollo opals with solutions 
prepared from permanent marker ink and acetone. 
The cabochon in the center was submitted by a client 
and weighs 8.77 ct. The rough samples weigh 
0.17-1.42 ct; photo by C. D. Mengason. 
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removed with acetone. 

The purported Mexican origin of the purple opal 
can be dismissed. Instead, the purple material pre- 
sents all the characteristics of opals from the Wollo 
deposit in Ethiopia. Both opals are hydrophane, 
sometimes showing a cellular play-of-color separated 
by greenish internal potch. Some contain tiny octa- 


Figure 19. This 1.75 ct Wollo opal with “GIA” scratched onto the surface shows how dye transport is 
faster in localized regions with a high surface area, such as pits and scratches (left and center). After the 
opal was soaked in pure acetone for several hours, the blue dye was homogeneously distributed, elimi- 
nating visible dye concentrations (right). Photos by N. Renfro; center image width is 3.8 mm. 
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scientists are further awate that this sur- 
plus A1,0, is present in the cubic lattice 
of spinel in the form ‘of cubic gamma- 
corundum molecules. 


Spinels manufactured according to this 
chemical formula ate colorless. Yet, the 
industry has at its disposal numerous pos- 
sibilities for inducing a veritable rainbow 
of attractive colors in synthetic spinels by 
the addition of some foreign pigmenting 
elements—metal oxides, such as oxides of 
chromium, manganese, vanadium, cobalt, 
copper, and iron. Although the inherent 
difference between the coloring matter of 
precious and man-made stones is obvious, 
a few of these coloring impurities are 
responsible for more or less natural hues 
which also occur in the genuine gem, for 
instance, greenish blue and pink. Chro- 
mium is the source of color in.the natural 
pink spinel, while the artificial product’s 
blushing shade is effected by copper. A far 
wider range of pleasing hues may be de- 
veloped which are not encountered in 
earth-borne spinels. Apart from the pro- 
fusely appearing blue spinels in imitation 
of aquamatines and zircons, we afe ac- 
quainted with sapphire and cyanite blue, 
with green synthetic spinels like green 
beryls and, besides tourmaline green and 
alexandrite-like varieties, stones are also 
made of a sickly, cobalt blue or of a fluor- 
escent yellow-green. Each different metal 
oxide, or a varied blend of: same,. causes 
another color; in addition, it is a definite 
fact, gained by empiric experience, that 
the same coloring agent does not give the 
same hue to both the synthetic corundum 
and the synthetic spinel, because their rel- 
ative crystal lattices, in which it is incor- 
porated, are completely dissimilar. Take, 
for instance, cobalt, to which the phony 
blue color of synthetic spinel is ascribed— 
it does not absorb color in artificial corun- 
dum. Instead ef copper as.in synthetic pink 
spinel, the addition of a small amount of 
chromium to the ‘corundum lattice results 
in pink tones. On the other hand, chromic 
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oxide of the formula Cr,0,, which infuses 
that gorgeously flaming ruby red to nat- 
ural and synthetic corundum, dyes man- 
made spinel a dark green color reminiscent 
of.tourmaline. This color difference is due 
to the distinct chemical compounds of syn- 
thetic spinels and synthetic corundums. The 
highly diagnostic absorption spectrum of 
chromium colored corundum has been dis- 
covered and excellently described by B. W. 
Anderson5 and should be well known to 
gemologists. Also, in synthetic green spinel 
the chromic oxide, which affects the spinel’s 
crystal lattice by a small-scale isomorphous 
substitution in the excess alumina, betrays 
itself readily through the spectroscope in 
that it produces a distinct fluorescent line 
at G900A.U. and the characteristic ab- 
sorption in the red region of the spectrum 
must also be attributed to chromium. In 
this feature ruby and synthetic green spinel, 
both owing their absorption to Cr,0, are 
closely associated with each other, whereas 
their reaction with regard to the heat 
treatment is in strong divergence, so that 
the following correlation is quite typical: 


Under the influence of heat at approxi- 
mately 500-600°C. a ruby assumes a strong 
green color which cannot be further ob- 
served at higher temperature on account of 
the stones’ self-radiation, but reverts to the 
original red as the gem is cooling off. Upon 
heating the green synthetic spinel to a tem- 
perature. of 950-1050°C., part of the ex- 
cess alumina is precipitated and the trans- 
parent stone becomes quite cloudy. Raising 
the heat to above 1075°C. results in a 
weakening of the spinel’s structure and the 
destruction of all the desirable properties, 
ie., its transparency and the gem beauty 
are so impaired that the alteration into red 
is accompanied by a serious disimprove- 
ment in quality, and such stones would be 
definitely rejected by the gem trade. This 
inversed conduct of ruby and green syn- 
thetic spinel, as well as the color alteration 
itself is due to the difference of the two 
crystal lattices and stands in direct causal 
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hedral inclusions of pyrite and rod- or tube-like 
inclusions that are probably fossilized plant matter. 
They have similar RI, SG, and UV fluorescence 
characteristics, as well as surface layers of man- 
ganese oxide. In addition to these properties, we 
observed some unusual inclusions in both Wollo 
and dyed purple samples that have not been report- 
ed previously, such as transparent pseudo-cubic 
crystals of a zeolite mineral (probably chabazite) 
and flat radial brown inclusions. 


CONCLUSION 
The evidence presented in this study indicates that 
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» Figure 20. This 0.57 g rough 
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(left) and after (right) its purple 
color was removed by soaking 
in hydrogen peroxide for 72 
hours. Photos by Robison 
McMurtry. 
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DETERMINING GARNET COMPOSITION 
FROM MAGNETIC SUSCEPTIBILITY 
AND OTHER PROPERTIES 


Donald B. Hoover 


Quantitative measurements of magnetic susceptibility combined with RI or SG data can provide 
an easy and inexpensive way of inferring garnet composition. At the time this technique was first 
applied to faceted garnets (Hoover et al., 2008), a reference set of samples with well-character- 
ized compositions was not available. GIA subsequently provided 28 garnets and their chemical 
data determined by electron microprobe for a comparison with end-member compositions calcu- 
lated from magnetic susceptibility measurements and other properties. The results show that end- 
member compositions based on microprobe data have error margins similar to most of those 


derived from directly measured properties. 


arnet is a diverse gem material showing an 
attractive palette of colors (e.g., figure 1) and 
incorporating a variety of chemical compo- 
nents that are responsible for widely ranging values of 
physical properties. The several end-member species 
may occur as nearly pure compositions or, more com- 
monly, complex assemblages. The principal species 
(table 1) are pyrope, almandine, and spessartine (pyral- 
spite garnets), and grossular, andradite and minor 
uvarovite (ugrandite garnets). Other end-member 
species, including goldmanite (vanadium rich), knor- 
ringite (chromium rich), and schorlomite (titanium 
rich) also may be present in small amounts, and these 
are mainly important for their effect on garnet col- 
oration. 
In the past, gemologists have been limited in 
their ability to determine garnet composition by 
only having RI and possibly SG data as quantitative 


See end of article for About the Author and Acknowledgments. 
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measures, in combination with color and spectro- 
scopic data, to infer a garnet composition that is 
most probable. These compositions were limited to 
one or two end members; for garnets in which three 
or more end members were important, gemologists 
had no effective recourse. 

In recent years, with the availability of very 
strong rare-earth magnets, gemologists have started 
to apply magnetic attraction as a tool for gem identi- 
fication (see, e.g., http://gemstonemagnetism.com]. 
Although all materials respond to an applied mag- 
netic field in some way (box Al, it is the transition 
elements in garnet that give rise to a measureable 
magnetic attraction (reported here as the volume 
magnetic susceptibility) if they are present as princi- 
pal components. Recently, Hoover and Williams 
(2007) developed a simple, inexpensive apparatus to 
measure volume susceptibility on cut gems (box B). 
Hoover et al. (2008) derived garnet composition from 
plots of RI versus susceptibility, and followed the 
conventional characterization of Stockton and 
Manson (1985) in defining garnet varieties (pyrope, 
pyrope-almandine, almandine, almandine-spessar- 
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tine, etc.). Furthermore, the magnetic susceptibility 
technique permitted a quantitative measure of gar- 
net composition consisting of three end members, 
not two, when RI was the only other data available. 
Unfortunately, Hoover et al. (2008) did not have gar- 
net samples of known composition to test how well 
the technique agreed with quantitative chemical 
analysis. Using selected samples from the large 
group studied by Manson and Stockton, this article 
compares garnet compositions from GIA’s electron 
microprobe data to those inferred from the GIA- 
measured properties that were combined with the 
author’s measured magnetic susceptibilities. The 


Figure 1. This 
photo shows the 
28 GIA garnet 
samples used in 
this study 
(0.18-9.82 ct). 
Photo by Robert 
Weldon. 
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accuracy of garnet compositions derived from the 
various properties is assessed. 


MATERIALS AND METHODS 


Materials. GIA initially supplied data for 539 garnets 
that included color, carat weight, RI, SG, cell con- 
stant, and variety, although the data set was incom- 
plete for a number of the stones. The author then 
borrowed 28 of the samples for magnetic susceptibili- 
ty measurements (see figure 1 table 2) that were 
selected to cover the full range of compositions and 
RI values. An additional constraint was that each 
stone be large enough for good susceptibility mea- 


TABLE 1. Silicate garnet end-member species and their properties.2 


Cell Volume susceptibilit 

End member Symbol Formula RI SG constant (A) 10-4 3S) oe 
Pyrope Prp Mg,Al,Si,0,5 1.714 3.58 11.459 -0.2 
Almandine Alm Fe.Al,Si,O;5 1.829 4.32 11.528 40.7 
Spessartine Sps Mn, Al,Si,0,5 1.799 4.20 11.614 47.5 
Grossular Grs Ca,Al,Si,O,5 1.734 3.59 11.851 -0.2 
Andradite Adr Ca,Fe,Si,O,, 1.887 3.86 12.048 30.8 
Uvarovite Uv Ca,Cr,Si,O,5 1.865 3.85 11.996 12.9 
Goldmanite Go Ca,VSi,0,5 1.834 3.77 12.070 6.9 
Knorringite Kn Mg,Cr,Si,0,5 1.875 3.84 11.622 13.7 

4 See text for sources of data. 
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TABLE 2. Garnet samples used in this study, their measured and calculated properties, and their compositions. 


Measured Calculated (Locock) 
Sample Weight Cell Volume Cell Volume 
no. Variety (ct) RI SG constant susceptibility Composition Rl SG constant susceptibility Composition® 
(A) (x10-4 Sl) (A) (x10-4 Sl) 

77 Rhodolite 2.42 1.752 3.83 11.493 16.0 PrpggAlmMSpS,5 1.752 3.83 11.494 13.5 PrpgsAlm,,Grs,Sps, 

79 Color-change 1.88 1.751 3.85 11.583 16.4 PrpgsSPS.Alm,, 1.752 3.82 11.571 15.9 Prp,,Sps,,Grs,.Alm, Uv, 
(pyralspite) 

198 int green 2.73 1.7385 3.61 11.850 0.4 Grsg,Adr, 1.736 3.60 11.850 0 Grs,,Prp,Adr,Go, 
grossular 

234 jalaya 2.27 1.765 3.91 11.549 24.6 Prp,7Sps,.Alm,, 1.766 3.93 11.545 23.7 Prp,,5ps,,Alm,.Grs,Adr, 

491 alaya 1.53 1.762 3.90 11.555 24.7 Prp,7,Sps,.Alm, 1.759 3.88 11.558 21.8 Prp,;Sps,,Alm,Grs,Adr, 

996 Almandine- 6.78 1.810 4.22 11.580 44.9 Sps,,Alm3, 1.811 4.24 11.580 44.4 Sps,7Alm,)Grs; 
spessartine 

2211 Pyrope- 2.14 1.762 3.87 11.530 16.2 PrpsAlm  Grs, 1.763 3.88 11.529 16.5 Prps.AlmMggGrs,Adr,Sps, 
almandine 

2486 Rhodolite 2.20 1.762 3.85 11.509 1SiG PrpspAlmMsgGrs,o 1.759 3.86 11.508 15.3 Prps7Alm,,Grs,Sps,Adr, 

2489 Hessonite 1.25 1.755 3.65 11.889 5.8 Grs,,Adr,Alm, or 1.760 3.64 11.882 5.0 Grs,.Adr,,Prp, 

Grs,,Prp49Adr,, 

2491 Demantoid 1.45 1.881 3.84 _ 29.7 AdrggGrs, 1.887 3.86 12.048 30.8 Adlgg 

3429 Pyrope- 3.55 1.784 4.02 11.508 22.9 Alm.7Grs4,Prp 45 1.781 4.00 11.510 23.6 AlmssPrp49SPS2Grs, 
almandine 

4967 Pyrope- 3.18 1.750 3.82 11.534 1231 PrpggAlm,.Grs, 1.751 3.80 11.529 11.8 Prp;.Alm,,Grs, ,Adr, 
almandine 

5821 Almandine- 2.52 1.810 4.19 - 46.6 (Outside the 1.804 4.22 11.601 46.3 Sps,,Alm,, 
spessartine ternaries) 

11089  Chrome- 1.96 1.744 3.70 11.537 6.2 Grs,7Prp.,Alm,, 1.740 3.70 11.521 6.8 Prp,,Alm, ,Grs,Uv,Adr,Sps, 
pyrope 

11090  Chrome- 5.37 1.742 3.72 - 8.0 PrpgGrsy.AlMoo 1.742 3.71 11.533 6.9 Prp,,Alm, ,Grs,Uv,Adr,Sps, 
pyrope 

11568 — Pyrope- 3.39 1.807 4.15 - 31.3 Alm,7Grs,Pro, 1.804 416 11.525 32.4 Alm,,Prp,Sps,Grs, 
almandine 

12487 Spessartine 1.41 1.800% 4.23 = 47.0 Sps,/Alm, 1.805 4.22 11.580 45.6 Sps_,Alm,, 

12588 = Almandine- 1.62 1.812 4.26 - 44.3 Sps,,Almy7 1.812 4.25 11.560 43.3 Alms.Sps,7Grs, 
spessartine 

13047 Spessartine 1.91 1.800% 4.20 = 52.3 (Outside the 1.805 4.22 11.581 45.4 Sps7,AlMy¢ 

ternaries) 

13113 | Chrome- 1.08 1.732® 3.74 11.535 8.0 PrpsgGrsp.Alms, 1.744 3.73 11.530 7.9 Pyp,.Alm,7Grs,Uv-Adr,Sps, 
pyrope 

13234 Demantoid 1.79 1.882 3.87 - 28.8 Adrg,Uv7Grs, 1.887 3.86 12.048 30.8 Adrgg 

25000 ~=Pyrope 1.27 1.744 3.77 11.492 10.9 Prp,,Alm,<Sps, 1.745 3.77 11.495 10.2 Prp,,Alm,,Grs,Adr, 

(835A) 

25867 — Pyrope 0.18 1.730 — - 4.5 Prp,Alm,.Grs, 1.733 3.68 11.512 5.3 Prp,,Alm,.Grs,Adr,Uv, 

(4097D) 

26620 = Almandine 3.06 1.791 4.13 11.534 27.8 Almg4PrP32SPS, 1.795 410 11.531 28.8 AlMg7PrP24GrSsSpS, 

(6544A) 

26767 ~=Almandine 0.52 GEVSSRATIORESiG 25.3 Almg2Grs3sPrp3 1.798 413 11.513 30.4 Alm 3PrPo4 

(6673F) 

27257 + Spessartine 1.42 1.8009 4.25 = 46.6 Spsg7Alm, 1.805 4.22 11.580 45.4 SpsgAlM56 

(12822A) 

27352 — Hessonite 9.82 1.754 3.64 - 4.3 Grs,7Adr,5 1.757 3.64 11.875 48 Grs,,Adr,,Alm,Sps, 

(138122A) 

27423  Hessonite 9.10 BiiZOomEsIGS - 3.9 GrsgeAdr, 4 1.752 3.63 11.872 3.4 Grs,.Adr,> 

(13167A) 


@ Data that was not available from GIA is indicated by “—”. 
© Numbers in parentheses are the former catalog numbers. 
° Note that calculations from the oxide chemistry seldom give end-member compositions that add to 100%. 


? These RI values are problematic; see text. 
© This Rl was rechecked by the author and determined to be 1.742. 


surements (e.g., >] ct was preferred). When available, 
samples with measured SG and cell constant data 
were used; color was not part of the selection process. 


Determination of End-Member Compositions. Sili- 
cate garnets have the general formula X3*Y3*Si,O,,, 
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where X is commonly Ca?*, Mn?*, Fe?*, and/or 
Mg?*, and Y is commonly Al**, Fe%+, Cr*+, and/or 
V+, Because garnets form an isomorphous series, 
the X and Y positions can hold any combination of 
the respective ions listed; substitutions may also 
occur for Si. 
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There are two basic ways to determine the end- 
member composition of garnets: calculation from 
chemical data and derivation from measured proper- 
ties. Chemical data (such as from an electron micro- 
probe or wet chemical analysis) are typically 
expressed as wt.% oxides, and there are numerous 
(nonequivalent) ways to calculate end-member 
compositions from such data. A commonly used 
procedure from Rickwood (1968) was slightly modi- 
fied by Manson and Stockton (1981). Rickwood 
(1968) discussed the variations that can arise from 
the different calculation methods, using a common 
metamorphic gamet composition of Prp,,Alm,,Grs,, 
as an example, in which the pyrope content can 
vary by 3.4%, the almandine by 3.4%, and the 
grossular by 5.2%, depending on how the calcula- 
tions are done. A more recent procedure by Locock 
(2008) incorporated advances in the understanding 
of the crystal chemistry of natural garnets through a 


NEED TO KNOW 


¢ Combined with RI or SG data, magnetic suscep- 
tibility is one more measureable property that is 
useful toward inferring garnet composition. 

¢ Magnetic susceptibility of faceted gemstones can 
be measured nondestructively with a relatively 
simple apparatus. 

¢ Susceptibility measurements are plotted against 
other properties on modified Winchell diagrams 
to derive garnet composition. 

e A comparison of garnet compositions derived 
from measured properties versus chemical data 
showed a fairly good correlation. 


measure of the quality of the analysis. For this 
paper, the author used the Locock procedure to 


Box A: MAGNETIC MATERIALS 


ll material substances react to the presence 
of a magnetic field: They develop an induced 
magnetic field in response to the applied field. 
The ratio of the induced field to the applied field 
is called the volume susceptibility (k) of the sub- 
stance. It is a simple dimensionless ratio. 
Materials react to a magnetic field in three 
different ways. Most materials are very weakly 
repelled, or diamagnetic. In this case, k is nega- 
tive. A material with a sufficient number of 
atoms of the transition elements (Fe, Mn, Cu, Cr, 
etc.) or the rare-earth elements—depending on 
their valence state—may overcome the diamag- 
netic effects of the other atoms and be attracted 
to a magnet. For these materials, k is positive. If 
the value of k is independent of the strength of 
the applied field, the material is called paramag- 
netic. Here, k will be positive and of small to 
intermediate magnitude. If k changes with the 
strength of the applied magnetic field, the materi- 
al is ferromagnetic, and k can be very large. 
Ferromagnetic materials are further divided into 
true ferromagnetic, ferrimagnetic, antiferromag- 
netic, and canted antiferromagnetic. These varia- 
tions in behavior are due to interactions between 
the electrons in the material and the formation of 
what are called magnetic domains. 


MAGNETIC SUSCEPTIBILITY OF GARNET 


Of greatest interest to gemology are the para- 
magnetic materials and their susceptibilities, 
which can have some diagnostic value. By con- 
trast, diamagnetic susceptibilities have little 
diagnostic value. Ferromagnetic materials, when 
present as inclusions in gems, can give anoma- 
lously high values of magnetic susceptibility for 
the host material. 

Physicists have defined several different kinds 
of magnetic susceptibility. Although volume 
magnetic susceptibility is dimensionless, the 
numeric value will differ with the system of units 
being used, changing by a factor of 4x, or 12.57. 
Thus the system of units needs to be stated, even 
for this dimensionless number. This article uses 
the International System of Units (SI), which may 
be a possible source for confusion if one is not 
familiar with this peculiarity in some electromag- 
netic measurements. Another commonly used 
property is mass magnetic susceptibility, also 
called specific susceptibility. This measure has 
dimensions of inverse density (e.g., cubic cen- 
timeters per gram), and again one needs to be 
aware of a multiplier of 4% when other units of 
measurement are used. Molar magnetic suscepti- 
bility may also be expressed in units of cubic cen- 
timeters per mol, or their equivalent. 
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Figure 2. This plot of RI er 
vs. magnetic susceptibil1- ; Go 
ty (RIMS diagram) com- 
pares measured properties 
(indicated by red trian- 
gles) against properties 
calculated from end- 
member compositions 
(green triangles, according 
to Locock [2008]) for the 
28 GIA garnet samples. 
The black squares repre- 
sent pure end-member 
properties (see table 1 for 
key to abbreviations). The 
pyralspite and ugrandite 
ternary triangles are 
shown by black lines con- 
necting the corresponding 
end members. 1.740 
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obtain the end-member compositions from the GIA 
oxide chemical data. 

The second way to determine garnet end-mem- 
ber composition is to use quantitative measured 
properties and solve a series of equations that are 
based on Vegard’s law, which showed that garnet 
properties are additive functions of the molar propor- 
tions of end-member compositions (Hutchison, 
1974). The equations are: 


1. RL, = ARTaw, + BRiay + CRoays 
2. S = ASau + BSay + CSpy3 
3.A+B+C=l 
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where RI = refractive index, S = magnetic suscepti- 
bility, m = measured, EM = end-member values, and 
A, B, and C = percentages of end members. With two 
measured properties, one can solve for three possible 
end members. With three measured properties, the 
end members increase to four, and so on. As with 
compositions based on chemical analyses, the result 
is not unique; there will be several (similar) possibili- 
ties. Winchell (1958) showed how these equations 
can be solved graphically in a rather simple way, and 
his diagram of RI vs. unit cell dimensions (or cell 
constant) demonstrated the interrelation between 
the pure end members and a particular garnet. 
However, the cell constant of an unknown garnet is 
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not easily obtained by the gemologist because X-ray 
diffraction data is required, so Hoover et al. (2008) 
modified the Winchell diagram so that the composi- 
tion of an unknown garnet can be determined— 
according to three or four end members—from quan- 
titative measurements of properties such as magnet- 
ic susceptibility, RI, and SG. Box B describes how 
magnetic susceptibility was measured, both in this 
study and by Hoover et al. (2008). 


Figure 2. is the modified Winchell diagram plot- 
ting RI vs. magnetic susceptibility (RIMS). Eight gar- 
net end members of gemological importance (black 
squares) are shown on the diagram. The garnet 
ternaries pyralspite (pyrope, almandine, and spessar- 
tine) and ugrandite (uvarovite, grossular, and andra- 
dite) are shown as triangles outlined in black that 
connect each of the three corresponding end mem- 
bers. Other end members shown are goldmanite and 


BOX B: MEASUREMENT OF MAGNETIC SUSCEPTIBILITY 


hile there are several ways to quantitative- 

ly measure magnetic susceptibility, vol- 
ume susceptibility is routinely measured with a 
Gouy balance or the similar Evans balance (see 
www.geneq.com/catalog/en/msbalance.html). 
Susceptibility is measured by placing a sample on 
one arm of a laboratory balance and subjecting it 
to a strong magnetic field gradient. The weight 
loss or gain is measured and converted to suscepti- 
bility. Unfortunately, the sample must be in the 
form of a cylinder. In practice, the sample is often 
ground to a powder and placed in a cylindrical 
sample holder. This obviously is not practical for 
gem materials. 

Hoover and Williams (2007) showed that if a 
very strong permanent magnet is used, and its 
pole face is smaller than the table (or other flat 
facet) of the gem to be measured, then the force of 
attraction between the magnet’s pole face and the 
facet will be proportional to the gem’s volume 
susceptibility. To calculate the gem’s susceptibili- 
ty, the magnet only needs to be calibrated with a 
material of known susceptibility. The apparatus 
used by Hoover and Williams (2007), Hoover et al. 
(2008), and in this study consisted of a biological 
microscope with the optics removed (figure B-1). 
In place of the optics, a small iron rod was fixed 
vertically to hold a variety of small (Mo in. to %4 in. 
diameter) cylindrical rare-earth magnets. The 
important components are the fine focus mecha- 
nism (for precise control of the magnet’s vertical 
position) and the moveable X-Y stage that is used 
to align the gem’s table with the magnet’s pole 
face. A small digital scale was placed on the 
microscope stage, and a gem was placed on a 
pedestal in the weighing dish. The magnet’s pole 
face was brought just into contact and parallel 
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with the gem’s table. The gem was then slightly 
separated from the magnet to obtain a maximum 
change in weight (i.e., weight loss for a paramag- 
netic gem). 

The procedure is no more complex than mea- 
suring specific gravity—and takes about as much 
time. The apparatus can be constructed at low cost 
using a surplus microscope. 


Focus adjustment 


Figure B-1. This instrument was designed by 
Hoover and Williams (2007) for taking magnetic 
susceptibility measurements, and was used in 
the current study. Photo by Bear Williams. 
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knorringite. (Schorlomite is not shown because end- 
member property values are not available in the 
mineralogical literature, and in gem garnets this 
component may be present in only very small quan- 
tities.) The positions of all the garnets obtained for 
this study are also plotted: the green triangles repre- 
sent the compositions calculated from microprobe 
analyses (using the Locock procedure), and the red 
triangles plot the RI and susceptibility data. The var- 
ious garnet compositions can be recognized by their 
position with respect to the end members. 

The process to determine the composition of the 
three garnet end members from any data point is 
simple. For example, for the green triangle represent- 
ing the Locock five end-member composition of 
sample no. 234, which is plotted with an RI of 1.766 
and a susceptibility of 23.7 x 10+ SI: 


e From the pyrope apex of the pyralspite ternary, 
draw a line through the center of the data point 
to intercept the opposite base of the triangle, 
shown by the blue dashed line. 


e Next, measure the total length of the line, and 
then the length from the data point to the base 
of the triangle. 


e Divide the line length from the data point to 
the base by the total length, which will give the 
percentage of pyrope end member. 


For sample no. 234, the result is 47%. The pro- 
cess can be repeated for the other two apices, but it 
is simpler to measure the relative proportions of 
almandine and spessartine on the almandine-spes- 
sartine join where the blue line crosses it, and pro- 
portion them to the remaining percentage (53% for 
this example]. Here it is at 60% spessartine, which 
yields 32% for spessartine and 21% for almandine, 
or Prp,,Sps,,Alm,,. By comparison, the Locock tech- 
nique characterizes this stone, rounding to the near- 
est 1%, as Prp,,Sps,,Alm,.Grs,Adr,. 


End-Member Properties. The properties of each gar- 
net end member (table 1) are required to plot their 
positions in the various modified Winchell diagrams. 
For every end member but knorringite, the RI, SG, 
and cell constant used were reported by Meagher 
(1982). For knorringite, the calculated data from 
McConnell (table 50 in Deer et al., 1982) were used 
by Hoover et al. (2008), but the data do not agree 
well with the RI and cell dimension data measured 


278 MAGNETIC SUSCEPTIBILITY OF GARNET 


on synthetic samples by Ringwood (1977), or with 
the data presented by Nixon and Hornung (1968), 
who first defined knorringite. The McConnell data 
will continue to be used in this article, with the 
understanding that knorringite end-member values 
are subject to change. 

Magnetic susceptibility values are not well 
known, either. Pure grossular and pyrope have no 
transition elements in their composition and are thus 
diamagnetic. Their susceptibilities are very small and 
slightly negative; they were assigned by Hoover et al. 
(2008) values of -0.2 x 10 SI, typical of diamagnetic 
materials. The other six end members are less easy to 
define. Frost (1960) measured the mass, or specific, 
susceptibilities of andradite, almandine, and spessar- 
tine, which (when converted to volume susceptibili- 
ty) are 23.8, 36.9, and 42.7 x 10+ SI, respectively. But 
the data are not robust. The four almandine-spessar- 
tine garnets Frost measured, ranging from Alm,.Sps,. 
to Alm,,Sps,,, all had the same mass susceptibility. 
Nathan et al. (1965) measured spessartine’s volume 
susceptibility as 44.3 x 10+ SI, but the author’s own 
measurements on spessartine suggested that this was 
slightly low. Hoover et al. (2008) were unable to find 
measured susceptibilities for the other three garnet 
end members. Approximate values, however, were 
calculated based on the magneton numbers of the 
constituent transition element ions present (Kittel, 
1956), using the Langevin equation. This is how 
Hoover et al. (2008) obtained the values shown in the 
figures—30.8, 40.7, 47.5, 12.9, 6.9, and 13.7 x 10+ SI, 
respectively—for andradite, almandine, spessartine, 
uvarovite, goldmanite, and knorringite. 


Measured Properties. Except for the magnetic suscep- 
tibility measurements, all properties for the 28 study 
samples were supplied by GIA from the Manson- 
Stockton research. The volume susceptibility mea- 
surements were taken by the author, using the appa- 
ratus described in box B, with cobalt chloride as a sus- 
ceptibility standard (described by Hoover et al., 2008). 


RESULTS 


RI vs. Magnetic Susceptibility Diagram. In the RIMS 
diagram (figure 2), the gem ugrandites plot on or very 
near the line joining grossular and andradite. The 
single mint green grossular (sample no. 198) is very 
close to the grossular end member. The three hes- 
sonites (2489, 27352, and 27423) are about 14% 
toward andradite. The two demantoids (2491 and 
13234) are close to the andradite end member. For 
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the pyralspite garnets, a mixed almandine-spessar- 
tine group (996, 5821, and 12588) plots along the 
almandine-spessartine join, quite distinct from the 
rest. Spessartine samples (12487, 13047, and 27257) 
plot near their end-member composition. Three 
stones, consisting of two malaya (234 and 491) and 
one color-change garnet (79), are positioned within 
the pyralspite ternary. The rest of the garnets are 
arrayed near the pyrope-almandine join, or within 
the grossular-pyrope-almandine ternary; three 
chrome-pyropes (11089, 11090, and 13113) are 
included in the latter group. 
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Comparing the measured and calculated end- 
member data for most samples shows fair agreement 
(figure 2, and table 2). The variations between the two 
techniques are about what one would expect due to 
measurement error and some uncertainty in end- 
member properties. Not including sample 13113, for 
which the originally measured RI was incorrect, the 
average difference between measured and calculated 
RI values is 0.003. For volume susceptibility, there is a 
difference of 0.5 x 10~ SI, if one disregards samples 
13047 and 26767, which are anomalous. For specific 
gravity (figure 3), the average difference is 0.01. 


Figure 3. This plot shows 
SG vs. magnetic suscep- 
tibility (SGMS diagram) 
for the 27 GIA garnets 
for which the data were 
available. However, 
sample numbers are not 
shown for those samples 
that plot toward the 
pyrope and grossular end 
members, which overlap 
on this diagram. 


nd member 


ocock-derived value 


VOLUME SUSCEPTIBILITY (x10 SI) 


MAGNETIC SUSCEPTIBILITY OF GARNET 


Gems & GEMOLOGY WINTER 2011 279 


* 


-connection with the dimorphism of the 


the ruby red corundum exists in the stable 
ditrigonal-scalenoedric @ (alpha) modifica- 
tion which converts into the unstable cubic 
(gamma) corundum at incteased tempera- 
ture, a process which, on account of the 
embedded chromic oxide, becomes evident 
by the change of color. 

In synthetic green spinel the inevitable 
excess alumina occurs as the unstable cubic 
form of the oxide isomorphous with spinel. 
To a-certain extent it is also isomorphously 


“teplaced by chromic oxide attributing a 
green hue to ¥ 


corundum. Under the 


“inffgénce of the heat treatment, ie., raising 


the temperature about 1075°, the green Y 
alumina modifies into the @ form and 
turns red. Even in this case the transfor- 
mation is. evidenced by a change of, color; 
thus chromic oxide may be appreciated as 
an indicator for alpha- and gamma-cor- 
undum. 

Referring to the long, persistent attempts 
to produce ruby red synthetic spinel, M. T. 
Mackowsky® wrote in her paper on syn- 
thetic stones: 

“The red spinel which occurs most fre- 
quently in nature can hardly be produced 
synthetically, since the red color—induced 
by an addition of chromium and manga- 
nese—appears only if magnesium oxide and 
alumina are mixed to a ratio of 1:1, a 


‘fusion which, however, causes accompany- 
ing conditions most unfavorable for this 


synthesis.” 

From correspondence exchanged with Dr. 
W. F. Eppler on this subject, the following 
sentence may be of special interest and 
dispel some of the uncertainty enshrouding 
this problem. 

“I can confirm according to my own ex~- 
periments that synthetic spinels may be dyed 
red if the ratio quoted in Dr. Mackowsky’s 
paper be maintained.. However, the quality 
of these tiny red synthetic spinels is never 
satisfactory, and the stones are almost al- 
ways cracked and shattered. In any case, 
I have never succeeded in producing a ted 
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synthetic spinel of good quality suitable 

for cutting with a ratio of 1:1. If the 

percentage of aluminium is increased, i.e., 

by coming closer to the ratio of Mg0:A1,0,- 

1:ca.3.5, as in the case in normal spinels, 
the red color of the synthetic spinel turis 
immediately to green.” 

Thus we may conclude that in principle 
and theory red synthetic spinels are pro- 
ducible, but that practically no specimens 
of good cutting and trading quality can 
be produced. Therefore it is my opinion 
that one should not mention synthetic red 
spinels in any gemological paper, since 
they are practically impossible to obtain 
and can be grouped with synthetic chryso- 
beryls, zircons, aquamarines, euclases, . to- 
pazes, and spodumenes, which can all be 
ptoduced synthetically and scientifically, 
but almost never result, 

Above all it is important to state that 
until this day it has not been possible to 
obtain red synthetic spinel as a commercial 
product. Alas, I should not be surprised 
if Linde Air Products should someday suc- 
ceed in producing ruby red synthetic spinel, 
since in the course of the last few years 
they have thrice stupefied gemologists by 
making synthetic rod crystals, star corun- 
dums, and rutiles. What next? 
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To give a sense of how these variations are 
reflected in terms of garnet composition, let us 
assume a 3% difference in end-member composition 
of a Pyr.,Alm., garnet. This would produce a change 
of 0.004 in RI, 1.22 x 10~* SI in volume susceptibili- 
ty, and 0.02 in SG. Thus the average difference 
between these three measured properties and those 
calculated from the Locock procedure represents less 
than 3% compositional change in a mid-range 
pyrope-almandine. It is important to remember that 
such a derived composition will not be unique, and 
that any additional information, such as absorption 
spectra, may further reduce uncertainties in deter- 
mining garnet composition. 

The RIMS diagram shows the advantage of such 
plots in evaluating how accurate our property mea- 
surements need to be. Consider the various joins in 
the illustration. Those between pyrope or grossular 
and the other end members are relatively long, and 
therefore span a wide range in refractive index and 
susceptibility. A difference of a few percentage 
points in composition will have a measurable effect 
on these properties. By comparison, the almandine- 
spessartine join is quite short: a larger percentage 
change in composition is needed to produce a mea- 
surable change in properties. 

Regarding the two samples with anomalous sus- 
ceptibilities, no. 26767 had a small chip on the table 
below the magnet, which probably was responsible 
for its lower susceptibility. Sample 13047, a spessar- 
tine, had a high susceptibility. In the author’s collec- 
tion, a Brazilian spessartine shows a similarly high 
susceptibility. Neither shows evidence of ferromag- 
netic inclusions, such as magnetite, that could 
explain their anomalous susceptibilities. The author 
suspects that these are yttrium-bearing spessartines, 
with relatively enriched rare-earth contents that are 
responsible for their high susceptibilities. Note that 
sample 13047, in this property space, falls well 
beyond the expected measurement error from any 
ternary triangle using the eight more-common gar- 
net end members. 

Chrome-pyrope 13113 originally had an anoma- 
lously low measured RI, 1.732, compared to a calcu- 
lated value of 1.744. Yet the other measured values 
of SG, cell constant, and susceptibility agreed well 
with calculated values. The refractive index is clear- 
ly questionable, which illustrates the utility of 
Winchell diagrams in checking the consistency 
between measured properties and chemical data. 
The sample’s RI was rechecked by the author and 
found to be 1.742. The RIs of the three spessartines 
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(13047, 12487, and 27257) may also have been mea- 
sured incorrectly. Each had a reported RI of 1.800 
from the Manson-Stockton data set, and each had a 
very similar end-member composition. The calculat- 
ed RIs are all 1.805. GIA, however, remeasured the 
RI of sample 13047 as >1.810, or above the index of 
the refractometer liquid. The author checked these 
values with an experimental deviation angle refrac- 
tometer and found all three to be 1.809, but the error 
range of the instrument is no better than 0.004. 
These stones remain problematic. 


SG vs. Magnetic Susceptibility Diagram. Another 
modified Winchell diagram, plotting specific gravity 
vs. magnetic susceptibility (SGMS), holds some 
promise. This diagram (figure 3) shows the 27 gar- 
nets for which SG data were available. Stockton and 
Manson (1985) did not consider specific gravity in 
their characterization of garnet, though they mea- 
sured it for many of the samples: 


There is so much overlap in specific gravity ranges 
for the various types of garnets that the usefulness of 
this property is questionable. Moreover the difficulty 
of accurately measuring density as well as the consid- 
erable variability introduced by the presence of inclu- 
sions suggests that this is not a reliable characteristic 
for the identification and classification of gems. 
(Stockton and Manson, 1985, p. 212) 


However, figure 3 suggests otherwise. Note the 
positions of samples 996, 11588, 2.6767, 26620, 3429, 
234, 491, 2211, and 2486 with respect to the pyral- 
spite ternary in this figure, compared to their posi- 
tions in figure 1. They indicate very similar chemical 
composition, whether RI or specific gravity is used 
with magnetic susceptibility. Of particular impor- 
tance for the practicing gemologist is that RI values 
that cannot be obtained on a conventional refrac- 
tometer can now be measured by substituting SG for 
RI to infer composition in a manner similar to using 
a RIMS plot. This possibility was suggested by 
Hoover et al. (2008), assuming SG values were accu- 
rate enough. The Manson-Stockton data clearly 
demonstrate the usefulness of SG data for stones that 
are not too included. For example, metamorphic gar- 
nets of high almandine content can be easily distin- 
guished from typical pegmatitic almandine-spessar- 
tine compositions. 

Unfortunately, the SGMS plot also shows that 
the specific gravity and magnetic susceptibility of 
pyrope and grossular are almost identical, and that 
the pyrope and grossular ends of the pyralspite and 
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ugrandite ternaries overlap. Clearly there are prob- 
lems in distinguishing a pyrope-almandine-spessar- 
tine from a grossular-almandine-spessartine. It 
should be no surprise, then, that using SG to add a 
fourth end member to inferred compositions from RI 
and susceptibility is questionable. 


RI vs. SG Diagram. Figure 4 is the modified Win- 
chell plot of RI vs. SG (RISG}, using the 27 stones 
shown previously. Jackson (2006) used such a dia- 
gram for characterization, but noted the lack of 
robustness for garnets of multiple end-member com- 
positions. Stockton and Manson (1985) also plotted 
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an RISG diagram for 202 stones used in their studies, 
but did not show the end-member positions. Notice 
that chrome pyrope no. 13113 is again anomalous in 
this diagram, but not in the SGMS plot of figure 3. 
There is a significant problem with using the 
RISG diagram: The pyralspite and ugrandite ternaries 
are very narrow, indicating that within either, the 
relationship between the two properties is nearly lin- 
ear. This is a consequence of the Gladstone-Dale rela- 
tionship between the two properties (Larsen and 
Berman, 1934). Thus we are unable to distinguish—in 
the case of a pyralspite, for example—the proportions 
of each of the three components based only on these 


Alm 

Figure 4. This plot shows 
RI vs. SG (RISG diagram) 
12588 for the 27 GIA garnets 
with data available. 
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Figure 5. These garnets show similar color but have 
different compositions. From left to right: GIA sam- 
ple nos. 79 (pyralspite), 37369 (hessonite), and 25000 
(pyrope-almandine). Photo by Robert Weldon. 


two properties, unless we have extremely accurate 
measurements of both properties. It is interesting to 
note that for these particular stones, the measured RI 
and SG values agree reasonably well with the calcu- 
lated values. This is further evidence that Manson 
and Stockton were able to measure SG adequately to 
provide useful data for Winchell-type diagrams. 


Multiple End Members and Compositional Possi- 
bilities. A few garnet varieties, such as tsavorite and 
demantoid, are often characterized by a single end 
member, but most other garnets require more. 
Figures 2 and 3 show that the malaya (nos. 234 and 
491) and color-change (no. 79) garnets are the only 
pyralspites studied that plot well within the pyral- 
spite ternary. The others are either close to the 
almandine-spessartine or pyrope-almandine joins, or 
within the grossular-pyrope-almandine ternary. The 
malaya and color-change garnets are best described 
by a combination of the pyralspite end members, 
plus significant grossular. Thus they are very useful 
for comparing the inferred three or four end mem- 
bers by applying Winchell diagrams to the micro- 
probe composition. 

Sample no. 79 is particularly useful because of 
its relatively high grossular component. The Locock 
procedure yields a composition of Prp,.Sps,,Grs,; 
Alm,,Uv,, with less than 1% consisting of other 
components. From figure 2 the composition can be 
derived as (1) Prp,,Sps,,Alm,, or (2) Sps,,Grs,,Prp3). 
Either of these compositions gives an RI of 1.751 
and a susceptibility of 16.4 x 10-4 SI. Note that nei- 
ther PrpGrsAlm nor GrsAlmSps fits the two proper- 
ties. The calculated SGs from these two composi- 
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tions are 3.83 and 3.80, respectively, a difference of 
less than 1%, which is very slight for such a large 
difference in composition. The measured SG for this 
1.88 ct stone is 3.85. Clearly, this value does not fit, 
so one cannot calculate a mixed PrpSpsGrsAlm gar- 
net from these measured data. For this stone, a 
rather accurate SG (of 3.817) is needed to derive a 
four end-member composition obtained with the 
Locock method. This example demonstrates the 
problem with adding SG to determine a fourth end 
member for distinguishing between some pyralspite 
garnets. A photo of sample no. 79 is shown in figure 
5, along with no. 25000 and a hessonite that resem- 
bles the latter in color. 

Garnet no. 25000 is also an interesting stone. 
From the Locock procedure, its composition is 
Prp,gAlm,,Grs,Adr,. GIA had classified it as a 
pyrope. Interestingly, the stone’s color matches that 
of many hessonites. But its measured susceptibility 
is close to its calculated properties, and the stone is 
clearly not hessonite (figure 2). The measured prop- 
erties indicate Pyp,,Alm,,., if it is assumed to have 
only pyrope and almandine components, and this 
composition would have RI and SG values of 1.743 
and 3.77, respectively. However, this sample can 
also be fit with a composition of Grs,,Prp,,Sps,, and 
RI and SG values of 1.744 and 3.77, respectively. 
These properties fall within the measurement error 
of Prp,,Alm,,. This example shows that very minor 
differences in measured properties may tip the com- 
position to one side or the other of the pyrope- 
almandine join. The author suspects there are other 
such pyropes that could masquerade as hessonites. 


RI vs. Cell Constant Diagram. While Manson and 
Stockton did not use cell constant in their articles, 
they did measure it for a number of their samples. 
This makes it possible to compare the modified 
Winchell RIMS plot against a standard Winchell 
plot of RI vs. cell constant (RICC), as well as four 
other variations, when four quantitatively measur- 
able properties are available. 

Figure 6 shows a conventional Winchell plot for 
16 of the 28 GIA samples for which cell constant 
was measured. Note that the differences between 
the calculated and measured values are about the 
same as those shown for the RIMS plots in figure 
2. Comparing these two plots shows distinct dif- 
ferences in the positioning of some stones within 
the pyralspite ternaries. 

Consider the stones arrayed near the pyrope- 
almandine join. In figure 2 they are positioned, on 
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RICC DIAGRAM 
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Figure 6. This con- 
ventional Winchell 
plot shows the RI vs. 
cell constant (RICC 
diagram) for 16 GIA 
garnet samples. 
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average, slightly to the left of the join (nos. 26767, 
3429, 2211, 2486, 77, and 25000). In figure 6 they are 
within the pyralspite ternary. But the malaya (no. 
491) and color-change (79) garnets are outside the 
pyralspite ternary. These differences reflect the 
effects of end members other than pyralspite’s on the 
measured properties. If the composition of a garnet is 
purely pyralspite, its position within the ternary 
would not change according to the particular 
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Winchell diagram used. In these cases, the differ- 
ences are due to grossular and/or uvarovite compo- 
nents. Note that in the RICC plot the ugrandite 
ternary is very narrow, indicating that a ugrandite 
with all three end members as major components 
cannot be well characterized by this type of diagram. 


Usefulness of Modified Winchell Diagrams. These 
diagrams provide a simple but powerful demonstra- 
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tion of the relationship between garnet properties 
and composition. Any garnet with properties that 
plot near an end member will have a preponderance 
of that end member in its composition. A sample 
positioned toward the center of a given ternary will 
be composed of similar quantities of each end mem- 
ber. One can also estimate the effect that adding or 
subtracting any end member will have on the various 
properties. The effect on properties is directly related 
to the garnet’s distance from the end member. 

In addition to offering compositional informa- 
tion, the modified Winchell diagrams can also pro- 
vide insights into garnet paragenesis. Figure 7 is a 
RIMS plot of data from Wright (1938) showing the 
average compositions of garnets from various rock 


Figure 7. This RIMS diagram shows the average gar- 
net compositions from various rock associations, as 
given by Wright (1938). The RI and susceptibility 
data are plotted from compositions that include the 
average proportions of five major garnet end mem- 
bers. The blue arrows show the compositional 
change for metamorphic garnets as the metamor- 
phic grade increases. 
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types. The RIs and susceptibilities were calculated 
from Wright’s average compositions. The plot shows 
that garnets associated with felsic igneous rocks 
(nos. 1, 2, and 3) such as the granitic pegmatites are 
essentially almandine and spessartine. Metamorphic 
garnets (nos. 4, 5, and 6) show higher pyrope/grossu- 
lar as the metamorphic grade increases (blue arrows}, 
with the highest grade (eclogitic; no. 6) approaching 
the composition of peridotitic garnet (no. 7). The red 
line shows the change in properties of an average 
peridotitic pyrope toward the knorringite compo- 
nent as chromium is added. Comparing figure 7 
with figure 2, correlations are evident between many 
of the garnet samples and their probable genetic ori- 
gins. Malaya and color-change garnets are not repre- 
sented in the Wright data, but the present author 
suspects they represent metamorphosed, subducted, 
high-Mn oceanic sediments. 


CONCLUSION 


Gem garnets (e.g., figure 8) encompass a broad range 
of compositions and properties. Because most 
gemologists lack the capability to obtain quantita- 
tive chemical data, garnet composition must be 
inferred from measured/observed properties. In the 
past, RI and possibly SG were the only quantitative 
measures for deriving chemical composition. Yet 
these properties are not sufficiently independent of 
each other for such determinations. By measuring 
magnetic susceptibilities on selected garnets with 
well characterized compositions, the author has 
demonstrated a technique for inferring garnet com- 
position from measurements of two or more quanti- 
tative properties. 

Inferring chemical composition in this way 
should not be considered equivalent to the results 
obtained from a microprobe or other chemical anal- 
ysis. While chemical data typically give the percent- 
ages of oxides in a sample, these data are not of 
prime interest to the gemologist, who seeks the pro- 
portion of ideal end members. This proportion may 
be obtained from either oxide chemistry or garnet 
properties, but neither method gives unique results. 
When oxide percentages are used, the number of 
ideal end members will vary according to the num- 
ber of elements analyzed. Using garnet properties to 
infer end-member composition limits the number 
of end members to one more than the number of 
properties measured. Using RI and magnetic suscep- 
tibility, then, we can infer a three end-member 
composition. 
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Figure 8. Gem garnets, such as these examples from the 
Dr. Edward J. Gtibelin Collection, show a variety of prop- 
erties and compositions. Magnetic susceptibility is one 
more measureable property the gemologist can use to help 
estimate garnet composition. Shown clockwise from the 
top: 44.28 ct pyrope-spessartine from Madagascar (GIA 
Collection no. 34387a), 19.12 ct pyrope-almandine from 
Sri Lanka (34769), 4.24 ct demantoid (33303), 3.65 ct tsa- 
vorite from Tanzania (35569), and 19.90 ct spessartine 
from Brazil (33238); photo by Robert Weldon. 
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The various modified Winchell diagrams give 
the gemologist new insight into garnet chemical 
composition and its relation to measured properties. 
They can be a useful educational tool—showing the 
range of RIs possible where pyrope is the principal 
component, for example. In addition, Winchell dia- 
grams can yield information on a garnet’s probable 
geologic environment. 
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GIA’S SYMMETRY GRADING BOUNDARIES 
FOR ROUND BRILLIANT CUT DIAMONDS 


Ron H. Geurts, Ilene M. Reinitz, Troy Blodgett, and Al M. Gilbertson 


will be used e or and constrain visual 
symmetry grading on GIA diamond reports. 
For manufacturers, the boundaries provide 
useful predictions of symmetry grades. Other 
symmetry features of faceted diamonds will 
continue to be evaluated visually. 


surements obtained with non-contact optical 

scanners to grade the cut of round brilliant dia- 
monds. Improvements in the operation and accuracy 
of these instruments now enable us to also measure 
some symmetry parameters during the grading pro- 
cess. Although both Excellent and Very Good sym- 
metry grades meet GIA’s criteria for an Excellent cut 
grade (Moses et al., 2004), there is a premium for 
what the trade calls a “triple Excellent”: an 
Excellent grade for cut, polish, and symmetry. 
Therefore, many diamond manufacturers would like 
to be able to predict GIA symmetry grades from 
measurement data, so they can apply these consider- 


S=« 2.006, GIA has used certain proportion mea- 
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ations during planning and cutting. Likewise, mak- 
ers of non-contact optical scanners have been inter- 
ested in guidelines for how measurable symmetry 
parameters affect the GIA symmetry grade. The 
grade boundaries presented here offer a substantive 
estimate of the symmetry grade for any round bril- 
liant cut diamond. 

In GIA’s laboratory, polished diamonds are mea- 
sured with a non-contact optical scanner early in the 
grading process. Later, polish and symmetry are eval- 
uated visually at 10x magnification, using a standard 
procedure. As described in Gillen et al. (2005), specif- 
ic parameter- and facet-related features are consid- 
ered in grading symmetry. This article presents 
numerical grade limits for 10 important symmetry 
parameters that can be measured accurately enough 
to support visual symmetry grading. Although mea- 
sured values have been available to graders as a guide 
for several years, beginning in 2012 GIA will use 
measured values and apply these boundary limits 
strictly when grading symmetry for round brilliant 
cut diamonds. Facet-related symmetry features, and 
the manner in which multiple features combine, 
may also affect the symmetry grade, and these 
aspects will continue to be evaluated visually, as 
they are presently beyond reproducible instrument 
measurement. 

Compared to visual assessment, instrumental 
measurements provide a more consistent way of 
establishing a symmetry grade, especially when a dia- 
mond has very subtle symmetry deviations. Figure 1 
shows a diamond with several symmetry flaws: a 
wavy and uneven girdle (resulting in an uneven 
crown height), a table not parallel to the girdle, and 
uneven bezel facets. In the past, the only means of 
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determining this diamond’s symmetry grade would 
have been the judgment and experience of the grader. 
Quantifying these features by instrumental measure- 
ment provides a more consistent basis for symmetry 
grading, and gives cutters the details needed to 
improve their diamonds’ symmetry. 


BACKGROUND 


The repeated measurement of any attribute, such as 
weight or size, is accompanied by a certain degree of 
uncertainty. For example, the repeated measurement 
of a diamond’s weight, or its total depth, yields 
results that vary slightly within a certain range. For 
the most accurate results, the measured value itself 
and the variation in repeated measurements—the 
uncertainty of that value—are both important. 

The U.S. National Institute of Standards and 
Technology (NIST) notes that “a measurement result 
is complete only when accompanied by a quantita- 
tive statement of its uncertainty” (“Uncertainty of 
measurement results,” 1998). Whatever the tool or 
method, measurement results fall within a certain 
allowable range of values—the tolerance. For our pur- 
poses, the tolerance of a measuring device describes 
its contribution to the overall uncertainty of the mea- 
sured values (GIA Research, 2005). 

Statistical examination of repeated independent 
measurements provides one way to estimate their 
uncertainty. The distribution of these measurements 
also reveals information about reproducibility and 
defensible precision. For example, a device might 
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Figure 1. This 0.69 ct 
standard round bril- 
liant cut diamond 
displays several 
obvious symmetry 
features that can be 
quantified. Photo by 
Robert Weldon. 


measure crown angle to three decimal places, but if 
repeated measurements demonstrate an uncertainty 
in the first decimal place, the two additional digits 
offer no meaningful precision (Reinitz et al., 2005). 

Even detailed knowledge of the uncertainty does 
not tell us whether measurements are accurate. 
Accuracy can only be determined relative to the mea- 
surement of a known standard, such as an object 
with NIST-traceable values and reported uncertain- 
ties. Box A describes some basic metrology concepts, 
including measurement uncertainty. 

The proportion values used to determine a dia- 
mond’s cut grade are normally the average of eight 
measurements; these are not greatly affected by a sin- 
gle outlying value. In contrast, symmetry parameters 
examine the range (the largest and smallest) of those 
values, and they are much more affected by a single 
poor measurement. This means a higher level of con- 
fidence in the reproducibility and accuracy of each 
measured value is needed to predict a symmetry 
grade, or to reinforce visual grading. GIA has 
achieved this confidence through advances in the 
devices used to measure polished diamonds, coupled 
with efforts to ensure the diamonds are thoroughly 
cleaned. For example, suppose eight crown angles are 
individually measured at 34.1°, 34.5°, 34.9°, 35.3°, 
34.2°, 34.3°, 34.0°, and 34.1°. The average is 
34.43°, and the difference in values (maximum 
minus minimum) is 1.3°. A second set of measure- 
ments yields values of 34.1°, 34.5°, 34.5°, 34.8°, 34.2°, 
34.3°, 34.0°, and 34.1°. The second average is 34.31°, 
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Box A: BASIC MEASURING CONCEPTS 


A Bees: several independent measurements of the 
same characteristic illustrates the difference 
between precision and accuracy, as shown in figure 
A-1. Accuracy refers to how close the measured val- 
ues are to the reference value, shown here as the 
center of the target. Precision refers to how close the 
values are to each other, and in practice this affects 
how many significant figures should be used when 
reporting the measurement. 

When the difference between two measured val- 
ues is less than or equal to the measurement uncer- 
tainty, the values are within tolerance of each other, 
and by definition not readily distinguishable from 
one another. Figure A-2 shows six measurements of 
the total depth of one round brilliant, each with an 
uncertainty of +0.015 mm. The average value of 
those measurements is 5.015 mm. Trial 4, with a 
value of 5.00 mm, is just within tolerance of that 
average. Trial 6, with a value of 5.04 mm, is not 
within tolerance of the average. This is described as 
an outlying value. 

Most gemologically important parameters for the 
round brilliant cut diamond, such as the crown or 
pavilion angle, represent averages rather than single 
measurements. In metrology, averages of multiple 
measurements are used to reduce measurement 
uncertainty. But a quantity such as average crown 
angle is calculated from eight values obtained from 
different facets, rather than eight measurements of 
the same facet. As a result, this average has its own 
uncertainty that is no smaller than the uncertainties 


only 0.12° below the previous average. But the differ- 
ence in values is now 0.8°, considerably smaller than 
the 1.3° from the first set of measurements. In other 
words, the average changes less than the difference in 
values when one or two of the eight values is marred 
by dirt or some other measuring problem not specifi- 
cally related to that particular diamond. 
Higher-quality measurements have a smaller 
uncertainty, but even the best measuring systems 
have some tolerance for each parameter. Box A 
shows an example of measurement uncertainty at 
the border between Very Good and Excellent. Even 
measurements of clean diamonds made on devices of 
proven accuracy and precision can produce one or 
more values that fall within tolerance of a symmetry 
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of the eight individual values. In a round brilliant of 
lower symmetry, the eight crown angle values may vary 
by several degrees. The uncertainty of a symmetry 
assessment for such variation among the crown angles 


Figure A-1. A measurement is accurate when it 
agrees with an independently obtained reference 
value (here, the center of the bull’s-eye). Measure- 
ments are precise when they can be reproduced with 
small uncertainties. The ideal situation is to have 
measurements that are both accurate and precise. 


O 


Accurate 
Not Precise 


Not Accurate 
Not Precise 


Not Accurate 
Precise 


Accurate 
Precise 


grade boundary. Multiple measurements, on one 
device or on different devices, can yield slightly dif- 
ferent results. All devices have a margin of error 
(within the tolerance of the device) that could yield 
two different grades when one or more parameters 
are near a border. Since no measurement is exact, 
prudent cut planning acknowledges measuring toler- 
ances and avoids placing parameters too close to the 
borders. 


MEASURABLE SYMMETRY PARAMETERS AND 
ADDITIONAL FACTORS 


Ten symmetry parameters are illustrated in figure 2. 
GIA has developed procedures to measure these 
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COMPARING VALUES WITH UNCERTAINTIES 
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Figure A-2. These total-depth measurements are shown 
with error bars that represent measurement uncertainty. 
These bars overlap the average value of 5.015 mm for the 
first five trials, but not the sixth. It is important to recog- 
nize the distinction between (1) measurements within 
tolerance of each other, and (2) measurements that clear- 
ly differ from each other beyond the tolerance. If the error 
bars overlap each other, the measurements can be consid- 
ered the same; if they do not overlap, the measurements 
are different. 


is also no smaller than the individual uncertainties. 
The uncertainty associated with a measured 
value can be thought of as a “bubble” around it. 
Overlap among these bubbles in a group of measure- 
ments indicates agreement with each other. A fixed 
boundary, such as a limit for symmetry grading, can 
cut through such uncertainty bubbles, separating a 
group of measurements that agree with each other 


UNCERTAINTY VS. A SYMMETRY BOUNDARY 
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Figure A-3. A round brilliant measured five times 
yields crown angle—variation values with uncertain- 
ties that cross the symmetry grade limit for this 
parameter (1.2°). Although the third measurement of 
1.3° would indicate Very Good symmetry, the most 
reproducible value—the one most often obtained—is 
within the limits for Excellent. 


into two differing results. Figure A-3 shows such an 
example, where all five measurements are within tol- 
erance of each other, but one generates a symmetry 
grade of Very Good, based on this one parameter, 
while the other four would score in the Excellent 
range. From basic metrological principles, if the mea- 
suring device is sound, the more reproducible value 
is the correct one. 


parameters with sufficient accuracy to determine 


the symmetry grade of round brilliant cut diamonds. 


NEED TO KNOW 


Additional parameters have been identified, such as 


the symmetry of the star facets and the upper and 
lower girdle facets, but numerical boundaries for 


these are still under review. 


¢ Starting in early 2012, GIA will apply boundary 
limits for 10 symmetry parameters measured by 
non-contact optical scanners when grading the 
symmetry of round brilliant cut diamonds. 


The 10 symmetry parameters are calculated as 
follows: 


1. Out-of-round: the difference between the maxi- 
mum and minimum diameter, as a percentage 
of the average diameter 


2. Table off-center: the direct distance between 
the table center and the outline center projected 
into the table plane, as a percentage of the aver- 
age diameter 


SYMMETRY GRADING FOR ROUND BRILLIANTS 


e Additional measurable parameters, aspects arising 
from combinations of these parameters, and 
facet-related symmetry variations will continue to 
be assessed visually. 


¢ Manufacturers should strive to attain values that are 
20% lower than the symmetry boundary limits, to 
account for measurement uncertainty and features 
that may combine to lower the symmetry grade. 
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At the regular spring meeting of the 
Board of Governors, Edward H. Kraus, 
Ph.D., Dean Emeritus, College of Litera- 
ture, Science and the Arts, University of 
Michigan at Ann Arbor, was elected pres- 
ident of the Gemological Institute of Amer- 
ica. Dean Kraus is serving his fifth term 
in this capacity. 

Elected to his second term as secretary- 
treasurer of G.LA. is Fred J. Cannon, 
Slaudt-Cannon Agency Company of Los 
Angeles. 


e J. Lovell Baker 


H. Paul Juergens, C.G., was elected for 
a third term as chairman of the Board of 
Governors of G.LA. Mr. Juergens is a 
member of Juergens & Andersen, Chicago. 
J. Lovell Baker, C.G., of Henry Birks & 
Sons, Ltd., Montreal, Canada, again. serves 
as vice-chairman of the Board. 


G.UA. Officers and Board 
Members Named 


¢ Dean Edward H. Kraus 
e H. Paul Juergens 
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QUANTIFIED SYMMETRY FEATURES 


Table off-center: 

deviation of the table 

from the central 

position on the crown | 


Out-of-round: deviation 
from the circular shape 
of a round diamond 


\ SK 
we 


Culet off-center: 
deviation of the culet from 
the central position on the 
pavilion 


Table/culet alignment: 
displacement of the 
table facet and culet in 
opposite directions 


Crown height variation: differing crown Crown angle variation: crown angles are 
height measurements indicating a wavy unequal; typically related to table off-center 
girdle or table/girdle not parallel 


L ZaNN SD GEASS 


WY VY WY 


Pavilion depth variation: differing pavilion depth Pavilion angle variation: pavilion angles are 
measurements indicating a wavy girdle unequal; typically related to culet off-center 


Zan 


Girdle thickness variation: variation of the 
girdle thickness at bezel positions 
Table size variation: 
differing table size 
measurments indicating 
non-octagonal table 


Figure 2. These 10 symmetry features can be measured reliably enough by non-contact optical scanners to 
determine the symmetry grade of round brilliant cut diamonds. 
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3. Culet off-center: the direct distance between 
the culet center and the outline center project- 
ed into any horizontal plane such as the table 
plane, as a percentage of the average diameter 

4. Table/culet alignment: the direct distance 
between the table center and the culet center 
projected into the table plane, as a percentage of 
the average diameter 


5. Crown height variation: the difference between 
the maximum and minimum crown height val- 
ues, as a percentage of the average diameter 

6. Crown angle variation: the difference between 
the maximum and minimum crown angle val- 
ues, in degrees 

7. Pavilion depth variation: the difference 
between the maximum and minimum pavilion 
depth values, as a percentage of the average 
diameter 

8. Pavilion angle variation: the difference between 
the maximum and minimum pavilion angle 
values, in degrees 

9. Girdle thickness variation: the difference 
between the maximum and minimum girdle 
thickness values, as a percentage of the average 
diameter, measured at the bezel-main junctions 
(see also features A1—A3 in figure 3) 

10. Table size variation: the difference between the 
maximum and minimum table size values, as a 
percentage of the average diameter 


Because the facets of a round brilliant are con- 
nected to each other, these symmetry features fre- 
quently occur in combination. All of the symmetry 
features combine to produce a general face-up visual 
impression, so the symmetry grade is established by 
looking at the face-up diamond. Depending on 
where they occur, and how they combine, different 
symmetry features can visually amplify or compen- 
sate for one another, as discussed in box B. This 
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Figure 3. Three vertical lengths (A1—A8) 
in this close-up of the 0.69 ct diamond in 
figure 1 illustrate girdle thickness differ- 
ences. Region B (green circle) shows 
where the facet edges of the upper and 
lower girdle do not meet (crown and 
pavilion misalignment). Region C (yel- 
low circle) shows the junction where 
three facets fail to meet (pointing 

fault). Photo by Robert Weldon. 


interaction plays a large role in determining the 
overall symmetry grade for round brilliants with 
lower symmetry. But for those with high symmetry, 
the magnitude of a single feature may dominate the 
evaluation. 

Facet-related symmetry features also play a role in 
determining the symmetry grade (e.g., figure 3, fea- 
tures B and C), but they are not part of the grading pro- 
cedure described here. A full description of facet-relat- 
ed symmetry features can be found in Blodgett et al. 
(2009). Open or short facets (non-pointing), misalign- 
ment between the bezels and pavilion mains, and 
prominent naturals or extra facets are readily 
observed, but they may occur independently of the 10 
measurable symmetry parameters listed above. 
Misshapen or uneven facets usually relate to a combi- 
nation of the 10 parameters, but the relationships can 
be complex. 


RECOMMENDED SYMMETRY BOUNDARIES 


The limits given below were derived from a statisti- 
cal comparison of measured values for the 10 param- 
eters and the final symmetry grades assigned to the 
diamonds. This comparison was repeated four times 
over a period of 10 years, each time on newly 
acquired data sets from several thousand diamonds. 
Each analysis examined several sets of limits for the 
10 parameters to identify robust matches with visual 
symmetry grading. 

Table 1 presents the ranges of allowed values for 
individual symmetry features, measured in percent- 
age or degrees, that GIA uses to support and con- 
strain visual symmetry grading. The limits dividing 
Fair from Poor symmetry are not presented here 
because of the small number of round brilliants with 
such low symmetry. Measured values should be 
rounded to the indicated precision, if necessary, 
before calculating the differences. If the value for any 
one parameter falls into a range associated with a 
lower grade, the overall symmetry grade will be low- 
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BOX B: COMBINATIONS OF SYMMETRY FEATURES 


he red dashed lines in the drawings in figure B-1 

show the position of the table center, and the 
blue dot shows the center of the stone outline. 
Consider two round brilliants, each with a 4% off- 
center table and culet (cases B and C). The measured 
values for table and culet being off center are equal, 
and each feature would be easily noticed individual- 
ly, in profile as well as face-up. When the culet and 
table are off center in the same direction (case B), the 
two symmetry features compensate for each other 
visually. But when the table and culet are shifted off 
center in different directions (case C), the negative 
visual impression is amplified considerably. 

When uneven crown height and girdle thick- 


Figure B-1. A culet and 
table that are off center in 
different directions produce 
a more asymmetrical 
appearance (case C) than 
when they are off center in 
the same direction (case B). 
Note that the degree of 
asymmetry is extreme, 
down to the Fair range. 


Culet and table centered 


ered accordingly. Combinations of symmetry fea- 
tures, as well as facet-related features that are not 
measured, will still be evaluated visually, which 
may also contribute to a lower symmetry grade. 

For example, if nine of the parameters are within 
the Excellent range but the table is off-center by 
0.7%, the best possible symmetry grade is Very 
Good. If all 10 parameters are within the Excellent 
range, the expected symmetry grade would be 
Excellent. But consider a round brilliant that is out 
of round by 0.7%, with crown angle variation of 1.1° 
and girdle thickness variation of 1.1%. Even though 
all three parameters are within the limits for 
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ness are added to the off-center table and culet, the 
visual difference between various combinations of 
these features becomes even more pronounced. In 
figure B-2 (top), the table and culet are off center in 
the same direction, and the girdle and crown height 
are uneven along this same A-B axis. Arranged in 
this way, these features tend to compensate each 
other visually, particularly in the face-up view. In 
contrast, figure B-2 (bottom) shows a table and 
culet that are off center in opposite directions, and 
the girdle thickness and crown height are uneven 
in a different direction (along the G-H axis). This 
combination amplifies the visual impression of 
asymmetry. 


Culet and table off-center 
4% in opposite direction 


Culet and table off center 
4% in same direction 


TABLE 1. Limits used by GIA to grade the symmetry of 
round brilliant cut diamonds. 


Parameter Excellent Very Good Good 
Out-of-round (%) 0-0.9 1.0-1.8 1.9-3.6 
Table off-center (%) 0-0.6 0.7-1.2 1.3-2.4 
Culet off-center (%) 0-0.6 0.7-1.2 1.3-2.4 
Table/culet alignment (%) 0-0.9 1.0-1.8 1.9-3.6 
Crown height variation (%) 0-1.2 1.3-2.4 2.5-4.8 
Crown angle variation (°) O-1.2 1.8-2.4 2.5-4.8 
Pavilion depth variation (%) 0-1.2 1.3-2.4 2.5-4.8 
Pavilion angle variation (°) 0-0.9 1.0-1.8 1.9-3.6 
Girdle thickness variation (%) 0-1.2 1.3-2.4 2.5-4.8 
Table size variation (%) O-1.2 1.3-2.4 2.5-4.8 
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Figure B-2. These two round brilliants have multiple measurable symmetry faults that limit them to 
no better than a Good symmetry grade. Although both stones have equal culet off-center values, the 
appearance of overall symmetry is different because of the relative placement of the various symmetry 
faults. The green crosshair indicates the center of the outline, blue is the center of the table, and red 
denotes the center of the culet. When the faults are aligned, the asymmetry appears less pronounced 
(top). By comparison, when symmetry faults occur in different directions, the visual impression of 
asymmetry is amplified (bottom). In either combination, these displacements are considerably more 
subtle than those shown in figure B-1. 


TABLE 2. Recommended limits for estimating the 
symmetry grade of round brilliant cut diamonds. 


Parameter 


Out-of-round (%) 
Table off-center (% 
Culet off-center (%) 
Table/culet alignment (%) 
Crown height variation (%) 
Crown angle variation (°) 
Pavilion depth variation (%) 
Pavilion angle variation (°) 
Girdle thickness variation (%) 
Table size variation (%) 
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O0-0.7 
0-0.5 
0-0.5 
0-0.7 
O-1.0 
O-1.0 
O-1.0 
0-0.7 
0-1.0 
O-1.0 


Excellent Very Good 


0.8-1.4 
0.6-1.0 
0.6-1.0 
0.8-1.4 
1.1-2.0 
1.1-2.0 
1.1-2.0 
0.8-1.4 
1.1-2.0 
1.1-2.0 


Good 
1.5-2.8 
1.1-1.9 
1.1-1.9 
1.5-2.8 
2.1-3.9 
2.1-3.9 
2.1-3.9 
1.5-2.8 
2.1-3.9 
2.1-3.9 


Excellent, the combination of these three symmetry 
features (and any others found on the diamond) may 
result in either an Excellent or a Very Good symme- 
try grade, depending on the visual assessment. 
Because every measurement contains uncertain- 
ty, and symmetry features may combine to lower 
the symmetry grade, we recommend a “safety mar- 
gin” for the trade to use in estimating the symmetry 
grade. Accordingly, the values shown in table 2 are 
20% lower than those in table 1. When the values 
for all 10 parameters fall within these narrower rec- 
ommended borders, there is a strong likelihood that 
the visual symmetry assessment will agree with the 


Gems & GEMOLOGY WINTER 2011 293 


measurement. Within these recommended limits, it 
is unlikely that a combination of measurable sym- 
metry features would lead to a lower symmetry 
grade. Note that the second example in the previous 
paragraph exceeds two of these recommended limits. 

The boundary values presented for these 10 sym- 
metry features are most useful along the 
Excellent-Very Good symmetry border, where a sin- 
gle feature often dominates the final grade determi- 
nation. These individual parameter limits are also 
relevant for the border between Very Good and 
Good. When symmetry problems become severe, 


294 SYMMETRY GRADING FOR ROUND BRILLIANTS 


Figure 4. These three 
round brilliants each dis- 
play a combination of 
symmetry faults. (A) The 
table of this 1.00 ct dia- 
mond (Fair symmetry) is 
not an octagon (6.1% 
table size variation, as 
shown by the blue and 
yellow lines) and the table 
is off-center by 2.5%. The 
asymmetry of the table is 
associated with crown 
angle variations and 
uneven bezels (marked 
red). (B) The culet of this 
0.83 ct diamond (Fair 
symmetry) is off-center by 
2.9% (red dot). The table 
is also off-center in an 
opposing direction (green 
dot), yielding a value for 
table/culet alignment of 
3.4%. These symmetry 
faults are associated with 
uneven bezels (marked 
red) and pavilion mains. 
Unlike the diamond in A, 
the nearly equal quad- 
rants defined by the yel- 
low lines show that the 
table is octagonal. (C) In 
this 0.69 ct diamond (also 
shown in figures 1 and 3; 
Good symmetry), the gir- 
dle is wavy and not paral- 
lel to the table. Photos by 
GIA (A and B) and Robert 
Weldon (C). 


though, it is more likely that multiple symmetry 
features will limit the grade, because the interac- 
tions among symmetry factors become more pro- 
nounced (again, see box B). Because combinations of 
minor symmetry features can create a significant 
visual impact, the limits in the tables must be 
viewed only as a guide. 


DISCUSSION 

During the analysis of laboratory grading results, we 
observed some variation in how strictly symmetry 
was evaluated by our graders, particularly for mea- 
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sured features near the border between Excellent and 
Very Good. A common set of fixed numerical limits 
for these parameters can only improve the consisten- 
cy of symmetry grading for such stones. Diamonds 
with at least one parameter beyond the limits shown 
in table 1 will receive the lower symmetry grade. 
Symmetry features not captured by these 10 param- 
eters will continue to be evaluated visually. If these 
additional facet-related features are sufficiently 
prominent—an extra facet polished at the corner of 
the table, for instance—they will reduce the sym- 
metry grade even if all measured parameters fall 
within the narrower limits in table 2. Visual sym- 
metry observations cannot raise a symmetry grade, 
but they can reveal instances when a cleaner, more 
correct measurement of the diamond is needed. 

Measured values can be of great help for dia- 
monds with multiple symmetry faults, such as the 
three shown in figure 4. In such cases, some of the 
symmetry features are more easily noticed visual- 
ly, while others are captured more accurately by 
measurement. In figure 4A, the asymmetry of the 
table leads to variation in crown angles and 
uneven bezel facets. In other cases, similar faults 
with the table might be associated with a wavy 
girdle that takes up the uneven aspects of the crown 
and allows little variation in the crown angles. Under 
both sets of circumstances, the uneven bezels are a 
prominent feature that does not describe the underly- 
ing symmetry faults as clearly as the measured values 
for crown angle variation, crown height variation, and 
girdle thickness variation. 

In figure 4B, the off-center culet and table lead 
to uneven bezels and pavilion mains. The displace- 
ment between the table center and the culet 
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emphasizes the visual impact of the off-center 
culet (again, see box B), but the measured values— 
that is, Good for table-culet alignment, but Fair for 
table off-center—provide a context for evaluating 
the severity of the combination. In figure 4C, the 
most prominent symmetry fault is displayed for 
the diamond shown in figure 3. The table and gir- 
dle are not parallel, a fault that is more severe than 
the uneven girdle thickness or the facet-related 
symmetry features. 


CONCLUSION 


Measurement is a process full of inherent uncertain- 
ties, but GIA’s efforts to achieve smaller uncertain- 
ties have been successful. Starting in early 2012, the 
measurable values presented in table 1 will be used 
to attain greater consistency than is possible 
through visual assessment alone. Additional mea- 
surable parameters, aspects arising from combina- 
tions of these parameters, and facet-related symme- 
try variations will continue to be assessed visually. 
A more restrictive set of limits is recommended for 
manufacturers, to help ensure that the final symme- 
try grade will not be undermined by combination 
effects or measuring tolerances. 
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A HISTORIC TURQUOISE JEWELRY SET CONTAINING 
FOSSILIZED DENTINE (ODONTOLITE) AND GLASS 


Michael S. Krzemnicki, Franz Herzog, and Wei Zhou 


A set of six antique brooches, set with diamonds 
and light blue cabochons, was investigated with 
microscopy, Raman analysis, and EDXRF spec- 
troscopy. Most of the cabochons proved to be 
fossilized dentine, also known as odontolite 
(mineralogically, fluorapatite). The brooches 
also contained turquoise and artificial glass. 


ly received a set of six antique brooches for 
identification (figure 1]. These same pieces had 
already been presented in Bennett and Mascetti 
(2003, p. 102) as turquoise jewelry. They were set 
with numerous small rose-cut diamonds and a few 
larger old-cut diamonds, but most prominent were a 
number of light blue to greenish blue cabochons that 
appeared to be turquoise. Visual examination quick- 
ly revealed otherwise. Considering the historic back- 
ground of these brooches, we were interested in 
examining the blue gems in greater detail to shed 
light on early turquoise imitations. 
Turquoise, a copper-bearing hydrated alu- 
minophosphate with the chemical formula 


T he Swiss Gemmological Institute SSEF recent- 
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Cu(Al,Fe?*),(PO,),(OH),.-4H,O, has been known 
since prehistoric times. It has been widely used in 
jewelry in the Middle East (Egypt and Persia), the Far 
East (Tibet, Mongolia, and China), and by native 
North Americans (Ahmed, 1999; Chalker et al., 
2.004). Yet turquoise was once very fashionable in 
Europe, especially during the 18th and 19th cen- 
turies (Bennett and Mascetti, 2003), so it is not sur- 
prising that imitations were used when genuine 
turquoise was not available. The wide range of 
turquoise imitations includes secondary minerals 
from copper deposits such as chrysocolla, dyed min- 
erals such as magnesite or howlite, and artificial 
materials such as glass or sintered products (Arnould 
and Poirot, 1975; Lind et al., 1983; Fryer, 1983; Kane, 
1985; Hurwit, 1988; Salanne, 2009). 

In this study, we report on a historic turquoise 
substitute—fossilized dentine, also known as odon- 
tolite, ivory turquoise, bone turquoise, or French 
turquoise. Much of this material consists of fos- 
silized mastodon ivory from Miocene-age (13-16 
million years old) sedimentary rocks of the Gers 
District between the Aquitaine and Languedoc 
regions of southwestern France (Reiche et al., 2001). 
The tusks are hosted by alluvial sediments (molasse 
alternating with fine sand and clay facies) that accu- 
mulated in basins during the erosion of the nearby 
Pyrenees Mountains (Crouzel, 1957; Antoine et al., 
1997). The fossilized dentine consists mainly of fluo- 
rapatite, Ca,(PO,),F; since medieval times, local 
Cistercian monks have used a heating process to 
turn the material light blue (de La Brosse, 1626; 
Réaumur, 1715; Fischer, 1819), which they thought 
to be turquoise. These “stones” were originally set 
in medieval religious artifacts, but came into fashion 
in the early to mid-19th century (Brown, 2007}, 


GEMS & GEMOLOGY WINTER 2011 


when fossilized dentine was recovered commercially 
in southwestern France. 

A similar set of brooches containing odontolite 
was described by Crowningshield (1993). The pre- 
sent study offers further data on this material. Odon- 
tolite is rarely encountered in the market today, 
although it is occasionally present in historic jewels 
from private collections or museums. Gemologists 
seldom have the opportunity to test this material in 
the laboratory. 


MATERIALS AND METHODS 


Six brooches, all of very similar style (figure 1), were 
investigated. Their ornamental patterns of folded 
and knotted bands are characteristic of early to mid- 
19th century design (Bennett and Mascetti, 2003). 
Several French assay marks were seen on the metal 
mounting. In total, the brooches contained 313 
opaque light blue cabochons from approximately 2 
to 11 mm long, set with numerous small rose-cut 
diamonds and three old-cut diamond center-stones. 
The brooches ranged 
from approximately 2.5 
to 14 cm long and from 
6.6 to 53.6 g in weight. 


Figure 1. These six 
brooches are set with 
318 light blue stones, 
the majority of which 
proved to be fossilized 
dentine (odontolite), 
mixed with a few 
turquoise and glass 
cabochons. Photo by 
Luc Phan, Swiss 
Gemmological 
Institute SSEF. 


magnification (200x) using an Olympus microscope 
coupled with our Renishaw Raman system. For iden- 
tification, Raman spectra were taken on a large num- 
ber of stones, using a 514 nm argon-ion laser (Hanni 
et al., 1998). The spectra were collected from 1800 to 
100 cm=! Raman shift, to include the vibrational 
range of organic compounds, such as wax and artifi- 
cial resin, used for turquoise impregnation. In a few 
cases, spectra were collected up to 5000 cm"! to 
check for OH bands in the dentine. 

We also conducted semiquantitative energy-dis- 
persive X-ray fluorescence (EDXRF) chemical analy- 
sis of two cabochons, using a Thermo Fisher 
Scientific Quant’X unit. These analyses, carried out 
using a series of excitation energies from 4 to 25 kV, 
covered a large range of elements, from Na to those 
with high atomic number. 


RESULTS 


The 313 light blue cabochons in the brooches (table 
1) were categorized into three groups: odontolite (288 


TABLE 1. Gems identified in the historic “turquoise” brooches. 


: Brooch Location in No. No. analyzed Odontolite”’ Ti : Gl 
All of the pieces figure 1 cabochons by Raman A ae cad ae 

were observed micro- Ton lef 04 38 37 = 0 
scopically with 10-50x Center 59 52 57 0 2 
magnification. A few Cc Top right 57 52 52 0 5 
stones were very diffi- D Bottom right 54 44 52 0 2 
cult to investigate due §& Bottom left 24 24 21 1 2 

. F Bottom center 25 24 19 2 4 
to the complexity of ean) a eri mar 16 7 
the mounting. Many of  /°* 
the cabochons were — *Due to the mountings, a few of the odontolites could only be identified by microscopic examination; 

. . these are also included here. 

also examined at high 
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Figure 2. Micropores were observed on the surface of 
the odontolite cabochons. Photomicrograph by M. S. 
Krzemnicki; magnified 30x. 


stones), turquoise (10), and artificial silica glass (15). 
The odontolite cabochons all showed a micro- 
granular surface covered with a dense pattern of 
micropores. These very tiny pores were either round- 
ed in outline (figure 2) or occurred as longitudinal 
channels, depending on how they were intersected 
by the curved surface of the cabochon. On a macro 
scale, these cabochons often showed weak banding 
(figure 3), and in some cases a very distinct pattern of 
curved intersection banding (figure 4}, described as 


Figure 3. The odontolite displayed weak banding. 
Photomicrograph by M. S. Krzemnicki; magnified 15x. 


characteristic for elephant, mammoth, and masto- 
don ivory (Campbell Pedersen, 2010). 

The Raman spectra of the odontolite revealed a 
distinct peak at 964 cm"! and smaller peaks at about 
1090, 580, and 430 cm Raman shift (figure 5), and 
only a weak, broad OH band at about 3540 cm". 
This pattern showed a perfect correlation with fluo- 
rapatite spectra taken from the SSEF reference min- 
eral collection and with the published literature 
(Reiche et al., 2000; Campillo et al., 2010). EDXRF 
analyses of two cabochons confirmed their identity 
as apatite, revealing Ca and P as major elements and 
low concentrations of S, Cl, Sr, and Mn. Both analy- 
ses also revealed traces of Cu. 

The turquoise cabochons showed a smoothly pol- 


NEED TO KNOW 


¢ Odontolite is fossilized dentine (mastodon ivory) 
from France that has been heat treated to pro- 
duce its blue coloration. 


e This historic turquoise substitute was identified in 
a set of six antique brooches set with diamonds. 


e A combination of microscopic observation and 
Raman spectroscopy was effective for separating 
odontolite from the turquoise and artificial silica 
glass also present in the brooches. 


Figure 4. Characteristic curved intersection bands 
were visible on several of the odontolite cabochons. 
Photomicrograph by M. S. Krzemnicki; magnified 20x. 
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Figure 5. Raman spectra are shown for odontolite, 
turquoise, and blue silica glass. 


ished surface and even color; some also had fine 
irregular brown veins (figure 6). They had a slightly 
more greenish blue color than the odontolite. Their 
Raman spectra were characterized by a general 
increase in Raman signal, with a distinct doublet at 
~1040 cm! Raman shift and a series of smaller 
peaks between 650 and 200 cm~!, typical for 
turquoise. We found no peak in the 1800-1400 cm"! 
range that would be expected for turquoise treated 
with wax and/or stabilized with artificial resin 
(Kiefert et al., 1999). 

The silica glass cabochons showed a smooth sur- 
face, with some scratches and small but distinctly 
spherical gas bubbles (figure 7). They revealed only a 
very weak, indistinct Raman signal characterized by 
three broad bands at about 1060, 985, and 830 cm~!, 
attributable to the Si-O vibrational modes of silica 
glass (McMillan, 1984). 


DISCUSSION 


The brooches exemplify the fashionable use of odon- 
tolite as a turquoise imitation in mid-19th century 
period jewelry. This was especially true in France, 
the source of the material. 

Figure 8 shows the distribution of odontolite and 
turquoise in the largest brooch. It contained only 
seven pieces of turquoise, together with 87 odonto- 
lite cabochons. The turquoise specimens were small 
and rather hidden, whereas the odontolite occupied 
the most prominent positions. In contrast to the 
other brooches, we found no silica glass in this item. 
In general, the distribution of turquoise cabochons in 
the brooches seemed rather random, and three of the 
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Figure 6. Fine brown veins are visible in this turquoise 
specimen. The two neighboring cabochons are odontolite. 
Photomicrograph by M. S. Krzemnicki; magnified 15x. 


pieces did not contain any turquoise at all. 

Bennett and Mascetti (2003, p. 89) pictured an 
antique brooch set with diamonds and blue cabo- 
chons described as odontolite and turquoise. One of 
the cabochons in the photo shows a distinctly green- 
ish blue color, suggesting to the present authors that 
it is turquoise, mixed with seven odontolite cabo- 
chons. We presume that mixing of these similar- 
looking materials was common at that time. It is not 
clear how much the jewelers actually knew about 
the materials they were using. 


Figure 7. A gas bubble is apparent in this glass cabo- 
chon in one of the brooches. Photomicrograph by M. 
S. Krzemnicki; magnified 25x. 
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Robert M. Shipley remains the Director 
of the Institute, which is located in Los 
Angeles, with Eastern headquarters in New 
York City. Continuing as executive secre- 
tary of the Institute and secretary to the 
Board is Dorothy M. Jasper. 

Three new members elected to serve on 
the Board of Governors include: Carleton 
E. Broer, C.G., of the Broer-Freeman Com- 
pany, Toledo, Ohio; C. I. Josephson, Jr., 
C.G., of C. I. Josephson Jewelers, Moline, 
Illinois; and William P. Kendrick, William 
Kendrick Jewelers, Louisville, Kentucky. 
Retiring members of the Board are: Mau- 
rice Adelsheim of Minneapolis, Minnesota; 
Leo J. Vogt, C.G., Hess & Culbertson Jew- 
elry Company, St. Louis, Missouri; and 
O. C. Homann, The C. B. Brown Company, 
Omaha, Nebraska. These members have 
given, without recompense, many years of 
service to the Gemological Institute and 
the advancement of the science of gemol- 
ogy in this country. 

Other members of the Board of Gover- 
nors, in addition to those already named, 
include: Charles H. Church, Church & Com- 


° Fred J. Cannon 


SUMMER 1950. 


e¢ Robert M. Shipley 


pany, Newark, New Jersey; Glynn Cremer, 
C.G., of Glynn Cremer, La Crosse, Wis- 
consin; Myron Everts, A. A. Everts Com- 
pany, Dallas, Texas; Edward F. Herschede, 
Sr., C.G., Frank Herschede Company, Cin- 
cinnati, Ohio; Geo. Carter Jessop, C.G., J. 
Jessop & Sons, San Diego, California; Earl 
E. Jones, C.G., Jones Bros., Jewelers, Pekin, 
Illinois; Lazare Kaplan, Lazare Kaplan & 
Sons, New York City; John S. Kennard, 
C.G., Kennard & Company, Boston, Massa- 
chusetts; E. A. Kiger, C. A.. Kiger Com- 
pany, Kansas’ City, Missouri; P. K. Loud, 
Wright, Kay & Company, Detroit, Michi- 
gan; Ernest J. Meyer, Meyer's, Grand Island, 
Nebraska; Charles D. Peacock IH, C.G., 
C. D. Peacock, Inc., Chicago, Illinois; and 
Jerome B. Wiss, C.G., Wiss Sons, Inc., 
Newark, New Jersey. 


GIFTS TO THE INSTITUTE 

Recently received for the library of the 
Gemological Institute of America, was a 
copy of the second edition of The Jewelers 
Dictionary, published by The Jewelers’ Cir- 
cular-Keystone. bi 

From Lieut. Col. G. M. Sprague has 
come a copy of his book, An Easy Guide to 
Stones in Jewellry, published in Cairo, 
Egypt. Sprague is an A.M.I. Mech. E, 
F.R.G.S., Fellow, Tully Medalist, and An- 
derson prize winner of the Gemmological 
Association of Great Britain. 
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Figure 8. The 
largest brooch 
(~14 cm long) con- 
tained mostly 
odontolite with 

a few turquoise 
cabochons. 

Photo by M. S. 
Krzemnicki. 


Based on its appearance and historical availabili- 
ty, we presume that the turquoise in this jewelry 
originated from classical sources in the Middle East, 
such as Persia. They showed no indications of any 
treatment (waxing, stabilization, or dyeing}, as 
expected for the time period of the jewelry. 

With its attractive light blue color, odontolite has 
been used as a turquoise simulant since the Middle 
Ages (Reiche et al., 2001). Although the heat- 
induced coloration was described in the early 18th 
century (Réaumur, 1715; Fischer, 1819), the cause of 
the blue color has been a subject of debate. Reiche et 
al. (2000, 2001) only recently showed that the oxida- 
tion of manganese traces within the fluorapatite dur- 
ing a heating process is responsible for the blue hue 
of the originally light gray odontolite. Using X-ray 
absorption spectroscopy, these authors found that 
heating to about 600°C under oxidizing conditions 
transforms octahedrally coordinated Mn** into tetra- 
hedrally coordinated Mn°t, which substitutes for 
phosphorous in the fluorapatite (Reiche et al., 2002). 

The traces of Cu that we detected in the two 
odontolite cabochons using EDXRF spectroscopy 
may result from contamination during polishing. 
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There was no visual indication on any of the investi- 
gated samples of artificial blue color concentrations, 
as would be expected for dyeing with a copper-bear- 
ing solution (e.g., copper sulfate). 

The glass imitations were uncommon in these 
brooches. Whether they were set during the crafting 
or during subsequent repair is not known. Similar 
glass, however, has a long history as a substitute 
(Hanni et al., 1998), and is often found in fashion 
jewelry from the 19th century. 


CONCLUSIONS 


What started as routine testing of a set of brooches 
ultimately shed light on the widespread use of a rare 
turquoise imitation—odontolite—in mid-19th cen- 
tury jewelry that was much in fashion in Western 
Europe. The odontolite cabochons were mixed with 
turquoise and also set with glass either at the manu- 
facturing stage or during subsequent repair. The 
most useful approach to identifying these materials 
is a combination of microscopic observation and 
Raman spectroscopy. Both methods are fully nonde- 
structive so they can be readily applied to valuable 
historic objects. 
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THE RADIOACTIVE DECAY PATTERN OF BLUE TOPAZ 
TREATED BY NEUTRON IRRADIATION 


Jian Zhang, Taijin Lu, Manjun Wang, and Hua Chen 


A systematic study of 15 neutron-irradiated 
blue topaz samples was conducted using 
high-purity germanium (HPGe) digital 
gamma-ray spectroscopy. The specific 
activity of the detected radionuclides ('4Cs, 
182Ta 46Sc, and/or '©°Tb) was measured, 
and the decay pattern of the irradiated 
topaz was determined. Based on the time 
elapsed since their removal from the nucle- 
ar reactor, the amount of time required for 
the residual radioactivity to decay to safe 
levels was calculated. Most of the samples 
were safe at the time of the first measure- 
ment (95 days after irradiation), but higher 
concentrations of radionuclide impurities in 
some samples will require them to be quar- 
antined for several years. 


adioactivity is one of the most discussed topics sur- 
rounding blue topaz (figure 1), which is commonly 
treated by irradiation from near-colorless starting 
material. To maintain consumer confidence, it is impor- 
tant to ensure that these gems do not contain dangerous 
levels of residual radioactivity. Three major irradiation 
methods are used: gamma (y), neutron, and electron-beam 
irradiation (Nassau, 1985; Ashbaugh, 1988). Of these, neu- 
tron irradiation creates perhaps the most beautiful medi- 
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um blue color, called “London Blue.” Unfortunately, this 
treatment also produces radioactivity from the nuclides of 
trace-element impurities in topaz (Crowningshield, 1981; 
Ashbaugh, 1988), such as Fe, Mn, Co, Zn, Sb, Ta, Cs, Sc, 
and Tb (Foord et al., 1988; Northrup and Reeder, 1994). 
These radioactive nuclides, which have various half-lives 
(table 1), may emit y-rays and beta (f) particles of varying 
radiation intensity (Ashbaugh, 1991; Nelson, 1991). While 
a high dose of y-rays and £-particles poses danger, a very 
low dose is not harmful. Therefore, blue topaz colored by 
neutron irradiation requires a quarantine period to allow 
the residual radioactivity to reach a safe level (referred to, 
e.g., as the exemption level) of less than 74 becquerels per 
gram (Bq/g) or 2 nanocuries per gram (nCi/g; Ashbaugh, 
1988). 

Investigations of blue topaz have focused mainly on 
irradiation methods and the cause of the coloration, with 
less emphasis on the detection of residual radioactivity. 
Ashbaugh (1988) discussed the radioactivity of colored 
stones treated by irradiation, as well as potential health 
hazards and government regulations. Based on these find- 
ings, GIA offered testing services for irradiated gems from 
1991 through 2006. However, that article did not address 
blue topaz treated by neutron irradiation. Guo et al. (2000) 
measured the specific activity of the total alpha (a) and p 
radioactivity of crushed blue topaz after irradiation using 
an FJ-2603 low-level o- and f-radiation measuring device 
and a BH1216A low-background measuring instrument. 
While that effort was helpful in exploring the radioactive 
decay of irradiated blue topaz, the specific nuclides 
involved were not determined. Helal et al. (2006) analyzed 
the trace elements in topaz samples before and after neu- 
tron irradiation using ICP-MS and a high-purity germani- 
um (HPGe) detector. This study proved that radioactivity 
in blue topaz colored by neutron irradiation is related to 
variations in the trace elements in the topaz. However, the 
decay pattern of the radionuclides was unclear. This arti- 
cle studies the residual radioactivity in blue topaz treated 
by neutron irradiation, identifies the specific radionuclides 
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TABLE 1. Half-lives of radioactive nuclides in 
irradiated blue topaz. 


Radionuclide Half-life (days) 
59Fe 44.51 
124Sb 60.20 
160Tp 72.30 
48S¢ 83.81 
182T 114.4 
8571 243.8 
54MIn 312.2 
134Cg 753.7 
8°Co 1,924 


involved, and calculates quarantine periods for the most 
highly radioactive samples to reach the exemption level. 


MATERIALS AND METHODS 

Fifteen samples of cut but unpolished near-colorless topaz 
(weighing 0.75 to ~2.0 g) of pegmatite origin from China’s 
Guangdong Province were studied. EDXRF chemical analy- 
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Figure 1. Most blue 
topaz on the market is 
irradiated to enhance 
its color. These stones 
(~4-10 ct) were treated 
by neutron irradiation. 
Photo by J. Zhang. 


sis was performed on all 15 samples (after irradiation) and 
on one additional untreated sample from the same locality, 
using an ARL Quant'X spectrometer at the National 
Gemstone Testing Center in Beijing. 

The important color centers in topaz are produced after 
12, hours of irradiation at 1.2 x 10!° neutrons/(cm? x sec). 
These conditions were used in this study to produce the 
colors shown in figure 2. The irradiation was conducted in 
a “light water” (ordinary water) nuclear reactor at the 
China Institute of Atomic Energy in Beijing. The samples 
were placed in cadmium-lined containers to reduce the 
amount of the thermal neutrons caused by absorption, and 
also to increase the amount of the fast, color-producing 
neutrons. 

A GEM-30185-Plus Despec HPGe digital gamma-ray 
spectrometer (figure 3) was used to measure the residual 
radioactivity of the irradiated blue topaz. The Ge semicon- 
ductor detector had a relative efficiency of 25%, an energy 
resolution of 1.96 keV at 1332.5 keV for Co, and a peak 
ratio of 48. The values measured represent the combined 
radioactivity of specific nuclides in the process of decay. 
The measurements were semiquantitative, obtained for 
40,000 seconds of active time. 


Figure 2. These irradiated 
topaz samples (weighing 
0.75 to ~2.0 g) were used in 
this study. From left to right, 
the top row shows samples 
numbered Topaz-1 to Topaz- 
7, and the bottom row 
shows Topaz-8 to Topaz-15. 
Photo by J. Zhang. 
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Figure 3. The HPGe digital spectrometer at the China 
Institute of Atomic Energy in Beijing was used in this 
study. Photo by J. Zhang. 


To explore the decay pattern of the irradiated blue 
topaz, we conducted four measurements of the residual 
radioactivity in the 15 samples. The samples were 
removed from the reactor on September 28, 2005, and 
gamma-ray spectroscopy was subsequently performed on 
January 1, 2006 (day 95); March 14 (day 167); April 19 
(day 203); and November 30 (day 428). We tested all sam- 
ples at day 95, and then focused on four samples (figure 4} 
with residual radioactivity higher than the exemption 
value (74 Bq/g). 


TABLE 2. Residual radioactivity (Bq/g) of irradiated 
blue topaz samples after four periods of decay.@ 


Decay time (days) 


Sample Nuclide 

no. 95 167 203 428 

Topaz-8 1346s 417.6 392.1 879.2 309.3 
182Tq 19,800 12,800 10,290 2,668 
Total 20,218 138,192 10,669 2,977 

Topaz-9 134s 1,617 1,512 1,462 1,187 
46Sc 296.3 162.1 120.7 18.4 
182T 495.9 321.1 258.1 66.8 
Total 2,409 1,996 1,840 1 2083 

Topaz-10 182Tq 195,000 125,800 100,800 25,750 
Total 195,000 125,800 100,800 25,750 

Topaz-15 1345 106.2 100.2 96.5 78.7 
46Sc 237.9 132.1 98.6 15.0 
160Th 3,909 1,961 1,389 160.5 
Total 4,253 2,193 1,585 254.2 


Although Fe was detected in the samples by EDXRF analysis, no 
iron radionuclides were detected by gamma-ray spectroscopy. 
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RESULTS AND DISCUSSION 

EDXRE spectroscopy showed traces of Mg, Ca, Na, K, and 
Cl in all samples, while Fe, Cs, Sr, Sc, Ta, and Tb were 
detected in some of them. Gamma-ray spectroscopy 
revealed the variable presence of four radionuclides in the 
irradiated topaz: *Cs, Ta, #°Sc, and/or !Tb (table 2). 
When the samples were first tested 95 days after irradia- 
tion, four of them showed residual radioactivity above the 
exemption level. The residual radioactivity of the other 11 
samples had decayed below the exemption level or the 
detection limit of the spectrometer. 


NEED TO KNOW 


¢ Neutron irradiation is commonly used to create 
an attractive “London Blue” color in near-color- 
less topaz. 


¢ Topaz may contain trace impurities that become 
radioactive after neutron irradiation. 

¢ Gamma-ray spectroscopy showed that irradiated 
topaz samples from China contained up to four 
radionuclides. 

¢ Most of the samples were safe to handle when 
measured 95 days after irradiation, but some will 
require several years to “cool down.” 


The goal of studying the decay pattern of irradiated 
blue topaz is to determine the time needed for the residual 
radioactivity to decay to a safe level (Miraglia, 1986; 
Miraglia and Cunningham, 1988). The half-life decay for- 
mula of radioactive nuclides is necessary for these calcula- 
tions. De Soete et al. (1972) defined the formula as follows: 
If the probability of decay for radioactive elements in unit 
time is 1/1, and if the number of radioactive elements is N, 
then the number of decayed radioactive elements in the 
time span of dt should be dN, where 


dN/N = -1/r dt (1) 
In formula (1), the negative sign indicates a reduction 


in the number of subatomic particles that constitute ioniz- 
ing radiation. Integrating both sides of the equation yields: 

N=N,e*" (2) 

In formula (2), N, is the original value of radioactivity 
from a given nuclide, and t represents the decay time con- 
stant, after which the element has been reduced to e7! of 
the original value of radioactivity. The relationship 
between t and half-life (T:,) can be expressed as: 

Tip = 0.693 (3) 

Applying formula (3) to formula (2), we can derive the 
half-life decay formula of radioactive nuclides: 

N =N,¢08T 2 (4) 
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Figure 4. These four samples (9.5-16.5 mm long) had 
residual radioactivity higher than the exemption 
level when initially measured after 95 days. From left 
to right: Topaz-8, Topaz-9, Topaz-10, and Topaz-15. 
Photo by J. Zhang. 


In formula (4), Ny is the initial value of radioactivity 
and N is the unknown value of radioactivity, expressed in 
units of Bq. T)/) is the half-life of the nuclide, and t is its 
decay time. 

The specific activity of each radionuclide present in a 
given sample was calculated. The values obtained at the 
first stage of radiation detection (after 95 days) can be set 
as the initial values. Values for each subsequent stage can 
then be calculated and compared with the detected values, 
as shown in table 3. In addition, the radioactivity of the 
samples upon their removal from the reactor (day 0) can be 


calculated. Most importantly, the time required for the 
residual radioactivity to decay below the exemption level 
(74 Bq/g) can be derived using the formula; these times are 
shown in table 4 for the four samples. 


CONCLUSIONS 


Blue topaz (e.g., figure 5) typically takes two to three years 
to decay below the exemption level after neutron irradia- 
tion. The actual quarantine time necessary for specific 
samples depends on several factors. There are three scenar- 
ios that can contribute to high levels of residual radioactiv- 
ity in irradiated gems. 

The first is the presence of activated impurities with a 
long half-life (i.e., a comparatively slow rate of decay). For 
example, !84Cs has a half-life of 2.06 years. This radionu- 
clide was present in three of the four topaz samples show- 
ing residual radioactivity, and for Topaz-9 the time required 
to decay below the exemption level was calculated at 3,440 
days (~9.4 years). 

Second, high concentrations of activated impurities 
(even those that do not have a long half-life) may produce 
high residual radioactivity. Sample Topaz-10, for example, 
contained a large amount of !**Ta (half-life of 114 days). 
Consequently, the sample’s radioactivity upon removal 
from the reactor was 347,600 Bq/g, and it took 1,391 days 
(~3.8 years) for the sample to decay below the exemption 
level. 

The third scenario contributing to high levels of residual 


TABLE 3. Detected and calculated specific activity (Bq/g) of radionuclides in 


irradiated blue topaz. 


Decay time (days) 


Sample no. —Nuclide Method 
6) 95 167 203 428 
Topaz-8 134Cg Detected 417.6 392.1 379.2 309.3 
Calculated 455.8 390.8 378.0 307.2 
182Tq Detected 19,800 12,800 10,290 2,668 
Calculated 35,280 12,780 10,270 2,664 
Topaz-9 134Cs Detected 1,617 1,512 1,462 1,187 
Calculated 1,764 15138 1,464 1,190 
48Sc Detected 296.3 162.1 120.7 18.4 
Calculated 650.0 163.4 121.3 18.9 
182T Detected 495.9 321.1 258.1 66.8 
Calculated 877.7 820.1 Zoe 66.5 
Topaz-10 182T Detected 195,000 125,800 100,800 25,750 
Calculated 347,600 125,900 101,100 25,770 
Topaz-15 134Cs Detected 106.2 100.2 96.5 78.7 
Calculated G7 99.2 96.0 78.0 
46Sc Detected 237.9 132.1 98.6 15.0 
Calculated 521.8 131.1 97.4 15.1 
160Th Detected 3,909 1,961 1,389 160.5 
Calculated 9,717 1,960 1,388 160.6 
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TABLE 4. Decay time needed for irradiated blue topaz samples to reach 
the exemption level of 74 Baq/g. 


Decay time (days) 


Sample no. Nuclide 
6) 95 428 703 1,391 1,975 3,440 

Topaz-8 134Cs 455.8 417.6 309.3 238.4 139.8 73.8 

182TA 35,280 19,800 2,668 491.5 14.5 0.2 

Total 35,736 20,218 2,997.3 729.9 154.3 74.0 
Topaz-9 134Cg 1,764 1,617 1,187.3 922.5 540.7 285.6 74.0 

48Sc 650.0 296.3 18.4 1.9 ¢) ) ) 

182T a 877.7 495.9 66.8 12.2 0.4 ) ) 

Total 8,291 2,409 1,202 936.6 541.1 285.6 74.0 
Topaz-10 18Ta 347,600 195,000 25,750 4,843 73.9 

Total 347,600 195,000 25,750 4,843 73.9 
Topaz-15 4Cg 115.7 106.2 78.7 60.5 

48Sc 521.8 237.9 15.0 1.6 

160Th 9,717 3,909 160.5 11.5 

Total 10,350 3,434 254.2 73.6 
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radioactivity is the presence of activated 
impurities with a long half-life combined 
with relatively high concentrations. 

The Chinese topaz studied for this article 
should be assumed to contain different 
trace-element impurities than starting 
material from other sources (e.g., Brazil), and 
therefore the decay times presented in this 
study are not representative of all neutron- 
irradiated topaz on the market. Still, the 
procedure and data presented here provide 
useful information for evaluating the residu- 
al radioactivity in topaz treated by neutron 
irradiation, regardless of locality. 


Figure 5. Treated blue topaz (here, 
85.79-243.66 ct) is commonly encoun- 
tered in the global gem market, and 
neutron-irradiated samples must 
undergo appropriate safeguards to 
ensure that they do not contain danger- 
ous levels of residual radioactivity. 
Photo by Robert Weldon; from top to 
bottom, GIA Collection nos. 16203, 
30886, 31942, 30889, and 31947. 
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DIAMOND 
A Rare Fancy Vivid Purple Diamond 


In GIA’s colored diamond grading sys- 
tem, predominantly purple diamonds 
can occur in the red-purple, reddish 
purple, and purple hue ranges. While 
none of these are common, diamonds 
in the unmodified purple range are 
the rarest. 

GIA first encountered purple dia- 
monds in the 1970s. Their color is due 
to plastic deformation of the crystal 
structure that occurred during their 
geologic history, resulting in parallel 
glide planes (referred to as graining). 
This graining exhibits pink and 
brown dichroism, observed under 
magnification (see S. Titkov et al., 
“Natural-color purple diamonds from 
Siberia,” Spring 2008 GwG, pp. 
56-63). It is extremely rare to see a 
pure purple hue resulting from such 
plastic deformation. 

The New York laboratory recently 
had the opportunity to examine a 0.81 
ct purple diamond with unusually 
strong color (figure 1). The cut-cor- 
nered rectangular modified brilliant 
was faceted so the graining reflected 
the purple color throughout the stone, 
maximizing its intensity. With mag- 
nification and diffused lighting, well- 
defined parallel glide planes were vis- 


Editors’ note: All items were written by staff 
members of the GIA Laboratory. 


Gems & GemoLoy, Vol. 47, No. 4, pp. 308-315, 
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Figure 1. This extremely rare 0.81 
ct diamond was color graded 
Fancy Vivid purple. 


ible through the pavilion (figure 2). 
These planes showed a strong concen- 
tration of purple color, while the sur- 
rounding area appeared nearly color- 
less. The stone fluoresced weak yel- 
low to long-wave UV radiation and 
was inert to short-wave UV. Under 
the very strong short-wave UV of the 
DiamondView, the glide planes dis- 
played clear green fluorescence, 
which is attributed to the localized 
distribution of the H3 optical center. 
The H3 center was also present in the 
UV-Vis absorption spectrum taken at 
liquid-nitrogen temperature, along 
with a strong absorption band cen- 
tered at ~550 nm, which clearly con- 
tributed to the predominantly purple 
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color. FTIR spectroscopy showed the 
diamond was a type IaA with a very 
high concentration of aggregated 
nitrogen, predominantly in the A 
form. We also noted a very weak 
absorption at 3107 cm~!, attributed to 
hydrogen. 

The outstanding feature of this 
diamond was its depth of color, which 
placed it in the Fancy Vivid range. On 
the rare occasions the lab has seen 
purple diamonds, they typically have 
a dark or unsaturated color, resulting 
in color grades modified by “gray” or 
“grayish.” It is unusual for GIA to 
encounter more than a handful of pur- 
ple diamonds, regardless of their 
depth of color, in any given year. The 
rarity is exponentially greater for a 
diamond with a very strong purple 
hue. 

Jason Darley, Paul Johnson, and 
John King 


Figure 2. The purple coloration 
in the diamond was concentrat- 
ed along parallel glide planes. 
Magnified 60x. 
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Figure 3. These two diamonds, a 0.85 ct Fancy black heart shape (left) 
and a 0.20 ct Fancy grayish blue modified pear shape (right), had similar 
hydrogen-related spectroscopic properties but dramatically different color. 


A Strongly Purple-Colored 
Black Diamond 


Hydrogen-rich diamonds with gray to 
blue to violet colors are rare, but they 
are well documented in the literature 
(see, e.g., C. H. van der Bogert et al., 
“Gray-to-blue-to-violet hydrogen-rich 
diamonds from the Argyle mine, 


Australia,” Spring 2009 GwG, pp. 
20-37). The New York lab recently 
tested such a diamond with an unusu- 
ally dark tone. 

The 0.85 ct type Ia heart shape 
(figure 3, left) showed extremely 
strong hydrogen-related features (e.g., 
3107 cm!) in its mid-infrared absorp- 
tion spectrum. The high concentra- 


Figure 4. The Vis-NIR absorption spectrum of the Fancy black heart shape 
showed a weak signal and significant noise. 
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tion of hydrogen produced such a dark 
appearance that the diamond received 
a Fancy black color grade. 

We compared this heart shape to a 
0.20 ct modified pear shape (figure 3, 
right) with similar overall spectro- 
scopic properties, also type Ia, that 
received a Fancy grayish blue color 
grade. In this diamond, however, the 
hydrogen impurity did not cause such 
a strong absorption. The difference 
between the two stones was also 
clearly displayed in their Vis-NIR 
absorption spectra in the 400-900 nm 
range. Both showed typical absorp- 
tions for gray to blue to violet dia- 
monds, such as bands near 500 and 
700 nm, attributed to hydrogen. The 
much stronger absorption in the heart 
shape blocked most of the light 
return, making it appear virtually 
black. Its spectrum was very noisy 
because of the absorbance, and the 
spectrometer detected only a very 
weak signal (figure 4). Only with mag- 
nification and fiber-optic illumina- 
tion could we observe fine clouds 
associated with hydrogen in such dia- 
monds (figure 5); the stone’s true deep 
purple bodycolor was also seen. 

This rare diamond provides a good 
example of an extreme end of the 
color range of hydrogen-rich dia- 
monds, in which the purple color was 
so deep that the stone appeared black. 

Paul Johnson 


Figure 5. With magnification and 
fiber-optic illumination, the 
heart-shaped diamond’s deep putr- 
ple bodycolor became apparent. 


| 
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GLA. Adds 46 New 


Sustaining Members to 
Its Hoster 


. PAUL JUERGENS, Chairman, has 

just announced the election of forty- 
six jewelty firms as new Sustaining Mem- 
bers of the Gemological Institute of Ameri- 
ca. This election is the outgrowth of action 
taken by the Board last year to exparid In- 
stitute membership and thus distribute the 
voting power, which governs G.I.A. policies, 
to what it considers a broader cross section 
of the jewelry industry. 


Sustaining Member firms annually elect 
G.LA. governors and thus control the forma- 
tion and direction of G.J.A. policies. It is 
from this membership also that governors 
of the Institute are elected. It was the opin- 
ion of the G.IA. governors that through 
election to sustaining membership additional 
tepresentative firms in the industry, G.I.A.’s 
membership would not only be broadened 
but afford mote active rotation of governors. 
Thus the scope of future accomplishment 
would be greatly benefited and extended. 


Sustaining Members are elected by the 
Board of Governors from among jewelry 
firms who have enrolled at least one student 
in. any courses of the Gemological Institute 
of America. Continued membership is sub- 
ject to annual re-election by the G.LA. 
Board. 

There are also eighty-nine Sustaining 
Members of the Gemological Institute who 
have served faithfully in such capacity from 
three to eighteen years. These are given in 
the alphabetical list which follows, together 
with the new members who are indicated by 
italics. 


Adams & Meador, Hutchinson, Kansas 


Loring Andrews, Co., Cincinnati, Ohio 
Appel Jewelers, Allentown, Pennsylvania 
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Constant J. Auger, San Francisco, Cali- 
fornia 

Harry E. Berg, South Bend, Indiana 

Harry S. Bick & Son, New York, New 
York 

Henry Birks & Sons, Ltd., Edmonton, 
Alberta, Canada 

Henry Birks & Sons, Ltd., Halifax, N.S., 
Canada 

Henry Birks & Sons, Ltd., Hamilton, On- 
tario, Canada 

Henry Birks & Sons, Ltd., Montreal, 
Quebec, Canada 

Henry Birks & Sons, Ltd., Ottawa, On- 
tario, Canada. 

Henry Birks & Sons, 
Quebec, Canada 

Henry Birks & Sons, Ltd., Vancouver, 
B.C., Canada 

Henry Birks & Sons, Ltd., Toronto, On- 
tario, Canada 

H. Bockstruck Company, St. Paul, Min- 
nesota 

Bramley & Company, Inc., White Plains, 
New York 

Raymond Brenner, Youngstown, Ohio 

Brock & Company, Los Angeles, Calif. 

Broer-Freeman Company, Toledo, Ohio 

Bromberg & Company, Birmingham, 
Alabama 

C. B. Brown Company, Omaha, Nebraska 

Robert Brown, Ltd., Sudbury, Ontario, 
Canada 

Brumer-Fischer, Clinton, Iowa 

J. A. Buchroeder & Co., Inc, Columbia, 
Missouri 

W.R. Burke, Berkeley, California 

Carter Bros. Co., Portland, Maine 

Church & Company, Newark, New Jer- 
sey 


Ltd., Quebec, 
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Figure 6. In the DiamondView, this 0.99 ct HPHT-treated diamond (left) 
shows four-fold symmetry that appears similar to the cross pattern typi- 
cally encountered in HPHT synthetics (right, 1.00 ct). 


HPHT-Treated Diamond with the 
Fluorescence Pattern of an 
HPHT-Grown Synthetic 


Synthetic diamonds grown at high- 
pressure, high-temperature (HPHT) 
conditions are no longer rare in the 
market. One method to distinguish 
them from natural diamonds is imag- 
ing their growth patterns with ultra- 
violet-activated fluorescence, such as 
with the DiamondView instrument. 

The growth structure of HPHT 
synthetics is typically quite distinc- 
tive and, in most cases, eloquently 
displayed in their fluorescence 
images. Because HPHT synthetic dia- 
monds form under different condi- 
tions than their natural counterparts, 
the growth rates of their various crys- 
tal faces are generally quite different. 
The resulting morphology of HPHT 
products is typically cubo-octahedral, 
whereas natural diamonds grow as 
octahedra. The overwhelming majori- 
ty of HPHT synthetics show a diag- 
nostic cross shape in their lumines- 
cence pattern. Sometimes, however, 
natural diamonds exhibit four-fold 
symmetry that may be confused with 
this cross pattern. 

One such instance was seen 
recently in the Carlsbad laboratory. A 
0.99 ct F-color type Ia round brilliant 
underwent advanced testing to deter- 
mine if it was natural, treated, or syn- 
thetic. The stone’s DiamondView 
image (figure 6, left) showed a config- 
uration resembling the cross pattern 
(figure 6, right), and its photolumi- 
nescence (PL) spectra indicated the 


310 


LAB Notes 


sample had been subjected to HPHT 
conditions, therefore suggesting it 
was an HPHT-grown synthetic. 
Nevertheless, microscopic examina- 
tion with crossed polarizers revealed 
a mottled strain pattern typical of 
natural type Ila diamonds (figure 7), 
and additional peaks in the PL spec- 
tra confirmed it was an HPHT-treat- 
ed natural diamond. 

DiamondView imaging can be 
diagnostic for synthetic diamonds, 
particularly those of HPHT origin. 
But careful consideration of both 
DiamondView images and spectral 
data (particularly PL) is usually neces- 
sary to definitively identify natural or 
synthetic origin. The cross-shaped 
growth pattern in the present dia- 
mond may be due to formation under 
different conditions (i.e., lower tem- 
peratures) than those typically experi- 
enced by natural diamonds, which led 


Figure 7. The HPHT-treated dia- 
mond’s mottled strain pattern 
indicated natural origin. Image 
width: 4.35 mm. 


to its altered morphology. The fact 
that this diamond was chosen for 
HPHT treatment was an interesting 
coincidence. 

Sally Eaton-Magana 


Type IIb Diamond with Long 
Phosphorescence 


It is well known that type II synthetic 
diamonds and some natural diamonds 
(including type IIb) are phosphores- 
cent. In natural diamonds the effect 
usually lasts for only a few seconds. 
However, a 4.23 ct emerald cut (figure 
8) recently submitted to the Carlsbad 
laboratory proved to be an exception. 
Identified as an untreated type Ib dia- 
mond with D color and IF clarity, it 


Figure 8. This 4.23 ct type IIb diamond is shown before (left) and after 
(right) exposure to short-wave UV radiation for 10 seconds. The photo on 
the right shows the diamond’s strong blue phosphorescence. 
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Figure 9. The three-dimensional spectral plot for the diamond in figure 8 
shows its long-lasting phosphorescence corresponding to the 500 nm band. 
The diamond was exposed to UV radiation for 20 seconds and data were 


collected over one second intervals. 


displayed very weak to weak greenish 
blue fluorescence to long- and short- 
wave UV radiation. During UV expo- 
sure, the fluorescence appeared to 
intensify due to the sample’s strong 
phosphorescence. After 5 seconds of 
exposure to short-wave UV radiation, 
the diamond displayed bright blue 
phosphorescence (see video in the 
G&G Data Depository at gia.edu/ 
gandg}, and it continued to luminesce 
for several minutes. 
Phosphorescence spectroscopy 
revealed a band at 500 nm (also docu- 
mented in type IIb diamonds by S. 
Eaton-Magana et al., “Luminescence 
of the Hope diamond and other blue 
diamonds,” Fall 2006 GwG, pp. 
95-96) that was responsible for the 
blue phosphorescence. Figure 9 shows 
the spectra collected over a period of 
60 seconds in a three-dimensional 
plot. At the end of 60 seconds, the 500 
nm phosphorescence band was still 
visible. The calculated half-life of this 
band was 8.4 seconds. By comparison, 
the Hope diamond’s 500 nm band 
half-life is only 1.8 seconds (S. Eaton- 
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Magana et al., “Using phosphores- 
cence as a fingerprint for the Hope 


and other blue diamonds,” Geology, 
Vol. 36, No. 1, 2008, pp. 83-86). 
Figure 10 shows the relationship 
between apparent bodycolor and 
phosphorescence half-life in 300 natu- 
ral type IIb diamonds examined in the 
GIA laboratory. The present dia- 
mond’s 500 nm band had a much 
longer half-life and a stronger intensi- 
ty than most natural type Ib dia- 
monds; this combination produced 
the unusually long phosphorescence. 
This diamond also exhibited ther- 
moluminescence, as described in the 
Spring 2011 Lab Notes (pp. 50-51). It 
was immersed in a liquid-nitrogen 
bath (-196°C) and simultaneously 
exposed to short-wave UV. After 
removal from the bath, it warmed up 
rapidly and displayed a flash of blue 
thermoluminescence. After a few sec- 
onds of additional warming, it exhib- 
ited the long-lasting phosphorescence 
described above. A second video doc- 
umenting both luminescence behav- 
iors is available in the G#G Data 
Depository. 
Andy H. Shen and 
Sally Eaton-Magania 


Figure 10. Data compiled for 300 natural type IIb diamonds show varia- 
tions in the average half-life of phosphorescence bands (with error bars 
showing standard deviations) at 500 and 660 nm according to their body- 
color. Colorless type IIb diamonds generally do not show a red phospho- 
rescence band at 660 nm, and their blue 500 nm band has a long half-life. 
Type Ib diamonds with stronger blue coloration have both 500 and 660 
nm bands, and the half-life of their blue phosphorescence is much shorter. 
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Figure 11. This 67.17 ct opal was 
clarity enhanced with some type 
of oil. 


OPAL 
Clarity-Enhanced, with 
Artificial Matrix 


The Carlsbad laboratory recently 
received a 67.17 ct opal cabochon (fig- 
ure 11) for identification. The stone 
showed an orangy yellow bodycolor 
and moderate play-of-color. It also had 
an unusual mottled gray “matrix” on 
the back and felt slightly greasy to the 
touch. In reflected light, a network of 
fine lines on the surface revealed a 
large amount of crazing, but these 
lines were not easily seen upon initial 
examination. 

Gemological examination pro- 
duced measurements consistent with 


natural opal. The refractive index was 
1.45, but we did not test specific grav- 
ity because of the presence of the 
“matrix.” The sample was inert to 
long-wave UV radiation and gave a 
weak greenish yellow reaction to 
short-wave UV. Notably, the fractures 
fluoresced weak yellow to both long- 
and short-wave UV. 

Microscopic examination revealed 
a somewhat columnar structure and 
bodycolor similar to material from 
Wollo Province, Ethiopia. A dense net- 
work of very low-relief fractures was 
also seen throughout the stone; their 
subtle appearance immediately sug- 
gested clarity enhancement. Closer 
examination showed flattened gas 
bubbles in many of the fractures from 
incomplete filling (figure 12, left). 
When exposed to a relatively low tem- 
perature thermal probe, the fractures 
began to sweat (figure 12, right). 
Because of the mobile nature of the 
clarity enhancing substance, we con- 
cluded that the stone was treated with 
some variety of oil rather than an 
epoxy resin. 

The “matrix” on the back of the 
cabochon consisted of a hard gray 
resin-like material that showed swirl 
marks and also some grinding marks, 
indicating it had been applied during 
or after the lapidary process. This 
layer added significant weight and 
likely helped hold the highly frac- 
tured stone together. 

While we do not know for certain 
if this stone was from the Wollo 


Figure 12. Low-relief fractures were seen throughout the opal, many of 
which showed flattened gas bubbles near the surface (left). Droplets of 
oil readily sweated out of the fractures when exposed to low temperature 
heat from a thermal probe (right, reflected light). Magnified 40x. 
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deposit, this seems likely given its 
appearance and the high volume of 
material recently mined there. 
Although this opal did not show 
hydrophane character, in one of 
these contributors’ (NR) experience, 
not all Wollo opal is hydrophane 
type. In addition, some of the orangy 
yellow Wollo opal seems to be prone 
to crazing. 

As with any new source, artificial- 
ly enhanced lesser-quality material 
will eventually make its way to the 
market as treatments are developed to 
create salable products. Even though 
very high-quality untreated Ethiopian 
opal is readily available, buyers should 
be aware that an increasing amount of 
treated material is appearing in the 
trade, including clarity-enhanced sam- 
ples such as this one and others sub- 
jected to forms of color modification 
(see, e.g., N. Renfro and S. FE. McClure, 
“A new dyed purple opal,” www.gia. 
edu/research-resources/news-from- 
research). As with all treatments, 
these are acceptable as long as proper 
disclosure is given to the buyer. 

Nathan Renfro and Phil York 


Ethiopian Black Opal 


The Carlsbad laboratory recently 
examined a 10.67 ct black opal (figure 
13), reportedly from the Wollo 
Province of Ethiopia. Because black is 
not a common bodycolor for opal 
from this important locality, and 
there are increasing reports of this 
material being treated (e.g., the article 
by N. Renfro and S. EF. McClure in this 
issue, pp. 260-270), we sought to 
determine the cause of color in this 
sample. Also submitted was an 
approximately 1 kg parcel of opal nod- 
ules, on which the client permitted 
destructive testing to investigate the 
cause of the bodycolor. 

Standard gemological properties 
from the cabochon were consistent 
with those expected for opal, includ- 
ing an RI of 1.45 and a hydrostatic SG 
of 2.05. It was inert to long- and short- 
wave UV radiation. Microscopic 
examination revealed small brown 
dendritic inclusions, a “digit-pattern” 
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columnar structure, and nonphenom- 
enal potch areas with a greenish cast. 
These microscopic observations and 
physical properties are consistent 
with features seen in other colors of 
Wollo opal. 

The rough material had the same 
general appearance and gemological 
properties as the cabochon, except 
that the nodules displayed color zon- 
ing. One of the rough pieces was 
sliced in half, revealing a dark brown 
to black core with a light brown to 
near-colorless perimeter (figure 14). 
This structure suggested natural 
color, as the reverse pattern (dark 
perimeter with light core) would be 
expected if the dark color had been 
artificially introduced. 

We performed LA-ICP-MS chemi- 
cal analysis of one slice, and Mn was 
the only element that showed distinct 
variations between the dark core 
(average 261 ppmw) and light rim 
(average 23 ppmw). The elevated Mn 
in the core is consistent with the dark 
color, as black manganese oxides have 
been observed on Wollo opal. If Mn 
was present during opal formation, it 
is reasonable to conclude that man- 


Figure 13. This 10.67 ct opal 
cabochon is reportedly from the 
Wollo Province of Ethiopia. The 
black bodycolor is caused by 
natural manganese oxides incor- 
porated during formation. 
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Figure 14. This 8.37 ct slice from 
a black opal nodule shows a dark 
core with a near-colorless to light 
brown perimeter, suggestive of 
natural color. LA-ICP-MS analy- 
sis of the core revealed high con- 
centrations of Mn, which is 
responsible for the bodycolor. 


ganese oxides would be incorporated 
into the opal and impart a dark body- 
color. Qualitative analysis by EDXRF 
also showed relatively high levels of 
Mn when compared to a white opal 
from Wollo. 


While treated black Ethiopian 
material has been documented (e.g., 
www.stonegrouplabs.com/Smoke 
TreatmentinWolloOpal.pdf), opal en- 
thusiasts will certainly appreciate 
these natural-color gems from the 
Wollo Province. 

Nathan Renfro 


Coated Bead-Cultured 
Freshwater PEARLS 


In September 2011, a strand of unusu- 
ally large white baroque “pearls” was 
submitted to the New York laborato- 
ry for identification. The 17 pieces 
measured 2.2.43 x 17.60 x 14.17 mm 
to 29.46 x 19.64 x 16.50 mm. They 
had a noticeably unnatural color and 
surface appearance, yet their baroque 
shape was typical of some freshwater 
cultured pearls seen in the market- 
place (figure 15). 

Microscopic inspection revealed a 
surface structure that lacked the char- 
acteristic platelet structure of nacre- 
ous pearls. Instead, the surfaces had a 
“glittery” painted appearance and 
unnaturally distributed orient, fea- 


Figure 15. This strand contains 17 large (up to 29.46 mm), coated, 
baroque-shaped, bead-cultured freshwater pearls. 
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Figure 16. Microscopic examination of the cultured pearls reveals air bubbles 
trapped in folds within the surface (left, magnified 20x). A close-up of a drill 
hole shows puckering and peeling of the outer surface, as well as the underly- 
ing nacreous surface of the cultured pearl (right, magnified 20x). 


tures commonly found in imitation 
pearls. Also, air bubbles were trapped 
in the folds and crevices throughout 
the strand (e.g., figure 16, left). 
Puckering at the drill holes, as well as 
noticeable chipping and peeling, fur- 
ther indicated a pearl imitation. In 
addition, some of the drill holes 
revealed an underlying nacreous layer 
(figure 16, right). These observations 
suggested the strand consisted of 
nacreous pearls with a thick coating, 
which would explain their organic- 
appearing shape despite their artificial 
appearance. 

Most of the samples showed obvi- 
ous uniformly round bulges like those 
seen in baroque bead-cultured pearls. 
Examination of these areas with fiber- 
optic lighting showed distinct band- 
ing that is typical of shell beads. X- 
radiography revealed that the entire 
strand was indeed bead cultured (fig- 
ure 17). No distinct boundary 
between the very thin nacre and the 
coating could be observed in the X-ray 
images. 

The long-wave UV reaction was 
relatively inert across the body of the 
cultured pearls but strong bluish 
white along the narrower areas where 
the coating was most concentrated. 
When exposed to X-rays, the strand 
showed moderate yellow lumines- 
cence (which was visible through the 
coating), typical of a freshwater ori- 
gin. This was confirmed by LA-ICP- 
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MS chemical analysis of an exposed 
nacreous layer, which showed high 
concentrations of Mn and Sr. Both 
EDXREF and LA-ICP-MS detected sig- 
nificant amounts of bismuth in the 
coating. Bismuth is often used in arti- 
ficial coatings to create a pearlescent 
appearance (J. V. Koleske, Ed., Paint 
and Coating Testing Manual: 14th 


Figure 17. X-radiography of the 
strand reveals a bead-cultured 
structure and very thin nacre lay- 
ers around the beads. 
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Edition of the Gardner-Sward Hand- 
book, American Society for Testing 
and Materials, Philadelphia, 1995, pp. 
229-230). Natural saltwater pearls 
with a bismuth-bearing coating were 
reported in a Fall 2005 Gem News 
International entry (pp. 272-273). 
This strand proved unusual for 
two reasons: Bead-cultured freshwa- 
ter pearls are not common in the mar- 
ket, and the pearl coatings we have 
examined have tended to consist of 
clear silicone polymers applied to 
improve luster or protect the underly- 
ing nacre (see Lab Notes: Spring 2000, 
p. 65; Spring 2002, pp. 83-84). The 
coating on the present strand created 
the illusion of thick, luminous nacre, 
and was probably applied to reinforce 
the precariously thin nacre layer on 
these cultured pearls. 
Akira Hyatt 


Tenebrescent ZIRCON 


Only a few gem varieties are known 
to exhibit reversible photochromism, 
also known as tenebrescence. This 
phenomenon is most notable in hack- 
manite a variety of sodalite. Recently 
we learned about another gem show- 
ing tenebrescence: zircon. Our source 
indicated that five such stones had 
been discovered approximately 25 
years ago in central Australia. When 
left in the dark for a few hours, the 
specimens reportedly turned orange, 
which would fade to near-colorless 
within a few minutes of exposure to 
light (figure 18). 

Two of the Australian samples 
were provided for examination in 
September, 2011: a 3.07 ct piece of 
rough and a 1.80 ct faceted round bril- 
liant. Both samples had fairly typical 
properties for zircon: RIl—over the 
limits of the refractometer (>1.81); 
SG—4.72; and fluorescence—very 
weak orange to long-wave UV radia- 
tion, and moderate orangy yellow to 
short-wave UV. Microscopic exami- 
nation revealed reflective disk-like 
inclusions. LA-ICP-MS_ chemical 
analysis did not show anything out of 
the ordinary for zircon. 

When first taken out of the dark 
environment, the stones were orange. 
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Figure 18. This 1.80 ct tenebrescent zircon is shown just after it was 
taken out of the dark (left), and after exposure to a fiber-optic light for 
several minutes (right). 


Placed under a standard 13.3 watt 
incandescent desk lamp, they faded 
within a couple of minutes to a light, 
slightly pinkish brown. The color did 
not appear to change any further under 
indirect office lighting. Additional 
exposure to a 150-watt fiber-optic light 
for approximately one minute caused 
them to fade to pale pinkish brown. 
Longer exposure to the fiber-optic light 
did not cause any more fading. After 
being stored in the dark overnight, the 
stones returned to their original color. 
We repeated this process several times 
with the same results. 

Some tenebrescent stones change 
back to their original color by expo- 
sure to short-wave UV radiation or 
heat. Attempts to restore the orange 


color of these zircons with short-wave 
UV were unsuccessful. We also tried 
low heat without success, but this 
may be because the samples were not 
heated enough; they were not heated 
further out of concern for potential 
damage. 

A search of the literature by GIA’s 
Richard T. Liddicoat Library and 
Information Center found no men- 
tion of “tenebrescent” zircon, 
although several books described zir- 
cons with such behavior. The oldest 
reference found was in Max Bauer’s 
Precious Stones (1904), which noted: 
“Zircon—The colour and luster of 
some hyacinths [probably referring to 
brownish or pinkish orange material] 
is liable to change even at ordinary 


temperatures if the stones are exposed 
to light. .. . In some cases the colour 
becomes pale. .. . Such altered stones, 
if kept in darkness, will recover their 
original colour. .. .” Interestingly, sev- 
eral other references gave fairly simi- 
lar descriptions of this phenomenon, 
but it was never referred to as tene- 
brescence—even though it fits the 
definition. Likewise, a Fall 1986 Lab 
Note (pp. 188-189) documented 
reversible color-change in a blue zir- 
con, which changed to an undesirable 
grayish brown with exposure to long- 
wave UV radiation. 

Several online retailers are selling 
this material as tenebrescent zircon. 
The stones are reported to be from 
Tanzania, Australia, Cambodia, or 
Nigeria; one site says it was found 10 
years ago. It remains unclear whether 
any of this information is reliable, 
but one thing is certain: tenebrescent 
zircon exists, and it is a wonder that 
this interesting material has been so 
little reported in the contemporary 
literature. 

Shane F. McClure 
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COLORED STONES AND 
ORGANIC MATERIALS 


Chondrodite from Mahenge, Tanzania. At the 2011 
Tucson gem shows, Dudley Blauwet (Dudley Blauwet 
Gems, Louisville, Colorado) showed GIA some samples of 
chondrodite that were found near Mahenge, Tanzania, in 
early 2010. Chondrodite, (Mg,Fe*),(SiO,),(F,OH),, is a fair- 
ly rare monoclinic silicate mineral that typically occurs 
as small grains ranging from yellow to red and brown, 
well-formed crystals and gem-quality material are rare. 
Faceted chondrodite was previously reported from 
Tanzania, though from a different locality, Sumbawanga 
(see Winter 2007 Gem News International [GNI], pp. 
377-378). 

Mr. Blauwet was aware of ~100 g of rough material 
being produced at Mahenge, which consisted of small 
waterworn pebbles and larger broken fragments. He 
bought a few small samples in 2010, and the cut stones 
from this parcel yielded 121 pieces totaling 19.06 carats. 
Later, during the 2011 Tucson shows, he purchased about 
50 g of clean rough. This parcel produced 99 cut stones 
totaling 55.57 carats. It included five gems weighing >1.5 
ct; the largest one was ~2.0 ct. 

Gemological examination by GIA in Tucson yielded 
the following properties from a 0.34 ct faceted sample (fig- 
ure 1, left): RI—n,= 1.594, ng = 1.602, n, = 1.621; birefrin- 
gence—0.027; optic character—biaxial positive; pleochro- 
ism—weak yellow to near colorless; UV fluorescence— 
inert to long-wave, and slightly chalky yellow to short- 
wave UV; and no lines visible with the desk-model spec- 


Editor’s note: Interested contributors should send informa- 
tion and illustrations to Brendan Laurs at blaurs@gia.edu or 
GIA, The Robert Mouawad Campus, 5345 Armada Drive, 
Carlsbad, CA 92008. Original photos will be returned after 
consideration or publication. 


GEMS & GEMOLOGY, Vol. 47, No. 4, pp. 316-335, 
http://dx.doi.org/10.5471.GEMS.47.4.316. 
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Figure 1. These chondrodites (left, 0.34 ct) are from 
Mahenge, Tanzania. Photo by Robert Weldon. 


troscope. Inclusions consisted of numerous transparent 
reflective particles and fine oriented short needles, some 
appearing rusty orange. Compared to the Sumbawanga 
chondrodite, the Mahenge material had a slightly higher 
RI, but the same birefringence. The needle-like inclusions 
were not seen in the Sumbawanga material. 

Mr. Blauwet reported that, to his knowledge, no addi- 
tional gem-quality chondrodite has been produced from 
Mahenge since 2010. 

Thomas W. Overton (gandg@gia.edu) 
Carlsbad, California 


Blue dolomite from Colombia. Dolomite, a calcium-mag- 
nesium carbonate [CaMg(CO,),], is the second most 
important carbonate mineral after calcite. Although 
dolomite is sometimes used as an ornamental stone, it is 
rarely seen as a gem due to its low hardness (Mohs 314-4) 
and lack of transparency. However, in late 2010, GIA was 
informed by Farooq Hashmi (Intimate Gems, Glen Cove, 
New York) about a new find of gem-quality blue dolomite 
from the famous Muzo emerald mine in Colombia. The 
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Figure 2. This 1.13 ct oval brilliant is a rare blue 
dolomite from the Muzo mine, Colombia. Photo by 
Brad Payne. 


material was reportedly produced in mid-2010 from veins 
in black shale. Less than 2 kg of gem-quality rough were 
found, as crystals up to 2.5 cm across (mostly ~1 cm). Mr. 
Hashmi arranged for some of the rough material to be 
donated to GIA by Greg Turner (Sacred Earth Minerals, 
Asheville, North Carolina), and Brad Payne (The Gem 
Trader, Surprise, Arizona) also loaned a 1.13 ct oval bril- 
liant (figure 2.) for examination. 

All of the samples were transparent light blue without 
any color zoning. Their gemological properties were con- 
sistent with dolomite, which was confirmed by Raman 
analysis. Microscopic observation revealed two- and three- 


phase inclusions with jagged edges (figure 3, left), along 
with other fluid and transparent crystalline inclusions. 
Healed feathers containing tiny crystals were found in 
most samples. A wavy strain pattern was observed with 
cross-polarized light. Dolomite’s high birefringence (0.180) 
was evident from the strong doubling. An albite inclusion, 
identified by Raman and LA-ICP-MS analysis, broke the 
surface of one rough sample (figure 3, right). Pyrite, com- 
monly associated with dolomite at Muzo, was also seen 
on the surface of a few rough samples, all of which were 
rhombohedral twinned aggregates with reentrant corners. 
The surfaces also showed numerous etch features. One 
crystal contained three large, flat fractures parallel to 
rhombic faces, consistent with the perfect rhombohedral 
cleavage of dolomite. 

A UV-Vis spectrum of the cut stone revealed Fe** 
absorption bands at 450, 460, and 470 nm, along with a large 
broad band centered at ~580 nm. Qualitative EDXRF spec- 
troscopy detected Ca and Mg, as well as traces of Fe and 
Mn. LA-ICP-MS analysis revealed many additional trace 
elements, including Sc, Ti, V, Cr, Ni, Zn, Sr, Y, and rare- 
earth elements. A pure dolomite crystal is expected to be 
colorless, and the blue color shown by this Colombian 
material may be due to natural radiation. Blue color in car- 
bonate minerals (i-e., calcite) that contain twinning and dis- 
locations is thought to be related to natural radiation (T. 
Calderon et al., “Relationship between blue color and radia- 
tion damage in calcite,” Radiation Effects, Vol. 76, 1983, pp. 
187-191, http://dx.doi.org/10.1080/01422448308209660). 

Transparent (colorless) dolomite has been documented 
from Spain (see M. O’Donoghue, Ed., Gems, 6th ed., 
Butterworth-Heinemann, Oxford, UK, 2006, p. 406), but 


Figure 3. The dolomite contained tiny jagged three-phase inclusions associated with other fluid inclusions 
(left, magnified 110x). An albite inclusion broke the surface of one rough dolomite sample (right, magnified 


80x). Photomicrographs by K. S. Moe. 
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we believe this is the first report of blue dolomite being 
used as a gemstone. 

Kyaw Soe Moe (kmoe@gia.edu) and Wai L. Win 

GIA, New York 


Fluorite from Namibia. The Klein Spitzkoppe area in 
Namibia is known as a source of attractive crystals of 
topaz, aquamarine, and other minerals from miarolitic 
cavities (see, e.g., B. Cairncross et al., “Topaz, aquama- 
rine, and other beryls from Klein Spitzkoppe, Namibia,” 
Summer 1998 GWG, pp. 114-125). In mid-2011, GIA 
was informed by Jo-Hannes Brunner (Pangolin Trading, 


Figure 5. Color zoning and several prismatic inclu- 
sions containing dickite are visible in this Namibian 
fluorite slab (gift of Jo-Hannes Brunner; GIA 
Collection no. 38388). Photomicrograph by C. Ito; 
magnified 16x. 
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Figure 4. This unusual 
pendant, measuring ~3 x 
8 cm, contains a slab of 
Namibian fluorite that is 
surrounded by a piece of 
brushed silver. It is 
shown in reflected light 
(left) and transmitted 
light (right). Courtesy of 
Goldideas, Windhoek; 
photos by Jo-Hannes 
Brunner. 


Windhoek, Namibia) about a new find of fluorite located 
several kilometers from Klein Spitzkoppe toward the 
Khan River. The material shows distinctive color zoning 
and inclusions, and Mr. Brunner reported that only a 
small amount has been mined so far. He indicated that a 
few dozen polished slabs have been produced in sizes up 
to 10+ cm in longest dimension, and some of them have 
been set in silver pendants (e.g., figure 4). Mr. Brunner 
donated to GIA one polished slab (89.47 ct, or 37.05 x 
39.75 x 5.60 mm) and seven rough pieces of this fluorite 
(9.83 to 45.97 g) for examination. 

Gemological examination of the slab revealed the fol- 
lowing properties: RI—1.434; hydrostatic SG—3.12, 
Chelsea filter reaction—none; fluorescence—inert to long- 
wave UV radiation, and weak yellow to short-wave UV in 
the yellow to orangy yellow portions; and no clear absorp- 
tion lines visible with the desk-model spectroscope. These 
properties are consistent with fluorite, and the identity of 
all the samples was confirmed by Raman spectroscopy. 

The fluorite was distinctly color zoned, with cubic vio- 
let zones inside yellow to orangy yellow areas. Whitish, 
prismatic inclusions with generally square cross-sections 
(figure 5) appeared opaque in transmitted light and were 
predominantly hosted by the violet areas of the fluorite. 
These inclusions were identified by Raman spectroscopy 
as dickite, a clay mineral with the formula Al,Si,O.(OH),. 
Many of them consisted of partially hollow tubes, appar- 
ently created when some of the soft dickite weathered 
away or was removed during the polishing of the slab. A 
few yellow areas within the dickite inclusions were identi- 
fied as sulfur, and Raman analysis also detected quartz 
inclusions in the fluorite. In addition, microscopic exami- 
nation revealed reflective, iridescent fluid inclusions with 
geometric patterns. 

LA-ICP-MS analysis of both the yellow and violet por- 
tions of the fluorite showed trace amounts of Ti, Sr, La, 
and Ce. The violet area tended to show higher concentra- 


GEMS & GEMOLOGY WINTER 2011 


tions of these elements, as well as trace amounts of addi- 
tional rare-earth elements. 

UV-Vis-NIR spectroscopy of a yellow portion of the 
slab showed a broad band at 434 nm, while a violet section 
displayed a 306 nm peak with broad bands at approximate- 
ly 410 and 570 nm. The band in the yellow region is con- 
sistent with the “yellow center” attributed to an O, ion 
replacing two adjacent F- ions (H. Bill and G. Calas, “Color 
centers, associated rare-earth ions and the origin of col- 
oration in natural fluorites,” Physics and Chemistry of 
Minerals, Vol. 3, 1978, pp. 117-131). The violet portion 
showed an absorption spectrum similar to those of purple 
fluorites in that article, with a 570-580 nm band (possibly 
attributed to colloidal calcium) and other possible Y- or 
Ce-associated F-center features. 

Absorption spectra of the fluorite and Raman spectra of 
the inclusions are available in the GG Data Depository 
at gia.edu/gandg. The delicate color patterns and interest- 
ing inclusion scene displayed by this fluorite makes it an 
attractive option for jewelry use when cut as slabs. 

Claire Ito (cito@gia.edu) 
GIA, New York 


Common opal from Laverton, Western Australia. In early 
2011, Peter Piromanski from Holdfast Exploration Pty. 
Ltd., Wannero, Western Australia, showed this contributor 
some attractive potch opals (e.g., figure 6], to be marketed 
as Piroman Opal, that were reportedly from a new deposit 
31 km north of the town of Laverton, near the Great 
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Figure 6. Shown here 
are rough and cut 
opals from Laverton, 
Western Australia. 
The faceted stones 
weigh 0.50-4.39 ct. 
Photo by V. Pardieu. 


Central Road at coordinates 28°22'10" S, 122°35'59" E. 
According to local geologic maps, this region consists 
mainly of weathered biotite monzogranite or kaolinized 
granites. The opal seam appears to be associated with a 
fault trending northeast/southwest. In September 2008, 
Holdfast Exploration was granted a five-year exploration 
license, and prospecting has been carried out since 
November 2008. Pits were excavated up to about 1.5 m 
deep in six different areas using mainly hand tools, a jack- 
hammer, and an excavator. 

Samples of opal in host rock, loose pieces of rough, and 
faceted stones were donated to GIA in December 2010. 
Eight samples weighing 0.49-4.39 ct studied for this report 
represented the color range of the Laverton material: two 
rough specimens (yellow and brownish orange) and six 
faceted stones (two colorless, two yellow, and two brown- 
ish orange). Some of the matrix specimens contained col- 
orless, yellow, and brownish orange opal within the same 
piece. Most of the opal in matrix showed some unhealed 
surface-reaching fissures that were present before the 
stones were brought to GIA. Observations over an 11- 
month period showed some evidence of crazing in one of 
them, the colorless round brilliant shown in figure 6. 

Gemological properties of the opal are summarized in 
table 1. Most of the samples showed some turbidity and 
flow patterns. One of the two colorless pieces contained 
clusters of minute crystals (figure 7, top left). In most of the 
yellow material, small spheres were seen individually (fig- 
ure 7, top right) or in groups (figure 7, bottom left). In the 
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Churchwell’s, Inc., Wilson, North Caro- 
lina 

Fred J. Cooper, Inc., Philadelphia, Penn- 
sylvania 

Cowell & Hubbard, Cleveland, Ohio 

Glynn Cremer, La Crosse, Wisconsin 

Geo. D. Davidson Company, Los Angeles, 
California ; 

Davis & Hawley Company, Bridgeport, 
Connecticut 

Alfred H. Dickinson, Buffalo, New York 

Donavan & Seamans, Los Angeles, Cali- 
fornia ‘ 

Edwards & Company, Kansas City, Mis- 
souri 

Louis Esser & Company, Milwaukee, Wis- 
consin 

A. A. Everts Company, Dallas, Texas 

Fort & Goodwin, Trenton, New Jersey 

W. J. Frank Company, Akron, Ohio 

P. A. Freeman, Inc., Allentown, Penn- 
sylvania 

Friedlander & Sons, Seattle, Washington 

Fulmer & Gibbons, Philadelphia, Penn- 
sylvania 

Galt & Bro., Inc., Washington, D.C. 

Julius Goldstein & Sons, Mobile, Ala- 
bama 

Grogan & Company, Pittsburgh, Penn- 
sylvania 

E. Gubelin, Lucerne, Switzerland 

Gulliksen Jewelers, Detroit, Michigan 

Gurney Bros., Company, Brockton, Mas- 
sachusetts 

Hale’s Jewelers, Greenville, South Caro- 
lina 

Hardy’s, Inc., Seattle, Washington 

Hardy & Hayes Jewelers, Pittsburgh, 
Pennsylvania é 

Henke’'s, Inc., Montclair, New Jersey 

The Frank Herschede Company, Cincin- 
nati, Ohio 

Hess & Culbertson Jewelers, St. Louis, 
Missouri 

C. F. Hoffman & Sons, Inc., Gadsden, 
Alabama 

M. D. Hohenstine, Columbus, Ohio 


SUMMER 1950 


B. D. Howes & Son, Los Angeles, Cali- 
fornia 

J. B. Hudson Company, Minneapolis, 
Minnesota 

Jabel Ring Mig. Co., Newark, New. Jer- 
sey 

Jaccard Jewelry Corporation, Kansas 
City, Missouri j 

S. Jacobs & Company, Minneapolis, Min- 
nesota 

J. Jessop & Sons, San Diego, California 

Jones Bros., Pekin, Illinois 

S. Joseph & Sons, Des Moines, Iowa 

C. I. Josephson Jewelers, Moline, Illinois 

Juergens & Andersen, Chicago, Illinois 

Lazare Kaplan & Sons, New York, New 
York 

Keller & George, Charlottesville, Vir- 
ginia 

Wm. Kendrick Jewelers, Louisville, Ken- 
tucky - 

Kennard & Company, Inc., Boston Mas- 
sachusetts 

C. A. Kiger Company, Kansas City, Mis- 
souri 

S. Kind & Sons, Philadelphia, Pennsyl- 
vania 

Samuel Kirk & Son, Inc., Baltiraore, 
Maryland 

P. H. Lachicotte & Co., Inc., Columbia, 
South Carolina , 

Larter & Sons, Newark, New Jersey 

H. F. Legg & Son, Minneapolis, Minne- 
sota 

Lemon & Son, Louisville, Kentucky 

S. TI. Little Jewelry Co., Cumberland, 
Maryland 

Thomas Long Company, Boston, Massa- 
chusetts 

Maier & Berkele, Inc., Atlanta, Georgia 

Mappin’s, Ltd., Montreal, Quebec, Can- 
ada 

Mayer Bros., Seattle, Washington - 

Mermod-Jaccard-King Jewelry Co., St. 
Louis, Missouri 

Meyer’s, Grand Island, Nebraska 

J. Milhening Company, Chicago, Illinois 
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TABLE 1. Properties of opal from Laverton, 
Western Australia. 


Color Colorless to saturated yellow and 
brownish orange. Some stones showed 
orange and colorless color zoning. 

Diaphaneity Transparent to translucent 

RI 1.40-1.44 

SG 1.99-2.01 

Mohs hardness 5-6 


UV fluorescence Yellow and brownish orange opal: inert 


Colorless opal: strong white (with 2-3 
seconds of phosphorescence) to short- 
wave UV 


Spectroscope spectrum Colorless to yellow opal: no features 
Brownish orange opal: strong absorption 
in the blue region 


brownish orange opal, the most common inclusions were 
tiny angular, often reddish crystals associated with ran- 
domly oriented reflective (sometimes iridescent) discoid 
tension fissures, reminiscent of the “lily pads” seen in peri- 
dot (figure 7, bottom right). We have been unable to identi- 
fy any of these inclusions with Raman microspectroscopy. 
EDXRE analysis of five opals (colorless, yellow, and 
brownish orange) showed traces of Cu and Zr in all sam- 
ples, while Ca, Fe, and Sr were detected in all but the color- 
less pieces. The three darker brownish orange stones con- 
tained the highest Fe contents, as expected from the litera- 
ture (E. Fritsch et al., “Découvertes récentes sur l’opale,” 


Figure 7. Inclusions seen 
in the Laverton opals 
included a cluster of 
minute unknown crys- 
tals (top left) and tiny 
spherical inclusions (top 
right), which sometimes 
occurred in clusters (bot- 
tom left). Randomly ori- 
ented crystals associated 
with lily pad—like ten- 
sion fissures were also 
seen (bottom right). 
Photomicrographs by V. 
Pardieu, magnified ~40x. 
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Revue de Gemmologie, No. 138-139, 1999, pp. 34-40). 
Raman spectroscopy of the same five samples showed a 
rather broad asymmetric band centered at about 350 cm™! 
with smaller bands at 1220, 1075, 965, and 780 cmz!. Such 
spectra are typical of opal-CT (M. Ostrooumov et al., 
“Spectres Raman des opales: Aspect diagnostique et aide a 
la classification,” European Journal of Mineralogy, Vol. 11, 
1999, pp. 899-908), which is usually found in a volcanic 
setting. 

The discovery of fire opal in Western Australia, a part 
of the country not usually associated with opal, is an inter- 
esting development. Prospecting is ongoing, and updates 
and additional information on this opal will be posted at 
www.piromanopal.com.au. These attractive gems could 
make a welcome addition to Australian opal production. 

Vincent Pardieu (vpardieu@gia.edu) 
GIA, Bangkok 


A bicolor, bi-pattern hydrophane opal. The Laboratoire 
Francais de Gemmologie in Paris recently examined an 
unusual 17.15 ct opal cabochon, measuring approximately 
20.95 x 15.96 x 11.69 mm. Play-of-color in the full rain- 
bow of hues was visible throughout the stone (figure 8, 
left), but the bodycolor was not even. One end of the cabo- 
chon was medium brown, while the rest of the gem had a 
translucent whitish color (figure 8, right). The color 
boundary formed a well-defined line along the base of the 
stone. Such a zoning pattern has been occasionally seen in 
common opal but is unusual for play-of-color opal. 

To better characterize the opal, we weighed it after 12 
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Figure 8. This 17.15 ct bicolor, bi-pattern opal is likely from Ethiopia’s Wollo Province. The opal’s color zon- 
ing is best viewed from the side. One end has a translucent whitish color, and the other is medium brown. 


Photos by A. Droux. 


hours of drying in air in the laboratory, and again after 
immersion in water. Water fills the pores of opals that 
show hydrophane character. After immersion the stone 
weighed 17.99 ct, which clearly indicated a hydrophane 
character, but its appearance remained unaltered. 

To avoid introducing foreign substances into the 
porous opal, we did not test for RI or SG. The gem emitted 
a weak whitish fluorescence to long-wave UV radiation, 
with a slightly less intense reaction to short-wave UV. The 
emission was zoned, with the brown portion nearly inert. 
The cap of the white zone at the top of the cabochon had a 
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stronger fluorescence than the rest of the opal. 

Another peculiarity was that the two color zones 
showed different patterns in their play-of-color. The brown 
zone had fairly large patches and a striated appearance, 
sometimes referred to as a “straw” or “chaff” pattern (fig- 
ure 9). This feature is due to polysynthetic twinning of the 
network of silica spheres found in many opals, particularly 
those from Ethiopia. This pattern was absent from the 
light-colored portion, which had smaller patches, less-visi- 
ble borders, and somewhat “rolling” color flashes. 

The base of the cabochon showed a cellular pattern of 


Figure 9. The “straw” or “chaff” 
pattern in the brown zone is due 
to polysynthetic twinning of the 
network of silica spheres consti- 
tuting the opal. Photomicrograph 
by A. Droux; magnified 55x. 
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Figure 10. This 4.56 ct quartz cabochon displayed 
vivid red coloration and subtle chatoyancy. Photo by 
B. Rondeau. 


well-formed “digits” that is typical of some opals from 
Wollo, Ethiopia, along with the abundance of twinning in 
the brown portion of the stone. Whitish play-of-color opal 
is common from Wollo but not from Ethiopia’s Shewa 
area. We concluded that this gem is likely from the Wollo 
deposits. 
Alexandre Droux 
Laboratoire Francais de Gemmologie, Paris 


Emmanuel Fritsch 


Figure 11. The chatoyancy or star effect in the quartz 
is due to numerous oriented short needles of cinnabar. 
Photomicrograph by B. Rondeau; magnified 50x. 
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Peseccccccawoccccce, 


1akU 


Figure 12. This surface-reaching cinnabar inclusion 
shows a six-fold euhedral shape in cross-section. The 
upper left portion of the inclusion has broken away, 
and the original trace is outlined. Image by B. Rondeau. 


Chatoyant quartz with cinnabar inclusions. While on a 
buying trip to Jaipur, India, one of these contributors (TP) 
purchased a 4.56 ct cabochon of what appeared to be 
quartz with iron oxide inclusions, such as those seen in 
“strawberry” quartz from Kazakhstan. The cabochon mea- 
sured 10.4 x 8.7 x 6.8 mm and had a vitreous luster (figure 
10). Its spot RI of ~1.54, SG of 2.64, and inert reaction to 
long- and short-wave UV were all consistent with quartz. 
The gem was vivid red under reflected light except for a 
narrow linear near-colorless band. Most interestingly, it 
displayed chatoyancy in fiber-optic light, appearing as a 
four-rayed star in some positions. Microscopic examina- 
tion revealed that the phenomenon was due to numerous 
red inclusions. These were short (<1 mm) acicular crystals 
oriented mainly along four directions (figure 11). When 
viewed with a scanning electron microscope (SEM), they 
showed a euhedral shape, with six-fold symmetry in cross- 
section, and were about 3 pm wide in narrowest dimen- 
sion (figure 12). Since their morphology did not resemble 
that of iron oxide, we investigated them further. 

Chemical analysis of surface-reaching inclusions using 
a JEOL 5800 SEM equipped with an energy-dispersive spec- 
trometer detected only mercury and sulfur, a composition 
consistent with cinnabar. This identification is also consis- 
tent with their hexagonal symmetry. Cinnabar inclusions 
in quartz have been documented previously, especially in 
material from China (J. Hyrsl and G. Niedermayr, Magic 
World: Inclusions in Quartz, Bode Verlag, Haltern, Ger- 
many, 2003, p. 53; E. J. Gtibelin and J. I. Koivula, Photo- 
atlas of Inclusions in Gemstones, Vol. 3, Opinio Verlag, 
Basel, Switzerland, 2005, pp. 592, 627). To the best of our 


GEMS & GEMOLOGY WINTER 2011 


Figure 13. This 45.85 ct quartz cabochon was unusu- 
al for its eye-visible inclusions of elongated emerald 
crystals. Photo by G. Choudhary. 


knowledge, however, cinnabar has not been reported as ori- 

ented inclusions responsible for chatoyancy or a star effect, 
which makes this an unusual and attractive specimen. 

Thierry Pradat (tp@gems-plus.com) 

G-Plus, Lyon, France 

Benjamin Rondeau 

Laboratoire de Planétologie et Géodynamique, 

CNRS, Team 6112, University of Nantes, France 


Emmanuel Fritsch 


Quartz with acicular emerald inclusions. Quartz with ran- 
domly distributed tourmaline or rutile needles is widely 
available in the market. These gems are often described as 


“tourmalinated” or “rutilated” quartz, respectively. 
Recently, the Gem Testing Laboratory in Jaipur examined a 
quartz specimen that contained eye-visible emerald crystals 
(figure 13). Although intergrowths of emerald and quartz 
and a notable emerald-in-quartz specimen have been report- 
ed previously (e.g., Lab Notes: Summer 2000, pp. 164-165; 
Fall 2008, p. 258), this was quite different. 

The slightly smoky 45.85 ct marquise-shaped cabochon 
measured 37.60 x 18.26 x 11.57 mm. The prominent green 
inclusions displayed an acicular habit (figure 14, left). Their 
green color and hexagonal profile (figure 14, right) strongly 
suggested emerald, but their acicular habit raised some 
doubts, as emeralds typically show a more columnar form. 
Most of the crystals also displayed basal parting planes, 
reminiscent of the actinolite blades found in emeralds from 
the Ural Mountains of Russia. Some also displayed color 
zones following the prism faces, while others contained 
rain-like inclusions. 

To conclusively identify the inclusions, we examined 
the sample under a desk-model spectroscope. It revealed a 
spectrum consistent with emerald, featuring a doublet in 
the red region and an absorption band in the yellow-green 
region. Further confirmation was obtained by FTIR, 
which displayed a typical emerald spectrum. IR spec- 
troscopy also confirmed the host material as quartz, 
which was supported by a spot RI of 1.54 and a hydrostat- 
ic SG of 2.65. 

Textural relationships indicated that the emerald crys- 
tals formed before the host quartz (i.e., they are protoge- 
netic). Emerald is known to occur within quartz, but this 
sample was quite unusual for the crystals’ acicular habit 
and their occurrence as inclusions, not merely in associa- 
tion with the quartz or as an intergrowth. 

Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Figure 14. The inclusions displayed an acicular habit (left, magnified 32x), which is usually not associated with 
emeralds. However, their green color and hexagonal profile (right, magnified 48x) helped identify them as emer- 
ald. (The green material in some quartz fractures is polishing powder.) Photomicrographs by G. Choudhary. 
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Quartz carving with inclusions of izoklakeite. These con- 
tributors recently examined a life-size quartz skull (figure 
15) carved by noted gem photographer and lapidary Harold 
Van Pelt (Los Angeles). The hollowed skull contained two 
articulated pieces and a jaw hinge that opened and closed. 
Starting with a 250 lb. colorless quartz crystal, Mr. Van 
Pelt produced this 6.5 Ib. (2.9 kg) sculpture. 

One of the carving’s interesting features was its abun- 
dance of conspicuous submetallic silver-gray inclusions 
(e.g., figure 16). These were initially believed to be 
jamesonite, a lead-iron-antimony sulfide mineral often 
found in fibrous form. Initial analyses with a scanning elec- 
tron microscope (SEM) quickly determined otherwise. No 
iron was detected, which meant the fibers consisted of a 
different material. 

A more detailed SEM and electron microprobe investi- 
gation at Caltech revealed a lead-antimony-bismuth sulfide 
with a minor amount of copper. Its formula was initially 
determined as (Pb, Cup 9.)(Sb, ,4,Bigos)S,. Areas of some of 
the fibers also consisted of several alteration products: gale- 
na (PbS), bismuthinite (B,S,), some CuPb(Sb,Bi)S, minerals, 
and small amounts of native bismuth. 

To identify the original lead-antimony-bismuth sul- 
fide, we obtained a ~1 cm? piece of the quartz from which 
the skull was originally carved. It was cooled in liquid 
nitrogen to make it brittle and immediately shattered in a 
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Figure 15. This life-size 
quartz skull carving con- 
tains inclusions of the rare 
mineral izoklakeite. 
Courtesy of Harold Van Pelt; 
photo by Erica Van Pelt. 


percussion mortar. This freed numerous fragments of the 
silver-gray included crystals. Powder X-ray diffraction 
analysis at the Natural History Museum of Los Angeles 
County pointed to either izoklakeite or giessenite, and an 
electron back-scattered diffraction pattern done at Caltech, 


Figure 16. Izoklakeite and possibly other sulfides 
form these inclusions in the quartz used in the carv- 
ing from figure 15. Photomicrograph by G. R. 
Rossman; image width 3.2 mm. 
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Figure 17. A Pakistani miner breaks marble to collect rubies at Datumbaresho, in the Hunza Valley. 
Photo by V. Pardieu. 


together with the chemical analyses, confirmed that the 
phase was izoklakeite. 

Izoklakeite is the antimony member of a solid-solution 
series with giessenite, the bismuth-dominant member. It 
was first described from a sulfide body near Izok Lake, 
Canada (D. C. Harris et al., “Izoklakeite, a new mineral 
species from Izok Lake, Northwest Territories,” Canadian 
Mineralogist, Vol. 24, 1986, pp. 1-5). The mineral was 
later found in Sweden and as inclusions in quartz crystals 
from Switzerland. Its ideal chemical formula is 
Cu,Pb54Sb355j 14. 

The quartz skull, named “Izok” in honor of its unusual 
inclusions, is part of an exhibit of Harold Van Pelt’s carv- 
ings on display at the Houston Museum of Natural 
Science through October 2012. 

George R. Rossman (grr@gps.caltech.edu) and Chi Ma 

California Institute of Technology 
Pasadena, California 


Anthony R. Kampf 
Natural History Museum of Los Angeles County 


Update on ruby and sapphire mining in Pakistan. In 
August and September 2011, these contributors visited 
Pakistan to collect reference samples for GIA’s laboratory. 
With the support of gem merchant Syed Iftikhar Hussein 
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(Syed Trading Co., Peshawar, Pakistan), we traveled first to 
northern Pakistan to visit ruby deposits near Hunza and 
Bisil. Author VP, with assistance from Zulfigar Ali Abbas 
(Kashmir Gems Ltd., Abbottabad, Pakistan), then proceed- 
ed to the ruby and sapphire deposits in the Kaghan Valley 
near Batakundi. This report provides an update on the 
mining and production at some of the Pakistani deposits 
described in the Fall 2007 (pp. 263-264) and Winter 2010 
(pp. 319-320) GNI entries. 

About 100 miners and local dealers were involved with 
ruby mining and trading around the Hunza Valley, at sev- 
eral deposits that initially started producing in the 1960s 
and 1980s. The rubies are found in marbles, sometimes 
associated with mica and blue and pink spinel. The 
deposits are located north of the valley, from Datum- 
baresho (figure 17) in the northwest to the Aliabad and 
Karimabad areas (Bajoring, Gharei Chhar, Phudan Daar, 
Gafinas), Altit, Ahmedabad, and Dong-e-Das (also known 
as Ganesh) in the east. Most of the workings are located 
500-1,000 m above the villages at an elevation around 
3,000 m (nearly 10,000 feet), and they are difficult to 
access because of the steep terrain. The color of the ruby 
generally ranges from deep red at Datumbaresho to pink- 
ish red at Aliabad/Karimabad to pinkish and bluish red 
around Dong-e-Das. The size of the stones appears to 
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Figure 18. These rubies are from the Bisil area, in the 
Basha Valley of Pakistan. The largest piece, on the far 
right, is ~1 cm long. Photo by V. Pardieu. 


increase in that same direction, from <0.4 g to 20+ g. Most 
Hunza ruby is cabochon quality at best, though mineral 
specimens are also important. Much of the region’s pro- 
duction is apparently exported to China. 

The Bisil ruby deposit is located near 35°52'53" N, 
75°23'52" E, in the Basha Valley north of Skardu. It was 
discovered in 2003 by a local prospector. Rubies from Bisil 
(figure 18) are also found in marble, within veins or pods, 
typically in association with diopside and mica. We saw 
about 10 mining pits, up to 20 m deep. The deposits 
appear to extend from just above Bisil village (elevation 
~2,800 m) to the top of the mountains at an elevation 
above 3,500 m, and may extend more than 10 km in an 
east-west direction. About 15 miners were working the 
area using simple tools, jackhammers, and dynamite. 
Small stones ranging from pink to deep red are mined 
year-round, but production is very limited. 

The Batakundi ruby deposit is located in the Kaghan 
Valley at 34°52'41" N, 73°48'05" E, at an elevation of 4,190 
m. Marble-hosted rubies, most of them small and deep 
red, have been recovered there since 2000. Rough stones 
larger than 0.6 g are very rare, with most of the production 
smaller than 0.2 g. A group of seven miners led by Haider 
Ali have been working in the current area since 2006. As 
at Bisil, the miners use a jackhammer, dynamite, and hand 
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tools; production is extremely limited. 

Also in the Batakundi area, the Besar (also known as 
Basil or Besel) sapphire mines were being worked by about 
50 miners using jackhammers and explosives at two sites, 
located at 35°02'41” N, 73°52'56” E, and 35°02'58” N, 
73°53'19" E (e.g., figure 19). The elevation of these sites is 
4,020 m and 3,780 m, respectively. Several kilograms of 
pink to purple sapphires were being extracted from the 
graphite-rich veins on a daily basis; less than 5% was of 
gem quality. 

The overall ruby production from Pakistan is very 
low compared to other primary-type deposits in Asia and 
Africa. Most of the ruby production in Central Asia 
comes from the Murgab area in eastern Tajikistan and 
from Jegdalek, Afghanistan. Pakistani rubies are typically 
more included and smaller. Although Pakistan’s ruby 
mines are rarely affected by the political instability and 
security issues present elsewhere in the country, the 
deposits are located high in mountainous areas that are 
difficult to access. 

Vincent Pardieu 


Stephane Jacquat 
Piat Co., Bangkok 


Figure 19. At the Besar deposits, in the Batakundi 
area of Pakistan’s Kaghan Valley, several miners use 
jackhammers and explosives to break the hard rock 
in search of sapphires. Photo by V. Pardieu. 
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Figure 20. Sphene from the Pakistan/Afghanistan border area may contain a significant amount of V, which is 
presumably responsible for its color-change behavior. The oval gem on the left (2.76 ct) shows a noticeable 
color change from mainly yellowish green in daylight-equivalent lighting (left) to brownish orange in incandes- 


cent light (right). Photos by Robert Weldon. 


Vanadium-bearing color-change sphene from Pakistan/ 
Afghanistan. Recently seen in the Carlsbad laboratory 
was a parcel of rough and cut sphene (e.g., figure 20) 
loaned for examination by Eric Braunwart (Columbia 
Gem House, Vancouver, Washington). According to him, 
the sphene originated near the Pakistan/Afghanistan bor- 
der. The most interesting feature of this material was that 
many of the stones showed a slight to moderate color 
change. In daylight-equivalent lighting, the sphene was 
dominantly vivid green to yellowish green, changing to 
brownish orange or brown under incandescent light 
(again, see figure 20). However, strong pleochroism was 
responsible for the multiple colors seen in the faceted 
stones. 

The rough consisted of well-formed blade-like crys- 
tals, so it is apparent that the material was mined from a 
primary deposit. Rough production as of July 2011 was 
estimated by Mr. Braunwart to be around 600 g, from 
which approximately 200 carats of finished material have 
been produced. The cut stones ranged from calibrated 
sizes as small as 3 mm in diameter up to larger stones 
weighing several carats. The largest faceted stone from 
the production so far was a 5.45 ct oval brilliant. 

Gemological properties of the material were consis- 
tent with sphene. The RI was over-the-limit of the refrac- 
tometer, and the average SG (measured hydrostatically) 
was 3.54. A strong red reaction was observed with a 
Chelsea filter. Microscopic observation revealed strong 
doubling and numerous included crystals. These were 
identified by Raman microspectroscopy as transparent 
near-colorless apatite and dark elongated needle-like crys- 
tals of an amphibole mineral (figure 21). Several stones 
also contained fluid “fingerprints.” A few rough pieces 
showed prominent zoning, and the color change was less 
apparent across these zoned areas. 

EDXRF spectroscopy of all samples showed major 
amounts of Ca, Ti, and Si that are expected for sphene, as 
well as traces of V, but no Cr. LA-ICP-MS measurements 
of several spots on a faceted sample detected an average of 
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more than 2400 ppmw V (and no Cr), which is presum- 
ably the cause of the color change. The visible spectrum 
showed a broad absorption feature centered at approxi- 
mately 603 nm (figure 22). Transmission windows on 
either side of this broad band are consistent with the spec- 
trum expected for a color-change gem. 

The coloration of this sphene is much different from 
the typically “golden” orange material previously 
described from Pakistan’s North West Frontier Province 
(Spring 2006 GNI, pp. 68-69), and also from the yellow 
sphene known from Badakhshan, Afghanistan (Summer 
2006 GNI, pp. 180-182). 

Nathan Renfro (nrenfro@gia.edu) 
GIA, Carlsbad 


Figure 21. The most notable inclusions in the sphene 
were crystals of near-colorless apatite and dark elon- 
gated amphibole. Also present were numerous fluid 
fingerprints. Photomicrograph by N. Renfro; magni- 
fied 35x. 
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Figure 22. The visible spectrum of the color-change 
sphene showed a broad absorption feature centered 
at 608 nm that is presumably due to V, as this was 
the only significant trace element detected by LA- 
ICP-MS analysis. 


Cobalt blue-colored spinel from Khuoi Ngan, Vietnam. 
Blue spinel has been reported from several localities in the 
An Phu-Luc Yen area of northern Vietnam, though highly 
saturated material is quite rare (e.g., C. P. Smith et al., “A 
closer look at Vietnamese spinel,” InColor, Spring 2008, 
pp. 11-13; J. B. Senoble, “Beauty and rarity—A quest for 
Vietnamese blue spinel,” InColor, Summer 2010, pp. 
18-23; Spring 2011 GNI, pp. 60-61). Testing has shown 
that the blue color is due to various amounts of cobalt and 
iron impurities (Smith et al., 2008). 

Gem and mineral dealer Dudley Blauwet recently vis- 
ited one of the Vietnamese blue spinel deposits and pro- 
vided some information on the mining and production of 
this material. The site was located just east of the village 
of Khuoi Ngan and approximately 2.5 km southeast of An 
Phu, where a few local villagers were mining secondary 
deposits in shallow pits along the edges of rice paddies (fig- 
ure 23). Work at the site began in 2008, and a number of 
pits were excavated with hand tools to a depth of 2-3 m. 
The gem-bearing material was taken to a nearby area for 
washing and hand picking (figure 24). 

The spinel rough was quite small but intensely col- 
ored. Mr. Blauwet obtained four small parcels ranging 
from 0.4 to 5 g over the course of four days in Luc Yen. In 
addition, he purchased a fifth lot of rough in An Phu on 
the day that he visited Khuoi Ngan. The individual pieces 
of rough were mostly <0.2 ct but suitable for cutting 
melee because of the high color saturation. All of the lots 
were said to be from Khuoi Ngan, except one that was 
reportedly from Bai Ruong (which may be an alternative 
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Figure 23. At Khuoi Ngan, near An Phu in northern 
Vietnam, bright blue spinel is mined from shallow 
pits by local villagers. Photo by Dudley Blauwet. 


name for Khuoi Ngan, as it refers to the same area of rice 
fields). The largest piece of rough Mr. Blauwet purchased 
yielded a faceted oval weighing 0.80 ct (figure 25). During 
his latest visit to Vietnam, in November 2011, he reported 
very limited production of the intense blue spinel from 
Khuoi Ngan, in small sizes that would cut stones expected 
to weigh <0.15 ct. 

Mr. Blauwet mentioned that buyers continue to see 
glass and synthetics in rough and cut gem parcels in Viet- 
nam. After receiving his first shipment of blue spinels from 
the cutting factory, a 0.26 ct sample was found to be glass. 
Such imitations can be difficult to identify in the field 
since the rough material commonly has been tumbled to 
give the appearance of alluvial pebbles, which also disguis- 
es any obvious bubbles or swirl marks. He reported that a 
Chelsea filter is helpful in such situations: Co-bearing 
spinel appears pink to red, while glass shows no reaction. 

Three faceted samples of Mr. Blauwet’s intense blue 
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Figure 24. The spinel-bearing soil from Khuoi Ngan is washed and carefully sorted by hand to extract the small 


pieces of spinel. Photo by Dudley Blauwet. 


Khuoi Ngan spinel (0.24—0.80 ct) were examined at GIA’s 
Carlsbad laboratory. SG values ranged from 3.50 to 3.57, 
and the RI of the largest stone was 1.716. LA-ICP-MS anal- 
yses showed 60-290 ppmw Co. Iron was 7,400-10,500 
ppmw, and significant traces of Zn, Ga, Ni, Mn, V, and Li 
also were recorded. As expected, all three samples 
appeared red in the Chelsea filter. 

Thomas W. Overton 


Andy H. Shen 
GIA, Carlsbad 


Trapiche spinel from Mogok, Myanmar. Trapiche growth 
structure, most commonly observed in emerald, has also 
been seen in ruby, sapphire, tourmaline, quartz, and 
andalusite. In January 2011, Bill Larson (Palagems.com, 
Fallbrook, California) loaned five samples to GIA that were 
represented as trapiche spinel from Mogok, Myanmar. 
They were polished into round tablets that ranged from 1.2 
to 3.0 cm, and all showed a subtle radiating texture that 
was more visible with transmitted light. Two pieces (3.64 
and 6.76 ct) were characterized by this contributor for this 
report. 

The samples were translucent and ranged from pink- 
ish orange to red with “arms” that were dark gray (e.g., 
figure 26). Gemological properties of both samples were 
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consistent with spinel, except for an inert reaction to UV 
radiation. Raman spectroscopy confirmed the spinel iden- 
tification. Six arms were easily recognized in each tablet, 
though the trapiche structure was not well defined. 
Rather than a core, the 3.64 ct sample contained a point 
where the arms intersected. The 6.76 ct tablet had an 


Figure 25. These spinels from Khuoi Ngan weigh up 
to 0.80 ct. Photo by Robert Weldon. 
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NETHERLANDS GEMMOLOGICAL 
ASSOCIATION 


Increasing importance of the gemological 
movement is evidenced in the formation 
of new associations, clubs, and societies, 
throughout the world. The most recent or- 
ganization is the Netherlands Gemmologi- 
cal Association, reported to the Gemological 
Institute of America by private communica- 
tion. Membership is open to Fellows of the 
Gemmological Association of Great Britain 
and such persons as may be invited to be- 
come members. The first President of this 
Association is Ing. J. Hammes, Zeist, while 
D. Dresme, Amsterdam, and C. A. Piek are 
acting as Treasurer and Secretary respec- 
tively. 
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indistinct core that was cloudy and full of cracks. The 
arms were created by concentrations of gray wispy clouds 
and a denser network of cracks than in the surrounding 
material. 

In both tablets, tiny black graphite inclusions (identi- 
fied by Raman analysis) were visible throughout with a 
gemological microscope. In the 3.64 ct tablet, minute 
inclusions of molybdenite, magnesite, goethite, and 
hematite were detected in the arms (e.g., figure 27; see the 
GwG Data Depository for more images). Hematite crys- 
tals were found between the arms, and hematite, magne- 
site, molybdenite, and calcite were found along the outer 
rim of the samples. In the 6.76 ct tablet, dolomite crystals 
were detected in the core and the arms; goethite crystals 
were identified between the arms and in the rim. Notably, 
Cr** photoluminescence bands at 692 and 694 nm, which 
are characteristic of ruby, were detected in one tiny includ- 
ed crystal along the rim of this sample (figure 28). 

Numerous cracks and cavities were observed through- 
out the tablets. DiamondView images revealed bright blue 
and purple zones in the cracks, while the host spinel 
showed a faint blue color. In the 3.69 ct tablet, orange-red 
stains were seen with the microscope inside the fractures 
between the arms. Qualitative EDXRF analysis revealed 
Mg, Al, Ti, V, Cr, Fe, Zn, Ga, Ca, and Mn in both samples. 


Figure 26. This 6.76 ct 
tablet of trapiche spinel, 
reportedly from Mogok, 
may represent a spinel 
pseudomorph after ruby. 
The trapiche structure is 
not well defined, but the 
arms are easily recognized, 
particularly in transmitted 
light (left). Photos by 
Robert Weldon. 


The spinels had not been exposed to heat treatment, as 
confirmed by their PL spectrum, which featured a sharp 
band at 685 nm. 

Similar samples of trapiche spinel from Myanmar were 
characterized by M. Okano and A. Abduriyim (“Trapiche 
spinel,” Gemmology, Vol. 41, No. 485, Issue 2, 2010, pp. 
14-15 [in Japanese]}, who suggested that the trapiche struc- 
ture formed during the growth of tabular spinel crystals. A 
pseudomorphic origin of this trapiche spinel after ruby is 
also possible, and is supported by the remnant mby inclu- 
sion detected in one of the samples. 

Editor’s note: Consistent with its mission, GIA has a 
vital role in conducting research, characterizing gem- 
stones, and gaining knowledge that leads to the determina- 
tion of gemstone origins. The samples studied in this 
report are not subject to the Tom Lantos Block Burmese 
JADE Act of 2008, and their import was in accordance 
with U.S. law. 

Kyaw Soe Moe 


SYNTHETICS AND SIMULANTS ~— — 7) 
“Cat’s-eye pearls”: Unusual non-nacreous calcitic pearl 
imitations. Imitations of non-nacreous pearls are abundant 
in the market. They can be made of just about any materi- 


Figure 27. Micro-inclusions in the trapiche spinel identified using Raman spectroscopy included a molybdenite 
crystal along the rim (left), a rhombohedral magnesite crystal in an arm (center), and a dark-appearing calcite 
crystal along the rim (right). Raman microscope photomicrographs by K. S. Moe. 
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Figure 28. Photolumi- 
nescence spectroscopy 
detected remnants of 
ruby in the 6.76 ct 
trapiche spinel. In the 
Raman microscope 
image (inset, by K. S. 
Moe), the light reflect- 
ed from region A is 
slightly different from 
region B. Interestingly, 
region A showed ruby 
PL bands at 692 and 
694 nm in addition to 
spinel PL bands at 
685, 687, and 689 nm; 
region B showed only 
spinel PL bands, as 
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al but are usually sculpted from shell. Shells thick enough 
to yield such pearl imitations are rather common, though 
generally they are restricted to aragonitic mollusks such as 
Strombus sp., Tridacna sp., and Cassis sp. Calcitic shells, 
including those of Pinna sp. and Atrina sp., tend to be thin 
and are therefore not suitable. Shell imitations show a lay- 
ered structure when viewed with strong transmitted light, 
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720 740 recorded at several 
other spots on the 
sample. 


making them easy to identify. 

This contributor recently received for testing six 
unusual black “pearls” (figure 29) from two different 
clients. Represented as non-nacreous natural pearls, the 
pieces weighed between 2.52 and 10.26 ct and exhibited 
chatoyancy when illuminated with an intense light 
source. The chatoyancy was displayed all around the 


Figure 29. Represented as 
non-nacreous natural 
pearls, these sculpted 
pieces of shell (2.52-10.26 
ct) exhibit distinct chatoy- 
ancy. Photo by T. 
Hainschwang. 
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samples when they were rotated about an axis perpendic- 
ular to the band, but it was not visible along this axis. 
The phenomenon was caused by light reflections from 
their fibrous structure (figure 30, left). Viewed from the 
side, no fibrous structure was visible, but hexagonal out- 
lines of the fibers could be seen. These parallel layers of 
very fine hexagonal prisms are characteristic of calcitic 
pearls and shell. As expected, reflectance infrared spec- 
troscopy identified the samples as calcite. Distinct con- 
centrations of Sr, detected by EDXRF chemical analysis, 
confirmed that they were of marine origin. 

The surface of the samples showed obvious polishing 
lines, a common feature in polished and worked non- 
nacreous natural pearls. The telltale layered structure of 
sculpted shell was not visible since the samples were 
practically opaque to strong fiber-optic light. X-radio- 
graphs did not reveal any structure, which is very unusu- 
al for brown to black calcitic natural pearls; those from 
Pinnidae mollusks typically show distinct concentric 
structures. 

Because the orientation of the prismatic fibers and the 
resulting chatoyancy clearly indicated a layered structure, 
and none of the properties were consistent with natural 
pearls, these objects could only be sculpted shell. To more 
closely examine the layered structure of these “cat’s-eye 
pearls,” we were granted permission to grind down one of 
the smaller samples until it was transparent. This section 
displayed a distinct layered structure perpendicular to the 
direction of the fibrous prismatic calcite crystals (figure 30, 
right}, as expected for shell. 

Having confirmed that these “cat’s-eye pearls” were 
sculpted from calcitic shell, the question remained: 
Which mollusk could form a dark brown to black shell 
thick enough to cut a 10 mm pearl imitation? After some 
research, we found a private collection with a few mas- 
sive shells from Atrina vexillum (a pen shell) that were 
thick enough to cut pearl imitations such as the ones 
described in this report. 

Thomas Hainschwang 
(thomas.hainschwang@ggtl-lab.org) 
GGTL Gemlab-—GemTechLab 
Balzers, Liechtenstein 
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Direction of the chatoyancy 


Figure 30. The sculpt- 
ed shell’s fibrous 
structure is clearly 
visible with magnifi- 
cation (left). The thin 
polished section on 
the right displays a 
layered appearance in 
transmitted light that 
is expected for shell. 
Photomicrographs by 
T. Hainschwang. 


Large synthetic quartz. Recently, the Giibelin Gem Lab 
received four large gems (figure 31) submitted for analysis 
by Erwin Walti (Oetwil am See, Switzerland). They were 
represented as amethyst (surprising for a dark green gem}, 
aquamarine (greenish blue and light blue concave cuts), 
and citrine (yellow oval cut), and they weighed 162.00, 
33.20, 36.30, and 38.40 ct, respectively. To improve work- 
flow, the laboratory occasionally puts stones through more 
advanced analyses, such as FTIR and EDXREF spec- 
troscopy, prior to gemological testing. Such was the case 
with these samples. 

We noticed immediately that the analytical data did 
not match either natural quartz or aquamarine. All four 
FTIR spectra showed total absorption below approxi- 
mately 3600 cm7! and only a weak, broad absorption 
band at 5196 cm! (e.g., figure 32). These IR features are 
consistent with those reported for some synthetic quartz 
(e.g., P. Zecchini and M. Smaali, “Identification de l’orig- 
ine naturelle ou artificielle des quartz,” Revue de Gem- 
mologie a.f.g., Vol. 138-139, 1999, pp. 74-83]. EDXRE 
spectroscopy of all four stones showed major amounts of 
Si with traces of Fe. The dark green sample also con- 
tained small but significant amounts of cobalt (0.005 
wt.% Co,0,), indicative of synthetic origin, while the 
yellow sample showed traces of calcium (0.068 wt.% 
CaO}. All other measured elements were below the 
detection limit. 

Microscopic examination of the dark green gem 
showed a colorless seed plate with fine particles on each 
side (figure 33) and parallel green banding. The other gems 
were very clean, with only the light blue one showing 
reflective breadcrumb-like particles. No growth or color 
zoning was observed in those stones. Refractive indices 
were 1.54-1.55, consistent with quartz, and Raman analy- 
sis of the light blue and the yellow samples confirmed this 
identification. We therefore identified all four samples as 
synthetic quartz. While synthetic citrine is well known, 
dark green synthetic quartz is less common, and the aqua- 
marine-like color varieties reported here are not often seen 
in the market. 

Lore Kiefert (l.kiefert@gubelingemlab.ch) 
Gtibelin Gem Lab, Lucerne, Switzerland 
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TREATMENTS 


Sugar-acid treatment of opal from Wollo, Ethiopia. Several 
gemological laboratories have recently identified “black” 
opals from Ethiopia’s Wollo Province as smoke treated 
(e.g., www.stonegrouplabs.com/SmokeTreatmentinWollo 
Opal.pdf). The effectiveness of the smoke treatment is 
probably related to the hydrophane character that is com- 
monly shown by Wollo opal. The porosity allows the 
smoke to penetrate the opal structure deep enough to cre- 
ate a dark bodycolor. Accordingly, one of us (FM) investi- 
gated the possibility of treating Wollo opal using a sugar- 


Figure 32. This FTIR spectrum of the synthetic citrine 
is representative of all the synthetic quartz samples. 
It shows a cutoff at ~3600 cm-! and a small band at 
§196 cm-!, 
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Figure 31. These large 
faceted samples, submit- 
ted as amethyst (even 
though dark green), 
aquamarine, and citrine, 
proved to consist of syn- 
thetic quartz. The largest 
weighs 162 ct. Photo by 
Evelyne Murer, © 
Gtibelin Gem Lab. 


acid process similar to that used for matrix opal from 
Andamooka, Australia. 
For this experiment, we chose 12 mostly low-grade 


Figure 33. A close-up view of the dark green sample 
shows a seed plate (defined by arrows) and numerous 
fine particles. Photomicrograph by Lore Kiefert, 

© Gubelin Gem Lab; magnified 20x. 
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Figure 34. These opals from Wollo, Ethiopia, are shown before (left) and after (right) sugar-acid treatment. 
Darker bodycolors were produced in samples with a greater hydrophane character. The broken opals (center- 
right and bottom-left) show the shallow penetration depth of the treatment. The samples measure from 13 x 9 
x 7 mm (lower right) to 29 x 16 x 10 mm (upper left). Photos by F. Mazzero. 


opals tumbled as irregular pebbles, with a white to yellow- 
ish white bodycolor typical for opals from Wollo (figure 
34, left). The samples were first heated at 90°C for 2, hours 
in a solution containing 25% sugar by weight. Next they 
were heated at 100°C for 3 hours in a 60% solution of 
hydrochloric acid. All the opals turned a darker color (fig- 
ure 34, right). Some acquired a homogeneous, opaque, 
black bodycolor, while others darkened unevenly from 
grayish brown to gray. The play-of-color became more 
intense in some samples and less vivid in others. Two of 
the opals were broken open, revealing that the dark col- 
oration penetrated only a few millimeters into the stones. 
The samples with the greatest hydrophane character (as 
indicated by their ability to stick to the tongue) showed 
the darkest colors after treatment. Conversely, the more 
transparent and least hydrophane-like opals were least 
affected by the treatment (e.g., inner portion of the upper- 
right sample in figure 34). As expected, the hydrophane 
character appears to have facilitated the penetration of the 
sugar and acid solutions into the opal. 

Even darker coloration in hydrophane opal may be 
attainable by varying the carbon source and its concentra- 
tion, the nature of the acid and its concentration, and final- 
ly the temperature and duration of heating in both solu- 
tions. Such experiments are in progress, and the results will 
give gemologists a better idea of what to expect for future 
treatments of this prolific type of opal. 

Benjamin Rondeau (benjamin.rondeau@univ-nantes.fr) 


Emmanuel Fritsch 


Francesco Mazzero 
Opalinda, Paris 


Jean-Pierre Gauthier 
Centre de Recherches Gemmologiques, Nantes, France 


CONFERENCE REPORTS 


32nd International Gemmological Conference. The bien- 
nial IGC was held July 13-17, 2011, in Interlaken, Switzer- 


334 GEM NEWS INTERNATIONAL 


land. More than 70 gemologists from 31 countries gath- 
ered to discuss developments in the field. The organizing 
committee was led by Dr. Michael Krzemnicki, in collab- 
oration with colleagues at the Swiss Gemmological Insti- 
tute SSEF, the Swiss Gemmological Society, George and 
Anne Bosshart, and Dr. Henry A. Hanni. The conference 
featured 12 sessions on topics ranging from colored stones 
to pearls and diamonds, analytical methods and gem treat- 
ments, and special sessions on Canadian gems, rare 
stones, and organic materials. The 48 talks and 14 interac- 
tive poster presentations covered a wide range of topics 
and regions. The conference proceedings and excursion 
guides are available at www.igc2011.org; some of the pre- 
sentations are summarized below. 

Dr. Thomas Armbruster (University of Bern, Switzer- 
land) delivered the opening keynote address on gemology’s 
position at the interface of mineralogy and crystallography. 
Using the beryl group as an example, he demonstrated the 
similarities and differences in the crystal structures within 
this group of minerals. Dr. Karl Schmetzer (Petershausen, 
Germany) described chemical zoning in trapiche tourma- 
line from Zambia, which is characterized by a strong nega- 
tive correlation between Ca and Na. Dr. Jiirgen Schnellrath 
(Centro de Tecnologia Mineral, Rio de Janeiro) discussed 
unusual fiber distribution patterns in Brazilian cat’s-eye 
quartz. Dr. Shang-i Liu (Hong Kong Institute of Gem- 
mology) presented results of a study on Cs- and Li-rich 
beryl from Madagascar, using electron microprobe, LA- 
ICP-MS, FTIR, Raman analysis, and electron paramagnetic 
resonance spectroscopy. 

The pearl session included presentations by Dr. 
Michael S. Krzemnicki on formation models for Tokki 
cultured pearls, which form as attachments to larger bead- 
ed cultured pearls; Nick Sturman (GIA, Bangkok) on sepa- 
rating natural from cultured Queen conch pearls (Strom- 
bus gigas); and Federico Barlocher (Farlang, Cernobbio, 
Italy) on the production and trade of Melo pearls from 
Myanmar. 
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Walter Balmer (Department of Geology, Chulalong- 
korn University, Bangkok) addressed the characterization 
of rubies from marble deposits in Myanmar (Mogok), 
Vietnam (Luc Yen) and Tanzania (Morogoro and Uluguru 
Mountains) using UV-Vis spectroscopy. John Koivula 
(GIA, Carlsbad) showed how high-temperature fusion of 
corundum mimics residues in heat-treated rubies and sap- 
phires. Terry Coldham (Sapphex, Sydney) advocated 
greater cooperation between researchers and producers in 
shedding light on the genesis of basaltic sapphires. 
Edward Boehm (RareSource, Chattanooga, Tennessee) 
offered insight into current colored stone market trends, 
and Brad Wilson (Alpine Gems, Kingston, Canada) 
described a wide variety of recent finds on Baffin Island, 
Canada. 

Dr. Thomas Pettke (University of Bern) gave the con- 
ference’s second keynote talk, in which he reviewed LA- 
ICP-MS applications and offered an outlook on the poten- 
tial of this method in gemology. The poster sessions gave 
insights into current research, including presentations on 
jadeite trading in China (Elizabeth Su, DuaSun Collection, 
Shanghai) and rare-earth coloration in bastndsite (Dr. Franz 
Herzog, Swiss Gemmological Institute SSEF, Basel). 

The conference was preceded by excursions to the 
Natural History Museum in Bern and mineral localities in 
the Ticino Alps. A three-day trip to the Binn Valley and 
Zermatt immediately followed the conference. Both tours 
took participants to areas of mineralogical and geological 
interest in Switzerland. Adopting Dr. Nguyen Ngoc Khoi’s 
proposal, the delegates unanimously decided to hold the 
2013 IGC in Vietnam. 

Laurent Cartier (igcswitzerland@gmail.com) 
Swiss Gemmological Institute SSEF, Basel 


2011 NAG Institute of Registered Valuers Conference. 
The National Association of Goldsmiths IRV 23rd annual 
conference took place September 24—26 at its usual venue, 
Loughborough University, Leicestershire, UK. Approxi- 
mately 150 delegates attended the various presentations, 
including hands-on workshop sessions. 

Market trends and industry issues were discussed by 
Richard Drucker of Gemworld International (Glenview, 
Illinois). He explained how the market is changing locally 
and internationally with China and India now becoming 
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the predominant buyers, and how these global influences 
are pushing some diamond and gem prices to new heights. 
A round-up of the auction market, including information 
on commissions and insurance, as well as recommenda- 
tions on how to best work in the auction world, was pre- 
sented by Stephen Whittaker of Fellows & Sons 
(Birmingham, UK). He also explained the use and costs of 
technology in the auction business. 

The focal point of the conference was introducing a 
new valuation qualification, CAT (Certificate of Appraisal 
Theory), which was presented by Heather McPherson, a 
Fellow of the NAG Institute of Registered Valuers (Coal- 
ville, UK). This training program is intended to replace the 
JET (Jewellery Education & Training) valuation course and 
will be launched by spring 2012 as a new requirement to 
become an Institute Registered Valuer. 

Harry Levy, president of the London Diamond Bourse, 
explained the valuation of diamonds and colored stones, 
with information on nomenclature, treatments, and ori- 
gins. The importance of treatment disclosure was the 
main theme of his presentation. Steve Bennett of GemsTV 
(Worcestershire, UK) described how education, training, 
and vertical integration have been the key factors in his 
family-run business. 

Mehdi Saadian (mehdi@gialondon.co.uk) 
GIA, London 


ERRATA 

1. For figure 1 of the Fall 2011 CVD synthetic diamond 
article by B. Willems et al. (pp. 202-207), the correct 
photographer of the images in this composite photo 
was Jian Xin (Jae) Liao. 

2. Figure 18 of the Fall 2011 Vietnamese corundum article 
by N. N. Khoi et al. (pp. 182-195) shows the absorption 
spectrum of a sapphire, rather than a ruby. G#G thanks 
Nathan Renfro for this correction. 


3. The Fall 2011 GNI entry by D. Beaton (pp. 247-248) 
should have indicated that the strong absorption peaks 
at 376 and 386 nm were attributed to Fe** pairs (376 
nm) and Fe** (386 nm). Ge#G apologizes for introducing 
errors in the peak assignments, and thanks Nathan 
Renfro for the correction. 
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The Diamond Compendium 


By DeeDee Cunningham, 888 pp., 
illus., publ. by NAG Press, London, 
2011. US$225.00 


This hardcover tome of nearly 900 
pages is filled with pertinent illustra- 
tions. The book is comprised of 20 
chapters divided into sections that 
cover all aspects of diamonds: origin, 
crystallography, global occurrences, 
exploration, mining methods, cutting, 
polishing, grading, and identification. 
Simulants and synthetic diamonds 
are also reviewed. 

The compendium is not meant to 
be read cover to cover; it is a reference 
work to be consulted on specific top- 
ics, some of which are explored in 
greater scientific depth. As expected 
from a highly skilled gemologist and 
jeweler, the sections on crystallogra- 
phy, physical properties, cutting, pol- 
ishing, and grading are the strongest, 
while the text on global occurrences 
contains a few inaccuracies. For 
instance: 


¢ The Lomonosov kimberlite cluster, 
100 km north of Arkhangelsk in 
northwestern Russia, is not close to 
the Finnish border but 500 km to 
the east of it. 

e The Golconda alluvial diamond 
field is not located near the ancient 
Golconda fortress but at least 250 
km to the southeast. 

e No kimberlites or other primary 
diamondiferous rocks have ever 
been found in Guyana, and certain- 
ly not the 14 kimberlites quoted on 
page 119. 


There is also a slight problem on 
page 207, in the paragraph on airborne 
prospecting. Most airborne prospect- 
ing is carried out to detect local differ- 
ences in the earth’s magnetic field 
caused by mineral deposits (such a 
survey is shown in photo 5.1). The 
two sentences about Falcon technolo- 
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gy for airborne gravity gradient sur- 
veying are out of place and should be 
reworked to avoid confusion with 
magnetic surveying. Apart from these 
items, the information is well 
researched and clearly written. 

The author takes great care in pre- 
senting the correct terminology. She 
explains the different meanings of 
form and habit in crystallography, and 
why lonsdaleite (a hexagonal poly- 
morph of diamond) is not a kind of 
diamond but a different mineral. The 
chapters on evaluating carat weight, 
clarity, color, and cut offer useful tips 
on how to hold and angle the diamond 
for best results. The chapter on color 
examines how color is perceived, 
while others review color treatments 
and recutting to enhance brilliance. 
The chapters on identification of natu- 
ral diamond, simulants, and synthetic 
diamond are very good. 

The Diamond Compendium took 
seven years to compile, and the infor- 
mation is up to date to 2007. The wide 
range of topics makes it an important 
reference source and handbook with 
practical tips for use in gemology. 

A. J. A. (BRAM) JANSE 
Archon Exploration 
Carine, Western Australia 


Precious Objects: A Story of 
Diamonds, Family, and a 
Way of Life 


By Alicia Oltuski, 370 pp., publ. by 
Scribner, New York, 2011. US$24.00 


Book editors often say every story has 
been told before, so the secret of a 
good book lies in the telling. Cer- 
tainly, the past two decades have seen 
numerous books describing how dia- 
monds are formed deep within the 
earth, how De Beers gained control of 
rough diamond production, how 
stones are bought and sold, and their 
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role in the corridors of luxury—and in 
civil conflict. But Ms. Oltuski, whose 
father and grandfather were both dia- 
mond dealers, understands the book 
editors’ maxim and manages to cap- 
ture all of these topics honestly and in 
a deeply personal way to create an 
engaging, well-written work. 

Ms. Oltuski is a skilled writer 
who can transform the everyday deal- 
ings of a diamond office into enter- 
taining stories, without resorting to 
the sensationalist tales of chasing 
multimillion dollar stones and dodg- 
ing international jewel thieves that 
other authors have created to pack 
drama into an essentially mundane 
buy-and-sell world. The result is a 
realistic account of New York’s dia- 
mond community, down to the duct- 
taped jewelry cases. 

The early chapters focus on the art 
of the deal. Stories are told of her 
father’s negotiations with clients 
(who’s fibbing and who’s really offer- 
ing genuine prices), her mother’s stops 
to help with stone deliveries on the 
way to her own job, the weight her 
grandparents’ reputation still carried 
years later, and a childhood where 
security and secrecy came home from 
the office. 

In the middle chapters she artfully 
weaves in personal anecdotes and 
observations to transform the oft-told 
clichés about New York’s diamond 
industry into fresh, appealing reading. 
The accounts of how diamonds are 
formed deep beneath the earth, the 
workings of De Beers’s sight system 
(albeit a bit out of date in today’s 
multi-source environment}, the mores 
of the Hasidic Jewish community, and 
47th Street’s love-hate relationship 
with Martin Rapaport’s price list— 
they are all here, but in a new dress. 

Her portrait of her grandfather 
Yankel (“Jack” to the New Yorkers) is 
an intimate account of how diamond 
families came into being after the 
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upheavals of World War II. Yankel 
was a natural trader, scratching a liv- 
ing in post-war Europe by scrounging 
scarce items and swapping them for 
merchandise he could swap for even 
more goods. That led him to dia- 
monds. Yankel’s story is one of sur- 
vival, like that of many New Yorkers 
from his generation who had come 
there to begin life anew and raise a 
family. The stories of those who 
experienced the horrors of war, the 
Holocaust, and mass displacements 
cannot be told often enough before 
they pass on. 

In the end, Ms. Oltuski’s book is 
an honest look at the diamond trade. 
And in telling this story, it becomes 
obvious that the book’s real precious 
objects are not the gemstones, but her 
family members and the other men 
and (few) women who inhabit New 
York’s diamond district. 

RUSSELL SHOR 

Gemological Institute of America 

Carlsbad, California 


Diamonds in Nature: 
A Guide to Rough Diamonds 


By Ralf and Michelle C. Tappert, 
142 pp., illus., publ. by Springer 
Verlag, Heidelberg, Germany, 2011. 
US$60.00 


Husband-and-wife team Ralf and 
Michelle Tappert offer a prime exam- 
ple of how a scientific text should be 
written and illustrated. The subject 
matter is handled in clear, concise 
sentences accompanied by Mr. 
Tappert’s superb photographs. As it 
says in the foreword, there are many 
books that discuss diamond’s optical, 
physical, and gemological properties, 
but few on rough diamonds and how 
they appear in nature. Diamonds in 
Nature does exactly this and does it 
admirably well. 

This book is not for the general 
reader but for diamond gemologists 
and geologists. It gives a comprehen- 
sive account of every feature of rough 
diamonds, including their origin, mor- 
phology, colors, surface textures, and 
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mineral inclusions. The glossy text is 
accompanied by photos and diagrams, 
more than 300 references, and a help- 
ful index. The authors avoid confusing 
and excruciating detail and provide 
references to relevant literature for 
further particulars. 

Everything gets a mention. The 
“Origin” chapter, for instance, dis- 
cusses cratons, diamonds from litho- 
spheric mantle roots to upper parts of 
the lower mantle, types of diamond, 
diamonds in metamorphic crustal 
rocks from Kokchetav to Jack Hills, 
diamonds in impact structures and 
meteors, and presolar specimens. The 
“Morphology” chapter recognizes 
three major types: monocrystalline, 
fibrous, and polycrystalline (including 
types of carbonado). Habits are divid- 
ed into regular, irregular, twins, and 
macles, and photos show representa- 
tive crystals. In the “Colors” chapter 
there are details on colorless, yellow, 
blue, brown, pink, purple, green, and 
brown-spotted diamonds. Well-cho- 
sen photos in the “Surface Textures” 
chapter show various surface features 
occurring preferentially on certain 
crystal faces, such as terraces, hill- 
ocks, micro-disks and micro-pits, 
frosting, ruts, edge abrasion, scratch- 
es, and percussion marks. The “Inclu- 
sions” chapter recognizes three types 
by origin (protogenetic, syngenetic, 
and epigenetic) and four types by min- 
eralogy (peridotitic and eclogitic 
suites as lithospheric inclusions, an 
asthenosphere/transition zone suite, 
and a lower mantle suite as sublitho- 
spheric inclusions). 

The volume also contains a list of 
unconfirmed and rare mineral inclu- 
sions, with a selected reference for 
each. Mineral inclusions of all types 
are covered in the text, accompanied 
by beautiful color illustrations. Car- 
bon isotopes and the sources of car- 
bon (organic, mantle, or carbonates) 
are discussed briefly, as are the ages of 
diamonds. 

In summary, I recommend this 
thoroughly informative text to all 
readers interested in the subject of 
rough diamonds. 

A.J. A. (BRAM) JANSE 
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MEDIA REVIEW 


What’s Hot in Tucson 2010. DVD 
(three discs), approx. 6 hours, released 
by Blue Cap Productions [www.blue 
capproductions.com], Marina del 
Rey, CA, 2011. $39.95 

What’s Hot in Tucson 2010—Gems 
& Jewelry. DVD, approx. 2 hours, 
released by Blue Cap Productions 
[www.bluecapproductions.com], 
Marina del Rey, CA, 2011. $24.99 


What’s Hot in Tucson 2010 is the 
fourth in Blue Cap’s series of videos 
that take viewers behind the scenes of 
the city’s major mineral shows. The 
three DVDs, cohosted by David 
Wilber and Bob Jones, provide hours 
of interviews with mineral dealers at 
five different venues: the InnSuites 
hotel, the Pueblo Inn Gem & Mineral 
Show, the Fine Minerals International 
house, the Westward Look resort, and 
the TGMS Main Show at the Tucson 
Convention Center. 

The program highlights the 
newest and finest minerals in the mar- 
ket, showing superb examples of exot- 
ic and classic mineral specimens. The 
cohosts are subject experts, and the 
interviews provide valuable informa- 
tion about the specimens, such as 
locality, formation, and mining tech- 
niques. The production values are 
high, allowing the viewer to appreci- 
ate the minerals’ beauty and details. 

This video series also includes the 
first installment of What’s Hot in 
Tucson—Gems & Jewelry, which 
offers an insider’s look at the Ameri- 
can Gem Trade Association show at 
the Tucson Convention Center. The 
AGTA GemFair is where many of the 
year’s trends and new products debut. 
This segment is hosted by Delphine 
Leblanc, who conducts interviews on 
the floor with some of the biggest 
names at the show, including cutters, 
designers, and dealers in estate jewel- 
ry, specialty colored gemstones, 
pearls, and colored diamonds. 

From novice to expert, there is 
something for everyone in this eight- 
hour DVD package. 


MICHELE KELLEY 
Monmouth Beach, New Jersey 
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Geographical origin classification of gem corundum using 
elemental fingerprint analysis by laser ablation induc- 
tively coupled plasma mass spectrometry. M.-M. 
Pornwilard, R. Hansawek, J. Shiowatana, and A. 
Siripinyanond [scasp@mahidol.ac.th], International 
Journal of Mass Spectrometry, Vol. 306, No. 1, 2011, pp. 
57-62, http://dx.doi.org/10.1016/j.ijms.2011.06.010. 

Various market sectors are increasingly asking for origin identi- 
fication of rubies and sapphires. Because the chemical composi- 
tion of corundum reflects its geographic origin, fingerprinting 
techniques based on trace-element analysis are of great inter- 
est. Several methods have been used—particle-induced X-ray 
emission/proton-induced gamma-ray emission (PIXE/PIGE], 
micro-PIXE, laser-induced breakdown spectrometry (LIBS), and 
energy-dispersive X-ray fluorescence (EDXRF) analysis—but 
these techniques are either time-consuming or provide insuffi- 
cient detection limits. 

This study employed laser ablation-inductively coupled 
plasma-—mass spectrometry (LA-ICP-MS), combined with mul- 
tivariate data analysis, to classify the origin of 58 gem corun- 
dum samples. Trace-element concentrations were analyzed by 
LA-ICP-MS to construct a data matrix, with columns repre- 
senting the concentration of 10 elements (B, Si, Zn, Ga, Sn, 
Mg, Ti, V, Cr, and Fe) in each stone. Two multivariate statisti- 
cal techniques—principal-component analysis from factor 
analysis and linear discriminant analysis (LDA)—were 
employed to differentiate and classify the samples. 

This approach identified the geographic origin of both 
homogenously colored and multicolored corundum samples 
from six countries. LDA provided good differentiation between 
rubies from Southeast Asia and Africa, as well as blue sapphires 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editors and their abstractors, and space limitations may require 
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from Madagascar and Nigeria. LDA mapping, with the use 
of a normalization factor, identified the origin of variously 
colored corundum with 80% accuracy. ERB 


Nomenclature of the tourmaline-supergroup minerals. D. 
J. Henry, M. Novak, F. C. Hawthorne, A. Ertl, B. L. 
Dutrow, P. Uher, and F. Pezzotta, American Miner- 
alogist, Vol. 96, 2011, pp. 895-913, http://dx.doi.org/ 
10.2138/am.2011.3636. 

Tourmaline is a chemically complex mineral group that 

presents challenges for both chemical analysis and miner- 

alogical classification. Tourmalines are typically not differ- 
entiated according to mineral species by gemologists 
because they cannot be distinguished by normal gem test- 
ing methods (and in many cases, gem tourmalines are 

elbaites). This mineral supergroup is comprised of 18 

species currently recognized by the International Miner- 

alogical Association, represented by the generalized struc- 
tural formula XY,Z,(T,O,,)/BO,);V,W. The most common 
constituents of each site are: 


X = Na’, Ca”*, K*, vacancy 

Y= Fe**, Mg”, Mn", Al**, Li’, Fe**, Cr3+ 
Tis Als, Fe**, Me”, Cr3+ 

Ts Si*, Als, Bt 


B= Be 
V = OH, O* 
W =OH,, F, O> 


The tourmaline supergroup can be divided into several 
groups and subgroups. Alkali, calcic, and X-vacant primary 
groups are recognized on the basis of their X-site occupan- 
cy. Because cations with different valence states can occu- 
py the same site, coupled substitutions of particular cations 
are required to relate the compositions of the groups. 
Within a relevant site, the dominant ion of the dominant 
valence state is used as the basis of nomenclature. 

The article describes the major tourmaline groups and 
the recognized and prospective mineral species they 
encompass. It defines the concepts central to tourmaline 
classification and provides a hierarchical approach to 
determining species nomenclature according to the 
amount of information available on a specimen’s chemical 
composition. Finally, the authors discuss each of the rec- 
ognized tourmaline species, providing lists of color-based 
varietal names as well as obsolete, discredited, or misiden- 
tified species. JES 


Organic gems protected by CITES. S. Karampelas and L. 

Kiefert, InColor, No. 15, Fall/Winter 2010, pp. 20-23. 
Organic gems, defined as those formed through biological 
processes, are often the product of endangered animal or 
plant substances. Among numerous conventions and 
treaties governing the local, national, and international 
trade in endangered species materials, the most widely rec- 
ognized is the Convention on International Trade in 
Endangered Species of Wild Fauna and Flora (CITES). Three 
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appendices in the CITES regulations organize and list the 
species. Appendix I covers species that are greatly threat- 
ened with extinction. Materials from these species (e.g., 
tortoise shell) can only be traded for exceptional purposes, 
such as scientific research. Appendix II species are not nec- 
essarily facing extinction, but their trade must be con- 
trolled to avoid threatening their survival. Elephant ivory is 
an example of an Appendix II material, and some argue that 
it should be listed in Appendix I. To meet CITES require- 
ments for legal trade, Appendix II species require a certifi- 
cate issued by an authority of the country or state of 
export/import. Species listed in Appendix III are protected 
in at least one country that has requested other CITES par- 
ties’ assistance in controlling the trade of that species. 

As countries become more familiar with these regula- 
tions, many gemological laboratories are seeing an 
increase in organic gems submitted to determine if they 
are protected. The distinction can sometimes be made just 
by using magnification. The presence of Schreger (also 
known as “engine turn”) lines indicates either elephant or 
mammoth ivory. Mammoth ivory is not protected by 
CITES because the animal is already extinct, and the angle 
at which the Schreger lines intersect can be diagnostic for 
separating it from elephant ivory. The lines are not always 
apparent under magnification, and more sophisticated (and 
expensive) instruments such as X-ray computed microto- 
mography can be used for more challenging ivory/mam- 
moth separations. Similar distinctions are needed between 
Corallium vs. Stylaster red or pink corals. Growth struc- 
tures observed with magnification are diagnostic, but 
these are not always visible. Raman spectroscopy is useful 
for making this separation. 

A large percentage of the protected species currently 
used as gem materials can be easily identified by well- 
equipped gemological laboratories. The addition of other 
species to the CITES appendices will require the use of 
more sophisticated nondestructive testing methods to sep- 
arate them. JEC 


The role of matrix proteins in the control of nacreous layer 
deposition during pearl formation. X. J. Liu, J. Li, L. 
Xiang, J. Sun, G. L. Zheng, G. Y. Zhang, H. Z. Wang, 
L. P. Xie, and R. Q. Zhang, Proceedings of the Royal 
Society B, 2011, pp. 1-8, http://dx.doi.org/10.1098/ 
rspb.2011.1661. 

Formed by a biomineralization process, pearl nacre is com- 

posed of aragonite platelets and biological macromolecules. 

The platelets are arranged in continuous parallel layers sep- 

arated by interlamellar organic sheets and intercrystalline 

organic membranes. This study focused on the deposition 
of the platelets on pearl nuclei, and the gene expression of 
five nacre matrix proteins in the pearl sac during early 
stages of formation. The authors found that pearls begin 
forming with irregular CaCO, deposition on the nucleus, 
followed by further deposition that becomes more and 
more regular until the mature nacreous layer has formed. 
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Gemological Digests 


INDIAN DIAMOND 
PIPE DESCRIBED 

According to an article appearing in the 
Quarterly Journal of the Geol. Min. Met. 
Society of India, the origin and source of 
Indian diamonds has been traced to vol- 
canic pipes similar to those in South Africa. 
It is reported that diamonds have actually 
been recovered from one such recently dis- 
covered pipe which is exposed at the sur- 
face. In addition, conglomerates have been 
worked. 

The exposed pipe is said to be located 
near the village of Majgawan, about twelve 
miles southwest of the town of Panna. The 
diamondiferous plug is described as oval 
with an area of about 150,000 to 200,000 
square feet. On the surface are a few feet 
of greenish clay, which gets harder as the 
depth increases until greenish tuff is even- 
tually reached. According to Dr. A. L. du 
Toit, who examined it some years ago, 
the rock is similar to the blue ground of 
the Kimberley Mine. 

Early in 1948, according to the Annual 
Review of the Diamond Industry for 1948, 
V. S. Dubey of Benares claimed he had 
located a diamondiferous pipe in the state 
of Panna. At that time it was pointed out 
that D. R. Wadia, Indian geologist, be- 
lieved that the diamonds in the conglomer- 
ate of the Upper Vindhyan formation in 
Panna originated from basic igneous dikes 
cutting the older Bijowar series. 

It is reported by the Dizmond News that 
detailed prospecting by geological methods 
will be required before accurate analysis of 
the recently discovered pipe can be deter- 
mined. Efforts are being made by the 
editors of Gems & Gemology to obtain a 
more detailed account of the latest pipe 
discovered and a report will be given in 
this publication as soon as available. 


SUMMER 1950 


DE BEERS MINES REPORT 
LOWER 1949: PRODUCTION 

Although De Beers Consolidated Mines, 
Ltd., in its 62nd Annual Report to Stock- 
holders, in 1949 
production of 127,781144 carats as com- 


announced a decrease 


pared to 1948, it pointed out that. reserves 
in quantities of blue ground in sight above 
the present hoisting level at each of the 
mines—at the current rate of mining—is suf- 
ficient to maintain production for many 
years. 

One of the contributing factors in de- 
creased production, De Beers officials ex- 
plained, was the policy of drawing as 
heavily as possible—consistent with main- 
taining a satisfactory yield—from the ac- 
cumulated blue ground capping at all three 
Kimberley mines. Apart from technical 
advantages, this policy is believed by offi- 
cials of the company to be economically 
sound as it prolongs the lives of the mines 
and delays lowering of the hoisting levels. 

Closing of the Bultfontein Mine, which 
operated only the first half of the year, and 
operation instead of the Dutoitspan Mine 
during the last half of the year, was given 
as another major reason for the decrease 
in 1949 production figures. Average te- 
covered from Bultfontein was .269 carats 
per load, whereas Dutoitspan produced only 
about half that yield. A decrease of 25, 
39814 carats from the Kleinzee alluvial 
diggings also helped in reducing the yearly 
total of carats recovered. 

Total 1949 production from mines oper- 
ated by De Beers Consolidated Mines, Lrd., 
is given in its annual report for 1949 ac- 
tivities as 920,59614 carats. 


315 


The low-level expression of matrix proteins during the 
irregular CaCO, deposition suggests that the process may 
not be initially controlled by the organic matrix. Instead, 
significant expression of matrix proteins in the pearl sac 
was detected 30-35 days after nucleus implantation. This 
was accompanied by a change in aragonite deposition from 
large, irregular crystals to smaller, ordered crystals. This 
ordered deposition was controlled by the organic matrix. 
These results suggest that the bioactivities of matrix 
proteins are critical for nacre formation and pearl develop- 
ment, by controlling the shape, size, nucleation, and 
aggregation of CaCO, crystals. JES 


Study of structural and valence state of Cr and Fe in 
chrysoberyl and alexandrite with EPR and Moss- 
bauer spectroscopy. V. S. Urasov, N. A. Gromalova, 
S. V. Vyatkin, V. S. Rusakov, V. V. Maltsev, and N. 
N. Eremin, Moscow University Geology Bulletin, 
Vol. 66, No. 2, 2011, pp. 102-107. 

The authors investigated the valence and structural distri- 
butions of chromium and iron in chrysoberyl. The sam- 
ples consisted of alexandrite from the Ural Mountains and 
an unknown deposit, chrysoberyl from Tanzania, and syn- 
thetic alexandrite produced by Czochralski, flux, and 
hydrothermal methods. EPR and Méssbauer spectroscopy 
were used to determine the valence states, and limited 
annealing studies in air and argon were performed to deter- 
mine their impact on structural distributions. 

The two Al** sites in the chrysoberyl structure, M1 
and M2, are slightly distorted octahedral voids with differ- 
ing symmetries and volumes. The authors cite earlier 
studies to establish that Fe** cations substitute for Al** 
ions in the (larger) M2 sites exclusively. The present work 
shows that while Fe?* enters the chrysoberyl structure, 
only some Fe** enters the structure and the balance exists 
in other phases such as Fe,O,. The wide range of Fe* to 
Fe** ratios in the various samples indicates crystal forma- 
tion under a variety of redox conditions. 

From the annealing studies, the authors suggest that 
the proportion of Cr** occupancy between the M1 and M2 
sites is dependent in part on the crystallization tempera- 
ture. At higher temperatures such as those achieved with 
synthetic growth techniques or annealing, the ratio of M2 
to M1 occupancy increases. One possible rationale the 
authors propose is thermal diffusion of Cr**+ from the M1 
site to the M2 site. JS-S 


Tourmaline: The kaleidoscopic gemstone. F. Pezzotta 
[fpezzotta@yahoo.com] and B. M. Laurs, Elements, 
Vol. 7, No. 5, 2011, pp. 333-338, http://dx.doi.org/ 
10.2113/gselements.7.5.333. 

This article examines one of the most popular and spectac- 

ular colored stones (and this abstractor’s favorite gem). 

Tourmalines are found in virtually every color of the rain- 

bow, including complex and beautifully zoned and occa- 

sionally chatoyant crystals. The gem is well suited for a 
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broad commercial market because it combines beauty, 
durability, rarity, a variety of sizes and shapes, and an 
attractive range of price points. 

The authors provide a list of tourmaline colors, causes 
of color, varietal names, and probable species. Due to tour- 
maline’s pronounced and variable dichroism, optimal color 
is achieved during the cutting process. Further influencing 
color is natural or laboratory irradiation of some pale tour- 
malines, which commonly produces vivid pink and red 
stones, and heat treatment of dark blue or green stones to 
lighten or intensify their color. Interestingly, gem tourma- 
line has not yet been synthesized, probably due to its 
chemical complexity. 

Copper-bearing gem tourmaline was discovered in the 
1980s in the Brazilian state of Paraiba, and has become one 
of the world’s most desirable gems, largely due to its vivid 
“neon” blue-to-green and purple hues. The article 
overviews the geographic locales, coloring mechanisms, 
and absorption spectra of this tourmaline variety, which 
can rival diamonds in cost. 

Gem tourmalines form in magmatic, pegmatitic envi- 
ronments and in metamorphic rock, with variable geolog- 
ical ages—as recent as 6 million years to between 100 and 
550 million years ago. Inclusions mainly consist of 
trapped fluids, randomly arranged capillary-like tubes, 
partially healed fractures, and occasional growth tubes. 

The article touches on the gem’s distinguished and col- 
orful history, including its role in the jewels of royalty. Of 
particular note are a huge “ruby” (actually red tourmaline) 
in the great Czech crown of Saint Wenceslas, the specimens 
in the Kremlin’s Treasure Room, and the Dowager Empress 
Tz’u Hsi’s passion for carved pink tourmaline. ERB 


On the words used as names for ruby and sapphire. L. A. 
Lytvynov, Functional Materials, Vol. 18, No. 2, 
2011, pp. 274-277. 

This article examines the trade names of ruby and sap- 

phire from different cultures and historical periods. In fact, 

many names that contain the noun “ruby” preceded by an 
adjective are not rubies at all, but other varieties of miner- 
als. The author gives the etymology of many of these trade 
names and a comprehensive chart. JS 


DIAMONDS 


Bistable N,-H complexes: The first proposed structure of a 
H-related colour-causing defect in diamond. J. P. 
Goss, C. P. Ewels, P. R. Briddon, and E. Fritsch, 
Diamond and Related Materials, Vol. 20, No. 7, 
2011, pp. 896-901, http://dx.doi.org/0.1016/ 
j.diamond.2011.05.004. 

For some time, scientists have thought that hydrogen-relat- 

ed defects in diamond, detectable by spectroscopy, might 

contribute to their coloration, but the exact nature of these 
defects has remained unclear. The hydrogen content of dia- 

monds varies widely. In this article, the authors propose a 
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model for a hydrogenated substitutional nitrogen pair 
defect (N,-H), which they predict will exhibit optical 
absorption above 600 nm and thus contribute to diamond 
coloration. They suggest that this defect is one of a family 
of nitrogen-hydrogen defects, which due to covalent nitro- 
gen-hydrogen bonding might explain several absorptions 
observed in the spectra of diamonds. This defect could exist 
in both neutral and negative charge states. Structural differ- 
ences associated with these states may also contribute to 
the thermochromic and photochromic behavior exhibited 
by so-called chameleon diamonds. JES 


Deep mantle cycling of oceanic crust: Evidence from dia- 
monds and their mineral inclusions. M. J. Walter, S. 
C. Kohn, D. Araujo, G. P. Bulanova, C. B. Smith, E. 
Gaillou, J. Wang, A. Steele, and S. B. Shirey, 
Sciencexpress, Vol. 334, No. 6052, 2011, pp. 54-57, 
http://dx.doi.org/10.1126/science.1209300. 
In plate tectonics, basaltic oceanic crust subducts on 
lithospheric slabs into the mantle. Seismological studies 
extend this subduction process down into the lower man- 
tle (>600 km depth), and geochemical observations indi- 
cate the return of some subducted oceanic crustal materi- 
al to the upper mantle (~200-500 km depth) in convective 
mantle plumes. On the basis of their mineral inclusions, 
geologists believe that most diamonds found at the 
earth’s surface originated in the lithosphere at depths of 
less than 200 km. 

In this article, the authors analyzed mineral inclusions 
in “superdeep” type Ila diamonds from the Juina-5 kim- 
berlite in Mato Grosso, Brazil. These unusual diamonds 
host inclusions with compositions comprising the entire 
assemblage of mineral phases expected to crystallize from 
basalt in the lower mantle. Mineralogical evidence indi- 
cates that originally homogeneous silicate phases (trapped 
in the diamonds as inclusions during growth) exsolved 
into composite mineral assemblages. This unmixing is 
interpreted as having occurred at a later time during the 
convective ascent of the diamonds from the lower to the 
upper mantle. These diamonds record a history of upward 
transport on the order of 500-1,000 km in the mantle, 
long before being sampled by kimberlite magmas and 
brought to the surface. Since the carbon isotopic signature 
of these superdeep diamonds is consistent with a surface- 
derived source of carbon, the authors conclude that the 
deep carbon cycle extends all the way from the crust to 
the lower mantle. JES 


Diamond resorption: Link to metasomatic events in the 
mantle or record of magmatic fluid in kimberlitic 
magma? Y. Fedortchouk and Z. H. Zhang, Canadian 
Mineralogist, Vol. 49, No. 3, 2011, pp. 707-719, 
http://dx.doi.org/10.3749/canmin.49.3.707. 

Because of their lengthy and complex history of growth 

and dissolution in the earth, diamond crystals display a 

tremendous variation in their morphology and surface fea- 
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tures. Based on a study of 330 gem-quality crystals from 
the Ekati mine in the Northwest Territories of Canada, 
the authors developed a methodology to distinguish 
between dissolution events that took place in the mantle 
versus those occurring in the ascending kimberlitic 
magma. The authors inferred that the majority of the sam- 
ples (~72%) exhibited resorption features produced within 
kimberlite. Approximately 13% experienced resorption in 
the mantle, while the remainder displayed resorption fea- 
tures produced in both environments. 

The diamonds with mantle-generated resorption fea- 
tures had a different thermal history, as evidenced by their 
lower nitrogen content and greater degree of nitrogen aggre- 
gation. The diamonds with kimberlite-induced resorption 
could be subdivided into two categories: resorption in the 
presence of either an aqueous fluid or kimberlitic magma. 
The authors provide photos of diamond crystals that illus- 
trate the various resorption styles. They suggest that dia- 
monds from kimberlite pipes (even those separated by geo- 
logic space or time) would be expected to have similar man- 
tle-generated resorption, but might display different magma- 
generated resorption features depending on the retention or 
loss of aqueous fluid from the ascending magma. JES 


Nano and sub-micro inclusions as probes into the origin 
and history of natural diamonds. J. Purushothaman, 
P. R. Sajanlal, M. Ponnavaikko, and T. Pradeep, 
Diamond and Related Materials, Vol. 20, No. 7, 
2011, pp. 1050-1055, http://dx.doi.org/10.1016/ 
j.diamond.2011.06.003. 
Of five diamonds examined, one contained a group of 
micro-inclusions. Non-diamond Raman peaks at 514, 
510, and 490 cm7! were detected in different areas of 
the stone, suggesting a group of micro-inclusions with 
various constituents. This was confirmed by a Raman 
intensity image, which showed bright and dark zones 
in the range from 750 to 100 cm~. Energy-dispersive 
chemical analysis gave the composition of a pyroxene 
(Fe, Mg, and Ca silicate) with a ternary perovskite 
structure. It also detected uneven distributions of Cr, 
Ru, Nb, Co, and Ni throughout the micro-inclusion 
assemblage. Fe and Cr were clearly observed in mass 
spectra using laser desorption ionization—mass spec- 
trometry (LDI-MS). 

The authors concluded that this diamond was of 
peridotitic origin, as evidenced by the presence of ferro- 
magnesian pyroxene minerals and Cr, and the absence 
of aluminum, alkalis, and rare-earth elements. This 
nondestructive micro-inclusions study showed poten- 
tial for defining the genesis of not only diamonds but 
also of other gem materials. KSM 


Seismic architecture of the Archean North American 
mantle and its relationship to diamondiferous kim- 
berlite fields. S. Faure, S. Godey, F. Fallara, and S. 
Trépanier, Economic Geology, Vol. 106, No. 2, 
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2011, pp. 223-240, http://dx.doi.org/10.2113/econ- 

geo.106.2.223. 
The architecture of the base of the lithosphere beneath 
cratons in Canada and the United States has been defined 
for the first time in three dimensions using a high-resolu- 
tion, Rayleigh wave-phase-velocity, tomographic model of 
the upper mantle (30-250 km depth). There is remarkable 
agreement between data obtained from mantle xenoliths 
and the lithospheric base obtained from this geophysical 
model. The inferred base also corresponds to the petrologic 
definition of the boundary between the lithosphere and 
the asthenosphere. 

An important conclusion of this study is that diamondif- 
erous kimberlites are not located over the deepest parts of 
the cratonic roots (~180-240 km). Rather, they seem to occur 
most often over the sloping edges of the lithosphere-astheno- 
sphere boundary that surround the deepest part of the craton- 
ic root zone. The starting point for kimberlite magma ascen- 
sion to the surface originates from these areas at depths of 
160-200 km. This depth interval delineates the region of the 
upper mantle where diamonds should have been stable since 
the Archean, and over which all known existing and poten- 
tial future diamond mines in Canada are located. JES 


A secondary ion mass spectrometry (SIMS) re-evaluation 
of B and Li isotopic compositions of Cu-bearing 
elbaite from three global localities. T. Ludwig, H. R. 
Marschall, P. A. E. Pogge von Strandmann, B. M. 
Shabaga, M. Fayek, and F. C. Hawthorne, Miner- 
alogical Magazine, Vol. 75, No. 4, 2011, pp. 
2485-2494. 

Copper-bearing elbaites are recovered from pegmatite-relat- 

ed deposits in Brazil, Mozambique, and Nigeria. Chemical 

analyses of 10 samples from these three geographic sources 
using the SIMS technique revealed distinct differences in 
boron and lithium isotope compositions, which offer valu- 
able tourmaline provenance information. The isotopic com- 
positions for these two elements are relatively homogeneous 
even across chemical- and color-zoned samples. The two iso- 
topes are also within the range of previously published data 
for granitic and pegmatitic tourmalines. JES 


Spectroscopic research on ultrahigh pressure (UHP) 
macrodiamond at Copeton and Bingara NSW, east- 
ern Australia. L. Barron, T. P. Mernagh, B. J. Barron, 
and R. Pogson, Spectrochimica Acta A, Vol. 80, No. 
1, 2011, pp. 112-118, http://dx.doi.org/10.1016/ 
j.saa.2011.03.003. 

Since the 19th century, an estimated one million carats of 

diamonds (average weight ~0.25 ct) have been mined from 

numerous secondary placer deposits along the eastern coast 
of Australia, the vast majority from the Copeton-Bingara 
area of New South Wales. Most were recovered between 

1867 and 1922. The absence of typical indicator minerals in 

these sedimentary deposits has hampered geologists’ efforts 

to identify the primary sources of the diamonds. Unlike 
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deposits in other parts of the world, these diamonds appar- 
ently did not originate from the subcratonic lithosphere. 
Approximately 3,000 diamonds were characterized for 
this study. Raman spectroscopy of mineral inclusions indi- 
cates the diamonds formed under high-pressure conditions 
in the lower mantle at the termination of subduction of 
oceanic crust by continental collision. Using IR spec- 
troscopy, the authors distinguished two groups of diamonds 
according to their nitrogen abundance and aggregation state. 
They suggest that these two groups originated from differ- 
ent mantle sources and propose the following delivery 
mechanism. After subduction, the eclogitic host rocks were 
stranded for a period in the lower mantle under high-pres- 
sure conditions where diamond formation took place, and 
were then exhumed to the upper mantle/lower crust. At 
some later time, diamonds (along with garnet and pyroxene) 
were transported to the surface by alkali basaltic intrusions. 
The diamonds exhibit evidence of pervasive deforma- 
tion during growth, resulting in crystal imperfections, 
strongly aggregated nitrogen, a reduction of the second-order 
Raman peak that normally would be more intense, and 
exceptional durability in industrial applications. JES 


Start of the Wilson cycle at 3 Ga shown by diamonds from 
the subcontinental mantle. S. B. Shirey and S. H. 
Richardson, Science, Vol. 333, No. 6041, 2011, pp. 
434-436, http://dx.doi.org/10.1126/science.1206275. 

The Wilson cycle describes the set of major plate tecton- 
ic processes whereby continental plates were dispersed 
and then reassembled on the earth’s surface. These pro- 
cesses are associated with crustal growth, mountain 
building, and the occurrence of ore deposits. This multi- 
stage cycle has repeated itself throughout geologic time, 
and its operation since the Precambrian is apparent in 
the geologic record of crustal rocks. The timing of the 
start of this cycle has been uncertain, however. Mineral 
inclusions, encapsulated in diamonds billions of years 
ago during their formation in the subcontinental litho- 
sphere, may provide information on this fundamental 
geologic event. 

The authors analyzed existing data on 4,287 silicate 
and 112 sulfide inclusions in diamonds recovered from 
ancient cratons in Australia, southern Africa, and Siberia. 
These inclusions were classified, on the basis of their 
chemical composition, as either peridotitic or eclogitic. 
Only peridotitic inclusions formed prior to 3.2 billion 
years ago (Ga), while diamonds with eclogitic inclusions 
became more prevalent after 3.0 Ga. The researchers con- 
cluded that the change in inclusion mineralogy at this 
time resulted from the capture of eclogite and diamond- 
forming fluids in the subcontinental mantle due to sub- 
duction and continental collision associated with the 
onset of plate tectonics. The start of the Wilson cycle at 
3.0 Ga marked a change from crustal modification by recy- 
cling and other near-surface processes to plate tectonics, a 
shift that has continued to the present day. JES 
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Different origins of Thai area sapphire and ruby, derived 
from mineral inclusions and co-existing minerals. 
S. Saminpanya and F. L. Sutherland, European 
Journal of Mineralogy, Vol. 23, No. 4, 2011, pp. 
683-694, http://dx.doi.org/10.1127/0935-1221/2011/ 
0023-2123. 
The authors used SEM-EDS analysis to identify and mea- 
sure the chemical composition of mineral inclusions in 
gem corundum from Thailand. The mineral phases in the 
sapphires included alkali feldspar (sanidine), nepheline, zir- 
con, and spinel (hercynite and magnetite-hercynite). Those 
identified in rubies included pyrope, diopside (fassaite}, and 
sapphirine. 

Based on the composition of these inclusions, the 
authors conclude that Thai rubies crystallized in the upper 
mantle in high-pressure metamorphic rocks of ultramafic 
or mafic composition (they suggest a garnet pyroxenite or 
granulite). The sapphires had higher Ga, Ti, Fe, Ta, Nb, 
and Sn contents than the rubies. The authors suggest that 
the sapphires crystallized in high-grade metamorphic 
rocks (gneisses), or from magmas of highly alkaline com- 
position, at shallower levels in the lithosphere than the 
rocks that hosted the rubies. JES 


Distinction of gem spinels from the Himalayan mountain 
belt. A. Malsy (a.malsy@gubelingemlab.ch) and L. 
Klemm, CHIMIA International Journal for Chemistry, 
Vol. 64, No 10, 2010, pp. 741-746, http://dx.doi.org/ 
10.2533/chimia.2010.741. 

Gem spinel deposits in Myanmar (Mogok), Vietnam 

(Luc Yen), and Tajikistan formed in association with 

Himalayan orogenesis. Samples from these deposits 

were investigated by standard gemological testing and 

LA-ICP-MS. In most of the Mogok spinels, microscopic 

examination identified apatite and calcite inclusions 

together with octahedral negative crystals. Dislocation 
systems and sphene inclusions distinguished samples 
from Luc Yen. A yellow surface fluorescence to short- 
wave UV radiation was observed only in samples from 

Tajikistan. Due to their similar formation conditions, 

spinels from these sources display few origin-specific 

characteristics in their trace-element pattern, but Ti, 

Fe, Ni, Zn, Zr, and Sn differ slightly. The highest Zn 

concentrations were observed in Mogok material, 

while samples from Luc Yen had the highest Fe con- 
tent. Spinels from these deposits can therefore be dis- 
tinguished by trace-element chemistry. This is espe- 
cially helpful for gems that show few or no inclusion 
features. GL 


Emeralds from South America—Brazil and Colombia. D. 
Schwarz (d.schwarz@gubelingemlab.ch}, J. C. 
Mendes, L. Klemm, and P. H. S. Lopes, InColor, No. 
16, Spring 2011, pp. 36-46. 
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Brazil’s emerald mines are located in the states of Minas 
Gerais, Bahia, Goids, and Tocantins. Most deposits of eco- 
nomic interest are hosted by mica schists. The emeralds’ 
gemological properties directly reflect the geological-min- 
eralogical environment in which they formed. The geolog- 
ic conditions in the various Brazilian deposits have many 
similarities, so the emeralds’ properties may also overlap. 
Colombian emeralds have distinctive three-phase inclu- 
sions and growth structures, while mica inclusions 
(biotite-phlogopite) are the most common solid inclusions 
found in Brazilian stones. Growth phenomena are normal- 
ly not well developed in Brazilian emeralds. 

Chemical analyses of Brazilian and Colombian speci- 
mens were acquired by LA-ICP-MS, and several elements 
(Cr, V, Fe, Na, Mg, Ga, and Cs) are discussed. The V/Cr 
ratio provides a reliable indication of the origin of color. 
The absorption spectra of Colombian emeralds normally 
show variable contributions from both Cr** and V**. 
Colombian specimens contain very little iron and gener- 
ally do not contain bands related to Fe**. Brazilian emer- 
alds have “combination spectra” composed of (Cr°** + V**) 
and Fe*+-related features, as their iron concentration is 
moderate to high. GL 


Host rock characteristics and source of chromium and 
beryllium for emerald mineralization in the ophi- 
olitic rocks of the Indus Suture Zone in Swat, NW 
Pakistan. M. Arif, D. J. Henry, and C. J. Moon, Ore 
Geology Reviews, Vol. 39, No. 1/2, 2011, pp. 1-20, 
http://dx.doi.org/10.1016/j.oregeorev.2010.11.006. 

The Swat Valley region of northern Pakistan has been an 

important source of emeralds for the past five decades. The 

stones have been reported from a number of localities in 
this area, with the main deposits near Mingora and Gujar 

Kili. The emeralds are hosted by magnesite-talc-quartz- 

dolomite assemblages that form part of the extensive 

sequence of metamorphosed sedimentary and igneous rocks 
along the tectonic collision zone between the Asian and 

Indian continental plates. These magnesite-rich rocks are 

mostly distributed along contacts between serpentinized 

ultramafic rocks and carbonate+graphite-bearing metasedi- 
mentary rocks. From their field association and petrographic 
evidence, they apparently resulted from alteration by car- 
bonate-bearing metamorphic fluids. Late-stage hydrother- 
mal activity in the fissile magnesite-rich rocks produced 
quartz veins that locally contain emerald, Cr-tourmaline, 
and Cr,Ni-rich muscovite. Petrographic and mineralogical 
analysis suggests that the Cr, Ni, and Mg in these minerals 
were derived by alteration of the original ultramafic rocks. 

In contrast, the Be and B appear to have been introduced by 

hydrothermal solutions of igneous origin that invaded the 

magnesite-rich host rocks. JES 


Laos: Land of a million elephants...and sapphires. R. 
Hughes, A. Ishmale, F. Isatelle, and P. Wang, 
InColor, No. 16, Spring 2011, pp. 12-19. 
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Near the infamous Golden Triangle, the point where Laos, 
Myanmar, and Thailand meet, lies the Ban Huay Xai sap- 
phire deposit. The deposit has been a point of geologic 
interest since 1890, and it saw a brief surge of activity in 
the 1960s as various mining companies took a passing 
interest in recovering its small rough material. 

In 2006, though, the Lao government partnered with 
Sino Resources Mining Co., which staked a handful of 
claims and is now obtaining 200 kg of rough sapphires per 
month. Mining is done on a shallow level, with most 
stones uncovered beneath 30 cm of topsoil and 1-1.5 m of 
overburden. The majority of the stones are small (<3 
mm), but their color is exceptional. 

Sino Resources is aware that its open-pit mining can 
be destructive for the environment and the primarily 
farming-based community. The company has adopted a 
stance of stewardship and is restoring mined land to its 
natural state, negotiating with farmers, and investing in 
training and employing the local community for more 
than 95% of its labor force. AB 


Microstructure and origin of colour of chrysoprase from 
Haneti (Tanzania). H. A. Graetsch [heribert.graetsch@ 
rub.de], Neues Jahrbuch ftir Mineralogie, Abhandlun- 
gen, 2011, Vol. 182, No. 2, pp. 111-117, http://dx.doi. 
org/10.1127/0077-7757/2011/0187. 

The green color of chrysoprase is known to originate from 

a Ni-containing compound incorporated within the micro- 

crystalline structure of chalcedony. However, the nature of 

the admixed Ni-containing phase is not known precisely, 
due to the lack of direct evidence from X-ray diffraction or 
microscopy. 

To address this issue, the authors studied chrysoprase 
from the Haneti-Itiso area in central Tanzania, and com- 
parison samples from Poland and Australia, using optical 
reflectance spectroscopy, near-infrared absorption 
spectroscopy, and powder X-ray diffraction. The results 
showed that the green color of Haneti chrysoprase is 
caused by the incorporation of trace amounts of gaspeite (a 
Ni-carbonate mineral) in the microstructure of the chal- 
cedony. Chrysoprase samples from the comparison 
sources did not show any gaspeite diffraction peaks, their 
color seems to originate from a different pigment (i.e., 
inclusions of poor crystallinity). The Haneti chrysoprase 
has a higher crystallinity of both the microcrystalline 
quartz matrix and the gaspeite pigment. ERB 


Mines and minerals of the Southern California pegmatite 
province. J. Fisher, Rocks & Minerals, Vol. 86, No. 
1, 2011, pp. 14-34, http://dx.doi.org/10.1080/ 
00357529.2011.537167. 

Granitic pegmatites in Southern California have long yield- 

ed a variety of gems, including some notable recent discov- 

eries. This nontechnical summary provides an excellent 

mining history of the region. It is liberally illustrated with 

impressive specimens of tourmaline, beryl (morganite}, 
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topaz, garnet (spessartine), and spodumene (kunzite). 
Although much has been written about the district and its 
legendary discoveries, this article reports on recent finds 
rivaling those of bygone decades. In particular, considerable 
gem rough and mineral specimens have emerged from the 
Cyro-Genie and Oceanview mines in the past 10 years. The 
region clearly is not depleted, though production is typical- 
ly cyclical with long intervals of inactivity. KAM 


Oscillatory zoned liddicoatite from Anjanabonoina, cen- 
tral Madagascar. II. Compositional variation and 
mechanisms of substitution. A. J. Lussier and F. C. 
Hawthorne, Canadian Mineralogist, Vol. 49, No. 1, 
2011, pp. 89-104, http://dx.doi.org/10.3749/ 
canmin.49.1.89. 

For more than a century, granitic pegmatites at Anjana- 

bonoina (~60 km west of Antsirabe) have produced excep- 

tional color-zoned crystals of liddicoatite tourmaline. 

Slices of these crystals cut perpendicular to the c-axis that 

exhibit banded, triangular-shaped, or other color zoning 

patterns are much sought-after by both mineral collectors 
and jewelry manufacturers. This study was undertaken to 
analyze by electron microprobe one of these tourmaline 
slices from core to rim to better understand the changes in 
chemical composition that accompany the color zoning. 

Over the bulk of the crystal, the compositional varia- 
tion corresponds to two substitution mechanisms: 

1. XNa + YM* = ¥Ca + YLi 

2. YM* + YM* = YLi+ YAL 


where M* = Fe + Mg + Mn, and X and Y represent different 
crystallographic sites in the tourmaline structure. 

The analyses reveal a smooth monotonic variation in the 
concentrations of the principal constituents of the tourma- 
line, and a superimposed oscillatory variation in several ele- 
ments—particularly Fe, Mg, Mn, Na, and Ca. This oscilla- 
tion is manifested as a decrease in the amount of an element 
until a color zone boundary is reached, at which the concen- 
tration rises abruptly, with this same pattern repeated at 
each boundary. The compositional and color variations are 
different in the pyramidal and prismatic growth sectors. The 
authors suggest specific chemical substitutions based on the 
two mechanisms shown above to explain the observed varia- 
tions in chemical composition. They conclude that current 
models for oscillatory zoning in minerals do not fully explain 
the internal color patterns seen in this tourmaline, and a 
more appropriate model needs to be developed. JES 


Raman microspectroscopy of organic inclusions in spo- 
dumenes from Nilaw (Nuristan, Afghanistan). A. 
Weselucha-Birczynska (birezyns@chemia.uj.edu.pl.), 
M. Stowakiewicz, L. Natkaniec-Nowak, and L. 
M. Proniewicz, Spectrochimica Acta Part A: Molec- 
ular and Biomolecular Spectroscopy, Vol. 79, No. 4, 
2011, pp. 789-796, http://dx.doi.org/10.1016/ 
j-saa.2010.08.054. 
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Spodumene crystals from the Nuristan region are among 
the finest examples of this mineral ever found. Gem spo- 
dumene occurs in two main color varieties in Afghanistan: 
pink to violet (kunzite) and yellowish green. Samples from 
the Nilaw mine were investigated by microthermometry 
and Raman spectroscopy. Microthermometry of the pri- 
mary fluid inclusions indicated crystallization ranges of 
300-650°C and 1.5—2.5 kbar. The brine concentration in 
the fluid inclusions varied from 4.3 to 6.6 wt.% NaCl 
equivalent salinity. Raman spectra of selected fluid, organ- 
ic, and solid inclusions were collected in linear or rectan- 
gular arrays as well as depth profiles to study their size and 
contents. The phases documented were calcite, beryl, 
topaz, and spodumene accompanied by fluid and/or organ- 
ic inclusions (liquid and gas hydrocarbons) with bands at 
2900 cm! (C,H,-CH,), 2550 cm! (H,S), and 2350 cm! 
(CO,, N,). Also confirmed was the presence of carbona- 
ceous matter (D-band at ~1320 cm~ and/or G-band at 
~1600 cm!), which developed in the course of transforma- 
tion of the original hydrocarbons. GL 


INSTRUMENTS AND TECHNIQUES 


Use of the Raman spectrometer in gemological laborato- 
ries: Review. L. Kiefert and S. Karampelas (s.karam- 
pelas@gubelingemlab.ch), Spectrochimica Acta Part 
A: Molecular and Biomolecular Spectroscopy, Vol. 
80, No. 1, 2011, pp. 119-124, http://dx.doi.org/ 
10.1016/j.saa.2011.03.004. 

The Raman effect was first reported in 1928, and for 
decades it was used mainly in physics and chemistry. 
With the availability of Raman microscopes in the mid- 
1970s, the technique became better suited for geosciences, 
including gemology. In the 1990s, Raman spectrometers 
became smaller, more sensitive, and more affordable, 
expanding their use in gemological laboratories. The tech- 
nique is now routinely used to establish the identity of an 
unknown gem, study inclusions, identify treatments, and 
characterize natural or artificial color in pearls and corals. 

Raman spectroscopy offers a nondestructive means of 
gem identification that does not require any contact with 
the sample. Identification of subsurface inclusions is also 
possible in some cases. In the area of gem treatments, the 
method is used for the detection of emerald fillers; the iden- 
tification of lead-, barium-, or zirconium-rich glass-fillings 
(or the presence of fluxes) in corundum; and the detection of 
heat-treated corundum and HPHT-annealed diamonds. 

The authors conclude that Raman spectroscopy has 
become an indispensable tool for gemological laboratories, 
and that many new applications are waiting to be found. 
Future possibilities include the use of the Raman photolu- 
minescence spectroscopy for characterizing colored dia- 
monds and studying the role of rare-earth elements in col- 
ored stones. DAZ 
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Emeralds, sapphires, pearls and other gemmological mate- 
tials from the Preslav gold treasure (X century) in 
Bulgaria. E. Strack (info@strack-gih.de) and R. I. 
Kostov, Bulgarian Academy of Sciences, Bulgarian 
Mineralogical Society, Vol. 48, 2010, pp. 103-123. 

The Preslav gold treasure was found in 1978 near the town 

of Veliki Preslav, the second Bulgarian capital during the 

end of the First Bulgarian Kingdom. The 10th-century trea- 
sure belonged to a female member of the royal family and 
is believed to be of Byzantine origin. Among the gem mate- 
rials identified are emerald, violet sapphire, pearl, reddish 
violet garnet, rock crystal, amethyst, and carnelian. The 
average dimensions of the emeralds in two medallions 
were 0.5 cm long and 0.6 cm wide; their origin is suspected 
to be Egyptian or Austrian based on the deposits known at 
the time and similarities in their morphology, internal fea- 
tures, and inclusions. Fine rutile silk inclusions were iden- 
tified in the sapphire. As the Indian subcontinent was the 
main source of gem corundum in antiquity and Early 

Medieval times, it can be assumed that the sapphires in the 

Preslav treasure are of an Indian or Sri Lankan origin. The 

barrel- and baroque-shaped saltwater pearls (average 0.4 cm 

long and 0.5 cm in diameter), some of them partly decom- 
posed, are thought to originate from the Persian Gulf and 
the coastal areas of the Indian Ocean. GL 


JEWELRY RETAILING 


Watches and jewellery retailing, executive summary — UK - 

September 2011. Mintel, www.mintel.com, 10 pp. 
This report, available only to Mintel subscribers, forecasts 
sales of watches and jewelry (not including costume jewel- 
ry) in the UK at £4.2 billion (US$6.6 billion) in 2011, a 
growth of 3% since 2006. The value of the market shrank 
by 1% between 2007 and 2009. Mintel suggests that sales 
will increase by 8% between 2011 and 2016 to reach £4.6 
billion (US$7.2 billion), but there are challenges for both 
the watch and jewelry sectors. 

The watch market faces competition from portable 
electronic devices that display the time. Based on their 
consumer research, Mintel calculates the average price 
people would spend on a watch for themselves in 2011 is 
£87, anotable 17% decline from £102 in 2010. 

The precious metal jewelry market, which accounts 
for three-quarters of market value, is affected by the soar- 
ing gold price, which has decreased volume sales. The 
volatile price of gold is the main reason behind a 77% 
reduction in the weight of gold pieces hallmarked in UK 
assay offices between 2001 and 2010. 

Marriages have ebbed to the lowest rate since records 
began nearly 150 years ago, according to the UK’s Office 
of National Statistics. Demand for engagement and wed- 
ding rings have therefore dropped. But gift giving and 
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receiving remains popular, and the permanence of watch- 
es and jewelry will continue to drive sales. E] 


PRECIOUS METALS 


Determination of gold in jewellery alloys via potentiomet- 
ric titration: Procedure standardization and results 
benchmarking. G. Pezzatini, M. Caneschi, M. Inno- 
centi, S. Bellandi, E. Lastraioli, L. Romualdi, and S. 
Caporali, Current Analytical Chemistry, Vol. 7, No. 
4, 2011, pp. 277-285, http://dx.doi.org/10.2174/ 
157341111797183065. 

Potentiometric titration is a volumetric method in which 
the electrical potential between two solutions is measured 
as a function of the added reagent volume. The authors 
recommend this method for the accurate determination of 
the gold content of jewelry alloys rather than traditional 
cupellation (i.e., fire assay), which presents serious health 
and environmental risks. 

A wide variety of gold jewelry alloys were dissolved in 
acid, and the resulting solutions were used in an optimized 
titration procedure developed by the authors. To evaluate 
the proposed method, the authors performed experiments in 
three different laboratories. The results were consistent 
with data obtained by cupellation, demonstrating that 
potentiometric titration is a robust and affordable alterna- 
tive to classic fire assay for testing gold alloy jewelry. 

JES 


Microstructure analysis of selected platinum alloys. P. Batta- 
ini, Platinum Metals Review, Vol. 55, No. 2, 2011, pp. 
74-83, http://dx.doi.org/10.1595/147106711X554008. 

Optical metallography involves the microscopic examina- 

tion of polished or etched surfaces of metal. The technique 

can be employed to describe a metal’s microstructures both 
qualitatively and quantitatively. It is often supplemented 
by other methods, such as SEM-EDS analysis, to more fully 
characterize a material. In this article, the author describes 
the metallographic analysis of the internal microstructure 
of platinum metal alloys similar to those used for jewelry 
and industrial applications. A number of examples illus- 
trate the visual distinction between these various alloys, 
and whether the alloy sample was merely crystallized (“as 
cast”) or had been work-hardened and annealed. JES 


MISCELLANEOUS 


Gemstone mining as a development cluster: A study of 
Brazil’s emerald mines. J. A. Puppin de Oliveira, S. 
Ali, Resources Policy, Vol. 36, 2011, pp. 132-141. 

Most Brazilian emerald mining is clustered in three areas 

within the country. The vast majority of mining is small 
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scale, bringing little direct benefit to local government, 
while environmental damage and the effects of overpopula- 
tion during an emerald “rush” can create lasting problems. 
And without tax revenues from mining, local governments 
have no incentive to offer improved health and living stan- 
dards to miners. The authors propose several solutions to 
mitigate these conditions, including: (1) bringing in outside 
investors who are accountable to international standards, 
and possess technology for more efficient and less destruc- 
tive mining; (2) introducing corporate governance stan- 
dards; (3) encouraging miners’ cooperatives that will pay 
taxes and provide incentive for governments to create ser- 
vices; and (4) developing local markets to realize higher 
returns. RS 


Potential for modernization of small-scale gemstone min- 
ers—The case of the tsavorite mines in southeast 
Kenya. C. Simonet, InColor, No. 16, Spring 2011, 
pp. 22-27. 


The exact location of colored stone mineralization is 
hard to predict, even by applying drilling methods. Thus 
it is extremely difficult to mechanize the mining of col- 
ored stones, especially for primary deposits. The low 
percentage of high-grade material produced from most 
deposits also contributes to the inability to sustain 
mechanized mining. Thus, gem miners are still using 
crude methods that do not meet international standards. 

Kenya is one of the leading producers of tsavorite. 
Mining is mostly done with basic equipment, such as 
compressors and jackhammers. Challenges include the 
lack of technical knowledge, the irregularly spaced tsa- 
vorite concentrations, and the steeply dipping mineral- 
ized zones, resulting in a series of narrow tunnels. As a 
consequence, gem production is unpredictable and the 
prices are low. Kenya has many tsavorite deposits with 
similar structural geometry and geologic characteristics, 
and this presents a good opportunity to modernize 
small-scale mining. This initiative would require stan- 
dard mining procedures, properly defined equipment, 
and detailed geologic surveys using remote sensing, geo- 
physics, and geochemistry. Other aspects include train- 
ing miners; providing expertise from geologists, gemolo- 
gists, and mine engineers; improving access to funding; 
and branding. Modernization of tsavorite mining would 
promote market stability and compliance with proper 
health, safety, and environmental standards. 

In recent years, two major gem mining companies 
have been listed on stock exchanges. This ensured their 
compliance with international standards of scientific 
work, mining methods, planning, and governance, 
including publication of resource estimates and techni- 
cal studies. This trend is an encouraging sign for the 
modernization of the colored stone mining industry. 

KSM 
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Afghanistan 
afghanite from Badakhshan 
(GNIJF11:235 
emerald mining in (GNI)F11:238-239 
sapphire from, beryllium- and tungsten- 
bearing (LN)Sp11:53-54 
scapolite from (GNI)Sp11:65-66 
sphene from border area with Pakistan, 
color-change (GNI)W11:327-328 
Afghanite 
from Afghanistan (GNI)F11:235 
Agate 
dendritic, in jewelry (GNI)Sp11:62-63 
and reconstituted turquoise doublet, 
marketed as Coral Sea (GNI)Sp11:62 


Amethyst 
separation from synthetic, using 
infrared spectroscopy 
(Karampelas)F11:196-201 
from southern Brazil 
(Juchem)Su11:137-138 


Amethyst, synthetic 
separation from natural, using infrared 
spectroscopy (Karampelas)F11:196- 
201 
Ametrine [amethyst-citrine] 
from Bolivia, Anahi mine 
(Weldon)Su1 1:163-164 


Ammonite 
iridescent, from Madagascar 
(GNIJF11:235-236 
Analytical techniques [general] 


to characterize gem materials 
(Rossman)Sul11:124-125 
Andesine 
reportedly from Tibet (Rossman)Sp11:16- 
30, (Abduriyim|Sul1:167-180 
Andradite 
demantoid from northern Madagascar 
(Pezzotta)Sp11:2-14 
Annealing, see Diamond treatment 
Aquamarine 
from Thanh Hoa, Vietnam 
(Huong)Sp11:42-48, (GNI)F11:236- 
237 
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Aquamarine simulants 
synthetic quartz (GNI)W11:332-333 
Argon isotope analysis 
of andesine, from Tibet and other 
claimed localities (Rossman)Sp11:16- 
300 


Argyle diamond mine 
colored diamonds from 
Chapman)Su11:130 


Assembled gem materials 

agate and reconstituted turquoise dou- 
blet, marketed as Coral Sea agate 
GNI)Sp11:62 
corundum and lead-glass triplet 
GNIJF11:251-252 
glass triplet imitation of “mystic” 
treated topaz (GNI)F11:252-253 
opal with artificial matrix 
LN)W11:312 


Asterism 
artificial (Steinbach)Sul1:152-153 
in quartz, caused by cinnabar inclu- 
sions (GNI)W11:322-323 


Auctions 
of luxury jewelry (Luke)Sul11:100-102 


Australia 

colored diamonds from Argyle 
(Chapman)Sul1:130 

opal from—Laverton, Western 
Australia (GNI)W11:319-320,; 
nomenclature and characterization 
(Beattie)Sul1:116 

zircon from, exhibiting tenebrescence 
(LNJW11:314-315 


B 


Beryl, see Aquamarine, Emerald 
Beryllium 
natural, in blue sapphire—(LN)F11:232- 
233; from Afghanistan (LN)Sp11:53- 
54 
Beryllium diffusion, see Diffusion treatment 
Bolivia 
ametrine from the Anahi mine 
(Weldon)Su1 1:163-164 
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Collectors Guide to Granite 
Pegmatites (King)F11:S4 

Collectors Guide to Silicate Crystal 
Structures (Lauf)F11:S4 

Colour of Paradise: The Emerald in the 
Age of Gunpowder Empires 
(Lane)Sp11:S2-S3 

The Diamond Compendium 
(Cunningham)W11:S1 

Diamond Math (Glasser)F11:S4 

Diamonds in Nature: A Guide to 
Rough Diamonds (Tappert and 
Tappert)W11:S2 

The Extraordinary World of Diamonds 
(Norman)F11:S1-S2 

Gems and Gemology in Pakistan 
(Khan and Kausar)F11:S4 

Jewellery from the Orient: Treasures 
from the Bir Collection 
(Siewert)Sp11:S3 

Living Jewels: Masterpieces from 
Nature (Peltason)F11:S1 

Mineral Treasures of the World (The 
Geological Museum of China and 
The Collector’s Edge Minerals 
Inc.)F11:S4 

Pearls (Bari and Lam)Sp11:S1 

Precious Objects: A Story of 
Diamonds, Family, and a Way of 
Life (OltuskiJ)W11:S1-S2 

Terra Spinel Terra Firma (Yavorsky and 
Hughes]Sp11:S1-S2 

Twentieth-Century Jewellery: From Art 
Nouveau to Contemporary Design in 
Europe and the United States 
(Cappellieri)Sp11:S3 

What’s Hot in Tucson 2010 (Blue Cap 
Productions)W11:S2 

The Workbench Guide to Jewelry 
Techniques (Young)F11:S2 

World Hallmarks, Volume I: Europe, 
19th to 21st Centuries, 2nd ed. 
(Whetstone, Niklewicz, and 
Matula)F11:S3-S4 

Boxes [article sidebars] 

andesine from Tibet and other claimed 
localities—feldspar nomenclature 
(Rossman)Sp11:16-30; samples and 
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experimental details 
(Rossman)Sp11:16-30 

diamond symmetry—basic measuring 
concepts (Geurts)W11:286-295; com- 
binations of symmetry features 
(Geurts)W11:286-295 

magnetic susceptibility—and magnetic 
materials (Hoover)W11:272-285; mea- 
surement of (Hoover)W11:272-285 


Brazil 

diamond from, black, nature of col- 
oration (Vasilyev)Sul1:135 

gemstones from southern 
(Juchem)Su11:137-138 

opal (or cristobalite?) from, blue 
(Schnellrath)Su11:142 

spodumene from, green cat’s-eye 
(GNIJF11:249-2.50 

tourmaline from Pederneira, Minas 
Gerais (Pezzotta)Sul11:141-142 


Burma, see Myanmar 


C 


California, see United States 


Canada 
diamonds from (Stachel)Sul11:112-114 


Carving, see Lapidary arts 
Cat’s-eye, see Chatoyancy 
“Cat’s-eye pearls” 
non-nacreous calcitic pearl imitations 
(GNI)W11:330-332 


Cavansite 
faceted (GNI)Sp11:56-57 


Chalcedony 
purplish blue and red-brown, from Peru 
(GNIJF11:237-238 


“Challenge,” see Gems & Gemology 


Chatoyancy 
in quartz—caused by tourmaline needle 
inclusions (GNIJF11:245-246; with 
cinnabar inclusions (GNI)W11:322- 
323 
in spodumene, green (GNIJF11:249-250 


Chemical composition 
of andesine, reportedly from Tibet 
(Rossman)Sp11:16-30, 
(Abduriyim)Sul1:167-180 
of demantoid from northern 
Madagascar (Pezzotta)Sp11:2-14 
of garnet—(Henderson)Su11:148; deter- 
mined using magnetic susceptibility 
(Hoover)W11:272-285 
of zircon, brownish red, from China 
(Chen)Sp11:36-41 
Chemical vapor deposition [CVD], see 
Diamond, synthetic 
Chemometrics 
of corundum, in determining geograph- 
ic origin (Yetter)Sul1:157 
China 
andesine, reportedly from Tibet 
(Rossman)Sp11:16-30, 
(Abduriyim)Su11:167-180 
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development and tax policy of gem 
industry in (Jia)Su11:159-160 
freshwater cultured pearls from—bead- 
ed with baroque freshwater cultured 
pearls (GNI)F11:244-245; with exotic 
metallic colors (Beavers)Sul1:144; 
treatments and their detection 
Strack)Sul1:120 
nephrite from, natural and treated 
Zhang)Sul1:122 
sapphire, blue and pink, from Muling 
Chen)Su11:136-137 
topaz, neutron-irradiated blue, from 
Guangdong (Zhang)W11:302-307 
zircon, brownish red, from Muling 
Chen)Sp11:36-41 
Chondrodite 
from Tanzania (GNI)W11:316 


Chrysocolla, see Chalcedony 


Citrine simulants 
large synthetic quartz (GNI)W11:332- 
333 


Clinohumite 
unusually large (LN)F11:222-223 


Coating 
on bead-cultured freshwater pearls 
(LNJW11:313-314 
on diamond—black (LN)F11:223-22.4, 
with spectroscopic features of a natu- 
ral-color pink (LN)F11:224-225 


Colombia 
dolomite, blue, from Muzo 
(GNI)W11:316-318 


Color, cause of 
in natural-color and treated colorless 
and colored diamonds 
(Epelboym)Sul11:133 
in tanzanite (Smith)Su11:119-120 
in tourmaline from Mt. Marie, Maine 
(GNI)Sp11:67-68 
Color change 
sphene, vanadium-bearing, from 
Pakistan/Afghanistan (GNI)W11:327- 
328 


Color grading 

of diamond, nomenclature 
Tashey)Sul 1:163 
dual integrating sphere spectrometer 
with artificial intelligence 
Liu)Sul1:154 


Color zoning 

in andesine, reportedly from Tibet 
Rossman)Sp11:16-30, 
Abduriyim)Sul11:167-180 
in low-grade diamonds (Kwon)Su11:134 
in opal, bicolored (GNI)W11:320-322 
in topaz, yellowish to greenish brown 
GNIJF11:250-251 


Colored stones 

from Brazil, southern 
Juchem)Su11:137-138 
discriminant analysis for identifying 
geographic origin of 
Blodgett)Sul1:145 
examined at the Gem Testing 

Laboratory in Jaipur, India 
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(Choudhary)Su11:145-146 
market for (Drucker)Sul1:158-159 
marketing of (Overlin)Su11:97-99 
from Mexico, review of 
(Ostrooumov)Sul 1:141 
world production of (Yager)Sul1:142-143 


Conch pearl 
large (LN)F11:230-231 
Conferences 
ICA Congress 2011 (GNI)F11:253-254 
International Gemmological 
Conference (GNI)W11:334-335 
International Gemological Symposium 
(Proceedings issue)Sul 1:79-166 
NAG Institute of Registered Valuers 
Conference (GNI)W11:335 
Scottish Gemmological Conference 
2011 (GNIJF11:254 
Sinkankas Symposium 2011— 
Diamond (GNIJF11:254-255 
Conflict diamonds 
debate on (Symposium Debate 
Center)Su11:126-128 


Congo, Democratic Republic of the 
andesine reportedly from 
(Rossman)Sp11:16-30 
Conoscopy 
technique for identifying interference 
figures in gem materials 
(Gumpesberger)Su11:147 
Coral 
conservation of (Carmona)Su11:158 
Coral Sea agate 
agate and reconstituted turquoise dou- 
blet (GNI)Sp11:62 
Corundum 
mining in Pakistan (GNI)W11:325-326 
triplet with lead glass (GNI)F11:251- 
252, 
see also Ruby, Sapphire 
Country of origin, see Geographic origin 
Cristobalite 
or blue opal(?) from Brazil 
(Schnellrath)Sul1:142 
Cultured pearl, see Pearl, cultured 
CVD [chemical vapor deposition]-grown 
synthetic diamonds, see Diamond, 
synthetic 


D 


Demantoid, see Andradite 
Dentine, see Odontolite 
Diamond 
brooch from September 11 attacks 
(GNIJF11:255-256 
cleaning technology (Vins)Su11:136 
color grading of, nomenclature 
(Tashey)Su11:163 
color origin, determination of 
(Epelboym)Su11:133 
color zoning in low-grade diamonds 
(Kwon)Sul1:134 
crystal descriptions, for use in explo- 
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ration (Klettke)Su11:139 

inclusions in low-grade diamonds 
(Kwon)Sul1:134 

length-to-width ratios among fancy- 
shapes (Blodgett)Su11:129 

localities, alluvial (Janse)Su11:110 

with luminescent cleavage 
(LNJF11:226-227 

marketing of (Overlin)Sul1:97-99 

mining of—{Coopersmith)Su11:108; in 
Canada (Stachel)Sul1:112-114; in 
Liberia (GNI)Sp11:63-64 

phosphorescence, long-lasting 
(LNJW11:310-311 

polished supplies from secondary mar- 
ket sources (Shor)Su11:163 

postage stamp collection 
(Overlin)F11:214-219 

from Russia’s Nurbinskaya pipe, min- 
eralogical characteristics of 
(Solodova)Su11:134-135 

strain in colorless untreated 
(LN)F11:224-2.2.5 

symmetry grading of—assessments and 
metrics (Caspi)Sul1:153-154; GIA 
boundaries (Geurts)W11:286-295 

thermoluminescence in type IaB 
(LN)Sp11:50 

with 3H and H3 defects resulting from 
radiation damage (Choi)Su11:131 

from Zimbabwe, naturally irradiated 
(Breeding)Su1 1:129-130, 
(Crepin)Su11:105 

see also Diamond, colored; Diamond, 
cuts and cutting of; Diamond, inclu- 
sions in; Diamond, synthetic; 
Diamond treatment; DiamondView 
imaging 

Diamond, colored 

from the Argyle mine, studies of 
(Chapman)Su11:130 

black—from Brazil, nature of coloration 
(Vasilyev)Su11:135; coated 
(LN)F11:223-224, colored by strong 
plastic deformation (LNJF11:223; 
strongly purple-colored (LNJW11:309 

color grading of, nomenclature 
(Tashey)Sul11:163 

color origin, determination of 
(Epelboym)Su11:133 

Fancy Vivid purple (LN)W11:308 

greenish brown, with a color shift 
(LNJF11:234-235 

see also Diamond, synthetic; Diamond 
treatment 


Diamond, cuts and cutting of 
to exhibit inclusions (LN)Sp11:50-52 
preferences in length-to-width ratios 
(Blodgett)Su11:129 


Diamond, inclusions in 
in low-grade diamonds (Kwon)Su11:134 
manufactured to exhibit (GNI)Sp11:50-52 
3D mapping systems (Caspi)Su11:153 
Diamond, synthetic 
chemical vapor deposition [CVD]|— 
from Gemesis (LN)F11:227-228; 
luminescent regions in 
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(Willems)F11:202-207; optical proper- 
ties of silicon-related defects 
(D’Haenens-Johansson)Su1 1:131-132 

HPHT-grown—donor nitrogen aggrega- 
tion in (Vins)Su11:135-136; pink 
(Johnson)Sul 1:133-134 

marketing of (Overlin)Su11:97-99 

treated, with pink color intensified by 
fluorescence (LN)F11:228-229 


Diamond treatment 
characterization of (Epelboym)Su11:133 
coating—black (LN)F11:223-224, with 
spectroscopic features of a natural- 
color pink (LN)F11:224-225 
HPHT—discriminant analysis in dis- 
tinguishing (Blodgett)Sul1:145; with 
fluorescence pattern of an HPHT- 
grown synthetic (LN)W11:310, large 
brownish yellowish orange 
(LN)Sp11:49; large colorless 
(LN)Sp11:49-50; large pink 
(LN)F11:227; observation of strain in 
detecting (Eaton-Magaria)Su11:132, 
subtle color enhancement 
(LN)F11:225-226 
irradiation, producing green and orangy 
brown spots (Nasdala)Su11:105-106 
of synthetics—donor nitrogen aggrega- 
tion in (Vins)Su11:135-136; pink 
(Johnson)Sul 1:133-134; (LN)F11:228- 
229 
Diamond View imaging 
of CVD-grown synthetic diamonds, 
luminescent regions in 
(Willems)F11:202-207 
of HPHT-grown pink synthetic dia- 
monds (Johnson)Sul 1:133-134 
of HPHT-treated diamond with fluores- 
cence pattern of an HPHT-grown 
synthetic (LNJW11:310 
Diffusion treatment 
experiments performed on andesine 
(Rossman}Sp11:16-30, 
(Abduriyim)Su11:167-180 
of sapphire with Be—durability and 
safety testing (Sutthirat)Sul1:121, 
experiments (Wathanakul)Su11:153; 
pink (LNJF11:232 
Discriminant analysis 
of andesine, reportedly from Tibet 
(Abduriyim)Sul 1:167-180 
to identify geographic origin of colored 
stones and HPHT treatment in dia- 
monds (Blodgett)Su11:145 
Dolomite 
blue, from Colombia (GNI)W11:316-318 
Doublets, see Assembled gem materials 
Durability 
of Be-diffused sapphire 
(Sutthirat)Sul1:121 
of lead-glass-filled ruby 
(Sutthirat)Sul1:121 
Dyeing 
of Chinese freshwater cultured pearls, 
detection of (Strack)Su11:120 
of opal from Ethiopia, purple 
(Renfro)W11:260-270 
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E 


Economy 
global, GIA Symposium keynote 
address on (Overlin)Su11:80-82 


Editorials 
“GIA Symposium 2011: Advancing the 
Science and Business of Gems” 
(Kimmel and Keller)Su11:79 
“Great Expectations” (Iverson)W11:259 
“New Beginnings” (Iverson)F11:181 


EDXRE, see Spectroscopy, energy-disper- 
sive X-ray fluorescence 
Electron-microprobe analysis 
of andesine from various claimed local- 
ities (Rossman)Sp11:16-30 
of aquamarine from Vietnam 
(Huong)Sp11:42-48 
of demantoid from northern 
Madagascar (Pezzotta)Sp11:2-14 
of ruby and sapphire from Vietnam 
(KhoiJF11:182-195 
of zircon, brownish red, from China 
(Chen)Sp11:36-41 
see also Chemical composition 
Emerald 
from Afghanistan, mining update 
(GNIJF11:238-239 
formation of (Giuliani)Su11:108-110 
geographic origin of (de Corte)Sul1:147 
inclusions in quartz (GNI)W11:323 
market for (Drucker)Su11:158-159 
separation from synthetic (de 
Corte)Sul1:147 
from Zambia, mining of (GNI)Sp11:63-65 
Emerald simulants 
plastic-coated quartz (GNI)Sp11:71-72 
trapiche (GNI)Sp11:68-69 
Emerald, synthetic 
separation from natural (de 
Corte)Sul1:147 


Enhancement, see Coating; Diamond treat- 
ment; Diffusion treatment; Dyeing; 
Filling, fracture or cavity; Heat treat- 
ment; Irradiation; Treatment; specific 
gem materials 
EPR, see Spectroscopy, electron paramag- 
netic resonance 
Errata 
to “CVD synthetic diamond lumines- 
cent regions” (Willems)F1 1:202-207— 
incorrect photographer (GNI)W11:335 

to “Extreme conoscopy” 
(Gumpesberger)Su1 1:147—incorrect 
caption (GNI)JF11:256 

to “Gem treatments retrospective” 
(McClure)F10:218-240—description 
of topaz treatment methods 
(GNI)Sp11:73 

to “Natural-color tanzanite” 
(Smith)Sul1:119—incorrect caption 
(GNIJE11:256 

to “Sapphire and zircon from Ethiopia” 
(GNIJF11:247-248—errors in absorp- 
tion peak assignments (GNI)W11:335 

to “Vietnamese ruby and sapphire” 
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COLOMBIAN EMERALD 
MINES REPORT GIVEN 


An account of current developments in 
Bogota was provided in a recent report by 
American Embassy officials of that country. 

According to the information provided 
in this report, the traditional terrace type 
of mining at the Chivor-Somendoco work- 
ings has been almost completely abandoned. 
In this type of operation, the emerald- 
beating strata was exposed by digging a 
succession of horizontal trenches around 
the mountain and washing away the accu- 
mulated residue by primitive hydraulic 
methods. Due to increased labor costs and 
lack. of water fer waste removal, the con- 
ventional tunnel mining is now used to 
obtain stones. 


Although the quantity of material re- 
moved in this way does not compare with 
the vast quantities removed under the ter- 
race operations, the company is able to 
Operate with a smaller crew. The-possibility 
of loss through oversight on the part of 
the workers is reduced to a minimum. 


If production reaches the scale antici- 
pated by the owners it is their belief that 
the price of emeralds will be substantially 
reduced, making it possible for a greater 
portion of the buying public of the United 
States to own genuine stones, and that they 
can compete in price with synthetic emer- 
alds on the market, 

In addition to benefiting the company 
itself, the increased production and sale 
of emeralds is expected to produce a gain 
in foreign exchange for the Colombian 
government and re-opening of the long dor- 
mant Muzo deposit. The efficiency of the 
Present system of mining is reflected in a 
study of comparative production figures: an 
increase from 5,000 carats of commercial 
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emeralds during the latter part of 1947, to 
46,123.40 carats for 1949. Fine stones to- 
taling in excess of 100,000 carats are an- 
ticipated when the final figures for 1949 
are tabulated. 

Lawrence L. Copeland, G.LA. 


PROGRESS MADE AT 
PREMIER MINE 
DURING YEAR 1949 


Satisfactory progress in the re-equipment 
of the Premier Mine during 1949 was re- 
ported by De Beers Consolidated Mines, 
Ltd., in its 62nd Annual Report recently 
received by the Gemological Institute of 
America. ; 

Although most diamonds taken from this 
mine ate industrials, a total of 132,267 
catats were recovered during the year. Ma- 
jor portion of this recovery was “run of 
the mine,” but old dump tailings were 
also treated and yielded an average of 1.23 
carats per load. This is in comparison: to 
2.437 carats given as the average recovery 
per load for all Premier mining in 1949. 

Recovery operations continued on a scale 
commensurate with the capacity of the 
experimental Heavy Media Concentration 
plant, the pilot plant of which operated on 
three shifts throughout the year. Syste- 
Matic prospecting operations during 1949 
were carried out on the 1,080 foot level. 
Samples tested were encouraging and indi- 
cated the persistence of payable values to 
a depth of 270 feet below the present 
mining level. 

In their annual report to De Beers, offi- 
cials of the Premier Mine state that sam- 
pling is to be continued and if results 
from remaining areas of the pipe are satis- 
factory, the life of the mine will be in- 
creased by some twenty years at the con- 
templated rate of production. 
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(Khoi)F11:182-195—incorrect caption 
(GNIJW11:335 


Ethics 
debate on (Symposium Debate 
Center)Su11:126-128 
Ethiopia 
opal from Wollo—black (LN)W11:312- 
313; dyed purple (Renfro)W11:2.60- 
270; play-of-color 
(Rondeau)Sul1:112; sugar-acid treat- 
ment of (GNI)W11:333-334 
sapphire from (GNI)F11:247-248 
zircon from (GNI)F11:247-248 


F 


Faceting, see Diamond, cuts and cutting of 
Fair trade practices 
debate on (Symposium Debate 
Center)Su11:126-128 
examples and case studies 
(Luke)Su11:103-104 
Fakes, see specific gem materials simulated 
Feldspar 
sunstone from Oregon, comparison of 
two deposits (McClure)Su11:150-151 
see also Andesine 


Filling, fracture or cavity 
of ruby with a lead glass—durability 
and safety testing (Sutthirat) 
Sul1:121; trapiche (GNI)Sp11:72 
Fluorescence, ultraviolet [UV] 
applications in gemology 
(Taylor)Sul1:125 
of an HPHT-treated diamond, with pat- 
tern resembling an HPHT-grown 
synthetic diamond (LN)W11:310 


Fluorite 
from Namibia (GNI)W11:318-319 


France 
odontolite (fossilized mastodon ivory) 
from (Krzemnicki)W11:296-301 


Fuchsite 
deep green rock (GNI)F11:239-240 


G 


Garnet 
chemical composition, determination 
of—using Raman spectroscopy 
(Henderson)Su11:148; using magnetic 
susceptibility (Hoover)W11:272-285 
color-change, from Tanzania 
(GNIJF11:240-241 
hydrogrossular, green cabochon resem- 
bling jadeite (LN)Sp11:52-53 
see also Andradite, Grossular 
Gemesis 
CVD-grown synthetic diamonds 
(LN)F11:227-228 
Gemological Institute of America 
Giibelin gem collection, online 
resource (Shigley)Su11:151-152 
Symposium 2011 (Kimmel and 
Keller)Sul1:79 
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Gems &) Gemology 
“Challenge”—Sp11:75-76; winners and 
answers F11:220 
Edward J. Gtibelin Most Valuable 
Article Award Sp11:1-2 
Geographic origin 
of colored gemstones, determination of 
(Abduriyim)Sul11:114-116 
of corundum, determination using LIBS 
and advanced chemometrics 
(Yetter)Sul1:157 
discriminant analysis, application of in 
determining—(Blodgett)Su11:145; of 
andesine (Abduriyim)Su11:167-180, 
of emerald (de Corte)Su11:147 
Materialytics Sequencing System 
(McManus]Sul11:155-156 
of peridot (Thoresen)Sul 1:121-122 
Geology 
of Canadian diamond deposits 
(Stachel)Sul1:112-114 
Glass 
triplet imitation of “mystic” treated 
topaz (GNIJF11:252-253 
Grossular 
green, from Tanzania (GNI)Sp11:57-58 
Guatemala 
jadeite from, lavender (Harlow)Su11:116 
Giibelin gem collection 
online resource of (Shigley)Sul1:151-152 


H 


Halite 
submitted for identification 
(LN)Sp11:52-53 
Hallmarking 
of precious metals, benefits of 
(Niklewicz)Sul1:160-161 
Heat treatment 
of Chinese freshwater cultured pearls, 
detection of (Strack)Su11:120 
of odontolite, blue, in antique brooches 
(Krzemnicki)W11:296-301 
of ruby, pretreatment (Lee)Sul1:148-149 
of zircon, brownish red, from China 
(Chen)Sp11:36-41 
High-pressure, high-temperature [HPHT] 
synthesis, see Diamond, synthetic 
High-pressure, high-temperature [HPHT] 
treatment, see Diamond treatment 
History 
of diamonds, in themed postage stamp 
collection (Overlin)F11:214-219 
Hydrogrossular, see Garnet 
Hydrophane 
bicolor, bi-pattern opal (GNIJW11:320- 
322, 
dyed purple opal from Wollo, Ethiopia 
(Renfro)W11:260-270 


Illumination methods 
in the buying, selling, and grading of 
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gemstones (Eickhorst)Su11:123 


Imitations, see specific gem materials 
imitated 
Inclusions 
in andesine, reportedly from Tibet 
(Rossman)Sp11:16-30, 
(Abduriyim)Su11:167-180 
of cinnabar in chatoyant quartz 
(GNI)W11:322-323 
in dyed purple opal from Ethiopia 
(Renfro)W11:260-270 
of emerald in quartz (GNI)W11:323 
and geographic origin of colored gem- 
stones (Abduriyim)Su11:114-116 
of izoklakeite in quartz skull carving 
(GNIJW11:324-325 
of spessartine in quartz (GNI)F11:245 
of tourmaline in cat’s-eye quartz 
(GNIJF11:245-246 
of trolleite and lazulite in blue quartz 
(GNI)Sp11:57-58 
see also Diamond, inclusions in 
India 
agate from, dendritic (GNI)Sp11:62-63 
Gem Testing Laboratory in Jaipur, 
remarkable gems encountered at 
(Choudhary)Su11:145-146 
quartz from, with spectral interference 
(GNI)Sp11:58-59 
scapolite from (GNI)Sp11:59 
Infrared spectroscopy, see Spectroscopy, 
infrared 


Instruments 
dual integrating sphere for color grading 
and measurement (Liu)Su11:154 
inclusion mapping system for dia- 
monds (Caspi)Su11:153 
spectral analysis, automated real-time 
(Magafia)Sul1:154-155 
symmetry grading system for diamonds 
(Caspi)Sul 1:153-154 
ultra-deep diamond cleaning technolo- 
gy (Vins)Sul11:136 
see also Argon isotope analysis; 
Chemometrics; Conoscopy; 
DiamondView imaging; Electron- 
microprobe analysis; Fluorescence, 
ultraviolet; Ilumination methods; 
Magnetic susceptibility; Microscopy; 
Oxygen isotope analysis; Scanning 
electron microscopy; Spectralysis; 
Spectrometer; Spectrometry [vari- 
ous]; Spectroscopy [various]; X-radio- 
graphy; X-ray diffraction 
Interference 
spectral, in quartz from India 
(GNI)Sp11:58-59 
International Gemological Symposium, 
5th [2011] 
proceedings of (Kimmel and 
Keller)Sul1:79 
Internet 
and jewelry retailing (Overlin)Su11:95-96 
Irradiation 
of diamond—producing green and 


orangy brown spots on surface 
(Nasdala)Sul1:105-106; producing 3H 
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and H8 defects (Choi)Sul11:131 
natural, of diamonds from Zimbabwe— 
(Crepin)Sul11:105; hydrogen-rich 
(Breeding)Su1 1:129-130 
of sapphire, with electron-beam 
(Seo)Sul1:151 
of topaz, blue (Zhang)W11:302-307 
Isotopes, see Argon isotope analysis, 
Oxygen isotope analysis 
Ivory 
mastodon, fossilized (odontolite), heat- 
ed blue (Krzemnicki)W11:296-301 
Izoklakeite 
inclusions in quartz skull carving 
(GNIJW11:324-325 


J 


Jade, see Jadeite, Nephrite 
Jadeite 
green cabochon (LN)Sp11:52-53 
lavender, from Myanmar, Guatemala, 
and Japan (Harlow)Su11:116 
sales at the 2010 Myanmar Gem 
Emporium (GNI)Sp11:72-73 
Japan 
jadeite from, lavender (Harlow)Su11:116 
Jewelry 
antique and estate, selling of 
(Luke)Sul1:100-102 
design overview (Luke)Su11:92-94 
luxury trends (Overlin)Su11:89-91 


L 


LA-ICP-MS, see Spectrometry, laser abla- 
tion—inductively coupled plasma—mass 
[LA-ICP-MS] 

Lapidary arts 
quartz skull carving with inclusions of 

izoklakeite (GNI)W11:324-325 
rhodochrosite carving of ancient Indian 
sage (GNIJF11:246-247 
see also Diamond, cuts and cutting of 

Liberia 
diamond mining in (GNI)Sp11:63-64 
ruby from (Kiefert)Sul11:138 

LIBS, see Spectroscopy, laser-induced 
breakdown 

Lighting 
and the buying, selling, and grading of 

gemstones (Eickhorst)Su11:123 

Luminescence 
of gem materials (Fritsch)Su1 1:123, 

(Rossman)Sul11:124-125 
see also DiamondView imaging; 
Fluorescence, ultraviolet [UV] 


M 


Madagascar 
ammonite from, iridescent 
(GNIJE11:235-236 
demantoid and topazolite from 
Antetezambato (Pezzotta)Sp11:2-14 
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tourmaline from, correlation of man- 
ganese and iron (Ahn)Su11:143-144 
Magnetic susceptibility 
as a means of determining garnet com- 
position (Hoover)W11:272-285 
Maine, see United States 
Marketing and distribution 
abbreviated jewelry descriptions 
(Root)Sul1:161-162 
of ametrine from the Anahi mine, 
Bolivia (Weldon)Su11:163-164 
and China’s gem industry 
(Jia)Sul1:159-160 
of colored stones (Drucker)Su11:158- 
159, (Overlin)Sul11:97-99 
of coral jewelry (Carmona)Sul11:158 
of cultured pearls (Overlin)Sul1:97-99 
of diamonds—{Overlin)Sul 1:97-99, 
color grading (Tashey)Su11:163; from 
secondary market sources 
(Shor)Sul1:163 
digital-age (Overlin)Su11:95-96 
hallmarking of precious metals, bene- 
fits of (Niklewicz)Su11:160-161 
lectures, gem and jewelry (Serras- 
Herman)$ul11:162 
in the mineral collector market 
(Johnson)Sul11:160 
of ruby—perception of rarity 
(Robertson)Sul1:161; “pigeon’s 
blood” (Atichat)Sul1:157-158 


Materialytics Sequencing System 
quantitative process to determine geo- 
graphic origin of gem materials 
(McManus]Sul11:155-156 


Mauritania 
Nuummite from (GNI)F11:242-243 


Measurement 
concepts and uncertainty of 
(Geurts)W11:286-295 


Meteorites 
pallasite with gem-quality peridot— 
(Shen)F11:208-213; mounted in jew- 
elry (GNIJF11:243-244 


Mexico 
colored gemstones from, review of 
(Ostrooumov)Sul1:141 
opal, blue, from Sinaloa (GNIJF11:243 


Microscopy 
polarized light and fluorescence, to 
establish origin of color in natural 
diamonds (Epelboym)Su11:133 
Mining and exploration 
of colored gemstones worldwide 
(Yager)Sul1:142-143 
concrete mixer to sort gem-bearing 
gravels (Limsuwan)Su11:139 
of corundum in Pakistan 
(GNIJW11:325-326 
for diamond—{Coopersmith)Su11:108; 
in Canada (Stachel)Su11:112-114; in 
Liberia (GNI)Sp11:63-64 
for emerald—(Giuliani)Sul1:108-110; 
in Afghanistan (GNI)F11:238-239, in 
Zambia (GNI)Sp11:63-65 
for sapphire in Sri Lanka (GNIJF11:248- 
249 
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Moissanite, synthetic 
with crystalline silicon intergrowth 
(LN)Sp11:54-55 
Moonstone 
synthetic star spinel imitation of 
(LN)Sp11:54-55 
Most valuable article, see Gems & 
Gemology 
Myanmar 
colorless gems from (GNIJF11:241-242 
gem sales and production 
(GNI)Sp11:72-73, (GNIJF11:256 
jadeite from, lavender 
(Harlow)Su11:116 
ruby overgrowth on painite, from 
Mogok (Nissinboim)Sul1:140-141 
spinel, trapiche, from Mogok 
(GNI)W11:329-330 


N 


Namibia 
fluorite from Klein Spitzkoppe region 
(GNI)W11:318-319 


Nassau, Kurt 
obituary (GNI)Sp11:73 
Nephrite 
from China, natural and treated 
(Zhang)Sul1:122 
rough, imitation of (GNI)Sp11:69-70 
Neutron irradiation, see Irradiation 
Nomenclature and classification 
abbreviated jewelry descriptions 
(Root}Sul1:161-162 
of diamond—color grades 
(Tashey)Su11:163; crystals, for use 
in geology and exploration 
(Klettke)Sul1:139 
“pigeon’s blood” ruby, standards for 
(Atichat)Sul1:157-158 
“royal blue” sapphire, standards for 
(Atichat)Sul1:157-158 
of ruby, effect on perception of rarity 
(Robertson)Sul1:161 


Nuummite 
from Mauritania (GNI)F11:242-243 


O 


Obituary 
Kurt Nassau (GNI)Sp11:73 


Odontolite 
fossilized dentine (mastodon ivory), 
blue, identified in antique brooches 
(KrzemnickiJW11:296-301 
Oiling 
of opal with artificial matrix 
(LNJW11:312 


Omphacite 
green cabochon resembling jadeite 
(LN)Sp11:52-53 
Opal 
from Australia—common 
(GNIJW11:319-320; nomenclature 
and characterization 
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(Beattie)Sul1:116 
bicolor, bi-pattern hydrophane 
(GNIJW11:320-322 
blue—(or cristobalite?) from Brazil 
(Schnellrath)Su11:142; from Mexico 
(GNIJF11:243 
clarity-enhanced, with artificial matrix 
(LN)W11:312 
from Ethiopia—black (LN)W11:312- 
313; dyed purple (Renfro)W11:2.60- 
270; play-of-color (Rondeau)Sul1:112 
sugar-acid treatment of, from Wollo, 
Ethiopia (GNIJW11:333-334 
Oregon, see United States 
Oxygen isotope analysis 
to characterize gem materials 
(Rossman)Sul11:124-125 


P 


Painite 
from Myanmar, with ruby overgrowth 
(Nissinboim)Sul1 1:140-141 
Pakistan 
corundum mining in (GNI)W11:325- 
326 
sphene from border area with 
Afghanistan, color-change 
(GNIJW11:327-328 


Pallasite, see Peridot 


Pargasite 
from Tanzania (GNI)Sp11:65 


Pearl 
identification of (Scarratt)Sul1:117-119 
non-nacreous, from Tridacna gigas 
(Bidwell)Sul 1:144-145 


Pearl, cultured 

characterization of, using analytical 
techniques (Lu)Su11:149-150 

Chinese freshwater—beaded with 
baroque freshwater cultured pearls 
(GNIJF11:244-245; with exotic metal- 
lic colors (Beavers)Su11:144; treat- 
ments and their detection 
(Strack)Sul11:120 

coated bead-cultured freshwater 
(LNJW11:313-314 

grafting methods (Ito)Su11:148 

identification of (Scarratt)Sul1:117-119 

marketing of (Overlin)Sul1 1:97-99 

from P. margaritifera, absorption fea- 
tures of (Karampelas)Sp11:31-35 

with plastic bead nuclei (LNJF11:229-230 

quality factors of (Ito)Su11:148 

sales at the 2010 Myanmar Gem 
Emporium (GNI)Sp11:72-73 

separation of natural-color saltwater, 
from P. margaritifera and P. sterna, 
using spectral differentiation 
(Karampelas)Sul1:117 

treatments and their detection 
(Strack)Sul1:120 

Pearl, non-nacreous 

imitation—calcitic “cat’s-eye pearls” 
(GNIJW11:330-332,; skillfully crafted 
(GNI)Sp11:70-71 
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natural, from Tridacna gigas 
Bidwell)Sul1:144-145 


Pearl simulants 
non-nacreous—{GNI)Sp11:70-71; cal- 
citic “cat’s-eye pearls” 
GNIJW11:330-332 
Pegmatites 
gem pockets in (Lyckberg)Sul1:111-112 
Pederneira, in Minas Gerais, Brazil 
Pezzotta)Sul1:141-142 
Stewart, in Pala, California 
Morton)Sul1:140 


Peridot 
from pallasitic meteorites—identifica- 

tion of (Shen)F11:208-213; jewelry 

GNIJF11:243-244 

from Zabargad, history of 

Thoresen)Su11:121-122 


Peru 
variscite from (GNI)F11:251 


Phosphorescence 
in diamond, long-lasting (LN)W11:310- 
311 


Photoluminescence spectroscopy, see 
Spectroscopy, photoluminescence 


Plagioclase, see Andesine, Feldspar 
Plastic 
coating of quartz, imitating emerald 
(GNI)Sp11:68-69 
Play-of-color, see Opal 
Postage stamps 
diamond-themed collection 
(Overlin)F11:214-219 


Q 


Quartz 

blue, with trolleite and lazulite inclu- 
sions (GNI)Sp11:57-58 

carving of skull, with inclusions of 
izoklakeite (GNI)W11:324-325 

chatoyant—with cinnabar inclusions 
(GNI)W11:322-323; pink, with tour- 
maline needle inclusions 
(GNIJF11:245-246 

with emerald inclusions (GNI)W11:323 

from India, spectral interference in 
(GNI)Sp11:58-59 

plastic-coated, imitating emerald 
(GNI)Sp11:71-72 

spectroscopic differentiation of natural 
and synthetic (Choudhary)Sul 1:146- 
147 

with spessartine inclusions (GNI)F11:245 

see also Amethyst; Ametrine 
[amethyst-citrine]; Quartz, synthetic 

Quartz, synthetic 

large, represented as amethyst, aquama- 

rine, and citrine (GNI)W11:332-333 


R 


Radioactivity 
of blue topaz, neutron-irradiated 
(Zhang]W11:302-307 


GEMS & GEMOLOGY 


Rhodochrosite 
carving of ancient Indian sage 
(GNIJF11:246-247 
Rock 
fuchsite-rich, deep green (GNIJF11:239- 
240 


Ruby 

geographic origin of (Yetter)Sul1:157 

lead-glass-filled—durability and safety 
testing (Sutthirat)Sul1:121, trapiche 
(GNI)Sp11:72-73 

from Liberia (Kiefert)Su11:138 

market for (Drucker)Su11:158-159 

from Myanmar—color similarity to 
Van Gogh’s The Night Café 
(Dubinsky)Sul11:159; overgrowth on 
painite (Nissinboim)Sul1:140-141 

from Pakistan, mining of 
(GNI)W11:325-326 

“pigeon’s blood,” standards for 
(Atichat)Sul1:157-158 

rarity of, with regard to treatment and 
nomenclature (Robertson)Sul1:161 

from Vietnam, northern (Khoi)F11:182- 
195 


Russia 
diamonds from the Nurbinskaya pipe, 
mineralogical characteristics of 
(Solodova)Su11:134-135 


S 


St. John’s Island, see Zabargad 
Sapphire 
from Afghanistan, beryllium- and tung- 
sten-bearing (LN)Sp11:53-54 
from China, blue and pink 
(Chen)Sul 1:136-137 
blue, with natural Be—{LN)F11:232-233; 
from Afghanistan (LN)Sp11:53-54 
diffusion-treated with Be—blue, experi- 
ments on (Wathanakul)Su11:153; 
pink (LN)F11:232; safety and durabil- 
ity testing of (Sutthirat)Sul1:121 
from Ethiopia (GNI)F11:247-248 
geographic origin of (Yetter)Sul1:157 
green, distinct color caused by iron 
(LNJF11:231-232 
irradiation of, electron-beam 
(Seo)Sul1:151 
market for (Drucker)Su11:158-159 
from Pakistan, mining of 
(GNIJW11:325-326 
“royal blue,” standards for 
(Atichat)Sul1:157-158 
from Sri Lanka, mining of 
(GNIJF11:248-249 
star, with blue color similar to Van 
Gogh's The Starry Night 
(Dubinsky)Sul11:159 
from Vietnam, northern (Khoi)F11:182- 
195 
Sapphire, synthetic 
green, distinct color caused by cobalt 
(LN)F11:231-232 
recent advances in growth of (Stone- 
Sundberg)Su11:156 
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Scanning electron microscopy [SEM] 
of andesine, reportedly from Tibet 
(Rossman)Sp11:16-30, 
(Abduriyim)Su11:167-180 


Scapolite 
from Afghanistan (GNI)Sp11:65-66 
from India (GNI)Sp11:59 


Simulants, see specific gem materials 
simulated 


Social media 
and jewelry retailing (Overlin)Su11:95-96 


Spectralysis 
automated real-time spectral analysis 
system (Magania)Sul1:154-155 
Spectrometer 
dual integrating sphere, for color grad- 
ing and measurement (Liu)Su11:154 


Spectrometry, laser ablation-inductively 

coupled plasma-mass [LA-ICP-MS] 

of andesine, reportedly from Tibet 
(Abduriyim)Su11:167-180 

of aquamarine from Vietnam 
(Huong)Sp11:42-48 

of colored gemstones, and country of 
origin determination— 
(Abduriyim)Su11:114-116; and appli- 
cation of discriminant analysis 
(Blodgett)Su11:145 

of cultured pearls (Lu)Su11:149-150 

of demantoid from northern 
Madagascar (Pezzotta)Sp11:2-14 

of gem materials (Rossman)Sul 1:124-125 

of lavender jadeite from Myanmar, 
Guatemala, and Japan 
(Harlow)Su11:116 

of peridot from meteorites, identifica- 
tion of (Shen)F11:208-213 

of ruby, filled with lead glass 
(Sutthirat)Sul1:121 

of sapphire—Be-diffused 
(Sutthirat)Sul1:121; green, distinct 
color caused by iron (LNJF11:231-232 

of synthetic sapphire, green 
(LN)F11:231-232 

of zircon, brownish red, from China 
(Chen)Sp11:36-41 

see also Chemical composition 

Spectroscopy, electron paramagnetic reso- 

nance [EPR] 

to characterize gem materials 
(Rossman)Sul1:124-125 


Spectroscopy, energy-dispersive X-ray fluo- 
rescence [EDXRF] 
of cultured pearls (Lu)Su11:149-150 


Spectroscopy, gamma ray 
of topaz, neutron-irradiated blue 
(Zhang)W11:302-307 
Spectroscopy, infrared 
of aquamarine from Vietnam 
(Huong)Sp11:42-48 
of diamonds, low-grade, with distinc- 
tive color zoning and inclusions 
(Kwon)Sul1:134 
of emerald, natural and synthetic (de 
Corte)Sul1:147 
of quartz, natural and synthetic— 
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(Choudhary)Su11:146-147; amethyst 
(Karampelas)F11:196-201 

reflectance, of saltwater cultured pearls 
from P. margaritifera 
(Karampelas)Sp11:31-35 

of tourmaline from Madagascar, spec- 
tral correlation of manganese and 
iron (Ahn)Sul1:143-144 


Spectroscopy, laser-induced breakdown 
[LIBS] 
of corundum (Yetter)Sul1:157 
of gem materials (Rossman)Su1 1:124-125 


Spectroscopy, phosphorescence 
of a diamond with long-lasting phos- 
phorescence (LN)W11:310-311 


Spectroscopy, photoluminescence 
of cultured pearls, natural-color, P. 
margaritifera and P. sterna 
(Karampelas)Sul1:117 
of diamond—to establish origin of color 
(Epelboym)Su11:133; HPHT-treated, 
to identify strain (Eaton- 
Magania)Sul1:132 
Spectroscopy, Raman 
of aquamarine from Vietnam 
Huong)Sp11:42-48 
of garnet (Henderson)Su11:148 
of odontolite in antique brooches 
Krzemnicki)W11:296-301 
of pearls—Chinese freshwater cultured 
Strack)Sul1:120; natural and cul- 
tured (Scarratt)Sul1:117-119 
of zircon, brownish red, from China 
Chen)Sp11:36-41 
Spectroscopy, UV-Vis-NIR 
of andesine (Rossman)Sp11:16-30 
of colored gemstones, and country of 
origin determination 
(Abduriyim)Su11:114-116 
of diamond, strongly purple-colored 
black (LN)W11:309 
of emerald, natural and synthetic (de 
Corte)Su11:147 
of garnet, color-change, from Tanzania 
(GNIJF11:240-241 
of ruby from Vietnam (Khoi}F11:182- 
195 [erratum W11:335] 
of tourmaline—{Sriprasert)Su11:152, 
from Madagascar, spectral correla- 
tion of manganese and iron 
(Ahn)Sul1:143-144 
of zircon, brownish red, from China 
(Chen)Sp11:36-41 
Spessartine 
inclusions in quartz (GNI)F11:245 
Sphene [titanite] 
color-change, from Pakistan/ 
Afghanistan (GNI)W11:327-328 
Spinel 
trapiche, from Mogok, Myanmar 
(GNIJW11:329-330 
from Vietnam—{GNI)Sp11:60-61; 
cobalt blue (GNIJW11:328-329 
Spinel, synthetic 
star, imitation of moonstone 
(LN)Sp11:54-55 
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Spodumene 
green cat’s-eye, from Brazil 
(GNIJF11:249-2.50 


Sri Lanka 
sapphire from, mining update 
(GNIJE11:248-249 
Strain 
in colorless untreated diamonds 
(LNJF11:224-225 
in HPHT-treated diamonds (Eaton- 
Magania)Sul1:132 
Sunstone, see Feldspar 
Sustainability 
Anahi ametrine mine, Bolivia 
(Weldon)Su1 1:163-164 
of coral jewelry (Carmona)Su11:158 


Symmetry grading 
assessments and metrics for polished 
diamonds (Caspi)Su11:153-154 
GIA boundaries for round brilliant dia- 
monds (Geurts)W11:286-295 


Synthetics, see specific gem materials 


T 


Tanzania 

chondrodite from Mahenge 
(GNIJW11:316 

garnet from—color-change 
(GNIJF11:240-241; green grossular 
(GNI)Sp11:57-58 

gems from Tunduru 
(Limsuwan)Su11:110-111 

pargasite from (GNI)Sp11:65 

see also Tanzanite 


Tanzanite 
natural-color, identification of 
(Smith)Sul1:119-120 


Tenebrescence 
in zircon from Australia (LN)W11:314- 
315 


Thermoluminescence 
in type IaB diamonds (LN)Sp11:50 
Tibet 
andesine reportedly from (Rossman) 
Sp11:16-30, (Abduriyim)Su11:167-180 
Titanite, see Sphene 
Topaz 
color-zoned, yellowish to greenish 
brown (GNIJF11:250-251 
imitation of “mystic” treated topaz 
(GNIJF11:252-253 
neutron-irradiated blue, radioactive 
decay pattern of (Zhang)W11:302-307 


Topazolite 
from northern Madagascar 
(Pezzotta)Sp11:2-14 


Tourmaline 

from Brazil, Pederneira pegmatite 
(Pezzotta)Sul1:141-142 

inclusions in cat’s-eye quartz 
(GNIJF11:245-246 

from Madagascar, spectral correlation 
of manganese and iron 
(Ahn)Sul 1:143-144 
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spectroscopic characteristics of 
(Sriprasert)Sul1:152 
from the United States—California, 
Stewart pegmatite (Morton)Su11:140,; 
Maine (GNI)Sp11:66-68 
Trapiche 
emerald imitation (GNI)Sp11:68-69 
ruby, lead-glass-filled (GNI)Sp11:72-73 
spinel, from Mogok, Myanmar 
(GNI)W11:329-330 
Treatment 
ancient (Lule)Su11:150 
irradiation of blue topaz 
(Zhang)W11:302-307 
lead-glass-filling of ruby—and corun- 
dum triplet (GNI)F11:251-252,; 
trapiche (GNI)Sp11:72-73 
pretreatment and heat treatment of 
ruby (Lee)Sul1:148-149 
sugar-acid, of opal from Ethiopia 
(GNI)W11:333-334 
see also Coating; Diamond treatment; 
Diffusion treatment; Dyeing; Filling, 
fracture or cavity; Heat treatment; 
Irradiation; specific gem materials 
Tucson gem shows 
highlights of (GNI)Sp11:56-63 
Turquoise simulants 
odontolite, in set of antique brooches 
(Krzemnicki)W11:296-301 


U 


Ultraviolet fluorescence, see Fluorescence, 
ultraviolet [UV] 
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United States 

Stewart pegmatite, Pala, California 
(Morton)Sul1:140 

sunstone from Oregon, comparison of 
two deposits (McClure}Su11:150-151 

tourmaline from Mt. Marie, Maine— 
(GNI)Sp11:66-68; origin of color 
(GNI)Sp11:67-68 


V 


Variscite 
from Peru (GNIJF11:251 


Vietnam 

aquamarine from Thanh Hoa 
(Huong]Sp11:42-48, (GNIJF11:236-237 

ruby and sapphire from Tan 
Huong-Truc Lau (Khoi)F11:182-195 

spinel from—cobalt blue, from Khuoi 
Ngan (GNI)W11:328-329; northern 
Vietnam (GNI)Sp11:60-61 


Ww 


Winchell diagrams 
use in determining garnet composition 
(Hoover)W11:272-285 


X 


X-radiography 
of coated bead-cultured freshwater 
pearl (LN)W11:313-314 
of pearls, natural and cultured 
(Scarratt)Sul1:117-119 


X-ray diffraction 
of andesine, reportedly from Tibet 
(Abduriyim)Su11:167-180 


Z 


Zabargad [St. John’s Island] 
peridot from, history of 
(Thoresen)Sul1 1:121-122 


Zaire, see Congo, Democratic Republic 
of the 
Zambia 
emerald mining at Kagem 
(GNI)Sp11:63-65 
Zektzerite 
gem (GNI)Sp11:61 
Zimbabwe 
diamonds from, naturally irradiated— 
(Crepin)Sul11:105; hydrogen-rich 
(Breeding)Su11:129-130 
Zircon 
brownish red, from China 
(Chen)Sp11:36-41 
from Ethiopia (GNI)F11:247-248 
tenebrescent, from Australia 
(LN)W11:314-315 


Zoisite, see Tanzanite 


Zoning, see Color zoning; specific gem 
materials 
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A 


Abduriyim A.: Geographic origin determi- 
nation of colored gemstones, 114-116 
(Summer) 

Abduriyim A., McClure S.F., Rossman 
G.R., Leelawatanasuk T., Hughes R.W., 
Laurs B.M., Lu R., Isatelle F., Scarratt K., 
Dubinsky E.V., Douthit T.R., Emmett 
J.L.: Research on gem feldspar from the 
Shigatse region of Tibet, 167-180 
(Summer) 

Abduriyim A., see also Choi H.-M. 

Adamo I., see Pezzotta F. 

Ahn Y.-K., Seo J.-G., Park J.-W.: Spectral 
correlation of manganese and iron in 
tourmalines from Madagascar, 143-144 
(Summer) 

Ahn Y.-K., see also Kwon S.-R., Seo J.G. 
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Ai H., see Chen T. 

Amorim H.S., see Schnellrath J. 

Anthonis A., see Crepin N. 

Atichat W., Chandayot P., Saejoo S., 
Leelawatanasook T., Sriprasert B., 
Pisutha-Armond V., Wathanakul P., 
Sutthirat C.: “Pigeon’s blood” ruby and 
“royal blue” sapphire: Color standards 
for the gem trade, 157-158 (Summer) 

Atichat W., see also Huong L.T.-T., 
Wathanakul P. 

Ayalew D., see Rondeau B. 


B 


Balinskas S., see Magana Q. 
Barjon J., see Willems B. 
Beattie R.A., Blackman K.N., Levonis H.: 
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Australian opal nomenclature and 
assessment, 116 (Summer) 

Beavers B., Shepherd J.: Chinese freshwater 
cultured pearls with exotic metallic col- 
ors, 144 (Summer) 

Benzel W., see Morton D. 

Berger B., see Morton D. 

Bidwell D., DelRe N., Widemann A., 
Epelboym M.: Natural non-nacreous 
pearls from the giant clam Tridacna 
gigas, 144-145 (Summer) 

Blackman K.N., see Beattie R.A. 

Blodgett T., Gilbertson A., Geurts R., 
Goedert B.: Length-to-width ratios 
among fancy shape diamonds, 129 
(Summer) 

Blodgett T., Shen A.: Application of dis- 
criminant analysis in gemology: 
Country-of-origin separation in colored 
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stones and distinguishing HPHT-treated 
diamonds, 145 (Summer) 

Blodgett T., see also Geurts R.H. 

Bodeur Y., see Rondeau B. 

Breeding C.M.: Hydrogen-rich diamonds 
from Zimbabwe with natural radiation 
features, 129-130 (Summer) 

de Brum T.M.M., see Juchem P.L., 
Schnellrath J. 

Buckley S., see McManus C. 


C 


Carmona C., Cole J.E., Marks J.: “Too pre- 
cious to wear”: The role of the jewelry 
industry in coral conservation, 158 
(Summer) 

Caspi A.: Inclusion mapping in diamonds, 
153 (Summer) 

Caspi A., Kerner A.: Symmetry: From 
assessments to metrics, 153-154 
(Summer) 

Chandayot P., see Atichat W. 

Chapman J.: Recent studies of colored dia- 
monds from Argyle, 130 (Summer) 

Chen H., see Zhang B., Zhang J. 

Chen T., Ai H., Yang M., Zheng S., Liu Y.: 
Brownish red zircon from Muling, 
China, 36-41 (Spring) 

Chen T., Yang M., Ai H.: Blue and pink 
sapphires from Muling, northeastern 
China, 136-137 (Summer) 

Chodur N.L., see Juchem P.L. 

Choi H.-M., Kim Y.-C., Kim S--K,, 
Abduriyim A.: Evidence of an interstitial 
3H-related optical center at 540.7 nm in 
natural diamond, 131 (Summer) 

Choi K.-M., see Lee B.-H. 

Choudhary G.: Remarkable gems encoun- 
tered at the Gem Testing Laboratory, 
Jaipur, India, 145-146 (Summer) 

Choudhary G., Fernandes S.: Spectroscopic 
examination of commercially available 
quartz varieties: A gemological perspec- 
tive, 146-147 (Summer) 

Clanin J.C.: The fundamentals in mining 
for colored gemstones and mineral speci- 
mens, 107-108 (Summer) 

Cole J.E., see Carmona C. 

Coopersmith H.G.: The making of a dia- 
mond mine: Why everyone cannot have 
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SIR WILLIAM CROOKES’ 
GREEN DIAMOND 


In April of this year the writer had occa- 
sion to visit England and the Continent 
and while in London made « point of visit- 
ing the British Museum (Natural History ) 
in Cromwell Road, where the beautiful 
color prints of gems, now familiar to all 
readers of Gems and Gemology, originated. 
Although the war years necessitated dis- 
mantling all exhibits, tremendous strides 
have already been made in replacing them 
with interesting and well-lighted displays. 


The gemstones ate in the first cases on 
the right-as one enters the Hall of Minerals 
and in the second one the writer found the 
small diamond crystal, which the late Sir 
William Crookes exposed to radium ema- 
nations for many months with the result 
that it turned a fine green (bluish). It is 
a small octahedron weighing 0.179 gram. 
Sir William reported the phenomenon in 
Phil. Trans. Roy. Soc., London, 1914, vol- 
ume 214, ser. A., p. 438, and presented the 
crystal itself co the British Museum in 1916. 
The present Keeper of Minerals, Dr. W. 
Campbell Smith, was kind enough to 
search out Sir William’s letter to the Mu- 
seum in which he listed some of his gifts 
and stated that this particular stone was 
the one he had treated. 


After the passage of some thirty-six years 
it seemed rather worth while to ascettain if 
the stone still retained its radio activity. 


© Top left: torbernite from Cornwall, 
England; top righi, autunite from Autun, 
France; bottom left, diamond treated 
with radium by Sir William Crookes in 
1914; bottom right, uranite from Corn- 
wall. This is the result of a seventeen- 
day exposure on Kodirex code 1, X-ray 
film. 
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W. H. Palmer of Kodak, Ltd., insisted on 
donating several sheets of X-ray film to 
make the test. The writer, having three 
amateur photographets in his family using 
untold quantities (or so-it seems) of film, 
felt rather pleased that he had always used 
Eastman film. Dr. Campbell Smith was 
most cooperative and the test was accom- 
plished with the results indicated in the 
accompanying photograph. The auto-pho- 
tograph made by Dr. Campbell Smith and 
his assistant, D. L.: Williams, was taken 
through a thin sheet of black paper which 
separated the minerals from the film sur- 
face, the exposure being seventeen days. It 
seemed a pity not to take full advantage of 
the opportunity so several other minerals 
were spread out at the same time. The 
latter may be of interest to those readers 
who have been following the public prints 
on new strategic minerals. 

in view of the conflicting reports on 
residual radio activity, this clear print taken 
thirty-six years after treatment surely shows 
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EDITORIAL 


TURNING A NEW PAGE 
IN THE DIGITAL AGE 


for the Spring 2012 issue of G&G. With this edition, we are launch- 

ing a free application for iPad tablets. This app will complement our 
print quarterly with enhanced digital content. You can tap on interviews 
with industry experts, videos spanning the world of gems, detailed 
slideshows, and other online exclusives. To download the app, go to the 
iTunes App Store at www.apple.com/ipad/from-the-app-store. 


S pring is a time of rebirth and renewal, and that certainly holds true 


Other tablet apps and a desktop version will be introduced over the next 
12 months, so that we deliver this new content to as many devices as 
possible. Stay tuned. 


E 


We think this is an ideal issue to showcase the new app. It leads with Dr. J. C. “Hanco” Zwaan’s 
feature on emeralds from a recently discovered deposit in northern Brazil. As a special 
supplement to that article, Andy Lucas overviews the Brazilian emerald industry. Next, Dr. Jim 
Shigley and coauthors test the properties and durability of a recent diamond imitation, coated 
colorless cubic zirconia. A team led by Dr. Andy Shen finds new applications for a classic two- 
circle reflecting goniometer. Continuing the theme of old versus new are studies of a diamond 
ring from ancient Rome and artificially irradiated morganites. The issue contains another full 
slate of Lab Notes and Gem News International dispatches, including Ge>G’s coverage of this 
year’s Tucson shows. 


Inside you'll also find two of our annual reader participation features: the GG 
Challenge quiz, where you can test your gemological knowledge, 
and the results of this year’s Dr. Edward J. Giibelin Most 
Valuable Article Awards. 


Because access to G¢vG’s new app is completely free, we will no 
longer sell print + online subscriptions. That means a one-year 
print subscription is now available for only $79.99 in the US. 
and $99.99 elsewhere, with a $10 discount for renewals and 
GIA students and alumni. If you recently paid for a print + 
online subscription, we will reimburse you the difference—or 
apply it toward a renewal—on a prorated basis. There’s never 
been a better time to subscribe. 


Download G&G’s new iPad app to see 
I urge you to download the free app and see our new digital interviews, videos spanning the world 


content for yourself. And be sure to tell us what you think. of gems, slideshows, and more. 


Cheers, 


Mhver— 


Jan Iverson | Editor-in-Chief | jan.iverson@gia.edu 
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ANOS ARTICLES 


EMERALDS FROM THE FAZENDA BONFIM 


REGION, RIO GRANDE DO NORTE, BRAZIL 


J. C. (Hanco) Zwaan, Dorrit E. Jacob, Tobias Hager, Mario T. O. Cavalcanti Neto, and Jan Kanis 


In 2006, emeralds were discovered in the Fazenda Bonfim region of northeastern Brazil. Emerald 
mineralization occurs in association with small recrystallized pegmatitic bodies hosted by metamor- 
phosed ultramafic rocks within the Santa Monica Shear Zone. Prospecting and exploration have 
been carried out in a few small pits and tunnels, producing emerald crystals with transparent areas 
that typically range between 2 and 5 mm. Polished samples typically show a saturated bluish green 
color with a medium-light to medium tone. The most common internal features are partially healed 
fissures with two-phase (liquid-gas) fluid inclusions and a variety of fine, parallel-oriented growth 
tubes. The emeralds contain moderate amounts of the chromophore elements Cr and Fe, and traces 
of V; they also show relatively high K and low Li. FTIR spectroscopic features are consistent with 
alkali-bearing emeralds that contain considerable CO, and a small amount of deuterated water. 
Emeralds from Fazenda Bonfim can be distinguished from those of other schist- and pegmatite-related 


commercial deposits. 


known deposits occur in the states of Minas 

Gerais (Belmont, Piteiras, and Capoeirana—see 
Hanni et al., 1987; Epstein, 1989; Souza et al., 1992, 
Kanis, 2002; Rondeau et al., 2003); Bahia (Socot6é and 
Carnaiba—see Schwarz 1990b; Eidt and Schwarz, 1988; 
Giuliani et al., 1990; Giuliani et al., 1997), and Goids 
(Santa Terezinha—see Cassedanne and Sauer, 1984, 
Schwarz 1990a; Giuliani et al., 1990 and 1997). In the 
northeastern part of Brazil, emeralds are known from 
near Taud in Ceara State, but they are not of high 
quality (Schwarz et al., 1988). 

In Rio Grande do Norte State, rare-element miner- 
alized granitic pegmatites have been known since the 
pioneering work of Johnston (1945) and Rolff (1946) in 
the Borborema Pegmatitic Province. In 2006, a team 
led by one of the present authors discovered emeralds 
in the Fazenda Bonfim region (figure 1; Cavalcanti Neto 


B razil is an important emerald producer. Well- 


See end of article for About the Authors and Acknowledgments. 
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and Barbosa, 2007). The team was hired by Emprogeo 
Ltd. (Natal, Brazil) to explore for chromium, nickel, and 
platinum mineralization associated with ultramafic 
rocks, which were known to be present but had never 
been properly mapped. Emeralds were found in an area 
where geologists had previously focused on gold and 
rare-element mineralization. Several mines in this 
region (near the municipality of Lajes) had produced 
beryl and/or columbite-tantalite from pegmatites, but 
without any attention to the potential of ores related 
to ultramafic rocks. 

After the discovery of emeralds in the Fazenda 
Bonfim region, Mineragao Vale Verde Ltd. (registered 
in June 2.006) acquired the mining rights from Emprogeo 
Ltd. Exploration of the area, which comprises nearly 
656 hectares, started in August 2006. Mineracao e 
Comeétcio Itaobi Ltda. also owns several licenses close 
to this area, and Mineracao Santo Expedito Ltda. is the 
holder of a nearby gold, tungsten, and bismuth mining 
concession. All have invested heavily in mineral explo- 
ration (sampling, drilling, mapping, and geochemical 
surveys}. Despite these efforts and promising early 
results, the emerald mine has not yet begun production. 
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Gemological properties of faceted light to dark green 
emeralds weighing up to 10 ct that were reportedly 
from this area were briefly described by Milisenda (2007). 
The present article characterizes the gemological 
properties of the emeralds from Fazenda Bonfim in 
detail and introduces chemical data. Information on 
the geology and mining was gathered by authors JCZ 
and JK over the course of a seven-day visit to the Fazenda 
Bonfim mining area in July 2009, and updated infor- 
mation on the situation at the deposit was supplied by 
Mineracao Vale Verde Ltd. 


Figure 1. A limited amount 
of emeralds have so far 
been produced from the 
Fazenda Bonfim region in 
Brazil’s Rio Grande do 
Norte State. The faceted 
stones shown here weigh 
1.29-1.92 ct, and the cabo- 
chon weighs 3.89 ct. Photo 
by Robert Weldon. 


LOCATION AND ACCESS 

The Fazenda Bonfim region lies west of Natal, the state 
capital of Rio Grande do Norte, between the munici- 
palities of Sao Tomé, Caicara do Rio do Vento, and 
Lajes. The emerald deposit is located near the Bonfim 
gold-tungsten mine (figure 2), at coordinates 05°50.45’S, 
036°07.10'W and an elevation of ~420 m. From Natal, 
the workings can be reached by driving about 95 km 
west to Caicara do Rio do Vento, then another 6 km 
west on a paved road. A dirt track then proceeds about 
18 km south to the mining area. 


yd W-Au mine 
ed Emerald mine 
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Figure 2. The emerald de- 
posit in the Fazenda Bon- 
fim region is located 
southwest of the village of 
Caicara do Rio do Vento. 


ry 
Rio de Janeiro 
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Figure 3. This simplified 
geological map shows the 
Seridé Mobile Belt in the 
northern segment of the 
Borborema Province, 
northeastern Brazil. The 
emerald deposit is located 
in the basement gneiss, 
close to the Bonfim gold- 
tungsten mine, which is 
hosted by metasedimen- 
tary rocks. Modified after 
Angelim et al. (2006) and 
Souza Neto et al. (2008). 


(610-555 Ma) 


/ ) 
=| Phanerozoic cover 


Braziliano igneous suite 


Metasedimentary sequence 
(Serid6 group, 650-610 Ma) 


Gneiss basement 


(2.2-2.0 Ga) $8 W-Au mine 

Archean craton ; 

(>3.0 Ga) 4S Emerald mine 
Wj Shear zone © City/town 


GEOLOGY 


The emerald deposit is situated in the Seridé Mobile Belt 
(figure 3), which is dominated by continental-scale strike- 


Figure 4. Emeralds at the Fazenda Bonfim deposit occur 
in association with recrystallized pegmatitic bodies that 
intruded a sheared succession of talc, talc-amphibole, 
and biotitetamphibole schists, adjacent to a granitic 
gneiss (the strongly weathered unit at the top). A small 
recrystallized pegmatite is visible on the left side, in the 
biotite schist. Photo by J. C. Zwaan. 


4 EMERALDS FROM FAZENDA BOnFiM, BRAZIL 


slip shear zones trending northeast to north-northeast. 
The rocks consist of basement gneiss, ametasedimentary 
sequence called the Serid6é Group, and the Brasiliano 
igneous suite (Souza Neto et al., 2008). The basement 
gneiss comprises metamorphosed (migmatitic} igneous 
rocks of tonalitic to granitic composition and minor 
metabasic lenses. The Serid6 Group consists of marble, 
gneiss, quartzite, metaconglomerate, and mica schist. 
The Brasiliano igneous suite includes porphyritic and 
fine-grained granites with minor aplites and pegmatites 
that are widely distributed. The granitoid rocks have U- 
Pb zircon ages of 610-555 Ma and were intruded during 
the Brasiliano orogeny (610-530 Ma), while the peg- 
matite bodies are constrained by ages between 510-480 
Ma (U-Pb dating of uraninite and columbite) and 523 
Ma (average Ar/Ar date of biotite from the pegmatites; 
Souza Neto et al., 2008). 

In the Serid6 Mobile Belt, more than 700 mineralized 
granitic pegmatites occur in an approximately 15,000 
km/?area. These pegmatites comprise the northern part 
of the Borborema Province, which is known for rare- 
element mineralization including tantalite-columbite 
(tantalum-niobium}, beryl (beryllium), and cassiterite 
(tin; Da Silvaetal., 1995). Other commodities exploited 
from the region since the 1940s include gold (found in 
skarns together with tungsten) and quartz veins, both 
occurring in the metasedimentary Seridé Formation 
(Souza Neto et al., 2008). 
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Emerald mineralization is associated with ultramafic 
to mafic rocks (metamorphosed into amphibolites) 
within the Santa Monica Shear Zone. These rocks are 
located at relatively higher altitude (>400 m) in the 
resistant granite gneiss basement. Adjacent to the 
amphibolites is a succession of talc, talc-amphibole, 
and biotitetamphibole schists, with a sharp contact 
between biotite schist and granitic gneiss (figure 4). The 
biotite schist layers range from 0.2 m to more than 3 
m thick, and dip northwest rather steeply at 38°-56°. 
Small recrystallized pegmatitic bodies are present in 
the schist, near the contact with the granitic gneiss. 
Emeralds occur in and around those bodies, particularly 
within the biotite schist. 

The recrystallized pegmatitic veins have a saccha- 
roidal texture and are generally homogeneous, mainly 
consisting of sodium-rich plagioclase, though they also 
contain narrow quartz veins (typically up to a few 
centimeters wide). The emeralds within the recrystallized 
pegmatites are often small (<1 cm) and light-medium to 
medium bluish green (figure 5). The better-color emeralds 
appear to be associated particularly with the narrow 
quartz veins within the recrystallized pegmatites. 

The recrystallized nature of the pegmatitic veins 
(compare, e.g., Giulianiet al., 1990; Zwaan, 2006) clearly 
indicates that metasomatic reactions with the schist 
played an important role in bringing the vital elements 
together to form emerald (Cr from the ultramafic rocks, 
and Be, Al, and Si from the veins). Detailed study of the 
area's geology is being undertaken to better understand 
the mechanisms and conditions of emerald formation. 


EXPLORATION AND MINING 


Prospecting is hindered by dense vegetation, which also 
limits the use of satellite imagery. A geochemical survey 
of soil samples (Scholz, 2008) revealed that Cr and Be 
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Figure 5. Emeralds com- 
monly occur near the con- 
tact between recrystallized 
pegmatite and biotite 
schist, as shown in the 15- 
cm-wide specimen on the 
left. The recrystallized 
pegmatitic rocks, mainly 
consisting of sodium-rich 
feldspar and quartz veins, 
show a saccharoidal tex- 
ture and may also contain 
emeralds (right, image 
width 11.5 cm). Photos by 
J. C. Zwaan. 


anomalies follow the orientation of the Santa Monica 
Shear Zone. The highest values of both elements were 
found in the central part of the Fazenda Bonfim deposit, 
in the same area that has been worked so far. Anomalies 
also have been found farther north and northeast. A core 
drilling program of the mining area consisted of 33 holes 
(47 mm diameter) for a total length of 1,115 m. Further 
exploration has been carried out, using hand tools, ina 
few small pits and adits along the ultramafic/granitic 
gneiss contact (figure 6). The surface exposure showing 
potential for new mineralization extends no more than 
700 m, and additional tunneling along the contact is 
needed to further explore the downward extension of 
the narrow zone of emerald mineralization. 


Figure 6. This overview of the emerald mining area 
shows small pits and adits along the ultramafic/granitic 
gneiss contact. Photo by J. C. Zwaan. 
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Figure 7. A basic processing plant has been used onsite to wash and sort the mined material in search of emeralds. 


Photos by J. C. Zwaan. 


Material from the pits dug so far has been processed 
with a basic washing and sorting plant, built onsite 
(figure 7). Part of this material also was transported to 
Caicara do Rio do Vento, where more than 20 women 
sorted through 2.5 tonnes/day of ore, collecting 100- 
150 grams of beryl/emerald daily (J. Amancio Nery, 
pers. comm.,; e.g., figure 8); this averages 50 grams per 
tonne. An internal report by Mineracao Vale Verde Ltd. 
(Scholz, 2008) stated a figure of 10.5 kg/tonne, but this 
was based on testing of only 127.8 kg of mineralized 
rock. The production on the day of our visit to the 
sorting area was particularly low, but material of better 
quality and quantity from previous days was presented 
at the company’s offices. 

Mineracao Vale Verde Ltd. has invested in the infra- 
structure necessary for a well-organized mining 
operation, such as running water, electricity, housing, 
an explosives magazine, and a repair shop. However, 
a dispute over the ownership rights has temporarily 
suspended activities. The case was resolved in Novem- 
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ber 2011, and operations are expected to resume in early 
2012, after the rainy season. 

The discovery of emeralds has stimulated additional 
geologic studies of the Lajes region, through a collab- 
oration between the Federal University of Rio Grande 
do Norte, the Geological Survey of Brazil and other 
governmental parties, and Mineracdo Vale Verde Ltd. 
The Geological Survey is mapping the area around Lajes 
on a 1:100,000 scale to locate other ultramafic and 
recrystallized pegmatitic bodies. The aim is to obtain 
a detailed geologic map of this region and finally to 
create a prospecting guide for mining entrepreneurs. 


DESCRIPTION OF THE ROUGH 


Fazenda Bonfim emeralds typically consist of crystal 
fragments with homogeneous color. Well-formed 
crystals showing hexagonal prisms are rarely recovered 
as broken segments that commonly lack flat (pinacoidal) 
terminations. Transparent fragments and crystals (figure 
9) typically range between 2, and 5 mm, though larger 
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Figure 8. Some of the emerald obtained from material 
processed in the washing plant is shown here. The 
large crystals on the lower right are 5 cm long. Cour- 
tesy of Mineracao Vale Verde Ltd. 


included crystals measuring a few centimeters long 
have been found. 

The color of the emeralds ranges from light slightly 
bluish green to medium-dark bluish green. Very pale 
green beryl is also found. 


MATERIALS AND METHODS 


For this study, we examined 41 samples from Fazenda 
Bonfim, including 11 pieces of emerald rough that were 
transparent and suitable for faceting and 15 thin sections 


Figure 9. The emerald fragments and crystals recov- 
ered from the Fazenda Bonfim deposit are typically 
small but of homogeneous color. The piece at the 
front-left is 10 mm wide. Photo by Dirk van der Marel. 


fs 
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made from emerald-bearing rock; all of this material 
was collected by author JCZ during his visit to the mine. 
Parallel plates were cut and polished from three of the 
rough pieces for spectroscopy, whereas the thin sections 
were used only for studying inclusions in the emerald 
grains. In addition, 14 faceted and one cabochon-cut 
emerald, ranging from 0.17 to 3.89 ct, were obtained 
from Mineracao Vale Verde Ltd. for this investigation. 

Analyses done at the Netherlands Gemmological 
Laboratory included standard gemological testing and 
UV-Vis-NIR, FTIR, and Raman spectroscopy. A Rayner 
refractometer (yttrium aluminum garnet prism) with 
a near sodium-equivalent light source was used to 
measure refractive index and birefringence, specific 
gravity was determined hydrostatically, a calcite dichro- 
scope revealed pleochroic colors, long- and short-wave 
UV lamps were used in a darkened room to observe 
fluorescence, and absorption spectra were visualized 
with a System Eickhorst M9 spectroscope with a built- 
in light source. Internal features were observed with a 
standard gemological microscope and a Nikon Eclipse 
E600 POL polarizing microscope. 

Inclusions in 15 samples were analyzed by Raman 
spectroscopy using a Thermo DXR Raman micro- 
scope with 532 nm laser excitation. UV-Vis-NIR 
absorption spectra of six representative samples (one 
cabochon, two faceted, and three parallel plates) were 
taken with a Unicam UV 540 spectrophotometer in 
the 280-850 nm range. Mid-IR spectra of 16 repre- 
sentative samples (one cabochon, 14 faceted, and one 
parallel plate) were collected using a Thermo Nicolet 
Nexus FT-IR-NIR spectrometer. 

Quantitative chemical analyses (46 spots) were 
carried out on 15 faceted emeralds at the electron micro- 
probe facility of the Institute of Earth Sciences, Free 
University of Amsterdam, using a JEOL model JXA- 
8800M instrument. Analyses were performed at 15 kV, 
with a beam current of 25 nA and a spot size of 3 um. 
The count time was 2.5 seconds for major elements and 
36 seconds for most trace elements (50 seconds for V, 
Cr, and Rb). 

Trace-element chemical data of 24 samples (15 faceted 
and 9 rough) were measured quantitatively by laser 
ablation-inductively coupled plasma—mass spectrometry 
(LA-ICP-MS) at the Johannes Gutenberg University’s 
Institute of Geosciences using an Agilent 7500ce quadru- 
pole ICP-MS coupled with a New Wave Research 
NWR-198 laser ablation system (193 nm wavelength). 
Ablation was carried out with helium as the carrier gas 
at an energy density of 2.77 J/cm?, a pulse rate of 10 Hz, 
and a 50 pm crater size. NIST SRM 610 and 612 glass 
reference materials were used as external standards, and 
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TABLE 1. Physical properties of emeralds from Fazenda Bonfim, Rio Grande do Norte, Brazil. 


Very light to medium-dark slightly bluish green to strongly bluish green; typically a saturated bluish green with a 


Color 
light-medium to medium tone 
Clarity Very slightly to heavily included 
Refractive indices —n, = 1.587-1.591; n, = 1.578-1.583 
Birefringence 0.008—-0.009 
Specific gravity 2.12-2.74 
Pleochroism Distinct to strong; (light) yellowish green (o-ray), and bluish green to greenish blue (e-ray) 
Fluorescence Inert to long- and short-wave UV radiation 
Chelsea filter Pink to red (stones with saturated colors) or no reaction 
Visible spectrum 


Internal features 
prism faces 


Distinct lines at ~636, 662, and 683 nm; partial absorption between 580 and 630 nm; and complete absorption <430 nm 
¢ Often homogeneous color distribution, but moderate color zoning may occur as planar zones oriented parallel to the 


e Partially healed fissures with two-phase inclusions —typically square, rectangular, or comma-like 
¢ Negative crystals, forming CO,-rich two-phase inclusions 


e Partially decrepitated inclusions 
e Parallel growth tubes 


e Extremely fine unidentified fiber-like inclusions 


e Mineral inclusions: rounded crystals of sodic plagioclase, platelets of phlogopite, thin flakes of hematite, and 


clusters of minute grains of quartz 


°Si was the internal standard. Data reduction was carried 
out using GLITTER 4.0 software (Macquarie University, 
Sydney, Australia). An average SiO, concentration of 
63.5 wt.% was used, based on electron microprobe data. 
For comparison with the Fazenda Bonfim emeralds, we 
also collected LA-ICP-MS data on emeralds from two 
additional pegmatite-related deposits: Kafubu, Zambia 
(21 samples) and Sandawana, Zimbabwe (16 samples). 
The data reduction process for these localities used 
average SiO, concentrations of 63.0 and 62.8 wt.%, 
respectively (based on published electron microprobe 
and PIXE data; e.g., Zwaan et al., 1997, 2005; Calligaro 
et al., 2000). Detection limits were typically in the lower 
parts per billion range, and analytical uncertainties were 
generally between 5% and 15%, based on the external 
reproducibility of the reference materials (Jacob, 2006). 


Figure 10. The polished emeralds studied for this re- 
port represented a range of sizes, from 0.17 to 3.89 ct, 
and were an attractive saturated light to medium- 
dark bluish green. Photo by Dirk van der Marel. 
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GEMOLOGICAL PROPERTIES 


The gemological properties are summarized in table 1, 
with details described below. 


Visual Appearance. The polished emeralds ranged 
from slightly bluish green to strongly bluish green, with 
avery light to medium-dark tone. Many were an attrac- 
tive saturated bluish green with a light-medium to 
medium tone. The samples were very slightly to heavily 
included, and most of them were small (<0.20 ct). 
However, some of the faceted stones weighed nearly 
2, ct and a 3.89 ct cabochon was also examined (figure 
10). The color was evenly distributed, though moderate 
color zoning was observed in some rough fragments 
and polished material. 


Physical Properties. Refractive indices were n, = 1.587- 
1.591 and n,= 1.578-1.583, yielding a birefringence of 
0.008-0.009. Specific gravity varied between 2.72, and 
2.74. The emeralds were inert to long- and short-wave 
UV radiation. All of the samples with more saturated 
colors appeared pink to red under the Chelsea filter, 
while the others showed no reaction. Dichroism was 
distinct to strong, in (light) yellowish green and bluish 
green to greenish blue. 

The visible spectra of most of the emeralds had 
distinct lines at ~636, 662, and 683 nm, partial absorption 
between 580 and 630 nm, and complete absorption in 
the violet range (<430 nm). Small, light-colored emeralds 
showed a weaker spectrum with a clear line at 683 nm. 


Microscopic Characteristics. The most commonly 
encountered inclusions were partially healed fissures 
with two-phase fluid inclusions (aquo-carbonic fluid 
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Gemological Uigests 


that with sufficient treatment the residual 
activity can be extremely long lived. 
Another interesting aspect is the form 
taken by the internal illumination. On a 
subsequent visit to London, the writer 
called on Basil W. Anderson, F.G.A., author 
of the well-known Gem Testing for Jewel- 
lers, who was kind enough to show him an 
auto-photograph of a green diamond left 
with him for testing. In that case the 
illumination was general, almost as though 
by transmission, whereas the Crookes’ oc- 
tahedron shows a part of the light coming 
from discrete points, as was the case of 
the stone reported in the August 1949, 
issue of Gems and Gemology. 
— John A. Hardy 


Continued from Page 297 


utes and turned a beautiful tourmaline 
green, Ten other stones were bombarded 
with deuterons ranging from 10 to 15 
micro amp beam current and 20,000,000 
volts energy. The resultant range of colors 
was fantastic. Some stones turned an olivine 
green, some a bluish zircon green, and 
others a tourmaline green. The range 
in brown was from light to dark golden 
brown. 

Many of these stones have been re-cut. 
As much as fifteen per cent of the surface 
of the stone was removed and, amazingly, 
no change in color occurred. This phenome- 
non has proved: conclusively that bom- 
bardment with higher micro amp beam 
current and higher volt energy could pene- 
trate the stone completely. 

More work is contemplated with -the 
latest model cyclotron which can use proton, 
alpha particle, deuteron, and even carbon 
ion bombardment. If sufficient beam cur- 
rent can be produced, stones thus treated 
should give amazing results. The outcome 


of further experiments will be published 
at a later date. 


75 DIPLOMAS 
AWARDED BY GLA. 


Since last reported in the winter issue 
of Gems and Gemology, 75 students have 
completed studies and examinations of the 
Gemological Institute of America. Of these 
the following twenty have received diplo- 
mas in the Theory and Practice of Gem- 
ology: 


Fred G. Bricker, East Cleveland, Ohio. 
James W. Coote, Los Angeles, California. 


Alfred W. DeScenza, Medford, Massa- 
chusetts. 


Donald W. Deziel, Venice, California. 
Belden Dukes, Huron, South Dakota. 


Francis N. Hamilton, Los Angeles, Cali- 
fornia. 


Charles W. Hundley, Jr., Lansing, Michi- 
gan. 


Luke S. Israelian, Worcester, Massachu- 
setts. 


John Jennings, Toronto, Ontario, Can- 
ada. 


Bertram Krashes, New York, New York. 
Sol Lynn, Washington, D. C. 
Gilbert B. Oakes, New York, New York. 
John W. Platt, Cedar Rapids, Iowa. 
Joseph Rayce, Kalamazoo, Michigan. 
Joseph L. Roberts, Pittsburgh, Pennsyl- 
vania. 
James E. Smith, Klamath Falls, Oregon. 
Kenneth L. Sullivan, Bozeman, Montana. 
Keith L. Tanke, Fremont, Nebraska. 
Jules Tapelband, Los Angeles, California. 


Gordon Uhl, Dormont, Pittsburgh, Penn- 
sylvania. 
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and gas) that were typically square, rectangular or 
comma-like (figure 11). Many of the emeralds had fine 
growth tubes oriented parallel to the c-axis. Occasi- 
onally observed were hexagonal-shaped negative 
crystals with a large bubble containing CO, (determined 
by Raman microspectroscopy; figure 12). Some fluid 
inclusions had an irregular shape with signs of shrinkage 


In Brief 


¢ Emerald mineralization at Fazenda Bonfim occurs in as- 
sociation with small recrystallized pegmatitic bodies 
and biotite schist. 


e Exploration activities have produced a small amount of 
material from shallow pits and tunnels. 


e The emeralds are typically small but show attractive 
color with moderate Cr and Fe, and low V. Relatively 
high K and Cs and low Li and Na separate them from 
other pegmatite-associated emeralds. 


¢ Two-phase fluid inclusions and fine growth tubes 


are common, and FTIR spectra show characteris- 
tics of alkalis, CO,, and deuterated water. 


or were partially decrepitated and empty (figure 13). 
Unidentified extremely fine curved fiber-like inclusions, 
more or less parallel-oriented, also occurred in a few 
samples. Six stones showed evidence of clarity enhance- 
ment (three minor, three moderate). 


Figure 11. Arrays of square or rectangular two-phase 
inclusions were widespread in the Fazenda Bonfim 
emeralds. Fine parallel-oriented growth tubes were 
also observed in many of the samples. Photomicro- 
graph by J. C. Zwaan; image width 1.4 mm. 
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Figure 12. Raman microspectroscopy showed the pres- 
ence of CO, within large gas bubbles in hexagonal- 
shaped negative crystals. Photomicrograph by J. C. 
Zwaan; image width 0.8 mm. 


Solid inclusions were uncommon. Inclusions of 
plagioclase (figure 14) had Raman spectra consistent with 
albite or oligoclase. Platelets of phlogopite (figure 15, left) 
and hematite were also observed, as well as minute inclu- 
sions of quartz (figure 15, right). Occasionally, fluid 
inclusions contained captured minerals that were doubly 
refractive under crossed polarizers. In one case, the 
captured minerals were identified by Raman analysis as 
carbonate and mica (probably magnesite and muscovite], 
and also bertrandite (figures 16 and 17). 


Figure 13. These irregular fluid inclusions show signs 
of shrinkage; on the left side is a decrepitated and 
empty inclusion. Photomicrograph by J. C. Zwaan; 
image width 0.35 mm. 
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Figure 14. Slightly 
rounded grains of sodic 
plagioclase were identified 
in the emeralds. The crys- 
tal on the left is shown in 
transmitted light (image 
width 0.3 mm), while the 
larger one on the right is 
photographed in darkfield 
illumination (image width 
1.4 mm). Photomicro- 
graphs by J. C. Zwaan. 


Figure 15. Platelets of phlo- 
gopite (left, image width 0.7 
mm) and clusters of minute 

inclusions of quartz (right, 
image width 1.5 mm) were 
observed in some of the 
emeralds. Photomicro- 
graphs by J. C. Zwaan. 


CHEMICAL COMPOSITION 


Table 2, presents chemical analyses for representative 
samples of Fazenda Bonfim emeralds. A complete listing 
of all analyses, including ions calculated for the micro- 
probe data, is available in the Ge)G Data Depository 
at gia.edu/gandg. The most important chromophore in 
the emeralds was Cr, which averaged 0.32 wt.% Cr,O, 
and ranged from 0.16 wt.% in light bluish green samples 
to0.72 wt.% inamedium bluish green stone. Vanadium 
concentrations were consistently low, averaging 0.03 
wt.% V,O,. The other chromophore was Fe, which 
averaged 0.82 wt.% FeO and showed a maximum of 
1.04 wt.% FeO. 

The emeralds contained relatively high concentra- 
tions of Mg (average 2.27 wt.% MgO) but rather low 


Figure 16. This fluid in- 
clusion in an emerald 
contains doubly refractive 
captured minerals, 
mainly carbonate and 
mica along with bertran- 
dite in the carbonate. 
Photomicrographs by J. C. 
Zwaan, transmitted light 
(left) and between crossed 
polarizers (right); image 
width ~0.3 mm. 
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Na (average 0.66 wt.% Na,O). Traces of Ca, K, Cs, Li, 
P Sc, Ti, Mn, Co, Ni, Zn, Ga, and Rb were detected in 
all of the samples. Potassium values were consistently 
high (average of 764 ppm], whereas Li contents were 
rather low (average of 106 ppm). 

Table 3 summarizes the trace-element ranges 
obtained from LA-ICP-MS data for emeralds from 
Fazenda Bonfim, Kafubu, and Sandawana (see Discus- 
sion for comparison). 


SPECTROSCOPY 

The UV-Vis-NIR spectra were typical for emeralds with 
considerable iron content. The ordinary ray (E_Lc; figure 
18) showed broad bands at approximately 438 and 605 
nm, a weaker peak at 478 nm, and a doublet at 680 and 
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TABLE 2. Average chemical composition of representative emeralds from Fazenda Bonfim.* 


Sample  N1 N2 N3 N4 N5 N6 N7 N8 N9Q NiO N11 N12 N13 N14 N15 
Weight (ct) 3.89 1.92 1.29 1.26 015 018 O19 0.20 0.28 O19 0.19 0.19 0.21 0.19 0.17 
Color Med-dk. Med. Med. Med.-It. Int. It. Med. Med.-lt.Med.-lt. Med. Med-lt. Med.-It. Med.-It. Med.-lt. Med.-It. Lt. bG 
bG bG bG bG sil. bG bG bG bG  vst.bG bG bG bG bG bG 
Oxides (wt.%)° 
SiO, 63.30 63.51 63.03 63.23 63.20 63.39 63.56 63.33 63.15 63.71 62.85 63.37 63.79 63.70 62.98 
A\,O. 1449 14.41 1441 1430 13.90 1452 13.80 1448 1448 1462 13.82 1469 1458 14.76 14.02 
Sc,O, bdl 0.02 bdl bdl 0.02 bdl 0.03 bd bdl 0.03 0.02 bdl bdl bdl 0.02 
V,0, 0.03 0.02 0.04 0.03 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.04 0.03 
Cr,O, 0.32 025 018 O23 042 0.57 0.35 0.31 0.49 0.44 0.36 0.29 0.20 0.25 0.16 
BeO (calc)? 13.08 13.09 13.07 13.05 13.04 13.10 13.09 13.07 138.04 1314 12.99 138138 1812 1815 13.00 
FeO 0.82 0.76 O90 075 087 0.75 0.93 0.66 1.01 0.71 0.97 0.74 0.48 0.74 0.94 
MgO 2.22 2.23 237 2.24 253 2.07 2.54 2.24 1.72 2:3 2:51 2.26 2.25 2.25 2.49 
CaO 0.04 0.05 0.05 0.004 0.06 0.03 0.07 0.04 0.03 0.03 0.07 0.05 0.04 0.04 0.07 
Na,O 0.59 O62 0.91 0.81 0.68 O64 0.81 0.52 0.79 0.52 0.68 0.81 0.38 0.43 0.56 
K,O 0.05 0.06 0.07 O06 0.06 0.07 0.08 0.04 0.03 0.04 0.07 0.06 0.04 0.05 0.07 
Rb,O bdl bdl bdl bdl bdl bdl bdl bd bdl bd bdl bdl bdl bdl bdl 
Cs,O 0.02 bdl 0.04 0.03 0.04 0.05 0.04 0.05 0.03 0.04 0.04 0.02 0.02 bdl 0.04 
Minor and trace elements (ppm)? 
Li 128 99 116 113 104 108 105 84 88 107 122 74 108 82 109 
B 14 bdl bdl bdl 1.3 bdl bdl bdl bdl 1.0 bdl bdl bdl 2.0 1.4 
P 89 90 85 94 88 96 95 99 96 104 98 97 94 112 87 
K 792 903 1212 1024 922 902 1098 626 496 626 1245 665 777 724 1088 
Ca 416 444 734 418 479 250 543 385 194 227 ~=©620 377 344 439 497 
Sc 96 72 138 66 104 53 101 45 122 145 169 81 45 91 114 
Ti 6.9 4.4 710) 49 3.3 7.0 4.1 4.2 3.2 3.2 7.0 3.9 3.3 5.6 7.0 
Vv 123 121 146 116 136 175 139 90 171 140 150 114 97 117 144 
Cr 2164 1687 1409 2006 2744 4222 2525 1504 2916 2995 2365 1946 1547 1768 1748 
Mn Qi ii 15 2 14 15 12 9.6 19 2 14 2 10 1 14 
Co 2.5 2.2 2.4 2.4 2.3 2.2 2.4 2.2 2.1 2.0 2.4 2.2 2 2.3 2.6 
Ni 16 15 15 16 16 21 16 15 19 18 16 15 15 16 16 
Cu bdl bdl bdl bd bdl bdl bdl bdl bdl bdl 0.54 0.61 0.79 29 bd 
Zn 25 20 17 20 18 44 19 19 78 44 20 17 18 49 20 
Ga 20 19 19 18 19 17 21 18 47 31 22 18 19 17 20 
Ge bdl bdl bdl bd bdl 0.83 bdl bdl 0.72 0.76 bdl bd bdl bdl bd 
Rb 67 69 80 68 82 65 81 62 62 60 85 66 67 66 83 
Sr 0.06 0.05 010 0.06 £0.04 bdl 0.07 0.04 bdl bel Ons 0.03 0.06 0.78 0.05 
i 0.05 0.05 0.07 bd 0.06 0.04 0.06 0.03 bdl 0.04 0.09 bd 0.05 0.06 0.06 
Zr C1 O07 OAs Ono OA bdl 0.10 0.09 bdl bdl 0.28 0.09 0.09 0.13 bd 
Nb bd bd bdl bd bdl bdl bdl bd bdl 0.03 bd bd bdl 0.17 bd 
Mo bd bd bdl bd bdl bdl bdl bd bdl bd bd bd bdl bdl bd 
Sn bd bd 1.1 bd 0.77 bdl bdl bd 0.79 bdl 1.3 bd bdl P| 11 
Cs 273 252 375 241 311 494 303 222 340 408 380 233 217 238 392 
Ba bd bd bdl bd 0.22 bdl bdl bd 0.26 bd bd bd bdl 1.2 bd 
La bd bd 0.02 bd bdl bdl bdl bdl 0.03 bd bd bd bdl 0.04 bd 
Ta 0.06 0.06 0.08 0.05 0.06 bdl 0.06 0.06 bdl bdl 0.07 0.05 bdl 0.05 0.11 
Au bd bd bdl bd bdl bdl bdl bdl bdl bd bd bd bdl bdl bd 
Pb bd bd bdl bdl 0.07 bdl bdl bdl bdl bdl 0.12 bd bdl le 0.11 
Bi bd bd bdl bdl 0.06 bdl 0.04 bdl bdl bdl 0.07 bd bdl 0.04 0.07 


@ Abbreviations: bdl = below detection limit; DG = bluish green, It. = light, med. = medium, dk. = dark, Int. = intense, si. = slightly, v.st. = very strongly. 


» Oxides analyzed by electron microprobe; average of three analyses per sample on different spots (four analyses of sample N3). For complete electron 
microprobe analyses, including the calculated ions per formula unit, see the G&G Data Depository. 

© BeO was calculated based on an assumed stoichiometry of 3 Be atoms per formula unit. 

7 Trace elements analyzed by LA-ICP-MS; average of three analyses per sample on different spots (two analyses of sample N7). 


683 nm, all indicating the presence of Cr**. A band at 
about 835 nm pointed to the presence of Fe”, whereas 
the peak at about 371 nm demonstrated Fe** (compare 
Wood and Nassau, 1968; Schmetzer et al., 1974; 
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Platonov et al., 1978). 

FTIR measurements yielded spectra consistent with 
alkali-bearing emeralds (figure 19). A peak at around 
7095 cm: indicated the presence of type II water (i.e., 
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Figure 17. The doubly re- 
fractive minerals in figure 
16 gave a Raman spec- 
trum that could be re- 
solved into a mixture of 
carbonate (magnesite, 
green spectrum) and 
bertrandite (orange spec- 
trum). The remaining peak 
at 689 cm“ and the shoul- 
der around 1070 cm can 
be attributed to beryl, the 1400 130012001100 
inclusion host. 


COUNTS =— 


water molecules associated with alkali ions in the 
channels of the beryl structure; Wood and Nassau, 1968). 
The alkali ions in these emeralds were mainly Na‘, K*, 
Cs*, and Li*. Asnon-polarized spectra were obtained from 
faceted and cabochon-cut specimens, the 5272. cm peak 
could not be confirmed as a type II water absorption 
band, this can only be proven whena polarized spectrum 
is taken perpendicular to the c-axis (Schmetzer et al., 
1997). A smaller peak at 3234 cm was related to either 
type II H,O or to (OH) oriented parallel to the c-axis 
(Banko, 1995, 1997). The broad band between about 3900 
and 3400 cm"! was due to type II and type I water 
molecules (type I are not linked to other ions). 

The FTIR spectra consistently showed a strong band 


Figure 18. A representative absorption spectrum of an 
emerald from Fazenda Bonfim, in the direction of the or- 
dinary ray (Ec), shows the presence of Cr**, Fe**, and 
Fe*. The approximate path length of the beam is 5 mm. 


UV-Vis-NIR Spectrum 
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Raman Spectra 
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at 2357 cm", indicating the presence of CO,. This band 
is strongly dichroic, with greater absorption for the 
ordinary ray, a feature related to the orientation of CO, 
within the channel of the beryl structure (Wood and 
Nassau, 1968). Very weak peaks at ~2671 and 2640 cm! 
can be assigned to type I and type II HOD molecules 
(de Donato et al., 2004), indicating the presence of 
deuterium next to hydrogen in some of the water 
molecules (“deuterated water”). 

None of our spectra indicated a resin in any of the 
samples, nor did we see any green fillers. Stones with 
fractures containing a near-colorless filler showed a 
higher peak around 2925 cm, as well as lower peaks 
around 2854 and 2955 cm! that are typical for an oil 
(e.g., Johnson et al., 1999; Kiefert et al., 1999). 


DISCUSSION 


Physical Properties. The relatively high refractive 
indices of Fazenda Bonfim emeralds are typical for 
emeralds from schist- and pegmatite-related deposits. 
These high RIs are caused by the presence of alkali ions, 
water, and substantial Mg and Fe (Wood and Nassau, 
1968; Cerny and Hawthorne, 1976). Zwaan et al. (2005) 
compared other commercially available emeralds with 
similar RI, birefringence, and SG values. Based on that 
comparison, the distinguishing internal features of 
Fazenda Bonfim emeralds (prominent fluid inclusions, 
parallel growth tubes, and few solid inclusions) differ 
considerably. Although many of their internal features 
are comparable to those encountered in emeralds from 
the Itabira District of Minas Gerais (compare Hanni et 
al., 1987; Souza, 1988; Souza et al., 1992; Zwaan, 2001; 
and Rondeau et al., 2003), the absence of amphibole in 
the Fazenda Bonfim emeralds is distinctive. Amphibole 
inclusions are common in emeralds from many other 
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Figure 19. This representative mid-FTIR spectrum of a 
Fazenda Bonfim emerald shows a 7095 cnt peak 
caused by vibrations of water molecules adjacent to 
alkali ions in the channel sites. Those same water 
molecules and unassociated water molecules caused 
the broad band between 3900 and 3400 cnr". The 
peak at 2357 cnr', due to CO,, was consistently high 
in the samples. The inset shows very weak peaks at 
~2671 and 2640 cnr" that indicate the presence of 
deuterated water. The approximate path length of the 
beam is 5 mm. 


schist-related emerald deposits (e.g., Schwarz, 1998; 
Zwaan et al., 2005). 


Chemical Properties. Using Schwarz’s (1990a) empirical 
subdivision of low, medium, and high concentrations 
of elements in emerald, the Fazenda Bonfim stones 
show low Na and V, and moderate Cr, Fe, and Mg. 
Notable are the relatively high K and low Li contents 
compared to most emeralds from Zambia and Zim- 
babwe, which also come from schist-type deposits 
related to pegmatitic intrusions (table 3 and figure 20). 
Only some Zambian emeralds show very high K values 
combined with lower Li. A better separation between 
the three localities can be made by plotting Ga versus 
Li (figure 21). The Fazenda Bonfim emeralds have low 
Li values and moderate-to-high Ga. 

A clear separation between the three localities can 
also be made by plotting data for K, Li+Cs, and Rb in 
a ternary diagram (figure 22). The Fazenda Bonfim 
emeralds show intermediate K and Li+Cs contents, and 
stand out clearly from Sandawana emeralds and most 
Zambian emeralds that show high Li+Cs, and from 
some Zambian stones that are K-dominant. The Zim- 
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TABLE 3. Trace-element concentrations (ppm) of emeralds 
from three pegmatite-related deposits.* 


Deposit Fazenda Bonfim, Kafubu, Sandawana, 
Brazil Zambia Zimbabwe 
Samples 24 21 16 
Trace element (ppm) 
Li 63-221 84-868 225-764 
(106) (514 (492) 
B bdl-3.4 bdl-10.7 bdl-1.6 
P 70-132 92-167 76-128 
(96) (118 (109) 
K 398-1306 380-2728 134-431 
(764) (671 (268) 
Ca 161-966 65-782 46-727 
(860) (814 (131) 
Sc 22-170 2.7-849 138-109 
(89) (108 (48) 
Ti 1.8-8.7 1.8-25 2.5-179 
(4.8) 8.5) (60) 
Vv 60-180 34-333 101-379 
(128) (108 (257) 
Cr 887-4976 374-4507 1363-7821 
(2277) (1835) (4752) 
Mn 6.0-21 6.5-80 3.2-1714 
(11.4) (27 (66 
Co 1.5-2.7 0.99-5.9 1.6-7.6 
(2.1) 3.0) (2.5) 
Ni 8.8-22 9.8-50 9.9-84 
(15 (19 (19 
Cu bdl-29 bdl-0.57 bdl-4.4 
Zn 14-110 12.7-129 30-294 
(26 (39 (82 
Ga 14-49 6.8-18 19-44 
(20 (12 (28 
Ge bdl-1.0 bdl-1.6 bdl-0.84 
Rb 52-101 12.4-223 120-328 
(72 (76 (222) 
Sr bdl-0.78 bdl-0.21 bdl-0.23 
¥ bdl-0.13 bdl-0.06 bdl-0.14 
AG bdl-0.33 bdl-0.19 bdl-3.0 
Nb bdl-0.17 bdl-0.06 bdl-0.65 
Mo bdl bdl-0.21 bdl-0.26 
Sn bdl-2.1 bdl-14.8 bdl-14.1 
Cs 213-557 131-1927 251-1315 
(845) (739) (654) 
Ba bdl-1.2 bdl-6.9 bdl-0.5 
La bdl-0.06 bdl-0.04 bdl-0.16 
Ta bdl-0.57 bdl-0.06 bdl-0.74 
Au bdl-0.12 bdl bdl 
Pb bdl-1.7 bdl-4.5 bdl-5.7 
Bi bdl-0.12 bdl-0.06 bdl-0.07 


@ Element ranges are shown, with average values in parentheses. 
Abbreviation: bdl = below detection limit. 


babwean emeralds can be distinguished from Zambian 
material by their higher Rb content. When a beryl is 
Li-rich, Cs typically appears in higher concentrations 
as well (Bakakin and Belov, 1962). Generally speaking, 
extremely fractionated rare-element granitic pegmatites 
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Figure 20. This plot shows the relatively high K and 
low Li concentrations in Fazenda Bonfim emeralds 
compared to those in Sandawana (Zimbabwe) and 
Kafubu (Zambia) samples. 


of the LCT association (lithium, cesium, tantalum) are 
enriched in Li and Cs(e.g., Cerny et al., 1985; Simmons, 
2007). Emeralds from Zambia and Zimbabwe are found 
in close connection to highly evolved pegmatites (e.g., 
Seifert et al., 2004; Zwaan, 2006) and indeed show high 
Li and Cs. In Rio Grande do Norte, the pegmatites of 
the Borborema Pegmatitic Province are not considered 
among the most evolved, and they are classified under 


Figure 21. A plot of Li versus Ga separates Fazenda 
Bonfim emeralds, which have low Li values and mod- 
erate-to-high Ga, from Zambian stones (lower Ga 
with higher Li) and Zimbabwean emeralds (higher Li 
and Ga). 


Li vs. Ga 
1000 + 
@ Fazenda Bonfim, Brazil 
900 + 
4 os @ Kafubu, Zambia 
800 1] gy  Sandawana, Zimbabwe 
@ 
_—~ 7004 3 
E 600 4 2 ° © Se ee 
2 500 % oe 
= @ Qo 
— 4004 ) g *, ban 
@ 
300 5 é go 
: oo 
200 4 i 
@ 
100 4 ep mR EE co oo 
0 T T T T T T T T T T 
0 5 10 15 20 25 30 35 40 45 50 
Ga (ppm) 


14 EMERALDS FROM FAZENDA BonriM, BRAZIL 


Ternary Plot 


K 


@ Fazenda Bonfim, Brazil 


® Kafubu, Zambia 


© Sandawana, Zimbabwe 


LN /\ 
ELS VAAN 
LOVIN INV INI INV AN 
LR wre \/\/\J\J\J\L\ 
PAI\INININININ/N/N/ 


Li+Cs Rb 


Figure 22. The concentrations of K, Li+Cs, and Rb in 
emeralds from Fazenda Bonfim, Zambia, and Zim- 
babwe are plotted in this ternary diagram. The 
Fazenda Bonfim emeralds show intermediate K and 
Li+Cs content and are clearly distinguished from 
Zimbabwean emeralds and most Zambian emeralds 
that show enriched Li+Cs. The Zimbabwean emer- 
alds have relatively higher Rb. 


Cerny’s (1989) “beryl-columbite-phosphate” subtype 
(Da Silva et al., 1995). This is consistent with the lower 
Li and Cs in the associated emeralds from Fazenda 
Bonfim. 

Compared to our LA-ICP-MS results (table 3), 
analyses of emeralds from Kafubu and Sandawana by 
Abduriyim and Kitawaki (2006) show similar trends 
for most elements, although they reported higher Li 
values for Zambian emeralds (320-1260 ppm). They 
also gave higher upper limits for Li in Sandawana 
emeralds (1370 ppm), as well as very high Cs in those 
samples (up to 0.30 wt. % Cs,O). In Zambian emeralds, 
they reported higher upper limits for Zn (up to 970 ppm) 
and for Ga (up to 55 ppm). Because average values were 
not listed by those authors, it is difficult to assess the 
significance of these differences in results. Zwaan et 
al. (2005) showed that in one emerald crystal from 
Zambia, cesium ranged from 0.05 to 0.23 wt.% Cs,O 
(microprobe analyses], with the highest concentration 
in the outer portion of the crystal. So variations in trace- 
element concentration may depend highly on the 
precise locations chosen for spot analyses. 


GEMS & GEMOLOGY SPRING 2012 


From chemical data reported in the literature, it can 
be deduced that emeralds from the Itabira District of 
Minas Gerais show overlapping values but generally 
higher Na,O content, up to 1.93 wt.%. The average 
Na,O content reported for emeralds from the Belmont, 
Capoeirana, and Piteiras mines are 0.97, 0.99, and 1.52 
wt.%, respectively (Schwarz, 1990c; Zwaan, 2001). 
Rondeau et al. (2003) analyzed two representative 
samples from Piteiras and gave Na,O values of 1.43 and 
1.58 wt.%, respectively. LA-ICP-MS analyses also gave 
high Na,O contents, between 1.33 and 2.18 wt.%, for 
Itabira emeralds (Abduriyim and Kitawaki, 2006). 
Additionally, emeralds from Itabira contain less Cs 
than those from Fazenda Bonfim; Cs,O was below the 
detection limit of the electron microprobe (Schwarz, 
1990c; Zwaan, 2001) and up to only 0.01 wt.% by LA- 
ICP-MS (Abduriyim and Kitawaki, 2006). 


CONCLUSION 


Emerald mineralization at Fazenda Bonfim occurs in 
association with ultramafic rocks in the Seridé Mobile 
Belt, within the Santa Monica Shear Zone. Small recrys- 
tallized pegmatitic bodies lie in a succession of talc, 
talc-amphibole, and biotitetamphibole schists, and 
emeralds occur in and around those bodies, particularly 
in the adjacent biotite schist near the contact with 
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Figure 23. Emeralds from 
Fazenda Bonfim are some- 
what similar to those from 
Itabira, Brazil. Shown here 
are loose Fazenda Bonfim 
emeralds—the faceted 
stones weigh 1.29 and 1.92 
ct, the cabochon is 3.89 ct, 
and the crystal section (cour- 
tesy of Nature’s Geometry, 
Laguna Beach, California) 
measures 5.5 mm—along 
with jewelry featuring 
Brazilian emeralds. The ring 
contains a 8.20 ct Capoei- 
rana emerald center stone 
and the necklace is set with 
Bahia emeralds; the pear 
shapes weigh ~0.4 ct each. 
Jewelry courtesy of ABC 
Gems Inc., Los Angeles; 
photo by Robert Weldon. 


granitic gneiss. 

The polished emeralds studied for this report 
typically displayed a saturated bluish green color with 
amedium-light to medium tone, and were very slightly 
to heavily included. Their relatively high refractive 
indices are typical for emeralds from schist-related 
deposits. The most commonly encountered inclusions 
were partially healed fissures with two-phase fluid 
inclusions (typically square, rectangular or “comma- 
like”) and fine, parallel-oriented growth tubes. The 
emeralds’ chemical composition is characterized by 
relatively high K; moderate Cr, Fe, and Mg; and low 
Na, V, and Li. FTIR spectra showed characteristics of 
alkali-bearing emeralds with considerable CO,, as well 
as the presence of deuterated water. 

The Fazenda Bonfim emeralds can be distinguished 
from those of other commercially important schist- 
and pegmatite-related localities by careful comparison 
of physical and chemical properties, as well as internal 
features. Their properties show the most overlap with 
emeralds from the Itabira District of Brazil (e.g., figure 
23), but they can still be differentiated by their signif- 
icantly higher Cs and generally lower Na. 

Future emerald production from Fazenda Bonfim 
will depend on the extent of mineralization along the 
shear zone, both laterally and down the contact. 
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CHARACTERIZATION OF COLORLESS 
COATED CUBIC ZIRCONIA (DIAMANTINE) 


James E. Shigley, Al Gilbertson, and Sally Eaton-Magana 


Over the past several years, diamond simulants have entered the market that consisted of colorless 
cubic zirconia reportedly coated with a thin layer (e.g., represented to be 30-50 nm) of nanocrystalline 
diamond particles embedded in a matrix. One manufacturer, Serenity Technologies (Temecula, California), 
has marketed this material as Diamantine. SIMS chemical analysis of samples obtained from Serenity 
in October 2009 indicated a very thin (~5 nm) film of carbon (along with Al and Ti) on the CZ surface. 
Durability tests performed in conjunction with SEM imaging demonstrated that the thin coating does 
not completely withstand typical gemstone cleaning and handling procedures. The only standard 
gemological technique that could establish the presence of a coating was EDXRF spectroscopy, which 
detected Ti from the adhesion layer deposited on the CZ during the initial part of the coating process. 


and optical coating industries are now being applied 

to the treatment of gemstones. In the past few years, 
the jewelry industry has witnessed the introduction of 
several faceted gem materials (diamond, topaz, quartz, 
cubic zirconia, and others) reportedly coated with thin 
colored or colorless surface layer(s) of substances such 
as aluminum oxide, diamond-like carbon (DLC), and 
nanocrystalline synthetic diamond to change their color 
or allegedly improve their appearance and/or durability 
(see, e.g., Henn, 2003; Shen et al., 2007; Ogden, 2008; 
Schmetzer, 2008; Bennet and Kearnes, 2009). These new 
coating treatments present several important challenges 
for the jewelry trade, including their proper description, 
identification, determination of any visual or physical 
effects resulting from the coating, and disclosure (see 
box A). 

For the past several years, Serenity Technologies of 
Temecula, California, has produced and marketed a 
simulant consisting of faceted cubic zirconia (CZ) coated 
with what is described as a thin, transparent, colorless 
layer containing submicroscopic particles of nanocrys- 
talline synthetic diamond embedded in a matrix material 
(see figure 1 and www.serenitytechnology.com). This 
product is currently sold under the brand name Diaman- 
tine and is distributed only through licensed dealers. The 


S ophisticated techniques used in the semiconductor 
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Figure 1. This cubic zirconia (2.00 ct) has been coated 
by Serenity Technologies with a proprietary colorless 
thin layer that is said to consist of “nanocrystalline 
diamond particles” embedded in a matrix. Photo by 
Robert Weldon. 


Diamantine production process has a capacity of 2,000 
carats in each cycle, for a total of 20,000 carats per day (S. 
Neogi, pers. comm., 2009). Colorless and variously colored 
thin-film layers can be deposited on CZ by this process. 
With modifications to the surface-cleaning procedure, 
similar layers can also be deposited on other gem materials, 
including emerald, opal, and tanzanite. Colored gemstones 
coated with diamond-like carbon have been available in 
the trade for years (Koivula and Kammerling, 1991). 
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Box A: QUESTIONS SURROUNDING THE IDENTIFICATION AND DISCLOSURE 
OF THIN-FILM COATINGS ON GEMSTONES 


The availability of gemstones and pearls with thin col- 
ored or colorless coatings, containing not only synthetic 
diamond but possibly other materials, poses real chal- 
lenges for gem identification and treatment disclosure. 
The jewelry trade needs to consider such questions as: 


1. What requirement does a gemological laboratory, 
gemologist, appraiser, or jeweler have to disclose 
the presence of a coating that may not be detectable 
or permanent? 

2. What is the requirement to disclose a colorless 
coating when it does not appear to change the gem 
material’s properties, appearance, or durability? 

3. Doesa layer on the surface of a polished gem material 
have a thickness threshold, above which it would 
be considered a coating (requiring legal disclosure) 
and below which it would be considered a surface 
contamination (not requiring disclosure)? 


The present study was undertaken to determine the 
nature of the colorless coating on Diamantine. Earlier, 
Eaton-Magafia and Chadwick (2009) examined 14 
samples of colorless EternityCZ, marketed by Serenity 
as “nanocrystalline synthetic diamond coated” cubic 
zirconia. Since the coating technology may change over 
time, it is unclear if the material they examined is the 
same as the product described here. In both instances, 
the coated samples displayed the gemological properties 
of cubic zirconia. 


WHAT IS DIAMANTINE? 


Serenity’s website indicates that Diamantine is 
produced by a proprietary process—which consists of 
a thorough cleaning of the CZ facet surfaces, followed 
by a plasma-enhanced ion deposition—to create a 
coating on the CZ consisting of a dispersion of tiny 
carbon-containing particles embedded in a matrix. 
The website indicates this process “involves the devel- 
opment of a coating of nanocrystalline diamond 
particles of size below 60 nm uniformly on all cut 
surfaces of the gem material utilizing Serenity’s propri- 
etary nanodiamond technology... The average size of 
these particle clusters varies between 5-30 nm.” An 
illustration on Serenity’s website shows the Diaman- 
tine coating consisting of three portions, as seen in 
cross-section: an “adhesion layer” deposited directly 
on the surface of the CZ to help the carbon-containing 


COLORLESS COATED CZ 


4. What proof is necessary from a producer before 
making claims that a coating of a given thickness 
offers protection or improves the underlying gem 
material’s optical characteristics? 

5. What responsibility do sellers of gem materials 
with colorless coatings have to substantiate 
claims regarding the benefits provided by the 
coating? 

6. What guidelines regarding coating durability and 
coating permanence should be established for a 
treated gem material? 


7. While advanced gemological testing techniques 
currently in use are designed to analyze the bulk 
chemical and spectral properties of a gem material, 
what techniques will be required now and in the 
future to detect and identify coatings on the polished 
surfaces of gem materials? 


particles adhere to the substrate, a thicker intermediate 
layer containing “nanocrystalline diamond” particles 
embedded randomly in a more abundant matrix 
material, and a “protective outer layer.” 

A study of the structure of the coating layer was 
commissioned by Serenity in February 2009 and was 
performed by Evans Analytical Group (EAG) in Santa 
Clara, California. The full results compiled by EAG 
may be found on Serenity’s website. High-resolution 
transmission electron microscopy (HRTEM) produced 
high-magnification (>100,000x) images showing the 
combined thickness of the coating was on the order of 
50 nm. In these HRTEM images, the coating did not 
appear to be evenly distributed, which suggests that it 
may be thinner or even absent from small regions of 
the gem’s surface. Additional images at 138,000x magni- 
fication obtained using scanning electron microscopy 
(SEM) clearly showed the presence of nanocrystalline 
particles in the size range of 5-20 nm. Chemical analysis 
of selected areas of the coating on two Diamantine 
samples by energy-dispersive X-ray spectroscopy (EDS} 
detected the following elements in varying concentra- 
tions: Al, Ti, Si, O, Zr, and C. Some spots showed high 
Zr and low C concentrations, which suggests that the 
coating was either absent or present only as an extremely 
thin layer on the substrate CZ. 

The Serenity-EAG 2009 study also included an 
electron diffraction pattern image that was obtained 


Gems & GEMOLOGY SPRING 2012 19 


by passing an electron beam through a very thin vertical 
cross-section of the coating and the CZ substrate. Within 
the coating layer were small regions of crystalline 
material (with a regular arrangement of distinct layers 
of atoms) in an otherwise structurally amorphous 
matrix (with randomly arranged atoms) that appeared 
to constitute most of the coating. The (hkl) spacings 
between atomic layers within the small crystalline 
regions corresponded to the lattice spacings in diamond 
(111), as well as those in metallic Al (002) and Ti (102), 
as stated on Serenity’s website. The lattice spacings in 
another coating corresponded only to diamond, with 
no Aland Ti, which Serenity representatives interpreted 
as indirect evidence of “nanocrystalline diamond” parti- 
cles in the coating. 

We did not have the opportunity to examine the 
coated CZ samples studied by EAG. As with the results 
by Eaton-Magafia and Chadwick (2009) on Serenity- 
coated CZ, we can only assume that those samples 
were similar to the ones examined here. 


MATERIALS AND METHODS 


Materials. The Diamantine product uses CZ starting 
material that is cut and polished to higher standards 
than most cubic zirconia in the market. We also 
obtained very well-cut CZ samples for Serenity to coat 
for us. These samples did not exhibit the typical poor 
symmetry and facet polish seen in commercial CZ, 
but instead were cut to precise angles so their face-up 
appearance pattern mimicked that of the best cut-grade 
ranges for round brilliant-cut diamonds. 

Sixty-five cubic zirconia samples were initially used 
in the study; all were standard round brilliants weighing 
1.41-2.08 ct. Of these samples, 39 were coated by 
Serenity in the fall of 2009 and early 2010 to create their 
colorless Diamantine product, while the remaining 26 
were left uncoated for comparison. Each of these 65 
samples was first laser-inscribed on the girdle surface 
with a project identification number. Each was 
examined with 10x magnification by experienced GIA 
laboratory staff who plotted any minor surface imper- 
fections using standard diamond clarity grading 
procedures. 

In addition to the coated faceted samples, one of two 
flat polished CZ plates measuring ~7.5 mm in diameter 
was “thickly” coated (~100 nm) by Serenity for this 
study in October 2009. 

As mentioned above, in the Diamantine material 
that is sold commercially, a thin layer is applied as a 
protective surface on top of the layer containing the 
carbon nanoparticles. To assist GIA in analyzing the 
underlying carbon-containing layer, in April 2010 
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In Brief 


e Diamantine (like uncoated CZ) is easily distin- 
guished from diamond on the basis of thermal 
conductivity. 


When imaged by SEM, the coating contains nanocrys- 
talline particles that appear consistent with diamond. 
However, testing by methods available to us could not 
confirm their identity. 


These nanocrystalline particles did not completely 
remain on the CZ after simple durability tests (such as 
cleaning with a polishing cloth, with or without 
alcohol). 


Serenity is reportedly planning to release a new version 
of Diamantine, along with a testing device that can 
detect the coating. 


Serenity provided five additional coated faceted CZ 
samples (1.69-2.01 ct) that did not include the adhesion 
and protective layers. 

Six additional faceted samples (1.74-2.03 ct) of 
Diamantine were purchased through a third party in 
July 2011. 


Gemological Examination and Advanced Data Col- 
lection at GIA. Samples of the coated CZ were sub- 
jected to standard gemological testing methods to 
detect any evidence of the coating, its effects, and dif- 
ferences between the coated and uncoated material. 
For this examination we used a Nikon Eclipse LV100 
polarizing microscope with Nomarski differential in- 
terference contrast illumination and 1,000x magnifi- 
cation capability. 

Representative samples of the coated CZ were also 
tested with more advanced spectroscopy instrumenta- 
tion (although Serenity officials maintain that such 
techniques cannot effectively characterize thin-film 
coatings). Spectroscopic analyses were performed on 
both the coated and uncoated polished plates and on 
10 coated and several uncoated CZ samples. Infrared 
absorption spectroscopy was done on carefully cleaned 
samples in the mid-infrared (6000-400 cm, 1 cm"! 
resolution) and reflective near-infrared (up to 11000 
cm, 4 cm resolution) ranges at room temperature 
with a Thermo Scientific Nicolet 6700 Fourier-trans- 
form infrared (FTIR) spectrometer. A total of 512 scans 
per spectrum were collected to improve the signal-to- 
noise ratio. Ultraviolet-visible-near infrared (UV-Vis- 
NIR, 250-1000 nm) absorption spectra were measured 
with a PerkinElmer Lambda 950 spectrometer using a 
1.0 nm bandpass. Photoluminescence (PL) and Raman 
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spectra were obtained with a Renishaw InVia Raman 
confocal microspectrometer. Four lasers with five 
excitation wavelengths were employed to activate 
optical defects in the coating: an Ar-ion laser at 488 and 
514.5 nm, an He-Ne laser at 633 nm, a diode laser at 
830 nm, and an He-Cd metal-vapor laser at 325 nm. 
Raman spectra (typically 2500-500 cm, and 1600- 
1200 cm for high-accumulation runs) were collected 
using all five excitation wavelengths. To observe the 
characteristic diamond Raman peak at 1332 cm7! we 
also tried several experimental variations, including 
the use of liquid-nitrogen temperatures to cool the 
samples, high magnification during spectra collection, 
both standard and confocal operating modes, up to 60 
accumulations to improve the signal-to-noise ratio, and 
applying a thin gold layer to the coated surface to facil- 
itate a modified technique known as surface-enhanced 
Raman spectroscopy (SERS; see Huang et al., 2000; 
Prawer and Nemanich, 2.004). 

Qualitative energy-dispersive X-ray fluorescence 
(EDXRF) data were collected using a Thermo ARL 
Quant’X EDXREF analyzer to see if Al and Ti could be 
detected in the coating on five samples. These were 
selected from the initial study group of 39 samples; on 
each one, the table surface was analyzed. Two data acqui- 
sition conditions were used to optimize the detection 
of these elements: (1) for Al—4 kV voltage, 1.62 mA 
current, no filter, and 100 second count time, under 
vacuum; (2) for Ti—12. kV voltage, 1.98 mA current, Al 
filter, and 100 second count time, under vacuum. Note 
that laser ablation—inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) analysis was not attempted 
because the coating layer is too thin to be sampled suffi- 
ciently by the ablation procedure for analysis. 


Coating Characterization at Commercial Analytical 
Facilities. A second EAG study was commissioned by 
GIA in October 2009 to investigate the chemical com- 
position of the coating layer. Analyses were carried out 
by dynamic secondary ion mass spectrometry (SIMS) 
using a Physical Electronics 6650 quadrupole-based 
system (figure 2). Because of the high cost of SIMS, 
only two samples were analyzed: a commercial Dia- 
mantine (sample CZ105) and a coated specimen that 
did not include the adhesion and protective layers; 
both of these were coated and obtained directly from 
Serenity. 

With the SIMS technique, the sample is bombarded 
under vacuum conditions with a finely focused, ~50 
mm diameter beam of cesium ions (1 kV, 135 nA), which 
results in the ejection and ionization of atoms from the 
sample. These secondary ions are accelerated into a 
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Figure 2. The uncoated and coated CZ samples were 

analyzed by dynamic secondary ion mass spectrome- 
try (SIMS) at Evans Analytical Group in Santa Clara, 
California. Photo by Tim Thomas. 


double-focusing mass spectrometer, where they are 
separated according to their energy and mass/charge 
ratio and detected. Continued exposure of the sample 
to the beam of cesium ions gradually erodes the target 
area (~600 x 600 pm) layer-by-layer to form a flat- 
bottomed crater. Over time, data can be obtained at 
progressively greater depths below the surface to 
produce a depth profile of the changing chemical compo- 
sition through the coating down into the substrate CZ. 
The actual depths of the pits created by SIMS analysis 
of the Serenity samples were subsequently measured. 
The elemental concentrations and sputter rates were 
determined using a calibrated diamond-like carbon test 
sample. From the pit depth, beam parameters, and 
milling time, EAG determined the depth of each 
element in the coating. Several positions on the table 
facet of each sample were analyzed to ensure the data 
were representative. 

The elements analyzed by SIMS included H, C, N, 
O, Al, Ti, and Zr. The results were quantified using 
the Rayleigh backscattering method on two reference 
samples, each consisting of a thin layer (30.5 and 150 
nm) of diamond-like carbon (DLC). This quantification 
provided a means to convert the signal intensity of 
ions removed from the sample to element concentra- 
tion values. The detection limit was 1 x 10'’ atoms/cm? 
for H, and 1 x 10!* atoms/cm? for C, N, and O. The rate 
of removal (or sputtering) of atoms from the surface 
by the cesium-ion beam can also provide information 
on coating composition (since the rate varies with the 
type of material), and this was also quantified on the 
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DLC reference samples. Also analyzed by this method 
were an amorphous carbon reference standard and a 
silicon sample coated with microcrystalline synthetic 
diamond. 

Additionally, scanning electron microscopy (SEM) 
and energy-dispersive X-ray spectroscopy (EDS) was 
performed on two occasions to examine several coated 
and uncoated samples at the California Institute of 
Technology (Caltech) in Pasadena. The instrument 
consisted of a high-resolution analytical scanning 
electron microscope (LEO 1550 VP FESEM) equipped 
with an Oxford INCA Energy 300 EDS system, 
operated with an accelerating voltage of 10 kV and 
electron beam current of 10 nA. On the first occasion 
(December 2.010), three faceted Diamantines (two 
obtained in 2009 and one in 2010), the “thickly” coated 
CZ plate, and one uncoated faceted CZ were imaged 
by SEM, and then the EDS spectra were collected. Due 
to the amount of charging on these nonconductive 
samples, we deposited 10 nm of conductive carbon 
using a turbo-carbon evaporator and reimaged the 
samples at higher magnification (up to 150,000x). On 
the second occasion (July 2011), we examined five 
Diamantine samples that had just been purchased 
through a third party (with a specific request from us 
to not handle them in any way). We deposited 10 nm 
of conductive carbon on the samples and imaged them 
with SEM. 

After SEM analysis, these later five samples were 
then subjected to durability testing to see how well the 
coating adhered to the CZ substrate. (Note that the 
conductive carbon coating that we applied to these 


samples would not affect the adhesion of Serenity’s 
coating.) Five tests, each one carried out ona different 
Diamantine sample, consisted of: 


A. Cleaning for 30 seconds with a gem cloth 


B. Cleaning for 30 seconds with a gem cloth and 
alcohol 


C. Application of adhesive tape across the table 
facet 


D. Rubbing the table facet for 30 seconds against 
a slurry of aluminum oxide powder and water 
on an aluminum oxide-impregnated polishing 
lap (followed by cleaning with a gem cloth and 
alcohol) 


E. Rubbing the table facet for 30 seconds against 
60,000 diamond grit in oil on a polishing lap (fol- 
lowed by cleaning with a gem cloth and alcohol) 


We then recoated the five samples with 10 nm of 
conductive carbon and reimaged them with the SEM. 
The durability tests and SEM imaging were completed 
within four hours after the Diamantine package was 
initially opened. 


Additional Testing. Our initial visual observation 
and jewelry manufacturing testing experiments are 
briefly described in box B. The results of these inves- 
tigations became questionable after our second SEM 
examination revealed that the coating could be par- 
tially removed from Diamantine by simple cleaning 
procedures. We therefore became concerned that the 
coatings on the earlier samples used in this testing 


Box B: INITIAL VISUAL OBSERVATION AND JEWELRY MANUFACTURING TESTING 


Visual Observation Testing. We conducted two rounds 
of visual observation tests to compare the face-up ap- 
pearance of the Diamantine product with that of col- 
orless round-brilliant CZs and diamonds based on 
GIA’s cut-grade parameters (Moses et al., 2004). Our 
goal was to see if the coating improved the appearance 
of these CZ samples, producing a stronger resemblance 
to diamond. 

In general, our observers could not distinguish be- 
tween the face-up appearance of diamond, coated CZ, 
and uncoated CZ. 
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Testing of Jewelry Manufacturing Procedures. On its 
website, Serenity warns customers not to have a Diaman- 
tine sample polished, recut, or subjected to heat from a 
jeweler’s torch. We conducted two tests to check the 
durability of the Diamantine product using typical man- 
ufacturing and repair procedures. These consisted of (1) 
casting a CZ in place in a ring and (2) finishing a gold ring 
set with CZ by filing and finishing the four metal prongs. 

We found no difference in the behavior of the 
coated and uncoated CZ samples in the two repair 
procedures. 


Gems & GEMOLOGY SPRING 2012 


TABLE 1. Comparison of physical properties of two carbon allotropes (graphite and diamond) and some intermediate 
carbon-based thin-film coating materials. 


Graphite 


Diamond-like carbon 


Nanocrystalline diamond 


Single-crystal diamond 


Description Crystalline carbon 
(graphite) with a 
hexagonal structure and 


sp* bonding (and weak 


Amorphous carbon with 
significant sp? bonding in 
an sp network, but 
without long-range 


Uniform distribution of 
diamond crystallites (@- 
15 nm) with sp? carbon 
bonding along grain 


Cubic crystalline carbon 
(diamond) with pure sp 
bonding 


bonding between the crystallinity boundaries 

hexagonal layers) 
Approximate amount of 
sp (i.e., diamond) 0% 383%?, 40%° 90%2° 100% 
bonding 
Density (g/cm*) 2.02-2.23 Stop 3.53 
Refractive index poe 1.75'; 1.85-1.95* 2.0-2.13; 2.349 2.418 
Vickers hardness (GPa) 0.14" 5-49°; 6.5-37' 40-75° 55-113° 


Sources: ? Mednikarov et al., 2005; ” Gielisse, 1998a; ° Gruen, 1999; ¢Herrera-Gomez et al., 2010; ° Willis, 1970; ‘Gielisse, 1998b; 9 Potocky et al., 2009; 


” Patterson et al., 2000. 


had been accidentally removed by such cleaning, so 
the results will not be described here and further 
study will be needed to address these subjects. 


RESULTS 


Gemological Examination. We suspect that during 
the coating deposition process, one or more carbon- 
containing materials—including diamond, diamond- 
like carbon, and carbon (graphite}—could be produced, 
depending on the deposition conditions. Table 1 pro- 
vides a comparison of these carbon materials’ physical 
properties. 

We found no differences in gemological properties 
between Diamantine and standard CZ samples. The 
coating could not be seen in reflected light with a 
standard gemological microscope, or in polarized trans- 
mitted light at 1,000x magnification. Diamantine was 
not misidentified as diamond using, for example, a 
standard thermal conductivity probe. 

With the exception of Raman spectroscopy, standard 
analytical methods and instruments used in major 
gemological laboratories are unlikely to detect a very 
thin, colorless, carbon-containing coating on a polished 
CZ or other gem material—or, if such a coating is 
detected, to confirm that the carbon is in the crystalline 
form of diamond. Raman spectroscopy is the most 
established method for determining the type of carbon 
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present in a material. The diamond Raman peak 
(produced by sp’ bonding of carbon atoms) is located 
at 1332. cm, while the graphite-related Raman feature 
(where the carbon has sp? bonding) is a broad band 
centered at ~1550 cm (see Zaitsev, 2001, pp. 69-70, 
111-112). Our Raman spectroscopy investigation was 
unable to detect the 1332 cm or the ~1550 cm peak 
(figure 3, top), even with a 325 nm UV laser at liquid- 
nitrogen temperatures on the CZ plate represented as 
having a “thick” coating (figure 3, bottom). 

We also were unable to establish the presence of 
the coating using the other spectroscopic techniques 
available in GIA’s laboratory. The results from reflective 
NIR and UV-Vis-NIR spectra were inconclusive; mid- 
FTIR and PL spectroscopy showed only features 
consistent with the underlying CZ. 

EDXREF chemical analysis detected a weak X-ray 
fluorescence peak characteristic of Ti in the coating of 
the tested Diamantine samples. This feature was not 
detected in the uncoated CZ, thus providing evidence 
for identifying the presence of one component of the 
Diamantine coating (figure 4). 


SEM Characterization. Two sets of samples were an- 
alyzed by SEM to look for visual evidence of the 
nanocrystalline particles. These tests were an attempt 
to reproduce Serenity’s SEM images at the same or 
higher magnification. 
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Figure 3. Raman spectra were collected with a 325 nm 
laser from a CZ plate before and after a “thick” coating 
was applied by Serenity Technologies (top). The spec- 
trum for the coated sample overlays that of the un- 
coated sample, and showed no significant differences 
in the regions associated with carbon—neither the 1332 
cnt! peak characteristic of diamond nor the ~1550 cnr 
peak associated with graphitic carbon. As shown on 
the bottom, Raman spectra of the coated sample at liq- 
uid-nitrogen temperature collected using a 325 nm 
laser at 50x magnification and 60 accumulations could 
not detect the 1332 cmr peak in the coating. 


The first study was comprised of samples used in 
other tests that had been in GIA’s possession for 7-18 
months. During this time, these samples had been 
subjected to standard procedures of cleaning with 
isopropyl alcohol and handling with tweezers on 
numerous occasions. The SEM images of these “coated” 
samples generally showed no indication of a coating. 
Even at very high magnification (150,000x), we were 
unable to observe any nanocrystalline particles. The 
notable exception was the “thickly” coated plate (figure 
5). We observed some small remnants of what appeared 
to be nanoparticles (figure 5B and 5C), though these 
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EDXRF Spectra 
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Figure 4. This EDXRF spectrum of a Diamantine sam- 
ple shows a weak emission peak due to Ti, which is 
absent from the spectrum of the uncoated CZ. The 
dominant feature in both spectra is the large peak due 
to Zr. 


images were not entirely consistent with the manufac- 
turer's SEM image of the same disk just after coating 
(figure 5A). The vast majority of the images obtained 
from surveying the surface of the coated samples were, 
in contrast, more consistent with the uncoated sample 
(compare figures 5D and 5E). Very little carbon was 
detected, generally, and the carbon signature increased 
with the deposition of the 10 nm conductive carbon 
coating. 

Unable to observe the coating on these samples, we 
decided to procure some new, untouched samples and 
study the conditions that might remove the Diamantine 
coating. The second SEM study was conducted in July 
2011 using samples acquired through the trade, and the 
packaging was not opened until minutes before the 
samples were placed in the SEM. In all five samples, 
we consistently observed crystallites with a grain size 
of about 50-100 nm (left images in figures GA-E). 
However, significant changes were seen in most of the 
images collected after durability testing. The Serenity 
coating was somewhat able to withstand the first test 
(rubbing with a gem cloth), but the other four tests 
removed the larger crystallites from the CZs (right 
images in figures 6A-E). Some smaller, low-relief grains 
underneath the larger crystallites still remained, but 
most of the “nanocrystalline” component (presumably 
synthetic diamond) was gone. 

These SEM images and EDS spectra clearly indicated 
that the coating is not durable enough to withstand 
normal use. The majority of the coating was gone after 
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Figure 5. SEM imaging by Serenity of the “thickly” 
coated CZ plate in April 2010 shows nanocrystallites 
(A). In December 2010, GIA reimaged this same sam- 
ple and found only a small region of the surface that 
showed remnants suggestive of a coating (B). Magnify- 
ing this area 150,000x reveals an appearance consis- 
tent with nanodiamond particles (C). Most of the 
samples analyzed by SEM showed no evidence of a 
coating, including the pavilion surface of sample 
CZ507 at 150,000x (D). Instead, the surface appears 
similar to that of uncoated sample CZ505 at the same 
magnification (E). 
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30 seconds of deliberate cleaning or other abrasion (with 
the exception of simply rubbing the sample with a gem 
cloth). When subjected to longer periods of standard 
use—handling with tweezers, gemological testing, and 
cleaning with a gem cloth or isopropyl alcohol—the 
coating seems to disappear entirely; even the small low- 
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relief grains observed in the “after” images of the 
durability study are no longer present. These results call 
into question the stability of this coating in real-world 
applications. Because the coating is colorless, it would 
be difficult (if not impossible) for a gemologist or 
consumer to verify the continued existence of the 
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Figure 6. This series of before- 
and-after SEM images (mag- 
nified 100,000x—200,000x) 
showcases the effects of vari- 
ous durability tests on a set 
of never-handled Diamantine 
samples acquired in July 
2011. All of the “before” im- 
ages show crystallites, most 
of which were removed by 
the durability tests. The five 
“after” images correspond to 
durability tests A through E, 
respectively, that are de- 
scribed in the Materials and 
Methods section. These 30- 
second tests did not remove 
the coatings entirely, as the 
“after” images show some 
small, low-relief remnants of 
material. 
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SIMS: Sample CZ105 
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Figure 7. This SIMS depth profile of Diamantine sam- 
ple CZ105 shows concentrations of C and H to depths 
of about 5 nm, and concentrations of Ti and Al with 
highest values at about this same depth. These results 
suggest that the carbon-containing coating is about 5 
nm thick. The presence of Zr and O directly on the 
sample surface when sputtering begins indicates that 
some areas of the CZ surface lack the coating layer. 
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Figure 8. This SIMS depth profile is similar to the one 
shown in figure 7, except the sample was not coated 
with the metallic adhesion layer or protective outer 
layer. As a result, the Ti and Al concentration profiles 
seen in figure 7 are absent here. 


reported nanocrystalline synthetic diamond component 
of the Diamantine coating; such a finding would require 
SEM examination. 


SIMS Characterization. Concentration depth profiles 


through the coating layer into the CZ substrate are 
presented for commercial Diamantine sample CZ105 
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(figure 7) and for CZ sample 3, a coated specimen that 
did not include the adhesion and protective layers (figure 
8). As both figures show, C and H were detected at the 
surface, and their concentrations decreased by about a 
factor of 100 within approximately 5 nm of the surface. 
The Al and Ti concentrations of CZ105 peaked at about 
the same depth, suggesting that the carbon-containing 
layer above the adhesion layer is only about 5 nm thick. 
It is unclear if the coating layer has a similar thickness 
on all facets of the CZ. The rate of sputtering by the 
beam was more consistent with amorphous carbon 
than with diamond, which indicates that amorphous 
carbon likely comprises a portion of the coating’s 
content. 

It should be noted that the coating thickness of 
approximately 5 nm documented by the SIMS analyses 
of these two samples does not match the ~30-50 nm 
coating reported on the Serenity website (TEM image 
no. 4 indicates 30 nm). Explanations for this discrepancy 
could include: (1) inconsistent application of the coating 
from one sample to another (or within a given sample); 
(2) inadvertent removal of the coating by standard 
cleaning and handling, as in the “after” images of figure 
6; (3) the possibility that the coating had been removed 
entirely and the detected carbon was simply due to 
contamination; and (4) the possibility that the SIMS 
analysis under-represented the true thickness. The 
detection of Zr and O at the surface of the samples 
immediately upon sputtering suggests there may be 
areas where no coating was present, which agrees with 
the HRTEM images on Serenity’s website that appear 
to show a nonuniform deposition of the coating. 

As stated above, Serenity’s website describes the 
coating as consisting of three layers—an adhesion layer, 
alayer containing the “nanocrystalline diamond” parti- 
cles, and a protective outer layer. Based on our SIMS 
results, we could not chemically differentiate these 
three layers. 


DISCUSSION 
According to the determination made in the October 
2009 EAG study, both coated samples tested by SIMS 
showed a carbon concentration of 2.5 x 10”? atoms/cm? 
in the coating layer (again, see figures 7 and 8). This 
value is a fraction of the reported density for nanocrys- 
talline diamond (1.74 x 10%? atoms/cm* or 3.5 g/cm?) 
and diamond-like carbon (1.46 x 10% atoms/cm? or 2.9 
g/cm), which likely indicates that a lower-density 
matrix material forms the dominant portion of the 
coating on Diamantine. 

From the reported thickness of 30 nm provided by 
Serenity, we determined the maximum amount of 
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carbon that could be deposited in the coating. These 
values can be combined with the surface area of the 
CZ to calculate the volume of carbon added to the 
entire stone. For a representative round brilliant CZ 
with a weight of 1.76 ct (6.49 x 6.52, x 3.88 mm], we 
estimated a total coating surface area of 86.5 mm?. If 
the entire coating were composed of nanocrystalline 
synthetic diamond, which we know is not the case, 
the 30 nm carbon coating would add a weight of ~9.0 
pg or approximately 0.000045 ct. The added weight of 
the actual nanocrystalline synthetic diamond particles 
would be less than this value because they appear to 
be a small component of a non-diamond matrix, and 
they would likely be removed by handling. 

To put a coating thickness of 30 nm into perspec- 
tive, consider that if this coating consisted of 
nanocrystalline synthetic diamond (assuming a lattice 
spacing of 0.357 nm), it would only be 84 atoms thick. 
As our results show, this coating—regardless of the 
actual form of the carbon—does not add to the 
durability of the CZ, nor does it appear to be stable 
to normal wear and cleaning. Therefore, it is difficult 
to ascertain the gemological value added by these thin- 
film colorless coatings. 

The absence of any Raman peaks associated with 
diamond is not surprising, given the extreme thinness 
of these coatings and the likelihood that carbon is not 
the dominant component of the thin film. Also, it is 
likely that we were unable to detect the diamond Raman 
peak because the coating was no longer present on the 
CZ. The Raman spectrum provided for the coating on 
the Serenity website was collected using a different 
substrate material; CZ was not used in that instance 
due to its background signal (S. Neogi, pers. comm., 
2009). To our knowledge, then, the characteristic Raman 
peak for diamond has not been observed from any 
nanocrystalline synthetic diamond-coated CZ. 

Previous studies of Serenity-coated colored 
diamonds (see Shen et al., 2007) with coatings as thick 
as 40 nm were unable to observe any coating-related 
peaks using PL spectroscopy. Most gemological labora- 
tories are not equipped to measure or identify such 
thin coatings, and much of the equipment needed for 
such a surface analysis is time-consuming, prohibi- 
tively costly, or destructive. If such coatings become 
more prevalent within the gem trade and require 
identification, instrumentation and testing techniques 
may need to be added to the gemological laboratory 
repertoire. 

Our SEM results strongly suggest that the Dia- 
mantine coating is not durable and does not reliably 
adhere to the underlying CZ. The SEM results appear 
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to explain the thinness of the carbon layer measured 
by SIMS (~5 nm], as this value is closer to the typical 
thickness of adventitious carbon (i.e., contamination 
of ~1 nm by hydrocarbon species covering most surfaces 
that are exposed to air) than the thickness of the 
nanocrystalline synthetic diamond layer reported by 
Serenity. 

Other studies have described nanocrystalline and 
polycrystalline synthetic diamond as a coating on 
materials such as silicon carbide (i.e., synthetic 
moissanite}. Fan et al. (1996) used an interlayer of 
titanium carbide to improve the adhesion between the 
synthetic diamond crystals and the silicon carbide, and 
the lattice mismatch between diamond (0.357 nm) and 
silicon carbide (0.308 nm) is much lower than between 
diamond and cubic zirconia (0.517 nm). Those 
researchers reported polycrystalline synthetic diamond 
film thicknesses of 500-1000 nm, nearly 10 times 
thicker than those reported by Serenity for their 
coatings. Due to the synthetic diamond films’ greater 
thickness and strong adhesion, Fan et al. easily charac- 
terized them with Raman spectroscopy and SEM. 

Although the exact details of the coating process 
performed by Serenity are unknown to us, it is likely 
that the CZ is heated to a high temperature (during 
CVD synthetic diamond growth, the substrate is 
typically heated to 800-900°C). Alternatively, one U.S. 
patent application describes a procedure in which a 
stone is immersed in a nanodiamond slurry and then 
dried in inert gas; the nanodiamonds adhere to the 
surface through van der Waals forces (Neogi and Neogi, 
2010). This does not appear to be the method employed 
by Serenity on Diamantine. Nevertheless, our SEM 
results indicate that the coating lacks long-term 
durability and may have even disintegrated in the course 
of our testing. The most enduring effect of the coating 
process might be the annealing of the cubic zirconia 
and the continued presence of the metals used in the 
“adhesion layer,” although more tests would be neces- 
sary to confirm this. 

The reported thickness of these films (30-50 nm) 
contributes very little carbon to the coated stone. The 
films’ thinness probably stems from the fact that the 
coating material likely contains nanocrystalline 
synthetic diamond, and is not made up of single- 
crystal synthetic diamond. A non-single-crystal 
coating that is too thick would limit transparency. 
Additionally, the RI of nanocrystalline diamond (no 
higher than 2.34) is lower than that of diamond (2.418), 
so the visual effect of having a higher-RI coating 
material is not as great as if it were single-crystal 
diamond. 
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Gemo 


its fourth gemological course, which took 
place at Dalaro, a tiny fishing village in 
the beautiful land- and seascape of the 
Stockholm Skerries. 


A most gratifying occurrence was the 
full attendance by all the members of the 
Association, and Mr. Stromdahl, the Asso- 
ciation’s Secretary, had most expertly and 
efficiently prepared the lecture hall and 
looked after all the details of the course. 

As the members of the Swedish Asso- 
ciation have been regularly teceiving a 
correspondence course in Swedish on the 
theory of gemology during the past eight- 
een months, which was composed by my- 
self and subsequently translated, the pres- 
ent course was concentrated mainly on the 
practical side of gemology, i.e., gemstone 
determinations. These determinations were 
conducted according to color groups: 


First Day 

Systematic and methodical determination 
of unknown yellowish green stones. 

Determination of yellow stones. 

Determination of blue stones, aquamarine 
group. 

Determination of rose and pink stones. 

Determination of brown stones. 

Determination of green stones, tourma- 
line group. 

Determination of refractive indices of 
cabochon cut stones by the distant vision 
method. 

SECOND DAY 

Identification of gemstones round the 

quattz group. 


Determination of gemstones of the group, 


R.I. 1.60 to 1.70 (the lower and the upper 
“one-sixties’’). 

Coated: stones; lecture on theory; exer- 
cises on practical identification. 

Lecture on new development of synthetic 


logical Digests 


emetald and synthetic rutile and practical 
determinations. 


THIRD Day 

Lectures on: a) Gemstone fluorescence, 
diagnostic importance of fluorescent colors. 
b) Methods of gem cutting. c) Artificial 
coloring of gems by heating, radium, X-ray, 
and cyclotron radiation. d) Discussion of 
various problems, particularly appertaining 
to the correspondence coutse. 

I state with pleasure and satisfaction that 
the members of Sweden’s Gemological As- 
sociation have made considerable progress 
during the last four years and have already 
attained a remarkable sureness in testing 
gemstones. It is to be expected that, with 
continued studies, as achieved during the 
last two years, and with one or two more 
annual courses, the members of Sweden’s 
Gemological Association may easily reach 
the capacity of C.G.’s and F.G.A.’s. Fur- 
thermore, it is to be expected that by then 
they will all be able to pass a Diploma 
examiriation, which, I hope, will be ac- 
knowledged by the Gemological Associa- 
tions of other countries. Dr. E.J.G. 


DE BEERS RENEWS 
JAGERSFONTEIN LEASE 
Announcement has been made by off- 
cials of De Beers Consolidated Mines, Ltd., 
that, in January 1960, the company re- 
newed its lease of the Jagersfontein Mine 
for an additional ten years and that the 
mine and surface works have now been 
re-equipped on the most modern lines. 
After having been closed for seventeen 
years, the mine was re-opened in July 1949 
and at the close of the year was operating 
at a capacity of 6,000 loads per shift. Dur- 
ing the period a total of 40,01614 carats 
was repotted recovered. 
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FURTHER DEVELOPMENTS 


As this article was being prepared in the fall of 2011, 
Serenity representatives informed us that they had 
developed a newer version of Diamantine. They said 
they had stopped distributing the older version to 
their vendors in the spring of 2011, though we had 
no difficulty purchasing this product in July. This 
older material still exists in the trade and among 
consumers, anda version of Diamantine is currently 
being marketed by a major retail jewelry chain in 
India. 

Serenity officials also told us they had developed a 
handheld testing instrument for commercial sale that 
would detect the presence of the Diamantine coating. 
In June 2011, the company posted an online video that 
showed the operation of this new instrument, which 
has tweezer-like probes that make contact with two 
points on the stone being tested. The instrument’s 
screen displays the word “Diamantine” only when it 
detects the coating; when a diamond, uncoated CZ, or 
other type of material is tested, the screen simply reads 
“Serenity Technologies.” 

So far we have been unable to obtain further infor- 
mation on the new instrument or have the opportunity 
to examine it. We assume the instrument detects the 
presence of metal components in the coating (e.g., Al 
and Ti, or possibly another metal in the “new” version 
of this product) by testing for electrical conductivity. 
Such metallic components appear to have better 
adhesion to the CZ surface (as demonstrated by our 
EDXRF detection of Ti after the “diamond” coating 
may have been removed by our routine handling of 
Diamantine samples over a period of months). Since 
a diamond tests negatively on this device, the instru- 
ment apparently does not indicate whether the coating 
contains “nanoparticles of synthetic diamond.” 


CONCLUSION 


Cubic zirconia that is coated with a thin surface layer 
of “nanocrystalline diamond” to allegedly improve its 
appearance and/or durability has been marketed by 
Serenity Technologies as Diamantine (figure 9). We 
could not observe the thin colorless coating on Dia- 
mantine with the optical microscope, or with most 
standard analytical techniques used by major gemo- 
logical laboratories. SEM imaging detected a nano- 
crystalline coating on newly purchased Diamantine 
samples, but the coating on these gems was subse- 
quently largely removed by rudimentary cleaning and 
handling. Therefore, the SEM images called into ques- 
tion the long-term durability of this coating. The only 
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Figure 9. Several samples of uncoated CZ (left, 1.48 
1.84 ct) are shown here, together with Diamantine 
(right, 1.70-2.07 ct). Photo by Robert Weldon. 


technique that could establish whether the coating 
had ever existed was EDXRE, which detected the Ti 
from the metallic adhesion layer. Of course, this cri- 
terion is not useful for testing for coatings on Ti-bear- 
ing substrates. 

We detected C, Ti, and Al using the SIMS technique, 
but we could not confirm that the carbon was in the 
form of diamond. The inability of Raman spectroscopy 
to detect the characteristic diamond peak at 1332. cmt, 
assuming the actual presence of diamond, is likely due 
to the thinness and instability of the coating. The SIMS 
data indicated that the carbon-containing coating was 
only about 5 nm thick on the two samples that were 
analyzed. 

Coatings of “synthetic diamond” deposited on 
diamond simulants should not be confused with 
synthetic diamonds in which the entire weight and 
volume of the gemstone is actually diamond. Advanced 
gemological testing is sometimes needed to distinguish 
synthetic diamond from natural diamond. However, like 
uncoated CZ, Diamantine is easily separated from dia- 
mond (natural or synthetic) on the basis of thermal 
conductivity, weight-to-diameter ratio, and specific 


gravity. 
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Techniques for use in gemological laboratories for 
detecting coatings on gems will need to be refined in the 
future. Useful methods could include scanning electron 
microscopy (SEM) for high-magnification imaging and 
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Nomarski differential interference contrast microscopy 
for investigating the flatness of a surface. When a differ- 
ence in refractive index is suspected between the coating 
and substrate, the ellipsometry technique may be useful. 
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PRECISION MEASUREMENT OF INTER-FACET ANGLES ON 
FACETED GEMS USING A GONIOMETER 


Andy H. Shen, William A. Bassett, Elise A. Skalwold, Nicole J. Fan, and Yong Tao 


A classic two-circle reflecting goniometer was 
used to measure inter-facet angles on five 
faceted diamonds that included round bril- 
liants and fancy shapes. The instrument pro- 
vided significantly better precision (to within 
2 minutes, or 0.034°) than the non-contact 
optical scanner that is customarily used at GIA 
for this purpose. With some procedural mod- 
ifications, the goniometer could make meas- 
urements of all inter-facet angles, including 
the pavilion facets. The technique is poten- 
tially valuable for producing a well character- 
ized set of reference stones for calibrating 
non-contact optical scanners. 


n the modern gem trade, dimensions and facet angles 
| on polished diamonds (figure 1) are usually measured 
with a computerized non-contact optical scanner (see 
Reinitz et al., 2005). Such devices are used by gem 
laboratories as part of the procedure for grading 
diamonds, and large manufacturers also employ them 
to determine the most profitable cuts. The scanner 
typically consists of a high-resolution digital camera, 
arotating stage, a light source, and associated software. 
The camera takes hundreds of profile images as the 
diamond (usually placed table-down]) rotates on the 
stage. The software then generates a 3D model of the 
polished diamond and calculates values for the dimen- 
sions, proportions, facet angles, and facet positions. The 
process may take as little as 10 seconds, depending on 
the number of pictures taken. 

Makers of non-contact optical scanners usually 
claim a linear accuracy of ~10 um and an angular 
accuracy of ~0.1°. But each manufacturer uses 
somewhat different algorithms in their proprietary 
software to generate the final 3D model, so the resulting 
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values of the dimensions and angles can deviate from 
one maker to another. In fact, the results may vary from 
instrument to instrument. Therefore, users should 
establish a master set of standards, in the form of faceted 
gemstones with known dimensions and angles, so they 
can check the instrument to ensure accuracy and 
repeatability for daily operation. Unfortunately, these 
standard sets are not readily available. In addition, for 
calibration purposes the angles and dimensions of these 
“master stones” must be measured to even higher preci- 
sion than non-contact optical instrumentation can 
provide. In this study, we examine the feasibility of 
using a well-established optical instrument—a classical 
two-circle reflecting goniometer—to measure the angles 
on faceted diamonds to very high precision, without 
relying on image analysis and computer algorithms. 


BACKGROUND 


For this investigation, we chose Cornell University’s 
two-circle reflecting goniometer (figure 2). This type 
of goniometer was used extensively by mineralogists 
in the late 1800s and early 1900s to study the angles 
between faces on natural crystals (Burchard, 1998). Be- 
fore the advent of X-ray diffraction techniques, these 
instruments played a major role in obtaining funda- 
mental measurements that provided a deeper under- 
standing of the geometry and structure of crystals. 
While goniometers range in complexity and date 
back as early as the 1700s, the version used in this in- 
vestigation is named for its inventor, Prof. V. M. Gold- 
schmidt, the famous crystallographer and author of 
Atlas der Krystalformen. Made by Stoe & Rhein- 
heimer of Heidelberg, with whom Goldschmidt 
worked closely, the Cornell instrument is a Model A, 
circa 1920 (O. Medenbach, pers. comm., 2011). Accord- 
ing to Burchard (1998, p. 574), there are probably fewer 
than 800 reflecting goniometers predating World War II 
in existence, and only 10 of this particular model were 
manufactured in 1920. Interestingly, this goniometer 
was inspired by the need to measure a newly discovered 
gem. The pink spodumene crystals identified by George 
FE. Kunz and now known as kunzite were so large that 
they could not fit in the pre-1905 Goldschmidt models 


Gems & GEMOLOGY SPRING 2012 


Figure 1. These diamonds 
were used for the facet 
angle measurements in this 
investigation. From left to 
right, the stones weigh 
0.20, 0.86, 0.62, 0.71, and 
0.40 ct. Photo by Robert 
Weldon. 


(Burchard, 1998). This design innovation suited our precision instruments are capable of the same level of 
present needs in that it afforded adequate space forspe- accuracy as the Cornell goniometer. 

cialized mounting of the diamond. Modern reflecting 

goniometers (e.g., the Huber 302 model) employing the © INSTRUMENTS AND METHODS 

same principles as the Cornell instrument are typically The two-circle reflecting goniometer consists of several 
used to orient crystals for X-ray diffraction. These high- key components, including two wheels (or circles), a 


Projector Vertical wheel 


Figure 2. Cornell Univer- 
sity’s classic two-circle 
reflecting goniometer, 
built circa 1920, was 
used in this study. The 
instrument is approxi- 
mately 42 cm tall. Photo 
by E. A. Skalwold. 
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Figure 3. The goniometer head contains the rockers 
and translation slides needed to orient and position 
the specimen. After the gem was positioned at the end 
of the brass mounting tube, the rockers were used to 
make small corrections. Photo by E. A. Skalwold. 


light source (collimator or projector), and a telescope 
(figures 3-5). The goniometer head features slides for 
centering the specimen at the point where the axes of 
the two wheels intersect so it can be precisely rotated 
to nearly any orientation. The goniometer head also 
has rockers for orienting the specimen. The telescope 
has an auxiliary flip-up lens to switch from focusing 
on the surface of the specimen to focusing on the target, 
a Maltese cross in the light source (see figure 4). Using 
the auxiliary lens, the operator can look directly at the 


Projected Maltese cross 


Choice-of 
tafgets \, 


Projector 
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specimen and observe flashes of light reflected from 
its facets, while rotating it through all possible orien- 
tations by turning the two wheels. Once a reflection 
has been spotted, the auxiliary lens is removed so the 
telescope is focused on the Maltese cross, using the 
specimen’s reflecting face as a mirror. This causes the 
Maltese cross to appear in the telescope. Once the 
specimen has been oriented so that the Maltese cross 
image is centered on the crosshairs of the telescope, a 
unique orientation of the reflecting facet has been estab- 
lished. The operator can then record the angles on the 
scales of the two wheels, henceforth referred to as 
angular coordinates (box A), and then look for a new 
reflecting facet. When the image of the Maltese cross 
is exactly centered on the crosshairs, this new facet 


In Brief 


¢ Non-contact optical scanners are important compo- 
nents for grading diamonds in gem laboratories. 


e Scanners are claimed to have a precision of ~0.1° for 
facet angle measurements, compared to a precision of 
0.034° for the goniometer used in this study. 


e Although time consuming, goniometer measurements 
of facet angles are useful for highly precise applica- 
tions such as producing reference stones for calibrating 
optical scanners. 


Vertical wheel 
vernier reader 


Figure 4. The Maltese cross pro- 
jected onto the far surface is one 
of several target figures that can 
be chosen with the projector (col- 
limator) of the goniometer. The 
position of the reflected target 
observed in the telescope is very 
sensitive to the orientation of the 
facet being observed. When the 
target image is perfectly centered 
on the telescope crosshairs, the 
angular coordinates of the facet 
can be measured very accurately. 
The angle between the projector 
and the telescope was reduced as 
far as possible without blocking 
the light path, enabling measure- 
ment of the pavilion facets. 
Photo by E. A. Skalwold. 
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Box A: DERIVATION OF INTER-FACET ANGLES 


The underlying principle of the technique used in this 
study is spherical geometry. If we place a round bril- 
liant-cut diamond in the center of an imaginary sphere, 
the normals—that is, the imaginary lines perpendicular 
to the facets—will intersect the sphere at unique loca- 
tions (designated by x in figure A-1). The angular coor- 
dinates of these locations provide all of the information 
needed to determine the stone’s inter-facet angles. 

The reflecting two-circle goniometer measures a pair 
of angular coordinates for each facet: p (the zenith angle, 
measured by the horizontal wheel) and 6 (the azimuthal 
angle, measured by the vertical wheel). The angular coor- 
dinates of the table facet are determined first, as they pro- 
vide the reference coordinates for all other measurements. 
The angular coordinates of a different facet (for instance, 
a crown or star facet) are obtained by subtracting the table 
facet’s coordinates from the new readings. The angles be- 
tween two facets can be calculated from the coordinates 
using the equation: 


a. =cos(sinp, sing, sinp, sing, + sinp, coso, sinp, cosp, 
+ COsp, cosp,) 


where (p,, ,) and (p,, ,) are the angular coordinates of 
the normals to the two facets. This equation can be fur- 
ther reduced if one of the facets is the table facet, which 


has the same orientation with respect to the telescope 
and light source. Reading the scales provides angular 
coordinates, from which the angles between observed 
facets can be calculated. The positions of the light 
source and the observation telescope must be kept 
fixed throughout all measurements of a particular 
stone. 

In the process of finding reflections from a faceted 
stone, a constant challenge is created by multiple 
reflections produced by the many facets on the 
diamond. The shutters shown in figures 4 and 5 solve 
this problem by limiting the field of view to just that 
portion of the light reflected from the facet of interest. 
Once the selection is made, only the Maltese cross 
produced by that facet will appear. 

The main challenge of using reflecting goniometers 
for measuring angles on faceted stones is accessing 
the pavilion facets on some fancy cuts such as oval 
and pear shapes. This is because the light source and 
telescope lie in the same plane as one of the circles 
used for making measurements, thus limiting the 
range of angles that can be measured with that wheel. 
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has the angular coordinates of (0, 0). Setting (p,, ,) to 
(0, 0), the equation is reduced to: 


a. = cos"'(cosO cosp,} 


and because cos 0 = 1, the result is a = p,. 


Figure A-1. A line perpendicular to a facet on a round 
brilliant intersects an imaginary sphere (point x) at an- 
gular coordinates p (zenith angle) and o (azimuthal 
angle). 


Therefore, we mounted the diamond at the end of a 
long (76 mm) brass tube, which allowed us to move 
the vertical wheel and the goniometer head outward. 
This significantly reduced the angle between the light 
source and the telescope without obstructing the light 
path. The first step was to mount a round brilliant- 
cut diamond (~0.25 ct) so the table facet could be 
oriented perpendicular to the axis of the vertical wheel. 
Ahigh-precision drill press was used to orient the table 
facet perpendicular to the axis of the brass tube. Once 
the stone was cemented in place, only minor adjust- 
ments using the rockers and slides were necessary. 
This arrangement made it possible to obtain reflections 
from all the facets on the stone without the need to 
remount it. 

After positioning the table facet so it was clearly 
visible in the telescope, we oriented it to reflect light 
from the collimator into the telescope. By flipping up 
the auxiliary lens, we could use the Maltese cross to 
refine the orientation of the table facet by centering 
its reflected image on the crosshairs. Then the specimen 
was rotated about the axis of the horizontal wheel until 
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Figure 5. This view of the goni- 
ometer shows the positioning of 
the diamond, light source, and tel- 
escope for obtaining reflections 
from the pavilion facets. Photo by 
E. A. Skalwold. 


the pavilion facets were in position to reflect light from 
the collimator/projector to the telescope (figures 4 and 
5). We could then measure the angles between all the 
facets on a round brilliant. Oval- and pear-cut stones 
posed more of a challenge, in some cases requiring the 
operator to aim the light source between the spokes 
of the vertical wheel. Nevertheless, we were able to 
obtain measurements on these fancy cuts as well. In 
instances where the spokes blocked the light beam, 
we estimated the angle using an averaging method 
detailed in the Discussion section. 

Five faceted diamonds (see table 1) were measured 
on the goniometer and the non-contact optical scanner: 
three round brilliants (nos. 1, 2, and 3), one oval brilliant 
(no. 92), and one pear brilliant (no. 93). With the 
goniometer, we focused on measuring the bezel facets 
and pavilion facets since the angles between these 
facets and the table have the most significant impact 
on the cut grade (Hemphill et al., 1998; Reinitz et al., 
2001; Moses et al., 2004). We also measured the star 
facets on one of the round brilliants (no. 2), because 
these facets have the lowest angles from the table and 
are easily obscured when using a non-contact 
measuring device. Each diamond was inscribed on the 
girdle, and this inscription served as a standard position 
from which to begin recording the measurements. The 
same diamonds were also measured 10 times on a 
commercially available non-contact optical scanner, 
set for total of 400 scans and a scanning rate of 10 
scans/second. The scanner is representative of those 


36 Notes AND New TECHNIQUES 


— 


~ TeleSCOpG ssa 


Horizontal 
vernier reader 


used in GIA’s laboratory since 2010. According to the 
manufacturer, the precision of the angle measurement 
is 0.1°. 


RESULTS AND DISCUSSION 


The calculated inter-facet angles for each diamond are 
listed in table 2. At first glance, the results from the 
goniometer compare very favorably to those from the 
non-contact optical scanner. In more than 78.3% of 
the tests, the angles measured by each instrument were 
within 0.2° of one another. Only 40.8% of the measure- 
ments achieved less than 0.1° deviation, and six of the 
83 measurements deviated significantly (greater than 
0.4°, indicated by bold font). The largest deviation, 
which occurred from a star facet, was 1.28°. To deter- 
mine the precision of the goniometer measurements, 
we first obtained readings of the bezel or pavilion facets 
on the two fancy-shaped diamonds, which, due to their 
larger size, required shifting the stone using the trans- 
lation slides. We then returned to the table facet to see 


TABLE 1. Diamonds examined in this study. 


Sample no. Shape Weight (ct) Dimensions (mm) 
1 Round 0.20 3.77-3.80 x 2.30 
2 Round 0.40 4.79-4.82 x 2.75 
3 Round 0.62 5.66-5.70 x 3.37 
92 Oval 0.86 7.43 x 5.19 x 3.24 
93 Pear 0.71 7.75 x 4.92 x 3.19 
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TABLE 2. Comparison of angles (in degrees) relative to the table facet, measured by the goniometer and 


non-contact optical scanner.? 


Sample 


nb 1 (Round) 2 (Round) 8 (Round) 92 (Oval) 93 (Pear) 
Face Goniometer Scanner Goniometer Scanner Goniometer Scanner Goniometer Scanner Goniometer Scanner 
Bezel 1 34.00 33.8 30.08 29.8 26.58 26.4 34.85 34.9 Sowa 35.9 
Bezel 2 34.00 33.9 30.10 29.9 26.67 26.5 36.92 36.8 88.23 38.3 
Bezel 3 33.97 34.1 30.03 30.0 26158) 26.6 38.17 38.1 32.60 32.6 
Bezel 4 83.98 34.2 29.93 30.1 26.63 26.6 Sowa 35.7 Silke B12 
Bezel 5 83.97 34.2 29.92 30.1 26.58 26.6 35.53 35.5 33.03 32.5 
Bezel 6 34.02 34.0 29.92 29.9 26.65 26.6 SESS 87.4 34.83 34.7 
Bezel 7 34.02 33.8 29.93 29.6 26.67 26.5 Sie) 37.8 41.02 41.2 
Bezel 8 34.05 33.8 30.07 29.7 26.58 26.4 35.80 36.0 - - 
Bezel 1° - - - - - 34.87 34.9 Soran 35.9 
Pavilion 1 40.52 40.6 40.40 40.6 41.88 42.0 86.87 36.5 38.53 38.4 
Pavilion 2 40.40 40.8 40.38 40.6 41.92 41.9 36.32 36.6 41.52 41.4 
Pavilion 3 40.57 41.0 40.43 40.5 42.03 41.9 36.23 37.0 AD SST 41.4 
Pavilion4 40.92 41.0 40.67 40.5 42.03 41.9 36.67 36.7 36.90 86.7 
Pavilion5 41.08 40.9 40.72 40.5 42.05 42.0 - - 36.93 36.9 
Pavilion6 41.02 40.7 40.67 40.5 41.97 42.1 - - 40.83 40.7 
Pavilion 7 40.83 40.6 40.47 40.5 41.68 42.1 - - - - 
Pavilion8 40.45 40.6 40.42 40.5 42.05 42.1 - - = - 
Star 1 - - 15.47 15.4 - - - - - 
Star 2 - - 15,50 15.5 - - - - - 
Star 3 - - 15.52 16.8 - - - - - 
Star 4 - - 15.40 15.6 - - - - - 
Star 5 - - 15.40 15.7 - - - - - 
Star 6 - - uoRcts) 15.5 - - - - - 
Star 7 - - S42 15.5 - - - - - 


2 Bold font indicates a deviation of greater than 0.4° between measurements. 


This bezel 1 measurement was performed after a full 360° rotation of the vertical wheel for purpose of assessing the instrument's precision. 


if the readings of the table reference point had changed. 
The maximum deviation was 2 minutes (0.034°), which 
we established as representing the precision of the 
instrument. The finest division on the goniometer 
scale is 1 minute or 0.017°. According to the historical 
literature (e.g., Tutton, 1922), the two-circle reflecting 
goniometer was believed to be capable of a precision 
of 30 seconds (0.0083°). With careful estimation, one 
can easily estimate the angles between two divisions 
and improve the precision down to 30 seconds. But 
even at a precision of 2 minutes, we were achieving 
far better precision than the non-contact measuring 
device (for which 10 measurements of each stone 
showed a repeatability of within 0.1°). 

The main source of uncertainty in goniometer 
measurements is human error in reading the scales. 
During this investigation, two observers read each 
measurement while a third independently checked 
their readings. The other source of error occurs when 
the Maltese cross image is blocked by part of the instru- 
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ment, as described above. We encountered this situation 
only a couple of times in the course of our research, 
and obtained an average of two measurements to 
overcome this problem. The first measurement was 
taken at the nearest horizontal position where the full 
Maltese cross was visible, and the second was taken 
from a different position with approximately the same 
separation between the center of the crosshairs and the 
first Maltese cross position. The typical separation 
between these two positions was within 10 minutes 
(0.17°). This approach provided consistent results, and 
the error introduced should still be quite comparable 
to the direct measurement (i.e., <2 minutes, or 0.034"). 

As described earlier, non-contact optical scanners 
rely on computer algorithms to construct a 3D model 
of the actual stone. These algorithms require a basic 
model of the stone—an ideal plot of a round brilliant 
cut, emerald step cut, and so forth—to achieve high 
precision. In most cases, this requires the operator to 
choose from a selection of models available in the 
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software. For the sake of argument, we will disregard 
the possibility of choosing the wrong model. More 
likely, the actual stone has an extra facet, or foreign 
material such as dirt or lint on its surface during 
measurement. Surface contamination is most problem- 
atic for determining the low angles of star facets on a 
brilliant cut, because the shadows can badly skew the 
image analysis. Indeed, the largest deviation we 
observed (1.2.8°) was from a star facet. Also challenging 
are some fancy-shape measurements, such as crown 
facets on an emerald cut that are at a low angle from 
the table facet. 

Although the two-circle reflecting goniometer 
avoids the use of computer algorithms or pre-installed 
ideal models of faceted gems, its application in a mod- 
ern gem lab will be limited because it is time con- 
suming. Nevertheless, its use may be justified in 
certain circumstances. For example, its high precision 
make it an excellent technique to establish a master 
set of reference stones with very accurately deter- 
mined inter-facet angles. Much like the master sets 
used for color-grading diamonds, these can be consid- 
ered calibration standards for angle measurement. We 
believe the deviations shown in table 2. arise mostly 
from 3D model construction or some surface contam- 
ination. In the gem lab these discrepancies can poten- 
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tially result in different cut grades, since the cut-grade 
software uses whatever pavilion and crown angles are 
obtained from the non-contact optical scanner. To en- 
sure the accuracy and precision of these measure- 
ments, optical scanners need to be checked routinely 
with master stones. 

Another possible use for the two-circle reflecting 
goniometer is evaluating facet quality. The small curva- 
ture shown by a poorly cut facet is easily observed via 
deformation or blurring of the reflected Maltese cross 
target. This effect was not observed in any of the facets 
we measured in this study. 


CONCLUSIONS 


The two-circle reflecting goniometer can be used to 
measure inter-facet angles on faceted gemstones with 
a very high degree of precision (to within 2, minutes, 
or 0.034°). The angular coordinates of any facet can be 
determined without remounting the sample. The 
instrument can provide a valuable means to independ- 
ently calibrate the non-contact optical scanners widely 
used in gem labs, and can also be used to evaluate facet 
quality. Finally, the classic goniometer provides an 
excellent basis for the future design of a fully automated 
optical goniometer made specifically for faceted 
gemstones. 
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EMERALDS 
MINED IN INDIA 


Information régarding a heretofore little 
known Indian emerald deposit has been 
received recently by the Gemological In- 
stitute of America, from Howard Dono- 
van, Counselor of the American Embassy 
in New Delhi. First described by Dr. H. 
Crookshank, Director. of the Geological 
Survey of Pakistan, in 1949, supplemental 
data was made available after the property 
was visited by the Minerals Attaché of the 
American Embassy in New Delhi, Novem- 
ber 1949. 

Located at Kaliguman, a village in the 
Udaipur district of the State of Rajasthan, 
the mine was operated by an Indian mining 
concessionnaire during the early part of the 
wart. At that time, Dr. Crookshank reported 
that emerald crystals ranging from one half 
inch to five inches in length and up to one 
and one quarter inches in diameter were 
removed from the workings. While the 
operation was formerly of the open pit 
type, now the principal site of activity is 
a shaft more than seventy feet deep. Gal- 
leries open out of it at various levels. The 
operation has proved expensive because of 
excessive timbering necessitated by the dis- 
integrated nature of the country rock, an 
altered. hornblende-mica schist. 


Stones of first quality comparable in color 
to the Colombian material, though slightly 
less “soft” in luster, represented a small 
proportion of the crystals, it was said. 

Production of all qualities for 1948-49 
was estimated at. from 13,500 to 16,200 
carats. The owners intimated that much of 
the rock of a “promising character” had 
been investigated and was expected to yield 
profitably. No beryl of an industrial qual- 
ity has been observed. 


SUMMER 1950 


ABOUT THE AUTHOR 


“Bombarded Diamonds” on page 295 of 
this issue, authored by Martin L. Ehrmann, 
is the result of approximately ten years of 
study and experiment by the author, who 
has been intensely interested in producing 
colored diamonds since 1940. At that time, 
he owned his own colored stone firm in 
New York City and conducted experiments 
on diamonds with the use of cyclotrons at 
both Columbia and Harvard Universities. 
The project was interrupted by Ehrmann’s 
service in the United States Army during 
World War IL. 


After his discharge from the service, Ehr- 
mann accepted a position with Lazare Kap- 
lan & Sons, Inc., New York, and came to 
Los Angeles as West Coast representative 
for the firm. In March of this year he left 
the Kaplan firm to open his own wholesale 
diamond establishment in Los Angeles. 
Since he came to the West “Coast he has 
made extensive and repeated experiments 
with cyclotronic bombardment of diamonds 
at the University of California at Berkeley. 
The results of these experiments are out- 
lined in detail in this article. 


Born in Germany, Ehrmann was gradua- 
ted from the University of Hamburg, te- 
ceiving a degree..in Engineering from that 
Institution. He had, however, been interest- 
ed in gems and minerals since his early boy- 
hood and when he came to New York City 
in 1923, he entered that business. 

When the army had. sudden and imme- 
diate need for strategic minerals, Ehrmann— 
because of his interest in gemstones, and 
knowledge of the subject, and his familiar- 
ity with the Germdn language—was chosen 
to procure minerals most urgently. needed, 
in the least possible time. Serving as a 
Colonel in the Intelligence Service, Ehr- 
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THE VALLERANO DIAMOND FROM ANCIENT ROME: 


A SCIENTIFIC STUDY 


Alessandro Bedini, Sylvana Ehrman, Stella Nunziante Cesaro, Maria Pasini, Ida Anna Rapinesi, and Diego Sali 


Archaeological excavations during the 1990s 
at Vallerano, a municipality on Rome’s south- 
ern periphery, uncovered a cemetery from 
the Roman empire. One tomb was that of a 
young woman, believed to be of Syrian ori- 
gin. It contained a wealth of everyday objects 
and jewels, among them a gold and diamond 
ring. The diamond's gemological and spec- 
troscopic properties were examined using 
portable instruments. Infrared spectroscopy 
indicated a type la diamond with evidence 
of B aggregates and probable A aggregates. 


xcavations undertaken in 1993 in Vallerano, between 

the Via Pontina and Via Laurentina on Rome’s 
southern outskirts, revealed a necropolis of 113 tombs 
(Bedini et al., 1995). One of these, Tomb 2, belonged 
to a young woman believed to be about 18 years old. 
Her marble sarcophagus contained a wealth of personal 
effects, an ivory doll, and finely crafted gold jewels set 
with gems (Bedini, 1995). The collection, whose rich- 
ness is unusual among ancient Roman tombs, is on 
permanent exhibit at the National Roman Museum 
at Palazzo Massimo. 

Of the artifacts, one is particularly noteworthy: a 
solid-band gold ring set with a rough octahedral 
diamond (figure 1). Its form corroborates Pliny the 
Elder’s belief that the Romans valued diamonds above 
gold. The value of the Vallerano ring, the only known 
diamond-mounted ring in ancient Rome, is accentuated 
by its craftsmanship and simplicity of design. 

One of the common objects discovered in the tomb 
was an oil lamp bearing the hallmark of Lucius 
Fabricius Masculus, active between 150 and 180 cE. 


See end of article for About the Authors and Acknowledgments. 


Gems & GEMOLOGY, Vol. 48, No. 1, pp. 39-41, 
http://dx.doi.org/10.5741.GEMS.48.1.39. 


© 2012 Gemological Institute of America 


Notes AND New TECHNIQUES 


This makes it possible to date the tomb to the reign 
of Marcus Aurelius. The richness of the Vallerano girl’s 
tomb can be explained not so much by her family’s 
wealth as by a particular ritual, most likely tied to 
religions of eastern origin. The material wealth and 
funeral rites of the Vallerano find, similar to those of 
other young Roman women such as Crepereia 
Tryphaena and the Grottarossa mummy (Bedini, 1995), 
can be linked to the Syrian community in ancient 
Rome. The Syrian enclave had its own religious, tradi- 
tional, and commercial ties to Palmyra, a major caravan 
crossroad near the Euphrates River where luxury goods 
from the Persian Gulf and Arabia converged en route 
to Rome. 

Among these were Indian diamonds that had been 
gathered on the Deccan altiplano, either from mines 
or in river gravels, as attested by both Pliny (Corso et 
al., 1988, Book 37) and Sanskrit literary sources (Chakra- 
borti, 1966, pp. 244-245). These were objects of trade, 
along with other gems, spices, and luxury textiles. 
Pliny considered diamond the most precious of all 
stones, destined for kings and accordingly not meant 
for common use. Among the few archaeological speci- 
mens of diamond rings, this jewel is the only one whose 
chronological and social context is known (Marshall, 
1968; Ogden, 1982). 


In Brief 


¢ Among the artifacts uncovered from ancient Roman 
tombs at Vallerano during the 1990s was a gold ring 
containing a rough diamond (approximately 0.15 ct). 


e The ring can be linked to a young Syrian woman 
who died during the reign of Marcus Aurelius, 
making it the only Roman diamond jewel with a 
known background. 

e Analyses conducted at the National Roman Museum 
point to a type la diamond with evidence of B aggre- 
gates and probable A aggregates. 
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Figure 1. This gold and 
diamond ring, believed 
to belong to a young 
woman of Syrian origin, 
was discovered at the 
Vallerano site. The side 
view shows that the 
rough diamond was 
simply inserted into a 
central enlargement in 
the gold band. Photos 
by M. Letizia. 


MATERIALS AND METHODS 


The analyses were conducted at the National Roman 
Museum, using portable instruments. The stone was 
not removed from its fragile mounting, and in fact the 
researchers preferred leaving the stone in its supportive 
setting. Gemological examination was performed with 
a GIA Portalab equipped with a fiber-optic light and 
a binocular polarized microscope. Fluorescence was 
observed with long- and short-wave UV lamps. The 
diamond’s infrared spectrum was collected with a 
Bruker Optics Alpha-R portable spectrometer with an 
external reflectance head covering a circular area of 
about 5 mm of diameter. The investigated spectral 
range was 7500-375 cm, with a resolution of 4 cm! 
and 120 scans per acquisition (about two minutes). 


Figure 2. The rough diamond in the ancient gold ring 
is seen here through the bottom of the mounting. 
Photo by D. Sali. 
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RESULTS AND DISCUSSION 

The diamond measured 2.2 x 1.5 x 2.6 mm, correspon- 
ding to an estimated weight of 0.15 ct. The crystal had 
an adamantine surface luster and an octahedral form 
that was slightly rounded (figure 2). Trigons were not 
detected. 

The diamond was inert to short-wave UV and flu- 
oresced moderate blue to long-wave UV radiation. In 
neither case did the stone show phosphorescence. 
Magnification revealed a group of crystalline inclu- 
sions, the nature of which could not be determined 
due to the surface characteristics and the aforemen- 
tioned precautions required in handling the ring. 

Spectroscopic analyses of anumber of points on the 
diamond provided reproducible spectra. Figure 3 shows 
the infrared spectrum in the 4000-375 cm range, as 
no absorption occurred in the 7500-4000 cm-' range. 
Absorptions were observed in the three-phonon spectral 
region (4000 to ~2800 cm!) at 3107 and 2.786 cm“. The 
two absorptions had weak and very weak intensity, 
respectively, due to C=CH, group vibrations. 

Moderate to weak absorptions at 2957, 2918, and 
2851 cm! were attributed to CH, and CH, group 
stretching modes, likely due to grease contamination, 
asa thorough cleaning of the gem was avoided. The same 
molecular groups’ bending mode was evident ina weak 
absorption at 1460 cm (Iakoubovskii and Adriaenssens, 
2002). Except for absorption due to atmospheric CO,, 
no significant bands were observed in the two-phonon 
spectral region (Mendelssohn and Milledge, 1995). 

The abundance of active absorptions in the one- 
photon spectral range at frequencies below the Raman 
threshold (1335 cm=') indicates the presence of nitrogen- 
impurity defects, leading to a classification of type Ia. 
Furthermore, the 1011 cm”! absorption suggests the 
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Figure 3. The Vallerano gem’s FTIR spectrum classi- 
fied it as a type Ia diamond. 


presence of B aggregates (four atoms of nitrogen around 
a vacancy), and the intense narrow absorption at 1360 
cm shows the existence of platelet defects along (001) 
faces (Woods et al., 1993; Taran et al., 2006). A weak 
absorption at 1428 cm couldbe attributed to N3 groups 
(Gaillou and Post, 2007). 

Unfortunately, the spectrum was saturated in the 
interval indicative of A aggregates (pairs of nitrogen 
ions dispersed in a regular pattern in the structure] 
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between approximately 1350 and 1100 cm, Hain- 
schwang et al., 2006), either because of an elevated 
concentration of nitrogen or, more likely, the difficulty 
of positioning the diamond while attempting to analyze 
it. Asa consequence, the existence of a type aA compo- 
nent can only be hypothesized. 


CONCLUSIONS 


The discovery of a diamond ring makes the rich collec- 
tion of the young woman buried in Vallerano Tomb 2 
a unique find. The ring’s simplicity in no way detracts 
from the importance of the jewel, which presents a 
series of questions regarding the context of ritual 
practices in which this and analogous burials of young 
females uncovered in and around Rome must be placed. 

The presence of nitrogen impurities led to the 
conclusive identification of the gem as a type Ia 
diamond, with evidence of B aggregates. The elevated 
nitrogen content, as well as limitations imposed in 
handling such a rare object, are probably responsible 
for the saturation of absorptions in the one-phonon 
spectral region, so that the presence of A centers can 
only be reasonably inferred. The presence of hydrogen 
inclusions was revealed by analysis of the three-phonon 
spectral range. 


Credito su Pegno, UniCredit SpA. Dr. Sali is a research and develop- 
ment manager at Bruker Italia S.rl. in Milan. 


ACKNOWLEDGMENTS 

The authors are indebted to Dr. Rita Paris, director of the National 
Roman Museum at Palazzo Massimo, for helpful discussions and for 
making this study possible. Thanks are also given to James Ehrman 
of SMATCH-USA for reviewing this manuscript. 


terials, Vol. 11, No. 1, pp. 125-131, http://dx.doi.org/10.1016/ 
S0925-9635(01)00533-7. 

Marshall FH. (1968) Catalogue of the Finger Rings, Greek, Etruscan 
and Roman, in the Departments of Antiquities, British Museum. 
British Museum Press, London, pp. 127-129. 

Mendelssohn MJ., Milledge HJ. (1995) Geologically significant in- 
formation from routine analysis of the mid-infrared spectra of di- 
amonds. International Geology Review, Vol. 37, No. 2, pp. 
95-110, http://dx.doi.org/10.1080/002068 19509465395. 

Ogden J. (1982) Jewellery of the Ancient World. Rizzoli International 
Publications Inc., New York. 

Taran M.N., Kvasnytsya V.M., Langer K., Ilchenko K.O. (2006) In- 
frared spectroscopy study of nitrogen centers in microdiamonds 
from Ukrainian Neogene placers. European Journal of Mineral- 
ogy, Vol. 18, No.1, pp. 71-81, http://dx.doi.org/10.1127/0935- 
122.1/2006/0018-0071. 

Woods G.S., Kiflawi I, Luyten W., Van Tendeloo G. (1993) In- 
frared spectra of type IaB diamonds. Philosophical Magazine 
Letters, Vol. 67, No. 6, pp. 405-411, http://dx.doi.org/10.1080/ 
09500839308240950. 


Gems & GEMOLOGY SPRING 2012 41 


avs ed} COMMUNICATIONS 


RADIOACTIVE MORGANITE 


Hiroshi Kitawaki, Yoichi Horikawa, Katsumi Shozugawa, 
and Norio Nogawa 


Two strongly orangy pink morganites with 
residual radioactivity were studied. The dose 
rate of the samples, measured by a scintil- 
lation survey meter, ranged from 0.15 to 0.35 
uSv/h. Although this radioactivity was likely 
nothazardous, it was above the recommended 
exposure limit set forth in 1990 by the 
International Commission on Radiological 
Protection. To identify the radionuclides, 
gamma rays from the samples were measured 
using a Ge(Li) semiconductor detector. The 
activation products '4Cs, “Mn, and ©Zn were 
detected, proving that the samples had been 
artificially irradiated with neutrons. 


ome gem varieties (e.g., diamond, topaz, and quartz) 

are irradiated with gamma rays, electron beams, or 
neutrons to alter their original color (see, e.g., Ash- 
baugh, 1988). Disclosure of artificially colored gem- 
stones is generally required at every level of the gem 
trade, and such material should only be sold as treated. 
These gems are typically not radioactive when they 
are commercially distributed. Exceptions include 
some radioactive green to black diamonds treated by 
compounds such as radium daughter-products and 
americium (Reinitz and Ashbaugh, 1993). In addition, 
radioactive cat’s-eye chrysoberyl became a major issue 
in September 1997, and even drew mass media cover- 
age. The chrysoberyl, originally from Orissa, India, had 
been irradiated with neutrons in an Asian country, and 
a portion of the activated material entered the gem 
market illegally (Johnson and Koivula, 1997). Several 
pieces of this material were identified in Japan, and 
one of the authors performed a detailed investigation 


See end of article for About the Authors and Acknowledgments. 
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Figure 1. The morganite samples in this study 
weighed is 49.18 ct (left, sample 1) and 39.40 ct (right, 
sample 2). Photo by H. Kitawaki. 


that detected scandium-46 (#°Sc) and iron-59 (°°Fe], 
proving it had undergone artificial neutron irradiation 
(Kitawaki, 1998). Fortunately these radioactive cat’s- 
eye chrysoberyls were not widely circulated in the 
gem trade. 

Activated morganite appeared in the Japanese market 
in May 2010, and the Central Gem Laboratory has 
confirmed about 10 such specimens so far, including 
stones weighing >100 ct. The specimens typically show 
strongly orangy pink coloration (e.g., figure 1), and some 
are so orangy that they may fall outside the color range 
for morganite. Their radioactivity levels (measured with 
a Nal scintillation survey meter) ranged from 0.15 to 
0.35 microsieverts per hour (uSv/h), or 5-10 times higher 
than the background radiation in Tokyo. While this is 
not believed to be a hazardous level, it is higher than 
the recommended exposure limit set by the International 
Commission on Radiological Protection in 1990 of 1 
millisievert per year (or 0.114 pSv/h; about 3.8 times 
higher than the background radiation in Tokyo), except 
for exposure to natural and medical radiation. 

Regulations set by the Japan Jewellery Association 
and the Association of Gemmological Laboratories 
Japan state that gems showing any possibility of artificial 
irradiation should be checked by a Geiger counter, and 
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Figure 2. The gamma-ray spectrum of sample 1 shows 
peaks for ™Cs, Mn, and “Zn. The labeled peaks 
were used for quantification of the radioactivity in 
the samples. 


those with residual radioactivity should not have gem 
identification reports issued. Yet there are natural gems 
containing radioactive impurities such as uranium (U) 
or thorium (Th) that emit very weak radioactivity. For 
this article, which was initiated in part by client 
demand, we identified the radionuclides in radioactive 
morganite to determine whether those stones had been 
artificially irradiated by a neutron source. 


Materials and Methods. Radionuclide determination 
was performed on two morganites, weighing 49.18 and 
39.40 ct (again, see figure 1]. The samples were imported 
from Germany, according to our client, but when and 
where they may have been irradiated was unknown. 
Standard gemological properties were collected, and 
energy-dispersive X-ray fluorescence (EDXRF) analysis 
was performed with a JEOL JSX-3200 instrument. 
Gamma rays from the two samples were measured 
using a Princeton Gamma-Tec Ge(Li) semiconductor 
detector (see, e.g., Ashbaugh, 1992). The device, located 
in the Radioisotope Center at the University of Tokyo, 
has a relative efficiency of 34.4% at 1332 keV, and 
FWHM of 1.78 keV on the 1332 keVCo y-line and 743 
eV on the 122 keV °’Coy-line. The measurement period 
had a live time of 7,200 seconds and a dead time of 
~0.35%. The gamma-ray libraries used for nuclide 
identification were Spectrum Navigator (Seiko EG&G 
Co. Ltd.) and a nuclide library generation program 
(NucLib version 1.12), together with the IAEA Hand- 
book of Nuclear Data for Safeguards. A nuclide was 
identified by two or more clear and independent peaks 
in the gamma-ray spectra that were more than 30 above 
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the baseline. The energy efficiency of the gamma rays 
was also corrected for, and an attenuation (decay) correc- 
tion was set at the initiation of measurement. 


Results and Discussion. Both morganites displayed a 
strong orangy pink color. Their RI measurements were 
1.582-1.590 (birefringence 0.008), and their other 
gemological properties were consistent with morganite. 
EDXRF spectroscopy of both samples detected about 
3.8 wt.% Cs,O and traces of K,O, FeO, and Rb,O, as 
well as the major Al and Si expected for beryl. 

Gamma-ray spectra obtained from the two samples 
are shown in figures 2 and 3. From the gamma-ray 
spectrum of sample 1, cesium-134 (!**Cs), manganese- 
54 (4Mn], and zinc-65 (Zn) were detected; only '*4Cs 
and “Mn were identified in sample 2. All the detected 
radionuclides were activation products, clearly demon- 
strating that both samples had been neutron irradiated. 
The activities of each radionuclide are listed in table 1. 

Both morganites contained more than 2,000 
becquerels (Bq) of *4Cs, suggesting that a high thermal 
neutron flux, such as a nuclear reactor or accelerator, 
was used for irradiation. Morganite generally contains 
a small amount of naturally occurring cesium (!*°Cs], 
which becomes radioactive when irradiated with a 
neutron beam. The detected radionuclide with the 
shortest half-life was ©Zn (2.44 days). Since the amount 
of time since the samples were irradiated is unknown, 
itis highly possible that some additional radionuclides 
had already decayed to below the detection limits when 
the samples were measured. 


Figure 3. The gamma-ray spectrum of sample 2 shows 
peaks for Cs and “Mn. 
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TABLE 1. Detected radionuclides and their estimated 


radioactivity. 

Sample Radionuclide Half-life Radioactivity Error Detection 

no. (days) (Ba) (Ba) limit 

1 4Cs 752.6 2612.4 +11.1 13.4 
54Mn 312.2 36.7 +3.4 7.88 
887 244.0 22.1 +4.1 17.8 

2 Cg 752.6 2019.0 +11.9 14.7 
54Mn 312.2 32.5 +3.2 10.0 


Conclusion. Two samples of morganite that registered 
significant dose rates using a scintillation survey meter 
were measured for gamma-ray emission to determine 
the radionuclides present. Radioactive isotopes 
including '**Cs were detected in both samples, proving 
they had been artificially irradiated with neutrons. 
134Cs has a half-life of about two years, so the radioac- 
tivity of such morganites should decay to a safe level 
after a period of several years from when they were 
irradiated. 
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Additional radioactive morganites entering the 
Japanese market since 2010 also appear to have been 
artificially irradiated with neutrons. Although it is 
common to use gamma rays to deepen the hue of 
morganite, it is unknown why these samples were 
irradiated with neutrons. Proper identification of such 
radioactive stones by gemological laboratories, and full 
disclosure by exporting countries, are strongly urged. 
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1. Diffusion experiments 4. Cathodoluminescence analysis of 


conducted in 2008 found that 
copper easily enters plagioclase 
feldspar at temperatures 


CVD-grown synthetic diamonds 


the interrupted interface, while 
A.as low as 750°C. photoluminescence showed the 
B. above 1200°C. presence of -related 

C. above 1500°C. defects. 


D.above 1800°C. A. silicon 
B. carbon 
2. A 1980 German postage stamp C. vacancy 


pays tribute to , who was 
one of the first scientists to 
document the hardness of 5. The liquid and gas phases found 
diamond. in multiphase inclusions in 
A. Max Von Laue aquamarine from Thanh Hoa 
B. Albertus Magnus Province, Vietnam, were identi- 
C. Friedrich Mohs fied as 
D.Max Planck A.K and Na,O. 
B. CaO and CO.,,. 
C.H,O and CO,. 
D.H,O and Na,O. 


D.germanium 


3. The SG vs. magnetic 
susceptibility plot for pyrope and 
grossular shows that these proper- 
ties for these garnets. 6. In general, rubies and sapphires 

A. overlap from Vietnam's Tan Huong—Truc 
B. were not obtainable Lau area are 

C. are almost identical A. facet grade. 

D.are easily distinguishable B. industrial grade. 
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confirmed that boron is present at 


C. of carving quality. 
D.of cabochon quality. 


. Some cabochons of odontolite 


display a distinct pattern of 
curved intersection banding 
characteristic of 

A.elk and cow horn. 

B. nuts from ivory palm. 

C. walrus and narwhale ivory. 

D.elephant, mammoth, and 

mastodon ivory. 


. The chemical composition of 


aquamarine from Thuong Xuan in 
Vietnam is characterized by 
relatively high concentrations of 

wi Gan 

Bere: 

Cake 

D.Na. 


. Ten symmetry parameters are used 


by GIA’ laboratory to determine 
the symmetry grade of round 
brilliant cut diamonds. These 
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include out-of-round, table off- 
center, and 
A. bezel facet variations. 
B. crown height variations. 
C. girdle polishing variations. 
D.upper and lower girdle facet 
variations. 


10.Infrared absorption spectroscopy 
in the region of X-OH stretching 
vibrations (i.e., 3800-3000 cm~') 
has long been considered a useful 
means for distinguishing 
A. treated vs. untreated feldspar. 
B. natural vs. synthetic diamond. 
C. natural vs. synthetic amethyst. 
D. treated vs. untreated aquamarine. 


1 


— 


. Typical internal features in andra- 
dite from Antetezambato, 
Madagascar, are fluid inclusions 
and 
A. clouds of hematite platelets. 
B. crystalline aggregates of diopside. 
C. three-phase inclusions contain- 
ing calcite and albite. 
D.voids with halos of decrepi- 
tated melt inclusions. 


12.Of 32 elements studied, six were 

diagnostic for separating pallasitic 
and terrestrial peridot. They were Li, 
V, Mn, Co, 

A.Si, and Zn. 

B. Ni, and Fe. 

C. Mg, and Fe. 

D.Ni, and Zn. 


13.Silicate garnets have the general 

formula X3*Y3*Si,O,,, where X is 
commonly Ca**, Mn?*, Fe?*, 
and/or 

A. Mg?*. 

Bs Ue 

CxGuse 

Die: 


14. The cause of the 405 nm band in 
UV-Vis-NIR reflectance spectra of 
cultured pearls from Pinctada 
margaritifera is attributed to 

A. coproporphyrin. 
B. protoporphyrin. 
C. uroporphyrin. 
D.melanin. 
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15.Heating odontolite to about 600°C 
under oxidizing conditions trans- 
forms octahedrally coordinated 
Mn?+ into , which substitutes 
for phosphorous in the fluorapatite. 
A. cubically coordinated Ca*+ 
B. trigonally coordinated Mn>** 
C. tetrahedrally coordinated Fe** 
D.tetrahedrally coordinated Mn°* 


16.Irregular, tubular inclusions with a 
cellular structure seen in some 
Ethiopian opals are probably 

A. rutile. 

B. pyrite. 

C. chabazite. 

D. fossilized plant matter. 


17. In separating natural from synthetic 
amethyst using FTIR spectroscopy, 
the existence of a 3595 cm~! band 
with a width of 3.3 + 0.6 cm"! 
indicates that the stone is 

A. natural. 

B. synthetic. 

C. not identifiable. 

D.a heat-treated synthetic. 


18.Based on GIA’s laboratory stan- 

dards for grading round brilliant 
cut diamonds, if nine of the sym- 
metry parameters are within the 
Excellent range but the table is off- 
center by 0.7%, the best possible 
symmetry grade is 

A. Superior. 

B. Excellent. 

C. Very Good. 

D.Good. 


19.Zircon crystals from Muling, 
China, showed a combination of 
tetragonal prismatic and 
A.sphenoid faces. 
B. pyramidal faces. 
C. basal pinacoid faces. 
D.hexagonal prismatic faces. 


20.Most topaz from China should be 
expected to take to 
decay below the exemption level 
after it is turned blue by neutron 
irradiation. 
A. three to four weeks 
B. two to three months 
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C. two to three years 
D.five to six years 


21. In general, both rubies and sap- 
phires from Tan Huong—Truc Lau 
had relatively high contents. 

ale 
B. Zn 
C.Na 
D.Ca 


22. The color zoning exhibited by 
some andradite crystals from 
Madagascar is caused by 

A. staining in surface fractures. 

B. exposure to natural radiation. 

C. inhomogeneities in the distri 
bution of trace elements. 

D. light interference caused by 
multiple layers of inclusions. 


23. Reports published in 2008 revealed 
evidence that copper was being 
diffused into in Chinese 
and Thai facilities by a multi-step 
heating process. 

A. albite 

B. andesine 
C. oligoclase 
D. labradorite 


24. Small black octahedral crystals 
sometimes seen in Ethiopian opals 
from Wollo Province are most 
likely 

A. pyrite. 

B. spinel. 

C. chromite. 
D.magnetite. 


25. The color change of experimentally 
heat-treated red zircon from Muling, 
China, appears to be mainly related 
to the 

A. original hue. 

B. size of the sample. 

C. amount of inclusions in the 
sample. 

D.location where the sample 
was found. 
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Lab-Notes 


Thomas M. Moses | Shane F. McClure 


DIAMOND 
Artificially Irradiated Type IIb 


Saturated blue color is rare in natural 
diamond, and various treatment methods 
have been developed to introduce or 
enhance this effect. The more common 
techniques include the annealing of type 
Ib diamonds under high-pressure/high- 
temperature (HPHT) conditions and the 
high-energy beam irradiation of light- 
colored type Ia/Ila diamonds. In the New 
York laboratory, we recently examined a 
very rare case of a type IIb diamond artifi- 
cially irradiated to enhance its blue color. 

This modified step-cut shield (13.70 
x 10.75 x 5.09 mm) weighed 4.13 ct and 
was color graded Fancy Deep green-blue 
(figure 1). It displayed a clear color 
concentration in the culet, an important 
visual indication of artificial irradiation. 
Infrared absorption spectroscopy re- 
vealed a typical spectrum for a type IIb 
diamond, with an intense 2800 cm! 
peak corresponding to an optically 
active boron concentration of ~40 ppb. 
A type IIb diamond with this size and 
boron concentration usually has a clear 
blue color (with a grayish or brownish 
component, depending on the intensity 
of plastic deformation) but not enough 
saturation for a Fancy Deep grade. The 
absorption spectrum in the UV-Vis 
region at liquid-nitrogen temperature 
showed strong GR1 absorption and a 
weak 666.7 nm peak, resulting in a 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. The Fancy Deep green-blue 
color of this 4.13 ct type IIb diamond 
is due to artificial irradiation. 


transmission window in the green-light 
blue region. From these observations, 
we confirmed that this diamond had 
been artificially irradiated to improve 
its color. Strong plastic deformation 
indicated by high strain suggested that 
the diamond had a significant brown 
component before the treatment. This 
also explains the strong green coloration 
observed after irradiation. 

Type Ib diamonds are rarely irradiated 
to improve their color. This unusual 
sample allowed us the opportunity to 
examine the interaction of a vacancy 
defect (GR1) with other defects in a type 
Ib diamond. 


Wuyi Wang and Paul Johnson 


Type IIb Green, 

Natural and Synthetic 

Type Ib diamonds are typically blue, 
resulting from boron defects, and it is 
very unusual to see a distinct green color 
in such diamonds. The New York 
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laboratory recently examined two type 
Ib green brilliants, a 5.84 ct pear shape 
and a 0.30 ct round, that were color 
graded as Fancy Dark gray-yellowish 
green and Fancy Light yellow-green, 
respectively (figure 2). 

Both were very clean microscopically. 
Incross-polarized light, the pear showed 
the tatami strain typical of a natural 
diamond. The round brilliant did not 
exhibit any strain, but did show subtle 
color zoning (figure 3). DiamondView 
imaging of the pear shape revealed blue 
luminescence with dislocations (straight 
lines), indicating a natural diamond, 
while the round brilliant displayed a 
typical HPHT-synthetic growth pattern 
(figure 4). Spectroscopic analysis con- 
firmed a natural color origin for the pear 
and an as-grown color for the round 
brilliant. Both were verified as type IIb by 
the boron bands in their mid-infrared 
spectra at ~2927 and ~2801 cm". 

Dislocations in a natural diamond 
occur during plastic deformation, which 
usually creates a brown color. In type 
IIb diamonds, the same process adds a 
gray component to the blue color. In 
this pear-shaped stone, however, plastic 
deformation also contributed a yellow 
component. The resulting combination 
of yellow and blue produced the 5.84 ct 
diamond's yellowish green bodycolor. 

Interestingly, the light yellow-green 
synthetic diamond had a different cause 
of color. In addition to boron bands, a 
small amount of single substitutional 
nitrogen was detected at 1344 cm" in 
the mid-infrared spectrum. An earlier 
study reported mixed type Ib + Ib syn- 
thetic diamonds with blue and yellow 
growth sectors (J. E. Shigley et al., “Lab- 
grown colored diamonds from Chat- 
ham Created Gems,” Summer 2004 
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Figure 2. These type IIb samples consist of a Fancy Dark gray-yellowish 
green natural diamond (5.84 ct, left) and a Fancy Light yellow-green syn- 
thetic diamond (0.30 ct, right). 


Figure 3. In cross-polarized light, the pear shape showed the tatami strain 

found in natural diamond (left, magnified 30x), while the synthetic round 
brilliant did not feature any strain but did show subtle color zoning (right, 
magnified 55x). 


Figure 4. DiamondView imaging of the pear shape revealed blue lumines- 
cence and dislocations corresponding to a natural origin (left), while the 
round brilliant showed growth zoning indicative of an HPHT-grown syn- 
thetic diamond (right). 
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GwG, pp. 128-145). The article pro- 
posed that the combination of these 
growth sectors produced a green or 
grayish green color in faceted samples. 
In the 0.30 ct synthetic diamond re- 
ported here, the same coloring mecha- 
nism—the combined effect of a 
boron-dominated sector and an iso- 
lated-nitrogen sector—caused the yel- 
low-green bodycolor. In both samples, 
the cutting orientation was critical to 
the proper mixing of the blue and yel- 
low components. Therefore, other nat- 
ural and synthetic diamonds containing 
blue and yellow color components may 
not show a green bodycolor. 

These type IIb specimens demon- 
strate that plastic deformation or a 
combination of boron and nitrogen defects 
can result in unexpected green coloration 
at the hand of a skilled diamond cutter. 


Kyaw Soe Moe 


With Unusual Color Zoning 

An optical center with a broad absorp- 
tion band at ~480 nm is occasionally 
observed in some natural yellow-orange 
diamonds, as well as in “chameleon” 
diamonds. Yet little is known about this 
feature’s atomic structure or its mecha- 
nism of formation in natural diamonds. 
In the New York laboratory, we recently 
encountered a particularly interesting 
manifestation of this optical center. 

A0.50 ct rectangular diamond (4.43 
x 4.29 x 2.80 mm) was color graded Fancy 
Intense orange-yellow. Its absorption 
spectrum in the mid-infrared region 
showed moderate concentration of A- 
form nitrogen and some unassigned 
peaks. A strong absorption band at ~480 
nm, detected in the UV-Vis spectrum at 
liquid-nitrogen temperature, appeared 
to be the cause of the intense orange- 
yellow color. 

An outstanding feature of this 
diamond, visible during microscopic 
examination, wasits distinct color zoning. 
The orange-yellow color was concen- 
trated in parallel zones separated by 
near-colorless areas (figure 5). This banded 
color distribution was matched by the 
diamond’s fluorescence reaction to 
long-wave UV radiation. The orange- 
yellow color zones showed very strong 
yellow-orange fluorescence, while the 
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mann successfully completed his mission to 
obtain tons of tourmaline from German- 
occupied France during 1944. Without this 
tourmaline it woyld not have been possible 
to use the atomic bomb the following year. 

In collaboration with the late Herbert 
P. Whitlock, Ehrmann authored The Story 
of Jade, In addition, he has written many 
articles on gemstones and gem materials 
for numerous magazines. He is currently 
preparing The Story of Diamonds for early 
publication. 

NEW AGREEMENTS BETWEEN 
PRODUCERS, DIAMOND CORP., 
AND SALES ORGANIZATIONS 

Announcement was made in the annual 
report of De Beers Consolidated Mines to 
its shareholders of the renewal of agree- 
ments between the Diamond Corporation 
and the producers of the Belgian Congo, 
Angola, Sierra Leone, and the Gold Coast 
for the purchase of their production, for a 
period of six years beginning January 1, 
1950. 

At the same time, sales agreements were 
also entered into for the same period be- 
tween the Diamond Producers Association 
and the newly formed Diamond Purchas- 
ing and Trading Company, Ltd., for the 
sale of gem diamonds. Similarly, an agree- 
ment was renewed between the Diamond 
Producers Association and Industrial Dis- 
tributors, Ltd., for the sale of industrial 
diamonds. 

During 1949, De Beers Consolidated sold 
its share in Inductrial Distributors, Ltd., to 
Diamond Corporation, Ltd., and acquired 
47,500 of the 500,000 shares originally 
subscribed to the new Diamond Purchasing 
and Trading Company, Ltd. An additional 
2,000,000 shares. is later to be subscribed, 
of which De Beers is to receive 190,000 
shares. : 


ON THE COVER 


The lovely diamond necklace shown on 
our cover was designed and created by the 
firm Gubelin Brothers, Lucerne, Switzerland. 
The lower strand, attached to the upper 
row by means of a delicate “S’-curve is 
removable. The necklace contains a total of 
167 diamonds, weighing 65.50 carats. 
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Figure 5. The orange-yellow color 
in this 0.50 ct diamond is concen- 
trated in parallel zones separated 
by near-colorless bands. 


near-colorless zones displayed strong blue 
fluorescence (figure 6). Microscopic obser- 
vation with crossed polarizers showed 
little internal strain, and there was no 
observable strain variation between the 
different color zones. From these obser- 
vations and the well-known fact that the 
480 nm center luminesces yellow-orange 
to UV radiation, it became clear that the 
480 nm center was distributed with a 
zoned structure. It was also obvious that 
this banded structure was not associated 
with plastic deformation, a very common 
cause of color zoning in natural diamonds. 

While the origin of the unusual distri- 
bution of the 480 nm center in this 
diamond is unknown, the skillful orien- 
tation of the color banding by the cutter 
produced a face-up appearance that 
received a Fancy Intense color grade. 


Marzena Nazz 


Figure 6. When the diamond was 
exposed to long-wave UV radia- 
tion, the orange-yellow color 
zones fluoresced very strong yel- 
low-orange, while the near-color- 
less zones showed strong blue 
fluorescence. 
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Large EMERALD with 
Gota de Aceite Structure 


Gota de aceite (Spanish for “drop of 
oil”) is a transparent angular or hexag- 
onal growth structure rarely seen in 
emerald (R. Ringsrud, “Gota de aceite: 
Nomenclature for the finest Colom- 
bian emeralds,” Fall 2008 GwG, pp. 
2422.45). The New York laboratory had 
the opportunity to examine a 24.25 ct 
emerald showing this phenomenon 
(figure 7). 

Microscopic observation revealed 
transparent growth structures with an 
oily appearance throughout the stone 
(figure 8, left). The effect could even be 
seen with the unaided eye. Some of the 
structures displayed six well-defined 
arms intercalated with six growth 
sectors, forming a 12-sided outline 
(figure 8, right); others showed an 
angular outline without arms. These 
structures occurred as individuals or in 
elongated groups. The c-axis of each 
growth structure was parallel to the 
optic axis of the host emerald. Such 
columnar growth zoning may have been 
developed by the parallel growth of 
numerous sub-crystals, which were 
overgrown by the host emerald (E. J. 
Gtibelin and J. I. Koivula, Photoatlas 
of Inclusions in Gemstones, Vol. 3, 
Opinio Publishers, Basel, Switzerland, 
2008, pp. 433-434). 

The sample’s jagged two- and 
three-phase inclusions and spectro- 
scopic features confirmed it was a 


Figure 7. This 24.25 ct Colombian 
emerald showed the rare gota de 
aceite growth structure. 


Colombian emerald. Individual and 
compact groups of colorless, transpar- 
ent prismatic inclusions were identi- 
fied by Raman spectroscopy as quartz 
(see photo in the GWG Data Deposi- 
tory at gia.edu/gandg), a well-known 
inclusion in Colombian emerald but 
not previously reported in gota de 
aceite specimens. The stone also con- 
tained strong planar color zoning, as 
well as partially healed fissures and 
fractures that showed evidence of clar- 
ity enhancement. 

Viewed in diffused light, the emerald’s 
green color was clearly concentrated 
within the growth structures described 


Figure 8. Fiber-optic illumination of the emerald clearly shows growth struc- 
tures formed individually or in groups (left, magnified 25x). Some of the 
growth structures consist of six well-defined, intersecting arms intercalated 
between six growth sectors, creating a 12-sided outline (right, magnified 55x). 
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Figure 9. In diffused light, the emerald’s green color was strongly concen- 
trated in the growth structures (left, magnified 30x). The growth struc- 
tures also showed high-order interference color in cross-polarized light 
(right, magnified 15x). 


above, which also showed high-order 
interference colors when viewed down 
the optic axis in cross-polarized light 
(figure 9). A high-resolution UV-Vis-NIR 
absorption spectrum (available in the 
Gw&G Data Depository) showed broad 
bands at ~425 and ~613 nm, anda doublet 
at 680 and 683 nm; all these features are 
due to Cr*. Interestingly, we also detected 
a very weak broad band at ~830 nm, 
caused by Fe”*. The presence of this band, 
not previously reported in Colombian 
emeralds, may be due to the high resolu- 
tion of the spectrum. 

So far, the gota de aceite structure 
has only been reported in Colombian 
emeralds, and thus it provides a useful 
tool to identify geographic origin, along 
with the multiphase inclusions and 
spectroscopic features shown by these 
emeralds. 


Kyaw Soe Moe and Wai L. Win 


Update on Artificial Metallic 
Veining in MANUFACTURED 
GEM MATERIALS 

A Winter 2010 Lab Note (pp. 303-304) 
on artificial metallic veining in 
composite turquoise speculated that 
this type of veining could appear in 
other gem materials. Such was the case 
with an interesting pair of cabochons 
(figure 10) that were recently examined 
in the Carlsbad laboratory. 

The first cabochon was a 76.63 ct 
oval composed of white angular frag- 
ments suspended in a yellow metallic 
matrix. Magnification revealed cleav- 
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ages in the white fragments and foli- 
ated metal flakes suspended in color- 
less plastic (figure 11) that was easily 
indented by a needle and produced an 
acrid odor when tested with a thermal 
probe. Gemological testing gave spot 
RI readings up to 1.65 that showed a 
birefringence blink. The sample was 
inert to long- and short-wave UV radi- 
ation. Raman analysis identified the 
white fragments as calcite, which is 
consistent with the observed gemolog- 
ical properties. EDXRF spectroscopy 
revealed Cu and Zn as the dominant 
elements in the veins. This alloy pro- 
duced an effective “gold” imitation. It 
is clear from the cabochon’s appear- 
ance that it is intended to imitate gold- 
veined quartz, an attractive and rather 


Figure 11. The imitation gold-in- 
quartz cabochon was composed 
of calcite veined by colorless 
plastic containing very fine 
metallic flakes consisting of cop- 
per and zinc. The foliated texture 
is distinctive of manufactured 
origin. Magnified 30x. 
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Figure 10. These 76.63 ct oval and 
34.53 ct freeform cabochons proved 
to be manufactured composites that 
contain artificial metallic veining. 


expensive ornamental gem material. 

The second sample was a 34.53 ct 
green and blue freeform cabochon with 
copper-colored metallic veining. Mag- 
nification and Raman analysis revealed 
it was composed of sand-sized quartz 
grains suspended in a matrix of 
malachite, azurite, metallic flakes, and 
colorless plastic that also produced an 
acrid odor when tested with a thermal 
probe (figure 12). A spot RI of 1.54 was 
consistent with the high percentage of 
quartz grains present in the piece. The 
sample was inert to long- and short- 
wave UV radiation. EDXRF analysis 
showed that the metallic flakes were 
composed primarily of Cu witha small 
amount of Zn. A copper-colored matrix 
was appropriate for this imitation, 
considering that azurite and malachite 
are both copper minerals. 


Figure 12. Magnification of the 
other cabochon shows small 
rounded grains of quartz sus- 
pended in a colored matrix of 
malachite and azurite with 
metallic veining. Magnified 15x. 
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This is the first time we have seen 
this manufacturing technique applied to 
these particular materials, and it is reason- 
able to assume that additional composites 
with artificial metallic veining could 
appear in a wide variety of combinations. 
Nevertheless, the foliated appearance of 
the metallic veining is quite diagnostic 
of manufactured origin, regardless of the 
component material. 


Nathan Renfro and Amy Cooper 


Shell-Nucleated Freshwater 
Cultured PEARLS 


In November 2.011, the New York lab- 
oratory received three large flat 
baroque pearls for identification: one 
white, one orange-pink (figure 13, left), 
and one multicolored. They ranged 
from 25.57 x 16.16 x 8.04 mm to 19.54 
x 16.44 x 6.34 mm. Their shapes were 
similar to ones we have seen in the 
past that were nucleated with coin- or 
lentil-shaped beads, first mentioned in 
Gw#G nearly 30 years ago (Summer 
1984 Lab Notes, pp. 109-110). Both 
types of beads are often used for nucle- 
ation in freshwater mollusks to pro- 
duce flattened cultured pearls in 
various shapes. 

Standard gemological testing 
showed that all three were freshwater 
pearls, but X-ray images revealed an 
unusual internal structure (e.g., figure 
13, center). All three contained what 
appeared to be a solid “nucleus” with 
distinct edges, but the outlines were not 


symmetrical, or even remotely uniform. 
The shapes of the nuclei were clearly 
not natural but could not be readily 
identified as beads, either, due to their 
irregular and varied morphology. 

With the client’s permission we cut 
open the orange-pink pearl, as its X-ray 
images revealed the most pronounced 
atypical structure, featuring one very 
straight edge. We sliced down the center 
lengthwise and found what appeared to 
be a roughly cut piece of shell, evidently 
used as the nucleus (figure 13, right). 
The shell nucleus had an irregular shape 
with some visible lustrous nacreous 
areas. The cross-section of the cultured 
pearl showed a nacre thickness ranging 
from ~1 to2 mm. EDXRF spectroscopy 
of the shell nucleus and the surrounding 
nacre indicated that both were of fresh- 
water origin, as did the strong 
luminescent reactions when exposed 
to X-rays. 

While it has become more common 
to nucleate freshwater cultured pearls 
with beads, this typically involves using 
symmetrical pieces of shell, either 
round (such as those commonly used 
in saltwater cultured pearls) or “fancy”- 
shaped (as found in “coin pearls”). This 
is the first time we have examined 
freshwater cultured pearls nucleated 
with roughly cut shell. Using these 
relatively large shell nuclei produces a 
bigger cultured pearl in a shorter time, 
and the irregular shape results in a more 
natural baroque appearance. 


Akira Hyatt 


Lazurite Inclusions in RUBY 


The Carlsbad laboratory recently 
examined a large 5.09 ct unheated ruby 
witha noteworthy inclusion suite. Stan- 
dard gemological testing gave refractive 
indices of 1.762-1.770 and a strong red 
reaction to long-wave UV radiation. 
Examination with a desk-model spectro- 
scope revealed fine lines at 460, 470, and 
694 nm, along with a broad absorption 
band centered at 560 nm, which 
confirmed the stone was a ruby. 
Microscopic examination showed dense 
clouds of fine iridescent rutile, unaltered 
protogenetic carbonates, polysynthetic 
twinning, and several “fingerprints.” The 
overall inclusion suite, combined with 
the strong fluorescence, suggested a low- 
iron, marble-hosted ruby, most likely of 
Burmese origin. 

One particularly unusual type of 
inclusion stood out, however. Numerous 
crystallographically aligned negative 
crystals (see Fall 2009 Lab Notes, p. 212) 
were in-filled with a vibrant blue mineral 
that was identified by Raman analysis 
as lazurite (figure 14). Lapis lazuli is 
known to occur in Myanmar, and this 
geologic overlap could provide an expla- 
nation for lazurite inclusions in a 
corundum host. 

One of these contributors (VP) saw 
similar blue inclusions in rubies he 
collected from Namya (or Nanyaseik), 
Myanmar, in December 2002. Analysis 
of a sample purchased during that trip 
confirmed that the inclusions (figure 15) 
were lazurite. 


Figure 13. The orange-pink baroque cultured pearl on the left (25.57 x 16.16 x 8.04 mm) showed an asymmetrical 
“nucleus” in X-ray images taken from two different orientations (center; arrows show outline of nucleus). It was sliced 
down its center lengthwise to reveal a roughly cut piece of shell that was apparently used as the nucleus (right). 
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Figure 14. A 5.09 ct ruby was host 
to numerous lazurite-filled nega- 
tive crystals. Magnified 25x. 


Blue inclusions in ruby are ex- 
tremely rare, and the presence of lazu- 
rite in the 5.09 ct sample strongly 
supports a Burmese origin. This find- 
ing is reinforced by the other inclu- 
sions present in the stone and a 
low-iron composition consistent with 
Burmese rubies. To our knowledge, 
this is the first documented occurrence 
of inclusions of lazurite in ruby. 


Nathan Renfro and Vincent Pardieu 


A Coated SHELL Assemblage 

Whole shells are rarely submitted to GIA 
foridentification, so the Bangkok labora- 
tory was interested to see such a 
specimen recently. The specimen (figure 
16) weighed 240.5 g and measured 132 
x 69 x 56mm. The client wanted a report 
identifying it as a natural seashell. Such 
right-handed conch shells are rare 
compared to left-handed varieties, and 


Figure 16. This specimen (13.2 cm 
long) proved to consist of a natu- 
ral shell that contained a filler 
material and was covered by an 
unidentified artificial coating. 
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Figure 15. These blue inclusions 
in a 1.40 ct ruby, collected a 
decade ago in Namya, Myanmar, 
consist of lazurite-filled negative 
crystals similar to those in figure 
14. Magnified 40x. 


they are coveted by religious devotees 
who consider them to be natural repre- 
sentations of Hindu deities. 

The object did appear to be a shell, 
though the surface texture felt rather 
smooth and the piece seemed some- 
what hefty for its size. Closer examina- 
tion with a loupe and a gemological 
microscope indicated that the surface 
was not shell but a resinous-looking 
substance that contained small gas bub- 
bles. Nor were there any obvious shell- 
related characteristics such as flame 
structure or evidence of parasite holes or 
channels within the shell. When ex- 
posed to long-wave UV radiation, the 
sample fluoresced a weak-to-moderate 
chalky uneven yellow rather than the 
more commonly encountered blue reac- 
tion, further adding to our doubts about 
the nature of the specimen. Raman 


analysis did not reveal the characteristic 
aragonite peaks at 1085 and 705/701 
cm (doublet) that would be expected 
for most shells. EDXRF chemical analy- 
sis indicated minimal levels of calcium 
(the major component of any natural 
shell), and traces of strontium (also a 
common constituent of shells). Both el- 
ements should have been more promi- 
nent if the sample was a true shell. 

Natural coiled gastropod shells 
show characteristic spiral structures 
when viewed in cross section or 
examined by microradiography. Our 
microradiographic examination of this 
object (figure 17) clearly showed the 
presence of natural shell with another 
component—most likely a filler 
material used to add heft. An artificial 
layer of material was then used to coat 
the assemblage and give it a realistic 
appearance. 

This coated shell assemblage shows 
that even these simple religious icons 
may be manufactured with the intent 
to deceive an unsuspecting buyer. 


Nick Sturman and 
Hpone-Phyo Kan-Nyunt 
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Figure 17. A microradiograph of the thicker end of the specimen (left 
image) shows the spiral shell structure and some of the filler material 
(whiter area on far right side). The microradiograph on the right shows 
part of the chamber area of the shell (A) and some of the filler used within 
the iter (B). 
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TUCSON 2012 


This year’s Tucson gem and mineral shows saw brisk sales 
of high-end untreated colored stones (and mineral specimens) 
as well as some low-end goods, but sluggish movement of 
mid-range items. In addition to the more common colored 


Figure 1. Pallasitic peridot had a strong presence at 
the 2012 Tucson gem shows. This unusually large 
and fine example weighs 2.26 ct and is courtesy of 
Scott Davies, American-Thai Trading, Bangkok. 
Photo by Robert Weldon. 


Editor's note: Interested contributors should send information and 
illustrations to Brendan Laurs at blaurs@gia.edu or GIA, The Robert 
Mouawad Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
Original photos will be returned after consideration or publication. 
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stones, many rarities such as pallasitic peridot (figure 1) and 
hibonite (figure 2) were seen at the shows. Cultured pearls 
continued to have a strong presence, and particularly impres- 
sive were the relatively new round beaded Chinese freshwater 
products showing bright metallic luster anda variety of natural 
colors (figure 3). An unusual historic item seen in Tucson is 
the benitoite necklace suite shown in figure 4. Several 
additional notable items present at the shows are described 
in the following pages and will also be documented in future 
issues of GWG. 

The theme of this year’s Tucson Gem and Mineral Society 
show was “Minerals of Arizona” in honor of Arizona’s 
Centennial, and next year’s theme will be “Fluorite: Colors 
of the Rainbow.” 


Figure 2. This exceedingly rare faceted hibonite from 
Myanmar weighs 0.96 ct and was recently cut from a 
crystal weighing 0.47 g, which also yielded a 0.26 ct 
stone. Courtesy of Mark Smith (Thai Lanka Trading, 
Bangkok); now in the Herbert Obodda collection. 
Photo by Robert Weldon. 
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Figure 3. Beaded Chinese freshwater cultured pearls 
showing a metallic luster and a variety of natural col- 
ors were popular in Tucson this year. Also known as 
“Edison pearls,” the examples shown here are 12.5— 
13.5 mm in diameter. Courtesy of Jack Lynch (Sea 
Hunt Pearls, San Francisco); photo by Robert Weldon. 


GwG appreciates the assistance of the many friends who 
shared material and information with us this year, and also 
thanks the American Gem Trade Association for providing 
space to photograph these items during the AGTA show. 


COLORED STONES AND ORGANIC MATERIALS 


Aquamarine from Mavuco, Mozambique. Alluvial deposits at 
Mavuco in the Alto Ligonha pegmatite district in northern 
Mozambique are well-known as a source of copper-bearing 
tourmaline (B. M. Laurs et al., “Copper-bearing [Paraiba-type] 
tourmaline from Mozambique,” Spring 2008 G&G, pp. 4-30). 
During this author's 2008 fieldwork at Mozambique Gems’ 
claim, quartz-rich granitic pegmatites were seen adjacent to 
the tourmaline mines that were reportedly mined sporadically 
for aquamarine in the 1980s and 1990s. In November 2011, 
Mozambique Gems worked this pegmatite area for a two-week 
period, producing additional aquamarine. This material (e.g., 
figure 5) was exhibited at the Gem & Jewelry Exchange (GJX) 
show by mine partner Saint-Clair Fonseca Junior (Mozam- 
bique Gems, Nampula, Mozambique, and BC Gemas do Brasil, 
Governador Valadares, Brazil). He indicated that dynamite was 
used to blast the hard rock in search of aquamarine, which is 


Figure 5. These aquamarines are from Mavuco, 
Mozambique. The oval center stone weighs 0.94 ct and 
the others are ~0.4 ct each. Photo by Robert Weldon. 
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Figure 4. This historic set of 133 benitoites (0.16—3.50 ct) 
with a total weight of 130.89 carats was faceted from 
rough material collected by Edward Swoboda and Peter 
Bancroft in the 1920s and 1930s. The stones are shown 
on a drawing of a necklace that was designed specifi- 
cally for this suite. The collection was offered for sale for 
the first time by Rob Lavinsky (The Arkenstone, Gar- 
land, Texas). Courtesy of Bryan Swoboda. 


frozen in the host quartz rather than being found in gem pockets. 
They recovered ~300 kg of aquamarine, of which 10 kg 
contained gem-quality areas. Approximately 500 carats have 
been faceted in calibrated sizes measuring up to 9 x 7 mm. 
These untreated gems show a rather saturated pure blue color 
for their size. 

Mr. Fonseca also had several necklace sets composed of 
faceted and tumbled Cu-bearing tourmaline that was produced 
from his claim during the past year. Most of this material was 
unheated, and it displayed a broad range of color similar to 
the tourmaline documented in the Spring 2008 GwG article 
referenced above. 


Brendan M. Laurs 


Azurite in granitic rock from Pakistan. At the 2011 and 2012 
Tucson gem shows, Warren Boyd (R. T. Boyd Ltd., Ontario, 
Canada) showed GeG an interesting new gem material from 
the Skardu area in northern Pakistan. This area is famous for 
producing well-crystallized specimens of tourmaline, aqua- 
marine, topaz, and garnet. In 2010, local prospectors discov- 
ered the new gem material in a remote valley. Now marketed 
as Raindrop Azurite, this unusual rock contains distinctive 
blue spots that make for attractive specimens, cabochons, 
and objets d’art (e.g., figure 6). 

Mr. Boyd reported that the material is mined using simple 
hand tools, and the pieces are transported on foot or using pack 
animals to the closest road. So far ~4,000 kg of rough has been 
stockpiled, and nearly 600 pieces have been cut and polished 
in Shenzhen and Bangkok. He reported that the material is not 
treated in any way. 
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Figure 6. Raindrop Azurite is an azurite-bearing 
granitic rock from northern Pakistan. Shown here are 
two pieces of rough (404 and 87 g), cabochons (8.80- 
61.55 ct), and a box (6 x 4x 3. cm) made by Silverhorn 
of Santa Barbara, California. Photo by Robert Weldon. 


Raman analysis by Garry Du Toit at GIA in Bangkok 
confirmed that the blue spots consist of azurite, which occur 
in a matrix of sodic plagioclase, quartz, and muscovite. 

Jan Iverson (jan.iverson@gia.edu) 
GIA, Carlsbad 


Cat’s-eye emerald from the Belmont mine, Brazil. Chatoyant 
emerald has been known for decades (e.g., Fall 1982 Lab Notes, 
p. 169) but remains rather uncommon. During the 1990s, 
several stones were produced from the Santa Terezinha de 
Goids emerald mines in Brazil (Gem News, Spring 1992, p. 60, 
and Spring 1995, pp. 60-61). Now small amounts of cat’s-eye 
emeralds are coming from another source in Brazil, the Belmont 
mine. 

At the GJX show, Marcelo Ribeiro Fernandes (Belmont, 
Itabira, Brazil) showed this contributor several attractive cat’s- 
eye emeralds (e.g., figure 7) that were cut from material recovered 
since January 2010. Mr. Ribeiro indicated that rough material 
from his mine is now being examined by a specialist to identify 
the chatoyant material. He estimated that 100 g annually are 
separated out for cutting ~100 cat’s-eye emeralds per year. 
Although cabochons ranging from 1 to 30 ct can be cut, Mr. 
Ribeiro indicated that 5 ct stones are most popular. 

This is the first time that chatoyant emeralds have been 
specifically being targeted at Belmont during the rough sorting 
process, and the initiative is expected to increase the availability 
of this rare material in the future. 


Brendan M. Laurs 
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Figure 7. Cat’s-eye emeralds such as these (16.75- 
29.14 ct) are now being cut from rough material that 
is carefully screened for chatoyancy at the Belmont 
mine in Brazil. Photo by Robert Weldon. 


New production of purple common opal from Mexico. During 
the Tucson gem shows, Tom Elliot of Opal Royale (Bozeman, 
Montana) showed this author some purple Mexican opal 
colored by fluorite inclusions. While this material has been 
known for some time (E. Fritsch et al., “Mexican gem opals— 
Nano and micro structure, origin of colour, and comparison 
with other common opals of gemological significance,” 
Australian Gemmologist, Vol. 2.1, No. 6, 2002, pp. 230-233), 
recent mining has made significant quantities of rough avail- 
able to the market. The material was sold under the trade 
name “Opal Royale” and comes from central Mexico. Similar 
Mexican purple opal was also being sold in Tucson under the 
trade name “Morado Opal” and more generically as “Mexican 
purple opal.” 

According to Mr. Elliot, there are two basic varieties. A 
mottled purple and white to light gray variety typically occurs 
in veins, while amore uniformly colored darker purple version 
is generally found in nodules, with a chalcedony skin. Samples 
of both varieties (figure 8) were subsequently studied at GIA’s 
Carlsbad laboratory. One cabochon of each type was examined 


Figure 8. These samples of purple common opal are 
colored by fluorite inclusions. The rough pieces, which 
weigh 116 and 130 g, are shown with 13.98 and 15.24 
ct cabochons. Photo by C. D. Mengason. 
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using standard gemological testing methods. Both gave a spot 
RI measurement of 1.44 and a hydrostatic SG of 2.18. The 
samples showed a very weak green reaction to long-wave UV 
exposure and a very strong green reaction to short-wave UV 
radiation, indications that they likely contained traces of 
uranium. Microscopic examination revealed small, dense 
irregular crystals and brecciated planes of purple material 
(figure 9) that was confirmed as fluorite by Raman analysis. 
The fluorite inclusions were much more clearly defined in 
the darker sample. Quartz was also detected in both cabochons. 

Buyers should not confuse this non-phenomenal or 
common opal naturally colored purple by fluorite inclusions 
with dyed purple hydrophane opal exhibiting play-of-color (N. 
Renfro and S. F. McClure, “Dyed purple hydrophane opal,” 
Winter 2011 GeG, pp. 260-270). 


Nathan Renfro (nrenfro@gia.edu) 
GIA, Carlsbad 


Rare stones used in jewelry: smithsonite, cobaltite, pyrrhotite, 
nickeline, and Nuummite. Rare gems have long enjoyed 
popularity with collectors, but this year’s Tucson shows saw 
several of these materials being purchased specifically for jewelry 
use (figure 10). At the GJX show, Mauro Panto (The Beauty in 
the Rocks, Perugia, Italy) reported selling several varieties to 
jewelry manufacturers. 

Yellow smithsonite (ZnCO,), once mined in Sardinia, is 
no longer available since the closing of the Masua and 
Monteponi mines more than 40 years ago. The best-quality 
material is translucent and shows an even deep yellow color. 
Mr. Panto has cut ~1,000 carats in standard and fancy shapes 
that mostly weighed 1-10 ct. He said it is difficult to obtain 
good-quality material; his entire inventory has come from old 
collections. 

Cobaltite (CoAsS) from the Canadian town of Cobalt, 
Ontario, is an ore of cobalt with an appealing silver metallic 
luster. A few hundred carats were available in fancy shapes, 
with typical weights of 8-15 ct. 

Although not particularly rare in nature, pyrrhotite (an iron 
sulfide) is seldom faceted, perhaps because of its low hardness 
(Mohs 3%-414). Mr. Panto hada few hundred carats of pyrrhotite 
from Mexico ranging from 3 to 10 ct. 
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Figure 9. Microscopic ex- 
amination reveals small 
rounded masses of purple 
fluorite in the Mexican 
opal, along with veins of 
chalcedony (left, magni- 
fied 60x). Brecciated 
planes of purple fluorite 
were also seen (right, mag- 
nified 40x). Photomicro- 
graphs by N. Renfro. 


The nickeline (NiAs) that Mr. Panto obtained is from 
Cobalt, Canada. He said it must be mounted with great care, 
so only a few stones have been used in jewelry so far. Also 
known as niccolite in Europe, it was initially called 
Kupfernickel, or copper nickel, because the German miners 
who first saw the copper-red metallic mineral were convinced 
it was a rich ore of copper. 

Nuummite (iridescent orthoamphibole) is normally seen 
in the market as tumbled stones or cabochons. This was the 
first time Mr. Panto had offered faceted Nuummite, which 
came from the classic Greenland deposits (e.g., P. W. Uitterdijk 
Appel and A. Jensen, “A new gem material from Greenland: 
Iridescent orthoamphibole,” Spring 1987 GG, pp. 36-42). 
Similar faceted Nuummite is also known from Mauritania 
(see Fall 2011 Gem News International [GNI], pp. 242-243). 
Mr. Panto had cut a few hundred carats in the 3-6 ct range. 

Jan Iverson 


Rosalinda: A new ornamental scapolite rock from Peru. White 
ornamental rock with red spots is known in two varieties: 
“chicken-blood stone” from China, and “myrickite” from 
northern California and elsewhere. The former material is a 


Figure 10. Rare stones purchased by jewelry manufac- 
turers in Tucson included, from left to right: yellow 
smithsonite (8.55 ct), cobaltite (13.36 ct), pyrrhotite 
(9.43 ct), nickeline (18.87 ct), and Nuummite (5.93 ct). 
Photo by Robert Weldon. 
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mixture of clay and quartz that is colored by cinnabar (e.g., 
W. Fuquan and G. Jingfeng, “Chicken-blood stone from 
China,” Fall 1989 G&G, pp. 168-170), while the latter consists 
of silicified cinnabar-bearing rock. A new ornamental rock 
from Peru, known as Rosalinda, has a similar appearance but 
quite a different composition. 

The first specimens were produced in September 2011 
from an unnamed mountain (figure 11) close to the archaeo- 
logical site of Tambo Colorado, an Inca fortification situated 
about 40 km east of Pisco, along the main road from the coast 
to Ayacucho. The outcrop covers an area of about 20 x 10 m, 
with substantial reserves; boulders approaching 50 cm wide 
have been recovered. The rock is white, with irregularly shaped 
pink to red spots that are usually several millimeters wide, 
though in rare cases they can measure several centimeters 
across. 

XRD analysis of the white matrix mineral identified it 
as marialite, an Na- and Cl-rich member of the scapolite 
group. The scapolite is typically fine grained, occasionally 
forming long needles dispersed in white calcite. The red spots, 
also identified by XRD, are amember of the epidote-piemon- 
tite series, most likely Mn-rich epidote. Viewed with a loupe, 
some specimens also showed small (up to 1 mm) yellow grains 
of grossular. 

Gemological examination of seven cabochons revealed 
the following properties: RI of the scapolite—1.54, SG of the 
rock—2.50-2.59, and Mohs hardness—6. The UV fluores- 
cence shown by the scapolite is distinctive, and is quite useful 
for separating the material from similar-appearing rocks: It 
fluoresces orange to red (short-wave) or white (long-wave). 
Pure red Mn-rich epidote from the same locality showed: 
RI— >1.78, SG—3.15-3.20, Mohs hardness—5-—6, and no 
reaction to UV radiation. 

By the end of 2011, more than 20 tonnes of the rock had 
been prepared for export. The material can be used for 
cabochons, beads, and especially carvings (figure 12), some of 
which are quite large. At the 2012 Tucson shows it was 
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Figure 11. A mountainside near Tambo Colorado, 
Peru, is the source of the new ornamental stone 
known as Rosalinda. Photo by J. Hyrsl. 


marketed at the Hotel Tucson City Center as Rosalinda by 

Ramos Minerals, a Lima-based trading company. They had 

several hundred cabochons in various calibrated sizes; 
additional material is being polished in Lima. 

Jaroslav Hyrs1 (hyrsI@hotmail.com) 

Prague, Czech Republic 


Figure 12. The samples of Rosalinda on the left include cabochons up to 4 cm long and beads up to 8 mm in diameter. 
The Rosalinda elephant carving on the right measures 20 cm across. Courtesy of Ramos Minerals; photos by J. Hyrsl. 
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“A Roman Book on Precious Stones” zn- 
cluding an English modernization of the 
37th Book of the Historie of the World, by 
C. Plinius Secundus. By Sydney H, Ball. 
Gemological Institute of America, Los An- 
geles. $6.75. 

For one whose central literary interest 
has been 17th century English writers, Pliny 
is an old and valued friend, represented in 
the library by two tall folio volumes put 
into English by that most noted “Translator 
General” of the Elizabethans, Philemon 
Holland, and published first in 1601. By 
American reckoning 1601 is a long time 
ago: even so, the first appearance of the 
book in its original language goes back 
some fifteen hundred years more, that is to 
say around A.D. 77. 

Holland’s translation held its own, even 
as North’s Plutarch, but the reason lies in 
its pleasing and eloquent English rather 
than its ability to convey exact knowledge. 
For Pliny’s book is really an encyclopedia 
and not only the words but the ideas of his 
time require re-interpretation if moderns 
are to understand them. 

The 37th book, dealing as it does with 
precious stones and the localities where they 
were found requires 
especial annotation and re-translation in the 
light of the past two centuries. For not only 
has there been an advance in mineralogical 
knowledge, but there have also been many 
and confusing changes in nomenclature. 
Just here the expert is called for, and here 
at last the expert has responded. 

The late Sydney Ball, eminent geologist 
and authority on gems, labored many years 


in ancient times, 


Book Heview 


to bring Pliny’s knowledge (a summary of 
practically all the mineralogical and gemo- 
logical knowledge of his own and of all 
recorded time) to the modern reader. To 
this end he modernized Holland’s excellent 
version and annotated it. Then he wrote 
about Pliny and his forerunners in terms of 
their knowledge of gems. He makes plain 
to us here and now the geography and dis- 
tribution of stones mentioned by the an- 
cient, tells of their industrial uses as well as 
of jewelry and the lapidary arts, and pro- 
vides tables for identifying the ancient 
names of stones. 

As if that were not enough, he has added 
voluminous notes explaining locations, cit- 
ing ancient and modern authorities, and 
discussing legends and superstitions con- 
cerning gemstones. Also he describes the 
mining and locations of mines in those 
early times. 

So in reality we have here three books 
in one: an introduction to Pliny and his 
past; Pliny’s own modernized text; and valu- 
able notes (entertaining as well as infor- 
mative) which will further illuminate the 
text and add materially to the knowledge 
of the 20th century reader. 

All in all, then, we have here a very 
valuable and fascinating work of scholar- 
ship, and a mighty good book to read and 
to own. 


Paul Jordan-Smith 
Literary Editor, Los Angeles Times 


Figure 13. These rare vlasovites (0.42 and 0.53 ct) are 
from Sheffield Lake in southwestern Quebec. Photo 
by Robert Weldon. 


Vlasovite from Quebec. At the GJX show, Bradley Wilson 
(Coast to Coast Rare Stones International, Kingston, Ontario) 
exhibited nearly three dozen faceted samples of the rare 
mineral vlasovite (Na,ZrSi,O,,; figure 13). The brownish 
yellow gem material was mined in September 2008 at Shef- 
field Lake, near Témiscaming in Quebec, Canada, where it 
occurred with the more abundant mineral eudialyte. The 
rough hada uniform color and was transparent in small pieces. 
More than half of the cut samples he displayed were between 
0.10 and 0.30 ct, and the largest stone was 0.53 ct. Although 
faceted vlasovite has occasionally been available to rare stone 
collectors, Mr. Wilson’s stock at this year’s Tucson show was 
significantly larger than has been seen in the past. 

Discovered in 1961 in northern Russia, vlasovite has 
been found periodically at the Sheffield Lake locality. A 0.27 
ct sample from the nearby Kipawa River in southwestern 
Quebec was reported in the Winter 1993 Gem News section 
(pp. 287-288). 


Stuart D. Overlin (soverlin@gia.edu) 
GIA, Carlsbad 


SYNTHETICS AND SIMULANTS 


“Sterling Opal” debuts. At the Pueblo Gem & Mineral Show, 
Sterling Foutz (Sterling Opal, Tempe, Arizona) had a wide selec- 
tion of a new impregnated synthetic opal. The material was 
developed by James E. Zachery, an electrical engineer who also 
created the process for Zachery-treated turquoise (see Spring 
1999 GwG, pp. 4-16). The gem-quality synthetic opal was 
developed by accident, during the course of 22 years of research 
on producing nanoparticles for medical applications. The 
process yields opalescent layers that are then stabilized by 
impregnation with a specially developed resin that has the 
same RI as the synthetic opal. Marketed as “Sterling Opal,” 
the material was introduced in nine varieties showing various 
play-of-color patterns and in bodycolors ranging from white 
to medium blue (e.g., figure 14). 

Mr. Foutz said the product has a hardness similar to that 
of Zachery-treated turquoise (Mohs 4-5), and he currently 
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manufactures about 18 kg per week. The rough material is 
fabricated in 2 x 2.in. (5 x 5 cm) tiles that weigh approximately 
20-30 g each. The tiles are sliced in half along their thinnest 
direction, and the sawn surface of each half is polished in a 
variety of shapes. These tiles were offered in Tucson, along 
with about 3,000 cabochons cut from 2-3 kg of the rough 
material. Most of the cabochons ranged from 7 x 5 mm to 
25 x 18 mm (ovals) and 10-25 mm (squares). Also available 
were a few doublets with black backings to accentuate the 
play-of-color, as well as cabochons of “Picasso opal” featuring 
amosaic of tiny synthetic opal pieces set in an epoxy “matrix.” 
Some of these mosaic cabochons had been heated to give the 
“matrix” a dark color. 

Preliminary gem testing of a polished slab and a cabochon 
of “Sterling Opal” (not doublets or the Picasso variety) at GIA 
gave RI readings of 1.465 and 1.467, and hydrostatic SG values 
of 1.72 and 1.74, respectively. These values are within the range 
of those expected for impregnated opal—natural or synthetic— 
so care must be taken to correctly identify this material. More 
information will be reported in a future GG article. 


Brendan M. Laurs 


Shane F. McClure 
GIA, Carlsbad 


Bicolored tourmaline imitation. As the popularity of bicolored 
tourmaline has grown over the last few years, its price has 
risen accordingly. It is hardly surprising, then, that someone 
would develop an inexpensive imitation of this material. 


Figure 14. “Sterling Opal” features various play-of- 
color patterns, with a white to medium blue bodycolor. 
The cabochons shown here range from 1.95 to 17.55 ct, 
and the rough piece (upper right) weighs 22.1 g. Photo 
by Jeff Scovil. 
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Figure 15. This triplet (6.97 ct) consists of crown and 
pavilion layers made of colorless quartz that are 
joined together with a red and green cement layer. 
Photo by Robert Weldon. 


Rajneesh Bhandari (Rhea Industries, Jaipur, India) showed 
this contributor a new bicolored tourmaline simulant (figure 
15). The imitations were offered for sale at the GJX show by 
RMC of Bangkok and Hong Kong. By the end of the show, 
they had sold out of all their merchandise on hand. 

Mr. Bhandari indicated that the triplets consisted of color- 
less quartz crown and pavilion layers that were joined together 
with a red and green cement layer. 

One sample was obtained by this contributor for examina- 
tion. The emerald cut displayed a low-saturation brownish pink 
color at its extreme ends, likely caused by reflections combining 
the pink and green colors but somewhat imitative of 
pleochroism. Immersion in water showed colorless crown and 
pavilion sections, which both had the RI values and optic 
character of quartz. No inclusions were seen in the quartz with 
up to 63x magnification. The cement layer was clearly visible 
along the girdle (though not as obvious as in many synthetic 
spinel triplets). The cement layer was thinner than most, and 
with the microscope it appeared cloudy and contained several 


Figure 16. A 3.65 ct Nigerian 
tourmaline is shown before 
and after heat treatment. 
Photo by C. Tom Schlegel. 
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gas bubbles. The demarcation zone between the red and green 
areas was nearly centered and showed a smooth but sharp transi- 
tion, as commonly seen high-quality bicolored tourmalines. 

Viewed face-up with the unaided eye, these new triplets 
make a surprisingly convincing imitation of bicolored 
tourmaline. 


Andy Lucas (alucas@gia.edu) 
GIA, Carlsbad 


CONFERENCE REPORTS 


US. Faceters Guild seminars. The U.S. Faceters Guild seminars 
were held February 3 at the Old Pueblo Lapidary Club in Tucson. 
In “Heat Treating Your Gems,” Lisa Elser (Lisa Elser Custom 
Cut Gems, Vancouver, Canada) discussed heating gems such 
as aquamarine, amethyst, zircon, topaz, tourmaline, and 
tanzanite using a small programmable burnout oven or butane 
torch. She suggested sawing off a small piece of rough or 
choosing a poor-quality stone for experimentation. In an oven, 
the test stone is covered with investment powder (used in lost 
wax casting] and then slowly heated no more than 100°C/hour, 
with incremental adjustments of 25°C or less. The gem remains 
at the desired temperature for 60-90 minutes and is then 
allowed to cool to room temperature before removal. Because 
heating carries the risk of damage, Ms. Elser emphasized that 
she only attempts this treatment when a stone is unsalable 
and there is a good chance for substantial improvement. By 
keeping careful notes on stones from different lots, she found 
that material from the same lot often can be treated identically 
to yield similar color improvements, while similar material 
from different lots (and possibly different locations or digs) may 
require slight temperature adjustments. Her tests demonstrate 
that small dealers do not need expensive ovens to improve the 
color of certain gems (e.g., figure 16). 

Inasession titled “Training in Afghanistan,” Jim Rentirow 
(Green Gem Foundation, Berkeley, California) described efforts 
by the USAID-funded Afghanistan Small and Medium 
Enterprise Development program to foster private-sector 
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Figure 17. An Afghan woman in Kabul facets with a 
modern Ultra Tec machine. Photo by Jim Rentfrow. 


growth. Over the past two years in Kabul, he worked with 
cutters on Chicken Street to increase their capacity. When he 
first arrived, only one local cutter used modern techniques 
and earned $25 per stone. The rest used primitive methods 
and lower standards, earning $4-$8 per stone. Mr. Rentfrow 
showed the cutters how to use modern machines (figure 17) 
and implement proper polishing techniques to remove 
windows from stones, improve meet points, and read modern 
facet diagrams. He also taught them accounting principles, 
provided basic business coaching, and helped them network 
with local business owners. 


Al Gilbertson (agilbert@gia.edu) 
GIA, Carlsbad 


MISCELLANEOUS 


Meteorite watches. At the GJX show, Robert and Patricia 
Van Wagoner (Beija-flor Wholesale, Haiku, Hawaii) exhibited 
an interesting selection of watches by Larimar Conlight of 
Denzlingen, Germany. The dials were made from a Swedish 
meteorite known as Muonionalusta (figure 18). It was discov- 
ered in 1906 in the Norrbotten region, north of the Arctic 
Circle (67°48'N, 23°07’E). Legend has it that two children 
were tending cattle and kicking stones when one of them 
struck a heavy rusty object, which they took to their village. 
In 1910 it was identified as an iron meteorite by Prof. A. G. 
Hoégbom, who named it after the municipality of Muonio. 

Muonionalusta is composed of a nickel-iron alloy and 
classified as an octahedrite. After acid etching, slices of the 
meteorite display a spectacular crystalline texture (Widman- 
statten pattern). Inclusions of troilite (FeS) are present in some 
of the watch dials, and Mr. Van Wagoner indicated that they 
are sealed under vacuum to prevent the troilite inclusions 
from oxidizing. 

Mr. Van Wagoner also had watches with dials made from 
the Seymchan meteorite (also an octahedrite) that was found 
in the Magadan region of Russia in 1967. 


Jan Iverson 
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Figure 18. The dials in these watches are fashioned 
from the Muonionalusta meteorite. Inclusions of 
troilite are visible at the 10 and 12 o’clock positions 
of the men’s stainless steel watch on the left, and at 
the nine and 12 o’clock positions of the women’s tita- 
nium watch on the right. Photo by Robert Weldon. 
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DIAMONDS 


Diamond mining to resume at Birim River, Ghana. For 
decades Ghana’s Birim River (figure 19) has been a significant 
world diamond source since its discovery in 1924. The deposits 
have yielded as much as 3 million carats yearly, though more 
than 80% of the output is industrial quality or weighs <0.20 
ct (figure 20). During the 1980s, however, production went 
into steep decline. After intermittent activity, Ghana 
Consolidated Diamonds discontinued operations in 2007, 
after running at a loss for anumber of years. Now a Ghanaian 
consortium is working to revive the Birim River deposits. 


Figure 19. Workers wash gravel in search of diamonds 
along the Birim River in Ghana. Photo by R. Shor. 
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Figure 20. Independent miners sell their Birim River dia- 
monds in the nearby town of Akwatia. Photo by R. Shor. 


The new consortium, Great Consolidated Diamonds of Ghana 
(GCD), has begun rehabilitating old mining equipment and 
plans to resume operations by September 2012. 

Production will initially focus on 20 million cubic 
meters of tailings spread over 17,100 hectares. A sampling 
program has indicated an average grade of 0.20 carats per 
cubic meter, with trace amounts of gold. The company has 
two other concessions in the area totaling 75,000 hectares. 
A 1985 survey estimated reserves in the two concessions 
at 14 million carats. The company estimates that production 
could reach 1 million carats yearly. Company officials 
offered no timeline because they are still assessing the 
extent of rehabilitation necessary to resume activity. Several 
of the processing plants built in the 1920s are in serious 
disrepair, and most of the mechanized equipment was sold 
off in 2007 when mining ceased. 

Some areas within the concessions are being dug by hand. 
The miners sell their goods to local dealers in the nearby town 
of Akwatia (figure 21). According to Kimberley Process statistics, 
Ghana exported 333,827 carats of diamonds in 2010, valued 
at $11.9 million. The vast majority of these were from Birim 
River diggings. In 2007, the last year of formal mining, Ghana 
exported 643,289 carats of rough, valued at $16.5 million. 

GCD has promised to protect the livelihoods of the artisanal 
miners who have moved into the area, many of them former 
employees of the previous operator. The company has also 
pledged to reclaim mined-out areas to allow small-scale farming. 

Russell Shor (rshor@gia.edu) 
GIA, Carlsbad 


COLORED STONES AND_ORGANIC MATERIALS 


Iris agate from Montana. At the 2012 gem and mineral shows 
in Quartzsite, Arizona, Brad Payne (The Gem Trader, Cave 
Creek, Arizona) encountered a large stock of iris agate from 
eastern Montana. Iris agate from Montana has been known 
for decades (e.g., F. T. Jones, “Tris agate,” American Mineralogist, 
Vol. 37, 1952, pp. 578-587), but is only rarely seen on the 
market. The approximately 500 slices ranged from ~1 to 18 
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Figure 21. Diamonds from the Birim River deposits 
are typically small (<0.20 ct). Photo by R. Shor. 


cm long, and most of them were slightly domed for cabochon 
use. Mr. Payne was told the material is collected seasonally 
along the banks and sandbars of the Yellowstone River, and 
that this selection represented a single production lot—at least 
a decade’s worth of collecting, which took four years to slice 
and polish. 

The thin slices mostly had a banded light orangy brown 
bodycolor, and showed an attractive rainbow effect when 
illuminated with oblique transmitted light (figure 22). 
However, the iridescence will not be seen if the piece is too 
thick or not cut in the proper orientation relative to the 
bands. Many of the larger pieces were cut so thin that they 
had broken at some point and been repaired with epoxy. In 
addition to size considerations, iris agate’s quality is judged 
by the amount of iridescence displayed, which Mr. Payne 
reported was quite variable across the specimens. 


Stuart D. Overlin 


Figure 22. This 2.65 ct (16.31 x 12.60 x 1.21 mm) iris 
agate from eastern Montana is shown in reflected 
light (left) and oblique transmitted light (right). Pho- 
tos by Brad Payne. 
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Figure 23. This 2.03 ct semitranslucent black stone is 
a cassiterite. Photo by I. Gaievskyi. 


Black cassiterite. Black gemstones tend to be rarely encoun- 
tered and are often somewhat difficult to identify. The State 
Gemological Centre of Ukraine recently examined a black 
2.03 ct round brilliant (figure 23). The semitranslucent stone 
had an adamantine luster, and with strong fiber-optic illumi- 
nation the stone appeared yellowish brown. It hada very high 
SG of 7, refractive indices that were above the limit of a standard 
refractometer, and was inert to both long- and short-wave UV 
radiation. The sample’s observed pleochroism was weak, and 
its anisotropic optic character was evident from the doubling 
of facets when viewed through an immersion microscope with 
a polariscope. Unusual flow lines were also seen with the 
microscope (figure 2.4). 

Most of these properties are consistent with cassiterite 
(M. O’Donoghue, Ed., Gems, 6th ed., Butterworth-Heine- 
mann, Oxford, UK, 2006, p. 395). Energy-dispersive X-ray 


Figure 24. The cassiterite exhibited unusual flow lines. 
Photomicrograph by I. Iemelianov; magnified 22x. 
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fluorescence (EDXRF) analysis detected major amounts of 
Sn as well as traces of Fe and Cu, confirming the cassiterite 
identification. 

Cassiterite is rarely encountered as a gemstone. Faceted 
light brownish yellow material from Bolivia was described in 
the Summer 2002 GNI section (pp. 175-176), but this is the 
first time that we are aware of black cassiterite being faceted. 
A very dark brown (nearly black) cassiterite cabochon with 
imitation asterism was described by S. F McClure and J. I. 
Koivula (“A new method for imitating asterism,” Summer 
2001 GeG, pp. 124-128). 

Iurii Gaievskyi (gaevsky@hotmail.com) and 
Igor Iemelianov 
State Gemological Centre of Ukraine, Kiev 


Diopside from Kenya. While gem-quality diopside is not 
uncommon, it is usually seen as a transparent green or opaque 
black star gem. Given that, it was surprising when a parcel 
of transparent colorless to yellow gems submitted for exami- 
nation by Dudley Blauwet (Dudley Blauwet Gems, Louisville, 
Colorado) proved to be diopside. He reported that the rough 
material came from Kajiado, Kenya, which is located 63 km 
south of Nairobi. He obtained 71 grams of rough in June 2009, 
from which he has cut 146 clean stones weighing 49.36 carats. 

Gemological properties of the stones Mr. Blauwet 
submitted to the GIA (figure 25) were within the expected 
range for diopside, with average RIs of 1.666—1.696 and biaxial 
optic figures. The SG of the samples, measured hydrostatically, 


Figure 25. This colorless to light yellow diopside 
(0.58-1.12 ct faceted, 0.50-0.73 g rough) is from 
Kajiado, Kenya. Photo by Robert Weldon. 
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Figure 26. Dark yellow and yellowish green diopside 
(here, 0.83-2.94 ct) is also known from the Kajiado lo- 
cality. Photo by Robert Weldon. 


was between 3.27 and 3.46. Interestingly, the colorless material 
fell to the low side of this range, and SG values increased 
proportionally with the saturation of yellow color. Raman 
analysis provided confirmation that the stones were diopside. 

Microscopic examination revealed numerous small needles 
and low-relief birefringent crystals (too small and deep in the 
stones for Raman analysis) but the material appeared fairly 
clean to the unaided eye. Notably, the colorless samples 
fluoresced a strong chalky greenish yellow to short-wave UV 
radiation and were inert to long-wave UV, while the most 
intensely yellow-colored diopside was inert to both long- and 
short-wave UV. Therefore, the fluorescence strength of the 
samples was inversely proportional to their color saturation. 

To determine the cause of color, we performed visible 
spectroscopy and chemical analysis. A yellow sample 
showed a prominent 450 nm feature along with a weak 
sideband at 430 nm. The spectrum of a colorless sample 
was nearly featureless except for a very weak 450 nm feature. 


Figure 27. Emeralds are being mined at Mingora, Paki- 
stan, from tunnels such as this one. Photo by A. Lucas. 
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Chemical analysis revealed significantly more iron in the 
most saturated yellow diopside (=2300 ppmw) than in the 
colorless sample (~600 ppmw). Minor traces of known 
chromophores Cr (~20 ppmw) and V (~2 ppmw) were also 
detected in both the colorless and yellow samples, but absorp- 
tion features associated with them could not be clearly 
resolved, indicating that these two elements had little impact 
on the coloration. Instead, Fe** appears to be responsible for 
the color (R. G. Burns, Mineralogical Applications of Crystal 
Field Theory, 2nd ed., Cambridge University Press, 1993, 
p. 225). The difference in chemical composition may explain 
the diminished short-wave UV fluorescence of the relatively 
high-iron yellow samples, as iron is well known to quench 
fluorescence. 

At the 2011 and 2012 Tucson gem shows, Jim Walker 
(Bridges Tsavorite, Tucson, Arizona) also had yellow to 
yellowish green samples of diopside from the same locality 
(figure 26). He reported that the material was a byproduct 
from a blue marble mine that also produces vesuvianite, 
grossular, and low-quality blue and black spinel. Diopside 
from this area has been known since 2010 (“Diopside finds 
niche in gem world,” Jewellery News Asia, No. 314, October, 
pp. 38, 40). 

Nathan Renfro and Andy H. Shen 
GIA, Carlsbad 


Emerald mining in Mingora, Pakistan. Rarely does a producing 
gem mine occur within a city, much less in a location where 
you can almost drive up to the entrance from a city street. 
That is the case in Mingora, the main municipality in the 
Swat Valley of Pakistan’s Khyber Pakhtunkhwa Province. The 
Mingora emerald mine, visited by this contributor in October 
2011, lies on a hill overlooking the city and the Swat River. 

Emerald has been mined at this site since 1958 (see, e.g., 
E. J. Giibelin, “Gemstones of Pakistan: Emerald, ruby, and 
spinel,” Fall 1982 GwG, pp. 123-139). The property covers 
nearly 74 hectares, 23 of which are believed to be emerald 
bearing. Mineralization is hosted by talc-carbonate schist, 
and the miners follow veins of quartz or calcite to find the 
emeralds. The finer-color material is reportedly associated 
with calcite veins. 

Three operations were being worked concurrently; two of 
them were ramp-style tunnels (e.g., figure 27), while the third 
was a 6-m-deep shaft that branched out into underground 
galleries (figure 28). Personnel entered and exited the shaft on 
a wooden ladder, and the galleries were supported by timbers. 
The miners used only pneumatic jackhammers, picks, and 
shovels, as there were no explosives or mechanized equipment. 
Generally, one miner in each tunnel would use a jackhammer 
while the others helped break up the schist with hand tools. 
The schist was removed from the tunnels by either a windlass 
or a wheelbarrow, and then taken to a processing area. There, 
the schist was placed in piles, one for each tunnel. One worker 
would load the material on a wire screen while another sprayed 
it with water anda third sifted for emerald rough. The emeralds 
were placed in a locked box monitored by a guard. 


Gems & GEMOLOGY SPRING 2012 


The Mingora mine reportedly produced 2. kg of emerald 
rough in 2010. In October 2011, however, the mine was 
producing ~400 g of rough per month (e.g., figure 29). According 
to the management, the value of the material ranges from 
500 to 10,000 Pakistani rupees (US$5.50 to $110) per carat. 
Approximately 35% of the production is facet-quality, in 
pieces weighing 0.2-0.6 g. Most of the production is sold to 
local dealers. Miners currently receive about 10,000 rupees 
per month, and the payroll also includes a number of security 
personnel armed with AK-47 rifles. 

This contributor also visited several gem and mineral 
dealers in Mingora. Many of them also sold antiques, jewelry, 
carpets, handicrafts, and textiles. Although their gem inventory 
was limited, a wide range of material could be found, including 
synthetics (ruby and sapphire}, imitations (glass and triplets), 
and treated stones (glass-filled rubies); all were straightforward 
to identify with a loupe. Emerald rough was available only in 
lower-quality parcels. As is often the case in mining areas, the 
asking prices were high. 

The people of Swat, including those in the gem trade, 
were exceedingly friendly and glad to see a foreigner interested 
in their land and their culture. Many suffered greatly under 
Taliban rule and during the resulting conflict. They are eager 
for outsiders to visit this beautiful land, which has been called 
the “Switzerland of Central Asia.” 


Andy Lucas 


Dark yellowish green enstatite from Kenya. Enstatite (MgSiO,) 
is a normally colorless end member of the pyroxene solid- 
solution (enstatite-ferrosilite) series. It displays color when 
additional elements, such as Fe and Cr, substitute for Mg. 
Gem-quality green specimens are rare, and have been reported 
from Arizona, East Africa, and Pakistan (G. R. Crowningshield, 
“Enstenite!” [sic], Fall 1965 GG, pp. 334-335; C. M. Stockton 
and D. V. Manson, “Peridot from Tanzania,” Summer 1983 


Figure 29. Emeralds from Mingora typically consist of 
hexagonal prisms (0.2-0.6 g) that show good color sat- 
uration. Photo by A. Lucas. 
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Figure 28. The mine manager at the Mingora emerald de- 
posit climbs down the shaft to inspect production. The 
hand-powered windlass behind him is used for moving 
equipment and mined material in and out of the shaft. A 
pneumatic jackhammer is used to break up the emerald- 
bearing schist (see inset). Photos by A. Lucas. 


GwG, pp. 103-107; Fall 2009 GNI, p. 219). In September 2011, 
GIA received some dark green gem material, represented as 
enstatite from Kenya, from gem dealer Dudley Blauwet. He 
obtained 62 grams of rough from his regular East African 
supplier, and has cut 66 stones totaling 55 carats. His supplier 
indicated that the material was mined in late 2010 from 
Maktau, in the Taita Hills of southern Kenya, near Tsavo 
National Park. Mr. Blauwet noted that the etched appearance 
of the crystals was typical of (brown) enstatite from East Africa. 

Mr. Blauwet supplied six faceted (0.54—6.75 ct; figure 30) 
and 14 rough pieces to GIA for examination. They were dark 


Figure 30. These enstatites, reportedly from Kenya, 
range from 0.54 to 6.75 ct. Photo by Robert Weldon. 
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Figure 31. Colorless growth tubes were common in the enstatite (left, magnified 50x). Same samples had growth 
tubes that were filled with brown needles (center, magnified 105x) that appeared highly reflective in certain direc- 
tions (right, magnified 85x). Photomicrographs by K. S. Moe. 


yellowish green, and showed moderate to strong pleochroism 
in light to dark yellowish green. The refractive indices were 
1.663-1.671 and the SG, determined hydrostatically, was 3.26. 
Both of these properties are within the range expected for 
enstatite, and Raman spectroscopy confirmed this identifi- 
cation. All of the samples were inert to both long- and 
short-wave UV radiation. Microscopic examination revealed 
numerous parallel, transparent growth tubes (figure 31, left). 
A few two-phase (solid-gas) and three-phase (solid-liquid-gas} 
inclusions were found among the growth tubes. Interestingly, 
many samples had needles trapped inside the growth tubes. 
The needles were dark brown and appeared highly reflective 
when viewed in certain directions (figure 31, center and right). 
Planar color banding (possibly related to polysynthetic 
twinning) was observed ina few samples (figure 32). One hazy- 
looking stone did not contain any internal features except for 
a roiled structure. 

Qualitative EDXRF analysis detected Fe, Ca, Cr, Zn, Al, 
Ni, and Ga, in addition to the main components Mg and Si. 
Ahigh-resolution visible-NIR spectrum showed a broad trans- 
mission window at ~550 nm that was responsible for the 


Figure 32. Planar color banding, possibly related to 
polysynthetic twinning, was observed in a few ensta- 
tite samples. Photomicrograph by K. S. Moe; magni- 
fied 72x. 
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samples’ yellowish green color. Small broad bands at 506 and 
680 were caused by Fe” and Cr**, respectively. Infrared 
spectroscopy showed OH-stretching bands (i.e. hydrous 
defects) in the 3600-3000 cm" range. 

Enstatite has Raman doublet bands at 685-663 cm (Si- 
O-Si stretching) and 1033-1014 cm (Si-O stretching] that 
reflect the proportions of Mg”, Fe’*, and Ca** (A. Wang et al., 
“Characterization and comparison of structural and compo- 
sitional features of planetary quadrilateral pyroxenes by Raman 
spectroscopy,” American Mineralogist, Vol. 86,2001, pp. 760— 
806). The samples’ relatively high Raman shifts (>660 cm for 
the first doublet) suggested a higher proportion of Mg”* than 
both Fe* and Ca**. Analysis of the Raman spectra—marked 
by the presence of a 236 cm band (slightly shifted to 238 cm“) 
and the absence of 431 and 369 cm bands—suggests that these 
samples are the polymorph orthoenstatite (P. Ulmer and R. 
Stalder, “The Mg(Fe)SiO, orthoenstatite-clinoenstatite transi- 
tions at high pressures and temperatures determined by 
Raman-spectroscopy on quenched samples,” American Miner- 
alogist, Vol. 86, 2001, pp. 1267-1274). Spectra and additional 
photomicrographs are available in the G#G Data Depository 
at gia.edu/gandg. 

Kyaw Soe Moe (kmoe@gia.edu) and Nathan Renfro 
GIA, New York and Carlsbad 


New gem discoveries in Ethiopia. Ethiopia is well known for 
its opals, particularly those discovered in early 2008 in Wollo 
Province (see, e.g., B. Rondeau et al., “Play-of-color opal from 
Wegel Tena, Wollo Province, Ethiopia,” Summer 2010 GWG, 
pp. 90-105). Other gems reported from Ethiopia include peridot 
(Spring 1993 Gem News, p. 59}, fluorite (Summer 2007 GNI, 
pp. 168-169), and pyrope-almandine (Summer 2005 GNI, p. 
177). 

From late 2010 to early 2012, gem dealer Farooq Hashmi 
(Intimate Gems, Glen Cove, New York) documented several 
additional gems during buying trips to this little-explored 
country. In addition to sapphire and zircon (Fall 2011 GNI, 
pp. 247-248), he encountered emerald, aquamarine, morganite, 
tourmaline, apatite, pyrope, and phenakite (figure 33). Emerald 
and morganite from Ethiopia will be described in future reports, 
and notes on the other gems are provided here. 

The aquamarine reportedly is mined from a remote area 
~30 km from Shakiso in southern Ethiopia. Granitic pegmatites 
in this area have been worked by hand tools near the surface, 
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Figure 33. Several gems have recently been produced 
from Ethiopia. From top to bottom, these include 
aquamarine (6.50 and 7.85 ct), tourmaline (3.36 ct), 
apatite (4.98 ct), pyrope (2.01 ct), and phenakite (0.61 
ct). All stones were cut by Hassan Z. Hamza (Noble 
Gems Enterprises, Dar es Salaam, Tanzania) for this 
report. Photo by Robert Weldon. 


and have also yielded rock crystal, tourmaline, and beryl of 
various colors besides aquamarine. On Mr. Hashmi’s first trip 
to Ethiopia, several hundred kilograms of blue-to-green 
aquamarine were available in the capital city of Addis Ababa, 
although only 5-10 kg were of gem quality. More good-quality 
rough appeared at the October 2011 Munich mineral show, 
and Mr. Hashmi learned on his latest trip that nearly 1,000 
kg of semi-gem aquamarine had recently been produced. He 
indicated that multiple mining areas are active; one deposit 
that he visited consisted of an eroded mountainside with a 
large exposed pegmatite. 

Tourmaline is also apparently being mined from multiple 
deposits in Ethiopia. Dark blue-to-green material is produced 
from the pegmatites in the Shakiso area, and Mr. Hashmi also 
obtained a single piece of lighter bluish green tourmaline 
(represented to him as sapphire) from an unspecified alluvial 
deposit. Several kilograms of the Shakiso crystals were available 
during his initial buying trip in relatively small sizes (<2 g). 
By 2012, tourmaline output had increased considerably, with 
new mining areas producing larger clean sizes (up to 10 g) in 
pink and blue-green colors. Electron microprobe analyses by 
two of the authors (WBS and AUF) of a 0.91 ct faceted dark 
blue tourmaline from Mr. Hashmi showed it to be elbaite 
with 2.30 wt.% MnO and 0.52 wt.% FeO. It had an unusual 
trace-element composition, containing 0.29 wt.% PbO, 0.07 
wt.% ZnO, 0.04 wt.% V,O,, and 0.02 wt.% Cr,O,. 
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Greenish yellow apatite was available in transparent pieces 
as large as 20 g during Mr. Hashmi’s 2010 trip, and the next 
year he saw rough parcels totaling several kilograms. According 
to Seid Abdella (RV Gems, Addis Ababa), the material comes 
from two localities near Aroresa in the Siddama area of 
southern Ethiopia. 

Orangy red pyrope comes from the Borana area of southern 
Ethiopia. Since late 2010, Mr. Hashmi has encountered ~20 
kg of material weighing up to 5-6 g apiece. Similar pyrope- 
almandine was described in the Summer 2005 GNI entry 
mentioned above from Hagare Mariam in the southern part 
of the country. 

The source of phenakite in Ethiopia was not disclosed by 
Mr. Hashmi’s supplier, who at the time thought the rough 
material was diamond. The supplier offered several hundred 
grams of colorless broken fragments ranging up to several 
grams apiece. 

The recent discovery of so many gem materials in Ethiopia 
suggests interesting possibilities for future finds. 

Brendan M. Laurs 


William B. (“Skip”) Simmons and Alexander U. Falster 
University of New Orleans, Louisiana 


Burmese spessartine. In March 2010, Hussain Rezayee (Rare 
Gems & Minerals, Beverly Hills, California) informed GIA 
about a new find of spessartine in Myanmar (Burma). He 
indicated that small quantities have been inconsistently 
produced from a gold mining area since early 2010, in clean 
pieces weighing up to 4 g. The color ranges from bright orange 
to dark brownish red, and attractive faceted stones weighing 
20+ ct have been cut. 

Mr. Rezayee loaned a 6.66 ct reddish orange gem for exami- 
nation (figure 34). The gemological properties of this cushion 
mixed cut were: RI—over the limits of the standard refrac- 
tometer; hydrostatic SG—4.22, fluorescence—inert to both 
long- and short-wave UV radiation; and absorption features 
consisting of a 440 nm cutoff (due to Mn**), a weak 520 nm 
line (Fe?*), and weak bands at 570, 615, and 690 nm (Fe**) seen 


Figure 34. This 6.66 ct reddish orange spessartine is 
reportedly from Myanmar. Photo by Robert Weldon. 


Gems & GEMOLOGY SPRING 2012 67 


Figure 35. Microscopic observation of the spessartine 
revealed whitish irregularly shaped corroded inclu- 
sions. Photomicrograph by HyeJin Jang-Green; field of 
view 3.0 mm. 


with the desk-model spectroscope. Visible-NIR absorption 
spectra collected with an Ocean Optics e-scope showed the 
same features, as well as a very weak absorption at 495 nm 
(Mn). Microscopic examination revealed small fluid “finger- 
prints,” numerous whitish irregularly shaped corroded 
inclusions (figure 35), and pronounced straight and angular 
growth zoning. 

EDXRF spectroscopy showed major Mn, moderate Fe, 
and traces of Ca. Based on its absorption spectrum and 
chemical composition, this reddish orange garnet is spessar- 
tine with a significant almandine component. 

Editor’s note: Consistent with its mission, GIA hasa vital 
role in conducting research, characterizing gems, and gaining 
knowledge that leads to the determination of gemstone origins. 
The sample studied in this report is not subject to the Tom 
Lantos Block Burmese JADE Act of 2008, and its import was 
in accordance with U.S. law. 

HyeJin Jang-Green (hjanggre@gia.edu) 
GIA, New York 


SYNTHETICS AND SIMULANTS 


Enameled jewels in the Chinese market. With the jewelry 
market booming in China, a variety of new materials are being 
used in jewelry, including enamels, ceramics, plastics, and 
composites. Enamels consist mainly of mixtures of quartz, 
feldspar, borax, and fluorite. Traditional enameled copper 


TABLE 1. Chemical composition of the Chinese enamels.? 


Sample no. Color Elements 
1 Green Si, K, Cr, Cu, Pb, Sb 
2 Blue Si, K, Ti, Mn, Cu, Pb 
3 Black Si, K, Mn, Fe, Cu, Pb 


@ Potentially hazardous elements are shown in bold font. 
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Figure 36. These pieces of enameled silver (1.7 cm in 
diameter) contained potentially hazardous traces of Pb 
(as well as Cr in the green sample). Photo by Y. Zhang. 


jewelry, called jingtailan (cloisonné), dates back hundreds of 
years. These relatively inexpensive ornaments are popular for 
their beautiful color and luster. 

In December 2011, the National Gemstone Testing Center 
(NGTC) lab received a donation for research of three pieces 
of enameled silver (figure 36) that were reportedly represen- 
tative of new material for use in fashion jewelry. The pieces 
measured 1.7 cm in diameter and weighed 2.02-2.18 g. The 
enamels were blue, green, and black, and had spot RIs ranging 
from 1.57 to 1.58. Microscopic examination revealed numerous 
air bubbles in the enamel portions (e.g., figure 37). The bubbles 
were typically round and ranged from a few microns to ~200 
microns in diameter. 

To investigate the internal structure of the enamels, one 
of them (black sample) was broken apart. The piece was 
found to consist of three parts (figure 38): a top enamel layer 
(0.5-1 mm), the central silver layer (0.3-1 mm}, anda bottom 
enamel layer (0.05—0.1 mm). 

EDXREF chemical analysis of the enamels (table 1) showed 
major amounts of Si and K in all three samples. The minor 
elements varied depending on the enamel’s color. It should 
be noted that the toxic element Pb was detected in all three 


Figure 37. Magnification of the enamels revealed an 
abundance of air bubbles. Photomicrograph by Y. 
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Figure 38. This sketch 
shows a profile view 
of the enamel sam- 
ples’ structure. The 
inset shows a cross- 
section of the black 
sample. Photomicro- 
graph by Y. Zhang; 
magnified 50x. 


samples, and the green piece also contained Cr. Both elements 
were present in amounts that exceeded their allowed concen- 
trations of 0.1% defined by the Chinese national standard 
(Jewellery - Fineness of Precious Metal Alloys and Designation, 
GB 11887-2008, November 1, 2009, 12 pp.). The presence of 
Pb and Cr in this jewelry could be hazardous to the wearer’s 
health, so testing the safety of such enamels is paramount. 
As the Chinese jewelry market grows and new materials 
are used in jewelry, NGTC will continue to monitor these 
developments and protect consumers. 
Yong Zhang (zyongbj@126.com), Taijin Lu, 
Hua Chen, and Yan Lan 


National Gems & Jewelry Technology 
Administrative Center, Beijing 


Geikielite from Sri Lanka with fake star effect. While on a 
buying trip to Ratnapura, Sri Lanka, in October 2010, one of 
these contributors (TP) purchased what was represented as 
a rutile cabochon with an artificial 11-ray star (figure 39). 
The process of engraving or scratching cabochons to produce 
asterism has already been well documented (S. F. McClure 
and J. I. Koivula, “A new method for imitating asterism,” 
Summer 2001 GwG, pp. 124-128; K. Schmetzer and M. P. 
Steinbach, “Fake asterism—two examples,” Journal of 
Gemmology, Vol. 28, No. 1, 2002, pp. 41-42). However this 
stone appeared fully opaque under strong fiber-optic light, 
which is unusual for rutile. Also, its specific gravity (4.12) 
and strong attraction to a neodymium magnet were not con- 
sistent with rutile, so we decided to investigate further. 
Chemical analysis by energy-dispersive spectroscopy ona 
JEOL 5800LV scanning electron microscope gave the following 
composition (in element %): Ti = 18.97, Mg = 15.09, Fe = 6.46, 
and O = 59.49. This composition is consistent with ferroan 
geikielite, the Mg-rich member of the ilmenite group, with 
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70% geikielite and 30% ilmenite sensu stricto. Geikielite was 

first discovered in the Ratnapura area in 1892, soit is no wonder 

that this interesting piece was sold in Sri Lanka, with the added 

curiosity of a fake star. To the best of our knowledge, this is 
the first occurrence of geikielite as a gem. 

Thierry Pradat (tpradat@gems-plus.com) 

G-Plus, Lyon, France 

Benjamin Rondeau 

Laboratoire de Planétologie et Géodynamique 

CNRS 6112, University of Nantes, France 

Jean-Pierre Gauthier 

Centre de Recherches Gemmologiques, Nantes, France 


TREATMENTS 


A dyed blue opal with play-of-color. Since the discovery of 
opal from Ethiopia’s Wollo Province in 2008, large quantities 
of this material have entered the marketplace, at a much 
lower price than the Australian counterpart. Until September 
2011, most were white or light yellow, with strong play-of- 
color. Due to the abundance of this material, gem laboratories 
have expected to see treated versions in a variety of colors. 

The Gem Testing Laboratory of Jaipur, India, recently 
received an unusual blue opal for identification (figure 40). The 
sample weighed 0.45 ct and measured 7.00 x 5.08 x 1.84 mm. 
It appeared to be opal, but its unusual color and striking play- 
of-color raised doubt regarding its authenticity. Microscopic 
observation with fiber-optic lighting revealed a cellular play- 
of-color (or “digit pattern”) with grayish cloudy interstitial areas, 
features indicative of Wollo opal (see B. Rondeau et al., “Play- 
of-color opal from Wegel Tena, Wollo Province, Ethiopia,” 
Summer 2010 GwG, pp. 90-105). 

Although the cellular structure identified this as natural 
(not synthetic) opal, we doubted that the blue bodycolor was 


Figure 39. This 2.21 ct cabochon, represented as rutile 
with an imitation 11-ray star, proved to be geikielite. 
Photo by J.-P. Gauthier. 
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Figure 40. This 0.45 ct blue opal with striking play-of- 
color proved to be dyed. Besides its color, the sample’s 
gemological properties were consistent with opal from 
Wollo, Ethiopia. Photo by G. Choudhary. 


also natural. Careful gemological testing proved useful in 
determining the cause of color. The sample had a spot RI of 
approximately 1.45 and a hydrostatic SG of 1.76; no signs of 
porosity were seen while taking the SG reading. It displayed 
strong red UV fluorescence (both long- and short-wave). With 
the desk-model spectroscope, three distinct bands were seen 
at ~540, 580, and 650 nm. This absorption pattern, associated 
with cobalt, is often seen in dyed blue materials. The opal 
displayed a strong red reaction to the Chelsea filter, confirming 
the presence of a blue dye. 

The opal was once again observed with the microscope 
to locate any signs of color concentrations. This time, we 
noted a surface break with blue color concentrations along 
its length (figure 41). On the basis of microscopic observations 
and gemological properties, the sample was identified as a 
dyed opal. 

A dyed green-blue opal showing play-of-color was recently 
documented along with dyed purple material that originated 
from Wollo Province (N. Renfro and S. EF McClure, “Dyed 
purple hydrophane opal,” Winter 2011 GwG, pp. 260-270), 
and treated black Wollo opals also have been reported (see C. 
Williams and B. Williams, “Smoke treatment in Wollo opal,” 
www.stonegrouplabs.com/SmokeTreatmentinWollo 
Opal.pdf). We can expect to see other treated colors of 
Ethiopian opals in the future. 

Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


CONFERENCE REPORTS 


Mines to Market conference. On November 2-3, 2011, the 
Gem and Jewelry Export Promotion Council of India hosted 
the first-ever International Colored Gemstone Mines to 
Market Conference in Jaipur. Yianni Melas (Limassol, Cyprus}, 
who brought together the international group of speakers, 
served as master of ceremonies. The presentations covered 
a wide range of topics in the colored stone industry, from the 
miner to the retail point of sale, and brief summaries of some 
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Figure 41. The opal in figure 40 displayed blue color 
concentrations along a surface break, indicating dye 
treatment. Photomicrograph by G. Choudhary; mag- 
nified 64x. 


of them are provided here. 

The keynote speaker was Alberto Milani (Buccellati, 
New York), who indicated that the perception among many 
wealthy consumers in the U.S. and Europe is that the quality 
of luxury products is declining. He pointed out that the luxury 
market is rapidly splitting into two tiers, high-end and entry- 
level. To expand their market, luxury companies must 
emphasize quality to keep their brand positioned, provide 
excellent customer service, and keep their message direct 
and simple. 

Ian Harebottle (Gemfields, London) demonstrated how 
larger gem producers can make significant contributions to- 
ward social responsibility and improving the image of the in- 
dustry. He also stressed that if the supply chain rested solely 
on artisanal mining, it would be difficult to create a constant 
supply of colored stones to fuel future growth. Robert Weldon 
(GIA, Carlsbad) gave a multimedia presentation that followed 
the production of ametrine from the mine to the jewelry 
marketplace. The methodology developed by mine owner 
Ramiro Rivero can serve as a sustainability model for small- 
to-medium scale miners and manufacturers, and includes en- 
vironmentally friendly mining practices and a working 
environment that promotes innovation in cutting design and 
jewelry manufacturing. 

Richard Hughes (Sino Resources Mining Corp., Hong 
Kong) gave a multimedia presentation on ruby and sapphire 
deposits. He emphasized the romance of the colored stone 
industry, the exotic sources of these rare gems, and the effort 
and passion involved in bringing them to the market. Dr. 
Federico Pezzotta (Natural History Museum of Milan, Italy) 
relayed the importance of Madagascar in supplying the trade 
with blue sapphires and rubies when other sources had lim- 
ited production, as well as the nation’s abundant potential 
for producing a wide variety of gem materials in coming 
decades. Edward Boehm (RareSource, Chattanooga, Ten- 
nessee) discussed how ruby sources have evolved over the 
last decade with the depletion of the Mong Hsu deposit and 
discovery of new localities in Tanzania and Mozambique. 
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Federico Barlocher (Yangon, Myanmar] spoke on the past and 
future of Myanmar’s gem deposits, including Mogok ruby, 
and presented a short video called “Myanmar the Ruby 
Land.” He noted that there are half a million people living in 
Mogok, “involved only in looking for ruby, sapphire, and 
spinel, and everyone living only for gems.” 

Glenn Lehrer (Lehrer Designs, Larkspur, California) de- 
scribed how gem carving takes several times longer than 
faceting and that the main time consuming factor is the final 
polish of carved areas, especially channels and other tight 
areas. Shaltiel Cohen (Zamrot, Jerusalem) presented a video 
of an Israeli cutting system that incorporates the speed of 
jam-peg cutting with the precision of a vertical mast faceting 
machine. 

Nirupa Bhatt (GIA India, Mumbai) spoke on the impor- 
tance of education and how the future of the gem industry 
depends on the training of today. GIA India is working with 
the Indian industry to develop new education models that 
cooperate with the industry to reach students and provide 
the skills they will need to succeed. This contributor focused 
on the disclosure—or in many cases the lack thereof—of 
major treatments. He advocated that full disclosure be given 
to the consumer including a clear description of the treatment, 
how it affects the appearance and durability of the stone, and 
any special care and cleaning considerations, rather than using 
simplified trade-oriented terminology. 

Steve Bennett (GemsTV, Worcestershire, U.K.) stressed 
how focus groups and surveys regarding gem-buying preferences 
often show more about how consumers feel about themselves 
and their desire to be perceived, rather than how they actually 
make decisions. Dr. Chuck Lein (Stuller, Lafayette, Louisiana), 
who spoke on being “jeweler to the jewelers,” revealed that 
the average turnover of stock for independent retail jewelers 
in the U.S. was only 0.7 times annually. 

At the close of the conference, GJEPC chairman Rajiv Jain 
made some astute observations on issues the colored stone 
industry needs to address to grow and prosper. These included 
developing a mine-to-market strategy similar to that of the 
diamond trade, securing production of rough material and 
improving cutting techniques, and increasing colored stones’ 
share in the luxury market. 


Andy Lucas 


Gem-A Conference 2011. The annual Gem-A Conference 
took place November 6 in London. Highlights of some of the 
presentations offering new information are given here. 

Brian Jackson (National Museums Scotland, Edinburgh) 
reviewed optical phenomena in gems. He described how 
heat—even the low heat from your hand—can cause some 
fluorites to emit light. 

Willy Bieri (GemResearch Swisslab, Bangkok) spoke on 
distinguishing untreated Tibetan copper-bearing andesine 
from its diffusion-treated counterpart using advanced analyt- 
ical methods. Scanning electron microscopy (SEM-EDX) can 
be used to detect up to 40 different elements and compounds 
in andesine, including native copper, copper oxides, naturally 
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melted glass, silver, and gold. He also described how isotope 
testing and laser ablation—inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) can be used to prove whether the 
color is natural, diffusion-treated, or of undeterminable ori- 
gin. Due to expense and potential for damage, Mr. Bieri 
noted, advanced testing is only practical on random samples 
from a parcel. 

Steve Bennett (Gems TV, Worcestershire, U.K.) pointed 
out that his company’s television shopping network, which 
offers 90 gems in 540 varieties from 60 countries, far outsells 
their online retail division. Mr. Bennett affirmed his belief in 
selling the dream rather than the product, avoiding information 
overload, and upholding the mystique and folklore of gems 
and jewelry. 

Branko Deljanin (Canadian Gemological Laboratory, 
Vancouver) overviewed the screening and identification of 
enhanced and synthetic diamonds in the market today. He 
discussed advanced testing equipment but added that some 
additional characteristics should be considered: the morphology 
of the rough, the detection of diamond type using crossed polar- 
izers, and the fluorescence colors commonly displayed by 
natural diamonds (blue), HPHT synthetics (green to yellow), 
and CVD synthetics (brownish orange). 

Alan Hart (Natural History Museum, London) spoke on 
evaluating and recreating the original Koh-i-Noor (Persian for 
“Mountain of Light”) diamond. The motive to recut the 
diamond can be traced to the poor reception it received at the 
Great Exhibition in 1851. The gem was described as resembling 
a dull piece of glass, prompting Punch magazine to dub it the 
“Mountain of Darkness.” 


Douglas Kennedy (dkennedy@gia.edu) 
GIA, Carlsbad 


MISCELLANEOUS 


Gem news from Myanmar. In mid- to late 2011, this contrib- 
utor’s lab in Taunggyi, Myanmar, received some interesting 
items for identification. Among these were smooth egg-shaped 
samples with a waterworn appearance that measured 7-8 cm 
long. They were typically green (also yellow and red) and 
contained large gas bubbles, making them easy to identify 
as glass. 

A new deposit of blue kyanite has been found near 
Zayatkwin village in Thabeikkyin township (Mandalay 
division). Stones weighing 2-4 ct have been faceted, and they 
typically contain hollow tube inclusions. Some of the stones 
have been set into reasonably priced jewelry. 

Cabochons of dark blue sapphire weighing 1-2 ct (e.g., fig- 
ure 42) appeared in the market in 2011 from near Bawma vil- 
lage (north of Kyatpyin in the Mogok area), which recently 
became known for producing orangy red to purplish red spinel 
(e.g., Summer 2010 GNI, p. 154). The sapphires contain abun- 
dant partially healed fractures, groups of elongate solid crys- 
tals, irregular black crystals, twin planes (sometimes with 
associated white spike-like inclusions), thin films, small rutile 
needles in a single plane, unidirectional fluid inclusions, and 
uneven patches of greenish blue color zoning. 
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Figure 42. These sapphires are from a new find near 
Bawma village in the Mogok area of Myanmar. The 
cabochons weigh ~1-2 ct. Photo by U T. Hlaing. 


In early 2012 this contributor learned of anew gem mining 
area in Karen State—in the headwaters of the Bilin River— 
that is the source of pink to red spinel, dark blue sapphire, 
and dark brownish red garnet. The rough gems show various 
amounts of rounding due to alluvial transport, and most 
pieces weigh ~0.4 g. 

The mid-year session of the 2011 Myanma Jade, Gems & 
Pearl Emporium took place December 24, 2011-January 3, 
2012 in Naypyidaw. More than 5,400 merchants attended the 
government-run sale, nearly a third of them foreigners. The 
emporium sold 8,290 of the 11,821 jade lots offered, as well 
as 39 of the 230 gem lots and 212 of the 270 cultured pear! lots. 
An official who spoke to the Myanmar Times quoted total 
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sales of US$903 million, much lower than the $2.9 billion 

recorded a year ago. Traders attributed the decline to China’s 

35% tax on gem imports from Myanmar, up from 10% last 

year, and its raising the minimum deposit on bids from 10,000 
euros to 50,000 euros. 

U Tin Hlaing 

Dept. of Geology (retired) 

Panglong University, Myanmar 


ERRATUM 


Figure 10 of the Winter 2011 phosphorescent diamond Lab 
Note (pp. 310-311) was redrafted incorrectly by GWG. A 
corrected version is shown below, which also includes error 
bars showing the standard deviation for each average value. 
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Overview and Update 


Figure 1. Open-pit mining at Belmont is conducted on a large scale. Trucks are constantly being filled 


os 


with ore to be taken to the processing plant. Photo by A. Lucas. 


BRAZIL’S EMERALD INDUSTRY 


Andy Lucas 


Since the 1970s, Brazil has been a consistent source 
of emerald. This is especially true today, with steady 
production from the Itabira/Nova Era belt in the gem- 
rich state of Minas Gerais. 

Along with successes there have been challenges 
for the Brazilian emerald industry. Increasingly strict 
environmental regulations and higher labor costs 
have made production more expensive. Mining 
companies have had disagreements with land owners, 
and there have been legal issues with the independent 
miners known as garimpeiros. Another challenging 
issue facing the mining, cutting, and trading sectors 
is the rapid rise of the Brazilian real against the U.S. 
dollar. 

While Brazilian emeralds were not traditionally 
known for their quality, this perception has been 
changing. Stones from the Itabira/Nova Era belt 
reportedly sell for up to $30,000 per carat. Nova Era 
tends to produce clean faceted stones, which are highly 
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popular with jewelry manufacturers. The emeralds’ 
fine color and good transparency make this material 
highly sought after in the marketplace. 


Belmont, Minas Gerais 

The Belmont property was originally a cattle ranch 
and remains one today. But since 1978, Belmont has 
also operated a well-known emerald mine. It is 
managed by Marcelo Ribeiro, whose grandfather 
discovered emeralds on the ranch by accident. It 
began as an open-pit operation (figure 1). Bulldozers 
remove the weathered emerald-bearing material and 
transport it to a processing area for washing and 
sorting. 

After two decades of open-pit mining, Belmont 
added underground operations in 1998. Miners were 
lowered into a 75 m vertical shaft, from which they 
dug side tunnels by hand or using explosives, 
removing the schist and bringing it back up the shaft. 
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An elevator carried five personnel as well as mined 
material in and out of the underground mine. During 
this contributor’s visit to Belmont in 2004, the 
company estimated another 10-15 years of production 
remained in the open-pit mine. Now they believe the 
open-pit area may have a much longer life span. 

Since 2004, Belmont has expanded the underground 
operation into a ramp-style underground mine where 
trucks drive directly into the workings. The emerald- 
bearing schist is broken up by explosives, and front 
loaders empty it onto trucks to be taken to the 
processing plant. 

Optical sorting has replaced hand picking of the 
emeralds. These devices are faster and have a higher 
recovery rate, while eliminating the possibility of theft. 
The optical sorting instrument used by Belmont can 
be customized to identify a variety of minerals. A 
charge-coupled device (CCD) camera recognizes the 
emeralds in the schist by color, triggering an air blast 
that moves them to a conveyor belt (figure 2). 

Belmont has processed 70,000 tonnes of ore annually 
for the last three years, recovering 250,000 grams of 
rough emerald per year. That works out to 1 gof emerald 
per 0.28 tonnes of processed ore. But to obtain the 
70,000 tonnes of emerald-bearing ore, Belmont must 
first remove 350,000 tonnes of overburden. While the 
average production of emerald-bearing schist is 6,000 
tonnes per month, the output is higher during the dry 
season and lower during the rainy season that runs 
from September through February. Eighty percent of 


Figure 2. A conveyer belt 
brings ore into the opti- 
cal sorter at Belmont for 
the CCD cameras to 
scan. Photo by Eric 
Welch. 
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the production is from open-pit mining, 20% from the 
underground operation. This is because Belmont’s 
processing plant is designed primarily for the weathered 
material from the open-pit operation. The processing 
plant is being expanded to better handle the harder 
emerald-bearing schist. By the end of 2012, Belmont 
expects underground mining to account for half of the 
output. 

On average, 1 g of rough emerald produces lct of 
faceted emerald, or 250,000 carats per year. The typical 
size range of the rough is 2-20 mm or 0.220 g. Belmont 
is known for high-quality rough that allows cutters 
to consistently produce calibrated 1-5 mm rounds, as 
well as 1-10 ct center stones for jewelry manufacturers. 

The rough sorting facility is located in the nearby 
town of Itabira. Belmont sorts the rough for its 
manufacturing customers into 15 qualities and five 
different size ranges, fora total of 75 rough categories. 
About 80% of the rough sold by Belmont is cut in 
India. 

The mine is currently undergoing expansion and 
will be adding another highly efficient optical sorter. 
The company is also expanding mining operations 
through a joint venture with former owners of the 
Rocha emerald mine, which borders Belmont to the 
north. Rocha opened in 2005 but closed after only a 
few years. The new joint venture is a 50/50 split 
between Belmont and the Rocha group, and Rocha 
has been renamed the Canaan mine, its original name. 
Discussions are ongoing between the mining partners 
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and the land owner, who prefers the operation be an 
underground mine. Under Brazilian law a percentage 
of the production goes to the land owner, even when 
another company owns the mining rights. Belmont 
has opened a tunnel entrance into the Canaan mine 
that is currently 120 m long. Once it is 400 m long 
and 50 m deep, the drive-in tunnel will reach the 
mineralized zone, where core samples showed 
emerald-bearing rock. Belmont estimates that by July 
2012 it will be removing the first trucks of emerald- 
bearing ore from Canaan for processing. Mr. Ribeiro 
expects a production rate comparable to that of the 
underground operation at Belmont, which is 3.5 to 4 
g of emerald per tonne of ore. He believes the emeralds 
will be larger but have a lighter color due to lower 
chromium content. 

Belmont’s water reclamation system incorporates 
a five-pond system that uses filtering and gravity to 
remove particles introduced by mining and processing. 
With plans to increase underground mining, there will 
be less fine particle overburden to remove by washing, 
resulting in less need for water. The company expects 
its water reclamation to be even more efficient and 
less expensive at that point, minimizing the impact 
on the environment. 

Belmont estimates the life of the mine according 
to the market price for emerald. If the price goes up 
30%, the mine’s life expectancy doubles. If the price 
drops 30%, the life of the mine is cut in half. At current 
prices, Mr. Ribeiro expects 20-30 more years of 
profitable operation unless the production rate 
increases significantly. Also contributing to the mine’s 
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Figure 3. Much of the pro- 
duction at Capoeirana is 
done by independent 
miners. The processing of 
the ore is accomplished 
by simple hand washing. 
Photo by A. Lucas. 


life span is the fact that Belmont cuts some of its own 
rough, thus moving up the value chain and recording 
higher profits per tonne of ore mined. By earning more 
revenue per tonne, Belmont can afford to mine deeper 
underground. 

They currently cut 25% of the production by value 
(10% by volume). All of their cutting is done close to 
the mine. 


Capoeirana, Minas Gerais 

Emeralds were discovered in the Capoeirana area of 
Nova Era in 1988. Here the extraction is done primarily 
by independent miners and smaller-scale operations. 
The emeralds can be of very good color and quality, 
surpassing those previously produced from Santa 
Terezinha de Goias. 

In 2004, this contributor saw considerable activity 
by independent miners in pits, tunnels, and shafts. 
The work was very labor intensive. The miners used 
some explosives but mostly hammers, picks, and 
shovels. They would load the ore in wheelbarrows, 
take it to a washing area, and dump a barrel of water 
over it. The miners would then use hammers to break 
up some of the larger pieces of schist, shovel the ore 
onto a washing screen, and continue breaking the 
pieces with a hammer. They would then sort through 
the screen by hand to look for any schist that contained 
emerald crystals (figure 3). 

One operation was somewhat mechanized: The 
miner was strapped to a cable and lowered by a winch 
into the mine and then brought back up with bags full 
of ore to be processed. 
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Figure 4. At Montebello, miners drill into the hard 
schist to prepare it for blasting. Photo by A. Lucas. 


A 2009 visit to the Capoeirana area revealed that 
things had changed considerably since 2004. This time 
there were far fewer miners working, and the village 
itself seemed noticeably quieter—there were no dealers 
in the street, and nobody offered emerald crystals for 
sale. One reason given for the downturn was that the 
area’s mines were becoming too deep for independent 
miners. Some of the shafts were reaching depths of 
100 m, where it was difficult to work the hard rock 
using ladders and hand tools. Also, some of the under- 
ground workings were becoming very close to each 
other, and the thin walls between them increased the 
risk of cave-ins. The global economic recession also 
took its toll on the Capoeirana emerald miners, as it 
has on the entire Brazilian gem industry. Because 
emeralds are traded in the U.S. dollar and the Brazilian 
real has gained so dramatically against the dollar, it 
has become very difficult for these independent miners 
to make a living. Many have moved on to other areas 
where the deposits might be easier to work, while 
others have returned to agriculture. Companies such 
as Belmont were looking to purchase some of these 
properties so they could bring in a more sophisticated 
and profitable operation. 

Mining at Capoeirana is done by a cooperative in 
which individual miners hold rights to sections of the 
deposit. The miners must be part of the cooperative, 
and they can only buy mining rights from individuals 
who have purchased theirs from the cooperative. 

The Montebello mine, under the management of 
Sergio Martins (Stone World, Sao Paulo), is asmall but 
fairly mechanized operation, especially for Capoeirana, 
where most of the mining is done by garimpeiros. 
Montebello is an underground mine where the miners 
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drill into the mica schist (figure 4) and load the holes 
with explosives. Using various hand tools and shovels, 
they load carts with ore. The carts are pulled along 
tracks to take the ore to the elevator, where it is hauled 
up to the surface for processing. The mineralized zone 
is approximately 100 m wide and 300 m deep. 

Processing at the Montebello mine is also more 
sophisticated than elsewhere in the Capoeirana area. 
After washing the ore through sluices, the workers 
put it on a sorting table and carefully look for emerald 
crystals in the schist. 

In recent months, since the beginning of the more 
sophisticated small-scale operations such as Monte- 
bello, Capoeirana has turned out fine-quality material 
and faceted stones from 10 to 20 ct. Overall production 
figures are hard to estimate due to the degree of small- 
scale mining, but a low estimate for the last two years 
is 20 to 30 kg per month of facet-grade material, with 
fine-quality material accounting for at least 1 to 2 kg of 
the total. Emeralds from this area tend to be larger, and 
itis rare to findrough less than 1 g(e.g., figure 5). However, 
most of the crystals break during removal from the 
schist. Even the broken pieces can weigh 20-50 g, and 
rough fragments as large as 1 kg have been recovered. 
The higher-quality material is typically kept in Brazil 
for cutting, with the rest exported primarily to India. 


Bahia 

The state of Bahia produces approximately 500 to 1,000 
kg of emerald each month, but the quality is usually 
lower than that of Itabira/Nova Era. While there are 


Figure 5. Emerald crystals recovered from the schist 
at Capoeirana can be large. Photo by A. Lucas. 
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some fine-quality stones from Bahia, the vast majority 
are highly included. Most of the mining is done by 
garimpeiros, in the Carnaiba and Socot6 areas. 


Santa Terezinha de Goias 

Santa Terezinha in Goids State was an important 
emerald-producing area from the 1970s through the 
1990s, but the last decade has seen little production. 
One of the advantages of this area was that the emeralds 
were found by mining the deposit in a straight line. 
Because the emeralds were fairly evenly distributed, 
production was consistent and predictable. This is 
completely different from emerald mining in 
Itabira/Nova Era, where the gems are locally concen- 
trated and output is more sporadic. 

At Santa Terezinha, emeralds were found in talc- 
carbonate schist as opposed to Nova Era’s harder mica 
schist. This made extraction of the emerald crystals 
easier. 


Cutting and Trading 

Brazil’s emerald production goes to both domestic 
cutters and foreign buyers who take the rough back 
to cutting centers in their own countries. Companies 
from Jaipur, India, are able to buy entire mine produc- 
tions because their cutting facilities can handle all 
sizes and qualities of emerald, and they have a market 
for the entire range of goods. This gives them a consid- 
erable advantage, allowing them to offer a good price 
for the entire production. Brazilian cutters have higher 
labor costs, so they must gear their operations toward 


OVERVIEW AND UPDATE 


the product they can sell for a price that absorbs these 
costs. Rather than purchasing the entire mine produc- 
tion, they must buy a pick of the mine production—and 
pay a higher price for it. They have become adept at 
paying just enough to make it enticing for the miners 
to sell them the better quality and sizes, while staying 
competitive in the global market. Brazilian cutters 
have found a niche in fine-quality calibrated goods 
that are enticing to manufacturers worldwide (figure 
6). This enables them to hit a profitable price point, 
and they can also cut larger, good-quality emeralds. 


The Future 

There are substantial challenges facing the Brazilian 
emerald industry. Stricter environmental regulations 
increase the cost of mining and make future finds less 
likely. The cost of labor is constantly rising, making 
it necessary to invest in technology. As the Brazilian 
real grows stronger against the dollar, the revenue that 
can be realized is declining while costs are increasing. 
Yet the potential for emerald production from the 
Itabira/Nova Era belt remains extremely promising. 
These deposits may very well warrant the investment 
needed for exploitation. 

With advanced mining technology, plus high-end 
domestic cutting generating greater revenue and moving 
mining companies up the value chain, the future of the 
Brazilian emerald industry looks very encouraging. 


Andy Lucas (alucas @gia.edu) is the gemology 
product manager for GIA Education in Carlsbad. 


Figure 6. The wholesale emerald 
trade in Brazil is quite active. 
Businesses such as Sergio 
Martins’ Stone World (shown 
here in his former office at 
Teofilo Otoni) enjoy a thriving 
international and domestic 
market. Photo by A. Lucas. 
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IN MEMORIAM: GEORGE BOSSHART (1943-2012) 


The gemological community mourns the passing of George 
Bosshart, who died January 14 after a long battle with cancer. 
Mr. Bosshart was one of the world’s leading experts on diamond 
identification and the geographic origin of colored stones. 

With a degree in mineralogy from the Swiss Federal 
Institute of Technology in Zurich, he conducted mineral 
analysis for Alcan (Aluminum Company of Canada) in the 
early 1970s. After completing gemological studies at GIA’s 
Santa Monica campus, he became the first director of the 
SSEF (Swiss Foundation for the Research of Gemstones) labora- 
tory in 1975. In 1992 he joined the Giibelin Gem Lab, where 
for many years he served as chief gemologist. 

Mr. Bosshart was an important contributor to GWG. He 
coauthored the Fall 2000 G&G article “GE POL Diamonds: 
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Before and After,” which won second place in the journal’s 
Most Valuable Article Awards. Another article he coauthored, 
“Gem Localities of the 1990s,” received third place that same 
year. He also wrote an article on a cobalt glass imitation of 
lapis (Winter 1983) and took part in studies of Burmese jadeite 
(Spring 2000), the historic Star of the South diamond (Spring 
2002), serendibite from Sri Lanka (Spring 2002), and poudret- 
teite from Mogok, Myanmar (Spring 2003). 

After retiring in 2004, Mr. Bosshart remained active in 
gemology, traveling to remote localities around the world. 
His speaking engagements included GIA’s 2006 Gemological 
Research Conference and, most recently, the 2011 Inter- 
national Gemmological Conference. George Bosshart is 
survived by his wife, Anne. 
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Set in Style: The Jewelry of 
Van Cleef & Arpels 


By Sarah D. Coffin, with contribu- 
tions by Suzy Menkes and Ruth 
Peltason, 288 pp., illus., publ. by the 
Smithsonian Cooper-Hewitt National 
Design Museum [www.cooperhewitt. 
org], New York, 2011, $55.00. 


After marriage united two families of 
Dutch jewelers, Van Cleef & Arpels 
established its first shop on Paris’s 
famed Place Vendéme in 1906. This 
marked the beginning of what was to 
become a jewelry brand of interna- 
tional renown. In collaboration with 
the jeweler, the Smithsonian Cooper- 
Hewitt National Design Museum in 
New York exhibited 350 of Van Cleef 
& Arpels’s most striking pieces from 
February to July 2011. Most of the 
objects were chosen from the famed 
Van Cleef & Arpels Collection, 
although the selection criteria were 
not disclosed. Others were loaned by 
private collectors, some anonymous 
and some world-famous—including 
Princess Grace of Monaco and 
Elizabeth Taylor—which added to 
the appeal of this distinguished 
showing. For those who did not view 
the exhibit, this book offers a worthy 
substitute. 

Like the exhibit, the book is orga- 
nized thematically rather than 
chronologically. Its 400 illustrations 
include photos, archival advertise- 
ments, original color sketches of jew- 
elry, and select shots of socialites and 
movie stars wearing Van Cleef & 
Arpels. Of the six chapters, 
“Innovation” provides most of the 
narrative on the company’s signature 
pieces, including invisible settings, 
minaudiéres, zipper necklaces, and 
Art Deco and “Ludo” bracelets. The 
“Transformations” chapter features 
elements from original owners (gems 
or antique carvings) that were recon- 
figured in new jewelry pieces. One of 
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the best examples is the Aga Khan 
emerald and diamond choker necklace 
with pendant, which incorporates 
18th century Indian carved emeralds. 
Another iconic piece is an antique 
turquoise Chinese carved snuff bottle 
recycled as a table clock. Trans- 
formation also refers to the remark- 
ably practical Van Cleef & Arpels 
pieces that can be converted from a 
necklace into two bracelets. While 
Daisy Fellowes’s emerald bead and 
diamond manchette bracelets offer 
prime examples of this characteristic, 
several others are shown as well. 

The chapter titled “Nature as 
Inspiration” highlights magnificent 
floral and animal motifs. “Exoticism” 
starts with the Egyptian revival in the 
1920s, a decade that also saw a strong 
Chinese influence manifested in 
multigem cases, “necessaires,” and 
occasional objects. Van Cleef & 
Arpels jewelry was also influenced by 
wealthy Indian patrons, and many 
pieces with Indian motifs appeared 
throughout the 1930s and during a 
revival in the 1970s. The late 1950s 
and 1960s show a Siamese influence 
resulting from commissions by 
Queen Sirikit of Thailand. 

The chapter titled “Fashion and 
Van Cleef & Arpels” is perhaps mis- 
leading: One might expect to see jew- 
elry as it was worn with the corre- 
sponding fashion of the day. Instead, 
these pages highlight pieces with a 
textural quality in their design, such 
as the “Serge fabric necklace” mim- 
icking the texture of an obliquely 
woven wool fabric traditionally used 
in men’s fashion and costumes. 
Another example is the “lace bow 
brooch,” which imitates the fineness 
and softness of draped lace. Could one 
surmise that Van Cleef & Arpels’s 
perspective of eternal beauty rises 
above fashion trends? The last chap- 
ter, written by Ruth Peltason, pro- 
vides a comprehensive notation of 
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Van Cleef & Arpels jewelry owned by 
celebrities and royalty. 

One distinguishing feature of the 
book is its use of color renderings, 
which clearly show the vision behind 
the jewelry designs. Amid the secrecy 
of the Place Vendéme, it is quite 
extraordinary that the sketches were 
published with the jewelry’s serial 
numbers and the names of customers. 
The jewelry photos are from different 
sources, however, with varying quali- 
ty and rendering. They are displayed 
with different (unspecified) magnifica- 
tions, making it difficult to get a 
sense of scale. Jewelry measurements 
and carat weight are not noted, either. 
One could conclude that this book 
serves as more of a coffee-table edi- 
tion than a museum catalog, which 
would have included thumbnail pho- 
tos, detailed descriptions, and mea- 
surements. 

That said, the book is required 
reading for gem and jewelry experts to 
familiarize themselves with the 
exclusive Van Cleef & Arpels brand 
and its most special items. It is a fit- 
ting tribute to the inspiration, creativ- 
ity in design, and craftsmanship of 
one of the world’s most elite jewelry 
houses. 


DELPHINE A. LEBLANC 
Hoboken, New Jersey 


Paul Flato: Jeweler to the Stars 


By Elizabeth Irvine Bray, 223 pp., 
illus., publ. by the Antique 
Collectors’ Club [www.antique 
collectorsclub.com], Woodbridge, 
Suffolk, UK, 2010, US$85.00. 


With this remarkable oversized book, 
Elizabeth Irvine Bray offers a unique 
insight into Paul Flato, an American 
master in jewelry design who has 
gained renewed popularity over the 
last decade. In a long life of dizzying 
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highs and lows, Flato never lost his 
hope or his passion for jewelry design. 
He continued to produce inspired 
pieces in a vast array of materials until 
the end of his life. 

Equal parts jet-setter and trendset- 
ter, the flamboyant Texan was des- 
tined to live the high life. He was born 
in 1900, and a childhood encounter 
with a gypsy craftsman sparked his 
fascination with jewelry. In the early 
1920s Flato settled in New York and 
soon became a member of the café 
society, where he cultivated his dia- 
mond brokerage. While he had a repu- 
tation for being able to attract a 
wealthy clientele, mainly women, he 
often failed to collect payments and 
amassed considerable debt. 

In other ways, though, he dis- 
played business savvy and foresight. 
For instance, he quickly built an 
impressive natural pearl collection at 
a time when they were becoming rare. 
He set up a store on One East 57th 
Street and collaborated with Harry 
Winston on some major sales during 
the 1930s. At that time, Winston was 
a high-end dealer without retail space, 
ironically. He commissioned Flato to 
sell the Jonker, a 140 ct emerald cut, 
one of the largest diamonds at the 
time. 

In 1935, Flato branched out from 
diamond dealing into designing and 
manufacturing his own pieces. His 
style is characterized by a rare combi- 
nation of three-dimensional, whimsi- 
cal, and realistic qualities. Some of his 
favorites were floral, hand, shoe, 
heart, and star motifs. He generated 
publicity through advertising and cre- 
ative co-branding endeavors. One was 
a special Elizabeth Arden nail polish 
and lipstick limited edition called 
“Pink Diamond.” He subsequently 
catered to a fashionable clientele of 
debutantes, socialites, and actresses. 

Helped by a French draftsman 
named Adolphe Klety, Flato designed 
his own pieces. He assembled a 
remarkably talented team. Staff mem- 
ber and socialite Millicent Rogers 
Balcom provided creative input for a 
heart brooch collection and helped 
attract a clientele of affluent heiress- 
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es. Josephine Forrestal, a former 
Vogue fashion editor, was brought on 
to capture more of the elite class. He 
briefly employed the legendary Fulco 
de Verdura, who had just arrived in 
the United States. 

After the Depression, Flato ven- 
tured out to the West Coast. Fasci- 
nated by leading ladies and the 
fledgling motion picture industry, he 
was the first jeweler ever credited in a 
movie. For the romantic comedy 
Holiday (1938), actresses Doris Nolan 
and Katharine Hepburn wore his 
splendid adornments. Following this 
auspicious debut, he opened a store 
on Sunset Boulevard. 

Flato then experienced a string of 
setbacks, including a $200,000 theft 
at his Sunset Boulevard store, 
America’s declaration of war in 
December 1941, and the loss of a con- 
signed 17 ct emerald-cut diamond at 
his New York store. The uncertain 
state of his finances led him to des- 
perate measures that resulted in a 
conviction for grand larceny. He 
served 18 months in Sing Sing prison 
starting in December 1943. 

Flato’s parole ended in 1947, 
allowing him to reopen for business 
as a maker of affordable gold and gem 
compacts designed for a “working 
girl” clientele. At the same time, he 
was designing luxury pens for Parker. 
Susceptible to less-than-scrupulous 
dealings, he fell under the spell of a 
fortune teller who led him back into 
financial trouble. He managed to 
escape criminal conviction by fleeing 
to Central America before he was 
finally captured. After serving time in 
a Mexican prison, he returned to Sing 
Sing. 

In 1970, he opened his last jewelry 
store, in Mexico City’s affluent Zona 
Rosa neighborhood. There he 
designed gold and silver jewelry in his 
signature style, while incorporating 
Mayan influences and adapting to the 
1970s and 1980s fashions. By that 
time, Flato had learned to be his own 
draftsman and would sketch for his 
customers before having the pieces 
manufactured by local craftsmen. 
(Out of respect for them, he signed 
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pieces only upon customer request.) 
Emeralds, Mexican opals, and lapis 
lazuli were his gems of choice. The 
book’s final chapter, “Flato’s Legacy,” 
recounts the jeweler’s return to 
prominence through a Christie’s auc- 
tion before his death in 1999. 

This detailed biography retraces 
Flato’s life and works, shedding a can- 
did light on his accomplishments and 
his undoings. Illustrations are a strong 
point of the book, lavishly displaying 
magnificent jewelry pieces, though 
very little information is included. 
Most evocative are the photos of 
celebrities wearing Flato’s iconic 
pieces, rekindling a “classic Holly- 
wood glamour” and showing how 
brooches and other pieces were actu- 
ally worn, sometimes in the most 
flamboyant way. The book is a must- 
have for jewelry historians who want 
to know all about Flato and 1930s 
style. 


DELPHINE A. LEBLANC 


Collector’s Guide to the 
Beryl Group 


By Robert J. Lauf, 93 pp., illus., 
publ. by Schiffer Publishing Ltd. 
[www.schifferbooks.com], Atglen, 
PA, 2011, $19.99. 


This book, volume 11 in the Schiffer 
Earth Science Monograph series, 
focuses on the small but very impor- 
tant beryl group. The introduction 
gives a general history of beryl, its 
mining, and general uses. This is fol- 
lowed by a gemology section with 
simple definitions of the gem vari- 
eties, causes of color, treatments, and 
synthetic growth. 

The “Taxonomy” section presents 
beryl’s crystal structure, morphology, 
and chemical composition (in relation 
to color). The accepted species (bazz- 
ite, beryl, indialite, pezzottaite, and 
stoppaniite) and their formulas are 
provided. The crystal structure of 
beryl appears in colorful diagrams; 
another diagram of Cs-rich beryl look- 
ing down the c-axis shows the posi- 
tions of Cs* ions lying within the 
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channels formed by silicate rings. 
There are also some diagrams of beryl 
crystals from Goldschmidt’s Atlas 
Der Krystallforen. The chromophores, 
and in some instances the color cen- 
ters, that make this group so colorful 
are discussed. 

Beryl in igneous rocks, metamor- 
phic rocks, alteration, and pseudo- 
morphs are the subtopics of “For- 
mation and Geochemistry.” Famous 
LCT (lithium, cesium, and tantalum) 
pegmatites like those of Brazil, 
Pakistan, Afghanistan, California, and 
New England are covered. The vana- 
dium-colored emeralds of Dyakou, 
China, forming in quartz and peg- 
matite veins are cited. The author 
also describes the unusual Sakavalana 
pegmatite in Madagascar, a mixture 
of some characteristics of both LCT 
and NYF (niobium, yttrium, and fluo- 
rine) pegmatites, home of the recently 
described species pezzottaite. Topaz 
rhyolites of the western United States 
and Mexico are the host rock of the 
beryl variety bixbite (red beryl), whose 
formation is briefly covered. Emerald 
deposits of Colombia, Austria, Russia, 
Zambia, and Zimbabwe are presented 
as examples of beryl in metamorphic 
and metamorphic-hydrothermal 
deposits. Paralava, a high-temperature 
metamorphic rock heated by natural- 
ly burning coal seams, is the host of 
indialite, whose unique formation is 
described as well. The alteration of 
beryl to kaolinite and the replace- 
ment of beryl by epididymite and 
milarite are briefly mentioned under 
“Alteration and Pseudomorphs.” Also 
named are a few other species that are 
associated with beryl alteration. 
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The last section, “The Minerals,” 
is the heart of the book, where all the 
group’s species are covered individual- 
ly. Of these, beryl itself is given the 
greatest attention. Common beryl, 
emerald, aquamarine, heliodor, mor- 
ganite, goshenite, and bixbite vari- 
eties are featured, as are their inclu- 
sions, etching, and surface features. 

The Collector's Guide to the Beryl 
Group is intended more for mineral 
collectors than for gemologists or geol- 
ogists. The gemological description of 
the beryl group is quite brief, with an 
overemphasis on trapiche emerald and 
synthetic beryl growth. It should have 
included some description of the green 
color (hue, tone, saturation) required 
for a stone to be designated as emerald. 
And while the use of colorless oil to 
hide cracks in emerald is considered 
acceptable in the trade, especially com- 
pared to the use of green fillers to 
enhance color, it is still a treatment 
that should be fully disclosed. 
Meanwhile, figure 15 shows a heliodor 
crystal described as “yellowish green.” 
Shouldn’t it be classified as green beryl 
since green is the dominant hue? In 
the taxonomy chapter and elsewhere, 
the use of a z-axis instead of a c-axis 
could cause some confusion. 

The book’s greatest strengths lies 
in the many color photos of the vari- 
ous beryl-group species and varieties 
from important international locali- 
ties (except San Diego County, Cali- 
fornia) showing various forms and 
associated species. The photos of 
inclusions in beryl and of etched beryl 
specimens add further interest. If you 
collect beryl and perhaps the other 
members of the group, then this book 
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has just the right amount of technical 
information to deepen your apprecia- 
tion of your treasured specimens, 
while serving as a helpful reference in 
recognizing a sample’s identity and 
locale. 
MICHAEL T. EVANS 
Gemological Institute of America 
Carlsbad, California 


OTHER BOOKS RECEIVED 


Diamond Inclusions. By Nizam 
Peters, 208 pp., illus., publ. by Amert- 
can Institute of Diamond Cutting Inc. 
[diamondschool.com], Deerfield 
Beach, FL, 2011, $135.00. Although 
the title of this book implies that it 
will address inclusions in diamonds or 
the occurrence of diamond inclusions 
in other gems, those hungry for tech- 
nical explanations of diamond inclu- 
sions may not be satisfied. For basic 
explanations of common clarity char- 
acteristics seen in diamonds, it is sat- 
isfactory. Overall, the content serves 
as a reference for basic diamond inclu- 
sions. Its photos show a variety of sur- 
face and internal features commonly 
seen in rough and finished diamonds. 
For a more comprehensive work on 
diamond grading, interested parties 
may want to consult Gary Roskin’s 
Photo Masters for Diamond Grading. 
For a more technical and scientific 
resource on inclusions in diamonds, 
readers may prefer The MicroWorld of 
Diamonds by John I. Koivula. 
NATHAN RENFRO 
Gemological Institute of America 
Carlsbad, California 
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COLORED STONES AND 
ORGANIC MATERIALS 


Copal vs. amber. M. C. Pedersen [maggiecp@btinternet.com] 
and B. Williams, Gems & Jewellery, Vol. 20, No. 2, 
2011, pp. 20-24. 

Correctly identifying copal and amber can be difficult, as stan- 

dard gemological tests are not very useful for resins. In addi- 

tion, the treatments they may undergo are complex and 
numerous. Understanding the differences between these resins, 
as well as their treatments, is vital to ensuring proper disclo- 
sure. In this article, the characteristics of natural/treated amber 
and copal are reported from gemological tests specific to organ- 
ics, as well as more advanced FTIR, Raman, and cross-polarized 
filter testing. A discussion of the results helps provide insight 
as to which tests can correctly identify an unknown specimen 
and any possible treatments. MK 


Genesi e classificazione dei diaspri (II parte) [Formation and 
classification of jasper (Part II)]. M. C. Venuti, Rivista 
Gemmologica Italiana, Vol. 5, No. 2, 2010, pp. 133-158 
[in Italian]. 

Today’s nomenclature of jasper is a motley collection of vari- 

etal and trade names rather than a well-ordered classification 

system. The author proposes a classification based on forma- 
tion, surroundings, and processes. He distinguishes four types: 

Oceanic jasper (formed by organic sedimentation), volcanic 

jasper (silicification of volcanic rocks), pseudomorphous jasper 

(silicification after fossils), and chemical jasper (chemical pre- 

cipitation from silicic solutions and gels). For all four types, 

various sequences of formation are described. Generally, they 
include different mechanisms of silica concentration, from sin- 
gle molecules resolved in aqueous solution to the crystalliza- 
tion of jasper (in most cases including opal as a transitional 
stage). As formation conditions can vary widely and the pro- 
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cesses (especially hydration and dehydration) can be 
repeated or reversed several times, jaspers accordingly 
show many different patterns and colors. RT 


Genesi della agate (I parte) [Formation of agate (Part I)]. M. 
C. Venuti, Rivista Gemmologica Italiana, Vol. 5, 
No. 3, 2010, pp. 213-225 [in Italian]. 

The diversity of agates makes their classification difficult. 
The author’s investigations reveal four types of layers that 
comprise all agates. The first type is a clear chalcedony 
layer that forms the outer part of every specimen. It is 
always the first layer to form, and is generally transparent 
and nonbanded, with a spherulitic texture. It can be as 
thin as 1 mm or fill the entire cavity. Only within this 
layer do features develop such as moss, plumes, and den- 
drites. The second type consists of the banded layers char- 
acteristic of agates. They can be concentric, parallel 
(“Uruguay type”), or hemispherical. The third type is rare 
and forms white, often interrupted horizontal bands or 
massive parts of the agate. The fourth consists of macro- 
crystalline quartz, sometimes amethyst. While the clear 
chalcedony layer always occurs, but only once, the other 
layers may form consecutively or simultaneously and be 

repeated several times in the same agate. 
RT 


Getting a feel for organics. M. C. Pedersen [maggiecp@ 
btinternet.com], Gems & Jewellery, Vol. 19, No. 3, 
2010, pp. 14-15. 

Organic gems and their imitations have been around for 

countless years, and this article explains how general 

observations and common sense can help in the identifica- 
tion process. While sight is the sense most often relied 
upon, touch, smell, and sound can also be helpful as long 
as there is some basic knowledge of organic gems. 

Provenance can also help distinguish some organic gems. 

Yet the author cautions that there will be times when 

more sophisticated testing or a gemological laboratory 

may be required for conclusive identification. MK 


Luminescence of gem opals: A review of intrinsic and 
extrinsic emission. E. Gaillou, E. Fritsch, and F. Mas- 
suyeau, Australian Gemmologist, Vol. 24, No. 8, 
2011, pp. 200-201. 

Not all opals display luminescence, but when they do 

their emission colors are typically green or a chalky white 

to blue. Rarer orange emission is restricted to opal with a 

pink bodycolor. The researchers examined 20 strongly 

luminescent opals from a range of localities using a 

Fluorolog 3 spectrofluorometer to determine the cause(s) 

of their luminescence. 

Blue emission resulted from “the nano-structured 
nature of silica in opal, offering abundant surface with dan- 
gling bonds.” Green emission, often seen in common opal, 
was related to extrinsic uranium impurities, and speci- 
mens exhibited emission bands characteristic of the 
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“uranyl group in a phosphate environment.” Orange emis- 
sion was caused by quinones, or “fossil organic mole- 
cules” that are absorbed into phyllosilicate inclusions in 
the opal. 

For all three types of luminescence, concentrations of 
iron ranging from 1000 to 2000 ppm will suppress emis- 
sions. Furthermore, all three basic emissions have the 
capacity to mix in different proportions and subsequently 
exhibit various combined colors. AB 


DIAMONDS 


Diamond crystals and their mineral inclusions from the 
Lynx kimberlite dyke complex, central Quebec. A. 
D. van Rythoven, T. E. McCandless, D. J. Schulze, 
A. Bellis, L. A. Taylor, and Y. Liu, Canadian 
Mineralogist, Vol. 49, No. 3, 2011, pp. 691-706. 
The Lynx kimberlite is located in the Otish Mountains of 
central Quebec, within 2 km of the Renard kimberlite 
cluster. Yet diamonds from these two deposits differ in 
physical characteristics, mineral inclusions, and geologic 
ages. Test sampling of ~500 tons of Lynx kimberlite ore 
yielded nearly 6,600 macrodiamonds. A 22 ct pale brown 
octahedron is the largest crystal found to date in the 
province. There were two main diamond morphologies, 
with 41% being octahedra and the remainder being partial- 
ly resorbed tetrahexahedra. Typical colors include brown, 
gray, and colorless. Cathodoluminescence imaging of flat 
plates cut from 20 crystals revealed various patterns of 
deformation and resorption, as well as oscillatory growth 
zoning. Primary mineral inclusions consisted of olivine, 
Cr-diopside, Cr-pyrope, orthopyroxene, omphacite, and 
sulfide minerals. Data obtained from these inclusions sug- 
gest the diamonds formed at a depth of 180-190 km in the 
lithospheric mantle. JES 


Peculiarities of diamond from the commercial deposits of 
Russia. G. Y. Kriulina [galinadiamond@gmail.com], 
V. K. Garanin, A. Y. Rotman, and O. E. Koval’chuk, 
Moscow University Geology Bulletin, Vol. 66, No. 3, 
pp. 171-183. 
This comprehensive article presents morphological and 
spectroscopic characteristics of more than 12,000 diamond 
crystals from several Russian deposits in the Arkhangelsk 
diamond province (ADP) and the Yakutia diamond 
province (YDP). Most had type I morphology according to 
Orlov’s classification. Dodecahedral crystals were domi- 
nant in the ADP, while octahedral crystals were more 
common in the YDP. A rhombic-dodecahedral habit char- 
acterized diamonds from the Lomonosov deposit (ADP). 
The Zolotitskoe field and the Grib pipe (both ADP) had a 
higher percentage of cubic crystals. About half of the dia- 
monds from the ADP were structurally homogenous, fea- 
turing a single growth habit. Some crystals from 
Lomonosov showed multiple growth habits, trending from 
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octahedral to cubic to fibrous; the opposite trend was 
observed in diamonds from the YDP. 

Many rounded dodecahedral crystals from the 
Karpinsky-1 pipe and the Zolotitskoe field showed oxidiz- 
ing dissolution traces, indicating their formation in saline 
fluids. However, crystals from the Grib pipe showed poor- 
ly developed resorption features with negative trigons, and 
reflect a less oxidative diamond-forming environment. 
Large crystals with numerous deep cavities were prevalent 
in the Snegurochka, Kol’tsovskaya, and Pervomaiskaya 
pipes. 

Diamonds from the Arkhangelskaya, Karpinsky-1, and 
Karpinsky-2 pipes exhibited yellow and yellow-green 
luminescence. Most crystals from the Lomonosov, 
Pionerskaya, and Grib pipes and from the Mirninskoe 
field displayed unevenly distributed blue and violet lumi- 
nescence. Some Mirninskoe diamonds also showed green 
luminescence with a pink peripheral zone. Most samples 
from the Nakyn field and the Botuobinskaya pipe exhibit- 
ed violet luminescence. A small percentage of diamonds 
from the Jubileynaya (Yubileinaya) and Komsomolskaya 
pipes showed pink luminescence, while very few showed 
orange. The authors also observed a relationship between 
crystal habit and luminescence. For example, octahedrons 
from the Mir pipe tended to have pink luminescence 
while dodecahedrons fluoresced blue; for crystals that 
combined these two habits, the luminescence was yel- 
low-green. 

Electron paramagnetic resonance (EPR) spectroscopy 
revealed that diamonds from Internationalnaya, 
Lomonosov, and Pionerskaya possess similar paramagnet- 
ic centers—mainly P1, resulting from single-substituted 
nitrogen atoms. The P2 center, which is related to aggre- 
gated nitrogen atoms, was observed in most of the Grib 
diamonds. The N2 center, related to plastic deformation, 
was abundant in Grib diamonds but absent from the 
Pomorskaya samples. The M2 center, also related to plas- 
tic deformation, was found in pink-violet diamonds from 
the Internationalnaya pipe. Nickel-related paramagnetic 
centers such as NEI, NE2, and M1 were detected only in 
diamonds from Jubileynaya. 

Based on their IR spectra, the YDP diamonds contained 
higher concentrations of nitrogen B-aggregates than those 
from the ADP. The Lomonosov and Grib diamonds were 
rich in hydrogen and platelets but contained fewer nitro- 
gen aggregates. Samples from Pomorskaya, Karpinsky-1, 
and Arkhangelskaya had the highest concentrations of 
nitrogen A-aggregates (1,200, 1,100, and 950 ppm, respec- 
tively). The hydrogen, platelet, and B-aggregate concentra- 
tions in stones from the Mir pipe were similar to those 
from Internationalnaya and Butuobinskaya. Diamonds 
from the Komsomolskaya pipe contained A-aggregates 
with strong platelet bands but very weak or nonexistent 
hydrogen bands. The strongest platelet and hydrogen 
bands were observed in Jubileynaya crystals. 

KSM 
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Phosphorescence in type IIb diamonds. S. Eaton-Magafia 
[smagana@gia.edu] and R. Lu, Diamond and Related 
Materials, Vol. 20, No. 7, 2011, pp. 983-989, 
http://dx.doi.org/10.1016/j.diamond.2011.05.007. 

Phosphorescence spectroscopy was performed on 354 type 
IIb and seven type Ila diamonds, along with 24 HPHT- 
treated diamonds and 18 HPHT-grown synthetics. The 
phosphorescence in type IIb diamonds is due to a donor 
(most likely nitrogen) and acceptor (boron) pair recombina- 
tion. In this mechanism, holes bound to acceptors and 
electrons bound to donors recombine and emit light with 
an energy corresponding to the difference between the 
energies of the isolated donor and acceptor, plus an electro- 
static correction. 

The only phosphorescence bands observed in the natu- 
ral diamonds were centered at 500 and 660 nm. The rela- 
tive intensity and half-life of these measured bands corre- 
sponded well to their boron concentration. None of the 
treated or synthetic diamonds showed the 660 nm band. 
However, these samples did have the 500 nm band, with a 
much higher intensity in the synthetics. The phosphores- 
cence spectra were correlated to data collected from 
infrared absorption and photoluminescence spectroscopy, 
and these results provide additional evidence for the mech- 
anism responsible for the observed phosphorescence. 

GL 


GEM LOCALITIES 


Alexandrite and colour-change chrysoberyl from the Lake 
Manyara alexandrite-emerald deposit in northern 
Tanzania. K. Schmetzer [schmetzerkarl@hotmail. 
com] and A.-R. Malsy, Journal of Gemmology, Vol. 
32, No. 5-8, 2011, pp. 179-209. 

Trace amounts of Cr are the principal cause of the green 
color in emerald and the color change in alexandrite; Cr 
often predominates over V by a factor of five. Both gems 
require the simultaneous presence of Be and Cr for their 
formation, and it is not uncommon for them to occur in 
proximity to one another (but not in contact). 

In the Lake Manyara mining area, emeralds are asso- 
ciated with pegmatitic intrusions and alexandrite crys- 
tals are found in adjacent phlogopite-bearing schist that 
formed from the metasomatism of mafic or ultramafic 
rocks by the pegmatites. This metamorphic-metasomatic 
geologic setting is similar to that found in the alexan- 
drite-emerald belt of the Russian Urals and Novello, 
Zimbabwe. Due to overlapping concentrations, contents 
of Cr, V, and Fe in these gems should not be considered 
distinctive criteria for source determination. 

Lake Manyara alexandrite shows enormous variability 
in morphology, including the presence of single crystals 
and a wide range of twins (e.g., contact, penetration, and 
cyclic twins, called trillings) developed in two major 
habits: one tabular parallel to the a pinacoid, the other 
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columnar along the a-axis. Dozens of color photomicro- 
graphs and schematic drawings illustrate not only these 
external morphologies but also their corresponding growth 
structures in both reflected and transmitted light. 
Numerous inclusions are discussed, including phlogopite, 
apatite, and zircon (surrounded by tension cracks}, as well 
as partially healed fractures with residual fluid inclusions 
and two-phase inclusions within negative crystals. Milky 
white zones were caused by channels running parallel to 
the a-axis, occasionally in combination with negative crys- 
tals along the a plane. 

The complexity of alexandrite’s color-change phe- 
nomenon was studied in relation to colorimetric issues 
using the CIELAB color circle. The color changes observed 
in alexandrite and color-change chrysoberyl—and what 
distinguishes them from one another—are controversial 
and of great interest to the trade. They are extremely vari- 
able and relate directly to Cr contents and the orientation 
of the table facet with respect to the crystallographic axes. 

ERB 


Chemical and growth zoning in trapiche tourmaline 
from Zambia — A re-evaluation. K. Schmetzer 
[schmetzerkarl@hotmail.com], H.-J. Bernhardt, and 
T. Hainschwang, Journal of Gemmology, Vol. 32, 
No. 5-8, 2011, pp. 151-173. 

In the last several years, tourmaline has been added to the 
short list of trapiche minerals, the most commonly 
known being emerald from Colombia and ruby from 
Mong Hsu, Myanmar. When slices of Zambian trapiche 
tourmaline are cut perpendicular to the c-axis, two differ- 
ent patterns can result—a three-rayed fixed star with 
three transparent sectors between the rays, or (most com- 
monly) a three-rayed pattern in the center of the slice sur- 
rounded by six transparent sectors, with six boundaries 
between the center and the rim and between the six sec- 
tors of the rim. 

The complex chemical and structural trapiche pat- 
tern is consistent with the formation of tourmaline crys- 
tals in a two-step process: the skeletal growth of Na-rich 
dravite in the first phase and subsequent layer-by-layer 
growth of a second tourmaline generation beginning with 
Ca-rich fluor-uvite followed sequentially by more Na- 
rich dravite. 

The dominant external crystal forms of the trapiche 
tourmaline include the hexagonal prism a {1120}, the pos- 
itive pyramids r {1011} and o {0221}, and the negative 
pyramid -r {0111}. The trapiche pattern occurs when high 
concentrations of liquid and mineral inclusions are 
trapped along narrow growth boundaries between pyrami- 
dal and prismatic growth sectors, and where elongated 
channels or voids extend into the surrounding tourmaline 
sectors perpendicular to the dominant crystal forms men- 
tioned above. They are chemically zoned with isomorphic 
substitutions of Ca by Na and Mg by Al (which is charac- 
teristic for tourmalines of the uvite-dravite solid-solution 
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series}; Na increases while Ca decreases from core to rim. 
However, at the boundaries between different growth sec- 
tors (forming the trapiche pattern), compositions were 
found with higher Na and lower Ca than in the adjacent 
pyramidal and prismatic growth sectors. The green col- 
oration of the tourmaline is caused by minor amounts of 
V and Cr. 

The article contains dozens of annotated color photos, 
illustrations, and graphical analyses that are helpful for 
understanding the complexities of the chemical and 
growth zoning. ERB 


INSTRUMENTS AND TECHNIQUES 


Detection and analysis of diamond fingerprinting feature 
and its application. X. Li, G. Huang [tshgl@tsinghua. 
edu.cn], Q. Li, and S. Chen, Journal of Physics: 
Conference Series, Vol. 277, 2011, pp. 1-9, 
http://dx.doi.org/10.1088/1742-6596/277/1/012018. 

This article presents an innovative theoretical and tested 

model for fingerprinting faceted diamonds, and notes two 

major improvements over a space-frequency-based 
approach. The authors detail how a diamond's fingerprint 
is obtained by directing parallel light beams toward the 
table facet. Using an arrangement of concave-convex lens- 
es, Fourier transform methods, and an efficient software 

interface, a unique spatial frequency spectral analysis of a 

diamond’s surface structure of reflected light is comput- 

ed—its “fingerprint.” 

The authors discuss key formulas for the superposition 
relationships between complex amplitude distributions on 
diffraction and back focal planes, the coaxial light intensi- 
ty distributions, the actual mathematical model of the fin- 
gerprinting map, and the assessment and control of image 
signal-to-noise issues. The software platform is VC2003 
(Visual Studio 2003) linking to the OpenCV library, which 
allows customization for real-time image collection and 
preview, analysis, and archiving with additional informa- 
tion (owner, carat weight, provenance, etc.}, as well as 
background noise removal (to generate clearer finger- 
prints). The authors provide an algorithm for accurate 
analysis of diamond spectral data by a “radius comparison 
method,” using compared sequences of mean square error 
(MSE) and maximum error (ME). 

The model’s multi-sampled robustness is tested by 
employing MSE and ME, which yields good specificity 
and space-invariance. In other words, there is minimal 
variance from positional changes of a diamond placed 
within the apparatus (measured on axes called center 
translation invariance and rotation invariance), resulting 
in reliable fingerprinting. 

The usefulness of the findings is discussed in terms of 
a real-time, accurate, and relatively simple technology to 
aid in countering smuggling, theft, and other security 
issues where diamond fingerprinting is useful. ERB 
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Jade detection and analysis based on optical coherence 
tomography images. S. Chang [shoude.chang@nrc.cal, 
Y. Mao, G. Chang, and C. Flueraru, Optical 
Engineering, Vol. 49, No. 6, 2010, pp. 1-8, 
http://dx.doi.org/10.1117/1.3449112. 
Optical coherence tomography (OCT) is a fundamentally 
new type of optical sensing technology that can perform 
high-resolution, cross-sectional sensing of the internal 
structure of materials. Advantages over other volume- 
sensing systems include: higher resolution, non-invasive 
noncontact, speed, fiber-optic delivery, and no harmful 
radiation. The micron-level resolution makes it unique 
among tomographic imaging technologies. Jade is almost 
translucent to IR wavelengths and has various types of 
internal textures. The textural features of various jades 
were analyzed using their OCT signals. Six parameters 
were used to numerically describe their texture patterns. 
3-D volume data were generated through swept-source 
OCT with a depth resolution of 4 um and penetration 
range of 5 mm. OCT can be used for the detection, classifi- 
cation, counterfeit recognition, and guided artistic carving 
of jade. GL 


JEWELRY HISTORY 


I vaghi di collana in pietra nella storia [Gemstone beads 
through history]. M. C. Venuti, A. Garuti, and G. 
Romiti. Rivista Gemmologica Italiana, Vol. 5, No. 
3, 2010, pp. 197-212 [in Italian]. 

The authors survey the use of beads in jewelry. About 

100,000 years ago, snail shells were used for bead chains, 

but 9,000 years ago they were replaced by quartz, followed 

by agate, chalcedony, jasper, and others. Parallelling 
human migration, beads spread from Africa to the Middle 

East, India, and eventually the rest of the world from East 

Asia to the Mediterranean Sea. Over the course of time, 

the methods of bead production (drilling, polishing, and 

dyeing) became increasingly sophisticated. An important 
production center is India, especially Khambar, where this 
ancient tradition lives on. 

The authors also discuss different types of beads, 
ancient versus modern beads, and the identification of 
treatments and imitations. RT 


JEWELRY RETAILING 


Training helps sales force to sparkle. D. Pollitt, Human 
Resource Management International Digest, Vol. 
19, No. 1, 2011, pp. 15-16. 

British-based Aurum, a luxury jewelry retail chain, 

improved year-on-year sales by revamping its sales train- 

ing from a product-based approach to one that developed 

customer interaction skills. The transformation encom- 

passed the entire buying experience, not just the sales 
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close. This meant listening to customers to gauge their 
needs and help them gain confidence in their decision 
before attempting to close. The program, developed by a 
consultant, consisted of a two-day e-learning module for 
all 1,600 employees, followed by support meetings with 
senior and regional management. RS 


SYNTHETICS AND SIMULANTS 


And now composite chalcedony. G. Choudhary [gagan@ 
gjepcindia.com], Gems & Jewellery, Vol. 19, No. 4, 
2010, pp. 28-30. 

This article briefly reports on the examination and identi- 

fication of three chalcedony composites held together in a 

polymer-based matrix. The specimens varied in color: dark 

green with a gold matrix, light green with a silvery white 
matrix, and orange with a silvery white matrix. These 
pieces, which were submitted to the author’s gem testing 
laboratory for identification, underwent standard gemolog- 
ical testing as well as FTIR and EDXRF analysis. Key prop- 
erties are listed, and the study concluded that these speci- 
mens are similar in nature to composite turquoise with 
metallic veins (described by the author in the Summer 
2010 G&G, pp. 106-113). MK 


Characterization of a new synthetic fancy yellow dia- 
mond. V. Rolandi, A. Brajkovic [anna.brajkovic@ 
unimib.it], A. Giorgioni, A. Malossi, R. Scotti, Gem- 
mologie: Zeitschrift der Deutschen Gemmolo- 
gischen Gesellschaft, Vol. 60, No. 1-2, 2011, pp. 
9-24. 

Malossi Gemmecreate, an Italian company from Milan, is 

marketing faceted gem-quality yellow synthetic diamonds 

in the 1-2 ct range. This report provides some details of the 

crystal growth method and the results of gemological and 

spectroscopic measurements for identification purposes. 
Malossi synthetic diamonds are produced in eastern 

Europe using an HPHT technique with a split-sphere or 

BARS press. After growth, they are annealed at high tem- 

perature and pressure. The growth method employs a 

truncated tetragonal bipyramidal growth cell rather than 

a cubic growth cell, to more closely approximate the 

crystal habit adopted during natural diamond formation, 

resulting in minimal weight loss during cutting. The 
exact growth process is a Malossi trade secret, but some 
details are revealed. The growth temperature ranges from 
1360°C to 1680°C, at a pressure of 60-70 kbar. The flux 
is composed of alkali carbonates and the carbon source is 
pure graphite, to which nickel and other metal growth 
catalysts are added. The finished crystals weigh ~3.0 ct 
and take about 72 hours to grow. The post-growth pro- 
cessing for improving color and transparency includes 
heating the crystals to between 1800°C and 2000°C for 

10-15 hours while cycling the pressure as high as 80 

kbar. 
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Gemological characterization of the finished stones 
showed a specific gravity value identical to that of natural 
diamond, with uniform color and clarity ranging from IF 
to VS. The samples displayed cloud-like inclusions of ori- 
ented and arranged pinpoint and needle-like diamond 
crystals, weak anomalous double refraction, and uniform 
bright green UV fluorescence with a pattern common to 
synthetic diamonds grown with a nickel catalyst. 
Spectroscopic techniques employed included FTIR, UV- 
Vis-NIR, photoluminescence, and electron spin resonance 
spectroscopy as well as cathodoluminescence imaging. 
These techniques revealed characteristic nickel signa- 
tures and identified the synthetic diamonds as almost 
exclusively type IaA. JS-S 


TREATMENTS 


Diffusion of chromium in sapphire: The effects of elec- 
tron beam irradiation. Y.-K. Ahn, J.-G. Seo, and J.- 
W. Park [jwpark@hanyang.ac.kr], Journal of Crystal 
Growth, Vol. 326, No. 1, 2011, pp. 45-49, 
http://dx.doi.org/10.1016/j.jcrysgro.2011.01.049. 
This study evaluated chromium diffusion of sapphire 
using different treatment methods. Two samples were 
irradiated with 10 MeV of electrons at fluences of 2 x 
10!” cm~ for one hour. One of the samples was coated 
with Cr** prior to irradiation. Annealing experiments were 
performed on these, as well as an untreated and uncoated 
sapphire, at temperatures ranging from 1,773 to 1,923 K for 
200 hours under an oxidation condition of 1 atm. The dif- 
fusion of chromium in sapphire was profiled using SEM- 
EDX spectroscopy, and Arrhenius equations for the diffu- 
sion coefficient were obtained. 

Chromium penetrated deepest within the coated and 
electron beam-irradiated sapphire, followed by the 
uncoated electron beam-irradiated sample, and finally the 
uncoated non-irradiated sapphire. Photoluminescence 
spectroscopy showed that samples irradiated with elec- 
tron beams had higher peak intensities than the non-irra- 
diated sample, indicating a greater abundance of anion 
and cation vacancies. Irradiated samples therefore showed 
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deeper diffusion of chromium. It also became evident that 
an even coating of chromium on the sapphire enhanced 
diffusion. GL 


MISCELLANEOUS 


Uplifting the Earth: The ethical performance of luxury jew- 
elry brands. I. Doyle [idoyle@lifeworth.com] and J. 
Bendell, Lifeworth Consulting, June 2011, pp. 1-58, 
www.lifeworth.com/consult/wp-content/uploads/ 
2011/06/UpliftingTheEarth. pdf. 

Consumer concerns over the ethical sourcing of gem- 

stones and precious metals have pushed brands to redefine 

their business practice. This is the first study to bench- 
mark luxury jewelry brands on their corporate responsibil- 
ity. Ten of them were analyzed for their ethical, social, and 
environmental performance, with particular attention on 
the ethical sourcing of raw materials. The brands, selected 

for their renown and focus on fine gemstones, provided a 

cross-section of this sector: Boucheron, Buccellati, Bulgari, 

Cartier, Chanel, Chopard, Graff, Harry Winston, Piaget, 

and Van Cleef & Arpels. 

The study revealed that Boucheron and Cartier are 
the brands most active in addressing corporate responsi- 
bility throughout the supply chain, while the others are 
either inactive or only partially active. (Although not 
part of the study, Tiffany & Co. was commended for its 
practices.) By examining efforts of responsible jewelry 
pioneers, this report outlines a vision of ethical excel- 
lence in luxury jewelry where brands can “uplift the 
earth” by providing decent work, building community, 
and restoring environments. 

In-depth analysis suggests that the industry has yet to 
genuinely integrate corporate responsibility as part of its 
strategy. Brands will need to broaden their focus to one 
that is opportunity-based, and move from risk manage- 
ment to ethical excellence. This report illustrates how 
greater corporate responsibility can shape organizational 
qualities, inspire new business approaches, and create 
opportunities to use materials that contribute to sustain- 
able development. Alexandra Martini 
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Sooner or later, the world’s most 
extraordinary gems will cross paths with 


Here, Christie's Senior VP, Head of Jewelry Americas, 
shares priceless insight into the jewelry business 
and the value of an expert education. 


A master eye for gems ... born or made? Coming from four generations of jewelers undoubtedly piqued my interest in this great business. But one 
needs to constantly train their eye by looking at gems - the more you learn, the better you will be at identifying and pricing gems, as well as being an effective 
salesperson and well-rounded businessman. 


Something most people don’t know about you. GIA is what brought me to Christie's. After studying in Santa Monica, | attended a GIA Career Fair where 
| had my first interview with the company. 


Ok. Definitely a story there? | started work when! was 17 and five years into it, | thought | knew pretty much everything there was to know... untill enrolled at GIA. 
The Institute's meticulous training and high standards exposed me to a whole new world of expertise. 


Ultimate sales edge ... emotion or expertise? Jewelry is an emotional shopping experience, but expertise plays a decisive role. It's wonderful to show 
people a brilliant diamond, but it means more when you can follow up with a skillful explanation of the 4Cs exemplified in that particular gem. 


Lean economy. Less jewelry? At the nexus of the downturn in late 2008, we sold the Wittelsbach Blue Diamond for $24 million, a world record price back 
then for any gem ever sold at auction. When you have great gems and jewels, the money makes itself available. 


Any advice to the up and coming? Don't lose the passion that brought you to this business, and above all, keep learning every day. 


GIA gratefully acknowledges those who, for 80 years, have used our resources 


to further world expertise in gems. Invest in your success at WWW.GIA.EDU 


* The Diamond Research Laboratory. 


The Uiamond Research 
Laboratory 


by 


R. S. YOUNG 


Director, Diamond Research Laboratory 
Johannesburg, South Africa 


HE DIAMOND Research Laboratory, 

established at Johannesburg three 
years ago by the principal diamond pro- 
ducers of the world, has continued to ex- 
pand its services to its sponsors and to all 
who utilize diamonds. The Laboratory has 
two main functions: it assists the primary 
Producers to improve their metallurgical 
processes and it acts as a research service 
center for all users of both industrial and 
gem diamonds. Most of the work of the 
Laboratory has been, and will continue to 
be, concerned with industrial diamonds. 
This is to be expected, since the industrial 
diamond, unlike its gem counterpart, enters 
into a large number of uses. The potentiali- 
ties, moreover, of crystalline “carbon in in- 
dustry are much greater than in ornamenta- 
tion. Nevertheless the Laboratory is actively 
concerned with gem investigations, and long 


tange projects are underway to assist the 
producer, dealer, cutter, and ultimate pur- 
chaser of gem diamonds. 

The progress of the Laboratory may per- 
haps best be described by briefly outlining 
the program of each section: 


METALLURGICAL SECTION 


This division is devoted to improving the 
methods of mineral dressing and recovery 
in diamond mining. The basic initial proc- 
ess for extracting diamonds from either 
kimberlite or pipe formations, or from allu- 
vial gravels, is a gtavity separation. It is 
dependent on the fact that diamond with 
its specific gravity of 3.5 is appreciably 
heavier than quartz and most silicate min- 
erals, and can therefore be separated by 
gravity means such as jigging or the newer 
sink-and-float technique. Having obtained 
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EDITORIAL 


TRANSPARENCY AND SYNTHETIC DIAMONDS 


colorless synthetic diamonds—highly sophisticated, high-purity synthetics 

that cannot be detected using magnification and other traditional means. 
These stories resonate powerfully with members of the industry, causing some to 
wonder: Can laboratories still distinguish between natural and synthetic dia- 
monds? 


n recent months, the trade press has covered developments involving near- 
| 


After the development of synthetic diamonds in the mid-1950s, the next major 
breakthrough happened in 1970, when General Electric announced the first 
gem-quality synthetic diamond (examined in the Summer 1971 Ge>G, pp. 
302-314). Over the next two decades, these products were manufactured in 
presses using the HPHT (high-pressure, high-temperature) growth method. 
The stones were mostly small, and the manufacturers—namely GE, Sumitomo, and De Beers—did so 
for industrial applications and research purposes. But as the quality and size of these goods improved 
to jewelry standards, a new paradigm emerged. 


E 


So did another method of diamond synthesis: chemical vapor deposition (CVD). In this process, 
carbon atoms from a gas such as methane (CH,) are deposited onto a small seed platform. The latest 
generation of CVD products are even more difficult to detect than HPHT synthetics. But even the 
most sophisticated synthetics can be detected with the advanced analytical tools and expertise found in 
a handful of gemological laboratories worldwide. 


As gem-quality synthetic diamond continues to mature, interesting wrinkles have developed. Faster 
growth rates and lower production costs. A host of new manufacturers with varying degrees of trans- 
parency about the nature of their products. Post-growth treatments intended to enhance color. The 
possibility of synthetic melee smaller than the cost-effective threshold for grading natural diamonds. 
Detection measures led to increasingly sophisticated, often secretive countermeasures, a cycle that has 
escalated into something of an arms race. 


For more than 40 years, Gems & Gemology has been on the front lines of identifying synthetic 
diamonds. This issue continues that tradition with three ti Ie hagdags ‘ a 
informative articles on the subject. The first is a study by Ultimately, the ident. ifi cation of sy nbnetic 
Dr. Wayi Wang and coauthors on the latest near-color- diamonds stands at the core of the gem 
less CVD synthetics from Florida-based Gemesis Corp. 4,/] jew elry indu SL You 

Accompanying it are an overview of the CVD growth 

process and a report on the world’s first “diamond sphere”: a synthetic nano-polycrystalline diamond 
fashioned with pulsed lasers. You'll also find timely features on a recent sapphire rush in Sri Lanka and 

the emerging Micronesian cultured pearl industry, plus a wide-ranging assortment of Lab Notes and 

Gem News International updates. 


Ultimately, the identification of synthetic diamonds stands at the core of the gem and jewelry industry, 
and at the core of GIA’s mission of ensuring the public trust in gems and jewelry: While some 
consumers are drawn to the undeniable beauty and affordability of today’s mass-produced synthetics, 
many others insist on diamonds created by nature. But all buyers, regardless of their position on 
synthetic diamonds, have the right to know exactly what they're purchasing. 


Jan Iverson | Editor-in-Chief | jan.iverson@gia.edu 


Cheers, 
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AOS ARTICLES 


CVD SYNTHETIC DIAMONDS FROM 


GEMESIS Corp. 


Wuyi Wang, Ulrika F. S. D’Haenens-Johansson, Paul Johnson, Kyaw Soe Moe, Erica Emerson, 


Mark E. Newton, and Thomas M. Moses 


Gemological and spectroscopic properties of CVD synthetic diamonds from Gemesis Corp. were ex- 
amined. Their color (colorless, near-colorless, and faint, ranging from F to L) and clarity (typically VVS) 
grades were comparable to those of top natural diamonds, and their average weight was nearly 0.5 ct. 
Absorption spectra in the mid- and near-infrared regions were free from defect-related features, except 
for very weak absorption attributed to isolated nitrogen, but all samples were classified as type Ila. Vary- 
ing intensities of [Si-V]- and isolated nitrogen were detected with UV-Vis-NIR absorption spectroscopy. 
Electron paramagnetic resonance was used to quantify the neutral single substitutional nitrogen content. 
Photoluminescence spectra were dominated by N-V centers, [Si-V]-, H3, and many unassigned weak 
emissions. The combination of optical centers strongly suggests that post-growth treatments were applied 
to improve color and transparency. PL spectroscopy at low temperature and UV fluorescence imaging 
are critical in separating these synthetic products from their natural counterparts. 


long with the conventional high-pressure, 
A tistcmpertr (HPHT) growth technique, 

single-crystal synthetic diamond can be pro- 
duced using chemical vapor deposition (CVD). Tech- 
nological advances and a greater understanding of the 
crystal growth processes have led to significant im- 
provements in quality over the last decade. Today, 
CVD-grown faceted synthetic diamonds are present 
in the jewelry market in a variety of colors and sizes 
(e.g., Wang et al., 2003, 2005; Martineau et al., 2004). 
Furthermore, post-growth treatments to improve the 
color and transparency of these materials have been 
investigated. 

In November 2010 Gemesis Corp., a well-known 
manufacturer of gem-quality HPHT synthetic dia- 
monds, announced plans to market colorless and 
near-colorless CVD synthetics (Graff, 2010). Since 
March 2012, the company has sold mounted and 
loose CVD synthetic diamonds (e.g., figure 1). 

Because of the high cost and difficulty to manu- 
facture colorless HPHT synthetics, growth methods 


See end of article for About the Authors and Acknowledgments. 
Gems & GEMOLOGY, Vol. 48, No. 2, pp. 80-97, 
http://dx.doi.org/10.5741/GEMS.48.2.80. 
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have traditionally focused on fancy colors. However, 
now it is colorless and near-colorless CVD synthet- 
ics, such as those developed by Gemesis, that pose 
the greatest commercial challenge to natural dia- 
monds (treated and untreated) of comparable quality. 
This study follows an initial report by Wang and 
Moses (2011) and presents gemological characteris- 
tics and spectroscopic features of new CVD synthet- 
ics from Gemesis. Key identification features that 
help separate these products from natural diamonds 
are also discussed. 


CVD Growth. While HPHT growth takes place under 
temperature and pressure conditions in which dia- 
mond is the stable phase of carbon, the CVD tech- 
nique enables growth under conditions where 
diamond is metastable with respect to graphite. This 
means that although diamond is kinetically stable, it 
is thermodynamically unstable. The technique is 
based on a gas-phase chemical reaction involving a 
hydrocarbon gas (such as methane) in an excess of hy- 
drogen gas occurring above a substrate. For single- 
crystal synthetic diamond growth the substrate is also 
a synthetic diamond, usually in the form of a {100}- 
oriented polished plate. Multiple substrates can be 
placed simultaneously in the CVD reaction chamber. 
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The gas-phase precursor molecules can be activated 
in a variety of ways, typically by microwaves. Once 
the complex chain of reactions has been initiated, car- 
bon atoms are added to the substrate (see Overview 
article on pp. 124-127 of this issue). The growth pa- 
rameters are optimized to ensure the formation of a 
tetrahedrally bonded (sp*) carbon lattice, of which di- 
amond is composed, rather than sp?-bonded graphitic 
material, and that the latter material is selectively 
etched. The reactions occur at pressures of 10-200 
torr, and the substrate is held at temperatures ranging 
from 700 to 1,000°C during the active growth period. 

One of the main advantages of the CVD method 
is the ability to dope the synthesized diamond by the 
controlled addition of gases containing the intended 
impurity atom (e.g., nitrogen, silicon, or boron). Nev- 
ertheless, unintentional impurity doping can also 
occur due to their presence in the gas sources or the 
reactor components. Goodwin and Butler (1997) and 
Butler et al. (2009) provided a thorough review of the 
important features of the synthesis environment and 
critical aspects of the growth process. 


CVD SYNTHETIC DIAMONDS FROM GEMESIS CORP. 


Figure 1. These faceted 
CVD synthetic dia- 
mond samples (0.24— 
0.90 ct) obtained from 
Gemesis Corp. were ex- 
amined in this study. 
Color grades are 
mainly in the range of 
colorless to near-color- 
less, and clarity is dom- 
inantly in VVS or better 
categories. These fea- 
tures are comparable to 
top-quality natural 
counterparts. Compos- 
ite photo by Jian Xin 
(Jae) Liao. 


HPHT Processing for the Removal of Brown Color. 
Interest in the cause of brown color in both natural 
and CVD-grown type Ila diamond has heightened 
ever since it was reported that HPHT treatment 
could decolorize these goods and greatly improve 
their commercial value (Moses et al., 1999; Fisher 
and Spits, 2000; Wang et al., 2003; Martineau et al., 
2004). The color arises from a gradual, featureless rise 
in the absorption spectrum from ~1200 nm to the di- 
amond absorption edge at ~225 nm. No specific 
threshold for the rise has been identified, and it has 
been suggested that the absorption originates from 
extended defects rather than impurity-related point 
defects (Hounsome et al., 2006). Most brown CVD 
synthetics also show broad bands at 365 and 520 nm, 
and absorption from the latter band may further con- 
tribute to the color intensity (Martineau et al., 2004). 

The brown color in natural diamond is often con- 
centrated along slip bands (though not all plastically 
deformed diamonds are brown), which suggests that 
dislocations or defects produced by movement of the 
dislocations are responsible for the color (Collins et al., 
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2000). However, analysis of the dislocation densities 
(~10°/cm?) and their expected absorption strengths in- 
dicates that they alone cannot account for the ob- 
served color intensities (Fall et al., 2002; Willems et 
al., 2006; Maki et al., 2007; Fisher et al., 2009). Other 
studies have proposed that the brown color is pro- 
duced by absorption from vacancy clusters or {111}- 
oriented vacancy discs also found in heavily distorted 
regions of the diamond lattice (Avalos and Dannefaer, 
2003; Hounsome et al., 2006; Bangert et al., 2009). The 
presence of clusters in brown natural diamond has 
been confirmed by positron annihilation experiments, 
which demonstrated that the smaller clusters are op- 
tically active. These clusters have been shown to an- 
neal out and/or aggregate to form larger, optically 
inactive clusters at the HPHT annealing temperatures 
(up to ~2500°C) required to remove brown color from 
natural diamond (Avalos and Dannefaer, 2003; Fisher 
et al., 2009). 


In Brief 


¢ Gemesis Corp. has sold mounted and loose CVD syn- 
thetic diamonds since March 2012. 


The latest generation products examined for this report 
ranged up to 0.90 ct, and most were near-colorless and 
had clarity grades between IF and VVS; all but one 
were round brilliants. 


Spectroscopic evidence indicates a likelihood that 
these CVD synthetics have undergone post-growth 
HPHT processing to enhance their color and possibly 
their clarity. 


This material is conclusively identified by PL spec- 
troscopy and DiamondView fluorescence images. 


X-ray topography of brown single-crystal as- 
grown CVD synthetic diamond has not shown sig- 
nificant plastic deformation (Martineau et al., 2004). 
Dislocations in CVD material appear to have nucle- 
ated at the interface with the substrate, thus forming 
approximately perpendicular to the growth surface 
(Martineau et al., 2004, 2009). The dislocation den- 
sities in as-grown CVD synthetic diamond are rela- 
tively low (~10*-10°/cm/) and thus are not considered 
the main cause of brown color. Positron annihilation 
studies have shown that brown as-grown CVD syn- 
thetics may contain vacancy clusters of various sizes, 
ranging from monovacancies to nanometer-size 
voids (Maki et al., 2007). The smaller clusters anneal 
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out in a temperature range (1400-1600°C) similar to 
that at which the brown color is removed in CVD 
synthetic diamond (Charles et al., 2004; Martineau 
et al., 2004; Maki et al., 2007). Yet it has not been 
conclusively demonstrated that these clusters are re- 
sponsible for coloration, especially as several other 
point defects in CVD synthetic diamond are created 
and destroyed at these temperatures. The difference 
in the temperature stability of color-causing defects 
between natural and CVD synthetic brown diamond 
is not yet understood, and theoretical and experimen- 
tal studies are ongoing. 

Gem-quality CVD specimens with post-growth 
treatments have occasionally been submitted to gem 
laboratories for grading (Chadwick, 2008a,b). The 
purpose of the treatment is not limited to changing 
the color from brown to colorless, as intense pink 
CVD synthetic diamonds from Apollo (Wang et al., 
2010) have also shown evidence of treatment with 
multiple steps. 


MATERIALS AND METHODS 

For this investigation, we purchased 16 faceted CVD 
synthetic diamonds from Gemesis (table 1; see also 
figure 1). These ranged from 0.24 to 0.90 ct, with an 
average weight of 0.46 ct. The majority (94%) were 
cut as round brilliants, with depths of 2.41 to 3.69 
mm, averaging 2.93 mm. These CVD synthetics are 
representative of the current production being sold 
on the Gemesis website. 

Experienced members of GIA’s diamond grading 
staff determined color and clarity grades using GIA’s 
grading system. Internal features were examined 
with a standard gemological binocular microscope 
and a research-grade Nikon microscope, using a va- 
riety of lighting techniques, including darkfield and 
fiber-optic illumination and polarization. Reactions 
to UV radiation were tested in a darkened room with 
a conventional 4 watt combination long-wave (365 
nm) and short-wave (254 nm) UV lamp. We also ex- 
amined the samples for fluorescence, phosphores- 
cence, and crystal growth characteristics using the 
Diamond Trading Company (DTC) DiamondView 
instrument (Welbourn et al., 1996). Phosphorescence 
images were collected with a 0.1 second delay and 5 
seconds of exposure time. 

Phosphorescence spectra were collected on all 
samples at room temperature with an Ocean Optics 
HR4000 spectrometer. After illuminating the sam- 
ples for 30 seconds with an Avantes AvaLight-DH-S 
deuterium-halogen light source (emission wave- 
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TABLE 1. CVD synthetic diamonds from Gemesis Corp. examined in this study. 


Sample Weight (ct) Color Cut Clarity PNA ae pace 
Long-wave Short-wave 
GS02 0.30 G Round VVS, Inert Very weak green na* na 
GSO03 0.41 F Round VVS, Inert Very weak green na na 
GS04 0.26 G Round VVS, Very weak green Weak green na na 
GS05 0.31 G Round IF Inert Very weak green na na 
GS06 0.24 G Round VS, Inert Very weak green na na 
GSO7 0.24 F Round VVS, Inert Very weak green 72 +10 <5 
GS08 0.39 F Round VVS, Inert Very weak green 170 + 25 <10 
GSO9 0.48 G Round VS, Inert Weak green 180 + 20 <10 
GS10 0.41 G Round VVS, Very weak green Weak green 180 + 20 <10 
GS11 0.47 G Round VVS, Very weak green Weak green 150 + 20 <5 
GS12 0.47 | Round VS, Very weak green Weak green 220 + 30 <10 
GS13 0.47 G Round VVS, Inert Very weak green 170 + 25 <10 
GS14 0.39 G Round VS, Inert Weak green 150 + 20 <5 
GS15 0.70 | Round VVS, Weak green Moderate green 280 + 40 <10 
GS16 0.83 J Round VVS, Inert Weak green 340 + 30 <10 
GS17 0.90 L Rectangle VVS, Very weak green Weak green 450 +50 <15 


? Abbreviation: na = not analyzed. 


length of 215-2500 nm], we began data collection. A 
1 second spectral integration time was used, and data 
collection continued for 60-100 seconds. 

Infrared absorption spectroscopy of all samples was 
performed in the mid-IR (6000—400 cm, at 1 cm res- 
olution) and near-IR (up to 11,000 cm, at 4 cm”! res- 
olution) ranges at room temperature with a Thermo 
Nicolet Nexus 6700 Fourier-transform infrared (FTIR) 
spectrometer equipped with KBr and quartz beam 
splitters. Samples were first cleaned in an ultrasonic 
bath of acetone and dried with compressed air. A 
DRIFT (diffuse reflectance infrared Fourier transform) 
unit focused the incident beam on the sample, and up 
to 256 spectral scans were averaged for increased sig- 
nal-to-noise ratios. Additionally, the sample chamber 
was purged with nitrogen gas. The mid- and near-IR 
spectra were normalized relative to the two- and 
three-phonon diamond absorptions, enabling quanti- 
tative analysis of impurity-related peak intensities. 

Continuous-wave electron paramagnetic reso- 
nance (EPR) was used to investigate paramagnetic 
point defects (see box A) in 11 of the samples. Spectra 
were acquired at room temperature using a commer- 
cial X-band (~9.7 GHz) Bruker EMX-E spectrometer 
equipped with a super-high-Q (SHQ) spherical reso- 
nant cavity and a Bruker ER 041 XG-H microwave 
bridge. The samples were held in dual-axis goniome- 
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ters that enabled accurate positioning within the 
EPR cavity. Further details regarding signal optimiza- 
tion and the simulation and fitting of EPR spectra of 
paramagnetic defects is described by Edmonds et al. 
(2008). Defect concentrations in the study samples 
were calculated by comparing their EPR-integrated 
intensities to those of a type Ib HPHT synthetic dia- 
mond (single growth sector) reference sample with a 
known concentration of neutral single-substitutional 
nitrogen (N°). The N.° concentration of this sample 
was originally determined using EPR and infrared ab- 
sorption spectroscopy. 

Absorption spectra in the ultraviolet through visi- 
ble to near-infrared range (UV-Vis-NIR, 250-1000 nm) 
were recorded on all samples with a custom-built in- 
strument using an Avantes AvaSpec-2048 spectrome- 
ter and two broadband light sources (AvaLight-HAL 
and AvaLight-DH-S)]. This high-resolution apparatus 
enabled the detection of very weak and sharp absorp- 
tions at liquid-nitrogen temperature (77 K). The sam- 
pling interval in this four-channel device was 
0.04-0.07 nm, depending on the specific wavelength 
ranges, with a 10 pm entrance slit width. Using 200 
scans per spectrum, we achieved spectral resolution 
better than 0.2 nm, as well as a very good signal-to- 
noise ratio. Samples were immersed in a specially de- 
signed bath containing multiple layers of liquid 
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Box A: ELECTRON PARAMAGNETIC RESONANCE OF POINT DEFECTS IN DIAMOND 


EPR spectroscopy is an extremely sensitive quantitative 
tool for chemical and structural identification of paramag- 
netic point defects in diamond and other nonmetallic ma- 
terials. A paramagnetic defect in diamond, such as the 
single substitutional nitrogen center (N,° or C-center), 
contains one or more unpaired electrons. An electron has 
an intrinsic magnetic moment, which can be visualized 
as a small bar magnet or compass needle. This magnetic 
moment arises from the quantum mechanical property 
called spin (S). Thus, EPR is also known as electron spin 
resonance (ESR). An electron has an intrinsic spin S = 4. 
In systems containing more than one electron, the result- 
ant total spin can be zero (i.e., two electrons in a chemical 
bond) or non-zero. In diamond, covalent bonds are formed 
between neighboring carbon atoms. Each carbon atom has 
four electrons available for bonding and “points” four hy- 
brid atomic orbitals at neighboring atoms. These orbitals 
on neighboring atoms interact, producing bonding and 
anti-bonding molecular orbitals between neighbors. Each 
bonding molecular orbital accommodates two anti-paral- 
lel paired electrons (a consequence of the Pauli Exclusion 
Principle) with an overall spin S = 0 (figure A-1, left). The 
covalent bonds produced by the carbon atoms sharing 
electrons are very strong. The anti-bonding orbital is 
much higher in energy and is empty. Thus pure diamond 
is not EPR-active. 

Nitrogen contains one more electron than carbon, 
and when it substitutes for a carbon atom in the dia- 
mond lattice (N,°), it can bond with neighboring carbons, 
but one electron is left over, resulting in an overall spin 
of S = 4. This lone electron is accommodated in an anti- 
bonding orbital formed between the nitrogen and one of 
its carbon neighbors. This unpaired electron has two 
spin states split by a magnetic field, the lower energy one 
corresponding to the magnetic moment of the electron 
parallel to the applied field, and the upper one anti-par- 
allel (figure A-1, right). The interaction between the ap- 
plied magnetic field and the electron spin (magnetic 
moment) is known as the (anomalous) Zeeman effect. 
Magnetic dipole transitions between the two spin states 
can be driven with microwave radiation that matches 
the energy separation. Usually the magnetic field is 


nitrogen (patent pending}, ensuring consistent temper- 
ature and a stable environment free of nitrogen gas 
bubbles. 

Acommercial Renishaw InVia Raman confocal mi- 
crospectrometer, equipped with the liquid nitrogen 
bath setup used for UV-Vis-NIR spectroscopy, was used 
for low-temperature photoluminescence (PL) spectral 
analysis of all samples. Various defect centers were ex- 
cited using five excitation wavelengths produced by 
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Figure A-1. Pure diamond is not EPR-active because each 
bonding molecular orbital accommodates two anti-paral- 
lel paired electrons with an overall spin S = 0 (left). When 
a nitrogen atom substitutes for a carbon atom in the dia- 
mond lattice (N,°) the additional electron is accommo- 
dated in an anti-bonding orbital formed between the 
nitrogen and one of its carbon neighbors. This unpaired 
electron has a spin S = ¥%, so N,? is EPR-active (right). 


swept (i.e., increased or decreased in a swift manner 
across a chosen magnetic field range) to produce an EPR 
spectrum; when the energy of the fixed frequency mi- 
crowave radiation matches the separation of the levels, 
an EPR signal is observed. 

Fortunately, an unpaired electron is highly sensitive 
to its environment, and it is these interactions that pro- 
duce more complex spectra with a wealth of information 
about the nature and constituents of the defects under 
investigation. For example, an unpaired electron can in- 
teract with neighboring nuclei that possess nuclear spin. 
This produces a local magnetic field, which will have the 
effect of either increasing or decreasing the effective 
magnetic field experienced by the unpaired electron, de- 
pending on the relative orientation of the two spins. 
Consequently, additional “satellite” resonance lines due 
to nuclei with nuclear spin will appear about the center 
of the spectrum. 

EPR has a very high sensitivity, and N,° defect con- 
centrations of ~1 ppb can be routinely measured in 
minutes. Usually the spectra contain overlapping con- 
tributions from several defects, but these can be decon- 
volved, facilitating detailed quantitative analysis even 
when multiple defect species are present in the same 
sample. 


four laser systems. An Ar-ion laser was operated at ex- 
citation wavelengths of 488.0 nm (for the 490-850 nm 
range) and 514.5 nm (for the 517-850 nm range). PL 
spectra were collected in the 640-850 nm range using 
an He-Ne laser (632.8 nm], and in the 835-1000 nm 
range using a diode laser (830.0 nm). In addition, an He- 
Cd metal-vapor laser (324.8 nm) was used for the 370- 
800 nm range. Up to three scans were accumulated for 
each spectrum to improve the signal-to-noise ratio. 
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¢ The electrostatic equipment in the metallurgical section. 


a gravity concentrate, further recovery is 
usually effected in one of two ways. if the 
diamonds will adhere: to a grease surface, a 
stream of the gravity concentrate is allowed 
to flow as a wet pulp over an inclined 
table coated with grease. The diamonds 
adhere to’ the grease whereas most gangue 
minerals do not stick and are washed down 
the table. Unfortunately the diamonds from 
many properties do not adhere to grease, 
and the entire gravity plant concentrate 
must be hand-sorted, a laborious, costly, and 
inefficient practice. 

One of the important lines of investiga- 
tion at the Laboratory has been into the 
reason for the non-adherence of some dia- 
monds to grease and the means to overcome 
this condition. A. process of imparting a 
water-repellent film to the diamond to make 
it adhere to grease, without affecting the 
gangue, has been developed at the Labora- 
tory and is now being installed on a plant 
scale at one of the leading mines. To im: 
prove the recovery of the smaller diamonds 
an entirely new process, based on electro- 


static separation, has been developed and is 
likewise now being installed at a leading 
producer. Other processes, such as froth flo- 
tation, are under close study to improve 
recovery, lower costs of production, and 
insure that future world demand for indus- 
trial diamonds can be met by the producers. 

Several pertinent facts relating to the 
metallurgical problems of the diamond min- 
ing industry, which may not be realized 
even by gemologists, may be of interest. A 
medium grade copper property has one 
pound of copper in one hundred pounds 
of ore, a similar quality gold mine would 
have about one part of gold in 125,000 
parts of rock, but in a good diamond mine 
one part of diamond is only obtained by 
working fourteen million parts of ore. The 
diamond property has always suffered from 
the fact that it, alone in the mining indus- 
try, has no means of determining by chem- 
ical analysis the value of its incoming ore 
or its outgoing tailings. There is obviously 
no way of differentiating the relatively small 
quantity of carbon, derived from diamond, 
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RESULTS 


Color and Shape. Three of the 16 samples were 
graded as colorless (F color) and 12 as near-colorless 
(GJ; see table 1). Only one was faintly colored (L), 
with the color falling within the yellow hue range. 
The three largest diamonds had the poorest color 
grades. The largest sample (0.90 ct) was the only one 
polished into a rectangular shape; the other 15 sam- 
ples were round brilliants. 


Clarity. The samples showed very high clarity (again, 
see table 1). Twelve of them had clarity grades be- 
tween IF and VVS. This marked the first time GIA 
has given an IF grade to a CVD synthetic diamond 
(sample GSO05, 0.31 ct). Only four samples fell in the 
VS category. Clarity grades in those samples were 
lowered by small black inclusions with irregular 
shapes (probably non-diamond carbon; figure 2). 
Most of these inclusions were smaller than 50 pm. 
Small petal-shaped radial fractures were occasionally 
observed around some of the larger inclusions. It is 


Figure 2. Internal features 
in the CVD synthetic dia- 
monds consisted of small 
(generally <50 pm) irregu- 
lar black inclusions (left, 
image width 1.0 mm), 
likely composed of non-di- 
amond carbon. Radial frac- 
tures surrounded some of 
the larger inclusions (right, 
image width 1.3 mm), a re- 
sult of strong, highly 
localized strain. Photomi- 
crographs by W. Wang. 


noteworthy that none of the samples contained no- 
ticeable fractures. 


Birefringence. Dislocation-related graining is a com- 
mon feature in many CVD synthetics. Nevertheless, 
graining was not observed in these Gemesis samples. 
Microscopic imaging with crossed polarizers did re- 
veal relatively weak anomalous double refraction pat- 
terns compared with those of CVD samples in 
previous studies (Wang et al., 2003, 2005, 2010). These 
irregular, linear, or occasionally “tatami” patterns 
were characterized by low-order interference colors, 
including gray and blue (figure 3, left and center). Ex- 
tremely high-order interference colors with character- 
istic symmetrical patterns were only observed around 
small black inclusions, a good indication of increased 
strain in highly localized regions (figure 3, right). 


Fluorescence and Phosphorescence. A remarkable 
property of the Gemesis synthetics was their response 
to UV radiation (table 1). Unlike the orange-red fluo- 


Figure 3. Relatively weak anomalous double refraction was seen when viewing these synthetic dia- 
monds with crossed polarizers, showing low-order gray and blue interference colors with irregular, lin- 
ear, or occasionally “tatami” type patterns (left and center, image widths 3.3 and 3.1 mm, respectively). 
Petal-shaped regions of birefringence with characteristic symmetrical patterns were sometimes ob- 
served around small black inclusions (right, image width 0.9 mm). Photomicrographs by W. Wang. 
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Figure 4. In the DiamondView, three of the synthetic diamond samples were dominated by green fluores- 
cence (e.g., left, 0.30 ct). Four showed strong blue fluorescence (center, 0.47 ct), and the other samples 
showed transitional features. Even in those dominated by blue fluorescence, the green striations were still 
clearly observable. In 12 of the 16 samples, the DiamondView revealed a sharp, well-defined fluorescence 
boundary with a ~45° angle to the table face (right, 0.41 ct). One side of the boundary showed normal 
green-blue fluorescence, while the other had much weaker fluorescence. Images by W. Wang. 


rescence commonly associated with CVD material, 
the samples in this study displayed green fluorescence 
(mostly of weak to very weak intensity] to short-wave 
UV. Additionally, six samples fluoresced weak to very 
weak green when exposed to long-wave UV radiation, 
while the remainder were inert. 

The high-intensity ultra-short UV wavelength of 
the DTC DiamondView (~225 nm radiation) revealed 
growth striations in all the samples, with green fluo- 
rescence of varying intensity. An alternating pattern 
of very narrow green striations was occasionally dis- 
tributed throughout the whole specimen (figure 4, 
left). Three of the synthetics were dominated by green 
fluorescence and four showed strong blue fluores- 
cence, while other samples showed transitional fea- 
tures. Even in those dominated by blue fluorescence, 


the green striations were still clearly visible (figure 4, 
center). In 12 of the 16 samples, the DiamondView flu- 
orescence image also revealed a sharp, well-defined 
boundary separating areas showing dominant green 
fluorescence or where the fluorescence was signifi- 
cantly weaker or nearly undetectable (figure 4, right). 
Similar banding structures were reported in Apollo 
CVD synthetics (e.g., Wang et al., 2010), but with a 
different orientation of the bands relative to the table 
facet. The bands in the Apollo samples were mostly 
aligned parallel to the table, while those in Gemesis 
samples intersected the table at ~45°. The four sam- 
ples in this study that did not show the banding struc- 
ture were among the smallest pieces (0.24—0.31 ct). 
The Gemesis CVD synthetics displayed evenly 
distributed blue phosphorescence of varying inten- 


Figure 5. Blue phosphorescence with varying intensity, observed in the DiamondView, was distributed 
evenly throughout each of the synthetic diamonds, as shown here for samples weighing 0.26, 0.39, and 
0.24 ct. Images by W. Wang. 
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Figure 6. The five synthetic diamonds that showed 
strong phosphorescence in the DiamondView had a 
broad but clear band centered at ~550 nm in their 
phosphorescence spectra. 


sity (figure 5). Only weak phosphorescence was ob- 
served in the samples dominated by green fluores- 
cence. The phosphorescence was markedly stronger 
in those that displayed intense blue fluorescence. 
Phosphorescence spectra were dominated by a broad 
band centered at ~550 nm, which was best defined 
in the samples that showed strong emissions in the 
DiamondView (figure 6). 


Infrared Absorption Spectroscopy. The Gemesis sam- 
ples displayed relatively featureless absorption spec- 
tra in the infrared region, unlike those reported in 
CVD synthetics from other sources (Wang et al., 
2003, 2005, 2010; Martineau et al., 2004). Defect-re- 
lated absorptions were only observed in the 1500- 
1100 cm region. These features (e.g., figure 7) 
included a relatively sharp peak at 1332 cm"! and an- 
other peak at 1344 cm, both attributed to different 
charge states of the single substitutional nitrogen de- 
fect. The 1332 cm” absorption is due to the positive 
charge state, N,* (Lawson et al., 1998), while the 1344 
cm line is associated with the neutral charge state, 
N,° (Collins et al., 1987). 

While the 1332 cm:! peak was recorded in each 
sample, the 1344 cm7! peak was not detected in two 
of them (GSO2 and GSO7). The intensity of the 1344 
cm! absorption varied from sample to sample, but 
generally fell below 0.01 cm", corresponding to an 
N,° concentration of <1 ppm carbon atoms. Interest- 
ingly, we did not detect the 3123 cm" local vibration 
mode attributed to the neutral charge state of the ni- 
trogen vacancy-hydrogen-complex [N-V-H]®, as re- 
ported previously in CVD synthetic diamond (Fuchs 
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et al., 1995a,b; Wang et al., 2003; Martineau et al., 
2.004; Khan et al., 2009, 2010; Liggins, 2010). Further- 
more, the absorption line at 3107 cm", which can 
sometimes be introduced into a brown CVD syn- 
thetic after HPHT treatment, was not observed 
(Charles et al., 2004; Martineau et al., 2004). Spec- 
troscopy in the near-infrared region did not reveal 
any other absorption peaks previously reported in 
CVD synthetics, such as lines at 8753, 7354, 6856, 
6524, and 5564 cm"! (Wang et al., 2003; Martineau et 
al., 2004). 


Electron Paramagnetic Resonance Spectroscopy. EPR 
spectroscopy is useful for identifying the presence of 
CVD-specific paramagnetic defects (e.g., Glover et 
al., 2003, 2004; Edmonds et al., 2008; D’Haenens-Jo- 
hansson et al., 2010, 2011). This technique can be 
used to quantify the concentrations of N,° (Smith et 
al., 1959; Cox et al., 1994) and the negatively charged 
state of the nitrogen-vacancy-hydrogen defect ([N-V- 
H}; Glover et al., 2003); results for the 11 Gemesis 
samples tested are reported in table 1. The EPR spec- 
trum for GS11, shown in figure 8, is representative 
of the samples. The N.° concentrations ranged from 
as low as 72, + 10 ppb (GSO7, F color] to as high as 450 
+ 50 ppb (GS17, L color). The average concentration 
was 215 ppb, with a standard deviation of 105 ppb. 
Although there was not a wide distribution of color 
grades for the samples tested (F-L, with 45% having 
a G color), comparison between the grades and the 
N.° concentrations suggest that as the concentration 
increased the grade fell lower on the color scale. This 
is understandable, since isolated nitrogen is known 


Figure 7. Absorption spectra of the Gemesis synthetic 
diamonds in the middle and near-infrared regions are 
very “clean.” Only weak absorptions at 1344 and 
1332 cnr (due to isolated nitrogen) were detected in 
some samples. Spectra are shifted vertically for clarity. 
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to impart yellow color in diamond. The [N-V-H} cen- 
ter was not detected by EPR, with upper concentra- 
tion limits ranging from 5 to 15 ppb (table 1). 


UV-Vis-NIR Absorption Spectroscopy. Since the 
faceting of the samples made it impossible to accu- 
rately determine the pathlength of the beam, the ab- 
sorbance of the samples could not be converted into 
absorption coefficients, as was done with the FTIR ab- 
sorption data, limiting quantitative data analysis. Nev- 
ertheless, several absorption features were identified, 
indicating the presence of certain impurity defects. 

A gradual, shallow increase was observed in the 
absorption spectra from approximately 300 nm down 
to the diamond absorption edge at ~225 nm (figure 
9A). Defect-related absorptions were detected in the 
infrared and deep-UV regions, with the visible region 
(400-700 nm) appearing featureless. Notably absent 
were the absorption lines at 586 nm (different from 
the 596/597 nm doublet sometimes observed in PL} 
and 625 nm, which have been reported in some 
brown CVD synthetics (Wang et al., 2003; Martineau 
et al., 2004). 

A broad absorption band centered at ~270 nm and 
sharp peaks at 271.5 and 268.0 nm were detected in 
all of the samples (again, see figure 9A). These absorp- 
tions are attributed to the isolated nitrogen impurity 
in diamond (Dyer et al., 1965). The intensity of these 


Figure 8. The EPR spectrum of sample GS11 (labeled 
“experimental”) shown here is representative of all 
the analyzed Gemesis samples and was taken with 
the magnetic field along [111]. The relative intensities 
and positions of the spectral lines agreed with those 
of the simulated spectrum for N,°, identifying the 
paramagnetic species and allowing the determination 
of N,? concentrations (see table 1). No other paramag- 
netic defects were detected. 
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Figure 9. UV-Vis-NIR absorption spectroscopy of the 
Gemesis synthetic diamonds at liquid-nitrogen tem- 
perature revealed a broad absorption band centered 
~270 nm from isolated nitrogen in every sample (A). 
Sharp doublet absorptions at 736.6/736.9 nm from the 
[Si-V]}- center were present in most samples (B). Spec- 
tra are shifted vertically for clarity. 


absorption peaks varied significantly, though they 
were more pronounced in samples with higher N.° 
concentrations. It is noteworthy that the ~270 nm 
band was detectable even in samples with very low 
nitrogen concentrations, such as GSO7 (72. + 10 ppb). 
This synthetic diamond had a relatively low carat 
weight (0.24 ct), so its path length was not expected 
to be longer than that of the others, which might have 
skewed the results. These observations demonstrated 
the effectiveness of UV-Vis-NIR absorption spec- 
troscopy in detecting traces of isolated nitrogen, even 
in samples weighing ~0.5 ct. Readily detectable N, 
concentrations are rare in natural diamonds. 

An absorption doublet at 736.6 and 736.9 nm (figure 
9B) was detected in 14 of the samples (absent from 
GS11 and GS17). This feature, which was active in 
both absorption and luminescence, has been attributed 
to the negative charge state of the silicon split-vacancy 
center, [Si-V} (Vavilov et al., 1980; Clark et al., 1995; 
Goss et al., 1996). The [Si-V} center is frequently ob- 
served in the absorption and PL spectra of CVD syn- 
thetics (Wang et al., 2003, 2005, 2007; Martineau et al., 
2.004). The strongest [Si-V} absorbance was recorded in 
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samples GS03, GSO08, GSO9, and GS14. Even so, there 
was no clear correlation between diamond color grades 
and concentrations of Si-related defects. 


Photoluminescence. With an appropriate excitation 
wavelength, the detection limit for optical emission 
peaks from luminescence defects may be significantly 
lower than that for their absorption peaks, revealing 
the presence of otherwise unexpected defects. The ex- 
citation efficiencies of the zero phonon lines (ZPLs) 
depend on the excitation wavelength chosen. There- 
fore, five different excitations were used to collect PL 
spectra, spanning the ultraviolet through infrared re- 
gions, so certain emission centers were detected under 
multiple excitation conditions. The major PL features 
are summarized below on the basis of individual laser 
excitation in each defect’s most sensitive region. 

The PL spectra acquired using 514.5 nm (green) 
laser excitation are shown in figure 10A. The ZPL 
emissions for [Si-V] (736.6/736.9 nm doublet) and ni- 


Figure 10. In photoluminescence spectra of the Geme- 
sis synthetic diamonds collected with 514.5 nm laser 
excitation at liquid-nitrogen temperature, emissions 
from N-V and [Si-V} centers were observed in each 
sample (A). Numerous sharp peaks were recorded in 
the 520-580 nm region, including major ones at 525.4, 
$35.1, 540.4, 546.1, and 572.9 nm (B). The assignment 
of these emissions remains unclear. 
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trogen-vacancy centers in neutral ([N-V]° at 574.9 nm} 
and negative ([N-V} at 637.0 nm) states dominated 
the spectra. A broad asymmetric band at 766 nm was 
also observed. This band is part of the vibronic struc- 
ture of [Si-V], and thus the feature’s intensity corre- 
lated with that of the [Si-V> ZPL (Clark and 
Dickerson, 1991). In 13 of the samples (81%), the 
637.0 nm ZPL was more intense than the 574.9 nm 
peak, with a ratio ranging from 1.09 to 2.97. For the 
three remaining samples (GS10, GS12, and GS14), 
this ratio fell in the 0.44—0.99 range. A doublet emis- 
sion at 596.5 and 597.0 nm, previously documented 
as a common feature of colorless, near-colorless, and 
brown as-grown CVD synthetics (Wang et al., 2003, 
2007; Martineau et al., 2004), was not observed in 
these Gemesis samples. Numerous emission peaks 
were also observed in the 520-580 nm region, includ- 
ing peaks at 525.4, 535.1, 540.4, 546.1, and 572.9 nm 
(figure 10B). The defects responsible for these emis- 
sion lines have not been identified. 

ZPL widths are sensitive to lattice dislocations in 
diamond, widening with increased local strain. Fisher 
et al. (2006) reported the effective use of the full width 
at half maximum (FWHM) of the neutral vacancy de- 
fect (GR1) in probing the strain in natural and HPHT- 
processed natural diamonds. GR1 is not detected in 
CVD synthetic diamond unless irradiated, so this fea- 
ture could not be used to characterize the strain of the 
samples in this study. However, Fisher et al. (2006) also 
noted that the FWHM for the N-V peaks corresponded 
with those measured for GR1 (in milli-electron volts). 
For the Gemesis samples in our investigation, the 
FWHM of the 574.9 nm peak showed a limited varia- 
tion of 0.20-0.30 nm, with an average of 0.24 nm. In 
contrast, the FWHM of the 637.0 nm emission line 
varied from 0.16 to 0.33 nm, with an average of 0.21 
nm. In these samples, a positive correlation existed be- 
tween widths of these two peaks, and their plots over- 
lapped the narrowest FWHM data for natural type Ila 
diamonds (figure 11). In contrast, the same peaks in 
both pink and colorless CVD synthetics by Apollo 
(Wang et al., 2007, 2010, and unpublished data) are 
much broader than those of the Gemesis CVD samples 
we studied, and overlap the broad FWHM data of nat- 
ural type Ila diamonds. 

The PL spectra taken with 324.8 nm laser excita- 
tion are shown in figure 12. This laser wavelength ex- 
cited a very weak luminescence line at 415 nm in 
nine of the samples (56%). This line has been attrib- 
uted to the N3 defect in diamond, which consists of 
three nitrogen atoms in a {111} plane, bonded to a sin- 
gle vacancy (Davies, 1974; Davies et al., 1978; Mar- 
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Figure 11. The width of 
the PL peaks due to N-V 
centers in the Gemesis 
synthetic diamonds 
overlapped the narrow- 
est values in natural type 
IIa diamonds. These 
peaks in the Gemesis 
CVD synthetics were 
clearly narrower than 
those documented in 
Apollo samples. 
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tineau et al., 2004). An additional series of lines in the 
451-459 nm range was detected in all of the samples; 
these were previously reported in HPHT-processed 
CVD synthetics by Martineau et al. (2004). These 
lines have not been reported in natural diamond. 

PL spectra collected using blue laser (488.0 nm) 
excitation revealed a relatively strong emission at 
503.2 nm, attributed to the H3 defect (figure 13). 
Many unidentified sharp peaks were recorded in the 
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495-535 nm region. Several of them, including a 
524.5 nm peak, were excited by both the 488.0 nm 
and 514.5 nm lasers. These are probably part of all 
sharp emissions that continuously spread from 580 
nm to the high-energy side; the 520-580 nm region 
was recorded in 514.5 nm laser excitation PL spectra 
(figure 10B). 

The only features detected using 633.0 nm laser 
excitation were the 736.6/736.9 nm doublet from the 
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Figure 13. The domi- 
nant feature in PL spec- 
tra of the Gemesis CVD 
samples with 488.0 nm 
laser excitation is the 
strong H3 emission, re- 
sponsible for the green 
fluorescence to short- 
wave UV radiation ob- 
served in all 16 
samples. 
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[Si-V]} center and the corresponding vibronic struc- 
ture (figure 14). 

PL ZPLs at 850.0 and 875.5 nm were detected in 
all of the samples when excited with an 830.0 nm 
laser. Furthermore, a 946.0 nm emission was observed 
in five of them (figure 15]. This ZPL has been attrib- 
uted to the neutral charge state of the silicon split-va- 
cancy defect, [Si-V]° (D’Haenens-Johansson et al., 
2010; 2011). In addition, sample GS14 displayed emis- 
sions at 882.7 and 884.4 nm. Both the peak positions 
and their relative intensities agree with those assigned 
to nickel-related centers. 

Although only semiquantitative analysis of the 
PL and absorption data was possible, the presence of 


Figure 14. Emissions recorded in the Gemesis syn- 
thetic diamonds with 633.0 nm laser excitation con- 
sisted of a 736.6/736.9 nm doublet from the [Si-V]- 
defect and a broad peak at 766 nm. This confirmed 
the positive correlation in peak intensities between 
the [Si-V} emission and the 766 nm peak, also ob- 
served with 514.5 nm laser excitation. 
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certain optical centers could be determined. It was 
noted that the samples with relatively high concen- 
trations of Si-related defects, characterized by strong 
[Si-V] absorption, also showed emission lines at 946 
nm ([Si-V]°) and 766 nm. The intensity of the 850.0 
and 875.5 nm emissions also showed a positive cor- 
relation with the 946 nm line. 


DISCUSSION 


Progress in Quality of Synthetic CVD Gem Dia- 
monds. CVD synthetic diamonds produced for the 
jewelry market have shown significant improvement 
in the past decade. The early products from Apollo 


Figure 15. With 830.0 nm laser excitation, PL emis- 
sions at 850.0 and 875.5 nm were recorded in each of 
the Gemesis synthetic diamonds. Also observed in 
five samples was the [Si-V]° emission at 946.0 nm. 
Sample GS14 also displayed 882.7 and 884.4 nm 
emissions from well-known Ni-related defects. The 
spectrum for GS14 is shifted vertically for clarity. 
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(Doering and Linares, 1999; Linares and Doering, 
1999; Wang et al., 2003) consisted of relatively thin 
plates and the faceted gems were small, with distinct 
and sometimes intense brown coloration. Inclusions 
were common, resulting in medium or low clarity 
grades such as SI and I. Although the color and clarity 
of Apollo’s products improved over time, their size 
(0.15-0.30 ct) was still limited by the achievable 
table-to-culet depths and by cut grading considera- 
tions (Wang et al., 2007). The Gemesis CVD samples 
in this study had high color and clarity grades, with 
most being colorless or near-colorless and VVS or 
better. Sample GS05 (0.31 ct) is the first documented 
faceted CVD synthetic diamond with IF clarity. 
Moreover, the average carat weight of the samples 
we examined, 0.46 ct, falls within the range of the 
most popular diamond weights in the market. We 
can expect even better gem-quality CVD products as 
synthesis methods continue to improve. In fact, 
CVD could become the preferred method for growing 
colorless gem diamonds commercially. The HPHT 
growth of colorless or near-colorless gem diamonds 
continues to face the challenges of effectively pre- 
venting isolated nitrogen from entering the diamond 
lattice, and keeping metallic catalysts/solvents from 
being incorporated as inclusions. Both of these fac- 
tors require a reduction in the synthetic diamond 
growth rate under HPHT conditions. 


Spectroscopic Features and Possible Post-Growth 
Treatment. Previously documented as-grown CVD 
synthetic diamonds were colorless, near-colorless, or 
(most often) some shade of brown (Martineau et al., 
2004; Wang et al., 2007). Specific absorptions in the 
mid-IR and near-IR regions and doublet emissions at 
596.5 and 597.0 nm are important for separating as- 
grown CVD synthetics from natural diamonds. 
These centers are formed during synthesis but may, 
under the right conditions, be destroyed by post- 
growth treatments. Such enhancements may be re- 
vealed by the introduction of defects not observed in 
as-grown CVD material. 

The Gemesis products in this study had a dis- 
tinctly different combination of lattice defects from 
as-grown CVD synthetics. Their absorption spectra 
in the mid- and near-IR regions were surprisingly fea- 
tureless, and the 3123 cm" band was notably absent 
from every sample. Only weak absorptions at 1344 
and 1332,cm"! due to isolated nitrogen were observed 
in some samples’ FTIR spectra. 

Similarly, the UV-Vis-NIR absorption spectra dif- 
fered from those of conventional CVD synthetics. 
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There was a gradual, generally featureless increase in 
absorption from ~700 nm down to the diamond edge 
at ~225 nm (from lower to higher energies). Absorp- 
tion features that are characteristic of as-grown CVD 
samples, such as the 596 and 625 nm (Martineau et 
al., 2004), were not detected. 


H3 Center. PL spectroscopy using 488.0 nm laser ex- 
citation revealed the presence of the H3 defect (503.2 
nm) in all of the Gemesis samples. (The H3 concen- 
tration was below the detection limit for UV-Vis-NIR 
absorption.) When excited, the H3 defect emits green 
light centered at ~520 nm; this defect is responsible 
for the green fluorescence excited by the short-wave 
UV lamp and the DiamondView (figure 4). The low- 
temperature synthesis conditions of the CVD 
method are not favorable for the production of multi- 
nitrogen defects such as H3 ([N-V-N]°}. Instead, nitro- 
gen impurities in as-grown CVD synthetic diamond 
usually exist in isolated forms such as N,, N-V, and 
N-V-H. The H8 center is therefore not observed in 
as-grown CVD synthetic diamond, though it may be 
introduced by post-growth treatments (Collins, 1978, 
1980; Charles et al., 2004; Martineau et al., 2004, 
Meng et al., 2008). 

Creating H3 defects usually involves irradiation 
and annealing at relatively high temperatures ap- 
proaching (or including) HPHT conditions. Pre-anneal- 
ing irradiation introduces vacancies, while annealing 
mobilizes the necessary nitrogen and vacancy compo- 
nents to form complex nitrogen-aggregated defects, in- 
cluding H3. Modest concentrations of H3 can be 
formed even without the irradiation step, as long as 
there is a source of vacancies in the pretreated material 
(Charles et al., 2004; Martineau et al., 2004; Meng et 
al., 2008). Annealing temperatures as low as 1500°C 
have been reported to introduce the H3 defect in CVD 
synthetic diamond (Meng et al., 2008). H3 in natural 
diamond is associated with distinct plastic deforma- 
tion and dislocation features, which release vacancies 
when annealed either in nature or by laboratory treat- 
ment. It is noteworthy, however, that some brown 
CVD synthetics have low dislocation densities and do 
not show significant plastic deformation (Martineau et 
al., 2004; Maki et al., 2007). Positron annihilation ex- 
periments have shown that vacancy clusters can be 
formed in as-grown CVD synthetic diamond, and that 
their distribution and size changes after annealing 
above 1400°C (Maki et al., 2007). 

At typical HPHT-annealing temperatures, N-V 
and N-V-H defects will break up, N, may be mobile, 
and some of the vacancy clusters will dissociate 
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(Collins, 1980; Charles et al., 2004; Maki et al., 2007). 
Thus the formation of H3 in treated CVD synthetic 
diamond is possible, as the constituents are available 
and mobile. Significant concentrations of H3 may re- 
main after the treatment so long as the temperature 
is not sufficiently high to break up the H3 centers. 

Analysis of the relative intensities of the H3 (503.2 
nm) and N-V centers ([N-V]° at 575 nm and [N-V} at 
637 nm) may provide information regarding the 
Gemesis samples’ annealing temperature range. A 
study by Charles et al. (2004) HPHT-annealed different 
segments of a single CVD synthetic diamond at tem- 
peratures of 1900°C (1 hour, 6.5 GPa), 22.00°C (1 hour, 
7.0 GPa], and 2200°C (10 hours, 7.0 GPa). In PL spectra 
taken with 488 nm laser excitation, the H3 defect was 
present after annealing at 1900°C, but less intense 
than the N-V peaks. Conversely, PL spectra for the 
CVD sectors annealed at 2200°C displayed a domi- 
nant H3 peak. These results agree with those of the 
HPHT and LPHT (low-pressure, high-temperature) an- 
nealing investigation of CVD synthetic diamond by 
Meng et al. (2008). They found that the N-V peaks 
were stronger than the H3 peak after LPHT annealing 
at 1970°C, yet HPHT annealing at 2030°C reversed 
this relationship. Furthermore, LPHT annealing at 
1500°C introduced H3 defects, but their concentration 
became appreciable only at temperatures above 
1700°C. From these published results, it can be in- 
ferred that the significant H3 concentrations detected 
in our Gemesis samples (figure 13) indicated annealing 
temperatures of at least 1500°C, and probably above 
1700°C. The fact that the H3 peaks were less intense 
than the N-V features suggests that the maximum an- 
nealing temperature was ~2000°C. 


N3 Center. Another multi-nitrogen defect in dia- 
mond, the N3 center (N,-V) with characteristic emis- 
sion at 415 nm, has not been observed in as-grown 
CVD synthetic diamond. Similar to H3, however, this 
defect can be produced by HPHT-processing a CVD 
sample, becoming particularly strong after prolonged 
annealing at 2200°C (Charles et al., 2004; Martineau 
et al., 2004). This center was weakly detected in 56% 
of the Gemesis samples. 


3123 cm Feature. The local vibrational mode at 
3123 cm! is frequently observed in nitrogen-doped 
CVD synthetics (Wang et al., 2003; Martineau et al., 
2004; Khan et al., 2009, 2010). Notably, this absorp- 
tion was not detected in the Gemesis samples’ FTIR 
spectra. Isotopic substitution experiments using deu- 
terium indicated that the center responsible for the 
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3123 cm! line is hydrogen-related (Fuchs et al., 
1995a,b; Chevallier et al., 2002). The line has been 
specifically attributed to [N-V-H? (Khan et al., 2009, 
2010). 

The temperature stability of the 3123 cm"! ab- 
sorption line was investigated by Cruddace (2007) 
and Cruddace et al. (2007), who annealed CVD- 
grown diamond samples at temperatures ranging 
from 900 to 1600°C, at 100°C increments. The 3123 
cm line did not start to anneal out until 1200°C, 
and even then the rate of decay was slow, with ~90% 
of the initial intensity/concentration remaining after 
the treatment. Within the uncertainty limits, how- 
ever, there was no conclusive evidence that the ab- 
sorption line annealed out until 1500°C. Meng et al. 
(2008) performed LPHT annealing experiments 
(1400-2200°C, 150-300 Torr) on single-crystal, as- 
grown CVD synthetic diamonds in a hydrogen envi- 
ronment using microwave plasma techniques for 
durations ranging from less than a minute to a few 
hours. Heating at 1600°C for 10 minutes reduced the 
intensity of the 3123 cm7! peak (reported as 3124 
cm), but it was still clearly present. This indicates 
that even higher temperatures or longer annealing 
times are needed to entirely anneal out N-V-H centers. 
The absence of both the 3123 cm"! line in the FTIR 
spectra and the [N-V-H} defect in the EPR data (with 
a detection limit from 5 to 15 ppb) further supports 
that the Gemesis samples were annealed at temper- 
atures above 1600°C. 


3107 cnr Feature. An IR absorption line at 3107 cm"! 
is often seen in type I natural diamonds, but only oc- 
casionally in type Ila material (Runciman and Carter, 
1971; Chrenko et al., 1967; Woods and Collins, 1983; 
Iakoubovskii and Adriaenssens, 2002). The center re- 
sponsible for this line can also be introduced into type 
Ib HPHT-grown synthetics by HPHT annealing at 
temperatures above 2.100°C (Kiflawi et al., 1996). Al- 
though not detected in as-grown CVD synthetics, this 
line has been reported to anneal-in after HPHT treat- 
ment at >1700°C (Charles et al., 2004; Martineau et 
al., 2004; Liggins, 2010; Liggins et al., 2010). While 
the structure of the defect has not been identified, 
PC:8C isotopic substitution experiments have shown 
that the line originates from a C-H stretch vibration 
(Woods and Collins, 1983; Kiflawi et al., 1996). 

The 3107 cm: line was not detected in the 16 
Gemesis CVD samples. The annealing temperature 
may not have been high enough to create the center 
responsible for the feature. Assuming that the reported 
relationship between the 3107 cm line intensity and 
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nitrogen concentration in HPHT-treated CVD synthet- 
ics (Liggins, 2010, Liggins et al., 2010) holds for these 
lower-nitrogen samples, the resulting concentration of 
3107 cm centers would be too low to detect. 


Synopsis of Evidence for HPHT Treatment. The pres- 
ence and intensities of H3 and N3, and the absence 
of [N-V-H]? (3123 cm-') and [N-V-H] in the Gemesis 
samples, strongly suggest annealing temperatures 
ranging from 1700°C to 2000°C. Although the color 
saturation of brown diamond decreases after anneal- 
ing at ~1700°C, it is more likely that temperatures 
in excess of 1900°C were used to optimize the color 
change and reduce the necessary annealing time 
(Meng et al., 2008). However, annealing at these tem- 
peratures will lead to graphitization and the destruc- 
tion of the specimen unless a stabilizing pressure is 
applied (Davies and Evans, 1972). LPHT annealing 
(pressure <300 Torr) in the 1400-2200°C range is also 
possible, though the practice is not widespread 
(Meng et al., 2008; Liang et al., 2009). Also, the sam- 
ple must be very carefully prepared prior to LPHT an- 
nealing to prevent cracking and graphitization. Thus, 
it is likely that HPHT treatment was used to im- 
prove the color and possibly even the transparency 
of the Gemesis samples. 

The low concentrations of N3, H3, and N-V defects 
in the Gemesis samples, which were not detected in 
absorption spectra, suggest that the dominant form of 
nitrogen impurity is single substitutional nitrogen. 
Martineau et al. (2004) reported that type Ila (no ob- 
servable absorption at 1344 cm-!) CVD synthetic dia- 
monds could be grown even when doped with 
nitrogen. The 1344 cm”! absorption in the majority of 
the Gemesis samples, and the relatively high N° con- 
centrations (72 + 10 to 450 + 50 ppb), indicate that ni- 
trogen was intentionally introduced during growth. 
Although nitrogen-doped CVD synthetic diamond is 
often unappealingly brown (Martineau et al., 2004), 
the method benefits from significantly higher dia- 
mond growth rates (e.g., Tallaire et al., 2005). Hence, 
it may be commercially viable to produce high-quality 
colorless or near-colorless CVD products by HPHT 
treatment of nitrogen-doped brown material. 

As-grown faceted CVD synthetics comparable in 
quality to the Gemesis samples have been produced 
in the United Kingdom by Element Six Ltd., a De 
Beers technology company, but these were synthe- 
sized purely for research and education purposes 
(Martineau et al., 2004). They were produced using 
exhaustive measures to exclude impurities from the 
growth environment. The technical difficulty, ex- 
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tended growth times, and high cost associated with 
the synthesis of comparable high-purity as-grown 
CVD material suggests that manufacturers targeting 
the colorless diamond sector will instead focus their 
efforts on developing treatments to improve effi- 
ciently produced poor-quality brown material. 


Si-Related Defects. Relatively strong doublet emis- 
sions at 736.6/736.9 nm (often referred to simply as 
“737 nm”) were recorded in the PL spectra of all the 
Gemesis CVD samples tested (figure 10A), and this 
feature was also detected in the UV-Vis-NIR absorp- 
tion spectra of all but two of the synthetic diamonds 
in this study (figure 9B). 

The detection of silicon impurities in diamond is 
usually verified by the 737 nm line in either PL or ab- 
sorption spectra (Clark et al., 1995). Natural type Ia 
and type Ila diamonds rarely show this feature, which 
was first reported in natural specimens by Breeding 
and Wang (2008). Since then it has been observed in 
several natural stones, but far less than 1% of those 
studied by GIA (unpublished data). Conversely, silicon 
is often unintentionally introduced into CVD syn- 
thetic diamond by the etching of Si-containing com- 
ponents in the reactor, such as silica windows (Robins 
et al., 1989, Barjon et al., 2005). Although the feature 
is not specific to CVD, it has often been part of gemo- 
logical identification criteria (Wang et al., 2003, 2007; 
Martineau et al., 2004). Si-V centers have high tem- 
perature stability, withstanding annealing up to 
2200°C (Clark and Dickerson, 1991). Therefore, it is 
not surprising that the Gemesis CVD samples contain 
this defect. A line at 946 nm, observed in Si-contain- 
ing diamond in both absorption and emission, has 
been attributed to [Si-V]° (Evans et al., 2006; D’Hae- 
nens-Johansson et al., 2010, 2011). The 946 nm peak 
was not observed in the absorption spectra of the 
Gemesis samples. Since the 737 nm peak intensity re- 
vealed by absorption spectroscopy was weak (e.g., fig- 
ure 9B) it would not be surprising if the 946 nm peak 
was below the detection limit. PL spectroscopy (830.0 
nm excitation), which has a higher sensitivity than ab- 
sorption spectroscopy, detected the 946 nm peak in 
five samples (GS03, GSO08, GS10, GS13, and GS14). 


Identification Features. Separating these new CVD 
synthetic diamonds from their natural counterparts is 
becoming increasingly difficult using conventional 
gemological procedures, and may not even be possible 
without advanced spectroscopic techniques. The color 
and clarity grades, as well as weak interference colors 
and birefringence patterns, are comparable to those 
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seen in natural diamonds. The H3 defect is common 
in natural type Ila diamonds, and the associated green 
fluorescence is frequently observed. Small black irreg- 
ular inclusions such as those seen in CVD synthetic 
diamond are occasionally observed in natural stones. 
However, the petal-shaped, highly localized stress pat- 
terns around such inclusions are good indicators of 
CVD synthesis. 

Previous studies relied heavily on infrared absorp- 
tion spectroscopy for the identification of CVD syn- 
thetic diamonds, citing features such as the absorption 
line at 3123 cm". With further developments in 
growth techniques and post-growth treatment, how- 
ever, infrared absorption spectroscopy of the samples 
in this study did not show identification features that 
easily separated them from natural or HPHT-grown 
synthetic type Ila diamonds. Instead, our samples dis- 
played mid- and near-IR spectra that were remarkably 
similar to those of natural type Ila diamond. Traces 
of isolated nitrogen in a type Ila sample have generally 
served as an alert to CVD growth, but N° was hardly 
detectable in these specimens—and HPHT-treated 
natural type Ila diamonds can also contain isolated 
nitrogen. 

The most useful identification features were re- 
vealed by PL spectroscopy and DiamondView fluores- 
cence images. Strong emissions of [Si-V} at 736.6 and 
736.9 nm were observed in all of the samples, and this 
defect was also detected in the UV-Vis-NIR spectra of 
most samples. Its presence remains a very strong (but 
not conclusive) indication of CVD synthesis. Very few 
natural type Ila diamonds show these emissions 
(Breeding and Wang, 2008). Emission at 946 nm from 
the [Si-V]° optical center was detected in one-third of 
the samples. Because this feature has not been reported 
in natural diamond, it can be used to indicate CVD 
synthesis. In the DiamondView, fine growth striations 
are a unique feature of CVD synthetic diamond. While 


ABOUT THE AUTHORS 

Dr. Wang (wwang@gia.edu) is the director of research and devel- 
opment, Dr. D’'Haenens-Johansson is a research scientist, Mr. 
Johnson is the supervisor of diamond advanced testing, Mr. Moe 
is a research associate, and Mr. Moses is senior vice president at 
GIA’s New York laboratory. Ms. Emerson was a research techni- 
cian at GIA and is currently working on her master’s degree. Dr. 
Newton is a professor in experimental physics at the University of 
Warwick, UK. 


CVD SYNTHETIC DIAMONDS FROM GEMESIS CORP. 


the point defects (including [Si-V}) can be removed or 
modified by post-growth treatment, the growth stria- 
tions remain unchanged. For example, H-related ab- 
sorption in the infrared region was destroyed and the 
H3 center was introduced in the samples we studied, 
but the striations were still clearly observable. The dis- 
tribution of H3 centers actually followed the striations, 
as shown by the DiamondView images in figure 4. An- 
other interesting feature was the series of sharp emis- 
sion peaks in the 495-580 nm region revealed by 488.0 
and 514.5 nm laser excitations, such as those at 525.4, 
535.1, 540.4, 546.1, and 572.9 nm (figures 10B and 13). 
While their assignment is unclear, their occurrence as 
a group could offer a reliable indication of CVD growth. 

In short, CVD synthetic diamonds from Gemesis 
are entirely identifiable. Proper analysis using PL 
spectroscopy and fluorescence imaging techniques is 
critical to ensuring that these materials are clearly 
distinguished from their type Ila counterparts, such 
as natural, natural but HPHT treated, and HPHT- 
grown synthetic diamonds. 


CONCLUDING REMARKS 


The new CVD synthetic diamonds from Gemesis 
showed clear improvements over those reported pre- 
viously from other sources. These gems average nearly 
half a carat, the most popular diamond weight in the 
marketplace, and their color and clarity are compara- 
ble to top-quality natural diamonds. These synthetic 
materials can be identified with a combination of pho- 
toluminescence and UV fluorescence imaging tech- 
niques. There is no question that the size and quality 
of CVD synthetic diamonds will continue improving. 
Post-growth treatment improves color and possibly 
clarity. It appears that the striated growth pattern of 
CVD synthetic diamonds cannot be altered by any 
treatment, so it remains the most important if not the 
only visual identification feature. 
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SAPPHIRES FROM THAMMANNAWA, 
KATARAGAMA AREA, SRI LANKA 


Pannipitiye G. R. Dharmaratne, H. M. Ranjith Premasiri, and Dayananda Dillimuni 


The February 2012 discovery of high-quality blue sapphires at Thammannawa near Kataragama in south- 
eastern Sri Lanka has intensified gem mining and exploration in the surrounding area and all over the 
country. The deposit is hosted by the Kataragama klippe, and corundum mineralization is associated 
with pegmatitic intrusions and surrounding micaceous layers. Well-formed crystals from this primary 
deposit display flat faces and sharp edges with an unusually vitreous luster. The sapphires possess good 
transparency and a pure blue color that is characteristic of corundum from this deposit. Several kilograms 
of rough material have been produced so far, with some crystals larger than 200 g. Faceted blue sapphires 
of fine color and weighing more than 20 ct have been cut. 


were discovered during the reconstruction of a 

two-lane road from the Lunugamwehera area to 
Kataragama in southeastern Sri Lanka (figure 2). 
Gravel for the roadbed was supplied from nearby land 
belonging to the Forest Conservation Department 
(FCD). After several days of work, a truck driver no- 
ticed glittery reflections in material that had been 
dumped the previous day. The driver quickly recog- 
nized the crystals as blue sapphires and filled a sack 
with them. He abandoned the truck and left a note 
for the vehicle’s owner pointing him to a parcel of the 
gems in the battery box. Local farmers noticed the 
abandoned truck and soon found their own gems in 
the roadbed. As the news spread, thousands rushed 
to the site and hauled away bags full of the newly laid 
gravel and soil (figure 3). This lasted a day or two 
until the area was secured by police, the armed 
forces, and the National Gem & Jewellery Authority 
(or NGJA, the agency responsible for gems found on 
federal lands). By February 23, newspapers and TV 
stations were reporting the discovery (Fernando, 
2012, Nizam, 2012). 


| n February 2012, fine blue sapphires (e.g., figure 1) 
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Figure 1. This sapphire from the new Thammannawa 
deposit weighs 20.5 ct. Courtesy of Ajward Deen; photo 
by P.G.R. Dharmaratne. 


While the road itself was being guarded, one en- 
terprising individual thought to search for the original 
source of the gravel. This turned out to be only 1 km 
away, on the side of the same road, at a place called 
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Thammannawa. Once again, thousands rushed to the 
scene in search of sapphires (figure 4), and some even 
used excavators and dump trucks to remove loads of 
earth. However, the NGJA soon secured this area as 
well. The entire excavated area measured only about 
60 m?. The NGJA and FCD divided this pit and the 
surrounding area into 49 blocks of about 10 perches 
(22, m2) each. Mining rights for these blocks went up 
for public auction on February 24. 

On February 27, these authors were permitted to 
study the new sapphire deposit with special permis- 
sion, accompanied by a police escort. We were ad- 
vised not to pick up anything, as the mining rights 
were privately owned. We also visited the road con- 
struction site where the gems were first discovered, 
which was still under heavy guard. 
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Figure 2. The Thamman- 
nawa deposit is located 
along the road from the 
Lunugamwehera area to 
Kataragama in south- 
eastern Sri Lanka. 


Hambantota 


LOCATION AND ACCESS 

The Thammannawa corundum deposit is located 
~245 km from the capital city of Colombo at 
6°22'14.08"N and 81°17'19.04"E. This falls on the 
southern boundary of the Monaragala District in 
Uva Province. The site is accessible by a gravel road 
and lies 4 km from the historical pilgrimage town 
of Kataragama (again, see figure 2). This road, which 
extends ~12 km from the Lunugamwehera area to 
Kataragama via Thammannawa, is being paved 
with asphalt. 

Southeastern Sri Lanka is covered by low, dense 
dry-zone forest and shrubs. The mining site is sit- 
uated within a forest and there are few settlements. 
Local inhabitants rely on the land for seasonal agri- 
culture. 
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Figure 3. During the initial gem rush at the road con- 
struction site, people removed the gravel and soil in bags 
and dump trucks. Photo by Eranga Basnayake. 


GEOLOGY 

Regional Setting. Sri Lanka is mainly underlain by 
high-grade metamorphic rocks of Proterozoic age (fig- 
ure 5). These rocks have been subdivided into three 
principal metamorphic complexes based on their age 
and tectonic setting (Kroner et al., 1991): the High- 


Figure 4. The source of the gravel used at the road 
construction project proved to be this quarry, which 
was the scene of a second gem rush. Photo by Eranga 
Basnayake. 
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Figure 5. This simplified geologic map of Sri Lanka 
shows the location of the Kataragama klippe, one of 
the largest portions of the Highland Complex within 
the Vijayan Complex. Adapted from Cooray (1994). 


land Complex (granulite facies) and the Vijayan and 
Wanni Complexes (both upper amphibolite facies). 
The new sapphire discovery is hosted by rocks of the 
Highland Complex within the Kataragama klippe 
metamorphic complex (Silva et al., 1981). 

Rocks of the Highland Complex have been sub- 
jected to multiple events of deformation and meta- 
morphism. The age of the original metasediments 
is inferred to be ~2 billion years (Ga), with subse- 
quent metamorphism and granitoid emplacement 
occurring 1,942-665 million years ago (Ma). Peak 
(granulite-grade) metamorphism took place during 
665-550 Ma, resulting in the formation of char- 
nockitic rocks (Milisenda et al., 1988; Holz] et al., 
1991). Therefore, Highland Complex rocks are gen- 
erally considered to span an age range of 0.67-2 Ga. 


Gems & GEMOLOGY SUMMER 2012 


Geologic Map of the Kataragama Klippe 
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They have a layered appearance (ranging from mil- 
limeters to tens of meters wide} that is parallel to 
the main foliation of the rocks formed during the 
latest stage of pervasive metamorphism. The Kata- 
ragama area shows a series of large-scale antiform 
and synform structures trending east-west and 
northeast-southwest, and the klippe is separated 
from the surrounding Vijayan Complex rocks by 
thrust faults (figure 6). 


In Brief 


e A gem rush occurred in February 2012 after sapphires 
were discovered in a road construction site near 
Kataragama in southeastern Sri Lanka. 

e Mining rights were auctioned on February 24 for 49 
blocks covering the area. 

e The sapphires are hosted by weathered pegmatitic in- 
trusions associated with micaceous layers. 

e Several kilograms of rough have been recovered, in- 
cluding lustrous well-formed crystals with transparent 
areas large enough to facet fine blue sapphires weigh- 
ing more than 20 ct. 


The major rock types in the Kataragama klippe 
are garnetiferous quartzofeldspathic gneiss + horn- 
blende, marble, calc-gneiss, charnockite and char- 
nockitic biotite gneiss, and minor bands of quartzite 
(again, see figure 6]. Late granitoid and pegmatitic in- 
trusions of various sizes are locally found in the gran- 
ulite-grade terrain; some crosscut the main 
geological structures, while others are parallel to the 
foliation of the host rocks. 
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Corundum Occurrence. Our field observations of the 
sapphire occurrence at Thammannawa revealed a 
complex, highly deformed geologic setting. The foli- 
ation of the rocks varies in several directions locally, 
but the general trend is 060°, dipping 50—60° north- 
west. Pegmatitic intrusions (figure 7) consisting of 
coarse-grained feldspar (kaolinized) and mica were 
surrounded by a micaceous layer that was foliated 
parallel to the contact with the intrusions. Quartz 
was absent from these rocks, though secondary silica 
formations such as chert and flint were seen in the 
area. Corundum mineralization was associated with 
the pegmatitic intrusions and mica layers, as indi- 
cated by our observations of a few small blue sapphire 


Figure 7. Pegmatitic intrusions with associated mica- 
ceous layers host the corundum mineralization at 
Thammannawa. A Brunton compass (~7 cm wide) is 
shown for scale. Photo by H. M. R. Premasiri. 
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Figure 8. The known 
area of corundum min- 
eralization (roughly 
outlined by dashed 
lines) is worked by 
backhoes in this view } 
of the Thammannawa 
deposit. Photo by H. M. 
R. Premasiri. 


crystals in situ and descriptions of the occurrence by 
local miners. This is also consistent with previous 
studies of Sri Lankan corundum mineralization, 
which have documented large crystals embedded in 
a feldspar matrix in the presence of biotite 
(Coomaraswamy, 1903; Hapuarachchi, 1989; Fer- 
nando et al., 2001; Hofmeister, 2001). Also present at 
Thammannawa were green tourmaline and garnet. 
The zone of intrusions and associated micaceous 
bands extended in the general foliation direction of 
the host rocks, and measured about 60 m thick. 

Field geological evidence suggests that these rocks 
formed by a metasomatic process between peg- 
matitic fluid and the host rock. The corundum-bear- 
ing mineral assemblage is indicative of activity by 
pegmatitic fluid (e.g., Popov et al., 2007), and points 
to a metasomatic process for the origin of large eu- 
hedral sapphire crystals. Other than corundum, no 
noteworthy crystals or gem-quality minerals are 
known from the area. 


MINING ACTIVITIES AND REGULATIONS 

Gem mining in Sri Lanka has always been conducted 
by artisanal methods, using hand tools and water 
pumps. This tradition continues, and is supported by 
government and industry authorities to help insure 
the sustainability of gem mining activities and min- 
imize damage to the environment. The use of back- 
hoes and gravel-washing plants has been limited to 
isolated cases where the gravel beds were known to 
contain only low concentrations of gems or the same 
plot of land was worked by hand methods for many 
years. Therefore, the mining of secondary deposits 
(alluvial gem-bearing gravel layers) has continued in 
Sri Lanka for centuries. The less common primary 
gem deposits (in situ, often in weathered rocks) are 
commonly exhausted relatively quickly, and their 
discovery typically initiates gem rushes in which 
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people dig with whatever equipment is available. 

In Sri Lanka, gems found on private holdings or on 
government-owned land (forests, wildlife reserves, 
etc.) are considered de facto government property. In 
the case of private land, mining rights are given to the 
land owner and the government collects license fees 
in lieu of a royalty. However, in a gem rush situation 
the government imposes no immediate restriction, 
whether the land is private or government-owned. In- 
variably, though, the NGJA takes over the land and 
ensures it is kept under armed protection until the 
mining rights are auctioned to the public. 

This same scenario unfolded at Thammannawa. 
The new deposit generated considerable excitement 
since the gems occurred as sharp-edged, well-formed 
crystals with a vitreous luster that is unprecedented 
in Sri Lankan sapphires. Because of the extraordinary 
publicity surrounding these gems, there was a frenzy 
of bidding at the auction for one-year mining rights. 
The auction raised a staggering 270 million rupees 
(US$2.45 million), or an average of US$18/m?. How- 
ever, some of the claims sold for as much as 
US$80/m/?, the highest price per square meter in the 
auction of gem mining rights during the NGJA’s 40- 
year existence. 

After the auction, the use of backhoes and dump 
trucks was allowed to resume (figure 8). Many of the 
miners continue to dig pits in their allocated land, but 
some abandoned their claims after encountering hard 
rock. The production of gems from the deposit is dif- 
ficult to assess because the miners almost always keep 
their discoveries secret. According to some govern- 
ment officials, the total value of sapphires found at the 
road construction site and in the pit before the auction 
could have approached US$100 million. 

In recent decades, successive administrations 
have introduced income tax concessions on rough 
gem sales to make trading more transparent. Only 
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about 2.5% of rough sales revenue is collected by the 
government as tax, whereas the tax applied to other 
businesses is often as high as 30%. Yet only a few 
gems—perhaps less than 10 specimens valued at over 
US$500,000 apiece—have been officially exported 
throughout the entire history of Sri Lanka, even 
though many gems over $1 million in value are dis- 
covered each year. 


MATERIALS AND METHODS 
Twenty-two sapphire crystals (2.0-289.6 g) and 11 
faceted stones (1.00-6.48 ct) were studied for this re- 
port. According to the owners, the crystals were not 
heat treated, and our microscopic examination of the 
faceted stones showed no indications of heating. The 
samples were blue except for two yellow crystals; all 
were of good gem quality. Some were obtained at the 
site and others were received at the Allied Gemmo- 
logical Institute & Laboratory for testing. The latter 
stones were loaned by the owner of the mining rights 
to block 6 (Udara Vijayamuni Zoysa), and by a rep- 
utable gem dealer in Ratnapura (Punsiri Tennekoon) 
who said they were from the Thammannawa deposit. 
All 11 faceted sapphires were tested using a Top- 
con refractometer with a monochromatic filter. Spe- 
cific gravity was determined hydrostatically on these 
same samples. Eighteen crystals and the 11 faceted 
stones were tested with both calcite and London 
dichroscopes and with prism- and diffraction-type 
hand spectroscopes. All rough and cut stones were 
checked for fluorescence with a standard UV lamp. 
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Figure 9. These sap- 
phire crystals and frag- 
ments (2.04-8.52 g) 
form some of the study 
samples used in this re- 
port. Courtesy of Udara 
Vijayamuni Zoysa; 
photo by D. Dillimuni. 


RESULTS 


Visual Appearance. The study samples consisted of 
well-formed crystals or broken pieces of sapphire dis- 
playing bipyramidal or short barrel habits, mainly 
with a combination of hexagonal bipyramids and the 


Figure 10. Weighing 4.5 g, this medium blue sapphire 
crystal displays a combination of hexagonal bipyra- 
mids with rhombohedral and basal pinacoids. Photo 
by Janaka Hemachandra. 
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Figure 11. Thammannawa sapphire crystals show 
clearly defined horizontal striations on their bipyra- 
midal faces. Photomicrograph by D. Dillimuni; mag- 
nified 10x. 


basal pinacoid (figures 9 and 10). A few also showed 
rhombohedral and trigonal bipyramidal faces. Signif- 
icantly, all of the crystals displayed lustrous crystal 
faces and perfectly sharp edges, with almost no signs 
of wear. Horizontal striations on bipyramidal faces 
were well defined (figure 11). When basal pinacoid 
faces were present, they displayed trigonal growth 
lines that evolved into hexagonal steps. 

The samples were transparent with a glassy ap- 
pearance, except for the largest specimen (~10 cm 
long), which was very dark blue and almost opaque. 
All the sapphire crystals displayed a strong pure blue 
color, somewhat different from the violetish blue 
commonly seen in Sri Lankan blue sapphire (figure 
12). The crystals and cut stones also showed obvious 
dichroism, with a well-defined greenish blue seen per- 
pendicular to the c-axis (figure 13). Observation with 
the dichroscope revealed that all the faceted samples 
had their table facet oriented perpendicular to the c- 
axis. Color zoning was clearly displayed in some crys- 
tals, parallel to the basal plane or the hexagonal 
pyramids. The color distribution in the faceted stones 
appeared even when viewed face-up, but closer exam- 
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Figure 12. These untreated sapphires (3.98-6.48 ct) 
show the pure blue color that is typical of stones 
from the Thammannawa deposit. Courtesy of Pun- 
siti Tennekoon; photo by P. G. R. Dharmaratne. 


ination revealed some irregular color patches with no 
particular orientation relative to the crystal structure. 

Some of the crystals showed silky patches, but 
no asterism has been seen in sapphires from this 
area. Liquid-filled feathers, surface-reaching frac- 
tures, and large negative crystals were commonly 
visible to the unaided eye. Brown impurities in the 
fractures of some samples probably consisted of iron 
oxides/hydroxides. 


Gemological Properties. Table 1 summarizes the 
properties of our Thammannawa samples and com- 
pares them to typical sapphires from elsewhere in Sri 


Figure 13. Strong dichroism is observed with the 
London dichroscope in this 5.7 g sapphire. Photo by 
D. Dillimuni. 
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TOURMALINE 


Figure (A) shows a pink hexagonal tourmaline crystal in 
pegmatite with smoky quartz from Elba. A fashioned gem 
from a parti-colored crystal from Maine is illustrated at (B). 
A green tourmaline (C) is often incorrectly sold as “Brazalian 
Emerald.” The fibrous structure of a tourmaline cat’s eye from 
California is shown at (D). Figure (E) shows a section of a 
tourmaline crystal exhibiting differently colored zones and a 
characteristic triangular cross section. The red stone at (F) 
is a fine colored Rubellite. Specimens from the collection of 
British Museum (Natural History), London. 


PLATE XXXI 


TABLE 1. Gemological properties of blue sapphires from Thammannawa and elsewhere in Sri Lanka. 


Property 
Color 


Color zoning 


Optical phenomena 
Refractive Indices 
Birefringence 
Specific Gravity 
Dichroism 


Fluorescence 
Long-wave 


Short-wave 


Absorption spectra 


Internal features 


Thammannawa 
Pure blue 


Straight and sharp zones parallel to the basal 
plane or hexagonal pyramid 


None 

no= 1.760-1.762 and n= 1.768-1.770 
0.008 

3.98-4.02° 


Strong, in blue and greenish blue 


Weak red (and strong orange from decomposed 
brown impurities in some crystals); colorless 
zones fluoresced weak orange 


Inert 
Strong Fe absorption line at 450 nm 


Short rutile needles, liquid-filled feathers, and neg- 
ative crystals. Long rutile needles, translucent milky 
patches (geuda), blue patches or zones (ottu), and 
silk were not observed in any of the samples. 


Typical Sri Lanka 
Violetish blue 


Strong color zoning is common, but is less dis- 
tinct in heat-treated stones. Some (ottu) have a 
colorless core with an outer layer or patch of 
blue color (Gunaratne, 1981; Hughes, 1997). 


Asterism may be present 

n, = 1.759-1.763 and n, = 1.767-1.771 
0.008 

3.98-4.02 


Strong, in blue and greenish blue 


Inert to strong red to orange 


Heat-treated specimens often show a zoned 
chalky blue-green reaction 


Weak to moderate Fe absorption line at 450 nm 
(Hughes, 1997) 


Short and long rutile needles, liquid-filled feath- 
ers, and negative crystals, translucent milky 
patches (geuda), blue patches or zones (ottu), 
and silk in asteriated samples 


* Crystals with large negative crystals had low SG values (~3.98), while all the faceted stones had a constant value of 4.00. 


while others had needles that were more compact and 
coarse. In one case, part of a faceted stone showed a 
copper color with a metallic sheen due to a high con- 
centration of these needles (figure 15). Liquid-filled 


Lanka. Microscopic examination showed that ori- 
ented short needles (probably rutile) are characteristic 
of the Thammannawa sapphires (figure 14). These in- 
clusions formed weak silky patches in some samples, 


Figure 15. A portion of this sapphire contains a high 
concentration of rutile needles that produces a cop- 
per-colored metallic sheen. Photomicrograph by D. 
Dillimuni; magnified 20x. 


Figure 14. Fine rutile needles oriented in parallel lay- 
ers form characteristic inclusions in the sapphires. 
Photomicrograph by D. Dillimuni; magnified 15x. 
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Figure 16. Liquid-filled feathers are common in the 
Thammannawa sapphires. Photomicrograph by D. 
Dillimuni; magnified 10x. 


feathers were routinely observed in the sapphires 
from this deposit (figure 16). They were visible even 
in the rough specimens, on account of their smooth 
crystal faces. Negative crystals with tabular and 
columnar forms were also present as large isolated 
inclusions or grouped in parallel arrangement (figure 
17). 


DISCUSSION 

Compared to other gem occurrences in Sri Lanka, the 
new deposit at Thammannawa has some characteris- 
tic features. Whereas other deposits on the island con- 
tain several gem varieties, only corundum has been 
found at this new locality—mainly blue and a few yel- 
low sapphires. Star varieties, geuda, and corundum of 
other colors have not been found in this deposit. The 
crystals possess a bright vitreous luster and good trans- 
parency, with a glassy appearance; their sharp edges 
and lack of alluvial transport are unusual for Sri 
Lankan corundum. Also, their characteristically pure 
blue color is different from the violetish blue typically 
observed in sapphires from other parts of the country. 
Some of the stones displayed color zoning, but none 
showed the typical patches or concentrations of color 
that are amenable to heat treatment. 

Although an absorption line at 450 nm is weak to 
moderate in typical Sri Lankan blue sapphires 
(Hughes, 1997), a strong line was observed in the 
Thammannawa specimens with both the prism and 
diffraction-type spectroscopes. UV-Vis-NIR spectra of 
Thammannawa sapphires obtained by Pardieu et al. 
(2012) confirmed the presence of this absorption line. 
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Figure 17. This yellow sapphire from Thammannawa 
contains a parallel arrangement of tabular negative 
crystals. Photomicrograph by D. Dillimuni; magnified 
10x. 


Consistent with their strong blue bodycolor, the 
samples exhibited a weak red fluorescence to long- 
wave UV radiation, an effect seen in some violet-blue 
sapphires from elsewhere in the country. The inclu- 
sions are also fairly characteristic to these stones: Short 
and fine rutile needles concentrated in layers and large 
well-formed negative crystals (sometimes several 
arranged in parallel) were seen with liquid feathers. A 
similar combination of inclusions is only typical of yel- 
low sapphires from the Balangoda area in Sri Lanka. 
Additional mineral inclusions documented in Tham- 
mannawa sapphires by Pardieu et al. (2012) included 
dark opaque crystals resembling uraninite, graphite, 
and spinel—along with dark green and colorless crys- 
tals resembling spinel and zircon, respectively. 


Figure 18. These pendants feature sapphires from 
Thammannawa that weigh 4.6—6.2 ct. Composite 
photo by Sherrif Rahuman. 
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CONCLUSION 


The discovery of commercial quantities of gem 
corundum from a weathered primary deposit at 
Thammannawa near Kataragama has revived gem 
mining activities in an area of Sri Lanka previously 
known to contain only hessonite garnet. Mining in 
the auctioned lands is progressing rapidly, and the 
collected gravel is still being washed. Geologists are 
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ANP ARTICLES 


CULTURED PEARL FARMING AND PRODUCTION 
IN THE FEDERATED STATES OF MICRONESIA 


Laurent E. Cartier, Michael S. Krzemnicki, and Masahiro Ito 


-Cul tu red 


pearls in a wide array of colors. Pearl farming is carried out on four islands, with are for commercial 
production in the near future. The sector is envisaged as a model for economic development and marine 
conservation. To successfully compete in the marketplace, pearl farmers in the FSM should focus on 
producing high-quality cultured pearls and explore market differentiation strategies such as the “Mi- 
cronesian Blue” product. Gemologically, the FSM cultured pearls are indistinguishable from those of 
French Polynesia that are produced using the same mollusk species. 


lands in the western tropical Pacific Ocean, P. mar- 

garitifera oyster shells have been used by local 
populations and sold to itinerant traders since the 
18th century (Clarke et al., 1996). Martin (1996) noted 
that in the 1800s, German divers gathered 50 tonnes 
of oysters from Chuuk Lagoon. The Japanese occupa- 
tion of Micronesia (1914-1944) prompted further in- 
terest in pearl oyster resources, and shells were fished 
and a trial cultured pearl farm established in nearby 
Palau. In 1986, the FSM gained sovereignty after 
nearly 40 years as a U.S.-administered trusteeship. 
That year, 8,595 kg of black-lipped oysters were har- 
vested in Chuuk Lagoon (Smith, 1992). Until 1987, 
however, there were no serious efforts to develop a 
cultured pearl farming industry in the area (Clarke et 
al., 1996). In the past 25 years there have been numer- 
ous attempts to establish commercial and commu- 
nity-based pearling operations. Current efforts are 
promising, and a variety of cultured pearl colors, in- 
cluding “Micronesian Blue,” are beginning to reach 
the international market (figures 1 and 2). 

Black cultured pearl production from the P. mar- 
garitifera mollusk was valued at more than US$100 


| n Micronesia, a group of more than 2,000 small is- 


See end of article for About the Authors and Acknowledgments. 
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Figure 1. These earrings contain “Micronesian Blue” 
cultured pearls (~10.5 mm in diameter). Photo cour- 
tesy of Natsuko Shiraki, © Hasuna Co. Ltd., Tokyo. 
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million in 2009 (Miiller, 2009). This mollusk has a 
wide geographic distribution, including the Pacific 
Ocean, Indian Ocean, Red Sea, and off the coast of 
Mexico (Strack, 2006). However, commercial cultiva- 
tion of this mollusk only takes place in French Poly- 
nesia, the Cook Islands, and Fiji, and is just beginning 
to emerge in the FSM. The industry as a whole is only 
50 years old; the first successes in French Polynesia 
were reported in 1961 (Domard, 1962). 

Pearl farming and associated economic activity has 
brought considerable development to remote regions 
of French Polynesia and the Cook Islands (Southgate 
and Lucas, 2008). At its peak in 2000, the French Poly- 
nesian cultured pearl sector employed 7,000 people 
(Murzyniec-Laurendeau, 2002). In recent decades, a 
number of other developing Pacific countries— 
through government and donor-funded projects—have 
attempted to emulate these successes in culturing 
black pearls from P. margaritifera. These include Kiri- 
bati, the Marshall Islands, Papua New Guinea, the 
Solomon Islands, and Tonga (Strack, 2006; Southgate 
and Lucas, 2008). The FSM is an ideal candidate for 
pearl farming projects because of its ecological simi- 
larity to the islands of French Polynesia. The country 
is highly dependent on foreign aid through the U.S. 
Compact of Free Association agreement, receiving a 
projected US$92.2 million in 2011 (“The Federated 
States of Micronesia...,’” 2010). Clearly, the production 
of high-value cultured pearls could foster indigenous 
economic development. 

This article reviews various initiatives since 1987 
to establish a Micronesian cultured pearl industry and 
evaluates the viability of community-based farming 
projects and marketing opportunities for “develop- 
ment pearls.” It examines the implications of recent 
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Figure 2. These 

F bracelets are made 
with baroque-shaped 
cultured pearls (~7.3- 
9.0 mm) from the FSM. 
Photo courtesy of Nat- 
suko Shiraki, © Hasuna 
Co. Ltd., Tokyo. 


developments in the global black cultured pearl indus- 
try for the nascent FSM industry. The hatchery pro- 
duction of juvenile oysters is highlighted, as are a 
number of pearl oyster husbandry techniques and fac- 
tors that influence the quality of the resulting cultured 
pearls. Finally, gemological characteristics of the bead- 
cultured pearls are presented. One of the authors (LC) 
visited the FSM pearl farms in October 2011, whereas 
another author (MI) has been working in the FSM on 
developing pearl farming and other aquaculture activ- 
ities since 2001. 


HISTORY AND INDUSTRY STRUCTURE 

In 1987, the Pacific Fisheries Development Foundation 
and Pohnpei Research Division began evaluating the 
feasibility of a domestic cultured pearl industry. Since 
then a number of pilot projects and initiatives in the 
FSM have been started by local government, donors, 
and private citizens. Survey work and a feasibility 
study were briefly carried out on Ahnt Atoll but ceased 
in 1991 (Clarke et al., 1996). The primary focus of sub- 
sequent efforts was on Nukuoro Atoll, the only island 
in the FSM known to have a sufficient population of 
wild spat, thus eliminating the need for costly hatchery 
production of juvenile oysters. In 1994, Australia and 
the Pohnpei state government began funding a local 
project, and by 1995 there were 3,000 oysters seeded 
with round nuclei and 100 shells implanted with blis- 
ter nuclei (Clarke et al., 1996). Low retention rates 
were attributed to the “poor condition of the oysters, 
the rudimentary working conditions and the relative 
inexperience of the local staff” (Clarke et al., 1996; p. 
4). These factors, along with others detailed later in this 
article, have posed serious challenges to donor-funded 
community pearl farms in the FSM. 
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The Nukuoro farm was eventually incorporated 
in 2009 as Nukuoro Black Pearl Inc. (Leopold, 2011). 
The first significant harvest was sold locally in 2002, 
with 800 cultured pearls bringing US$10,000 (Sehpin, 
2002). Three years later, financial irregularities were 
reported at Nukuoro (Sehpin, 2005). That same year 
saw the development of a bioeconomic model for 
small-scale pearl farms that was based on production 
and financial data from the Nukuoro farm, along 
with another farm in the Marshall Islands (Fong et 
al., 2005). However, pearl cultivation ceased in 2009. 
According to the Nukuoro municipal government, 
the oysters were left in the lagoon, and 10,000- 
20,000 have now reached an operable size but cannot 
be implanted due to lack of funding. 

At present, pearl culturing takes place on four of 
the FSM’s 607 islands, all within the state of Pohn- 
pei: Pakin, Pohnpei (Nett Point), Pingelap, and Pwe- 
niou (a tiny islet off Pohnpei Island; figure 3). The 
first two farms each have 10,000 oysters, whereas the 
latter ones each have 3,000 oysters. All of these farms 
are in preparation for commercial pearl cultivation. 
Municipal government recently discontinued culti- 
vation on a fifth island (Mwoakilloa) pending addi- 
tional investment. 

The waters in the FSM region, especially near 
Pohnpei, are rich in nutrients from nearby coastal 
mangrove forests. Water temperatures near Pohnpei’s 
Nett Point farm vary between 27°C and 30°C, and 
salinity ranges from 35.0 to 35.5 parts per thousand. 
Testing at various sites within the Pohnpei lagoon 
has revealed that water currents, nutrient availabil- 
ity, and shelter vary greatly from site to site. Appro- 
priate sites for pearl farming have been chosen taking 
these factors into account. The healthier the oyster, 
the lower the probability of disease, complications, 
or mortality and the higher the likelihood of harvest- 
ing high-quality cultured pearls. 

The most encouraging efforts in support of pearl 
culturing in the FSM involve a project at the College 
of Micronesia (COM) Land Grant Program, which 
supplies hatchery-grown spat and technical assistance 
to the four operations mentioned above. In 2001, work 
began on a demonstration and training hatchery at the 
program’s facilities at Nett Point on Pohnpei. The aim 
of the hatchery was to supply high-quality spat to is- 
lands that have insufficient natural oyster populations 
(Ito et al., 2004). This project has received funding 
from the U.S. Department of Agriculture (USDA), the 
U.S. Department of the Interior’s Office of Insular Af- 
fairs, and the COM program. The ultimate goal is to 
“develop a self-sustaining pearl industry, integrating 


110 ~=MICRONESIAN CULTURED PEARLS 


AUSTRALIA 


PAPUA 
NEW GUINEA 


Figure 3. This map shows the location of past and 
present cultured pearl operations in the FSM. The 
hatchery that produces oyster spat is located at Nett 
Point on Pohnpei. The brood stock for this hatchery 
was initially collected from Ahnt, Pohnpei, and Pakin 
Islands. Pearl farms are presently in operation on 
Pakin, Pohnpei, Pingelap, and Pweniou (just off Pohn- 
pei) Islands. Former farms on Mwoakilloa and 
Nukuoro are no longer producing any cultured pearls. 
Illustration by Augustin Hiebel. 


both community-based and commercial pearl farming 
operations” by 2.016 (Ito, 2006). Investors have visited 
the FSM to explore the possibility of a large-scale com- 
mercial pearl farm, and such an enterprise would en- 
sure the long-term viability of the hatchery, which is 
still being subsidized. 

Another project has received two rounds of funding 
from the Center for Tropical and Subtropical Aquacul- 
ture (CTSA) to investigate the development of pearl 
farming in the FSM (Haws, 2004), as well as to make 
hatchery production more efficient and to determine 
the spawning seasons of black-lipped pearl oysters 
(Haws et al., 2004). Most of the hatchery-based work 
was attempted in the Marshall Islands. This project has 
been discontinued due to a lack of funding. There was 
no overlap with the COM-based project, and the activ- 
ities described in this article all stem from work at 
COM designed to produce cultured pearls marketed 
under the “Micronesian Blue” label. 
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CULTURED PEARLS INTHE FSM: FROM FARM TO MARKET 
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Figure 4. This diagram 
illustrates the different 
steps in setting up a 
pearl farm and obtaining 
cultured pearls (CP) in 
the FSM. It shows the 
potential of using the 
same oyster several 
times in the production 
of cultured pearl prod- 
ucts and what resources 
can be obtained from 
this process. The periods 
indicated are from the 
time of seeding to the 
time of harvest. Modi- 
fied after Haws (2002). 


PEARL FARMING 


The entire FSM pearling procedure, from farm site 
selection to marketing of the cultured pearls, is pre- 
sented in figure 4. 


Spat Production. Whereas the French Polynesian in- 
dustry has relied on the collection of wild spat, the 
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emerging FSM cultured pearl sector—apart from 
Nukuoro—trelies on hatchery production using ma- 
ture oysters (i.e., “brood stock”). Many Pacific islands 
have seen overfishing and a significant depletion of 
wild oyster stocks. Winds, currents, hydrology, and 
the placement of spat collectors and substrates also 
play major roles in determining the number of spat 
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that can be collected in the wild. Surveys have been 
conducted around the islands of Ahnt, Pakin, and 
Pohnpei to determine the feasibility of wild spat 
collection, but the populations were far too low. To 
address the shortage of wild spat in Micronesia, two 
hatcheries were set up in 2001: at Nett Point oper- 
ated by COM (mentioned above) and on the south- 
ern part of Pohnpei Island run by the Marine and 
Environmental Research Institute of Pohnpei 
(Haws, 2.004). 

The key to high-quality hatchery-based spat pro- 
duction is careful selection of mature brood stock 
oysters collected in the wild. The brood stock 
strongly influences the color and quality of the cul- 
tured pearls. Brood stock for the Nett Point hatchery 
were collected by one of the authors (MI) and collab- 
orators during multiple transect dives on the islands 
of Ahnt, Pohnpei, and Pakin from 2001 through 
2004. 

Whether spat is collected in the wild or produced 
in a hatchery, oyster reproduction follows very spe- 
cific cycles that must be taken into account. Inter- 
estingly, the FSM seems to have no distinct 
spawning seasons. However, there are roughly two 
periods, March-June and September—December, 
when oysters release eggs and sperm and fertilization 
can take place. As in French Polynesia, this corre- 
sponds to seasonal changes in ocean water tempera- 
ture and nutrient content (Southgate and Lucas, 


In Brief 


Efforts to produce black cultured pearls in the Feder- 
ated States of Micronesia (FSM) date back to 1987. 


Farms on four islands in the state of Pohnpei (Pakin, 
Pohnpei, Pingelap, and Pweniou) are preparing for 

commercial pearl cultivation, with a total of 26,000 
hatchery-reared oysters. 


These farms are projected to yield 6,500 cultured blis- 
ter pearls and 2,000 loose bead-cultured pearls in 
2012, with increasing production in the future. 


The cultured pearls show a range of colors; those with 
particularly distinct blue overtones are most prized, 
and branded “Micronesian Blue.” 


2008). Full moon is usually a very good time to in- 
duce spawning in the hatchery setting, and this is 
done by stressing the oysters, such as by a rapid 
change in water temperature. Spawning in the wild 
is also induced by a change in environmental factors, 
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Figure 5. At the Nett Point hatchery, four species of 

algae are typically used to feed oyster larvae: Cheato- 
ceros (yellow), Pavlova (yellow-brown), Rhodomonas 
(orange), and Tetraselmis (green). Photo by L. Cartier. 


though much less rapidly. One episode of spawning 
in a hatchery can yield 1-2 million oyster larvae per 
1,000 liter tank. These larvae are fed various types of 
algae (figure 5), and they eventually develop into spat. 
Meanwhile, the water conditions are closely moni- 
tored. The combination of algal feed and water con- 
ditions is critical to producing strong, high-quality 
spat. Around day 17-19, spat collectors (e.g., 30 x 50 
cm pieces of shade cloth attached to 4 in. PVC pipe 
frames, known as “Christmas tree” collectors) are 
placed in the tanks. Approximately 500-2,000 spat 
accumulate on the 60-70 collectors deployed in each 
tank. The spat are left there for 42-46 days, until 
they reach a size of 2-5 mm in antero-posterior shell 
length. Following this stage, they are transferred 
from the hatchery tanks into oceanic spat collectors 
or pearl oyster nets for nursery grow-out. 


Nursery and Husbandry. Baskets with juvenile oys- 
ters are taken to the pearl farm (e.g., figure 6), and left 
on the seabed in shallow waters to reduce predation. 
Spat mortality is initially assessed by onsite counting 
approximately four months after fertilization, and the 
baskets are examined every six weeks for predators. 
Carnivorous snails and crabs are major causes of spat 
mortality. The young oysters are later transferred to 
lantern baskets (figure 7). When they are between 1.5 
and 2.5 years in age they are removed from the bas- 
kets, drilled, and hung on chaplet lines (see figure 8). 
In most areas of the FSM, netting is not required at 
this stage because predation is less of a threat. Bio- 
fouling, the settling and growth of animals and plants 
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on the oysters, must be removed in 1-2. month inter- 
vals to ensure the proper health and growth of the 
pearl oysters (figure 9). Once the shell is deemed suf- 
ficiently large (10-12 cm in diameter) and healthy, 
the oyster can be grafted to induce the formation of 
a cultured pearl. 


Grafting. The grafting operation requires a host and 
a donor oyster, and a skillful technician (e.g., Hanni, 
2007). Whereas the donor oyster (which is sacrificed] 
is selected for the quality of its mantle, the host oys- 


Figure 7. Two-year-old oysters in lantern baskets are 
examined at the Pweniou pearl farm. Inside the bas- 
ket, technicians found two predatory snails. Photo by 
L. Cartier. 
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Figure 6. This photo 
shows the farming oper- 
ation near Pweniou Is- 
land off Pohnpei. Photo 
by L. Cartier. 


ter is chosen for its vigor (Haws, 2002). An interna- 
tional grafting technician regularly visits the FSM to 
train locals in grafting techniques for both round and 
blister cultured pearls, with the aim that by 2013 
they can meet the requirements of a nascent cultured 
pearl industry. The nuclei consist of Mississippi 
mussel shell material and range from 5.5 to 13.0 mm 
in diameter. 

Typically, the first-generation operation is carried 
out to produce a loose cultured pearl. Cultured blister 
pearls are sought in older generations of pearl oysters, 
which can be regrafted two or three times. For the 
production of bead-cultured pearls, the seeded oys- 
ters are kept in the water between 10 and 20 months. 
An oyster deemed unsuitable for regrafting may then 
be seeded to produce several cultured blister pearls 
(figure 10). In this case, the oyster is left in the water 
10-12 months. Because a pearl sac is already present, 
such oysters are very likely to bear “keshi” nonbead- 
cultured pearls as well. This strategy maximizes the 
resource: Rather than sacrificing the oyster, it is 
reused to produce cultured blister pearls that can be 
manufactured into simple jewelry. 


PRODUCTION, PROCESSING, AND 
MARKETING 

Loose cultured pearls and blister products are har- 
vested several times a year, but the output remains 
small. Production from the COM project in the FSM 
during the past decade was around 15,000 round cul- 
tured pearls and 3,000 cultured blister pearls. The 
majority of them came from the Nett Point farm on 
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Figure 8. Grafted oysters are attached to ropes using 
the “ear-hanging” method, forming chaplets. Photo 
by L. Cartier. 


Pohnpei. They were sold as samples from the COM 
project to selected Japanese jewelry designers and 
shops for promotional purposes. 

The four farms linked to the COM program are 
projected to yield 6,500 cultured blister pearls and 
2,000 loose bead-cultured pearls in 2012, with a steady 
expansion in the coming years. The cultured blister 
pearls are expected to come from Pohnpei (3,000 
pieces), Pakin (2,000 pieces), and Pweniou (1,500 
pieces), and they will be sold on the local and interna- 
tional markets. As pearl farming moves toward com- 
mercial operation in the near future, round cultured 
pearls will also enter the international market. 

The FSM produces far fewer dark cultured pearls 
than French Polynesia, because it uses lighter-colored 
brood stock. They are cleaned and processed with 
nothing more than sea salt and a polishing cloth. Most 
cultured blister products are crafted into jewelry and 
sold locally. Two charity sales in Pohnpei in 2010 led 
to revenues of US$6,000 and $13,500. The entire local 
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market in the FSM is estimated at only US$100,000 
per year, and the country drew just 20,000 tourists in 
2010. If the pearl sector is to grow, it must expand be- 
yond the local market. Nearby Guam, for instance, is 
an important tourist destination. 

The FSM pearl industry must also find suitable 
niches worldwide and generate greater income 
through marketing differentiation (Fong et al., 2005). 
Although not yet commercially available on the in- 
ternational market, “Micronesian Blue” cultured 
pearls are being sold at charity sales and were used in 
two Japanese jewelry collections. The FSM products 
are also being marketed as “development pearls” be- 
cause of their contributions to the local economy and 
marine conservation. Additional marketing strategies 
are being examined to avoid the failures of numerous 
donor-funded projects to promote community-based 
pearl farming over the past three decades (Ito, 201 1a). 


QUALITY: THE KEY TO PEARL FARM VIABILITY 
The greater the proportion of high-quality cultured 
pearls in a harvest and the lower the oyster mortality 
rates, the more likely a farm will be profitable. Haws 
(2002) calculated that 95% of a farm’s earnings come 
from just 2% of the cultured pearls. Le Pennec et al. 
(2010) estimated that for 2,000 grafted oysters, only 
3% yield “beautiful” cultured pearls; improving this 
rate to 4% would considerably increase farmers’ in- 
comes. Conversely, Fong et al. (2005) projected that 
for a farm with 25,000 seeded oysters, a 5% increase 
in mortality would raise production costs per cul- 
tured pearl by nearly 21%. 


Figure 9. Regular cleaning of oysters, as shown here 
on Pakin Island, is vital to maintaining their health. 
This step also creates jobs for local villagers. Photo by 
L. Cartier. 
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¢ A view of the microscopical room in the physics section. 


from the enormous amount of carbon found 
in the accompanying minerals. 


PHYSICAL SECTION 


In this section studies are carried out on 
the physical and mechanical properties of 
diamond and of materials used to hold or 
mount a diamond in industrial or gem uses. 
Microscopical, spectrographic, and X-ray 
equipment is available for investigations 


e A section of the chemical laboratory. 


into such properties as hardness, color, light 
reflection, abrasion resistance, etc. of dia- 
mond and other crystals. 

It may not be generally known to gem- 
ologists that there are two kinds of dia- 
mond, known as Type I and Type JJ. They 
differ only in their behavior towards ultra 
violet light and in certain other properties, 
but not in outward appearance, value, or 
source of origin. Some scientists believe the 


Le Pennec et al. (2010) noted that out of 1,000 oys- 
ters grafted in French Polynesia, 250-300 saleable 
cultured pearls (25-30%) are typically produced in 
the first generation. In a study of the Nukuoro farm 
and another farm in the Marshall Islands, Fong et al. 
(2005) found that 10,725 marketable cultured pearls 
(42.9%) were produced from a harvest of 25,000 first- 
seeded oysters. This success rate is surprisingly high 
given that mortality rates should be similar to those 
in other areas of Micronesia (see below) and that the 
two farms were not commercially successful. The 
lack of an industrywide grading system for cultured 
pearls also makes such comparisons difficult. 


Improving Cultured Pearl Quality. Murzyniec-Lau- 
rendeau (2002) showed that in a sample harvest of 
271,000 P. margaritifera cultured pearls from French 
Polynesia, circled goods (cultured pearls with con- 
centric rings or grooves visible on the surface) ac- 
counted for 23% of the volume but only 6% of the 
value. If formation mechanisms of circled cultured 
pearls can be better understood, practices can be 
adapted to minimize their production in favor of 
more valuable cultured pearls. There is a surprising 
lack of collaboration between gemologists and scien- 
tists researching biomineralization, aquaculture, and 
oyster genetics. Greater synergy across disciplines 
would advance cultured pearl production and quality. 

A three-year research project was initiated by 
COM in 2007 to understand how grafting tech- 
niques could be optimized to improve quality (Ito, 
2009). The study also investigated formation mech- 
anisms of circled cultured pearls and disproved the 
widely held idea that they result from nucleus rota- 
tion in the pearl sac (see also Caseiro, 1993). Ito 
(2009, 2011b) argued that if this were the case, non- 
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Figure 10. An oyster that 
yielded a first-generation 
cultured pearl was re- 
beaded to produce four 
cultured blister pearls. 
The remaining pearl sac 

4 produced a nonbead-cul- 
# tured pearl. Photo by L. 
*. Cartier. 


linear patterns should be found on circled cultured 
pearls. However, Ito’s (2011b) study of 4,011 samples 
found no evidence for this, and proposed a mantle 
cell proliferation mechanism of circled cultured 
pearl formation. 

A great deal of experimentation has gone into un- 
derstanding the optimal conditions for oysters and 
how the quality of harvested cultured pearls can be 
improved through certain pearling practices. A trial 
project was initiated by COM in 2005 to investigate 
the circling phenomenon in cultured pearls, and this 
study also offered an overview of mortality and re- 
jection rates (figure 11). These rates were higher than 
in a normal pearl farming context, because the aim 
was scientific experimentation rather than commer- 
cial success; the total success rate was only 28%. Nu- 
cleus rejection rates for second-generation grafting of 
these trial oysters decreased to 10-15%, which is 
good by international comparison. 

The harvesting success rates and qualities are 
highly dependent on farm site, nursery expertise, 
skills of the grafting technicians, and whether pearl 
farming was carried out for experimental or commer- 
cial purposes. The following practices are recom- 
mended in the FSM: Waiting until the oysters reach 
a good size (10-12 cm in shell diameter) before graft- 
ing, maintaining low stocking densities of oysters, 
extending the period between grafting and harvest, 
and regularly (every 6-8 weeks) removing any bio- 
fouling from the oysters. 


ECONOMIC CONSIDERATIONS AND 
DEVELOPMENT STRATEGIES 


The average price (at export) of black cultured pearls 
in French Polynesia has fallen by a factor of four in 
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Figure 11. This chart 
shows the oyster mor- f 
tality and rejection 
rates for a 2005-2007 
trial project in the FSM. 
These figures are higher 
than those in other 
pearl farming regions, 
but do not reflect cur- 
rent rates in the FSM, 
which are much lower. 


820 die in first year 


CULTURED PEARL PRODUCTION IN THE FSM 


3,440 first-generation grafted oysters (Sept. 2005) 


978 oysters reject nuclei, 
with some producing non-beaded 
cultured pearls 


2,775 oysters remain 
after 1 year (Sept. 2006) 


J Test harvest of 122 oysters 
1,945 oysters at harvest yields 72 cultured pearls 
(June 2007) (Sept. 2006) 


"4 “\ 


967 oysters produce 
cultured pearls 


the past decade, from 1,800 CFP francs (US$19.68) to 
460 CFP francs (US$5.03; Talvard, 2011). However, 
this depreciation is also the result of diminishing 
quality in the output of many pearl farms. Govern- 
ment authorities continue to carry out quality control 
of exported cultured pearls, and those of very low 
quality are destroyed. However, both the average size 
and average quality of these cultured pearls are lower 
than a decade ago. Such developments in the French 
Polynesian industry—which accounts for more than 
95% of the world’s black cultured pearls—are bound 
to also affect minor producers such as the Cook Is- 
lands, Fiji, Mexico, and the FSM. 

A number of reports have noted the lack of large 
(>13 mm) high-quality black cultured pearls in the 
international market (Shor, 2007; Torrey and Sheung, 
2.008; Italtrend, 2010) and the fact that the average 
price of these larger goods has not decreased. Some 
reports suggest an overproduction of small black cul- 
tured pearls of low to medium quality, but obviously 
this cannot be generalized to include all types and 
qualities of these goods at present. 

For two farms in the FSM and the Marshall Islands, 
both with 25,000 seeded oysters, Fong et al. (2005) cal- 
culated the average cost of producing a cultured pearl 
to be US$19.15. This was over a 20-year period, and 
both farms examined for that study have since ceased 
operation. In French Polynesia, as elsewhere, large 
pearl farms (>200,000 oysters) benefit from economies 
of scale (Poirine, 2003). Poirine and Kugelmann (2003) 
calculated with data from 2000 that the average cost 
per cultured pearl in French Polynesia for a large-scale 
farm was 902 CFP francs (US$9.93}, compared to 1,889 
CFP francs (US$20.79) for a small-scale farm of <25,000 
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oysters. Although pearl farming still has the potential 
to bring economic development to remote coastal 
communities, the long-term viability of these farms 
may be at risk due to challenging market factors, not 
to mention environmental and climate considerations. 

Do small-scale farms have a future? The revenue 
models presented by Johnston and Ponia (2003) and 
Fong et al. (2005) do not reflect the economically un- 
favorable evolution of the black cultured pearl market 
in the past decade. The assumptions of their models 
render all small-scale pearl farms unprofitable if the 
recent global slump in black cultured pearl prices is 
taken into account. Yet other research in French Poly- 
nesia and the FSM suggests that there is a future for 
small-scale pearl farms that adopt alternative strate- 
gies, including: 


e Maximizing revenue by marketing oyster meat 
and oyster shell resources (as jewelry or as raw 
material for medicinal purposes} 

e Reducing spat costs through innovation in 
hatchery production 

e Reducing oyster mortality 

e Emphasizing cultured pearl quality over quantity 

e Strategizing market differentiation through 
branding (e.g., Fiji) 

e Adopting value-added activities such as jewelry 
crafting and developing synergies with tourism 

e Emphasizing technology so that dependence on 
costly international assistance is minimized 

e Making pearling a seasonal activity for local 
people, complemented by income from fishing, 
farming, or tourism 
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Technology Transfer. Even with these strategies, the 
transfer of technology to local inhabitants is essential. 
In several countries, the production of cultured blister 
pearls has been envisioned as an economic develop- 
ment strategy, and donors have funded such projects 
using P. margaritifera in Kiribati (Teitelbaum, 2007), 
Tanzania (Southgate et al., 2006), and Tonga (Teitel- 
baum and Fale, 2008). Yet none of these has achieved 
sustained commercial success, domestically or abroad. 
Typically, these types of internationally funded proj- 
ects emphasized farming methods and handicraft- 
making techniques without training locals in sales 
and marketing (Ito, 201 1a). 

In contrast, current efforts in the FSM focus on 
training locals in all aspects of cultured pearl produc- 
tion and marketing. This ensures that the skills nec- 
essary for a pearl farming sector can be sustained 
locally without long-term foreign aid. Micronesians, 
not foreigners, are training local workers as techni- 
cians at the COM project’s Nett Point hatchery on 
Pohnpei. This is widely regarded as a positive step in 
the development of aquaculture because it fosters 
local expertise and community collaboration, mak- 
ing the sector more likely to succeed. Overall, the 
project has four aims: 


1. Standardizing hatchery and ocean grow-out 
protocols to realize mass spat and seedable oys- 
ter production 


2. Training local technicians in hatchery-subse- 
quent husbandry practices and grafting tech- 
niques 


3. Training locals in basic jewelry manufacturing 
methods 


4. Incorporating pearl farming into an integrated 
aquaculture and marine protected area devel- 
opment project and an ecosystem-based com- 
munity fisheries management plan, with the 
goal of promoting alternative livelihood oppor- 
tunities and local marine conservation 


This project in the FSM is unique in the sense 
that the local grafting technicians being trained also 
have pearl farming and cultured pearl grading skills, 
and are themselves capable of training others. In- 
digenous youths who have learned basic jewelry de- 
sign and manufacturing techniques (figure 12) then 
process the cultured blister pearls for sale locally and 
regionally (in Guam, for instance]. Cultured blister 
pearl jewelry has recently sold in the local market 
for an average of US$20 per piece, an encouraging 
development (figure 13). 
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Figure 12. In a workshop on Pakin Island, local 
youths are taught how to drill shells containing cul- 
tured blister pearls so that they can be processed into 
jewelry. Photo by L. Cartier. 


Management: The Key to a Successful Industry. After 
five decades of black cultured pearl farming and 
trading in French Polynesia, it has become clear that 
the management of both production and marketing 
is critical to ensuring long-term success. The strik- 
ing differences in the industry development and 


Figure 13. These pieces of cultured blister pearl and 
shell-derived jewelry, manufactured by indigenous 
youths, are sold in the local market. The diameter of 
the shell is ~10 cm. Photo by M. Ito. 
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government regulation between Australia (the main 
producer of white South Sea cultured pearls by value} 
and French Polynesia (the dominant source of black 
cultured pearls) have been examined by several au- 
thors (Tisdell and Poirine, 1998; Poirine, 2003; 
Miller, 2009). While French Polynesia, in Miiller’s 
words, adopted a “laissez-faire” approach to marine 
concessions, production, and trade, Australia chose 
to enforce strict quotas on output. Although the FSM 
pearl industry is unlikely to attain such international 
importance, questions regarding how the sector 
should be managed will need to be addressed as the 
sector develops. 

While Poirine (2003) advocated economic regula- 
tion of the (Polynesian) cultured pearl sector through 
an auction system of limited marine concessions, an- 
other model has emerged in the FSM. Because most 
indigenous spat must be grown in a hatchery 
(Nukuoro notwithstanding), scientists control the 
oyster supply. Any pearl farm involved in the COM 
project that does not adhere to strict environmental 
and other guidelines must return its oysters to the 
Nett Point hatchery. The oysters remain the property 
of the hatchery, ensuring scientific oversight of the 
sector. Additional management models are currently 
under development. 


Marine Conservation. Sound pearling practices have 
a positive impact on local fish stocks, since fry thrive 
around oyster farms and commercial fishing within 
these areas is prohibited (Pae Tai — Pae Uta, 2003). 
Unlike the extraction of many other gem resources, 
the cultivation of pearls depends directly on respon- 
sible environmental management. Low stocking 
densities have a positive influence on the health of 
oysters and are more likely to lead to high-quality 
harvests (Southgate and Lucas, 2008). Very high 
stocking densities can lead to mass mortality of oys- 
ters, as demonstrated on the island of Manihiki and 
the subsequent demise of the Cook Islands cultured 
pearl industry (Macpherson, 2000; Southgate and 
Lucas, 2.008). 


Figure 14. A range of 
colors and overtones 
were observed in the 
cultured pearl samples 
from the FSM (8.1-12.1 
mm in diameter). Photo 
by M. S. Krzemnicki, 


Pearl farming is one of the most profitable forms 
of aquaculture. With limited environmental impact 
and a high-value resource that can be produced in re- 
mote atolls, it has often been described as an ideal 
business model for developing Pacific coastal com- 
munities (Sims, 2003). In regions such as the FSM, 
which depend on artisanal fishing and subsistence 
farming and enjoy few if any alternative opportuni- 
ties, pearl farming may reduce human pressures on 
the environment and generate cash income for local 
communities. Through alternative economic oppor- 
tunities, such as pearl farming, pressures on rapidly 
diminishing fish stocks can be reduced. The income 
lost by abstaining from fishing in certain areas— 
Pakin or Pweniou islands, for instance—can be re- 
couped by income from pearl farming. Marine 
protected areas (MPA) with no-fishing zones have 
been established in some parts of Pakin and Pwe- 
niou. In Pakin, for example, the model has been ex- 
tended to become an integrated MPA in which pearl 
farming is carried out but fishing is not allowed. This 
innovative approach ensures that fish stocks can re- 
cover and gives locals access to alternative sources 
of income. 


GEMOLOGY OF MICRONESIAN 
CULTURED PEARLS 


Materials and Methods. For this study we examined 
18 P. margaritifera cultured pearls obtained from 
Pohnpei’s Nett Point farm by author LC (figure 14). 
The samples ranged from 3.86 to 13.00 ct, and meas- 
ured approximately 8.1—-12.1 mm in diameter. The 
selection was chosen to best represent the range of 
possible colors and qualities from the FSM’s current 
cultured pearl production; three samples were of the 
“Micronesian Blue” variety. 

In addition to visual examination and close micro- 
scopic inspection, all samples were analyzed by X-ra- 
diography using a Faxitron instrument (90 kV and 100 
mA excitation) and Fuji film. On three samples 
(FSM_15, FSM_16, and FSM_17), we also measured 
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Figure 15. This light gray sample (8.4 mm in diame- 
ter) displays distinct blue and purple overtones char- 
acteristic of “Micronesian Blue” cultured pearls. 
Photo by M. S. Krzemnicki, © SSEF. 


UV-Vis reflectance spectra using a Varian Cary 500 
spectrophotometer with a diffuse reflectance acces- 
sory. Furthermore, all 18 pearls were examined with 
a long- and short-wave UV lamp. Luminescence spec- 
tra of three cultured pearls (FSM_15, FSM_16, and 
FSM_18) were collected with an SSEF-developed UV- 
Vis spectrometer (based on an Avantes spectrometer) 
coupled with a luminescence accessory consisting of 
a mounting with three 365 nm LED lamps. 


Results and Discussion. The cultured pearls’ shape 
varied greatly from perfectly round to semi-round, 
button, drop, baroque, and circled. The color range 
included white, yellow, light gray to dark gray and 
brownish gray, and black (again, see figure 14). Most 
showed moderate to distinct overtones, with inter- 
ference and diffraction colors dominated by green, 
purple, and particularly distinct blue hues (e.g., fig- 
ure 15). The color distribution was partially uneven, 
especially in those showing circled features and sur- 
face imperfections such as dots, indentations, and 
bumps. 

As the cultured pearls were taken directly from 
the production site prior to processing, the moderate 
to high luster represents their original state rather 
than their polished appearance. This was especially 
obvious under high magnification, which revealed 
fine fingerprint-like structures caused by the regular 
stacking of the aragonite platelets of the nacre. 

X-radiographs (e.g., figure 16) revealed a distinct 
bead nucleus in the center of each sample, surrounded 
by nacre with a thickness of 0.5-3.9 mm. The off- 
shaped cultured pearls in particular showed distinct 
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Figure 16. These X-radiographs of four bead-cultured 
pearls from Micronesia show varying nacre thick- 
nesses, described here from left to right. Sample 
FSM_4 shows a small triangular cavity at the inter- 
face between the bead and nacre. FSM_10 has a 
medium nacre overgrowth (~1 mm), while FSM_14 
shows a rather thin nacre layer (~0.5 mm), and 
FSM_16 has a thicker nacre overgrowth (~1.5 mm). 
Images by M. S. Krzemnicki, © SSEF. 


variations in nacre thickness, whereas the round to 
semi-round samples had typical (for P. margaritifera 
cultured pearls) nacre thickness of 0.8-1.4 mm. 
UV-Vis spectra revealed a trough in reflectance 
at about 700 nm (figure 17), which is characteristic 


Figure 17. The UV-Vis reflectance spectra of three P. 
margaritifera cultured pearls from the FSM are com- 
pared to the spectrum of a yellow cultured pearl from 
P. maxima. The P. margaritifera samples show a dis- 
tinct trough in reflectance at 700 nm that is charac- 
teristic for this species, but not seen in the P. maxima 
sample. The spectra are shifted vertically for clarity. 
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of the color pigments (porphyrins) in the shell and 
cultured pearls of P. margaritifera (Miyoshi et al., 
1987; Karampelas et al., 2011). Interestingly, even 
the reflectance spectrum of the yellow cultured 
pearl (FSM_15) showed this feature. This is in con- 
trast to yellow cultured pearls from the gold-lipped 
pearl oyster (P. maxima), which look very similar 
but do not show this trough. This supports the use 
of UV-Vis spectroscopy for separating yellow to 
“golden” cultured pearls from these two species (see 
also Elen, 2002). 

The samples showed inert to distinct yellow re- 
actions to long-wave UV radiation, and distinctly 
weaker fluorescence to short-wave UV. Often the re- 
action was not uniformly distributed, but correlated 
to the lighter gray surface regions of the cultured 
pearls. The luminescence spectra of three cultured 
pearls characterized by distinct yellow fluorescence 
(FSM_18}, moderate yellow fluorescence (FSM_15], 
and essentially no reaction (FSM_16) to the long- 
wave UV lamp all revealed two broad luminescence 
bands that correlated in intensity with the visual 
strength of their fluorescence (figure 18). By compar- 
ison, gray to dark cultured pearls from Pteria sterna 
from the Sea of Cortez in Mexico show additional 
spectral features above 600 nm that correspond to 


Figure 18. The luminescence spectra of three cul- 
tured pearls from P. margaritifera with distinct yel- 
low (FSM_18), moderate yellow (FSM_15), and 
nearly no fluorescence (FSM_16) to long-wave UV 
radiation are compared to the spectrum of a brown 
Pteria sterna cultured pearl from Mexico, which flu- 
oresced strong red to long-wave UV radiation. The 
strong luminescence intensity below 400 nm for all 
samples is due to the excitation wavelength of the 
LED light source. 
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Figure 19. Blue overtones in “Micronesian Blue” cul- 
tured pearls (here, 12 mm in diameter) may be diag- 
nostic of these products in the marketplace. Photo 
courtesy of Yuhei Hosono, © Le Collier, Tokyo. 


the red luminescence commonly observed in them 
(Kiefert et al., 2004; Sturman, 2009). 

Based on their observed and measured character- 
istics, our Micronesian samples were similar in 
many respects to cultured pearls produced in French 
Polynesia using the same species. The blue over- 
tones, in some cases quite distinct, may serve to dis- 
tinguish the “Micronesian Blue” cultured pearls in 
the international market (e.g., figure 19). 


CONCLUSION 

Pearl oyster farming is still in its infancy in the FSM, 
yielding small quantities of cultured pearls compared 
to the massive production in French Polynesia. 
Pearling activities and production are expected to ex- 
pand in the FSM in the near future. Technical assis- 
tance through the COM program should ensure the 
supply of high-quality P. margaritifera oysters to sup- 
port the nascent industry, as well as the adoption of 
responsible production practices. 

Demand for the FSM’s cultured pearls appears to 
be growing as they reach the international market, 
especially in Japan, where samples from initial har- 
vests have been sold to selected jewelry designers 
who are marketing them as Micronesian cultured 
pearls. For the industry to succeed, a market differ- 
entiation strategy must be adopted. The decision to 
brand a portion of the production as “Micronesian 
Blue” cultured pearls is an important step in that 
direction. 
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Figure 20. This necklace features Micronesian cul- 
tured pearls (8.5-13.3 mm) of various colors. Photo 
courtesy of Yuhei Hosono, © Le Collier, Tokyo. 
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Overview and Uccdate 


RECENT ADVANCES IN CVD SYNTHETIC DIAMOND QUALITY 


Sally Eaton-Magana and Ulrika F. S. D’Haenens-Johansson 


Synthetic diamond growth was first documented in 
1952, by William Eversole of the Union Carbide Cor- 
poration, but it took another two decades before 
GIA issued the first grading report for a laboratory- 
made diamond (Crowningshield, 1971). Virtually all 
single-crystal synthetic diamonds are made by two 
very different processes. High-pressure, high-tem- 
perature (HPHT) synthesis mimics some of the key 
conditions for natural diamond formation, with 
pressures of 5-6 GPa and temperatures of 1400- 
1600°C applied to a carbonaceous source material. 
The second method, chemical vapor deposition 
(CVD}, involves growing synthetic diamond as thin- 
film layers at moderate temperatures and low (i.e., 
below atmospheric) pressures. One of the main ad- 
vantages of the CVD procedure over HPHT is the 
superior flexibility of synthetic diamond size and 
geometry produced. Furthermore, intentional dop- 
ing with impurity elements can be controlled by the 
addition of gases containing those atoms. 

Diamond, with its superlative physical proper- 
ties, is of great interest for both scientific and tech- 
nological reasons. CVD synthesis uses technology 
similar to that employed for producing silicon-based 
computer chips and electronics. In fact, many of the 
technological improvements in synthetic diamond 
quality are fueled by industrial applications, with 
commercial gem production a largely ancillary con- 
cern (Balmer et al., 2009). 

Most current research efforts are focused on 
maximizing growth control and rates, improving 
purity, and understanding defect incorporation (e.g., 
Silva et al., 2008; Butler et al., 2009). The processes 
occurring in the gas phase and on the surface are 
complex and acutely sensitive to even minute 
changes to various parameters, such as surface ori- 
entation and smoothness, hydrocarbon-to-hydrogen 
ratio, substrate temperature, plasma density, and 
impurities present (e.g., Martineau et al., 2004; Silva 
et al., 2008). 

As a result of this research effort, the quality of 
CVD products has advanced greatly over the last 
decade. Gem-quality CVD synthetic diamond (e.g., 
figures 1 and 2), once considered a “holy grail,” is 
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Figure 1. This 0.87 ct as-grown CVD synthetic dia- 
mond plate is near colorless and shows polycrys- 
talline growth at the edges. Photo by Wuyi Wang. 


now routinely produced thanks to several technical 
and experimental improvements. 


Improvements in Growth Chemistry 

In CVD synthesis, the feed gases are typically com- 
posed of hydrocarbons in a hydrogen-rich environ- 
ment. The CVD reactor (figure 3) contains an 
energy source, such as microwave plasma, that 
splits the molecules into their constituent atoms or 
into molecular fragments (figure 4). For instance, 
methane (CH,) dissociates into CH, and H. The car- 
bon-based radicals diffuse down to the cooler sub- 
strate stage and react with the surface to create 
synthetic diamond and non-diamond carbon (Butler 
et al., 2009). The temperature is typically held at 
700-1000°C. A high concentration of hydrogen in 
the reactor drives the gas-phase and surface chemi- 
cal reactions toward diamond. The precursor gas 
(e.g., CH,) is therefore heavily diluted in H,, with a 
typical mixing ratio of 0.1-8% by volume. 
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¢ The engineering section showing part of the machine shop. 


vatiations between Types I and II are due 
to fundamental differences in crystal struc- 
ture, while other workers maintain that the 
explanation lies in the minute quantities of 
impurities present in diamonds. 


CHEMICAL SECTION 

The Laboratory has to cover a broad field 
of chemical analysis and chemical engineer- 
ing for producers and users of diamonds. A 
great many of the metallurgical problems of 
the mining companies are essentially chem- 
ical, such as the properties of the minerals, 
waters, greases, and reagents used in recov- 
ery operations. In industry, diamonds are 
held in some form of matrix, which may 
be metal, cetamic, cemented carbide, plastic, 
or rubber. Gem diamonds, of course, are 
usually mounted in one of the platinum 
metals or gold. Since the selection of the 
proper matrix is often as important as the 
size or type of diamond, the Laboratory 
must be prepared to undertake investiga- 
tions into a wide range of materials. Other 
work of this division, to illustrate at ran- 
dom, embraces methods of cleaning dia- 
monds and diamond powders, recovering 
diamonds from used drill crowns or tools, 


improvements in effecting adhesion between 
diamond and a metal surface, nature of im- 
purities imparting color to diamond and 
possibility of altering this color. 


ENGINEERING SECTION 

This division is concerned with improve- 
ments in existing diamond tools and with 
the development of new uses for diamonds 
in industry. Diamonds are used in lathe 
tools for cutting and turning, in grinding 
wheels, masonry saws, wire drawing dies, 
drilling tools, wheel dressers, glass cutters, 
hardness indenters, for polishing glass or 
metals, and for many other industrial pur- 
poses. Owing to its cost the diamond is 
constantly subjected to stiff competition for 
many purposes from synthetic abrasives. It 
is the function of the Laboratory to insure 
that potential customers make use of the 
best and most economical type of diamond 
tool, and to see that the production methods 
employed will lead to efficient and econom- 
ical use of these tools. The introduction of 
new uses for diamond is an important task 
of this division, and frequently these cannot 
be advocated before a long period of testing 
competitive materials has indicated that dia- 
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Figure 2. The 0.20 ct CVD synthetic diamond in this 
pendant was manufactured by Apollo Diamond Inc. 
and has SI, clarity and K color. Photo by Wuyi Wang. 


All CVD techniques require a means to activate 
the gas-phase hydrogen and carbon-containing pre- 
cursor molecules, and they are classified accord- 
ingly. Activation can occur using thermal methods 
(such as a hot filament), electric discharge (direct 
currents, radio frequencies, or microwaves), or a 
combustion flame. The vast majority of single-crys- 
tal CVD synthetic diamonds are grown using mi- 
crowave-plasma CVD reactors. 

Researchers have found that relatively minor 
changes to the growth parameters can yield large 
improvements. Such modifications include a re- 
designed substrate stage that helps maintain a sta- 
ble microwave plasma and prevents plasma 
concentrations at the edges of the substrate, raising 
the growth rate 10-fold (Yan et al., 2002). A pressure 
increase from 60 to 200 torr (from ~Yi2 to % of at- 
mospheric pressure) in the reactor improves the 
growth rate five-fold, while also reducing defects 
(Yan and Vohra, 1999). Researchers have also raised 
the microwave power to generate a high-density 
plasma. This allows uniform heating of the dia- 
mond substrate and raises the H/CH, concentration 
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ratio within the reactor, which affects crystal size 
(Liang et al., 2009). 

Intentional and unintentional addition of impu- 
rities can affect the growth rate, quality, and color 
of the synthetic diamond. A small amount of oxy- 
gen in the reactor gases can prevent the formation 
of cracks, thus maintaining single-crystal rather 
than polycrystalline growth (Tallaire et al., 2004, 
Friel et al., 2009). Additionally, minute quantities of 
nitrogen in the feed gases can enhance the growth 
rate eight-fold (Butler and Oleynik, 2008) while pro- 
moting crystallization on the {100} face (Tallaire et 
al., 2006). However, nitrogen incorporated into the 
CVD synthetic diamond creates a yellowish or light 
brown color, necessitating further treatment (Mar- 
tineau et al., 2004; Liang et al., 2009). 


Improvements in Substrate Material 

For single-crystal growth, the CVD film must be de- 
posited on diamond—typically high-quality, HPHT- 
grown plates. Type Ib synthetic diamond traditionally 
served as the CVD substrate, but this resulted in 
lower-quality CVD material due to the high con- 
centration of single-substitutional nitrogen in this 


Figure 3. This schematic diagram shows some of 
the key components of a 2.45 GHz ASTeX-mi- 
crowave-plasma CVD reactor. Depending on the re- 
actor size, the growth parameters, and the desired 
synthetic diamond quality, the growth area may 
vary in diameter between 2 and 20 cm. Adapted 
from Martineau et al. (2004). 
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Figure 4. This drawing shows the simplified chemi- 
cal reactions that occur during CVD synthetic dia- 
mond growth on a {100} hydrogen-terminated 
surface showing 2 x 1 reconstruction (Butler et al., 
2009). Carbon and hydrogen atoms are represented 
by gray and red spheres, respectively. The micro- 
waves activate the gaseous reactants, resulting in a 
mixture of atomic hydrogen (H), molecular hydro- 
gen (H,), and hydrocarbon species (e.g., CH, and 
CH,). Two events are illustrated: an incident H 
atom removing hydrogen from a C-H bond on the 
surface, leaving an exposed carbon atom; and a CH, 
molecule moving toward a separate exposed carbon 
site, where it may react to form the next synthetic 
diamond layer. 


substrate. The lattice mismatch in the crystal 
structure between the type Ib substrate and the 
growing material (Lang et al., 1991) creates stress 
and additional opportunities for secondary nucle- 
ation (i.e., polycrystalline growth) and the genera- 
tion of dislocations (Martineau et al., 2009). Type 
Ila HPHT-grown substrates are now available and 
offer several advantages over type Ib material, re- 
sulting in fewer defects in the CVD synthetic dia- 
mond (Twitchen et al., 2009). 

Growth quality is influenced by the crystallo- 
graphic orientation of the substrate growth plane, 
which should be oriented in the {100} direction for 
best results. An angular deviation greater than 2° 
from this direction leads to a significant decline in 
the quality of the CVD-grown synthetic diamond 
(Berdermann et al., 2004), making careful polishing 
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and surface preparation of the substrate important 
for CVD synthesis. 


Improvements in Post-Growth Treatment 
As-grown brown CVD synthetics have three broad 
bands centered at 270 nm (due to substitutional ni- 
trogen), 370 nm, and 550 nm (Liang et al., 2009). 
Post-growth treatment rearranges the defects and 
impurities to improve optical and mechanical prop- 
erties such as color, hardness, and fracture tough- 
ness. Both HPHT and careful low-pressure, 
high-temperature (LPHT) annealing can reduce the 
brown color in the as-grown CVD synthetic dia- 
mond, and each method has its own advantages 
(e.g., Meng et al., 2008). HPHT annealing is more 
commonly used, as the stabilizing pressure applied 
reduces the risk of graphitization. Although graph- 
itization can be problematic with LPHT annealing, 
it can be conveniently performed within the CVD 
reactor after growth. Recently, researchers have suc- 
ceeded in annealing single-crystal diamond at low 
pressures and at temperatures of 1400—-2200°C 
within a hydrogen plasma, without significant 
graphitization (Meng et al., 2008; Liang et al., 2009). 
Depending on the treatment temperature chosen, 
there was a significant variation in annealing time, 
with the synthetic diamond held at the highest 
temperature for only 30 seconds. Notably, the CVD 
samples used by those authors were carefully cho- 
sen and prepared prior to treatment. 

High-temperature annealing can decrease the 
270 and 370 nm absorption bands, while the inten- 
sity of the band near 550 nm remains unchanged 
(Liang et al., 2009). On average, the color is im- 
proved by three grades. 


Future Potential 

With improvements in gas-phase chemistry and 
growth parameters, the greater availability of high-pu- 
rity HPHT synthetic diamond as a starting material, 
and the effective application of post-growth treat- 
ments, the quality of CVD synthetic diamonds has 
improved considerably. Spectroscopic measurements 
verify that their purity is comparable to or even higher 
than that of typical type Ila natural diamond. 

With all the recent progress in CVD synthesis, 
it continues to evolve as a major player on the en- 
gineering and gemological landscapes. We project 
that CVD synthetic diamond sizes will continue to 
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increase and the available colors will expand be- 
yond colorless, pink, and brown to include type IIb 
blue samples doped with boron. The use of CVD 
synthetic diamond as a coating material for natural 
diamond may become more widespread, though it 


Drs. Eaton-Magana (smagana@gia.edu) and D’Hae- 
nens-Johansson are research scientists at GIA, in 
Carlsbad and New York, respectively. 
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Spotlight 


NANO-POLYCRYSTALLINE DIAMOND SPHERE: 


A GEMOLOGIST’S PERSPECTIVE 


Elise A. Skalwold 


Synthetic nano-polycrystalline diamond (NPD) is one 
of the latest and most exciting results of scientific ef- 
forts to synthesize a mineral that has held the fasci- 
nation of humankind for ages. Unlike other forms of 
polycrystalline diamond, it is completely transparent. 
Owing to the material’s unique structure, it is also 
much tougher than natural diamond and previous 
synthetics, either single-crystal or polycrystalline. 
This represents a significant breakthrough for indus- 
trial purposes and for high-pressure research into the 
nature and properties of minerals, including diamond. 

Naturally occurring polycrystalline diamond 
(PCD) is highly included. Two types of granular ag- 
gregates, referred to as bort and carbonado, are gen- 
erally opaque, dark, and unattractive (Orlov, 1973), 
though some examples have been fashioned into in- 
teresting jewelry (Wang et al., 2009). Another form of 
polycrystalline diamond, of interest for its structure 
and strength as a model for possible synthesis, con- 
sists of the rare naturally occurring fibrous spheres 
known as ballas diamond, found in the Urals, Brazil, 
and South Africa. Natural aggregates have varying 
compositions and structural strength, making them 
inferior to synthesized PCD (Lux et al., 1997). 

Gemologists regularly assess diamonds based on 
certain standard properties. The recently developed 
NPD sphere invites one to consider those charac- 
teristics in a different light and perhaps look with 
renewed wonder at that which is possible through 
science and understanding. 


The NPD Sphere 

A sphere fashioned from diamond: Its very exis- 
tence seemingly breaks the rules at the heart of our 
gemological training. How would one cut and pol- 
ish such a shape out of the world’s hardest material, 
one that also cleaves? Yet this object is actually the 
fruit of understanding those rules. 

The creation of a 7.5 mm NPD orb, described as 
the world’s “first spherical diamond” (Yamada and 
Yashiro, 2011), was announced in October 2011 by 
one of Japan’s largest newspapers (“Ehime Univer- 
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Figure 1. As this photo demonstrates, NPD is com- 
pletely transparent. When placed over text on a 
piece of paper, the 5.09 mm sphere reverses and 
transmits the letters so that they are clearly legible. 
Photo by E. A. Skalwold. 


Wy 


sity dazzles...,” 2011). This development was 
quickly followed by a second sphere measuring 5.09 
mm (figure 1). Dr. Tetsuo Irifune, the director of 
Ehime University’s Geodynamics Research Center 
(GRC}, kindly offered this author the opportunity to 
study the latter, a nearly perfect sphere created to 
study the elastic properties of NPD (Yamada and 
Yashiro, 2011). In 2003, Dr. Irifune and his col- 
leagues first reported success in producing small 
NPD pieces measuring approximately 1 mm (Irifune 
et al., 2003; Sumiya and Irifune, 2008). Today, larger 
sizes are being manufactured at the GRC as 1 cm 
(14.5 ct) brownish yellow rods suitable for shaping 
into forms used in a variety of applications (Irifune 
and Hemley, 2012). 

The adamantine NPD sphere is deceptively non- 
descript at first glance, until one considers that it is 
not a single crystal but a group of nano-sized syn- 
thetic diamond crystals packed so tightly that the 
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Figure 2. The 5.09 mm NPD sphere displays unt- 
form birefringence between crossed polarizers. 
Photo by S. D. Jacobsen. 


material is tougher than either PCD or single-crystal 
diamond (SCD)—and essentially flawless and com- 
pletely transparent (again, see figure 1). This trans- 
parency stems in part from a manufacturing process 
that creates atomic bonding between individual 
nano-size crystals, interlocking them and thus min- 
imizing the scattering of light waves along grain 
boundaries, while also minimizing voids and impu- 
rities that might contribute to scattering (T. Irifune, 
pers. comm., 2012). Earlier synthetic PCDs required 
the addition of metals such as cobalt, which pro- 
duced a less transparent and weaker material (Irifune 
et al., 2003). But NPD contains only trace impurities: 
100-200 ppm hydrogen, 10-30 ppm oxygen, 50-100 
ppm nitrogen as aggregates (dispersed nitrogen <0.5 
ppm), and <1 ppm boron (Sumiya et al., 2009). 
Although diamond is optically isotropic, natural 
diamond often displays a birefringence pattern 
caused by lattice strain. In NPD, the crystals’ ran- 
dom orientation results in a similarly isotropic solid, 
but with a uniform birefringence. Observation of the 
sphere between crossed polarizers revealed this very 
condition (figure 2). This is quite different from SCD, 
where birefringence often exposes a specimen’s syn- 
thetic origin—or, in the case of natural diamond, re- 
veals underlying strain associated with inclusions or 
structural weakness or even evidence of treatment. 
In fact, laboratory analysis detected no large lattice 
strain in NPD (Sumiya et al., 2009). The sphere’s 
brownish yellow color has been attributed to lattice 
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defects in each synthetic nano-diamond crystallite, 
which are analogous to those found in brown type 
Ila diamond and result from plastic deformation 
brought on by high-pressure, high-temperature 
(HPHT) growth (Sumiya et al., 2009). It is unknown 
what causes NPD’s reddish orange fluorescence ob- 
served under long-wave UV radiation (a slightly 
weaker reaction is seen under short-wave UV). 
What is the significance of the prefix “nano”? 
Consider that the diameter of a human hair is 
somewhere between 50,000 and 100,000 nm. NPD 
is actually a mixture of two forms of synthetic dia- 
mond: 10-20 nm equigranular crystallites and 30- 
100 nm lamellar crystalline structures (Sumiya and 
Irifune, 2005). Both are formed during a sintering 
process used to convert pure graphite directly into 
cubic synthetic diamond in a matter of minutes (Ir- 
ifune et al., 2003). How is this possible? The GRC 
utilizes a 6,000-tonne multi-anvil apparatus (figure 
3) to achieve the required pressure of 15 gigapascals 
(2.18 million psi) and temperature of 2,300—2,500°C 
(Irifune et al., 2003; Irifune and Hemley, 2012). In- 
terestingly, lower temperatures in the 1,600- 


Figure 3. The GRC’s large-volume, multi-anvil press 
uses a 6,000-tonne hydraulic ram to synthesize NPD 
rods up to 1 cm long. The two young GRC staff mem- 
bers are wearing traditional costumes from a famous 
Japanese novel set in Matsuyama, the city where the 
facility is located. Photo courtesy of T. Irifune. 
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Figure 4. Using pulsed 
lasers, it is possible to 
fashion nearly any shape 
from NPD, including the 
7.5 and 6.0 mm round 
brilliants shown here. 
The NPD rods range 
from 6.5 to 8.0 mm in 
diameter. Photo cour- 
tesy of T. Irifune. 


2,200°C range produced some areas of hexagonal 
synthetic diamond—or Jonsdaleite, an allotrope of 
diamond associated with meteoritic impact, which 
is a naturally occurring HPHT event (Irifune et al., 
2003; Sumiya and Irifune, 2005; Ohfuji and Kuroki, 
2009). The lamellar structures observed in NPD ap- 
parently originate in a lonsdaleite phase produced 
during the sintering process. This phase and the eu- 
hedral granular structures present in NPD are di- 
rectly related to the crystallinity of the graphite 
starting material (Ohfuji and Kuroki, 2009). 

While diamond is considered the hardest mate- 
rial in nature, diamond crystals do not have the 
same hardness in all crystallographic directions. In 
addition to its transparency, NPD is tougher than 
natural diamond, and it is uniformly as hard as the 
hardest direction of any single-crystal diamond. 
The NPD grown by the GRC group also has better 
hardness than other forms of synthetic polycrys- 
talline diamond and displays superior mechanical 
properties at high temperature (Sumiya and Irifune, 
2007a,b). How? As explained above, within NPD 
the crystallites are solidly bonded to each other, es- 
sentially interlocking. This reduces or nearly elim- 
inates breakage along grain boundaries (Sumiya and 
Harano, 2012), while the lamellar structure adds 
toughness against fracturing within the grains 
(Sumiya and Irifune, 2008). Because the crystals are 
randomly oriented, there is no particular cleavage 
direction in NPD, whereas SCD cleaves along 
planes parallel to its octahedral faces and less easily 
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along its dodecahedral faces (Field, 1992). This 
weakness becomes problematic during high-pres- 
sure research, and also puts at risk diamonds set in 
rings exposed to sharp blows. That makes NPD an 
interesting possibility for jewelry subjected to 
heavy wear. 

The unique nature of NPD allows it to be fash- 
ioned into a virtually unlimited variety of shapes 
with uniform properties in all directions, including 
spheres and round brilliant gems (e.g., figure 4). But 
NPD’s hardness and toughness pose a daunting 
problem when it comes to cutting and polishing, a 
necessity for many kinds of applications such as the 
diamond anvil cell. This instrument uses two dia- 
monds oriented culet to culet, not only for applying 
pressure but also as windows for viewing a sample 
under study. 

While an SCD specimen can be cut with lasers, 
the polishing is accomplished with diamond abra- 
sives. Not so for NPD, whose polycrystalline nature 
dictates that the hardest direction of many of its 
crystallites will always be exposed to the surface, 
making abrasives far less effective. Pulsed lasers are 
the only method for successfully cutting and fine 
finishing NPD. These lasers work by converting di- 
amond to graphite, which can then be removed by 
several means. Researchers found that microma- 
chining with a nano-pulsed near-ultraviolet laser 
produces a smooth undamaged surface on NPD, but 
generates micro-cracks and micro-cleavages during 
processing of single-crystal diamond (Odake et al., 
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2009). A later study by Okuchi et al. (2009) con- 
cluded that the most efficient method involves three 
types of pulsed lasers used in combination: near-in- 
frared for rough shaping, and ultraviolet and fem- 
tosecond lasers for fine finishing. 


Future Possibilities 
The development of high-quality nano-polycrys- 
talline synthetic diamond has been made even 


Ms. Skalwold (elise@nordskip.com) is a gemologist, 
author, and editor involved in research and curating 
at Cornell University in Ithaca, New York. She is 
grateful to Dr. Tetsuo Irifune for generously providing 
the NPD sphere for study and for his insights regard- 
ing its nature. She also thanks Dr. Steven D. Jacobsen 
of the Department of Earth & Planetary Sciences at 
Northwestern University (Evanston, Illinois), for facil- 
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more fascinating by the opportunity to observe a 
sphere of the material firsthand. With its superior 
hardness and toughness, NPD can be fashioned into 
a virtually endless array of shapes using lasers. Its 
implications for the gem industry presently lie 
within research applications. Nevertheless, im- 
provements in color and production efficiency may 
soon make NPD a beautiful and sought-after syn- 
thetic gem material. 
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DIAMOND 

Large Artificially Irradiated Yellow 
Natural diamonds that have been lab- 
oratory-irradiated to obtain a more de- 
sirable color are quite common today. 
Recently the New York laboratory ex- 
amined a 50.86 ct emerald-cut dia- 
mond with a Fancy Vivid yellow color 
(figure 1), a desirable grade that would 
fetch a high price in the market—pro- 
vided the color was natural. 

The diamond was very clean, re- 
ceiving a clarity grade of VVS,. It was 
evenly colored and had no apparent 
color zoning, though a very weak 
brown graining was observed with dif- 
fuse lighting. Initial gemological ob- 
servations did not seem to indicate 
irradiation, but spectroscopic data 
proved otherwise. 

UV-visible absorption spectroscopy 
showed a “cape” spectrum common 
for this color of diamond. Mid-infrared 
absorption spectroscopy proved it was 
a type Ia diamond, but also revealed 
very weak bands at ~5165 and 4935 
cm! (Hl1c and H1b), which aroused 
some concern as to the origin of color. 
Using a custom-made high-resolution 
UV-Vis spectrometer, we detected a 
very weak absorption peak at ~595 
nm, indicative of artificial radiation 
treatment in this type of diamond 
(G.R. Crowningshield, “Spectroscopic 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. Spectroscopic analysis 
showed that this 50.86 ct Fancy 
Vivid yellow emerald-cut diamond 
had been artificially irradiated. 


recognition of yellow bombarded dia- 
monds,” Winter 1957-58 GwG, pp. 
99-104, 117). Also observed was strong 
absorption at ~503 nm (H3), the center 
responsible for the yellow color. The 
brown graining suggested that the 
stone originally had a brown color and 
underwent irradiation and subsequent 
annealing to achieve the Fancy Vivid 
yellow appearance. 

The successful treatment of this 
stone resulted in a color found in large 
natural-color diamonds, such as a 12.7 
ct cape diamond from the Kimberley 
mine in South Africa that was also re- 
cently graded by GIA. 

GIA’s laboratory frequently en- 
counters artificially irradiated dia- 
monds, but they are usually much 
smaller. GIA previously graded this 
50.86 ct diamond in 1992, and identi- 
fied it as treated. It remains one of the 
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largest artificially irradiated diamonds 
seen in the laboratory. 


Paul Johnson 


Multi-Treated Yellowish Green 

While radiation-induced defects are 
commonly responsible for green color 
in diamond, either artificially or by 
natural processes, the color is often not 
very saturated. Recently examined in 
the Carlsbad laboratory was a 0.99 ct 
diamond (figure 2) with a Fancy Deep 
yellowish green color that resulted 
from a multistep process involving ir- 
radiation and HPHT treatments. 
Multi-treatment processing has been 
documented for orange, pink, and red 


Figure 2. This 0.99 ct diamond’s 
saturated yellowish green color 
resulted from a multistep process 
involving HPHT treatment and 
irradiation. 
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diamonds (see, e.g., W. Wang et al., 
“Treated-color pink-to-red diamonds 
from Lucent Diamonds Inc.,” Spring 
2005 GwG, pp. 6-19; and Winter 2005 
Lab Notes, pp. 341-342), but only re- 
cently has GIA seen multi-treated sat- 
urated green diamonds. 

Microscopic examination of the 
yellowish green diamond revealed 
brown graining and an etched cleavage. 
Strong green emission was observed 
with fiber-optic illumination, indicat- 
ing the presence of the H3 defect. 
When examined in immersion, the di- 
amond displayed a subtle green zone 
near the culet. 

The FTIR absorption spectrum re- 
vealed that this was a type Ia diamond 
with resolvable A- and B-aggregated ni- 
trogen impurities, hydrogen-related de- 
fects, and nitrogen-aggregate platelets. 
The FTIR spectrum also showed evi- 
dence of both HPHT treatment and 
post-HPHT irradiation; Hla defects 
(1450 cm!) resulting from irradiation 
were particularly prominent. UV-Vis- 
NIR spectroscopy showed absorption 
features at 595, 666, and 741 (GR1) 
nm, confirming that artificial irradia- 
tion had imparted a significant green 
color component. 

Because of the observed brown 
graining and the indications of treat- 
ment, we infer that this stone started 
as a brown type Ia diamond that was 
HPHT-treated to a saturated yellow to 
greenish yellow color. Next, artificial 
irradiation was used to intensify the 
green component, creating an unusu- 
ally saturated color. This type of prod- 
uct could fill the market gap for highly 
saturated green diamonds. 


Nathan Renfro and 
Christopher M. Breeding 


Natural Green, Artificially Irradi- 
ated for Color Enhancement 

Some gem diamonds are naturally ir- 
radiated, giving rise to very rare blue to 
green hues. Laboratory irradiation 
with a high-energy beam is one com- 
mon form of diamond treatment used 
to induce a blue to green color. The 
New York laboratory recently encoun- 
tered an intense green diamond that 
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Figure 3. This 0.83 ct cushion-cut 
diamond was color graded as 

Fancy Intense green. Its naturally 
light yellow-green color had been 
enhanced by artificial irradiation. 


originally had a naturally light green 
color which was enhanced by artificial 
irradiation. 

This 0.83 ct cushion cut (5.64 x 
5.59 x 3.16 mm) was color graded as 
Fancy Intense green (figure 3). The 
color was evenly distributed. It was 
identified as a type Ia diamond with a 
high concentration of aggregated nitro- 
gen and weak hydrogen-related absorp- 
tion. UV-Vis spectroscopy showed a 
strong GR1 absorption (zero-phonon 
line at 741.2 nm), as well as weak 594 
nm, weak H3 (ZPL at 503.2 nm], and 
moderate N3 (ZPL at 415.3 nm) absorp- 
tions. Records revealed that this stone 
had been tested previously by GIA’s 
laboratory, but was color graded as 
Light yellow-green. Gemological and 
spectroscopic features at that time con- 
firmed that it was a natural diamond 
and attributed the green color to natu- 
ral irradiation and related GR1 absorp- 
tions. In the resubmitted Fancy Intense 
green diamond, however, the absorp- 
tion intensity of GR1 had nearly dou- 
bled (using N3 intensity as an internal 
reference, which should remain stable). 
Based on this, we believe that the color 
improvement from light yellow-green 
to intense green was due to artificial ir- 
radiation. This conclusion was also 
supported by other spectroscopic data. 
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Naturally and artificially irradiated 
diamonds share many gemological and 
spectroscopic features. When a natu- 
rally light blue to green diamond is ir- 
radiated to enhance its color saturation, 
this can be very difficult to detect. Suc- 
cessful identification of this diamond 
was achieved through extensive spec- 
troscopic analysis and careful docu- 
mentation of its grading history. 


Wuyi Wang, Siau Fung Yeung, and 
Ivana Kayes 


Pink Diamonds with 478 nm Peak 
Pink diamonds are rare in nature and 
command a high price accordingly. 
They can be either type Ila (with no de- 
tectable nitrogen) or type Ia (nitrogen- 
bearing). A broad band at ~550 nm 
observed in the visible absorption spec- 
trum is usually responsible for the pink 
color. A typical type IaAB pink dia- 
mond—from the Argyle mine, for ex- 
ample—shows a characteristic visible 
spectrum with absorptions at 415 nm 
(N3) and 496/530 nm (H3), in addition 
to the broad band at ~550 nm. Other 
causes of pink coloration include con- 
centrations of pink color in glide planes 
(type IaA diamonds) and occasionally 
nitrogen-vacancy (N-V) centers. 

The New York laboratory exam- 
ined three natural pink brilliants with 
unusual spectral features: a 0.35 ct 
Fancy Light pink pear, a 1.16 ct Fancy 
Light pink cushion, and a 0.80 ct Faint 
pink round (figure 4). These diamonds 
were submitted at different times 
starting in mid-2010. All were type Ia, 
but their UV-Vis spectra showed an 
absorption at 478 nm, a peak attrib- 
uted to the N2 optical center typically 
seen in the spectra of yellow “cape” 
diamonds. The presence of a cape 
spectrum and an absorption at ~550 
nm raised our suspicions of a coating. 
Although GIA has identified many 
coated pinks with this type of spec- 
trum, these three brilliants showed no 
evidence of coating, and pink graining 
was visible throughout each stone (fig- 
ure 5). We concluded that these were 
natural-color pink diamonds with 
very rare spectral features often attrib- 
uted to cape diamonds. 
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Figure 4. These three natural-color pink diamonds showed a UV-Vis absorption peak at 478 nm, a feature nor- 
mally associated with yellow “cape” diamonds. From left to right, they consist of a 0.35 ct Fancy Light pink, a 
1.16 ct Fancy Light pink, and a 0.80 ct Faint pink. 


Figure 5. Pink graining is visible 
through the pavilion facets of the 
0.80 ct round brilliant. Magnified 
50x. 


The 550 nm absorption band, 
which is responsible for pink coloration 
in many natural diamonds, may occur 
with varying aggregations and concen- 


trations of nitrogen. As these diamonds 
show, there is not necessarily any cor- 
relation between the formation of this 
optical center and the natural aggrega- 
tion process of nitrogen in diamond. 


Marzena Nazz and Paul Johnson 


Rough Diamonds with a 
Green Coating 
Faceted diamonds, both colorless and 
fancy-color, are sometimes surface- 
coated to improve their color appear- 
ance. In the New York laboratory, we 
recently encountered two rough dia- 
monds that had been coated green. 
Submitted for color origin testing, 
the two crystals (figure 6) showed 
rounded octahedral shapes and 
weighed 15.77 ct (14.83 x 9.76 x 14.54 
mm) and 14.42 ct (12.18 x 11.37 x 
13.74 mm). Under the microscope, 


Figure 6. These rough diamond crystals (15.77 and 14.42 ct) were coated 
to mimic the appearance of naturally irradiated green diamonds. 


they displayed a green surface-related 
coloration with uneven distribution 
(figure 7), similar to the appearance of 
naturally colored rough diamonds 
with strong green radiation stains. Yet 
the coatings were easily detected be- 
cause the green color was restricted to 
the surface, rather than penetrating 
slightly into the crystal. In addition, 
the coating on the 14.42, ct crystal had 
partially worn off, revealing the under- 
lying yellow bodycolor. When they 
were scratched with a pointer probe, 
the coating easily came off. 

These coated rough diamonds 
serve as a reminder that some of the 
older, simpler treatments never go 
away, so it is always important to look 
for them. An unsuspecting buyer could 
easily be fooled by the general appear- 
ance of these crystals. 


Emiko Yazawa 


Figure 7. A closer view of this dia- 
mond crystal (magnified 20x) 
shows the uneven distribution of 
the strong green surface coloration. 
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* Another view of the engineering section. 


mond, in spite of a higher initial outlay, is 
clearly the best material for the job. 


DRILLING SECTION 
Though a diamond drill bit may be con- 
sidered a tool, its great importance as an 
outlet for industrial diamonds, as well as 
the special problems of mining and geo- 


¢ The test chamber of the drilling section. 


logical exploration which have brought it 
into vogue, necessitate a separate section in 
the Laboratory devoted to diamond drilling 
investigations. Here are studied a variety of 
factors involved in drilling: type of dia- 
mond, size of stone, type of matrix, manner 
of setting stones, speed of drill, pressure on 
drill, sludge removal, and many others. 


Jewelry Mounted with Red 
FELDSPAR from China 

Two fine orangy red gems mounted in 
jewelry were recently submitted to the 
New York laboratory for identification. 
One specimen was a modified cushion 
cut measuring 14.70 x 10.90 x 7.75 
mm, and the other was a modified 
heart measuring 16.85 x 15.30 x 9.10 
mm (figure 8). The stones had refrac- 
tive indices of 1.557-1.567 and were 
inert to long- and short-wave UV radi- 
ation, properties that identified them as 
feldspar. Specific gravity could not be 
measured because of the mountings, so 
their identity was confirmed using 
Raman spectroscopy. Microscopic ex- 
amination of the cushion cut revealed 
bands of fine particles and short aligned 
needles, dotted with small reflective 
platelets. The heart shape showed gen- 
eral turbidity in fiber-optic lighting, but 
had no discrete inclusions. 

Despite the economic importance of 
red feldspar in some markets, particu- 
larly in Asia, we rarely see this material 
submitted to the laboratory for identifi- 
cation. This is quite interesting, given 
the controversy over the color origin of 
red feldspar from certain deposits (see, 
e.g., A. Abduriyim et al., “Research on 
gem feldspar from the Shigatse region of 
Tibet,” Summer 2011 G&G, pp. 167—- 
180). The natural color of material from 
Oregon is generally undisputed, al- 
though treated samples have been seen. 
These samples are easily distinguish- 
able, however, by their unusually high 
copper concentrations or atypical inclu- 
sion scenes. With Chinese material, 
there is no practical means of identify- 
ing whether the color is natural or in- 
duced by copper diffusion. 

Using quantitative chemical 
analysis, it is possible to distinguish 
red feldspar from different localities 
(see figure 9, and also G. R. Rossman, 
“The Chinese red feldspar contro- 
versy: Chronology of research 
through July 2009,” Spring 2011 
GwaG, pp. 16-30). Therefore, it is also 
possible to establish whether the 
color of a red feldspar is natural, as is 
the case for most material from Ore- 
gon, or undetermined, as with Inner 
Mongolian and Tibetan material. LA- 
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Figure 8. These two orangy red gems (left—10.90 mm wide, and right—15.30 
mm wide) were identified as plagioclase (andesine-labradorite). The origin of 
their color—natural or induced by copper diffusion—could not be determined. 


ICP-MS analyses of the two samples 
yielded chemical compositions of 
ANys Ab, sOr,, and Ans; (AB, 408; 
which correlate well with andesine- 
labradorite from China. Copper was de- 


tected in both samples. In light of their 


Chinese origin, we could not be certain 
that their color was natural. For their 
identification reports, we followed the 
lab’s policy in stating that “color origin 
cannot currently be determined.” 
Emily V. Dubinsky and Ren Lu 


Figure 9. The chemical compositions of gem-quality plagioclase from vari- 
ous localities, determined by quantitative LA-ICP-MS analysis, are clearly 
separated in this ternary plot. The compositions of the two red feldspars 

described in this study, shown as red squares, are consistent with material 


from China. 


KAISi,O, 
K-feldspar 
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0 0.1 0.2 0.3 0.4 (0)5) 0.6 (Oz 0.8 0.9 EO) 
NaAlSi,O, CaAl,Si,O, 
Albite Anorthite 
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HIBONITE Crystal 

Recently examined at the Carlsbad lab- 
oratory was a 3.1 g partially polished 
hexagonal crystal (figure 10) that proved 
to be a very rare collector mineral. 

Initial microscopic observations re- 
vealed stepped etch features and numer- 
ous fractures and cleavages through- 
out. The sample contained dark brown 
mineral inclusions and some negative 
crystals, but their contents were not re- 
solvable through the rough surface. A 
partially polished surface gave a spot RI 
of 1.79, though it was a vague reading 
as the polish was rather poor, and the 
hydrostatic SG was 3.80. Raman analy- 
sis revealed prominent features at 900 
and 872 cnr!, but the spectra did not 
match any samples in GIA’s reference 
database. 

The crystal’s color and morphology 
were similar to those of hibonite spec- 
imens reportedly from Myanmar (T. 
Hainschwang et al., “Hibonite: A new 
gem mineral,” Summer 2010 GWG, 
pp. 135-138). To confirm the identity, 
quantitative chemical data collected 
with LA-ICP-MS and its Raman spec- 
trum were very consistent with those 
reported by Hainschwang et al. While 
the crystal we examined was much 
larger, only very small areas were clean 
enough to potentially yield faceted 
stones. 

This was the first example of hi- 
bonite examined at the Carlsbad labo- 
ratory, and it illustrates the importance 
of familiarity with the gemological lit- 
erature. Because of the increasingly 
specialized nature of gemology, a lit- 
erature search may be the only re- 


Figure 10. This 3.1 g crystal was 
identified as the rare mineral 
hibonite. 
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source to help identify an unusual 
gem material. 


Nathan Renfro 


Unusual Green Color ina 

JADEITE Bangle 

The Carlsbad laboratory recently ex- 
amined a jadeite bangle that showed 
an unusual band of green color (figure 
11). While mottled white jade with ir- 
regular green patches or zones of color 
is not uncommon, these colored areas 
are usually due to naturally occurring 
chromium or artificially introduced 
green dye. 

A spectroscope is useful for differ- 
entiating the cause of green color in 
jadeite; both chromium and dye show 
distinctive features in the red region of 
the spectrum. However, when this 
bangle was examined with a spectro- 
scope, neither feature was observable 
in the red region, suggesting that the 
green color was not caused by either 
chromium or dye. 

Under magnification the piece dis- 
played a natural fibrous to granular 
structure. The green color followed a 
finer and denser zone that crosscut the 
bangle. This textural anomaly had the 
appearance of an irregular shear zone 
that occurred in the jadeite rock during 
its formation, causing a localized 
change in structure. All of the mineral 
grains, including those in the irregu- 
larly textured zone, appeared tightly 
interlocked and showed no indications 
of repair or manufacture. 


Figure 11. This 58.3 g (70.70 x 
12.93 mm) polymer-impregnated 
jadeite bangle showed a promi- 
nent green band caused by an 
optical flash effect. 
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Figure 12. The impregnated ban- 
gle showed a green flash in bright- 
field lighting (top) and an orange 
flash in darkfield conditions (bot- 
tom). This color variation con- 
firmed that a flash effect—not dye 
or chromium—was the cause of 
the bangle’s green color band. 


The green color proved to be due to 
a vivid flash effect that was visible 
when the observer’s line of sight was 
nearly parallel to the textured zone 
against a light background (figure 12, 
top). When the same part of the bangle 
was examined against a black back- 
ground, the flash effect displayed an or- 
ange color (figure 12, bottom). This 
color variation between brightfield and 
darkfield conditions proves that the 
green color was an optical effect, and 
not caused by dye or traces of natural 
chromium in the jadeite. With FTIR 
spectroscopy, polymer impregnation 
was confirmed by the presence of a 
strong absorption band centered 
around 3000 cm“! that completely sat- 
urated the detector of the instrument. 

While a flash effect due to polymer 
impregnation in jadeite has been previ- 
ously reported (Spring 2010 Lab Notes, 
pp. 54-55}, this was the first time the 
lab had seen a prominent green color 
caused by the flash effect. The fact that 
this effect strongly resembled the green 
color expected in jadeite added to the 
intrigue of this bangle. 


Nathan Renfro 


Greenish Blue Imitation OPAL 

The Carlsbad laboratory recently ex- 
amined a semitransparent, vibrant 
greenish blue 6.89 ct modified oval 
brilliant (figure 13) similar to material 
being sold as synthetic opal under the 
trade name “PeruBlu.” 
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Figure 13. This 6.89 ct greenish blue 
modified oval brilliant is an imita- 
tion opal. 


While the sample appeared gener- 
ally clean under low magnification, a 
closer look with a standard gemologi- 
cal microscope revealed wispy clouds 
and an artificial-looking, fine-grained, 
granular appearance that is not com- 
mon to natural opal and caused a hazy 
quality. Pinpoint inclusions with faint 
optical halos (figure 14) were scattered 
throughout the sample. It had an RI of 
1.339, with an additional faint shadow 
edge at 1.350, indicating the material 
might be composed of multiple com- 
ponents. The very low RI quickly ruled 
out natural opal. The hydrostatic SG of 
1.54 was also well below the range ex- 
pected for natural opal. In cross-polar- 
ized light, the sample displayed strong 


Figure 14. Microscopic examina- 
tion of the imitation opal with 
shadowed illumination showed a 
granular pattern and small pin- 
point inclusions surrounded by 
an optical halo. Image width 
0.80 mm. 
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Figure 15. The UV-Vis absorption spectrum of the imitation opal shows 
broad absorption centered at 740 nm and a large transmission window at 
~500 nm (left). Prominent features at ~5260 and 4400 cm are seen in the 


IR spectrum (right). 


anomalous double refraction as promi- 
nent “snake bands.” It was inert to 
long- and short-wave UV radiation. 

UV-Vis spectroscopy revealed a 
strong absorption band centered at 740 
nm and general absorption in the UV 
region, leaving a large transmission 
window centered at approximately 500 
nm (figure 15, left). This spectrum was 
consistent with the observed greenish 
blue color. In addition to Si, EDXRF 
qualitative chemical analysis detected 
significant amounts of Cu along with 
very minor amounts of K and Cl. It is 
likely that the greenish blue color is 
caused by copper absorption. Since 
many Cu-colored minerals display a 
greenish blue color, the presence of Cu 
in this sample was not surprising. 

Raman spectroscopy produced a 
featureless trace, consistent with an 
amorphous material. FTIR spectros- 
copy (figure 15, right) revealed promi- 
nent absorption features at ~5260 and 
~4400 cm. These absorptions are 
quite similar to those seen in the early 
version of MexiFire synthetic opal (G. 
Choudhary and R. Bhandari, “A new 
type of synthetic fire opal: Mexifire,” 
Fall 2008 GeG, pp. 228-233). Except 
for its color, the appearance and the 
low RI and SG properties were also 
consistent with those reported for the 
MexiFire product, which has much dif- 
ferent gemological properties than nat- 
ural Peruvian opal (e.g., Winter 2003 
GNI, p. 332). 

Because the RI and SG values fell 
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below any published values for natu- 
ral common opal (e.g., R. Webster 
and P. G. Read, Gems: Their Sources, 
Description, and Identification, 5th 
ed., Butterworth-Heinemann, Oxford, 
UK, 2002), it is the lab’s opinion that 
this sample is more properly described 
as an imitation, rather than a syn- 
thetic. This marked the first time the 
Carlsbad laboratory has encountered 
this material, even though a similar 
product has been available since 2007 
(A. Abduriyim and T. Kobayashi, 
“Synthetic opal called ‘MexiFire’ and 
‘PeruBlu,’” Gemmology, Vol. 39, No. 
464, 2008, pp. 2-3). 


Nathan Renfro and Amy Cooper 


PEARL 


Cultured Freshwater Pearl 
Necklace Resembling Natural 
Saltwater Pearls 

Recently, the New York laboratory re- 
ceived what appeared to be a typical 
antique-style pearl necklace with a 
small gold fishhook clasp. The knot- 
ted 20-inch (50.8 cm) necklace was 
comprised of graduated near-round to 
semibaroque white cultured pearls 
(3.38-7.08 mm; figure 16, left). The lab 
receives numerous pieces like this 
each month, and the overwhelming 
majority of the specimens prove to be 
natural saltwater pearls from mollusks 
of the Pinctada genus (e.g., figure 16, 
right). The rest are generally bead-cul- 
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Figure 16. The necklace on the left, composed of non-bead cultured fresh- 
water pearls (3.38-7.08 mm), resembles a typical natural saltwater pearl 
necklace (see example on the right; 3.40-5.25 mm). 


tured saltwater pearls or a mixture of 
these and natural saltwater pearls. 

This necklace caught our attention 
when most of the cultured pearls’ 
micro X-radiographs displayed dark lin- 
ear irregular central features typical of 
the growth structures in freshwater 
non-bead cultured pearls (figure 17). 
The EDXRF spectrum and strong 
white fluorescence to X-rays revealed 
noticeable traces of manganese, con- 
firming a freshwater origin. Despite all 
outward appearances, this necklace 
was composed of non-bead cultured 
freshwater pearls. 

In many ways this piece was atyp- 
ical of white freshwater cultured pearl 
strands, which tend to have a neutral 
white color and uniform size and 
shape, typically button, oval, or semi- 


baroque (figure 18). The present neck- 
lace was created using rounder gradu- 
ated cultured pearls of a creamier color 
on a knotted string—all very typical of 
natural saltwater strands. In fact, the 
lab has begun to see freshwater pieces 
apparently intended to imitate older 
natural saltwater strands, either 
through their assembly or through 
physical modification of the cultured 
pearls to make them appear old and 
worn. 

The last few years have seen in- 
creasing demand for natural saltwater 
pearls. Most consumers and many 
dealers in the jewelry industry have lit- 
tle experience with natural saltwater 
pearls due to their rarity and high cost. 
Items such as this necklace are a re- 
minder to take extra caution when 


Figure 17. X-radiographs of the client’s necklace revealed the linear 
growth structure typical of non-bead cultured freshwater pearls (left, 
~5 mm in diameter) rather than the concentric growth structure 
found in natural saltwater pearls (right, ~4 mm each). 
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dealing with apparent natural saltwa- 
ter pearl strands, since their cultured 
freshwater counterparts occupy the 
opposite end of the value spectrum. 


Chunhui Zhou and Akira Hyatt 


Large Freshwater 

Cultured Blister Pearl 

The practice of culturing blister 
pearls dates back to ancient China, 
where small lead images of Buddha 
were placed inside the shells of fresh- 
water mussels. Today blister pearls 
are cultured in various types of mol- 
lusks. Blister pearls also form natu- 
rally and can be quite large, such as a 
97.80 ct sample examined by GIA’s 
Bangkok laboratory (N. Sturman, “A 
large naturally colored natural blister 
pearl,” GIA News from Research, 
www.gia.edu/research-resources/ 
news-from-research/index.html, June 
10, 2009). 

A very large cultured blister pearl 
(figure 19) was recently submitted to 
the New York laboratory for identifi- 
cation. The baroque-shaped cream- 
colored specimen measured approxi- 
mately 60.58 x 56.64 x 26.80 mm and 
weighed 517 ct. One side of it was 
fairly flat and displayed severed growth 
rings (figure 20), clear evidence of 
having been cut away from the shell, 
while the other side was nacreous and 
exhibited noticeable orient. 

In addition to its extraordinary 
size, this cultured blister pearl had an- 


Figure 18. Most non-bead cultured 
freshwater pearl strands (here, with 
a maximum diameter of 3.60-4.50 
mm) have a neutral white color and 
uniform size and shape. 
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Figure 19. This massive freshwater cultured blister pearl (shown with a 13 
mm South Sea cultured pearl for comparison) weighs 517 ct and measures 


60.58 x 56.64 x 26.80 mm. 


other unusual feature: At least 10 dis- 
tinct small cultured pearls were em- 
bedded in it, visible on the side where 
it had been cut from the shell (again, 
see figure 20). Within each one, X-radi- 
ography revealed the growth structures 
typical of nonbead-cultured freshwater 
pearls (e.g., figure 2.1). 

The sample’s strong yellow fluores- 
cence to X-rays and EDXRF spectrum 
confirmed that it had a freshwater ori- 
gin, in that it contained noticeable 
traces of manganese. A considerable 


Figure 20. A close-up view of the 
sawn flat side of the cultured 
blister pearl reveals numerous 
embedded small cultured pearls. 
Image width ~26 mm. 
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amount of lead was also found in vari- 
ous parts of the blister’s surface, which 
is not typical of either freshwater or 
saltwater pearls. Bioaccumulation in a 
polluted water environment can con- 
tribute to heavy metal concentrations 
in mollusk shells and tissues (S. K. 
Gupta and J. Singh, “Evaluation of 
mollusc as a sensitive indicator of 
heavy metal pollution in aquatic sys- 
tem [sic]: A review,” The ITOAB Jour- 
nal, Vol. 2, No. 1, 2011, pp. 49-57). 
The unusual aggregate structure 


Figure 21. This X-radiograph 
image shows the outlines of some 
of the small nonbead-cultured 
pearls in the specimen. Image 
width ~16 mm. 
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suggested that the large cultured blis- 
ter pearl may have resulted from nor- 
mal culturing gone awry. Typically, 
multiple freshwater pearls are cultured 
in a single mussel at one time. In this 
case, it appears that the secretion of 
nacre had grown out of control for 
some reason—possibly the result of 
the lead contamination—engulfing the 
small individual cultured pearls. 
Although this is not the first fresh- 
water cultured blister pearl we have 
seen, its large size, unusual structure, 
and anomalous lead content make it a 
unique and interesting specimen. 


Chunhui Zhou and Akira Hyatt 


Luminescent STRONTIUM- 
CALCIUM ALUMINATE Doped 
with Rare-Earth Elements 

In January 2012, the New York labora- 
tory received for identification two un- 
usual manufactured products, submit- 
ted within one week of each other. One 
wasa yellowish green decorative vessel 
(figure 22) carved in the style of Asian 
jade or serpentine, with detailed pat- 
terns in relief; it measured approxi- 
mately 20.20 x 8.00 x 7.50 cm and 
weighed 583.20 g. The other was a yel- 
lowish green and orangy brown piece 
of “rough” measuring approximately 
11.0 x 7.2 x 6.7 mm and weighing 0.89 
g (figure 23). 

The carved vessel gave a spot RI of 
1.65, and the rough piece’s hydrostatic 
SG was 3.48; neither displayed any fea- 
tures in the desk-model spectroscope. 
Both showed a very strong yellowish 
green fluorescence to long- and short- 
wave UV radiation, and a strong green 
phosphorescence that lasted for more 
than 10 minutes. The same phospho- 
rescence reaction was achieved using 
a strong fiber-optic light and in a light 
box using daylight-equivalent 6500 K 
bulbs. Microscopic examination of 
both samples revealed a uniform, gran- 
ular texture with tiny, evenly distrib- 
uted hexagonal grains and a pitted 
surface. Some dark brown stains were 
observed along fractures. LA-ICP-MS 
analysis showed that both pieces had 
essentially the same chemical compo- 
sition, with major amounts of Sr, Al, 
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Figure 22. This 583.20 g carved vessel, composed of strontium-calcium 
aluminate doped with rare-earth elements, displayed a strong green phos- 
phorescence reaction, as shown on the right. 


eral minor peaks. Additional LA-ICP- 
MS data and the full Raman spectra are 
available in the G#G Data Depository 
at www.gia.edu/gandg. 


and Ca, as well as minor amounts of 
Eu, Dy, and B. Raman spectroscopy 
also recorded similar features for both, 
with a main peak at 464 cm! and sev- 


Figure 23. This 0.89 g piece of strontium-calcium aluminate showed the 
same phosphorescence reaction as the carving in figure 22. 
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Many of these properties were 
consistent with a manufactured prod- 
uct represented at the 2002 Tucson 
gem show as “Nightglow Stone” 
(Winter 2002 Gem News Interna- 
tional, pp. 358-360), which consisted 
of strontium aluminate doped with 
Eu** and Dy** to produce a very 
strong green phosphorescence. That 
material was reportedly produced by 
a sintering method, and the granular 
appearance of these two pieces was 
consistent with such a preparation. In 
2005, a “night glowing pearl” coated 
with a similar material was also sub- 
mitted to GIA for an identification re- 
port (see Spring 2005 Lab Notes, pp. 
46-47), demonstrating a persistent 
interest in producing glowing gem 
materials. 

Rare earth-doped strontium alu- 
minate phosphors hold promise for 
the development of long-lasting phos- 
phorescence applications, an impor- 
tant area of research. Chemical 
variations in the strontium alumi- 
nate host, as well as the type of acti- 
vator, have yielded different afterglow 
colors and intensities. Various prepa- 
ration techniques have been used, 
often with the addition of B,O,, 
which is regarded as an excellent flux 
to facilitate the diffusion process and 
reduce the synthesis temperature (Y.-L. 
Chang et al., “Characterizations of 
Eu, Dy co-doped SrAl,O, phosphors 
prepared by the solid-state reaction 
with B,O, addition,” Journal of Al- 
loys and Compounds, Vol. 461, 2008, 
pp. 598-603). The sintering tempera- 
ture and the particle size of the phos- 
phor also play important roles in 
determining the luminescence qual- 
ity of the material (S. Hamdan et al., 
“Morphology and composition of 
strontium calcium aluminate matrix 
doped with Dy**,” Materials Science 
and Technology, Vol. 27, No. 1, 2011, 
pp. 232-234). 

Luminescent materials have 
many practical applications, such as 
emergency signage and alternative 
lighting sources. They are also being 
used to make interesting decorative 
objects. 


Claire Ito 
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Figure 24. This 0.50 ct HPHT-grown synthetic diamond (left) was produced by AOTC. DiamondView images 
display strong blue to green fluorescence (middle) and intense blue phosphorescence (right). The middle image 
clearly shows the cuboctahedral growth pattern typical of HPHT-grown synthetic diamonds. 


Near-Colorless HPHT-Grown 
SYNTHETIC DIAMONDS from 
Advanced Optical Technology Co. 
Manufacturers of HPHT-grown syn- 
thetic diamonds have generally focused 
on fancy colors due to the ease of incor- 
porating color-inducing impurities along 
with the faster growth rates that result 
in larger polished products. The majority 
of colorless to near-colorless HPHT syn- 
thetic specimens have been grown solely 
for research purposes by companies such 
as General Electric, De Beers, and Sum- 
itomo Electric Industries. Near-colorless 
HPHT synthetics, though very rare, have 
also been marketed to the gem trade by 
Advanced Optical Technology Co. 
(AOTC). 

Recently, three near-colorless and 
three faintly colored HPHT-grown 
AOTC synthetic diamonds were sub- 
mitted to GIA’s New York laboratory for 
grading services. These products can be 
purchased through AOTC’s trade-only 
website or through their consumer-ori- 
ented brand, D.NEA, and each synthetic 
bears the inscription “AOTC-created.” 
The diamonds are said to be manufac- 
tured using BARS- or toroid-type 
presses. AOTC also loaned us 24 color- 
less, near-colorless, and faintly and 
lightly colored HPHT-grown synthetic 
diamonds. 

All 30 of the samples were faceted 
as round brilliants, ranging from 0.21 
to 0.57 ct (e.g., figure 24, left). Most re- 
ceived colorless to near-colorless 
grades, with six classified as F and 17 
falling in the G-J range. The remaining 
seven were very faint to light blue. 
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Clarities ranged from VVS, to L, with 
no correlation between the color and 
clarity grades. The poorer clarities re- 
sulted from elongated opaque or 
metallic flux-metal inclusions. Grain- 
ing was not evident, and only subdued 
interference colors (gray/blue), charac- 
teristic of HPHT synthetics, were ob- 
served. 

Infrared absorption spectroscopy re- 
vealed that they were mixed type Ila/IIb, 
with only traces of boron detected. Ni- 
trogen and boron impurities in diamond 
produce yellow and blue colors, respec- 
tively. It is the careful balance between 
the relative concentrations of these two 
impurities, at low concentrations, that 
gave rise to the near-colorless appear- 
ance of most of the samples. Although 
color zoning was not noticeable, the 
growth sector—dependent impurity up- 
take was obvious in DiamondView flu- 
orescence images (e.g., figure 24, center). 
The samples exhibited strong blue to 
green fluorescence and intense, long- 
lived (1-6 minutes) blue phosphores- 
cence (figure 24, right). This behavior 
differed from that seen using a standard 
UV lamp. The samples were inert to 
long-wave (366 nm) radiation, but 
showed very faint to strong yellow flu- 
orescence to short-wave (254 nm) exci- 
tation. In the latter case, we observed 
strong greenish yellow phosphorescence 
with a persistent blue component. 

Photoluminescence (PL) spectroscopy 
revealed that no one emission peak was 
characteristic of all the synthetic dia- 
monds. Nitrogen vacancies (575.0 and 
637.0 nm) and a peak at 658 nm were 
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observed in some samples, independ- 
ent of the press-type used. The latter 
peak has been reported in nickel-con- 
taining HPHT-grown synthetic dia- 
monds, but was here noted in samples 
attributed to Ni-free toroid press pro- 
duction. An additional group of three 
peaks at 706.9, 709.1, and 712.2 nm 
was usually detected in the samples 
containing 658 nm peaks. The defect(s} 
responsible for these peaks have not 
been established. Nickel-related emis- 
sions (484 and 882.6/884.3 nm doublet} 
were identified in most of the BARS- 
grown synthetics. Nickel impurities, 
often observed in HPHT synthetic dia- 
monds grown using Ni catalysts, are 
rare in natural diamonds. A weak H3 
center (503.2 nm) was detected in three 
of the samples. One specimen (toroid 
press production, I color, I, clarity) did 
not show distinctive PL features. 

This line of HPHT-grown synthet- 
ics can be confidently identified by 
careful analysis of data from a combi- 
nation of advanced testing techniques, 
especially fluorescence imaging and PL 
spectroscopy. 


Ulrika F. S. D’Haenens-Johansson, 
Kyaw Soe Moe, Paul Johnson, Shun 
Yan Wong, and Wuyi Wang 
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COLORED STONES AND ORGANIC MATERIALS 


Burmese amber update. Amber from Myanmar’s Hukawng 
Valley, also called Burmite, has been produced intermit- 
tently in commercial quantities from the 20th century to 
the early part of the 2000s (Summer 2001 Gem News In- 
ternational [GNI], pp. 142-143). In March 2012, Mark 
Smith (Thai Lanka Trading Ltd., Bangkok) informed GIA 
about a surge in this amber’s availability in the Bangkok 
market since early 2011, notably as clean faceted stones. 
The color ranges from light yellow to orange and rarely red, 
which is most valued by the Burmese. However, the yel- 
low material is appreciated for its strong fluorescence to 
long-wave UV radiation (figure 1). Mr. Smith indicated that 
most of the faceted stones weigh 5-20 ct, although the 
largest he obtained was 32 ct and he knew of samples 
weighing 40-50 ct. Considering the low specific gravity of 
amber, pieces of this weight are quite large. Mr. Smith es- 
timated that several thousand carats of faceted stones have 
been cut since early 2011. The material is polished in both 
Myanmar and Bangkok. 

Burmite is known for the presence of insects and other 
biological materials, which indicate a Cretaceous age of 
~100 million years (see Summer 2001 GNI entry). While 
most of the recent production is fairly clean, some stones 
contain ~1 mm spheres that are probably composed of plant 
matter, and a few have insect inclusions. Mr. Smith ob- 
tained one notable example: a 2.7.55 ct cabochon with a well 
preserved scorpion (~8 mm long) and various insects resem- 


Editor's note: Interested contributors should send information and illustra- 
tions to Brendan Laurs at blaurs@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 


Gems & GEMOLOGY, Vol. 48, No. 2, pp. 142-155, 
http://dx.doi.org/10.5741/GEMS.48.2.142. 
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Figure 1. These two faceted pieces of Burmese amber 
(4.80 ct total weight) show the range of color of the 
material seen recently in the Bangkok market (top). 
The lighter colored amber shows strong fluorescence 
to long-wave UV radiation (bottom). Photos by Prasit 
Prachagool. 


bling wasps, ants, and a tick; some of these are visible in fig- 
ure 2. Although faked specimens consisting of molded 
amber or acrylic with modern scorpions are common, gen- 
uine scorpions are extremely rare in Burmese amber, Mtr. 
Smith knew of only a few documented specimens. 


Brendan M. Laurs 
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Figure 2. This 27.55 ct cabochon of Burmese amber 
contains a complete scorpion (on the left) and a vari- 
ety of insects. Photo by Prasit Prachagool. 


Aquamarine from San Bernardino County, California. 
Southern California’s gem pegmatites are world-famous for 
their production of tourmaline, beryl, spodumene, quartz, 
and other minerals since the late 19th and early 20th cen- 
turies. The pegmatites are associated with the Peninsular 
Ranges Batholith, and extend from Riverside County into 
northern Baja California (e.g., J. Fisher, “Mines and minerals 
of the Southern California pegmatite province,” Rocks # 
Minerals, Vol. 86, 2011, pp. 14-35, http://dx.doi.org/10.1080/ 
00357529.2011.537167). Further north, San Bernardino 
County is not known to host many pegmatites, although two 
localities containing uranium-bearing minerals were docu- 
mented several decades ago (D. F. Hewett and J. J. Glass, 
“Two uranium-bearing pegmatite bodies in San Bernardino 
County, California, American Mineralogist, Vol. 38, 1953, 
pp. 1040-1050). However, no gem mineralization has been 
noted from those pegmatites in the literature. 

It was quite a surprise, then, when in 2006 a local 
prospector named Dave Schmidt found an aquamarine-bear- 
ing pegmatite on BLM (Bureau of Land Management) land 
north of Yucca Valley in San Bernardino County. He filed a 
claim, calling it the California Blue mine. He worked the ~1 
m thick dike by hand and collected many loose crystals of 
aquamarine and topaz, but few matrix specimens. In No- 
vember 2011, he partnered with mineral collector Paul 
Geffner to mine the deposit for a one-week period using an 
excavator. They found four aquamarine-bearing cavities that 
yielded matrix specimens (figure 3) and loose crystals of 
gem-quality aquamarine (bluish green to greenish blue), 
topaz (colorless and rarely pale blue), and quartz (colorless 
to smoky), as well as non-gem spessartine, fluorite, albite 
(“cleavelandite”), and microcline. 

Rough and cut specimens of the aquamarine were ex- 
hibited at the 2012 Tucson gem shows by Rick Kennedy 
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(Earth’s Treasures, Santa Clara, California). He indicated 
that since the California Blue mine has been worked pri- 
marily for mineral specimens, fewer than 10 aquamarines 
have been faceted so far. The best cut stone weighed 7.35 
ct and showed an attractive greenish blue color (again, see 
figure 3). A few pieces of smoky quartz have also been cut. 

In March 2012, another one-week mining project at the 
California Blue mine yielded several more aquamarine 
crystals of good color and clarity, as well as ~80 g of 
facet/cabochon-quality aquamarine and ~40 g of colorless 
facet-grade topaz. Mr. Schmidt will continue developing 
the mine in the near future, and also plans to host fee dig- 
ging on the property within the next year. 


Brendan M. Laurs 


Trapiche aquamarine from Namibia. In August 2010, GIA 
was informed about a new find of trapiche aquamarine from 
the Erongo Mountains in Namibia by Jo-Hannes Brunner 
(Pangolin Trading, Windhoek, Namibia). The material was 
reportedly recovered from a small pocket that contained ma- 
trix specimens and crystal clusters, as well as a few loose 
crystals up to 10 cm long. The crystals were typically semi- 
transparent with etched prism faces, but they displayed a 
variety of interesting patterns when sliced parallel and per- 
pendicular to the c-axis (e.g., figure 4). Mr. Brunner subse- 
quently donated several rough and cut samples to GIA, and 
four specimens were examined for this report. 

The samples consisted of a crystal (43.60 mm long), an 
oval cabochon (6.13 ct), a rectangular step cut (8.20 ct), and 


Figure 3. These rough and cut aquamarine specimens 
are from a new find in San Bernardino County, Call- 
fornia. The cut stone weighs 7.35 ct and the specimen 
is 7.9 cm wide. Photo by Jeff Scovil. 
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Figure 4. Interesting patterns are created by dense 
crystallographically oriented clouds in these slices of 
aquamarine (20-30 mm wide) from Namibia’s Erongo 
Mountains. The rectangular slices are cut parallel to 
the c-axis, while the hexagonal plates are sliced per- 
pendicular to the c-axis and display trapiche struc- 
ture. Photo by Jo-Hannes Brunner. 


a hexagonal tablet (8.84 ct). They were semitransparent to 
transparent, and ranged from grayish blue to bluish grayish 
green. Basic gemological testing identified them as beryl, 
and this was confirmed by Raman spectroscopy. 

The tablet showed an interesting trapiche structure 
formed by distinct hexagonal color zoning and some subtle 
radial arms (figure 5, left); two of them extended all the way 
from the core to the surface. The arms were composed 
mostly of clouds of minute crystals and particles (figure 5, 
right). Also present were negative crystals close to the sur- 
face, as well as grayish material in surface cavities that con- 
sisted of residue from the polishing compound. 

Trapiche aquamarines have been reported previously 
from the Erongo Mountains (Fall 2008 GNI, pp. 275-276), 
but those samples had a much stronger radial pattern and 
lacked the hexagonal zoning shown by the present samples. 

Trapiche growth structure, though best known in 
emerald, has also been documented in ruby, sapphire, tour- 


Figure 5. This hexagonal 
tablet of aquamarine dis- 
plays an indistinct 
trapiche structure (left, 
magnified 10x). A closer 
view shows two of the 
trapiche arms (consisting 
mainly of clouds of 
minute particles) that ra- 
diate outward from the 
more transparent central 
core (right, 15x). Pho- 
tomicrographs by R. Befi. 
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maline, quartz, and andalusite. In both beryl and corun- 
dum, the trapiche phenomenon has been attributed to 
skeletal (dendritic) growth, in which the edges and corners 
grow faster than the adjacent crystal faces (I. Sunagawa, 
Crystals—Growth, Morphology and Perfection, Cam- 
bridge University Press, Cambridge, UK, 2005). 
Riccardo Befi (rbefi@gia.edu) 
GIA, New York 


Champagne/Imperial garnet from Lindi Province, Tanzania. 
The Lindi Province in Tanzania is well known as a source 
of pyrope-spessartine and almandine-spessartine (see Spring 
2006 GNI, pp. 66-67, and Summer 2008 GNI, pp. 165-166). 
A new deposit in the same area recently yielded some ad- 
ditional production, marketed as Champagne or Imperial 
garnet at the 2012 Tucson gem shows. Several samples were 
loaned to GIA by Michael Puerta (International Gems H.K. 
Ltd., Hong Kong; see figure 6, left), who visited the Lindi 
area with Farooq Hashmi (Intimate Gems, Glen Cove, New 
York) in late 2011. According to them, this new garnet has 
been mined since mid-2011, and they know of one Tanzan- 
ian supplier who exported 360+ kg of rough material after 
one month of mining. The garnet is similar to the previous 
Lindi pyrope-spessartine except for being slightly darker and 
available in smaller pieces. They reported that it was pro- 
duced as a byproduct of placer gold mining near the town 
of Ruangwa, where they obtained 15-20 kg of rough mate- 
rial. Additional samples were loaned and donated to GIA 
by Steve Ulatowski (New Era Gems, Grass Valley, Califor- 
nia; see figure 6, right). At the Tucson show he had 22 kg of 
the new garnet, in pieces that mostly ranged from 1 to 3 g, 
and ~2,000 carats of faceted stones weighing 1-8 ct. He 
noted that during his buying trips to Tanzania since De- 
cember 2011, he has seen bigger and better pieces of this 
garnet, and in greater quantities. 

The samples loaned by Mr. Puerta were characterized 
for this report. The garnets were light reddish orange in 
daylight-equivalent light and orangy red under incandes- 
cent light. Color was evenly distributed. The samples had 
RIs ranging from 1.750 to 1.755 and hydrostatic SGs of 
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There are two types of diamond drill bits 
used in the mining industry. For geological 
exploration and examination of rock for 
foundations the coring bit is employed. In 
this the cutting diamonds are placed around 
the periphery of a hollow bit, resulting in 
the production of a core of rock which can 
be withdrawn for examination and analysis. 
Where the object is simply to drill a hole 
in rock for blasting purposes, a non-coring 
bit is employed, with diamond set in the 
end of a solid metal shank. In the petroleum 
industry there has in recent years grown up 
a demand for large coring diamond bits, up 
to 6-12 inches in diameter. It has been 
found that the increased cost of diamond 
bits does not represent a large increase in 
the over-all cost of these expensive drilling 
jobs, whereas the time saved is often con- 
siderable, and if oil is found the large 
exploratory hole can be later used for pro- 
duction purposes. 


CUTTING AND POLISHING 
SECTION : 


This division performs several important 
functions. for the Laboratory, and being 


more closely associated with the gem dia- 
mond than most other sections it is prob- 
ably of most interest to the gemologist. A 
small but completely equipped diamond cut- 
ting and polishing shop enables these com- 
mercial operations to be duplicated in the 
Laboratory. Here are carried out investiga- 
tions into possible improvements in the 
ancient art of diamond cutting. An exam- 
ination of models of the famous historical 
diamonds leaves one unquestionably with 
the conclusion that the cutting practices of 
eatlier days were inferior to the familiar 
present day brilliant cut of fifty-eight facets. 
Will further modifications in cutting tech- 
nique improve the appearance of the stone? 
Is it possible to introduce further mechan- 
ization into the industry to reduce the cost 
of fabrication, especially for smaller stones? 
Would the introduction of electrolytic cut- 
ting and polishing speed up and thereby 
aid these operations? These and other ques- 
tions are under consideration at the Labora- 
tory, and there seems no doubt that in due 
course much valuable information on the 
gemstone side will be available to the dia- 
mond industry. 


e A view of the cutting and polishing section. 


Figure 6. Pyrope-spessartine from Lindi Province, Tanzania, was available at the 2012 Tucson gem shows. The left 
photo shows examples from the new production (2.64-9.59 ct, faceted, courtesy of Michael Puerta; photo by 
Robert Weldon). The samples in the right photo (some donated to GIA by Steve Ulatowski; GIA Collection nos. 
38516-38518; photo by Jeff Scovil) consist of material from older production, except for the cut stones in the center 


and right (7.38 and 2.23 ct), which are from the new mine. 


3.77-3.83, and they were inert to long- and short-wave UV 
radiation. These properties are consistent with pyrope- 
spessartine, although slightly different from the previous 
Lindi pyrope-spessartine reported in the Spring 2006 GNI 
entry (which was pink in both incandescent light and day- 
light, with RI of 1.756 and an SG of 3.85). Microscopic ex- 
amination showed three-dimensional networks of oriented 
needles, a few of them iridescent (figure 7, left). In some 
samples these needles formed dense concentrations (figure 
7, center), while others had star-like arrays (figure 7, right). 
Raman analysis identified these needles as rutile, and they 
were often associated with clouds. In addition, short, re- 
flective ribbon-shaped films were seen in all samples (fig- 
ure 8); a long ribbon in one stone appeared brownish in 
certain orientations. A few unidentified dark crystals were 


observed in another sample. A banded strain pattern was 
visible in cross-polarized light. 

Quantitative chemical analyses of three of the samples 
by laser ablation-inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) correlated to a compositional range 
of Prp,, .,Sps,, ,,Alm,, ,,Grs, ,,, and also showed the pres- 
ence of several trace elements, including Ti, V, Cr, Zn, Ga, 
Ge, Sr, Zr, Cd, and several rare-earth elements. Vis-NIR ab- 
sorption spectra were very similar to malaya garnets (py- 
rope-spessartine) reported from Madagascar a decade ago 
(see K. Schmetzer, “Pink to pinkish orange malaya garnets 
from Bekily, Madagascar,” Winter 2001 GwWG, pp. 296- 
308), with features associated with Mn*, Fe?*, Fe**, and V**. 
Mid-IR spectroscopy showed bands related to Fe** and hy- 
drous components. (For additional photomicrographs and 


Figure 7. Three-dimensional networks of oriented rutile needles were common in the Lindi garnets; a few needles 
appeared iridescent (left, magnified 75x). The needles were also present as dense concentrations (center, 23x) and 
in star-like patterns (right, 65x). Photomicrographs by K. S. Moe. 
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Figure 8. Short reflective ribbon-shaped films were 
seen in many of the garnets. Photomicrograph by 
K. S. Moe; magnified 63x. 


the mid-IR and Vis-NIR spectra of the new and old Lindi 
garnets, see the G#G Data Depository at gia.edu/gandg.) 


Kyaw Soe Moe (kmoe@gia.edu) 
GIA, New York 


Rainbow moonstone from Zambia. During the 2012 Tucson 
gem shows, Scott Davies (American-Thai Trading, Bangkok) 
displayed some new transparent rainbow moonstone that 
was reportedly mined in Zambia (e.g., figure 9). Since he first 
saw the rough material in August 2011, Mr. Davies has cut 
about 1,000 carats of it, as both faceted stones and cabo- 
chons. Although large cabochons of this moonstone can be 
very colorful, loupe-clean faceted stones have been more in 
demand by his customers. The largest such stone he cut 
weighed 2.65 ct, and it remains difficult to facet loupe-clean 
material larger than 1 ct. Mr. Davies donated eight speci- 
mens to GIA, consisting of four cabochons ranging from 2.08 
to 4.24 ct, three faceted samples weighing 0.61-0.71 ct, and 
one partially faceted 8.33 ct sample. 

Gemological testing of the eight stones gave the follow- 
ing properties: color—near-colorless with strong blue, or- 
ange, yellow, green, violet, and pink adularescence; 
RI—1.55 (spot) for the cabochons and 1.554—-1.560 for the 
faceted samples; hydrostatic SG—2.66-2.70; and fluores- 


Figure 10. Parallel arrays 
of ribbon-like inclusions 
with jagged edges showed 
iridescence in certain 
directions (left, 45x). 
Dark green actinolite in- 
clusions (right, 90x) were 
observed in one of the 
samples. Photomicro- 
graphs by K. S. Moe. 
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Figure 9. These rainbow moonstones are reportedly 
from Zambia; the largest weighs 2.82 ct. Gift of Scott 
Davies; GIA Collection nos. 38521-38523. Photo by 
Robert Weldon. 


cence—inert to weak blue to long-wave UV radiation and 
weak red to short-wave UV. Energy-dispersive X-ray fluo- 
rescence (EDXRF) analyses revealed major amounts of Al, 
Si, and Ca, and traces of Na, Cr, Fe, Ga, and Sr. These prop- 
erties are generally consistent with plagioclase (M. O’- 
Donoghue, Ed., Gems, 6th ed., Butterworth-Heinemann, 
Oxford, UK, 2006, pp. 238-258). LA-ICP-MS chemical 
analysis of a faceted sample gave a compositional range of 
Ab ys 551 sAM53 947301, 910 (expressed as mol.% albite:anor- 
thite:orthoclase), which falls near the border between an- 
desine and labradorite in the plagioclase series. 
Microscopic examination showed polysynthetic twin- 
ning—which is commonly seen in plagioclase—in all the 
samples. Parallel arrays of ribbon-like inclusions with 
jagged edges were spatially oriented along the twin planes 
(e.g., figure 10, left). These ribbons showed intense blue or 
green iridescence in certain directions. One sample also 
contained two dark green crystals that were identified by 
Raman spectroscopy as actinolite (e.g., figure 10, right). 
The moonstones’ rainbow adularescence was best seen 
when looking parallel to the lamellar twin planes (figure 
11, left). In addition, darkfield lighting illuminated narrow 
bands of sharply defined blue adularescence that were par- 
allel to the polysynthetic twin lamellae (figure 11, center). 
These bands were defined by thin planes of fine particles. 
When the viewing direction was shifted, thicker areas be- 
tween the polysynthetic twin planes showed fuzzy blue 
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Figure 11. The rainbow phenomenon was best seen parallel to the lamellar twin planes (left, 15x). Thin, 
sharp blue bands (center, 50x) and thick, fuzzy blue bands (right, 60x) were observed from different 
viewing directions with fiber-optic lighting. Photomicrographs by W. L. Win. 


adularescence (figure 11, right). The adularescent blue glow 
in these thicker layers was apparently caused by reflection 
of light between the thin planes of fine particles. 


Wai L. Win (wwin@gia.edu) and Kyaw Soe Moe 
GIA, New York 


Morganite from Ethiopia. At the 2012, Tucson gem shows, 
Hussain Rezayee (Rare Gems & Minerals, Beverly Hills, 
California) showed GIA several faceted morganite samples 
(e.g., figure 12), reportedly mined near the town of Shakiso 
in southern Ethiopia. The stones ranged from light pink 
to orangy pink, and included two large ovals weighing 
146.58 and 110.65 ct. Nine of the morganites were se- 
lected for examination at GIA based on their internal fea- 
tures, and Mr. Rezayee kindly donated them to the GIA 
Collection. 

The samples weighed 1.10-7.75 ct, had RIs of 1.585- 
1.600, SG values of 2.73-2.80, and were inert to long- and 
short-wave UV radiation. Microscopic examination revealed 
two-phase fluid inclusions typical of morganite, along with 
a few solid and negative crystals. Raman analysis identified 
the solid crystals in a 2.65 ct specimen (figure 13) as mica 
and plagioclase (showing polysynthetic twinning). Numer- 
ous shapes of fluid inclusions were observed, including long 
curved inclusions with tails and well-formed hexagonal 
crystals (figure 14, left and center). The 2.65 ct stone con- 
tained a movable bubble filled with CO, (identified by 
Raman analysis). Also observed were negative crystals, with 
or without CO,, and fluid inclusions associated with a roiled 
growth structure. A 4.75 ct sample contained a fluid inclu- 
sion that homogenized during photomicrography due to the 
heat from the microscope’s lamp. The heating caused the 
gas bubble to disappear, and then it reappeared a few seconds 
after the lamp was switched off. Bands of clouds and needles 
were also found in many samples (figure 14, right). Some 
possessed partially healed feathers associated with wispy 
clouds. All nine morganites showed high-order interference 
colors in cross-polarized light. 

Raman spectroscopy confirmed these specimens as 
beryl, and detected the presence of H,O at 3600 and 3660 
cm: (types I and II, respectively). The mid-IR spectrum re- 
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vealed a 7060 cm band caused by type II H,O molecules. 
These and other unassociated water molecules also caused 
OH-stretching bands in the 4500-3000 cm region. Bands 
in the 5700-5000 cm! range were caused by type I and II 
water molecules, while a small band at 2672 cm" was re- 
lated to deuterated water, and a relatively strong absorption 
at 2356 cm"! was due to CO,,. 

Manganese is the chromophore in pink beryl, and a 
high-resolution UV-Vis-NIR spectrum showed Mn**-re- 
lated broad bands with absorption maxima at 490 and 540 
nm (see, e.g., D. L. Wood and K. Nassau, “The characteri- 
zation of beryl and emerald by visible and infrared absorp- 
tion spectroscopy,” American Mineralogist, Vol. 53, 1968, 
pp. 777-800). A 370 nm band near the spectral cutoff was 
caused by Fe**, a common characteristic of beryl. Addi- 
tional absorption bands were detected at 834, 920, 937, 956, 
and 978 nm. EDXRF spectroscopy showed the expected Al 
and Si as major elements, along with minor V, Cs, Fe, Zn, 


Figure 12. These morganites were reportedly mined 
near the town of Shakiso in southern Ethiopia. The 
large ovals weigh 146.58 and 110.65 ct, and the 
small oval on the far right is 3.60 ct. Photo by 
Robert Weldon. 
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Figure 13. These inclu- 
sions, observed in the 
2.65 ct morganite, were 
identified as mica (left, 
magnified 90x) and pla- 
gioclase (right, 110x). 
Photomicrographs by 
K. S. Moe. 


As, and Rb, and traces of Mn, Ga, and Ti. (For additional 
photomicrographs and mid-IR and UV-Vis-NIR spectra, see 
the G&G Data Depository at gia.edu/gandg.} 

Mr. Rezayee estimated that since 2010, approximately 
200-300 kg of the rough Ethiopian morganite have been 
processed into cabochons and carvings. He also knew of 
about 1,000 carats that have been faceted in sizes up to 
~150 ct. The morganite is reportedly being produced by ar- 
tisanal miners from the same region of southern Ethiopia 
that yields emerald, tourmaline, and aquamarine. 

Kyaw Soe Moe 


Large natural-color freshwater cultured pearls with drilled 
beads. Since mid-2011, the Giibelin Gem Lab has received 
several high-quality necklaces and undrilled freshwater cul- 
tured pearls (FWCPs) for grading that were near round to 
round and averaged 12-18 mm. These resembled the 
“Ming” and “Edison” FWCPs described in recent reports 
(e.g., H. A. Hanni, “Ming pearls: A new type of cultured pearl 
from China,” Journal of the Gemmological Association of 
Hong Kong, Vol. 32, 2011, pp. 23-25; Spring 2012 GNI, pp. 
54-55), 

The samples’ bodycolor ranged from grayish violet to 
violet-gray (e.g., figure 15); some displayed strong pink and 
green overtones. All had a nacreous appearance, either 
clean or with slight blemishes. Some had a “hammered” 
effect, while others showed polish lines in the microscope. 


Each FWCP was inert to UV radiation as well as X-rays. 

EDXRE analysis indicated an MnO concentration above 
300 ppmw in most of the FWCPs (but as low as ~100 ppm 
in some samples} and a relatively low SrO concentration 
(<0.1wt.%). The SrO/MnO ratio of <12 identified them as 
freshwater products. Unlike the vast majority of FWCPs, 
which are cultured without a bead, X-radiographs showed 
nuclei composed of drilled beads (figure 16). Drilled beads 
have also been used in the cultivation of some Japanese 
FWCPs (i.e., Kasumiga cultured pearls). The nacre thickness 
varied from 1.0 to 2.5 mm or more. 

UV-Vis-NIR diffuse reflectance spectra revealed bands 
similar to those observed in some FWCPs from Hyriopsis sp. 
(S. Karampelas et al., “Role of polyenes in the coloration of 
cultured freshwater pearls,” European Journal of Mineralogy, 
Vol. 21, No. 1, 2009, pp. 85-97, http://dx.doi.org/10.1127/ 
0935-122.1/2009/002.1-1897). Raman (figure 17) and photolu- 
minescence spectra showed bands due to aragonite and poly- 
enic pigments known as parrodienes. Raman spectroscopy 
also detected vaterite, a CaCO, polymorph previously re- 
ported in some FWCPs with low luster (A. Soldati et al., 
“Structural characterization and chemical composition of 
aragonite and vaterite in freshwater cultured pearls,” Miner- 
alogical Magazine, Vol. 72, No. 2, 2008, pp. 579-592, 
http://dx.doi.org/10.1180/minmag.2008.072.2.579, and ref- 
erences therein). In these samples, however, the luster was 
very good. 


Figure 14. Various fluid inclusions were found in the morganite samples. Two-phase inclusions containing CO, 
bubbles showed long curved shapes (left, magnified 50x) and hexagonal forms (center, 85x). Also seen were bands 


of clouds (right, 25x). Photomicrographs by K. S. Moe. 
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Figure 15. These undrilled violet-gray freshwater cul- 
tured pearls contain drilled bead nuclei. The largest 
measures 15.4 mm. Photo by S. Karampelas. 


Some Chinese traders have indicated that such goods 
are produced from a crossbred mollusk in China that is 
probably similar to that used for the Kasumiga FWCPs, and 
their cultivation lasts more than one year and sometimes 
up to three. They also added that the new large, high-qual- 
ity Chinese FWCPs can fetch more than US$1,000 per 
piece, but their supply is still very limited. 


Stefanos Karampelas (s.karampelas@gubelingemlab.ch) 
Gtibelin Gem Lab, Lucerne, Switzerland 


Figure 16. Digital X-radiography of one of the cul- 
tured pearls in figure 15 reveals a drilled bead 11 mm 
in diameter, and a nacre thickness of 2.2 mm. Image 
by S. Karampelas. 
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Figure 17. Raman spectra of two FWCPs from 1600 to 
600 cm (using 514 nm laser excitation) show bands 
due to simple polyenes at ~1510 and 1125 cm~. Arag- 
onite bands are present at ~1085 cm~ and at 706/702 
cm (displayed as a single band at about 704 cm~ 
due to the resolution). Small features are present at 
~1295, 1175, and 1010 cm“, and an additional small 
band (probably due to vaterite) is observed in the bot- 
tom spectrum at ~1074 cm. Spectra are shifted verti- 
cally for clarity. 


Ruby and sapphire rush near Didy, Madagascar. In April 
2012, a gem rush occurred in northeastern Madagascar at 
coordinates 18°20'16" S, 48°33'53" E, located ~25 km south 
of Didy village, which is situated 50 km south of Ambat- 
ondrazaka. The authors investigated the new find on April 
18-27. 

The rush began after some parcels of fine blue sapphires 
were sold into the local market in early April in Moramanga, 
Ambatondrazaka, and subsequently in the capital city of 
Antananarivo by gold miners and people working for a local 
logging company in the area. The deposit appears to be sit- 
uated inside the Ankeniheny—Zahamena corridor, a tempo- 
rary protected area where mining is not allowed. However, 
thousands of Malagasy miners and hundreds of buyers 
rushed to the area, and the government was unable to con- 
trol illegal mining in this jungle region. 

The drive from Ambatondrazaka to Didy was made 
challenging by patches of deep mud. Soon after our arrival 
in Didy, we were notified by local security forces that all 
foreigners had to return to Ambatondrazaka in an effort 
“not to motivate the local population to work on the illegal 
mining site.” One of us (NR) continued to the mining area. 
From Didy, the journey started with a three-hour boat trip 
up a local stream, followed by 10-15 hours’ walk through 
dangerous and dense jungle terrain. 

The mining site was inhabited by an estimated 5,000- 
10,000 people. Miners worked the gem gravels with hand 
tools in shallow pits (figure 18). The gravels were localized 
along a stream at a depth of <1 m. Gems were also report- 
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Figure 18. Malagasy miners dig shallow pits in a 
streambed surrounded by thick jungle in search of sap- 
phires and rubies. Photo by N. Rakotosaona. 


edly found on the adjacent hillside. Most of the production 
consisted of blue sapphire (figure 19), without any milky 
or geuda-type material that is commonly found at other 
Malagasy deposits. The new deposit also was producing 
orangy pink sapphires and orangy red rubies, often contain- 
ing some blue areas that are reminiscent of corundum from 
Winza, Tanzania. 

More than 400 foreign buyers (mostly from Sri Lanka) 
opened buying offices in Ambatondrazaka. Both in that 
town and in Didy, we saw several clean and attractive blue 
sapphires weighing up to 4 g, and heard about fine stones 
approaching 30 g. We also saw some clean orangy red rubies 
up to 3 g and were told about fine rubies weighing 5 g. Local 
and foreign gem merchants were excited by the prospect of 
obtaining this attractive new material, and prices escalated 
quickly due to fierce competition among the buyers. Several 


Figure 19. These sapphires and rubies (up to 2.4 g) 
were seen in Didy village. Photo by V. Pardieu. 
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samples are currently being studied by GIA and their gemo- 
logical properties will be published in the near future. 


Vincent Pardieu (vpardieu@gia.edu) 
GIA, Bangkok 


Nirina Rakotosaona 
Société Miniére du Cap Ltd., Antananarivo, Madagascar 


Marc Noverraz 
Colorline Hakaka Ltd., lakaka, Madagascar 


Lou Pierre Bryl 
Senoble & Bryl Ltd., Gaspe, Canada 


Beryllium-bearing nano-inclusions identified in untreated 
Madagascar sapphire. Cloud-like inclusions are the main 
cause of the velvety appearance of the famous Kashmir sap- 
phires. Similar cloudy inclusions have also been found in 
unheated sapphires from Ilakaka (Madagascar) and other 
localities. The clouds in Ilakaka samples are unusual be- 
cause they are associated with traces of beryllium (Be), nio- 
bium (Nb), and tantalum (Ta), as well as light rare-earth 
elements and thorium (see, e.g., Fall 2011 Lab Notes, pp. 
232-233). The uneven distribution of these elements in un- 
heated sapphires indicates that they have a natural origin 
(A. Shen et al., “From the GIA Laboratory—Beryllium in 
corundum: The consequences for blue sapphire,” GIA In- 
sider, Vol. 9, No. 2, January 26, 2007; and the Lab Note ref- 
erenced above). Yet the nature of the clouds has never been 
clear—are they composed of particles of a single mineral 
phase or an assemblage of minerals? 

To identify the phase that contains the trace elements 
of interest—Be, Nb, and Ta—we studied an unheated rough 
sapphire from Ilakaka with a flat polished window (figure 
20). Analysis with LA-ICP-MS revealed the following com- 
position: Be—from below detection limit (BDL) to 2 ppmw, 
Nb—from BDL to 3 ppmw, and Ta—from BDL to 1.5 
ppmw. The higher Be-Nb-Ta contents corresponded to the 
cloudy parts of the sample (i.e., the top and bottom areas 
in figure 20). These areas were then analyzed by a focused- 
ion beam system and a high-resolution transmission elec- 
tron microscope (HRTEM) at the GFZ German Research 
Centre for Geosciences in Potsdam. 

TEM study of sapphire inclusions is nothing new. A se- 
ries of papers was published in the mid-1980s by A. R. 
Moon and M. R. Philips that examined various inclusions 
in sapphires from Australia, Sri Lanka, and Thailand. In 
one of their articles (“Inclusions in sapphire and heat treat- 
ment,” Australian Gemmologist, Vol. 16, No. 5, 1986, pp. 
163-166}, they identified the inclusions in milky blue Aus- 
tralian sapphires and Sri Lankan “geuda” stones as twinned 
rutile (TiO,). Since then, almost every gemological publi- 
cation has ascribed such milky clouds to rutile. 

Our research revealed that the clouds in the Ilakaka 
sapphire consisted of a single Ti-rich phase that formed 
nano-inclusions 20-40 nm long and 5-10 nm wide; some 
of these crystals were twinned. We could not match the 
diffraction patterns to rutile, however. Instead, we found 
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Takaka, Madagascar, has cloudy areas containing 
traces of Be, Nb, and Ta. Photo by Shane F. McClure. 


an excellent match with an unnamed high-pressure min- 
eral that has the same composition as rutile but has the 
crystal structure of scrutinyite (@-PbO,). While rutile is a 
tetragonal mineral, this unnamed phase is orthorhombic 
with the Ti and O atoms arranged in the same way as the 
Pb and O in scrutinyite. 

This unnamed mineral was first identified in laboratory 
studies when scientists subjected pure TiO, to very high 
pressures. It was later found in other Ti-bearing minerals 
(such as garnets) as nano-inclusions. Because it occurs in 
extremely small sizes in nature, it has not been approved 
as anew mineral by the International Mineralogical Asso- 
ciation’s Commission on New Minerals, Nomenclature 
and Classification. 

Further details of this study will be documented in a 
future article. 


Andy H. Shen (andy.shen@gia.edu) 
GIA, Carlsbad 


Richard Wirth 
GFZ German Research Centre for Geosciences 
Potsdam, Germany 


Blue sapphire discovery near Kataragama, Sri Lanka. In 
February 2012, Shamil and Armil Sammoon of Sapphire 
Cutters Ltd. (Colombo, Sri Lanka) informed GIA’s Bangkok 
laboratory about a new find of blue sapphires in the Tham- 
mannawa area located southwest of Kataragama, near the 
Yala National Park on the southeastern coast of Sri Lanka. 
The stones were reportedly discovered on February 14, ona 
road construction site between Kataragama and Lunugam- 
wehera. The soil used to cover the road reportedly came 
from a small farm nearby that belonged to a Mr. Ranga. As 
news of the discovery spread, thousands rushed to the area. 
The Sri Lankan authorities responded swiftly and secured 
the site within days, transferring 1.4 hectares of land around 
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Mr. Ranga’s farm from the Forest Conservation Department 
to the National Gem & Jewellery Authority (NGJA). The 
NGJA organized a February 24 auction in Kataragama for 
one-year mining rights on 49 individual lots. According to 
the NGJA’s chairman, 40% of the proceeds from that auc- 
tion will be given to the landowners. 

In early March, with the support of the NGJA and some 
local traders, these authors visited the sites to collect sam- 
ples for the GIA reference collection. Upon reaching the 
deposit, located at 06°22’16”N, 81°17’18”E, we saw that it 
was being prepared to host an estimated 500 miners. 
Within hours the miners began arriving at their claims, and 
camps sprang up from the cleared land (figure 21). Miners 
loaded the potentially sapphire-rich soil into bags to be 
taken away for washing. Only hand tools were allowed at 
that time (figure 22), as mechanized mining with excava- 
tors was prohibited in Sri Lanka. Subsequently, in mid- 
2012, mechanized mining was permitted at the deposit. 

At the time our expedition ended on March 9, we were 
unable to see any sapphires produced from the new dig- 
gings around Mr. Ranga’s house. However, we studied nu- 
merous samples obtained from local people that reportedly 
were found at the road construction site. The sapphires oc- 
curred as fine crystal specimens or broken pieces with 
sharp edges and no indication of alluvial transport (e.g., fig- 
ure 2.3). Fissures and cavities were filled with a white pow- 
dery material. 

The sapphires from the new find are notable for their 
size. We saw several specimens up to 150 g and heard re- 
ports of fine crystals as large as 300 g. Unfortunately, the 
material often contained numerous fissures as well as 
graphite, mica, and feldspar-like inclusions. Nevertheless, 
highly transparent areas were visible in the pieces exam- 


Figure 21. This view shows a portion of the potentially 
sapphire-bearing area auctioned in 52 lots by Sri 
Lankan authorities. Photo by V. Pardieu. 
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Figure 22. Sri Lankan miners work the sapphire de- 
posit with hand tools. Photo by V. Pardieu. 


ined, and we expect to see clean faceted gems weighing 
more than 20 ct. Many of the crystals showed distinct color 
banding (with strong blue-violet to blue-green dichroism) 
associated with layers of minute particles. Several gem 
merchants onsite were excited by such Kashmir or Burma- 


Figure 23. These rough and cut sapphires are report- 
edly from the new Kataragama deposit. The faceted 
stone weighs 14 ct, and the crystal fragments weigh 
4.4 and 5.4 g. Photo by V. Pardieu. 
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like new material, and at the time of our visit the asking 
prices were already remarkably high. 

Overall, the external appearance of these sapphires is 
similar to those from Andranondambo (Madagascar), Avi- 
sawella (Sri Lanka), and Kashmir, but preliminary chemical 
analyses have shown that their iron content is higher. So 
far relatively few faceted stones from this deposit have ap- 
peared in the market (again, see figure 23), and we expect 
that the combination of dichroism, color banding, and lim- 
ited transparent areas will present challenges to cutters. 
More information on this new deposit and the properties of 
these sapphires is available at gia.edu/research-resources/ 
news-from-research. 

[Editor’s note: See a full article on this deposit on pp. 
98-107 of this issue of G#G.| 


Vincent Pardieu and Lou Pierre Bryl 


Andrea Heather Go 
Vancouver, Canada 


Sapphire and ruby carvings from Vietnam. At the 2012 Tuc- 
son gem shows, Steve Ulatowski had some sapphire carv- 
ings that were notable for their detailed forms and 
well-executed polish. His supplier indicated that about 20 
carvings per month have been produced in mid-2011 by four 
carvers in a small factory in Vietnam. Of the approximately 
210 carvings that have been completed, most consist of 
opaque blue, pink, white, or dark gray sapphires (or combi- 
nations of these colors; figure 24) that were mined from var- 
ious parts of Vietnam. Some of the pieces show asterism. 
Rubies from Thailand and Tanzania (Longido) have also 
been carved. The carvings feature Asian themes and deities, 
and range from 2, to 10 cm tall. 

Although such figurines are typically carved from jade 
and other (softer) materials, the very good polish covering 
the complex curves and depressions is notable for carvings 
made of corundum. 


Brendan M. Laurs 


Figure 24. These Vietnamese sapphire carvings range 
from 4.6 x 5.0 cm to 7.4 x 3.9 cm in dimension. Photo 
by Robert Weldon. 


SUMMER 2012 


Gems & GEMOLOGY 


Figure 25. Calibrated zoisites from Merelani, Tanza- 
nia, display a variety of colors. The loose stones are 
4.5 mm in diameter (gift of Steve Ulatowski; GIA 
Collection no. 38497) and the pendant contains 5.5 
mm zoisites that are set with diamonds. Photo by 
Robert Weldon. 


Color suites of zoisite from Tanzania. The mines at Mere- 
lani, Tanzania, are world famous for being the world’s only 
commercial source of tanzanite, as well as supplying a va- 
riety of other gems and minerals (see, e.g., W. E. Wilson et 
al., “Famous mineral localities: The Merelani tanzanite 
mines, Lelatema Mountains, Arusha region, Tanzania,” 
Mineralogical Record, Vol. 40, No. 5, pp. 346-408). Other 
colors of zoisite are occasionally produced and find their 
way to the market as cut stones that are popular with gem 
collectors (e.g., D. M. Dirlam et al., “Gem wealth of Tan- 
zania,” Summer 1992, GWG, Vol. 28, No. 2, pp. 80-102). 
At the 2012 Tucson gem shows, Steve Ulatowski had cal- 
ibrated sets of Merelani zoisite that were prepared specifi- 
cally for jewelry use. The round brilliants (figure 25) were 
assembled into boxed sets consisting of a variety of colors, 
all untreated, in singular sizes ranging from 2 to 5 mm in 
diameter. Each box contained from 8 to 40 stones. The ma- 
terial was cut from smaller-sized rough that he had gath- 
ered over the past five years, and he has cut enough to 
produce 100 boxes. 

Mr. Ulatowski also had a few jewelry pieces that show- 
cased the color spectrum of these zoisites (again, see figure 2.5). 


Brendan M. Laurs 
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Partially devitrified glass imitation of hemimorphite. In mid- 
2010, GIA was informed about an attractive new blue-to- 
green gem by Brad Payne (The Gem Trader, Cave Creek, 
Arizona). He had obtained some samples of the material at a 
local gem show, where they were represented as opalized 
hemimorphite. Reportedly 1,000-2,000 carats of cabochons 
had entered the market from Chinese fossil dealers. Mr. Payne 
was intrigued by the white snowflake-like inclusions in this 
material, as well as the color zoning shown by some of the 
pieces, and he loaned four samples to GIA for examination. 

The cabochons weighed 10.55—31.99 ct, and were green- 
ish blue except for two samples that ranged into yellowish 
green (figure 26). Microscopic examination revealed radiat- 
ing clusters of fine blade-like crystals that formed a fibrous 
texture, along with randomly distributed clusters of white 
dendritic inclusions. Spot RI values were 1.50-1.51, and the 
hydrostatic SG ranged from 2.48 to 2.52. By contrast, hemi- 
morphite has RIs of 1.614-1.636 and an SG of 3.45 + 0.05. 
When exposed to short-wave UV radiation, the samples flu- 
oresced very weak chalky blue and greenish yellow to pale 
green; they were inert to long-wave UV. No absorption lines 
were visible with a desk-model spectroscope. These proper- 
ties ruled out the possibility of hemimorphite, but were sug- 
gestive of partially devitrified glass, which was confirmed 
by Raman analysis. EDXRF spectroscopy showed major 
amounts of Cu, Ca, Si, and Fe, and traces of Sn, Zr, and Cr. 

Partially devitrified glasses are more commonly seen 
imitating jade (e.g., “Meta Jade”; see Summer 1995 GNI, 
p. 137). However, as these specimens demonstrate, we are 
now seeing imitations manufactured to replicate even the 
more obscure gem materials. 


Jason Darley (jdarley@gia.edu) and Erica Emerson 
GIA, New York 


Figure 26. These partially devitrified glass samples 
(10.55-31.99 ct) were sold as opalized hemimorphite. 
The largest sample is a gift of Brad Payne; GIA Col- 
lection no. 38519. Photo by Brad Payne. 
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Figure 27. This 22.99 ct purplish pink bead resembled 
rubellite tourmaline but was identified as coated 
quartz. Photo by G. Choudhary. 


Coated quartz imitation of rubellite tourmaline. Coating 
is one of the most common treatments performed on gem- 
stones, especially on colorless materials such as rock crystal 
and topaz. Iridescent coating has become particularly popu- 
lar among jewelers, designers, and consumers alike. In addi- 
tion to this advanced coating method, traditional forms still 
exist, not only to create unusual material but also to imitate 
well-known gems such as emerald (see Spring 2011 GNI, pp. 
71-72). A similar imitation of rubellite tourmaline (figure 
27) was brought to our attention by Kashish Sachdeva during 
the Jaipur Jewellery Show in December 2011. 

The purplish pink sample, fashioned as a tumbled bead, 
weighed 22.99 ct and measured approximately 21.41 x 
15.39 x 11.29 mm. The bead’s color initially suggested 
rubellite tourmaline, but its relatively dull luster raised 
some suspicion of a coating. To the unaided eye, no fea- 
tures associated with coatings were visible. We then 
viewed it with a microscope, particularly around the drill 


Figure 28. No chipping of the coloration was seen 
around the drill holes of the bead, making it quite dif- 
ficult to detect the coating. Photomicrograph by G. 
Choudhary; magnified 20x. 
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hole, which is the best place to find chipped-off areas in a 
coated specimen. No chipping was seen; rather, some abra- 
sions typical of natural stones were observed (figure 28). 
These features seemed to eliminate the possibility of a 
coating. However, the bead did display some large internal 
films with a brownish epigenetic appearance, and it lacked 
the growth tubes and liquid reflecting films typically asso- 
ciated with tourmaline (although some crystalline and 
fluid inclusions were present). These observations 
prompted us to conduct further testing. 

The stone displayed a vague shadow edge at ~1.54 on 
the refractometer and had a hydrostatic SG of 2.60. It gave 
a weak orange reaction to short-wave UV radiation and was 
inert to long-wave UV. With the desk-model spectroscope, 
it displayed two strong bands in the yellow and red regions 
at ~580 and 650 nm; a weaker band was also visible at ~540 
nm in the green region. This absorption pattern is associ- 
ated with red and blue dyes, and the combination of gemo- 
logical properties ruled out tourmaline and suggested 
artificially colored quartz instead. 

Further microscopic examination with transmitted light 
revealed color bleeding and blotchiness near some pits and 
cavities (figure 29, left), evidence of surface-related artificial 
coloration. Also seen were some tiny blue and orangy red 
spots from the dye (figure 29, right), indicating that a com- 
bination of these colors was used to produce the purplish 
pink coating substance. These colored spots appeared to be 
confined to the surface, another sign of coating. 

The sample was confirmed as quartz by infrared spec- 
troscopy, which also showed polymer-related bands at ~3070, 
2958, 2927, 2858, 1750, and 1270 cnr. Such imitations are 
a concern for dealers who are equipped only with a loupe, es- 
pecially when they have to make quick buying decisions. 


Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


CONFERENCE REPORTS 


10th Annual Sinkankas Symposium—Topaz. Co-hosted by 
GIA and the San Diego Mineral and Gem Society, this an- 
nual symposium in honor of John Sinkankas took place 
April 21, 2012, at GIA in Carlsbad. This year’s event fea- 
tured topaz, and was attended by 124 people. Each attendee 
received an 88 pp. handout with presentation summaries 
as well as outside contributions; additional copies are avail- 
able for $20 plus shipping from convener Roger Merk 
(Merk’s Jade, San Diego, California; merksjade@cox.net). 
Dr. Don Hoover (Springfield, Missouri) reviewed his- 
torical references to topaz in the literature. Many, but not 
all, references to topaz in the ancient texts actually refer 
to peridot from Zabargad Island (Egypt). The first actual 
topaz locality documented in the literature was probably 
the Saxony region of Germany, where yellow crystals were 
produced in conjunction with tin mining. Robert Weldon 
(GIA, Carlsbad) described how bandeirantes (Portuguese 
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It should also be mentioned that another 
important task of the cutting and polishing 
section is to cut and polish diamonds for 
the research investigations of the other 
workets in the Laboratory. For example, if 
the engineering division wishes to try out 
a new orientation of a diamond lathe tool, 
or the physics section wishes to measure 
some property which requires the produc- 
tion of two parallel diamond planes, the 
cutting section can furnish the experimental 
material for such studies. 

It has been mentioned that the field of 
diamond research includes studies on the 
wide variety of materials used as matrices 
for industrial stones or mountings for gem 
diamonds. The scope of diamond investiga- 
tions is still further broadened by the neces- 
sary inclusion of many studies on competi- 
tive materials: the synthetic abrasives silicon 
carbide, aluminum oxide, and boron cat- 
bide; that great competitor in cutting, drill- 
ing, or wire drawing operations — tungsten 
carbide; synthetic sapphire, now so widely 
used in jewel bearings, knife edges, phono- 
gtaph needles, gages, and other purposes 
where a hard non-metallic substance is re- 
quired; synthetic rutile which can utilize 
the high refractive index of colorless crystal- 
line titanium dioxide for gem purposes. In 


many cases these substances can be consid- 
ered as complementary to diamond, rather 
than competitive. The extension of tungsten 
carbide, for instance, must be accompanied 
by an increasing demand for diamond, since 
the latter is the only material which can 
cut or grind tungsten carbide. In the same 
Manner it is probable that for very severe 
service conditions in drilling or sawing, the 
diamond—impregnated tungsten carbide tool 
will be the answer. 

Linked with the experimental facilities 
of the Laboratory at Johannesburg there 
are also available to users of diamonds 
throughout the world the services of the 
Information Bureau in London. Regular and 
special publications are issued, reviewing 
all aspects of the diamond industry and 
associated abrasive and gem fields. Litera- 
ture and patent searches are undertaken, 
reprints or photostats supplied, and the 
information services of the Bureau are freely 
available to all interested in diamonds. 

The Diamond Research Laboratory, a 
mewcomer in the ranks of research centers 
established by industries to serve all those 
who utilize their products, is convinced that 
it will in due course render valuable assist- 
ance to all who use industrial or gem 
diamonds. The Laboratory invites gemol- 
ogists to share its facilities and its aims. 


e Various types of diamond tools for drilling, grinding, machining, and sawing. 


explorers) helped locate various gems in Brazil during the 
1600s, which eventually led to the important discovery of 
the Imperial topaz deposits near Ouro Preto. 

Dr. James Shigley (GIA, Carlsbad) covered the geology 
and localities of topaz deposits, which can be classified into 
magmatic, hydrothermal, and pneumatolytic types, and he 
offered to send a complete reference list of localities to any- 
one who requests it. Dr. William “Skip” Simmons (Univer- 
sity of New Orleans) focused on crystal structure and 
mineralogy. Natural topaz shows a limited substitution of 
OH for F, and nearly all specimens are therefore fluorine 
dominant. Small amounts of Cr*+ and Fe** may substitute 
for Al** in the mineral’s structure. The causes of coloration 
in topaz were reviewed by Dr. George Rossman (California 
Institute of Technology, Pasadena). While pink is the only 
easily explained color (due to Cr*), brown, yellow-to-red, 
and blue colors involve exposure to radiation (natural or in 
the laboratory), but there is no consensus on the particular 
mechanisms involved. 

Important sources of collectable-quality topaz were de- 
scribed by Bill Larson (Palagems.com, Fallbrook, Califor- 
nia). These include Brazil (Ouro Preto and Teofilo Otoni), 
California (San Diego County), Nevada (Zapot mine), Idaho 
(Sawtooth Mountains), Namibia (Klein Spitzkoppe), Pak- 
istan (Gilgit-Skardu area), and Myanmar (Sakhangyi). Meg 
Berry (Mega Gem, Fallbrook, California) examined the 
carving topaz. In light of the mineral’s perfect cleavage di- 
rection, she suggested polishing at an orientation of at least 
5° from this plane, using Linde A on a tin lap. However, for 
an attractive frosted look, carvings can be finished with 
260 grit diamond (mixed with Vaseline) on a felt wheel; 
this will also save a lot of polishing time. 

Shane McClure (GIA, Carlsbad) covered topaz treat- 
ments, which can be classified into irradiation + heating, 
coating, and possibly diffusion. The latter treatment has 
been used to produce blue-to-green color but is difficult to 
classify since the coloration is associated with Co impuri- 
ties that only penetrate 50-100 nm into the stone. Micro- 
scopic features of topaz were discussed by John Koivula 
(GIA, Carlsbad), including fluid and mineral inclusions, 
structural irregularities, and surface (dissolution) features. 
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Figure 29. A few cavities 
on the coated quartz dis- 
played color bleeding 
and blotchiness, suggest- 
ing surface-related artifi- 
cial coloration (left, 
magnified 45x). Orangy 
red and blue spots from 
the dye showed that 
these colors were used in 
the purplish pink coating 
(right, 60x). Photomicro- 
graphs by G. Choudhary. 


He showed a specimen of topaz containing an inclusion of 
monazite with an associated cleavage disc that was partic- 
ularly impressive for its size and beauty. 

The theme of next year’s Sinkankas symposium will 
be ruby. 


Brendan M. Laurs 


MISCELLANEOUS 


Myanmar Gem Emporium and GEO Myanmar 2012. The 
49th annual Myanma Jade, Gems & Pearl Emporium’s first 
session for 2012 was held March 9-18 in the capital city of 
Naypyidaw. According to China’s Xinhua News Agency, 
sales totaled $702.66 million, a sharp decline from the 
March 2.011 session’s earnings of $2.8 billion. The event 
was attended by some 6,000 gem traders, half of them from 
other countries throughout Asia. In all, 9,762 Burmese jade 
lots were sold through tender or bidding, as well as 227 
gem lots and 8,367 lots of cultured pearls from Myanmar. 

The emporium’s mid-year session will take place in 
July, followed by a third sale at the end of the year. In total, 
the 2011 emporium took in more than $4 billion. 

The GEO Myanmar 2012 conference was held on 
March 1-2 in Yangon. Three of the presentations pertained 
to gems: “The economic impact in treating Myanmar gem- 
stones” by Ted Themelis, “Prediction of exploration target 
areas for gem deposits in Mogok Stone Tract by integrating 
remote sensing and geoscience data” by Tin Ko Oo, and 
“Geological characteristics of ruby from Myanmar and 
Thailand” by Y. Ahn et al. 


U Tin Hlaing 
Dept. of Geology (retired) 
Panglong University, Myanmar 


ERRATUM 


Page 21 of the Spring 2012 article by J. E. Shigley et al. on 
Diamantine incorrectly reported the beam diameter of the 
SIMS analyses. The correct diameter is 50 pm. 


Gems & GEMOLOGY Summer 2012 155 


The Book Reviews and Gemological Abstracts sections appear in the online version of the journal. Below are the titles of the books and ar- 
ticles reviewed, with the reviewer’s name indicated in brackets. These sections are freely available on the G&G website (gia.edu/gandg) 
and as part of G@G Online (gia.metapress.com), and are paginated separately from the rest of the issue. 


Book Reviews 


Cartier at Prague Castle: The Power of Style. By the Prague Cas- 
tle Administration, 2010 [Delphine Leblanc] 


Lapis Lazuli: In Pursuit of a Celestial Stone. By Sarah Searight, 
2010 [Matilde Parente] 


Russian Alexandrites. By Karl Schmetzer, 2010 [Lee A. Groat] 


Sacred and Symbolic: Ancient India and the Lure of Its Dia- 
monds. By Hugh Durey, 2010 [A.].A. “Bram” Janse] 


Understanding Rough Gemstones. By Shyamala Fernandes and 
Gagan Choudhary, 2010 [Edward Boehm| 


Gemological Abstracts 


COLORED STONES AND ORGANIC MATERIALS 


Epochs of the formation of amber and its distribution in nature. 
By A. V. Ivanova et al. [Guy Lalous*| 


Genesi delle agate (II parte) [The formation of agates (Part II)]. 
By M. C. Venuti [Rolf Tatje*] 


Molecular structure of the phosphate mineral brazilianite 
NaAI,(PO,),(OH), - A semiprecious jewel. By R. L. Frost and Y. 
F. Xi [James E. Shigley*] 


Le point sur les perles de culture Premiére partie — Les perles 
d’eau de mer [Status quo of cultured pearls. Part 1 — Saltwater 
pearls]. By E. Strack [Rolf Tatje*] 


DIAMONDS 


An analysis of vacancy clusters and sp” bonding in natural type 
Ila diamond using aberration corrected STEM and EELS. By I. 
S. Godfrey and U. Bangert [James E. Shigley*| 


Boron in natural type Ib blue diamonds: Chemical and spectro- 
scopic measurements. By E. Gaillou et al. [James E. Shigley*| 


A comparison of modern diamond classifications. By M. A. Vik- 
torov [Jennifer Stone-Sundberg*| 


Placer diamond potential of the Siberian craton: Possible 
sources and ages. By V. P. Afanasiev et al. [James E. Shigley*| 


Plastic deformation of natural diamonds by twinning: Evidence 
from X-ray diffraction studies. By S. V. Titkov et al. [James E. 
Shigley*] 


Trace element analysis of rough diamond by LA-ICP-MS: A case 
of source discrimination? By C. Dalpé et al. [Guy Lalous*] 


GEM LOCALITIES 


Alexandrites from the Novello alexandrite-emerald deposit, Mas- 
vingo District, Zimbabwe. By K. Schmetzer et al. [Edward R. 
Blomgren”*| 


Beryl from deposits of the Ural Emerald Belt, Russia: ICP-MS-LA 
and infrared spectroscopy study. By A. S. Bindy et al. [Kyaw Soe 
Moe*| 


Cause chimiche delle variazioni di colore degli zaffiri di Rath- 
napura (Sri Lanka) [Chemical causes of color variations in the 
sapphires from Ratnapura, Sri Lanka]. By F. M. Oltean et al. 
[Rolf Tatje*] 
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Gem-quality Turkish purple jade: Geological and mineralogical 
characteristics. By M. Hatipoglu et al. [Keith A. Mychaluk*| 


The ‘hill of the precious stones’, Rattanak Kiri, Cambodia. By 
F. Payette and G. Pearson [Edward R. Blomgren*| 


Micro-Raman spectroscopy of gem-quality chrysoprase from the 
Biga-Canakkale region of Turkey. By M. Hatipo$glu et al. [Guy 
Lalous*] 


New ruby discovery in Zimbabwe. By F. Marsh and F. Mugum- 
bate [James E. Shigley*| 


The origin of black colouration in onyx agate from Mali. By J. 
Gotze et al. [James E. Shigley*] 


Sequential opening and filling of cavities forming vesicles, amyg- 
dales and giant amethyst geodes in lavas from the southern Parana 
volcanic province, Brazil and Uruguay. By L. A. Hartmann et al. 
[Keith A. Mychaluk*| 


INSTRUMENTS AND TECHNIQUES 


Measurement and interpretation of growth patterns in chrysoberyl, 
including alexandrite. By K. Schmetzer [James E. Shigley*| 


Powder diffraction analysis of gemstone inclusions. By L. Leon- 
Reina et al. [Guy Lalous*] 


Una tecnica per fotografare le inclusioni nelle gemme [A 
method for the photography of inclusions in gemstones]. By M. 
Panto [Rolf Tatje*| 


SYNTHETICS AND SIMULANTS 


Diamant synthétique HPHT traité rose [Pink HPHT treated 
synthetic diamonds]. By J.-M. Arlabosse [Rolf Tatje*] 


Identifizierungshilfe zur Unterscheidung zwischen natiirlichen 
und synthetischen (HPHT) gelben, gelb-braunen und rétlich- 
braunen Diamanten [Identification aid for distinguishing natural 
and synthetic (HPHT) yellow, yellow-brown and reddish-brown 
diamonds]. By M. Seubert [Rolf Tatje*] 


TREATMENTS 


Comparative study of different types of filled rubies. By L. Jian- 
jun et al. [Edward R. Blomgren*| 


Neue kiinstlich geritzte Sternsteine und ihre natiirlichen 
Gegenstiicke [New artificially scratched star stones and their 
natural counterparts]. By M. P. Steinbach [Rolf Tatje*| 


MISCELLANEOUS 


Diamonds: A good deal for Zimbabwe? By Global Witness [Ed- 
ward Johnson*| 


Poverty and livelihood diversification in rural Liberia: Exploring 
the linkages between artisanal diamond mining and smallholder 
tice production. By G. Hilson and S. van Bockstael [Russell Shor*| 


Resource curse in reverse: How civil wars influence natural resource 
productions. By S. McLaughlin and C. G. Thies [Russell Shor*| 


Transnational entrepreneurs, global pipelines and shifting pro- 
duction patterns. The example of the Palanpuris in the diamond 
sector. By S. Henn [Russell Shor*| 


* Member of the Gemological Abstracts Review Board 
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Cartier at Prague Castle: 
The Power of Style 


By the Prague Castle Admini- 
stration, 322 pp., illus., publ. by 
Flammarion, Paris, 2010. US$49.95. 


This impressive exhibition catalogue 
was created for a celebration at the 
Prague Castle from July to October 
2010. Curated by Eva Eisler, the 
unique exhibition of more than 400 
objects included some of the most 
iconic pieces amassed since the early 
1970s for the Cartier Collection. 

The reader is taken on a fascinating 
journey in the style of the red box jew- 
eler. Eisler’s opening chapter notes 
how the exhibition was built on a rela- 
tionship between the chronology and 
the aesthetics of the jewelry presented. 
Next, Pierre Rainero traces the ascen- 
dance of Cartier from its humble begin- 
nings as a workshop of novelty dealers 
in the heart of 1847 Paris to a powerful 
luxury brand that has maintained its 
international status on the cutting edge 
of fashion and the jewelry industry. 
After a brief chapter by Rony Pesl on 
the design of the exhibit, the reader 
delves into the book’s core chapters, 
starting with Pascale Lepeu’s overview 
of the Cartier Collection of 1,400 
objects assembled to celebrate the 
firm’s history and craftsmanship. This 
chapter provides interesting insights 
into the acquisition of some of the fea- 
tured pieces, with detailed archival 
documentation that further enhances 
the collection’s value. The following 
chapters, which chronologically unveil 
the jewelry presented in the exhibit, 
are of the utmost interest for jewelry 
historians and Cartier aficionados. 

Richly illustrated with archival 
photos and documents, “Jewelers to 
Kings: The Reign of Diamonds” 
depicts early Cartier jewels, from 
gold, silver, and diamond brooches to 
the first platinum and diamond pieces 
in the purest “garland” style at the 
turn of the 20th century. Two of the 
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most memorable specimens in this 
chapter are a platinum, diamond, and 
pearl Kokoshnik tiara, designed in 
1908, and a double fern-spray brooch. 

“Avant-Garde and Art Deco” por- 
trays the transition from a monochro- 
matic classic garland style to Art Deco 
jewelry. Cartier achieved this transi- 
tion by introducing onyx into their 
creations to give them more contrast 
and intensity. In 1915, Cartier began 
creating what was to become part of 
their signature look, a panther motif 
set with diamond and onyx to adorn a 
delicate watch-brooch. The use of 
transparent elements such as rock 
crystal also allowed the design of size- 
able fashionable brooches. 

Following the initiation of French 
Art Décos design, the reader is intro- 
duced to more exotic designs of the 
1920s, when the zeitgeist demanded 
more color. Inspiration came from 
archeological discoveries—notably 
Egyptian (scarab brooches, including 
genuine antique blue faience)—as 
well as the accessibility of travel to 
Asia and the influence of royal Indian 
creations. In this genre, a most mag- 
nificent example was the restoration 
of a ceremonial necklace created for 
the Maharajah of Patiala. The original 
included sizeable diamonds provided 
by the Maharajah himself. The dis- 
mantled necklace, discovered in Lon- 
don, was patiently restored by Cartier, 
using cubic zirconia, rubies, and 
smoky quartz to replace some of the 
more precious stones. 

In the “New Modernity” chapter, 
the catalog presents jewelry from the 
1930s to the 1970s. The most stun- 
ning pieces include a pair of rock crys- 
tal and diamond “Gloria Swanson” 
bracelets designed in 1930, and an 
amethyst, turquoise, and diamond bib 
necklace designed for Wallis Simpson 
in 1947. During this period, Cartier’s 
jewelry became more voluminous 
and colorful. 

Cartier has always been known for 
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distinctive “Flora and Fauna’—inspired 
designs. Although the panther is one 
of its most popular motifs, snakes, 
birds, and even crocodiles are master- 
fully represented. Two of the most 
remarkable examples in the chapter 
are a pair of articulated yellow dia- 
mond, emerald, and enamel tiger 
motif ear clips sold to Barbara Hutton, 
and a realistic yellow diamond, ruby, 
and emerald double-crocodile neck- 
lace that was custom made for the 
Mexican actress Maria Felix. 

From the beginning, Cartier has 
drawn upon eclectic tastes to create 
noteworthy timepieces, ranging from 
early pocket watches to supremely 
elegant ladies’ wristwatches from the 
1930s. The most interesting pieces 
displayed in this section are Model A 
“Mystery Clocks” from 1912, so 
called because the platinum and dia- 
mond hands do not appear to be 
linked to any mechanical movement. 
Some objects shown in this section, 
such as a semispherical clock built 
around a Persian ceramic miniature, 
exemplify Cartier’s flair for reviving 
antiquities. 

One of this catalog’s main assets is 
the detail of its photos. Their defini- 
tion is so fine that the reader can 
almost count each diamond on a given 
jewelry piece, determine the type of 
setting, or estimate the size of a dia- 
mond’s culet. The photos, which vary 
in scale, are consistent in their defini- 
tion and carefully annotated with brief 
descriptions, measurements, and 
provenance whenever possible. 
Jewelry sketches have rarely been 
depicted with the precision displayed 
in this book. Like the photos, they are 
lighted from the upper left, the tradi- 
tional format in jewelry rendering. 

The superb quality of the collec- 
tion displayed at the Prague Castle 
makes this catalog a real must-have 
for jewelers, appraisers, and jewelry 
professionals who want to fully appre- 
ciate Cartier’s style from the early 
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Belle Epoque to the most contempo- 
rary creations. 

DELPHINE A. LEBLANC 

Hoboken, New Jersey 


Lapis Lazuli: In Pursuit of a 
Celestial Stone 


By Sarah Searight, 228 pp., softcover, 
illus., publ. by East and West Pub- 
lishing Ltd., London, 2010. US$42.00. 


This book chronicles a love affair 
between author Sarah Searight and 
lapis lazuli, sparked in childhood by a 
passage in a Robert Browning poem. 
Searight follows her passion for lapis 
from Central Asia’s remote moun- 
tains to global, multicultural renown. 

A journalist and historian, Sea- 
right has lived much of her life in 
Asia and the Middle East, the latter 
region the subject of her previous 
books. To appreciate the author’s 
obsession, the reader may need to dis- 
associate the recent troubles of this 
region from the starry-sky object of 
the author’s ardor. She terms it an 
eccentric pursuit, and that it is. 

The book is divided into two major 
parts. Searight begins in the East, 
recounting her travels to isolated 
mines where imperiled workers extract 
the brilliant blue rock from its moun- 
tainous sanctuary, thus beginning its 
long and difficult journey to market. 
An accompanying map helps readers 
follow the convoluted journey lapis 
takes from Badakhshan across the eth- 
nic tapestry of ancient Mesopotamia to 
modern-day Central Asian republics of 
Afghanistan, Tajikistan, Pakistan, Iran, 
and Iraq, and later to Siberia. 

Lapis may technically be a rock, 
but its magic is all gemstone. Its gold- 
en pyrite glimmer against a sea of deep 
blue lazurite was often interpreted as 
combining the power of the sun and 
heavens with the depth and vital force 
of the sea. Searight recounts the 
stone’s use in embroidery and adorn- 
ment, believed to impart good fortune 
and protection towards safe passage. 
Later on, in chapters that explore 
Western journeys taken by lapis, 
Searight describes its use as a pigment, 
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the magnificent ultramarine. Readers 
will be entertained by pages devoted to 
lapis-robed Madonnas in Renaissance 
painting and the gem’s use in multi- 
colored inlay as pietra dura. 

The book’s 168 mostly color plates 
portray relics, cave paintings, images 
from the author’s travels, and pieces 
from varied collections. These are 
interspersed with images of the barren 
regions where lapis has been mined 
for more than 6,000 years. A photo of 
the author, a lone woman in a Pesha- 
war lapis workshop, speaks volumes 
about Searight’s passion and an era of 
travel that may have closed to all but 
the most daring. The range of images 
paints a picture as telling as the text of 
a gem worthy of obsession, and one of 
historic and multicultural depth. 

While the author interweaves her 
travels and observations with serpen- 
tine backtracks through rulers and 
historical events with ease, the reader 
may find these meanderings and 
asides less than fluid. Despite its tan- 
gents, the book may fulfill the curios- 
ity of those seeking to understand the 
historical importance of lapis, and 
will reward patient lapis enthusiasts 
who share the author’s passion for 
this ancient and mysterious stone. 

MATILDE PARENTE 
Libertine 
Indian Wells, California 


Russian Alexandrites 


By Karl Schmetzer, with contribu- 
tions from George Bosshart, Marina 
Epelboym, Lore Kiefert, and Anna- 
Kathrin Malsy, 141 pp., illus., publ. 
by Schweizerbart Science Publishers, 
Stuttgart, Germany, 2010. US$49.90. 


Alexandrite, a gem variety of the min- 
eral chrysoberyl, is much sought after 
because of the distinct color change it 
exhibits between daylight and incan- 
descent light. The rarity of gem-quali- 
ty alexandrite leads many observers to 
consider it as important as diamond, 
ruby, sapphire, and emerald. It is also 
regarded as the national gemstone of 
Russia. In this fascinating and com- 
prehensive book, Dr. Karl Schmetzer 
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and contributors present an overview 
of alexandrite mining in Russia’s Ural 
Mountains, the naming and historical 
use of the gem, its characteristics, and 
its importance in the gem trade. 

The author points out that alexan- 
drite has been mined since about 1833 
and was named for young Alexander 
Nikolaevich (later Czar Alexander II, 
1855-1881). Here he reproduces the 
first scientific publication on the gem 
and traces the history of two extraor- 
dinary samples, the Leuchtenberg 
emerald druse and Kochubei’s druse. 

Chapter 5 reviews morphology 
and twinning. Dr. Schmetzer notes 
that most alexandrites occur as repeat- 
edly twinned crystals with pseudo- 
hexagonal dipyramidal habits. As is 
typical of the book, this chapter fea- 
tures beautiful diagrams and photos of 
real-world examples. 

The chapter on mineralogical and 
gemological properties includes 
lengthy sections on structural proper- 
ties (twinning and growth structures) 
and mineral and fluid inclusions in 
faceted stones. The majority of the 
mineral inclusions have been identi- 
fied by Raman spectroscopy as phlogo- 
pite, while fluorite and apatite crystals 
were identified in a few samples. The 
chapter concludes with a section on 
mineral assemblages, growth condi- 
tions, and growth sequences. As the 
author notes, various studies have 
shown that the main occurrences of 
alexandrite are within emerald-bearing 
ore bodies, also known as glimmerites, 
in which it is possible to deduce two 
stages of alexandrite crystallization. In 
the first stage, emerald and alexandrite 
formed within mica schist or a phlogo- 
pite-rich host rock. In the second stage, 
additional emerald and alexandrite 
crystallized, along with plagioclase. 

Subsequent chapters present cha- 
toyant alexandrite, growth patterns, 
colorimetric data, and trace-element 
chemical composition (as determined 
by LA-ICP-MS), and locality determi- 
nation. Chemical analyses show that 
alexandrite from Russia’s Tokovaya 
mines can be distinguished on the 
basis of its chromophores (V, Cr, Fe) 
and its B, Ga, Ge, Sn, and Ta contents. 
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The appendix contains eight 
tables of information on such topics 
as morphological properties of 
Russian alexandrites, characteristic 
angles observed in Sri Lankan materi- 
al from faces of the [001] zone, proper- 
ties of Czochralski-grown synthetic 
alexandrite, colorimetric parameters 
of alexandrite and chrysoberyl from 
the Urals, and trace-element and 
ultra-trace element contents of 
alexandrite and “green chrysoberyls” 
obtained by LA-ICP-MS. 

In general, the book is comprehen- 
sive and the writing and illustrations 
are clear and understandable. My 
complaints are few. The quality of 
some photos is less than ideal, and 
the tables would probably be better 
placed in the body text rather than in 
an appendix. Overall, though, this is a 
superb publication that belongs on 
the desk of anyone interested in 
alexandrite, emerald, chrysoberyl, and 
the history of Russian gem mining. 

LEE A. GROAT 
University of British Columbia 
Vancouver 


Sacred & Symbolic: Ancient India 
and the Lure of Its Diamonds 


By Hugh Durey, 190 pp., illus., publ. 
by the author, www.hughdurey.com, 
2010. US$79.00. 


This is not your usual glib coffee- 
table book, but an interesting account 
of Indian history as displayed in mon- 
uments, friezes, ornaments, and jew- 
elry. The author is a diamond explo- 
ration geologist who became fascinat- 
ed by the cultural images he saw 
while working in India. He traveled 
throughout the land to relate these 
images to what he had read about 
India’s history and merge them into a 
comprehensive account. 

The main text is a straightforward 
account of India’s cultural history, 
accompanied by a personal travelogue 
in the margin. The author portrays the 
complexities of ancient and medieval 
India by discussing how religion and 
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life were intricately linked with gem- 
stones, which were considered a medi- 
um between man and his gods. They 
were used to invoke deities and render 
harmony and well-being to the indi- 
vidual. In India, Hinduism, Buddhism, 
Jainism, Judaism, and Islam have all 
contributed to the story of diamonds. 
The narrative is very well illus- 
trated by pertinent photographs. The 
earliest description of a crystal known 
to be diamond dates from the begin- 
ning of the 4th century BCE, but the 
gem’s use as an ornamental or sacred 
object may reach as far back as 1,000 
BCE. There is also evidence of much 
earlier use as an abrasive or drilling 
tool. The last two chapters take us 
into more recent times, with descrip- 
tions of the only active diamond pipe 
mine (near Panna) and the Krishna 
River alluvial deposits, from which 
the famous “Golconda” diamonds 
were recovered. These include the 
Darya-i-Nur, Koh-i-Noor, Hope, 
Regent, Orlov, and Sancy diamonds. 
Modern India is the world’s most 
prolific nation in diamond cutting 
and polishing, employing up to one 
million people, as the link with dia- 
monds endures. This stimulating 
book is well worth the attention of 
gemologists, art lovers, and those 
interested in Indian cultural history. 
A.J. A. (BRAM) JANSE 
Archon Exploration 
Carine, Western Australia 


Understanding Rough 
Gemstones 


By Shyamala Fernandes and Gagan 
Choudhary, 213 pp., illus., publ. by 
the Indian Institute of Jewellery, 
Mumbai, 2010. US$25.00. 


Understanding Rough Gemstones 
deftly combines concepts from miner- 
alogy with gemology to show the read- 
er how to employ gemological skills, 
keen observation, and logical deduc- 
tion to identify rough. Authors Shya- 
mala Fernandes and Gagan Choudhary 
have filled a critical void by publishing 
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the first book to address the identifica- 
tion of rough gem materials. 

Their passion for the subject of 
rough and cut gemstones is conveyed 
throughout the entire work. Eight 
chapters cover the geographic location 
of gems, the various species, simu- 
lants, crystallography, physical and 
optical properties, synthetics, enhance- 
ments, and gemological properties. 
The volume ends with a delightfully 
accurate insight into the rough gem- 
stone trade, using actual examples. 
Numerous photos, diagrams, and 
charts reinforce these concepts. 
Unfortunately, most of the photos are 
thumbnail size, making it difficult to 
distinguish the crystal habits and 
details in the inclusion shots. This 
reviewer would also like to have seen 
more photos of typical inclusions for 
specific gem materials, since these 
features are often the only identifying 
characteristic when examining rough. 
The chapter titled “Ready Reference 
Tabulations” is full of useful and 
detailed data, ranging from chemical 
formulas and crystal systems to 
gemological properties and typical 
inclusions. It even includes a useful 
list of Hindi terms to consult when 
conversing with Indian rough traders 
or miners. 

Whether buying at the mine, in a 
dealer’s office, or at a trade show, 
understanding how to apply field 
knowledge is critical to any purchase 
of rough or cut gems. This work 
shows that many gemological con- 
cepts can be applied to the identifica- 
tion of rough material as well. To 
properly identify rough, however, it is 
essential to be able to combine gemo- 
logical properties with mineralogical 
knowledge. Therefore, a basic knowl- 
edge of gemology and mineralogy is 
highly recommended to get the most 
benefit from this book. Fernandes and 
Choudhary wonderfully combine the 
principles of both disciplines to help 
the reader navigate the challenging 
world of gem rough. 


EDWARD BOEHM 
RareSource 
Chattanooga, Tennessee 
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Semological Abstracts 


COLORED STONES AND 
ORGANIC MATERIALS 


Epochs of the formation of amber and its distribution in nature. 
A. V. Ivanova, S. A. Machulina, and L. B. Zaitseva 
[shekhun@igs-nas.org.ua], Lithology and Mineral 
Resources, Vol. 4, No. 1, 2012, pp. 18-22, http://dx.doi.org/ 
10.1134/S0024490212010051. 

In this study, the distribution of amber-type resins of various 

age (Paleozoic, Mesozoic, Paleogene-Neogene, and Quaternary) 

is mapped and their genesis is discussed. Comparing the com- 
position of amber from different epochs provides important 
genetic information. A kerogen evolution diagram shows 
atomic ratios of three key elements: carbon, hydrogen, and oxy- 
gen. Such diagrams are used to compare fossil resins from dif- 
ferent ages and refine their genesis and the postdiagenetic 
effects on them. Paleozoic and Meso-Cenozoic fossil resins 
occupy different areas in this diagram, suggesting a greater 
transformation of the older resins and different types of resin- 
producing vegetation in the Paleozoic and Meso-Cenozoic. The 
distribution of data points in the plot may provide insight into 
the postdiagenetic processes (magmatism and weathering) 
responsible for transforming some fossil resins. Epochs of 
intense succinosis and large-scale amber appearance are likely 
related to global events that fatally changed the stable environ- 
ment of the resin-generating forest vegetation. Geological rear- 
rangements and biospheric reconstructions affected climatic 
changes and atmospheric composition. GL 


Genesi delle agate (II parte) [The formation of agates (Part II)]. 
M. C. Venuti, Rivista Gemmologica Italiana, Vol. 6, 
No. 1, 2011, pp. 51-63 [in Italian]. 

In this lavishly illustrated article, the author describes the 

“plume” and “moss” structures of agates and the factors lead- 
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ing to their formation, including Earth’s gravity. Both 
plumes and moss are polymerized hydroxides of various 
metals (iron, manganese, and aluminum) and silica-form- 
ing stalactitic and dendritic structures. The metal contents 
derive from the surrounding rocks, which explains why 
plumes and moss do not occur in agates from rocks with 
very low metal content (e.g., sedimentary rocks). 

RT 


Molecular structure of the phosphate mineral brazilianite 
NaAl,(PO,),(OH), - A semiprecious jewel. R. L. 
Frost [rfrost@qut.edu.au] and Y. F. Xi, Journal of 
Molecular Structure, Vol. 1010, 2012, pp. 179-183, 
http://dx.doi.org/10.1016/j.molstruc.2011.12.003. 

Phosphate minerals are not often used for gem purposes— 

the two main exceptions being apatite and brazilianite. 

Infrared and Raman spectroscopy were used to investigate 

a brazilianite sample from the Doce Valley in Minas 

Gerais, Brazil. The authors correlated the features seen in 

both types of spectra with PO,*,, HOPO,*, and OH- 

stretching vibrations. The article includes a detailed inter- 
pretation of brazilianite’s spectra. JES 


Le point sur les perles de culture Premiére partie — Les per- 
les d’eau de mer [Status quo of cultured pearls. Part 1 
— Saltwater pearls]. E. Strack, Revue de Gemmologie 
a.f.g., No. 176, June 2011, pp. 5—9 [in French]. 

China produces about 1,500 tonnes of freshwater cultured 

pearls per year, totaling some $150 million. By compari- 

son, no more than 40 tonnes of saltwater products are cul- 

tivated annually, yet they have an annual value of $325 

million. 

Since the 1996 crisis when hundreds of millions of 
Japanese akoya mollusks died, saltwater cultured pearl 
production has been slow to recover. (Compared to >60 
tonnes in 1995, 12 tonnes were produced in 2009.) Larger, 
high-quality cultured pearls have replaced small and low- 
quality production. New are larger gray cultured pearls 
(resembling baroque Tahitian material) and color treat- 
ments (pink, blue, lavender, and green) produced by color 
injection into the mollusks. Today akoya cultured pearls 
are also farmed in China (since 1992, about 20-25 tonnes) 
and marketed mainly in Japan. In Vietnam, akoya culture 
was introduced by Japanese farmers. In 2010, some 20 
farms harvested about 1.5 tonnes. In 2009 “blue” (bluish 
gray) cultured pearls from Vietnam appeared in the mar- 
ket. Also fairly new are “Galatea Pearls” that use gem 
materials such as amethyst, citrine, and turquoise as 
nuclei and then are engraved or carved to partially expose 
the bead. 

The author also describes the farming of Tahitian cul- 
tured pearls in French Polynesia, including a brief histori- 
cal summary. In 2000, color-treated Tahitian “chocolate 
pearls” entered the market. Finally, the author describes 
the pearling industries of the Cook Islands and Fiji. Both 
are still on a relatively small scale but take care to pro- 
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duce relatively large cultured pearls of good quality. The 
article does not detail other important producers, such as 
Australia, the Philippines, or Myanmar. RT 


DIAMONDS 


An analysis of vacancy clusters and sp? bonding in natural 
type Ila diamond using aberration corrected STEM 
and EELS. I. S. Godfrey [iain.godfrey@postgrad. 
manchester.ac.uk] and U. Bangert, Journal of 
Physics: Conference Series, Vol. 281, 2011, article 
012024, http://dx.doi.org/10.1088/1742-6596/281/1/ 
012024. 

The link between brown color and vacancy structures in 

type Ila diamond was investigated by scanning transmis- 

sion electron microscopy (STEM) and electron energy loss 
spectroscopy (EELS). Two STEM imaging modes revealed 
discrete patches of stronger phase contrast, on the order of 

1 nm in size, that resemble simulated images of vacancy 

clusters. Core-loss EELS showed a double pre-edge peak at 

286 eV for brown diamond, which is absent from the spec- 

tra of colorless and treated diamonds that are annealed at 

2500°C. The authors (and others) attribute this feature to 
sp” states associated with the x-bonded lining of the vacan- 
cy clusters. They further suggest that during heat treat- 
ment, the spherical vacancy cluster grows by the uptake of 
mobile vacancies, until reaching a critical size where the 
structure collapses and forms a dislocation loop that is 
optically inactive and does not produce brown coloration. 

A second pre-edge peak at 284 eV is thought to originate 

from electronic states at dislocations in both brown and 

colorless diamonds. In the latter, it is assumed that these 
optically active dislocations do not occur in sufficient con- 
centrations to cause brown color. JES 


Boron in natural type Ib blue diamonds: Chemical and 
spectroscopic measurements. E. Gaillou [asteriee@ 
yahoo.fr], J. E. Post, D. Rost, and J. E. Butler, 
American Mineralogist, Vol. 97, No. 1, 2012, pp. 
1-18. 

Boron is a rare trace element in natural diamond, and even 
when present it occurs in very low concentrations. It gives 
rise to a blue or blue-gray color, and the rarity of such 
boron-bearing diamonds suggests that they may provide 
unique insights into processes occurring in the mantle 
where diamonds form. 

This study was undertaken to better understand the 
concentration and distribution of boron in a large group of 
78 natural type IIb gem diamonds (including several 
famous specimens such as the Hope, the Blue Heart, and 
the Cullinan Blue). One sample had been HPHT-treated 
to remove its gray color component. Infrared spectroscopy 
revealed uncompensated B contents ranging up to 1.72 
ppm. Results of spot analyses of eight diamonds by sec- 
ondary-ion mass spectrometry (SIMS) revealed inhomoge- 
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neous total boron concentrations. In the Hope diamond, 
for example, the concentrations ranged from 0.19 to 8.4 
ppm (the latter is a much higher value than previously 
reported). Boron caused the samples to exhibit phospho- 
rescence—mostly a blue-green color that lasted for a few 
seconds, and in rare cases a strong and persistent red. 
These phosphorescence colors result from emission peaks 
at about 500 and 660 nm. Surprisingly, the intensity of 
the blue color only loosely correlated with the uncompen- 
sated boron content. The exact nature of the phosphores- 
cence process is still not fully understood. JES 


A comparison of modern diamond classifications. M. A. 
Viktorov [viktorov@geol.msu.ru], Moscow University 
Geology Bulletin, Vol. 66, No. 5, 2011, pp. 373-376, 
http://dx.doi.org/10.3103/S01458752.11050103. 

The author assesses current diamond classification sys- 

tems and considers some potential improvements. He 

argues that much has been learned about diamonds since 

those classifications were implemented, and users of a 

new or updated classification system would benefit from 

enhanced productivity and more complete information. 

The author reviews both scientific and technological 
classification methods, including those developed by R. D. 
Robertson et al., Yu. L. Orlov, and Z. V. Bartoshinsky, as 
well as techniques established by mining companies based 
on size, form, distortion, surface features, defects, and 
color. The study identifies key diamond classification 
aspects of these methods, including genetic origin, geologi- 
cal structural significance, and utility for mining. 

The underlying commonalities of the existing diamond 
classification systems are characterized as unable to unique- 
ly classify items, assign a new item into an existing group, 
or meet the underlying goal of classification. Potential 
improvements would resolve the evaluation items by: mod- 
ifying classification borders; adding, subtracting, or changing 
groups; modifying levels of classification to accommodate 
new types; incorporating new measurement methods; and 
revising classification objectives and goals. 

The deficiencies and adequacies of each reviewed 
method are presented, along with the author’s suggestions 
for modifications. Ultimately, the author argues, a classi- 
fication system needs to readily classify all potential sam- 
ples in a meaningful way to the user. JS-S 


Placer diamond potential of the Siberian craton: Possible 
sources and ages. V. P. Afanasiev [avp-dismond@ 
mail.ru], N. P. Pokhilenko, and S. S. Lobanov, Geology 
of Ore Deposits, Vol. 53, No. 6, 2011, pp. 474-477, 
http://dx.doi.org/10.1134/S1075701511060031. 

Placer diamond occurrences are widespread throughout 

Russia’s Siberian craton, but only those in the northeast- 

erm portion are commercially viable. No primary sources 

for these alluvial deposits have been discovered so far. 

Diamond placers found at several levels in the stratigraph- 

ic record correspond to the Paleozoic, Mesozoic, and 


S6 GEMOLOGICAL ABSTRACTS 


Cenozoic eras. Among the more than 1,000 known kim- 
berlite pipes in this region, only those of Middle Paleozoic 
age have economic diamond potential. These pipes cannot 
account for all of the alluvial diamonds, which have vary- 
ing crystal habits suggestive of different source rocks and 
geologic ages. The authors propose that the alluvial dia- 
monds fall into two categories. The first, which occurs in 
sediments of Famennian age (374.5 + 2.6 million years 
ago}, resulted from erosion of the Middle Paleozoic kim- 
berlite pipes. The second group consists of placers that 
host a more heterogeneous mixture of diamonds. They are 
found in sediments of Carnian age (228 + 2 million years 
ago) and are of uncertain origin, but they appear to result 
from erosion of much earlier (Precambrian) unknown pri- 
mary deposits and the repeated weathering and redeposi- 
tion of the diamonds into younger sediments. JES 


Plastic deformation of natural diamonds by twinning: 
Evidence from X-ray diffraction studies. S. V. 
Titkov [titkov@igem.ru], S. V. Krivovichev, and N. 
I. Organova, Mineralogical Magazine, Vol. 76, No. 
1, 2012, pp. 143-149, http://dx.doi.org/10.1180/ 
minmag.2012.076.1.143. 

Indexing of a single-crystal X-ray diffraction pattern 

obtained for a pink-purple diamond crystal from the 

Internationalaya kimberlite pipe in Siberia revealed a 

primitive hexagonal unit cell. This hexagonal diffraction 

pattern was found to result from the superposition of two 
cubic diffraction patterns due to spinel-law twinning along 

(111). This result supports previous work that suggests 

that the rare pink-purple coloration in natural diamonds 

(which occurs along thin, parallel lamellae) is caused by 

microtwinning formed by plastic deformation. 

Most natural diamonds that undergo plastic deforma- 
tion do so by dislocation slipping. The authors suggest that 
the formation of mechanical microtwins in diamond 
would only take place under very specific deformation 
conditions such as relatively low temperatures and high 
strain rates. Deformation in diamond occurs during the 
destruction of deep-seated host rocks and during the rapid 
upward transport by kimberlite or lamproite magmas. 
Most plastic deformation in diamond is thought to occur 
at temperatures above 1300°C by dislocation slipping. 
Some undergo deformation at much lower temperatures, 
which the authors suggest would be more consistent with 
the late stages of diamond transportation in magmas. The 
formation of microtwins may also have been promoted by 
the shock impact some diamonds experienced in the 
earth. JES 


Trace element analysis of rough diamond by LA-ICP-MS: 
A case of source discrimination? C. Dalpé [claude. 
dalpe@rcmp-grc.gc.ca], P. Hudon, D. J. Ballantyne, 
D. Williams, and D. Marcotte, Journal of Forensic 
Sciences, 2010, Vol. 55, No. 6, pp. 1443-1456, 
http://dx.doi.org/10.1111/j.1556-4029.2010.01509.x. 
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Physical and optical characteristics such as morphology, 
geometric defects, absorption/color, luminescence, etc., 
have been used in the past to describe diamond popula- 
tions from different sources. These assessments relied on 
years of experience and studies of diamonds from many 
sources. The expertise remained subjective, and was not 
easy to transfer or validate by others, and difficult to assess 
in a court of law. 

Laser ablation-inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) has recently been applied to finger- 
printing diamond source based on trace-element impuri- 
ties. These impurities occur as either inclusions or as for- 
eign atoms substituted into the crystal lattice. This study 
presents an LA-ICP-MS methodology for analyzing ultra- 
trace element impurities in rough diamonds. Samples 
from two sources (Canada and South Africa) were ana- 
lyzed by LA-ICP-MS, and two different statistical metho- 
dologies were applied to the data to evaluate the tech- 
nique’s potential to discriminate between the localities. 
Overall, binomial logistic regression produced a more 
accurate classification than linear discriminant analysis. 
The results suggest that using a matrix-match reference 
material would improve the robustness of the methodolo- 
gy for forensic applications. GL 
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Alexandrites from the Novello alexandrite-emerald 
deposit, Masvingo District, Zimbabwe. K. Schmet- 
zer, S. Stocklmayer, V. Stocklmayer, and A.-K. 
Malsy, Australian Gemmologist, Vol. 24, No. 6, 
2011, pp. 133-147. 
The authors describe the mineralogical and gemological 
properties of alexandrite from the only known alexandrite- 
emerald deposit in Zimbabwe: the Novello claims, located 
in the southern part of the country. Alexandrite is hosted 
by phlogopite lenses within massive serpentinite some 
distance from small pegmatitic intrusions (whereas the 
emerald is found closer to the pegmatites). Regional and 
countrywide geologic maps are presented to place the 
Novello deposit in a larger context. Although Novello 
yields little facetable material because of abundant inclu- 
sions and fracturing, it produces excellent collectors’ speci- 
mens. It has also generated considerable interest in part 
because of the gems’ rarity and certain similarities to those 
of the famous deposits in Russia’s Ural Mountains. 

The morphology of Novello alexandrite (single crys- 
tals and contact/cyclic twins) is compared to Russian 
samples with the aid of abundant photos and drawings. 
Cyclic twins (trillings) are most common, with single 
crystals and contact twins being rare. In addition to a 
detailed discussion of the genesis of alexandrite and emer- 
ald, the authors explore how specific chemical properties, 
phlogopite inclusions, and internal growth structures 
associated with intense color zoning characterize both 
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rough material and the few small faceted alexandrites 
from Novello. Such strong color zoning is rare in Uralian 
material. 

The color change in the Novello samples is compara- 
ble to that of Russian samples, showing a “good” change 
from green or bluish green to purple or purplish red. 
Gemological properties, particularly RI and SG, show 
some variations (birefringence = 0.008-0.011 and SG = 
3.65-3.77). Differences in optical properties are explained 
by trace-element chemistry, especially the relatively high 
Fe and Cr values. By contrast, few Russian alexandrites 
show Fe values in the upper range of those from Novello. 
Most of the Novello rough examined, especially larger 
nontransparent specimens, were extremely dark green to 
almost black in daylight; this was due to their high Fe and 
Cr contents. 

Russian alexandrite, collected over a considerably larg- 
er area and from numerous deposits from both surface and 
underground mining, shows a wider range of gemological 
and mineralogical features. Novello samples come from a 
restricted area and show less variation. ERB 


Beryl from deposits of the Ural emerald belt, Russia: ICP- 
MS-LA and infrared spectroscopy study. A. S. Bidny 
[alexei.bidny@gmail.com], I. A. Baksheev, M. P. 
Popov, and M. O. Anosova, Moscow University 
Geology Bulletin, Vol. 66, No. 2, 2011, pp. 108-115. 

The highest-quality Russian emeralds are located in the 

Ural Emerald Belt (UEB). Beryl of various colors is hosted 

in mafic and ultramafic “glimmerite” (mica schist), which 

formed along the contact zone of the Murzinka, Adui, and 

Kamenka granite plutons of the Late Paleozoic. Nineteen 

beryl crystals (green, light blue, and white) from seven 

deposits in the UEB were examined in this study. 

Trace-element contents of the beryls obtained by LA- 
ICP-MS showed weak correlation among deposits—espe- 
cially those from Glinka, which contained approximately 
1000 ppm Cs, 100 ppm Na, and 10 ppm Mg. Beryls from 
the Mariinsky (Malysheva) deposit showed a nearly con- 
stant Na/Li value with variable Li/Cs, while samples 
from other localities gave the opposite relationship. In the 
Sretenjensky deposit, beryls that formed in plagioclase 
veins were relatively Na-rich and Li-poor. At Mariinsky, 
the Cs content was high in samples obtained from plagio- 
clase veins, while Mg/Fe was low in beryls from quartz 
veins. 

The intensity of IR bands related to type I and type II 
water (at 3698 and 3596 cm~!, respectively) varied among 
samples from different mines. These differences were also 
observed among various generations of beryl within indi- 
vidual mines (e.g., in the Mariinsky, Sretenjensky, and 
Kvartal’nyi deposits). 

One white prismatic sample from Mariinsky under- 
went thermal and FTIR analysis to better understand the 
nature of the water molecules. At 700°C, water molecules 
started to move out of structural channels, showing that 
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type I molecules were released faster than type II. All 
water molecules were depleted at 1000°C. This helped 
lower the energy of vibrations in the Si-framework, result- 
ing in a band shift from 1151 to 1136 cm". KSM 


Cause chimiche delle variazioni di colore degli zaffiri di 
Rathnapura (Sri Lanka) [Chemical causes of color 
variations in the sapphires from Ratnapura, Sri 
Lanka]. F. M. Oltean, A. Gorghinioan, A. Marcelli, 
A. Exposito, and A. Mottana, Rivista Gemmologica 
Italiana, Vol. 6, No. 1, 2011, pp. 31-42 [in Italian]. 

The authors present a detailed investigation into the color 

causes of 13 violetish blue to blue to greenish blue sap- 

phires from Ratnapura. After a visual classification into 
different groups, micro—X-ray fluorescence analysis was 
used to determine the color-causing trace element con- 
tents and their distribution. These data were then pro- 
cessed by multivariate and cluster analysis. As a result, 
correlations between the trace-element ratios and the dif- 
ferent color groups were established. There remained, 
however, “a notable degree of indetermination,” so further 
research is required. RT 


Gem-quality Turkish purple jade: Geological and mineralog- 
ical characteristics. M. Hatipoglu [murat.hatipoglu@ 
deu.edu.tr], Y. Basevirgen, and S. C. Chamberlain, 
Journal of African Earth Sciences, Vol. 63, 2012, pp. 
48-61. 

The authors propose that a light purple gem material (con- 

sisting of 40% jadeite) is unique to the Harmancik-Bursa 

region of western Turkey and provide analytical parame- 
ters to aid in its identification. The material, referred to as 

Turkish or Anatolian purple jade by the gem trade, origi- 

nates near Akpinar village from a contact metamorphic 

mineral assemblage between granodiorite and blueschist- 
facies metaclastics. The resource may be immense, 

though current (illegal) production is estimated at only 10 

tonnes per year. X-ray diffraction of the material identified 

quartz, orthoclase, epidote, “chloritoid,” and phlogopite in 
addition to jadeite. Micro-Raman spectroscopy showed the 

most intense peaks, in descending order, at 697, 372, 201, 

1038, and 984 cm~!, for which the authors provide addi- 

tional detailed commentary. Mn** ions were suggested as 

the cause of color, though relatively high concentrations of 
other transition metals (notably Fe, Zn, and Ni from 

EDXRF data) were also noted. Further, the specific gravity 

measured significantly lower (3.04) than the normal range 

for jadeite (3.24-3.43). KAM 


The ‘hill of the precious stones’, Rattanak Kiri, Cambodia. 
F. Payette [francinepayette@netscape.net] and G. 
Pearson, Australian Gemmologist, Vol. 24, No. 6, 
2011, pp. 148-153. 

Cambodia’s northeastern province of Rattanak Kiri (also 

Ratanakiri or Rattanakiri, translated as “hill of the pre- 

cious stones”) is well known for its blue, brown, and color- 
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less zircon. But it also produces amethyst, chalcedony, and 
tektites (“Indochinites”). However, the peridot offered in 
the markets of Rattanak Kiri’s capital reportedly comes 
from nearby Mondul Kiri, to the south. This article 
describes the region’s geology and geography, the local 
gem trade, and the results of an examination of locally 
purchased zircon, amethyst, and peridot specimens, both 
rough and faceted. 

Samples of rough zircon were subjected to heat treat- 
ment experiments. Brown to brownish red zircon treated 
under oxidizing conditions, followed by heating under 
reducing conditions, produced an intense blue color as 
well as interesting absorption features, such as an emer- 
gent 654 nm absorption line. It remains uncertain 
whether this heat-instigated absorption was necessarily 
associated with the reducing conditions of heat treatment 
that resulted in the blue coloration. 

The Cambodian amethyst is associated with granitic 
massifs, and can attain large size with good purple color. 
For the most part, the faceted amethyst offered in local 
markets is loupe clean or very slightly included. 

The article contains photos of local gem mining and 
trading, as well as rough and faceted samples. ERB 


Micro-Raman spectroscopy of gem-quality chrysoprase 
from the Biga-Canakkale region of Turkey. M. 
Hatipoglu [murat.hatipoglu@deu.edu.tr], U. Oren, 
and Y. Kibici, Journal of African Earth Sciences, Vol. 
61, 2011, pp. 273-285, http://dx.doi.org/10.1016/ 
j.jafrearsci.2011.08.002. 

The authors characterize chrysoprase from the Biga- 

Canakkale deposit in Turkey using several destructive and 

nondestructive analytical techniques. Raman spectroscopy 

allowed the separation of a chalcedonic-quartz silica phase 
from a crystalline-quartz silica phase in the chrysoprase 
matrix and in associated green-stained quartz inclusions. 

A total of 14 Raman bands were recorded. Five of these 

bands, at ~498, 460, 206, 139, and 126 cm~!, were distinc- 

tive and could be related to the silica-building phases and 
trace elements present. Opaline silica-building phases 

(opal-CT and opal-C) were not detected in the chrysoprase; 

the dominant chalcedonic-quartz silica interval phase 

(moganite) indicates a higher formation temperature. This 

structural feature also distinguishes Biga-Canakkale 

chrysoprase from the material found in Poland, Kazakh- 
stan, Australia, Brazil, and Tanzania. The green color of 
chrysoprase is due to Ni ions; Fe and Cr ions modify the 

Turkish material’s color by adding a brownish hue. 

GL 


New ruby discovery in Zimbabwe. F. Marsh and F. 
Mugumbate, InColor, No. 18, 2011, pp. 60-67. 
Several new ruby occurrences have been found by artisanal 
miners in a region near Nyamapanda in northeastern 
Zimbabwe, near the border with Mozambique. At these 
locations, cabochon-quality ruby occurs as crystals and 
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The Upal Industry in Australia 


Condensed by 
KAY SWINDLER 


Gemological Institute of America 


EDITOR’S NOTE: Facts and figures 
presented in this article are based upon 
a bulletin released by the Australian Bu- 
reau of Mineral Resources, Geology, and 
cr, and prepared by I. C. H. 
Kroll. 


OR THE PAST sixty years Australia has 

held its place as the most prolific pro- 

ducer of opal in the world. Today, five fields 
are producing opal. 

In the last few years there has been a 
marked revival of interest in opals, with 
1946 value of production the highest re- 
corded in forty years. Some of this is cred- 
ited to the interest of American service men 
stationed in Australia during the war years, 
but perhaps the greatest factor affecting the 
increase in opal sales is that an important 
new field was discovered at Coober Pedy in 
South Australia in that same year. There 
has been a marked decline since 1946 and 
it is believed little improvement can be 
expected in output—and that further decline 
may continue — unless another accidental 
discovery of a new field is made. 


HISTORICAL BACKGROUND OF 
INDUSTRY 

Earliest discovery of precious opal was 
reported by a German geologist named 
Mingaye (or Menge) who claimed he 
found the minetal near Angaston, slightly 
northwest of Adelaide, in South Australia. 
Little credence was given to this report. 
However, many years later, at a meeting of 
the Australian Institute of Mining Engi- 
neers, a member presented a paper in which 
he stated that, in 1849, he had personally 
seen the site where Mingaye found opal. 
Since specimens from this region — sent to 
the London Mining Exhibition in 1890 — 


proved to be opal, it is possible that pre- 
cious opal was discovered in Australia 
before 1849, and that Mingaye’s report was 
correct. 

The first recorded discovery of precious 
opal was made in 1872 at two localities in 
Queensland. One was at Listowel Downs, 
northeast of Adavale, and the other at 
Springsure. There are, however, no records 
of any commercial production of the gem 
prior to 1890. The Listowel Downs discov- 
ery was the forerunner of many others in 
Queensland over a region approximately 
250 miles wide and 550 miles long. This 
extended from Hungerford in the south of 
the state, to Kynuna in the north. The only 
active mine in the state of Queensland 
today is the Hayricks Mine near Quilpie 
which has a comparatively negligible out- 
put. 

Some time prior to 1877 opal was dis- 
covered in New South Wales to the south. 
The most significant finds in this state were 
made in the 1880s at Lightning Ridge and 
White Cliffs, both in the northern part of 
the state. Commercial production at Light- 
ning Ridge started about 1905. The Grawin 
portion of the field, about twenty miles 
southwest, was opened in 1926. Both the 
Lightning Ridge and White Cliffs fields 
have produced opal continuously since their 
discovery—the White Cliffs region being the 
oldest of the recognized fields in Australia 
at this time. 

Another important discovery was made 
in 1915 when opal was found at Stuart’s 
Range in northern South Australia. The 
district’s present name of Coober Pedy is 
the aboriginal word meaning “white man 
in a hole.” This name is applied from the 
practice of miners to live in dugouts. This 
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fragments in alluvial gravels. The geology of this area, 
which is part of the Pan-African orogenic belt, is complex 
and not fully elucidated, but both igneous and metamor- 
phic rocks are exposed in the region. The ruby material 
has not yet been studied to document its gemological 
properties, but its coloration varies from pinkish/purplish 
red to dark red. Recovery of the material by local miners 
has been done on a sporadic and limited scale. JES 


The origin of black colouration in onyx agate from Mali. J. 
G6tze [goetze@mineral.tu-freiberg.de], L. Nasdala, 
U. Kempe, E. Libowitzky, A. Rericha, and T. 
Vennemann, Mineralogical Magazine, Vol. 76, No. 
1, 2012, pp. 115-127, http://dx.doi.org/10.1180/min- 
mag.2012.076.1.115. 
Onyx agate with superb black and white color contrast is 
found in the Gao region of eastern Mali. The continuous 
black color banding of these specimens demonstrates that 
it is not the result of staining. Analysis by several tech- 
niques revealed that the black coloration is produced by 
disseminated carbonaceous material in the form of 
nanometer-sized disordered graphite crystallites concen- 
trated along bands in the silica matrix. These crystallites 
strongly absorb the incident light to produce the blacken- 
ing effect, differences in crystallite concentration produce 
variations in color intensity. 

The graphite contains some hydrogen, which suggests 
the possibility of a hydrocarbon precursor. The agate 
appears to have formed in an environment rich in organic 
matter. Graphite formation could be the result of 
hydrothermal or metamorphic alteration of methane or 
kerogen under various pressure-temperature conditions. 

JES 


Sequential opening and filling of cavities forming vesicles, 
amygdales and giant amethyst geodes in lavas from 
the southern Parana volcanic province, Brazil and 
Uruguay. L. A. Hartmann [leo.hartmann@ufrgs.br], 
L. da Cunha Duarte, H.-J. Massonne, C. Michelin, L. 
M. Rosenstengel, M. Bergmann, T. Theye, J. Pertille, 
K. R. Arena, S. K. Duarte, V. M. Pinto, E. G. Barboza, 
M. L. C. C. Rosa, and W. Wildner, International 
Geology Review, Vol. 54, No. 1, 2012, pp. 1-14, 
http://dx.doi.org/10.1080/00206814.2010.496253. 

The impressive amethyst geode deposits hosted by the 

Serra Group volcanics in the Parana Basin of Brazil and 

Uruguay have a complex path of formation. This six-year, 

multi-disciplinary study focused on geologic field observa- 

tions combined with XRD, SEM, and electron microprobe 
analysis of hydrothermal minerals within the volcanics 

(basalts and rhyodacites), leading to a proposed genesis of 

the deposits. 

Within the Parana Basin, aeolian sands of the Botuc- 
atu Formation were buried by multiple lava flows 133 
million years ago. On the edges of the basin, meteoric 
waters percolated into the Botucatu Formation, creating a 
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sizeable aquifer that was heated by waning magmatic 
activity (producing hydrothermal fluids). Pressure from 
the overlying column of volcanic rock helped force this 
silica-rich fluid upward during three key hydrothermal 
events (H1-H3). High-temperature (1150°C) degassing of 
the lavas created initial vesicles (small cavities) within 
the upper and lower crusts of the basaltic flows. During 
the H1 event, low-temperature (30-150°C) hydrothermal 
deposition of mainly clays and zeolites then began to fill 
many of these vesicles, effectively “sealing” the porosity 
within the volcanics. Then, in the H2 event, an overpres- 
sured stockwork of fluidized sand (from the Botucatu 
Formation) was injected into the volcanics, creating more 
cavities but sealing most of them; these sediments would 
become a major silica source for the final hydrothermal 
event. Finally, another overpressured pore fluid event (H3) 
caused intense clay alteration of the volcanics. The 
ascending water vapor exploded as it depressurized, lifting 
the upper levels of the volcanics. This process included a 
new phase of cavity creation, some of them very large (up 
to 4 m). Precipitation of remobilized silica (as amethyst) 
as well as calcite, gypsum, and native copper partially 
filled many of these cavities as geodes. Subsequent weath- 
ering produced iron-rich soil anomalies above the geode 
deposits (supergene alteration of the volcanics), which aid 
in prospecting. KAM 


INSTRUMENTS AND TECHNIQUES 


Measurement and interpretation of growth patterns in 
chrysoberyl, including alexandrite. K. Schmetzer 
[schmetzerkarl@hotmail.com], Journal of Gemmo- 
logy, Vol. 32, No. 5/8, 2011, pp. 129-144. 

Information about the external morphology of a gem-quali- 

ty crystal can sometimes be revealed by the pattern of 

growth planes, growth zones, and twin planes observed 
inside a gemstone cut from that crystal. In this article, the 
author presents a detailed analysis of these internal growth 
features, which involves the accurate measurement of 
interfacial angles between growth planes. The necessary 
tools for this technique include an immersion microscope 
equipped with a special holder allowing the gem sample to 
be rotated around several axes, and an eyepiece with 
crosshairs and an attached 360° dial used for interfacial 
angle measurements. An example of applying the proce- 
dure to optically biaxial crystals is demonstrated by an 
analysis of alexandrites (including twinned crystals) from 

Russia, Sri Lanka, and Brazil. Alexandrite’s strong pleochro- 

ism is a useful indicator for finding the positions of the 

crystallographic axes. The optic axes can be located using 
interference figures seen with crossed polarizing filters. 

Untwinned and twinned crystals of alexandrite from each 

of the three geographic sources displayed characteristic 

growth morphologies. This article demonstrates how the 
observation of internal growth patterns and the measure- 
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ment of interfacial angles between pairs of growth planes 
can, when used in conjunction with the sample’s other 
gemological properties, provide valuable information on 
alexandrite’s country of origin. JES 


Powder diffraction analysis of gemstone inclusions. L. 
Leon-Reina, J. M. Compana, A. G. de la Torre, R. 
Moreno, L. E. Ochando, M. A. G. Aranda [g_aranda@ 
uma.es], Powder Diffraction, Vol. 26, No. 1, 2011, pp. 
48-52, http://dx.doi.org/10.1154/1.3552672. 

The microscope is the most important tool for characteriz- 

ing inclusions, but proper identification of these features 

sometimes requires other methods. Powder X-ray diffrac- 
tion using Cu-Ka radiation is widely used to characterize 
polycrystalline gem materials. Cu radiation is also effec- 
tive in characterizing surface-exposed inclusions. In this 
study, powder X-ray diffraction using Mo radiation is 
reported to deeply penetrate within bulk gem materials, 
without damaging them. Possible improvements for inclu- 
sion analysis are discussed. GL 


Una tecnica per fotografare le inclusioni nelle gemme [A 
method for the photography of inclusions in gem- 
stones]. M. Panto, Rivista Gemmologica Italiana, 
Vol. 6, No. 1, 2011, pp. 43-49 [in Italian]. 

The author discusses the combination of a webcam with a 

gemological microscope (in this case a model AMSCOPE 

T490-5MT) for photomicrography. He demonstrates the 

usefulness of this technique with photomicrographs in 

transmitted light of various samples of quartz containing 
inclusions of marcasite, blue fluorite, clinochlore, cacox- 
enite, diopside, and amphibole. RT 


SYNTHETICS AND SIMULANTS 


Diamant synthétique HPHT traité rose [Pink HPHT- 
treated synthetic diamonds]. J.-M. Arlabosse, Revue 
de Gemmologie a.f.g., No. 176, 2011, pp. 13-17 [in 
French]. 

Natural type Ib diamonds can be colored pink by laborato- 

ry irradiation and annealing. As these diamonds are rare in 

nature, more and more HPHT-grown type Ib synthetic dia- 
monds are being subjected to color treatment. The author 
uses a 0.10 ct pink brilliant by Chatham Created Gems to 
describe in detail how characteristics such as metallic 
inclusions, color zoning, and luminescence can be applied 
to the identification of such treated synthetics by standard 
gemological tests. 

Abstracter’s note: For the luminescence test, the 
author also uses the laser pointer technique described in 
the following abstract. RT 


Identifizierungshilfe zur Unterscheidung zwischen natiir- 


lichen und synthetischen (HPHT) gelben, gelb- 
braunen und rotlich-braunen Diamanten [Identi- 
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fication aid for distinguishing natural and synthetic 
(HPHT) yellow, yellow-brown and reddish-brown 
diamonds]. M. Seubert, Gemmologie: Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 60, 
No. 1-2, 2011, pp. 53-55 [in German]. 
The author describes how a blue-violet laser pointer (405 
nm wavelength, 1 mW) can be used to identify yellow to 
yellow-brown and reddish brown HPHT-grown synthetic 
diamonds. The laser beam causes green luminescence 
which reveals diagnostic growth patterns (cross-like or 
square, illustrated by several photos) that do not occur in 
natural diamonds. 

The laser pointer is a practical but preliminary field 
testing instrument; its results should be verified by fur- 
ther laboratory testing. The author cautions that the 
user’s eyes must always be protected from the direct laser 
beam. RT 


TREATMENTS 


Comparative study of different types of filled rubies. L. 
Jianjun [geoli@vip.sina.com], H. Wangjiao, S. Yuan, 
L. Han, C. Youfa, L. Huafeng, L. Ying, F. Chengxing, 
and Y. Hong, Australian Gemmologist, Vol. 24, No. 
5, 2011, pp. 106-115. 
Natural, untreated rubies are compared to three types of 
filled rubies: samples with glassy residues produced by 
heat treatment, those treated at high temperature with 
glass fillers, and rubies treated at low temperature with 
high-RI lead glass. The latter two methods are used to fill 
large surface-reaching fractures and cavities. 

Color, UV fluorescence, and microscopic characteris- 
tics of both surface and internal features for all four 
groups are described. The results show that it is impossi- 
ble to differentiate among them based on their color or 
reaction to UV radiation. However, diagnostic features 
include: internal flow structures in filled fractures and 
healed “fingerprint” inclusions; the external appearance 
(in luster and arrangement) observed with reflected light 
of surface-reaching fingerprints and fractures in both 
filled and unfilled stones; the presence of a blue flash 
effect, indicating a filler; and the intactness of needle 
inclusions following low-temperature heat treatment 
using high-RI lead glass. Useful color photomicrographs 
illustrate the subtleties of surface and internal features 
(in reflected and transmitted light, respectively) for the 
three types of filled rubies. The authors conclude that 
these microscopic observations, complemented by 
micro-infrared spectroscopy and qualitative EDXRF 
chemical analysis, allow an experienced gemologist to 
identify these treatments. The authors offer a protocol 
for the ethical and professional disclosure of such treat- 
ments based on their intent (i.e., color-enhancing vs. 
intentional filling of surface-reaching fractures). 

ERB 
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Neue kiinstlich geritzte Sternsteine und ihre natiirlichen 
Gegenstiicke [New artificially scratched star stones 
and their natural counterparts]. M. P. Steinbach, 
Gemmologie: Zeitschrift der Deutschen Gemmolo- 
gischen Gesellschaft, Vol. 60, No. 1-2, 2011, pp. 
25-36 [in German]. 

About 10 years ago, some gems—namely garnet, 

chrysoberyl, rutile, sinhalite, cassiterite, scheelite/ 

samarskite, tourmaline (schorl), and sphalerite—appeared 
on the market with stars caused by surface scratching. The 
parallel scratches are produced with a relatively coarse- 
grained grinding wheel. This article describes some new 
examples of stones with this type of artificial asterism: 
pyrite, iolite, green garnet, Cr-diopside, green tourmaline, 
and sapphire. The article also lists some easily verifiable 
characteristics to identify these products. All phenomena 
are illustrated by photographs. RT 


MISCELLANEOUS 


Diamonds: A good deal for Zimbabwe? Global Witness, 
February 2012, 22 pp., www.globalwitness.org/ 
library/diamonds-good-deal-zimbabwe. 

Released on Valentine’s Day 2012 by Global Witness, a 
London-based NGO, this report investigates two of the 
main mining companies active in Zimbabwe’s controver- 
sial Marange diamond field. Unraveling the complex, 
opaque corporate structures of both Anjin Investments 
and Mbada Diamonds, the findings suggest that profits 
from Marange are benefiting only Zimbabwe’s political 
and military elite. There is additional concern that the 
proceeds are being used to fund violence and political 
intimidation. 

The report calls upon the Zimbabwean government 
to: (1) pass legislation that bans the state security sector 
from exerting any control over mining companies or their 
subsidiaries, and (2) immediately audit every concession 
granted so far in Marange and disclose the beneficial own- 
ers of Anjin and Mbada. E] 


Poverty and livelihood diversification in rural Liberia: 
Exploring the linkages between artisanal diamond 
mining and smallholder rice production. G. Hilson 
[g.m.hilson@reading.ac.uk] and S. van Bockstael, 
Journal of Development Studies, Vol. 48, No. 3, 
2012, pp. 413-428, http://dx.doi.org/10.1080/ 
00220388.2011.604414. 

This paper explores the role of alluvial diamond digging in 

supporting indigenous rice production in rural Liberia. As 
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a decade of civil war and unrest caused a 75% decline in 
local rice production, imports of rice and macaroni, largely 
from the U.S., became the primary source of these staple 
foods. Eventually, a network of importers stifled govern- 
ment attempts to revive large-scale agricultural produc- 
tion. As a result, many small farmers are growing rice for 
their own subsistence and earning an economic living by 
mining alluvial diamonds on parts of their land plots, 
often hiring workers to dig in exchange for food. RS 


Resource curse in reverse: How civil wars influence natu- 
ral resource productions. S. McLaughlin [sara- 
mitchell@uiowa.edu] and C. G. Thies, International 
Interactions, Vol. 38, 2012, pp. 218-242. 

According to the widely discussed “resource curse” theo- 

ry, natural resources such as diamonds are often the cause 

of civil wars and conflict. This paper, focusing on dia- 
monds, oil, and fisheries, maintains that the reality is far 
more complex, especially when considering that civil con- 
flict often has a detrimental effect on the infrastructure 
and population, causing drastic declines in production of 
oil and diamonds. The paper concludes that a broader look 
at the relationship between conflict and resources is need- 
ed in view of other factors such as state strength, econom- 
ic opportunities, and the nature of the diamond deposits 
(alluvial vs. primary). RS 


Transnational entrepreneurs, global pipelines and shifting 
production patterns. The example of the Palanpuris 
in the diamond sector. S. Henn [sebastian.henn@ 
utoronto.ca], Geoforum, Vol. 43, No. 3, 2012, pp. 
497-506, http://dx.doi.org/10.1016/j.geoforum. 
2011.10.009. 

This article examines how a closely knit community of 

families from Palanpur, India, created a global diamond 

manufacturing and trading network. The Palanpuri fami- 
lies, all followers of the Jain religion, entered the trade in 
the early 20th century. Within 30 years they had estab- 
lished a presence in Antwerp, facilitating the import and 
export of polished diamonds. Trust between the Palanpuri 
families helped them prevail in far-flung locations. Family 
members were dispatched to open offices worldwide; by 

1968 they were established in New York’s diamond com- 

munity, and during the 1980s and 1990s they ventured 

into Hong Kong. 

The paper also traces how the Palanpuris built their 
businesses cutting and trading small, lower-quality dia- 
monds rejected by Belgian manufacturers, then expand- 
ed into larger diamonds to compete with the Antwerp 
establishment. RS 
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more diamonds in a day than most people see in a lifetime. 
Here he discusses the power of reputation, global diamond 


investment and why a GIA report is vital to any business built on integrity. 


What's something most people don’t know about your job? It's the only business in the world conducted on trust. You sell 1 to 5 million dollars 
just on the telephone, without even a signature. 


A diamond dealer's most valuable asset? Reputation. Yes, you need a sense of artistic value and a knack for design, but the most essential part is integrity. 
You can't survive without it. 


What has doing business in Hong Kong taught you about the Asian market? It’s one of the strongest in the world. Every day, there are new 
millionaires and new businesses. Asians are very investment-conscious. Diamonds are safer and more profitable than money ina bank. 


All-time favorite purchase? Most recently, a 100+ ct. D FL. Incredible brilliance and scintillation. Such a beauty. People fell down when they saw it. 


Did it arrive with a grading report? Ha, ha. GIA, of course. What responsible businessman, with a good reputation and name, would sell a diamond 
without a GIA report? 


Why is a GIA evaluation so important to one’s reputation? It's the most reliable, authentic, dependable gem institute in the world. People know 
that, especially in the Far East. Remember what | said about reputation? A GIA report is crucial. 


Business words to the wise? Selling is an idea game. The more knowledge you have, the more confidence you feel. 


GIA 


GIA gratefully acknowledges those who, for 80 years, have used our resources to 
further world expertise in gems. Invest in your success at WWW.GIA.EDU 
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EDITORIAL 


157 A Few Words on Reader Participation 
Jan Iverson 


FEATURE ARTICLE 

158 Gemstones from Vietnam: An Update 

<> Le Thi-Thu Huong, Tobias Hager, Wolfgang Hofmeister, Christoph Hauzenberger, Dietmar 
Schwarz, Pham Van Long, Ursula Wehmeister, Nguyen Ngoc Khoi, and Nguy Tuyet Nhung 
Describes the major gem materials of Vietnam, including their gemological properties and 
chemical composition. 


NOTES AND NEW TECHNIQUES 
178 Tsavorite and Other Grossulars from Itrafo, Madagascar 
Ilaria Adamo, Valeria Diella, and Federico Pezzotta 
Since 2002, this deposit has produced limited quantities of fine gem-quality grossular, 
including tsavorite. 


188 Characterization of a Synthetic Nano-Polycrystalline Diamond Gemstone 
Elise A. Skalwold, Nathan Renfro, James E. Shigley, and Christopher M. Breeding 
This new product, manufactured by converting high-purity graphite directly into synthetic 
diamond, can be identified using magnification, spectroscopy, and other methods. 


193 Spectral Characteristics of Natural-Color Saltwater Cultured Pearls from 
Pinctada Maxima 
Stefanos Karampelas 


Specimens were examined with UV-Vis-NIR and photoluminescence spectroscopy to better 
understand their color mechanisms and to separate them from similar-looking cultured pearls. 


198 Turquoise from Zhushan County, Hubei Province, China 
Quanli Chen, Zuowei Yin, Lijian Qi, and Yan Xiong 


This relatively unknown deposit shows considerable potential as a source of gem turquoise. 


RAPID COMMUNICATIONS 
205 Inclusions in Aquamarine from Ambatofotsikely, Madagascar 
Fabrice Danet, Marie Schoor, Jean-Claude Boulliard, Daniel R. Neuville, 
Olivier Beyssac, and Vincent Bourgoin 
Aquamarine from this deposit displays conspicuous inclusions of hematite and skeletal 
ilmenite. 
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EDITORIAL 


A FEW WORDS 
ON READER PARTICIPATION 


his year, Gems & Gemology celebrated the 25th anniversary of our an- 

nual GeG Challenge quiz. Between early April and August 1, hun- 

dreds of Challenge entries were submitted by mail and through the 
online entry form. Many of you also followed up with questions and feedback 
on the quiz. We are grateful for your enthusiastic participation and the oppor- 
tunity to communicate directly with such loyal and knowledgeable readers. On 
page 177, we salute the participants who scored 100%. 


This year’s entries poured in from dozens of countries on all six continents, and 
I’m pleased to say that this same international flavor permeates our Fall 2012 

=) . 
5 issue. 


The lead article, by Le Thi-Thu Huong and coauthors, presents an overview of Vietnam’s major gem 
materials, with an emphasis on recent production. Madagascar is the setting for two articles in this 
issue: Ilaria Adamo’s report on tsavorite and other 


grossular garnets from Itrafo, and the late Fabrice G&G welcomes ‘full-length manuscripts, 
Danet's study of inclusions in aquamarine from the Gey, News International briefs book reviews 
letters to the editor, and photos and video for 


Ambatofotsikely pegmatite. Quanli Chen and 
coauthors examine a relatively new source of gem- 
quality turquoise in China’s Hubei Province. our iPad app.... 

Stefanos Karampelas identifies the spectral charac- 

teristics of natural-color saltwater cultured pearls from Pinctada maxima, farmed in Australia and 
elsewhere. A research team led by Elise Skalwold characterizes a new gem-quality nano-polycrystalline 
synthetic diamond being produced in a Japanese facility. 


In closing, I encourage each of you to take reader participation one step further. If you have something 
interesting to share with other GevG readers, I invite you to submit it to the journal. G¢>G welcomes 
everything from full-length manuscripts to Gem News International briefs, book reviews, letters to the 
editor, photos and video for our iPad app, and any other meaningful content. 


Reader-generated content will become even more important with the relaunch of our website in 
2013—stay tuned for more on that. 


In the meantime, I wish you every success for the remainder of 2012. 


Cheers, 


MA C--— 
Jan Iverson | Editor-in-Chief | jan.iverson@gia.edu 
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NMOS ARTICLE 


GEMSTONES FROM VIETNAM: 


AN UPDATE 


Le Thi-Thu Huong, Tobias Hager, Wolfgang Hofmeister, Christoph Hauzenberger, Dietmar Schwarz, 
Pham Van Long, Ursula Wehmeister, Nguyen Ngoc Khoi, and Nguy Tuyet Nhung 


This article describes the major gem materials of Vietnam, together with their new finds and recent pro- 
duction. The gemological properties and chemical composition of ruby, sapphire, spinel, tourmaline, 
garnet, and peridot from the most important Vietnamese sources are updated. Other gems such as aqua- 
marine, green orthoclase, topaz, zircon, quartz, and pearls are briefly discussed. Commercially significant 
deposits of ruby, blue and fancy sapphire, and spinel are located in two northern provinces: Yen Bai (Luc 
Yen and Yen Binh Districts) and Nghe An (Quy Chau and Quy Hop Districts). Large volumes of blue, 
green, and yellow sapphire come from the Central Highlands provinces of Dak Lak and Lam Dong, as 
well as the southern provinces of Dong Nai and Binh Thuan. Of secondary commercial importance are 
the tourmaline and garnet from Yen Bai and the peridot and zircon from the Central Highlands. 


the eastern side of the Indochinese peninsula. 

Most of the country’s northern and central re- 
gions are mountainous, reaching an elevation of 
3,142 m in the Fan Si Pan massif, near the Chinese 
border. The country is endowed with some 70 gem 
deposits and 160 different occurrences (Nguyen et al., 
1995). Present gem production includes ruby, sap- 
phire, spinel, tourmaline, peridot, garnet, aquama- 
rine, topaz, quartz, and green orthoclase (e.g., figure 
1). With more than 3,400 km of coastline, the coun- 
try is also a source of saltwater cultured pearls, and 
several farms have emerged in recent decades. In ad- 
dition, Melo pearls are retrieved by fishermen on the 
southern coast and in Ha Long Bay in the north. 
Compared with the country’s gem wealth, however, 
the Vietnamese mining industry remains undevel- 
oped. Although it has been nearly 30 years since col- 
ored stones were discovered in Vietnam, mining and 
pearl farming activities are mostly small- and 
medium-scale operations run by private individuals 
or small companies. 


Vises with an area of 335,000 km”, occupies 


See end of article for About the Authors and Acknowledgments. 
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In March 1988, state-owned Vinagemco (Viet- 
namese Gems Company) was established to direct 
the exploration, mining, and trading of gem materials 
(Kane et al., 1991; Pham et al., 2004b). Two sub- 
sidiaries, Yen Bai Gemstone Company and Nghe An 
Gemstone Company, were set up in those provinces 
that same year. Ultimately, management problems 
led to the company’s downfall in July 2003. Since 
then, no state-owned company has been active in the 
gem sector. Mining, processing, cutting, and trading 
are all organized by private and joint-stock compa- 
nies or private individuals. 

Scientific investigations of Vietnamese gem ma- 
terials, including their properties and the genesis of 
the deposits, have resulted in several publications, 
with special attention to ruby and sapphire (e.g., 
Kane et al., 1991; Koivula and Kammerling, 1991; 
Kammerling et al., 1994; Smith et al., 1995; Pham et 
al., 2004a,b; Nguyen et al., 2011). This article updates 
the occurrence, production, and gemological features 
of Vietnam’s major gem materials, and outlines the 
geology of the deposits. 


GEOLOGY OF VIETNAM 


Vietnam consists mainly of mountainous fold belts 
surrounding the Yangtze and Indochina cratons (fig- 
ure 2). The most important geologic event was the In- 
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dosinian orogeny (Lepvrier et al., 2008) that occurred 
in the Lower Triassic Period, 245-240 million years 
ago (Ma). This tectono-metamorphic episode gener- 
ated northwest-trending dextral shear zones in central 
Vietnam, giving rise to the north-directed thrusting 
in northern Vietnam (Lepvrier et al., 2008). Later, sev- 
eral extensional structures formed during the Meso- 
zoic and the Cenozoic (e.g., the Hanoi and Cuu Long 
graben; see Kusnir, 2000). During the subsequent 
India-Eurasia collision at around 50 Ma, the lateral 
displacement of Indochina produced major strike-slip 
shearing along the Red River and the opening of the 
East Vietnamese Sea (Tapponnier et al., 1990; Leloup 
et al., 2001). Left-lateral shearing along the Red River 
occurred later, after 21 Ma, and was apparently unre- 
lated to the India-Asia collision (Searle, 2006). 


Vietnam is formed by various rocks of Precam- 
brian to Quaternary age. Although the old Precam- 
brian basement was generally reworked during the 
Indosinian Orogeny, isotopic dating has revealed the 
existence of a protolith of at least Proterozoic age in 
the Kontum Massif of central Vietnam. The age of 
the metamorphic rocks related to ruby, sapphire, and 
garnet along the Chay and Red Rivers is essentially 
Tertiary, but this metamorphism is superimposed 
over earlier events (Searle, 2006). Paleozoic forma- 
tions are widespread, comprising Cambrian series, 
thick Silurian formations (including schists and 
sandstones), and Devonian and Permo-Carboniferous 
limestones that form vast areas of northern Vietnam. 
Basalts related to Permian mantle plume activity 
occur along the Da fault. Lower Triassic series are 
mainly terrigenous, whereas the middle Triassic con- 
sists of limestones and volcanic rocks (Tran et al., 
2008). In the troughs formed during the Jurassic and 
Cretaceous, thick continental series and volcanics 
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Figure 1. Vietnam is a 
contemporary source of 
several gem varieties, in- 
cluding ruby (center, 2.27 
ct), spinel (left and bot- 
tom stones, 1.97-5.07 ct), 
aquamarine (second from 
tight, 3.48 ct) and green 
orthoclase (top, 3.68 ct). 
Courtesy of Palagems.com 
and William Larson; 
photo by Robert Weldon. 


accumulated. Tertiary and Quaternary formations 
were deposited in several graben and troughs, the 
most important of which are located in the Cuu Long 
and Red River deltas. Plio-pleistocene tholeiitic 
basalts (traps) form vast plateaus in southern Viet- 
nam (Ku&nir, 2000). 

The formation of gems such as ruby, sapphire, and 
garnet along the Red and Chay Rivers was favored by 
metamorphic conditions that prevailed during the 
Cenozoic. The tectonic setting, marked by vertical 
shearing, allowed the circulation of fluids and the for- 
mation of ore deposits. In Luc Yen, the Tertiary age 
of ruby formation clearly matches that of the shear- 
ing movements, as shown by Ar/Ar and U/Pb dating 
on mica and zircon, respectively (Garnier et al., 
2005a, 2006). The same Tertiary age of ruby forma- 
tion is recorded in the Quy Chau area along the 
northern border of the Bu Khang Massif, where the 
shearing was manifested as a north-dipping, low- 
angle shear zone, in an extensional context (Jolivet 
et al., 1999). 

According to Nguyen and Flower (1998), sapphire 
and zircon from the Central Highlands were em- 
placed as xenocrysts in Quaternary basalts that 
formed as a result of mantle plume activity. Two dis- 
tinct basalt suites are recognized in the area: tholei- 
itic (without any xenocrysts) and alkaline (containing 
mantle and lower crustal xenocrysts, including 
gems). The U/Pb dating of zircon recovered from the 
basaltic placers suggests two eruptional events, at 
~6.5 and ~1 Ma (Garnier et al., 2005b). 


MATERIALS AND METHODS 

Most of the samples used for this study were pur- 
chased or collected by the authors at the mines from 
2009 to 2012. Among these were 339 corundum sam- 
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type of dwelling is common as it protects 
from the heat, requires little timber—which 
is scarce—is comparatively fly-proof, and is 
cheap and easy to construct. 

The Coober Pedy field has produced opal 
continuously since its discovery. In 1946 a 
tich patch of opal was found about eight 
miles from the original center of the camp 
and this was substantially responsible for 
the production boom that year. 

Most recently discovered field is that 
found at Andamooka Station, about eight 
miles west of Lake Torrens, South Aus- 
tralia, in 1930. Opal from this district is 
generally darker than that obtained in 
Coober Pedy or White Cliffs, and it is said 
some specimens are dark enough to com- 
pare favorably with the Lightning Ridge 
black opal. 


PRESENT OPERATIONS 


In the sixty years of opal production in 
Australia practically no advancement has 
been made in mining techniques. The min- 
ets continue to use the same type of anti- 
quated equipment and follow the same 
general procedures for recovery of opal as 
did the early prospectors. Approximately 
150 miners are now engaged in mining 
opal, with 100 of these in the South Aus- 
tralia fields. 

The ultimate aim of the miners is to 
gouge as much stone as possible, regardless 
of quality. Most of the recovery is made 
by the sinking of shafts to obtain access to 
an opal level. However, time is not taken to 
test the quality of the mineral removed and 
it is, for the most part, a wasteful, but com- 
mon, practice to abandon a level without 
thoroughly testing it. Systematic under- 
ground development is needed and essen- 
tial if the industry is to be placed on a more 
lucrative basis through increased output. 
However, although modern equipment 
might be used to remove much of the over- 
burden covering the veins in some fields, it 
would still be necessary to gouge for the 
opal itself in order not to destroy it with 
machinery. 


Ninety-three per cent of the opal pro- 
duced in 1948 came from Coober Pedy and 
Andamooka. The remainder was recovered 
at the Hayricks Mine in Queensland, and 
Lightning Ridge and its subsidiary field, 
Grawin. 

Many physical difficulties discourage 
greater activity at the mines. The most im- 
portant single factor which affects produc- 
tion is the climate. The principal fields are 
located in extremely arid sections of the 
country. Heat in these desert-like areas is 
almost unbearable in summer and many 
miners leave the fields during those months, 
migrating to localities nearer the cost. Rain- 
fall is meagre, and living conditions are 
most primitive In periods where prolonged 
drought may extend over two or more years, 
the miners often establish themselves in 
other industries and never return to the 
fields. 

Supplies must be carted in over long dis- 
tances, mail service is unsatisfactory in most 
instances, medical assistance is provided 
only in those communities where a “flying 
doctor” is available, and water shortage is 
a distinct disadvantage. Living quarters 
must be erected by the miners and, with the 
almost complete absence of timber, dugouts 
are often used or a combination of dugout 
and sheet metal structure. 

In an attempt to alleviate the disadvan- 
tage of water shortage on the fields, the 
.government has provided storage tanks 
which have been helpful in keeping men 
on the fields for longer periods of time. 
Technical services are also provided by the 
Mines Departments for each state. Often, 
however, advice from these departments is 
not sought, or is disregarded when given. 

Some have pointed out that the present 
level of taxation is proving to be a restric- 
tive factor as they claim it induces miners 
to limit production so that they will remain 
in a lower income group. It is doubtful if 
miners* individually have deliberately re- 
stricted operations for this reason. 

Present demand for opal is said to be 
keen although buyers claim the bulk of the 
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Figure 2. This map shows Vietnam’s 14 most important gem provinces and the major geologic environments. 
Modified after Kusnir (2000) and Lepvrier et al. (2008). 
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ples, including 143 rough and 196 polished stones 
(112 faceted and 84 cabochons) ranging from 0.6 to 
6.3 ct. We examined 85 faceted spinels and 33 spinel 
crystals (1.8—4.7 ct) of various colors. The 76 tourma- 
lines (2.4-18.5 ct} consisted of 20 faceted samples, 10 
cabochons, and 46 crystals in a variety of colors. We 
examined 16 faceted garnets (1.5-4.2 ct) and 15 gar- 
net crystals (2.8-6.6 ct], plus 26 faceted and 17 rough 
peridot (3.2-6.2 ct). The remaining samples consisted 
of green feldspar: one faceted stone and two cabo- 
chons (7.8—8.5 ct), as well as two crystals. Gemolog- 
ical properties of the samples were established using 
a dichroscope, Schneider refractometer, hydrostatic 
Shimadzu balance, UV lamp, and Schneider immer- 
sion microscope with Zeiss optics. 

Electron microprobe analyses of the spinel, tourma- 
line, peridot, and garnet samples were performed with 
a JEOL JXA 8900RL instrument equipped with wave- 
length-dispersive spectrometers, using 20 kV acceler- 
ation voltage and 20 nA filament current. The 
measurements were calibrated with natural minerals 
and synthetic compound standards. The light elements 
B and Li were analyzed in the tourmaline samples 
using an Agilent 7500ce ICP-MS in pulse-counting 
mode, and ablation was achieved with a New Wave 
Research UP-213 Nd:YAG laser ablation system, 
using a pulse repetition rate of 10 Hz, an ablation time 
of 60 seconds, a dwell time of 10 milliseconds per iso- 
tope, a 100 um crater diameter, and an average of five 
laser spots for each sample. NIST SRM 612 glass was 
used as an external calibration standard. 

Raman spectra of four feldspar samples were col- 
lected with a Jobin Yvon LabRam HR 800 spectrome- 
ter coupled with an Olympus BX41 optical microscope 
and an Si-based CCD (charge-coupled device) detector; 
samples were excited by a 514 nm green Ar‘ ion laser. 
Raman microscopy of inclusions in spinel, tourmaline, 
peridot, and garnet samples was performed in confocal 
mode, facilitating analysis at the micron scale (2-5 
pm). 

Powder X-ray diffraction analysis was performed 
on a portion of one green feldspar sample with a 
Seifert XRD 3000 TT diffractometer using CuKa ra- 
diation (40 kV and 30 mA). 


RUBY AND SAPPHIRE 

Ruby and several colors of sapphire are found in Yen 
Bai Province in the north and in Nghe An and Quang 
Nam Provinces in central Vietnam. Sapphire also oc- 
curs in the provinces of Lam Dong, Dak Nong, Dak 
Lak, Binh Thuan, and Dong Nai in the Central High- 
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lands and southern provinces. While corundum was 
discovered almost three decades ago in the north, 
Vietnamese geologists did not find the gems in the 
central and southern provinces until the early 2000s. 
Among these localities, Yen Bai remains the most 
important source of ruby and fancy sapphire, 
whereas central Vietnam is the main supplier of blue 
to dark blue sapphire. 

The older mines in Yen Bai have been exploited 
since before the mid-1990s, and many of them have 
been abandoned. All the old mines (including Nuoc 
Ngap, Hin Om, Khau Nghien, Vang Sao, May 
Thuong, May Ha, Phai Chap, Tan Lap, and Lam 
Dong) are located in Luc Yen District, mainly near 
Khoan Thong and An Phu along the east side of the 
Chay River. The newer mines in Yen Bai (opened 
since the mid-1990s) are situated on the west side of 
the Chay River. These include the Lang Chap and 
Truc Lau areas of Luc Yen District and the Tan Dong, 
Hoa Cuong, and Tan Huong areas of the neighboring 
Yen Binh District to the southeast (see Nguyen et al., 
2011, for a map of the Luc Yen mining area). 

Perhaps the most influential company in Viet- 
nam’s gem industry today is the DOJI Gold & Gems 
Group, which now works a ruby and sapphire mine 
in Truc Lau—the only deposit being exploited on a 
large scale. Current production from this deposit to- 
tals around 10 kg per month, consisting of 20-30% 
ruby (and some sapphire) and 70-80% spinel. Only 
10-15% of the total production is of cabochon qual- 
ity; the rest is used for carvings or specimens 
(Nguyen et al., 2011). An 18.8 kg star ruby of good 
quality, discovered by DOJI in the Tan Huong mine 
in 2005, is the largest known Vietnamese ruby spec- 
imen (see Nguyen et al., 2011). 

Ruby and sapphire mining in other areas of the 
country is sporadic and small scale, and recent overall 
production is significantly lower than during the peak 
years of the 1990s. The deposits are situated mostly 
in remote areas in the mountains and jungles. They 
require large-scale operation but have only been 
worked by local people equipped with primitive tools. 
According to Mr. Duong Anh Tuan, vice general di- 
rector of the DOJI Group, the country as a whole ex- 
ported approximately 2 tonnes of gem-quality ruby 
and sapphire rough in 2010 and 1.5 tonnes in 2011. 

Hauzenberger et al. (2003) noted four types of pri- 
mary gem corundum deposits in Vietnam: 


1. Ruby and sapphire associated with metaso- 
matic-metamorphic processes in high-grade 
rocks: the Co Man outcrop at Truc Lau Valley, 
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TABLE 1. Gemological characteristics of ruby and sapphire from Luc Yen, Vietnam.* 


Khoan Thong-An Phu, Yen Bai (old mines)? 


Tan Huong-Truc Lau, Yen Bai (new mines)* 


Property No. samples 
(this study) 
Color 118 rough and 
polished 
Diaphaneity 118 rough and 
polished 
Refractive indices 35 faceted 
Birefringence 35 faceted 
Optical character 35 faceted 
Specific gravity 85 polished 


Pleochroism 25 cabochon 


UV fluorescence 


Long-wave 25 cabochon 


25 cabochon 


Short-wave 


Internal features 50 polished 


Observations 


Colorless, gray, pink, purplish pink, 
medium to dark red, light to dark blue 


Moderate to highly saturated purplish 
red to purplish pink through reddish 
purple to pinkish purple in medium 
light to dark stones? 


Opaque to translucent, semitransparent 
to transparent 


No = 1.760-1.763, n. = 1.768-1.771 
No = 1.759-1.762, ne = 1.768-1.770° 


0.008—0.009 
Uniaxial negative 


3.92-4.04 
3.92-4.00° 


Moderate to strong dichroism 


Pink to red: Weak to strong red (to 
orangy red?) 


Gray and colorless: Orange 


Light to dark blue: Light blue, orange 


Pink to red: Weak to strong red 
Gray and colorless: Orange 


Light to dark blue: Light blue, orange 


Apatite, rutile (needles, clouds), 
ilmenite, zircon, biotite, muscovite, 
diaspore, boehmite, calcite, amphibole, 
hematite, tourmaline, chlorite, spinel, 
kaolinite, pargasite 


Nordstrandite, pyrrhotite, phlogopite? 


Swirled growth features’, blue color 
zones, lamellar twining, fractures 


Liquid-gas inclusions 


No. samples Observations 


(this study) 


73 rough and 
polished 


Colorless, orange, gray (to yellowish 
gray), pink, medium to dark red, orangy 
red, light to dark blue 

Bluish or greenish gray, pink, pinkish to 
purplish and brownish red* 


73 rough and 
polished 


20 faceted 


Poor to moderate clarity, opaque to 
translucent, semitransparent to transparent 


No = 1.761-1.763, ne = 1.769-1.772 
No = 1.762-1.763, ne = 1.770-1.771° 
n = 1.76-1.77 (spot method) 


10 cabochon 


20 faceted 0.008-0.009 

20 faceted Uniaxial negative 

30 polished —— 3.91--4.02 
3.91-4.07° 

30 polished Moderate to strong dichroism 
Weak to strong dichroism‘ 

30 polished Pink to red: Weak to strong red 
Gray and colorless: Orange (inert*) 
Light to dark blue: Light blue, orange 
Orange: Strong orange-red 

30 polished Pink to red: Weak to strong red 
Gray and colorless: Orange (inert*) 
Light to dark blue: Light blue, orange 
Orange: Orange-red 

30 polished Rutile (needles, silk, clouds, and stringer 


formations), ilmenite, zircon, apatite, 
spinel, diaspore, plagioclase, biotite, 
muscovite, chlorite, magnetite, hematite 


Growth zoning, parting, lamellar 
twinning, fractures 


Liquid-gas inclusions 


* Properties as obtained in this study, unless otherwise noted. 


5 Kane et al. (1991). 
© Nguyen et al. (2011). 


the Khe Nhan and Kinh La occurrences in the 
Tan Huong area, and the Phuoc Hiep mining 
area in Quang Nam Province. 


Ruby and fancy sapphire from marble: Yen Bai 
Province (Khoan Thong, An Phu, Nuoc Ngap, 
Hin Om, Khau Nghien, Vang Sao, May Thuong, 
May Ha, Phai Hap, Tan Lap, Lam Dong, Slope 
700 outcrop in Bao Ai ward, Tan Huong drill 
core, and DOJI’s Truc Lau mine} and Nghe An 
Province (Quy Chau—Quy Hop). 
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3. Sapphire related to basaltic rocks: Dak Lak and 
Lam Dong in the Central Highland provinces, 
and Dong Nai and Binh Thuan in the southern 
provinces. 

4. Ruby from pegmatite-like rocks in feldspathic 
matrix: occurrences near kilometer markers 12, 
15, and 23 along National Road 70 in the Luc 
Yen and Yen Binh areas of Yen Bai Province. 


Today, however, ruby and sapphire are primarily 
mined from secondary deposits. 
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Description of the Material. Several authors (Bank 
and Henn, 1990; Kane et al., 1991; Koivula and Kam- 
merling, 1991) have concluded that the characteris- 
tics of rubies from Luc Yen (the older mines) and Quy 
Chau are generally comparable with stones from 
Mogok, Myanmar. The gemological properties of 
ruby and sapphire from the old and new mines of Luc 
Yen are summarized in table 1. Rubies from these 
two Vietnamese sources can be differentiated by 
their ratios of Cr,O;/Fe,O; and Cr,O;/TiO;, both of 
which are higher in Luc Yen samples (Hauzenberger 
et al., 2003). A comparative study of the Yen Bai ma- 
terial by one of the authors (Nguyen et al., 2011) in- 
dicated lower Cr and higher Fe in ruby from the 
newer mines. Furthermore, distinctive internal fea- 
tures in ruby and fancy sapphire from the old mines 
were presented by Kane et al. (1991). Supplies of 
facet-grade ruby from Luc Yen (as well as Quy Chau) 
have become rare, and cabochon-quality ruby and 
fancy sapphire are more common (figure 3). 

One interesting feature of ruby and sapphire from 
the newer mines is that the crystals are very typically 
surrounded by spinel, which generally follows the 
morphology of the underlying corundum crystal (see 
Nguyen et al., 2011). The boundary between the 
corundum and the spinel is slightly rounded, suggest- 
ing disequilibrium between the two (Hager et al., 
2010; Hauzenberger et al., 2010). The formation of 
this spinel is explained by the reaction: 


Al,O; + CaMg(COs), =, Al,MgO, nid CaCO, aid CO, 
Corundum + Dolomite — Spinel + Calcite + CO, 


The gem properties of gem corundum from Nghe 
An (Quy Chau-Quy Hop}, Quang Nam, and the 
Central Highlands and southern provinces are sum- 
marized in table 2. Most of the sapphires from cen- 
tral and southern Vietnam are associated with 
basalts, and are notable for their high Fe content. 
They are generally dark blue, though some have 
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Figure 3. Ruby and sap- 
phire from Luc Yen are 
typically of cabochon 
quality, and some show 
asterism. The samples on 
the left are 3.6-5.3 ct; the 
pair on the right weigh 
3.8 and 4.7 ct. Photos by 
Pham Van Long. 


greenish or yellowish hues. Vietnam’s finest blue 
sapphires (e.g., figure 4) come from a metamorphic 
deposit at Nghe An. Compared to ruby and sapphire 
from Yen Bai and Nghe An, the material from Quang 
Nam is of lower quality and transparency. It also 
typically contains lower concentrations of coloring 
elements (Cr, Fe, and Ti) than material from else- 
where (Nguyen et al., 2007). According to local deal- 
ers, these gems have been traded mostly in the 
domestic market. 


SPINEL 

Vietnamese spinel was initially discovered at Luc 
Yen (Yen Bai Province) and Quy Chau (Nghe An}, at 
the same time as the ruby and sapphire finds. Today, 
Yen Bai is the only active source. The major deposits 
are located at An Phu, Khoan Thong, Minh Tien, and 
Truc Lau in Luc Yen, and at Tan Huong in Yen Binh. 
The newest deposit, found in February 2010, is Lang 
Chap, notable for its orange-red padparadscha-like 
stones (Nguyen et al., 2011). Yet the most productive 
spinel deposit remains the old Cong Troi mine in An 
Phu, which yields a wide range of colors (Blauwet, 
2010). According to local dealers in Luc Yen, since 


Figure 4. The highest-quality Vietnamese sapphires 
are found in Nghe An Province (Quy Chau-Quy 
Hop). These examples weigh 4.3-5.2 ct. Photo by 
Le Thi-Thu Huong. 
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the beginning of 2012 Yen Bai has produced roughly 
200 kg of spinel monthly (excluding the production 
from DOJl’s Truc Lau mine}. 

There are two different geologic origins of gem 
spinel in Luc Yen. The more intense red spinel typ- 
ically comes from calcitic to dolomitic marble (e.g., 


In Brief 


e Vietnam is a source of ruby, sapphire, spinel, tourma- 
line, peridot, garnet, aquamarine, green orthoclase, 
topaz, zircon, quartz, and pearls (cultured saltwater 
and freshwater, as well as natural Melo). 

e Updated gemological data is provided for ruby, sap- 
phire, spinel, tourmaline, peridot, and garnet, and new 
chemical data is presented for spinel, tourmaline, 
peridot, and garnet. 

e The most important Vietnamese gem localities consist 
of the marble-hosted ruby, sapphire, and spinel de- 
posits in Yen Bai and Nghe An Provinces. 


figure 5, left), sometimes associated with clinochlore 
or phlogopite. In contrast, violet, purple, brown, and 
blue spinels are found in marble with a more com- 
plex mineral assemblage containing clinohumite, 
pargasite, clinochlore, and forsterite (e.g., figure 5, 
right). The red spinels from the more pure marbles 
have a similar formation environment as marble- 
hosted rubies (i.e., metamorphic), while the spinels 
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Figure 5. In Luc Yen, 
pure white marble typi- 
cally hosts red spinel 
(left, largest crystal is 
2.5 cm wide), while a 
more complex marble 
assemblage hosts spinel 
of other colors (right, 
crystal is 4.0 cm wide). 
Photo by Pham Van 
Long. 


from the complex marbles are thought to be meta- 
somatic (Hofmeister, 2001). 


Description of the Material. Besides their wide range 
of colors, including pink to red, orange-red, reddish 
brown, violet, purple, cobalt blue, and light to dark (fig- 
ure 6), some Vietnamese spinels exhibit a color change. 
In these specimens, the violetish blue color seen in flu- 
orescent light changes to violet-purple under incandes- 


Figure 6. These faceted Vietnamese spinels from Luc 
Yen (1.8-3.2 ct) exhibit a wide range of color. Photo 
by Le Thi-Thu Huong. 
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TABLE 2. Gemological characteristics of gem 


Ruby and sapphire from Nghe An 
(Quy Chau-Quy Hop)? 


corundum from other localities in Vietnam. 


Ruby 


and sapphire from 
Quang Nam> 


Sapphire from Central Highlands 
and southern provinces® 


Property No. samples Observations No. samples Observations No. samples Observations 
(this study) (this study) (this study) 
Color 37 rough Pink, purplish pink to 35 rough Colorless, gray, purplish 76 rough Yellowish light blue, 
and polished _ red, light to dark blue and polished pink to red, grayish blue and polished greenish, green 
Moderate to highly Violetish pink, brownish Ue Nowishto:darsblce 
saturated purplish red to red¢ Weak to highly 
purplish pink through saturated colors ranging 
reddish purple to pinkish from blue to bluish 
purple in medium light green, with tones from 
to dark stones” light to extremely dark¢ 
Diaphaneity 37 rough Poor to moderate 35 rough Opaque to translucent 76 rough Opaque, translucent, 
and polished _ clarity, translucent, and polished and polished semitransparent to 
semitransparent to transparent 
a Most are slightly to 
moderately included* 
Refractive 14 faceted No = 1.759-1.762, 3 faceted No = 1.760-1.761, AO faceted No = 1.761-1.765, 
indices nN. = 1.767-1.771 n. = 1.768-1.771 ne —ale0—le75 
fy = 1675-11 OY, Ny = 1.760=1.766, ny = 1.760-1.764, 
Ne = 1.768-1.770° Ne = 1.768-1.774° Ne = 1.769-1.7721 
Birefringence 14 faceted 0.008-0.009 3 faceted 0.008-0.010 40 faceted —0.008-0.010 
Optical 14 faceted Uniaxial negative 3 faceted Uniaxial negative 40 faceted —_ Uniaxial negative 
character 
Specific 18 polished 3.98-4.04 11 polished 3.91-4.03 52 polished 3.96—4.05 
Ere 3.92—4.00° 3.90-4.03¢ 3.99-4.024 
Pleochroism 18 polished Moderate to strong 11 polished Moderate (to strong‘) 52 polished Greenish blue, yellowish 
dichroism dichroism green dichroism 
Strong dichroism: blue 
to violetish blue parallel 
to the c-axis and mostly 
green-blue to yellow- 
green perpendicular to 
the c-axis¢ 
UV fluorescence 
Long-wave 18polished Pink to red: Weak to 11 polished Pink to red: Inert 20 polished _ Inert 
b 
Sone Kes tororaney te) Gray and colorless: Inert 
Pern Gath oie Tent Light to dark blue: Light 
blue, orange 
blue 
Short-wave 18 polished Pink to red: Weak to 11 polished Pink to red: Inert 20 polished — Inert 
b’ 
strong red (to orangy red?) Gray and colorless: Inert 
ENED Gath DMS ent Light to dark blue: Light 
blue, orange 
blue 
Internal 18 polished Amphibole, boehmite, 11 polished Garnet, mica, chlorite 52 polished — Uranpyrochlore‘, 
features calcite, diaspore, mus- plagioclase, boehmite, 


covite, biotite, graphite, 
kaolinite, rutile, zircon 


Calcite, apatite, 
nordstrandite, 
pyrrhotite, phlogopite? 
Blue color zones?, color 
zoning, liquid-gas 
inclusions 


Color zoning, twinning 


columbite, zircon, 
ilmenite, pyrrhotite, 
spinel, goethite, kaolinite 


Color zoning, growth 
structures, laminated 
twinning, fine-grained 
clouds, needle-like 
inclusions, fingerprints, 
negative crystals 


* Properties as obtained in this study, unless otherwise noted. 


5 Kane et al. (1991). 
© Nguyen et al. (2007). 
4 Smith et al. (1991). 
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TABLE 3. Gemological characteristics of spinel from Luc Yen, Vietnam. 


Property No. samples Observations Data from the literature 
Color 118 rough and Pink to red, orange-red, reddish brown, violet, | Orangy red to purple, orangy pink to purplish 
faceted purple, light to dark and cobalt blue; some pink, violet to blue (Koivula et al., 1993), 
exhibit a color change padparadscha-like (Blauwet, 2011), cobalt-blue 
(Blauwet, 2011; Smith et al., 2008) 
Diaphaneity 114 rough and = Semitransparent to transparent nr? 
polished 
Refractive indices 85 faceted 1.712-1.719 1.714-1.719 (Koivula et al., 1993) 
1.712-1.718 (Smith et al., 2008) 
Specific gravity 85 faceted 3.58-3.73 3.59-3.63 (Koivula et al., 1993) 
3.54-3.71 (Smith et al., 2008) 
UV fluorescence 
Long-wave 25 faceted Pink to red: Red Pink to red: Weak to moderate red 
Brown, violet, blue: \nert Purple to blue: Weak or inert (Koivula et al., 1993) 
Short-wave 25 faceted Pink to red: Red Similar in color but of lesser intensity (Koivula et 
Brown, violet, blue: Inert al., 1993) 
Internal features 85 faceted Apatite, hégbomite, hematite, goethite, rutile, Muscovite, apatite, zircon, graphite, hogbomite, 


K-feldspar, pyrite 


Fingerprints, primary liquid-gas inclusions, 


negative crystals 


hematite, goethite 


Rutile silk, decorated intergrowths, ribbon-like 
stepped growth planes (Koivula et al., 1993; 
Gubelin and Koivula, 2008) 


* Abbreviation: nr = not reported. 


cent light, or the light blue color changes to light laven- 
der (Senoble, 2010; Blauwet, 201 1a). See table 3 for the 
gemological properties of Luc Yen spinel, and figure 7 
for some common inclusions. 

Chemical analyses of our spinel samples from Luc 


Figure 7. Luc Yen spinel 
may show parallel lay- 
ers of “fingerprints” 
(A), as well as inclu- 
sions of K-feldspar (B), 
rutile (C), and apatite 
(D). Photomicrographs 
by Le Thi-Thu Huong; 
magnified 35x. 
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Yen (see GG Data Depository at gia.edu/gandg} gave 
various concentrations of chromophores (V, Mn, Ti, Cr, 
Fe, and Co). Red spinel contained the greatest 
chromium contents (up to 1.19 wt.% Cr,O3). Vana- 
dium was highest in red-orange spinel (0.61 wt.%). Pur- 
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ple and dark blue samples had the greatest iron con- 
tents, with up to 1.84 wt.% FeO, though the purple 
spinel had higher Cr and Ti. Dark cobalt-blue material 
had only a small amount of cobalt (0.09 wt.% CoO), 
but also contained 0.71 wt.% FeO, 0.23 wt.% NiO, and 
0.14 wt.% Cr,O;. Therefore, each particular color in 
spinel is attributable not to any one element but rather 
a combination of elements. Further study is required 
to explain the exact causes of color in these spinels. 


TOURMALINE 

To date, Luc Yen is Vietnam's only known source of 
gem tourmaline. Along with spinel, tourmaline was 
first discovered in alluvial gravels, mainly at Khoan 
Thong, An Phu, and Minh Tien. Pegmatite-hosted, 
non-gem-quality tourmaline was probably found in 
the Luc Yen area during the early 2000s. Yet gem-qual- 
ity stones have only been mined since 2004 at Minh 
Tien and since 2009 at Khai Trung (Blauwet, 2007; 
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Figure 8. The principal 
colors of Luc Yen tour- 
maline are pink, green, 
brown, and yellow. The 
crystals range up to 2.7 
cm long, and the cut 
samples weigh up to 5.1 
ct. Photos by Nguyen 
Duc Trung Kien. 


Wilson, 2007; Nguy et al., 2010). The Luc Yen area 
produces approximately 200 kg of tourmaline annu- 
ally, which is lower than its output of ruby, sapphire, 
and spinel. Nevertheless, the quality and variety of 
colors make tourmaline one of the most important 
gems from the area. 


Description of the Material. The crystals consist of 
typical striated prisms with rounded triangular cross 
sections and various terminations. The principal col- 
ors of tourmaline, whether from primary or secondary 
deposits, are pink, green, brown, and yellow (figure 8). 
Multicolored crystals usually display alternating 
pink/green and brown/yellow colors. Color zoning is 
often observed from the center to the periphery of the 
crystals, with a combination of pink/dark green (Pham 
et al., 2004a) or yellowish green/red (Laurs et al., 2002). 
See table 4 for gemological properties, and figure 9 for 
examples of some inclusions in Luc Yen tourmaline. 


Figure 9. Tourmaline from Luc 
Yen contains abundant fluid in- 
clusions (A and B), as well as 
crystals of apatite (C), diopside 
(D), and quartz (E). Photomicro- 
graphs by Le Thi-Thu Huong; 
magnified 35x. 
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Chemical analyses of our samples showed that 
they all were elbaite (table 5). Studies by Laurs et al. 
(2002) and Wilson (2007) also identified rossmanite 
and liddicoatite from Luc Yen. 


PERIDOT 

Peridot was discovered in Vietnam in the early 1990s 
(Koivula et al., 1993). Gem-quality peridot has been 
obtained from three provinces in the Central High- 
lands: Gia Lai, Dak Lak, and Lam Dong. Of these, 
Gia Lai is the most important source. Two deposits 
there, Ham Rong and Bien Ho, yield about 100 kg 
monthly, with 15-20% being gem quality. Including 
the output from the two other provinces, Vietnam 
could produce up to several hundred kilograms of 
gem peridot annually. 

Vietnamese peridot occurs in lherzolite xenoliths 
within basalt flows. The gem has been extracted mostly 
from alluvial gravels. In some places, miners must dig 
pits 5 m deep to reach the peridot-bearing layers. 


Description of the Material. Most Vietnamese peridot 
occurs as pebbles averaging 0.6 to 1.5 cm in diameter. 
Pieces as large as 4 cm in diameter are occasionally 
found. Faceted stones show an attractive yellowish 
green color (figure 10). See table 6 for the gemological 
properties of Vietnamese peridot, and figure 11 for 
some common inclusions. No systematic differences 
were noted in the gemological characteristics or 
chemical composition (table 7) of Vietnamese peridot 
from the three provinces. The samples all consisted 
of 91% forsterite and 9% fayalite, with trace amounts 
of Ni, Cr, Mn, and Ca. 


GARNET 

Gem-quality garnet (almandine and pyrope) occurs 
in the Luc Yen area and in smaller amounts else- 
where in northern Vietnam, including Thach Khoan 


Figure 11. Vietnamese 
peridot may contain 
inclusions of spinel 
(left, with an associ- 
ated discoid fracture) 
or sphalerite (right). 
Photomicrographs by 
Le Thi-Thu Huong; 
magnified 35x. 
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Figure 10. These Vietnamese peridot gemstones range 
from 5.7 to 6.2 ct. Photo by Nguyen Duc Trung Kien. 


(Phu Tho Province], Thuong Xuan (Thanh Hoa}, and 
Ky Son (Nghe An). Pyrope-almandine also occurs 
with olivine, phlogopite, and perovskite in some 
kimberlite dikes in Kon Tum Province in the Central 
Highlands. In Luc Yen, where garnet production 
could reach 50-60 kg annually, almandine-pyrope is 
found as an accessory gem mineral with other stones 
such as ruby, sapphire, and spinel in placer deposits. 
The output from Kon Tum and other localities is un- 
known. 


Description of the Material. Vietnamese garnets have 
a brownish red color and yield cut stones ranging 
from 1.5 to 4.5 ct (e.g., figure 12). See table 8 for their 
gemological properties, and figure 13 for some typical 
inclusions. 

Chemical analyses revealed that the Luc Yen and 
Kon Tum garnets are composed mainly of alman- 
dine-pyrope solid solutions. The composition of Luc 
Yen garnet consists of approximately 83% alman- 
dine, 13% pyrope, 3% grossular, and 1% spessartine. 
Kon Tum garnet contains 63% pyrope, 33% alman- 
dine, 3% grossular, and 1% spessartine (table 9). 


OTHER GEMS 

Aquamarine and Irradiated Beryl. Aquamarine is 
known from northern Vietnam at Thuong Xuan 
(Thanh Hoa Province), Que Phong (Nghe An), and 
Thach Khoan (Phu Tho}, and has been described in 
several references (Pham et al., 2004a; Laurs, 2010; 
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TABLE 4. Gemological characteristics of tourmaline from Luc Yen, Vietnam. 


Property No. samples Observations Data from the literature 
Color 76 rough and Pink, yellow, green, reddish brown Pink, “raspberry” red to yellow-green and 
polished yellow-orange (Wilson, 2007; Laurs et al., 2002) 
Diaphaneity 76 rough and Semitransparent to transparent 
polished 
Refractive 20 faceted Pink: No = 1.638-1.639 Pink: No = 1.641, n. = 1.623 
Indices eS OTe Yellowish green: n, = 1.640, n. = 1.620 
Yellow: n, = 1.642-1.646 : = ae 
n. = 1.625-1.628 Red: y= IO, Th = 12S 
Caan foe (ress credo See from a color-zoned sample; Laurs et 
ne = 1.621-1.625 at 
Reddish brown:  n, = 1.638-1.644 
n, = 1.624-1.626 
Birefringence 20 faceted Pink: 0.018-0.019 Pink: 0.018 
Yellow: 0.017-0.018 Yellowish green: 0.020 
Green: 0.017-0.019 Red: 0.022 
Reddish brown: —0.016—0.020 (Obtained from a color-zoned sample; Laurs et 
al., 2002) 
Optical 20 faceted Uniaxial negative nr? 
character 
Specific 28 polished Pink: 3.05-3.08 nr 
Gravity Yellow: 3.17-3.19 
Green: 3.17-3.20 
Reddish brown: —3.06-3.08 
Pleochroism 28 polished Pink: Light pink to pink nr 
Yellow: Yellowish to yellow 
Green: Yellowish green to green 
Reddish brown: — Greenish yellow to brownish 
green 
UV fluorescence 
Long-wave 28 polished Inert (in all colors) Pink to red: Inert 
Yellowish green: Weak yellow-green 
Short-wave 28 polished Inert (in all colors) Pink to red: Inert 
Yellowish green: Inert (Laurs et al., 2002) 
Internal features 28 polished Apatite, quartz and diopside Healed fractures, color zoning, unknown solid 


Growth tubes, color zoning 
Liquid-gas inclusions 


Planar fluid inclusions 


inclusions (Laurs et al., 2002) 


? Abbreviation: nr = not reported. 


Shigley et al., 2010; Blauwet, 2011b; Le et al., 2011). 
The Thuong Xuan mining area, located 170 km 
southeast of Hanoi, is the most productive. Accord- 
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ing to local dealers, production from this area alone 
was 300-400 kg in 2010 and about 500 kg in 2011. 
Vietnamese aquamarines are generally light to 
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Figure 12. These faceted 
garnets from Luc Yen 
(left) and Kon Tum 
(right) range from 1.5 to 
2.2 ct. Photos by Nguyen 
Duc Trung Kien. 
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material is of an inferior grade. Few men 
at the fields are engaged in cutting and 
polishing. Most of the rough opal recov- 
ered is sold to buyers who visit the fields 
from time to time, or to resident agents 
who act for city buyers. All business is 
transacted on a cash basis. 


PRODUCTION AND EXPORTS 


In discussing production figures it is 
pointed out in the governmental bulletin 
that statistics are not complete and that 
difficulties in obtaining even reliable esti- 
mates are almost impossible. This is attrib- 
uted to the reticence of miners regarding 
their discoveries and production; their re- 
luctance to register mining claims; and the 
difficulty of valuing opal in the rough state. 
For these and other reasons it is emphasized 
that the values of production given are com- 
parative rather than absolute, and that it 
may safely be assumed that they are all 
underestimated. 

From 1890 when commercial production 
of opal was first recorded, through 1948, 
estimated value of opals produced in Aus- 
tralia was valued at £2,254,360. More than 
half of this came from the New South 
Wales fields. Graphs of the fifty-eight years 
analyzed show that World War I — prior to 
which large quantities of opal were ex- 
ported to Germany — and the economic de- 
pression of the thirties reflected low periods 
in the industry’s history. Conversely, dis- 
covery of new fields precipitated rapid rises 
in production. This was particularly true 
with the rich find at Coober Pedy in 1946 
about eight miles from the center of the old 
field. The greatest boom period of all was 
in the early days of opal production, with 
an all time maximum established in 1902. 
Lowest production was recorded in 1932. 

From 1890 to 1895 more than half of 
the output came from Queensland; from 
1896 to 1927 New South Wales was in the 
lead. Since 1936 the South Australian fields 
of Coober Pedy and Andamooka have sup- 
plied the major portion of opal produced. 

The conditions under which miners must 


live and work in order to procure the stone 
have much to do with activity on any one 
field. Naturally, the easier the opal is to 
obtain, the more miners will flock to that 
locality. The decline in Queensland’s pro- 
duction was due to persistent drought con- 
ditions which induced miners to transfer to 
other fields. Today’s production compares 
favorably with the temporary revival expe- 
rienced in 1919-1920 following the slump 
after the beginning of World War I. 


CUTTING AND POLISHING 

Comparatively little opal is cut or pol- 
ished at the fields. Sydney is the principal 
cutting center of the Australian opal indus- 
try although some lapidaries are found also 
in Melbourne, Brisbane, and Adelaide. In 
cutting each piece of stone individual treat- 
ment is required. Wastage during cutting 
may amount to fifty per cent. 

Solid stones have been largely replaced 
by the doublet in recent years. Potch, col- 
ored glass, etc., are used with a thin piece 
of precious stone cemented on with shellac. 
The stone is then shaped and polished. 
Where opal occurs in such a thin film that 
ic cannot be separated from the matrix, the 
gems are cut with the matrix left to form 
the backing. This is really a natural doublet 
but is known as the “boulder cut.” The 
term “matrix opal” is used when the fin- 
ished stone consists of a piece of the matrix 
transversed by thin veinlets of opal. 


QUALITIES AFFECTING VALUE 

Four factors affect the value of the cut 
opal, namely; color, pattern of colors, fire 
or flash; and soundness. The most prized 
opals show perfect blending of color and 
no shade predominating. Also streaks of 
colorless materials should not be present. 
Harlequin and pinfire patterns are most 
desirable. In the former, colors are arranged 
in small squares; in the latter they resemble 
pinpoints. Flashes of red, or combinations 
of red with yellow, blue, or green are con- 
sidered best. Plain blue is of very low value, 
and plain green needs to be very vivid and 
have a good pattern if it is to be of value. 
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Figure 13. Vietnamese garnets may contain mineral inclusions of zircon (A), quartz (B), and monazite (C). 


Photomicrographs by Le Thi-Thu Huong; magnified 35x. 


Figure 14. These irradiated beryl crystals (up to 5 cm 
long) were being sold in the Vietnamese market as 
untreated heliodor. Photo by Nguyen Duc Trung Kien. 
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medium blue with moderate saturation. While no in- 
ternal features are considered locality specific, chem- 
ical data of samples from Thuong Xuan have 


identified low amounts of K and Na and high 
amounts of Fe and Cs compared to other sources (Le 
et al., 2011). Although emerald and more recently he- 
liodor finds have been reported in nearby Chinese 
and Cambodian localities (Laurs, 2010), they have 
not yet been uncovered in Vietnam. Aquamarine is 
the only gem variety of beryl produced there so far. 
According to some Vietnamese dealers, a large vol- 
ume of pale aquamarine from Vietnam has been ir- 
radiated in Laos and then sold back on the domestic 
market as natural heliodor (figure 14). 


Green Orthoclase. Recently, gem-quality green 
feldspar has been sold in gem markets in Luc Yen and 
Hanoi as amazonite, the term for bluish green micro- 
cline. The material has been recovered with tourma- 
line from pegmatite bodies reportedly located near 
Minh Tien. The feldspar is pale to moderate green, 
and is mostly translucent to semitransparent (figure 
15). Although green transparent material has been re- 
ported in the area since the beginning of the 2000s 


Figure 15. This green orthoclase crystal (left, ~10 cm wide) was purchased in Luc Yen and contains some 
transparent areas that could be faceted. Most green orthoclase from Luc Yen is of cabochon quality (center, 
7.8 and 8.5 ct). Faceted samples are very rare in the market (right, 1.5 cm long). Left photo by Le Thi-Thu 
Huong; center and right photos by Nguyen Duc Trung Kien. 
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TABLE 5. Chemical composition of tourmaline 
(elbaite) from Luc Yen, Vietnam.? 


Oxides Pink Green Reddish Yellow Data from 
(wt.%) brown Wilson (2007)" 
SiO, 36.28 36.97 36.40 36.51 36.35-36.65 
TiO bdl 0.25 0.38 0.20 bdl-0.26 
B,O; 11.01 10.84 10.93 11.03 10.75-11.04 
Al,O; 40.08 41.63 37.88 42.27  38.07-42.70 

CrO3 bdl 0.26 bdl bdl nr 
VO; bdl 0.12 bdl 0.05 bdl-0.01 
Bi,O; bdl bdl bdl bdl bdl-0.01 
FeO 0.02 0.03 3.20 0.11 bdl-4.88 
MnO 0.09 0.01 0.37 bdl 0.02-6.08 
CuO 0.01 bdl bdl 0.04 nr 
PbO 0.20 bdl 0.20 0.02 nr 
MgO 0.02 0.02 bdl 0.03 bdl-0.04 
CaO 2.25 0.47 0.95 0.48 0.33-1.93 
Li,0 2.18 1.92 2.03 2.12 1.46-1.98 
Na,O 1.29 227 2.17 2.58 0.65-2.45 
K,0 0.01 bdl 0.02 bdl 0.01—0.04 
F 0.90 0.14 0.93 0.05 0.85-1.22 
—O=F 0.38 0.06 0.39 0.02 0.36-0.55 
Total 93.98 95.16 95.06 95.47 95.45-97.17 

lons on the basis of 31 (O,OH,F) 

Si 5.905 6.016 5.924 5.942 nr 

Ti bdl 0.039 0.059 0.031 nr 

B 3.095 3.047 3.071 3.100 nr 

Al 7.688 7.986 7.266 8.108 nr 

Cr bdl 0.033 bdl bdl nr 

Vv bdl 0.014 bdl 0.005 nr 

Bi bdl bdl bdl bdl nr 

Fe 0.003 0.004 0.435 0.015 nr 

Mn 0.012 0.002 0.051 0.000 nr 

Cu 0.002 bdl bdl 0.005 nr 

Pb 0.009 bdl 0.009 0.001 nr 

Mg 0.004 0.005 bdl 0.007 nr 

Ca 0.392 0.081 0.166 0.084 nr 

Li 1.429 1.261 1.329 1.388 nr 

Na 0.460 0.915 0.773 0.919 nr 

K 0.001 bdl 0.004 bdl nr 

F 0.463 0.072 0.476 0.024 nr 


? Values from this study represent the average of four points per sample. 
All iron is reported as FeO. Abbreviations: bdl = below detection limit, 
nr = not reported. 

» Colors included pink, yellow, green, “olive,” and gray. 


(Ponahlo et al., 2001), the lead author continues to 
see rare facet-grade stones in the market (figure 15, 
right). 

X-ray powder diffraction analysis of a crystal 
sample identified it as orthoclase. A comparison of 
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Figure 16. This representative Raman spectra of Luc 
Yen green feldspar shows a closer resemblance to or- 
thoclase than microcline. 


the band shapes in the specimen’s Raman spectra al- 
lowed a further distinction between microcline and 
orthoclase. Due to the partially disordered arrange- 
ment of Al-Si in tetrahedral sites, orthoclase has 
wider Raman peaks (Freeman et al., 2008). A well- 
resolved triplet in the 515-450 cm" range and a dou- 
blet at 290-250 cm? widen to the less-resolved 
features in the orthoclase spectrum (figure 16). 
Raman spectra of four samples (the crystal, in addi- 
tion to faceted and cabochon samples) showed a 
closer resemblance to orthoclase than to microcline. 
Our findings are consistent with the infrared spec- 
troscopy results reported by Laurs et al. (2005). 


Topaz. Topaz is recovered along with aquamarine in 
mining areas such as Thuong Xuan and Thach 
Khoan. Other sources include Bao Loc (Lam Dong 
Province) and Tu Le (Yen Bai). Among these, the peg- 
matite-hosted topaz at Thuong Xuan has the most 
potential, and this area is estimated to contain ~40 
tonnes of colorless topaz (Nguyen et al., 1995). At the 
other mining areas, topaz is extracted from placers 
that yield high-quality gem material suitable for 
faceting. The crystals, which tend to be broken dur- 
ing alluvial transport, are typically colorless (rarely 
blue) with high clarity. Colorless and irradiated blue 
topaz from Vietnam are shown in figure 17. 


Quartz. Rock crystal and smoky quartz are found in 
pegmatites in several districts: Thuong Xuan, Ky Son 
(Nghe An Province}, and Thach Khoan. Amethyst is 
mined at Chu Boc (Gia Lai Province). Rose quartz has 
been found near Da Nang, and smoky quartz near 
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TABLE 6. Gemological characteristics of peridot from the Central Highlands of Vietnam. 


Property No. samples Observations Data from Kammerling and Koivula (1995) 
Color 43 rough and Yellowish green to “olive” green or brownish Medium light to medium dark yellowish green 
faceted green to brownish green of low to moderate saturation 
Diaphaneity 43 rough and Semitransparent to transparent Transparent 
faceted 
Refractive 26 faceted Me = 1 OSO= 1) (552 n, = 1.650 
indices n, = 1.665-1.669 n, = 1.665-1.667 
n, = 1.686-1.690 n, = 1.687-1.688 
Birefringence 26 faceted 0.036—0.038 0.037—0.038 
Optical 26 faceted Biaxial negative nr? 
character 
Specific gravity 26 faceted 3.32-3.37 3.34 + 0.01 
Pleochroism 26 faceted Weak, brownish to yellowish green Weak, very slightly brownish green and 
yellowish green 
UV fluorescence 
Long-wave 26 faceted Inert nr 
Short-wave 26 faceted Inert nr 
Internal 26 faceted Spinel, sphalerite, “lily pad” inclusions Chromian spinel(?), biotite mica(?), “lily pad” 
features inclusions surrounding negative crystals, smoke- 


like veiling, optically active intergrowth 


* Abbreviation: nr = not reported. 


Lam Dong. Large citrine gemstones (figure 18) have 
been cut from rough material mined near Cam Ranh 
(Khanh Hoa Province). 


Zircon. Together with basaltic sapphires, zircon is re- 
covered from placers in the provinces of Kon Tum, 
Dak Lak, Dak Nong, Gia Lai, Lam Dong, and Binh 
Thuan. The zircon ranges from colorless to orange, 
brownish orange, and reddish brown. The crystals, 
typically combinations of the bipyramid and the 
tetragonal prism, are usually etched and waterworn 
and between 0.5 and 2.2. cm in dimension (figure 19). 
The reddish brown zircon is typically heated to turn 
it blue, orange, or colorless. 


Figure 17. The topaz 
crystal on the left (~4 
cm tall) is representa- 

tive of material from 
Thanh Hoa Province. 

The Vietnamese irradi- 
ated blue topaz shown 
on the right ranges 
from 16.7 to 29.8 ct. 
Photos by Le Thi-Thu 
Huong. 
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Pearl. Vietnam has many natural advantages for salt- 
water pearl farming: a long coastline with numerous 
bays, large islands, and an ideal water temperature. 
The marine area suitable for pearl culture amounts 
to about 568,424 hectares (Nguyen, 2008). Nguyen (a 
biologist and owner of a pearl farm in Ha Long Bay) 
has found that the waters surrounding many large is- 
lands, including Phu Quoc, Con Dao, Phu Quy, Ly 
Son, Con Co, Bach Long Vi, and Co To, are suitable 
for the culture of Pinctada maxima and P. margari- 
tifera. Several bays in the north, namely Van Don, 
Bai Tu Long, Ha Long, and Lan Ha, are favorable for 
akoya (P. martensii, P. fucata). The production of 
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TABLE 7. Chemical composition of peridot from the 
Central Highlands of Vietnam.* 


Oxides (wt.%) Gia Lai Dak Lak Lam Dong 
SiO, 41.95 41.78 41.74 
Al,O; 0.01 bdl bdl 
Cr,O3 0.03 0.04 0.04 
FeO 8.47 8.49 8.48 
MnO 0.11 0.15 0.12 
MgO 50.07 49.95 49.99 
CaO 0.05 0.04 0.05 
NiO 0.37 0.36 0.37 
Total 101.06 100.80 100.80 
Cations per 4 oxygens 

Si 1.007 1.008 1.008 
Al 0.000 bdl bdl 
Cr 0.001 0.001 0.001 
Fe 0.171 0.170 0.171 
Mn 0.002 0.002 0.003 
Mg 1.798 1.795 1.797 
Ca 0.001 0.001 0.001 
Ni 0.007 0.007 0.007 


? Values represent the average of five points per sample, and one 
sample from each locality was analyzed. Abbreviation: bdl = below 
detection limit. Ti and V were analyzed but not detected. 


freshwater cultured pearls from Hyriopsis cumingii, 
Cristaria bialata, and Sinanodonta elliptica has oc- 
curred on a smaller scale in lakes throughout the 
country, especially Thac Ba, Cam Son, Hoa Binh, Ke 
Go, and Tri An. 

During the past 20 years, Vietnamese pearl farms 
have developed under the training and supervision of 
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Figure 18. Citrine from Khanh Hoa Province is known 
for its large size. The square cushion cut measures 4.2 
x 4.2 cm. Photo by Le Thi-Thu Huong. 
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Japanese experts. Today, the farms are operated by 
Vietnamese technicians. The akoyas typically range 
from 5 to 8 mm in diameter, with natural “golden” or 
gray colors (figure 20). Their nacre layer can reach 1- 
1.5 mm in 12 months. Black cultured pearls are 
mainly farmed around southern islands such as Phu 
Quoc. They vary from 4 to 8 mm. Freshwater cultured 
pearls are typically pink, “cream,” brown, and gray, 
and range from 6 to 12 mm. Vietnam’s pearl farms are 
still small scale and mostly private. The annual pro- 
duction of one akoya farm in Ha Long Bay, for exam- 
ple, averages between 12 and 15 kg. 


TABLE 8. Gemological characteristics of garnet from Luc Yen and Kon Tum, Vietnam. 


Luc Yen Kon Tum 
Property No. samples Observations No. samples Observations 
(this study) (this study) 
Color 19 rough and Brownish red 12 rough and Brownish red 
faceted faceted 
Diaphaneity 19 rough and Semitransparent to transparent 12 rough and Semitransparent to transparent 
faceted faceted 
Refractive indices 10 faceted 1.800-1.805 6 faceted 1.790-1.795 
Specific gravity 10 faceted 4.08-4.15 6 faceted 3.92-3.96 
UV fluorescence 
Long-wave 10 faceted Inert 6 faceted Inert 
Short-wave 10 faceted Inert 6 faceted Inert 
Internal features 10 faceted Monazite, quartz, apatite, and zircon 6 faceted Monazite, quartz, apatite, and zircon 


Hollow tubes filled with fluid 


Hollow tubes filled with fluid 
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TABLE 9. Chemical composition of garnet from 
Luc Yen and Kon Tum, Vietnam. 


Oxides = Luc Yen) LucYen LucYen KonTum KonTum Kon Tum 
(wt.%) 1 2 3 1 2 3 
SiO, 36.52 36.23 36.43 39.97 40.63 40.75 
TiO 0.01 bdl 0.03 0.01 0.01 bdl 
ALO; 21.78 21.84 21.90 24.09 23.98 23.88 
Cr,O3 bdl 0.04 0.03 0.06 0.01 0.10 
V,03 bdl 0.01 bdl bdl 0.02 bdl 
FeO 36.91 37.12 37.08 16.47 16.50 16.15 
MnO 0.39 0.38 0.47 0.57 0.58 0.56 
MgO 3.32 3.27 3.30 17.33 17.15 17.16 
CaO 1.06 1.04 1.15 1.30 1.30 1.27 
Na,O 0.07 0.04 0.04 0.00 0.00 0.04 
Total 100.06 99.96 100.44 99.79 100.18 99.91 
Cations per 12 oxygens 

Si 2.941 2.929 2.934 2.924 2.950 2.970 
Ti 0.001 bdl 0.000 0.000 0.001 bdl 
Al 2.067 2.081 2.081 2.077 2.053 2.051 
Cr bdl 0.002 0.002 0.003 0.001 0.005 
Vv bdl 0.000 bdl bdl 0.000 bdl 
Fe 2.486 2.511 2.498 1.008 1.002 0.985 
Mn 0.027 0.026 0.032 0.035 0.036 0.035 
Mg 0.399 0.394 0.396 1.891 1.857 1.865 
Ca 0.091 0.090 0.099 0.102. 0.101 0.099 
Na 0.012. 0.006 0.006 0.000 0.000 0.006 


? Values represent the average of five points per sample, and three samples 
from each locality were analyzed. Abbreviation: bdl = below detection limit. 


Melo pearls are natural non-nacreous concretions 
produced by the marine gastropod Melo melo. This 
large snail lives mainly in the waters of the South 


Figure 19. These pieces of zircon from Lam Dong 
range from 0.5 to 2.2 cm. Photo by Pham Van Long. 
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Figure 20. Akoya cultured pearls from Ha Long Bay 
typically display “golden” and gray colors. Photo by 
Pham Van Long. 


China Sea. Melo pearls are recovered off the coast of 
Vietnam, Thailand, Myanmar, and Malaysia (Par- 
dieu, 2009). Vietnam is the leading source of these 
pearls (e.g., figure 21). They are found in Ha Long Bay 
and along the southern coast from Nha Trang to 
Phan Thiet. Melo pearls have apparently not been 
successfully produced by culturing, and they remain 
extremely rare and expensive. 


Figure 21. This fine 161 ct Melo pearl is from Phan 
Thiet, on the south coast of Vietnam. Photo by Pham 
Van Long. 
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CONCLUSIONS 

Due to its geologic position along the margins of two 
cratons, Vietnam is endowed with a diversity of gem 
minerals. These include ruby, sapphire, spinel, tour- 
maline, garnet, peridot, aquamarine, topaz, zircon, 
green orthoclase, and several quartz varieties. The two 
important geologic events affecting gem formation in 
Vietnam were (1) the Himalayan orogeny (50-21 Ma}, 
which resulted in ruby, sapphire, and spinel in the 
northern provinces of Yen Bai and Nghe An; and (2) 
basaltic volcanism (~6.5 and ~1 Ma), which accounts 
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TSAVORITE AND OTHER GROSSULARS FROM 
ITRAFO, MADAGASCAR 


Ilaria Adamo, Valeria Diella, and Federico Pezzotta 


IR spectroscopy. garnets 
Chemical composition was nearly pure grossular 
(>92 mol.%), with iron and vanadium as the 
main chromophores. Their iron content and 
Fe,O3:V,O; ratio were higher than those gener- 
ally found in tsavorite from well-known deposits. 
Although the Itrafo deposit is relatively large, and 
new veins could be discovered, future produc- 
tion will be limited by access difficulties and se- 
curity concerns. 


G rossular, with the chemical formula Ca3A],(SiOu)s, 
is a species of the garnet group that exhibits col- 
ors ranging from colorless to pink, brown, yellow, or- 
ange, and green. The latter is known by the varietal 
name tsavorite when the color is a saturated green 
(O’Donoghue, 2006), whereas less-saturated material 
is often referred to as green grossular or mint green 
grossular in the trade. Although tsavorite is not ap- 
proved as a mineral name by the International Min- 
eralogical Association (Nickel and Mandarino, 1987; 
O'Donoghue, 2006), we will use the term in this ar- 
ticle for the sake of brevity and consistency with 
gemological convention. 

The most important deposits of gem-quality tsa- 
vorite occur in Tanzania and Kenya (Bridges, 1974). 


See end of article for About the Authors and Acknowledgments. 
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Other notable sources include Pakistan's Swat Valley 
(Jackson, 1992) and the Gogogogo area in southwest- 
ern Madagascar (Mercier et al., 1997; Johnson et al., 
1999). A new source of fine gem-quality grossular 
(figure 1), including some tsavorite, was discovered 
in 2002 at the village of Itrafo in central Madagascar. 
This article presents a detailed characterization of 
this material. 


LOCATION AND PRODUCTION 


The garnet deposit is located a few hundred meters 
southeast of the village of Itrafo, in the Andrembesoa 
area of Madagascar’s central highlands (figure 2). It 
is accessible from the village of Mahaiza by a two- 
day hike through mountainous, arid, and sparsely in- 
habited terrain. The deposit’s coordinates are 
20°12'21.9"S, 46°39’38.7’E, at an elevation of ~1,180 
m. Local miners have worked the garnet-bearing vein 
along a trench that is ~200 m long, 5-8 m deep, and 
~3 m wide, and they have also dug a series of small 
pits further down-dip over a distance of 15+ m. As is 
typical for small-scale mining in Madagascar, the 
work occurs seasonally, during periods when local 
people are not busy cultivating crops. 

According to the miners’ reports, grossular was 
discovered at this locality in 2002. by local prospec- 
tors looking for spinel and tourmaline. That same 
year, a few kilograms of gem-quality “green garnet” 
rough were sold in the markets of Antsirabe and An- 
tananarivo. The individual pieces averaged <1 g, and 
only rarely exceeded 2-3 g. However, some lots con- 
tained mineral specimens with crystals exceeding 3 
cm in diameter. Most of the production occurred in 
the first few years after the discovery, and the total 
quantity of gem rough is estimated at <20 kg. Pro- 
duction has been largely intermittent because of the 
rugged, remote location, and ongoing security con- 
cerns due to bandits (mostly cattle rustlers) in the 
area. 

Only a small amount of this garnet has been cut in 
Madagascar, as most of it has been exported as gem 
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Figure 1. The Itrafo deposit in central Madagascar is a source of gem-quality grossular, such as the crystal on the 
left (~10 mm in diameter, on a matrix of calcite, grossular, and phlogopite) and the 0.70 ct faceted gem on the 


tight. Photos by Matteo Chinellato. 


rough to the Asian market. Eye-clean faceted stones 
of green color rarely exceed 5 ct, and only a small per- 
centage is saturated enough to be considered tsavorite. 


GEOLOGIC SETTING 

The Itrafo garnet deposit is hosted by a subvertical 
brecciated vein composed of a fine-grained, massive, 
graphite-rich rock. The vein is crosscut by calcite 
veinlets rich in yellow to green grossular crystals, lo- 
cally associated with phlogopite and rarely pyrite. 
The grossular crystals are mostly brecciated into the 
calcite veinlets, and the phlogopite blades are fre- 
quently distorted and show significant brittle defor- 
mation. The graphite-rich vein trends east-southeast 
and is exposed over a distance of about 200 m. The 
vein developed along the foliation of the metamor- 
phic host rock, which is composed of a sequence of 
amphibolite and marble, essentially transformed into 
skarn. This mass of metamorphic rocks probably rep- 
resents a large roof pendant inside the southern limit 
of a gabbro pluton constituting the northern portion 
of a large granitoid intrusion (Bertucat, 1963). Such 
intrusions probably belong to the first magmatic 
cycle (early Neoproterozoic in age, about 800-790 
million years ago; Nédélec et al., 1995; Handke et al., 
1999) affecting the crystalline basement of this re- 
gion of central Madagascar, also known as the Itremo 
Thrust Sheet (Collins, 2000; Fernandez et al., 2001). 
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MATERIALS AND METHODS 

We examined 22 grossular samples from the Itrafo 
deposit, consisting of 13 faceted stones (0.34—3.16 ct; 
e.g., figure 3) and nine rough specimens (0.07—0.50 g). 
They ranged from greenish brown to green, and in- 
cluded two samples that were green enough to be 


In Brief 


Itrafo, in central Madagascar, has been a source of tsa- 
vorite and other grossular varieties since 2002. 


Production has been limited by the mountainous, re- 
mote location combined with security concerns. 


The material ranges from greenish brown to 
brownish/yellowish green to pure green; the rough 
rarely exceeds 2-3 g. 


Itrafo tsavorite is colored mainly by vanadium and con- 
tains more iron than tsavorite from other localities. 


considered tsavorite in the authors’ opinion. For 
comparison, we also investigated six tsavorites from 
other localities: three faceted samples from Tanzania 
(0.40-2.10 ct), plus two faceted gems (0.25 and 0.98 
ct) and one rough stone (0.10 g) from Gogogogo in 
southwestern Madagascar. 
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AND LOCALITIES 


Soundness is determined by the absence of 
any inclusions of common opal, portions of 
matrix, or foreign material, or any internal 
fracture. Any or all of these will lessen the 
value of the gem. 


MARKETING OF AUSTRALIAN 
OPAL 

Australia’s export market is reported firm 
but tending to slump. In the United States, 
which has been its best customer for opals, 
the demand has fallen off and American 
buyers are reported more exacting in their 
requirements. From 1942 through 1948, at 
tuling rates of exchange, American sales 
totaled $438,000. Since uncut stone is duty 
free, major United States sales are for rough 
opal. The United Kingdom was formerly 
the next best market but thére has been no 
trade there since 1939. Germany and Ceylon 
also purchased a fair amount of opal prior 
to that time. Since 1940 there has been no 
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trade with Germany and only a_ small 
amount in 1947 and 1948. with Ceylon 
where heavy import duties exist. Canada 
and South Africa have a complete embargo 
on the importation of opals. Most foreign 
trade is done on a consignment basis. 

In the domestic market opals are sold 
either unmounted—principally for the tour- 
ist trade —or in rings, bracelets, pendants, 
and earrings. Sales tax on finished gem- 
stones is twenty-five per cent, but there is 
no tax on the uncut stone. 


FACTORS AFFECTING TRADE 


Foremost among the factors affecting 
trade is prejudice. For many years the 
superstition that opal is unlucky affected its 
sale. The ancients believed it the luckiest 
of gems and Pliny states in the first century 
that no stone is more desirable except the 
emerald. However the tale of the unlucky 
opal — accredited to a fictional tale written 
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Figure 2. The Itrafo de- : 
posit is located near ' 
the village of Andrem- : 
besoa, in the Antana- 
narivo Province of 
central Madagascar. 


Ambatofinandrahana 


All 13 faceted samples from Itrafo were examined 
by standard gemological methods at the Italian 
Gemological Institute in Milan to determine their 
optical properties, hydrostatic specific gravity, UV 
fluorescence, and microscopic features. 

Quantitative chemical analysis was performed on 
a total of 15 samples—nine from Itrafo and all six of 
the stones from Gogogogo and Tanzania—at the Earth 
Science Department of the Universita degli Studi di 
Milano. We used a JEOL JXA-8200 electron micro- 
probe in wavelength-dispersive mode under the fol- 
lowing conditions: 15 kV accelerating voltage, 15 nA 
beam current, and count times of 60 seconds on peaks 
and 30 seconds on the background. The following 
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standards were used: natural grossular (for Si and Cal, 
anorthite (Al), fayalite (Fe), olivine (Mg), rhodonite 
(Mn), omphacite (Na), ilmenite (Ti), K-feldspar (K), and 
pure V and Cr for those elements. The raw data were 
corrected for matrix effects using a conventional ®pZ 
routine in the JEOL software package. 

The trace-element composition of seven samples 
from Itrafo and one specimen from Gogogogo, all 
previously analyzed by electron microprobe, were 
determined by laser ablation—inductively coupled 
plasma—mass spectrometry (LA-ICP-MS) at the CNR 
Geosciences and Georesoutrces Institute in Pavia. The 
instrument consisted of a Quantel Brilliant 266 nm 
Nd:YAG laser coupled with a PerkinElmer Elan 
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DRC-e quadrupole ICP-MS. The spot size was 40 um, 
the external standard was NIST SRM 610 glass, and 
the internal standard was Ca, as analyzed by micro- 
probe. Precision and accuracy estimated on the 
basaltic glass standard BCR2 standard were better 
than 10%. 

Ultraviolet/visible/near-infrared (UV-Vis-NIR) spec- 
troscopic measurements in the 250-1800 nm range 
were performed with a PerkinElmer Lambda 950 spec- 
trophotometer in the Material Sciences Department at 
the Universita degli Studi di Milano-Bicocca. The in- 
strument was operated with spectral resolutions of 
0.05 and 0.30 nm/minute for the UV-Vis and NIR in- 
tervals, respectively, at a 1 nm/minute scan rate. Spec- 
tra were collected on three selected rough samples 
(through parallel faces of the crystals) from Itrafo. 

Mid-IR spectroscopy (4000-400 cm!) of all the 
Itrafo faceted samples was performed at the Earth Sci- 
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Figure 3. These faceted 
grossular samples from 
Itrafo (0.70-3.16 ct) 
represent some of the 
cut specimens studied 
for this report. Photo by 
Matteo Chinellato. 


ences Department of the Universita degli Studi di Mi- 
lano with a Nicolet Nexus FTIR spectrometer, 
equipped with a diffuse reflectance (DRIFT) accessory, 
at a resolution of 4 cm! and 200 scans per sample. 


RESULTS 
Gemological Properties and Internal Features. The 
standard gemological properties of the 13 faceted 
samples from Itrafo are listed in table 1. The color of 
the rough and faceted samples ranged from greenish 
brown, brown-green, and brownish and yellowish 
green to pure green, including two stones (one 
faceted and one rough) with an intense green color. 
Microscopic observations revealed that the sam- 
ples were rather clean. The most common internal 
features were fluid inclusions, including two-, three-, 
and multiphase varieties (e.g., figure 4). We also ob- 
served several negative crystals and some crystalline 


Figure 4. Multiphase in- 
clusions, consisting of a 
single bubble and three 
crystals in a watery so- 
lution, were observed 
in grossular from Itrafo. 
Photomicrographs by I. 
Adamo; magnified 60x 
(left) and 65x (right). 
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TABLE 1. Gemological properties of grossular from 
Itrafo, Madagascar. 


Color Greenish brown, brown-green, brownish 
and yellowish green, and green 
Diaphaneity Transparent 


Optic character Singly refractive with moderate to strong 


anomalous double refraction 
1.740-1.742 
3.58-3.62 


Refractive indices 
Specific gravity 


UV fluorescence Inert to both long- and short-wave UV 


Fluid inclusions (two-, three-, and multi- 
phase varieties), fractures (some partially 
healed), crystalline inclusions, negative 
crystals, straight growth lines or planes, and 
growth tubes 


Internal features 


inclusions. Black aggregates, as seen in figure 5 (left), 
appeared to consist of an assemblage of graphite 
(black) and another mineral (yellowish white). Pris- 
matic colorless birefringent crystals were also ob- 
served (figure 5, right). A few samples also contained 
fractures, some partially healed with liquid or solid 
remnants (figure 6). Straight growth lines or planes 
were observed in four samples, and fine growth tubes 
were seen in one stone (figure 7). 


Chemical Composition. Chemical analyses by elec- 
tron microprobe and LA-ICP-MS are reported in ta- 
bles 2 and 3, respectively. 

Electron microprobe analyses showed that all the 
Itrafo samples were essentially unzoned, with a com- 
position dominated by grossular (92-94 mol.%; Deer 
et al., 1997). Among the minor and trace elements (see 
table 2), iron was the most abundant (1.08-1.85 wt.% 
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Fe,O;), followed by vanadium (0.19-0.83 wt.% V2O3), 
titanium (0.17—0.42 wt.% TiO), magnesium (0.06- 
0.34 wt.% MgO], and manganese (0.10—-0.16 wt.% 
MnO). Chromium was nearly absent, with contents 
measured by LA-ICP-MS never greater than 72 ppm 
(table 3). 

Tsavorite samples A and B from Gogogogo con- 
tained 86 and 91 mol% grossular, respectively (table 
2). Both contained significant vanadium (2.17 and 0.97 
wt.% V2O;), with small amounts of chromium (0.40 
and 0.16 wt.% Cr,O;). However, tsavorite specimen C 
from Gogogogo (95 mol% grossular) showed a higher 
content of chromium than vanadium (0.30 wt.% CnO; 
and 0.03 wt.% V203). 

The three samples from Tanzania had high vana- 
dium (1.11-1.47 wt.% V.O;3) and low chromium 
(0.18—0.34 wt.% Cr,O;) values, with Fe,O; always 
less than 0.10 wt.%. The Tanzanian tsavorites also 
showed slightly higher manganese (0.75-1.19 wt.% 
MnO) and magnesium (0.49-0.58 wt.% MgO) than 
the Itrafo samples. 


Spectroscopy. UV-Vis-NIR. The UV-Vis-NIR spectra 
of two representative samples (brown-green and 
green) are shown in figure 8. The spectra displayed 
similar features: total absorption below ~360 nm, 
two well-defined peaks at 370 and 425-427 nm, an 
absorption band centered at 606-608 nm, and a broad 
absorption feature at ~1220 nm. Taking into account 
each specimen’s inferred path length (i.e., sample 
thickness), we observed less absorption in the 350- 
550 nm range of the green sample, in agreement with 
its purer green color. 


Mid-Infrared. The samples’ mid-IR spectra in diffuse 
reflectance mode were characterized by two domi- 


Figure 5. Opaque black 
crystalline aggregates, 
consisting mainly of 
what appear to be 
graphite, were observed 
in our grossular sam- 
ples (left). Prismatic, 
colorless, birefringent 
crystals were also seen 
in some stones (right). 
Photomicrographs by I. 
Adamo; magnified 50x. 
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TABLE 2. Average chemical composition obtained by electron microprobe of grossular from Itrafo (Madagascar), 
Gogogogo (Madagascar), and Tanzania.? 


Location Itrafo, Madagascar Gogogogo, Madagascar Tanzania 
Sample 1 2 3 4 5 6 7 8 9 A B € A B C 
Color Brown- Yellowish Yellowish Green Green Green Green Green Intense Intense Intense Intense Intense Intense Intense 
green green_— green green greens green =s green’—s green~—s green _ green 
Oxide (wt.%) 
SiO, 39.47 39.81 39,73 39.69 39.61 39.64 39.71 39.33 39.76 7a 40.12 39.39 39.59 39.18 40.01 
TiO, 0.34 0.18 0.23 0.23 0.19 0.17 0.42 0.18 0.29 0.35 0.36 0.56 0.40 0.43 0.35 
Al,O; 21.14 21.89 22.09 21.94 21,35: 21.1 21.56 20.96 21.45 20.67 21.00 21.84 19.93 20.36 21.29 
Cr,O, bdl 0.01 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.40 0.16 0.30 0.34 0.20 0.18 
V0; 0.19 0.30 0.30 0.41 0.44 0.51 0.52 0.54 0.83 oa 0.97 0.03 15 1.47 101 
Fe,O, 1.85 1.58 1.54 1.50 1.45 1.08 1.08 1.36 1.26 bdl bdl 0.24 0.03 bdl 0.10 
FeO 0.12 0.15 0.29 0.28 0.22 0.21 0.24 0.17 0.11 0.07 0.61 bdl bdl bdl bdl 
MnO 0.10 0.16 0.13 0.13 0.14 0.13 0.12 0.14 0.13 1.03 057 0.15 0.75 1.19 1.14 
MgO 0.27 0.17 0.31 0.34 0.29 0.10 0.06 0.11 0.08 0.65 0.61 0.40 0.58 051 0.49 
CaO 36.49 36.77 36.45 36.41 36.38 37.03 36.99 36.44 37.01 34.98 35.6/ 36.81 36.70 35.10 36.13 
Na,O 0.01 0.01 0.01 bdl 0.01 0.01 bdl bdl bdl bdl bdl bdl bdl bdl 0.02 
K,O bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl 0.01 
Total 99.98 101.03 101.09 100.95 100.10 100.01 100.71 99.24 100.93 [RRR e 7 ee tone 99.47 98.44 100.83 
lons per 12 
oxygens 
Si 5.964 5.948 5.928 5.931 5.973 5.990 5.955 5.988 5.954 5.958 6.042 5.944 6.028 6.013 5.992 
Ti 0.039 0.020 0.026 0.026 0.022 0.019 0.047 0.021 0.033 0.040 0.041 0.064 0.045 0.050 0.039 
Al 3.674 3.854 3.884 3.865 3.794 3.759 3.810 3.761 3.785 B02 ya 3.883 3.576 3.683 3.757 
Cr bdl 0.001 0.001 0.002 0.002 0.002 0.001 0.001 0.001 0.048 0.019 0.036 0.041 0.024 0.022 
Vv 0.023 0.036 0.036 0.049 0.053 0.062 0.063 0.066 0.100 0.264 Oniy 0.004 0.140 0.181 0.134 
Fe*+ 0.210 0.178 0.173 0.169 0.165 0.123 0.122 1.156 0.142 bdl bdl 0.027 0.003 bdl 0.011 
Fe’* 0.015 0.019 0.036 0.035 0.028 0.027 0.030 0.022 0.014 0.009 0.077 bdl bdl bdl bdl 
Mn 0.013 0.020 0.017 0.017 0.017 0.017 0.015 0.018 0.016 0.133 0.073 0.019 0.096 0.154 0.144 
Mg 0.061 0.037 0.068 0.077 0.066 0.023 0.013 0.025 0.018 0.147 0.137 0.090 0.132 0.117 0.109 
Ca 5.907 5.885 5.828 5.829 5.877 5.995 5.943 5.944 5.937 5.695 oS 5.950 5.987 5.771 5.798 
Na 0.002 0.002 0.002 bdl 0.002 0.003 bdl bdl bdl bdl bdl bdl bdl bdl 0.005 
K bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl 0.002 
Mol% end 
members 
Grossular 91.69 92.91 92.13 91.75 92.11 93.70 93.20 92.82 92.33 86.39 90:77 94.89 90.35 89.06 90.62 
Pyrope 1.03 0.62 1.15 1.29 a 0.37 0.22 0.42 0.30 2.46 DT 1.48 2A 1,93 1.79 
Almandine 0.25 0.31 0.61 059 0.46 0.44 0.50 0.36 0.23 0.15 We bdl bdl bdl bdl 
Spessartine 0.22 0.34 0.28 0.29 0.29 0.27 0.25 0.30 0.28 2.22 1.20 O32 155 2.55 2.38 
Andradite 5.26 4.40 4.27 417 4.10 3.10 3.05 3.90 3.54 bdl bdl 0.69 0.07 bdl 0.28 
Uvarovite bdl 0.03 0.03 0.06 0.06 0.06 0.03 0.03 0.03 1.20 0.48 0.91 1.07 0.62 0.55 


Goldmanite 0.58 0.89 0.90 M2241 1.32 1.56 1.56 1.65 2.48 6.59 AIM 0.10 3.66 4.58 3.38 
Schorlomite 0.97 0.51 0.63 0.65 0.54 0.49 1.18 0.52 0.81 1.00 1.03 1.61 1.18 1.27 0.99 


? Ten points per sample were analyzed, except for Tanzanian samples A and B, which were analyzed in two and four points, respectively. 
Abbreviation: bdl = below detection limit (0.01 wt.%). 
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TABLE 3. Trace-element composition obtained by LA-ICP-MS of grossular from Itrafo and Gogogogo, Madagascar.* 


Location Itrafo Gogogogo 
Sample 2 3 4 6 7 8 9 Cc 
Color Yellowish Yellowish Green Green Green Green Intense green Intense green 
green green 
No. analyses 7 5 5 3 6 3 5 5 
Element (ppmw) 
Li 0.89 1.01 0.95 0.31 0.65 0.87 0.24 0.19 
Be 0.64 bdl bdl 0.38 0.81 bdl bdl 0.18 
B 5.42 1.46 1.74 0.49 4.40 0.24 1.60 1.28 
Na 29:2 41.7 106 na S201 na 21.3 137 
Mg 884 1408 1530 na 380 na 427 2390 
Sc 5.46 7.60 9.41 14.2 5.03 5.86 9.48 18.6 
Ti 947 1327 1162 1217 1973 1033 1526 3165 
Vv 1872 1561 2359 3689 3088 3179 5470 233 
Cr 8.61 40.5 71.1 53.4 4.91 12.1 11.0 1934 
Mn 1184 1050 986 na 876 na 958 1128 
Co 0.08 0.12 0.17 0.02 0.05 0.03 0.04 0.06 
Ni 0.35 0.00 0.27 2.07 0.31 0.25 0.22 0.12 
Zn 2.36 6.89 ii13 1.07 0.82 2.26 0.81 4.55 
Rb bdl 0.05 0.27 0.02 0.04 bdl 0.06 0.01 
Sr 0.03 0.08 0.22 0.01 0.04 0.03 0.02 0.34 
Y 84.3 115 169 151 51.8 96.8 55.9 28.2 
Zr ial 9:95 9.28 2.92 1.96 2.24 1.63 68.5 
Nb 0.03 0.07 0.03 0.05 0.05 0.10 0.07 0.09 
Cs 0.01 bdl 0.12 bdl 0.02 bdl bdl bdl 
Ba 0.03 0.02 0.01 0.01 0.03 bdl 0.03 0.02 


? Abbreviations: bdl = below detection limit; na = not analyzed. 


nant areas of absorption saturating the detector in the 
3700-3500 and 2000-400 cm-' regions. The first area 
of total absorption is intrinsic to garnet, whereas the 
latter is related to incorporation of hydroxyl groups 
into the structure (Rossman and Aines, 1991). 


DISCUSSION 
The various samples from Itrafo exhibited typical 
gemological properties for grossular (e.g., O’Donoghue, 
2.006). In particular, the saturated green samples (tsa- 
vorite) showed RI and SG values comparable to those 
of tsavorite from the other notable sources (Tanzania, 
Kenya, Pakistan, and Gogogogo, Madagascar; see 
O'Donoghue, 2006). 

Crystalline inclusions (probably graphite together 
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with other minerals) are typical in grossular and tsa- 
vorite from all sources, whereas the multiphase fluid 
inclusions we observed in many Itrafo samples are 
rather unusual in tsavorite. Nevertheless, similar 
multiphase inclusions have been reported in a few 
samples from Tanzania (Seifert and Hyr8l, 1999; Gi- 
belin and Koivula, 2005). 


The grossulars from Itrafo were characterized by 
their high iron content. Each showed >1 wt.% Fe,O3, 
corresponding to a small but significant percentage 
of andradite (>3 mol%; see table 2 and figure 9), 
which is the predominant substitutional molecule in 
grossular (Deer et al., 1997). In particular, the maxi- 
mum value of iron (1.85 wt.% Fe,O;) measured in the 
brown-green sample (no. 1) demonstrated the strong 
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Figure 6. A few of the grossular samples contained 
partially healed fractures. Photomicrograph by I. 
Adamo; magnified 45x. 


influence of this chromophore. Vanadium had a pos- 
itive correlation with green coloration, as the brown- 
green and yellowish green samples (nos. 1-3) 
contained lower VO; (0.19-0.30 wt.%) than the 
green specimens (>0.40 wt.%). In all nine samples an- 
alyzed here, the Fe,O;:V2O; ratio was greater than 1 
and increased directly with the strength of the brown 
and yellow color components, reaching a maximum 


Figure 7. One grossular sample displayed fine parallel 
growth tubes. Photomicrograph by I. Adamo; magni- 
fied 45x. 
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UV-VIS-NIR SPECTRA 


ABSORBANCE 


0.2 4 Sample 4, 
green, 0.93 
_[mm thick 


Sample 1, brown-green, 
2.70 mm thick 


250 450 650 8501050 1250 «1450 -~—«*1650 
WAVELENGTH (nm) 


Figure 8. The UV-Vis-NIR spectra of two representa- 
tive samples from Itrafo show features related to Fe*, 
Fe*, and V*. 


value of nearly 10:1 in the brown-green specimen 
(figure 10). The very low Cr contents (5-71 ppm; 
table 3) suggest that this element does not have a sig- 
nificant effect on the green coloration in our Itrafo 
grossulars, confirming the predominance of V as the 
green chromophore. 

Comparing the chemical composition of our 
Itrafo samples with specimens from other localities 
(data from Giibelin and Weibel, 1975; Muije et al., 
1979, Manson and Stockton, 1982; Key and Hill, 
1989; Kane et al., 1990; Jackson, 1992, Mercier et al., 
1997), the most important difference is the iron con- 
tent (see table 2 and figure 9). In fact, Fe,O; is always 
very low in tsavorite from Tanzania, Kenya, Pak- 
istan, and Gogogogo—generally not exceeding 0.3 
wt.%. The Itrafo tsavorites had lower V contents 
than those from other localities, with the latter usu- 
ally containing >1 wt.% V2O; (see table 2, figure 9, 
and references above). The Fe,O;:V2O; ratio in tsa- 
vorite from Itrafo (figure 10) was always greater than 
1, whereas samples from the other sources generally 
show a ratio less than 1. The average Cr content of 
Itrafo tsavorite was lower than that of Tanzanian and 
Kenyan samples but similar to that of some Pakistani 
specimens (Jackson, 1992). Our samples’ Mg and Mn 
contents also corresponded to the levels found in tsa- 
vorite from Pakistan (Jackson, 1992). 

The UV-Vis-NIR spectra of grossulars from Itrafo 
are characterized by vanadium and iron features, the 
latter in both divalent and trivalent states. In partic- 
ular, the absorption features at 425-427 and 606-608 
nm are related to V** (Schmetzer and Ottemann, 
1979; Schmetzer, 1982). The chromophore Fe* is re- 
sponsible for the 370 nm peak, though it can also 
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Chemical Composition 


/ 
Itrafo 


/ 
/ 
Gogogogo Tanzania oe 


/ 
Pakistan 


Figure 9. The average contents of MgO, TiOz, VsO3, 
Cr2O3, MnO, and Fe2O3 are shown for tsavorite 
from various localities. The chemical data for sam- 
ples from Kenya and Pakistan are those reported in 
Key and Hill (1989) and Jackson et al. (1992), re- 
spectively. 


contribute to the 425-427 nm absorption (Manning, 
1969, 1972; Moore and White, 1972; Amthauer, 
1976; Rossman, 1988). Iron, as Fe”*, causes the 1220 
nm broad band in the near-infrared region (Manning, 
1972; Rossman, 1988). Although the absorption 
bands due to V** are very close to those of Cr*+ 
(Amthauer, 1976; Rossman, 1988), we consider vana- 
dium the predominant chromophore due to its 
higher concentration in the chemical data. 

Mid-IR spectroscopy allowed us to easily detect 
the presence of hydroxyl groups, which are known to 
occur in variable amounts in grossular (Rossman and 
Aines, 1991). 
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Figure 10. The FesO3:V2O3 ratio of our nine samples 
from Itrafo was always greater than 1, with higher 
values in samples showing brown or yellow color 
components (nos. 1, 2, and 3). 


CONCLUSIONS 


Since the 2002 discovery of brown and green (tsa- 
vorite) grossular at Itrafo, Madagascar, the locality 
has probably produced <20 kg of gem-quality rough, 
typically as fragments weighing <1 g. This study of 
rough and faceted samples, representative of the gem 
material from this deposit, showed a grossular com- 
position (91-94 mol%) consistent with the material’s 
gemological properties (RI = 1.740-1.742, SG = 3.58- 
3.62). Our chemical and spectroscopic data showed 
that Fe and V, in variable ratios but always higher 
than 1:1, are responsible for the various colors. Iron 
is responsible for brown or yellow color components, 
while V** causes a green hue. The samples’ low Cr 
content (<71 ppm) suggests that its contribution to 
the color is negligible. Comparing the gemological, 
chemical, and spectroscopic features of these garnets 
with those from other localities (Tanzania, Kenya, 
Pakistan, and Gogogogo, Madagascar), the main dif- 
ference concerns the Itrafo samples’ higher iron con- 
tent (Fe,.O; >1 wt.% and Adr >3 mol%J], which is 
consistent with the brown or yellow components of 
their coloration. 
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CHARACTERIZATION OF A SYNTHETIC 
NANO-POLYCRYSTALLINE DIAMOND GEMSTONE 


Elise A. Skalwold, Nathan Renfro, James E. Shigley, and Christopher M. Breeding 


ten mportant synthetic for gemologists to be 
aware of, even though very few samples have 
been faceted and future production costs and 
availability for gem purposes are uncertain. Fea- 
tures seen with magnification may provide an in- 
dication of its nano-polycrystalline nature, and 
the identification of this material can be con- 
firmed by spectroscopy and other advanced test- 
ing methods. NPD is an entirely new kind of 
synthetic diamond, and its development illustrates 
the ongoing research on diamond properties for 
a number of important applications beyond the 
field of gemology. 


ynthetic nano-polycrystalline diamond (NPD) 

may be one of the most important developments 
in synthetic diamond production in recent years. 
This transparent brownish yellow material is pro- 
duced not by CVD or traditional HPHT synthesis 
methods, but rather in a multi-anvil press by a sin- 
tering process that converts high-purity graphite di- 
rectly into synthetic diamond. According to the 
developer of the process, the conversion time aver- 
ages 10-20 minutes (though can be less than 10 min- 
utes) at 15 gigapascals and 2,300-—2,500°C (T. Irifune, 
pers. comm., 2012). These pressures and tempera- 
tures are far higher than those used in the HPHT syn- 
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thesis of single-crystal diamond. The material con- 
sists of randomly oriented nanoscale-sized synthetic 
diamond crystallites that have been bonded tightly 
together to form what may be thought of as an ultra- 
hard synthetic diamond ceramic. 

A recent article by Skalwold (2012) documented a 
transparent 5 mm NPD sphere, and served as means 
to introduce this new synthetic diamond's develop- 
ment and some of its properties. Soon after that arti- 
cle was published, Dr. Tetsuo Irifune, director of 
Ehime University’s Geodynamics Research Center 
(GRC), once again offered one of the authors (EAS) an 
exclusive opportunity to study this unique material. 
This time the specimen was a 0.88 ct faceted round 
brilliant (figure 1). In collaboration with researchers 
at GIA, an analysis of its gemological and spectro- 
scopic properties was undertaken to establish gem 
identification criteria. Further work on this material 
will be conducted by author EAS and by GIA as more 
samples become available. 


Figure 1. This 0.88 ct synthetic nano-polycrystalline 
diamond, produced by direct conversion from 
graphite at high temperatures and pressures, repre- 
sents a completely new type of transparent gem mate- 
rial. Photo by Robert Weldon. 
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As initially reported by Skalwold et al. (2012), 
while this transparent gem material shares some 
similarities with natural and synthetic single-crystal 
diamond, it also has properties that are sufficiently 
distinctive to be recognizable by gem-testing labora- 
tories. Given that there are only five known faceted 
samples in existence, the opportunity to characterize 
it with the assistance of a gemological laboratory was 
a singular opportunity. 


PRODUCTION 

Relatively swift advancements have been made in the 
manufacturing process of NPD. In less than a decade 
since the successful production of this material was 
first reported (Irifune et al., 2003), improvements have 
resulted in relatively large pieces suitable for a number 
of applications, most notably for diamond anvils used 
in high-pressure research. For this purpose, two NPD 
cylinders are produced per week, generally measuring 
6.5-9 mm in diameter and 6.5-8 mm in length (a 
maximum of 10 mm in each dimension is possible). 
But if the GRC’s Botchan multi-anvil press were to 
produce only NPD, up to 10 cylinders could be made 
each week. The pieces recovered from the press have 
a slight surface texture, caused by the tantalum cap- 


sule in which the graphite-to-NPD conversion takes 
place (see figure 4 of Skalwold, 2012). These cylinders 
are cut by a combination of specialized lasers and pol- 
ishing techniques. The material requires nontradi- 
tional cutting and polishing methods because of its 
polycrystalline nature and polishing hardness. Unlike 
natural and other synthetic diamonds, NPD is uni- 
formly hard in all directions at the macro scale (al- 
though hardness varies on the nano scale). 
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TABLE 1. Basic gemological properties of the NPD 
sample. 


Color Fancy Deep brownish yellow 
Clarity Slightly Included (SI,) 
Appearance Slightly hazy or cloudy 
Luster Adamantine 


Refractive index Over the limits of the standard refractometer 
Specific gravity 3.52 


UV fluorescence 


Long-wave Moderate chalky reddish orange 
Short-wave Weak reddish orange 
Phosphorescence — None observed 


Magnetic attraction None observed 


Diamond testers 


Presidium Positive for diamond 


DiamondSure Referred for further testing; not “passed” as 


natural diamond 


Magnification Roiled appearance; one black and 
numerous pinpoint inclusions; patchy 


clouds of color zoning 


Efforts are now under way at the GRC to produce 
colorless NPD. Marketing of the material is still in 
its infancy, and pricing for industrial use has yet to 
be established (T. Irifune, pers. comm., 2012). 


MATERIALS AND METHODS 


A 0.88 ct round brilliant studied for this report meas- 
ured 6.13 x 6.10 x 3.78 mm. It was graded for color and 
clarity using standard GIA procedures. Basic gemolog- 
ical properties were collected (table 1), and additional 
testing was performed with a Presidium GEM Mini- 
DiamondMaster and a DTC DiamondSure screening 
device. The sample was examined with a Nikon SMZ- 
1500 binocular gemological microscope under several 
lighting configurations. Deep-ultraviolet (~230 nm ex- 
citation) fluorescence images were captured using a 
DTC DiamondView instrument. 

Visible absorption spectra were recorded with the 
sample cooled to liquid-nitrogen temperature (~77 K) 
using a custom-made Ocean Optics high-resolution 
spectrometer. Infrared absorption spectra were 
recorded with a Thermo-Nicolet Magna IR 760 spec- 
trometer, while Raman and photoluminescence (PL) 
spectra were measured with a Renishaw InVia Raman 
spectrometer. PL spectra were recorded at liquid-ni- 
trogen temperature using four excitation wavelengths 
(325, 488, 514, and 633 nm). 
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by Sir Walter Scott—has persisted since that 
time among ceftain people. Fortunately, the 
belief is gradually dying out. 

As is true with any item used for dress, 
or a costume accessory, fashion has a great 
bearing on the popularity of the opal. 

Qpals displayed in the jewelers’ win- 
dows in Australia are usually of inferior 
quality set in mediocre designs. Although 
better stones are available, the public has 
been greatly influenced by the wide display 
of this inferior quality and has a tendency 
to regard the opal as a second «ate or 
“cheap” gem. This has definitely not been 
good for the industry. Others feel that the 
introduction of the doublet has weakened 
the demand for opals. 


TRADING METHODS 


Exportation of opals — if the transactions 
are small —is considered unprofitable due 
to the time and money necessary to comply 
with regulations for export and currency 
control, In erder to export a parcel of opals 
to the United States, it is pointed out that 
at least four separate permits are necessary. 
Most export trade is done on a consignment 
basis and this too is bothersome and often 
unprofitable if the shipment is not sold by 
the foreign buyer. 


PROPOSALS FOR IMPROVEMENT 


Since opal is to a great extent ordered by 
importers in the rough, some have proposed 
that an embargo on rough stone would in- 
crease value of the export trade in Australia. 
Others hold to the belief that since so many 
American buyers wish to have stones cut for 
certain planned pieces of jewelry, such an 
embargo would reduce sales instead of help- 
ing the situation. 

Other factions have insisted that govern- 
ment aid should be given to miners to en- 
courage greater activity at the mines. Inas- 
much as total opal production constitutes 
only 0.05 percent of the mineral production 
of Australia, the government has felt finan- 
cial aid to individuals is warranted only 
when the countty itself may expect profit- 


able returns for the public funds expended. 
Assistance has already been given through 
the provisions of water storage facilities and 
other improvements in the mining com- 
munities. 


AUSTRALIAN OPAL FIELDS 
The following information on the indi- 
vidual opal fields in Australia has been 
given only for those fields actively engaged 


in the production of opal at the present 


time. It is to be remembered also that the 
production figures are as nearly accurate as 
it has been possible to compile them due 
to the generally unorganized condition of 
the industry. They are, however, believed 
to be largely underestimated. 


COOBER PEDY, SOUTH AUSTRALIA 


Discovery of this field, which was orig- 
inally called Stuart’s Range Opal Field, was 
first reported in 1915 in the South Aus- 
tralian Mining Review. Coober Pedy field 
is located approximately 125 miles north 
of Tarcoola and 96 miles west of William 
Creek railway station. In traveling to the 
field from Adelaide, it is necessary to travel 
the last 163 miles by road. 

Stuart’s Range constitutes an insignificant 
divide between two drainage systems. These 
are dry most of the yeat as average rainfall 
is six inches yearly. The field extends about 
forty miles, with a width of six to eight 
miles. The most extensively worked area is 
known as Big Flat which was discovered in 
1946 and largely occasioned the boom in 
production that year. 

There is no standing timber on the field 
and firewood has to be carried about twelve 
miles. Despite the inhospitable nature of 
the country, and the isolation of the field, 
the living conditions are not unduly severe 
—especially since the installation of a water 
tank around 1925. Some miners bring their 
families to the field but those with children 
usually manage to leave during the worst 
of the summer. 

There are few surface indications to guide 
miners in selecting sites on the Coober Pedy 
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RESULTS AND DISCUSSION 


The GIA color and clarity grades, as well as basic 
gemological properties, are shown in table 1. With 
magnification, we observed numerous whitish pin- 
point inclusions along with a single larger black in- 
clusion, patchy clouds of color zoning, and a roiled 
appearance (figure 2). This last feature was much like 
the effect sometimes seen in the hessonite variety of 
grossular, and it appeared to cause the sample’s slight 
haziness when viewed in the face-up position. The 
black inclusion showed a dominant broad Raman 
peak at 1078 cnr", but we were unable to identify a 
mineral phase from the spectrum. Observation with 
crossed polarizing filters showed a cross-hatched or 
tatami-like strain pattern in several orientations, with 
no apparent variation in the color, intensity, or distri- 
bution of the pattern depending on direction (figure 
3). While the hazy, roiled appearance is quite unusual, 
visual features alone should not be considered com- 
pletely diagnostic for NPD, but rather as indications 
that laboratory testing is needed. 

Fluorescence imaging using the DiamondView 
showed orangy red luminescence with an irregular 
structure (figure 4). This unusual patchy appearance 
bears some resemblance to the networks or “webs” 
often seen in fluorescence images of natural type II di- 
amonds. The orangy red luminescence seems to arise 
from boundaries between what appear to be larger ag- 
gregates of the nano-crystallites. This distinctive lumi- 
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Figure 2. The NPD sam- 
ple displayed some in- 
teresting visual features 
attributed in part to the 
polycrystalline nature 
of the material. Small 
whitish pinpoint inclu- 
sions (A, image width 
1.7 mm) were scattered 
throughout the speci- 
men. A dark inclusion 
(B, image width 0.65 
mm) was observed but 
could not be identified 
with Raman analysis. 
Also observed were a 
mottled uneven col- 
oration (C) and a finely 
textured roiled appear- 
ance (D, image width 
3.6 mm). Photomicro- 
graphs by N. Renfro. 


nescence is similar in appearance and color to that gen- 
erated by N-V optical centers in diamond. 

We reexamined the sample with the microscope 
to look for evidence of the nano-crystallite aggregates. 
Inserting a quarter-wave plate and observing the bire- 
fringence while rotating the sample showed that most 


Figure 3. When examined between crossed polariz- 
ing filters, the NPD sample displayed a cross- 
hatched or tatami-like pattern of low-order (dark 
gray) interference colors. Unlike similar birefrin- 
gence seen occasionally in natural diamonds, it re- 
mained consistent in color and distribution 
regardless of the sample’s orientation. Photomicro- 
graph by N. Renfro; image width 4.4 mm. 
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of the birefringence was due to strain within the in- 
dividual domains that correspond to those seen with 
the DiamondView. The strain in each of the domains 
was almost certainly low, causing no more than first- 
order gray and white interference colors. The sample 
also showed evidence of a global strain birefringence 
superimposed on the individual domain birefrin- 
gence, and it too was first-order gray and white (W. A. 
Bassett, pers. comm., 2012). 


Spectroscopy. The NPD sample’s absorption spectra 
were distinct from those of natural diamond. Absorp- 
tion features corresponding to the mid-infrared one- 
phonon region of diamond were observed (figure 5), 


Figure 5. The NPD sample’s mid-infrared spectrum re- 
veals an absorption pattern unlike that of natural or 
synthetic diamond, especially in the region below 
1500 cm~. This portion of the spectrum contains fea- 
tures that may be due to nitrogen, although diamond 
type could not be determined from them. There are 
no features in this spectrum that suggest the presence 
of boron or hydrogen. 
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Figure 4. When examined 
in the DiamondView, the 
NPD sample showed un- 
evenly distributed orangy 
red luminescence. Irregular 
darker areas of varying size 
are surrounded by the Iu- 
minescence, which seems 
to originate along bound- 
aries that may correspond 
to aggregated domains of 
nano-crystallites. Images 
by David Nelson; field of 
view is 3.5 mm (right). 


but nitrogen aggregation state and diamond type could 
not be determined because the spectrum was different 
from that of type I and type II diamond (Breeding and 
Shigley, 2009). No evidence of hydrogen or boron im- 
purities was observed in the mid-infrared spectrum. 
The visible spectrum displayed increasing absorp- 
tion toward the blue region, as well as two absorption 
bands at approximately 612 and 667 nm (figure 6). 
This increasing absorption is responsible for the sam- 
ple’s brownish yellow color. The two absorption 
bands are likely associated with the orangy red fluo- 
rescence, but the assignment of the defect(s) causing 
these two bands is unclear. Luminescence features of 
similar energies reported in CVD synthetic diamond 
(Dischler, 2012, pp. 108-109) have been attributed to 
[N-V]° and [N-V]} centers. Further investigation will 
be required to determine if these are indeed the same 


Figure 6. The visible spectrum of the NPD sample dis- 
plays increasing absorption toward the blue region, 
which gives rise to its brownish yellow color. Absorp- 
tion bands at 612 and 667 nm of unclear origin may 
be related to the orangy red luminescence observed 
with the DiamondView. 
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Figure 7. This photoluminescence spectrum of the 
NPD sample, obtained with 514 nm laser excitation, 
displays the same two spectral features seen in the 
visible spectrum at 612 and 667 nm, along with some 
weaker bands of unknown origin. 


optical defects responsible for the fluorescence shown 
by the NPD material. 

Photoluminescence spectra recorded with the 
four laser excitations displayed weak but similar lu- 
minescence features at several wavelengths. The 
spectrum recorded with 514 nm excitation (figure 7) 
exhibited the same two peaks at 612 and 667 nm that 
were recorded in the visible absorption spectrum. 

As reported by Sumiya et al. (2009), the character- 
istic brownish yellow color of NPD is thought to be 
caused by lattice defects within each crystallite due to 
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plastic deformation resulting from the HPHT condi- 
tions used for its production. Further investigation is 
necessary to confirm the cause of color in this material. 


CONCLUSIONS 


Until now, gem-quality synthetic diamonds with 
good transparency have all reportedly consisted of 
single-crystal material. This examination of a trans- 
parent faceted synthetic nano-polycrystalline dia- 
mond marks a fundamental change. The distinctive 
properties of this material should be readily identifi- 
able with routine gemological testing. The observa- 
tion of a roiled appearance within a diamond-like 
specimen, though not diagnostic, should alert gemol- 
ogists that advanced testing is required. 

The authors stress that the sample reported here 
is only one example from a rapidly improving tech- 
nology. It was faceted from early production and not 
destined for applications where clarity, polish, and 
uniformity are a priority. Therefore, visual observa- 
tions of this particular sample do not necessarily 
apply to all NPD specimens. This underscores the 
need for advanced laboratory testing and ongoing re- 
search as more material becomes available. 

While NPD has been developed primarily for 
high-tech applications that require superior hardness 
and toughness, the present sample illustrates its po- 
tential as a gemstone. In the future, successful efforts 
to improve or remove color, either during production 
or with post-production treatment, may expand 
NPD’s viability as a gemstone. 
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SPECTRAL CHARACTERISTICS OF NATURAL-COLOR 
SALTWATER CULTURED PEARLS FROM 


PINCTADA MAXIMA 


Stefanos Karampelas 


Natural-color saltwater cultured pearls (SWCPs) 
from Pinctada maxima were studied using UV- 
Vis-NIR and PL spectroscopy to better under- 
stand the mechanisms of their coloration and to 
separate them from other SWCPs with similar 
natural colors. Several spectral features were ob- 
served, suggesting that the samples’ bodycolor is 
due to a mixture of pigments. Although similar 
spectral characteristics are observed in SWCPs 
from Pteria sterna and Pinctada margaritifera, 
subtle differences permit the identification of the 
host mollusk. 


. cultured pearls from Pinctada maxima 
are farmed primarily in Australia, as well as in In- 
donesia, the Philippines, Myanmar, and other local- 
ities (see Shigley et al., 2010, and references therein). 
Marketed as “South Sea” cultured pearls, they are 
usually bead-nucleated and can reach large sizes 
(sometimes >20 mm). The colors commonly found 
in the market range from white to light gray (“sil- 
ver”) to “cream” to yellow and “golden” (Elen, 2001, 
2002b; Mamangkey et al., 2010; Shigley et al., 2010, 
and references therein). Less commonly, they may 
show pinkish, purplish, reddish, or brown bodycolors 
with various overtones (see figure 1 and photos in 
table 1). The darker SWCPs from P. maxima some- 
times appear similar to lighter-colored SWCPs from 
Pinctada margaritifera and Pteria sterna. 

The spectral characteristics of yellow to “golden” 
natural-color SWCPs from P. maxima have been doc- 
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umented previously (Elen, 2001, 2002b; Mamangkey 
et al., 2010). This article presents a diffuse-reflectance 
and photoluminescence spectroscopic study of natu- 
ral-color SWCPs from P. maxima in an effort to char- 
acterize their coloration mechanisms. A_ better 
understanding of these mechanisms will help to iden- 
tify the P maxima host mollusk of South Sea cultured 
pearls and to separate natural-color samples from their 
artificially colored counterparts. 


MATERIALS AND METHODS 

For this study, the author selected 21 undrilled SWCPs 
from P. maxima in a range of colors (again, see table 
1). They were obtained from a reputable source (see 
Acknowledgments) and represented as natural-color. 
The samples varied from 9.1 to 16.8 mm in diameter; 
for details on their color and size, see table 1. Their 
fluorescence was observed with a six-watt long- and 


Figure 1. Saltwater cultured pearls from the Pinctada 
maxima mollusk (here, 9.1-16.8 mm in diameter) 
may occur in a variety of attractive natural colors. 
Composite photo by S. Karampelas. 
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TABLE 1. Characteristics of natural-color SWCPs from P. maxima. 


Photo Sample no. Bodycolor Dimensions (mm) 

v 

GGLO02 Yellowish brownish gray 9.3-9.9 

w GGLO003 Yellowish brown 11.1 
cw GGL004 Gray-purple 9.7 
w GGLOO5 Gray 11.3 
erres GGLO006 Light gray-purple 11.8-12.3 
wy GGLO08 Gray (slightly brown) 10.6-11.4 
@ GGLO09 Reddish gray 9.1-9.4 
w GGLO013 Grayish purple (light gray on the bottom) 10.3-11.8 
w GGLO14 Gray-yellow-green 10.1-10.8 
oe GGL020 Yellow-brown 11.7-13.7 
ro) GGLO21 Gray-brown (lighter on the side) 15.1-16.8 
we GGLO22 Gray 10.5-12.0 
@ GGL023 Light gray 10.6-12.2 
ae GGL024 Gray-yellow-purple (lighter on the bottom) 13.8-15.8 
we GGLO025 Gray 10.7-12.0 
) GGL026 Gray-brown (lighter on the bottom) 10.0-11.2 
w GGLO030 Gray-brown-purple 10.3 
) GGL033 Light purplish brown 9.7-10.1 
wv GGL037 Light gray-pink 10.0 
ww GGL043 Gray-pink 12.5 
@ GGL044 Light gray-pink 11.3 


* Images not scaled to size. 
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Figure 2. A gray-yellow-green SWCP (top line) shows 
absorptions at 280, 330-385, 385-460, 495, and a 
weak continuous absorption with a maximum at 820 
nm, as well as less-intense features at 460, 625, and 
745 nm. Bands at the same positions but with differ- 
ent intensities are observed in the spectra of reddish 
gray (middle) and gray-brown (bottom) samples. For 
clarity, the spectra for GGLOO9 and GGLO14 are 
shifted upward by 5% and 25%, respectively. 


short-wave (365 and 254 nm, respectively) UV lamp. 
UV-Vis-NIR spectra were obtained for all samples 
using a Cary 5000 spectrometer fitted with a Varian 
diffuse-reflectance accessory. The parameters used 
were identical to those presented by Karampelas et al. 
(2011a). Photoluminescence (PL) spectra of all the 
samples were acquired using a Renishaw Raman 1000 
spectrometer coupled with a Leica DMLM optical mi- 
croscope using 50x magnification, with an excitation 
wavelength of 514 nm emitted by an argon-ion laser 
(Ar*), a power of 10 mW, a 10-second acquisition time, 
and a resolution of about 0.1 nm. The results were 
compared to previously published studies of natural- 
color SWCPs from P. margaritifera and Pteria sterna. 


RESULTS AND DISCUSSION 

Figures 2, and 3 show the diffuse-reflectance UV-Vis- 
NIR spectra from 2.50 to 900 nm for seven natural- 
color P. maxima SWCPs. Each features an absorption 
(i.e., a decrease in diffuse reflectance) at about 280 
nm. In figure 2, each sample shows a region of con- 
tinuous absorption centered at ~820 nm (in the near- 
infrared) that gradually absorbs through the visible 
region (i.e., 390-780 nm). An absorption from the UV 
to the blue region, consisting of two bands centered 
at about 330-385 and 385-460 nm, is observed in the 
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Figure 3. Absorption bands at identical positions as in 
figure 2, but with different relative intensities, are shown 
in the diffuse-reflectance spectra of these four SWCP 
samples. The samples’ color variation is due to the differ- 
ent relative intensities of these bands. For clarity, spectra 
GGL004 and GGL033 are shifted downward by 15% and 
5% respectively, and GGL044 upward by 5%. 


spectrum of the gray-yellow-green sample (GGLO14). 
An additional band at 495 nm and three shoulders at 
~460, 625, and 745 nm are present. Bands at the same 
positions, but with different intensities, are seen in 


In Brief 


e Saltwater cultured pearls (SWCPs) from PR maxima ina 
variety of natural colors were studied using UV-Vis-NIR 
and PL spectroscopy. 

e Their bodycolors depend on the relative intensity of up 
to six absorptions, which are probably determined by 
various combinations of several pigments. 

e Natural-color SWCPs from P margaritifera and Pteria 
sterna show similar absorption and PL bands, but their 
UV-Vis-NIR spectra also show a 405 nm band that is 
not seen in those from PR maxima. 


e An additional band at about 700 nm is known only 
from P margaritifera SWCPs, while Pteria sterna 
SWCPs display more-intense PL bands and characteris- 
tic red fluorescence to long-wave UV radiation. 


the spectra of samples GGLOO9 (reddish gray) and 
GGL021 (gray-brown). 

Figure 3 presents diffuse-reflectance spectra of four 
differently colored SWCPs: light gray pink, gray, light 
purplish brown, and gray-purple. These have absorp- 
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tions similar to those observed in figure 2. The same 
six absorptions in the visible region are observed in all 
the samples; only their relative intensity varies. Their 
specific colors are due to the different relative inten- 
sities of these bands. Absorptions at identical posi- 
tions are observed in natural-color SWCPs from P. 
margaritifera and Pteria sterna (Karampelas et al., 
201 1a,b). An additional absorption at 405 nm often oc- 
curs in natural-color SWCPs from P. margaritifera and 
Pteria sterna, and another at 700 nm appears only in 
natural-color SWCPs from P. margaritifera (figure 4). 
A total of six absorptions in the visible region are 
observed in SWCPs from P. maxima. Each sample’s 
bodycolor depends on the relative intensity of these 
absorptions, which are probably determined by vari- 
ous combinations of several pigments (as many as six]. 
To date, none of these six absorption features has been 
attributed to a specific pigment. The absorption from 
the UV to the blue portion of the electromagnetic 
spectrum (330-460 nm) has been documented in nat- 
ural-color yellow to “golden” cultured pearls from P. 
maxima (Elen, 2001, 2002b; Mamangkey et al., 2010). 
Light gray, “cream,” and “golden” natural colors of 
SWCPs from P. maxima have been associated with 
different thicknesses of the edge band structures, the 


Figure 4. UV-Vis-NIR diffuse-reflectance spectra are 
shown for gray natural-color SWCPs from three differ- 
ent mollusks. Similar absorptions are observed in all 
three spectra. An additional absorption at 405 nm is 
observed in the spectra of P. margaritifera and Pteria 
sterna SWCPs, and another at 700 nm appears in those 
from P. margaritifera. For clarity, spectra from P. mar- 
garitifera and Pteria sterna are shifted downward by 
30% and 15%, respectively. 
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Figure 5. The photoluminescence spectra of three dif- 
ferently colored SWCPs from P. maxima show bands 
at 620, 650, and 680 nm. The sharp features at 520 
and 550 nm are due to the Raman effect. 


organic matrix between the aragonite platelets that 
constitute the nacre (Snow et al., 2004). 

Figure 5 presents PL spectra of three different-col- 
ored P maxima SWCPs (GGLO09, GGLO21, and 
GGL044). PL bands in the orange-to-red region at 
~620, 650, and 680 nm are present in each of the 
spectra. Similar PL bands have been observed in nat- 
ural-color SWCPs from P. margaritifera and Pteria 
sterna (Miyoshi et al., 1987; Kiefert et al., 2004; 
Karampelas et al., 2011b). None of these bands could 
be attributed to a known pigment. Under short- and 
long-wave UV radiation, the light-colored samples in 
the present study were inert, while the others 
showed a weak greenish yellow and weak yellow re- 
action, respectively. Similar luminescence has been 
observed in some natural-color cultured pearls from 
P. margaritifera (Elen 2002; Wang et al., 2006). How- 
ever, the vast majority of SWCPs from Pteria sterna 
exhibit red fluorescence to long-wave UV radiation; 
some dark natural-color SWCPs from P. margari- 
tifera exhibit weak red luminescence as well (Kiefert 
et al., 2004). 


CONCLUSION 

SWCPs from P. maxima have a variety of natural 
bodycolors (e.g., figure 6) due to the relative intensity 
of several absorptions in the visible range. They also 
display three PL bands in the orange-to-red portion of 
the electromagnetic spectrum. Natural-color SWCPs 
from P. margaritifera and Pteria sterna show absorp- 
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tion and PL bands similar to these. However, SWCPs 
from P. margaritifera and Pteria sterna exhibit a 405 
nm band that has not been observed in specimens 
from P. maxima. Moreover, an additional band at 
about 700 nm is known only from P. margaritifera 
SWCPs. Samples from Pteria sterna display more-in- 
tense PL bands and a red fluorescence to long-wave 
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Figure 6. This bracelet 
features a round grayish 
pink 12 mm saltwater 
cultured pearl, repre- 
sented as having natural 
color, from P. maxima. 
Photo © Autore. 


UV radiation that is not observed in SWCPs from P. 
maxima and seen only rarely in those from P. mar- 
garitifera. None of these PL and absorption bands 
have been attributed to a known pigment. Further re- 
search using destructive means on isolated natural 
pigments found in SWCPs from P. maxima is needed 
to identify their exact nature. 
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TURQUOISE FROM ZHUSHAN COUNTY, 
HUBEI PROVINCE, CHINA 


Quanli Chen, Zuowei Yin, Lijian Qi, and Yan Xiong 


sami a 
methods, as well as FTIR an Vis-NIR spec- 
troscopy. The turquoise formed nodular, massive, 
and veinlet assemblages. Brown and black vein- 
lets/patches and irregular white blebs were com- 
mon, and microscopic observation also revealed 
microcrystalline and spherulitic structures. In gen- 
eral, the nodular specimens were of the highest 
quality. The deposits show considerable potential 
as a commercial source of gem-quality turquoise. 


hina has been a significant source of turquoise 

for decades. One area of Zhushan County in 
Hubei Province has produced some attractive mate- 
rial (e.g., figure 1), but it has been overshadowed by 
more productive turquoise deposits in nearby Yun 
County (Tu, 2000). Chinese turquoise is also known 
from the city of Ma’anshan in Anhui Province, Baihe 
County in Shaanxi Province, and the Xichuan area of 
Henan Province. 

The turquoise from Yun County is regarded as su- 
perior in quality (Ma, 1989; Qiet al., 1998; Tu, 2000). 
The output from Yun County between 1954 and 
1999 totaled more than 800 tonnes, according to data 
provided by local officials, but its resources are de- 
pleting. The deposits in Zhushan County (figure 2) 
were found in the late 1980s, yet much is still un- 
known about their distribution and complex geologic 
formation. While the material from Zhushan County 


See end of article for About the Authors and Acknowledgments. 


Gems & GEMoLocy, Vol. 48, No. 3, pp. 198-204, 
http://dx.doi.org/10.5741/GEMS.48.3.198. 


© 2012 Gemological Institute of America 


198 Notes & New TECHNIQUES 


is often of high quality, with a dense texture and an 
attractive uniform coloration, mining activity has 
only recently begun. 


LOCATION AND GEOLOGIC BACKGROUND 

The Zhushan County turquoise deposits are located in 
a mountainous region of central China (again, see fig- 
ure 2). More than 100 mine tunnels have been worked 
(e.g., figure 3), the deepest reaching ~300 m. The 
turquoise occurs in the Cambrian-age Shuigoukou For- 
mation, within thick- and thin-bedded siliceous and 
carbonaceous-siliceous slates. The mineralized zones 
generally extend northeast-southwest and follow the 
regional tectonic structure. The turquoise is found 
mostly as lenses along faults and as fillings within frac- 
tures (figure 4). The highest quantity and quality of 
turquoise is typically found where faulting created 


Figure 1. This carving, called “Eight Immortals,” 
was made from a large piece of Zhushan County 
turquoise. It measures 23 cm high and 27 cm wide. 
Photo by Quanli Chen. 
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compressive intercalated lenses. The turquoise is often 
associated with carbonaceous material, limonite, 
secondary quartz, kaolinite, allophane, and other clay 
minerals (Tu, 1996). The largest documented block 
of turquoise weighed 100 kg, according to data from 
the local government. Turquoise production from 
Zhushan County as a whole ranges from 50 to 129 
tonnes annually. 


TREATMENTS 

Turquoise from Zhushan County possessing a com- 
pact structure usually does not require treatment. 
Specimens with low hardness and a less compact 
structure are impregnated with an organic polymer 
such as polyacrylic acid ester or plastic, using the fol- 
lowing process: 


(1) Drying the turquoise and placing it under vac- 
uum 

(2) Impregnation with an organic polymer under 
high pressure 

(3) Heating to solidify the polymer 


This is the most commonly used turquoise treat- 
ment process in China, intended to improve the den- 
sity, hardness, and toughness of the material. If a 
colored polymer is used, the turquoise’s color will 
also be improved. The treatment can be identified by 
the presence of V (CH) absorption features in the 
2930-2857 cm’! region of the infrared absorption 
spectrum (Chen et al., 2006). 


Figure 2. This map shows the location of turquoise de- 
posits in Zhushan County, Hubei Province. 
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Figure 3. Zhushan County turquoise is produced from 
underground workings that follow the turquoise miner- 
alization to depths of ~300 m. Photo by Quanli Chen. 


MATERIALS AND METHODS 

Eight rough and four polished turquoise samples 
from Zhushan County were studied for this report 
(figure 5). They were all untreated, and the rough ma- 
terial was obtained from the mines. Gemological 
properties were determined with standard equip- 
ment. Eight of the samples were tested for RI and 
Mohs hardness. Specific gravity measurements were 
performed on 10 samples; fine-textured specimens 


In Brief 


e Known since the late 1980s, turquoise deposits in 
Zhushan County in central China’s Hubei Province are 
becoming a significant source of attractive material. 

e The turquoise forms lenses and fracture fillings within 
Cambrian-age slates. 

e Although most Zhushan turquoise does not require 
treatment, lower-quality material usually undergoes 
polymer impregnation. 

¢ Most characteristics of Zhushan turquoise, including 
the presence of brownish black veinlets/patches and ir- 


regular white blebs, are similar to those noted in sam- 
ples from elsewhere in Hubei Province. 


were measured hydrostatically, while less-compact 
pieces were cut into cubes and their weight was di- 
vided by their volume. Petrographic analysis was per- 
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field although scattered fragments of weath- 
eted opal lying at the surface may indicate 
the nearness of a seam. Most miners believe 
there is only one opal level on the field. The 
main level is at a depth of about seventy feet 
below the top of the plateau. Most veins are 
not continuous although it is recorded that 
one vein was traced horizontally for more 
than fifty feet. This is exceptional, however 
and most are much shorter. The opal bear- 
ing sandstone is the lowest formation ex- 
posed in the mining shafts. Its thickness 
cannot be accurately determined but total 
thickness of beds below the quartzites ex- 
ceed sixty feet. The seams range from about 
two inches to a fraction of an inch in thick- 
ness, and are irregular in occurrence. 

At the time the field was discovered — 
during the first World War—the market 
was disorganized and very little work had 
been done at the field. The postwar years, 
however, were marked by an influx of min- 
ers. After two years production again fell 
due to an acute drought and depressed mar- 
ket, and recovery was not noted until 1925. 
A large water tank was then installed by 
the government and conditions have greatly 
improved since that time. Value of produc- 
tion from 1916 to 1946 is given as £222,- 
000. This. varies from as little as £500 in 
1917 to £55,000 in 1946 when the new 
Big Flat district was opened. 


WHITE CLIFFS, NEW SOUTH WALES 


This field was discovered in 1884, sixty 
miles by road north, northwest of Wilcan- 
nia and approximately 120 miles northeast 
of Broken Hill. Production was undertaken 
on a large scale in 1890 and nine years 
later the field was flourishing. The highest 
recorded value of production, £140,000, was 
in 1902. From the following year until 
1914 there was a sharp decline in output. 
The miners’ morale was undermined and 
much illicit or stolen opal was sold. This 
meant cheap opal and the large quantity 
and low price frightened London buyers. 
Next, poor qualities called “potch” and 
“color” were thrown on the market and 


tons were shipped to Germany. This was 
the beginning of the end for White Cliffs 
and the beginning of the war in 1914 
ended it—since Germany was the chief 
buyer. The value of the output since 1933 
would amount to only a few . thousand 
pounds and no production at all was re- 
corded for 1948. 

In the White Cliffs fields, the depth from 
the surface to the sandstone ranges from 
twenty-five to forty feet, accotding to the 
topography. The sandstone in which 
precious opal is found is fine grained, thinly 
bedded, and shaley in structure, with a clay- 
like matrix. The beds contain abundant 
marine fossils, silicified woods, and erratic 
boulders of quartzite considered to be of 
glacial origin. The precious opal is usually 
found in minute veinlets of common, or 
potch, opal. Typically, the opal is developed 
very irregularly. Ir has also been found in 
vertical or sub-vertical joints or cracks and 
some has replaced fossil remains, mostly 
shells and wood. 

The usual method of recovering the opal 
here is to sink a shaft. When veins or 
streaks of potch opal are seen, they are 
followed laterally in hopes of obtaining 
precious opal. These shafts are very close 
together on the White Cliffs field and very 
little ground remains untouched on the 
known areas. 


LIGHTNING RIDGE AND GRAWIN, 
NEW SOUTH WALES 

Discovery of opal at Lightning Ridge was 
first recorded in 1880 but commercial pro- 
duction did not start untit about 1905 or 
1906. The Grawin portion of the field was 
opened in 1926 and is actually part of the 
same field, being located approximately 
twenty miles west of the principal mining 
center. 

The Lightning Ridge field is reached by 
rail from Sydney to Walgett—a distance of 
460 miles—then by road for fifty more 
miles. The skyline is broken by long, low, 
sub-horizontal ridges rising about forty or 
fifty feet above the black soil and reaching 
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Figure 4. The turquoise occurs as lenses and fracture fillings in a compressed fractured zone between beds of 
siliceous and carbonaceous-siliceous slates. Photos by Quanli Chen. 


formed with a polarizing microscope to study the 
mineralogical and textural features of the turquoise 
(using thin sections cut from six of the rough sam- 
ples) and the surrounding rocks. 

Five rough samples were prepared for bulk chem- 
ical analysis by grinding them into powder with an 
agate mortar and sieving to 200 mesh. Impurities 
were avoided as much as possible to ensure the ac- 
curacy of the analyses. In accordance with the re- 
quirements of GB/T14506-2010, China’s national 
standard for rock chemical analysis, the contents of 
Na, K, Ca, Mg, Cu, and Zn were measured with a Hi- 
tachi 180-70 atomic absorption spectrometer; Ti and 
Fe* with a Hitachi UV-754 UV-Vis spectrophotometer, 
Si and H,O through the hydrochloric acid content of 
the secondary dewatering measured weight method, 
Fe” by redox titration; Al through complex titration 
with ethylenediaminetetraacetic acid; and P through 
phosphomolybdate blue spectrophotometry. 

Infrared spectra were recorded on four samples 
using a Nicolet Magna 550 FTIR spectrometer. Spec- 
tra were obtained in the 4000-400 cm" range by com- 
bining 32 scans with a resolution of 4 cm’! and a 
mirror velocity of 0.63 cm/sec. All spectra were 


Figure 5. These rough 
(left, 3.74-11.48 g) and 
polished (right, 3.35- 
6.86 ct) samples of 
turquoise were exam- 
ined for this report. Pho- 
tos by Quanli Chen. 
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recorded from 1-2 mg of powdered turquoise mixed 
with 200 mg of pure KBr. The powders were derived 
from four structural types of samples: nodular, oolitic, 
veinlet, and grape-like. 

UV-Vis-NIR absorption spectra were measured on 
polished plates of the same four rough samples chosen 
for IR spectroscopy. We used a Shimadzu UV-1601 
spectrophotometer in the 400-900 nm range, with a 
step size of 0.5 nm and a scan rate of 2.64 nm/sec. 


RESULTS AND DISCUSSION 

Gemological Features. The Zhushan County tur- 
quoise occurs mainly as veinlets, blocks, and nodular 
aggregates (figure 6). It is generally compact, massive, 
and shows a waxy luster. Its color is predominantly a 
medium bluish green. Light bluish green, light green, 
and yellowish green are also fairly common, while 
“azure” blue is rare. Oolitic and grape-like structures 
are sometimes seen, while turquoise with a nodular 
texture is of the highest quality and ranges up to 50- 
60 cm in maximum dimension; its surface is charac- 
terized by bulbous irregularities (see figure 6, right). 
Similar turquoise comes from Yun County, typically 
with a tubular shape and a blue-green color. 
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Our turquoise samples showed the following 
properties: RI—1.61-1.62; Mohs hardness—5-5'4; 
and SG—2.57-2.72. Thin-section examination re- 
vealed microcrystalline plate-like and spherulitic 
structures (figure 7). The turquoise matrix was com- 
posed mainly of carbonaceous material, limonite, 
and a clay mineral. Secondary quartz is locally pres- 
ent in the matrix as elongate bladed aggregates. The 
slate host rock shows a platy, fine-grained crystal- 
loblastic texture. 

Brownish black veinlets/patches and irregular white 
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Figure 6. Blocky 
turquoise is commonly 
produced from the 
Zhushan County de- 
posits (left). Nodular 
specimens are usually 
displayed as ornamen- 
tal stones (right, 30 x 
22 cm). Photos by 
Quanli Chen. 


blebs are typical features of turquoise from Zhushan 
County (figure 8). The brownish black areas were iden- 
tified as carbonaceous material and iron oxides or hy- 
droxides, while the white impurities were formed by 
quartz and kaolinite (Qi et al., 1998; Zhang, 2006). 
These minerals are also frequently found in specimens 
from Yun County (Li et al., 1984; Qi et al., 1998; Luan 
et al., 2004). Other similarities in the turquoise from 
these two areas include their textures seen in thin sec- 
tion and their formation within siliceous-carbonaceous 
slates (Jiang et al., 1983; Qi et al., 1998). 


Figure 7. Viewed with 
crossed polarizers, 
these turquoise thin 
sections show micro- 
crystalline plate-like 
textures (left photo, top 
and lower right areas) 
and spherulitic struc- 
tures (right). Photomi- 
crographs by Lijian Qi; 
magnified 100x. 


| Figure 8. The turquoise 
usually contains brown- 
ish black veinlets/patches 
(carbonaceous material 
and iron oxides or hy- 
droxides) and white blebs 
(quartz and kaolinite). 
Photos by Lijian Qi; mag- 
nified 100x. 
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TABLE 1. Chemical composition of turquoise samples from Zhushan and Yun Counties.* 


ehnehemecowanye Qiet 211988) fuse tal, 2004) 
Oxide Pale blue- Blue-green _Light blue- Blue Light blue Blue Blue-green Blue Blue-green 
(wt.%) green (Q-2) (Q°3) green (Q-6) — (Q-10) (Q-21) 
SiO, 0.02 0.06 0.50 0.20 0.16 nr nr 0.90 0.05 
AlLO3 33.46 34.90 33.50 36.30 36.15 35.92 35.57 38.29 32.50 
Fe,O; 4.21 5.57 6.58 1.43 L413 1.21 2.70 0.31 8.97 
FeO 0.32 0.18 0.06 0.09 0.08 nr 0.03 nr nr 
MgO 0.02 0.01 0.01 0.01 0.01 nr nr nr nr 
CaO 0.02 0.03 0.01 0.04 0.02 0.04 nr nr nr 
Na,O 0.01 0.02 0.03 0.01 0.01 nr nr nr nr 
K,0 0.03 0.03 0.02 0.02 0.01 nr nr nr nr 
TiO, bdl 0.06 0.02 bdl bdl nr nr nr nr 
P20; 33.16 3112 31.69 33.80 3352 34.64 34.15 34.22 34.81 
CuO 5.87 3.97 3hD 7.63 6.17 8.34 Telit 8.55 7.93 
ZnO 0.09 0.08 0.04 0.12 0.92 nr nr 0.44 0.14 
H,O 21.96 22.24 22.82 20.09 23.38 19.75 20.32 nr nr 
Total 99.17 98.24 99.03 99.74 101.56 99.90 99.94 82.80 84.40 


* Abbreviations: bdl = below detection limit, nr = not reported. 
» Sample numbers are shown in parentheses. 


Chemical Composition. Turquoise, with a chemical 
composition of CuAl,(PO,}4{OH)s-4H,O, is a hydrous 
copper aluminum phosphate. Our samples contained 
1.21-6.64 wt.% total iron oxide (table 1), showing they 
belong to the turquoise-chalcosiderite family (Frost et 
al., 2006). The bluer samples contained higher Cu and 
lower Fe concentrations. Although they displayed var- 
ious colors, the main chemical constituents Al,Os, 
P,O;, and H,O were relatively stable and comparable 
to samples from Yun County (again, see table 1). 


IR Spectroscopy. IR spectra of turquoise show distinct 
sets of bands related to phosphate, water, and hydroxyl 


Figure 9. All four of the 
Zhushan turquoise sam- 
ples tested showed very 
similar IR spectra, with 
typical bands related to 
phosphate, water, and 
hydroxyl units. A 


ABSORBANCE —> 
ie 
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units (figure 9). Our samples had absorption bands at- 
tributed to the stretching vibrations of OH and H,O 
at ~3510, 3463, 3290, and 3086 cm”, and a 1638 cm"! 
band assigned to the bending vibration of H»O (Chen 
et al., 2007; Frost et al., 2006; Reddy et al., 2006). Four 
bands assigned to the v3; asymmetric stretching vibra- 
tions of phosphate units were recorded at approxi- 
mately 1157, 1107, 1058, and 1011 cm. In addition, 
we detected two weak bands at ~835 and 786 cm 
caused by the bending vibration of OH units. Other 
features from approximately 647 to 482. cm"! were due 
to the phosphate v,-bending modes. No evidence of 
treatment was found in the IR spectra of our samples. 


IR SPECTRA 


—— Q-3, Nodular turquoise 
—— Q-6, Oolitic turquoise 
—— 0-10, Veinlet turquoise 
~———~ Q-21, Grape-like turquoise 
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UV-VIS-NIR SPECTRA 
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Figure 10. Four different-colored turquoise samples 
showed absorption bands caused by Fe* d-d elec- 
tronic transition (~428 nm) and Cu* d-d electronic 
transition (~683—688 nm). 


These infrared features are very similar to those 
of turquoise from Yun County (Farmer, 1982; Zhang 
et al., 1982; Qi et al., 1998). 


UV-Vis-NIR Spectroscopy. Figure 10 shows the UV- 
Vis-NIR absorption spectra of four different-colored 
samples. Turquoise coloration depends on Fe** and 
Cu” transition metal content (Qi et al., 1998), which 
corresponds to two diagnostic absorption bands: a 
strong and narrow band centered at ~428 nm caused 
by Fe* d-d electronic transition, and a broad absorp- 
tion centered at ~685 nm due to Cu” d-d electronic 
transition. The UV-Vis-NIR absorption spectra of all 
four samples were similar. 


CONCLUSIONS 

Turquoise in China’s Zhushan County (e.g., figure 11) 
occurs in a compressed fractured zone among beds of 
siliceous and carbonaceous-siliceous slates. The 
turquoise is characterized by a variety of forms and 
colors, though it is typically medium bluish green. Mi- 
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Figure 11. This jewelry features turquoise from 
China’s Zhushan County. The beads measure ~4 mm 
in diameter. Photo by Yan Xiong. 


croscopic examination of thin sections shows micro- 
crystalline plate-like and spherulitic structures. 
Brownish black veinlets/patches and irregular white 
blebs are common. The infrared absorption spectra 
show typical phosphate, water, and hydroxyl vibra- 
tions for turquoise. UV-Vis-NIR absorption spectra 
have strong, sharp bands caused by Fe** and wide 
bands caused by Cu**. Most of the gemological and 
spectral characteristics of turquoise from Zhushan 
County are similar to those found in samples from 
elsewhere in China’s Hubei Province. There are strong 
indications (e.g., Guo, 2004) that the Zhushan County 
deposits have significant potential for development. 


Provincial Gem & Precious Metal Testing Centre in Guangzhou. 
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ava 1B] COMMUNICATIONS 


INCLUSIONS IN AQUAMARINE FROM AMBATOFOTSIKELY, 


MADAGASCAR 


Fabrice Danet, Marie Schoor, Jean-Claude Boulliard, Daniel R. Neuville, Olivier Beyssac, and Vincent Bourgoin 


In January 2012, aquamarine crystals containing 
interesting inclusions were extracted from the Am- 
batofotsikely area northwest of Antsirabe, Mada- 
gascar. These specimens displayed various types 
of eye-visible and microscopic inclusions, and 
some had an unusual form. Raman microspec- 
troscopy identified reddish brown platelets as 
hematite, while ilmenite was found as black 
platelets, black needles, and distinctive dark gray 
dendrites. Similar inclusions are known in beryl 
from Brazil, India, Mozambique, and Sri Lanka. 


Minne activity near the central Malagasy village 
of Ambatofotsikely was first documented nearly 
a century ago, when Lacroix (1922) described mon- 
azite and columbite crystals from that area. In 1949, 
the French Atomic Energy Commission explored the 
region for beryl as well as minerals bearing uranium 
and niobium-tantalum. More recently, since about 
1970, local farmers have sporadically dug shafts up to 
20 m deep into a deeply weathered granitic pegmatite 
in search of gem aquamarine. 

In December 2011, this deposit yielded a few kilo- 
grams of dark, translucent spessartine. A month later, 
the miners recovered some rather low-quality aquama- 
rine. Some of this material showed a strong greenish 
blue color and contained dark, unusually prominent 
inclusions (figure 1). In March, that discovery led to a 
small rush of about 200 independent miners (figure 2). 
Additional aquamarine was produced that was more 
transparent, without the dark inclusions. In April, 
some inclusion-free colorless to very pale orange beryl 
was also recovered. As of June 2012, a few dozen min- 
ers continued to work the deposit with hand tools. 

Between January and April, several hundred kilo- 


See end of article for About the Authors. 
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grams of translucent to transparent beryl were pro- 
duced, as well as several tonnes of opaque material 
for industrial use. While only a very small percentage 
was suitable for faceting, several hundred aqua- 
marines in the 1-35 ct range have been cut. In April 
2012, one of the authors (FD) traveled to the locality 
and obtained representative samples. 


Location and Geologic Setting. The workings are lo- 
cated less than 1 km north of Ambatofotsikely (a village 
now locally known as Ambatofotsy Carole}, 22 km 
north-northwest of Ankazomiriotra, and 74 km north- 
west of Antsirabe. The deposit is centered at coordinates 
19°2.7.662'S, 46°2.7.450'E, at an elevation of 1,010 m. 
The site is accessed by a paved road (RN 34) from 
Antsirabe to a point 16 km west of Ankazomiriotra. 
From there, a trail extends 15 km to Ambatofotsikely. 
The aquamarine deposit is part of the Betafo- 
Antsirabe pegmatite field (Pezzotta, 1999). This area 
is underlain by migmatite of the Precambrian crys- 
talline basement of central Madagascar (Antananarivo 
Block). The pegmatites are related to a magmatic cycle 


Figure 1. This 28.69 ct aquamarine from Ambatofot- 
sikely, Madagascar, displays conspicuous dark inclu- 
sions. Photo by F. Danet. 
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Figure 2. In early 2012, 
ad minor gem rush 
occurred at this deeply 
weathered aquamarine- 
bearing pegmatite near 
Ambatofotsikely. Photo 


that took place 570-540 million years ago, during the 
late stages of the Pan-African orogeny. The Ambato- 
fotsikely pegmatite is classified as a rare-element LCT 
(lithium, cesium, and tantalum) type body, of the 
beryl-columbite subtype. Beryl, biotite, clay-altered 
feldspar, and quartz are by far the most prominent 
minerals. Others include allanite, almandine-spessar- 
tine, anatase, columbite-tantalite, euxenite, fergusonite, 
ferrocolumbite, gahnite, hematite, ilmenite, monazite, 
muscovite, quartz (amethyst), rutile, samarskite, ver- 
miculite, xenotime, and zircon (Lacroix, 1922, Behier, 
1958). 

Beryl from Ambatofotsikely occurs as hexagonal 
prisms, frequently more than one decimeter wide 
and several decimeters long. Most of the crystals are 
heavily fractured, and miners routinely break them 
while searching for transparent areas. The aquama- 
rine is generally a moderate to strong greenish blue, 
though some crystals are simply green beryl. 


Materials and Methods. Eight cut aquamarines (3.47- 
13.59 ct) and nine rough samples (1.1—4.1 g) were ex- 
amined for this report. The samples ranged from 
medium blue to slightly greenish blue and contained 
various amounts of inclusions. Refractive indices 
were determined on the cut stones, and specific grav- 
ity was measured hydrostatically on the rough sam- 
ples. Raman spectra of the inclusions in a faceted 
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stone were recorded at Pierre and Marie Curie Uni- 
versity with a Renishaw inVia Raman microscope 
using 100x magnification and 514 nm argon-ion laser 
excitation. To interpret and correlate our results, we 


In Brief 


e Aquamarine with distinctive inclusions was found in 
the Ambatofotsikely area of central Madagascar in 
January 2012. 

© Only a very small amount of the aquamarine was suit- 
able for faceting, and several hundred stones weighing 
1-35 ct have been cut. 

e The inclusions consist of reddish brown platelets of 
hematite along with black platelets, black needles, and 
distinctive dark gray dendrites of ilmenite. 

e Similar inclusions are known in beryl from Brazil, 
India, Mozambique, and Sri Lanka. 


consulted the RRUFF database maintained by the 
University of Arizona. 


Results and Discussion. Gemological examination of 
the samples gave the following properties: RI—n, = 
1.580-1.582, n, = 1.573-1.575; birefringence—0.006- 
0.007; pleochroism—strong, in near-colorless and 
medium slightly greenish blue; hydrostatic SG—2.69- 
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Figure 3. A variety of inclusions were identified in the 
Malagasy aquamarine. Shown here are platelets com- 
posed of reddish brown hematite and black ilmenite, 
as well as dark gray dendritic inclusions and black 
needles of ilmenite. Photomicrograph by V. Bourgoin; 
image width 1.0 mm. 


2.73 (no correlation with the concentration of inclu- 
sions), and some weak absorption at 456 nm visible 
with the desk-model spectroscope. These properties 
are consistent with beryl. 

With magnification, numerous inclusions with 
varied forms, colors, and sizes were visible in both the 
rough and cut aquamarines. Hollow tubes were ori- 
ented in two directions, parallel and perpendicular to 
the c-axis. Some were filled with black material, 
while others appeared red, apparently because of oxi- 
dation. Rare translucent dark reddish brown platelets 
(sometimes with associated black platelets) were ori- 


Figure 4. This close-up view shows a dendritic il- 
menite inclusion in greater detail. Photomicrograph 
by V. Bourgoin; image width 0.6 mm. 


ented both parallel and perpendicular to the c-axis 
(figure 3). Also present were black needles, but the 
most common and noticeable inclusions were very 
thin plate-like reticulated dendrites (figures 3 and 4) 
oriented parallel to the basal plane c {0001}. They 
were typically ~0.1 mm wide, with a dark gray color. 
Their abundance varied considerably between sam- 
ples and by location within a crystal, but did not vary 
systematically from the inner to outer portions of the 
crystals. In some areas, the ilmenite inclusions 
formed well-defined ladder-like bands elongated par- 
allel to the c-axis. Where the inclusions were densely 
distributed, the stones appeared gray when viewed 
through the basal plane. 

Raman spectroscopy (figure 5) identified the red- 
dish brown platelets as hematite. The closely asso- 


RAMAN SPECTRA 


8000 5 


6000 5 


4000 = 


2000 5 


INTENSITY (Arbitrary Units) 


Figure 5. Raman spectra 
are shown for the host 
aquamarine and three 
types of inclusions. The 
black arrows corre- 
spond to ilmenite, and 
the red arrows are in- 
dicative of hematite. 
The dominant beryl 
peaks are also present 
in the spectra of the in- 
clusions. 
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ciated black platelets were identified as ilmenite, as 
were the black needles and dark gray dendritic inclu- 
sions. Although ilmenite’s characteristic 660 cm"! 
peak was not clearly visible in the ilmenite spectra, 
its presence was detectable by the asymmetry of the 
680 cm" beryl peak (particularly in the “purer” spec- 
trum of the black needle). 

Similar hematite and ilmenite inclusions have 
been documented previously in beryl from Brazil 
(Gtibelin and Koivula, 1997), India (Koivula, 2006); 
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IN MEMORIAM 


FABRICE DANET (1966-2012) 


Gems & Gemology contrib- 
utor Fabrice Danet passed 
away on August 23 at the 
age of 46. Mr. Danet, owner 
of Style Gems in Antsirabe, 
Madagascar, had recently 
completed his article on in- 
clusions in Malagasy aqua- 
marine for this issue of G&G. He was also a regular Gem 
News International correspondent who provided impor- 
tant updates on gems from his adopted country. 

Born in Brittany, France, Mr. Danet became pas- 
sionate about minerals at an early age, collecting stau- 
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rolite “fairy crosses” in the neighboring countryside. 
He studied at the Nancy School of Geology, graduating 
in 1987. Following travels to Brazil and Pakistan, he 
established himself as a mineral dealer in 1989. He 
eventually relocated to Madagascar, where he met his 
wife. Their two sons have grown up immersed in 
gemology. 

Mr. Danet enjoyed hiking throughout Madagascar 
and exploring for gem and mineral deposits. Each year 
at the Tucson gem shows he visited the G&G booth 
with interesting news and specimens to share. We ex- 
tend our condolences to Mr. Danet’s family and 
friends. 
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Thomas M. Moses | Shane F. McClure 


DIAMOND 

Irradiated, with Green Color 
Introduced by H2 Optical Center 
Several optical centers in diamond 
can result in green coloration. These 
include GR1 (zero-phonon line at 741 
nm), fluorescence from the H3 center, 
some Ni-related defects, and uniden- 
tified but possibly hydrogen-related 
centers. In addition, the H2 optical 
center, which has its zero-phonon line 
at 986.3 nm in the infrared region, 
contributes to the green color of some 
HPHT-treated diamonds (see Summer 
2007 Lab Notes, pp. 153-155). Al- 
though it is extremely rare for the H2 
center to be the predominant contrib- 
utor of green color, the New York lab- 
oratory recently examined one such 
diamond, which proved to be irradi- 
ated and annealed. 

This 2.34 ct pear-shaped diamond 
was color graded as Fancy Deep yel- 
low-green (figure 1). When observed 
under magnification with a strong 
light source, it appeared somewhat 
hazy compared to most natural gem 
diamonds. The color appeared evenly 
distributed throughout the whole 
stone. The mid-infrared spectrum 
showed strong type IaA absorptions, 
and no hydrogen-related peaks were 
detected. Also recorded was a weak 
absorption from the H1b defect (4935 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. This 2.34 ct Fancy Deep 
yellow-green diamond was identi- 
fied as artificially irradiated and 
annealed. The green color is pre- 
dominantly due to the H2 defect, 
an extremely rare occurrence. 


cm). UV-Vis-NIR spectroscopy at liq- 
uid-nitrogen temperature recorded ab- 
sorptions due to the H2 defect 
(extremely strong), H3 (strong), and 
N3 (moderate). The same spectrum 
collected at room temperature (provid- 
ing a direct reflection of a stone’s 
bodycolor) showed a similar pattern, 
but the ZPL absorptions were poorly 
resolved, as expected (figure 2). No 
GRI or 594 nm centers were detected. 
The sideband of the H2 center was ex- 
tremely strong, extending well into 
the visible region and effectively 
blocking red and orange light. In com- 
bination with the H3 absorption, this 
created a transmission window in the 
500-600 nm region, which explains 
the observed yellow-green bodycolor. 

The gemological and spectro- 


Gems & GEMOLOGY 


scopic features indicate that this dia- 
mond was artificially irradiated to im- 
prove its color. Before treatment, the 
stone very likely had a strong brown 
hue. Due to its high concentration of 
A-form nitrogen, significant amounts 
of H2 and H3 centers were introduced 
after irradiation and annealing. An- 
nealing at high temperature (>1000°C} 
removed all GR1 and 594 nm centers 
but introduced large amounts of the 
H2 and H3 defects. 

This specimen demonstrates that 
the H2 center can be the predominant 
contributor to a diamond’s green 
color. This feature, present in such a 
high concentration, is more likely to 
occur after laboratory treatment. 


Wuyi Wang and Emily Dubinsky 


Large Multiple-Treated Pink 

Pink diamonds with high saturation are 
very rare and highly valued. In recent 
years, a multiple-treatment process was 
developed to produce pink, red, or or- 
ange coloration in certain natural dia- 
monds containing suitable impurities 
through the controlled introduction 
of lattice defects known as NV centers 
(Spring 2010 Lab Notes, pp. 51-52). 
Many diamonds treated in this fashion 
are now available in the gem market. 
Recently, the New York laboratory 
tested a very high-quality treated pink 
diamond, an excellent example of 
proper starting material and treatment 
conditions. 

The 11.08 ct round brilliant was 
graded Fancy Vivid pink (figure 3), a 
very attractive but extremely rare 
color in nature. Microscopic observa- 
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an extreme height above the general level of 
approximately 100 feet. 

The ridges and slopes are covered with 
loose pebbles of quartz and ironstone gravel. 
In some places there is an outcropping of 
conglomerate and a hard rock known as 
“Grey Billy.” The quartz pebbles are small 
and well rounded of transparent, translu- 
cent, or milky types. On some a reddish 
color, or varnish, is seen. The black opal 
of this district is found in the sandstone 
underlying the Grey Billy. 

The combined depth of the.conglomerate 
and the quartzite is variable. On the sum- 
mits and upper slopes the thickness varies 
from one to fifteen feet. Holes or shafts are 
generally sunk to a depth of forty to fifty 
feet to reach the opal although opal layers 
may outcrop on the slopes. Existence of 
opal appears to depend upon the general 
character “@fthe sandstone and the sandy 
clay bands with which it is associated. The 
opal obtained at the Grawin area is good 
quality but not quite up to the Lightning 
Ridge standard. 

Estimated value of the production to the 
end of 1923 was £359,196. Since that date 
possibly less than £80,000 worth has been 
recovered and only a few miners are work- 
ing there at the present. time. Aggregate 
value of the opal recovered through 1948 
is valued at £440,000. 


ANDAMOOKA, SOUTH AUSTRALIA 


The Andamooka field was discovered in 
1930 situated about eight miles west of the 
northern end of Lake Torrens. The region 
is a dissected tableland. with gently rolling 
hills and low topographic relief. The surface 
of the tableland is about 600 feet above 
sea level with a gradual slope of 300 feet 
over a forty mile distance. The field is 
reached by rail from Adelaide to Pimba 
and then about eighty-five miles by road. 

Full extent of the field is not known but 
it is at least four and one half miles long 
and approximately three miles wide. Opera- 
tions, however, are carried out in less than 
half of this area. 


Opal bearing conglomerate is usually 
found about seventy feet below the plateau 
level although sometimes exposed on hill- 
sides where streams have cut below that 
level. It also occurs as seams within the clay 
which undetlies the conglomerate band. 
Miners have preference for shaft sinking at 
this field and this method is used to the 
exclusion of all others at the present time. 

Living conditions are less attractive at 
this field than at Coober Pedy, with the 
water supply limited and barely sufficient 
for essential needs. Average rainfall here is 
six inches and surface water is virtually 
absent. Homes are principally semi-dugout 
and there is weekly mail service. 

Andamooka opal varies in color and is 
generally darker than that obtained in 
Coober Pedy or White Cliffs. It is said some 
specimens are dark enough to compare 
favorably with Lightning Ridge black opal. 

First recorded value of production was 
made in 1933 and was given as £962. The 
following year the value fell even lower 
but from 1939 to 1945 value recorded was 
consistently higher than Coober Pedy’s. The 
highest value of production from Anda- 
mooka was in 1946 when it was recorded. 
as £17,292. Aggregate value of opal recov- 
ered to the end of 1946 was £86,088. 


HAYRICKS MINES, QUEENSLAND 


In Queensland, opals are mined only. at 
the Hayricks Mine near Quilpie in the west- 
ern part of the state at the present time. 
This is the largest of an isolated group of 
mesas which are named Hayrick because of 
their striking outline against the horizon. 
These mesas rise to a height of approxi- 
mately 200 feet above the surrounding 
plain country. 

Opal deposits worked here are of the 
sandstone boulder type. The boulders occur 
irregularly in a bed of light colored kaolinic 
sandstone some 120 feet below the top of 
the mesa. Opal—in part precious—is depos- 
ited as an infilling in cracks and fractures 
of boulders, which occur irregularly. Some 
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Figure 2. This room-temperature UV-Vis-NIR spectrum revealed ex- 
tremely strong absorption from the H2 defect, as well as strong H3 and 
moderate N38 absorption. A transmission window created in the 500-600 
nm region resulted in the yellow-green bodycolor. 


tion revealed no observable fractures 
or inclusions. Instead, the diamond 
displayed moderate graining, which is 
consistent with a starting material 
that had a significant brown color 
component. This speculation was 
supported by the strong birefringence 
seen with a polarizing microscope. 
The diamond’s color distribution was 
slightly patchy, but no concentration 
was observed at the culet. It showed 


Figure 3. The Fancy Vivid pink 
color of this 11.08 ct diamond 
was produced by multiple treat- 
ments. The attractive coloration 
is the result of suitable starting 
material and proper treatment 
conditions. 
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very strong chalky orange fluores- 
cence to both long- and short-wave 
UV radiation. 

The mid-infrared absorption spec- 
trum showed weak lines at 3107 and 
1332 cnr, indicating a very low 
amount of B-form nitrogen impurity. A 
weak 1450 cm absorption (Hla) was 
also recorded. The UV-Vis spectrum 
collected at liquid-nitrogen tempera- 
ture showed distinct peaks correspon- 
ding to NV centers with zero-phonon 
lines at 575 and 637 nm, as well as 
strong absorptions from irradiation-re- 
lated centers such as 594, 741 (GR1), 
and 393 nm (ND1). Also recorded was 
a broad absorption band centered at 270 
nm, attributed to isolated nitrogen. 
These gemological and spectroscopic 
features demonstrated that the color of 
the diamond was produced by multiple 
treatment processes. The initial high- 
pressure, high-temperature (HPHT) 
treatment would have effectively re- 
moved the unwanted brown color from 
the starting material and also intro- 
duced trace amounts (ppm level) of iso- 
lated nitrogen by disaggregating the 
preexisting B-form nitrogen. Subse- 
quent irradiation and annealing would 
have turned part of the isolated nitro- 
gen into NV centers, effectively block- 
ing orange-yellow light and creating 
the pink color. 
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Few natural-color pink diamonds 
owe their coloration to NV centers. 
Separating these from their treated 
counterparts has become increasingly 
difficult because they share many 
similar features. While the intense 
color saturation itself is a strong indi- 
cation of treatment, detailed spectro- 
scopic analysis is essential for a 
conclusive identification. 


Wuyi Wang and Kyaw Soe Moe 


Coated Cat’s-Eye GYPSUM 

Any gem with elongated needle inclu- 
sions or a fibrous structure can produce 
chatoyancy when cut as a cabochon 
with the proper orientation. The Carls- 
bad laboratory recently received for 
identification a 30.45 ct translucent, 
saturated blue oval cabochon with an 
extremely sharp eye (figure 4). Standard 
gemological testing gave a spot RI of 
1.56; the stone showed a moderately 
strong blue fluorescence to long-wave 
UV radiation and a weak blue reaction 
to short-wave UV. 

While no particular gem came to 
mind during initial observation, the 
combination of saturated blue color 
and a sharp eye led us to suspect 
something too good to be true. This 
suspicion was confirmed during mi- 
croscopic examination, which re- 
vealed a uniform fibrous structure 
and a blue coating on the top portion 
of the cabochon (figure 5). Decol- 


Figure 4. This 30.45 ct blue oval 
cabochon proved to be a coated 
cat’s-eye gypsum. 
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Figure 5. A blue color coating was 
clearly visible on the surface of 
the gypsum cabochon. Image 
width: 1.0 mm. 


orized areas related to surface damage 
provided further evidence of a super- 
ficial color coating (figure 6). The base 
of the cabochon had a colorless coat- 
ing that was easily observed, as a por- 
tion of it had delaminated from the 
substrate. The underlying material 
was very soft and easily scratched by 
a metal probe. 

Raman spectroscopy of the top 
and bottom coatings gave results con- 
sistent with a polymer resin, and the 
substrate material was identified as 
gypsum. This was the first example of 
a color-coated cat’s-eye gypsum exam- 
ined in GIA’s laboratory. 


Amy Cooper and Phil York 


Figure 6. Decolorized areas corre- 
sponding to surface damage con- 
firmed that the blue color of the 
gypsum cabochon resulted from 
the thin coating, which was iden- 
tified as a polymer resin by 
Raman spectroscopy. Image 
width: 4.3 mm. 


Las Notes 


Figure 7. This 26.99 x 17.90 x 7.25 mm pearl has a unique mushroom 
shape (left). Underneath the cap of the specimen are arching radial struc- 
tures reminiscent of the “gills” found in some actual mushrooms (right). 


Mushroom PEARL 

In July 2012, the New York laboratory 
received a most unusual pearl for ex- 
amination. The 26.99 x 17.90 x 7.25 
mm specimen bore an uncanny like- 
ness to a mushroom, consisting of a 
bell-shaped cap atop a narrower stem 
(figure 7, left). Interestingly, arching 
radial structures very reminiscent of 
the “gills” found in actual mush- 
rooms were observed under the cap 
(figure 7, right). The pearl’s brown 
color further added to the mushroom 
effect. 

After digital imaging, the pearl 
was examined with the microscope 
(figure 8). It displayed a non-nacreous 
porcelaneous surface, with a notice- 
able flame structure at the top of the 
cap and a very subtle flame structure 
on the stem (figure 8, left). The flame 
structure at the end of the cap inter- 


sected in a few small patches. The 
widest section of the pearl as well as 
the base of the stem showed a mottled 
growth pattern and coloration, which 
may have obfuscated any flame struc- 
ture in those areas. 
Microradiography revealed a den- 
ser growth structure along the center 
(lengthwise) of the pearl and visibly 
less compact layered growth in the 
widest area of the cap (figure 9). This 
growth structure in the cap made it 
more fragile than the top and base of 
the pearl; minor fracturing and chip- 
ping were seen along the rim with the 
microscope, including a number of iri- 
descent liquid-filled inclusions slightly 
below the surface (figure 8, right). 
Raman spectroscopy showed an 
aragonite peak, and chemical analysis 
by energy-dispersive X-ray fluores- 
cence (EDXRF) indicated the presence 


Figure 8. The pearl in figure 7 displays a subtle flame structure on the 
stem (left, image width ~7 mm). The widest section of the cap contains 
iridescent fractures just below the surface (right, image width ~7 mm). 
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Figure 9. Microradiography re- 
veals a denser growth structure 
down the length of the pearl and 
a visibly less compact layered 
growth structure in the widest 
part of the cap. 


of Ca, as expected for a pearl. The ab- 
sence of pigment and color concentra- 
tions indicated that the color was 
natural. The surface appearance, pri- 
marily the intersecting flame struc- 
ture and liquid inclusions, pointed to 
a mollusk of the Cassis genus (i.e., a 
large marine snail). Although we had 
no way to confirm this through test- 
ing, the owner said it reportedly came 
from a Cassis cornuta mollusk found 
in the Indonesian archipelago. 

While a pearl from a mollusk of 
the Cassis genus is uncommon in its 
own right, the shape of this specimen 
is what made it truly remarkable. Its 
striking resemblance to a mushroom 
has not been observed by GIA in any 
other pearl, from any mollusk species. 


Akira Hyatt 


SYNTHETIC DIAMOND 

CVD Synthetic Diamonds Identi- 
fied in Hong Kong Laboratory 
Synthetic diamonds grown by the 
chemical vapor deposition (CVD) 
process are becoming more common 
in the jewelry market, and since mid- 
2012 they have shown up in major di- 
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amond grading laboratories (C. Even- 
Zohar, “Synthetics specifically ‘made 
to defraud,’” Diamond Intelligence 
Briefs, Vol. 27, No. 709, May 21, 2012, 
pp. 7281-7283). In June 2012, 10 dia- 
monds submitted to GIA’s Hong Kong 
laboratory were identified as CVD- 
grown synthetics. Overall, they ap- 
peared comparable to top-quality 
natural counterparts. These round 
brilliants ranged from 0.30 to 0.35 ct, 
with F-H color grades (figure 10). Mi- 
croscopic examination showed no 
fractures or inclusions, but did reveal 
weak graining and tiny pinpoints. Ac- 
cordingly, their clarity grades ranged 
from VVS, to VVS,, and one sample 
received a VS,. The specimens were 
essentially inert to long-wave UV ra- 
diation and displayed a very weak yel- 
low to green-yellow fluorescence to 
short-wave UV. 

Infrared absorption spectroscopy 
identified all 10 synthetic diamonds as 
type Ila. Common features in CVD 
synthetics, such as isolated nitrogen 
absorption at 1344 cm and hydrogen- 
related absorptions at 3123 and 3107 


Figure 11. In the DiamondView, 
all 10 synthetic diamond samples 
displayed moderate green fluores- 
cence and distinctive CVD 
growth striations. 


cm!, were not recorded. However, 
photoluminescence spectra collected 
at liquid-nitrogen temperature with 
various laser excitations showed very 
strong [Si-V]° emissions at 736.6 and 
736.9 nm, as well as strong peaks from 
N-V centers at 575.0 and 636.9 nm and 
an H3 emission at 503.2 nm. The Dia- 
mondView revealed moderate green 
fluorescence (attributed to the H3 op- 
tical center) and typical CVD growth 
striations (figure 11). Weak blue phos- 
phorescence was also observed in each 
sample in the DiamondView. 


Figure 10. These 10 CVD synthetic diamonds (0.30-0.35 ct, with F-H 
color) were recently identified in GIA’s Hong Kong laboratory. 
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These gemological and spectro- 
scopic features are similar to those ob- 
served in Gemesis CVD synthetic 
diamonds (W. Wang et al., “CVD syn- 
thetic diamonds from Gemesis 
Corp.,”” Summer 2012 GWG, pp. 80- 
97), suggesting that post-growth an- 
nealing at high temperature was 
applied to improve their color and 
possibly their transparency. 


Shun Yan Wong, Wai Kar Carmen Lo, 
and Terry Poon 


Type IIb CVD Synthetic Diamond 
Gem-quality synthetic diamond grown 
by chemical vapor deposition is rarely 
encountered among the stones sub- 
mitted for a GIA diamond report. 
Rarer still are type IIb CVD speci- 
mens—most are type IIa. Until re- 
cently, only one type IIb CVD 
synthetic had been submitted (Sum- 
mer 2008 Lab Notes, pp. 158-159). 
In April 2012, the Carlsbad labora- 
tory examined a 0.25 ct round bril- 
liant with Faint brown (L) color and I, 
clarity (figure 12). The sample showed 
strong graining with magnification, 
and it fluoresced very weak yellow to 
long-wave UV radiation and weak or- 
ange to short-wave UV. No phospho- 
rescence or electrical conductivity 
was observed. Its Diamond View reac- 


Figure 12. This 0.25 ct round bril- 
liant with L color and I, clarity 
proved to be a type IIb CVD syn- 
thetic diamond. 
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Figure 13. The type IIb CVD synthetic’s DiamondView fluorescence image 
(left) showed regions of orangy red and blue fluorescence, including two 
distinctive blue concentric rings. The DiamondView also revealed mot- 
tled purple areas that are typical of some CVD synthetics. The unusual 
rings of fluorescence correspond to the strongest phosphorescence (right). 


tion was marked by moderately 
strong orangy red and mottled purple 
regions and two unusual concentric 
rings of blue fluorescence (figure 13, 
left). DiamondView imaging also 
showed moderate blue phosphores- 
cence, with the areas of strongest 
phosphorescence corresponding to the 
blue-fluorescing rings (figure 13, 
right). The growth conditions leading 
to this unusual pattern are unknown. 
Nevertheless, similar luminescence 
colors and mottled purple areas have 
been seen previously in CVD synthet- 
ics (e.g., W. Wang et al., “Latest-gener- 
ation CVD-grown synthetic diamonds 
from Apollo Diamond Inc.,” Winter 
2007 G&G, pp. 294-312). 

The infrared absorption spectrum 
revealed no detectable nitrogen, as ex- 
pected since most CVD synthetic dia- 
monds are nominally type Ila. Yet we 
did observe weak absorption at 2800 
cm from trace amounts of boron. It is 
unclear whether the boron was doped 
intentionally. The Vis-NIR spectrum, 
collected at liquid-nitrogen tempera- 
ture, showed a gradual increase in ab- 
sorption toward shorter wavelengths, 
which imparted the brown color. Type 
IIb diamonds usually show a gradual 
increase in absorption toward longer 
wavelengths, resulting in a blue color. 
Additionally, this synthetic diamond 
produced strong absorption from the 
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Si-V defect (doublet at 736.6/736.9 
nm), which was also manifested as a 
very strong photoluminescence (PL) 
emission. Si-V is a common, often di- 
agnostic defect in CVD synthetic dia- 
mond. Although nitrogen was not 
observed in the sample’s IR absorption 
spectrum, the more sensitive PL tech- 
nique (514 nm excitation, collected at 
liquid-nitrogen temperature) displayed 
strong emissions from neutral and neg- 
atively charged N-V centers (zero- 
phonon lines at 575 and 637 nm, 
respectively). 

All of the spectroscopic and gemo- 
logical features confirmed this was a 
type IIb CVD synthetic diamond. The 
specimen was unusual due to its 
boron content and distinctive Dia- 
mondView characteristics. 

Although type IIb CVD synthetic 
diamonds are produced for industrial 
purposes, and the boron can cause a 
blue color (e.g., P. M. Martineau et al., 
“Identification of synthetic diamond 
grown using chemical vapor deposition 
[CVD],” Spring 2004 GwG, pp. 2-25], 
gem-quality type IIb CVD synthetics 
are quite rare, and the two examples 
submitted to GIA so far have shown 
brown coloration. As CVD technology 
continues to evolve, though, the gem 
trade will likely see blue type IIb ver- 
sions in the future. 


Sally Eaton-Magania 
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Lead Glass-Filled 

SYNTHETIC RUBY 

Recently examined in the Carlsbad 
laboratory was an 11.52 ct purplish 
red cushion mixed cut (figure 14). 
Gemological testing confirmed the 
material was corundum, based on its 
RI values of 1.760-1.769 and hydro- 
static SG of 3.98. The sample fluo- 
resced strong red when exposed to 
long-wave UV radiation, and strong to 
moderate red to short-wave UV. Ob- 
servation with a desk-model spectro- 
scope revealed a distinct spectrum 
consistent with ruby. 

While these initial observations 
were quite standard, microscopic ex- 
amination revealed details out of the 
ordinary. A network of uniformly pat- 
terned fractures was consistent with 
those often seen in quench-crackled 
corundum. These fractures showed a 
moderately prominent orange-to-blue 
flash effect (figure 15), small clusters 
of whitish devitrification products, 
and flattened gas bubbles—all indica- 
tors of lead glass-filled corundum. 
EDXREF spectroscopy confirmed the 
presence of lead. Notably, the gem 
contained subtly curving striae (again, 
see figure 15), which proved it was a 
flame-fusion synthetic ruby. Unlike a 
similar glass-filled synthetic ruby ex- 


Figure 14. This 11.52 ct synthetic 
ruby proved to be filled with lead 
glass. 
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amined in the New York laboratory 
(see Fall 2007 Lab Notes, pp. 250- 
251), no orange fluorescence was ob- 
served in the glass-filled fractures. 

Lead glass-filled ruby has been in 
the market for several years, and 
flame-fusion synthetic ruby for much 
longer, but this was the first example 
of a lead glass-filled flame-fusion syn- 
thetic ruby seen in the Carlsbad labo- 
ratory. It is unclear why anyone 
would knowingly produce this gem 
material, which currently represents 
the lowest standard in the realm of 
lead glass filling. 


Nathan Renfro 


Red TAAFFEITE Crystal 

A 1.56 g red hexagonal crystal (figure 
16) was recently submitted to the 
Carlsbad laboratory for a ruby report. 
As the hexagonal shape and red color 
were consistent with ruby, it would be 
easy to assume the crystal was corun- 
dum. The specimen was reported to be 
from Myanmar. 

We could not obtain an RI meas- 
urement due to the rough surface, but 
standard gemological testing using a 
desk-model spectroscope showed fine 
lines in the red end of the spectrum. 
When exposed to long- and short-wave 
UV radiation, the sample fluoresced 
moderate and weak red, respectively. 
The crystal’s hydrostatic SG was 3.62, 
which eliminated ruby as a possibility. 


Figure 15. Curved striae and an 
orange-to-blue flash effect were 
observed in the sample, identify- 
ing it as a flame-fusion synthetic 
ruby filled with lead glass. Image 
width: 3.6 mm. 
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Figure 16. This 1.56 g rough 
hexagonal crystal was identified 
as taaffeite. While taaffeite is a 
rare mineral in any color, the red 
variety is extremely scarce. 


Raman analysis identified the 
crystal as taaffeite (spectra are avail- 
able in the G#G Data Depository at 
gia.edu/gandg). The vibrant red color 
is presumed to be caused by 
chromium, which is incorporated into 
the aluminum sites of other alumi- 
num oxide minerals (e.g., corundum 
and spinel) to produce red coloration. 
The presence of Cr was confirmed by 
EDXRF analysis, and is consistent 
with the fine lines observed in the red 
region of the visible spectrum. 

While taaffeite is occasionally 
seen in the laboratory, the color is 
usually grayish purple. Red varieties 
of this rare mineral are extremely 
scarce (see Spring 1990 Gem News, 
pp. 102-103), and examining this 
moderately sized specimen was cer- 
tainly an unusual opportunity. 


Nathan Renfro and Laurent Massi 
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COLORED STONES AND ORGANIC MATERIALS 


Beryl from Kaduna State, Nigeria. In April 2011, Dudley 
Blauwet (Dudley Blauwet Gems, Louisville, Colorado) in- 
formed GIA about new production of blue-gray, blue-green, 
and green (including emerald green) beryl from previously 
known deposits near Gwantu, in the Kaduna State of 
north-central Nigeria (D. Schwarz et al., “Emerald and 
green beryl from central Nigeria,” Journal of Gemmology, 
Vol. 25, No. 2, 1996, pp. 117-141). He obtained the rough 
material from Nigerian suppliers at the February 2011 Tuc- 
son gem shows. From 69.9 grams of rough, he cut 63 
faceted stones totaling 78.27 carats and three cabochons 
with a combined weight of 32.78 carats. Mr. Blauwet noted 
that despite the saturation of the green stones, none of 
them exhibited any pink or red reaction when viewed with 
the Chelsea filter. He loaned 11 samples (nine faceted 
stones [figure 1] and two cabochons) to GIA, and these were 
examined for comparison with the properties listed by 
Schwarz et al. (1996) and by T. Lind et al. (“Blue and green 
beryls [aquamarines and emeralds] of gem quality from 
Nigeria,” Journal of Gemmology, Vol. 20, No. 1, 1986, pp. 
40-48). 

The nine faceted stones were separated by hue into three 
groups, and standard gemological properties were deter- 
mined. Group 1 (3.03 and 3.89 ct) samples were light blue, 
and showed: pleochroism—strong blue and near colorless; 
RI—n, = 1.575-1.573, n. = 1.568-1.570; birefringence— 
0.005; hydrostatic SG—2.68 and 2.71, and an absorption line 


Editor's note: Interested contributors should send information and illustra- 
tions to Justin Hunter at justin.hunter@gia.edu or GIA, The Robert 
Mouawad Campus, 5345 Armada Drive, Carlsbad, CA 92008. 


Gems & GEeMoLocy, Vol. 48, No. 3, pp. 215-233, 
http://dx.doi.org/10.5741/GEMS.48.3.215. 
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Figure 1. The recently produced beryls from Kaduna 
State, Nigeria, range from aquamarine (top two 
stones, 3.03 and 3.89 ct) to emerald (bottom, 0.87 ct). 
Photo by Robert Weldon. 


at ~427 nm visible with the desk-model spectroscope. Group 
2 (0.84, 0.97, 1.52, and 1.74 ct) samples were light bluish 
green and greenish blue, and showed: pleochroism—strong 
yellow and green, except for strong blue and near colorless 
in the 1.52 ct sample; RI—n, = 1.574-1.575, n, = 1.568— 
1.570; birefringence—0.005-0.006; hydrostatic SG—2.63- 
2.69; and an absorption line at ~427 nm and weak lines near 
700 nm visible with the desk-model spectroscope. Group 3 
(0.87, 3.36, and 3.50 ct) samples were emerald green and 
showed: pleochroism—strong yellowish green and bluish 
green; RI—n, = 1.573-1.575, n. = 1.568-1.569; birefrin- 
gence—0.005-0.007; hydrostatic SG—2.62-2.65; and ab- 
sorption lines near 700 nm visible with the desk-model 
spectroscope. All of the samples were inert to long- and 
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Figure 2. The Kaduna beryls contained fluid inclusions with various morphologies, as shown by these jagged (A, 
magnified 112x), and elongate (B, 112x) three-phase inclusions. The aquamarines also showed angular growth 
structures (C, 30x). Photomicrographs by P. Cevallos. 


short-wave UV radiation. Microscopic examination of sam- 
ples from all three groups revealed equidimensional to elon- 
gate two- and three-phase fluid inclusions (figures 2A and 
2B) and partially healed fractures. In addition, the two Group 
1 stones (aquamarines) contained transparent crystals and 
well-defined angular growth structures (figure 2C). The 
gemological properties shown by all three groups are con- 


sistent with those reported by Lind et al. (1986) and Schwarz 
et al. (1996). 

Electron microprobe analysis of the faceted samples 
(table 1) was performed at the University of New Orleans. 
Beryls from Groups 1 and 2, contained variable Fe, and no 
Cr or V except for one sample (0.97 ct). Group 3 samples 
contained a similar range of Fe contents in addition to 


TABLE 1. Average electron microprobe analyses of beryls from Kaduna, Nigeria.? 


Group 1 2 3 
Color Blue Blue Greenish Bluish Bluish Bluish Green Green Green 
blue green green green 
Weight (ct) 3.03 3.89 2 0.84 0.97 1.74 0.87 3.36 3.50 
Oxides (Weight %) 
SiO. 65.90 65.95 65.87 65.76 65.96 65.86 65.62 65.86 65.77 
Al,O3 18.56 18.58 17.86 18.47 18.66 17.79 17.17 18.63 18.30 
Cr,0z bdl bdl bdl bdl 0.02 bdl 0.02 0.02 0.08 
V20z bdl bdl bdl bdl 0.05 bdl 0.01 0.01 0.04 
BeO 13.77 13.80 13.63 13.73 UCL 13.63 13.51 13.80 13.70 
FeO 0.83 1.19 0.20 0.86 0.29 0.49 0.20 0.94 0.59 
MnO bdl bdl bdl bdl bdl bdl bdl 0.01 bdl 
MgO bdl bdl 0.02 bdl bdl 0.01 0.31 0.04 0.04 
CaO bdl bdl bdl 0.03 bdl bdl 0.01 bdl bdl 
Na,O 0.06 0.05 0.16 0.05 0.11 0.16 0.03 0.16 0.03 
KO 0.02 0.03 0.05 0.03 0.03 0.03 0.04 0.02 0.02 
Total® 99.15 99.62 97.80 98.93 98.87 97.96 96.93 99.49 98.52 
lons per 18 oxygens 
Si 5.976 5.965 6.035 5.978 5.983 6.032 6.063 5.961 5.994 
Al 1.985 1.982 1.930 1.979 1.996 1.921 1.870 1.988 1.967 
Cr bdl bdl bdl bdl 0.001 bdl 0.002 0.001 0.002 
V bdl bdl bdl bdl 0.003 bdl 0.001 0.001 0.003 
Be 3.000 3.000 8.000 8.000 3.000 3.000 3.000 3.000 3.000 
Fe?+ 0.063 0.090 0.015 0.065 0.022 0.037 0.016 0.071 0.045 
Mn bdl bdl bdl bdl bdl bdl bdl 0.001 bdl 
Mg bdl bdl 0.003 bdl bdl 0.001 0.043 0.005 0.006 
Ca bdl bdl bdl 0.003 bdl bdl 0.001 bdl bdl 
Na 0.011 0.010 0.028 0.009 0.019 0.028 0.006 0.029 0.005 
K 0.002 0.004 0.006 0.003 0.003 0.004 0.005 0.003 0.002 


* BeO was calculated based on an assumed stoichiometry of 3 Be atoms per formula unit. Analytical standards included both natural and synthetic 
materials: sillimanite (Si and Al), clinopyroxene (Mg, Ca, Fe, and Ti), rhodonite (Mn), chromite (Cr), V.Os (V), albite (Na), and adularia (K). MAN 
standards in addition to the above standards were MgO, hematite, and rutile. Abbreviation: bdl = below detection limit. Detection limits (in wt.%): 
CrO; = 0.012, VO; = 0.009, MnO = 0.005, MgO = 0.009, and CaO = 0.007; TiO, was below the detection limit (0.009) in all analyses. 

° All Fe is reported as FeO. 

© Analyses do not include H,O. 
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traces of Cr and V. The levels of Fe reported here are similar 
to those listed by Lind et al. (1986) and Schwarz et al. 
(1996), but those authors documented higher amounts of 
Cr and V in some of their samples. 

UV-Vis-NIR spectroscopy (figure 3) of all the beryls 
showed broad Fe** absorption at 817-820 nm and bands at 
approximately 373 and 427 nm that corresponded to Fe*. 
In addition, Group 2, samples also had very weak to mod- 
erate peaks due to superimposed Cr** and V** absorptions 
near 683 nm, while Group 3 stones displayed well-defined 
Cr** and V* absorptions from ~630 to 683 nm. These spec- 
tral features are comparable to those given by Lind et al. 
(1986) and Schwarz et al. (1996). 

Infrared spectroscopy recorded a weak band at 2358 
cm: (related to CO, in the structural channels) and a 
stronger absorption at 2328 cm in all samples. In addition, 
Group 3 samples showed a weak band at 2290 cm. 

As documented in previous studies, this suite of recently 
produced beryls shows a complete gradation from aquama- 
rine to emerald, with the greener colors due to Cr** and V**. 


Pamela Cevallos (pcevallo@gia.edu) 
GIA, New York 


William B. (Skip) Simmons and Alexander U. Falster 
University of New Orleans, Louisiana 


Green and orangy yellow calcite from Pakistan. Mehul 
Durlabhji, co-convener of the Gem Testing Laboratory of 
Jaipur, India, recently brought two cabochons to this con- 
tributor for identification (figure 4). The specimens, one 
green and one orangy yellow, were obtained from a dealer 
who said that large quantities were being mined from a 
marble quarry in the Pakistani province of Baluchistan. At 
first glance, both resembled opal or chalcedony, but gemo- 
logical and spectroscopic testing proved otherwise. 

The 16.77 ct green cabochon measured 20.51 x 13.87 
x 7.57 mm, while the 32.06 ct orangy yellow stone was 
20.91 x 17.37 x 12.35 mm. Both had a spot RI of ~1.56, 
with the large birefringence blink typically seen in car- 
bonate minerals, and a hydrostatic SG of 2.72. The orangy 
yellow cabochon fluoresced yellow to long- and short- 
wave UV radiation, while the green sample was inert. No 
absorption features were seen in either stone with a desk- 
model spectroscope. While observing the stones in vari- 
ous directions under a lamp, banding was seen along their 
length (e.g., figure 5), indicating a layered growth. These 
bands were quite prominent and widely spaced, unlike 
those seen in chalcedony. At higher magnification, fine 
acicular to fibrous inclusions oriented perpendicular to 
the direction of banding were visible (figure 6). Such an 
inclusion pattern is a common feature in minerals show- 
ing botryoidal growth, such as malachite or chalcedony; 
however, this structure was not visible in these two sam- 
ples. The growth features indicated that the specimens 
were not single crystals but compact masses of fine acic- 
ular crystals, similar to those in “satin-spar,” the term 
used for a variety of gypsum with parallel fibrous crystals 


Gem News INTERNATIONAL 


UV-VIS-NIR SPECTRA 


O-ray Aquamarine 
3.03 ct, path length ~4.7 mm 
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Bluish green beryl 
1.74 ct, path length ~6.8 mm 
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Figure 3. Polarized UV-Vis-NIR spectroscopy of the 
beryls showed features due to Fe* and Fe*-, as well as 
Cr* and V* in the greener samples. 


(see, e.g., R. Webster, Gems, 5th ed., revised by P. G. Read, 
Butterworth-Heinemann, Oxford, UK, 1994, pp. 307-308 
and 310). 

FTIR spectroscopy revealed two bands at around 4520- 
4200 cm and 4150-3870 cnr, as well as complete absorp- 
tion to 3750 cm. These features are characteristic of 
carbonate minerals such as calcite. Qualitative energy-dis- 
persive X-ray fluorescence (EDXRF) spectroscopy of both 
cabochons revealed the presence of Ca (as expected for cal- 
cite), as well as traces of Cu and Mn in the green sample 
and traces of Sr in the orangy yellow one. 

Identification of these calcite varieties is straightfor- 
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ward using standard gemological techniques. Despite their 
low hardness, they add to Pakistan’s wide range of available 
gem materials. 


Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Citrine from Zambia. In September 2011, GIA was in- 
formed by gem and mineral dealer Dudley Blauwet about 
anew find of citrine, which was represented to him as nat- 
ural-color material from the Kitwe area of Zambia. He ob- 
tained ~1 kg of the rough at the 2011 Tucson gem shows 
from a regular supplier of African rough. Faceting of 208.5 
grams of rough yielded 29 stones totaling 268.08 carats. 
Four of the stones were concave cut, and the largest one 
weighed 48.69 ct. 

Mr. Blauwet loaned seven of the cut citrines to GIA for 
examination, ranging from 3.38 to 43.86 ct (figure 7). Con- 
cave facets on the three largest pieces accentuated their 
brilliance. The color of the citrine ranged from pale slightly 
brownish yellow to brownish orangy yellow, and the seven 
stones showed the following gemological properties: RI— 
n, = 1.542, n. = 1.552; birefringence—O0.010; hydrostatic 


Figure 5. In certain directions, the calcites displayed 
banding along their length, indicating layered growth. 
The pattern was readily apparent in the green sample 
but more subtle in the orangy yellow stone. Photo by 
G. Choudhary. 


Figure 4. These green 
and orangy yellow 
cabochons (16.77 and 
32.06 ct, respectively) 
proved to be calcite, re- 
portedly mined from 
Pakistan’s Baluchistan 
province. Photo by G. 
Choudhary. 


SG—2.65-2.66; UV fluorescence—inert to both long- and 
short-wave UV radiation, except for one pale yellow sam- 
ple that fluoresced very weak white to long-wave UV; and 
no features seen with the desk-model spectroscope. Micro- 
scopic examination revealed straight and angular color 
zones, as well as a general haziness and bands of hazy par- 
ticles (figure 8), which proved natural origin and were sim- 
ilar to those described in citrine from Sri Lanka (E. J. 
Gtibelin and J. I. Koivula, Photoatlas of Inclusions in Gem- 
stones, Vol. 2, Opinio Publishers, Basel, Switzerland, 2005, 
p. 573). The 3.38 ct stone also contained a plane of parallel 
tubules and two-phase inclusions (figure 9). Viewed with 
cross-polarized light, minor areas of Brazil-law twinning 
were seen in only the two smallest samples. 

FTIR spectroscopy revealed the absence of a 3595 cm 
band. This feature is sometimes used as confirmation of nat- 
ural quartz, especially amethyst, when it is well resolved 
and there are no diagnostic natural inclusions (S. Karampelas 
et al., “Infrared spectroscopy of natural vs. synthetic 
amethyst: An update,” Fall 2011 GwG, pp. 196-201). In cit- 
rine this feature is often absent, so proper identification 
must rely on inclusion observation, or the analysis of trace 
elements (C. M. Breeding, “Using LA-ICP-MS analysis for 


Figure 6. At higher magnification, both calcites 
displayed fine acicular to fibrous inclusions oriented 
perpendicular to the direction of banding. Photo- 
micrograph by G. Choudhary; magnified 64x. 
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Figure 7. These citrines (3.38—-43.86 ct) showing the 
range of color from the new Zambian deposit are re- 
portedly untreated. Photo by Robert Weldon. 


the separation of natural and synthetic amethyst and cit- 
rine,” www.gia.edu/research-resources/news-from-research/ 
LA-ICP-MS-quartz.pdf). 

Natural-color citrine is less common than other quartz 
varieties such as amethyst and smoky quartz. Assuming 
that the coloration of this citrine is natural—as represented 
by the supplier—this large, clean material makes a nice ad- 
dition to the gem market. 


Donna Beaton (donna.beaton@gia.edu) 
GIA, New York 


Figure 8. Hazy clouds and bands are common fea- 
tures in the Zambian citrine. Photomicrograph by D. 
Beaton; image width 2.7 mm. 
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Figure 9. The 3.38 ct triangular modified brilliant in 
figure 7 contains a plane of elongated tubules and 
two-phase inclusions. Photomicrograph by D. Beaton; 
image width 1.5 mm. 


Emerald from Ethiopia. At the 2011 Tucson gem shows, 
Farooq Hashmi (Intimate Gems, Glen Cove, New York), 
loaned GIA a 1.36 ct emerald from southern Ethiopia for 
examination (figure 10). It reportedly came from near the 
town of Dubuluk’, which is located ~80 km north of the 
Kenyan border. Mr. Hashmi was told that the area has pro- 
duced emeralds for a few years, and he saw several hundred 
grams of rough material while on a buying trip to Ethiopia 
in 2011. Although some of the pieces were quite large (up 
to several centimeters in dimension), gem-quality areas 
tended to be small (a few grams at most). 


Figure 10. Weighing 1.36 ct, this emerald (cut by Has- 
san Z. Hamza, Noble Gems Enterprises, Dar es 
Salaam, Tanzania) is reportedly from southern 
Ethiopia. Photo by Robert Weldon. 
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The Diamond Industry 
in 1949 


y 


W. F. FOSHAG, Ph.D., and GEORGE SWITZER, Ph.D., C.G. 
(Condensed by GENE JONES, Gemological Institute of America) 


EDITOR’S NOTE: In reporting on the 
activities of the diamond industry dur- 
ing 1949, the authors Dr. Foshag and 
Dr. Switzer of the Smithsonian Institu- 
tion, continue a service which was pro- 
vided in previous years by the late Syd- 
ney H. Ball. 


N THE 25th Annual Review of the Dia- 
mond Industry, published by the 
JEWELERS CIRCULAR KEYSTONE, W. 
F. Foshag and George Switzer present a 
comprehensive picture. of interest to every 
wholesaler and retailer in the United States. 
One new agency in the diamond market- 
ing syndicate to be established in 1949 is 
the Diamond Purchasing and Trading Com- 
pany, Ltd. which presumably acts as the 
middleman between the Diamond Producers 
Association and the two diamond selling 
agencies in the transfer of diamonds. 

Sales for the Diamond Trading Company 
and Industrial Distributors Ltd. amounted 
to £28,446,000 in 1949 — a decrease of 
about £10,000,000 as compared to the pre- 
vious year. Of this total, industrial diamond 
sales totaled £8,470,000 in comparison to 
£11,300,000 reported for 1948. The indus- 
trial sales decline was due to the smaller 
purchases for stockpiling by the United 
States and not to a decrease in the industrial 
trade demand. 


MARKET CONDITIONS 
From September through December 1949, 
prices of one-quarter and one carat stones 
were higher in the United States than at 
any time since August 1947. 


The market for British polished goods 
was, for the greater part, an export market 
to Sterling areas. Due to the higher prices 
obtainable from Sterling area countries, 
fewer diamonds were exported to the 
United States. 

The market in Britain showed great im- 
provement after the devaluation of the 
British pound on September, 18, 1949. 

‘ ee ae Oe a 
While the new price setiédule was necessary 
for diamond values to remain stable, it 
resulted in little change in diamond prices 
in the United States, although in other 
European diamond centers there were in- 
creases in prices up to forty per cent. 


UNITED STATES IMPORTS 


As the largest single market for diamonds, 
America normally uses about seventy-five 
per cent of the world’s total production. 
For the year 1949, the United States im- 
ported $69,727,517 in gem diamonds .. . 
the lowest figure for the past five years. 
Rough or uncut stones in the amount of 
651,150 carats at $43.46 per carat were 
imported in addition to 335,487 carats of 
cut, but unset, stones at $123.49 per carat. 


CANADIAN IMPORTS 


Canada showed a marked increase over 
previous years in diamond importations for 
1949 with 46,697 carats of cut diamonds. 
Industrial diamonds in the amount of 
808,070 carats were also imported. 


WORLD PRODUCTION 


Continuing as the world’s largest pro- 
ducer of diamonds in quantity, the Belgian 
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Figure 11. The 
Ethiopian emerald 
shows distinct growth 
structures (A, magni- 
fied 40x), two-phase 
fluid inclusions (B, 
112x), flat pale brown 
crystals with the ap- 
pearance of biotite (C, 
100x), and short nee- 
dles (D, 112x). Pho- 
tomicrographs by P. 
Cevallos. 


Examination of the 1.36 ct trilliant yielded the follow- 
ing properties: color—green; pleochroism—weak yellowish 
green and bluish green; RI— n, = 1.585, n, = 1.578; birefrin- 
gence—0.007; hydrostatic SG—2.72; fluorescence—weak 
red to long-wave UV radiation and inert to short-wave UV; 
and strong absorption lines near 700 nm visible with the 
desk-model spectroscope. These properties are consistent 
with those reported for emerald (e.g., M. O’Donoghue, Ed., 
Gems, 6th ed., Butterworth-Heinemann, Oxford, UK, 
2006, pp. 150-161). Microscopic examination (figure 11) re- 
vealed strong roiled and jagged growth structures, blocky 
two-phase fluid inclusions, pale brown plates, short nee- 
dles, and a pale brown elongated inclusion. 

Electron microprobe analysis of the stone was performed 
at the University of New Orleans. An average of five points 
showed 0.05 wt.% Cr.O3 and 0.10 wt.% FeO; vanadium was 
below the detection limit (<0.009 wt.% V.Os). Polarized UV- 
Vis-NIR spectroscopy showed a broad absorption in the near 
infrared with a maximum at ~826 nm due to Fe”, as well as 
several well-defined Cr** bands at ~426, 633, 659, 669, and 
687 nm (e-ray) and at 435, 596, and 636 nm (o-ray). The in- 
frared spectrum (figure 12) showed bands at 2358 cm (related 
to CO, in the structural channels) and 2290 cm (of unknown 
origin, but seen in natural and Tairus synthetic emeralds). 

In the future, Ethiopia may be able to add emerald to 
its growing list of commercially significant gems. 


Pamela Cevallos, William B. (Skip) Simmons, and 
Alexander U. Falster 
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Emerald from Sumbawanga, Tanzania. Sumbawanga, in 
western Tanzania, is known as a source of emerald from 
weathered rock of unclear genesis (I. Moroz et al., “Mineral 
and fluid inclusion study of emeralds from the Lake Man- 
yara and Sumbawanga deposits, Tanzania,” Journal of Afri- 
can Earth Sciences, Vol. 33, No. 2, 2001, pp. 377-390). 
However, gem-quality material is rare from this deposit. 
While on a 2011 buying trip in Dar es Salaam, Tanzania, gem 
dealer Farooq Hashmi was told that some better-quality 
emerald was recently produced from Sumbawanga. From a 
parcel weighing 50-100 grams, he picked two of the better 
pieces of rough and had one cut into a 2.29 ct faceted octagon 
(figure 13). A 1.21 g piece of rough was retained for reference, 
and Mr. Hashmi loaned both stones to GIA for examination. 

Characterization of the faceted stone yielded the follow- 
ing gemological properties: color—green; pleochroism—mod- 
erate yellowish green and green; RI— n, = 1.575, n, = 1.568; 
birefringence—0.007; hydrostatic SG—2.69; fluorescence— 
faint red to long-wave UV radiation and weak red to short- 
wave UV, and a pair of absorption lines near 700 nm visible 
with the desk-model spectroscope. The rough sample 
showed: color—green; pleochroism—moderate yellowish 
green and bluish green; RI—1.58 (spot reading), SG—2.68; flu- 
orescence—faint red to long-wave UV radiation and weak red 
to short-wave UV. These properties are consistent with those 
reported for emerald (e.g., M. O’Donoghue, Ed., Gems, 6th 
ed., Butterworth-Heinemann, Oxford, UK, 2006, pp. 150- 
161). Microscopic examination of both stones revealed sim- 
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Figure 12. Infrared spectroscopy of the Ethiopian em- 
erald shows bands at 2358 cnr? and 2290 cnr". 


ilar internal features, consisting of flat iridescent platelets, 
primary fluid inclusions, and distinct parallel green bands 
(figure 14). Although none of the mineral inclusions in this 
sample could be identified by Raman spectroscopy, Moroz 
et al. (2001) reported phenakite, euclase, helvite, bertrandite, 
quartz, mica, illite, and anhydrite in Sumbawanga emeralds; 
the phase relations and fluid inclusions suggested that they 
formed at low temperatures (220-300°C) and pressures of 
0.7-3.0 kbar. 

Electron microprobe analyses of the faceted stone at the 
University of New Orleans showed an average (from five 
points) of 0.09 wt.% Cr2O3 and 0.23 wt.% FeO, while vana- 
dium was below detection limit (<0.009 wt.% V2Os). By 
comparison, Moroz et al. (2001) reported 0.07-0.44 wt.% 
CrO3, 0.20-0.41 wt.% FeO, and up to 0.06 wt.% V203. UV- 
Vis-NIR spectroscopy showed absorptions due to Fe** and 
Fe**, in addition to well-defined Cr** bands. Infrared spectra 
of both samples revealed a band of unknown origin at 22.90 
cm (seen in natural and Tairus synthetic emeralds). The 
rough sample also showed bands at 2358 cm (related to 


Figure 13. This 2.29 ct emerald (cut by Hassan Z. 
Hamza of Noble Gems Enterprises, Dar es Salaam) is 
reportedly from Sumbawanga, Tanzania. Photo by 
Robert Weldon. 


CO), in the structural channels) and 2340 cm (figure 15). 
The presence in the market of this better-quality Sum- 
bawanga emerald is an encouraging development. 


Pamela Cevallos, William B. (Skip) Simmons, and 
Alexander U. Falster 


Gold in trondhjemite matrix rock. Pieces of gold-in-matrix 
from a variety of sources have been polished for use in jew- 
elry, with the host rock typically consisting of quartz (e.g., 
Spring 1991 Gem News, pp. 54-55; Spring 2005 Gem News 
International [GNI], pp. 58-59). At the 2012 Tucson gem 
shows, this contributor was shown gold in a different type of 
host rock—trondhjemite. This variegated white to dark gray 
material is a variety of tonalite, an intrusive igneous rock. 
According to the dealer, Garry Hall of GAPP Marketing Serv- 
ices (previously Gympie Gold Ltd.) in Mt. Lawley, Western 
Australia, this product was first shown at the 2011 Tucson 


Figure 14. With magnification, the Sumbawanga emerald displays iridescent platelets (A, magnified 60x), primary 
fluid inclusions (B, 80x), and parallel green bands (C, 20x). Photomicrographs by P. Cevallos. 
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Figure 15. Infrared spectroscopy of the rough Sum- 
bawanga emerald recorded bands at 2358, 2340, and 
2290 cnr. 


shows and comes from the Kalgoorlie region of Western Aus- 
tralia. He had ~1 kg during the 2012 shows, as slabs, cabo- 
chons, and finished jewelry (e.g., figure 16), including tie 
tacks, pendants, and earrings. He had cut approximately 50 
cabochons into 20 x 20 mm squares, 20 x 12 mm ovals, and 
20 x 15 mm rectangles, all of which were 2.0-3.5 mm thick. 


Figure 16. The slab (90 x 41 mm), pendant (24 x 16 
mmm), and square cabochons (16 x 16 mm each) 
shown here feature gold in a trondhjemite matrix. 
Photo by RobertWeldon. 
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This product provides an attractive variation on the tra- 
ditional appearance of gold in a white quartz matrix. The 
overall gray color of the matrix gives a nice contrast to the 
metallic glow of the gold. 


Brendan M. Laurs 


Hemimorphite from China. At the 2012 Tucson gem 
shows, Marco Campos-Venuti (Seville, Spain) exhibited 
some relatively recently produced hemimorphite from 
China. His selection included about 100 cabochons in oval, 
cushion, pear, and round shapes, ranging up to 30 x 11 mm. 
According to Mr. Campos-Venuti, they were polished from 
~3 kg of rough material. Most of the hemimorphite formed 
drusy crusts and had a pale greenish blue color. He ob- 
tained just one sample (1+ kg) showing an unusually deep 
blue color, consisting of a 1-cm-thick vein embedded in a 
porous limonite-like matrix. When cutting the palen drusy 
material, he noted that better coloration was usually below 
the surface, so a fair amount of polishing was required. 

The pear-shaped cabochon in figure 17 weighed 6.62 ct 
and had a vivid blue color. Microscopic examination re- 
vealed fractures and a fibrous-banded structure. The back 
of the cabochon also contained a crystalline matrix, which 
was unidentifiable by Raman spectroscopy. Spot RI values 
were 1.61-1.62, and the hydrostatic SG was rather low at 
3.13 (apparently due to the presence of the matrix mate- 
rial). The sample was inert to both long- and short-wave 
UV radiation, and no absorption lines were visible with a 
desk-model spectroscope. EDXRF spectroscopy showed 
major amounts of Zn and Si, and traces of Cu and Na. 
Raman analysis confirmed the identification as hemimor- 
phite. With the exception of the low SG value, the gemo- 
logical properties are consistent with hemimorphite 
samples reported in the Fall 2002 issue of G&G (see GNI, 
pp. 263-264, and Lab Notes, p. 254). 


Figure 17. This 6.62 ct pear-shaped hemimorphite 
cabochon is from China’s Yunnan Province. Gift of 
Marco Campos-Venuti, GIA Collection no. 38534; 
photo by Robert Weldon. 
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Mr. Campos-Venuti indicated that this Chinese hemi- 
morphite was produced between approximately 2008 and 
2011, from the Gejiu tin mine in Yunnan Province. Inter- 
estingly, a hemimorphite imitation consisting of partially 
devitrified glass entered the market during the same time, 
and was reportedly being sold by Chinese fossil dealers (see 
Summer 2012 GNI, p. 153). 


Jason Darley (jdarley@gia.edu) 
GIA, New York 


Update on some Mogok gem mines and markets. From 
April 28 to May 2, 2012, this contributor visited active gem 
mines and markets in the Mogok region of Myanmar with 
honors students from Taunggyi University. 

Near Kyatpyin and Ingaung, both primary and second- 
ary deposits were being mined over a large area. At Ingaung 
(22°54'10"N, 96°24'11"E), ruby and sapphire were extracted 
from a secondary deposit in an open pit to a depth of 15 m 
(figure 18). Excavators and dump trucks were used to re- 
move the gem-bearing soil, which was taken to a nearby 
washing plant. Another secondary deposit at Shwe Pyi Aye 
(22°55'22."N, 96°29'25"E) was mined for ruby, sapphire, 
spinel, black tourmaline, and apatite. Due to a water short- 
age, a large pile of unwashed earth was being stockpiled. 
Other sites that we visited included Kyautsaung (a primary 
ruby deposit; figure 19) and the Kin-Chaung secondary de- 


Figure 18. This open pit at Ingaung is a source of ruby 
and sapphire, which are mined from secondary de- 
posits. Photo by U T. Hlaing. 
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Figure 19. Potentially ruby-bearing marble is stock- 
piled for processing near the village of Kyautsaung. 
Photo by U T. Hlaing. 


posit, where gravel pumps and a washing plant are used in 
search of sapphire. 

Near the village of Bawbadan, we visited the Ruby 
Dragon mine (22°56'03"N, 96°23'12"E), a marble-hosted 
primary deposit containing assemblages of ruby, spinel, 
tourmaline, apatite, sphene, and pyrite. The ruby-bearing 
zone measures 1.5—2.4 m wide and is known to extend 
more than 180 m deep; it has been worked along nearly 245 
m of tunnel. The average grade is 4 grams of ruby per tonne 
of marble. Ruby was also the main target at another pri- 
mary mining site near the village of Bawlonggyi 
(22°54'56"N, 96°23'57"E), where we were shown all the un- 
derground workings. 

Gem materials were being sold near Mogok’s cinema, 
where we saw glass-filled rough and cut rubies and pink 
sapphires said to originate from Tanzania (figure 20, left). 
Also seen in the market were hackmanite bangles (figure 
20, right). Overall, business was slow at the city’s central 
gems market. 

Local miners can now work small plots in Mogok on 
an independent basis by applying to the Ministry of Mines. 
About 500 plots have been approved, with some limited 
funding available. The use of machinery will not be al- 
lowed, as mandated by the government. 


U Tin Hlaing 
Dept. of Geology (retired) 
Panglong University, Myanmar 


Rainbow moonstone from Madagascar. Rainbow moon- 
stone is best known from India (see Summer 1997 Gem 
News, pp. 144-145), but material from two relatively new 
localities was sold at the 2012 Tucson gem shows: Zambia 
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(see Summer 2012 GNI, pp. 146-147) and Madagascar (fig- 
ure 21). The Madagascar stones were offered by Paul Drag- 
one (Boston Gems, Boston, Massachusetts}, who loaned a 
4.41 ct sample to GIA for examination. Mr. Dragone first 
encountered the rough material at the 2011 Tucson gem 
shows. Initially, from 12 rough pieces weighing about 3 g 
each, he cut more than a dozen cabochons weighing up to 
7.11 ct (18% yield). Later he obtained additional rough ma- 
terial, from which he cut 35 cabochons that averaged ap- 
proximately 3 ct each. 

The gemological properties of the 4.41 ct cushion-shaped 
double cabochon were: color—near colorless, displaying or- 
ange, yellow, green, blue, and violet adularescence; diaphane- 
ity—transparent; spot RI—1.56; hydrostatic SG—2.69,; and 
fluorescence—weak white to long-wave UV radiation, and 
weak red to short-wave UV. No absorption lines were visible 
with the desk-model spectroscope. These properties are con- 
sistent with those reported for plagioclase (M. O’Donoghue 
Gems, 6th ed., Butterworth-Heinemann, Oxford, UK, 2006, 
pp. 259-269), and are also similar to the rainbow moonstone 
(andesine-labradorite) recently reported from Zambia. Mi- 
croscopic examination revealed polysynthetic twinning, a 


Figure 21. These rainbow moonstones (1.82-7.62 ct) 
are from Madagascar. Photo by Robert Weldon. 
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Figure 20. The rubies 
and sapphires on the 
left were seen in 
Mogok, but reportedly 
consist of glass-filled 
material from Tanza- 
nia; the cabochons 
weigh 3-10 ct. The 
hackmanite bangle on 
the right was offered at 
the gem market near 
Mogok’s cinema. Photo 
by UT. Hlaing. 


typical feature of plagioclase, as well as small “fingerprints” 
and numerous scattered reflective films. Many of these films 
were oriented along twinning planes. 

EDXRE spectroscopy showed the presence of Al, Si, Ca, 
and Na (consistent with plagioclase), as well as traces of Fe, 
Sr, and Ba. Laser ablation-inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) data further placed it approxi- 
mately halfway between the plagioclase end members albite 
and anorthite, on the andesine/labradorite border with a 
compositional range of Abags-517AN49.-468OT1 6-15: 

The rainbow colors were best viewed against the dark 
background afforded by darkfield illumination (figure 22), 
but they were also easily seen in transmitted light. In ad- 
dition, a billowy adularescent effect was produced by a 
fiber-optic light source positioned over the stone, with or- 
ange predominating over other colors, and was best seen 
when the light was aligned perpendicular to the twin 
planes. The twin planes, on the other hand, changed from 
dark to light lines depending on the light orientation. 
When the stone was viewed down its length—particularly 
under magnification with the fiber-optic light held close to 
the surface—it appeared hazy, consistent with the light 
scattering that accompanies adularescence. 

Traditional moonstone (orthoclase) displays a white to 
blue adularescence thought to be caused by Rayleigh scat- 
tering of light from the exsolution of albite within the K- 
feldspar structure (E. Fritsch and G. R. Rossman, “An 
update on color in gems, part 3: Colors caused by band gaps 
and physical phenomena,” Summer 1988 GwG, pp. 81- 
102). Labradorescence is an interference phenomenon that 
may be exhibited by labradorite due to the diffraction of 
light from exsolution lamellae of varying Ca content, po- 
tentially producing many spectral colors; the relative 
thicknesses and differing refractive indices of the lamellae 
determine which colors are visible (Fritsch and Rossman, 
1988). The present moonstone (andesine-labradorite) ex- 
hibits a rainbow-colored effect that results from a combi- 
nation of labradorescence and adularescence. 


Claire Ito (cito@gia.edu) 
GIA, New York 
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Yellow muscovite from Brazil. Micas are rarely faceted due 
to their softness (Mohs 24) and perfect cleavage, but occa- 
sionally compact aggregates showing an attractive color are 
polished into beads, carvings, objets d’art, or even faceted 
stone. At the 2010 Tucson gem shows, a new gem-quality 
yellow mica debuted from Itinga in the Aracuai pegmatite 
district, Minas Gerais, Brazil (e.g., figure 2.3). It was sold as 
yellow lepidolite by most dealers or as muscovite (M. 
Macri, “Lepidolite gialla di qualita gemma,” Rivista Gem- 
mologica Italiana, Vol. 5, No. 3, 2010, pp. 234-235). A 
faceted stone and cabochon were donated to the GIA Col- 
lection by Mauro Panto (The Beauty in the Rocks, 
Laigueglia, Italy). Mr. Panto has polished approximately 
1,000 carats of faceted stones and 2,000 carats of cabo- 
chons, ranging from 4 to 12 ct. 

The cabochon was chemically analyzed at the Univer- 
sity of New Orleans. Electron microprobe data showed that 
it contained 0.31 wt.% FeO, 0.18 wt.% MnO, and 0.03 wt.% 
TiO); direct-coupled plasma analysis showed only 0.32 wt.% 
Li,O. The chemical data identified the samples as mus- 


Figure 23. This unusual faceted yellow mica (3.52 ct) 
from Itinga, Brazil, was identified as muscovite. Gift 
of Mauro Panto, GIA Collection 38533; photo by 
Robert Weldon. 
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Figure 22. This 4.41 ct 
rainbow moonstone dis- 
plays a billowy adulares- 
cent effect when the light 
source is moved over the 
stone (left, magnified 8x). 
On the right (11x), in 
darkfield illumination, 
various spectral colors are 
visible as well as polysyn- 
thetic twinning. Photom1- 
crographs by Claire Ito. 


covite. The same piece was also analyzed by both specular 
reflectance and transmission spectroscopy in the visible 
range at the California Institute of Technology. Absorption 
bands from iron and manganese were weak. The yellow 
color is caused by the rising absorption toward the blue and 
ultraviolet regions of the spectrum between 400 and 500 nm 
(figure 24), which shifts the reflected and transmitted light 
toward a mixture of red through green that the eye interprets 
as yellow. While the rise in absorption at shorter wave- 
lengths is commonly observed in Fe-rich brown micas, in 
this yellow muscovite the concentration of iron and other 
elements is so low that the resulting color is yellow rather 
than brown. 

Facetable micas are rare. Some other examples include 
pink muscovite from Brazil that is colored by Mn impurities 
(Spring 2006 GNI, pp. 65-66) and a green muscovite from 
Tanzania colored by Cr (J. Hyr8l, “Emerald green muscovite 
as a gemstone,” Gemmologie: Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 59, No. 3/4, 2010, pp. 
109-11). Also, at a 2011 gem show in Teofilo Otoni, Brazil, 


Figure 24. Visible-range spectroscopy of the yellow 
muscovite (1 mm sample thickness) shows rising ab- 
sorption between 400 and 500 nm. This shifts the re- 
flected and transmitted light toward a mixture of red 
through green that the eye interprets as yellow. 


VISIBLE-RANGE SPECTRUM 


0.6 


0.4 


ABSORBANCE 


fo) 
| 


500 600 700 ; 800 
WAVELENGTH (nm) 


b 
o 
S 


Gems & GEMOLOGY FaLL 2012 225 


a gem-quality transparent to translucent purple mica (rep- 
resented as lepidolite) from the Aracuai pegmatite district 
was seen by one of the authors (MM). Although this mica 
was only sold as mineral specimens at the show, it would 
not be surprising to see it faceted in the future. 


Brendan M. Laurs 


George R. Rossman 
California Institute of Technology, Pasadena 


Michele Macri 
Museo di Mineralogia, Universita “La Sapienza” 
Rome, Italy 


William B. (Skip) Simmons and Alexander U. Falster 


Blue opal from Arizona showing play-of-color. At the 2012 
Tucson gem shows, a new blue opal debuted from the 
Southern Skies mine in southern Arizona. The material 
was offered by Greg Genovese and Vincent Gulino of 
Southern Skies Opal (Tubac, Arizona), who indicated that 
the opal has been known for two decades, but significant 
production only began in 2011. The deposit is located on a 
remote mountain that is reachable by a four-wheeled all- 
terrain vehicle, and has been worked with pry bars and 
other hand tools. The opal is hosted by a hard rhyolite lava 
flow, and an important mining breakthrough was the use 
of Dexpan (an expansion agent) to break up opal-bearing 
boulders without shattering the gem material. Most of the 
production consists of “picture” material consisting of pat- 
terns of blue opal in a mostly brown matrix. About 30% is 
solid blue opal, ranging from medium light to dark blue, 
and 10% of the opal shows play-of-color. Thousands of 
carats have been polished into a variety of shapes. 

Three opal samples submitted to GIA for identification 
illustrate the range of material produced from the deposit 
(e.g., figure 25). A 16.99 ct freeform cabochon had the fol- 
lowing properties: color—mottled light grayish blue; di- 
aphaneity—semitranslucent,; spot RI—1.45; hydrostatic 
SG—2.23; and fluorescence—weak blue to long- and short- 
wave UV radiation. Microscopic examination showed a 
milky quality with spotty play-of-color and two iron- 
stained cracks. A 43.69 ct pear-shaped cabochon was char- 
acterized as: color—mottled orangy pink, brown, and blue; 
diaphaneity—translucent to semitranslucent; spot RI— 
1.45, 1.47, 1.49, and 1.54 from different areas of the sample; 
SG—2.44, and fluorescence—inert to UV radiation. A par- 
tially polished slab weighing 329.30 g and measuring 
109.67 x 89.84 x 28.83 mm showed: color—banded light 
blue, light brown, and white; diaphaneity—semitranslu- 
cent to opaque; and fluorescence—moderate yellow to 
short-wave UV radiation and moderate blue to long-wave 
UV radiation. Microscopic examination revealed a banded 
agate-like structure, and some areas containing rounded 
colorless grains. 

The various RI values recorded from the pear-shaped 
cabochon suggested the presence of opal and additional sil- 
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Figure 25. Blue opal—some showing play-of-color— 
forms assemblages with other minerals in these 
pieces from the Southern Skies mine in Arizona. The 
samples examined for this report include the partially 
polished slab (top, 109.67 x 89.84 x 28.83 mm), the 
pear-shaped cabochon (bottom left, 43.69 ct), and the 
light grayish blue freeform cabochon (bottom, second 
from the right, 16.99 ct). Photo by Jeff Scovil. 


ica phases, and Raman spectroscopy identified the presence 
of quartz and cristobalite. There was no opal peak (830 
cnr’), probably because it was overridden by the cristobalite 
signal. Raman spectroscopy of the partially polished slab 
identified chalcedony and opal, as well as inclusions of lud- 
wigite (Mg,FeBOs). Overall, the blue and brown coloration 
of this material—and the presence of opal, quartz, and 
cristobalite assemblages—are comparable to samples from 
Brazil that were documented in the Winter 2007 GNI sec- 
tion (pp. 379-380). 

None of the opal samples showed any indications of 
treatment. The company disclosed that most of the mate- 
rial is untreated, although some has surface fractures that 
are fitted with Opticon. Additional production of this in- 
teresting material is expected as mining proceeds. 


Dino DeGhionno (ddeghionno@gia.edu) and 
Brendan M. Laurs 
GIA, Carlsbad 


Yellow opal from West Africa. At the 2012 Tucson gem 
shows, Mark Kaufman (Kaufman Enterprises, San Diego, 
California) unveiled a relatively new find of yellow opal. 
According to his supplier, the opal reportedly came from 
West Africa, and was initially thought to be prehnite. Mr. 
Kaufman first encountered this opal in April 2011, as a 
rough parcel weighing ~500 grams. In November 2011 he 
saw more rough material, consisting of 5 kg that showed 
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Figure 26. These opals, which weigh up to 1.40 ct, are 
reportedly from West Africa. Gift of Mark Kaufman, 
GIA Collection no. 38538-38542; photo by Robert 
Weldon. 


good transparency. He was also shown some later produc- 
tion, but it was milky and of low quality. 

Mr. Kaufman donated five of the opals to GIA (0.59-1.40 
ct; e.g., figure 26), and the following properties were obtained: 
color—slightly greenish yellow, diaphaneity—transparent to 
translucent, RI—1.44-1.48, hydrostatic SG—2.14, and all 
stones were inert to both long- and short-wave UV radiation. 
These properties are consistent with opal (see, e.g., M. O’- 
Donoghue, Ed., Gems, 6th ed., Butterworth-Heinemann, Ox- 
ford, UK, 2006, pp. 314-322). The stones were placed in 
water for 30 minutes to check for hydrophane character, but 
there was no improvement in their transparency. Micro- 
scopic observation revealed a transparent flow structure with 
an oily appearance in every sample (e.g., figure 27, left). In ad- 
dition, two specimens contained whitish flow structures (fig- 
ure 27, right). Yellowish brown stains were seen along 
fractures between these whitish structures (figure 28, left). 
The brown color was darker near the surface, especially in 
one sample. Small dark inclusions and whitish globules were 
observed in one stone (figure 28, right), and partially healed 
fractures were seen in some samples. 

While the sharpness of the peaks in the opals’ Raman 
spectra suggested opal-CT (crystalline opal), the whitish 
flow structures showed broader Raman bands, indicating 
poorly crystalline opal-CT (see the Ge@)G Data Depository 
at gia.edu/gandg). The whitish globular inclusions were de- 


Gem News INTERNATIONAL 


termined to be anatase, but the dark minerals could not be 
identified. 

Opal gradually transforms from opal-A (amorphous 
opal) to opal-CT to a quartz polymorph—that is, from 
amorphous to crystalline—through a diagenetic process de- 
termined by temperature, time, porosity, and depth. Nor- 
mally, only one polymorph occurs at a given time. If the 
diagenetic process is slow enough, however, different poly- 
morphs can coexist. Interestingly, a coexisting variation 
within a single opal polymorph—both poorly and highly 
crystalline opal-CT—was observed in two samples. 

Several minor and trace elements were detected by LA- 
ICP-MS: Na, Al, Ca, Fe, Mg, K, Sc, Ni, Zn, Ba, and La were 
in the 10-10,000 ppmw range. Trace elements with con- 
centrations less than 10 ppmw included Ti, V, Mn, Co, Cu, 
Ga, Rb, Sr, Zr, Sn, Te, Hf, Hg, Tl, Pb, U, and several rare- 
earth elements. 

Future production of this attractive opal is uncertain. 
Mr. Kaufman expects to cut 2,000 carats in calibrated sizes 
up 10 x 8 mm. Although larger pieces are possible to cut, 
they have diminished transparency. 


Kyaw Soe Moe (kmoe@gia.edu) 
GIA, New York 


Quartz with green rutile inclusions. As far as “inclusion 
stones” are concerned, rutilated quartz is one of the most 
sought after. These inclusions are generally recognized by 
the golden metallic color they impart to their quartz host. 
Sometimes, however, other colors are seen, such as red 
and brown (Summer 2001 GNI, p. 146). One quartz spec- 
imen recently examined by this contributor (figure 29) 
was host to a trellis-like network of unusual green rutile 
inclusions (identification confirmed by Raman analysis). 
This 11.31 ct pear-shaped tablet was also host to several 
fluid inclusions and some small rhombohedral carbonate 
crystals. 

The stone was obtained from Leonardo Silva Souto 
(Cosmos Gems, Teofilo Otoni, Brazil), who indicated that 
this material comes from the Brazilian state of Espirito 
Santo. He purchased approximately 100 kg of the rutile-in- 
cluded quartz from a mineral collection of the late Joao das 


Figure 27. Transparent 
flow structures with an 
oily appearance are visi- 
ble in the opals (left, mag- 
nified 30x). Less common 
are whitish flow struc- 
tures (right, 35x). Pho- 
tomicrographs by K. S. 
Moe. 
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Mogas. Mr. Silva Souto added that the inclusions were only 
present in the tips of the quartz crystals, and that one side 
of the crystals contained the more typical “golden” rutile, 
while the other side showed the green rutile. From the 
quartz lot, ~5,000 carats of included stones were cut, of 
which ~3,000 carats contained the green rutile. Most of the 
stones were cut as beveled tablets in pear, oval, and 
freeform shapes up to 57 x 32 mm. 

The uncommon green color displayed by these rutile 
inclusions and the limited production make it an appealing 
collector’s stone for those who enjoy unusual inclusions. 


Nathan Renfro (nrenfro@gia.edu) 
GIA, Carlsbad 


Quartz from Tanzania with red epidote-piedmontite inclu- 
sions. At the 2012 Tucson gem shows, Werner Radl 
(Mawingu Gems, Liesenfeld, Germany) had rough and pol- 
ished samples of quartz containing bright red inclusions 


Figure 29. The green inclusions in this 11.31 ct quartz 
tablet were confirmed to be rutile by Raman analysis. 
Photo by Robison McMurtry. 
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Figure 28. Yellowish 
brown stains are seen 
near the whitish flow 
structures in the opal on 
the left (magnified 25x). 
Another sample displays 
whitish globular inclu- 
sions of anatase along 
with dark unidentified 
inclusions (right, 60x). 
Photomicrographs by 

K. S. Moe. 


from the Dodoma area of central Tanzania. He obtained 
the rough material in early 2011, and indicated that large 
quantities were available in pieces weighing up to 1 kg. He 
polished several spheres measuring up to 6 cm in diameter, 
as well as a few cabochons (e.g., figure 30). 

Prior to the Tucson show, Mr. Radl had one sample an- 
alyzed by X-ray diffraction, which showed the inclusions 
consisted of epidote. He loaned and donated several rough 
and polished samples to GIA for examination, and they 
were analyzed by EDXRF and Raman spectroscopy. The 
chemical composition and Raman spectra were consistent 
with a mineral in the epidote-piemontite series containing 
some manganese and strontium. 

Reddish quartz-rich metamorphic rocks containing 
piemontite have been known from central Tanzania for 
decades (see, e.g., K. D. Meinhold and T. Frisch, “Man- 
ganese-silicate-bearing metamorphic rocks from central 
Tanzania,” Schweizerische Mineralogische und Petro- 
graphische Mitteilungen, Vol. 50, No. 3, 1970, pp. 493-507). 
In particular, piemontite-quartz schists occur in the Iringa 
area (Mwhana Hills), where the piemontite is thought to 


Figure 30. These quartz cabochons (18.57—61.06 ct) 
from central Tanzania contain bright red inclusions of 
a mineral in the epidote-piemontite series. Photo by 
Robert Weldon. 
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have formed during primary amphibolite-facies metamor- 
phism (Meinhold and Frish, 1970). 

Similar red inclusions—probably Mn-rich epidote— 
were also recently documented in scapolite from Peru 
(Spring 2012, GNI, pp. 57-58). 

Brendan M. Laurs and David Nelson 
GIA, Carlsbad 


Unusual trapiche sapphire. The word trapiche, Spanish for 
“mill,” refers to the wheel that was once used to crush 
sugar cane. The same term is used for gems that show a 
characteristic six-rayed star-shaped growth zoning in cross 
section. This peculiar appearance, long thought to occur 
only in emerald, is due to bands of inclusions that radiate 
from the center of the crystal—the optic axis—toward the 
prism faces. Only in the past 20 years have other gems been 
discovered with a district trapiche structure, namely ruby 
and sapphire (K. Schmetzer et al., “Trapiche rubies,” Win- 
ter 1996 G&G, pp. 242-250) and tourmaline (T. Hain- 
schwang et al., “Trapiche tourmaline from Zambia,” 
Spring 2007 GWG, pp. 36-46). Generally, the trapiche ef- 
fect in these stones (as in emerald) is caused by dark inclu- 
sions. In some blue sapphires, however, it is due to strong 
color banding parallel to the hexagonal growth zoning. 
Such trapiche sapphires are known only from the Mogok 
region of Myanmar (K. Schmetzer, pers. comm., 2012). 

Recently, the Gibelin Gem Lab examined such a sap- 
phire, a 36.16 ct cabochon measuring 22.91 x 16.93 x 6.69 
mm (figure 31). The stone showed a very pronounced blue 
zoning along the corners of the hexagonal growth struc- 
ture, while zones corresponding to the prism faces were 
white. In addition, many of the boundaries between the 
blue and the white areas displayed elongated white patches 
perpendicular to the growth direction of the prism faces 
(figure 32). 

Semiquantitative chemical analysis using EDXRF spec- 
troscopy identified both areas as corundum, with similar 
chemical compositions. Yet the Ti and Fe values (which 
cause the blue color in sapphire) as well as the Cr content 
were higher in the blue areas. Comparing the chemical 
composition of the blue portions with average concentra- 
tions of these elements in Burmese blue sapphires also in- 
dicated Myanmar as a likely origin. 


Lore Kiefert (l.kiefert@gubelingemlab.ch) 
Gtibelin Gem Lab, Switzerland 


Stichtite-dominated intergrowths with serpentinite from 
Tasmania. Colorful opaque cabochons of purple stichtite 
(Mg.Cr,CO,[OH],s-4H,O) and green serpentinite have been 
seen in the gem trade for years from Dundas, Tasmania, Aus- 
tralia (e.g., L. D. Ashwal and B. Cairncross, “Mineralogy and 
origin of stichtite in chromite-bearing serpentinites,” Con- 
tributions to Mineralogy and Petrology, Vol. 127, No. 1-2, 
1997, pp. 75-86, http://dx.doi.org/10.1007/s004100050266). 
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Figure 31. This 36.16 ct trapiche sapphire shows dis- 
tinct blue and white color zoning. Courtesy of Mayer 
& Watt (Maysville, Kentucky); photo by Alessandra 
Spingardi. 


Most of these cabochons are dominated by serpentinite and 
contain subordinate stichtite, although rarely cabochons of 
pure stichtite have been encountered (e.g., Fall 2003 Lab 
Notes, p. 22.1). 

At the 2012 Tucson gem shows, Robert Sielecki (Crys- 
tal Universe, Melbourne, Australia) had dozens of cabo- 
chons that were cut specifically to showcase the purple 
stichtite. According to Mr. Sielecki, the rough was mined 
from Tasmania in August-September 2010. He polished 
~10 kg of material into ~2 kg of oval cabochons ranging 


Figure 32. With magnification, the transition be- 
tween some of the blue and white areas in the 
trapiche sapphire showed unusual oval white patches 
aligned perpendicular to the prism faces. Photomi- 
crograph by L. Kiefert; magnified 10x. 
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Congo is second to South Africa in value. 
The Congo still produces about three-fourths 
of the world’s crushing bort. 


SOUTH West AFRICA—Under exploita- 
tion in 1949 were three areas—Bogenfels,* 
Area G,* and Area U.* Figures for 1949 
show that 243,818 carats were produced, 
an increase of 54,298 carats over the pre- 
vious year. An increase in the average size 
of all diamonds recovered was noted—0.91 
to 1.07 carats. Because Bogenfels production 
had fallen off to about 600 carats per month, 
it was decided to suspend mining operations 
in that area early in 1950. Further prospect- 
ing, to determine the extent of areas which 
could be worked profitably with paanie 
equipment, was planned. 


ANGOLA—Diamond production in 1949 
amounted to 769,980.75 carats. Approxi- 
mately fifty-six per cent of this amount was 
gemstone quality and forty-four per cent 
industrials. 


TANGANYIKA—Continuing as one of the 
important diamond fields in the world 
because of its excellent quality of the ave- 
tage diamond, Tanganyika produced only 
about twenty per cent industrials. A stone 
weighing 114 carats was reported recovered 
during the past year. 

Production was 192,787 carats during the 
year 1949. This represents an increase over 
1948 of approximately forty per cent. 


GOLD CoAsT—Although the deposits in 
this section are extensive, the Birim River 
Valley area produced ninety-five per cent 
of the colony’s total. With four companies 
operating in this area, 972,976 carats were 
exported from April 1, 1948 to March 31, 
1949. The four companies are: Cayco 
(London), Consolidated African Selection 
Trust (CAST), the Holland Syndicate, 
West African Diamond Syndicate Ltd., liq- 
uidated in September 1948 to form. Akim 
Concessions Ltd. 

SIERRA LEONE — Operating as the sole 
exploiter of this colony, The Sierra Leone 
Selection Trust, Ltd, a subsidiary of 


*Locality not identified, 


“CASTS” recovered a total of 494,119 
carats in 1949, an increase of 28,601 carats 
over the previous year. Of this total thirty- 
four per cent wete gem quality and sixty- 
six per cent wete industrials. 

FRENCH AFRICA — French Africa pro- 
duced a total of 94,966 carats in 1949, 
while French Equatorial Africa produced 
1323897 carats. 

The principal production in French Equa- 
torial Africa comes from the Carnat-Ber- 
berati-Nola region in the Haute Sangha, 
where the diamonds are alluvial. 

BRAZIL—Although little authoritative in- 
formation comes out of Brazil because many 
diamonds are sold to unauthorized buyers, 
it is known that diamonds are produced in 
almost every state in Brazil. 

Alluvial deposits are found in all the 
tivers and streams near Diamantina, in 
western Minas Geraes, and in the state of 
Matto Grosso, whete the alluvial area 
stretches from Goyaz across the state. 

The state of Minas Geraes produced sev- 
enty per cent gemstones and thirty per cent 
industrials. 

VENEZUELA—Venezuela has four alluvial 
districts which produced 382,455 stones 
weighing 56,361.54 carats. 


BRITISH GUIANA—The Mazaruni and 
Puruni Rivers are the greatest source of 
diamonds in this country. Prospectors work 
the deposits by using small pans, but since 
the grade of diamondiferous gravel is low, 
the washers recover only about one half of 
the contained diamonds. 34,790 carats were 
recovered in 1949. ; 

INDIA—Production of diamonds in India 
from 1943 to 1947 was 7,433 carats. No 
figures have been received for the years 
1948 and 1949. 

UNITED STATES — After a shut-down of 
many years, mining operations were started 
in October 1948 at Murfreesboro, Arkansas. 
The diamond-bearing kimberlite pipes were 
worked until September, 1949, after mining 
approximately 120 thousand tons of various 
surface rocks across the sixty acres where 
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Figure 33. The cabochon on the lower left (3.42 ct), 
consisting mainly of purple stichtite with subordinate 
green serpentinite, is representative of the newer Tas- 
manian material being cut. The other cabochons 
(5.63 and 9.24 ct) show the range of proportions of 
stichtite and serpentinite more typically seen in this 
colorful material. Gift of Crystal Universe, GIA Col- 
lection nos. 38535-38537; photo by Kevin Schu- 
macher. 


from 14 x 10 mm to 40 x 30 mm, which he marketed as 
Atlantisite (figure 33). The mainly purple cabochons pro- 
vide an interesting option for designers who wish to incor- 
porate this unusually vibrant color into jewelry. 


Brendan M. Laurs 


Zoisite from Pakistan. Fine specimens of light brown clino- 
zoisite are well known from northern Pakistan (J. S. White, 
“Clinozoisite and epidote from Pakistan,” Rocks and Min- 
erals, Vol. 76, No. 5, 2001, p. 351), and excellent crystals of 
green zoisite have also been reported from this area (Winter 
1992, GNI, pp. 275-276). Both of these Pakistani minerals 
typically contain only small transparent areas, so gems 
faceted from them are rare. In late 2011, gem and mineral 
dealer Dudley Blauwet reported an increase in the produc- 
tion of pale-colored zoisite/clinozoisite from Alchuri in 
Pakistan’s Shigar Valley. He estimated that at least 50 kg 
of mixed-quality material was produced, and in the Pe- 
shawar gem market he saw one parcel weighing ~100 
grams that was very clean, with some pieces exceeding 5 
g. He reported that the color shifted from greenish gray in 
daylight to grayish tan in incandescent light. 

Zoisite and clinozoisite are both species of the epi- 
dote group, which share the same chemical formula 
[Ca,A13Si3;0,.(OH)] but may contain differences in minor- 
or trace-element content. Since zoisite (orthorhombic) is 
a dimorph of clinozoisite (monoclinic), investigating the 
crystal structure by X-ray diffraction analysis and Raman 
spectroscopy is more reliable for separating them than 
comparing their standard gemological properties or 
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Figure 34. These zoisites, consisting of a 0.6 g crystal 
and a 3.14 ct cushion cut, are from Alchuri, Pakistan. 
Photo by Kevin Schumacher. 


chemical composition. 

Mr. Blauwet donated to GIA several crystals and a 3.14 
ct desaturated brownish yellow-green modified cushion 
cut from the 2011 production (e.g., figure 34). Standard 
gemological testing of the faceted stone gave the following 
properties: RI—1.701-1.707; hydrostatic SG—3.38; fluo- 
rescence—inert to both long- and short-wave UV radiation; 
and absorption features at 430 and 450 nm seen with the 
desk-model spectroscope. These properties are consistent 
with both zoisite and clinozoisite. The absorptions at 430 
and 450 nm, which are probably due to iron, gave the stone 
its brownish yellow-green color. Microscopic examination 
revealed strong, straight growth structures throughout the 
stone and a long tubule-like needle. 

Qualitative chemical analysis using EDXRF spec- 
troscopy indicated major Ca and Si; moderate Fe, Al, and 
Sr; and trace amounts of Ti, V, Mn, and Ga. The Fe content 
was more consistent with clinozoisite than zoisite, since 
the latter mineral typically contains much less iron. How- 
ever, Raman spectroscopy (figure 35) and X-ray diffraction 
(XRD) analysis both identified the sample as zoisite. 

In June 2012, Mr. Blauwet informed us that additional 
“zoisite” had recently been recovered from another site 
called Skinsar, which is located above Alchuri at an eleva- 
tion exceeding 4,000 m. The deposit was being worked by 
drilling and blasting, in a tunnel extending ~15 m into the 
hillside. In the Alchuri area he saw several parcels of this 
new production, totaling ~10 kg, with about 5-10% gem 
quality consisting of many clean pieces weighing 1-3 g and 
partially transparent fragments of 10+ g. He reported that 
the material showed more color variation than the samples 
shown in figure 34, ranging from an attractive “minty” 
green to yellow and pale brownish lavender. 


HyeJin Jang-Green (hjanggre@gia.edu) 
GIA, New York 


Brendan M. Laurs and Andy H. Shen 
GIA, Carlsbad 
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Figure 35. The Raman spectrum of the 3.14 ct sample 
from Pakistan show the best match to the reference 
spectra for zoisite rather than clinozoisite. 


Pink to purple zoisite from Merelani, Tanzania. A Summer 
2012 GNI entry (p. 153) recently documented some of the 
wide variety of zoisite colors that are produced from the 
tanzanite mines at Merelani, Tanzania. As if on cue, anew 
find at Merelani has produced significant amounts of un- 
usual pink to purple zoisite (e.g., figure 36). According to 
Steve Ulatowski (New Era Gems, Grass Valley, California), 
the material was recovered over an approximately three- 
week period, from late June to mid-July 2012. He was told 
that it came from the Junga mine in Block D, from a depth 
of ~800-900 m. The colors ranged from pink to purplish 
red to purple, and associated minerals included bright green 
tremolite and some green diopside. 

Mr. Ulatowski indicated that most of this zoisite is 
color banded, so cutting attractively colored gems is quite 
difficult. Faceted stones weighing more than 1 ct are rare, 
and from an estimated ~1 kg of cuttable rough that was 
produced, he predicted that about 80% will yield gems 
ranging from 0.1 to 0.5 ct. Nevertheless, a few much bigger 
stones have been cut, including a 20.38 ct heart-shaped 
gem that shows intense pink and purplish red hues and is 
the largest known to Mr. Ulatowski from this find. He also 
reported seeing some attractive crystal specimens, includ- 
ing one that weighed 38 g. 

The zoisite from this find is being sold without any 
heat treatment, since heating washes out the purple color. 


Brendan M. Laurs 


SYNTHETICS AND SIMULANTS 


Artistic cutting of Russian synthetic moissanite. Techno- 
logical improvements in the growth of synthetic moissan- 
ite have resulted in larger and higher-quality rough 
material for gem cutters. One Russian faceter, Victor Tu- 
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Figure 36. Some unusual pink to purple zoisite was 
found in mid-2012 at Merelani, Tanzania. The stones 
shown here weigh 1.78-5.12 ct and were faceted by 
Meg Berry (Mega Gem, Fallbrook, California). Photo 
by Robert Weldon. 


zlukov (Russian Faceters Guild, Moscow}, showed this au- 
thor two impressive pieces of Russian synthetic moissanite 
at the 2012 Tucson gem shows. 

The first piece consisted of a unique faceted ring cut 
from green synthetic moissanite (figure 37). The rough ma- 
terial was originally grown in 2010 for lapidary use. Mr. 
Tuzlukov used a core drill to obtain the blank for the ring, 
and then polished facets on the outside surface using a 
BATT lap and 100,000 grit (0.25 um) diamond spray. The 
other piece was a 9.3 ct near-colorless synthetic moissanite 
that was notable for its size and cutting perfection (figure 
38). He completed the gem in November 2011 using his 
own faceting design that incorporates the concept of the 
“golden ratio” in art and architecture. Viewed face-up, the 
pattern created by the faceting design was both attractive 
and perfectly symmetrical. This gem won the Most Beau- 
tiful Stone award in a competition organized by the U.S. 
Faceters Guild in February 2012. 


Figure 37. This ring (19 mm in diameter) was cut 
from a single piece of synthetic moissanite. Photo by 
Robert Weldon. 
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Figure 38. This large (9.3 ct) synthetic moissanite dis- 
plays attractive symmetry. Photo by Robert Weldon. 


Mr. Tuzlukov indicated that the largest synthetic 
moissanite he has cut weighed 27 ct and was greenish blue. 
Such material has strong blue and greenish yellow dichro- 
ism, and it is important to orient the optic axis perpendi- 
cular to the table for best color appearance. He noted that 
cylinders of synthetic moissanite measuring up to 1 x 4 in. 
(2.5 x 10.2 cm) have been grown in Russia, giving faceters 
ample material to work with. 


Brendan M. Laurs 


“True” red synthetic spinel grown by a “pulled” technique 
in Russia. While red spinel is one of the most sought-after 
gems, the synthetic version is actually quite rare. Flame-fu- 
sion synthetic spinel is more often light pink than red, and 
its chemical composition is different from the nominal 
spinel formula. One red variety, Russian flux-grown syn- 
thetic spinel, has been on the market for years (S. 
Muhlmeister et al., “Flux-grown synthetic red and blue 
spinels from Russia,” Summer 1993 G&G, pp. 81-98). This 
is a “true” synthetic, with a chemical composition and 
atomic structure identical to that of natural spinel. 
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At the 2011 Tucson gem and mineral shows, one of us 
(EF) purchased a 9.27 g piece of transparent red synthetic 
spinel (figure 39). The piece was sold by Morion Co. (based 
in Brighton, Massachusetts, in partnership with Russian 
crystal growers), and was represented as “true” synthetic 
spinel. It resembled a sawn cross-section of a bottle and 
had one polished face. The shape was suggestive of a 
“pulled” synthetic rod, such as those produced by the 
Czochralski method. 

The gemological properties were typical for spinel, with 
an RI of 1.720 and a hydrostatic SG of 3.59. This is close to 
the theoretical SG calculation for pure spinel of 3.58, based 
on atomic composition. A typical red spinel spectrum due 
to Cr* was visible with the handheld spectroscope. Viewed 
with the polariscope, it showed a singly refractive reaction 
(extinction). The material fluoresced strong red to long- 
wave UV radiation and moderate red to short-wave UV. 
With magnification, the piece showed small round and 
elongated bubbles in the outer rim (figure 40), the signature 
of pulled synthetic material. The interior appeared to be 
free of inclusions, and no color zoning was observed. 

Quantitative chemical analysis was performed on a 
JEOL 5800LYV scanning electron microscope (SEM) equipped 
with a Princeton Gamma Tech energy-dispersive IMIX- 
PTS detector. This revealed only Mg and Al as major com- 
ponents, with a minor amount of chromium (slightly less 
than 0.5 wt.% Cr,Os), the coloring agent. Compared to a 
reference spectrum for red Burmese spinel obtained in 
identical conditions, this new synthetic showed slightly 
more Cr, and an absence of Fe, V, and Zn. 

Raman analysis produced a spectrum that was similar 
to that of the Russian flux-grown synthetic spinel men- 
tioned above. Its Raman bands were located at about the 
same positions as for natural spinel (three main bands at 
765, 667, and 405 cnr") but were three times as broad. This 
large bandwidth is attributed to cation disordering: Part of 
the Al substitutes into the tetrahedral site occupied by Mg, 
instead of going into its normal octahedral site (H. Cynn 
et al., “High-temperature Raman investigation of order-dis- 


Figure 39. The 9.27 g 
pulled synthetic spinel 
is a “true” synthetic, 
with the bulk chemical 
composition and 
atomic structure of 
nominal spinel. The 
specimen is shown in 
D65 daylight-equiva- 
lent light (left) and in 
incandescent light, 
which accentuates its 
red color (right). Photos 
by O. Segura. 
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Figure 40. A few elongated bubbles are visible in the 
outer part of the red synthetic spinel. Photomicro- 
graph by O. Segura; magnified 50x. 


order behavior in the MgAl1,O, spinel,” Physical Review B, 
Vol. 45, No. 1, 1992, pp. 500-502). Therefore, like the flux- 
grown red synthetic spinel, Raman spectroscopy showed 
that this pulled material is structurally disordered. Since 
there was no significant shift in the position of the Raman 
bands compared to natural spinel, this pulled synthetic has 
the same atomic structure as its natural counterpart. 
This pulled synthetic is indeed a “true” red synthetic 
spinel. It is easily separated from natural material, even in 
the absence of inclusions, on the basis of its trace-element 
composition (Zn and Ga below the detection limit of 
EDXRF). Because of this pulled material’s similarity to flux- 
grown Russian synthetic spinel, and its virtual absence of in- 
clusions, it may be difficult to separate these two synthetics. 
Olivier Segura (o.segura@bjop.fr) 
Laboratoire Francais de Gemmologie, Paris 
Yves Lulzac 
Centre de Recherches Gemmologiques, Nantes, France 


Emmanuel Fritsch 


MISCELLANEOUS 


Automated colored stone cutting. While robotic diamond 
cutting has been widespread for more than a decade, auto- 
mated colored stone cutting equipment and software are 
just becoming readily available. At the 2012 Tucson gem 
shows, one manufacturer's booth was drawing a great deal 
of attention. 

KLM Technology (New Brunswick, New Jersey) 
demonstrated its smallest automated cutting machine, the 
Jang 801 (figure 41). The system is designed to cut stones 
from 2, to 25 mm with an accuracy of 0.05 mm. The exact 
size, shape, proportions, and facet arrangement are deter- 
mined by Windows-based software that is compatible with 
most GemCad designs. Kiwon Jang of KLM noted that the 
machine can cut up to 100 stones per day in 2-3 mm sizes, 
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Figure 41. Automated colored stone cutting is now 
being done with compact machines such as the Jang 
801. Photo by Eric Welch. 


and up to 50 stones in 3.5-10 mm sizes. The production 
rate depends on the size of the stones, the time required 
for processing each stone, and whether separate machines 
are dedicated to cutting and polishing. A 1 ct stone takes 
about one hour from start to finish on a single machine. 
With two machines, the system can reportedly cut 50 
stones per day in 6.5-10 mm sizes. 

Mr. Jang also presented a video of KLM’s larger models, 
which can cut up to 90 stones at a time. The Jang 1440 is 
designed to facet 12,000 stones per day in 2-3 mm sizes 
and up to 2,400 stones in 3.5-10 mm sizes. For peak pro- 
duction, he suggested that factories use one apparatus for 
preforming, one for cutting, and two for polishing. He said 
that this four-machine system can produce 1,000 stones 
per day at 6.5-10 mm. 

Cassettes holding multiple stones can transfer dopping 
from crown to pavilion while keeping the stones centered. 
After the cutter orients the stone and dops it with a cen- 
tering jig, the Jang machines can automatically do the pre- 
forming, cutting, and polishing. 

Mr. Jang added that he can train technicians to operate 
these systems in two days. 


Andy Lucas (alucas@gia.edu) 
GIA, Carlsbad 


ERRATUM 


Figure 10 of the Summer 2012 Micronesian cultured pearl 
article by L. Cartier et al. (pp. 108-122) should have stated 
“An oyster that yielded a first-generation cultured pearl 
was re-beaded to produce four cultured blister pearls.” The 
word re-grafted implied the insertion of mantle tissue, 
whereas cultured blister pearls are produced using bead nu- 
clei without inserting any mantle tissue. 
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Rare Gemstones: How to 
Identify, Evaluate and Care for 
Unusual Gems 


By Renee Newman, 137 pp., illus., 
publ. by International Jewelry Publi- 
cations, Los Angeles, 2012. US$19.95. 


As consumer interest in the unique 
continues to grow, many jewelers and 
designers have discovered that non- 
traditional gems can set them apart 
from their competition. These gems 
have the benefit of increased avail- 
ability from new finds, affordability, 
higher visibility due to the marketing 
efforts of television shopping chan- 
nels, and even the enthusiasm gener- 
ated by metaphysical practitioners 
and crystal healers. And so begins a 
wonderful adventure into the world of 
rare gemstones. 

The book’s most striking feature 
is the approximately 450 color photos 
throughout its pages. These show 
mineral specimens, rough crystals, 
jewelry, and various fashioning styles 
contributed by a number of cutters, 
designers, jewelers, and dealers. 

The first section, titled “Rare 
Gemstones Used in Jewelry,” features 
one- to five-page descriptions and 
photos of 37 gems. Each profile starts 
with the gem name, phonetic pronun- 
ciation, and chemical composition. 
This is followed by an info box sum- 
marizing the gem’s optical properties, 
physical properties, and treatments. 
Often included under the treatments 
heading are precautions regarding the 
use of ultrasonic and steam cleaners. 
The remaining text covers a wealth of 
information, such as name deriva- 
tions, trade terms, and common fash- 
ioning/cutting styles. Also included 
are historical and current sources, 
phenomena, and uses in traditional 
and modern jewelry and even indus- 
trial applications. Some retail prices 
are also provided. 
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The second section, “Rare Gem- 
stones Sometimes Used in Jewelry,” 
follows a similar format and features 
19 gems. 

While these two sections offer a 
tremendous amount of reference 
material, they do not deliver on the 
promise given in the book’s title when 
it comes to identifying and evaluating. 
The stones are listed in alphabetical 
order and split into two sections, 
which would make gem identification 
difficult, and the property charts pro- 
vided in the appendix include numer- 
ous stones not found in the book. 
Evaluation would require much more 
detail on value factors, and the book’s 
pricing information is minimal. 

There are additional sections on 
care and cleaning and where to find a 
jewelry appraiser, plus appendixes of 
gem identification terms and listings 
of Mohs hardness, refractive index, 
and specific gravity. 

Overall, this book is a visual and 
informational delight that would 
greatly benefit those working in the 
trade, as well consumers looking for 
the unique and unusual. 

DOUGLAS KENNEDY 

Gemological Institute of America 

Carlsbad, California 


Suzanne Belperron 


By Sylvie Raulet and Olivier Baroin, 
351 pp., Antique Collector’s Club, 
Woodbridge, UK, 2011. US$150.00. 


With this remarkable volume, 
authors Sylvie Raulet and Olivier 
Baroin give a well-documented his- 
torical account and critical analysis 
of the renowned French jewelry 
designer Suzanne Belperron. This is 
the first exclusive biography ever writ- 
ten on this creative genius, thanks 
to the authors’ access to Belper- 
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ron’s archives. A true pioneer in 
jewelry design, she was the one of 
the first women to become an inde- 
pendent designer, selling pieces under 
her name starting in 1942. In the fash- 
ion world, she could be rightfully 
compared to Coco Chanel, another 
self-made woman from humble 
beginnings. 

The preface relates how Baroin 
discovered Belperron’s archives after 
the passing of her beneficiary. A use- 
ful chronology immediately follows. 
The first chapter, “An Artist’s Life,” 
retraces the main events of Bel- 
perron’s life and her rise to promi- 
nence in the jewelry industry. This 
chapter, lavishly illustrated with per- 
sonal photos, displays important 
pieces of handwritten correspondence 
along with official documents. 

Born in 1900 in Jura, a region of 
France renowned for its watchmak- 
ing, diamond cutting, and cold cli- 
mate, Belperron showed early artistic 
promise. After completing a decora- 
tive arts vocational school program, 
she moved to Paris in 1919, 
joining the Maison Boivin as a mod- 
elist-designer and eventually becoming 
co-director. In 1932, she joined the 
Maison Bernard Herz as artistic and 
technical director. Up until then, 
Herz had primarily been a pearl and 
gemstone dealer. But Belperron had 
other ideas, and she propelled the 
house to prominence. During World 
War II, Bernard Herz was arrested and 
deported. Belperron joined the French 
Resistance, while running the business 
by herself. After the war, she formed a 
new venture with Monsieur Herz’s 
son. She retired in 1974 and passed 
away in 1983. 

The second chapter, “My Style Is 
My Signature,” provides notable 
insight on Belperron’s designs and her 
fruitful collaboration with remarkable 
artisans such as lapidary Adrien 
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Louart and setters Groéné and Darde. 
Belperron’s work often had a special 
iconic quality due to the minimalist 
style of her oversized pieces, which 
were usually round and monochrome 
or bicolor. Most illuminating are the 
close shots of jewelry pieces, sketch- 
es, and parts and tools. The author 
clearly delineates her abilities as a 
Renaissance woman in the jewelry 
industry, personally designing, draw- 
ing, and overseeing the manufacture 
of all her pieces. 

Of even greater interest for the 
gemologist is the next chapter, “The 
Stones and their Combinations,” 
which showcases Belperron’s particu- 
lar taste for gemstones. She was mas- 
terful at experimenting with unusual 
combinations of ornamental stones 
such as blue chalcedony, quartz, and 
agate, along with more valuable gem- 
stones such as sapphire and diamond. 
Instead of using metal mounting, she 
created individually carved gemstone 
matrices, nesting a small metal 
gallery to set more precious gem- 
stones. She brought back to promi- 
nence the ornamental gems men- 
tioned above, as well as topaz, smoky 
quartz, wood, jade, lapis, coral, green 
chalcedony, and moonstone. She was 
extremely innovative in using cabo- 
chons or beaded gemstones such as 
sapphires, rubies, and emeralds. The 
definition of the photos allows the 
reader to recognize some of the natu- 
ral inclusions in the gemstones. 
Although she rarely used calibrated 
and matched stones, Belperron still 
managed to harmonize the compo- 
nents through her superior design 
ability. This characteristic sets her 
apart from more traditional Place 
Vendéme jewelers such as Van Cleef 
and Cartier. 

The next chapter addresses 
“Themes and Influences.” Belperron’s 
work was undeniably influenced by 
Egypt and Africa. She was also capti- 
vated by Chinese arts and crafts, an 
endless source of inspiration for her. 
Her volute motif is clearly a tribute to 
Chinese porcelain decorations. Her 
jewelry salon and apartment were 
decorated with Chinese pieces of fur- 
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niture, and she often wore traditional 
silk kimonos. 

The fifth and final chapter demon- 
strates the prominence of Belperron’s 
style, which catered to the tastes of 
female elites. While Cartier and Van 
Cleef were settling in Place Vendéme, 
Belperron was welcoming her guests 
in an elegant and exclusive jewelry 
salon, by appointment only. She had a 
reputation for offering personalized 
designs and exquisitely tailoring her 
jewelry pieces to their owners. As a 
result, Belperron had an endless wait- 
ing list of socialites, aristocrats, politi- 
cians’ spouses, and fellow fashion 
designers such as Elsa Schiaparelli. 
Numerous photos show Belperron’s 
jewelry featured next to the most 
famous French jewelers’ creations. 
The remarkable fashion editorials dis- 
played in the book evoke an era of 
great elegance. 

Despite the meager detail on jew- 
elry size and gemstone carat weights, 
one of the strengths of this book lies 
in its documentation, including per- 
sonal sketches and designs. The photo 
quality of the sketches is excellent, 
and one gets a sense of Belperron’s eye 
and drawing style. The authors also 
show how general sketches of archi- 
tectural detail, leaves, or flowers were 
translated into striking jewelry 
motifs. One of the most interesting 
shows the plaster mold casts she used 
to keep track of her creations. This 
technique (made extinct by 
CAD/CAM computer-generated 3D 
renderings) shows the actual imprints 
of jewelry pieces from three or four 
different angles. These detailed 
imprints also demonstrate the techni- 
cal aspect of the jewelry piece—the 
clasps, attachments, and sometimes 
the back of the piece. This is an 
invaluable contribution to jewelry his- 
torians. One of the chapters shows 
Madame Belperron’s personal jewelry 
collection, auctioned this May by 
Sotheby’s Geneva. Her personal pieces 
were surprisingly simple and modest 
compared to the masterful creations 
designed for her clientele. 

The documentation paired with 
the quality of the jewelry makes this 
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volume a real treat for students, 
gemologists, appraisers, and any jew- 
elry professional who seeks to under- 

stand the Art Deco style that 
Belperron exemplified so masterfully. 
DELPHINE A. LEBLANC 

Hoboken, New Jersey 


Gems and Minerals: 
Earth Treasures from the 
Royal Ontario Museum 


By Kimberly Tait, 225 pages, illus., 
publ. by Firefly Books Ltd, 2011, 
Buffalo, New York. US$40.00. 


Although many similar volumes have 
been published, this one features spec- 
imens from the collection of the Royal 
Ontario Museum (ROM) in Toronto, 
many of which can be seen on display 
in the Teck Suite of Galleries: Earth 
Treasures. The author, Dr. Kimberly 
Tait, is associate curator of mineralo- 
gy at the ROM. 

The introduction, “Minerals: 
Products of a Changing Planet,” gives 
a brief discussion of several topics, 
including the wonder of crystals, gem- 
stones, meteorites, physical properties 
of minerals, and crystallography. 
Although lengthy, the section pro- 
vides a solid foundation for the novice. 
It is packed with very good color pho- 
tos and diagrams. The crystallography 
section tries to explain space groups, 
the various ways atoms can be 
arranged in a crystal in a homoge- 
neous way, in a rather brief manner; 
as such the reader will not fully under- 
stand the space group nomenclature 
given for most mineral species in the 
following chapters. 

The 14 chapters remind one of 
Dana’s System of Mineralogy, where 
mineral species are classified by their 
chemical composition. Many other 
books have followed this general for- 
mat, and it makes sense from a scien- 
tific standpoint. Chapters include: 
“Native Elements,” “Halides,” 
“Carbonates,” “Tectosilicates,” and 
“Cyclosilicates.” For each species, 
there is at least one photo accompa- 
nied by information such as chemical 
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formula, crystal system, space group, 
hardness, habit, environment (forma- 
tion and deposition), notable locali- 
ties, and name origin. Under “Habit,” 
many possible shapes and forms are 
included, as well as colors, luster, and 
transparency. 

For notable localities, Canadian 
sources appear first, which seems 
appropriate enough for this book. 
What constitutes a notable locality is 
never really explained, though. Is it 
output, the quality of the specimens, 
or perhaps a unique environment? For 
rutile, it is a mystery why Graves 
Mountain, Georgia, USA—the source 
of the largest fine crystals known— 
was not included. For that matter, 
why not spodumene from the Pala 
District of California? Other examples 
could be cited, but it’s fair to concede 
that it is a big world after all. 

The photographs are excellent, 
some covering an entire page. Most of 
the specimens chosen are well- 
formed examples that a serious min- 
eral or gem collector would covet. 
Dimensions are given for each one, 
often contributing a “wow” factor. 
The photos are also useful for identifi- 
cation purposes. Perhaps the most 
impressive specimen depicted is the 
world’s largest faceted cerussite. 
Named the “Light of the Desert” for 
its incredible fire, it was found in 
Namibia and weighs in at 898 ct. Dr. 
Tait has kept up to date with current 
mineral species names—for instance, 
annite in place of biotite, and for 
groups such as stilbite the use of stil- 
bite — (Ca) and stilbite - (Na). The 
species anatase, brookite, and rutile 
are correctly stated as having the 
same chemical composition but dif- 
ferent crystal structures (polymorphs), 
but perhaps there should have been a 
clarification as to why the different 
species rutile and anatase are both 
tetragonal. Below each species name, 
additional information is usually 
given and often includes the mineral’s 
uses. One topic that wasn’t well 
addressed in the chapters is the 
importance of the species to the min- 
eral collector and what would consti- 
tute a good or even a great specimen, 
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other than the pictures themselves. 
The single-page glossary is perhaps 
too brief, covering just 32 entries. 
Additional Reading cites several 
books, journals and websites. Some 
peer-reviewed journals such as Gems 
# Gemology, The Mineralogical 
Record, and others were not included. 
There is not as much on gem- 
stones as the title might suggest, 
though beautiful plates of gemstones 
are included. This is primarily a min- 
eralogy book in an introductory for- 
mat. Although there are many similar 
books, very few can compare to the 
beauty of these 400 color images and 
the novelty of the specimens. 
MICHAEL T. EVANS 
Gemological Institute of America 
Carlsbad, California 
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Diamonds: The Antoinette Matlins 
Buying Guide—How to Select, Buy, 
Care for & Enjoy Diamonds with 
Confidence and Knowledge, 3rd ed. 
By Antoinette Matlins, 240 pp. illus., 
publ. by Gemstone Press, Woodstock, 
VT, 2011. US$18.99. This new edi- 
tion of the popular buying guide (first 
reviewed in the Spring 2002 GwG) 
contains updated, easy-to-understand 
information for diamond shoppers. 
Added chapters include fancy natural- 
color and treated-color diamond price 
comparisons, synthetic diamonds 
(including a pricing guide}, and choos- 
ing the right metal for a setting. 
STUART D. OVERLIN 
Gemological Institute of America 
Carlsbad, California 


Granitic Pegmatites and Mineralo- 
gical Museums in Czech Republic. 
By Milan Novak and Jan Cempirek, 
Eds., 56 pp., publ. by the Department 
of Mineralogy, Geochemistry and 
Petrology, University of Szeged, 
Hungary, 2010. Published as Volume 
6 of Acta Mineralogica-Petrographica, 
Field Guide Series, this guidebook 
accompanied a five-day field trip that 
took place in conjunction with the 
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20th General Meeting of the Inter- 
national Mineralogical Association, 
held August 2010 in Budapest. The 
trip visited seven granitic pegmatites 
in the Moldanubian Zone of the 
Czech Republic, including rare-ele- 
ment bodies that are the type locality 
of lepidolite and rossmanite. Pegma- 
tite geology, mineralogy, and internal 
structure are reviewed. Mineral exhi- 
bitions and collections from a five- 
museum tour are also described. 


BRENDAN M. LAURS 
Gemological Institute of America 
Carlsbad, California 


Dallas Mineral Collecting Symposi- 
um 2011. DVD (2 discs), approx. 3.5 
hours, released by Blue Cap Pro- 
ductions [www.bluecapproductions. 
com], Marina del Rey, CA, 2011. 
US$19.99. This DVD set features pre- 
sentations by Dr. Jeffrey Post on the 
Smithsonian’s National Collection; 
Dr. Joel Bartsch on the expansion of 
the Houston Museum of Natural 
Science; U.S. Judge Francis Allegra on 
the tax implications of donation; Dr. 
Gene Meieran on science for the col- 
lector; Dr. George Rossman on crystal 
color; and Dr. Barbara Dutrow on 
tourmaline group crystals. 


STUART D. OVERLIN 


What’s Hot in Munich 2011. DVD (1 
disc), approx. 94 minutes., released by 
Blue Cap Productions [www.bluecap 
productions.com], Marina del Rey, 
CA, 2011. US$24.99. Bryan Swoboda 
and Peter Lyckberg host a look at this 
three-day mineral show, Europe’s old- 
est and largest. The DVD features inter- 
views with exhibitors and displays of 
remarkable mineral specimens. 


STUART D. OVERLIN 
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Influence of the depth on the shape and thickness of nacre 
tablets of Pinctada margaritifera pearl oyster, and on 
oxygen isotopic composition. M. Rousseau (rousseam@ 
gmx.net}) and C. Rollion-Bard, Minerals, Vol. 2, No. 1, 
2012, pp. 55-64, http://dx.doi.org/10.3390/min2010055. 

The pearl oyster Pinctada margaritifera is farmed in French 

Polynesia. The quality of a pearl depends on the quality of its 

surface nacre, and iridescence is affected by the thickness of its 

nacre layers. In this study, pearl oysters were kept for one week 
at four different depths (7, 20, 30, and 39 m) to test the influ- 
ence of water depth on the shape and thickness of the nacre 
tablets. Scanning electron microscopy was used to measure the 
tablets’ thickness and image their final shape, which changed 
from hexagonal to rhomboid at a depth of 39 m. The change in 
shape was accompanied by a decrease in the thickness of the 
tablets by 16-30% on average. This could affect the nacre’s 
optical properties by improving the luster and iridescent colors. 

The oxygen isotopic composition was measured using sec- 

ondary ion mass spectroscopy. The authors demonstrated that 

water depth can modify the size, shape, and thickness of nacre 
tablets, but not the 5!8O value. GL 


Micro-Raman investigations on inclusions of unusual habit in 
a commercial tanzanite gemstone. M. Giarola, G. 
Mariotto [gino.mariotto@univr.it], and D. Ajo, Journal of 
Raman Spectroscopy, Vol. 43, No. 4, pp. 556-558, 
http://dx.doi.org/10.1002/jrs.3059. 

This study investigated the chemical nature and crystal struc- 

ture of numerous red sub-millimeter-size inclusions of unusual 

habit located below the surface of a tanzanite. Spectral markers 
of hematite were observed. 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editors and their abstractors, and space limitations may require 
that we include only those articles that we feel will be of greatest 
interest to our readership. 


Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The abstractor of each article is identified by his or her initials at 

the end of each abstract. Guest abstractors are identified by their 
full names. Opinions expressed in an abstract belong to the abstrac- 
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Hematite crystallizes in the rhombohedral system and 
is known to show different habits. On the basis of the 
experimental findings and data from the literature for sin- 
gle crystals of hematite or for other iron oxides and oxy- 
hydroxides, the tanzanite inclusions consisted of poly- 
crystalline hematite affected by a considerable degree of 
disorder, “probably related to peculiar ambient conditions 
of their nucleation and growth” in the host crystalline 
matrix. ERB 


18Q/!°O and V/Cr ratios in gem tsavorites from the 
Neoproterozoic Mozambique metamorphic belt: A 
clue towards their origins? G. Giuliani, A. E. Fallick, 
J. Feneyrol, D. Ohnenstetter, V. Pardieu, and M. 
Saul, Mineralium Deposita, Vol. 46, No. 7, 2011, pp. 
671-676, http://dx.doi.org/10.1007/s00126-011- 
0355-6. 
Green vanadium (+ chromium)-bearing grossular, also 
known as tsavorite, occurs along the Neoproterozoic 
Mozambique metamorphic belt that extends from eastern 
Africa to Antarctica. Small amounts of tsavorite have been 
reported from Antarctica, Canada, Myanmar, and Pakistan. 
The most significant deposits are found in Kenya, Tanzania, 
and Madagascar, where the gem occurs in a sequence of 
metasedimentary rocks—graphitic gneiss or schist in partic- 
ular, often associated with marble. It is found as nodules or 
euhedral crystals in primary deposits, and as rounded peb- 
bles or broken crystals in alluvial placers. 

In this study, the authors analyzed the chemical com- 
position of 69 tsavorite samples from 24 localities to form 
the basis of both a geologic and geographic (country-of-ori- 
gin) source determination. Based on analyses of oxygen 
isotopes and V-Cr-Mn trace-element concentrations, the 
authors could begin to distinguish samples—from the 
Lelatema fold belt in Tanzania, for example. Oxygen iso- 
tope data can act as a reliable tracer of the geologic envi- 
ronment of formation. As demonstrated here and in other 
studies of corundum and emerald, oxygen isotope data 
combined with other chemical analyses can provide a 
powerful tool for gemstone origin identification. 

JES 


Opal—the craze for stability. B. Rondeau, E. Fritsch, F. 
Mazzero, and J. Gauthier, InColor, No. 18, Winter 
2011, pp. 42-45. 

The two types of opal destabilization phenomena, which 

may happen hours or months after mining, are called 

cracking and whitening. Both are irreversible. Cracking 
happens most often in amorphous opals, with fissures 
developing along the surface or throughout a specimen. 

With whitening, the effect ranges from a faintly milky 

appearance to banding to a solid white inner “egg.” 

Unfortunately, opals of all types from any geographic 
source can be affected, and stability predictions are nearly 
impossible. Many studies have theorized that destabiliza- 
tion results from some degree of water loss from the opal, 


GEMOLOGICAL ABSTRACTS 


though internal stress and chemical differences might 
also play a role. A 2004 doctoral thesis by B. O. Aguilar- 
Reyes found that most destabilized opals lose water and 
that a structural rearrangement, characterized by an addi- 
tional Raman band around 2900 cm~!, accompanies the 
whitening. 

While there are significant testing and funding barriers 
that limit the research being conducted on opals, the 
potential for future discoveries is considerable. 

AB 


Rough grading system for Zambian emeralds. A. Banks, 
Gems & Jewellery, Vol. 21, No. 1, 2012, pp. 14-15. 
Gemfields PLC produces approximately 20% of the 
world’s emerald supply at its Kagem mine in Zambia. 
Since the quality of this “type III” (i.e., almost always 
included) gem material varies, the company has developed 
a system for grading the rough. The emeralds are graded 
using four parameters: color, clarity, cut, and carat weight. 
Dividing the rough material into groups with similar char- 
acteristics allows cutters to manufacture in bulk with con- 
sistent quality. Uniformity in grading emeralds has been 
difficult in the past, and the Gemfields system has helped 
revolutionize emerald production. MK 


Tsilaisite, NaMn,A1,(Si,O,,)(BO,),(OH),OH, a new mineral 
species of the tourmaline supergroup from Grotta 
d’Oggi, San Pietro in Campo, island of Elba, Italy. F. 
Bosi [ferdinando.bosi@uniromal it], H. Skogby, G. 
Agrosi, and E. Scandale, American Mineralogist, Vol. 
97, No. 5-6, 2012, pp. 989-994, http://dx.doi.org/ 
10.2138/am.2012.4019. 

This paper describes the chemical and gemological proper- 

ties of a long-expected end-member of the tourmaline 

supergroup. This end-member, tsilaisite, is characterized 
by the presence of Na, Mn**, and Al. 

Although the term tsilaisite has sometimes been used 
in gemology to refer to a yellow tourmaline without a 
brownish cast, and a tsilaisite component has been identi- 
fied in some tourmaline from various localities, true tsi- 
laisite had never been found in nature until now. The 
tourmaline supergroup is chemically complex, and the 
ideal formula of tsilaisite has been a matter of speculation 
in the literature. Relevant substitution mechanisms are 
discussed in this paper. 

The tsilaisite crystals occur in an aplitic dike of an 
LCT (lithium cesium tantalum)-type pegmatite body in 
association with quartz, K-feldspar, plagioclase, and 
elbaite, and schorl on the Italian island of Elba. The gemo- 
logical properties of the tsilaisite include a greenish yel- 
low hue with a vitreous luster, a white streak, no UV flu- 
orescence, and a Mohs hardness of about 7. It is brittle 
and has a sub-conchoidal fracture with calculated density 
of 3.133 g/cm®. Tsilaisite is uniaxial negative, pleochroic 
(pale and very pale greenish yellow), and has RI values of 
1.625-1.645. Samples were analyzed by a combination of 
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electron microprobe, secondary ion mass spectrometry, 
and optical absorption spectroscopy. The authors provide 
tables of chemical and X-ray powder diffraction data, as 
well as a discussion of tsilaisite’s relationship to other 
species. The mineral chemistry findings and empirical 
ordered formula, described in detail in the paper, substan- 
tiate this new species. 

The occurrence of tsilaisite is very rare in nature, 
owing to the extraordinary petrogenic conditions required 
and the limited structural stability. ERB 


Topaz crystals from various geological settings. M. 
Duma ska-Slowik, J. Fijal, and L. Natkaniec- 
Nowak, Gemmologie: Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 60, No. 3-4, 
2011, pp. 87-104. 

Topaz is usually hosted by primary deposits consisting of 

granite, rhyolite, pegmatite, and greisen. It is also found in 

secondary deposits in detrital sediments. This study 
focused on topaz from different host rocks at important 
sources worldwide. 

Europe’s largest known topaz deposit is located in the 
Volodarsk-Volynski Massif of western Ukraine. Well- 
formed topaz crystals were found weighing up to 117 kg, 
in various colors. Blue topaz studied from this deposit 
contained inclusions of quartz, feldspar (mainly albite), 
and iron sulfide, as well as Ti-oxide needles and oval- 
shaped two-phase fluid inclusions with tails. 

The Sherlovaya Gora granitoid massif in Russia con- 
tains numerous greisen veins that formed by metasomatic 
processes. While famous for topaz crystals, these greisens 
also hosted Russia’s largest gem-quality beryl deposit. The 
authors found that colorless topaz samples with light yel- 
low tips contained two-phase liquid and gas inclusions of 
up to 25 ym, solid inclusions (quartz and apatite), growth 
lines, and twin planes. The presence of hydrocarbons was 
confirmed by blue luminescence to UV radiation. These 
Russian samples contained fewer inclusions than their 
Ukrainian counterparts. 

Topaz from Ouro Préto in Minas Gerais, Brazil, 
formed in kaolinite-quartz-K-feldspar veins cutting phyl- 
lite, dolomite, and marble. The color variety of these 
topazes—"golden” yellow, orange, and orange-red—is due 
to chromophores such as Cr**, V+, Ti+, Mn**, and Fe**. 
Yellow-red samples examined by the authors contained 
crystalline inclusions, hematite, two-phase fluid inclu- 
sions, microfissures, growth lines, and twin planes. 

The cavity-bearing rhyolites from the Thomas Range 
in Utah are known as topaz rhyolites. Topaz from these 
cavities is 1-10 cm long, and the color varies from pink to 
light brown. Pink topaz studied by the authors was col- 
ored by Mn** and Fe**, and contained microfissures and 
linearly formed fluid inclusions, in which dark inclusions 
were observed. 

Chemical analyses showed that the Brazilian topaz 
had the highest Fe content, while the Ukrainian samples 
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had the lowest. Brazilian topaz also contained the greatest 
amounts of Mn and OH (45 mol%). The IR spectra of all 
the samples were similar except in the region of OH- 
stretching at around 3645 cm!. After deconvolution and 
curve-fitting, a single band was observed at 3648 cm in 
the Ukrainian samples. The Russian samples showed four 
bands at 3648, 3650, 3645, and 3638 cm!, while the 
Brazilian topaz had five bands at 3650, 3644, 3636, 3629, 
and 3615 cml. KSM 


DIAMONDS 


Gem-quality diamonds: Source discrimination. L. Coney 
(louisec@mintek.co.za), A. V. Moila, A. G. Quadling, 
South African Journal of Geology, Vol. 115, No. 1, 
2012, pp. 33-46, http://dx.doi.org/10.2113/gssajg. 
115.1.33. 

In the late 1990s, “conflict diamonds” were notoriously 

used to fund violent insurgencies in Africa. Forensic fin- 

gerprinting would enable the industry to trace any future 
conflict diamonds. This work addresses whether scientific 
analysis can discriminate diamonds by geographic origin. 

Combined physical (morphological) and chemical studies 

on 10 parcels of gem-quality samples from African alluvial 

and kimberlitic sources are presented. 

Nitrogen contents and aggregation states were deter- 
mined from Fourier-transform infrared (FTIR) spec- 
troscopy; laser ablation—inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) was used for selected trace-ele- 
ment concentrations. The study showed that only a few 
elements are consistently enriched in significant quanti- 
ties, and that certain elements not detected in the 10 
parcels may form a more discriminatory tool. Although 
subtle differences between parcels (and areas of origin) are 
evident, the intrinsically heterogeneous nature of dia- 
monds, particularly gem-quality diamonds, creates diffi- 
culties with scientific fingerprinting as a mechanism to 
discriminate them. GL 


GEM LOCALITIES 


Conditions of emerald formation at Davdar, China: Fluid 
inclusion, trace element and stable isotope studies. 
D. Marshall, V. Pardieu, L. Loughrey, P. Jones, and G. 
Xue, Mineralogical Magazine, Vol. 76, No. 1, 2012, 
pp. 213-226, http://dx.doi.org/10.1180/minmag. 
2012.076.1.213. 
Emeralds were discovered at Davdar, in the western part of 
China’s Xinjiang Province, in 2000. They form crystals (up 
to several centimeters long) in quartz-carbonate veins (up 
to 20 cm wide) hosted by metasedimentary rocks. These 
veins are associated with a major fault zone. Data obtained 
from fluid inclusions, stable isotopes, and petrographic 
studies indicate that the emeralds formed from highly 
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petidotite appeared. Two reasons were given 
for closing this opetation: 1) recovery was 
insufficient to meet the cost of operations, 
and 2) sufficient moneys were not available 
to permit underground mining or opening 
new areas. The corporation“ abandoned the 
field in March, 1950. 


Approximately 840 diamonds were re- 
covered during the operation, weighing a 
total of 246.15 carats. The largest stone was 
four and one half carats. Production con- 
sisted of ten per cent very imperfect: dis- 
torted pieces of mixed color, five per cent 
seconds of dark brown tint, twenty per cent 
of small size mixed industrials, and sixty- 
five per cent crushing bort. 


DIAMOND CUTTING 


During the. early part of 1949 cutting 
activities in the United States were at a 
high level, approximately seventy per cent 
of the wartime peak. However, considerable 
unemployment later in the year resulted 
from the unsettled market outlook and vari- 
ous disturbing trade practices. The Diamond 
Manufacturers and Importers Association 
negotiated a wage readjustment during the 
summer whereby several shops reopened, 
operating on a reduced basis. Cutting costs 
in the United States were substantially 
higher than in other cutting centers. When 
the foreign currencies were devalued, the 
difference in wage rates was further widened. 


Surrounded with serious difficulties, the 
Antwerp cutting industry began the year 
with sixty-three per cent of its 11,000 
unionized workers unemployed. When, in 
September, currencies were revalued, cutting 
activities were restored. Great activity, both 
in rough and polished stones, was noted in 
December. 

Belgian exports for 1949 totaled 244,- 
165.87 carats with the United States receiv- 
ing seventy-two per cent of this figure. 

In the Netherlands, the Amsterdam indus- 
try employing 1500 to 1600 workers re- 
mained satisfactory. 


Thé Israeli diamond cutting industry had 


many difficulties during the year. No sup- 
plies of rough diamonds were available from 
the Syndicate from April to September. 
When Syndicate supplies were resumed in 
October, the amount and quality — eighty 
per cent melees and twenty per cent chips— 
was unsatisfactory. An exportation ban on 
rough from Israel was stipulated by the 
Syndicate. The cutting industry, employing 
from 800 to 1600 cutters, worked prin- 
cipally on melee the price of which the 
Syndicate raised fifteen per cent. 

During 1949, 69,641 carats were ex- 
ported by Israel with the United States 
receiving eighty-five per cent of this amount. 

A shortage of skilled workers and a lack 
of suitable material from which to train 
apprentices, limited the expansion of the 
South African cutting industry. All factories 
worked steadily with no unemployment. 
General market conditions by the end of 
1949 were good. 


In spite of stringent Belgian regulations 
making it unlawtul to export rough dia- 
monds to Germany, rough from Belgium 
and jsrael found its way into Germany. 
Thrown on the international market after 
cutting and polishing, the stones were in- 
voiced as having been cut in Belgium or 
Israel. Of an estimated 1500 workers in 
Germany, about one half were unemployed. 


INDUSTRIAL DIAMONDS 


The United States continued to control 
the exportation and conservation of the 
industrial diamond, accumulating a. stock- 
pile against emergencies. 


Improvements were made in the fields of 
diamond dressing and trueing tools; dia- 
mond drills; diamond boring and turning 
tools and minor applications. 


Reportedly well organized and ready for 
any natidnal emergency were the diamond 
tool production plants. The industrial dia- 
mond industry is prepared, from the stand- 
point of \techniques, manpower, and gov- 
ernment stockpile, again to do an outstand- 
ing job for National Defense. 
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saline brines in greenschist facies metamorphic conditions 
at temperatures of ~350°C and pressures up to 160 MPa. 
The geology of the deposit is not fully understood because 
geologic maps of the area are incomplete. The original 
source of the beryllium for emerald formation is 
unknown, but it appears likely that Be-bearing brines 
moved upward within the stratigraphic sequence of sedi- 
mentary rocks along the fault zone. There they interacted 
with Cr (+V}-bearing shales and other sediments to form 
emerald. Compared to other Central Asian deposits, the 
Davdar occurrence is most similar to those in 
Afghanistan’s Panjshir Valley. JES 


Geochemical and petrological characterization of gem 
opals from Wegel Tena, Wollo, Ethiopia: Opal for- 
mation in an Oligocene soil. B. Rondeau (ben- 
jamin.rondeau@univ-nantes.fr), B. Cenki-Tok, E. 
Fritsch, F. Mazzero, J.-P. Gauthier, Y. Bodeur, E. 
Bekele, E. Gaillou, and D. Ayalew, Geochemistry: 
Exploration, Environment, Analysis, Vol. 12, No. 3, 
2012, pp. 93-104, http://dx.doi.org/10.1144/1467- 
7873/10-MINDEP-058. 

Opal deposits at Wegel Tena, in the Wollo Province of 
Ethiopia, are hosted by a single horizontal layer of weath- 
ered ignimbrite interbedded within a thick series of unal- 
tered Oligocene volcanic rocks. This work describes the 
textural and microscopic features of opals from the deposit 
and the petrography of their host rocks. The Wegel Tena 
opals display unusual geochemistry, with some samples 
yielding the highest Ba concentrations ever recorded in 
opal. Their geochemical fingerprints clearly distinguish 
them from opals mined anywhere else. 

The concentration of chemical impurities in opal pri- 
marily reflects the host-rock composition. The crystallog- 
raphy of opal controls, at least in part, the incorporation 
of chemical impurities. The multimodal distributions of 
several chemical impurities suggest at least two origins of 
silica: weathering of feldspars and weathering of volcanic 
glass. The Wegel Tena opals contain very well-preserved 
plant fossils, and their host rock exhibits features typical 
of pedogenesis. The fossils indicate that the opal formed 
in a sedimentary environment, probably during a pause in 
a volcanic event, which allowed the weathering of ign- 
imbrites and the liberation of silica. GL 


The Jonas mine, Itatiaia, Minas Gerais, Brazil. W. E. 
Wilson, Mineralogical Record, Vol. 43, No. 3, 2012, 
pp. 289-317. 
The Jonas mine is famous for the “cranberry” red tourma- 
line crystals discovered there in the late 1970s. The story 
of the geology, mineralogy, history, and production of this 
prolific Brazilian mine is told with the help of many stun- 
ning photos of crystals and the author’s own beautiful ren- 
dering of the original pocket discovery. 
Located near the village of Itatiaia in the state of 
Minas Gerais, it was initially named the Joao Pinto mine 
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after the farmer who worked it in the 1940s and 1950s. At 
the nearby Itatiaia mine, an independent miner named 
Barbosa had discovered hundreds of kilos of highly color 
zoned “parrot” tourmaline. In the late 1970s his son 
Ailton Barbosa, a gem dealer and miner, went back to the 
site of the Joao Pinto mine to hunt for more tourmaline. 
After much disappointment, he located a pocket filled 
with mud and water that yielded pink-capped black crys- 
tals. The water led Barbosa to believe that a much larger 
pocket was directly overhead, and after careful digging he 
discovered what became known as the Bamburro (“Lucky 
Break” or “Jackpot”) pocket. This famous pocket was 
more than 2.5 m wide and 3 m tall, with red tourmaline 
crystals lining the walls, lying on the floor, and suspended 
from the sides and ceiling. The specimens were so clean 
that they did not even require washing to display their 
beauty. Named rubellite specimens from this deposit 
include the Joninha, the Foguete (“Rocket”), Tarugo (a 
Portuguese term for a short, fat ugly man), and the Flor de 
Lis, all of spectacular size and quality, setting the stan- 
dard for iconic mineral specimens. 

Along with fame and fortune for the mine’s investors, 
there were hazards tied to the discovery of such concen- 
trated wealth. Gunmen were hired to guard the mine and 
the Governador Valaderes warehouse, where eventually 
several tonnes of crystals and mineral specimens were 
stored. Rumors were of wiring dynamite to the specimen 
tables and keeping poisonous snakes in the warehouse to 
protect the bounty from thieves. The total value of that 
single pocket is estimated at around $50 million. 

Impressive finds were later made at the same mine 
and in others in the Itatiaia area, but none surpassed the 
1977 discovery. JEC 


Kingman turquoise. S. Wilson, Rock # Gem, Vol. 42, No. 
5, 2012, pp. 34-37. 
Kingman turquoise sets the standard for American 
Southwest turquoise. The Colbaugh family has been min- 
ing the Kingman claim intermittently since 1962. Since 
the family resumed operations nearly a decade ago, the 
production of turquoise has rivaled the quality that made 
the mine famous 50 years ago. The author relates his time 
spent at Kingman learning how turquoise is extracted and 
processed before reaching the market. He also notes that 
during their early days at the claim, the Colbaugh family 
found archeological evidence of mining activity some 
1,500 years ago. MK 


Mineralogy of jadeitite and related rocks from Myanmar: 
A review with new data. G. H. Shi, G. E. Harlow, J. 
Wang, J. Wang, E. Ng, X. Wang, S. M. Cao, and W. 
Cui, European Journal of Mineralogy, Vol. 24, No. 2, 
2012, pp. 345-370, http://dx.doi.org/10.1127/0935- 
122,1/2012/0024-2190. 

Jadeitite is a rock composed almost entirely of jadeite and 

related pyroxenes. Geologically interpreted as a rare prod- 
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uct of crustal subduction processes, it is found in serpenti- 
nite mélange at a few localities in association with high- 
pressure, low-temperature metamorphosed rocks (eclog- 
ites and blueschists). The largest and most commercially 
important source of this rock is the so-called Jade Tract in 
Kachin State in northern Mynamar. In this region, more 
than 30 mineral species have been documented from 
jadeitites and related rocks. Two stages of jadeite and 
accompanying mineral formation have been identified in 
this area. 

The variety of mineral replacement textures observed 
in jadeitites indicates that serpentinite mélanges were 
subjected to fluid infiltration and potential replacement 
by (or reaction with) jadeitite. A general mineralogical 
comparison can be used for provenance determination, 
particularly for archaeological jades. Jadeitites worldwide 
appear to share similarities in origin despite differences in 
formation age, mineral assemblages, and quality of the 
jadeite. JES 


Past, present and future of Australian gem corundum. A. 
Abduriyim, F. Sutherland, and T. Coldham, Aus- 
tralian Gemmologist, Vol. 24, No. 10, 2012, pp. 
234-249. 

Australia’s commercial corundum production dates back 
more than 100 years. Until the 1990s it was the world’s 
largest producer, accounting for 70% of global output by 
weight and producing a wide variety of qualities, sizes, and 
colors. Australia now produces 25% of world’s corundum 
output. 

The authors visited Australia’s main corundum 
sources—the eastern states of Queensland, New South 
Wales, and Victoria—to collect samples and investigate 
the geologic formation, corundum distribution, and min- 
ing capacities. Throughout eastern Australia, sapphire 
deposits are typically concentrated in the areas of weath- 
ered alkali basalts, where they form secondary deposits. 
Extraction methods include hand mining, small to medi- 
um mechanized operations, and large-scale machinery- 
based open pit operations. 

New South Wales produces the highest quality and 
yield of Australian blue sapphires, and it contains the 
largest sapphire reserve in the world. The rough typically 
ranges from | to 4 ct. Secondary deposits, locally called 
“wash,” occur in layers 1 to 3 m thick underneath dark 
clayey soil, a few meters below the surface. Stones are 
found in a wide range of colors (including particolored) with 
rough typically weighing 0.05-6 ct. The article discusses 
crystal morphology, size, and mineral inclusions across the 
mining regions, noting that Australia’s sapphires are high 
in Fe, Ti, and Ga. Australia’s ruby production is small com- 
pared to other major corundum localities. 

The authors survey some factors that have contribut- 
ed to a significant fall in sapphire exports, particularly 
higher operating costs and increased production from 
Thailand, Nigeria, China, and Madagascar. It also discuss- 
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es how deceptive trade practices helped create the percep- 
tion of Australian stones as dark, poor-quality “inky 
blue” material. 

Despite the curtailment of demand and recent mine 
closures, some sites have remained open by employing 
innovative initiatives such as mining experience tours, 
campsites, and sales exhibits aimed at the local tourist 
market. 

The authors conclude that encouraging foreign invest- 
ment would give eastern Australia ample opportunity to 
redevelop its commercial reserves of gem corundum. 

ERB 


Sapphire rush in Kataragama. G. Zoysa (mincraft@slt.1k} 
and S. Rahuman, InColor, No. 19, Spring 2012, pp. 
56-61. 

Since the late 1970s, Kataragama in Sri Lanka has been 

known for fine-quality gems such as hiddenite, hessonite, 

blue sapphire, green beryl, and aquamarine. During a 

recent road construction project in nearby Tham- 

mannawa, some transparent sapphires with vivid blue 
color and excellent crystal shapes were discovered by acci- 
dent. The mining rush triggered by the discovery prompt- 
ed the government to halt the partially completed road 
project. Although some very fine specimens have been 
found, production thus far has been rather disappointing, 
though miners remain hopeful. MK 


SYNTHETICS AND SIMULANTS 


Could developing technology create a bigger niche for lab- 
oratory-grown diamonds? Israel Diamonds, No. 
242, 2012, pp. 18-22. 

The market for synthetic diamonds has grown to $200 

million yearly. The major producers have apparently 

resolved most of the technological barriers, so the market 

is expected to thrive in the coming years. 

The article describes the production and marketing 
strategies of the major producers: Gemesis, Apollo, and 
Scio Diamond Technology Corp. Gemesis, which pro- 
duces yellow synthetics by the high-pressure, high-tem- 
perature (HPHT) process and colorless products by the 
chemical vapor deposition (CVD) method, markets direct- 
ly to U.S. consumers via online distributors. The compa- 
ny claims to provide grading reports for all of its goods, 
identifying them as synthetic. Apollo manufactures color- 
less CVD synthetics, while Scio has modified its CVD 
process to create type Ila synthetics in pink, blue, brown, 
and black colors, as well as colorless products. 

The article also discusses whether consumers will 
accept synthetic diamonds as they have cultured pearls. 
The fact that the major gemological labs now issue grading 
reports for synthetic diamonds is described as a stride for 
consumer acceptance as well as a vehicle for disclosure. 

RS 
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High quality synthetic yellow orange diamond emerges in 
China. S. Zhonghua, L. Taijin, S. Meidong, S. Jun, 
and S. Jingjing, Australian Gemmologist, Vol. 24, 

No. 7, 2011, pp. 167-170. 
In late 2010, the National Gemstone Testing Center 
(NGTC) in Beijing received a 1.57 ct fancy yellow-orange 
modified brilliant synthetic diamond for identification and 
grading. This was the first large gem-quality synthetic dia- 
mond the NGTC had encountered. Its source is not report- 
ed, though the authors discuss possible Chinese sources, 
including the HPHT diamond growth laboratory at Jilin 
University. The article summarizes the NGTC’s methods 
of determining the characteristics and origin of the sample. 
FTIR spectroscopic data showed that the synthetic dia- 
mond is of type Ib, containing “A” aggregated nitrogen; 
Vis-NIR spectroscopy data supported the type Ib designa- 
tion. Clarity inspection using a gemological microscope 
revealed rectangular-patterned internal graining and clouds 
of dispersed pinpoint inclusions. The patterns of these 
clarity features, shown in a pair of photos, are described as 
indicative of a synthetic origin. Raman photolumines- 
cence spectrum features revealed the presence of nickel, 
providing further evidence. While EDXREF analysis did not 
offer any conclusive data, images generated by the De 
Beers DiamondView strongly suggested a synthetic origin. 
The table-view image showed a luminescence pattern in 
the shape of a green cross, while the pavilion view dis- 
played a zoned luminescence pattern. JS-S 


TREATMENTS 


Spinel and its treatments: A current status report. C. P. 

Smith, InColor, No. 19, Spring 2012, pp. 50-54. 
Spinel is generally considered a treatment-free gemstone, 
but some treated goods are now being reported—an indica- 
tion of spinel’s strength in the gem market. The most 
common enhancement is the filling of fissures using oil. 
The oil’s iridescence and high relief are easily recognizable 
under a gemological microscope. 

Historically, spinel was never heat-treated to improve 
quality, but the American Gemological Laboratory has 
recently examined parcels of heated material. High-temper- 
ature heat treatment between 950° and 1150°C can 
improve transparency, but such material has not been 
widely encountered so far. Raman and PL spectra revealed 
features of such treatment—the broad Raman shift at ~405 
cm! and a broad chromium emission band at ~687 nm, 
respectively. These broad bands were caused by disordered 
spinel lattice formed during heating. Inclusions related to 
low-temperature heat treatment were observed in these 
samples—atoll-like discoid stress fractures, low-relief sec- 
ondary fractures extending from healed fissures, and stress 
fractures surrounding crystal inclusions. Surprisingly, the 
Raman and PL spectra were not broad. Instead, they were 
sharp bands, reflecting the ordered lattice structure. The 
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temperature for this treatment was estimated at below 
~750°C, with a heating time of less than six hours. The 
purpose of the heating was to improve color, not the trans- 
parency. The heat-related inclusions proved useful in iden- 
tifying this treatment. Yet an inclusion-free spinel, treated 
by low-temperature heating, would pose a challenge. 
Research is under way to study samples before and after 
heating. 

Today, major laboratories routinely test spinel for heat 
treatment, though only a small amount have been detect- 
ed so far. It is believed that most spinels in the market are 
still free of treatments. KSM 


MISCELLANEOUS 


Conflicting treasures: Contrasting resource use governance 
in two artisanal gemstone mining sites in 
Madagascar. M. S. A. Baker-Médard, (mezbaker@ 
berkeley.edu), Journal of Political Ecology, Vol. 19, 
2012, pp. 221-237, http://jpe.library.arizona.edu/ 
volume_19/Baker-Medard.pdf. 

Using research gathered in Madagascar from 2004 to 2008, 

the author compares how claims were managed at two 

artisanal gemstone mining sites at opposite ends of the 
country during gemstone rushes and afterward. 

With Madagascar’s abundant gemstone discoveries 
since the 1990s and its unique biodiversity, the conflict 
over natural resource ownership and sustainable extrac- 
tion is pronounced. A community-based natural resource 
management strategy was shown to have provided more 
structure and benefits to both local and migrant miners in 
Soabiby, in the southwest of the island. This contrasted 
with the uncontrolled extraction by miners flocking to a 
gem rush near Ambondromifehy in northern Madagascar, 
on the edge of a state-controlled national reserve. 

E] 


Disrupting the trade in illicit diamonds: A profile of 
enforcement efforts in the United States of America. 
U.S. Agency for International Development, January 
2012, 30 pp., www.usaid.gov. 
This paper overviews the U.S. government’s efforts to keep 
illicitly mined and traded diamonds out of the legitimate 
supply chain. It describes the government’s administration 
of the Kimberley Process and lists a number of suggestions 
to make enforcement more efficient. The paper also covers 
the USA PATRIOT Act and its companion Bank Secrecy 
Act, which regulate how and when gem dealers must 
report transactions, and reviews the sanctions against vari- 
ous governments and individuals, including Zimbabwe. 
The second part of the paper describes various dia- 
mond smuggling avenues in producing nations. The final 
section analyzes the various means illicit diamond traders 
use to circumvent the laws and safeguards, as well as the 
measures taken to counteract them. RS 
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Geographical origin: Branding or science? H. A. Nguyen 
Bui and E. Fritsch, InColor, No. 19, Spring 2012, pp. 
30-39. 

This article examines why gemstones from certain locales 

are considered more desirable than others, noting that his- 

tory can play a decisive role—historic sources are generally 
favored over new deposits. The article also discusses tradi- 
tional means of origin identification, such as distinctive 
colors and inclusions, and follows with more scientific 
means of doing so. The final section of the report offers 
possible geographic characteristics for 11 gemstones, 
including diamond, but notes that such identifications are 
still inconsistent and much research remains to be done. 
RS 


Pearl farming as a sustainable development path. L. Cartier 
(laurent.cartier@unibas.ch) and S. Ali, The Solutions 
Journal, Vol. 3, No. 4, 2012, www.thesolutions 
journal.com/node/1139. 

Declining marine biodiversity in the Pacific region can be 

resolved by expanding cultured pearl farming, this study 

suggests. 

Evidence shows that for conservation to work, it 
needs to provide economic benefits for the communities 
involved. And cultured pearl farming is a rare business 
where effective environmental management and conser- 
vation do improve economic success. The healthier the 
oysters’ growth environment, the more attractive and 
valuable the pearls produced. Estimates suggest that 95% 
of a pearl farm’s income stems from 2% of its pearls. 

Cultured pearls, it is argued, should be promoted to 
consumers as a sustainable gemstone, since their produc- 
tion promotes conservation and economic activity in com- 
munities with few opportunities. Other products derived 
from oyster shells are also in demand. Furthermore, pearl 
oysters are highly efficient water filters, making them 
effective in the removal of pollutants. E] 


Pearl fishing in the ancient world: 7500 Bp. V. Charpentier 
[vincent.charpentier@inrap.fr], C. Phillips, and S. 
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Méry, Arabian Archaeology and Epigraphy, Vol. 23, 

No. 1, 2012, pp. 1-6, http://dx.doi.org/10.1111/).1600- 

0471.2011.00351.x. 
This paper discusses the origin, shape, and cultural signifi- 
cance of pearls of the sixth to fourth millennia BC recovered 
from archaeological excavations between Arabia and 
Mesopotamia. The discoveries reveal an ancient fishing tra- 
dition that no longer exists. Although ancient accounts 
provide little information about pearls, these goods were 
clearly part of the cultural and economic fabric of Neolithic 
southeast Arabia. 

Fishermen of this time selected pearls according to 
their shape, preferring the rarer spherical specimens from 
either the large pearl oyster Pinctada margaritifera or the 
Pinctada radiata. The latter produces small but high-qual- 
ity pearls that are easier to collect. The excavated pearls 
were often white, opaque, and matte—some also possessed 
pink, orange, and brownish tones—and retained their orig- 
inal luster (due to preservation in the low-pH shell layer). 
Moreover, the mother-of-pearl from the oysters was an 
important resource in the ancient Arabian economies, 
fashioned into fish hooks for large fish, including tuna and 
sharks. 

Pearls constituted only a fraction of Arabian burial 
jewelry but occupied a particular place in funeral rites. 
They were deposited inside the face of the deceased; semi- 
perforated pearls were used for men and completely perfo- 
rated ones for women. Pearls assembled with stone beads 
in bracelets have also been found. 

It is popularly believed that the world’s oldest known 
pearl is the 5,000-year-old Jomon pearl from Japan. This 
paper presents archaeological data on a newly documented 
specimen recovered with the burial remains of a male near 
the Straits of Hormuz in Umm al-Quwain, United Arab 
Emirates. It has been radiocarbon dated to 7500 BP, making 
it the oldest documented pearl. It measures about 4 mm in 
diameter and appears irregularly round. Although the 
bodycolor is not described, the accompanying photograph 
suggests a dark orangy yellow. 

ERB 
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EDITORIAL 


Thank You 


you’ to our readers, contributors, and manuscript reviewers for 
another successful year of Gems e& Gemology—we could not have 
done it without you! 


le our final issue for 2012, I'd like to take a moment to say “Thank 


Pearls are the headliners for this winter issue. In the lead article, 
Kenneth Scarratt, managing director of GIA in Thailand and a noted 
pearl expert, explores the fascinating history of pearling in Australian 
waters for the prized natural pearls from the Pinctada maxima 
mollusk. The second part of the article looks at the properties of those 
natural gems that might separate them from samples accidentally 
produced during the culturing process. This is followed by a pair of 
articles on South Sea cultured pearls, which also come from the Pinctada maxima mollusk. 
Youngchool Kim offers a study on identifying silver irradiated South Sea cultured pearls using 
electron spin resonance spectroscopy, while Chunhui Zhou investigates dye treatment in the 
yellow or “golden” variety. 


E 


In other articles: Kirk Feral tests the effective- J /pgh forw ard to another year of 


ness of a handheld magnet in detecting ‘ ; 
HPHT-grown syntheticdiamonds,andRen Presenting the latest research in the 


Lu examines the color origin of lavender fascinating world of gemology. re 
jadeite using quantitative spectroscopy and 
trace-element analysis. 


Andas with every issue, our team of Lab Notes and Gem News International correspondents 
from around the world report on the latest discoveries and developments. 


With that, I look forward to another year of presenting the latest research in the fascinating 
world of gemology, both in this familiar printed form of G&G and as we continue to build 
our presence in the digital realm. 


Cheers, 


Jan Iverson | Editor-in-Chief | jan.iverson@gia.edu 


Gems & GEMOLOGY 


235 


NMOS ARTICLES 


NATURAL PEARLS FROM AUSTRALIAN 


PINCTADA MAXIMA 


Kenneth Scarratt, Peter Bracher, Michael Bracher, Ali Attawi, Ali Safar, Sudarat Saeseaw, 


Artitaya Homkrajae, and Nicholas Sturman 


The fascinating and colorful history of natural pearling in Australian waters is presented, from the early 
six-man luggers to the large ships in modern fleets where pear! culture has been the focus for the past 
several decades. For the scientific investigation of this paper, the authors retrieved natural pearls from 
wild Pinctada maxima in Australian waters and recorded the various properties that might help to dif- 
ferentiate between natural pearls from this mollusk and those that are accidental by-products of the cul- 
turing process. Three distinct categories of host Pinctada maxima shells and mantle pearls were collected 
and examined by the authors: (1) from wild shell prior to any pearl culturing operation, (2) from wild 
shell after pearl culturing and approximately two years on the farm, and (3) from hatchery-reared shell 
prior to pearl culturing. Data were collected from microscopy, X-rays of internal structures (using real- 
time microradiography and X-ray computed microtomography, various forms of spectroscopy, and LA- 
ICP-MS chemical analysis. The results showed that microradiographic structures previously considered 
indicative of an accidentally cultured P maxima pearl may not be conclusive, and that such criteria 


should only be applied with the utmost caution by an experienced technician. 


ccording to Cilento (1959), natural pearls have 

been found off the western and northern 

coasts of Australia since well before European 
settlement in the early 19th century. Coastal- 
dwelling Aborigines and fishermen from Sulawesi 
had collected and traded pearl shell for possibly hun- 
dreds of years. 


The pearling industry in Queensland dates from 1868, when 
Captain William Banner, of the Sydney brig Julia Percy fished 
the first cargo of pearl shell from Warrior Reef. Captain Banner 
noticed the natives preparing for a dance, and saw they had big 
mother-of-pearl pendants round their necks. He made a bar- 
gain with Kebisu, mamoose (chief) of the headhunters of Tutu, 
who, for generations, raided the islands of Torres Strait in their 
great war canoes. 

Perhaps the menace of Banner’s shotted fore and aft guns, 
which could far outrange the eight-foot bows and barbed ar- 
rows of the black bowmen of Tutu, had something to do with 
the friendliness of the blood-thirsty and crafty Kebisu and his 
headhunters. In return for tomahawks and iron—the most 
valuable things in their eyes—they gave Capt. Banner as much 


See end of article for About the Authors and Acknowledgments. 
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as he wanted of what they considered the common and rela- 
tively valueless pearl shell and pearls. 

Capt. Banner and his crew won a rich harvest from the 
coral sea, for pearl shell was then worth £150 a ton in Sydney; 
and Banner collected many large pearls. (Cilento, 1959) 


Pearling, particularly for the recovery of natural 
pearls from the most remarkable of all pearl oys- 
ters—Pinctada maxima—in the adventure-strewn 
waters off the Australian coast, has a diverse and fas- 
cinating history. This history may be eyed through 
the literary skills of authors such as E.W. Streeter and 
Louis Kornitzer, who hailed from a time when natu- 
ral pearls were objects of great value and wrote about 
them with passion and wonder. 

As one delves into the history of pearling in this 
region, it is difficult not to become wrapped up in a 
wondrous web of adventure and intrigue, danger 
from every conceivable corner, and the ecstasy of the 
ultimate find: a lustrous sphere, perhaps with that 
smoothly flattened side that gives it the shape of a 
button, or slightly elongated to form a teardrop, ex- 
posed within the mantle with the gills glinting be- 
hind it, the curtained backdrop to this pearl’s debut 
on the world’s stage (figure 1). 
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Kornitzer takes us on a helter-skelter ride through 
his journeys from Singapore down through the island 
realms that encase the Java, Banda, Celebes, and 
Timor Seas and ultimately into those wild waters 
that run from Exmouth Gulf and up through Broome 
and on to Darwin. His stories are the very epitome 
of boyhood adventure dreams, leaping from the pages 
to convince the reader that “a pearling he must go”: 


It was as a humble young dealer in Hatton Garden that the urge 
to adventure came to me, that strong, compelling urge like a 
kick in the pants, which is produced by the fact that one’s fam- 
ily is hungry and growing. I had a chance to go pearl-hunting 
in the tough pearling grounds in North-Western Australia, and 
I took it. From Australia the chase for pearls led me in half a 
lifetime all around the world, but I was a stone that rolled 
slowly enough to gather a minute quantity of moss. At any 
rate, I have never regretted it. One looks back with a strange 
satisfaction on the lonely and risky periods of one’s life. 

As I was the first white trader ever to penetrate into the 
pearl fisheries of the Sulu Seas, I still have a proprietary feeling 
about that part of the world. (Kornitzer, 1947a) 


These stories are eloquently told and retold in 
books such as Hurley’s Pearls and Savages (1924), 
Berge and Lanier’s Pearl Diver (1930), Benham’s 
Diver’s Luck (1949), and Bartlett’s The Pearl Seekers 
(1954). Each work adds yet another layer of intrigue 
to an incredible adventure. 

Lately, other highly informative and passionate 
accounts of Australian pearling have emerged. Two 
of particular note are The Last Pearling Lugger: A 
Pearl Diver’s Story (Dodd, 2011) and The Pearls of 
Broome: The Story of TB Ellies (Ellies, 2010). Dodd’s 
book brings the reader up to the early 1980s, when 
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Figure 1. A natural 
round 6.04 x 5.93 mm 
pearl sits within the 
mantle of a P. maxima 
pearl oyster, whose gills 
provide a dramatic 
backdrop to one of na- 
ture’s great miracles. 
Photo by K. Scarratt. 


the luggers (figure 2) left service in favor of the much 
larger vessels in use today. The latter work recounts 
the incredible story of the Sri Lankan immigrant TB. 
Ellies, who was one of the world’s finest “pearl doc- 
tors” of the late 19th century. Practitioners of this 
lost art enhanced the appearance of a pearl by care- 
fully removing blemishes on the outer layers. 

Like many others in the Australian pearling indus- 
try, Ellies made his home in the town of Broome (fig- 
ure 3). Activity had initially centered around Nickol 


Figure 2. The men on deck of this lugger, at anchor in 
Darwin harbor in 1897, give scale to the small size of 
the vessel, which had cramped quarters for a six-man 
crew at sea for weeks at a time. Courtesy of Paspaley 
Pearling Co. 
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Some Notes on Indian 
Emeralds 


by 


ROBERT WEBSTER, F.G.A. 


ECENTLY the writer had the oppor- 
tunity to examine a number of rough 

and cut emeralds from the mines of Central 
India, and some observations on the charac- 
teristics of these emeralds may be of interest. 
Microscopic examination of the internal 
structure of these Indian emeralds, which, 
in general, are of a good grass-green color, 
showed that the inclusions are oriented in 
two directions. One of these is parallel to 
the basal plane and the other at right angles 
to this, i.e. parallel to the vertical crystal 
axis. The inclusions themselves consist of 
rectangular or square cavities containing, 
usually, a gas bubble. The inclusions are 
further characterized by a projection paral- 
lel to one side, thus the square-shaped cavi- 
ties appear like “commas,” and are a type 


of inclusion which seems typical of emeralds, 


¢ Two-phase inclusions in an 
Indian emerald. 


e Inclusions in an emerald from 
the Kaliguman mines. 


e Inclusions in two directions at 
right angles in an Indian emerald. 
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Figure 3. An early 20th century dealer in Broome sorts 
his natural pearls. Courtesy of Paspaley Pearling Co. 


Bay and Exmouth Gulf, but by 1910 Broome was the 
largest pearling center in the world. Indeed, pearling 
remains an important part of the Western Australian 
economy, albeit largely through the cultured market. 

In the mid-1880s, the famed English jeweler, en- 
trepreneur, and author E.W. Streeter moved to 
Broome with his son (G.S. Streeter, a prolific author 
in his own right) and became heavily involved in 
pearling. By 1890, the elder Streeter had acquired sig- 
nificant property on the outskirts of the town, estab- 
lishing a general store and owning one-eighth of the 
pearling fleet. Renowned for his great work Pearls 
and Pearling Life (1886) among others, he is also 
credited with the introduction of hard-hat diving. In- 
deed, the Streeter name is indelibly linked with the 
chronicles of this great pearling town (figure 4; Smith 
and Devereux, 1999). 

Lennon (1934) describes hard-hat diving as one of 
the “world’s most dangerous occupations.” He notes, 
“Divers may work up to 30 fathoms [180 ft], but 22 
fathoms is the average depth to which they descend. 
After bottoming the diver is pulled up a couple of feet 
and permits himself to be towed along by the lugger. 
Sighting shell, he signals to his tender, who lets him 
drop.” Wearing an extremely cumbersome helmet and 
boots, the diver “works kneeling on his right knee and 
gathering with his right hand, taking good care to keep 
his head erect. If his head gets down, the air in his 
dress may shift and he would shoot aloft, feet first.” 
Not recommended, as the normal method of ascend- 
ing is to haul up the diver very gradually before sur- 
facing, thus avoiding potentially fatal divers’ paralysis, 
commonly known as “the bends.” 

Beyond the romance of the written word, early 
pearling in the region may somewhat be likened to 
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the American “Wild West,” as witnessed by fisheries 
inspector Pemberton Walcott. In his report covering 
the period from April 15 to June 30, 1881, he writes 


I have on good private information the following, which 
will require immediate investigation. During last pearling 
season, the majority of the fleet being at anchor in or near 
LaGrange Bay, three bush natives were killed by some De 
Grey River pearling natives; some time, days after, the 
bush natives retaliated by killing some De Grey pearlers 
(two or three), when the latter mustered in force, and in 
fact seem to have organized an expedition and followed the 
natives up, slaying all they surprised. I have reason to be- 
lieve twenty to thirty were killed. 


His report concludes 


It frequently occurs that, in holding any communication with 
the shore, a vessel has to run up creeks and is left high and dry 
at low water, so at the mercy of the natives, and no white man 
should land without means of protecting himself, for it may 
and does frequently happen that however friendly natives be 
at one time they maybe [sic] found hostile and troublesome at 
another, in consequence perhaps of some act which they may 
consider themselves bound to avenge. (Walcott, 1881) 


The data provided in a report on North Western 


Figure 4. This photo shows Streeter’s Jetty, where the 
pearling luggers would unload their haul and scrape 
the keels of barnacles at low tide. The jetty was re- 
stored and reopened in 2001 as a community project to 
preserve the heritage of Broome. Photo by K. Scarratt. 
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TABLE 1. Value of pearl shell recovered from Western 
Australia, 1889-1898 (from Gale, 1901). 


Year Weight of mother-of-pearl Value 
(P. maxima shell) gathered 

Tons CWT Pounds 
(Hundredweight) (sterling) 

1889 744 10 74,450 
1890 702 10 70,250 
1891 749 - 89,880 
1892 781 9 78,471 
1893 540 17 35,499 
1894 422 15 57,997 
1895 352 14 26,258 
1896 362 8 30,160 
1897 366 - 38,630 
1898 538 6 76,586 
Shell total 5,556 578,181 
Pearl total 300,000 
Shell + Pearl total value at 1910 878,181 
Shell + Pearl adjusted total £ value at 2011 £82,259,214 
Shell + Pearl adjusted total US$ value at 2011 US$127,273,557 


Australia’s pearling industry to the attorney general 
by the chief inspector of fisheries (Gale, 1901) explain 
why intrepid adventurers came to such remote and 
often inhospitable places. Between 1889 and 1898, 
some 5,556 tons of pearl shell with a value of £587,181 
were “declared” (table 1). While the annual haul fell 
between the beginning and end dates, the actual mon- 
etary amount rose slightly. 

Gale’s report also provides some insight into the 
pearling industry of the time. He noted that during the 
year from June 30, 1900, 177 boats were officially li- 
censed. This represented a total tonnage of 2,480 tons, 
with the 159 luggers averaging 10 tons each. The 18 
schooners, employed mainly as supply vessels and as 
storage for shell haul, ranged from 30 to 100 tons. Gale 
noted that each lugger carried a crew of six, with the 
diver in command. He added that a large amount of 
capital had been invested in each lugger: an average of 
£550 (£51,500 or approximately US$80,000 in 2.011, 
adjusted for inflation) for a fully outfitted vessel. The 
approximate value of the fleet was £8.19 million, or 
US$12.7 million today. 

Gale also provides us with some interesting asides 
concerning the value of pearls recovered during this 
period. He notes (as did other authors of the period) 
the difficulty of estimating this value from the quan- 


'The term for pearls that were smuggled from the lugger, usually by shell 
openers, and then sold clandestinely. 
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tity of pearl collected, due to heavy illicit trading of 
snide.' But taking figures from the statistical register 
for the previous 10 years, he estimates the value to 
be £300,000, or £28,101,000 today. He comments 
that these large numbers were somewhat offset by 
the costly expenditures involved: The average 
amount paid to the crew of each lugger was about 
£2.20, not including a £20 bonus to the diver for every 
ton of shell collected. 

Kornitzer (1937) brings to vivid life the world of 
snide pearl trading in Broome in recounting one of 
his experiences. While fishing off the “long Wooden 
Pier” (probably referring to what is now known as 
Streeter’s Jetty; figure 4}, he is approached by a smug- 
gler named Da Silva, who tells him: 

Master, you buy fifty-grain round pearl, oh such a beautiful 

thing — you got thousand pounds in your pockit If not I trust 

you. Master, you can sell it for two thousand for sure. I’ve got 
her here, you like to see? 


To control the shady business of snide, one P. Percy 
designed a box (patented in 1910) to securely hold any 
pearls found by the shell openers onboard the luggers. 
Pearls were placed in the box (figure 5) through a 
round hole in the top. The pearls went into the box 
along a “bent tube.” The bend in the tube ensured that 
even if the box were tipped upside-down, the pearls 
would remain inside. All pearls recovered would be 
placed in the locked box for delivery to the owner 
upon docking. 

In reality, the skipper had little time for monitor- 
ing what went into the box and what did not. His pri- 
mary concerns were the navigation of the vessel and 
the safety of the divers. It was therefore more of an 


Figure 5. Percy’s patented box is used to store recov- 
ered natural pearls on the deck of this pearling lugger. 
Note the red cap over the opening and the padlock on 
the door at the front of the box. Photo courtesy of Pas- 
paley Pearling Co. 


Gems & GEMOLOGY WinteR 2012 239 


Figure 6. The Japanese cemetery in Broome, as seen in 
2011. Photo by K. Scarratt. 


“honesty box” than a true deterrent. Judging from 
the many texts that have alluded to it, a brisk busi- 
ness in snide pearls was prevalent in Broome. 

Broome was indeed the Wild West of Australia, 
and just like any frontier settlement it was full of in- 
trigue and character. One cannot write about the his- 
tory of Broome without mentioning its Japanese 
cemetery (figure 6), the largest in Australia. More 
than 900 Japanese pearl divers are buried here in over 
700 graves. The site testifies to Broome’s close ties 
with the people of Japan and the enormous impor- 
tance of pearling in the region. 

The first interment was recorded in 1896, and a 
plaque at the entrance to the cemetery acknowledges 
the great many men lost to drowning or divers’ paral- 
ysis. A large stone obelisk bears testimony to those 
who perished in the 1908 cyclone. It records the 1887 
and 1935 cyclones, each of which caused 140 deaths. 
In 1914 alone, decompression sickness claimed the 
lives of 33 men. Not mentioned are victims of 
scurvy, the disease caused by vitamin deficiency, 
which was brought on by subsisting on fish and rice 
for many weeks aboard the luggers. 


HISTORIC PEARLS 

Given the region’s long history of natural pearling, 
there can be little doubt that the vaults of important 
dealers worldwide, including those in Europe and the 
Arabian Gulf, contain a large number of treasures 


*Pearl oysters include marine bivalves classified in the family Pteriidae and 

the genera Pinctada and Pteria, such as Pinctada maxima, Pinctada margari- 
tifera, Pinctada mazatlanica, Pinctada fucata (martensii) and Pinctada imbri- 
cata, Pinctada radiata, Pinctada maculata, Pteria penguin, and Pteria sterna. 
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gained from Australian waters. Pinctada maxima in 
these waters indeed produce some of the finest known 
natural pearls in all sizes and shapes (e.g., figure 7). But 
as production emphasis shifted to the highly success- 
ful “South Sea” cultured pearls, the casual observer 
began to overlook the natural pearl. And over the last 
few decades, the natural pearl even strayed from the 
minds of those most closely associated with the fish- 
ing of this incredible mollusk. Indeed, it had become 
economically unimportant to them. 

Thankfully, the focus is shifting again, and natu- 
ral pearls from Pinctada maxima are now edging 
their way back into the minds of those who love all 
that is rare and beautiful (N. Paspaley, pers. comm., 
2011). Perhaps due to the prevalence of snide, few 
records exist of notable natural specimens from Aus- 
tralian waters, even though it can be assumed that 
most, if not all, of the largest nacreous natural pearls 
have been the product of Pinctada maxima rather 
than a smaller pearl oyster’. 

In P.O. Lennon’s interesting account of the Aus- 
tralian pearl industry, a plate illustrates several “em- 
pire” pearls and five “Indian” pearls (three drops and 
two rounds) weighing 9.32-48.92 grains. There are 
also six somewhat larger “Australian” pearls: one 
near-perfect round weighing 110 grains, two off- 
rounds (18 and 20.80 grains), and three drops (a pair to- 
taling 62.80 grains and a single weighing 86.80 grains). 

In August 1949, an account of a major pearl find 
was reported in the Northern Standard: 


More than five tones [sic] of pearl shell brought back to Dar- 
win this week has been declared by local shell experts to be of 
the finest quality ever to be taken in Darwin waters, either be- 
fore or since the war. The shell represents the catch of two 
luggers belonging to Mr. Nicholas Paspaley, who said it prom- 


Figure 7. This historical photo shows an array of natu- 
ral pearls on the desk of a dealer in Broome. Photo 
courtesy of Paspaley Pearling Co. 
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ised well for future operations of his fleet. 

In addition to the shell, the luggers brought back a perfect 
drop shaped pearl estimated to weigh between 50 and 60 
grains. Local authorities say it is the best pearl taken in Dar- 
win since operations commenced after the war. Mr. Paspaley 
said that last year he had taken a pearl weighing 106 grains 
but its quality was much inferior to the one brought in this 
week. (“Pearl shell,” 1949) 


In 1917, a Japanese diver working for James Clark 
(the “Pearl King”) discovered the Star of the West, a 
100-grain beauty also known as the Broome pearl. 
This specimen was described in the July 1918 edition 
of The Colonizer as a “perfect drop with a skin of iri- 
descent luster diffused with a pinkish glow.” Other 
pearls of similar size are loosely recorded as the A. G. 
Russel, a 100-grain perfect round; the Eacott, a large 
drop; the Bardwell, a double button; the Rodriquez, a 
92.-grain perfect round; the 100-grain Hawke and 
Male; and the E. G. Archer, a 76-grain drop. 

But the most storied Australian pearl is unques- 
tionably the Southern Cross (figure 8). Kunz and 
Stevenson (1908) describe its history with both fas- 
cination and some disdain: 


The “Southern Cross” is an unusual pearl or rather cluster of 
pearls which attracted much attention twenty years ago. It 
consists of nine attached pearls forming a Roman cross about 
one and one half inches in length, seven pearls constituting 
the shaft or standard, while the arms are formed by one pearl 
on each side of the second one from the upper end. The luster 
is good, but the individual pearls are not perfect spheres, being 
mutually compressed at the point of juncture and considerably 
flattened at the back. If separated, the aggregate value of the 
individual pearls would be small, and the celebrity of the or- 
nament is due almost exclusively to its form. This striking 
formation was exhibited at the Colonial and Indian Exhibition 
at London in 1886, and later at the Paris Exhibition in 1889, 
where it was the center of interest, and obtained a gold medal 
for the exhibitors. It is reported that an effort was made to 
bring about its sale at £10,000, the owners suggesting that it 
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Figure 8. The back of the 
Southern Cross (left) reveals 
avery slightly flattened sur- 
face. The front of the cross 
is seen in the middle. The 
line drawing on the right 

K shows the only two remain- 
ing joints (A and B) that 

B were completely natural at 
the time of examination in 
1981. Joint A is supported 
by some adhesive, while the 
other joints are now artifi- 
cial (Scarratt, 1986b). 


was especially appropriate for presentation to Leo XIII, on the 
occasion of his jubilee in 1896. The writers have been unable 
to obtain information as to its present location. 


Henry Taunton (1903) offered further details on 
the Southern Cross in a very interesting account of 
his Australian wanderings. He presents apparently 
reliable statements showing that it was found on 
March 26, 1883, at Baldwin Creek, off the coast be- 
tween Broome and Derby (figure 9). It was discovered 
by a boy named Clark, in the employ of master 
pearler James W. S. Kelly. It was delivered to Kelly in 
three distinct pieces, though the boy reported that he 
found it in one piece a few hours earlier. Kelly sold it 
in three pieces, receiving £10 from a fellow pearler 
named Roy. Roy sold it for £40 to a man named 


Figure 9. Eighty Mile Beach runs from Broome down 
to Port Hedland and is bounded inland by the Great 
Sandy Desert. The famed Southern Cross was found 
off the coast between Broome and Derby. 
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Figure 10. The microradiograph of the Southern Cross on the left was taken in 1981. The white surrounding area is 
a lead template used to absorb scattered X-rays. The image clearly shows the junctions between each of the pearls 
forming this unique cluster. A closer view of the microradiograph (center) shows the two lower pearls in the South- 
ern Cross and the natural growth structures (black lines). An even closer view (right) shows the natural growth 


structures (black lines) in the lower arm of the cross. 


Craig, who in turn dealt the pearl to an Australian 
syndicate. 

According to Taunton, there were only eight 
pearls in the cluster when it was sold by Kelly in 
1883. To make it resemble a well-proportioned 
cross—the right arm being absent—another pearl of 
suitable size and shape was subsequently secured in 
the town of Cossack and attached in the proper place. 
In the meantime, the other pearls had been refas- 
tened together by diamond cement, for a total of 
three artificial joints in the cluster: 


As if to assist in the deception, nature had fashioned a hollow 
in the side of the central pearl just where the added pearl 
would have to be fitted; and the whole pearling fleet with their 
pearls and shells coming into Cossack about this time, it was 
no difficult matter to select a pearl of the right size and with 
the convexity required. The holder paid some ten or twelve 
pounds for the option of selecting a pearl within given limits; 
and then once more, with the aid of diamond cement and that 
of a skillful “faker,” this celebrated gem was transformed into 
a perfect cross. (Taunton, 1903) 


When it was examined by one of the authors in 
1981 (Scarratt, 1986b), the Southern Cross weighed 
99.16 grains (24.79 ct), measuring 37.2 mm long and 
18.3 mm wide. The length was similar to that re- 
ported by Kunz and Stevenson (1908), while the gen- 
eral shape matched the photo from a 1940s exhibit. 

Scarratt examined the cluster for both its natural 
origin as well as the natural formation of the cross. 
He clearly determined that the pearls were natural, 
though by that time only two of the joints (A and B 
in figure 8, right) remained entirely natural. 

The microradiograph of the cluster? (figure 10) 
clearly shows dark junction lines representing vary- 
ing degrees of organic material or simply voids be- 


$This microradiograph was obtained using fine-grained X-ray film in conjunc- 
tion with an X-ray unit, designed specifically for the London Laboratory, that 

used a Machlett tube with a water-cooled molybdenum target and beryllium 

windows. 
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tween each pearl, indicating the fragility of each 
junction and going some way toward validating 
Clark’s statement that the cluster was discovered in- 
tact and broke shortly afterward. It may also be noted 
that the arms of the cross are created by pearls of un- 
equal size and shape, which brings into question 
Taunton’s “positive statement” that one of the arms 
was added by a “skillful faker,” for surely that person 
would have chosen a closer match. 

This examination of the Southern Cross also 
highlights just how fine the growth structures can be 


in pearls from P. maxima. Figure 10 (center and right) 
shows magnified microradiographic views of sec- 
tions from the Southern Cross, which reveal only a 
very few organic (line) structures, demonstrating 
how “tight” the crystalline component is for each of 
the pearls in the cluster. This structural characteris- 
tic, while not universal for pearls from P. maxima, 
may certainly be regarded as common to them. 


Gems & GEMOLOGY WINTER 2012 


Figure 11. A pea crab (left) scurries around within a P. 
maxima, while a natural pearl (center) sits in the 
mantle against the backdrop of the gills and adductor 
muscle. Photo by K. Scarratt. 


THE MOLLUSK 

P. maxima (described in Jameson, 1901) is the largest 
species of the Pinctada genus and indeed the largest of 
the “pearl oysters,” reaching sizes that may exceed 40 
cm. The species has an extraordinary life span of up 
to 40 years or longer. It occupies a wide-ranging area 
of the Pacific, from Burma to the Solomon Islands, 
with Australian, Papua New Guinean, and Philippine 
waters the traditional habitats. Indeed, it may still 
have prolific shell beds in these areas. The range ex- 
tends from Hainan, off the coast of China, down to the 
eastern and western coasts of Australia. The mollusk 
lives at depths of up to 90 meters, but growth rates are 
optimized if the depth is limited to 30-40 meters. 
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P. maxima have a light beige color externally, 
though variants do occur, and radial markings are ab- 
sent. Internally, the nacre is thick and has a high lus- 
ter, with the outer border having a gold or silver band, 
the reason why P. maxima is popularly known as the 
golden- or silver-lipped pearl oyster. The left valve is 
convex and the right valve only slightly so. 

Pea crabs, Pinnotheres villosulus, live in symbi- 
otic harmony with some 85% of Pinctada maxima, 
both wild and hatchery-grown (figure 11). Such close 
associations between various mollusks and pea crabs 
are common. Upon opening P. maxima, one is often 
treated to the extraordinary sight of a small crab scur- 
rying around within the mantle cavity, as if the lower 
portion were a bed on which to lay its weary head 
while the upper portion holds the comforting blan- 
kets to its shell cradle. 

As natural pearls may form within P. maxima as 
the result of some trauma to the mantle, it is inter- 
esting to speculate on the possible role of intruding 
crustaceans in producing these magnificent wonders. 
The animal certainly does wander in the region of 
the gills (which filter water and exchange oxygen), 
and by all accounts this appears to be the area of the 
mollusk where most natural pearls form. Figure 12 
shows this position to be typically within the mantle 
and in front of the gills, close to the widest point of 
the adductor muscle. 

Natural blister pearls that encase dead pea crabs 


Figure 12. A partial 
anatomy of P. maxima 
is shown here using an 
opened shell that also 
contains a natural 
mantle pearl. These 
pearls are typically po- 
sitioned near the gills. 
Photo by K. Scarratt. 
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Figure 13. “Buried in a pearly mausoleum. The end of 
a small inquisitive crab in a pearl blister.” This photo 
is from the archives of E. Hopkins. 


inside the shell have been noted on several occasions, 
not only in P maxima but also in other shells (Ed- 
wards, 1913; Hedegaard, 1996; PearlMan, 2011; figure 
13). There have also been reports of “pearlfish” (slim, 
eel-shaped marine fishes of the Carapidae family) and 
other cohabiters of this wonderfully protective pearl 
shell dying inside P. maxima and providing the basis 
for the formation of other incredibly interesting blis- 
ter pearls (Smith, 2003; Hochstrasser, 2011). 

A supreme example examined by one of the au- 
thors (KS) in recent years is shown in figure 14. Here 
a blister pearl-encrusted pearlfish is attached to the 
shell, not far from where the heart and gonad would 
have been in the living mollusk. This attests to the 
symbiotic harmony of the fish living within the pro- 
tective valves of the P. maxima. 


As one ponders the lengthy life cycle of this mol- 
lusk and considers many decades of examining mi- 
croradiographs of the natural pearls produced within 
its slender and near transparent mantle, it is surpris- 
ing to find there is still debate over what initiates the 
growth of a natural pearl. It is clear that within the 
valves, life is not motionless. Apart from invading 
life forms, another potential trigger is the tremen- 
dous amount of ocean floor debris that likely finds 
its way over the mantle and onto the mollusk’s gills. 

There is no convenient single initiator but rather 
a wealth of possibilities that make the growth 
process even more intriguing. Of the hundreds of 
thousands of microradiographs examined by the au- 
thors, very few definitively show what caused a par- 
ticular pearl’s formation. Two spectacular examples 
that come to mind appear in figures 15-17. 

In figures 16 and 17, the Pectinidae shell is ex- 
traordinarily clear. The owner understood the unique- 
ness of the pearl and stored it safely in his collection, 
which has allowed us to reexamine the specimen sev- 
eral times as imaging technology has improved. The 
images in figure 17 were obtained via X-ray computed 
micro-tomography and further manipulated to obtain 
the vividly detailed images presented here. 

With these two pearls in particular, plus a few 
others we have documented that are not quite as 
spectacular, we were particularly lucky to have ob- 
tained them from reliable sources. In recent years, a 
variety of foreign bodies, including natural pearls and 
even shells, have been artificially inserted into cul- 
tured pearl sacs (produced from a graft of mantle tis- 
sue, or from mantle damage due to human handling) 
to further coat them with nacre. These practices, by 
deceiving gem laboratories and consequently the in- 
dustry, have placed a question mark over all natural 
pearls. 


Figure 14. A blister-encrusted fish can be observed toward the hinge of this 220 x 210 mm P. maxima shell 
(left). An enlarged view (center) more clearly shows the blister pearl-encrusted fish; the blister measures 63 x 
13.91 mm. A partial microradiographic image (right) clearly displays the fish’s skull and vertebrae. 
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Figure 15. This microradiograph shows a shell, with 
chambers that appear to indicate a Strombidae, situ- 
ated at the center of a natural pearl. Examined in 
GIA’s Carlsbad laboratory circa 2002, the specimen 
was identified as natural. The pearl’s current where- 
abouts are unknown. Note that the pearl has been 
drilled, as indicated by the dark broad line running 
slightly off vertical. The microradiograph was taken 
using X-ray film rather than real-time computerized 
imaging. The producing mollusk is unknown. 


OTHER P MAXIMA PRODUCTS 

There is little if anything wasted by those who farm 
P. maxima. The mollusk provides us with not only 
pearls, both natural and cultured, but also very high 
quality mother-of-pearl and an edible delicacy. 


NATURAL PEARLS FROM AUSTRALIAN PINCTADA MAXIMA 


Pearl shell (figures 18 and 19) is used today, as it 
has been for the last two centuries, in the manufac- 
ture of luxury utensils, as inlays in jewelry and fur- 
niture, and in various art forms. In fact, the value of 
the shell fished in toward the end of the 19th century 
often exceeded that of the natural pearls (table 1). 
Today, with the main use of the oyster (both wild and 
hatchery) being the production of large South Sea cul- 
tured pearls, the shell has a lower proportional value. 
Nevertheless, it remains an important element in the 
value stream of pearling companies. 

It may be appropriate to quote Kornitzer again, for 
never have the writer’s words been bettered in any 
works concerning this great bivalve: 


A shell it was, as large as a soup-plate, no more. A brilliantly 
nacreous thing with a natural polish, smooth as a mirror and 
reflecting not only my still youthful features, but also, it 
seemed, some of the things the future promised to hold for me. 

How interesting, and how foolish, to believe that one can 
see into the future at the magic touch of some alien thing and 
vaguely guess one’s destiny in a waking dream! 

It happened in the prosaic London Docks, that staid busi- 
nesslike place with its background of romance. As the man 
lifted the pearl shell out of the open case for me to admire its 
unusual size and weight, I did what probably nine women out 
of ten would have done in similar circumstances. I eyed my- 
self carefully in the smooth and shining surface. Presently the 
reflection of my own face seemed gradually to fade, and even 
as I looked there took shape in my mind the vision of a life 
oddly governed by the moon-fired stones of my future love. 


Figure 16. These top and 
side view microradiograph 
are of a 19.06-grain, 9.66 x 
9.62 x 7.60 mm button- 
shaped natural pearl from 
a P. maxima discovered in 
Australian waters in 2007. 
At its heart lies one of the 
most incredible sights: a 
perfectly preserved shell of 
the Pectinidae family, just 
3.5 mm across. 


Figure 17. Images con- 
structed using X-ray micro- 
tomography show the 
pearl-encrusted shell from 
figure 16. The computerized 
image on the left shows the 
shell and concentric growth 
structure. The enlarged 
image is on the right. Cour- 
tesy of Nick Hadland, Had- 
land Technologies. 
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oe 
Figure 18. These large P. maxima shells display high- 


quality nacre (mother-of-pearl). Courtesy of Paspaley 
Pearling Co. 


The vision faded. I stood like a ninny with the shell in my 
hand. The man nudged me and said, “Trying to drill holes into 
this shell with your eyes?” 

“No,” I said apologetically. “I’ve been dreaming. These 
outlandish things seem to awaken in me the desire to travel, 
that’s all.” (Kornitzer, 1937) 


Pearl meat from the 2. maxima adductor muscle 
is a delicacy, particularly in China but also to anyone 
fortunate enough to experience this gastronomic de- 
light (figure 20). Eaten raw or quickly flash-seared in 
a hot pan for just a few seconds or slowly braised, it 
will excite the taste buds of any dissenter. 

It is estimated that 60% of all pearl meat harvested 
in Western Australia makes its way to Asian markets 
after drying and packing. It sells for Aus$100-$150 per 
kg. The rest is monopolized by top chefs in Sydney and 
Perth, as well as Broome, which is why very little pearl 
meat can be found in the shops (Broadfield, 2010). 


Figure 19. Searching P. maxima for natural pearls 
aboard a lugger. Courtesy of Paspaley Pearling Co. 
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Figure 20. Fresh pearl meat from the P. maxima ad- 
ductor muscles is regarded as a delicacy, particularly 
in China. Photo by K. Scarratt. 


Chef Matt Stone of Perth says, “What I love about 
it most is the texture: It’s halfway between a scallop 
and an abalone. It’s got a bit of chew to it, but not so 
much as abalone” (Broadfield, 2010). All of the au- 
thors who have tasted the meat of P. maxima are in 
full agreement. 


WILD SHELL COLLECTION TODAY 

The pearl culturing industry is one of Australia’s most 
valuable aquaculture industries, with a value esti- 
mated at Aus$120-160 million (Hart and Friedman, 
2004). Considering the natural as well as manmade 
challenges, this is truly a significant statistic. Clearly, 
one important factor behind the industry's success is 
the reliance on hatchery-grown mollusks that offer 
more control over production processes. Interestingly, 
the Paspaley Pearling Company, whose operations are 
focused on the waters of the Northern Territory and 
Western Australia, still fish for wild shell and use 
them for much of their culturing operations‘. 

To protect the species, the harvesting of mother— 
of-pearl (MOP) in Western Australia was virtually 
phased out by the late 1980s, and strict quota controls 
were placed on sizes suitable for pearl culturing. Hart 
and Friedman (2004) point out that the fishing for P 
maxima targets smaller shell (120-165 mm dorso- 
ventral measurement, or DVM; see figure 21) that are 
more suitable for pearl culture, leaving larger (175 
mm+) MOP on the pearling grounds. They add that in 
2004, the shell were protected by the “gauntlet” strat- 


“Australia still has a predominantly wild oyster industry. The current Aus- 
tralian quotas are set at 1,342 units, made up of 992 units of wild shell and 
350 units of hatchery shell; wild shell thus accounts for 74% of the quota. 
The number of shell permitted per quota unit is set each year by the Fisheries 
Department, depending upon the availability of shell. 
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APM anterio posterior measurement 
DVM dorso ventral measurement 


Non-nacreous section 
chipped off to allow for 
packing (shown by dashed 


ee line on margin of nacre) 


a 


hinge depth 


: hinge line 


Figure 21. Common measurements applied to the 
morphology of P. maxima. After Hart and Fried- 
man (2004). 


egy adopted by the Fisheries Department, and that 
“with almost 20 years of protection from fishing mor- 
tality, there has been a buildup of MOP on some 
pearling grounds, leading to proposals to commercial- 
ize (again) this component of the fishery.” The quota 
system has been so effective that the fisheries sector 
is now the “only remaining significant natural source 
of large P maxima MOP left worldwide.” As wild 
stocks fluctuate, however, historic norms are the most 
likely outcome. 

The wild shell collected by Paspaley are kept sep- 
arate from their hatchery shell via a strict stock con- 
trol system that begins the moment a specimen is 
brought aboard the vessel. Collection of the wild shell 
occurs mostly off Western Australia’s Eighty Mile 


Figure 22. A Paspaley diving vessel operates off Eighty 
Mile Beach. The lines running from the stern of the 
vessel are the divers’ air hoses and safety lines. Photo 
by K. Scarratt. 
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Beach (between Broome and Port Hedland in figure 9), 
but the company also has a quota in Northern Terri- 
tory waters. Although divers now operate from mod- 
ern, specially designed vessels (figure 22), the 
principles are similar to those used in the days of the 
lugger. With today’s larger ships, up to six divers are 
pulled along the seabed as the ship plows a slow-mov- 
ing grid at the surface. Divers are still connected to the 
vessels by safety lines and air hoses, but they wear 
modern wetsuits and are not constrained by the hard- 
hat environment once used aboard the luggers. 

As they move along the seabed, the divers trail 
below them a rope basket for the shells (figure 23). 
Once the basket is full, the diver ascends to a shal- 
lower depth where a large storage container awaits. 
He transfers the shells from his basket and returns 
down to the seabed to continue collecting. He may 
repeat this process several times before the dive ends. 
There is great rivalry between divers, with “scores” 
being eagerly awaited once back onboard the vessel. 

While the practice is unquestionably safer now 
than it was in the days of the luggers, the everyday 
dangers of such a remote environment remain just as 
real today. 

It takes a very special type of person to be a diver 
on a pearling vessel. Spending up to eight hours a day 
in the deep and unforgiving waters off Western Aus- 
tralia, the diver needs to be adventurous, but calm and 
to some extent fearless, while maintaining a focused 
approach to the task. Decompression sickness, sharks, 
saltwater crocodiles, jellyfish, sea snakes, tangled air 


Figure 23. A Paspaley diver collects wild shell off 
Eighty Mile Beach. The diver’s air hose and safety 
lines are connected to the vessel on the surface, which 
slowly pulls him along the ocean floor. Photo courtesy 
of Paspaley Pearling Co. 
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from this locality, and do not appear to 
occur in the stones from other sources. 

The tefractive indices of a cut specimen 
of Udiapur emerald weighing .20 carat, 
taken by my colleague, C. J. Payne, using 
an Abbe-Pulfrich refractometer, were found 
to be w1.5927; €1.5853, with a bire- 
fringence of .00745. The density of Indian 
emeralds has been found to be commonly 
2.73 to 2.74, from values recorded by B. W. 
Anderson on these specimens. 

Under. the influence of ultra-violet light 
(3650 A) the stones showed no fluores- 
cence, while under X-rays some were found 
to show a very dull red glow although a 
few were quite inert. 

The stones examined came from the 
Bhilwara and Kaliguman mines in the 
Udiapur district and from the mines at 
Amijer. 


¢ Typical inclusions in an Indian 
emerald. 


Book Heview 


“Chinese Jade Carving,” by S. Howard 
Hansford. Published by Percy Lund, 
Humphries & Co., Lid., London. 


HE AUTHOR has made a very com- 

prehensive study of the jades and jade 
carving and has inspected his studies and 
findings in a very thorough and pleasing 
manner. 

Hansford attempts to prove by an otig- 
inal survey of historical Chinese writings 
and, where possible, observation at archaeo- 
logical sites and museums that jadeite was 
not wotked in China prior to the 18th cen- 
tury; that material prior to this time was 
nephrite. Further, he attempts to prove that 
some of the original sources of Bushell’s 
and Kunz’s “Investigations and Studies in 
Jade, the Heber R. Bishop Collection” and 
Laufer’s “Jade, Study in Chinese Archaeol- 
ogy and. Religion” were indeed frauds, and 
that: some of the resulting conclusions of 
these works are innocently inaccurate. 

The chapters on jade carving, both his- 
torical and- modern, are very thorough. 


Hansford’s academic approach to all the 
problems involved is intense.and his inter- 
pretations are lucid and detailed. He has 
included an excellent bibliography on jade 
in the book and seventy halftones illustrate 
the subject matter, plus a fine color repro- 
duction as the frontispiece. The author has 
also included fine photographs of modern 
tools for jade carving. 

Hansford has done an outstanding piece 
of work on this book and it represents 
many years of profound study on his part. 
An author who prepares his text by study- 
ing the language of its source material (in 
this case Chinese—both ancient and mod- 
etn), in addition to allied scientific studies 
and expeditions to archaeological sites in 
China and to museums and private collec- 
tions throughout much of the world has 
indeed prepared himself for the task at 
hand. His keen insight, scholarly handling, 
and finally, his interesting and most infor- 
mative style of conveying his findings to 
the reader ate commendable. 

James Small, C.G. 
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TABLE 2. Shell and pearls obtained off the Western Australian coast aboard Paspaley Pearling Co. vessels, 


July 26-29, 2011. 


Specimen no. Type — Wild/hatchery Relationships DVMxAPMx Length x Widthx Weight Shape 
Operated/unoperated Thickness (mm) Depth (mm) 
1WU Pearl Wild unoperated Found in shell 1WU 6.04 x 5.93 6.128 Round 
grains 
2WU Pearl Wild unoperated Found in shell 2WU 8.34 x 8.20 x 13.596 Button 
6.62 grains 
3WU Pearl Wild unoperated Found in shell 3WU 7.87 x 6.46 9.984 Oval 
grains 
1WU Shell Wild unoperated Pearl 1WU 138.64 x 242.8 
126.13 x grams 
31.54 
2WU Shell Wild unoperated Pearl 2WU 132.96 x D50W 
118.78 x grams 
31.86 
3WU Shell Wild unoperated Pearl 3WU 138.57 x 258.8 
129.19 x grams 
Bileom 
1WO Pearl Wild operated Found in shell 1WO 11.74x11.24x 35.04 Button 
9.18 grains 
1WO Shell — Wild operated Pearl 1WO 200 x 170 x 775.6 
45.93 grams 
1HU Pearl | Hatchery unoperated = 2HU and 3HU found in 6.55 x 6.40 x 6.784 Round 
same shell 5.58 grains 
2HU Pearl Hatchery unoperated = 1HU and 3HU found in 6.06 x 5.90 x 6.04 High 
same shell Soli grains button 
3HU Pearl Hatchery unoperated = 1HU and 2HU found in 4.96 x 4.61 2.904 Round— 
same shell grains slight drop 
4AHU Pearl | Hatchery unoperated None 3.10 x 2.43 0.74 Round 
grains 


lines, and low visibility are just a few of the very real 
dangers. These dangers are difficult to convey unless 
the reader is a seafarer with knowledge of Australia’s 
rugged western coast. Needless to say, few people who 
lead the pearling life do not know of someone who has 
been taken by a shark or nearly died following a sting 
from the thumbnail-size Irukandji jellyfish. 


COLLECTION AND EXAMINATION OF PEARLS 
FROM WILD AND HATCHERY SHELL 

Whenever natural nacreous pearls are spoken of, the 
tendency is to think of pearls from the Gulf region, 
which are produced mainly by Pinctada radiata. In- 
deed, one young European dealer was overheard say- 
ing that the only natural pearls are “Basra” pearls. 
Many are surprised to discover that high-quality nat- 
ural pearls are also being produced by Pinctada max- 
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ima—or at all. Hopefully this paper will serve to ad- 
dress trade misconceptions. 


Recently, questions have been raised in some gem 
laboratories concerning nacreous pearls from Pinc- 
tada maxima. These questions are related to the dif- 
ficulty in some instances of determining whether a 
pearl from this mollusk is natural, non-bead cultured, 
or even bead-cultured using a natural or non-bead cul- 
tured (atypical) bead. Indeed, some laboratories may 
have taken, for a time, the extreme measure of not is- 
suing identification reports on any nacreous pearls 
from Pinctada maxima. 


An understanding of the Pinctada maxima has 
therefore become vital to the health of the natural 
pearl trade; the alternative is for the pearl business 
to become relevant only to the antiques market, with 
questions hanging even over these. Further, as the 
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Pinctada radiata mollusk begins to be used in the 
Gulf for pearl culture, so too will the same questions 
need to be addressed with regard to this mollusk 


MATERIALS AND METHODS 


Assuring sample integrity has always been a chal- 
lenge within the gemological community. For the 
most part, gemologists have proceeded with research 
based on samples that have been donated or loaned 
rather than attempting to secure a higher degree of 
reliability concerning their origin. With gemstones, 
the highest degree of integrity is assured when a 
member of the research team collects samples in situ 
at the mine site, records the find/extraction in pre- 
cise detail, and secures these samples in such a man- 
ner as to avoid any contamination. 

With pearling, the challenges are often at least 
equal. We addressed sample integrity by first observ- 
ing the thoroughness of Paspaley’s stock control sys- 
tems for both wild and hatchery shell and then 
working with them in a spirit of complete openness. 
Over several years, as wild shell were fished and “re- 
laxed” aboard the vessel, the mantle in the area of 
the opening was inspected for likely natural pearls 
prior to putting them on the production line. The au- 
thors asked that video be taken of any pearls found 
still in the mantle of these wild shells. As more were 
eventually discovered, we were invited onboard to 
record them ourselves and retrieve the pearls and 
shell for examination in the laboratory. 

Between July 26 and 29, 2011, the authors achieved 
their goal and left Western Australia with a clear un- 
derstanding of how natural pearls are discovered 
within P. maxima shell, along with a small but suit- 
able group of samples for laboratory examination 
(table 2). 

From the tens of thousands of wild shell fished 
just prior to the team’s arrival aboard the Paspaley 
vessel, three were discovered to have natural pearls 
still present within their sacs in the mantle, posi- 
tioned in front of the gills and closest to the widest 
part of the adductor muscle (again, see figure 12). 
Upon inspection, we found that these shell had not 
been opened beyond the normal “natural relaxed” 
position. All three shells, and indeed all other wild 
shell aboard the vessel, were in the size range al- 
lowed for fishing wild shell for pearl culture (120-165 
mm DVM, again, see figure 21). The three containing 
natural pearls ranged from 132.96 to 138.64 mm 
DVM and weighed (after cleaning) between 242.8 and 
258.8 grams. The opening of the shell and the extrac- 
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Figure 24. Three natural pearls (6.128-13.596 grains) 
extracted from three separate wild shells are shown 
together in one of the shells. Photo by K. Scarratt. 


tion of the pearls were witnessed by all members of 
the team. Both video and still images were recorded, 
and neither the shell nor the pearls have left the full 
control of the team since that time. 

The three natural pearls extracted (figure 24) 
weighed between 6.128 and 13.596 grains, with min- 
imum to maximum dimensions of 5.93 and 8.20 mm. 
Their shapes were near round, button, and near oval. 
The control numbers for each of these three shell and 
pearls are 1WU, 2WU, and 3WU. None of these three 
shells had been operated on for pearl culture or any 
other purpose prior to the discovery of the pearls. 

A pearl weighing 35.04 grains was found in another 
wild shell, but in this instance the shell had previously 
been operated on and had been on the farm for more 
than a year (figures 25 and 26). As with the three pre- 
vious discoveries, the pearl was found within the 
mantle, positioned in front of the gills and near the 


Figure 25. A 35.04-grain button-shaped pearl is dis- 
covered within a wild P. maxima shell that had previ- 
ously been operated on for culturing. Photo by K. 
Scarratt. 


Gems & GEMOLOGY WinteR 2012 249 


Figure 26. The 35.04 grain button-shaped pearl is re- 
moved from the wild P. maxima shell. The upper 
mantle has been folded back to reveal the pearl more 
clearly. Photo by K. Scarratt. 


widest part of the adductor muscle. The shell was con- 
siderably larger than the three unoperated shells, with 
a DVM of 200 mm and a cleaned weight of 775.6 
grams, nearly three times the weight of the largest 
wild unoperated shell. The pearl was almost 2.6 times 
the size of the largest specimen found in the wild un- 
operated shells. The control number for this pearl and 
shell is 1WO. 

Four other pearls were discovered during this in- 
vestigation. The technicians aboard the vessels were 
aware of our interest and were on the lookout for 
anything unusual. In the first instance, one of the 
staff emerged from the operating room with a small 
dark pearl that had just been extracted from a hatch- 
ery shell that had yet to be operated upon. This pearl 
(4HU; figure 2.7) was rather small, measuring 3.10 x 
2.43 mm and weighing only 0.74 grains. 


Figure 27. Pearl 4HU was from a hatchery shell that 
had not been operated on. Photo by K. Scarratt. 


In the second occurrence a hatchery shell, also yet 
to be operated upon, was brought out with three pearls 
in the mantle. This time the pearls were located close 
to the heel of the shell rather than in front of the gills, 
as with the wild shell. The three pearls—one round, 
another round but with a slight drop shape, and the 
other a high button—weighed 6.784, 6.04, and 2.904 
grains, respectively (figure 28). The control numbers 
for these pearls were 1HU, 2HU, and 3HU. 

All microradiographic images from the examina- 
tion of the pearls and shells were obtained with the 
Faxitron CS-100, a high-resolution real-time 2D X- 
ray unit installed in GIA’s Bangkok laboratory. The 
samples were also examined using X-ray computed 
microtomography with a Procon X-rays CT-Mini 
model, also in the Bangkok laboratory. 

The pearls and shell were examined using Gemo- 
lite microscopes at 10x-60x magnification. Photomi- 
crographs were recorded digitally using a Nikon 
system SMZ1500 with a Nikon Digital Sight Cap- 
ture System and at various magnifications up to 
176x. 

The chemical composition of the pearls and shell 
were determined with a Thermo X Series II laser ab- 
lation—inductively coupled plasma—mass spectrom- 
etry (LA-ICP-MS] system equipped with an attached 
New Wave Research UP-213 laser. UV-visible re- 
flectance spectra for all samples were obtained with 
a Perkin-Elmer Lambda 950 UV-Vis-NIR spectrome- 
ter using a reflectance accessory bench fitted with an 
integrating sphere to capture data. Both Raman and 
PL data were recorded using a Renishaw inVia 
Raman microscope system incorporating a 512 nm 
argon ion laser. All instruments are installed in GIA’s 
Bangkok laboratory. 


Figure 28. Pearls 1HU, 2HU, and 3HU were found in 
the mantle but close to the heel of this hatchery shell, 
which had not been operated on. Photo by K. Scarratt. 
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OBSERVATIONS AND RESULTS 


Microscopy. Selected microscopic images are shown 
in tables 3-7. As expected, the horny exterior of the 
shells hosted many foreign life forms taking the 
shapes of calcified undulating tubes (table 5F) coral 
exoskeletons (tables 3F, 4F, and 5E), or other un- 
known forms. We noted that the hinge of one shell 
also acted as the sarcophagus of a shrimp-like encrus- 
tation (table 6F), while a worm-like blister was ap- 
parent in shell 2WU (see table 4E). 

In each case, the shell had three major compo- 
nents: the non-nacreous edge, the nacreous inner 
core, and the hinge (tables 3A-3B, 4A-4B, 5A-5B and 
6A-6B}, all of which were characteristic in their ap- 
pearance. The non-nacreous edge under magnifica- 
tion revealed a clear prismatic growth in 
cross-section when viewed directly from above; the 
appearance differed slightly between reflected and 
transmitted light (tables 3D, 4D, 5D, and 6D). The 
nacreous central region, which was solid and had a 
naturally high luster, revealed the expected structure 
of overlapping platelets (tables 3C, 4C, 5C and 6C) 
when viewed at high magnification and in the ideal 
reflective lighting. 

Magnification of each pearl, regardless of the 
source (wild or hatchery), revealed the expected over- 
lapping platelet structures typical of nacreous pearls, 
both natural and cultured (tables 31-3), 41-4J, 51-5], 
61-6], 7B-7C, 7H-7I, 7J-7K, and 7P-7Q]. In these in- 
stances, though, the structures observed in the pearls 
from hatchery shell (table 7) appeared somewhat 
coarser than those produced in wild shell. 
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Figure 29. These micro- 
CT images show (left to 
right) X-, Y-, and Z-di- 
rection slices of pearl 
1WU, zoomed center. 


Microradiography and Micro-CT. Dubois (1901) sug- 
gested the use of X-rays (radiography) for detecting 
pearls in oysters and ably demonstrated the technique 
a decade later (Dubois, 1913). But it was not until the 
introduction of the round cultured pearl (Mikimoto, 
1922) that the importance of X-rays as a gem identi- 
fication tool was realized. Three X-ray techniques 
were applied to pearl identification. One in particular, 
microradiography, proved the most versatile (Alexan- 
der, 1941). 

Since the advent of X-rays in pearl testing, there 
have been many technical advances, particularly in 
the areas of imaging and computerization. While film 
photography is still used as a backup, many gem lab- 
oratories today employ the more convenient high- 
resolution 2-D real-time options, along with 3-D 
X-ray computed microtomography (micro-CT). 

Both real-time microradiographs and micro-CT 
images were recorded for pearls 1WU, 2WU, and 3WU 
(from wild unoperated shell). For the first sample, mi- 
croradiographs recorded only the vague appearance of 
an organic area toward the center of the pearl in one 
direction but a clearer image of this small centralized 
structure revealing micro “growth rings” was pro- 
duced from another direction (table 3L). This sample 
was otherwise free of growth structures when micro- 
radiographs were taken in any direction. 3-D micro- 
CT scans revealed structures similar to those seen in 
the 2-D microradiographs. Zoomed-in areas of se- 
lected slices from the X, Y, and Z directions are shown 
in figure 29. 

For pearl 2WU, the microradiographic detail was 


Figure 30. These 
micro-CT images 
show (left to right) 
X-, Y-, and Z-di- 
rection slices of 
pearl 2WU, 
zoomed center. 
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TABLE 3. Detail of shell and pearl 1WU 
(wild unoperated P. maxima). 


The shell’ S nacreous areas (lef reveal overlapping platelets. ‘Non- 
nacreous areas (right) show cross sections of prismatic columns. 


The exterior of the shell, seen at 10x magnification, als0 had a red 
material attached to it. 


The overlapping platelet structure on the pearl’s surface is shown 
in different lighting conditions. Magnified 176x. 


A microradiograph (enlarged on the right) reveals an organic 
growth structure toward the center of the pearl, which was other- 
wise relatively free of growth structures. 
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TABLE 4. Detail of shell and pearl 2WU 
(wild unoperated P. maxima). 


es 
<p 
mt .  \, 


The shell’s nacreous areas (left) reveal overlapping platelets. Non- 
nacreous areas (right) show cross sections of prismatic columns. 


The head of a worm-like blister is seen on the nacreous surface (left). 
Small coral-like structures were attached to the outer surface (right). 


Pearl 2WU (left) is set against the shell in which it was discovered. 


The overlapping platelet structure on the pearl’s surface is shown 
in different lighting conditions. Magnified 176x. 


K 


A microradiograph (enlarged on the right) reveals a near-symmet- 
ric organic area toward the center of the pearl, which was other- 
wise relatively free of growth structures. 
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TABLE 5. Detail of shell and pearl 3WU 
(wild unoperated P. maxima). 


? we Sopa 
Taian es” “< NS 4 “ 
The shell’s outer surface displayed coral-like structures 
tubeworm-like calcareous structures (right). 


is set against the shell in which it was discovered. 


The overlapping platelet structure on the surface of the pearl is 
shown in different lighting conditions. Magnified 176x. 


K L 


A microradiograph (enlarged on the right) reveals little in terms of 
organic growth. 
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pronounced. A relatively large area of organic growth 
extended from the center of this 8.34 mm button- 
shaped pearl to encompass about one third of the sam- 
ple’s apparent volume. Within the dominant organic 
core, additional ringed growth structures could be ob- 
served toward the center of the pearl. Overall, the mi- 
croradiographic structures revealed a great deal of 
organic material toward the center, while the outer por- 
tions appeared tightly crystalline with negligible or- 
ganic material (table 4K-4L). 3-D micro-CT scans 
revealed structures similar to those seen in the 2-D mi- 
croradiographs, but in slightly more detail. Zoomed 
areas of selected slices from the X, Y, and Z directions 
are seen in figure 30. 

Pearl 3WU revealed little in terms of internal or- 
ganic growth using 2-D microradiography (table 
5K-5L). Under normal circumstances, therefore, one 
would regard this natural P. maxima pearl as “solid” 
throughout. Yet 3-D micro-CT scans revealed two 
tiny points of organic accumulation not seen in the 
2-D microradiographs. Figure 31 represents three 
slices, from the X, Y, and Z directions, that show 
these two dark spots quite clearly. 

Pearl 1WO, which weighs 35.04 grains and meas- 
ures 11.74 x 11.24 x 9.18 mm, was recovered from an 
older and larger wild shell than shells 1WU, 2WU, 
and 3WU described above. This shell had already 
been (gonad-) operated on for pearl cultivation and 
had been on the farm for about two years. The pearl 
was recovered from the mantle in a similar area to 
that of the other three. 

2-D microradiography (table 6K-6L) revealed a 
slightly off-center area of patchy organic material in 
a P. maxima pearl that otherwise seems to be “solid” 
throughout. 3-D micro-CT scans revealed images 
similar to those obtained in 2-D, but in greater detail. 
While it is impossible to adequately reproduce the 3- 
D aspect of the micro-CT scans in the two-dimen- 
sional medium of this article, figure 32, presents three 
slices each from the X, Y, and Z directions. Viewing 
these, one may surmise that the off-center area of 
patchy organic material is composed of many very 
small organic areas, both connected and unconnected 
with each other. 

In table 7A, pearls 1HU, 2HU, 3HU, and 4HU 
present an interesting nomenclature dilemma: While 
they were found in mollusks that had not been oper- 
ated on, these were hatchery-reared P. maxima. One 
school of thought suggests that as the host is “cul- 
tured” (i.e., hatchery-reared), anything that host pro- 
duces should also be considered a product of 
culturing—i.e., a cultured pearl. As shown by the se- 
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TABLE 6. Detail of shell and pearl 1WO 
(wild operated P. maxima). 


2 Ve r= Ate 
i toe a a! pet ys 4 aN ay 
The shell’s nacreous areas (left) reveal overlapping platelets. Non- 
nacreous areas (right) show cross sections of prismatic columns. 


me 


Discovered within the hinge ligament (left) was a small crustacean 
(right). 


= : 
— 


These images show the pearl’s overlapping platelet structure. Mag- 
nified 176x. 


0) 


A side-view 2-D microradiograph (enlarged on the right) reveals a 
slightly off-center area of patchy organic material. 
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ries of microradiographic images in table 7, however, 
nothing in their growth structures indicates a cul- 
tured origin. Indeed, all microradiographic indica- 
tions point toward these pearls as being natural. 

Not surprisingly, the microradiograph for pearl 
4HU (which has a distinctly gray color) reveals the 
greatest amount of organic growth (table 7D-7E), and 
the pearl appears to have entirely natural growth 
structures. 

The microradiographs for pearls 1HU and 3HU 
(table 7L-7M and 7N-70) reveal virtually nothing in 
terms of growth structures, which is expected for 
natural P maxima pearls. Yet there were no indica- 
tions that they were a product of culturing, either. 

Some of the microradiographs for pearl 2HU 
(table 7E-7G) did indicate a slight “shadowing.” As 
with pearls 1HU and 3HU, however, the growth ap- 
pears to be tight and crystalline. There is insufficient 
organic growth to appear on a microradiograph as di- 
agnostic data. The same was also true for the micro- 
CT scans performed on each of these pearls. 


Fluorescence. Viewed under long-wave ultraviolet 
light, the pearls listed in table 2 showed a strong, fairly 
even chalky green fluorescence, and a much weaker 
chalky green under short-wave UV. The pearls were 
also examined using the DiamondView imaging sys- 
tem, which can produce a fluorescence image of the 
pearl in real time. The system uses a very short wave- 
length (below 230 nm) light source to excite fluores- 
cence close to the surface of the pearl. These images 
have proved very useful in the detection of treatments, 
particularly coatings that are not visible under the mi- 
croscope. The DiamondView images shown here (fig- 
ure 33) will provide valuable reference data in future 
cases of treatment uncertainty. All three pearl types 
showed a distinctly blue fluorescence, sometimes 
slightly mottled, with no phosphorescence. 


Raman and PL Spectra. Raman spectroscopy is a tech- 
nique in which photons of light from a laser interact 
with a material and produce scattered light of slightly 
different wavelengths. Every material produces a char- 
acteristic series of scattered light wavelengths, and 
measuring these can identify a material. The light of 
a particular wavelength from a laser beam (or other 
light source) is used to illuminate the gem. Because 
this laser light is aligned along the optical path of a 
microscope, the operator can focus it onto a gem to 
obtain a Raman spectrum (Kiefert et al., 2001). Light 
emitted by the sample is collected and analyzed by the 
spectrophotometer to produce a spectrum, which is 
compared to an extensive mineral database assembled 
by GIA over the past two decades. 
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TABLE 7. Detail of pearls from hatchery unoperated P. maxima. 


a. 
These images show the overlapping platelet structure on pearl 
1HU. Magnified 176x. 


G 


F 
Microradiographs of pearl 2HU. 


These images show the overlapping platelet structur 
2HU. Magnified 176x. 


N Oo 


Microradiographs of pearl 3HU. 


re 


e on pearl 


Raman spectra recorded for the pearls listed in table 
2 revealed two weak peaks located at 702 and 706 cm! 
(a doublet) and a strong peak at 1085 cm (figure 34). 
These peaks are typical for aragonite, the crystalline ma- 
terial normally associated with pearls from P. maxima. 
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Left to right: 4HU, 1HU, 3HU, and 2HU were discovered in 
hatchery-reared shells prior to surgery. 


AHU. Magnified 176x. 


L M 


Microradiographs of pearl 1HU. 


" x . a 
These images show the overlapping platelet structure on pearl 
3HU. Magnified 176x. 


No peaks associated with carotenoids or polyenes were 
recorded. No differences in the Raman spectra were 
noted between the three “types” of P. maxima pearls 
examined: from wild shell (unoperated), wild shell (op- 
erated), and hatchery-reared shell. 
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PL (photoluminescence) spectroscopy is a noncon- 
tact and nondestructive method used to probe the 
electronic structure of materials. In this process, a sub- 
stance absorbs and re-radiates photons. It can be de- 
scribed as an excitation (in this study by a 514 nm 
argon ion laser) to a higher energy state, followed by 
a return to a lower energy state with the simultane- 
ous emission of a photon (figure 35). The PL spectra 
can be collected and analyzed to provide information 
about the excited states, in this case by using the 
same system used to collect Raman spectra. No dif- 
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Figure 31. These micro- 
CT images show (left to 
right) X-, Y-, and Z-di- 
rection slices of pearl 
3WU, zoomed center. 


ferences in the PL spectra were noted between P. 
maxima pearls from wild shell (operated or unoper- 
ated) and hatchery-reared shell. 


UV- Visible Spectroscopy. UV-Vis-NIR spectroscopy is 
a complementary technique to EDXRF for examining 
the trace-element composition of gems, particularly 
when detailed in absorption coefficient. UV-Vis-NIR 
spectroscopy may provide information about the por- 
tions of the visible spectrum that are absorbed by 
these trace elements to create the gem’s color. Given 


Figure 32. Each row 
(left to right) shows X-, 
Y-, and Z-direction 
slices from micro-CT 
scans of pearl 1WO. 
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Figure 33. DiamondView images of pearls (A) 1WU, 
(B) 2WU, (C) 8WU, (D) 1WO, (E) 4HU, (F) 2HU, 

(G) 3HU, and (H) 1HU reveal blue fluorescence, occa- 
sionally mottled, and no phosphorescence. 


the opaque nature of pearls, such spectra must be 
recorded in a percentage reflectance. These spectra are 
important in defining some species and in some cases 
whether or not a treatment has been applied. 

The white pearls in this group for which spectra 
were recorded (table 2) revealed curves that differed 
only in the reflectance at given wavelengths (figure 
36). The only exception was 2WU, where there ap- 
pears to be a slight difference in shape throughout 
the visible range (nominally 400-700 nm). The per- 
centage reflectance throughout the visible region for 
each of the other samples decreases slightly toward 
the longer wavelengths. For sample 2HU, this trans- 
lates to a percentage reflectance of 77.2 at 400 nm 
to 72.7 at 700 nm. For 1WO, this translates to a per- 
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RAMAN SPECTRA 
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Figure 34. Three representative Raman spectra were 
gained from pearls produced by a P. maxima hatch- 
ery-reared shell, a wild unoperated P. maxima shell, 
and a wild operated P. maxima shell. Each showed 
virtually identical spectral features that were consis- 
tent with aragonite. The representative samples are 
the same as those used for the PL spectra (figure 35). 


centage reflectance of 84.65 at 400 nm and 78.41 at 
700 nm. 

A reflectance trough at 278 nm is common to all 
the spectra for these pearls, as is a peak at 253 nm and 
a percentage reflectance drop to between 32 and 34 at 
200 nm. 


Chemical Composition. LA-ICP-MS provides qualita- 
tive and quantitative data of chemical elements. The 
laser sampling area (5 um) can be focused on very small 
color and other surface zones. The ablation mark is less 
than the width of a human hair, visible only under 
magnification. The ablated particles are carried by he- 
lium gas to the plasma torch and mass spectrometer 
for analysis. The plasma unit atomizes and ionizes the 
atoms. The mass spectrometer measures the mass of 
each element for identification according to mass-to- 
charge ratio. LA-ICP-MS is a powerful method in the 
separation between saltwater and freshwater pearls and 
the detection of some treatments. 

All of the pearls listed in table 2 were analyzed by 
LA-ICP-MS, and the results are presented in table 8. 
The pearls show great similarity in trace-element lev- 
els, with only 1WO trending toward the high end for 
Mn, Sr, Ba, La, Ce, and Pb. Many more examples of 
each type will need to be analyzed to determine if any 
significant trends exist. 
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Heports on Brazilian 
Heated Green Quartz 


ETAILS concerning the production of 

heat-treated green quartz in Brazil 
were given to G. R. Crowningshield, Act- 
ing Director of the Gemological Institute’s 
Eastern Branch, during a recent interview 
with the owner and operator, Gregorio de 
Azevedo. 

Approximately a dozen men are now 
employed by Sr. Azevedo in mining the 
quartz which is found near Montezuma 
(formerly Aqua Quente) in the district of 
Rio Pardo, state of Minas Geraes. For thirty 
years this area, situated in a rolling ter- 
tain, sparsely wooded, at an altitude of 
3500 feet, has been worked intermittently 
for amethyst exclusively. Rarely are natural 
greenish stones seen, and those that are 
found appear milky and have no great 
beauty. The possibility of producing green 
quartz was discovered accidentally through 
the prevalence in Brazil of applying heat 
treatment to all types of stones. 

Varying in thickness from a few inches 
up to three feet, about six prominent veins 
comprise the diggings in an area heavily 
covered with white quartz float. In places, 
the veins may be followed on the surface 
for a distance of from sixty to seventy feet. 
Pockets of amethyst crystals, which although 
quite defective have clear areas which can 
be recovered by careful sawing, are found 
here and there in the veins. Some larger 
crystals yield stones up to twenty carats. 

In one of these veins, pockets of a par- 
tially opaque quartz with a yellowish cast 
are found. This material, upon proper heat 
treatment, turns various shades of green. 
Only small clear areas of these opaquish 
crystals are, however, suitable for cutting. 

Sr. Azevedo reported that the bulk of the 
heat treated material is a rather dark peridot 
green. Some, however, resembles green 
beryl, and a few stones resemble green 


tourmaline. The color, so far as known, is 
just as permanent as the color in heat- 
treated citrines. 

Although no name has been established 
for the material, in the Rio de Janeiro 
market it is called “Prasiolita.” It is now 
being cut in Rio in sizes up to twenty 
carats and has been enjoying an increasing 
popularity. It is especially popular used in 
bracelets with alternate amethysts. The 
stones sell for about the same price as good 
quality amethysts. 

Sr. Azevedo claims that there is a good 
supply of the rough material, hence no 
danger at present—if the gem is widely 
accepted — that it will go the way of hid- 
denite, benitoite, or other gems where only 
one source is known. 


Continued from page 340 

boulders contain no opal; others contain 
inferior opal. The better quality opal usually 
occurs at the lower ends of the boulders 
which are slightly tilted in the sandstone. 
Mining is done by means of tunnels and 
drives and is confined largely to a horizon 
some eight feet thick. 

A great variety of opal is present in the 
Hayricks boulders. Smaller stones showing 
the much prized red fire are obtained, but 
much of the opal in the vertical veins is 
banded so much that it is valueless as a 
gem. Most of the larger size pieces of value 
are taken from horizontal veins. Pattern 
varies from flash to harlequin and pinfire, 
while some opal recovered carries numerous 
inclusions of sand or opaline impurities. 

Production figures for this field are not 
given. It is noted, however, that no produc- 
tion for Queensland is recorded in the years 
1940, 1941, 1942, 1943, or 1945. Total 
production for 1946 through 1948 is valued 
at £4,382. 
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TABLE 8. Trace-element composition recorded by LA-ICP-MS (figures are in ppmw).* 


Specimen 7LIi 1B 23Naq -4Mg 31p 39K Sc 55Mn 57Fe 667 69Ga 88S; B7Ba 139. q 140Ce 208Pl 209Bj 

Wild 1WU bdl 22.1 7177.0 136.2 bdl 123.9 bdl 2.3 179.4 1.1 bdl 1327 0.52 0.02 0.00 0.10 0.00 
unoperated 2WU bdl 19.6 9017.0 98.9 bdl 194.2 bdl 2.3 168.3 0.3. bdl 1440 0.76 0.03 0.09 0.30 0.04 
3WU bdl 21.6 7708.0 139.8 28.3 162.2 bdl 3.5 158.0 1.0 bdl 1093 0.36 0.00 0.00 0.06 0.01 

Pee 1WO bdl 18.3 7749.0 166.1 bdl 133.9 bdl 17.9 158.2 3.4 bdl 1719 1.43 0.20 0.26 0.44 0.04 
1HU bdl 25.7 8329.0 183.2 23.0 147.2 bdl 7.2 164.9 0.7. bdl 1461 0.95 0.03 0.06 0.18 0.02 

Hatchery 2HU bdl 26.9 7486.0 176.3 bdl 115.2 bdl 2.8 161.6 2.6 bdl 1414 1.15 0.06 0.07 0.13 0.02 
3HU bdl 20.7 6918.0 146.0 29.0 81.3 bdl 1.5 165.3 1.0 bdl 1321 0.67 0.07 0.07 0.08 0.02 

4HU bdl 19.6 6492.0 124.2 28.6 788 bdl 2.5 153.1 2.5 bdl 1318 0.71 0.01 0.01 0.02 0.03 

Detection Limit 1.36 1.50 22.87 0.89 22 9.12 1.46 0.75 43.88 0.65 0.17 0.36 0.32 0.012 0.02 0.04 0.01 


2 Abbreviations: bdl= below detection limit 


CONCLUSIONS 


The foregoing text and images clearly establish the on- 
going recovery of natural pearls from P maxima in 
Australian waters, a region with a significant pearling 
tradition stretching back to the 19th century and ear- 
lier (figure 37). The historical evidence is contained 
within official records as well as personal experiences 
related by respected authors of the time, such as Kor- 
nitzer (1937) and Kunz and Stevenson (1908). 

Many gemologists have written excellent papers on 
the separation of cultured from natural pearls using 
various techniques (see Recommended Reading list), 


Figure 35. Three representative PL spectra obtained 
from pearls produced by a hatchery-reared shell, a 
wild unoperated shell, and a wild operated shell. 
Each showed virtually identical spectral features that 
were consistent with pearls produced by P. maxima. 
The representative samples are the same as those 
used for the Raman spectra (figure 34). 
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but few have been wholly educational or all-encom- 
passing in terms of the microradiographic structures 
one might expect from natural pearls. This may be be- 
cause of the exceedingly wide variation of possibilities, 
the difficulty of gaining sufficiently high-resolution 
images, or the research time to devote to a project that 
produces a large volume of data. Moreover, the journals 
would have to be willing to publish the extraordinary 
numbers of images necessary to convey the scope of 
the data. Web publishing is beginning to provide a 
greater volume of microradiographic structural images, 
which were and are beyond the scope of printed jour- 


Figure 36. The reflectance spectra for the pearl sam- 
ples. Note that the lamp switch point at 319 nm and 
a filter change at 373 nm create slight anomalous 
shifts in the recorded spectra. 
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nals or books. An example of this is the document au- 
thored by N. Sturman (2009). 

Sturman (2009) shows through a series of micro- 
radiographs both obvious and subtle examples of in- 
ternal structures recorded for non-bead (intentional 
or unintentional) cultured pearls. The paper also 
presents a few historical microradiographs for both 
natural and bead cultured pearls. 

Of the eight natural pearls collected during this 
project, samples 4HU (found in a hatchery unoperated 
shell), 1WU (taken from the mantle of a wild unoper- 
ated shell), and 2WU (from the mantle of a wild un- 
operated shell) may have sufficient internal growth 
structures to be identified as natural in a “blind” test. 

Pearl 1WO (from the mantle of a wild operated 
shell) may not have a classic microradiographic struc- 
ture for a natural or nonbead-cultured pearl, which 
might result in some debate concerning its nature 
given that the mollusk had been on a farm. Neverthe- 
less, a blind test would conclude that the pearl was of 
natural origin, a result that would be consistent with 
the data collected. 

Returning to 3WU, the microradiographic struc- 
ture recorded may easily misinterpreted as that of a 
nonbead-cultured pearl, and herein lies the first 
dilemma for those involved in both the pearling in- 
dustry and pearl testing. 
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Figure 37. Australia’s 
natural pearling tradi- 
tion continues today, 
exemplified by this 
11.74 x 11.24 x 9.18 
mm pearl (weighs 35.04 
grains) atop the shell of 
a P. maxima oyster, dis- 
covered in July 2011. 
Photo by K. Scarratt. 


Over the past decade or so, the type of structure 
observed in pearl 3WU has been assumed to be an in- 
dicator of non-bead cultured growth. This assump- 
tion probably resulted from the structure’s 
resemblance to the “classic” nonbead-cultured pearl 
structure (see Sturman, 2009). This pearl challenges 
that assumption. 

The second dilemma concerns more the pearling 
industry. In industry discussions, it has often been 
suggested that anything produced by a mollusk on a 
pearl farm is cultured—and that a pearl produced by 
a hatchery-raised mollusk should also be considered 
cultured. Yet the very basis of a pearl culturing oper- 
ation lies in the ability of technicians to create a 
“sac” for the cultured pearl. It is not the host mol- 
lusk but the creation of this sac that defines the 
process. Pearls produced within a sac that is a prod- 
uct of human intervention are clearly cultured. But 
if a sac is a creation of nature, without human inter- 
vention, then logic dictates that anything it produces 
is “of nature.” Even if one opposes this logic, the fact 
remains that pearls 1HU, 2HU, 3HU, and 4HU, the 
products of pearl sacs formed by nature within hatch- 
ery-reared shell, are virtually indistinguishable from 
natural pearls and could not be identified as cultured. 

This examination of a small number of definitive 
samples has therefore produced what may appear to be 
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unexpected results that may add further to the chal- 
lenges faced with pearl identification. Clearly, many 
more samples from each of the types discussed will 
need to be collected and examined before a clearer pic- 
ture emerges. In the meantime, the authors will con- 


duct ongoing expeditions and research. In late Novem- 
ber 2012, some of the authors were able to extract an- 
other 30 natural pearls from Australian Pinctada 
maxima, and the technical data from these will be the 
subject of another report. 
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DETECTING HPHT SYNTHETIC DIAMOND 
USING A HANDHELD MAGNET 


Kirk Feral 


CVD-grown synthetic diamonds showed no magnetic a 
ing HPHT-treated natural diamonds, was tested as a control group. None of the natural transparent di- 


amond samples showed attraction to a neodymium magnet, but two heavily included translucent 
specimens with unusually large opaque inclusions were strongly magnetic. A new magnetic testing 
method is presented for detecting small magnetic inclusions in loose HPHT-grown products, and for 
identifying small synthetic diamonds mounted in jewelry. 


nstruments used by gem testing labs to identify 

synthetic diamonds, such as the DiamondView and 

DiamondSure, are specialized and costly. Electronic 
diamond testers that measure a gem’s thermal con- 
ductivity to detect imitations are readily available to 
consumers, but these instruments cannot distinguish 
natural from lab-grown diamonds. Spectrometers, mi- 
croscopes, polariscopes, and UV lamps are standard 
gemological tools that can be effective in detecting 
signs of synthetic origin, but only if one knows how 
to use them and interpret the results. For those with- 
out training or access to such equipment, a handheld 
magnet can serve as a practical and inexpensive tool 
(Matlins and Bonano, 2008). This study attempts to 
evaluate the effectiveness of magnetic testing for sep- 
arating natural from synthetic diamonds. 

For decades, gemologists have known that syn- 
thetic diamonds grown under high-temperature, 
high-pressure (HPHT) conditions often contain iron- 
rich flux particles that are sufficiently large and abun- 
dant to cause visible attraction to a magnet (Webster, 
1970, p. 332; Koivula, 1984, figure 1). Since natural 
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Figure 1. Magnetic attraction is an almost certain in- 
dication of HPHT synthetic diamond. In this photo, a 
blue 0.22 ct HPHT synthetic diamond is being picked 
up by a “sin. diameter neodymium magnet at the 
site of a flux inclusion located below the surface of 
the pavilion facets. Photo by K. Feral. 
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diamonds normally show no magnetic attraction, 
any positive response is generally considered an in- 
dicator of synthetic origin. 

This distinction is critical for determining value, 
as a synthetic diamond sells for considerably less 
than a natural stone of similar quality. Melee-size 
goods (under 0.20 ct) are of particular concern, as 
these generally go untested and their origins may be 
unknown to the appraiser, gem dealer, or buyer. A 
study by Kitawaki et al. (2008) identified nearly 10% 
of the loose yellow melee-size diamonds tested as 
HPHT-grown synthetics. In that same study, tests on 
fine jewelry containing yellow melee diamonds 
showed that half of the pieces each contained an av- 
erage of 10% HPHT-grown samples. 

Laser inscriptions used by most manufacturers to 
brand their products are seldom applied to melee-size 
goods. In the current study, loose melee comprised 
half of the HPHT synthetic diamonds tested, and half 
of these small samples could be detected with a mag- 
net. Techniques developed during this study provide 
a means to test individual diamonds mounted in jew- 
elry for synthetic origin, including melee-size goods. 


BACKGROUND 

Test samples were obtained from all major manufac- 
turers of gem-quality synthetic diamonds, as well as 
two manufacturers of industrial-grade synthetics (De- 
Beers and Sumitomo). Table 1 shows how HPHT- 
grown samples responded to a handheld magnet. 
Direct responses are further classified as either 
“Pickup” or “Drag” responses. Fewer than half of the 
samples showed this type of obvious response. 
Weaker responses, made visible by floating the indi- 
vidual sample on a small raft in water, are noted as 
Strong, Weak, or Diamagnetic (repelled). 

Relative to the total mining output of gem-quality 
diamonds each year, synthetic diamond production 
is still quite small, but their presence in the jewelry 
trade is growing. Until recently, most gem-quality 
synthetics were grown using the HPHT process, 
which has a production time of several days and in- 
volves ferromagnetic flux metals such as iron, nickel, 
and (to a lesser extent) cobalt. Yellow is the most 
common bodycolor encountered in HPHT-grown 
synthetic diamonds. 

Newer to the trade are synthetic diamonds grown 
by chemical vapor deposition (CVD) without flux 
metals or high pressure. This process generally takes 
longer than HPHT growth, and most CVD synthetics 
are currently limited to sizes less than 1 ct. At the 
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Figure 2. Five magnets of different sizes and strengths 
were compared in testing HPHT-grown synthetic dia- 
monds for magnetic response. Left to right: a % in. di- 
ameter ferrite disc wand, a 1 in. wide alnico horseshoe 
magnet, a ¥;in. diameter Hanneman wand, a ¥2 in. di- 
ameter N52 neodymium wand, and a “6 in. diameter 
N52 neodymium pinpoint wand. Photo by K. Feral. 


present time, CVD products are generally colorless, 
although pink and a number of other colors can be 
induced after CVD growth by processes such as 
HPHT treatment, low-temperature annealing, and ir- 
radiation (Kitawaki et al., 2010). Methods of synthe- 
sis continue to evolve, and some industry observers 
estimate that the annual production of gem-quality 
CVD-grown synthetic diamonds now significantly 
exceeds that of HPHT-grown material (A. Grizenko 
and S. Pope, pers. comm., 2012). 

Published reports that mention magnetic testing 
of synthetic diamonds often do not specify the type, 
size, or strength of the magnets used, or the rate of 
detection achieved. Traditional magnets such as fer- 
rite refrigerator magnets (containing iron oxides) and 
alnico (aluminum-nickel-cobalt) horseshoe magnets 
have been employed by gemological researchers, as 
well as Dr. William Hanneman’s neodymium mag- 
netic wand. The Hanneman wand, introduced as a 
synthetic diamond tester in 1995, contains a 5 mm 
diameter neodymium-iron-boron magnet of unspec- 
ified grade. 

The effect of magnet strength on the rate of de- 
tection has not been investigated until now, nor has 
there been an attempt to standardize testing proce- 
dures to the strongest permanent magnet available 
today, the N52-grade neodymium magnet. This 
study compares alnico, ferrite, and neodymium mag- 
nets as testing tools (figure 2), and looks at the rele- 
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TABLE 1. Magnetic responses for 85 HPHT synthetic diamonds. 


Sample Weight (ct) Color Cut Response Sample — Weight (ct) Color Cut Response 
DeB 21301 0.06 Colorless = Round brilliant © Diamagnetic | Chat PR13 0.85 Pink Round brilliant Pickup 
GTL 30580 2.42 Yellow Rough Pickup Chat PR14 0.55 Pink Round brilliant Weak 
GTL 30579 3.66 Yellow Rough Pickup Chat PR15 0.07 Pink Round brilliant | Diamagnetic 
GTL 30578 3.81 Yellow Rough Pickup Chat PR16 0.06 Pink Round brilliant | Diamagnetic 
Sum 28756 0.37 Yellow Partially faceted Diamagnetic | Chat PR17 0.06 Pink Round brilliant | Diamagnetic 
Sum 28753 0.17 Yellow Square Diamagnetic | Chat PR18 0.06 Pink Round brilliant | Diamagnetic 
Sum 28521 0.18 Red Square Diamagnetic | Chat PR19 0.05 Pink Round brilliant | Diamagnetic 
Sum 28518 0.36 Yellow Tabular Pickup Chat PR20 0.06 Pink Round brilliant | Diamagnetic 
Sum 28516 0.35 Red Tabular Diamagnetic | Chat PR21 0.06 Pink Round brilliant | Diamagnetic 
Sum 28513 0.19 Yellow Round brilliant Weak GDC LG7401_ 0.33. Yellow Radiant Diamagnetic 
Sum 28507 0.12 Yellow Tabular Diamagnetic | GDCLG7402 0.34 Yellow Radiant Diamagnetic 
Sum 17729 0.80 Yellow Partially faceted Diamagnetic | GDCLG8314 0.32 Yellow Emerald Diamagnetic 
TCG 21892 0.12 Red Hexagon Diamagnetic | GDCLG8118 0.34 Yellow Princess Diamagnetic 
TCG 21891 0.13 Yellow Hexagon Weak GDC LG8203 0.34 ~~ Yellow Princess Weak 
TCG 21006 0.61 Yellow _ Partially faceted Pickup AOTC YB84 1.10 Yellow — Round brilliant Drag 
UIM 21500 0.17 Yellow Round brilliant Pickup AOTC BB414 0.77 Blue Round brilliant Pickup 
UIM 21305 0.08 Colorless — Round brilliant Pickup AOTCYB136 0.62. ~—- Yellow ~—- Round brilliant |= Diamagnetic 
UIM 21304 0.23. Colorless Partially faceted +Diamagnetic | AOTC B407 0.56 Blue Round brilliant Pickup 
UIM 21303 0.06 Blue Round brilliant Pickup AOTC B192 0.51 Blue Round brilliant | Diamagnetic 
UIM 21300 0.17 Colorless Square Diamagnetic | AOTC BB242 0.30 Blue Round brilliant | Diamagnetic 
UIM 20490 0.50 Brown Partially faceted Pickup AOTC BB79 0.28 Blue Round brilliant | Diamagnetic 
UIM 20489 0.55 Brown Partially faceted Pickup NAD YROO1 0.47 Yellow Rough Pickup 
UIM 20488 0.68 Brown Partially faceted Strong NAD YROO2 0.54 Yellow Rough Pickup 
UIM 20426 0.16 Yellow Tabular triangle Weak NAD YROO3 0.61 Yellow Rough Weak 
UIM 20425 0.17 Brown Tabular triangle Diamagnetic | NAD YROO4 0.46 ~—- Yellow Rough Pickup 
UIM 20423 0.46 Yellow Tabular Weak NAD YROO5 0.42 Yellow Rough Pickup 
UIM 20201 0.17 Yellow Tabular triangle © Diamagnetic | NAD YRO06 0.30 Yellow Rough Pickup 
UIM 20195 0.45 Yellow Tabular Diamagnetic | NAD YROO7 0.24 Yellow Rough Pickup 
UIM 20194 0.46 Yellow Tabular Diamagnetic | NAD YROO8 0.29 Yellow Rough Pickup 
UIM 20193 0.16 Yellow Tabular triangle | Diamagnetic | NAD YROO9 0.29 Yellow Rough Pickup 
UIM 19368 0.09 Yellow Cube Diamagnetic | NADYROO10 0.08 Yellow Rough Diamagnetic 
UIM 17799 0.15 Yellow Square Diamagnetic | NADYROO11 0.06 — Yellow Rough Diamagnetic 
UIM 17621 0.06 Colorless Round brilliant © Diamagnetic | NADYROO12 0.14 — Yellow Rough Pickup 
UIM 17620 0.19 Blue Partially faceted Pickup NAD YROO13 0.07 Yellow Rough Pickup 
UIM 17619 0.05 Colorless — Round brilliant Pickup NAD YROO14 ~=0.04 Yellow Rough Pickup 
UIM 21499 0.16 Yellow Round brilliant Weak NAD BROO1 0.16 Blue Rough Drag 
UIM 24030 0.22 Blue Round brilliant Pickup NAD BROO2 0.09 Blue Rough Pickup 
UIM 28754 0.19 Yellow Baguette Diamagnetic | NAD BROO3 0.03 Blue Rough Pickup 
UIM 23580 1.07 Yellow Square Strong NAD BROO4 0.04 Blue Rough Pickup 
UIM 21501 0.14 Yellow Round brilliant Strong NAD BROOS5 0.25 Blue Rough Pickup 
UIM 28957 0.58 Yellow _ Partially faceted Pickup NAD BROO6 0.35 Blue Rough Pickup 
UIM 0212 >0.50 Yellow Faceted Pickup NAD BROO7 0.02 Blue Rough Drag 
Chat PR12 0.65 Pink Round brilliant Pickup 

Abbreviations: DeB=De Beers, TCG=Tairus Created Gems, GTL=Golden Triangle Ltd., Sum=Sumitomo Electric, Chat=Chatham Created Gems, 
GDC=Gemesis Diamond Company, AOTC=AOTC Group B.V., NAD=New Age Diamonds, UlM=Unidentified Manufacturer 
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Box A: TERMINOLOGY OF MAGNETISM 


1. Magnetic: In the context of this paper, referring to 
any material that displays visible attraction to a 
handheld magnet. 

2. Diamagnetic: Having a temporary low magneti- 
zation that is opposed to the inducing field of a 
magnet and is consequently repelled by it. Using 
a strong neodymium magnet, we can clearly 
demonstrate this phenomenon by placing a dia- 
magnetic material such as natural diamond on a 
raft floating in water. The raft moves away from 
the magnet. 

3. Paramagnetic: Having a temporary magnetization 
that is induced when an external magnet is ap- 
plied. Paramagnetic materials have a weaker mag- 
netic response than ferromagnetic materials, and 
they cannot be permanently magnetized. Many 
colored gemstone materials (such as garnet) are 
paramagnetic, showing visible attraction to an 
N52-grade neodymium magnet. 

4. Ferromagnetic: Referring to an element such as 
iron, nickel, and cobalt that retains permanent 
magnetization in the absence of an applied field. 


vance of magnet size and strength in separating syn- 
thetic diamond from natural. 

Natural diamond is considered non-magnetic—or 
more precisely, diamagnetic (repelled by a magnet), as 
its primary component is carbon, a diamagnetic ele- 
ment. (See box A for explanations of magnetic terms 
used in this article.) Previous studies have shown that 
magnetic minerals are commonly found as inclusions 
in natural diamond. Yet the microscopic size of these 
inclusions renders them magnetically undetectable 
except by ultrasensitive instruments such as a SQUID 
magnetometer (Rossman and Kirschvink, 1984; Yelis- 
seyev et al., 2008). 

The most common magnetic mineral found in 
natural diamond is pyrrhotite, a ferromagnetic iron 
sulfide mineral that, like all natural diamond inclu- 
sions, generally measures less than 0.5 mm (Clement 
et al., 2008). Pyrrhotite inclusions are dark, opaque 
particles that can be mistaken for “carbon spots.” 
Another relatively common magnetic inclusion in 
natural diamond is chrome pyrope garnet, a paramag- 
netic gem mineral that may appear as red transparent 
crystal inclusions. 

Other magnetic inclusions such as chromite and 
hematite (both antiferromagnetic) and native iron 
(ferromagnetic) are only rarely encountered in dia- 
mond (Boyd and Meyer, 1979). It would be difficult 
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Such materials are picked up by a magnet, and 
their magnetic attraction is up to a million times 
stronger than that of paramagnetic materials. 

5, Ferrimagnetic: Referring to a strong, permanent 
magnetization that occurs in materials where the 
magnetic fields associated with individual atoms 
align themselves—some in parallel (as with ferro- 
magnetism) and others in opposite directions. 
Magnetite is a ferrimagnetic mineral. 

6. Antiferromagnetic: A type of ordered magnetism 
that occurs in a material when electron spins are 
alternately opposed, resulting in almost no exter- 
nal magnetization. Like ferromagnetic and ferri- 
magnetic substances, antiferromagnetic materials 
exhibit strong, direct responses to a magnet. 

7. Magnetic Susceptibility: The ratio of a material’s 
induced magnetization to the applied field of a 
magnet, this represents how strongly or weakly a 
material responds to a magnetic field. The degree 
of magnetic susceptibility can be measured pre- 
cisely with instruments such as a magnetometer 
or magnetic susceptibility balance (Hoover, 2007). 


to find a natural diamond with magnetic mineral in- 
clusions of any kind large enough to be detected with 
a handheld magnet (Koivula, 2000, p. 134). Prior to 
this study, no such cases had been reported. 


Aside from magnetic mineral inclusions, natural 
diamonds are subject to surface contamination from 
tiny amounts of iron deposited by a metal dop stick 
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or polishing wheel during the faceting process. Shen 
and Shigley (2004) documented a diamond that 
showed a visible magnetic response due to iron 
residue deposited inside cavities at the girdle and 
pavilion facets during polishing. One magnetic nat- 
ural diamond in the current study was found to con- 
tain similar surface inclusions, which appeared to 
result from contamination during polishing. 

Nevertheless, these metallic impurities in natural 
diamond are typically insignificant compared to 
those found in synthetic diamond, and normally they 
are not detectable with a magnet (Barnard, 2.000, p. 
94). The same applies to surface contamination of 
bruted (unpolished) girdles, where routine handling 
with tweezers can leave minute amounts of iron 
residue. No such contamination of bruted girdles was 
detected with a magnet during this study. 


MATERIALS AND METHODS 
Natural Diamonds. A total of 168 natural diamonds 
were tested as a control group, all ungraded as to type 
or clarity. The majority were colorless transparent 
rounds, but a few yellow and brown diamonds and 
an irradiated blue were among the test samples. All 
specimens, whether loose or mounted, were floated 
on a small raft in water to maximize the sensitivity 
of the magnetic tests. 

GIA provided 50 untreated colorless natural dia- 
monds ranging from 0.34 to 0.90 ct (figure 3, left). 


Box B: NATURAL BLACK DIAMOND 


The color of most natural black diamonds found in jew- 
elry results from treatments such as irradiation, heat, or 
HPHT treatment. Naturally colored black diamond 
known as carbonado is mined in central Africa and Brazil 
for industrial purposes, but it is also occasionally faceted 
for jewelry use. These translucent to opaque gems are 
generally considered diamagnetic, as the black coloration 
is due primarily to numerous carbon inclusions in the 
form of graphite. Rough carbonado specimens tested in 
this study were not attracted to a magnet (figure B-1). 

The only type of naturally colored black diamond 
that characteristically exhibits magnetic attraction is 
stewartite, a strictly industrial-grade bort from South 
Africa. This opaque polycrystalline diamond derives its 
strong magnetic properties from ferrimagnetic inclu- 
sions of magnetite (Bibby, 1982). 
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Most were eye-clean, while some had bruted girdles 
and one contained numerous black inclusions. GIA 
also supplied two gray/black carbonado rough dia- 
monds from Sierra Leone (see box B). 

Suncrest Diamonds provided 58 faceted HPHT- 
treated natural diamonds. They ranged from 0.05 to 
0.70 ct and included colorless, yellow, pink, and 
green specimens (figure 3, right). Some of these sam- 
ples may have been subjected to additional treatment 
by irradiation. Unlike the HPHT growth process, 
HPHT treatment of diamonds to enhance or alter 
color and improve clarity does not involve flux met- 
als. Magnetic flux inclusions are not found in HPHT- 
treated diamonds. 

A private collection of 48 natural diamonds 
mounted in vintage gold jewelry was also tested. This 
collection was assembled more than 30 years ago, 
prior to the use of synthetic diamonds in jewelry. 
These samples ranged from approximately 0.01 to 2 
ct. Two contained microscopic red and orange-red 
crystal inclusions, possibly garnet. The vintage 
mounted diamonds and other natural diamond sam- 
ples not provided by GIA or Suncrest were subjected 
to thermal conductivity testing, UV testing, and high- 
power magnification to verify their identity as natural 
diamonds rather than simulants or synthetics. 

After a selective online search, two natural dia- 
monds with exceptionally large opaque inclusions 
were acquired for this study. Theoretically, if para- 


Figure B-1. This 3.11 ct rough carbonado diamond 
from Sierra Leone is diamagnetic. GIA Collection no. 
5914; photo by K. Feral. 
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Figure 3. Untreated and treated natural diamonds were included in the study. On the left are three untreated sam- 
ples provided by GIA: 0.64, 0.41, and 0.90 ct. On the right are four HPHT-treated natural diamonds from Suncrest 
Diamonds: a 0.48 ct colorless round, a 0.63 ct pink oval, a 0.66 ct green shield, and a 0.70 ct yellow round. Photos 
by K. Feral. 


magnetic inclusions of garnet or ferromagnetic in- 
clusions of pyrrhotite were large enough (over 0.5 
mm) and concentrated close enough to the surface of 
a natural diamond, such a diamond could show visi- 
ble attraction to an N52-grade neodymium magnet 
if the sensitive flotation method were applied. Both 
diamonds contained inclusions larger than 0.5 mm, 
and both exhibited magnetic attraction. 


Synthetic Diamonds. A total of 85 HPHT-grown syn- 
thetic diamonds were examined, ranging from 0.02 to 
3.81 ct. Faceted gems represented 51% of the sample 
set (figure 4), while the remainder were rough, partially 
faceted, or tabular in form. A few HPHT synthetic 
samples were completely colorless, but most showed 
various intensities of yellow, blue, pink, or red color. 

Of the 85 HPHT-grown synthetics, 41 with un- 
specified acquisition dates were provided by the GIA 
Museum, 43 were recently supplied by the manufac- 
turer, and one was recently made available by the 
Morion Company. Of the 41 GIA samples, 27 were 
from unidentified manufacturers and the remaining 
14 were acquired from Sumitomo Electric (Japan), 
Tairus Created Gems (Russia), Golden Triangle (Rus- 
sia), and De Beers (South Africa). The sources for the 
43 HPHT diamonds recently loaned by the manufac- 
turer were New Age Diamonds (Russia), AOTC 
Group B.V. (Netherlands), Chatham Created Gem- 
stones (United States), and Gemesis Diamond Com- 
pany (United States). 

An additional 19 CVD-grown synthetic diamonds 
were tested. Scio Diamond Technology provided 14 
colorless CVD-grown samples in the form of unpol- 
ished transparent wafers and blocks ranging from 
0.25 to 0.57 ct, with 1-2 mm thicknesses. Gemesis 
Corp. provided five colorless faceted CVD synthetics 
in various shapes ranging from 0.27 to 0.30 ct. 
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Magnets. To determine whether magnet strength is 
a significant factor in detecting ferromagnetic inclu- 
sions in synthetic diamonds, HPHT synthetics were 
tested using five magnets of different strength. (Be- 
cause they lack flux inclusions, the CVD samples 
were tested only with the two strongest magnets). 
The most powerful magnet, a 4% in. neodymium 
cylinder with a pull force of 18 pounds, was esti- 
mated to be more than 30 times stronger than the 
weakest magnet, a % in. ferrite disc. The five mag- 
nets are presented here in the order of weakest to 
strongest relative to pole surface area: 


1. % in. diameter pole x “o in. ferrite disc of un- 
specified grade 

2. 1 in. alnico horseshoe magnet of unspecified 
grade with '4 in. square poles 

3. Hanneman wand with % in. diameter pole x 
As in. neodymium disc of unspecified grade 


Figure 4. Magnetic attraction was observed in all 
three of these faceted HPHT synthetic diamonds, but 
only the 0.22 ct blue and 0.08 ct colorless samples 
were picked up by a magnet. Flotation was required 
to detect the weak magnetic attraction of the yellow 
0.16 ct synthetic. Photo by K. Feral. 
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Ubservations on the 
Slijper Uiamond 


by 


J. A. KOHN, Ph.D. 
University of Michigan 


URING the Spring of 1950, the 
“Slijper Diamond” was kindly 
loaned for study to the Mineralogical Lab- 
oratory, University of Michigan, by its 
exhibitors and owners, the N. V. Diamant- 
maatschappij H. E. Slijper of Amsterdam. 
The diamond weighed 7.25 carats and con- 
sisted of a large octahedron within which 
could be clearly discerned a second octahe- 
dron, the latter having a good outline and 
quite sharp edges. The physical character- 
istics of this rather unique crystal have been 
described by P. Grodzinski* and by Richard 
T. Liddicoat, Jr. The latter author has pub- 
lished his results in a previous issue of 
Gems and Gemology- 

The crystal was studied at this laboratory 
for the purpose of determining whether the 
included individual could be related to the 
larger, enclosing crystal by means of twin- 
ning. Accordingly, a photomicrograph was 
taken normal to one of the octahedral faces 
of the outer individual. The face used was 


¢ The “Slijper Diamond” taken 
normal to an octahedral sur- 
face of the outer individual. 
(Magnification about 10x.) 


FALL 1950 


that through which the edge-directions of 
the included crystal could be most clearly 
seen. Angle © was measured from tracings 
of the photomicrograph and found to be 
23.5°. q@ tepresents a projected angle, the 
true angle between the edges concerned 
having been projected onto the octahedral 
plane of the photomicrograph. 

All cases of primary, secondary, and ter- 
tiary twinning’, ie, twinning involving 
two, three, and four individuals, respec- 
tively, were investigated. The procedure 
consisted of determining visually, with the 
help of wooden models, those cases in which 
the indicated projected angle approached 
in magnitude the angle @ measured from 
the photomicrograph. Only three cases were 
found, one involving secondary and two 
involving tertiary twinning, in which there 
was any correlation at all. 

Use was made of the indices given by 
Professor C. B. Slawson* for faces of a sec- 
ondary twin when referred to the axes of 


4. “%s in. diameter pole x 4 in. N52-grade 
neodymium cylinder 

5. % in. diameter pole x 4 in. N52-grade 
neodymium cylinder 


Although the grade of the Hanneman wand was 
unknown, it exhibited a weaker pull force than an 
N42-grade neodymium magnet of the same dimen- 
sions. Other than the horseshoe magnet, the magnets 
were assembled as wands by attaching a handle. 


Testing Methods. Three methods of magnetic testing 
were employed: the direct method, the flotation or 
floating method (Gumpesberger, 2006; see also 
www.gemstonemagnetism.com), and pinpoint testing. 
First, the magnet was placed directly against the sur- 
face of a sample to see if it would be picked up or 
dragged along a smooth dry surface. If no response was 
noted, the flotation method was employed. This test 
involved placing the sample on a foam raft floating in 
water, thereby reducing friction and greatly enhancing 
the sensitivity of the magnetic test. While the observer 
held the exposed pole end of the magnet near the sur- 
face of the sample, movement of the raft toward the 
magnet was noted as either weak or strong. Movement 
away from the magnet was noted as diamagnetic. 
Whenever a diamagnetic response was noted, the sam- 
ple was subjected to the pinpoint method. 

Flotation tests using a 4 in. diameter neodymium 
magnetic wand showed that the carbon body of a syn- 
thetic diamond could induce a diamagnetic (repelling] 
response that essentially masked localized ferromag- 


netism of small flux inclusions. Overcoming this prob- 
lem required a wand that could be directed at specific 
areas of a sample where small inclusions were located. 
A ‘%o in. (1.5 mm) diameter neodymium magnet, the 
smallest diameter N52-grade magnet available today, 
was found suitable for that purpose. A pinpoint wand 
fashioned with this small magnet and used in conjunc- 
tion with the flotation method proved effective in de- 
tecting small magnetic inclusions in HPHT synthetic 
diamonds that were not detectable by magnets with 
larger pole surfaces (see figure 5, left). Responses 
elicited by this method were at times extremely weak. 
This study identified another important use for the 
pinpoint method. A pinpoint wand was effective in in- 
dividually testing small diamonds (including melee 
size) mounted in jewelry for magnetic response. Jew- 
elry pieces containing multiple diamonds were floated 
on a raft, and a pinpoint wand was directed at individ- 
ual gems (figure 5, right). Fine jewelry castings of high- 
purity gold or silver are diamagnetic and therefore do 
not interfere with pinpoint testing. Because platinum 
is a paramagnetic metal, gems mounted in platinum 
castings are not suitable for magnetic testing. 


RESULTS AND DISCUSSION 


Natural Diamonds. Sensitive flotation and pinpoint 
testing with strong N52-grade neodymium magnets did 
not detect a positive magnetic response from any of the 
166 transparent natural diamonds, including HPHT- 
treated natural diamonds and samples containing small 
inclusions. Any iron residue that might have been de- 


Figure 5. Pinpoint testing with flotation may be required to detect magnetic attraction in synthetic diamonds con- 
taining tiny metallic inclusions, such as the 1.07 ct yellow HPHT-grown sample on the left. This method can also 
be used to test individual small diamonds mounted in jewelry, as depicted on the right with a gold and diamond 
ring undergoing flotation testing. The raft material is Styrofoam. Photos by K. Feral. 
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posited on the surfaces of these diamonds due to fre- 
quent handling with tweezers was not detected either. 

The two heavily included translucent natural di- 
amonds containing exceptionally large opaque inclu- 
sions (over 0.5 mm) were strongly magnetic. These 
inclusions were visible with the unaided eye and 
showed magnetic attraction to a pinpoint wand. Di- 
amonds such as these, with large inclusions and low 
clarity, are not typically found in jewelry. 

One of these magnetic natural diamonds was a 
translucent brownish red 0.37 ct round with numer- 
ous gray-black inclusions visible at the surface but not 
in the interior (figure 6, left). Several of these inclu- 
sions were situated in and around relatively large cav- 
ities on the table and pavilion surfaces. The largest 
one, centrally located on the table facet, measured 
0.65 mm. When a 4 in. N52-grade magnet was ap- 
plied, it dragged this diamond across a smooth, dry 
surface. A pinpoint wand revealed that only the inclu- 
sions were responsible for the magnetism. Alnico and 
ferrite magnets were not strong enough to elicit a di- 
rect response from this diamond. Although the com- 
position of the magnetic inclusions is unknown, their 
appearance is consistent with that of iron residue from 
the polishing process, as described in the previously 
cited report on a natural transparent pink diamond 
picked up by a magnet (Shen and Shigley, 2004). 

The other magnetic natural diamond was a 
brownish yellow 0.61 ct round containing several 
large black inclusions (figure 6, right). The largest of 
them, 1.7 mm across and situated near the girdle, ex- 
tended well into the interior of the diamond. Another 
large inclusion located just below the table did not 
extend to the surface. High-power magnification 
showed that some of the inclusions were fibrous, 
while most appeared in velvety black clumps. 
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Figure 6. These are rare ex- 
amples of magnetic natural 
diamond. The translucent 
0.37 ct diamond on the left 
has a large metallic inclu- 
sion, likely surface residue 
from polishing, in and 
around a central pit in the 
table. The 0.61 ct translu- 
cent stone on the right con- 
tains very large natural 
mineral inclusions (likely 
pyrrhotite) that are strongly 
magnetic. Photos by Kevin 
Schumacher. 


This diamond did not respond to the direct 
method of magnetic testing, but the flotation method 
revealed a strong overall magnetic response. The 
largest inclusions were tested individually using an 
N52 pinpoint wand, and each showed a strong re- 
sponse. The composition of these inclusions has not 
been analyzed, but we can expect that sulfides are in- 
volved, with pyrrhotite as the likely magnetic com- 
ponent. This is the first reported case of a facetable 
natural diamond attracted to a magnet due to natural 
mineral inclusions. 


Synthetic Diamonds. Like the transparent natural di- 
amonds tested in this study, the 19 CVD-grown syn- 
thetic diamonds from Gemesis and Scio Diamond 
Technology showed no magnetic attraction. Black 
opaque inclusions were visible on the surface of sev- 
eral rough samples from Scio, but they were most 
likely composed of polycrystalline carbon, a diamag- 
netic material (A. Genis, pers. comm., 2012). No de- 
tectable metallic inclusions were present. These 
results indicate that magnetic testing cannot be used 
to distinguish CVD-grown synthetic diamonds from 
natural diamonds. 

All the HPHT-grown synthetic samples in this 
study contained inclusions, but many were not de- 
tectably magnetic. HPHT synthetics that showed no 
magnetic attraction often contained clouds of pin- 
point inclusions that were colorless, transparent, and 
visible only with high-power magnification. Yet 
some opaque inclusions in the HPHT-grown samples 
were not detectably magnetic either. The composi- 
tion of these inclusions might involve materials such 
as silicon carbide and amorphous graphite, two 
opaque diamagnetic materials known to occur in 
HPHT products (Yin et al., 2000). 
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Most HPHT synthetic diamond samples that 
could be picked up or dragged by a magnet contained 
opaque magnetic inclusions large enough to be visi- 
ble with the unaided eye or a 10x loupe. These inclu- 
sions appeared brown or black in transmitted light 
(as shown in figure 7, left). Reflected light would at 
times reveal a silver sheen indicative of synthetic 
metallic flux, but this sheen was not always appar- 
ent. Metallic inclusions occasionally appeared in lay- 
ered or striated patterns conforming to crystal 
growth planes (figure 7, right). Tiny inclusions that 
appeared as dark pinpoints often elicited weak mag- 
netic responses detectable only with flotation using 
the strongest wands: a 4 in. neodymium wand or a 
pinpoint wand. In some instances, these inclusions 
were visible only with high-power magnification. 

Results for magnetic testing of HPHT-grown syn- 
thetic diamonds are presented in table 2, according to 
manufacturing source. These results do not accurately 
portray the amount of metallic flux content in HPHT- 
grown synthetic diamonds currently being produced 
by any particular manufacturer, as the number of sam- 
ples was not representative of an individual manufac- 
turer’s overall production, and approximately half of 
the samples were not from recent production runs. 

Table 2. shows that of the 85 HPHT-grown syn- 
thetic diamonds tested, 58% exhibited magnetic at- 
traction to an N52-grade neodymium magnet. No 
difference in rate of detection was found between the 
HPHT synthetic diamonds supplied in 2012 by vari- 


ous manufacturers and the HPHT synthetics acquired 
in previous years by the GIA Museum. Direct contact 
with a magnet elicited either a pickup response or drag 
response in 45% of all samples. An additional 13% ex- 
hibited either a weak or strong magnetic response 
when the more sensitive flotation and pinpoint meth- 
ods were applied. Alnico and ferrite magnets were ad- 
equate for detecting magnetic attraction in 38% of all 
samples, while another 20% required stronger 
neodymium magnets. 

Of the samples that showed direct magnetic re- 
sponses (pickup or drag), 76% could be detected with 
ferrite and alnico magnets, while the remaining 24% 
required neodymium magnets to produce a response. 
The three neodymium wands (4 in. N52, “6 in. N52, 
and 4 in. Hanneman wand) were equally effective in 
eliciting direct responses (without flotation) in syn- 
thetic diamonds. 

Of the 11 samples that required the flotation 
method to reveal magnetic attraction, eight required 
pinpoint testing with a “> in. diameter neodymium 
wand. The Hanneman wand, which is larger and 
weaker than the “6 in. N52 wand, detected magnetic 
responses in only two of these eight samples and was 
therefore significantly less effective for pinpoint test- 
ing. These comparisons of magnet strength prove that 
N52-grade neodymium magnets achieve the highest 
rate of magnetic detection when distinguishing natu- 
ral and synthetic diamonds. 

Yellow was the most prevalent color in the HPHT- 


Figure 7. HPHT-grown synthetic diamonds that contain large flux inclusions typically show a pickup response. 
The inclusion in the partially faceted 0.58 ct yellow sample on the left is dark brown in transmitted light. In the 
photomicrograph on right (magnified 60x), a striated inclusion that formed along crystal growth planes in a 0.22 
ct blue sample displays a silvery metallic sheen in reflected light. Photo and photomicrograph by K. Feral. 
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TABLE 2. Magnetic responses of HPHT-grown synthetic diamonds, by manufacturer. 


Total Percentage 
Manufacturer DeB TCG GTL Sum Chat GDC AOTC NAD UIM no. detected? 
Sample quantity 1 3 3 8 10 5 7 21 27 85 
Total magnetic responses 0 2 3 2 3 1 3 19 16 49 58% 
Direct responses (pickup or drag) 0 1 3 1 2 0 3 18 10 38 45% 
Direct responses requiring a 
neodymium magnet 0 0 0 1 1 0 1 + 2 9) 11% 
Flotation required 0 1 0 1 1 1 0 1 6 11 13% 
Flotation responses requiring a 
pinpoint magnet 0 1 0 1 1 1 0 0 4 8 9% 


*Percentage of all HPHT-grown samples 


grown samples. The distribution by color was: yellow 
and brown (51 samples), blue (15), pink and red (13), 
and colorless (6). No black synthetic diamonds were 
tested in this study. The blue synthetic diamonds 
showed the highest rate of detection at 73%. Magnetic 
detection of yellow and brown synthetics was at 63%, 
while pink and red samples were at 23%. Of the color- 
less samples, 33% were attracted to a magnet. These 
results are consistent with earlier findings that linked 
the concentration of doping elements such as nitrogen 
(yellow color) and boron (blue) with the number of in- 
clusions in an HPHT synthetic diamond, and conse- 
quently on a sample’s magnetic susceptibility (Lysenko 
et al., 2008). 

Coloring agents alone do not induce magnetic at- 
traction in synthetic diamonds. Nitrogen and boron 
are both diamagnetic elements. Radiation, which 
may have been used to induce the pink and red colors 
in the HPHT synthetic samples in this study, does 
not affect magnetic susceptibility. 

Nearly half of the HPHT-grown synthetic dia- 
monds in this study were faceted, and the rest were 
rough or partially cut. Of the faceted samples, 44% 
were detectable with a handheld magnet, while the 
rough or partially cut goods had a higher detection rate 
of 70%. Though not conclusive, this finding suggests 
that flux inclusions may be more concentrated near 
the surface of rough gems, disproportionately reducing 
the magnetic inclusions during the cutting process. 

In HPHT-grown synthetic diamonds, larger size 
correlated with higher rates of magnetic detection. 
Approximately half of the HPHT-grown samples in 
this study were melee-size (0.02—0.20 ct), and 45% of 
these were detectable with a magnet. Mid-size sam- 
ples ranging from 0.21 to 0.50 ct (29% of the HPHT- 
grown test group) had a somewhat higher detection 
rate of 56%. Large samples ranging from 0.51 to 3.81 
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ct (24% of the HPHT-grown set) showed a detection 
rate of 85%. All samples larger than 1 ct were de- 
tectable with a magnet. 

Test results indicated that lower clarity in HPHT- 
grown synthetics correlates with higher rates of mag- 
netic detection. Of the HPHT synthetic samples 
with VS, or higher clarity grades, none showed de- 
tectable magnetism. Twelve of the HPHT-grown 
samples had been assigned clarity grades by the man- 
ufacturer, and eight of these were diamagnetic. Seven 
of these eight graded synthetics that showed no mag- 
netic attraction were graded VS, (very slightly in- 
cluded) to IF (internally flawless), and one was graded 
SI, (slightly included). The four graded specimens 
that exhibited detectable magnetism had clarity 
grades of SI, to I, (included). 


CONCLUSIONS 

Inclusions of flux materials such as iron, nickel, and 
cobalt are commonly found in synthetic diamonds 
grown under conditions of high pressure and high 
temperature. Detection of these ferromagnetic parti- 
cles using a handheld magnet separates HPHT-grown 
synthetics from natural diamonds, which are typi- 
cally diamagnetic. In this study, an N52-grade 
neodymium magnet detected 58% of the HPHT- 
grown samples. The detection rate varied from 20% 
to 100%, depending on the manufacturer and the 
sample’s clarity, color, and size, and whether it was 
cut or in rough form. Synthetic diamond samples 
grown by the CVD process are free of flux impurities, 
and consequently cannot be distinguished from nat- 
ural diamonds by magnetic response. 

To maximize the detection rate of HPHT-grown 
synthetics, magnetic testing must be standardized to 
the strongest permanent magnet available: the N52- 
grade neodymium magnet. Sensitive flotation and pin- 
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point testing methods can also be used to detect a sig- 
nificantly higher percentage of synthetic diamonds 
than direct testing alone. Pinpoint testing with flotation 
is also useful for individually testing small diamonds 
and melee mounted in jewelry for synthetic origin. 
Natural diamonds often contain microscopic min- 
eral inclusions with small magnetic susceptibilities 
that are ferromagnetic and paramagnetic. Faceted nat- 
ural diamonds may also contain minute amounts of 
ferromagnetic impurities due to contamination during 
polishing and handling. Regardless, such particles in 
natural diamond are rarely detectable with a magnet. 
Two rare cases of natural diamond with de- 
tectable magnetism were found in this study: one 
likely due to surface contamination during polishing, 
and the other due to natural magnetic mineral inclu- 
sions of anomalous size. Although the percentage of 
natural diamond samples that showed magnetic at- 


traction was slightly above 1%, a general sampling 
of gem diamonds in the marketplace would be ex- 
pected to yield a far smaller figure. 

As growth methods are refined, many gem-quality 
HPHT-grown synthetic diamonds being manufactured 
do not contain flux particles in sufficient sizes or con- 
centrations to be detected with a magnet. CVD-grown 
synthetic gems, which are non-magnetic and often col- 
orless, have also assumed a more prominent role in the 
marketplace. A lack of magnetic attraction therefore 
does not rule out that a diamond may be synthetic. But 
any visible magnetic attraction indicates that it is al- 
most certainly synthetic. A high-grade neodymium 
magnet remains an important supplemental tool for 
those who buy, sell, or work with diamonds, particu- 
larly yellow gems. As a low-cost instrument that is 
simple to use, the magnetic wanzd is effective in detect- 
ing a significant percentage of synthetic diamonds. 
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COLOR ORIGIN OF LAVENDER JADEITE: 
AN ALTERNATIVE APPROACH 


Ren Lu 


The market value of jadeite has risen dramatically in recent decades, often rivaling that of fine ruby and 
sapphire. Understanding the color origin of jadeite and reliably determining treatments have become 
increasingly important in the trade. This study uses single-crystalline analogs in conjunction with poly- 
crystalline jadeite to examine the color origin of lavender jadeite through quantitative spectroscopy and 
modern trace-element analytical techniques. Several previously proposed chromophores are assessed 
for their possible contribution to jadeite coloration. Quantitative analysis confirms that green and laven- 
der colorations are caused by chromium and manganese, respectively. The relative significance of these 
two chromophores is compared to determine their impact on observable coloration. The findings on 
color origin are applied to the identification of treated material on the current market. 


adeite is a highly regarded gemstone, particularly 
in Asian markets. Some of the finest pieces com- 
mand premium values, often surpassing those for 
op-quality ruby, sapphire, and emerald, as evidenced 
by recent auctions (Leblanc, 2012). At Christie’s 
Hong Kong sale on May 29, 2012, a lavender jadeite 
bangle fetched US$453,003. 

The value of a gem material largely depends on 
whether it is of natural, treated, or synthetic origin 
(figure 1). Gemological testing and detection of color 
enhancement rely on a clear understanding of color 
origin. The detection of chromophore(s) appropriate 
for the observed color is required for a natural color 
determination. 

Trivalent chromium (Cr*} and iron (Fe**) have long 
been known as the source of “emerald” and “grassy” 
green colors in jadeite, respectively (Harlow and Olds, 
1987; Rossman, 1977). Yet the origin of lavender color 
has been a subject of debate among various studies 
over the past 30 years. Various chromophores—in- 
cluding single transition metal ions Mn**, Mn**, Ti**, 
Fe**, and V*, and paired charge-transfer ions Fe’*-Fe**, 
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and Ti*-Fe?*—have been proposed based on UV-visi- 
ble spectroscopic data, chemical analyses, and com- 
parisons to similarly colored minerals (Rossman, 
1974, Shinno and Oba, 1993; Chen et al., 1999, 
Ouyang, 2001; Harlow and Shi, 2011). 

Quantitative analysis relies on the precise deter- 
mination of chromophore concentration and the op- 


Figure 1. Most intense lavender-color jadeite has been 
treated to achieve that saturation of color but this 
cabochon is natural color. Photo by Tino 
Hammid/GIA. 
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tical path length that light travels through a region 
of particular absorption characteristics. Such direct 
and quantitative correlation between proposed chro- 
mophores and observed lavender jadeite color has 
been lacking, however. Three main challenges intrin- 
sic to jadeite have hindered our understanding of the 
gem’s chromophores: 


1.The polycrystalline and sometimes near 
crypto-crystalline nature of the finest jadeite 
poses fundamental difficulties. In polycrys- 
talline materials, light does not follow a direct 
path. The path length is not simply the thick- 
ness of the material, but rather an indirect and 
complicated path through all the irregularities 
of crystal grains. 


2. Chromophore characterization has tradition- 
ally relied on electron microprobe analysis, 
which is best suited for major elements but in- 
sufficient for detecting trace elements. Yet 
chromophores are often trace elements at parts- 
per-million (ppm) levels, rather than main ele- 
ments at percent (parts-per-hundred) levels. For 
instance, a trace amount of chromium at only 
a few hundred ppm can produce appreciable 
colors in ruby (McClure 1962; Eigenmann et al., 
1972; and the author’s recent analysis of hun- 
dreds of ruby samples) or green jadeite (analysis 
presented below). Similarly, a few tens of ppm 
of beryllium will readily alter the color of sap- 
phire (Emmett et al., 2003). Thus the true chro- 
mophore(s) responsible for the observed color 
may not be correctly identified due to limited 
sensitivity of analytical techniques. 


3. Multiple transition metal ions or pairs are 
known to produce broad absorption bands in 
the same general region (near 550-650 nm) re- 
sponsible for a lavender color. 


This study takes a completely different approach 
to addressing color origin in lavender jadeite by quan- 
titatively analyzing high-quality single-crystals of 
closely matched materials. 

Spodumene and jadeite share closely matched 
crystallographic structures and optical and spectro- 
scopic properties. Similar to jadeite, spodumene is 
available in both green (hiddenite) and pink/lavender 
(kunzite) color. Unlike jadeite, which is polycrys- 
talline and rarely exhibits large crystals, high-quality 
single crystals of spodumene are widely available, 
which facilitates quantitative spectroscopic and 
trace-element (chromophore) analysis. The quantita- 
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tive results are consequently instructive to the analy- 
sis of color origin and to determining enhancement 
of lavender jadeite 

In terms of technical approach, two key compo- 
nents of this study are quantitative absorption spec- 
troscopy and trace-element analysis at the 
parts-per-million level (Box A). This is achieved 
through laser ablation—inductively coupled plasma— 
mass spectrometry (LA-ICP-MS}, a technique that 
has become practical only in recent years. These 
mass spectrometers provide point-by-point chemical 
analysis with micrometer-size spatial resolution and 
concentrations better than parts-per-million, which 
can be fully correlated to quantitative absorption 
spectroscopy in color analysis. 


MATERIALS AND METHODS 


Nine natural jadeite slabs ranging from ~16 to 88 ct 
with well-known provenance (Nant Maw mine 109, 
Myanmar; Kotaki-Gawa Itoigawa, Japan; and near 
Saltan and La Ensenada, Guatemala) were provided 
by Dr. George Harlow of the American Museum of 
Natural History in New York. These materials were 
mostly whitish, with zones of pinkish lavender 
(Burmese) and bluish lavender (Japanese and 
Guatemalan) colors. Sixteen faceted pieces of known 
impregnated and/or color-enhanced lavender and 
purplish jadeite materials were provided by Chinese 
dealers. To test the alternative approach to establish- 
ing color origin, three centimeter-size gem-quality 
natural crystals of spodumene (hiddenite and kunzite 
varieties) from Afghanistan were obtained from GIA 
collections. 


UV-Visible Spectroscopy. Jadeite and spodumene 
samples were prepared as wafers with parallel pol- 
ished surfaces and various thicknesses. For single 
crystals of spodumene, three sets of parallel polished 
surfaces with maximum pleochroic colors were pre- 
pared using a custom-built optical orientation device. 
UV-visible spectra were collected with a Perkin- 
Elmer PE950 spectrometer equipped with mercury 
and tungsten light sources, and photomultiplier 
tube/PbS detectors that were built into an integrating 
sphere. A custom-made sample holder specially de- 
veloped for quantitative analysis was used to ensure 
the precise positioning of the sampling area in a 3 
mm diameter window. The same sampled area was 
further analyzed by LA-ICP-MS, particularly for 
trace-element composition to correlate spectral fea- 
tures with potential chromophores. Polarized spectra 
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Box A: QUANTITATIVE CHROMOPHORE ANALYSIS FROM SPECTROSCOPY AND 


TRACE-ELEMENT CHEMISTRY 


The combination of UV-visible absorption spectroscopy 
and chemical analysis allows us to determine the chro- 
mophore(s) that cause the observed color. Figure A-1 il- 
lustrates how this is accomplished. Absorption is 
proportional to the concentration of absorbers through 
which light passes (known as the Beer-Lambert law). A 
few relatively simple mathematical steps will lead to 
the following: 


: A 
Equation! o = ~~ *[n10 
Nd” 
Equation2 A-=Apo a4. 
where: 


A is absorbance 

o is the absorption cross section 

N is the concentration of absorbers 

dis the thickness the light path length 

and symbols with the subscript “0” are sets of 
known values of these parameters. 

Absorption cross section is a constant for a particu- 
lar chromophore. Consequently, absorption for any 
chromophore concentration and sample thickness can 
be predicted from the relationships above. For instance, 
more saturated color (and correlating absorbance A) can 
be achieved by either increasing chromophore concen- 
tration (N) or thickness of sample (d). 

In this sample for ruby (personal data), a known set of 
values A,, N,, and d, are established from the UV-visible 
absorption spectrum, LA-ICP-MS analysis, and measure- 


were collected in the 200-1400 nm range with a 0.65 
nm spectral resolution at a scan speed of 96 nm/min. 

Quantitative UV-visible spectroscopic measure- 
ment for colors relies on correctly identifying the 
spectral baseline. Internal scatter in polycrystalline 
aggregates offsets and distorts the baseline, particu- 
larly in the UV spectral region. The spectral baseline 
was corrected by subtracting spectral offset at or be- 
yond 1000 nm, where the chromophore’s features 
were insignificant or nonexistent. 


LA-ICP-MS Analysis. Detailed chemical composi- 
tions were obtained in the same region characterized 
by spectroscopy. A ThermoFisher X-series II mass 
spectrometer from Electro Scientific Industries, Inc. 
coupled with a deep UV laser at 213 nm excitation 
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VISIBLE-RANGE SPECTRUM 


Ruby wafer, O-ray, 1.42mm thick 


Cr: 2487 ppmw / 958 ppma 
“all ic 


Original sample wafer 


0.54 3 


Calculated color 
CIE L*a*b* = 57, 55, -31 


ABSORBANCE 


T T T T T T 
300 400 500 600 700 800 


WAVELENGTH (nm) 


200 ppma 
aba 3 47, -28 


100 ppma 
ath: =17,20,-19) 


500 ppma 
Lta*b* = 46 67, -32 


1000 ppma 
L*a*b* = 36, 71, -21 


Figure A-1. This visible-range spectrum depicts the deter- 
mination of chromophore (Cr) in a ruby sample. The 
color circles (below the spectrum) demonstrate col- 
oration for rubies with various Cr concentrations for a 5 
mm path length. Rubies with twice the Cr concentration 
and half the path length appear the same as 200 ppma 
and 2.5 mm path length. 


ment of thickness, respectively. Color coordinates (CIE 
L*a*b*) can be calculated from absorbance/transmittance, 
and the color of the sample is quantitatively reproduced 
using software such as Adobe Photoshop. 


was used in the trace-element analysis. NIST (Na- 
tional Institute of Science and Technology) glass 
standards SRM 610 and 612 were used for internal 
calibration (http://www.nist.gov/srm/)]. Ablation 
conditions were 7 Hz repetition rate, 7 J/cm? fluence, 
and a laser spot size of 40 pm. 


RESULTS AND DISCUSSION 


Gemological Observation. Gemological properties of 
natural, treated, and synthetic jadeite have been ex- 
tensively documented (e.g., Koivula, 1982; Nassau 
and Shigley, 1987). Details and additional references 
can be found therein and are not discussed here. 
Within the gem trade, lavender jadeite loosely 
refers to a broad range of colors from pinkish, pur- 
plish, violetish, to bluish hues. Of the samples col- 


GEMS & GEMOLOGY WinteR 2012 275 


lected for this study, the Japanese and Guatemalan 
jadeite displayed only bluish to bluish green col- 
oration, with virtually no lavender color. The 
Burmese material showed more pinkish and purple 
hues with a whitish matrix. Furthermore, lavender 
regions exhibited a more granular texture, some- 
times with large and transparent elongated or orthog- 
onal crystals in concentrated colors (figure 2). 

The warmer-toned, more pinkish Burmese sam- 
ples were inert or showed a very weak reddish reac- 
tion under long-wave (~365 nm) and short-wave 
(~254 nm} UV radiation. The more bluish Japanese 
and Guatemalan samples exhibited no visible reac- 
tion under long- and short-wave UV. 


Jadeite and Spodumene as Close Analogs. Jadeite 
(NaAl1Si,O,) and spodumene (LiAISi,O,) share closely 
matched mineralogical and gemological properties. 
These properties include Mohs hardness (6.5-7), RI 
(1.66 vs. 1.66-1.68], and SG (3.34 vs. 3.18). Pure 
jadeite and spodumene with this ideal chemical com- 
position are colorless. 

As members of the pyroxene mineral group, both 
jadeite and spodumene share the monoclinic C2/c 
symmetry and have similar structures (Cameron et 
al., 1973; see figure 3). The largely distorted octahe- 
dral M2 site is occupied by Na (jadeite) or Li (spo- 
dumene). The SiO, tetrahedral site is likely not 
involved in producing colors through substitution by 


Figure 2. Saturated lavender colors are often associ- 
ated with a granular texture, sometimes with orthog- 
onal crystals, as in this Burmese lavender jadeite. The 
color of these crystals varies noticeably from purplish 
to bluish when illuminated by directional lighting at 
various angles. The matrix is mostly whitish. Photo 
by R. Lu; image width ~12 mm. 
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M2 site 


M1 site 


a b 


Figure 3. This view of the crystal structure of jadeite 
and spodumene illustrates the basic building blocks: 
AIO, octahedra and SiO, tedrahedra, and their geo- 
metric relationships (based on structural refinement 
data of Cameron et al., 1973). The crystallographic 
orientation is shown in the lower right corner pro- 
jected down the a-axis. 


trace elements such as transition metals. The 
slightly distorted M1 octahedral site is occupied by 
Al or substituted by chromophores such as Cr (which 
causes green color) supported by the color origin in 
chromium end-member kosmochlor (NaCrAl,O,) 
(White et al., 1971) and by the current data compar- 
ing green jadeite and hiddenite (discussed below). 
These octahedra are edge-shared, facilitating possible 
paired substitutions by chromophore ions in neigh- 
boring octahedra. Furthermore, there is only a ~1% 
difference in the average <Al-O> distance in the alu- 
minum octahedral site between jadeite and spo- 
dumene. Consequently, chromophores substituted 
into the Al site are expected to present similar UV- 
visible absorption features. 

The following analysis of chromophore chemistry 
and absorption spectroscopy indicates the chro- 
mophore similarities between green jadeite and hid- 
denite, and between lavender jadeite and kunzite. 
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VISIBLE-RANGE SPECTRA 


ABSORBANCE 
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Figure 4. The UV-visible 
spectra of green jadeite 
and green spodumene 
(hiddenite) exhibit closely 
matched absorption fea- 
tures. Hiddenite spectra 
were collected from two 
orthogonal orientations, 
with polarized light 
demonstrating noticeable 
pleochroism in single 
crystals. The visible differ- 
ence in green saturation is 
mostly due to the dispar- 
ity in sample thickness 
(~0.94 mm for jadeite and 
~2.7 mm for hiddenite) 
rather than a difference in 
chromium concentration 
(see table 1). The spectra 
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UV-Visible Spectroscopy. Correlating an observed 
color to a specific chromophore requires precise meas- 
urement of absorption features through a known op- 
tical path in the UV-visible spectrum as well as 
chemical analysis of the chromophore’s concentra- 
tion. High-quality single-crystal spodumene presents 
an ideal opportunity for quantitative understanding of 
color origin in polycrystalline jadeite, which is com- 
plicated by textural and chemical variations. 

The UV-visible spectra of hiddenite show features 
corresponding with those of chromium-bearing green 
jadeite (figure 4). The characteristic 437 nm absorp- 
tion band of Fe**, commonly present in natural 
jadeite with various green hues, is about 1 nm higher 
in hiddenite. The narrow 691 nm absorption band of 
Cr* is virtually the same in both minerals. 

Pleochroic colors from yellowish green to bluish 
green, visually observable with a handheld dichro- 
scope, were quantitatively reproduced in single-crys- 
tal spectra of hiddenite. Figure 4 shows the variation 
in green saturation and hue observed approximately 
along two principal optical orientations with the 
maximum contrast in hue and saturation. The crys- 
tal orientation device used in this current study is 
being redesigned to allow analysis of fully oriented 
crystals in all three principal optical orientations of 
biaxial crystals such as spodumene. 

In general, pleochroism is not observed among 
randomly oriented polycrystalline jadeite, particu- 
larly fine-grained, high-quality specimens. 
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are for element concentra- 
tions listed on table 1. 


700 800 


UV-visible spectra of kunzite (figure 5) showed 
strong pleochroism ranging from variously saturated 
pink to a bluish hue dominated by broad bands above 
~500 nm in the three orthogonal directions. 

An aggregate of randomly oriented crystals of 
lavender jadeite showed a combination of pink and 
blue (purplish) hues. A large variation in both satu- 
ration and hue is commonly observed with direc- 


In Brief 


e The color origin (natural or otherwise) of lavender 
jadeite is an essential aspect of its commercial value. 


e While detecting the color-causing elements of poly- 
crystalline jadeite is difficult, the single-crystal analog 
spodumene has very similar properties and lends itself 
to quantitative analysis. 


e LA-ICP-MS analysis mapped to quantitative spect- 
roscopy confirms that manganese and chromium are 
responsible for lavender and green colorations in 
jadeite, respectively. 


e A reddish fluorescence reaction to deep UV radiation 
is a likely indication of the presence of manganese, 
and of natural color in lavender jadeite. 


tional illumination (such as a fiber-optic light) at 
different angles. The variation is more pronounced 
in single-crystal kunzite and in polycrystalline laven- 
der jadeite with coarse grains (figure 2). 
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e The good outline and sharp edges 
of the included octahedron are seen 
here. 


the first individual, and the values were 
extended where necessaty to include tertiary 
twinning. Having this information, it was 
possible to determine by methods of ana- 
lytical geometry the direction. components 
of the lines concerned. By construction the 
lines were projected ‘on the desired octahe- 
dral plane and the projected angle meas- 
ured. Through this method, the angle was 
found to be 33.3° in the case involving 


© The included crystal shown in all 
four octahedral faces. 


secondary twinning, a difference of 9.8° 
from the angle o measured on the photo- 
micrograph. For the two tertiary twins, 
values of 30° and 14.9° were obtained, 
differing from q@ by 6.5° and 8.7°, re 
spectively. 

On the basis of this information, it was 
concluded that as far as primary, secondary, 


and tertiary twinnings are concerned, the 
mutual orientation of the included and en- 
closing individuals of the ‘‘Slijper Diamond” 
must be described as one of random over- 
growth. This is in agreement with the state- 
ment of Liddicoat’ that the included crystal 
“is not in crystallographic orientation with 
the enclosing crystal.’’ This author, however, 
was probably referring to a relationship in- 
volving only primary twinning. Of course, 
it is possible to consider twinnings involv- 
ing five ot more individuals, but in such 
cases the number of possible arrangements 


¢ Plane octahedral faces with typical 
triangular depressions and rounded 
edges. 


becomes enormous and the intended proof 
loses its significance. 

The author is indebted to Jack F. Slijper 
of New York to whom the diamond was 
sent from Amsterdam and who kindly for- 
warded it to this laboratory for study, and 
to Dean Edward H. Kraus, of the University 
of Michigan, who was influential in having 
the specimen brought to Ann Arbor. Thanks 
are due to Alfred A. Levinson, of the Uni- 
versity of Michigan, who made the photo- 
micrograph shown on the preceding page. 
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Figure 5. As these UV-vis- 
ible absorption spectra 
demonstrate, polycrys- 
talline Burmese lavender 
jadeite and single-crys- 
talline pink spodumene 
(kunzite) share similar 
weak narrow bands (blue 
boxes) between 400 and 
460 nm and similar broad 
bands above 500. The sin- 
gle-crystal kunzite spectra 
were collected from the 
three orthogonal orienta- 
tions that displayed the 
most pleochroism, rang- 


Burmese lavender jadeite 


300 400 500 600 
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A larger difference was observed in the iron-re- 
lated narrow bands between kunzite and lavender 
jadeite (blue boxes in figure 5) than between hidden- 
ite and green jadeite. The source of this large differ- 
ence is unknown and requires further study. One 
possible source might be the interaction between 
neighboring Mn and Fe replacing Al. 


Chromophore Analysis. Trace elements were thor- 
oughly analyzed for the chromophores that cause 
lavender and other hues in jadeite. These included 
the transition-metal ions proposed by previous stud- 
ies, listed in table 1. The polycrystalline jadeite sam- 
ples showed variation in chromophore concentration 
that correlated to visible differences in color satura- 
tion. The chromophore concentration was averaged 
over 30 laser ablation spots across a 3 mm circular 
area through which spectroscopic characterization 
was performed. 

Element concentration was measured by LA-ICP- 
MS analysis of jadeite and spodumene samples (tran- 
sition metals V and Co were below detection limits 
and not listed). Concentrations for polycrystalline 
jadeite samples with various lavender saturations 
were averaged over 30 analysis spots. For Burmese 
lavender jadeite, Mn concentrations ranged from as 
low as 4 ppma for whitish matrix to as high as 195 
ppma in more saturated lavender areas (further evi- 
denced by the fluorescence image in figure 10b). 

For kunzite, manganese is clearly the only avail- 
able chromophore for the pink/lavender coloration. 
For Burmese lavender jadeite, similarly, iron below 
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ing from pink (pink line) 

to light pink (orange line) 
and very light blue-green 
(blue line). 


100 ppma is insignificant in producing any color, and 
consequently the only chromophore is manganese. 


Consideration of Ionic Structure. Valence and size of 
ions play a critical role in their incorporation as pos- 
sible chromophores. Isovalent ions Mn**, Cr**, Fe**, 
Co**, and V** are charge-balanced, and their ionic 
radii fall closely to that of Al* in six-fold coordinated 
octahedral sites, facilitating substitution into the Al 
octahedral site (figure 6). Cobalt and vanadium are 
not shown or discussed further because they are ab- 
sent in lavender jadeite (table 1). 

Manganese is virtually the only chromophore in 
pink spodumene and clearly responsible for its col- 
oration. Both Mn” and Mn** can occur in six-fold oc- 
tahedral coordination, and they are known to cause 
pink or red colors in minerals (e.g., rhodonite, an- 
dalusite, grossular, morganite, red and pink tourma- 
line, and kunzite). 

For consideration of ionic radii, isovalent Mn** is 
the preferred chromophore because its ionic charge 
and size match those of Al**. Aliovalent Mn** has a 
noticeably larger ionic size than Al** and requires ad- 
ditional charge compensation to fit into the Al** oc- 
tahedral site. It is thus a less likely candidate for the 
lavender or pink hue in jadeite and spodumene. 

Unlike Mn**, Mn?* tends to produce relatively 
weak absorption bands, attributed in the technical 
literature to weak oscillator strength or low cross- 
section involving spin-forbidden transitions, when 
coordinated to oxygen ligands (Mn?*-O7) (Burns, 
1993, p. 217). Consequently, the divalent Mn** pro- 
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TABLE 1. Elemental concentrations in ppma. 


Name SMn = 8Cr Fe Ti 
Lavender jadeite (Burmese) 99 0 76 0 
Green jadeite (avg) 41 268 1528 48 
Bluish jadeite Japan 10 1011 586 
Bluish jadeite Guatemala 1 0 73 356 
Kunzite 127 0 0 2 
Hiddenite 374 21 1676 27 
Treated materials 
Lavender jadeite B+C type (sample A) 5 0 404 13 
Lavender jadeite B+C type (sample B) = 15 0 465 12 
Lavender jadeite dyed bicolored ring 15 0 451 11 
Detection limit 0.3 1 16 1 


duces near-colorless or weak coloration, as opposed 
to the more effective trivalent Mn** chromophore. At 
the low Mn level of 100 ppma (table 1), the pink and 
lavender coloration in kunzite and lavender jadeite 
should correlate to their Mn** concentration. 

For the same reason, trivalent Fe**, which shares 
the same electronic structure as Mn**, is a weak chro- 
mophore and only produces noticeable color at high 
concentrations. For instance, a saturated yellow color 
in sapphire requires at least ~1000 ppma Fe* (author's 
personal data). This is important in understanding the 
relatively weak contribution of Fe** to coloration. 

The kunzite and Burmese lavender samples 
showed pink/lavender colors owing to their desirable 
combination of appreciable Mn and the absence of 
Fe. By comparison, the lack of appreciable Mn in 
bluish Japanese and Guatemalan materials explains 
their lack of a pinkish color component. 


Other Candidate Chromophores. Three other transi- 
tion metal ions—titanium (Ti), vanadium (V), and 
cobalt (Co)}—are effective chromophores and may 
produce broadband absorption features that overlap 
with those from Mn in the 600 nm region (Wood and 
Nassau, 1968; Shigley and Stockton, 1984). But in 
Burmese samples with a warm pinkish lavender 
color, the concentrations of Ti, V, and Co are too low 
to cause any noticeable color. 

Furthermore, incorporation of chromophores in 
minerals depends on their availability in nature and 
the physical and chemical compatibility of the sub- 


COLOR ORIGIN OF LAVENDER JADEITE 


stituting ion (e.g., Al** in jadeite). A mechanism for 
chromium incorporation in green jadeite has been 
proposed based on petrological and chemical analysis 
(e.g., Shi et al., 2005; Harlow et al., 2007). Informa- 
tion about the petrological source and incorporation 
of Mn in lavender jadeite is still lacking, however. 


Comparison of Chromophore Effectiveness. To bet- 
ter understand jadeite coloration, it is worthwhile to 
compare the effectiveness of chromophores Cr 
(green) and Mn (lavender). As shown in table 1, hid- 
denite contains an appreciable amount of Mn in ad- 
dition to Cr. Yet chromium features dominate 
hiddenite’s absorption spectrum. 

For a given sample thickness, absorbance in the 
UV-visible spectrum is proportional to the concentra- 
tion of the absorbing element in the part of the stone 
where light passes through according to the Beer-Lam- 
bert law. For a 5 mm thickness, UV-visible spectra 
were calculated for various chromophore concentra- 
tions based on experimentally collected hiddenite and 
kunzite absorption spectra. Figure 7 compares the ef- 
fectiveness of Cr and Mn as chromophores. 


Figure 6. Ionic radii of trivalent ions such as Mn, Fe, 
and Cr (isovalent to Al**, in solid circles) closely 
match those of Al* and can readily replace Al* as 
chromophore ions. Divalent ions (aliovalent to Al**, 
in solid triangles) are less suited in terms of size and 
charge balance. The label “HS” represents high-spin 
configuration. Data for ionic radii of six coordinated 
ions are based on Shannon (1976). 
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Figure 7. Absorption spec- 
tra and their corresponding 
color circles compare the 
chromophore effectiveness 
of Mn and Cr (5 mm path 
length). The lower circles 
represent similar color sat- 
urations for lavender and 
green jadeite. The upper 
circles demonstrate the 
color saturations (and 
absorbance) for matching 
chromophore concentra- 
tions of 100 ppma. A 
relatively low Mn concen- 
tration (e.g., < 100 ppma) 
would be virtually color- 
less. The CIE L*a*b* color 


100 ppma 
L*a*b*: 73, 92, 41 


50 ppma 
L*a*b*: 83, -61, 29 
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The implication of figure 7 is that pink/purple 
color from manganese only becomes noticeable at 
very high concentrations and in the absence of the 
much more effective chromophore chromium. This 
result is expected to be at least qualitatively true for 
Cr-bearing green jadeite and Mn-bearing lavender 
jadeite. Hatipoglu et al. (2012) recently reported Mn 
levels as high as 1540 ppmw (565 ppma) in deep 
lavender/purple jade from Turkey, in general agree- 
ment with this study. 


coordinates are presented 
with specification of CIE 
Adobe RGB1998 and D585. 


700 800 


Detecting Dyed Lavender Jadeite. Earlier dyed jadeite 
tended to show obvious color concentrations and an 
orangy color reaction under long-wave UV radiation 
(Koivula, 1982). These characteristics are often much 
less pronounced in the dyed material currently on the 
market, particularly fine-textured specimens (figure 8). 

UV-visible spectra of dyed lavender/purple jadeite 
generally show broad absorption bands near 530 nm, 
but multiple broad bands are possible, presumably due 
to variations in the dyes (figure 9). These dye materials 


Figure 8. This dyed bicolored ring shows easily identifiable color concentrations in grain boundaries (left) but 
exhibits no reaction to long-wave UV radiation (right). The width on the left image is ~5.5 mm, and the outer 
diameter of the ring is 11 mm. Photos by Jian Xin (Jae) Liao. 
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VISIBLE-RANGE SPECTRA 
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Natural Burmese Lavender jadeite 


Figure 9. The UV-visible 
spectra of dyed jadeite 
show single or multiple 
my broad bands between 500 
; and 650 nm that gener- 
ally overlap with the 
broad band from Mn near 
570 nm observed in un- 
Cc syed anid treated Burmese material. 
impregnated The narrow Fe* features 
near 437 nm in the 
treated material are more 
pronounced due to higher 
iron concentration. 


WAVELENGTH (nm) 


are likely of organic origin and are not detected by LA- 
ICP-MS trace element analysis. When the concentra- 
tion of natural Mn is too low to produce a saturated 
lavender color, a dye is introduced. Dye-related broad 
bands are superimposed with the Mn broad band near 
570 nm to produce multiple bands. 

A pronounced Fe** absorption in the blue spectral 
region near 437 nm indicates a relatively high iron 
concentration, which typically produces an unde- 
sired yellow-brown overtone. A combination of 
strong Fe** bands and multiple broad bands in the 
550-650 nm region would be unlikely to yield a 
lavender color. 
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Additional tests were performed with a DTC Di- 
amondView to explore potential techniques for iden- 
tifying color origin and treatment. Under the strong 
short-wave UV radiation of the DiamondView (at 
wavelength shorter than ~230 nm), the Burmese 
samples showed an intense reddish reaction correlat- 
ing to higher Mn concentrations, up to 195 ppma (fig- 
ure 10B, also refer to table 1). The kunzite crystal 
exhibited a pinkish color (figure 10A) due to a rela- 
tively lower Mn concentration (127 ppma). Dyed 
lavender jadeite with various pinkish or purplish col- 
ors did not show the reddish reaction observed in 
Burmese samples under the DiamondView (figure 


Figure 10. DiamondView 
images show reactions in 
Mn-bearing single-crystal 
kunzite (A) and polycrys- 
talline Burmese lavender 
jadeite (B). The row of tiny 
dots (0.1 mm apart) in the 
center of image B is from 
LA-ICP-MS analysis, and 
the bluish speckles are due 
to reflection. Image widths 
~§ mm. More saturated red- 
dish colors (B) correlate to 
higher Mn concentrations in 
jadeite. Photos by R. Lu. 
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Figure 11. DiamondView images of a dyed bicolored ring (left) and two dyed and impregnated purplish laven- 
der samples (center and right) show no reaction or a weak purplish and bluish reaction. The reddish reaction 
seen in natural Mn-bearing Burmese samples and the well-known orangy “dye reaction” were not observed in 


the dyed materials currently on the market. Image widths ~5.5 mm. Photo by R. Lu. 


11). The same observation was performed on bluish 
natural jadeite materials from Japan and Guatemala. 
Due to the absence of Mn in these samples, only 
bluish or greenish reactions were observed. 


CONCLUSIONS 

Nature provides high-quality single-crystal spodumene 
in both green and pink varieties. Their properties 
closely match those of jadeite, providing a framework 
for an alternative approach to the quantitative study of 
chromophore species in polycrystalline jadeite. 

The current quantitative chromophore analysis is 
achieved by employing the unique high spatial reso- 
lution of LA-ICP-MS analysis of trace elements which 
is precisely mapped to quantitative spectroscopy. This 
technique is applicable to studies of a wide range of 
gemological materials. 

This study confirms that manganese and chromi- 
um are responsible for lavender and green colorations 
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UPDATE ON THE IDENTIFICATION OF DYE TREATMENT 
IN YELLOW OR “GOLDEN” CULTURED PEARLS 


Chunhui Zhou, Artitaya Homkrajae, Joyce Wing Yan Ho, Akira Hyatt, and Nicholas Sturman 
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broad reflectance features between 410 and 450 
nm, the lack of a reflectance feature at 350 nm 
in the UV-Vis spectra, and intense fluorescence 
in the visible spectrum under 514 nm wavelength 
laser excitation. These diagnostic features may be 
used independently, even when no visual evi- 
dence of a dye exists. 


ost dyed yellow or “golden” cultured pearls can 

be identified with routine microscopic observa- 
tions. Dye residues usually accumulate within drill 
holes and surface blemishes, making them easy to 
detect with magnification. In some cases, long-wave 
UV fluorescence and UV-Vis reflectance spectropho- 
tometry have been used to provide further evidence 
of dyeing (Elen, 2002; Qi et al., 2008; Chen et al., 
2.009). In recent years, though, GIA has begun receiv- 
ing more “golden” cultured pearls with atypical UV 
fluorescence or UV-Vis reflectance characteristics but 
no evidence of dye residue. As processing techniques 
continue to improve, the authors believe it is impor- 
tant to update the trade on the situation to make sure 
that current identification methods are up to par 
with the treatments. 


See end of article for About the Authors and Acknowledgments. 
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The term “golden” is used to describe mid- to 
light-tone cultured pearls with a strong saturation in 
the yellow and orangy yellow hues (Gemological In- 
stitute of America, 2000). These cultured pearls are 
formed within Pinctada maxima (gold-lipped) oys- 
ters and have gained popularity over the years with 
the help of extensive marketing efforts by the indus- 
try (Shor, 2007; “The fabulous golden pearls of the 
Philippines...,” 2010). In the meantime, increasing 
amounts of dyed “golden” South Sea and freshwater 
cultured pearls (“Supplier warns trade against dyed 
golden,” 1998; Roskin, 2005) and, to a lesser extent, 
heat-treated “golden” products have also appeared on 
the market (Elen, 2001 and 2002). Detecting the 
treatment remains an important consideration in 
pearl identification, and an ongoing research investi- 
gation at GIA aims to provide solutions to the issue. 

The present study focuses on the identification of 
eight sample groups of yellow or “golden” cultured 
pearl using routine gemological testing methods and 
advanced analytical techniques (figure 1). The known 


Figure 1. These cultured pearls represent each of the 
eight sample groups. Top row: NSSP, NSSM, DSS, and 
DSS2. Bottom row: DSS3, DAK, DAK2, and DFW. 
Photo by Sood Oil (Judy) Chia. 
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TABLE 1. Cultured pearl sample groups and advanced testing techniques used in this study. 


Group Quantity Geographic UV-Vis IR Raman PL 
Source 
NSSP 10 Philippines Tested all Tested one Tested one Tested one 
NSSM 8 Myanmar Tested all Tested one Tested one Tested one 
DSS 7 Various* Tested all Tested one Tested one Tested one 
DSS2 7 Various? Tested all Tested one Tested one Tested one 
DSS3 7 Various? Tested all Tested one Tested one Tested one 
DAK 10 Various* Tested all Tested one Tested one Tested one 
DAK2 10 Various” Tested all Tested one Tested one Tested one 
DFW 10 Various* Tested all Tested one Tested one Tested one 
Heat-treated 3 Various* Tested all N/A N/A Tested all 
Additional >100 Philippines® Tested all N/A N/A Tested >50 


natural-color 


*Provided by Wuyi Wang 
Provided by Ahmadjan Abduriyim 
“Provided by Jewelmer 


dyed samples exhibiting no traces of surface dye con- 
centrations were singled out for analytical testing. 
The results suggest that advanced techniques such 
as UV-Vis reflectance and PL spectroscopy can detect 
the dye even when surface concentrations are absent. 
More than 100 naturally colored yellow cultured 
pearls were tested with the UV-Vis reflectance tech- 
nique to provide additional reference datasets. Some 
of the latter were also tested with PL for the same 
purpose. Lastly, three heat-treated yellow cultured 
pearls were tested; their results are discussed briefly, 
since the sample size is minimal. 


MATERIALS AND METHODS 
A total of 69 yellow and “golden” cultured pearls 
ranging from 6.5 to 14 mm were studied. The eight 
sample groups consisted of: 
e 10 naturally colored South Sea cultured pearls 
from the Philippines (NSSP) 
¢ 8 naturally colored South Sea cultured pearls 
from Myanmar (NSSM) 
e 21 dyed South Sea cultured pearls, in three 
separate groups (DSS, DSS2, and DSS3) 
e 20 dyed akoya cultured pearls, in two separate 
groups (DAK and DAK2) 
e 10 dyed freshwater nonbead-cultured pearls 
(DFW) 
These samples were obtained from reliable sources 
who provided information on the samples’ prove- 
nance. Real-time micro-radiography examination 
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with a Faxitron CS-100-AC confirmed they were all 
cultured pearl products. 

Each sample was examined with a standard gemo- 
logical microscope, and photomicrographs were 
taken using a Nikon SMZ 1500 stereomicroscope. 
Fluorescence reactions were observed in a darkened 
room using a conventional 5-watt long-wave (366 
nm) UV lamp. UV-Vis reflectance spectra were ob- 
tained using a PerkinElmer Lambda 950 UV-Vis spec- 
trophotometer with an integrated sphere accessory. 
Selected samples from each group were also tested 
with a Thermo Nicolet Nexus 670 FTIR spectrome- 
ter and a Renishaw inVia Raman microscope. 

The three heat-treated cultured pearls were ob- 
tained from a reliable source. In addition, more than 
100 naturally colored yellow or “golden” South Sea 
cultured pearls (from Jewelmer] were tested using an 
Ocean Optics USB 2000+ UV-Vis spectrometer. This 
unit takes less than one minute to run a pearl sam- 
ple, making it ideal for rapidly examining bulk quan- 
tities. Some of these cultured pearls were also tested 
with PL spectroscopy. A summary of the various 
sample groups and advanced testing techniques is 
provided in table 1. 


RESULTS 


Gemological Observations and UV Fluorescence. All 
69 cultured pearls exhibited light yellow, orangy yel- 
low, yellow, or strong yellow bodycolors of uniform 
color distribution except the dyed samples from 
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Figure 2. These microscopic images show the surfaces and cross-sections of representative samples from groups 
NSSM, DSS (high-quality dyed), DSS2 (low-quality dyed), and DAK (high-quality dyed). Photos by Chunhui Zhou; 
magnified 10x—70x. 


group DSS3, which showed distinctly uneven color 
distribution. Under magnification, concentrated dye 
features were observed in three additional dyed 
groups (DSS2, DAK2, and DFW}, while the other two 
dyed groups (DSS and DAK) showed no evidence of 
surface treatment (figure 2). To make matters even 
more challenging, cultured pearls from the DSS 
group did not possess drill holes, which serve to en- 
hance the diffusion of the dye material, suggesting 


In Brief 


¢ The dyeing of yellow or “golden” cultured pearls from 
Pinctada maxima has been common for many years. 


¢ While most dyed yellow or “golden” cultured pearls 
are readily identified by microscopic observation of dye 
concentrations, some have very clean surfaces lacking 
any evidence of treatment. 


e These higher-quality dyed samples can be detected by 
broad reflectance troughs between 410 and 450 nm, a 
lack of a reflectance feature at 350 nm, or intense fluo- 
rescence in the visible spectrum under 514 nm wave- 
length laser excitation. 


that a different dyeing technique was applied to 
them. Representative samples from groups NSSM, 
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DSS, DSS2, and DAK were cut in half to observe the 
color distribution throughout their cross-sections. 
Typical concentric growth rings were noted on the 
nacre of the naturally colored sample, while the 
growth structures in the dyed cultured pearls were 
largely masked by the infiltration of dyes. The pres- 
ence of a drill hole in the samples from DSS2. and 
DAK had caused the dye materials to diffuse into the 
bead used to culture the pearls. 

UV fluorescence generally followed the bodycolor 
of the sample. Naturally colored orangy yellow to 
strong yellow cultured pearls usually exhibited weak 
yellow fluorescence, while lighter yellow samples ex- 
hibited moderate to strong yellow fluorescence. It is 
a challenging task, however, to accurately and con- 
sistently describe fluorescence color, since there is 
no reference for comparison. In this study, dyed sam- 
ples also showed varying degrees of yellow or orangy 
yellow fluorescence, but not distinctive enough to 
consistently separate them from the naturally col- 
ored variety. Samples from DSS3 and DFW showed 
uneven color distribution due to dye concentrations 
on their surfaces. General observations and measure- 
ments are shown in table 2. 


UV-Vis Reflectance Spectra. Within each group, UV- 
Vis reflectance properties were generally consistent. 
Naturally colored samples (NSSP and NSSM) showed 


Gems & GEMOLOGY WINTER 2012 
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Figure 3. The UV-Vis reflectance spectra of representa- 
tive samples from two naturally colored groups, NSSP 
(green) and NSSM (red), are compared. 


decreasing reflectance toward the lower visible and 
long-wave UV range, with subtle local reflectance 
troughs at about 350 and 440 nm (figure 3). These re- 
flectance troughs may be due to (but not equal to) ab- 
sorptions at specific wavelengths. Cultured pearls 
from five of the dyed groups (DSS, DSS2, DSS3, DAK, 
and DAK2) all showed distinct reflectance character- 
istics within the same range, but with broader, more 
prominent, and sometimes shifted reflectance fea- 
tures between 410 and 450 nm, consistent with pre- 
vious findings (Elen, 2002; Qi et al., 2008; Chen et al., 
2009). Some of the dyed cultured pearls (DSS, DAK, 
and DAK2) also lacked the 350 nm reflectance fea- 
ture, while others (DSS2 and DSS3) showed a steeper 
slope between 430 and 480 nm than that of naturally 
colored samples (figure 4), also consistent with previ- 


Figure 4. These UV-Vis reflectance spectra are of rep- 
resentative cultured pearls from six dyed sample 
groups: DFW (black), DAK (violet), DAK2 (yellow), 
DSS (purple), DSS2 (greenish blue), and DSS3 (blue). 
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Figure 5. FTIR spectra of representative pearls from 
each of the eight groups are compared. All showed the 
same peaks related to the aragonite crystal structures 
of nacreous pearls. 


ous findings. Dyed freshwater cultured pearls showed 
reflectance patterns similar to those of the naturally 
colored samples within the lower visible range, but 
lacked the 350 nm reflectance feature. 


FTIR, Raman, and PL Spectroscopy Results. We per- 
formed infrared and Raman spectroscopy on repre- 
sentative samples from each of the eight groups. The 
FTIR spectra only showed the vibrational modes of 
aragonite, the major component of all pearls, dyed or 
naturally colored (figure 5). Raman spectroscopy was 
performed with both 514 and 830 nm lasers. The 830 
nm laser gave much better peak resolution (figure 6), 


Figure 6. Raman spectra of representative samples 
from each of the eight groups are shown. All dis- 
played the same peaks related to the aragonite crystal 
structures of nacreous pearls. The higher spectral in- 
tensity toward the lower wavenumber in some sam- 
ples is due to their higher fluorescence. 
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Gemological Digests 


PRODUCTION FIGURES 
RELEASED ON GEMSTONES 

Significant production figures of six of 
our most important gem materials have re- 
cently been made available to the Gem- 
ological Institute of America by officials of 
the countries involved. 

COLOMBIA — From the famous Chivor 
emerald mines in Colombia it has been 
reported that the 1949 output totaled 
91,656.08 carats, an increase over the 
82,369.75 carats produced in 1948 and one 
of the best years on record. 

JAPAN — Although still behind prewar 
production the office of the U. S. Com- 
mercial Attaché in Tokyo reports the 1949 
cultured. pear! output to be approximately 
2,093 pounds, with a 4,130 pound estimate 
for 1950. 

BurRMA — Also behind prewar level, but 
gradually increasing, is the production of 
gemstones in Burma. According to officials 
in Rangoon, the latest figures (1948) are 
as follows: rubies, 5,306 carats; sapphires, 
10,228 carats; spinels, 4,160 carats. Jadeite, 
compared to its 1939 production of only 
767 carats, showed the greatest increase 
with a total of 4,847 carats. 

EAL G, 


REPORT NEW GOLD COAST 
DIAMOND DISCOVERY 

General world wide distribution given to 
a report carried in the Trader and Canadian 
Jeweller, May, 1950, of an “important” 
new diamond find in the Gold Coast was 
the cause of a certain amount of consterna- 
tion within the. diamond controlling organ- 
izations. The article, which quoted the Sec- 
retary of the Chamber of Mines at Tarkwa, 
described’ the new find as “phenomenal,” 
and intimated that the deposit had great 
potentialities. 

However, in an official communication to 


the Gemological Institute from the Director 
of the Gold Coast Geological Survey, the 
report was branded as a gross exaggeration, 
and it was explained that the deposits, con- 
fined to an area not exceeding 150 feet wide 
and one-third of a mile long, were being 
worked quite unsystematically by independ- 
ent native laborers and entirely without 
governmental control. Because of this, pro- 
duction figures have not been compiled, 
although a weekly output of 500 carats has 
been estimated by inspecting geologists. 
Quality of the material was indicated as 
being generally fair, having less boart than 
that of cettain other diamond-producing 
areas in the Gold Coast. 

Although of considerable importance to 
the local economy, it was emphasized that 
the new field was not of the importance 
suggested by press reports and that it was 
not worthy of large scale development. The 
Geological Survey officials did say, how- 
ever, that production could be increased 
with some coordination of effort and pooling 
of resources instead of the present chaos 
which is ruining the deposit. 

Lawrence L. Copeland, G.LA. 


GROWTH OF AUSTRALIAN 
ASSOCIATION 

In its second annual report, issued earlier 
this year, the Gemmological Association of 
Australia indicates steady growth and con- 
siderable progress in spreading the gem- 
ological movement in that country. 

Both Preliminary and Diploma classes are 
conducted in all states and the Association 
announced sixty new fellowships awarded 
during 1949. All of these title holders are 
residents of Australian states. At the close 
of 1949 a membership total of 577 was 
shown, representing the states of New South 
Wales, Victoria, Queensland, and South 
Australia. 


FALL 1950 | 


349 


TABLE 2. General observations and measurements of the cultured pearls examined in this study. 


Type Measurements Color Drilling UV fluorescence 
(range) 

NSSP 12-14 mm oY/Y/Strong Y N Weak/Very Weak Y 
NSSM 12 x 11 mm-10.5 mm Light Y/Y/Strong Y In some cases Strong/Moderate/Weak Y 

DSS 8-10 mm oY/Y/Strong Y N Moderate/Weak/Weak Y 
DSS2 10-13 mm oY/Y Y Weak/Very Weak Y 
DSS3 10-14 mm oY/Y Y Moderate/Weak Y/Moderate oY (uneven) 
DAK 7.85-8 mm oY/Y Y Strong/Moderate Y 
DAK2 6.5-7.5 mm oY/Y Y Weak Y 

DFW 9.5 x 8mm-—9 x 7.5 mm Light Y/Y Y Strong Y/Weak oY (uneven) 


Color abbreviations: Y (yellow), oY (orangy yellow). 


while the 514 nm laser (data not shown) registered 
significantly higher background fluorescence in the 
dyed and naturally colored samples. 

To clearly visualize the fluorescence characteris- 
tics of these samples upon laser excitation, we per- 
formed PL measurements. These confirmed that 
most of the dyed cultured pearls fluoresced at much 
higher levels than naturally colored pearls—in a few 
cases, reduced power had to be used to prevent peak 
oversaturation—making it a useful tool in identify- 
ing some cases of dye treatment (figure 7). A more 


Figure 7. PL spectra of representative samples from 
each of the eight groups are shown: NSSP (green), 
NSSM (red), DFW (black), DAK (violet, 5% laser 
power), DAK2 (yellow, 50% laser power), DSS (pur- 
ple), DSS2 (greenish blue), and DSS3 (blue). Naturally 
colored cultured pearls generally gave lower fluores- 
cence upon laser excitation, while most dyed samples 
fluoresced at much higher intensity. 
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useful way to look at the data, though, is to compare 
the ratio between overall fluorescence intensity 
(600-700 nm) and the height of the main aragonite 
peak at 545 nm (i.e., the F/A ratio; figure 8). Domi- 
nant or significant aragonite peak intensities were 
observed in the spectra of naturally colored samples, 
with the F/A ratio consistently below 5. For dyed 
samples, the ratio varied more due to the different 
dye materials used, but they were more likely to 
have F/A ratios of at least 10. 


Additional Reference Collection Data Results. In ad- 
dition to the 18 reportedly naturally colored yellow 
samples, we examined more than 100 reportedly nat- 
urally colored yellow to orangy yellow cultured 
pearls of various saturations using UV-Vis reflectance 


Figure 8. In this representative PL spectrum, comparing 
the ratio between the total fluorescence (F) and 
intensity of the aragonite main peak (A) helps separate 
naturally colored from dyed cultured pearls. 
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and PL methods. These provided useful baselines for 
comparing unknown samples. The UV-Vis re- 
flectance results of these naturally colored yellow 
samples showed consistent spectroscopic character- 
istics, similar to those observed in groups NSSP and 
NSSM (again, see figure 3). Low PL fluorescence sig- 
nals (and F/A ratio) were also observed in all of the 
cultured pearls. Building and maintaining a spectral 
database from naturally colored yellow samples of 
various saturations (figure 9) is important for com- 
parative analysis and identification of dye treatment. 


Heat-Treated Yellow Cultured Pearls. In addition to 
dye treatment, heat-treated yellow cultured pearls 
have been reported (Elen, 2001). The exact mechanism 
of color alteration is still unclear. One theory suggests 
that heating changes the amino acid compositions of 
conchiolin proteins, altering their physical and chem- 
ical properties (Akiyama, 1978). Another possibility is 
that heating proteins and sugars (found in conchiolin) 
at high temperature under intermediate moisture lev- 
els and alkaline conditions will promote Maillard re- 
action, resulting in a color change similar to the 
browning effect caused by heating many kinds of food. 
The three reportedly heat-treated cultured pearls were 
tested using UV-Vis reflectance and PL spectroscopy. 
The UV-Vis spectra lacked the obvious broad re- 
flectance pattern found in dyed samples, consistent 
with an earlier report (Elen, 2001) that their heat treat- 
ment did not involve any addition of dye materials. 
Yet the PL spectra showed extremely intense fluores- 
cence, which could be useful in separating them from 
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Figure 9. Naturally col- 
ored cultured pearls 
generally show consis- 
tent UV-Vis reflectance 
characteristics and 
less-intense PL fea- 
tures, which may be 
useful in identifying 
unknown samples. 
Photo by Adirote 
Sripradist. 


naturally colored samples. A brief summary of these 
results appears in box A. 


DISCUSSION 


The dyeing of cultured pearls has been a common 
practice for many years (Alexander, 1960; Liddicoat, 
1962; Johnson and Koivula, 1999), and it can usually 
be detected through careful examination of the sur- 
face. In our study, four of the six groups of dyed yel- 
low or “golden” samples could be detected through 
conventional microscopic observation. Concentrated 
dye residues and uneven color distribution provided 
definitive evidence. These products are usually 
treated after drilling, which was confirmed by the 
dye residue within and around the drill holes. The 
other two groups (DSS and DAK) had relatively clean 
surfaces, and even a trained gemologist would have 
difficulty in separating them from naturally colored 
samples. Cultured pearls from the DSS group were 
treated without the aid of drill holes, while samples 
from the DAK group were dyed either before or after 
drilling. If they were dyed after drilling, further treat- 
ment such as bleaching may have been used to 
lighten any color concentrations that accumulated 
near the drill holes. 

All the yellow or “golden” cultured pearls showed 
decreasing reflectance in the violet/blue region of 
the visible spectrum, which corresponds with the 
color reflected, in accordance with complementary 
color theory and human color perception. But natu- 
rally colored samples displayed a gradual decrease in 
reflectance, with subtle local reflectance troughs at 
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Box A: CHARACTERISTICS OF HEAT- TREATED SAMPLES 


The three reportedly heat-treated cultured pearls ranged 
from light yellow to yellow, with various surface char- 
acteristics (figure A-1). In one of them, we observed 
color concentrations similar to those expected in dyed 
samples. 

While their UV-Vis spectra differed from those of 
dyed cultured pearls in this study (figure A-2), they 
showed significantly higher PL properties than natu- 
rally colored samples tested under the same conditions 
(figure A-3). 


Figure A-1. These three reportedly heat-treated cultured 
pearls (top left) show various surface characteristics: 
even light yellow color with no obvious color concen- 
tration (top right), patchy yellow color with obvious 
orangy concentrations observed at blemishes (bottom 
left), and even yellow color with no obvious concentra- 
tion (bottom right). 


350 and 440 nm, while five of the six dyed groups 
showed significant reflectance troughs between 410 
and 450 nm. These distinct reflectance characteris- 
tics can be explained by the different reflectance 
properties of natural pigments and the predomi- 
nantly single-component artificial dyes applied to 
the treated products, as well as the variable concen- 
trations of either. Interestingly, the origin of the 
golden color found in South Sea cultured pearls may 
also be derived from nano-composite structures of 
the nacre, as reported by Snow (2004), which helps 
further explain the different reflectance features be- 
tween naturally colored and dyed cultured pearls. 
For the DFW group, no significant differences were 
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Figure A-2. The UV-Vis reflectance spectra of one natu- 

rally colored sample (red) differed from that of three heat- 

treated yellow cultured pearls. 
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Figure A-3. The PL spectra of the three heat-treated sam- 
ples show more complete saturation (no Raman signal) 
than the naturally colored sample (red) under the same 
conditions, due to their excessive fluorescence signal. 


found in the violet/blue region of the visible spec- 
trum, in part because they contained less dye than 
the other groups. Some of the dyed groups also 
lacked the local reflectance trough at 350 nm, which 
occurs almost exclusively in cultured pearls with 
yellowish hues and may be attributed to a particular 
pigment. 

Although some previous studies have reported the 
presence of natural pigments in naturally colored 
freshwater, Tahitian, and Pteria species samples 
(Karampelas et al., 2007; Bersani and Lottici, 2010), our 
study found no obvious differences using either in- 
frared or Raman spectroscopy. Low pigment or dye 
concentrations, the location of these materials inside 
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nacre platelets, and strong signal interference by arag- 
onite crystal structure of the pearls could all make it 
difficult to detect any pigment or dyes using Raman 
spectroscopy. Yet dyed cultured pearls generally show 
higher PL under 514 nm laser excitation, likely a con- 
sequence of the fluorescence characteristics of the par- 
ticular dye(s) applied. The result agrees with earlier 
studies (Liu and Li, 2007; Chen et al., 2009). 


CONCLUSIONS 

While most dyed yellow or “golden” cultured pearls 
can still be detected with relative ease using magnifi- 
cation, some show very clean surfaces lacking any ev- 
idence of dye. We have demonstrated that these can 
be identified by nondestructive, advanced instrumen- 
tal techniques such as UV-Vis reflectance and PL spec- 


troscopy. Our study suggests three indications of dye- 
ing: broad reflectance troughs between 410 and 450 
nm, a lack of a reflectance feature at 350 nm, or in- 
tense fluorescence in the visible spectrum under 514 
nm wavelength laser excitation. When testing cul- 
tured pearls using advanced instrumentation, compar- 
ative analysis between naturally colored and dyed 
samples is an important part of the identification 
process in certain cases. GIA has collected sets of data 
from numerous naturally colored yellow or “golden” 
cultured pearls with varying degrees of saturation to 
use as references for comparison against the spectra of 
unknown samples. Further analysis of “golden” cul- 
tured pearls is needed due to the unlimited number of 
dye materials that can be used to treat off-color or low- 
grade goods. 
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IDENTIFICATION OF IRRADIATED SOUTH SEA 
CULTURED PEARLS USING ELECTRON SPIN 
RESONANCE SPECTROSCOPY 


Youngchool Kim, Hyunmin Choi, Bohyun Lee, and Ahmadjan Abduriyim 


Irradiated South Sea cultured pearls (SSCPs) from 
the Pinctada maxima mollusk typically show col- 
ors from light gray to silver. It is difficult to identify 
gamma-ray irradiation of SSCPs using standard 
gemological methods because of their thick 
nacre. Therefore, an advanced analytical tech- 
nique such as electron spin resonance (ESR) 
spectroscopy is needed to detect the treatment. 
ESR measurements of minute amounts of SSCP 
powders revealed the formation of CO; radicals, 
and the parameter known as the g-factor was 
measured at 2.0015 + 0.0005. Higher levels of 
CO, radicals were detected in the pearl nacre 
than in the nucleus. Therefore, the existence of 
CO, radicals is an indicator of irradiated SSCPs. 


oe dyeing, bleaching, and heat treatment 
are widely used methods to alter pearl color. Al- 
though most artificial colors are easily recognized, 
some resemble attractive colors that occur in nature 
(Elen, 2001; Li and Chen, 2001; Zachovay, 2005; 
Wang et al., 2006; “Better techniques improve brown 
pearls,” 2006; McClure et al., 2010). 

Lower-quality freshwater and saltwater cultured 
pearls are regularly exposed to “Co gamma-ray radi- 
ation in an attempt to simulate black pearls or en- 
hance orient (Crowningshield, 1988; Li and Chen, 
2002; O’Donoghue, 2006). In recent years, the irradi- 
ation process has been applied to not only Akoya cul- 
tured pearls and freshwater cultured pearls (FWCPs), 
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but also to South Sea cultured pearls (SSCPs} (Choi et 
al., 2012). The irradiation-induced color change re- 
sults from the darkening of the nucleus, caused by 
MnCO, oxidation, as well as denatured damage to the 
pearl’s conchiolin (Matsuda and Miyoshi, 1988). 
FWCPs have a higher abundance of proteinous com- 
ponents and manganese than saltwater pearls (Hatano 
and Ganno, 1962). 

Gamma-ray irradiated SSCPs (figure 1) were first 
discovered in the Korean market in April 2011. At 
the March 2011 Hong Kong Jewelry Show, a Japanese 
trader reportedly sold a Korean counterpart irradiated 
SSCPs without disclosing the treatment. They were 
light gray or silver loose cultured pearls and beads 
10-16 mm in size. While a cream, yellow, or black 
color is produced by a protein pigment in the nacre, 
a blue or silver color is caused by organic material be- 
tween the nacre and nucleus (Komatsu, 1999; O’- 


Figure 1. This necklace contains gamma-ray irradi- 
ated silver South Sea cultured pearls (12.0-14.0 mm). 
Electron spin resonance (ESR) spectroscopy proved ef- 
fective in identifying the gamma irradiation. Photo 
by Jae Hak Ko. 
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Donoghue, 2006). Korean consumers typically prefer 
SSCPs with a silver color created by organic material. 
According to the research of Choi et al. (2012), 
gamma-ray irradiated SSCPs with colors ranging from 
white to cream turned light gray to silver, with the 
depth of color correlating with increasing irradiation 
dose. A dose of 0.5-1 kGy caused a light gray color, 
while a dose above 5 kGy produced a silver color. 

For Akoya cultured pearls, with a typical nacre 
thickness of 0.2-0.6 mm, irradiation can be identified 
through standard gemological tests (Komatsu, 1999; 
O'Donoghue, 2006). But for SSCPs, which have a 
nacre thickness of roughly 1.5—3.0 mm, detecting ir- 
radiation is difficult with methods such as transmit- 
ted light, magnification, fluorescence reaction, and 
UV-Vis spectrometry (Choi et al., 2012). 

This study attempted to identify irradiated SSCPs 
using electron spin resonance (ESR) spectroscopy. This 
method, also known as electron paramagnetic reso- 
nance (EPR) spectroscopy, identifies the presence of 
unpaired electrons. Moreover, the study sought to 
minimize damage during examination by obtaining a 
minimal sample of powder from each cultured pearl. 


MATERIALS AND METHODS 


For the study, some 300 SSCPs weighing 6.55-18.05 ct 
(8.0-16.6 mm in diameter) with white to cream color 
were exposed to gamma-ray irradiation at room tem- 
perature. The irradiation was conducted at the ©Co fa- 
cility of the KAERI (Korea Atomic Energy Research 
Institute) in Jeongeup, South Korea. The absorbed 
doses were set at 0.2, 0.4, 0.6, 0.8, 1, 5, and 100 kGy. 


Inductively Coupled Plasma-Atomic Emission Spec- 
trometer. Chemical composition analyses of the 
SSCPs were performed with an inductively coupled 
plasma—atomic emission spectrometer (ICP-AES, 
Varian Vista-PRO). The nacre, nucleus (bead), and 
conchiolin were separated and powdered, and 0.2 g 
of each powder was dissolved in a solution of 37% 
HC] (6 ml) and 65% HNO, (2 ml). We tested the sam- 
ples after 20 minutes at 200°C and after 10 minutes 
at the same temperature to obtain an average value. 


Electron Spin Resonance Spectroscopy. This study re- 
lied on electron spin resonance analysis to observe 
radicals produced by the irradiation process. The ESR 
spectrometer gauges the absorbed dose corresponding 
to the splitting energy of unpaired electrons in a mag- 
netic field. The technique can rapidly identify an ir- 
radiation-related signal from a small amount of 
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Figure 2. This JEOL FA-300 spectrometer with a man- 
ganese marker is the ESR instrument used in the 
study. Photo by Y. C. Kim. 


sample in a few minutes. For this study, we collected 
at least 10 mg of SSCP powder from both the nacre 
and the nuclei of each cultured pearl. To determine if 
the ESR signals correlated with Mn”, solid samples 
of FWCP, which contain more manganese than 
SSCPs, were irradiated with a 100 kGy dose. 

Room-temperature ESR spectra were recorded 
using a JEOL FA-300 spectrometer with a manganese 
marker (MgO: Mn**}, using 9.8 GHz microwave fre- 
quency, 1 mW microwave power, a 1-2. G modula- 
tion amplitude, a 2 min sweep time, and a 0.03 s 
response time (figure 2). 


Mn marker for ESR analysis. The g-factors of free rad- 
icals created by irradiation are approximately 2.00. For 
comparison, the “free electron” g-factor is 2.0023. 
Standard reference samples can be used to correct for 
any systematic errors in the measured magnetic field 
values and to verify the sensitivity of the system. Stan- 
dard samples include DPPH (2.2-diphenyl-1-picryl-hy- 
drazyl), TCNQ-Li (tetracyanoquino-dimethane Li 
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BOX A: WHAT IS ESR? 


Electron spin resonance (ESR), alternatively known as 
electron paramagnetic resonance (EPR), is a spectro- 
scopic method for observing the resonance absorption 
of microwave power by paramagnetic molecules, defects 
or free radicals (characterized by at least one unpaired 
electron) which are simultaneously subjected to an ap- 
plied magnetic field. For most materials the electrons 
are “paired,” and are thus invisible to ESR. ESR can be 
used to detect paramagnetic defects or free radicals in- 
troduced by irradiation in some materials, and has been 
applied to the study of irradiated food (Chauhan et al., 
2008). Oftentimes, its high sensitivity allows the detec- 
tion of irradiation-related defects in small sample vol- 
umes in just a few minutes, making it an effective and 
minimally invasive technique. 

In a typical ESR experiment the sample is subjected 
to microwaves of a fixed energy (i.e., fixed frequency v), 
while the magnitude of the magnetic field is varied. A 
property called electron spin is attributed to each un- 
paired electron, where a single unpaired electron has 
only two allowed energy states. ESR is used to probe the 
energy differences between those states. In the absence 
of a magnetic field the two states have the same energy, 
yet when a magnetic field is applied the energy separa- 
tion of the states will increase. The dominant interaction 
governing the splitting is known as the Zeeman effect, 
whereby the energy difference increases linearly with in- 
creasing magnetic field according to the equation AE = 
gBH. Here AE denotes the energy difference, g is the spec- 
troscopic splitting factor known as the g-factor, B is a 
constant called the Bohr magneton, and H is the mag- 
netic field. The g-factor is influenced by the characteris- 
tic environment of the unpaired electron(s) of a free 
radical, providing a “fingerprint” to be used for identifi- 
cation. The g-factor values of known paramagnetic mol- 
ecules, defects and free radicals are tabulated in the 
literature. There are additional interactions which can 
lead to more complicated spectra and a wealth of addi- 
tional information, but those will not be discussed here. 

Figure A-1 shows the energy diagram for the electron 
spins of two different radical species with differing g-fac- 
tors, one given by g, and the other by g,. As the magnetic 
field is increased it is apparent that the energy levels for 
the two radical species split at different rates. The ESR 
resonance condition is met when the energy separation 
is equal to the energy of the applied microwave radiation, 


Energy 


(Q----------=-5 
(Q--------=55 


Figure A-1. Energy levels of two paramagnetic species 
with g-factors g, and g,. As the magnetic field H is in- 
creased the energy levels for the two species split at dif- 
ferent rates, according to the Zeeman effect. Resonance 
occurs, and signals with derivative lineshapes are de- 
tected, when the energy separations (AE, and AE,) are 
equal to the energy of the applied microwaves (hy). 
From Ikeya (1998). 


AE = gBH = hy (where h is Planck’s constant), leading to 
an absorption of the microwaves and the detection of an 
ESR signal. Thus, the signals for the radical species with 
g-factors g, and g, will occur at H, and H,, respectively. 
Hence, the identity of the radical(s) producing the ESR 
spectrum can be determined by careful analysis of the 
magnetic field values at which the resonance signals are 
detected. Furthermore, the intensity of the ESR signal is 
proportional to the number of radicals present, allowing 
quantitative analysis. 


saly), CaO:Mn?*, and MgO:Mn**. The choice of stan- 
dard sample used depends on what the user wants to 
determine. For example, DPPH is used to calculate g- 
factors, to monitor the sensitivity of the equipment, 


and to quantify spin concentrations. TCNQ-Li is used 
to find the g-factor. CaO:Mn?*, MgO:Mn**, and Mn?* 
are used to measure the g-factor and to correct mag- 
netic field variations. 
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The g-factor of most standard samples is also lo- 
cated around 2.00. The Mn marker is shown with six 
Mn”** signals; the third (2.034) and fourth (1.981) sig- 
nals are used to correct magnetic field variations. 
Each signal has a regular interval from 2.00. From 
this property, the MgO:Mn”* marker could be more 
suitable to measuring the g-factor than the alterna- 
tive standard samples. The MgO:Mn?* marker was 
supplied with the Jeol X-band spectrometer in the 
shape of a small rod that can be electromechanically 
inserted externally into the microwave cavity. When 
a sample and a Mn marker are measured simultane- 
ously, the resulting ESR spectrum will contain signal 
contributions from both. It is easy to distinguish the 
ESR spectra of one from the other, since the Mn”* sig- 
nals have the opposite phase to that of the sample’s 
signal (i.e., the signal’s lineshape will appear to have 
been flipped across the baseline). 


Figure 3. Before and 
after photos of SSCPs ex- 
posed to gamma irradia- 
tion at a dose of 5 kGy. 
The irradiated pearls 
turned gray to silver, 
slightly different from 
their original colors. 
Photos by H. M. Choi. 


RESULTS AND DISCUSSION 

The major element of a pearl is calcium. Chemical 
composition analysis of bead-cultured pearls using 
ICP-AES demonstrates that the nacre and the fresh- 
water nucleus contain similar trace elements but vary 
in their composition. The nacre contains more Na, 
Mg, and Sr, while the nucleus has higher Mn and P 
contents (table 1). 

After “Co gamma-ray irradiation at a dose of 5 
kGy, the SSCPs exhibited gray to silver coloration 
(figure 3). The interior of one of the irradiated pearls 
revealed a grayish brown to dark gray nucleus, along 
with an altered nacre color (figure 4). The irradiation- 
induced color change is chiefly attributed to the dark- 
ening of the nucleus (bead), which in turn darkens the 
nacre—especially in the thinner-skinned Akoya cul- 
tured pearls (Komatsu, 1999}. As shown in this exper- 
iment, color change took place in the nacre as well. 


Figure 4. These photos show the interior (left) and exterior (right) of a light yellow South Sea cultured pearl before 
and after irradiation at a dose of 5 kGy. Left: The nucleus (bead) became grayish brown to dark gray, and the 
nacre color was similarly altered. Right: The pearl’s surface turned a silver color. Photos by B. H. Lee. 
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TABLE 1. Representative composition of the nacre and nucleus in South Sea cultured pearls in ppm (parts per 


million), determined by ICP-AES. 


Sample Ca Na Mg P Mn Fe Sr 
Nacre 293099.06 4717.01 100.27 12.47 19.43 30.29 1086.80 
Nucleus 287998.86 1704.52 26.24 94.42 431.43 26.80 249.21 


Figure 5 shows that the concentration of radicals 
produced by irradiation exposure increases with the 
absorbed dose. Formerly undetected free radicals 
were observed after a low-dose radiation of 0.2 kGy. 
The g-factor was 2.0015 + 0.0005, which agrees with 
that of CO; radicals (Wieser et al., 1985; Ikeya, 1993; 
Seletchi and Duliu, 2007). With higher absorbed 
doses, the CO; radical signal intensity further inten- 
sified. The identification of CO, radicals through 
ESR analysis thus serves as a way to distinguish ir- 
radiated cultured pearls. 

Matsuda and Miyoshi (1988) reported that the ir- 
radiation-induced change of color is caused by man- 
ganese (Mn). They noted that MnCO, in the nucleus 
(bead) turned into oxidations such as Mn,O,, Mn,O,, 
and Mn,O after irradiation. Their results are still 
cited in literature related to color change in irradiated 
pearls (e.g., Komatsu, 1999; Wada, 1999; McClure, 
2010). 

Yet existing mechanisms are insufficient to ex- 
plain the alteration of pearl color by irradiation (Li 
and Chen, 2002). Based on the results of gamma-ray 


irradiation tests in this study, the authors believe 
that post-irradiation color change cannot solely be 
attributed to MnCO, oxidation. Two factors support 
this hypothesis: 


1. After irradiation, the pearl nacre blackened to a 
similar extent as the nucleus (bead), even though 
it contains approximately 20 times less Mn (see 
figure 4 and table 1). 

Figure 6 is an ESR spectrum comparing untreated 
FWCP, irradiated (100 kGy) FWCP, and a Mn 
marker (MgO: Mn”) attached to the JEOL equip- 
ment. The Mn marker consists of Mn** and shows 
six sharp peaks in the ESR spectrum (figure 6b). 
Before (figure 6a) and after (figure 6c) irradiation 
spectra of FWCPs (typical in the carbonate spec- 
trum) do not match the positions of the Mn** sig- 
nals. Nevertheless, a change was observed in the 
spectra before and after irradiation: the formation 
of CO, radicals between the third and fourth 
Mn” peaks (highlighted by the green circle in fig- 
ure 6c). Because these results were the same 


Figure 5. These ESR spectra show a South Sea cultured pearl’s nacre (left) and nucleus (right) before and after irra- 
diation up to 1 kGy. These spectra were obtained for a single cultured pearl irradiated with different doses. CO, 
radicals appeared as irradiation doses increased in both the nacre (left) and nucleus (right). Nucleus spectra (right) 
show a large unassigned signal in the 333-337 mT range, both before and after irradiation. 
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Figure 6. This graph demonstrates the spectra acquired 
for solid samples of FWCPs, which contain more Mn 
than saltwater cultured pearls. Shown are the spectra 
of untreated FWCPs (a), irradiated FWCPs (c), and a 
Mn marker (b). The Mn marker has six Mn* signals, 
and their positions are highlighted by the dotted verti- 
cal lines. After irradiation, CO; radicals are observed 
only between the third and fourth Mn** resonance 
peaks. The signals before (a) and after (c) irradiation 
do not match the positions of the Mn* signals (b). 


among all SSCPs investigated in this study, peaks 
in the ESR spectrum are unrelated to Mn. 

2.CO,; radicals appeared as irradiation doses in- 
creased and multiplied in proportion to the dose 
(figure 7). The intensity of CO; radicals was also 
proportional to the blackening of the pearl nucleus 
(bead). The CO,* molecular ion in CaCO, is easily 
ionized by radiation. Elementary defects induced 
by ionizing radiation are an electron center (CO,*) 
and a hole center (CO,). While the CO;* and CO, 
centers are stable at low temperatures, the elec- 
tron center CO,;, formed by irradiation, is an elec- 
tron center similar but more stable than CO,* 
(Ikeya, 1993). Additionally, we found that the 
color of nacre and nucleus had been bleached 
under incandescent light (approximately 50°C) for 
30 days. The color changed by irradiation and heat 
(by light) is related to the color center. Therefore, 
the color change of the nacre and the blackening 
of the nucleus (bead) are believed to be related to 
color centers formed by CO; radicals. 


Choi et al. (2012) found that after irradiation, glu- 
tamic acid decreased 11.43% (from 3.5% to 3.1%), 
alanin 21.8% (from 22.5% to 21.8%), and histidine 
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43.75% (from 1.6% to 0.9%), according to amino acid 
analysis to examine the change of protein between 
aragonite platelets in pearl nacre. Hatano and Ganno 
(1962) found that gamma-ray irradiation destroyed 
32% of the histidine, 16.6% of the methionine, 11% 
of the glutamic acid, and 9.3% of the proline in the 
protein of the FWCPs. The destruction of protein 
caused by irradiation can also alter the color of SSCPs. 


In Brief 


¢ Gamma-ray irradiation is routinely applied to South 
Sea cultured pearls (SSCPs), typically producing a light 
gray to silver color. 


¢ For SSCPs, which have a particularly thick nacre, 
detecting irradiation is difficult using methods such as 
transmitted light, magnification, fluorescence reaction, 
and UV-Vis spectrometry. 


Electron spin resonance (ESR) spectroscopy rapidly 
identifies the presence of CO, radicals, whose concen- 
tration is proportional to the absorbed irradiation cose. 


CO, radicals at the absorbed irradiation dose of 
0.2, kGy are barely visible in the nucleus sample but 
far more intense at doses above 0.4 kGy (figure 5, 
right). In particular, CO; radicals emerging after ir- 
radiation were better observed in the nacre than in 
the nucleus at the same absorbed dose (figure 5, left). 


Figure 7. Normalizing the CO, radical intensity of 
figure 5 shows that the radicals’ intensity increases 
depending on irradiation dose, even though the CO; 
radical of the nucleus (bead) decreased at 0.6 kGy. 
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ROBERT M. SHIPLEY, JR. 
MADE HONORARY RESEARCH 
MEMBER OF G.LA. 

At a meeting of the Board of Governors 
of the Gemological Institute of America, 
held in New York City in August, 1950, 
Robert M. Shipley, Jr., was appointed Hon- 
otary Research Member of the G.I.A. 

He began his work in gemological re- 
search early in 1933 when he joined his 
father, G.I.A. Founder Robert M. Shipley, 
in the early years of establishing the Gem- 
ological Institute. He coauthored the scien- 
tific portions of the advanced Correspond- 
ence Courses used by the Institute and later 
assumed the duties of Director of Education 
and Research. His contribution to the devel- 
opment of American Gemology has been 
considerable since most of the noteworthy 
progress made by the Institute in gem test- 
ing technique, gem testing methods, and 
gem testing instruments have been out- 
growths of his study and labor. 

Some of his early work included perfec- 
tion of the first gem testing polariscope, 
and the design and development of dark 
field illumination used in such instruments 
as the Diamondscope, Gemolite, and Dia- 
mondlite. 

As a resetve officer in the United States 
Army, Robert M. Shipley, Jr. was called to 
active duty one year before Pearl Harbor. 
His gemological work was interrupted dur- 
ing the almost six years he served as Engi- 
neering Officer before being retired with a 
rank of major. 

Since his discharge he has continued his 
work of developing and perfecting gem 
testing instruments for the Gemological In- 
stitute, and for the trade. Some of his latest 
contributions to the advancement of gem- 
ological science, through research and the 
development of new and mote effective gem 
testing techniques and equipment, include 


Robert M. Shipley, Jr. 


the new simplified gem refractometer, the 
analyzing refractometer, gemological micro- 
scope, stock record camera, and other modi- 
fications of existing instruments which has 
resulted in lower cost and increased effi- 
ciency. 

The only other person accorded the dis- 
tinction of the title Honorary Research 
Member of the Gemological Institute of 
America is Dr. Edward J. Gubelin of Lu- 
cerne, Switzerland. 


EDUCATIONAL ADVISORY 
BOARD OF G.LA. 

Nine men important in the development 
of gemological progress throughout the 
world were designated Honorary Members 
of the G.I.A.’s Educational Advisory Board 
in 1950. These are B. W. Anderson, London 
Gemmological Laboratory, England; George 
Engelhard, Publisher National Jeweler; P. 
M. Fahrendorf, President, Jewelers’ Circular- 
Keystone; Dr. R. P. D. Graham, Professor 
of Mineralogy, McGill University; Paul 
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After normalizing the results of figure 5 to a nonir- 
radiated spectrum (0 kGy, black line), the increased 
intensity of radicals was calculated by peak-to-peak 
height. The intensity of the CO; radical is stronger 
in the nacre than in the nucleus when irradiated with 
a dose above 0.4 kGy (figure 7). 

Ikeya (1993) reported that Mg”* ions might be ac- 
companied by H,O molecules, leading to a rapid re- 
duction in hydrated radicals. The saturation level of 
isotropic CO; also increases with the Mg/Ca ratio. 
Barabas et al. (1989) studied synthetic carbonate crys- 
tals doped with Mg” and observed the following: (1) 
ESR spectra that displayed signals at the same spec- 
troscopic properties as natural carbonates; and (2) an 
increase of the g-factor signal with Mg concentration 
in the carbonate crystals. 

Mg also plays an important role in the formation 
of the crystal lattice of carbonates (Katz, 1973) and 
may enhance the formation of specific defects 
(Barabas et al., 1992). Lattice distortions caused by 
the incorporation of Mg”* ions (Goldsmith and Graf, 
1958) may lead to CO; by creating larger interatomic 
distances (Barabas et al., 1992). In this context, the 
higher abundance of CO; radicals in the nacre is 
thought to be related to the Mg/Ca ratio. 

Considering the combined published observations 
on Mg” and CO, (Ikeya, 1993; Barabas et al., 1989, 
1992; and Katz, 1973) it is likely that the saturation 
level of CO, rises proportionally with the Mg/Ca 
ratio in pearls of this study. As shown in table 1, the 
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DIAMOND 

Artificially Irradiated Brown 

The combination of irradiation and 
annealing is commonly used to en- 
hance a diamond’s color appearance. 
Although green, blue, yellow, and 
pink are the main colors created 
through this process, brown hues are 
occasionally introduced. The New 
York lab recently tested one dia- 
mond with treated brown color 
whose spectral features were helpful 
for identification. 

This 1.04 ct round brilliant (6.51 x 
6.53 x 3.95 mm) was color graded as 
Fancy Reddish brown (figure 1). The 
color was distributed evenly through- 
out the whole stone. It fluoresced 
weak-moderate yellow to long-wave 
UV radiation and very weak yellow to 
short-wave UV. Infrared spectroscopy 
revealed it was a type Ia diamond 
with very high concentrations of ag- 
gregated nitrogen and a weak hydro- 
gen-related absorption at 3107 cm. 
Also revealed in its infrared absorp- 
tion spectrum were strong absorp- 
tions from optical centers Hla (1450 
cm-') and H1b (4935 cm") and a mod- 
erate absorption from Hlc (5165 
cm). Weak absorptions at 1355 and 
1358 cm! were also recorded. 

UV-Vis-NIR absorption  spec- 
troscopy collected at liquid-nitrogen 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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strong absorptions at 503 nm (H3 op- 
tical center), 594 nm, and 986 nm 
(H2), weak absorptions at 526, 534, 
551, 578, 681, 724, 774, 805, and 871 
nm were observed. Assignment for 
many of these weak peaks remains 
unclear. These features are not com- 
mon in irradiated diamonds with 
more popular colorations. 

The color of this diamond is ob- 
viously attributed to artificial irradi- 
ation. It is very likely that this 
diamond was heavily irradiated and 
then annealed at moderate tempera- 
tures. While the color looks natural, 
its spectral features are very distinct 
and easily separated from natural 
features. 


Figure 1. This 1.04 ct diamond 
was color graded as Fancy Red- 
dish brown and identified as arti- 
ficially irradiated. 


temperature yielded interesting fea- 


Wuyi Wan 
tures (figure 2). In addition to very ”: ° 


Figure 2. In the UV-Vis-NIR region, in addition to very strong absorptions 
at 508 nm (H3 optical center), 594 nm, and 986 nm (H2), nine weak ab- 
sorptions were observed. The assignment for many of these weak peaks is 
not yet clear. 
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Figure 3. This 2.34 ct Fancy yel- 
low diamond contained a rare 
contact inclusion pair of diopside 
and pyrope. 


Diopside-Pyrope 

Contact Inclusion Pair 

While isolated crystal inclusions are 
common in natural diamonds, it is 
rare to see two crystals in contact 
with one another. The New York lab- 
oratory recently examined a 2.34 ct 
Fancy yellow modified brilliant 
square (figure 3) that contained a pair 
of contact inclusions. 

The inclusion pair showed red 
and green colors and a reflective in- 
terface in the face-up view (figure 4, 
left). When viewed through the pavil- 
ion, it clearly showed two inclusions: 
a small, green crystal atop a larger, 
reddish pink crystal (figure 4, right). 
Raman analysis identified the green 


Figure 5. A few isolated prismatic, reddish pink pyrope crystals, the 
largest reaching the surface, were also visible through the pavilion (left, 
magnified 75x). The DiamondView image showed that the crystal inclu- 
sions formed in different growth zonations (right). 


crystal as diopside and the reddish 
pink inclusion as pyrope. A few iso- 
lated prismatic, reddish pink pyrope 
crystals were also observed (figure 5, 
left). The DiamondView image re- 
vealed that the crystal inclusions 
formed in different growth zonations 
with different orientations (figure 5, 
right). This suggests the inclusions 
had a syngenetic origin, meaning 
they formed during the diamond’s 
growth. 

The host was a typical cape dia- 
mond with natural color. The diopside- 
pyrope mineral assemblage indicates 
the diamond formed in a peridotitic ge- 
ological environment. Syngenetic in- 
clusions, connecting or otherwise, are 


Figure 4. Red and green colors and a reflective interface were observed in 

the face-up view of the crystal inclusion (left, magnified 75x). Viewing the 
diamond through the pavilion revealed a small green crystal atop a larger 
reddish pink crystal (right, magnified 100x). The green crystal was identi- 
fied as diopside and the reddish pink inclusion as pyrope. 
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useful in calculating the equilibrium 
pressure and temperature (EPT) of dia- 
mond formation. Such estimates can 
be found in the literature. The EPT for 
individual garnet-clinopyroxene inclu- 
sions is estimated at 5 GPa and 1138- 
1179°C (C.M. Appleyard et al., “A 
study of eclogitic diamonds and their 
inclusions from the Finsch kimberlite 
pipe, South Africa,” Lithos, Vol. 77, 
2004, pp. 317-332). The EPT for con- 
tact garnet-clinopyroxene inclusion 
pairs is estimated at 5 GPa and 1066- 
1072°C (see D. Phillips et al., “Mineral 
chemistry and thermobarometry of in- 
clusions from De Beers pool diamonds, 
Kimberley, South Africa,” Lithos, Vol. 
77, 2004, pp. 155-179). 

Still, the interpretation of these in- 
clusions should be considered prelim- 
inary, since the EPT of solitary 
inclusions is subject to a changing ge- 
ological environment during the pro- 
longed growth period. Previous 
studies have also found that adjoining 
inclusions may represent the EPT of 
post-growth events, such as subse- 
quent cooling of the earth’s mantle or 
a temperature increase caused by 
kimberlite transportation, due to re- 
equilibration. Therefore, the diopside 
and pyrope inclusions in this sample 
may not represent the EPT at the time 
of diamond formation, though the 
aforementioned values fall within the 
diamond stability field. 


Kyaw Soe Moe and Jason Darley 
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Figure 6. This 15.01 ct cushion- 
cut diamond (15.39 x 12.84 x 8.32 
mm) was color graded as Fancy 
Intense yellow. Its color was 
found to have been treated from 
the original Fancy Light yellow. 


Treated Yellow with Unusual 
Spectroscopic Features 

It is well known that some “off’-color 
diamonds can be irradiated by a high- 
energy electron or neutron beam and 
then annealed at moderate tempera- 
tures to introduce fancy yellow, or- 
ange, or even “champagne” colors by 
adding optical centers H3 and H4. 
This treatment was recognized as 
early as the 1950s (G. R. Crowning- 
shield, “Spectroscopic recognition of 
yellow bombarded diamonds and bib- 


liography of diamond treatment,” 
Winter 1957-58 GwG, pp. 99-104). 
Along with gemological features such 
as color distribution, the occurrence 
of irradiation-related optical centers 
such as 595 nm absorption in the vis- 
ible-light region and H1b and/or H1c 
in the infrared region is a very impor- 
tant indication of irradiation and an- 
nealing. Recently, we encountered a 
diamond with a treated yellow color 
that lacked these identifying features. 
Crowningshield mentioned this type 
of treated yellow diamond, mainly in 
larger sizes. 

This 15.01 ct cushion-cut dia- 
mond (15.39 x 12.84 x 8.32 mm) was 
color graded as Fancy Intense yellow 
(figure 6). Color was evenly distrib- 
uted throughout the stone. It had a 
small black inclusion close to the 
edge in the table face. These measure- 
ments and internal features matched 
very well with a previously examined 
diamond in our database. Surpris- 
ingly, the earlier match was color 
graded as Fancy Light yellow. The sig- 
nificant difference in color appear- 
ance suggested that the diamond had 
been artificially treated after the ini- 
tial examination. 

Infrared absorption spectroscopy 
showed virtually identical features in 


Figure 7. Absorption spectra collected at liquid-nitrogen temperature re- 
vealed that H3 and H4 centers were introduced in the Fancy Intense yel- 
low diamond. No 595 nm center was detected, however. 
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both cases, such as very high concen- 
trations of aggregated nitrogen and a 
very weak hydrogen-related absorp- 
tion peak. In addition, weak absorp- 
tions at 1522 and 1546 cm matched 
very well. Neither showed any irradi- 
ation- or treatment-related absorption 
features such as Hla, Hlb, or Hlc. 
The Fancy Light yellow diamond’s ab- 
sorption spectra at liquid-nitrogen 
temperature simply showed a “cape” 
line with absorption peaks at 478 and 
415 nm (N3) only. In contrast, absorp- 
tions of optical centers H3 (503 nm} 
and H4 (496 nm) with moderate con- 
centrations were observed in the 
Fancy Intense yellow diamond (figure 
7). No GR1 (741 nm) or 595 nm cen- 
ters were observed in either instance. 
The occurrence of H3 and H4 was ob- 
viously responsible for the color 
change and must have been intro- 
duced after the initial examination. 
Separating artificially irradiated 
from naturally irradiated diamonds is 
often a challenge. Improvements in 
this treatment technology, leaving no 
detectable 595 nm absorption in the 
visible region or H1b/H1c in the near- 
infrared region, could make the iden- 
tification even more difficult. 


Wuyi Wang 


Unusual Omphacite and Pyrope- 
Almandine Garnet Inclusion 
Recently examined in the Carlsbad lab- 
oratory was a 2.03 ct Fancy yellow- 
green diamond containing an inclusion 
of omphacite, a grayish blue pyroxene, 
in contact with an orange garnet inclu- 
sion of the pyrope-almandine species 
(figure 8). Both were identified by opti- 
cal and visual observations. 

Although omphacite and garnet 
sometimes occur as solitary crystals 
in diamonds that form in an eclogitic 
environment, the color contrast be- 
tween these two inclusions in contact 
offers a more striking scene. Other bi- 
mineralic inclusions in diamond have 
been previously reported, such as 
chromium pyrope and pyroxene (e.g., 
E.J. Giibelin and J.I. Koivula, Photoat- 
las of Inclusions in Gemstones, ABC 
Edition, Zurich, 1986, p. 95), but this 
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Figure 8. Contact inclusions of 
grayish blue omphacite and or- 
ange pyrope-almandine garnet 
confirmed the eclogitic origin of 
this 2.03 ct Fancy yellow-green di- 
amond. Also observed was 
graphite along the interface be- 
tween the inclusions and diamond 
host. Image width: 1.22 mm. 


is the first example of an omphacite 
and pyrope-almandine contact inclu- 
sion seen in the Carlsbad laboratory. 
We also observed graphitization be- 
tween the contact inclusion and the 
diamond host, and around one other 
solitary omphacite crystal. 
Examined under polarized light, 
the diamond showed low-order dark 
gray strain around both the bi-miner- 
alic inclusion and the solitary om- 
phacite crystal with the graphitized 
interface, as in figure 9. However, 
other solitary omphacite inclusions in 
the diamond that did not show 
graphitization displayed high-order 
colored strain halos. While we do not 


Figure 9. Examined in polarized 
light, the area around the om- 
phacite/pyrope-almandine contact 
inclusion displayed low-order 
strain. Image width: 1.22 mm. 


Las Notes 


Figure 10. In this 9.96 x 9.56 x 7.32 mm polymer-beryl assemblage (left), 
an inclusion-free region with increasing thickness from the girdle to the 
culet was easily visible under darkfield illumination at 20x magnifica- 

tion (right). 


know the exact cause of the high- and 
low-order strain variation, it could be 
related to graphitization, since the in- 
clusions with graphite along their in- 
terface seemed to show less strain. 

This contact inclusion is a note- 
worthy example of how microscopic 
observations can provide clues to geo- 
logic origin while also raising unan- 
swered questions, such as the potential 
relationship between graphitization 
and the degree of strain. 


Troy Ardon and Tara Allen 


Polymer-BERYL Assemblage 
Recently, two transparent green oc- 
tagonal step-cut samples (see figure 
10, left) were submitted to the New 
York laboratory for emerald origin re- 
ports. Initial gemological testing re- 
vealed some characteristics typical of 
natural, clarity-enhanced emeralds 
with a fracture-filling polymer. The 
refractive indices measured 1.570- 
1.578 and 1.572-1.580 on the table 
facets, and infrared spectra collected 
through both girdles showed features 
typical of natural beryl, as well as 
polymer-related features in the 3100- 
2800 cm region. Microscopic exam- 
ination revealed jagged and irregular 
two-phase inclusions through the 
table and crown. 

Still, some unusual features raised 
suspicion about the nature of the 
treatment. The samples had a hydro- 
static SG of 2.43 and 2.37, unusually 
low for emerald (which usually meas- 
ures around 2.7). No chromium-re- 
lated lines were observed with the 


Gems & GEMOLOGY 


handheld spectroscope. Furthermore, 
both displayed strong, even whitish 
blue fluorescence under long-wave UV 
light, with a similar but weaker reac- 
tion under short-wave UV. The fluo- 
rescence appeared to originate in the 
pavilion and reflect through the stone. 

Closer microscopic examination 
revealed that the natural two-phase 
inclusions were present only in the 
crown and in a confined, domed re- 
gion extending into the pavilion (fig- 
ure 10, right). The pavilion showed no 
inclusions within several millimeters 
of the surface, which was heavily 
scratched and yielded easily to a 
pointer probe. The unknown layer on 
the pavilion tapered toward the girdle, 
where a boundary between the pavil- 
ion and crown material was visible 
(figure 11). Under immersion in iso- 
propyl alcohol, the beryl portion ap- 


Figure 11. The polymer base 
thinned from the culet to the gir- 
dle, where a border separated it 
from the natural beryl top. Re- 
flected light; magnified 50x. 


Winter 2012 303 


peared to have little or no green color, 
while the outer layer on the pavilion 
showed distinct green coloration. We 
determined that the beryl portion 
lacked sufficient color to be consid- 
ered emerald. 

To confirm the identity of the top 
and the base, we turned to Raman 
spectroscopy. Raman spectra taken 
from the table facets of each stone 
were consistent with beryl, while 
spectra from the pavilion corre- 
sponded with the polymer (figure 12). 
Notably, none of the spectral features 
from the table and pavilion over- 
lapped, clearly demonstrating that 
the top and base were composed of 
different materials. We concluded 
that these specimens consisted of a 
natural beryl top and “core,” with a 
thick, faceted polymer layer on the 
pavilion. Because a large portion of 
each sample was composed of poly- 
mer, we considered this case analo- 
gous to the case of heavily treated, 
lead glass-filled rubies, which receive 


a conclusion of “manufactured prod- 
uct”. Identification reports with this 
conclusion were issued for the two 
green assemblages, with an additional 
description of them as a “manufac- 
tured product consisting of colored 
polymer and beryl.” 


Emily V. Dubinsky and 
Donna Beaton 


Bicolored SPINEL 


The Bangkok laboratory occasionally 
sees bicolored stones submitted for 
identification, but a blue and red sam- 
ple weighing 14.60 ct and measuring 
22.06 x 12.39 x 6.29 mm (figure 13) re- 
cently caught our attention. Standard 
gemological testing gave an RI of 
1.718 and a hydrostatic SG of 3.60, 
confirming the stone was a spinel. 
The red portion fluoresced a medium 
red in long-wave ultraviolet light and 
was inert in short-wave UV, whereas 
the blue region was inert in both long- 


Figure 12. Raman spectra collected from the table facet of both samples 
were consistent with beryl, whereas spectra from the pavilion facets were 
consistent with a polymer. Raman spectroscopy was performed with 514 
nm excitation laser. The spectrum of the pavilion is offset 10,000 counts 


for clarity. 
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Figure 13. This 14.60 ct gem was 
identified as a bicolored spinel. 
Its blue and red zones were 
caused by the presence of iron 
and chromium, respectively. 


and short-wave. Microscopic exami- 
nation of the inclusions revealed 
small octahedral crystals and growth 
tubes. Investigation of the photolumi- 
nescence using Raman spectroscopy 
at liquid-nitrogen temperature indi- 
cated that the stone had not been 
heated to alter its color. 

Because of the unusual color zon- 
ing, we took advantage of the oppor- 
tunity to collect the UV-visible 
spectrum on both the blue and red 
areas of the stone. As expected, the 
blue area exhibited a prominent fea- 
ture at 458 nm and a broad absorption 
in the 550-680 nm region, caused by 
the presence of iron. The red area had 
strong absorption bands at 387 and 
540 nm, indicating chromium. 

While spinels are routinely sub- 
mitted to the Bangkok laboratory for 
identification, a search of our data- 
bases found this was the first bicol- 
ored spinel. 


Garry DuToit 


SYNTHETIC DIAMOND 
Silicon-Vacancy Defect in 
HPHT-Grown Type IIb Synthetic 
The [Si-V} optical center, which has 
zero-phonon lines at 736.6 and 736.9 
nm and is active in absorption and lu- 
minescence, is common in CVD syn- 
thetic diamonds. Very few natural 
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Figure 14. The [Si-V]- center was confirmed in these two HPHT-grown 
type IIb synthetic diamonds. The 0.51 ct round brilliant on the left was 
color graded as Fancy Light blue, and the 0.79 ct sample on the right had 
Fancy Deep blue color. 


diamonds contain this defect, and it 
has long been considered an impor- 
tant identification feature of CVD 
synthetic diamonds. The New York 
lab recently tested two type Ib HPHT 
synthetic diamonds that showed 
moderately intense emission of this 
defect. 

One was a 0.51 ct round brilliant 
(5.19 x 51.6 x 3.07 mm], color graded 
as Fancy Light blue. The other was a 
0.79 ct round brilliant (5.99 x 6.05 x 


3.54 mm) with Fancy Deep blue 
color (figure 14). Absorption spectra 
in the mid-infrared region showed 
moderate boron-related absorption in 
the Fancy Light blue synthetic and 
very strong boron-related absorption 
in the Fancy Deep blue sample. Flu- 
orescence images recorded with the 
DiamondView showed both octahe- 
dral and cubic growth sectors, typical 
patterns for HPHT synthetics (figure 
15). Strong blue phosphorescence 


Figure 16. Weak but distinct emissions at 736.6 and 736.9 nm were 
recorded in both HPHT synthetics with 633 nm laser excitation at liquid- 
nitrogen temperature. These emissions are attributed to the [Si-V]- center, 
which is common in CVD synthetic diamonds. 
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Figure 15. The fluorescence image of 
the 0.79 ct sample showed the typical 
growth pattern of an HPHT synthetic 
diamond. Strong blue phosphores- 
cence was also observed. 


was also observed. But the most no- 
table feature found in these two syn- 
thetic diamonds was the [Si-V] 
defect. Weak but distinct emissions 
at 736.6 and 736.9 nm were recorded 
in both with 633 nm laser excitation 
at liquid-nitrogen temperature (figure 
16). 

The [Si-V]- defect reported earlier 
in an HPHT-grown synthetic dia- 
mond (also type IIb; see Winter 2010 
Lab Notes, p. 302) was believed to be 
a very unusual feature. The discovery 
of two additional occurrences sug- 
gests that this defect may be more 
common in HPHT synthetic dia- 
monds than previously expected. It is 
not fully understood why the feature 
has not been observed in type Ia 
HPHT synthetics. Because this opti- 
cal center is a common feature of 
CVD synthetic diamonds, document- 
ing it in HPHT-grown synthetics un- 
derscores the importance of testing 
with multiple technologies. 


Wuyi Wang and Kyaw Soe Moe 
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COLORED STONES AND ORGANIC MATERIALS 


Naturally healed fractures in Ethiopian opal. During the 
examination of opals from Shewa, Ethiopia, we encoun- 
tered several samples showing fractures filled with a 
translucent material that appeared to be different from the 
opal. The fractures were about 50 pm wide and distributed 
over the whole stone. The stones looked as if they had been 
broken and then glued back together (figure 1). We investi- 
gated these samples to verify if this fracture filling was a 
natural phenomenon or the result of a treatment. 

During polishing, we noted that the filling substance was 
harder than opal (figure 2). With magnification, we observed 
minute black, opaque octahedral inclusions in both the fill- 
ing substance and the host opal (again, see figure 2). This sug- 
gested that both were opal. We measured the Raman 
spectrum of the host opal and the filling substance using a 
Bruker FT Raman equipped with a Nd:YAG laser emitting 


Figure 1. This 29.68 ct play-of-color opal from Shewa, 
Ethiopia, shows thin fractures filled with a colorless 
substance. Photo by B. Rondeau. 
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Figure 2. Reflected light on the surface shows that the 
filling substance is slightly harder than the host opal. 
The shiny dots are opaque inclusions observed in 
both the host opal and the filling substance. Photo by 
Jean-Pierre Gauthier. 


at 266 nm quadrupled to 1064 nm and coupled to an optical 
microscope, allowing the measurement of volumes smaller 
than 100 ym%. We measured each material several times and 
obtained Raman spectra with nearly identical features in 
both zones. a major broad at about 320 cm, weaker peaks 
at 780 and 1057 cmv", and a broad, intense band centered at 
about 2900 cm~!. These spectral features are typical for opal. 
We observed no additional peak in the fracture’s spectrum. 
The difference in visual appearance and hardness between 
the host and the filler opal may be explained by their different 
porosity and water contents, for example. 


Editor’ note: Interested contributors should send information and illus- 
trations to Justin Hunter at justin.hunter@gia.edu or GIA, The Robert 
Mouawad Campus, 5345 Armada Drive, Carlsbad, CA 92008. 

Gems & GEMOLocy, Vol. 48, No. 4, pp. 306-311, 
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Figure 3. Black common opal from Brittany, France, 
also shows fractures that developed after the opal for- 
mation. They were naturally healed by gray common 
opal. Photo by B. Rondeau; image width 6 cm. 


From these observations, we deduce that the filling of 
these fractures is a natural phenomenon: The fractures first 
developed in a well-formed opal, and then a second stage 
of opal precipitation naturally healed them. From our ex- 
perience, the fracturing does not hinder the toughness of 
these opals. 

We have encountered such a fracture filling in other 
opals, such as black common opal (without play-of-color) 
from Brittany, France. In this case, a network of fractures 
developed and was naturally healed by a later stage of gray 
common opal (figure 3). The resulting opal is homoge- 
neous, as shown by the regular propagation of the con- 
choidal fracture that developed when the stone was 
extracted. 

Gemological labs should note that correct identifica- 
tion requires careful examination to differentiate between 
naturally healed opals, as described here, and opals with 
fractures filled with an artificial substance. To our knowl- 


edge, this last case has not been documented in the gemo- 
logical literature, though it is possible in theory. 


Benjamin Rondeau 
Laboratoire de Planétologie et Géodynamique 
CNRS, Team 6112, University of Nantes, France 


Jean-Pierre Gauthier 
Centre de Recherches Gemmologiques, Nantes, France 


Emmanuel Fritsch 


New supplier of Montana sapphires. In March 2012, Lisa 
Brooks-Pike and Margo Bedman formed Sapphires of Mon- 
tana, a new wholesale and retail outlet for heat-only sap- 
phires originating from the United States. The company’s 
focus is calibrated stones ranging from 2 to 6 mm, with the 
majority in the 4-4.5 mm range. Stones larger than 6 mm 
are occasionally offered. Colors available are primarily blue 
and greenish blue, as well as limited quantities of yellow, 
orange, and pink stones (figure 4). 

Brooks-Pike and Bedman initially acquired about 65 
kg of rough from existing stock mined at the Rock Creek 
deposit in Montana. The rough was then heat treated by 
Crystal Chemistry (Brush Prairie, Washington) without 
the addition of color-modifying chemicals (see J. L. Em- 
mett and T. R. Douthit, “Heat treating the sapphires of 
Rock Creek, Montana,” Winter 1993 GWG, pp. 250-272). 
Pike and Bedman have also collaborated with Colombia 
Gem House (Portland, Oregon) to oversee cutting opera- 
tions, with the emphasis on optical performance rather 
than yield. This carefully controlled production is capa- 
ble of manufacturing high-quality, well-matched suites 
of sapphire suitable for a number of jewelry designs. 

While Montana sapphires have been available for some 
time, new sources of quality material are always a wel- 
come addition to the trade. 


Nathan Renfro 
GIA, Carlsbad 


Figure 4. Sapphires of Montana offers heat-only material in a variety of colors. The faceted stones pictured here 
range from 3 to 7 mm in diameter. Courtesy of Sapphires of Montana; photo by Sherman Pike. 
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Gemological Digests 


Grodzinski, Industrial Diamond Information 
Bureau, London; Dr. John W. Gruner, Pro- 
fessor of Geology and Mineralogy, Univer- 
sity of Minnesota; Dr. Paul F. Kerr, Chair- 
man, Department of Geology, Columbia 
University; G. F. H. Smith, President, Gem- 
mological Association of Great Britain, Lon- 
don; and Alpheus W. Williams, Author and 
Mining Engineer, Cape Town, Union of 
South Africa. 

Active members of the Board, under the 
chairmanship of President Edward H. Kraus, 
Ph.D., University of Michigan, are Dr. W. 
F. Foshag, vice-chairman, Smithsonian In- 
stitution; Fred E. Belsham, Canadian Jewel- 
lers’ Association, Toronto; R. D. Edwards, 
National Wholesale Jewelers’ Association, 
Kansas City; Dr. Harry H. Hess, Princeton 
University; Dr. Ralph J. Holmes, Columbia 
University; Dr. Cornelius §. Hurlburt, Har- 
vard University; Oscar Kind, Jr., Philadel- 
phia; Lloyd V. Lassner, American Stone 
Importers’ Association, Inc., New York; 
Dr. George Switzer, Smithsonian Institu- 
tion; and G. H. Niemeyer, Jewelers’ Vigi- 
lance Committee, New York. 


AQUAMARINE FROM BRAZIL 
WEIGHS 2000 CARATS 


Ray Orcutt recently returned from a 
gem collecting trip into the Brazilian in- 
terior, with a 2000 carat aquamarine crystal, 
which he found in the possession of a na- 
tive in Minas Geraes. 

Orcutt, a G.LA. student, was able to 
fashion one large emerald cut gem of 
420 carats from the complete terminated 
crystal. The stone is flawless and of a beau- 
tiful bluish green color. Orcutt understands 
that there is only one larger flawless aqua- 
marine in this country, and it is in a pri- 
vate collection. 


FALL 1950 


G.LA. EXECUTIVE COMMITTEE 
SUPERSEDES OPERATING 
COMMITTEE 

Charles H. Church, Church & Company, 
Newark, was appointed chairman of the 
newly designated Executive Committee of 
the Gemological Institute of America at the 
last meeting of the Board of Governors. 

Other members of the committee, which 
supersedes the Operating Committee of the 
Institute, are Frank Davidson, Los Angeles, 
and Fred L. Cannon, Slaudt-Cannon Agency, 
of the same city. 

To this committee the G.J.A. Board of 
Governors has delegated most of its powers, 
to be used during the interims between the 
less frequent regular meetings of the Board. 


58 DIPLOMAS 
AWARDED BY G.LA. 

Since last reported in the summer issue 
of Gems and Gemology, fifty-eight students 
have completed the correspondence and 
residence courses of the Gemological ‘Insti- 
tute of America. The following eleven have 
received diplomas in the Theory and Prac- 
tice of Gemology: 

Charles Boros, Braddock, Pennsylvania 
Elaine Cooper, Bryn Athyn, Pennsylvania 
Robert D. Franklin, Clatskanie, Oregon 
Leonard W. Friedman, Los Angeles, Cal. 
Donald W. Green, Mt. Clemens, Mich. 
Frank J. Holmes, Peoria, Illinois 

Samuel Koulish, New York, New York 
Donald J. Lund, Bismarck, No. Dakota 
Leonard Olkowski, Dearborn, Michigan 
Edgar F. Strother, Louisiana, Missouri 
Adolph L. Westlind, Clatskanie, Oregon 

Diplomas in the Theory of Gemology 
from the Gemological Institute of America 
awatded upon completion of correspondence 
courses were received by the following 
persons: 

Calvin R. Baker, Las Vegas, New Mexico 
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Figure 5. This was one of the large Tahitian black cul- 
tured pearls with a baroque-shaped nucleus. Photo by 
O. Segura. 


Pinctada margaritifera cultured pearl with baroque- 
shaped nucleus. The French Gemological Laboratory (Lab- 
oratoire Francais de Gemmologie, or LFG) recently analyzed 
110 Tahitian black cultured pearls presented as keshi (cul- 
tured pearls without a nucleus). They were large, up to 25.5 
mm in the longest dimension, and slightly baroque, with a 
very good nacre quality (figure 5). Overtones ranged from 
green (“peacock”) to purple (“aubergine”). 

Their UV-Vis-NIR spectrometry features were consis- 
tent with cultured pearls from Pinctada margaritifera, par- 
ticularly the presence of the 700 nm band (S. Karampelas, 
“UV-Vis-NIR reflectance spectroscopy of natural-color salt- 
water cultured pearls from Pinctada margaritifera,” Spring 
2011 GwG, pp. 31-35). But microradiography did not reveal 
the expected structures of keshi (N. Sturman, “The micro- 
radiographic structures of non-bead cultured pearls,” Au- 
gust 20, 2009, http://www.giathai.net/lab.php). A strong, 
easily visible delineation ran roughly parallel to the external 
shape, 0.8-2.8 mm below the surface. That line was similar 
to the structure encountered in cultured pearls at the 
boundary between nacre and nucleus, but here it had a 
“baroque” shape. The shape of the cultured pearl generally 
followed the shape of the nucleus. In many cases there were 
one or more cavities related to this structure. In several in- 
stances, this delineation opened into cavities, with a very 
similar appearance to that seen in keshis. X-ray opacity, 
which appeared as shades of gray in radiography, was very 
similar between the nucleus and the periphery, which is 
usually the case for cultured pearls. 

We obtained permission to cut one of the submitted 
pieces in half to directly observe the type of core used for 
nucleation (figure 6). The material forming the nucleus is 
similar to that normally seen in cultured pearls, but the 
shape was different. Raman analysis indicated that the nu- 
cleus was indeed composed of calcium carbonate (arago- 
nite). The yellow X-ray luminescence and the Sr/Mn ratio 
determined by EDXRF chemical analysis (Rigaku NexCG) 
confirmed that it was produced by a freshwater mollusk, 
not Pinctada margaritifera. When one of the two halves 
was cut again, the core and black nacre separated immedi- 
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Figure 6. The cultured pearl shown in figure 5 was cut 
in half, revealing a white, baroque-shaped nucleus. 
Photo by O. Segura. 


ately, revealing another human intervention: a polished 
surface on the nucleus. 

This appears to be a new type of core carved from a piece 
of shell from a freshwater mussel (e.g., Megalonaias sp., 
Fusconaia sp., or Quadrula sp.) conventionally used to cre- 
ate spherical nuclei but here carved with a baroque shape. 
The quality of the nacre used for the baroque nuclei seems 
lower than that used for spherical beads, however. Indeed, 
this lower quality induces many structures such as cracks, 
fissures, and areas of variable X-ray opacity that are visible 
in radiographs. These structures may lead one to believe 
that this is not a nucleus, as it looks more natural (figure 
7). 

Cultured pearls with spherical pieces of shell as nuclei 
have been long known, and nucleation with freshwater 
cultured pearls has appeared more recently. But this new 
baroque variety of nucleus may be difficult to properly 
identify using X-radiography because the features produced 
sometimes resemble those observed in keshis or baroque- 
shaped natural pearls. 

Olivier Segura (o.segura@bjop.fr) 
Laboratoire Francais de Gemmologie (LFG), Paris 
Emmanuel Fritsch 


Figure 7. The sawed parts of the specimen are shown 
next to a classic round nucleus (far right). Both nuclei 
are similar except for their shape. Photo by O. Segura. 
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Update on ruby mining and trading in northern Mozam- 
bique. A few months after the gem rush in Winza, Tanza- 
nia, that brought many Thai and Sri Lankan ruby buyers 
to East Africa, two new ruby deposits were discovered in 
northern Mozambique in the Niassa and Cabo Delgado 
provinces (see Winter 2009 GNI, pp. 302-303). 

In Niassa, the deposit was worked illegally by 
garimpeiros (the name used in Mozambique, a Portuguese- 
speaking country, for illegal miners) until the summer of 
2009, when it was closed by law enforcement. But accord- 
ing to Niassa officials contacted in 2012, the garimpeiros 
have returned every year during the rainy season, when the 
area is too muddy for vehicles. 

Near Montepuez, in the Cabo Delgado province, law 
enforcement was not as successful, and garimpeiros have 
been mining illegally the new deposit since its discovery 
in May 2009 (again, see Winter 2009 GNI). It is believed 
that they have mined most if not all of the stones currently 
in the market from that new deposit. 

The new deposit is located on a private hunting reserve 
belonging to Mwiriti Ltd., a Mozambican company owned 
by a retired general. A few weeks after the discovery, the 
company was granted several mining licenses for an area that 
an agreement with a Thai company to mine the site. 

More details on M’sawize, Montepuez rubies, and the 
GIA expedition in 2009 can be found on GIA’s website at 
www.giathai.net/Mozambique_Ruby_Special_Issue.php. 

The partnership did not last long, and in 2011 Mwiriti 
signed on with Gemfields, a British company involved in 
Zambian emerald and amethyst mining. The new com- 
pany was called Montepuez Ruby Mining, or MRM. Like 
the previous partnership, MRM has had difficulty control- 
ling the wide area. Since its discovery in 2009, the deposit 
has been worked by thousands of garimpeiros who have 
sold their stones to buyers from Africa, Thailand, and Sri 
Lanka. In 2010, Mozambique became the main source of 
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Figure 8. This map 
shows the different 
ruby mining areas 
around Montepuez, as 
of September 2012. 


rubies in the Bangkok and Chanthaburi markets. Since the 
site was not officially in production, the stones presumably 
were mined by garimpeiros. 

During a visit to northern Mozambique in September 
2012, we continued the work started by contributor VP 
during his previous three expeditions in 2009. After visit- 
ing the MRM ruby mine September 9-12, we stayed to 
visit the areas currently being mined by the garimpeiros. 

Between March and June 2012, after the rainy season, 
MRM had been building infrastructure and securing the 
area. MRM security personnel said they spent a month try- 
ing to peacefully expel the garimpeiros from four areas in- 
side the concession: “Central,” “Maninge Nice” (meaning 
“very nice” in local languages and referring to the quality 
of the rubies), “Nova Mina,” and “Glass” (because of the 
rubies’ clarity). After a three-month battle, MRM finally 
regained control of the areas, apparently because the 
garimpeiros heard that good rubies could be found near Na- 
mujo village at a place called “Torro.” 

While MRM was securing the core of its concession, 
including Maninge Nice and Glass, the garimpeiros were 
busy at Namujo/Torro, which is also inside the concession 
(figure 8). According to an MRM manager and some inde- 
pendent miners we met, over 4,000 of them were at Na- 
mujo/Torro on a5 km area along a stream. MRM first tried 
to persuade them to leave, with little success—in fact, the 
garimpeiros at Namujo/Torro threw stones at their cars. 
The situation was tense, but compared to the three-month 
guerilla-like conflict for control of the MRM core area, it 
represented a de facto cease-fire. 

Between March and September 2012, MRM built a forti- 
fied camp near Maninge Nice and prepared for the arrival of 
a large washing plant, reportedly on its way by boat. Near 
Namahumbire village, a large camp is also being constructed 
to accommodate hundreds of employees. All over the middle 
of the concession, including Maninge Nice and Glass, there 
are prospecting pits, security posts, roads, and boreholes. 
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Figure 9. Rubies were found in situ with amphi- 
bole (dark green), mica (yellowish), and feldspar 
(white) on the wall of the test pit. Note the white 
feldspar rim surrounding most of the rubies. Photo 
by Vincent Pardieu. 


Garimpeiros informed us that a few days earlier, there 
was a rumor in Namahumbire of fine rubies found by gold 
miners working on a stream at Nacaca, a new area in the 
southeast of the MRM concession. We also learned that 
the area near Namahaca village (about 5 km west of 
Namahumbire, outside the concession), where contributor 
VP found some ruby diggings and low-quality samples in 
December 2.009, is now nearly abandoned, as the stones 
there were inferior. 

At MRM, the authors were able to collect samples for 
the GIA reference collection from all the areas except Na- 
mujo/Torro. It soon became clear that visiting Namujo/ 
Torro with MRM would not be possible due to their fierce 
struggle with the garimpeiros for control of Central, 
Maninge Nice, and Glass. 

Contributor VP had in fact already visited Maninge 
Nice in December 2009 with the support of Mwiriti Ltd. 
This gave us an opportunity to complete the field study 
started in 2009. An extensive report with our recent find- 
ings, including a study of the samples collected, will be 
published in Gems # Gemology and on GIA’s website. 
What we can confirm is that rubies around Maninge Nice 
and Central are found within two types of deposits: (1) an 
alluvial ruby-rich soil corresponding to the weathering of 
the in situ ruby deposit, and (2) a primary deposit where 
rubies are found in veins associated with amphibole, 
feldspar, and mica (figure 9). 

Samples collected from Maninge Nice and Central 
ranged from pink to deep red and up to about 20 ct. Most 
were very included and fractured, but a few small clean, 
beautiful gems were also collected. The deposit seems in- 
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credibly rich: After carefully mining and documenting less 
than one cubic meter of ruby-rich rock, we were able to 
collect more than 20 grams of rubies. By comparison, the 
authors could not find any rubies in matrix in the Glass 
and Nova Mina areas, where the garimpeiros were mining 
a secondary deposit along a stream. 

After leaving the MRM mine, we started negotiating 
with garimpeiros and village elders to find a way to visit 
Namujo/Torro. Nearly a week later, while discussions were 
still in progress, our hopes of witnessing the garimpeiros 
vanished. That day, the police launched a major security 
operation with the support of special forces from Maputo, 
the capital of Mozambique. Within a day, the government 
forces expelled thousands from Namujo/Torro. One Tan- 
zanian miner died after falling into a pit. On our way back 
to Montepuez, we saw hundreds walking along the road to- 
ward Montepuez, having escaped from Namujo/Torro. 

Following the security operation, our local garimpeiro 
contacts were on the run, waiting for the situation to ease. 
The more adventurous attempted to collect their belong- 
ings left behind in haste. During the nights, after the oper- 
ation, there were reportedly problems in the nearby village 
of Namahumbire, where garimpeiros damaged a school 
building and the house of a local government official. But 
overall the situation quieted within about three days. 

Upon meeting with garimpeiros again on September 
22, we learned that many of them were moving to Nacaca 
(again, see figure 8), the new ruby mining area about 35 km 
south of Mesa village and about 10 km southeast of the 
MRM concession. That was confirmed by other sources. 

On September 24, we finally spent a full day at Namujo/ 
Torro, where we confirmed that it is indeed a secondary de- 
posit. The garimpeiro workings covered an area approxi- 
mately one kilometer wide and two kilometers long. Judging 
from the area and the number of pits, it is likely that more 
than 4,000 people had been working there. Throughout the 
day, while a bulldozer refilled thousands of pits, we wit- 
nessed the cat-and-mouse game between the police and the 
garimpeiros returning to collect the gravels left behind (fig- 
ure 10). Finally, after washing some of these gravels, we 
could see what all the excitement was about: small rubies 
of very fine color and high quality, rounded in form, as ex- 
pected from secondary deposits (figure 11). Looking at the 
stones that day, we understood why some in Bangkok have 
claimed that the quality of Mozambique rubies is improving. 

It is still too early to know if MRM can bring its mining 
concession under control. The key might be Nacaca: If 
good stones are found, it will likely draw garimpeiros there, 
and MRM will have an easier time securing its concession. 

The success of any gem mining operation depends on 
three factors: (1) understanding the geology, to know where 
the stones are located, (2) understanding the mining technol- 
ogy, to find the most cost-efficient way to mine the deposit; 
and (3) management and security. The ruby deposit near 
Montepuez seems very rich and technically easy to mine. 
The most pressing issue facing MRM is security—many gem 
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mining operations would love to have this as their problem. 

Looking ahead, the Montepuez area seems very likely 
to remain the world’s main ruby producer. The question 
that many ponder—particularly in Thailand, the main 
market for these rubies—is how and where MRM will 
commercialize its production. Currently, Gemfields seems 
to favor the auction system they already have in Singapore 
for their Zambian emerald production. According to MRM 
and Gemfields officials, the first auction including rubies 
from Montepuez is expected to take place in 2013. 


Vincent Pardieu 
GIA, Bangkok 


Boris Chauvire 
Nantes, France 


Figure 11. These small rubies, weighing up to 3 ct, 
were the result of washing a few bags of ruby-rich 
gravels left behind by the garimpeiros. The stones 
show a very fine color, good clarity, and the weather- 
ing typical of rubies from secondary deposits. Photo 
by Vincent Pardieu. 
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Figure 10. Garimpeiros 
collect ruby-rich grav- 
els in Namujo/Torro a 
few days after the secu- 
rity operation. Photo by 
Vincent Pardieu. 


CONFERENCE REPORT 


2012 NAG Institute of Registered Valuers Conference. The 
National Association of Goldsmiths 24th annual Institute 
of Registered Valuers Conference took place September 22— 
24 at Loughborough University in Leicestershire, UK. A 
record 198 delegates attended the various presentations and 
hands-on workshop sessions. This year the Institute marked 
its 25th anniversary, and silver was the theme of the event. 
The history of silver penny and the use of silver coins 
were reviewed by former Senior Master of the Supreme 
Court and Queen’s Remembrancer Robert Turner. Besides 
discussing his judicial functions at the Royal Courts of Jus- 
tice, Prof. Turner explained some of the diverse duties of 
the Queen’s Remembrancer, such as presiding over the an- 
cient Pyx Trial, which ensures that newly minted coins 
conform to required standards. David Evans (a former assay 
master of the London Assay Office) explained how hall- 
marking began in the UK and focused mainly on silver. 

Grant Macdonald (Grant Macdonald Silversmiths, Lon- 
don) described how he expanded his business into different 
markets. He also illustrated many of his silver master- 
pieces and explained the use of technology in silver crafts- 
manship. Alastair Dickenson (Alastair Dickenson Ltd., 
London) described the challenges of buying silverware from 
the Internet and what to consider when buying from eBay. 
He provided guidelines on how to assess the item, showing 
some of the silverware live on the website and reviewing 
the descriptions. 

Eric Knowles described his journey to become an anti- 
quarian and how he got into this business working as an 
expert in ceramics and porcelains. Stephen Kennedy (The 
Gem and Peal Laboratory Ltd., London) reviewed the use of 
technology in his lab and provided tips on how to identify 
treatments in corundum. He also explained the common 
treatments he is seeing in the market and the challenges to 
detecting some of them. 


Mehdi Saadian (msaadian@gia.edu) 
GIA, London 
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Symphony of Jewels: 
Anna Hu Opus 1 


By Janet Zapata, Carol Woolton, 
and David Warren, 167 pp., illus., 
publ. by Vendome Press, New York, 
2012. US$75.00 


Anna Hu is a rising star in the world 
of jewelry. Her firm, Anna Hu Haute 
Joallierie, has boutiques in New York 
and Shanghai. Her Shanghai store is 
located next to mega-jewelers Graff 
and Harry Winston, and an exhibition 
of her work was recently held at the 
renowned Musee des Arts Decoratifs 
in Paris. 

This luxurious hardcover book cel- 
ebrates “Opus 1,” as Hu calls the col- 
lection of her first 100—a feat the 
designer intends to repeat every five 
years until she has completed ten 
opuses. Hu’s foreword details the 
Gnossienne brooch/necklace, a beau- 
tiful crane motif that marked the 
beginning of her symphony of jewels, 
embodies who she is: a Taiwanese 
artist trained in Western craftsman- 
ship, and a musician with a deep 
understanding of the melodic harmo- 
ny of gems. From Hu’s single-minded 
dedication to becoming a virtuoso cel- 
list, playing with masters such as Yo- 
Yo Ma at age thirteen, to her years 
spent studying under renowned jewel- 
ry designer Maurice Galli at Harry 
Winston, the reader is given insight 
into her passion. The section by jewel- 
ry historian Janet Zapata summarizes 
Hu’s studies, which include the 
Walnut School for the Arts in Boston, 
Parsons School of Design, Columbia 
University, the Fashion Institute of 
Technology, and GIA. Apprenticing at 
Christie’s and Van Cleef & Arpels 
added to her knowledge of the gem 
and art worlds. Zapata relates how Hu 
evolved as a designer of traditional 
jewelry design to forge her own elabo- 
rate and poetic style. 


BOOK REVIEWS 


Carol Woolton, jewelry editor of 
British Vogue, describes how Hu’s 
designs fit in the modern fashion 
world and follow the path of many 
great couturier designers before her. 
This section reveals how the jeweler’s 
formative years in Taiwan provided a 
rich source of inspiration for later 
work. Her parents were gem dealers 
from Thailand, and this early influ- 
ence produced a natural gravitation 
toward high-end colored stones and 
diamonds. When a shoulder injury 
ended her career as a cellist, she took 
a jewelry design course. For Hu, 
designing jewelry is like composing 
music. She transferred her passion for 
creating beautiful music to fashioning 
objects of beauty, each with an energy 
of its own. 

David Warren’s “Appreciating 
Rarity” chapter gives the art world 
perspective on her works. Very few 
designers show the vibrant originality 
that “gives you a rush of excitement” 
and moves the soul. Warren describes 
what it takes for jewelry to stand the 
test of time, comparing Hu’s work to 
pieces from the Art Deco, Belle 
Epoque, and Art Noveau periods. 
There are designers who take their 
inspiration from the great brands such 
as Cartier, Bulgari, and Van Cleef & 
Arpels, but Hu’s pieces represent a 
truly creative new age fusion of Asian 
and Western influences that moves 
the soul. 

The “Opus 1” catalogue takes the 
reader on the journey Hu traveled 
with each work. The 99 pieces are 
beautifully photographed, many with 
original drawings and sketches. 
Informative captions give the title of 
the piece and describe the gemstones 
used and the artistic inspiration. The 
designs draw upon nature, gradation 
(the blending of colors), organic forms, 
butterflies, koi fish, birds, and snakes. 
The “Fantasy Garden” section show- 
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cases Hu’s botanical repertoire. Time 
spent in Monet’s garden in Giverney 
at age 20 is revealed in her Monet’s 
Water Lilies necklace and Van Gogh’s 
Iris bangle. The four seasons are 
another recurring theme in her works. 
Beautiful photos help the reader 
understand how Hu’s pieces repre- 
sent, in her own words, a “song in 
love of jewels.” 

For the gemologist, Symphony of 
Jewels shows how important gem- 
stones are being used today. It fea- 
tures mouthwatering Burmese rubies, 
jade, Kashmir sapphires, Golconda 
diamonds, tsavorite garnets, moon- 
stones, alexandrite, Paraiba tourma- 
line, sapphires of all colors, and 
pearls. For the modern jewelry design- 
er, it offers a look at a contemporary 
Asian design aesthetic, and the direc- 
tion of high-end jewelry in this 
decade. 

MELINDA (LINDY) ADDUCCI 
DuMouchelles Art Gallery 
Detroit 


Celebrating Jewellery: 
Exceptional Jewels of the 
Nineteenth and Twentieth 
Centuries 


By David Bennett and Daniela 
Mascetti, 323 pp., illus., publ. by 
Antique Collector’s Club, Wood- 
bridge, UK, 2012. $US125.00 


In this extraordinary tome, jewelry 
auctioneers Daniela Mascetti and 
David Bennett reunite to deliver a 
sequel to their classic Understanding 
Jewellery (first published in 1989). 
Some of the jewels presented here are 
among the finest ever created. One 
could almost think of their work as 
the catalogue of an extraordinary jew- 
elry exhibition. This remarkably 
hefty volume highlights 125 jewelry 
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pieces auctioned by Sotheby’s over 
the past 30 years. The selections, 
based solely on the authors’ personal 
tastes, include creations by Belperron, 
Boivin, Boucheron, Bulgari, Castel- 
lani, Chaumet, Giuliano, JAR, 
Lalique, Lemonnier, Schlumberger, 
Van Cleef & Arpels, and Vever. 
Celebrating Jewellery takes the 
reader on a historical journey in five 
chapters, from before the 19th centu- 
ry through the 20th century. The 
authors have carefully selected some 
of the most exceptional jewelry pieces 
of each period. For instance, the emer- 
ald and diamond tiara of Princess 
Henckel von Donnersmarck is one of 
the iconic pieces of the “Nineteenth 
Century and Earlier” chapter. 
“Revivalism” displays artful creations 
from 1850 to 1890, with references to 
jewelry inspirations from antiquity. 
One of the strongest visuals of this 
chapter is the micromosaic Gorgon 
brooch. The most outstanding exam- 
ples from the Belle Epoque chapter is 
the Mountbatten Kokoshnik tiara. 
One of the most magnificent Art 
Deco pieces is Daisy Fellowes’s emer- 
ald bead and diamond necklace/ 
bracelets. The book’s final chapter, 
“The Twentieth Century—The 
Nineteen Thirties and Later,” is well 
illustrated with an opulent multi-gem 
cabochon bib necklace by Bulgari. 
After a short historical introduc- 
tion to each era, the authors’ selec- 
tions are described in brief vignettes, 
as in an exhibition catalogue. 
Illustrations are clearly the strong suit 
of this volume. The renderings are 
consistent throughout. Some of the 
photos are so clinically precise that 
the reader can observe abrasions on 
diamonds, culet sizes, and colored 
stone inclusions. One can also sense 
the thinness of mountings, types of 
settings, metal finishes, and other 
details. Some pieces, particularly in 
the Art Deco section, are displayed to 
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showcase their flexibility and articu- 
lation. Micromosaic, granulation, and 
filigree textures are perceptible in 
other photos. 

Two chapters are particularly cap- 
tivating from a historical viewpoint: 
“Nineteenth Century and Earlier” 
presents extremely rare jewelry that 
has seldom been displayed. The his- 
torical context provided is of great 
value in understanding the unique- 
ness of the pieces. And the Belle 
Epoque chapter is noteworthy for the 
magnificence of the jewelry and the 
stylistic contrasts between the gar- 
land-style and Art Nouveau creations. 
One might wish to see the actual jew- 
elry sizes, since these details were 
available to the authors. Similarly, no 
mention is made of the end of the 
photo magnifications, which differ 
from one page to the next. 

Even so, this volume is a must- 
have for jewelers, collectors, and 
antique jewelry professionals. The 
outstanding quality of the photos is 
an exceptional asset to that end. 


DELPHINE A. LEBLANC 
Hoboken, New Jersey 


OTHER BOOKS RECEIVED 


Jewels of the Early Earth: Minerals 
and Fossils of the Precambrian. By 
Bruce L. Stinchcomb, 160 pp., illus., 
publ. by Schiffer Publishing, Atglen, 
PA, 2012. US$29.99,. This book 
addresses the geology, mineralogy, 
and paleontology of the earth’s first 
two billion years, the Precambrian 
era. Topics from the nine chapters 
include: the geology of the shield 
areas and their rocks and minerals; 
outcrops of rocks that contain fossil 
evidence of the earliest life on the 
planet; early limestone that convert- 
ed to marble, yielding decorative 
rocks and gemstones for mankind; 
pegmatites and the gems and miner- 
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als contained within; ancient rock 
belts of greenstone and their associa- 
tion with the planet’s gold deposits; 
and the curious banded iron forma- 
tion strata, rock associated with the 
very atmosphere. These and other 
topics are contained within 160 pages 
and supplemented by over 650 color 
photographs. 
MICHAEL T. EVANS 
Gemological Institute of America 
Carlsbad, California 


The Queen’s Diamonds. By Hugh 
Roberts. 319 pp., illus., publ. by Royal 
Collection Publications, London, 
2012. US$95.00. Published to coin- 
cide with Queen Elizabeth II’s 
Diamond Jubilee, this work docu- 
ments the personal jewelry collec- 
tions of the female monarchs of Great 
Britain, from Queen Adelaide in 1831 
to the present. Roberts provides a 
wealth of information on the jewelry, 
the makers, and the queens them- 
selves. Includes extensive pho- 
tographs, both black-and-white and 
color. 
GIA LIBRARY STAFF 
Gemological Institute of America 
Carlsbad, California 


Amethyst: Uncommon Vintage. By 
H. Albert Gilg, Suzanne Liebetrau, 
Gloria A. Staebler, and Tom Wilson, 
Eds., 124 pp., illus., publ. by Litho- 
graphie, Ltd., Denver, 2012. US$35.00. 
This monograph is a collection of 
articles from several contributors on 
topics such as amethyst’s origin, 
mineralogy, optical properties, locali- 
ties, and lore. It is lavishly illustrated 
with color photos of mineral speci- 
mens, localities, and jewelry. Also 
included are a glossary of terms and a 
bibliography. 
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Ein Beitrag zum Thema Bernstein—Unterscheidung von 
Bernstein und Kopal sowie Erkennung von behandeltem 
griinen Bernstein [A contribution to the topic amber— 
differentiation between amber and copal as well as deter- 
mination of treated green amber]. K. Schollenbruch, 
Zeitschrift der Deutschen Gemmologischen Gesell- 
schaft, Vol. 61, No. 1-2, 2012, pp. 13-34 [in German]. 

Copal and amber are natural resins at different stages of fos- 

silization containing different amounts of volatile elements. A 

number of tests used to distinguish them (microscopic observa- 

tion, color comparison, scratching, burning, organic solvents, 

UV fluorescence, and FTIR spectroscopy) are discussed in this 

article. 

While two different types of natural green amber have 
been known for a long time, artificially colored green amber 
has become popular in recent years. Its color is produced by an 
autoclave treatment. This raises the problem of distinguishing 
natural from artificial green amber, and determining whether 
the starting material was copal or amber. Here the traditional 
tests such as scratching do not work. Only FTIR spectroscopy 
can provide definitive results. RT 


Exotic common opals. H. Serras-Herman, Rock & Gem, Vol. 
42, No. 10, 2012, pp. 26-30. 

“Precious” opal exhibits the fiery multicolored flashes known 
as play-of-color. But there are a wide range of opals without 
this optical phenomenon that have beautiful colors and pat- 
terns in their own right. This article surveys the often underap- 
preciated “common” opal and its versatility as a lapidary gem 
material. 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editors and their abstractors, and space limitations may require 
that we include only those articles that we feel will be of greatest 
interest to our readership. 


Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The abstractor of each article is identified by his or her initials at 

the end of each abstract. Guest abstractors are identified by their 
full names. Opinions expressed in an abstract belong to the abstrac- 
tor and in no way reflect the position of Gems & Gemology or GIA. 
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Vivid blue opal from Peru and Oregon often contains 
scenic white banding patterns, and specimens can be fash- 
ioned into cabochons, carvings, or slabs. Peru is also the 
source of fine pink opal, which ranges from pastel to deep 
pink and often has veining or dendritic inclusions. Its 
compact structure makes it a superb lapidary material. 
Similar-looking opal has come from Arizona and Idaho. 
Tanzania, Kosovo, and Brazil have supplied much of the 
green opal on the market. The new Morado opal from 
Mexico displays a purple color with swirls of white. 
There are also honey-colored, lemon yellow, and white 
varieties. 

Common opal is hard enough to take a polish, and 
many specimens reveal their interesting patterns after 
cutting. The gem’s beauty is completely natural rather 
than the product of heating or irradiation, which adds to 
its appeal. (Fractured specimens may be given a stabiliz- 
ing treatment.) While common opal is generally more 
affordable than its play-of-color counterpart, the price of 
certain varieties has risen dramatically in the past two 
decades. Stuart Overlin 


Geographic origin of gems linked to their geological histo- 
ry. G. Giuliani, D. Ohnenstetter, A. E. Fallick, L. 
Groat, and J. Feneyrol, InColor, Spring 2012, pp. 
16-27. 

In today’s gem market, the geographic origin of a gem- 
stone is critical. Knowledge of gem deposit geology is very 
important to determining the geographic origin of gem- 
stones. There are two main types of gem deposits: primary 
and secondary. Primary deposits can be divided into three 
types: magmatic, metamorphic, and sedimentary. The 
magmatic type can be subdivided into two subgroups— 
magmatic deposits, such as corundum in alkali basalts, 
and magmatic-metasomatic deposits, such as pegmatite in 
schist or marble. The metamorphic type can also be divid- 
ed into two subgroups: metamorphic deposits (e.g., corun- 
dum in marble) and metamorphic-metasomatic deposits, 
which are usually found in metamorphosed shale. The 
sedimentary type includes emerald deposits formed in 
black shales, such as Colombian emerald deposits, and it 
is usually related to the hydrothermal fluid circulation in 
fault and shear zones High-value colored gem stones usu- 
ally formed in rift, subduction, and collision tectonic 
regimes for the past 3 Ga. 

Three main periods were identified for the formation of 
corundum: (1) the Pan-African orogeny (750-450 Mal], 
which formed ruby, sapphire, garnet, tourmaline, and tan- 
zanite in the Gemstone Belt of East Africa; (2) the 
Himalayan orogeny (45-5 Ma), associated with ruby and 
spinel formation in marbles; and (3) the Cenozoic (65—1.65 
Ma), associated with the extrusion of alkali basalts carry- 
ing xenocrysts of blue-green-yellow sapphires. 

Emeralds were formed during several orogenies from 
the Archean (2.9 Ga) to the Cenozoic (8 Ma). The 
Colombian emerald deposits were produced by reaction 
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between high-salinity brines and black shales. Pyrite pre- 
cipitation occurred before emerald formation, causing 
poor iron content in these specimens. The jagged three- 
phase inclusions were caused by alteration during the 
cooling process. The Chivor deposits were formed at 65 
Ma, followed by Coscuez and Muzo at 38-35 Ma. These 
deposits were formed as a result of basinal fluid circula- 
tion along the hanging-wall of the faults in the Eastern 
Cordillera basin. In the Kaduna plateau of Nigeria, emer- 
ald deposits were formed in pegmatitic pods in anorogenic 
granites. These emeralds typically contain halite-bearing 
fluid inclusions, and very low Na, Mg, and Cr contents. 
Emerald deposits in Santa Terezinha de Goias in Brazil 
and Swat in Pakistan are metamorphic-metasomatic type. 
They were formed in shear zones of phlogopite- or talc- 
carbonate host rocks. Their oxygen isotope values and 
higher Mg, Cr, Na, and Fe contents can be used to deter- 
mine specific origin. The Panjshir Valley deposits are 
metamorphic-metasomatic type, hosted in schist. These 
emeralds’ fluid inclusions contain halite and sylvite. 
Some emerald deposits were formed by regional meta- 
morphism, such as Habachtal in Austria; Jebel Sikait, 
Jebel Sakara, and Umm Kabo in Egypt; and Gravelotte in 
South Africa. 

The three types of ruby deposits are based on oxygen 
isotope: marble, desilicated pegmatite, and mafic-ultra 
mafic. Similar geologic environments can produce rubies 
with similar characteristics and quality across different 
geographic locations, such as the ruby deposits from 
Afghanistan to Vietnam. Rubies were formed in either 
CO,-COS-H,S-S, or Na-Ca-K-SO,-CO, fluids, which can 
mobilize Al, Cr, and V from host marble. Yet they are dif- 
ferent from marble-hosted deposits in Lukande, Greyson, 
and Kitwalo in the Mahenge district of Tanzania, where 
marble was injected by amphibolitized mafic dikes. Ruby 
was hosted in metamorphic-metasomatic rocks in the 
Winza deposits of Tanzania. Corundum from an alkali 
basalt environment can be categorized into three groups. 
The first group includes ruby of metamorphic origin, 
regardless of geographic location. They are usually Cr-rich 
and Ga-poor. The second group contains blue, green, and 
yellow sapphires of alkaline origin. They are Cr-poor and 
Fe-Ti-rich. The third group is composed of sapphires of 
metamorphic-metasomatic origin formed in granulite 
facies. 

There are two types of spinel deposits: metamorphic, 
in which red to pink to red-orange spinels formed, and 
metamorphic-metasomatic, the source of blue, violet, 
green, and brown specimens. The former is rich in Cr, Fe, 
Zn, and V, the latter in Fe, Zn, and Co. Alexandrite was 
formed at 254 Ma during the collision of the Gondwana 
and Laurasia (e.g., in the Urals). Identification of geograph- 
ic origin for tsavorite is still in the preliminary stage. The 
combined application of 6,,0 values and V-Cr-Mn con- 
centrations may be useful for this purpose. 

Although our geological knowledge of gemstone for- 
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mation has been broadened and more advanced technolo- 
gies have been developed, limitations on geographic ori- 
gin determination do still exist. KSM 


Knights in pearly armour. R. Gupta, Solitaire, No. 61, 

August/September 2012, pp. 68-73. 
Pearl farms are, out of necessity, eco-friendly enterprises: 
High-quality cultured pearls cannot be grown in pollut- 
ed, overcrowded waters. But three manufacturers have 
gone a step further, and this article profiles their efforts 
to make pearl farming more sustainable and environmen- 
tally conscious. 

Jewelmer, which harvests golden South Sea pearls in 
the Philippines, strives to control the release of potential- 
ly harmful emissions. The company has also created fish 
sanctuaries and supported foundations committed to 
marine conservation and sustainability. 

For Tahitian pearl producer Kamoka, environmental 
conscientiousness begins at the grafting stage, with the 
use of nuclei made of mother-of-pearl from their own 
farms rather than the endangered North American mus- 
sel. Their farms harness solar and wind power and use 
fish to nibble-clean the oysters instead of blasting them 
with high-pressure water hoses. 

Mikimoto, the brand that originated the cultured pearl 
a century ago, has conducted major research to prevent 
the spread of “red tide” plankton, which have devastated 
akoya oyster populations in the past two decades. Like 
Jewelmer, it is committed to a zero-emissions policy. 
Every part of the mollusk finds a use, from compost to 
cosmetics. 

These companies’ environmental measures have 
improved the quality of their products and helped posi- 
tion the cultured pearl as a symbol of natural harmony 
and sustainability. Stuart Overlin 


Kristalle aus dem Gletschereis [Crystals from the ice of 
glaciers]. M. Wachtler, Lapis, Vol. 37, No. 9, 2012, 
pp. 22-30 [in German]. 

The recession of the glaciers in the Alps constantly expos- 

es new areas of rocks covered by ice and snow for thou- 

sands of years, including alpine fissures with rock crystals 
and smoky quartz. The Tomaschetts, a well-known family 
of rockhounds from Disentis, Switzerland, are searching 
these areas in Val Cristallina, Graubtinden/Grisons, 
Switzerland, near the glacier on Péz Valatscha. In 2006, 
the family discovered a series of alpine fissures filled with 
hundreds of sensational rock crystal and smoky quartz 
specimens, many of them floaters, of up to 1 m. The crys- 
tals were often embedded in chlorite sands, and many of 
the fissures were filled with ice (which is why the ancient 

Greeks thought rock crystals were unmeltable ice). 

Working only in the summer, the Tomaschetts need- 
ed several years to recover the crystals, and the exploita- 
tion of the fissures is still ongoing. The author vividly 
describes the difficulties such as the constant danger of 
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rockfall) and illustrates the article with beautiful photos, 
including some of spectacular specimens. RT 


DIAMONDS 


Causes of colour in fancy white diamonds. C. Payne and 
R. Bauer [info@bauergemlabs.com.au], Australian 
Gemmologist, Vol. 24, No. 9, pp. 212-214. 

This paper discusses the causes of color in four fancy 

white faceted diamonds ranging from 0.89 to 1.62. ct, con- 

cluding with a brief discussion of white diamond clarity 
grading. 

Two of the diamonds were translucent. One was col- 
ored by fine, complex multi-level whitish graining 
observed under 20x magnification. The other translucent 
stone did not show any inclusions, even under 100x mag- 
nification; its white color is probably due to light scatter- 
ing from submicroscopic particles. The third diamond’s 
patchy white, uneven saturation is caused in part by small 
voids from fine veils of negative crystals and their surface 
imperfections, as well as a possible growth defect (suggest- 
ed by the cloud-like structure). The uniform color and sat- 
uration of the fourth fancy is caused by extremely subtle 
opaque white features raised on the surface; these are 
either microscopic knots or microdiamonds within the 
stone, and their associated surface draglines. 

White diamonds with an even color are clarity graded 
by ignoring their bodycolor and focusing on visible inclu- 
sions using established criteria. ERB 


Infrared microspectroscopy of natural Argyle pink dia- 
mond. C. Byrne, [kbyrne@physics.uwa.edu.aul, J. 
Anstie, J. Chapman, and A. Luiten, Diamond and 
Related Materials, Vol. 23, 2012, pp. 125-129, 
http://dx.doi.org/10.1016/j.diamond.2012.01.032. 

The crystalline lattice defect responsible for the coloration 

in natural pink diamond (its “color center”) has yet to be 

identified. One of the distinctive features of pink dia- 
monds is their color-containing lamellae, or “graining,” 
believed to be atomic dislocations from plastic deforma- 
tion while the diamond was still in the earth’s upper man- 
tle. The pink coloration, which produces a pair of absorp- 
tion bands at 550 and 390 nm, also exhibits photochromic 
behavior. When exposed to blue (435 nm) and ultraviolet 

(310 nm) light, the intensity of the pink coloration and its 

absorption bands can be changed in a controlled and 

reversible fashion. 

This study considers whether the atomic defect asso- 
ciated with the coloration is related to variation within 
the colored graining and the transparent regions of a pink 
diamond, and if it may be explained by correlating com- 
mon infrared absorption features of the diamond and cor- 
responding visible-light outputs. 

Optical and IR microspectroscopy were used to identi- 
fy the degree of spatial correlation between the IR absorp- 
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tion peaks and the pink coloration of single-crystal Argyle 
natural pink diamond. A distinctive feature is noted in the 
~1500-1000 cm! spectral region. The results from defect 
population mapping indicate a relative scarcity of the 
nitrogen B-center (N-V—N3] in the regions of strongest 
pink color. Further, no change is observed in any IR fea- 
ture (including the B-center) in response to induced pho- 
tochromic changes of the sample pink diamonds. 

The authors propose a possible mechanism by which 
B-centers might have been destroyed during the creation 
of the pink lamellae graining: Diamond planes sheared 
during plastic deformation, generating daughter defects of 
various nitrogen/vacancy forms, such as H3, N3 (N,—-V), 
and N centers. It is also possible that the pink color cen- 
ter, like the H3 and N3 centers, has no specific absorption 
feature. ERB 


GEM LOCALITIES 


Li-bearing tourmalines in Variscan granitic pegmatites 
from the Moldanubian nappes, Lower Austria. A. 
Ertl (andreas.ertl@a1 net), R. Schuster, J. M. Hughes, 
T. Ludwig, H.-P. Meyer, F. Finger, M. D. Dyar, K. 
Ruschel, G. R. Rossman, U. Kl6tzli, F. Brandstatter, 
C. L. Lengauer, E. Tillmanns, European Journal of 
Mineralogy, Vol. 24, No. 4, 2012, pp. 695-715, 
http://dx.doi.org/10.1127/0935-1221/2012/0024- 
22.03. 
The authors examine the crystal structure, chemistry, and 
spectroscopy of colored tourmaline and chemical data of 
coexisting minerals from three granitic pegmatites from 
the Moldanubian nappes. They are located at Konigsalm, 
Maigen, and Blocherleitengraben in the area northwest of 
Krems an der Donau. 

The authors also determine the time of crystallization 
of two of the pegmatites by Sm-Nd analysis on garnet, 
feldspar, monazite, and xenotime and by a chemical U- 
Th-Pb monazite age. On the basis of mineralogy, chemi- 
cal composition, and crystallization ages, the evolution of 
the pegmatites is discussed in the framework of the geo- 
dynamic history of the Bohemian massif. The regional 
geology and a thorough description of the investigated 
pegmatites are presented. 

Tables of data are presented for eight different tourma- 
line samples, including information concerning crystal 
structure and chemical composition. Tourmaline’s com- 
position is dependent on the temperature and pressure as 
well as the chemical composition of the magmatic or 
metamorphic environment where the tourmaline formed. 
The composition bears information that can resolve 
many petrological questions. 

The study concludes that tourmaline is a common 
phase in the investigated pegmatites and that that the 
crystallization of tourmaline phases likely depleted the 
melt in boron, removing a fluxing component. This 
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would initiate a rapid crystallization of the pegmatite 
components. 
DAZ 


Natural alexandrites and chrysoberyls from Madagascar 
with irregular and regular growth patterns. K. 
Schmetzer, Australian Gemmologist, Vol. 24, No 
10, pp. 243-248. 

Microscopic internal growth features commonly seen in 

synthetic alexandrite (grown using the floating zone 

method by the Japanese manufacturer Seiko) were also 
noted in natural samples reportedly from at least two 
localities in Madagascar (Ilakaka and Mananjary). Under 
crossed polarizers, an interference pattern showing multi- 
ple curved grain boundaries is considered diagnostic of 
synthetics grown by the floating zone method. A small 
sample (<10 stones) of natural alexandrites and 
chrysoberyls, displayed strikingly similar interference pat- 
terns. Unlike their synthetic counterparts, the natural 
samples also revealed plane parallel growth structures, 
associated with color zoning, that mimic crystal faces. 

These microscopic differences along with other analytical 

techniques should readily separate the natural from syn- 

thetic material. A larger sample size, particularly with pre- 
cise details of provenance and sample acquisition, would 
lend support to these preliminary results. 

KAM 


Pressure-temperature-fluid constraints for the Emmaville- 
Torrington emerald deposit, New South Wales, 
Australia: Fluid inclusion and stable isotope stud- 
ies. L. Loughrey, D. Marshall, P. Jones, P. Millsteed, 
and A. Main, Central European Journal of Geo- 
sciences, Vol. 4, No. 2, pp. 287-299. 

This article presents two historic emerald mines in 

Australia. The Emerald mine is located near Emmaville in 

eastern Australia. It was formed in the Moule Granite 

stock, which is part of the New England fold and thrust 
belts. Emeralds were formed as “bunches” in pegmatite 
loads 50 mm to 1 m thick. They were found in cavities 
and associated with cassiterite, fluorite, arsenopyrite, wol- 
framite, buebnerite, ferberite, and quartz. The Heffernan’s 

Wolfram mine is located 5 km northwest of Torrington. 

Here, emeralds were formed in a decomposed pegmatite 

load 30 cm wide. These two mines are Type 1 deposits, in 

which metasediments are found at the contact zone. 
Emeralds from these deposits show sharp color band- 
ing of green to greenish yellow and colorless parallel to the 
basal plane. They formed from a saline fluid composed of 
both liquid and vapor phases. Examination of fluid inclu- 
sions and chemical composition suggests that the green 
bands were precipitated from the liquid phase and the 
clear bands from the vapor phase. As the liquid-vapor 
interface shifted up and down repeatedly, the green and 
colorless bands occurred alternately. According to electron 
microprobe and cathodoluminescence (CL) analyses, the 
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Gemological Uigests 


John W. Bartlett, Napa, California 
Douglas MacDougall Beall, Toronto, 
Ontario, Canada 
William H. Bell, Los Angeles, California 
Joseph M. Borejko, Providence, R. I. 
Leslie Branson, Jr., Wichita, Kansas 
Roland A. Cadoret, Woonsocket, R. I. 
Joseph A. Carr, Jr., Bemidji, Minnesota 
Leonard H. Cooper, Revere, Mass. 
Alfred Dana, Brookline, Mass. 
Samuel J. De Marco, Rochester, N. Y. 
Bruce A. Fisher, Elmwood, Connecticut 
Morris Fisher, Los Angeles, California 
Walter M. Genuit, Stockton, California 
Herbert W. Gluckman, Fort Myers, Fla. 
Leonard Gordon, Chicago, Illinois 
Neal H. Guffey, Washington, D. C. 
Rolland P. Gustafson, Minneapolis, 
Minnesota 
Gene T. Hassett, Orlando, Florida 
J. Edwin Henderson, Greensboro, North 
Carolina 
Hidemasa Higuchi, San Jose, California 
John H. Kent, Toronto, Ontario, Canada 
Richard G. Kent, Bahama Beach, Florida 
Fred H. Kieval, Danville, Illinois 
Robert J. Kitson, Belen, New Mexico 
Morris Labovitz, Pittsburgh, Penn. 
J. Kenneth Lucas, Chicago, Illinois 
Virgil L. Luke, Arcadia, California 
Sydney A. Lurie, Canton, Ohio 
Ralph R. McGee, Jr., Franklin, Indiana 
Guy R. McVay, Florence, Alabama 
Earl W. Meier, Milwaukee, Wisconsin 
Darrell L. Miller, Se. Paul, Minnesota 
Douglas T. Myers, Richmond, Virginia 
George W. Norton, Jr., Wheeling, West 
Virginia 
Harry C. Ogden, New York, New York 
Norman L. Osborne, Wichita, Kansas 
Robert F. Rugh, Oil City, Pennsylvania 
Joseph H. Sanders, Seattle, Washington 
Lawrence A. Smith, Portland, Oregon 
Millard Smithson, St. Louis, Missouri 


William A. Spring, Cleveland, Ohio 
Roderick C. Stevenson, La Porte, Ind. 
Kenneth A. Sturm, Milwaukee, Wis. 
Earl W. Tomlinson, Hawthorne, N. J. 
John W. Walcott, Grosse Point Park, 

Michigan 
Zane C. White, Hot Springs, N. M. 
TOTAL OF ELEVEN BRITISH 
TITLES AWARDED IN U.S.A. 

IN THIRTY-SEVEN YEARS 

Announcement by the Gemmological As- 
sociation of Great Britain of fellowships 
awarded this year shows four of these given 
to men in the United States. These are C. E. 
Heighes, Joe Phillips, Jack Schunk, and Jim 
Coote. The latter three, all of whom quali- 
fied with distinction, were on the staff of 
the Gemological Institute of America at the 
time the examinations were taken. 

The recognition given the four Los An- 
geles men last month brings to the United 
States a total of eleven such titles. Others 
in this country having qualifiied for fellow- 
ships in the past are Richard M. Pearl, 
Grant Miller, Robert M. Shipley, Virginia 
Hinton, Wm. Collison, Lester Benson, and 
Robert Crowningshield. All but the first two 
have been, or are, on the staff of the Gem- 
ological Institute of America and with the 
exception of Robert M. Shipley, founder of 
the G.I.A., all have completed the courses 
of the Institute. 

Diploma examinations have been given 
by the British Association since 1913. In the 
thirty-seven years, 587 candidates have quali- 
fied for fellowship. 160 have been awarded 
the F.G.A. titles with distinction since that 
grading was introduced in 1928. 

In the recent British examinations twelve 
countries—Holland, South Africa, Scotland, 
Ceylon, Norway, Australia, China, Rho- 
desia, Egypt, India, Canada, and the United 
States—were represented. 
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green band was rich in Cr and V, while various Fe concen- 
trations were detected across the color banding. The 
chemical plot of Cr, V, and Fe concentrations shows only a 
very slight difference compared to emeralds from world- 
wide. MgO and Na,O values were extremely low, howev- 
er. The process of emerald precipitation, dissolution, and 
subsequent re-precipitation was evident in the disrupted, 
irregular zones shown by backscatter electron and CL 
images. These images also revealed Brazil-law twinning. 
The Emmaville emeralds contained two- and three-phase 
inclusions along healed fractures, growth zones, or as iso- 
lated inclusions. Two-phase inclusions were originally 
trapped as vapor phase and three-phase inclusions as liquid 
phase. Two-phase inclusions (up to 210 microns in size) 
were composed of vapor and brine, and three-phase inclu- 
sions (up to 80 microns} contained brine, vapor bubble, and 
halite cube or solid. Three-phase inclusions were consis- 
tently found within Cr-rich zones. Similar fluid inclusions 
were also found in quartz associated with emeralds. 
Relative to SMOW (Standard Mean Ocean Water), the sta- 
ble isotope values 6,,0 and 5D H,O of fluids trapped in 
channel in the Emmaville samples were measured as 10.8 
to 12.4%o and —-79 to -103%o, respectively. The microther- 
mometric analysis of fluid inclusions revealed emerald for- 
mation pressure of >150 bars and temperature of >367°C, 
respectively. KSM 


Sapphires related to alkali basalts from the Cerova 
Highlands, Western Carpathians (southern Slovakia): 
Composition and origin. P. Uher, G. Giuliani, S. 
Szakall, A. Fallick, V. Strunga, T. Vaculovié, D. 
Ozdin, and M. Gregatiova, Geologica Carpathica, 
Vol. 63, No. 1, 2012, pp. 71-82, http://dx.doi.org/ 
10.2478/v10096-012-0005-7. 

This study presents a detailed description of the blue, gray- 

pink, and pink sapphires from the Cerova Highlands in the 

Western Carpathians (southern Slovakia), based on new 

analytical data (CL, LA-ICP-MS, EMPA, and oxygen iso- 

topes). The sapphire occurs as (1) clastic heavy mineral in 
the secondary sandy filling of a Pliocene alkali basaltic 
maar at Hajna ka, and (2) crystals in a pyroxene-bearing 
syenite/anorthoclasite xenolith of Pleistocene alkali basalt 
near Gortva. The range and mean Fe/Ti, Cr/Ga, Ga/Mg, 
and Fe/Mg values plus the Fe. Ti, Cr, Ga, and Mg contents 
indicate bimodal origins with stronger affinity of blue sap- 
phires (both Hajna ka and Gortva) to magmatic domain, 
and of grey-pink sapphires more related to the metamor- 
phic one. The blue sapphires show similar 5,,0 values: 

5.1% in the Gortva xenolith, and 3.8 and 5.85%o in the 

Hajna ka placer, which are comparable to those of mantle 

to lower crustal magmatic rocks. GL 


Treasure Island: A mineralogical tour of Italy’s Isle of 
Elba. E. A. Crawford, Rock #& Gem, Vol. 42, No. 5, 
2012, pp. 20-25. 

Elba, the largest of seven islands in the Tuscan Archi- 
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pelago, is also the most geologically diverse—nearly 200 
mineral species are found here. The island is divided into 
three distinct regions: igneous rock in the west, metamor- 
phic rock in the east, and sedimentary deposits of clay, 
sandstone, and limestone in the flat central region. 

The author’s tour of Elba begins in the west. 
Composed entirely of granite, Monte Capanne is the 
result of the largest igneous intrusion in western 
Tuscany. The mountain’s pluton was fed by several veins 
of magma, one of them particularly rich in lithim and 
cesium. These additional elements permitted the forma- 
tion of tourmaline. The island is best known for its 
elbaite, which was first discovered there in 1913. Rich in 
lithium, elbaite comes in various hues of pink, green, yel- 
low, blue, and black. Schorl, a black tourmaline contain- 
ing iron instead of lithium, is also common. Twenty 
species of beryl have been identified around the Monte 
Capanne area. 

The rock of eastern Elba—composed primarily of 
gneiss, skarn, and marble—is metamorphic in origin, but 
there are distinct differences between the northern and 
southern regions. The southeastern peninsula is known 
for the prevalence of gneiss and a small but significant 
level of copper. Specimens of blue and green copper min- 
erals have been found, including azurite, malachite, 
chrysocolla, and cuprite. Other minerals found in the area 
include magnetite, garnet, atacamite, brochantite, 
jarosite, gypsum, marcasite, galena, calcite, aragonite, 
siderite, dolomite, rhodochrosite, and smithsonite. 

The town of Porto Azzurro marks the boundary 
between the northeastern and southeastern regions. The 
red, jasper-rich hills around Porto Azzurro are sedimenta- 
ry, like much of central Elba. The eastern side of Cima del 
Monte, from Porto Azzurro to the northernmost town of 
Cavo, is the heart of Elba’s mining culture. The hills are 
red with iron deposits that contributed to the success of 
the island’s civilizations for thousands of years. 

Minerals found in northeastern Elba include goethite, 
limonite, fluorite, calcite, aragonite, aurichacite, arsenopy- 
rite (containing particles of gold, silver, and cobalt), diop- 
side, sphalerite, galena, bismuthinite, gypsum, and chal- 
copyrite. DAZ 


INSTRUMENTS AND TECHNIQUES 


In situ analysis of garnet inclusion in diamond using sin- 
gle-crystal X-ray diffraction and X-ray micro-tomog- 
raphy. F. Nestola, M. Merli, P. Nimis, M. Parisatto, 
M. Kopylova, A. De Stephano, M. Longo, L. 
Ziberna, and M. Manghnani, European Journal of 
Mineralogy, Vol. 24, No. 4, 2012, pp. 599-606, 
http://dx.doi.org/10.1127/0935-1221/2012/0024- 
2212. 

An innovative form of nondestructive analysis was per- 

formed on a microscopic garnet inclusion in a 0.001 ct dia- 
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mond from the Jericho kimberlite in Nunavut, Canada. 
First, X-ray computed microtomography (evolved from the 
“CAT scan”) provided a 3D map of the inclusion, which 
measured only 0.1 mm in longest dimension. X-ray diffrac- 
tion, accurately centered on the inclusion thanks to the 
3D map, determined the inclusion’s unit-cell parameters 
and fractional coordinates of oxygen atoms. This data was 
then inserted into a computer model based on multiple 
regression equations, assuming minimal residual pressure 
on the inclusion. The resulting garnet composition was 
within previously established limits determined by tradi- 
tional destructive tests. Although still in its infancy, this 
technique holds considerable promise in accurately identi- 
fying other inclusions in diamonds and could aid aid in 
diamond exploration, provenance determination, and 
study of the earth’s mantle. KAM 


Spectroscopic identification of rubies. Y. Gayevsky, E. 
Grushinskaya, and E. Belichenko, Russian 
Diamonds & Jewellery, Winter 2012, pp. 12-14. 

This study employed infrared spectroscopy along with X- 

ray fluorescence analysis to investigate 75 natural, lead 

glass—filled, and synthetic rubies (flux and Verneuil meth- 
ods) ranging from 0.06 to 3.81 ct. 

The natural ruby samples showed single peaks at 3309 
and 3323 cmz!, corresponding to the OH~ group and heat 
treatment. Impurity elements of Ti, Ga, and V were 
found. A piece of Mong Hsu rough showed peaks at 2125, 
1990, and 1990 cmz!, associated with the OH~ group pre- 
sent in boehmite. 

The samples filled with lead glass revealed large quan- 
tities of Pb as well as the presence of Ti and Ga. 

The Verneuil synthetic ruby samples showed infrared 
peak series 3419, 3278, and 3263 cmr!; 3278, 3232, 3184, 
and 3164 cm“; and 3309, 3232, and 3184 cmr! associated 
with the OH- group. Diagnostic properties using X-ray 
fluorescence are not identified in these rubies. 

The flux grown synthetic ruby samples show impuri- 
ties of Pt, Bi, and Pb, but no diagnostic indications using 
infrared spectroscopy. 

The authors conclude that infrared spectroscopy along 
with X-ray fluorescence analysis used together with stan- 
dard gemological techniques enable a more precise identi- 
fication of natural, lead glass-filled, and synthetic rubies. 

ERB 


SYNTHETICS AND SIMULANTS 


Photoluminescence studies of the 523.7 nm optical centre 
in HPHT synthetic diamond. W. Kaiyue, J. Steeds, 
and L. Zhihong, Diamond and Related Materials, 
Vol. 23, 2012, pp. 162-166, http://dx.doi.org/10.1016/ 
j.diamond.2011.12.046. 

The authors test the idea that the 523.7 nm optical center 

generally observed in electron-irradiated HPHT-grown 
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synthetic diamond is associated with nitrogen interstitial 
complexes. This was the conclusion of absorption studies 
by A. T. Collins and S. Rafique (Proceedings of the Royal 
Society of London A, Vol. 367, No. 1728, 1979, pp. 81-97). 
This optical center is not observed in CVD-grown synthet- 
ic diamond with nitrogen contents up to 50 ppm. In the 
present work, the authors investigated HPHT synthetic 
diamonds, CVD synthetic diamonds, and C- and N- 
enriched materials using low-temperature photolumines- 
cence (PL) techniques paired with irradiation and anneal- 
ing experiments. To ensure they were studying the same 
optical center as Collins and Rafique, the authors bor- 
rowed some of the original samples from the earlier study. 

Similar to Collins and Rafique, the authors found an 
increased intensity of the 523.7 nm emissions with 
increasing nitrogen content and an additional zero photon 
line (ZPL) emission at 626.3 nm. While the earlier absorp- 
tion study showed reversible bleaching of the 523.7 nm 
center and increasing intensity of the 626.3 nm ZPL with 
exposure, the authors observed a reversible decrease in 
the 626.3 nm ZPL with an increase in 488 nm laser irradi- 
ation and no bleaching of the 523.7 nm center. Both 
groups noted the disappearance of the 626.3 nm center 
with annealing above 200°C. But whereas Collin and 
Rafique saw the 523.7 nm emission anneal out at 250°C, 
the present study did not observe this until above 750°C. 
The two sets of data—absorption and PL—actually 
obscure the origin of the 523.7 nm center in electron-irra- 
diated synthetic diamond samples: The role of vacancies, 
nitrogen, or self-interstitials is still unresolved. 


JS-S 


Star ruby. K. Schmetzer (SchmetzerKarl@hotmail.com}) 
and T. Hainschwang (thomas.hainschwang@ggtl- 
lab.org), Gems & Jewellery, Winter 2011/2012, Vol. 
20, No. 4, pp. 14-17. 

A star ruby marketed as natural initially showed no natu- 

ral inclusions, growth structures, concentrations of rutile 

needles, or the commonly observed curved striations of 

Verneuil synthetics. Chemical and spectroscopic examina- 

tion by X-ray fluorescence (EDXRF) revealed strong peaks 

of chromium and titanium and weaker peaks assigned to 
iron and nickel. The presence of lamellar grain boundaries 
with interference colors under crossed polarizers, as well 
as a distinct strain pattern, indicated that the core consist- 
ed of Verneuil-grown synthetic corundum. This suggests 
the formation of a thin chromium and titanium layer by 
overgrowth of a corundum cabochon in a flux-bearing 
environment, and subsequent formation of rutile precipi- 
tates by exsolution at lower temperatures. The ruby was 
manufactured, cut as a cabochon, and then treated to 
improve its color and induce asterism. GL 


Synthetic star alexandrite. K. Schmetzer (SchmetzerKarl@ 
hotmail.com) and A. Hodgkinson (alan-hodgkin- 
son@talktalk.net), Gems & Jewellery, Autumn 
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2011, Vol. 20, No. 3, pp. 9-11. 
A piece of rough Czochralski-grown synthetic alexandrite 
produced by Kyocera yielded a cat’s-eye and a six-rayed 
star cabochon. The first step in the growth process is the 
production of homogeneous single crystals containing tita- 
nium oxide as a dopant. In the second step, the crystal is 
annealed at elevated temperatures in an oxidizing atmo- 
sphere. The rutile needles precipitated are responsible for 
the chatoyant effect when the material is cut as a cabo- 
chon. Chemical analysis by LA-ICP-MS confirmed that 
TiO, was applied as a dopant to create chatoyancy and 
asterism in these synthetic alexandrites. In natural chatoy- 
ant chrysoberyl and alexandrite, the tiny needles or chan- 
nels responsible for the light bands are always oriented 
parallel to the a-axis. This information is useful in separat- 
ing natural chatoyant alexandrites from synthetics with 
that have needles parallel to the c-axis. GL 


The wolf at the door. J. Ogden, The Jeweller, August/ 
September, 2012, pp. 75-76. 

Jack Ogden, the former CEO of Gem-A, discusses the 
threat of synthetic diamonds to the jewelry industry 
today. The key issue is the inability to routinely distin- 
guish synthetic diamonds from their natural counterparts. 
This lack of a simple detection method, paired with the 
cost differential between natural diamonds and synthetics, 
has led to an alarming lack of disclosure. Laboratories can 
detect many of the synthetics, but stone dealers and retail- 
ers by and large cannot. 

Synthetic diamonds larger than 0.75 ct are rare, but 
small ones have become increasingly common, both 
mounted in jewelry and sold as loose stones. Because lab 
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reports are not cost effective for smaller diamonds, a deal- 
er or retailer must assume that these goods are potentially 
synthetic and factor this into purchasing decisions related 
to price. As a buyer, it is prudent to work with trusted 
suppliers and have a relationship with a laboratory capa- 
ble of detecting synthetics. Ogden’s final advice is to 
remember that a lab report is an opinion, but any implica- 
tion of natural origin from the seller is a guarantee. 


JS-S 


TREATMENTS 


Le traitement thermique de |’andradite [Heat treatment of 
andradite]. P.-Y. Chatagnier, Revue de Gemmologie 
A.F.G., No. 180, June 2012, pp. 12-16 [in French]. 

Heat treatment to enhance the color of Russian deman- 

toids was mentioned by J. Stephenson and N. Kouznetsov 

(“Major deposits of demantoid around the world,” 

InColor, Summer 2009, pp. 16-20), but no details of the 

process were described. Because no Russian demantoids 

were available, the present author only tested samples 
from Namibia and Madagascar. The stones were examined 
first by standard methods and then heated at 100°C incre- 
ments for two hours, from 300° to 1000°C. The results of 
two representative stones from Namibia and Madagscar 
are described in detail. While the color enhancement 
claimed for Russian demantoids could not be observed, all 
of the samples turned brown at 1000°C. They could not be 
distinguished from natural brown andradites. The authors 
describe possible charge transfer processes, mainly of Fe 
and Ti, as the cause of the color change. RT 
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ENRICHING A TRADITION 


As the new editor-in-chief of Gems e Gemology, I thank Jan Iverson for 
her recent stewardship of the journal. Jan will be taking over as GIA’s 
director of Education Content Development. I wish her every success 
in this new role. Let me also thank GIA president and CEO Donna 
Baker and vice president of Education Bev Hori for giving me this 
opportunity. 


Allow me to introduce myself. My background is in the colored stone 
industry. I also have extensive experience in jewelry manufacture and 
retail. Besides being a Graduate Gemologist, I am a Fellow of the 
Gemological Association of Great Britain (Gem-A). At GIA, I’ve been 
director of Course Development for over a decade. One of my proudest accomplishments is the 
recent transformation of our distance-education gemology courses from print to eLearning. 


I join GeG at a tremendously exciting time. GIA has the largest cadre of talented research scien- 

tists and the most extensive network of labs and research centers in its history. The topics of 

their investigations have never been wider—or ; ; 

more challenging. And Ge>G is your window into Were placing a remarkable resource—almost 


this exciting world of research. 80 years of. gro undbreaking gemologica / 


Ge>G will be at the center of the Research & knowledge—at your fingertips. 
News section of the new GIA website, which 

launches April 30, so please keep this date in mind. The new website provides an unparalleled 
online knowledge base that will serve your professional needs better than we've ever done 
before. 


We're placing a remarkable resource—almost 80 years of groundbreaking gemological 
knowledge—at your fingertips. As a visitor to www.gia.edu, you'll have unrestricted access to 
every GeG issue back to the journal’s inception in January 1934—full articles, Gem News 
International, Lab Notes, and all the regular features. And we pledge to continue to provide the 
highest levels of gemological research in the exacting tradition of Ge*G’s rich legacy. 


GeG has never been more necessary. Let no one be in any doubt over GIA’s commitment to 
our journal. We see it as a vital part of a wider system, one that links GIA’s education with its 
ongoing research, and delivers that essential knowledge to our readers. 


OH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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AOS ARTICLES 


AUCTION HOUSES: A POWERFUL 
MARKET INFLUENCE ON MAJOR 
DIAMONDS AND COLORED GEMSTONES 


Russell Shor 


The world’s two largest auction houses, Sotheby's and Christie's, began regular sales devoted to important 
diamonds and colored stones in the 1970s. Through their ability to generate publicity, they have become 
a significant force in price and demand throughout the world, while also generating interest in fancy- 
color diamonds and the geographic origin of top gemstones. In the process, they have become both 
supplier and competitor to the world’s top jewelry houses. 


into an economic crisis, a historic Fancy Deep 

grayish blue diamond achieved the highest price 
ever paid for a single gemstone: $24.3 million. The 
sale of the Wittelsbach Blue made international head- 
lines because it was conducted not in the privacy of 
a showroom but in public at an auction house in Lon- 
don, with the news media and dealers from around 
the world in attendance. The results were broadcast 
within seconds of the hammer fall. 

Today, the highest-profile sellers of major dia- 
monds—larger than 10 carats, both colorless and 
fancy-color—and top gemstones are the world’s two 
largest auction houses, Sotheby’s and Christie’s. In 
2011, their combined jewelry sales reached $990.1 
million (“Christie’s jewelry, watch sales up 40%,” 
2012; “Sotheby’s 2011 revenues rise 7%,” 2012). And 
while there are no reliable figures of their share of 
large stone sales, for more than two decades the auc- 
tions have been a major competitor to the world’s 
leading jewelry houses such as Cartier, Harry Win- 
ston, and Van Cleef & Arpels. 

Auction sales have also had a profound effect on 
the diamond and gem markets, influencing both 


| n December 2008, as most of the world plunged 


See end of article for About the Author and Acknowledgments. 
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prices and consumer sentiment (Rapaport, 2008). In 
doing so, they have promoted awareness of fancy- 
color diamonds and country of origin for colored 
stones among buyers and dealers worldwide (King, 
2006; R. Drucker, pers. comm., 2012). 

In the four years since the sale of the Wittelsbach 
Blue diamond, which was immediately renamed the 
Wittelsbach-Graff, a number of price records have 
been broken. Less than a year later, a 24.78 ct pink 
diamond commanded $46 million. And the media at- 
tention paid to the Wittelsbach-Graff (figure 1) was 
dwarfed by the coverage lavished on the December 
2011 sale of actress Elizabeth Taylor’s jewels. 


BACKGROUND 

The two auction houses have histories dating back 
to the 18th century. Sotheby’s began in 1744 when 
London bookseller Samuel Baker auctioned the rare 
book collection of a British aristocrat. After Baker’s 
death in 1778, his business partner George Leigh and 
his nephew, John Sotheby, assumed control (Live 
Auctioneers, 2010). Sotheby’s expanded beyond 
books to include prints, medals, and coins, and by the 
mid-19th century it had begun to rival Christie’s in 
the fine art world. 

James Christie was a London art dealer who in 
1766 established an auction business to trade art- 
works. Both Baker and Christie understood that the 
key to success in the auction trade was establishing 
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Figure 1. The Wittelsbach Blue diamond sold for 
$24.3 million, at the time the highest price ever paid 
for a diamond, in December 2008, when the world 
was in the midst of a financial crisis. The sale of the 
35.56 ct Fancy Deep grayish blue VS, diamond, with 
its combination of rarity and royal provenance, made 
headlines around the world. The renamed Wittels- 
bach-Graff diamond was recut to 31.06 ct to make it 
Fancy Deep blue and internally flawless. Photo by 
Robert Weldon. 


strong connections with titled society. But Christie 
established the importance of provenance—an item’s 
prestigious history or connection to an important 
person—as a value-adding proposition (Baptist, 2011). 
Christie’s first sale of fine jewelry came in the after- 
math of the French Revolution. In 1795, it auctioned 
the many jewels of Madame du Barry, King Louis 
XV’s mistress, who had been executed two years ear- 
lier. That sale realized £8,791, the equivalent of $1.3 
million today (F. Curiel, pers. comm., 2012). 

Fine art was the mainstay of both houses through 
the 19th and early 20th centuries. Indeed, it remains 
their largest category. The auction houses occasion- 
ally handled top jewelry pieces, when nobility were 
obliged to sell some of their treasures—for example, 
Christie’s 1875 sale from the gem collection of the 
Duke of Marlborough, which brought £36,750, 
equivalent to about $4.5 million today (F. Curiel, 
pers. comm., 2012). 

A review of pre-1965 catalogs shows that most 
major jewelry auctions up to that time were con- 
ducted at Christie’s and Sotheby’s headquarters, both 
in London. Jewelry items were usually included as 
part of larger auctions of wealthy estates, in tandem 
with objets d’art, furs, and other luxury goods (Bap- 


AUCTION HOUSES AND MARKET INFLUENCE 


tist, 2011). In the late 1960s, the houses began hold- 
ing separate sales for large gems and major jewelry 
pieces. These were conducted in Geneva, which be- 
came the main venue for both houses until they es- 
tablished similar events in New York. Yet most top 
jewels of the royalty were still sold through estab- 
lished jewelers such as Cartier, Harry Winston, and 
Van Cleef & Arpels, which had connections to Euro- 
pean royal families, and later to wealthy families and 
celebrities in the United States and Latin America. 
Parke-Bernet, a New York auction house founded 
in 1937 by noted art dealers Hiram Parke and Otto 
Bernet, was the first to hold regularly scheduled sales 
dedicated to jewelry. In its first “Precious-Stone Jew- 
elry” sale, held in 1938, all 60 of the lots on offer 
came from an estate. The auction catalog (figure 2) 
shows the finished pieces described in some detail, 
including cut styles and approximate carat weights. 
But none of the lots carried price estimates, and little 


Figure 2. This Parke-Bernet catalog is from one of the 
first jewelry-specific auctions, held in October 1938. 
The catalog offered few gemological details except for 
estimated carat weight. Photo by Robert Weldon. 


PRECIOUS-STONE JEWELRY 


PARKE-BERNET GALLERIES - INC 
742 FIFTH AVENUE - NEW YORK 
Northravest Comer of 57th Street 


1938 
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Gemological Digests 


REVERSE PATTERN NOTED 
ON HALF DRILLED BLACK PEARLS 
During examination recently of a pait of 
half-drilled black pearls in the Gem Trade 
Laboratory of the Gemological Institute of 
America a radiograph cultured pattern was 
secured. This is the reverse of the usual ones 
in that the conchiolin ring showed up white 
on the film, rather than black. 


This effect was reported by Robert Web- 
ster in the Journal of Gemmology for April 
1949. In that article he states that it was 
assumed that the pearls they were testing 
had been stained, probably by silver nitrate. 
The silver presumably concentrates in the 
‘conchiolin layer during the process and 
because of the opacity of the heavy atoms 
of silver, the film is unaffected and the “‘re- 
versed” pattern appears. The two pearls 
tested in the New York laboratory failed 
to fluoresce under X-ray due presumably to 
the heavy deposit of dye. 


G. R. Crowningshield, G.LA. 


MIRIDIS: A NEW NAME 
FOR SYNTHETIC RUTILE 

Based on the premise that the jeweler will 
not promote the sale of synthetic rutile— 
and that he is “less skilled in merchandis- 
ing’—department stores and women’s spe- 
cialty shops have .been selected instead to 
market the stone under the name of 
“Miridis.” 

Wholesale prices of individual pieces will 
range from $65 to $250. All retail prices 
are to be controlled. by the originators of 
the merchandising plan. 


Final details are expected to be completed 
and the jewelry to be placed on the market 
in time for retail Christmas buying. Elab- 
orate plans for a publicity campaign, to be 
released both nationally and locally, have 
been prepared. 


AUSTRALIAN ASSOCIATION 
OFFERS NOMENCLATURE HELP 

In a letter to G.I.A. president, Edward 
H. Kraus, dated September 19, 1950, Ar- 
thur A. Wirth, president of the New South 
Wales Branch of the Gemmological Asso- 
ciation of Australia, suggests all organized 
gemological groups in the world be invited 
to submit reports on gemstone nomencla- 
ture and that these be carefully considered 
when the matter is again placed on the 
agenda of the annual American Gem So- 
ciety Conclave to be held early in 1951. At 
the same time he offers the cooperation and 
assistance of the Australian Association in 
clearing the many matters dealing with this 
contentious problem. 


Further, he pointed out the inadequacies 
and dissimilarities of the current birthstone 
lists and recommended that these be exam- 
ined by all countries in the light of new 
advancements in the synthetic fields. It is 
President Wirth’s opinion that sufficient 
gemstones of beauty exist to provide alter- 
nates for each month rather than just in a 
few instances as is now the case. 


ARTIFICIAL PEARLS MADE 
BY NEW PROCESS 

According to T. C. Usher, a Johannes- 
burg manufacturer, artificial pearls are now 
being made in South Africa. The new proc- 
ess resulted from postwar research and pre- 
cision engineering and may soon find a wide 
market. 

The pearls — about 85 to a string — are 
made behind closed doors due to the secret 
processes and recipes. Made by a combina- 
tion of synthetic resins, the pearls are “un- 
breakable” according to Usher. He also said 
that this technique is displacing French, 
Japanese, and Czech producers in the world 
markets because of its low cost and efficiency. 


FALL 1950 
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gemological information was offered, beyond group- 
ing sapphires as “Ceylon” or “Oriental” (Parke-Ber- 
net, 1938). 


AUCTIONS AS MARKET INFLUENCER 


The first “celebrity” gem auction occurred 31 years 
later. A 69.42 ct diamond sold by Parke-Bernet made 
worldwide headlines in October 1969, when it became 
the first gemstone to break the million-dollar barrier 
at public auction. It was also one of the first significant 
diamonds graded by a gemological laboratory, carrying 
a GIA report with a grade of E-F Flawless (Parke-Ber- 
net, 1969). The diamond had already gained some no- 
toriety, ifnot a name, by having been cut from a 240.8 
ct rough by Harry Winston in 1966. The first cleaving 
of the diamond was done before television cameras. 
After Winston’s cutters completed their work, the 
company sold the 69.42 ct pear-shaped diamond to 
Harriet Annenberg Ames the following year. Ames 
put the gem up for auction in 1969, saying she did not 
like it languishing in a bank vault. After a round of 
spirited bidding, Cartier bought the diamond for 
$1,050,000 (Balfour, 2009; figure 3). 

The underbidder for this diamond was a represen- 
tative for actor Richard Burton, who had dropped out 
after the bidding surpassed the million-dollar mark. 
Burton instead bought the stone from Cartier the fol- 
lowing day, but gave the retailer permission to dis- 
play the diamond in its showroom for one week. 
Publicity surrounding the diamond’s auction price, 
and the celebrity aura of the renamed Taylor-Burton 
diamond, brought out the crowds. An estimated 
6,000 people lined up daily at Cartier’s New York and 
Chicago stores, to view the stone. 

That same year, Christie’s New York created a 
specialty jewelry department and held its first sale in 
May. Like Parke-Bernet’s jewelry auctions, the offer- 
ings came exclusively from estates. The catalogs con- 
tained only a few photos, mostly black-and-white, 
with no price estimates and only terse descriptions. 
The sales were as basic as the catalogs, attended by a 
small coterie of local dealers (Shor et al., 1997). 
Sotheby’s, which had acquired Parke-Bernet in 1964, 
continued its jewelry auctions under the latter ban- 
ner into the 1970s, when the house became Sotheby 
Parke-Bernet. 

In the 1970s, the world economy was beset by in- 
flation and languishing stock prices, which prompted 
investors to turn to hard assets—starting with ex- 
change-traded commodities such as gold and silver, 
followed by gemstones. Private buyers began bidding 
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MAGNIFICENT 
JE WELRY 


PARKE - BERNET GALLERIES » INC 


Figure 3. In October 1969, Parke-Bernet offered the 
first “celebrity” gem sold at auction, a 69.42 ct pear- 
shaped E-F Flawless diamond that topped $1 million. 
After Richard Burton purchased the diamond for Eliz- 
abeth Taylor, it became known as the Taylor-Burton 
diamond. 


on important stones at auctions as investments (Edel- 
stein, 1989), and prices for top gemstones were soar- 
ing by the late 1970s. Yet the auction houses, which 
dealt only in estate pieces with very restricted supply, 
remained at the fringe of this bubble. The vast major- 
ity of their clientele still consisted of local dealers, 
major jewelry houses buying back their own pieces 
for inventory, and important estate jewelry dealers 
such as A La Vieille Russie and J. & S.S. DeYoung. 
Still, business was booming for the auction houses. 
Christie’s New York branch sold $2, million in 1977, 
a total that jumped to $8 million in 1978 and $10.6 
million the following year. In Geneva, which was still 
the primary venue for jewelry auctions, Christie’s 
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recorded a total of $57.2 million in 1979, nearly three 
times its 1978 total (Donohue, 1980b; F. Curiel, pers. 
comm., 2012). Meanwhile, Sotheby’s New York 
achieved jewelry sales of $18 million in 1979—a new 
record—while Christie’s New York reported sales of 
$10.6 million and another competitor, William Doyle 
Galleries, sold an estimated $3 million. 

As the amount of jewelry consigned to auctions 
increased, Christie’s and Sotheby’s segmented their 
sales into a value hierarchy. These categories, from 
lowest to highest value, were Fine, Important, Highly 
Important, and Magnificent jewelry. The two houses 
set a regular schedule for their most important sales 
in New York and Geneva, where they had the largest 
international following. Each would offer one Mag- 
nificent Jewels sale, generally featuring some pieces 
expected to bring $500,000 or more, in the spring and 
fall seasons. Just before the close of each season, they 
would follow up with a Fine Jewelry sale. 

In October 1979, a two-day Magnificent Jewelry 
sale at Sotheby Parke-Bernet in New York garnered 
network news coverage for a 22.30 ct emerald-cut di- 
amond that was expected to bring $1 million. The 
hammer price fell just short of that mark, but with 
the house commission, the final price was 
$1,072,500 (“Auction fever,” 1979). The sale also in- 
cluded a 6.75 ct marquise-cut diamond that went for 
$319,000, or $47,260 per carat—an extraordinary 
price for that time. 

As jewelry auctions grew substantially, mainly in 
finished pieces, the heightened media attention led 
many dealers to recognize that these sales repre- 
sented a new market channel—both source and com- 
petitor (Donohue, 1980b). Dealers of estate and 
antique jewelry feared that the auction houses, with 
their ability to generate national publicity, could take 
over the high-end segment of the industry. By now 
at least half of the bidders on estate pieces were pri- 
vate rather than trade buyers. Retail jewelers who 
handled such goods claimed they could not pay auc- 
tion prices, especially for highly desirable pieces that 
resulted in a bidding war (Donohue, 1980b). 

Gem dealers also described the “auction effect”: 
price bumps for top-quality diamonds and gemstones 
after similar goods had achieved high prices at a pub- 
licized auction, particularly as diamonds and gem- 
stones were being touted as investment pieces during 
this inflationary period (Donohue, 1980a). A record- 
setting Christie’s sale in Geneva in 1979 illustrates 
this effect. At the event, a 4.12 ct Burmese ruby sold 
for $414,832—the first time a colored gemstone at- 
tained more than $100,000 per carat at auction (and 
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three times the previous record, set a year earlier). A 
12.46 ct Colombian emerald brought $48,000 per 
carat, while an 11.81 ct Kashmir sapphire sold for 
$25,815 per carat, both record prices. Afterward, one 
New York dealer noted that a ruby, which had been 
offered to him for $25,000 per carat on the open mar- 
ket, sold for $40,000 per carat at the Christie’s auc- 
tion (Donohue, 1980a). 

In 1981, a sharp recession in the U.S. caused the 
gem investment bubble to collapse. Diamond prices 


In Brief 


¢ Over the last 30 years, the jewelry auction market has 
grown from less than $50 million to nearly $1 billion a 
year. 


Burgeoning global wealth and price speculation have 
led to record prices for gems and jewelry at auction. 

e The publicity surrounding high-profile auction sales has 
sparked consumer interest in provenance, country of 
origin, and fancy-color diamonds. 


Sotheby's and Christie's have become formidable 
competitors to long-established luxury jewelers such as 
Cartier, Tiffany, and Van Cleef & Arpels. 


fell nearly 50% within a few months, especially for 
top qualities. The slowdown hit the auction houses 
as well. Auction sales barely made their pre-sale es- 
timates, and the percentage of unsold lots rose 
sharply (Blauer, 1981). Buyers began seeking only the 
“very special” pieces signed by prestigious houses 
such as Cartier, Van Cleef & Arpels, and Bulgari, and 
shied away from loose stones altogether as prices de- 
clined. During the recession, the auction houses fo- 
cused on their mainstays of classic period jewelry, 
particularly Art Deco and Art Nouveau pieces from 
the top jewelry houses (Blauer, 1983). 

By the end of 1983, the market for top gemstones 
had stabilized. These goods began to resurface at the 
auctions, but now there were two important differ- 
ences. Fancy-color diamonds, which had once only 
interested collectors and connoisseurs, were being of- 
fered. And the buyers were a new breed of players, 
luxury jewelry houses such as Laurence Graff, Mous- 
saieff Jewellers, and Robert Mouawad. These jewel- 
ers found the auctions helpful in two ways: as a 
source of important stones, and as a way to focus 
publicity on their own growing businesses. 

Sotheby’s October 1983 New York sale of $8.5 mil- 
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lion matched a 1979 record. Meanwhile, Christie’s re- 
ported overall record sales for the first half of 1983— 
40% over the previous year (Shor, 1983). In 1984, 
Sotheby’s and Christie’s sold a total of $70 million in 
gems and jewelry in New York alone, nearly doubling 
their volume within two years (Gertz, 1985). 

The transformation of the jewelry auction busi- 
ness into the market-leading role came in 1986-1987, 
when two things happened. 

First, Christie’s and Sotheby’s, which had by now 
dropped Parke-Bernet from its name, recognized that 
the key to growth was moving beyond estate goods 
and into newly mined and cut stones—diamonds 
over 10 carats and major diamond necklaces contain- 
ing 50 carats or more of high-quality stones. To a 
lesser extent, they also commissioned jewelry houses 
to create major ruby, sapphire, and emerald pieces 
(Shor et al., 1997). 

In 1986, Christie’s began aggressively soliciting 
dealers to list important stones in its major sales, as 
a supplement to the estate pieces. Sotheby’s, which 
had accepted dealer consignments on a limited basis, 
redoubled its efforts to secure trade goods, a move 
that enabled their combined sales to grow from about 
$100 million that year to $500 million within a 
decade (Shor et al., 1997). In short, the auction houses 
became retailers of newly cut stones. 

The immediate effect was that the 1986-87 auc- 
tions brought an influx of very large diamonds—all 
from dealers rather than estates (Shor, 1988). Four D- 
Flawless diamonds over 50 carats came up for auc- 
tion during those two seasons, whereas previously 
only one or two such stones would appear in the 
course of a decade. The reason behind this influx was 
that De Beers had resumed selling the very large di- 
amonds it had stockpiled during the early 1980s, 
when prices were depressed. The company also 
changed its mining and rough sorting procedures to 
reduce breakage of large stones (Shor, 1988). Dealers 
started putting these stones up for auction, claiming 
they could get higher prices there. The catalyst for 
this was a 64.83 ct D-IF diamond that brought $6.3 
million at Christie’s October 1986 New York sale. It 
was a record price (soon broken) and attracted more 
large stones at subsequent sales. 

By now, extremely wealthy private buyers were 
returning to the auction houses to buy jewelry. Many 
of these private buyers engaged in bidding competi- 
tion, often becoming emotional, while dealers tended 
to be much cooler and stay within their spending 
limits so they could realize a profit (Shor, 1988). But 
in a bullish market, even seasoned dealers can get 
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caught up in the competitive spirit and surpass their 
own limit, especially when bidding against another 
dealer (Rapaport, 2012). 

Finally, dealers rushed to consign major stones be- 
cause they felt they could insist on setting reserve 
prices high—generally at the price they would set in 
their own office, making the transaction ostensibly 
risk-free. Yet some dealers found that if their stones 
failed to sell, the failure received almost as much 
media attention as the successes, putting a stigma on 
those goods (Shor, 1988). 

The second turning point that established auction 
houses as a major force was the most publicized jew- 
elry event up to that point: the April 1987 sale of the 
jewels of the Duchess of Windsor (Schupak, 2011). 

The Duchess, formerly Wallis Simpson, had been 
an international celebrity since 1937, when King Ed- 
ward of England abdicated his throne to marry her. 
In their 35 years of marriage, she amassed a large col- 
lection of jewels from the major jewelry houses, 
many of them immortalized in photographs (figure 
4). Edward, the Duke of Windsor, died in 1972, and 
after the Duchess’s death in 1986, her jewelry collec- 


Figure 4. The Duke and Duchess of Windsor, seen in 
1959. Their headline lives made for a headline-mak- 
ing jewelry auction by Sotheby’s in April 1987, which 
permanently established auction houses as major 
players in the top jewelry market. Photo by Maurice 
Tabard, Camera Press Ltd., London. 
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Figure 5. The “Panther” brooch, featuring a 152.35 ct 
cabochon sapphire, was the most famous piece in the 
Duchess of Windsor collection. Cartier, which origi- 
nally sold the brooch to the Duchess in 1949, pur- 
chased the piece at the April 1987 auction for its 
historical collection. Photo by Nick Welsh; courtesy 
of the Cartier Collection. 


tion was sent to Sotheby’s in Geneva for auction. 

The Duchess of Windsor sale was scheduled for 
April 2-3, 1987. The pre-sale estimate for the collec- 
tion was $7 to $8 million. Sotheby’s divided the col- 
lection into 305 lots, including 87 pieces signed by 
Cartier (the Duke and Duchess’s favorite jeweler) and 
23 items by Van Cleef & Arpels. Media coverage was 
heavy, with most major networks around the world 
airing preview features about the legendary jewelry 
collection and reporting from the sale. A New York 
Times Magazine piece from February 1987 reported 
the history of the major pieces. The notoriety of 
some of the buyers, which included Elizabeth Taylor 
and Laurence Graff, also attracted media attention 
(Vogel, 1987). 

After the bidding was over, the total came out to 
$50.3 million—seven times the pre-sale estimate. 
Iconic pieces such as Cartier’s sapphire “Panther” 
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brooch (figure 5) and “Flamingo” brooch (figure 6) 
achieved 15 times their pre-sale estimates. Twenty- 
three years later, Sotheby’s grouped 20 items from 
the sale into a second auction that realized $12.5 mil- 
lion and garnered another round of international 
press coverage. The record prices stemmed from the 
Windsor jewels’ extraordinary provenance, which 
generated bids worth many times the intrinsic mar- 
ket value of the pieces (Schupak, 2011). 

The reverberations from the Windsor sale boosted 
prices and demand and “got the world emotionally 
involved in jewelry,” according to one major dia- 
mond dealer (Shor, 1988). One auction executive said 
the sale put jewelry in the same league with Impres- 


Figure 6. Cartier’s 1940 “Flamingo” brooch, fashioned 
with diamonds, sapphires, emeralds, rubies, and cit- 
rine, was another iconic piece from the Windsor col- 
lection. The brooch went for $806,000 in 1987, and 
Sotheby’s resold it in 2010 for $2.67 million. Photo 
courtesy of Sotheby’s New York. 


et 
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sionist paintings, historically the top-selling cate- 
gory. The auction houses put their considerable pub- 
lic relations abilities to use, generating the type of 
mystique Harry Winston had evoked a generation 
earlier (Shor et al., 1997). They also began proactively 
reaching out to potential buyers: dealers of signifi- 
cant gems and the wealthy clientele who also col- 
lected art, antique furniture, rare wines, and watches 
from their other departments. 

The immense publicity generated by the Duchess 
of Windsor sale, and the auction houses’ aggressive 
moves to capture a greater share of the top jewelry 
market, attracted numerous private clients. By the 
mid-1990s, at least half the buyers at major auctions 
were purchasing for themselves. At the same time, 
Sotheby’s and Christie’s determined efforts to obtain 
consignments gave them a clear market dominance 
in top jewelry over competing firms such as William 
Doyle Galleries, Butterfields, and Skinner Galleries 
(Shor et al., 1997). 

Although auction sales grew substantially though 
the 1970s and 1980s, auction executives point to the 
Windsor sale as the watershed event that perma- 
nently established auction houses as major players 
in the top jewelry market (Schuler, 2011). The event 
demonstrated the auction houses’ global reach in at- 
tracting bidders and promoting sales. From a total of 
about $300 million in jewelry auction sales in 1988, 
Christie’s and Sotheby’s combined to reach $500 mil- 
lion within seven years. 


After the Windsor sale, emotions continued to 
soar as bidders pushed prices of top goods to record 
prices. Within weeks, the 0.95 ct Hancock Red dia- 
mond (figure 7) became the most expensive per-carat 
gemstone ever sold at auction. The hammer came 
down at $880,000—a remarkable $926,315 per carat, 
eight times its pre-sale estimate. In 1989, a 32.08 ct 
Burmese ruby brought $4.62, million, five times its 
pre-sale estimate (Blauer, 2012). 

Aside from pushing up prices, selling at auction 
held another attraction for dealers of top colored 
stones and diamonds: The auction houses paid 
quickly during a time when retailers were demand- 
ing longer and longer memo terms (Shor, 1998). 

The jewelry auction catalogs, once very basic, 
were now being given the fine art treatment, with 
full-color illustrations and more detailed descrip- 
tions. The following year brought another addition 
to the catalogs. In 1988, both houses began listing 
country of origin reports on many of the major un- 
treated rubies and sapphires (emeralds followed 
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later), along with background on the rich histories 
of Burmese rubies (see Enriquez, 1930) and sapphires 
from Kashmir and Ceylon. Before then, geographic 
origin notations were very sporadic. As auction 
houses recognized the historic premium on gem- 
stones from certain localities, they sought to en- 
velop these top stones in a historical mystique that 
mimicked the provenance of an estate jewel. A 15.97 
ct ruby, offered by Sotheby’s at its October 1988 
New York auction (figure 8), carried the following 
description: 


The source is the Mogok region of Burma...an area forbidden 
to foreigners since 1963...The ancient alluvial deposits are 
being worked by native Burmese by the same primitive meth- 
ods used since the 16th Century, resulting in a small produc- 
tion. Rarely is a stone of importance found....and little 
mention of them is made throughout history... (Sotheby’s, 
1988) 


The ruby sold to Graff for a record per-carat price of 
$227,301, or $3.63 million total. 

Publicity surrounding the sale of this and other 
important gemstones at auction has broadened the 
awareness of geographic origin among buyers and re- 


Figure 7. Auctioned at Christie’s in New York a few 
weeks after the Windsor sale, the 0.95 ct Hancock Red 
diamond brought more than $926,000 per carat, a 
record that stood for 20 years. Photo by Tino Hammid. 
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tailers, increasing the premiums for stones such as 
untreated Burmese rubies, Kashmir and Burmese 
sapphires, and Colombian emeralds. Christie’s and 
Sotheby’s auction results are always public, so 
record prices generate big headlines and promote 
consumer awareness of these special gems. Auctions 
would not have the same market influence if the re- 
sults were private. The auction influence was not all 
in one direction, however. As ruby and sapphire 
treatments proliferated during the 1980s, the auc- 
tion houses responded to trade demand by adding 
more treatment information for the important gems 
offered in their sales (Shor et al., 1997; R. Drucker, 
pers. comm., 2012). 


Historically, diamonds larger than 50 carats 
have been exceptional rarities. Between 1990 and 
1995, however, the market saw more 50-plus ct di- 
amonds than the known total since Jean-Baptiste 
Tavernier began cataloging large diamonds in the 
mid-17th century (Shor, 1998). Many of them began 
appearing at auction, and some achieved strong 
prices. But after a 101 ct D-Flawless heart shape 
failed to draw the seller’s $10 million reserve price 
at a 1996 Christie’s New York auction, it became 
apparent that neither dealers nor private buyers 
would keep paying such lofty prices. Laurence 
Graff, the likely buyer for such a stone, noted that 
dealers had gone too far in their asking prices (Shor, 
1998). 
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Figure 8. This page from 
a 1988 Sotheby’s cata- 
log shows a 15.97 ct 
Burmese ruby. This geo- 
graphic origin helped it 
achieve $227,301 per 
carat, a record at the 
time. Photo by Robert 
Weldon. 


CONTROVERSY OVER PRICING 


Fine jewelry houses, which used the auctions as a 
source for large stones as well as some of their own 
historic pieces, began feeling the competition. Sev- 
eral complained that dealers who had previously 
supplied them now wanted to put their best pieces 
at auction. In addition, Sotheby’s and Christie’s 
began engaging in more direct competition with re- 
tailers by setting up departments to sell large dia- 
monds and major jewelry pieces directly to clients, 
outside of the auction process (Shor et al., 1997). The 
auction houses’ critics added a more serious charge, 
alleging that many of the pieces signed by famous 
jewelry houses or designers (Schlumberger, Webb, 
and the like) were actually forgeries made by con- 
signors, or “reconstructions” where a large piece 
was built around a much smaller one with an au- 
thentic signature. Some retailers also claimed that 
auction houses sold treated gemstones without 
proper disclosure (Shor et al., 1997). 

As the houses moved to address these com- 
plaints—auction catalogs showed a substantial in- 
crease in the number of diamonds and colored stones 
with reports from gemological labs—more serious is- 
sues emerged. The near-total dominance of Sotheby’s 
and Christie’s in the fine art and jewelry worlds, 
combined with their similar sale dates, consignment 
fees, and sales commissions, eventually attracted the 
attention of European and U.S. regulatory agencies. 
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Box A: AUCTION RECORD PRICES 


Prices for major diamonds and colored stones sold at auc- 
tion can vary widely, even among gems of similar quality. 
Influencing factors include provenance, buyer competi- 
tion, and market mood. The highest per-carat price for a 
colorless diamond sold at auction is from the Elizabeth 
Taylor sale in 2011. It sold for more than double the per- 
carat price ($265,697 vs. $138,526) of a diamond with 
similar size and quality auctioned a year earlier. The most 
expensive gem ever sold at auction, a 24.78 ct Fancy In- 
tense pink diamond, had no historical ties. But it was ex- 
ceptionally rare, being one of the largest pink diamonds 
ever offered for sale. Below is a list of the record-breaking 
prices for gemstones sold at auction. 


Total price for any gem: $46,158,674 

24.78 ct Fancy Intense pink diamond, Sotheby’s 
Geneva, November 16, 2010 

Per-carat price for any gem: $2,155,332 

5 ct Fancy Vivid pink diamond, Christie’s Hong 
Kong, December 1, 2010 (the “Vivid Pink”) 

Total price for a colorless diamond: $21,506,914 
76.02 ct D-IE, Christie’s Geneva, November 13, 2012 
(the “Archduke Joseph”) 

Per-carat price for a colorless diamond: $282,545 
76.02 ct D-IE, Christie’s Geneva, November 13, 2012 
(the “Archduke Joseph”) 

Total price for a pink diamond: $46,158,674 

24.78 ct Fancy Intense pink, Sotheby’s Geneva, No- 
vember 16, 2010 

Per-carat price for a pink diamond: $2,155,332 

5 ct Fancy Vivid pink, Christie’s Hong Kong, Decem- 
ber 1, 2010 (the “Vivid Pink”) 


Allegations of fee-fixing actually went back to 
1975, when Christie’s imposed a 10% buyers’ pre- 
mium and Sotheby’s immediately followed, which 
brought lawsuits from the Society of London Art Deal- 
ers and British Antique Dealers’ Association (Ashen- 
felter and Graddy, 2005). But the collapse of the fine 
art market in the early 1990s brought an era of cut- 
throat competition between the two houses in the 
form of slashed buyers’ fees, donations to consignors’ 
favorite charities, and even loans to potential consign- 
ers. During this period, CEOs Christopher Davidge of 
Christie’s and Diana Brooks of Sotheby’s met to dis- 
cuss a truce. Sotheby’s subsequently abandoned its 
loans and charitable donations to consignors. In 
March 1995, Christie’s imposed a non-negotiable sell- 
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Total price for a blue diamond: $24,311,190 
35.56 ct Fancy Deep grayish blue VS,, Christie’s Lon- 
don, December 10, 2008 (the “Wittelsbach Blue”) 


Per-carat price for a blue diamond: $1,439,497 
10.95 ct Fancy Vivid blue, Christie’s New York, Oc- 
tober 20, 2010 (the “Bulgari Blue”) 


Total price for a yellow diamond: $12,361,558 
110.03 ct Fancy Vivid yellow VVS,, Sotheby’s 
Geneva, November 15, 2011 (the “Sun Drop”) 


Per-carat price for a yellow diamond: $367,366 
2.62 ct Fancy Vivid yellow, VVS,, Christie’s New 
York, December 13, 2011 


Total price for a ruby: $4,620,000 
6.04 ct Burmese, Christie’s Hong Kong, May 29, 2012 


Per-carat price for a ruby: $551,000 
6.04 ct Burmese, Christie’s Hong Kong, May 29, 2012 


Total price for a sapphire: $7,122,742 
130.50 ct, Christie’s Geneva, May 18, 2011 


Per-carat price for a sapphire: $145,339 

A pair, 14.84 ct and 13.47 ct Kashmir, Christie’s Hong 
Kong, May 31, 2011 

(Note: A 26.41 ct Kashmir sapphire achieved virtu- 
ally the same per-carat price at Christie’s Hong Kong 
on November 29, 2011.) 

Price for an emerald: $6,578,500 

23.46 ct Colombian, Christie’s New York, December 
13, 2011 (Elizabeth Taylor sale) 

Per-carat price for an emerald: $280,000 

23.46 ct Colombian, Christie’s New York, December 
13, 2011 (Elizabeth Taylor sale) 


ers’ commission, ranging from 10% for items under 
$100,000 down to 2% for items that sold for more 
than $5 million. Sotheby’s delayed following suit and 
won a $10 million jewelry consignment before insti- 
tuting a similar commission. 

In 1996, the UK’s Office of Fair Trading announced 
an inquiry into possible anti-competitive practices, 
which ultimately led to Davidge’s resignation from 
Christie’s in December 1999 (Ashenfelter and Graddy, 
2005). News reports soon began circulating that 
Davidge had made a deal with the U.S. Department of 
Justice to testify in a four-year investigation into 
charges of price-fixing. The Justice Department's report 
(2001) noted that the two houses controlled more than 
90% of the auction market for fine art and jewelry. 


Gems & GEMOLOGY SPRING 2013 


Davidge’s cooperation brought immunity from 
prosecution for himself and other Christie’s execu- 
tives, with the exception of board chairman Anthony 
Tennant. But Tennant could not be extradited to the 
United States, because price-fixing is a civil rather 
than a criminal matter in the UK (“Sir Anthony Ten- 
nant,” 2011). Meanwhile, the Justice Department 
pursued Sotheby’s majority owner and chairman, A. 
Alfred Taubman, and CEO Diana Brooks. Brooks, 
who agreed to testify against Taubman, pleaded 
guilty and was sentenced to three months’ probation, 
six months’ house arrest, 1,000 hours of community 
service, and a $350,000 fine (Ackman, 2002). Taub- 
man was sentenced to a year in federal prison but 
was released after nine months (Johnson, 2007). 

Yet these legal problems did not topple Sotheby's 
and Christie’s dominance of the jewelry and fine arts 
auction markets, as evidenced by their sales over the 
following decade. The houses did change commis- 
sion rates and separate their sales dates, which had 
been closely intertwined (Ashenfelter and Graddy, 
2005). Sotheby’s eventually moved its major fall auc- 
tions from October to November and December to 
better accommodate the wishes of private buyers 
(Schupak, 2011). 


THE 21ST CENTURY 


At the dawn of the new millennium, the number of 
ultra-wealthy people increased worldwide, especially 
in emerging parts of the world. The newly rich in 
Russia and several former Soviet states, China, and 
Middle East trade centers such as Dubai, Bahrain, 
Qatar, and Abu Dhabi joined a growing list in Europe 
and the U.S., where the number of high net worth in- 
dividuals increased 48% during the 2000s. This bur- 
geoning wealth, combined with price speculation, 
created a “perfect storm” for luxury jewelry sales at 
auction (Rapaport, 2008; Shor, 2008). 

Asia in particular enjoyed rising wealth. During 
the 1980s, Asian economies, following the lead of 
Japan, began a period of strong growth in South Korea, 
Thailand, Taiwan, Singapore, and Hong Kong, which 
remains the major regional trading center. Taken as a 
whole, their economies grew an average of 5.5% an- 
nually between 1965 and 1990, one of the longest sus- 
tained growth periods of any region in history 
(Radelet et al., 1997). With the developing wealth in 
Asia, where there is an extremely high savings rate 
and jewelry is traditionally viewed as an asset rather 
than a consumable, demand for fine jewelry surged 
(Shor, 1997; Shor et al., 1997). As a result, Asian buy- 
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ers were becoming major buyers of jewelry across the 
board, including the major jewelry auctions. 


Christie’s held its first major jewelry auction in 
Hong Kong in 1992. Sotheby’s, which had opened a 
Hong Kong sales room devoted mainly to Asian art 
in 1973, began holding major jewelry auctions there 
shortly after Christie’s. By the 2000s, Hong Kong 
stood alongside Geneva and New York as a venue for 
the Magnificent Jewelry sales, where the costliest lots 
are offered. By 2010, Hong Kong was Christie’s lead- 
ing jewelry venue, with annual sales totaling $163 
million (Christie’s, 2010). According to its Sotheby’s 
2011 annual report, Hong Kong accounted for 18% of 
the company’s total sales in 2011, triple the share 
from 2007. Asia, including mainland China, has be- 
come a leading buyer of fancy-color diamonds, large 
colorless diamonds, and top gemstones, along with 
traditional favorite jadeite (Christie’s, 2010). 


Many of the auction headliners of the past 15 
years have been fancy-color diamonds, which cap- 
tured the market’s attention and bidders’ funds. The 
watershed for fancies was the record price achieved 
by the Hancock Red in 1987, which heightened 
global interest in colored diamonds. Following the 
sale, auction houses increased their offerings of col- 
ored diamonds with top grades. These quickly com- 
manded the highest per-carat prices of any 
gemstones offered for sale (King, 2006). Indeed, dur- 
ing the past decade, nearly every major auction in 
the three main venues—Geneva, New York, and 
Hong Kong—has featured at least one significant 
fancy-color diamond. 


Prices at auction soared through the 1990s and 
into the 2000s, fed by the burgeoning number of 
ultra-high net worth individuals. Prices for colored 
diamonds doubled and kept rising. The $1 million 
per-carat barrier was crossed in 2007, when Christie’s 
sold a 2.26 ct Fancy purplish red diamond for $2.67 
million, or $1.18 million per carat. Nor were record 
prices limited to colored diamonds. Burmese rubies 
and large colorless diamonds also saw substantial in- 
creases. In 2006, an 8.62 ct Burmese ruby sold for 
$3.64 million, or $422,000 per carat. Colorless dia- 
mond broke the $100,000 per-carat mark in 2005, 
and nearly doubled that by 2011. Indeed, while the 
financial crisis of September 2008 slowed economic 
activity around the world, it seemed to have little ef- 
fect on auctions. Just three months after the collapse 
of Lehman Brothers, the Wittelsbach Blue diamond 
achieved the highest price ever paid for any gemstone 
when Christie’s auctioned it in London. 
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While the Wittelsbach diamond enjoys a rich his- 
tory and a royal provenance, unpedigreed diamonds 
such as a 5.00 ct Fancy Vivid pink diamond doubled 
the $1 million per-carat mark to sell for $10.8 million 
at Christie’s Hong Kong. The newly named Star of 
Josephine, a 7.03 ct Fancy Vivid blue, went for $9.49 
million in May 2009 at Sotheby’s Geneva (Burwell, 
2011). 

If 2009 was an unexpected banner year for jewelry 
auctions, 2010 shattered records. In November of 
that year, Sotheby’s Geneva saw the first single-day 
auction to top $100 million. Nearly half of the total 
came from a 24.78 ct Fancy Intense pink diamond 
that Graff won with a top bid of $46.16 million, top- 
ping the Wittelsbach for the highest price ever paid 
for a gemstone at auction. And just before that sale, 
a 10.95 ct Fancy Vivid blue diamond, the Bulgari 
Blue, became the third-highest-priced gemstone to 
sell at auction, with a $15.76 million hammer price 
(Blauer, 2010). 

The sales records set in 2010 did not last long. On 
December 13 and 14 of the following year, Christie’s 
auctioned the jewelry of famed actress Elizabeth Tay- 
lor, who lived virtually her entire life in the head- 
lines. The two-day sale (figure 9) saw 2.70 lots bring a 
total of $156.8 million. One of the top lots, the 33.19 
ct D-VS, Elizabeth Taylor diamond, shattered the 
per-carat price record for a colorless diamond— 
$265,697 for a total of $8.8 million. A Bulgari brooch 
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Figure 9. Christie’s New 
York salesroom was the 
scene of another 
celebrity jewels auction 
in December 2011. The 
sale of Elizabeth Tay- 
lor’s collection, covered 
by the global media, re- 
alized a record $156.8 
million. Photo courtesy 
of Christie’s. 
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set with a 23.46 ct Colombian emerald (figure 10) 
sold for nearly $6.58 million, the highest price paid 
for an emerald at auction (The Collection of Eliza- 


Figure 10. Elizabeth Taylor’s Bulgari brooch holding a 
23.46 ct Colombian emerald brought nearly $6.6 mil- 
lion at the auction of her jewelry collection. Photo 
courtesy of Christie’s. 
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Figure 11. La Peregrina, a 203-grain natural pearl that 
belonged to European royalty for centuries, sold for a 
record $11.8 million at the Elizabeth Taylor auction. 
Photo courtesy of Christie’s. 


beth Taylor, 2011). That auction also saw the most 
expensive natural pearl ever sold at auction, the 500- 
year-old La Peregrina (figure 11), which earned $11.8 
million. 

Like the Windsor auction, the Elizabeth Taylor 
sale received worldwide media coverage. The head- 
lines and the record prices were broadcast around the 
world by television and print media, along with nu- 
merous Internet reports and blog posts. 

The spring of 2012 saw more records fall. On May 
29 at Christie’s Hong Kong, a private buyer paid 
$3.33 million for a 6.04 ct Burmese ruby. At 
$551,000, this was the highest per-carat price ever 
paid for a ruby at auction. That same auction saw the 
Martian Pink, a 12.04 ct Fancy Intense pink named 
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by Harry Winston in 1976, sell for $17.4 million, or 
$1.44 million per carat (Christie’s, 2012). 

In November 2012, even Elizabeth Taylor was up- 
staged, when a 76.02 ct colorless diamond that once 
belonged to Austrian royalty brought $21.5 million 
at Christie’s Geneva. This was an all-time high for a 
colorless diamond, as well as a record per-carat price 
of $282,545. Sold to a private, anonymous buyer, the 
Archduke Joseph diamond (figure 12) was believed to 
have been mined centuries ago at India’s famed Gol- 
conda mines (Shor, 2012). 

Auction house executives offer three primary rea- 
sons why prices keep rising past record levels, even 
while the world economy has stagnated. The first is 
international reach. Whether conducted in Geneva, 
New York, or Hong Kong, the auctions now attract a 
worldwide clientele. Hong Kong, once a niche venue 
that specialized in jade and Chinese art, was 
Christie’s leader in jewelry sales for 2009 and 2010. 
Many of the top lot buyers were Chinese business- 
people venturing internationally for the first time. 
Geneva and New York also turned in record numbers 


Figure 12. The 76.02 ct Archduke Joseph diamond set 
a per-carat price record for a colorless diamond of 
$285,545 in November 2012, surpassing even the Eliz- 
abeth Taylor diamond auctioned the previous year. 
Photo by Tony Falcone; courtesy of Christie’s. 
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Gemological Uigests 


QUEBEC DIAMOND FIND 
NOT SUBSTANTIATED 

Investigation by the Gemological Institute 
of the reports of a diamond find in Vassan 
Township of northern Quebec, have re- 
sulted in a statement from the Province’s 
Department of Mines which leaves some 
doubt of diamond bearing kimberlite in 
that district. 

According to B. T. Denis, Chief of the 
Mineral Deposits Branch of the Quebec 
Department of Mines, a small sample of 
sludge was sent to the Province’s labora- 
tories in the spring of 1949. This sample 
was examined and a concentrate prepared 
with methylene iodide. Examination re- 
vealed that in addition to pyrite this con- 
centrate contained a few small grains of 
black brilliant material that proved, on 
X-ray analysis, to be diamond. 

In further explanation of the presence of 
diamond grains in the concentrate, Denis 
explains that the material examined was 
obtained with a chopping bit from a depth 
of about sixty feet in a diamond drill hole 
that. was being sunk for water. The drilling 
had proceeded normally to sixty feet and 
then encountered difficulty which occasioned 
the curiosity of the drillers as to the con- 
tent of the sludge. In the opinion of Denis, 
the possibility that the few small grains of 
diamond found may have come from the 
drilling bit has not been eliminated. 

Since examination was made in 1949, a 
sixty-foot shaft has been sunk on the prop- 
erty located about fifteen miles north of 
the gold mining town of Val d’ Or, and a 
sample has been submitted to the pilot mill 
there. The resident geologist of the district 
has been down the shaft and reports that 
the rock appears to be a fine grained, par- 
tially serpentinized, periodite which does 
not present the features usually associated 
with kimberlite. 


Any further developments of a favorable 
nature will be reported in later issues of 
Gems and Gemology. 


Kay Swindler, G.1LA. 


FOIL BACK SYNTHETICS 
AGAIN CREATE CONFUSION 

Recently it has come to the attention of 
the Gemological Institute that foil back 
synthetic material — incorrectly sold as true 
synthetic star or cat’s-eye —is causing more 
confusion among both jewelers and the 
public. 

This material, which is not new on the 
market, is cotrectly described as synthetic 
foil back as the star is produced ‘by ruled 
lines on the metallic back rather than from 
inclusions within the stone. Such stars do 
not possess the well defined lines character- 
istic of the true synthetic star or cat’s-eye. 


NEW PURCHASING COMPANY 
HOLDINGS CLARIFIED BY 
SECRETARY OF DE BEERS 

In the summer issue of Gems « Gemol- 
ogy, announcement was made of the newly 
organized Diamond Purchasing and Trad- 
ing Company. In a letter from C. H. Beck, 
Secretary of the De Beers Consolidated 
Mines, Ltd., a clarification of the extent of 
De Beers’ holdings is given. 

“The position is,” writes Secretary Beck, 
“that the Diamond Purchasing and Trading 
Company, Ltd., was formed with a share 
capital of £2,500,000 pounds in one pound 
shares, of which 500,000 shares have been 
subscribed for in cash at par. 

“De Beers took up 190,000 of these 
shares and Consolidated Diamond Mines, 
47,500. Since then the remaining £2,000,- 
000 of capital has been subscribed for at 
par and De Beers has taken up 760,000 
shares and Consolidated Diamond Mines, 
190,000 shares.” 
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as lots went to buyers from 30 countries during 2011. 

Another reason is the rarity of top diamonds, es- 
pecially blues and pinks. Of the millions of diamonds 
mined each year, only .001% qualify as fancy colors, 
and only a handful of those can achieve the top 
grades of intense and vivid. An even smaller percent 
are larger than a carat, let alone 5 carats. This excep- 
tional rarity appeals to the growing number of col- 
lectors and investors. 

A third factor is the shift toward the private buyer. 
In the past, dealers represented the majority of top- 
lot buyers at jewelry auctions. Today, individuals ac- 
count for more than half of such sales. Auction house 
executives say these buyers range from collector-con- 
noisseurs who seek the very best to investors who 
believe the jewels’ extreme rarity, coupled with ris- 
ing demand, will continue to push the value higher 
(Shor, 2011). 

Meanwhile, both auction houses continue to 
compete with retail jewelers by selling diamonds and 
jewels privately. Christie’s matches its clients’ buy- 
ing requests to a network of dealers. Sotheby’s, in 
conjunction with the Steinmetz Group, a global dia- 
mond company, offers single stones or jewelry col- 
lections (Schupak, 2011). 
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A COMPARISON OF MODERN AND FOSSIL 
IVORIES USING MULTIPLE TECHNIQUES 


Zuowei Yin, Pengfei Zhang, Quanli Chen, Qinfeng Luo, Chen Zheng, and Yuling Li 


To distinguish between modern and fossil (mammoth) elephant ivory, samples of both were analyzed 
by petrographic microscopy, scanning electron microscopy, infrared spectroscopy, and laser-induced 
breakdown spectroscopy. In addition to the differences observed under low magnification, SEM demon- 
strated each variety’s structure in greater detail. While modern ivory appeared very compact under high 
magnification, fossil ivory showed a loose structure with many long channels and splintery cracks. IR 
spectroscopy revealed differences in water and collagen contents. Modern ivory exhibits a broad IR ab- 
sorption band around the 3320 cn peak, while the sharp bands between 3300 and 3500 cm in fossil 
ivory indicate a much lower water content. Modern ivory’s IR peaks at 2927 and 2855 cm, compared 
to fossil ivory’s weak peak near 3000 cm, suggest a significant loss of collagen after burial for tens of 
thousands of years. LIBS chemical analysis showed different amounts of various trace elements. Weakly 
weathered fossil ivory contains Fe, Ti, Mn, and Al, while the similar-looking modern ivory contains Hg, 


Cr, and Si, indicating that trace elements could be used to distinguish them. 


he modern elephant, threatened by extinction, 
is protected by international agreements ban- 
ning the sale of ivory from tusks. This trade ban 
does not apply to ornaments made of mammoth fos- 
sil ivory, which is still legally sold in the gem market. 
The two materials look similar, and it is difficult to 
distinguish them with the unaided eye, especially 
when the fossil ivory is relatively unweathered. 
There is such a need to identify the modern and 
mammoth ivory in the Chinese jewelry market be- 
cause the jewelry prices of modern ivory and fossil 
ivory vary greatly. For example, the price of modern 
ivory bangles range from US$400-$500 per piece, 
while the price of mammoth fossil ivory bangles 
ranges from US$200-$300 per piece. 
Mammoth is an extinct mammal species belong- 
ing to the Elephantidae family, which lived during 
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the late Pleistocene in Europe, northern Asia, and 
North America. Their fossils are commonly found in 
frozen ground in Alaska and Siberia. Reports on 
mammoth have mainly dealt with the species’ life, 
extinction, and prospects for regeneration (Iacumin 
et al., 2005; Basilyan et al., 2011). Gemological stud- 
ies on mammoth ivory are virtually nonexistent, 
while the literature on elephant ivory is also quite 
limited (Edwards and Farwell, 1995; Edwards et al., 
1997; Raubenheimer et al., 1998; Su and Cui, 1999, 
Reiche et al., 2001; Sakae et al., 2005; Edwards et al., 
2.006; Singh et al., 2006; Miiller and Reiche, 2011). 
This study examines the two ivories’ structure and 
chemical composition to better explore their identi- 
fication characteristics. 


MATERIALS AND METHODS 

The modern elephant ivory samples consist of beads 
provided by the Museum of China University of Geo- 
sciences (figure 1). They are originally from Thailand 
and belong to the Asian elephant species. The au- 
thors were allowed to cut one bead in half for scan- 
ning electron microscopy (SEM) testing. 
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Figure 1. Modern elephant ivory samples were taken 
from a necklace, including the bead in the inset 
photo (magnified 20x). The red line indicates where 
the bead was cut for SEM analysis. Schreger lines 
can be observed on the bead. Photos by Zuowei Yin. 


The authors obtained fossil ivory specimens from 
mammoth tusks sold in the gift shop at the Geolog- 
ical Museum of Guangdong Province, China. All 


Figure 2. These three fossil 
ivory specimens are from 
mammoth tusks (bottom 

right). On the top row, sam- 
ple M1 is composed of the 
weakly weathered white 
layer, the semi-weathered 
brown middle layer, and the 
strongly weathered black 
surface layer. Sample M2 
(bottom left) shows the 
semi-weathered brown mid- 
dle layer of fossil ivory. M3 
(botom middle) is only of 
the weakly weathered white 
inner layer. Photos by 
Zuowei Yin. 
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three samples (figure 2) were cut perpendicular to the 
length of the tusk. Sample M1 contained three layers: 
a strongly weathered black surface, a semi-weathered 
brown middle layer, and a weakly weathered white 
inner layer. This sample was sliced into four pieces 
for analysis, and each piece contained all three layers. 
Sample M2 contained only the semi-weathered 
brown middle layer, and M3 only the weakly weath- 
ered white inner layer. 

The samples underwent standard gemological 
testing to determine their spot refractive index, spe- 
cific gravity, and UV fluorescence reaction. To study 
the structure at various resolutions, the samples 
were observed using both a petrographic microscope 
and SEM. Samples or sample portions from both 
ivory types were carefully ground with carborundum 
until they became nearly transparent thin sections 
for examination with the petrographic microscope. 
A Quanta 200 scanning electron microscope at the 
China University of Geosciences in Wuhan was used 
for this study. Samples with Schreger lines were cho- 
sen, and they were cleaned with alcohol and dried in 
air. The specimens were fractured by the authors, 
and the fracture surfaces were sputter-coated with 
gold powders using a SCD-005 ion sputtering coater. 
Then they were fastened to a round metal board for 
observation. The resolution of the Quanta 2.00 is 3.5 
nm under 30 KV voltage in both high- and low-vac- 
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BOX A: WHAT IS LIBS? 


Laser-induced breakdown spectroscopy is a rapid chem- 
ical analysis technique. A modern LIBS system includes 
a laser source, delivery optics, collecting optics, a spec- 
trometer, and an attached computer (figure A-1). This 
technology requires no sample preparation. Broad ele- 
mental coverage and extremely short measurement 
time for each spot are additional advantages that make 
this one of the most practical and efficient micro-beam 
technologies available to gemologists. 

Short, powerful laser pulses are focused on the tar- 
get to vaporize and atomize a small amount of sample 
(0.1:g-0.1 mg) in a process known as laser ablation. The 
vaporized portion then further interacts with a second 
laser pulse to form the high-temperature plasma. This 
excited material (electrons, ions, molecules, etc.) pro- 
duces an electromagnetic emission during the cooling 
process. High-resolution optics detect and record the in- 
tensity of this emission, which allows not only the 


uum modes, 3.5 nm in ESEM vacuum mode under 
30 KV, and 15 nm in a low vacuum under 3 KV. We 
used 7x—1,000,000x magnification and an accelerat- 
ing voltage of 200 V to 30 KV with a tungsten fila- 
ment and a maximum beam current of 2 pA. The 
SEM images are from secondary electrons. 

Infrared spectral analysis was carried out using a 
Nicolet 550 Fourier transform infrared (FTIR) spec- 
trometer with a resolution of 0.5 cm, a scanning 
range of 4000-400 cm, and 32 scans per second at 
room temperature (25°C). Half of a modern ivory 
bead and one fossil specimen with black, brown, and 
white layers (sample M1) were analyzed in transmis- 
sion mode with a KBr pellet. Only the white layers 
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Figure A-1. This diagram 
shows the main compo- 
nents of a modern LIBS 
system: (a) laser source 
and cooler; (b) pulsed 
laser head; (c) mirror; (d) 
focusing lens; (e) excita- 
tion chamber; (f) sample; 
(g) collecting optics; (h) 
optical fiber; (i) detector 
trigger signal; (j) wave- 
length selector; (k) detec- 
tor array; and (1) 
microcomputer. From 
Pasquini et al. (2007). 


identification of the elements via their unique spectral 
signatures but also the measurement of their concen- 
trations above the detection limits. Typical detection 
limits of LIBS are in the ppm (parts per million) range. 
Both qualitative and quantitative analyses can be per- 
formed, but for quantitative measurements the system 
needs to be calibrated for each elemental species 
(Pasquini et al., 2007). 

The crater formed by laser ablation usually has a 
diameter of 10-100 pm and a depth of 100 nm. With 
0.1 nm (1 A) widths, the emission peaks of LIBS spec- 
tra are narrower than those from passive emission or 
reflectance spectroscopy. The spectral region of inter- 
est, typically from about 180 to 850 nm, generally in- 
cludes numerous peaks per element, allowing 
cross-checking for interferences. The analyses of our 
samples were very rapid, with each spot measured for 
less than 1 second. 


of sample M1 were tested by FTIR, because their 
color was close to that of modern ivory. 

Laser-induced breakdown spectroscopy (LIBS) 
analysis was carried out using a LIBS2005 with 
Nd:YAG solid state laser (1064 nm wavelength) at 
the China University of Geosciences to measure 
trace elements semi-quantitatively. (See box A for 
more on this technique.) The test used a voltage of 
500-650V and a frequency of 10 Hz. 


RESULTS AND DISCUSSION 

Gemological Properties. Both ivory types showed 
overlapping spot RI (1.52-1.54) and SG (1.69-1.81), so 
they cannot be distinguished by these properties. The 
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modern ivory beads fluoresced bluish white to long- 
wave UV radiation and very weak bluish white to 
short-wave UV (figure 3). 

The weakly weathered white layer of fossil ivory 
(M1) showed stronger fluorescence to long-wave than 
short-wave UV, while the semi-weathered brown 
layer (M2) displayed weaker fluorescence than the 
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Figure 3. Modern ele- 
phant ivory fluoresced 
bluish white in long- 
wave UV (left) and very 
weak bluish white in 
short-wave UV (right). 
Photos by Zuowei Yin. 


white layer under both long- and short-wave UV (fig- 
ure 4, top). The strongly weathered black layer from 
sample M1 was inert to both wavelengths. These ob- 
servations suggest that the degree of weathering is 
inversely proportional to the strength of fluorescence 
reaction. 

Both ivories are composed mainly of the mineral 


Figure 4. These photos 
show the fluorescence 
reaction of mammoth 
ivory samples M1 and 
M2 to Iong- and short- 
wave UV. The front side 
of sample M1 is the 
weakly weathered 
white layer, which fluo- 
resces stronger bluish 
white color in long- 
wave UV (A) and weak 
bluish white color in 
short-wave (B). The 
strongly weathered 
black layer of sample 
M1 is inert to both 
wavelengths (C and D). 
Sample M2, the semi- 
weathered brown layer, 
fluoresces weak bluish 
white in long-wave UV 
(A and C) and is inert to 
short-wave (B and D). 
Photos by Qinfeng Luo. 
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hydroxyapatite and organic materials. Because hy- 
droxyapatite usually does not display characteristic 
fluorescence while the organic material typically 
does, ivory with more organic material displays a 
more intense fluorescence. This implies that weath- 
ering is more destructive for organic than inorganic 
material. 


Structural Analysis. Both modern and mammoth ele- 
phant ivories display intersecting chevron patterns 
known as Schreger lines (Singh et al., 2006; Palombo 
et al., 2012). The Schreger angle of the modern ele- 
phant ivory sample is about 115° or 65° (see figure 1, 
inset). According to Singh et al. (2006), the mean 
Schreger angle value taken at all three portions in 
Asian elephant ivories is (91.1 + 0.70)°. 


In Brief 


° Ivory from mammoth and modern elephant ivory look 
quite similar. Distinguishing between the two is impor- 
tant in protecting endangered elephant species. 

¢ Petrographic microscopy and scanning electron mi- 
croscopy (SEM) were used to reveal structural differ- 
ences between the two materials. 

° Infrared spectroscopy was effective in identifying the 
two ivory types, while laser-induced breakdown spec- 
troscopy (LIBS) showed significant differences in trace- 
element concentrations. 


Fossil ivory sample M3 (again, see figure 2) has a 
Schreger angle of approximately 100°. According to 
Fisher et al. (1998), the Schreger angles in mammoth 
tusks range from 62° to 105° within the various layers, 
with a mean of 87.1°. The Schreger angles from the 
outermost layer of mammoth tusks, measured by Tra- 
pani and Fisher (2003) at the dentine-cementum junc- 
tion, range from about 70° to 100° (Palombo et al., 
2012). Therefore, identification of fossil and modern 
ivories based on Schreger angles requires caution. 
Ivory ornaments cut from different layers of the tusk, 
or cut at a slightly different angle relative to the length 
of the tusk, can have varying Schreger angles. 


Microstructure. Modern Elephant Ivory. A photomi- 
crograph of modern ivory at 200x magnification 
shows that the Schreger pattern lines (the sparse ver- 
tical lines) occur along one direction (figure 5). The 
thin horizontal lines closely parallel to each other are 
polishing lines. 
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Figure 5. In modern elephant ivory, Schreger lines and 
thin polishing lines are visible under plane polarized 
light. Photo by Qinfeng Luo; magnified 200x. 


Fossil Ivory. The thin section is made of semi-weath- 
ered sample M2. At 200x magnification, the Schreger 
lines are not apparent; only polishing lines and cracks 
can be observed (figure 6). The thin section fashioned 
from only the white layer of sample M1 showed no 
obvious differences with modern ivory under the pet- 
rographic microscope, because the white layers are 
less weathered and both look similar at less than 
500x magnification. 

Schreger lines of both ivory types are visible at 
lower magnification (less than 100x) through the thin 


Figure 6. In semi-weathered fossil ivory, only dark 
polishing lines and cracks can be observed under 
plane polarized light. Photo by Qinfeng Luo; magni- 
fied 200x. 
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Figure 7. The laminar structure of a modern elephant ivory sample is shown at 800x magnification (left). The 
sample was halved along the hole of the bead, indicating that the cracks were manmade. The structure of the 
elephant ivory sample looks compact. The layers of the fracture show the splintery structure of modern elephant 
ivory (where the arrow points) at 3000x magnification (center). At 24,000x magnification (right), the platy crys- 
tals of hydroxyapatite in modern elephant ivory exhibit a laminar structure. Photos by Qinfeng Luo. 


section. At higher magnification, the Schreger lines 
are less likely to be seen. Cracks and holes cannot be 
observed in a modern ivory thin section, but they are 
obvious in fossil ivory sample M2. 


SEM Analysis. Modern Ivory. SEM images obtained 
from the bead in figure 1 at various magnifications 
show some interesting features. First, the structure 
of modern ivory appears compact and has a laminar 
structure generally composed of platy layers parallel 
to each other, forming a step-like pattern (figure 7, 
left and center). Another notable feature is that the 
layers forming the ivory body also display a platy 
structure at high magnification (figure 7, right). 
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Fossil Ivory. The intensely weathered black layer 
of fossil ivory sample M1 showed the following 
characteristics. 

Broken and crushed splintery cracks were often 
observed on the rupture surface (figure 8). Although 
there were cracks in both kinds of ivory (figure 7, left; 
figure 8, left), their formation was different. Because 
modern ivories contain a high proportion of organic 
materials, external mechanical forces usually cause 
cracks to occur straight through the surface. But be- 
cause the organic materials in fossil ivories reduce 
gradually due to weathering, the cracks tend to form 
gradually into splinters. Under long-term weathering 
(figure 8), the structure of the fossil ivory is probably 


Figure 8. Splintery cracks in 
the black layer of fossil ivory 
| M1 are visible at 3000x mag- 
nification (left). The cracks 
could be caused by rearrange- 
ment of hydroxyapatite crys- 
tals due to the loss of organic 
materials and the reduced 
binding force. With so many 
cracks between the hydroxy- 
apatite crystals, the structure 
of the black layer appears 
broken and disordered at 
10,000x magnification (right). 
Photos by Qinfeng Luo. 
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loosened by the lack of organic materials, which re- 
duces the binding force to arrange hydroxyapatite (Qi 
et al., 2010). 

Many long, narrow channels and small holes were 
found in the intensely weathered layer of fossil ivory 
M1. These cylindrical channels were common in 
SEM images of mammoth ivory samples from this 
study. They oriented themselves along the length of 
the ivory. Previous studies (Su et al., 1999; Ge et al., 
2006) concluded that in prehistoric bones and ivories, 
hydroxyapatite exists on the nanoscale (10° m) with 
a laminar structure and its c-axis oriented along the 
length of collagen fibers. Miiller et al. (2011) pointed 
out that in all ivories the collagen fiber bundles are 
organized around the pulp cavity in the center of the 
tusk. The black surface layers experienced the most 
rapid loss of organic substance. Based on the orienta- 
tion and shape of these channels and holes, we deduce 
that they were caused by the loss of collagen fibers. 

Some obvious and irregular grooves lie perpendi- 
cular to the crystal stacking layers in the black layer 
of fossil ivory. The grooves can be individual or over- 
lapping (figure 10). They are different from the chan- 
nels in figure 9, with a nearly vitreous luster. Existing 
research and observation with the polarizing micro- 
scope suggests that the grooves are related to collagen 
fibers and the growth mechanism of the Schreger 
lines (Su et al., 1999). 

Magnification at 1500-—6000x shows that the struc- 
ture of the weakly weathered white layer of fossil 
ivory M1 is nearly as compact as the structure of mod- 


Figure 10. The black layer of mammoth ivory sample 
M1 contained these continuous grooves interspersed 
among the hydroxyapatite crystals. The grooves are 
apparently lower than the surface of the laminar 
structure. Photo by Qinfeng Luo; magnified 2500x. 


ern ivory (figure 11). There are some tiny holes in the 
white layer, but they are less abundant and less obvi- 
ous than those of the black layer (figure 9, left). Simi- 
larly, we deduce that the holes were likely formed due 
to the loss of organic materials by weathering. 


Chemical Analysis. Infrared Spectroscopy. Dan et al. 
(2006) showed that ivory is composed of biogenic hy- 


Figure 9. At 1000x magnification (left), fine parallel channels are visible within the black layer of fossil ivory 
sample M1. There are up to 20-30 channels per cm?. At 5000x magnification (center), the channels appear 
cylindrical and at close intervals. 10,000x magnification (right) shows that many of the crystals are stacked. 
The channels and holes are perpendicular to the stacking layers. Photos by Qinfeng Luo. 
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droxyapatites and collagen. Living creatures’ hydrox- 
yapatites are slightly crystallized. Upon burial, non- 
crystalline hydroxyapatite will start to crystallize 
due to diagenesis. Comparison of modern and the 
least weathered fossil ivories’ FTIR spectra (figure 12) 
showed the following results: 


1. 4000-3000 cm: Modern ivory has a broad IR 
absorption band around the 3320 cm! peak. In 
the least weathered layer of fossil ivory, some 


Figure 11. Long grooves can 
still be seen in white layers 
of fossil ivory sample M1 
(left, magnified 1500x). Tiny 
holes can also be observed, 
though the black layer of 
sample M1 contain more of 
them (compare with figure 9, 
left). The structure of the 
white layer still appears com- 
pact under 6000x magnifica- 
tion compared with figure 8 
of the black layer. Photos by 
Qinfeng Luo. 


peaks at 1660.79 and 1557.66 cm=, caused by 
bending vibration of coordinated water, or 
twisting of H-O-H. Fossil ivory spectra show 
only a weak absorption peak at 1642.22 cm, 
indicating much lower water content (Zhou et 
al., 1999). Both kinds of ivory have a strong ab- 
sorption band at about 1038.90 cm“, caused 


sharp bands are found between 3300 and 3500 
cm-!. Dan et al. (2006) demonstrated that the IR 
absorption bands between 3400 and 3500 cm! 
are caused by hydroxyl stretching vibration, 
which indicates that fossil ivory has a much 
lower water content than modern ivory. 


. 3000-2000 cm!: The IR absorption peaks of 
modern ivory at 2927 and 2855 cm7! result 
from collagen (Qi et al., 2005). Because the 
samples were handled with gloves and wiped 
with alcohol and dried in the air, contamina- 
tion can be ruled out. Modern ivory’s absorp- 
tion peak at 2927.60 cm is caused by 
asymmetric stretching vibration of the CO,” 
group, and the 2855.51 cm peak is caused by 
symmetric stretching vibration of CO,” groups 
(Farmo, 1982). The IR absorption spectra of 
fossil ivory have a weak absorption peak near 
3000 cm, indicating a significant loss of col- 
lagen after burial for tens of thousands of years 
(Qi et al., 2005). 


. 2000-1000 cm: The IR spectra of modern ele- 
phant ivory feature two strong absorption 


COMPARISON OF MODERN AND FOSSIL IVORY 


Gems & GEMOLOGY 


Figure 12. The FTIR spectrum of modern elephant 
ivory (A) has a broad band at 3320 cnr", while the 
spectrum of fossil ivory (B) contains wide and sharp 
absorption bands between 3300 and 3500 cnr". 
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TABLE 1. Chemical composition of modern and fossil ivories. 


Major elements 


Trace elements 


Elephant ivory P, Ca, Na, Mg, H, C, N, O 
P, Ca, Na, Mg, H, C, N, O 
P, Ca, Na, Mg, H, C, N, O 


P, Ca, Na, Mg, H, C, N, O 


Fossil ivory (white layer) 
Fossil ivory (brown layer) 


Fossil ivory (black layer) 


Sr, Ba, Hg, Cr, Si 

Sr, Ba, Fe, Mn, Ti, Al 
Sr, Ba, Fe 

Sr, Ba, Fe, Mn, Si 


Refers to the LIBS results of this study and Dan et al. (2006), Huang et al. (2007), and Miiller et al. (2011). 


by asymmetric stretching vibration of the 
PO,? group, because their major constituent is 
hydroxyapatite. The biogenic hydroxyapatites 
have three absorption peaks at 1541-1548, 
1455, and 1417 cm (Huang et al., 2007). 


4. 1000-400 cm: Both kinds of ivory have two 
peaks and exhibit no obvious differences here. 


LIBS Analysis. Ivory is composed of 70% hydroxya- 
patite (some of the calcium having been replaced by 
magnesium) and 30% organic substance (collagen 
fibers). Thus the major elements of both ivories are 
the same: Ca, Na, Mg, P,H, C, N, and O, with higher 
concentrations of Ca, Na, and Mg (figures 13-16] 
(Miller et al., 2011; Huang et al., 2007; Dan et al., 
2006). 

Comparing the LIBS data of modern ivory and the 
three layers of fossil ivory (table 1), we found that: 


1. Besides the major elements consistent in both 
kinds of ivory, modern ivory has Hg, Cr, and 
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Si; the white layer of fossil ivory contains Fe, 
Ti, Mn, and Al. 


2. The Al and Ti in the white layer of fossil ivory 
are absent in the brown and black layers. 


3. The black surface layer of fossil ivory contains 
some Si, which is absent in the white and 
brown layers. 


As noted by Wilson and Pollard (2002), chemical 
changes achieve thermodynamic equilibrium be- 
tween the archaeological material and the surround- 
ing environment. According to this principle, all 
bone materials should tend to have an identical 
chemical composition under similar environmental 
conditions. We inferred that Sr and Ba are common 
replacements for Ca in the apatite of both ivory 
types. Due to the different living environments of 
mammoth and modern elephants, Fe, Mn, Ti, and Al 
replaced Ca in mammoth ivory; Hg, Cr, and Si re- 
placed Ca in modern elephant ivory. 

Singh et al. (2006) found higher concentrations of 


Figure 13. This LIBS 
spectrum of modern 
Bos elephant ivory (200-650 
| nm) shows the ele- 
ments Ca, Hg, Cr, Na, 
Mg, Si, Sr, and Ba. Due 
ta to space limitations, we 
‘j cannot enlarge the 
\ spectrum to label every 
] | detected element. 
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Figure 14. The LIBS 
spectrum of the white 
layer from fossil ivory 
sample M1 (200-750 
nm) shows Fe, Mn, Mg, 
Al, Ca, Ti, Ba, Sr, Na, 
and Ca, with higher 
concentrations of Na 
and Mg. 


Figure 15. This LIBS 
spectrum of the semi- 
weathered layer from 
fossil ivory sample M1 
(200-750 nm) shows 
the elements Fe, Mg, 
Ca, Ba, Sr, and Na. 


Figure 16. This LIBS 
spectrum of the black 
surface layer of fossil 
ivory sample M1 (200- 
750 nm) shows Fe, Si, 


Mg, Mn, Ca, Ba, Sr, and 


Na. 
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P, Mg, and Cr in Asian elephant ivory than in the 
African species. Thus it is possible to distinguish fos- 
sil and modern ivories by analyzing their trace ele- 
ment concentrations. Although our current research 
did reveal some differences between the two types of 
ivory, many more samples are needed for a conclu- 
sive discrimination. 


CONCLUSION 

This comparison of fossil and modern ivories sug- 
gests multiple ways to distinguish them. Schreger 
angles are often used to identify different types of 
ivories, but these are not definitive. The observed 
Schreger angle can vary depending on the layer of a 
tusk and the cutting angle relative to the length of 
the tusk. Microscopic examination of fossil ivory 
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samples revealed broken lines, cracks, long chan- 
nels, and grooves that were not seen in the modern 
ivory samples. The infrared spectrum of modern ele- 
phant ivory showed distinct absorption peaks re- 
lated to collagen, while fossil ivory did not show 
these peaks. Similarly, absorption peaks related to 
coordinated water are pronounced in modern ele- 
phant ivory’s spectrum and weak in that of mam- 
moth ivory. FTIR testing proved effective in 
identifying the two kinds of ivories. LIBS analysis 
showed that besides the major elements consistent 
to both kinds of ivory, white fossil ivory contains Fe, 
Ti, Mn, and Al, while modern ivory has Hg, Cr, and 
Si. The difference in trace element concentrations 
can potentially assist in the identification of fossil 
and modern ivories. 
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INFRARED SPECTROSCOPIC STUDY OF 


FILLED MOONSTONE 


Jianjun Li, Xiaofan Weng, Xiaoyan Yu, Xiaowei Liu, Zhenyu Chen, and Guihua Li 


The laboratory of the National Gold & Diamond 
Testing Center (NGDTC) encountered some pla- 
gioclase (moonstone) beads with blue adulares- 
cence. Fifteen of the 22 moonstones fluoresced 
moderate to strong bluish white to long-wave UV, 
with the fluorescence visible in fissures. Electron 
microprobe analysis of one bead and micro-in- 
frared reflectance spectra of all 22 samples indi- 
cated a composition nearly identical to albite. The 
specimens with strong fluorescence exhibited 
3053 and 3038 cm" peaks in their direct trans- 
mission infrared spectra, confirming impregnation 
by a material with benzene structure. This treat- 
ment can be detected with a standard gemologi- 
cal microscope by observing characteristics such 
as relief lines. 


[2 identifying gemstones from the Chinese market 
over the last five years, the National Gold & Dia- 
mond Testing Center (NGDTC) found that some 
treatments usually applied to top-grade colored 
stones such as emerald (Johnson et al., 1999) or 
jadeite jade (Fritsch et al., 1992) had also been used 
to enhance other materials. Impregnated aquama- 
rine, tourmaline, and kyanite have all been encoun- 
tered. Li et al. (2008) examined the characteristics 
and identifying features of filled aquamarine. Wang 
and Yang (2008) reported on a filling technology ap- 
plied to carvings, beads, and faceted gems from the 
jewelry market of Guangdong Province. They also re- 
searched the identification of these filled gemstones. 

A few months ago, the NGDTC laboratory re- 
ceived from a client six bracelets of plagioclase 
(moonstone) beads with blue adularescence. The 
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bracelets were reportedly from Donghai County in 
Jiangsu Province, the trading center for crystal quartz. 
They displayed moderate to strong bluish white flu- 
orescence in an irregular curvilinear pattern, which 
caused suspicion. Observing the beads from different 
directions showed that the fluorescence was confined 
to the fractures, and the authors deduced the presence 
of some foreign material. In addition to determining 
the mineral composition of the samples, we collected 
infrared spectra to confirm the existence of the filling 
material and examine its composition. 


MATERIALS AND METHODS 


The samples came from a strand of 22: moonstone 
beads (table 1) that showed beautiful blue adulares- 
cence (figure 1). We examined the samples’ standard 
gemological properties using an Abbe refractometer, 
an ultraviolet fluorescence lamp, and a microscope. 

The chemical composition of sample 1 was first de- 
termined by electron microprobe analysis at the Chi- 
nese Academy of Geological Sciences (CAGS). The 
sample was removed from the strand, and a flat surface 
was polished oblique to the lamellae of polysynthetic 
twinning. After the electron microprobe analysis we 
could still see the strongest adularescence of this sam- 
ple and collect its infrared spectra for further tests. 
CAGS used a JXA-8230 electron microprobe with an 
accelerating voltage of 15 kV, a beam current of 20nA, 
and a beam diameter of 5 um. Jadeite was used as the 
Na standard, and Na was run before the other elements 
to avoid undercounting sodium. The standard materi- 
als for this test were natural minerals and synthetic ox- 
ides, and the detection limit was about 100 ppm. 

The 22 samples, including sample 1, were also 
tested at NGDTC with a Nicolet Nexus 470 Fourier 
transfer infrared spectrometer. To collect the micro- 
scopic reflective infrared spectra, we used an MCT/B 
detector. A total of 32 sample scans were taken at a 
resolution of 8.0 cm”! and a background gain of 4.0. 
The Omnic 6.la software recommends a scanning 
wavenumber range of 4000-650 cm, and the infrared 
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spectrometer extended that range to 7800-400 cm. 
Given the test requirements of the functional group 
(4000-2000 cm-') and the fingerprint region of silicate 
minerals in reflective infrared spectroscopy, the scan- 
ning wavenumber range was set at 1300-500 cm. 
Thompson and Wadsworth (1957) used infrared 
spectroscopy to determine albite and anorthite pro- 
portions in plagioclase. Li Jianjun et al. (2007) showed 


In Brief 


e Astrand of 22 moonstone beads with blue adulares- 
cence displayed an irregular pattern of bluish white 
fluorescence, arousing suspicion of treatment. 


¢ A combination of standard gemological testing and 
infrared spectral analysis showed that the moonstone 
had been impregnated by a material with benzene 
structure. 


While UV fluorescence can indicate the possibility of 
impregnation, infrared spectroscopy provides more 
conclusive evidence. 


that the infrared spectra will vary when the samples 
are tested in different orientations. Thus the authors 
sought to obtain infrared spectra from a consistent 
crystal orientation to determine whether the samples 
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Figure 1. These 22 
moonstone beads 
(4.01-4.31 ct) show 
blue adularescence. 
Testing showed that 
they were impregnated 
by a material with ben- 
zene structure. Photo 
by Jianjun Li. 


had the same composition. We used a simple orienta- 
tion method: With the light source directed from the 
viewpoint, we looked for the area where the blue adu- 
larescence was the strongest and recorded the micro- 
infrared reflective spectra of each sample from the 
same orientation. Because the chemical composition 
of sample 1 was determined by both EPMA and mi- 
croscopic reflective infrared spectroscopy, comparing 
the spectra of all other samples to that of sample 1 al- 
lowed us to determine whether they had the same 
composition. 

Direct transmission was then applied to each 
whole bead to test the existence of the filling mate- 
rial using a DTGS KBr detector. A total of 32 sample 
scans were taken at a resolution of 8.0 cm", a back- 
ground gain of 1.0, anda scanning range of 7000-400 
cm. With air as the background, we collected the 
spectra of infrared rays through each whole bead. 


RESULTS AND DISCUSSION 


Gemological Properties. The samples’ spot refractive 
index (RI) was approximately 1.53. The RI of the pol- 
ished surface on sample 1 was 1.530-1.535. Because 
each sample contained a hole for stringing, specific 
gravity was not measured due to the possible compli- 
cation caused by the holes. Most samples fluoresced 
weak to moderate blue-white to long-wave UV (table 
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TABLE 1. Data for the 22 moonstone samples. 


Sample Weight Diameter Long-wave UV 
number (ct) (mm) reaction 
1 4.21 8.55 Moderate 
2-6 Moderate 
“7 | Weak 
8 Strong 
9 Moderate 
~ 10,11 | Very weak 
“42 | Moderate 
13 | 4.01-4.31 8.41-8.63 Inert 
“14 | Moderate 
“15 | Weak 
~ 16 | Strong 
17, 18, 19 | Moderate 
20,21 | Very weak 
“22 | Strong 
1 
(polished 3.75 8.55 x 6.36 Moderate 
section) 


1, figure 2 left). Only one sample was inert to long- 
wave, while three displayed strong fluorescence. 
Under short-wave UV their fluorescence was weaker 
or inert (figure 2, right). Because the fluorescence was 
visible along the fissures, we deduced that there 
might be some foreign material within them. Large 
fissures would contain more foreign substance, pro- 
ducing stronger fluorescence while the beads with no 
fissures were inert under UV fluorescence lamp. 


Figure 3. Brightfield illumination revealed fine, 
closely woven needle-shaped and schistose inclusions 
in this 4.18 ct moonstone. Photomicrograph by Jian- 
jun Li; magnified 70x. 


Microscopic observation with brightfield illumi- 
nation revealed a fine, closely woven needle-shaped 
schistose structure (or inclusions) in all samples (fig- 
ure 3), while parallel twin layers were visible from 
certain directions (figure 4). There was a clear rela- 
tionship between twinning planes and adularescence 
intensity: Adularescence was the strongest when the 
lighting and viewing directions were approximately 
perpendicular to the twinning planes. To keep a con- 
stant viewing direction, we collected micro-infrared 
reflectance spectra of all samples with the incident 
infrared rays perpendicular to the twinning planes. 


Figure 2. Most of the moonstones fluoresced moderate to strong blue-white to long-wave UV, with the fluorescence 
visible in the fissures (left). Under short-wave UV (right), most of them either fluoresced weak bluish white (seen 
in the fissures) or were inert. Photo by Jianjun Li. 
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Figure 4. Fine internal parallel layers (polysynthetic 
twins) were observed with brightfield illumination. 
The circular feature near the center is a hole for 
stringing. Photomicrograph by Jianjun Li; magnified 
30x. 


Observing these samples under the microscope with 
overhead illumination, we saw many veins on their 
surfaces, which appeared similar to the relief lines on 
filled aquamarine described by Li et al. (2009). Nev- 
ertheless, it was difficult to find the fractured reflec- 
tive surfaces we would expect to accompany such 
veins; cracks were visible on the surface but barely 
penetrated the moonstone (figure 5). Meanwhile, an 
unusual residual flat high-relief area (again, see figure 
5) was observed in sample 2, but not in any other 
moonstone. Similar high-relief areas are common mi- 
croscopic features in filled aquamarine (Li et al., 2008) 
and thought to be products of incomplete filling. In 
other words, they were holes or gas bubbles. 


Figure 5. Veins were observed on the surface of the 
moonstones. Only one sample displayed residual flat, 
high-relief areas (holes or gas bubbles, indicated by 
the blue arrow). Photomicrograph by Jianjun Li; mag- 
nified 40x. 


Electron Microprobe Analysis. Complete electron 
microprobe data from six analytical points on sample 
1 are listed in table 2. Based on the calculation 
method of Brandelik (2009), the three components of 
sample 1 are albite (Ab), orthoclase (Or), and 
anorthosite (An). The calculated composition of sam- 
ple 1 was Ab,,,,Or, Am, oo: 


Infrared Spectroscopy Analysis. As figure 6 demon- 
strates, the 22 samples had very similar micro-in- 
frared reflection spectra when they were collected at 
the strongest iridescence area (perpendicular to the 
polysynthetic twinning plane). This means the sam- 
ples had identical mineral composition. 


TABLE 2. Electron microprobe data of sample 1, calculated as Ab,,,,Or,.,An.,,- 


No. SiO, TiO, AIO, Cr,O, FeO MnO CaO MgO NiO KO NaO P,O, SO, Total 
LJ-1-1 66.796 0.008 20.704 0.008 0.044 0.011 1.513 0.008 nd 0.358 10.559 nd nd 100.009 
L-1-2 66.572 nd 20.771 0.002 0.056 nd 1.472 nd 0.003 0.357 10.376 0.022 nd 99.631 
LJ-1-3 66.524 0.025 20.844 0.015 0.066 0.002 1.501 nd nd 0.344 10.497 0.003 = nd-~——(99.821 
LJ-1-4 66.609 0.005 20.68 0.023 0.075 nd 146 nd nd 0.312 10.567. nd nd 99.731 
LJ-1-5 66.772 0.014 20.752 0.011 0.059 nd 1.521 nd 0.009 0.351 10.84 ~— nd nd 100.329 
L-1-6 66.573 nd 20.747 0.015 0.036 0.02 1.474 0.021 nd 0.317 10.749 nd nd 99.952 


nd = Not detected 
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Figure 6. Micro-infrared reflectance spectra of the 
moonstone samples were collected at the area of 
strongest adularescence (with incident infrared rays 
perpendicular to the polysynthetic twinning plane). 
The similar patterns indicate a nearly identical 
composition. 


1200-900 cmr': This region shows the Si-O 
stretching vibration bands in SiO, tetrahedral 
polymers (Zhang et al., 1986). The 22, samples gen- 
erally shared the same peaks or shoulders: 1187, 
1040, and 1007 cm" peaks; a 1140 cm shoulder; 
and a shoulder developing to a peak in the 1076 
cm region. 


800-700 cm: This region shows the Si-O bend- 
ing vibration bands in SiO, tetrahedral polymers, 
as well as the Al-O stretching vibration bands in 
polyhedral polymers (Zhang et al., 1986). There 
were four peaks in all 22 samples. 


Below 700 cm’: These are the stretching vibra- 
tion bands of Al-O (and/or Si-O) and the bending 
vibration bands of O-Si-O (and/or O-Al-O), pro- 
ducing sharp peaks at 652 and 589 cm"! and the 
shoulders between them (Zhang et al., 1986). 


As figure 7 shows, the direct transmission in- 
frared spectra of the beads with moderate or strong 
fluorescence collected from three orthogonal direc- 
tions presented absorption peaks at 3053 and 3038 
cm, which is due to the cumulative frequency in- 
volved in the stretching vibration of C-H in benzene 
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and the bending vibration of the benzene ring (John- 
son et al., 1999a,b). The 4344 cm peak was due to 
the combined frequencies of the stretching and bend- 
ing vibrations of C-H in CH, and CH, (Zhang et al., 
1999), but the peak at about 4065 cm! was associated 
with the combined frequencies of the stretching vi- 
brations of C-H and C-C bands from organic mate- 
rial. Interestingly, an earlier study of filled jadeite jade 
found a 4060 cm absorption peak, confirming the 
filler material as epoxy or a similar substance (Zhang 
et al., 1999). Meanwhile, the infrared spectra of un- 
treated moonstones from NGDTC’s database 


Figure 7. These direct transmission infrared spectra 
are from a filled moonstone with moderate fluores- 
cence (sample 12) and untreated moonstones from 
NGDTC’s database (a, b, and c). Top: The spectra of 
two white moonstones (a and b) and an orange 
moonstone (c) do not present peaks at 4344, 4065, 
3053, and 3038 cm. Bottom: The spectra of the 
filled moonstone, collected from three orthogonal di- 
rections, do show these four peaks. The 4344 cm 
peak is from the combined frequency related to the 
stretching and bending vibration of C-H in the struc- 
ture of CH,, and the 4065 cm peak is due to the 
combined frequencies of the C-H and C-C stretching 
vibrations. The 3053 and 3038 cnr peaks are associ- 
ated with the combined frequencies of the C-H 
stretching vibration and the bending vibration of the 
benzene ring. 
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showed no peaks at 4344, 4065, 3053, or 3038 cm! 
(again, see figure 7). 

Most of the beads showed absorption peaks at 
2969, 292.7, and 2869 cm, associated with the 
stretching vibration of CH,. Three strong absorption 
peaks at 2962, 2926, and 2872 cm7! were frequently 
found by Johnson et al. (1999a) in a study of emerald 
filled by epoxy. The untreated moonstones did not 
present these three peaks (again, see figure 7). 

From the above tests, we confirmed that all the 
beads were filled by a material with the structure of 
benzene. 

There was a clear difference in the 2927-2869 cm! 
range between the strongly and weakly fluorescent 
samples. The strongly fluorescent moonstone had a 
strong absorption band, and the weakly fluorescent 
samples showed weak absorption (figure 8). This sug- 
gests that samples with stronger fluorescence con- 
tain more filling. 


CONCLUSION 


From standard gemological testing, electron micro- 
probe analysis, and infrared spectral analysis of the 
fluorescent moonstone samples, we reached several 
conclusions. The sample tested by electron micro- 
probe had a composition of Ab,, ,,Or, ,,An, o7, or al- 
bite. Micro-infrared reflectance spectroscopy showed 
that all 22 samples had a nearly identical composi- 
tion. Microscopic examination revealed curved veins 
without the fractured, reflective surfaces expected to 
accompany them. These surface features plus the 
patterned fluorescence indicated that the samples 
were filled. 3053 and 3038 cm peaks in their direct 
transmission infrared spectra confirmed that the 
beads were impregnated by a material with benzene 
structure. In terms of identification, UV fluorescence 
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Figure 8. Direct transmission infrared spectra are 
shown for samples with very weak fluorescence 
(sample 11) and strong fluorescence (sample 22). 
Each sample was examined from three orthogonal 
directions. The difference between the strongly fluo- 
rescent and weakly fluorescent samples at 3053, 
3038, 2969, 2927, and 2869 cnr’ is associated with 
CH,. Strong fluorescence is associated with a strong 
absorption band, and weak fluorescence with weak 
absorption. 


could indicate the need for further testing, while the 
infrared spectra could provide more conclusive evi- 
dence of impregnation. 
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from the University of Southampton, UK. Kyaw Soe Moe is a research associate at GIA in New York. He has a bachelor’s degree 
in geology from Yangon University. Erica Emerson, a former GIA research assistant in New York, recently completed her 
master’s degree at Syracuse University. Mark Newton is a reader in experimental physics at the University of Warwick, where 
he received a doctor of sciences degree. Dr. Newton specializes in spectroscopic and microscopic techniques, with an emphasis 
on diamond defects and impurities. Thomas Moses is senior vice president of GIA laboratory and research in New York. 


Second Place 
GEMSTONES FROM VIETNAM: AN UPDATE 


Le Thi-Thu Huong, Tobias Hager, Wolfgang Hofmeister, Christoph Hauzenberger, Dietmar Schwarz, Pham Van Long, 
Ursula Wehmeister, Nguyen Ngoc Khoi, Nguy Tuyet Nhung 


Huong is a lecturer in mineralogy at Vietnam National University in Hanoi, where her work 
terization of Vietnamese pearls and gemstones. She holds a PhD in mineralogy from the Sz 
nz, Germany. Tobias Hager is a lecturer in mineralogy at the University of Applied Sciences _Le Thi-Thu Huong 
as managing director of the Centre for Gemstone Research at Johannes Gutenberg 

1 ranch, the Institute of Gemstone Research Idar-Oberstein. Dr. Hager holds a PhD in mineralogy. 
of gemstone and geomaterials research at the Institute of Gemstone Research Idar-Oberstein at 
nere he is dean of faculty for chemistry, pharmaceutical science, and geoscience. Dr. Hofmeister 
Centre for Mineralogical Archaeoscience. Christoph Hauzenberger’ is associate professor 
f Earth Sciences at the University of Graz, Austria. His research focuses on the 
rock-forming minerals. Dietmar Schwarz is head of research at the Gtibelin Gem 
of the International Gemmological Conference, he has written dozens of articles for 
ologist at the Center for Gem and Gold Research and Identification in Hanoi. He 
ional University. Ursula Wehrmeister is supervisor of pear] identification at the Centre 
berg University, where she received a PhD in mineralogy. Dr. Wehrmeister is involved 
goc Khoi is an associate professor and Nguy Tuyet Nhung is a retired associate professor 
sity. Their research interest is the characterization of Vietnamese gems. 


Wuyi Wang 


& 


ONFIM REGION, RIO GRANDE DO NorTE, BRAZIL 

5, Tobias Hager, Mario T. O. Cavalcanti Neto, Jan Kanis 

ational Museum of Natural History (Naturalis) and director of the Netherlands 
eiden. Dr. Zwaan has a PhD in geology from the Free University in Amsterdam. 
= Fellowship and associate professor position at the Department of Earth and 
arie University in Sydney, Australia. She received a PhD at the University of 
nn the geochemistry and radiogenic isotopes of mantle eclogites. Tobias Hager was profiled in the 
. O. Cavalcanti Neto is a geologist at the Federal Institute for Education, Science, and Technology 
hn Brazil. Jan Kanis, a consulting geologist specializing in gem exploration, has vast experience as a mine 
thern Africa. Dr. Kanis is one of the cofounders of the International Colored Gemstone Association. 


JG: (Hanco) Zwaan 


We extend our thanks to all the readers who participated. And congratulations to 
Ruediger Hein of Henderson, Nevada, whose ballot was drawn from the entries to win a 
one-year subscription to G&G, plus a flash drive containing the 2002-2012 back issues. 
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GEMOLOGICAL CHARACTERISTICS OF 
SALTWATER CULTURED PEARLS PRODUCED AFTER 


XENOTRANSPLANTATION 


Stefanos Karampelas and Aurore Lombard 


after xe p between P. margaritifera 
and P. maxima were studied using UV-Vis-NIR 
and PL spectroscopy as well as radiography. The 
results further demonstrate that the graft (saibo) 
largely determines the coloration and nacre 
thickness of the cultured pearl. 


he value of beaded saltwater cultured pearls 

(SWCPs) depends on five main factors: shape, size 
(diameter and nacre thickness], color (bodycolor and 
overtone), luster, and surface condition (Taylor and 
Strack, 2008; Tayale et al., 2012). Statistics have 
shown that only 5% of all SWCPs are top quality, yet 
these account for about 95% of a pearl farm’s income 
(Haws, 2002). To increase the percentage of top-qual- 
ity SWCPs, several authors have experimented with 
variables such as environmental factors and the 
choice of donor and acceptor mollusks (see examples 
in Lucas, 2008; Southgate, 2008; and Mamangkey, 
2009). 

Most saltwater pearls are cultivated after trans- 
plantation of a piece of mantle tissue. This graft, also 
known by the Japanese term saibo, is cut from a bi- 
valve mollusk donor. A bead, usually from the inner 
shell of a freshwater mollusk belonging to the Union- 
idae family, is simultaneously implanted into the 
gonad of a bivalve mollusk acceptor or host. When 
the donor and the acceptor bivalves belong to the 
same species, as is generally the case, the process is 


See end of article for About the Authors. 
Gems & GEMoLoGy, Vol. 49, No. 1, pp. 36-41, 
http://dx.doi.org/10.5741/GEMS.49.1.36. 
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known as allotransplantation. Allotransplanted mol- 
lusks of Pinctada maxima typically produce white 
to light gray, silver, cream, and yellow to golden 
SWCPs. Allotransplanted mollusks of Pinctada mar- 
garitifera commonly yield dark gray to black as well 
as light gray to white SWCPs. Various other natural- 
color SWCPs can be also found in both bivalves (see 
Karampelas et al., 2011 and 2012, and references 
therein). 

McGinty et al. (2010 and 2011) presented the re- 
sults of their genetic studies involving successful 
xenotransplantation between two different species (P. 
margaritifera and P. maxima) and the influence on 
the aforementioned SWCP quality factors. This 
study investigated experimental SWCPs, using meth- 
ods different from those presented by McGinty et al., 
to further confirm the effect of the saibo from the 
donor mollusk. 


MATERIALS AND METHODS 


This study was carried out on 10 successfully culti- 
vated experimental SWCPs (selected from McGinty 
et al., 2010) with various colors and sizes (see figure 
1 and table 1). Seven samples (nos. 1-7) were culti- 
vated in P. maxima after transplantation of a P. mar- 
garitifera tissue graft, while the other three (nos. 
8-10) were cultivated in P. margaritifera after trans- 
plantation of a P. maxima graft. All samples were 
cultivated for 14 months on a farm belonging to Cen- 
danda Indopearls on the Indonesian island of Bali; 
more on the exact conditions of cultivation can be 
found in McGinty et al. (2010). None of them had 
been subjected to any treatment. All but sample 9 
were round or near-round, with good to very good 
surface condition and mostly good luster; see Gtibe- 
lin Gem Lab (2012) for more information about the 
grading system used. SWCPs cultivated in P maxima 
mollusks with P. margaritifera grafts had more gray- 
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ish color than those cultivated in P. margaritifera 
mollusks with P. maxima grafts (again, see table 1). 


The samples’ UV fluorescence reaction was ob- 
served with a 6W long- and short-wave (365 and 254 
nm, respectively) UV lamp. Their UV-Vis-NIR spectra 
were obtained for the 250-1600 nm range using a 
Cary 5000 spectrometer fitted with a Varian diffuse 
reflectance accessory. Only the 250-900 nm range, 
which contains the color-related absorption bands, is 
presented here. The data sampling interval and spec- 
tral bandwidth of each measurement were set at 0.7 
nm and the scan rate at 60 nm/minute. Matte black 
sample holders were used for a more intense signal. 
Photoluminescence (PL) spectra were acquired using 


TABLE 1. Characteristics of xenografted SWCP samples. 


Figure 1. Ten xeno- 
grafted saltwater cul- 
tured pearls were 
chosen for this study. 
Seven samples (nos. 1- 
7) were cultivated in P. 
maxima with trans- 
planted P. margaritifera 
tissue graft, while the 
other three (nos. 8-10) 
were cultivated in P. 
margaritifera with 
transplanted P. maxima 
graft. Composite photo 
by S. Karampelas (sam- 
ples not to scale). 


a Renishaw Raman 1000 spectrometer coupled with 
a Leica DMLM optical microscope at 50x magnifica- 
tion, with an excitation wavelength of 514 nm emit- 
ted by an argon-ion laser (Ar*), a power of 10 mW, a 
10-second acquisition time, and a resolution of about 
0.1 nm. Digital radiography was performed at the Gti- 
belin Gem Lab with a Comet X-ray unit and a Kodak 
6120 digital sensor. Parameters were adjusted to the 
sample size, with voltage from 60 to 65 kV and cur- 
rent from 5 to 7 mA. 


RESULTS AND DISCUSSION 


Figures 2—4 show the diffuse reflectance UV-Vis-NIR 
spectra for six xenotransplanted samples. The spectra 


Donor mollusk 


Sample Host mollusk (saibo species) Size (mm) 
GGL-ATLOO1 P. maxima P. margaritifera 10.65-10.80 
GGL-ATLO02 P. maxima P. margaritifera 8.10-8.30 
GGL-ATLO03 P. maxima P. margaritifera 8.60-9.20 
GGL-ATLO04 P. maxima P. margaritifera 8.80—9.00 
GGL-ATLOO05 P. maxima P. margaritifera 8.60-8.70 
GGL-ATLO06 P. maxima P. margaritifera 8.40-8.50 
GGL-ATLOO7 P. maxima P. margaritifera 9.50-9.90 
GGL-ATLO08 P. margaritifera P. maxima 10.10-10.20 
GGL-ATLO09 P. margaritifera P. maxima 9.10 x 8.90 
GGL-ATLO10 P. margaritifera P. maxima 16.50-16.60 
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Average nacre 


Color thickness (mm) 
Very light gray 1.6 
Dark gray 0.8 
Dark gray 0.9 
Gray 0.7 
Dark gray 0.6 
Light gray yellow 0.5 
Very light gray 1.7 
Very light gray 1.9 
White 1.6 
Light yellow 4.4 
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Figure 2. These diffuse-reflectance spectra of a black 
allografted P. margaritifera SWCP (bottom) and two 
gray xenografted samples from a P. maxima host and 
P. margaritifera donor (GGL-ATLO02 and GGL- 
ATLO004) show absorptions at 280 nm, from 330 to 
460 nm (with apparent maxima at 330-385 nm and 
385-460 nm), and at 405, 495, and 700 nm. Also ob- 
served is a weak continuous absorption with a maxi- 
mum at 820 nm, plus some less-intense features at 
530, 585, 625, and 745 nm. For clarity, the spectrum 
of GGL-ATL004 is shifted up 5% and that of the 
black natural-color SWCP is shifted down 5%. 


present an absorption (a decrease in diffuse reflectance) 
at around 280 nm. Figure 2, shows two natural-color 
samples cultivated after xenotransplantation into P 
maxima mollusks with P. margaritifera grafts, GGL- 
ATLO02 (dark gray) and GGL-ATLO04 (gray), as well 
as one black natural-color SWCP from P. margaritifera 
after allotransplantation (bottom spectrum). All three 
spectra contain six main absorption bands: from 330 
to 460 nm, with maxima at 330-385 nm and 385-460 
nm, and at 405, 495, 700, and 745 nm (plus a contin- 
uous band extending through the visible range with a 
maximum in the near infrared at around 820 nm). 
Also observed are three less-intense bands at around 
530, 585, and 625 nm, which are common in allotrans- 
planted P. margaritifera SWCPs (Elen 2002; Karam- 
pelas et al., 2011). Differences in the spectra patterns 
are due to the different relative intensities of these 
bands. The 700 nm band is currently known only 
from allotransplanted P. margaritifera SWCPs (Elen, 
2002). Moreover, the 405 nm band has not been ob- 
served in natural-color allotransplanted P maxima 
SWCPs (Karampelas, 2012). These results are in accor- 
dance with those found experimentally by McGinty 
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et al. (2010 and 2011), as well as other authors (e.g., 
Wada and Komaru, 1996). In other words, the saibo— 
in this case, P. margaritifera tissue—is mainly respon- 
sible for the coloration of the SWCPs. None of these 
bands is linked to a specific pigment, except for the 
one at approximately 405 nm, which is attributed to 
a kind of porphyrin (Iwahashi and Akamatsu, 1994). 
Figure 3 shows the UV-Vis-NIR spectra of two 
light yellow samples, cultivated after xenotransplan- 
tation. Sample GGL-ATLO06, cultivated in a P max- 
ima mollusk with a P. margaritifera graft, is a bit 
grayish. Sample GGL-ATLO10 is cultivated in a P. 
margaritifera mollusk with a P. maxima graft. Both 
spectra contain the characteristic absorption feature 
from 330 to 460 nm observed in yellow to golden nat- 
ural-color allotransplanted SWCPs from P. margari- 


Figure 3. The light yellow xenografted sample GGL- 
ATLO10 (second spectrum from the top; P. margari- 
tifera host and P. maxima donor) shows a weak 
absorption feature from 330 to 460 nm (with weak 
bands at 330-385 nm and 385-460 nm), as well as 
other bands at 495 nm and in the near-infrared re- 
gion. Similar bands are observed to analogous natu- 
ral-color (light brownish yellow) allografted sample 
from P. maxima (top spectrum), with different relative 
intensities of the same bands. The light gray yellow 
xenografted sample GGL-ATL006 (second spectrum 
from the bottom; P. maxima host and P. margaritifera 
donor) presents similar absorptions, as well as two 
additional bands at around 405 and 700 nm. Similar 
bands are observed in the natural-color allografted 
sample from P. margaritifera (bottom spectrum). The 
spectrum for GGL-ATL006 is shifted down 10% for 
clarity. 
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Figure 4. Two very light gray (“white-silver”) SWCPs 
were cultivated after xenografting: GGL-ATLO07 (P. 
maxima “host” and P. margaritifera donor) and GGL- 
008 (P. margaritifera “host” and P. maxima donor). 
These display only weak absorptions in the visible re- 
gion that are not characteristic of either bivalve 
species. The samples’ very light gray coloration is due 
to a weak continuous absorption through the visible 
region, with a maximum in the near-infrared region. 
The spectrum for GGL-ATLO07 is shifted up 10% for 
clarity. 


tifera and P. maxima (Elen, 2002). Both spectra also 
have a weak band at around 495 nm, similar to yel- 
lowish allotransplanted SWCPs of both mollusks 
(Karampelas, 2012). A weak band at around 700 nm 
and a shoulder at about 405 nm are also observed in 
the spectrum of sample GGL-ATLO06. These absorp- 
tion bands, present in allotransplanted SWCPs in P. 
margaritifera and absent from those cultivated in P. 


In Brief 


e Ten saltwater cultured pearls (SWCPs) cultivated after 
xenotransplantation between P maxima and PR. marga- 
ritifera mollusks were studied using UV-Vis-NIR and PL 
spectroscopy as well as X-ray microradiography. 


¢ In xenotransplantation, the graft (saibo) from the donor 
mollusk largely determines the coloration and nacre 
thickness of the cultured pearl. 


e Through spectroscopy studies, gemological laboratories 
can identify (with the exception of some light-colored 
SWCPs) the species of the donor (e.g., the 700 nm ab- 
sorption band characteristic of graft from P margari- 
tifera) but not that of the host. 
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maxima (again, see figure 3), spectroscopically con- 
firm the genetic results from McGinty et al. (2010 and 
2011). 

Figure 4 presents two samples of very light gray 
or “white-silver” color from the xenotransplantation 
of GGL-ATLO07 and GGL-ATLO08. The two spectra 
look similar; virtually the entire visible region is 
transmitted. A weak continuous absorption through 
the visible range with a maximum in the near-in- 
frared region was responsible for the samples’ light 
gray color. Very similar spectra can be observed in 
some white as well as other light-colored (white-sil- 
ver and light yellow) allografted samples from P. 
maxima and P. margaritifera. The absorption band 
at around 700 nm is present in all of the colored sam- 
ples (allografted or xenografted) cultivated using 
saibo from P. margaritifera, but was absent from the 
two light-colored samples (GGL-AUTOO1 and 007). 
The 700 nm absorption was absent, or sometimes 
present as a shoulder, in white to light-colored allo- 
tranplanted samples from P. margaritifera (Elen, 
2002; Karampelas et al., 2012). Thus, the absence of 
the 700 nm band from a light-colored SWCP does not 
preclude the possibility that it was cultivated using 
saibo from P. margaritifera. 


Figure 5. The photoluminescence spectrum of 
xenografted sample GGL-ATL005 (with saibo from P. 
margaritifera) shows bands at around 620, 650, and 
680 nm. The sharp bands in the 520-550 nm region 
are due to the Raman effect. The light colored sam- 
ples (GGL-ATL007 and GGL-ATL008) present less in- 
tense bands with a broad apparent maximum around 
630 nm. All spectra intensities are adjusted to the 
main Raman band and shifted for clarity. 
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PL spectra of the dark-colored xenografted sam- 
ples using saibo from P. margaritifera displayed 
bands in the orange to red region at about 620, 650, 
and 680 nm with green excitation (figure 5), similar 
to those in allografted P margaritifera samples 
(Miyoshi et al., 1987). The light-colored xenografted 
samples—cultivated with both grafts—showed less- 
intense bands (again, see figure 5); similar results 
were found in allografted samples from both mol- 
lusks. Moreover, like allotransplanted SWCPs from 
the same mollusks, the light-colored samples were 
inert to short- and long-wave UV radiation (GGL- 
AUTOO1 and GGL-AUT006-010), while the others 
showed a weak greenish yellow and weak yellow re- 
action, respectively. 

From the X-radiographs, the samples cultivated 
with a P maxima donor and a P. margaritifera host 
generally contained thicker nacre (approximately 1.6— 
4.4 mm) than those cultivated using a P. margaritifera 
donor and a P. maxima host (0.5-1.8 mm; see also 
table 1). Allografted SWCPs from P. maxima had 
thicker nacre (as well as nacre weight) than allografted 
P. margaritifera SWCPs after cultivation for the same 
period of time in the same farm and under similar con- 
ditions; see examples in McGinty et al. (2010). This 
was probably due to the different growth rate (directly 
related to the nacre deposition rate) of P maxima and 
P. margaritifera bivalves; P. maxima have a higher 
growth rate than their P. margaritifera counterparts 
(Yukihira et al., 2006; Saucedo and Southgate, 2.008). 
Nevertheless, the growth rate of P. maxima and P. 
margaritifera can vary with environmental conditions 
such as salinity and water temperature (Gervis and 
Sims, 1992; Yukihira et al., 2006; Saucedo and South- 
gate, 2008). The radiography results here do confirm 
that the saibo plays an important role in nacre depo- 
sition (McGinty et al., 2010 and 2011). 


ABOUT THE AUTHORS 
Dr. Karampelas (s.karampelas@gubelingemlab.ch) is a research 
scientist at the Glibelin Gem Lab in Lucerne, Switzerland. Dr. 
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CONCLUSION 

Xenotransplantation between P. margaritifera and P. 
maxima can yield gem-quality SWCPs, as docu- 
mented by McGinty et al. (2010 and 2011). This 
study using UV-Vis-NIR spectroscopy as well as ra- 
diography confirmed the histological and genetic 
findings by various researchers (e.g., Arnaud-Haond 
et al., 2007; McGinty et al., 2010) that the saibo from 
the donor mollusk is mainly responsible for the color 
as well as the nacre thickness. Using spectroscopic 
means, gemological laboratories can identify (with 
the exception of some light-colored SWCPs)} the mol- 
lusk species of the donor (e.g., the 700 nm absorption 
band characteristic of saibo from P. margaritifera) 
but not the host. The host mollusk probably plays 
some role in the nacre deposition. For instance, xeno- 
transplanted SWCPs with a P. margaritifera host and 
saibo from P. maxima have slightly thicker nacre 
than the allotransplanted SWCPs from P. maxima 
(McGinty et al., 2010). Additional research is needed 
to shed light on this. 

Moreover, several studies have shown that select- 
ing the best-secreting saibo for transplantation into 
a healthy host mollusk is the key to SWCP quality 
(e.g., Acosta-Salmon et al., 2004; Southgate, 2.008). 
Further research is also needed on all five quality fac- 
tors in xenografted SWCPs, including comparison 
with allografted SWCPs from the same mollusk 
species under identical conditions, after careful se- 
lection of donor and host mollusks. These investiga- 
tions would clearly show if quality can be improved 
through xenografting. Another meaningful experi- 
ment, suggested by various authors, would be to see 
if xenografting between other Pinctada species (e.g., 
P. fucata) or even related species (e.g., Pteria sp.) can 
yield high-quality SWCPs. 


Lombard is a technical manager at Cendanda Indopearls (Atlas 
South Sea Pearls) in Denpasar, Bali, Indonesia. 
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Mark your choice on the response card provided in this issue or visit 


The following 25 questions are from the Spring, 
Summer, Fall, and Winter 2012 issues of Gems &) GEMOLOGY. Refer to the 
articles in those issues to find the single best answer for each question. 


gia.edu/gems-gemology to take the Challenge online. Entries must be 


received no later than Thursday, August 1, 2013. All entries will be 
acknowledged with an email, so please remember to include your name 
and email address (and write clearly). 


Score 75% or better, and you will receive a certificate of completion 
(PDF file). Earn a perfect score, and your name also will be listed in 
the Fall 2013 issue of Gems &) GEMOLOGY. 


1. CVD synthetic diamonds com- 
monly display fluorescence. 
A. blue 
B. green 
C. weak yellow 
D. orange-red 


2. Emeralds from the Fazenda Bonfim 
region of Brazil can be distin- 
guished from other emeralds found 
in schist deposits by their 

A. lack of amphibole inclusions 
B. lower potassium content 

C. slightly lower RI 

D. higher lithium content 


3. Which of these techniques 
provides the most definitive 
answer as to whether a “golden” 
cultured pearl is dyed? 

A. UV-Vis reflectance spectroscopy 

B. UV fluorescence 

C. FTIR spectroscopy 

D. inspection of the surface for 
dye concentrations 


4. Which gemstone is not mined in 
Vietnam? 
A. green facet-grade orthoclase 
B. star ruby 
C. untreated heliodor 
D. Melo pearls 
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5. What unique piece of jewelry 
was found in the tomb of a young 
Roman woman from the time of 
Marcus Aurelius? 

A. ruby earrings 

B. an emerald necklace 

C. a diamond solitaire ring 

D.a sapphire and spinel brooch 


6. Sapphires recently discovered in 
southeastern Sri Lanka differ from 
typical Sri Lankan sapphires in 
what way? 

A. They lack rutile needles. 


B. They display strong dichroism. 


C. The as-found crystals have 
sharp edges. 

D. There is quartz in the rocks at 
the deposit. 


7. The Beer-Lambert Law allows the 
calculation of what aspect of a 
chromophore? 

A. absorption cross section 

B. wavelength of absorption 
C. chromophore identity 

D. chromophore cation charge 


8. Which of the following is not 
true about turquoise from 
Zhushan County in China’s Hubei 
Province? 


Gems & GEMOLOGY 


A. In the mines, it is often asso- 
ciated with clay minerals. 

B. It generally contains white 
blebs and brownish black 
veinlets/patches. 

C. The predominant color is 
medium bluish green. 

D. It is always treated, as it has a 
less compact structure. 


9. Which technique from the 


semiconductor industry has been 
used to treat the surface of 
diamond simulants? 

A. dry etching 

B. thin-film coating deposition 

C. lithography 

D. rapid thermal annealing 


10.In the Australian natural pear! 
industry, what does “snide” refer 
to? 
A. pearl meat 
B. a secure box used for storing 
recovered pearls on the 
pearling vessels 
C. pearls smuggled from the 
pearling vessels 
D. the gonad of Pinctada maxima 


11.Which of these companies 
produces both HPHT and CVD 
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synthetic diamonds for the gem 
trade? 

A. Apollo Diamond, Inc. 

B. Gemesis Corporation 

C. Element Six 

D. LifeGem 


12.Which property is unique to nano- 
polycrystalline diamond (NPD) 
and not found in natural diamonds 
or synthetic diamonds grown using 
CVD or HPHT techniques? 
A. luster 
B. uniform hardness at the 
macro scale 
C. specific gravity 
D. color outside of the previously 
observed range for diamonds 


13.Growing the cultured pearl 
industry in the Federated States of 
Micronesia will require : 
A. a focus on high-volume, inex- 
pensive pearl production 
B. increasing the number of 
donor-funded projects 
C. a strategy for marketing differ- 
entiation 
D. switching to dark-colored 
brood stock 


14.Natural diamonds may contain 
magnetic minerals, the most 
common of which is 
A. chromite 
B. pyrrhotite 
C. hematite 
D. chrome pyrope garnet 


15.Tsavorite garnets from 
have the highest iron content. 
A. ltrafo, Madagascar 
B. Arusha, Tanzania 
C. Tsavo region, Kenya 
D. Gogogo, Madagascar 


16.Which type of pearl does not clearly 
fit the definition of “cultured”? 

A. pearl formed with an inserted 
bead in a technician-created 
sac in a wild mollusk 

B. pearl formed with an inserted 
bead in a technician-created 
sac in a hatchery mollusk 

C. pearl formed in a natural sac 
in a hatchery mollusk 
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D. pearl formed with an inserted 
natural shell in a technician- 
created sac in a hatchery 
mollusk 


17.Which of the following is not true 
about the two-circle reflecting 
goniometer? 
A. They are more precise than 
non-contact optical scanners. 
B. They are better suited than 
non-contact optical scanners 
for creating reference stones for 
measuring inter-facet angles. 
C. Fancy cuts are more difficult 
to measure using them. 
D. They are commonly found in 
gemological laboratories. 


18.The aquamarine found in the 
Ambatofotsikely area of central 
Madagascar can be described as 


A. almost exclusively suitable for 
faceting 

B. containing reddish brown, 
black, and gray inclusions of 
striking prominence 

C. almost pure blue in color 

D. possessing unusually high 
specific gravity 


19.Which radioactive impurity is 
sometimes found in natural, 
untreated gems? 
A. iron 
B. thorium 
C. cesium 
D. zinc 


20.Spectroscopic splitting factors, also 
known as g-factors, are determined 
with electron spin resonance (ESR) 
spectroscopy to identify 
A. the type and amount of radia- 
tion used to treat a pearl or 
gemstone 
B. whether a pearl is cultured 
and the origin of its color 
C. the presence of specific para- 
magnetic molecules, defects, 
and free radicals 
D. the electron spin of unpaired 
electrons in irradiated pearls 
or gemstones 
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21.High-pressure, high-temperature 

(HPHT) treatment is commonly 
used to increase the value of dia- 
monds by reducing their 

A. brown coloration 

B. pinpoint inclusions 

C. yellow coloration 

D. impurity doping 


22.An absorption feature at 700 nm is 
observed using for 
natural-color saltwater pearls origi- 
nating from the mollusk. 
A. UV-Vis-NIR diffuse reflectance 
spectroscopy, Pinctada mar- 
garitifera 
B. UV-Vis-NIR diffuse reflectance 
spectroscopy, Pteria sterna 
C. Photoluminescence spec- 
troscopy, Pinctada maxima 
D. Photoluminescence spectros- 
copy, Pinctada margaritifera 


23.Sustainable pearl farming does 
not : 

A. enhance local fish stocks 

B. greatly impact the local envi- 
ronment 

C. generate income for local 
communities 

D. lead to low stocking densities 


24.Lavender jadeite’s color is attributed 
to the presence of the chromophore 
manganese, based upon 
A. its ability to form a charge- 
transfer pair with iron 
B. electron microprobe analysis 
and spectroscopic techniques, 
including UV-visible spec- 
troscopy 
C. its strong blue-green fluores- 
cent reaction to short-wave UV 
radiation 
D. chromophore effectiveness 
analysis paired with LA-ICP-MS 
and UV-visible spectroscopy 


25.Which of the following is true about 
Diamantine diamond simulants? 
A. They are produced in Asia. 
B. They contain nitrogen. 
C. Their treatment can be partially 
removed with adhesive tape. 
D. They are a product of HPHT 
treatment. 
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Thomas M. Moses | Shane F. McClure 


DIAMOND 

Buff-Top Round 

The modern round brilliant diamond 
is getting a “new old” look with the 
use of Japanese laser technology. Dia- 
mond’s high refractive index and 
adamantine luster make it ideal for 
faceting to produce dramatic scintil- 
lation, brilliance, and fire. One of the 
oldest and simplest cuts is the cabo- 
chon, with its smooth convex dome. 
A popular cut among colored stones, 
the cabochon is rarely if ever used in 
diamonds due to the gem’s extreme 
hardness and the difficulty in polish- 
ing it into a smooth, rounded surface. 
The New York lab recently examined 
several diamonds with an interesting 
variation on the cabochon. 

About 30 buff-top round diamonds 
ranging from 0.25 to 1.50 ct, originally 
submitted to GIA’s Japanese lab, were 
received for grading. The buff-top cut 
has a low cabochon dome with a 
faceted pavilion (figure 1). These dia- 
monds were cut with four short main 
pavilion facets (figure 2). This rare cut 
posed a challenge for the grading staff, 
as the smooth dome and faceted pavil- 
ion combined to produce internal re- 
flections that made it very difficult to 
see clearly into the stone. Although 
diamonds can be cut with lasers, the 
polishing process with the use of dia- 
mond abrasives into a smooth 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. A profile view of this 
buff-top round diamond shows 
its low polished dome. 


rounded surface is both laborious and 
time consuming. The unfaceted dome 
was likely created using the same 
technology that produced the first 
synthetic nano-polycrystalline dia- 
mond sphere in Japan in 2011. One 
Japanese study (T. Okuchi et al., “Mi- 
cromachining and surface processing 
of the super-hard nano-polycrystalline 
diamond by three types of pulsed 
lasers,” Applied Physics A: Materials 
Science & Processing, Vol. 96, No. 4, 
2009, pp. 833-842) found that pulsed 
lasers most efficiently produce a 
smooth, undamaged surface for fine 
finishing diamonds. A combination of 
three lasers was used: a near-infrared 
laser for the rough shaping, and ultra- 
violet and femtosecond lasers for fine 
finishing (E. Skalwold, “Nano-poly- 
crystalline diamond sphere: A gemol- 
ogist’s perspective,” Summer 2012 
Gea, pp. 128-131). 

This advancement in diamond 
finishing offers new possibilities for a 
variety of interesting shapes and 
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forms that could not be achieved with 
previous methods of polishing and 
faceting alone. Diamond cabochons, 
completely smooth spherical beads, 
and sugarloaf cuts could emerge next. 


Siau Fung Yeung 


Large HPHT-Treated Fancy Pink 
These days, high-pressure, high-tem- 
perature (HPHT) treatment is very 
commonly applied to change dia- 
mond color. Most of the HPHT- 
treated pink diamonds submitted to 
GIA range from 1 to 2 ct, and sizes 
over 10 ct are extremely rare. We pre- 
viously reported on a 21.73 ct HPHT- 
annealed Light pink diamond (see Fall 
2011 Lab Notes, p. 227). We have en- 
countered another large HPHT- 
treated diamond that showed stronger 
pink coloration. 


Figure 2. Viewed face-up, the 
buff-top diamond shows an 
arrangement of four main pavil- 
ion facets. 
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Figure 3. This 20.32 ct pear- 
shaped diamond was color 
graded as Fancy pink. Advanced 
testing suggested that its strong 
pink color was enhanced by 
HPHT treatment. 


The 20.32 ct pear-shaped brilliant 
submitted to the New York laboratory 
(figure 3) was color graded as Fancy 
pink. We applied FTIR, UV-visible, 
and PL spectroscopy to examine the 
color origin for this diamond. The 
mid-infrared spectrum confirmed it 
was a type Ila diamond. The UV-visi- 
ble spectrum showed a broad band at 
approximately 550 nm, a typical cause 
of pink coloration in diamond. But the 
PL spectra suggested that the pink 
color was improved by HPHT treat- 
ment. Most HPHT-treated pink dia- 
monds have a_ secondary color 
component in addition to “pure” pink, 
either brownish or purplish. Interest- 
ingly, this sample had no secondary 
color component. Such HPHT-treated 
pure pink is extremely rare. Some 
HPHT-treated diamonds may contain 
graphitized inclusions and/or pitted 
surfaces on the girdle, but this one was 
microscopically “clean,” both inter- 
nally and on the surface. It also 
showed the typical tatami strain of a 
type II diamond when viewed in cross- 
polarized light, along with the high in- 
terference colors often associated with 
HPHT treatment (figure 4). 

This sample demonstrated the im- 
provement of HPHT treatment tech- 
niques in achieving more intense pink 
coloration in large diamonds. This was 
one of the largest HPHT-treated pink 
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diamonds tested in GIA’s New York 
laboratory. It is very difficult to detect 
such treated pink color using tradi- 
tional gemological instrumentation, 
especially with stones that are free of 
inclusions, and advanced gemological 
testing is critical for this purpose. 


Kyaw Soe Moe 


Orange, with Unusual Color Origin 
Orange bodycolor in diamond is usu- 
ally caused by an absorption band 
centered at approximately 480 nm or 
by a high concentration of isolated ni- 
trogen. Meanwhile, it is well known 
that the 550 nm absorption band 
often introduces pink to red colors. 
Physical models of these two optical 
centers have not been resolved yet. 
The New York laboratory recently ex- 
amined an orange diamond whose 
color was attributed mainly to the 550 
nm absorption band. 

This 1.53 ct heart-shaped diamond 
(6.84 x 7.76 x 3.88 mm) was color 
graded as Fancy Intense pinkish or- 
ange (figure 5). Color was distributed 
evenly throughout the stone, which 
was very clean and showed no inter- 
nal features under the microscope. 
The absorption spectrum in the in- 
frared region revealed that it was a 
regular type Ila diamond, with no ni- 
trogen- or hydrogen-related absorp- 
tions. The UV-Vis region showed a 


Figure 4. The typical tatami 
strain of type II diamond was ob- 
served by viewing the sample 
under crossed polarizers. It also 
showed high interference colors, 
which are often observed in 
HPHT-treated diamonds. Magni- 
fied 30x. 
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Figure 5. This 1.53 ct diamond 
was color graded as Fancy Intense 
pinkish orange. Spectroscopic 
analysis revealed it was type Ila 
and dominated by an approxi- 
mately 550 nm band absorption, 
which usually introduces a pink- 
red color in natural diamonds 
rather than orange. 


broad absorption band centered at 
~550 nm and its corresponding band 
at ~390 nm, absorption features typi- 
cal of natural type Ila pink diamonds. 
From the optical centers detected, we 
would not expect this diamond to 
show a dominant orange bodycolor. 
The reason for this discrepancy is 
not fully understood. Our finding 
from this stone demonstrates the 
complexity of diamond color origin. 


Wuyi Wang and Ren Lu 


Pseudo-Synthetic Growth Structure 
Observed in Natural Diamond 
Synthetic diamonds created using the 
traditional HPHT (high-pressure, 
high-temperature) process ordinarily 
grow as cuboctahedra. Temperature 
dictates the crystal form, as cubic 
growth is predominant at the rela- 
tively low temperatures of synthesis. 
At the higher temperatures of natural 
formation environments, diamonds 
typically grow as octahedrons. While 
small cuboctahedral diamonds are 
found in nature, these are very rare. 
Recently submitted to the GIA 
laboratory in Israel was a near-color- 
less 0.70 ct round brilliant (figure 6). 
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Figure 6. This 0.70 ct, D-color 
natural round brilliant displayed 
the cuboctahedral growth struc- 
ture of an HPHT-grown synthetic 
diamond. 


Found to be a type Ia diamond with no 
detectable nitrogen impurity, it was 
examined further for possible treat- 
ments and to verify the origin of color. 
In the short-wave UV radiation of 
the DiamondView, a subtle cubocta- 
hedral growth structure (figure 7) was 
observed on the pavilion facets. This 
type of structure usually indicates an 
HPHT-grown synthetic diamond. 
The diamond possessed D color 
and high clarity, with no internal inclu- 
sions to help indicate whether it was in 
fact natural. Shallow surface-reaching 
fractures were observed, and a few 
extra facets close to the pavilion con- 
tained these natural-looking fractures. 


Figure 7. DiamondView imaging 
of the pavilion facets revealed a 
subtle growth structure. The 
inset shows the growth structure 
of a type IIb synthetic diamond. 


46 LaB Notes 


Figure 8. A tatami strain pattern, 
observed under crossed-polarized 
light, indicated natural growth. 
Magnified 40x. 


Microscopic observation with 
cross-polarized light showed relatively 
strong tatami strain pattern (figure 8}, 
a feature indicative of natural growth. 
Further examination at higher magni- 
fication revealed small polygonal dis- 
location networks on the pavilion. 
These provided conclusive evidence 
that the stone was a natural diamond 
crystal (figure 9). 

This stone was a good example of 
a very rare natural diamond exhibit- 
ing synthetic growth characteristics. 
It exemplifies the challenges posed to 
gemological laboratories in separating 
natural from undisclosed gem-quality 
synthetic diamonds in today’s jewelry 
market. We concluded that the dia- 
mond had a natural color origin. 


Paul Johnson 


Green, Treated with 

Radioactive Salt 

Recently submitted to the East Coast 
Laboratory was a 3.17 ct round bril- 
liant cut diamond, color graded as 
Fancy Deep green (figure 10). Natural 
diamonds of this color are very rare 
and desirable. 

Examination with a gemological 
microscope revealed a very unusual 
surface coloration. The surface had a 
mottled pattern created by very shal- 
low green staining, likely from expo- 
sure to radiation (figure 11). This 
unusual feature is rarely observed on 
natural diamond surfaces or facets. 
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Figure 9. DiamondView imaging 
showed a micro-dislocation net- 
work on pavilion facets, conclu- 
sive proof of natural crystal 
growth. 


Natural radiation staining on the sur- 
face of a diamond crystal would be 
mostly removed during faceting. 

The stone owes all of its green 
color to these shallow radiation stains. 
Today, most artificially irradiated dia- 
monds are treated with a low-energy 
electron beam. This often results in 
shallow color zoning that penetrates 
into the stone and aligns with the facet 
shape. In this case, the shallow stain- 
ing was created using the older method 
of exposing the diamond to radioactive 
salts for an extended period of time. 
Mainly used on polished stones, this 
method leaves surface contamination. 

Stones irradiated in this fashion 
can have residual radiation, so we 


Figure 10. This 3.17 ct round bril- 
liant cut diamond owed its 
Fancy Deep green color to irradi- 
ation with radioactive salts. 
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Figure 11. Observed at 35x mag- 
nification, the diamond shows a 
mottled effect created by shallow 
green radiation stains. 


tested this stone using a Geiger 
counter. Only background radiation 
was detected, indicating that the 
treatment likely occurred decades 
earlier. Thus, this diamond posed no 
radiation hazards. Sir William Crookes 
first discovered radiation’s effects on 
diamond color by conducting a series 
of experiments using radium salts in 
1904. Although rarely encountered 
today, these types of treated dia- 
monds still show up in the trade. A 
careful inspection of the surface in 
diffused lighting is the most effective 
means of revealing the diagnostic sur- 
face coloration. 


Marzena Nazz and Paul Johnson 


With Extremely Strong 578.9 nm 
Emission Center 

Photoluminescence analysis at liquid- 
nitrogen temperatures and varying 
laser excitations has become increas- 
ingly important in diamond color ori- 
gin testing. The 578.9 nm emission 
normally occurs with many other 
emission lines, and it is usually weak 
in natural type Ila and IIb diamonds. 
Meanwhile, the physical model of 
this optical center is unclear. The 
New York laboratory tested a very 
rare diamond that showed extremely 
strong 578.9 nm emission. 

This 4.72 ct rectangular diamond 
(9.75 x 8.90 x 5.92, mm) had a color 
grade of Light blue and an even color 
distribution (figure 12). Infrared absorp- 
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Figure 12. This 4.72 ct Light blue 
type IIb diamond displayed some 
of the strongest dislocations ever 
observed in natural diamonds by 
GIA. This resulted in a hazy im- 
pression and a lower transparency 
than other type IIb diamonds. 


tion spectroscopy analysis identified it 
as a type Ib diamond with a boron 
concentration of about 16 ppb. This 
stone showed very strong dislocations, 
resulting in a hazy impression and a 
lower degree of transparency than 
most type IIb diamonds. Microscopic 
observation revealed very strong linear 
graining and related high interference 
colors. The intensity of the disloca- 
tions was among the strongest ever ob- 


served in natural diamonds at a GIA 
laboratory. 

The outstanding feature of this di- 
amond was the extremely strong 
emission at 578.9 nm, with possible 
side bands at 586 and 593 nm (figure 
13). No other emission line was de- 
tected in the visible light region, 
which is very unusual for a natural 
type Ila or Ib diamond. This feature 
was confirmed with 457 and 488 nm 
laser excitations. The exclusive occur- 
rence of the 578.9 nm emission and 
the very strong lattice dislocations 
suggested that this emission was a dis- 
location-related optical center. 


Wuyi Wang 


SYNTHETIC DIAMOND 


CVD-Grown, with Aggregated 
Nitrogen Impurities 

Synthetic diamonds grown by the 
chemical vapor deposition (CVD) 
method have become a key topic in 
the jewelry industry over the past few 
years. These products, which can be 
grown at low pressures and moderately 
high temperatures (approximately 
800-900°C), are seeing more wide- 
spread use in jewelry. CVD synthetics 


Figure 13. The diamond showed extremely strong emission at 578.9 nm 
and its possible side bands at 586 and 593 nm. The exclusive occurrence 
of the 578.9 nm emission and the very strong lattice dislocations in this 
diamond suggested that the emission was a dislocation-related optical 


center. 
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Figure 14. Unusual 0.94 ct yellow- 
brown CVD synthetic diamond. 


are almost always brown or colorless 
type Ila specimens with little to no 
FTIR-measurable nitrogen or boron 
impurities. A few of these synthetics 
have been doped with nitrogen or 
boron to produce rare type Ib or IIb col- 
ored samples. 

Recently, an unusual 0.94 ct Fancy 
yellow-brown emerald cut (figure 14) 
was submitted to GIA for a synthetic 
diamond grading report. It contained a 
cloud of black needle-like inclusions 
occurring along a plane (figure 15, left 


Figure 15. A cloud of needle-like inclusions was observed in the synthetic 
diamond (left, magnified 50x). The side view clearly showed that the 
cloud was confined to a plane (center; magnified 45x). With cross-polar- 
ized light, the mottled and crosshatched strain pattern was visible (right; 
magnified 15x). 


and center) and showed weak green 
transmission with fiber-optic illumi- 
nation. Under cross-polarized light, 
the synthetic diamond displayed a 
black and white mottled strain pat- 
tern, somewhat similar in appearance 
to the crosshatched “tatami” pattern 
usually seen in natural type IIa dia- 
monds (figure 15, right). FTIR spec- 
troscopy revealed that it was type IaA, 
with approximately 10 ppm of aggre- 
gated nitrogen atom pairs in the lattice 
(figure 16). DiamondView imaging 
showed red fluorescence and planar 
growth patterns that are common in 
CVD synthetic diamonds (figure 17). 


Figure 16. FTIR spectroscopy revealed that the CVD synthetic diamond 
was type IaA with aggregated nitrogen atom pairs, the first CVD synthetic 
diamond GIA has seen with this configuration of nitrogen impurities. The 
3123 cnr peak confirms this is an as-grown CVD diamond. 
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Photoluminescence spectroscopy de- 
tected silicon-vacancy defects intro- 
duced during the CVD growth process 
(not shown), and further examination 
of the FTIR spectrum revealed a very 
weak peak at 3123 cm (again, see fig- 
ure 16), confirming this was an as- 
grown CVD synthetic diamond (P.M. 
Martineau et al., “Identification of 
synthetic diamond grown using chem- 
ical vapor deposition [CVD],” Spring 
2004 GwG, pp. 2-25). 

This marked GIA’s first examina- 
tion of a CVD synthetic diamond 
with aggregated nitrogen impurities. 
During HPHT treatment, nitrogen 
atoms typically start to aggregate as 
pairs at temperatures above 2000°C. 
Although some CVD synthetics are 
HPHT-treated to remove brown col- 
oration, spectroscopic evidence indi- 
cates that this sample had not 
undergone such treatment. It is un- 


Figure 17. DiamondView imaging 
showed banded red fluorescence 
with a striated pattern, typical of 
CVD synthetic diamonds. 
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clear how the nitrogen impurities 
came to be in their aggregated state. It 
is possible that a type IaA natural di- 
amond was used as a seed crystal for 
multi-stage CVD growth and remains 
within the current gemstone, thereby 
producing the FTIR results. However, 
no clear evidence of this scenario was 
uncovered. More research is currently 
under way to understand this unusual 
CVD synthetic diamond with aggre- 
gated nitrogen impurities. 


Troy Ardon, Tara Allen, and 
Christopher M. Breeding 


Three CVD Synthetic Diamonds 
Submitted to Mumbai Laboratory 
CVD-grown synthetic diamonds con- 
tinue to become more abundant in 
the gem market, as evidenced by sev- 
eral reports from major diamond-grad- 
ing laboratories during the past year 
(e.g., C. Even-Zohar, “Synthetics 
specifically ‘made to defraud,’” Dia- 
mond Intelligence Briefs, Vol. 27, No. 
709, 2012, pp. 7281-7283). In Decem- 
ber 2012, three CVD synthetic dia- 
monds were submitted to GIA’s 
Mumbai laboratory. In keeping with 
the evolving technology of the CVD 
process, the gemological and spectro- 
scopic characteristics of these type Ila 
synthetic diamonds suggested that 
they experienced different growth 
and/or treatment histories. 

One sample was a 0.93 ct very 
light brown (O to P range) rectangular 
step cut with a VVS, clarity grade due 
to the presence of pinpoint inclusions 
and graining. Viewed under crossed- 
polarizers it showed heavy strain, 
with high-order birefringence colors. 
The photoluminescence (PL) spectra 
acquired at liquid-nitrogen tempera- 
tures using various laser excitations 
were dominated by the emission of 
[N-V]° and [N-V} centers (with zero- 
phonon lines at 575 and 637 nm, re- 
spectively). These ZPLs are widened 
by high levels of strain and have been 
previously studied in CVD synthetic 
diamonds (W. Wang et al., “CVD syn- 
thetic diamonds from Gemesis 
Corp.,” Summer 2012 GWG, pp. 80- 
97). The [N-V]°" peaks for this sample 
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had full-widths at half-maximum 
(FWHM) of 0.43 nm and 0.35 nm, re- 
spectively. These are relatively broad 
compared to colorless diamonds, but 
consistent with the high strain ob- 
served under crossed polarizers. The 
596.5/597.2 nm doublet commonly 
observed in “as-grown” CVD syn- 
thetic diamonds was weak, as was the 
736.5/736.9 nm doublet attributed to 
[Si-V}. Notably, the [Si-V]} emission 
was too weak to detect with the 514.5 
nm laser excitation. Infrared laser ex- 
citation at 830 nm resulted in many 
emission peaks in the 850-880 nm re- 
gion, dominated by a sharp peak at 
878.5 nm whose origin has not been 
conclusively identified. The Dia- 


mondView fluorescence was prima- 
rily red due to the strong [N-V] cen- 
ters. Although CVD-characteristic 
violet-blue dislocation patterns were 
observed, growth striations could not 
be discerned (figure 18A). The sample 
did not phosphoresce. The PL features 
observed, the [N-V]°~ widths, and the 
DiamondView behavior were similar 
to those reported for near-colorless 
CVD synthetics produced by Apollo, 
Inc. (e.g., W. Wang et al., “Latest-gen- 
eration CVD-grown synthetic dia- 
monds from Apollo Diamond Inc.,” 
Winter 2007 GeG, pp. 294-312). 
The other two samples were round 
brilliants weighing 0.52 and 0.57 ct. 
Both received G color and VS, clarity 


Figure 18. DiamondView fluorescence images show distinct colors and 
patterns that helped identify these as CVD synthetic diamonds. Red fluo- 
rescence with purple mottling appears in the putative “as-grown” O-P 
color rectangular step cut (A). The greenish blue striations in the 0.52 ct 
sample are more typical patterns (B). The 0.57 ct CVD synthetic demon- 
strates a unique combination of fluorescence features—dominant [N-V] 
center-related fluorescence, with minor areas showing some violet-blue 
dislocations and greenish blue striations (C-D). 
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grades. The clarity grades were af- 
fected by pinpoint inclusions and 
small fractures. Both round brilliants 
were weakly strained, revealing low- 
order (gray and brown) interference 
colors. They shared several PL spec- 
troscopic traits, including emissions 
from [N-V]°", [Si-V}, H3 (503.2 nm), 
and weak N3 (415.2 nm) centers. The 
596.5/597.2 nm doublet was not ob- 
served in either specimen. The ab- 
sence of this feature, combined with 
the presence of multi-nitrogen defects 
such as H3 and N3, suggests that they 
had undergone post-growth high-tem- 
perature annealing to remove the as- 
grown brown coloration (again, see W. 
Wang et al., 2012). The FWHMs for 
the [N-V[° and [N-V} centers were 0.21 
nm and 0.16 nm, respectively, for the 
0.52 ct round, and 0.23 nm and 0.22 
nm for the 0.57 ct sample. These were 
comparable to the narrowest widths 
reported for natural diamonds and 
newer-generation HPHT-treated CVD 
synthetics produced by Gemesis 
Corp., and consistent with the low 
levels of strain detected. 

The round brilliants exhibited dis- 
tinct behavior when examined using 
the DiamondView instrument (see 
figure 18, B-D). The 0.52 ct sample 
showed greenish blue fluorescence 
and clear growth striations, as well as 
strong green-blue phosphorescence. 
These observations were akin to 
those for HPHT-treated CVD syn- 
thetic diamonds produced by Geme- 
sis (again, see W. Wang et al., 2012). 
Although green-blue phosphores- 
cence was also observed for the 0.57 
ct sample, its DiamondView fluores- 
cence images were primarily purplish 
pink, with violet-blue dislocation 
bundles and a patch of greenish blue 
fluorescence. This fluorescence com- 
bination in a CVD synthetic diamond 
had never been observed at a GIA lab- 
oratory. The purplish pink fluores- 
cence color was attributed to [N-V] 
centers. Comparison of the Raman- 
normalized PL intensities of the peaks 
revealed that the [N-V]° and [N-V]} 
peaks were approximately 57% and 
68% more intense in the 0.57 ct 
round than in the 0.52 ct sample. This 
may explain the difference in the Di- 
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amondView fluorescence responses of 
these synthetic diamonds. It is possi- 
ble that the 0.57 ct round was HPHT- 
annealed at a lower temperature. 

The gemological and spectroscopic 
observations for these three samples 
emphasize the variations that might 
be possible through different growth 
procedures and subsequent treatment 
for near-colorless to lightl brown CVD 
synthetic diamonds. Nevertheless, the 
specimens could be readily identified 
as synthetic by careful analysis of data 
from a combination of laboratory 
techniques. 


Ulrika D’Haenens-Johansson, Sally 
Eaton-Magania, Manisha Bhoir, and 
Yogesh Shinde 


Very Large CVD-Grown 

In the last decade, we have witnessed 
rapid improvement in the quality and 
size of lab-grown CVD synthetic dia- 
monds. The New York laboratory re- 
cently tested a 2.16 ct CVD synthetic 
from Scio Diamond Technology Corp. 
(figure 19), the largest specimen GIA 
has seen so far. 

This marquise, which measured 
13.42, x 6.73 x 3.94 mm, was more 
than twice the size of a 1.05 ct pear 
shape examined in 2010, previously 
the largest CVD synthetic tested by 
GIA (see Summer 2010 GWG Lab 
Notes, pp. 143-144). It had J/K color 
with a brownish tint, and microscopic 
observation revealed small fractures, 
pinpoints, and non-diamond-carbon 
black inclusions, resulting in an SI, 
clarity grade. 

The mid-infrared absorption spec- 
trum revealed that the diamond could 
be classified as type Ila. It was very 
pure in the infrared region, with no ni- 
trogen- or hydrogen-related absorp- 
tion features. Photoluminescence 
analysis at liquid-nitrogen tempera- 
ture with varying laser excitations 
displayed typical CVD features: very 
strong emissions from N-V centers, 
moderate emission lines at 736.6/ 
736.9 nm from the [Si-V} center, and 
the CVD-specific 596/597 nm pair 
(figure 20). Also detected was weak 
emission from the H3 defect with a 
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Figure 19. This 2.16 ct marquise 
(13.42 x 6.73 x 3.94 mm) is the 
largest CVD synthetic diamond 
tested by GIA. It had J/K color, 
with a brownish tint. 


zero-phonon line at 503.1 nm, making 
for an interesting combination of op- 
tical centers. Under the short-wave 
UV radiation of the DiamondView, 
the table and crown facets showed 
pure blue fluorescence while the 
pavilion displayed banded orange flu- 
orescence with irregular blue fluores- 
cence regions. Very strong internal 
stress with irregular patterns was con- 
firmed under the microscope using 
cross-polarized light. 

Testing of this large, gem-quality 
CVD synthetic underscored the rapid 
improvement of lab-grown diamond 
technology. It is foreseeable that more 
of these products will continue to 
reach the jewelry industry. 


Wuyi Wang, Kyaw Soe Moe, 
Siau Fung Yeung, and 
Ulrika D’Haenens-Johansson 


Yellow SYNTHETIC SAPPHIRE Col- 
ored by Trapped-Hole Mechanism 

Natural sapphires with pale or lemon 
yellow color and no orange hue are 
traditionally associated with the chro- 
mophore Fe**, which substitutes for 
aluminum in corundum. The New 
York laboratory recently received a 
2.58 ct yellow emerald-cut stone (fig- 
ure 21, inset), identified as sapphire by 
its RI and SG. But the desk-model 
spectroscope showed broadband ab- 
sorption below ~500 nm without any 
of the Fe**-related absorption features 
associated with yellow coloration 
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Figure 20. The 2.16 ct synthetic diamond showed typical photolumines- 
cence features of CVD growth, including strong emissions from N-V cen- 
ters at 575 and 637 nm, moderate CVD-specific emissions at 596/597 nm, 
and 736.6 and 736.9 nm emissions from the [Si-V]- center. 


(e.g., at 450 nm). Microscopic obser- 
vation showed an exceptionally clean 
interior with only a small cluster of 
tiny particles that resembled gas bub- 
bles from synthetic materials. The 
stone fluoresced medium orange to 
long-wave UV radiation and inert to 
short-wave UV. 

The suspicious inclusion scene 
and the absence of diagnostic spectral 


features warranted additional testing. 
A standard immersion image failed to 
show any zoning or features. By con- 
trast, a DiamondView image clearly 
revealed parallel curved bands charac- 
teristic of synthetic origin. Quantita- 
tive UV-visible spectra exhibited 
strong broadband absorptions in the 
blue and green regions and created a 
transmission window in the yellow 


Figure 21. The UV-visible spectrum of this yellow sapphire shows broad- 
band absorption features below ~500 nm, originating from trapped holes 
associated with Mg and Cr. The DiamondView image clearly displays 
curved bands (sub-parallel to the long direction of the stone under the 
table), indicating a synthetic origin. These curved bands are not seen with 
standard immersion, demonstrating the DiamondView’s effectiveness (the 
red color is due to the fluorescence of chromium). The stone’s CIE L*a*b* 
color coordinates are reproduced from the measured UV-visible spectrum. 
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spectral region (figure 21}. Detailed 
chemical analysis via LA-ICP-MS was 
performed to identify chromophores 
and color origin. The elements Mg, 
Cr, and Ni were detected at trace lev- 
els (a few ppma). Naturally occurring 
elements such as Ga were not de- 
tected, further indicating synthetic 
origin. Trace Cr was confirmed both 
by red fluorescence and by laser pho- 
toluminescence spectra with 514 nm 
excitation, exhibiting a doublet at 
692/694 nm and side bands. 

A combination of trace-element 
analysis and UV-visible spectroscopy 
clearly indicated that the yellow color 
originated from the much more effec- 
tive chromophore known as “trapped 
holes,” associated with the trace 
amount of Mg and Cr in this stone (J.-L. 
Emmett et al., “Beryllium diffusion of 
ruby and sapphire, Summer 2003 
GwaG, pp. 84-134). By comparison, a 
sapphire colored by Fe** would only 
display a pale yellow coloration with 
a concentration above 500 ppma. This 
synthetic sapphire, however, showed 
no iron above the detection limit (< 1 
ppma). The contribution of trace 
amounts of Ni is not well known. 

Natural and synthetic sapphires 
colored by a trapped-hole mechanism 
often possess an orange or reddish 
orangy hue. This synthetic sapphire ex- 
hibited a yellow coloration much like 
those of samples colored by Fe**. This 
example demonstrates that a clear un- 
derstanding of chromophore contribu- 
tion and the application of relevant 
advanced testing can reliably identify 
the cause of color as well as natural or 
synthetic origin. In this instance, the 
prominent curved growth supported 
the identification, but even without 
this feature a thorough understanding 
of the cause of color in sapphire can 
provide helpful identification clues. 


Ren Lu 


PHOTO CREDITS: 

Jian Xin (Jae) Liao—1, 2, 3, 5, 6, 10, 11, 12, 
19; Kyaw Soe Moe—4; Paul Johnson—7, 8; 
Wuyi Wang—9; Robison McMurtry— 14; Troy 
Ardon—15, 17; Sally Eaton-Magana— 18A; UI- 
rika D'Haenens-Johansson— 18B-D. 
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COLORED STONE AND ORGANIC MATERIALS 


Blue cat’s-eye apatite. Apatite is a group of minerals belonging 
to the hexagonal crystal system with the chemical formula 
of Ca,(PO,),(F,Cl,OH). It has a variety of colors and is usually 
transparent to translucent. The most common apatite is the 
fluorine-rich type, known as fluorapatite. Blue apatite is par- 
ticularly rare and popular. Previous research indicates that 
due to the similarity between the optical absorption and 
emission spectra of natural blue apatite and synthetic com- 
pounds containing MnO;¥,, the blue color results from the 
substitution of PO,> with MnO; (P.D. Johnson et al., “Ap- 
atite: Origin of blue color,” Science, Vol. 141, No. 3586, 
pp.1179-1180). Chatoyancy is a very common phenomenon 
in apatite crystals with green or yellow bodycolors. Deep blue 
apatite with a cat’s-eye effect, however, is very rare. 

At this year’s GJX show in Tucson, Duarte & Bastos 
Ltd. from Teofilo Otoni, Brazil, exhibited a 12.50 ct intense 
blue cat’s-eye apatite cabochon (figure 1). The stone was 
said to be from Brazil. It had a neon blue bodycolor and a 
very sharp eye seen with a spot light source. Further re- 
search is needed to verify the color origin of this stone. 


Tao Hsu 
GIA, Carlsbad 


Figure 1. This 12.50 ct neon blue cat’s-eye apatite is 
fromBrazil. Courtesy of Duarte & Bastos Ltd. Photo 
by Eric Welch. 


re 
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ity of NantesFrance (frits 
chlab.ch) 


Figure 2. This piece of stingray jewelry is placed on a 
backdrop of stingray skin. Courtesy of the Ferraccia 
Jewelry Collection. Photo by Eric Welch. 


Exotic stingray skin jewelry. Leather has long been used in 
jewelry, combined with precious metals and gemstones to 
add a special flavor. The variety of textures from different an- 
imal skins offers a highly versatile component for designers. 

The Ferraccia Jewelry Collection exhibited a huge vari- 
ety of stingray leather goods at the AGTA show, including 
bracelets (figure 2), necklaces, earrings, rings, belts, purses, 
and mobile phone cases. Stingray is not considered an en- 
dangered species. They are harvested as a delicacy in Asia 
and some Eastern European countries. The leather used in 
this collection comes only from the top of the stingray. This 
part of the skin, which serves as the animal’s armor and 
backbone, rarely exceeds 10 inches wide and 17 inches long 
(figure 3). The polished stingray skin displays a unique tex- 
ture resembling hundreds of sparkling pearl-like spots under 
proper lighting. This pattern is tactile as well as visual. Con- 
siderable effort went into the tanning and finishing process 


Editors’ note: Interested contributors should send information and illustra- 
tions to Justin Hunter at justin.hunter@gia.edu or GIA, The Robert 
Mouawad Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Figure 3. A close-up view of the processed stingray skin 
shows numerous shiny pearl-like spots. Courtesy of the 
Ferraccia Jewelry Collection. Photo by Eric Welch. 


to obtain the deep color and durability. Thirty custom dyed 
colors were created, and each skin has its own pattern, 
adding to the uniqueness and exotic appeal. 

Stingray leather is also very durable because the tiny 
grains are all rooted in the underside of the skin. With 
proper care, it should last more than a lifetime. A damp 
cloth, air drying, clear leather polish, and mild soap are used 
to remove any remnants between the individual grains. 


Tao Hsu 


Rare double-trapiche emerald. The term “‘trapiche,” named 
after the Spanish word for the spoked wheel used to grind 
sugar cane, describes a very special growth phenomenon. 
Basic components usually include a six-ray star, a clear or 
dark hexagonal core at the center, and a transition between 
the core and the outer sectored crystal. It is commonly as- 
sociated with emerald, but trapiche corundum, tourma- 
line, quartz, and andalusite are also found (T. Hainschwang 
et al., “Trapiche tourmaline from Zambia,” Spring 2007 
GwaG, pp. 36-46). For the past 40 years, gemologists have 
tried to interpret this phenomenon, proposing theories that 
involve different growth rates and growth conditions. 

At the AGTA show, Equatorian Imports exhibited two 
pieces of emerald with a very rare double-trapiche pattern. 
They weighed about 1.77 ct each and are reportedly from 
Muzo, Columbia. Instead of a six-ray star, twelve arms ra- 
diated from the center (figure 4). There was no core at the 
center. The twelve-ray star appeared to be composed of two 
six-ray stars shifted slightly from each other. The rays had 
a dendritic appearance, with some of them intertwined. 
Unlike previously reported trapiches, these two specimens 
displayed at least three growth sectors. The formation of 
this double-trapiche pattern was most unusual. 


Tao Hsu 


Rock buttons from the United States. At the AGTA show, 
Columbia Gem House (Vancouver, Washington) introduced 
its American rock button collection. The rocks were col- 
lected from about 25 different states, then processed and fin- 
ished in the company’s own cutting facilities. The rocks are 
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Figure 4. These rare double-trapiche emerald slices, 
about 1.77 ct each, are from Muzo, Columbia. Cour- 
tesy of Equatorian Imports Inc. Photo by Eric Welch. 


sliced and shaped into round buttons and drilled through 
along different directions. Each button is about 3-4 mm 
thick and 1-3 cm in diameter. Some are polished, while oth- 
ers have a dull finish. Natural gemstones are mounted in 
some of the rock buttons, bringing out the colors of both. 
The collection features a wide variety of rocks (figure 5). 
Blue veil quartz, a combination of quartz matrix with blue 
azurite veins, was discovered in Washington state. Perhaps 
the most interesting item is copper-bearing brick from a 
Michigan copper smelter. For years, melted copper dropped 
on the floor and sealed the fractures in the bricks, giving 
them a unique look after polishing. Green serpentine, the 
California state rock, is a metamorphic rock composed of 


Figure 5. These rock buttons were seen in Tucson. Bottom row, 
left to right: blue veil quartz from Washington, rhodonite from 
Colorado, amazonite from Virginia, serpentine from Califor- 
nia, black jasper from Oregon, copper-infused brick from 
Michigan, jasper from Idaho, oligoclase from Nevada, fos- 
silized coral from Alaska, polka-dot agate from Oregon, and 
Jemon chrysoprase from Australia. Top row: glacier stone from 
Idaho, bertrandite from Utah, and black jasper from Oregon. 
Courtesy of Columbia Gem House. Photo by Eric Welch. 
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DR. ALBERT C. WALKER 
Chemical Department, Bell Telephone Company Laboratories 


EDITOR’S NOTE: In private corre- 
spondence, the Gemological Institute is 
informed by the Bell Laboratories that 
thus far only colorless quartz crystals 
have been produced. Although it is hoped 
to eventually put synthetic quartz on a 
commercial basis, this phase of develop- 
ment is still in the laboratory stage. 


EOLOGISTS have long speculated on 
how nature formed large quartz crys- 
tals. Efforts to solve this problem by growing 
quartz crystals in the laboratory date back 
about 100 years. Recently a German geolo- 
gist, Richard Nacken, succeeded in growing 
small crystals at a rate that offered some 
promise of being commercially acceptable. 

The method proved faulty, but with Nack- 
en’s lead as a starting point, crystallographers 
at Bell Telephone Laboratories have recently 
made important progress toward an under- 
standing of the problem. 

Clear, sparkling crystals of real quartz, 
identical in every way to those produced 
heretofore only by the processes of nature 
are now being grown inside bomb-like, steel 
“test tubes” at Bell Laboratories. The experi- 
ments have been so successful that commer- 
cial manufacture of the useful mineral seems 
possible for the near future. 

It is now known that quartz dissolves and 
recrystallizes from alkaline solutions at high 
temperature and pressure in much the same 
way as salts do from water under ordinary 
conditions and at comparable rates. This 
knowledge has been used in over 300 experi- 
ments by the Bell scientists, who first 


1. Reprinted from Wards Natural Science Bulletin. 


described their efforts at a meeting of the 
International Union of Crystallography at 
Harvard University in 1948. 


An important contribution to their work 
was the development of a welded liner auto- 
clave in which pressures of 15,000 psi. at 
temperatures of 400° C. could be maintained 
for months at a time. Design of this auto- 
clave is shown in the cross section diagram. 
It consists of a thin-walled steel tube, or 
liner, enclosed in a heavy-walled outer con- 
tainer. Each end of the liner tube is closed 
with a cup. The rim of each cup, flush with 
the end of the liner, is welded with an atomic 
hydrogen flame. The hermetically sealed liner 
contains the ingredients for growing quartz 
crystals. These are: a supply of nutrient 
quartz in the bottom, sufficient alkali solu- 
tion to fill the free volume of the tube to 
80% of its capacity at room temperature; 
and one or more quartz seeds mounted on an 
iron wite frame above the nutrient material. 
This liner is fitted into a heavy-walled outer 
shell with suitable retainer caps on either 
end to prevent the welded joints from open- 
ing up under pressure. The screw caps on 
each end apply enough retaining force to 
prevent any expansion, except that the pres- 
sure of the expanding heated liquids distends 
the liner so that it fits snugly within the 
retaining walls at all points, much as though 
it were a rubber balloon. 

This filled autoclave is mounted vertically 
on a metal hot plate in a furnace, completely 
surrounded with suitable insulation. Quartz 
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magnesium-rich silicate minerals. Amazonite from Virginia 
is the beautiful bluish green variety of microcline. With 
some minor albite stripes, it displays an alternating blue 
and white pattern. From Utah comes bertrandite, a beryl- 
lium source composed of many different minerals. Bertran- 
dite is just one mineral component of the rock, which is 
quite rare; most are destroyed in ore crushers before they 
can reach the jewelry market. Other interesting specimens 
included rhodonite from Colorado, black jasper and polka- 
dot agate from Oregon, oligoclase from Nevada, coral from 
Alaska, and glacier stone from Idaho. 

These rock buttons are sold individually. Designers or 
consumers can use them in any combination to create 
their own custom looks. The buttons can be strung on 
metal, leather, or other materials to form individualized 
necklaces and bracelets. 


Tao Hsu 
MISCELLANEOUS 


Colored stones cut with high precision. At the AGTA and 
GJX shows, China Stone (Bangkok) marketed a selection 
of tiny, precisely cut natural gemstones. Sold as parcels, 
the stones ranged from 0.03 to 3.0 mm in diameter. Despite 
their small size, they were impressively saturated with a 
full spectrum of colors (figure 6). 

The stones are natural and purchased directly from the 
source suppliers, then cut and polished in the company’s 
Chinese factories. With computer-controlled automation, 
the stones are digitally calibrated and precisely cut to be set 
into commercial jewelry. The company’s products include 
ruby, blue and fancy-color sapphire, amethyst, chrome tour- 
maline, and tsavorite. The matched stones can be used in 
graphic designs or as accent stones in fine jewelry. 

Clients of China Stone’s high-precision cut stones in- 
clude watch manufacturers, fine jewelers, and designers. 


Figure 6. Tiny but precisely cut and highly saturated 
stones were offered at Tucson. Photo by Eric Welch. 
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The company developed its own inventory grading, stock 
management, and order processing systems to maintain the 
strictest standards of shape, size, color, and quality. For each 
type of gemstone, color grades are assigned with several dif- 
ferent color codes. Customers can easily combine their fa- 
vorite colors and sizes of a certain stone type and see 
whether the goods are in stock or need to be ordered. With 
the development of automated cutting technology, small 
rough can be easily handled and cut with very high preci- 
sion, giving jewelry designers creative flexibility. 


Tao Hsu 
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COLORED STONES AND ORGANIC MATERIALS 


Musgravite from Myanmar. Two small, near-colorless 
stones reportedly from Myanmar (0.11 and 0.24 ct; figure 
7) were recently loaned to GIA for examination by Brad 
Payne (The Gem Trader, Surprise, Arizona). Both samples 
had a refractive index of 1.718-1.723 and a specific gravity 
of 3.66 (calculated from optical measurements using a 
Sarin device, due to the small size of the samples). Both 
showed a very weak orange fluorescence to long-wave UV 
radiation and luminesced weak red to short-wave UV. 
These properties are within the established ranges for 
musgravite and taaffeite, which have similar chemical com- 
position and structure. Distinguishing between the two 
minerals requires Raman spectroscopy or X-ray diffraction. 
Conclusive identification of these samples as musgravite 
was accomplished by Raman spectroscopy (see L. Kiefert 
and K. Schmetzer, “Distinction of taaffeite and mus- 
gravite,” Journal of Gemmology, Vol. 26, No. 3, 1998, pp. 
165-167). Even though several stones have been submitted 
to GIA’s laboratory over the years as musgravite, rarely have 
they been confirmed as such (see Summer 1997 Gem News, 
pp. 145-147; Spring 2001 Lab Notes, pp. 60-61). 
Microscopic observation revealed a heavily roiled 
growth structure and small colorless needles and particu- 
lates scattered throughout. Also present were numerous 
black opaque hexagonal platelets, identified by Raman 
analysis as graphite (figure 8). Interestingly, the graphite 


Figure 7. These two musgravites (0.11 and 0.24 ct) are 
reportedly from Myanmar. Photo by Brad Payne. 
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Figure 8. Hexagonal graphite platelets were the most 
conspicuous inclusion in the 0.24 ct musgravite. Pho- 
tomicrograph by N. Renfro; field of view is 1.08 mm. 


platelets all appeared to be crystallographically aligned 
within the host musgravite. 

According to Mr. Payne’s supplier, Burmese “taaffeite” 
(which includes a small percentage of musgravite) comes 
from Chaunggyi, a few kilometers northwest of Mogok. 
Although production is quite limited, more musgravite 
may appear as miners become aware of this rare gem’s ex- 
istence. Due to the overlap of physical properties between 
musgravite and taaffeite, stones suspected of being the 
rarer musgravite should be submitted to a qualified gemo- 
logical laboratory for confirmation. 


Nathan Renfro (nrenfro@gia.edu) 
GIA, Carlsbad 


An opal-calcite composite. Composites assembled from 
opaque to translucent gem materials such as turquoise, chal- 
cedony, and chrysocolla have become quite popular in re- 
cent years, as evidenced by the number of samples received 
for identification at the Gem Testing Laboratory in Jaipur, 
India. We recently examined a white-brown, translucent to 
opaque oval cabochon (figure 9) that turned out to be a com- 
posite featuring an unusual combination of gem materials. 

The specimen weighed 8.54 ct and measured 18.03 x 
13.12 x 4.63 mm. At first glance, it appeared to be a rock 
consisting of some brown and white mineral, but the pres- 
ence of golden veins ruled out such a possibility, suggesting 
instead a manmade product. Closer inspection of the cabo- 
chon from all sides revealed four distinct areas—a colorless 
polymer, golden veins and patches, a brown mineral, and a 
white mineral—all showing a different surface luster (fig- 
ure 10, left). At the base of the cabochon, individual grains 
of a white mineral were embedded in the colorless poly- 
mer, as well as golden areas comprised of fine flakes, com- 
posed of zinc (figure 10, right). These features were 
consistent with those observed in a composite material 
(e.g., G. Choudhary, “A new type of composite turquoise,” 
Summer 2010 GWG, pp. 106-113). 

Although the cabochon was recognized as a composite, 
its components had yet to be identified. Spot RIs of 1.56 and 
1.45 were obtained from the white and brown portions, re- 
spectively. The white portion also displayed a large birefrin- 
gence blink, typically associated with carbonate minerals 
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Figure 9. This 8.54 ct cabochon was a composite of 
brown opal and white calcite. Photo by G. Choudhary. 


such as calcite, while no blink was observed on the brown 
portion. Under long- and short-wave UV radiation, the cabo- 
chon remained largely inert, except for a weak whitish glow 
observed on the white portions. Furthermore, magnification 
of the white portion revealed cleavage planes, liquid films, 
white cloudy inclusions, and doubling, while the brown por- 
tion was milky with fine flaky inclusions. 

Spot RIs and magnification identified the white portion 
as calcite and the brown portion as opal, but these tests 
were not sufficient to prove their identity. Raman spec- 
troscopy of the white portion in the 200-2000 cm! range 
(using 532 nm laser) displayed many sharp peaks at 281, 
482, 712, 1086 (the strongest), 1435, and 1749 cm, these 
peaks are associated with calcite. Raman spectra of the 
brown portion displayed broad absorptions at around 400-— 
500, 800, and 1000 cnr; these did not display sharp absorp- 
tion features other than a peak at 487 cm!. These 
absorptions are associated with amorphous materials such 
as opal (opal-A), and the 487 cm peak is associated with 
Si-O vibrations (e.g., C.J. Brinker et al., “NMR confirma- 
tion of strained ‘defects’ in amorphous silica,” Journal of 
Non-Crystalline Solids, Vol. 99, 1988, pp. 418-428). 


Figure 10. Under reflected light, the cabochon’s luster 
varied across four distinct portions (left). Note the 
polymer vein at the center of the image and the paral- 
lel planes and cloudy inclusions at the top of the 
white portion. Some of the golden areas were com- 
prised of fine flakes embedded in polymer (right). 
Photomicrographs by G. Choudhary; magnified 24x 
(left) and 48x (right). 
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Figure 11. A map of the Ilakaka-Sakaraha mining areas of southern Madagascat. 


Identification of this cabochon as a composite was 
straightforward, but the components were more difficult 
to detect. Although Raman spectroscopy identified the ma- 
terials present, the use of these two substances for making 
a composite remains unclear. 

Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Update on sapphire mining in Ilakaka-Sakaraha, Madagas- 
car. In July-August 2010 and August 2012, this contributor 
visited southern Madagascar to collect reference samples 
from the Ilakaka-Sakaraha deposit, probably the world’s 
largest sapphire producer over the past 13 years. This up- 
date presents a map of the mining areas (figure 11). Note 
that all the sapphire-producing localities are associated 
with sandstone areas. 
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The first discovery happened in 1998, near Ilakaka Be. 
Because the village was near Route Nationale 7 (RN7), the 
main road linking the capital city Antananarivo to the port 
of Toliara, the locals quickly found a thriving market with 
Thai and Malagasy merchants. Within months, miners from 
around the island settled near the bridge on the Ilakaka 
River, and a boomtown was born. Ilakaka is a much quieter 
place today. Tourists regularly stop there, while Sri Lankan, 
Thai, and Malagasy gem traders still conduct business. 

Many gemologists and traders are surprised by the extent 
of the deposit. Discoveries occurred beyond the Ilakaka area 
on the Malio and Fiherenana River basins in the north and 
on the Benahy, Taheza, Imaloto, and Onilahy River basins 
to the south and west of Ilakaka (basins are separated by yel- 
low dots on the map). As the map shows, the deposit ex- 
tends about 120 km east from Anena (on the Onilahy River) 
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to Anakondro (on the Imaloto}, and nearly 100 km north 
from Anena to Antaralava (on the Fiherenana) and Anakon- 
dro to Ankaboka Malio (on the Malio). 

While sapphires were also reported north of Antaralava 
near Fotilovo and Murarano and in the Malio Valley north 
of Ankaboka Malio, this contributor has not explored these 
remote areas. 


Takaka River Basin: The discovery near Ilakaka Be fell short 
of its early promise, and within months activity moved up- 
stream to Ambarazy, which was briefly an important trading 
center, and the famous Banque Suisse mining site, one of 
the largest pits ever dug by hand in Madagascar. Mining also 
occurred north of RN7 on the western side of the Ilakaka 
River, up to the village of Bepeha. Mining was not allowed 
on the eastern side of the river, which is part of Isalo Na- 
tional Park. While small groups were still active at Banque 
Suisse in 2012, mining had nearly stopped elsewhere in the 
basin. Besides a few groups working around the town, a 
small Thai mechanized operation is still at Amabrazy. Over- 
all, some 300 people were still mining in the lakaka River 
basin, a fraction of the estimated 60,000 there in 1999. 


Eastern Boundary and Imaloto River Basin: Very few sap- 
phires have been found beyond the eastern limit of the sand- 
stone-related rocks. The only exceptions are the secondary 
deposits along the Imaloto, near Lovokadabo, Ampasimami- 
taka, Sakabe, Ambotzove, and Ankondro, where sapphires 
were trapped in river sediments, probably transported from 
sandstone-covered regions by the Ilakaka and Benahy Rivers. 
In 2012, the area along the Imaloto seemed to be producing 
again after several relatively quiet years. Gems were also 
found in several areas closer to Sakalama. A rush occurred 
in 2004 at Ampasimamitaka, where the sapphire-rich Be- 
naha River joins the Imaloto. A parcel of mostly milky blue 
sapphires mined there were later found to contain natural 
beryllium. In 2008, it was difficult to find miners anywhere 
except Sakabe. Returning in 2012, the contributor witnessed 
a rush near Sakalama, with about 200 people at two large 
pits. Nearby at Mahavily, another 100 were reportedly min- 
ing on the Benahy River. At Ampasimamitaka, about 50 
people were mining on the Imaloto. Other groups were re- 
portedly working upstream to Lovokadabo, but also far 
downstream. At Ankondro, 50 km downstream near Benen- 
itra, about 50 people were digging for pink and blue sap- 
phires. Another 200 were said to be near Ambotzove. In 
2012, we estimated 500 to 1,000 miners on the eastern side 
of the region, mostly along the Imaloto. 


Western Boundary, Sakaraha to Bezaha: The western 
boundary links Sakaraha, south of the Fiherenana River, and 
Bezaha, on the Onilahy River. West of that the geology is 
dominated by limestone-, basalt-, and gabbro-rich areas 
where gems are found in two areas, carried by the rivers 
from the sapphire-rich sandstone-covered region between 
Sakaraha and Ilakaka. 

In the northwest near Antaralava, at the intersection 
with the sapphire-rich Fiherenana River, a narrow sand- 
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stone-rich area extends north to south between two regions 
containing limestone. Mining started in 2000, and in 2012 
about 50 people were there. 

In the southwest near Anena, on the Onilahy River, a 
minor rush occurred in 2005, and five years later about 100 
miners were believed to be at the site. Anena is the only 
known deposit south of the Onilahy, a deep, powerful river 
not currently mined for gems. The discovery at Anena and 
the fact that the sapphire-rich Ilamoto and Taheza Rivers 
flow into the Onilahy suggest that this river is abundant 
with sapphires. Yet the area is too remote to attract the 
mechanized mining needed to work the deep sands. 


Benahy River Basin: Mining along the Benahy started in 
1999. The village of Vohimena soon became famous, and 
several mechanized operations were there from 2000 to 
2011. In March 2005 an important discovery happened 
near Sakameloka, an area that became known for pink sap- 
phires. Several other mechanized operations followed until 
late 2007, when prices for small pink rough in the Ilakaka 
market reportedly dropped 90% from the year before. 

Other mining villages lower on the Benahy, such as 
Morafena, were too remote to explore. Visiting the area 
from Sakameloka down to Vohimena Mahafala in 2012, 
the contributor observed fewer than 500 miners along that 
portion of the Benahy. The mechanized operations seen 
there from 2005 to 2010 had ceased. 


Malio and Fiherenana River Basins: In late 1999, mining 
started north of RN7 in the Fiherenana and Malio River 
basins near Ankaboka Malio, Analamahavelona, Betikely, 
Maromiandra, Ankaboka Ambinany, Andralanova, Bevi- 
lany, and Antaralava. Several Thai companies were operat- 
ing machinery near Ankaboka Ambinany and the bridge at 
Bevilany. After the 2003 discovery of significant deposits 
near Manombo Be, Sri Lankan buyers opened offices there 
to intercept the sapphires before they reached the Thai buy- 
ers in Ilakaka. 

By 2005, Manombo rivaled Ilakaka, but most of the 
evening activity now happens at nearby Sakaveero, the trad- 
ing center built circa 2007. Activity north of RN7 was re- 
portedly weak in 2010, but in August 2012 about 1,000-1,500 
locals using hand tools were scattered north of the road, in- 
cluding areas of the Zombitze-Vohibasia National Park. 
About 400 miners were south of Manombo Be at Manombo 
Misereno and Anduharano. Near Analamahavelona, the dis- 
covery of fine blue and pink stones in May 2012 attracted 
some 400 miners. Near Ankaboka Ambinany, a few hundred 
people were working different deposits around the village 
north of the Bevilany Bridge, where a Thai mechanized op- 
eration used two excavators and a washing plant. Another 
few hundred were reportedly at Ankaboka Malio and other 
remote areas of the Malio River. 


Taheza River Basin: Since about 2000, sapphires have been 
mined along the lower Taheza north of Bezaha and in the 
upper valley. Mining villages sprang up at Analasoa, 
Analalava, Mahasoa, and Ambalavihy, where tens of thou- 
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sands were reportedly working. Mining rights were soon ac- 
quired by large Sri Lankan companies. After attempting to 
mechanize, they decided to buy stones from locals instead, 
supporting them with food and tools. This model became 
very successful in the Taheza basin, and by 2008 it was prob- 
ably the main sapphire region in the whole deposit. While 
activity in the upper basin has declined, it has increased near 
Antsoa, where about 5,000 people were mining and washing 
gravels in 2011 and 2012. In 2011 the main mining area was 
Mangatoka, but the next summer it was Ankaranduha, 
where more than 1,000 were working. In the Taheza basin 
the sapphire-rich gravels are usually about 30 meters deep, 
but some artisanal miners used a 50-meter vertical shaft to 
reach the gravels, which were mined by digging narrow hor- 
izontal tunnels. The gravels were extracted and taken to the 
river for washing. For the digger to breathe, air had to be sent 
underground using large plastic bags and tubes. 

Due to the lack of roads, activity could not be observed 
on the Taheza south of Ambatomainty, where there were 
remnants of Sri Lankan operations. From Bezaha up to Anki- 
livaly, the contributor explored the lower Taheza basin in 
2010 and 2012 and saw mining near Ankilitelo, Ambari- 
nakoho, and Ankilivaly. A gem rush occurred at Ambalmasai 
in late 2011, and the following year about 500 people were 
still mining that remote area. Some activity was also re- 
ported at Sarouval, about 5 km north of Ambalmasai on the 
other side of the Taheza. At each site, Sri Lankan companies 
supplied the miners with loading trucks, tools, and food. 

In 2012, most of the production from western Ilakaka- 
Sakaraha was along the Taheza, in the area south of 
Manombo, near Vohimena, and in a few spots north of RN7. 
Sapphire trading followed the same trend. Ilakaka was quiet 
except for the morning gem market and late at night when 
people offered the stones they were unable to sell at 
Sakaveero, the popular new trading spot. 

Overall, mining and trading around Ilakaka is down 
from previous years. But with 10,000-20,000 miners and 
several hundred buyers, Ilakaka-Sakaraha probably still sur- 
passes Ratnapura and Elahera in Sri Lanka as the world’s 
main source for blue and pink sapphires. From April to July 
2012, many of the buyers and miners left Ilakaka to work 
in the jungle near Didy and Ambatondrazaka, where fine 
rubies and sapphires were discovered in March 2012. Most 
of them returned to Iakaka in July when the new site (lo- 
cated in a protected area) was closed by the authorities, and 
by August business was mostly back to normal. 

Vincent Pardieu (vpardieu@gia.edu) 
GIA Laboratory, Bangkok 


Zoned scapolite from India. The Spring 2011 GNI section (p. 
59) reported gem-quality yellow scapolite from Karur in the 
southern India state of Tamil Nadu. While visiting a local 
dealer, this contributor encountered parcels of rough and 
faceted scapolite that appeared strongly zoned to the unaided 
eye. They were reportedly mined from the same region as 
above. From the parcels, one rough and one faceted specimen 
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Figure 12. These strongly zoned scapolites, a 9.10 ct 
faceted stone and a 4.18 g rough specimen, were re- 
portedly mined in the Karur region of Tamil Nadu in 
India. Note the patchy appearance of brown zones. 
Photos by G. Choudhary. 


were obtained. The faceted stone was a 9.10 ct oval mixed 
cut, while the 4.18 g rough specimen was a tetragonal prism 
with partially broken bipyramidal terminations (figure 12). 
Both had a pale yellow color with strong brown zones. 
Standard gemological testing on the faceted sample re- 
vealed an RI of 1.548-1.570, with a uniaxial negative optic 
sign and a birefringence of 0.022; its hydrostatic SG was 
measured at 2.66. These values are consistent with those 
reported for scapolite. Both samples fluoresced strong or- 
ange-pink (almost red) under short-wave UV radiation and 
were inert to long-wave UV. No absorptions were seen 
with a desk-model spectroscope. The color zones appeared 
patchy and showed some flaky inclusions along certain 
planes. This was confirmed with higher magnification (fig- 
ure 13, left). Under oblique illumination these planes ap- 
peared highly iridescent, displaying bright spectral colors. 
Further observation at high magnification revealed some 
angular features. Although the planes intersect with each 
other at 90°, the features within them appeared to be follow- 
ing the bipyramidal faces, as indicated by their angle and ori- 
entation (figure 13, right). This brown mineral was found 


Figure 13. The color zones were composed of fine 
platelets oriented in planes along the length of crystal 
(left). Under oblique illumination, these planes dis- 
played bright interference colors and angular features 
(right), suggesting the exsolution of some mineral. 
Photomicrographs by G. Choudhary; magnified 64x. 
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Figure 14. The planes containing a brown exsolved 
mineral were present in two directions and inter- 
sected at almost 90° along the prism faces, which is 
also the direction of cleavage in scapolite. Photomi- 
crograph by G. Choudhary; magnified 64x. 


along planes in two directions intersecting at almost 90° (fig- 
ure 14), which were oriented along the length of the crystal 
(its c-axis). Examination of the rough specimen revealed that 
these brownish planes were oriented along the prism faces, 
following the cleavage planes. Some of the brownish inclu- 
sions were also aligned along the basal pinacoid planes. The 
overall pattern and orientation of the zones indicated that 
some mineral has been exsolved along the cleavage planes, 
following the bipyramidal faces, as suggested by the angular 
features described above. 

These brown platelets could not be conclusively iden- 
tified, but Raman spectra indicated the presence of lepi- 
docrocite, which has previously been reported as fillings in 
lath-shaped cracks of scapolite (EJ. Gitbelin and J.L. 
Koivula, Photoatlas of Inclusions in Gemstones, Vol.1, 
ABC Edition, Zurich, 1997, pp. 368-369). While the Spring 
2011 GNI entry noted the occurrence of gem-quality yel- 
low scapolite from the same location, this production is 
probably more suitable as a collector's stone. 


Gagan Choudhary 


SYNTHETICS AND SIMULANTS 


Dumortierite-quartz rock presented as sapphire. The Gem 
Testing Laboratory of Jaipur, India, received for identifica- 
tion an opaque blue specimen, submitted as sapphire. The 
5.16 ct cabochon (figure 15, left) measured 12.59 x 10.28 x 
4.71 mm. Examined under a fiber-optic light source, the 
specimen displayed an uneven blue coloration associated 
with dyed materials, possibly dyed quartzite. 
Gemological testing gave a vague spot RI around 1.55 
and a hydrostatic SG of 2.99.The stone fluoresced strong 
blue to short-wave UV and was inert to long-wave UV. It 
showed no reaction when viewed with the Chelsea color fil- 
ter and no distinct absorptions using the desk-model spec- 
troscope, reactions that would preclude the possibility of 
dyeing. The RI was consistent with quartz, but the SG value 
ruled out that possibility. Because of the curved surface and 
opacity of the cabochon, we asked the client to provide a 
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Figure 15. These 5.16 and 2.59 ct specimens, submit- 
ted as sapphire and initially thought to be dyed 
quartzite, were identified as dumortierite-quartz 
rock. Photo by G. Choudhary. 


specimen with a flat polish, enabling us to properly study 
the material. The client also provided a thin slice of the ma- 
terial (figure 15, right), which allowed light to pass through 
easily. The properties of the slice were similar to those 
recorded for the cabochon. Two RI readings were obtained 
while slightly shifting the slice, however. Although the read- 
ings were not clear, shadow edges were seen at about 1.54 
and 1.68. 

Initial microscopic observations of the slice with strong 
transmitted light suggested blue color concentrations along 
the boundaries of white to colorless grains, as seen in dyed 
materials (figure 16, left). Yet the interstitial areas were 
wider than those of dyed quartzite or any other dyed sub- 
stance. On further examination of the slice, inhomoge- 
neous blue and white granular texture became evident, 
where some blue grains were also visible. Reflected light 
revealed a clear difference between the blue and whitish 


Figure 16. Uneven blue and colorless areas (left) sug- 
gested color concentrations associated with a dyed 
specimen, but reflected light (right) revealed a clear 
difference between the blue and whitish portions. The 
sharp-edged whitish irregular grains (which appear 
gray in the image) seemed to be embedded in the blue 
matrix. The white mineral was identified as quartz 
and the blue mineral as dumortierite. Also note the 
difference in the luster of two areas, although both 
minerals have similar hardness. Photomicrographs by 
G. Choudhary; magnified 32x. 
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Figure 17. The slice’s UV-Vis-NIR spectrum in the 
200-2000 nm region showed broad absorption 
bands centered at ~290 and ~610 nm, which are as- 
signed to Fe**-Ti* charge transfer and associated 
with dumortierite. 


portions (figure 16, right). The sharp-edged whitish irregu- 
lar grains, which appear gray in the image, seemed to be 
embedded in the blue matrix. Also, the white portion had 
a much duller luster than the blue one. These features sug- 
gested that the blue color was indeed natural and that the 
uneven coloration was not the result of dyeing, but rather 
a mixture of white and blue materials. 

UV-Vis-NIR spectroscopy of the slice in the 200-2000 nm 
region showed broad absorption bands (figure 17) centered at 
~290 and ~610 nm, which are assigned to the Fe”'-Ti* charge 
transfer (see Platonov et al., “Fe?*-Ti* charge-transfer in du- 
mortierite,” European Journal of Mineralogy, Vol. 12, No. 3, 
pp. 521-528). This was confirmed by EDXREF analysis, which 
detected the presence of Fe and Ti along with Al, Si, Ca, and 
As. In the DiamondView, the blue portions gave strong blue 
reactions while the white grains remained inert (figure 18). 

Raman analysis using a 532 nm laser confirmed the 
blue and white minerals as dumortierite and quartz, re- 
spectively. The blue durmortierite revealed major peaks in 
the 200-2000 cm! region at ~206, 290, 396, 446, 506, 844, 
945, and 1068 cmt, while the white quartz showed major 
peaks at ~206, 263, 353, 464, 807, 1080, and 1157 cm". 


Figure 18. DiamondView imaging revealed strong 
blue fluorescence in the dumortierite portion of the 
slice, while the quartz grains appeared dark and re- 
mained inert. 
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Figure 19. Six large CVD synthetic diamonds (1.001- 
1.119 ct) were submitted for grading undisclosed. 
Photo by H. Kitawaki. 


These peaks are consistent with those reported for du- 
mortierite and quartz in the RRUFF database. Further- 
more, the SG value of 2.99 suggested a composition of 
approximately 54.64% quartz and 45.36% dumortierite 
(assuming an SG of 2.65 for pure quartz and 3.40 for du- 
mortierite, while disregarding other accessory minerals). 

Identification of this specimen would have been diffi- 
cult in the absence of Raman analysis, though UV reactions 
and a vague RI shadow edge offered some clues. For several 
years dumortierite has been known to occur with quartz as 
rock and massive forms, but it is not routinely seen in the 
trade, perhaps due to lack of awareness or because it is being 
misrepresented, as in this case. The client had no informa- 
tion on the origin of these specimens, which were pur- 
chased on the local market, but dumortierite in quartz has 
been reported from India (R. Webster, Gems, 5th ed., revised 
by P. G. Read, Butterworth-Heinemann, Oxford, UK, 1994). 


Gagan Choudhary 


Undisclosed samples of large CVD synthetic diamond. In 
mid-2012, one of the international diamond grading labo- 
ratories in Antwerp reported undisclosed CVD synthetic 
diamonds, causing a stir in the diamond industry (C. Even- 
Zohar, “Synthetics specifically ‘made to defraud,’” Dia- 
mond Intelligence Briefs, Vol. 27, No. 709, 2012, pp. 
7281-7290). Since then, reports of undisclosed CVD syn- 
thetics have also emerged from gem testing laboratories in 
India and China (Z. Song et al., “The identification features 
of undisclosed loose and mounted CVD synthetic dia- 
monds which have appeared recently in the NGTC labo- 
ratory,” Journal of Gemmology, Vol. 33, No. 1-4, 2012, pp. 
45-48). While those samples were mostly between 0.3 and 
0.5 ct, the largest colorless CVD synthetic reported by a 
gem laboratory so far was a 1.05 ct pear shape submitted 
to GIA (Summer 2010 G&G Lab Notes, pp. 143-144). 

In December 2012, six CVD synthetics over one carat 
(figure 19) were submitted to the Tokyo branch of the Cen- 
tral Gem Laboratory for diamond grading. These were 
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among the largest undisclosed samples of CVD synthetic di- 
amond ever submitted to a gem laboratory. The six round 
brilliants ranged from 1.001 to 1.119 ct. All had a color grade 
of Light yellowish gray, and their strong grayish hue made 
color estimation using “Cape” series master stones difficult. 
Four of the samples had a clarity grade of VS,, while the 
other two were VS,. Four samples had cut grades of Excel- 
lent, and two were Very Good. 

Each sample contained a few pinpoint inclusions, 
which kept the clarity grades below VVS. The dark, irreg- 
ularly shaped inclusions were presumably non-diamond 
carbon. Some samples showed dark graphitization on the 
girdle. A similar feature is seen in HPHT-treated diamond, 
which strongly suggests that these samples underwent 
post-growth treatment. 

The characteristic streak pattern of anomalous double re- 
fraction due to strain (low-order black and white interference 
colors) was observed in every sample. The streaks run paral- 
lel with the growth direction of the crystal, which is perpen- 
dicular to the seed face. The patterns were elongated along 
the crystal’s growth direction and presumably caused by dis- 
location during growth (figure 20). The samples were inert 
to long-wave UV radiation, while some of them displayed 
weak greenish yellow luminescence to short-wave UV. 

After FTIR analysis, the samples were classified as type 
II, which do not show any distinct absorption in the nitro- 
gen area (1500-1000 cm) in diamond. Despite their yellow 
tint, the 1344 cm absorption attributed to single substi- 


Figure 20. Anomalous double refraction due to stress 
was observed under cross-polarized filters. Contrast- 
ing black and white low-order interference colors pro- 
duced the streak pattern. Photo by H. Kitawaki. 
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Figure 21. DiamondView fluorescence images showed 
a layered structure characteristic of CVD synthetic 
diamond. Blue phosphorescence, attributed to boron, 
was also observed. Photo by M. Hisanaga. 


tutional nitrogen was not observed. Absorptions also orig- 
inate in hydrogen at 3123 cm, which has been reported 
as a characteristic of CVD-grown diamond (W. Wang et al., 
“Gem-quality synthetic diamonds grown by the chemical 
vapor deposition method,” Summer 2012, GWG, pp. 268- 
283), and at 3107 cnr!, which is often seen in natural dia- 
monds, were not recognized as clear peaks. 

Photoluminescence analysis at liquid-nitrogen temper- 
atures with various excitation wavelengths revealed peaks 
at 637 nm (NV>}, 575 nm (NV°), 503.2, nm (H3), and 737 nm 
(SiV-; 736.4/736.8 doublet). With 488 nm laser excitation, 
five of the six samples displayed a 528 nm peak of un- 
known origin. With 325 nm excitation, 462 and 499 nm 
peaks with unknown origins were detected. These two 
peaks are not observed in natural diamonds. Two of the 
samples showed a very weak peak at 415.2 nm (N3). 

When tested with the DiamondView, the samples 
showed blue phosphorescence and greenish blue-white lu- 
minescence. This luminescence is attributed to boron dop- 
ing, an enhancement that makes the stone colorless (D.S. 
Misra, “Method for growing white color diamonds by using 
diborane and nitrogen in combination in a microwave 
plasma chemical vapor deposition system,” International 
Patent No. 2012044251). 

The samples also showed the layered structure image 
characteristic of CVD synthetic diamond (figure 21). These 
UV luminescence figures, unique to CVD synthetics, are 
more apparent from the pavilion than from the table. Some 
of them displayed straight growth lines or linear structures 
such as slip lines, and careful observation of the entire 
stone (especially from the pavilion) is imperative. 


Hiroshi Kitawaki (kitawaki@cgl.co.jp), 

Masahiro Yamamoto, Mio Hisanaga, Makoto Okano, 
and Kentaro Emori 

Central Gem Laboratory, Tokyo 
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Fabergé: A Comprehensive 
Reference Book 


By Tatiana Fabergé, Eric-Alain 
Kohler, and Valentin Skurlov, 613 
pp., publ. by Fondation Igor Carl 
Fabergé, Editions Slatkine, Geneva, 
2012. Standard edition: US$200.00 


Coauthored by Carl Fabergé’s great 
granddaughter, this impressive book 
covers the history of the family, the 
firm, and the master jewelers and 
designers who worked with Fabergé. 
The authors had access to previously 
unobtainable Russian archives as 
well as unpublished family docu- 
ments, allowing them to “rewrite the 
whole history of the House of 
Fabergé.” Heavily illustrated with 
hundreds of photos—both color and 
black-and-white, including family 
portraits, hallmarks, jewelry, and art 
objects—this book is a worthy addi- 
tion to any library. 
GIA LIBRARY STAFF 
Gemological Institute of America 
Carlsbad, California 


Apatite: The Great Pretender 


By John Rakovan, Gloria A. 
Staebler, and Donald A. Dallaire, 
Eds., 124 pp., publ. by Lithographie 
LLC, Denver, 2013. US$35.00. 


As with other titles in this series, 
this work is a collection of articles 


BOOK REVIEWS 


by several contributors. The most 
common phosphate mineral on 
earth, apatite is often confused with 
other minerals. Its name comes from 
the Greek apate, which means “to 
deceive,” hence the title of this vol- 
ume. Chapters cover the science, 
identifying characteristics, history, 
and localities of the mineral. The 
book is lavishly illustrated with 
color images throughout. 

GIA LIBRARY STAFF 


Gemstones of Peru 


By Jaroslav Hyrsl, 104 pp., publ. by 
Granit, Prague, 2012. €17.00 


This supplement to the author's 
Peru: Paradise of Minerals (2010) 
deals with precious and ornamental 
stones. It is divided into three parts. 
The first includes archeological gem- 
stones used in ancient Peruvian jew- 
elry. The second and largest section 
covers recent ornamental stones and 
gemstones, which are currently 
being mined and used in jewelry. 
The third deals with rare faceted 
gemstones. These are listed alpha- 
betically within each section and 
accompanied by photos. The book 
also includes a bibliography and a 
summary of gemological properties 
of several important ornamental 
stones. 


GIA LIBRARY STAFF 
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Multifacets: Style Yourself with 
Jewelry 


By Nathalie Colin, 239 pp., publ. by 
Abrams, New York, 2013. US$55.00 


Nathalie Cohn, creative director of 
Swarovski, shows the various ways 
jewelry can be worn to suit any occa- 
sion or setting: the workplace, cock- 
tail hour, dining out, a night out, trav- 
el, or a wedding. Playful and irrever- 
ent, the book offers practical advice 
on adding touches of attitude, ele- 
gance, and personality to cultivate a 
highly personalized look. Each acces- 
sory’s color, texture, and shape can be 
used to achieve a “rich dialogue 
between jewelry, garment, and body.” 
Numerous images featuring Swarov- 
ski pieces offer strategy and inspira- 
tion for every woman who wears con- 
temporary jewelry. 
STUART OVERLIN 
Gemological Institute of America 
Carlsbad, California 
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COLORED STONES AND 
ORGANIC MATERIALS 


Azurite through the ages: Millennia of mining have not 
depleted its sources. B. Jones, Rock # Gem, August 
2012, pp. 20-24. 

Azurite, a copper carbonate mineral, is a common secondary 

mineral. The host is usually a volcanic rock. Collector’s azu- 

rite crystals mostly came from Chessy in France (the oldest 
mine since mid-1800s), Morenci and Bisbee in Arizona, 

Tsumeb in Namibia, and Touissit in Morocco. The increasing 

copper price in the first decade of the 21st century lead to 

reopening of old known copper mines. Well-crystallized azu- 
rite specimens have been recently mined in China, Morocco 
and Mexico. 

The quality of well-crystallized samples from a decade-old 
Milpillas mine in Mexico could be compared to these collec- 
tor’s samples. Azurite crystals (e.g., the Electric Blue from the 
Milpillas mine) show dark, blue color with high luster, and 
they are usually 1-2 inches long prisms or blocky crystals up 
to 4 inches long. They were gradually pseudomorphed into 
malachite in high oxidizing environment. Thus, malachite 
was found more abundant than azurite. Sometimes, thin layer 
of azurite can be deposited atop malachite as the final layer. 
The light to dark green, melachite pseudomorphs from the 
Milpillas mine are mostly blocky crystals, and ranged from 
one to ten inches in size. The Milpillas mine also produced 
emerald-green bronchantites, a hydrous copper sulfate, of one- 
two inches long needle-like crystals on a rhyolite matrix. Free 
copper ions of bronchantite absorb all wave lengths except 
green, causing bright green color. 

KSM 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editors and their abstractors, and space limitations may require 
that we include only those articles that we feel will be of greatest 
interest to our readership. 


Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The abstractor of each article is identified by his or her initials at 

the end of each abstract. Guest abstractors are identified by their 
full names. Opinions expressed in an abstract belong to the abstrac- 
tor and in no way reflect the position of Gems & Gemology or GIA. 


© 2013 Gemological Institute of America 
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Gemstones and minerals. S. Karampelas [s.karampelas@ 
gubelingemlab.ch] and L. Kiefert, pp. 291-317. In H. 
Edwards and P. Vandenabeele, Eds., Analytical 
Archaeometry, 604 pp., 2012, Royal Society of 
Chemistry, Cambridge, UK. 
Nestled within this huge textbook on analytical 
archaeometry—an interdisciplinary field representing the 
interface between the natural and physical sciences and 
professions such as archaeology, art history, and museum 
curatorship that uses state-of-the-art technologies to 
extract structural and compositional information from 
ancient materials—is a useful chapter for today’s gem 
professional. 

The modern gem trade’s embrace of science, technolo- 
gy, and the information sciences is perhaps best reflected 
in laboratory testing. Advanced laboratory services are 
often necessary to detect increasingly sophisticated treat- 
ments, and new manmade materials such as CVD-grown 
synthetic diamonds. Lab testing is also used to detect 
nanotechnology films for hardness and color enhance- 
ment, some sophisticated diffusion processes, and geo- 
graphic origin, to name a few. 

Chapter 10, “Gemstones and Minerals,” is a broad 
overview of several advanced spectroscopic and imaging 
techniques used in gemological and university laborato- 
ries to meet these modern needs. This 26-page chapter 
provides the gemologist, jeweler, and appraiser with suc- 
cinct practical information, using numerous field exam- 
ples, about advanced testing that can easily be communi- 
cated with clients. 

The authors recognize that the foundational gemologi- 
cal methods (such as trained observation using magnifica- 
tion/microscopy, refractive index, specific gravity, ultravi- 
olet indications, and optic character) often need to be aug- 
mented with advanced lab techniques, especially for con- 
clusive determinations. 

UV-visible near-infrared (UV-Vis-NIR) spectroscopy 
helps identify diamond treatments and determine the 
geographic origin of certain stones such as tourmaline 
and emerald. Fourier-transform infrared (FTIR) spec- 
troscopy helps in the detect of heat treatment in corun- 
dum and organic substances used for clarity enhance- 
ment, as well as the determination of diamond type. 
Other applications of FTIR include the separation of nat- 
ural from synthetic origin in inclusion-free stones and 
the determination of jade type and treatments. Raman 
spectroscopy is an important tool in the study of inclu- 
sions, the detection of diamond and emerald treatments, 
and the identification of organic pigments in gems. 
Energy-dispersive X-ray fluorescence (EDXRF) and laser 
ablation—-inductively coupled plasma—mass spectrometry 
(LA-ICP-MS) are used in trace-element analyses, deter- 
mining geographic origin, detecting beryllium treat- 
ments, and identify unknown or synthetic materials. 
Photoluminescence (PL) is applied to the study of natural 
and treated diamonds as well as pearls, spinel, rubies, and 
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coral. X-ray imaging and radiography are widely used to 
evaluate cultured and natural pearls, including their 
treatments. ERB 


Petrochemical characteristics and genesic significance of 
Luodian jade from Guizhou. Yang Lin et al., Journal 
of Mineralogy and Petrology, Vol. 32, No. 2, 2012, 
pp. 12-19. 
Luodian jade is a new nephrite variety discovered in 
2009 at Luodian County in China’s Guizhou province. 
The nephrite formed within the metasomatic zone 
between the Varisian gabbro and calc-silicate. 
Geochemistry and petrology studies of both the white 
and greenish white varieties indicate 98% and 95% 
tremolite, respectively. Tremolite has an ideal chemical 
formula of Ca,(Mg, Fe).[Si,O11],(OH),, with Mg and Fe 
substituting for each other to form a solid solution 
series. Al can also substitute for a small amount of Mg 
and Fe, while Na, K, and Mn can substitute for Ca and 
Mg. Chondrite-normalized REE (rare earth element) pat- 
terns of the nephrite and the host rock are very similar 
with enrichment of LREE (light rare earth elements). 
The concentration of REE is lower in the nephrite than 
that in the host rock. The La/Yb ratio is also much high- 
er in nephrite, which indicates a higher differentiation of 
REE in nephrite. Compared to the greenish and greenish 
white nephrite, the white variety is more evolved. This 
tells us that the nephrite deposit formed in two stages. 
Ca/Mg is higher in the greenish and greenish white vari- 
eties, meaning they were formed when Mg was unsatu- 
rated in the fluid; the white variety formed when Ca and 
Mg were both saturated. The substitution of trace-ele- 
ment V and Cr into the crystal lattice is closely related 
to the saturation of Mg in fluid. V and Cr are also the 
chromophores of the greenish and greenish white vari- 
eties. Nephrite formation is caused by metasomatism 
during the interaction with thermal fluid brought by the 
intrusive gabbro and the limestone. Limestone provided 
Ca and Mg, while the fluid brought Si, K, Na, and Al. 
Tao Hsu 


DIAMONDS 


Aviat diamonds: A window into the deep lithospheric 
mantle beneath the Northern Churchill Province, 
Melville Peninsula, Canada. J. Peats, T. Stachel, R. 
A. Stern, K. Muehlenbachs, and J. Armstrong, The 
Canadian Mineralogist, Vol. 50, No. 3, 2012, pp. 
611-624, http://dx.doi.org/10.3749/canmin.50.3.611. 

The Aviat kimberlites are located in Melville Peninsula in 

northeastern Nunavut. They are part of the Rae craton, 

which is composed of Archean granitoid rocks, 
supracrustal belts, and Paleoproterozoic metasedimentray 
rocks. The carbon isotopic composition, nitrogen concen- 
tration, and nitrogen aggregation state of 70 samples from 
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these kimberlites were analyzed to help understand the 
composition of diamond-forming fluids, paragenesis of dia- 
mond source, mantle residence history, and thermal histo- 
ry of the subcratonic lithospheric mantle. The colors of 
samples were colorless, gray, brown, and green. 

FTIR analysis revealed that the majority were type 
IaAB, including IaA and IaB. Total nitrogen content 
ranged from 13 to 1467 ppma. The Aviat diamonds were 
relatively rich in hydrogen. Absorption bands at 3107, 
2786, and 1404 cm~!, caused by bending and stretching of 
the vinylidene group (C=CH2), were observed in most 
samples. An additional hydrogen-related band at 3237 
cnr! was also detected. 

SIMS analysis revealed nitrogen content ranging from 
1 to 1724 ppma. The 13C isotopic analysis suggested that 
these diamonds were precipitated mainly from carbonate- 
bearing fluids. Large variations in nitrogen content and 
8'8C values, though they were not correlated, were 
observed in growth sectors, suggesting multiple events of 
fluid derivation from different sources, mainly ecologitic 
and also probably peridotitic. But the relationship 
between CL and carbon isotopic composition suggested 
that non-luminescent diamond may have been formed 
during one episode of growth. The Aviat diamonds were 
possibly formed from diamond-forming fluids or melts 
from several orogenic events, such as transportation of 
graphitized organic matter and marine carbonates into the 
deep mantle via subducting oceanic slabs. 

Catastrophic platelet degradation was suggested by 
the positive correlation between platelets and B aggre- 
gates of nitrogen. This phenomenon was probably caused 
by transient heating events or deformation or both during 
mantle residence. Blue luminescence of nitrogen-rich 
samples may be related to intense degradation of 
platelets. The residence temperature of most samples was 
extrapolated to ~1050—-1150°C, suggestive of a diamond 
source near the top of diamond stability field at ~150-170 
km. KSM 


Canadian mining industry: Taking a step up with range of 
operations. Israel Diamonds, No. 241, 2012, pp. 
56-58. 

The expansion of various mining projects in Canada’s 

North (Northwest Territories, Yukon, and Nunavut) is set 

to lead the country in economic growth over the next two 

years. Spinoff activity that accompanies mine-related 
prosperity is also expected to increase based on pending 
mines in the assessment phases or preproduction stages, 
thus further boosting employment and local economic 
development. The projections see productions in these 
areas lasting well into the coming decades. Environ- 
mental groups and local residents are also interested in 
the impact on the Canadian North ecosystem as well as 
the long-term effects on the towns and industry when the 
boom is over. 

MK 
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A new defect center in type Ib diamond inducing one 
phonon infrared absorption: The Y center. T. 
Hainschwang [thomas.hainschwang@ggtl-lab.org], 
E. Fritsch, F. Notari, and B. Rondeau, Diamond and 
Related Materials, Vol. 21, 2012, pp. 120-126, 
http://dx.doi.org/10.1016/j.diamond.2011.11.002. 

This paper describes the discovery of a new defect center 

in natural and synthetic type Ib diamonds: the Y center. 

Sixty-eight natural and synthetic diamonds with 

detectable C centers, ranging from 0.01 to 1.34 ct and rep- 

resenting common colors for type Ib diamonds (various 
hues of yellow, orange, brown, and “olive”) were studied. 

The other color centers traditionally responsible for 
one-phonon absorption (i.e., spectral absorption due to the 
presence of certain defects in the diamond’s lattice struc- 
ture) include single isolated boron, the A center (di-nitro- 
gen], the B center (four nitrogen atoms surrounding an 
atomic vacancy in the diamond lattice), the C center (sin- 
gle-substitutional nitrogen, N°), the X center (positively 
charged single-substitutional nitrogen, N*), and the D, E, 
and F centers, which have not been attributed to any spe- 
cific defect. 

After correction and normalization of the samples’ 
infrared spectra, and an attempt to determine the A, B, 
and C center nitrogen content using spectral fitting data, 
the researchers found that the margin of error for the C 
center content was at least 50%. This suggests that some 
absorption bands underlie the well-known single-substi- 
tutional nitrogen absorption at 1130 cmr!. For this reason, 
all spectra are decomposed again by progressive subtrac- 
tion of the A, B, C, and X center absorptions. For 38 dia- 
monds, this resulted in a consistent residual absorption 
with a relatively broad apparent maximum centered at 
~1145 cml. 

A large sample of type Ib diamonds confirmed that 
this new absorption system is not an artifact of the origi- 
nal spectral decomposition work. The authors propose to 
call it the Y center because it is clearly related to the sin- 
gle-substitutional nitrogen system of the last named one- 
phonon infrared absorption center, the X center. 

ERB 


Strain-induced birefringence in natural diamond: A 
review. D. Howell [daniel_-howell@mq.edu.au], 
European Journal of Mineralogy, Vol. 24, No. 4, 
2012, pp. 575-585, http://dx.doi.org/10.1127/0935- 
1221/2012/0024-2205. 

Diamond belongs to the cubic crystal system and should 

therefore exhibit isotropic optical properties. But it is well 

documented that diamonds often show weak birefrin- 
gence. This study has focused on the causes of strain- 
induced birefringence in natural diamonds: dislocations, 
lattice parameter variations, inclusions, fractures, and 
plastic deformation. 

Strain patterns shed light on the internal stresses 
within the stone, which in turn reveal the growth and 
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transport history of the diamond. The imaging of dia- 
monds between crossed polarizers remains a simple and 
rapid technique for obtaining visual information on strain 
patterns in diamonds. GL 


GEM LOCALITIES 


Copper-bearing minerals of Colorado. E. Raines, Rocks @ 
Minerals, Vol. 87, No. 4, 2012, pp. 304-336. 

Between 1868 and 1922, Colorado produced almost 260 
million pounds of copper. Nearly 100 million pounds came 
from the Leadville district, with another 50 million pounds 
mined in San Juan County (Henderson 1926). During the 
twentieth century, the Gilman district surpassed Leadville 
in total copper production with more than 210 million 
pounds mined (Beaty, Landis, and Thompson, 1990). Total 
Colorado production prior to 1958 reached 585 million 
pounds (Del Rio 1960). In this article 106 minerals from the 
Colorado Mineral Belt (COMB) are listed and 39 are dis- 
cussed in the text. The Eagle mine in the Gilman District 
is probably Colorado’s most prolific producer of mineral 
specimens. Gilman pyrite, sphalerite, chalcopyrite, siderite, 
barite, and galena are found in collections all around the 
world. The Sweet Home mine in Buckskin Gulch, source 
of world-famous rodochrosite, is also well known for fine 
specimens of two copper-bearing minerals bornite and 
tetrahedrite. The Creede mining district is one of the best- 
studied mineral deposits and volcanic areas in the country. 
A detailed study of the Creede ore deposits has been made 
in an attempt to develop a model for epigenetic precious- 
metal deposits. Summitville is well known as the producer 
of the state’s finest covellite specimens. The Good Hope 
mine is the type locality for four copper-bearing tellurides: 
rickardite (Cu,,,Te,); weissite (Cu, ,Te]; vulcanite (CuTe}, 
and cameronite (AgCu,Te,,). Turquoise was mined from 
the King mine deposit in Conejos County and from the 
Chief mine in the St. Kevin district, Lake County. 

The state of Colorado has produced some significant 
copper-bearing mineral specimens. Most of the Colorado’s 
copper minerals are sulfides and sulfosalts with chalcopy- 
rite being the most common copper-bearing mineral.The 
authors also determine the time of crystallization of two 
of the pegmatites by Sm-Nd analysis on garnet, feldspar, 
monazite, and xenotime and by a chemical U-Th-Pb 
monazite age. On the basis of mineralogy, chemical com- 
position, and crystallization ages, the evolution of the 
pegmatites is discussed in the framework of the geody- 
namic history of the Bohemian massif. The regional geol- 
ogy and a thorough description of the investigated peg- 
matites are presented. GL 


Une découverte exceptionnelle de béryls gemmes 4 
Chaves, District de Vila Real, Portugal [An excep- 
tional find of gemmy beryls at Chaves, District of 
Vila Real, Portugal]. M. Ambroise and A. Ambroise, 
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Le Régne Minéral, No. 107, September/October 

2012, pp. 19-22 [in French]. 
The numerous pegmatites in northern Portugal are known 
as sources of fine mineral specimens for collectors. A pas- 
sionate rockhounding couple describes how, after hard 
work in constant bad weather, they hit upon a pocket with 
gemmy aquamarines and heliodors in 2011. The crystals 
measured 2.1-14.2 cm (0.8-5.7 inches). Their surfaces 
were slightly to moderately etched. Considering the rela- 
tively few gemstone occurrences in Western Europe, this 
find can be regarded as outstanding. The most beautiful 
crystals are shown in color photos. RT 


Gem olivine and calcite mineralization precipitated from 
subduction-derived fluids in the Kohistan arc-man- 
tle (Pakistan). P. Bouilhol et al., The Canadian 
Mineralogist, Vol. 50, No. 5, 2012, pp. 1291-1304. 

Geochemical data presented suggests remobilized CO, and 

H,O from a subducted island arc helped form the calcite + 

olivine-bearing veins in Kohistan, Pakistan. The authors 

provide details on the geologic setting, mineralogy and 
geochemistry of the vein assemblages, which can yield 
gem-quality olivine (peridot). The CO, and H,O from 
island arc magmas and carbonates mixed with mantle flu- 
ids rich in Bo (evidenced by ludwigite-vonsenite needle- 
like inclusions in olivine) as well as La, Ce, Ta, Cu, and Zn 

(from trace element analysis). Fluid origin and emplace- 

ment are discussed at length with emphasis on macro-geo- 

physical mechanisms within the earth. Gem olivine pro- 
duction data and characterization of the rough was not 
provided. KAM 


Perles de culture de la Mer de Cortez: Les belles incon- 
nues [Unknown beauties: Cultured pearls from the 
Cortez Sea]. I. Reyjal, Revue de I'Association 
Francaise de Gemmologie, No. 179, March 2012, 
pp. 17-22 [in French]. 

The first part of the article gives a historical survey of 

pearls from the Sea of Cortez (Gulf of California), followed 

by an account of the actual situation. Black pearls and 
nacre have been known since pre-Columbian times and 
were much coveted in Europe after the Spanish conquest. 

In the 16th century, the coastal city of La Paz became the 

main commercial center for nacre and pearls. The most 

famous pearl from this source is “La Peregrina,” a 203.8- 

grain gem last owned by Elizabeth Taylor, and John 

Steinbeck’s story “The Pearl” also takes place there. 

While nacre production was predominant in the first 
half of the 19th century, black pearls were very much in 
fashion in the middle of the century. From 1893 to 1914, 
José Gourieux was the first to cultivate Pteria mazatlani- 
ca black-lipped oysters from La Paz for their nacre. He 
produced about five million oysters per year, of which 
10% contained natural pearls. Although these were only a 
by-product, they led to a sharp decline in pearl diving. In 
1914, the plant farm was destroyed during the Mexican 
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revolution. The appearance of artificial substitutes for 
nacre, overfishing of the oyster banks, and a mysterious 
infection of the oyster larvae in 1939 finally led to the 
prohibition of all pearl diving a year later. 

After attempts to renew pearl cultivation in the 1960s 
and 1970s, which failed largely because of political influ- 
ences and the commercial success of black Tahitian 
pearls, three students of the Monterrey Institute of 
Technology and Superior Studies set up a small farm on 
the campus at Bacochicampo Bay in Guaymas. Their 
intent was not the industrial production of pearls but the 
development of environmentally sound and “oyster- 
friendly” methods of cultivation, which is why the oys- 
ters are implanted only once and harvests are small. The 
2011 harvest consisted of 1,783 pearls, or 1.7 kg, as com- 
pared to 50 tons of Akoya pearls, 11 tons of South Sea 
pearls, 12 tons of Tahiti pearls, and 1,800 tons of Chinese 
freshwater pearls. 

The other pearl-producing oyster of those waters, the 
rainbow-lipped Pteria sternia, yields black pearls with 
many different overtones. The young oysters are all har- 
vested in the sea. Before the implantation of nuclei, the 
oysters are X-rayed. Some 3% contain natural pearls, and 
these oysters are not implanted. The pearls are sold as 
“natural,” though purists would dispute this description. 
The oysters with nuclei are cultivated for 18-24 months. 
The diameter of the cultured pearls ranges from 8-12 mm 
(3.2-4.8 inches), the thickness of the nacre from 0.8 
mm-2 mm (0.3-0.8 inches). The pearls are black and very 
iridescent and show various strong overtones, including 
red (“cranberry”). Their luster is somewhat more silky 
than that of the Tahitian pearls. Unlike most other cul- 
tured pearls, they are not treated in any manner, except 
for rinsing with water. They show a pink to red UV fluo- 
rescence, which is characteristic of pearls from the Sea of 
Cortez. 

The future is uncertain, however. The volume of lar- 
vae has dropped significantly because of global warming 
effects, damage to the oyster cages from fishing boats, and 
the fragility and sensitivity of Pteria sternia. 

RT 


Major crocoite discoveries at the Adelaide mine, Tas- 
mania. T.P. Moore and W.E. Wilson, The Miner- 
alogical Record, Vol. 43, No. 6, 2012, pp. 651-673. 

Crocoite, first discovered in the Urals in 1766, was named 

crocoise in 1832. Its attractive orange-red hue and adaman- 

tine to vitreous luster make it one of the most pursued 
mineral collector specimens. Tasmania, located southeast 
of mainland Australia, has long been famous for its out- 
standing crocoite specimens, and nearly all commercial 
specimens come from the Red Lead and Adelaide mines. 
The mines lie within a four-square-kilometer area. 

Cambrian intrusions of serpentinite within the 

Precambrian and slightly younger metasedimentary rocks 

provided the Cr needed to form crocoite. During the 
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Devonian, metal-rich granitic intrusions provided 
hydrothermal fluids along the extensive shear zones to 
alter much of the serpentinite to a peculiar rock called 
listwanite and precipitate pods with veins of Pb-bearing 
minerals. Since crocoite is more stable than other Pb- 
bearing minerals at low pH levels, it predominated in 
these mines. Crocoite was common in the gossan, but 
open pockets yielded the best samples. 

The earliest discovery of crocoite in Tasmania dates 
back to 1891. Over the last 120 years, it has been mined 
intermittently at several localities. Until the 1970s, many 
of the high-quality specimens were either destroyed or 
used for industrial applications. In 1970, “crocoite king” 
Frank Mihajlowits leased the Adelaide mine and began a 
string of major discoveries. Among these was a water- 
course discovered in 1990 that was worked on for 14 years 
and yielded thousands of superb specimens. 

In 2004, Mihajlowits sold the mine to Adam Wright’s 
newly established Adelaide Mining Company, which con- 
tinues to work the deposit. A major new pocket of cro- 
coite found in 2012 was of great excitement to mineral 
collectors. The opening of this watercourse is about one 
meter wide and two meters tall. Crocoite crystals of vari- 
ous lengths protrude at different angles to each other. 
This discovery is called the “Red River find,” and the 
watercourse has been broken into from below with no 
end to the channel found as yet. Many of these superb 
specimens were exhibited at the 2012 Tucson show. 

Tao Hsu 


Peridot, pyroxene, and plagioclase: Mantle megacrysts 
from Lunar Crater volcanic field in Nevada. C. F. 
Brink, Rock # Gem, November 2012, pp. 26-30. 

Megacrysts within xenoliths transported by explosive vol- 

canic eruptions to the surface are fingerprints of the earth’s 

upper mantle and possible collectors’ items. 

Lunar Crater is located in Nye County, Nevada. It is a 
Quaternary alkali basaltic field with lava flows, cinder 
cones, and maars covering more than 100 square miles of 
Nevada desert. At numerous alkali basaltic volcanic fields 
in the western United States, ultramafic mantle xenoliths 
of peridotite, dunite, lherzolite, and monomineralic 
xenocrysts are found in lunar craters. Olivine, pyroxene, 
plagioclase, hornblende, and magnetite ranging from a 
few millimeters to centimeters are common megacrysts. 
These megacrysts are usually ejected from the volcanic 
vent as the cores of volcanic bombs. Bomb morphology 
can vary considerably due to different viscosities of lava. 
While these magacrysts can provide scientific informa- 
tion on the upper mantle composition, the authors are 
interested in their possible gemological significance. 
Peridot, the green variety of olivine, is reported to occur 
in nodules up to 50 cm. But the crystals are highly frac- 
tured, making them unfit for faceting. Plagioclase crystals 
from the lunar crater can be clear to translucent white 
and show typical feldspar twinning. Pyroxene megacrysts 
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found in the lunar crater are usually the augite variety 
and apple green, bottle green, or nearly black. 

Minerals in the Lunar Crater volcanic field are abun- 
dant and easily accessed. Volcanic bombs contain exotic 
xenocrysts of possible gem significance, making this a 
worthy destination for rock hunters. 

Tao Hsu 


INSTRUMENTS AND TECHNIQUES 


Paramagnetic hole centres in natural zircon and zircon 
colouration. M. Klinger et al., European Journal of 
Mineralogy, Vol. 24, No. 6, 2012, pp. 1005-1016. 

This article explores atomic defect centers (color centers) 
of natural zircon from three localities (North Carolina, the 
Massif Central in the south of France, and the Ural 
Mountains of Russia). The origin of zircon coloration is lit- 
tle discussed in the spectroscopic literature. This study 
further explores paramagnetic properties and optical 
absorption, and also suggests additional constraints in the 
nature of some of the color centers occurring in natural 
zircon. 

Electron paramagnetic resonance (EPR, an absorption 
technique using magnetic fields to measure transition 
energies in atomic defect centers) and optical absorption 
spectroscopy are used on a heterogeneous sample group of 
eleven small untreated zircon crystals. The findings indi- 
cate an obvious correlation between colors and certain 
paramagnetic defect centers in the crystal structure. 
However, the EPR studies also show that the presence of 
tetragonal centers of trivalent rare-earth elements and 
niobium is not directly related to any specific zircon col- 
oration. 

The paper discusses the highly technical EPR spectral 
indications for electron and hole defect centers (e.g., angu- 
lar dependencies and crystal axes; principal g-values, etc.), 
as well as the intricate substitutional charge patterns 
which reflect the isomorphism of zircon. 

The optical absorption spectra in samples from the US 
and France (from colorless through pinkish to reddish and 
brownish) show one type of spectra, two broad bands, 
340-350 nm and 510-515 nm. The Russian samples (from 
colorless through yellowish-brownish) are different, 
showing a more complicated spectra of three dominant 
bands at 320, 390, and 420 nm and a weak band at 510. 

The results confirm that the subdivision of these two 
common color series is meaningful. ERB 


TREATMENTS 


The “glet filling”: The filling of the cracks in precious 
stones under scrutiny. E. Vleeschdrager, Le 
Bijoutier Internationnal, No. 797, October 2012, pp. 
55-57. 


GEMOLOGICAL ABSTRACTS 


This short article discusses several important aspects of 
crack-filling in colored stones and diamonds: the differ- 
ences in market values between included and filled stones, 
especially in high quality goods; the impact of nondisclo- 
sure within the supply chain; a brief discussion of different 
methods of filling and their limitations; and, finally, meth- 
ods of detection. 

Several similar methods of filling cracks (“glets”) have 
been developed under such names as Yehuda and Koss 
(Israel) and Diascence, Genesis Enhanced, and Goldman 
Oved (New York). One of the filling methods discussed in 
more detail, the Koss system developed at least ten years 
ago, limits the rainbow or “flash” effect (the yellow- 
orange color flashing into electric blue under dark field 
microscopy) characteristic of many other filling methods, 
and useful for identifying the presence of a filler. 

Regardless of method, the visual improvements 
achieved from filling cracks with oils or the more modern 
vitreous, high-RI materials is temporary; eventually the 
tears and cracks become visible after a few months or 
years. Fillers degrade with time and by environmental 
conditions. Some dry out to reveal noticeable residue; 
others deteriorate with exposures to ultrasound, ultravio- 
let, heat, acids, and chemical cleaners. 

Several methods of detecting fillers are briefly men- 
tioned. Gemologists commonly use magnification to 
observe bubbles, filler textures, the flash effect, and 
effects of deterioration. Advanced instruments such as 
the scanning electron microscope, X-ray fluorescence 
analysis, and Raman spectroscopy easily reveal the pres- 
ence of filled glets. ERB 


MISCELLANEOUS 


Trade fair & play fair, says gem trade. Israel] Diamonds, 
No. 242, 2012, pp. 51-53. 
Consumer confidence and globalization has led to 
increasing public awareness of how the goods are made 
and where they are sourced. The article discusses how the 
colored gemstone industry is taking steps to create condi- 
tions that are fair and decent for miners and others 
involved in the industry, just as the global diamond 
industry has done with the Diamond Development 
Initiative and the Kimberley Process. The Fair Trade 
Gems project was launched by the Columbia Gem House 
firm and is the first jewelry industry company to join the 
Fair Trade movement. The Quality Assurance and Fair 
Trade Gems Protocols that were created were designed to 
increase the standard of living for the miners and gem 
cutters and also include environmental protection, fair 
labor practices, and health and safety standards. 
Protecting the quality and integrity of the product is an 
important feature of the Fair Trade Gems program, as it 
extends the protection to consumers, who deserve to 
know exactly what they are buying. MK 
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EDITORIAL 


INTEGRATING G&G with 
GIAs Gemology Education 


One of the things I’ve always wanted to do is create synergy between 
GIA’s gemology courses and Gems ¢ Gemology. Many of the student 
assignments incorporate research from the journal, and adding GexG 
articles as references would provide support and validation for the infor- 
mation in our coursework. 


As we added video media to our eLearning courses, we featured 
interviews with many of GIA’s research scientists, some of whom were 
also Ge>G authors. Providing their articles to our students was a natural 
next step. 


In the past, I had discussed this idea with Alice Keller when she was editor-in-chief of GerG. 
Although everyone was willing, we had no practical way to achieve it at the time. Now that every 
issue is available free of charge on the redesigned GIA website at www.gia.edu, we can realize this 
ambition. 


Beginning with our Diamonds e& Diamond Grading eLearning course, we'll provide links at the 
end of every assignment to specially chosen GerG feature articles. 


Besides illuminating some of the source material for our coursework, links to supporting articles 

will provide a truly meaningful pathway into the resources on our new website. Students with 
inquiring minds will find many 

avenues of interest. Besides illuminating some of the source material 
For example, [believe a good number [27 9147 coursework, links to supporting G&G arti- 
of students would choose to explore —_ cles will provide a truly meaningful pathway into 


the important G&G articles on the resources on our new website. 
colored diamond, diamond treatment, 


or diamond synthesis. Others might also download articles focused on mining, production, and 
the diamond supply chain, or read about the many famous gems examined or graded by GIA’s 
laboratory. 


This tie-in exposes the tremendous amount of important work that Ge~G authors—both 
internal and external to GI[A—have done to enrich our collective knowledge on the many aspects 
of diamond, and makes it available to a wider, and younger, audience. 


We'll also provide a short student study guide that explains the structure of a typical feature 
article and explains how to navigate one. 


In time, we'll add similar links to relevant GeG articles in our other gemology courses. 


Let me take this opportunity to thank all our current GerG print subscribers and online users. I 
hope to welcome many more of you in the near future. 


DH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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STEATITE, SERPENTINE 


The figure (A) has been carved from Steatite (massive 
tale) which is often used as a jade substitute. The large piece 
of Serpentine (B) is from Lizard, Cornwall. When all green, 
Serpentine is also frequently used as a jade substitute. Speci- 

x. mens from the collection of British Museum (Natural History), 
London. 


PLATE XXX] 


Printed in England. 


a AMOS ARTICLES 


OPTIMIZING FACE-Up APPEARANCE IN 
COLORED GEMSTONE FACETING 


Al Gilbertson 


The human visual system interprets visual cues to perceive different intensities of brightness. Patterns of 
light and dark contrast create impressions of brightness in faceted gemstones. These patterns generally 
remain coherent in the viewer's eye when the gemstone is tilted or rotated. Using computer-generated 
color-coded contrast maps in facet planning can improve apparent brightness, optimizing a gemstone’s 


appearance. 


here are many challenges in choosing a facet 

arrangement that optimizes a colored stone’s 

face-up appearance. What contributes to an at- 
tractive appearance? In the field of cognitive science, 
experts have identified rules that govern our percep- 
tion of visual cues such as line, color, form, brightness, 
contrast, and motion. The subconscious processing of 
these cues is the work of each person’s “visual intelli- 
gence system,” wherein every aspect of our visual ex- 
perience is framed. In gemstones, brightness depends 
on how we process visual cues, so some patterns ap- 
pear brighter than others even when the measurable 
light return is identical. Studying these rules can help 
formulate design strategies to make gemstones 
brighter and more interesting. Tools exist for exploring 
these aspects of appearance. Using these, cutters can 
choose elements that will optimize the design. Effec- 
tive design requires an exploration of the best angle 
combinations and placement of facets for a given ma- 
terial. Nevertheless, choices about appearance are 
personal. And while preferences vary, this study as- 
sumes the goal of improving scintillation while main- 
taining as much brightness as possible. Most colored 
stone cutters understand their own preferences regard- 
ing visual contrast, depth of color, spread (shallow or 
deep), brightness, and scintillation. By understanding 
certain aspects of optimization, they can modify de- 
signs to suit their own preferences. Ultimately, this 


See end of article for About the Author and Acknowledgments. 
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will lead to a faceted gemstone with maximum appeal 
given the constraints of the material at hand. This 
paper focuses on gems with colors that are not easily 
weakened by pronounced brightness or darkness, sim- 
ilar to the medium range of tone and strong saturation 
found in peridot (figure 1). 


UNDERSTANDING BRIGHTNESS 

AND CONTRAST 

Understanding what creates the impression of bright- 
ness can help us map and plan areas in a gemstone 
to enhance observed brightness. 

Cognitive scientists understand much of the com- 
plexity of the stimuli processed by our visual system. 
For example, even though variations in lighting re- 
sult in varying wavelengths of light reflected from a 
colored surface, our visual intelligence system actu- 
ally works as a subconscious processor, assigning a 
constant hue, saturation, and tone (which scientists 
refer to as “lightness”. This collaboration between 
the visual system and the brain is constantly extract- 
ing information from a flood of sensations to con- 
struct a visual world. In the words of leading 
cognitive scientist Donald Hoffman (1998), “You are 
a creative genius. Your creative genius is so accom- 
plished that it appears, to you and others, as effort- 
less. Yet, it far outstrips the most valiant efforts of 
today’s fastest supercomputers. To invoke it, you 
need only open your eyes.” 

These scientists work primarily with two-di- 
mensional printed (opaque) images or flat images on 
a computer monitor, and they consider brightness a 
subjective attribute or property of an object being 
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observed. Gemstones are three-dimensional and 
transparent, and the light reflected from within 
them has a greater impact on their face-up appear- 
ance than the light reflected from the surface. Our 
visual intelligence processes visual cues so we see 
a gem that seems to generate light from within it- 
self, in a pattern that changes as the gem moves. 
This pattern is generated by the interaction of light 
with the faceting design. 

Jose Sasidn, a professor of optical sciences at the 
University of Arizona, explains that while looking at 
a gem, the observer appears to see more facets than ac- 
tually exist. Sasian (2007) calls these “virtual” facets. 
These perceived facets are a result of different levels 
of contrast, caused by light striking all the facets and 
then splitting, creating the appearance of many more 
facets. 

How we interpret visual cues is critical to under- 
standing what creates a gemstone’s beauty, and by 
studying these cues we can identify the elements to 
include in gem design. 


Figure 2. Observers see a bright, luminous triangle in 
the center of both figures, even though there are no 
defining lines. Cognitive scientists attribute this “in- 
visible surface map” to how our brain interprets visual 
cues provided by the contrast of light and dark. From 
Kanizsa (1955). 


Figure 1. The concepts 
dealing with bright- 
ness, scintillation, and 
overall appearance are 
best evaluated in a gem 
whose color is not eas- 
ily weakened by mak- 
ing it bright or overly 
dark, such as peridot. 
Photo by Robert Wel- 
don, © GIA. 


The following is a general overview of the visual 
cues relevant to faceted, transparent gems. 


Invisible Surfaces. Termed by some vision scientists 
as “the invisible surface that glows,” the illustration 
created by G. Kanizsa (1955) shows two different tri- 
angles that are more luminous (i.e., brighter) than the 
background, and whose borders are easily observed 
even though there are no lines defining them (figure 
2). Using a photometer, one cannot detect any edges 
of the triangle. The borders and luminosity are purely 
the construction of the observer’s visual intelligence 
system. The brain uses a variety of cues to construct 
these images, which we will refer to as “invisible sur- 
face maps.” In figure 3, the invisible surface map on 
the left has a more luminous square area than the 
map on the right. How the brain perceives the lines 
that resemble small “check marks” causes this duller 
effect. 

In the three “plus-symbol” outlines in figure 4, the 
first contains a square luminous area in the center. In 
the second image, the sides of the square bow inward 


Figure 3. The visual contrast cues in this pair of invis- 
ible surface maps are different, causing our brain to 
interpret the left square as brighter than the right 
square. From Albert (1955). 
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Figure 4. These “plus-symbol” outlines have slightly 
different visual cues. The first contains a square 
bright middle area. In the second, the square appears 
to have concave sides due to the four dots. With the 


third, the bowing has been removed by shifting the 
four sets of lines. From Petry (1987). 


due to the addition of visual cues (the four black dots). 
In the third image, the bowing disappears because the 
four sets of lines have been shortened to square up 
with the black dots. (Note: The brain can interpret vi- 
sual cues in more than one way. For example, some 
see a circular rather than a square luminous area in 
the leftmost image.} 

Varying combinations of bright and dark can 
cause the observer to perceive different intensities of 
brightness. This does not address personal prefer- 
ences for different combinations. For example, the 
invisible surface maps in figures 5A-5G demonstrate 
various visual cues that create a bright circular area 
in the center. In each of these examples, the different 
cues and their arrangements result in varying degrees 
of perceived brightness, leading to the impression of 


an edge that is not really there—the invisible surface. 
Different types of pattern elements (such as blunt 
lines, dots, or wedges) can produce similar appear- 
ances, depending on how they are arranged. Elements 
of varying brightness can also be embedded or 
stacked within each other (figures 5H—5J], creating 
multiple bright areas. Shifting the center of these em- 
bedded areas (figure 51) does not disturb the impres- 
sions of brightness; the center has moved along with 
the areas of contrast. Although these areas show 
strong contrast, they are still coherent and bright, 
much like when a faceted gemstone is rocked. They 
are also present in non-round shapes such as the mar- 
quise or oval, as shown in figure 5J. 

The ability to see these illusory bright areas in an 
invisible surface map is enhanced by movement. 
When the image in figure 6 was “flickered” rapidly 
on a computer monitor, the illusory center became 
brighter. When the flickering image was also rotated, 
the apparent brightness increased significantly. The 
flashing of light and dark patterns caused by rotating 
and flickering the image equates to the scintillation 
seen when we move a gemstone back and forth. 
Stronger contrast (black or gray areas against white 
backgrounds) also equates to stronger scintillation. 
Vision scientists have found that in certain cases an 
image stays organized or coherent in a viewer’s mind 
when the direction of observation is changed, as 
through movement. 


Figure 5. These invisible surface maps have slightly different contrast cues, resulting in the impression of bright or 
luminous circles (A-G). Contrast cues can also be stacked or embedded within each other (H-J) to give the impres- 
sion of multiple areas of brightness. 
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Brightness Contrast. Appraiser Michael Cowing, 
FGA, has published several articles on evaluating di- 
amond cut quality, coining the term “brilliance con- 
trast” to describe how contrast causes the brightness 
observed in diamonds (2009). Each of the circles in 
figure 7 is 50% dark and 50% light by surface area. 
A light meter confirms that each one is equally 
bright when printed on paper (even the gray ones). 
The checkered pattern of the bottom left circle 
makes it perhaps the most visually interesting. If a 
gem were able to return 100% of the light (all white], 
and no dark areas were visible, it would measure 


In Brief 


e A gem’s brightness and attractiveness depends not only 
on how much light is returned but also on the contrast 
pattern or contrast distribution created by virtual facets. 

e An idealized contrast plot shows the types of contrast 
distribution that contribute to effective gem designs to 
be used by faceters. 

e Following rules for optimization, such as creating a 
design with the right contrast distribution, improves a 
gem’s appearance and increases its fire. 


brighter than a stone with dark areas of contrast— 
but its appearance would be far less appealing. For in- 
stance, the right column in figure 7 seems duller than 
the left due to weaker contrast. These images show 
that while good light return is an important aspect 
of “brilliance,” contrast is a critical factor in face-up 
brightness. Obviously, there comes a point when too 
much darkness or a poor distribution of darkness is 
less pleasing. 


Figure 6. Observers see a markedly increased bright- 
ness in the center circle when this invisible surface 
map is flickered on a computer monitor. When the 
image is rotated and flickered simultaneously, the 
brightness further increases. From Petry (1987). 
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Figure 7. Each of these circles is 50% dark and 50% 
light by surface area. Yet the circles on the right are 
dull due to weak contrast. A gemstone’s visual interest 
depends on good contrast. If it returned all light and 
had no contrast, the gemstone would be uninteresting. 


Figure 8 shows a common optical illusion known 
as “White's Illusion.” Although the rectangles in B 
seem darker than those in A, they are actually of 
equal luminance. In fact, they have the same gray 
color. The gray areas embedded in dark stripes (A) ap- 
pear brighter than the gray areas embedded in white 
stripes (B). This illustrates the concept of “lateral in- 
hibition,” in which the perceived brightness of an 
area depends upon its surroundings (White, 1979). 


Figure 8. The rectangles on the right appear darker 
than those on the left, but they are actually the same 
shade of gray. This demonstrates that the perceived 
brightness of an area depends on the surroundings 
and the contrast. From White (1979). 


—— : 
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In figure 9, the horizontal stripe and all six boxes 
have the same brightness and color, but the squares’ 
apparent brightness depends on the contrast of the sur- 
rounding area. In this illusion demonstrating “simul- 
taneous lightness contrast” (an example of lateral 
inhibition), apparent lightness is different from quan- 
titative lightness, the real measurement of the total 
lightness reflected from an object. The phenomenon 
also occurs when a colored area is placed on a dark 
background, making it appear clearer, brighter, or 
more luminous. In figure 10, for example, the navette 
shapes at the bottom are identical, but they appear to 
be different colors when placed on alternating light 
and dark backgrounds (C). The difference is accentu- 
ated with the addition of an interwoven background 
(A and B). 


Summary of Vision Science. Combining the ideas of 
invisible surfaces and brightness contrast, we can de- 
rive that darker contrast, placed in the right locations, 
can give faceted gems a brighter appearance. The areas 
of contrast need to be evenly distributed and not 
grouped together; this is particularly true for areas 
under the table. Our eye tends to gravitate toward the 
center to gather an overall impression of brightness. 
The diagrams in figure 11 illustrate how the place- 
ment of dark areas affects brightness. The patterns are 
identical but contain varying levels of contrast. The 
image of highest contrast (bottom right, for most ob- 
servers) also has the brightest-looking center. This is 
a common goal in facet design, as dark centers, or 
“nail heads,” are undesirable in the jewelry trade. 
From cognitive science we know that the appar- 
ent brightness of an invisible surface of definable 


Figure 9. The stripe and the small squares are all the 
same shade of gray, again illustrating that perceived 
brightness relies upon its surroundings and the con- 
trast, which changes as the environment changes. 
From Purves (2011). 
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Figure 10. The navette shapes throughout this image 
have the same tone but appear darker or lighter de- 
pending on the adjacent areas. From Sarcone and 
Waeber (undated). 


shape results from certain visual cues relating to dif- 
ferences of light and dark. The effect is further en- 
hanced by movement, and invisible surfaces can be 
stacked or embedded within each other. Strong con- 
trast makes a gemstone appear brighter and more ap- 
pealing, and the position of the contrast is also 


Figure 11. Varying the levels of contrast affects the ap- 
pearance of brightness. Each circle has the same pat- 
tern, but the areas of contrast vary in strength. The 
circle with the highest contrast (bottom right) has the 
brightest-looking center. 
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important. Scintillation is more dynamic when there 
is strong contrast between adjacent virtual facets. 

If we understand what causes the cues for bright- 
ness in any shape, we can use this information to de- 
sign effective facet patterns by using strong contrast 
and ending the lines of contrast to produce a bright 
center. A gem’s brightness and attractiveness depends 
not only on how much light is returned—angles are 
still important—but also on the contrast pattern cre- 
ated by virtual facets. Once an effective pattern is es- 
tablished, the major elements of that pattern must 
remain in effect when the gem is tilted to maintain 
the appearance of brightness. This means that the 
pavilion angles cannot be cut near an angle that allows 
the gem to “window,” letting light leak through. If the 
slightest tilt interrupts the pattern due to a window, 
the pattern is not effective because the contrast pat- 
tern has been eliminated. The impact of these effects 
may vary according to the level of brightness, as dic- 
tated by refractive index and color saturation. 


TOOLS FOR ASSESSING CONTRAST 
If contrast is an important part of faceting various gem 
materials, there needs to be a reliable method to de- 
termine elements of contrast. Most critical is the con- 
trast caused by the reflection of the observer’s head 
and torso. Harding (1975) first identified this critical 
element: the effect of an observer’s head blocking rays 
of overhead illumination. He calculated the rays re- 
turned from the gem to the viewer's eyes, as well as 
the illumination blocked by the viewer's head. 
Regarding head obstruction, Harding writes, “For 
ultimate liveliness it should be possible to see reflec- 
tions in the table from both sides of the pavilion with 
both eyes at once. At a viewing distance of one foot, 
as shown in [figure 12], the angle between reflections 
to both eyes (two different rays) is about 12°. To see 
reflections from both sides with both eyes, therefore, 
the minimum external table reflection angle must be 
at least 6°.” While not directly discussing the need 
for contrast, Harding alluded to its importance. Of 
course, liveliness stems from scintillation, the result 
of strong contrast between neighboring facets when 
the gem, the light source, or the observer moves. 
This concept was also part of Kazumi Okuda’s 
groundbreaking work in about 1980. His experiments 
with reflectors—“hearts and arrows” viewers have 
evolved from these devices—led to the FireScope™ 
introduced by JDM in Japan. JDM used the black re- 
flection of the lens as a dark contrast against a red re- 
flecting field (figure 13). Studying the black reflection, 
they determined the importance of certain reflection 
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Figure 12. A gemstone’s liveliness is the result of scin- 
tillation: the strong contrast between neighboring 
facets when the gem, the light source, or the observer 
moves. An observer's head (shown from above) ob- 
structs overhead light, causing a sharp change in the 
light streaming into the gem. Note that at a viewing 
distance of one foot (approximately 30 cm), the angle 
between the two reflected rays that return to both 
eyes is about 12°. From Harding (1975, figure 8). 


patterns in diamond appearance, as shown in an un- 
dated FireScope brochure, circa 1987. 

It should be noted that an observer both blocks 
light from the rear and reflects light from the front 
or side. In most environments, however, far less light 


Figure 13. The FireScope by JDM uses the black reflec- 
tion of the viewing lens as a dark contrast against a 
red reflecting field. Studying the patterns of different 
diamonds, JDM concluded that the most attractive 
diamonds have a certain contrast pattern. From an 
undated FireScope brochure, circa 1987. 
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Figure 14. These photos show 
the same gemstone under dif- 
ferent viewing conditions: (A) 


is reflected into the gem from the observer's head and 
shoulders than from around and above the observer. 
The observer’s reflection therefore serves as the 
major source of contrast in the lighting environment. 

To better understand this, consider what a faceted 
gem might look like in a totally diffuse white-lit en- 
vironment (figure 14). If the gem reflected nothing 
but white light, it would have no contrast (A). If you 
were to cover your face and shoulders with a fluores- 
cent red mask and view the gem in the same envi- 
ronment, you would see red contrast (B). If you 
moved closer to the gem, there would be even more 
red reflected throughout it (C). 

In 1997, this author started experimenting with 
color coding of light (and contrast) entering a stone 
from various angles (“Reflector technologies,” un- 
dated). By constructing a hemisphere or dome with 
concentric rings of color (figure 15) and viewing the 
stone through an aperture at the top of the dome, one 
can see that the gem gathers its light from the col- 
ored rings. DiamCalc, a 3D modeling program intro- 
duced in Russia in March 1999, uses ray tracing to 
alter the proportions and angles of a diamond image 
viewed on a computer monitor. By 2000, color-coded 
lighting environments were added, allowing the 
modification of angle of arc as well as color. Diam- 
Calc can model virtual polished gemstones in a vari- 
ety of realistic lighting environments, including 
GemCad’s ISO and COS, Fire Scope™, Ideal-Scope, 
ASET (Angular Spectrum Evaluation Tool), and AG, 
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under totally diffused white 
light; (B) under the same en- 
vironment, with the observer 
wearing a red mask and gar- 
ment; and (C) with the ob- 
server standing closer. From 
these, it is apparent that the 
observer sees much of their 
own reflection, as dark con- 
trast in the gemstone. 


the author’s own environment. GemCad is a popular 
computer-aided design (CAD) program used to create 
accurate 3D models of a faceted gemstone. DiamCalc 
accepts GemCad and other designs and allows 
changes in table size and girdle thickness, as well as 
facet angles and azimuths, for a variety of standard 
shapes. DiamCalc can also create motion pictures of 
a gem being rocked or otherwise moved from side to 
side in these lighting environments. The software is 
widely used in the diamond cutting industry to plan 
rough and design new cuts. It can accept files from 
GemCad (.asc format), Sarin (.srn), Helium (.mmd], 
and Autodesk (.dxf or .stl), as well as certain .txt files. 
It can generate the following file formats: Autodesk 
DXF (.dxf), GemCad (.asc), and binary and ASCII STL 
(both in .stl format). For colored stone cutters, it al- 
lows variations in refractive index for modeling var- 
ious gem materials. 

DiamCalc does not model double refraction, so the 
effects of a closed or dark c-axis cannot be predicted. 
Many stones are dichroic, which means one sees dif- 
ferent colors in different directions through the gem. 
Some gems with this property will show nearly iden- 
tical colors in all directions, while some will show only 
differences in color density (darker or lighter tone). For 
example, tourmaline often has extreme dichroism, and 
this characteristic is referred to by many gem cutters 
as a “closed c-axis” or “dark c-axis.” In other words, 
light does not pass through one axis (direction) of the 
stone, or only passes in a limited amount. 


Figure 15. Gemstones 
gather light from the sur- 
rounding viewing environ- 
ment. When placed under 
a hemisphere lined with 
concentric rings of various 
colors (left and center), a 
gemstone (right) returns 
the colors of the dome. 
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Comparison of Two Important Models. While Diam- 
Calc supports a variety of lighting environments, 
this paper deals with two of particular value in de- 
sign optimization: AG and ASET (figure 16). These 
are variations of the color coding of light entering a 
diamond from specific surrounding arcs, patented in 
2000 (Gilbertson, 2003) and 2004 (Caudill et al. 
2.008), respectively. While either can be used as a pri- 
mary environment for planning or as a secondary 
double check, the AG environment offers certain ad- 
vantages as the primary. Comparing the three-color 
ASET and the five-color AG patterns for the same 
stone, observe how their angles of light orientation 
differ. Key information about both the observer 
(black, 83°-90°) and the lower angles of light entry 
likely producing a strong contrast (dark violet, 
40°-55°) are not represented well in the ASET image. 
Three color-coded zones do not provide enough in- 
formation, as certain patterns with strong contrast 
(black) can produce some of the visual cues leading 
to different preferences. 

If a design is planned with AG and then checked 
with ASET, however, nuances and slight weaknesses 
in design can be captured and modified later. These 
examples represent diamond’s RI and the sets of an- 
gles considered optimum for diamond appearance. 
Since individuals may prefer different patterns, 


ASET (+ white) 


Green = 0° (horizon) to 45° 
Red = 45° to 75° 
Blue = 75° to 90° 


Light Blue 
0° (horizon) to 40° 
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which can vary depending on RI, it is advisable to de- 
termine personal preference before analyzing pat- 
terns with AG and ASET lighting. 

DiamCalc also allows the background to be color- 
coded. A black background is the default setting for 
both the AG and ASET environments, but white is 
also available. Areas where light passes through the 
gem from the background (“windows”), are indicated 
as white in the contrast plot when using the white 
background. 


PRACTICAL APPLICATION 


Past work can be useful for further understanding the 
AG lighting environment. For example, both GIA 
and the American Gem Society have determined 
that the most appealing round brilliant-cut diamonds 
have a balance of contrast and brightness (GIA, 2006; 
Sasidn, 2007). The contrast maps of a typical well-cut 
diamond are shown in figures 16 and 17 to illustrate 
the relative balance of the various color-coded light 
entry angle ranges. Much like the invisible surface 
map examples in figure 5, these color-coded contrast 
maps can explain the pattern seen in the cut gem 
with AG lighting (figure 17). 

With the AG environment, note that there is very 
little black (83°-90°). The black areas representing the 
retro-reflection of the observer should be minimized 


AG (+ white) 


Light Blue = 0° (horizon) to 40° 
Dark Violet = 40° to 55° 

Green = 55° to 70° 

Red = 70° to 83° 

Black = 83° to 90° Figure 16. Two of the 
light color-coding mod- 
els supported by Diam- 
calc—AG and 
ASET—can be used for 
mapping contrast in 
gemstone designs. Dif- 
ferent aspects of con- 
trast in the same 
gemstone can be seen 
using the three-color 
ASET environment and 
the five-color AG envi- 
ronment. 
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or removed in planning colored stones. The lowest an- 
gles of light entry represented by violet (40°-55°) will 
appear darker, along with any areas of windowing, 
which produces a very nice balance of varying con- 
trasts within the gem. These examples are comparable 
to the dark areas in the invisible surface maps. 

The contrast maps display a substantial amount 
of green, which is represented by light coming from 
around the observer’s head (55°-70°). The red (70° 
83°) is arranged in a narrow, wagon-wheel pattern 
from the girdle edge to the near-center. Red areas can 
appear dark or bright, depending on the observer’s 
proximity to the gem or how much it is tilted. Both 
of these colors indicate the primary areas of bright- 
ness in a gem, comparable to the white area in the 
invisible surface maps. An effective design requires 
these areas of brightness to be prominent and well 
distributed, with the dark areas creating a balanced, 
contrasting pattern in the gem. 

Contrast maps are similar to a much more com- 
plex stacked invisible surface set (such as figure 5H- 
J). As the invisible surface maps are moved and 
rotated, the apparent brightness increases dramatically 
and remains organized in a viewer's mind even when 
the direction of observation is changed. This means 
that movement (rotating and flickering} of the invisi- 
ble surface maps is comparable to the scintillation 
seen when a gemstone moves back and forth. With 
the proper types of contrast in adjacent virtual facets 
of the red areas, the gem will be more interesting and 
attractive, and in many cases appear brighter. Note 
that while brightness may be the goal, too many areas 
of brightness can lighten the saturation of the color in 
large portions of the gem, lowering its market value. 


EXAMPLES 

Figure 18 shows examples of various gems purchased 
from the trade for GIA’s Dr. Eduard J. Giibelin Col- 
lection. The individual gems were scanned using a 
non-contact measuring device to derive the facet an- 
gles and arrangement. A photo of each gem, showing 
the representative pattern viewed face-up, is accom- 
panied by an AG contrast map derived from Diam- 
Calc. The observer's face and torso are about 18-20 
inches from the stone, and the photo captures a good 
representation of what the observer would typically 
see in the gem. The following is a brief discussion on 
the appearance of each gem. 

Figure 18A: This native-cut golden sapphire (RI 
near 1.77) is particularly bright because the center of 
the gem reflects light gathered from around the ob- 
server and returns that light to the observer. Yet the 
outer areas window slightly, and in lighter colored 
gems this is distracting. This view can be explained 
by looking at the color-coded contrast map (AG with 
white contrast map]. Red and green indicate higher- 
contrast areas that provide some brightness in those 
parts of the gem. Note that these extend out to the 
girdle, which is very important. The outer areas con- 
tain blue, resulting from lower-angle lighting. The 
outer white areas are the windows where the ob- 
server sees through the gem. 

Figure 18B: When gently rocking this apatite (RI 
near 1.64), the observer sees much of their own dark 
reflection in the middle. The apparently bright outer 
edges in the photograph of the stone are actually dull, 
the observer sees through the gem. This produces a 
stone that is not very attractive or visually dynamic. 
The black area of the color-coded contrast map (AG 


Figure 17. For this sample gemstone, there is little black (retro-reflection of the observer) in the AG environment. 
Red reflection (70°-88° arc) is arranged in a narrow, wagon-wheel pattern from the girdle edge to the near-center. 
Red will be bright when the gemstone is held at some distance, but dark if the gem is close to the observer. The 
evenly distributed green shows where light is returned from around the observer's head (55°-70° arc). Violet (40°- 
55° arc) comes from a low angle on the horizon and is generally dark. The lowest angles (0°-40° arc) would be seen 
as light blue. Together, these work to compose a uniformity of varying contrasts within the gem. 
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Figure 18. Four gem- 
stones from GIA’s Dr. 
Eduard J. Gtibelin Col- 
lection were scanned 
using a non-contact op- 
tical measuring device 
to obtain a 3D image of 
each. Photos showing 
the representative pat- 
terns when viewed face- 
up are equated to the 
AG contrast maps de- 
rived from DiamCalc. 


with white contrast map) is a reflection of the ob- 
server. Red and green indicate higher contrast areas 
of brightness, and some of the outer areas contain 
dull blue-green, resulting from lower-angle lighting. 
Again, the outer white areas are windows. 

The next two examples show better cut optimization: 

Figure 18C: Despite this amber’s soft appearance 
(RI near 1.54) caused by facets that are slightly 
rounded and less crisp, its brightness—even when 
rocked—comes from effective use of high-angle entry 
light to provide dynamic contrast and minimal ob- 
server reflection (black). In the red areas of the map, 
the observer's reflection may come into view when 
the gem is slightly tilted. The prominent green areas 
represent a large amount of bright light entering the 
gem. The even distribution of red and green from 
culet to girdle adds to the attractiveness. Minimal 
areas of blue (lower-angle lighting) and white (win- 
dowing} keep this gem bright. 

Figure 18D: This grossular garnet (RI near 1.74) is 
bright and does not window easily, even when 
rocked. Its brightness comes from the effective use 
of high-angle light entry to create a good mix of dy- 
namic contrast, with little reflection of the observer. 
Red areas indicate that when the gem is slightly 
tilted, the observer’s reflection may come into view. 
The abundance of green areas helps by directing 
bright light into the gem. For maximum visual ap- 
peal, the red and green areas should be evenly distrib- 
uted and extend from culet to girdle. In this map, 
there is little blue (lower-angle lighting) or white 
(windowing). 


APPLICATION TO GEMCAD-BASED OR 

3-D WIREFRAME DESIGNS 

The following discussion provides examples of how to 
read and interpret the AG contrast maps to optimize 
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cutting schemes. Six different GemCad designs specif- 
ically for quartz (or other gems with an RI near 1.55) 
were chosen from the DataVue file of GemCad de- 
signs. The name of the design, the creator, and the pub- 
lication where it first appeared are listed. Each shows 
a table where the pavilion depth and crown height 
change by 1% of girdle width (and all pavilion and 
crown angles change accordingly). The resulting angles 
can be obtained from the GemCad file, but for simplic- 
ity this article uses crown and pavilion percentage dif- 
ferences. The table size is constant, as altering it would 
result in many more combinations. The original de- 
sign’s proportions are outlined and marked “original.” 
For reference, the graphic design is also shown, accom- 
panied by a contrast plot for an idealized round bril- 
liant. The idealized contrast plot demonstrates the 
types of color distribution that contribute to effective 
designs. It serves as a visual reference for the types of 
dominant colors and balance that might be desired. 
Design 13022 (figure 19): This design performs well 
with a variety of angle differences. It is a very forgiving 
design that can be used with a variety of crown heights 
to better utilize the rough. But note that all of these 
contrast plots have a predominance of green in the 
middle. Where does the contrast belong? Green repre- 
sents brightness, but brightness alone is not terribly 
interesting. For more visual interest, a cutter could try 
a 46% pavilion/21% crown or a 47% pavilion/12% 
crown modification to add contrast. As mentioned be- 
fore, trying several patterns will help identify which 
specific elements are the brightest and most attractive. 
Design 13061 (figure 20): This example demon- 
strates the need for caution in trusting a cutting plan, 
regardless of the source. The original gem is fairly 
dull, perhaps due to a typographical error in the plan, 
a design not meant for quartz, or incorrect entering 
of the angles. While a large amount of red around the 
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Printed in England. 


RUBY 


The crystals shown here should be studied carefully. The 
triangular surface markings are characteristic of ruby crystals. 
Figure (A) shows the 162-carat “Edwardes Ruby.” The hexa- 
gonal growth pattern of corundum is clearly shown in the 
tabular crystals (B) and (C). Another crystal of this type is 
shown at (D) in a crystalline limestone, found in the famous 
Mogok, Burma deposits. Specimens from the collection of 
British Museum (Natural History), London. 


PLATE XXXII 


London Shield 


Norman Steele, Seattle Facet Design, 


PAVILION DEPTH % —————— 


44% 45% 46% 47% 


11% 


12% 


13% 


14% 


13% 


16% 


<——__ CROWN HEIGHT % 


17% 


18% 


19% 


20% 


See PES See SDS 
CeO SEES SS 
SPOS S & & > DS 
> & > & & & & > & & S 


21% 


Oct. 1988, p. 3 


48% 49% 50% 


S> > Be Se Se 


i 
> Bo Ge S> Ge De Se Ge Se Se & 


& Ge Be Ge Ge E> O Se Se ae OH 


ORIGINAL 


& & & ¢ 


Figure 19. In this design, the six center pavilion main facets tend to gather light from the same direction, without 
breaking it up much (seen here as large green center areas). For more visual interest, a cutter could try a shallower 
crown and pavilion, which would give it more contrast into the center. 


girdle edge does not always produce the best design, 
the 41% pavilion/11% crown combination may pro- 
vide the most contrast, with some blue at the girdle 
edge to break up the red. 

Design 13096 (figure 21): This design offers 
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abundant contrast, and the resulting gemstone 
would be quite dynamic. Whereas the contrast 
areas with combinations of red and red/black can 
slightly darken the stone, green/red is generally a 
better combination. Designs should minimize blue 
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Barion Old Mine Triangle 
Ben Dawson, Facets, June 1989 
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Figure 20. This design is fairly dull, and a much steeper pavilion and shallow crown would dramatically improve 


its appearance. 


points in the center. For this design, a 45% pavil- 
ion/11% crown or 41% pavilion/17% crown would 
be more effective. 

Design 13138 (figure 22): Of the triangular designs 
chosen for these illustrations, this is probably the 
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most dynamic example. It is another forgiving design 
and also has high contrast all the way into the middle 
of the stone, with greens and reds throughout. While 
the original proportion set has a little too much blue 
in that quadrant of the plots, it would still produce a 
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Gemfaire 94 


Jim Summers, New Mexico Facetor, Aug. 1994 
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Figure 21. This design presents high contrast. The cutter merely needs to choose steeper pavilion angles (>44% 
pavilion depth) and slightly shallower crown angles to avoid windowing. 


very good appearance. Slightly increasing the pavilion 
depth—for instance, 47% pavilion/14% crown— 
would improve the design. 

Design 13141 (figure 23): Note the prominence of 
red among these choices. The red areas start to pick 
up reflections of the observer (black areas) when 
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slightly tilted, sometimes darkening the stone 
slightly. Therefore, this design should not be used 
with dark material, and only with slightly light or 
medium colors. The original angle combinations 
offer a good balance between contrasts of different 
light-entry angles. If the material is slightly dark, a 
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Trilogy 


Robert Strickland, TFG Newsletter, Oct.-Dec. 1996, Vol. 17, No. 4, p. 18 


PAVILION DEPTH % 


' 1, B&G 
ti» BaAG 
2 on eh & 
»~ £4)/4 4 
i. te ae Gs & 
~§ £444 
i  & & & 
« B&B & 
 & & & & 
te fe & & 
=. 2 


47% 48% 


PPP P PE SO D> 
PREPS ESD & & 
@® Ge ge Ge Ge Fe Se Be Ge oe @ : 


Figure 22. This is a forgiving design with high contrast into the center. With pavilion depths from 43% to 49% and 
a crown ranging from 12% to 17%, all working effectively, this design can be adapted to shallow or thick rough. 


44% pavilion/12% crown will produce a little less 
darkness in the stone. 

Design 13146 (figure 24): Note that this gem has a 
narrow range of feasible pavilion depth. At 45%, there 
is strong windowing, which also occurs in the white 
area in the 46% column. While not shown here, tilting 
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the example in the 46% column will also produce win- 
dowing. At 50%, the substantial amount of blue (low- 
angle light entry) does not allow much brightness. The 
original proportions will work very well, but higher 
proportions of green in a contrast map—for instance, 
48 % pavilion/17% crown—are generally preferable. To 
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Brazil Cushion Triangle 1 


Richard C. Walker, Facets, Sept. 1988, p. 3 
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Figure 23. Another forgiving design with high contrast, this should be used with lighter materials. The red areas 
start to pick up reflections of the observer when the stone is tilted, darkening its appearance. 


achieve good contrast, the adjoining facets need to have 
offset angles. This design only does so in a very narrow 
range of proportions. 

Computer modeling can assist in effective design 
by simulating the best angle combinations and/or 
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modifying the design (adding or removing facets, or 
changing their placement). By using lighting schemes 
such as AG and ASET in design planning, facet 
arrangement can be optimized to produce the most 
visually interesting results. 
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Figure 24. This design is effective in a limited range of proportions and should be used with lighter materials. 


GENERAL CUTTING CONSIDERATIONS 2. Step cuts are more difficult to optimize. With 
1. Designs for equal-sided gems (e.g., square, round, the addition of four or more rows on the pavil- 
equilateral triangular) can easily be made more ion, the difficulty increases. In optimizing step 
dynamic. Elongated shapes are inherently more cuts, very careful attention must be paid to step 
difficult to optimize to the same degree. width, as well as the design execution. 
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Figure 25. Each image shows a 2° rotation clockwise from the previous image. A spot light source contributes a 
small amount of fire (seen here as red, blue, green, or yellow virtual facets). As the gem is rotated, some virtual 
facets go from light to dark (examples are circled). As a facet nears the border between light and dark, the observer 
will see fire. Some of these flares of color last through larger degrees of rotation than others (larger red circles). 
While not illustrated, when a facet only slightly darkens or lightens, fire is faint. Strong changes in contrast create 
stronger fire. More fire is exhibited by materials of higher dispersion values. 


3. Some designs are more effective for certain RI 
ranges than others. For example, the standard 
round brilliant is far more effective for gems 
with a high RI (diamond, zircon, etc.) than for 
lower-RI materials. 

4. The gem’s physical size also dictates design 
considerations. For example, when cutting a 10 
mm gem, a simple single-cut design with eight 
pavilion and eight crown facets (plus the table 
facet) is not as effective as a 57-facet round bril- 
liant design. A 181-facet design, for instance, 
does not succeed unless the gem is of substan- 
tial size, because tiny facets are less distinct 
and look “fuzzy.” 


5. Adding small facets to designs that contain 
large facets is rarely practical. For example, 
splitting stars into three small facets while 
leaving the others at a normal size will have lit- 
tle effect and may actually diminish the design. 
Often that center facet provides less contrast 
than if there were only two facets. 

6. Every now and then, faceters concern them- 
selves with dispersion, which jewelers refer 
to as “fire.” It is a measurement that indi- 
cates how much light is spread by different 
materials. Generally, lower-RI gems do not 
contain much visible fire. Adding color satu- 
ration to the material hides what little fire 
might be there. On the other hand, highly dis- 
persive gem materials (with dispersion values 
above 0.039) provide some unique opportuni- 
ties to display fire. This effect depends on two 
considerations: 


a. Lighting environment: Where the lighting is 
primarily diffused (e.g., reflected from a 
white ceiling with no direct spot-type 
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source directed at the gem], the observer 
will see little fire. If the lighting environ- 
ment provides strong contrast, using bright 
spot-lighting against a dark background, fire 
is strongly enhanced. 

b. Strong contrast: Areas of strong contrast in 
the gem will create fire as those areas alter- 
nate between dark and bright when the gem 
is rotated. Figure 25 shows a gem being ro- 
tated in 2° increments with the light source 
in a fixed position. As the gem is rotated, the 
movement of facets causes them to fluctu- 
ate between dark and light. At the threshold 
between light and dark, the observer will see 
fire. If the gem is moved slowly, with facets 
only slightly changing in relation to the 
light source and the reflection to the eye, the 
change in color of the facet will be gradual. 
If movement is sudden, the observer may 
only see where the facet is dark and then 
light, without seeing the fire. When a facet 
only slightly darkens or lightens, fire is 
faint. 

Following these rules for optimization, such as 
creating a design with strong contrast, will also 
improve the appearance of a gem and increase its 
fire. 

Before implementing personal preferences, the 
faceter should be aware that the colored gem market 
is very focused on color: hue, saturation and tone. 
Color quality is critical, but often suffers in lightly 
colored gems when the design is modified toward 
brightness. Instead, optimization may be needed to 
enhance the color first and foremost, with scintilla- 
tion a secondary priority. Understanding the ele- 
ments of brightness can help the faceter achieve it 
without compromising color. 
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FLUORESCENCE PRODUCED BY OPTICAL 
DEFECTS IN DIAMOND: MEASUREMENT, 
CHARACTERIZATION, AND CHALLENGES 


Yun Luo and Christopher M. Breeding 


Three-dimensional fluorescence spectra were collected from both natural-color and treated diamonds 
with common color centers (including N3, H3, H4, 480 nm, and N-V) to characterize the fluorescence 
produced by each defect. Unlike individual spectra, 3D presentations of multiple spectra allow quick 
and simultaneous determination of the fluorescence-producing defect(s), the excitation energy that yields 
maximum fluorescence intensity, the variation of fluorescence with excitation, and the peak position 
and band shape of individual and overall fluorescence emissions. The combination of 3D fluorescence 
spectra from common defects and emission spectra from several standard ultraviolet light sources re- 
vealed noticeable inconsistencies in the fluorescence observed. Our data indicate that variations in UV 
lamp output can significantly affect the fluorescence color observed in gem diamonds. 


radiation (e.g., visible light, ultraviolet light, X- 

rays, and gamma rays} from a substance, stimu- 
lated by the absorption of incident electromagnetic 
radiation. The emission persists only as long as the 
stimulating radiation is continued. The terms fluo- 
rescence and photoluminescence often appear inter- 
changeably, but gemologists commonly use the 
former to describe the visible light emission from ul- 
traviolet (UV) excitation. In most cases the emitted 
light has a longer wavelength, and therefore lower en- 
ergy, than the absorbed radiation. Diamonds contain- 
ing no defects or impurities generally do not absorb 
visible and UV light (>230 nm) and thus produce no 
color or fluorescence. But when impurities or defects 
(often referred to as color centers) are present, they 
may absorb visible and UV light to produce color, flu- 
orescence, or both. In diamonds with multiple color 
centers, the fluorescence from one defect may even 
excite the emission from another center more effi- 
ciently than the external UV light. Conversely, the 


| a is the emission of electromagnetic 
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fluorescence from one color center may be absorbed 
by other defects, dramatically reducing the overall 
fluorescence. Phosphorescence commonly refers to 
visible light emitted by a diamond after the stimu- 
lating UV light source has been discontinued. While 
related to fluorescence, it is a relatively uncommon 
visual property of gem diamonds and not a focus of 
this study. 

Fluorescence in diamonds has been studied for 
nearly a century (e.g., Becquerel, 1868; Mani, 1944, 
Shipley, 1947; Wild and Biegel, 1947; Cotty, 1956, 
Dyer and Matthews, 1958; Collins, 1974, 1982, Fritsch 
and Waychunas, 1994; Eaton-Magana et al., 2007; Hol- 
loway, 2009; Shigley and Breeding, 2013). While much 
is known and published about diamond defects and 
fluorescence, most gemologists do not have ready ac- 
cess to this information. This article seeks to clearly 
outline the defects that cause fluorescence in dia- 
mond, and explain how the gemological tools used to 
evaluate this property may impact observations. For 
decades, investigations of diamond fluorescence have 
mainly focused on visual observation (Moses et al., 
1997; figure 1), while more recent studies have dealt 
with individual spectra and the physics of individual 
defects. The application of 3D fluorescence spec- 
troscopy has been limited. Eaton-Magana et al. (2007) 
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Figure 1. For decades, UV lamps have been used in the jewelry industry and by gemological laboratories to assess 
diamond fluorescence. Left: A gemologist examines fluorescence reactions from a suite of colorless faceted dia- 
monds in a long-wave UV fluorescence box. Right: A group of rough stones illustrates the range of fluorescence col- 
ors seen in diamond under LWUV excitation. Note that GIA evaluates fluorescence of individual stones, not in 
bulk as shown here. Photos by Eric Welch. 


presented a few spectra for diamond in this format, 
and Hoover and Theisen (1993) investigated other col- 
ored gemstones with this approach. 

Visual evaluation of fluorescence is standard prac- 
tice in gemological laboratories, and fluorescence 
color and intensity are often documented on labora- 
tory reports. When selecting diamonds, jewelers also 
rely on fluorescence to ensure a good color match 
under a variety of lighting circumstances. The most 
common excitation source is a handheld UV lamp, 
which often has dual modes for long-wave (LW) and 
short-wave (SW) UV radiation. The typical color cen- 
ters in diamond fluoresce more intensely under 
LWUV excitation. Fluorescence assessment relies 
mainly on visual observation at room temperature— 
fluorescence can vary in intensity and color at differ- 
ent temperatures—and sometimes requires a set of 
reference diamonds for comparison. Observation of 
fluorescence can be affected by three main factors: (1) 
the nature of the emission from the UV light source; 
(2) the nature of the defect(s) responsible for the fluo- 
rescence; and (3) methodology, including the viewing 
geometry and the distance from the radiation source. 
Within current industry practices, complications exist 
for each of these factors. 

First, the excitation produced by different light 
sources may vary and not consist of “pure” LWUV 
or SWUV light, which generally have wavelengths of 
365 nm and 254 nm, respectively. Differences in ex- 
citation wavelengths between lamps may produce 
inconsistent fluorescence reactions. Warm-up time, 
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the materials used in the UV filters, and aging of 
lamps and filters can also affect the radiation output. 
Secondly, multiple defect centers may exist within 
the same diamond and produce different emission 
peaks simultaneously. To the human eye, multiple 
emissions combine to produce a single, albeit mixed, 
fluorescence color (e.g., blue + yellow = apparent 
whitish fluorescence). Visual evaluation of fluores- 
cence does not allow for identification of multiple 
defects or irregular emission peaks. Finally, the dis- 
tance between the radiation source and the diamond 
as well as the stone’s orientation (table-down versus 
face-up) may produce noticeably different fluores- 
cence by changing the amount of excitation energy 
that interacts with the diamond. 

In this study, a high-resolution luminescence 
spectrometer was used to study fluorescence emis- 
sions from common color centers in gem diamonds 
by obtaining three-dimensional scans of excitation, 
emission, and fluorescence intensity. From the 3D 
scans, we can quickly and simultaneously determine 
the nature of observed fluorescence and the energy 
at which the fluorescence maximizes or changes by 
systematically varying the excitation energy wave- 
length. Furthermore, emission characteristics such 
as peak position and band shape that are characteris- 
tic of particular defect centers can be evaluated. 

With detailed, direct knowledge of fluorescence- 
producing diamond defects in hand, we surveyed sev- 
eral common UV light sources to better understand 
how much variability exists in UV excitation and to 
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dissolves in the bottom of the autoclave until 
the alkaline solution is saturated with silica. 
Convection currents carry this saturated solu- 
tion to the top of the pressure chamber 
where, at a somewhat lower temperature, the 
solution is supersaturated and silica deposits 
on the seed crystal. The process is continuous 
as long as nutrient material is available for 
solution in the bottom of the autoclave. 

Crystals thus grown are not a substitute; 
they are the real thing, with a composition 
identical to the quartz crystals found in na- 
ture. The only difference is that they are 
synthetically produced and, due to the con- 
trolled uniformity of such production, the 
synthetically produced crystals are superior 
to natural ones. 

Natural quartz crystals and another useful 
crystal, known as EDT (ethylene diamine 
tartrate) created by Bell Laboratories, are 


widely used in telephone communication. 
Both of these crystals are piezoelectric, which 
means that they can convert mechanical 
energy to electrical energy or vice versa 
When electrical current is applied to them, 
they vibrate at certain specific frequencies. 
In telephony, this property is used in send- 
ing many conversations over the same chan- 
nel at one time. A different crystal filter 
guides each conversation and keeps it from 
becoming tangled with all the others. 

Another wide application of piezoelectric 
crystals is in radio communication. Every 
radio transmitter, either for commercial or 
military use, requires quartz crystals to con- 
trol the band of frequencies over which the 
transmitter operates. Thus far no other crys- 
tal has been found, either natural or syn- 
thetic, which can be satisfactorily substituted 
for quartz for this purpose. 


e Samples of quartz crystals which have been grown by scientists at Beil Telephone 
Laboratories. The photograph shows four years of progress in the growing of this 
useful crystal. The crystal on the right weighs 312 grams and was grown in 32 days 
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further investigate the effect of UV source on observed 
fluorescence colors. While a few previous articles have 
made similar investigations (e.g., Eaton-Magania et al., 
2.007; Pearson, 2011), our survey includes newer LED- 
based sources that have only recently seen widespread 
use in the industry. The outcome of this study could 
be beneficial to both the diamond industry and gemo- 
logical laboratories in that accurate, consistent, and 
reproducible fluorescence measurements are vital for 
industry confidence. In addition, better methods for 
measurement of fluorescence from different defect 
centers may lead to more effective methods of detec- 
tion and separation of natural, synthetic, and treated 
diamonds. 


MATERIALS AND METHODS 

Samples. Three-dimensional fluorescence spectra 
were collected from 25 faceted diamonds, including 
19 natural-color samples and six treated by high-pres- 
sure, high-temperature (HPHT) and irradiation (table 
1). GIA issues reports on thousands of colored dia- 
monds each year, providing a large selection of sam- 
ples. The diamonds in this study, all of which carried 
GIA reports indicating natural- or treated-color ori- 
gin, were chosen as representative of their respective 
defect group. While multiple fluorescence-producing 
color centers occur in most diamonds, each of our 
samples was dominated by one of the following: 


1. N3 center 

2. H3 or H4 center 
3. 480 nm band 

4. N-V center 
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Figure 2. UV light sources from 
this study include (A) a standard 
gemological UV lamp, (B) the Min- 
eralight hobbyist lamp, (C) a com- 
mercial UV fluorescence loupe, (D) 
a fiber-optic LED light source, and 
(E) the Thermo ABII luminescence 
spectrometer. Photos by Eric Welch 
(A) and Christopher M. Breeding 
(B-E). 


Emission Spectra from Industry UV Light Sources. 
To evaluate the excitation energy produced, we col- 
lected emission spectra from various UV light 
sources over the 200-900 nm range using an Ocean 
Optics USB 2000 CCD spectrometer with a UV- 
transmitting fiber-optic cable. Output spectra from 
five UV sources—including a GIA UV lamp (model 


In Brief 


e¢ 3D fluorescence spectra allow quick, simultaneous char- 
acterization of the excitation energy that maximizes fluo- 
rescence, variation in fluorescence with excitation, as 
well as position and band shape of individual and overall 
fluorescence emissions. 


¢ Common mercury-based UV lamps and LED-based UV 
loupes do not produce pure 365 nm LWUV emissions. 

e UV lamp output variation can significantly affect fluores- 
cence color and intensity observed in diamond. 

e A standardized UV excitation source is necessary for ac- 
curate and reproducible determination of fluorescence. 


745000), a custom-made GIA fluorescence measure- 
ment device with UV LEDs (not shown], a handheld 
UVP Mineralight hobbyist lamp, a UV LED loupe, 
and a commercial 365 nm LED light source (figure 2, 
A-D}-were measured and output peak positions 
were recorded. 


3D Luminescence Spectroscopy. A Thermo Aminco 
Bowman II (ABII) luminescence spectrometer (figure 
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Fluorescence Spectroscopy 
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Figure 3. Top left: 3D fluorescence spectra are composed of many individual fluorescence spectra collected at dif- 
ferent excitation wavelengths. This example from a colorless diamond containing N8 defects (sample 2) shows 
how a single spectrum (top left, blue line) at a given excitation (365 nm) can be extracted and examined in detail 
(bottom left). PLE excitation spectra can also be extracted from the 3D data (top left, red line and bottom right). 
Top right: Absorption (UV-Vis) and PL emission spectra confirm the presence of a defect such as N3 and relate to 
the data taken from a 3D spectrum. Fluorescence (bottom left) and PL (top right, blue line) emissions from the de- 
fect are similar and longer in wavelength than the ZPL, whereas PLE (bottom right) and UV-Vis absorption spectra 
(top right, red line) correlate and show defect-produced bands at wavelengths shorter than the ZPL. 


2E) was used to investigate the samples’ fluores- 
cence. The analyses were conducted at room tem- 
perature to simulate typical observation conditions. 
Three-dimensional fluorescence spectra were 
recorded in the 300-750 nm emission range (2 nm 
resolution, 4 nm bandpass) using an excitation of 
22.0 to 500 nm (5 nm intervals, 4 nm bandpass). De- 
tector voltage was adjusted so that the highest peak 
in the spectrum comprised 80%-90% of the instru- 
ment’s maximum fluorescence intensity range. The 
ABII spectrometer is not configured with excitation 
filters, so most of the 3D spectra collected contained 
first-, second-, and sometimes third-order artifacts 
produced by the spectrometer grating at 1x, 2x, and 
3x the excitation wavelength. In most of the spectra 
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presented, the 2x and 3x artifacts have been re- 
moved. The 1x artifact was retained to avoid poten- 
tial data loss. 

Each 3D scan took approximately four hours to 
complete and consisted of 57 individual spectra. The 
advantage of a 3D plot is that all aspects of excitation 
and emission can be derived. Any of the 57 fluores- 
cence emission spectra for a given excitation can be 
separated, and data for excitations not specifically an- 
alyzed can be interpolated. In addition, photolumi- 
nescence excitation (PLE) spectra for a given 
emission wavelength can be obtained to see the ef- 
fect of excitation light frequency on fluorescence. 
Figure 3 illustrates these features in the anatomy of 
a 3D fluorescence spectrum. 


Gems & GEMOLOGY SUMMER 2013 85 


Additional Absorption and PL Spectroscopy. Ultravi- 
olet/visible/near-infrared (UV-Vis-NIR), Fourier- 
transform infrared (FTIR), and photoluminescence 
(PL) spectra were collected to complement the fluo- 
rescence data, providing additional detail about the 
defects under more readily measurable conditions 
(again, see figure 3). UV-Vis-NIR spectra were col- 
lected with an Ocean Optics integrating sphere and 
HR 4000 CCD spectrometer over the 380-1000 nm 
range (~1 nm resolution) at ~77K temperature. FTIR 
spectra (not shown) were collected to identify dia- 
mond type using a Thermo Nexus 6700 FTIR spec- 
trometer (6000-400 cm=!, 1 cm resolution, 128 
scans, room temperature). Breeding and Shigley 
(2009) describes diamond type and its use in gemol- 
ogy. Photoluminescence spectra were collected using 
a Renishaw inVia Raman microscope (325, 488, 514, 
633, and 830 nm laser excitations, various scan 
ranges, and ~77K temperature). 


RESULTS 

UV Light Sources. GIA UV Lamp. Gemologists use 
conventional UV lamps (figure 2A) to observe a 
stone’s fluorescence color in response to long- or 
short- wave radiation. The lamps in this study were 
sold by GIA Instruments until 2009 and are still 
prevalent in the trade. It is well known that tradi- 
tional UV lamps do not provide single characteristic 
365 nm (LWUV) and 254 nm (SWUV) emission lines 
(Williams, 2007; Pearson, 2011) due to the variety of 
materials used in UV filters and the aging of lamps 
and filters. Rather than a single 365 nm emission 
peak, LWUV lamps often emit 404 and 435 nm lines 
and a broad band that extends from the UV to the vis- 
ible region of the spectrum. Similarly, SWUV lamps 
always have distinct peaks at 254, 315, and 365 nm 
instead of a single 254 nm emission. All of these 
emission lines, as well as several weaker ones, are 
produced by the mercury lamp inside the units. The 
filter materials used to remove mercury radiation are 
not 100% efficient and leak undesired emissions. As 
the filters age, the leaked emissions become stronger 
and more prominent. 

Examination of two handheld UV lamps manu- 
factured by GIA and used at its laboratory revealed a 
major peak at 368 nm (FWHM = 17 nm) with LWUV 
excitation, accompanied by a small peak at 404 nm 
(figure 4A). In addition to the 252 nm (FWHM = 3 
nm} SWUV emission, which shifted 2 nm from typ- 
ical 254 nm SWUYV, there were major peaks at 312, 
365, 404, and 435 nm, as well as minor peaks at 296, 
302, and 334 nm. Interestingly, the peak intensity at 


86 FLUORESCENCE PRODUCED BY OPTICAL DEFECTS IN DIAMOND 


365 nm (the typical LWUV emission) was more in- 
tense than the 252 nm SWUV peak (figure 4B), likely 
due to filter aging. The existence of this intense 365 
nm peak in the excitation may have a pronounced 
effect on what is observed as SWUV fluorescence. Be- 
cause most gemologists use UV lamps for many 
years and never replace the filters, these tests are rep- 
resentative of industry practices. 


UVP Mineralight Lamp. The UVP Mineralight is an- 
other dual LW-SW lamp widely used in the industry 
and by hobbyists (figure 2B). Though similar in ap- 
pearance and function to the GIA UV lamps, this 
lamp showed different results. LWUV excitation pro- 
duced an intense broad band at 355 nm, along with 
the primary LW peak at 365 nm (FWHM = 37 nm) 
and weak emissions at 313, 405, and 437 nm. Short- 
wave excitation showed a similar array of peaks 
using the GIA lamp, with major emissions at 254 
(FWHM = 4 nm), 313, and 366 nm, as well as minor 
peaks at 297, 303, 335, and 405 nm (figures 4C and 
4D). 

Note: Both the GIA and Mineralight lamps are 
able to produce LWUV and SWUV because they con- 
tain low-pressure mercury lamps that emit initially 
sharp mercury lines, but the phosphors inside the 
lamp are creating a conversion to broadband wave- 
lengths at a longer wavelength. The lamps emit a 
range of light that spans both LWUV and SWUV. 
They are equipped with a daylight filter that removes 
most of the visible light so that mainly the desired 
UV band passes through the filter (R. Geurts, per- 
sonal communication, 2012). 


Digital GIA LED Fluorescence Device. GIA uses a 
custom-made fluorescence meter with LWUV LEDs 
to measure the fluorescence intensity documented 
on its diamond grading reports. Designed to improve 
fluorescence measurement consistency, this instru- 
ment uses an LED excitation source with a single 
emission peak at 367 nm and an FWHM of 14 nm 
(figure 4E). 


UV LED Loupe. A generic commercial UV loupe 
sometimes used in the trade (figure 2C) was also ex- 
amined. The LED excitation source from this loupe 
gave a single peak at 403 nm with an FWHM of 17 
nm (figure 4F). 


Commercial LED Light Source. For comparison with 
the other LED sources, we also tested a commer- 
cially available “365 nm” LED light source manufac- 
tured by Ocean Optics (figure 2D). This excitation 
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Figure 4. The UV light sources from this study showed clear differences in emission characteristics. 
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TABLE 1. Diamonds examined in this study. 


Sample Natural color Color? Weight Shape LWUV SWUV Prominent 
or treated (ct) reaction? reaction? color center 
1 Natural Colorless (D) 1.10 Round Medium green None 
2 Natural Colorless (D) 0.37 Round Strong blue Medium green 
3 Natural Colorless (E) 0.31 Round Medium blue None 
4 Natural Near-colorless (1) 12 Round Strong blue Weak green N3 
5 Natural Near-colorless (1) TDi Round Strong blue Weak green 
6 Natural Faint yellow (L) 1.01 Cushion Strong blue Medium green 
i Natural Very Light pink 1.02 Heart Strong blue Medium blue 
8 Natural Fancy Light greenish yellow 0.14 Round Strong yellow Medium yellow 
9 Natural Fancy yellow-green 0.69 Round Strong blue + Medium blue + 
yellow (uneven) yellow (uneven) 
10 Natural Fancy Intense greenish yellow 1.01 Heart Medium to strong Weak yellow H3 
yellow + blue 
11 HPHT-treated Fancy Vivid green-yellow 2.34 Round Strong green + Medium green 
weak blue 
12 Natural Fancy Intense yellowish green 3.10 Rectangle —-Very strong green Strong green 
12 Natural Fancy Light yellow-green 0.58 Round Strong green Strong green H4 
14 Natural Fancy Light yellowish green 1.04 Round Strong green Medium green 
15 Natural Fancy Deep orange-yellow 0.40 Round Strong yellow Medium yellow 
16 Natural Fancy Deep brownish 1.62 Pear Strong orange Medium to strong 
orangy yellow orange 
17 Natural Fancy Vivid yellow-orange 0.72 Pear Strong orange Strong orange 480 nm band 
18 Natural Fancy Intense orange-yellow 1.02 Marquise Strong orange Strong yellow 
19 HPHT-treated Fancy Intense orangy yellow —-0.19 Round Strong yellow Medium yellow 
20 HPHT-treated Fancy Intense yellow 0.39 Round Strong orange Medium orange 
(partial) 
21 Natural Fancy brown-pink 1.51 Old Mine Weak red Weak to medium red 
22 Natural Very Light pinkish brown 2.01 Pear Very weak orange Very weak orange 
23 HPHT-treated Fancy red 1.49 Square Weak red Medium red 
and Irradiated N-V 
24 HPHT-treated Fancy Deep pink 0.90 Oval — — 
and Irradiated 
25 Irradiated Fancy red 0.17 Round Strong red Very strong red 


“Assigned using standard GIA color grading practices. 


’LWUV and SWUV reactions were observed using excitation from a standard handheld UV lamp. 


source showed a single peak at 364 nm with an 
FWHM of 10 nm (figure 4G). 


ABII Excitation Light Source. The ABII spectrometer 
(figure 2E) was selected to provide well-constrained, 
high-resolution fluorescence spectra. To understand 
how its excitation compared to that of other sources, 
different excitation wavelengths of the ABII CW 
Xenon source were examined (the instrument can 
produce excitation of 200-950 nm). As shown in fig- 
ures 4H and 41, when the instrument was set to 365 
nm excitation with 4 nm bandpass, the resultant 
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emission showed a narrow peak at 366 nm with an 
FWHM of 5 nm. With a 16 nm bandpass parameter 
(which most closely resembled the output of a GIA 
LW-UV lamp), a peak was observed at 367 nm with 
an FWHM of 15 nm. To precisely characterize the 
fluorescence from a given excitation wavelength, we 
chose the smallest available bandpass setting (4 nm], 
and thus the narrowest excitation emission, for the 
3D-fluorescence spectra collection. 


N3 Center. The N3 center is the most common 
color-producing defect in diamond, consisting of a va- 
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cancy surrounded by three nitrogen atoms on a {111} 
plane. The zero phonon line (ZPL), the identifying 
emission for N3, occurs at 415 nm. This line, along 
with a broadband emission with dominant peaks at 
429, 439, and 450 nm, results in typical blue fluores- 
cence (Collins, 1982). 


Absorption and PL Spectroscopy. UV-Vis-NIR spec- 
tra for samples 1-7 all showed the N3-related ZPL 
at 415 nm. Sample 7 also showed a 550 nm band, 
which causes the stone’s pink bodycolor. FTIR 
analysis identified them as type Ia diamonds with 
both A and B nitrogen aggregates in various concen- 
trations. Samples 1 and 3 showed more A aggregates, 
which are known to quench fluorescence (Collins, 
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Figure 5. Diamonds 
with N8 defect centers 
include samples 1-3, 
which are colorless (1 
and 3 have a brownish 
hue); samples 4-6, 
which are near color- 
less to faint yellow (not 
shown); and sample 7, 
a pink diamond with 
both N83 and H38 defect 
centers. Samples with 
the H3 center (8-11) 
and H4 center (12-14) 
are yellow to light 
green. Diamonds with 
the 480 nm band (15- 
20) are yellow to or- 
ange, while those with 
N-V centers (21-25) are 
pale to intense pink or 
red. Photos by Don 
Mengason and Robison 
McMurtry. 


1982), possibly explaining the weaker fluorescence 
observed (table 1). PL spectra confirmed the pres- 
ence of N3 in sample 2 (figure 3). The 503.2 peak 
in the PL spectra of samples 1, 3, and 7 revealed an 
H3 center as well. The H3 center in sample 1 was 
the source of the visible greenish component of the 
fluorescence. 


Fluorescence Spectroscopy. Among the seven dia- 
monds examined in this category, six have color in 
the D-to-Z range (colorless to pale yellow) and one has 
a light pink color (figure 5). All seven showed rela- 
tively intense fluorescence emission, with the ZPL at 
415 nm and three peaks at 429, 439, and 450 nm su- 
perimposed on a ~400-550 nm broadband, all charac- 
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Figure 6. These 3D fluorescence spectra were collected from diamonds with N38 as the major defect center. The top 
two spectra are from the same sample using different excitation energy peak widths. Sample 7 (bottom left) con- 
tains both N3 and H3 centers. UV-Vis-NIR spectra (bottom right) confirm the particular fluorescence defects. Exci- 


tation artifacts are marked in blue. 


teristic of the N3 center (Eaton-Magafia et al., 2007). 
The 3D fluorescence spectra indicated that this N3- 
related emission reaches its maximum at 395 nm ex- 
citation energy and is not excited above 430 nm 
(figure 6). Figures 6A and 6B show fluorescence spec- 
tra collected on sample 2 but with different bandpass 
settings (4 and 16 nm). From these two spectra, it is 
clear that the bandpass does not affect the position or 
maximum intensity of N3 fluorescence. Similar re- 
sults occurred for other defects. Although the band- 
pass of 16 nm most closely resembles the output of a 
handheld LWUV light source, the 4 nm bandpass cho- 
sen for all the 3D fluorescence spectra in this study 
adequately represented the corresponding excitation. 

Aside from the N3-related emission, which is not 
active with excitation energy above 435 nm, sample 
7 showed a 520 nm emission band with a maximum 
at 470 nm excitation. This feature is caused by the 
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H8 center, which was observed from photolumines- 
cence spectra in these three samples but not in the 
other four from this category. As stated earlier, most 
diamonds contain multiple color centers. 


H3 and H4 Center. The H3 center consists of a va- 
cancy trapped at an A aggregate of nitrogen, which 
gives an uncharged defect consisting of two nitrogen 
atoms separated by a vacancy—for instance, (N-V- 
N)°. Optical absorption at this center has a ZPL at 
503 nm and creates a yellow bodycolor in diamond, 
while also commonly producing green luminescence 
with visible-light stimulation. The H4 center con- 
sists of four nitrogen atoms separated by two vacan- 
cies. It is created when a vacancy migrates through 
the diamond lattice and combines with a B aggregate 
of nitrogen. This center has a ZPL at 496 nm and typ- 
ically produces yellow color in diamond. Both H3 


Gems & GEMOLOGY SUMMER 2013 


H3 AND H4 CENTER 


Sample #8 A 


H3-related fluorescence 


FLUORESCENCE 
a 
(-0.01 - 9.999) 


XCh, fer : "00 
AY ort 00 
ys ' 
nm 
Nm) 22g | 300 1sslON ( 
Sample #12 c 
g H4-related fluorescence 
Z s 
is) 3 
Bey? 
Oo jé 
=) + * 
Z \ 
89! ‘ 
i 5 # 
Pe rl 
‘ i (s 
“My ert 500 ad 
Q 


> 


PL INTENSITY (offset) 


Sample #10 H3-related fluorescence B 
Lkd 
1S) 
Z = N3-related fluorescence 
Lhd a 
9g 18 
Bef 
5 \¢ Za 
_ 
bm 9 2 = 
So" 
¥ 
g ' al 
Xen Tt 700 
‘ | T 600 
Q ee Ft 500 
MY 20 400 ; nm) 
Mm) S80 [300 emissiON ( 
D 
H3 


Sample 10 


| Sample 8 


Sample 12 


T T T T T 
498 500 502 504 506 


WAVELENGTH (nm) 


Figure 7. These 3D fluorescence spectra were collected on diamonds with H3 (samples 8 and 10) and H4 (sample 
12) as the major defect centers. Both H3 samples also contained weak N38 emissions. In the bottom right corner, 
PL spectra show the presence of H3 and H4 in the respective samples. Excitation artifacts are marked in blue. 


and H4 centers can occur naturally or during treat- 
ment (Collins, 1982). 

Seven diamonds were examined in this category, 
including six samples determined by GIA to be nat- 
urally colored and dominated by H3 and H4 (three 
each], as well as one HPHT-treated diamond domi- 
nated by H3 (samples 8-14; figure 5). Sample 8 is a 
Fancy Light greenish yellow stone that fluoresced 
strong yellow under LWUV and medium yellow 
under SWUV. Samples 9, 10, and 11 all have some 
combination of yellow and green bodycolors and ex- 
hibited an uneven fluorescence with blue and yellow 
zones. Samples 12, 13, and 14 have yellowish green 
bodycolors and showed very strong green fluores- 
cence under both long- and short-wave UV. 


Absorption and PL Spectroscopy. UV-Vis-NIR spec- 
tra showed the H3-related ZPL at 503 nm for samples 
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8,9, 10, and 11, as well as ZPL at 415 nm from the 
N63 center. The H3 defect requires the presence of ag- 
gregated nitrogen, making the occurrence of N3 in 
such stones very likely. Samples 12, 13, and 14 
showed H4-related ZPL at 496 nm in the UV-Vis-NIR 
spectra. FTIR analysis identified sample 8 as type IaA 
diamond, and samples 9, 10, and 11 as type Ia with 
both A and B aggregates in various concentrations. 
Samples 12, 13, and 14 are type IaB diamonds. Strong 
503 nm peaks for samples 8, 9, 10, and 11 and 496 
nm peaks for samples 12, 13, and 14 in the PL spectra 
further confirmed the presence of dominant H3 and 
H4 centers, respectively (figure 7D). 


Fluorescence Spectroscopy. The 3D fluorescence 
spectra of samples 8-11 show an emission maximum 
at 520 nm with a wide band extending from ~480 to 
650 nm, a feature that manifested itself as a green or 
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yellowish green fluorescence (figures 7A and 7B). 
This emission feature is caused by H3 and has a max- 
imum at 470 nm excitation. Unlike N3, the 503 nm 
ZPL of H3 is not seen at room temperature. The N3- 
related fluorescence feature was also observed with 
various intensities due to different defect concentra- 
tions (figure 7B). The spectrum for 365 nm excita- 
tion, which most closely approximates the LWUV 
lamp, showed both H3 and N3 emissions at rela- 
tively low intensity. Fluorescence spectra from the 
HPHT-treated sample (11) were not noticeably differ- 
ent from those of other H3-dominated natural-col- 
ored samples. 

The 3D fluorescence spectra of samples 12-14 
(see sample 12 in figure 7C) showed an emission peak 
centered at 512 nm with a band from ~470 to 630 nm 
that resulted in green color from H4 fluorescence. 
This emission feature increases at 395 nm excitation 
and maximizes at 470 nm. Similar to H3, the ZPL for 
H4 (496 nm) is not visible at room temperature but 
was Clearly seen in liquid nitrogen—cooled PL spectra 
for these samples. 

Both H3- and H4-related fluorescence emissions 
showed a broad fluorescence band at ~470 to 650 nm. 
But the H3 fluorescence peak is shifted to the higher- 
wavelength side and has a wider tail toward this di- 
rection, resulting in a yellowish fluorescence rather 
than the green fluorescence of H4 (figure 8). 


480 nm Band. Although the structure of the 480 
nm band is not understood, it is known to be asso- 
ciated with yellow fluorescence in diamond. Six di- 
amonds with 480 nm bands in the UV-visible 
absorption spectra were examined (samples 15-20; 
figures 5 and 9). Four of the samples were naturally 
colored, and two were HPHT-treated. Samples 15- 
19 had a combination of orange and yellow in body- 
color and fluoresced strong yellow to orange and 
medium yellow to orange under long- and short- 
wave UV lamps, respectively. Sample 16 had a 
brownish color component as well. Sample 20 had 
yellow bodycolor and showed strong orange and 
medium orange fluorescence under long- and short- 
wave UV, respectively. 


Absorption and PL Spectroscopy. UV-Vis-NIR spectra 
showed the typical 480 nm absorption band for all six 
samples (figure 9D). FTIR analysis identified all of 
them as type IaA diamonds with traces of isolated ni- 
trogen. Sample 18 contained much higher concentra- 
tions of aggregated nitrogen impurities than the other 
samples. PL spectra at 514 nm excitation showed a 
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Figure 8. Fluorescence spectra collected at 470 nm ex- 
citation from H3 (top, sample 8) and H4 centers (bot- 
tom, sample 12) using the ABII luminescence 
spectrometer show distinct differences in emission 
peak position and distribution (represented by dashed 
lines). Excitation artifacts are marked in blue. 


wide band from 600 nm to more than 850 nm, typical 
of diamond with 480 nm bands. 


Fluorescence Spectroscopy. 3D fluorescence spectra 
from 480 nm-band diamonds are complex. All of the 
samples showed two major features: (1) a wide band 
centered at ~653 nm (maximum shifts between 630 
and 655 nm) that maximized with 485 nm excitation 
energy, and (2) a ~539 nm-band (maximum shifts be- 
tween 505 and 541 nm) that increased with 420, 345, 
and 285 nm excitation energies (figure 9, A-C). The 
combination of both bands ranged from ~500 to 700 
nm and produced yellow to orange fluorescence 
when excited by visible light (near-LWUV). The band 
in the red part of the spectrum (630-655 nm) could 
be excited independently of the ~539 nm band using 
longer-wavelength light. The fluorescence from this 
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Figure 9. These 3D fluorescence spectra collected on diamonds with 480 nm visible absorption bands as the major 
defect center vary considerably. In the bottom right corner, UV-Vis-NIR spectra show differences in the shape and 
intensity of the 480 nm bands. Excitation artifacts are marked in blue. 


feature is likely the same as the PL broadband seen 
after excitation with a 514 nm laser. In general, the 
band’s intensity increased with the size of the 480 
nm absorption band. No clear correlations explain 
the differences in the ~539 nm band. The two HPHT- 
treated samples showed no obvious systematic dif- 
ferences from the naturally colored samples. 


N-V Center. The N-V center consists of a single ni- 
trogen atom adjacent to a vacancy in the diamond 
lattice. The center can exist in an uncharged state, 
(N-V]° with ZPL at 575 nm, or in a negative charge 
state, (N-V} with ZPL at 637 nm. N-V defects are 
commonly associated with orange and red fluores- 
cence (Collins, 1982). 

We examined five diamonds with N-V centers 
(samples 21-25; figures 5 and 10): two naturally col- 
ored, two multi-treated, and one irradiation-treated. 
Samples 21 and 22 were brownish pink and very light 
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pinkish brown natural-color diamonds that showed 
weak orange to red fluorescence under both long- and 
short-wave UV lamps. Samples 23-25 were red and 
deep pink diamonds that had undergone combina- 
tion treatments (HPHT + irradiation + annealing; 
samples 23-24) or standard irradiation + annealing 
treatment (sample 25). The treated diamonds exhib- 
ited red fluorescence under both LWUV and SWUV 
lights. 


Absorption and PL Spectroscopy. The UV-Vis-NIR 
spectra of samples 2.1 and 22 featured a broad 550 nm 
band (thought to be caused by plastic deformation) 
that contributed to their pink color, as well as the (N- 
V} center at 637 nm. FTIR indicated type Ila stones 
with no measureable nitrogen or hydrogen impuri- 
ties. PL spectra showed evidence for significant con- 
centrations of (N-V)°, H3, and (N-V} defects (figure 
10D). For samples 23 and 24, UV-Vis spectra indicated 


Gems & GEMOLOGY SUMMER 2013 93 


Synthetic Hed Spinel 


by 


G. ROBERT CROWNINGSHIELD gud RALPH JEROME HOLMES 


HE attention of gemologists is called to 
the existence of synthetic red spinel 
with properties such that casual inspection 
might lead to its being mistaken for natural 
ruby. This material is of special interest in 
view of Dr. E. J. Gubelin’s recent article in 
which he questioned the existence of syn- 
thetic red spinel suitable for gem purposes.’ 
It is noteworthy for the additional reason 
that it occurs in the form of well developed 
octahedral crystals in striking contrast to the 
rounded or blunt edged boule charcateristic 
of synthetic spinel produced by the Verneuil 
process. The specimen examined was sub- 
mitted for identification to the Gem 
Trade Laboratory of the Gemological Insti- 
tute of America. Unfortunately, the only 
information concerning its source is that it 
was being disposed of by a Chinese gentle- 
man of San Francisco who found it among 
effects left by his father. 

The specimen consists of an unusually 
well ‘formed, brilliantly reflecting octahedron 
13.5 mm. on edge, intergrown with a smaller 
crystal of the same habit. (Figure 1). One 
face of the large crystal is attached to a 
circular metallic disc about three quarters 


1. Gubelin’s article was prompted by a clerical error 
in an earlier paper by A. K. Seeman of Linde Air 
Products Company in which the following statement 
appeared: “At the present time spinel boules in a 
variety of colors are available im this country. They 
include white, ruby, garnet, golden, pink, green, 
topaz, and aquamarine.” In a personal communica- 
tion Seeman pointed out that through an oversight, 
the word corundum was omitted in the copy sub- 
mitted for publication and stated that this sentence 
Should have read, "At the present time corundum 
and spinel boules in a variety of colors are available 
in. this country.” 


of an inch in diameter which chemical tests 
side of the disc carries a loop, probably of 
wire, about one half inch in diameter. Both 
the disc and the loop are encrusted with small 
octahedral crystals of the same material 
indicate may be palladium. The opposite 
(Figure 2). The total weight of the specimen 
is 31.5 carats. The material is obviously arti- 
ficial and not a product of the flame fusion 
technique of Verneuil. 

Examination with the Diamondscope 
shows that the crystal faces have irregular 
and complex growth markings including 
occasional triangular pits similar to those 
observed on diamonds but lacking the sym- 
metrical arrangement in relation to crystal 
edges characteristic of those on the latter 
mineral. The crystal is cloudy, a condition 
due to numerous internal imperfections and 
inclusions. Under the microscope these are 
found to include liquid “feathers” and larger 
irregularly distributed, flattened liquid bub- 
bles and internal fractures. At first glance 
the microscopic appearance is similar to that 
of many emeralds. 

Triangular growth markings on a sub- 
microscopic scale were observed on the crys- 
tal when it was examined by electron micro- 
scope methods. The triangular markings are 
not uniformly distributed (Migwre 5). Cer- 
tain areas are completely lacking in surface 
configuration of any sort whereas others bear 
markings of an entirely different type such 
as the rosettes illustrated in Figure 6, which 
exhibit a crude tendency toward six fold 
symmetry. The pictures were taken with an 
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Figure 10. These 3D fluorescence spectra collected on diamonds with N-V centers show combinations of several 
defect centers. In the bottom right corner, PL spectra from corresponding samples confirm the presence of N-V cen- 


ters. Excitation artifacts are marked in blue. 


an abundance of (N-V) centers; FTIR identified them 
as type IaAB with traces of isolated nitrogen. PL spec- 
tra showed both (N-V)° and (N-V} centers as well as 
H3 defects. For sample 25, UV-Vis spectra indicated 
the presence of a strong (N-V) center and FTIR 
demonstrated a low concentration of type Ib isolated 
nitrogen defects. PL spectra showed both (N-V]° and 
(N-V} centers, together with H3 centers. 


Fluorescence Spectroscopy. The 3D fluorescence 
spectra for most of the N-V center samples are com- 
plicated by multiple fluorescence-producing defects, 
sometimes as many as three. Both naturally colored 
samples (21 and 22; figure 10A) showed the fluores- 
cence emission feature of the (N-V]° center, with ZPL 
at 575 nm and an emission band extending from 575 
to more than 700 nm with peaks at 586, 600, and 618 
nm. We also saw clear fluorescence from two defects: 
N3 (triplet peaks at 410-450 nm) and H3 (a 520 nm 
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peak that maximized at 470 nm excitation). Despite 
its presence in PL spectra, fluorescence from (N-V} 
was not observed in these samples. Sample 2.1 also 
displayed fluorescence of unknown origin at ~340- 
360 nm. The treated samples (23-25) contained both 
the (N-V)° and (N-V} centers as overlapping bands, 
with the latter fluorescence band dominating at 660 
nm and extending beyond 750 nm (figures 10B and 
10C). Sample 25 (figure 10C) featured only N-V de- 
fects in the fluorescence spectrum, consistent with 
the occurrence of mainly isolated nitrogen impurities 
(type Ib). Samples 23 and 24 contain aggregated ni- 
trogen impurities and, as expected, showed fluores- 
cence from N38 and H3 color centers. 


DISCUSSION 

UV Light Sources. Emissions from the widely used 
mercury-based UV lamps (GIA and UVP Minera- 
light lamps) do not contain pure 365 nm LWUV and 
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254 nm SWUV peaks, but instead show multiple ex- 
citation energies of widely varying bandwidths. Sim- 
ilarly, the popular LED UV loupe has a visible 
emission of 405 nm, rather than the standard for 
LWUV (365 nm). The emissions from GIA’s LED flu- 
orescence meter and commercial LED light sources 
show a well-constrained LWUV emission in the 
364-367 nm range. The variability in excitation 
wavelengths and bandwidths among commonly 
used lamps and LED UV sources demonstrates that 
the colors and intensities of observed fluorescence 
in a single sample can vary depending on the light 
source. UV lamp emissions tend to fluctuate accord- 
ing to the age of the bulbs and filters as well as 
warm-up times, making it very difficult to achieve 
consistent results from one source to another. LED 
sources are far more constrained in emission band- 
width and purity, but they are manufactured in such 
a wide range of wavelengths that consistency among 
different products remains a problem. Nevertheless, 
the well-controlled emissions suggest that LEDs can 
provide better accuracy and consistency in interpret- 
ing the fluorescence response to a LWUV source, as 
long as an LED near 365 nm is used. 


Fluorescence Colors from Different Defect Centers. 
3D fluorescence spectra provide an excellent oppor- 
tunity to examine fluorescence produced by individ- 
ual defects as well as the contributions of multiple 
defects. By directly depicting the relationship be- 
tween UV excitation and fluorescence emission, 
these spectra illustrate the emission resulting from 
the various optical centers. Fluorescence spectra 
from diamonds dominated by individual color cen- 
ters are relatively simple and consistent, as discussed 
for each defect in the Results section. 

In most diamonds, multiple defect centers occur to- 
gether. Even under pure 365 nm LWUV excitation, the 
fluorescence color will be a mixture of the fluorescence 
from different defect centers. The fluorescence may 
also have uneven zoning due to defect distributions. 
Visual observation alone is not an adequate basis for 
interpreting a diamond's fluorescence color with re- 
spect to the corresponding defect centers. The energy 
of the excitation source can have a profound effect on 
the resulting fluorescence color and luminescence 
spectra, and it must be carefully considered. 


Potential Effects of UV Light Sources on Fluores- 
cence Color and Intensity. Analysis clearly shows 
that LWUV sources emit not only varying intensities 
and bandwidths of light at 365 nm, but also “extra” 
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peaks resulting from mercury lamps and leaking fil- 
ters. Our 3D fluorescence spectra demonstrate that 
small changes in excitation wavelength, even from a 
“pure” LWUV emission, can significantly affect the 
intensity and possibly the color of the fluorescence. 
For example, the intensity of N3 luminescence (mea- 
sured at 439 nm) when excited by 400 nm excitation 
is approximately double that of the same emission 
measured at 360 nm excitation (figure 6). The mix- 
ture of the emission peaks from the UV lamp will af- 
fect the apparent color and intensity of the 
fluorescence, limiting the effectiveness and consis- 
tency of visual observation. 

To illustrate the potential variations introduced 
by “extra” excitation energy, figure 11A shows the 
fluorescence emission peaks from sample 15 (ex- 
tracted from the 3D fluorescence spectra of this 
sample containing the 480 nm band) at 365, 405, 
and 435 nm excitation energies. These are the three 
emission peaks measured from the GIA LWUV 
lamp (365 nm being the strongest). The spectra 
were processed to produce equivalent colors by 
conversion to equivalent CIE L*a*b* color values 
using GRAMS AI software (including artifact re- 
moval, 2° viewing angle, and CIE D65 illumination; 
all spectral intensities were scaled up 30x to facili- 
tate color reproduction]. The fluorescence peak 
generated by 365 nm excitation is centered at 520 
nm, producing a green color with a slightly yellow 
tint, whereas the fluorescence peaks caused by 405 
and 435 nm excitation energies are shifted up to 
~545 nm with a tail extending beyond 750 nm, 
adding an orange-red component to the yellowish 
green fluorescence. The strong yellow fluorescence 
of this diamond under the conventional gemologi- 
cal UV lamp is a mixture of the three emission col- 
ors from these LW-UV excitation peaks. Under a 
“pure” 365 nm LED source, this diamond shows a 
yellowish green fluorescence. While it would be 
ideal to illustrate this effect with photos, we could 
not achieve a long enough exposure to photograph 
the fluorescence. 

These multiple emission peaks from the hand- 
held UV lamp can also affect the intensity of the flu- 
orescence color observed. Figure 11B shows the 
fluorescence emission peaks from sample 7 (ex- 
tracted from the 3D fluorescence spectra of its N3 
center) at the same 365, 405, and 435 nm excitation 
energies used in the example above. Compared to 
365 nm excitation, the fluorescence color with 405 
nm excitation is almost twice as intense. The 435 
nm excitation gives a relatively small emission peak 
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Figure 11. A comparison of diamond fluorescence color (samples 7 and 15) from a conventional UV lamp and a 
single 365 nm excitation shows the effect of multiple emissions on the color and intensity of diamond fluores- 
cence. Colors were reproduced from spectra by conversion to equivalent CIE L*a*b* values with CIE D55 illumi- 
nation using Thermo GRAMS AI software. Excitation artifacts are marked in blue. 


centered at ~520 nm due to the presence of the H3 
center, resulting in a weak green color. “Extra” emis- 
sion from the conventional UV lamp at 405 nm 
causes the diamond’s blue fluorescence to be more 
intense than that from a “pure” 365 nm LED source. 
Such discrepancies contribute to problems with con- 
sistency and reproducibility of fluorescence observa- 
tions within the industry. 
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Fluorescence as a Tool for Identifying Treatment. Al- 
though we tested a limited number of samples, some 
differences in the fluorescence behavior of natural 
and treated diamonds were observed. In diamonds 
with H3 or 480 nm band defects, 3D fluorescence 
spectra did not show significant differences between 
the natural-color and treated samples. Yet treated di- 
amonds tended to show much more fluorescence 
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from the (N-V} center, partially overlapping with the 
band from the (N-V)° center, whereas naturally col- 
ored stones showed a dominant (N-V)° defect (again, 
see figure 10). Because the fluorescence from the (N- 
V} center was much more intense in the treated di- 
amonds and shifted to longer wavelengths of >750 
nm, the fluorescence color from the treated dia- 
monds with both N-V centers was a more intense red 
color than in the untreated samples with only the (N- 
V}° center, which produced an orange color. While 
this trend for N-V centers after HPHT treatment is 
well documented (e.g., Fisher and Spits, 2000) and 
also proved true in this study, gemologists should not 
rely solely on the observation of orange or red fluo- 
rescence to ascertain diamond treatment. 


CONCLUDING REMARKS 


Testing of diamonds with various primary defect 
centers has shown that to define their fluorescence 
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characteristics, a UV source with consistent output 
energy is necessary. Traditional gemological UV 
lamps and light sources used in the diamond indus- 
try produce widely variable emissions, making it 
difficult to achieve reproducible fluorescence obser- 
vations. LED light sources can provide narrow, well 
constrained UV emissions to produce more reliable 
diamond fluorescence reactions. 

This study characterizes the fluorescence gener- 
ated by the most common defect centers in dia- 
mond. Changes in fluorescence relative to 
excitation energy were carefully examined to deter- 
mine where fluorescence maxima occur for each 
defect, as well as the peak positions and band 
shapes that can impact fluorescence colors and in- 
tensities. Our findings demonstrate the diamond 
industry’s need for a standardized UV excitation 
source, to provide consistent and reproducible de- 
terminations of fluorescence. 
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NEPHRITE JADE FROM VAL MALENCO, 
ITALY: REVIEW AND UPDATE 


Ilaria Adamo and Rosangela Bocchio 


lenc co dis trict of northern Italy, has been a source of né = 
his locali we were i eer by classical geimological methods; 
pees ane deen eenbined with quantitative phase analysis; scanning electron microscopy in 
combination with energy-dispersive spectrometry; electron microprobe analysis; mass spectrometry; 
and mid-infrared spectroscopy. From a mineralogical standpoint, this jade consists mainly of tremolite 
amphibole, with variable amounts of other constituents, especially calcite (up to approximately 30 
wt.%), but also pyroxene, apatite, and sulfide minerals. Its pale green color is related to the low iron 
content of the tremolite amphibole, whereas the other minerals are responsible for different colors (cal- 
cite for white, molybdenite and galena for gray). On the basis of minor and trace-element composition, 
we can classify this jade as dolomite-related nephrite (para-nephrite). Although new material could be 


recovered from this area, future production will probably be limited by access difficulties. 


ephrite jade is an almost monominer- 
N alic rock, composed primarily of tremo- 

lite [Ca,Mg.Si,O,,(OH),] to actinolite 
[Ca,(Mg,Fe),Si,O,,(OH),] amphiboles (Leake et al., 
1997). Although tremolite-actinolite is considered 
the predominant phase in nephrite jade, its specific 
weight percentage range is still debatable. 

Major sources include the Kunlun Mountains in 
Qinghai Province and the Xinjiang Uygur Au- 
tonomous Region of China; the East Sayan Moun- 
tains of Siberia; Chuncheon in South Korea; South 
Westland in the South Island of New Zealand; and 
Cowell, Australia (Harlow and Sorensen, 2005; Liu 
et al., 2011a,b; Zhang et al., 2011). 

A new deposit of gem-quality nephrite jade (figure 
1) was discovered at the beginning of the 2000s at 
Alpe Mastabia, located in the Val Malenco district in 
the Sondrio province of northern Italy (figure 2). Mr. 
Pietro Nana first noticed an attractive green stone in 
the discarded waste materials of an abandoned talc 
mine (figure 3) located at an altitude of 2,077 meters 
(Nichol and Geiss, 2005). The events leading to the 
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discovery of the Alpe Mastabia nephrite as well as 
the geologic environment bear striking similarities 
to those reported by Dietrich and De Quervain (1968) 
for the better-known nephrite deposit at Scortaseo 
(Val Poschiavo, Switzerland), situated less than 20 
km away. 


Figure 1. Nephrite jade from Val Malenco is used in gems 
and ornamental carvings, such as these bird statuettes 
(approximately 15 cm high). Courtesy of Pietro Nana. 
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Figure 2. Alpe Mastabia in Val Malenco, northern 
Italy, has been producing gem-quality nephrite jade 
since the beginning of the 2000s. The inset shows 
the area’s main geologic features. The Alpe 
Mastabia talc/nephrite deposit is enclosed in 
schists, gneiss, and marbles. 


This study aims to provide a review and update 
of the nephrite jade from Val Malenco, by investigat- 
ing a suite of rough and cut gem-quality samples 
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using X-ray powder diffraction combined with quan- 
titative phase analysis based on the Rietveld method; 
scanning electron microscopy in combination with 
energy-dispersive spectrometry (SEM-EDS); electron 
microprobe analysis in wavelength dispersion mode 
(EMPA-WDS); mass spectrometry; and mid-infrared 
(IR) spectroscopy. 


GEOLOGIC SETTING 

Val Malenco is an extremely interesting geological and 
mineralogical district (Adamo et al., 2009) situated in 
the Rhetic Alps near the Italian-Swiss border between 
the Southern Alps and the so-called “root zone” of the 
Alpine nappes. The main geological unit is an ultra- 
mafic body (the “Malenco unit”) that is one of the 
largest ophiolitic masses of the Alps (figure 2). It is ex- 
posed in an area of about 130 km? and consists of ser- 
pentinized peridotite with minor relicts of lherzolite 
and harzburgite (Trommsdorff et al., 1993). The Alpe 
Mastabia talc mine is situated in a narrow tectonic 
zone (Lanzada-Scermendone) at the southern margin 
of the Malenco unit (figure 2). About 300 meters away 
is serpentinized rock, and the rocks around the talc 
mine are orthogneisses and schists (see box A) of the 
pre-Mesozoic crystalline basement, situated among 
Triassic white calcitic to dolomitic marbles. The ori- 
gin of the talc deposit, as well as of tremolite and 
nephrite, is ascribed to metasomatic processes within 


Figure 3. Left: A view of 
the Alpe Mastabia talc 
mine with the nephrite 
deposit. Right: Pietro 
Nana stands near the 
entrance. Courtesy of 
Pietro Nana and Vin- 
cenzo De Michele. 
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Box A: GEOLOGICAL GLOSSARY 


Nappe: A large body or sheet of rock that has shifted 
far from its original position by thrust faulting during 
continental collisions. Also known as an allochton. 


Ultramafic (or ultrabasic): Describing igneous and 
meta-igneous rocks with very low silica content (less 
than 45% SiO,}), generally greater than 18% MgO, high 
FeO, and low potassium. Ultramafic rocks are usually 
composed of greater than 90% mafic minerals, which 
are dark and have high magnesium and iron contents. 


Peridotite: Coarse-grained ultramafic rock consisting 
mainly of olivine (at least 40% by volume) and pyroxene 
(ortho-/clino-). Peridotites are distinguished according to 
their different mineralogical composition. Dunite con- 
tains more than 90% olivine. Wherlite is mostly com- 
posed of olivine (40-90%), clinopyroxene, and a minor 
amount of orthopyroxene (<10%). Lherzolite contains 
olivine (40-90%) and approximately equal amounts of 


the dolomitic marbles during the Alpine metamor- 
phism (Montrasio, 1984; Nichol and Giess, 2005). 


HISTORY AND PRODUCTION 

During the years of operation at the Alpe Mastabia 
talc mine, from 1964 to 1994, nephrite boulders asso- 
ciated with the talc were ignored or discarded as 
waste (Andreis, 1970; De Michele et al., 2002; Nichol 
and Giess, 2005). The mine was abandoned, and en- 
trances to its horizontal tunnels and galleries that 
once led to the ore body have mostly caved in or been 
barricaded (again, see figure 3), making the deposit dif- 
ficult to access. In 1995, while examining the waste 
material outside the mine, Mr. Nana noticed some 
attractive nephrite boulders. Recognizing their gemo- 
logical value, he consigned rough samples to lapidary 
workshops in China and Idar-Oberstein, Germany. 
The production and marketing of nephrite jade from 
Alpe Mastabia started at the beginning of the new 
millennium, with about 25 tons produced since the 
discovery. Production still flourishes due to the high 
quality of the finished jewelry pieces and other orna- 
mental objects. 


MATERIALS AND METHODS 

We examined 21 samples from the Val Malenco de- 
posit, consisting of 13 cut (3.33-25.34 ct; figure 4) and 
eight rough (0.35-2.50 ct) specimens. All 13 cut sam- 
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clinopyroxene and orthopyroxene. Harzburgite contains 
olivine (40-90%), orthopyroxene, and small amounts of 
clinopyroxene (<10%). 


Orthogneiss: Rock derived from the metamorphism of 
igneous rocks. Orthogneiss is distinguished from para- 
gneiss, which derives from sedimentary rocks. 


Schist: Metamorphic rock having a foliated or plated 
structure called schistosity, in which the flaky miner- 
als (micas) are visible to the eye. 


Metasomatic: Referring to a process by which the 
chemical composition of a rock or portion of rock is al- 
tered in a pervasive manner. Metasomatism involves 
the introduction or removal of chemical components 
as a result of the rock’s interaction with aqueous solu- 
tions. During metasomatism, the rock remains in a 
solid state. 


ples underwent standard gemological testing to de- 
termine their refractive index (RI), specific gravity 
(SG), and ultraviolet (UV) fluorescence. 

X-ray powder diffraction measurements were car- 
ried out on six rough specimens to determine the 
jade’s mineralogical composition. Data were col- 
lected by means of a Panalytical X’Pert-PROMPD 
X’Celerator X-ray powder diffractometer, using 
CuKe radiation (A=1.518 A) at a beam voltage of 40 


Figure 4. These cut nephrite jades from Val Malenco 
(3.33-25.34 ct) were investigated in this study. Photo 
by Monica Odoli. 
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kV and a current of 40 mA. X-ray powder diffraction 
patterns were collected over the 9-80° range of the 
scattering angle 2.0, with steps of 0.02° 26 and a count 
time of 25 seconds per step. The phase identification 
was based on data from the PDF-2 database (Interna- 
tional Center for Diffraction Data, Newton Square, 
Pennsylvania). Quantitative phase analysis (box B) 
was performed with the Rietveld method using the 


In Brief 


e Nephrite jade is an almost monomineralic rock, com- 
posed mainly of tremolite to actinolite amphiboles. 


The nephrite deposit at Alpe Mastabia, located in 
northern Italy’s Val Malenco district, has been produc- 
ing nephrite jade since the beginning of the 2000s. 


The nephrite from Val Malenco is associated with 
dolomitic marbles (para-nephrite). 


This jade’s pale green color is due to the low concen- 
tration of iron, although other minerals (i.e., calcite, 
molybdenite, and galena) can also influence the color. 


GSAS software package (Larson and Von Dreele, 
1994) to treat the experimental 26-profile. 

The microstructural features of six rough samples 
were investigated using a Cambridge STEREOSCAN 
360 scanning electron microscope (SEM), with an ac- 
celeration current of 15 kV. Semi-quantitative chem- 


Box B: QUANTITATIVE PHASE ANALYSIS 


Quantitative phase analysis (QPA) is used to deter- 
mine the concentration of various phases present in a 
mixture after the identity of every phase has been es- 
tablished (qualitative phase analysis). Powder diffrac- 
tion is a direct method to identify and quantify phases 
on the basis of their unique crystal structures 
(Pecharsky and Zavalij, 2003; Dinnebier and Billinge, 
2008). 

Among existing QPA methods, the Rietveld (1969) 
technique appears to be one of the fastest and most reli- 
able. The foundation of the Rietveld method is that the 
difference between the measured and calculated whole 
powder diffraction profile should be close to zero by 
means of the following minimized function (Pecharsky 
and Zavalij, 2003): 
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ical analyses were performed using the electron mi- 
croscope’s EDS system (ISIS 300 Oxford). 

We also performed quantitative chemical analy- 
ses in situ of the fibrous crystals constituting the four 
rough nephrite samples previously analyzed with X- 
ray powder diffraction. We used a JEOL JXA-8200 
electron microprobe in wavelength-dispersive mode 
(EMPA-WDS) under the following conditions: 15 kV 
accelerating voltage, 15 nA beam current, and a 
count time of 60 seconds on peaks and 30 seconds on 
the background. The following standards were used: 
natural grossular (for Si and Ca), anorthite (Al), fay- 
alite (Fe), olivine (Mg), rhodonite (Mn), omphacite 
(Na), ilmenite (Ti), K-feldspar (K), and pure V and Cr 
for those elements. The raw data were corrected for 
matrix effects using a conventional ®pZ routine in 
the JEOL software package. 

The trace-element composition of the same fi- 
brous crystals in four rough samples was determined 
by laser ablation—inductively coupled plasma—mass 
spectroscopy (LA-ICP-MS). The instrument con- 
sisted of a Quantel Brilliant 266 nm Nd:YAG laser 
coupled to a Perkin Elmer DRCe quadrupole ICP- 
MS. The spot size was 40 pm, using NIST SRM 610 
glass as an external standard and Ca as an internal 
standard, as analyzed by microprobe. Precision and 
accuracy estimated on the basaltic glass standard 
BCR2 were better than 10%. 

Additional information was derived from hydro- 
gen isotope composition, obtained through multiple 
analyses of a few milligrams of selected tremolite 


© = y w, (ve yp 
i=1 

where Y,°”’ is the observed and Y,“ is the calculated in- 

tensity of a point i of the powder diffraction pattern, and 

w; is the weight assigned to the 7th data point. 

The entire calculated powder diffraction pattern is 
based on simultaneously refined models of the crystal 
structures, diffraction optics effects, instrumental factors, 
and other specimen features. Rietveld refinement of multi- 
phase samples can generate a relatively accurate QPA, be- 
cause the Rietveld scale factors determined during the re- 
finements for every phase in the mixture are proportional 
to the weight of the corresponding phases (Pecharsky and 
Zavalij, 2003; Dinnebier and Billinge, 2008). 
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TABLE 1. Gemological properties of the 13 cut nephrite jade samples from Val Malenco, Italy, investigated in 


this study. 

A B CG D E F G H I L M N O 
Col Whitish Greenish White- Greenish Greenish Whitish Greenish White White Greenish Yellowish Yellowish Green 
= green white green white — white —_ green white white green green 
Diaphaneity Opaque Opaque Opaque Opaque Opaque Opaque Opaque Opaque Opaque Opaque Opaque Opaque Opaque 
a 160 160 160 160 160 160 #160 160 £160 160 160 1.60 1.60 
aie 2.95 289 289 2.89 2.96 2.90 286 277 2.74 285 2.96 2.96 2.96 
abe 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 
hardness 
he Inert Inert Inert Inert Inert Inert Inert Inert Inert Inert Inert Inert Inert 


fluorescence 


* Measured by the distant vision method 


fibers by mass spectrometry following standard pro- 
cedures (Vennemann and O’Neil, 1993). 

Mid-infrared absorption spectroscopy (4000-600 
cm) was carried out on four rough specimens using 
a Nicolet Nexus Fourier-transform infrared (FTIR) 
spectrometer, operating in transmission mode with 
KBr pellets, at a resolution of 4 cm™ and 200 scans per 
sample. 


RESULTS 

Gemological Properties. The gemological properties 
of the 13 cut jades from Val Malenco are listed in 
table 1.The color of both the polished and rough sam- 
ples ranged from a common white and white-green 
to a rarer yellowish green and green (figure 4). Two 
rough samples had a blackish gray color (similar to 
the bracelet’s color in figure 11). The RI was constant, 
while SG ranged from 2.74 to 2.96, with the lower 
values in the whitest samples. The SG values of the 
two blackish gray rough samples were 2.80 and 2.86. 
All the stones were opaque and inert to long- and 
short-wave UV radiation. Irregular striped or spotted 
color zoning was observed in nearly every sample. 


TABLE 2. Mineralogical composition (wt.%) of the 
six rough nephrite jade samples from Val Malenco. 


Sample 4S 6A 6B 13 12 AC 

Color Green Green White- White- White White 
green green 

Tremolite 100 99 97 95 76 70 

Calcite 0 1 3 5 24 30 
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X-ray Powder Diffraction Data. Quantitative phase 
analysis based on XRPD data showed that five spec- 
imens consisted mainly of tremolite amphibole, with 
various amounts of other minerals, especially calcite. 
This mineral was generally less than 5 wt.%, though 
exceptional values of about 25-30 wt.% were found 
in the two most whitish samples (table 2; figure 5). 


Microstructure. The nephrite jade from Val Malenco 
showed a micro- to crypto-crystalline texture that 
consisted of a dense intergrowth of fine (about 10-20 
pm long) randomly oriented bundles of tremolite 


Figure 5.Based on Rietveld refinement of the X-ray 
powder diffraction pattern (9-80° 20-angle range) of 
the white nephrite sample 4C, the main constituent 
phases are about 70 wt.% tremolite and 30 wt.% cal- 
cite (peak positions marked in black and red, respec- 
tively). The lower pattern represents the residual 
between the calculated and experimental curves. 
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Figure 6. Nephrite jade from Val Malenco is characterized by a finely fibrous texture, as shown in these SEM photos. 


fibers (figure 6). Other minerals were identified by 
SEM-EDS as calcite, diopside, apatite, and opaque 
minerals (molybdenum, iron, lead, and zinc sulfides; 
see figure 7). Calcite was widespread in almost all 


Figure 7. SEM photos show the mineralogical compo- 
sition of the blackish gray (top) and white specimens 
(bottom). Tremolite is labeled T, calcite C, galena G, 
and molybdenite M. 
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samples, whereas the other minerals were rarer. In 
particular, molybdenite and galena were more concen- 
trated in the blackish gray nephrite samples. These 
minerals were distributed unevenly in nephrite. 


Chemical Composition. The chemical composition 
of the fibrous crystals in the jade is reported for four 
samples in table 3. 

Chemical analyses of the fibrous mineral showed 
a composition close to that of tremolite amphibole, 
Ca,Mg.Si,O,,(OH),, according to the classification of 
Leake et al. (1997), with a low concentration of most 
trace elements. All elements of the first transition se- 
ries (Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, and Zn), as well 
as the alkaline earth metals (Sr, Ba), and alkaline met- 
als (K, Rb, Cs) were always less than 0.1 wt.%, with 
the lone exception of Na, ranging from 0.14 to 0.20 
wt.% as Na,O. Among the chromophore ions, iron 
was the most abundant, with contents ranging from 
527 to 670 ppm (as Fe), followed by vanadium at 
about 200 ppm (as V); chromium was much lower, 
with concentration <4 ppm (as Cr; table 3). 

In terms of stable isotopic composition, the 


Figure 8. The IR spectrum of the white nephrite sam- 
ple 4C shows absorption bands of tremolite (labeled 
T) and calcite (C). 
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R.C.A. electron microscope, type E.M.U.-2B 
using the single step replica method, shadow- 
ing with palladium. 

The hardness is greater than that of nat- 
ural spinel and of synthetic spinel produced 
by the Verneuil process. It scratches topaz 
easily and with sufficient pressure can be 
made to scratch synthetic ruby. One of the 
small crystals from the surface of the disc 
was removed and by means of heavy liquids 
its specific gravity was found to be greater 
than 3.63 and less than 3.98. 

The large crystal, as well as the small 
octahedra coating the disc and loop, exhibit 
a marked zonal distribution of color. An ill 
defined center and a narrow outer zone are 
darker than the intermediate portions of the 
crystal. The outer zone is sharply demar- 
cated and exhibits a straight line boundary 


with sharp angular changes in directions at 
the apices of the crystal. The straight line 
and angular color bands in gemstones cut 
from such material might result in their 
being mistaken for natural ruby or spinel. 
The color of the larger crystal is a deep 
ruby red whereas the smaller encrusting ones 
are deep pink to pale red. 

Optically the material is singly refractive 
and shows no evidence of the anomalous 
double refraction commonly observed in syn- 
thetic spinel produced by the Verneuil proc- 
ess. The refractive index (1.75) is unusually 
high for gem spinel, either natural or syn- 
thetic, which generally ranges from 1.72 to 
1.74. Good readings were obtained on sev- 
eral of the crystal faces and are in agreement. 
The unusually high index is unfortunately 
close to the value for corundum (1.76-1.77) 


® Figure 1. Octahedral crystal of synthetic red spinel 
mounted on a quarter to indicate size. Color zoning is evi- 
dent on the right hand face of the larger crystal and on the 
small crystal on the left near the surface of the metallic disc 
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Figure 9. Calcite contents obtained by X-ray powder 
diffraction analyses (see table 2) are shown for six 
nephrite jade samples. 


nephrite samples had a hydrogen isotopic mean 
value (85D) of -113+ 4.8%. 


Mid-Infrared Spectroscopy. The samples’ mid-IR ab- 
sorption spectra, collected in transmission mode 
with KBr pellets (figure 8), were characterized by 
bands at 3674, 1108, 1067, 1000, 949, 922, 758, and 
688 cm, typical of tremolite (Hawthorne and Della 
Ventura, 2007). The whitest samples (12 and 4C) also 
contained the absorption features of calcite (2513, 
1799, 1423, 876, and 712 cm; Farmer, 1974). 


DISCUSSION 

The various samples from Val Malenco exhibited RI 
values typical for nephrite jade (O’Donoghue, 2006). 
Their SG values, which showed variation with the 
color of the stones, were in agreement with those com- 
monly reported for this jade (SG=2.9-3.1; O‘Donoghue, 
2006), except for the lower values in the two white 
samples (2.77 and 2.74, respectively; see H and I, table 
1). These SG values are compatible with a significant 
amount of calcite, whose SG (2.70 + 0.01) is lower than 
that of tremolite. The Mohs hardness of 6.5 and the 
finely felted fibrous texture are typical of nephrite from 
localities worldwide (O’Donoghue, 2006). 

The fine fibers of tremolite amphibole occurred to- 
gether with other unevenly distributed constituents. 
Calcite was the most abundant, although its con- 
tent varied from 0 to about 30 wt.%; pyroxene, ap- 
atite, and sulfide minerals were rarer. The variable 
amount of calcite corresponded with a white hue 
(figure 9), while molybdenite and galena were re- 
sponsible for the gray and black hues. 

Chemical analysis of the tremolite fibers revealed 
a low abundance of minor and trace elements, with 


104 = NEPHRITE JADE FROM VAL MALENCO, ITALY 


TABLE 3. Average chemical composition of tremolite 
amphibole in the nephrite jade from Val Malenco. 


Sample 4S 6A 6B 4C 


Electron microprobe analyses* 
Oxides (wt.%) 


SiO, 59.41 59.87 59.60 58.98 
TiO, 0.01 0.02 0.02 0.02 
Al.O, 0.26 0.04 0.29 0.48 
FeO 0.03 bdl> 0.01 0.08 
MnO 0.01 0.01 0.01 0.02 
MgO 23.14 23.01 23.12 22.89 
CaO 13.22 13.16 13.12 13.42 
Na,O 0.14 0.15 0.18 0.20 
KO 0.04 0.04 0.05 0.04 
Total 96.26 96.31 96.39 96.12 
Fe/(Fe+Mg) 0.001 0.000 0.000 0.002 
lons per 23 oxygens 
Si 8.127 8.176 8.137 8.093 
Ti 0.001 0.002 0.002 0.002 
Al 0.041 0.007 0.046 0.077 
Fe 0.003 bdl 0.001 0.009 
Mn 0.001 0.001 0.001 0.002 
Mg 4.719 4.684 4.705 4.681 
Ca 1.937 1.926 1.919 1.972 
Na 0.038 0.039 0.047 0.053 
K 0.007 0.007 0.008 0.008 
LA-ICP-MS analyses‘ 
Element (ppm) 
Sc 1.24 1.42 1.38 1.16 
Ti 21.0 12.2 18.7 19.2 
Vv 215 271 293 220 
Cr 2.10 2.47 4.20 2.20 
Mn 81.2 80.7 84.5 87.8 
Fe 584 O27 572 670 
Co 0.19 0.19 0.29 0.19 
Ni 0.46 0.57 0.81 0.66 
Zn 52.7 42.0 S165 38.9 
Sr 6.88 7.21 6.46 5.34 
Y 0.72 0.68 0.93 0.23 
Zr 0.14 0.18 0.39 0.66 


* Ten points per sample were analyzed. FeO is the total iron. Cr is below 
detection limit in all samples. 

» Abbreviation: bdl = below detection limit (0.01 wt.%). 

© Five points per sample were analyzed. 


iron as the most abundant chromophore ion. Yet its 
content shows comparable values in the various sam- 
ple colors from white to green (again, see figure 9). This 
suggests that the occurrence of other mineral phases 
(e.g., calcite) could influence the jade’s color variation. 

Nephrite’s minor and trace-element chemical 
composition plays an important role in tracing its ge- 
ologic origin. It is used to distinguish nephrite asso- 
ciated with dolomitic marbles (dolomite-related 
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nephrite or para-nephrite) from that associated with 
serpentinite rock (serpentinite-related nephrite or 
ortho-nephrite); see, for instance, Nichol (2000) and 
Siqin et al. (2012). In particular, various authors (e.g., 
Sigin et al.) have shown that serpentine- and 
dolomite-related nephrite minerals can be separated 
on the basis of their Fe/(Fe+Meg) ratio (0.064—0.118 and 
0.001—0.074, respectively) and their concentrations of 
Cr, Co, and Ni, which are higher in nephrite associ- 
ated with serpentinite. Based on the very low 
Fe/(Fe+Mg) ratio (always <0.002), as well as the low 
contents of Co (0.19-0.29 ppm), Cr (2.10-4.20 ppm], 
and Ni (0.46-0.81 ppm) found in the nephrite jade 
from Val Malenco (table 3 and figure 10), we can clas- 
sify this material as dolomite-related nephrite or para- 
nephrite. 

The possible formation process for this type of 
nephrite deposit is commonly ascribed to a metaso- 
matic reaction involving dolomite replacement by sili- 
cic fluids (Harlow and Sorensen, 2005). This is 
consistent with the reaction proposed by Nichol and 
Giess (2005) for nephrite from Val Malenco, which 
produces excess calcite as isolated grains or aggregates: 


5CaMg(CO,), + 8SiO, +H,O = Ca,Mg.Si,O,,(OH), +3CaCO, 
(dolomite) — (silica) (tremolite} (calcite) 


Yet the occurrence of diopside grains as rare relicts 
within tremolite also suggests a second stage of for- 
mation involving the intermediate formation of diop- 
side from dolomite, subsequently replaced by 
tremolite. In any case, the formation of the Alpe 
Mastabia deposit in Val Malenco implies an intense 
fluid-rock reaction by hydrothermal solutions, perco- 
lating at the contact between the dolomitic marbles 
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and the enclosing schists (Nichol and Giess, 2005). 
The very low 6D-depleted value determined on this 
nephrite also suggests a possible contamination of the 
hydrothermal fluid with water of meteoric origin (Yui 
and Kwon, 2002; Harlow and Sorensen, 2.005). 


CONCLUSIONS 

Nephrite jade from Val Malenco, northern Italy, en- 
tered the market at the beginning of the 2000s. Since 
the discovery of nephrite there in 1995, the deposit 
has produced about 25 tons of gem-quality rough, 


Figure 11. These necklaces (top) and bracelet (bot- 
tom) consisting of approximately 10 mm diameter 
spheres are fashioned from nephrite jade from Val 
Malenco. Photos by Pietro Nana. 


SUMMER 2013 


105 


Gems & GEMOLOGY 


carved into ornamental objects or fashioned into jew- 
elry (figure 11). This study, performed on both cut and 
rough specimens, shows that nephrite jade from Val 
Malenco is composed of tremolite amphibole. It con- 
tains a low concentration of iron as a chromophore, 
in agreement with its pale green color. Variable 
amounts of other constituents also influence the 
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OPTICAL DEFECTS IN DIAMOND: 
A QUICK REFERENCE CHART 


James E. Shigley and Christopher M. Breeding 


Gem diamonds owe much of their value to their 
color, or lack thereof. Defects in the atomic struc- 
ture of diamond are responsible for this color and 
are important for the identification of color treat- 
ments. This article and its tables are intended as 
a quick reference for gemologists as they read 
about various common diamond defects in the 
gemological literature. 


Bee the commercial value of natural-color di- 
amonds, distinguishing them from treated dia- 
monds remains a significant identification challenge. 
While some diagnostic visual features exist (inclu- 
sions, color or growth zoning, and absorption bands 
seen with a spectroscope), the separation of natural 
from synthetic or treated diamonds is not always 
possible using standard gemological methods. In 
such cases, advanced spectroscopic analysis at a pro- 
fessional gem-testing laboratory is required. Imaging 
of luminescence distribution patterns is also a help- 
ful tool for recognizing synthetic diamonds (Mar- 
tineau et al., 2004; Shigley et al., 2004). 

In a laboratory setting, the identification of dia- 
monds is based mainly on the detection of tiny im- 
perfections in the atomic lattice. These “defect 
centers” may include foreign impurity atoms (typi- 
cally nitrogen, and occasionally boron or hydrogen); 
carbon atom vacancies in the lattice (either single or 
clusters of neighboring vacancies); carbon atoms po- 
sitioned in between normal lattice locations (intersti- 
tials); and dislocations where planes of carbon atoms 
are offset from one another due to plastic deforma- 
tion. Not all of these lattice imperfections create spec- 
troscopic features, but several do so by allowing the 


See end of article for About the Authors. 
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diamond to absorb particular energies of incident 
light or radiation. Defects can occur randomly or in 
particular locations within the lattice. Diamonds can 
contain more than one type of defect, and in natural 
diamonds, defects can be altered over geologic time 
in the earth or by exposure to heat or radiation during 
color treatment. 

So-called optical defects (or optical centers) cause 
absorption in the visible or near-visible portions of the 
electromagnetic spectrum, often producing coloration 
(e.g., figure 1). Luminescence reactions result when 
defects absorb higher-energy incident radiation and 
then reemit lower-energy radiation as visible light. 
Optical defects occur in very low concentrations in 
all diamonds, and their presence can be detected using 
spectroscopic techniques. A theoretically “pure and 
perfect” diamond containing no such defects would 
appear colorless. 


Figure 1. The red color of the graining in this Fancy red 
diamond from Brazil is caused by absorption related 
to the 550 nm band. This band, the most common 
cause of pink to red color in natural, untreated dia- 
monds, is thought to be the result of a defect created 
by plastic deformation. Photomicrograph by Jian Xin 
(Jae) Liao; magnified 50x. 
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TABLE 1. Important optical defects in diamond and their effect on color and luminescence. 


Célai Optical defect and spectroscopic Ea 
means of detection (~365 nm lamp) 


DiamondView 
luminescence 
(<220 nm source) 


ND1: A defect with an absorption line at 393.6 nm (3.150 eV). 
No effect Thought to consist of a vacancy in the negative charge state (V-). No effect 
Produced by natural or artificial irradiation. UV 


N3: An impurity and intrinsic defect with an absorption line at 
415.2 nm (2.985 eV) and associated bands. Thought to consist of 
three substitutional nitrogen atoms surrounding a vacancy (3N+V). 
Often occurs with the associated N2 (477.2 nm) and several other 
related bands (465, 452, 435, and 423 nm) in “Cape” diamond 
spectra. All are naturally occurring. UV, PL, EPR 


480 band: A naturally occurring optical defect of uncertain struc- 
ture (sometimes attributed to substitutional oxygen) in type | 
diamonds with a broad absorption band centered at 480 nm 
(2.580 eV). UV 


H4: An impurity and intrinsic defect with an absorption line at 
496.2 nm (2.498 eV). Thought to consist of four substitutional 
nitrogen atoms surrounding two vacancies (4N+2V). Occurs 
naturally or can be produced by irradiation followed by annealing. 
UV, PL 


H3: An impurity and intrinsic defect with an absorption line at 
503.2 nm (2.463 eV) and associated bands. Thought to consist of 
two substitutional nitrogen atoms separated by a vacancy ina 
neutral charge state (N-V-N)°. Occurs naturally or can be produced 
by irradiation followed by annealing or by high-pressure, high- 
temperature annealing. UV, PL 


3H: A defect with an absorption line at 503.4 nm (2.462 eV). 

Thought to be related to interstitial carbon (I). Produced by natural No effect 
or artificial irradiation. UV, PL 

550 band: An optical center of uncertain structure with a broad 

absorption band centered at 550 nm (2.250 eV). Thought to result 


from plastic deformation of the lattice structure. Occurs naturally. 
UV No effect 


May contribute 
to a green color 


NV°: An impurity and intrinsic defect with an absorption line at 
575 nm (2.156 eV) and associated bands. Thought to consist of a 
single substitutional nitrogen atom associated with a vacancy in a 
neutral charge state (NV°). Occurs naturally or can be produced by 
irradiation followed by annealing. PL, EPR, UV 


595 band: An optical defect of uncertain structure with an absorption 
May contribute —_ band at 594.4 nm (2.086 eV). Thought to be related to nitrogen. 
to other colors Occurs naturally or can be produced by irradiation followed by 
annealing. UV 


No effect 


NV-: An impurity and intrinsic defect with an absorption line at 
637 nm (1.945 eV) and associated bands. Thought to consist of a 
single substitutional nitrogen atom associated with a vacancy ina 
negative charge state (NV-). Occurs naturally or can be produced 
by irradiation followed by annealing or by high-pressure, high- 
temperature annealing. PL, EPR, UV 


GR1: A defect with a pair of absorption lines at 740.9 nm (1.673 eV) 
and at 744.4 nm (1.665 eV) and associated bands. Thought to 
consist of a vacancy in a neutral charge state (V°). Produced by 
natural or artificial irradiation. UV, PL 


No effect 
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Color Adee : . LWUV DiamondView 
Pica OC ec hall spect Os COpic fluorescence luminescence 


means of detection (~365 nm lamp) (<220 nm source) 


H2: An impurity and intrinsic defect with an absorption line at 
986.3 nm (1.256 eV, 10125 cm) and associated bands. Thought 
May contribute to consist of two substitutional nitrogen atoms separated by a 
toagreen color — vacancy in a negative charge state (N-V-N)-. Occurs naturally or 
can be produced by irradiation followed by annealing or by high- 
pressure, high-temperature annealing. /R, PL 


No effect No effect 


H1c: An impurity and intrinsic defect of uncertain structure with 
an infrared absorption line at 1934 nm (0.6408 eV, 5171 cm7'). 
Thought to be associated with nitrogen B centers. Occurs naturally 
or can be produced by irradiation followed by annealing. /R 


No effect No effect No effect 


H1b: An impurity and intrinsic defect of uncertain structure with 
an infrared absorption line at 2024 nm (0.612 eV, 4941 cm”). 
Thought to be associated with nitrogen A centers. Occurs naturally 
or can be produced by irradiation followed by annealing. /R 


No effect No effect 


No effect 


Hydrogen: Defect(s) of uncertain structure with many related 
infrared absorption lines, most notably at 3107 cm“ (0.385 eV). 
Occurs naturally. This defect can also produce yellow and violet 


colors. IR, UV No effect No effect 


Boron: A defect with a primary infrared absorption line at 2803 
cm (0.348 eV) and associated lines, and a band extending into 
the visible region. Thought to consist of single substitutional boron 
atoms. Occurs naturally. This defect produces red phosphores- 
cence. IR 


Phosphorescence Phosphorescence 


A center: A defect with an infrared absorption band at 1282 cm“ 


a AY if, (0.159 eV). Thought to consist of two adjacent substitutional 
~ o = nitrogen atoms (N-N). Occurs naturally. /R Quenches Quenches 
a os luminescence luminescence 
7, ~ 
«Ay, 


B center: A defect with an infrared absorption band at 1175 cm“ 


hi wtf (0.146 eV). Thought to consist of four adjacent substitutional nitrogen 
= +; atoms surrounding a vacancy (4N+V). Occurs naturally. /R Nio afizet No ete 
as, Se | 

a 


C center: A defect with an infrared absorption band at 1130 cm“ 
(0.140 eV). Thought to consist of a single substitutional nitrogen 
atom (N). Occurs naturally or can be produced by high-pressure, 
high-temperature annealing of diamonds containing A or B 
centers. /R, UV, EPR 


No effect No effect 


H1a: An impurity and intrinsic defect of uncertain structure with 
an infrared absorption line at 1450 cm (0.180 eV). Thought to be 
associated with interstitial nitrogen. Occurs naturally or can be 
produced by irradiation followed by annealing. /R 


No effect No effect 


No effect 


Platelet: An impurity and intrinsic defect of uncertain structure 
with an infrared absorption line at about 1360 cm“ (0.169 eV). 
Thought to be associated with groups of interstitial carbon atoms. 
Occurs naturally. /R 


No effect No effect No effect 


Vacancy cluster: A defect of uncertain structure with increasing 
absorption toward the blue end of the spectrum. Thought to consist 


of groups of vacancies. Occurs naturally. UV Noverecr Nia aiieai 


UV = Ultraviolet-visible absorption spectroscopy PL = Photoluminescence spectroscopy 
IR = Infrared absorption spectroscopy EPR = Electron paramagnetic resonance spectroscopy 
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TABLE 2. Spectroscopic techniques for characterizing lattice defects in diamond. 


Technique Type of Typical scan Commonly Test Advantages Disadvantages Comments 
spectroscopy range detected features conditions 
and defects 

Ultraviolet/ Absorption 250-800 nm ND1,N3,N2,  ~77K Evaluation of color- Large samples Staple technique in 

visible/near-infrared (transmission) H3, H4, 595 temperature causing defects; absorb too much gemological 

(UV-Vis-NIR) nm, and GR1 relatively light, causing laboratories; can be 

inexpensive detector saturation; performed with 
difficulty quantifying scanning or 
results from faceted dispersive detector 
stones because of 
the uncertain path 
length of light travel 
Mid- to near-infrared Absorption 400-11,000 AandB Room Determination of Large samples Staple technique in 
(IR) (transmission) cm aggregate temperature diamond type; absorb too much gemological 
centers, C relatively in- light, causing laboratories 
centers, various expensive; defect detector saturation 
hydrogen-related concentrations can 
defects, H1a, be quantified by 
H1b, H1c, H2, normalization 
and “amber 
centers” 

Raman Luminescence 100-2000 Diamond Room Identification of Expensive; yields Typically used for 
cm Raman Raman line temperature diamond; analysis _ little information diamond vs. non- 
shift (@sB2emn) of internal strain regarding treatment; diamond identifica- 

difficulty analyzing _ tion (provides little 
strongly fluorescent other information) 
samples 

Photoluminescence Luminescence 350-1000 nm N3, 490.7 nm,  ~77K Detection o Expensive; difficulty Lasers of various 

(PL) H4, H3, NV°, temperature HPHT treatment; analyzing strongly — wavelengths used 

NV-, GR1, H- or lower characterization of — fluorescent samples; for excitation (most 
and Ni-related low-concentration _ variety of laser commonly 325, 
defects defects; small excitations required 488, 514, 532, and 
analysis area allows to activate various 633 nm); required 
for detailed defects; requires for effective 
investigation carefully controlled treatment detection 
cryogenic test 
temperatures 
Cathodoluminescence Luminescence 400-700 nm A band, B band, Room Evaluation of Requires an electron Rarely used, limited 
(CL) N3, H3, and H4_ temperature internal structure; beam and a vacuum; data obtainable 
detection of defects provides little 
causing information about 
luminescence color treatment 

Electron- Resonance C centers, NV Room Detection of very Very expensive; Typically used for 

spin/paramagnetic absorption in defects temperature low-concentration long sample run defect research 

resonance (ESR, EPR) a changing defects; evaluation times; provides little 
magnetic of specific defect information about 
field structures and color treatment 


charges 


As a quick reference for gemologists, table 1 lists 
the most common lattice defects, including those 
that can create color and/or luminescence reactions 
in diamond. The scientific name of the defect, as well 
as the wavelength (or wavenumber) and electron volt 
(eV) positions of the main and associated spectral 
bands, are shown along with photos of representative 
diamonds. The most common spectroscopic tech- 
nique used to detect the defect center is indicated by 
a code shown in italics. 
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Some precautions should be kept in mind when 
using this table. Each lattice defect is known to pro- 
duce a particular diamond color or luminescence. For 
instance, the GRI1 center produces green or blue- 
green color. But the reverse is not necessarily true— 
for example, not all green diamonds owe their color 
to the GR1 center. In fact, there are several causes of 
green color. In some cases, a diamond contains more 
than one optical defect, and its color stems from a 
combination of defects. In other cases, a diamond’s 
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color may arise from absorption caused by one opti- 
cal center, while its luminescence may result from 
another optical center. 

Table 2 provides a comparison of the most com- 
mon spectroscopic techniques for diamond charac- 
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Atypical Freshwater CULTURED 
PEARLS with Damaged Nacre 
Recently the East Coast laboratory re- 
ceived four baroque-shaped pearls 
ranging in size from 9.07 x 13.50 x 
14.03 mm to 9.32, x 11.34 x 15.77 mm 
and weighing between 10.63 and 13.60 
ct. On each of the four samples, the 
outermost surface nacre layers exhib- 
ited large holes and gaps, revealing one 
or more distinct nacreous layers un- 
derneath (figure 1). These underlying 
nacreous layers displayed good luster 
and overlapping platelet surface struc- 
tures, and the large gaps between the 
inner and outermost nacre layers indi- 
cated that smaller pearls had been used 
as nuclei during the culturing process. 
Further gemological testing by en- 
ergy-dispersive X-ray fluorescence 
(EDXRF) and inductively coupled 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Shane F. McClure 


plasma-—mass spectrometry (ICP-MS) 
confirmed that both the outer and 
inner nacre layers originated from a 
freshwater environment. Some of 
these pearls contained widely varying 
amounts of trace elements (i.e., Mn 
and Mg) between the outer and inner 
layers, but previous studies have 
found that uneven distribution of 
trace elements can also occur in a 
pearl’s cross section (R. Luet al., “Op- 
erational considerations of EDXRF, 
LA-ICP-MS, and photoluminescence 
techniques in the analysis of pearls,” 
Summer 2011 G#G, pp. 149-150). 

Two did not show any distinct in- 
ternal demarcation when examined 
with X-radiography in various direc- 
tions (figure 2). This lack of a clear in- 
ternal boundary may be due to multiple 
culturing attempts using the same pearl 
as a nucleus, which can cause over- 
lapped internal structures and multiple 
distinct nacreous layers under the sur- 
face (figure 1, sample 3). In addition, 
structures typical of non-bead cultured 
pearls were observed in these micro X- 
radiographs, suggesting that freshwater 
cultured pearls were used as nuclei dur- 
ing the culturing process. 


Finally, photographs of the X-ray 
fluorescence reactions of all four 
pearls were taken in a dark environ- 
ment (figure 3). Various intensities of 
green and yellowish green fluores- 
cence could be observed within each 
nacreous layer, presumably due to 
varying concentrations of manganese 
between layers and among the pearls 
themselves (H.A. Hanni et al., “X-ray 
luminescence, a valuable test in pearl 
identification,” 2005 Journal of Gem- 
mology, 29, 5/6, pp. 325-329}. More 
interestingly, reddish fluorescence 
was also observed around the dam- 
aged areas of the nacre in samples 3 
and 4. This was possibly caused by 
foreign material between the “nu- 
cleus-pearl” and the outer nacre lay- 
ers, which may also contribute to the 
lack of distinct demarcation observed 
in the cultured structure. 

While similar types of pearls with 
intact outer nacre surfaces have been 
reported on previously (E. Strack, “Chi- 
nese freshwater cultured pearls beaded 
with baroque freshwater cultured 
pearls,” Fall 2011 G&G, pp. 244-245), 
the ambiguous internal structures, in- 
teresting X-ray fluorescence properties, 


Figure 1. These four atypical freshwater cultured pearls with damaged nacre reveal one or more distinct nacreous 
layers underneath. Left to right: samples 1-4. 
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© Figure 2. Synthetic red spinel showing relation of the 
large octahedron to the crystal encrusted metallic disc and 
loop 


hence reliance on index alone might lead to 
the conclusion that the material is ruby. 
Examination with the Beck hand spectro- 
scope, using carbon-arc light source, pro- 
vides an absorption spectrum (Figure 3) 
which shows similarities to the spectra of 
both ruby and natural red spinel. When ob- 
served in scattered (reflected) light there is 
a strong fluorescent doublet in the spectrum 
of ruby. A very weak line occurs at approxi- 
mately 6590. A.U. By using a monochro- 
matic sodium vapor lamp in addition to the 
carbon arc, the sodium line at 5900 A.U. is 
superimposed on the spectrum and serves as 
a reference guide. The broad absorption band 
begins in the orange at almost the same 
position as it does in the case of ruby and 
covers a broad zone on either side of the 
5900 A.U. line of sodium. This is a pecu- 
liarity not observed in the spectrum of nat- 
ural red spinel. The general absorption from 


the orange to the green is stronger than that 
of ruby. The two lines in the blue ground 
in the spectrum of ruby are missing and the 
blue transmission is slight. There is almost 
complete absorption of the violet. 

An X-ray powder diffraction pattern of 
one of the small crystals was obtained using 
a Debye camera (radius 57.3mm.) and un-~ 
filtered iron radiation. This pattern is com- 
pared to Figure 4 with those of natural red 
spinel from Ceylon, natural ruby from 
Burma, and synthetic pink spinel produced 
by the Verneuil process. It is clear that the 
pattern of this material is entirely different 
from that of corundum (ruby) and is almost 
identical with that of natural red spinel. The 
lines in the three spinel patterns were meas- 
ured and indexed and the unit cell size- 
(lattice constant) of each was calculated and 
found to be as follows: 


364 
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Figure 2. X-radiographs show partial demarcation between the outer and inner structures of cultured pearls 1 and 
2, but fail to reveal any clear boundaries in samples 3 and 4. 


and large gaps in the outer nacre layers 
of these four samples offer a rare view 
of their internal physical structure and 
appearance, obtained free of destruc- 
tive testing. 


Chunhui Zhou 


DIAMOND 


Calcium Fluoride Coating 

Found On 13 “Fancy” Pinks 
Coating gemstones to alter or im- 
prove their color is the oldest known 
enhancement method. Early coatings, 
particularly on diamond, were easily 
detected, often visible using a 10x 
loupe. But advances made after World 
War II resulted in more durable coat- 
ings and films that were subtler and 
harder to detect. 

A common coating was calcium 
fluoride (CaF,) doped with gold (Au) 
nanoparticles. CaF, causes a broad ab- 
sorption band at about 520 nm, simi- 
lar to the band at about 550 nm that 
largely accounts for the pink color of 
natural diamonds. 

Recently submitted to the East 
Coast laboratory for identification and 
grading was a group of 13 pink dia- 
monds (figure 4). The round brilliants 


ranged from 0.42 to 0.50 ct and had a 
Fancy pink to Fancy Intense pink 
color. Figure 4 also shows the patchy 
appearance characteristic of coated di- 
amonds. Microscopic examination 
using reflected light revealed obvious 
coating on the pavilion facets, with 
patchy colorless areas where it had 
been removed (figure 5). 

The UV-visible spectra of all 13 di- 
amonds exhibited a broad band cen- 
tered at about 520 nm, not at 550 nm 
as expected. This band is responsible 
for the pink coloration, and the 520 
nm position identified the coating as 
fluoride. 

This example demonstrates that 
traditional treatments such as coating 
are still prevalent in the trade, and 
great care must be taken to identify 
them. Because coatings are not per- 
manent, all 13 diamonds were issued 
identification reports disclosing the 
treatment. 


Fish-Like Inclusion 

It is always a pleasant surprise to find 
anew and interesting inclusion during 
routine observation. But an inclusion 


Figure 3. X-ray fluorescence images of the four cultured pearls showing 
various degrees of green or yellowish green fluorescence between inner 
and outer layers. Atypical orangy red fluorescence is also visible between 
the layers in samples 3 and 4. 
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that reminds us of a particular shape, 
an effect known as pareidolia (Winter 
2007 Lab Notes, pp. 363-364), is a geo- 
logic wonder. 

The New York laboratory recently 
received a natural yellow (graded as 
Fancy yellow) “Cape” 0.51 ct rectangu- 
lar faceted diamond exhibiting such a 
feature. Examination of the stone re- 
vealed a series of table-reaching frac- 
tures and clouds that seemed to form 
the outline and scale-like detail of a fish 
(figure 6). The inclusion is large in rela- 
tion to the stone, encompassing nearly 
75% of the table. 


Figure 4. These face-up images of 
0.45 ct and 0.5 ct pink round bril- 
liants are representative of the 13 
coated pink diamonds submitted. 
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Figure 5. Photomicrographs of the diamonds from figure 4, taken with re- 
flected light at 80x and 100x magnification, reveal the coating applied to 
the pavilion facets. 


Nearly all fractures in diamond 
result from the interaction among 
multiple cleavage directions (The 
MicroWorld of Diamonds, Gemworld 
International, 2000, p. 97). While often 
detrimental to the value of a stone, 
this inclusion serves as a useful iden- 
tifier, and such findings help keep the 
study of gems enjoyable. 


Martha Altobelli 


A Large Irradiated Green-Yellow 
Artificially irradiated diamonds are 
common in the trade, and identifying 
them remains a challenge. The New 
York lab recently identified a large di- 
amond as artificially irradiated based 
on careful spectroscopic analysis and 
a review of the lab’s database. 

This 24.16 ct oval-cut diamond 
(20.47 x 14.00 x 10.72 mm) was color 
graded as Fancy Intense green-yellow 


Figure 6. This pavilion view of 
the 4.76 x 4.30 x 2.75 mm Fancy 
yellow diamond displays the 
“fish” inclusion scene. The fish 
appears to be facing to the right. 
Magnified 40x. 
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(figure 7). The color was distributed 
evenly throughout the stone, with no 
color zoning detected. It showed 
strong yellow and blue fluorescence to 
long-wave UV radiation, and moderate 
yellow fluorescence to short-wave UV 
radiation. This fluorescence reaction 
and absence of chalkiness are seen in 
some natural diamonds with a similar 
bodycolor. Absorption spectrum in the 
mid-infrared region showed saturated 
absorptions in the one-phonon region, 
indicating a type Ia diamond with a 
high concentration of nitrogen. Also 
recorded were a moderate platelet 
peak at 1368 cm! (approximately 2.1 
cm intensity) and a weak absorption 
at 1433 cm. No hydrogen-related ab- 


Figure 7. This 24.16 ct oval-cut dia- 
mond (20.47 x 14.00 x 10.72 mm) 
was color graded as Fancy Intense 
green-yellow, and identified as ar- 
tificially irradiated and annealed. 


sorption or H1b/HI1c center in the 
near-infrared region was recorded. 
Absorption spectrum of this diamond 
in the ultraviolet/visible/near-infrared 
(UV-Vis-NIR) region at liquid-nitrogen 
temperature (figure 8) showed a mod- 
erately strong absorption from the N3 
(415.2 nm) and H4 (496.0 nm) centers, 
as well as weak absorptions at 512.8, 
594.4, and 741.2 nm (GR1). Absence of 
the H3 optical center was confirmed 
by photoluminescence spectroscopy at 


Figure 8. After irradiation and annealing treatment, a significant amount 
of optical center H4 was introduced. This is mainly responsible for the 
color improvement from Fancy brownish greenish yellow to Fancy In- 
tense green-yellow. N8 absorptions in two spectra in this plot were nor- 


malized to the same intensity. 
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liquid-nitrogen temperature with 488 
nm laser excitation. A fluorescence 
image collected using the Diamond- 
View showed a gradual change from a 
predominantly blue table region to a 
mostly green upper pavilion and girdle 
area. The spectral features observed in 
this large diamond are rarely encoun- 
tered in natural diamonds, raising the 
possibility of artificial irradiation 
treatment. 

A search of the GIA database found 
a very good match between this stone 
and a previously tested diamond. The 
two diamonds were identical in meas- 
urements and weight, as well as their in- 
frared absorption spectroscopic features, 
though the previous grade was Fancy 
brownish greenish yellow. This signifi- 
cant improvement in color appearance 
is attributed to the relatively high con- 
centration of the H4 center produced by 
the artificial irradiation/annealing treat- 
ment confirmed in this study. 

Despite its suspicious spectroscopic 
features, this irradiated diamond 
showed some gemological features nor- 
mally observed in diamonds with sim- 
ilar natural color. This example 
demonstrates the value of careful spec- 
tral and gemological analysis, combined 
with a review of the GIA database, in 
gem identification. 


Wuyi Wang, Paul Johnson, and 
Emiko Yazawa 


Strong Color Zoning Reflects 
Complex Growth Environment 
A 2.08 ct emerald-cut diamond re- 
cently submitted to the Carlsbad lab- 
oratory received a color grade of Fancy 
Dark orangy brown. Its strong color 
zoning, visible without magnification 
(figure 9), consisted of a dark orangy 
brown section with a few near-color- 
less bands and a near-colorless area. 
The orangy brown section showed nu- 
merous very small oriented reflective 
inclusions, visible in figure 9 only as 
dark clouds, that are typically associ- 
ated with type IaA diamonds colored 
by 480 nm visible absorption bands. 
Both the near-colorless side and the 
colorless bands displayed very few ori- 
ented reflective inclusions. 
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The diamond’s unusual fluores- 
cence under both long- and short- 
wave UV illumination can be seen in 
figures 10 and 11, respectively. Under 
long-wave UV (handheld lamp) the 
near-colorless section showed typical 
blue fluorescence. The orangy brown 
section displayed a yellowish fluores- 
cence, which is common in type IaA 
yellow diamonds. Under the higher- 
energy, shorter-wavelength UV exci- 
tation of the DiamondView, the 
distinction between the colors became 
even more pronounced, and the blue 
fluorescence of the near-colorless 
bands was clearly visible within the 
yellowish green fluorescence of the 
orangy brown section. Yellow phos- 
phorescence, common in type IaA di- 
amonds colored by 480 nm visible 
absorption bands, was also observed in 
the orangy brown area. 

Infrared spectroscopy revealed a 
type Ia diamond with both A and B ag- 
gregates. When IR spectra were col- 
lected separately from the 
near-colorless and orangy brown sec- 
tions, distinct differences were noted. 
The orangy brown section contained 
~33 ppm of A-aggregated nitrogen and 
~15 ppm of B-aggregated nitrogen, 
whereas the near-colorless section 
showed significantly higher concen- 
trations: approximately 139 ppm of A 
aggregates and 100 ppm of B aggre- 
gates. In addition to the higher overall 
nitrogen content, the near-colorless 
portion contained a higher proportion 


Figure 9. The strong color zoning 
in this Fancy Dark orangy 
brown diamond was visible at 
10x magnification. 


Figure 10. Under long-wave UV il- 
lumination at 10x magnification, 
the diamond's color zones showed 
blue and yellowish fluorescence. 


of B-aggregated nitrogen impurities. 

The unique zoning observed in this 
diamond likely reflects changing con- 
ditions during growth. Variations in ni- 
trogen and possibly oxygen content in 
the earth’s interior—480 nm defects 
are reportedly related to oxygen impu- 
rities in diamond—could have pro- 
duced the noteworthy color and 
fluorescence zoning that reveal the 
complex growth history. 


Troy Ardon 


Very Large Rough Diamond 

Throughout history, the discovery of 
very large diamond rough has been a 
rare occurrence. Not only is it un- 
likely to survive the journey from 
deep in the earth to the surface, but 
modern extraction methods, includ- 
ing the use of crushers to break large 
rock, can reduce such specimens to 


Figure 11. This DiamondView 
image of the color-zoned diamond 
shows an even more pronounced 
distinction between the colors. 
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smaller pieces. Therefore, the recent 
examination of a 1,138 ct rough dia- 
mond (62.51 x 47.61 x 45.56 mm, fig- 
ure 12) provided a unique opportunity 
to document the largest single-crystal 
natural diamond ever examined by 
GIA. While it is possible there have 
been larger unreported specimens, a 
search of public sources (e.g., I. Bal- 
four, Famous Diamonds, 5th ed., An- 
tique Collectors Club, 2008) suggests 
this could be the second-largest rough 
diamond in history—between the 
3,106 ct Cullinan and the 995 ct Ex- 
celsior, both of gem quality. 

Known to be from the Democratic 
Republic of the Congo, this stone dis- 
played Raman spectroscopic features 
characteristic of diamond. The sheer 
size presented a challenge with IR ab- 
sorption spectroscopy analysis, as it 
was too large for the regular sample 
chamber, beam condenser, or DRIFT 
units. Instead, we used an infrared mi- 
croscope with reflective mode and ob- 
tained a high-quality absorption 
spectrum. The rough was identified as 
a natural type IaA diamond with very 
high nitrogen concentration. We also 
detected a weak hydrogen-related ab- 
sorption peak at 3107 cm, a com- 
mon feature in natural diamond. Also 
recorded were strong absorption 
bands at approximately 3300, 2920, 
1700, and 1550 cn, attributed to mi- 
cron and sub-micron inclusions. Pho- 
toluminescence spectra were recorded 
at liquid-nitrogen temperature with 


Figure 12. This 1,138 ct single- 
crystal natural diamond (62.51 x 
47.61 x 45.56 mm) is the largest 
ever examined by GIA. 
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various laser excitations. The main 
emission features were broad bands at 
700 and 787 nm. The crystal also dis- 
played a very weak blue fluorescence 
under long- and short-wave ultravio- 
let radiation, another typical feature. 

The irregular morphology of the 
1,138 ct rough was quite interesting, as 
diamond usually occurs in octahedral or 
dodecahedral forms. But such a mor- 
phology is less likely to be maintained 
as a large crystal forms. Numerous ran- 
domly shaped and distributed inclusions 
may have contributed to the irregular 
crystal growth. These inclusions also 
caused the gray color appearance. 

The specimen’s strong surface dis- 
solution provided a visual document 
of its journey from deep in the earth. 
At the high temperatures in the 
earth’s interior, diamond can remain 
stable only under very high pressure. 
As the diamond was transported to 
the surface, the decrease in pressure 
would have dissolved the stone unless 
it made the journey rapidly. The sur- 
face of the 1,138 ct crystal speaks to 
the change that took place during its 
journey and represents the fine line 
between our experiencing this rare 
item and never having known it at all. 


John M. King and Wuyi Wang 


Unusual Curved Color Zoning 
In EMERALD 

While curved color zoning is typically 
associated with melt-grown synthet- 
ics, particularly flame-fusion products 
such as synthetic corundum and syn- 
thetic spinel, an unusual natural 
emerald with this feature was re- 
cently examined in the Carlsbad and 
Bangkok laboratories. This 1.17 ct 
emerald was obtained for GIA’s per- 
manent reference collection (sample 
number 100305160993) at a street 
market in Kabul, Afghanistan, for its 
very unusual inclusion scene. The 
stone was represented as being of 
Afghan (Panjsher) origin, but the in- 
ternal inclusions seemed to resemble 
those of emeralds collected from the 
Swat Valley of Pakistan. Careful 
chemical analysis by laser ablation— 
inductively coupled plasma—mass 


Gems & GEMOLOGY 


spectrometry (LA-ICP-MS) was per- 
formed at the GIA lab in Bangkok. 
The chemical data showed a fairly 
even composition within the sample 
except for chromium, which varied 
proportionately with the green color 
zoning (from approximately 300 to 
9000 ppmw Cr). The chemical data of 
the unusual emerald were compared 
to those of reference standards from 
known deposits, particularly Panjsher 
and the Swat Valley, to investigate its 
probable origin. The data showed a 
close match only with the reference 
emeralds from the Swat Valley, mak- 
ing that the most likely origin. 

The gemological properties showed 
an RI of 1.589-1.597 and a visible spec- 
trum consistent with emerald. The 
stone showed no reaction to a standard 
4-watt gemological UV light source. 
Microscopic examination revealed nu- 
merous inclusions of pyrite, carbon- 
ates, and reflective thin films oriented 
perpendicular to the optic axis (parallel 
to the length of the stone}, a typical as- 
semblage of a natural emerald. The 
most unusual observation about this 
stone was a prominent green “S” shape 
color zone that ran down its length 
(figure 13). Emerald’s hexagonal struc- 
ture would ordinarily lead one to ex- 
pect planar or angular color zoning 
related to the crystal morphology. The 
presence of curving zones in a faceted 
emerald was an anomaly that needed 
further examination. 

One possible explanation for the 


Figure 13. This 1.17 ct emerald, 
which hosted pyrite and carbon- 
ate crystals, displayed unusual 
curved zoning. 
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unusual zoning is that compressional 
geological forces caused shearing along 
the emerald crystal’s basal plane. This 
was supported by the appearance of 
pyrite grains, which looked as if single, 
brittle pyrite crystals had been sheared 
and slightly displaced parallel to the 
basal plane of the beryl host (figure 14). 
This apparent lateral shearing move- 
ment throughout the emerald crystal 
could have caused the pyrite grains to 
separate into aligned tabular fragments 
offset from each other and the beryl 
host. Also observed between the pyrite 
grains were planar optical irregulari- 
ties. These planes suggested localized 
shear zones that would have signifi- 
cantly higher defect concentration, 
giving rise to the optical nonconfor- 
mity consistent with their location be- 
tween the tabular pyrite inclusions. 
Under cross-polarized illumination, 
we observed dense clusters of birefrin- 
gent crystals that were essentially in- 
visible under non-polarized lighting. 
The low relief of these dense inclu- 
sions suggested they were beryl inclu- 
sions within the beryl host, possibly a 
result of partial recrystallization 
caused by dynamic environmental 
conditions. 

Gemology is generally a non-de- 
structive, observational science, which 
can be limiting at times. Destructive 
techniques could have revealed the 
crystallographic orientation of the 
pyrite grains with respect to each 
other and explained the stone’s un- 
usual structure. Because this was a 
unique sample, destructive testing 


Figure 14. Arrays of tabular offset 
pyrite fragments were seen 
throughout this unusual emerald. 
Field of view: 0.86 mm. 
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was not a practical approach. While 
the exact cause of this unusual zoning 
remains unknown, it is certainly in- 
teresting and thought provoking. The 
discovery of such gems demonstrates 
that there are complex geological con- 
ditions we do not yet understand 
which, when observed, invite further 
gemological exploration. 


Nathan Renfro, Vincent Pardieu, 
and Supharart Sangsawong 


Rare Faceted NEPTUNITE 
An 11.78 ct faceted “black” octagonal 
modified step-cut stone was recently 
presented to the Carlsbad laboratory 
for identification (figure 15). Standard 
gemological testing revealed an RI of 
1.69-1.73 and a hydrostatic SG of 
3.19. Microscopic examination with a 
fiber-optic light source showed the 
stone was actually a very dark orangy 
red. It was heavily included with frac- 
tures and platelets, as well as ran- 
domly oriented unidentified thin 
needles evenly distributed throughout 
the gem (figure 16). These tests sug- 
gested neptunite, an identity con- 
firmed using Raman spectroscopy. 
Neptunite commonly occurs in 
association with, and as a guest in- 
clusion in, the rare blue mineral 
benitoite (EJ. Gtbelin and JL. 
Koivula, Photoatlas of Inclusions in 


Figure 15. This unusual 11.78 ct 
faceted neptunite appeared to be 
black but was actually a dark 
orangy red. 
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Figure 16. The orangy red neptu- 
nite contained dense needles of 

unknown composition. Field of 

view: 1.72 mm. 


Gemstones, Vol. 1, ABC Edition, 
Zurich, 1986). Both minerals are Ti- 
bearing silicates. Benitoite may con- 
tain whitish inclusions of crossite 
(an amphibole) or natrolite (a zeo- 
lite), so it is possible that the thin 
needles in this neptunite are com- 
posed of one of these metamorphic 
minerals. The main source of neptu- 
nite is San Benito, California, where 
it is found along the walls of natro- 
lite veins in blueschist (B. Laurs et 
al., “Benitoite from the New Idria 
District, San Benito County, Califor- 
nia,” Fall 1997 G&G, pp. 166-187). 
The type locality for this material is 
the Narsarsuk pegmatite in Green- 
land (O.V. Petersen and O. Johnsen, 
“Mineral species first described 
from Greenland,” Canadian Miner- 
alogist Special Publication No. 8, 
2005, pp. 76-77). Neptunite crystals 
have been found in sizes up to a few 
inches, but they are rarely faceted 
because of their brittle nature and 
relative softness (5-6 on the Mohs 
scale). The few crystals that are 
faceted usually weigh less than 1 ct, 
making this large specimen of par- 
ticular interest. To the best of our 
knowledge, this is the first faceted 
neptunite identified by GIA. 


Amy Cooper and Tara Allen 
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COLORED STONES AND ORGANIC MATERIALS 


Ancient tourmaline and beryl from Afghanistan. A large 
private collection of beads and carvings from antique ex- 
cavations, assembled in the 1970s by a collector in 
Afghanistan, was recently examined. The pieces were 
claimed to be found near the ancient city of Bactra (mod- 
ern-day Balkh), 300 km northwest of Kabul near the border 
with Uzbekistan. Bactra was a center of the Bactrian civi- 
lization, which flourished from 2500 to 1500 Bc. The col- 
lection contains several thousand drilled beads, mostly 
agate, carnelian, and rare blue chalcedony. The next most 
abundant materials are turquoise—some as small as 1 mm 
in diameter—and lapis lazuli. Less common are garnet (two 
types of almandine), rock crystal, amethyst, serpentinite, 
and steatite, as well as organic materials identified as 
amber, pearl, and mother-of-pearl. Other very interesting 
finds are treated rock crystal and milky quartz, both con- 
taining blue glass spots on their surfaces, similar to me- 
dieval sapphire imitations (Fall 2001 GNI, pp. 243-245). 

The two most interesting pieces, a pink bird (figure 1) 
and a very pale blue bead (figure 2), were studied in detail. 
The bird had a light green bottom section, measured 13.9 
x 13.6 x 7.6 mm, and weighed 9.52 ct, with a refractive 
index close to 1.63. It was strongly pleochroic (pink and 
colorless), and it was uniaxial negative in a conoscope. In 
both short- and long-wave UV light the center was inert, 
but a thin triangular zone of light blue fluorescence was 
visible near the surface. These tests confirmed the stone’s 
identification as tourmaline. It was originally a “water- 
melon” tourmaline, pink with a green rim, but only a 
small part of the green rim had been preserved. 

The pale blue bead was set in a heavily corroded metal, 
probably bronze. The entire piece measured 20.7 x 12.3 x 
6.7 mm and weighed 20.28 ct, with an RI close to 1.59. The 
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Figure 1: This 9.52 ct pink tourmaline is part of an ex- 
tensive private collection of ornaments claimed to be 
from ancient Afghanistan. Photo by Jaroslav Hyrsl. 


stone was weakly pleochroic (very light blue and colorless), 
inert in UV light, and uniaxial negative in a conoscope. 
These results indicated a very pale aquamarine. The iden- 
tification of both beads was confirmed by their Raman pat- 
terns, collected by A. Gilg (Technical University of 
Munich). 

Both beads are possibly among the oldest of their kind. 
Large and historically significant rubellites have been re- 
ported from the 14th and 16th centuries, and a single beryl 
bead from Nubia has been dated back to Predynastic time 
(before 3200 Bc), but few details are known. The first beryl 
locality of significance was reportedly the Egyptian emerald 
deposit exploited as early as the Ptolemaic era (after 332 Bc). 

Both tourmaline and aquamarine are typical pegmatite 
minerals. Gem-bearing pegmatites have been mined since 
the 1970s in the Nuristan province of eastern Afghanistan 
and northern Pakistan—the possible origin of both beads. 


Jaroslav Hyrs1 (hyrsI]@hotmail.com) 
Prague, Czech Republic 
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Figure 2: This aquamarine bead, reported to be from 
Afghanistan, weighs 20.28 ct and is likely one of the 
oldest of its kind. Photo by Jaroslav Hyrsl. 


Orangy pink coated “soft coral.” Dyeing white coral to im- 
itate popular colors such as red, orange, and pink is a 
widely known practice. But a bead strand examined at the 
Gem Testing Laboratory in Jaipur, India, revealed a color- 
ing method unfamiliar to gemologists (figure 3). 

The strand weighed approximately 380 ct and contained 
spherical beads ranging from 6 to 15 mm in diameter. These 
were identified as coral belonging to the species Melithaea 
ocracea of the order Alcyonacea (e.g., M.C. Pederson, Gem 
and Ornamental Materials of Organic Origin, Elsevier But- 
terworth-Heinemann, Oxford, 2004, pp. 192-218). Their sur- 
face showed deep pores and dull luster. The presence of 
pores was sufficient to identify the beads as soft coral, which 
is also characterized by a spongy, brittle, rough appearance. 

Although their identification was straightforward, the 
beads’ appearance caused doubt regarding their color origin. 
When viewed under magnification (figure 4), distinct color 
concentrations were visible within the surface pores and 
cavities. The coloring agent was restricted to the surface, 


Figure 3. This string of orangy pink “soft coral” beads 
(6-15 mm in diameter) displayed a rough surface and 
large pores. Photo by Gagan Choudhary. 
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Figure 4. Under magnification, distinct color con- 
centrations are visible within the pores and cavities 
of this “soft coral.” The apparent use of a coloring 
agent only on the surface, evidenced by the enamel- 
like appearance within the trenches and the white- 
ness of the ridges, suggests these beads were coated, 
not dyed. Photomicrograph by Gagan Choudhary; 
magnified 48x. 


producing an enamel-like appearance in the trenches while 
the ridges appeared white. This evidence suggested that the 
beads were coated with paint rather than dyed. 

Although the microscopic features were sufficient for 
identification, further tests confirmed those findings. 
Under UV light, the beads displayed bright orange fluores- 
cence (more strongly under short-wave), a feature com- 
monly associated with pink-orange dyes. No typical 
absorption spectra were visible under a desk-model spec- 
troscope or recorded with a UV-Vis-NIR spectrometer. This 
is because the beads’ dull luster, opacity, and rough, uneven 
surfaces neither reflect light (in diffused reflectance mode) 
nor absorb it (in transmission mode}. Weak and broad ab- 
sorption bands were displayed at approximately 540 and 
680 nm, and the presence of calcium carbonate (aragonite) 
was confirmed by Raman spectroscopy. 

Such “soft coral” is commonly dyed red and the pores 
are filled with a polymer to enhance polish and luster. But 
this specimen’s color and luster were unusual. The lab also 
received similar coral strands in pink and black, suggesting 
this dye method can produce a variety of colors. 


Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Strands of tiny akoya keshi pearls. How small can a pearl be? 
At the American Gem Trade Association show in Tucson, 
the Japanese Pearl Exporting Co. presented some akoya keshi 
pearls only 0.7-0.9 mm in diameter (figure 5). At this size, it 
is difficult to distinguish individual pearls when looking at a 
strand. According to the seller, the single strand shown in 
figure 5 contains more than 300,000 keshi pearls, which 
would take one person four years to drill and assemble. 
Traditional tools are used to drill these tiny pearls. A 
thick wooden board is soaked overnight to soften it, and 
each pearl is embedded in the board to keep it stable. A 
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Figure 5. This strand contains more than 300,000 
akoya keshi pearls, each one only 0.7-0.9 mm in di- 
ameter. Photo by Eric Welch. 


very sharp, thin drill is used to bore a hole in each pearl. 
By pulling a thread attached to the drill, the worker can 
keep rotating the drill until it reaches the desired depth. 

“Keshi,” the Japanese word for poppy seeds, form as by- 
products of the akoya culturing process. They account for less 
than 0.5% of all annual akoya production, which has dimin- 
ished in recent years. Akoya keshi pearls come in various 
sizes, shapes, colors, and lusters. Strands are often paired with 
colored stones such as ruby and sapphire (figure 6). 


Tao Hsu 
GIA, Carlsbad 


Green kyanite. At the Riverpark Inn show in Tucson, gem 
dealer Tom Schneider (San Diego, California) exhibited a 
parcel of kyanite displaying an unusual saturated yellowish 
green color (figure 7). Mr. Schneider said he purchased sev- 
eral kilograms of the material in Arusha, Tanzania, its 
stated country of origin. While greenish blue, blue, and or- 
ange kyanite from Tanzania have been previously docu- 
mented (Winter 2004 GNI, pp. 341-342; Summer 2009 
GNI, pp. 146-147), this would be the first vibrantly colored 
yellowish green material from there. Yellowish green kyan- 
ite from Brazil has been previously reported (Winter 2001 
GNI, pp. 337-338), but it had a light color and lacked the 
strong saturation of the material from Tanzania. 

A cushion cabochon fashioned from one of the rough 
crystals was examined in the Carlsbad laboratory and 


Figure 6. These tiny akoya keshi pearl strands are 
paired with ruby and sapphire. Photo by Eric Welch. 
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Figure 7. These yellowish green kyanite rough crystals 


range from 1.4 to 5.1 grams, while the cushion cabo- 
chon weighs 4.84 ct. Photo by Don Mengason. 


exhibited the following properties: an RI of 1.719-1.731, 
a hydrostatic SG of 3.70, and no reaction to short- or 
long-wave UV radiation. These physical properties were 
consistent with those published for kyanite. This iden- 
tification was confirmed by Raman spectroscopy. 
Microscopic examination revealed several transparent 
crystals, fine particles, numerous fractures, and cleavages. 
Trapped in several cracks was an epigenetic reddish brown 
mineral residue. It is also notable that a small percentage of 
the rough crystals examined showed narrow blue color zones. 
To determine the cause of the yellowish green color, we 
collected a visible spectrum using a UV-Vis-NIR scanning 
spectrophotometer (figure 8). This revealed prominent fea- 
tures located in the visible region at 432 and 445 nm. These 
features have been attributed to Fe** in kyanite (R.G. Burns, 
Mineralogical Applications of Crystal Field Theory, 2nd ed., 
1993, Cambridge University Press). LA-ICP-MS measure- 
ments collected on the cushion cabochon confirmed a high 
concentration of iron—more than 20,400 ppmw, consistent 


Figure 8. Visible spectroscopy revealed dominant 
absorption features at 432 and 445 nm, attributed 
to Fe** and consistent with the very high levels of 
iron measured in this yellowish green kyanite. 
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with the saturated yellowish green color. 

This new supply of vibrant yellowish green material 
from Tanzania presents an inexpensive option for unusual 
ornamental gem materials. 


Nathan Renfro and Andy Shen 
GIA, Carlsbad 


Banded mimetite. Mimetite is a member of the apatite 
group and a lead chloro-arsenate, known to collectors as 
one of the rarest faceted stones. Some yellow transparent 
specimens weighing up to 1 ct are known from old finds 
in Tsumeb, Namibia. Small orange translucent stones 
under 0.5 ct have been faceted from Chinese mimetite, and 
a new type of lapidary mimetite (figure 9), likely from Bo- 
livia but purchased in Tucson without a reported locality, 
was identified recently. 

The cabochon measured 40.5 x 31.7 x 7.2 mm and 
weighed 177.75 ct, with a very high luster. Its lapidary work 
was of low quality, but the stone had a very nice agate-like 
structure, with alternating yellow-brown and dark brown 
layers. It closely resembled two unusual ornamental stones: 
the colloidal variety of sphalerite (figure 10) known by the 
German name schalenblende, and the colloidal cassiterite 
variety called “wood tin.” Schalenblende is known from 
many localities worldwide, mainly Poland but also Bolivia, 
where it is very difficult to visually distinguish from 
mimetite. Wood tin is known to be from Bolivia and Mexico. 

The RI of all three minerals is very high, over the refrac- 
tometer limit. Loose stones can be easily distinguished by 
their hardness and specific gravity, and the hardness of 
mimetite and schalenblende is the same, about 3.5 on the 
Mohs scale. Wood tin is much harder, about 6.5. The SG of 
the mimetite was 6.31, considerably higher than the 3.8-4.2 
of a typical schalenblende. The SG of wood tin can vary from 
5.2, to 6.6, likely depending on the presence of thin chal- 
cedony layers. Mimetite and wood tin are also inert in UV 
light, while schalenblende is usually yellow in long-wave 


Figure 9. This mimetite cabochon, likely from Bolivia, 
weighs 177.75 ct and has an agate-like structure of 
yellow-brown and dark brown layers. Photo by 
Jaroslav Hyrsl. 
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Figure 10. The sphalerite variety schalenblende has char- 
acteristics similar to those of banded mimetite. This 
specimen weighs 106.20 ct. Photo by Jaroslav Hyrs1. 


UV. The mimetite was identified by powder X-ray diffraction 
by John Attard of San Diego, but its exact origin could not 
be determined. Thin veins of mimetite deposited from hot 
springs are known to have been mined from a deposit in 
Lomitas, located in La Paz Department, Bolivia. 


Jaroslav Hyrsl 


Turquoise-rock crystal composite. Recently examined was 
a faceted rock crystal backed by a slice of turquoise—an 
obvious but unusual combination of gem materials. The 
21.58 ct oval measured 20.02 x 15.03 x 9.05 mm and was 
easily identified as a composite due to its color and appear- 
ance. From the top, it appeared light greenish blue (figure 
11, left); from the sides, it exhibited a colorless top and 
bluish green slice at the base (figure 11, right). 

Further tests confirmed the specimen was made of rock 
crystal and turquoise, based on its colorless and greenish 
blue components. The colorless portion displayed an RI of 
1.543-1.552, with birefringence of 0.009, while the greenish 
blue layer displayed a vague shadow edge at around 1.61. 
Under magnification, the colorless portion was clean and 
free of inclusions, while the greenish blue base showed some 
whitish cloudy patches, consistent with those in turquoise 
and similar materials. As expected, the junction plane con- 
tained numerous trapped, flattened gas bubbles without 
color. Under long- and short-wave UV light, a white to light 
yellowish glow was visible only along the junction plane, 
indicative of glue. Under a desk-model spectroscope, the 
specimen showed a weak absorption at about 430 nm. 

FTIR spectra taken by orienting the colorless portion dis- 
played peaks at approximately 3595, 3480, 3380, 3305, and 
3198 cm!—a pattern typically associated with natural rock 
crystal (e.g., Summer 2011 GNI, pp. 146-147). Raman analy- 
sis of the greenish blue base using a 532 nm laser in the 200- 
2000 cm region revealed a strong peak at about 1040 cm“, 
with a number of weaker peaks at approximately 238, 334, 
427, 482, 554, 596, 645, and 810 cm". These peaks are con- 
sistent with those of turquoise in both the lab’s database and 
the RRUFF database of Raman spectra. No polymer-related 
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peaks were present. In addition, qualitative energy-disper- 
sive X-ray fluorescence (EDXRF) analysis revealed the pres- 
ence of Al, P, Fe, and Cu, consistent with turquoise. As 
mentioned, a desk-model spectroscope revealed a weak ab- 
sorption at around 430 nm, and the same was confirmed 
using UV-Vis spectroscopy, which displayed a sharp peak at 
approximately 429 nm (Fe**) and a broad absorption at about 
680 nm (Cu**), suggesting natural rather than dyed color. 
While analysis using both classical and spectroscopic 
techniques identified this as a composite of natural rock crys- 
tal and turquoise, the reason for its creation is still unclear. 


Gagan Choudhary 


SYNTHETICS AND SIMULANTS 


Imitation Larimar. Pectolite is a mineral of the wollastonite 
group with the chemical formula NaCa,Si,O,(OH). It has an 
RI of 1.599-1.628, with a typical spot RI reading of about 
1.60 and a specific gravity of 2.81. The light blue variety of 
this mineral, known by the trade name “Larimar,” has only 
been reported from the Dominican Republic (R.E. Woodruff 
and E. Fritsch, “Blue pectolite from the Dominican Repub- 
lic,” Winter 1989 GeG, pp. 216-225, figure 1). 

We recently acquired a 3.91 ct drop-shaped cabochon, 
purchased in India as a Larimar imitation, that consisted 
of a ceramic material (figure 12, left). According to the ven- 
dor, the material was manufactured in China. Close mi- 
croscopic examination showed white gas bubbles and blue 
color concentration (figure 13). 

The cabochon’s spot RI reading of 1.53 and SG of 1.87 


Figure 12. This 3.91 ct ceramic imitation of Larimar 
(left) is shown with Larimar from the Dominican 
Republic. Photo by Lore Kiefert. 
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Figure 11. This 21.58 ct 
composite was found to 
have a top section of 
natural rock crystal 
and a base of natural 
— turquoise. Photos by 
Gagan Choudhary. 


were distinctly lower than the values for Larimar. Semi- 
quantitative EDXRF chemical analysis gave a composition 
of 95% ALO, and 4% SiO,, with traces of SO,, K,O, CaO, 
Sc,O,, Cr,O,, Fe,O,, and Ga,O,. In contrast, the average 
composition of pectolite consists of 54.23% SiO,, 
33.74% CaO, 9.32% Na,O, and 2.71% H,O. 

Although the imitation material does indeed resemble 
Larimar, standard gemological tests such as microscopy, 
RI, and SG should be sufficient to distinguish it. 


Lore Kiefert 
Gtibelin Gem Lab Ltd. 
Lucerne, Switzerland 


Peter Groenenboom 
AEL Arnhem 
Arnhem, Netherlands 


ERRATA 


1. The Spring 2013 “About the Cover” on the masthead 
page should have listed the photographer as Jian Xin (Jae) Liao. 
2. The Lab Notes figure 7 photo was by Paul Johnson. 

3. In the GNI entry on dumortierite-quartz rock, two 
lines were omitted from the bottom left column on p. 60. 
The complete version is available in the Spring 2013 issue 
at www.gia.edu/gems-gemology. 


Figure 13. Microscopic observation reveals dark 
blue color concentrations and whitish gas bubbles. 
Photomicrograph by Lore Kiefert; magnified 40x. 
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Syn. red spinel (octahedral crystal) 8.084 A.U. 
Natural red spinel (Ceylon) 8.089 A.U. 
Syn. Pink spinel (Verneuil proc.) 7.975 AU. 

The lattice constant calculated for natural 
spinel is in good agreement with published 
values for the red gem variety of this min- 
eral. The lattice constant of the synthetic red 
octahedron is surprisingly close to that of 
the natural red spinel. The X-ray data prove 
that the material possesses the spinel struc- 
ture. It should be pointed out that the gamma 
form of A120; also has a spinel structure. 
This substance, although not found in nature 
(the mineral corundum is the alpha form of 
A1.0;) has been produced artificially and the 
possibility was considered that the red syn- 
thetic octahedron might be this substance. 
However, the spectrographic examination 


indicating the presence of magnesium as a 
major constituent excludes this possibility. 

A few of the small crystals were examined 
with the aid of a 1.5 meter emmission spec- 
trograph to determine the essential chemical 
composition. Only qualitative data could be 
secured since there was insufficient material 
available to make a quantitative study of the 
specimen. Comparison spectrograms were 
prepared of the red synthetic octahedra, the 
natural red Ceylon spinel, and the pink 
synthetic (Verneuil process) spinel. Magnes- 
ium and aluminum were found to be the 
ptincipal constituents in all three. Strong 
chromium lines occur in both the natural 
red and a synthetic red spinel but are essen- 
tially absent in the spectrum of the pink 
synthetic. The spectrographic analysis indi- 


¢ Figure 3. Absorption spectra of synthetic red spinel com- 
pared with those of ruby and natural red spinel. The bright 
line at approximately 5900 A.U. is the line of sodium used 


as a reference point 
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The Young Generation—Tom + 
Jutta Munsteiner 


By Wilhem Lindemann, 225 pp., 
illus., publ. by Arnoldsche Art 
Publishers, Stuttgart, Germany, 
2012. US$85.00 


With this remarkable bilingual vol- 
ume, Wilhem Lindemann presents 
the works of husband and wife Tom 
and Jutta Munsteiner, master gem 
cutters and jewelers. Second-genera- 
tion gem cutter Tom Munsteiner fol- 
lowed in his father’s footsteps. 
Beginning in the 1960s and continu- 
ing through the mid-1990s, Bernd 
Munsteiner reinvented gemstone 
cutting with his unique edged, multi- 
faceted gem carvings. Working near 
Idar-Oberstein, the mecca of the 
German lapidary and colored stone 
trades, he cut an abundance of “redis- 
covered” gemstones from Brazil’s 
pegmatites, particularly tourmalines, 
aquamarines, amethysts, quartzes, 
and topazes. 

Tom and Jutta Munsteiner were 
classically trained as apprentices after 
showing early artistic promise. 
Today, they exhibit at venues such as 
the Tucson, Las Vegas, and Basel 
shows. Visiting the couple’s booth, 
one can only be struck by the 
strength and originality of their cre- 
ations. Whether gem carving or 
sculpture, each work exhibits a fine 
combination of jewelry and art. 

In the first part of the book, 
Lindemann retraces the evolution of 
lapidary art, from late third millen- 
nium BC cylinder seals to contempo- 
rary art movements such as 
Bauhaus. Tom Munsteiner’s influ- 
ences, dating as far back as the 
Romantic era, have inspired him to 
envision the entire crystal as a land- 
scape, with its inclusions and flaws. 
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He rejects traditional gem cuts such 
as the round brilliant, which focuses 
on the reflecting quality of a dia- 
mond and is far too complex for 
human sight. For this reason he 
adopted a cutting style that is asym- 
metrical, inviting the viewer's atten- 
tion inside the crystal rather than on 
its reflective qualities. 

The next section takes the reader 
on an inspirational journey through 
the work of Tom Munsteiner, whose 
most memorable creations include 
“Magic Eye,” “Ritmo,” and “Spirit of 
Nature.” The “Magic Eye” pieces 
have a sphere carved into the back of 
the gems at the interface of their axes 
to produce reflections on the face. 
“Ritmo” features geometric notches 
on the reverse side that re-create ran- 
dom asymmetrical imaginary struc- 
tures. Of particular interest to gemol- 
ogists is the “Spirit of Nature” series 
of gem carvings, which accentuates 
the inclusions in a wide range of 
materials. Some of the most striking 
pieces are an oligoclase with red 
hematite platelets, an elongated 
aquamarine prism with a helicoidal 
inclusion running through the length 
of the gemstone, and rock crystal 
carvings displaying phantom crystals. 
This section is one of the book’s 
strongest. 

The third part focuses on Jutta’s 
jewelry designs, which feature her 
husband’s gem carvings. Her inspira- 
tion features sinuous curves, as evi- 
denced by the “Personalities” neck- 
piece series. The imposing “Jeanne 
d’Arc” necklace shows a ridged, elon- 
gated rutilated quartz mounted on a 
custom-made snake chain. 

The fourth part illustrates Tom 
and Jutta’s collaboration through 
images of their classic jewelry, such 
as the “Twins” series of rings, each 
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featuring an original gemstone carv- 
ing paired with a diamond. They 
incorporated a proprietary round cut 
called “Spirit,” as well as the square 
“Context,” which resembles a mod- 
ern French cut. 

The photos exhibit a precision 
that complements the Munsteiners’ 
cutting style. The rendering of color 
has not been artificially enhanced, 
which is often a treacherous tempta- 
tion. Captions generally mention the 
carat weight of the gemstones, which 
is important since neither scale nor 
dimension are indicated. Given the 
impressive size of certain objects, 
this information helps the reader 
appreciate the quality and craftsman- 
ship involved. Numerous illustra- 
tions show the variation of cutting, 
within each series and from one 
series to another. The many photos 
serve to distinguish the couple’s 
respective pieces: Tom’s unique gem 
carvings and Jutta’s minimalist jew- 
elry designed with a sharp, powerful 
style. 

The text speaks to the Mun- 
steiners’ inspiration, but also 
describes how the gems were cut—a 
helpful feature since some of the 
gems were cut from the back to create 
a sense of volume and depth. Without 
those details, such techniques would 
be difficult to comprehend. 

This magnificent opus would 
have benefited from the Mun- 
steiners’ original sketches, which 
would have made the volume livelier 
and more personal. Some basic tech- 
nical explanation of cut and lapidary 
work, being the couple’s craft and 
expertise, would have also provided 
some foundation. But these criti- 
cisms are minor considering the 
quality of gemstones and illustra- 
tions presented. 
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The illuminating text and the 
striking originality and craftsman- 
ship of the Munsteiners’ work make 
this volume a real treat for students, 
gemologists, gem cutters, and jewelry 
enthusiasts. It offers an incomparable 
insight into Europe’s contemporary 
and cutting-edge creations 

DELPHINE A. LEBLANC 
Hoboken, New Jersey 


Dictionary of Gemstones & 
Jewelry 


By Akira Chikayama, 652 pp., illus., 
publ. by IMACBC Co., Tokyo, 2013, 
US$100.00 


The late Akira Chikayama was a 
noted gemologist who considered the 
Dictionary of Gemstones & Jewelry 
his personal “world heritage.” 
Indeed, the very scope of this dictio- 
nary is impressive. Entries include 
gems, minerals, sources, synthetics, 
treatments, jewelry findings, tools 
used in gem cutting and jewelry 
making, famous gemologists, scien- 
tists, mineralogists, and artists—the 
list goes on. 

A massive undertaking to begin 
with, the book was translated from 
Japanese to English. But it did con- 
tain some minor errors. In the listing 
for the Searcy diamond, for example, 
there appears a photo of the Sancy. In 
the entry for “abraded culet,” the 
author likened it to an open culet, 
which I do not agree with. And see- 
ing entries on Gtibelin, Kunz, and 
Shipley made me wonder why Dana, 
Liddicoat, and Sinkankas were not 
included. 

But as a general reference, the 
book serves its purpose well. The 
appendices alone are useful, covering 
a wide range of subjects and provid- 
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ing charts on birthstones, ring sizes, 
hallmarks, and more. Overall, this 
volume would make a nice addition 
to any gemological library if cost is 

not an issue. 
JANA MIYAHIRA-SMITH 
Gemological Institute of America 
Carlsbad, California 


Splendour and Science of 
Pearls 


By Dona Mary Dirlam and Robert 
Weldon, Eds., 139 pp., publ. by the 
Gemological Institute of America, 
Carlsbad, California, 2013, US$89.00 


The book delivers a broad overview 
of the world of natural and cultured 
pearls. The well-researched and lav- 
ishly illustrated presentation covers 
the history of pearls, world localities, 
classification, treatments, identifica- 
tion, fashion, and the future of the 
industry. One chapter focuses on the 
story of pearls in India, while anoth- 
er includes results from a GIA 
research study on natural pearls from 
the Arabian Gulf. 
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Jewels from Imperial St. 
Petersburg 


By Ulla Tillander-Godenhielm, 295 
pp., illus. publ. by Unicorn Press, 
London, 2012. US$80.00 


Geared toward the jewelry historian, 
this thoroughly researched work is a 
window into the world of the 
Russian imperial Romanovs, starting 
with the reign of Empress Elizabeth 
(1741-1762), and ending with 
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Nicholas II in 1917. The author 
details in chronological order the 
jewelry and objects d’art manufac- 
tured in St. Petersburg during this 
period. The book contains numerous 
photos of the jewels and family por- 
traits from that era 

GIA LIBRARY STAFF 


Diamond Street: The Hidden 
World of Hatton Garden 


By Rachel Lichtenstein, 364 pp., publ. 
by Hamish Hamilton, London, 2012. 
£20.00 


Hatton Garden is a famous area in 
London where jewelry has been 
manufactured since medieval times, 
and it continues to be known as a 
fine jewelry and diamond center. 
The author reveals the history of the 
jewelry trade there and offers stories 
about the people, culture, and lore of 
this fascinating district. 
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Abenteuer Jakutien: Auf den Spuren der Diamanten 
[Adventures in Yakutia: On the track of the diamonds]. 
K. Erler and H. Vollstadt, Lapis, Vol. 38, No. 4, 2013, pp. 
18-25, 54 [in German]. 
This article starts with a brief history of Yakutian diamond 
production, from Mikhail V. Lomonosov’s theory of diamond 
deposits in 1761 to the discovery of the first kimberlites in 
1954 to present-day operations. The bulk of the article then 
presents information the authors gathered during two visits 
to Yakutia, focusing on Mirny. 

The report contains a map and a list of data on the most 
important mines. It is lavishly illustrated with images of 
Mirny—the mine, the town, the museum—and impressive 
diamond specimens. 

RT 


China market: The new frontier. Diamond World, Vol. 40, No. 2, 
Jan-Feb. 2013, p. 126-132 

China, the world’s second-largest jewelry consumer after the 
United States, is also the second-largest jewelry manufactur- 
ing center after India. There is enormous potential for dia- 
mond jewelry in China, where the government has supported 
the industry through major policy decisions: reducing the 
VAT (value-added tax) on diamonds, abolishing import 
duties, and setting up the Shanghai Diamonds Exchange for 
trading in rough and polished diamonds. The government has 
signed multibillion dollar resources-for-infrastructure deals 
with various African governments, securing its supply of 
rough diamonds. These efforts have drawn a huge flow of cap- 
ital investment from diamond companies in Tel Aviv and 
Antwerp. Skilled diamond craftspeople have been brought in 
from Surat, India, to train Chinese workers. 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editors and their abstractors, and space limitations may require 
that we include only those articles that we feel will be of greatest 
interest to our readership. 


Requests for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The abstractor of each article is identified by his or her initials at 

the end of each abstract. Guest abstractors are identified by their 
full names. Opinions expressed in an abstract belong to the abstrac- 
tor and in no way reflect the position of Gems & Gemology or GIA. 


© 2013 Gemological Institute of America 


GEMS & GEMOLOGY SUMMER 2013 


Overall, China has cheaper labor costs than India, and 
its workforce provides better finishing of jewelry. Much of 
the work in Chinese jewelry factories is automated, and 
the level of technology and infrastructure is higher than 
in India. India produces every size and type of rough, 
while China mostly manufactures sawables. While India 
holds the advantage in manufacturing, China is a major 
consumer of polished diamonds. China is also better at 
jewelry manufacturing. But there is no original Chinese 
brand of international jewelry, and country needs better 
communication with the outside world. 

GL 


The Ellendale diamond field: Exploration history, discovery, 
geology, and mining. A. L. Ahmat, The Australian 
Gemmologist, Vol. 24, No. 12, 2012, pp. 280-288 

The Ellendale diamond field in West Kimberley is one of 

only three hard-rock diamond mine locations in 

Australia. Though not the first Australian diamond 

mine, Ellendale was the country’s first hard-rock 

deposit. It holds a special place in world diamond histo- 

ry as it led in November 1976 to the recognition of a 

new host-rock for diamond, olivine lamproite. Up until 

that time, commercial-sized diamonds were considered 
to be sourced only from kimberlite. The Ellendale lam- 
proites are geologically very young, only 22 Ma (million 
of years) old. Within several years of the initial discov- 
ery, some 46 lamproite pipes were found at Ellendale. By 

1980, 38 of these pipes had been assessed for their dia- 

mond content. 

More than two decades later, geologists from the 

Kimberley Diamond Company (KDC) recognized eluvial 

diamond enrichment over these pipes. After a lengthy 

legal battle, they wrested the Ellendale mining lease 
from the Ashton Joint Venture and commenced mining 
there in May 2002. Ellendale is recognized as a source of 
high-value fancy yellow diamonds. These high priced 
stones have been marketed through a special deal with 

Tiffany & Co since 2009. But the future of mining there 

is tenuous. Ellendale 4 was closed in 2009, and the high 

Australian dollar, combined with dwindling reserves, 

may jeopardize the survival of Ellendale 9. 

GL 


EOSFancy: Automatic bruting of fancy shapes. T. Gevers 
and J. Vandeloo, De Belgische Diamantnijverheid, 
Jan/Feb/Mar 2013 Vol. 83, No. 1, pp. 14-16. 

More than eight years ago, Belgium’s Scientific Research 

Centre for Diamonds (WTCOD) developed an automatic 

bruter for round diamonds. The bruting machine was 

based on a new principle: the application of a grinding 
wheel, rotating in a cooling liquid, to a rotating dia- 
mond. WTCOD has now expanded the scope of the EOS 
bruting machine to fancy shapes by linking the feed 
movement of the disc to the rotating position of the dia- 
mond. With EOSFancy, one can brute any convex shape 
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with high accuracy and symmetry. The new software 
requires a recent PC with a specific graphics card. 
EOSFancy can be used manually or via a transfer from a 
rough scanner. The system can be used for both prebrut- 
ing and finishing, and it is the ideal complement to laser 
prebruting. With EOSFancy, a lasered girdle can be fin- 
ished perpendicular to the table with a result closer to 
the end dimensions, with a shorter processing time. The 
development is now in testing phase at a limited num- 
ber of Antwerp-based diamond companies. A commer- 
cial version is expected to be released by HRD during 
2013. 

GL 


Infrared microspectroscopy of natural Argyle pink dia- 
mond. K. S. Byrne, J. D. Anstie, J. Chapman, and 
A.N. Luiten, Diamond and Related Materials, Vol. 
23, 2012, pp. 125-129, http://dx.doi.org/10.1016/j.dia- 
mond.2012.01.032 
One of the most distinctive characteristics of natural 
pink diamond is the lamellae, or “graining,” in which 
the color resides. These features are believed to have 
formed under plastic deformation. A great deal of 
research has focused on color centers in diamond, partic- 
ularly the N-V center. This article investigates the crys- 
talline defect responsible for pink coloration in natural 
diamond. Infrared microspectroscopic images were 
obtained to estimate the spatial distribution of B-centers 
in natural pink Argyle diamonds. The spatial distribu- 
tion of the nitrogen B-center (N-V—N,) was anti-correlat- 
ed with the intensity of pink coloration. The authors 
believe this is the first such observation. IR spectral fea- 
tures were not influenced by exposure to UV illumina- 
tion, in contrast to the visible change in coloration 
under the influence of UV radiation. 
GL 


Internal texture and syngenetic inclusions in carbonado. 
F. V. Kaminsky, R. Wirth, and L. Morales, The 
Canadian Mineralogist, Vol. 51, No. 1, pp. 39-55, 
http://dx.doi.org/10.3749/canmin.51.1.39 

Carbonado is a black or dark brown cryptocrystalline 
aggregate of diamond. Its age ranges from 2.6 to 3.8 Ga 
(billions of years), according to lead isotopic composi- 
tion. Carbonados have been found only in alluvial placer 
deposits, such as those in Brazil and Central Africa, and 
never in kimberlite. Many hypotheses, including non- 
kimberlitic, crustal origin of carbonado were proposed 
by previous researchers. Analysis of internal texture and 
syngenetic inclusions is important to understanding the 
genesis. 

Carbonado samples were collected from alluvial 
placer deposits of the Macaubas River basin in the 
Brazilian state of Minas Gerais and the Ubangi River 
basin in the Central African Republic. They were dark 
or nearly black, with a smooth and shiny surface. The 
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samples contained pores ranging from a few hundred 
nanometers to a few micrometers. Secondary electron 
images revealed a typical polycrystalline structure, 
which showed fine-grained texture with irregularly 
shaped diamond grains averaging 5 to 15 um. Grain 
boundaries were in irregular, zigzag patterns. Numerous 
pores, up to 20 pm, were found inside grain boundaries. 
They were usually filled with postgenetic minerals such 
as kaolinite, flurencite, and quartz. Dislocation lines 
were also observed within some diamond grains. The 
pole figures suggested that crystallographic orientations 
of these grains were quasi-random. 

Syngenetic inclusions ranging from 10 to 50 nm 
were identified using the combined FIB/TEM technique: 
garnet, apatite (including fluorapatite), phlogopite, silica, 
Ca-Mg-Sr- and Ca-Ba-carbonates, halides (sylvite, KCl, 
and bismocolite, BiOCl), native nickel and metal alloys 
(Fe-Ni, Cr-Fe-Mn, and Pb-As-Mo}, oxides (FeO, Fe-Sn-O, 
TiO,, SnO,, and PbO,), Fe-sulfides, and fluid inclusions. 
An intergrowth of fluorapatite, phlogopite, and silica 
was also observed. Almandine-pyrope garnet inclusions 
with silica-enriched amorphous rims were confirmed. 
Fluid inclusions contained Si, Al, Fe, O, Ti, Ca, S, Cl, K, 
and carbonate. These fluid inclusions suggested the car- 
bonados were formed in a chloride-rich environment. 
Crystal inclusions were not pressure-indicator minerals. 
Instead, they were stable in a wide range, from crust to 
lower mantle, except bismocolite, which could only be 
formed in the crust. Although this whole inclusion 
assemblage was possibly of crustal origin, conclusive 
research is still needed. The authors propose that these 
samples were crystallized and grown in one stage, which 
was followed by sintering. This hypothesis could be con- 
firmed by comparison with one-stage growth process of 
a polycrystalline diamondite. 

KSM 
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Achate von der Teufelskanzel bei Oberthal im Saarland 
[Agates of the Teufelskanzel near Oberthal, 
Saarland, Germany]. K Schafer, Lapis, Vol. 38, No. 5, 
2013, pp. 14-21, 54 [in German]. 

The “Teufelskanzel” (Devil’s Pulpit), a rhyolitic promon- 

tory at Oberthal about 30 km (20 miles) southwest of Idar- 

Oberstein, is one of the many small agate deposits of the 

Nahe-Saar Basin. A failed first attempt to mine the agates 

in 1882 was followed by rather chaotic rockhound activi- 

ties and the equally unsuccessful decision by the commu- 
nity of Oberthal to take over all mining activities. Finally, 
digging for agates was generally prohibited, a ban that is 
still in force. 

The agates generally formed as thunder eggs. They 
show a very beautiful coloration and often bizarre, pic- 
turesque forms that inspire the imagination of the behold- 
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er. Many also display a strong green long-wave UV fluores- 
cence, supposedly due to uranyl ions. 
The beauty of the agates and their fluorescence are 
illustrated by a range of color photos. 
RT 


Montana moss agate: Collectible chalcedony from the 
Yellowstone River. B. Britt, Rock & Gem, April, 
2013, Vol. 43, No. 4, pp. 34-37. 

The expansion of various mining projects in Canada’s 

North (Northwest Territories, Yukon, and Nunavut) is set 

to lead the country in economic growth over the next two 

years. Spinoff activity that accompanies mine-related 
prosperity is also expected to increase based on pending 
mines in the assessment phases or preproduction stages, 
thus further boosting employment and local economic 
development. Production in these areas is expected to last 
well into the coming decades. Environmental groups and 
local residents are also interested in the impact on the 
Canadian North ecosystem as well as the long-term 
effects on the towns and industry when the boom is over. 
ERB 


Neufund: Blaue “Wolkenachate” von Weierbach bei Idar- 
Oberstein, Rheinland-Pfalz [New find: Blue “cloud 
agates” from Weierbach near Idar-Oberstein, 
Rhineland-Palatinate]. K. Schafer, Lapis, Vol. 37, 
No. 6, 2012, pp. 25-29 [in German]. 

The agate deposits that formed the basis of the lapidary 

and cutting industry at Idar-Oberstein until the 19th cen- 

tury are mostly depleted. What reaches the market today 
is the result of rockhound activities. This article reports 
on a remarkable find from 2012 along a road construction 
site at Weierbach, near Idar-Oberstein. Found in a small 
outcrop of volcanic rocks, the nodules showed diameters 
of 2-12 cm (0.8-4.8 in.). While agates from Idar-Oberstein 
generally have a fine banding and pastel tones, most of 
these agates were not banded but showed cloud-like 
structures and striking sky blue and red colors. The arti- 
cle contains numerous images of the splendid agates and 
the deposit. 

RT 


Wittichenite from the Cattle Grid Pit, Mount Gunson 
Mine, South Australia. R. Noble 
[noblemin@aussiebb.com.au], The Mineralogical 
Record, March-April, 2013, Vol. 44, pp. 133-143. 

In 1981, large, attractive wittichenite crystals found at the 

Cattle Grid Pit in South Australia were mistaken for chal- 

cocite. Then in 2008, they were correctly identified by the 

Smithsonian Institution. Electron microprobe analysis of 

this species shows Cu, Bi, and S (weight percentages of 

38.67%, 41.70%, and 19.90%, respectively). 

The Cattle Grid wittichenite is brittle, with strongly 
conchoidal fractures and a relatively low hardness. The 
colors vary from highly lustrous silvery white to bronze to 
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a deep purple-black. The crystals are predominantly tabu- 
lar-prismatic in habit, but some show myriad crystal faces 
and deeply striated prisms. The Miller indices for these 
crystal forms, and their intricate and complicated crystal 
morphology, are discussed in depth. 

The article contains 16 large photos of wittichenite, 
some crystals weighing more than 75 grams, as well as the 
mine site and the copper localization stratigraphy. The 
number of wittichenite crystals larger than 2, cm in maxi- 
mum dimension is estimated to be about 30, and these are 
held in only three collections (two institutional and one 
private). Unfortunately, the entire production of copper 
sulfide concentrate from the Cattle Grid Pit is now owned 
by a private smelter, where the bismuth-containing wit- 
tichenite is considered an undesirable impurity. 

ERB 


INSTRUMENTS AND TECHNIQUES 


Determining the geographical origins of natural emeralds 
through nondestructive chemical fingerprinting. D. 
P. Cronin and A. M. Rendle. The Journal of 
Gemmology, Vol. 33, No. 1-4, 2012, pp. 1-13. 
The technology to identify a gemstone’s geologic and geo- 
graphic origins has improved in the last decade to the point 
where accurately pinpointing the locality has become a 
reality. Using emeralds from different mines in the 
Cordillera Oriental region of Colombia, some of them only 
a few miles apart, scientists can now discern minute differ- 
ences in chemical composition and determine each sam- 
ple’s point of origin by studying the chemical “finger- 
prints” in their chromophores. The chromophores are trace 
elements of vanadium, nickel, or magnesium and vary geo- 
graphically as a result of interstitial fluid migration prior to 
precipitation. 

After recognizing that within-site chemical homo- 
geneity and cross-site chemical heterogeneity depended on 
the amount of chromophores in the crystal structure, the 
authors sought to find out if chemical heterogeneity 
between emerald mining localities was chemically unique 
and statistically provable based on chromophore compo- 
nents alone. Included in the study were emerald samples 
from the Muzo, Cosquez, and Guali mines of Colombia, 
plus the Campo Verdes and Carnaiba mines in Brazil, and 
the Chantete mine in Zambia. Consideration for sample 
inclusion in this study involved the history of the host rock 
chemistry on the skeletal crystal structure, the occurrence 
of trace elements that link emeralds to their point of origin, 
the subsurface geology, fluid-rock interactions and the geo- 
chemical processes leading to emerald formation. 

The study concluded that element-based heterogeneity 
exists between the six emerald mining sites. Through the 
use of an Amray scanning electron microscope (SEM) cou- 
pled to an EDAX energy-dispersive X-ray spectrometer 
(EDX), statistically significant chemical heterogeneity 
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between mine sites was revealed by a non-destructive test 
that preserved the integrity of the sample. 
JEC 


The yellow color center and trapped electrons in beryl. L. 
Andersson, [loandersson@bluewin.ch], The 
Canadian Mineralogist, 2013, Vol. 51, No. 1, pp. 
15-25, http://dx.doi.org/10.3749/canmin.51.1.15 

Investigations continue into the cause of yellow color in 

beryl. The generally accepted explanation is that it is relat- 

ed to the charge-transfer between Fe** ions substituting for 
octahedral Al** ions in the crystal and the surrounding 
oxygen ions. 

Using electron paramagnetic resonance (EPR), an 
absorption technique that uses magnetic fields to measure 
transition energies in atomic defect centers, this study 
contradicts the accepted interpretation, proposing an alter- 
nate model. 

Although a strong EPR signal from octahedral Fe** ions 
can be found in beryl of all colors, including colorless, the 
study determined that Fe** ions substituting for Al** at the 
octahedral position cannot be the cause of the yellow 
color. There is, however, a signal unique to yellow beryl 
that comes from Fe** ions at a tetrahedral site. 

The author proposes a simple model describing the oxi- 
dation and reduction processes involving iron electrons 
trapped in the crystal structure to explain the creation and 
decay of the yellow color. This study discusses reinterpre- 
tations of other experimental findings that lead to different 
explanations for beryl’s colors 

ERB 
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Blue spinel crystals in the MgAl,O,-CoAL,O, series: Part I. 
Flux growth and chemical characterization. V. 
d'Ippolito, G. B. Andreozzi (gianni.andreozzi@uniro- 
mal.it), F. Bosi, and U. Halenius, American 
Mineralogist, Vol. 97, No. 11-12, 2012, pp. 
1828-1833, http://dx.doi.org/10.2138/am.2012.4138 

Synthetic CoAl,O, spinel, a high-temperature oxide 

(melting point of 1955°C), is the most stable compound of 

a family of spinel-structured oxides obtained from CO,O, 

at progressive increase of Al contents. High-quality spinel 

single crystals with compositions closely corresponding 
to the solid-solution series spinel sensu stricto (MgA1,O,)- 
cobalt spinel (CoA1,O,) were produced by flux growth 
method, with Na,B,O, as the flux. Low cooling rates and 
linear temperature profiles were applied in the thermal 
interval 1200-800°C, followed by rapid cooling. Thermal 
runs were performed in a reducing atmosphere. Selected 
crystals were investigated by SEM/EDS X-ray mapping to 
check for compositional homogeneity and by electron- 
microprobe analysis to obtain the chemical formula. 
Crystals were found to be chemically homogeneous 
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and entirely representing the MgAl,O,-CoAL,O, solid- 
solution series, with the latter component ranging from 
7% to 100%. The saturation of the vivid blue color 
increased with total cobalt content, but no shift in color 
hue was observed along the series. The unit-cell parame- 
ter a increased from 8.084 to 8.105 A along the solid-solu- 
tion series. The observed linear increase of the a parame- 
ter was seemingly due to the higher CoAL,O, component. 
This was a premature and misleading conclusion, howev- 
er, because structural changes in spinel may depend on 
both chemical composition and inversion parameter, 
which in turn is a function of thermal history. The com- 
position of crystal products does not correspond to the 
composition of the starting oxide mixture: cobalt 
enriched in the crystals. A tentative explanation of this 
behavior is suggested by considering possible ionic poten- 
tial as well crystal field stabilization effects. 

GL 


Growth strategy for controlling dislocation densities and 
crystal morphologies of single crystal diamond by 
using pyramidal-shape substrates. A. Tallaire, J. 
Achard, O. Brinza, V Mille, M Naamoun, F Silva, 
and A. Gicquel, Diamond and Related Materials, 
Vol. 33, pp. 71-77, http://dx.doi.org/10.1016/j.dia- 
mond.2013.01.006 

A single synthetic diamond crystal can be used as an elec- 

tronic device because of its properties, such as a high 

breakdown field and thermal conductivity. However, 
defects, such as dislocation bundles, which were formed 
during growth process, can cause current leakage, higher 
bandgap, and birefringence. Defect-free single diamond 
crystal that is large enough to be used as an electronic 
device is difficult to grow using current methods. For 

example, the “threading dislocations” can be formed in a 

CVD diamond using (001)-oriented substrate. The authors 

demonstrated that these defects could be reduced by mod- 

ifying substrate’s shape and orientations. 

Two type Ib HPHT-grown, pyramidal substrates, type 
A and type B, were used to grow single CVD crystals in 
this research. The {100} directions in type A substrate and 
{110} directions in type B were polished into inclined faces 
with 20°, 30°, and 40° angles. Both possessed a square top 
measuring 200 x 200 um?. Crystals were grown on these 
substrates using plasma-assisted CVD technique with 
power density of 100 W/cm? and methane concentration 
of 5% at 850°C, achieving a growth rate of 13 microns per 
hour. 

After removal of the substrate, the fully grown CVD 
crystals showed high transparency. Nitrogen-related 
defects were not detected. The inclined faces in type A 
substrate helped prevent twin sectors from reaching the 
top face. The growth rates of the lateral and top faces 
were 32.5 and 13.5 pm per hour, respectively. When 
thickness reached about 490 microns, the inclined faces 
started to disappear. The dislocations, originating from 


S6 GEMOLOGICAL ABSTRACTS 


the square top of a pyramidal substrate, were observed in 
a crystal grown on type A substrate with 20° dislocations. 
However, these dislocations were diverted toward the 
edges rather than the top. Photoluminescence image 
showed that the inclined faces effectively diverted the 
direction of threading dislocations from {100} to {110} 
direction. Absence of sharp edges in these pyramidal sub- 
strates also helped in reducing dislocations. The lateral 
surfaces had the highest growth rate and possessed “fish 
scale” morphology in type A grown crystals, a morpholo- 
gy not observed in type B crystals. A maximum thickness 
of 2.2 mm could be achieved with a dislocation of 40° on 
type B substrate. A crystal 1.70 mm thick containing very 
low defects was achieved using type B substrate with 20° 
or 30° dislocations. 

KSM 


Zircon et geikielite artificiellement étoilés du Sri Lanka 
[Zircon and geikielite from Sri Lanka with artificial 
stars]. J.-P. Gauthier, B. Rondeau, and T. Prada, 
Revue de I'Association Francaise de Gemmologie, 
No. 180, 2012, pp. 5-11 [in French]. 

Two asteriated cabochons acquired in Sri Lanka were 
identified as natural zircon and geikielite. But the six- 
rayed star had not been observed in natural star zircons, 
and the eleven-rayed star of the geikielite was crystallo- 
graphically “impossible.” Microscopic observation clearly 
showed both had been created by a fine scratching of the 
cabochon domes. 

In both cases, the surfaces appeared to have been pro- 
duced by short parallel scratches. The center of each star 
was a white spot, and their branches were short, some- 
times missing or undulating and hatched. The effect is 
formed mainly by diffraction at the scratches rather than 
reflection from needles or hollow tubes, like in natural 
stones. When the focus of the microscope is lowered 
some millimeters from above the cabochon surface 
through below the surface, the star gets finer and is 
sharpest below the surface, in contrast to natural stars, 
where the sharpest star seems to hover above the surface. 

The features described above, along with some other 
characteristics mentioned by Steinbach (2011), allow a 
safe distinction of scratched star stones from their natural 
counterparts mostly by simple observation with the 
naked eye. 

RT 
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Figure 6. At a section of freshly dug pit wall in the red 
zone, red cores of fragmented sunstone crystals glint 
in the sun. Photo by Robert Weldon. 


crystal measuring 8.3 x 2.6 x 0.8 cm. This is a sub- 
stantial crystal by most standards, but we found 
larger, blockier ones at the Sunstone Butte mine. 
This might be because the crystals at Sunstone Butte 
cooled more slowly in a larger body of rock—within 
a cinder cone—and were not extruded in thinner lava 
flows, as elsewhere in the Rabbit Basin. As a result, 
there appears to be less fracturing due to thermal and 
mechanical shock, and intact crystals are recovered 
more frequently. 


PONDEROSA MINE 


The road to the Ponderosa mine gains in elevation as 
the scenery gradually changes from meadows to 
thick stands of tall ponderosa pines. It is classic vol- 
canic highland, littered with cinder cones, extensive 
basalt flows, ashfall tuffs, and red cinder beds. 

A map drawn by John Woodmark, Ponderosa’s 
owner and the president of Desert Sun Mining & 
Gem Co., led us to the mine, where we stayed in a 
bunkhouse. Woodmark purchased the property in 
2003. For earlier history of the Ponderosa mine, see 
Johnston (1991) and Sinkankas (1997). 

The mine is located at an elevation of 1,753 me- 
ters (5,700 feet) on the southwest side of Donnelly 
Butte. The mining season runs from June to October, 
when the mine is free of snow. Because Woodmark 
owns the property, it is not subject to regulation from 
the Bureau of Land Management or other govern- 
ment agencies. 

The mine site covers some 60 acres (just over 24 
hectares). Although only one-fourth of an acre has 
been mined to a depth of 6 meters (20 feet), Woodmark 
said that sunstone occurs throughout the property. 
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Johnston (1991) reported on the Ponderosa mine 
and its gem materials, characterizing the labradorite 
as 70% anorthite and 30% albite, placing it at the 
labradorite/bytownite boundary. 

The sunstone occurs in a localized, weathered 
basalt flow (figure 6). So far, this is the only one of 
four basalt flows examined at the site that contains 
sunstone. The basalt being mined is moderately to 
heavily weathered, reduced to reddish brown soil 
containing nuggets of harder basalt in sections of the 
pit. Currently, Woodmark is recovering higher than 
normal quantities of red to pink rough from a section 
of the pit—approximately 20% of the sunstone 
mined. In 2010, his estimated recovery rate of red to 
pink rough was around 2-4%. 

The working area of the mine has more than dou- 
bled since being documented by Johnston (1991), but 
it still represents a relatively small area. This is be- 
cause of the high concentration of feldspar in the de- 
composed basalt. Woodmark estimates a recovery 
rate of 1.5 kg of rough per cubic yard of earth moved 
and a possible reserve of more than a trillion carats 
of cuttable rough. In his opinion, this would make 
the Ponderosa one of the richest colored gemstone 
mines in the world. 

Ponderosa produces 1 million carats of rough per 
year (figures 7-9) over the course of approximately 20 
days (in three or four increments). Woodmark esti- 
mates he could mine 4—6 million carats per year, given 
sufficient demand. Currently there are only a handful 
of people to drive the loaders and operate and maintain 
the other equipment. The mine also employs Native 


Figure 7. This loader transfers crushed basalt ore to a 
dry trommel, separating rock and feldspar crystals 
from the decomposed basalt, which is essentially dirt. 
Photo by Robert Weldon. 
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American teenagers from the nearby reservation. 
Woodmark pays the pickers $10 per kilogram of con- 
centrate recovered. Each picker averages 1 kg per hour. 
He personally grades the rough, first by color (red, 
orange, pink, yellow, colorless, green, bicolor, or 
schiller) and then by size. The strategy is geared to- 
ward providing a consistent supply of calibrated gems 
less than 7.0 mm in well-defined grades. These 
smaller stones are cut overseas. Woodmark does not 
trim or cob the rough, leading to lower yields (approx- 
imately 12% recovery, or 500-600 carats per kilo- 
gram). Larger fine-color or clear rough is supplied to 
designer cutters for high-priced, one-of-a-kind gems. 
Woodmark stockpiles the colorless and yellow 
material because it is so easily treatable (Emmett and 


Figure 9. During screening, sparks of red to pink rough 
sunstone glitter in the sun among pea-sized chunks of 
vesicular basalt. Photo by Robert Weldon. 
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Figure 8. Pickers, in- 
cluding John Wood- 
mark (foreground), load 
concentrate onto mesh 
screening tables at Pon- 
derosa. They methodi- 
cally sweep the table 
with a trowel, leaving 
“no stone unturned.” 
Photo by Duncan Pay. 


Douthit, 2009), and he is concerned it could harm 
the market for untreated Oregon sunstone. Wood- 
mark is considering bead production as a source of 
revenue from this clear to champagne-colored rough. 


DUST DEVIL MINE 

The Rabbit Basin lies three hours south of Burns, 
through a desolately beautiful landscape of alkaline 
lakes, sand dunes, and volcanic ridges. Alt and Hynd- 
man (1978) provide a brief summary of the roadside 
geology. At Hogback Road, the paved surface ends 
and 35 miles of gravel road begins, leading eventually 
to the Dust Devil mine. 

Travel trailers punctuate the desert, marking the 
sites where miners are working claims. At 1,402 me- 
ters (4,600 feet), this is high desert country dotted 
with sagebrush. No permanent structures are permit- 
ted by the Bureau of Land Management, and mining 
activities are subject to strict environmental regula- 
tions. As with the Ponderosa mine, the weather dic- 
tates the mining season, which runs from mid-May 
to mid-October, when the first snows typically fall. 

The sunstone-bearing basalts cover about seven 
square miles (18 km?) at the northern end of the 
basin. They are a sequence of gray to strong reddish 
brown vesicular flows that form low rounded hills, 
reaching their highest point at Dudeck Ridge. The 
flows are typically only 3-6 meters (10-20 feet) thick, 
narrowing considerably toward the edges. The 
bedrock beneath the sunstone basalts is a gray-brown 
ashflow tuff of variable thickness. Underneath the 
tuff lies a vesicular black basalt (Peterson, 1972). 
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Figure 10. Left to right: Dust Devil employee Mark 
Shore, owners Terry Clarke and Don Buford, and 
gemologist Mariana Photiou, who works with the min- 
ers and helps market the gem. Photo by Robert Weldon. 


According to Don Buford, co-owner of the Dust 
Devil mine, thin flows cool rapidly, exerting pressure 
on crystals as they contract and causing extensive frac- 
turing. Thicker flows cool more slowly, exerting less 
stress on the crystals and allowing them to retain their 
size. Phenocryst fracturing may also be due to move- 
ment and mechanical contact between crystals within 
the lava flow during emplacement (Peterson, 1972). 


Figure 12. Terry Clarke holds a screen up to the sun, 
letting transparent gems reveal themselves as glints 
in the light. Photo by Robert Weldon. 


Buford and co-owner Terry Clarke (figure 10) have 
been very active in marketing untreated Oregon sun- 
stone. Gems from Dust Devil have been used by no- 
table artists such as Dalan Hargrave, Will Cox, Larry 
Winn, Larry Woods, Krista McMillan, and John Dyer 
to garner more than 15 American Gem Trade Asso- 
ciation (AGTA) Cutting Edge awards. A pit operation 
with a modern separation plant (figures 11-14), the 


Figure 11. Left: Mark Shore recovers a large sunstone crystal from its matrix as Don Buford observes. Right: Three prin- 
cipal stones with bodycolor or schiller totaling almost 300 carats, along with 500 carats of pale yellow stones, were 
recovered from this fragmented crystal; courtesy of Mark Shore, Dust Devil Mining Co. Photos by Robert Weldon. 


FIELD REPORT 


Gems & GEMOLOGY FALL 2013 167 


e Figure 4. X-ray powder diffraction patterns of 1) Natural 
red spinel, Ceylon — 2) Synthetic red spinel — 3) Commer- 
cial synthetic pink spinel (Verneuil process), and — 4) 
Natural ruby, Burma 


cates that the red synthetic octahedrom is an 
aluminum magnesium compound containing 
appreciable chromium, its spectrum being 
very similar to that of natural red spinel. 
The X-tay, spectrographic, optical, and 
other data secured on this specimen estab- 
lish it as a chromium bearing red spinel. The 
physical aspect of the crystal makes it clear 
that it was not produced by the flame fusion 
method of Verneuil. What process was used 
in its production is not known. It may pos- 
sibly have been crystallized in a sealed cham- 
ber or bomb from an aqueous solution or 
from a vapor in a manner similar to that 
employed in the production of synthetic 
quartz crystals. It would be interesting to 
know how that material was produced, for 


although the specimen examined is not of 
fine gem quality it is altogether possible that 
improvements in technique will make pos- 
sible the production of clear crystals from 
which good sized gems could be cut. In view 
of the similarity of its properties to those of 
both natural ruby and natural spinel, jewel- 
ers should be aware of the existence of this 
material. As pointed out at the beginning 
of this paper the crystal studied had actually 
been purchased in the belief that it was 
natural ruby. 

The authors are indebted to Mr. H. O. 
Oppenheimer of New York City, through 
whose kindness the specimen was made 
available for study, and to Dr. Ming Shar 
Sun, Mr. John Edwards and Mr. Kar! Ture- 
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mine is known for its variety of stone colors and sizes 
up to 1,093 ct—nearly as large as a tennis ball. 

At the mine, we both witnessed and captured on 
video the careful recovery of crystal fragments by 
employee Mark Shore (figure 11, left). The fine sun- 
stone crystal in figure 11 (right), mined from a de- 
composed basalt nodule, would have constituted an 
841.74 ct stone if found in one piece. 

This crystal is a telling example of the challenges 
facing the sunstone miner and the gem cutter: It is 
highly fractured and has the most desirable colors 
confined to zones in its interior, restricting the size 
and orientation of the gems that can be cut from it. 


Figure 14. According to Don Buford, each ton of 
basalt from the Dust Devil mine yields one pound of 
sunstone rough—75% colorless or yellow, 25% red, 
green, bicolor, or blue, and less than 1% fine deep red. 
Photo by Duncan Pay. 
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Figure 13. Dust Devil 
uses heavy-duty excava- 
tors to mine the basalt 
ore, which is processed 
by a grizzly (a grille 
with evenly spaced bars 
to exclude larger rock). 
The basalt ore then 
passes through a se- 
quence of conveyors to a 
shaker, a wet trommel, 
a hopper, and a belt for 
handpicking. Some of 
the ore goes to an opti- 
cal sorting machine, de- 
pending on the mine’s 
production needs. Photo 
by Robert Weldon. 


These limit the cutter’s choices and make it challeng- 
ing to produce fine gems. The recovery yielded the 
following: 


° 86.64 ct (3.5 x 3.3 x 1.7 cm): pale yellow rim 
with an orange-red core 


e 110.99 ct (5.8 x 1.7 x 1.3 cm): pale yellow rim 
with an orange-red core and a touch of green on 
the periphery 

¢ 101.63 ct (4.0 x 2.2 x 1.4 cm): orange-red core 

with intense schiller and a narrow green pe- 
riphery 

e The remaining pieces were pale yellow: one 
45.29 ct specimen, three totaling 100.49 carats, 
four totaling 80.89 carats, and a bag of assorted 
yellow shards totaling 315.81 carats. 


Rossman and Hofmeister (1985) confirmed a cor- 
relation between sunstone’s copper concentration 
and its aventurescence and color. They proposed an 
excellent model for precipitation of native copper and 
subsequent development of red and green colors in 
sunstone during cooling, but their paper does not dis- 
cuss color zones and distribution of schiller relative 
to conchoidal fractures within the gems. 

Most crystals are fractured and therefore difficult 
to recover intact. Pough (1983) drew a correlation be- 
tween sunstone’s color distribution and its con- 
choidal fractures: Red and green colors—along with 
schiller—tend to be limited to the cores of phe- 
nocrysts, rarely reaching fracture surfaces (again, see 
figure 11, right). 
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We plan to investigate whether copper can be 
leached from crystals after emplacement by a second- 
ary process. The example shown in figure 11 would be 
ideal for chemical analysis, as we know that all its 
fragments came from a single crystal. 


SUNSTONE BUTTE MINE 

A new deposit, Sunstone Butte (figure 15), has become 
known among boutique jewelry designers since 2011 
for its large green, red, and bicolor gems. According to 
mine owners Dave Wheatley and Tammy Moreau, 
45-50% of the gem-bearing “ore” is volcanic cinder 
as opposed to the basalt flows at the other Rabbit 


Figure 16. This rough sunstone measures approxi- 
mately 5 cm (2 inches) in length. Note how the green 
core follows the contours of the rough. The green core 
is characteristic of material from this mine. Photo by 
Duncan Pay. 


Figure 15. The main pit 
of the Sunstone Butte 
mine lies in a cinder 
cone that forms a small 
hill above the sur- 
rounding desert. Photo 
by Robert Weldon. 


Basin mines. They told us that the most notable as- 
pects of the mine’s production are the size of the crys- 
tals and their green colors. Crystals often reach 100 ct, 
and sometimes up to 500 ct (figure 16). About 75% of 
the sunstones have green coloration, many with 
bluish green “teal” hues. 

The rock is far less decomposed than at the other 
locations we visited. The claim owners are essentially 
mining into the top of the cone. Possibly because it 
is a much thicker body of rock—which cooled more 
slowly than the thinner lava flows elsewhere in the 
basin—the crystals are much larger and often recov- 
ered whole. Some exceed 10 cm in length (figure 17), 


Figure 17. This large, blocky labradorite feldspar crys- 
tal from the Sunstone Butte mine measures approxi- 
mately 10 x 5 x 5 cm (4x 2x 2 inches). Photo by 
Duncan Pay. 
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Figure 18. Sunstone Butte co-owner Tammy Moreau 
taps on the back of a piece of volcanic matrix with a 
small hammer to release feldspar phenocrysts. Photo 
by Robert Weldon. 


which is extraordinary for this type of deposit. Due 
to the slower cooling of the magma that contained 
them, they also seem much less internally fractured. 
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The crystals may also have suffered less mechanical 
stress because they remained within the mass of the 
cinder cone rather than being extruded in a lava flow. 

Wheatley mines the cinder cone using an excava- 
tor. Ore is transported to a separator and screened 
down to less than 20 cm in size and run through a 
small processing plant where crystals are removed 
from their volcanic matrix. From there, the material 
is reduced to fist-sized pieces with a small hammer, 
allowing the crystals to be handpicked (figure 18). 
Lastly, the miners remove any remaining volcanic 
residue—essentially a hard red crust—from the crys- 
tals by tumbling them in a cement mixer with water 
for a couple of hours. 

The gems from Sunstone Butte are among the 
finest we have seen, notable for their size and clarity 
as well as their dichroic nature. In addition to explor- 
ing mining processes, we observed fashioned sun- 
stones (figure 19) as both single pieces and suites of 
contemporary cuts, many featuring red, bicolor, or 
schiller stone pairings to maximize the appearance 
of yellow to colorless material. We collected more 
than 500 video segments and 1,500 photos, as well 
as several kilograms of samples for further study, in- 
cluding whole crystals and typical bicolor and red 
crystal fragments. 

These samples will add to our understanding of 
these deposits and their unique gem materials. The 
emergence of new material from Sunstone Butte, 
adding to the consistent commercial supply from the 
Ponderosa and Dust Devil mines, indicates that the 
market for Oregon sunstone could grow. 


Figure 19. These three 
gems from Sunstone 
Butte illustrate the 
range of colors the 
mine produces: a 2.40 
ct green “Plush” cut, a 
4.95 ct pale yellow 
“snowflake” cut, and a 
7.95 ct “spinel-color” 
red gem. Photo by 
Robert Weldon. 
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Thomas M. Moses | Shane F. McClure 


Imitation Rainbow Moonstone 
ASSEMBLAGE 

The Carlsbad laboratory recently re- 
ceived for examination four semi- 
transparent to translucent cabochons 
with a white bodycolor (figure 1), 
ranging from 1.74 to 10.57 ct. These 
stones appeared similar to white pla- 
gioclase feldspar with multicolor iri- 
descence, known in the trade as 
“rainbow moonstone” (Summer 1997 
Gem News, pp. 144-145). However, a 
cursory examination proved they 
were distinctly different: assembled 
materials composed of a colorless, 
transparent base cemented to a fibrous 
white top and coated with a colorless 
plastic. The stones also displayed an 
unusual iridescence. 

The colorless plastic coating had 
an RI of 1.55, but this was not useful 
in identifying the substrate compo- 
nents. The assembled stone fluo- 
resced medium blue to long-wave UV 
and weak blue to short-wave UV. In 
polarized light, a bull’s-eye optic fig- 
ure was resolved in the colorless base 
material, confirming rock crystal 
quartz; small fluid inclusions and re- 
flective particles in the bottom sec- 
tions indicated natural origin. Raman 
spectroscopy conclusively identified 
the fibrous top as gypsum. 

Microscopic examination revealed 
an iridescent coating on the quartz 


Editors’ note: All items were written by staff 
members of GIA laboratories. 


Gems & GemoLocy, Vol. 49, No. 3, pp. 172-177, 
http://dx.doi.org/10.5741/GEMS.49.3.172. 


© 2013 Gemological Institute of America 


172 Las Notes 


Figure 1. These assembled cabo- 
chons (1.74-10.57 ct) with multi- 
color iridescence are a skillful 
imitation of rainbow moonstone. 
They are composed of a natural 
rock crystal quartz base with an 
iridescent coating cemented to a 
gypsum top, and the entire assem- 
blage is coated in colorless plastic. 


section, much like that used on 
“Aqua Aura” quartz (Fall 1990 Gem 
News, pp. 234-235). Closer inspec- 
tion revealed that the iridescent coat- 
ing was located on the quartz in the 
join. The colorless plastic coating con- 
tained numerous gas bubbles and was 
easily deformable with a pointer 
probe. This plastic layer was appar- 
ently added to give a vitreous luster to 
the otherwise dull, waxy gypsum. Gas 
bubbles in the colorless cement layer 
made it quite easy to recognize these 
stones as assemblages. 

When viewed face-up, the assem- 
blages made an attractive imitation of 
rainbow moonstone due to their 
white bodycolor, milky appearance, 
and rainbow iridescence. This is the 
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second time the Carlsbad laboratory 
has examined an assemblage contain- 
ing plastic-coated gypsum (Fall 2012 
Lab Notes, pp. 210-211). Coupling a 
luster-enhancing coating with an iri- 
descent layer created an interesting 
imitation rainbow moonstone from 
two common materials. 


Amy Cooper, Nathan Renfro, and 
Tara Allen 


An Enormous South Sea 
CULTURED PEARL Filled with 
Cultured Pearls 

Known for their size, South Sea cul- 
tured pearls can attain a diameter of 20 
mm or more. A massive baroque white 
South Sea cultured pearl weighing 
49.55 ct and measuring 27.12, x 23.23 
x 21.67 mm (figure 2) was recently sub- 
mitted to the New York laboratory for 
identification. Besides its remarkable 
size, we noted a small corner section 


Figure 2. The large 49.55 ct South 
Sea cultured pearl (left) is shown 
alongside a typical 13 mm South 
Sea cultured pearl. 


FALL 2013 


Sa 


Figure 3. A small pearl was 
plugged into this opening in the 
baroque pearl. 


with a circular gap highlighted by a 
yellowish glue-like material (figure 3). 
This feature suggested that a smaller 
pearl with similar color and luster had 
been used to fill an opening in the 
baroque cultured pearl. 
Microradiography revealed that 
this smaller pearl was a nonbead-cul- 
tured pearl with an irregular linear 
dark central growth feature (figure 4, 
top). Both pearls originated from a salt- 
water environment, according to en- 


Figure 4. The baroque pearl’s in- 
ternal structure suggested a non- 
bead cultured pearl (top). 
X-radiography showed that three 
bead cultured pearls were used 
to fill the void (bottom). 
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ergy dispersive X-ray fluorescence 
(EDXRF) spectroscopy. Surprisingly, 
microradiography revealed three addi- 
tional bead-cultured pearls within the 
large baroque specimen (figure 4, bot- 
tom). These three cultured pearls 
showed their own distinct bead demar- 
cations and had all been drilled 
through. The large void was filled with 
an unknown substance that prevented 
the three pearls from moving around. 

Although we occasionally see 
filled or plugged pearls (see D. Har- 
gett, “Unusually large worked and 
plugged cultured pearl,” Winter 1991 
Lab Notes, p. 251), this was the first 
time we had encountered a South Sea 
cultured pearl filled with multiple 
bead-cultured pearls. We believe this 
enormous pearl was originally cul- 
tured with a single bead nucleus, but 
that somehow the bead emerged 
through an opening. To maintain the 
specimen’s weight and durability, the 
three bead-cultured pearls were used 
to fill the void and the opening was 
plugged with a smaller nonbead-cul- 
tured pearl. 


Surjit Dillon Wong and 
Joyce WingYan Ho 


Figure 5. This 2.54 ct Fancy Light 
greenish yellow diamond showed 
a high quantity of nickel, be- 
lieved to be related to its fancy 
color saturation. 


DIAMOND 

With High Concentration of Nickel 
A 2.54 ct cushion-cut diamond (figure 
5) was color graded as Fancy Light 
greenish yellow. Its UV-Vis-NIR spec- 
trum showed a large absorbance 
caused by nickel-related defects (fig- 
ure 6). It is unusual for a diamond to 
be solely colored by nickel, and more 
so for the diamond to be graded in the 


Figure 6. This UV-Vis-NIR spectrum shows an unusually large absorption 
band related to nickel defects in diamond. 
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Figure 7. The greenish yellow diamond’s EDXRF spectrum shows a clear 
peak at 7.5 keV, a characteristic peak of nickel. 


fancy color range. Such diamonds 
have been previously reported (W. 
Wang et al., “Natural type Ia dia- 
mond with green-yellow color due to 
Ni-related defects,” Fall 2007 GWG, 
pp. 240-243), but this was the first 
time energy-dispersive X-ray fluores- 
cence (EDXRF) spectroscopy has been 
run to detect the presence of nickel. 
As seen on the XRF spectrum (figure 
7), the nickel content was high 
enough to be detected. This is likely 
related to the diamond’s fancy color 
saturation. 

In addition to its unusual color 
origin, the diamond contained a min- 
eral inclusion with a color-change ef- 
fect. It appeared purple under the 
incandescent well light of a gemolog- 
ical microscope and dark blue under 
the fluorescent overhead light on the 
same microscope. We suspected the 
inclusion was a color-change garnet, 
and this was confirmed using Raman 
spectroscopy. The stone also con- 
tained a small cloud of oriented reflec- 
tive inclusions associated with type 
IaA diamonds, consistent with this 
sample’s diamond type. The diamond 
showed weak green transmission, 
which was unusual because it had no 
defects commonly associated with 
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green transmission (i.e., the H3 fea- 
ture). Whether the transmission is re- 
lated to the nickel content is not 
known. 


Troy Ardon 


Unusual Laser Manufacturing 
Remnant 

It is common to see laser manufactur- 
ing remnants on diamonds, especially 
stones in blocked form where the cut 
is not finished. Cutters may use lasers 
to show where to cut, which features 
to remove, or the desired shape. The 
remnants usually appear as straight or 
sinusoidal lines along the areas to be 
cut or removed. 


Figure 8. The 0.9 mm diameter laser 
manufacturing remnant on this dia- 
mond showed an interesting pattern. 
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A 3.59 ct Fancy Light brownish 
greenish yellow diamond recently 
submitted to the Carlsbad laboratory 
for examination displayed an unusual 
laser feature. 

The table of the blocked heart 
shape showed a laser remnant with 
an interesting pattern that resembled 
a watch face (figure 8). Unlike the 
typically linear remnants, this fea- 
ture was circular and located directly 
on the table. The cutter’s intentions 
for placing the 0.9 mm diameter cir- 
cle on the table are unclear, but it 
makes for a striking pattern rarely 
seen on diamonds, especially fin- 
ished stones. 


Tara Allen 


Purple JADEITE Rock 

The Carlsbad laboratory recently 
took in a semi-translucent mottled 
purple bead for identification. Under 
microscopic examination, the mate- 
rial displayed an aggregate structure 
composed of fibrous lavender grains 
with a brownish white component 
(figure 9). Reddish orange minerals and 
small needle-like brown crystals were 
also observed. A spot RI reading of 
1.55 was obtained on most of the 
stone, with a few places giving a read- 
ing of 1.66. The bead had a hydrostatic 
SG of 2.99 and was inert to both long- 
and short-wave UV radiation. 

Basic gemological testing was in- 
conclusive, but Raman spectroscopy 
performed on the various components 
of the stone confirmed the lavender 
and white portions were a mixture of 


Figure 9. This 13.60 mm mottled 
purple bead consists primarily of 
jadeite and quartz. 
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Figure 10. Upon closer examina- 
tion, the jadeite rock also con- 
tains reddish orange cinnabar 
and brown aegerine crystals. 
Magnified 30x. 


jadeite and quartz, while the reddish 
orange portions were cinnabar. Addi- 
tional spots on the scattered needle- 
like inclusions matched aegerine, a 
sodic-ferric clinopyroxene (figure 10). 
In addition to Raman testing, an in- 
frared (FTIR) spectrum was collected 
to confirm the stone was not poly- 
mer-impregnated (E. Fritsch et al., 
“Identification of bleached and poly- 
mer-impregnated jadeite,” Fall 1992 
Gwe, pp. 176-187; Spring 1994 Lab 
Notes, p. 43). 

Purple rock containing jadeite and 
quartz has been reported in the Bursa 
region of western Turkey (M. Hati- 
poglu et al., “Gem-quality Turkish 
purple jade: Geological and miner- 
alogical characteristics,” Journal of 
African Earth Sciences, Vol. 63, 2012, 
pp. 48-61). To date, the composition 
of this material is unique to the area. 
It occurs as ametamorphic product in 
the contact zone between a large 
blueschist belt and a granodiorite 
stock. While neither mercury nor 
cinnabar (a mercury sulfide) is men- 
tioned in the literature on purple 
jadeite rock, mercury mining in west- 
ern Turkey has been reported (M. 
Yildiz and E.H. Bailey, “Mercury de- 
posits in Turkey,” U.S. Geological 
Survey Bulletin 1456, 1978). 

The presence of mercury deposits 
in the region makes it highly likely 
that cinnabar or other mercury-bear- 
ing minerals would occur in the pur- 
ple jadeite rock, consistent with a 
Turkish origin, though the origin of 
this sample has not been confirmed. 
Because jadeite and aegerine are both 
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sodic pyroxenes, their occurrence to- 
gether is understandable. 

Purplish jadeite rock is being used 
in the jewelry trade and fashioned 
into beads, cabochons, and carvings. 


Amy Cooper and Tara Allen 


A Useful Technique to Confirm the 
Hydrophane Nature of OPAL 

With the emergence of opal produc- 
tion in Wollo, Ethiopia, the supply of 
hydrophane opal has increased signif- 
icantly. This deposit offers beautiful 
material at a fraction of the price of 
similar-looking opal from several 
other sources, including Australia and 
Brazil. However, most of the opal 
from Wollo is hydrophane, which 
simply means it is porous enough to 
readily absorb water, much like a 
sponge. This property can occasion- 
ally cause durability issues that may 
lead to significant cracking, depend- 
ing on the porosity of the material and 
how included it is. In general, it is dif- 
ficult to predict if this material will 


crack when immersed, but the poten- 
tial is certainly higher in hydrophane 
opal than in nonporous material. In 
hydrophane opal with a bodycolor 
other than white, there is the distinct 
possibility of artificial coloration, 
since stones that absorb water also ab- 
sorb dye (N. Renfro and S.F. McClure, 
“Dyed purple hydrophane opal,” Win- 
ter 2011 G&G, pp. 260-270). While 
this ability to absorb water is not 
proof of dye, it calls for extra caution 
when examining an opal for color 
modification, especially if it has a 
bodycolor that can exist naturally, 
such as orange. 

With white or colorless opals, 
checking for dye is not necessary, but 
the gemologist may find it valuable to 
determine if they are hydrophane so 
the client can be warned to avoid im- 
mersing them in liquid. Micro inclu- 
sions often present in these stones are 
sometimes the source of minute inter- 
nal cracks. When these opals are satu- 
rated with water, the cracks often 
enlarge due to the strain and propagate 
through the entire stone. In these cases, 


Figure 11. This Ethiopian hydrophane opal with a small crack was exam- 
ined at 15x magnification in reflected light (A). The lighting environment 
has been changed to direct transmitted light or brightfield illumination by 
opening the baffle in the microscope well (B). A drop of water placed on the 
surface (C) and absorbed by the stone creates an optical aberration (D) that 
confirms the opal’s hydrophane nature. Note that the water has also pro- 
duced a more pronounced optical aberration in the crack. 
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the only option is to recut several small 
stones from the broken fragments. 

To safely determine if an opal is hy- 
drophane and avoid further propaga- 
tion of existing cracks (figure 11), the 
stone should be examined using a stan- 
dard gemological microscope and di- 
rect transmitted light (with the 
microscope in brightfield mode). Sim- 
ply place a single drop of water on the 
surface and observe how the water 
drop interacts with the opal. After a 
few seconds of allowing the water to 
either evaporate or soak into the stone, 
reexamine the appearance. If the water 
is absorbed into the stone, that area’s 
refractive index will be slightly differ- 
ent, creating an optical aberration 
where the drop is placed and confirm- 
ing that the stone is hydrophane. This 
method poses less risk of breakage 
than complete immersion. 


Nathan Renfro 


Green SAPPHIRE Filled with Glass 

In recent years, one of the most prob- 
lematic gem treatments has been the 
filling of ruby with lead glass, due to 
its unstable nature. In 2007, a new ap- 
plication for lead glass treatment in 
corundum began to appear in the mar- 
ket: sapphire filled with cobalt-colored 
lead glass (T. Leeawatanasuk et al., 
“Cobalt-doped glass-filled sapphire; an 
update,” The Australian Gemmolo- 
gist, Vol. 25, No. 1, 2013, pp. 14-20). 


Figure 12. This 1.83 ct specimen 
proved to be a manufactured 
product consisting of lead glass 
and natural green sapphire. 
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Figure 13. Flattened gas bubbles 
and a blue flash effect suggest 
that this stone contains signifi- 
cant amounts of lead glass, which 
was confirmed by EDXRF spec- 
troscopy. Field of view 1.57 mm. 


Recently examined at the Carlsbad 
laboratory was a particularly unusual 
1.83 ct green sapphire (figure 12) that 
proved to be filled with a significant 
amount of lead glass. 

Standard gemological testing gave 
an RI of 1.762-1.770, a hydrostatic SG 
of 4.00, a prominent absorption band 
at 450 nm, and inert reaction to long- 
and short-wave UV. These properties 
are consistent with natural corundum. 
Microscopic examination, however, 
revealed numerous low-relief cracks 
throughout the stone that showed a 
prominent blue flash effect, as well as 
several flattened gas bubbles trapped 
within the filler (figure 13). Also ob- 
served were reflective rutile needles. 

To determine if a leaded glass was 
used to hide the cracks in the corun- 
dum, we applied EDXRF spectros- 
copy, which confirmed the presence 
of lead. UV-visible spectroscopy was 
used to explore whether the color was 
intrinsic to the corundum (as in glass- 
filled ruby) or intrinsic to the filler 
glass (as in sapphire filled with a lead 
glass colored by cobalt). The UV-Vis 
spectrum revealed a prominent 450 
nm series related to Fe** pairs respon- 
sible for the yellow component of the 
green color, which was consistent 
with the overall green bodycolor of 
the stone. The blue component was 
observed as diffuse planar color zon- 
ing unrelated to the network of frac- 
tures. This combination of natural 
yellow and blue components pro- 
duced the overall green bodycolor. 
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This was the first lead glass—filled 
green sapphire examined at the Carls- 
bad laboratory. On a GIA identifica- 
tion report, this would be called a 
“manufactured product.” 


Phil York 


Large Pinkish Brown 
CVD SYNTHETIC DIAMOND 
Distinguishing diamonds of natural 
and synthetic origin is one of the most 
important tasks of any gemological 
laboratory. With the advances in tech- 
nology and methodology available to 
manufacturers, a wider variety of syn- 
thetic diamonds has begun to emerge. 
Recently, a client submitted a 1.03 ct 
emerald-cut synthetic diamond (fig- 
ure 14) to the Carlsbad laboratory. We 
determined it had been grown from 
the chemical vapor deposition (CVD) 
process. This was evident from the 
large silicon-vacancy peak at 737 nm 
seen in both the UV-visible and pho- 
toluminescence spectra of this type 
Ila synthetic diamond. A lack of 
tatami strain and the distinctive 
growth patterns observed in the Dia- 
mondView (see W. Wang et al., “Lat- 
est-generation CVD-grown synthetic 
diamonds from Apollo Diamond Inc.” 
Winter 2007 G&G, pp. 294-312) con- 
firmed the origin (figures 15 and 16). 
As the vast majority of CVD syn- 
thetic diamonds submitted to the lab 
weigh less than one carat, this sample 
was unusual for its size, as well as its 


Figure 14. This 1.03 ct CVD syn- 
thetic is notable for its size and 
Faint pinkish brown color. 
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Figure 15. Viewed under crossed 
polarizers, this synthetic dia- 
mond shows mottled strain, but 
no tatami strain, consistent with 
its CVD growth origin. 


color grade of Faint pinkish brown. 
This is the first colored CVD synthetic 
diamond examined by GIA that did 
not merit a “Fancy” modifier, but in- 
stead fell in the Faint to Light range. 
While pink CVD-grown synthetics 
have been documented, in most cases 
the color was generated by post-growth 
treatment. Here the pinkish color 
seemed solely related to the growth 
process, with no subsequent treat- 
ments (HPHT annealing, irradiation, 
and then annealing) coming into play. 


Troy Ardon and 
Sally Eaton-Magana 


TURQUOISE with 
Fingerprint Pattern 
The Carlsbad laboratory recently 
identified a natural, untreated tur- 


Figure 16. DiamondView imaging 
remains one of the most reliable 
methods for confirming a CVD 
synthetic diamond. This image 
shows distinctive growth patterns. 
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Figure 17. A few of the natural, untreated turquoise beads in this necklace 


display a fingerprint pattern. 


quoise bead necklace with an inter- 
esting feature. The bluish green 
beads displayed a natural turquoise 
structure with thin black matrix 
veining (figure 17). During micro- 
scopic examination, a few of the 
beads showed a less-saturated green- 
ish discoloration pattern resembling 
fingerprints. The bead selected for 
testing had a spot RI of about 1.60 
and fluoresced weak bluish green 
under long-wave UV, with no short- 
wave fluorescence. To rule out poly- 
mer impregnation treatment, we 
collected an infrared (FTIR) spectrum. 
It showed no peaks in the polymer re- 
gions, ruling out polymer-impreg- 
nated turquoise (K.S. Moe et al., 
“Polymer-impregnated turquoise,” 
Summer 2007 G&G, pp. 149-151). 
The unusual pattern may have been 


Figure 18. The light area shows a 
discoloration in the form of a fin- 
gerprint pattern. 
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the result of glue or another contami- 
nant present during the initial han- 
dling or drilling of the beads, 
preserving actual human fingerprints. 
With time and wear, the discoloration 
of the beads made the fingerprints 
more distinct (figure 18). 

Untreated turquoise is porous and 
often absorbs skin oils and other con- 
taminants, making the color more 
greenish. As a result, turquoise is 
commonly treated to enhance its ap- 
pearance and protect it from discol- 
oration. Most of the product on the 
market, especially lower-quality ma- 
terial, has been wax- or polymer-im- 
pregnated to improve its durability 
(S.E. McClure et al., “Gemstone en- 
hancement and its detection in the 
2000s,” Fall 2010 G&G, pp. 218-240). 

This interesting piece serves as a 
useful example of why turquoise is 
routinely treated. Simply handling it 
can affect the color and appearance 
over time, as illustrated by the finger- 
print pattern preserved in this piece. 


Tara Allen and Amy Cooper 
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* Figure 5. Electron microscope photograph showing devel- 
opment of triangular growth markings on the octahedral 
face of a synthetic spinel crystal. Magnification is indicated 
by the black line which represents a length of 1/10,000 inch 


° Figure 6. Electron microscope photograph showing rosette 
like growth markings on the octahedral face of a synthetic 
spinel crystal. Magnification is indicated by the line which 
represents a length of 1/10,000 of an inch 
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COLORED STONES AND ORGANIC MATERIALS 


Unusual epigenetic malachite discs in quartz. When min- 
eral-rich fluids become trapped in open cracks and evapo- 
rate, they can leave behind epigenetic mineral precipitates. 
These epigenetic mineral deposits are fairly common in 
gem materials, usually taking the form of brownish iron 
oxide staining in cracks. These deposits are often a nui- 
sance, impairing the potential beauty of the finished gem, 
but occasionally they contribute vibrant colors with inter- 
esting geometric shapes, such as inclusions of pyrite 


Figure 1. This 52.99 ct freeform cabochon of rock crystal 
quartz, reportedly from Brazil, contained several epige- 
netic discs of malachite. Photo by Robison McMurtry. 


Editors’ note: Interested contributors should send information and illustra- 
tions to Justin Hunter at justin. hunter@gia.edu or GIA, The Robert 
Mouawad Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Figure 2. These radial discs of epigenetic malachite 
were trapped within cracks of rock crystal quartz. 
Photomicrograph by Nathan Renfro; shadowed illu- 
mination, field of view 2.15 mm. 


trapped in cracks in quartz. 

An unusual freeform cabochon of rock crystal quartz 
(figure 1), obtained from Leonardo Silva Souto (Cosmos 
Gems, Teofilo Otoni, Brazil) and reportedly of Brazilian ori- 
gin, was examined at GIA’s Carlsbad laboratory. The 52.99 
ct stone contained several interesting inclusions of mala- 
chite (figure 2). These inclusions were obviously epige- 
netic, as they were confined within secondary cracks in the 
quartz host. This planar confinement caused the inclusions 
to grow outward after nucleating. The flattened discs were 
particularly interesting due to the vibrant interference col- 
ors visible in polarized light (figure 3), as well as their uni- 
form structure. The identification of the inclusions and the 
host was confirmed by Raman spectroscopy. 

Malachite has been previously reported as a syngenetic 
inclusion in chalcedony and gypsum (e.g., E.J. Gttbelin and 
J.L. Koivula, Photoatlas of Inclusions in Gemstones, ABC 
Edition, Zurich, 1986), but epigenetic malachite in quartz 
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Figure 3. In polarized light, these malachite discs 
showed vibrant interference colors. Photomicrograph 
by Nathan Renfro; field of view 2.15 mm. 


is rather uncommon. In this stone, the resulting vivid green 
color is an improvement over the otherwise ordinary, col- 
orless quartz. 


Nathan Renfro 
GIA, Carlsbad 


DIAMOND 


Unusual dumbbell-like inclusion in diamond. The French 
Gemmological Laboratory (LFG) in Paris had the opportu- 
nity to grade a 0.40 ct near-colorless round brilliant dia- 
mond with a large, unusual inclusion (figure 4). Initial 
inspection under the loupe showed the internal feature 
consisted of a thin middle “bar” and two broader appen- 
dices (figure 5). Viewed from certain angles, it appeared al- 
most metallic. This feature, which lowered the clarity 
grade to SI,, was reminiscent of the metallic dumbbell in- 
clusions observed in HPHT synthetic diamonds. 


Figure 4. This 0.40 ct round brilliant diamond dis- 
played a large, unusually shaped inclusion. Photo by 
Aurélien Delaunay. 
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; eS a 
Figure 5. At first inspection, this dumbbell shape was 
reminiscent of the metallic flux inclusions seen in 
HPHT synthetic diamond. Photomicrograph by Au- 
rélien Delaunay; magnified 120x. 


DiamondView luminescence images demonstrated 
that the inclusion was crystallographically oriented, paral- 
lel to the edge between two octahedral faces (figure 6). 
Dumbbell inclusions in HPHT synthetics have a clear 
crystallographic orientation, often along an octahedral edge 
as well. 

But the stone fluoresced weak blue under long-wave 
UV radiation and was inert in short-wave UV, a classic lu- 
minescence behavior for natural diamond and unknown in 
synthetic specimens. Furthermore, the infrared absorption 
spectrum was typical of a natural type IaAB diamond with 
minor hydrogen. This proved the natural origin of both the 


Figure 6. DiamondView luminescence images demon- 
strated the diamond’s natural origin, as only traces of 
octahedral growth were found. The inclusion is crys- 
tallographically oriented, parallel to the edge between 
two octahedral faces, as highlighted by the slightly 
more inert elongated rectangle beside it. Photomicro- 
graph by Aurélien Delaunay, magnified approxi- 
mately 60x. 
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stone and its inclusion. With magnification, the inclusion 
appeared colorless and transparent rather than metallic and 
opaque, though with a high optical relief. Its morphology 
was not cuboctahedral—as with inclusions in synthetic di- 
amond—but rounded octahedral. The exact nature of the 
crystal remains unknown, as we could not obtain a Raman 
spectrum due to its intense luminescence, but colorless in- 
clusions in diamonds are often forsterite. 


Emmanuel Fritsch 


Aurélien Delaunay 
French Gemmological Laboratory, Paris 


SYNTHETICS AND SIMULANTS 


Boron carbide: A new imitation of black diamond. As black 
diamond has gained popularity in the past few years, so have 
aggregates of black synthetic moissanite and crystalline sil- 
icon (Spring 2011 Lab Notes, pp. 54-55). One specimen re- 
ceived by the Gem Testing Laboratory in Jaipur, a 1.04 ct 
black submetallic round brilliant (figure 7), appeared to be 
synthetic black moissanite but proved otherwise. The spec- 
imen was presented to the owner as a diamond. 

Due to the prevalence of black synthetic moissanite in 
the marketplace and gem laboratories, we immediately 
checked for the typical aggregate structure under the micro- 
scope. Although a granular pattern was distinctly visible in 
reflected light (figure 8), it was much denser and finer than 
the kind usually seen in black synthetic moissanite. This 
raised uncertainty, so additional gemological tests were per- 
formed. The specimen had an over-the-limit RI, an SG of 
2.43, anda hardness above 9 on the Mohs scale. The low SG 
value ruled out the possibility of synthetic moissanite (3.22), 
but otherwise offered no clues as to the specimen’s identity. 

Qualitative EDXRF analysis revealed Fe, with traces of 
Si and K. Raman spectra taken from several points using 532 


Figure 7. This 1.04 ct black submetallic round bril- 
liant, initially represented as diamond, was identified 
as boron carbide. Photo by Gagan Choudhary. 
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Figure 8. Under reflected light, the boron carbide speci- 
men displayed a dense, fine granular structure typically 
associated with aggregates such as ceramics. Photomi- 
crograph by Gagan Choudhary; magnified 48x. 


nm laser excitation showed major peaks at approximately 
260, 320, 480, 532, 720, and 1088 cm, with smaller peaks 
at about 800, 824, 874, 967, and 998 cnr" (figure 9). This com- 
bination of features did not match anything in our database, 
but an extensive literature search revealed an exact match 
with the Raman spectra of boron carbide (V. Domnich et al., 
“Boron carbide: Structure, properties, and stability under 
stress,” Journal of the American Ceramic Society, Vol. 94, 
No. 11, 2011, pp. 3605-3628, http://dx.doi.org/10.1111/ 
j.1551-2916.2011.04865.x). 

Boron carbide is an advanced ceramic material with 
high hardness, low density, thermal stability, and extreme 
abrasion resistance, making it suitable for nuclear, mili- 
tary, and aerospace applications. The material is typically 
produced by reacting and fusing carbon with boric oxide 
(B,O,) in an electric arc furnace, followed by a sintering 


Figure 9. The boron carbide’s Raman spectrum 
showed major peaks at approximately 260, 320, 480, 
532, 720, and 1088 cnr". 
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process of hot pressing in graphite dies under a vacuum or 
argon atmosphere at temperatures of 1900-2200°C and 
pressures of 0.02-0.04 GPa for 15-45 minutes (Singhal and 
Singh, “Sintering of boron carbide under high pressures and 
temperatures,” Indian Journal of Engineering and Materi- 
als Sciences, Vol. 13, April 2006, pp. 129-134). 

Although boron carbide is common in engineering and 
materials science—used as scratch-resistant coating and 
plating in tank armor, bulletproof vests, and padlocks— 
this was our first encounter with it as a diamond simulant. 
Our literature search (by Mr. Sandeep Vijay, a staff gemol- 
ogist) did not reveal any gemological uses of this ceramic 
product. Distinguishing boron carbide from black diamond 
or synthetic moissanite was straightforward on the basis 
of SG, but Raman spectra and reference data were needed 
for identification. The possibility of market penetration 
cannot be ruled out. 


Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Amber with insect-bearing filling. We recently tested an 
interesting strand of Islamic prayer beads resembling 
amber (figure 10). It consisted of 33 round yellow beads ap- 
proximately 12 mm in diameter, two oval-shaped separa- 
tors, and a fancy-shaped link. It was purchased as amber 
from a dealer at an annual festival in Dubai. 

The round beads contained dark brown plant debris and 
a variety of insects: ants, flies, and spiders, all in good con- 
dition. The beads’ surfaces also featured noticeable circular 
zones, and when exposed to long-wave UV radiation, they 
displayed a weak, blue fluorescence and distinctive chalky 
blue circular areas (figure 11). The beads were inert to 
short-wave UV radiation. 

These features were similar to those of copal filled with 
plastic (Winter 2010 GNI, pp. 326-328). We obtained spot 


Figure 10. The beads in this strand of prayer beads 
measure approximately 12 mm in diameter. Photo by 
Sutas Singbamroong. 
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Figure 11. When exposed to long-wave UV 
radiation, these beads displayed weak blue fluores- 
cence and distinct, chalky blue circular areas. Photo 
by Sutas Singbamroong. 


RI readings of 1.52 on the circular zones and 1.54 else- 
where. Next, we analyzed the strand using Raman spec- 
troscopy with a 785 nm diode laser. The separator link and 
the main portion of the beads showed peaks between 1434 
and 1644 cmr!, consistent with amber. The circular areas’ 
strong bands at 623, 807, 1100, and 1599 cm" were consis- 
tent with epoxy resin (figure 12). 

Microscopic examination with immersion in water indi- 
cated that all the round beads had been cored and filled (figure 
13). The beads were identified as amber filled with colorless 
to light yellow plastic to imitate insect-bearing amber. 


Sutas Singbamroong (sssutas@dm.gov.ae), 
Nazar Ahmed, and Hassan Al Marzooqi 
Gemstone Unit, Dubai Central Laboratory 
Dubai, United Arab Emirates 


Figure 12. Raman spectra collected from the main 
portion of the beads were consistent with amber, 
whereas the circular areas indicated an epoxy resin. 
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Figure 13. Microscopic observation with immersion in water clearly indicated that these amber beads had been 
cored and filled with a colorless to light yellow plastic containing insects. Photomicrographs by Sutas Singbam- 
roong; magnified approximately 10x. 


Phosphorescence in synthetic sapphire. A 4.89 ct colorless 
oval mixed-cut specimen was submitted as a sapphire to 
the Gem Testing Laboratory at the Indian Gemological In- 
stitute in Delhi for identification (figure 14). Standard gemo- 
logical examination gave an RI of 1.760-1.768, with a 
uniaxial negative optic sign and a birefringence of 0.008, as 
well as a hydrostatic SG of 4.00. These properties were con- 
sistent with sapphire. While this specimen was eventually 
proven to be synthetic, its unusual characteristics—a lack 
of curved growth banding visible in the DTC DiamondView 
and very rare phosphorescence—called for instrumentation 
generally used in diamond identification. 

Magnification showed what appeared to be long needles 
near the girdle, but closer examination revealed they were 
long cracks (figure 15). Rather than the Plato lines generally 
found in light-colored flame-fusion synthetic sapphires, the 
sample displayed two sharp planes under crossed polariz- 
ers. These planes, which had a noticeable separation in be- 
tween, were visible in twinning lamellae position. Small 
stress knots near the table surface—but no physical inclu- 
sions—were also visible under crossed polarizers (figure 


Figure 14. This 4.89 ct colorless synthetic sapphire 
was presented as a sapphire. Photo by Meenakshi 
Chauhan. 
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16). Such cracks, which are generally found on the surface 
of synthetic sapphire, may be due to stress during crystal 
growth. 

The sample was inert to long-wave UV radiation but 
showed a chalky blue fluorescence in short-wave UV, a 
common feature of synthetic sapphires. It also produced 30 
seconds of phosphorescence—the first time this contribu- 
tor has observed phosphorescence in sapphire, natural or 
synthetic. Examination in the DiamondView also showed 
an uncommon blue phosphorescence (figure 17}, but it did 
not show curved growth banding—a fluorescence pattern 
normally seen in synthetic sapphire grown by the flame- 
fusion process. 

Identification could only be made on the basis of short- 
wave UV transmission analysis using the SSEF Diamond 
Spotter. When the instrument was switched on, short- 
wave UV radiation transmitted through the sample and the 
green dot glowed. The specimen’s transparency under the 
Diamond Spotter’s short-wave emission at 254 nm proved 
its synthetic origin, as natural sapphire does not transmit 
short-wave UV below 288 nm (S. Elen and E. Fritsch, “The 


Figure 15. These fine, linear cracks near the girdle re- 
semble long needles. Photomicrograph by Meenakshi 
Chauhan; magnified 40x. 
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Figure 16. These small stress points, visible on the 
table between crossed polarizers, were confined to a 
small space. Photomicrograph by Meenakshi 
Chauhan; magnified 30x. 


separation of natural from synthetic colorless sapphire,” 
Spring 1999 G&G, pp. 30-41, http://dx.doi.org/10.5741/ 
GEMS.35.1.30). 

Despite the confirmation of synthetic origin, no conclu- 
sion could be made regarding the synthesis process used. 
Consistent with specimens grown by the Czochralski 
pulling method, there were no curved color bands, inclu- 
sions, or Plato lines. Conversely, the specimen’s chalky blue 
fluorescence and twinning are indicative of flame-fusion 
growth. These findings present the possibility of either (1) 
a synthesis process not yet explored by the gemological 
community or (2) growth by a known process, but with near 
perfection. While the DiamondView and Diamond Spotter 
were developed to analyze diamonds, they can also play a 
vital role in identifying other gemstones. 


Meenakshi Chauhan 
Indian Gemological Institute Gem Testing Laboratory 
Delhi, India 


Unusual faceted massive fuchsite. French gem dealer Pat- 
rick de Koenigswarter (MinerK) recently showed us some 
interesting material he purchased in 2011 from an 
Ethiopian rough dealer. At the time of purchase, the green 
rough (figure 18) was presented to him as emerald from a 
new find near the Kenticha pegmatite zone in Ethiopia, 
well known for tantalite and superb amazonite crystals. 
However, beryl was ruled out due to the material’s waxy 
luster and low hardness of 3 or less on the Mohs scale—it 
was easily scratched with a copper coin. 

Routine gemological testing was done on the four sam- 
ples, which consisted of three rough pieces (17-138 ct) and 
a 2.56 ct emerald cut. The faceted stone (figure 18, bottom 
right) always remained lit under crossed polarizers, indicat- 
ing a polycrystalline structure. The color was unevenly dis- 
tributed, from light green to intense green, sometimes close 
to an emerald color. The refractive index, though difficult 
to measure, was around 1.60. The specific gravity values 
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Figure 17. The colorless sample showed blue phospho- 
rescence in the DiamondView, evidence of its syn- 
thetic origin. Image by Meenakshi Chauhan. 


were 2.80 for two of the pieces and 2.90 for the others, a dif- 
ference possibly due to the presence of mineral inclusions. 
All four pieces were inert under both long- and short-wave 
UV, and red to pink under a Chelsea filter. Additional analy- 
ses were required to properly identify this material. 
Qualitative and quantitative analyses were performed 
with a JEOL-5800LV scanning electron microscope (SEM) 
equipped with a PGT (Princeton Gamma Tech) energy dis- 
persive IMIX-PTS detector. The following elements were 
found (in atomic %): Si = 16.1%, Al= 17.0%, K = 4.0%, and 
Na = 1.3%; O was calculated as 61.0%, plus traces of Ba 
(0.3%), Fe, and Cr. These last two elements were clearly 
detected on the spectrum but in concentrations too low to 
be measured (below 0.1%). This composition is consistent 
with muscovite, a member of the mica family. We ob- 


Figure 18. This massive Cr-muscovite, reportedly 
from southern Ethiopia, is better known in the trade 
as fuchsite. The longest rough piece measures 53 mm, 
and the faceted stone weighs 2.56 ct. The material 
was difficult to polish because of its low hardness, 3 
or less on the Mohs scale. Photo by Thierry Pradat. 
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Figure 19. The UV-visible spectrum of the Ethiopian 
fuchsite shows a large absorption band around 600 
nm, a continuum of increasing absorption toward the 
UV, and a weak, sharp peak at 682 nm. These fea- 
tures are consistent with green color produced by 
trivalent chromium. 


served platy brown polyhedral inclusions, identified by 
EDS and Raman as rutile due to telltale broad bands around 
611 and 443 cmt. 

We also performed UV-visible absorption spectrometry 
using a 1 nm sampling and spectral bandwidth in the 350- 
800 nm range. The spectrum showed a large band centered 
at about 600 nm and a continuum of increasing absorption 
toward the UV region (figure 19). These features generated 
two transmission windows, one in the green around 530 
nm and the other in the red to infrared. This explains both 
the green bodycolor and the red appearance in the Chelsea 
filter. The continuum is caused by the scattering of light 
at grain boundaries in this polycrystalline aggregate. We 
also observed a weak but sharp peak at 682 nm, which we 
attributed to “chromium lines” of the trivalent chromium 
(figure 19, inset). 

Chemical and spectroscopic results identified Cr** as 
the main cause of the green color. Hence, this material was 
fuchsite, the chromian variety of muscovite. To the best 
of our knowledge, this is the first time such a massive, 
translucent polycrystalline fuchsite has been faceted. The 
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Figure 20. This 444 g dark violetish blue carving of 
Lord Mahaveera, submitted as sapphire, was identi- 
fied as corundum coated with a blue polymer. Photo 
by Gagan Choudhary. 


gem’s low hardness makes it unsuitable for jewelry, but it 
is adequate for collectors. 


Thierry Pradat 
Gems Plus, Francheville, France 


Benjamin Rondeau 
University of Nantes 


Emmanuel Fritsch 


TREATMENTS 


Corundum carving coated with colored polymer. Coating, 
one of the traditional forms of enhancement, is still widely 
used on a number of gem materials. This contributor alone 
has reported on recent examples (e.g., Spring 2011 GNI, pp. 
71-72; Summer 2012, GNI, pp. 154-155). The latest is a dark 
violetish blue carving of the early Jain spiritual leader Lord 
Mahaveera, submitted as sapphire (figure 20), that turned out 


Figure 21. Color concentra- 
tions within cavities, large 
fractures, and twinning 
planes (left) confirmed the 
presence of a dye. The 
chipped layer of blue poly- 
mer (right) indicates a coat- 
ing; this polymer layer was 
easily indented by a metal 
pin. Photomicrographs by 
Gagan Choudhary; magni- 
fied approximately 20x. 
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to be corundum coated with a blue colored polymer. 

The 444 g opaque carving measured 10.00 x 8.00 x 4.50 
cm. Although it had the heft of sapphire, its dull, vitreous 
to waxy luster (again, see figure 20) raised doubts. Exami- 
nation from different directions using a fiber-optic light re- 
vealed substantial color variation in different parts of the 
carving; some areas appeared pale blue, others dark vio- 
letish blue. This patchy, concentrated color variation is as- 
sociated with dyes. Parallel whitish crisscross lines were 
also observed, consistent with the twinning planes associ- 
ated with corundum. Further microscopic observation re- 
vealed color concentrations within cavities, large fractures, 
and twinning planes, confirming the material had been 
dyed (figure 21, left). Finer fractures appeared whitish, how- 
ever. When the carving was rotated, some areas also dis- 
played a chipped bluish layer on the surface (figure 21, 
right), an attribute typically found in coated materials. This 
layer was easily indented with a metal pin, suggesting the 
presence of a polymer. In addition to these features, the 
carving possessed a granular texture in many places, as 
commonly seen in rocks. These grains were also identified 
as corundum on the basis of the crisscross pattern of their 
twinning planes, which is consistent with corundum. 
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Figure 22. These fire 
opals, a 14.49 ct cabo- 
chon (left) and a 1.09 ct 
cushion cut (right), are 
shown prior to immer- 
sion in plain water at 
room temperature. Note 
the natural-looking 
color. Photos by Larry 
Tai-An Lai. 


Under UV light (long- and short-wave}, the carving dis- 
played patchy white and chalky green fluorescence, mainly 
on the surface. A desk-model spectroscope revealed weak 
absorptions at 540, 610, and 640 nm, confirmed with UV- 
Vis-NIR spectroscopy. Such bands are associated with 
cobalt-based dyes. RI and SG could not be measured be- 
cause of the piece’s large size, though visual features were 
sufficient to identify the carving as corundum. 


Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Water immersion revealing dye in fire opal. Opal is often 
treated to enhance its play-of-color or improve its durabil- 
ity. Dye or impregnation methods in particular are easily 
applied to opals and other porous amorphous materials. A 
recent article on treated hydrophane opal (N. Renfro and 
S. McClure, “Dyed purple hydrophane opal,” Winter 2011 
Gea, pp. 260-270) noted that we could expect to see more 
of this material. Two years later, this appears to be the case. 

The Lai Tai-An Gem Lab in Taipei received two fire 
opals from a local dealer for identification: a 14.49 ct oval 
cabochon (23.80 x 15.27 x 9.12 mm, figure 22, left) and a 
1.09 ct cushion cut (7.67 x 7.64 x 4.67 mm, figure 22, right), 


Figure 23. The clear 
water in this glass 
beaker (left) turned or- 
ange after soaking the 
fire opal cabochon 
overnight at room tem- 
perature (right). The ob- 
vious water discoloration 
proves the sample was 
dyed. Photos by Larry 
Tai-An Lai. 
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Figure 24. After removal from the water, this cabo- 
chon exhibited an obvious loss of color, indicating 
dye treatment. Photo by Larry Tai-An Lai. 


both with pronounced play-of-color. Both gave RI readings 
of about 1.45. Observation with a gemological microscope 
and analysis with an FTIR/Raman spectrometer revealed 
the structure expected for natural opals. Orange color con- 
centrations around some surface pits were also observed, 
indicating treatment. 

But the most obvious clue was the effect caused by im- 
mersing the cabochon in water at room temperature 
overnight (figure 23). The water took on an orange tint, 
proving that the dye applied to these stones was water sol- 
uble, unlike the dye examined by Renfro and McClure 
(2011). The cabochon itself showed considerably less color 
after it was removed from the water (figure 24). This simple 
result reinforces the need for caution when buying fire 
opals, even ones with a natural-looking color. The change 
in color would come as a shock to any client unfortunate 
enough to purchase this dyed material without suitable 
disclosure. 


Larry Tai-An Lai 
Lai Tai-An Gem Laboratory, Taipei 
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CONFERENCE REPORTS 


June 2013 Hong Kong Jewellery & Gem Fair. The former 
British colony of Hong Kong, now a Special Administrative 
Region of the People’s Republic of China, is one of the 
world’s top ten importers and exporters. Almost half of 
Hong Kong’s trade is with mainland China, which makes 
it a very attractive site for global gem and jewelry trade 
shows. The fact that it is a free trade port with no tariffs 
and minimal licensing also draws suppliers and buyers. 
Alongside Las Vegas and Basel, Switzerland, Hong Kong’s 
gem and jewelry shows rank among the world’s most im- 
portant in terms of size, trading, and industry trendsetting. 

Three main Hong Kong shows are held every year, in 
March, June, and September. The September show is the 
largest, with two venues needed to accommodate all the ex- 
hibitors. The June and September events are organized by 
UBM, a global communications and marketing firm. This 
year’s June show, the 26th annual Hong Kong Jewellery & 
Gem Fair, was held at the Hong Kong Convention and Ex- 
hibition Center (HKCEC), concurrently with Asia’s Fashion 
Jewellery and Accessories Fair. It featured several themed 
pavilions, including diamonds, colored stones, jadeite, 
pearls, fine jewelry, antique jewelry, design, and manufac- 
turing tools. 

Approximately 40,000 buyers attended the June show, 
a figure that typically reaches 60,000 for the September 
event. While the buyers represented a truly international 
mix, the percentage from China has consistently increased. 
As the country’s wealth continues to soar, the emergence 
of a consumer economy has led to strong gains in gemstone 
and jewelry purchases. As Chinese consumers become 
more sophisticated, they are demanding higher-quality di- 
amonds, gemstones, and jewelry. 

Western designs and brands are also popular in China, 
which has created opportunities for international suppliers, 
including diamond dealers and gold jewelry manufacturers. 
China is the world’s largest buyer of gold. With its free 
trade policies, geographic location, and tradition as a gate- 
way to China, Hong Kong is poised to remain Asia’s largest 
trading hub for fine jewelry, as well as a top destination for 
international suppliers and buyers. 


Tao Hsu and Andy Lucas 
GIA, Carlsbad 
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kian, assistants in the Department of Geol- 
ogy, Columbia University, who were respon- 
sible respectively for the taking of the X-ray 
patterns, the photographing of the specimen, 
and the spectrographic examination. Thanks 
ate due to the Department of Geology, 
Columbia University for the use of X-ray 
and spectrographic equipment. 


REFERENCES 


Gubelin, Edw. J, (1950) Are Synthetic Red 
Spinels Available, Gems and Gemology, Vol. 6 
pp. 307-309, 322. 


Kordes, Ernst (1935) Kristall Chemische Unter- 
suchungen Uber Aluminiumverbindungen mit Spin- 
ellartigem Gitterbau und Uber Gamma Fe203 Zeit, 
Krist., Vol. 91, pp. 193-228. 


Seeman, A..K. (1949) American Synthetic Crys- 
tals, Sapphire to Titania, Gems and Gemology, 
Vol. 6, pp. 151-159. 


Fifty-two Uiplomas Awarded 


Since last reported in the fall issue of 
Gems and Gemology, fifty-three students 
have completed the correspondence and resi- 
dence courses of the Gemological Institute 
of America. The following thirteen have 
received diplomas in the Theory and Practice 
of Gemology: 

William H. Bell, Beverly Hills, Calif. 
John G. Ellison, Chicago, Illinois 

John Fillos, Salem, Massachusetts 
Morris Fisher, Los Angeles, California 
Neal H. Guffey, Washington, D. C. 
Hidemasa Higuchi, San Jose, California 
Martin P. King, Miami Beach, Florida 
Leo E. Langley, Williamsburg, Iowa 

Lee R. Miller, San Rafael, California 
Neil C. Morrison, Inglewood, California 
Robert B. Rohweller, Vallejo, California 
James T. Sample, Harlingen, Texas 
John Samuelian, Philadelphia, Penn. 

Diplomas in the Theory of Gemology 
from the Gemological Institute of America 
awarded upon completion of correspondence 
courses were received by the following 
persons: 

George A. Arbogast, Chicago, Illinois 
Jerome J. Atlas, Philadelphia, Penn. 


Larry I. Baker, San Francisco, California 
Neele S. Barner, Manhattan Beach, Calif. 


S. J. Barrett, Danville, Kentucky 
Joseph Francis BeBolla, 
Mount Vernon, Washington 
Harry Earl Behney, Stockton, California 
William J. Bingham, St. Paul, Minnesota 


Thornton M. Broomfield, 

New York, New York 
Frank E. Corsi, Iron Mountain, Michigan 
Charles H. Crosman, Auburn, New York 
Thomas L. Davies, Jr., Falls City, Neb. 
Donald K. Dewar, Indianapolis, Indiana 
John H. Dorrell, Newport, Delaware 
John H. Fredrickson, 


East Weymouth, Massachusetts 
Raymond Hales, Bethesda, Maryland 


Myles Edward Hanley, Dayton, Ohio 
James C. Hayes, La Crosse, Wisconsin 
Wendell F. Henby, Nebraska City, Neb. 
Labar P. Hoagland, New York, N. Y. 
Gwyn Hamilton House, Junction, Texas 
Elmer E. Huber, Olympia, Washington 
Raymond Jarosz, New York, New York 
Edward J. Johns, Bristol, Connecticut 
Raymond A. Kader, Sanford, Florida 
Lorenzo E. Lawrence, Bayville, N. J. 
Douglas J. MacDonald, Glendale, Calif. 
James W. McCary, Shreveport, La. 
Hyman Meltz, Port Chester, New York 
Ellsworth A. Miller, Dodge City, Kansas 
Russell A. Moyer, Chippewa Falls, Wis. 
Robert F. Noesges, Springeld, Illinois 
Emmett E. Pack, Charlottesville, Virginia 
Jack E. Schunk, Sheridan, Wyoming 
Harry H. Schwier, Fort Worth, Texas 
James R. Stedman, Whittier, California 
Robert J. Swain, Washington, D.C. 
Joseph Andrew Valenti, Detroit, Mich. 
George C. Ward, Sharon, Pennsylvania 
Ross G. Wells, Winnipeg, 

Manitoba, Canada 
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Looking Ahead to 2014 


Welcome to the Winter 2013 Gems & Gemology. In this issue, we're 
privileged to present a significant paper reviewing the current state of knowl- 
edge about diamond geology. The article’s lead author is Dr. Steven B. Shirey, 
a noted isotope geochemist from the Carnegie Institution of Washington and 
a leader in the field of inclusion-dating techniques as applied to diamond. 
Recent research in this area has helped date the oldest known diamonds back 
to 3.5 billion years—more than three-quarters the age of the earth. This 
article, which updates the landmark Spring 1991 Ge>G paper on the same 
topics by Melissa Kirkley et al., is co-authored by GIA’s Dr. Jim Shigley. 


We hope this is the first of many articles chronicling the new frontiers of 
diamond research from Carnegie’s scientists. In the near future, we look to forge other active 
collaborations with institutions and researchers working in gem-related fields. 


The Winter issue also includes excellent papers on blue sapphires from the Baw Mar area in Mogok, 
Myanmar; an update on gemstone mining in Luc Yen, Vietnam; and the characteristics of coated jadeite 


jade. 


As always, we would be delighted to hear from our readers on any of the papers in this issue, or previous 
2013 issues. 


Now that we are on the cusp of GeGss 80th anniver- Vee look to forge more active collaboration 


sary in 2014, this is a fitting time to review some of the AP Be stp i : 
ies, Me : 8 ; with institutions and researchers working 
innovations we've brought to our readers during 2013. © 

in gem-related field... 


In April, we launched the Research & News section of 
the new GIA website and made every issue of GeG, from the current issue back to the journal's launch in 
1934, free to all users as PDF downloads at http://www.gia.edu/gems-gemology. 


In the Fall issue, we introduced a new GerG article category: the field report. In upcoming issues, we aim 
to bring our readers more of these “direct from the mine” articles, particularly from GIA’s dedicated field 
gemologists, Vincent Pardieu and Andy Lucas. 


With GeG now at the center of GIA’s Research & News portal, we have the opportunity to complement 
our articles with supporting media. In our Fall issue, we supplemented the Cheapside Hoard and Oregon 

sunstone papers with video interviews, image slideshows, and additional articles. This is a trend we intend 
to expand on in 2014. In this issue, in fact, you'll notice a QR (quick response) code at the end of our lead 
article on diamond geology. This takes users with enabled smartphones and tablets directly to videos and 

related online content. 


We also started integrating GeG into GIA’s gemology curriculum, beginning with the Diamonds & 
Diamond Grading course. Students can now directly access and download relevant articles via links from 
their eLearning course assignments. In 2014, we will extend this initiative to the remaining gemology 
courses. 


May I take this opportunity to wish all our contributors, subscribers, reviewers, and online readers the very 
best for 2014. 


OH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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SNM ARTICLES 


RECENT ADVANCES IN UNDERSTANDING THE 
GEOLOGY OF DIAMONDS 


Steven B. Shirey and James E. Shigley 


It has been more than two decades since diamond ages have proven to be up to billions of years older 
than their host magmas of kimberlite or lamproite. Since then, there have been significant advances in 
the analysis of diamonds and their mineral inclusions, in the understanding of diamond-forming fluids 
in the mantle, and in the relationship of diamonds to the deep geology of the continents and the con- 
vecting mantle. The occurrence of natural diamonds is remarkable and important to earth studies. This 
article reviews current thinking of where, how, when, and why natural diamonds form. 


emerged over the last two decades as one of the 

keys to understanding the deep earth. Analyt- 
ical advances, improved geologic knowledge, and the 
emergence of new diamond-producing regions (such 
as the Slave craton of Canada) have all contributed 
to this change. The most prized specimens for re- 
search are flawed with visible inclusions (figure 2), 
for these carry actual samples of mantle minerals 
from depths as great as 800 km beneath the surface. 
Diamond provides the perfect container for mantle 
minerals, isolating them from the high pressure and 
temperature reactions within the earth for geologic 
time scales. Even low elemental concentrations and 
minute features in diamond can now be analyzed 
using instruments with higher sensitivity and reso- 
lution. As a result, study combining the inclusion 
and its diamond host is a powerful tool for geologic 
research, which itself has improved our understand- 
ing of diamond formation. 

The purpose of this article is to describe our cur- 
rent understanding of where, how, when, and why 
natural diamonds have been formed. This article re- 
views currently accepted areas of knowledge, along 
with topics that are still the subject of ongoing re- 
search, where science does not yet have all the an- 


[Q emer into natural diamonds (figure 1) has 
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swers. This basic subject was discussed more than 
two decades ago in Gems & Gemology (Kirkley et 
al., 1991); since then, there have been major advances 
in our understanding of diamond geology. Recent 
work of the research community (summarized in 
Pearson and Shirey, 1999; Cartigny, 2005; Harlow 
and Davies, 2005; Stachel et al., 2005, 2009; Stachel 
and Harris, 2008, 2009; Gurney et al., 2010; Shirey et 
al., 2013) has been of considerable interest to eco- 
nomic geologists searching for natural diamonds, 


Figure 1. Archean cratons in South Africa have yielded 
gem diamonds such as these specimens from the GIA Mu- 
seum’s Oppenheimer Student Collection. The loose crys- 
tals range from 1.24 to 22.32 ct. Photo by Orasa Weldon. 
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Figure 2. These photos show inclusions of silicate minerals in natural diamond whose background reflectivity 
has been enhanced by faceting: almandine (left), magnified 10x; pyrope (center), magnified 40x; and diopside 
(right), magnified 30x. Photomicrographs by John Koivula. 


guiding their models of how to explore for new oc- 
currences. But it is also of importance to the practic- 
ing gemologist, since these are fundamental 
questions that a wearer of a beautiful diamond might 
ask. It is hoped that this article will give the gemol- 
ogist a ready way to convey how nature first created 
the rough diamonds. 

For the reader who is unfamiliar with geologic 
terms, a glossary is presented at the end of the arti- 
cle. Terms listed in the glossary are italicized on 
their first use in the text. 


GEOLOGY ANDTHE DISTRIBUTION OF 
DIAMONDS ON EARTH 
Carbon Abundance. Carbon is widely dissolved in the 
earth’s silicate minerals at part-per-million levels and 
lower. But whenever carbon occurs as a free species, 
diamonds have the potential to form. Carbon in the 
earth can occur in oxidized forms, such as when 
bound with oxygen in CO, or CO,, or in reduced 
forms such as diamond, graphite, or bound with hy- 
drogen in methane and other organic molecules. The 
experimentally determined pressure-temperature 
conditions where diamond is stable (figure 3) dictate 
formation pressures higher than 40 thousand atmos- 
pheres (4 GPa} and temperatures of 950-1400°C. 
While these pressure-temperature conditions seem 
extreme, for a large rocky planet such as ours, they 
are not. Within the earth, temperature always rises 
with depth along a path known as the geothermal 
gradient, which is typically high enough for diamond 
growth at the necessary pressures. Thus, diamond can 
potentially form in any region of the earth where the 
depth of the crust or the mantle provides high enough 
pressure, because the temperature will also be high 
enough. 

Most of the mantle is within the field of diamond 
stability. The crust, which is normally too thin (usu- 
ally less than 40 km thick) to lie within this field, 
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can do so only if it has been thickened by the geo- 
logic processes related to plate tectonics. Yet dia- 
monds are very rare because the mantle has a 
relatively low abundance of carbon. Furthermore, di- 
amonds are far from evenly distributed throughout 
the earth—they are found in mineable quantities 
only in very unique geologic settings. Why is this so? 


Figure 3. This graph depicts the rise of temperature 
with depth (the geothermal gradient) in the litho- 
sphere. Diamonds are stable under the high pressure 
and temperature conditions that are only met at great 
depth in the earth’s mantle. This phase diagram de- 
picts the stability fields of graphite and diamond in 
relation to the convecting mantle (asthenosphere) and 
the lithospheric mantle. The graphite/diamond tran- 
sition was recently revised to lower pressures (Day, 
2012), providing for even greater storage of diamonds 
at shallower levels in the cratonic keel. Note that 
only the cratonic lithospheric keel is cold enough at 
high enough pressures to retain diamonds. Adapted 
from Tappert and Tappert (2011). 
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Figure 4. World diamond localities are shown here in relation to Archean cratons and classified as either kimberlite- 
hosted and from mantle keels (lithospheric), kimberlite-hosted and from the convecting mantle (superdeep), of sur- 
face origin (alluvial), from ultra-high-pressure crustal terranes (UHP crustal), or formed by the shock of meteorite 
impact (impact). Only a subset of these localities are rich enough to be mined for diamonds. The crustal age/craton 
basemap is from Pearson and Wittig (2008). Locality information is from Tappert et al. (2009), Harte (2010), Harte 
and Richardson (2011), Tappert and Tappert (2011), Dobrzhinetskaya (2012), and the authors. 


Localities are as follows: (1) Diavik, Ekati, Snap Lake, Jericho, Gahcho Kue, DO-27; (2) Fort a la Corne; (3) Buffalo 
Hills; (4) State Line; (5) Prairie Creek; (6) Wawa; (7) Victor; (8) Renard; (9) Guaniamo; (10) Juina/Sao Luis; (11) Are- 
napolis; (12) Coromandel, Abaete, Canasta; (13) Chapada Diamantina; (14) Boa Vista; (15) Koidu; (16) Kan Kan; (17) 
Akwatia; (18) Tortiya; (19) Aredor; (20) Bangui; (21) Mbuji-Mayi; (22) Camafuca, Cuango, Catoca; (23) Masvingo; 
(24) Mwadui; (25) Luderitz, Oranjemund, Namaqualand; (26) Orapa/Damtshaa, Letlhakane, Jwaneng, Finsch; (27) 
Murowa, Venetia, The Oaks, Marsfontein, Premier, Dokolwayo, Roberts Victor, Letseng-la-Terae, Jagersfontein, 
Koffiefontein, Monastery, Kimberley (Bultfontein, Kimberley, De Beers, Dutoitspan, Kamfersdam, Wesselton); (28) 
Kollur; (29) Majhgawan/Panna; (30) Momeik; (31) Theindaw; (32) Phuket; (33) West Kalimantan; (34) South Kali- 
mantan; (35) Springfield Basin, Eurelia/Orroroo, Echunga; (36) Argyle, Ellendale, Bow River; (37) Merlin; (38) 
Copetown/Bingara; (39) Mengyin; (40) Fuxian; (41) Mir, 23rd Party Congress, Dachnaya, Internationalskaya, 
Nyurbinskaya; (42) Aykhal, Yubileynaya, Udachnaya, Zarnitsa, Sytykanskaya, Komsomolskaya; (43) Ural Mts.; (44) 
Arkhangelsk; (45) Kaavi-Kuopio; (46) W Alps; (47) Moldanubian; (48) Norway; (49) Rhodope; (50) Urals; (51) 
Kokchetav; (52) Qinling; (53) Dabie; (54) Sulu; (55) Kontum; (56) Java; (57) New England Fold Belt; (58) Canadian 
Cordillera; (59) Lappajdarvi; (60); Ries; (61) Zapadnaya; (62) Popigai; (63) Sudbury; and (64) Chixculub. Adapted from 
Shirey et al. (2013), with permission of the Mineralogical Society of America. 


Geologic Age of Continental Rocks. Earth is special | continental and oceanic, that sit at two very differ- 
among the planets in that it has two crustal types, ent heights, approximately 840 meters above and 
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3,840 meters below sea level on average. This hap- 
pens because the continental crust contains more of 
the lighter elements such as silicon and aluminum, 
and is underlain by a thickened mantle keel (de- 
scribed below), while the oceanic crust is composed 
of heavier elements such as iron and calcium and is 
not underlain by a thickened mantle keel. The con- 
tinental crust is old—up to four billion years old. Its 
oldest parts, the ancient continental nuclei, or cra- 
tons, are isolated in the interior of the continent by 
belts of successively younger continental crust (fig- 
ure 4). By comparison, oceanic crust is much 
younger and progresses regularly in age from zero 
(formation today) to the oldest known ocean floor, 
which is about 0.2 billion years old. This basic age 
distribution of rocks at the earth’s surface (Hurley 
and Rand, 1969) became widely known within five 
years of the acceptance of plate tectonics theory in 
the mid-1960s, as naturally decaying radioactive el- 
ements (uranium, thorium, and rubidium) provided 
a quantitative way to measure the geologic age of ex- 
posed crustal rocks. 


Plate Tectonics and Diamonds. Plate tectonics is the 
modern unifying theory that explains the earth’s ac- 
tive geologic processes today, and is thought to have 
operated perhaps for as long as the latter half of the 
planet’s history. No other planets in the solar system 
apparently have plate tectonics. The earth’s upper 
surface is composed of rigid, lithospheric plates of 
crustal rock (too stiff to flow on geologic time scales, 
yet stiff enough to break and cause earthquakes) un- 
derlain by mantle rock. Surface deformation, vol- 
canic activity, and earthquakes occur more readily at 
the margins of plates than at their interior. Two gen- 
eral types of lithosphere can occur on the same plate: 
continental and oceanic. Continental lithosphere is 
thickest where it is oldest. It can be more than twice 
the thickness of oceanic lithosphere, which is geo- 
logically younger. The latter is constantly being cre- 
ated at mid-ocean ridges where seafloor spreading 
occurs, and where oceanic crust is recycled back into 
the mantle by the process of subduction. The move- 
ment of the plates occurs on the mobile portion of 
the mantle known as the asthenosphere, and it is 
driven by deeper flow of the mantle, a process known 
as convection. The power for convection comes from 
the sinking of the oceanic lithospheric plates, the 
heat generated in the mantle by radioactive decay, 
and the return flow of warmer mantle. Plate tecton- 
ics is critical to diamond formation in two ways: It 
permits the recycling of surficial carbon, and it en- 
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ables mantle melting, both of which allow the cre- 
ation of diamond-forming fluids/melts. 

Continental regions that long ago ceased partici- 
pating in active plate tectonic processes such as rift- 
ing, mountain building, or subduction are known as 
continental cratons. They are easily defined by an ab- 
sence of earthquake activity. Such regions have been 
leveled by long-term weathering and erosion, though 
they may be relatively recently uplifted, as is the case 
for southern Africa. Most continents contain several 
cratons (again, see figure 4) joined by younger crust 
at times long after their creation. A craton always 
contains the oldest rocks within its host continent, 
and it typically has ages older than 2.5 billion years, 
from a geologic era known as the Archean. Common 
usage has evolved so that the term craton often im- 
plies the Archean portion. But strictly speaking, cra- 


In Brief 


e Diamonds hold great value for understanding the earth, 
and knowing how they formed contributes to the dis- 
covery of new deposits. 


¢ Diamonds contain the world’s oldest and deepest min- 
eral samples as inclusions. 


¢ Diamonds were created by ancient processes often 
related to continent formation. 


¢ Non-gem diamonds occur in a variety of geologic 
settings. 


tons are not limited to the Archean era. Numerous 
younger terranes (e.g., 1 billion to 2.5 billion years 
old) now fit the requirement for long-term geologic 
stability. Thus, the plate tectonic process of conti- 
nental assembly and breakup has led these younger 
terranes to be attached to the older cratonic core, so 
that they too can effectively be considered part of the 
craton. Both the Slave craton in Canada and the 
Kaapvaal craton in southern Africa are the Archean 
components of the larger Laurentia and Kalahari su- 
percratons, respectively. 

For economic geologists, the most important 
point is the striking correspondence between the old- 
est Archean portion of a craton and diamond occur- 
rences, especially those hosted in kimberlite, the 
main carrier and hence “ore” of gem-quality dia- 
mond. This relationship, first formalized by Clifford 
(1966) and known as Clifford’s Rule, implies that the 
diamondiferous kimberlites erupted through the old- 
est Archean portions of the cratons, whereas non-di- 
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Figure 5. Seismic waves can illuminate the presence of mantle keels beneath most old continental regions (cra- 
tons). This global model of the velocity of seismic shear waves (V,) at 125 km depth and 350 km depth indicates a 
large range in shear wave velocity: +6% and +8% respectively. Note the high velocities (left) underneath the re- 
gions of ancient crust, which are not visible at 350 km depth (right). These regions have high velocity at 125 km 
because of a mantle keel attached down to 250 km depth, as depicted in figure 6. The blue regions indicate where 
lithospheric diamonds were stored for billions of years. Adapted from Ritsema et al. (2004) and Carlson et al. 


(2005), with permission of Wiley-Blackwell. 


amondiferous kimberlites erupted through younger 
rocks. This relationship is nowhere more evident 
than the Kaapvaal craton, where all of the diamon- 
diferous kimberlites are “on-craton” and all of the 
“off-craton” kimberlites are diamond-free. We will 
examine the geologic explanation for this below. 
The erosion of ancient cratons has led to the 
weathering of surface exposures of kimberlite, and 
the release of diamonds to the regolith. Without 
crustal uplift, these diamonds remain trapped in geo- 
logic basins as in West Africa, Zimbabwe, and Brazil, 
where they can be panned for like gold. Where the 
craton has been uplifted, diamonds released from 
their host rocks have been transported by rivers (such 
as the Orange River in South Africa) and by Jongshore 
currents (such as the Benguela, along the continental 
shelf of the southern Atlantic Ocean). These alluvial 
diamonds are recovered by placer and marine mining 
techniques that are very different from hard-rock 
kimberlite mining. Although these specimens are 
found “off-craton,” they derive from “on-craton” 
kimberlites and are thus formed by those processes. 


Mantle Keels Under Continental Cratons. Sitting be- 
neath both oceanic and continental crust is rigid peri- 
dotitic mantle that, with the overlying crust, 
comprises the lithosphere. This region of rigid mantle 
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is known to exist because it can rupture to cause earth- 
quakes; the resultant seismic waves travel faster 
through it than the convecting but still solid mantle 
just below. Beneath the cratons, the lithospheric man- 
tle extends from about 40 km depth down to perhaps 
250-300 kin (figures 5 and 6). Under the oceans, it only 
extends down to about 110 km (Jordan, 1979). Because 
of its downward-protruding shape and its long-term at- 
tachment to the continental crust of the craton, this 
portion of mantle has taken the term mantle keel. The 
mantle keel is a major reason for some features we as- 
sociate with continents: tectonic stability, elevation 
above the ocean floor, and the occurrence of diamonds. 
The kimberlite eruptions that transport diamonds to 
the surface also carry samples of lithospheric mantle 
rocks called xenoliths. From these samples, we know 
much about the mantle keel beneath the continents, 
such as the fact that it also contains about 5% of the 
high-pressure form of basalt known as eclogite. The 
mantle keel hosts nearly all of the world’s gem dia- 
monds, and thus it deserves more than passing atten- 
tion when considering the geologic origin of diamonds. 

Naturally occurring radioactive elements present 
in small amounts in peridotite and eclogite allow ge- 
ologists to measure the age of rock samples of the 
mantle keel (table 1). These include rhenium (Re), 
which decays over millions of years to osmium (Os), 
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Figure 6. This block dia- 
gram depicts the basic rela- 
tionship between a 
continental craton, its 
lithospheric mantle keel 
(the thick portion of the 
lithospheric mantle under 
the craton), and diamond 
stability regions in the keel 
and the convecting mantle. 
Under the right conditions 
of low oxidation, diamonds 
can form in the convecting 
mantle, the subducting 
slab, and the mantle keel. 
Adapted from Stachel et al. 
(2005), Tappert and Tappert 
(2011), and Shirey et al. 
(2013), with permission of 
the Mineralogical Society of 
America. 


| Convecting mantle 


and samarium (Sm), which decays to neodymium 
(Nd). The age of the keel is the same (within uncer- 
tainties) as the geologic age of the overlying crust. 
Consequently, most geologists think that the crust 
and mantle keel of the continent were created to- 
gether in a process of crust creation and craton sta- 
bilization. The duration of this process is poorly 
known, but may have taken many tens of millions 


TABLE 1. Radioisotopic systems for diamond dating. 


of years, starting with the formation of the oldest 
continental crust (nearly four billion years ago). The 
significance of this for diamond formation is that the 
bottom 100 km of the mantle keel under each old 
continental crustal region is at high enough pressure 
and comparatively low temperature to allow dia- 
monds to crystallize whenever they receive fluids 
saturated in carbon from the underlying convecting 


Isotope Parent Daughter D Half-life Ratio Inclusion minerals 
system isotope isotope mee) (Ma) measured analyzed 
Rb-Sr ®7Rb 87Sr B 48,800 87Sr/8°Sr Garnet, 
clinopyroxene 
Sm-Nd Sm ™3Nd a 106,000 ™3Nd/'4Nd_— Garnet, 
clinopyroxene 
U-Pb 238) 206Ph a, B 4,469 206Ph/?4Pbh —— Sulfides, zircon, 
435 207Pb a, B 704 207Pb/4Ph perovskite 
Re-Os 187Re 1875 B 41,600 187Qs/'88Qs_  Sulfides 
Ar-Ar 4K Ar B 1270 MArP°Ar Clinopyroxene 
40Ca 


Notes: q@ = alpha decay, B = beta decay, and half-life is the average time taken for half of the parent radioiso- 
tope to decay. This is a constant and given here in millions of years (Ma). Note that for ®’Rb, '’Sm, and '*’Re 
these times are much longer than the earth’s age (~4,570 Ma). 
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mantle. Thus, the keel bottom can be viewed as an 
“ice box” (albeit with higher temperatures), avail- 
able for billions of years to store diamonds and keep 
them from entering mantle circulation, yet ready to 
be sampled by a rising kimberlite magma. Both peri- 
dotite and eclogite contain diamonds, but intact 
peridotites erupted to the surface with their dia- 
monds in place are rare, while eclogites with their 
diamonds in place are common. (For a detailed de- 
scription of rock type, see Kirkley et al., 1991.) The 
mineralogical reason for this is a result of the way 
diamonds crystallize within the keel itself. 


Diamonds in Tectonically Active Areas. Clifford’s 
Rule demonstrates the connection of the ancient sta- 
ble mantle keel to gem-quality diamonds. Its corol- 
lary is that geologic activity related to plate tectonics 
such as volcanism, mountain-building, and intrusive 
magmatism near the earth’s surface typically de- 
stroys diamonds, because it occurs at pressures, tem- 
peratures, or oxidizing conditions where diamond 
cannot crystallize or remain stable. The typical slow 
mantle upwelling and resultant magmatism that 
occur beneath an ocean island such as Hawaii offers 
a good example. Nonetheless, a few exceptions to 
Clifford’s Rule do exist, where diamonds are found 
in non-kimberlitic rocks formed in tectonic areas 
that were once active. 

A few localities are known where a non-kimber- 
litic, subduction-related magma type carries dia- 
monds: young microdiamonds in the Japan island 
arc (Mizukami et al., 2008), and 2.7 billion-year-old 
macrodiamonds in the Wawa belt of the Superior ge- 
ologic province of Canada (Stachel et al., 2006). In 
both cases, diamonds appear to have been created not 
by direct subduction magmas themselves, but rather 
by late-stage magmas that produced a rock called a 
lamprophyre. These magmas were intruded as dikes 
and transported diamonds to the surface that may 
have been created elsewhere in the mantle. At the 
world’s largest diamond producer by carat weight, 
Australia’s Argyle mine (Shigley et al., 2001), and its 
smaller and younger cousin, the nearby Ellendale 
mine, specimens were brought to the surface by an- 
other non-kimberlitic magma that produced a rock 
called Jamproite. These diamonds are about 1.5 bil- 
lion years old. The Australian geologic provinces in 
which they occur are known as mobile belts, which 
also contain metamorphic crustal rocks that are 
slightly older (1.8 billion years old). The thermal 
pulse revealed by the study of crustal rocks at the 
surface is thought to result from a tectonic process 
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that heated and recrystallized older lithospheric 
mantle while permitting the formation of diamonds 
at the same time (Smit et al., 2010). 

More abundant than these examples are unique 
blocks of crustal rock known as ultra-high-pressure 
(UHP) metamorphic terranes. These were buried 
deep enough by crustal thickening, a process where 
portions of the crust override other portions and 
allow microdiamonds to crystallize, evenly distrib- 
uted, throughout the buried crustal host rock with 
no apparent magmatic transport. Examples of this 
geologic setting occur in China, Germany, Norway, 
Russia, and Indonesia. 

Perhaps the most prevalent example of diamonds 
formed by active geologic processes are those known 
as superdeep diamonds. These are usually not gem- 
quality macrodiamonds. Superdeep diamonds formed 
at great depths in freely convecting mantle beneath 
the continental lithosphere (again, see figure 6). They 
were brought up by the same kimberlitic volcanism 
that carried lithospheric diamonds, and therefore they 
are found in the same deposits. The high-pressure 
minerals they include show that they formed far 
below the 300 km approximate depths of kimberlite 
generation, perhaps as deep as 400-800 km (Harte, 
2010). Thus, they must be carried into the depth of 
kimberlite generation by upwelling mantle convec- 
tion in mantle plumes. Mantle plumes are thought to 
trigger kimberlite formation, because they bring hot- 
ter mantle to shallower depths where it begins to 
melt. Kimberlites form at the very first stages of man- 
tle melting. 

These examples of diamonds formed in actively 
convecting mantle are often subeconomic, lacking 
sufficient gem-quality stones. But they hold great sci- 
entific worth by preserving the record of dynamic ge- 
ologic processes in the deep earth. 


EMPLACEMENT AND HOST ROCKS 
OF DIAMONDS 


The kimberlitic volcanism that carried diamonds to 
the earth’s surface is unique and rare; in fact, no kim- 
berlite eruption has ever been witnessed. The associ- 
ation of diamonds with ancient cratons makes it clear 
that kimberlitic volcanism occurs exclusively in these 
stable continental crustal environments. Because 
kimberlites are unknown in the oceanic mantle, the 
presence of mantle keels under the continents and the 
mechanical impediment provided by the rigid keel ap- 
pears to be an important aspect of kimberlitic magma 
formation. The stiff lithosphere slows the rise of up- 
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WO minerals — silver and emeralds — 
both of which were believed to occur 
in fabulous quantities, played an important 
part in stimulating exploration of the inte- 
rior of Brazil by its pioneer settlers. Strangely 
enough, neither of them fulfilled expecta- 
tions, The silver mines hitherto discovered 
may have a potential value but fall far short 
of the visions of wealth imagined by those 
who sought them so persistently. Why they 
should have preferred silver to gold “which 
no one sought” is not explained. 
In the “Land of Emeralds’—as Brazil was 
optimistically christened—the “Green Hill,” 
described in the orthography of the day as 


“fermosa e resprandescente,” beautiful and 
resplendent, where the emeralds were “clean 
and of an honest size,” remained an obses- 
sion that outlasted 150 years of search and 
adventure but, nevertheless, contributed in 
no small degree to the unveiling of the mys- 
terious and inhospitable interior of Brazil. 

Expeditions, under chosen leaders, disap- 
peared into the unknown, remained away 
for years, traveled hundreds of leagues only 
to return eventually, broken in health and 
depleted in numbers; defeated but never dis- 
couraged. In their aimless wanderings they 
untangled the complicated river systems and 
geography of the country and eventually dis- 
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Figure 7. This pressure-temperature diagram compares 
the melting curve for mantle peridotite containing 
volatiles and carbonate (black) versus mantle peridotite 
that is dry and free of volatiles and carbon (red). Up- 
welling ambient mantle at the present day falls within 
the green band and may melt below 300 km. At depths 
shallower than 300 km, the carbonated mantle melting 
temperature drops drastically below 1400°C and melt- 
ing occurs, producing carbonatitic liquids that will 
evolve to kimberlite. Note that there is just enough 
space below the base of the continental lithosphere for 
the melting to occur. Adapted from Dasgupta (2013). 


welling mantle beneath it, at about the same depth 
where carbonate-bearing peridotite has been shown to 
begin to melt (figure 7). As melting begins, the first 
melts form in between the stiffer main silicate grains. 
These volatile-rich melts migrate rapidly through the 
silicate grains, separating a volatile-enriched kimber- 
lite. Such an effect is missing under the oceans. 


Magmas That Carry Diamonds. Diamonds are 
known to be carried to the earth’s surface in only 
three rare types of magmas: kimberlite, lamproite, 
and lamprophyre. Of the three types, kimberlites are 
by far the most important, with several hundred di- 
amondiferous kimberlites known. Although the 
number of diamondiferous lamproites is much 
smaller, they do host the Argyle mine and notable 
subeconomic occurrences in the United States, India, 
and Australia. Lamprophyres are rarely diamondifer- 
ous; they are only of petrological interest as hosting 
the world’s oldest erupted diamonds, which occur at 
Wawa in Ontario, Canada. In general, all three 
magma types are: (1) derived by small amounts of 
melting deep within the mantle; (2) relatively high 
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in volatile (H,O, CO,, F, or Cl) contents; (3) MgO- 
rich; (4) marked by rapid eruption, and (5) less oxidiz- 
ing than more common basaltic magma. These 
features work together to transport diamond crystals 
upward to the surface without enough resorption to 
dissolve them (figure 8)—something that is just not 
possible with other melts from the mantle, such as 
the far more abundant basalt and its alkalic varieties. 
The classification of volcanic rocks by their tex- 
tures, mineralogy, and chemical composition in a 
way that accounts for their genesis (Woolley et al., 
1996) has historically been an inexact science. But 
such classification (table 2) is critical to finding and 
recognizing diamond-hosting rocks in the field—the 
essential first step to extracting gem diamonds. Kim- 
berlites weather rapidly in the geologic sense, often 
forming exposures of low topographic relief, and even 
lakes. When exposed and fresh, they are dark bluish 
green to greenish gray rocks that rapidly turn brown 
and crumbly. Texturally, they are full of mineral 
grains and rock clasts ranging from the size of a wa- 
termelon down to small grain sizes that dominate 
the matrix (figure 9). These diamond-bearing rocks 
are distinguished from the related carbonatites by 
having an igneous carbonate mineral abundance of 
less than 50%. Experiments show that kimberlites 
and carbonatites can form a continuum in which car- 
bonatites may beget kimberlites. Furthermore, car- 
bonatites may be a ready source of diamond-forming 
fluids (e.g., Walter et al., 2008). But at the earth’s sur- 
face, carbonatites are almost never diamond-bearing. 
The simple reason is that their carbon is locked up 
in the carbonate mineral calcite (CaCO,), which sim- 
ply has too much oxygen to allow carbon to exist in 
the elemental form needed to stabilize diamond. 


Figure 8. Comparison of natural diamond morpholo- 
gies: a 15.96 ct euhedral octahedron (left) and a 4.82 
ct rounded resorbed octahedron (right). Photos by 
Robert Weldon. 
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TABLE 2. Characteristics of known diamond-carrying magmas. 


Characteristic 


Kimberlite 


Lamproite 


Lamprophyre 


Color of rock in outcrop 
Volatiles 


Composition 


Setting 
Depth of origin 


Eruptive style 


Diagnostic phenocryst minerals 
Typical matrix mineralogy 


Diamond potential 


Green, dark bluish green 
CO,>H,O, halogens (Cl, F) 


Not peralkaline, hybrid, 
K,O>Na,O 


Cratonic 


200-300 km mantle, can be 
sourced >400—700 km 


Explosive volcanic pipes, 
pyroclastic 


Olivine 
Olivine, carbonate 


Common, can range to high 
diamond grade 


Dark gray, black 
H,O>CO,, halogens 


Peralkaline, hybrid to magmatic 


Mobile belt, craton margin 


>140 km, but probably not 
much deeper 


Small volcanic pipes and cones 


Ti-phlogopite 
Phlogopite 


Rare, but can range to high 
diamond grade 


Dark gray, black 
H,O>CO,, halogens 


Peralkaline, magmatic 


Subduction zone 


>140 km, but probably not 
much deeper 


Dikes 


Biotite, amphibole 
Feldspar 


Rare, few diamondiferous 
known 


Notes: A hybrid composition is one that is substantially modified by incorporation of early-crystallizing minerals, xenoliths, and pieces of country rock so 
that determining a real magmatic composition is difficult; magmatic composition can be directly related to its igneous source. 


These three diamond-carrying rocks all lack the 
minerals melilite (Ca-Na-Mg-Al-silicate) and kalsilite 
(KAISiO,), whose presence would indicate a different 
clan of rocks (Woolley et al., 1996) that are never dia- 
mond-bearing. If the magma forms a minor-size intru- 
sion, is not peralkaline (Na,O+K,O>Al,O,), and is 
dominated by ferro-magnesian (mafic) mineral phe- 
nocrysts—more of which are olivine compared to 


lesser phenocrysts of magnesite, phlogopite, carbon- 
ate, or diopside—then the rock is a kimberlite (table 
2). If these lesser phenocrysts dominate and the rock 
is peralkaline and contains obvious Ti-phlogopite, 
then it is a lamproite. If the rock is similar to a lam- 
proite in being peralkaline but contains abundant bi- 
otite or amphibole, then it can be considered a 
lamprophyre. If this sounds confusing, you are not 


Figure 9. These direct, incident-light photomicrographs of kimberlite slabs illustrate the variable appearance and 
texture of kimberlites when seen in hand specimens. Left: black, very fresh, fine-grained, massive, magmatic kim- 
berlite with xenocrysts of ilmenite, garnet, olivine, and phlogopite (from the Monastery pipe, South Africa). Center: 
medium to fine-grained, dark gray to black, fresh, hypabyssal kimberlite with rounded grains of spinel, monticel- 
lite, serpentine, and carbonate (from the Grizzly pipe in the Ekati mine, Canada). Right: medium to coarse- 
grained, light green to buff-colored pyroclastic kimberlite composed nearly entirely of subrounded to angular 
xenocryst of altered olivine, garnet, and ilmenite. The sample has coarse to medium rounded peridotite, garnet 
peridotite, and limestone xenoliths (from the Victor North pipe, Canada). Note the progression in the three panels 
toward less-fresh kimberlite and toward a lower ratio of matrix to grains. Also, the left and center samples crystal- 
lized at much deeper levels in the kimberlite pipe (see figure 13), while the one on the right crystallized at the sur- 
face. Scale bar in all photos is 1 mm. Photos by Steven B. Shirey. 
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alone; many papers (summarized in Woolley et al., 
1996) have been written to ensure that geologists who 
study diamondiferous rocks use consistent criteria in 
the field and laboratory. The point is that volcanic 
rocks that carry diamonds have a specific chemical 
and mineral composition, and can be recognized in 
outcrop or drill core by their textural characteristics 
above (again, see figure 9). Recognizing kimberlite in 
the field is important because diamonds are always so 
scarce in kimberlite that they are never visible in out- 
crop. Starting with the right rock is the first step to 
finding diamonds. 

Typically, the host rocks that carry diamonds are 
younger than the diamonds and the ancient continen- 
tal cratons they intrude, as shown in figure 10. With 
only a few exceptions (Argyle, Premier, and Wawa], 
all known diamond-bearing kimberlites are less than 
about 550 Ma (million years old) and most of them 
less than 300 Ma, with abundant episodes of kimber- 
lite eruption at less than 120 Ma in southern Africa 
and less than 80 Ma in North America. Kimberlites 
are very quickly weathered and eroded rocks, so 
quickly—years, in fact—that this degradation cannot 
explain the preponderance of young kimberlitic vol- 
canism. Instead there are likely some unique changes 
in mantle volatiles and the relationship of plate tec- 
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Eclogitic Peridotitic Superdeep Fibrous 


Diamonds 

Figure 10. This diagram 
shows the ages of conti- 
nental keels and their re- 
lationships with tectonic 
processes, diamond-host- 
ing magmas, and differ- 
ent diamond types. Note 
the antiquity of mantle 
keels and lithospheric di- 
amonds (>1 billion years) 
and the youth of most 
kimberlite eruptions 
(<550 million years). 
Solid vertical bars depict 
the duration of ongoing 
processes, magmas, or di- 
amond-forming events, 
while solid dots indicate 
single known occur- 
rences. Dashed lines con- 
nect known ages or 
indicate when these 
events might have oc- 
curred. Adapted from 
Gurney et al. (2010), with 
modifications. 


tonic subduction to the mantle keels beneath cratons 
that account for this observation, but its explanation 
remains unknown. 


How Emplacement Occurs. Kimberlites are difficult 
to interpret texturally, mineralogically, and chemi- 
cally because of the high-energy mechanism of em- 
placement that breaks up the abundant extraneous 
materials they contain. Kimberlites are chaotic mix- 
tures of xenoliths of crustal rocks and mantle, min- 
erals released from the xenolith crumbling during 
eruption, phenocryst minerals, alteration minerals of 
these previous phases such as serpentine, and pieces 
of preexisting kimberlite. The texture of the host 
kimberlite and the relative proportions of these com- 
ponents (including diamonds] vary greatly with depth 
in the kimberlite pipe. The rock is a mixture consist- 
ing of preexisting materials and those that crystal- 
lized during the eruption. Geologists describe this as 
a hybrid rock (figure 11), which they do not consider 
a true representation of melt composition. Typical 
kimberlites and lamproites are hybrid rocks, and lam- 
prophyres less so even though they may contain 
abundant xenoliths. 

The volcanic emplacement of a kimberlite, though 
it has never actually been witnessed, is thought to be 
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Figure 11. Kimberlites are complex mineralogically, texturally, and in their degree of alteration. These high-reso- 
lution images of the mineral composition of three different hypabyssal kimberlites (see definition in figure 13 
caption) were made with a QEMScan, which uses X-rays to map the surface of thin slices of the kimberlite and 
can identify all minerals at all sizes in the rock. Such an unprecedented level of detail in the fine-grained matrix 
mineralogy will lead to a much better understanding of these important diamond host rocks. Dark green = 
olivine, medium green = serpentine, light green = chlorite, dark blue = pyroxene, light blue = dolomite, yellow = 
pyrite, red = Ti oxides, buff = phlogopite, and white = calcite. Note the variability in the alteration of the olivine, 
and its content in the matrix. Diamonds are too scarce to be visible in these sections. Left to right: Letseng kim- 
berlite, Lesotho; unknown kimberlite, Alberta, Canada; Jos kimberlite, Nunavut, Canada. Scale bar in all photos 
is 1 mm. Left and center photos by Karin Olson; right photo adapted from Malarkey et al. (2010), with permission 


of Elsevier. 


one of this planet’s most dynamic volcanic processes. 
Kimberlites propagate upward through the lithosphere 
by hydraulically fracturing the overlying rock. They 
move at relatively high velocity for a magma (from 4 
to 20 meters per second, Sparks et al., 2006), and the 
progressively lower pressure as they rise allows a 
vapor phase to exsolve from the system. This vapor 
phase keeps the components fluidized, and it supports 
acolumn of entrained material that becomes rounded 
and broken during transport. The evolution of the 
magma from its deep mantle source is a complex his- 
tory of changing features such as the magma compo- 
sition (siliceous or carbonaceous), the proportion of 
the system that is condensed (magma+rock and min- 
eral fragments) versus gaseous (H,O+CO,]), and the 
ratio of CO, to H,O. 

A kimberlite magma can start at depths as great 
as 200-300 km, but must be generated at least below 
the depths where diamonds are stable (>140 km) in 
order to pick them up from their lithospheric source. 
The source of kimberlite, either within or below the 
lithosphere, is a matter of active debate in the geo- 
logic community. Theory and field observation led 
Sparks et al. (2006) to propose a four-stage model of 
kimberlite eruption (figure 12): 


e Stage I: Overpressured, explosive fissure erup- 
tion producing high vent velocities (>200 m/s) 

e Stage I: Underpressured, erosive pipe forma- 
tion causing brecciation near the surface 

e Stage III: Waning, fluidized pyroclastic stage 
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producing volcaniclastic kimberlite ranging 
from massive to layered 

e Stage IV: Post-eruptive hydrothermal meta- 
morphism producing widespread serpentiniza- 
tion and crater fill 


Fallback of volcanic material can occur once the 
eruption halts, but the kimberlitic rock formed dur- 
ing the latter three eruptive stages is typically well- 
preserved in the kimberlite pipe (figure 13). Their 
field interpretation by volcanologists, aside from 
being pivotal to understanding the nature of these 
eruptions, forms the basis for determining the distri- 
bution of diamonds in the kimberlite. This distribu- 
tion is the essential step to evaluating the diamond 
grade of any kimberlite. Establishing diamond grade 
is a laborious process that combines bulk assay for 
diamonds in large amounts of exposed kimberlite (in 
some cases hundreds of tons) with core drilling of the 
unexposed kimberlite. The goal of this process is to 
accurately estimate the size of the kimberlite that 
could be mined (figure 14), the carats of diamond per 
hundred tons of rock, and the revenue per ton versus 
mining cost per ton. 

The high-energy dynamics and changing condi- 
tions of a kimberlite eruption leave their textural im- 
print on the minerals and rock fragments carried by 
a kimberlitic magma. From these mineral clues and 
the textures described above, the geologist must de- 
duce the nature of the eruption. Foreign rocks (xeno- 
liths) of upper crust such as shale, dolomite, and 


Gems & GEMOLOGY WINTER 2013 


Stage | Stage II Stage Ill 
Overpressured, explosive Underpressured, Waning, fluidized 
fissure eruption erosive pipe formation pyroclastic stage 
(>200 m/s) 


Detail of Stage II 


Gravitational failure: 
of pipe walls 


Rockbursts 


Underpressured 
conditions in cones 

Kimberlite 
magma 


Figure 12. Stage I of a kimberlite eruption is overpressured, and eruption at this stage experiences the highest ve- 
locities. Stage II is underpressured, and during this stage significant wallrock erosion occurs. Stage III produces a 
kimberlite pipe in its final form, as shown in figure 10. Significant fallback of material can occur in Stage III. Stage 
IV (not shown) involves hydrothermal metamorphic alteration of the kimberlite pipe. Adapted from Sparks et al. 


(2006), with permission of Elsevier. 


basalt, or of lower crust such as felsic and mafic gran- 
ulite, are commonly found in the kimberlite pipe. 
Common too are xenoliths of mantle rocks such as 
harzburgite, lherzolite, websterite, and eclogite—the 
more fragile of which (e.g., magnesite-bearing 
harzburgite) are easier to break apart into their con- 
stituent minerals. 

These foreign minerals, or xenocrysts, include 
olivine, clinopyroxene, orthopyroxene, garnet, il- 
menite, and diamond itself, whose composition and 
relative abundance can reveal the makeup of the 
lithospheric mantle even in the absence of discrete 
rocks. As we will see below, such xenocrysts become 
the main prospecting tool for finding new diamondif- 
erous kimberlites. Crystallizing directly out of the 
kimberlitic magma are phenocrysts of olivine, zircon, 
phlogopite, and groundmass perovskite. The latter 
three minerals can be used to determine the absolute 
geologic age and source composition of the kimberlite. 

Very rarely, diamond can precipitate from the kim- 
berlite. When it does, it can occur as overgrowths on 
monocrystalline diamond cores, as xenocrystic dia- 
mond hosts, and as microdiamonds. Any of these min- 
erals, once formed or liberated, is subject to modification 
in the dynamic kimberlite eruption. Breakage, abra- 
sion, and resorption may occur. Perhaps the most dra- 
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matic examples of resorption come from diamonds 
themselves (again, see figure 8), which display mor- 
phologies that range from simple etching to even 
teardrop shapes. There also is a noticeable difference 
between the perfect crystal morphology of type I dia- 
monds and the cleavage fragments often seen in type 
II specimens. 


Finding New Diamonds. Until the early 20th century, 
diamonds—even the famed Koh-i-Noor, Hope, and 
Cullinan—were typically found in alluvial or surface 
deposits, more or less by accident. The richness of the 
alluvial deposits of the Vaal and Orange Rivers of 
South Africa eventually led to the discovery of kim- 
berlite and the famous workings around Kimberley, 
establishing kimberlite as the primary volcanic host 
of diamonds. From that point, exploration techniques 
centered on the best ways to find diamondiferous 
kimberlite using modern scientific methods. To the 
list of early alluvial diamond producers (e.g., South 
Africa, Namibia, India, Congo, and Brazil) have been 
added other hard ground or primary rock countries 
(namely Botswana, Russia, Australia, and Canada), 
which have greatly increased worldwide production. 

As with other valuable ores, diamond exploration 
has become increasingly sophisticated and now in- 
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Resedimented volcaniclastic 
kimberlite (RVK) 
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Figure 13. This perspective diagram of a kimberlite 
pipe with the surrounding country rock removed 
shows dikes and sills related to different levels of in- 
trusion of kimberlitic magma and the kimberlite types 
exposed at different levels. Shown here is the terminol- 
ogy used by field geologists to understand what part of 
the kimberlite is exposed at the surface or sampled in 
drill core. Figures 9 and 11 show examples of shal- 
lower pyroclastic kimberlite (erupted into the air) ver- 
sus deeper or hypabyssal kimberlite (crystallized 
several kilometers below the earth’s surface). Dia- 
monds can potentially be distributed through all the 
types of kimberlite shown here. Adapted from Kjars- 
gaard (2007), with permission from the Geological As- 
sociation of Canada. 


cludes some combination of different methods: geo- 
physical techniques (airborne magnetic surveying, 
electrical resistivity, and gravity); geologic modeling 
(isotopic dating of ancient terranes and recognition of 
the history of their geologic modification); mineral 
analysis (garnet, ilmenite, and spinel indicator miner- 
als), and geochemistry (surficial materials). Geophys- 
ical techniques and geologic modeling are useful for 
general narrowing of the exploration target area on a 
continental scale, whereas mineral analysis and geo- 
chemistry are applied on the ground when relatively 
close to the kimberlite. 
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Continental cratons are the first target for dia- 
mondiferous kimberlite exploration (see “Geology 
and the Distribution of Diamonds on Earth” and 
Clifford’s Rule above). By definition, these regions are 
not orogenically active. They consist of flat or pene- 
planed surfaces that can be deeply weathered (Brazil 
and Australia), covered by desert sands (Botswana), 
uplifted and eroded (South Africa), or extensively 
glaciated (Russia and Canada). Locating diamondif- 
erous kimberlites is challenging due to their small 
surface outcrop and their tendency to weather faster 
than the surrounding crystalline country rock, which 
means the pipes are often hidden beneath vegetation, 
unconsolidated surface deposits, or lakes (figure 15). 

One very successful method for locating diamon- 
diferous kimberlites employs a search in surficial de- 
posits for actual fragments of the kimberlite, or for 
grain-sized indicator minerals weathered from these 
fragments (figure 16]. These grains survive erosion, 
and their presence in sediments and soils is a predic- 
tor of whether a nearby kimberlite might contain di- 
amonds. Indicator minerals range from single grains 
of silicate and oxide phases that have been released 
from mantle xenoliths broken up during sampling 
and transport by the kimberlite, to actual phenocryst 
phases in the kimberlite (Cookenboo and Griitter, 
2.010). In kimberlite, indicator minerals (figure 17) are 


Figure 14. This aerial view shows the open pits con- 
taining the kimberlite pipes that comprise the bulk of 
the Diavik mine. The open pits outline the vertical 
geologic form of a typical kimberlite eruption, though 
the pit shape is wider than the actual kimberlite so 
that the pit walls do not collapse. The lines on the in- 
side of the pit walls are benches along which massive 
100-ton ore trucks are driven. Photo courtesy of Di- 
avik Diamond Mine. 


SE 


Gems & GEMOLOGY WINTER 2013 


A: Plan view 
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B: Cross-section view 
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Figure 15. These illustrations show the mechanism for dispersal of indicator mineral grains from a buried kimberlite. 
Note the variety of techniques used to detect a kimberlite and the wide scattering of indicator minerals (see figure 
16). Adapted from McClenaghan and Kjarsgaard (2007), with permission of the Geological Association of Canada. 


much more abundant than diamonds, serving as 
markers for the chemically depleted mantle that can 
contain diamonds at depth. Furthermore, systematic 
mapping of the pattern of indicator minerals in sur- 
face deposits such as till, glaciofluvial sediments, or 
beach and stream sediments can point to the location 
of a kimberlite (McClenaghan and Kjarsgaard, 2007). 

The key feature of the indicator mineral is its 
chemical composition as analyzed with the electron 
microprobe. A mineral is an indicator when its com- 
position is characteristic of either the extreme melt 
depletion that typifies Archean continental mantle 
keels (peridotitic diamonds), or the high pressures 
found in subducted basaltic slabs (eclogitic dia- 
monds). Indicators for peridotitic diamonds are so- 
called G10 pyrope garnets (high Cr and low Ca), 
chromite (high Cr + Mg and low Al + Ti}, diopside 


UNDERSTANDING THE GEOLOGY OF DIAMONDS 


(high Cr + Al), and orthopyroxene (high Mg/Mg:+Fe]. 
For eclogitic diamonds, Cr-poor garnets (high Na + 
Ti) and diopside (high Na) are commonly used. Mg- 
rich ilmenite (picroilmenite) is a general kimberlite 
indicator. The relationship between indicator min- 
eral composition and diamond can be imperfect, and 
a more sophisticated approach uses pressure and 
temperature relations (geothermobarometers) de- 
duced from the composition of individual minerals 
as if they were in equilibrium with other coexisting 
mantle minerals (Cookenboo and Griitter, 2010). 
This approach can be applied to a wider range of min- 
eral compositions, and it has provided more sensitiv- 
ity in locating mantle lithosphere capable of hosting 
diamond. 

Exploration tools based on indicator minerals and 
surficial geochemistry are tailored to the nature of 
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Figure 16. The indicator-mineral dispersion patterns 
for chromite, chrome diopside, pyrope garnet, and il- 
menite are shown here for the Attawapiskat kimber- 
lite in Canada. Dispersion of the ilmenite grains is 
detectable more than 300 km from the kimberlite 
source, whereas chromite and chrome diopside yield 
much smaller dispersion halos closer to the source be- 
cause they are more easily weathered. The indicator 
minerals were collected from streams that were erod- 
ing glacial deposits. Adapted from Kjarsgaard and 
Levinson (2002), with permission of GIA. 


the weathering process. In deeply weathered and arid 
climates, vegetation, termite mounds, and geochem- 
ical anomalies directly overlie kimberlites and 
streambeds that potentially hold diamond placer de- 
posits. In heavily glaciated terranes, kimberlite indi- 
cators are dispersed for tens of kilometers in patterns 
that relate to ice-flow directions (figure 16; Kjarsgaard 
and Levinson, 2002). In glaciated settings, other in- 
dicators include geochemical analysis of till, soil, soil 
gas, biota, and groundwater (figure 15; McClenaghan 
and Kjarsgaard, 2007). Under these conditions, re- 
gional surveys have proven quite effective in locating 
kimberlitic targets. 

The success of these exploration methods has led 
directly to the discovery of some of the world’s most 
productive diamond mines, including Orapa and Jwa- 
neng (Botswana’s Zimbabwe/Kaapvaal craton) and 
Ekati and Diavik (Canada’s Slave craton). As with all 
mined commodities, diamond exploration is highly 
dependent on price, global economic cycles, and rap- 


202 UNDERSTANDING THE GEOLOGY OF DIAMONDS 


idly changing mining company partnerships (to fund 
the costly exploration techniques). This search effort 
goes through boom and bust periods. Insightful case- 
study descriptions can be found on the Argyle deposit 
(Shigley et al., 2001) and occurrences in Canada 
(Kjarsgaard and Levinson, 2002). 

The Argyle case study provides a perfect example 
of how long-known but sparse alluvial diamond oc- 
currences in an arid and unglaciated terrain were 
combined with unconventional thinking, persever- 
ance, and scientific methods to bring about the 
world’s most productive deposit. Of all the aspects of 
the Argyle discovery, perhaps the most important is 
unconventional thinking, because the diamonds 
occur in lamproite (all other rich deposits are in kim- 
berlite) and are located off-craton (not truly adhering 
to Clifford’s Rule). The Canadian case illustrates ex- 
ploration in heavily glaciated terrain. Here the dia- 
monds were distributed far from their sources, and 
the most important discovery aspects were persever- 
ance and scientific method. 

In both cases, systematic exploration led to the 
discovery of many potential diamond host rocks 
(more than 80 kimberlite pipes in the Kimberley cra- 
ton, and more than 300 in the Slave craton), only 
some of which were diamondiferous (10% and 50%, 
respectively). Even fewer were of sufficient diamond 
grade to mine (none in the Kimberley craton and 
<1% in the Slave craton). Taking into account how 
difficult it is to find just one kimberlite buried below 
surficial deposits and vegetation, these diminishing 
percentages illustrate just how special an economi- 
cally viable deposit is. With the exception of the 
Canadian discoveries of the 1980s and 1990s (sum- 
marized in Kjarsgaard and Levinson, 2002), none of 
the producing countries have seen the discovery of a 
major diamond-bearing kimberlite pipe in recent 
decades. When this scarcity of discoveries is com- 
bined with the finite lifetime of existing mines, 
sometimes as brief as 25-30 years with modern min- 
ing techniques, a future shortage of rough diamond 
production could result. 


ORIGIN OF DIAMONDS 

Since the summary by Kirkley et al. (1991) that ap- 
peared in this journal, there have been major ad- 
vances in understanding the relationship between 
diamond types and their hosts, the pressure and tem- 
perature conditions for diamond formation, the 
sources of carbon, and how diamond growth relates 
to fluids in the mantle. Much of this new informa- 
tion has centered around: 
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(1) Better geologic dating on the mineral inclu- 
sions in diamonds in relation to the ages of de- 
pletion/metasomatic processes in the mantle 

(2) Refined models for the partitioning of major el- 
ements between the main minerals in mantle 
rocks 

(3) Improved analytical sensitivity, permitting 
spatially resolved, spot-sized chemical analy- 
ses for stable isotopes and trace elements 

(4) Realistic laboratory simulations of the behav- 
ior of carbon-bearing fluids in the mantle 

(5) High-resolution imaging and analysis of 
nanophases in microscopically transparent 
diamonds 


Host Rocks for Diamond Crystallization and Dia- 
mond Types. Eclogite and peridotite are the chief 
rocks in which diamonds grow in the mantle (figure 
18). Single diamonds in kimberlite are thought to be 
released from eclogite or peridotite by mechanical 
disaggregation during eruptive transport (Kirkley et 
al., 1991; Harlow and Davies, 2005). Whereas eclog- 
ites, diamondiferous or otherwise, survive transport by 
kimberlite, nearly all peridotite xenoliths are dia- 
mond-free. Diamond within a few eclogites has been 
studied by computerized axial tomography (CAT- 
scan) techniques. There diamond is found in between 
the major silicate minerals along pathways where 
metasomatic fluids usually traveled (Keller et al., 
1999; Anand et al., 2004), although it is unknown 
whether diamond always has this spatial relation- 
ship. Diamond in peridotite may have a similar tex- 
tural relationship with its major silicates, but 
because CO,-rich diamond-forming fluids react with 
magnesian silicates to form friable magnesite 
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Figure 17. Examples of 
colors and surfaces of 
important kimberlite 
indicator minerals: (A) 
Cr-pyrope, (B) Cr-diop- 
side, (C) Cr-spinel, (D) 
Mg-ilmenite, (E) Mg- 
olivine, and (F) pyrope- 
almandine garnet. 
Adapted from McCle- 
naghan and Kjarsgaard 
(2007), with permission 
of the Geological Asso- 
ciation of Canada. 


(MgCO,) along grain boundaries, diamondiferous 
peridotites disaggregate and release their diamonds, 
destroying the textural relationship with their host. 


Figure 18. Incident-light photomicrographs of rock 
types that typically can host diamonds in the lithos- 
pheric mantle keel. A: Sheared garnet peridotite from 
Jagersfontein, South Africa. Shown is the typical buff 
color of the external surface of a rounded xenolith 
composed chiefly of olivine and orthopyroxene. Note 
the red garnets and green diopside. B: Garnet peri- 
dotite from Letlhakane, Botswana, Kaapvaal craton. 
Dark green = olivine, light green to white = orthopy- 
roxene, bright green = clinopyroxene. C and D: Eclog- 
ites from Roberts Victor, South Africa (Kaapvaal 
craton). The garnet is red to reddish brown, while the 
clinopyroxene is green to blue green to pale brown. 
Note the diamond in the center of panel D. The scale 
bar in panel A is 1 cm; the scale bar in panels B, C, 
and D is 1 mm. Photomicrographs by Steven B. Shirey. 
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Little is known about where, texturally, superdeep 
diamonds reside in their mantle hosts. At the high 
pressures and temperatures of the mantle transition 
zone and below, and in a mantle that is mobile by 
solid-state convection, they are not likely to reside 
in open cracks. They could, however, form in anom- 
alously fluid-rich regions of the deep mantle. 

Diamonds that formed in the crust are restricted 
to terrains exposed by continental tectonic processes 
(again, see figure 4). They are found directly within 
their host lithologies, which are typically carbonate- 
bearing packages of rocks, including garnet-biotite 
gneisses and schists, which get reduced to form dia- 
monds in place. Diamond also forms in the crust dur- 
ing the high pressures and temperatures produced 
when an extraterrestrial body strikes the earth’s sur- 
face to form impact diamonds from carbon-rich tar- 
gets (graphite to diamond solid-state transition) or 
impact melts. Crustal diamonds are either small or 
not of gem-quality, and useful only to the abrasives 
industry. 

The gemologist is taught the basic “type” classi- 
fication of diamonds by nitrogen content and aggre- 
gation (Breeding and Shigley, 2009). This is very 
useful for gemology, but not for understanding dia- 
mond in its geologic context. Some 95% of natural 
lithospheric diamonds are type Ia. With the excep- 
tion of sublithospheric diamonds, which are mostly 
type II, the remaining 5% non-type Ia specimens are 
poorly correlated with geologic setting. The compo- 
sition of mineral inclusions in diamonds, even 
though more than 95% of monocrystalline diamonds 
are devoid of them, provides a more useful scheme 
because inclusion mineralogy can be closely related 
to the host rock. 

Inclusions of silicate minerals (garnet and pyrox- 
ene) in lithospheric diamonds allow gem diamonds 
to be classified into two dominant groups following 
their major eclogitic and peridotitic host rocks in the 
mantle (figure 19). Silicate minerals transmit light 
and their compositional differences produce striking 
color variations, making these inclusions an effective 
way to classify diamonds into types. Compositional 
parameters akin to those used for indicator minerals 
in exploration are used to make the classification. 
Peridotitic diamonds are known as “P-type” and 
eclogitic diamonds as “E-type.” P-type specimens 
can be further subdivided into harzburgitic and lher- 
zolitic in descending order of abundance that paral- 
lels the occurrence of these types of peridotites in the 
population of mantle xenoliths in diamondiferous 
kimberlites. 
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Sulfide mineral inclusions such as pyrrhotite and 
pentlandite (again, see figure 19) also allow diamonds 
to be subdivided into P- and E-types in a manner analo- 
gous to silicate inclusions. For sulfides, the distinction 
is based on Ni content. The higher-Ni sulfides occur 
in P-type diamonds, while the lower-Ni (and slightly 
higher-Cu) sulfides occur in E-type diamonds (Pearson 
and Shirey, 1999). Recent isotopic work using the plat- 
inum-group element osmium on single sulfides has 
yielded osmium abundance data that show the P- ver- 
sus E-type distinction even more clearly (Pearson and 
Shirey, 1999). Unfortunately, the opacity of sulfides 
and their obscuration by internal fracturing renders 
this classification scheme useful only after breakage of 
the diamond and removal of the mineral inclusion. 

Mineral inclusions in sublithospheric diamonds 
are less understood than in lithospheric diamonds be- 


Figure 19. Peridotitic (P-type, A and B) and eclogitic 
(E-type, C and D) inclusions of silicate (A,C) and sul- 
fide (B,D) mineral groups that have been successfully 
used for radioisotopic age dating (geochronology). A: 
harzburgitic garnet (high in Cr, low in Ca), used in 
Rb-Sr and Sm-Nd dating by Richardson et al. (1984). 
B: Ni-rich iron sulfide (pentlandite) used in Re-Os 
dating by Westerlund et al. (2006). C: orange garnet 
and colorless clinopyroxene used in Rb-Sr and Sm-Nd 
dating by Richardson (1986). D: Ni-poor iron sulfide 
(pyrrhotite) used in Re-Os dating (Pearson et al. 1998; 
Richardson et al., 2001). Grain size ranges from 50 to 
300 microns. Photos courtesy of J.W. Harris, S.H. 
Richardson, and K. Westerlund. 
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* Precious topaz workings — 
Rodigra Silva, Matto Grosso 


covered the gold and diamond fields that 
lifted Brazil from obscurity into interna- 
tional fame. 

The gold fields of Ouro Preto, Marianna, 
Sao Bento, Sabara, Sao Joao d’El Rei, Serro 
Frio, and Paracatu in Minas Geraes; those 
scattered throughout Goyaz; and the famous 
mines of Coxipo de Ouro, Cuyaba and Rio 
das Contas in Matto Grosso owe their dis- 
covery to the incentive furnished by the 
“dream of emeralds.” The diamond fields of 
Diamantina, Abaete, Bagagem, those of 
Goyaz and of Coxim, Coxipo, and Diaman- 
tina in Matto Grosso followed as a tribute 
to the persistence and. courage of the “Ban- 
deirantes.” Although they did not achieve 
their original objective they did, as a matter 


of fact, come within a few miles of doing 
so and incidentally discovered the richest 
source of the less expensive precious stones 
in Brazil. They also could not have failed 
to notice the presence of crystal, beryllium, 
and mica for which Brazil has since become 
famous. 

The search for emeralds was based on 
information received from friendly Indians 
and probably also from some of the more 
daring, lone explorers themselves. 

Inflamed by the reports of fabulous quan- 
tities of green stones in a locality “where 
even the fish are green,” an expedition was 
organized in 1554 under the leadership of 
Bruzo Espinoso and a Jesuit priest but, after 
wandering about for more than two hundred 
leagues, it returned empty handed as did also 
the second under Martin Carvalho in 1567. 

Sebastiao Fernandes Tourinho appears to 
have made two attempts — the first in 1555 
when he left “Bahia with a big body of 
guides, service men, and Portuguese to ex- 
plore the margins of the Sao Francisco, 
Jequitinhonha, and Doce Rivers.” 

In 1572 Tourinho was appointed leader 
of the third expedition on which occasion 
“he hurled himself into the barbarous forests 
of the Rio Doce” and must finally have 
reached the watershed dividing the rivers 
flowing east from the tributaries of the 
Arassuahy and Jequitinhonha Rivers. Here 
“he entered an enchanted land in which he 
found green stones resembling turquoise... 
and red stones...and blue stones all very 
resplendent.” Finally he found not only “the 
emeralds themselves but also sapphires.” 
With an ample supply of samples he rfe- 
turned to Porto Seguro from where they 
were sent to Portugal for identification. His 
return created great enthusiasm which was 
not in any way dampened by the news that 
his samples were pronounced to be “emet- 
alds from the surface baked by the sun... 
that the earth had rejected as refuse.” It was 
suggested that better ones would probably 
be found “by digging deeper.” It is evident 
from the localities mentioned that Tourinho 
must be credited with having discovered the 
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Figure 20. This diagram shows the mineralogy with 
depth for two different rock compositions that would 
be expected at great depth in the mantle. The peri- 
dotitic compositions on the left make up most of the 
mantle by volume. The compositions on the right are 
typical of basalt that would be subducted to high 
pressure and recycled into mantle peridotite. The 
basaltic composition is more SiO,-rich, and therefore 
has much more clinopyroxene (CPX) and garnet 
(GRT) than the peridotitic composition. At 200 km 
depths, for example, the basaltic composition contains 
only clinopyroxene, and garnet, whereas the peri- 
dotitic composition has olivine (OL), garnet, clinopy- 
roxene, and orthopyroxene (OPX). MAJ=majorite, 
WD=wadsleyite, RW=ringwoodite, FPER=ferroperi- 
clase, MPV=magnesium perovskite, CPV=calcium per- 
ovskite, STV=stishovite, CF=calcium ferrite, NAL = 
Na- and Al-bearing phase. Adapted from Harte (2010). 


cause of the rarity of specimens, the small grain size 
of inclusions, and difficulties in recognizing original 
high-pressure minerals from their low-pressure forms. 
But the basic distinction (figure 20) between peri- 
dotitic diamonds is basically related to Mg-rich, ultra- 
mafic mineral assemblages (such as Mg-perovskite, 
ringwoodite, wadsleyite, and olivine with ferro-peri- 
clase, majorite, and Ca-perovskite}; in eclogitic dia- 
monds it is related to basaltic mineral assemblages 
(such as majorite, clinopyroxene, CaTi-perovskite, Ca- 
perovskite, Ca-ferrite, stishovite, and the Na- and Al- 
bearing phase). These distinctions, which seem to 
apply to the deepest diamonds (Pearson et al., 2003; 
Shirey et al., 2013) will be fundamental in understand- 
ing the source of recycled materials in the deep earth. 
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Pressure-Temperature Conditions. All diamonds at 
the earth’s surface today exist outside the pressure and 
temperature regime for their growth. Yet we know the 
conditions under which they can form, based on ex- 
perimental studies that simulate diamond-forming re- 
actions, the mineral inclusion indicators of pressure 
and temperature (geothermobarometers}, and the co- 
occurrence of diamonds in kimberlites with xenoliths 
whose pressure-temperature history can be studied. 
Basically, most gem diamonds are thought not to form 
directly from graphite. They can form at pressures 
and temperatures higher than the graphite-to- 
diamond phase transition under the right reducing 
conditions, and when there is enough free carbon to 
allow diamond to form. With depth below the sur- 
face, rocks reside at ever higher pressure and temper- 
ature along the geothermal gradient. This renders the 
entire mantle below about 140 km capable of forming 
diamond. 

Pressure-temperature estimates for the formation 
of lithospheric, gem-quality diamonds can be calcu- 
lated from analysis of their mineral inclusions. Re- 
view studies of more than 1,000 diamonds (e.g., 
Stachel and Harris, 2008) show that they formed at a 
temperature of 1150-1200°C and at a depth within 
the appropriate P-T range for diamond growth. 
Rather than reflecting a favored condition for forma- 
tion, this may simply represent the most “probable” 
temperature range within the limits imposed by dia- 
mond stability and mantle conditions. Superdeep di- 
amonds obviously form in a pressure-temperature 
regime much higher than what can be obtained in 
the lithospheric mantle, but one that can be esti- 
mated from the solid solution of silicon (the pyrox- 
ene or “majorite” component) into the garnet 
structure (Shirey et al., 2013), or some other estimate 
of minerals that have exsolved at low pressure from 
a higher pressure inclusion (e.g., Walter et al., 2011). 
Crustal diamonds have formation conditions best es- 
timated from the metamorphic history of their en- 
closing host rocks, because they typically lack 
mineral inclusions that indicate pressure and tem- 
perature. Impact diamonds, forming directly at the 
earth’s surface, can only be modeled from the heat 
and pressure effects generated by the transient shock 
wave of the impact. 


Sources of Carbon. Major advances in understanding 
the sources of carbon that eventually turn into dia- 
mond have come from examining carbon’s isotopic 
composition. Elemental carbon is composed of two 
stable isotopes: ?C (98.9%) and ’C (1.1%). The ratio 
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of ’C to ?C, measured easily with a gas-source mass 
spectrometer, varies with geologic process and the 
original source of carbon. Nitrogen, the second most 
abundant element in diamond, also has two isotopes, 
MN (99.6%) and °N (0.4%), and is amenable to the 
same kind of study; however, because nitrogen is a 
trace element in diamond and much more difficult 
to analyze accurately, it has been subjected to far less 
scrutiny and less is known (for a recent review, see 
Cartigny and Marty, 2013). In general, isotopic study 
remains a very active area of research, because of the 
potential for diamonds to trace the igneous rock as- 
pects of the deep mantle portion of the carbon cycle. 
Earth’s large solid volume relative to the atmosphere 
makes the mechanisms by which carbon contributes 
to the volcanic CO, gas flux a critical factor that re- 
quires better understanding. 

Carbon that becomes diamond has two sources in 
the earth: primordial and recycled. Primordial carbon 
is that which has resided in the mantle since the ac- 
cretion of the planet. Recycled carbon has, at some 
stage, been released from the mantle to form CO, in 
the atmosphere, or become incorporated in organic 
matter and formed carbonate, graphite, or other car- 
bon-bearing minerals in sedimentary and metamor- 
phic rocks. Carbon is a volatile element, and much 
of the original carbon available to be incorporated in 
the earth may have been lost during accretion (Marty 
et al., 2013). Thus, the amount of carbon in the man- 
tle is not known (estimated at 500-1000 ppm; Marty 
et al., 2013), nor is the proportion of primordial to re- 
cycled carbon (given the large meteoritical range; 
Haggerty, 1999). We can say that carbon has a long 
residence time in the mantle (similar to the earth’s 
lifetime), that it has a concentration that may be 
close to steady state (i.e., unchanged by addition from 
subduction or loss due to volcanism), and that it is 
an actively cycled element. It is remarkable that di- 
amonds display a large range in their °C/!°C isotope 
ratio despite the mantle mixing process of convec- 
tion that might lead to isotope homogenization. In 
fact, diamonds retain compositional variability that 
is as large as the range induced by photosynthesis at 
the earth’s surface (the largest range in *C/”C rou- 
tinely measured). 

The variability in carbon isotopic composition is 
not random; instead, it is related to the diamond type 
and presumably to the petrogenesis or igneous geo- 
logic history of the diamond (figure 21). P-type dia- 
monds display a restricted range in carbon isotopic 
composition (given in the delta notation, 6°C, where 
C/?C is referenced to a standard and expressed in %o) 
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Figure 21. Carbon isotope content reflects the nature 
of the host diamond and tells us about its geologic 
history. This figure shows the difference between 
some of the main diamond types. 8°C is the ®C/?C 
ratio measured against a reference standard and devi- 
ating from this standard by 0.1%. Note the negative 
scale and how eclogitic diamonds extend to much 
lower 58°C than peridotitic diamonds; n = number of 
analyses. Adapted from Cartigny (2005), with permis- 
sion of the Mineralogical Society of America. 


of -10 to -2 68C, with more than 95% of P-type dia- 
monds falling in the main mantle range of -8 to —2 
(Cartigny, 2005). E-type diamonds show a very wide 
range in 6°C, from —-42 to +3, even though they too 
have a large percentage that fall within the main man- 
tle range. 

Superdeep diamonds from the top of the lower 
mantle have a carbon isotopic distribution similar to 
that of P-type diamonds, whereas superdeep dia- 
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monds from the mantle transition zone more closely 
resemble E-type diamonds (Pearson et al., 2003). 
Other unusual specimens such as fibrous, polycrys- 
talline, and crustal metamorphic diamonds have 
their own unique compositional ranges (Cartigny, 
2005). Carbon in meteorites has a very large range in 
SC to ?C that was inherited from solar system 
sources (Haggerty, 1999) and is much greater than 
that of the average mantle. If the carbon isotopic vari- 
ability were inherited from primordial carbon with 
compositions even close to the large range seen in 
meteorites, then it remains unexplained how groups 
of diamonds would retain different compositional 
distributions and not all reflect that large range. A 
more likely scenario is that the compositional differ- 
ences have been created by active geologic processes 
such as those related to plate tectonics. 

Active geodynamic processes create and bring to 
the surface the diamonds we have today, just as they 
have shaped the earth for 4.5 billion years. These 
processes formed the ancient continents with mantle 
keels ready to store diamonds. They also introduced, 
deep in the earth’s interior, mobile substances such 
as water and carbon that were essential for the cre- 
ation of diamonds and their sampling by kimberlitic 
volcanism. Oceanic lithospheric plates are eventu- 
ally subducted, and when the oceanic lithosphere is 
created at the mid-ocean ridges by the decompression 
melting that occurs during spreading, hydrothermal 
circulation of seawater alters the primary minerals 
and deposits hydrous minerals in their place. Sedi- 
mentary carbonate minerals (high 5'°C) and organic 
compounds (very low 5¥C) collect in the oceanic 
lithosphere, along with volatile elements such as 
chlorine, fluorine, sulfur, and nitrogen. Since subduc- 
tion must occur along the pressure-temperature path 
of the geothermal gradient, none of these volatile ele- 
ments and compounds can be transported to the con- 
ditions of diamond growth as a fluid; otherwise, they 
would be driven off by the high temperatures 
reached. Rather, these elements must become 
locked, in solid form, in mineral structures (e.g., 
graphite, apatite, and biotite) or dissolved as trace el- 
ements within stable minerals (e.g., hollandite) that 
can be subducted to great depth. 

One of the most active areas of current research is 
the distribution, speciation, and mineral hosts of 
volatile species in the oceanic lithosphere, and their 
transformations with pressure and temperature as the 
oceanic lithosphere is subducted. A goal for under- 
standing diamond formation is to be able to predict 
the minerals involved and estimate their water- and 
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carbon-carrying capacity. This is challenging enough 
for the earth’s current geodynamic regimes, where the 
present lithosphere can be sampled and geophysics 
can be used to form a picture of lithospheric plates 
and their rates and depths of subduction. But for 
understanding gem diamonds, most of which are bil- 
lions of years old, an even greater challenge is 
whether current geodynamic processes are like those 
of the past. Despite these unknowns, the spatial as- 
sociation of old diamonds of different types with the 
rocks of known geologic history allows us to under- 
stand past processes at the basic level and to investi- 
gate the role of primordial versus recycled carbon. 
Mantle convection, in which subduction plays a 
part, is the key process driving plate tectonics. Deep 
in the mantle, convection will trigger adiabatic or de- 
compression melting, which occurs when the hotter 
mantle from below is convected upward too quickly 
to exchange heat with the surrounding mantle 
through which it moves (again, see figure 7). Due to 
the lower pressure of the shallower level it has 
reached, it is now hotter than its melting temperature 
at that pressure and will melt. Associated with mantle 
convection is the subduction of oceanic lithosphere. 
Subduction will enable the recycling of carbon as car- 
bonate (CO,), leading to the creation of carbonated 
peridotite. Carbonated peridotite melts more easily 
than carbonate-free peridotite, and upon small degrees 
of melting will release a low-viscosity melt known as 
a carbonatite. Carbonatites are carbonate-rich igneous 
liquids that have too much oxygen to stably host a re- 
duced carbon mineral such as diamond. They are, 
however, extremely mobile, and can move through 
parts of the mantle where they can be reduced and 
produce diamonds. Furthermore, carbonatitic liquids 
show compositional continuity with kimberlitic liq- 
uids (Gudfinnsson and Presnall, 2005), and it has been 
proposed that carbonatites will dissolve enough of the 
silicate mantle through which they pass to actually 
form a kimberlite (Russell et al., 2012). Thus, it is ev- 
ident that the earth’s active geodynamics are inti- 
mately associated with all facets of the diamond cycle, 
including creation of carbon-rich regions where dia- 
monds form, production of carbonated peridotite that 
can melt, the generation of the mantle upwelling that 
leads to melting, and formation of the kimberlite. 


Fluids, Textures, and Diamond Growth in Mantle 
Rocks. The marriage of imaging techniques that can 
reveal diamond growth patterns with small-spot-size 
analytical capabilities has led to new ideas about 
how they grow in the mantle. Some work at the 
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small scale borrows from the field of nanotechnol- 
ogy, and includes high-tech procedures at the cutting 
edge of resolution and sensitivity that involve laser 
ablation, secondary ion mass spectrometry, and fo- 
cused ion beam fabrication and extraction of tiny di- 
amond wafers. 

Such analytical work starts with the internal tex- 
tures. Gem diamonds that show no growth zoning in 
visible light may show it in polarized light, photolu- 
minescence, and especially cathodoluminescence 
(CL), as shown in figure 22. Nitrogen, the major dia- 
mond impurity, activates CL in diamond, thus, CL 
can be applied to almost every sample. It is best ac- 
complished on polished plates, which must be ori- 
ented perpendicular to one of the {110} axes and not 
parallel to {100} or {111} to cut across the growth 
zones and display them (Bulanova et al., 2005). 

Irregular forms of lithospheric diamonds (macles, 
bort, and the like) exist, but many monocrystalline 
lithospheric diamonds have a roughly concentric in- 
ternal structure. In gem-quality monocrystalline dia- 
monds, the zoning patterns are characterized by two 
chief features: (1) extremely thin oscillations between 
stronger and weaker luminescence, and (2) alternating 
episodes of resorption and overgrowth on top of the 
resorption. Both features strongly support the idea that 
diamond grows from an aqueous fluid and/or low-vis- 
cosity melt with an aqueous component rather than 
from a solid medium such as graphite. Growth from 
graphite is not likely under the P-T conditions of the 
lithospheric mantle for monocrystalline diamonds 
(Stachel et al., 2009), and it would not produce the fine 
oscillations (e.g., rapid change in nitrogen content) or 
periods of resorption between periods of growth. Zon- 
ing patterns are extremely important to interpreting 
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carbon and nitrogen isotopic composition changes 
during growth and crystallization of individual min- 
eral inclusions. Coated diamonds are a special case of 
monocrystalline diamond, where monocrystals have 
been overgrown by a thick, cloudy, polycrystalline 
coat laden with microinclusions of fluid. If the coat is 
composed of rods or blades of diamond, it will exhibit 
a fibrous structure and be termed a “fibrous” dia- 
mond. These coats are believed to grow during trans- 
port in the kimberlite and therefore represent young, 
new diamond growth surrounding often ancient dia- 
mond (Shirey et al., 2013). 

The textures revealed in sublithospheric dia- 
monds are strikingly different, because they rarely 
form euhedral monocrystals or (as seen with CL) dis- 
play regular concentric zonation. Instead, these dia- 
monds are characterized by multiple growth centers, 
non-concentric zonation of a blocky texture, and 
even what appears to be deformation texture; in 
short, they display almost polycrystalline internal 
structures. The major difference is that sublithos- 
pheric diamonds grow at much higher pressure and 
temperature and in a mantle that is actively convect- 
ing, whereas lithospheric diamonds grow in a mantle 
host that is not convecting. We can only speculate as 
to whether these textural differences are caused by 
the dramatic differences in the nature of the host 
mantle or by the possibility that some growth from 
solid graphite (Irifune et al., 2004) is favored by the 
much higher P-T conditions and deformation. 

Diamond formation in the lithospheric mantle is 
considered a process whereby supercritical fluids or 
melts react with the mantle rocks through which 
they pass, a process known as metasomatism. A de- 
tailed discussion of this complicated topic is beyond 


Figure 22. CL images of pol- 
ished diamond plates from 
Orapa show the concentric 
growth zoning seen in lithos- 
pheric, gem-quality stones. 
The diamond on the left has 
a more complicated growth 
history, with multiple epi- 
sodes of growth and resorp- 
tion. A multistage history 
can be seen on the right; 
bright spots in the lower part 
are sulfide inclusions. Scale 
bars are 1mm; composite 
photomicrographs by Steven 
B. Shirey. 
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the scope of this paper, but a brief review is necessary 
to understand general aspects of diamond growth. Di- 
amond will crystallize when carbon is released from 
the fluid, either by the reduction of CO, species or 
by the oxidation of methane (CH,) species. It be- 
comes evident that the speciation of carbon and the 
formation of diamond will be intimately associated 
with the oxidation state of mantle rocks through 
which the fluids pass, which in turn is controlled by 
the mineralogy of the rocks and the type of reactions 
that ensue with the fluids/melts (Shirey et al., 2013). 
Thus, we can expect different diamond-forming re- 
actions in peridotitic versus eclogitic host rocks. For 
example, a common reaction in peridotites involves 
enstatite and magnesite, which react to form olivine 
and diamond in the presence of a fluid. The mineral- 
ogy of an eclogite is different, so a comparable situa- 
tion in an eclogite would involve dolomite and 
coesite to form diopside and diamond in the presence 
of a fluid. In both cases, CO, is released by the system 
into the fluid, and diamond will only form if the ox- 
idation state is low enough to allow it to be stable 
relative to CO,. The oxidation conditions for these 
different reactions in eclogite versus peridotite do not 
overlap, so that fluids too oxidized to form diamonds 
in peridotites are reduced enough to form diamonds 
in eclogite. Diamond-free fluids could pass through 
peridotite into eclogite to crystallize diamond. This 
process could explain the common occurrence of 
eclogite xenoliths with diamonds in metasomatic 
veins (e.g., Shirey et al., 2013). 

At pressures where diamond is stable, cratonic 
lithosphere is likely to have sufficient reducing con- 
ditions for carbon to exist as diamond. A modern 
approach to diamond formation includes a compre- 
hensive view of mantle oxidation state, carbon spe- 
ciation in peridotitic and eclogitic mantle rocks, 
and both experimental and theoretical mechanisms 
for growth. 


AGE OF DIAMONDS 


Although some gemologists see beauty in mineral in- 
clusions, a diamond with visible inclusions is of 
lesser value in the market. To the geologist or geo- 
chemist, a diamond with its mineral inclusion cargo 
is highly prized, because it preserves the oldest and 
deepest samples that can be obtained from the earth. 
Mineral inclusions are important for what they can 
tell us about the formation conditions (pressure + 
temperature}, the host rock for growth, the source of 
diamond-forming fluids, and the age of a diamond. 
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Inclusion Types for Dating and Diamond Ages. Min- 
eral inclusions can be classified as syngenetic, proto- 
genetic, or epigenetic, according to when they 
crystallized with respect to their host diamond. Syn- 
genetic inclusions crystallized simultaneously with 
the diamond, presumably in equilibrium with the 
diamond-forming fluid, and any geologic information 
extracted from the inclusion (e.g., P-T of formation, 
geochemical environment, and age) unequivocally 
applies to the host diamond. A protogenetic inclu- 
sion formed before the diamond and was encapsu- 
lated by it after some period that could vary from a 
geologically short to a very long time scale, and it 
could be related or unrelated to the diamond fluid. 
The maximum age obtained from a protogenetic in- 
clusion might be close to the diamond's age, and a 
general age pattern of diamond growth in a region of 
lithospheric mantle might still be evident. Inclusions 
forming along fractures or made of alteration miner- 
als that formed after syngenetic or protogenetic in- 
clusions can be identified as epigenetic. They are 
viewed as being secondary, and data from them on 
diamond crystallization is suspect. 

P- and E-type inclusions of syngenetic and proto- 
genetic nature from gem-quality lithospheric dia- 
monds have provided most diamond ages to date 
(again, see figure 19). (The dating of sublithospheric 
diamonds is in its infancy, hampered because the in- 
clusions are small and have unfavorable mineralogy 
for the commonly used radioactive decay schemes.} 
There is a large age difference between the relatively 
young kimberlites and the old lithospheric diamonds 
they transport. Diamondiferous kimberlites older 
than 550 Ma are rare, and most are younger than 150 
Ma; the diamonds they carry are older than 1,000 Ma 
and may be as old as 3,500 Ma (again, see figure 10). 
With few exceptions, this age difference clearly 
negates a genetic link between kimberlite and dia- 
mond (see Kirkley et al., 1991), making the timing 
and origin of the host irrelevant to the timing and ori- 
gin of its diamond cargo. The diamond cargo is just 
an accidental sampling of the ancient mantle lithos- 
pheric keel in which the diamonds were stored for 
long periods. The antiquity of lithospheric diamonds 
does make them ideal for probing the geologic 
processes occurring in the mantle keel during conti- 
nent formation. 


Inclusion Analysis Methods. Age dating of diamonds 
through analysis of their mineral inclusions has been 
reviewed regularly over the past two decades (Pearson 
and Shirey, 1999; Gurney et al., 2010; Shirey et al., 
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2013), and these reviews provide a source for the fol- 
lowing discussion. Five isotopic decay schemes have 
been applied to the dating of these mineral inclusions 
(table 1): rubidium-strontium (Rb-Sr), samarium- 
neodymium (Sm-Nd}, uranium-lead (U-Pb), argon- 
argon (Ar-Ar), and rhenium-osmium (Re-Os). All 
isotopic systems are classified as “long-lived” decay 
schemes, where the time it takes for the parent nu- 
clide to decay to half its original amount is ideally 
suited to the old ages of diamonds. 

Not all methods can be applied to every mineral 
inclusion; minerals have different abundances of the 
elements, and the analytical procedures themselves 
have different sensitivities. Breakthrough dating 
studies were made using the uranium-lead method 
on sulfide inclusions by Kramers (1979), and the 
samarium-neodymium method on silicate inclu- 
sions by Richardson et al. (1984), by combining all 
the available grains (sometimes many hundreds of di- 
amonds, each with a single inclusion) of similar min- 
eral composition (figure 23). This work established 
the validity of the procedures and generally demon- 
strated an Archean age (more than 2.5 billion years 
old) for the most depleted (harzburgitic) garnet inclu- 
sions in diamonds from the mines in the Kimberley 
area and Finsch in the Kaapvaal craton. 

The use of batches of inclusions derived from sep- 
arate diamonds led to concerns about mixing dia- 
monds of different ages and producing an average age 
that might not correlate with a specific geologic 
process (Navon, 1999; Pearson and Shirey, 1999). 
These uncertainties drove the need to perform chem- 
ical analyses on single inclusions. The argon-argon 
method on clinopyroxene inclusions was the first to 
be applied (Phillips et al., 1989, Burgess et al., 1992) 
because eclogitic omphacite (a sodium-bearing clino- 
pyroxene) contains sufficient potassium to allow age 
determinations. Although argon-argon geochrono- 
logic studies of eclogitic pyroxenes generally confirm 
the results of the samarium-neodymium method, 
problems arose due to diffusion of argon out of the in- 
clusion to the surface where the inclusion and dia- 
mond meet. Nonetheless, argon-argon studies 
indicated not only E-type formation from the 
Neoarchean (about 2,800 Ma) onward in southern 
Africa but also some unexpected old diamonds, high- 
lighting the need for work on single diamonds. 

Analysis of single inclusions is now chiefly carried 
out using the rhenium-osmium isotope system in sul- 
fides (table 1). The relatively high sensitivity of mass 
spectrometry techniques for Re and Os, and their rel- 
atively high concentration in sulfides, makes single- 
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grain analysis possible. P-type sulfides weighing as lit- 
tle as a microgram (figure 24) can be analyzed due to 
their extraordinarily high osmium concentrations 
(Westerlund et al., 2006; Smit et al., 2010). But E-type 
sulfides have much lower concentrations (by as much 
as 1,000 times}, and the focus on these mineral inclu- 
sions that are larger and easier to analyze has led to 
an apparent bias toward dating studies involving E- 
type diamonds (e.g., Pearson et al., 1998; Richardson 
et al., 2001; Richardson et al., 2004; Shirey et al., 
2.004a, b; Aulbach et al., 2009). Nonetheless, the sin- 
gle-inclusion work on sulfides by the rhenium-os- 
mium method, with its ability to analyze a wide 
range of P-type and E-type sulfides, has led to impor- 
tant conclusions about the relationship of diamond 
growth episodes to processes that form and modify 
cratons (see below). 


Figure 23. This diagram shows how the radioactive 
decay of '*’Sm produces “Nd (see table 1), resulting 
in a line, known as an isochron, whose slope in- 
creases directly with age and can be used to calculate 
the exact age. The five-point Sm-Nd isochron here is 
produced from silicate inclusions in diamonds from 
the Orapa mine (Richardson et al., 1990). The data 
were obtained by breaking apart 630 inclusion-bear- 
ing diamonds and grouping each set of inclusions as 
clinopyroxene (cpx) or garnet (gar). The number of in- 
clusions combined together in one chemical dissolu- 
tion procedure to produce one Sm-Nd data point is 
given by the numbers in parentheses. Based on the 
isochron here, the average age of these diamonds can 
be calculated to be 990 Ma, with an uncertainty of 
about 50 Ma. 
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Figure 24. A 14-point Re-Os isochron on sulfide inclu- 
sions in diamonds from the Ekati mine, Canada. In this 
diagram, radioactive decay of '8’Re produces '°’Os (see 
table 1), resulting in a line whose slope increases directly 
with age. The isochron was produced by analyzing sepa- 
rately each sulfide from a diamond. Diamonds with 
multiple sulfides are numbered individually and shown 
connected by gray dumbbells between the “a” and “b” 
inclusions in each diamond. These serve as internal 
“mineral isochrons” and corroborate the age of the dia- 
monds as 3,523 Ma. These are the oldest known dia- 
monds whose age has been determined directly. At low 
187Re/!Os, some sulfides do not plot on the age isochron 
but are still connected by dumbbells. These connect two 
sulfides from the same diamond whose initial isotopic 
composition changed with diamond growth from core to 
rim (lower to higher '’Os/!88Os). These types of isotopic 
changes can be correlated with specific geologic condi- 
tions of growth more than 3.5 billion years ago. The inset 
box on the right presents an expanded view of the data 
points. Adapted from Westerlund et al. (2006). 


To date, only three age determinations have been 
made on inclusions from ultra-deep, sublithospheric 
diamonds, and all have come from the Brazilian craton. 
The uranium-lead method was used on one Ca-silicate 
perovskite inclusion (re-equilibrated to walstromite) 
from the Collier-4 kimberlite (Bulanova et al., 2010) 
and gave an age of 107 Ma, just slightly older than kim- 
berlite eruption. A preliminary rhenium-osmium 
method was used on a sulfide inclusion from Juina and 
gave an early Proterozoic mantle model age around one 
billion years (Hutchison et al., 2012). Age inferences 
can be drawn from the Sr and Nd isotopic composition 
of majoritic garnets from Sao Luis that fall on the pres- 
ent oceanic mantle isotopic array (Harte and Richard- 
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son, 2011), which is known to often display Phanero- 
zoic (e.g., 0-542 Ma) mixing ages. The point is that 
these ages are significantly younger than those of 
nearly all lithospheric diamonds. 


Diamonds of Multiple Ages from Some Kimberlites. 
With the advent of widespread single-mineral inclu- 
sion analyses, it has become possible to see, with bet- 
ter resolution, if there is more than one episode of 
diamond formation at any one locality. Early work on 
E-type silicate inclusions clearly showed this possi- 
bility, but the need to combine many different grains 
from different diamonds always raised the possibility 
of combining formation ages as well. The general pic- 
ture of lithospheric formation revealed by several gen- 
erations of age dating, and the advent of the 
rhenium-osmium dating, is that there can be multiple 
diamond ages within the lithosphere sampled by any 
one kimberlite; perhaps this is the rule rather than 
the exception (Pearson et al., 1998; Richardson et al., 
2004; Aulbach et al., 2009). For example, the Orapa 
and Jwaneng kimberlites carry three and four genera- 
tions, respectively, of E-type sulfide-bearing dia- 
monds, whereas the Diavik kimberlite carries 
Paleoarchean P-types and Paleoproterozoic E-types. 
The Ellendale kimberlite carries one P-type and three 
E-type generations. And of course, lithospheric dia- 
monds are always found accompanying sublitho- 
spheric specimens because they are erupted in the 
same kimberlites, perhaps illustrating the greatest 
possible contrast in age and geologic setting. 


Residence Time in the Mantle. Extensive samarium- 
neodymium studies by Richardson (summarized by 
Pearson and Shirey, 1999; Gurney et al., 2010) con- 
firmed the general antiquity of lithospheric dia- 
monds and their billion-year or longer residence in 
the lithospheric mantle, and established the Protero- 
zoic as an important time of formation, at least for 
the Kaapvaal craton. Within the population of old 
lithospheric gem diamonds, some patterns emerge. 
The E-type sulfide-bearing diamonds analyzed thus 
far appear to have formed no earlier than three billion 
years ago (again, see figure 10). In contrast, diamonds 
containing P-type sulfides and silicates may be older 
or younger than three billion years. The geodynamic 
implications of these differences in residence time 
are discussed below. 

This long lithospheric residence time for dia- 
monds, as shown by all the mainstream studies with 
the samarium-neodymium and rhenium-osmium sys- 
tems, contrasts sharply with a small number of stud- 
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ies in uranium-lead and argon-argon (e.g., Phillips et 
al., 1989; Burgess et al., 1992) on inclusions in lithos- 
pheric diamonds that have yielded relatively young 
formation ages due to analytical aspects of the partic- 
ular system. Because the minerals analyzed can be re- 
lated to proto-kimberlite melts, these ages are part of 
a growing body of evidence, supported by nitrogen-ag- 
gregation systematics, that a small proportion of 
lithospheric gem diamonds grew shortly before kim- 
berlite eruption and occur mixed in with the much 
more abundant older diamonds in any one kimberlite. 

The few sublithospheric specimens that have been 
analyzed are younger than most lithospheric dia- 
monds. The uranium-lead on Ca-perovskite of 107 Ma 
was only slightly older than the age of kimberlite em- 
placement 93 million years ago, and was consistent 
with the highly aggregated nitrogen; this indicates a 
brief, hot residence time in the mantle (Bulanova et al., 
2010). A model age of around 500 Ma, resolvably older 
than kimberlite ages but again much younger than 
lithospheric diamonds, was obtained with rhenium- 
osmium on a sulfide inclusion by Hutchison et al. 
(2012). This age is consistent with growth deep in the 
convecting oceanic mantle. Furthermore, neodymium 
and strontium isotopic analyses of a composite of ma- 
joritic garnets are also consistent with oceanic mantle 
compositions (Harte and Richardson, 2011), and sup- 
port their derivation from the convecting mantle. The 
restricted age information on superdeep diamonds 
compared to lithospheric diamonds, and its potential 
for estimating deep mantle convection rates, means 
that this is an area of continuing research. 


MANTLE GEOLOGY AND DIAMONDS 

A sustained focus over the years on diamonds and 
how they form has allowed researchers to turn the 
tables and use diamonds as indicators of geologic 
processes in the mantle rocks that host them. This 
type of research is standard fare in the fields of ig- 
neous/metamorphic petrology and meteoritics, 
where each rock’s composition and the age relations 
of its constituent minerals may reveal an important 
story. Diamonds have always had unique potential 
because of their antiquity and depth of formation. 
But because they occurred as isolated xenocrysts in 
kimberlite, a detailed understanding of how they 
form was needed to realize their potential as a record 
of deep-mantle geologic processes. 


Imitating Diamond Fluids at Depth. Perhaps one of 
the best ways that diamonds can be used to inform 
us about the deep earth is to simulate their growth 
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in realistic physicochemical models of their mantle 
host rocks. This field of endeavor, known as experi- 
mental petrology, has a core research goal of dupli- 
cating diamond formation in the laboratory (see 
Shirey et al., 2013) at the pressure, temperature, be- 
havior, and composition of the various components 
involved in the natural setting. This experimental ap- 
proach is an essential aspect of understanding mantle 
geology through diamonds, because in many of the 
world’s diamond-forming regions the kimberlites 
have failed to expose samples of diamond host rocks. 

Diamond is the likely mineral form of free carbon 
(not bound up in other silicates) within the lithos- 
pheric mantle, leading to many ways that it can 
form, as briefly discussed above. From an experimen- 
tal perspective, formation in the lithosphere will be 
in the compositional system carbon-oxygen or car- 
bon-oxygen-hydrogen which will produce fluids that 
contain mostly CO,, mixed CO, plus H,O, mostly 
H,O, and mostly CH, (figure 25). Specific experi- 
ments and their results are too numerous to quote 
here, but various combinations of these fluids with 
carbonate or graphite in the presence or absence of 
silica or alkali metals have been shown to be effec- 
tive in forming diamond. Sulfides and native metals 
also have been shown experimentally to foster dia- 
mond growth. Sulfides are common inclusions in di- 
amonds, and metals are at least known. In the end, 
fluid/melt composition is likely to be important in 
facilitating or inhibiting diamond nucleation and per- 
haps in determining growth mechanism and crystal 
form. Although simplified systems are an insightful 
starting point, fluids and melts in the lithospheric 
mantle will react with silicate minerals in peridotite 
or eclogite, which can lead to a wide range of chem- 
ically diverse compositions as seen, for example, in 
fibrous diamonds. 

In the convecting mantle below the lithosphere, 
diamond again will be the likely mineral form of free 
carbon. This region, which comprises the whole 
mantle above the core, has a silicate mineralogy that 
accommodates progressively higher pressure with 
depth. The olivine + orthopyroxene + clinopyroxene 
+ garnet mineralogy of the lithospheric upper mantle 
gives way to a mineralogy dominated by wadsleyite 
+ majoritic garnet in the transition zone and eventu- 
ally aluminous silicate perovskite in the lower man- 
tle (Harte, 2010; see figure 20). Because of the 
challenges of high-pressure experiments on these 
minerals, much of our current understanding comes 
from theoretical studies. The essential results of 
these numerous studies show that with increasing 
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Figure 25. This model of diamond formation in the 
lithospheric mantle involves the introduction of 
volatile components from the deep mantle into the 
cratonic lithospheric mantle keel where diamonds 
can form. It was this type of process in the ancient 
past that led to widespread creation and storage of 
gem-quality diamonds that were subsequently sam- 
pled by much younger kimberlites. AFMQ stands for 
the offset relative to the reduction-oxidation condi- 
tions specified by the fayalite-magnetite-quartz oxy- 
gen buffer, a measure of how strongly reducing or 
oxidizing a rock is. EMOG, an acronym for the reac- 
tion enstatite + magnesite = olivine + graphite, indi- 
cates a surface where, at lower pressure and higher 
oxidation than FMQ, diamonds cannot form in the 
mantle. Adapted from Shirey et al. (2013), with per- 
mission of the Mineralogical Society of America. 


pressure, Fe,O, (FeO, .) is stabilized in the structure 
of these minerals over FeO. The net effect is to bind 
oxygen more greatly within the silicate bulk miner- 
alogy of the mantle, reducing the rest of the minerals. 
Thus, the deep upper mantle and the entirety of the 
transition zone and lower mantle are expected to be 
reducing, metal-saturated, and potentially diamond- 
forming—even more so than the lithospheric mantle. 

As in the lithospheric mantle, diamond again will 
form in the compositional system carbon-oxygen-hy- 
drogen from fluids that are CH,- and H,O-dominated 
in the transition zone and shallow lower mantle and 
will become H,O-dominated in the deeper lower man- 
tle (Frost and McCammon, 2.008). At these incredibly 
high pressures, there is considerable storage capacity 
for hydrogen in the silicate minerals, which tends to 
suppress the existence of a free fluid and suggests that 
the carbon may be locked up in Fe(Ni) carbides (e.g., 
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Fe,C and Fe,C,; figure 26). These phases may be stable 
enough to accommodate the entire carbon budget of 
the deep mantle for normal mantle regions that are 
not anomalously carbon-rich. Rohrbach and Schmidt 
(2011) recently proposed that the subduction of car- 
bonate or carbonated peridotite to transition zone 
depths and below are an important way to add carbon 
to the deep mantle. If this were to occur often enough, 
carbonate reduction via the mechanism just outlined 
would be a ready way to make diamond. 

The thermodynamic and experimental observa- 
tions described above permit a number of pathways 
for diamond crystallization, from a compositional 
range of fluids/melts. The compositional range of 
mineral and fluid inclusions found in diamonds 
likely attests to the importance of these pathways in 
nature, and perhaps involving both recycled and pri- 
mordial carbon. What is clear from the range of man- 
tle compositions is that diamond crystallization is 
an explicable and expected outcome of melt migra- 
tion and mantle metasomatism. Future experiments 
will hopefully link sublithospheric inclusion miner- 
alogy and trace-element composition to diamond 
fluid composition, deep mantle carbonate melt mi- 


Figure 26. This model of superdeep diamond forma- 
tion in the sublithospheric mantle involves introduc- 
tion of volatile components into the deep mantle 
through subduction of carbonate-bearing, hydrated 
oceanic crust. The interaction of these fluids with the 
surrounding silicate mantle reduces the fluids and 
carbonate, triggering diamond formation. Adapted 
from Shirey et al. (2013), with permission of the Min- 
eralogical Society of America. 
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gration, and mantle reducing/oxidizing conditions in 
a way that can be related to mantle convection pat- 
terns (e.g., Walter et al., 2008). 


Specific Mantle Geologic Settings. From the data 
gathered on diamond ages within some cratons, pat- 
terns of age and mineral inclusion composition can 
be linked to broad-scale regional cratonic litho- 
sphere evolution. The way diamonds form in the 
lithosphere is better understood if diamond forma- 
tion pulses can be correlated with thermo-tectonic 
events for which there is independent evidence. The 
best examples where this correlation can be drawn 
are the Kaapvaal craton of southern Africa (box A) 
and the Slave craton of Canada. In both cases, suites 
of diamonds that form with initial craton stabiliza- 
tion can be distinguished from diamonds produced 
by later fluids added to the base of the mantle keel 
by underthrusting of oceanic slabs or upwelling 
plume magmatism. 


Correlation of Diamond Type with Geodynamic 
Processes. The diamond record remains one of the 
prime ways to examine geodynamic processes on the 
broad scale from mantle depths while avoiding the 
later overprinting effects of magmatism and metaso- 
matism. A compilation of all the ages determined on 
lithospheric diamonds to date (figure 27) shows a sig- 
nificant difference in age distribution between E- and 
P-types. As a result of the association of the E-type 
paragenesis with eclogite, this difference can be inter- 
preted to record the first capture at three billion years 
of high-pressure basaltic rock in the mantle keel of 
the continents. This process would have been inti- 
mately associated with ocean basin closure and con- 
tinental collision (a process of modern plate tectonics 
known as the Wilson Cycle), because the basalt 
would have been derived from the ocean floor as it 
was underthrust, and incorporated into a portion of 
the mantle keel that thickened during collision. The 
absence of E-type diamonds before this time suggests 
that the process did not occur earlier, and may mark 
a transition from a planet dominated by more vertical 
geodynamic processes of plumes, recycling, and 
poorer crustal preservation to one dominated by lat- 
eral tectonics, subduction, and more efficient crustal 
preservation. Independent evidence from geologic 
studies of exposed crustal rocks supports such a dra- 
matic change. 

This proposed change in geodynamics may have 
important implications for the nature of carbon-bear- 
ing fluids and their delivery to diamond-forming 
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Figure 27. This figure illustrates the use of inclusions in 
diamonds to understand the onset of a global process. 
The absence of diamonds with E-type (eclogitic) inclu- 
sions in the oldest diamond populations suggests that 
something changed around 3,200 Ma to create and pre- 
serve diamonds with E-type inclusions. The letters 
refer to specific localities around the world (Pa = 
Panda, M =Murowa, L = Letseng, U = Udachnaya, W = 
Wellington, Dv = Diavik, K = Kimberley, K1 = Klip- 
springer, Jw = Jwaneng, V = Venetia, Ja = Jagersfontein, 
E = Ellendale, and Ko = Koffiefontein). Closed symbols 
are from many inclusion isochron ages, and open sym- 
bols are single inclusion model ages. Shirey and 
Richardson (2011) hypothesized that the change 
recorded was the onset of the major cycle of plate tec- 
tonics known as the Wilson Cycle (WC). The Wilson 
Cycle is comprised of the opening of an ocean basin 
(stages 1-2, thin gray band) and its closing (stages 5-6, 
thicker gray band), which culminates in continental 
collision. Global patterns in diamond composition, 
style of formation, and paragenesis hold great promise 
for understanding the earth’s deep geologic processes. 
Adapted from Shirey and Richardson (2011), with per- 
mission of the American Association for the Advance- 
ment of Science. 


depths in the mantle. Using subtle trends in the car- 
bon isotopic composition of P-type diamonds, 
Stachel and Harris (2009) proposed that older speci- 
mens formed by methane oxidation and younger 
ones by carbonate reduction. If this observation is 
combined with the proposed onset of the Wilson 
Cycle, it could signify a change from the geodynamic 
processes that favor primary mantle devolatilization 
and/or the outgassing of recycled reduced fluids, to 
the geodynamic processes that favor carbonate recy- 
cling via slab subduction (Shirey et al., 2013). 
Sublithospheric diamonds may be young enough 
to provide a unique way to follow the deepest parts 
of the mantle convection that drives current plate 
tectonics. Seismic studies, using a technique called 
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richest source of precious colored stones in 
Brazil—the area of which Teofilo Ottoni, in 
Minas Geraes, is the present center for the 
purchase of rough stones. 

Encouraged by the prospect of finding 
emeralds by digging deeper, the governor 
of Bahia himself organized the next expedi- 
tion in 1574. This he entrusted to the lead- 
ership of Antonio Dias Adorno with ‘150 
companions, 400 peaceful Indians and many 
slaves” to explore the margins of “the opu- 
lent Rio Doce das Esmeraldas.” Adorno ap- 
pears to have covered practically the same 
ground as Tourinho and met with the same 
result—baked emeralds. His expedition lasted 
four years and he took so many samples that 
he was unable to add a few specimens of 
rocks which, because of their weight, he 
thought might contain gold and silver. On 
this journey he entered the valley of the 
Jequitinhonha River and missed his oppor- 
tunity of discovering gold and diamonds. 

Martin Cao, the “butcher of blacks,” fol- 
lowed Adorno in 1596 but seems to have 
been more interested in enslaving Indians 
than in finding emeralds. 

Marcos de Azeredo Coutinho, in 1612, 
found the emeralds that satisfied Portugal 
where they were pronounced genuine. For 
the discovery he was awarded the “‘habito 
de Christo” and 4000 cruzados. Invited to 
lead another expedition he obstinately re- 
fused to do so unless and until paid his 
reward. He died without revealing the secret 
of the locality. Nearly sixty years of effort 
were nullified because the governor of the 
state could not, or would not, pay the equiv- 
alent in value of approximately three and 
one half kilograms of gold. 

Now, with positive evidence that they 
existed, the “dream of emeralds” took on a 
firmer hold. Even the Church became inter- 
ested because it hoped by this means to 
liquidate a debt of 150,000 eruzados it owed 
locally. But its expedition under Padre Ig- 
nacio de Sequira also failed. Twelve years 
later an expedition led by two of Azerado 
Coutinho’s sons also failed to discover their 
father’s enchanted land of emeralds. Three 
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more expeditions followed and suffered the 
same disappointments. 

These early expeditions had nearly all 
started from different points in Bahia but 
in 1674 Fernao Dias Paes Leme, from Sao 
Paulo, made an attempt to rediscover Aze- 
redo Coutinho’s locality where the emeralds 
had been pronounced genuine. Leme’s expe- 
dition is described by historians as the most 
epic of its kind made during the Bandeirante 
days. A man of wealth, of good family and 
influence, living a carefree life in Sao Paulo 
but no longer young, he had acted as medi- 
ator in the bitter quarrel between the Church 
and the Pgulistas and also in the sanguinary 
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Box A: THE KAAPVAAL AND KIMBERLEY CRATONS 


The Kaapvaal craton in southern Africa was assembled 
about three billion years ago from two independent con- 
tinental blocks by continental collision that thrust 
oceanic lithosphere under the western block. Fluids and 
sulfur carried under the western block by the hydrated 
oceanic lithosphere percolated upward, triggering a 
major pulse of diamond formation at the time of colli- 
sion. The surface distribution of diamond ages and types 
is a direct result of this process. Mines in the western 
block all contain three-billion-year-old E-type diamonds, 
which are absent in the eastern block. 

Younger diamond formation in the Kaapvaal craton 
can be related to post-collisional events that modified the 
amalgamated cratonic block. In the center of the craton, 
igneous intrusion of the Bushveld Complex two billion 
years ago created the world’s largest storehouse of 
chromium and platinum-group metals. The parental 
mafic-ultramafic melts, originating below the litho- 
sphere, passed through it before filling the Bushveld 
magma chamber in the upper crust. As the melts passed 
through the lithosphere, they left behind basaltic compo- 
nents. These basaltic components (eclogitic at these pres- 
sures in the lithospheric mantle) can be detected at 
present through their lowered seismic velocities in the 
region of the lithospheric mantle below the Bushveld 
Complex. This region of the lithosphere correlates with 
a greater proportion of E- versus P-type silicate inclusions, 
a greater incidence of younger (Mesoproterozoic era) Sm- 
Nd inclusion ages, a greater proportion of diamonds with 
light carbon isotope compositions, and a larger proportion 
of higher nitrogen-containing diamonds. The likely 
explanation is that diamond-forming fluids equilibrated 
with the preexisting silicate mineralogy of the litho- 
spheric mantle and incorporated the silicates as inclu- 
sions, retaining the mineralogical differences imparted by 
the sublithospheric magmatism of the Bushveld Com- 
plex. The ability of fluids to form diamonds under wider 
reducing/oxidizing conditions in eclogitic rocks explains 
the correspondence of E-type diamonds with the seis- 
mically slow region, because some fluids unable to form 
diamonds as they pass through peridotite can still form 
diamond once they encounter eclogite. 


mantle tomography, are able to image the subduction 
of oceanic lithospheric plates into the mantle transi- 
tion zone (400-660 km depth}, and in a few cases into 
the very top of the lower mantle (700-800 km). Min- 
eral inclusions in sublithospheric diamonds from 
these depths can be grouped into those that have 
peridotite-like compositions, those that have basalt- 
like compositions (again, see figure 20}, and those 
that are calcium-rich (Harte and Richardson, 2011). 
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Subduction around the margin of the Kaapvaal craton 
was known to occur repeatedly (perhaps two to four 
times) throughout the Proterozoic era. Evidence for this 
is seen in the thermal and metamorphic history of rocks 
on the western and southern margins of the craton. The 
likely geometry of craton-margin subduction would have 
been to underthrust altered and thus fluid-rich oceanic 
lithosphere beneath the continental mantle lithosphere, 
allowing subduction-related fluids to invade the continen- 
tal mantle lithosphere from below. Once these fluids en- 
countered the reducing conditions of the continental 
mantle lithosphere, diamonds would form. Diamond 
mines in kimberlite that have penetrated such mantle 
lithosphere can sample multiple generations of diamonds. 

In the rather small Archean craton on northern Aus- 
tralia known as the Kimberley craton, diamonds formed 
differently. Here, continental lithosphere did not remain 
stable, yet it was a good host for diamond formation. The 
Kimberley craton is surrounded by zones of deformed 
crustal rocks known as mobile belts. The deformation ev- 
ident in the crustal rocks must extend through to the con- 
tinental lithospheric mantle because the continental crust 
will have mantle keel attached. Many of the lamproites 
and kimberlites that penetrate these mobile belts are dia- 
mondiferous, including two lamproites rich enough to be 
economic, Ellendale and Argyle. Here, the timing of dia- 
mond formation matches some of the deformation in the 
mobile belts. Sulfide inclusions in Ellendale samples carry 
three-billion-year-old rhenium-osmium isotope signa- 
tures attesting to the presence of ancient continental man- 
tle keel in the mobile belt and its ability to host diamond 
growth despite evident tectonic activity. Other examples 
of intra-cratonic domains of younger Proterozoic mobile 
belt or magmatic arc terrain containing diamonds must 
exist; the Yavapai-Mazatlal terrane southeast of the 
Wyoming craton, and the Buffalo Head terrane southeast 
of the Slave craton in North America, may be examples 
of the same phenomena. The idea that diamonds can form 
beneath the younger mobile belts surrounding the ancient 
cratonic nuclei opens up new tectonic settings for explo- 
ration and ties some diamond formation to deep conti- 
nent-scale geologic processes. 


The first two groups of inclusions are suggested to 
form in diamonds whose source fluids/melts may 
have been generated by dewatering the subducting 
oceanic lithospheric plate, whereas the third group 
is thought to be produced in association with carbon- 
atitic melts generated from carbonated peridotite. In 
many cases, the basalt-like inclusions have compo- 
sitions indicative of a surface origin and are housed 
in diamonds composed of a significant amount of re- 
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cycled carbon. The return of these minerals in kim- 
berlite-erupted diamonds confirms the seismological 
evidence of subduction-recycling to the depth of the 
shallowest lower mantle (figure 26). Furthermore, as- 
sociation of some inclusions with carbonatite may 
suggest a connection between diamond formation in 
the deep mantle and the onset of plume initiation. 


SUMMARY OF THE GEOLOGY OF DIAMONDS 


The past 2.5 years have seen scientific research answer 
many of the basic questions about gem-quality dia- 
monds. For example, we now know that diamonds are 
old—in many cases nearly as old as the continental 
mantle keel in which they are stored. We can relate 
their age to the age of their hosts—in some cases dis- 
tinguishing different generations of diamond-forming 
events. 


We also know that diamonds form from fluids/ 
melts whose composition and carbon speciation is 
controlled by the reduction-oxidation state of the rock 
through which they pass. We know that recycling of 
carbon may be essential, with the possibility that the 
recycled material may have changed through geologic 
time. Furthermore, the analytical tools exist to extend 
this knowledge and use diamonds as more sophisti- 
cated probes and tracers of deep mantle processes. 


New Perspectives on Diamond Geology. Just as an 
enormous leap was made in the 1880s with the recog- 
nition that diamonds are found in kimberlite, recent 
advances have been made by putting together high- 
precision, high-resolution microanalyses of diamonds 
and their mineral inclusions, radiogenic and stable iso- 
topes, geophysics, and the discovery of diamonds in 
unexpected new places. Clifford’s Rule, the prospec- 
tor’s guideline that confines diamondiferous kimber- 
lites to the Archean or oldest parts of the stable 
cratonic blocks of continental crust, worked well be- 
cause of fortuitous geologic features. It is not only that 
the Archean was a special time to form diamonds— 
we have large numbers of samples formed in the Pro- 
terozoic. Rather, it is that in South Africa, the site of 
early geologically driven diamond prospecting, the cra- 
ton was formed by an Archean continental collision 
that produced many diamonds at that time (figure 28). 
The collision made the mantle keel under the 
Archean crust deeper and more melt-depleted than the 
mantle keel under Proterozoic crust. Thus, it was just 
deep enough and reduced enough to receive much 
younger diamond-forming fluids created by subduc- 
tion-related orogenic processes. 
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A new revelation, the result of dating both the di- 
amonds and the depletion of their host mantle, is 
that diamond formation can appear associated with 
mobile belts, and that those intracratonic regions 
near Archean cratons may contain Archean mantle 
keel that was later remobilized. These could be an- 
cient cratonic specimens that survived later tecton- 
ism in the mantle keel, or simply appear to be in a 
mobile belt because the latter was thrust onto the 
craton. A third possibility is that they could actually 
be younger diamonds formed from much older com- 
ponents. Indeed, the Argyle mine lies in just such a 
mobile belt, as do other very productive mines (e.g., 
Venetia) or diamond-rich localities (e.g., Sloan, Buf- 
falo Head). Far from the simple correlation with just 
ancient crust, predicting where to look for diamonds 
must now include new thinking about the geologic 
evolution of the mantle lithosphere and the geologic 
sources of the diamond-forming fluids. 


Ubiquitous Diamonds. Despite the rarity of gem-qual- 
ity lithospheric diamonds in kimberlite and the rarity 
of kimberlite as a volcanic eruption, diamonds may 
not be as rare a mineral in deep sublithospheric man- 
tle. The recent improvements in understanding the re- 
duction-oxidation conditions of the deep mantle show 
that most of the mantle presents the right conditions 
for diamond to crystallize. In other words, diamonds 
should be ubiquitous. What typically keeps them from 
being more abundant is the lack of a geologic mecha- 
nism to put enough carbon in a free fluid/melt phase 
from which the diamond can crystallize. Where this 
can occur, diamonds will form. Another important as- 
pect is that only a kimberlite (or lamproite) can bring 
them to the surface, so they may not be easily sampled 
from such depths. Diamonds may not be capable of 
surviving slow-ascending mantle plumes, and they 
certainly will be dissolved in the oxidizing magmas of 
basalt, alkali basalt, nepehelinite, and carbonatite that 
might be derived from them. 


Tracing the Carbon Cycle. Diamond is recognized as 
the only material sampling the very deep mantle to 
depths exceeding 800 km, as shown in figures 25 and 
26. Diamond is less useful at revealing deep carbon 
flux (the amount of carbon in motion) because it can 
provide only a small, variably distributed sample that 
is usually not directly related to its kimberlite host. 
Since we recognize diamond as deriving from a mo- 
bile carbon-bearing fluid/melt, it takes on new im- 
portance in tracking carbon mobility in the deep 
mantle via these fluids/melts. At the same time, di- 
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amond can be used to reveal mantle mineralogy and 
mantle reduction-oxidation state—actually exposing 
and preserving very tiny mantle minerals from these 
great depths. Through these mineral inclusions and 
the composition of the diamond, we have the unique 
ability to follow the path and history of the carbon 
from which it formed. Thus, diamond truly occupies 
a unique position in any discussion of the igneous 
and metamorphic aspects of the earth’s carbon cycle. 


FUTURE RESEARCH 


The advances of the last two decades have led to new 
conclusions about how diamonds crystallize and are 
stored in the mantle. We now know that they form 
from C-O-H-S fluids that flow through deep mantle 
rocks, especially in the lithosphere. These fluids 
transform the rocks by metasomatism while precipi- 
tating diamond. The reduction-oxidation state of the 
host rocks controls the diamond-forming reactions 
and can tie, locally and globally, geologic processes 
and mineral inclusion compositions to specific dia- 
monds. Diamond has an internal growth morphology 
that records the chemical effects of this process and 
incorporates minerals during growth; this morphol- 
ogy can be used to study the deep mantle. Through- 
out the earth’s history, diamonds formed by a 
multiplicity of reactions, rather than just one. Dia- 
monds are potentially widespread in the mantle, as 
opposed to their scarcity in kimberlites and indeed 
the scarcity of kimberlites themselves. Formation 
could have taken place in recent geologic times, and 
may even be occurring now. The study of diamond 
provides a way to study deep mantle convection re- 
lated to plate tectonics. 


As scientists, we want to know the source of the 
carbon from which diamond is composed. Is it pri- 
mordial or recycled? If the carbon is recycled, how 
does it get into the pressure and temperature regime 
of diamond growth from a low-T, perhaps even mo- 
bile phase? If the carbon is primordial, what does its 
presence and distribution tell us about how it was ac- 
creted into the earth and stored since the earliest 
times? 

Nitrogen is the most abundant element in dia- 
mond after carbon. What is its chemical nature, and 
how is it partitioned between the diamond and its 
fluid during growth? When a diamond grows, is the 
isotopic composition of the carbon and nitrogen 
maintained or changed? Herein lies the key to using 
the isotopic composition of these two elements as 
important tracers of a diamond’s geologic history. 
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Diamonds have long been grown by industrial 
processes, but we are just now capable of conducting 
geologically realistic growth experiments. How will 
the conditions of diamond growth relate to external 
morphological features or the incorporation of min- 
eral components on the atomic scale, or the molecu- 
lar makeup of the components in diamond-forming 
fluids? 

In the deepest mantle, it is just now being under- 
stood that diamond formation may be related to 
highly mobile carbonatitic (CO,-dominant) magmas 
and regions where metal formation can remove the 
oxygen to leave reduced carbon ready for diamond 
crystallization. Could it be that diamond is an essen- 
tial mineral link, not just an occasional participant 
in this aspect of the carbon cycle? 

Diamond has a unique position as one of the 
earth’s oldest preserved minerals. How have all these 
processes, especially the nature of diamond-forming 
reactions, changed with time? The answers to these 
questions await the discoveries of the next decade. 


Figure 28. Gem diamonds such as these, ranging in 
weight from 3.00 to 22.38 ct, result from unique geo- 
logic processes, adding to their desirability among 
today’s jewelry consumers. Photo by Robert Weldon. 
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GLOSSARY 


Note: Some of the definitions here are adapted from Neuendorf et al.’s Glossary of Geology, 5th edition 


(American Geological Institute, 2011). 


Accretion: the process by which two continental masses 
collide and weld together, resulting in a larger continent. 


Adiabatic melting: the melting of upward-moving mantle 
rocks as a result of depressurization, which leads to the 
formation of magmas. 


Alluvial: a sorted or semi-sorted sediment deposited during 
comparatively recent geologic time by a stream or other 
moving body of water, and which occasionally contains 
concentrations of valuable minerals. 


Archean: the earliest of the four principal divisions of geo- 
logic time, extending from 2.5 to about 3.8 billion years ago. 


Asthenosphere: a part of the upper mantle below the lith- 
osphere that is weak and capable of mobility, convection, 
and melting. 


Basalt: a dark-colored, fine-grained igneous rock, composed 
mainly of plagioclase feldspar and pyroxene, that is formed 
by the solidification of magma near the earth’s surface. 


Breccia: a coarse-grained rock of sedimentary or igneous 
origin that is composed of angular rock fragments held to- 
gether by a mineral cement or fine-grained matrix. Brec- 
ciation is the process of forming a breccia or the magma 
that crystallizes such a rock. 


Carbonatite: a carbonate rock of magmatic origin. 


Continental crust: the portion of the earth’s crust that un- 
derlies the continents and continental shelves, ranging 
from about 35 to 60 km thick. 


Craton: a large, ancient, and geologically stable portion of 
the continental lithosphere that has been little deformed 
for a prolonged period of geologic time. In diamond geol- 
ogy, a craton is the Archean portion of a much larger cra- 
tonic block, in which diamondiferous kimberlites are 
located on-craton. Non-diamondiferous kimberlites are lo- 
cated off-craton. 


Crust: the earth’s outermost layer or shell, consisting of the 
thicker continental crust and thinner oceanic crust. 


Dike: a tabular intrusion of igneous rock that cuts across 
the bedding or structure of preexisting rocks. 


Eclogite: a granular, ultramafic rock composed mainly of al- 
mandine-pyrope garnet and omphacite pyroxene that is 
formed by the metamorphism of basalts from the oceanic 
crust that have been subducted into the mantle. 


Emplacement: referring to igneous rocks that intrude into 
a host rock or country rock, usually higher in the crust. 


Equilibrium: a thermodynamic state where two minerals 
or components will not undergo further change at a given 
pressure and temperature. 


Exsolved: when a mineral is crystallized directly in a solid 
host mineral, usually due to a decrease in pressure or tem- 
perature or both. 
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Friable: easily crumbled, as with a strongly weathered rock. 


Geothermal gradient: the rate of increase of temperature 
with depth in the earth, with an average value of approxi- 
mately 25°C per km. 


Geothermobarometer: a pair of minerals whose chemical 
composition is temperature and pressure dependent, and 
which can be used to estimate the conditions under which 
the minerals formed. 


Glaciofluvial: deposited by the streams or rivers flowing 
from glaciers. 


Grade: a general term for ore content, in this case diamond 
abundance. 


Hybrid: an igneous rock whose chemical composition results 
from assimilation of the country rock into a magma. 


Igneous: a rock that solidified from molten or partially 
molten magma (the term is also applied to the geologic 
processes leading to or related to the formation of igneous 
rocks). 


Indicator minerals: minerals that are geologically associ- 
ated with diamonds but much more abundant, and which 
can be used to explore for diamond deposits. 


Island are: a curved chain of islands arising from the deep- 
sea floor that is the volcanic product of subduction. 


Kimberlite: a hybrid, volatile-rich potassic ultramafic ig- 
neous rock composed principally of olivine, along with 
lesser amounts of phlogopite mica, diopside pyroxene, ser- 
pentine, calcite, garnet, ilmenite, and spinel. It can con- 
tain foreign rock fragments (xenoliths such as peridotite 
and eclogite) and crystals such as diamond (xenocrysts). 
Kimberlite is the chief host rock for commercial diamond 
mining. 

Lamproite: a group of related dark-colored intrusive or ex- 
trusive igneous rocks that are rich in potassium and mag- 
nesium and characterized by minerals, including leucite, 
phlogopite, and feldspars. Diamondiferous varieties carry 
dominant olivine and lack feldspar. 


Lamprophyre: a group of dark-colored intrusive igneous rocks 
characterized by a high percentage of mafic minerals (such as 
biotite mica, hornblende, and pyroxene) as larger crystals, set 
in a fine-grained groundmass composed of the same minerals 
plus feldspars or feldspathoids. 


Lithosphere: the solid outer portion of the earth, consisting 
of the crust and upper mantle, that is approximately 100 
km thick. 


Longshore (or littoral) current: an ocean current caused by 
the approach of waves to a coastline at an angle so that it 
flows parallel and near to the shore. 


Macrodiamond: a rough diamond that is more than 0.5 
mm in diameter. 
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Mafie: a dark-colored igneous rock chiefly composed of 
iron- and magnesium-rich minerals. 


Magma: molten material generated with the crust or upper 
mantle from which igneous rocks are derived by solidifica- 
tion, and that is capable of intrusion at depths in the crust 
or extrusion at the surface as lava or a pyroclastic ash flow. 


Magmatic: related to or derived from magma. 


Mantle: the zone between the earth’s crust and core, con- 
sisting of a rigid lithosphere and an underlying asthenos- 
phere of plastically flowing rock. 


Mantle keel: the downward-protruding, thickened portion 
of the lithospheric mantle that resides under the continen- 
tal crust of the craton, and which has had an extended pe- 
riod of attachment to the craton. 


Melt depletion: an igneous process by which melt is re- 
moved, leaving a residual rock that is more refractory than 
the original starting composition. 


Metamorphism: the process that causes mineralogical, 
chemical, or structural changes in solid rocks by exposing 
them to new pressure and temperature conditions by bur- 
ial within the crust or mantle. 


Metasomatic: formed by metasomatism, a geologic process 
that produces new minerals in an existing rock by replace- 
ment. 


Microdiamond: a rough diamond less than 0.5 mm in 
diameter. 


Mid-ocean ridge: a continuous chain of underwater moun- 
tains along the sea floor that mark the volcanic centers 
from which new oceanic crust is formed from magma 
being brought up by convection from the mantle. The so- 
lidified magma forms basalt, which spreads away along 
both sides of the ridge to form new oceanic crust. 


Mobile belt: a long, relatively narrow crustal region of for- 
mer tectonic activity. 


Mountain building (or orogeny): the processes by which 
geologic structures in mountainous regions are formed. 
These processes include thrusting, folding, faulting, and 
(at depth) metamorphism and igneous intrusions. 


NAL: Na- and Al-bearing mineral that occurs in basaltic- 
composition rocks subjected to pressures and temperatures 
equivalent to the top of the lower mantle (Harte, 2010). 


Nuclide: a species of atom characterized by certain num- 
ber of protons and neutrons in its nucleus. 


Oceanic crust: the portion of the earth’s crust that under- 
lies the ocean basins, and that ranges in thickness from 
about 5 to 10 km. 


Peneplaned: leveled to a quite flat surface by the sum of 
erosional geologic processes. 


Peralkaline: a chemical classification of igneous rocks in 
which the molecular proportion of aluminum oxide is less 
than sodium and potassium oxides combined. 


Peridotite: an ultramafic igneous rock composed of 
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olivine, orthopyroxene, clinopyroxene, and perhaps garnet, 
that is thought to be the most common and abundant rock 
type in the mantle. 


Phenocryst: the large, conspicuous crystals set in a fine- 
grained groundmass in a porphyritic igneous rock. 


Placer: a surface deposit consisting of valuable minerals that 
have been weathered out and then mechanically concen- 
trated (normally by flowing water) in alluvial sediments. 


Plate tectonics: a theory in which the lithosphere is di- 
vided into a number of thin, rigid crustal plates which 
move across the earth’s surface and interact with one an- 
other at their boundaries along zones of tectonic and seis- 
mic activity. 

Plume: an upwelling of molten rock that originates near 
the core-mantle boundary, and then rises upward through 
the mantle. 


Pyroclastic: an igneous rock composed of angular rock 
fragments that originate from a volcanic explosion. 


Radioactive decay: the spontaneous disintegration of the 
atoms of certain nuclides into other nuclides, which may 
be stable or undergo further decay until a stable nuclide is 
created. 


Regolith: the fragmental and unconsolidated rock material 
which nearly everywhere forms the surface of the land and 
overlies the bedrock. 


Remobilized: a once-molten igneous rock that has been 
remelted. 


Rifting: a plate tectonic process that creates a zone where 
the lithosphere has ruptured due to extension. 
Subduction: the process where one lithospheric plate de- 
scends beneath another plate. 


Superdeep: an unusual type of diamond that originates at 
depths well below the base of the lithospheric mantle keel 
from within the convecting mantle. 


Surficial: occurring at the earth’s surface. 


Tectonic stability: a region of the earth that is not under- 
going active geologic processes such as volcanism, moun- 
tain building, subduction, faulting, or rifting. These 
regions have no or very few earthquakes. 


Thermal pulse: a wave of heat passing through the crust 
carried by fluids or magma from below. 


Till: an unsorted glacial deposit usually composed of finely 
ground rock flour, which may also contain dispersed, 
rounded cobbles or boulders. 


Ultramafic: an igneous rock composed mainly of mafic 
minerals. 


Uplift: a structurally high area in the crust that was pro- 
duced by the raising or uplifting of rocks. 


Xenocryst: a large crystal in an igneous rock that is foreign 
to the rock in which it occurs. 


Xenolith: an inclusion of a foreign rock in an igneous rock. 
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NMOS ARTICLES 


BLUE SAPPHIRES FROM THE 
BAW MAR MINE IN MOGOK 


Hpone-Phyo Kan-Nyunt, Stefanos Karampelas, Klemens Link, Kyaw Thu, Lore Kiefert, and Pierre Hardy 


In the last five years, fine Burmese blue sapphires from the Baw Mar area of Mogok have reached the 
market. The faceted stones typically show a strong pleochroism from greenish to violetish blue when 
viewed perpendicular and parallel to the c-axis, respectively, with medium to strong saturation and 
medium to dark tone. Most of the samples were relatively clean under the microscope, showing multiple 
twinning with whitish needle-like inclusions (presumably boehmite) at the intersections. Often, these in- 
clusions were associated with stress tension fissures. Needles, most likely rutile, were found only occa- 
sionally, but small platelets and needle-like particles, probably ilmenite, appeared more frequently. Most 
of the stones contained surface-reaching open and healed fissures, but crystal inclusions of K-feldspar 
and mica (identified by Raman) were occasionally encountered. The sapphires also had a relatively high 
iron content, low gallium, and very low titanium. Their Ga/Mg ratio varied from 0.6 to 17. Their UV-Vis- 
NIR spectra displayed intense iron-related absorptions, and the FTIR absorption spectra presented mainly 
boehmite- and mica-related bands. Based on careful microscopic observations, combined with spectro- 
scopic and chemical analysis, the sapphire from Baw Mar can, in most cases, be distinguished from the 
blue sapphire of other localities. 


have been prized in the gemstone trade. Virtually 

all gem-quality blue sapphires from Burma (now 
Myanmar) have occurred in alluvial deposits along 
the Mogok Stone Tract. The previously described sap- 
phires were mostly found at the Kyat Pyin area at 
Kyauk-Pyat-That, Kabaing, and Thurein-Taung (all 
west of Mogok) and at Chaung Gyee in the north of 
Mogok (Giibelin and Koivula, 1986; Kiefert, 1987; 
Hughes, 1997; Themelis, 2008; Smith, 2010). In the 
last five years, blue sapphires with properties different 
from the “classic” Burmese sapphires, reportedly 
from the Baw Mar area of Mogok, have reached the 
market (figure 1). 

The Baw Mar mining area is situated in the Kyat 
Pyin area, west of Mogok township (figure 2). In the 
past, the area yielded mostly low-quality sapphire from 
small-scale operations. Although several joint venture 
mines were reportedly operating in 1994, they did not 
produce enough quality material to stay open for any 


| Re several centuries, Burmese blue sapphires 


Figure 1. The sapphires in this necklace, ranging in 
size from 2.4 to 6.7 ct, were reportedly produced in 
Baw Mar. This is one of the pieces that recently made 
its way to the Gtibelin Gem Lab; some of the Baw 
Mar stones studied in the lab reached sizes up to 15 
ct. Photo by Beryl Huber. 


See end of article for About the Authors and Acknowledgments. 
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Figure 2. In this geolog- 
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b arrow marks the loca- 
tion of the Baw Mar 
mine. Adapted from 
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In late 2012, one of the authors visited Mogok to 
collect stones directly from Baw Mar and other 
mines for the Giibelin Gem Lab (GGL) reference col- 
lection. After the recent opening of Mogok to foreign- 
ers, a larger group of GGL staff visited the area again 
in July 2013 to gain a better picture of the situation 


Figure 3. Leucogranite (bottom) and a granitic peg- 
matite vein (coarser material in center) are seen in 
contact with weathered gneiss (top right). The width 
is approximately 1.2 meters. Photo by Kyaw Thu. 
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and to collect additional samples directly from the 
source. In August, November, and December 2013, 
another author revisited Mogok and the Baw Mar 
mine, and observed the rapid changes taking place. 
This paper gives a brief overview of the local geology 
of the Baw Mar area, describes the mining methods 
currently used, and presents the microscopic, chem- 
ical, and spectroscopic features of its blue sapphire. 


GEOLOGY AND CURRENT MINING METHODS 

The Baw Mar mining site is situated in the northwest 
of Kyat Pyin township, 12 miles west of Mogok, at 
22°54'37.60'N, 96°24'55.02E. Similar to the rest of the 
Mogok Stone Tract, the area has a complex geology 
(figure 2). It is mainly composed of high-grade region- 
ally metamorphosed rocks, garnet-biotite gneiss, calc- 
silicate rocks, and graphite marble (Kyaw Thu, 2007). 
Non-sapphire-bearing leucogranite dikes and granitic 
pegmatite veins intruded into weathered gneiss, which 
can be seen at ground level in exposed rock surfaces 
(figure 3). The recently mined area also shows exposed 
leucogranite in contact with syenite boulders. The 
high-quality blue sapphire is retrieved from this syen- 
ite, which, like the pegmatite, has intruded into weath- 
ered gneiss, as well as from pockets formed at the 
exposed leucogranite. These last sapphires are embed- 


Gems & GEMOLOGY WINTER 2013 


* Quartz crystal taken from the Barra da Salinas Pegmatites 


feuds between the Pires and Garmabgo fam- 
ilies. With the firm resolution either to 
succeed or never come back, his effort cost 
him his life, his entire fortune, seven years 
of iron courage, and the life of his illegiti- 
mate son whom he ordered to be hanged for 
taking patt in a conspiracy to abandon the 
expedition. Fortunately for him he died 
before suffering the disappointment of learn- 
ing that the samples taken, as he thought, 
from Azeredo Courtinho’s old pits,.were 
identified as common tourmalines. In recog- 
nition-of his.services in exploring the interior 
of Brazil he had previously been appointed 
“Governor of all those engaged in prospect- 
ing for emeralds and silver.” His appoint- 
ment specified that he should be implicitly 
obeyed. Deep in the heart of a jungle he 
was suddenly confronted with a similar 
appointment conferred by the Prince Regent 
upon Castel Blanco, a Spaniard who had 
been to the emerald mines in Colombia. Jn 
the dispute which naturally followed, Blanco 


was killed by Leme’s son-in-law, Borboa 
Gato, who, as a fugitive from justice, also 
became one of the celebrated Bandeirante 
explorers and was subsequently pardoned. 

During the course of his wanderings, Paes 
Leme passed through the valley of the 
Jequitinhonha and, like Odorno, also missed 
his opportunity of discovering the gold and 
diamond of that region. 

The last.expedition was organized in 1713 
by Sebastiao Raposa Pinheiro Travares who 
preferred to carry on the search for emeralds 
rather than for gold. This metal, which had 
been discovered a few years previously, was 
engaging the attention of all the adventurers 
in Brazil. His search led him far into the 
wilds of Matto Grosso where he ended by 
discovering the famous alluvial gold deposits 
of the Rio das Contas from which he 
recovered ‘many arrobas.” (1 arroba-15 kilo- 
grams) His expedition is described as one of 
the blackest pages in the history of the 
Bandeirantes. 
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ded in clay lenses (feldspar altered to kaolinite) and are 
surrounded by biotite mica and chlorite (figure 4). 
Prospecting is done by local geologists. 

The Baw Mar mine (figure 5), equipped with 
heavy machinery and an in-house sorting and cutting 
plant, is a more efficient producer than other private 
operations within the Mogok mining area. The Baw 
Mar mine combines open-pit mining, as in figure 5 
(top), with tunneling. A 10-20 meter layer of over- 
burden is removed by bulldozers and excavators 
(figure 6, left). Laborers work the exposed gemstone- 


In Brief 


e Blue sapphire recently mined from the Baw Mar area 
in Mogok, Myanmar, exhibited chemical composition 
that differed from “classic” Burmese blue sapphire. 

¢ Unlike traditional Burmese blue sapphire, the Baw Mar 
samples were relatively free of inclusions, occasionally 
displaying whitish needle-like inclusions of boehmite. 

e The Baw Mar sapphire showed impurity contents 
comparatively high in iron, relatively low in gallium, 
very low in titanium, and wide-ranging Ga/Meg ratios 
that reflect the geological conditions of the area. 


bearing layer of gravel, called byone, which is about 
2. to 3 meters thick. The gravel is then transported 
by water to the washing plant (figure 6, right). 

At the end of the tunnels, which can reach a depth 
of 80 meters (figure 7), miners use a drill to bore small 
holes in the rock face, and then crack the weathered 


Figure 4. A sapphire-bearing clay pocket in a highly 
weathered and brecciated skarn zone. The pocket is 
approximately 60 cm long. Photo by Kyaw Thu. 
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Figure 5. Top: A panoramic view of the Baw Mar mine 
in August 2013. The small huts mark the entrance to 
the underground shafts. Bottom: In November 2018, 
the shafts were closed and the rock largely removed 
in order to reach lower sapphire-bearing levels. Photos 
by Kyaw Thu. 


rock in between the holes with a jackhammer to col- 
lect the material. The rock is relayed in bags to other 
miners. The material is hoisted to the surface, then 
transported down to the washing plant. Water pumps 
powered by generators simultaneously keep the tun- 
nels from flooding and supply the washing operation. 
At the washing plant (figure 8), the collected gem-bear- 
ing gravels are packed into drums and transported to 
the sorting plant, where the gem-quality sapphires are 
sorted using sieves with different mesh sizes. After- 
ward, cutters trim off the non-gem-quality parts. The 
sapphires are then cut and polished onsite (figure 9). 
The polished sapphire sizes range up to 15 carats. The 
entire operation, including mining, sorting, and cut- 
ting, employs about 300 miners and workers. 
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TABLE 1. Weight, shape, and photos of the studied samples.? 


Sample 


Sample 


aiiRaBE? Weight (ct) Shape auinber Weight (ct) Shape 
SABUM161 1.630 Cushion ~ SABUM180. 0.447 Round € 
SABUM162 1.270 Oval SB SABUM184 0.325 Oval ee) 
SABUM163 1.037 Cushion “K SABUM191 0.306 Cushion G 
SABUM1 64 0.863 Oval a SABUM192 0.330 Round ae 
SABUM165 0.716 Oval A) SABUM194 0.288 Oval g) 
SABUM166 0.547 Cushion te) SABUM195 0.308 Oval SS 
SABUM167 0.531 Cushion ee) SABUM196 0.289 Oval 
SABUM168 0.565 Cushion & SABUM197 0.257 Oval >; 
SABUM169 0.453 Cushion as) SABUM198 0.199 Oval => 
SABUM170 0.443 Round & SABUM200 0.305 Oval Me 
SABUM171 1.038 Cushion > SABUM204 0.892 Triangular & 
SABUM172 0.431 Oval & SABUM282 7.323 Cushion, @ 

cabochon 

SABUM173 0.332 Oval & SABUM284 1.294 Cushion Y 
SABUM174 0.708 Oval a SABUM285 0.897 Cushion he 
SABUM175 0.448 Oval ro) SABUM286_1 0.162 Rough . 
SABUM176 0.480 Oval 3 SABUM286_2 0.240 Rough he, 
SABUM177 0.314 Oval Sy SABUM286_3 0.403 Rough eS 
SABUM178 0.321 Oval & SABUM287 0.847 Rough } 
SABUM179 0.452 Oval GS 


2“SABUM" is the Giibelin Gem Lab’s acronym for “SApphire BUrma Mogok.” 
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MATERIALS AND METHODS 

For the initial study, 30 unheated and faceted blue 
sapphires, ranging in size from 0.20 to 1.63 ct, were 
analyzed (table 1). One of the authors obtained the 
faceted samples directly from the miners at the source. 
Additional samples, including two faceted sapphires 
(SABUM284 and SABUM285), a 7.32 ct cabochon 
(SABUM282), and a rough sapphire lot, were collected 
from the mining operation for confirmation of the ini- 
tial data. The rough material was gathered directly 
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Figure 6. Left: Miners 
use excavators to re- 
move gem-bearing over- 
burden gravels. Right: 
The gravels are trans- 
ported downstream to 
the washing plant using 
water supplied by the 
pipes. Photos by Hpone- 
Phyo Kan-Nyunt. 


from the washing plant by the authors. Four rough 
sapphires were ultimately used in this study, ranging 
in size from 0.16 to 0.84 ct (SABUM286_1, 
SABUM286_2, SABUM286_3, and SABUM287). 
Standard gemological instruments were used to ob- 
serve the samples’ long- and short-wave UV fluores- 
cence reactions (6W lamps emitting at 365 and 254 
nm, respectively) and to measure their refractive index, 
birefringence, and pleochroism. Specific gravity was 
determined hydrostatically with an electronic balance. 


Figure 7. These photos 
show part of the shaft 
system of the Baw Mar 
mine (left) and horizon- 
tal development of the 
tunnel (right). Photos 
by Hpone-Phyo Kan- 
Nyunt. 


WINTER 2013 227 


Figure 8. In this washing plant, gem gravel is concen- 
trated and placed in drums. Photo by Daniel Nyfeler. 


Internal features were examined using various gemo- 
logical microscopes. 

Energy-dispersive X-ray fluorescence (EDXRF) 
analyses were carried out at GGL with a Thermo 
Scientific ARL Quant’X. Sample holders with an aper- 
ture of 5 mm diameter were used, and specific sets of 
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parameters were optimized for the most accurate 
analysis of corundum. Various conditions were used 
for filters and voltage (no filter/4 kV, cellulose/8kvV, 
aluminum/12kV, thin palladium/16 kV, medium pal- 
ladium/20kV, thick palladium/28kV, and thick cop- 
per/50kV), with an acquisition time of about 40 
minutes for each sample. Twelve samples were ana- 
lyzed by laser ablation-inductively coupled plasma— 
mass spectrometry (LA-ICP-MS). All analyses were 
performed on a Perkin Elmer ELAN DRC-e single col- 
lector quadrupole mass spectrometer combined with 
a 193 nm ESI Excimer gas laser ablation system. A set 
of three single-spot analyses (120 1m diameter) was 
collected on each sample using a laser frequency of 10 
Hz and an ablation time of 50 seconds at a laser energy 
of 6.2, J/cm?. The mass spectrometer performance was 
optimized to maximum intensities at U/Th ratios of 
~1 and ThO/Th < 0.3 using 16.25 liters per minute 
(L/min) Ar plasma gas, 0.88 L/min argon as nebulizer 
gas and 1 L/min helium as sample gas. Multi-element 
NISTG10 was the glass standard used for external cal- 
ibration; internal calibration was done by normalizing 
to 100% cations of stoichiometric corundum. The 
data reduction was carried out using an in-house 
spreadsheet following Longerich et al. (1996). 


Figure 9. Top left: The 
sapphires from Baw Mar 
are sorted into different 
sizes and qualities. 
Some of the larger 
pieces can reach over 20 
cm in length. Top right: 
The non-gem-quality 
portion of the rough is 
clipped off. Bottom left: 
After clipping, stones 
like the one here are left 
for faceting. Bottom 
right: Preforming sap- 
phire from Baw Mat. 
Photos by Lore Kiefert 
(top left), Daniel Nyfeler 
(bottom left), and 
Hpone-Phyo Kan-Nyunt 
(top and bottom right). 
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Polarized absorption spectra in the 200-1500 nm 
range were recorded using a Cary 5000 ultraviolet/vis- 
ible/near-infrared (UV-Vis-NIR) spectrometer with 
diffraction grating polarizers. The data sampling in- 
terval and spectral bandwidth of each measurement 
were set at 0.5 nm and a scan rate of 150 nm/min. 
FTIR absorption spectra were acquired between 6000 
and 400 cm, using a Varian 640 FTIR spectrometer 
with 4 cm resolution and 64 scans (background spec- 
tra were collected using the same parameters). A Ren- 
ishaw Raman System 1000 spectrometer, coupled 
with a Leica DMLM optical microscope, was used to 
characterize accessible inclusions. Unpolarized and 
unoriented spectra were recorded using 514 nm argon 
ion laser excitation at 10 mW in standard mode (with 
20x magnification), from 200 to 2000 cm (three cy- 
cles with an acquisition time of 30 seconds) at approx- 
imately 1.5 cm” resolution. Rayleigh scattering was 
blocked by a holographic notch filter, the backscat- 
tered light was dispersed on an 1800 groove/mm holo- 
graphic grating with the slit width set at 50 um. 


RESULTS AND DISCUSSION 

Most of the samples were pleochroic, from greenish to 
violetish blue, with medium to strong saturation and 
medium to dark tone. With the exception of the less 
saturated sapphires, the samples exhibited their deeper 
blue pleochroic color parallel to the c-axis (o-ray). Con- 
sistent gemological properties included RI (n,=1.760- 
1.764, n,=1.768-1.772), birefringence (0.008), and SG 
(3.96-4.01). All samples were inert to long- and short- 
wave UV radiation. 


Figure 10. Strong polysynthetic twinning in SABUM 1638, 
causing color zoning. Photomicrograph by Hpone-Phyo 
Kan-Nyunt; magnified 30x. 
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Figure 11. Needles, presumably of boehmite, associ- 
ated with stressed tension fissures at the intersection 
of twin planes in SABUM163. Photomicrograph by 
Hpone-Phyo Kan-Nyunt; magnified 25x. 


Microscopic observation demonstrated that the 
samples were relatively free of inclusions, occasion- 
ally showing strong polysynthetic twinning (as in fig- 
ure 10), in two or three directions parallel to the 
rhombohedral face r {1011}. The twinning is associated 
with parallel “needle-like” deposits, presumably of 
boehmite, at the intersections of two sets of twin 
planes, or in three directions nearly perpendicular to 
each other when three sets of twin planes were pres- 
ent, often associated with small fissures along these 
“needles” (figure 11). Also observed were even color 
zoning; healed fissures consisting of fine negative crys- 
tals that can be seen in figure 12; fine reflective 
platelets (figure 13); brownish irregular needles, as in 
figures 14 and 15, that are presumably ilmenite; and 
only rarely a few short needles, exhibited in figure 15, 


Figure 12. Healed fissure consisting of negative crys- 
tals in SABUM169. Photomicrograph by Hpone-Phyo 
Kan-Nyunt; magnified 25x. 
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Figure 13. Reflective minute particles and platelets in 
SABUM161. Photomicrograph by Pierre Hardy; magni- 
fied 120x. 


that are most likely rutile. Seldom were crystal inclu- 
sions observed; sample SABUM285, shown in figure 
16, is such an example. The samples often showed re- 
flective open fissures as well as open fissures with epi- 
genetic material, as seen in figure 17. Unlike Mogok 
sapphires described in the past, where rutile needles 
and crystal inclusions such as zircons, apatite, plagio- 
clase, and phlogopite mica are often encountered (Gti- 
belin and Koivula, 1986; Kiefert, 1987; Hughes, 1997; 
Themelis, 2008; Smith, 2010), only a few samples 
from Baw Mar contained short rutile needles and crys- 
tal inclusions. Using Raman spectroscopy, these in- 
clusions were identified as mica and K-feldspar (see 
Tlili et al., 1989 and Freeman et al., 2008, respec- 
tively). 


Figure 14. Irregular needle-like particles in 
SABUM284, probably ilmenite. Photomicrograph by 
Pierre Hardy; magnified 60x. 
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Figure 15. Short needles, probably rutile, and some irreg- 
ular needles, most likely ilmenite, in SABUM 166. Pho- 
tomicrograph by Pierre Hardy; field of view: 2 mm. 


EDXREF chemical analysis of the major and minor 
elements of 30 samples revealed Fe between 1000 and 
6800 ppmw, with an average of 4400 ppmw. Ga ranged 
between 45 and 180 ppmw, with an average of 110 
ppmw. The Ti values were relatively low, from below 
EDXRF’s detection limit (in nine samples) to 140 
ppmw, with an average of 30 ppmw. All other meas- 
ured elements (V, Cr, Mg, Mn, Nb, Zr, Sn, and Pb) 
were below detection limit (bdl). LA-ICP-MS analysis 
of 12 samples revealed °’Fe from 900 to 4500 ppmw, 
Ga from 35 to 115 ppmw, *Ti from 15 to 115 ppmw, 
Mg from 5 to 80 ppmw, and *'V from 0.5 to 50 ppmw. 
All the other measured elements (’Li, *Be, “Ca, “°Sc, 
Co, “Ni, “Cu, “Zn, Ge, SRb, *8Sr, °Y, °Zr, Nb, 
U8Sn 38Cg, 37Ba, La, “Ce, 8!Ta, Ww, Pt, and 


Figure 16. K-feldspar crystal in SABUM285 identified 
by Raman spectroscopy. Photomicrograph by Pierre 
Hardy; magnified 100x. 
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Figure 17. Epigenetic material on an open fissure in 
SABUM179. Photomicrograph by Pierre Hardy; mag- 
nified 60x. 


*32Th) were bdl. The Cr, *Mn, “Na, and ?°°Pb levels 
were also generally bdl and rarely slightly above. The 
Ga/Mg ratio was used to differentiate blue sapphires 
of different geological origin. For example, Ga/Mg>10 
suggests “magmatic” origin, whereas Ga/Mg<10 sug- 
gests “metamorphic” origin (Peucat et al., 2007). 
Within the studied samples, the Ga/Mg ratio varied 
from 0.6 to 17; this further confirms the complicated 
geological origin of the blue sapphires from this area. 
Slight differences between the element concentrations 
measured with EDXRF and LA-ICP-MS are probably 
due to different measurement areas (smaller for LA- 
ICP-MS), different detection limits (much lower de- 
tection limit for LA-ICP-MS), as well as some 
inclusion effects. 

Figure 18 shows polarized UV-Vis-NIR spectra in 
the 250-1000 nm range for sample SABUM282. Most 
other samples presented very similar spectra. We ob- 
served the Fe**-related series of bands in the violet and 
blue areas of the spectrum, between 370 and 490 nm, 
which had relatively high intensity (Ferguson and 
Fielding, 1971; Eigenmann et al., 1972; Schmetzer, 
1987). A cutoff above 300 nm and an intense shoulder 
in the UV region at around 340 nm were also ob- 
served. The larger samples showed a cutoff at around 
340 nm, because the iron-related feature there satu- 
rated the spectrophotometer detector due to the 
longer beam path. The large bands absorbing from 
green to the near-infrared were due to Fe**-Ti** and 
Fe?'-Fe** pairs (Ferguson and Fielding, 1971; Schmet- 
zer, 1987). All the samples showed similar spectra. 
Unlike classic Burmese sapphires, the samples from 
Baw Mar contain high Fe** UV-Vis absorption peaks 
in the violet and blue; most also show an intense 
shoulder in the UV region at ~340 nm, as seen in fig- 
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Figure 18. The polarized UV-Vis-NIR spectra from 250 to 
1000 nm of sample SABUM282 show pronounced bands 
related to Fe (in the violet and blue) and a Fe*?/Fe** pair 
(in the near infrared), as well as less-intense bands (in 
the green) due to Fe**/Ti** pairs. The spectra are normal- 
ized to a millimeter thickness. The top spectrum (o-ray) 
is offset by 0.1 absorbance units for clarity. 


ure 19 (Hanni, 1994). The intensity of Fe?*/Fe** bands 
situated in the near-infrared area varies greatly, and 
can in some cases be mistaken for the spectra of 
basaltic sapphires (Kiefert, 1987). 


Figure 19. The polarized UV-Vis-NIR spectra from 250 to 
1000 nm of a “classic” Burmese blue sapphire are differ- 
ent from those of Baw Mar blue sapphire. The spectra are 
normalized to a millimeter thickness. The top spectrum 
(o-ray) is offset of 0.1 absorbance unit for clarity. 
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Unpolarized FTIR spectra of some samples present 
multiple series of bands above 3000 cm, probably due 
to hydrous mineral inclusions such as mica and 
boehmite (Smith, 1995; Beran and Rossman, 2.006). 
Many of the samples we studied did not show bands 
in this region, however. Raman spectra of the few rare 
crystal inclusions observed were consistent with mica 
and K-feldspar. 


CONCLUSION 


Blue sapphires collected from the Baw Mar mine in 
Mogok showed properties distinctly different from 
those associated with “classic” Mogok blue sapphires. 
The Baw Mar samples, which are formed in syenite 
which intruded into weathered gneiss, as well as from 
pockets formed at the exposed leucogranite, typically 
exhibit greenish to violetish blue colors. They are often 
free of inclusions, sometimes with twinning in multi- 
ple directions and needles (most likely boehmite) at 
the intersections of the twin planes. They also exhibit 
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small platelets, healed and open fissures, irregular nee- 
dles that are most likely ilmenite and, rarely, short nee- 
dles that are probably rutile. The few crystal inclusions 
were identified as K-feldspar and mica by micro- 
Raman analysis. Their UV-Vis-NIR spectra are differ- 
ent from the inclusions of classic Mogok blue 
sapphires, with high iron-related bands; as a result, 
they are sometimes confused with basaltic blue sap- 
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In 1987, gems were discovered in the Luc Yen area of Vietnam’s Yen Bai province. Ruby, sapphire, and 
spinel from primary and secondary deposits are the most valuable of these; tourmaline, gem-quality 
feldspar, pargasite, and humite are also mined there. As a result of this discovery, the Luc Yen district has 
become Vietnam’s most important gemstone-trading center over the past 30 years. The markets of Yen 
The, the capital of Luc Yen, offer an additional assortment of natural gems from Vietnam and elsewhere 
(including peridot, beryl, aquamarine, topaz, and quartz); synthetic gems are also found in these markets. 


arble-hosted ruby and spinel deposits repre- 
Me the foremost source of colored gems in 

Central and Southeast Asia (Garnier et al., 
2008). They are contained in a series of platform car- 
bonates that underwent amphibolite facies metamor- 
phism to form crystalline marbles during the 
Cenozoic continental collision between the Indian 
and Eurasian plates about 21—23 million years ago 
(Garnier et al., 2006). These deposits occur in 
Afghanistan, Pakistan, Azad Kashmir, Tajikistan, 
Nepal, Burma (Myanmar), China, and central and 
northern Vietnam (Hughes, 1997). In northern Viet- 
nam, the deposits are located in the Yen Bai province 
(figure 1). The city of Yen Bai, the regional adminis- 
trative capital, is located some 200 km northwest of 
Hanoi, about halfway to the Chinese border. It was 
an important local gem trading center during the 
1990s (Kane et al., 1991; Kammerling et al., 1994), 
though most of the dealers have since relocated to 
Hanoi. Luc Yen, on the other hand, is a mountainous 
district located in the north of Yen Bai province. Its 
main city, Yen The, is also known as Luc Yen, the 
name given to the ruby and spinel mining district de- 
scribed in the gemological literature (e.g., Kane et al., 
1991; Pham et al., 2004a). 
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Figure 1. This map of northern Vietnam shows the lo- 
cation of the gem-rich Luc Yen district. 


The aim of this paper is to present the state of gem 
mining activities in the Luc Yen district within their 
geological framework, and to provide insight into the 
local gem trade. The paper will show the evolution 
of Luc Yen’s gem industry since 1987, with an eye to- 
ward the future. 


HISTORY OF THE LUC YEN MINING DISTRICT 

The Luc Yen district mainly consists of jungle-cov- 
ered karsts separated by several narrow valleys where 
paddy fields and traditional villages are located, as 
shown in figure 2. It is bordered on the west, south, 
and east by Thac Ba Lake (figure 3). The lake was cre- 
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Figure 2. A view over Yen The, the quiet capital of Luc 
Yen district. The town is surrounded by paddy fields and 
jungle-covered, karst-type mountains. Photo by Vincent 
Pardieu, © GIA. 


ated in 1970 by the construction of a dam for Viet- 
nam’s first hydroelectric power plant. Thac Ba Lake 
is 80 km long, with a maximum width of 10 km, and 
contains more than a thousand islands. Covering the 
expanse between Tan Huong and the Luc Yen penin- 
sula, it has submerged a potentially gem-rich area. 
The initial discovery of high-quality Vietnamese 
rubies occurred in the Luc Yen district in late 1987, 
after farmers recovered the stones from placers. The 
ruby was found in colluvial and alluvial sediments, 
and the primary source was believed to be marble. 
Gem exploitation began in earnest in June 1988, with 


the establishment of VINAGEMCO (Vietnam Gem- 
stones Company], a state-owned company for explo- 
ration, mining, processing, and trading. Mining 
activity began that September, with a joint venture 
between VINAGEMCO and B.H. Mining Company 
of Thailand to work the Khoan Thong Valley placer. 
From November 1989 to March 1990, 244 kg of gem- 
quality rubies and sapphires were mined from Khoan 
Thong, most of them sold and cut in Bangkok (Kane 
et al., 1991; Garnier et al., 2004; Pham et al., 
2.004a,b,c; Nguyen et al., 2011; Le et al., 2012). 

From 1990 to 1994, thousands of independent 
miners moved to the Luc Yen district. Many new dis- 
coveries were made in both primary deposits and 
placers. These gems were sold in the Luc Yen mar- 


In Brief 


e Since the discovery of corundum and spinel deposits 
in 1987, Luc Yen has become Vietnam’s most impor- 
tant gemstone-trading center. 

e After a brief period of state-controlled operation, min- 
ing is again being done by local farmers working pri- 
mary and secondary deposits. 

¢ Activities related to the Luc Yen market include sales of 
gem-quality stones and gem-related artwork. 


ket. In 1995, the mines went under the management 
of the Vietnam National Gems and Gold Corpora- 
tion (VIGEGO). A 2003 merger formed the Vietnam 
Minerals Corporation (VIMICO], and the Luc Yen 
mines are no longer controlled by the state. Local 


Figure 3. Local miners take advantage of the low water level at Thac Ba Lake to dig for rubies during the spring of 
2005. Photo by Vincent Pardieu, courtesy of AIGS/Gtibelin Gem Lab. 
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It is not clear whether the emeralds dis- 
covered by Azerado Coutinho were genuine 
ot erroneously identified in Portugal. If 
genuine, it took nearly four hundred years to 
rediscover them. 

Thus ended the strange story of the search 
for emeralds. For more than 150 years the 
dréam of emeralds was responsible for pro- 
ducing some of the most daring explorers in 
Brazil. That they left behind them a trail of 
blood and brutality against the Indians and 
slaves was only in accordance with the spirit 
of the day, but there was a time when the 
Pope himself had to remind them that even 
savages have souls. When eventually found 
at Brumadinho in Bahia, these elusive 
emeralds proved to be of the Colombian 
variety but less deep in color. A few years 
later they were also found in the Rio Doce 
region itself in the very same area that had 
so often been examined by the Bandeirantes: 
Their “Green Hill” is now known as the 


“Serra do Esplendor.” Conquista in Bahia 
and Itaborai in Goyaz are also recent dis- 
coveties. 

Gemstones may have both a commercial 
and a sentimental value, but a historical back- 
ground lends additional interest and those 
from Brazil reflect an exciting page of its 
history. 

Sapphires have been reported associated 
with diamonds in various states and are 
regarded by garimpeiros as a good augury. 
The late Glenn Byrkett had a few small 
crystals from the Coxim River in Matto 
Grosso, but the owner of the property dis- 
courages further investigation. They are also 
reported to occur at Salobro at the mouth of 
the Jequitinhonha River, once the scene of 
diamond mining activity but now abandoned 
on account of its waterlogged condition. 

Rubies, also small in size, have been 
found in the Abaete, Abbadia, and Agua 
Suja areas in Minas Geraes but only as 
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Figure 4. This geological map of the Yen The, modified from Pham and AI] (2004), shows the primary and second- 
ary deposits of ruby, sapphire, spinel, tourmaline, and feldspar visited by one of the authors during seven field ex- 
peditions between 2005 and 2012. Modified by Vincent Pardieu. 


farmers, working in small-scale operations, do much 
of the mining throughout the region. 

Mining activity in Khoan Thong and the sur- 
rounding mountains continues, though it is only a 
shadow of its past. Today, two large memorial stones 
located at the entrance of the valley serve as re- 
minders of bygone ruby mining. 


THE LUC YEN MINING DISTRICT 


The deposits of Yen Bai and Luc Yen are hosted by 
metamorphic belts associated with large-scale shear 
zones. The Red River shear zone (figure 4) comprises 
the Day Nui Con Voi metamorphic belt and, on its 
eastern flank, the Lo Gam tectonic zone (Garnier, 
2003; Pham et al., 2004a,c). The Luc Yen ruby and 
spinel deposits occur in the Lo Gam zone, in a thick 
metasedimentary sequence of Cambrian age, com- 
posed of marble and overlying sillimanite-biotite-gar- 
net schist. This zone is also known for fine 
tourmaline. These units, bounded by left-lateral faults, 
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are intruded by granitic rocks and related pegmatites 
of Triassic age. The primary and secondary (placer) de- 
posits of ruby and spinel, as well as sapphire, tourma- 
line, amazonite, pargasite, and humite, are presented 
within a geological framework. 


Ruby and Sapphire Deposits. Luc Yen’s corundum 
deposits are set in moderate- to high-temperature re- 
crystallized marble units of Upper Proterozoic to 
Lower Cambrian age, in the eastern side of the Red 
River shear zone, specifically the Lo Gam tectonic 
zone (Hoang et al., 1999; Garnier et al., 2002, 2008; 
Pham et al., 2004a; Nguyen et al., 2011). Two types 
of deposits are mined there (Giuliani et al., 2003): 


e Primary ruby occurs as: (a) disseminated crys- 
tals within marble associated with phlogopite, 
dravite, margarite, pyrite, rutile, spinel, edenite, 
and graphite (An Phu, Minh Tien, Luc Yen, and 
Khoan Thong areas); (b) veinlets associated 
with calcite, dravite, pyrite, margarite, and 
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Figure 5. Rough ruby and sapphire crystals from An Phu (left) and small rounded rubies hosted in placers (right) 
are sold in the Luc Yen gem market. Photos by Vincent Pardieu, © GIA. 


phlogopite (An Phu); and (c) fissures with 
graphite, pyrite, phlogopite, and margarite (Bai 
Da Lan mine and Minh Tien). 

e Secondary deposits (i.e., placers) consist of gravel 
concentration in karst pockets and alluvial fans 
found all over the Luc Yen region (Kane et al., 
1991; Garnier et al., 2004). The gem-bearing val- 
leys are often narrow and correspond to small 
depressions typically ranging from 2 to 3 km/?. 
Corundum crystals are pink, purple to red, and 
blue; colorless sapphire coexists with ruby, as 
well as gray to brown and bipyramidal sapphire 
and trapiche ruby. Gem corundum is associated 
with spinel (red, pink, and pale blue), multicol- 
ored tourmaline, and garnet. These placers fur- 
nish a variety of gem-quality material for the 
market, which has been open daily since 1987 
(figure 5). 


Spinel Deposits. Gem spinel, hosted in either marble 
or placers, was discovered in Luc Yen in 1987, to- 
gether with ruby and sapphire. Local farmers mine 
gem-quality spinel from placers along the streams 
and from alluvial deposits. The specimens exhibit 
red, brownish red, pink, purple, sea-blue, and sky- 
blue colors (figure 6). Faceted spinels of up to several 
hundred carats are known, but most of the faceted 
gems weigh less than 10 carats. The red, brownish 
red, and pink spinels are found in An Phu, Minh 
Tien, Bai Gau, and Khoan Thong. Cong Troi is the 
source of pink and purple spinels, while dark sea-blue 
specimens are mined mostly in Co Ngan and Bai 
Gau. Fine “electric” blue spinel crystals (usually 
small and/or included and under three grams) come 
from Khe Khi, Ba Linh Mot, and Khau Ca. Sky-blue 
material is produced in the Bai Son and Lung Thin 
areas, as well as near Bai Gau (Senoble, 2010). 


Figure 6. The rough sky-blue spinel on the left is from the Bai Son mine. The cut spinels from Luc Yen (right) weigh 
2.3 to 11.9 ct. Photos by Vincent Pardieu, © GIA (left) and Pham Van Long (right). 
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In Luc Yen, rough spinel crystals occur in dolomitic 
marble with calcite, phlogopite, humite, and parga- 
site. Formation takes place in metasomatic zones re- 
sulting from the percolation of fluids in the marble. 
The crystals, which range in size from a few millime- 
ters to five centimeters, are of octahedral habit and 
have a red to brownish red color. Spinel crystals in 
placers are more transparent and are used for gem 
cutting. Larger crystals in host rock are usually 
translucent to opaque, and suitable only as collection 
samples. 


Tourmaline Deposits. Tourmaline-bearing pegmatites 
have been reported in Luc Yen (Nguyen, 1995), but 
gem tourmalines have not been found in these rocks 
thus far. They have been recovered instead from allu- 
vial gravels associated with gem corundum, these grav- 
els may be found in weathered crust. The crystals are 
striated prisms with rounded triangular cross-sections 
and various terminations. The color of Luc Yen tour- 
maline ranges from green to brown, black, yellow, and 
red (figure 7). Multicolored zoned crystals usually con- 
tain alternately pink, purple, and yellowish green col- 
ors. Color zoning is often observed from the center of 
the crystals to their periphery, with a combination of 
pink, purple, and dark green. 


Feldspar Deposits. Gem-quality feldspar, found with 
tourmaline in weathered pegmatites in the Minh Tien 
area, was first discovered in 1999. Production has 
fallen in recent years, because the deposit’s location 
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Figure 7. The rubellite 
crystals are from Tan 
Lap (left) and Khai 
Trung (bottom right); 
the green tourmalines 
are from An Phu (top 
right). Photos by Pham 
Van Long. 


in paddy fields has restricted mining. This feldspar 
ranges from light to dark green, and from opaque to 
transparent. Most of the production has only been 
suitable for cabochon cutting. The stones are typically 
traded as amazonite, a variety of microcline feldspar, 
which is found in rare-element pegmatites (Nguyen, 
2010). It is associated with smoky quartz, albite 


Figure 8. These faceted gem-quality green feldspars, 
weighing between one and three carats, are from Luc 
Yen. Photo by Vincent Pardieu, © GIA. 
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(cleavelandite}, tourmaline (elbaite), and Li-mica (lep- 
idolite). Facet-grade transparent green feldspar (figure 
8), which is very rare here, has been identified as green 
orthoclase (Laurs et al., 2005). 


Pargasite and Humite Occurrences. Pargasite and hu- 
mite are often associated with spinel in the marbles 
around An Phu, Phan Thanh, and Khoan Thong. 
They tend to be interspersed alongside spinel in al- 
ternating bands within the marbles. The pargasite ap- 
pears as dense clusters or wide bands formed of long 
prismatic crystals, sometimes with a hexagonal 
cross-section. They can form as groups of crystals 
from 0.5 to 2 cm and sometimes up to 1.5 x 7 cm. 
The pargasite is usually dark to light green (Cong 
Troi) but can be yellowish green when associated 
with ruby (Khoan Thong). Its transparency is often 
very poor, and the material is sold in Yen The for 
“gem paintings” (described in the “Gemstone Trad- 
ing Activities” section below). 

Humite (clinohumite), distributed with spinel in 
white marble, forms in groups of crystals and usually 
has a honey to dark yellow color (figure 9). Their size 


' One of the authors has observed humite in other spinel deposits 
around the world, but with several differences. Pargasite crystals 
similar to those from Luc Yen are associated with spinel and corun- 
dum in marbles of the Hunza Valley in Pakistan. At Kul | Lal, Tajik- 
istan, pink to purple and red spinel is hosted in marbles with 
gem-quality clinohumite. In Mahenge, Tanzania, spinel is also formed 
in marble with clinohumite and blue apatite. Near Kasigau Mountain 
in Kenya, red spinels are hosted in marbles with blue apatite, green 
amphibole, and graphite. Burmese spinels from Mogok are some- 
times found with blue apatite and chondrodite, a member of the hu- 
mite group. Besides Hunza, the author has never witnessed 
gem-quality spinel and corundum within 20 cm of one another. 
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Figure 9. Pargasite (left) 
and humite crystals 
(right) occur in marble 
at Luc Yen. Photos by 
Vincent Pardieu, © 
GIA. 


varies from 1 x 1.5 cm to 3 x 5 cm. Like the Luc Yen 
pargasite, the humite has poor transparency and is 
typically used for gem paintings!. Attractive samples 
of spinel, pargasite, and humite in white marble, rang- 
ing in height from 6 to 10 cm, are typically sold to 
collectors; sometimes they are carved into ornamen- 
tal artworks. 


MINING ACTIVITIES IN LUC YEN 


Primary Deposits. Ruby. At present, ruby is mined 
in white marble at the May Ha and May Thuong 
(translated as the Lower and Upper Cloud) mines. In 
May 2011, May Thuong was mined by a handful of 
men working every day, living in a canvas-covered 
shack halfway up the mountain. The mining tools 
consisted of a power generator, drilling machines, 
and crowbars to open the quarry. 

In May Thuong, ruby crystals form bands in the 
marble along a single direction corresponding to the 
foliation plane of the metamorphic rocks. Upon de- 
tecting signs of ruby or phlogopite (a mineral com- 
monly considered an indicator for rubies), the miners 
drill a hole to conduct blasting and then remove the 
white marble block (figure 10). 

The ruby crystals often present a bipyramid 
hexagonal shape, with a dark red or dark purple-red 
color. They are generally opaque, but sometimes 
translucent and suitable for cabochon cuts. Their size 
usually ranges from 3 mm to 1.5 cm in diameter and 
from 2, to 10 cm in length. The ruby-bearing blocks 
range from 0.5 to 700 kg, with dimensions between 
5 cm and 1.2 m. Each block may contain hundreds 
of different-sized crystals (figure 11). 
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In 2010, ruby was discovered in the marble at Bai 
Gau (Bear Site], near the Bai Chuoi (Banana Site) area. 
These ruby crystals, associated with pargasite, have 
a fine color. 

To carry ruby-bearing blocks to the bottom of the 
hill, the miners employ locals (usually Man or Tay 
ethnic minorities), who carry the material on their 
shoulders for a fee of 2,000 to 3,000 Vietnamese dong 
(US$0.10-$0.15) per kilogram. Despite the incredibly 
difficult terrain, one man or woman can usually carry 
50-80 kg. Until the middle of the last decade, An Phu 
and Luc Yen were home to several family-sized cut- 
ting factories. Most of the cutters were also traders, 
working at home with simple machines; only large or 
high-value stones were taken to professional cutters. 
Some of these cutting factories have begun specializ- 


Figure 11. Crystals of ruby in marble matrix. Photo 
by Vincent Pardieu, © GIA. 
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Figure 10. A young 
miner stands with his 
jackhammer in front of 
a ruby mine at May 
Thuong. Photo by Vin- 
cent Pardieu © GIA. 


ing in carving and trimming ruby on marble speci- 
mens, as shown in figure 12. They may be carved into 
decorative shapes, such as trees or animals. Such 
carved gemstones in matrix are highly valued in Viet- 
nam, where there is a market for items related to tra- 
ditional beliefs associated with phong thuy (the 
Vietnamese version of Chinese feng shui). 


Spinel and Pargasite in White Marble. Since the turn 
of the 21st century, spinel and pargasite mining ac- 
tivities have been focused in the Cong Troi (Sky 
Gate) area (Pardieu, 2010). In 2009-2010, mining li- 


Figure 12. In Luc Yen, spinel specimens are carved 
and trimmed for decorative and feng shui purposes. 
Photo by Vincent Pardieu, © GIA. 
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Figure 13. A view of the Cong Troi marble cliff, the 
largest pink spinel mining area in the Luc Yen re- 
gion, with the mining camp in the foreground. 
Photo by Vincent Pardieu © GIA. 


censes were allocated to some Indian companies for 
extracting white marble intended for export. When 
geological drilling operations began in the area, local 
miners had to stop mining. Once drilling was com- 
pleted in late 2010, work resumed. In 2012, approxi- 
mately 20 miners were at Cong Troi (figure 13), most 
of them between 17 and 35 years old. 

Since spinel and pargasite are distributed in bands 
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parallel to the foliation of the marble, spinel mining 
often occurs over a large area, covering the entire 
mountain from the base to the top. Spinel from Cong 
Troi exhibits a variety of colors, typically brownish 
red, reddish brown, brown, purple, black, pink, and 
purplish pink. The size varies from 1 x 1 mm to 5 x 
5 cm (figure 14). The crystals are usually octahedral, 
though many also exhibit spinel-law twinning. 

Blue spinel is found in the white marble at Bai 
Son, but the crystals usually have a dull color and 
low transparency. Blue spinel is associated with 
phlogopite, humite, and sometimes pyrite. Other oc- 
currences are at May Trung, Ba Linh Mot, and Khe 
Khi. 


Secondary Deposits (Placers). Ruby, Sapphire, and 
Spinel. Corundum and spinel are mingled in alluvial 
placers. Mining is conducted on a small scale, from 
Bai Lai in the northeast of Luc Yen to the Na Ha area 
in the south, near the banks of Thac Ba Lake. The 
most active sites are along the streams of Cong Troi, 
in Nuoc Ngap (An Phu area). Material is also re- 
moved from old mines in areas such as Minh Tien, 
Khoan Thong, and Bai Chuoi (figure 15), where big 
companies mined the most accessible and profitable 
material, often missing areas between marble pinna- 
cles that excavators could not easily reach. As a re- 
sult, some gem-rich ground was left behind, this is 
now collected by locals with shovels and buckets. In 


Figure 14. Left: A miner 
shows the association 
of spinel and pargasite 
in marble. Right: Red 
(top) and blue (bottom) 
spinel in marble. Pho- 
tos by Vincent Pardieu, 
© GIA. 


WINTER 2013 


Gems & GEMOLOGY 


some places, locals mine in karsts or caves of white 
marble (see Cong Troi 2, Cong Troi 3, May Thuong, 
May Ha, and Dong Dan in the figure 4 map). 

Most of the mining in each area is done by small 
groups of local farmers using mini-generators and 
water hoses. Activity fluctuates according to agricul- 
tural cycles. Excavators and high-pressure water 
hoses are used in some places, but most of the miners 
use basic tools, washing with rattan buckets and 
picking the gemstones by hand. 

In the Bai Chuoi area, near the Khoan Thong 
mine, miners work within pits. They have a small 
water reservoir and a pump with a sluice for washing 
and sorting gems. The mine has produced ruby (in- 
cluding many trapiche rubies), tourmaline, rutile, 
and quartz, as well as some blue sapphire and light 
blue spinel. It has also yielded large, opaque, purplish 
red ruby crystals that are suitable for cabochons or 
carvings. After three or four workdays, the stones are 
gathered, classified, and brought to the Luc Yen mar- 
ket; some are sold directly to the dealers. 

Spinels from An Phu and the surrounding area 
have typical features. Their color can be red, brown- 
ish red, reddish brown, purple, pink, purplish pink, 
blue, or sky blue. The pink to red spinel can be found 
throughout the area, but blue specimens are recov- 
ered mainly from Co Ngan, Khau Ca, and Kim Cang. 
The sky-blue spinels are mostly found in colluvial 
material from crevasses in the Bai Son and Lung Thin 
areas, where miners follow the caves underground to 
a 5-8 m depth (figure 16). 


Figure 15. Farmers dig for gems in the paddy fields 
near Minh Tien. Photo by Vincent Pardieu, © GIA. 
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Figure 16. A team of miners works a deep and wide 
crevasse in the karsts at Bai Son in search of beautiful 
light blue spinel. Photo by Vincent Pardieu, © GIA. 


Tourmaline. Compared to corundum and spinel, 
mining activities for tourmaline in Luc Yen are less 
intensive. Tourmaline is often extracted by locals 
along the streams in Minh Tien and Nuoc Ngap (An 
Phu municipality). 

Tourmaline is mined in weathered pegmatites 
(Nguy, 1996). Peak mining activity occurred at An 
Phu between 1989 and 2.000. The size of the crystals 
is highly variable, but some can reach 20 cm long and 
10 cm across (3-4 kg). The colored tourmaline be- 
longs to the elbaite and dravite series, at 57.6-97.4 
mol.% and 56.9-87.7 mol.%, respectively (Nguy, 
1996). 

In 2008 and 2009, new tourmaline occurrences 
were found in Khai Trung (Yen The ward) and Tan Lap 
(Phan Thanh ward). In Khai Trung, heavy mining ac- 
tivity occurred between 2.008 and 2010. Several blocks 
of rubellite weighing hundreds of kilograms were sold 
to collectors. Some of the blocks are also displayed as 


Gems & GEMOLOGY WinteR 2013 241 


TABLE 1. Summary of gem mining sites in the Luc Yen district.? 


Name Location Main Production Deposit Type Mining Activity Witnessed 
Yen The 22°06'46”N 104°46'17"E Mix (ruby Secondary None 
Bai Lai 22°06'27”"N 104°44'41"E Mix (ruby Secondary None 
Khoan Thong/Bai Thai = 22°05'37"N 104°45/23”E Mix (ruby Mostly secondary Three groups (20 people max.) 
Bai Chuoi 22°05'26”N 104°46'05”E Mix (ruby Mostly secondary Two groups (10 people max.) 
Bai Go 22°04'45"N 104°47'04”E — Ruby, spinel (blue, pink) Mostly secondary Several groups (100 people max.) 
Bai Lay 22°04'05”N 104°47'50”E — Mix (ruby Mostly secondary Two groups (10 people max.) 
Bai Linh 22°03'44”"N 104°48'02"E Mix (ruby Mostly secondary One group (5 people max.) 
Cong Troi 1 22°02'02”N 104°48'46”E — Spinel (pink, red) Mostly primary Several groups (30 people max.) 
Cong Troi 2 22°02'12”N 104°48'43”E Spinel (pink, red) Mostly primary Several groups (15 people max.) 
Cong Troi 3 22°02'21”N 104°48'34”E Spinel (pink, red) Mostly primary Several groups (10 people max.) 
May Thuong 22°02'04”"N 104°48/31”E — Ruby Primary Two groups (10 people max.) 
May Trung 22°01'48”"N 104°48'43”E — Spinel (pink, blue) Primary One group (5 people max.) 
May Ha 22°01'49”"N 104°48'36"E — Ruby Mostly secondary One group (5 people max.) 
Khe Khi 22°01'35”N 104°48'39”E — Spinel (blue) Mostly secondary None, or one group (2 people max.) 
Doi Thi 22°01'32”N 104°48'46"E Mix Mostly secondary None 
Ba Linh Mot 22°01'18"N 104°48'49"E Mix Mostly secondary One or two groups (4 people max.) 
Bai Lon 22°01'12”N 104°48'59"E Mix Mostly secondary None 
Pu Thuc 22°01'42”N 104°49'18"E — Ruby Mostly secondary None 
Bai Ma 22°00'43”N 104°4903"E Mix Mostly secondary One group (5 people max.) 
Vat Sinh 22°00'39”N 104°49’00"E — Ruby Mostly secondary Two groups (10 people max.) 
Bai Nua Doi 22°00'31”N 104°49'04”E Ruby Mostly primary One group (5 people max.) 
Bai Son 21°59'57"N 104°49'09”E — Spinel (blue) Primary and secondary Two groups (10 people max.) 
Lung Thin 22°00'01”N 104°49'26”E Spinel (blue, pink) Mostly secondary Three groups (12 people max.) 
Ta Dinh 22°02'42”N 104°50'45”E Mix Mostly secondary Three groups (12 people max.) 
Minh Tien 22°02'14”N 104°50/23"E Mix Mostly secondary Four groups (20 people max.) 
Kim Cang 22°01'45”"N 104°50/09"E Mix (ruby, spinel Mostly secondary Three groups (10 people max.) 
Bai Kat 22°01'26”N 104°50'16"E Mix (ruby, spinel Mostly secondary One group (7 people max.) 
Co Ngan 22°00'10”N 104°50'24”E — Mix (ruby, spinel Mostly secondary Three groups (12 people max.) 
Khau Ca 21°59'22”"N 104°50'54”E Mix (ruby, spinel Mostly secondary Three groups (12 people max.) 
Dong Dan 21°58'29"N 104°50'37”E = Mix Mostly secondary One group (7 people max.) 
Dat Sun 21°58'30"N 104°51'24"E Mix Secondary None 
Na Ha 21°57'57”N 104°50'59"E Mix Secondary Two groups (10 people max.) 


*Based on GIA field expeditions in 2009, 2010, 2012, and 2013. 


feng shui stones. The tourmaline often has light red 
to pink colors, but the crystals are broken. The trans- 
parency is poor, and the percentage of facet-grade gems 
is very low (usually less than 5%]. These resemble the 
tourmalines found in Bac Kan province. The Khai 
Trung tourmalines are zoned, and their light green and 
yellowish green colors are mixed with pink, light red, 
and dark purple zones. The crystals have a needle-like 
habit and range from 0.4 to 0.6 mm in diameter and 
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from 2 to 6 cm in length. Associated minerals in- 
cluded quartz, feldspar, and mica. 

The occurrence in Tan Lap, discovered at the end 
of 2010, covers approximately 300 km?. The tourma- 
line is hosted by weathered pegmatites formed by 
kaolinized feldspar, quartz, and black tourmaline 
(schorl). Reddish purple rubellite is often found in the 
middle of the weathered pegmatite bodies. As in the 
Khai Trung area, many crystals are broken and have 
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Figure 17. Though only a fraction of its size during the 1990s, the Luc Yen gemstone market is still held daily. Pho- 
tos by Pham Van Long (left) and Vincent Pardieu, © GIA (right). 


low transparency, making them suitable only for 
cabochon cutting or as collection samples. Local 
farmers are officially forbidden to mine there, but 
some still occasionally find pockets of rubellite 
weighing tens of kilograms. 


GEMSTONE TRADING ACTIVITIES 

Before the 1990s, Luc Yen was a small, impoverished 
town that derived most of its income from agricul- 
ture and timber. But after the gem discoveries, the 
town grew rapidly. The first market opened in 1987, 
and today Luc Yen is the busiest gem-trading center 
in northern Vietnam. 

During the 1990s, the exhibition area of the market 
extended over 1,000 square meters, with hundreds of 
local farmers selling gems from 5:30 to 7:30 every 
morning. When the market was closed, the farmers 
would return to the mountains to mine. The buyers at 
the market were Vietnamese tradespeople, mainly from 
Hanoi and Ho Chi Minh City (formerly Saigon), with 
some foreign traders from Thailand and other countries. 

Today the market is only about a tenth of its former 
size. Although business is still conducted every morn- 
ing, the miners and traders have mobile phones and no 
longer need to meet there. The traders often try to buy 
directly from local farmers at the foothills when they 
return from mining. The sellers at the market are 
mainly women who display parcels of both rough and 
faceted gemstones on small tables (figure 17). 

Currently, about 30 stores are concentrated in the 
streets around the central lake and the surrounding area 
of the old market. Traders often pool their money to- 
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gether to purchase particularly high-value gemstones. 
Only professionals and well-known buyers have the op- 
portunity to see the exceptional stones. Some of the 
gemstones sold in the market are not from the Luc Yen 
mines, including beryl, peridot, quartz, chalcedony, 
jade, and fluorite (figure 18). 

In Luc Yen, most of the dealers are also skilled 
cutters, with one or two cutting machines at home. 
Nevertheless, some local family businesses have 
evolved into small factories equipped with a few ma- 
chines, cutting gems directly for customers. A num- 
ber of old cutting factories have switched to carving 


Figure 18. Common misspellings in the Luc Yen gem 
market include “rubi,” “sapier” for sapphire, “sitilen” 
for spinel, “phelydot” for peridot, and “siclin” for cit- 
rine. Photo by Vincent Pardieu, © GIA. 
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Figure 19. Left: A man trimming a block of red spinel in marble at his home. Right: A small cutting factory in Luc 
Yen. Photos by Vincent Pardieu, © GIA (left) and Pham Van Long (right). 


feng shui stones. The original gem-bearing marble 
blocks are carved to reveal the gems and to produce 
artworks and artifacts (figure 19). 

At present, one of the most exciting activities in 
Luc Yen is gemstone painting. The small stones used 
to create these paintings come in a variety of colors: 
red ruby, garnet, and spinel; blue sapphire; green 
peridot, pargasite, or chalcedony; purple fluorite or 
amethyst; and pink rose quartz. The gems may be 
left intact or crushed into powder to produce the 
paintings, which are modeled after Vietnamese art- 


Figure 20. Gemstone paintings are produced and sold in 
Luc Yen. Photo by Vincent Pardieu, © GIA. 
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works (figure 20). Gem grains may be polished for 
higher-quality paintings. 

Using a sheet of white acrylic as a base, the artist 
paints a pattern for the picture. The sheet is covered 
with white powder made from calcite, and suitably 
colored stones are applied to the pattern. The stones 
and powder are held together by special glue. One 
worker can complete a 40 x 60 cm painting in a sin- 
gle day. There are about 10 manufacturers who dis- 
tribute these products, which are sold in stores from 
Hanoi to Ho Chi Minh City. 

Gem painting and carving are of particular interest 
to the Luc Yen miners, providing a steady local market 
for their daily production. These activities cover the 
miners’ costs most of the time, even if they are not 
making profitable discoveries in the field. Having a 
steady market for their production enables them to oc- 
casionally find some exceptional gemstones. 


CONCLUSION 

Since the discovery of gems in Luc Yen in 1987, the 
local industry has undergone many changes. The early 
finds were made by local farmers. Later discoveries oc- 
curred along Highway 70, between Yen Bai and Luc 
Yen, which became Vietnam’s most important ruby, 
sapphire, and spinel producer, as well as its busiest 
processing and trading center. Unorganized mining 
operations by locals, along with illegal exportation, led 
the Vietnamese government to form a national corpo- 
ration to manage the country’s gemstone production. 
Yet industrial-scale mining in the Luc Yen area has 
not been effective, because the placer gemstones are 
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alluvial associates of the diamond. The 
Brazilian Engineering and Mining Review, 
long since defunct, quotes the Gazeta de 
Uberaba of March 1908 to the effect that 
Antonio Lin de Andrade found a beautiful 
ruby which he sold for $600.00 and that Mr. 
Galvao extracted a great many stones, weight 
and size unknown, ‘from the Douradinho 
River.” Unfortunately the river itself is not 
identified. The present limited supply of 
rubies comes from three sourcés—the Coxim 
River in Matto Grosso, Portela in Bahia, and 
Piuna in Espirito Santo. 

Topazes were first found at Ouro Preto 
and are the finest of their kind in Brazil. 
They also occur in Gamba, Sarmento, Triput, 
Rodrigo Silva, Boa Vista, Bom Jardim, and 
Turvo in Minas Geraes; at Belmonte and 
Conquiata in Bahia; and Caxias in Espirito 
Santo. The Brazilian Imperial topaz is one 
of its most appreciated gems and quite 
recently green stones, classed as topazes, have 
appeared on the market in limited quantities 
but the identification is dubious. 

Diamonds— The occurrence of diamonds 
in Brazil has been dealt with in previous 
contributions to this journal and need not, 
therefore, be repeated. However, the annexed 
list of the largest stones hitherto found may 
prove useful for reference. 

Brazil is noted for the variety and quality 
of its colored gemstones. The following table 
shows the zones in which they occur—the 
localities being too numerous to specify or 
to show on a small scale map: 


NORTHERN ZONE 
(Piahui—Agaté, amethyst 
(Ceavra—Agate, amethyst, tourmaline 
(Rio Grande do Norte—Aquamarine, beryl, 
epidote 
(Alagoas—Beryl 


CENTRAL OR BANDEIRANTE ZONE 

( Bahia—Agate, aquamarine, amethyst, beryl, 
emerald, garnet, topaz, tourmaline 

(Minas Geraes—Agate, aquamarine, amazon- 
ite, amethyst, brazlianite, citrine, chryso- 
beryl, diopside, euclase, garnet, phenakite, 
Sspodumene, spinel, topaz, tourmaline 


(Espirito Santo—Agate, amethyst, andalusite, 
aquamarine, betyl (morganite, golden, 
and green), citrine, chrysoberyl, epidote, 
escapolite, garnet, iolite, spzmel, tourma- 
line, and topaz 


SOUTHERN ZONE 
(Sao Pawlo—Spinel 
(Panama—Topaz 
(Santa Catarina—Agate, crysolite, diopside, 

epidote 

WESTERN ZONE 
(Rio Grande do Sul—Agate, amethyst 
(Goyaz—Agate, emerald, citrine, chrysolite 
(Matto Grosso—Agate, amethyst 

The development of the Brazilian trade in 
precious stones is largely due to a few 
enthusiasts including the late Luis de 
Rezende, for many years the most prominent 
jeweler in Rio; Germon-born Emilio Schupp 
who established a firm there and made annual 
trips to Brazil to purchase rough stones for 
cutting in the historic city of Idar-Oberstein, 
for the revival of which he was largely 
responsible; Francelino Horta, born and 
brought up in Diamantina, who abandoned 
diamond mining in favor of the gem trade, 
and was one of its principal exporters until 
his death a few years ago; Glenn Byrkett who 
came out to Brazil as an electrician, became 
interested in gems, and built up a fine trade 
including such customers as President 
Hoover, the Prince of Wales (Duke of 
Windsor), and other celebrities. Hugo Brill 
should also be mentioned. 

Like the diamond, other precious gem- 
stones furnish the ubiquitous garimpezro 
with a means of livlihood. (It is estimated 
there are about 30,000 engaged in this 
trade.) The sporadic nature of the occur- 
rences and the spatce distribution of the 
gems themselves in the lodes combines to 
deter organized efforts from engaging in this 
branch of mining. Physical handicaps such as 
the scarcity of water in the northern states or 
of transportation facilities, are largely 
responsible for the lack of interest shown by 
capitalists who might otherwise be tempted 
to risk the necessary expenditure for mechan- 
ical appliances. There is also the fact that the 
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often distributed in karsts, caves in mountains, or nar- 
row valleys, none of which permit large-scale opera- 
tions. These difficulties caused VIGEGO to relinquish 
control of gemstone mining in Luc Yen in 2000. Since 
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then, the area has returned to small-scale artisanal 
mining. In the near future, officials from Yen Bai 
province plan to turn Luc Yen into a gemstone trade 
center and a geological reserve (Pham et al., 2011). 
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CHARACTERISTICS OF COATED JADEITE JADE 


Jian Zhang, Taijin Lu, and Hua Chen 


Ten coated jadeite jade samples were investigated 
by standard gemological testing, DiamondView 
imaging, confocal laser scanning microscopy, and 
spectrophotometry, including visible-range, FTIR, 
and Raman. The light green coating’s Mohs hard- 
ness and refractive index were much lower than 
that of uncoated jadeite. Portions of the coating 
had peeled off in some cases, exposing the true 
color of the jadeite below. Measurements using a 
confocal scanning microscope indicated an aver- 
age coating thickness of about 16 um. Diamond- 
View observations revealed a difference in 
fluorescence reaction between the surface coating 
and the jadeite beneath it. Visible-range spec- 
troscopy showed a weaker broad band at approx- 
imately 630 nm and a moderate peak at 437 nm, 
without the approximately 691 nm band found in 
untreated jadeite containing chromium. The 
coated samples’ FTIR spectra contained four char- 
acteristic bands at about 2856, 2873, 2928, and 
2958 cm", while the Raman spectra showed a 
broad band near 2000 cnr'. These results indi- 
cated the presence of an organic polymer in the 
coating material. 


adeite jade can be coated with a thin organic layer 
J to improve color and transparency, and to conceal 
internal or external features (Koivula et al., 1994, 
Zhang, 2006). The attractive luster of coated jadeite 
can be quite deceptive, as shown in figure 1. After 
emerging in the early 1980s, the material enjoyed 
great popularity in the mid-1980s, before gradually 
diminishing (Ouyang, 2000; Zhang, 2006). Since 
2011, with the industry facing a serious shortage of 
rough jadeite due to the political and economic in- 
stability in Myanmar, the coating of low-quality 
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jadeite has reemerged in the Chinese markets, espe- 
cially in Guangdong and Yunnan provinces (Liang, 
2012), where the important jadeite dealers and man- 
ufacturers are located. 

The early form of the coating was applied mostly 
to jadeite bangles and cabochons. Because of surface 
tension, epoxy resin often cools to form a natural 
curved shape, which would not significantly alter 
the appearance of these items. With developments 
in coating technology, dry-color (low luster and 
transparency) jadeite carvings such as kosmochlor 
and hte long sein have also been coated to add luster. 
Both have an attractive green color but poor trans- 
parency (Cui et al., 1999; Ouyang and Qi, 2001). The 
new coating is better at removing air bubbles be- 
tween the coating and the jade, and it adheres more 
firmly to the gem material. It also enhances color 
and transparency and is more difficult to detect. 
With advances in coating technology, the treatment 
has been applied not only to jadeite, but also to other 
gems such as amber and pearl (Li et al., 2011; Hyatt, 
9012). 

Although Koivula et al. (1994) reported on the 
major identifying characteristics of coated jadeite, 
such as microscopic features and the difference in RI 
between the coated layer and the material beneath 
it, a detailed study is warranted. This paper presents 
an investigation of the coating material using ad- 
vanced analytical techniques. 


MATERIALS AND METHODS 


Ten coated green jadeite cabochons ranging from 1.43 
to 2.71 ct (figure 1) were obtained from the 
Guangzhou gem market in China’s Guangdong 
province. In three of the samples, part of the coating 
had peeled off, exposing a light green transparent 
coating and light green jadeite underneath. In one 
sample, we intentionally removed the coating for 
this study. Figure 2 shows this sample before and 
after the coating was removed. For comparison, we 
also examined five uncoated green jadeite cabochons 
between 4.17 and 6.07 ct (figure 3) from the National 
Gemstone Testing Center in Beijing. Hardness of 
both the coating and the jadeite was tested. 
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The samples were observed with a standard 
binocular microscope using various lighting tech- 
niques (reflected light, fiber-optic, and darkfield illu- 
mination) and magnification up to 20x. UV 
fluorescence reaction was observed in a dark room 
with a conventional 4-watt combination long-wave 
(365 nm) and short-wave (254 nm) UV lamp. The 
coated samples were also examined with a De Beers 
DTC DiamondView deep-UV (<230 nm) lumines- 
cence imaging system (Zhang et al., 2012). All sam- 
ples were observed under a Chelsea color filter. 
Refractive indices were measured with a standard re- 
fractometer, and specific gravity was determined hy- 
drostatically. 

The thickness of the coating was measured with 
a confocal laser scanning microscope (Olympus 
LEXT OLS4000 3D) using brightfield illumination. 
The microscope has five key laser technologies, three 
observation modes, and seven measurement modes, 
so it can offer high resolution, accurate depth posi- 


Figure 2. This jadeite sample is shown with its coat- 
ing (left) and after the coating was removed (right). 
Photo by Jian Zhang. 
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Figure 1. In recent 
years, the coating of 
low-quality jadeite has 
reemerged in the Chi- 
nese markets. These 
coated jadeites (1.43- 
2.71 ct) were examined 
in the study. Photo by 
Jian Zhang. 


tioning, dynamic observation, and longitudinal scan- 
ning (Knebel and Ulrich, 2002), making it suitable for 
measurement of the coating. We used the step meas- 
urement mode, which allows measurement between 
any two arbitrary points on a surface profile with a 
scale resolution up to 10 nm. The accuracy of the 
thickness measurement depends on the magnifica- 
tion and software used. Normally, the accuracy is 
about +2%. When measuring the thickness of the 
coating in the measurement window of the LEXT 
OLS4000 software, we followed these steps: First, we 
adjusted the focal point of the microscope onto the 
surface of the coating and selected the desired meas- 
urement position. Next, we selected the vertical 
measurement mode and dragged a line from the po- 
sition to the uncoated area, which allowed the ma- 
chine to focus on two different surfaces and 
determine the depth in between. 

A variety of spectroscopic techniques were used 
to analyze the samples. For 10 coated and four un- 


Figure 3. These uncoated samples weighing 4.17-6.07 
ct were also examined. Photo by Jian Zhang. 
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jadeite 


coating 


Figure 4. In this specimen, part of the coating has 
chipped away. Photomicrograph by Jian Zhang; mag- 
nified 20x. 


coated green jadeites, we collected absorption spectra 
in the visible-range (400-700 nm) at room tempera- 
ture using a Hitachi UV-3300 spectrophotometer 
with a sampling interval of 0.1 nm and a spectral 
bandwidth of 1 nm. Absorption spectra in the mid- 
IR region (4000-400 cm-!; 1 cm7! resolution) were 
recorded for 10 coated and five uncoated samples at 
room temperature with a Thermo-Nicolet Nexus 
670 Fourier-transform infrared (FTIR) spectrometer. 
A total of 128 scans per spectrum were collected to 
improve the signal-to-noise ratio. Raman spectra 
were recorded on four of the coated samples using a 


Figure 6. Laser scanning confocal microscopy showed 
that the loosely adhered coating had a thickness of 
nearly 16 pm thick. Photomicrograph by Jian Zhang; 
magnified 240x. 


uncoated 
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Figure 5. Surface scratches are visible on this coated 
jadeite. Photomicrograph by Jian Zhang; magnified 
20x. 


Renishaw Raman-1000 microspectrometer with an 
Ar-ion laser operating at 514.5 nm excitation be- 
tween 100 and 4000 cm:!. Raman spectra were col- 
lected at room temperature, and up to three scans 
were accumulated to achieve a better signal-to-noise 
ratio. 


RESULTS AND DISCUSSION 


Gemological Features. Coated jadeite feels dry and 
rough to the touch. Due to the coating’s poor thermal 
conductivity, the material also feels warm, unlike 
the smooth, cold surface of uncoated jadeite. The 
Mohs hardness of the coating was approximately 3, 
much lower than that of uncoated jadeite (about 7). 
Observed under magnification, the coated jadeite 
often displayed small traces of scratching. These ir- 
regular scratches were different from the polishing 
lines on uncoated jadeite. The green color was con- 
centrated in the surface layer, while the material 
below had a less attractive color. In addition, gaps 
could be found between the coating and the jadeite, 
as shown in figure 4. 

Using a laser scanning confocal microscope, the 
observer can clearly distinguish between the coated 
and uncoated areas, while also measuring the thick- 
ness of the coating. Figure 6, magnified 240x, clearly 
demonstrates these irregular surface scratches. The 
measured thickness of the coating was 15.982 pm. 

The coated samples showed consistent fluores- 
cence reactions to short- and long-wave UV radiation. 
When exposed to long-wave UV radiation, the coating 
exhibited a weak slightly blue reaction while the 
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jadeite below gave a slightly yellowish green reaction 
of weak to moderate intensity. Exposure to short- 
wave UV produced weaker reactions of the same 
color. 

The samples displayed a variety of DiamondView 
reactions. The coating typically fluoresced slightly 
blue with alternating brighter spots, while the un- 
coated areas exhibited a weak to strong yellowish 
green fluorescence (figure 7). 

Testing of the 10 coated samples showed that the 
coated areas had an average RI of about 1.53, meas- 
ured by the distant vision method, while the un- 


In Brief 


e A variety of analytical techniques were used to charac- 
terize coated jadeite. 


The coating typically fluoresced slightly blue in the 
DiamondView, while the uncoated areas exhibited a 
yellowish green fluorescence. 

e Laser scanning confocal microscopy clearly distin- 
guished the coated areas and measured the thickness 
of the coating. 

e The jadeites’ peaks in the mid-infrared region sug- 

gested an epoxy resin coating. 


coated areas averaged 1.66. The color did not change 
under the Chelsea color filter. The average SG of the 
coated samples was 3.29, essentially indistinguish- 
able from that of uncoated jadeite. 


Figure 7. DiamondView imaging shows the UV fluo- 
rescence characteristics of a coated jadeite sample. 
Photo by Jian Zhang. 


coating 


jadeite 
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VISIBLE-RANGE SPECTRA 


Coated green jadeite 


Natural green jadeite 


ABSORBANCE (a.u.) 


WAVELENGTH (nm) 


Figure 8. The visible-range spectrum of the coated 
green jadeite show a 437 nm band and a weaker 
broad band centered at 630 nm, without the 691 nm 
peak found in uncoated jadeite. 


Spectroscopic Features. Viewing the coated samples 
with a standard desk-model spectroscope, we typi- 
cally observed a weak to moderate band at 437 nm 
and a weaker broad band at approximately 630 nm, 
without the 691 nm peak found in uncoated jadeite 
containing chromium. The 437 nm absorption band 
caused by a trivalent (ferric) ion is common in jadeite 
of various colors (Koivula et al., 1994; Yuan et al., 
2.003). The broad band centered at 630 nm and the 
691 nm band are induced by trivalent chromium, the 
most important color-causing element in untreated 
green jadeite (Yuan et al., 2003). Yet the absorption 
of the weaker broad band at approximately 630 nm 
in the coated samples may have been caused by the 
chromium in the coating (Ouyang, 2000). The visi- 
ble-range spectra of the coated and uncoated green 
jadeite can be seen in figure 8. 

The FTIR spectra of the coated jadeites revealed 
two distinct bands at 2343 and 2385 cm~, as well as 
four characteristic peaks at 2856, 2873, 2928, and 
2958 cm-!. The two distinct bands at 2343 and 2385 
cm, which are not found in the absorption spectra 
of uncoated jadeite, may be related to carbon dioxide 
at room temperature (Ning, 2010). The four bands, 
absent from the spectra of uncoated jadeite, are re- 
lated to the composition of the coating. The 2873 and 
292.8 cm! bands are caused by the symmetric and 
asymmetric stretching vibrations of CH, in epoxy 
resin, while the 2958 cm~ infrared absorption band 
caused by the asymmetric stretching vibration of 
CH, in epoxy resin is relatively weak (Fritsch et al., 
1992, Qi et al., 2005). The results indicate the exis- 
tence of an epoxy resin. The IR spectra of the coated 
and uncoated jadeite can be seen in figure 9. 
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Figure 9. FTIR spectra of the coated jadeite exhibit 
four characteristic peaks at 2856, 2873, 2928, and 
2958 cnr, 


In figure 10, Raman spectroscopy of the sam- 
ples’ coated and uncoated areas reveals fingerprint 
spectral bands in areas where the coating has 
chipped away. The most prominent Raman feature 
of uncoated jadeite is the very strong sharp band 
near 700 cm/!, attributed to symmetric Si-O-Si 
stretching (Shurvell et al., 2001; Prencipe, 2012). 
Other characteristic features are a doublet, consist- 
ing of a strong band near 1040 cm”! plus a band of 
lower intensity near 990 cm~'!, and a strong band 
near 375 cm” related to Al-O stretching or O-Si-O 
deformation. This band usually has a shoulder on 
the high-wavenumber side. The strong peak at 1033 
cm! is due to asymmetric stretching, while the 
lower-intensity peak at 987 cm"! is attributed to Si- 
O.,p. (representing non-bridged and _ bridged) 
stretching (Shurvell et al., 2001; Prencipe, 2012). In 
addition, absorption peaks at 204, 524, and 575 
cm! were observed in the Raman spectra. These 
bands were absent in the areas covered by the coat- 
ing. The coated area showed only a strong broad 
band near 2000 cm-!, which may be caused by the 
coating’s strong fluorescence background in the 
Raman spectra. 
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Figure 10. The Raman spectrum of the coated jadeite 
contains only a strong band near 2000 cm, without 
the peaks normally found in uncoated jadeite. 


CONCLUSION 

Classic gemological methods are useful in identifying 
jadeite that has undergone a coating process. Samples 
treated in this fashion are likely to have a warm feel, 
a relatively low hardness, and a low RI. But the defin- 
itive tests are microscopy, DiamondView imaging, 
and infrared spectroscopy. Observed under magnifi- 
cation, coated jadeite often displays traces of scratch- 
ing, and the attractive green color is concentrated 
only in the surface layer. When examined with the 
DiamondView, the coating fluoresces slightly blue 
with alternating brighter spots. The presence of a very 
intense group of peaks at 2856, 2873, 2928, and 2958 
cm! in the mid-infrared region may be characteristic 
of a coating that contains epoxy resin. 

The coated and uncoated areas were clearly dis- 
tinguished by laser scanning confocal microscopy, 
which can also measure the thickness of the coating. 
This technique has also been used to identify and 
measure the coating thickness of diamond, tanzan- 
ite, and cubic zirconia (Shen et al., 2007; McClure 
and Shen, 2.008; Shigley et al., 2012). In addition, the 
visible-range and Raman spectra showed distinct 
bands for the coating and the material below. 
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Editors 


Thomas M. Moses | Shane F. McClure 


DIAMOND 

Black, with Unusual Color Origin 
A 1.75 ct Fancy black round brilliant 
diamond (figure 1) was submitted to 
the Carlsbad laboratory for color origin 
determination. Natural black dia- 
monds are usually colored by inclu- 
sions of sulfides, graphite or other 
mineral inclusions or, in rare cases, hy- 
drogen-related clouds that extend 
throughout the stone. Treated black 
diamonds are generally heavily frac- 
tured stones that are subjected to high- 
temperature, low-pressure treatment, 
which graphitizes the fractures, turn- 
ing them black. Artificial irradiation 
can also produce a dark enough color so 
as to appear black, but this is less com- 
mon (H. Kitawaki, “Gem diamonds: 
Causes and colors,” New Diamond 
and Frontier Carbon Technology, Vol. 
17, No. 3, 2007, pp. 119-126). 

Upon initial examination, the 
stone was noted to be covered in large, 
deeply penetrating fractures, therefore, 
high-pressure, low-temperature treat- 
ment was suspected. Yet closer exami- 
nation revealed that the fractures were 
surrounded by dark brown radiation 
stains. Patches of non-fractured surface 
on the pavilion showed the normal 
transparency of diamond, causing the 
radiation staining to stand out in relief. 
Because radiation stains in diamond are 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. A face-up view of the 
1.75 ct black diamond. 


inert to short-wave ultraviolet light, we 
placed the stone in a DTC Diamond- 
View to confirm their identity. Figure 
2 shows numerous fractures sur- 
rounded by dark bands, which are the 
radiation stains. 

Natural radiation stains provide an 
important clue to the color origin of a 


Figure 2. A DiamondView image 
showing the pattern of inert radi- 
ation stains following the frac- 
tures in the stone. 
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diamond. Diamonds that have been 
naturally colored by radiation can have 
stains associated with that color, 
though this is not a definitive criterion. 
In this case, the stains are so numerous 
and thick that they cause the diamond 
color. A close-up view of the pavilion 
(figure 3) shows the relative trans- 
parency of the diamond contrasted with 
the highly saturated color of the radia- 
tion staining of the fractures. The cov- 
erage of the stains is so complete that 
only a few transparent areas can be seen 
in the face-up view. Some of the color 
was due to the presence of small black 
inclusions, but most was due solely to 
the natural radiation stains, an unusual 
cause of color. 


Troy Ardon 


Silicon in Natural Type Ila 

and Type laB 

The presence of Si in diamond is typi- 
cally revealed by detection of the 


Figure 3. This image of the pavil- 
ion shows the patchwork nature 
of the radiation staining. Magni- 
fied 55x. 
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736.6/736.9 nm (“737 nm”) doublet 
zero-phonon line (ZPL), observed by ei- 
ther absorption or photoluminescence 
(PL) spectroscopy. This feature has 
been assigned to the negatively charged 
state of the silicon split-vacancy defect, 
SiV-, which is frequently incorporated 
into CVD synthetic diamonds due to 
the etching of  silicon-containing 
growth chamber components. Con- 
versely, reports of the 737 nm peak in 
natural or HPHT synthetic diamonds 
are notably rare (see C.M. Breeding and 
W. Wang, “Occurrence of the Si-V de- 
fect center in natural colorless gem di- 
amonds,” Diamond and _ Related 
Materials, Vol. 17, 2008, pp. 1335- 
1344, Winter 2010 Lab Notes, p. 302; 
Winter 2012 Lab Notes, pp. 304-305). 
Consequently, this feature is consid- 
ered an important tool for identifying 
CVD synthetic diamonds. 

Recently, SiV- was detected in the 
PL spectra (liquid-nitrogen temperature 
with 633 nm laser excitation) of five di- 
amonds submitted to GIA’s Mumbai 
laboratory. These 0.31-0.90 ct round 
brilliants were issued colorless grades 
of either D or E. Their clarity grades 
ranged from VVS, to SL, where the 
lower grades arose from the presence of 
trapped crystalline inclusions. 

FTIR spectroscopy revealed that 
four of the samples were type Ia, with 
hydrogen-related peaks at 3107 and 
1405 cm. The remaining sample was 
type Ila, with no discernible impurity- 
related IR features. Multi-laser, liquid- 
nitrogen-cooled PL spectra acquired 
for the fifth sample were similar to 
those reported in Breeding and Wang’s 
2008 investigation of SiV- in natural 
diamonds. The latter also showed 
luminescence at 737, 714.6, 589.8, 
557.8/558.2, 554.2, and 550.3 nm, in 
addition to NV° (575 and 637 nm, re- 
spectively) and 3H (503.4 nm). This 
SI, sample contained several inclu- 
sions with intact crystalline faces, 
identified by Raman spectroscopy as 
olivine, consistent with the former in- 
vestigation (figure 4, top). Through 
gemological and spectroscopic obser- 
vations, it was possible to distinguish 
this natural type Ila diamond from Si- 
containing type Ila CVD synthetics. 
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Figure 4. Room-temperature Raman spectroscopy (830 nm laser excitation) 
identified the different inclusions in the type Ila, SI, (top) and type IaB, SI, 
(bottom) natural diamonds containing silicon. The former spectrum is con- 
sistent with olivine, while the latter is attributed to spessartine garnet. 


The type Ia diamonds studied by 
Breeding and Wang all contained A-ag- 
gregates and varying concentrations of 
B-aggregates (type IaA+B). In the pres- 
ent group of type Ia diamonds, only B- 
aggregates were detected (pure type 
IaB). With the exception of the 737 nm 
feature, the type IaB diamonds’ PL 
spectra did not include any of the spec- 
troscopic features characteristic of Si- 
containing type IaA+B diamonds. An 
emission line at 664.3 nm was de- 
tected in all the type IaB specimens, 
however. These samples also showed 
emissions from NV (575 and 637 nm, 
respectively), H3 (503.2 nm), and H4 
(495.9 nm), where H4 was remarkably 
strong for three of the diamonds. Inter- 
estingly, the diamond with the lowest 
H4 concentration was also distinctly 
included (SI, clarity). Raman spec- 
troscopy identified the inclusions as 
spessartine garnet (figure 4, bottom). 
Breeding and Wang also reported the 
presence of garnet in Si-containing di- 
amonds. The presence of olivine and 
garnet inclusions in natural diamonds 
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containing SiV- has been suggested to 
indicate that they crystallized in an 
area of mixed-composition peridotite 
in the upper mantle. 

These results emphasize that the 
detection of SiV- in diamonds does 
not unequivocally signify CVD syn- 
thetic origin. Nevertheless, careful 
analysis of spectroscopic features and 
crystalline inclusions can be used to 
separate these natural diamonds and 
their synthetic counterparts. 


Ulrika F. S. D’Haenens-Johansson, 
Manisha Bhoir, and Kyaw Soe Moe 


Stellate Zircon Inclusions in Vivid 
Purple-Pink MORGANITE 

The Carlsbad laboratory recently ex- 
amined a 4.95 ct vivid purple-pink 
morganite. In addition to its saturated 
color, the stone was particularly note- 
worthy because of the inclusions it 
contained. Microscopic examination 
revealed numerous stellate inclu- 
sions, each with many delicate ta- 
pered legs (figure 5). 
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Figure 5. Stellate clusters of zircon 
needles were observed in this pur- 
ple-pink morganite. Vertical field 
of view 0.58 mm. 


Gemological properties revealed 
an RI of 1.577-1.583 and a hydrostatic 
SG of 2.73. It did not show fluores- 
cence under either long- or short- 
wave UV. All of these properties were 
consistent with beryl, which was fur- 
ther confirmed by FTIR and Raman 
spectroscopy. 


Figure 6. The needle-like zircons 
showed a sub-adamantine luster 
when examined using reflected 
light. The largest surface-breaking 
needle measures approximately 
10 microns in the longest cross- 
sectional direction. 


254 Las Notes 


Inclusions in the stone showed an 
interesting starburst pattern, with 
thin needles radiating from a central 
point of nucleation. Viewed with po- 
larized light, the needles exhibited 
birefringence. A sub-adamantine lus- 
ter was observed where some of the 
needles broke the surface (figure 6). 
Raman spectroscopy identified the in- 
clusions as zircon, consistent with 
our initial observations. Zircon inclu- 
sions are occasionally found in peg- 
matitic beryl, but they usually occur 
as prismatic or rounded crystals that 
cause damage to their host due to zir- 
con’s relative instability (E.J. Guibelin 
and J.I. Koivula, Photoatlas of Inclu- 
sions in Gemstones, ABC Edition, 
Zurich, 1986, p. 197). 

In addition to the zircon clusters, 
the stone also contained fluid inclu- 
sions, transparent crystals, particulate 
clouds, and singular needles. The dis- 
tinctive morphology of the zircon in- 
clusions, coupled with the vivid 
purple-pink color, create a rather 
unique gemstone. 


Tara Allen and Nathan Renfro 


SPINEL Submitted as Diamond 

Diamond simulants remain in wide 
circulation and are a common sight in 
the GIA laboratory. Even so, it is rare 
that we encounter a natural gemstone 
masquerading as a colored diamond. 
The New York laboratory recently re- 
ceived a 0.50 ct rough sample with a 
remarkably saturated Fancy Intense 


Figure 7. This rough spinel, sub- 
mitted as a diamond, displayed 
trigons oriented in the direction 
opposite that of the crystal face. 
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Figure 8. In addition to trigons, the 
spinel displayed a conchoidal frac- 
ture (see arrow), a feature not 
found in diamond. Magnified 40x. 


to Vivid pink color (figure 7) for a Col- 
ored Diamond Identification and Ori- 
gin Report. The stone displayed 
octahedral crystal form with numer- 
ous trigons on its crystal faces. These 
triangular etch pits, caused by chem- 
ical dissolution, are common charac- 
teristics of both natural diamond and 
spinel but have also been observed in 
flux synthetic spinels (M.S. Krzem- 
nicki, “Trade Alert: Flux grown syn- 
thetic red spinels again on the 
market,” SSEF Newsletter, October 
14, 2008, p. 3). When found on octa- 
hedrons, trigons point in the direction 
opposite that of the crystal face, as in 
figure 7. Figure 8 shows a distinctive 
conchoidal fracture amid the trigons, 
a feature alien to diamond. This fea- 
ture, along with the sample’s striking 
color, indicated something other than 
diamond. 

The high-resolution UV-Vis spec- 
trum displayed emission bands and ab- 
sorption peaks not seen in natural 
diamond. Closer examination of the 
photoluminescence spectrum affirmed 
chromium peaks at 685, 687, 689, and 
700 nm. Chromium causes the 
red/pink color in spinel but is not pres- 
ent in diamond. The narrow band- 
width of the 685 nm peak, along with 
the presence of the ~533 nm band in 
the UV-Vis spectrum, proved this was 
an untreated stone (S. Saeseaw et al., 
“Distinguishing heated spinels from 
unheated natural spinels and from syn- 
thetic spinels: A short review of on- 
going research,” www.giathai.net/pdf/ 
Heated_spinel_Identification_at_May_ 
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Brazilians themselves have a wide choice of 
safer commercial ventures and prefer to leave 
speculative mining enterprises to “‘crazy 
foreigners” who, handicapped by restrictive 
nationalistic legislation, do not show any 


great enthusiasm for mining ventures in 
Brazil. Practically the entire production of 
gemstones in Brazil is due to garimpeiros 
who earn a precarious living under conditions 
that only a benign climate render possible. 


Largest Uiamonds Found in Brazil 


NAME ROUGH CUT 
Empress Eugenia ? 51 
Rosa de Abaete 80.30 ? 
Ituiutaba 105.00 ? 
Benedito Valladares 108.00 ? 
Dresden 120.00 76.5 
Jalmeida 109.50 45.40 
Nova Estrella do Sul 140.00 ? 
Coromandel 141.00 ? 
Minas Geraes 172.50 ? 
Estrella de Minas 179.30 ? 
Coromandel 180.00 ? 
Tiros 182.00 ? 
Tiros 198.00 ? 
Coromandel 228.00 ? 
Abaete 238.00 ? 
Carmo de Paranahyba 245.00 ? 
Estrella do Sul 261.00 127.00 
Patos 324.00 ? 
Tiros 354.00 ? 
Darcy Vargas 400.00 ? 
Presidente Dutra 409.00 ? 


Presidente Vargas 726.00 (Winston) 


¢ Four Stones cut from the Vargas Diamond 


YEAR STATE 

1760 ? 

1935 Abaete, Minas 
1940 Ituiutaba Minas 
1940 Estrella do Sul Minas 
1857 Bagagem Minas 
1924 2 

1937 Abaete Minas 
1936 Coromandel Minas 
1937 ? 

1910 Bagagem Minas 
1934 Coromandel Minas 
1938 Tiros Minas 

1938 Tiros Minas 

1936 Coromandel Minas 
1926 Abaete Minas 
1937 Carmo de Paranahyba Minas 
1857 Bagagem Minas 
1937 Patos Minas 

1938 Tiros Minas 

1939 Coromandel Minas 
1949 Coromandel Minas 
1938 Patos Minas 


WINTER 1950-51 


375 


25_2009.pdf). Other observations in- 
cluded a specific gravity of 3.45-3.48, 
consistent with spinel, as well as 
medium to strong red long-wave and 
short-wave UV. Though submitted for 
a diamond report, this stone was actu- 
ally a natural pink spinel. 

This finding serves as a reminder 
of the importance of both standard 
gemological techniques and advanced 
spectroscopy in identifying gem 
materials. 

Martha Altobelli, Paul Johnson, and 
Kyaw Soe Moe 


Large SYNTHETIC MOISSANITE 
with Silicon Carbide Polytypes 
Silicon carbide (SiC) is composed of a 
carbon atom surrounded by four sili- 
con atoms in a tetrahedral form. Col- 
orless synthetic moissanite is pure 
silicon carbide; the incorporation of 
impurities produces colors, including 
black. Its high hardness (second only 
to diamond) and thermal conductiv- 
ity make it a convincing diamond 
simulant. Both transparent and 
opaque synthetic moissanites have 
been submitted to GIA’s laboratory 
over the past two decades. In this re- 
port, we examine a 29.73 ct synthetic 
moissanite submitted as a black dia- 
mond (figure 9, left). 

An uneven surface and surface- 
breaking black inclusions were visible 
with the unaided eye. Mosaic patterns 
of light and dark gray regions were ob- 
served under a microscope and be- 
came distinct in the Raman image 
(figure 9, right). Small cavities and 
polish lines in different directions 
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Figure 10. Each random spot showed mixed Raman bands of silicon car- 
bide polytypes: 6H-SiC at 789.6, 765.0, and 148.0 cnr; 3C-SiC at 970.1, 
968.4, 797.8, 795.4, and 788.2 cnr; 4H-SiC at 785.7 cm; and 15R-SiC at 
768.4 cm". Silicon was also found at 520.2 cnr’ in spots 2 and 3. Bands at 
238.8 cnr (possibly related to 6H-SiC) and 148.0 cnr (6H-SiC) were 
missing at spot 3. Light gray regions with a band at 520.0 cnr (left inset) 
were identified as silicon; the black regions were identified as graphite. 
The spectra have been shifted vertically for clarity. 


were present on the table surface, and 
a granular texture was observed in a 
large cavity on the girdle. Raman 
spectroscopy identified the dark gray 
regions as silicon carbide. 
Interestingly, each random testing 
spot showed mixed bands of silicon 
carbide polytypes (i.e., identical chem- 
ical composition but a slightly differ- 
ent crystal structure). The polytype 
6H-SiC (6 = the number of stacking se- 
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quences, H = hexagonal, and SiC = sil- 
icon carbide) was detected by Raman 
bands at 789.6, 765.0, and 148.0 cm. 
Other polytypes were also distin- 
guished by Raman bands: 3C-SiC (C = 
cubic) at 970.1, 968.4, 797.8, 795.4, 
and 788.2, cm™; 4H-SiC at 785.7 cm; 
and 15R-SiC (R = rhombohedral) at 
768.4 cm (figure 10; see also P. 
Colomban, “SiC, from amorphous to 
nanosized materials, the example of 


Figure 9. This 29.73 ct synthetic 
moissanite (left) was submitted 
as a black diamond. Surface- 
breaking graphite inclusions were 
easily observed, including the 


| largest one at the upper left table 


edge. The mosaic patterns on the 
table surface became distinct 
when viewed under a Raman mi- 
croscope (right). 
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Figure 11. Micro-imaging of a graphite inclusion (inset) showed a vein in 
matrix. The matrix was composed of crystalline graphite, as suggested 
by sharp Raman bands at 1580.0 and 1350.0 cm. The vein was identi- 
fied as amorphous graphite by broad bands at approximately 1561.0 and 


1336.0 cnr. 


SiC fibers issued of polymer precur- 
sors,” in M. Mukherjee, Ed., Silicon 
Carbide—Materials, Processing and 
Applications in Electronic Devices, 
InTech, 2011, pp. 161-186). In addition 
to these bands, a sharp Raman band 
assigned to silicon was detected at 
520.2 cm at a few spots. Bands corre- 
sponding to 6H-SiC at 238.8 and 148.0 
cm could not be detected at all meas- 
urement locations. Light gray regions 
were identified as silicon at 520.0 cmr! 
(figure 10, left inset). Black inclusions, 
both eye-visible and microscopic, 
were confirmed as graphite. As figure 
11 illustrates, the micro-image of a 
graphite inclusion showed an amor- 
phous graphite vein (broad Raman 
bands at approximately 1561.0 and 
1339.0 cm) inside a crystalline 
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graphite matrix (sharp bands at 1580.0 
and 1350.0 cnr). 

During SiC growth, rotation along 
the covalent bond generated alternate 
stacking layers of Si and C atoms 
along the c-axis with different struc- 
tural sequence, which is noticeable in 
the (1120) plane but not along the 
basal plane. This rotation can occur at 
very low energy. Since constant 
growth energy is difficult to control, 
two or more silicon carbide polytypes 
can form simultaneously during the 
growth process; this phenomenon is 
called polytypism. Raman _ spec- 
troscopy has been used to detect these 
polytypes. Although there are more 
than 250 known polytypes, SiC can be 
classified as either beta (8) or alpha (@) 
type. The beta type crystallizes in 
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cubic lattice symmetry (e.g., 3C-SiC), 
the alpha type in hexagonal symme- 
try (e.g., 6H-SiC). 

Traditional growth methods for 
silicon carbide involve sintering and 
hot pressing, and there are also newer 
techniques. Reaction-bonded silicon 
carbide can form when liquid silicon 
reacts with porous graphite. This sil- 
icon carbide contains both pure sili- 
con (as a bonding component), and 
graphite. Earlier studies have sug- 
gested that black synthetic moissan- 
ite containing silicon inclusions 
could be grown by the physical vapor 
transport (PVT) method (see Winter 
2009 GNI, p. 308; Spring 2011 Lab 
Notes, pp. 54-55). Using PVT, re- 
searchers have grown large silicon 
carbide bulk crystals up to 50 x 25 
mm at a rate of 1.2 mm per hour at 
10 kPa pressure (Q.-S. Chen et al., 
“Growth of silicon carbide bulk crys- 
tals by physical vapor transport 
method and modeling efforts in the 
process optimization,” Journal of 
Crystal Growth, Vol. 292, 2006, pp. 
197-200). Nevertheless, Raman 
analysis at several testing points con- 
firmed only the 6H-SiC polytype. 

This sample was submitted for a 
Colored Diamond Identification and 
Origin Report, but one should always 
pay close attention to surface features, 
such as the mosaic pattern of light 
and dark gray regions in reflected 
light, together with surface-breaking 
black inclusions not observable in 
black diamond. 


Kyaw Soe Moe, Paul Johnson, 
and Ren Lu 


PHOTO CREDITS: 

Robison McMurtry—1; Troy Ardon—2 and 3; 
Nathan Renfro—65 and 6; Joshua Balduf—7; 
Martha Altobelli—8; Sood Oil (Judy) Chia—9 
(left); Kyaw Soe Moe—9 (right), 10 (right 
inset), and 11 (inset). 
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COLORED STONES AND ORGANIC MATERIALS 


Demantoid garnet fossil pseudomorphs. In 2010, two ex- 
tremely rare fossil pseudomorphs in demantoid garnet were 
acquired from the classic demantoid deposit in Ambanja, 
Madagascar. One resembled a gastropod, the other a coral 
(figure 1). The brilliance, lozenge-shaped crystal faces, and 
green color of these samples were all consistent with the de- 
mantoid variety of andradite; this was confirmed by Raman 
spectroscopy. Both samples clearly showed typical andradite 
bands at 371 and 516 cm”, with peaks at 817, 844, and 
873 cm"! forming a triplet. Additionally, an intense 
quartz signal at 464 cm was observed. The general appear- 
ance was that of many small crystals (up to 1 mm in size) 
grown together, preserving the overall shape and some de- 
tails of the fossils. Careful observation of neighboring micro- 
facets in reflected light indicated that both pieces were 
actually single crystals of andradite (figure 2). 

It is surprising to observe demantoid replacing a fossil, 
but some pseudomorphs in gem minerals have been docu- 
mented, such as pseudomorphs of snail-like gastropods in 
emerald (P. Vuillet et al., “Les émeraudes de Gachala, Colom- 
bie; historique, genése et découvertes paléontologiques,” Le 
Régne Minéral, Vol. 46, 2002, pp. 5-18). Most surprising is 
that these pseudomorphs were monocrystals. To investigate 
how the fossils were replaced by demantoid, we submitted 
the pieces for X-ray tomography analysis to the Laboratoire 
Francais de Gemmologie (LFG) in Paris. They used an RX- 
Solutions DeskTom 130 system; results are given in figure 
3. There are no remains of the original fossil. The objects 
were formed entirely out of andradite, which apparently grew 
from the solid parts of the animal towards the outside of the 


Editors’ note: Interested contributors should send information and illustra- 
tions to Justin Hunter at justin.hunter@gia.edu or GIA, The Robert 
Mouawad Campus, 5345 Armada Drive, Carlsbad, CA 92008. 


GEMS & GEMOLOGY, VOL. 49, No. 4, pp. 257-264, 
http://dx.doi.org/10.5741/GEMS.49.4.257. 


© 2013 Gemological Institute of America 


Gem News INTERNATIONAL 


Figure 1. These coral (left) and gastropod (right) fossils 
are pseudomorphs in demantoid garnet from Am- 
banja, Madagascar. The coral measures 1.5 x 1 cm. 
Photo by Pierre-Yves Chatagnier. 


shell, and inward toward the hollow parts. Hence, some of 
the hollow parts were not yet completely filled. Lighter 
shades of gray were due to less-dense material. 


Figure 2. Both the coral (left) and the gastropod (right) 
appear to be single crystals, as revealed by concomi- 
tant light reflection (in white) on multiple, parallel 
rhomboidal crystal faces. Photos by Benjamin Ron- 
deau (left) and Pierre-Yves Chatagnier (right). 
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Figure 3. X-ray tomography revealed that both fossils 
are made entirely of demantoid, and that some inter- 
nal cavities of the organism remained partially 
empty. 


The fact that the present pieces appear polycrystalline 
but display evidence of being single crystals suggests that 
the original fossil was replaced by the growth of many 
small garnet crystals of random orientation. By that theory, 
they later coalesced and evolved into a single crystal 
through the process known as Ostwald ripening (I. Suna- 
gawa, Crystals, Cambridge University Press, 2005, p. 258). 
These pieces are therefore not a pseudomorph stricto 
senso, as details of the hard parts are lost, but more exactly, 
recrystallized pseudomorphs with relatively well-developed 
crystal faces. 


Emmanuel Fritsch 


Julien Raoul 
Elancourt, France, and Antananarivo, Madagascar 


Benjamin Rondeau 
University of Nantes, France 


Olivier Segura 
LFG, Paris 


“Gran Dama” brooch featuring large Melo pearl. After a 
surge in popularity during the 19th century, Melo pearls 
reemerged on the gem market in the 1990s. These exceed- 
ingly rare pearls are produced by the Indian volute, a sea 
snail indigenous to Southeast Asia. The pearls themselves 
are non-nacreous and found in shades of orange, yellow, 
gray, and brown. Upon acquiring a 98.67 ct Melo pearl, 
thought to be one of the largest in the world, acclaimed 
jewelry designer Gianmaria Buccellati created the “Gran 
Dama” brooch to showcase this exceptional gem (figure 4). 

Created to honor the power of pregnancy, the brooch 
epitomizes, in Buccellati’s own words, “the highest and 
purest, I dare say divine, human state.” While many years 
were invested in the concept design and inspiration, the 
brooch itself required three years to complete, from origi- 
nal design to finished piece. The Melo pearl, representing 
the womb of the expectant mother, is accentuated by its 
setting in yellow, pink, and white gold, surrounded by 410 
round brilliant diamonds and 139 fancy-color diamonds. 
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The pear-shaped, 18.21 ct South Sea cultured pearl used for 
the brooch’s head provides a striking visual contrast with 
the orange, spherical pearl at the centerpiece of this work 
of art. 


Jennifer-Lynn Archuleta 
GIA, Carlsbad 


Greenish blue spodumene. Green and yellow colors of spo- 
dumene, in addition to the widely known violet-pink va- 
riety kunzite, are now familiar to the trade and often 
submitted to gem labs. Recently, this contributor exam- 
ined a greenish blue stone (figure 5) that unexpectedly 
turned out to be spodumene. 

The 40.50 ct oval mixed-cut specimen measured 24.50 
x 10.60 x 10.42 mm. It appeared quite dull, with areas of 
extinction caused by gray overtones and improper fashion- 
ing. The face-up color was heavily influenced by the two 
pleochroic colors, green and blue. The specimen’s overall 
appearance was similar to tourmaline, though gemological 
examination ruled out that possibility. The following 
gemological properties were recorded: optic figure—biaxial; 
RI—1.660-1.675; birefringence—O.015; hydrostatic SG— 
3.19; fluorescence—inert; and weak absorption bands in 


Figure 4. Designed by Gianmaria Buccellati, the 
“Gran Dama” brooch celebrates pregnancy through 
its centerpiece 98.67 ct Melo pearl. Photo by Orasa 
Weldon. 


= 
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Figure 5. This 40.50 ct greenish blue specimen was 
identified as irradiated spodumene. Photo by Gagan 
Choudhary. 


the blue, green, and yellow-orange regions at around 440, 
545, and 600-650 nm in the desk-model spectroscope. The 
RI and SG values are consistent with those reported for 
spodumene in the gemological literature. Magnification re- 
vealed a few long, conical growth tubes below the table 
facet and cleavage planes along the girdle edge—inclusions 
typical for spodumene. The most striking feature of the 
specimen was its strong pleochroism (figure 6), which dis- 
played three colors: green, blue, and violet. Infrared and 
Raman spectroscopy further confirmed the sample as spo- 
dumene. EDXRF analysis revealed the presence of Al, Si, 
Fe, and Mn, with a higher amount of Fe than Mn. Polarized 
UV-visible-NIR spectroscopy in the 200-800 nm region 
(figure 7) revealed a difference in absorption patterns. The 
violet and green directions displayed small peaks at ~430 
and 437 nm, and absorption bands in the region 500-700 
nm. The violet direction showed broad features at ~545 and 
630 nm, the green direction at ~545, 605, and 655 nm. The 
feature at ~437 nm has been assigned to Fe** (R. Lu, “Color 
origin of lavender jadeite: An alternative approach,” Winter 
2012 GwG, pp. 273-278). The feature at ~430 nm has been 
assigned to Mn” and those in the 500-700 nm region to var- 
ious states of Mn (Mn**/Mn*') and its sites in the structure 
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Figure 7. Polarized UV-Vis-NIR spectra of the greenish 
blue spodumene display bands related to Fe**, Mn*, 
Mn*, and Mn*. The band at ~630 nm is related to an 
irradiation-produced defect. 


(see I. Petrov, “Role of natural radiation in tourmaline col- 
oration: Discussion,” American Mineralogist, Vol. 75, 1990, 
pp. 237-239). The peak at ~630 nm indicates a defect usually 
produced by irradiation (E.W. Claffy, “Composition, tene- 
brescence and luminescence of spodumene minerals,” 
www.minsocam.org/ammin/AM38/AM38_919.pdf). These 
samples were irradiated via X-ray. 

It is widely known that green spodumene without 
chromium as the chromophore often results from irradia- 
tion, but this contributor had never observed a greenish 
blue color in spodumene. Irradiated green spodumene typ- 
ically displays a strong blue pleochroic color along the c- 
axis. In this case, the c-axis was not determined, but one 
direction displayed a strong blue color, which was further 
supported by the peak at ~630 nm. 


Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


DIAMOND 


Bright yellow diamonds from Sierra Leone. Diamonds re- 
ferred to in the trade as “Canary yellow” are highly valued 
for their saturated yellow color, caused by isolated nitrogen 


Figure 6. The artificially irradiated greenish blue spodumene displayed strong pleochroism, exhibiting three colors: 
blue (left), violet (center), and green (right). Photos by Gagan Choudhary. 
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impurities. When faceted, they can exhibit colors ranging 
from Fancy Intense to Fancy Vivid yellow in GIA’s colored 
diamond grading system. It is unusual to see a group of 
these rare colored diamonds from a known mining locality 
(figure 8). 

Recently, GIA’s Carlsbad laboratory had the opportu- 
nity to examine eight faceted and five rough diamonds re- 
portedly found in alluvial deposits in the Zimmi mining 
area in the Pujehun district of southern Sierra Leone. They 
were loaned to us for study by Israel Eliezri (Coldiam Ltd., 
Ramat Gan, Israel). According to Mr. Eliezri, bright yellow 
rough diamonds are recovered on a recurring basis from the 
Zimmi region. 

The diamonds we examined showed highly saturated 
yellow colors and weighed between ~0.10 ct and just over 
1.00 ct. Rough diamonds recovered from this locality are 
reported to occur in sizes up to about 4 ct. Under magnifi- 
cation, they often contain what appear to be crystalline sul- 
fide mineral inclusions, with graphitized feathers extending 
outward (figure 9). Infrared spectroscopy analysis indicated 


Figure 9. This diamond contains what is believed to 
be a metallic sulfide mineral inclusion, surrounded 
by a black, graphitized feather. Photomicrograph by 
Nathan Renfro; horizontal field of view is 1.08 mm. 
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Figure 8. These two 
bright yellow diamonds 
(1.03 and 1.02 ct) are 
from alluvial deposits in 
the Zimmi mining area 
in southern Sierra Leone. 
In the rectangular stone, 
several black graphitized 
feather inclusions are 
visible. Photo by Robert 
Weldon. 


that the samples ranged from pure type Ib to variable pro- 
portions of type Ib and IaA. Total nitrogen impurity con- 
centrations varied from 8 ppm (all as type Ib) to ~340 ppm 
(~35 ppm type Ib, ~305 ppm type IaA). Hydrogen impurities 
were also detected in the samples with high total nitrogen 
content. Visible spectroscopy showed only gradually in- 
creasing absorption toward the violet end of the spectrum 
due to the isolated nitrogen. 

Many yellow natural diamonds with isolated nitrogen 
occur as irregularly shaped rough crystals, often with in- 
ward faces in the form of re-entrant cubes. The rough dia- 
monds from the Zimmi mine, however, showed smooth 
and rounded dodecahedral shapes. This rounded shape 
makes them much more suitable for cutting with minimal 
weight loss. 

Type Ib diamonds are uncommon because with time 
and heat, isolated nitrogen impurities in the lattice tend to 
aggregate, forming more-complex defects that are charac- 
teristic of type IaA and IaB diamonds. The youngest dated 
diamonds are about a billion years old, and the youngest 
emplacement ages of diamondiferous kimberlites are less 
than 80 million years old. This suggests that nearly all di- 
amonds spend most of their existence at great depths in 
the lower crust and upper mantle. It is unclear exactly how 
the isolated nitrogen impurities in type Ib diamonds 
avoided the aggregation process. This mystery makes the 
discovery of many “Canary yellow” diamonds from a sin- 
gle mine in Sierra Leone even more interesting, offering a 
potential tool for research into the formation and survival 
of type Ib diamonds in nature. 


James Shigley and Christopher M. Breeding 
GIA, Carlsbad 


INCLUSIONS IN GEMS 


Scheelite and hiibnerite inclusions in quartz from China. 
Scheelite, a very popular mineral among collectors, is very 
rarely found as an inclusion in quartz (J. Hyrsl and G. Nie- 
dermayr, Magic World: Inclusions in Quartz, Bode Verlag, 
Haltern, Germany, 2003, p. 147). One such quartz specimen, 
measuring 4.5 cm high and with very high luster (figure 10, 
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left), was collected in 2010 from the famous tungsten de- 
posit at Yaogangxian in Hunan Province, China. 

The specimen contained about 25 small pseudo-octa- 
hedral crystals up to 2 mm with an adamantine luster. 
Most of the crystals were black, but some were colorless. 
Under long-wave UV light, both crystal types are inert; 
under short-wave UV light, the colorless crystals showed 
a strong bluish fluorescence, indicating scheelite (figure 10, 
right). Nevertheless, the black crystals were not fluores- 
cent and their edges were red-brown, a typical color for Mn- 
rich members of the wolframite group, (Fe, Mn)WO,,. 
Raman testing (by Prof. Albert Gilg, Technical University 
of Munich) identified colorless crystals as scheelite (figure 
11) and black crystals as the mineral htibnerite (figure 12), 
with the strongest peak at 877 cm. Their pseudo-octahe- 
dral form confirmed their origin as a pseudomorph after 
scheelite. 


Jaroslav Hyrsl (hyrsI@hotmail.com) 
Prague, Czech Republic 


Figure 11. Two scheelite crystals in quartz, image 
width 2 mm. Photomicrograph by Jaroslav Hyrsl. 
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Figure 10. Quartz with 
scheelite and htibnerite 
inclusions from China, 
2.3 cm wide, in daylight 
(left) and under short- 
wave UV light (right). 
Photos by Jaroslav 
Hyrsl. 


LOCALITIES 


Faceted wurtzite from Tanzania. Wurtzite is the hexagonal 
polymorph of ZnS. It is far less common than sphalerite, 
the cubic polymorph of ZnS. All previously identified 
wurtzite has been opaque to translucent, and therefore not 
facetable. Layers of wurtzite and sphalerite can alternate in 
so-called Schalenblende, a colloidal sphalerite variety used 
only rarely for cabochons. The first transparent wurtzite 
crystals were found in 2012, at the tanzanite deposit at 
Merelani Hills, south of Arusha, Tanzania (for identifica- 
tion, see www.rruff.info). The crystals, which measure up 
to 2 cm in diameter, are very rare. They have a tabular 
shape, with pyramidal faces. Some crystals from Merelani 
have clean parts, and several gemstones were faceted from 
them (figure 13). 

Eight cut stones weighing 0.30-1.74 ct were studied. 
They were orange-brown, with a submetallic luster and 
very weak, almost invisible, pleochroism. Refractive in- 
dices of these stones were well over the refractometer 
limit, listed as 2.36 and 2.38 in the literature (J. Bernard 
and J. Hyrsl, Minerals and their Localities, Granit, Czech 
Republic, 2004, p. 666). They had very low birefringence, 
confirmed by a lack of doubling of facet edges. The deter- 
mined specific gravity values of two of the crystals were 
3.78 and 3.85; their measured hardness was 3.5. The stones 
were uniaxial positive and inert under both long- and short- 
wave UV. Their UV-Vis-NIR (figure 14) exhibited a high 
cut-off at 545 nm. The stones showed anisotropic crystals 
and hexagonal growth structures when viewed under a mi- 
croscope. Because of the rarity and high value of the Tan- 
zanian crystals, the faceted wurtzites are sure to catch the 
attention of gemstone collectors. 


Jaroslav Hyrsl 


SYNTHETICS AND SIMULANTS 


Composite amber with an unusual structure. With amber 
emerging as one of the most popular gems in the Chinese 
jewelry market, the quality of imitations also appears to 
be on the rise. Many of these simulants are composites 
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consisting of two or more substances, such as amber, copal, 
artificial resin, and plastic, joined together as a finished 
piece. Some composites incorporate small amber frag- 
ments. Manufacturers may also embed insect or lizard in- 
clusions (Winter 2005 GNI, pp. 361-362). One notable 
composite amber specimen, a polished pebble-shaped pen- 
dant (figure 15), was recently identified at the National 
Gemstone Training Center (NGTC) lab in Beijing. 

This specimen displayed no clear plane separating the 
two materials; instead there appeared to be an intersecting 
mixture of amber and polymer resin. The natural amber 
core had been covered by an outer shell of polymer resin, 
and about one-third of the natural amber was still exposed. 
Some of the small exposed portions were large enough for 
examination and identification. The most interesting as- 
pect of the specimen was its pair of insect inclusions, one 
occurring naturally and the other artificially (figure 16). 

The specimen had a waxy luster. Reflected light dis- 
played scratches on the surface, suggesting a low hardness. 


Figure 13. These wurtzites are from Merelani, Tanzania. 
The crystal measures 17 mm across, and the cut stones 
weigh 1.74 and 1.59 ct. Photo by Jaroslav Hyrsl. 
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Figure 12. This group of 
scheelite crystals in 
quartz was partially re- 
placed by htibnerite. 
Photomicrographs by 
Jaroslav Hyrsl; image 
width 3 mm. 


It was relatively easy to observe the boundary between the 
natural and artificial resin sections using reflected light. 
Unlike most intersections found in such pieces, there were 
no air bubbles or other features, only clear lines. We also 
saw some small circular areas using transmitted and re- 
flected light. These proved to be natural amber sections, 
both on the surface and within the sample, that had been 
polished and exposed during fashioning. The entire struc- 
ture of this specimen was an intersection of two sub- 
stances, identified as natural amber and polymer resin. 
Observed under the microscope with transmitted light, 
part of the sample showed reddish brown curved lines; these 
were flow lines from natural amber. The two parts of the 
composite were clearly visible. The top part consisted of nat- 
ural amber with a naturally deposited insect inclusion. The 
insect was translucent and partially broken. The larger in- 
sect inclusion in the bottom part was in much better condi- 
tion, with an opaque transparency and clearer outline. The 
air bubbles around the larger insect were more spherical and 


Figure 14. UV-Vis-NIR spectrum of a 1.74 ct cut 
wurtzite from Tanzania. 
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Figure 15. This pebble-shaped amber composite had a 
total weight of 9.12 g. Photo by Haibo Li. 


concentrated, which is not typically seen in natural amber. 

Under UV light, the composite gave an uneven fluores- 
cence to long- and short-wave UV. The amber part showed 
a blue-white fluorescence, while the artificial resin fluo- 
resced yellowish green. 

To confirm the identity of the two different materials, 
we analyzed their infrared spectra (figure 17). Spectrum A 
displays main peaks at 1734.90 and 1160.99 cm, typical of 
Baltic region amber. Spectrum B shows a series of peaks; 
after comparison with spectra of amber, copal and some 
other synthetic materials, we used spectrum B to identify 
this sample as polymer resin. With its combination of nat- 
ural and imitation amber, accompanied by natural and arti- 
ficial insect inclusions, the piece presented an interesting 
identification study. 


Jie Liang, Haibo Li, Taijin Lu, 
Meidong Shen, and Jun Zhang 
NGTC, Beijing 
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Figure 16. The smaller insect, circled in green, ap- 
peared in the natural amber part of the composite, 
while the larger one was artificially embedded in the 
surrounding resin. Photo by Haibo Li. 


CONFERENCE REPORTS 


2013 Gem-A Conference. The Gemmological Association 
of Great Britain Conference took place November 1-5, 
2013, in London. Seminars and workshops were held No- 
vember | at Gem-A headquarters, and presentations were 
delivered November 2-3 at the historic Goldsmiths’ Hall. 
Field trips to the Victoria and Albert and Natural History 
Museums, as well as the Museum of London, were held on 
November 4-5. The conference also celebrated the cente- 


Figure 17. Reflected 
infrared spectra of the 
two parts of the speci- 
1377.75 | a men, with Kramers- 
|" Kronig (K-K) trans- 
formation method 
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nary of the first Gemmology Diploma, as well as the 50th 
anniversary of the first Diamond Diploma. 

Chris Sellors from C.W. Sellors Fine Jewellery (Derby, 
United Kingdom] reviewed the history of Blue John fluorite, 
noting that British Blue John got its name from bleu-jaune 
(French for “blue-yellow”), during its reported exportation 
to France in the late 18th century. Sellors was joined by Re- 
becca Tucker of W. Hamond (York, United Kingdom), who 
recounted the history of Whitby jet. 

Sonny Rope of Suncrest Diamonds (Orem, Utah) dis- 
cussed the effect of HPHT and irradiation treatments on 
colored diamonds, and explained how Suncrest uses these 
processes to treat different diamond types. Gary Roskin of 
the Roskin Gem News Report outlined the factors and 
challenges affecting diamond clarity grading. 

Dr. Jack Ogden, a London-based jewelry historian, ex- 
plained the history, origins, and cuts of the Cheapside 
Hoard gems. David Callaghan of the Institute of Registered 
Valuers described how renowned gemologist Basil Ander- 
son founded London’s Gem Testing Laboratory during the 
1920s, in response to the highly profitable natural pearl 
trade. Washington State-based consultant Dr. John Emmett 
presented an in-depth study of the issues of testing gem- 
stones to understand their color by the way they absorb 
light. Through the use of advanced equipment such as spec- 
trometers and spectrophotometers, Emmett showed that 
absorption, combined with the relative concentrations of 
coloring elements, could be used to predict the shade and 
saturation of corundum. 

Brian Jackson, chairman of the Scottish Gemmological 
Association, reviewed Scottish gemstones, including arti- 


THANK 
YOU, 
REVIEWERS 


facts set with gems. CairnGorm Mountain has long been a 
source of beryl and topaz. He noted that while it is illegal 
to fish for them, Scotland’s rivers do contain pearls. Dr. Em- 
manuel Fritsch (University of Nantes, France) discussed the 
use and effects of luminescence in gemology, and how it 
can be used to detect treatments in emeralds and glass-filled 
rubies. 

Dr. James Shigley (GIA, Carlsbad) discussed gem iden- 
tification challenges of the past 30 years. While fewer syn- 
thetic materials are on the market as compared to the 1960s 
and 1970s, an increase in the treatment of diamonds and 
colored stones makes it important to use scientific instru- 
ments in gem laboratories. Martin Rapaport, chairman of 
the Rapaport Group (Las Vegas, Nevada}, compared prices 
of rough and polished diamonds, reviewed the causes of 
market fluctuations, and explored the current issues of the 
industry with regard to synthetic diamonds and retailer re- 
sponsibility. Shelly Sergent of Somewhere In The Rainbow 
(Phoenix, Arizona) described the purpose and educational 
mission of the collection, pieces of which were showcased 
and available to the attendees. 

Arthur Groom of Arthur Groom & Co. (Ridgewood, 
New Jersey) detailed major issues of emerald clarity en- 
hancement, including materials historically used and the 
challenges of using different media. John J. Bradshaw of 
Coast-to-Coast Rarestones Intl. (Nashua, New Hampshire) 
explained the collector’s market for non-traditional gem- 
stones, and provided in-depth information on localities and 
cutting consideration of six different rare gem species. 

Mehdi Saadian (msaadian@gia.edu) 
GIA, London 


GEMS & GEMOLOGY requires each manuscript submitted for publication to un- 


dergo a rigorous peer review process, in which each paper is evaluated by at least three 


experts in the field prior to acceptance. This is an essential process that contributes to 


the accuracy, integrity and readability of GexG content. In addition to our dedicated 


Editorial Review Board, we extend many thanks to the following individuals, who de- 


voted their valuable time to reviewing manuscripts in 2013. 
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e Stephen Kotlowski e Michael Krzemnicki e Bill Larson e Ren Lu e Zhili Qiu e Ilene Reinitz e Nicholas 


Sturman e Fanus Viljoen e J.C. “Hanco” Zwaan 
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Heport on 
Chivor Emerald Mines 


RUSSELL W. ANDERTON 
(formerly Manager of Mines at Chivor) 


T THE present writing Chivor, for all 

practical purposes, is closed. During 
the past year, approximately 18,000 carats 
of emeralds were taken out and marketed. 
Approximately 90 per cent of these were 
light in color—typical of Chivor—and com- 
manded a modest price on the New York 
market. 

The year was marked by a bitter struggle 
between the Colombian interests and the 
New York officers for control of the mine, 
a situation prevailing at the moment. The 
writer experienced such local drolleries as 
attempted murder, blackmail, pistol fights, 
and was arrested and held incommunicado 
for three days working at Chivor with the 
wrong technical type of visa. 


All of the present workings at Chivor are 
of the tunnel type. First, because they are 
easier to lock and guard at night and sec- 
ond, because there is such a number of gem- 
bearing tunnels already extant. When labor 
was cheaper, as in the time of Major Rainier 
and Klein, the terrace workings were used 
extensively. Also, in those days the labor 
did not fully realize the value of emerald 
rough and thievery was almost unknown. 
One of the larger tunnels at Chivor has four 
separate, interconnected levels into the 
mountain side. 

The best emeralds are found berween the 
second and third of three wide iron bands 
that cut the property horizontally. Chivor 
is situated on a mountain top and most of 


the modern workings are on the eastern 
slope although the Spaniards tunneled ex- 
tensively on the opposite side. The finest 
color of emerald is found in a location on 
the east side known as the Piedre Cal. 


Small and large veins crisscross the prop- 
erty at forty-five degree angles, running 
roughly from South to North. Gems are 
found further inside the veins which become 
quartz-like and sometimes crop out on the 
surface. Inside the tunnels, a quartz vein 
may attain a width of approximately two 
feet. Pyrite is found generally in all veins. 
Usually, before a pocket of emeralds is dis- 
covered (i.e., a Recovery’) Moralla, a local 
word for imperfect and worthless crystal, is 
encountered. It is considered an excellent 
sign although the Moralla may peter out 
and the quartz become empty of all signs 
of gem. Moralla is usually perfectly formed 
hexagonally, larger than the precious emer- 
ald, mottled with iron inclusions, and gen- 
erally has a cracked and off color appearance. 
Occasionally, good gem material is found 
lying at the bottom of a burned out iron 
pocket — a hole covered with the usual iron 
rust. It is necessary to scrape with a knife to 
identify other than the typical beryl shape. 
The largest crystal ever taken out of Chivor 
weighed approximately 650 carats and was 
of good color. A second and larger crystal 
was shattered when dynamite was used in 
the same location. 


Most of the labor presently is employed 
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Eighty Years and Still Going Strong 


It is truly a privilege to be at the helm of Gems & Gemology in the journal's 
80th year, following in the illustrious footsteps of Robert M. Shipley, Richard 
Liddicoat, and Alice Keller. We start 2014 with renewed anticipation and the 
strongest intention to build on the many notable innovations that shaped 
GeG in previous years. This year, we will continue to foster collaboration 
with researchers working in related fields at other institutions, while actively 
producing dynamic media content for the GIA website that complements 
and adds value to our printed journal. 


This issue’s lead article focuses on the Chinese gem and jewelry industry. This 

paper lays the foundation for a series of articles that will explore specific 

aspects of China’s powerhouse industry, including diamond and colored stone cutting, jewelry manufac- 

ture, design, and jewelry retail, as well as uniquely 

Chinese industry sectors like jade carving. The We start 2014 with renewed anticipation and the 


paper is a partnership between Chinese authors . : 
Phili Qiu, Mu Li and Qingyuan Yu, and Geos  °7OMgCS intention to build on the many notable 


own Tao Hsu and Andrew Lucas. Asdemand for  ##novations that shaped G&G in previous years. 
gem and jewelry products surges in China and 

impacts consumption patterns elsewhere, this is a very timely topic for our journal to investigate. We will 

also offer a Mandarin translation of this article with the Spring 2014 issue online at www.gia.edu/gems- 
gemology. 


Our second article is a study of near-colorless synthetic diamonds grown using high-pressure and high- 
temperature (HPHT) by the AOTC Group of the Netherlands. AOTC is the dominant near-colorless 
HPHT synthetic diamond producer targeting the gem trade. Lead author Ulrika D’Haenens-Johansson, a 
research scientist at GIA’s New York laboratory, investigates the gemological and spectroscopic properties 
of a suite of 52 colorless to light-colored synthetic diamonds. This important paper illustrates the recent 
strides made in growth technology and quality. 


We are also delighted to present GexG’s second field report. Titled “Hunting for ‘Jedi’ Spinels in Mogok,” 
it details GIA field gemologist Vincent Pardieu’s decade-long quest for bright “neon” red spinel in 
Myanmar’s fabled “Valley of Rubies.” 


In our fourth and final article, we offer a fascinating look at a baroque South Sea cultured pearl from 
Indonesia that is far larger than the norm for specimens of this type. Ms. Laura Otter and her co-authors 
use high-resolution computerized microtomography to study the cultured pearl’s interior. 


In addition to our regular Lab Notes and Gem News International sections, we bring you in-depth 
coverage of the February 2014 Tucson gem and mineral shows. And don’t forget to take the Ge>G 
Challenge, our annual multiple-choice quiz. 


We hope you enjoy the Spring 2014 edition! 


OH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 


EDITORIAL Gems & GEMOLOGY SPRING 2014 1 


NMOS ARTICLES 


EXPLORING THE CHINESE 
GEM AND JEWELRY INDUSTRY 


Tao Hsu, Andrew Lucas, Zhili Qiu, Mu Li, and Qingyuan Yu 


In the wake of its phenomenal economic growth since 1978, China has captured the attention of the 
global gem and jewelry industry. Already a global hub for jewelry manufacturing, it is now a rapidly 
growing consumer market. While rising costs of labor in China have created challenges for the manu- 
facturing sector, this has led to greater domestic consumption of luxury products, including jewelry. The 
highest growth potential lies in the inland urban centers, as Chinese citizens continue a massive migra- 
tion from rural areas to the cities. Chinese consumers are becoming more knowledgeable about gem- 
stones and jewelry and more astute in their purchases. They have a keen sense of both value and brand 
trust, and they have become more open to contemporary and Western designs and materials. At the 
same time, technological advances in manufacturing are leading to higher quality standards and lower 
labor costs, allowing China to meet the increasing demands of the global and domestic markets. Al- 
though the recent global economic crisis has affected domestic sales, the Chinese gem and jewelry in- 


dustry shows great potential for growth. 


powerhouse is equaled by the tremendous op- 

portunities found there. The title of a 2004 New 
York Times article, “The Chinese Century,” summed 
up the widespread sentiment that China will become 
the world’s leading economic power and most influ- 
ential country early in this century (Fishman, 2004). 
The same holds true for the gem and jewelry industry: 
For years a global manufacturing hub, China is emerg- 
ing as the strongest consumer market for luxury prod- 
ucts such as jewelry. 

Chinese consumers are now synonymous with 
luxury products, and this is true with gemstones and 
jewelry. The Chinese market is the new focus for lux- 
ury and glamour for many types of jewelry (figure 1). 
Although the explosive growth of the last three 
decades is predicted to slow, domestic consumption 
and discretionary spending is expected to rise. These 
trends, along with rapid urbanization, a burgeoning 
middle class, and a younger generation of sophisti- 
cated shoppers, signals exciting opportunities for 
China and the global gem and jewelry industry. This 


iE West’s fascination with China as an economic 


See end of article for About the Authors and Acknowledgments. 
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2 CHINA’S GEM AND JEWELRY INDUSTRY 


requires China to address new challenges, such as 
sourcing enough gemstones to satisfy import and ex- 
port demand (figure 2). 


ECONOMIC OVERVIEW 

In 2010, China overtook Japan to become the world’s 
second-largest economy after the United States (table 
1). Overall, China’s annual growth rate has averaged 


TABLE 1. GDP by country, 2012. 


Ranking Economy Trillion US$ 
1 United States 15.684 
2 China 8.227 
3 Japan 5.959 
4 Germany 3:399 
5 France 2.612 
6 United Kingdom 2.435 
7 Brazil 2.252 
8 Russian Federation 2.014 
9 Italy 2.013 
10 India 1.841 
Adapted from the World Bank (2013). 
Gems & GEMOLOGY SPRING 2014 


around 10% over the last 30 years (Barnett, 2013). 
According to China’s National Bureau of Statistics, 
the gross domestic product (GDP) growth for the first 
half of 2013 was US$4 trillion, a year-on-year in- 
crease of 7.6%. Bloomberg senior economist Michael 
McDonough correctly predicted that the government 
would tolerate much slower growth in the second 
half of 2013, as its strategy shifts to more sustainable 
long-term growth (Zheng, 2013). 

A 7.6% predicted growth may seem low com- 
pared to the years of double-digit growth over the 
past three decades, but it is still quite enviable when 
compared to growth rates in the U.S., Europe, and 


Figure 2. China’s consumption of gemstones, both for 
export and the domestic market, has led to supply 
shortages and intense competition at mining sources 
and markets worldwide. Photo by Andrew Lucas. 


CHINA’S GEM AND JEWELRY INDUSTRY 


Figure 1. Actress Ning 
Sun models high-end 
jewelry from Enzo, a 
Chinese retailer 
founded in Hong Kong 
and a true mine-to- 
market colored gem- 
stone brand. Photo by 
Ouyang from China 
Gems magazine; cour- 
tesy of Enzo. 


Japan. The predicted growth rate is certainly very re- 
spectable for the world’s second-largest economy, 
with a GDP over $8 trillion (table 2). Some analysts 
predict that China will overtake the U.S. as the 
world’s leading economy sometime between 2020 
and 2030 (Shamim, 2010), while the International 
Monetary Fund (IMF) has predicted this will happen 
before 2020. The timeframe is ultimately dependent 
on the future growth rate, which is predicted to slow. 


Manufacturing. China became the world’s largest 
manufacturing economy (figure 3) in 2010 and in 
2012 widened its lead over the U.S. with $2.9 trillion 


Figure 3. China is the world’s leading manufacturer 
overall, as well as the largest producer of jewelry. At 
this state-of-the-art factory in Guangdong province, 
workers create a wide range of jewelry. Photo by Eric 
Welch; courtesy of Chow Tai Fook. 
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TABLE 2. Economic growth of China, 1979-2012. 


GDP GDP GDP Discretionary 
Year (trillion increase per capita income per 

US$) (%) (yuan) capita (yuan) 
1979 0.1766 7.6 419 387 
1980 0.1896 7.8 463 477 
1981 0.1941 5.2 492 491 
1982 0.2032 9.1 528 526 
1983 0.2284 10.9 583 564 
1984 0.2574 15.2 695 651 
1985 0.3067 13.5 858 739 
1986 0.2978 8.8 963 899 
1987 0.2704 11.6 1,112 1,002 
1988 0.3095 i1.3 1,366 1,181 
1989 0.344 4.1 1,519 1,373 
1990 0.3569 3.8 1,644 1,510 
1991 0.3795 9.2 1,893 1,700 
1992 0.4227 14.2 2,311 2,026 
1993 0.4405 14 2,998 2,577 
1994 0.5592 13.1 4,044 3,496 
1995 0.728 10.9 5,046 4,283 
1996 0.856 10 5,846 4,838 
1997 0.9526 9.3 6,420 5,160 
1998 1.0195 7.8 6,796 5,425 
1999 1.0833 7.6 7,159 5,854 
2000 1.1985 8.4 7,858 6,280 
2001 1.3248 8.3 8,622 6,860 
2002 1.4538 9.1 9,398 7,702 
2003 1.641 10 10,542 8,472 
2004 1.9316 10.1 12,336 9,421 
2005 2.2569 11,3 14,185 10,493 
2006 2:73 12.7 16,500 11,759 
2007 3.4941 14.2 20,169 13,786 
2008 4.5218 9.6 23,708 15,781 
2009 4.9913 9.2 25,604 17,175 
2010 5.9305 10.4 29,748 19,109 
2011 7.3219 9.2 35,083 21,810 
2012 8.2271 7.8 38,354 24,565 


Data compiled from World Bank (2013) and Gemmological Association 
of China (2013). 
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in manufactured goods annually, compared to $2.43 
trillion from the U.S. (Sims, 2013). A major factor be- 
hind this has been China’s surge in domestic con- 
sumption (Chen, 2013). 


Urban Centers. Chinese cities are generally divided 
into four tiers. First-tier cities (figure 4) are the most 
developed and cosmopolitan urban centers; these in- 
clude Shanghai, Beijing, Shenzhen, and Guangzhou. 
The other tiers represent cities with less wealth, 
lower wages, less discretionary income, less infra- 
structure, fewer amenities, and fewer resources. Un- 
officially, there are 59 cities in the second tier, 92 in 
the third, and 105 in the fourth (Schuster, 2012). 


Figure 4. First-tier cities like Guangzhou have been 
the driving force behind China’s economic growth. 
The television tower next to the Pearl River is a sym- 
bol of Guangzhou’s wealth. Photo by Eric Welch. 
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Second-tier cities are rapidly developing into com- 
mercial centers, and this is reshaping the country’s 
commercial, industrial, and regulatory landscape 
(Schuster, 2012). With rising costs of labor and land 
in first-tier cities, manufacturing has moved into sec- 
ond-tier cities and continued into the lower tiers. 
Government reforms have helped fuel this develop- 
ment. As jobs are created and more resources are al- 
located into these emerging cities, consumer wages 
increase, discretionary income rises, and greater dis- 
cretionary spending occurs. A sizeable portion of this 
discretionary spending goes to jewelry. Major retail- 
ers such as Chow Tai Fook and Chow Sang Sang have 
recognized the potential of these lower-tier cities for 
years, aggressively moving manufacturing efforts 
into these areas. 


Special Administrative Regions. Hong Kong and 
Macau are the only Special Administrative Regions 
(SARs} of the People’s Republic of China. Hong Kong 
was formerly a British colony, while Macau was a Por- 
tuguese colony. They were transferred to China in 


In Brief 


e In addition to being the world’s largest manufacturing 
economy, China is experiencing a dramatic rise in 
consumption. 

e With its rapid urbanization, a growing middle class, 
and a young generation of sophisticated luxury shop- 
pers, China could soon become the world’s largest 
jewelry market. 

e Business-friendly tax reforms, the establishment of a di- 
amond exchange, and the rise of professional training 
and lab grading standards have made China’s jewelry 
industry more competitive globally. 


1997 and 1999, respectively, under the “one China, 
two systems” policy. By virtue of their SAR status, 
Hong Kong and Macau enjoy a high degree of auton- 
omy. While economic studies frequently separate 
China and Hong Kong, it is important to consider 
them as one country. The business relationship be- 
tween the two was established before the change in 
sovereignty in 1997, especially after the significant 
economic reforms China instituted in the late 1970s. 
Many Hong Kong-based businesses set up facilities in 
mainland China, some right across the border in Shen- 
zhen, to capitalize on less-expensive labor (figure 5). 
The advantage of combining low-cost labor and 
free trade was heightened by the formation of special 
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Figure 5. Hong Kong-based businesses have helped 
turn the Guangdong province into a major global 
manufacturing center. This jewelry factory uses mod- 
ern manufacturing techniques such as wax models 
and casting. Photo by Eric Welch; courtesy of Chow 
Tai Fook. 


economic zones (SEZs) in mainland China shortly 
after the country opened up for trade in 1978. This 
move fostered free market activity and flexible eco- 
nomic policies, especially for manufacturing and ex- 
port. The province of Guangdong, including 
Shenzhen and Panyu, has important SEZs for the di- 
amond, gemstone, and jewelry industries. Many of 
the products manufactured in these zones are ex- 
ported to the rest of the world through Hong Kong. 
Another major economic turning point was China’s 
2001 acceptance into the World Trade Organization, 
which removed trade barriers and created a larger 
market for Chinese goods. 


Five-Year Plan. Since 1953, the government has is- 
sued a series of five-year plans outlining economic 
and social strategies. China is currently in its twelfth 
five-year plan, from 2011 to 2015. The 2011-2015 
plan relies less on exports and more on domestic con- 
sumer spending to fuel growth. This most recent ini- 
tiative emphasizes slower but more sustainable 
growth, and greater reliance on the domestic market. 
The current five-year plan (see KPMG China, 2011) 
outlined several key strategies that will influence the 
nation’s economy, including: 


e Higher-quality growth: GDP growth goals have 
been reduced to around 7%, with emphasis on 
curing problems related to earlier rapid growth, 
such as environmental issues, resource deple- 
tion, and excessive energy use. 

e Inclusive growth: More equality in growth oppor- 
tunities is needed to close the wealth gap among 
individuals and between geographic locations. 
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¢ Development of lower-tier cities and the west- 
ern regions: Shifting the emphasis from first- 
tier cities, primarily in coastal areas, to the 
less-developed cities and inland western re- 
gions has been successful. 


Transition from an export-driven economy to 
a domestic market economy: The current plan 
reinforces the need to move from reliance on 
exports for growth to an emphasis on further 
expanding the Chinese consumer market. 
Increasing urbanization from 47.6% to 61.6%: 
Much of this increase will consist of migration 
from rural areas to the lower-tier cities. 


Discretionary Income. Between 2000 and 2011, ap- 
proximately 230 million people moved to Chinese 
cities, in what some have considered the greatest ur- 
banization in history (Rare Investment, 2013). The 
average disposable income of urban residents was ex- 
pected to rise 13% annually between 2012 and 2047. 
According to China’s National Bureau of Statistics, 
the consumption of discretionary goods is expected 
to grow at a compounded annual rate of 13% be- 
tween 2010 and 2020 (Barton et al, 2013). The growth 
rate of discretionary income has been consistently 
below the GDP growth rate (figure 6). 

According to China’s National Bureau of Statis- 
tics, the gain in household disposable income has 


Figure 6. In China, discretionary income has lagged 
behind GDP. Data from the World Bank and Chinese 
Jewelry Industry Year Book. 
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been most prominent among the highest earners, fol- 
lowed by the high-income and upper-middle-class 
segments, registering compound annual growth rates 
of 14.5%, 12.8%, and 12.1%, respectively. Members 
of these classes are the biggest spenders on luxury 
goods and often have a voracious appetite for the 
finer things (Fung Business Intelligence Centre, 
2013). It is clear that the percentage of discretionary 
income for higher-income groups has been consis- 
tently rising at a faster rate. 


Demographics. The key to future growth in China is 
domestic consumption. The creation of a vast middle 
class has fueled the rapidly increasing consumption 
of goods and services. China’s middle class is pro- 
jected to expand from approximately 225 million in 
2012 to 330 million by 2025 (Schuster, 2012). Per- 
centagewise, the most dramatic increase of the mid- 
dle class is expected to occur in the second- and 
third-tier cities farther inland (Barton et al., 2013). 

China’s new middle class can also be segregated by 
age. The average age of individuals with net worth of 
more than 10 million yuan is 39. Among those with 
net worth above 100 million yuan, the average age is 
41 (Fung Business Intelligence Centre, 2013). China’s 
Generation 2, (G2) consists of some 200 million youths 
in their teens and early twenties born since the mid- 
1980s. This demographic represents about 15% of 
urban consumers (Barton et al., 2013). By 2022, the G2 
segment is expected to be three times larger than the 
U.S. baby-boomer population, and should make up 
35% of the domestic consumer market (Barton et al., 
2013). Members of this younger generation have a 
more Western outlook toward consumption. They are 
confident of their own financial prospects, loyal to 
brands, willing to try new products, and comfortable 
shopping on the Internet (figure 7). 

The increase in China’s middle-class population 
will inevitably lead to greater domestic consump- 
tion. In 2002, 40% of China’s still relatively small 
middle class lived in four cities: Beijing, Shanghai, 
Guangzhou, and Shenzhen. By 2022, that percentage 
is expected to drop to 16% due to the faster middle- 
class growth of cities in the north and west, espe- 
cially third-tier cities (Barton et al., 2013). When the 
predicted increase in the upper middle class is 
charted alongside the projected increase in private 
consumption, the importance of middle-class pur- 
chasing power becomes obvious (figure 8). 

According to the global consulting firm McKinsey 
& Co., and as shown in figure 9, the most important 
population sector for domestic consumption is the 
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YOUNG URBAN CHINESE CONSUMERS’ 
WESTERN APPROACH TO SHOPPING 


Percentage of respondents 8) Upper-middle-class 
urban population, 


Generation 2' 


64% 
58% se% 


46% 
° 43% 40% A1% 


36% 33% 
29% 


25% 


Confident about 
personal income 
growth 


Loyal to brands Willing to 


trade up® 


‘People born after the mid-1980s and raised in a period of relative abundance. 
Annual household income of 106,000—229,000 yuan (equivalent to $16,000 to $34,000 in 2010 real terms). 


5Personal-care-product example. 


upper middle class (Barton, 2013). The report defines 
upper middle class as Chinese citizens with an an- 
nual income of 60,000 to 106,000 yuan. The same 
study estimates that by 2022, the upper middle class 
will account for 56% of urban household consump- 
tion. Like their affluent and ultra-wealthy counter- 
parts, upper-middle-class consumers are contributing 
to the growth of the luxury products market, which 
has increased 16-20% annually over the last several 
years (Barton et al., 2013). By 2015, Chinese cus- 


§) Upper-middle-class 
urban population? 


22% 21% 


Often early adopter 
of new products/ 
services 


Figure 7. So-called Gen- 
eration 2 shoppers in 
their teens and early 
twenties are an impor- 
tant new class of con- 
sumers in China. Their 
attitudes toward shop- 
ping, reflected in this 
survey of 10,000 Chi- 
nese consumers, may 
alter the way products 
are marketed and sold. 
Adapted from Barton et 
al. (2013), courtesy of 
McKinsey & Company. 
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tomers will account for over one-third of global 
spending on jewelry and other luxury items, both in 
their domestic market and outside China. 

The upper middle class are the most Westernized 
of all Chinese consumers. They show a willingness to 
try new products, and tend to regard expensive prod- 
ucts as intrinsically superior. China’s growing middle 
class also regards discretionary spending on luxury 
products as an essential element of social status. 

Another demographic aspect to Chinese con- 
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Inland cluster: 


Mid-lower Yangtze 


Number of cities | 42 
Population | 32 million 


_ 
aa 
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GDP per capita | 36K yuan 

(US$5,749) 
Auto ownership | 3% 

Willingness to pay for premium 
products ' | 32% 
Willingness to pay for 
advanced technology * | 27% 
Importance of “reliable brand” * | 54% 

Importance of emotional benefits * | 6% 
Brand loyalty 5 | 10% 


Cluster GDP percentage | 3.8% of national total 


18% 


41% 


32% 
26% 
36% 
23% 


Coastal cluster: 
Hangzhou area 


‘Percentage of respondents prepared to pay premium for best and most expensive electric household appliances 


*Percentage of respondents willing to pay more for a product with the latest technology 


°Percentage of respondents citing “reliable brand” as a top-five consideration in instant noodle purchases 
‘Percentage of respondents citing emotional benefits as an important consideration in shampoo purchases 


’Percentage of respondents who only buy their preferred brand of ready-to-drink tea 
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Figure 8. Comparing 
the inland cities along 
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coastal cities, differ- 
ences in consumer atti- 
tudes become evident. 
Adapted from Atsmon 
et al. (2012), courtesy of 
McKinsey & Company. 
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by contractors who pay vheir own men, turn 
the gems over to the company inspector and 
receive half of the Bogota valuation placed 
on them by the Minister of Mines. Thievery 
is, of course, the biggest word in this or any 
gem mining operation. 

The typical laborer at Chivor is either a 
short, stocky Chibcha Indian who does most 
of the digging — or the Spanish Colombian, 
generally a contractor or inspector. 

From childhood, a man carries his knife 
(or Cochillo) at his belt. When he becomes 
more affluent he carries a pistol at all times, 
and generally settles his disputes on the spot 
with whichever weapon he happens to have. 
On the occasion of a murder or brawl, when 
the far away policeman comes to investigate, 
the men suddenly have a failing recollection 
of what did or did not take place. 

However, once the loyalty of these men 
is attained, there is no reason to have any 
fear for personal safety. Their emotions are 
as primitive as the tools with which they 
work. 

One section of Chivor, to the South, con- 
tains many perfectly formed quartz crystals 
of varying sizes and generally contains few 
gemstones of emerald. The quartz vein, in 
which the emerald is generally found, is of 
a soft quality which makes it possible to cut 
and pry out many times with an ordinary 
knife. Also, a gray, granite-like formation 
generally surrounds the vein which gives a 
soapy feeling to the touch and can be mod- 
eled easily with a knife. At other times, 
generally when the vein narrows to a frac- 
tion of an inch, the vein will run into solid 
tock and may necessitate occasional blasting. 
This is avoided wherever possible due to 
the danger of shattering whatever gems it 
may contain. 

The Spaniards worked Chivor with primi- 
tive tools, probably of wood, and used forced 
labor, recruited at sword’s point among the 
natives, until the bishop of the province 
excommunicated the entire area, including 
and surrounding the mine. It became a 
haunted spot and was lost for centuries. It 
was rediscovered in 1912 through ancient 


Spanish documents which pointed out that 
Chivor was located at the only spot in the 
atea where the limitless Llanos could be 
seen through a gap in the mountains. Span- 
ish bowls and cooking utensils are occasion- 
ally dug up on the property and the ancient 
tunnels are mostly in a state to permit present 
day exploration. 

The Spaniards inaugurated an ingenious 
system of bringing water many miles through 
the mountains to Chivor by a series of cut- 
offs and wooden troughs which make it pos- 
sible to divert the constant flow into large 
excavations known as Tambres. These are 
situated on various parts of the upper levels 
and may be filled and spilled out over the 
mountainside wherever it is desired to 
quickly wash away the result of tunnelling 
or excess rock and debris. A primitive horn 
is sounded to warn the men of the coming 
of the great rush of water over the moun- 
tainside. 

A large percentage of the almost perpen- 
dicular sides and area of Chivor has at one 
time or another been terraced. At present 
it is all overgrown with a moss-like growth 
and consequently when a new contractor 
starts to look for what seems to be the most 
promising vein, he will terrace the hill fur- 
ther, only to uncover the structure beneath 
the overgrowth. Once he decides on his vein, 
he will get the manager’s approval and start 
a tunnel on that particular spot. Several 
of the tunnels have been abandoned after 
months of work, having yielded nothing but 
slate-like black carbon, which seemingly fills 
the interior of several hills. When a vein 
disappears in a given direction, it may be 
the opinion of the contractor that the vein 
will be picked up again farther ahead, as 
in the case of the above-mentioned carbon 
tunnels. 

Very little material of gem quality is 
washed away and whatever may escape the 
keen eye of the worker is many times broken 
to small pieces by the action of the rolling 
boulders and water. 

Emeralds of gem quality are occasionaliy 

Continued to page 379 
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CHINA’S CHANGING CLASS IDENTITIES 
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Figure 9. The magni- 
tude of China’s middle- 
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class growth is 
transforming the nation 
by fueling domestic 
consumption and 
growth. Adapted from 
Barton et al. (2013); 
courtesy of McKinsey 
@& Company. 
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2Defined by annual disposable income per urban household, in 2010 real terms; affluent >229,000 yuan (equivalent 
to > $34,000); upper middle class, 106,000-229,000 yuan (equivalent to $16,000-$34,000); mass middle class, 
60,000-106,000 yuan (equivalent to $9,000-$16,000); poor <60,000 yuan (equivalent to <$9,000). 


’Compound annual growth rate. 


sumption is the increasing contribution by women 
to household income. By 2009, women provided 50% 
of household income (Shaun Rein, pers. comm., 
2013), while three-quarters of Chinese women say 
they control the family finances (Georgette Tan, pers. 
comm., 2013). 


Domestic Consumption. China market analysts pre- 
dict a shift in the percentage of income used for in- 
vestment versus consumption (figure 10). In the 
period from 2000 to 2010, investment comprised 
53% of GDP growth, while the rate of private con- 
sumption was 27%. These percentages are expected 
to change dramatically between 2020 and 2.030, with 
34% of money invested and 51% used for private 
consumption (Woetzel et al., 2012). 

The government expects wages to at least keep 
pace with, if not surpass, GDP growth. In the first half 
of 2012, four-fifths of China’s administrative districts 
raised the minimum wage by 19.7% (Woetzel et al., 
2012). While rising labor costs create challenges for 
global competitiveness in manufacturing, the direc- 
tion is clear, and the growth of Chinese domestic buy- 
ing power and consumerism is almost certain. 

A 2011 survey by McKinsey (Atsmon et al., 2011) 
revealed several illuminating facts: 


e Chinese consumers are often quick to adopt 
new and unfamiliar products. 


e Brand awareness is rising, but not brand loyalty. 
In China, brands must earn trust. The study 
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found that Chinese consumers are not blindly 
brand loyal and are willing to change brands if 
another earns their trust—more so than in the 
West. Most Chinese consumers choose from 
several favorite brands. 


Figure 10. Private consumption, the leading contribu- 
tor to China’s economic growth, is expected to over- 
take investment as the main percentage of Chinese 
GDP growth. Adapted from Woetzel et al. (2012), 
courtesy of McKinsey e) Company. 
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CHINESE PERCEPTIONS OF QUALITY 


“Well-known brands are better”: % of respondents who agree 
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Figure 11. Many Chinese consumers trust the qual- 
ity of well-known, higher-priced brands. Adapted 
from Atsmon et al. (2011); courtesy of McKinsey & 
Company. 


e Price also exerts a strong influence (figure 11). 
Chinese shoppers do not necessarily buy lower- 
priced items, but they do consider the value for 
the price. 

e The popularity of social media is growing at an 
amazing rate. By mid-2011, 195 million Chi- 
nese people used Sina Weibo, the microblog- 
ging equivalent of Twitter. That was triple the 
number from just six months earlier. The in- 
stant messaging tool WeChat (also known as 
Weixin in Chinese) launched in early 2010 and 
is growing even faster. CNN reported that 
WeChat registered 100 million users in its first 
15 months and had 271.9 million active daily 
users in September 2013 (Skuse, 2014). Now 
people can even buy and sell goods on WeChat, 
similar to eBay. 


e Emotional considerations are important in 
brand choice and purchases among higher-in- 
come consumers (though still below U.S. lev- 
els) during 2011, and this trend is expected to 
continue to rise. 

e Despite the economic challenges faced in 2011, 
Chinese consumers are becoming more confi- 
dent about their economic prospects. 


The same McKinsey survey provided useful sug- 
gestions for companies wanting to capitalize on 
growth and opportunity in China in the future. 


CHINA’S GEM AND JEWELRY INDUSTRY 


¢ Prioritize growth opportunities. While many 
companies focus on first-tier cities, approxi- 
mately 60% of consumer goods in urban China 
are purchased in lower-tier cities. 

e Tailor marketing strategies to capture growth 
opportunities. Regional preferences and differ- 
ences in disposable income dictate that a 
China-wide strategy will not work as well as 
one that is optimized for different regions. 


e Focus on perceived value, not price. Chinese 
consumers seem particularly sensitive to price. 
Yet low prices are often associated with low 
quality, and getting good value for the money 
is the key consideration. 

e Build mass appeal and meet the needs of spe- 
cific consumer groups. As Chinese consumers 
become more discerning, products must be tar- 
geted to certain types of shoppers. Companies 
that market a variety of product lines to spe- 
cific consumer groups may be well poised in 
the coming years. 

¢ Modernize marketing tools. Though expensive, 
traditional mass-media advertising, such as tel- 
evision commercials, are highly effective in 
China. Internet commerce and social media 
gained acceptance more slowly in China than 
in the West, but the last few years have seen an 
extraordinary rise in online retail sales and in 
small businesses using social media. More at- 
tention to Internet marketing has the potential 
to facilitate greater growth. 


Import and Export. China ranks 96th out of 189 coun- 
tries worldwide for ease of doing business (World 
Bank, 2013); in comparison, the U.S. is 4th and India 
134th. China’s standing does not tell the whole story, 
however. Many businesses, including foreign ones, are 
opening up in China because of the tremendous 
growth potential there. Additionally, Hong Kong, 
which has its own business regulations as a Special 
Administrative Region, ranks second in the World 
Bank’s report, and much of China’s trading is done 
through this free-trade zone. As previously noted, 
many companies originally based in Hong Kong have 
moved into mainland China, in part because of the 
low-cost manufacturing and export, but also to reach 
the domestic consumer market. 

China is the world’s second-largest exporter, just 
behind the European Union (Central Intelligence 
Agency, 2013). China is also the third-largest im- 
porter of goods, trailing only the European Union and 
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the United States. These statistics demonstrate 
China’s important role in the global economy. 


Luxury Products. Greater China, including Hong 
Kong and Macau, is the world’s second-largest con- 
sumer of luxury products. Chinese consumers pur- 
chase half of all luxury products in Asia and 
one-third of those in Europe (Bain &) Company, 
2012). The rising rate of luxury purchases in the U.S. 
is partly due to Chinese tourism. Predictions indicate 
that the Chinese market will mature but continue to 
grow both at home and globally, as Chinese tourists 
travel abroad to shopping destinations such as Paris, 
New York, and Hawaii. 

China’s slowdown in luxury spending growth in 
2012 was partly due to increased luxury shopping 
overseas by Chinese tourists, along with the eco- 
nomic recovery. Chinese trade members interviewed 
for this article also cited new regulations, brought on 
by negative publicity, that have discouraged govern- 
ment officials from flaunting lavish luxury gifts. 

Meanwhile, Chinese consumers are becoming 
more sophisticated in their shopping habits, moving 
away from purchasing only brands with well-known 
logos and toward quality and value in luxury prod- 
ucts (Bain &) Company, 2012). Even though status 
symbols remain an important part of the Chinese 
luxury market, brands that can also demonstrate 
value are more likely to thrive. Shoppers in first- and 
second-tier cities are not purchasing goods based on 
conspicuous branding alone. They are also looking 
for quality, value, uniqueness, and a low-key state- 
ment. Consumers in third- and fourth-tier cities, 
who tend to be less sophisticated in their shopping, 
still seek brands with conspicuous logos (figure 12). 
Yet the cultural heritage of a brand is becoming a more 
important consideration than just the logo (Fung Busi- 
ness Intelligence Centre, 2013). 

Chinese luxury brand shoppers are shifting from 
predominantly older businessmen to younger shop- 
pers and women (Bain & Company, 2012). Sixty per- 
cent of Chinese luxury consumers are between 20 
and 39 years of age, compared to only 38% in West- 
ern Europe (Fung Business Intelligence Centre, 2013). 
Only 7% of Chinese luxury consumers are over the 
age of 60, as opposed to 21% in Western Europe 
(Hurun, 2013). Notably, 40% of the 102 million Chi- 
nese people with personal wealth above 10 million 
yuan are women. Affluent women’s spending on lux- 
ury goods increased from 25% in 2010 to 46% in 
2012 (Lui et al., 2012). 
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CHINESE ATTITUDES TOWARD LUXURY LOGOS 


Do you plan to purchase more luxury goods with conspicuous logos? 


Consumers from cities other 
than Beijing and Shanghai 


Consumers from Beijing 
and Shanghai 


MYes § Undecided [No 


Figure 12. Consumers in third- and fourth-tier Chi- 
nese cities are much more likely to buy luxury prod- 
ucts with conspicuous logos than shoppers in first- 
and second-tier cities. Adapted from Bain # Com- 
pany (2012). 


Internet Retail. E-commerce in China has grown 
tremendously in the last few years, including sales 
of clothing, electronics, and gems and jewelry. Indi- 
viduals in third- and fourth-tier cities actually spend 
a higher percentage of disposable income shopping 
online than first- and second-tier residents (Dobbs et 
al., 2013). Jewelry companies like Zbird, a pioneer in 
China’s Internet diamond jewelry sales, have spent 
years building customer confidence in online pur- 
chases. Several Western luxury jewelry retailers, in- 
cluding Cartier, Bulgari, and Tiffany, rank among the 
most followed luxury brands on social media (figure 
13). 

China’s phenomenal growth in e-commerce was 
demonstrated in late 2013, on the unofficial holiday 
known as Singles’ Day. The event falls on November 
11, with the calendar date of 11/11 representing un- 
married people. For years, Singles’ Day was a social 
occasion for China’s large bachelor population. In 
2008, the Chinese e-commerce giant Alibaba began 
promoting Singles’ Day as an e-commerce event. 
(Two of Alibaba’s sites, Taobao and Tmall, have a 
transaction volume larger than that of Amazon and 
eBay combined.) Most other Chinese e-commerce 
sites quickly followed suit, offering deals on all types 
of consumer goods. All told, Singles’ Day 2013 
brought in more than US$5.75 billion, making it the 
biggest one-day e-commerce event of all time, well 
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FOLLOWERS OF SELECTED LUXURY BRANDS ON SINA WEIBO 


(AS OF MARCH 18, 2013) 
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Burberry 

Chanel 
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Louis Vuitton 
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Tiffany & Co 
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Chaumet 

Piaget 
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Armani 
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Jaeger-LeCoultre 
Fendi 


406,336 
323,659 


178,603 
174,336 
116,201 
105,799 
84,403 
77,317 
69,198 
68,825 
59,432 
51,577 
25,324 
22,269 
10,379 


Note: Only brands with active corporate Sina Weibo accounts are included. 


surpassing Cyber Monday 2.012 in the United States 
(Wang and Pfanner, 2013). 

Alibaba alone reported 402 million unique visi- 
tors to its sites on Singles’ Day 2013, and prepared 
152 million parcels for shipping. The gem and jew- 
elry industry played a role in this success. In one in- 
stance, a woman from Zhejiang province purchased 
a 13.33 ct diamond costing $3.37 million (Wang and 
Pfanner, 2013). 


THE CHINESE GEM AND JEWELRY INDUSTRY 
Historical Perspective. Jewelry has a well-established 
history in China, where gold and silver have been 
used for decorative purposes for at least 3,000 years. 
Based on archaeological evidence, the Chinese began 
using jade even earlier, during the New Stone Age 
(Zhang, 2006). 

With the development of manufacturing tech- 
niques, precious metal decoration evolved from the 
simple gold sheet and leaves discovered in tombs dat- 
ing from the Shang dynasty (circa 1700-1100 Bc} to 
the delicate jewelries embedded with local and West- 
ern elements in the Han and Tang dynasties (265- 
907). Precious metal art reached its peak during the 
Ming and Qing dynasties (1368-1912), with luxury 
gold and silver practical wares and jewelries made for 
the royal families (figure 14) still in existence. 

Before jadeite was imported from Burma, early 
in the Qing dynasty, references to “jade” in Chinese 
records signified nephrite. Owing to its special 
color, luster, and structure, nephrite was thought to 
represent the conservative character of China’s cul- 
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441,165 
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509,102 

Figure 13. Several West- 
ern jewelry brands are 
among the luxury 
brands most followed 
on Weibo. Adapted 
from Fung Business In- 
telligence Centre 
(2018). 


ture and the spirit of its people. Originally used for 
tools and sacrificial vessels, jade gradually became 
the stone of choice for practical wares, jewelry, and 
carvings. 

The Qing emperors’ love of jadeite influenced its 
prominence. Historically, jadeite has been imported 
from Burma in two ways: through the boundary be- 
tween the two countries in southwestern China, and 
through the port at Guangzhou, which became the 
capital of the jadeite trade. From 1873 to 1878, an av- 
erage of 200 tons of jadeite was imported yearly 


Figure 14. These 24K gold fingernail protectors are 
replicas of the versions made for the royal family dur- 
ing the Qing dynasty. Photo by Eric Welch; courtesy 
of Zhaoyi and Bai JingYi. 
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through Guangzhou (Li, 2013). Today, the famous 
jadeite manufacturing and trade centers of 
Guangzhou, Jieyang, Sihui, and Pingzhou are still 
very active. 


The Modern Jewelry Industry. Throughout China’s 
history, small-scale manufacturers, along with royal 
studios and workshops, dominated the market. Once 
the emperor commissioned a workshop to manufac- 
ture an item, the products were hallmarked and 
could not be traded by private parties. The strict en- 
forcement of this rule on trading delayed the devel- 
opment of the jewelry industry in China. 

The modern Chinese jewelry industry began with 
the rise of Yinlou, private businesses that acted as 
precious metal manufacturers and dealers, from the 
end of the Qing Dynasty until the formation of the 
People’s Republic of China in 1949. Most of the Yin- 
lou (which translates to “silver mansion” in English) 
also served as pawn shops. The British victory in the 
First Opium War (1840-1842) paved the way for the 
opening of the lucrative Chinese market and society 
as a whole, which triggered the development of mod- 
ern industry in China. With access to the break- 
throughs of the West’s Industrial Revolution (circa 
1760-1840), the Chinese started to form modern fac- 
tories and businesses. 

Unlike the workshops and the royal manufactur- 
ers that were the norm before the Opium War, the 
Yinlou were backed by private investors and operated 
on a larger scale. There was even a professional guild 
to represent all these businesses in their dealings 
with other industries and the government. 

By the end of the Qing dynasty in the early 20th 
century, many of these businesses had established 
reputations and become leaders in the industry. In 
Shanghai, nine respected Yinlou formed a jewelry in- 
dustry association in 1896. Since then, precious 
metal trading in Shanghai has been self-regulated 
(Sun and Nie, 2008). Among the original nine com- 
panies, Lao Feng Xiang (figure 15) may be the most 
famous. Formed in 1848, it operated three chain 
stores in Shanghai until 1949. In 1952, the Commu- 
nist government bought the stores, and it remains a 
state-owned business. After numerous ups and 
downs, Lao Feng Xiang is presently thriving as 
China’s second-largest jewelry retailer after Chow 
Tai Fook, with over 2,300 retail outlets all over the 
country. 

Other Yinlou companies were located along 
China’s east coast. Although nearly all of them dis- 
appeared during the Sino-Japanese War (1937-1945) 


12 CHINA’S GEM AND JEWELRY INDUSTRY 


and the Cultural Revolution, some survived and are 
trying to revitalize their business in the current jew- 
elry market. Yinlou helped set the stage for the mod- 
ern Chinese industry. 


Post-Cultural Revolution. After years of war, fol- 
lowed by the Cultural Revolution from 1966 to 1976, 
China finally had the opportunity to modernize its 
economy. When we talk about this new era of the 
Chinese jewelry industry, these 30 years can be 
roughly divided into four stages. 


Recovery Period (1976-1989). During the Cultural 
Revolution, a turbulent period when communism 
was strictly enforced, jewelry and other luxury prod- 
ucts were taken off the market. In 1982, the political 
constraints imposed on the jewelry industry were fi- 
nally removed. In 1986, the government released 100 
tons of gold to the market for jewelry manufacturing. 
Following this, the jewelry industry became inde- 
pendent again after nearly 30 years of state control 
(Zhang, 2008). 

New jewelry companies and old brands worked 
to build their businesses, but sales were severely con- 
fined by China’s underdeveloped economy and lack 
of discretionary income among its citizens. Statistics 
show that in 1980 there were only 10 gold jewelry 
manufacturers in the entire country, employing 
about 10,000 workers (Zhang, 2008). Most stores at 
this time only carried fine gold jewelry. Consumers 
had almost no jewelry knowledge, so most purchased 
whatever was available, simply as a hedge against in- 


Figure 15. Lao Feng Xiang, one of the original Yinlou 
businesses, formed in 1848. This undated photo 
shows their original Shanghai location. Photo cour- 
tesy of Lao Feng Xiang Co., Ltd. 
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flation. With a limited amount of gold circulating in 
the market, supply often could not satisfy consumer 
demand. Retailers were primarily state-owned de- 
partment stores, and privately owned companies 
were rare (Qiu et al., 2002). 


Dynamic Growth (1990-2000). The Chinese jewelry 
industry experienced a dramatic upswing in the last 
decade of the 20th century. In the early 1990s, many 
state-owned jewelry companies formed. With money 
to invest in human resources and technology, these 
businesses started to collaborate with foreign com- 
panies and large, state-owned department stores. 
Some foreign jewelry companies entered the Chinese 
market for the first time, with De Beers forming its 
first Chinese diamond promotion center in Shanghai. 
The four most successful Hong Kong jewelry brands 
(Chow Tai Fook, Chow Seng Seng, Tse Sui Luen, and 
Luk Fook) entered the mainland market as well (fig- 
ure 16). By the end of the 1990s, there were about 
20,000 jewelry businesses and three million workers 
involved in the jewelry industry (Gemmological As- 
sociation of China, 2013). In 1990, gross jewelry sales 
were about 2 billion yuan (US$300 million). By the 
year 2000, this number climbed to 89 billion yuan 
(US$15 billion) (China Economic Net, 2012). The 
largest growth in the Chinese jewelry industry hap- 
pened in the 1990s (table 3), and most of today’s com- 
panies were formed during this decade. 

With the presence of De Beers, Chinese con- 
sumers began to feel more comfortable purchasing 
diamonds. Some consumers actually paid too much 
attention to the quality of diamonds. For instance, 
some customers purchasing a 10-point diamond 
would insist on G color and VVS clarity (Qiu et al., 
2002). Medium- and low-quality corundum were also 
imported from global sources and trading centers. 
Jewelry featuring mounted gemstones found a mar- 
ket, but jewelry clientele still knew little about 
gems. Platinum made its greatest advance in the 
1990s. In 1994, China’s platinum consumption com- 
prised only 1% of the world market. In 1998, this fig- 
ure rose to 23%, with China ranking second in world 
platinum consumption (Zhang, 2008). 

Through the 1990s and into the 21st century, the 
state-owned department stores were still the main 
jewelry-selling channel. Some department stores 
thrived after they start focusing on jewelry sales; Bei- 
jing’s Cai Shi Kou store is one famous example. 
Though no longer a department store, from 1989 to 
2012 it was ranked Beijing’s top gold jewelry seller 
every year. It now markets its own jewelry brand. 
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Figure 16. Chow Tai Fook retail stores are now common- 
place in China’s urban centers. Photo by Eric Welch. 


Guo Hua, also in Beijing, is another success story. 
After following a path similar to Cai Shi Kou’s, it is 
now Beijing's leading platinum jewelry seller. 


Steady Growth (2000-2008). In the 21st century, 
China’s domestic jewelry industry entered a steady 
growth period. In 2001, the country was the world’s 
leading consumer of platinum. In 2007, its gold con- 
sumption reached 363 tons (figure 17), second only 
to India’s (Zhang, 2008). As a result of this growth, 
both the jewelry market and consumers matured. 
The focus of the industry shifted from quantity to 


TABLE 3. Jewelry sales in China, 1990-2012. 


Year Gross sales (billion yuan) Increase (%) 
1990 2 

1993 24.1 1,105 
2000 89 269.3 
2001 96.5 8.4 
2002 105.3 9.1 
2005 140 15 
2006 160 14.29 
2007 160 0 
2008 180 12.5 
2009 220 22.22 
2010 250 13.64 
2011 380 40 
2012 454 19.2 


Data compiled from China Economic Net (2012) and Zhang (2008). 


Gems & GEMOLOGY SPRING 2014 13 


Figure 17. The gold market has seen tremendous 
growth in China since the 1990s. Photo by Andrew 
Lucas; courtesy of Bartar Jewellery Co., Ltd. 


quality. Companies that could not compete went out 
of business. By 2000, jewelers realized the impor- 
tance of branding and started promoting products by 
emphasizing cultural and historical significance 
rather than simply lowering prices. Consumers 
started to pay attention to design rather than just fo- 
cusing on the value of the materials being used. 


A New Start (2008—Present). The 2008 Summer 
Olympics in Beijing (figure 18) helped shed light 
on Chinese society, opening the country even 
more to the rest of the world. Meanwhile, Chinese 
tourism abroad has increased, the GDP per capita 
has risen, and more income is being spent on lux- 
ury goods. 


Figure 18. The 2008 Summer Olympics in Beijing 
marked another milestone for China’s emergence as a 
global leader. The state-of-the-art Beijing National Sta- 
dium, also known as the “Bird’s Nest,” served as a sym- 
bol of these Olympics. Photo © iStockphoto. 
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While the global economy experienced a severe 
shock with the recession of 2008-2009, the Chinese 
jewelry industry slowed only slightly. Trade officials 
note that with the rise in discretionary income in the 
early 2000s, jewelry became the third-largest invest- 
ment purchase, after real estate and automobiles. In 
2009, more than 11 million couples got married in 
China, anumber that is expected to rise through 2019 
(China Economic Net, 2012). A survey by the Shang- 
hai Diamond Exchange indicated that 8 out of every 
10 new couples from first-tier cities such as Beijing, 
Guangzhou, and Shanghai were willing to purchase 
diamond wedding rings. The Platinum Guild Interna- 
tional (PGI) surveyed eight major Chinese cities and 
found that 84% of prospective brides desired platinum 
wedding rings (Wen, 2012). And a recent online survey 
conducted in Shanghai showed that 50% of new cou- 
ples spent 15,000-20,000 yuan (US$2,,500-$3,000) on 
wedding jewelry (Lin, 2012). 

Today’s consumers know far more about the prod- 
ucts they purchase than ever before. This is partially 
due to better disclosure from sellers and easy access 
to product knowledge through different channels, es- 
pecially online resources. Many diamond consumers 
already know exactly what they want before they 
step inside a jewelry store or place an online order. 
As Chinese jewelry shoppers have become better ed- 
ucated, they have cultivated more of an appreciation 
for design, including Western and innovative Chi- 
nese styles. In 2013, several Chinese designers con- 
veyed to the authors these changes in their 
customers’ buying habits. Rather than thinking only 
in terms of the value of the materials, Chinese jew- 
elry consumers increasingly think in terms of design, 
value, and the quality of the piece as a whole. 
Whereas haute couture was very rare in China only 
five years ago, nearly every mainstream jewelry com- 
pany now offers luxury products and services. Some 
designers focus exclusively on custom haute couture 
jewelry for high-end clientele. 


ECONOMIC FACTORS 


For any business in China to prosper, it needs the 
support of government at all levels. Similarly, the 
government’s fiscal policies can benefit both the in- 
dividual company and the entire industry. Upon 
opening the country to trade after 1978, the central 
government enacted major reforms to catch up with 
other global economies. Additional reforms, such as 
anti-corruption measures and environmental protec- 
tion, are necessary to continue this development. 
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Figure 19. Establishing the Shanghai Gold Exchange 

was an instrumental development in opening up 

China’s gold market for investment and jewelry use. 
Photo courtesy of China Gems magazine. 


Tax Reform. Since 1978, China has transformed its 
tax system several times to adapt to its own rapid 
economic development. A large-scale transformation 
of the socialist economy occurred in 1994, with a 
shift toward free-market policies. Since 2003, China 
has implemented a series of reforms primarily related 
to income, property, and export taxes. As of 2012, 
there were 2.5 tax categories in China. The central 
government relies heavily on consumption-based 
taxes, which are less damaging to individual savings 
than traditional income taxes (Institute for Research 
on the Economics of Taxation, 2010). 

Legislative power over tax laws in China is highly 
centralized. Only the state council can create and re- 
form national tax laws or policies. Tax collecting re- 
sponsibilities belong to the State Administration of 
Taxation. Local governments can slightly adjust some 
tax rates under certain circumstances, but in general, 
the power of local government to add or remove taxes, 
or change maior tax rates, is very limited. 

Unlike the U.S., China relies more on consump- 
tion taxes than income taxes. Value-added tax (VAT) 
is a large portion of the taxes that an enterprise or in- 
dividual pays; this applies to jewelry companies as 
well. According to the State Administration of Taxa- 
tion website, there are two basic rates: 13% and 17%. 
While exporting certain jewelry industry products, 
such as colored gemstones, to China can be challeng- 
ing for foreign companies, gold and diamonds have ex- 
changes in China that have clarified and simplified 
importations. 


Gold Exchange. The Shanghai Gold Exchange (SGE], 
founded by the People’s Bank of China in October 
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2002, is a nonprofit organization that regulates gold 
transactions domestically (figure 19). It provides fa- 
cilities and supervision for gold transactions, sets pre- 
cious metal prices domestically, and connects the 
Chinese and international markets. The SGE also 
works with testing institutions to conduct qualifica- 
tion examinations for gold quality standards. 

Several events led up to the formation of the Ex- 
change. In 2000, the government developed a five- 
year economic plan that included an open gold 
market (Skoyles, 2013a). A year later, the People’s 
Bank of China eliminated its monopoly of the na- 
tion’s gold market. Shortly thereafter, gold price 
quotes were released on a weekly basis, allowing for 
adjustments to the gold spot price to reflect free mar- 
ket prices. This effectively paved the way for the SGE 
(Skoyles, 2013a). As a result, the price of gold in 
China is based on the open international market. 

In 2011 alone, over one million gold savings ac- 
counts were opened at ICBC, China’s largest bank, as 
well as 14.4 million gold futures contracts on the 
Shanghai Gold Futures Exchange. Jewelry remained 
China’s largest gold demand, with a growth in 2011 of 
27.87%, 5.45 times higher than the rate for 2010 
(Shanghai Gold Exchange, 2011). Much of this sharp 
rise was attributed to an increase in personal income 
and the need for a hedge against inflation, the latter 
drove investors to buy when prices were rising instead 
of falling. By 2012, China’s total gold consumption 
reached 832.18 tons (figure 20), and the SGE had be- 
come the world’s largest physical gold exchange. 


Figure 20. China has seen a steady increase in gold 
consumption. Adapted from Sina Corporation (2013). 
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Figure 21. The China Diamond Exchange Center 
houses the Shanghai Diamond Exchange, one of the 
world’s most important diamond bourses. All legal 
diamond imports enter China through this building. 
The exchange is a one-stop shop for all Chinese dia- 
mond importation needs. Photo courtesy of China Di- 
amond Exchange Center. 


In the first six months of 2013, the SGE supplied 
1,098 tons of gold to China for domestic consumption, 
totaling more than 25% of global supply (Skoyles, 
2013a). SGE has 41 warehouses in 34 Chinese cities 
to facilitate stocking and delivery of gold. Gold is 
physically delivered to members three days after a deal 
is completed. 


Diamond Exchange. In October 2000, the Shanghai 
Diamond Exchange (SDE) was established. Housed 
in the China Diamond Exchange Center (figure 21), 
the SDE is often referred to by that name. Prior to 
that, taxation—including tariffs, VAT, and sales tax 
on diamond imports—was very high, around 35% to 
40%. Thanks to the work of the Exchange, diamond 
taxation policy is now very favorable (table 4). While 
all goods imported into China are charged a 17% 
VAT, 13% is refunded for polished diamonds, leaving 
the net VAT on diamond at 4%. If the rough is pol- 


TABLE 4. China’s diamond taxation policy. 


NET IMPORTS OF POLISHED DIAMOND 
(US$ MILLION) 


2009 


m2010 2011 


619 694 814 


U.S. China Japan 


Figure 22. The growth rate of diamond imports into 
China has far exceeded other major world markets. 
Adapted from the China Diamond Exchange Center 
Compendium (2013). 


ished in China and then sold in the domestic market, 
VAT is applied, the same as any polished diamond 
imported into China. If the rough is polished in 
China and returned to the country of export, then no 
VAT is applied. These reforms were instrumental in 
curbing the smuggling of diamonds into the country 
to avoid taxation. 

The China Diamond Exchange Center is home to 
a grading and identification lab, diamond dealers, 
government agencies, and shipping services. It is the 
central location for all of China’s diamond imports 
and exports. The Diamond Exchange handles all im- 
port and export of loose diamonds under normal 
trade, but not diamond jewelry. The Exchange joined 
the World Federation of Diamond Bourses in 2004 
and hosted the 33rd World Diamond Conference in 
Shanghai in 2008. 

The Chinese diamond industry has benefited 
greatly from the Diamond Exchange. Before its for- 
mation, the official value of diamond imports was 
about US$1 million annually. By 2011, diamond im- 
port value had reached over US$5 billion annually, 
of which around $2 billion was imported solely into 
mainland China (figure 22). According to the Dia- 
mond Exchange, imports dropped by 10% in 2012 


Before June 2002 


Tariff 


Rough: 3%; polished: 9% 


June 2002-June 2006 


July 2006-present 


0% 


VAT 17% 


Rough: 0%; polished: 4% 


Consumption tax 10% at the import stage 


5% at the retail stage 


Data compiled from China Diamond Exchange Center (2013). 
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due to worldwide economic conditions, but indica- 
tions pointed to a higher value for 2013. 

The China Diamond Exchange Center is the only 
legal processing area for diamond import and export. 
Set up by the central government, its mission is to 
make trade more convenient by simplifying diamond 
import and export procedures. According to Chinese 
law, all imported diamonds must be received at the 
Exchange to begin the taxation process (figure 23). 
These imports must be declared and sealed by Chi- 
nese customs or else they are considered illegally 
smuggled. The diamonds are unsealed, inspected, 
and assessed by an expert at the Exchange before tax- 
ation is imposed. 

Likewise, imported rough diamonds must be in- 
spected before entering China. Kimberley Process 
certificates must accompany these diamonds, and a 
special department in the Exchange is set up for in- 
specting and registering the certificates. Once the 
certificates pass inspection, the rough can be sold in 
the domestic market. After serving as vice chair 
country of the Kimberley Process for 2013, China be- 
came the chair country for 2014, with an officer from 
China’s National Bureau of Quality Inspection as- 
suming the chairmanship. 

The China Diamond Exchange Center is a com- 
pletely open platform that welcomes diamond deal- 
ers from all over the world. It has more than 350 


members, of which 67% are from Israel, Belgium, the 
United Kingdom, France, the United States, Japan, 
Africa, and other overseas locations. There are 114 
member diamond companies from mainland China, 
62 from Hong Kong, 50 from India, 32 from Israel, 
and 23 from Belgium; the remaining 69 are from 
other countries. 


Diamond Administration Center of China. The Di- 
amond Administration Center of China (DAC) was 
established in April 2000. It is authorized by the 
Ministry of Commerce to supervise the Diamond 
Exchange. The DAC and other government organi- 
zations jointly control everyday diamond imports 
and exports across the country, as well as trade 
within the China Diamond Exchange Center. 

Functions of the DAC include administration and 
statistical analysis of national diamond imports and 
exports, examination and verification that transac- 
tions meet the requirements of the Diamond Ex- 
change, and supervision of the Diamond Exchange’s 
operations. The DAC also coordinates with other 
government officials within the Exchange, approves 
and oversees the activities of foreign-invested dia- 
mond countries within China, participates in the cre- 
ation of diamond import/export policies, and 
provides services to the Diamond Exchange and do- 
mestic and foreign diamond companies. 


TAXES ON DIAMOND IMPORTS FOR DOMESTIC SALE IN CHINA 


Overseas “ / 


No tax for entry 


ww) 


collected for diamond sale 


Figure 23. Taxes are 
collected on diamonds 
once they leave the Ex- 
change to enter the 
Chinese domestic mar- 
ket. Adapted from the 
Diamond Administra- 
tion of China (2007). 


> Domestic 
market 


Only import VAT 


to China’s domestic market 


No tax for diamond trade inside 
China Diamond Exchange Center, 
which is a diamond bonded area 


CHINA’S GEM AND JEWELRY INDUSTRY 


Gems & GEMOLOGY SPRING 2014 17 


378 


Gemological Uigests 


TANGANYIKA DIAMOND 
PRODUCTION AND EXPORTS 
GIVEN FOR 1948 


OR the analysis of 1948 diamond pro- 

duction and exports in Tanganyika, the 
Gemological Institute of America is indebted 
to Edwin F. Thompson, Chief Inspector of 
Mines, Tanganyika. 

The Annual Report of the Department of 
Lands and Mines for that country states that 
at the beginning of 1948 three diamond 
producers were operating in Tanganyika. In 
June, Williamson Diamonds Ltd. purchased 
the Premier Diamond Mine at Udahe (estate 
of J. H. Stanley White, deceased), leaving 
only the Williamson interests and Alamasi 
Ltd.—both of Mwadui—operating during the 
last half of the year. 

During 1948, 327 stones, weighing more 
than ten carats each, were exported from 
Tanganyika. This shows a considerable 
increase in the number of sizable stones 
recovered since only 178 are recorded for 
the previous year. Of the 327 exported in 
1948, 280 came from the Williamson Mines, 
forty-one from Alamasi, and six from the 
White estate. 

The largest diamond so far recovered by 
Williamson Diamonds Ltd. was found in 
1946 and graded as a “brown piece.” The 
stone weighed 174 carats. During 1948 a 
stone of almost exactly the same weight 
(173.8) was produced by the same company. 
It is described as a “colored cleavage piece” 
and valued at £5,212. 10s. Od. 

Production from the Williamson and 
Alamasi properties at Mwadui continued to 
be from gravels worked by opencast methods. 
At the Williamson mine, No. 8 shaft was 
sunk a further fifteen feet to the 200 foot 
level and 678 feet of cross cutting was carried 
out at that horizon in connection with under- 
ground investigation of the kimberlite. An 


intensive program of geophysical survey by 
magnetometer and electrical resistivity 
methods was understaken. 


WILLIAMSON PRODUCTION AND 
EXPORTS 


Analysis of diamond production and 
exports for the year 1948, as given below, 
was determined by the Crown Valuer for 
assessment of Government royalty. 

During the year 272,978 loads of gravel 
were treated by the Williamson mines as 
compared with 132,975 the previous year. 
Total caratage recovered is given as 119,636 
which is an increase of approximately 50 per 
cent over the previous year. Average weight 
recovered for each 100 loads of gravel is 
given as 43.8 carats. 

In 1948 Williamson exported 49,293 
carats of cuttable rough which shows an 
increase of a little more than 8,000 carats 
exported the previous year. Including indus- 
trial exports, a total of 117,956.5 carats were 
exported in 1948 by Williamson. Whereas 
the White mine, later acquired by William- 
son exported only 651 carats of cuttable 
diamonds in 1948, value per carat was 340s. 
11d. as compared to the average value of 
257s. 1d. of those from the Williamson 
mine at Mwadui. 


MADAGASCAR GARNET 
PRODUCTION REPORTED 


HE U. S. Bureau of Mines quotes 

Consul General Robert F. Fernald as 
follows, concerning garnet production in 
Madagascar. 

“The garnet mines at Ampanihy were 
visited in the spring of 1950. There is a 
considerable plant for breaking the rock 
and washing the garnet gravel. The owner, 
C. Borsa, a Swiss, stated that he exported 
52 metric tons of garnet in 1949, virtually 
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Colored Stones. Unlike diamonds and gold, which are 
traded in their own exchange centers with special tax 
policies, colored stones and colored stone jewelry are 
taxed at the same rate as other luxury goods. Because 
China does not have rich colored stone resources, this 
market depends mainly on imported goods. Tariff, 
VAT, and consumption tax are collected by the central 
government, while the local government collects 
business taxes. The customs tariff of imported col- 
ored stones is 8%, and retailers or wholesalers pay an 
additional 10% business tax. The VAT of mounted 
colored stone jewelry is an unusually high 17.5%, 
while consumption tax is 5%. In total, a jewelry re- 
tailer or wholesaler pays about 40% on colored stones, 
driving up prices for these products significantly. For 
example, a Cartier LOVE bracelet that sold in Hong 
Kong for 34,855 yuan (US$6,000) in 2013 cost 47,300 
yuan (US$8,000) in nearby Shenzhen. This difference 
of about 35.7% is at least partially due to China’s high 
tax rate on colored stone jewelry (Fung Business Intel- 
ligence Centre, 2013). 

Taxes collected by the central government are re- 
lated to different industries; thus, it takes longer for 
changes to occur. There are still some special policies 
that can help to lower these tax rates. For example, 
the formation of the Diamond Exchange allowed all 
diamonds to be traded under special tax rates, which 
effectively lowered the taxes collected by the central 
government. A similar organization might help with 
the colored stone industry. Moreover, reciprocal im- 
port-export policies between China and other coun- 
tries help to lower the tariff, as does the formation of 
some special trade zones in China. The hardest part 
to change is the VAT, because China’s central govern- 
ment is heavily reliant on this tax. To change it just 
for one industry is even harder (Qiu, 2013). Local taxes 
seem to have more flexibility than those collected by 
the central government, as they are more dependent 
on the attitude of the local government toward devel- 
oping its jewelry industry. 


LAB STANDARDS 

Based on modern gemological knowledge, industry 
standards were created to standardize the gem and 
jewelry trade and protect consumers. Over the past 
30 years, China formed a series of lab standards based 
on both Western examples and research by Chinese 
gemologists. 

The three most important are the Jewelry Indus- 
try Nomenclature Standard (GB/T 16552-2010), the 
Gem Identification Standard (GB/T 16553-2010), and 
the Diamond Grading Standard (GB/T 16554-2010). 
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These standards apply to all labs across the country. 
They were first published in 1996, and updated ver- 
sions were issued in 2010 and applied to lab work ef- 
fective February 2011 (2010 edition of the three...,” 
2.011). In addition, there are standards for precious 
metals. 

As the largest jadeite consumer in the world, 
China has sought a national standard on jadeite grad- 
ing for years. It is a very difficult process, because 
jadeite has a wide range of appearances, including 
transparency, color zoning, and texture. Therefore, 
every piece is unique and evaluated largely on per- 
sonal experience using trade jargon. In 2009, the 
General Administration of Quality Supervision, In- 
spection and Quarantine and the Standardization 
Administration published a national jadeite grading 
standard, GB/T 23885-2009. This standard mainly 
deals with green jadeite (figure 24), but it can also be 
applied to transparent, lavender, and red-brown ma- 
terial. The four factors evaluated are color, trans- 
parency, texture, and clarity. Gemologists may also 
comment on the craftsmanship of a particular piece 
on the certificate. The current standard uses letters 
to represent different grades while also using the cor- 
responding trade jargon, so that consumers and deal- 
ers alike can easily connect the lab report with their 
goods. The establishment of this standard was sup- 
ported by both the NGTC lab and high-end jadeite 
dealers. 

China is also the world’s largest cultured pearl 
producer. In 2002, a grading standard (GB/T 18781- 


Figure 24. The value of green jadeite has risen tremen- 
dously in China, and differences in qualities or grades 
can make large differences in price. Photo by Eric 
Welch; courtesy of Zhaoyi. 


Gems & GEMOLOGY SPRING 2014 


2002) was published regulating the terminology, 
grading factors, analysis methods, and product label- 
ing for both saltwater and freshwater cultured pearls. 

Some other colored stone varieties have a huge 
market in China, namely ruby, sapphire, rubellite, 
and more recently tanzanite. Consumers and gemol- 
ogists expect more national standards to be issued 
and applied to identification and evaluation so they 
will be better guided in purchasing and certifying 
these gems. 


PROFESSIONAL EDUCATION AND TRAINING 

In 1980, only 20,000 people throughout China were 
involved in the jewelry industry. Thirty years later, 
more than three million are employed in this field. 
The structure of the jewelry training and education 
system changed over the same period. The jewelry 
industry requires workers skilled in mining, manu- 
facturing, sales, and management. At the same time, 
gemology, design, and engineering experts are also 
needed for the development of this industry. Com- 
pared to many other countries, China has a very spe- 
cialized jewelry training and education system (figure 
25). There are two main components of this system. 


Professional Training. Before any modern training or- 
ganizations formed in China, knowledge was passed 
from master to apprentice. This system, which ex- 
isted for thousands of years until the very recent re- 
opening of the country, focused on one-on-one 
training. It was not efficient in training a large pool 
of workers. Modern certificate training programs, 
first established in the West, have been successful in 
this regard. China imported these foreign programs. 
In 1989, the China University of Geosciences in 
Wuhan formed a collaborative teaching center with 
the Gemmological Association of Great Britain to 
launch the first FGA program in China’s history. Fif- 
teen students were enrolled in that program (Yang, 
2013). After that, more foreign gemology and dia- 
mond certificate training programs were established 
in mainland China. For example, the Diamond High 
Council (HRD) opened an education center in Shang- 
hai in 1993, followed by Gem-A in Wuhan a year 
later. The Gemological Institute of America taught 
its first Chinese graduate gemology courses in Beijing 
in 1998. Altogether, these accredited programs 
trained about 300 students every year (Yang, 2013). 
As more gemologists were trained, China started 
to develop its own certification programs. Different 
authorities, including universities, national gem and 
jewelry technology centers, and gemological societies, 
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Figure 25. Gemological training has been critical to 
ensuring growth in the Chinese jewelry industry. 
Photo by Eric Welch; courtesy of Chow Tai Fook. 


can all issue professional certifications. The China 
University of Geosciences in Wuhan, for instance, is- 
sues a certificate called the GIC; about 4,000 people 
were enrolled in this program in 2012 (Yang, 2013). 
The training content in these courses includes gemol- 
ogy, manufacturing, design, sales, and management. 
Competition between education providers, both for- 
eign and domestic, has led to the development of more 
specialized training programs. Many local labs offer 
high-end classes for management-level personnel from 
jewelry companies, banks, and insurance companies 
to help them better understand the trade and related 
investment options. Labs and associations at the na- 
tional level also collaborate with sales experts from 
leading jewelry brands to offer sales and management 
classes for store personnel. Some jewelry advisors even 
offer one-to-one classes for high-end investors and col- 
lectors. 


Gemology Certificates and Degree Programs. Another 
distinguishing feature of the training system in China 
is its higher-education programs in gemology. Since 
the mid-1980s, some universities have offered gemol- 
ogy degrees, which are equivalent to an associate’s de- 
gree in the United States. The Gemmological Institute 
at the China University of Geosciences in Wuhan, the 
first of its kind officially registered by the central gov- 
ernment, was formed in 1992. In 1998, the Ministry 
of Education added gemology as a major in the na- 
tion’s universities (Yang, 2013), allowing students to 
pursue degrees up to and including doctorates. This 
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academic major expanded to include jewelry design, 
jewelry manufacturing, and jewelry business manage- 
ment. In 2009, the Gemmological Institute in Wuhan 
became the first university to offer a master’s-level 
program in jewelry design (Yang, 2013). 

To secure the talent needed to compete in the 
jewelry industry, many companies provide their em- 
ployees with special training and higher salaries. The 
president of the Pingzhou Mazu jadeite company 
pointed out that many of his jadeite carvers earn 
salaries of more than one million yuan per year 
(US$150,000). The factory leader from one major di- 
amond-cutting factory in Guangdong province also 
noted that salaries there have increased by about 
15% annually for several years. 


JEWELRY MANUFACTURING 

China, the world’s foremost manufacturing center, 
is arguably the leading jewelry maker. Most of these 
operations are based in Guangdong province. Over 
2,000 companies are located in Shenzhen, with an 
annual output of US$8 billion. This is estimated at 
over 70% of China’s actual jewelry production 
(“Shenzhen steps up role...,” 2012). China is moving 
from a primarily low-cost manufacturing model to 
one with a highly skilled workforce and state-of-the- 
art technology such as laser sawing for diamonds, 


Figure 26. Tremendous amounts of colored gemstone 
rough are required to fill the needs of the Chinese gem- 
stone cutting and jewelry manufacturing industry. Photo 
by Andrew Lucas; courtesy of L] International Inc. 
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computer-aided diamond cut planning, highly pre- 
cise robotic cutting for colored stones, and vacuum- 
casting in platinum. The industry is investing 
heavily in technology as well as staff skill level. The 
Chinese jewelry manufacturing industry faces the 
challenges of rising costs, consumer sophistication, 
value chain complexity, and global economic uncer- 
tainty. One of the biggest obstacles is the supply of 
rough material. 

The Chinese manufacturing industry is already 
known for its appetite for rough colored stones (figure 
26). During interviews at the 2013 Tucson gem 
shows, several U.S. dealers confirmed the difficulty 
of acquiring rough when trying to compete against 
China (Gemological Institute of America, 2013). 
Many dealers said they could not compete against 
the prices offered by Chinese cutting firms and jew- 
elry manufacturers. 

To feed the growing demand for colored stones, 
China is making investments in African nations to 
secure a supply of raw materials. One of the largest 
investments has been in developing African infra- 
structure, a strategy outlined in five-year plans since 
2001 (Ashok, 2013). Some of these African locales 
produce diamonds. Zimbabwe, potentially a major 
diamond producer, is one of the countries where Chi- 
nese goods, services, and capital have been traded for 
rough diamonds since 2011 (Ashok, 2013), and so far 
this strategy has been successful. Between 2006 and 
2011, when there was a 3% fall in global rough sup- 
ply, China posted a 20% increase in rough diamond 
imports by weight and a 55% increase by value 
(Ashok, 2013). Diamond sourcing will remain a chal- 
lenge as the global competition for rough intensifies. 

China, once a primarily low-cost manufacturing 
center, faces the challenges of rising costs, greater 
consumer sophistication and demands, value chain 
complexity, and global economic uncertainty. The 
country now boasts a highly skilled workforce, state- 
of-the-art technology, and high-quality products, in- 
cluding gemstones and jewelry These factors will 
help address most manufacturing concerns. 


THE DOMESTIC GEM AND JEWELRY MARKET 


While China has been a leading force for manufac- 
turing and exports in the global jewelry industry, the 
most anticipated development has been the growth 
of its domestic market. The rise in wages, though a 
competitive challenge for China’s manufacturing 
sector, has created great opportunities for its retail 
jewelry industry. 
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CHINESE GROSS SALES OF JEWELRY (2005-2012) 
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Figure 27. China’s gross jewelry sales have grown im- 
pressively since 2005, with most years seeing double- 
digit growth. Data from China Economic Net (2012). 


Domestic Jewelry Market. China is now the second- 
largest jewelry market in the world. Although there 
have been boom years and slower years, the overall 
growth has been remarkable (figure 27). 

When gold prices plummeted in April 2013, 
Chinese consumers seized the opportunity to buy 
gold, including fine gold jewelry, at bargain prices. 
Retail sales for jewelry that month totaled 30.3 bil- 
lion yuan (US$5 billion), a 72.2% year-on-year 
growth (HKTDC Research, 2.013). 

While the growth of domestic jewelry consump- 
tion in China has been impressive over the last few 
years, there is still room for advancement. Per capita 
jewelry consumption is still relatively low compared 


Figure 28. China’s jewelry consumption per capita, 
though low compared to other major consumer coun- 
tries, is on the rise, signaling strong potential for fu- 
ture growth. Data from China Economic Net (2012). 
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CHINA’S GOLD, PLATINUM, AND 
DIAMOND CONSUMPTION (2012) 
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Figure 29. China consumes much of the world’s gold, 
platinum, and diamond supply. Data adapted from 
“Diamond giant De Beers...,” (2012); Johnson 
Matthey (2013); and China National Gold Group Cor- 
poration (2013). 


to many other global markets (figure 28). Since 2009, 
jewelry consumption in both China and the United 
States has risen significantly, with China’s consump- 
tion per capita more than doubling. Still, Michael 
Huang, managing director of the Diamond Index 
Group, noted that China’s jewelry consumption still 
lagged far behind the major developed countries 
(Krawitz, 2013). China now has an estimated jewelry 
consumption per capita of US$44, compared to Japan 
at $91 and the U.S. at $242 (Krawitz, 2013). 


Gold Jewelry. As figure 29 demonstrates, fine gold 
jewelry is still a major seller in China. By 2012, China 
consumed 518.8 tons of gold jewelry and was the 
world’s fastest-growing market for gold jewelry; more 
than 75% of Chinese women in urban areas own a sig- 
nificant piece of gold jewelry (World Gold Council, 
2013). Two-thirds of Chinese women regard gold jew- 
elry as more of an investment than an adornment. Yet 
in 2013, some 6.6 million Chinese brides were ex- 
pected to receive gold as part of their wedding cere- 
mony (World Gold Council, 2013). Clearly, gold also 
holds an emotional and sentimental value in China. 

In the United States, diamond jewelry makes up 
a much higher percentage of overall jewelry con- 
sumption. But with the growth of the new consumer 
classes in China and the development of lower-tier 
cities, the domestic market for diamond and gem- 
stone jewelry should continue to grow, with the mar- 
ket eventually becoming more diversified. This is 
already the case when one compares China’s propor- 
tion of jewelry consumption categories to those of 
India and the United States (figure 30). 
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CHINA’S DIVERSIFIED JEWELRY MARKET 
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Chinese consumers traditionally have a strong 
preference for 24K gold jewelry because of its intrin- 
sic value and the cultural affinity for purity. 24K gold 
accounts for more than 80% of the gold jewelry sold 
there (World Gold Council, 2013). 

Gold has made inroads into the gem-set jewelry 
market, in both bridal and Western designer jewelry. 
In 2008, the World Gold Council collaborated with 
Chinese designers and manufacturers to create a line 
of 18K jewelry branded as K-Gold. This line was in- 
tended to inspire new designs and attract younger con- 
sumers seeking to combine tradition with innovation. 
The World Gold Council also launched advertising 
campaigns for two gold jewelry collections. These 
lines, the “Sign of Love” and the “Code of Love,” cap- 
italized on the tradition of gold jewelry as the first im- 
portant gift in a romantic relationship. 

By 2013, China was on track to overtake India as 
the world’s largest consumer of gold (World Gold 
Council, 2013). That year, David Lamb, global man- 
aging director of jewelry and marketing for the World 
Gold Council, noted in an interview on the organiza- 
tion’s website that more jewelry stores are opening in 
second- and third-tier cities. This reflects the greater 
consumer demand as these cities undergo economic 
development. In the same interview, he also men- 
tioned a renewed interest in pure gold jewelry, as op- 
posed to 18K and other karat gold jewelry. 


Platinum Jewelry. China is the world’s leading con- 
sumer of platinum, accounting for about 68% of the 
world’s demand in 2012 according to Platinum Guild 
International. In a 2012 speech, Platinum Guild CEO 
James Courage noted that since 1997, PGI has in- 
vested US$150 million into the Chinese market to 
promote the precious metal, an investment that has 
yielded a US$4.3 billion net return to the platinum 
industry. Courage added that jewelry represented 
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Figure 30. China’s jew- 
elry market is more di- 
versified than India’s, 
which is primarily fo- 
cused on fine gold jew- 
elry. Data from “2012 
import and export sta- 
tistics of the Chinese 
jewelry industry” 
(2013). 
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about 31% of worldwide platinum consumption. 
Platinum jewelry purchases in China rose in by 16% 
over 2011, with 1.95 million ounces of platinum con- 
sumed as jewelry (Johnson Matthey, 2013). 

In the Chinese market, women typically decide 
when to buy jewelry and what to purchase, whether 
it is a self-purchase or a romantic gift. Most of the 
platinum jewelry sold in China does not feature 
gems, but there has been an increasing trend to pur- 
chase it with gemstones, especially diamonds, for the 
bridal market. PGI’s market research shows that plat- 
inum’s natural white color and durability are seen as 
a fitting symbol for purity and a lifelong commit- 
ment in the Chinese bridal culture. (Stone Xu, pers. 
comm., 2013). 

Mr. Courage described visiting Chinese platinum 
jewelry factories that employed more than a thou- 
sand people and produced tons of jewelry (Johnson 
Matthey, 2013). Major jewelry manufacturers in 
China often have large showrooms where retailers 
come and select the merchandise they want to buy 
for their stores. In fact, the showrooms in China are 
larger than the authors have seen in any other coun- 
try, with cases full of inventory and buyers purchas- 
ing by the kilo. This general observation also applies 
to platinum jewelry. 

Like other retail markets, China has seen a shift 
from stand-alone retail stores to jewelry sections in 
department stores and specialty malls for jewelry. 
This is especially true in the second- and third-tier 
cities. Department stores often showcase a variety of 
jewelry in high-traffic areas on the ground floor. Ac- 
cording to PGI, platinum jewelry usually represents 
10% to 20% of the entire jewelry inventory, a higher 
percentage than in other markets. 

Consumers in second- and third-tier cities often 
buy 24K gold jewelry but aspire to be like their first- 
tier counterparts. PGI reports that in a cosmopolitan 
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city like Shanghai, 60% of the wedding rings pur- 
chased are platinum. As disposable income rises in 
lower-tier cities, PGI foresees a higher marriage rate 
and a higher percentage of platinum wedding rings. 
The same study notes that in larger cities, Chinese 
consumers are starting to adopt the Western trend of 
three-band wedding rings. This may also become the 
trend in second- and third-tier cities. 


Silver Jewelry. China is the world’s largest silver jew- 
elry manufacturer. While industrial applications ac- 
counted for more than half of Chinese silver 
fabrication at 56%, jewelry fabrication accounted for 
34% in 2011 (Silver Institute, 2012). Domestic con- 
sumption of silver jewelry rose dramatically as styles 
moved beyond the bulky traditional designs for wed- 
dings and birth celebrations. Younger Chinese con- 
sumers in first- and second-tier cities began to 
embrace silver jewelry after 2006, and most of the 
promotion has focused in these areas. Recently, con- 
sumers in rural areas have adopted silver jewelry as 
a lower-cost alternative to white gold and platinum. 
Rhodium-plated silver jewelry has also become pop- 
ular, as it offers the look of platinum. Domestic man- 
ufacturers have been duplicating their gold jewelry 
lines in silver to provide lower-cost alternatives to a 
broad Chinese consumer market, especially entry- 
level customers. 


Diamond Jewelry. China is now the second-largest 
diamond market, after the United States. Over the 
course of five years, diamond jewelry has grown from 
about one-quarter of China’s total retail jewelry mar- 
ket to approximately one-third (“All that glitters...,” 
2013). China is also expected to lead diamond jewelry 
market growth, along with India, in the global mar- 
ket (Bain &) Company, 2013). Much of this growth 
has come from accepting the Western tradition of 
giving diamond engagement rings and wedding rings. 
In China, there are an estimated 13 million brides per 
year (“All that glitters...,” 2013). There has been a 
steady shift from gold wedding bands to diamond 
rings. According to Stephane Lafay, Tiffany’s head of 
Asia Pacific and Japan, the number of urban people 
in China buying diamond engagement rings has risen 
from less than 1% to over 50% in the last 20 years 
(“All that glitters...,” 2013). In turn, large Chinese 
jewelry companies that were built on 24K gold jew- 
elry, such as Chow Tai Fook, have moved into the di- 
amond jewelry market. 

While growth has fluctuated since 2011, Kent 
Wong, managing director of Chow Tai Fook, noted that 
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RETAIL SALES OF DIAMOND JEWELRY IN CHINA 
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Figure 31. China has seen phenomenal growth in dia- 
mond sales over the last three decades (China Dia- 
mond Exchange Center, 2013). 


the Chinese jewelry market was cyclical, especially 
during changes in the central government and its poli- 
cies (Krawitz, 2013). With diamond's tradition as a 
symbol of love, eternity, and purity—and the relatively 
low per capita consumption today—growth seems al- 
most inevitable. Add to that the Western-inspired 
trend of diamond jewelry as a gift for special occasions, 
along with the rise of diamond fashion jewelry, and it 
is clear to see why many in the industry are looking to 
China for growth. 

In 2012, Rio Tinto released results from a study 
by the global market research company Ipsos that 
showed the Chinese consumer was becoming more 
open to affordable, fashion-flexible diamond jewelry 
(“Rio Tinto research confirms strong potential...,” 
2012). While diamond consumption in China repre- 
sents a far lower percentage of global consumption 
than gold or platinum, the market shows enormous 
growth potential (figure 31). 


Colored Gemstones. In recent years, especially since 
2010, China’s consumption of jewelry has expanded 
to colored gemstones. While retail colored stone sales 
have been highest in first-tier cities, second-tier pur- 
chasers are close behind (table 5). As consumers in 
third- and fourth-tier cities earn more discretionary 
income, their retail consumption of colored stones 
should also increase substantially. 

Many dealers at the 2013 Tucson gem shows re- 
ported a rebound in U.S. customer sales and a strong 
presence of Chinese buyers (Gemological Institute of 
America, 2013). They also noted dramatic price in- 
creases that were primarily due to Chinese consump- 
tion. In fact, several dealers pointed to problems 
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TABLE 5. Colored stone retail sales in China by year (billion yuan). 


2007 2008 2009 2010 2011 
Gross retail sales 4.3 5.4 7.2 9.6 13.4 
First-tier cities 1.8 2.2 3.0 4.0 5.6 
Second-tier cities 1.6 2.0 2.7 3.7 5.1 
Third-tier cities 0.6 0.8 1.0 1.4 1.9 
Other 0.3 0.4 0.5 0.6 0.7 


Data compiled from Lu (2013). 


replenishing their inventory. In the words of one U.S. 
colored stone dealer, “I went to a mine to buy rough, 
and a Chinese buyer had already been there and 
bought their production. When I returned six months 
later, the Chinese had purchased the mine.” 
Dealers at the 2013 Tucson shows reported that 
Chinese buyers were interested in a wider variety of 
colored stones than in years past. Red is traditionally 
a popular color in China, and ruby and rubellite tour- 
maline (figure 32) have been popular there for many 
years. In fact, many trade members have attributed 
skyrocketing prices for those two gems to the Chi- 
nese market. When Christie’s held its first jewelry 
auction in mainland China in Shanghai on Septem- 
ber 26, 2013, a ruby and diamond necklace com- 


Figure 32. China has become a consumer of rubellite 
tourmaline from sources around the world, including 
these Nigerian rubellites. Photo by Robert Weldon. 
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manded the highest bid, at $3.4 million (“Ruby neck- 
lace tops Christie’s first China auction,” 2013). Based 
on the authors’ observations and feedback from the 
industry, other red and pink gemstones such as 
spinel, garnet, rose quartz, and red jasper also appear 
to be gaining a following in China. 

Gemstones in other colors are also in demand. 
Multicolored tourmaline jewelry is becoming more 
popular in response to the rising price of rubellite 
(“Tourmaline grips Chinese collectors,” 2013). 
Both blue and green tourmaline, alongside other 
blue gems like sapphire, aquamarine, blue topaz, 
and even lesser- known gems like cat’s-eye silimi- 
nate, are gaining a foothold in the Chinese market 
(“Blue and green gems on the rise...,” 2012). Blue 
to violet tanzanite has become especially popular. 
Recently, the large retailer Chow Tai Seng, with 
2,200 stores domestically, was named a “retail pol- 
ished sightholder” with TanzaniteOne (Max, 2.013), 
which demonstrates the Chinese market’s open- 
ness to nontraditional colored stones. China’s con- 
sumers have become aware of all the gemstone 
choices, and more of these choices at many price 
points are now available to them. 

Enzo, the retail division of LJ International, re- 
cently acquired a copper-bearing tourmaline mine in 
Mozambique (figure 33). With 2.50 retail stores in 
mainland China, Enzo hopes to popularize this rare 
and unusually vivid gemstone domestically (Lorenzo 
Yi, pers. comm., 2013). These tourmalines are being 
promoted through advertising, the trade media, and 
celebrity endorsement. 

One of the biggest challenges facing the Chinese 
colored gemstone industry, for both exports and do- 
mestic consumption, is sourcing material (Wilson 
Yuan, pers. comm. 2013). The fierce competition for 
many varieties of colored stones, particularly finer- 
quality material, has also been felt in other manufac- 
turing centers such as India, Thailand, and Sri Lanka. 
As Chinese consumer demand has grown, the price 
of colored rough has soared. These price increases 
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Figure 33. Blue and green tourmaline, like this copper- 
bearing stone from Mozambique that sold to a Chi- 
nese buyer at the September 2013 Hong Kong show, 
are increasingly in demand in China. Photo by An- 
drew Lucas; courtesy of Lorenzo. 


have had some positive global effects. For instance, 
some mines that were not previously economically 
viable (such as rubellite mines in Brazil) are now able 
to operate. 


Jadeite. While jadeite does not have as long a history 
in China as nephrite, it is still one of the country’s 
most popular gem materials. The Guangdong Province 
Jade Association notes that since the late 1990s, thou- 
sands of tons of rough jadeite have been imported 
through the port of Guangzhou (Tingxin Li, pers. 
comm., 2013). The jadeite is carved or manufactured 
locally, making Guangdong the national hub of jadeite 
manufacturing and sales. The Pingzhou region of 
Guangdong, China’s largest jadeite rough market, is re- 
ferred to as the “hometown” of the jadeite bracelet (fig- 
ure 34). More than 20 auctions are held here each year, 
attracting dealers and retailers from all over the coun- 
try. The Sihui area draws carvers from Putian and 
Nanyang, who apply skills and concepts from wood 
and stone carving to jadeite. 

Another important entry point lies along the border 
between China and Myanmar in Yunnan province, 
China’s earliest jadeite import locale. There were about 
6,000 jadeite companies in Yunnan in 2.007; five years 
later, this number had increased to 21,000 (Tingxin Li, 
pers. comm., 2013). The main markets there are con- 
centrated in Tengchong, Yingjiang, and Ruili. 

From 2.000 to 2009, the price of jadeite rose by an 
average of 20% annually. For 2011 and 2012, this rate 
increased more than 30% annually (China Industrial 
Information Network, 2013). Myanmar, which pro- 
duces much of China’s jadeite, wants to strictly con- 
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Figure 34. The Pingzhou area of Guangzhou is known 
for manufacturing jadeite bangle bracelets. This man 
is drilling the shape from a precut circular piece of 
jadeite. Photo by Eric Welch. 


trol its export and develop its own mine-to-market 
business, even as the Chinese demand for high-end 
jadeite continues to grow. Some jadeite dealers were 
forced to tap into their reserves to deal with the lack 
of rough. At the June 2013 Myanmar jadeite auction, 
rough prices skyrocketed. In total, fewer than 10,000 
pieces were available for purchase (compared to 
2.0,000-30,000 pieces in previous auctions), while 
prices were three to ten times higher (Chen, 2013). 
Trade experts from both Yunnan and Guangdong said 
the retail price of high-quality jadeite increased at 
about the same rate as the rough price; medium- to 
low-quality jadeite was not as affected. The price 
hike was not well received by Chinese consumers, 
who did not want to spend much money on lower- 
quality material (Tingxin Li, pers. comm., 2013). 
High-end jadeite products are still in demand among 
Chinese collectors and investors—in China and 
around the world—even at significantly marked-up 
prices. 


IMPORT AND EXPORT 
Looking at imports of jewelry by country (figure 35, 
left) and value, the importance of the EU and its 
branded luxury jewelry lines to China’s market is ev- 
ident. The import value is even more impressive 
when one considers all the purchases of European 
jewelry made by Chinese consumers traveling abroad. 
At the other end of the import range are low-end com- 
mercial lines from India. 

The significance of the “one China, two systems” 
policy governing mainland China and Hong Kong be- 
comes clear when looking at China's jewelry exports 
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CHINA’S JEWELRY IMPORTS AND EXPORTS, BY CATEGORY 
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Figure 35. Left: Jewelry from the European Union is a 
significant amount of the total jewelry imports into 
China reflecting the luxury brands from that country. 
Right: The percentage of Chinese jewelry exports to 
Hong Kong reflects that city’s status as the gateway 
from China to the global market. Data from “2012 
Import and Export Statistics of the Chinese Jewelry 
Industry” (2013). 


by country. Although Hong Kong is part of China, it 
is also a free trade area and in an excellent position to 
serve as China’s export center. In 2012, 88% of China’s 
jewelry was exported to Hong Kong (figure 35, right), 
most of it for distribution in the global market. 

Diamond jewelry represents the largest percentage 
by value of jewelry imports into China, at 71% in 2012 
(figure 36, left). This is partly due to the efficient im- 
port channels via the Diamond Exchange, the VAT re- 
fund lowering the cost of diamond jewelry to Chinese 
consumers, and the inherent value of the product. As 
seen in figure 36 (right), China is a major supplier of 
jewelry to the global market; the largest category of ex- 
port is findings and precious metal jewelry. Diamond 
and gemstone jewelry have significant room for expan- 
sion in the overall percentage of exports, while imports 
and exports of colored gemstones and cultured pearls 
have seen consistent gains (table 6). 


SUMMARY 
China is currently the second-largest jewelry con- 
sumer in the world. Its economy has shown phenom- 


Figure 36. Left: Diamond jewelry is the largest cate- 
gory of jewelry imported into China. Right: Precious 
metal jewelry and findings is the largest category of 
jewelry exported from China. Data from “2012 Im- 
port and Export Statistics of the Chinese Jewelry In- 
dustry” (2013). 


enal growth and resilience over the last 30 years, av- 
eraging around 10% annually. Although its growth is 
expected to slow over the next several years, China 
may still overtake the U.S. within the next decade. 
The latest five-year national plan, issued in 2011, em- 
phasizes sustainable growth coupled with policies to 
develop domestic consumption. Large numbers of 
Chinese citizens are expected to migrate to cities over 
the next decade, and less-developed inland cities are 
specifically targeted for growth. As discretionary in- 
come grows, particularly in the third- and fourth-tier 
cities, so should domestic consumption of goods, es- 
pecially luxury goods such as jewelry. Meanwhile, 
China’s Generation 2, born after the mid-1980s, is 
considered global-minded and open to Western-style 
product consumption. Their confident outlook on the 
future is a positive signal for discretionary spending. 


Brands and quality considerations rank very high 
among Chinese consumers, although brand expecta- 
tions vary. For instance, residents of lower-tier cities 
tend to purchase goods with conspicuous logos, 
while shoppers in the cosmopolitan coastal cities 


TABLE 6. Chinese imports and exports of gemstones and natural and cultured 


pearls (in billion US$). 


2005 2006 2007 2008 
Imports 3.5 4.6 6.3 7.5 
Exports 5.5 6.9 8.1 8.5 


2009 2010 2011 
6.5 10.8 14.9 
iss) 12.5 27.5 


Source: United Nations Commodity Trade Statistics Database (2013). 
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favor understated sophistication. Chinese luxury 
consumers tend to be younger than their U.S. and Eu- 
ropean counterparts and are already predisposed to 
consider luxury goods a necessity. With the success 
of e-commerce campaigns, such as Singles’ Day on 
November 11, the continued growth of Chinese con- 
sumption seems almost a foregone conclusion. 

When China reopened to the world market, jew- 
elry businesses in Hong Kong took advantage of 
lower-cost labor in Guangdong province and the 
newly established free trade zones. The “one China, 
two systems” policy, which has maintained a free 
market in Hong Kong since reunification in 1997, 
stimulated rapid growth in Chinese exports. Some of 
these same jewelry businesses from Hong Kong 
moved into the domestic Chinese market as it took 
off. The creation of the Shanghai Diamond Exchange 
and the Shanghai Gold Exchange led to the reform of 
import and export protocols, including revision of tax 
policies, and this fueled the growth of the domestic 
jewelry industry. While rising labor costs are a con- 
cern to China’s jewelry manufacturing industry, the 
adoption of technology and the move to the high-end 
market have kept it competitive globally. 

China’s consumption per capita of jewelry is low 
compared to the United States, but it is rising at a dra- 
matic rate. The success of platinum in a relatively 
short time shows an openness to new products. Dia- 
mond jewelry has been very popular in China, espe- 
cially in the bridal market, and diamond fashion 
jewelry is also considered a new sector for growth. A 
variety of colored stones are being marketed and gain- 
ing interest in the domestic market. The global mar- 
kets for colored gemstones such as ruby, rubellite, and 
tourmaline have already been profoundly impacted by 
Chinese consumers (figure 37). Other stones such as 
tanzanite are gaining considerable traction, while the 
more traditional jadeite remains extremely popular. 

While it remains a global manufacturing leader, 
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Figure 37. Colored stones, like other sectors of the 
gem and jewelry industry, have gained great popular- 
ity in China over the past several years, a trend that 
is expected to continue. Photo courtesy of China 
Gems magazine. 


China is also developing and diversifying its domes- 
tic jewelry market. Although the country faces chal- 
lenges such as wealth disparity, environmental 
issues, and bureaucratic obstacles, China’s dynamic 
gem and jewelry industry seems destined for an even 
brighter future. 
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all to England for watch jewels and sand- 
paper.... 

“The better garnets (almost like rubies) 
are air mailed to a jewelry firm in France. 
A small problem is to obtain or make more 
glass boxes with a light inside, by which 
the women employed as selectors can 
separate the garnets according to lumin- 
osity.”” 

Figures given for the first half of 1950 
show 6,405 grams (including 120 of beryl) 
exported in the first quarter. Total exports 
show 181,627 kilograms of industrial 
garnets produced. The major portion of 
gemstones recovered is exported to England 
and Switzerland. 


Continued from page 377 


picked up in other localities, water-borne 
from above. Plans are being readied to re- 
open the famous Muzo Mine which is to be 
operated by the government. There are no 
present plans for the third mine, Cosquez, 


also operated in the time of the Spaniards. 
The gems of best color and quality are pur- 


ported to come from long-closed Cosquez*; 
next Muzo; and lastly Chivor. The Chivor 
rough is more perfectly formed than Muzo 
which generally gives a water worn appear- 
ance and cuts with less risk of shattering or 
losing color, according to the local authori- 
ties. 

It is illegal to transport rough emeralds 
anywhere in Colombia without their first 
having been appraised and sealed by the 
Ministry of Mines. Export is permitted on 


ical Digests 


a reintegration basis with the official peso 
valued at approximately two to an Ameri- 


can dollar. 


*Editor’s Note: Earlier reports have indi- 
cated that the Cosquez product was more 
comparable to that of Chivor and poorer 
in color than Muzo materials. 


AUSTRALIAN PEARLERS 

ARE AGAIN ACTIVE 

aoe to an article in South-West 
Pacific, published by the Common- 

wealth of Australia, pearling fleets of that 

country are again busy after an enforced 

wartime suspension of activities. In the 

interim, many changes have occurred 

including the disappearance of the Japanese 

divers. 

Although pearl fishing in Australia is 
principally productive of shell which is used 
for buttons, ornafnents, and inlay work, the 
hope never dies that another “Star of the 
West” may be found. This pear-shaped pearl, 
weighing 100 1/8 grains, was fished up at 
Broome in 1917 and sold for 6,600 pounds. 

Recently, it is reported, the Australian 
Council for Scientific and Industrial Research, 
working in collaboration with the Queens- 
land Government, set up a research station at 
Thursday Island to experiment with the 
culturing of shell in Australian waters. The 
post war new deal of the commonwealth 
promises to consolidate its position in 
relation to its income-producing marine 
sources, and it can be expected that in the 
future pearl fishing will be more business- 


like—if perhaps less romantic. 
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SNM ARTICLES 


NEAR-COLORLESS HPHT SYNTHETIC 
DIAMONDS FROM AOTC Group 


Ulrika F.S. D’Haenens-Johansson, Kyaw Soe Moe, Paul Johnson, Shun Yan Wong, Ren Lu, and Wuyi Wang 


The gemological and spectroscopic properties of 52 colorless to fancy light-colored HPHT synthetic di- 
amonds (40 of them colorless or near-colorless) produced by AOTC using either toroid- or BARS-press 
technologies were characterized. In addition to achieving excellent color grades, these commercially 
available faceted synthetics had a weight range of 0.05 to 0.80 ct, and possessed IF to I, clarity. Their 
synthetic origin may be difficult to determine with standard gemological techniques alone, but they 
were conclusively identified using advanced testing methods, including photoluminescence, FTIR spec- 
troscopy, and fluorescence imaging. Inclusions in two samples, grown by different press types, were 
studied using LA-ICP-MS. The trace-elemental analysis results indicated that the inclusions formed by 
the trapping of the solvent/catalyst melt during synthesis. Analysis of the combined multi-technique data 
provided insight into the identities of the solvents, catalysts, and nitrogen getters possibly used to grow 


high-quality HPHT synthetic diamonds. 


color are significantly more abundant than their 

fancy-color counterparts. The opposite is true for 
gem-quality synthetic diamonds, where near-color- 
less specimens are more challenging to produce. 
Most synthetic diamonds used for jewelry are pro- 
duced by either high-pressure, high-temperature 
(HPHT) or chemical vapor deposition (CVD) tech- 
niques. Advances in CVD technologies, as well as an 
improved understanding of the growth processes, led 
to the introduction of near-colorless CVD synthetic 
diamonds around the middle of the last decade (Wang 
et al., 2007) by companies such as Apollo Diamond 
Inc. (sold in 2011 to Scio Diamond Technology). 
More recently, the near-colorless CVD synthetic di- 
amond market has expanded with the large-scale pro- 
duction from Gemesis Corporation, which 
reportedly applies color-enhancing post-growth treat- 
ments to its as-grown material (Wang et al., 2012a). 
CVD synthetics have garnered significant publicity 
based on instances where samples have been submit- 
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ted to gemological laboratories without disclosure of 
their unnatural origin (Even-Zohar, 2012). 

Although well known in the colored diamond 
market, HPHT-grown synthetics have not played a 
significant role in the mainstream colorless diamond 
trade. Most colorless to near-colorless faceted HPHT 
synthetic specimens have been grown solely for re- 
search purposes by companies such as General Elec- 
tric (Crowningshield, 1971; Koivula and Fryer, 1984, 
Shigley et al., 1993), De Beers (Rooney et al., 1993; 
Burns et al., 1999), and Sumitomo Electric Industries 
(Shigley et al., 1997; Sumiya and Satoh, 1996; Sumiya 
et al., 2002). Near-colorless HPHT synthetics have 
also been marketed within the gem trade, in notably 
limited quantities, by Chatham Created Diamonds, 
Starcorp, and Advanced Optical Technology Corpo- 
ration (AOTC), now trading as AOTC Group, B.V. 
(see Koivula et al., 1994; Shigley et al., 1997; Deljanin 
et al., 2006; D’Haenens-Johansson et al., 2012). 

In 2012, three near-colorless and three faintly col- 
ored HPHT-grown AOTC synthetic diamonds were 
submitted to GIA’s New York laboratory for grading 
services. These samples, in addition to 24 colorless, 
near-colorless, faintly colored, and lightly colored 
faceted HPHT synthetics on loan from AOTC, were 
studied and briefly reported on in Gems & Gemology 
(D’Haenens-Johansson et al., 2012). GIA subse- 
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quently obtained another 22 samples from AOTC, 
including 10 melee-sized synthetic diamonds. This 
article will present the results of the investigation 
using gemological and spectroscopic techniques on 
the full suite of 52 AOTC synthetic diamonds (se- 
lected samples are shown in figure 1). Although their 
properties are comparable to those of top-quality nat- 
ural diamonds, it is still possible to identify them as 
HPHT synthetics. 


AOTC is a privately owned synthetic gem dia- 
mond company headquartered in the Netherlands, 
with offices in Germany, Switzerland, Canada, and 
the United States. AOTC’s faceted HPHT synthetic 
diamonds can be purchased through their company 
website (by members of the jewelry trade only) or 
through D.NEA, an online retail operation that sells 
their synthetics, both loose and in jewelry pieces. 
The products retail with full disclosure of their 
laboratory origin, and samples weighing more than 
0.30 ct bear the laser inscription “AOTC-created” 
(D.NEA, 2014a). Although most of its production is 
focused on fancy-color yellow and blue HPHT syn- 
thetics, AOTC also grows near-colorless (labeled 
“white”) synthetic diamonds using BARS- and 
toroid-press technologies. The company’s yellow 
HPHT synthetic diamonds,are sold in sizes up to 3 
ct; however, the blue and “white” synthetics weigh 
no more than 1.5 ct (D.NEA, 2014b). Since these 
products are only available in faceted form, the as- 
grown “rough” specimens are considerably larger. 
D.NEA (2014c) reports selling its “white” synthetic 
diamonds at prices “15-40% less than comparable 
mined diamonds.” Currently, AOTC is the domi- 
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Figure 1. This photo- 
graph shows eight of 
the 52 faceted HPHT 
synthetic diamonds ob- 
tained from AOTC 
Group, ranging from 
0.05 to 0.57 ct. Of the 
total suite of samples 
examined, 40 were 
graded as colorless to 
near-colorless, a re- 
markably good color 
range for HPHT syn- 
thetic diamonds, which 
are commonly pro- 
duced in fancy colors. 
Photo by Josh Balduf. 


nant producer of near-colorless HPHT synthetic di- 
amonds for the gem trade. 


REVIEW OF HPHT SYNTHESIS OF DIAMOND 
Diamond synthesis by HPHT methods was first car- 
ried out by the Swedish company ASEA in 1953, but 
the synthetic diamond era truly began a year later, 
when scientists at General Electric (GE) independ- 
ently reported the growth of diamond using this 
technique (Bundy et al., 1955). Prior to GE’s success, 
diamond and graphite had already been established 
as carbon allotropes (i.e., consisting of different struc- 
tural configurations of the same element). It was orig- 
inally thought that applying high temperatures and 
pressures to graphite, to some extent mimicking the 
growth conditions of natural diamond, would yield 
synthetic diamond, but this proved unsuccessful. 
Through research, the process evolved into the 
temperature-gradient HPHT method. In this method 
(Bovenkerk et al., 1959), the HPHT capsule is filled 
with the carbon source material (typically graphite), 
a diamond “seed,” and a solvent/catalyst (usually a 
group VIII element such as iron or its alloys). The use 
of a solvent/catalyst lowers the temperature and 
pressure conditions necessary for successful diamond 
growth. Alloys such as Fe-Ni and Fe-Co are widely 
used because of their lower melting points (and thus 
lower pressures required). The system’s pressure and 
temperature are increased so that the solvent/cata- 
lyst melts; the resulting diamond is the thermody- 
namically stable form of carbon. The conditions vary 
depending on the size, quality, and type of diamond 
synthesized, but the pressures and temperatures ap- 
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plied are usually in the ranges of 5-6 GPa and 1300- 
1600°C, respectively (Burns et al., 1999). A tempera- 
ture gradient (i.e., difference in temperature) is 
carefully produced, such that the carbon source ma- 
terial is located in a hotter region than the diamond 
seed. The source material dissolves, and the carbon 
atoms are transported toward the cooler region, 
where the dissolved carbon becomes supersaturated 
in the solvent, crystallizing on the diamond seed and 
forming new diamond. Four main types of presses are 
used to grow diamond by this method: belt, BARS 
(based on a split-sphere concept), cubic, and toroid 
presses (see e.g. Strong and Chrenko, 1971; Strong, 
1989; Bundy et al., 1973; Shigley et al., 1993; 
Khvostantsev et al., 2004). 

Chemical impurities and macroscopic inclusions 
from the solvent/catalyst are easily incorporated into 
the growing diamond. Nitrogen contamination may 
originate from the solvent/catalyst, the carbon 
source, or the gas found in the empty spaces or pores 
of the HPHT capsule. The nitrogen impurities enter 
the structure of the nascent diamond as substitu- 
tional atoms, resulting in yellow type Ib material 
with nitrogen concentrations in the range of 100 to 
300 atomic parts per million (Burns et al., 1999). 
Most of the HPHT synthetic diamonds produced 
worldwide are type Ib. Synthesis time and tempera- 
ture conditions permitting, the isolated nitrogen 
atoms may also aggregate into pairs, forming A-cen- 
ters and resulting in mixed type Ib/IaA synthetic di- 
amonds (Chrenko et al., 1971 and 1977). 

To reduce impurity concentrations and create 
near-colorless type Ila or weak type IIb diamonds, it 
is insufficient to merely use higher-purity sol- 
vents/catalysts and carbon sources. It is also neces- 
sary to introduce a nitrogen getter, usually an 
element with a strong affinity for nitrogen, such as 
aluminum (Al), titanium (Ti), zirconium (Zr), or 
hafnium (Hf). A significant amount of the nitrogen 
in the growth capsule will thus be “trapped,” form- 
ing nitrides. Nevertheless, the introduction of the ni- 
trogen getter may promote the uptake of solvent/ 
catalyst inclusions, due to the reduced solubility of 
the carbon in the solvent/catalyst or changes in the 
diffusion of the carbon. To minimize this effect, it 
may be advantageous to slow the growth rate by ad- 
justing the temperature. The nitrogen getter may 
also react with the carbon to form carbides that can 
be incorporated in the HPHT synthetic diamond, 
reducing its clarity. A suitable element (such as cop- 
per) may be further added to decompose these car- 
bides (see Strong and Chrenko, 1971; Burns et al., 
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1990; Sumiya and Satoh, 1996; Sumiyu et al., 1996). 

Type IIb synthetic diamonds with colors ranging 
from pale blue to opaque blue-black can also be cre- 
ated by doping the material with boron. To do this in 
a controlled manner, the nitrogen concentration is 
simultaneously reduced by adding nitrogen getters. 
The blue color arises from uncompensated boron, or 
the amount of boron in excess of the substitutional ni- 
trogen concentration at the atomic ppm level (Burns 
et al., 1999). 

Fancy-color HPHT synthetic diamond products, 
available to the gem trade since the early 1990s, have 
been extensively characterized (e.g., Shigley et al., 
1993b, 2002). The complex mixture of ingredients in 
the growth capsule, combined with the need for sen- 
sitive control of temperature and pressure for extended 
periods of time, has made near-colorless HPHT dia- 
mond synthesis expensive and time consuming. Con- 
sequently, fewer near-colorless samples are available 
for study (Koivula et al., 1994; Shigley et al., 1997; Del- 
janin et al., 2006; D’Haenens-Johansson et al., 2012). 
AOTC indicates it can take more than two weeks to 
grow a synthetic “white” crystal that can be cut into 
a1 ct synthetic diamond (D.NEA, 2014b). By compar- 
ison, AOTC states that growth periods for yellow and 
blue HPHT synthetic diamonds are 5-G days and 7-10 
days, respectively (D.NEA, 20144d,e). There is no post- 
growth treatment known to reduce color saturation 
in near-colorless HPHT synthetic diamonds, and 
AOTC claims to sell its “white” products in the as- 
grown state (D.NEA, 2014b). Although near-colorless 
HPHT synthetic diamond manufacturing for gem ap- 
plications did not become commercially viable until 
recently, Sumitomo Electric Industries launched its 
Sumicrystal type Ila HPHT synthetic product in 1996. 
The company has reported the synthesis of diamonds 
as large as 8 ct for industrial applications (Sumiya and 
Satoh, 1996; Sumiya et al., 2002, 2005). 


MATERIALS AND METHODS 

All 52 of the faceted HPHT synthetic diamonds were 
round brilliants, ranging from 0.05 to 0.80 ct. Exclud- 
ing the 10 melee-sized samples (all measuring 0.05 ct), 
the average weight was 0.37 ct. According to AOTC, 
40 of the samples were grown using BARS presses, 
while the remaining 12 were created in toroid presses. 
Color and clarity grades were determined using the 
standard GIA grading systems for D to Z and fancy- 
color diamonds. Inclusions were investigated using a 
standard gemological binocular microscope system, as 
well as a Nikon SMZ1500 microscope with darkfield 
and fiber-optic illumination. The samples were also 
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examined under magnification between two crossed 
polarizing filters to detect anomalous birefringence 
(usually caused by strain). The color and clarity grades 
given in this article are for research purposes only. 
GIA’s standard practice for synthetic diamond grading 
reports is to provide a color and clarity grade range. 

Electrical conductivity was tested using a GIA 
electroconductometer, and magnetic properties were 
evaluated by suspending the sample from a thin 
thread and checking for motion when a strong mag- 
net was brought toward it (Koivula and Fryer, 1984). 

The samples’ fluorescence and phosphorescence 
behavior to short- (254 nm) and long-wave (365 nm) 
ultraviolet light was investigated using a standard 
four-watt combination gemological testing lamp in 
a dark room. Additionally, fluorescence and phospho- 
rescence images (5.0 second exposure and 0.1 second 
delay) were recorded using a DTC DiamondView in- 
strument (< 230 nm excitation). Room-temperature 
phosphorescence spectra were collected using an 
Ocean Optics HR4000 spectrometer coupled with an 
Avantes-DH-S deuterium-halogen light source (215- 
2500 nm), as described by Eaton-Magajia et al. (2007, 
2.008). The experiment consisted of illuminating the 
sample for 20 seconds, switching off the light, and 
collecting phosphorescence spectra (1 second integra- 
tion time) for a period of 120-180 seconds. 

Room-temperature infrared absorption spectra 
were collected over the 6000-400 cm range, at a res- 
olution of 1 cm, using a Thermo Nicolet Nexus 6700 
FTIR spectrometer equipped with KBr and quartz 
beam splitters and a DRIFT (diffuse-reflectance in- 
frared Fourier transform) unit. The system was purged 
with nitrogen gas to reduce absorption features from 
atmospheric water and carbon dioxide. IR spectra were 
normalized using the method of Palik (1985) to allow 
for calculation of defect concentrations. 

Photoluminescence (PL) spectra were collected 
using a Renishaw InVia Raman confocal microspec- 
trometer equipped with four laser systems, produc- 
ing six excitation wavelengths: 324.8, 457.0, 488.0, 
514.5, 632.8, and 830.0 nm. Samples were immersed 
in liquid nitrogen in a specially designed double-layer 
bath (patent pending) to maintain temperature at 77K 
(-196°C). Additional PL data were acquired using a 
Horiba XploRA Raman confocal microspectrometer 
with a 532.0 nm laser. 

Trace-element analysis was conducted on surface- 
reaching inclusions in two samples, BO124 and T0130 
(BARS- and toroid-press grown, respectively), using a 
ThermoFisher X-Series II laser ablation-inductively 
coupled plasma—mass spectrometer (LA-ICP-MS) 
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equipped with a 213 nm laser ablation system. NIST 
SRM 610 and 612 glass standards were used for inter- 
nal calibration. The system was run with a 7 Hz rep- 
etition rate and 16.09 J/cm? fluence. Spot sizes of 25 
um (BO124) or 30 um (T0130) were chosen to ensure 
that only the inclusion material was sampled. The in- 
clusions in BO124 and T0130 were laser-ablated for 45 
and 30 seconds, respectively. 


RESULTS 


Color. As shown in table 1, most of the samples were 
graded as colorless in the D-F range (33%) or near- 
colorless in the G-J range (44%). Notably, the largest 
specimen (BO141, weighing 0.80 ct) had an impres- 
sive G color grade. The remaining samples displayed 
enough blue, green, or yellow-green coloration to be- 


In Brief 


e The 52 faceted colorless and near-colorless HPHT syn- 
thetic diamonds from AOTC studied in this report 
ranged in size from 0.05 to 0.80 ct, with 77% achiev- 
ing colorless or near-colorless grades. Clarities ranged 
from IF to |.. 


The HPHT synthetics were grown using BARS- and 
toroid-press technologies. PL and FTIR absorption spe- 
ctroscopy, combined with trace element analysis of in 
clusions using LA-ICP-MS, suggest that different sol- 
vent/catalyst melts may be used during their synthesis. 
e Although visual inspection may be insufficient to rec- 
ognize their laboratory-grown origin, these samples 
could be positively identified as HPHT synthetic 
diamonds using PL spectroscopy and DiamondView 
fluorescence imaging. 


graded on the fancy color scale, with the strongest 
color saturation resulting in a Fancy Light blue grade. 
The color distribution in the latter samples was un- 
usually even, without the zoning frequently observed 
in HPHT synthetics. 


Microscopy. The clarity of the suite ranged from IF 
to I,, with no correlation between color and clarity 
grades (table 1). The melee-sized samples (BO152— 
BO162) had good clarity overall, with most receiving 
grades of VVS, or higher, including two IF samples. 
The poorer clarities resulted from elongated sol- 
vent/catalyst inclusions, which were opaque or 
metallic in appearance (figures 2 and 3), or from 
feathers. The results imply that samples grown using 
toroid presses are more likely to have distinct inclu- 
sions under 10x magnification, as nine of the 12 sam- 
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TABLE 1. Gemological properties and calculated bulk concentrations of neutral boron ([B°]) impurities for 
HPHT synthetic diamonds from AOTC.? 


: : 0 
Sample | ia Color Clarity Magnetic sere eae) 
BO117 BARS 0.22 Faint blue VS, No Yes 3845 
BO118 BARS 0.34 F VVS, No No - 
BO119 BARS 0.28 F VS, No No 8+1 
BO120 BARS 0.30 Fancy Light blue VS, Yes Yes 216 +30 
BO121 BARS 0.26 F VS, Yes No 3.2+#05 
BO122 BARS 0.38 Very Light blue Sl, Yes No 62+9 
BO123 BARS 0.39 H I No Yes 21+3 
BO124 BARS 0.41 G VS, Yes No 7+1 
BO125 BARS 0.42 H SI, Yes Yes 47 +7 
BO126 BARS 0.45 Very Light blue SI, Yes Yes 57 #9 
BO127 BARS 0.54 J VS, No No 4.7 + 0.7 
B0128 BARS 0.57 J VVS, No No 2? 
T0129 Toroid 0.20 H I, No No - 
T0130 Toroid 0.33 H I Yes No = 
T0131 Toroid 0.32 I l, Yes No = 
T0132 Toroid 0.32 G I, Yes No = 
T0133 Toroid 0.21 H VS, No No = 
T0134 Toroid 0.21 I VVS, No No - 
T0135 Toroid 0.23 I VVS, No No 2 
T0136 Toroid 0.23 F iF Yes No - 
T0137 Toroid 0.25 G I; Yes No 2 
T0138 Toroid 0.25 F 5 Yes No = 
T0139 Toroid 0.25 G I, Yes No N/A 
T0140 Toroid 0.27 J I, Yes No - 
BO141 BARS 0.80 G VVS, N/A N/A 49 +7 
BO142 BARS 0.60 F IF N/A N/A 
B0143 BARS 0.58 H I, Yes No - 
BO144 BARS 0.51 Very Light green SI, Yes No 94+15 
BO145 BARS 0.46 F SI, Yes No 2544 
BO146 BARS 0.40 E SI, Yes No 2143 
BO147 BARS 0.40 F SI, Yes No 1342 
BO148 BARS 0.31 Very Light VS, No No 17 +3 
yellowish green 
BO149 BARS 0.30 G VS, Yes No 3245 
BO150 BARS 0.30 Faint blue VS, Yes No 2644 
BO151 BARS 0.29 G Sl, Yes No 13 +2 
BO152 BARS 0.24 Faint yellow-green VVS, No Yes 4.3 + 0.6 
BO153 BARS 0.05 F VVS No No 47 +7 
BO154 BARS 0.05 H VVS, No No - 
BO155 BARS 0.05 E VVS, No No 3045 
BO156 BARS 0.05 Faint blue VVS, No Yes 120 + 20 
BO157 BARS 0.05 D VVS No No 49 +7 
BO158 BARS 0.05 I VVS, No No - 
BO159 BARS 0.05 E VVS, No No 2544 
BO160 BARS 0.05 E IF No No 3145 
BO161 BARS 0.05 F VVS No No 100+15 
B0162 BARS 0.05 E IF No No 23:+:3 
B4122 BARS 0.57 G VS, No No 4.1+0.6 
B4123 BARS 0.54 F VVS, No No 2.6+0.4 
B4124 BARS 0.50 Very Light blue VS, Yes Yes 90 + 10 
B4125 BARS 0.42 Faint blue SI, Yes Yes 42+6 
B4126 BARS 0.35 H SI, Yes No - 
B4127 BARS 0.33 Faint blue SI, Yes Yes 3645 
* [B°], averaged across the whole sample, was calculated using the integrated intensity of the 2800 cm feature in the FTIR absorption data. 
N/A: not analyzed. 
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Figure 2. Some of AOTC’s HPHT synthetic diamonds contained dark metallic inclusions, which were often rod- 
shaped. Surface-reaching feathers or fractures surrounding the inclusions were also observed. The photomicro- 
graphs for samples B0124 (A), BO143 (B), and BO149 (C) have image widths of 1.20, 2.40, and 1.05 mm, 
respectively. Inclusions in toroid-grown samples (not shown) were similar. Photomicrographs by Ulrika ES. 


D’Haenens-Johansson. 


ples received I|-1, clarity grades. Graining was not ob- 
served in any of the AOTC samples. This is consis- 
tent with the subdued interference colors (gray/blue} 
displayed under crossed polarizers, as shown in figure 
3, which indicate the low levels of strain character- 
istic of HPHT synthetic diamonds (Crowningshield, 
1971). Higher levels of strain were only seen directly 
adjacent to inclusions or feathers. 


Fluorescence and Phosphorescence. None of the 
samples showed fluorescence reactions under a hand- 
held gemological long-wave UV lamp. Under short- 
wave UV, however, most displayed weak to strong 
greenish yellow fluorescence, with only 17% remain- 
ing inert. Fluorescence color zoning was not ob- 
served. The intensity of the fluorescence increased 
with exposure time, stabilizing after a few seconds. 
The fluorescing samples exhibited phosphorescence 
that was initially yellowish green but rapidly turned 


greenish blue. The greenish blue component was un- 
usually long lasting, continuing for more than six 
minutes for some of the most intensely fluorescent 
samples. Stronger fluorescence to short-wave rather 
than long-wave illumination with a gemological 
lamp is one of the distinctive features of HPHT syn- 
thetic diamonds, as noted in the literature (Crown- 
ingshield, 1971; Koivula and Fryer, 1984; Rooney et 
al., 1993; Shigley et al., 1993, 1997). Fluorescence and 
phosphorescence colors were consistent with some 
of the near-colorless HPHT synthetic samples stud- 
ied by Shigley et al. (1997). 

DiamondView fluorescence images revealed 
cuboctahedral growth patterns typical of HPHT syn- 
thetics. The patterns form due to growth sector-de- 
pendent differences in a sample’s impurity uptake, 
where a growth sector is defined as a three-dimen- 
sional region of the crystal with a common crystal- 
lographic growth plane (Burns et al., 1990, 1999). At 


Figure 3. (A) Viewed between crossed polarizers, the AOTC samples displayed weak low-order interference colors 
and no discernible anomalous double refraction pattern, signifying very low levels of strain. Highly strained re- 
gions were only observed adjacent to fractures or inclusions, such as those shown in images B and C. These im- 
ages are from samples B4123, B4127, and B0144, with image widths of 2.20, 2.65, and 1.25 mm, respectively. 
Photomicrographs by Ulrika F.S. D’Haenens-Johansson. 
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times the contrast between adjacent fluorescing sec- 
tors was weak, and viewing such samples along mul- 
tiple directions greatly aided in distinguishing the 
patterns. The bulk fluorescence was either blue or 
green, and the samples had strong blue phosphores- 
cence, as illustrated in figure 4. 

The phosphorescence behavior of the non-melee 
synthetic diamonds was further investigated using 
the previously described custom-built phosphores- 
cence spectrometer. With each of these samples, the 
broadband illumination of the spectrometer (215- 
2500 nm) induced a blue phosphorescent emission 
centered at approximately 500 nm, as shown in fig- 
ure 5. No other phosphorescence peaks were de- 
tected. The emission band at 500 nm (2.48 eV) has 
been reported in type IIb HPHT synthetic diamonds, 
but it can also be seen in natural type IIb diamonds 
(Watanabe et al., 1997; Eaton-Magania et al., 2008; 
Eaton-Magana and Lu, 2011). The phosphorescence 
is thought to arise from donor-acceptor pair recom- 
bination between the boron acceptor and unknown 
donors, possibly nitrogen defects (Dean, 1965, 1973; 
Klein et al., 1995; Watanabe et al., 1997). Note that 
even the nominally type Ila samples (see the Infrared 
Absorption Spectroscopy section below) displayed 
phosphorescence, suggesting the presence of boron 
impurities in concentrations below the FTIR spec- 
trometer’s detection limit. 


Magnetism. All of the samples with SI|-I, clarity 


grades were attracted to the rare-earth magnet, and 
most of the VS, samples were found to be weakly 


36 HPHT SYNTHETIC DIAMONDS FROM AOTC 


Figure 4. DiamondView 
images of samples 
B0124 (A-C) and B0148 
(D-F). The fluorescence 
images (A, B, D, and E) 
show clear cuboctahe- 
dral patterns originat- 
ing from their HPHT 
growth histories. The 
samples also displayed 
intense, long-lasting 
blue phosphorescence 
(C and F). These char- 
acteristics were ob- 
served for every AOTC 
sample. Images by UI- 
rika F.S. D’Haenens- 
Johansson. 


magnetic (see table 1). Past studies of gem-quality 
HPHT synthetics have demonstrated the magnet- 
ism of their inclusions (Koivula and Fryer, 1984, 
Rossman and Kirschvink, 1984). Most of the inclu- 
sions originate from the solvent/catalyst, which is 
typically a ferromagnetic material such as Fe or its 
alloys. Thus, depending on the inclusion size and 
number, and the proximity and strength of the mag- 
net, HPHT synthetic diamonds may show magnetic 


Figure 5. The room-temperature phosphorescence 
spectra for the non-melee synthetic diamonds showed 
strong emission at approximately 500 nm. The spec- 
tra have been vertically translated for clarity. 
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FTIR SPECTRA 
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Figure 6. The FTIR 
spectra collected, trans- 
lated vertically for clar- 
ity, revealed uncompen 
sated boron absorption 
(B° at ~2800 cm) and 
a weak peak at 1332 
cnr. As a result, the 
AOTC samples were 
classified as mixed type 
Ila/IIb. The calculated 
bulk concentrations of 
B® are summarized in 
table 1. 
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attraction. It is extremely rare for the inclusions in 
a natural diamond to be attracted to a magnet 
(Koivula and Fryer, 1984), and CVD synthetics are 
not magnetic. Nevertheless, some diamonds, irre- 
spective of their origin, demonstrate extremely weak 
magnetism due to surface contamination stemming 
from the cutting and polishing process. Careful 
cleaning will remove this effect (Rossman and 
Kirschvink, 1984). Magnetism is sometimes used to 
identify HPHT synthetic diamonds. If the synthetic 
diamonds do not contain significant inclusions, as 
was the case for 58% of the samples tested here, 
they will not be attracted to strong handheld mag- 
nets. Ultrasensitive equipment such as a supercon- 
ducting quantum interference device (SQUID) may 
detect the magnetism of trace amounts of 
solvent/catalyst, but this is impractical for routine 
gemological investigations (Rossman and Kirsch- 
vink, 1984). 


Electrical Conductivity. Electrical conductivity, oc- 
curring with white luminescence, was detected in 
some of the colored or lower-grade near-colorless 
samples, representing 17% of all the specimens 
tested (table 1). The conductivity measurements 
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were found to depend on the positioning of the elec- 
trical probes on the samples. Some of the samples re- 
ported as not conductive, therefore, may have 
actually had conducting regions that were not ac- 
cessed due to geometry or volume conditions. Elec- 
trical conductivity can indicate the presence of boron 
in diamond. The presence of boron turns pure insu- 
lating diamond into a conductive material. The sol- 
ubility of boron is growth-sector dependent, and 
previous studies of boron-containing diamonds have 
shown that concentrations can vary in orders of mag- 
nitude across different growth sectors of the same 
specimen, with the highest concentrations usually 
found in {111} sectors. Yet the sector with the highest 
boron concentration has also been reported to be 
strongly influenced by the degree of doping (Burns et 
al., 1990). Hence, it is not surprising that boron-con- 
taining HPHT synthetic diamonds have sector-de- 
pendent electrical conductivity (Rooney et al., 1993; 
Shigley et al., 1997). 


Infrared Absorption Spectroscopy. Infrared absorp- 
tion spectroscopy revealed that the AOTC synthetic 
diamonds were mixed type IIa/IIb, or pure type IIa 
(figure 6). All the toroid samples belonged to the lat- 
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Gemological Uigests 


1949 REPORT OF 
U. S. BUREAU OF MINES 


R EPRINTS of the Gemstone Chapter from 
the Bureau of Mines’ Minerals Year- 
book for 1949 are now available from the 
Superintendent of Documents, U. $. Govern- 
ment Printing office, Washington 25, D. C. 
Price of the booklet is five cents. 


Prepared by W. F. Foshag, George Switzer 
and G. W. Josephson, the book covers such 
subjects as the Jewelry Industry in 1949; 
Fashions in Jewels; Domestic Production; 
Canadian Gemstones; Imports; Diamonds; 
Ruby, Sapphire, and Emerald and Lesser 
Gems. 


Based on a survey made by the National 
Wholesale Jewelers’ Association, it is pointed 
out that diamond sales during the year 1949 
showed a 19 per cent decline as compared to 
sales for 1948. At the same time, as reported 
in the Jewelers Circular-Keystone, statistics 
from the United States Department of Com- 
merce and data from the Internal Revenue 
Department indicate that. volume done by 
jewelry stores in 1949 showed a decline of 12 
per cent compared to the previous year—or 
amounted to an approximate total of $1,055,- 
000,000. 


As in previous years, gem mining in the 
United States, continued to be a minor part 
of the mining industry during 1949 and it is 
estimated that value of the domestic output of 
rough gems did not exceed $400,000 to 
$500,,000. Forms of quartz, chiefly crypto- 
crystalline, were most predominant of the 
gem minerals recovered. Oregon, Wyoming, 
Washington, and Texas led the states in pro- 
duction. 


The authors of the bulletin state that 


deposits of light green jade (nephrite) in 
Wyoming have been largely depleted, but 
that new finds of dark green and black have 
been made. Sales of Wyoming jade for 1949, 
one of the poorest years in the past thirteen, 
amounted to about $20,000. A newly dis- 
covered field at Daniel, Wyoming, is reported 
to be of poor quality. 

In November 1949, a deposit of jadeite 
jade, none of which has been of gem quality, 
was found on Clear Creek, San Benito 
County, California. Other than worked pieces 
which have been recovered from tombs of 
ancient civilizations in Central America, this 
is the first jadeite found in the Western 
Hemisphere. 


BURMESE RUBY, SAPPHIRE 
OUTPUT DECLINES IN 1949 
NFORMATION released by the U. S. Bureau 
of Mines states that Counselor of Embassy 
Henry B. Day gives 1949 gemstone produc- 
tion in Burma as follows: Rubies, 100 carats, 
value 70,000 rupees*; Sapphires, 2,500 
carats, value 150,000 rupees; Spinels, 12,500 
carats, valued at 35,000 rupees; and approxi- 
mately 21.37 hundredweight of jadeite 
valued at 98,995 rupees. 

According to information published in 
the last issue of Gems and Gemology, this 
indicates a considerable decline in the 
quantity of rubies and sapphires mined in 
that country as compared to 1948. 


*The rate of exchange of the Burmese rupee into 
dollars in 1949 was as follows: Before September 
20, one United States dollar equalled 3.3 rupees 
and subsequent to that date, 4.75 rupees. 
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Figure 7. (A) PL spectra collected using 514.5 nm excitation were dominated by emission peaks from the NV? (575 
nm) and NV- (637 nm) centers. “R” denotes the diamond Raman peak. In certain samples, the 514.5 nm laser also 
excited weak peaks at 658.0 nm (B), 675.2 nm (C), and a group of peaks at 706.9, 709.1, and 712.2 nm (D). Repre- 
sentative spectra are shown and have been translated vertically for clarity. 


ter classification, producing FTIR spectra that lacked 
any clear impurity-related absorption. The spectra for 
34 of the 40 BARS samples revealed the presence of 
uncompensated boron (approximately 2800 cm-'). 
The faceting of the samples made it impossible to 
isolate specific growth sectors for individual FTIR ab- 
sorption measurements. Although boron is not uni- 
formly distributed throughout these multi-sector 
HPHT synthetic diamonds, bulk concentrations — 
[B°] averaged across the whole sample volume — were 
calculated using the integrated intensities of the 
2800 cm-! feature, as described by Collins and 
Williams (1971) and Fisher et al. (2009). Regional 
boron concentrations will either be higher or lower 
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than the bulk values, tabulated in table 1, but the es- 
timates allow for semi-quantitative comparison be- 
tween samples. 

A weak peak at 1332 cm"! was observed in 37 of 
the 40 BARS samples. Due to the high density of 
phonon states in this region, the identity of the 1332 
cm! peak is uncertain, though it has been observed 
in boron-doped diamonds and in synthetic diamond 
grown using nickel-containing solvent/catalyst 
(Collins et al., 1990a; Lawson and Kanda, 1993; Law- 
son et al., 1998). The FTIR spectrum for the posi- 
tively charged state of the substitutional nitrogen 
center (N,*) is characterized by a peak at 1332 cm 
and broad features at 1046 and 950 cm! (Lawson et 
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al., 1998). As the latter two features were not ob- 
served in the AOTC samples’ spectra, the 1332 cm"! 
peak could not be attributed to this defect. Nor was 
the neutral charge state of substitutional nitrogen, 
N.°, which produces a peak at 1344 cm, detected in 
any of the spectra (Lawson et al., 1998). 


Photoluminescence. PL spectroscopy at liquid-nitro- 
gen temperatures revealed no single peak in all of 
the samples, even though several contained similar 
defects (identified by their characteristic emission 
peaks). Since it was possible to excite emission from 
certain defects using multiple lasers, they will be 
described here for the lasers that caused the most ef- 
ficient excitation (figures 7-10). In general, the ob- 
served emission peaks were weak, and could only be 
detected when the power was high enough to satu- 
rate the diamond Raman peak. 

Nitrogen-vacancy center (NV°) concentrations 
were sufficiently high in 33 of the 52 total samples to 
produce detectable zero-phonon lines (ZPLs) at 575 
nm (2.156 eV, neutral charge state) or 637 nm (1.945 
eV, negative charge state) with 514.5, 532.0, or 488.0 
nm laser excitations. In the 514.5 nm PL spectra, the 
637 nm ZPL was more intense than the 575 nm ZPL 
for 64% of the samples showing these emissions (see 
figures 7A-D). These spectra also revealed weak 
unidentified peaks at 658.0 nm (1.884 eV) in 19 of the 
samples and at 675.2 nm (1.836 eV) in 9 samples (37% 
and 17%, respectively). Additionally, a set of faint 
emission lines at 706.9, 709.1, and 712.2 nm (1.754, 
1.748, and 1.741 eV) was observed in 12 of the sam- 
ples (23%). It is unknown whether these are related. 

Overall, the synthetic diamonds grown by AOTC 
using toroid-press systems showed remarkably few 
(and weak) PL features, limited to those discussed 
above. The remaining laser excitation wavelengths 
did not induce any other defect-related emissions. 
Sample T0131 was exceptionally pure and did not 
have any detectable optical centers. Conversely, sev- 
eral of the diamonds synthesized using BARS-press 
technology showed additional ZPLs. Any other peaks 
discussed hereafter were only detected in this group 
of 40 BARS samples. 

A weak peak at 503.2 nm (2.463 eV), possibly H3 
(N-V-N°), was detected in the 488.0 nm laser-excited 
PL spectra for 11 of the BARS samples (27.5%). Emis- 
sion at this wavelength has previously been reported 
in both type Ila and IIb HPHT-grown synthetic dia- 
monds (Dodge, 1986; Collins et al., 1990a; Sittas et 
al., 1996; Zaitsev, 2001). 

As shown in figure 8, the negatively charged sili- 
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Figure 8. The SiV- center, with emission peaks at 736.6 
and 736.9 nm, was observed in the PL spectra for four 
samples using 632.8 nm laser excitation. Spectra have 
been translated vertically for clarity. 


con split-vacancy defect, with a doublet ZPL at 
736.6/736.9 nm (SiV-, 1.683 eV), was clearly resolved 
in the 632.8 nm PL spectra for four samples (10%). 
This is surprising, as the presence of silicon (Si) is 
rarely reported in HPHT synthetic diamond. Inten- 
tional Si-doping occurred in the studies by Clark et al. 
(1995) and Sittas et al. (1996), where Si was added to 
the Fe, Fe-Ni, or Fe-Co solvent/catalyst mixture; the 
latter study also included Ti or Zr nitrogen getters. Si- 
doping by post-growth Si* implantation has also been 
reported (Collins et al., 1990b). To date, SiV- has only 
been reported twice for faceted gem-quality HPHT 
synthetics, but it is unknown whether its presence 
was intentional or simply a byproduct of contamina- 
tion (Moe and Wang, 2010; Wang and Moe, 2012). 

A doublet at 882.6/884.3 nm (1.405/1.402 eV), ex- 
cited using the 830.0 nm laser, was the most com- 
monly observed ZPL, detected in 28 (70%) of the 
BARS samples (figure 9). This doublet, typically re- 
ferred to as the 1.40 eV center, is frequently seen using 
absorption or PL spectroscopy in the {111} growth sec- 
tors of HPHT synthetic diamonds produced using 
Ni-based solvent/catalysts (Collins et al., 1990a; 
Nazaré et al., 1991; Collins, 1992; Lawson and 
Kanda, 1993). Nazaré et al. were able to resolve the 
fine structure for the band and conducted uniaxial 
stress and Zeeman splitting measurements, conclu- 
sively determining that the defect responsible con- 
tains a single Ni atom (Davies et al., 1989). The 
splitting between the dominant 882.6 and 884.3 nm 
lines was found to rise with increasing linewidths, 
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Figure 9. A Ni-related doublet at 882.6 and 884.3 nm 
was detected in most of the PL spectra (830.0 nm 
laser excitation) collected for the BARS samples. 
These representative spectra have been translated ver- 
tically for clarity. 


which follow increasing strain levels. They hypoth- 
esized that the ZPL originates at an interstitial Ni* 
atom distorted along a (111) direction. Although this 
is the most widely accepted model, it has not been 


Figure 10. The 484 nm center, with peaks at 483.59, 
483.84, 484.11, and 484.45 nm, was detected in the 
PL spectra (324.8 nm laser excitation) of 10 of the 40 
BARS-grown samples. Only the most intense and 
clearly resolved spectra are presented here, translated 
vertically for clarity. 
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unambiguously confirmed (Yelisseyev and Kanda, 
2007). 

The 324.8 nm laser excitation PL spectra in figure 
10 revealed the presence of a complex luminescence 
system, centered at about 484 nm in 10 of the 40 
BARS samples. This band, referred to as the 484 nm 
or 2.56 eV center, is frequently observed in the ab- 
sorption or PL (excitation wavelength <400 nm) spec- 
tra of Ni-doped HPHT synthetic diamonds. Like the 
882.6/884.3 nm doublet, it is mainly restricted to 
{111} growth sectors (Dean, 1965; Collins et al., 
1990a; Collins, 1992). The band consists of peaks at 
483.59, 483.84, 484.11, and 484.45 nm (2.564, 2.563, 
2.561, and 2.559 eV) resulting from the splitting of 
the excited state. The 883.6/884.3 nm optical center 
was detected in the PL spectra for every AOTC sam- 
ple that also contained the 484 nm center. The PL 
spectra acquired using the 457.0 and 532.0 nm laser 
excitations did not reveal any additional photolumi- 
nescent centers. 


LA-ICP-MS. The LA-ICP-MS data collected on the 
surface-reaching inclusions of samples BO124 and 
T0130, thought to be remnants of the solvents/cata- 
lysts used during growth, provided clues to their 
growth capsule constituents. BO124 and T0130 were 
synthesized using BARS- and toroid-press technolo- 
gies, respectively. The raw data are presented in figure 
11, where the number of counts detected for certain 
elements were monitored as a function of time: before, 
during, and after the inclusion was vaporized by the 
laser. It is important to note that the sensitivity of LA- 
ICP-MS to different elements is not uniform, so these 
plots should not be compared for distinct elements. 
Conventionally, quantitative concentration analysis 
can be achieved by comparing the intensity of the de- 
tected counts for each element with that for a refer- 
ence sample with known, calibrated element 
concentrations. The large variance (at times multiple 
orders of magnitude] in the concentration of different 
elements between the inclusions and the reference 
samples introduced uncertainties significant enough 
that quantitative analysis of relative concentrations 
was not deemed suitable. Nevertheless, the LA-ICP- 
MS data proved reliable in determining the presence 
of certain elements in the inclusion. 

The metallic inclusions in samples BO124 and 
T0130 clearly contained Fe and Zr, and a weak signal 
was detected from Cu. Sample B0124’s inclusion also 
contained Hf and Co, while T0130 showed consider- 
able levels of Al. Ni, whose presence was identified 
by the PL data for BO124, was not detected in either 
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Figure 11. LA-ICP-MS data for the inclusions in sam- 
ples B0124 (A) and T0130 (B), which were grown 
using BARS- and toroid-press technologies, respec- 
tively. The traces have been scaled and vertically 
translated for clarity. 


sample. This is likely a result of relatively poor de- 
tection limits for Ni with LA-ICP-MS instruments 
such as the X-Series II, which use skimmer cones 
made of Ni. Fe and Co are commonly used in the sol- 
vent/catalyst mixtures for HPHT synthetic diamond 
growth. Al, Zr, and Hf have been previously used as 
nitrogen getters for HPHT diamond synthesis, while 
Cu can be used to reduce the formation of carbides 
such as ZrC (Strong and Chrenko, 1971; Burns et al., 
1990; Sumiya and Satoh, 1996; Sumiya et al., 1996). 


DISCUSSION 


Improvements by AOTC in Gem-Quality HPHT 
Synthetic Diamonds. The growth of colorless HPHT 
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synthetic diamonds for faceting on a commercial 
scale has proven extremely complex. The primary 
challenges have been to exclude readily incorporated 
nitrogen impurities, while simultaneously achieving 
acceptable growth rates and minimizing the incorpo- 
ration of the solvent/catalyst melt, which forms un- 
attractive inclusions. Sophisticated presses with 
accurate long-term temperature and pressure con- 
trols are necessary, in conjunction with a carefully 
selected combination of carbon source, nitrogen get- 
ter, and solvent/catalyst. Previous efforts to manu- 
facture similarly colored material by this method 
have been limited by technological or economic 
constraints; successful fabrication has been done 
primarily for research purposes or niche industrial 
applications (Crowningshield, 1971; Rooney et al., 
1993; Shigley et al., 1993, 1997; Sumiya and Satoh, 
1996; Sumiya et al., 2002). 

The overall quality of the AOTC samples was re- 
markably high, with 77% of the suite assigned color- 
less to near-colorless grades. Furthermore, the 
specimens reached sizes that are popular with the jew- 
elry consumer, with the largest sample weighing 0.80 
ct. Clarity, which ranged from IF to I, was typically 
affected by the presence of dark inclusions originating 
from the solvent/catalyst melt. The clarity grades did 
not strictly correlate with size or color, though the 
melee-size specimens were generally of higher clarity. 
Overall, the clarities seen in these colorless and near- 
colorless HPHT synthetics are considerably better 
than most previous products. This combination of 
color, size, and clarity makes the AOTC products, on 
first inspection, comparable to natural and CVD syn- 
thetic diamonds on the market. 

Characterization using PL, FTIR absorption, and 
LA-ICP-MS has provided a body of data that allows 
us to speculate about the identity of some key chem- 
ical components present during the HPHT synthesis 
of the samples and comment on the resulting gemo- 
logical characteristics. FTIR data demonstrated that 
most of the BARS-press synthetics contained ex- 
tremely low levels of boron impurities and no de- 
tectable levels of isolated nitrogen defects. The low 
concentration of nitrogen defects indicates the use of 
a nitrogen getter during growth. The yellow color 
often associated with HPHT synthetic diamonds 
arises from typically high concentrations of neutrally 
charged substitutional nitrogen. Neutral substitu- 
tional nitrogen was not detected in the AOTC sam- 
ples, which explains the absence of a yellow hue. On 
the other hand, the neutral boron that was detected 
can introduce a blue hue. The color ultimately 
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achieved is affected by not only the concentration of 
the different color-producing defects, but also by the 
diamond’s volume and faceting arrangement. Over- 
all, synthetic diamonds with low boron concentra- 
tions were likely to appear colorless to near-colorless, 
while the samples with higher boron concentrations 
tended to show enough saturation of blue color to be 
graded using the fancy color scale. In all likelihood, 
a combination of color-producing defects was respon- 
sible for the non-blue colors observed in a small sub- 
set of the samples. 

PL spectroscopy revealed that 70% of the samples 
grown using BARS presses contained Ni-related im- 
purities. Ni is frequently used in the solvent/catalyst 
mixture, as it reduces the temperature and pressure 
conditions needed for diamond synthesis. Con- 
versely, there was no evidence for the incorporation 
of Ni in any of the samples produced by toroid 
presses. This suggests the use of a different 
solvent/catalyst mixture for the two press types. Un- 
fortunately, PL-active defects produced by Fe or Co, 
elements that are often constituents of the 
solvent/catalyst, have not yet been identified in as- 
grown HPHT synthetic diamond. While a few Co-re- 
lated PL features have been reported in annealed 
synthetic diamonds, they were limited to samples 
with significant nitrogen contamination (Lawson et 
al., 1996). The AOTC samples had nitrogen concen- 
trations below the FTIR spectrometer’s detection 
limit and reportedly have not undergone post-growth 
treatment (D.NEA, 2014b). Hence, PL cannot be used 
to confirm or rule out the presence of Fe or Co. It is 
unknown whether the presence of SiV- in the PL 
spectra for four of the BARS-press samples arose from 
intentional Si-doping, but the low concentration sug- 
gests that it resulted from contamination. 

Notably, the samples produced by toroid presses 
showed uncommonly faint and limited features in 
their PL spectra. This result, combined with the ab- 
sence of detectable defect-related absorption in their 
FTIR spectra, suggests that AOTC has exerted more 
control over impurity incorporation in its toroid- 
press production. These samples, however, were 
more likely to contain significant inclusions from 
the solvent/catalyst melt. 

LA-ICP-MS analysis of inclusions in samples 
grown using the two different press types revealed ad- 
ditional information. Although only two samples 
were analyzed, and caution must be taken when ex- 
trapolating the results to AOTC’s entire commercial 
production, the gemological and spectroscopic prop- 
erties were consistent with the remaining samples 
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from the two press types. The inclusions’ chemical 
composition provides strong indications about the sol- 
vent catalysts and nitrogen getters used during syn- 
thesis in the two different presses. Our chemical data 
suggest that the BARS press employed some combi- 
nation of Fe, Co, and Niin the solvent catalyst; Zr and 
Hf as nitrogen getters; and Cu to reduce inclusions. 
For the toroid press, we saw evidence of the addition 
of Zr and Al as nitrogen getters and Cu to reduce in- 
clusions, but it remains unclear what other elements 
besides Fe constituted the solvent catalyst. If present, 
Co and Ni were likely much lower in concentration 
in the toroid growth process. Additional analysis is 
necessary to constrain this further. 


Identification Features. Similar to previous reports on 
HPHT synthetic diamond from other manufacturers, 
certain visual characteristics can be used to character- 
ize the AOTC samples as HPHT synthetic, although 
advanced testing is necessary for conclusive identifi- 
cation. Due to the high color grades of the AOTC 
product, visual inspection did not reveal patterned 
color zoning arising from their cuboctahedral growth 
morphology. Under magnification, unusual elongated, 
dark metallic solvent/catalyst inclusions, similar to 
those often seen in other HPHT synthetic diamonds, 
were observed in some samples. If heavily included, 
the AOTC synthetics were also attracted to a strong 
magnet, confirming the presence of ferrous material 
not associated with natural diamonds. The shape and 
metallic appearance of the inclusions are an extremely 
rare combination in natural diamonds, and should 
therefore arouse suspicion (Sobolev et al., 1981). When 
viewed between crossed polarizers, AOTC’s HPHT 
synthetics also showed remarkably low levels of strain 
without a discernible pattern. This is in contrast to 
natural diamonds, which typically show cross- 
hatched “tatami,” banded, or mottled strain patterns. 

Illumination with a standard gemological UV 
lamp produced a yellowish green fluorescence and 
phosphorescence to short-wave UV, while the sam- 
ples were inert to long-wave UV. The stronger re- 
sponse to short-wave UV is the opposite of the 
reaction observed for most natural diamonds 
(Shigley et al., 1993). The intense, long-lasting phos- 
phorescence induced in some of the AOTC synthet- 
ics is seldom observed in natural diamonds and 
should alert the gemologist to the need for more de- 
tailed analysis. Fancy-color HPHT synthetic dia- 
monds often display a fluorescence zoning arising 
from the variation in the uptake of impurities for the 
different growth sectors. In this study, the contrast 
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was too low to be detected using a handheld UV 
lamp. Only the high-energy UV excitation and mag- 
nification-enabled imaging of the DiamondView in- 
strument revealed the cuboctahedral growth 
patterns characteristic of HPHT synthetics. 

FTIR spectra characterized the AOTC synthetic di- 
amonds as type Ila/IIb, without any features exclusive 
to HPHT synthetics. Since the majority of natural 
near-colorless diamonds are type IaA, however, all 
type Ila or IIb samples should be treated with caution 
and subjected to additional testing. PL spectroscopy 
was able to demonstrate the presence of Ni-related 
impurities in most of the BARS-press samples, which 
displayed distinctive lines at 882.6/884.3 nm and a 
band of four lines centered at about 484.0 nm. It is im- 
portant to note that Ni-related defects are rarely de- 
tected in natural diamonds (Nobel et al., 1998; 
Chalain, 2003; unpublished GIA research), and their 
presence should immediately raise suspicion. Signifi- 
cantly, these features were absent in the PL spectra of 
AOTC'’s toroid-press synthetic diamonds. 

Other useful peaks at 658.0, 675.2, 706.9, 709.1, 
and 712.2 nm were seen in some samples, from both 
BARS- and toroid-type presses. These peaks have not 
previously been reported and are thus promising for 
identification purposes. The detection of the SiV- 
optical center at 736.6/736.9 nm in four AOTC sam- 
ples, in addition to a number of natural and HPHT- 
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grown synthetic diamonds (Breeding and Wang, 
2008; Moe and Wang, 2010; Wang and Moe, 2012), 
emphasizes that this feature should not be consid- 
ered proof of CVD synthesis. Overall, the high purity 
levels of the AOTC synthetics resulted in PL features 
that were usually much weaker than the diamond 
Raman peak, requiring a high-sensitivity spectrom- 
eter for detection. 


CONCLUSION 

The high quality and excellent colors achieved by 
AOTC'’s latest HPHT synthetic diamonds represent 
an important milestone, as well as a new challenge 
for identification. No longer can a gemologist assume 
that colorless HPHT synthetics will contain abun- 
dant metallic inclusions. Analysis of a suite of 52 
specimens from this manufacturer has underscored 
the fact that conclusive identification of synthetics 
cannot be made simply using a single gemological or 
spectroscopic method. Fortunately, the tools avail- 
able to the average gemologist will enable recogni- 
tion of features that may imply a synthetic origin, 
and alert them to the need for additional advanced 
testing by a gemological laboratory. By combining a 
variety of gemological, spectroscopic, and fluores- 
cence imaging techniques, all of the AOTC samples 
could be unequivocally recognized as HPHT syn- 
thetic diamonds. 
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HUNTING FOR “JEDI” SPINELS IN MOGOK 
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Jn the spring of 2001, I was studying gemology in 
lYangon, Myanmar, thanks to the support of U 
Kyaw Thaung, a Burmese merchant from Mogok. It 
was a great period in my early life as a gemologist, 
living for several months with a Burmese gem trad- 
ing family in an exotic country. One day, my host 
was visited by Hemi Englisher, a Bangkok-based gem 
dealer. When they finished business, Hemi asked me 
to join them, as he wanted to show me something 
special (figures 1 and 2). In his hand was something I 
had never seen: stunning little gems with a bright 
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Miners collect spinels from gravel at the end of a long day at Man Sin. Photo by Vincent Pardieu, © GIA. 


neon pinkish red color, convincing me that spinels 
could equal rubies in beauty. 

I asked if they were from Mogok, and the answer 
was equally surprising: No. They were from Namya, 
a ruby and spinel deposit located east of the jade 
mine at Hpakant in the Kachin state of Myanmar, 
where a gem rush had occurred in December 2000. I 
could hardly imagine then that a few months later I 
would follow Hemi to Namya for my very first field 
expedition. That adventure was truly a life-changing 
event (figure 3). 

Over time, I started to have the feeling that these 
incredible little gems were somewhat lucky for me. 
In the spring of 2002, I landed my first job in the gem 
trade thanks to them. Henry Ho, a gem merchant 
from Bangkok and a spinel connoisseur, hired me 
with a simple mission: to find a bright 10 ct spinel 
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Figure 1. Fraicheur et delices (Cool and delicious): 
These bright neon red spinel crystals are from Man 
Sin, Mogok. Photo by Vincent Pardieu, © GIA. 
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from Namya. We spent days together in Myanmar 
looking at gems. It was very different from my expe- 
rience as a gemology student, as we were not focus- 
ing on gem identification but on quality and 
potential value. I learned that the typical downfall of 
an otherwise fine spinel was a dark tone, or “dark 
side,” within the gem. At the time, the Hollywood 
blockbuster Star Wars: Episode Il-Attack of the 
Clones was in theaters, and my motto became: “The 


» 


Figure 2. A parcel of fine spinel crystals from Namya 
similar to those the author saw in Yangon in 2001. Be- 
cause Namya is a secondary deposit, most of its gems 
are more tumbled than typical stones from Mogok. 
Photo by Vincent Pardieu, © GIA. 


Force is strong in spinel, but beware the dark side of 
the Force.” Thus, we took to calling these glowing 
hot pink gems “Jedi” spinels, as they were un- 
touched by the “dark side” (figure 4). 

Like many, I believed for years that such “Jedi” 
spinels could only be found at Namya. Yet I was in- 
trigued when some Burmese friends told me several 
times between 2001 and 2005 that such specimens 
were reportedly found from time to time around 


Figure 3. Left: U Kyaw Thaung, the author, and Hemi Englisher in Yangon in February 2001, the day Hemi intro- 
duced the author to his first Namya spinels. Photo by Zin Mee Mee Lwin. Right: On the way to the Namya ruby 
and spinel mining area in 2001, the author enjoys his very first field expedition. As the deposit was located in a 
jungle-covered swamp, expedition leaders Hemi Englisher and Ted Themelis traveled by elephant while the author 
and the native guides walked in the swamp. Photo by an anonymous Burmese soldier, courtesy of the author. 
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Gemological Uigests 


BRITISH COLLECTOR NOW 
OWNS THE PANDORA OPAL 


CCORDING to Jack S. Taylor, Federal 
Secretary of the Gemmological Asso- 
ciation of Australia, the famous Pandora 
Opal is now owned by a collector in England 
who paid 2,000 pounds for the gem in 1945. 
Said to be the largest semi-black opal ever 
recovered, the stone was found May 8, 1928, 
at Angledool Field, Lightning Ridge, New 
South Wales by Jack McNicol who origin- 
ally sold it for 600 pounds. 


Taylor, who handled the sale of the stone 


in Sydney, describes it as four inches long, 
two inches wide, nearly one inch deep, and 
weighing 711 carats. The surface is true 
light opal of good quality with a blood red 
pattern, interwoven with lightning flashes 
of brilliant bronze, gold, and blue. Many 
experts contend that it has black underneath 
the surface. 

Another interesting feature of the mag- 
nificent stone is that it is one of the best 
existing specimens of a fossil bone part of 
the blade bone of a plesiosaurus, an extinct 
sea teptile, similar to the monster claimed 
sighted at Loch Ness. 


¢ The 711 carat Pandora Opal found at Angledool Field, New South Wales 
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Figure 4. Hai An Nguyen Bui looks into a bright neon 
red spinel crystal, reportedly from Namya, while 
visiting Yangon in December 2006. Note the tumbled 
aspect typical of spinel from secondary deposits such 
as Namya. Photo by Vincent Pardieu/AIGS. 


Mogok. These stones were usually sold as Namya 
spinels to get better prices. Was it just a rumor? Find- 
ing out proved to be difficult. The so-called Namya 
spinels were incredibly rare and in very high demand. 
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Figure 5. These parcels consist of bright neon red 
spinels from Man Sin (left) and classic red Mogok 
spinels (right). Note the unmistakable difference in 
tone and saturation between the two parcels. Photo 
by Vincent Pardieu, © GIA. 


Despite my efforts, I was unable to find any evi- 
dence that Mogok had produced any spinel as bright 
as those from Namya (figures 5 and 6). Even if the ru- 
mors were true, calling them “Namya” spinel might 
prove controversial. (Consider the longstanding dis- 
pute in the gem trade over the origin-related term 
“Paraiba” to describe exceptionally vivid tourmaline, 
not only from Brazil, but also Mozambique and Nige- 
ria.) Besides, “Jedi” spinel was fun and had a nice 
sound. 


RED SPINEL AND ITS SOURCES 


Historically, most red spinel comes from four remote 
places (Pardieu, 2008). From oldest to newest source, 
they are: 


Figure 6. Classic rough 
and faceted red spinels 
from Mogok. The 
faceted stone, a fine red 
spinel weighing more 
than 5 ct, was pur- 
chased in the 1940s by 
Dr. Edward Giibelin. 
The crystals in the 
background are from 
the author’s collection. 
Photo by Vincent 
Pardieu, courtesy of 
Gtibelin Gem Lab. 
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1) Badakhshan: This region is located between 
Afghanistan and Tajikistan, along the famed 
Silk Road. It has been a source of spinel since 
about the 10th century. According to locals, 
several deposits exist on both sides of the bor- 
der, but the most famous mining site is near 
the Kul-i-Lal village on the Tajik side (Bower- 
sox and Chamberlin, 1995; Bowersox, 2005; 
Hughes, 2006; Pardieu, 2006). 

2) Myanmar (formerly Burma): Spinel has been 
found in both the Mogok Valley and the 
Namya area (Iyer, 1953; Gibelin, 1965; Keller, 
1983; Kane and Kammerling, 1992; Themelis, 
2000; Schliissel, 2002; Themelis, 2008). 

3) Vietnam: Red and blue spinel, along with ruby, 
was discovered in the Luc Yen district of north- 
ern Vietnam in 1988 (Long, 2013). 

4) Tanzania: Red spinel was discovered near Ma- 
henge and in the Uluguru Mountains of the 
Morogoro province in the late 1980s, and 
around Tunduru after 1994. The deposit near 
Mahenge became famous after the discovery of 
giant spinel crystals (up to 54 kg) during the 
summer of 2007 (Keller, 1992; Pardieu, 2007; 
Weinberg, 2007; Hughes, 2011). 


Over the past 12 years, I have collected samples 
from all these spinel deposits—as well as others in 
Pakistan, Kenya, Sri Lanka, and Madagascar—but 
none could match the saturation and brightness of the 
“Jedi” gems from Namya until very recently. 

In 2011, Lou-Pierre Bryl, a gem merchant who 
travels regularly to Myanmar, repeated a rumor 
about a new spinel deposit in Mogok with material 
as bright as that from Namya. As Mogok was still 
not open to foreigners, we could not travel there to 
confirm the rumor. 

In June 2013, Mogok was once again accessible to 
the outside world. I was unable to travel and asked 
Lou-Pierre, who was headed there, to inquire about 
this deposit. In August 2013, after three expeditions, 
Lou-Pierre confirmed the existence of a new spinel 
source in Man Sin. It was about a kilometer from 
Pyant Gyi and Pein Pyit (see figure 16), two areas 
known for producing beautiful spinels in the early 
2000s, including some stunning “Star of David” 
macle crystals (figure 7). We decided to visit Mogok 
in September 2013, with a field trip to Man Sin as 
our main objective. 

Any successful field expedition requires a good 
vehicle, the right permits, and the right local con- 
tacts. Within a few days, we contacted Jean-Yves 
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Figure 7. This fine “Star of David” spinel crystal is a 
macle, reportedly from the Pein Pyit/Pyant Gyi area 
east of Mogok, which was known for producing such 
crystals between 2000 and 2005. No processing, slic- 
ing, or polishing was performed on this specimen; It is 
100% natural. Photo by Vincent Pardieu, © GIA. 


Branchard from Ananda Tours in Yangon to help us 
with permits and logistics. We also made arrange- 
ments with Jordan, who had been my driver, assis- 
tant, and translator during my previous time in 
Myanmar as a spinel buyer. 


AN INTRODUCTION TO MOGOK 

For gemologists and gem connoisseurs, Mogok (fig- 
ure 8) must be experienced at least once in a lifetime. 
Gem mining likely began there more than a thou- 


Figure 8. A classic view of Mogok town, dominated by 
the Chan Thar Gyi Pagoda (left) and arranged around 
its lake, which was created from a gem mine worked 
during British colonial times. Photo by Vincent Pardieu, 
©GIA. 
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Figure 9. A Shan woman studies a parcel of spinel 
crystals at a gem market in Mogok. Photo by Vincent 
Pardieu, © GIA. 


sand years ago, and no other area on Earth has pro- 
duced so many exceptional rubies, sapphires, spinels, 
or peridots (Themelis, 2000; Schliissel, 2002). 

Mogok is the ultimate ruby land. Imagine a group 
of beautiful green valleys dominated by jungle-covered 
mountains, many of them topped by delicate pagodas. 
The twin cities of Mogok and Kyatpyin and the sur- 
rounding villages are still mainly comprised of 
wooden houses, giving them a quiet, romantic aspect. 

Far removed from the modern ways of doing busi- 
ness using cell phones, airplanes, cars, and air-condi- 
tioned offices, the people of Mogok can be seen each 
day at the colorful gem and vegetable markets. Visi- 
tors will enjoy not only the diversity of gems pro- 
duced around Mogok but also the diversity of its 
population: the Shan, Burmese, Nepalese, and Lissu 
are the main players in a rich and fascinating gem 
culture (figure 9). 


FRAICHEUR ET DELICES... 

For years, I referred to Burma as another world, as 
going there was like leaving the modern world to 
enter a place where time was of no concern. Even 
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with modernity slowly making its way into Myan- 
mar, the visitor spending a few days in Mogok still 
enjoys an experience truly from another time. In 
Mogok, I am reminded of Julius, a character from 
Joseph Kessel’s novel La vallée des rubis (1955), who 
would say the words fraicheur et delices (“Cool and 
delicious”) each time he looked at a fine gem or vis- 
ited somewhere particularly interesting. Reading 
that novel as a child sparked my interest in Burma 
and gemstones. Each time I visit a place like Mogok 
and have the chance to encounter true beauty, these 
words come immediately to mind as a perfect way 
to describe this unique feeling and experience. 


ARRIVING IN MOGOK 


On September 19, 2013, Lou-Pierre and I took a 
morning flight from Bangkok to Mandalay. After ex- 
changing some cash into Burmese kyat, we left for 
Mogok, using the new road past May Mio (also 
known as Pyin Oo Lwin) through the western part of 
Shan state. We reached Mogok around noon the next 
day. 

After a typically quick Burmese lunch, we left for 
the Pan Shan gem market (figure 10) to meet U Ko 
James, a merchant specializing in spinel. I first met 
him in 2003, when he was on the rise. Nowadays he 
is an important man, and in Mogok many call him 
the “Spinel King.” Mogok time passes slowly, but 
things went very quickly that day, as within a few 
minutes one of Ko James’ contacts arrived with two 
small plastic baggies. 

Fraicheur et delices, indeed. I had in my hand 
three stunning spinel crystals (figure 11), with deep, 
pure, highly saturated color and no dark tone. These 
were true “Jedi” spinels. But there was something 
more to the story: Unlike the rounded spinels I used 
to see from Namzya, a secondary deposit, these were 
fine euhedral crystals with highly transparent faces. 
They had an incredible combination of crystal shape, 
color, and transparency. Forgive me for saying it, but 
they looked as good as synthetic spinel crystals. Gaz- 
ing at them, I recalled the words of the great French 
merchant and explorer Jean-Baptiste Tavernier (1676] 
to describe exceptional transparency and crystalliza- 
tion of a gem: “fine water.” These were perfect ex- 
amples of “fine water” spinel crystals (figure 12). 

On September 21, we started our day visiting the 
Cinema morning gem market. This market is usu- 
ally stocked with low-quality stones, but it is still an 
interesting place to find out which deposits are active 
and what they are producing. 
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Next, we visited U Ko James (figure 13) at his 
home to talk about Mogok and see some special 
gems he was not willing to show at the market. He 
pointed out that between 2000 and 2005, the most 


Figure 11. Lou-Pierre Bryl (right) shows what this ex- 
pedition was all about: “Jedi” spinels from Man Sin. 
Photo by Vincent Pardieu, © GIA. 
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Figure 10. View of the 
Pan Shan afternoon 
gem market, where 
hundreds of traders 
gather each day. Photo 
by Vincent Pardieu, © 
GIA. 


active spinel-mining area in Mogok was around Pyan 
Gyi and Pein Pyit. During that period, most of the 
bright neon material on the market came from the 
Namya area in Kachin state. But he confirmed that 
Mogok was also sporadically producing such gems. 
The area around Sakangyi probably supplied the best 
stones, followed by Shuant Pan. In 2006, some bright, 
highly fluorescent neon spinels emerged from Man 
Sin, and production peaked around 2.009 with the dis- 
covery of a large pocket. Since then, production has 
been more sporadic. Overall, the stones from Man 
Sin were redder than those from Namya, which tend 
to be hot pink. 

U Ko James said the largest fine spinel he had ob- 
served from Man Sin was a beautiful 35 ct rough 
stone, but it was not clean. Fine large gems were, and 
still are, extremely rare. Since 2006, he has seen 


Figure 12. Details of the three fabulous spinel crystals 
seen at the gem market in Mogok. Photo by 
Vincent Pardieu, © GIA. 
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Figure 13. Going to the field is about three things: a 
place, its people, and its gems. U Ko James, known 
locally as the “Spinel King,” displays some incredible 
parcels of bright red stones from Mogok. Photo by 
Vincent Pardieu, © GIA. 


fewer than 10 fine rough stones over 20 ct (with 
“Jedi”-type color and clarity), and fewer than 100 
stones over 10 ct. Most of the output consisted of 


Figure 14. These fine, clean spinels are from Mogok. 
The neon pink one (left), just over 7 ct, was fluorescent 
and difficult to photograph. It is believed to have 
been mined at Man Sin. The 8 ct stone (right) was 
especially stunning. Photo by Vincent Pardieu, © GIA. 
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Figure 15. A selection of bright neon spinel crystals from 
Man Sin (left and center), alongside two spinel crystals 
from Namya (right). Note how the crystals from these 
two origins have a similar brightness; however, the two 
crystals from Namya are rounded, while those from 
Man Sin are sharp and well-formed. The larger crystals 
are about 1 ct each. Photo by Vincent Pardieu, © GIA. 


stones weighing less than 1 ct. He added that very 
few fine faceted gems over 10 ct have come from 
Man Sin. Fortunately, we were able to see two fine 
specimens (figure 14). One weighed slightly more 
than 8 ct (reportedly from Man Sin, though U Ko 
James could not guarantee its origin), the other, a bit 
more pink, was a 7 ct stone that he said was from 
Man Sin. Perhaps my opinion was influenced by my 
enjoyment of Mogok, but when these stones ap- 
peared before my eyes, they were the most beautiful 
spinels I had ever seen. 

While spinel from Namya once fetched premium 
prices, U Ko James told us that Man Sin’s gems now 
draw the highest prices in the Burmese market. This 
is not based on reputation, as Man Sin still does not 
have Namya’s name recognition, but on these fine 
spinels being redder and larger, with the same neon 
brightness due to a similar high saturation associated 
with a minimal tone (figure 15). 

At the end of that wonderfully educational morn- 
ing, we were able to buy a few interesting spinel sam- 
ples, reportedly from both Man Sin and Namya, from 
U Ko James. After our purchase, we left for Man Sin. 


A VISIT TO THE MAN SIN SPINEL MINES 

Man Sin, which means “clear mirror” in Burmese, is 
a karstic area, meaning that the landscape has been 
formed by the dissolution of soluble rocks such as 
limestone and dolomite. It is located at 22°58'18"N 
and 96°32'32"E (figure 16), surrounded by Ta Yan 
Show to the southwest, Pyan Gyi/Pein Pyit to the 
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east, and the Chaung Gyi Valley to the north. In Man 
Sin, Nepalese farmers grow vegetables, mustard, and 
wheat. When we visited, three mining areas were 
producing mainly rubies. Another site, worked by 
two brothers of Nepalese origin named U Si Tu and 
U Kyaw Thu, yielded spinel (figure 17). 
Interestingly, the miners at Man Sin are not search- 
ing for byon, the Burmese term for the gem-rich grav- 
els found around Mogok and Kyatpyin. In the narrow 
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Chaung Gyi Valley 


Figure 16. This map of 
Mogok (modified from 
Google Earth) shows 
the Man Sin spinel 
mining area, sur- 
rounded by other 
famous gem sites such 
as Dattaw, Ta Yan 
Shaw, Pein Pyit, and 
Pyan Gyi. 


V-shaped valley at Man Sin, the erosion process is re- 
cent, and spinel can be found anywhere in the soil. 
The miners simply wash everything they collect from 
top to bottom. I witnessed a similar type of deposit at 
the spinel mines near Mahenge in Tanzania, which 
are also located in a narrow karstic valley. 

At Man Sin, the operation managed by the two 
Nepalese brothers is relatively small. About 20 peo- 
ple operate an excavator, a few water cannons, and 


Figure 17. Spinel min- 
ing at Man Sin. The 
gems are unearthed by 
washing the ground in 
this karst-type 
geologic environment. 
On the other side of 
the hill, to the north, 
is the Chaung Gyi 
Valley. Photo by 
Vincent Pardieu, © 
GIA. 
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Figure 18. Overview of the spinel mining operation at 
Man Sin, where 20 workers operate an excavator, 
water cannons, and two washing plants. Photo by 
Vincent Pardieu, © GIA. 


two washing plants (see lead photo and figure 18). 
Some of the workers earn a salary, while others own a 
share of the mine. The brothers, who told us they 
started production about 12 years ago, must renew 
their mining license every three years through Myan- 
mar Gem Enterprises (MGE). They found their first 
pocket of “Jedi” spinels in 2009. Their first significant 
production consisted of several kilos of small, bright 
red crystals in their jig. It was an incredible sight, as 
the entire jig was reportedly filled with “wet” fluores- 
cent red crystals glowing like embers in the evening 
light. Since then, output has been irregular. Some- 
times a week passes by without any good yield, but 
then the next day they can find one or two kilos of fine 
gems in their jig. As they put it, “You may find a thou- 
sand fine gems, or nothing at all.” 

We also learned that only the northern part of this 
mine, close to the Chaung Gyi Valley, regularly pro- 
duces fine spinel of the “Jedi” kind; the southern 


54 HUNTING FOR “JEDI” SPINELS IN MOGOK 


area, close to the other operations in Man Sin, prima- 
rily yields ruby. In the eastern part, most of the 
spinels are reportedly of the classic red type found in 
Mogok, possessing a higher, darker tone than “Jedi” 
spinels (figure 19). 

While observing operations that day, we saw that 
the miners were able to find a few bright “Jedi”-type 
spinel crystals associated with some small rubies, 
some green tourmaline, and many spinels featuring a 
dark purple core and a shallow blue surface. As all the 
shareholders were not present during our visit, we 
could not immediately acquire any of the fine spinel 
mined that day. To obtain samples, we were told to 
visit U Kyaw Thu and his family at their home the 
next day. We did obtain a few small, bright red spinels 
for the GIA reference collection from a kanase woman 
who was mining the rejects under the jig. 

That night we returned to Mogok with the min- 
ers. The following day, we visited the brothers and 
their family (figure 20). There we had tea and studied 


Figure 19. U Si Thu examines a spinel crystal he 
found at Man Sin. If the stone appears somewhat or- 
dinary at first sight, even experienced spinel miners 
know that such pockets can also host high-value gem 
material. Photo by Vincent Pardieu, © GIA. 
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some of the stones from their recent production, ac- 
quiring additional samples for the GIA reference col- 
lection. Not surprisingly, most of the stones we saw 
either at the mine, from the miners’ stock, at the gem 
market, or from U Ko James’ stock barely showed ev- 
idence of weathering. This is very different from the 
spinel crystals found in Namya, which are usually 
quite tumbled. We were also told that no one has 
found “Jedi” spinel in matrix. Regarding size and 
quality, the miners said the best stones they ever 
found were two perfect crystals of about 5 ct each, 
much smaller than what U Ko James reported (figure 
21). I often remember the words of Dr. Saw Naung 


Figure 21. Fine “Jedi” spinels from Man Sin. The 
seven faceted stones on the left have a total weight 
of 12.9 ct, while the two clean crystals weigh 3.9 and 
3.3 ct. Photo by Vincent Pardieu, © GIA. 
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Figure 20. There are no 
gems without gem 
people. U Si Thu (right) 
and his parents show 
some fine spinels from 
the mine at Man Sin. 
Photo by Vincent 
Pardieu, © GIA. 


Oo, a Burmese miner who helped me during my dif- 
ferent visits to Mogok between 2001 and 2004: He 
once told me that in Mogok, the miners keep secrets 
while the traders tell stories. Hearsay is one of the 
main challenges faced by gemologists—and not only 
in the field. Indeed, lab gemologists should rely more 
on their eyes than their ears. 

Upon my return to Bangkok, the team at GIA’s 
lab studied the samples. Notably, the stones from 
these three different sources shared some distin- 
guishing features not often found in spinel from 
other sources, such as multiphase orange inclusions 
(figure 22) where diaspore, pyrite, sulfur, and 


Figure 22. The samples obtained during the trip to 
Man Sin exhibited characteristics, such as this orange 
multiphase inclusion, that are not normally associated 
with spinel from other sources. Photomicrograph by 
Jonathan Muyal, magnified 100x. 
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dolomite (as identified by Raman) were found to be 
associated together. Furthermore, chemical analysis 
yielded two intriguing discoveries. First, the stones 
that were collected from the kanase woman at the 
mine, from the private home of the Nepalese broth- 
ers, and from U Ko James had a similar chemical 
composition at the trace-element level. This “finger- 
print” was quite different from the samples obtained 
during field expeditions to any other spinel deposit 
around the world. This indicates that chemical com- 
position may become a very useful tool for determin- 
ing the origin of spinel. Second, the “Jedi” spinel 
from both Man Sin and Namya have very low iron 
content when compared with spinel from Mogok, 
Vietnam, Tanzania, and Tajikistan and with “non- 
Jedi” spinel from other mining sites in Mogok. In 
both red and blue spinel, the high tone seems to be 
explained by the presence of iron, while red spinel 
owes its color to the presence of chromium. 

The separation of Man Sin spinel from those pro- 
duced at Namya or other sites may be aided by the 
data collection we are currently developing from 
analyses of data collected from stones at other de- 
posits. Determining what is actually coming out of 
Man Sin in terms of size and quality will not be easy, 
but the samples our field expedition team (figure 23) 
collected from the three independent sources will 
help our gemologists characterize this deposit. Such 
systematic collection is necessary in order for labs to 
reliably explore the origin determination of spinel. 
GIA’s Bangkok laboratory is currently preparing an 
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and Jordan, our friend and driver from Mogok. Photo 
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57 FELLOWSHIPS ANNONCED 
BY AUSTRALIAN ASSOCIATION 


NNOUNCEMENT has just been re- 

ceived by the Gemological Institute of 
America from Jack S. Taylor, Federal Sec- 
retary of the Gemmological Association of 
Australia, that fifty-seven membets have 
qualified in the 1950 diploma examination 
for fellowship. 


Three first positions in Australia were 
filled by B. J. Skinner, K. N. S. Hall, and 
G. A. Tombs. Outstariding students in each 
of the four states represented were: K. N. 8. 
Hall, New South Wales; B. McMaster, Vic- 
toria; Miss H. Mole, Queensland; and B. J. 
Skinner, South Australia. 


On October 25, 1950 the Gemmological 
Association of Australia celebrated its fifth 
anniversary of operation. 


DIAMOND AND SAPPHIRE 
DOUBLETS REPORTED 
SEEN IN CHICAGO STORE 


CCORDING to G. R. Crowningshield, 
Director of Gem Trade Laboratory, 
New York City, a Graduate Gemologist— 
who wishes to remain anonymous — reports 
on authoritative evidence seeing dozens of 
synthetic sapphire and diamond doublets in 
the hands of a Chicago dealer. The dealer, 
according to our informant, claims that he 
has been pawning the doublets for years and 
has literally stacks of pawn tickets as proof. 
He has a twisted Robin Code of ethics and 
chooses ‘unethical’ pawn shops for his 
dupes. His method in making the doublets 
is to use egg white as cement as he claims 
balsam causes too many ait bubbles. 


MORE THAN $6,000 PAID FOR 
FOUR SYNTHETIC SPINEL RINGS 


ECENTLY examined in the Gem Trade 
Laboratory in New York City were four 
stones which resembled diamonds but proved 
to be emerald cut, transparent, colorless, syn- 
thetic spinel. G. R. Crowningshield, director 
of the laboratory, reports that these stones 
were all set as engagement rings in identical 
mountings of white metal with a tapered 
baguette of synthetic spinel and a round 
diamond brilliant on each side. The stones, 
sold in a small Connecticut city, cost the 
investor more than $6,000. Three of them 
were purchased from private parties and the 
fourth from a retail store. 


SYNTHETIC BEING SOLD 
AS NATURAL EMERALD 


T HAS come to the attention of the Gem 
Trade Laboratory of the Gemological 
Institute of America in New York City that 
synthetic emeralds of fine quality have been 
sold as natural stones in Boston for prices 


which make them quite attractive. 


During the month of February, Gem 
Trade Laboratory had occasion to identify 
such stones for three individuals. The stones 
examined were exceptionally clear and of 
finest color and ranged from .80 carats to 
1.32 carats. 


All jewelers should beware of emeralds 
offered through dubious sources as synthetic 


emeralds cannot be identified on sight. 


G. R. Crowningshield 
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A LOOK INSIDE A REMARKABLY LARGE BEADED 
SOUTH SEA CULTURED PEARL 


Laura M. Otter, Ursula Wehrmeister, Frieder Enzmann, Martin Wolf, and Dorrit E. Jacob 


An exceptionally large, lustrous baroque-shaped 
South Sea cultured pearl from Indonesia was stud- 
ied by high-resolution X-ray computed microto- 
mography (X-ray p-CT). The undrilled specimen 
measured 34.6 mm wide and 40.3 mm long. It 
was hollow and contained a loose bead. Analysis 
revealed a large internal cavity filled with liquid, 
gas, and organic material. The nacre thickness 
averaged 2.3 mm, and the bead measured 9.1 
mm, both well within the typical ranges for South 
Sea cultured pearls. It is proposed that the cavity 
was originally occupied by spongy, water-bearing 
organic material, which inflated the pearl sac and 
provided a supporting surface for nacre deposi- 
tion at a distance from the bead. After the nacre 
coating fully enclosed the organic material, gases 
were liberated and trapped inside the pearl. 


ice Sea cultured pearls, cultivated using the bi- 
valve Pinctada maxima, have an average size of 
about 13 mm (Strack, 2006). The shells reach sizes 
above 30 cm, making them the largest known pearl 
mussel and enabling the production of the largest 
commercially traded cultured pearls, with diameters 
occasionally above 20 mm (Strack, 2006). Currently, 
the primary production areas include Indonesia, Fiji, 
Tahiti, the Philippines, Myanmar, and the western 
and northern coasts of Australia. Relatively high tol- 
erance to environmental influences (Strack, 2006) 
and the size of the pearls produced make this mol- 
lusk one of the most interesting species for culturing. 

The cultured pearl’s colors correspond to the color 
of the donor bivalve’s lip (Elen, 2001; Strack, 2006), 
which is the epithelial tissue at the nacreous margin 
on the inner part of the shell. The overtone colors 
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typically range from pink and green to blue (Gervis 
et al., 1992; Elen, 2001). It is common practice to 
reuse the cultured pearl sac several times, with suc- 
cessively larger cultured pearls formed. In addition, 
large nonbead-cultured pearls, as well as South Sea 
keshi pearls, occur either by chance or through cul- 
tivation (Hanni, 2006, 2007). Irregularly shaped 
baroque specimens are sometimes hollow or contain 
a loose bead. Yet they rarely reach the size of the ex- 
ceptional cultured pearl described here. 

X-ray computed microtomography (X-ray p-CT) 
is a nondestructive method and thus ideally suited 
for the study of valuable pearls. Sample preparation 
is minimal (Wehrmeister et al., 2008; Karampelas et 
al., 2010), and analyses are carried out at ambient 
pressures. Methods requiring vacuum could cause se- 
vere damage to hollow pearls (Sturman, 2009). High- 
resolution digital X-ray images produced by X-ray 
p-CT can be used to differentiate between aragonite 
and vaterite, the latter of which is responsible for the 
lack of luster in freshwater pearls (Wehrmeister et al., 
2007, 2008). Lastly, Krzemnicki et al. (2010) showed 
that p-CT radiographs are more effective than tradi- 
tional radiographic images in resolving internal fea- 
tures of natural and cultured pearls. 


MATERIALS AND METHODS 


Our specimen was an undrilled, silver-colored 
baroque cultured pearl, with a pink to blue overtone, 
(figure 1) cultivated in Pinctada maxima. It was 
made available for analysis by the owner. The lus- 
trous 34.6 x 40.3 mm specimen was cultured on the 
Indonesian island of Lombok (figure 2), which hosts 
a number of pearl farms in well-protected bays that 
provide excellent pearling conditions for Pinctada 
maxima (Zwaan and Zwaan, 1997). 

Computed X-ray microtomography was carried 
out using a Procon X-Ray CT-Alpha commercial in- 
strument at the Institute for Geosciences, Johannes 
Gutenberg University. The device and methods were 
largely identical to those used by Karampelas et al. 
(2010), though optimized using an accelerating volt- 
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age of 100 kV and a target current of 120 pA. The 
beam was pre-filtered by a 1.0 mm thick aluminum 
foil. The sample was mounted on a rotation stage at 
a distance of 250 mm from the X-ray tube for optimal 
magnification and resolution. We recorded 800 pro- 
jections over 360°, with an average of 10 images per 
projection and an acquisition time of 1.5 seconds per 
image. This resulted in a dataset with 22.4 um per 
voxel (volume pixel) spatial resolution. Data process- 
ing was carried out with Octopus 8.5 commercial 
software and Avizo Fire 7.0 3D analyzing software. 


RESULTS 

Figure 3A shows a large cavity that occupies most of 
the specimen’s interior. The bead is 9.08 + 0.02 mm 
in diameter and loose (i.e., not in direct contact with 
the underlying nacre). Based on 18 measurements, 


Figure 1. The cultured 
pearl specimen is 
shown before analysis 
(left) and mounted and 
ready for X-ray 1-CT 
analysis (right). Photos 
courtesy of Gellner 
GmbH #& Co. (left) and 
M. Forster (right). 


the nacre thickness varies between 0.9 and 3.3 mm, 
with an average thickness of 2.3 + 0.7 mm. Along 
much of the interior, narrow layers of nacre protrude 
inward into the large cavity (figure 3A, yellow arrow). 
Two irregular nacre regions were observed protruding 
outward; one has a very thin nacre coating of 0.9 
mm. The thicker one is shown in figure 3A, and in- 
dicated with a white arrow. 


Apart from the nacre and bead, which have high 
X-ray densities and appear light gray in figures 3A 
and 3B, several different phases with distinct X-ray 
densities could be distinguished by their grayscale 
values within the cavity. Phase 1, with the lowest X- 
ray density (dark gray or black appearance), was sit- 
uated in the uppermost part of the cultured pearl. 
This phase was separated from phase 2, by a meniscus 
in the lower portion. Phase 3 was spread out across 


Figure 2. The map of Indonesia on the left indicates the island of Lombok (yellow arrow), where the pearl was 
cultured. The aerial photo on the right shows Lombok’s small bays, which are used for pearling. 
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Figure 3. A: In this X-ray section, nacre and bead 
appear light to medium gray due to their higher X-ray 
densities. A thin layer of nacre is marked by a yellow 
arrow, while the white arrow points to a cone-shaped 
region of very thin nacre. B: Gas phase 1, with very 
low X-ray density (almost black), is in the upper part 
of the cavity, above the denser liquid phase 2. Phase 3 
is in red at the bottom of the cavity. Note the 
meniscus between phases 1 and 2. C: The outer nacre 
(gray), gas (green), liquid (blue), and bead (yellow) are 
seen. D: The bead (yellow), phase 1 (green), and phase 
3 (red) are shown. Liquid phase 2 is rendered 
transparent for better visibility of the organic phase. 
The blue spot in the nacre layer in the upper right of 
phase 3 is an artifact of the method. 


the lower part and the sides of the cavity (red in fig- 
ure 3B), providing a base and partial cover for the 
bead. Judging from its grayscale similarities to the 
ambient air around the specimen, phase 1 is inter- 
preted to be a gas phase. Phase 2, on the other hand, 
showed a meniscus toward phase 1, which is typical 
for a liquid-gas interface. The noise produced from 
shaking the pearl confirmed that this phase was a liq- 
uid. Phase 3 had grayscale values between that of 
phase 2 (liquid) and the nacre. It had a spongy appear- 
ance (red in figure 3B) and extended in finger-like 
shapes above and partially along the bead. This phase 
likely represented organic material. No inorganic 
phase was observed in this area. In total, phase 2 (liq- 
uid), with a volume of approximately 6 mL (table 1), 
was the most abundant phase after the nacre, while 
phase 1 (gas) occupied approximately half the space 
of the liquid phase. Phase 3 (organic) was the least 
voluminous phase. 

With the current state of analytical instruments, 
no further nondestructive methods could be em- 
ployed to identify the content of this sample. One de- 
structive option would be to release the liquid and 
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gaseous contents for analysis by drilling (with gas 
chromatography, for instance). This would risk se- 
verely damaging the sample, however. 


DISCUSSION 

This specimen was far above average size, as most 
Australian and Indonesian baroque cultured pearls 
range from 12.5 to 13.0 mm (Strack, 2006). Only a 
small percentage of baroque-shaped South Sea cul- 
tured pearls are known to have reached 40 mm in 
size (Strack, 2006), but none have matched the total 
volume of the example studied here. The specimen’s 
average nacre thickness of 2.3 mm fell within the av- 
erage South Sea range of approximately 0.5-4.0 mm 
(Strack, 2006). This indicates nacre growth rates 


In Brief 


e X-ray U-CT of a 34.6 x 40.3 mm South Sea cultured 
pearl showed a loose bead in a large cavity filled with 
gas, fluid, and organic material. 


¢ The exceptional size of the specimen results from 
growth in a strongly inflated pearl sac. 


¢ Inflation in the pearl sac was most likely caused by 


inflammation or contamination of the first layer of 
organic material during the pearl’s growth. 


comparable to those of other South Sea cultured 
pearls and shows that the specimen’s large size was 
not caused by abnormally fast growth. The bead also 
compared favorably with the range of bead sizes com- 
monly used for the first grafting of Pinctada maxima 
(Strack, 2006). Therefore, the characteristic differ- 
ences between this specimen and other baroque cul- 
tured pearls were its unusually large size and the 
exceptional volume of its cavity. Table 1 shows that 
the cavity measured 9.65 cm’, comprising slightly 
over half of the total volume. 


Templates for Nacre Deposition. A beaded pearl is 
grown by inserting a bead into the mussel tissue or 
gonad, along with a tissue graft that has the potential 
to secrete nacre. These tissue cells subsequently mul- 
tiply into a pearl sac that eventually encloses the bead 
and generates a sheltered compartment for the cre- 
ation of the pearl (Akamatsu et al., 2001; Landmann 
et al., 2001). In most cases, a cultured pearl’s shape and 
size depend heavily on the shape and size of its bead. 
From our observations and from those of others, nacre 
coating of the bead usually starts with a thin layer of 


Gems & GEMOLOGY SPRING 2014 


organic material deposited on the bead, followed by 
regular nacre secretion until the pearl is harvested (Ca- 
seiro, 1993; Jacob et al., 2008). Round shapes are ob- 
tained when the bead, the organic layer, and the nacre 
are in contact with each other, providing a more stable 
surface (a so-called template) for the regular deposition 
of nacre layers. In cases where the bead is removed— 
upon rejection by the bivalve, for instance—the pearl 
sac collapses and flat pearls are formed. This specimen 
showed the opposite effect from a very rare instance 
of an inflated pearl sac; in this case, an exceptionally 
large cultured pearl was formed without bead removal 
when the pearl sac inflated. 

The pearl contained a loose bead, much smaller 
than the pearl itself, and thus the nacre coating could 
not have been formed in contact with the bead. Sim- 
ilarly hollow pearls filled with liquid and smaller or- 
ganics are known, occurring both naturally and from 
culturing (Sturman, 2009). The latter sometimes dis- 
play loose beads as well. 

Although a solid surface is generally required for 
nacre deposition, nonbead-cultured pearls demon- 
strate that the surface does not have to be rigid. The 
center of a nonbead-cultured pearl typically contains 
an organic “core,” which can be used to distinguish 
them from natural pearls (Hanni, 2006; Karampelas, 
2010). This organic core represents a striking analogy 
to the first layer of organic material deposited on the 
bead in beaded cultured pearls. We propose that this 
organic material was not an accidental inclusion in 
addition to the bead; rather, it represented the or- 
ganic template. It is regularly produced by the pearl 
sac at the start of nacre deposition in beaded pearls 
as well (Jacob et al., 2008), and we propose that this 


TABLE 1. Relative abundances of the different 
phases of the cultured pearl specimen. 


Volume (cm3) Vol. % 

Nacre 7.72 44 
Phase 1 (gas) 3.40 19 
Phase 2 (liquid) 6.06 34 
Phase 3 (organics) 0.19 

Total cavity (1+2+3) "9.65 “54 
Bead 0.39 2 
Total pearl 17.76 100 


“Volumes assigned to specific X-ray grayscales of the various parts of the 
specimen were calculated by software. As the cultured pearl contains 
multiple dimples, the volume was found to be less than that of an ideal 
ellipsoid. 
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organic material expanded and supported the forma- 
tion of a pearl sac much larger than normal. This 
process may bear some similarities with a new devel- 
opment seen in cultured pearl production. Cartier and 
Krzemnicki (2013) describe the use of a newly devel- 
oped organic nucleus that is highly absorbent. Ini- 
tially compact, it grows into a large gelatinous 
nucleus after insertion into the gonad of the mussel. 
Since the tissue graft stays in contact with the 
swelling organic nucleus, this process results in an 
inflated pearl sac, eventually producing large baroque 
pearls (the first generation containing the gelatinous 
nucleus is not sold, according to the authors). A crit- 
ical difference between this novel culturing method 
and the hypothesis proposed for our specimen is that 
we infer an expanded organic layer coating of the bead 
nucleus rather than an expanding nucleus. 

Thus, we propose that the nacre in this exception- 
ally large cultured pearl was deposited on an organic 
template that forms regularly as the first product of 
nacre secretion. To support such a large pearl, the or- 
ganic template must have originally occupied much 
of the space between the bead and the nacre, as seen 
in figure 3. This clearly represents a departure from 
normal conditions. 

Figure 3A shows some layers of nacre flaking off 
toward the interior (see the yellow arrow). We believe 
it is an effect of nacre deposition on an unstable tem- 
plate provided by organic material with little support 
from the bead. 


Hollow Pearls with Organic Fillings. Our evidence 
suggests that the pearl’s interior was filled with a 
spongy mixture of organic material (perhaps tissue} 
and water that provided physical support for the dep- 
osition of the nacre coating. This also indicates that 
the pearl sac did not fully enclose the bead, meaning 
it did not heal completely after surgery, providing an 
opening for water to enter. Net-like remnants of the 
organic phase could still be seen enclosing the bead 
(figure 3D). It is likely that some of this material was 
introduced upon grafting and due to proliferation fol- 
lowing a bacterial infection or other accidental inclu- 
sions or contamination of tissue material. 

In due course, the organic material within the nacre- 
ous coating decayed, liberating foul-smelling gases that 
collected at the top of the pearl (figure 3C). Indeed, “or- 
ganic odors” have been detected upon drilling or other- 
wise breaking open hollow pearls (Sturman, 2009). 

The pearl had a small area where the nacre coating 
was only 0.9 mm thick (figure 3). This area probably 
represents a perforation in the nacre coat, which could 
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have allowed the liquids and gases to penetrate or leak 
from the pearl. The average growth rate for nacre in 
South Sea pearls is approximately 1 mm per year 
(Strack, 2006). Assuming normal growth rates for this 
very thin area, the perforation must have remained 
open throughout most of the growth period of this re- 
markable specimen. 


CONCLUSION 


Nondestructive analysis of this exceptional cultured 
pearl by X-ray n-CT revealed a multi-phase cavity 
filled with liquid, gas, and organic material. The cav- 
ity measured approximately four times larger than 
the bead in diameter, which raises the question of 
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how the nacre coating was physically supported dur- 
ing pearl growth. The model presented here argues 
that the organic material played an important role. 
We submit that pathological proliferation of tissue 
material after grafting, possibly due to a bacterial in- 
fection, inflated the pearl sac while the enclosed 
spongy organic material acted as a template provid- 
ing support for pearl growth. Once enclosed in nacre, 
the organic material decayed, liberating gases that 
had collected inside the pearl. 


The proposed model may well represent a viable 
process for the formation of hollow pearls. If bacterial 
infections are involved, such products represent true 
“survivors,” underscoring the exceptional nature of 
this large South Sea cultured pearl. 
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TAKE THE 2014 


CHALLENGE 


The following D5 questions are from the Spring, 
Summer, Fall, and Winter 2013 issues of Gems &) GEMOLOGY. Refer to the 
articles in those issues to find the single best answer for each question. 


Mark your choice on the response card provided in this issue or visit 
gia.edu/gems-gemology to take the Challenge online. Entries must be 
received no later than Friday, August 1, 2014. All entries will be 
acknowledged with an e-mail, so please remember to include your 
name and e-mail address (and write clearly). 


Score 75% or better, and you will receive a certificate of completion 
(PDF file). Earn a perfect score, and your name also will be listed in 
the Fall 2014 issue of Gems &) GEMOLOGY. 


Canc ; ca a 


Tq@erer sesame 


1. Moganite, a monoclinic silica 4. Standard long-wave (LW) and 


7. Which characteristic may be 


phase, thrives in the presence of 
what two things? 
A. Ferric iron and alkaline fluids 
B. Acidic conditions and cal- 
cium-rich fluids 
C. Titanium and ferrous iron 
D. Organic substances and hy- 
pogenic conditions 


2. Which UV-Vis-NIR bands, 
observed in SWCPs from 
allografted P margaritifera and 
xenografted P maxima host and P 
margaritifera donor, were not 
observed in untreated allografted P 
maxima SWCPs? 

A. 405 and 495 nm 
B. 405 and 700 nm 
C. 495 and 700 nm 
D. 330-460 and 700 nm 


3. If you bought “siclin” in a gem 
market in Luc Yen, what would 
you have? 

A. Sapphire 

B. Spinel 

C. Chalcedony 
D. Citrine 
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short-wave (SW) ultraviolet lamps 
often 
A. are too expensive or the aver- 
age jeweler 
B. contain LED light sources 
C. demonstrate no adverse ef- 
fects with aging 
D. produce extra emission peaks 


. What is most likely true about the 


three sunstone mines in Oregon? 

A. All are in Lake County. 

B. The gems from each are 
found exclusively in basalt 
flows. 

C. A single magma chamber 
may have produced all of 
their feldspar phenocrysts. 

D. Most mining occurs in spring- 
time. 


. The auction of which diamond 


led to a larger global market for 
fancy-color diamonds? 

A. Hancock Red 

B. Sun Drop 

C. Vivid Pink 

D. Wittelsbach Blue 
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indicative of coated jadeite? 
A. Scratches on the surface. 
B. Presence of a 437 nm absorp- 
tion band. 
C.A slightly sticky feel. 
D.A deep green uniform color. 


. During the 17th century, which 


stone was believed to turn hot in 
the presence of poisons? 

A. Toadstone 

B. Ruby 

C. Carnelian 

D. Garnet 


. Protecting elephants from extinc- 


tion requires the ability to 
differentiate between modern and 
fossil ivories. Which of the 
following is NOT true? 

A. Fossil ivory is less compact 
than modern ivory. 

B. Trace elemental analysis of 
strontium and barium will not 
allow for a separation. 

C. The Schreger angles of mod- 
ern and fossil ivories are 
clearly distinguishable. 

D. Collagen is present in modern 
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ivory but absent from fossil 
ivory. 


10. Why are natural diamonds rare? 
A. Very little of the mantle quali- 
fies as being within the field 

of diamond stability. 

B. The extraordinary temperature 
and pressure conditions 
needed for diamond forma- 
tion are rare on Earth. 

C. Earth's geologic activity has 
been too limited to create 
many diamonds. 

D. There is not much carbon in 
the mantle of the earth. 


11. What is responsible for the layered 
distribution of color within the digits 
of some opal? 

A. Chemical impurities 
B. Gravity 

C. Polygonization 

D. Dehydration 


12. Which factor enhances the 
apparent brightness of a faceted 
gem? 

A. Strong contrast 

B. Maximized observer reflection 
C. Diffused lighting 

D. Increased color saturation 


13. The most valuable diamonds for 
research purposes are 

A. colorless and flawless dia- 
monds 

B. fancy-color diamonds 

C. those that are clearly more 
than 2.7 billion years old 

D. those with visible inclusions 


14. Which diamond color center is 
most often observed among color- 
less diamonds? 

A. N-V 
B. H3 
C.N3 
D. H4 


15. A mere___ of all diamonds 
mined annually meet fancy-color 
grade requirements. 

A. 0.002% 
B. 0.001% 
C. 0.0001% 
D.0.0002% 
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16. What are “virtual” facets? 

A. Dark facets caused by over- 
head light obstruction from 
the observer's head. 

B. Additional facets observed be- 
yond the actual number of cut 
facets. 

C. Facets cut at angles that maxi- 
mize light return. 

D. Tiny facets that look fuzzy. 


17. What is the most common cause 
of red phosphorescence in 
diamond? 

A. Nitrogen 
B. Boron 

C. Hydrogen 
D. Nickel 


18. Sunstone, the state gemstone of 
Oregon, can be challenging to 
cut, as ; 

A. achieving an adequate polish 
is difficult 

B. they tend to be fractured, lim- 
iting the ability to orient 
around the interior colors 

C. rough over 2 ct in size is hard 
to obtain 

D. stones with adequate body- 
color are extremely rare 


19. Moonstones reportedly from 
Donghai County in Jiangsu 
province exhibited strong blue 
adularescence. Examination by 
China’s National Gold & 
Diamond Testing Center 
determined that the stones were 
subjected to which type of treat- 
ment? 

A. Irradiation 

B. Diffusion 

C. Oiling 

D. Impregnation 


20. Many gem materials are found in 
marble in the Luc Yen mining 
district of Vietnam. Which is NOT 
found in marble in this area? 

A. Pargasite 
B. Ruby 

C. Spinel 

D. Tourmaline 
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21. An imitation spinel found in the 
Cheapside Hoard was actually 


A. foil-backed glass 

B. colored glass 

C. quench-crackled and dyed 
quartz 

D. flame-fusion spinel 


22. Which of the following statements 
is true about saltwater cultured 
pearls (SWCPs)? 

A. Most commercial SWCPs are 
cultivated through xenotrans- 
plantation. 

B. The saibo is responsible for 
SWCP coloration, but not 
nacre thickness. 

C. Generally, spectroscopy can 
be used to identify the donor 
mollusk species. 

D. The saibo and bead are im- 
planted separately into the 
host mollusk. 


23. The inclusions in sapphire from 
Baw Mar are 

A. mainly rutile 

B. numerous and found in al- 
most all samples 

C. very similar to those found in 
Mogok sapphire 

D. generally fissures that may 
contain epigenetic materials 


24. Red to brownish red inclusions in 
surface-reaching fractures of 
sapphire may indicate 

A. flux growth 
B. diffusion 

C. bleaching 
D. heating 


25. The relatively low specific gravity 
observed in some nephrite jade 
samples from Val Malenco can be 
attributed to 

A. excess galena 

B. lower concentrations of iron 
and chromium 

C. higher amounts of calcite 

D. a lack of molybdenite 
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UV-Reactive OPAL 

A pair of milky white polished opals, 
weighing 2.66 and 2.48 ct, were re- 
cently examined at the Carlsbad lab- 
oratory (figure 1). Spot RI readings of 
1.44 and 1.43, respectively, were con- 
sistent with opal. The stones were 
placed under long-wave ultraviolet 
light (LWUV) as part of the routine 
testing. 

Upon removal from the UV light 
source, it was apparent that the opals’ 
color had changed to a bright orangy 
red. Further gemological testing con- 
firmed that the specimens had been 
impregnated with an unknown 
photochromic substance that changed 
color when exposed to UV light. The 
color change (figure 2) occurred after 
approximately one minute of expo- 
sure. The orangy red color faded com- 
pletely about five minutes after 
removal from the UV source. Further- 
more, when the specimens were 
placed near a window, sunlight pro- 
vided enough UV radiation to fully in- 
duce the orangy red color. This 
reversible and repeatable effect, 
known as tenebrescence, is occasion- 
ally seen in natural materials, most 
notably hackmanite. Exposure to the 
light of an incandescent bulb faded 
the color faster, which is another 
property of tenebrescence. Exposure 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. Note the milky white 
color of these two polished opals 
before exposure to long-wave 
ultraviolet light. 


to short-wave UV did not produce any 
visible effect on the color. 

The fact that hydrophane opal al- 
lows foreign substances to be intro- 
duced has already been established 
(N. Renfro and S. McClure, “Dyed 
purple hydrophane opal,” Winter 
2011 GWG, pp. 260-270). This was in 


Figure 2. The same two opals are 
shown after exposure to long-wave 
UV. 
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the context of dyeing with a sub- 
stance that altered the appearance of 
the bodycolor, but did not change 
color in the presence of UV light. Im- 
pregnating opal with a UV-reactive 
chemical to make the opal appear to 
be tenebrescent has not been previ- 
ously documented. Whether the sub- 
stance used to impregnate the opals 
affected the original color or trans- 
parency is not known, nor is the sta- 
bility of the treatment. 


Troy Ardon 


Assembled “PEARL” Filled with 
Wire 

The excitement of being the first per- 
son to observe a pearl’s interior is al- 
ways foremost in one’s mind when 
performing microradiography tests on 
anewly submitted specimen. Baroque 
pearls in particular have a higher 
probability of revealing something 
unusual (see Fall 2013 Lab Notes, pp. 
172-173), since they often contain in- 
ternal voids that are ideal for filling if 
exposed by damage or excessive 
drilling. 

A light yellow and cream baroque 
pearl (figure 3), weighing 10.97 ct and 
measuring 12.74 x 11.60 x 11.14 mm, 
was recently submitted with seven 
others to the Bangkok laboratory for a 
GIA Quality Assurance Report, 
which provides rapid identification 
for sorting goods. Prior to microradi- 
ography, the pearl immediately ap- 
peared suspect because it was circled 
by an eye-visible band that indicated 
some “work” had likely been carried 
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Figure 3. In this 10.97 ct baroque 
pearl, a suspect ring circling the 
surface is clearly visible. 


out. This was confirmed by examina- 
tion with a loupe and microscope, 
which revealed a lustrous, transparent 
bonding agent. Small black impurities 
of an unknown nature were present in 
the bonding agent (figure 4). The type 
of work performed on the pearl was 
instantly confirmed by microradiog- 
raphy (figure 5). Looking at the micro- 
radiograph, it was obvious that two 
coiled wire fillings had been placed in 
the void between two hollow pearl 
pieces. 

This is not the first time that 
metal wire has been encountered in 
pearls (see K. Scarratt, “Notes from 
the Laboratory,” Journal of GemmoIl- 


Figure 5. The internal structure re- 
vealed two very distinct pieces of 
coiled wire (metal is radio-opaque) 
within voids whose outlines did 
not match. The mismatched out- 
lines helped prove that two sepa- 
rate specimens were combined to 
form the new “pearl.” 
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Figure 4. The area between the two parts assembled to form the “pearl” 
revealed creamy areas of deterioration where the bonding agent met the 
pearl components (left) and very small black impurities of an unknown 
nature trapped within the agent (left and right). Magnified 70x. 


ogy, Vol. 20, 1986, p. 95), but it ap- 
pears to be the first time two different 
hollowed halves have been assembled 
with a piece of wire in each. While 
there is little doubt that this speci- 
men was fabricated to increase its 
weight and create a “single” pearl, the 
alterations were so severe that they 
removed critical internal structure, 
making the components difficult to 
identify. The two specimens may 
have been natural pearls with internal 
voids, bead-cultured pearls with voids 
around the bead (as is common], non- 
bead cultured pearls, or any combina- 
tion of these. We therefore concluded 
that the “pearl” should be described 
as “undetermined” but filled. 


Nanthaporn Somsa-ard and 
Areeya Manustrong 


CVD SYNTHETIC DIAMOND with 
Unusual DiamondView Image 
Over the last several years, CVD- 
grown synthetic diamonds have 
evolved rapidly in overall quality, in- 
cluding size and clarity. GIA’s labora- 
tory frequently documents new, 
sometimes subtle developments in 
this material. 

Recently a 0.32 ct, G-color CVD 
synthetic (figure 6) was submitted to 
the Carlsbad laboratory. Diamond- 
View imaging (figure 7) showed a few 
interesting characteristics. Most of 
the sample displayed a deep blue flu- 
orescence, a feature typically derived 
from the N3 optical center and often 
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observed in natural diamonds. CVD- 
grown synthetic diamonds usually 
have either a greenish blue or an or- 
ange to red fluorescence, depending 
on whether they have been treated to 
generate high concentrations of NV 
centers. The deep blue, N3-related 
fluorescence is so prevalent among 
mined diamonds that the color itself 
can often verify that a diamond is not 
synthetic. In addition to the deep blue 
color of the fluorescence, its visual 
pattern closely resembled the disloca- 
tion networks commonly seen in nat- 
ural-origin type Ila diamonds rather 
than the striations caused by stepwise 
growth in CVD synthetics (P.M. Mar- 
tineau et al., “Identification of syn- 
thetic diamond grown using chemical 
vapor deposition [CVD],” Spring 2004 
Gea, pp. 2-25). 


Figure 6. This G-color, 0.32 ct 
CVD-grown synthetic showed 
DiamondView features typically 
associated with a natural origin. 
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Figure 7. In addition to blue fluores- 
cence, the CVD synthetic’s Dia- 
mondView image displayed 
yellow-green fluorescence lines in- 
dicating the stop/start cycling that 
occurred during the growth process. 


Taken together, the blue fluores- 
cence and apparently random pattern- 
ing closely resemble DiamondView 
images of natural-origin type Ila dia- 
monds. This indicates that CVD 
manufacturers are becoming quite 
adept at mimicking natural growth. It 
is unclear whether this resemblance 
was a deliberate goal or a by-product 
of advances in CVD growth; regard- 
less, the blue fluorescence for this 
CVD synthetic diamond does not ap- 
pear to derive from the N3 center. 
Photoluminescence (PL) spectros- 
copy, collected with 325 nm excita- 
tion, showed only a very weak peak at 
415.2 nm. 

Yet this stone also contained two 
features that clearly indicated its syn- 
thetic origin: a large concentration of 
the Si-V center at 737 nm, revealed by 
PL spectroscopy, and the pronounced 
yellow-green parallel lines in the 
DiamondView image. 

These parallel lines, with a nearly 
uniform spacing of approximately 0.8 
mm in this sample, are created when 
the CVD reactor undergoes stop and 
start cycles during growth. These cy- 
cles create a temporary change in 
chemical composition, especially at 
the growth interface. Willems et al. 
(“Exploring the origin and nature of 
luminescent regions in CVD syn- 
thetic diamond,” Fall 2011 GwG, pp. 
202-207) proposed that a change in 
surface roughness promotes the in- 
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corporation of impurities, which al- 
ters the fluorescence and creates new 
dislocations. 

Four PL spectra were collected 
from these yellow-green lines and 
from the blue-fluorescing regions, 
using 488 nm laser excitation and nor- 
malized to the Raman peaks. The rel- 
ative intensities of the peak areas from 
both regions were averaged to com- 
pare the optical defects that altered 
the fluorescence. The H3 center at 
503.2 nm, the NV centers at 575 and 
637 nm, and the Si-V center at 737 nm 
all showed higher concentrations 
along the yellow-green lines. These 
vacancy-related defects increased by a 
factor of approximately 1.5 for NV° 
and Si-V, 3 for NV-, and 5 for H3, indi- 
cating a higher presence of vacancies 
at the growth interface. Several se- 
quential growth runs were likely nec- 
essary to achieve high CVD quality, 
leaving behind these fluorescence 
lines as evidence of synthetic origin. 


Sally Eaton-Magana 


Round CVD SYNTHETIC DIA- 
MOND Over 1 Ct Identified in 
Hong Kong Lab 


In the past ten years, CVD synthetic 
diamonds have showed significant im- 
provements in quality and size (Mar- 
tineau et al., Spring 2004 GwaG, pp. 
2-25; Wang et al., Winter 2003 GWG, 
pp. 268-283; Wang et al., Summer 
2012 GwG, pp. 80-97). Their color and 
clarity can be comparable with top 
natural counterparts, but for the most 


part they are still small. CVD gem- 
quality synthetic diamonds over 1 ct 
are occasionally reported in the trade, 
usually in fancy shapes with limited 
depth. 

Recently, a round-brilliant speci- 
men, identified as a CVD synthetic 
diamond, was submitted to the Hong 
Kong laboratory for grading service. It 
weighed 1.20 ct (6.70 x 6.72 x 4.30 
mm), with a color grade of L, a clarity 
grade of SI,, and a cut grade of Very 
Good. This specimen resembled well- 
cut natural round diamonds (figure 8, 
left), with a few black inclusions of ir- 
regular shape clearly observable 
under the microscope (figure 8, right). 

Infrared absorption spectroscopy 
identified it as type Ila. A very weak 
absorption at 1344 cm= was attrib- 
uted to isolated nitrogen in the dia- 
mond lattice (figure 9). Based on the 
absorption intensity (0.014 cm") of 
this peak, the total concentration of 
isolated nitrogen was well below 1 
ppm. Occurrence of trace isolated ni- 
trogen was the major optical center 
responsible for the L color observed. 
No hydrogen-related absorption was 
observed at either 3107 or 3123 cm 
using infrared absorption  spec- 
troscopy. Photoluminescence (PL) 
spectra at liquid nitrogen temperature 
with 532 nm laser excitation showed 
the [Si-V} doublet emissions at 736.6 
and 736.9 nm (figure 10), a character- 
istic feature of CVD synthetic dia- 
mond. Weak emissions from N-V 
centers at 575.0 nm and 637.0 nm 
were also recorded. Fluorescence im- 
ages collected using the Diamond- 


Figure 8. Left: This 1.20 ct CVD synthetic round brilliant had a color 
grade of L, a clarity grade of SI,, and a cut grade of Very Good. Right: The 
6.7 mm specimen contained a few black inclusions with irregular shapes. 
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‘Pearl Culture in Japan” by Dr. A. R. 
Cahn. Report No. 122 from the General 
Headquarters Supreme Commander for 
the Allied Powers, National Resources 
Section. October 31, 1949. 


HE EARLY history of the pearl cultur- 

ing industry and the procedures used 
for pearl culture in Japan have long been 
cloaked in obscurity. The great variety of 
publicity statements and propaganda pub- 
lished both by the Japanese and by the mar- 
keting firms in this country made it difficult 
to separate the actual facts relating to the 
methods by which pearls aré cultured. For 
this reason, Pearl Culture in Japan, by Dr. 
Cahn, an aquatic biologist with the Fisheries 
Division of Natural Resources Section, is 
exceedingly valuable to students of pearl 
culture industry. 

Contrary to common belief, the method 
by which pearl culture is made possible was 
developed not by K. Mikimoto, but princi- 
pally by Mise Nishikawa. The method of 
sewing the bead into a sac on which Miki- 
moto got a patent in October 1914 was never 
satisfactory. The Nishikawa patent applica- 
tion was made in October 1907, but not 
granted until June 1916, almost two years 
after the Mikimoto patent was granted. The 
method Nishikawa developed was a simpler 
one by which the bead was inserted in an 
incision accompanied by a small piece of 
mantle tissue. Nishikawa, a nephew of Miki- 
moto, died shortly after his patent had been 
developed. Later, his son reached an agtee- 
ment with Mikimoto and the patented 
method was used by Mikimoto from about 
1920 on. It is interesting that work on cul- 
tured blister pearls was begun before 1896 
by K. Mikimoto and that he received a pat- 
ent in 1896 on his method for producing 
blister pearls. 

In his very interesting report, Dr. Cahn 
describes in detail the methods by which 
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spherical cultured pearls are produced today 
and the areas in which they are produced. 
In addition, he has compiled lengthy tables 
showing the amount of nacre accretion dur- 
ing the normal nacre growing period in 
cultured pearls. The average length of time 
that a cultured pearl remains in the mollusk 
is three and a half years according to Dr. 
Cahn. In addition to discussing in detail 
pearl culture in Japan and showing maps 
indicating concentrations of various pearl 
producing areas, Dr. Cahn discusses the 
experimental stations in the Palau group 
and the Celebes that were in operation before 
World War Il. Both stations were closed 
at the beginning of the war and have not 
been reopened. It is interesting to note that 
while nacre accretion is at the rate of roughly 
.15 to .20 mm. per year in Japan, that the 
rate of accretion in Palau and the Celebes 
was roughly ten times that great, but that 
the nacre was both coarse and of poorer 
luster than that formed in Japanese waters. 
Dr. Cahn shows, among other matters, the 
rate of nacre accretion in relation to the 
mean water temperature in various months 
of the year. He discusses in addition the 
various patents that have been taken out 
from the beginning by the Japanese. The 
patents apply to the increasing beauty of 
nacre, the effece of light on nacre produc- 
tion, and a variety of other details. He dis- 
cusses in detail the method by which mantle 
tissue and the mother-of-pearl bead are in- 
serted into a channel cut into the mantle 
tissue of the living mollusk. Thus, the Nishi- 
kawa method is used almost exclusively 
today. Dr. Cahn discusses in detail the equip- 
ment necessary to set up the pearl farm, the 
operation laboratory, and in general all of 
the equipment necessary to start and main- 
tain a pearl farm. He goes so far as to dia- 
gram the equipment used and the methods 
by which each step is completed. 
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Figure 9. The CVD synthetic diamond’s infrared absorption spectrum 
showed a weak peak at 1344 cnr". This feature, attributed to the isolated 
nitrogen impurity, was responsible for the L color grade. 


View showed green fluorescence with 
characteristic CVD growth striations 
(figure 11). All these gemological and 
spectroscopic observations, very sim- 
ilar to those of Gemesis specimens 
(Wang et al., 2012), confirmed this 
was a CVD synthetic diamond. It was 
annealed at high pressure and high 
temperature (HPHT) to improve its 
color appearance. 


As this sample shows, CVD tech- 
nology has reached a new milestone, 
with the growth of crystals thick 
enough to consistently cut well-pro- 
portioned round brilliants. It is highly 
likely that we will see more gem- 
quality CVD synthetic diamonds over 
1 ct in the trade. 


Carmen “Wai Kar” Lo, Ping Yu 
Poon, and Shun Yan Wong 


Figure 10. A photoluminescence spectrum collected at liquid nitrogen 
temperature using 532 nm laser excitation revealed a strong emission 
doublet at 735.6 and 735.9 nm, indicating a [Si-V optical center. 
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Figure 11. Observed in the Dia- 
mondView, the 6.7 mm synthetic 
diamond showed typical stria- 
tions indicative of CVD growth. 


Fancy Black NPD SYNTHETIC 
DIAMOND 

As reported previously in Gems & 
Gemology, nano-polycrystalline dia- 
mond (NPD) growth technology is 
one of the most significant new devel- 
opments in diamond synthesis (see 
E.A. Skalwold, “Nano-polycrystalline 
diamond sphere: A gemologist’s per- 
spective,” Summer 2012 GWG, pp. 
128-131). The material is completely 
transparent and comparable to natural 
diamond, while tougher than natural 
diamond or previous synthetic dia- 
monds. NPD could pose a challenge 
to the natural diamond industry once 
these goods, particularly higher-qual- 
ity transparent samples, enter the 
consumer market. 

Recently, the New York laboratory 
tested a small, black marquise-cut 
stone for identification and color ori- 
gin. At first glance, the 0.9 ct translu- 
cent specimen (figure 12) resembled a 
typical black diamond submitted to 
the lab for identification and color ori- 
gin. One must be careful to separate 
such stones from synthetic moissan- 
ite. This marquise, however, revealed 
unusual properties strikingly similar 
to those of the NPD synthetic dia- 
monds reported on by Skalwold, as 
well as other previously tested sam- 
ples. These previously studied speci- 
mens were transparent with a yellow 
to brown range of color. 

Unlike natural diamond, the 
stone in question was heavily in- 
cluded with graphite crystals. The 
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Figure 12. This 0.9 ct marquise 
proved to be a synthetic nano- 
polycrystalline diamond (NPD), 
the first one detected by a gemo- 
logical laboratory. 


matrix hosting the inclusions had a 
murky yellowish color (figure 13). 
Using diffuse reflectance, we ob- 
tained a mid-infrared absorbance 
spectrum strikingly similar to that of 
the NPD synthetic diamonds re- 
ported in the aforementioned article. 
We observed the diagnostic diamond 
absorption peaks at approximately 
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Figure 14. The mid-infrared spectrum of the synthetic NPD displayed 
peaks at approximately 3727 and 3611 cnr. 


2000 cm! and absorption in the one- 
phonon region, possibly due to nitro- 
gen impurity. Peaks at approximately 
3727 and 3611 cm! were also ob- 
served, as in the previously tested 


Figure 13. Photomicrograph images of the heavily included synthetic dia- 
mond showed an abundance of graphite inclusions and a murky yellowish 
matrix. Fields of view (clockwise from top left): 1.5, 3.1, 1.5, and 4.1 mm. 
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NPD samples (figure 14). Raman 
spectroscopy is a common and useful 
technique in identifying a gem dia- 
mond. Due to the nano-sizes of the 
crystals that compose the aggregated 
sample, a Raman shift is usually not 
detectable in NPD using visible-light 
laser excitations. The same feature 
was observed in this specimen. 
Further analysis using the Dia- 
mondView instrument revealed a flu- 
orescence pattern and structure that 
was, again, very similar to earlier NPD 
samples (figure 15). Raman analysis 
showed a broad band at approximately 
1350 cm and a weak band at about 
1580 cm, these are assigned as D- and 
G-bands, respectively (S. Odake et al., 
“Pulsed laser processing of nano-poly- 
crystalline diamond: A comparative 
study with single crystal diamond,” 
Diamond and Related Materials, 
2009, Vol. 18, pp. 877-880). Odake re- 
ported the two bands in NPD samples 
grown from high-purity graphite at a 
temperature of 2600K and a pressure of 
15 GPa; both are caused by nanocrys- 
talline graphite or amorphous carbon. 
Unlike Odake’s samples, which 
showed G- and D-bands of equal inten- 
sity, ours showed a strong D-band with 
a weak G-band. We measured Raman 
spectra at many different locations but 
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Figure 15. DiamondView images of the synthetic NPD exhibited a distinct 


fluorescence pattern. 


did not observe the diamond Raman 
band at 1332 cm, an absence Odake 
also reported. 

Testing and observations revealed 
the diamond to be an NPD synthetic 
diamond, the first detected by a gemo- 
logical laboratory. 


Paul Johnson and Kyaw Soe Moe 


Titanium-Coated TANZANITE 

Five faceted violetish blue stones, rang- 
ing from 0.39 to 0.82 ct (figure 16), were 
recently submitted to the Carlsbad lab- 
oratory for identification service. Stan- 
dard gemological testing revealed a 
refractive index of 1.689-1.700 for all 
five samples. When observed using po- 
larized light, each displayed a medium 


Figure 16. These five tanzanite 
samples (0.39-0.82 ct) proved to 
be color-coated with titanium. 
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pleochroism. Specific gravity, meas- 
ured using the hydrostatic method, was 
3.37. These properties were consistent 
with tanzanite. 

Microscopic examination showed 
that the material was relatively free 
of inclusions, but showed areas of 
abrasion along pavilion facet junc- 
tions. Observed using reflected light, 
the pavilion of each stone showed a 
significantly higher luster than the 
crown. Some individual facets even 
showed a variation in luster due to 
an unevenly distributed color coating 
(figure 17). When the samples were 
examined using diffuse transmitted 
light, the facet junctions and several 


Figure 17. This upper portion of a 
pavilion facet, examined in re- 
flected light, shows a much higher 
luster than the lower, uncoated 
portion. Field of view 1.22 mm. 
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Figure 18. The coating on this tan- 
zanite’s pavilion has been worn 
away along the facet junctions 
and in some small chipped areas, 
revealing the less-saturated violet 
color of the tanzanite underneath. 
Field of view 2.90 mm. 


chipped spots appeared much less 
saturated, which was also consistent 
with a color coating (figure 18). 
Because tanzanite with a cobalt 
coating has previously been reported 
(S.F. McClure and A.H. Shen, “Coated 
tanzanite,” Summer 2008 GWG, pp. 
142-147), all tanzanites submitted to 
the lab are routinely checked by en- 
ergy-dispersive X-ray fluorescence 
(EDXRF) and microscopic examina- 
tion. These five stones were also 
checked by EDXRE but no cobalt was 
detected; however, all five showed a 
significant signal for titanium on their 
pavilions. No titanium was detected 
on the crowns. LA-ICP-MS was also 
used to confirm that the coated area 
contained significant titanium. 
While color-enhancing coatings 
on tanzanite are occasionally seen at 
GIA’s laboratory, this is the first time 
we have examined tanzanite that has 
been color coated with titanium. 


Amy Cooper and Nathan Renfro 
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TUCSON 2014 


Every February, exhibitors and buyers from all over the 
globe descend on Tucson, Arizona, for the annual gem and 
mineral shows that take place in conference spaces, tents, 
hotel rooms, and parking lots across the city (figure 1). This 
year a number of exhibitors noted the lack of Chinese buy- 
ers, who are now likely to make their purchases at the 
Hong Kong show for convenience. For many exhibitors, 
however, Tucson remains a very important venue in the 
year’s trade show calendar. 

For Alexander Wild (Wild & Petsch Lapidaries, Kirsch- 
weiler, Germany), the show was a place to write invoices 
and do “serious selling.” While many clients were not shop- 
ping for any one particular gem, they were seeking out 
unique items: fine-quality gems as single pieces, matched 
pairs, sets, or suites. Exhibitors selling everything from cul- 
tured pearls to unheated tanzanite, Australian chrysoprase, 
and top-quality ruby, sapphire, and emerald echoed the 
same sentiment: fine goods were strong sellers. 

Wild attributed the current shortage of gem rough to 
the global economic crisis that began in September 2008. 
The following years, he recalled, were “disastrous” for 
many in the colored gem trade, as their customers simply 
stopped buying. The resulting lack of liquidity cascaded 
down to active mining operations, especially in Africa and 
Brazil. Miners in those areas were left with no clients for 
their previously mined goods, and no income with which 
to purchase equipment or staples such as diesel fuel. 
Within a short time, Wild said, many operations were sad- 


Editors’ note: Interested contributors should send information and illustra- 
tions to Justin Hunter at justin.hunter@gia.edu or GIA, The Robert 
Mouawad Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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dled with debt and subsequently ceased operations. Mine 
workers returned to the agricultural sector, which began 
to rebound in 2009. By then, costs had become so prohibi- 
tive that many former operators could no longer afford to 
return to the mining industry. 

One common refrain among exhibitors was the intense 
competition for scarce cutting rough, creating a dramatic 
price increase. Many mentioned stiff competition from 
Chinese buyers or their agents at the sources. Steve Ula- 
towski of New Era Gems (Grass Valley, California) told us 
the price of pink to red tourmaline rough has shot up due 
to Chinese demand. He cited Nigerian tourmaline rough 
that was priced at $8,000 per kilogram several years ago; 
the current asking price for equivalent goods was $200,000 
per kilo, with sellers asking for cash on the table. 

Many dealers also emphasized the importance of “re- 
circulated” gems or jewelry pieces, remarking on the high 
quality of pieces in the secondary market. These included 
fine sapphire, ruby, alexandrite, and cat’s-eye chrysoberyl, 
gems that were otherwise unobtainable. All find a ready 
market in Asia. 

Regardless of these powerful undercurrents, most of the 
exhibitors who spoke with us expressed satisfaction with 
their results from Tucson. Although traffic at some shows 
was down from previous years, exhibitors reported that 
buyers were serious and business was satisfyingly brisk. 

All in all, the Tucson gem and mineral shows are a fas- 
cinating cross section of materials, sellers, and buyers that 
provides a unique window into a singular industry. We ea- 
gerly look forward to next year’s shows. 

G&G appreciates the assistance of the many friends 
who shared material and information with us this year, 
with special thanks to the American Gem Trade Associa- 
tion for providing photography studio space during the 
AGTA show. GIA’s Eric Welch, Pedro Padua, Clara Zink, 
and Andy Lucas contributed to this report. 


COLORED STONES AND ORGANIC MATERIALS 


Cultured pearl market update. Fran Mastoloni (Mastoloni 
Pearls, New York City) updated us on the cultured pearl 


Gems & GEMOLOGY SPRING 2014 


market during the AGTA show. He explained that for the 
past two years, the emphasis has been on long necklaces, 
double strands, and mixing different sizes, colors, and types 
of cultured pearls. These trends have reenergized the mar- 
ket, making pearls “fun to wear again.” While weddings 
and graduations are still occasions for classic akoya-type 
necklaces and studs, there are now more opportunities to 
sell innovative blends of color and shape. Typical of this 
approach is the striking necklace with 15-17 mm Tahitian 
baroque cultured pearls shown in figure 2 (left). Such a 
piece might take three years to make and could retail for 
tens of thousands of dollars. 

With production of Tahitian cultured pearls down, Mas- 
toloni has been using smaller off-round, pastel-colored 
pearls to create distinctive, competitively priced necklaces. 


Figure 1. From the con- 
vention center to tented 
pavilions and hotels to 
parking lots, Tucson’s 
many gem and mineral 
shows draw buyers of 
every stripe hungry for 
the earth’s treasures. 
Photos by Eric Welch 
(top left), Stuart Overlin 
(bottom right), and 
Duncan Pay (top right 
and bottom left). 


These styles offer a “big” look for a relatively low price. The 
colors, including a subtle silvery gray, are all natural. Mas- 
toloni stressed the importance of luster as a selling point. 
South Sea cultured pearl production has been reliable 
and consistent in quality, but prices have fluctuated. While 
lower-quality specimens are inexpensive and readily avail- 
able, high-quality pearls are expensive and difficult to obtain. 
Due to improvements in culturing processes—including the 
X-ray inspection of mollusks—baroque-shaped cultured 
pearls have become increasingly rare. When X-ray operators 
detect a non-round pearl, Mastoloni noted, they will restart 
the culturing process. As a result, fewer non-round shapes 
are available for baroque necklaces (figure 2, center). 
Demand for fine cultured pearls from China has out- 
stripped supply, with fine examples of all pearl types show- 


Figure 2. Left: This strand of baroque cultured pearls from Tahiti is indicative of current jewelry trends. Center: 
Due to improved culturing techniques, baroque South Sea cultured pearl necklaces will become increasingly ex- 
pensive and difficult to find. Right: These naturally golden cultured pearls from the Philippines range from 14 to 
17 mm. China’s increasing demand for them has pushed up prices and reduced availability elsewhere. Photos by 


Eric Welch; courtesy of Mastoloni Pearls. 
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Figure 3. This very fine 12-14 mm multicolor neck- 
lace was assembled piece by piece using Australian, 
Philippine, and Tahitian cultured pearls. Each cul- 
tured pearl is matched for size and shape, and all 
have exceptional luster. Photo by Robert Weldon. 


ing surges in price. Golden cultured pearls from the Philip- 
pines (figure 2, right) have become increasingly costly and 
difficult to obtain, Mastoloni noted. 

This scarcity of cultured pearls made the necklaces ex- 
hibited by Mastoloni all the more remarkable. They in- 
cluded an exceptional strand of multicolor specimens from 
Australia, the Philippines, and Tahiti (figure 3), as well as 
a truly remarkable Burmese cultured pearl necklace that 
was the product of decades of labor (figure 4). 
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Figure 5. The morganite carving on the left was inspired 
by the floating watches in the famous Salvador Dali 
painting “The Persistence of Memory.” The geometric 
carvings on the right look simple when the stone is 
viewed from the base but produce an array of bright re- 
flections and crystalline brilliance when viewed from 
above. Photo by Eric Welch; courtesy of Sonja Kreis. 


Mastoloni added that the cultured pearl industry has 
become much more competitive. Dealers require much 
more breadth of inventory: Simply having akoya or Chi- 
nese freshwater material is no longer enough. Customers 
are more educated and driven to seek out unique, striking 
pieces of different colors, shapes, or lengths—and want to 
see new variations and combinations every time they look 
to make a purchase. 


Duncan Pay 


Exceptional gem artistry in sunstone, rutilated quartz, and 
beryl. At the GJX show, Sonja Kreis (Unique Jewelry, 
Niederworresbach, Germany) displayed exceptional exam- 
ples of the jeweler’s and gem carver’s art. Kreis designs the 
jewelry, and her son Alexander cuts the gems. 

Alexander Kreis explained that their family has a tra- 
dition of over 500 years of gemstone cutting and jewelry 
manufacture. He apprenticed as a traditional gem cutter, 
but elected to find his own path to unlock the beauty of 


Figure 4. Fran Mastoloni 
displays a triple necklace 
of Burmese cultured pearls 
(left). From the inner 
strand out, the strands 
measure 14.65 x 10.50 mm, 
14.80 x 10.30 mm, and 
15.30 x 10.50 mm (right). 
The Mastoloni family col- 
lected the pearls from 1965 
to 1975 and considers this 
the finest cultured pearl 
necklace in existence. Pho- 
tos by Eric Welch (left) and 
Robert Weldon (right). 
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Figure 6. The Oregon sunstones in this fantasy-cut 
pendant and ring, displaying deep red color and in- 
tense stripes of schiller, were cut from the same piece 
of rough. Photo by Eric Welch; courtesy of Sonja Kreis. 


fine gem crystals. His cutting is a spectacular blend of 
freeform curves and dramatic geometrical cuts. Alexander 
works with many materials, including tourmalines and 
beryls (figure 5), but Oregon sunstones (figure 6) and ruti- 
lated quartz (figure 7) are among his favorites. The fine Ore- 
gon sunstone was on display at their booth. Alexander’s 
father, Stefan Kreis, described their very strict criteria for 
selecting rough. On a visit to a set of mines in Oregon’s 
Rabbit Basin, they selected 395 grams of rough out of the 
50 kg they were shown; one such piece of rough is featured 
in figure 6. 


Duncan Pay 


Fine Australian chrysoprase rough and carvings. Mary Lou 
Osmond (Candala Chrysoprase, Marlborough, Australia) 
explained the nature and operation of the company’s 
chrysoprase chalcedony mine. Mine access requires flying 
to the town of Rockhampton, 635 km (394 miles) north of 


Figure 8. Mary Lou Osmond demonstrates the rich, vi- 
brant color of Marlborough chrysoprase, which is due 
to high concentrations of nickel. Photo by Eric Welch. 


Brisbane, followed by a two-hour drive in a four-wheel- 
drive vehicle. The site, protected with guard dogs and 
fences, is adjacent to a Chinese-owned mine, the only other 
operation in the area. 

Highly translucent, deep-color chrysoprase (figure 8) is 
recovered from veins two to eight inches in thickness. Os- 
mond said the bright green color of material from this de- 
posit is due to high nickel content, reportedly up to 2.35%. 

Osmond explained that most material is found after 
heavy rain, when the extensively mined terrain shifts. 
Moving water from intense storms might carry automo- 
bile-sized rocks over hills and deposit them in neighboring 
stream beds kilometers away. The downpours expose 
everything, even material that the miners have been walk- 
ing over for years. After every rainstorm, it pays to scour 
the newly exposed ground and look for glints of green, in 
case there is a larger vein underneath. 

Recovered material is brought back to the mining camp 


Figure 7. Left: Alexander Kreis displays one of his unique pieces: a star-shaped rutilated quartz. Right: This superb 
442.78 ct faceted Brazilian quartz with rutile inclusions is typical of Kreis’s art. According to Kreis, the orientation 
of the needles is the most important decision in the design of the finished gem. Photos by Eric Welch (left) and 

Robert Weldon (right); courtesy of Sonja Kreis. 


Gem News INTERNATIONAL 


SPRING 2014 75 


Gems & GEMOLOGY 


Figure 9. These chrysoprase carvings are from Can- 
dala’s Queensland mine. Photo by Eric Welch. 


for washing. Water tanks collect the rainfall, and the min- 
ers use high-pressure hoses to wash off the rough chryso- 
prase, which is then handpicked. The best material, 
marked “premium,” is sent to Sydney for sale, while the 
remainder is sorted into four grades by color and clarity (A 
through D). For Tucson, Osmond brought over 80 kg of 
rough, of which 10 kg was premium quality. 

Most buyers gravitated to the top-quality material, all 
of which was sold, along with over half of the A-grade ma- 
terial. Although buyers bought many carvings (figure 9), to 
Osmond’s surprise they also purchased large quantities of 
calibrated goods. Many also sought out top-quality rough 
for cabochon cutting, rather than gem carvings, indicating 
a growing awareness and demand for the gem. 

Candala’s client base includes Indian, German, U.S., 
and Thai buyers. At this year’s Tucson show, most of the 
chrysoprase carvings went to collectors, as well as one tel- 
evision shopping channel. 


Duncan Pay 
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Figure 11. This heated 33.16 ct emerald-cut royal blue 
sapphire is from Sri Lanka. Photo by Robert Weldon; 
courtesy of B&B Fine Gems. 


Fine corundum, Paraiba tourmaline, and alexandrite. At 
the AGTA show, Dave Bindra (B&B Fine Gems, Los Ange- 
les) showed us an exceptionally large fashioned alexandrite 
reportedly from Sri Lanka (figure 10). According to Bindra, 
it is very difficult to find fine specimens over 5 ct, although 
Sri Lanka and Madagascar are known to produce sizeable 
alexandrite crystals. At over 100 ct, this is certainly one of 
the largest our team has seen. Bindra speculates that the 
original crystal may have been over 300 ct. 

Also on display was a royal blue emerald-cut Sri Lanka 
sapphire weighing over 33 ct (figure 11). Bindra noted that 
supply of fine sapphire, while scarce, is currently stronger 
than fine ruby. Compared with rubies of equivalent price, 
fine sapphires offer more size and quality; as a result, prices 
have risen dramatically over the last two years. This is a 
function of constricted supply and increasing demand as the 
Chinese market opens up to premium goods. Only three to 
five years ago, the strongest demand from Chinese buyers 
was for mid-range to commercial material. The Chinese are 


Figure 10. This remark- 
able 112.82 ct Sri 
Lankan alexandrite, 
seen under incandes- 
cent (left) and fluores- 
cent lighting (right), is 
unusually large. Photos 
by Robert Weldon; 
courtesy of B&B Fine 
Gems. 
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Figure 12. Fine rubies were scarce and expensive at 

the 2014 Tucson gem show. According to the dealer, 
this 9.10 ct Mozambique ruby had only undergone 

low-temperature heating. Photo by Robert Weldon; 

courtesy of B&B Fine Gems. 


currently consuming the finer items once sought only in 
Western Europe, the United States, and Japan. As a result, 
USS. dealers and consumers have to contend with competi- 
tion in this market. As Bindra pointed out, this creates “a 
very interesting dynamic.” 

Also at the B&B booth was a superb 9 ct Mozambique 
ruby (figure 12), one of the finest rubies Bindra has seen 
from this source. He explained that Mozambique’s rubies 
are so popular because they come in large, strongly colored 
crystals; once cut, they produce clean, attractive gemstones. 
They are very marketable because consumers readily ap- 
preciate their beauty. Bindra told us that Mozambique ruby 
crystals can be a little flat, which constrains the depth of 
fashioned stones. It is difficult to find a piece of rough above 
4-5 ct with fine color suitable for cutting a clean gemstone; 
this makes the 9 ct ruby exceptional. A gem of this quality 
might sell for US$50,000 per carat or more. 

By comparison, Burmese rubies are increasingly diffi- 
cult for domestic dealers to obtain due to the U.S. embargo 
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against Myanmar. Trade is limited to gems that predate the 
ban and were already in circulation in the United States. 

Finally, Bindra showed us what he described as the star 
of his show: a 14.59 ct Brazilian Paraiba tourmaline, report- 
edly unheated (figure 13). He was fortunate enough to ac- 
quire this stone out of a collection. The previous owner had 
purchased it years ago when the material first came out, 
making this another example of recirculation rather than 
current production. Bindra confirmed the importance of the 
secondary gem market, which has become critical to dealers 
because there is so little material coming from deposits. 
With so much competition at the source—especially when 
a deposit, such as Paraiba, is reportedly depleted—dealers 
have no choice but to look in the secondary market. 


Duncan Pay 


Fossilized drusy shells. Tarun Adlakha (Indus Valley Com- 
merce, New Delhi) exhibited fossilized shells replaced by 
chalcedony and encrusted with drusy quartz (figure 14). The 
shells are originally from a rare left-hand coil variety of gas- 
tropod that lived between 50 and 100 million years ago, 
when the Indian subcontinent was submerged under the 
ocean. Recovered from a hill in the Dhar region of Madhya 
Pradesh state in central India (figure 15), they were ham- 
mered, chiseled, and carefully removed by hand from rock. 
According to Adlakha, these shells were called Dakshi- 
navarti in ancient Sanskrit. The Hindu, Buddhist, and Ti- 
betan cultures revere the left-hand coil gastropods for their 
metaphysical powers. Adlakha has trademarked this fos- 
silized material as Spiralite Gemshells for use in jewelry. 


Robert Weldon 


Gem crystals. At the Pueblo Show, Steve Ulatowski (New 
Era Gems, Grass Valley, California) told us how the dy- 
namics of his business have shifted from facet-quality 
rough to crystal specimens, which now make up more than 
80% of his turnover by dollar value. In particular, small 
gem crystals in wire-wrapped jewelry now form a large part 
of his commerce. 


Figure 13. Dave Bindra 
shows off a superb 
14.59 ct oval faceted 
Brazilian Paraiba 
tourmaline. Gems of 
this quality above 1 ct 
are extremely rare, 
making this gem excep- 
tional. Photos by Eric 
Welch (left) and Robert 
Weldon (right); courtesy 
of BYB Fine Gems. 


Gems & GEMOLOGY SPRING 2014 77 


Figure 14. A conglomerate of fossilized, drusy quartz- 
encrusted shells is shown in the host rock, along with 
several individual pieces that have been prepared for 
jewelry use. Photo by Robert Weldon/GIA; courtesy 
of Indus Valley Commerce. 


Ten years ago, facet rough made up 90% of New Era’s 
business, while gem crystals were a mere 5%. Facet rough 
now represents just 10% of his total, because it is nearly 
unobtainable. 

As an example of changing market dynamics, Ulatowski 
showed us a fine tanzanite crystal (figure 16), which previ- 
ously would have been more valuable as a mineral specimen. 
In today’s frenzied market, such a crystal might be worth 
$45,000 uncut but command $50,000 as rough for faceting. 


Figure 15. These fossilized drusy shells were found in 
rocks on a hill in central India. Photo courtesy of 
Tarun Adlakha. 
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Figure 16. Tiny calcite crystals adhering to the surfaces 
of this superb tanzanite crystal, along with the brown 
coloration around its base, are strong indicators that the 
material has not been heated. The crystal weighs 500.45 
ct and measures approximately 8 cm in length. Photo by 
Eric Welch; courtesy of New Era Gems. 


According to Ulatowski, the criteria for a superior gem 
crystal include luster, color, and the condition of its edges 
(absence of nicks or chips). Whether or not it has a perfect 
termination also plays a role. Another consideration is the 
potential amount of cuttable material. For example, a 109- 
gram tanzanite crystal might yield 80 grams (400 carats) of 
cutting material, which would yield on average about 160 
carats of fashioned gems. 

Ulatowski noted that due to demand for cutting rough 
in late 2013, many crystals were broken for that purpose. 
Fine, well-formed crystals once commanded a premium 
over those suitable only for cutting fashioned gems; a fine 
crystal might be worth twice as much if left as a specimen. 
Although fine crystals are exceptionally rare, the market 
for cutting rough is tremendous right now, with worldwide 
shortage of every type of cutting material—even staples 
like blue topaz and smoky quartz. He has never seen a 
rough shortage comparable to this current one. Like other 
dealers at the shows, Ulatowski believes this represents a 
combination of less global mining activity, stricter mining 
regulations in many countries, rising fuel costs, and grow- 
ing Asian demand. 

Still, his U.S. client base is reluctant to pay higher 
prices for what they perceive as overpriced rough. There is 
also a growing trend toward better cutting at the source, 
with governments trying to support their own domestic 
cutting industries, as this retains more value in country 
than merely exporting the rough as raw material. 
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One of the most. interesting additions to 
the information on pearl culture contrib- 
uted by Dr. Cahn is the discussion of a fresh 
water pearl culturing station on a large lake 
in Jaqan where pearls are cultured without 
nucleus. This culture station is on the Hirako 
Reservoir, an arm of the large lake on central 
Honshu Island. The mollusk used for this 
purpose is a large slow-growing clam which 
produces pearls at the end of three years 
growth. These cultured, fresh-water pearls 
are elongated and irregular, measuring 
roughly 6 x 3 mm. According to Dr. Cahn, 
“both color and luster are beautiful, but the 
shape leaves much to be desired.” Such cul- 
tured pearls without nuclei would be very 
difficult to identify, except by their unusual 
shape and by their characteristics as fresh 
water pearls (which differ in several respects 
from salt-water pearls). 

The Cahn report ts a major contribution 
to the information available on the pearl 
culture industry. The clearly presented pic- 
ture given indicates Dr. Cahn’s exhaustive 
research in this field and his thorough 
knowledge of the subject. 

Richard T. Liddicoat, Ir. 


“Leitfaden Fur die Exakte Edelstein- 
bestimmung” (Guide to the Accurate 
Identification of Gemstones), by Dr. K. 
Schlossmacher. Published in Stuttgart, 
Germany, 1950. Price 13.60 German 
marks. 


HIS manual, by the author of the third 

edition of Max Bauer’s Edelsteinkunde, 
makes available to German readers infor- 
mation concetning gemological progress in 
recent years. The book contains 174 pages 
which cover the properties of gemstones and 
methods of identification of the principal 
gems, pearls, coral, synthetics, imitations, 
and doublets. It contains some excellent 
photomicrogtaphs plus illustrations of gem 


Bouk Heview 


testing instruments and various line draw- 
ings for clearer understanding of the text. 
It includes also eight properties tables and 
an alphabetical listing of principal gem- 
stones and their properties. 

Dr. Schlossmacher, recognized world au- 
thority on gemstones, is now Director of the 
Gemological Institute of Idar-Oberstein and 
was for many years Professor of Mineralogy 
at the University of Konigsbetg. He is cur- 
rently working on a new edition of the im- 
portant Edelsteinkunde. 

Kay Swindler. 


“Jewelry Making and Design” by Rose 
and Cirino. Published by Davies Press, 
Worcester, Mass. Price $8.95. Reviewed 
by C. A. Jakobb, Instructor in the Art 
of Jewelry Designing and Modeling, 
New York. 

HE first sentence in the foreword—“The 
subject of jewelry in this book is treated 
from an educational standpoint” — covers 
fully the book’s true principles. The reader 
is, without effort, carried from paragraph to 
paragraph into a field of knowledge in the 
art of jewelry —a field that has long been 
neglected and misinterpreted. 

The book covers a subject that deserves 
more intensified attention by the educational 
world and in the field of literature as a 
fundamental resource of man’s progress from 
prehistoric times up to this day. The intro- 
ductory paragraph of this book in itself is 
enlightening and gives fact after fact asso- 
ciated with data and outstanding names of 
artists and scientists generally unknown tu 
jewelers and the public, even to those who 
are engaged in the arts and crafts of jewelry. 
It carries the reader directly to the interest- 
ing, carefully and consecutively arranged 
material which is presented in simple, read- 
able form. It gives many practical suggestions 
to the layman and beginner, covering every 

Continued to page 386 
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Figure 17. This 335.46 ct crystal contains relatively 
little cuttable material, but its crystal form and 
condition are excellent, making it worth five times 
more as an uncut specimen. The cuttable portion is 
located near the tip of the crystal, where the rough 
begins to narrow, so there is not enough depth for a 
significant faceted stone. Photo by Eric Welch; cour- 
tesy of New Era Gems. 


Ulatowski had a range of unheated tanzanite crystals, 
which he estimated might make up 20% of total rough tan- 
zanite production. He showed us many examples with blue 
to green terminations and brown coloration near the base 
(figure 17). A few blue crystals included calcite matrix, 
while some had associated pyrite. 

Although many in the trade say all blue tanzanites have 
been heated, Ulatowski explained that it is impossible to 
heat only part of a crystal. Therefore, any crystal that is 
brown on the base has not been heated. In many speci- 


Figure 18. This 765.00 ct tanzanite crystal was heated 
in an oven at approximately 1000°F to remove all 
brown coloration. After the temperature was raised 
incrementally over a number of hours, the peak tem- 
perature was maintained for one hour before gradual 
cooling over a period of six to eight hours. Prior to 
heating, the crystal was completely brown, with no 
traces of blue. Photo by Eric Welch. 
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Figure 19. Specimen crystals, such as this 87.59 ct 
natural-color unheated reddish brown zoisite, are cur- 
rently the mainstay of Steve Ulatowski’s business. 
Photo by Eric Welch; courtesy of New Era Gems. 


mens, the brown base is best for cutting, as it is usually the 
widest part of the crystal. 

Demand for what Ulatowski calls “fancy tanzanite” 
(zoisite) is strong, with top pink colors selling for up to $800 
per carat. Unheated natural pinks usually form only in the 
tip of the crystal, so most stones are small (less than a carat). 
The most valuable specimens are pure pink, with no purple 
Cast. 

For contrast, Ulatowski showed us a heated crystal 
where the brown coloration had been removed (figure 18), 
as well as a natural unheated reddish brown sample (figure 
19) with no hint of blue. He also had a range of green 
grossular garnet crystals, a byproduct of Merelani tanzanite 
mining (figure 20). Also remarkable were bicolor tourma- 


Figure 20. In Merelani, green grossular garnet (tsa- 
vorite or “mint” garnet) is a byproduct of tanzanite 
mining. This unusual 27 ct group of intact euhedral 
crystals measures approximately 4 cm in length. It is 
a “floater,” meaning there is no visible attachment 
to any host rock. Photo by Eric Welch; courtesy of 
New Era Gems. 
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line crystals (figure 21) with an unusual etched core but in- 
tact terminations. These were reportedly from the Barra de 
Salinas mine in Minas Gerais, Brazil. 

In closing, Ulatowski noted that his best sales year at 
Tucson was 2013, but that 2014 was headed in the same 
direction. 


Duncan Pay 


Varieties of rutilated quartz. Rutilated quartz has come into 
its own as a mainstream gem material, thanks in part to its 
seemingly infinite variety and one-of-a-kind appeal for jew- 
elry designers. Reddish rutile, owing its color to traces of 
iron, was exhibited at the AGTA show by Rare Earth Min- 
ing Co. (Trumbull, Connecticut). Rare Earth CEO Bill 


Figure 22. This 85 ct quartz crystal contains bright 
reddish rutile needles. Photo by Robert Weldon; cour- 
tesy of Rare Earth Mining Co. 
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Figure 21. These bicolor 
tourmaline crystals are re- 
portedly from the Barra de 
Salinas mine near Coronel 
Murta in Minas Gerais, 
Brazil (left). Each 2-3 cm 
crystal had a heavily 
etched, almost skeletal pink 
core topped by a euhedral 
or very slightly etched green 
cap. The terminations 
(right) may have projected 
into a layer of clay minerals 
during formation, protect- 
ing them from etching. Pho- 
tos by Eric Welch; courtesy 
of New Era Gems. 


Heher said the material was recovered from Bahia in north- 
ern Brazil some decades ago before the mine closed. But due 
to the rising value of rutilated quartz, the deposit has been 
reopened and worked in recent years. The distinctiveness 
of the material, in this case an 85 ct gem (figure 22), lies in 
its relative transparency and bright reddish color—which 
can be matched or contrasted in jewelry. 

Golden and copper-color rutile is traditionally seen in 
quartz, and connoisseurs are always on the lookout for a 
six-rayed star pattern of rutile. Though such stars occur reg- 
ularly in the rock crystal, they are rarely oriented in such a 
way to be easily cut into a faceted or cabochon gem. Strong, 
isolated rutile stars located in the rough must be painstak- 
ingly oriented to be visible face-forward, as in the 34.55 ct 
gem (figure 23) cut by Falk Burger (Hard Works, Tucson). At 


Figure 23. This 34.55 ct quartz has been cut to display 
the star-shaped needle formation. Photo by Robert 
Weldon; courtesy of Hard Works. 
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Figure 24. This 209.06 ct quartz features a rose- 
shaped cluster of inclusions. Photo by Robert Weldon; 
courtesy of Hard Works. 


the center of the star, an additional inclusion of hematite 
is visible. 

Burger said that rutile can take unusual forms as well. 
Minute gray rutile needles in the top of the quartz in figure 
24 are clustered in the shape of a rose. The quartz also con- 
tains layers of pink and greenish chlorite phantoms. The 
quartz itself weighs 209.06 ct, and was fashioned by Burger 
to best exhibit the rutile rose. 


Robert Weldon 
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Figure 26. This ring’s centerpiece is a euhedral 2.76 ct 
ruby crystal from Winza, Tanzania, flanked by a pair 
of Canadian rough diamonds. Two green diamonds 
from Venezuela complete the piece. Photo by Eric 
Welch; courtesy of Nature’s Geometry. 


Innovative optical effects, unique rings with raw crystals. 
At GJX, Brian and Kendra Cook (Nature’s Geometry, Gra- 
ton, California) showed an innovative series of clear quartz 
disks they call “wheels of light.” These disks are mounted 
in work-hardened 24K yellow gold for use as pendants or 
earrings. The center of each disk contains a tube where an 
insert of colored gem material can be placed. The tube is 
subsequently sealed with clear quartz. When the disk is 
viewed face up, the insert’s color reflects and suffuses the 
disk with bright color (figure 25). 

For red, Cook uses ruby or even realgar (also known as 
“ruby sulfur,” a very soft arsenic sulfide mineral), and 
Paraiba tourmaline or hatiyne (a brittle sodium calcium 
sulfate) for rich blues. As the insert is completely enclosed 
within the quartz, the materials are protected from wear. 


Figure 25. “Wheels of 
light” are innovative 
quartz disks with sealed 
inserts of colored gems or 
minerals, creating multi- 
ple reflections to lend 
color to otherwise trans- 
parent rock crystal. Inside 
these examples are 
Paraiba tourmaline (left) 
and realgar (right). Photos 
by Eric Welch; courtesy of 
Nature’s Geometry. 
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Figure 27. This ring features cat’s-eye spessartine 
garnet with Paraiba tourmaline shoulder stones in a 
24K work-hardened gold mounting. Photo by Eric 
Welch; courtesy of Nature’s Geometry. 


Cook displayed several intriguing rings with rough crys- 
tals, including ruby (figure 26), alexandrite, and diamond, 
also in work-hardened gold. Another standout featured a 
cat’s-eye spessartine garnet with Paraiba tourmaline cabo- 
chons in a similar mounting (figure 27). 


Duncan Pay 


Mexican opal. Jorge Tamayo Carrillo (Opalos & Artesanias 
Mexicanas, Magdalena, Mexico) outlined current produc- 
tion of fire opal at his family’s mine, located 10 km south 
of Magdalena in Jalisco, Mexico. 

Tamayo said the mine was shut down several years ago. 
His family took a risk and reopened it, and now they have 
worked it for more than five years. The material they exhib- 


Figure 28. This rhyolite matrix specimen contains opal- 
filled cavities displaying play-of-color. Photo by Eric 
Welch; courtesy of Opalos & Artesanias Mexicanas. 
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Figure 29. Deep orange and cherry red hues are more 
valued than lighter yellow or orange in these rough 
Mexican opals without play-of-color. The opals in the 
back row range from 25 to 107 ct, while the fashioned 
gems weigh 7.50-31.50 ct. Photo by Eric Welch; cour- 
tesy of Opalos & Artesanias Mexicanas. 


ited at the GJX show represented several years of production. 

The operation employs about 20 people. The miners 
look for opal-filled cavities (figure 28) in the rhyolite host 
rock. Veins last anywhere from two days to a few years on 
occasion. Explosives are used to break the host rock, and 
dump trucks move the ore to the surface, where workers 
break it up further with small hammers to extract the opal. 

Production is put aside for six months to a year to min- 
imize the risk to customers that the opals might show craz- 
ing due to water loss. At this point, Tamayo estimates, only 
5% of the material might craze. Opalos & Artesanias Mex- 
icanas has now been in business for 27 years, and the sec- 
ond-generation company prides itself on full disclosure. Its 
clientele consists of buyers in the United States, Japan, 
China, and Germany. All cutting is done in house or by 
local artisans, as the company aims to support the local 
community. 

Red, pink, orange, yellow, and colorless (“clear” or 
“white”) specimens without play-of-color are polished by 
hand into freeform shapes or used for faceted stones (figure 
29). Fine material with play-of-color is fashioned into cabo- 
chons or freeform shapes (figure 30). Lower-end material— 
essentially rhyolite matrix with gemmy opal portions—is 
fabricated by hand into cabochons for use in rings, 
bracelets, and cufflinks. 


Duncan Pay 


Natural-color tanzanite and yellow sapphire. At the GJX 
show, Kobe Sevdermish (Advanced Quality, Ramat Gan, 
Israel) displayed fine unheated tanzanite (figure 31), un- 
treated yellow sapphire, and heated pink zircon. 

While it is easier to buy unusual-colored tanzanite 
rough today, the material still is not available in abundance. 
Sevdermish informed us that what he calls “fancy-color” 
tanzanite comes from the same area as the familiar blue to 
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Figure 30. Top-quality material with play-of-color is cut in cabochon (left) or freeform style (right), which entails 
far less loss of weight from the original rough. The best material shows striking flashes of color against a color- 
less, yellow, or orange to red body. Photo by Eric Welch; courtesy of Opalos # Artesanias Mexicanas. 


bluish purple tanzanite. The rough pieces he displayed in 
Tucson had greenish, golden, green blue, pink, and purplish 
pink colors. The rarest are greens, followed by golden hues. 
These stones were best sellers for the company in 2013. 

According to Sevdermish, the U.S. market is full of 
“regular” heated tanzanite, and people are looking for 
something unique. Clients are especially taken with sets 
where each stone displays a slightly different color. In his 
opinion, the luster of the unheated stones is significantly 
better. Sevdermish ensures that no heating is performed on 
any of the rough he selects. All stones are polished at the 
company’s factory in Bangkok. 

After describing a large piece of highly transparent 
rough that took a week to purchase, Sevdermish showed 
us the two significant pieces cut from it: a 50.61 ct green- 


blue oval and a spectacular 19.80 ct greenish blue heart 
with arresting green and blue green pleochroism cut from 
the top part of the crystal. 

He called our attention to precision-cut unheated yel- 
low sapphires (figure 32) arranged as sets or as precisely cut 
calibrated shapes, including ovals, pears, and princess cuts. 
Sevdermish described this corundum as a “true canary 
color,” which is unusual in a natural-color sapphire. He 
said most of the strong yellow sapphire on the market is 
either heated or beryllium-treated. 

All the rough is carefully selected for color consistency 
in order to avoid greenish or grayish hues. Sevdermish esti- 
mated they select about 5% of the rough production, suit- 
able for cutting into 2-5 mm finished stones, from a small 
mine in Africa. Material for 0.50 or 1 ct sizes is very rare. 


Figure 31. These large, reportedly unheated tanzanites possess fine color. Photos by Eric Welch; courtesy of 


Advanced Quality. 
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Sevdermish said his clients like the material because its clar- 
ity, color, and polish give it the look of fancy-color diamond. 

Finally, Sevdermish showed us what he described as 
“fancy vivid” pink zircon from Tanzania (figure 33). The zir- 
con was heat-treated, lightening the original color of the 
rough to reveal pinks with cinnamon tints. Further heating 
lightens the color a little more, producing very bright, lively 
stones. The only downside, Sevdermish remarked, is the 
name “zircon.” Customers tend to confuse the name with 
“cubic zirconia,” which makes them reluctant to purchase 
the gems until they understand that zircon is a natural stone. 


Duncan Pay 


Figure 33. These heated Tanzanian zircons displayed 
a range of warm pinkish to yellowish brown colors. 
Photo by Eric Welch; courtesy of Advanced Quality. 
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Figure 32. Precision-cut 
unheated yellow sap- 
phire sold well to buy- 
ers looking for yellow 
diamond substitutes. 
Photo by Eric Welch; 
courtesy of Advanced 
Quality. 


Red beryl. At the AGTA show, Ray Zajicek (Equatorian Im- 
ports Inc., Dallas) displayed matched red beryls—originally 
mined from Utah’s Wah Wah Mountains—as suites of jew- 
elry and in loose stone form. According to Zajicek, these 
gems represent newly marketed inventory cut by Colom- 
bian cutters in Gibraltar between 1998 and 2000. Each 
suite contained 25-30 carats of matched red beryls as emer- 
ald, marquise, or oval cuts (figure 34). 


Zajicek, who began working with red beryl in the 
1980s, said the average faceted gem is approximately 0.08 
ct. A 0.50 ct sample would be large, and anything above a 
carat would be exceptionally rare. This made the matched 


Figure 34. This matched suite contains 27.35 carats of 
faceted oval red beryls. Photo by Eric Welch; courtesy 
of Equatorian Imports. 
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suites at his booth unique and potentially irreplaceable. 
Like emerald, red beryl has a range of hues and tones, as 
well as a typically uneven color distribution that makes it 
a challenge to match. 

Zajicek said there is more red beryl in the ground, but 
the difficulty of mining makes future production cost-pro- 
hibitive. Previous operations had to move more than a ton 
of hard rock to recover a carat of rough. A carat-sized rough 
stone is not necessarily cuttable; yields are low, averaging 
between 8% and 15%. 

Zajicek described red beryl as a beautiful, uniquely 
American product that is still relatively unknown. Intrigu- 
ing combinations included a pendant comprised of red 
beryl mounted with benitoite (figure 35, left), and a red, 
white, and blue necklace featuring red beryl, Montana blue 
sapphires, and colorless diamond (figure 35, right). 

If there were more viable red beryl mining locations in 
Utah, the increased production would boost demand and 
allow greater promotion. As it stands, few would spend 
money to promote a gem they probably would not be able 
to obtain in any quantity. 


Duncan Pay 


OTHER NOTABLE FINDS 


More of the interesting and unusual. Among the other fas- 
cinating materials seen in Tucson were a Colombian emer- 
ald crystal with an eye-visible multi-phase inclusion (figure 
36), a large nugget of turquoise (figure 37), some interesting 
quartz from Namibia (figure 38), and large colorful slices 
of liddicoatite tourmaline (figure 39). 


Stone and fossil photography. At the Tucson Gem and 


Mineral Show, Mike Woodward (San Clemente, California) 
showcased a collection of stone and fossil photos (figure 
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Figure 35. Here, red 
beryls are mounted 
with benitoite from 
California in a pendant 
(left), and with 28.59 
carats of unheated Yogo 
sapphire from Montana 
in a spectacular neck- 
lace (right). Photos by 
Eric Welch (left) and 
Robert Weldon (right); 
courtesy of Equatorian 
Imports. 


40). With their variety of arresting forms, the images re- 
semble abstract paintings or landscapes. Among the fea- 
tured materials were Australian and Peruvian opal, banded 
agate, and ammonite. Woodward, a graphic designer by 


Figure 36. This emerald crystal, reportedly from 
Muzo, Colombia, is approximately 35 mm long and 
contains an eye-visible multi-phase inclusion. The 
gas bubble within the inclusion moves a few millime- 
ters as the crystal is tilted. Photo by Duncan Pay; 
courtesy of William Johnson, Natural Formations. 
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Figure 37. This spectacular 7,043 ct turquoise nugget 
was recovered from the Lavender Pit mine of Arizona 
in 1934. Lavender Pit was adjacent to the much 
larger Bisbee copper mine. Much of the turquoise 
from Arizona’s mines was reputedly smuggled out by 
copper miners, and thus referred to as “lunch 
bucket” turquoise. Photo by Eric Welch, courtesy of 
Studio GL. 


trade, has collected stones since the age of five, and has 
photographed them for 12 years. The images are captured 
with a 4 x 5 camera, using a polarized macro lens and a 
high-resolution digital camera back. They are enlarged as 


Figure 38. These curious examples of “crazy quartz” 
are reportedly from basalt cavities in the Gobobos 
Mountains of Namibia. These well-formed colorless 
quartz crystals are capped by smaller amethyst-col- 
ored tips in a “reverse scepter” formation. The crystal 
cluster is approximately 6 cm wide. Photo by Eric 
Welch; courtesy of Stefan Reif, Reif Collection. 
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Figure 39. These slices of liddicoatite tourmaline dis- 
play colorful growth zoning. The largest slice meas- 
ures approximately 30 cm. Photo by Duncan Pay; 
courtesy of Frederic Gautier, Little Big Stone. 


single panels, or triptychs, and available in a variety of for- 
mats, including canvas, aluminum prints, and traditional 
photographic prints. 

Stuart Overlin 


Figure 40. This enlarged image of a Peruvian opal 
showcases the dramatic forms captured by Mike 
Woodward. Courtesy of Mike Woodward Photography. 


= 
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REGULAR FEATURES 


COLORED STONES AND ORGANIC MATERIALS 


Gem-quality Cr-rich kyanite from India. In 2009, one of 
the contributors had the opportunity to see small lots of 
greenish blue to bluish green Cr-rich kyanite in Jaipur, re- 
portedly mined from the eastern Indian state of Odisha 
(formerly Orissa). Most of the cabochons and faceted gems, 
ranging in size up to 25 ct, were highly included. In 2013, 
this Cr-rich kyanite from Odisha was again available in 
Jaipur, this time with very few or no eye-visible inclusions 
(figure 41). Although a few specimens contained numerous 
black inclusions, most of the stones lacked these features 
and had a more desirable uniform greenish blue to bluish 
green color, making them suitable for jewelry mounting. 
Standard gemological properties were measured for one 
cabochon and two faceted samples (0.99-6.17 ct). The 
cabochon was chosen for its striking black eye-visible in- 
clusions. The three samples showed an RI of 1.714-1.730 
(spot RI of 1.73 for the cabochon) with birefringence of 
0.016 and a biaxial positive optic sign, and a hydrostatic 
SG of 3.68-3.70. Moderate to strong trichroism was ob- 
served, with pleochroic colors of greenish blue, bluish 
green, and pale green. Under a desk-model spectroscope, 
all three displayed fine lines in the red region with absorp- 
tion bands in the yellow-orange and blue regions. The sam- 
ples appeared strong red under the Chelsea filter and were 
inert to both long- and short-wave UV. These properties 
were consistent with those reported for kyanite. 
Examined under the microscope, the black inclusions 
in the cabochon appeared to be clusters of black grains with 
striated surfaces and metallic luster (figure 42); some ap- 


Figure 41. These gem-quality kyanites (0.99-6.17 ct) 
were reportedly mined in the eastern Indian state of 
Odisha. Photo by Gagan Choudhary. 
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Figure 42. These kyanites display striking black 
metallic crystals of ilmenite; note the striated surface 
and the few colorless crystals of quartz. Photomicro- 
graph by Gagan Choudhary; magnified 64x. 


peared iridescent in reflected light, while others displayed 
frosted surfaces. Raman and SEM analysis identified these 
black grains as ilmenite. In addition, numerous colorless 
sub-rounded crystals of quartz, feldspar, and zircon were 
observed; the latter usually occurred in clusters, with stress 
cracks around them (figure 43). These samples also dis- 
played cleavage planes in two directions and fine fissures, 
a characteristic usually seen in kyanites. 

UV-Vis-NIR spectroscopy in the 300-800 nm region 
(figure 44) showed broad absorption bands between 500 and 
700 nm, with a slight shift in the center position from 
about 585 nm (green direction) to 610 nm (blue direction). 
Also present were distinct peaks at approximately 370, 
380, 417, 432, 446, 690, and 708 nm. The latter two peaks 


Figure 43. Clusters of zircon crystals associated with 
stress cracks were another common feature in these 
kyanites. Photomicrograph by Gagan Choudhary; 
magnified 80x. 
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Figure 44. The UV-Vis-NIR spectrum in the 300-800 
nm region showed broad absorption band between 
500 and 700 nm (assigned to Fe?*-Ti* charge transfer), 
along with twin peaks at approximately 690 and 708 
nm (associated with Cr*). In addition, numerous Fe**- 
related peaks were present in the 350-470 nm region. 


are associated with Cr* and the rest to Fe**. The broad ab- 
sorption band is attributed to the Fe’*-Ti* charge transfer 
(see G. Bosshart et al., “Blue colour-changing kyanite from 
East Africa,” Journal of Gemmology, Vol. 18, No. 3, pp. 
205-212). 

Gem-quality kyanite is already known from Nepal, 
Brazil, Kenya, Tanzania, and Madagascar (the latter ma- 
terial being Cr-rich as well). Now India can be added to 
this list, with attractive greenish blue to bluish green col- 
ors. The production and supply of this kyanite are still 
unknown. 


Thierry Pradat (tpradat@gems-plus.com) 
Gems-Plus, Francheville, France 


Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Indian ruby mining. The Karur-Kangayam and Hole-Nar- 
sipur belts, in the southern Indian states of Tamil Nadu 
and Karnataka, respectively, are famous throughout the 
subcontinent for their gemstones, including sapphire, 
moonstone, iolite, aquamarine, garnet, sunstone and 
corundum. The city of Karur itself is well known for ru- 
bies. Ruby is also found in Subramaniam (also known as 
Red Hills), near Madikeri in Karnataka. Channapatna (fig- 
ure 45, top left), roughly 280 km (117 miles) from Madikeri, 
is famous for its star rubies. In all of these locations, min- 
ing is performed using primitive methods. 

Good-quality transparent rubies come from the Karur 
region, though color varies along this gemstone belt. The 
mines situated in Karur are located on barren land along 
the roadside; the nearby towns of Kangayam and Paramatti 
also have ruby mines. 

Madikeri is a remote hill station covered by lush green 
forests, located in the Western Ghats of India. The ruby 
found here is lighter, translucent to transparent, and of 
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Figure 45. Top left: Rubies are mined in a mango or- 
chard in Channapatna, India. Top right: This 15 kg 
rough ruby is from Subramaniam, in the Indian state 
of Karnataka. Photos by Pooja Shirole. Bottom left: 
This thin section of ruby is surrounded by an 
isotropic reaction rim. Bottom right: A corundum 
granulite showing ruby with blue and pink interfer- 
ence colors. Photomicrographs by Pooja Shirole; 
crossed polarizers, magnified 4x. 


good quality. A ruby-bearing granulite, commonly called 
ruby rock, is used for making artifacts such as wands and 
crystal balls. 

In the town of Subramaniam, close to Madikeri, large 
hexagonal pillars of ruby are mined; deposits are also lo- 
cated in the nearby villages. The stones are mainly hexag- 
onal but come in many sizes and shapes. They have a 
maroon color, and some show 16 mm dot inclusions of 
hematite. These rubies range from 20 to 100 mm across the 
pinacoidal face, with the length across the prism faces vary- 
ing from 10 to 50 mm. Their weight ranged from 10 g to 2 
kg, though specimens are as large as 15 kg, as in the top 
right image in figure 45. 

In the Bangalore district of Karnataka, opaque maroon 
star ruby is found in the village of Channapatna and other 
nearby villages. It is extracted from red and yellow soils in 
mango and coconut orchards, rather than from traditional 
mines. 

Granulite, the host rock of the Karur rubies, is some- 
what similar to the host rock of Mozambique rubies (see 
Winter 2012 GNI, pp. 309-311). Both contain hornblende, 
biotite, and plagioclase. In certain areas such as Sengal and 
Kiranur, rubies are found in association with gem-quality 
iolite (cordierite). The ruby in Pamakondampalayam is 
found with a reaction rim of spinel, sapphirine, and 
cordierite (figure 45, bottom left), while the Madikeri ru- 
bies are associated with plagioclase, augite, garnet, silli- 
manite, and sphene in corundum granulites (figure 45, 
bottom right). Madikeri ruby also occurs in corundum- 
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Recovery of Uiamonds 
by 


Electrostatic Separation’ 


by 


A. A. LINARI-LINHOLM 


Due to the nature of diamond, difficulty 
has been encountered from the early days 
of diamond mining in determination of 
diamond content in ore, and the processing 
of diamond bearing ground. In the mining 
of metal it is fairly simple to apply chemical 
methods to the determination of quantities of 
various metals in ores. With diamonds, hand 
sorting has been necessary. 

Sorting by hand is exceedingly expensive 
and with tiny stones is prohibitive. In “pipe” 
mining, recovery of diamonds from concen- 
trates has been limited to the grease table 
techniques.. While this was considered effi- 
‘cient in treating primary diamond ores, it was 
found that it was not effective with alluvial 
stones. Apparently the clean surfaces of 
diamonds fresh from the pipe mines are non- 
wettable, whereas alluvial stones have lost 
this property. In any event diamonds from 
the Kleinsee, Congo, and other alluvial 
deposits tended to wash off the tables into the 
tailings. This was also true of the diamonds 
from kimberlite which had been allowed to 
decompose by weathering on the “floors” 
used for that purpose. 

The need for more effective means of 
concentration led to a number of experiments 
in the Diamond Research Laboratory 1n 
Johannesburg. The results of several of the 
more interesting of these has been summa- 


tized in this paper by Linari-Lioholm. 
Briefly, experiments have been concerned 
with adapting electrostatic processes to the 
separation of diamonds from concentrates, 
and the effects on efficiency of such separation 
of variations of the equipment plus various 
pre-treatments of the ores. The general idea 
has been to take the concentrate from some 
means of gravity concentration—either the 
old method or the more recent heavy liquid 
method—and subject this material to an elec- 
trostatic separation which depends upon 
relative conductivity. It was found that the 
poor conductivity of diamonds, compared to 
the other minerals associated with diamonds 
in the concentrates, would provide an effec- 
tive means of separation. ; 

Basically the equipment used in the ex- 
periments consisted of a feeder that would 
feed limited sizes of ore onto a grounded and 
rotating non-metallic electrode, with adjust- 
able metallic electrodes a short distance from 
the grounded electrode. Between the metallic 
and non-metallic electrodes any charge of 
from 0 to 25,000 volts could be maintained. 
Beneath the electrodes were placed two bins, 
one directly below the roll electrode and the 
other displaced slightly so that good con- 
ducting materials attracted by the charge 
would be collected. During the experiments 
various voltages, and electrode separations 
were used. 


WINTER 1950-51 


fuchsite-mica schists, which have a mineral assemblage of 
fuchsite mica, quartz, corundum, and rutile. 

In summary, good-quality transparent ruby comes from 
host rocks in Karur; tabular hexagonal crystals ranging 
from transparent to translucent are mined from corundum 
granulites in Madikeri; and opaque star-ruby is found in 
the mango and coconut orchard soils of Channapantna. 


Pooja Shirole and Aditi Mookherjee 
University of Pune 


Tanuuja Marathe 
Department of Geology, Fergusson College, Pune 


Muhammad F. Makki 
Matrix India, Mineral and Gem Exports, Pune 


Large oolitic opal block. Longtime opal dealer Tibor Shel- 
ley (Opals by GMT, Adelaide, Australia) recently brought 
a large 1.43 kg block of opal (figure 46) to GIA’s Carlsbad 
laboratory for examination. Mr. Shelley said he purchased 
it from a miner at the Andamooka opal fields in Australia 
more than 40 years ago. Since then, it has remained in his 
private collection. The RI measured on the polished face 
of this sawn and partially polished block was 1.45, consis- 
tent with opal. 

Upon initial observation, the semi-translucent to opaque 
opal appeared similar to typical matrix-type opal from An- 
damooka that is routinely treated black. Microscopic exam- 
ination, however, revealed an interesting and unique texture 
rarely seen in Andamooka opal. The stone was composed of 
numerous dark spherical inclusions, known as “ooids,” 
with precious opal filling in the pore spaces between the 
spheres (figure 47). This type of opal has been previously re- 


Figure 46. This exceptionally large 1.43 kg block of 
opal, which measures 12.8 x 10.1 x 5.8 cm, is rare not 
only for its size but also its oolitic texture. Photo by 
Robison McMurtry; courtesy of Tibor Shelley/Opals 
by GMT: 
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Figure 47. Numerous brown spheres scattered 
throughout precious opal were seen in this very large 
block of oolitic opal from Andamooka, Australia. 
Photomicrograph by Nathan Renfro, courtesy of Tibor 
Shelley/Opals by GMT; field of view 17 mm. 


ported (see Summer 1982, Lab Notes, p. 104; Winter 1984 
Lab Notes, p. 229; and Spring 1986 Lab Notes, p. 50), but 
this example is especially rare due to its large size. Although 
an example of treated black oolitic opal has also been previ- 
ously reported (Spring 1983 Lab Notes, p. 46), microscopic 
examination revealed that the overall gray bodycolor of this 
extremely large opal was due to the high density of dark 
ooids scattered throughout the block. There were also some 
light brown patches that appeared to be a sandstone type of 
matrix, as well as numerous veins and pockets of precious 
opal that did not contain ooids. 

This unusual piece of natural-color oolitic opal is the 
largest of its type that GIA has examined to date. 


Nathan Renfro 
GIA, Carlsbad 


Natural pipi pearls from Tahiti. Recently, the Laboratoire 
Francais de Gemmologie (LFG) received a parcel of nearly 
100 pearls submitted as natural pearls from Pinctada mac- 
ulata. The owner (Bruno Arrighi, Croissy Pacific) specified 
that he had personally collected the parcel in French Poly- 
nesia during the past year (figure 48). 

Pinctada maculata is a bivalve mollusk (figure 49) 
found in the Pacific Ocean, particularly near French Poly- 
nesia and the Cook Islands, that may produce rare “poe 
pipi” (better known as “pipi”) pearls. There were several 
unsuccessful attempts in the 1950s to produce cultured pipi 
specimens. Today, all such pearls are considered natural. 

Different techniques are used to find the pearls. In one 
method, divers pick the largest shells of Pinctada maculata, 
then leave the shells on the beach in buckets full of salt 
water to putrefy. Three days later, the shells are selected and 
only the valves with blisters are kept. Deep in the bucket, 
one may occasionally find a few natural pearls. Kakaro (in 
the Paumotuan language) is considered the oldest technique 
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Figure 48. This parcel of rare natural pipi pearls was 
collected from French Polynesia. Note the exceptional 
golden pearl in the front with a diameter of 9.6 mm, 
believed to be the largest recorded pipi pearl. Cour- 
tesy of Bruno Arrighi/Croissy Pacific. Photo by 
Olivier Segura. 


for obtaining pipi pearls. During the dive, the largest shells 
are opened directly underwater to locate pearls. 

Most pipi pearls range from orange to cream, gray, and 
white, but the typical and most sought-after color is a deep 


Figure 49. The two valves of a typical Pinctada macu- 
lata shell specimen (interior and exterior view). Photo 
by Olivier Segura. 
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golden color. The size of the pearls generally ranges from 1 
to 4mm. The pearl in the forefront of figure 49 has one of 
the best golden colors possible. It is an exceptionally large 
specimen measuring 9.6 mm in diameter, which the con- 
tributors believe to be the largest size documented for a 
pipi pearl. 

Microradiography reveals internal structures typical for 
natural pearls: onion-like stacking of aragonite layers pos- 
sibly containing a calcitic core. Although Raman scattering, 
UV-visible reflectance, or UV luminescence spectrometry 
have helped identify the mollusk species in some cases, pre- 
liminary results with Pinctada maculata are still not con- 
clusive. Hence, it is not possible to identify with certainty 
the exact mollusk from which these pearls came. 

Olivier Segura (o.segura@bjop.fr) 
Laboratoire Francais de Gemmologie 


Emmanuel Fritsch 


Djamel Touati 
Swan AG, Zurich 


TREATMENTS 


Polymer-impregnated aventurine quartz, a new imitation 
of “ice jade.” The market for jadeite jade is sizable, espe- 
cially in the Far East. The variety and quantity of jadeite 
imitations is vast, a source of concern for the trade and 
consumers alike. A client recently submitted a polymer- 
impregnated aventurine quartz bangle to the Lai Tai-An 
Gem Lab in Taipei under the mistaken impression that it 
was jadeite jade. 

The 212.90 ct bangle measured approximately 68 x 13 
mm and exhibited a light green color, with a pleasant semi- 
transparent appearance that resembled a type of jadeite 


Figure 50. This light green semi-transparent bangle 
was made from polymer-impregnated aventurine 
quartz, a new imitation of “ice jade.” Photo courtesy 
of Lai Tai-An Gem Lab. 
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Figure 51. FTIR testing of the bangle revealed polymer 
impregnation at the 3000-3100 cnr absorption in the 
mid-infrared region. 


often referred to as “ice jade” (figure 50). Standard gemo- 
logical testing gave a spot RI of 1.54 and an SG of approxi- 
mately 2.66, and we observed inclusions of fuchsite mica, 
properties all consistent with aventurine quartz. More ad- 
vanced methods, namely FTIR and Raman spectroscopy, 
were also applied. The FTIR spectrum (figure 51) revealed 
the polymer treatment of the piece. The long-wave UV 
light reaction was a very strong blue (figure 52), which ap- 
peared to confirm the treatment. Natural aventurine nor- 
mally has an inert to weak reaction to long-wave UV light; 
by contrast, polymers generally show a moderate to very 
strong blue reaction. The acid-damaged surface structure 
observed with a microscope also corresponded with the 
treatment procedures used on jadeite. 

In our experience, polymer-impregnated aventurine quartz 
is rarely encountered in the jewelry market. Still, its resem- 
blance to “ice jade” shows that buyers should be fully aware 
of the potential risk of misidentifying such material. 


Larry Tai-An Lai (service@laitaian.com.tw) 
Lai Tai-An Gem Laboratory, Taipei 


Figure 52. Notably, the bangle had a very strong blue 
reaction to long-wave UV light. Photo courtesy of Lai 
Tai-An Gem Lab. 


Tenebrescent irradiated scapolite. Sixteen near-colorless 
scapolite rough crystal fragments, provided by Dudley 
Blauwet (Dudley Blauwet Gems, Louisville, Colorado) 
were recently examined in the Carlsbad laboratory. All of 
the samples were reportedly from the Pitawak mine in the 
Sar-e-Sang region of Afghanistan’s Badakhshan province. 
The material was transparent and near colorless, with 
transparent crystal and fluid inclusions, and some brown- 
ish epigenetic staining in cracks. 

Half of the crystals had reportedly undergone radiation 
treatment. The identification of both the natural and irra- 
diated groups as scapolite was confirmed with Raman spec- 
troscopy. Both sets of crystals appeared the same under 
normal lighting conditions (figure 53, left). When exposed 
to long-wave ultraviolet (LWUV) light, both the natural and 
artificially irradiated scapolite showed a strong yellow flu- 
orescence, which was slightly less intense in the irradiated 


Figure 53. The scapolite pieces on the left side of these photos were irradiated, while the right group of scapolite 
fragments were not. The photo on the left shows the scapolite before exposure to UV radiation. In the center photo, 
the scapolite has been exposed to LWUV for 10 minutes. The photo on the right shows the samples after 30 seconds 
of exposure to SWUV. Scale is in 1 mm increments. Photos by Nathan Renfro. 
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Figure 54. The visible absorption spectrum of the blue 
color-causing tenebrescent defect showed a broad ab- 

sorption band centered around 610 nm. The transmis- 
sion window in the blue region is consistent with the 

observed blue color. 


scapolite. Under short-wave UV light (SWUV) a similar in- 
tensity trend was observed, with both the natural and arti- 
ficially irradiated scapolite fluorescing a weak to moderate 
yellow. However, the most notable difference was in the 
intensity of the tenebrescent effect exhibited in both sets 
of stones, which occurs after exposure to both LWUV and 
SWUV light sources. 

Tenebrescence is the phenomenon that occurs when a 
mineral changes color after exposure to UV light. The color 
change is temporary, and can be reversed when the mate- 
rial is exposed to incandescent light. Tenebrescence in nat- 
ural scapolite has been documented (Fall 2005 GNI, pp. 


Figure 55. This 4.27 ct sapphire was filled with orangy 
yellow lead glass throughout the stone. Photo by 
Gagan Choudhary; courtesy of Dheeraj Gupta. 
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269-271). In the case of these 16 scapolite samples, tene- 
brescence was observed as a moderately saturated blue 
color in a previously near-colorless stone. Based on the sub- 
mitted materials tested, it appeared that artificially irradi- 
ating scapolite created a much stronger tenebrescent effect 
when the material was subsequently exposed to UV light. 
The material displayed tenebrescence when subjected to 
LWUY, but the intensity was generally greater after expo- 
sure to SWUV (figure 53, center and right). After exposure 
to SWUV, the visible absorption spectrum of the blue 
color-causing defect was measured. The resulting visible 
spectrum confirmed that the blue color was induced in the 
scapolite (figure 54). 

Irradiation of colorless scapolite appears to have a very 
limited effect on the material. After performing various 
gemological tests, the only significant difference we ob- 
served was the strength of the tenebrescence, which may 
serve as a clue that the scapolite was previously irradiated. 
The appearance of the material was otherwise not im- 
proved in any noticeable way. 


Tara Allen, Nathan Renfro, and David Nelson 
GIA, Carlsbad 


Yellow sapphire filled with lead glass. This contributor has 
previously reported glass-filled, color-changing red and blue 
corundum (Spring 2008 GNI, pp. 88-89). After recent re- 
ports of green sapphire filled with lead glass (Fall 2013 Lab 
Notes, p. 176) and sapphires with cobalt-colored lead glass 
(e.g., T. Leelawatanasuk et al., “Cobalt-doped glass-filled 
sapphire; an update,” Australian Gemmologist, Vol. 25, 
No. 1, 2013, pp. 14-20), an orangy yellow sapphire filled 
with lead glass was presented to us by Dheeraj Gupta (Gem 
& Jewellery Sales Promotion Council, New Delhi). 

The 4.27 ct sapphire (figure 55) was hazy throughout, 
with a roiled effect reminiscent of hessonite, but standard 
gemological properties and microscopic analysis identified 
the specimen as natural corundum. It gave an RI of 1.762 
1.770; a hydrostatic SG of 4.03; an absorption band at 
around 450 nm, along with fine lines in the red end under 
the desk-model spectroscope; and reddish orange fluores- 
cence in long- and short-wave UV. The sapphire showed 
stronger fluorescence under long-wave UV. Microscopic ex- 
amination revealed numerous low-relief cracks throughout 
the stone with a distinct flash effect. Also visible were 
trapped, flattened gas bubbles, as seen in figure 56, and 
whitish cloudy patches; these are typically associated with 
filled stones. Also present were milky zones consisting of 
fine discs (usually rutile) and negative crystals associated 
with liquid films. Under diffused lighting, the glass-filled 
fractures appeared orangy yellow against the pale yellow 
bodycolor of the stone (again, see figure 56). As a result, the 
face-up color also appeared orangy yellow. The color of the 
filler glass was similar to that observed in glass-filled rubies. 
The lead content of the glass was further confirmed by 
EDXRF analysis, while the presence of iron (the cause of 
the sapphire’s yellow color) was confirmed by an Fe-related 
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Figure 56. This 4.27 ct sapphire was filled with orangy 
yellow lead glass throughout the stone. Photo by 
Gagan Choudhary; courtesy of Dheeraj Gupta. 


450 nm band in the UV-visible spectrum. 

Since this was first example of lead-glass-filled yellow 
sapphire examined by this contributor, its market penetra- 
tion is still unknown. With its transparency and color, this 
material qualifies as an inexpensive substitute for yellow 
sapphire, provided there is complete disclosure. 


Gagan Choudhary (gagan@gjepcindia.com) 


CONFERENCE REPORTS 


Geo-Literary Society meeting. The Geo-Literary Society 
held its annual meeting on Feb. 14 at the Tucson Conven- 
tion Center. The event, which drew attendees from the 
Tucson Gem and Mineral Shows, featured presentations by 
Scott Sucher and Al Gilbertson in a session titled “The Evo- 
lution of Diamond Cutting.” 

Sucher, president of The Stonecutter in Albuquerque, 
New Mexico, has created replicas of famous diamonds for 
more than 30 years. Gilbertson, a research associate at GIA 
in Carlsbad, California, has authored numerous articles on 
diamond cut and grading, as well as the 2007 book Ameri- 
can Cut: The First 100 Years. 

Sucher opened the session by chronicling the early his- 
tory of diamond use, global trade patterns, and advances in 
cutting techniques and styles. Using computer models, he 
compared the brilliance and fire of several early diamond 
cuts. 

Gilbertson picked up the story with the discovery of 
Brazilian diamond deposits around 1725, which ushered in 
a period of glittery excess among European elites. David Jef- 
fries, whose 1750 treatise described the use of a handheld 
“prover” to measure cutting angles, coined the term “round 
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brilliant” for a cut that contained 58 facets. 

The discovery of massive diamond deposits in South 
Africa in 1867 changed the course of the industry, making 
these treasures available to a mass market. By 1870, there 
were 10,000 cutters in Europe. These artisans followed the 
shape of the original crystal and kept as much of the original 
weight as possible. 

But the emphasis on weight retention was beginning to 
unravel thanks to Henry Morse, who set up a cutting shop 
in Boston around 1860. Morse, who once said, “Shopping 
for diamonds by the carat is like buying a racehorse by the 
pound,” emphasized the cut of a stone and the brilliance 
that resulted. He invented a gauge to measure crown and 
pavilion angles, and devised his own set of best proportions. 
He also helped develop mechanical bruting, which in- 
creased the production of round-cut diamonds. 

With turn-of-the-century improvements such as the cir- 
cular saw, which made it easy to cut two diamonds from a 
rough crystal, the stage was set for the modern round bril- 
liant. In 1919, Belgian engineer Marcel Tolkowsky pub- 
lished a landmark book, titled Diamond Design, in which 
he asserted that the best-cut stones feature a 53% table, 
59% total depth, and a knife-edged girdle. With some mod- 
ifications to Tolkowsky’s proportions—an extended lower 
half, a larger table, and a closed-up culet—the round bril- 
liant as we know it was established by 1950. 

As Gilbertson pointed out, the breakthroughs in dia- 
mond cut planning and evaluation were just beginning. The 
Firescope viewer, developed in 1986, allowed the user to see 
a “Hearts and Arrows” pattern in a diamond cut to these 
“ideal” proportions. The Sarin scanner, introduced six years 
later, offered rapid, accurate proportion measurement, 
which led to the various cut grading services available 
today. Among other recent advances are inclusion-mapping 
software and high-speed laser cutting. 

Following the presentation, Sucher invited the audience 
to view his faceted replicas of Cullinans I and II, the Koh-i- 
Noor, the Hope, and several other historical diamonds. 

“Scott Sucher transported us to the early days of dia- 
mond cutting as we learned the first sources and tools,” said 
Dona Dirlam, the Geo-Literary Society’s secretary and the 
host of the session. “We saw how cutting styles evolved 
with improvements in the tools and an increase in the dia- 
mond supply. With each development, we saw this fasci- 
nating transformation through visual models. 

“Al Gilbertson told us the largely unknown story of 
Henry Morse and chronicled the birth of the modern round 
brilliant,” Dirlam added. “As Al and Scott pointed out, 
today’s computer-optimized diamond cutting seems light- 
years removed from the earliest techniques.” 


Stuart Overlin 
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Russell Shor 


Russell Shor is senior industry analyst at GIA in Carlsbad, California. Well known in the 
industry for his reporting as diamond editor of Jewelers’ Circular Keystone from 1980 to 
1995, he also served as editor of New York Diamonds and GemKey. Mr. Shor holds a 
degree in journalism from Temple University. 
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tion of Washington. Dr. Shirey, who holds a PhD from the State 
k at Stony Brook, has published more than 125 journal articles 
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drawn from the entries to win a one-year subscription to G&G. 
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EDITORIAL 


Challenges and Opportunities 


Welcome to the second issue of our 80th year! In June, GIA held a reception at our Carlsbad 
headquarters to celebrate this anniversary and to honor the artistry of Harold and Erica Van Pelt. 
The reception marked the opening ofa museum exhibit of their Ge*G cover shots, displayed 
alongside many of the fabulous pieces they photographed. The Van Pelts’ beautiful images 
graced the covers of our journal for nearly 30 years and really symbolized the stature and quality 


of Ge>G. 


Along with GIA president Susan Jacques, editor-in-chief emeritus Alice Keller, and frequent 
contributor John King, I was privileged to offer a few words to our guests. While the others spoke 
Sein ead g sf ee Although there are undoubtedly challenges in 
contributions that enrichedthe  /iving up to G&¢G’s 80-year legacy, there are 
journal over the years, my topic was the future. corresponding opportunities to take our journal 
Although there are undoubtedly challenges in living up . 
to GexG’s 80-year legacy, there are corresponding 
opportunities to take our journal to a much wider audience. While technology and social media provide much of this 
new potential, it’s also abundantly clear how well people respond to the print journal, and the importance of face-to-face 
contact in transforming ideas into reality. In the future, our strategy must incorporate both elements. 


to a much wider audience. 


Our lead article, by GIA’s Robert Weldon and Russell Shor, examines Botswana's efforts to become a major diamond 
processing and jewelry manufacturing center, for the benefit of its people. The article draws from Weldon’s 2013 visit 
to Botswana with GIA videographer Kevin Schumacher, whose extensive videos illuminate many of the locations and 
people described in the paper. We invite you to view them from your smartphone or tablet by using the quick reference 
(QR) code at the end of the article, or from your computer by visiting wwwgia.edu/gems-gemology. 


In the minds of many practicing gemologists, three-phase inclusions in emerald are inextricably linked to Colombian 
origin. Yet emeralds from Afghanistan, China, and Zambia can display strikingly similar inclusions. Sudarat Saeseaw, 
Supharart Sangsawong, and Vincent Pardieu, all from GIA’s Bangkok lab, present detailed photomicrographs of 
samples from these localities combined with spectroscopy and trace-element analysis. The authors demonstrate that a 
combination of these techniques has significant potential for determining the geographic origin of emerald. 


We also offer a fascinating paper examining the blue color phenomena seen in some Dominican and Indonesian 
amber. Yan Liu of Liu Research Laboratories and coauthors Guanghai Shi and Shen Wang provide the gemological 
basis for the surface-related blue fluorescence seen in such amber. 


Our final feature article—also on amber—comes from Yamei Wang and Mingxing Yang, both of the China 
University of Geosciences in Wuhan, and Yiping Yang, a former postgraduate from the same institution. This paper 
documents their heat treatment experiments on a range of amber samples, which successfully reproduced some of 
the products found in today’s jewelry marketplace. Along with the methods and results of their experiments, the 
authors present criteria for identifying heated amber. 


One of our continuing priorities is to develop synergy with the GIA website. In this issue, we entreat you to visit—in 
case you missed them—our recent article posts and related videos. You'll hear the voices of researchers, miners, and 
gem professionals, and see inside research institutions, mines, museums, and the diverse locations where gems are 
bought and sold. Please visit page 172 for QR codes and links to this enhanced content. 


Dee 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 


We hope you enjoy the summer 2014 edition! 
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It. was found that different conditions 
worked most effectively for different ore 
sizes and ores from different localities. In 
addition, it was found that separation of 
diamonds from the other material in the 
concentrates was most effective if the concen- 
trated material were milled before handling. 
In this way impurities that increase conduc- 
tivity were removed from the diamond sur- 
faces and, at the same time, sixty per cent of 
the original concentrate was removed as 
slime. It was also found that fresh water 
concentrates reacted most favorably if first 
immersed in a weak salt solution, and that 
humidity and heat control were both impor- 
tant. At several points controlled tests were 
conducted by adding a known number of 
diamonds to diamond free concentrate and 
then checking the separation to be sure that 
all diamonds were in the proper bin, and the 
concentration of non-diamond materials in 
the other. In‘other words, the efficiency was 
judged not only by whether all diamonds 
were in one bin but by how much of the non- 
diamond material was dropped into the same 
bin. Some of the electrostatic concentrates 
were treated by another process which utilizes 
the non-wetting nature of clean diamonds. 
The concentrates (previously cleaned in a hot 
water bath, boiled in caustic soda, chromic 
acid, and then milled to remove surface im- 
purities) are boiled up in concentrated 
hydrochloric acid. This is then diluted and 
decanted until the liquid just covers the 
stones. At this point, the diamonds are 
floated by “skin-flotation’ when the con- 
tainer is tipped back and forth. If the 
diamonds are small enough and clean 
enough, the surface tension of the liquid 
supports them, but not the other minerals 
which are wetted. 

Theoretically, the upper limits of particle 
size which could be handled by electrostatic 
separation is that reached when the forces of 
gravity and inertia neutralize the effect of 
the charge. In modern electrostatic separators, 
the upper limit to particle sizes are about six 
mesh (six to a linear inch). Experiments 
showed that larger particle sizes of diamond 


386 


could be concentrated effectively by this 
method. 


The experiments which are considered in 
detail in this paper would seem to provide a 
valuable means of separating especially the 
small stones previously lost in many cases 
during hand sorting processes. An electro- 
static separation has been used on stones 
smaller than ten mesh in the Jagersfontein 
Mine since March 1950. In the six months 
prior to that time 919 carats were hand sorted 
from the concentrates representing approxi- 
mately two per cent of the weight of the total 
quantity of diamonds recovered. In the six 
months after installation of the electrostatic 
separator, 1948 carats, representing 3.3 per 
cent by weight of the total quantity of 
diamonds recovered, were handled. Since 
there is no additional labor required and the 
material costs represented only 12.3 per cent 
of the value of the additional diamonds 
recovered, this represents an important 
savings of tiny stones otherwise lost. — 


An interesting sidelight on the experiment 
was the discovery of free gold in minute 
amounts in the concentrates. Gold had never 
been reported in kimberlite previously but it 
is apparently associated with pyrite in the 
blue ground. 


Condensed by Richard T. Liddicoat, Jr. 


i. Journal of the Chemical, Metallurgical, and Min- 
ing Society of South Africa. 


Continued from page 384 


branch of jewelry making from raw material 
to piercing, filing, sawing, repoussé, model- 
ing, polishing, enameling, drawing, design- 
ing, to the finished object. Its directions 
could be easily followed by anyone whose 
ambition urges him to know more of jewelry 
and its making. In addition, it also includes 
many illustrations which will be of value to 
the advanced jeweler. 

The book, Jewelry Making and Design, is 
a competent teacher in its field and should 
be highly regarded as a practical guide by 
every jeweler regardless of his position in 
the field of jewelry. 
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BOTSWANA'S SCINTILLATING MOMENT 


Robert Weldon and Russell Shor 


While South Africa’s Nelson Mandela inspired the world with his vision of forgiveness and racial har- 
mony, leaders in neighboring Botswana long ago sowed the seeds of cooperation and economic devel- 
opment. They also demonstrated a clear understanding of how to harness the country’s natural 
resources—diamonds, primarily—for the good of its people. Botswana has now taken a bold step for- 
ward with a long-term plan for value-added industries that will keep the country vibrant long after its 
diamond reserves are spent. While Botswana’s aspirations of becoming a major diamond center are 


great, so too are the challenges that lie ahead. 


ust off Airport Road in Gaborone, Botswana, 

where the capital city’s scrubby outskirts begin, a 

new complex erected in the open expanse might 
well be mistaken for the airport itself. The main 
building, a hulking structure surrounded by high 
fences and security cameras, is considerably larger 
than Sir Seretse Khama International’s concourse. 
And for good reason: The Debswana complex, repre- 
senting a fifty-fifty joint venture between De Beers 
and Botswana, includes a $35 million state-of-the-art 
diamond sorting, valuing, and selling center, called 
DTC Botswana, the world’s largest facility of its kind 
(Even-Zohar, 2002; De Beers, 2008). It has the capac- 
ity to make ready for market almost 45 million carats 
of rough per year, or about 40% of the world’s total 
annual diamond supply. In value terms, it accounts 
for about $6 billion worth of diamond rough annually 
(Spektorov et al., 2013; figures 1 and 2). 

Behind this momentous change is the world’s 
largest diamond producer, De Beers. As of November 
2013, all of De Beers’s mine production—from South 
Africa, Namibia, and Botswana, as well as Canada— 
is consolidated at DTC Botswana, in a pre-selling sort- 
ing and valuation process known as aggregation. 
While De Beers has fifty-fifty joint partnerships with 


See end of article for About the Authors and Acknowledgments. 
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governments in other African countries such as 
Namibia and South Africa, Botswana is by far its 
largest and richest source of diamonds today. Through 
agreements with Botswana, the vast majority of the 
diamonds are purchased by De Beers for sale to the 
company’s sightholders. Although De Beers was tra- 
ditionally Debswana’s only client, the renewal in 2006 
of the 25-year mining lease for Jwaneng stipulated that 
as of 2013, 10-15% of production must be sold to the 
government-owned Okavango Diamond Company 
(ODC). This arrangement gives the government its 
own direct sales channel of rough diamond to clients 
around the world, bypassing the De Beers channel. 


Figure 1. The Debswana complex in Gaborone in- 
cludes DTC Botswana. Photo courtesy of DTC 
Botswana. 
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Perhaps even more importantly, a new 10-year sales 
contract, signed in 2011, included provisions for relo- 
cating the DTC—the De Beers sales arm—from Lon- 
don to Gaborone. This agreement essentially locks in 
the company’s commitment to beneficiation (Dia- 
monds sparkle,” 2011). 

Aggregation of the diamonds at DTC Botswana 
precedes each of the so-called sights, where selected 
buyers from around the world convene to purchase 
rough allotments. The sights, held in London for 
close to a century, moved to Gaborone following re- 
portedly intense mining lease renegotiations with 
Botswana’s government that took place in 2004-2005 
(Mokone et al., 2013). The move signals a historic 
change and a significant upheaval of De Beers’s tra- 
ditional business model, shedding a remnant of the 
control over diamond sales exerted by the company 
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Figure 2. These diamond 
octahedra rough in the 3 
ct range are from Jwa- 
neng in southern 
Botswana, the world’s 
richest diamond mine 
by value. Photo by 
Robert Weldon/GIA, 
courtesy of DTC 
Botswana. 


since the colonial days of South Africa. As a result, 
more than 60% of its London-based staff relocated to 
Botswana in 2013. At a cost of over $120 million, not 
to mention the loss of long-established power, it was 
surely not an easy decision (Ferreira-Marques, 2013). 

But the die has been cast, and both De Beers and 
its parent company, Anglo American, have high- 
lighted the positive aspects of the move. De Beers 
Group CEO Philippe Mellier (figure 3) says the efforts 
underscore the company’s commitment to benefici- 
ation. “As we make this move, Africa is once again 
at the forefront as De Beers and its partners lead the 
diamond industry into a sparkling new chapter in its 
illustrious history,” Mellier noted (De Beers, 2013a). 
He added, “ Africa was home to the diamond industry 
when it began in the late 19th century, and De Beers 
and its partners were central to that growth.” 
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Figure 3. Philippe Mellier, CEO of De Beers Group. 
Courtesy of De Beers. 


For the people of Botswana—the Batswana—the 
stakes are high: creating added value above and be- 
yond the mining of resources. They expect the 
changes will stimulate the growth of diamond trading 
and rough diamond manufacturing, jewelry manufac- 
ture, related businesses, and other sectors of their 
economy. If the plan succeeds, this evolution will 
carry Botswana far beyond 2030, when the country’s 
diamond reserves are expected to run out. 


CHANGES DOWNSTREAM 

The changes have required De Beers’s 82 sightholders 
and their associates to alter their habits and travel 
schedules. Sightholders have begun to make the 10 
treks a year to Gaborone instead of London (figure 4). 
Reports from the first DTC Botswana sight in No- 
vember 2013 were largely positive, despite initial 
grumbling and some logistical challenges (Bates, 
2013). For example, there are currently no direct 
flights to Gaborone from the United States, Asia, or 
Europe. The dearth of banking infrastructure, Inter- 
net service, hotels, restaurants that will accommo- 
date special dietary considerations, taxis, theaters, 
and other amenities that sightholders were accus- 
tomed to in London is not making the transition 
easy. These challenges will have to be worked out 
over time. 

“Tn a sense, this is exactly what it’s all about,” ex- 
plains Kago Mmopi, communications and corporate 
affairs manager at DTC Botswana (figure 5). 
“Botswana is a developing country, and infrastruc- 
ture is also developing, and needs to develop further. 
The move is inspiring the Batswana to do that. We 
have been speaking to local businessmen and alerting 
them of many opportunities that lie ahead. We also 
know that we need to fast-track this area.” 

The government is also pushing hard to create 
state-of-the-art infrastructure to facilitate diamond 
trading in Botswana. Jacob Thamage (figure 6) is the 
coordinator of the Diamond Innovation Hub, an or- 
ganization set up in part by the government to coor- 
dinate banking, security, and transportation for the 


Figure 4. Left: Keneilwe Dihutso, a diamond grader at DTC Botswana, displays a 54.29 ct rough octahedron from 
Jwaneng prior to a visit by De Beers sightholders. Right: The 54.29 ct crystal is shown next to a 3.00 ct octahedron 


from the same mine. Photo by Robert Weldon/GIA. 
ij 
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Figure 5. Kago Mmopi, DTC Botswana’s communica- 
tions and corporate affairs manager, says the new fa- 
cility can process 45 million carats of diamond per 
year, about twice the capacity of Orapa House, the 
sorting facility used by De Beers until recent years. 
Photo by Robert Weldon/GIA. 


diamond business, as well as to address the concerns 
of De Beers sightholders. But it also hopes to seize 
the opportunities that will arise for new diamond 
manufacturers in Botswana and the attendant busi- 
nesses that will begin to grow as the diamond sector 
expands. 


In Brief 


¢ Botswana has emerged as a significant player in the 
diamond industry, with Gaborone becoming an in- 
creasingly important destination for sightholders and 
business interests. 

e The government of Botswana, historically mindful of 
the country’s importance to the world diamond market, 
has taken steps to partner with operations of different 
sizes to meet both industry demands and the needs of 
the Batswana. 

e Future endeavors include moving beyond production 
and into value-added industries such as cutting and 
jewelry manufacturing, allowing for long-term eco- 
nomic growth. 


“Our job at the Diamond Innovation Hub is to at- 
tract the kind of companies that will bring innova- 
tion to Botswana. The idea is to also be able to go into 
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partnerships with many of those companies,” Tham- 
age explains. “We've always had aspirations and de- 
sires to beneficiate our people and add value to the 
country, for the various reasons that brings: skills 
building, employment, and the creation of ancillary 
services. In 1981, we had only one diamond-manu- 
facturing factory. By 1992, we had two, and four in 
1994. Between 2004 and 2006, we licensed 12 more 
factories to build.” 

As of early 2014, 21 factories are licensed to facet 
diamonds in Botswana. One of them, the Indian-based 
Shrenuj Company, is manufacturing jewelry there as 
well (figure 7). 

While the aspirations for Botswana and its people 
are great, the difficulties are equally so. Logistical 
challenges—simply the time and distance it takes 
buyers to get there—as well as the infrastructure 
needed to efficiently run the diamond industry after 
the end of mining, are the obvious barriers. More ho- 
tels and restaurants accommodating dietary needs of 
the diverse global business community will need to 
be built. International banking facilities and direct 
airline links to Gaborone need to be established, 
while unnecessary duplication of bureaucracy in the 
import and export sector must be eliminated. 


Figure 6. Jacob Thamage, coordinator of the Dia- 
mond Innovation Hub, is responsible for attracting 
foreign investment in Botswana and helping provide 
impetus to beneficiation projects. Photo by Robert 
Weldon/GIA. 
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Figure 7. Shrenuj, a diamond and jewelry manufac- 
turing firm based in India, became the first company 
to add value in Botswana beyond diamond manufac- 
turing. This star motif in white and pink gold con- 
tains diamonds mined and manufactured in 
Botswana. Photo courtesy of Shrenuj. 


Perhaps the biggest challenge for Botswana lies in 
the competitive strength of diamond centers around 
the world, which have been cutting diamonds for 
decades, if not centuries. Diamonds flow naturally 
toward Antwerp, Tel Aviv, Mumbai, and New York. 
Even though none of these manufacturing centers 
have their own diamond mines (as Botswana does} 
they have the necessary infrastructure and skills 
base, and they are generally located closer to end con- 
sumers. This is not yet the case for Botswana. Today, 
almost a million people are employed in the Indian 
diamond industry, which commands almost 60% of 
the polished market (Mbayi, 2011), compared to the 
3,200 cutters in Botswana. Yet the Batswana are con- 
fident that this number will grow, as competencies 
are developed downstream. 

“A lot of our youth have come into the diamond 
business and excelled, and that has been a pleasant 
surprise,” explains Thamage. “But as we all know, it 
is an expensive industry that requires a lot of cash. 
The schemes we have in terms of funding our youth 
are not enough now for them to be able to buy dia- 
monds for themselves. What we hope to see, as a be- 
ginning, is that a lot of those workers will someday 
open an office, just like this one, become diaman- 
taires, and start contract polishing.” 
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Growth in African manufacturing, however 
small, is not going unnoticed in other cutting cen- 
ters. The Hindu Business Line cited beneficiation 
programs in Africa as one of the reasons why the In- 
dian market is “losing its sparkle” (Ashok, 2013). 

Those concerns are premature, given Botswana’s 
minor role in manufacturing. What the country 
needs is a critical mass of talent, manufacturing effi- 
ciencies, and an infrastructure that supports a cutting 
industry. For consumers of such goods, inevitable 
questions arise: Are the diamonds well cut? Is there 
an understanding of proper yield? Can African labor 
costs compete with those of India? Can the world do 
business in Africa? Will consumers around the 
world, heeding a call to contribute to beneficiation 
in Africa, demand diamonds that are both mined and 
cut there? To illuminate these questions requires a 
basic understanding of the country, its people, and its 
diamond richness (figure 8). 


BOTSWANA'S DIAMOND BUSINESS 

Botswana remains a landlocked, sparsely populated 
territory comprising some 600,000 square kilometers, 
composed chiefly of arid savannah (figure 9). What 
Botswana lacks in agricultural capacity it makes up 
for with the world’s richest diamond reserves and pro- 
duction—four major mines and other deposits identi- 
fied through exploration—as well as a relatively stable 
democratic government, and a hardworking, well-ed- 


Figure 8. At Laurelton Diamonds Botswana, a cutting 
subsidiary of Tiffany & Co., skills transfer brings 
much-needed jobs to the local Batswana. Photo by 
Robert Weldon/GIA. 
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Figure 9. Map of Botswana’s diamond mines. 


ucated population. Its 2013 GDP per capita of approx- 
imately $16,400 is among the highest on the conti- 
nent and closing in on neighboring South Africa’s, 
which is declining (CIA World Factbook, 2013). 

At the time of its independence in 1966, 
Botswana was one of Africa’s poorest countries, with 
only a few miles of paved road and a largely agrarian 
and illiterate population. The average GDP per capita 
was $80. A Harvard study written in 2005 noted that 
the country’s future in the early 1960s was “ines- 
timably bleak.” Even Seretse Khama, Botswana’s 
first president (1966-1980), conceded that his coun- 
try was “beyond doubt one of the poorest nations in 
Africa” (Alfaro et al., 2005). Relations between Great 
Britain and Botswana remained cordial through the 
transition, in part because Botswana offered so little 
strategic importance. In 1966, Queen Elizabeth II 
knighted Khama, who had studied at Oxford and 
married an Englishwoman, Ruth Williams (figure 
10). 

Just one year later, Botswana’s fortunes radically 
improved. The country’s diamond reserves, un- 
known at the time of independence, became evident 
when the first diamond-rich kimberlite pipe was dis- 
covered by De Beers prospectors at Orapa in 1967 (De 
Beers, 2014). Diamond production began in 1970 
(Janse, 2007). The sudden windfall could have taken 
the poverty-stricken new country in any number of 
directions, but a dedication to democracy and ethical 
governance prevailed. So did the understanding that 
the diamond riches could not be achieved without 


BoTSWANA’S DIAMOND INDUSTRY 


technical assistance. In a 1978 speech, Khama de- 
clared, “We will have to learn how to share aspira- 
tions and hopes as one people, united by a common 
belief in the unity of the human race. Here rests our 
past, our present, and, most importantly of all, our 
future.” 

Khama’s foresight appears particularly prescient 
today. Following his inauguration, he proposed the 
controversial 1967 Mineral Rights Act, aimed at 
vesting all mineral resources in the central govern- 
ment rather than in the hands of tribal leaders. 
Khama’s delicate negotiations, and his appeal for 
tribal elders to consider the good of the nation rather 
than the good of the tribe, ultimately led to passage 
of the act. His skills as a negotiator and leader were 
now cemented (Alfaro et al., 2005). This agreement, 
as well as a progressive and open attitude toward for- 
eign investment, would lay the foundation for 
Botswana’s extraordinary growth, and ultimately for 
future negotiations with De Beers. 

No other mining groups existed in Botswana. In 
1968, a jointly owned company called Debswana (85% 
owned by De Beers and 15% by the government) was 
formed. For Khama and the democratic rulers who 
succeeded him, Debswana became the model for 
Botswana’s negotiations with other diamond and 
metal mining companies. By 1975, the discovery of 
additional diamond-rich pipes—such as the spectacu- 


Figure 10. In 1948, Seretse Khama caused a considerable 
stir, both in England and in Botswana, when he married 
an Englishwoman, Ruth Williams. Their son Ian Khama, 
far left, has been Botswana’s president since 2008. Photo 
by Brian Seed, © Time & Life Pictures/Getty Images. 
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lar Jwaneng deposit—truly changed the equation. Two 
decades later, Botswana had become the most impor- 
tant diamond producer, supplying one quarter of the 
world’s diamonds by value (Janse, 1996). Although the 
government could have chosen to nationalize the 
mines, as neighboring countries were doing (Alfaro et 
al., 2005), Botswana’s leadership chose to negotiate 
terms that were extremely favorable to the country 
while acknowledging that it lacked the capacity to 
build the mining operations. Renegotiation with De 
Beers in 1969 led to a new agreement, essentially re- 
sulting in fifty-fifty joint ownership (Hazelton, 2002). 
That, combined with revenues from taxation of its re- 
sources, has given Botswana the lion’s share of the 
profits from diamond mining. Conversely, for De 
Beers, Botswana became a sort of insurance policy 
against growing competitors, particularly in Russia 
and Australia (Shor, 1990). 

As much as the partnership between government 
and private enterprise has been lauded, it has also 
faced opposition. Critics contend that the partner- 
ship is too lopsided to be efficient and suggest that in 
recent economic downturns, as in the mining con- 
traction of 2009 and 2010, many Batswana have been 
left without a safety net. Diversification of the econ- 
omy and less reliance on a single “cash crop” would 
serve as a hedge against downturns, it is believed, 
particularly as diamond mining reaches an end in 
Botswana. Some suggest that the partnership is in 
fact counterproductive, for that very reason. “The... 
relationship serves as a disincentive to economic di- 
versification and political accountability,” wrote 
Kenneth Good, an Australian professor in global 
studies at the University of Botswana who was ex- 
pelled from the country in 2005 for writing a book 
critical of its politics (van Wyk, 2009). 

The relationship has not always been smooth, and 
some historians note that Botswana has struggled, at 
times contentiously, to diversify its economy and to 
make De Beers its partner in the manufacturing as- 
pect of the diamond business as well. According to 
industry journalist Chaim Even-Zohar (2007), De 
Beers was initially against bringing facilities to 
Botswana. Even-Zohar notes that the company “did 
everything in its power to prevent the establishment 
of more than two or three token manufacturing 
units.” 

Shortly before the Jwaneng contract renewal, 
President Festus Mogae (1998-2008) expressed his 
country’s objective: “We are looking for some im- 
provement in the sharing of benefit. The resource is 
ours, which is very important, but the investor is also 
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entitled to a fair return” (Idex, 2004). Clearly much 
has changed since 2006, when the new agreements 
came into play. Today, beneficiation is a word that 
ostensibly holds equal weight with De Beers and 
Botswana. Mellier often singles out Botswana in 
speeches dealing with the company’s portfolio, not- 
ing the country’s role as a manufacturer and its rising 
profile as a rough diamond trading destination (Mel- 
lier, 2014). 

Seretse Khama and subsequent presidents have all 
played significant roles in harnessing the country’s 
natural wealth and building institutions of good gov- 
ernance, education (the current literacy rate is almost 
85%), and anticorruption. As in several preceding 
years, Botswana was rated the least corrupt African 
country in 2013 by Transparency International. But 
it was not only the rich diamond reserves that af- 
fected Botswana’s destiny; more recently, copper, 
gold, nickel, uranium, and other resources have been 
discovered. A focus on bolstering secondary and 
higher education, and a commitment to steering the 
economy away from total dependence on diamond 
revenue, began in earnest in 2008, when Ian Khama 
was voted into office. The fruits of an educated pop- 
ulace, good governance, and skillful negotiation for 
the extraction of its wealthy natural resources—par- 
ticularly diamonds—have kept Botswana on track as 
one of the world’s fastest-growing countries, averag- 
ing 10% annual growth for almost three decades 
(Sanchez, 2006; Farah, 2013; figure 11). 

While building the framework for its people, the 
government is equally committed to responding to 
business needs. “I’ve had the chance to observe 
what’s happening in mining in plenty of other coun- 
tries,” says Jim Gowans, outgoing managing director 
for Debswana. “Government officials in Botswana 
may not get enough credit for having done a good job. 
They have an idea about what they need to do, and 
they’re pretty quick to do it. Another big benefit for 
Botswana is to have a democratic system and only 
four presidents in their history.” Certainly these fac- 
tors have led to stability. 

From the late 1970s into the early 21st century, 
well over half of the country’s GDP was from dia- 
monds, but a consistent policy to make the country 
less dependent on mining has emerged. In 2013, the 
diamond business alone—not counting copper, 
nickel and gold, or other industries—contributed to 
over a third of the country’s revenues. Over the years, 
Botswana has been lucrative for De Beers as well. In 
2000 alone, over 80% of the company’s revenue 
came from its Botswana portfolio—53% of that from 
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Figure 11. The Three Dikgosi, a frequently visited 
monument in Gaborone, depicts the tribal elders who 
traveled to Great Britain in 1885 to request the cre- 
ation of the Bechuanaland Protectorate, the precursor 
to the modern state of Botswana. Photo by Robert 
Weldon/GIA. 


the Jwaneng mine alone (Even-Zohar, 2002). For De 
Beers, reliance on Botswana’s riches—and some 
might argue overreliance—is also evident. 

Of course, there are still enormous challenges 
Botswana must contend with. In the 1990s, the 
scourge of HIV/AIDS virus hit hard in the sub-Saharan 
country (Weldon, 2001). Today, approximately 24% of 
the population is infected with the virus, according to 
the World Health Organization. Botswana’s relatively 
tiny population and workforce can ill afford such a dev- 
astating blow. Nevertheless, Botswana’s leaders have 
met the challenge with education programs on HIV 
prevention, partnerships and grants with pharmaceu- 
tical companies such as Bristol-Myers Squibb, and the 
construction of hospitals and treatment centers. 
Grants from the Bill & Melinda Gates Foundation are 
aimed at managing the symptoms of the disease or pre- 
venting its progression. Over 80% of Batswana infected 
with HIV/AIDS are covered by free antiretroviral med- 
ication, and 100% have access to it. President Quett 
Masire (1980-1998) was the first Batswana leader to 
face the problem at the turn of the century, and in 2009 
he declared it a national imperative to wipe out the dis- 
ease. He established 2016 as the target year when no 
new infections would occur. In 2011 alone, the 
Botswana government spent some $385.5 million on 
AIDS prevention, care, and treatment, with a special 
focus on children stricken with AIDS or orphaned by 
the disease. The results have been dramatic in terms 
of life expectancy through earlier detection and treat- 
ment, and reductions of HIV transmission from 
mother to child (figure 12). In 2012, President Khama 
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noted in a state of the nation address that the country 
was on track to achieve a less than 1% transmission 
from mother to child by 2015. Botswana’s example has 
been lauded throughout Africa and the rest of the 
world. The expenditures “come at a considerable 
cost,” according to Khama, though they are universally 
considered utterly necessary for Botswana to move for- 
ward economically and socially. 

Another challenge was the attempted relocation of 
indigenous peoples in the Kalahari Desert to make 
room for a potential new mine at Gope. Survival In- 
ternational, a UK-based non-governmental organiza- 
tion, campaigned for several years against developing 
the mine and, in late 2010, attempted to block its li- 
censing. According to reports, a lawsuit ended the cri- 
sis by allowing the Kalahari Bushmen to return to 
their land (“Botswana outraged...,’” 2011). 

In 2012, De Beers produced less than 30 million 
carats worldwide—another year of retrenchment from 
a high of 34 million carats in 2006—due mainly to flag- 
ging global diamond demand, a lingering after-effect of 
the 2008 global recession. The following year saw 
major changes at the sources, such as the sale of the 
Finsch mine and a slope failure at Jwaneng (Greve, 
2013). Liquidity problems for many Indian manufac- 
turers, which still cut most of Botswana’s diamonds, 
also slowed the momentum. For Debswana, a com- 
pany dedicated to addressing safety concerns, it was 
also a difficult year. The slope failure at Jwaneng in 
June 2012 killed an employee, and investigations into 
its cause shuttered the mine for several months. Deb- 
swana has since taken an even more aggressive stance 


Figure 12. The government of Botswana ensures that 
its citizens are eligible for free antiretroviral medica- 
tions to treat HIV infection. Additionally, a series of 
programs aimed at reducing transmission of HIV 
from mother to child have been instituted. Photo by 
Lucian Coman, © Shutterstock. 
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on safety, promulgating a “zero harm culture” while 
improving its production figures (J. Gowans, pers. 
comm., 2013). 

In tandem with declining production, 2012 sales 
totaled $5.5 billion, a billion less than 2011 (De Beers, 
2013b). Nevertheless, the goal of transferring De 
Beers’s sales arm to Botswana was accomplished in 
2.013. The business lull may have been advantageous 
by allowing a more gradual buildup of Gaborone as a 
diamond sorting, valuing, and selling center. Deb- 
swana is poised for growth, particularly as new dia- 


Figure 13. Pauline Paledi, executive director of the 
Botswana Diamond Manufacturers Association. 
Photo by Robert Weldon/GIA. 
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mond customers emerge in India, China, and other de- 
veloping markets. De Beers estimates 5% growth in 
China, Hong Kong, and India by 2017, while the U.S. 
market—which now represents over a third of global 
diamond sales—will slip by about a third of its present 
portion. 

“Beyond mining, the creation of long-term, value- 
added products, training, and employment for 
Botswana is beginning to take effect, though there is 
still a ways to go,” says Pauline Paledi, the executive 
director of the Botswana Diamond Manufacturers As- 
sociation (figure 13). The organization, established in 
2007, consists of some 17 full members who actually 
manufacture diamonds in the country today, plus re- 
cent applications for an additional four members at 
the time of this writing. The association lobbies the 
Botswana government “as a single voice,” explains 
Paledi, and works out compliance matters regarding 
labor laws and visa and residency issues for foreign 
manufacturing companies. The goal is to attract more 
foreign investment, and eventually homegrown dia- 
mond manufacturing as well. “We see growth ahead,” 
says Paledi. “The market is getting stronger for man- 
ufacturing, and it is diversified, as we can all see.” 

The notion that diamonds mined on African soil 
could also be manufactured and sold there, bringing 
long-term sustainability to Africans, has largely 
eluded the continent since South African diamonds 
were discovered in 1867. For the Batswana, such 
dreams now appear enticingly possible. 


DIAMOND MINES OF BOTSWANA 
From Gaborone, a car can reach the front gate of Jwa- 
neng, the world’s richest diamond mine, in about 
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two and a half hours, a ride straight through a deso- 
late, hilly region of savannah and occasional cattle 
ranches. For those lucky enough to receive an invi- 
tation to visit the mine and proceed through security 
checks and briefings, the overwhelming desire is to 
peer over the edge into this open pit, a gigantic man- 
made hole visible from outer space (figure 14). 

Jwaneng—whose name means “place of small 
stones” in Setswana—was discovered in 1973. The 
pit currently descends nearly 400 meters into three 
separate kimberlite pipes. It is expected to reach al- 
most 700 meters in depth by 2017, as new cuts dig 
into the kimberlitic ore in the search for diamonds. 
The latest is Cut 8, which extends laterally into the 
kimberlite pipes at Jwaneng and is expected to pro- 
duce over 100 million carats and extend the life of 
the mine until 2028. A bird’s-eye view of this mas- 
sive removal of earth reveals the rugged face of 
Botswana's principal mine by value, which has the 
capacity to produce some 2.5 million carats of dia- 
mond on a monthly basis. During the recession, and 
because of the 2012 slope failure, production dropped 
to about half of that (Mmopi, pers. comm., 2013). 
Once fully operational, Cut 8 will transform Jwaneng 
into one of the world’s super-pit mines. 

Jwaneng employs over 2,500 people, though they 
are rarely visible, partly due to the pit’s immense size 
and partly for security and safety reasons. Cut 8 is 
expected to expand the workforce by at least 50%. 
At the bottom of the pit, kimberlitic ore is broken up 
through dynamite blasting on a regular basis. Miners 
are also busy maneuvering the massive Komatsu 930 
trucks, each the size of a house and designed to cart 
out 250 tons of kimberlitic ore per haul (figure 15). A 
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Figure 14. This 
panoramic view of the 
Jwaneng mine, Deb- 
swana’s largest and 
most lucrative, shows a 
manmade pit—visible 
from outer space—that 
covers approximately 
520,000 square meters 
at the surface and is 
more than 400 meters 
deep. Photo by Robert 
Weldon/GIA. 


staggering 60 million tons of earth are thus removed 
ina high production year; on any given workday, traf- 
fic from the trucks forms a constant stream into and 
out of the mine. Where the earth goes after process- 
ing is another logistical and engineering feat. 

First, the ore is crushed into much smaller parti- 
cles at a plant on the surface. The clay and mud are 
removed, and the diamonds are separated from the 
ore by X-ray at a completely automated recovery 
plant (CARP) where, as a theft countermeasure, no 
human hands touch the ore. After that, the diamonds 


Figure 15. A Komatsu 930 truck can remove up to 250 
tons of diamond-bearing rock and earth in a single 
haul. Photo by Robert Weldon/GIA. 
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Figure 16. Mixed rough from Debswana’s mines must 
be collected and sorted into categories by size, color, 
and clarity. Photo by Robert Weldon/GIA. 


are presorted, cleaned, and packaged using laser tech- 
nology (again with no hands touching the rough). 
The diamonds are then ready for transport to 
Gaborone for sorting and valuing, and ultimately for 
sale. The rough is classified by weight, shape, clarity, 
and color, regardless of source. According to Kago 
Mmopi, Debswana’s mines alone supply between 
200,000 and 500,000 carats to DTC Botswana on a 
weekly basis (figure 16). 


A similar procedure takes place at Debswana’s 
other mines, all of which are open pit. The Orapa 
mine is Botswana’s oldest, established in 1971, a few 
years after diamonds were first discovered in a dry 
northeastern part of the country. As with all De Beers 
projects, the mine is owned fifty-fifty with the govern- 
ment. Orapa has the capacity to produce almost 20 
million carats a year; in 2012, however, production 
slowed to 11 million carats due to global economic 
conditions. Letlhakane and Damtshaa are both much 
smaller-capacity mines, producing less than a million 
carats annually. Combined, Debswana’s four mines 
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produced 20.22 million carats in 2012 and treated 
21.87 million tons of earth—just over a carat per ton 
(De Beers, 2013b). In 2013, Debswana produced over 
22, million carats; these numbers are expected to in- 
crease as global economic recovery takes hold. 
Botswana’s other diamond mines are independ- 
ently owned rather than joint ventures between De 
Beers and the government. One of these is the Lerala 
mine, owned by DiamonEx, which has been stalled 
due to restructuring and is expected to reopen in 2014. 
Others such as the Karowe mine, operated by Lucara 
Diamond Corporation, are selling diamonds through 
auctions. Karowe made news by yielding 26,196 carats 
for auction (“Lucara completes first sale of Botswana 
diamonds,” 2012) and announcing the find of a 4.77 ct 
blue diamond as well as several large diamonds 
(Golan, 2013). Auctions are also the government's pre- 
ferred method of selling diamonds, at least for now. 


THE OKAVANGO DIAMOND COMPANY: 

THE MARKET EXPERIMENT 

De Beers was traditionally the sole purchaser of dia- 
monds mined in Botswana. A renegotiation in Sep- 
tember 2011 changed that, with the government 
obtaining the right to purchase a progressive 10-15% 
allotment of the rough to sell through its own chan- 
nels over the next few years. To that end, the govern- 
ment established the ODC (figure 17) in 2012 and 


Figure 17. The Okavango Diamond Company, a 
wholly owned government company that derives its 
name from Botswana’s rich Okavango Delta, pur- 
chases over 10% of the rough diamonds produced by 
Debswana for sale to clients around the world. This 
margin will increase gradually to 15%. Photo by 
Robert Weldon/GIA. 
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Figure 18. Marcus Terhaar, deputy managing director 
of the Okavango Diamond Company. Photo by 
Robert Weldon/GIA. 


appointed Toby Frears as its managing director that 
same year. 

As diamonds arrive weekly at Debswana, De 
Beers and government negotiators settle on a value 
for the goods. After the purchases are made, De Beers 
aggregates Botswana’s goods with its allotments from 
Namibia, South Africa, and Canada. 

The 10%-plus that the ODC buys on a weekly 
basis is gathered and sold to clients around the world 
via auction. Sales occur about 10 times a year and in- 
clude parcels and single stones 10 ct or larger. It is thus 
a different system from the fixed allocation contracts 
implemented by De Beers and its sightholders. As 
would be expected, ODC clients must be properly vet- 
ted and comply with strict guidelines to register and 
qualify as buyers. Details about each company’s role 
in the diamond value chain, top personnel, and com- 
pliance with all diamond sector regulations are re- 
quired by ODC. 

For all its advantages, the auction system tends to 
be risky: volatile during good economic times, and 
slow to nonproductive during bearish economies. 
Under such conditions, fixed contracts make it easier 
to fine-tune and control the market. Marcus Terhaar 
(figure 18), ODC’s deputy managing director, ex- 
plains that the auctions help the government derive 
current market value for the products. 

“Auctions are going to be far more volatile than 
other selling mechanisms. But that’s not necessarily 
a bad thing, because over a consolidated period of 
time, you will find that they do very well despite the 
boom-and-bust cycle.” 

Jacob Thamage, who also serves on the board of 
the ODC, agrees, alluding to current economic cli- 
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mate. “For ODC to launch under these conditions is 
actually very good, because, like they say, ‘Rough 
seas make the best sailors.’ It is conditions such as 
these that will really teach us what the market is, 
and what it could be.” 

ODC officials seem open to the idea of a dual sell- 
ing system that incorporates both ideologies. “A lot 
of companies use dual systems—meaning that they 
have options and contracts. That tends to mitigate 
the risk,” Thamage explains. “By the middle of 2014, 
we will have completed a full cycle of selling and un- 
derstood the possibilities of auctions and contracts.” 

Terhaar highlights the beneficiation aspects that 
are already taking place through the ODC: “What we 
have in Botswana, insofar as the diamond sector is 
concerned, is a very strong diamond mining industry. 
We have a very well-established sorting and valuing 
operation in Debswana, and we have a good five to 
seven years into diamond manufacturing. Rough 
trading is clearly the missing link for Botswana, and 
that is the primary focus of the ODC. It will bring 
jobs. This means that 150 people are coming to our 
premises every five weeks or so. That means 150 
more hotel accommodations, 150 more seats on local 
airlines, and 150 more customers looking for taxis, 
making dinner reservations at restaurants. It will fos- 
ter the growth of ancillary services: diamond reports, 
banking, rough valuing, and marketing services, and 
so many other types of related services.” 

For now, ODC is busy establishing its operation, 
conducting sales, and promoting itself as a viable sep- 
arate channel for rough diamond buying. “This is a big 
feather in Botswana’s cap,” says Terhaar. “Ten years 
ago this was all bush country. Botswana has proven 
that it can be done. And while there is a lot of learning 
to capture, there is certainly the motivation, and the 
will, for Botswana to perform as a benchmark dia- 
mond center—as efficiently as Antwerp, Israel, or any 
other diamond center in the world.” 


CAN A CUTTING INDUSTRY BE SUSTAINED IN 
BOTSWANA? 


While Botswana prospered by carefully redirecting its 
diamond wealth into nation-building, establishing a 
domestic diamond manufacturing industry remained 
an elusive goal until recently. Neighboring South 
Africa benefited from a well-established diamond 
cutting industry that employed several thousand 
workers. Even so, much of this industry survived be- 
cause De Beers subsidized local cutting operations by 
providing rough at a 10% discount (actually sparing 
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buyers export taxes on rough). Some of these opera- 
tions existed mainly as a means for their owners to 
obtain rough allocations from De Beers. They per- 
formed minimal work on stones in the local plants 
before exporting them to Israel, Antwerp, or India for 
actual manufacturing (Shor, 1990; figure 19). 

In the past, De Beers actively discouraged dia- 
mond manufacturing in Botswana, claiming the 
costs of doing business there were not low enough to 
compete with India and China. In addition, De Beers 
noted, the country was too far removed from major 
consumer markets (Grynberg, 2013). 

De Beers’s opposition began to crumble in 1990 
when the company entered negotiations to renew its 
five-year contract with the government to sell rough 
mined by Debswana. With De Beers owning 50% of 
Debswana, such contracts would seem to be a routine 
matter, but in 1989 the government had raised the 
issue of starting a domestic manufacturing operation. 
At the same time, a number of major rough diamond 
dealers were lobbying Botswana’s parliament to sell 
20% of the company’s production outside De Beers’s 
network, claiming they would be willing to pay 5-7% 
higher prices than De Beers. One of those dealers, 
Maurice Tempelsman of Lazare Kaplan International 
(LK]), offered to build a polishing factory if the govern- 
ment was willing to supply diamonds to the operation 
(Shor, 1990). The government made no such promise, 
but LKI built the factory anyway. 

De Beers, which already employed 5,000 workers 
at its three mines in Botswana, eventually agreed to 
develop a cutting factory, mainly to forestall the par- 
liament from considering this 20% “market win- 
dow” (Shor, 1990). The operation, named Teemane, 
opened in 1993, but a decade later only three others 
had been built, the largest being the Lazare Kaplan 
International operation (J. Thamage, pers. comm., 
2013). 

Botswana assumed a much greater role in De 
Beers’s operations after 2001 when, as part of the 
company’s reorganization, it assumed a 15% stake in 
the firm’s ownership. Botswana also captured a much 
greater strategic role after De Beers began phasing out 
its agreement with Alrosa, the Russian diamond 
mining company, to market its production—ac- 
counting for about 25% of De Beers’s rough sales— 
and sold off its aging South African mines and its $5 
billion diamond stockpile (Even-Zohar, 2007). By 
2005, Botswana was by far the largest and most prof- 
itable part of De Beers’s operations, accounting for 
70% of its earnings (Grynberg, 2013). This fact was 
not lost on the country’s leadership, which leveraged 
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Figure 19. Laurelton, a joint venture manufacturing 
branch of Tiffany & Co., has set up shop close to the 
DTC Botswana complex and the Diamond Technol- 
ogy Park. Today, it works with Indian cutting experts 
to bring about a transfer of skills to the Batswana. 
The manufacturing plant has ample room for growth, 
which it clearly expects. Photo by Robert 
Weldon/GIA. 


an aggressive series of beneficiation measures in its 
negotiations for both the sales contract with Deb- 
swana and the renewal of the 25-year lease at Jwa- 
neng (Even-Zohar, 2007). 

The agreements, reached in 2006, covered a thou- 
sand pages but contained three main requirements 
that would transform operations for both sides: 


¢ De Beers would directly supply local firms that 
qualified for a diamond manufacturing license. 
¢ De Beers would relocate all of its sorting and 


rough sales operations from London to 
Gaborone by 2009. 


e A certain percentage of De Beers sight goods 
would be reserved for local polishing operations. 


In short, the government of Botswana, which had 
owned a 15% stake in De Beers since 2000, now had 
sufficient clout to force the company to supply local 
polishing operations, and to require large diamond 
manufacturers to develop factories on its soil if they 
wanted to obtain supplies of rough diamonds (Gryn- 
berg, 2013). 

While the 2006 agreement provided for supplies 
to 10 factories, as selected by De Beers, Botswana 
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moved aggressively beyond De Beers’s plans and is- 
sued licenses to 16 companies, which began taking 
rough supplies through separate sights domestically 
in January 2.007. By fall of that year, six had gone into 
production (Golan, 2007). On the second point, the 
2008-2009 world financial crisis hit De Beers hard, 
requiring the company to borrow $500 million from 
shareholders (including $200 million from the Op- 
penheimer Trust, which owned 40% of the com- 
pany). The crisis also forced De Beers to postpone its 
relocation plans until 2013 (Krawitz, 2008; Anglo 
American, 2,009). 

In 2008, in preparation for De Beers’s arrival and 
the growth of a domestic cutting industry, the dia- 
mond industry, led by South African manufacturer 
Safdico with the Botswanan government’s coopera- 
tion, commissioned the Diamond Technology Park. 
The secure 35,000-square-meter facility was located 
next to the new De Beers building and just four kilo- 
meters from Sir Seretse Khama International Airport. 
It was designed to house about 15 medium-size man- 
ufacturing operations in two buildings, plus industry 
services such as banking, manufacturing equipment, 
and diamond grading—GIA’s Gaborone laboratory 
was one of the first tenants—in a third building. The 
Diamond Technology Park website notes that by 
2012, these operations had outgrown the complex, 
causing a number of manufacturers to locate in the 
industrial parks nearby. 

Statistics for 2013 indicate that Botswana’s drive 
to create a local diamond manufacturing industry has 
been a success. More than 3,000 workers are em- 
ployed in polishing operations (compared to fewer 
than 500 in 2006) and several thousand more through 
ancillary businesses serving the diamond sector. Pol- 
ished diamond exports neared $800 million and were 
forecast to top $1 billion by 2015, compared to $100 
million in 2008. The Diamond Technology Park was 
fully rented, and the government commissioned 
plans for a fourth building of 4,000 square meters to 
be completed by the end of 2014 (Grynberg, 2013; 
Shor, 2013). By the end of 2013, 24 manufacturers 
were operating in Botswana, 21 of them receiving 
rough from Debswana through local sights (figure 
20). 

One reason for this success is that even before De 
Beers transferred all of its sorting and sales operations 
to Gaborone, the Botswana sights consisted primarily 
of higher-value rough that could be profitably pol- 
ished (Grynberg, 2013). But the rush to open diamond 
manufacturing operations in Botswana rekindled the 
debate over whether diamond manufacturing there 
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Figure 20. A cutter at Diacore Botswana examines the 
initial facets made on a fancy yellow diamond. Photo 
by Robert Weldon/GIA. 


was economically sustainable, particularly in light of 
Canada’s unsuccessful attempts to develop large-scale 
cutting operations (“Yellowknife diamond-cutting 
plant’s future in limbo,” 2009; Danylchuk, 2013). 


MANUFACTURING COSTS 

Diamond manufacturing costs in Botswana range 
from just under $40 to $60 per carat, depending on 
the efficiency and technological capabilities of a 
given operation. These costs include labor, utilities, 
maintenance and technology support, and trans- 
portation. This cost range is much lower than 
Canada’s ($80 per carat) but still more than double 
that of China ($17 per carat) and four to six times that 
of India ($10 per carat), which polishes 92% of world 
production by volume (Gregorian, 2013; figure 21). 

Visits to nearly all of Botswana’s large manufactur- 
ing facilities found them fully committed to develop- 
ing sustainably profitable operations. These operations 
began between 2.006 and 2010, using expatriates from 
India, China, South Africa, and Israel to train local pol- 
ishers. Each operation had to be started from scratch 
because no skilled workers, equipment, or financing 
were available locally (R. Moses, pers. comm., 2013). 
Over the next four to five years, however, local pol- 
ishers largely replaced foreign workers at the wheels, 
and now comprise 80-90% of the workforce (figure 
22). For many local Batswana, the employment oppor- 
tunities have helped them extricate themselves from 
poverty. In some cases, the salaries have helped feed 
entire families. 

The country’s largest diamond factory is run by 
Eurostar, an Antwerp firm that has its roots in India. 
The company now employs 520 workers; 485 of 
these are locals who received a minimum of six 
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DIAMOND MANUFACTURING COSTS, BY COUNTRY 
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Figure 21. This chart, 
prepared for the World 
Bank, analyzes the per- 
carat costs of diamond 
Botswana manufacturing (includ- 
} ae ing labor and operating 
charges) in diamond 
centers worldwide 
against Botswana's costs 
(Grigorian, 2012). 
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months of training and are polishing precision-cut 
round and princess diamonds 0.25 ct and up. The 
company recently spent $7.5 million to upgrade its 
high-tech processing equipment. 

Expatriates still dominate the highly technical as- 
pects of the cutting process: rough planning, bruting 
and laser sawing, and shaping. Here, too, Batswana 
trainees work beside the technicians, learning how 
to use advanced equipment (figure 23). 

Another large operation, employing 300 workers, 
is Shrenuj, which produces half-carat and larger 
rounds and has also begun a jewelry manufacturing 


Figure 22. Diacore Botswana offers diamond manu- 
facturing jobs to hundreds of Batswana. Photo by 
Robert Weldon/GIA. 
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operation. The company has a program to hire hear- 
ing-impaired workers, who now comprise one-quar- 
ter of its labor force—but is still working to match 
the productivity of its Indian operations (K. Lanny, 
pers. comm., 2013). Nevertheless, the operation has 
become profitable as performance improves. 

Labor costs are less of an issue with Safdico and 
Diacore Botswana (formerly Steinmetz), which spe- 
cialize in large, high-quality diamonds. Both compa- 
nies have developed rigorous training programs 
because each diamond must meet very high, exacting 
standards. Safdico and Diacore both added that they 
are in Botswana for the long term (K. Teichman and 
R. Moses, pers. comms., 2013). 

The government has been diligently auditing 
companies to ensure that diamond factories provide 
full training and employ Batswana to perform all of 
the work necessary to produce finished stones (R. 
Moses, pers. comm., 2013). Diamond executives give 
the government high marks for introducing regula- 
tions and policies that support equipment imports, 
funds transfer, building licenses, and transparency. 

Several diamond firms have taken their benefici- 
ation role beyond offering training and employment 
to local workers. Safdico supports programs that train 
computer technicians, schoolteachers, and other 
community-building professionals in villages outside 
the capital. Diacore Botswana provides microloans 
to employees for school fees and conducts events for 
community improvement projects. They have also 
supported sporting events and employ prominent 
local athletes (figure 2.4). 


Gems & GEMOLOGY SUMMER 2014 


Figure 23. The use of highly sophisticated planning, 
sawing, and polishing technology is prevalent at the 
new manufacturing plants in Gaborone. Photo by 
Robert Weldon/GIA. 


Beyond the high cost of labor, significant chal- 
lenges to sustaining a diamond processing industry 
remain. Infrastructure is still lacking. Power outages 
are common, Internet service remains sluggish, and 
importing or repairing equipment is still very costly 
and inefficient. 

Executives of manufacturing facilities in Botswana, 
while acknowledging the economics and challenges, 
are divided over whether the country’s diamond indus- 
try can become fully self-sufficient. But even the most 
skeptical see significant potential for improving 
Botswana’s competitive position so that it may be- 
come a successful niche producer, like New York or 
Antwerp. “It is still early days, initial stages,” said Erik 


Figure 24. Diacore Botswana manager Kefir Teichman 
(right) poses with gemologist Monica Alfred, a five- 
year veteran of the company and a member of 
Botswana’s national volleyball team. Photo by Robert 
Weldon/GIA. 
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van Pul, manager of Eurostar in Botswana. “We are see- 
ing improvements all the time as workers gain more 
expertise and government services and infrastructure 
improves.” 

In 2010, for example, most Botswana diamond op- 
erations could not profitably produce polished dia- 
monds below one carat because training and high-tech 
processing equipment were not fully in place. By 2012, 
the more advanced operations were producing 0.40 ct 
stones—at a profit, according to van Pul. At least 10 
factories were producing precision “triple-excellent” 
cuts comparable to any diamond polishing operation 
in the world. While that represents true progress, one 
analyst believes that the ability to polish melee (0.10— 
0.20 ct) profitably is necessary to create a manufactur- 
ing industry that sustains large-scale employment (M. 
van den Brande, pers. comm., 2013). 


THE FUTURE 


The year 2027 is the government's benchmark for de- 
veloping a diamond-polishing industry that does not 
depend on domestic rough (figure 25). Jwaneng is 
scheduled to be redeveloped into an underground 
mine that same year, which will sharply reduce pro- 
duction. By comparison, Australia’s Argyle mine fell 
from a peak annual output of 42 million carats as an 
open pit to 20 million carats as an underground mine 
(Argyle Diamond Mine, 2013). Production will likely 
continue 30 to 40 years beyond this date, but with 
much smaller volume and higher cost. 

Both the Botswana government and the diamond 
community anticipate that rough auctions by Oka- 
vango Diamond Company will stimulate manufactur- 
ing and help build the country’s trading base. 
Okavango is a government-affiliated company that 
has begun selling between 12% and 15% of the coun- 
try’s diamond production through monthly tender 
sales. Existing diamond manufacturers say the tenders 
will cut costs and provide greater access to supplies 
(R. Moses, pers. comm., 2013). Another goal, accord- 
ing to Terhaar, is attracting smaller diamond compa- 
nies and rough traders to set up business in the 
country. Okavango sales have much lower purchase 
requirements than De Beers sights, plus a fairly simple 
application process that will enable such firms to par- 
ticipate. Building this trading environment will be 
critical, and the government understands that it needs 
to work with the diamond industry to lower infra- 
structure costs and improve services for the country’s 
diamond polishing industry to survive beyond sup- 
plies from its mines (Grynberg, 2013). 
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Indeed, one World Bank study (Grigorian, 2013) 
noted that “[diamond] producing countries hoping to 
establish a viable cutting industry are squeezed by 
competition from two directions: one from low-cost 
economies such as India and China, another from 
high-skills economies such as the United States, Bel- 
gium, Israel, and Canada. For any latecomer, the 
challenge is plain: Either be cheaper (and work 
harder) than the former, or be more knowledgeable 
and skills-intensive than the latter.” The way 
through this competition, the study concluded, was 
for these countries to achieve a manufacturing niche 
by branding to provide added value to their products. 

It remains to be seen whether Botswana-branded 
cut diamonds will captivate consumer attention 
globally. Buyers are increasingly conscious of the 
products they purchase and the supply chain in- 
volved. The storyline for a Botswana brand is un- 
doubtedly strong. Consumers, drawn to African 
diamonds for well over a century, could find assur- 
ance in knowing that the diamonds they purchase 


Figure 25. Botswana is capitalizing on its diamond re- 
source riches by adding value through diamond man- 
ufacturing. Though not yet large by global standards, 
the cutting industry in this sub-Saharan country 
shows considerable promise. De Beers now holds its 
rough diamond sales in Gaborone and has encour- 
aged large diamantaires to set up manufacturing 
plants there. Photo by Robert Weldon/GIA. 


today have contributed to skills transfer in Africa, 
poverty alleviation, and the dignity of employment 
for Botswana’s people. 


Discover more about Botswana's strategies and challenges as It 
develops a thriving diamond industry. G&G's exclusive online content 


provides access to video interviews and additional resources to 
enhance your knowledge of this country’s importance to the diamond 
and jewelry markets. 


Visit www.gia.edu/gems-gemology, or scan the QR code on the right. 
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THREE-PHASE INCLUSIONS IN EMERALD AND 
THEIR IMPACT ON ORIGIN DETERMINATION 


Sudarat Saeseaw, Vincent Pardieu, and Supharart Sangsawong 


Until now, the observation of three-phase inclusions in emeralds has been considered a potential indi- 
cator of Colombian origin. Nevertheless, emeralds from Afghanistan (Panjshir Valley), China (Davdar), 
and Zambia (Kafubu and a new deposit at Musakashi) may contain three-phase inclusions resembling 
those often found in specimens from Colombian deposits (Muzo, Chivor, La Pita, Coscuez, and Peas 
Blancas). This article presents detailed photomicrographs of samples from these localities, with a focus 
on their multiphase inclusions. Also investigated are spectroscopic features and trace-element data. For 
the gemologist studying the origin of emeralds hosting three-phase inclusions, a powerful set of tools to 
aid in this determination comes from the combination of detailed microscopic examination, UV-Vis- 
NIR and FTIR spectroscopy, and LA-ICP-MS trace-element analysis. 


origin to emeralds exhibiting three-phase inclu- 

sions (Giuliani et al., 1993) is in need of updat- 
ing, as we now know that such inclusions are often 
seen in emeralds from other locations, including 
China, Zambia (Schwarz and Pardieu, 2009), and 
Afghanistan (Hammarstrom, 1989; Bowersox et al., 
1991). The characterization of these inclusions using 
spectroscopy and chemical composition has not been 
documented until now. 

A new Zambian deposit at Musakashi was first 
reported in 2005 (Zwaan et al., 2005), and field trip 
reports were subsequently published (Klemm, 2009 
and 2010). These articles presented historical and ge- 
ological information about the mine (see box A), ex- 
amined the gemological properties of these new 
emeralds, and presented chemical analysis using 
electron microprobe (Zwaan et al., 2005). 

The present study characterizes emeralds con- 
taining multiphase inclusions from all of the locali- 
ties above by using microscopy, spectroscopy, and 
trace-element analysis to create a framework for ge- 
ographic origin determination. 


iE traditional practice of assigning Colombian 
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MATERIALS AND METHODS 

A total of 84 emeralds were studied, gathered from 
the GIA Field Gemology Collection and from gem 
merchants of Zambian and Colombian emeralds. 
Color ranged from light to deep green. The samples 
were studied in three forms: 55 were rough samples 
with one or two polished surface windows, 28 were 
fabricated as optical wafers oriented either perpendi- 
cular or parallel to the crystal’s c-axis, and one was 
faceted. After fabrication, the samples ranged from 
0.18 to 4.85 ct. The group consisted of: 


e Eleven samples reportedly from Musakashi (fig- 
ure 1), acquired from gem dealer Guy Clutter- 
buck, who visited the mines several times. 
Weight range: 0.57—4.85 ct. 

e Ten samples collected from the Kagem mine in 
the Kafubu area of Zambia by author VP in the 
summer of 2013. Weight range: 0.29-2.22 ct. 

e Fifteen samples collected from Afghanistan’s 
Panjshir Valley by author VP in 2011. Weight 
range: 0.18-1.80 ct. 

e Thirteen samples collected from Davdar, 
China, by author VP in 2005 and 2009. Weight 
range: 0.16-1.77 ct. 

e Thirty-five Colombian samples from Muzo 
(12), Coscuez (12), La Pita (3), Pefias Blancas (2), 
and Chivor (6), acquired from Flavie Isatelle, a 


Gems & GEMOLOGY SUMMER 2014 


Figure 1. These emeralds from Musakashi, Zambia, range from 0.57 to 4.85 ct. The rough samples were 
polished with one window on each. The faceted sample measures 6.29 x 5.35 x 3.53 mm and weighs 0.97 ct. 


Photo by N. Kitdee. 


field gemologist/geologist who visited in May 
2010, and gem merchant Ron Ringsrud. Weight 
range: 0.12—4.14 ct. 


Standard gemological properties were measured 
with a Rayner refractometer (yttrium-aluminum-gar- 
net prism) equipped with a near sodium-—equivalent 
light source to measure refractive index and birefrin- 
gence, a Chelsea filter, and four-watt long-wave (365 
nm) and short-wave (254 nm) UV lamps to observe 
fluorescence. Due to fracturing in the samples, cou- 
pled with their relatively small sizes, no useful specific 
gravity measurement was acquired. The wafers’ opti- 
cal path lengths were measured using a Mitutoyo Se- 
ries 395 spherical micrometer with an accuracy of 2 
microns. Microscopic examination was performed 
with GIA binocular microscopes at 10x—70x magnifi- 
cation, using both darkfield and brightfield illumina- 
tion. Other lighting techniques, including fiber-optic 
illumination, were employed to investigate internal 
characteristics. Photomicrographs were captured at up 
to 180x magnification with a Nikon SMZ 1500 sys- 
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tem using darkfield, brightfield, and oblique illumina- 
tion with a fiber-optic light. 

Ultraviolet through visible and near-infrared (UV- 
Vis-NIR) spectra were collected with a Hitachi U- 
2900 spectrophotometer (for polarized ordinary ray 
spectra) at 1 nm resolution and a PerkinElmer 
Lambda 950 spectrophotometer at 0.3 nm resolution, 
operating with a 60 mm integrating sphere accessory 
and a Lambda polarizer accessory. Fourier-transform 
infrared (FTIR) spectroscopy was performed using a 
Thermo Nicolet 6700 FTIR spectrometer operating 
with a 4x beam condenser accessory at 4 cm resolu- 
tion. A Renishaw inVia Raman microscope fitted 
with a 514 nm argon ion laser was used for identifying 
inclusions. 

For laser ablation-inductively coupled plasma-— 
mass spectrometry (LA-ICP-MS) chemical analysis, 
we used a Thermo Scientific X Series II ICP-MS com- 
bined with a Nd:YAG-based laser ablation device op- 
erating at a wavelength of 213 nm. For the ICP-MS 
operations, the forward power was set at 1300 W and 
the typical nebulizer gas flow was approximately 
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Box A: EMERALDS FROM MUSAKASHI, ZAMBIA 


Little information is available about the Musakashi de- 
posit (figure A-1) reportedly discovered in 2002, and much 
of it is conflicting. It appears to have originally been 
worked by local miners from 2002 to 2004. Emeralds 
from Musakashi were first reported in 2005 by Antonin 
Seifert, Stanislav Vrana, Bjérn Anckar, and Jaroslav Hyrsl 
(Zwaan et al., 2005). Seifert and his colleagues reported 
that these emeralds had a significantly different color 
from those found in the Kafubu area. The Musakashi 
stones were said to show an intense bluish green remi- 
niscent of emeralds from Muzo, Colombia. The similar- 
ity did not end there: 

The most interesting characteristic was the presence in 

all the stones of three-phase inclusions, consisting of a 


bubble and a cube-shaped crystal in a liquid, almost iden- 
tical to those commonly seen in Colombian emeralds. 


Zwaan et al. also identified sphene, iron oxides, feldspar, 
and quartz as mineral inclusions. 

Production reportedly resumed in 2006, starting with 
hand tools and progressing to the use of an excavator for 
a few months in 2009 (Klemm, 2009 and 2010). These 
reports, published after visits to Musakashi in July 2009 
and August 2010, provide details adding to the history 
of emerald mining there. 


Location and Access 

During the dry season, the Musakashi area is accessible 
by a five-hour, 165 km (102 mile) drive from Ndola, 
mainly on the poorly maintained Kasempa road (Klemm, 
2009 and 2010). 


0.90 L/min. The carrier gas used in the laser ablation 
unit was He, set at approximately 0.78 L/min. The 
alignment and tuning sequences were set to maxi- 
mize Be counts and keep the ThO/Th ratio below 
2%. Laser ablation conditions consisted of a 40 pm 
diameter laser spot size, a fluence of 10 + 1 J/cm”, and 
a7 Hz repetition rate. For quantitative analysis, sam- 
ples must be calibrated against an external standard 
of known composition, which meant measuring the 
signals for the elements of interest in the sample and 
comparing them to the signals for a standard with 
known concentrations of those elements. Generally, 
NIST 610 and 612 glasses were used for calibration 
standards. All elemental concentrations were calcu- 
lated by applying ”°Si as an internal standard, with Si 
concentration calculated from the theoretical value 
of beryl (31.35 wt.%). Laser spots were applied in the 
same area where UV-Vis spectra were collected, 
which was usually clean and had an even color dis- 
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Production and Distribution 

According to the mine director, the area produced about 
15-20 kg of emeralds from its discovery through late 
2010 (Klemm, 2010). Gem merchant Guy Clutterbuck, 
who supplied some of the samples for this study, re- 
ported to one of the authors in 2013 and 2014 that lim- 
ited emerald mining was still taking place near 
Musakashi. 
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Figure A-1. This map shows the location of the Ka- 
fubu and the Musakashi emerald deposits. 


tribution, though color-zoned areas were also sam- 
pled (figure 2). 


RESULTS 

Gemological Properties. The samples’ gemological 
properties are summarized in table 1. The refractive 
indices varied from 1.570 to 1.588 forn, and 1.576 to 
1.593 for n,, with birefringence between 0.006 and 
0.010. Emeralds from Musakashi, Davdar, and all the 
Colombian deposits had lower RI than the samples 
from Kafubu and Panjshir. The Musakashi emeralds 
displayed a particularly strong pink reaction in the 
Chelsea color filter, while a pink to strong pink dis- 
play was typical in samples from all other localities 
except for Kafubu, in which there was no reaction. 


Microscopic Characteristics. Musakashi, Zambia. In 
the 11 samples reportedly from Musakashi, the most 
common inclusions were three-phase, usually con- 
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Figure 2. This optical wafer from a Muzo emerald 
provides an example of the LA-ICP-MS sample 
points selected in this study. Heavily included areas 
were avoided in favor of well-crystallized zones in 
the sample that best represent the chemical compo- 
sition of that emerald. Photo by S. Engniwat. 


taining at least two colorless transparent crystals and 
a rather small gas bubble suspended in a fluid (figures 
3 and 4). Such inclusions were found in every sample 
we studied. The gas bubble always measured within 
the size range of the two crystals in the multiphase 
inclusion. In those inclusions containing two crys- 
tals, both crystals appeared to be singly refractive 
under cross-polarized illumination. The larger crystal 
was essentially cubic and bright, while the smaller 
one was rounded and faint (figure 3, A and B). In many 
samples, the multiphase inclusions also hosted one 
or more small dark to black crystals, and occasionally 
tiny colorless or whitish crystals (figures 3 and 4). 
Some of these inclusions were identified by Raman 
spectroscopy (figure 4); the gas phase was identified 
as CO, (peaks at 1284 and 1387 cm"). The singly re- 
fractive cubic crystals displayed only the emerald 
spectrum and no Raman lines, suggesting they could 
be halides (Venkateswaran, 1935). Daughter crystals 


were identified as calcite (peaks at 283, 713, and 1085 
cm). An additional peak at 2328 cm! was assigned 
to N,. These results match those for fluid inclusions 
found in Colombian emeralds (Giuliani et al., 1994), 
but SEM is needed to identify the different complex 
mixed salts and daughter minerals. The shape of the 
inclusions was usually irregular, with numerous 
branches. In rare cases they appeared needle-like (fig- 
ure 3C) or jagged (figure 3D). 

Under darkfield illumination, tube-like growth 
features (figure 5) were found in 10 of the 11 
Musakashi samples. The tubes were oriented parallel 
to the prism faces of the crystal, a common feature 
in emeralds. Each sample had an evenly distributed 
green color except for one that displayed color band- 
ing ranging from strong green to colorless perpendi- 
cular to the c-axis and the growth tubes. 

Solid inclusions were quite rare. Of the 11 emer- 
alds, only four hosted mineral inclusions that were not 
part of multiphase inclusions. The most common 


In Brief 


¢ Three-phase inclusions in emerald, once considered a 
reliable indicator of Colombian origin, have also been 
observed in specimens from Zambia, Afghanistan, and 
China. 


e Microscopy, spectroscopy, and trace-elemental analysis 
were used to characterize 84 emeralds with multiphase 
inclusions. 

e A promising basis for determining the geographic ori- 
gin of emeralds comes from a combination of these 
methods. 


crystal inclusions identified using Raman spec- 
troscopy were colorless and transparent euhedral cal- 
cite crystals (figure 6, left). Also found were several 
opaque and metallic euhedral inclusions resembling 


TABLE 1. Gemological properties of emeralds from various sources. 


Property Musakashi, Zambia Kafubu, Zambia All Colombia Davdar, China Panjshir, Afghanistan 
Refractive indices 
Ne 1.572-1.578 1.582-1.588 1.570-1.573 1.577-1.580 1.572-1.580 
No 1.580-1.582 1.590-1.593 1.576-1.580 1.583-1.588 1.580-1.590 
Birefringence 0.006—0.008 0.005-0.008 0.006—0.008 0.005—0.008 0.007—0.010 
Chelsea filter Strong pink Inert Pink to strong pink Pink Inert to pink 
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iron oxide, possibly hematite or the martite variety of 
hematite (figure 6, center), and some whitish translu- 
cent crystals identified as cryolite (figure 6, right). The 
iron oxide minerals identified usually occur in granitic 
pegmatites, but here they appeared in an emerald that 
also hosted pyrite and calcite inclusions. 


RAMAN SPECTRA 
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Figure 3. Three-phase inclu- 
sions in Musakashi emer- 
alds. A: The larger multi- 
phase inclusion displays 
several crystals and a small 
gas bubble. B: Along with 
the gas bubble, at least 
three colorless crystals and 
one or two tiny dark crys- 
tals are visible. C: Two col- 
orless transparent crystals 
and a small gas bubble in 
elongated multiphase inclu- 
sions. D: Two colorless 
transparent crystals with a 
small gas bubble and a tiny 
black crystal in irregularly 
shaped multiphase inclu- 
sions. Photomicrographs by 
S. Saeseaw, brightfield illu- 
mination. Image widths 9 
mm (A) and 7 mm (B-D). 


Kafubu, Zambia. Most of the inclusions in the Ka- 
fubu samples were multiphase and rectangular in 
shape (figure 7), but some were quite irregular in out- 
line (figures 8 and 9). These inclusions typically 
hosted some liquid and a gas bubble, but in several 
cases it was possible to see a solid third phase. Usu- 


Figure 4. This 
Musakashi emerald 
clearly displays a gas 
bubble, a cubic crystal, 
two rounded colorless 
crystals, a tiny black 
crystal, and two tiny 
whitish rhomboheara. 
Raman spectroscopy 
was used to identify 
the host emerald 
(green), the CO, gas 
bubble (purple), the 
square halide crystal 
(orange), and the 
smaller carbonate crys- 
tal (red). Photomicro- 
graph by S. Saeseaw; 
brightfield illumination. 
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Figure 5. Growth tubes parallel to the prism faces of 
the crystal are visible in this Musakashi emerald. 
Photomicrograph by S. Saeseaw, brightfield illumina- 
tion. Image width 27 mm. 


ally the associated crystal had very low relief. When 
the inclusions were studied between crossed polar- 
izers, the crystal showed evidence of being doubly re- 
fractive (figure 9). This was very different from our 
observations of the Musakashi emeralds, which had 
at least two singly refractive crystals (halides) trapped 
within the multiphase inclusions. 

Another interesting observation of the Kafubu 
emeralds was that when the inclusion and the gas 
bubble were flat, we could estimate the size ratio be- 
tween them. In these samples, the gas bubble appeared 
to contain one-third to one-half the volume of the 
multiphase inclusion at room temperature. This was 
much larger than the gas bubble observed in emeralds 
from Musakashi, which indicates considerably differ- 
ent temperature and pressure conditions of formation 
and possibly very different fluid composition. These 
observations suggest a different geologic background. 
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Figure 7. Top: Rectangular multiphase inclusions were 
visible in emeralds from Kafubu. Bottom: Detail of 
rectangular multiphase inclusions in an emerald from 
the Kagem mine reveals relatively large gas bubbles, 
with and without solid inclusions. Photomicrographs 
by V. Pardieu, brightfield illumination. Image widths 
27 mm (top) and 11 mm (bottom). 


Solid inclusions with no associated liquid or gas 
inclusions were quite common in all the samples 
from Kafubu. One of the authors (VP) visited Kagem 


Figure 6. Single-phase solid inclusions found in the emeralds from Musakashi vary significantly and consist of: a color- 
less transparent crystal identified by Raman spectroscopy as calcite (left); a metallic opaque crystal, possibly hematite 
or martite (center); and whitish translucent crystals identified using Raman spectroscopy as cryolite (right). Photo- 
micrographs by S. Saeseaw, darkfield illumination. Image widths 13 mm (left), 11 mm (center), and 10 mm (right). 
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Figure 8. Irregularly shaped multiphase inclusions in emeralds from Kafubu showed liquid containing a gas bub- 
ble and in some cases a solid third phase. Photomicrographs by V. Pardieu, brightfield illumination. Image widths 
13 mm (left) and 10 mm (right). 


in 2011 and 2012 and found that the emeralds there 
were commonly associated with quartz, pyrite, dark 
brown to black tourmaline, mica, and chlorite (figure 
10). The most common crystal inclusions found had 
dark, opaque, and dendritic features, identified by 
Raman spectroscopy as pyrolusite, amphibole, and 
tourmaline (figure 11), as well as chlorite and mica. 
These inclusions offer telltale features that reflect 
the mineral associations found at the site. 


Panjshir Valley, Afghanistan. Most of the inclusions 
in emeralds from the Panjshir Valley are multiphase. 
These typically have an elongated needle-like shape 
(figures 12 and 13), but they may also display an ir- 
regular (figure 14) or even jagged aspect (figure 12). 
These inclusions often host several cubic to rounded 


Figure 9. Irregular multiphase inclusions in emeralds 
from Kafubu. Under cross-polarized illumination, a 
small doubly refractive crystal inclusion becomes visi- 
ble as a bright spot (see red arrow). Photomicrograph by 
V. Pardieu; image width 13 mm. 
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transparent crystals, and sometimes small, dark 
opaque crystals. Examined under crossed polarizers, 
the cubic crystals appeared to be singly refractive and 
the small rounded crystals appeared doubly refractive 
(again, see figure 12). These observations were iden- 
tical to those previously reported (Bowersox et al., 
1991). The gas bubble appeared to be smaller than the 
main crystal inclusion (which was usually cubic). 


Davdar, China. Most of the inclusions in the samples 
from Davdar were multiphase. These were often jagged 
or irregular in shape (figures 15-17) and occasionally 
needle-like (figure 16). Some fluid inclusions contained 
two halide cubes (figure 16), as reported previously 


Figure 10. An interesting scene observed at the Kagem 
mine: an emerald crystal associated with black tour- 
maline, quartz, mica, and pyrite. It was not surprising 
to see this mineral association at the site, as it can 
also be seen inside the gem. This offers a fine example 
of the direct association between the geological back- 
ground and the internal world of a gemstone. Photo 
by V. Pardieu. 
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Figure 11. Various single-phase solid inclusions were observed in emeralds from the Kagem mine. Left: A den- 
dritic black opaque mineral inclusion (probably pyrolusite). Center: A dark brownish transparent mineral inclu- 
sion identified by Raman spectroscopy as amphibole. Right: A dark brownish mineral inclusion identified as 
tourmaline with Raman. Photomicrographs by V. Pardieu, brightfield illumination. Image widths 20 mm (left) 


and 40 mm (center and right). 


(Marshall et al., 2012). In these emeralds, the gas bub- 
ble was smaller than the whole inclusion and usually 
somewhat smaller than the associated cubic crystals. 


Colombia. The most common inclusion in the 
Colombian emeralds was a jagged multiphase inclu- 
sion hosting a gas bubble and one or more cubic crys- 
tals (figures 18-20). In these stones, the gas bubble was 
usually smaller than the whole inclusion and no larger 
than the associated cubic crystal. Many of these emer- 
alds also contained a tiny dark opaque crystal (figures 
18 and 20, right) and clusters of daughter crystals, usu- 
ally irregularly shaped (figures 19, bottom, and 20, left). 


EMERALD ORIGIN DETERMINATION 


These daughter crystals are related to various carbon- 
ate compounds (Giuliani et al., 1994). Most of the mul- 
tiphase inclusions had the classic jagged shape 
associated with Colombian emeralds. In several cases 
the shape was more elongated, like a blade (figure 20, 
center}, and occasionally irregular (figure 20, right). 


UV-Vis-NIR Spectroscopy. The samples collected for 
UV-Vis-NIR spectroscopy were fabricated as optical 
wafers oriented either perpendicular or parallel to the 
crystal’s c-axis—with the exception of emeralds from 
Musakashi, which were either faceted or contained 
a single polished window. In this study, UV-Vis-NIR 


Figure 12. These Panjshir 
____ emeralds contain a needle-like 
— multiphase inclusion hosting 
-_* crystals and gas bubbles (left), 
and jagged, irregularly shaped 
multiphase inclusions hosting 
crystals and gas bubbles 
(right). Photomicrographs by 
V. Pardieu, brightfield illumi- 
nation. Image widths 8 mm 
(left) and 13 mm (right). 


Figure 13. Elongated needle- 
like multiphase inclusions, 
hosting several crystals and 
gas bubbles, in emeralds 
from the Kamar Safeed area 
near Khenj in the Panjshir 
Valley. Photomicrographs by 
S. Saeseaw, brightfield illu- 
mination (left) and crossed 
polarizers (right). Image 
widths 9 mm. 


Gems & GEMOLOGY Summer 2014 121 


Figure 14. Left: This emerald from the Kamar Safeed area in the Panjshir Valley of Afghanistan contains an ir- 
regular blocky multiphase inclusion hosting gas bubbles, a liquid phase, and several crystals. Center: Irregularly 
shaped multiphase inclusion hosting a gas bubble and several crystals, from the Koskanda area near Khenj. 
Right: Irregularly shaped multiphase inclusion hosting a small gas bubble and several crystals (one cubic and 
one more rounded), from Kamar Safeed. Photomicrographs by V. Pardieu, brightfield illumination. Image widths 


9 mm (left and center) and 7 mm (right). 


spectra characterized the following chromophores for 

emerald (Wood and Nassau, 1968): 

Cation Identifying absorption 
characteristic 


Possible geographic 
origin 


Cr** Bands at approximately 430 and Musakashi, Kafubu, 
600 nm (ow), and at approximately Davdar, Panjshir, 
420 and 630 nm (e} Colombia 
Lines at 476, 680, and 683 nm 

Fe? A band at 620 nm (e), anda 
broad band at approximately 
810 nm («, €) 

Fe** Narrow bands at 372 (w) and 
465 nm (o, ¢), and a band at 
approximately 400 nm (a, «) 


Strong: Kafubu 
Moderate: Davdar, 
Panjshir 

Kafubu, Panjshir 


‘Vee Bands at approximately 400 nm 
(m) and 654 nm (e) 


Strong: Davdar, 
Colombia 
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Zambia. In the 11 unoriented samples from Musa- 
kashi, the UV-Vis spectra displayed minimum ab- 
sorptions at about 348 and 510 nm for the ordinary 
ray. For octahedral Al** in emeralds, substituted Cr** 
exhibited bands at 430 and 600 nm for the ordinary 
ray and lines at 476, 680, and 683 nm. These emer- 
alds showed no significant Fe?*-related absorption 
features in the NIR region, and no Fe** was observed 
(figure 21A). 

The nine fabricated samples from Kafubu all dis- 
played the same absorptions: UV-Vis minima at 367 
and 514 nm for the ordinary ray, and at 390 and 500 
nm for the extraordinary ray. Moreover, a narrow Fe** 
band was observed at 372 nm in the ordinary ray but 
not the extraordinary ray, and a strong Fe** band at 
around at 810 nm was recorded (figure 2.1B). 


Figure 15. Jagged multi- 
phase inclusions hosting 
gas bubbles and several 
crystals in emeralds 
from Davdar, China. 
Photomicrographs by S. 
Saeseaw, brightfield il- 
lumination. Image 
widths 7 mm. 


Figure 16. Irregular and 
needle-shaped multiphase 
inclusions found in emer- 
alds from Davdar, hosting 
single gas bubbles, multi- 
ple cubic crystals, rounded 
transparent crystals, and 
tiny black opaque solids. 
Photomicrographs by S. 
Saeseaw, brightfield illumi- 
nation. Image widths 8 
mm (left) and 7 mm (right). 
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Figure 17. Irregular multiphase inclusions with a gas 
bubble and a cubic crystal in an emerald from Davdar. 
Photomicrograph by S. Saeseaw, brightfield illumina- 
tion. Image width 8 mm. 


Afghanistan. Nine fabricated samples were studied. 
Their UV-Vis spectra showed the Fe** peak at 372 nm 
for the ordinary ray and moderate Fe” absorption at 
810 nm, similar to Kafubu emeralds. Yet some of the 
Panjshir samples appeared to contain no Fe**, due to 
a low iron concentration, and they also exhibited 
peak heights at 810 nm that were lower than in the 
Kafubu samples (figure 21C). 


China. Ten samples were measured, but only three 
were fabricated perpendicular or parallel to the c-axis. 
A representative UV-Vis spectrum is displayed in fig- 
ure 21D. Davdar and Musakashi emeralds presented 
similar spectra, but with higher Fe”* absorption in the 
NIR region of the former. But no Fe* features were 
observed, and strong V** absorptions were detected. 


Colombia. The eight fabricated samples from Chivor, 
Coscuez, and Muzo exhibited UV-Vis spectra similar 
to those of Musakashi emeralds. Neither Fe** nor Fe** 
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Figure 19. Examples of multiphase inclusions in emeralds 
from Colombia. Top: This multiphase inclusion hosting a 
gas bubble and a large colorless cubic crystal with barely 
visible edges, which appears larger than the bubble, is 
seen in an emerald from the La Pita area. Bottom: An- 
other example of jagged multiphase inclusions hosting a 
gas bubble, a large colorless cubic crystal (larger than the 
bubble), and possibly a smaller cluster of daughter crys- 
tals. This sample was from the Coscuez area. Photomi- 
crographs by S. Saeseaw, brightfield illumination. Image 
widths 9 mm (top) and 10 mm (bottom). 


were observed. Absorptions corresponding to V** were 
present at about 400 and 654 nm (figure 21E). 


FTIR Spectroscopy. FTIR spectra were recorded in 
the 400-7800 cm~ region, with the major area of 


Figure 18. Two classic 
jagged multiphase in- 
clusions in emeralds 
from Muzo, Colombia, 
hosting a gas bubble 
with two cubic crystals 
and a tiny dark opaque 
crystal. Photomicro- 
graphs by S. Saeseaw, 
brightfield illumination. 
Image widths 9 mm 
(left) and 7 mm (right). 
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Figure 20. Left: In Colombian emeralds such as this one from Muzo, liquid was often associated with a gas bubble 
as well as a large colorless cubic crystal. In this sample, some smaller colorless and dark crystals are also visible. 
Center: Elongated blade-like multiphase inclusions hosting a gas bubble and a large colorless cubic crystal 
(slightly larger than the bubble) in an emerald from Coscuez. Right: In some cases, the multiphase inclusions were 
not jagged or elongated blades but irregularly shaped. Here the multiphase inclusions from a Coscuez emerald 
host a gas bubble, a large colorless cubic crystal (about the same size as the bubble), and some smaller crystals. 
Photomicrographs by S. Saeseaw, brightfield illumination. Image widths 13 mm (left) and 8 mm (center and right). 


interest between 4500 and 7500 cm-'—specifically, 
the area related to water molecule vibrations. The 
resulting spectra indicated that the emeralds could 
be divided according to type I and II water molecule 
assignments (Wood and Nassau, 1968; Schwarz and 
Henn, 1992). Type I water molecules are oriented in 
the channels, not linking to other alkali metal ions, 
and their H-H direction is parallel to the c-axis. Type 
II molecules are located adjacent to alkali metal ions 
in the channel, and their H-H direction is perpendi- 
cular to the c-axis. 

All of the emeralds contained type I water mole- 
cules except the samples from Kafubu (figure 22). 
The extraordinary ray plots of type I emeralds each 
exhibited a 7140 cm peak that was more intense 
than the peaks found at 7095 and 7072 cm"!. The 
plots from type II emeralds displayed their highest- 
intensity peak at 7095 cm. These results matched 
previous reports (Wood and Nassau, 1968; Schwarz 
and Henn, 1992) that assigned the 7140 cm" peak to 
type I water molecules and the 7095 cm"! peak to 
type II water molecules. 


Trace-Element Analysis. All 84 emeralds from the 
five different localities were analyzed using LA-ICP- 
MS (table 2). 


Zambia. The Musakashi emeralds shared similar 
trace-element chemistry with the Colombian sam- 
ples. They contained low concentrations of alkali 
metals (Li, Na, K, Rb, and Cs); Mg, and Fe, as well as 
minor traces of Ni. Total alkali ion concentrations 
averaged 4250 ppmw. In terms of chromophore ele- 
ments, the concentrations of Cr were greater than V, 
and the Cr/V ratio ranged between 1.7 and 5.3. Fe 
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content varied from 680 to 1,490 ppmw. Trace 
amounts of Ni were also present. 

The samples from Kafubu were rich in the trace 
elements Li, Na, K, Rb, Cs, Mg, and Fe, as well as Ti, 
Sc, Mn, Ni, and Zn. Total alkali ion concentration 
was as high as 34,747 ppmw; Mg and Fe contents av- 
eraged 15,004 and 8,621 ppmw, respectively. The 
chromophore elements Cr and V varied from 733 to 
4,330 ppmw for Cr and from 71 to 180 ppmw for V; 
the Cr/V ratio was between 8 and 40. Small amounts 
of Sc were detected, from 12 to 75 ppmw. Significant 
traces of Mn, Ni, and Zn were also present. 


Afghanistan. Afghan emeralds from Panjshir con- 
tained on average 10,780 ppmw of alkali ions. The 
chromophore elements Cr and V ranged from 118 to 
4,730 ppmw and from 255 to 3,680 ppmw, respec- 
tively. The Cr/V ratio was 0.3 to 3.3. Iron contents 
ranged from 1,010 to 9,820 ppmw. Scandium con- 
tents were detected up to 2,290 ppmw, the highest 
concentration for this element in our study. 


China. The emeralds from Davdar contained rela- 
tively lower amounts of combined alkali ions, 8,835 
ppmw on average. Their green color was caused by 
the presence of both Cr and V, which varied from 146 
to 5,630 ppmw for Cr and from 657 to 6,960 ppmw 
for V. The ratio for Cr/V was 0.1 to 1.0. Iron concen- 
trations ranged up to 4,350 ppmw. 


Colombia. All the Colombian emeralds contained 
low concentrations of alkali metals (Li, Na, K, Rb, and 
Cs), as well as Mg and Fe. Total alkali ion concentra- 
tions averaged 4,725 ppmw. The chromophore ele- 
ments Cr and V ranged from 172 to 10,700 ppmw for 
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UV-VIS-NIR ABSORPTION SPECTRA 
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Cr and from 218 to 10,100 ppmw for V; the Cr/V ratio 
was between 0.04 and 3.5. La Pita contained higher Cr 
and V than the other Colombian mines. Overall, the 
Colombian emeralds contained the lowest Fe concen- 
trations in this study, from 117 to 2,030 ppmw. 


EMERALD ORIGIN DETERMINATION 


Kafubu: E || c 


ABSORPTION COEFFICIENT (cm) 


T T T T T T T T T 
450 500 550 600 650 700 750 800 850 


WAVELENGTH (nm) 


Davdar: E||c 


ABSORPTION COEFFICIENT (cm) 


T T T — T T T T T T T 
250 300 350 400 450 500 550 600 650 700 750 800 850 


WAVELENGTH (nm) 


Figure 21. These UV-Vis-NIR absorption spectra 
are representative of the five different emerald lo- 
calities in this study. Solid line = ordinary ray (W) 
and dashed line = extraordinary ray (€). Note: LA- 
ICP-MS analysis gave values corresponding to the 
different localities: 

(A) 5,526 ppm Cr, 1,312 ppm V, and 1,400 ppm Fe 
(B) 3347 ppm Cr, 116 ppm V, and 9,443 ppm Fe 
(C) 1,236 ppm Cr, 687 ppm V, and 6,250 ppm Fe 
(D) 650 ppm Cr, 2,494 ppm V, and 2,188 ppm Fe 
(E) 822 ppm Cr, 1882 ppm V, and 723 ppm Fe 


DISCUSSION 
Geology. Several summaries describing the geology of 
major emerald deposits are available in the gemologi- 


cal and geological literature (Giard, 1998; Behmen- 
burg, 2002; Groat et al., 2008), but very few have dealt 
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TABLE 2. Chemical composition (average ppmw) of 84 emerald samples by LA-ICP-MS.? 


Element Musakashi, Kafubu, Panjshir, Davdar, Coscuez, Muzo, 
Zambia Zambia Afghanistan China Colombia Colombia 
11 samples, 10 samples, 15 samples, 13 samples, 12 samples, 12 samples, 
55 spots 165 spots 205 spots 103 spots 100 spots 89 spots 
“Li 55-97 360-872 78-254 72-332 52-139 28-92 
(73) (576) (113) (109) (83) (45) 
Be 40,700—55,6000 40,600-—59,000 44,500-57,900 45,800-71,400 45,200-57,100 43,400-56,800 
(47,260) (49,630) (51,578) (54,515) (50,448) (51,053) 
23Na 1,150-5,900 14,200-20,100 2,470-15,600 4,200-12,500 2,530-6,500 1,890-9,860 
(4,109) (17,204) (9,822) (8,356) (4,885) (4,527) 
4AMg 928-5,740 12,600-17,400 1,790-15,700 3,420-11,700 2,100—5,840 1,720-6,590 
(3,652) (15,004) (9,197) (7,366) (4,176) (3,869) 
27Al 75,6000-—108,000 64,100—92,400 71,900-110,000 81,200-153,000 83,400-112,000 81,300-—109,000 
(90,895) (77,865) (90,390) (101,220) (94,655) (97,888) 
39K 25-102 305-890 52-1,590 102-609 6-46 7-49 
(59) (506) (670) (340) (14) (26) 
Sc 40-240 12-75 49-2,290 54-916 2-258 34-706 
(119) (31) (580) (372) (41) (224) 
sly 588-2,100 71-180 255-3,680 657-6,960 656-6,210 673-6,920 
(1,165) (109) (1,444) (2,867) (2,204) (2,062) 
3Cr 1,340-6,170 733-4,330 118-4,730 146-5,630 172-6,330 208-4,890 
(4,211) (2,287) (1,832) (1,333) (1,156) (1,620) 
57Fe 680-1,490 5,900-11,600 1,010-9,820 1,230-4,350 285-1,130 188-2,030 
(1,224) (8,621) (3,890) (2,440) (650) (588) 
Ga 13-29 9-19 12-38 10-43 13-54 17-44 
(20) (15) (24) (23) (28) (30) 
®5Rb 1-5 17-105 4-110 3-29 0.7-3 0.8-5 
(3 (65) (50) (15) (2) (3) 
TSS 3-10 527-2,210 11-97 6-41 7-19 4-19 
(6 (1,391) (49) (15) (12) (11) 
ATi bdl-30 6-25 bdl-67 bdl-63 bdl-27 bdl-14 
(6 (12) (14) (7) (6) (4) 
SONI bdl-12 7-38 bdl-14 bdl bdl-3 bdl-3 
(6 (20) (2) (2) (1) 
667 bdl-2 12-44 bdl-5 bdl-8 bdl-2 bdl-5 
(1 (29) (1) (2) (1) (1) 


*Data reported in minimum and maximum values, with average concentration in parentheses; ppmw = parts per million by weight; bdl = below detection limit. 


with the newer deposits such as Davdar or Musakashi. 
The mention by Klemm (2010) of sandstone as a pos- 


sible host rock for Musakashi emeralds is quite inter- 


esting, as calcareous sandstone was also identified as 
the main host rock of the emeralds from Davdar (Par- 
dieu and Soubiraa, 2006; Michelou and Pardieu, 2009; 
Schwarz and Pardieu, 2009; Marshall et al., 2012). It is 
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very intriguing to observe similar multiphase inclu- 
sions in the stones from these two deposits. 


Multiphase Inclusions. The discovery of three-phase 
inclusions in samples reportedly from Musakashi 
was rather surprising. While these inclusions are 
similar to those in emeralds from Colombia, Afghan- 
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Pefias Blancas, La Pita, Chivor, Detection 
Colombia Colombia Colombia limit 
2 samples, 3 samples, 6 samples, 

10 spots 15 spots 35 spots 
30-65 24-80 40-113 0.2 
(48) (44) (67) 
49,900-54,700 52,900-—70,700 46,900-56,000 2.3 
(52,480) (58,666) (50,365) 
2,390—4,100 1,980-7,000 1,340-6,090 8.8 
(3,226) (4,677) (3,448) 
2,280-3,740 1,840-6,830 1,100-5,280 0.4 
(2,888) (4,475) (2,859) 
96,600-109,000 92,300-129,000 84,600—110,000 3.6 
(102,750) (105,493) (97,188) 
8-11 bdl—40 bdl-30 3.0 
(10) (24) (14) 
36-82 94-344 6-173 0.8 
(57) (248) (87) 
317-3,960 6,000-10,100 218-2,020 0.3 
(2,000) (8,004) (846) 
1,810-2,540 2,940-10,700 671-2,880 25 
(2,183) (5,645) (1,334) 
164-656 200-383 117-862 18.4 
(400) (280) (366) 
12-30 32-36 7-40 0.1 
(20) (34) (19) 
0.6-1 bdl—4 0.5-3 0.1 
(3) (2) 
3-10 5-12 6-16 0.1 
(11) 
4-7 bdlI-5 bdl-7 2.1 
(4) (4) (4) 
bdl bdl bdl 0.5 
bdl bdl bdl 0.4 


istan, and China (Xin Jiang), specimens from the 
neighboring Kafubu area of Zambia contain two- 
phase inclusions or three-phase inclusions with crys- 
tals that are only visible under cross-polarized light 
(Zwaan et al., 2005). The stones reportedly from 
Musakashi had multiphase inclusions hosting not 
only liquid and gas bubbles but also several solid 
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phases. Usually at least two crystals could be seen: 
one cubic, one more rounded, and often several 
smaller ones ranging from transparent colorless to 
opaque black. This was not typically observed in our 
Colombian samples. The cubic crystals, the gas 
phase, and the daughter crystals were identified by 
Raman spectroscopy as a halide, CO,, and carbonate, 
respectively. These results are identical to those re- 
ported for fluid inclusions in Colombian emerald 
(Giuliani et al., 1994). The shape of the cavity hous- 
ing the multiphase inclusions in our Musakashi sam- 
ples was usually quite irregular, not unlike those 
seen in those from Colombia, Afghanistan, and 
China. In some cases the cavity’s shape was similar 
to the jagged form commonly found in Colombian 
emeralds or the elongated needle shape typical of 
Panjshir emeralds. But for the most part, the cavities 
in the Musakashi samples were similar to those as- 
sociated with Davdar. 

Unlike the Kafubu emeralds, the multiphase in- 
clusions in our Musakashi samples also contained 
more crystals with single refraction than double re- 
fraction. The gas bubbles in Musakashi multiphase 
inclusions were smaller than those found in Kafubu 
material. These results reflect the possibility that dif- 
ferent temperature and pressure conditions, geologic 
backgrounds, and fluid compositions existed when 
the emeralds from these two neighboring locations 
formed. 


Spectroscopy. UV-Vis-NIR. The UV-Vis-NIR spectra 
were characterized by absorptions that resulted from 
the presence of the chromophores chromium, vana- 
dium, and iron, illustrated in figure 21. The Musakashi 
emeralds shared similar absorption characteristics with 
those from Colombia and Davdar, but with lower V** 
absorption. Furthermore, the Musakashi samples 
showed no significant Fe’*-related absorption features 
at about 810 nm, and no Fe* absorption at about 372 
nm, which distinguished them from Davdar and most 
of the Kafubu material. Kafubu and Panjshir samples 
showed a strong narrow absorption band at 372. nm cor- 
responding to Fe*, as well as a broad band around 810 
nm corresponding to Fe”. The Davdar emeralds dis- 
played only the Fe’*-related broad band. The 810 nm 
peak is related to Fe content, though their relationship 
has not been clearly established yet. With higher iron 
concentration, the peak intensity at 810 nm increased, 
along with the peak at 372 nm. In this study, we meas- 
ured the 810 nm peak height of the ordinary ray, which 
ranged from 7 to 11 cm (Kafubu) and from 1 to 5 cm! 
(Panjshir). 
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Figure 22. Representative FTIR spectra (solid line = ordinary ray w, dashed line = extraordinary ray ¢) illustrating 
the type I and II water observed in emeralds from each origin. Type I samples showed peaks at 7140 (e, w), 7095 (e, 
w), 7072 (e), 7042 (w), 6843 (w), 6815 (e), 5430 (wm), 5268 (0, &), and 5205 (w, ) cm. Type II samples (which were 
only from Kafubu) showed peaks at 7265 (e), 7140 (), 7095 (w, &), 7076 (), 6840 (w, &), 5594 (e), 5340 (e), 5273 (w, &), 


and 5200 (w, ¢) cn. 


FTIR. The FTIR spectra recorded for the type I emer- 
ald samples all showed a 7140 cm" peak, higher than 
those at 7095 and 7072. cm" for the extraordinary ray, 
related to low alkali metals contents in the channels 
of the beryl structure. (Again, Kafubu was the only 
locality that yielded type II samples.) Total alkaline 
ion concentration, determined using LA-ICP-MS, 
showed no relationship with the peak at 7140 cm. 
This was because some of the alkali metals may exist 
in sites other than those that influence the water 
spectrum. For example, Li may occur in Be or Si sites, 
depending on ion sizes. 


Trace-Element Variations. The samples from 
Musakashi were characterized by LA-ICP-MS as hav- 
ing low concentrations of alkali metals and Mg, and 
high Al content. Most of the Kafubu emeralds 
seemed to have an abundance of the alkali metals Li, 
Na, K, Rb, and Cs. Various log-log population fields 
generated from the trace-element data collected 
(with multiphase inclusions) showed great potential 
in distinguishing geographic origin (figures 23-25). 
To explore this further, we added published data for 
Brazilian emeralds from Rio Grande do Norte 
(Zwaan et al., 2012), which confirmed the usefulness 
of this separation criterion. A log-log plot of Li versus 
Cs content can easily separate the two Zambian de- 
posits (figure 23). The same type of plot can generally 
distinguish Panjshir and Davdar from Musakashi and 
Colombian emeralds, even with a small overlapping 
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area. This plot may also help differentiate between 
Davdar and Panjshir, as the areas overlap only 
slightly. We compare this to Schwarz and Pardieu 
(2009), whose diagram of Ga versus Fe showed nearly 
complete overlapping between Davdar and Panjshir, 
rendering it impossible to distinguish between the 
two locations. As the population fields in the log-log 
plot of Li vs. Cs overlap for Musakashi and all 
Colombian emeralds, a plot of Fe vs. K and Fe vs. Ga 
proved useful in separating between these two ori- 
gins (figures 24 and 25). In addition, the recorded Ni 
content was just above the detection limit in emer- 
alds from Musakashi but below the detection limit 
in most Colombian samples. Average Fe concentra- 
tions were highest in samples from Kafubu. More- 
over, the Panjshir emeralds contained higher Sc, 
which was very useful in distinguishing them. 


CONCLUSIONS 
For many years, the observation of three-phase inclu- 
sions in emeralds was considered a reliable indicator 
of Colombian origin. But with the arrival in the mar- 
ket of emeralds from Panjshir (Afghanistan), Davdar 
(China), and Kafubu and Musakashi (Zambia) that 
may also display three-phase inclusions, origin deter- 
mination became more complicated. There are some 
notable differences, however. 

Emeralds from the Musakashi deposit are of par- 
ticular interest, as their internal features are quite dif- 
ferent from those found in the well-known deposits 
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Figure 23. Log-log plot of 
lithium (Li) versus ce- 
sium (Cs) concentrations 
in emeralds from the five 
different localities. 
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in the neighboring Kafubu area. The inclusion scene 
within the Musakashi emeralds is indeed dominated 
by multiphase inclusions that are commonly associ- 
ated with Colombian origin. Nevertheless, the out- 
line and make-up of these multiphase inclusions may 
be more irregular than those typical of Colombian de- 
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posits. Furthermore, the tendency of Musakashi 
emeralds to have at least two crystals associated with 
a gas bubble may raise questions about a possible 
Zambian origin. 

Emeralds from Panjshir, Afghanistan, are often 
characterized by elongated needle-shaped multiphase 
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Figure 24. Log-log plot 
of iron (Fe) versus 
potassium (K) concen- 
trations in emeralds 
from the five different 
localities. 
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TABLE 3. Summary of physical properties, UV-Vis-NIR absorption data, and trace-element chemistry of 
emeralds from five different localities. 


Locality Refractive Color filter Microscopic UV-Vis spectroscopy Trace-element analysis 
index reaction characteristics (cations in addition to Cr**) (84 samples) 
Musakashi, —1.572-1.582 Strong pink = Multiphase inclusions No significant Fe?*-related — Low alkali metal concentrations (1,530- 
Zambia tend to be more irregular absorption features inthe 6,060 ppmw) 
: : : 34 
than those in Colombian NIR region, and no Fe Ch SW CHAT ratio 1.7283 
gems; multiphase inclu- observed 
sions with at least two Fe concentration: 680—1,490 ppmw 
crystals associated with : 
Li vs. Cs log-log plot can help separate 
a gas bubble may : : 
ace : Musakashi from Kafubu and slightly 
indicate Zambian rather . 
: Pos separate from Colombia 
than Colombian origin 
Fe vs. K log-log plot can help separate 
Musakashi from Colombia 
Kafubu, 1.582-1.593 Inert Multiphase inclusions Strong broad Fe** band at —_ High alkali metal concentrations 
Zambia (RI values are usually rectangular approximately 810 nm (15,834—23,294 ppmw) 
typically ue shape, but may’ be ., O-ray: narrow Fe** band at Cr >>V; Cr/V ratio 8-40 
higher than irregular in outline; solid atproxinately 372°nm 
other crystals of pyrolusite, PP Y Fe concentration: 5,900-11,600 ppmw 
localities) chlorite, mica, amphi- Li vs. Cs log-log plot can help separate 
bole, and tourmaline 
Kafubu from others 
Panjshir 1.572-1.590 Inert to pink = Multiphase inclusions = Medium broad Fe** band at Moderate to high alkali metal 
Valley, tend to be more approximately 810 nm concentrations (3,946-17,505 ppmw) 


Afghanistan 


Davdar, 
China 


Colombia 
(Muzo, 
Coscuez, La 
Pita, Penhas 
Blancas, and 
Chivor) 


1.577-1.588 Pink 


1.570-1.580 Pink to 
(typically strong pink 
lower than 

other 

localities) 
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elongated or needle- 
shaped than other 
localities; each may 
host several cubic to 
rounded transparent 
crystals, and sometimes 
small, dark opaque 
crystals 


Multiphase inclusions 
are usually jagged or 
irregular in outline, and 
some are needle-like 


Classic jagged 
multiphase inclusions 
host a gas bubble and 
one or more cubic 
crystals; gas bubbles are 
usually smaller than the 
whole inclusion, and 
also smaller or about 
the same size as the 
associated cubic crystal 


O-ray: Fe** peak at 372 nm 
in some samples 


Similar to Musakashi: 
Small broad Fe** band at 
approximately 810 nm 


Similar to Colombia: 
Strong V3* bands at approx- 
imately 400 and 654 nm 


No Fe?* or Fe** observed 


Weak to medium V?* bands 
at approximately 400 and 
654 nm 
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Cr and V concentrations may be 
similar: 


Cr/V ratio 0.3-3.3 
Fe concentration: 1,010—9,820 ppmw 


Li vs. Cs log-log plot can help separate 
Panjshir from Kafubu, Musakashi, and 
Colombia (and Davdar, to a lesser 
extent) 


Low to moderate alkali metal 
concentrations (5,190—12,620 ppmw) 


Slightly more V than Cr; Cr/V ratio 
0.1-1.0 


Fe concentration: 1,230—4,350 ppmw 


Fe vs. K log-log plot can help separate 
Davdar from Musakashi and Colombia 


Li vs. Cs log-log plot can help separate 
Davdar from Panjshir, to a lesser extent 


Low alkali metal concentrations 
(1,515-8,115 ppmw) 


Cr and V concentrations may be 
similar: 


Cr/V ratio 0.04 and 3.5 
Fe concentration: 117—2,030 ppmw 


Fe vs. Ga and Fe vs. K log-log plot can 
help separate Colombia from others 
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CHEMICAL COMPOSITION 
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inclusions rather than the traditional jagged type often Studying the inclusion scene in these emeralds 


seen in Colombian material. Furthermore, Afghan can be quite confusing, but spectroscopy and trace- 
emeralds often host up to 10 cubic to rounded trans- element chemistry can provide additional valuable 
parent crystals, and sometimes small dark, opaque tools to distinguish between them. The presence or 
crystals. When examined between crossed polarizers, | absence of Fe** and Fe* and the varying intensity of 
the cubic crystals appeared to be singly refractive and V** absorption may suggest different countries of ori- 
the small rounded crystals appeared doubly refractive. gin. More generally, plotting the log-log results from 
Such features are not typical of Colombian emeralds. | the LA-ICP-MS data for Cs, Li, K, Ga, and Fe re- 
The multiphase inclusions in emeralds from sulted in population fields that also appear very 
Davdar, China, can be very similar to those inemer- promising as a tool in determining the origin of 
alds from Colombian deposits. Many of the multi- emeralds. 
phase inclusions found in Davdar specimens are In many cases, the combination of the inclusion 
jagged and have only one cubic crystal. But the shape scene, UV-Vis-NIR absorption data, and trace-ele- 
of these multiphase inclusions is usually more irreg- ment chemistry (summarized in table 3) can help the 
ular (sometimes needle-like) than the jagged outline gemologist determine the origin of emeralds with 
typically observed in Colombian emeralds. three-phase or multiphase inclusions. 
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COLOR PHENOMENA OF BLUE AMBER 


Yan Liu, Guanghai Shi, and Shen Wang 


The greenish blue color observed in some amber 
from the Dominican Republic and Indonesia is 
actually fluorescence stimulated by ultraviolet 
(UV) light. A previous study described the color 
as iridescence over a yellow background, but it 
is in fact a surface fluorescence. Since this amber 
can be considered a long-wavelength pass filter 
with a half-pass wavelength at about 530 nm in 
its spectral transmittance, it does not transmit ei- 
ther UV or short-wave visible light. As this mate- 
rial completely absorbs light in the UV range and 
strongly absorbs light in the short-wave visible 
range, the stimulated blue color is confined ex- 
clusively to the surface. The amber from this study 
also showed the Usambara effect, the phenome- 
non in which color varies with the path length of 
light through a sample. 


mber is fossilized tree resin used for jewelry, dec- 

oration, medicine, and perfume. Specimens with 
inclusions of insects and plants are of great scientific 
significance and highly esteemed by collectors. 
Amber is usually yellow to brown, and some speci- 
mens display red to brownish red or reddish brown 
colors. Blue amber is rare, found mainly in the Do- 
minican Republic with some production from In- 
donesia and Mexico. This variety comes from the 
resin of the extinct tree species Hymenaea protera 
(Iturralde-Vinent and MacPhee, 1996; Poinar and 
Poinar, 1999). According to Iturralde-Vinent and 
MacPhee (1996), most Dominican amber occurs in 
two zones: north of Santiago de los Caballeros (the 
“northern area”) and northeast of Santo Domingo 
(the “eastern area”). 


See end of article for About the Authors and Acknowledgments. 
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Although resinites of different ages exist, avail- 
able biostratigraphic and paleogeographic data sug- 
gest that the main amber deposits in the Dominican 
Republic (including those famous for yielding biolog- 
ical inclusions) were formed in a single sedimentary 
basin during the late Early Miocene through early 
Middle Miocene (15 to 20 million years ago). There 
is little evidence of extensive reworking or redeposi- 
tion of the ambers. Before the studies of Iturralde-Vi- 
nent and MacPhee (1996), amber from the northern 
area was thought to have formed during the Early 
Eocene to Early Miocene epochs (Baroni-Urbani and 
Saunders, 1982, Lambert et al., 1985; Poinar and Can- 
natella, 1987; Grimaldi, 1996), while published esti- 
mates for the eastern area ranged from the Cretaceous 
to Holocene epochs (Burleigh and Whalley, 1983; 
Poinar and Cannatella, 1987; Grimaldi, 1996). 


Bellani et al. (2005) studied blue amber from the 
Dominican Republic and identified the aromatic hy- 
drocarbon component perylene as the source of the 
UV-stimulated fluorescence emission in the visible 
wavelength range from 430 to 530 nm, resulting in 
the observed greenish blue color. They also described 
the blue color as iridescence under natural daylight 
or daylight-equivalent lighting. 

Iridescence is an optical phenomenon in which a 
surface appears to shift color as the viewing angle or 
angle of illumination changes (Nassau, 1983). Al- 
though most iridescence is caused by interference, 
Liu et al. (1999b) found that in pearls and shells it re- 
sults from diffraction. Each layer of shell and pearl is 
optically heterogeneous. Light is strongly diffused as 
it passes through the layers, causing the milky white 
color observed. The diffused light cannot produce in- 
terference to cause the iridescence color. For this to 
happen, each layer would have to be optically uni- 
form and have a thickness on the order of visible- 
light wavelengths. 

UV fluorescence is also known to cause signifi- 
cant visible color change in some diamonds. Strong 
UV fluorescence under daylight caused such an effect 
in the 56.07 ct Tavernier diamond (Liu et al., 1998). 
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Figure 1. Map of the Dominican amber mines visited 
by one of the authors in 2013. 


The UV fluorescence changed the entire diamond’s 
bodycolor from light brown under incandescent light 
to light pink under daylight. 

The phenomenon by which bodycolor varies with 
a gemstone’s thickness is called the Usambara effect. 
Liu et al. (1999a) determined that this color variation 
is caused by the hue angle change corresponding 
with the path length of light through a gem material. 

This article presents the color phenomena of blue 
amber from the Dominican Republic and Indonesia. 
Fluorescence and photoluminescence were measured 
at room temperature to show the characteristic fea- 
tures. As a result, we found that the amber’s greenish 
blue color is only superficial. By calculating the col- 
orimetric data at different depths within a sample, 


Figure 3. These blue amber beads from the Dominican 
Republic, 6.0-12 mm in diameter, are shown under 
daylight-equivalent flashlight. Their greenish blue 
color is evenly distributed. Photo by Guanghai Shi. 


we determined that the hue angle changed with 
depth, an indication of the Usambara effect in blue 
amber. 


MATERIALS AND METHODS 
In 2013, one of the authors visited amber deposits in 
the northern and eastern parts of the Dominican Re- 
public (figure 1). Figure 2 shows a typical mining op- 
eration, while figure 3 shows blue amber beads 
acquired from the local miners. 

In the northern area, the upper 300 meters of the 
La Toca Formation of 1,200-meter-thick clastic rocks 
contains the amber-bearing unit, composed of sand- 
stone with occasional conglomerate that accumu- 
lated in a deltaic to deep-water environment. Amber 


Figure 2. Left: Amber is mined by hand in the Dominican Republic. Right: After digging an open pit inside a hill, 
the miners typically dig a well more than 10 meters deep to look for an amber layer. Blue amber can occasionally 
be found with other varieties of amber. Photos by Guanghai Shi. 
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fragments in this deposit, which measure up to 40 
cm in length, show few surface signs of transporta- 
tion. Lignite occurs in the form of thin lamellae 
within the sandstones. These clastic rocks grade into 
flyschoid, with deeper-water deposits containing de- 
trital amber.” 

In the eastern area, the amber-bearing sediments 
in the approximately 100 m thick Yanigua Formation 
are composed of organically rich laminated sand, 
sandy clay, and some intercalated lignite layers up to 
1.5 m thick. Amber pieces occur in the lignite and 
the sandy clay. In addition to indicative sedimentary 
features, the characteristics of the invertebrate and 
vertebrate fossils from these beds—crocodiles, sire- 
nians, and turtles—imply that deposition occurred 
in a near-shore context, probably in coastal lagoons 
fronting low, densely forested hills (Brouwer and 
Brouwer, 1982). 

Two blue amber samples were studied. Sample 
1, a cabochon from the Dominican Republic, ap- 
peared to have a greenish blue surface color and a 
yellow bodycolor (figure 4). Sample 2, a rough In- 
donesian amber with one surface polished, showed 
blue color on the polished surface and a red body- 
color (figure 5). Both samples showed very strong 
greenish blue fluorescence under long-wave UV ra- 
diation at 365 nm, and weak fluorescence under 
short-wave UV at 254 nm. Both also showed greenish 
blue phosphorescence that lasted several seconds. 

An MDIS-f8 multifunction dual integrating 
sphere spectrometer was used to measure the sam- 
ples’ spectral transmittance and UV fluorescence so 


Figure 4. Sample 1 was a 1.25 ct blue amber cabo- 
chon from the Dominican Republic, measuring 10.98 
x 7.57 x 4.68 mm. Photo by Yan Liu. 
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Figure 5. Sample 2, a rough amber from Indonesia, 
weighed 35.15 ct and measured 26.21 x 25.96 x 20.42 
mm. Photo by Yan Liu. 


that we could calculate hue and saturation. The op- 
tical arrangement for measuring the greenish blue 
fluorescence is shown in figure 6. The polished sur- 
face of sample 2. was held at a 45° angle to the sam- 


In Brief 


e Blue amber—amber that exhibits a greenish blue color 
under certain conditions—owes this color component 
to fluorescence. 


e The greenish blue fluorescence color is essentially con- 
fined to the surface, as both the excitation and emis- 
sion wavelengths are completely absorbed. 


e Blue amber also displays the Usambara effect, whereby 
its bodycolor changes from yellow to red with increas- 
ing thickness. 


ple stage. A 365 nm light-emitting diode (LED) was 
used to illuminate the polished surface at a 45° angle 
to excite blue fluorescence. A portion of the blue flu- 
orescence passed through the aperture into the inte- 
grating sphere, where it was collected by a 
collimator and sent to the spectrometer for measure- 
ment. The spectrometer was calibrated by a radio- 


*Clastic refers to a sedimentary rock composed of broken pieces of 

older rocks. Liginite, a brownish black coal, is considered the lowest 
grade of coal due to its relatively low heat content. Flyschoid forma- 
tions consist of cyclic sedimentary deposits and formed under deep 

marine circumstances, in a low-energy depositional environment. 
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The Hecognition 
of 


Surface Irradiated Diamonds 


by 


FREDERICK H. POUGH, The American Museum of Natural History 
and 
A. A. SCHULKE, Washington University, St. Louis 


HE PAPER BY Martin L. Ehrmann in 

the summer 1950 issue of Gems and 
Gemology recounted some of the pioneer 
work by Mr. Ehrmann and Dr. Harry Ber- 
man of Harvard on the coloration of dia- 
monds by the cyclotron. Mr. Ehrmann car- 
tied the work further at the Columbia cy- 
clotron in cooperation with Dr. William 
Havens. In recent years, the senior writer 
has worked with Dr. Havens and others in 
an attempt to learn more of the effects 
and their cause, and to try to work our a 
means of predicting the results. 

The earliest experiments on diamond col- 
ofation are reportedly those of Sir William 
Crookes, who, by immersing the stones in 
radium bromide, obtained a green colora- 
tion. This was reported, as told by Mr. 
Hardy in the same issue with Mr. Ehr- 
1914. Subsequently, 
greening of diamonds appears to have been 
done and sradium-treated 
stones were placed upon the market. This 
treatment must have involved considerable 
risk, for experiments by the writer in which 
the diamond was exposed to a great quan- 
tity of radium, through the courtesy of Mr. 
Gilbert Labine of Toronto, produced nega- 
tive results. At the time the diamonds were 
at Port Hope radium refinery they were 
placed in the radium safe with 2 1/2 


mann’s article, in 


commercially, 


grams of radium, but it was radium en- 
cased in glass and brass containers. Pre- 
sumably, only the penetrating gamma tays 
bombarded the stones. With them was a 
pale yellow sapphire, a pale yellow scapo- 
lite and a light kunzite. The sapphire be- 
came amber color, the kunzite pale blue 
green, and the scapolite amethyst in a per- 
iod of nineteen days. The colored stones 
were selected on the basis of previous ex- 
periments with X-rays’ which had shown 
them to be particularly susceptible to color 
changes. (Sapphire and kunzite accompan- 
ied the diamond at the Bikini test and none 
was affected in the least.) The explanation of 
the color changes has not yet been found; 
in the case of the radium treatment it is 
clear that the penetrating rays used in 
medical irradiations pass through the dia- 
mond without affecting it, for even a year’s 
exposure had no effect. On the other hand, 
these same rays do affect the other stones 
mentioned. The effect penetrates the stone 
and is not only on the surface. It is also 
temporary, exposure to light has now re- 
moved the coloration induced by the tra- 
dium. 

As a result of these’ experiments, to- 
gether with the reported success of the 
earlier workers, it is apparent that the col- 
oration of diamonds reported up to now 
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Figure 6. The optical arrangement for measuring the 
amber’s blue fluorescence featured a multifunction 
spectrometer with a 365 nm LED. Components in- 
clude: (1) light measurement integrating sphere, (2) 
sample stage, (3) aperture, (4) collimator, (5) light trap, 
(6) baffle, (7) light source, (8) spectrometer, (9) com- 
puter, (10) blue amber sample, and (11) 365 nm LED. 


metric calibration lamp to measure the relative spec- 
tral power distribution of the blue fluorescence 
rather than the digital counts. Therefore, the meas- 
ured blue fluorescence spectrum was true in spectral 
power distribution. 

Figure 7 shows the optical arrangement for meas- 
uring spectral transmittance using the multifunction 
spectrometer with a xenon-filled tungsten lamp at 
the top of the integrating sphere. We placed an un- 
polished area chipped from sample 2 that was about 
1 mm thick on the measurement stage, where the di- 
ameter of the aperture was 3 mm. The light from the 
lamp at the top of the measurement integrating 
sphere passed through both the slice and the aper- 
ture, into the measurement integrating sphere. The 
collimator collected the transmitted light from the 
amber slice and sent it to the spectrometer for meas- 
urement. To measure the percentage of spectral 
transmittance, the spectrometer is calibrated to 
100% without the sample on the stage, and to 0% by 
turning off the tungsten lamp. 


SURFACE COLOR 

Figure 8 shows the unpolished slice taken from sam- 
ple 2. Figure 9 shows the slice’s spectral transmit- 
tance, which is essentially a typical long-pass 
transmittance spectrum with a half-pass wavelength 
at about 530 nm and a cutoff wavelength at about 
450 nm. The slope is not steep at the short-wave- 
length end of the long-pass transmittance spectrum. 
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Figure 7. The optical arrangement for measuring trans- 
mittance uses a multifunction spectrometer, with a 
xenon-filled tungsten lamp at the top of the integrating 
sphere. Components include: (1) light measurement in- 
tegrating sphere, (2) sample integrating sphere, (3) sam- 
ple stage, (4) aperture, (5) disk, (6) collimator, (7) light 
trap, (8) baffle, (9) light source for reflectance measure- 
ment, (10) light source for transmittance measurement, 
(11) blue amber sample, (12) spectrometer, and (13) 
computer. 


The blue light with a wavelength shorter than 450 
nm is completely absorbed, and the transmittance of 
visible light from 450 to 760 nm increases gradually. 
Thus, the 1 mm slice appears yellow, and the body- 
color of the amber appears orangy yellow to brown 
in the thicker area. 


Figure 8. This slice, taken from sample 2, is 1 mm 
thick at the center. This piece was used for measuring 
the spectral transmittance of blue amber. Photo by 
Yan Liu. 


Gems & GEMOLOGY SumMMeR 2014 137 


TRANSMITTANCE SPECTRUM 


100 5 


70 4 


SPECTRAL TRANSMITTANCE (%) 


Dea T T 
400 500 600 700 


WAVELENGTH (nm) 


Figure 9. Spectral transmittance of the slice from sam- 
ple 2. This is a long-wavelength pass spectrum with a 
cutoff wavelength at about 450 nm, and a half-pass 
wavelength at about 530 nm. Only light with wave- 
length longer than 450 nm can partially pass through 
the amber slice, and the transmittance increases 
gradually from 450 to 760 nm. 


Figure 10 shows the UV fluorescence spectrum of 
sample 2,, measured with a 365 nm UV light source. 
The UV light was incident to the surface of the sam- 
ple, and the UV fluorescence was collected from the 
surface by the measurement integrating sphere com- 
ponent of the dual integrating sphere spectrometer. 
The UV fluorescence spectrum showed three peaks 
at around 450, 485, and 500 nm. This UV fluores- 
cence spectrum was similar to the one recorded by 
Bellani et al. (2005). It is this short-wavelength fluo- 
rescence spectrum that causes the greenish blue sur- 
face color of blue amber. 


Figure 10. The UV fluorescence spectrum of the bulk 
piece of sample 2, generated by 365 nm long-wave 
UV light. 
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When UV light struck the blue amber, it excited 
the greenish blue fluorescence. Because of the total 
absorption of UV light, however, it cannot penetrate 
into the blue amber. It can only cause blue fluores- 
cence at the surface. 

With increasing depth below the surface, the cut- 
off wavelength shifts to a long wavelength, and the 
greenish blue fluorescence is eventually totally ab- 
sorbed. As this depth is still very shallow, the fluo- 
rescent light penetration is confined near the surface, 
limiting the ability to change bodycolor. 

Figure 11 shows a lateral view of the greenish 
blue fluorescence of sample 2. To emphasize the 
greenish blue surface UV fluorescence, the photo 
was taken with a 365 nm UV light source. The UV 
light illuminated the blue amber from the right side, 
while incandescent light illuminated the top and 
bottom to show the bodycolor. The observed fluo- 
rescence agreed with the theoretical fluorescence 
based on the fluorescence measurements in the 
short-wavelength visible range (see figure 10). 

UV light cannot penetrate the amber’s surface, 
but fluorescence can penetrate to a shallow depth, 


Figure 11. Lateral view of the greenish blue fluores- 
cence of sample 2. Long-wave UV illumination from 
the right produced the greenish blue fluorescence at 
the surface; incandescent illumination from above 
and below was used to show its bodycolor. Due to the 
short-wavelength cutoff, UV light can only excite the 
greenish blue fluorescence at the surface. The green- 
ish blue fluorescence cannot penetrate deep into the 
blue amber. Photo by Yan Liu. 


365 nm UV light 
Se 


Gems & GEMOLOGY SUMMER 2014 


therefore, the very strong greenish blue fluorescence 
cannot cause the alexandrite effect of bodycolor un- 
less the sample is very thin. This is different from 
the alexandrite effect previously mentioned in the 
Tavernier diamond, where the greenish blue fluores- 
cence penetrated the stone and caused a change in 
its bodycolor. The greenish blue fluorescence color 
of our amber samples was superficial. 

UV fluorescence is generally very weak com- 
pared to the reflected or transmitted light of a ma- 
terial’s bodycolor under daylight or daylight- 
equivalent light, even if the UV fluorescence is very 
strong. This statement holds true for the greenish 
blue fluorescence of blue amber. Under daylight, the 
surface greenish blue fluorescence is difficult to ob- 
serve, and only the yellow to brownish orangy red 
bodycolor is apparent. The surface fluorescence is 
usually observed when the blue amber is held 
against a black background. The black background 
limits light reflection, enhancing the fluorescence. 


THE USAMBARA EFFECT 

One surface of sample 2 was polished to form a 
wedge shape to show color change with different 
thicknesses. With increasing thickness, sample 2’s 
cutoff wavelength moves to longer wavelengths, and 
its transmission color changes from yellow to red 
(figure 12). The hue is yellow where the sample is 
thin and changes to brownish orangy red with in- 
creasing thickness. 

Table 1 shows the calculated relationship be- 
tween the thickness and hue angle of sample 2 in the 
CIELAB color space under the CIE standard illumi- 
nant A at a color temperature of 2856 K, which rep- 
resents the incandescent light used to observe the 
transmission color (Wyszecki and Stiles, 2000). 
Where the amber is 1 mm thick, its hue angle is 88.1° 
and its chroma is 33.4. The 88.1° hue angle repre- 
sents a yellow hue, the 33.4 chroma a medium satu- 
ration. As the thickness increases, the hue angle 
becomes smaller and the chroma becomes higher. 
When the thickness reaches 7 mm, the hue angle is 
lowered to 76.7° and the chroma achieves its maxi- 
mum saturation at 75.0. This hue angle and chroma 
represent an orange color with high saturation. When 
the thickness reaches 25 mm, the hue angle is re- 
duced to 62.8°, observed as an orangy red hue, and 
the chroma becomes 55.1, representing a medium- 
high saturation. 

Figure 13 shows the hue angle change of the blue 
amber in the CIELAB color space under the CIE 
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TABLE 1. Calculated relationship between thickness 
and hue angle and chroma of a blue amber sample. 


Thickness (mm) Hue angle Chroma 
1 88.1° 33.4 
2 85.6° 51.7 
3 83.3° 62.0 
4 81.4° 68.0 
5 79.6° 71.6 
7 76.7° 75.0 

10 75.3° 73.1 
15 70.2° 68.7 
20 65.4° 62.9 
25 62.8° 55.1 


standard illuminant A at 2856 K. The locus of these 
hue angles is a closed curve, with a hue angle varia- 
tion of more than 20° in CIELAB color space. This 
locus is typical of the Usambara effect, which de- 
scribes color variation with material thickness. In 
fact, many red and reddish brown ambers we have 
observed, with or without the blue fluorescence, 
clearly displayed the Usambara effect. As sample 
thickness increased, their bodycolor went from yel- 


Figure 12. The bodycolor of sample 2 changes from 
yellow to orangy red where the stone is thicker. Photo 
by Yan Liu. 
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Figure 13. In CIELAB color space, the hue angle locus 
of sample 2 shows a variation of more than 20°, at- 
tributable to the Usambara effect. 


low to brownish orange or orangy brown, brownish 
red, or even red. 
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CONCLUSION 


The greenish blue color of blue amber from the Do- 
minican Republic and Indonesia is caused by UV- 
stimulated fluorescence. The greenish blue fluores- 
cence color is confined to the surface. There are two 
reasons for this: (1) UV light can only stimulate the 
greenish blue fluorescence on the surface of amber, 
and (2) amber strongly absorbs the greenish blue fluo- 
rescence light and does not allow it to penetrate much 
below the surface. Where a sample is thicker, the cut- 
off wavelength of the long-wavelength pass spectrum 
moves to a longer wavelength, and the greenish blue 
fluorescence can only penetrate a very thin layer of 
the amber. Thus, the blue fluorescence only appears 
on the surface. 

Blue amber’s bodycolor changes with increasing 
thickness: yellow in areas less than 3 mm thick, 
orangy yellow to yellowish orange at approximately 
3-6 mm, orange at 6-8 mm, and reddish orange and 
orangy red where the stone is more than 8 mm 
thick. 
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EXPERIMENTAL STUDIES ON THE HEAT TREATMENT OF 


BALTIC AMBER 


Yamei Wang, Mingxing Yang, and Yiping Yang 


Amber samples were subjected to heat treatment 
experiments aimed at reproducing heated prod- 
ucts found in the jewelry market today. Using a 
furnace and applying specific conditions, the au- 
thors produced four types of heated amber: 
golden, red, “flower,” and “beeswax.” This paper 
describes the procedures and parameters that in- 
fluence the characteristics of heated amber. 


mber’s naturally soft color is appreciated by con- 
noisseurs the world over. In China, the gem has 
been regarded as sacred since ancient times. It is one 
of China’s seven Buddhist treasures, along with gold, 
silver, pearl, coral, Tridacna clams, and Jiuli (glass). 
Huge quantities of amber are consumed each year, 
especially in the Chinese market, but high-quality 
natural material is rare and expensive. As a result, 
some dealers seek to improve its appearance and 
quality through heat treatment, which expands the 
variety available but poses identification challenges. 
Numerous studies have dealt with the identifica- 
tion of heat-treated amber (e.g., Brody et al., 2001; 
Zhang, 2006; Feist et al., 2007; Abduriyim et al., 
2009). Yet the methods of heat treatment are closely 
guarded and quite complex. Details surrounding en- 
hancement mechanisms, the evolution of flow stria- 
tions, and the reworking of inclusions, as well as 
changes in gemological properties under different 
treatment conditions, are not well understood. 
In recent years, a few reports have focused on re- 
producing the heat treatment of amber (e.g., Zhang 
2003; Abduriyim et al., 2009; Ross, 2010). In one 
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study, samples were placed in plant oil or fine-grained 
sands and heated, improving their transparency and gen- 
erating “sun spark” inclusions. Such methods are not 
easily duplicated, however. This investigation adopts 
standard equipment and procedures for commercial- 
scale heat treatment and explores the mechanisms 
behind a series of changes resulting from the treat- 
ment. 

To simulate the heat-treated varieties available in 
the Chinese market, the authors chose raw Baltic 
amber specimens from Kaliningrad, Russia, and per- 
formed a series of heating experiments at an anony- 
mous processing facility. We succeeded in producing 
a full range of heated amber varieties, including 
golden, red, “flower,” and “beeswax” (figure 1). These 


Figure 1. These photos show four types of heated 
Baltic amber found in the market. Clockwise from 
top left: a 21.34 g golden amber, a 42.80 g red amber, 
a 23.21 g “beeswax” amber, and a 11.95 g golden 
amber with flower inclusions. Photos by Yamei Wang, 
courtesy of Shengji Co. 
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experiments yielded useful information about proce- 
dures, conditions, and influencing factors for heat 
treatment. The gemological parameters and inclu- 
sion characteristics may provide valuable references 
for the identification of heat-treated amber. 


MATERIALS AND METHODS 

Six good-quality Russian amber specimens were ob- 
tained from Beata Amber (Vilnius, Lithuania) for heat 
treatment. The raw samples weighed 380 g total and 
were labeled JA-JF. They ranged from orange-yellow 
to honey yellow in color and from transparent to 
opaque, with naturally weathered surfaces (table 1). 
For this study, each specimen was cut into several 
subsamples, designated as JA-1 through JA-5, etc. (fig- 
ure 2). This enabled us to track and observe changes 
in structure and properties at different experimental 
stages. 

For the heat treatment experiments, we used a 
Kapex AB/3/KAP furnace (figure 3). The automatic 
control and protection system can be connected to 
the pressure furnace through a stop valve, depending 
on the desired enhancement effect. Slowly charging 
inert gas (N,) into the pressure furnace and heating 
it removes cloudy bubbles inside the amber, improv- 
ing its transparency and hardness. By regulating the 
gas medium used for enhancement, the resulting 
color can also be adjusted. 


RESULTS 

The heat treatment of amber generally consists of 
four stages: preparation, dosing, enhancement, and 
blowing-out. Details of the stages are described in 
table 2. Table 3 shows the samples’ appearance before 
and after treatment, as well as the treatment param- 
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Figure 2. Raw amber 
specimens from Kalin- 
ingrad, Russia, were col- 
lected for heat treatment 
experiments. The whole 
specimens ranged from 
27.23 g (sample JB) to 
74.70 g (sample JE). 
Photo by Yamei Wang. 


eters and overall effectiveness. It should be noted 
that these parameters are given in averages or approx- 
imate values, as detailed data were not divulged by 
the processing facility. 


Purification Process. Purification removes bubbles 
from amber in an inert gas medium, improving trans- 
parency. This process requires careful regulation of 
temperature and pressure inside the autoclave to 
avoid melting the amber. Thick specimens with poor 
transparency may need to undergo several rounds of 
purification, or one lengthy process at higher pres- 
sure and temperature. Purification is the primary 
method for producing golden and pearly beeswax 
amber, and it is commonly used as a pretreatment 
before oxidation or sun sparking. 


Figure 3. A Kapex AB/3/KAP amber furnace was used in 
the heat treatment experiments. Photo by Yamei Wang. 
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TABLE 1. Characteristics of the amber samples used in heat treatment experiments. 


Sample 
code 


Description 


JA 


Golden specimen, rectangular and sub-angular in 
shape. Transparent, with a yellowish orange and fine- 
grained surface. The interior is clean, occasionally 
showing small silky and cloudy inclusions, a few tiny 
gas bubbles, and an apparent disc-shaped crack. 


Beeswax-colored specimen, nearly trigonal to sub- 
triangular in shape, showing a color variation of golden 
yellow to milky white from the edge to the center. 
Transparent to opaque, exhibiting a brownish yellow 
and saccharoidal surface. The center shows smooth flow 
structure, gas bubbles, and a disc-shaped structure. 


Beeswax-colored specimen. Slightly transparent to 
semitransparent, showing a brownish dendritic 
surface. The inside displays flow striations and clearly 
defined boundaries, with bubbles visible in cloudy 
inclusions. 


Beeswax-colored specimen, nearly elliptical in shape. 
Slightly transparent to semitransparent, showing a 
brownish yellow dendritic surface. The inside displays 
smooth flow striations and bubbles. 


Beeswax-colored specimen, nearly rectangular. 
Opaque, with a brownish yellow surface. The inside 
shows mottled or smooth distribution of light yellow 
and white veins with clearly defined boundaries. 


Beeswax-colored specimen, nearly trigonal and sub- 
angular. Milky white, opaque, with a brownish yellow 


dendritic surface and flow structures inside. 


GGA hE 


For the first test, we chose samples JA-3, JA-4, JA- 
5, and JC-7; the JA samples are transparent, naturally 
golden amber, and JC-7 has an opaque yellow 
beeswax color. We started with a gas pressure of 4.5 
MPa and a room temperature of 27°C, which was in- 
creased over a three-hour period to 200°C. That tem- 
perature was maintained for about two hours, then 
cooled down to 35°C over a period of 14 hours, at 
which point the samples were removed. After purifi- 
cation, all the samples showed better transparency. 
Sample JC-7 exhibited the most dramatic improve- 
ment, changing from near opaque to transparent at 
the edges, with slight transparency at the center for 
a pearly beeswax effect. Its color did not change. 
Samples JA-3, JA-4, and JA-5 changed from golden 
yellow to brownish yellow. After purification, the JA 
samples were reserved for oxidation and sparking. 

Theoretically, less-transparent amber can be pu- 
rified in a single round by setting the proper condi- 
tions, but since the process is performed in a sealed 
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tank, the effects cannot be observed in real time. To 
prevent overheating and damaging the amber’s phys- 
ical-chemical properties, multiple purifications may 


In Brief 


¢ Portions of six raw amber specimens were subjected to 
heat treatment experiments to understand the condi- 
tions necessary to create specific effects in amber. 


e Purification, oxidation, and sparking processes yielded 
four distinct types of heat-treated amber: golden, red, 
“flower,” and “beeswax.” 


e The wide variety and quality of amber on the market 
depends on the material’s inherent properties and the 
treatment parameters. 


be used for transparency enhancement. For the sec- 
ond test, semitransparent to opaque sample JB-2 and 
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TABLE 2. General procedures for the heat treatment of amber. 


Stage Description 


1. Preparation Check the autoclave operation system. 
Determine operating parameters such 
as temperature, pressure, and atmo- 
sphere for heat treatment, based on 
thickness, size, and transparency of 
semi-finished and finished amber 
products. 


2. Dosing Arrange the samples on an iron tray 
and place inside the autoclave. Close 
and tighten the cover and insert the 


sensor. 


3. Enhancement Set the pressure, fill the autoclave with 
an inert gas (or oxygen) until the initial 
pressure is reached, and shut off the 
gas valve. Turn on the autoclave power 
supply and set the temperature, heating 
rate, and duration. After heating, the 


system will automatically shut off. 


4. Blowing-out | When the autoclave naturally cools 
down to about 40°C, shut off the 
power supply. Remove the temper- 
ature sensor, release the gas inside 
the stove, open the cover, and retrieve 


the specimens. 


opaque beeswax samples JB-4, JC-1, JC-4, JD-3, JD-4, 
JD-5, JD-6, JE-2, JF-1, and JF-2 were selected for two 
purification cycles, using the procedure described for 
the first test. The initial pressure was set at 5 and 5.5 
MPa, respectively; the temperature was set at 200- 
210°C, with heating times of five and six hours, re- 
spectively. 

After two purification cycles, the cloudy inclu- 
sions disappeared, turning the samples transparent. 
Samples JB-2, and JD-3 became transparent brownish 
yellow golden amber, while the others turned brown- 
ish red. Polishing off the superficial red oxidized lay- 
ers of samples JC-4, JD-4, JE-2, and JF-2 revealed a 
golden yellow color. After polishing, samples JD-4, 
JD-5, and JD-6 were set aside for sparking and oxida- 
tion. The red oxidation is thought to be related to 
remnants of air left inside the autoclave from incom- 
plete purging or from the presence of oxygen impu- 
rity in the nitrogen gas, either of which would 
oxidize the amber’s surface and turn it red during pu- 
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rification. Charging air into the autoclave to a pres- 
sure of 0.2 MPa and then releasing it would improve 
air exhaust and help prevent such oxidation. When 
the preset temperature is reached inside the auto- 
clave, slowly releasing some air and exhaust vapor 
would help accurately regulate pressure for the pu- 
rification test. 


Oxidation Process. Oxidation at an elevated temper- 
ature is the main process used to create red amber. It 
produces a red to deep reddish brown oxidized layer 
on the surface. Purified samples JA-4, JA-5, JB-4, JC- 
2, JD-6, and JF-3 were selected for oxidation in a 
sealed autoclave. The process was somewhat different 
from the purification test, in that a small amount of 
oxygen was charged into the inert gas media, accord- 
ing to a strict volume ratio of the two gases. Too little 
oxygen would produce an insufficient oxidation effect 
on the amber surface, while too much oxygen would 
be dangerous to the test equipment and the material 
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due to carbonization. Pressure was set at 4.5 MPa and 
the temperature was raised to 210°C over three hours, 
with inert gas charged into the autoclave together 
with a small amount of oxygen. 

After testing, all the samples had transformed 
into red to blackish red amber. A longer heating time 
generally means a deeper color of red amber. If one 
oxidation did not produce the expected effect, an- 
other could be performed. Only gas pressure needs to 
be increased (under the same temperature) by 0.5-1.0 
MPa above the previous oxidation test; otherwise, 
the amber samples tend to show sparking inside. 


“Sun Spark” Inclusions. To create small “sun spark” 
inclusions, the bubbles present in amber need to be 
“burst.” After heating the amber as in a purification 
step, the gas from the autoclave is released, causing a 
rapid decrease of interior pressure and breaking down 
the equilibrium between the inner and outer pressure 
of a bubble. This results in the expansion and sparking 
of bubbles and the formation of disc-shaped internal 
cracks, since the pressure inside the bubbles exceeds 
the pressure outside them. These disc-shaped cracks 
are termed “sun spark” inclusions. Amber with these 
inclusions is known as flower amber. Multiple rounds 
of sparking are needed to produce golden flower and 
red flower amber varieties. 

Conventional sparking consists of deep-frying and 
baking in sand, and the sparking effect is visually reg- 
ulated. Because these processes are time-consuming 
and quantities of amber containing the appropriate 
amount of gas/liquid inclusions are limited, most 
flower amber is manufactured by autoclave. 


Golden Flower Amber. Sparking for golden flower 
amber starts with the same procedures used in pu- 
rification but differs in the latter stages. After heating 
is complete, the power supply is immediately 
switched off, releasing gas inside the autoclave to 
cool down the pressure chamber. Samples JA-3, JD- 
5, and JE-5, which contain relatively abundant gas 
bubbles, were selected for this test. To prevent exces- 
sive sparking, which would result in cracking, all 
samples underwent purification treatment before- 
hand. For the first sparking test, the initial pressure 
was set at 2.0 MPa. The maximum temperature was 
set at 200°C, which was reached within two hours 
and maintained for one hour. Samples that failed to 
produce a flower effect after the first sparking test un- 
derwent a second and in some cases a third sparking 
test, at successively higher pressure and temperature 
conditions, until a golden flower effect was obtained. 
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In our testing, sample JE-5 achieved the best results, 
which came from two rounds of sparking. 


Red Flower Amber. Red flower amber is produced by 
two different methods: (1) sparking red amber and (2) 
oxidizing golden flower amber. The first process in- 
volves manufacturing red amber, stopping the heating, 
and directly releasing the air. This results in an instan- 
taneous pressure decrease that produces sparking in- 
side the red amber; when the superficial red oxidized 
layer is polished off, red flower amber is revealed. In 
the second method, golden flower amber undergoes ox- 
idation treatment and its oxidized skin is polished off. 
Although the first method is more efficient, both yield 
identical results. 

To produce red flower amber, we chose samples 
JC-3, JD-4, JE-3, and JE-4. The parameters for the 
sparking were an initial pressure of 3.0 MPa and a 
maximum temperature of 200°C after three hours of 
heating. Sample JC-3 was successful, while the other 
three failed. Sample JA-5 underwent oxidation, fol- 
lowed by sparking, after which the dark red layer was 
partially polished off to expose the golden yellow 
bodycolor. In this manner, golden and red bicolored 
flower amber was generated. 


“Beeswax” Amber. The method for manufacturing 
“beeswax” amber is relatively simple but consumes 
considerable time and energy. The process requires 
prolonged heating and slow oxidation under constant 
pressure and low temperature. First, samples are 
arranged in an iron tray that is spread with a layer of 
fine-grained sand and placed in the furnace. The tem- 
perature is set at approximately 50—60°C, for a heat- 
ing period of 60-100 days. During the baking process, 
the temperature must be controlled within a certain 
range. Samples JD-2 and JE-6 were chosen to produce 
beeswax samples. The specimens were heated at 
about 60°C for 60 and 90 days, respectively. After 
heating, the samples had a dull yellow color like an- 
cient beeswax. 


DISCUSSION 
Heat treatment of amber is aimed at altering or im- 
proving color, enhancing transparency, or producing 
inclusions with special effects. Different results were 
targeted, including purification, oxidation, “sun 
spark,” and “beeswax” effects. Based on these tests, 
several conclusions can be drawn. 

Beeswax-colored amber can be purified as transpar- 
ent golden material using an initial pressure of 4.5-5.0 
MPa and a maximum temperature of 200-210°C 
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TABLE 3. Enhancement parameters and characteristics of amber samples. 


Enhancement method(s) and 


t 
Sample Before test After test caramictcts Assessmen 
JA-3 Golden yellow Bicolored golden and red Purification, sparking The “sun spark” was small 
(9.44 g) flower Temperature: 200°C and only slightly visible. 


JA-4 Golden yellow 


(8.94 g) 

JA-5 Golden yellow 
(6.90 g) 

JB-2 White and golden yellow 
(6.82 g) pearly beeswax 


V 


JB-4 White and golden yellow 


Red 


Bicolored red and golden 
flower 


Brownish yellow golden 


{os 


Blackish red 


~~ 


(5.42 g) beeswax 

JC-1 White and honey yellow 
(6.58 g) beeswax 

JC-2 White and honey yellow 
(7.82 g) beeswax 

JC-3 White and honey yellow 
(8.71 g) beeswax 


Dark red 


Red 


Golden with red flower 


Time: 2.5 hours 
Pressure: 3.0 MPa 
Ambient medium: inert gas 


Purification, oxidation 
Temperature: 210°C 
Time: 3.0 hours 
Pressure: 4.5 MPa 


Ambient medium: inert gas + 
oxygen 


Purification, oxidation, sparking 
Temperature: 210°C 

Time: 3.0 hours 

Pressure: 4.5 MPa 


Ambient medium: inert gas + 
oxygen 


Purification 

Temperature: 200°C 

Time: 5.0 hours 

Pressure: 5.0 MPa 
Ambient medium: inert gas 


Purification, oxidation 
Temperature: 210°C 
Time: 3.0 hours 
Pressure: 4.5 MPa 


Ambient medium: inert gas + 
oxygen 


Purification 

Temperature: 210°C 

Time: 6.0 hours 

Pressure: 5.5 MPa 
Ambient medium: inert gas 


Purification, oxidation 
Temperature: 210°C 
Time: 3.0 hours 
Pressure: 4.5 MPa 


Ambient medium: inert gas + 
oxygen 


Purification, sparking, oxidation 
Temperature: 200°C 

Time: 3.0 hours 

Pressure: 3.0 MPa 


Ambient medium: inert gas + 
oxygen 


The expected effect was 
achieved. 


The expected effect was 
achieved. 


The expected effect was 
largely achieved; only the 
right lower corner part was 
not completely transparent. 


The expected effect was 
achieved. 


Ideal color was produced, 
but transparency was not 
ideal. 


The expected effect was 
achieved. 


The expected effect was 
achieved, with the middle 
part showing attractive “sun 
spark” inclusions. 
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American Museum Natural History photograph 


Figure 1 


* Holder with diamonds for use on the 
end of copper water-cooled probe in 
Columbia University cyclotron. 


has been’ affected by less penetrating ra- 
diation. Consequently, it is quite natural 
that the coloration would be extremely su- 
perficial, affecting only the outermost lay- 
ers. The junior author has calculated that 
the penetration of 10 million volt deuterons 
amounts to 0.007 inches; not very deep. 
Consequently, recutting of the old radium- 
treated stones was, and is, a certain 
means of identification, without too great 
a loss of weight. On the other hand, the 
color is nice and the stone far more valu- 
able in green than it would be in the 
brown or cape that will result from recut- 
ting (since obviously no one would treat a 
fine white stone), so this procedure is not 
desirable. Some stones are said to retain 
some radioactivity, and can be recognized 
by prolonged exposure to photographic 
film’. However, since some diamonds are 
weakly phosphorescent, caution should be 
observed in this test, the film should be 
shielded from all light, and the diamonds 
from direct contact with the film as well. 

Temporarily, cyclotron bombardment with 
deuterons or protons has taken the place 
of the hazardous radium treatments. This 


irradiation is far. easier, much more rapid 
and less expensive than the old system. 
Since it is now generally known that dia- 
monds can be colored green, and some- 
times brown, by irradiation, there is no 
longer any likelihood of deception about 
the nature of the color. Furthermore, it is 
very easy to recognize diamonds that have 
been bombarded by deuterons and protons; 
now that we have acquired enough famili- 
arity with them. The writer has not seen 
any stones that were definitely known to 
be radium treated, but since the coloration 


in the accompanying illustrations, he is 
reasonably confident that the radium- 
treated stones can be recognized in the 
same way. 

The cyclotron bombardment of diamonds 
has interested physicists. for some years. 
In the main, only small stones have been 
treated. The first reports by J. M. Cork’, 
of the University of Michigan, appeared in 
1942 in a scientific journal. Subsequently, 
there have been several news mentions’ of 
the cyclotron treatments and a wholly 
speculative discussion of the possibility of 
neutron irradiation in atomic piles in a 
popular British publication’. Actual experi- 
ments have shown that the order of error 
in the calculations of the latter article is 
almost astronomical. Stones that have ac- 
tually been placed in the atom pile have 
been reported to have blackened (through 
green) very rapidly®. 

One cannot here go into the description 
of the cyclotron and its principles, good ac- 
counts will be found in any number of 
popular books. The reader will learn that 
there are two types of target locations 
possible for a cyclotron, and several types 
of beams and rays can be produced. The 
highest intensity bombardment is obtained 
in a cyclotron, like the old one at. Colum- 
bia University, when the target is mounted 
on the end of a long copper tube known as 
a probe, and inserted into the cyclotron 
chamber itself. The bombardment takes 
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TABLE 3 (continued). Enhancement parameters and characteristics of amber samples. 


Enhancement method(s) and 


Sample Before test After test Assessment 
parameters 
JC-4 White and honey yellow Bright yellow golden Purification The expected effect was 
(8.78 g) beeswax Temperature: 210°C achieved, due to oxidation 
Tae: 6-0: hours of the polished surface after 
a three rounds of purification. 
Pressure: 5.5 MPa 
Ambient medium: inert gas 
JC-7 White and honey yellow Pearly beeswax Purification The expected effect was 
(25.64 8) — beeswax Temperature: 200°C achieved. 
Time: 5.0 hours 
“ " Pressure: 4.5 MPa 
Ambient medium: inert gas 
JD-2 Honey yellow beeswax Beeswax Beeswax baking The expected effect was 
(5.66 g) Temperature: 60°C achieved. 
Time: 60 days 
Pressure: constant 
Ambient medium: air 
JD-3 Honey yellow beeswax Brownish yellow golden Purification The expected effect was 
(8.36 g) Temperature: 210°C achieved after three rounds 
Time: 6.5 hours of purification. 
{ Pressure: 5.5 MPa 
Ambient medium: inert gas 
JD-4 Honey yellow beeswax Bright yellow golden Purification, sparking After three rounds of purifi- 
(6.18 g) Temperature: 200°C cation, the expected effect 
Time: 3.0 hours was achieved. The sparking 
; test failed, as no “sun spark” 
Pressure: 3.0 MPa inclusions were produced. 
Ambient medium: inert gas 
JD-5 Honey yellow beeswax Golden flower Purification, sparking The expected effect was 
(5.26 g) Temperature: 200°C achieved. 
Time: 2.5 hours 
Pressure: 3.0 MPa 
Ambient medium: inert gas 
JD-6 Honey yellow beeswax Red Purification, oxidation The expected effect was 
(6.82 g) Temperature: 210°C achieved. 
Time: 3.0 hours 
Pressure: 4.5 MPa 
Ambient medium: inert gas + 
= oxygen 
JE-2 White and yellow beeswax Bright golden Purification After three rounds of purifi- 
(11.50 g) Temperature: 210°C cation and polishing of the 


2 ) 


q 


Time: 6.0 hours 
Pressure: 5.5 MPa 
Ambient medium: inert gas 


oxidized surface, the 
expected effect was largely 
achieved, though cracks 
formed inside the amber. 
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Enhancement method(s) and 


Sample Before test After test Assessment 
parameters 
JE-3 White and yellow beeswax Golden and red Purification, sparking, oxidation The test failed, as no “sun 
(11.25 g) Temperature: 200°C spark” inclusions were 
Time: 3.0 hours pieelierd, 
Pressure: 4.0 MPa 
Ambient medium: inert gas + 
oxygen 
JE-4 White and yellow beeswax Red flower Purification, sparking, oxidation The test failed, as no “sun 
(13.87 g) Temperature: 200°C spark” inclusions were 
Time: 3.0 hours praeueee: 
Pressure: 4.0 MPa 
Ambient medium: inert gas + 
oxygen 
JE-5 White and yellow beeswax Golden flower Purification, sparking Ideal “sun spark” inclusions 
(12.53 g) Temperature: about 200°C were created after three 
Time: 2:® hours rounds of purification. 
Pressure: Approx. 3.0 MPa 
Ambient medium: inert gas 
JE-6 White and yellow beeswax Dull yellow beeswax Beeswax baking The expected effect was 
(12.00 g) Temperature: 60°C achieved. 
: Time: 90 days 
Pressure: constant 
Ambient medium: indoor 
open environment 
JF-1 Milky white beeswax Dark red Purification, oxidation After three rounds of purifi- 
(11.78 g) Temperature: 210°C cation, red color resulted 
Time: 6 O:hours from slow oxidation, but the 
' me 5.5 MP transparency was not ideal. 
ressure: 5. a 
Ambient medium: inert gas 
JF-2 Milky white beeswax Golden Purification After three cycles of purifi- 
(9.76 g) Temperature: 200°C cation, the transparency was 
eS Tie: &.0:hours not noticeably improved. 
Pressure: 5.0 MPa 
Ambient medium: inert gas 
JF-3 Milky white beeswax Red Purification, oxidation The expected effect was 
(7.45 g) largely achieved. 


Temperature: 210°C 
Time: 3.0 hours 
Pressure: 4.5 MPa 


Ambient medium: inert gas + 
oxygen 
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(reached in three to six hours and maintained for two 
hours), followed by 14 hours of cooling. Achieving the 
desired effect, such as pearly beeswax, may require 
multiple rounds of purification. Purification is also the 
pretreatment for other enhancement processes. 

Well-controlled oxidation generates red amber by 
producing a red to dark red surface layer. The param- 
eters are an initial pressure of 4.5 MPa (involving a 
specific volume ratio of inert gas and oxygen) and a 
maximum temperature of 210°C, to be reached in ap- 
proximately three hours. The key parameter for oxi- 
dation is the amount of oxygen added: Too little 
oxygen produces a very light color, while too much 
increases the likelihood of carbonizing the test mate- 
rials and damaging the equipment. 

Samples containing certain levels of gas/liquid in- 
clusions that undergo purification followed by a rapid 
pressure release acquire internal “sun spark” inclu- 
sions, converting them to flower amber. The param- 
eters are: initial pressure of 2.0 MPa and a maximum 
temperature of 200°C, reached over a period of two 
hours. Sparking generally requires several rounds of 
treatment before the effect can be considered satis- 
factory, with higher pressure and temperature with 
each additional treatment. Red flower amber can be 
manufactured by two methods: the sparking of red 
amber, or the oxidation and polishing of golden 
flower amber. 

Beeswax-colored amber is created by prolonged ox- 
idation (color darkening) on the surface at constant 
pressure and low temperature, which involves a tem- 
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perature of about 50-60°C and a baking time of two 
to three months. 

Amber heat treatment is affected by several fac- 
tors, including: 


1. Material properties: sample color, transparency, 
and bulk size, which determine the initial heat 
treatment parameters. 


2. Temperature and pressure conditions: the time 
allowed for heating, maintaining temperature, 
and cooling, as well as the pressure and the rate 
of pressure decreases. These are the key param- 
eters for achieving satisfactory amber products. 


3. Atmospheric inert gas and oxygen, and the 
ratio between the two, which can determine 
the color of heat-treated amber. 


CONCLUSION 


This paper reports on methods of amber heat treat- 
ment and discusses several influencing factors. The 
study suggests that the variety and quality of heated 
ambers are influenced by the inherent properties 
(color, transparency, and bulk size) of the natural ma- 
terial, as well as the heat treatment parameters, in- 
cluding temperature, pressure, and atmosphere. 
Using a furnace and various parameters, four types of 
heated amber were produced: golden, red, “flower,” 
and “beeswax.” The study documented the various 
procedures for amber heat treatment, yielding valu- 
able data on how different effects are achieved. 
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DIAMOND 

Chameleon, with Nickel 
Absorption Band 

The Carlsbad laboratory recently ex- 
amined a 0.31 ct Light greenish yellow 
marquise-cut diamond. The stone dis- 
played the strong yellow fluorescence, 
persistent yellow phosphorescence, 
and green color component of a 
chameleon diamond. A chameleon di- 
amond has a green or greenish color 
component under normal conditions. 
When heated or left in the dark for 
long periods of time, the green compo- 
nent temporarily disappears, giving 
way to an orange component. Figure 1 
shows the diamond before and imme- 
diately after heating, in which the re- 
moval of the green component leads 
to an orange-dominant hue, demon- 
strating that the stone was in fact a 
chameleon diamond. Unfortunately, 
the stone’s low saturation makes the 
effect less noticeable. 

Examination of the visible-NIR 
spectrum revealed a_ noticeable 
nickel-related absorption band at 685 
nm (figure 2). DiamondView images 
were taken to prove the stone was 
not synthetic, as nickel is a common 
catalyst in HPHT synthetics (figure 
3). While nickel has long been known 
to occur as a trace element in 
chameleon diamonds (T. Hain- 
schwang et al., “A gemological study 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. The chameleon diamond 
is shown before and after heating 
(left and right). 


of a collection of chameleon dia- 
monds,” Spring 2005 GWG, pp. 20- 
34), its role in the color-change effect 
is unknown. Nickel has also been re- 
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Figure 3. DiamondView imaging 
showed uneven blue and green 
fluorescent zones, proving the 
stone’s natural origin. 


ported as a cause of green coloration 
in certain diamonds (W. Wang et al., 
“Natural type Ia diamond with green- 
yellow color due to Ni-related de- 


Figure 2. The absorption spectrum of the chameleon diamond shows a 


nickel-related band at 685 nm. 
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fects,” Fall 2007 GwG, pp. 240-243), 
but this may be the first time it has 
been identified as the major cause of 
a green component in a chameleon. 
The rarity of chameleon diamond, 
combined with the rarity of Ni-re- 
lated natural green diamonds, makes 
this a truly unique specimen. 


Troy Ardon 


Long-Term Durability of CVD 
Synthetic Film on Natural Diamond 
In 2005, a thin film (< 10 pm) of syn- 
thetic diamond grown by chemical 
vapor deposition was deposited on the 
pavilion of a 0.27 ct natural diamond. 
The CVD layer was deliberately 
doped with boron to create a bluish 
color. No subsequent polishing was 
performed. Rather than blue, the re- 
sulting color was a less desirable gray. 
This natural diamond with CVD 
overgrowth was then reset in a ring 
and worn daily by the author for the 
next eight years. Recently, this hybrid 
diamond was removed from its set- 
ting for gemological and spectroscopic 
characterization and to assess the cur- 
rent state of the CVD film. 

Well-controlled durability studies 
have examined non-diamond coatings 
on diamond (e.g., A-H. Shen et al., 
“Serenity coated colored diamonds: 
Detection and durability,” Spring 2007 
GwG, pp. 16-34) and nanocrystalline 
diamond coatings on non-diamond 
materials (J.E. Shigley et al., “Charac- 
terization of colorless coated cubic zir- 
conia [Diamantine],” Spring 2012 
Gw&G, pp. 18-30). To our knowledge, 
however, none have been performed 
on CVD diamond films grown on nat- 
ural diamond. The assessment of this 
one sample, given the exposure a ring 
is usually subjected to, can indicate the 
long-term stability of such coatings on 
diamond. The expectation was that 
such films would remain stable, as 
there is no lattice mismatch in the 
crystal structure between the CVD 
synthetic film and the natural dia- 
mond. Lattice mismatch and the re- 
sulting low cohesion at the diamond/ 
non-diamond interface typically result 
in moderate to very poor durability. 
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It was difficult to find evidence of 
the CVD layer using spectroscopic 
techniques. FTIR absorption (which 
generally provides data from the bulk 
of the diamond) revealed no CVD- 
specific features, only that the under- 
lying diamond was type Ia. Using PL 
spectroscopy, which collects data 
from a limited area, it was difficult to 
find spectroscopic evidence of the 
CVD film, even when the PL data 
were collected in confocal mode. No 
CVD-related 3123 cm peak was de- 
tected in IR absorption, and the sili- 
con peak at 737 nm was not observed 
in PL. The best evidence of the CVD 
layer’s continued existence on the di- 
amond was from its unusual appear- 
ance in visual observation (figure 4) 
and microscopic analysis (figure 5). 
The pavilion also showed electrical 
conductivity, which provides another 
indication of the boron doping. 

By examining the pavilion of the 
diamond at high magnification, we 
could assess the condition of the CVD 
layer after eight years of daily wear. 
The film was still largely intact, cov- 
ering the entire pavilion and contain- 
ing only a few sporadic pinholes. 
There was no noticeable degradation 
at the facet junctions. The obvious 
color zoning in figure 4 that appears 
to divide the diamond into quadrants 


Figure 4. This 0.27 ct diamond 
with a boron-doped CVD syn- 
thetic diamond film on the pavil- 
ion received a color grade of 
Fancy Dark brownish yellowish 
gray. The distinct color zoning 
seen in this photo makes it appar- 
ent that the diamond has been 
treated in some way and is not a 
natural stone. 
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Figure 5. This differential interfer- 
ence contrast image shows the irreg- 
ular texture of the CVD overgrowth 
film on the pavilion facets of the 
0.27 ct natural diamond. Each facet 
is a different color, and the bound- 
aries between colors are facet junc- 
tions. Field of view 246 microns. 


is likely due to differences in deposi- 
tion and boron incorporation rates on 
the various facets. Recently, the dia- 
mond was annealed twice, at 600°C 
and 700°C for one hour each in a re- 
ducing atmosphere, in an effort to 
make it appear bluer. This treatment 
changed the color from Fancy Dark 
brownish yellowish gray to Fancy 
Dark gray. 

As treatments become more so- 
phisticated and move from the labo- 
ratory into the trade, the need for 
accurate detection only intensifies. 
Nevertheless, such semipermanent 
films are identifiable and reiterate the 
need to use both spectroscopic and 
traditional methods for gemological 
characterization. 


Sally Eaton-Magania 


Star OPAL 
Opal is best known for displaying 
play-of-color. It may also display as- 
terism, though star opal has only been 
reported from Idaho, and a perfect six- 
rayed star is exceptionally rare (J.V. 
Sanders, “The structure of star opals,” 
Acta Crystallographica, Vol. A32, 
1976, pp. 334-338). The Bangkok lab- 
oratory recently had the opportunity 
to examine a transparent star opal (fig- 
ure 6). The 2.39 ct light brownish yel- 
low cabochon displayed a distinct 
six-rayed star. 

Standard gemological testing gave 
a spot RI reading of 1.43 and a hydro- 
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Figure 6. This 2.39 ct transparent 
opal with a light brownish yel- 
low bodycolor possessed a six- 
rayed star. 


static SG of 2.10. When exposed to ul- 
traviolet radiation, the stone fluo- 
resced strong bluish white under 
long-wave and weak bluish white 
under short-wave UV. It phospho- 
resced green after exposure to long- 
wave UV. Advanced gemological 
testing by energy-dispersive X-ray flu- 
orescence (EDXRF) confirmed a silica- 
rich material with some additional 
trace elements, including aluminum 
and iron. All of these properties were 
consistent with opal. 

Microscopic examination revealed 
large parallel planes with play-of-color 
intersecting to form a hexagonal pat- 
tern (figure 7). This is responsible for 


Figure 7. This photomicrograph 
of the opal shows the intersec- 
tion of large parallel planes with 
play-of-color, producing aster- 
ism. Magnified 15x. 


producing the six-rayed star. This un- 
usual stone serves as a reminder that, 
unlike asterism in other gem materi- 
als, the star in opal is caused by dif- 
fraction of light from faults or 
imperfections in the packing arrange- 
ment of silica spheres. 


Wasura Soonthorntantikul 


Shell PEARL as a Pearl Imitation 

Imitation pearls made of shell, or “shell 
pearls,” have a long history in the jew- 
elry market and have been reported in 
previous Lab Notes columns (Fall 1984, 
p. 170; Winter 1986, p. 239; Summer 
2001, pp. 135-136; Summer 2004, p. 


Figure 8. These shell pearls range from 10 to 12 mm and display black, 


white, and golden colors. 
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178). The shell beads are often coated 
with artificial materials to simulate a 
wide variety of natural and cultured 
pearls in the market. Recent submis- 
sions of such imitations to GIA 
prompted researchers in the lab to ob- 
tain several samples from a commer- 
cial website. Labeled as shell pearls 
(figure 8), they resembled Tahitian 
black, white, and yellow/golden South 
Sea cultured pearls. 

Although the samples were simi- 
lar in appearance and heft to cultured 
pearls, routine gemological tests re- 
vealed unnatural surface characteris- 
tics. The black shell pearl necklace 
also exhibited multicolored but rather 
oily orient. Magnification showed nu- 
merous minute particles with a glit- 
tering effect (figure 9, top), as well as 
a lack of the obvious overlapping 
nacre platelets commonly found in 
nacreous pearls. These features sug- 
gested that an artificial coating had 
been applied to the bead. Inspection 


Figure 9. Top: The surface of the 
imitation pearls contained a glit- 
tery coating rather than overlap- 
ping nacre platelet structures 
(magnified 112.5x). Bottom: White 
bead-like shell material was ex- 
posed at a damaged area near the 
drill hole (magnified 10x). 
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near the drill holes of some samples 
revealed chipping and peeling of this 
very thin coating, exposing white 
bead-like shell material underneath 
(figure 9, bottom). 

X-radiography showed only the 
inner bead, with occasional parallel 
banding and cracks—similar to the 
banding and trematode “tunnels” 
common in some saltwater shell 
beads—while the outer coating re- 
mained transparent (figure 10). 
EDXRF analysis detected a high con- 
centration of bismuth, which usually 
does not occur in pearls but had been 
reported previously in coated natural 
and cultured pearls (Fall 2005 Gem 
News International, pp. 272-273; 
Winter 2011 Lab Notes, pp. 313-314). 
Finally, Raman spectroscopic analysis 
of the exposed white bead identified it 
as aragonite. These results, coupled 
with the bead’s inert reaction under 
X-ray fluorescence, confirmed it was 
made of saltwater shell. 

We have noted the use of the 
terms shell pearl or just pearl for such 
imitations in product descriptions on 
numerous commercial websites. Such 
inappropriate nomenclature could be 


Figure 10. X-radiography revealed 
banding and cracks in the inner 
shell beads. 
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misleading to inexperienced buyers. 
According to the CIBJO Blue Book on 
pearls, “Imitations or simulants of 
natural pearls and cultured pearls ... 
shall be immediately preceded by the 
word ‘imitation’ or ‘simulated’, with 
equal emphasis and prominence. . . as 
those of the name itself.” Imitation 
pearl would be the proper name of 
this material, and consumers need to 
be aware of its true identity. 


Jessie (Yixin) Zhou and 
Chunhui Zhou 


Yellow CVD SYNTHETIC 
DIAMOND 

Gem-quality CVD-grown synthetic di- 
amonds are usually type Ila and occa- 
sionally type IaA. In addition, a faceted 
type Ib yellow CVD synthetic of 3 mm 
in diameter was reported more than a 
decade ago (J.-E. Butler, “Chemical 
vapor deposited diamond: Maturity 
and diversity,” Interface, Spring 2003, 
pp. 22-26). To the best of our knowl- 
edge, no other type Ib examples have 
been documented in the gem industry 
since then. The New York laboratory 


Figure 11. This 0.40 ct square-shaped 
type Ib CVD synthetic diamond was 
color graded as Fancy yellow. 


recently examined a gem-quality type 
Ib CVD-grown synthetic diamond. 
This Fancy yellow square weighed 
0.40 ct and measured 4.20 x 4.12 x 2.55 
mm (figure 11). 

As is typical for CVD synthetics, 
the strong silicon-vacancy ([Si-V}) cen- 
ter was detected as a doublet at 736.5 
and 736.9 nm in the 633 nm PL spec- 
trum. The mid-IR spectrum showed a 
single substitutional nitrogen atom 
(N°) at 1130 and 1344 cnr" (figure 12). 
The nitrogen content, which con- 
tributed to the yellow color, was cal- 
culated from absorption bands in the 


Figure 12. The yellow CVD synthetic’s mid-IR spectrum revealed single 
substitutional nitrogen atoms (N°) at 1130 and 1344 cm”. The diamond 
Raman band was detected at 1331 cnr. A hydrogen-related defect was 
detected at 3107 cm, and C-H defects could be observed at 2948, 2920, 
2905, 2873, and 2849 cnr". An unknown doublet was also observed at 
3030 and 3032 cnr". 
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Figure 13. DiamondView imaging revealed curved green lines, reflecting changes in growth conditions (left). Pro- 
nounced growth events were also observed in green and bluish green regions near the culet (middle). Microscopic 
examination revealed a graphitized stress halo (right, magnified 112.5x), along with small feathers on the girdle 

(not shown). 


1000-1400 cm mid-IR spectral region 
as 4.5 ppm. Nitrogen can be uninten- 
tionally introduced during the growth 
process; it can also be added deliber- 
ately to control the growth rate of sin- 
gle-crystal CVD synthetic diamond. 
DiamondView images showed curved 
green lines, indicating changes in con- 
ditions during growth (figure 13, left). 
The DiamondView also revealed green 
and greenish blue regions of pro- 
nounced growth events near the culet, 
as in the middle image of figure 13. A 
graphitized stress halo (figure 13, right) 
and small feathers on the girdle were 
observed under the microscope. Typi- 
cal CVD strain—a localized tatami- 
like structure with  low-strain 
interference colors—was visible under 
cross-polarized light. 


Post-growth treatment was de- 
tected: a hydrogen-related defect at 
3107 cm" and C-H defects at 2948, 
2920, 2905, 2873, and 2849 cm! 
(again, see figure 12). We did not ob- 
serve the neutral charge state of the 
nitrogen vacancy—hydrogen complex 
([N-V-H]°) at 3123 cm. These results 
suggested that the sample was HPHT- 
treated. An unknown doublet at 
3030-3032 cm! was also found. 
Strong N-V (nitrogen-vacancy) defects 
at 575 (NV°) and 637 (NV-) nm were 
detected in PL spectrum using a 514 
nm laser. The negatively charged ni- 
trogen vacancy-hydrogen complex 
([N-V-H}) is usually contained in as- 
grown nitrogen-doped single-crystal 
CVD synthetic diamond, but it is un- 
stable. After HPHT treatment, the hy- 
drogen atoms were dissociated, 
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causing C-H and N-V defects to form. 
Additional defects, such as H3 and 
H2, were also detected. Both centers 
could be introduced in as-grown CVD 
synthetic diamonds by HPHT an- 
nealing. The H3 centers were respon- 
sible for the observed green 
dislocations in the DiamondView 
image. As-grown CVD synthetic dia- 
monds usually possess an unattrac- 
tive brown color component. This 
can be removed by HPHT treatment 
to achieve an attractive yellow color, 
as observed in this sample. 


Type Ib CVD synthetics are also of 
interest for technological applica- 
tions, especially for quantum comput- 
ing (see E. Gibney, “Flawed to 
perfection: Ultra-pure synthetic dia- 
monds offer advances in fields from 
quantum computing to cancer diag- 
nostics,” Nature, Vol. 505, 2014, pp. 
472-474). The N-V electron spin 
could be used as a basic unit of quan- 
tum computing, known as a quantum 
bit or “qubit.” Qubits are not limited 
to the binary “0” or “1” states of bits 
in traditional computers, but can si- 
multaneously exist in both binary 
states and any state in between—a 
difficult concept to grasp but one that 
will lead to vastly enhanced compu- 
tational capacity. Type Ib yellow CVD 
diamonds of micrometer size were 
grown and subsequently electron 
beam-irradiated and annealed by P. 
Neumann to create NV centers, as 
noted in his 2012 PhD thesis, “To- 
wards a room temperature solid state 
quantum processor: The nitrogen-va- 
cancy center in diamond.” After irra- 
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diation, the color changed from the 
as-grown yellow to green, then to pur- 
plish pink after annealing. 


Kyaw Soe Moe, Wuyi Wang, and 
Ulrika D’Haenens-Johansson 


Flux-Grown SYNTHETIC RUBY 
with Hydrothermal Synthetic Seed 
Crystal 


The Carlsbad laboratory recently re- 
ceived a 1.18 ct transparent red octag- 
onal step-cut stone for ruby report 
service. Standard gemological testing 
established the following properties: 
RI—1.762 to 1.770; birefringence— 
0.008; optic sign—uniaxial negative; 
pleochroism—orangy red to purplish 
red; specific gravity—4.01, fluores- 
cence reaction—strong red to long- 
wave, weak red to short-wave UV 
radiation. Examination with a desk- 
model spectroscope revealed a typical 
ruby spectrum. All of these properties 
were consistent with natural or syn- 
thetic ruby. 

Under magnification, the most dis- 
tinctive internal characteristic in the 
crown was the presence of strong irreg- 
ular growth features: zigzag- or mosaic- 
like striated patterns (figure 14), typical 
of a hydrothermal synthetic. Other 
areas of the ruby lacking these irregu- 
lar growth features contained hexago- 
nal metallic platelets and high-relief, 
whitish flux inclusions (figure 15), typ- 
ical of a flux-grown synthetic. Flux and 
hydrothermal inclusions have not 
been previously documented in the 
same specimen. 
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Figure 14. The zigzag-like growth 
structure observed in this 1.18 ct 
synthetic ruby is characteristic of 
hydrothermal growth. Field of 
view 1.42 mm. 


Laser ablation-inductively coupled 
plasma-—mass spectrometry (LA-ICP- 
MS) analysis revealed traces of Ca, Ti, 
Cr, Fe, Mo, Rh, Sn, W, and Pt. The low 
amount of Fe and Ti, the absence of V 
and Ga, and the presence of Pt were 
consistent with flux-grown corundum. 

Both natural and flame-fusion 
synthetic ruby have been used as seed 
crystals in the flux growth of ruby (J.L 
Koivula, “Induced fingerprints,” Win- 
ter 1983 GWG, pp. 220-227; Summer 
1991 Lab Notes, p. 112). The seed 
crystals are generally removed during 
the cutting process but may, on rare 
occasions, be detected in finished 
specimens. Upon close microscopic 
examination, we noted that several of 


Figure 15. When the synthetic 
ruby was examined under dif- 
fused fiber-optic lighting and 
darkfield illumination, hexagonal 
platinum platelets and trapped 
flux residue became apparent. 
Field of view 1.42 mm. 
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the flux-filled healed fractures (wispy 
veils) extended into the areas show- 
ing hydrothermal graining. These 
observations led us to conclude that 
the hydrothermal material was a seed 
crystal and that the flux healing was 
a secondary process to the hydrother- 
mal growth. There was an irregular 
separation between the materials 
under brightfield illumination. 

This unusual combination of a hy- 
drothermal ruby seed with flux ruby 
overgrowth is the first of its kind ex- 
amined by GIA. 


Ziyin Sun and Dino DeGhionno 


Rare Faceted WURTZITE 

Recently the Carlsbad laboratory ex- 
amined a 3.97 ct transparent brownish 
red pear-shaped modified brilliant for 
identification service (figure 16). Stan- 
dard gemological testing revealed a re- 
fractive index that was over the limit 
of the RI liquid and a specific gravity 
(obtained hydrostatically) of 3.96. 
There was no fluorescence observed 
with exposure to long- and short-wave 
UV light. The stone also displayed an 
adamantine luster and a uniaxial optic 
figure when examined with polarized 
light. Microscopic examination with a 
fiber-optic light source showed fine 
needles and a large reflective decrepi- 
tation halo surrounding a negative 
crystal. Examination also revealed 
that the decrepitation halo was per- 
pendicular to the optic-axis direction, 
suggesting the stone had basal cleav- 
age (figure 17). 


Figure 16. This 3.97 ct faceted 
wurtzite has an adamantine lus- 
ter and brownish red bodycolor. 
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Figure 17. A decrepitation halo 
surrounds a negative crystal in 
the faceted wurtzite. Field of 
view 2.15 mm. 


Raman spectroscopy and X-ray 
powder diffraction conclusively identi- 
fied the stone as wurtzite. EDXRF 
analysis detected zinc and sulfur, which 
further supported this identification. 

Wurtzite, a polymorph of spha- 
lerite, commonly occurs in hy- 
drothermal vein deposits associated 
with barite and sphalerite. Facet-grade 
wurtzite has been reported to occur in 
Merelani, Tanzania (Winter 2013 
GNI, p. 261). This is the first wurtzite 
examined by the GIA laboratory. 


Amy Cooper and Nathan Renfro 


Tenebrescent ZIRCON 
The Bangkok laboratory recently re- 
ceived for identification a 13.16 ct red- 
dish orange stone, submitted as 
tenebrescent zircon (figure 18, left). 
Standard gemological testing indicated 
typical properties for the stable form of 
zircon: RI was over the detection limit 
of the standard refractometer, SG was 
approximately 4.50, and the sample 
was inert to both long- and short-wave 
UV. After exposure to short-wave UV 
for approximately 30 minutes, how- 
ever, its tone became darker. Chemical 
analysis using EDXRF showed signifi- 
cant amounts of zirconium and silicon, 
as well as a trace amount of hafnium. 
Tenebrescence, the phenomenon of 
reversible photochromism, is common 
in gemstones such as hackmanite (a va- 
riety of sodalite) but unusual in zircon. 
In September 2011, GIA examined two 
zircons from central Australia that 
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Figure 18. This 13.16 ct zircon is shown before (left) and just after 30 minutes of short-wave UV exposure (center). 
The SWUV lighting darkened the stone, while darkness restored the orange color. The image on the right shows 
the color of the stone after it was left in the dark for three weeks. 


turned orange in darkness and faded to 
near colorless when exposed to light 
(S.E McClure, “Tenebrescent zircon,” 
Winter 2011 GwG, pp. 314-315). This 
zircon displayed a different phenome- 
non: Its reddish orange color did not 
fade under fluorescent lighting or fiber- 
optic light. Exposure to short-wave UV 
(SWUV) caused it to darken. The red- 
dish orange component gradually di- 


minished, and the stone appeared 
brown (figure 18, center). There was no 
further change after 30 minutes. 

The UV-visible spectrum after 
SWUV exposure showed a significant 
increase in absorption in the 590-750 
nm range, reducing transmission of 
the orange to red color and making 
the stone darker (figure 19). 

As noted above, the reaction is re- 


Figure 19. After 30 minutes of SWUV exposure, the zircon’s absorption 
spectrum revealed more absorption in the 590-750 nm range, which re- 


lates to an orange to red color. 
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versible. The reddish orange color re- 
turned when the stone was stored in 
the dark at room temperature (see fig- 
ure 18, right). The color change was 
obvious in the first 10 to 20 hours. 
After that, no further color change was 
observed. 

To determine whether the process 
was repeatable, the stone was again 
subjected to SWUV. Once again the 
reddish orange color darkened in tone. 

In summary, the reddish orange 
zircon was darkened by short-wave 
UV exposure, and the color returned 
when the stone was stored in the 
dark. The darkening reaction was 
much faster than the recovery. Fur- 
ther studies incorporating other con- 
ditions that might affect the rate of 
color modification in tenebrescent 
zircon are being conducted. 


Ratima Suthiyuth 


PHOTO CREDITS: 

Robison McMurtry—1, 4; Troy Ardon—3; 
Lhapsin Nillapat—6; Charuwan Khow- 
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JADE 


Both figures (A) and (B) are nephrite. The carved 
ornament at the top of thé page comes from China while the 
darker green (B) is known as “Spinach Jade” and is most 
commonly found in New Zealand. The jadeite used to form the 
cabochon (C) came from Tawmaw, Burma. Jades may appear 
in black, white, violet, and reddish shades but the more closely 
it approaches a fine emerald in both color and transparency, the 
more highly it is valued. Specimens from the collection of 
British Museum (Natural History), London. 


COLORED STONES AND ORGANIC MATERIALS 


Jadeite bangle with the appearance of polymer treatment. 
Jadeite jade always comes under close scrutiny in the market 
because it is so frequently treated. The treatment options 
for jadeite jade are numerous: bleaching, dyeing, polymer 
impregnation, or a combination of these. Polymer impreg- 
nation is a particular favorite, a process that is not always 
easy to observe by magnification. A 244.29 ct translucent 
light to deep green and brownish yellow bangle measuring 
approximately 70 x 14 mm was recently submitted to the 
Lai Tai-An Gem Lab in Taipei. The client was concerned 
about a more transparent light-colored area (figure 1) that 
appeared to be possible evidence of impregnation. 

Standard gemological testing indicated a spot RI read- 
ing of 1.54 at the more transparent light-colored area and 
1.66 elsewhere on the bangle, an SG of approximately 3.32, 
and a characteristic jadeite spectrum exhibiting a band at 


Figure 1. This 244.29 ct translucent light to deep green 
and brownish yellow bangle measures approximately 
70 x 14 mm. It contained a transparent, light-colored 
area that suggested the possibility of a polymer impreg- 
nation process. Photo courtesy of Lai Tai-An Gem Lab. 
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Figure 2. Microscopic examination of the suspect area 
revealed natural inclusions and a crystalline form. 
Neither would be found in an impregnated specimen. 
Photo courtesy of Lai Tai-An Gem Lab. 


about 437 nm. FTIR and Raman spectroscopy were also ap- 
plied, producing spectral features that confirmed the ban- 
gle’s identity as jadeite jade. Microscopic examination 
revealed natural inclusions within the transparent area 
that appeared to be polycrystalline (figure 2). Neither 
would be seen in an impregnated specimen, ruling out this 
treatment. Further analysis with Raman microscopy was 
conducted to identify its true nature. 

Sharp absorption peaks at around 207, 347, 400, 465, 
and 990 cm" were a match for nepheline (figure 3), a min- 


Editors’ note: Interested contributors should send information and illustra- 
tions to Justin Hunter at justin.hunter@gia.edu or GIA, The Robert 
Mouawad Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Figure 3. Sharp absorption peaks around 207, 347, 
400, 465, and 990 cnr! were consistent with 
nepheline, a mineral sometimes associated with al- 
bite in jadeite. 


eral sometimes associated with albite in jadeite. The 
nepheline crystal remained intact during the fashioning 
process, and its presence led to confusion over whether the 
bangle had been treated. 


Larry Tai-An Lai (service@laitaian.com.tw) 
Lai Tai-An Gem Laboratory, Taipei 


Prasiolite with inclusion influenced by Brazil-law twin- 
ning. The Indian Gemological Institute Gem Testing Lab- 
oratory recently examined a 6.43 ct transparent grayish 
yellowish green oval mixed-cut specimen. Standard gemo- 
logical examination gave an RI of 1.545-1.553 with a uni- 
axial positive optic sign and a birefringence of 0.008, and a 
hydrostatic SG of 2.65. These readings readily identified 
the stone as prasiolite, a green variety of quartz. 

The prasiolite displayed prominent Brazil-law twin- 
ning, with very sharp twinning planes when the sample 
was observed parallel to the optic axis between crossed po- 
larizing filters, though only two sections of twinning were 
clearly visible in the stone (figure 4). The presence of such 
sharp and prominent Brazil-law twinning confirmed the 
sample’s natural origin. When synthetics do exhibit such 
patterns, it has a flame-like or irregular shape (J.I. Koivula 
and E. Fritsch, “The growth of Brazil-twinned synthetic 
quartz and the potential for synthetic amethyst twinned 
on the Brazil law,” Fall 1989 GwG, pp. 159-164). 

Magnification showed no inclusions, but illumination 
from the side using a fiber-optic light source revealed 
minute white particles that scattered the light (figure 5). 
These pinpoint inclusions followed the pattern of the 
Brazil-law twinning, which was apparent without the aid 
of polarized filters (E.J. Guibelin and J.1. Koivula, Photoatlas 
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Figure 4. Between crossed polarizers, the prasiolite 
showed two sections of Brazil-law twinning in the 
optic-axis direction. Photo by Meenakshi Chauhan, 
magnified 15x. 


of Inclusions in Gemstones Volume 2, Opinio Verlag, 
Basel, Switzerland, 2005, p. 573). 

Minor rhombohedron faces that did not feature Brazil- 
law twinning were filled with these minute light-scattering 
particles. These inclusions were visible on the faces with 
some tilting of the fiber-optic light source but did not show 
any pattern (figure 6). The minute particles were not visible 
in both zones simultaneously. 

In diffused transmitted light, the minor rhombohedron 
faces displayed a slightly darker shade of the grayish yel- 
lowish green color seen in prasiolite. These faces also 
showed a wavy internal growth structure between crossed 
polarizers. The major rhombohedron faces were even 
lighter in color. No color bands were observed in the stone. 

Although the owner claimed the stone’s color was nat- 
ural, the presence of Brazil-law twinning raised suspicion, 
since this twinning has only been associated with the 


Figure 5. Fine dotted inclusions demonstrated a 
Brazil-law twinning pattern along the optic axis, ex- 
actly where this twinning was visible under polarized 
filters. Photo by Meenakshi Chauhan, magnified 10x. 
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Figure 6. Fine dotted inclusions were visible in this 
minor rhombohedral face where Brazil-law twinning 
was absent. Photo by Meenakshi Chauhan, magni- 
fied 10x. 


amethyst variety of quartz. There is still no way to separate 
naturally heated from heat-treated prasiolite. 


Meenakshi Chauhan 
Indian Gemological Institute 
Gem Testing Laboratory, GJEPC, New Delhi 


Record-size natural moissanite crystals discovered in Israel. 
Synthetic silicon carbide (SiC) is well known in the gem 
and jewelry market as synthetic moissanite. Natural SiC 
is very rare and has been found as tiny crystals (usually less 
than 1.5 mm) in only a few deposits worldwide (Y. Bauer 
et al., “Moissanite from middle mountains of Czechoslo- 
vakia,” International Geology Review, Vol. 7, No. 7, 1965, 
pp. 1194-1206; A.A. Shiryaevet et al., “Moissanite (SiC) 
from kimberlites: Polytypes, trace elements, inclusions 
and speculations on origin,” Lithos, Vol. 122, No. 3-4, 
2011, pp. 152-164, and references therein). 

Over the past 14 years, however, more than 2,500 crys- 
tals of natural moissanite have been discovered by Shefa 
Yamim, an Israeli exploration and mining company. The 
crystals come from primary and alluvial deposits along the 
Kishon River, near Haifa in northern Israel. Shefa Yamim 
began prospecting in this area following the 1988 prophetic 
statement of the Lubavitcher Rebbe that “precious stones 
and gems” would be discovered in the valley next to Haifa 
(see video at http://youtu.be/_uzY5mV8rdY). In 2000, the 
company unearthed moissanite crystals ranging from 0.1 
to 1 mm in size; two years later, 2.2 mm crystals were 
found. In 2009, a 3.5 mm moissanite discovery set a world 
record, only to be surpassed in August 2012 by a crystal 
measuring 4.1 mm—the largest specimen to date (figure 7 
and http://goo.gl/JZFiwe). 

There is evidence of even larger crystals, as many bro- 
ken crystals were discovered. Some crystals have also been 
found in situ in the volcanic rock of the Rakefet magmatic 
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Figure 7. The largest known natural moissanite crys- 
tal, found along the Kishon River in northeastern Is- 
rael, measures 4.1 mm in its longest dimension. 
Photo by Vered Toledo. 


complex, one of the magmatic bodies of Mount Carmel, 
just southeast of Haifa, which is drained by a small tribu- 
tary to the Kishon River. 

We studied 30 Israeli crystals ranging from less than 1 
mm to 3.5 mm. All were identified as moissanite (SiC 6H) 
by Raman spectroscopy. Their morphology was hexagonal, 


Figure 8. These natural moissanite crystals are hexag- 
onal to pyramidal, showing rounded areas that may 
result from either growth or dissolution. The crystals 
range up to 2.5 mm (not to scale). Composite photo 
by Aurélien Delaunay. 
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Figure 9. The colors seen in moissanite from the 
Mount Carmel area of northern Israel range from 
dark blue to light green. Note the broken or rounded 
morphology. Composite photo by Aurélien Delaunay. 


bipyramidal to platy, with the pinacoid generally present 
(figures 8 and 9). The crystals were often broken, particu- 
larly the larger ones with rounded, shiny surfaces (again, 
see figure 7). As shown in figure 9, the crystals were trans- 
parent and ranged from deep blue (the most common color) 
to light green. Except for size, these characteristics are sim- 
ilar to those of other natural moissanites documented in 
the literature. The crystals are often associated with small 
bits of creamy white or red complex matrix. 

The crystals we examined were inert under long- and 
short-wave UV radiation, with the exception of five small 
green to light green samples. In these five specimens, 
medium to strong orange luminescence was seen under ei- 
ther long- or short-wave UV. These were found to be mag- 
netic when placed next to a powerful permanent alnico 
magnet. All of the samples contained small metallic inclu- 
sions, the largest approximately 30 microns in size, which 
could be the source of magnetism. We will continue to fol- 
low moissanite exploration in this area, and a more in-depth 
research paper is forthcoming. 


Emmanuel Fritsch 
Vered Toledo 


Shefa Yamim 
Akko, Israel 


Antoinette Matlins 
Antoinette Matlins, LLC 
Woodstock, Vermont 
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Figure 10. This 1.36 ct light bluish violet sapphire dis- 
played an interesting color shift when exposed to the 
UV radiation of the DiamondView. Photo by Igor 
Iemelianov; magnified 15x. 


Unusual optical effect in blue sapphire. A 1.36 ct light 
bluish violet sapphire (figure 10) was presented to the labo- 
ratory of the State Gemological Centre of Ukraine for ex- 
amination. The stone exhibited an RI of 1.762-1.770, with 
a birefringence of 0.008, and a hydrostatic SG of 3.97. The 
samples displayed typical pleochroism and a very weak 
pinkish orange fluorescence to long-wave UV. Qualitative 
analysis using EDXRF spectroscopy showed major amounts 
of Fe, Cr, and Mg, and minor amounts of Ti and Ga. Micro- 
scopic examination revealed dot-like dissolved rutile, proof 
of heat treatment. The sapphire showed a small color shift 
from bluish violet in the daylight to pale blue in incan- 
descent light. A band with pink luminescence (apparently 
due to Cr** impurity) was identified using the Diamond- 
View (figure 11). When removed from the DiamondView, 


Figure 11. The DiamondView recorded this band with 
pink luminescence in the light bluish violet sapphire. 
Image by Igor Iemelianov. 
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the stone had completely changed color to brown (figure 
12, left). After about 15 minutes in natural daylight, the 
light bluish violet hue began to return (figure 12, right). 
About 12 hours later, its original blue-violet color was re- 
stored. Such color instability is extremely unusual in blue 
sapphires. 

It should be noted that the UV lamp in the Diamond- 
View has a wavelength less than 225 nm (according to the 
user’s manual). The energy of UV radiation is considered 
too weak for the color treatment of corundum (see K. Nas- 
sau, Gemstone Enhancement, Butterworth-Heinemann, 
1984, p. 221). In this sapphire, the DiamondView appar- 
ently caused the color change. Such a reversible change of 
color with exposure to light is called photochromism. 


Turii Gaievskyi (gaevsky@hotmail.com), 
Igor Iemelianov, and Elena Belichenko 
State Gemological Centre of Ukraine, Kiev 


SYNTHETICS AND SIMULANTS 


Assemblage of synthetic ruby in calcite matrix. Recently, 
the Dubai Central Laboratory received a white and cream- 


Figure 13. This synthetic ruby was fixed in a white 
and cream-colored matrix and represented as natural 
ruby. Photo by Sutas Singbamroong, Dubai Central 
Laboratory. 


Figure 12. When re- 
moved from the 
DiamondView, the sap- 
phire had completely 
turned brown (left). 
After about 12 hours, the 
stone reverted to its orig- 
inal light bluish violet 
color (right). Photos by 
Igor lemelianov, magni- 
fied 15x. 


colored rough sample for identification (figure 13). The 124.4 
x 107.7 x 65.8 mm, 5917.35 ct specimen had two openings, 
the larger one about 25 mm long and 10 mm wide. A hexag- 
onal red stone embedded in the matrix could be seen 
through these openings (figure 14). Only the prism side was 
visible, and the rough concealed both terminations. 

The red stone’s refractive index and specific gravity 
were impossible to determine, and only a very small por- 
tion was visible for obtaining other information. A spec- 
troscope was the only option, and the stone clearly showed 
a ruby spectrum. It also displayed strong and medium red 
reactions to long- and short-wave UV radiation, respec- 
tively. Microscopic examination with fiber-optic light re- 
vealed a group of round gas bubbles and tiny fractures, but 
curved striae were not seen. These properties indicated a 
flame-fusion synthetic ruby cleverly embedded in matrix 
to imitate natural ruby. 

Raman spectroscopy identified the matrix as calcite. 
Close examination indicated that the cream-colored side 
of the stone had been drilled to make a hole for inserting 
the synthetic ruby. After the drilled area was sealed with a 
mixture of glue and calcite powder, two openings were cut 


Figure 14. The synthetic ruby was embedded in a cal- 
cite matrix, seen here under incandescent light. Photo 
by Nazar Ahmed, Dubai Central Laboratory. 
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Figure 15. Under long-wave UV radiation, the drilled 
area showed strong greenish blue fluorescence. Photo 
by Nazar Ahmed, Dubai Central Laboratory. 


to reveal the synthetic ruby inside. Under long-wave UV 
radiation, the drilled area showed strong greenish blue flu- 
orescence, while the rest of the stone was inert or exhibited 
a light greenish blue reaction (figure 15). 

These types of artificial assemblages should alert 
traders to exercise caution when purchasing rough stones, 
especially in newer, less established markets. 


Nazar Ahmed (nanezar@dm.gov.ae) and 
Sutas Singbamroong 

Gemstone Unit, Dubai Central Laboratory 
United Arab Emirates 


Composite coral veneer glued to artificial matrix. Red 
coral, one of the most precious organic gems, has become 
increasingly popular in the Chinese jewelry market. With 
natural coral resources being depleted, ornaments of large 
size and high quality are becoming even more valuable. As 
a result, the market for treated red coral and imitation 
products is rapidly growing. 

Composite red coral normally consists of coral frag- 
ments glued together with cement compounds. In 2010, 
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Figure 16. These 14 ornaments, represented as red 
coral products, consisted of a coral veneer glued to a 
matrix. The ten bangles (top) weigh 37.34-57.43 g, 
and the four snuff bottles (bottom) range from 121.95 
to 145.07 g. Photo by Haibo Li. 


the National Gemstone Testing Center Gem Laboratory 
in Beijing tested one bangle that was represented as red 
coral (Summer 2010 GNI, pp. 158-159). Because the client 
did not allow the lab to take a powder sample, further test- 
ing was restricted. There was some concern about whether 
the bangle had an artificial matrix, but this could not be 
determined without destructive tests. 

Recently, the NGTC received 10 bangles and four snuff 
bottles (figure 16) presented as red coral. The bangles re- 
sembled the one tested in 2010. Each of the 14 pieces was 
covered with a very thin surface layer of red coral. The 
composition of the material below this coral veneer was 
analyzed. 

Magnification revealed the boundaries between the 
coral fragments and the cement compounds, which tended 
to be recessed (figures 17 and 18). This clearly demon- 
strated that the veneer was composite red coral. The coral 


Figure 17. Left: A close- 
up of a bangle with 
coral veneer. Right: The 
bangle’s inner surface is 
covered with rectangu- 
lar coral slices, but 
gaps filled with cement 
compounds are still vis- 
ible. Photos by Haibo 
Li; magnified 6.5x. 
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Figure 18. A: Reflected light showed the difference in luster between the cement compounds and the coral frag- 
ments; magnified 10x. B: Under transmitted light, air bubbles can be found in the cement compounds; magnified 
20x. C: The boundary between the matrix and the composite coral veneer is very clear and sharp; magnified 10x. 
D: The fluorescence reaction of the same sample under short-wave UV. Photomicrographs by Haibo Li. 


fragments had a vitreous luster and showed wavy growth 
patterns typical of natural coral. No growth patterns were 
seen in the cement compounds except for air bubbles. 

Whitish material seen inside the neck of the bottles was 
identified as an artificial matrix. The composite red coral ve- 
neer, which was only about 1-2 mm thick, had been glued 
to the surface of the whitish matrix. Under a short-wave UV 
lamp, strong blue-white fluorescence from the cement com- 
pounds and the matrix was visible (figure 18). 

Micro-infrared spectrometry (with 4.0 cm” resolution 
and 64 scans in the 675-4000 cm range) identified the ce- 
ment compounds as epoxy resin (figure 19A). Two different 
kinds of artificial matrix material were detected: ethyl 
cyanoacrylate (figure 19B) and alkyd synthetic resin mixed 
with carbonates. The main component of the carbonates 
was established as calcite by subtracting the spectra (figure 
19C). The calcite could have come from the manufacturing 
process of the composite red coral. 

The SG of the synthetic resin was about 1-2 g/cm°, 
much lower than that of red coral (2.65 g/cm?). Carbonates 
could have been added to the matrix to make it heavier and 
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approximate the heft of coral. The snuff bottles all had sim- 
ilar size but different weights. The three that contained 
alkyd resin mixed with calcite, which has a relatively high 
SG, weighed 140-145 g. The matrix in the fourth snuff bot- 
tle was ethyl cyanoacrylate, which has a lower SG than 
calcite. As a result, it only weighed 121 g. 

In today’s market, oversized red coral products are often 
constructed from an artificial matrix. After the matrix is 
shaped, a veneer of red coral fragments is glued to its sur- 
face. This makes it easier to manufacture larger ornaments 
while preserving natural coral reefs. Combining magnifi- 
cation and UV fluorescence observation with infrared spec- 
trometry, we can identify composite coral assemblages 
quickly and effectively. 

Haibo Li (1978lihb@163.com), Zhoujing Yue, Jie Liang, 
Taijin Lu, Jun Zhang, and Jun Zhou 

National Gemstone Testing Center Gem Laboratory, 
Beijing 


Dyed bone as a red coral imitation. Numerous materials 
have been widely used to imitate red coral: glass, plastic, 
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ceramics, composites, and dyed shells. Recently, the Gem 
Testing Laboratory in Jaipur examined an 8.86 ct orange- 
red cabochon measuring 16.56 x 12.19 x 7.34 mm (figure 


Figure 19. A: The IR spectrum of the cement com- 
pound in one of the bangles identified it as epoxy 
resin. B: The IR spectrum of the artificial matrix ma- 
terial in one of the snuff bottles indicated ethyl 
cyanoacrylate. C: The artificial matrix material in the 
other three snuff bottles was identified, by subtract- 
ing IR spectra, as alkyd resin mixed with carbonates. 
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Figure 20. This 8.86 ct orange-red cabochon, submit- 
ted as coral, was identified as dyed bone. Photo by 
Gagan Choudhary. 


20) that was presented as red coral but proved to be dyed 
bone, an unusual imitation. 

Initial observation showed a strong resemblance to red 
coral, but careful microscopic observation proved other- 
wise. The sample lacked the typical “tree ring” or striated 
growth structure seen in corals, though it did display a net- 
work of fine veins throughout. Viewed from above, these 
veins appeared subparallel and were oriented along the 
length of the cabochon (figure 21). The veins also displayed 
orange-red color concentrations against the cabochon’s 
whitish bodycolor (again, see figure 21], suggesting that the 


Figure 21. The dyed bone illustrated in figure 20 dis- 
played subparallel veins oriented along the length of 
the cabochon; also note the orange-red color concen- 
trations against the sample’s whitish bodycolor. Pho- 
tomicrograph by Gagan Choudhary; magnified 48x. 
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Figure 22. Subparallel veins were confined to circular 
concentric planes oriented along the length of the 
cabochon (top), while the individual veins were sur- 
rounded by concentric whitish rings (bottom). Pho- 
tomicrographs by Gagan Choudhary; magnified 40x 
(top) and 56x (bottom). 


material was both dyed and organic. Detailed observations 
of the sample from all sides revealed that the subparallel 
veins were confined to circular concentric planes oriented 
along the length of the cabochon (figure 22, top); the indi- 
vidual veins were further surrounded by concentric 
whitish rings (figure 22, bottom). These structural features 
ruled out the possibility of coral, but the identity had yet 
to be established. 

The sample’s spot RI was approximately 1.56, without 
any noticeable birefringence blink, while its hydrostatic SG 
was 2.01. Under a UV lamp, it displayed pinkish orange 
patchy fluorescence (which was stronger under long-wave 
UV). This characteristic is typically associated with dyes. 
Qualitative EDXRF analysis revealed the presence of phos- 
phorus and calcium. Chemical, gemological, and observa- 
tional features indicated bone, which was further confirmed 
by Raman spectroscopy. Raman spectra (figure 2.3) obtained 
using a 785 nm laser in the 200-2000 cm region displayed 
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a strong peak at approximately 960 cnr, with weaker peaks 
at approximately 430, 586, and 1072 cm". Also present 
were a few indistinct features in the 1200-1700 cm region. 
The peaks at approximately 960, 586, and 430 cm! were at- 
tributed to PO? bending and stretching, and the one at 1072 
cm to CO* stretching. The indistinct features between 
1200 and 1700 cm"! were due to collagen—the essential 
component of bone tissue (C. Kontoyannis et al., “Analysis 
of bone composition with Raman spectroscopy,” Proceed- 
ings of the 13th Panhellenic Pharmaceutical Congress, 
2012, http://nemertes.lis.upatras.gr/jspui/bitstream/10889/ 
5187/1/PMO081.pdf). 

Bones have been used as jewelry since ancient times, 
and some specimens are dyed or stained to make them ap- 
pear older (Summer 2006 Lab Notes, p. 160). Bone is used 
to imitate ivory, but this is the first time we have seen a 
bone dyed red and presented as coral, an interesting and 
unusual imitation. Although the market penetration of 
this material is unknown, we cannot rule out the possibil- 
ity of it being mixed in packets of red coral, and this sepa- 
ration would pose a challenge for jewelers and gemologists. 


Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


MORE FROM TUCSON 2014 


_L____»_ EE a 
Bumble Bee “jasper” from Indonesia. At the Tucson Gem 
and Mineral Show, All in Vein (Quartzsite, Arizona) exhib- 
ited slabs and pairs of Bumble Bee “jasper,” which was sold 
elsewhere at the show as Eclipse “jasper.” The term jasper 
is amisnomer, as this vibrantly colored orange, yellow, and 


Figure 23. The bone’s Raman spectrum showed major 
PO} peaks at about 960, 586, and 430 cm1; a CO} 
peak at 1072 cnr; and collagen-related peaks in the 
1200-1700 cnr" region. 
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Figure 24. This Bumble Bee “jasper,” measuring 32 x 
54 mm, is a mixture of volcanic lava and sediment. 
Photo by Robert Weldon/GIA; courtesy of Robert E. 
Kane. 


black material (figure 24) actually formed from a mixture 
of Indonesian volcano lava and sediment. A carbonate-rich 
rock first discovered on the island of Java during the 1990s, 
the material is soft, with a Mohs hardness of 5 or below. 
The porous rock is easily cut and polished, and most spec- 
imens are filled with Opticon (H. Serras-Herman, “Bumble 
Bee ‘jasper’: A colorful volcanic lapidary material,” Rock 
& Gem, Vol. 43, No. 8, pp. 26-29). 


Stuart Overlin 


Pyrex bracelets. At the Pueblo Gem & Mineral Show, Kevin 
O’Grady (Scottsdale, Arizona) exhibited a line of glass 
bracelets and other jewelry (figures 25 and 26). O’Grady has 
worked with borosilicate glass, better known by the brand 
name Pyrex, since the late 1980s. He touted the durability 
and versatility of this medium, which lends itself to a vari- 
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Figure 26. This Pyrex bracelet displays a striking 
orbicular pattern that appears three-dimensional. 
Photo by Eric Welch; courtesy of Kevin O’Grady. 


ety of dramatic effects. He crafts each piece freehand using 
a torch, adding elements such as cobalt to achieve colors and 
embedding flower mosaics and other patterns that appear 
three-dimensional. O’Grady’s signature bracelets contain 
gold, silver, or a combination of both. 


Stuart Overlin 


Shattuckite from the DRC. At the Tucson Gem and Min- 
eral Show, Brett Kosnar of Mineral Classics (Black Hawk, 
Colorado) exhibited rare specimens of shattuckite from the 
Democratic Republic of Congo. A new find of this intense 
medium to dark blue copper silicate (figure 27) occurred in 
the Kambove District in October 2013. The mineral has a 
Mohs hardness of 3.5 and is used for cabochons and carv- 
ings. Shattuckite has been reported from various African 
and European sources, as well as copper mines in the 


Figure 25. Pyrex bracelets with at- 
tractive colors and patterns were 
on display at the Tucson show. 
Photo by Eric Welch; courtesy of 
Kevin O’Grady. 
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Printed in England, 


ANDALUSITE, ENSTATITE, ETC. 


The green andalusite (A) is from Brazil. This gem is 
strongly trichroic and when properly cut as in the illustration 
will display the red color. Figure (B) illustrates an enstatite, 
often incorrectly termed “green garnet,” Kimberley. The slightly 
bluish green gem (C) is diopside, Zillerthal, Tyrol; (D> 
kyanite; (E) idocrase, often mistaken for jade. The illustration 
at (F) is diopside with garnet, Ala, Piedmont. (G) Idocrase; 
(E) fibrolite from the Burma ruby mines, Mogok. Kyanite with 
staurolite in mica schist from Pizzo Forno, Faido, Switzerland, 
is pictured at (J). Figure (K) shows chiastolite, a variety of 
andalusite, Fresno County, California. Specimens from the 
collection of British Museum (Natural History), London. 


Figure 27. These intense blue shattuckite specimens 
are from a recent find in the Democratic Republic of 
Congo. Photo by Brett Kosnar; courtesy of Brett Kos- 
nar, Kosnar Gem Co. 


American West. The type locality is the Shattuck-Denn 
mine in Bisbee, Arizona (R. Bowell and R. Cook, “Connois- 
seur’s Choice: Shattuckite: Kunene District, Kaokoveld, 
Namibia,” Rocks & Minerals, Vol. 84, November/Decem- 
ber 2009, pp. 544-550). 

Kosnar’s Congolese shattuckite is being stabilized prior 
to jewelry manufacturing. He plans to debut cabochons of 
this very limited material at Tucson in 2015. 


Stuart Overlin 


Figure 28. Top-quality stones, including purple and 
green jade, were offered at Jewelry Shanghai 2014. 
Photo by Jennifer Stone-Sundberg. 
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Figure 29. This clear quartz carving seen at the 
Shanghai show demonstrates the exceptional crafts- 
manship sought by Chinese collectors. Photo by 
Jennifer Stone-Sundberg. 


CONFERENCE REPORT 


Jewelry Shanghai 2014. Organized by the Gems & Jewelry 
Association of China, Jewelry Shanghai 2014 took place 
May 8-12 at the Shanghai World Expo Exhibition & Con- 
vention Center. The two exposition halls held over 1,000 
vendors representing more than 22 countries in 4,200 
square meters of exhibitor space. A wide variety was of- 
fered, including exceptional examples of tourmaline, jade 
(figure 28), and ruby, as well as phenomenal stones such as 
cat’s-eye chrysoberyl and star sapphire. Additionally, su- 
perb craftsmanship was on display in the form of fine jade 
and quartz carvings (figure 29), gold work, and cloisonné 
enameling. This year saw the addition of top-level fossil, 
mineral, and gem collector specimens. Other popular items 
for sale were amber, turquoise, and moonstone. 


The show featured lectures on topics such as Chinese 
jade carving, diamond, and Burmese rubies. As Shanghai is 
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China’s diamond import center, the Shanghai Diamond Ex- 

change (which handles every diamond imported into the 

country] and the Hoge Raad voor Diamant (HRD) were pres- 

ent. Several other gem- and jewelry-related agencies, includ- 

ing the Shanghai Gold Exchange and the International 

Gemological Institute (IGI), also attended. Mainland China 

posted jewelry retail sales of 295.9 billion yuan (approxi- 

mately US$47 billion) in 2013 (http://www.stats.gov.cn/ 

tjsj/zxfb/201401/t20140120_502082.html), and this show 

certainly indicated the quality and diversity of items the 
Chinese gem and jewelry market demands today. 

Jennifer Stone-Sundberg 

Crystal Solutions, LLC 

Portland, Oregon 

Ren Lu 

China University of Geoscience 

Wuhan 
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Figure 30. “Fantastic Cross,” an 
18K gold brooch featuring tur- 
quoise, variscite, chrysocolla, cul- 
tured pearl, and enamel, is part of 
the museum display at GIA’s 
New York laboratory and campus. 
Photo by Orasa Weldon/GIA, 
courtesy of the Anthony and 
Elizabeth Duquette Foundation 
for the Living Arts. 


MISCELLANEOUS 


GIA Museum exhibits in New York. GIA’s recently opened 
laboratory and campus at the International Gem Tower in 
New York’s Diamond District features a permanent mu- 
seum exhibit of gems, jewelry, and mineral sculptures. 
Fourteen display cases highlight nearly 100 items from the 
GIA collection, ranging from large aquamarine crystals to 
a diminutive objet d’art golden cactus and a necklace fea- 
turing akoya, Tahitian, and South Sea cultured pearls (fig- 
ure 30). The exhibit showcases the wonder of gems to 
visitors and students. 


ERRATUM 


In the Gem News International section of the Spring 2014 
issue, the photographer of the large oolitic opal block 
should have been listed as Don Mengason. 
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1: The exhibit’s location at the GIA library entrance. 2: Colombian emerald necklace, Summer 
1981 issue. 3: Kathryn Kimmel (left) with Harold and Erica Van Pelt. 4: 80th anniversary decor. 


5: Rubellite necklace and ring, Winter 1988 cover. 6: Bill Larson, Susan Jacques, and Eloise 
Gaillou. 7: Tom Overton, Brendan Laurs, Alice Keller, and John King. 
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On June 11,G&G con 
the new GIA Museum exhibit, "The Beauty of Science: Gems & Gemology 


triputors, Supporters, and staff toasted the opening of 


Celebrates 80 Years, Featuring the Artistry of Harold and Erica Van Pelt.’ 


The exhibit spotlights gems and jewelry featured on selected G&G covers 


since 1981. The cover photos are the work of the Van Pelts, the husband- 


and-wife team who contributed nearly three decades of photography to 


the journal's pages. In addition to gathering treasures from the 


Smithsonian and other sources, the collection offers intriguing examples 


of cutting-edge research, locality reports, and industry coverage over the 


years. The exhibit runs through December 14. 


- ad ee e 


8: Kathryn Kimmel, Janine Castro, Laila Sharif, Susan Jacques, Tess Lecklitner, and Amanda Bilberry. 9: Pat Syvrud, Jeff Post, and Terri Ottaway. 
10: John King. 11: Qing dynasty jade vase, Spring 1986 cover. 12: The Van Pelts and Stan and Leslie Weinberg. 13: Kate Donovan and Gabriel 
Mattice. 14: Jeff Post and Zee Allred. 15: Marcelo Souza, Diane Caldwell, Dona Dirlam, and Charlie Carmona. 


Photos by Kevin Schumacher and Matt Hatch/GIA. 
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Visit G&G online to explore free multimedia content. Scan the QR codes with your smartphone or tablet, or 
enter the links below. 


Gemological Field Expeditions: GIAs Andy Lucas and Vincent Pardieu 
discuss the challenges and rewards of gemology fieldwork. Contains 
slideshows from local mines and markets. www.gia.edu/gia-news- 
research-behind-scenes-gemological-field-expedition. 


Mogok Expedition Three-Part Series: Our resident field gemologists 
reminisce about the sights, the people, and the gem markets in Myanmar’s 
famed “Valley of Rubies.” Contains slideshows showing local sites, miners, | 
and gem markets. www.gia.edu/gia-news-research-expedition-to-the- 
valley-of-rubies-part-1. 


Chinese Gem and Jewelry Industry: The authors explore the develop- 
ment, impact, and future of China’s domestic and international gemstone 
and jewelry market. Includes artisan video interviews, on-site 
slideshows, and a Chinese language PDF. www.gia.edu/gems- 
gemology/spring-2014-lucas-chinese-gem-industry. 


Understanding the Geology of Diamonds: Delves into the relationship 
between natural diamond formation and the geological formation of 
Earth. Includes a diamond geology glossary, slideshows, and author 
interviews. www.gia.edu/gems-gemology/WN1 3-diamond-geology- 
shirey. 


The Museum of London's Cheapside Hoard: An inside look at this 
extraordinary jewelry and gemstone collection dating from the 17th 
century. Contains slideshows of the exhibit and video interviews with 
museum curators. www.gia.edu/gems-gemology/FA1 3-cheapside- 
hoard-weldon. 


Occurrences of Oregon Sunstone: GIA visits three major sources of 
Oregon sunstone to collect samples for research and provide background 
into the geological relevance of this material. Includes video interviews and 
slideshows from the sites. www.gia.edu/gems-gemology/FA13-oregon- 
sunstone-pay. 


A Look at Tucson 2014: Industry insight, creative innovations, and 
unusual finds from this year’s gem and mineral shows. Includes video 
interviews. www.gia.edu/gems-gemology/spring-2014-gemnews- 
tucson-2014-overview. 
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EDITORIAL 


Supporting the 
Researchers of Tomorrow 


In our recent print issues, you've likely noticed an ad on the journal's inside cover promoting 
postdoctoral research opportunities. This is part of a GIA initiative to attract new research 
scientists. We recognize that supporting future research is fundamental to all of GIA’s core 
gemological laboratory and education services that support the industry and our mission to 
safeguard consumers. 


As part of this effort, we’re delighted to announce that GIA will be the principal sponsor 
of the International Diamond School (IDS), to be held January 27-31 in Brixen, Italy. 
The school will be led by three leading diamond geoscientists: Fabrizio Nestola of the 
University of Padova, Italy; Steven Shirey of the Carnegie Institution in Washington, 
DC; and Graham Pearson of the University of Alberta, Canada. The school brings 
together leading academics and 


practicing members of the diamond geoscience “Supporting fi uture research is fundamental 
community—including our own Dr. Wuyi Wang— to all GLA’s core gemological activities...” 
with the next generation of postdoctoral and 

masters-level researchers. It’s a fantastic opportunity for attendees to network with the leaders in diamond 
exploration, advanced research-level analysis, diamond morphology, inclusion chemistry, and geologic 
occurrences in a way that will inspire their future studies. GIA’s contribution will directly benefit these up- 
and-coming research scientists by reducing the attendance fees for the conference. The IDS website is at 
http://www.indimedea.eu/diamond_school_2015.htm 


Our lead article in this edition, a collaboration between GIA and Sri Lankan authors, presents an illuminating 
survey of Sri Lanka’s gem and jewelry industry based on firsthand visits to mining, cutting, jewelry 
manufacturing, and retail centers. They document a revitalized industry that’s blending hard-won traditional 
skills with innovative strategies and technologies to gain a stronger presence in global markets. 


Our second paper, by Nicholas Sturman and his colleagues from GIA’s Bangkok laboratory, provides a 
gemological characterization of 22 non-nacreous pen pearls. This study reveals not only the porcelaneous 
nature of these pearls, but also the unusual beauty of their surface textures and inner structures. 


Next, noted author and corundum expert Richard Hughes delves into a basic gemological property: 
pleochroism. His intriguing paper—aimed at practicing gemologists as much as researchers—examines this 
property’s impact on the appearance of faceted gems and looks to demonstrate that pleochroism is always 
visible to some degree, even when viewing a gem along an optic axis. 


In the final article, Dr. Zuowei Yin from the China University of Geosciences in Wuhan heads a study of pale- 
colored nephrite jade from a new deposit in Guangxi Province with interesting banded or dendritic patterns. 


In addition to the four feature articles, you'll find our regular Lab Notes and Gem News International sections, 
along with the winners of the 2014 GexG Challenge. 


For all our print subscribers: You'll notice that your copy of journal was delivered inside a new recyclable 
(polyhydroxyalkanoate, or PLA) wrapper. We'd like to thank Dr. George Rossman of GeG’s editorial review 


board for this suggestion. 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 


Please enjoy the Fall 2014 edition! 
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SNM ARTICLES 


SRI LANKA: EXPEDITION TO THE 


ISLAND OF JEWELS 


Andrew Lucas, Armil Sammoon, A. P. Jayarajah, Tao Hsu, and Pedro Padua 


In February 2014, the authors explored Sri Lanka’s entire mine-to-market gemstone and jewelry industry. 
The team visited numerous mining, cutting, trading, jewelry manufacturing, and retail centers repre- 
senting each sector and witnessed a dynamic blend of traditional and increasingly modern practices. 
Centuries of tradition as a colored gemstone mining, trading, and cutting source now converge with the 
technologies, skill sets, and strategies of today’s global market. 


ri Lanka is one of the meccas of gemology. Few 

sources, especially among active localities, can 

match its rich history as a gem producer and 
trade center. As Sri Lanka takes its place in today’s 
gem and jewelry industry, the gemologist can observe 
a combination of traditional methods and modern 
technologies as well as new business strategies for a 
highly competitive market. 

What appear to be primitive practices are often 
highly efficient and well suited to the task. While 
most of the mining enterprises are small operations 
using simple hand tools, these allow for continuous 
mining, employ a large workforce, and are less dam- 
aging to the environment (figure 1). Cutting is an- 
other sector where traditional techniques still 
prevail, providing excellent initial orientation of the 
rough crystal for maximum face-up color and weight 
retention. At the same time, highly skilled recutting 
in Sri Lanka is achieving international market stan- 
dards of proportions, symmetry, and brightness (fig- 
ure 2). Fine precision cutting to tight tolerances on 
modern lapidary equipment is being applied to cali- 
brated goods that meet the strictest requirements, in- 
cluding those of the watch industry. 

While the small shops rely on jewelry manufac- 
turing techniques such as hand-blown soldering, 
modern factories use lost-wax and casting as well as 


See end of article for About the Authors and Acknowledgments. 
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die-striking. Gem trading has evolved, partly due to 
more trade-friendly import and export regulations, 
making Sri Lankan buyers more competitive glob- 
ally. The retail industry continues to find a large do- 
mestic market for traditional 22K gold jewelry while 
expanding to meet the diverse tastes of younger Sri 
Lankans and tourists. 


SRI LANKA 
Sri Lanka is a large island in the Indian Ocean, just 
off the southern tip of India. It measures 65,610 
square kilometers (40,768 square miles), with 1,340 
kilometers (832 miles) of coastline. In the southwest, 
where most of the gemstone mining takes place, the 
monsoon season lasts from June to October. Sri 
Lanka is located in the path of major trade routes in 
the Indian Ocean, an advantage that helped establish 
it as one of the world’s most important gem sources. 
In addition to gemstones, Sri Lanka has natural 
resources of limestone, graphite, mineral sands, phos- 
phates, clay, and hydroelectric power. The country is 
also known for its tea, spices, rubber, and textiles. Of 
the total workforce, 42.4% are employed in the serv- 
ice sector, 31.8% in agriculture, and 25.8% in indus- 
try, which includes mining and manufacturing (CIA 
World Fact Book, 2014). The tourist industry is ex- 
pected to see strong growth, although the existing in- 
frastructure may struggle to accommodate a large 
influx of visitors to such attractions as the ruins at 
Sigiriya, a UNESCO World Heritage site (figure 3). 
Sri Lanka’s economy has experienced strong 
growth since 2009, which marked the end of a 26-year 
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A, A. Schulke photograph 


Figure 2 
* The Washington University cyclotron in operation, showing the 


blue beam in the ionized air. 


place in a vacuum, the narrow beam 
nearly parallels the side of the chamber 
and, hence, strikes the target at an oblique 
angle. Diamonds irradiated in this manner 
will be colored on the side. It is not a con- 
venient type of bombardment to use be- 
cause of the necessity of employing a sec- 
ondary vacuum chamber, fitted with rather 
elaborate seals, in order that the probe 
may be inserted and removed from the 
main vacuum system. Since the deuteron 
stream strikes only one side of the stone, it 
is necessary either to make two treatments 
of each to obtain even fairly uniform col- 
Oration (exact matching of exposures is im- 
possible) or provide some mechanism for 


oscillating the target during bombardment. 

The stopping of the deuterons by the 
target produces great heat, and the whole 
target area becomes hot, both literally and 
in a radioactive sense. Hence, special 
mountings must be prepared, like that 
shown in (Figure 1), which will hold the 
stones firmly in place, yet be resistant to 
the heat, and not susceptible to a type of 
atomic transformation which will reproduce 
dangerously radioactive substances. The il- 
lustrated plate was made of nickel, at the 
base is a small tray to catch any stones 
that might fall out so that they would not 
fall into the interior of the cyclotron and 
involve a dismantling operation for their 


SPRING 1951 


Figure 1. As Sri Lanka develops its colored stone mining industry, traditional practices still prove effective. Photo 
by Andrew Lucas. 


civil war that long plagued economic development. domestically. The population is 73.8% Sinhalese, 
The country’s population of nearly 22 millionencom- 7.2% Sri Lankan Moor, 4.6% Indian Tamil, and 3.9% 
passes different ethnicities and religions that are re- Sri Lankan Tamil (with 10% unspecified). Buddhists 
flected in the styles of jewelry manufactured and sold account for 69.1% of the population, Muslims 7.6%, 


Figure 2. Sri Lankan lapidaries incorporate tradi- Figure 3. Sigitiya, a massive rock standing more than 200 
tional techniques, modern precision cutting, and meters high, was transformed into a royal fortress during 
highly skilled recutting. This worker has decades of the reign of King Kashyapa (477-495 ap), with palaces, 
experience cutting and recutting corundum and gardens, swimming pools, and frescos. It is a major 
chrysoberyl. Photo by Andrew Lucas. tourist attraction in Sri Lanka. Photo by Andrew Lucas. 
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Figure 4. While Sri Lanka produces a variety of prized 
gemstones, sapphire is the most important commer- 
cially. Photo by Robert Weldon. 


Hindus 7.1%, and Christians 6.2% (CIA World Fact 
Book, 2014). While Muslims and Hindus represent a 
distinct minority, they have a rich jewelry tradition, 
and the authors witnessed the importance of their 
buying power in the retail industry. 


GEM TRADE HISTORY 

Gemstone use in Sri Lanka dates back at least 2,000 
years. The gem-laden island was referred to in San- 
skrit as Ratna Dweepa, meaning “Island of Jewels” 
(Hughes, 2014). Early Arab traders called it Serendib, 
which is the origin of the word “serendipity.” Known 
until 1972 as Ceylon, it has a rich history as a source 
of economically important gemstones, particularly 
sapphire (figure 4) and cat’s-eye chrysoberyl. 

James Emerson Tennent, an administrator of 
British Ceylon from 1846 to 1850, noted that the Ma- 
havamsa (The Great Chronicle of Ceylon) mentions 
a gem-encrusted throne owned by a Naga king in 543 
BC, when the earliest accounts of the island were 
written (Hughes, 1997). The Roman naturalist Pliny 
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the Elder wrote that ambassadors from Taprobane, as 
Sri Lanka was known at the time, boasted of its fine 
gemstones during the reign of Emperor Claudius 
from 41 to 54 ap (Hughes, 1997). The Greek as- 
tronomer Ptolemy referred to the island’s beryl, sap- 
phire, and gold in the second century AD (Hughes, 
1997). Marco Polo traveled there in 1293 and noted 
the abundance of gems, including ruby, sapphire, 
topaz, amethyst, and garnet (Ariyaratna, 2013). The 
famous Arab explorer Ibn Battuta, visiting in the 
14th century, wrote of the variety of precious stones 
he saw (Ariyaratna, 2013). 

Between 500 and 1500 ap, during the rule of an- 
cient and medieval Sinhala kings, the mining, posses- 
sion, and commerce of precious stones was controlled 
by the monarch. Arab and Persian merchants pur- 
chased many fine gemstones. During the periods of 
European colonization—Portuguese (1505-1656), 
Dutch (1656-1796), and British (1796-1948)—gem 
commerce expanded beyond the royal family, as the 
Europeans were solely interested in trading and profit 
(Mahroof, 1997). European traders brought more of 
these goods to the West and furthered the island’s rep- 
utation as a source of gemstones and trade expertise. 


In Brief 


¢ Due to its geological makeup and location along major 
trade routes, Sri Lanka has long been an important 
source and trading center for gems, including sapphire 
and cat’s-eye chrysoberyl. 

¢ Traditional methods of mining, cutting, and treatment 
have been combined with modern techniques to keep 
Sri Lanka competitive in the world’s gemstone market. 

e Jewelry manufacturing is a major growth area, as the in- 
dustry meets the traditional needs of consumers along 
with the emerging youth market and tourist demand. 


During the 20th century, Sri Lanka’s standing as a 
premier gem trade center diminished. This was due to 
numerous factors: the emergence of other sources, a 
failure to adapt and master technology such as heat 
treatment and modern cutting, and government reg- 
ulations that hindered the rapid growth enjoyed by 
Thailand and other countries. In the last two decades, 
Sri Lanka has overcome those setbacks and now has a 
dynamic, rapidly growing gem and jewelry industry. 

Sri Lanka is best known for its large, exceptional 
sapphire and star corundum. Important stones re- 
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Figure 5. The 423 ct Logan sapphire is one of many fa- 
mous stones from Sri Lanka. Photo by Chip Clark; 
courtesy of the Smithsonian Institution. 


ported to be from Sri Lanka include (Ariyaratna, 
2013): 


e the 466 ct Blue Giant of the Orient, supposedly 
mined from the Ratnapura area in 1907 

e the 423 ct Logan blue sapphire (figure 5) and the 

138 ct Rosser Reeves star ruby, both housed in 

the Smithsonian Institution’s National Mu- 

seum of Natural History 

the 400 ct Blue Belle of Asia, said to have been 

found in a paddy field in the Ratnapura district 

in 1926, and described as having the highly de- 

sirable “cornflower” blue color 

e the 363 ct Star of Lanka, owned by the National 
Gem and Jewellery Authority 

e the 850 ct Pride of Sri Lanka blue sapphire, 
found in Ratnapura in June 1998 

e the 563 ct grayish blue Star of India, which was 

actually discovered in Sri Lanka and donated to 

the American Museum of Natural History in 

1900 by J.P. Morgan 

the 12 ct blue sapphire in the engagement ring 


of Diana, Princess of Wales, which is now worn 
by the Duchess of Cambridge, Kate Middleton 
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THE EXPEDITION 

The goal of this study was to document the entire Sri 
Lankan colored gemstone industry from mine to mar- 
ket. While many past articles have focused on geology 
and mining, we decided to cover the entire spectrum, 
including gem mining, import and export, cutting, 
treatment, jewelry manufacturing, and retail. We 
wanted to rely heavily on our own observations for all 
of the sectors. We sought direct communications with 
industry leaders and trade members. Through exten- 
sive travel and numerous visits to different operations 
and businesses, we assembled the whole picture. Hun- 
dreds of hours of video footage and interviews and 
more than 7,000 photos documented all aspects of the 
industry in Sri Lanka. 

Our first stop was at the offices of Sapphire Capi- 
tal Group, where we saw Sri Lankan dealers serving 
as expert consultants for foreign buyers. For an entire 
day, we watched a buyer from New Zealand purchase 
parcel after parcel of sapphire and other gemstones 
from dealers his local contact had arranged (figure 6). 
As he chose his sapphires, the foreign buyer would 
consult the Sri Lankans on how the stones would 
recut. There we also captured the highly skilled re- 
cutting of sapphire and cat’s-eye chrysoberyl. 

Over the next few days, we paid visits to whole- 
salers, retailers, and cutting facilities in Colombo. At 
Precision Lapidaries, we caught a glimpse of the 
modern Sri Lankan gemstone cutting industry, 


Figure 6. Foreign buyers often rely on a trusted local 
dealer to bring in other dealers to showcase their goods. 
The local contacts advise their foreign clients on buying 
decisions and recutting. Photo by Andrew Lucas. 
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Figure 7. The street scene in Beruwala was full of 
trading activity. Photo by Andrew Lucas. 


which emphasizes precision and quality. Our first 
trip outside of Colombo was to the weekend market 
at Beruwala, which was particularly busy (figure 7). 
We were able to see the art of street dealing in Sri 
Lanka, along with trading activity in the offices. We 
also interviewed traditional cutters and a specialist 
in the heat treatment of sapphire. 

Our next stop was the famous gemstone market 
near Ratnapura, where the trading in the streets was 
even heavier than at Beruwala. We were allowed to 
visit numerous offices and traditional cutting and 


treatment facilities. After spending several hours at 
the market in Ratnapura, we explored pit-mining op- 
erations in the area. 

At Balangoda we saw three mechanized mining 
operations and interviewed several miners. We were 
also able to watch a river mining operation. By this 
point in our trip, we had observed the three main 
types of gem recovery in Sri Lanka: (1) pit mining, in- 
cluding simple narrow pits with galleries and small 
open-cast operations, both worked by hand; (2) mech- 
anized mining in open pits, incorporating backhoes 
or bulldozers for digging and sluices for washing; and 
(3) traditional river mining. In Elahera, another fa- 
mous locality on our itinerary, we observed a mech- 
anized operation and traditional pit mining. 

Back in Colombo, we had three days to explore 
other cutting facilities, wholesalers and retailers, 
modern and traditional jewelry manufacturers, and 
the famous gem and jewelry hub of Sea Street. 


GEM DEPOSITS 

The classification of Sri Lanka’s gem deposits is sum- 
marized in figure 8. Most of the gem deposits are of 
sedimentary nature, though there are some primary 
deposits related to metamorphic and magmatic rock. 
Regional and/or contact metamorphism favored the 
formation of corundum and spinel by removing silica 
and water, transforming aluminum- and magnesium- 


Alluvial Ratnapura | 


Sedimentary 


Metamorphic 


Aluminous | 
Elahera | 
Metasedimentary il 


Figure 8. Main gem de- 
posit categories in Sri 
Lanka and the corre- 
sponding mining areas. 
From Dissanayake and 
Chandrajith (2003). 
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BOX A: RELATED EARTH HISTORY 


The island of Sri Lanka has been blessed with some of the 
richest gem deposits on the planet. Metamorphism gen- 
erated by a series of mountain-building events resulted in 
the gem wealth we see today. Before the well-known Pan- 
gaea, there were several supercontinents in Earth’s early 
history. The assembly and breakup cycles of these super- 
continents are the engines that formed most of the world’s 
gem deposits (figure A-1), and some of these events are 
closely related to gem formation in Sri Lanka. 

Nearly nine-tenths of Sri Lanka is underlain by high- 
grade metamorphic rocks of Precambrian age. Neo- 
dymium and rubidium-strontium dating (see Milisenda 
et al., 1988; Kréner and Williams, 1993) indicate an age 
between 1,000 and 3,000 million years (Ma). The super- 
continent Rodinia, the predecessor of Pangaea, assembled 
between 1300 and 900 Ma (Li et al., 2008), so the protolith 
of these high-grade metamorphic rocks must have been 
inherited from previous supercontinent cycles. McMe- 
namin and McMenamin (1990) considered Rodinia the 
“mother” of all subsequent continents. More than 75% 
of the planet’s landmass at that time had clustered to form 
Rodinia, but gigantic size did not translate to stability for 
the supercontinent. Due to the thermal insulation caused 
by the giant landmass, the first breakup of Rodinia hap- 
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pened at about 750 Ma along the western margin of Lau- 
rentia. Rifting between Amazonia and the southeast mar- 
gin of Laurentia started at about the same time (Li et al., 
2008). While Rodinia was breaking up, the individual con- 
tinents of Gondwanaland started to join together. 

Gondwanaland was assembled between 950 and 550 
Ma (Kroner, 1991). Detrital zircon age distributions in- 
dicate that the global-scale Pan-African orogeny reached 
its peak between 800 and 600 Ma (Rino et al., 2008). This 
orogeny formed one of the longest mountain chains in 
Earth’s history: the Mozambique belt that extends from 
modern-day Mozambique to Ethiopia and Sudan and 
also covers most of Madagascar, the southern tip of India, 
Sri Lanka, and the eastern coast of Antarctica. This belt, 
a thrust-and-fold zone that marks the junction between 
East and West Gondwanaland, is also a mineral belt. 
Modern-day Sri Lanka occupied a central position in this 
belt. Uranium-lead geochronology shows that the zir- 
cons from Sri Lanka’s high-grade metamorphic rocks ex- 
perienced significant Pb loss at 550 Ma, and new growth 
of zircon, monazite, rutile, and garnet occurred between 
539 and 608 Ma (Kroner and Williams, 1993). These are 
the dates of the near-peak metamorphism that created 
the gemstones in this country. 
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Figure A-1. The supercontinent Rodinia was formed 900 million years ago and started to break apart about 
150 million years later. Some of its fragments reassembled to form Gondwanaland, which later became 
part of the supercontinent Pangaea. South America, Africa, Madagascar, India, Sri Lanka, Antarctica, and 
Australia were once connected in Gondwanaland. Adapted from Li et al. (2008) and Dissanayake and 


Chandrajith (1999). 
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Figure 9. Most Sri Lankan gemstones are from gem- 
bearing gravel known as illam. The gravels are 
washed with the hope of revealing a treasure within 
the heavier material left behind in the miner’s hand. 
Photo by Andrew Lucas. 


bearing silicates into oxides. Pegmatites are the most 
important magmatic source of Sri Lankan gems, 
hosting beryl, tourmaline, corundum, and moon- 
stone, among others. The most famous pegmatite is 
the moonstone deposit at Meetiyagoda, in southern 
Sri Lanka (Dissanayake and Chandrajith, 2003). 
Mendis et al. (1993) noted that many deposits are dis- 
tributed along structural features such as faults, 
folds, and shear zones. Although these structures can 
influence the distribution of gem deposits, it remains 
unclear whether they are genetically related. 
Almost all of Sri Lanka’s sources are alluvial, con- 
taining rich concentrations of gem-bearing gravels 
called illam (figure 9). In addition to sapphires, a va- 
riety of other gems are recovered from the illam, in- 
cluding spinel, cat’s-eye chrysoberyl, and moonstone. 
Very few important primary deposits have been 
found. One was discovered by accident during road 
construction in 2012 near the town of Kataragama 
(Dharmaratne et al., 2012; Pardieu et al., 2012). The 
sapphire find was highly valuable, estimated at 
US$100 million or higher, so the government auc- 
tioned off surrounding plots of land for mining. Al- 
though these small plots sold for the highest price 
ever recorded for gem mining licenses in Sri Lanka, 
no commercially valuable deposits were subse- 
quently found. But a full geological study of the de- 
posit has yet to be conducted, so the true potential 
of Kataragama is still unknown (V. Pardieu, pers. 
comm., 2014). Approximately 10 to 15 primary de- 
posits of sapphire have been discovered over the last 
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20 years, all by accident (P.G.R. Dharmaratne, pers. 
comm., 2014). 

Most alluvial mining is done in areas with a his- 
tory of gem production. There are many such areas 
in the central to southern part of the island. Due to 
the nature of alluvial mining deposits, concentrated 
gem-bearing gravels may be left behind. The alluvial 
gravels of Ratnapura and Elahera may contain sam- 
ples from several types of primary deposits (Groat 
and Giuliani, 2014). Crystals found at or near the 
original source rocks can be beautifully shaped, such 
as those at Kataragama (figure 10). Crystals that have 
been transported longer distances, like specimens 
found in Ratnapura, are usually rounded pebbles 
(Zwaan, 1986). 

Prospecting in Sri Lanka is rarely scientific. When 
evaluating an area, the traditional method is to drive 
a long steel rod into the ground (figure 11). The 
prospectors examine the end of the rod for scratches 
and marks from contact with quartz and corundum, 
and for gravel stuck to it. Some can even distinguish 
the sound it makes. This method may also help in 
determining the depth, composition, size, character, 
and color of the illam (Ariyaratna, 2013). 

With more than 103 natural river basins covering 
90% of the country’s landmass (Dissanayake and 
Chandrajith, 2003), there are numerous places for 
gemstones to be concentrated in gravels. Deposits of 
corundum and other gems are known to occur in the 
southern two-thirds of the island (Hughes, 1997). We 
visited the mining areas around Ratnapura, Balan- 
goda, and Elahera. Although these are but a small 


Figure 10. This sapphire crystal is from the primary 
deposit at Kataragama. Photo by Vincent Pardieu. 
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BOX B: LOCAL GEOLOGY 


Consistent with the nomenclature suggested by 
Cooray (1994), the Precambrian basement of Sri 
Lanka can be divided into four units: the Highland 
Complex (HC), the Vijayan Complex (VC), the 
Wanni Complex (WC), and the Kadugannawa Com- 
plex (KC). Most of the gem deposits are located in 
the HC, which extends northeast to southwest (fig- 
ure B-1). Found within the VC are klippes (island- 
like, isolated fragments of an overthrust rock layer) 
from the HC. One of Sri Lanka’s few primary sap- 
phire mines was accidentally discovered in the 
Kataragama klippe (Pannipitiye et al., 2012). The 
Highland Complex contains high-grade metamor- 
phic rocks such as pelitic gneisses, metaquartzite, 
marble, and charnockite gneiss (Cooray, 1994). 
Rocks in the HC have the highest grade of metamor- 
phism (granulite facies), and the complex is younger 
than the VC to the east and south. The contact be- 
tween these two complexes is a thrust fault dipping 
west and northwest, with the HC on top. This 
thrust fault is also a major tectonic boundary inter- 
preted as a suture zone that marks the final junction 
between West and East Gondwanaland at approxi- 
mately 550 Ma (Kréner, 1991). The VC is comprised 
of migmatites, granitic gneisses, granitoids, and scat- 
tered metasediments (Cooray, 1994). Lying west of 
the HC, the WC contains migmatites, gneisses, 
metasediments, and granitoids. The nature and 
exact position of the contact between the WC and 
HC is still not well defined (Cooray, 1994). The 
smaller KC is within the elongate synformal basins 
around Kandy. Hornblende and biotite-hornblende 
gneiss are the main rocks in the KC (Cooray, 1994). 
Other than these Precambrian basement units, the 
northern and northwestern coasts of the island are 
covered by Miocene limestone, Quaternary red beds 
and clastic sediments, and recent sediments (Dis- 
sanayake, 1986). 


percentage of Sri Lanka’s gem deposits, they gave a 
representative overview of mining operations through- 
out the country. All of these are secondary gravel de- 
posits—we could not find any primary deposits being 
mined. 


MINING 

While the modern mining industry promotes recov- 
ery by the fastest means possible, Sri Lanka embraces 
almost the opposite philosophy. Mining is done pri- 
marily by manual labor. The National Gem and 
Jewellery Authority (NGJA), the regulatory body that 
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Figure B-1. Simplified geological map of Sri Lanka 
showing the main basement units and major gem 
deposits. Adapted from Sajeev and Osanai (2004) 
and Dissanayake and Chandrajith (1999). 


issues mining licenses, is very strict in its require- 
ments for mechanized mining. This strategy keeps 
approximately 60,000 to 70,000 gem miners contin- 
uously employed (P.G.R. Dharmaratne, pers. comm., 
2014). The predecessor to the NGJA was the State 
Gem Corporation, which established regional offices 
and took control of mining licenses and guidelines 
in 1972. Its regulations for the gem industry sup- 
ported legal mining operations (Dharmaratne, 2002). 

Sri Lanka issued 6,565 gem mining licenses in 
2013. Mining licenses must be renewed every year, 
and the number has steadily increased since 2009, 
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Figure 11. The traditional method of prospecting in Sri 
Lanka involves driving a steel rod into the ground and 
examining it for scratches and marks from quartz and 
corundum. Photo courtesy of Janka Hemachandra. 


when the NGJA granted about 4,000 of them. Many 
of these licenses are for small areas, half an acre to 
two acres. Each can accommodate two to four tradi- 
tional pits, with about 7 to 10 miners per pit; deeper 
pits may accommodate 10 to 15 miners. This system 
has maintained a fairly constant number of active 
mines over the years. 

Once a mining area is finished, the shaft or open 
pit must be filled in according to regulations enforced 
by the NGJA. These environmental measures pertain 
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to loose gravel contaminating the surrounding water, 
damage to the landscape, and holes filled with stag- 
nant water, a breeding ground for malaria-bearing 
mosquitos. 


Pit Mining. In Sri Lanka, pit mining is the traditional 
mining method and by far the most widespread. 
More than 6,000 of the current licenses are for pit 
mines, compared to approximately 100 licenses for 
river mining and 10 for mechanized mining (P.G.R. 
Dharmaratne, pers. comm., 2014). We witnessed nu- 
merous pit mining operations, all excellent demon- 
strations of the processes described to us by industry 
leaders. Miners are actually shareholders in such op- 
erations, receiving a small stipend and a percentage 
of the rough stone sales. As shareholders, they need 
little or no supervision. Several other people are in- 
volved in such a venture, including the landowner, 
the holder of the mining rights, and the person who 
supplies the pump to dewater the pit; they typically 
receive 20%, 10%, and 10% of the sales, respectively. 
The rest of the revenue is split among the financial 
stakeholders and the miners (P.G.R. Dharmaratne, 
pers. comm., 2014). 

To give an idea of scale, a standard pit mine in Sri 
Lanka consists of a two by four meter opening at the 
surface (figure 12). If the pits are deep and located in 
harder ground, the miners may choose smaller dimen- 
sions. The vertical shafts generally range from 5 to 25 
meters deep. 


Figure 12. The classic 
two by four meter pits 
are seen throughout the 
mining areas of Sri 
Lanka. These pits are 
near Balangoda. Photo 
by Andrew Lucas. 
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The pits are created by first digging the opening 
to about a meter deep. The next step is making a 
wooden frame of timbers slightly taller than the 
depth of the pit. The miners place the first set of four 
timbers into the pit wall, which is grooved for a se- 
cure fit. Vertical struts of timber are wedged between 
the crossbeams. Branches and foliage help shore up 
the pit walls from water erosion, and timber braces 
are used in the center (figure 13). This process con- 
tinues down the depth of the pit about every meter, 
until the miners reach the gem-bearing gravel. At 
this point they create horizontal crawl tunnels about 
1.5 meters in height, called galleries, from the pit 
into the gem-bearing gravel. The length of these tun- 
nels varies depending on the extent of the illam, but 
often reaches 5 to 10 meters. 

The galleries extending from the pit are intercon- 
nected with other tunnels. This leaves some areas of 
illam that cannot be mined because they are needed 
for structural support. Buckets of gravel are either 
passed to the surface or hauled up by rope on a man- 
ual winch. Some pits have a wood and branch rooftop 
to shield the miners from the intense sunlight. 

A pit with an opening wider than the traditional 
two by four meters is more like a very small open pit 
(also called an open cast), but it is still worked by 
manual labor. We witnessed some of these opera- 
tions in Ratnapura and Elahera. Usually there were 
a half dozen people working in each pit. At least one 
miner at the bottom would shovel the illam into a 
woven bamboo basket held by another miner. That 
person would toss the basket to another miner, 
slightly higher up in the pit, who simultaneously 
tossed back an empty basket, like a perfectly harmo- 
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Figure 13. These miners 
are pumping out rain- 
water and removing 
gravel with baskets. 
Foliage in the wooden 
structure keeps the pit 
walls from collapsing 
during heavy rains. 
Photo by Andrew Lucas. 


nized juggling act. This process continued through 
several miners until the illam-filled basket reached 
the top, where it was dumped into a pile for washing. 
The accumulated mound of gem-bearing gravel could 
be covered with leafy branches, similar to those used 
to shore up the pit walls, to prevent rainwater from 
washing it away. 

Pit mines with a standard two by four meter shaft 
opening follow a similar process for removing the 
illam, but often using a manually operated winch for 
hauling buckets to the surface (figure 14). In both ex- 
amples, the illam is either washed in a nearby reser- 


Figure 14. At this pit in Ratnapura, miners haul the 
overburden and gravel to the surface in buckets by a 
hand-powered winch. Photo by Andrew Lucas. 
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voir by simple panning or removed to a more sophis- 
ticated washing facility featuring a sluice. The sluices 
are often modified from Australian designs, as they 
are in other parts of the world. The washed gem-bear- 
ing gravel is called dullam (Zwaan, 1982), which is 
also the term for the smaller, lower-quality gems 
picked from washing baskets and usually given to 
miners to sell. 

While rain caused the erosion that created the 
amazingly rich gem gravels of Sri Lanka, it also poses 
a significant obstacle to the mining process. Pits 
quickly fill up with rainwater that must be removed. 
This is often done by a pump, which is much faster 
than old-fashioned methods. Substantial rains can also 
cause erosion damage to the pits. We saw this at sev- 
eral locations, having arrived after fairly heavy rains. 

With around 6,500 mining licenses issued annually 
and around four or five pits in each mine, at any given 
time there could be 20,000-25,000 active pits in Sri 
Lanka. With extensive mining over the past 50 years, 
more than a million pits may have been dug alto- 
gether. Compared to many African mining countries, 
very few abandoned pits are left unfilled. This is be- 
cause the NGJA collects a cash deposit upon issuing 
a mining license. If the mine owner fails to rehabili- 
tate the land, the NGJA keeps the deposit for that pur- 
pose (P.G.R. Dharmaratne, pers. comm., 2014). 


Mechanized Mining. Only a limited number of 
mechanized mining licenses are issued in Sri Lanka 
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each year. They may be granted if the concentration 
of gemstones is not high enough to make pit mining 
viable, or if there is a serious threat of illicit mining. 
To avoid large rushes of illicit miners to a rich dis- 
covery, the government may block access to the area 
or issue a mechanized mining license so the deposit 
can be mined quickly and legally (P.G.R. Dharma- 
ratne, pers. comm., 2014). 

Mechanized mining speeds the removal of over- 
burden soil and the recovery of gem-bearing gravel for 
washing. Most mechanized mines in Sri Lanka are 
relatively small open-pit operations. Overburden soil 
sometimes contains dispersed gemstones, and it too 
may be washed. At mechanized operations, the illam 
is washed by sluices to keep up with the production 
(figure 15). Mechanized operations in Sri Lanka must 
also pay a deposit for the rehabilitation of the land. 

While mechanized mining operations may use 
bulldozers, backhoes, excavators, front-loaders, trucks, 
and sluices for washing, they are still small-scale com- 
pared to those in other countries. The mechanized 
mining licenses are often issued by auction from the 
NGJA in blocks measuring 30 square meters. 

We witnessed three mechanized mining opera- 
tions near Balangoda. The largest was an open-pit op- 
eration about 60 meters deep on a property covering 
50 acres (figure 16). It had four excavators, two wash- 
ing sluices, and a few trucks. The excavators at the 
bottom of the pit loaded the trucks with gem-bearing 
gravel. The trucks climbed the roads on the pit 


Figure 15. Mechanized 
mining in Sri Lanka 
usually includes wash- 
ing the illam. Trucks 
move the gravel, which 
backhoes load into a 
sluice for washing. 
Photo by Andrew Lucas. 
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recovery. The stones themselves were 
mounted with the shortest possible prongs 
on a plate which slipped into place on the 
mount and was locked there. The assembly 
was soldered to the end of the probe, the 
long copper tube, which is water cooled. The 
treatment was not entirely satisfactory from 
another standpoint; the beam is extremely 
narrow in this type of bombardment, hence, 
general coverage of the plate could only be 
obtained by moving the probe up and down 
to distribute the bombarding particles over 
the surface, and an accurate measure of 
the amount of bombardment that any spe- 
cific stone received could not be obtained. 

The plate illustrated had a series of dia- 
monds ranging in color from white to cape 
and light brown. It was anticipated that 
there might be a regular intensification of 
coloring dependent upon the original pur- 
ity. However, because of the uncertainty 
about the length of the exposure each had 
received, no conclusions about this were 
reached in this test. Subsequent experience 
has lead us to the belief that the colora- 


tion takes place in the diamond structure 
itself, and the impurities have no effect, 
the final color is the total of the discolora- 
tion added to the original color. The best 
green is obtained with the pale brown 
stones, white stones are bluer green, cape 
stones ate noticeably yellow-green. 

It is not difficult to see the triangle of 
color almost on the surface of the stones 
irradiated on the Columbia cyclotron. In 
some there was. interference from the shad- 
ow of adjoining stones and the coloration 
formed inverted v’s; where there was over- 
exposure the color was actually black. 
However, even in these stones, there was 
a thin green margin which showed that to 
be the actual discoloration. Careful repol- 
ishing of one of these very dark stones re- 
duced the intensity of the band and yielded 
a green stone; however, since the skin is 
so extremely thin this job is too ticklish 
to be practical. Heating these stones to 
about 800° C. changed this green to a 
lighter chestnut brown, but heart carried 
to the point of frosting of the stones (ac- 


Figure 3 


* Target plates from the Washington University cyclotron, show- 
ing the damage to plate resulting from heating during high-level 
operation. 


American Museum Natural History photograph 
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benches back to the top to the washing operations. 
The four excavators worked in tandem to move the 
gravel up the pit until the highest one loaded the 
trucks. 

With global weather changes, Sri Lankan miners 
are finding that the rainy seasons are no longer as pre- 
dictable. This interferes with mining operations, 
whether traditional or mechanized. At the time of 
our trip, rainwater had filled many of the pits and 
needed to be pumped out before mining could re- 
sume. The pit at the largest mechanized operation 
we visited took more than a week to dewater. 


River Mining. Although nowhere near as prevalent, 
river mining is also conducted in Sri Lanka. These 
areas may contain alluvial gem deposits where the 
river bends or otherwise slows down. The miners 
choose shallow waters and build a dam made of 
wood or rock where the stream slows, allowing the 
water to escape from one side of the dam but trapping 
the gravels. 

Using metal blades attached to long wooden poles 
called mammoties, the miners dredge the gravel 
until they reach the illam (figure 17). Long pointed 
steel rods are used to loosen the illam, which is 
dragged up and washed by the rushing water. Once 
any visible gemstones are removed, the remaining 
gravel may be further washed. 

We observed a river mining operation in Balan- 
goda next to a tea plantation. There were four miners 
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Figure 16. This open-pit sapphire mine near Balan- 
goda, a large one by Sri Lankan standards, had par- 
tially filled with water from rains the week before. 
Photo by Andrew Lucas. 


using mammoties to remove the illam, two miners 
washing gravels with baskets, and another removing 
larger rocks and building dams. Another miner 
would wade into the water to remove gravels and 
larger rocks. We did not see the use of mechanized 
or powered dredgers at any river mines. 


CUTTING 


Gemstone cutting is another area where the tradi- 
tional meets the modern in Sri Lanka. Centuries of 
experience in cutting corundum and other colored 


Figure 17. River mining 
near Balangoda in- 
volves constant drag- 
ging with mammoties 
to scoop out the illam 
for washing. Photo by 
Andrew Lucas. 
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gemstones continue alongside new technologies and 
business models. The time-honored art of reading 
rough and orienting stones is integrated with the 
global market’s growing demand for exact calibra- 
tion, well-balanced proportions, and high-quality 
polish. 

Our team observed several examples of traditional 
and modern cutting, as well as some of the highest- 
precision cutting of colored gemstones we have ever 
witnessed. Numerous interviews with members of 
the Sri Lankan cutting industry revealed the inter- 
woven nuances of blending the past, present, and fu- 
ture. There is still a relevant place for old-style 
cutters and their expertise, even as innovative com- 
panies are thriving. 

While Sri Lanka has seen some growth in dia- 
mond cutting, with 20 companies active in 2013— 
including De Beers sightholder Rosy Blue—most of 
the activity is focused on colored stones, particularly 
sapphire. The number of licensed cutting businesses 
has increased only slightly over the last five years, 
from 174 to 192, though today there are larger, more 
modern lapidary companies. 


Traditional Cutting. While the West and Japan some- 
times view traditional cutting in Sri Lanka as out- 
dated and not up to modern global proportion and 
symmetry standards, one can still appreciate the 
craft. These cutters use a bow to power a vertical lap, 
often holding the stone by hand or with a handheld 
dop as they cut and polish (figure 18). They have a 
high degree of skill in orienting rough gemstones to 
achieve the best face-up color while retaining weight. 
Decades and even centuries of knowledge have been 
passed down on orienting sapphires and other gem- 
stones such as cat’s-eye chrysoberyl. Of all the cut- 
ting steps for colored stones, orienting the rough to 
display the best color through the table requires the 
highest skill, especially with valuable rough where 
weight retention is foremost. For high-quality sap- 
phires, this method is still preferred by Sri Lanka cut- 
ters, especially for preforming. 

While blue sapphire often displays its best color 
through the c-axis, a skilled cutter can make slight 
angle adjustments to the table and still achieve a fine 
color with higher weight yield. If this is not done at 
the initial orientation, multiple recuts may be 
needed to get the right orientation of the table. With 
the orientation properly set, the recut produces a 
beautiful stone with minimum weight loss. For ex- 
ample, a 22 ct blue sapphire that is properly oriented 
for face-up color can be recut to close windows and 
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Figure 18. While their equipment appears primitive, 
Sri Lankan cutters’ knowledge of orienting rough sap- 
phire transcends technology and generations. Careful 
orientation to optimize color is a critical skill. Photo 
by Andrew Lucas. 


optimize proportions and symmetry, while keeping 
the stone above 20 ct. 

If the orientation or proportions of a blue sapphire 
cause a reduction of color, the stone’s value suffers ac- 
cordingly. This is especially true for light- to medium- 
tone blue sapphires, where even a 5% to 10% 
reduction of color diminishes the value more than a 
5% to 10% weight reduction. 


Precision Cutting and Free Size Cutting. For Sri 
Lanka to become a leader in the colored stone trade, 
its cutting industry must meet the specific needs of 
the global market, where customers from different 
countries require a wide variety of cutting specifica- 
tions and tolerances. In Sri Lanka, many fine-quality 
sapphires over one carat are cut as free sizes. The 
cutting is performed to minimize windowing and 
yield pleasing proportions and symmetry rather than 
exact calibrated measurements. This allows weight 
retention on more valuable material while creating 
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a beautiful stone with high brilliance. This is essen- 
tially a cost decision. It is less expensive to adjust 
mountings from the standard 12 x 10, 10 x 8, and 9 
x 7mm sizes than to lose weight from valuable gem 
material. With larger fine-quality material, sizing 
considerations always give way to beauty and 
weight retention. 

Even customers of calibrated sapphires have a 
range of tolerances. Some can accept a tolerance 
range as wide as 0.5 mm. For instance, sapphires cut 
to 7 x 5 mm sizes can vary up to 7.5 x 5.5 mm for 
some clients. Others have stricter tolerances, such as 
0.2 mm, based on their jewelry manufacturing and 
mounting requirements. Some cutting companies 
offer tolerances of 0.1 mm or less (figure 19). 

In Colombo, our team visited Precision Lapidaries 
and interviewed managing director Faiq Rehan. We 
also spoke with Saman K. Amarasena, vice chairman 
of the lapidary committee of the Sri Lanka Gem and 
Jewellery Association and owner of Swiss Cut Lap- 
idary. On both occasions, we gained insights on the 
state of precision cutting in Sri Lanka. 

Despite being a fifth-generation member of the 
gem industry, Rehan started Precision Lapidaries in 
1990 with a business model that was unconventional 
for Sri Lanka. Rather than cutting only large stones 
and selling them individually, he specialized in bulk 
quantities of calibrated cuts, applying the precision 
standards he had learned years earlier while cutting 
diamonds. The new company soon received large or- 
ders for calibrated sapphires in 2 to 4 mm princess 
cuts from Japanese clients who constantly pushed for 
tighter precision and higher quality. In expanding his 
business, Rehan preferred to hire young people di- 
rectly out of school and train them to cut sapphire to 
his exacting standards. This philosophy was unusual 
in Sri Lanka, where cutters often come from a long 
line of cutters with deeply ingrained procedures and 
standards. 

As he entered the American market, Rehan found 
buyers wanting much larger quantities of stones cut 
at a much faster rate. They did not share the Japanese 
appreciation for precision measurements and higher 
quality of symmetry and polish. Rehan did not want 
to abandon his standards of precision and quality, 
however. He found that serving a high-quality niche 
market, rather than having a large inventory full of 
product similar to what was already available, al- 
lowed for constant inventory turnover. 

Rehan believes that the high-end and commercial 
markets in the United States and elsewhere are mov- 
ing toward stricter precision and cut quality, and he 
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Figure 19. The girdle outline of this sapphire is being 
cut to precise calibrated measurements for jewelry 
manufacture. Photo by Andrew Lucas; courtesy of 
Precision Lapidaries. 


has expanded his business to fill this demand. Many 
others are doing the same, and this is changing how 
the world views the Sri Lankan cutting industry. 
China now requires very bright stones with no win- 
dows or dark areas, as well as excellent proportions 
and symmetry. Chinese demand for its massive jew- 
elry manufacturing industry has helped fuel the 
growth of precision cutting in Sri Lanka. 

The actual production model at Precision Lapi- 
daries is also very different from many other cutting 
operations. Each cutter assumes full responsibility 
for a given stone instead of handing it off at different 
stages as in an assembly line. Some large-scale dia- 
mond cutting factories in India have also switched 
to this model to achieve higher quality standards 
through personal accountability (D. Pay, pers. 
comm., 2014). Using this model, Rehan treats his 
cutters more like partners, basing their compensa- 
tion on both production and quality. 

Each cutter has an individual glass-walled work- 
station to eliminate distractions. A cutter’s typical 
output, using an already preformed and calibrated 8 
x 6mm oval as a benchmark, is 140 to 180 stones per 
eight-hour workday. The stones are tracked through- 
out the process and entered into a database. There 
are several quality control checks at the calibration 
stage (which requires tolerances of 0.1 mm or less), 
the faceting stages, and the finished product stage. 
The company’s production manager noted that if any 
quality factors are not up to standards for calibration 
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Figure 20. At Swiss Cut Lapidary, Saman Amarasena 
conducts quality control for the fitting of gemstones 
in a watch bezel. Photo by Andrew Lucas; courtesy of 
Swiss Cut Lapidary. 


tolerance, facet symmetry, proportion variations, or 
polish, the stone is returned to the cutter with a re- 
pair order. 

Another nontraditional practice at Precision Lap- 
idaries is its use of detailed inventory and grading re- 
ports, the kind favored by large diamond cutting 
companies. While there was initial resistance, over 
time customers became comfortable with the infor- 
mation contained in these reports. Each one itemizes 
a parcel by shape, weight, cutting style, color, and 
other quality factors. Established customers can re- 
view the reports to make buying decisions and place 
orders, even through the Internet. 

Swiss Cut Lapidary, which supplies the watch in- 
dustry with colored gemstones, also stakes its repu- 
tation on precision and accuracy. The luxury watch 
industry requires very small stones cut with a high 
degree of precision, including very tight proportion 
tolerances for crown height, pavilion depth, and 
crown angle. Swiss Cut Lapidary cuts round faceted 
stones below 1 mm, and even down to 0.35 mm for 
ladies’ watches. At these sub-millimeter sizes, each 
faceted stone has eight crown facets and eight pavil- 
ion facets. By achieving zero tolerances to the hun- 
dredth of a millimeter, the company is able to meet 
the stringent demands of watch manufacturers. In 
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finished rounds below one millimeter, the size dif- 
ference between the starting rough and the faceted 
stone is very slight—for Amarasena, only 0.20 mm. 
In other words, for a round faceted stone of 0.50 mm, 
the rough can be as small as 0.70 mm. 

To achieve this level of precision, Mr. Amarasena 
first learned traditional cutting by hand before work- 
ing with mechanical lapidary equipment for Japanese 
clients. To further his skills, he traveled to Germany 
and Spain, where he cut a variety of colored gem- 
stones using modern machines and techniques. Upon 
returning to Sri Lanka with high-precision Swiss- 
made equipment, Amarasena purchased mine-cut 
sapphires and recut them to global market standards. 
In Europe he had seen many Sri Lankan sapphires 
being recut, so he knew the exact requirements. 

Amarasena also decided to shift his focus from re- 
cutting to unique designer cuts. At the annual Basel 
jewelry show, he noticed watches with small faceted 
gemstones set in the bezels. Back in Sri Lanka, he 
looked for small rough to use for cutting these 
stones. Rough chips were practically given to him be- 
cause they were abundant and there was no real mar- 
ket for them. Amarasena faceted tiny precision 
stones from these chips in a wide variety of colors 
and tones, providing many options to watchmakers 
(figure 20). Although the rough costs slightly more 
today, its cost is minimal compared to the finished 
cut product. Micro-pave settings are another growing 
market for these precision-cut gemstones. 


Recutting. In Sri Lanka, some sapphires are initially 
cut with what has been termed a mine cut or native 
cut (figure 2.1). While the proportions and symmetry 
are not up to modern gem industry standards, the 
cutters execute a high degree of skill in orienting the 
rough primarily for weight retention. These stones 
are considered advanced preforms that can be recut 
to market-friendly proportions and symmetry with- 
out substantial weight loss. The ideal color orienta- 
tion has already been applied, so many Sri Lankan 
dealers simply have them recut to close windows and 
remove excess depth from the pavilions while mak- 
ing the shapes less bulky and more appealing. 

The same holds true for gemstones sold decades 
ago that are reentering the global market. Special care 
must be taken with stones that have deep pavilions. 
While the market prefers pavilions that are not 
overly deep, any reduction of color will lower the 
value considerably (figure 22). If the recut involves 
more substantial weight loss, then the calculations 
become more complicated, and every case is unique. 
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Figure 21. This 6.76 ct “mine cut” sapphire has been 
oriented by a Sri Lankan cutter primarily for weight 
retention. It can be recut to meet global standards of 
proportion and symmetry. Photo by Robert Weldon. 


If a 2.08 ct stone is to be recut to 1.80 ct, the buyer 
must decide if too much of the premium would be 
lost below the 2 ct size. 

These mine cuts from Sri Lanka were once ex- 
ported to Thailand, the United States, and other 
countries to be recut to modern global standards. 
Eventually, Sri Lankan dealers realized they were 
missing out on a significant value-added service for 


their customers. Since the 1990s, they have provided 
that service, selling stones directly that meet the 
highest international cutting standards. 

Besides facet-grade sapphire, our team witnessed 
the recutting of cat’s-eye chrysoberyl and star sapphire. 
The original mine cuts strongly favored weight reten- 
tion over symmetry and placement of the cat’s-eye or 
the star. Recutting was needed to reposition these ef- 
fects to the center of the cabochon and add symmetry. 
The recutting also made for a straighter cat’s-eye that 
moved more smoothly across the stone. While this in- 
volved some weight loss, it was often limited to a few 
points, and the final product would have significantly 
higher value on the global market. Japan was once the 
main market for cat’s-eye chrysoberyl from Sri Lanka, 
but that distinction now belongs to China. 


TRADING 

Much of Sri Lanka’s gemstone trading industry is 
centered on sapphire. Traditionally this was limited 
to goods of domestic origin, but today sapphires from 
around the world are brought to Sri Lanka for en- 
hancement and cutting. Most import and export 
businesses are family-owned and go back several gen- 
erations. For example, the fifth-generation Sapphire 
Capital Group has more than 100 family members 
involved in the industry. In 2013 there were 4,429 
gem dealing companies in Sri Lanka, only a slight in- 


Figure 22. The recutting of sapphire (left) requires great skill to close windows and improve symmetry, all while 
minimizing weight loss and retaining depth of color. Cat’s-eye chrysoberyl and star sapphire (right) are recut for 


better positioning of the effect. Photo by Andrew Lucas. 
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TABLE 1. Sri Lankan gem exports, 2009-2013. 


2009 2010 2011 2012 2013 
Weight Value Weight Value Weight Value Weight Value Weight Value 
(carats) (US$) (carats) (US$) (carats) (US$) (carats) (US$) (carats) (US$) 
Cut colored 
Sones 7,134,824 55,429,200 7,380,126 57,444,800 9,154,359 76,921,800 9,176,836 109,016,000 14,349,723 109,273,000 
Diamond 
re-exports? 596,528 275,895,000 537,205 276,387,000 573,032 348,119,000 478,668 405,746,000 510,929 290,618,000 
Rough 
me 6,376,567 1,426,400 7,192,354 1,336,130 7,834,954 1,469,970 12,696,789 2,647,230 14,931,781 3,016,540 


exported with 
added value‘ 


TOTAL 14,107,919 332,751,000 15,109,685 335,168,000 
Rough 
gemstone 572,958 13,341,378 76,192 2,095,076 
exports 


Source: National Gem and Jewellery Authority. 

Imported as rough diamonds and re-exported as polished diamonds. 
“Cutting performed in Sri Lanka for companies abroad. 

‘Rough geuda sapphire exported to Thailand under an existing agreement. 


crease since 2009. Yet the quantity and value of ex- 
ports has risen sharply over those five years (table 1). 

During the 1970s and 1980s, Thailand emerged as 
the undisputed leader in corundum trading. Its facil- 
ities began mastering the art of heat treatment, pur- 
chasing corundum rough from around the world. 
This included Sri Lankan geuda sapphire, which is 
translucent and has a desaturated, often grayish 
color. As the Thais discovered, heating this material 
gives it a transparent, highly saturated blue color. Sri 
Lankan buyers considered the geuda rough virtually 
worthless and were slow to capitalize on the use of 
heat treatment to turn it into a very valuable gem- 
stone (Kuriyan, 1994). 

Unlike their Thai counterparts, Sri Lankan buyers 
dealt primarily in domestically mined rough. Part of 
this had to do with the idea of preserving a national 
brand identity, but what really hindered them was a 
cumbersome import policy for rough. This changed 
in the mid-1990s when the government lifted import 
duties that had inhibited the purchase of corundum 
rough from other sources. Sri Lankan buyers have, in 
turn, established a strong presence in the market- 
place, especially at global gem sources such as Mada- 
gascar and Mozambique. While the country’s 
industry still capitalizes on the brand identity of do- 
mestic gems, the trade is much more open to gems 
mined elsewhere. 
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17,562,345 426,510,000 


275,821 


22,352,293 517,409,000 29,792,433 402,907,000 


5,278,503 378,624 8,553,650 376,053 24,008,303 


The improvements in the Sri Lankan industry are 
timed perfectly to take advantage of the increased 
global demand for sapphire, particularly the Chinese 
colored stone market (“China becoming Sri Lanka’s 
top gem buyer...,” 2011). As an example of the rise in 
sapphire prices over the last few decades, untreated 
top-quality blue sapphires sold in Sri Lanka can reach 
US$15,000 to $20,000 per carat. Those are dealer to 
dealer prices. In 1969 similar stones would have sold 
for US$400 to $1,000 per carat—approximately $2,600 
to $6,500 per carat, adjusted for inflation (N. Sam- 
moon, pers. comm., 2014). 


Local Mining Area and Street Markets. The first major 
street market we toured was in Beruwala, 60 km 
south of Colombo. The gem trading area of Beruwala 
is also known as China Fort, named for the Chinese 
merchants who arrived about 300 years ago. Most of 
the dealing occurs within a single block, where there 
is constant activity of dealers on the street. This mar- 
ket is open on Saturday from 6:00 a.m. to 2:30 p.m., 
or later if there is strong activity. During our visit, the 
market was also busy on Sunday. At any given time, 
over 5,000 dealers may be active on the street and in 
the hundred or so offices—the major dealers in 
Colombo have offices in Beruwala—offering rough 
sapphire from the mines of Sri Lanka, as well as Africa 
and other global sources. We witnessed a flurry of trad- 
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Figure 23. Rough sapphire trading on the street in 
Beruwala sometimes had a modern twist, with dealers 
negotiating on motorbikes. Photo by Andrew Lucas. 


ing activity. Sri Lankan dealers often traded rough 
among themselves on the street (figure 23). Once word 
got out of a foreign buyer in a dealer’s office, other 
dealers would come by with their stones. There were 
also traditional Sri Lankan cutters and heat treatment 
facilities in Beruwala. 

Just off the street was Emteem Gem Laboratory, 
where dealers could bring in stones for testing and 
identification. The demand for lab services has 
grown tremendously with the influx of foreign cus- 
tomers, especially Chinese buyers. One of the most 
sought-after services is the detection of heat treat- 
ment in corundum. This is also one of the most chal- 
lenging identifications, especially if relatively low 
temperatures are used in the treatment. For corun- 
dum that has been subjected to very high tempera- 
tures, clients were advised to submit the stone to a 
foreign laboratory with more sophisticated instru- 
mentation that could conclusively identify beryllium 
diffusion. About half of the stones submitted to the 
Emteem lab are believed to be of African origin 
(M.T.M. Haris, pers. comm., 2014). 

We also stopped at the gem market in Ratnapura 
on the way to several nearby gem-mining operations. 
This market is active daily from 6:00 a.m. to 4:00 
p.m. Like Beruwala, this market was bustling on the 
streets and in dealer offices (figure 24). While the 
streets were crowded with dealers, the market was 
spread out over several streets, as opposed to the sin- 
gle block in Beruwala. 

Ratnapura had numerous small traditional cutting 
operations. Like Beruwala, transactions were happen- 
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Figure 24. The streets in Ratnapura were crowded with 
local dealers and dealers from Colombo and other Sri 
Lankan trading areas. Photo by Andrew Lucas. 


ing all over the street, particularly between Sri Lankan 
dealers. The market at Ratnapura is centered in one 
of the country’s major gem sources and offered plenti- 
ful rough from the nearby mines and other areas (fig- 
ure 2.5). There was also an abundance of cut stones for 
sale. Some foreign buyers on the street dealt directly 
with local miners, but most transactions were be- 
tween Sri Lankan miners and dealers. We saw the 
same dealers attending different markets. 


Figure 25. Numerous parcels of rough corundum were 
offered in the Ratnapura street market. Most of the 
rough had the rounded, waterworn appearance typi- 
cal of stones from an alluvial deposit. Photo by An- 
drew Lucas. 
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Figure 26. Local dealers with decades of experience 
provide invaluable consultation to foreign buyers on 
recutting stones and purchasing rough material. 
Photo by Andrew Lucas. 


Consulting for Foreign Buyers. One growing trend is 
for foreign buyers to work with Sri Lankan dealers to 
develop long-term supply chain management. The 
foreign dealers can arrange to have a variety of goods 
brought to their local contact’s office, allowing them 
to see much more inventory during a trip. The local 
dealer puts the word out to suppliers for the type of 
material required. Dealers bring their goods to the of- 
fice for inspection by the foreign buyer. Prospective 
sellers are screened, making the transaction process 
more organized and less of a selling frenzy. Once the 
price is negotiated, the rest of the logistics—payment 
for the stones, export requirements, and shipping if 
required—are handled by the local contact, who re- 
ceives a set commission from the seller. 

Besides convenience, this arrangement offers sev- 
eral other benefits. The local contact can give expert 
advice on recutting, including the difference in carat 
weight and price per carat. They can also recommend 
an acceptable counteroffer and give an expert opinion 
on the nature of the material (figure 26). This system 
minimizes risk, as the local contact stands behind 
the goods they have brought to the foreign buyer. For 
extra assurance, they can have the stones checked by 


192 Sri LANKA'S GEM AND JEWELRY INDUSTRY 


a gemologist before the buyer leaves the country. 
Colombo is a hub for such services, and this same 
expertise and assurance is sought by foreign buyers 
in Sri Lankan mining areas and street markets. 


Imports and Exports. Sri Lanka’s import policies have 
been greatly simplified, making the process much 
easier and more cost-effective. For a US$200 charge, 
rough, preformed, and cut stones can be imported for 
cutting, recutting, and heat treatment. The flat rate 
charge is assessed regardless of quantity and value. 
As of 2013, foreign customers buying gemstones 
parcels valued at over US$200,000 are expedited 
through customs so they can board their flight with 
minimum processing. The export fee for these 
parcels is a flat rate of $1,500. Parcels valued below 
US$200,000 require about two hours to be processed 
by the NGJA for export (A. Iqbal, pers. comm., 2014). 


Buying on the Secondary Market. Because Sri Lanka 
has been supplying sapphire, cat’s-eye chrysoberyl, 
and other gemstones to the global market for so long, 
many dealers have decades of experience and an in- 
ternational clientele. Having maintained relation- 
ships with their customers, they know where to find 
important stones that were sold years before. They 
can contact their clients and act as brokers to resell 
the gemstones, making a substantial profit for both 
parties. As global wealth shifts toward China, previ- 
ous customers in Japan and the West have become 
sources of fine-quality gemstones for this secondary 
market. These stones may be recut to more contem- 
porary proportion and symmetry standards, and sap- 
phires that were heated 30 years ago can be retreated 
using modern technology. A couple of decades ago, 
Sri Lankan dealers would attend exhibitions and 
trade shows in Japan and the United States to sell 
gemstones. Now some of them go to buy gemstones 
for recutting, heat treatment, and resale in the Chi- 
nese market. 


HEAT TREATMENT 

Sri Lanka is highly regarded for its heat treatment ex- 
pertise (figure 27). Those who perform heat treat- 
ment, called burners, are known for their ability to 
get the finest blue color out of a sapphire. They typ- 
ically use a two-part process, a combination of gas 
and electric furnaces. The second burn, in the elec- 
tric furnace, refines the blue color, often achieving a 
much more valuable color. Some other countries that 
treat sapphire send their heated material to Sri Lanka 
for the second burn (A. Iqbal, pers. comm., 2014). 
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We visited one burner in Beruwala who heated 
blue sapphire from Sri Lanka and Madagascar in a gas 
furnace. The stones were heated to approximately 
1600°C to 1700°C for four hours in an aluminum 
oxide crucible with a reducing atmosphere. For yel- 
low Sri Lankan sapphires, the burner used an oxidiz- 
ing atmosphere at approximately 1600°C for six 
hours. No compounds or fluxes were used in the cru- 
cible. The gas furnace is typically a Lakmini furnace, 
which has an alumina chamber covered in insulation 
and a stainless steel exterior, a water cooling system, 
two gas flow meters, two thermocouples and tem- 
perature indicators (digital or analog), a view hole, 
and an inlet top feed for an additional gas such as ni- 
trogen or hydrogen (M. Hussain, pers. comm., 2014). 
An atmosphere rich in carbon dioxide is reported to 
work best for geuda sapphires, turning them trans- 
parent and blue (Kuriyan, 1994). 

Clients typically bring mixed parcels of sapphires 
in different colors. The burner will divide the lot by 
color and type of sapphire and the desired result, and 
then advise the client of the different heating 
processes and what can be expected after treatment. 
Most stones brought to the burner are in the preform 
stage, so most of the inclusions that could cause 
damage are already cut away. Treatment in the gas 
furnace is almost always followed by heating in an 
electric oven to further improve the color (M. Hus- 
sain, pers. comm., 2014). 

Expertise in heat treatment has also made Sri 


Figure 27. Rough sold in mine-area markets can be 
dramatically improved through heat treatment. It 
takes considerable experience to predict the change in 
value. Photo by Andrew Lucas. 
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Lankans more competitive in buying rough from 
Africa and other sources. Some African blue sap- 
phire, especially from Madagascar, is similar to Sri 
Lankan geuda material (EF. Rehan, pers. comm., 2014). 
In value terms, the effect of modern heat treatment 
is tremendous. One Sri Lankan burner can reportedly 
take light blue sapphire with silk inclusions causing 
a foggy appearance, valued at US$300 per carat for a 
10 ct stone, and heat it to a transparent fine blue 
color valued at US$2,000 per carat. This burner asks 
for one-third the value of the heated stone rather 
than a flat fee (N. Sammoon, pers. comm., 2014). 


JEWELRY MANUFACTURING 

As with gemstone cutting, there are both traditional 
and modern methods for jewelry manufacture. Both 
approaches are used in Sri Lanka, though some met- 
als and styles are more suited to modern manufac- 
turing. Mass-production techniques give some 
companies a competitive advantage by lowering 
costs. Jewelry made in Sri Lanka is targeted to the 
domestic retail market and to Sri Lankans living 
abroad. Manufacturing for export and for the emerg- 
ing tourist industry is expected to grow. 


Traditional 22K Gold Jewelry Manufacturing. The 
22K gold jewelry manufactured in Sri Lanka is al- 
loyed to have a slightly more reddish yellow color 
than similar goods from India, Singapore, Dubai, and 
Turkey. This is accomplished by using a slightly 
higher percentage of copper and a lower percentage 
of silver in the alloy. 

In countless small workshops in Colombo and 
other areas of Sri Lanka, 22K gold jewelry is manu- 
factured using time-honored and modern methods. 
We witnessed many of these shops in Colombo and 
during an extensive tour of the Sujitha Jewellery 
workshop on the famous hub of Sea Street. While 
small by global standards, this was one of the larger 
facilities we observed. They worked primarily with 
22K gold and created traditional styles. 

About a dozen jewelers were working in small 
rooms that made very efficient use of space. The jew- 
elers sat on the floor as they fabricated by hand. 
Many of them were shirtless due to the heat. They 
bent and formed metal with pliers, filed, sawed, pol- 
ished with flex shafts and traditional leather strips 
embedded with polishing compounds, and soldered. 
Most used jeweler’s torches, but one still preferred a 
blowpipe for soldering (figure 28). Equipment such as 
a hand-powered rolling mill and draw plate was used 
to make gold sheet and wire. 
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Figure 28. This jeweler preferred the traditional blowpipe for soldering 22K gold jewelry. His ability to control the 
direction and intensity of the flame was remarkable. Photos by Andrew Lucas. 


Modern Jewelry Manufacturing. In contrast to these 
traditional shops are modern facilities where tech- 
nology has been embraced by the Sri Lankan jewelry 
manufacturing industry. Large-capacity vacuum 
casters imported from Italy can handle numerous 
waxes for mass production of both 22K gold jewelry 
and more contemporary pieces in 18K gold, white 
gold, platinum, or even silver. Other technologies 
such as casting diamonds in place, laser welding (in- 
stead of soldering), stamping or die striking, machin- 
ing, and CAD/CAM—the methods used in 
manufacturing centers such as Italy, China, and 
India—have been adopted by progressive Sri Lankan 
jewelry manufacturers (figure 29). 

We visited the modern factory of Wellawatta 
Nithyakalyani Jewellery in Colombo. The company 
manufactures jewelry primarily for its retail store 
and online business, which also serves overseas 
clients. The spacious facility handled all types of gold 
alloys, silver, and platinum, but a large part of the 
production consisted of 22K gold jewelry. While the 
factory incorporated methods such as lost-wax cast- 
ing and die striking, there were also jewelers working 
on hand fabrication using traditional forming tech- 
niques, albeit at modern jeweler’s benches. 

Besides traditional 22K gold jewelry for the domes- 
tic market, modern jewelry manufacturing is also 
being adopted by colored stone cutting and trading 
companies who are moving into finished jewelry. Cus- 
tomers from the United States and other developed 
markets are increasingly purchasing Sri Lankan jew- 
elry with mounted colored stones (S. Ramesh Khanth, 
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N. Seenivasagam, and N.S. Vasu, pers. comms., 2014). 
Jewelry that can be designed and custom-made to 
specifications is also manufactured in Sri Lanka. 
One of Sri Lanka’s leading retailers and jewelry 
exporters, Wellawatta Nithyakalyani Jewellery is 
also one of its most progressive manufacturers. 
Along with mass-market 22K gold jewelry, they 
manufacture a full range of styles, including gem- 
stone, synthetic gemstone, white gold, and platinum 
jewelry (figure 30). To safeguard against cross-conta- 
mination, tools such as files, polishing wheels, and 


Figure 29. CAD/CAM is used for all styles of Sri 
Lankan jewelry design, even traditional 22K gold jew- 
elry. Photo by Andrew Lucas; courtesy of Wellawatta 
Nithyakalyani Jewellery. 
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tually burning them slightly) did not com- 
pletely remove it. Further experiments 
along these lines are in progress. 

A later experiment at Columbia gave a 
startling result. It was expected that green 
stones would be produced consistently 
after the first series of experiments in 
which ali went to green. However, two 
larger stones were then treated which were 
originally cape in color and the cyclotron 
operated at slightly higher intensity than 
before. To our surprise, the stones came 
out an attractive golden brown. The only 
explanation that seems acceptable at pres- 
ent is that the effect of irradiation at the 
higher temperature is to make the stones 
brown; producing, in other words, the 
same effect in the initial treatment that 
was obtained in the subsequent heating of 
the greened stones. Local heating at the 
time of these bombardments is undoubtedly 
intense, in one case at Columbia the nickel 
container was so badly burned that a por- 
tion of the target became unsoldered. It 
was quite probable that the stone was 
heated more than usual, with the result 
that the stone was actually quite hot dur- 
ing the exposure. 

The inconvenience and unpredictability of 
the results at Columbia suggested that a 
transference of the experiments to the 
Washington University cyclotron in St. Louis 
would be more productive. Results of this 
work ate given in the balance of the paper. 

A whole series of experiments wete insti- 
tuted anew with the Washington University 
cyclotron, which can produce both internal 
and external beams. The external beam 
can be brought out some distance away 
from the cyclotron, by means of suitable 
piping, or allowed to diffuse itself in air. 
Under this latter condition it ionizes the 
air and is visible as a blue streak (Figure 
2). Treatments are made by placing ob- 
jects in this beam, either close to the in- 
strument where the beam is narrow and 
intense, or somewhat further away, a yard 
or so, where the beam is larger and more 
diffused. It is obvious that this is a much 
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Figure 4 


* View of cyclotron greened, top-treated 
stone through the table, showing trian- 
gles and lines of deep color in geometric 
patterns. 
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The Washington University cyclotron can 
be made to produce a beam of deuterons, 
protons or alpha particles, depending upon 
which gas is fed into the chamber. Most 
of the early work was done with deuterons, 
which were considered to be more effec- 
tive. However, one treatment was made 
with protons and one with alpha particles, 
which showed that color changes could also 
be produced by these methods; the color 
of the treated stones appeared to be more 
green than brown for protons, and golden 
brown for alpha particles. Since further 
work with this form of irradiation has not 
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burs are dedicated solely to platinum manufacturing. 

In 1990, Wellawatta Nithyakalyani invested in a 
vacuum casting machine from Italy. The few other 
casting operations in existence used centrifugal cast- 
ing. This machine gave the company an advantage 
in capacity, speed, and cost of producing jewelry for 
its retail store. In terms of consistency, vacuum cast- 
ing lowered the weight variation of pieces from about 
10% with hand fabrication to less than 1%. Today, 
the factory incorporates hand fabrication, wax carv- 
ing, casting, stamping, and various settings such as 
prong, bead, pavé, and channel. 

Wellawatta Nithyakalyani’s manufacturing meth- 
ods are becoming more modernized and cost-effective. 
Even though hand fabrication costs remain relatively 
low in Sri Lanka, the competitive market and low 
margins for 22K jewelry have led to the widespread 
use of casting (figure 31) and stamping. Companies 
that manufacture and sell directly to retail customers 
have a distinct advantage, as they can eliminate dis- 
tribution costs for this low-markup jewelry. 

The company focuses its retail efforts on women 
and middle- to upper-class consumers in Colombo and 
its suburbs, where the country’s strongest jewelry 
market exists. The precious metal weight of its jew- 
elry ranges from one gram to over 100 grams in a sin- 
gle piece, catering to a broad span of income. 
Wellawatta Nithyakalyani also manufactures and re- 
tails jewelry set with diamonds, colored gemstones, 
cubic zirconia, and crystal glass. This includes white 
precious metals, 18K gold, and traditional 22K gold 
used for weddings and as financial assets. The 22K 
gold wedding necklaces generally range from US$450 
to $4,500. 

Between its manufacturing and retail operations, 
the company staffs about 115 employees, represent- 
ing a cross-section of Sri Lanka’s ethnic and religious 
groups. Its two full-time designers have degrees in ar- 
chitecture and are trained in jewelry design using 
CAD/CAM. 

Most of Wellawatta Nithyakalyani’s export busi- 
ness is for mass-produced lines of jewelry sold in high 
volume. These are shipped to retailers in Canada, 
UK, Switzerland, Australia, and Dubai, where they 
are usually purchased by Sri Lankans living abroad. 
These expatriates also buy jewelry, especially dia- 
mond and gemstone merchandise, when they return 
to Sri Lanka for holidays. In addition, the company’s 
website offers an extensive line of jewelry directly to 
retail customers worldwide. 

Another company that encompasses the manu- 
facturing-to-retail value chain can be found on Sea 
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Figure 30. While 22K gold jewelry represents the main- 
stream in Sri Lanka, contemporary jewelers also sell 
white metal and gem-set jewelry, such as the earrings 
and ring worn by this model. Photo by Andrew Lucas; 
courtesy of Wellawatta Nithyakalyani Jewellery. 


Street, home of Ravi Jewellers. The company, 
founded in the 1960s by Ravi Samaranayake as a 
small traditional 22K gold jewelry retailer, has oper- 
ated continuously for almost 50 years. Today, the 
firm is involved in jewelry manufacturing, creating 
jewelry of all styles sold directly to retail customers 
(figure 32). 

With its modern manufacturing capability, Ravi 
Jewellers also sells wholesale to other retailers 
throughout Sri Lanka. This demonstrates another 
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a 
Figure 31. These wax carvings are being fine-tuned to 
make master models from which tens of thousands of 


pieces can be reproduced. Photo by Andrew Lucas; 
courtesy of Wellawatta Nithyakalyani Jewellery. 


emerging trend where companies that cover the man- 
ufacturing-to-retail value chain sell wholesale to 
smaller domestic retailers. Their manufacturing divi- 
sion also allows them to provide an extensive custom 
design service to their retail clients and on the whole- 
sale level to other retailers, a business model that cre- 
ates a competitive advantage. In addition to being the 
Sri Lankan agent for Swarovski synthetic cubic zirco- 


196 — SRI LANKA'S GEM AND JEWELRY INDUSTRY 


nia, the company markets Italian alloys and serves as 
an official currency exchange to accommodate 
tourists. It has even ventured into selling gold bullion 
purchased in Dubai. For all its modernization and ex- 
pansion of services, Ravi Jewellers remains a family 
business, typical of the Sri Lankan industry. 


JEWELRY RETAIL 

Sri Lanka has a thriving domestic retail jewelry indus- 
try. Its dynamics are different from those of Western 
jewelry markets and even elsewhere in Asia. Its retail 
industry is strongly influenced by jewelry’s role in Sri 
Lanka as an investment and hedge against economic 
uncertainty, the tradition of gold wedding jewelry, the 
preferences of religious groups, the tourist trade, the 
Western tendencies of younger consumers, and the 
lack of emphasis on gemstones in jewelry. 


Jewelry as a Financial Asset. The use of gold jewelry 
for financial security is a tradition among many Sri 
Lankans. As one European gem dealer noted, they are 
more practical than Western jewelry buyers, who 
purchase luxury branded products as status symbols 
that lose most of their value immediately. When 
there is ample income, Sri Lankans typically buy 
gold jewelry that can be converted to cash during dif- 
ficult economic times. 

The pawn industry is a major component of the Sri 
Lankan economy, and most major banks issue loans 
with jewelry as collateral. The loans are based almost 
entirely on the commodity value of the gold, with 


Figure 32. Sri Lankan 
retailers needed a large 
inventory for their cus- 
tomers to choose from. 
Box after box of 22K 
gold and other types of 
jewelry would be 
brought out for cus- 
tomers. Photo by An- 
drew Lucas; courtesy of 
Ravi Jewellers. 
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heavier 22K pieces receiving the highest loan value. 
Some of the country’s major banks have anywhere 
from 17% to 40% of their lending portfolios concen- 
trated in gold jewelry as collateral (A.P. Jayarajah, pers. 
comm., 2014). Many lower- to middle-class Sri 
Lankans use pawn shops for 22K gold jewelry loans, 
receiving instant cash for 75% to 80% of the gold 
value. Most of these pieces are heavy, from about 80 
to 160 grams. Clients generally redeem their items 
within six months to a year and pay a slight interest 
charge. Men tend to pawn jewelry more than women 
(V. Rishanthan, pers. comm., 2014). 

During the height of the gold market, when prices 
soared to more than US$1,700 an ounce, the lending 
industry became very competitive and pawn shops 
were offering around 90% of the gold value of jew- 
elry. Many consumers did not redeem their jewelry 
at these loan values, and when the price of gold fell, 
the pawn shops lost substantial collateral value. 


Wedding Jewelry. For most jewelers in Sri Lanka, the 
wedding business is arguably the most important. 
Although jewelry trends inevitably change, gold is an 
essential component of a Sri Lankan wedding. Jew- 
elry is given to the bride and the groom, as well as 
the bridal party. Around 80% of this wedding jewelry 
is for the bride, though jewelry purchases for the 
groom are on the rise (V. Rishanthan, pers. comms., 
2014). Traditional 22K gold jewelry remains the wed- 
ding jewelry of choice, and it is still used as a dowry 
in Sri Lanka. 

Sri Lankans comprise many of the major reli- 
gions: Buddhism, Hinduism, Islam, and Christianity. 
Each religion has its own style of jewelry, especially 
for weddings, with differences both subtle and obvi- 
ous (A.P. Jayarajah and V. Rishanthan, pers. comms., 
2014). Hindus tend to wear larger, heavier jewelry of 
a more Indian style, and designs are often based on 
what is popular in India (V. Rishanthan, pers. comm., 
2014). In Hindu weddings, the bride is given substan- 
tial amounts of 22K gold jewelry, including a thick 
Thali necklace (often weighing between 80 and 250 
grams) and longer chains, as well as bangle bracelets. 
The groom usually receives one simple ring. The 
bridesmaids and the groom’s mother and sisters also 
receive 22K gold jewelry, making Hindu weddings a 
major jewelry purchasing event in Sri Lanka. 

Buddhists use both rings and necklaces for wed- 
dings, often with more floral and classic Sinhalese de- 
signs. Sinhalese Buddhists tend to choose lighter, 
more delicate designs than Hindus for weddings. 
Brides are presented with a ring, necklace, bangle, and 
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matching earrings in their wedding sets, and the 
groom receives a gold ring. Still, most Buddhist wed- 
dings do not involve as much gold jewelry as Hindu 
weddings. 

In addition to the Thali, Sri Lanka’s Christian com- 
munity uses rings for the bride and groom. Whereas 
Hindu Thali necklaces often incorporate a square 
shape with a symbol of Vishnu inside, Christian Thali 
designs feature the Bible or a heart shape with a dove. 
Muslims tend to buy larger and heavier bangle 
bracelets than the Hindus, Buddhists, or Christians. 

Sri Lankan retailers immediately know the eth- 
nicity and religion of their customers by observing 
the jewelry they wear into the store. Of the more 
than 3,500 bangle bracelets in Wellawatta Nithya- 
kalyani’s product lines, around 95% of these are 22K 
gold. This is the bracelet of choice in the Muslim 
community, whose women display their bangles 
stacked on the arm. Muslim brides also receive a 
Thali and a large chain, matching earrings, and en- 
gagement necklace. Grooms often prefer a white 
metal for their ring. 


Expatriate and Tourist Trade. The strong tie between 
Sri Lankans and their jewelry is not confined to the is- 
land. Sri Lankans living abroad, many of whom left 
during the civil war, purchase traditional jewelry 
when returning to their native land. The month of Au- 
gust is especially busy for Sri Lankan retailers, as 
many expatriates living in Europe return for vacation 
(V. Rishanthan, pers. comm., 2014). They will plan out 
and purchase all the jewelry gifts needed for the entire 
year, such as weddings, birthdays, and other occasions. 
Again, most of them choose traditional 22K gold jew- 
elry based on ethnic or religious heritage. 

Since the end of the civil war in 2009, tourism has 
been growing. With over one million tourists in 2013 
and an expected doubling of that figure in 2014, re- 
tailers noted a dramatic impact on sales. Many of 
these tourists are Sri Lankans living abroad, but re- 
tailers are seeing more European, Australian, Amer- 
ican, and especially Chinese visitors. The country’s 
jewelry industry is working to brand Ceylon sap- 
phires, which are sold in boutiques of major hotels 
(A. Iqbal, pers. comm., 2014). Retailers are reporting 
the positive effects of tourism on sapphire jewelry 
sales. Global awareness of Sri Lankan sapphires was 
also heightened in October 2010, when Great 
Britain’s Prince William gave Kate Middleton a Sri 
Lankan blue sapphire engagement ring—the same 
ring worn by his mother, Diana, Princess of Wales. 
According to officials from the NGJA and the Inter- 
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national Colored Gemstone Association (ICA), de- 
mand for Sri Lankan blue sapphires in engagement 
rings rose sharply in the West and in China. 


Sea Street. One of the most important areas for 
Colombo’s jewelry trade is near the harbor on Sea 
Street. The Sea Street jewelry trade was started in the 
early 1900s by the Chettiar community, a Hindu 
caste originating in southern India. They are known 
as a mercantile class of businesspeople and bankers. 
The Chettiar merchants were involved in money 
lending, largely with jewelry as collateral. Over time, 
this led to the development of jewelry retail, whole- 
sale, and manufacturing businesses on Sea Street. By 
the 1950s, the district had become the major jewelry 
hub of Sri Lanka, focusing on 22K gold. There are still 
Chettiar temples on Sea Street today, though much 
of the community has returned to India (V. Rishan- 
than, pers. comm., 2014). 

While Sea Street remains the country’s jewelry 
hub, the rest of the country has seen significant retail 
and wholesale growth since the end of the civil war. 
Sea Street often supplies these new retailers with 
wholesale jewelry and manufacturing, or with spe- 
cialized services such as stone setting, laser welding, 
and plating. In return, small local manufacturers 
throughout Sri Lanka supply finished jewelry to Sea 
Street retailers (V. Rishanthan, pers. comm., 2014). 

Walking down the few blocks of Sea Street, you 
see hundreds of jewelry stores and pawn shops (figure 
33). Closer examination reveals that some of the 
storefronts lead to complexes divided into 50 to 100 
very small shops, some just 10 by 10 meters. Within 
these shops, jewelry is crafted using traditional meth- 
ods. Much of the manufacturing on Sea Street con- 
sists of family businesses that continue from one 
generation to the next. 


Gemstone Jewelry Market. While Sri Lanka is 
known all over the world as an abundant supplier of 
sapphire and other colored gemstones, the local mar- 
ket for gemstone jewelry is surprisingly weak. Much 
of the domestic demand is for 22K gold jewelry with- 
out gemstones. 


Even more interesting is the Sri Lankan prefer- 
ence for synthetic cubic zirconia and crystal glass in 
jewelry. This is directly related to the custom of buy- 
ing jewelry as much for financial security as for per- 
sonal adornment. Sri Lankans can always go to a 
pawn shop or bank and receive a high percentage of 
the gold value in their jewelry as a loan. Once gem- 
stones are added to the jewelry, it becomes more dif- 
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Figure 33. Sea Street is a concentrated center of retail- 
ers, pawn shops, and jewelry manufacturers. Photo by 
Andrew Lucas. 


ficult to receive a loan value close to the cost of the 
piece. The gemstone value is not as liquid and cannot 
be assigned a market value for a loan. 

As a low-cost alternative to add color and sparkle 
to their jewelry, many Sri Lankans opt for cubic zir- 
conia and crystal glass (figure 34). For instance, a 22K 
gold bracelet set with CZ might cost US$500 at 
Wellawatta Nithyakalyani, compared to US$5,000 for 
a comparable bracelet set with good-quality natural 
diamonds. Unlike consumers in the West or Japan and 
China, Sri Lankans see little reason to spend the dif- 
ference. For mass-market 22K gold jewelry, most con- 
sumers only allow the addition of gemstones up to 
25% above the price of the gold. After that, there is 
price resistance. Sri Lankans are often willing to spend 
more on gemstones in 18K gold jewelry—approxi- 
mately 40% above the gold value—and even more for 
platinum jewelry. But this custom is slowly changing, 
and the market for natural colored gemstones and di- 
amonds set in jewelry is growing, especially among 
upper-income and young consumers. 


Younger Consumers. V. Rishanthan, director of Ravi 
Jewellers, compared the buying preferences of his 
mother’s generation and his wife’s generation. His 
mother’s generation, composed of women in their 
sixties, prefers large sets of 22K gold jewelry and sub- 
stantial pieces weighing 40 to 80 grams. These im- 
pressive sets are reserved for special occasions such 
as weddings, birthdays, and visits to the temple. The 
rest of the time, such jewelry is kept in a safe or other 
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secure location. This generation also views jewelry 
as a commodity that can be readily pawned for cash. 

Rishanthan’s wife, representing the younger gen- 
eration of women in their twenties and thirties, 
prefers lighter jewelry, such as necklaces weighing 
around 8 to 10 grams. His wife may own ten lighter 
pendants while his mother may have only two much 
heavier pendants. Younger women are very aware of 
jewelry’s financial uses but want to wear it every day, 
in a variety of fashionable styles. 

Another trend among younger Sri Lankans is to re- 
sell their jewelry back to a store within six months to 
a year to trade it in for a new style. So while younger 
consumers may be buying lighter jewelry, they are 
buying more pieces and constantly exchanging them 
for new styles, creating more opportunities for the Sri 
Lankan retail industry. These younger consumers pay 
close attention to design trends and up-and-coming 
designers (V. Rishanthan, R. Samaranayake, J. Sasiku- 
maran, and Y.P. Sivakumar, pers. comms., 2014). 

The younger generation is also far more open to 
other gold alloys such as 18K, and they are especially 
fond of white metals such as platinum, white gold, 
and silver. Still, the sentimental and investment as- 
pects of 22K yellow gold jewelry are not lost on the 
new generation of Sri Lankan consumers. Younger 
men are buying more jewelry for themselves, and 
these still tend to be heavier pieces. 

With their preference for modern designs, younger 
consumers also buy more jewelry with diamonds (es- 
pecially smaller ones) and colored gemstones, usually 


Figure 34. Many retail stores offer gold jewelry with 
less-expensive Swarovski crystal and cubic zirconia 
to add color and sparkle. Photo by Andrew Lucas. 
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set in white metal. Blue sapphire is quite popular. 
Synthetic cubic zirconia or crystal glass can also be 
used to achieve the desired color. As with yellow 
gold jewelry, these white metal pieces tend to be 
lightweight. 


CONCLUSION 

Our expedition to Sri Lanka took us through all sec- 
tors of the colored gemstone and jewelry industry. 
While other reports have tended to focus on mining 
or treatment, very few have tackled the entire scope 
of the Sri Lankan industry. Over the course of two 
weeks, we witnessed mining operations, traditional 
and modern cutting, trading, treatment, and retail. 
The resulting documentation revealed a very vibrant 
industry across all sectors and allowed us to con- 
struct a complete picture. 

The changes over the last decade have been signif- 
icant. Modernized cutting has allowed Sri Lanka to 
produce precision cuts of the highest caliber. Mean- 
while, traditional cutting continues to incorporate 
centuries of experience orienting sapphire, cat’s-eye 
chrysoberyl, and other colored stones for color and 
weight retention. Mining is still aggressively pursued 
but mostly by small-scale operations, helping to pre- 
serve the environment and gem resources so more Sri 
Lankans have more opportunities to strike it rich. 

A wealth of trade expertise gives Sri Lanka a com- 
petitive advantage as it looks to expand its share of the 
global gem market. Many foreign buyers consult with 
local dealers on purchasing decisions and the potential 
benefits of recutting and heat treatment. Rough stones 
imported from other global sources fuel the value- 
added industries of cutting and treatment. With 
decades of trading experience and a global client list, 
Sri Lankan dealers know where to find important 
stones for the growing secondary market, particularly 
in China. Meanwhile, trade organizations such as the 
National Gem and Jewellery Association and the Na- 
tional Gem and Jewellery Authority are working on a 
bilateral trade agreement that could eliminate import 
tariffs on colored gemstones entering China from Sri 
Lanka (R. Kamil, pers. comm., 2014). 

Jewelry manufacturing is another sector that incor- 
porates both traditional and modern techniques. Most 
of the manufacturing is to satisfy consumer demand 
for 22K gold jewelry, as a wedding gift and as a finan- 
cial asset, at home and in Sri Lankan communities 
around the world. Younger consumers are demanding 
contemporary styles, new metals and alloys, and a 
greater use of gemstones. A growing tourist industry 
is also influencing Sri Lankan jewelry manufacture. 
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Figure 35. The Sri Lankan retail industry hopes to maintain the traditional market in 22K gold jewelry while de- 
veloping new products to meet the tastes of future generations. Photo by Andrew Lucas. 


With rapid economic development since the end 
of the civil war in 2009, the Sri Lankan gem and jew- 
elry industry could see dramatic growth, albeit at a 
much smaller scale than in neighboring India. Some 
of this growth is already happening in the diamond 
jewelry market, which has long been hindered by 
consumers’ limited purchasing power and the tradi- 
tion of pawning jewelry for the commodity value of 
the precious metals. It remains to be seen whether 
Sri Lankan demand for contemporary jewelry featur- 


Explore Sri Lanka’s mine-to-market industry through 
G&G’'s exclusive multimedia content. Our online 


collection provides direct links to videos, field reports, 
and additional resources that reveal this island nation’s 
impact on the global gem and jewelry trade. 


ing diamonds, colored stones, and alternative pre- 
cious metals will match the popularity of 22K gold 
jewelry (figure 35). 

The island’s gem and jewelry industry displays re- 
markable vitality and ambition for growth. With the 
ICA Congress coming to Colombo in 2015, the influx 
of foreign buyers to the annual Facets Sri Lanka 
show, and a stronger presence at trade shows in 
China, the Sri Lankan industry is striving for greater 
international recognition. 


Visit www.gia.edu/gia-news-research-sri-lanka-mining-part1, or scan the QR code on the right. 
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OBSERVATIONS ON PEARLS REPORTEDLY 
FROM THE PINNIDAE FAMILY (PEN PEARLS) 


Nicholas Sturman, Artitaya Homkrajae, Areeya Manustrong, and Nanthaporn Somsa-ard 


Pearls of all kinds have been used for decorative purposes throughout history. The majority of these have 
been nacreous, yet certain non-nacreous pearls have also been sought by connoisseurs. Pinna (pen) 
pearls fall into the latter group. The nature of their non-nacreous structure often results in cracking, and 
because of stability concerns they are very rarely used in jewelry. Nineteen of the 22 samples from this 
study, reportedly from Pinnidae family mollusks, show similarities in color as well as external and internal 
structure. Raman, photoluminescence, and UV-Vis-NIR spectroscopic results are discussed, along with 
the internal characteristics of pearls likely produced by this mollusk. 


ollusks of the Pinnidae family include the 
NAc species and the more familiar Pinna 

species such as Pinna nobilis, as well as the 
rarely encountered Streptopinna species. Like many 
mollusks, this bivalve contains several members, in- 
cluding Atrina vexillum, Atrina fragilis, Atrina 
pectinata, Atrina maura, Pinna bicolor, Pinna muri- 
cata, Pinna rudis, and Pinna rugosa (Wentzell, 2003; 
Wentzell and Elen, 2005). The 22 pearls discussed 
herein (see figure 1) were submitted for examination 
by William Larson (Pala International, Fallbrook, 
California). They were all referred to as “pen pearls,” 
without any details concerning their recovery or 
provenance. Pen pearls have seldom been covered in 
the gemological literature, so the results presented 
here are intended as a reference for those interested 
in pearls from this important ocean dweller. 


THE MOLLUSK 

Bivalve shells from the Pinnidae family share a very 
characteristic outline, tapering from a broad curved 
end to a pointed tip (figure 2). This unique form, rem- 
iniscent of the quill pens once used as writing tools, 
gives the shell its name. Sometimes referred to as “fan 


See end of article for About the Authors and Acknowledgments. 
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clams,” they average 100 to 600 mm in length, 
though specimens approaching 800 mm (2.5 feet) 
have been recorded. Apart from size, another claim to 
fame for Pinna nobilis is that its byssal threads, 
which anchor the shell in the sand during the mol- 
lusk’s life, were once woven together to make a fabric 
known as “sea silk.” 

The Pinnidae family is widely distributed among 
the oceans of the world, from the Mediterranean to 
the Red Sea, the Arabian Gulf, and the Indo-Pacific 
(from southeastern Africa to Melanesia and New 
Zealand, extending north to Japan and down to New 
South Wales). In the Western Hemisphere, these mol- 
lusks inhabit American waters around Florida, North 
Carolina, and Texas, as well as Mexico, the Caribbean, 
and as far south as Argentina (Strack, 2006). One of the 
authors’ diving adventures in the Arabian Gulf off the 
coast of Bahrain (Sturman et al., 2010) revealed numer- 
ous specimens deeply embedded within the sandy 
floor, typical of the mollusk’s behavior. 

A quick glance at most Pinnidae shells shows a 
clear area of nacre at the pointed end and a less-lustrous 
portion extending across the curved opposite end. 
Closer examination reveals that the nacreous portions 
do not, as a whole, exhibit the obvious classic overlap- 
ping nacre structures encountered in other bivalves 
from the same order (Pterioida). Rather, they show a 
much finer form of nacre that is more difficult to re- 
solve in most cases, even at high magnification (figure 
3). This difference stems from the fact that the nacre- 
ous portion is not constructed of concentric layers, but 
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of numerous small prisms arranged around the center 
(Taburiaux, 1985). Since the family comes from the 
same order as other nacreous species such as those of 
Pinctada and Pteria, it is not surprising that nacre 
should feature somewhere within the shells’ compo- 
sition. But it is intriguing to see the different degree of 
coverage, given that the Pinctada and Pteria species 
are completely nacreous on their inner shells and 
clearly display overlapping platelet ridges. 

The non-nacreous structure that characterizes the 
bulk of the shell also shows a wonderful mosaic or 
cellular pattern (figure 4, left) found in most of the 
pearls produced by this mollusk. These cells often 
vary from shell to shell in form, transparency, and in- 
ternal features. Their appearance relative to location 
within the shell also appears to vary. In the sample 
from Thailand, the cells near the lip of the shell con- 
tained small pinpoint features, while those toward 
the center lacked these features (figure 4, center). 

The cellular structure is visible because each cell is 
actually a long thin crystal composed of calcite, as noted 
in previous studies (Gauthier et al., 1997). This acicular 
structure is clearly evident in shells where some of the 
crystals on the edge have been damaged and broken 
away (figure 4, right). The crystals’ transparency often 
permits strong light to pass along their length, making 
areas of both shell and pearl semi-translucent to translu- 
cent (Sturman, 2007). This columnar structure also 
leads to frequent crazing or cracking between the cell 
and the column walls. This is likely exacerbated by the 
loss of any water content in the materials. 


PEARLS FROM THE PINNIDAE FAMILY (PEN PEARLS) 


| Figure 1. These 20 com- 
| pletely non-nacreous 
pen pearls, from the 
group of 22 samples in 
this study, are set 
against a pen shell dis- 
playing both nacreous 
(left) and non-nacreous 
areas (right). Photo by 
Lhapsin Nillapat. 


THE PEARLS 


Pen pearls occur in various shapes and sizes, and their 
color usually ranges from black or dark brown to a 
more yellowish brown or yellowish orange (Strack, 


Figure 2. The 22 pearls from this study are shown to- 
gether with two shells from GIA’s Bangkok laboratory 
reference collection. The lighter-colored Pinna shell 
and the darker Atrina shell display the distinctive ex- 
ternal appearances of mollusks from the Pinnidae 
family. The more lustrous nacreous structure is seen 
at the tapered ends. Photo by Lhapsin Nillapat. 
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Figure 3. The nacreous structure visible at the pointed 
end of each pen shell half is not as clearly defined as 
the nacre in other Pterioida mollusks. Pen shells dis- 
play a more “linear” -looking nacre. Photo by Artitaya 
Homkrajae; reflected light, magnified 112.5x. 


2.006). This range of color was apparent in the samples 
we studied, where one of the drops stood out from the 
darker, more typical pearls. Most pearls form as cyst 
or whole pearls, but some—again in keeping with 
other mollusks—occur as blister pearls or blisters (fig- 
ure 5; CIBJO, 2013). Blister pearls and blisters are par- 
ticularly useful when trying to compare the structure 
of pearls to their hosts, as they occur together and pro- 
vide a direct means of comparison. One of the greatest 
drawbacks of pen pearls, though, is their tendency to 
crack or craze, a characteristic that significantly hin- 
ders their market value. This cracking appears to 


occur only in the non-nacreous pearls, but unfortu- 
nately these specimens are the norm. 

Nacreous pen pearls (mainly Atrina species) are 
sometimes encountered in jewelry, though far less 
often than other types of pearls with more marketable 
color and greater durability. In recent years, however, 
pen pearls have become much more sought after as 
farmers, particularly in Indonesia, have learned to 


In Brief 


e Like their host mollusks, pen pearls may be wholly nacre- 
ous or wholly non-nacreous, depending on the species. 
Partially nacreous examples may also be encountered. 

¢ The surface structures of the non-nacreous areas show 
a beautiful cellular structure. 

e While microradiography and X-ray computed microto- 
mography (u-CT) techniques are not required for iden- 
tification, such examination does reveal the wonderful, 
often radial and concentric internal structures present 
within the pearls. 


use them as nuclei for a new kind of atypical cul- 
tured pearl (Hainschwang, 2010). These atypical bead- 
cultured pearls can be quite challenging for laboratories 
to identify, though most present no real issues at the 
moment. 


MATERIALS AND METHODS 
Twenty loose undrilled pearls, weighing between 
2.74 and 20.70 ct and ranging in color from dark 


Figure 4. Left: This section of Pinnidae shell from Thailand shows a graduated cellular structure, with finer cells 
near the lip of the shell and larger cells toward the middle. Center: The structure within the center of each cell also 
varies. The cells toward the outer part of the shell exhibit minute impurities in their center, while the cells closer 
to the middle have empty centers. Right: The cause of the cellular pattern is clearly seen in this broken shell seg- 
ment, which shows the acicular nature of the individual calcite crystals that form the non-nacreous areas. Photos 
by Nick Sturman; magnified 32x (left and right) and 176x (center). 
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F. H. Pough photograph 


Figure 5 
* Pair of treated stones, viewed from the bottom, the left hand 


one showing a dark ring, resulting from a top treatment; the 
other is bottom treated and is light in color around the girdle. 


been tried, it is not known whether the 
unusual color was caused by higher tem- 
perature and intensity, or if it is a con- 
stant characteristic of the type of particle 
used. It should be noted here, however, 
that for various technical reasons, the 
depth of penetration of the protons and 
alpha particles was only about half that 
of the deuterons. 

The target area in the Washington Uni- 
versity cyclotron is occupied by an alum- 
inum plate (aluminum is used because it 
does not remain radioactive as long as 
other materials which might be equally 
workable). This plate is water cooled, but, 
nevertheless, becomes very hot in high in- 
tensity bombatdments. The diamonds were 
fastened to this plate with a second sheet 
of aluminum in which holes had been cut 
to hold the stones by a few points at the 
girdle. Since it was felt that this type of 
mounting provided little actual cooling of 


the rather loosely held stones, most bom- 
bardments were made in an atmosphere of 
helium. The use of helium, which has six 
times the cooling effect of air, helped re- 
duce the surface temperature of the stones 
below the point where they may have 
frosted. The impact of the beam on the 
target was at right angles and it was pos- 
sible to set these stones so that a whole 
crown or pavilion would receive the treat- 
ment and be uniformly colored. Both top 
and bottoms of different stones were ir- 
radiated, though it was not necessary in 
any case to color both surfaces. The intens- 
ity of color was found to depend upon the 
length of the treatment. An attempt to 
make brown stones by a high intensity 
bombardment was unsuccessful, because the 
heat of the beam so warped the target 
that the stones fell out of the beam after 
a very short (and insufficient) bombard- 
ment (Figure 3). 
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brown to yellow-brown, were analyzed. Two addi- 
tional samples weighing 2.78 and 5.81 ct (see pearls 
19 and 20 in table 1), exhibiting both silver nacreous 
and brown non-nacreous areas, were also examined. 
The properties of all 22 samples are listed in table 1. 

The pearls’ internal structures were examined 
using a Faxitron CS-100 2D real-time (RTX) micro- 
radiography unit (90 kV and 100 mA excitation), and 
a Procon CT-Mini model X-ray computed microto- 
mography (u-CT) unit fitted with a Thermo Fisher 
8W/90 kV X-ray tube and a Hamamatsu flat-panel 
sensor detector. 

Their composition was analyzed with an inVia 
Raman microscope equipped with a 514 nm argon- 
ion laser (Ar*), which was used to obtain Raman and 
photoluminescence spectra. The laser was set at 
100% power, and spectra were collected using 10 ac- 
cumulations, with an accumulation time of 10 sec- 
onds per scan. 

The spectra required to characterize each sample’s 
color were collected in the 200-2500 nm range with 
a Perkin-Elmer Lambda 950 ultraviolet/visible/near- 
infrared (UV-Vis-NIR) spectrophotometer using a re- 
flectance accessory fitted with an integrating sphere. 
The 250-750 nm range is presented here, because 
this range contains most color-related reflectance 
features. 

The pearls’ chemical composition was analyzed 
using a Thermo X Series II laser ablation-inductively 
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Figure 5. This irregu- 
larly shaped blister 
pearl, attached to the 
interior of a Pinnidae 
family (Atrina species) 
shell, measures approx- 
imately 21.50 x 17.60 
mm. Photo by Nicholas 
Sturman; shell courtesy 
of Kenneth Scarratt. 


coupled plasma—mass spectrometry (LA-ICP-MS) 
system equipped with an attached New Wave Re- 
search UP-213 laser and an energy-dispersive X-ray 
fluorescence spectrometry (EDXRF) unit. Microana- 
lytical carbonate standards MACS-1 and MACS-3 
from the United States Geological Survey (USGS) 
were used as the standards for each method. 

Photomicrographs of the surface structures were 
captured with a Nikon SMZ1500 system using vari- 
ous magnifications up to 176x. Other gemological 
microscopes with magnification ranges between 10x 
and 60x were also used during the examination of the 
shells and pearls. Shells from both Pinna and Atrina 
species in GIA Bangkok’s reference collection were 
studied to compare their structural similarities with 
the sample pearls. 

The pearls’ fluorescence features were also ob- 
served under an 8-watt UV lamp with both long- 
wave (365 nm) and short-wave (254 nm) radiation, as 
well as a DiamondView unit. 


OBSERVATIONS AND RESULTS 

External Structure. The pearl samples showed charac- 
teristic non-nacreous structure consisting of a network 
of cells resembling those pictured in figure 4. The ac- 
tual shape of the cells varied quite markedly, from a 
pseudo-hexagonal outline to an elongated curved form. 
Examples of the range of structures can be seen in fig- 
ures 11-21. Diaphaneity ranged from opaque to semi- 
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Figure 6. The Raman 
spectra of pen pearls 5, 
9, and 15 show peaks at 
280, 712, 1086, and 
1437 cnr’ (the first two 
indicative of calcite) 
and a polyenic-related 
peak at 1017 cnr". 
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translucent, with the lighter-colored samples tending 
toward the latter (Gauthier et al., 1997; Karampelas et 
al., 2009). Cracking was very apparent in most of the 
samples, and some of the cracks were fairly wide and 
penetrated quite deeply. This is an accepted but unde- 
sirable trait encountered in most pen pearls. Using 
them as nuclei for atypical bead-cultured pearls solves 
this problem, since the nacre overgrowth hides not just 
the cracks but the whole pearl. 

Samples 19 and 20 were considerably different 
from the rest of the group. Their shapes were baroque 
and quite flattened, while their colors were clearly 
uneven and more bicolored, with silver and brown 
areas mixed together. Their structure also varied, 
from a more nacreous type with silver portions to a 
non-nacreous cellular structure on the brown por- 
tions (consistent with the other samples). These two 
pearls differed in other ways that will be described 
later in this work. 


External Composition. To identify the nature of the 
minerals forming the pearls, we examined the pearls 
using the Raman spectrometer with an attached mi- 
croscope. This analysis showed that the non-nacreous 
areas consisted of calcite, as evidenced by the peaks at 
280 and 712 cm, with the associated band at 1086 
cm (figure 6). The only noticeable exceptions were 
the spectra for the two bicolored pearls, where the sil- 
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ver nacreous areas produced a slightly different spec- 
trum. Here, the 280 cm peak was very weak and ac- 
companied by a series of peaks at 198, 206, 217, and 
287 cm, while the 712 cm" peak position shifted to 
a doublet feature at 701 and 705 cm. These features 
are all characteristic of aragonite, the most common 
polymorph found in pearls and shells, so we were not 
surprised to detect it on the more nacreous portions. 
Previous studies on pearls from Pinna nobilis (Gau- 
thier et al., 1997; Karampelas et al., 2009) attributed 
the cause of color to carotenoids. While we detected 
the 1017 cm” peak reported in their studies, the other 
peaks were not readily apparent, which is unusual. 
Such pigment peaks exhibit strong resonant phenom- 
ena. Their absence could be due to the particular mol- 
lusk that produced the pearls or the laser wavelengths 
used in collecting the spectra, as well as the parame- 
ters used to test the samples. No other lasers were 
used in this study. 

Photoluminescence analysis was conducted for 
samples 5, 9, and 15 (figure 7). The spectra are not 
identical, as the maxima center is somewhat differ- 
ent on each curve. Yet the overall pattern is quite 
similar apart from sample 15, the yellow-brown 
pearl, which has a maximum at approximately 600 
nm and is offset slightly to the left of the others. A 
subtle band at around 700 nm is quite consistent in 
the samples. Very weak peaks at 555 and 565 nm 


Gems & GEMOLOGY FALL 2014 


PL SPECTRA 


140000 5 
~~ Pearl 5 
—— Pearl 9 


120000-| — Pearl 15 


100000 4 


80000 4 


COUNTS 


60000 + 


40000 4 


20000 4 


0- T T T T T T T T T T T 
515 545 575 605 635 665 695 725 755 785 815 845 


WAVELENGTH (nm) 


Figure 7. Photoluminescence (PL) spectra of samples 
5, 9, and 15 showed different patterns, likely due to 
the variation in their relative intensities. While the 
weak feature at around 700 nm stayed consistent, the 
overall pattern of the peaks varied. The sharp features 
at 520 and 550 nm are due to the Raman effect. 


were observed in the PL spectra. These do not appear 
to correlate with the polyenic pigment peaks seen 
around 546 and 558 nm in non-nacreous orange 
pearls such as Melo pearls, which exhibit polyenic 
peaks very similar to those stated for pen pearls. 
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Therefore, we believe that polyenic compounds, 
which belong to the carotenoid family, were not ob- 
served in the PL spectra of the samples. 


Fluorescence. Reactions to ultraviolet (UV) light were 
best seen under long-wave UV (LWUV) radiation, 
where 18 of the pearls exhibited a very weak to mod- 
erate chalky yellow fluorescence. Only sample 15 
showed a strong chalky yellow of a brighter color. Sam- 
ple 13 displayed an uneven moderate to strong yellow 
in the pearl’s center, where the color was lighter. Sam- 
ples 19 and 20 displayed strong chalky yellow reactions 
on the nacreous areas while the brown non-nacreous 
patches appeared relatively inert, but closer examina- 
tion revealed a very weak yellow reaction, in keeping 
with most of the other pearls. Short-wave UV (SWUV] 
reactions showed the same colors as LWUYV, but with 
weaker intensity. A few of the pearls that exhibited a 
very weak reaction to LWUV did not show any clear 
reaction under SWUV conditions. 

To see whether these long- and short-wave reac- 
tions were in any way similar, all the samples were 
examined in the ultra-short UV wavelength (<230 
nm) of the DiamondView. The results ranged from a 
clear bluish reaction to a rather inert reaction, with 
bluish boundaries between the cellular structure 
very prominent in most of the images (figures 8 and 
9). The strong bluish reaction is a marked change 
from the yellow reactions the samples tended to ex- 


Figure 8. DiamondView images 
of pen pearls 5, 9, 15, 19, and 20 
show bright blue areas corre- 
sponding to the cracks. The 
bright blue areas of samples 19 
and 20 correspond to the nacre- 
ous areas, while the more 
“inert” zones indicate the 
brown non-nacreous areas. Im- 
ages by Areeya Manustrong. 
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TABLE 1. Characteristics of the pen pearl samples. 


Pearl sample Measurement Carat Shape Color Pearl sample Measurement Carat Shape Color 
(mm) weight (mm) weight 


11.40 x 9.25 6.34 Oval Dark brown 
x 9.20 


8.67 x 8.50 3.65 Drop — Dark brown 12 
x 8.44 


2 10.83 x 8.80 = 4.75 Drop — Graduated 13 16.58x 12.05 15.95 Drop Brown and 
x 8.75 brown x 11.93 light brown 
3 9.34 x 9.13 5.02 Button Black 14 18.62 x 13.37 20.70 Drop Black and 
x 9.02 x 13.28 brown 
4 8.85 x 8.74 3.92 Button Brown 15 18.07 x 9.40 8.00 Drop Yellow- 
x 8.22 x 9.32 brown 
5 9.34 x 8.62 4.22 Drop Black 16 12.96 x 12.89 11.27 — Drop/ Black 
x 8.59 x 12.15 Button 
9.09 x 8.65 4.40 Drop — Dark brown 17 17.75 x 9.05 9.52 Drop Brown 
x 8.61 x 9.00 


8.73 x 8.69 3.78 Button Dark brown 18 
x 7.40 


11.44x 11.35 7.80 Button Dark brown 
x 8.75 


8 7.49 x 7.46 2.74 Button Dark brown 19 12.70 x 9.96 2.98 Baroque _ Silver and 
x 7,27 x 5.31 dark brown 
9 11.88x11.76 8.53 Button Brown 20 17.39 x 12.46 5.81 Baroque — Silver and 
x 9.98 x 5.93 brown 
10 9.16 x 7.51 3.17 Oval Black 21 11.42 x 10.42 7.34 Baroque Dark brown 
x 7.48 x 9.83 
11 14.44x 10.03 7.99 Drop — Dark brown 22 10.38x 10.27 6.68  Semi- Black 
x 9.99 x 9.69 baroque 
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Figure 9. This magnified image of sample 9, as seen in 
the DiamondView, reveals the wonderful cellular 
structure in a whole new light. Image by Areeya 
Manustrong. 


hibit under the standard gemological fluorescence 
unit found in most laboratories. 


UV-Vis-NIR Spectrophotometry. While diffuse-re- 
flectance spectra were obtained on all the pearls, only 
those for the three samples chosen for Raman analysis 
are shown in figure 10. Despite their differences in 
color, they showed little variation in the visible part 
of the electromagnetic spectrum (400-750 nm). Sam- 
ples 9 and 15 displayed noise in the visible portion that 
was likely due to their structure and variable translu- 
cency, quite different from the more opaque pearls 
typically tested in the spectrophotometer. Sample 15 
did exhibit higher diffuse reflectance than the darker 
samples, as would be expected for a lighter-colored 
pearl. All three spectra had a similar reflectance fea- 
ture in the 320-630 nm range, yet sample 15 had a 
higher maximum reflectance in the UV region, cen- 
tered at around 340 nm rather than 330 nm. The shift 
of this feature and the higher reflectance of the spec- 
trum contributed to the pearl’s lighter, more yellow 
coloration. Sample 5 in particular showed less re- 
flectance and a slightly greater reflectance range. This, 
together with the approximately 330 nm point of 
maximum reflectance in the UV region, contributed 
to its darker appearance. 


Chemical Composition. Two methods of chemical 
analysis were used in this study: EDXRF and LA-ICP- 
MS. EDXRE, a nondestructive technique, covers a 
greater sampling area and is more surface-specific. It 
is widely used by gemological laboratories and pro- 
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vides sufficient data to assist in most identification 
tasks. It does, however, have relatively high detection 
limits, and elements lighter than sodium cannot be 
detected. While the EDXRF results revealed low lev- 
els of Mn, consistent with pearls from a saltwater en- 
vironment (Gutmannsbauer and Hanni, 1994), we 
wanted to gain a more accurate idea of the quantities 
of elements present. 

We turned to LA-ICP-MS, which examines a 
smaller micron-sized area of the surface and the un- 
derlying material and offers better sensitivity and el- 
ement coverage. The results confirmed the pearls’ 
known saltwater origin on the basis of low man- 
ganese (Mn) levels and the expected results for boron 
(B), gallium (Ga), and barium (Ba). Strontium (Sr) lev- 
els were on average slightly lower than those usually 
recorded for saltwater mollusks, but still within the 
saltwater range. While they do not allow a direct 
comparison with pen pearl chemical composition, 
data collected from Pinctada maxima pearls show 
some similarities when each element is compared 
(Scarratt et al, 2012). Li and Fe were present in 
slightly higher concentrations in the pen pearls. The 
LA-ICP-MS results for the pen pearls are summarized 
in table 2. 


Figure 10. Samples 5, 9, and 15 showed similar UV- 
Vis-NIR spectra despite their variation in color. The 
“noise” in the ultraviolet to visible region (250-750 
nm) is likely due to the pearls’ structure. 
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Figure 11. Pen pearl 1’s external appearance (top left), 
microradiographic structure (top right and middle 
right), surface structure (middle left, magnified 60x), 
and p-CT images of two slices (bottom). Photos by 
Artitaya Homkrajae. 


The most significant differences observed be- 
tween the nacreous and non-nacreous areas in sam- 
ples 19 and 20 are highlighted by the bold numerals 
in the table. The most dramatic difference occurred 
with magnesium (Mg}], which showed significantly 
lower concentrations in the nacreous areas than the 
non-nacreous areas of all the other pearls. The ele- 
mental concentrations in the non-nacreous areas of 
all 22 samples matched one another well, as would 
be expected for such similar-looking material. Many 
more samples of known pen pearls will need to be 
analyzed to determine whether any correlation ex- 
ists, yet the detailed chemical analysis of pen pearls 
is not part of routine laboratory work. 


Internal Structure. Viewed in cross-section, the in- 
ternal structures of non-nacreous pen pearls appear 
to possess a distinct radial columnar structure. Not 
surprisingly, this radial structure often manifests it- 
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self clearly in microradiographic images, since the 
path length equals the entire thickness of the sample 
when exposed to the X-ray source. The clarity is usu- 
ally not so obvious in the micron-thick slices of CT 
images. On the other hand, concentric ring struc- 
tures are often more visible via CT than the RTX 
method. A selection of the thousands of RTX and CT 
slice images obtained by the authors appears in fig- 
ures 11-21. These show that small, dark natural nu- 
clei or cores sometimes exist at the center of the 
radial and concentric structures, while undesirable 
cracks also extend to various degrees throughout 
most of the samples. 

Sample 15 exhibits the only atypical internal 
structure of the completely non-nacreous pearls in 
this study; it also differs in coloration and diaphane- 
ity, as seen in figure 16. The structure consists of a 
series of connected voids and what are probably con- 
chiolin-rich chambers that extend from the tapered 


Figure 12. Sample 5’s external appearance (top left), 
microradiographic structure (top right and middle 
right), surface structure (middle left, magnified 60x), 
and p1-CT images of two slices (bottom). Photos by 
Artitaya Homkrajae. 
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TABLE 2. Trace-element composition obtained by LA-ICP-MS of 22 pen pearls, in parts per million weight (ppmw). 


Pearl sample 7Li "B 23Na “Mg 3p. 39K Mn °7Fe "Ga 88Sr 137Ba 
1 2.50 27.84 6222 4803 bd 242 1.19 264 bdl 946 0.57 

2 2.24 2.54 4312 2458 bd 103 bdl 291 bdl 670 0.51 

3 2.61 10.10 5560 3207 bd 144 2.74 288 bdl 8067 0.74 

4 2.49 32.19 5924 3370 bd 209 1.95 328 bdl 780 0.62 

5 2.62 22.43 5674 2795 bd 213 bdl 304 bdl 798 0.41 

6 3.05 15.33 6127 3249 bd 220 bdl 301 bdl 756 0.43 

7 1.92 5.43 5297 3314 39.98 150 1.43 219 bdl 815 0.93 

8 1.92 9.92 5016 3395 bd 129 1.12 264 bdl 749 0.35 

9 2.39 23.02 6352 3563 45.07 259 bdl 248 bdl 755 0.29 

10 2.31 26.44 5787 4052 bd 249 0.94 259 bdl 755 1.21 

1 2.30 10.33. 4902 2907 bd 143 bdl 269 bdl 714 0.31 

12 2.34 12.76 4600 4005 bd 189 5.86 265 bdl 757 0.28 

13 2.19 2.61 4838 3194 bd 142 1.75 238 bdl 785 1.65 

14 4.03 20.86 6792 2947 58.08 291 1.27 261 bdl 842 0.68 

15 2.36 17.39 5958 5264 46.97 368 4.44 217 bdl 818 1.33 

16 2.50 32.96 6217 3391 bd 230 3.21 239 bdl 1044 1.09 

17 3.04 30.09 6285 4096 40.57 158 1.04 220 bdl 836 0.41 

18 2.25 37.72 5452 3412 bd 114 172 271 bdl 529 0.73 
19-Brown 2.49 21.96 7129 3781 bd 175 1.32 311 bdl 704 0.40 
19-Nacre 0.96 SLED, 9806 54 171 110 bdl 218 bdl 1016 0.48 
20-Brown 2.52 9.90 6915 5250 bd 213 1.23 321 bdl 813 0.34 
20-Nacre 0.59 9.01 9170 51 151 82 bdl 251 bdl 1030 0.23 
21 2.32 17.79 5617 3837 bd 262 2.80 217 bdl 789 1.45 

22 2.37 14.34 6031 3983 bd 225 0.90 255 bdl 776 0.63 
mare 0.25 213 11.92 0.70 36.17 5.42 0.80 31.33 0.12 0.11 0.12 


Abbreviation: bdl = below detection limit 


point toward the broader end. The central irregular 
nucleus consists of another void/conchiolin-rich area 
that possesses an internal structure. Given the spec- 
imen’s size and the lack of commercial culturing of 
this mollusk, the pearl is almost certainly natural in 
origin. 
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Of the 22 pearls examined, samples 19 and 20 are 
the exceptions to the rule in nearly every way. Not 
only do they possess non-nacreous and nacreous struc- 
tures within the same pearl, but the nature of their in- 
ternal structure is also completely at odds with that of 
the other samples. Both show a very prominent void- 
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Figure 13. Sample 9’s external appearance (top left), 
microradiographic structure (top right and middle 
right), surface structure (middle left, magnified 60x), 
and y1-CT images of two slices (bottom). Photos by 
Artitaya Homkrajae. 


like feature (figures 17-20) in which a few “walls” of 
what is very likely conchiolin are associated with 
small white “seeds.” These seeds appear to consist of 
material rich in calcium carbonate, given the similar 
radio-opacity of the features and their surrounding cal- 
cite and aragonite host, as well as the organic nature 
of the pearls themselves. It is interesting to note that 
the white seed features are similar to those observed 
in some non-bead-cultured pearls we have encountered 
during research on known samples from farms, though 
similar structures may also be encountered in natural 
pearls and are not conclusive proof of culture. 

It is worth noting that we observed a direct corre- 
lation between the structure (solid or hollow) and the 
specific gravity in these 22 samples. All the solid 
pearls (samples 1-18, 21, and 22) gave SG values be- 
tween 2.39 and 2.53; this variation was likely due to 
the size and depth of the cracks and any air trapped in 
them during hydrostatic measurements. Samples 19 
and 20 again proved the exceptions, with SG values of 
1.76 and 2.02, respectively. Given the large voids ob- 
served in their structures, this was not surprising. 
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Culturing and Treatments. While many different 
mollusks are known to produce cultured pearls, 
most are bivalves associated with species from the 
Pteriidae family or various freshwater mollusks 
from the Hyriopsis genus that are frequently used 
to produce non-bead-cultured, mantle-grown cul- 
tured pearls (Farn, 1991; Strack, 2006). Cultivation 
using mollusks from other families is usually the 
exception rather than the rule today. The only other 
mollusks known to produce cultured pearls to any 
commercial extent are from the Haliotis genus and, 
on rare occasion, the Strombus gigas (Queen conch) 
species. Cultured pearls from the Pinnidae family 
can be added to the list of those that have undergone 
trials but without commercial success so far (Lan- 
dis, 2010). 

As with all pearls, the subject of treatments was 
often at the forefront of our thoughts on these pen 
pearls. No treatments were detected in this group, nor 
are the authors aware of any treatment applied to the 
Pinnidae family. Waxing or some other method could 


Figure 14. Sample 11’s external appearance (top left), 
microradiographic structure (top right and middle 
right), surface structure (middle left, magnified 50x), 
and p1-CT images of two slices. Photos by Artitaya 
Homkrajae. 
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Figure 15. Sample 12’s external appearance (top left), 
microradiographic structure (top right and middle 
right), surface structure (middle left, magnified 70x), 
and p1-CT images of two slices (bottom). Photos by 
Artitaya Homkrajae. 


be used to hide cracks or prevent them from expand- 
ing and deepening, but no such procedure was ob- 
served in this study. 


CONCLUSION 
Pen pearls are among the least appreciated pearls due 
to durability issues and their rather plain appearance. 
Yet they possess one of the most wonderful internal 
structures of all mollusk creations, and the surface 
patterns revealed by magnification are truly remark- 
able works of nature that all pearl aficionados would 
do well to observe. The columnar structures in their 
radiating forms produce unique specimens that allow 
light to be transmitted along their length to varying 
degrees, causing some pen pearls to appear semi- 
translucent to the unaided eye. Not many pearls can 
lay claim to this characteristic. 

These radiating concentric structures manifest 
themselves clearly during examination with direct 
microradiography and X-ray computed micro-to- 
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Figure 16. Sample 15’s external appearance (top left), 
microradiographic structure (top right and middle 
right), surface structure (middle left, magnified 50x), 
and p1-CT images of two slices (bottom). Photos by 
Artitaya Homkrajae. 


mography (u-CT). These techniques also demon- 
strate that in the 22 samples studied here, the struc- 
tures do not always conform to the norm. Pen pearls 


Figure 17. Sample 19’s external appearance (top left), 
microradiographic structure (top right), and surface 
structures (bottom, magnified 90x and 112x). Photos 
by Artitaya Homkrajae. 
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Figure 18. Additional microradiographic images of 
sample 19 (top) and p-CT images of two slices (bottom) 
exhibit some interesting white “seeds” within the void 
area that are related to internal structural “walls.” 


15, 19, and 20 showed void-related features that 
clearly differed from the other samples examined. 
The latter two also differed in their external nacre- 
ous and non-nacreous appearances, which leads one 
to question if they are indeed pen pearls. While we 
cannot be certain, the surface structure seen on the 
pen shell in figure 4 does bear a close similarity with 
the features seen in these two examples and in other 
pearls of reported pen shell origin occasionally ex- 
amined in the GIA laboratory, so the nature of the 
nacreous structure appears to support this conclu- 
sion. Additionally, the non-nacreous calcitic areas 
typical of pen pearls are present in both pearls, fur- 


Figure 19. Sample 20’s external appearance (top left), 
microradiographic structure (top right), and surface 
structures (lower images, magnified 60x and 112x). 
Photos by Artitaya Homkrajae. 
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Figure 20. As with sample 19, microradiographic im- 
ages of sample 20 (top) and p-CT images of two slices 
(bottom) show white “seeds” within the void area. 


ther supporting the identity. It is noteworthy that 
both of these pearls, though outwardly different 


Figure 21. Sample 21’s external appearance (top left), 
microradiographic structure (top right and middle 
right), surface structure (middle left, magnified 50x), 
and y-CT images of two slices (bottom). Photos by 
Artitaya Homkrajae. 
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The treatment in St. Louis was fairly 
predictable, but in one case it was found 
that in a single lot of stones one went 
green and two went brown. The explana- 
tion for this is a little uncertain; there 
has been, subsequently, reason for be- 
lieving that one portion of the beam was 
more intense than other parts, and it is 
possible that the stones were heated more 
in one area than another. It was in an at- 
tempt to check this that the unsuccessful 
high intensity experiment described above 
was undertaken. 

A crown-treated stone has the entire up- 
per surface colored. When it is set, it has 
a uniform appearance except around the 
gitdle border. A careful loupe examination 
reveals a seties of reflections of triangular 
cubistic patterns that show varying intensi- 
ties of green. This can be photographed 


and shows in Figure 4. Actually, it is far 
easier to see in the stone than the picture 
indicates. For comparison, one might look 
at any brilliant-cut colored stone and note 
that the facets reflected do not show this 
pattern. of lines, trapezohedrons and tri- 
angles of lighter and darker hue. When 
such a stone is unset and examined in a 
paper with the culet up, there is a very 
dark ring to be noted around the stone, 
between the table and the girdle, Figure 5. 

Pavilion-treated stones, placed bottom up 
on the paper, do not show this ring. Faced 
up they are identical in appearance with 
the crown-tteated stones. However, the 
same colored streaks will be seen in the 
facets reflected through the star and bezel 
facets that were noted in the other stones. 
In addition, there is to be seen near the 
bottom, through the table, reflections in 


Figure 6 
* Bottom treated stone with no culet, showing dark eight-pointed 


star at bottom. 


SPRING 1951 


F. H. Pough photograph 


from the other 20 samples, share similar internal 
characteristics. 

This work, along with those previously published 
by Gauthier et al. (1997) and Karampelas et al. (2009) 
appear to be the most comprehensive studies on pen 
pearls to date. Whereas the latter focused on pen 
pearls from a single known species of Pinnidae, the 
samples in this study are from unknown species and 
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PLEOCHROISM IN FACETED GEMS: AN INTRODUCTION 


Richard W. Hughes 


While virtually all gemological texts cover 
pleochroism, it is almost always related to view- 
ing with a dichroscope. Exactly how pleochroism 
manifests itself in faceted gems is largely ignored. 
This article discusses this phenomenon in doubly 
refractive gemstones, specifically as it relates to 
overall color appearance in faceted gems. Con- 
trary to popular belief, pleochroism can be visi- 
ble in faceted gems even when they are cut with 
an optic axis parallel to the direction of view. 


[: describing colored gemstones, the major factors 
influencing color are hue (position of a color on a 
color wheel], lightness (tone], saturation (intensity), 
color zoning, metamerism (color-change), dispersion, 
and pleochroism. This article deals with the last of 
these properties. The term pleochroism (from the 
Greek “pleio,” many, and “chros,” color) describes a 
variation of color with direction in doubly refractive 
gems (figure 1). Virtually all gemological texts note 
this effect and describe it in detail. Yet many of these 
descriptions deal only with the identification of this 
property. When lapidary aspects are discussed, the 
focus is on orientation, generally omitting mention 
of exactly how pleochroism affects the appearance of 
faceted stones. The purpose of this article is to pro- 
vide a detailed description of pleochroism as it relates 
to the appearance of faceted gems. 


INTRODUCTION TO OPTICAL 
CRYSTALLOGRAPHY 

For gemological purposes, crystals can be divided 
into three optical groups based on their lattice sym- 
metry: isometric, dimetric (uniaxial), and trimetric 
(biaxial); see table 1. 


See end of article for About the Author and Acknowledgments. This 
article is based on a piece the author originally published in Gemo- 
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with new illustrations. 
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Imagine a perfect sphere. If you draw a line from 
the center to the surface in any direction, all possible 
lines will have the same length. This sphere repre- 
sents how light behaves in isometric crystals. Now 
if we stretch or compress that perfect sphere in a sin- 
gle direction, it becomes dimetric: a perfect circle 
when viewed in one direction, but oval when viewed 
at right angles to the direction of distortion. In other 
words, two of the three dimensions are equidistant, 
but the third is either stretched (positive uniaxial) or 
compressed (negative uniaxial]. 

Finally, if we distort our perfect sphere in not just 
one direction but two, we end up with a trimetric 
crystal, where each of the three dimensions has a dif- 
ferent length (see figure 2). 

Within singly refractive gem materials, the spac- 
ing of lattice points is essentially identical in all three 
mutually perpendicular dimensions (top to bottom, 
side to side, back to front}. As a result, these materi- 
als transmit light in a manner that is independent of 
crystal orientation—light therefore moves through 
these crystals in all directions at a single speed and 
is permitted to vibrate in any direction perpendicular 
to the direction of travel. 


Figure 1. Pleochroism in a 15 ct tanzanite, as seen 
with the unaided eye through the crown and the 
pavilion sides and ends. Photo by Wimon Manorotkul. 
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Figure 2. Vibration directions of light waves in crys- 
tals. Isometric crystals do not split light and therefore 
do not display pleochroism. Uniaxial crystals possess 
two vibration directions, allowing the possibility of 
two pleochroic colors (dichroism), while biaxial 
crystals have three vibration directions and thus the 
potential to display three pleochroic colors (trichroic). 
In both uniaxial and biaxial crystals, the major opti- 
cal directions are always mutually perpendicular, 
which is not necessarily the case for the crystallo- 
graphic axes in crystals (only cubic, tetragonal and 
orthorhombic crystals have exclusively mutually per- 
pendicular crystallographic axes). Illustration by 
Richard W. Hughes. 


This is not the case, however, in doubly refractive 
gems. All doubly refractive gems are anisotropic 
crystals, and the arrangement of their lattice points 
varies with direction. Uniaxial materials possess one 
unique optic axis (the c-axis) along which the orien- 
tation of lattice points differs from that of the other 


Notes & New TECHNIQUES 


two crystal axes (the a-axes),; with biaxial gems, the 
orientation differs along each of the three crystal axes 
(a-, b-, and c-axes). The result of this differing arrange- 
ment of lattice points in doubly refractive gems (as 
opposed to singly refractive gems) is that light trav- 
eling through these crystals is split into two separate 
paths or rays (with the exception of light waves trav- 
eling parallel to an optic axis), each traveling at a dif- 
ferent speed and thus possessing a different refractive 
index (RI). For more on the behavior of light entering 
a crystal, see box A. 

Uniaxial gems possess two rays—the ordinary (o) 
and extraordinary (e) rays—and two RI values— 
omega (©) and epsilon (€), respectively. The o-ray al- 
ways vibrates perpendicular to the c-axis, while the 
e-ray vibrates in a plane containing the c-axis. The 
vibrations of each ray are mutually perpendicular, 
and they vibrate roughly perpendicular to the direc- 
tion of travel. 

In biaxial gems, there are three different rays and 
three different RIs: alpha (J, beta (B), and gamma (y], 
although only two are ever found in any one direction. 
The vibrations of alpha, beta, and gamma are parallel 


In Brief 


e Pleochroism, the variation of color with direction in 
doubly refractive gems, plays an important role in their 
overall appearance 

e When viewing faceted gems that are strongly pleo- 
chroic, the pleochroism is always present, even along 
an optic axis. 

e Pleochroism always varies in a symmetrical pattern, 
because the major optical directions of crystals are 
arranged symmetrically. 


¢ Color variations in faceted gems are most often due to 
path length or color zoning rather than pleochroism. 


to the optical directions X, Y, and Z, respectively. Al- 
though the three crystallographic axes of biaxial min- 
erals are not always mutually perpendicular, X, Y, and 
Z are always mutually perpendicular. 

Uniaxial gems contain one optic axis (the direc- 
tion of single refraction), which is parallel to the c- 
axis; biaxial gems contain two optic axes (two 
directions of single refraction), which lie in the X-Z 
plane. The major vibration directions of both uniax- 
ial and biaxial gems are shown in figure 2. 

Because each polarized light ray in a doubly re- 
fractive gem is vibrating across a slightly different 
arrangement of lattice points, each ray is absorbed 
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No dichroism parallel to c-axis (optic axis) when viewed in transmitted light 


o-ray only 


Moderate dichroism oblique to c-axis 


oc. dichroism to c-axis 


o+e rays 


Ruby 


o-ray = slightly purplish red 
e-ray = slightly orangy red 


differently. In many cases, the difference in absorption 
between one ray and another is too slight to detect 
with the eye, or even with a dichroscope. Where the 
differences are large enough, one observes a variation 
in color with viewing direction. Such variations are 
known as pleochroism, and they are most distinct in 
deeply colored specimens of the same gem species. 

Uniaxial gems possess two different vibration di- 
rections—omega (] and epsilon (f}—and may there- 
fore exhibit two different colors (dichroism). Biaxial 
gems possess three different vibration directions— 
alpha (@}, beta (B), and gamma (y)—and so may show 
three different colors (trichroism), but only two in 
any single direction. Blue sapphire and tourmaline 
are strongly dichroic uniaxial gems, while tanzanite 
(again, see figure 1) provides an example of a strongly 
trichroic biaxial stone. Not all uniaxial gems display 
visible dichroism, however, and not all biaxial gems 
display visible trichroism. Some uniaxial gems show 
only one color, and biaxial gems may show only one 
or two colors. 

When viewed in transmitted light with a dichro- 
scope, pleochroism in uniaxial stones varies in the 
following ways, as shown in figure 3: 


e Parallel to the c-axis, only the ordinary ray is 
seen. As a result, there is no pleochroism. 

e At right angles to the c-axis, both the ordinary 
and extraordinary rays are seen; this position 
shows the strongest dichroism. 


e At angles oblique to the c axis, the ordinary ray 
is seen; the second color (usually referred to as 


e') diverges from that of the o-ray as one moves 
away from the c-axis. 
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————— 


o-ray only 
y 


Figure 3. Pleochroism 
in uniaxial crystals, as 
viewed with the dichro- 
scope, using ruby and 
sapphire as examples. 
Ilustration by Richard 
W. Hughes. 


Blue sapphire 
o-ray = slightly violetish blue 
e-ray = slightly greenish blue 


With biaxial stones, the situation is similar but 
slightly more complex. Light traveling along the Z 
direction will vibrate parallel to X and Y, so the two 
colors seen with a dichroscope will be those of alpha 
(X) and beta (Y). Light traveling along the X direction 
will vibrate across Y and Z, so the two colors seen 
will be those of beta (Y) and gamma (Z). When light 
travels parallel to Y, it vibrates along X and Z; the 
colors seen are those of alpha (X) and gamma (Z). 
Should light travel parallel to either of the two optic 
axes in a biaxial stone, only one color will be seen, 
that of beta (figure 4). 


PLEOCHROISM IN FACETED UNIAXIAL GEMS 
Let’s examine how this applies to the appearance of 
faceted stones. Figure 5° shows a uniaxial gem cut 
with the c-axis perpendicular to the table facet (since 
the crown plays only a minor role in the pleochroism 
of a faceted stone, it will be eliminated from this dis- 
cussion for simplicity’s sake). Suppose the stone is a 
perfect square cut with only four pavilion facets 
(marked N, S, E, and W for north, south, east, and 
west]. The a-axes are contained in the horizontal 
plane. 

For light entering the stone parallel to the c-axis, 
only the o-ray would be obtained. When the light 
strikes facet W, however, the direction is changed. It 
then travels in the plane of the a-axes, giving an equal 


*Author's note: RI variation (see Hurlbut, 1984) is a directly measurable man- 
ifestation of the more subjective differences we see with pleochroism. | have 
used RI variation to model pleochroism, based on the assumption that the 
two are identical in terms of their variation. If one assigns an RI value to each 
ray, it is no different than assigning a color value to each ray. It follows that as 
the RI varies, the color will also vary. 
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Pleochroism in Biaxial Crystals 
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mixture of o- and e-rays. Upon striking facet E, the 
direction is again changed, causing the ray to exit the 
stone parallel to the c-axis. This again produces the 
o-ray only for this portion of its journey. Should the 
ray strike facets N or S instead, this still would not 
alter the above combinations. 


At first it might seem that uniaxial stones cut with 
the c-axis perpendicular to the girdle plane would 
show one uniform color across their face. This is not 
the case, however, because the facet arrangement 
causes light to change direction during its journey 
through the gem. In uniaxial gems where the o-ray is 


Cutting orientation 


c-axis 


RayA 
near girdle 


Crown view where the c-axis 
is 90° to table 


Ruby a-axis plane 
@ = 100% o-ray 
@ =0+e (50/50) 

a-axis 
Blue sapphire plane 
= 100% o-ray 
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Figure 4. Pleochroism 
Z optic axis 


in biaxial crystals, as 
viewed with a dichro- 
scope in each of the 
three major optical di- 
rections. When the 
crystal is viewed along 
either of the two optic 
axes (right), only the 
beta color will be seen. 
Illustration by Richard 
W. Hughes. 


2v angle 
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more intensely colored than the e-ray, the color will 
appear slightly less intense near the girdle than near 
the culet, because the percentage of e-ray mixed into 
the color increases as light approaches the girdle. 

In figure 5, the gem has a girdle diameter of 10 
mm and a pavilion angle of 45°, and the c-axis is cut 
perpendicular to the table plane. 


e Ray A enters near the girdle, traveling 4 mm 
parallel to the c-axis (o-ray only) and 6 mm par- 
allel to the a-axis (3 mm of o-ray and 3 mm of 
e-ray). The color of Ray A therefore consists of 
70% o-ray and 30% e-ray. 


Figure 5. Pleochroism as 

seen through the face of 

ruby and sapphire cut with 

the table plane 90° to the c- 

axis. Illustration by Richard 

W. Hughes. Note that color 
lana variations in figures 5, 6, 8, 
and 12 are approximate only 
and designed to show gen- 
eral concepts. Refractive in- 
dices and pleochroism vary 
in logarithmic fashion, 
while the illustrations were 
generated showing linear 
variations. To validate these 
illustrations, the author 
compared his calculations 
and ray traces with photos 
and observations of actual 
gem samples. 


Ray B 
near culet 


a-axis plane 


a-axis 
plane 


a-axis plane 
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TABLE 1. Optical crystallography simplified. 


Structure Structure type Optic character Pleochroism Examples 
Amorphous No order Singly refractive None Amber, glass, opal 
No axes 
Isometric One crystallographic axis length — Singly refractive None Diamond, spinel, garnet 
(cubic) 
al =a2=a3 


Dimetric (Uniaxial) Two crystallographic axis lengths 


al = a2 #C (tetragonal) Uniaxial 


al =a2 = a3 #c (hexagonal) 


Trimetric (Biaxial) | Three crystallographic axis lengths 


a + b # c (orthorhombic, Biaxial 


monoclinic, triclinic) 


Doubly refractive 


Doubly refractive 


May be dichroic | Corundum, tourmaline, 


zircon 


Two Rls (n,, n), one optic axis 


May be trichroic — Andalusite, iolite, topaz, 


zoisite, chrysoberyl 


Three Rls (n, ny n), two optic axes 


e Ray B strikes the pavilion much closer to the 
culet. Ray A and Ray B have identical path 
length, each traveling 10 mm through the gem. 
But Ray B’s light path consists of 8 mm parallel 
to the c-axis (8 mm of o-ray only) and just 2 
mm parallel to the a-axis (1 mm of o-ray and 1 
mm of e-ray). Thus, the color of Ray B is 90% 
o-ray and only 10% e-ray. 

The conclusion is that when a uniaxial gem is cut 
with the c-axis perpendicular to the table facet, there 
can still be visible pleochroism. The o-ray color is 
stronger at the culet, gradually diminishing toward the 
girdle. To the best of the author’s knowledge, this fact 
has not been described in the gemological literature. 

In uniaxial gems such as blue zircon, ruby, blue 
sapphire, and tourmaline, where the e-ray is less sat- 
urated in color than the o-ray, the color near the gir- 
dle will appear slightly less saturated because it has 
a higher percentage of e-ray mixed into the color. 
With gems such as blue benitoite, where the e-ray is 
more intensely colored than the o-ray, the reverse 
would hold true. The color would be lightest at the 
culet, darkening toward the girdle. Since making this 
discovery, the author has found that such differences 
are subtle at best, and in many cases undetectable to 
the unaided eye. In large, strongly pleochroic stones, 
however, the effect can be striking. 

Now let us consider a uniaxial gem cut with the 
c-axis parallel to the table rather than perpendicular 
(figure 6): 


e Ray A has 6 mm of o-ray only, and 4 mm of 
equally mixed o- and e-rays, giving a total of 
80% o-ray and 20% e-ray. 
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e Ray Bconsists of 2 mm of o-ray only, and 8 mm 
of equally mixed o- and e-rays, giving a total of 
40% o-ray and 60% e-ray. As a result, the color 
on these facets will show more of the o-ray near 
the girdle and less at the culet. 


e Rays C and D are equal mixtures of o- and e- 
rays because their entire journey takes place 
perpendicular to the c-axis. Those facets will 
display a uniform 50%—50% split. 


In summary, when pleochroic gems are cut with 
the c-axis parallel to the table facet, a pleochroic 
“bow tie” can be seen, as shown at the bottom of fig- 
ure 6. A striking example of these differences in color 
due to pleochroism is found in the first edition of Joel 
Arem’s Color Encyclopedia of Gemstones (1977). 
Color plate 64 shows a round 15.6 ct Cambodian blue 
zircon (uniaxial) that has been cut with the c-axis 
parallel to the table facet (figure 7). In blue zircon, the 
o-ray is blue while the e-ray is colorless. This orien- 
tation has resulted in a large white “bow tie” that is 
obvious in the photo. Closer examination reveals 
that in the blue portion of the stone, the color is 
lightest at the culet and gradually deepens toward the 
girdle. This is because the percentage of o-ray in the 
color gradually increases from 50% at the culet to 
100% at the girdle. 


Pleochroism in Tourmaline. Tourmaline is one of the 
most strongly pleochroic gems. Indeed, its pleochro- 
ism is so distinct that it was once used to manufac- 
ture crude polariscopes (“tourmaline tongs”). Because 
of its strong pleochroism, the orientation of cut 
stones is extremely important (figure 8). In tourma- 
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line, the o-ray is always the darker of the two colors. 
Thus, light-colored specimens are oriented with the 
table perpendicular to the c-axis to achieve the rich- 
est color. In dark tourmalines the opposite orienta- 
tion is used, with the c-axis parallel to the table facet. 
In these stones, the o-ray is so dark that the pavilion 
facets along the c-axis are typically cut very steep, to 
minimize the o-ray’s effect on the face-up appearance 
(figure 9). 


Pleochroic Differences in Natural and Verneuil Syn- 
thetic Corundum. Differences in the pleochroism of 
natural and Verneuil synthetic corundum often 
occur because of differences in their orientation. Nat- 
ural corundum is generally oriented with the c-axis 
perpendicular to the table, which tends to provide 
the best color and weight retention. In the Verneuil 
product, the c-axis always lies within the plane along 
which the boule is split. Though not necessarily par- 
allel to the boule’s length, it is always parallel to the 
plane of the split. As most cutters of this synthetic 
are only concerned with weight retention—the price 
is the same regardless of orientation—they will nor- 
mally place the table facet parallel to the split, so that 
the c-axis lies parallel to the table. The result is that 
Verneuil synthetics show dichroism through the 
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table, whereas based on the author’s experience, 80% 
or more of natural corundum shows little or none 
(when viewed with a dichroscope). 

These differences are most readily apparent in 
blue sapphires and are least conspicuous in yellow to 


Figure 7. This 15.6 ct zircon displays an obvious 
pleochroic “bow tie” effect. Photo © Joel Arem, 
reproduced with permission. 
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Tourmaline Pleochroism and Cutting Orientation 
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colorless sapphires. Of course, no pleochroism will 
be detected in completely colorless stones. The dif- 
ferences in the typical orientation of natural and 
Verneuil synthetic corundum are shown in figure 10. 
An example of pleochroism in a Verneuil synthetic 
sapphire boule is shown in figure 11. 

It is important to note that in all strongly 
pleochroic gems cut with the optic axis or axes at 
oblique angles to the table, the pleochroism, if visi- 
ble, will have a symmetrical pattern. The different 
pleochroic colors will be positioned 90° apart from 
one another, while identical pleochroic colors will 
lie exactly opposite each other. This is true for both 
uniaxial and biaxial stones, even if they are cut ina 
less-symmetrical (e.g., pear or heart) shape. The 
pleochroism will always be displayed symmetrically 
because the important optical directions are always 
arranged symmetrically within the crystal. 


PLEOCHROISM IN BIAXIAL GEMS 

In biaxial gems, pleochroism is displayed in a manner 
similar to that of uniaxial gems, except that there are 
three different pleochroic directions (X, Y, and Z) in- 
stead of just two. 
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Figure 8. Because of its 
strong pleochroism, 
dark green tourmaline 
(top) must be oriented 
to minimize the o-ray’s 
effect on face-up ap- 
pearance. Illustration 
by Richard W. Hughes. 
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Figure 12 shows how the pleochroism of a faceted 
biaxial gem might vary. Suppose that the color of the 
X (alpha) vibration direction (not the direction of travel] 
is cyan, Y (beta) is blue, and Z (gamma) is brown. The 
gem has been cut with Z perpendicular to the table, X 
running east-west, and Y running north-south. 


e Ray A travels 4 mm parallel to Z, where it vi- 
brates along X and Y, giving 20% X and 20% Y 
colors. It travels 6 mm parallel to X (vibrating 
along Y and Z), giving 30% Y and 30% Z. The 
total of Ray A will consist of 20% X (cyan), 
50% Y (blue), and 30% Z (brown). 


e Ray B travels 8 mm parallel to Z, where it vi- 
brates along X and Y, giving 40% X and 40% Y 
colors. It travels 2 mm parallel to X (vibrating 
along Y and Z), giving 10% Y and 10% Z. The 
total of Ray B will consist of 40% X (cyan), 50% 
Y (blue), and 10% Z (brown). 


e Ray C travels 4 mm parallel to Z, where it vi- 
brates along X and Y, giving 20% X and 20% Y 
colors. It travels 6 mm parallel to Y (vibrating 
along X and Z), giving 30% X and 30% Z. The 
total of Ray C will consist of 50% X (cyan), 
20% Y (blue), and 30% Z (brown). 


Figure 9. Pleochroism in a 
tourmaline cut with the 
c-axis parallel to the 
table, as seen with the 
unaided eye through the 
side (left), crown (center), 
and end (right). Photos by 
Wimon Manorotkul and 
Mia Dixon. 
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Figure 10. Orientation differences between natural 
and Verneuil synthetic corundum produce character- 
istic differences in pleochroism. Natural ruby and 
sapphire tend to be cut with the table facet perpendi- 
cular to the c-axis. As a result, no pleochroism is visi- 
ble through the table with the dichroscope. The 
opposite holds true for Verneuil synthetic corundum. 


e Ray D travels 8 mm parallel to Z, where it vi- 
brates along X and Y, giving 40% X and 40% Y 
colors. It travels 2 mm parallel to Y (vibrating 
along X and Z), giving 10% X and 10% Z. The 
total of Ray B will consist of 50% X (cyan), 40% 
Y (blue), and 10% Z (brown). 


Figure 11. Pleochroism in a Verneuil-grown half-boule 
of synthetic sapphire, as viewed with a polaroid-plate 
dichroscope. In Verneuil-grown synthetic corundum, 
the optic axis always lies in the plane of the split. 
Photo by Wimon Manorotkul. 
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Figure 12. Pleochroism in biaxial crystals. Illustration 
by Richard W. Hughes. 


In summary, we can see that biaxial stones have 
a more complex pleochroism. Facets N and S will 
show different amounts of the three pleochroic col- 
ors compared with facets E and W. As with uniaxial 
gems, differences in color will be observed not only 
when comparing facets N and S to facets E and W, 
but also when comparing areas closer to or farther 
from the culet on the same facet. These differences 
are far more complex in biaxial stones, which have 
three unique vibration directions (compared with 
only two in uniaxial stones). Keep in mind, however, 
that differences in color due to pleochroism will 


Gems & GEMOLOGY FaLL 2014 223 


Box A: ELECTROMAGNETIC RADIATION AND CRYSTALS 


Visible light is one form of electromagnetic radiation. 
Light is sometimes described as behaving like a particle, 
but when dealing with transmission and reflection, it is 
more convenient to describe light as a wave (Frye, 1974). 
This is often referred to as the “dual nature of light.” 
For the purposes of pleochroism, the wave theory is 
more appropriate. 

Electromagnetic waves consist of electric (E) and 
magnetic (M) portions, each mutually perpendicular. 
The electric portion of the wave interacts with, and is 
altered by electrons, and so it is only the E portion of the 
wave that will be considered when referring to refraction 
and polarization (figure A-1). 

The electric vector (vibration) of ordinary light, such 
as sunlight, may extend in any direction perpendicular 
to the direction of travel (figure A-2). Such light is said 
to be unpolarized. Should the light wave be forced to vi- 
brate in a single plane, the ray is polarized. 

When light enters a substance of greater optical den- 
sity, it is slowed because the electron density is greater 
and thus there is greater interference with the E portion 
of the wave. If the electron density of that substance is 
random, such as in a gas or glass, the polarization is not 


Figure A-1. Electromagnetic waves consist of two 
mutually perpendicular portions, an electric vector 
and a magnetic vector. The electric vector interacts 
with, and is altered by, electrons. This produces ef- 
fects such as refraction and pleochroism. Illustra- 
tion by Richard W. Hughes. 


Electromagnetic Waves 


electric field 
component 


magnetic 
field 
component 


occur in a symmetrical pattern, with different 
pleochroic colors 90° apart from one another, just as 
in uniaxial gems. 
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Double Refraction in Calcite 


Unpolarized light enters 
Ordinary ray (w) 


Polarized light exits 


Extraordinary ray (e) 


Figure A-2. When light enters a doubly refractive 
material in directions not along the optic axis, it is 
split into two portions, each polarized perpendicular 
to the other. Each ray may also be absorbed differ- 
ently, resulting in pleochroism. Ilustration by 
Richard W. Hughes. 


affected. The same holds true when it enters isometric 
(cubic) crystals, where the lattice points are arranged 
identically in each of the three dimensions. 

In all other crystals, the lattice points (and thus the 
electron clouds) are unevenly spaced. The spacing of lat- 
tice points in dimetric crystals varies in two dimensions, 
while that of trimetric crystals varies in all three dimen- 
sions. This affects the manner in which light moves 
through them. Non-cubic crystals are termed anisotropic. 
They both split and perpendicularly polarize light upon 
entry, except in directions where the electron clouds are 
symmetrical. Those directions are termed optic axes, and 
light travels along these directions as it does in isotropic 
materials. 

When light enters an anisotropic substance in a direc- 
tion not parallel to an optic axis, it splits into two seg- 
ments, each of which is polarized perpendicular to the 
other. Polarization can also occur when light strikes a 
highly reflective surface, such as a lake, producing what 
our eyes perceive as glare. The direction of polarization is 
parallel to the reflective surface. If one dons “Polaroid” 
sunglasses, the glare is eliminated because the lenses con- 
tain tiny polarizers oriented perpendicular to the horizon. 


The above descriptions of pleochroism in uniaxial 
and biaxial gems demonstrate the variation of color 
on facets of different orientations. But remember that 
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all the pavilion facets of the adjoining 
facets and culet (if present) that appear 
to be nearly parallel to the surface of 
these facets, Figures 6 and 7. This pro- 
duces a deep green framing line bordering 
the culet or the bottom of the stone, a 
short distance away from the tip. As will 
be noted in the illustrations, the figure 
would have an eight-sided angular outline 
if the culet were very large, and would 
be an eight-pointed star if the culet were 
missing. 

Emerald-cut and marquise-cut stones 
show similar green bands bordering the 
bottom facet edges when they are bom- 
barded in this way. In either case, the 
recognition of such stones poses no prob- 
lem. Probably the surface-colored, radium- 
treated stones will show a similar concen- 
tration of color near the surface and con- 
sequently, these peculiar and characteristic 
deeply colored bands reflected in some 
facets. 

A word of caution should be uttered 
however. It would be possible to shield a 
stone from the rays in such a way that 
only the table was colored and so produce 
an all-over coloration of the stone which 
would not be so apparent. The writers 
have not tried this, it would be supposed 
that the other crown facets would be ob- 
viously colorless at some angles and reveal 
the treatment. However, deuteron bombard- 
ment.is only one of the treatments now 
possible, thanks to the physicists’ recent 
developments. Penetrating radiation, such 
as from atomic piles, affect more than 
just the surface and, if suitably controlled, 
might lead to colorations quite comparable 
to those obtained in the cyclotron. Such 
coloration in depth would not be detectable 
by the methods pictured here. 

The only natural green diamonds that 
the writers have seen are stones cut from 
crystals with minute green inclusions or 
with a colored skin, particularly the stones 
characteristic of Bahia in Brazil. The green 
of these stones is identical with the arti- 
ficially induced colors. It is generally as- 


sumed that the colored skins were the re- 
sult of natural irradiation in the ground 
from an intimate association with radioac- 
tive materials. Heating has had the same 
effect of browning that it has on treated 
stones. The characteristic tourmaline greens 
noted in diamonds, then, when they exist 
in nature at all, seem to be from‘ irradia- 
tion and not, as in the case of other dia- 
mond colors, from submicroscopic pigmenta- 
tion. Unless traces of the original skin 
with such green spots or tiny specks can 
be seen in the stone, the only safe as- 
sumption with regard to tourmaline green 
diamonds is that they are treated stones. 
Their value, then, should not be’ much 
higher than that of cape or light brown 
stones of comparable size and quantity. 

It would be appropriate’ to say a word 
or two about the problems of cyclotron 
treatment of diamonds. The work is not 
without some hazard to both health and 
property. Since the exposures ate very 
short and are best done at low levels of 
operation, it is not easy to gauge the 
exact strength of the bombardment, or can 
the effects be examined conveniently at 
frequent intervals. Over-treatment will, of 
course, make the stones too dark and 
must be avoided. Unfortunately, at the 
conclusion of the bombardment, the target 
area remains so dangerously radioactive 
that in order to examine the stones, even 
briefly, it is necessary to either disas- 
semble the target behind lead shielding 
with long-handled tools or wait an hour of 
more until the radioactivity decreases to a 
less dangerous level. This consumes an ap- 
preciable amount of time, time that could 
be devoted to projects which are more im- 
portant from a research standpoint than 
diamond coloration. Since most of the pri- 
vately operated cyclotrons of the country 
ate engaged full time in research, it is usu- 
ally not at all convenient to free the in- 
stcument for diamond or other treatments 
that have no goal other than simple stone 
coloration. The expense of cyclotron opera- 
tion is also very high. 
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Figure 13. The color of this 7 ct tsavorite garnet is 
darker on the ends than in the center, but not due to 
pleochroism—garnet is singly refractive. Instead, this 
is an illustration of the Beer-Lambert law, where 
longer light paths result in greater absorption. Photo 
by Wimon Manorotkul. 


these individual components will mix together to 
produce the single color seen on any individual point 
on each facet. A dichroscope can be used to separate 
that single color into its individual components. 


PLEOCHROISM, OR SOMETHING ELSE? 
Pleochroism is not the only factor that may cause 
color variations in faceted gems. Color zoning can re- 
sult in significant color variations, as can different 
path lengths of light. Both of these attributes may be 
present in either singly or doubly refractive gems. Al- 
though these should not be confused with pleochro- 
ism, they sometimes are. 

Consider, for example, an elongated cushion- 
shaped tsavorite garnet that possesses no visible 
color zoning (figure 13). With such a stone, the ends 
of the cushion will appear darker than the sides. This 
effect could easily be confused with pleochroism, de- 
spite the fact that pleochroism cannot occur in singly 
refractive stones. The actual cause of the darker end 
facets is the longer light paths. 

The Beer-Lambert law states that absorption is di- 
rectly related to the length of the light path and the 
concentration of absorbing chromophore. If the path 
length is doubled while the amount of chromophore 
remains constant, then the amount of absorption is 
also doubled. With a 12 mm x 6 mm cushion-cut tsa- 
vorite, light internally reflected off the end facets 
travels down the entire length of the stone, nearly 
double the path length of light reflected across the 
side facets. As a result, the end facets are nearly twice 
as dark as those on the side. If the same piece of 
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rough were cut as a round, however, no variation in 
color would be seen. Thus, the color variations some- 
times seen in singly refractive gems result from vari- 
ations in light path lengths or color zoning rather 
than pleochroism. 


THE DICHROSCOPE 

Not all doubly refractive gems show distinct pleo- 
chroism. To determine if color variations across the 
face of a doubly refractive gem are due to pleochro- 
ism or simply variations in path length or color zon- 
ing (or even colored inclusions), a dichroscope should 
be used. Calcite-type dichroscopes (figure 14) are gen- 
erally preferable to the polarizing types, because cal- 
cite is colorless. The polaroid filters used in 
polarizing dichroscopes generally have a greenish 
color, which may slightly modify the true pleochroic 
colors seen, or a grayish color that diminishes the 
light return. 

In using the dichroscope, one must check uniaxial 
gems at right angles to the c-axis (optic axis) to ob- 
serve the strongest pleochroism, while biaxial gems 
should be examined along each of the mutually per- 
pendicular X (alpha), Y (beta), and Z (gamma) direc- 
tions. But remember that the dichroscope examines 
transmitted light only. Even if no pleochroism is seen 
while looking through the table facet, pleochroic 


Figure 14. Three tools for observing pleochroism: the 
calcite dichroscope, the polaroid-plate dichroscope, 
and polaroid sunglasses. Polaroid sunglasses make an 
effective field tool, as simply rotating a pleochroic gem 
in front of them allows one to observe the different 
colors (albeit one color at a time). A polariscope with 
the polarizer and analyzer in parallel position can per- 
form the same function. Photo by Wimon Manorotkul. 
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color variations may still be visible across the face of 
a faceted gem (closer to or farther from the culet). 
This is because the facet orientation causes light to 
be reflected in more than one direction as it traverses 
the stone, as previously described. 

In doubly refractive stones, color zoning, inclu- 
sion color, and path length variations (in non-round 
or non-square cut shapes) must also be taken into ac- 
count in determining if visible color variations are 
due to pleochroism or another factor. 

When a faceted colored gem is being examined 
and described, gemologists need to recognize that the 
overall appearance perceived as “real” is a synthesis 
of many factors, some related and some not. 
Pleochroism is but one. The final determination of 
pleochroism (and all other color attributes) for pur- 
poses of color grading should be made with the gem 
in the face-up position, as the stone was designed to 
be viewed. Yet this examination should not be re- 
stricted to a direction perpendicular to the table facet. 
Gems are often viewed at oblique angles, so it seems 
only logical that the grading should be made in an 
arc ranging anywhere from parallel to the table to 
perpendicular to the table. 


CONCLUSION 

While gemologists typically observe pleochroism 
with a dichroscope, or possibly a polarizing filter (fig- 
ure 15), this attribute’s effect on appearance is more 
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Figure 15. Small cubes of blue sapphire viewed per- 
pendicular to the optic axis through a polarizing filter. 
Rotating either the gems or the polarizer will reverse 
the two pleochroic colors of each piece. Photo by 
Wimon Manorotkul. 


complex and generally overlooked. A basic under- 
standing of optical crystallography unlocks the secret 
of faceted pleochroic gems: When viewing them with 
the unaided eye, pleochroism is always present, even 
along an optic axis. 

For many gems, pleochroism plays an important 
role in overall color appearance. It is the wise gemol- 
ogist and lapidary who understand that this property 
represents far more than just the twin colors seen in 
a dichroscope. 
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NEPHRITE JADE FROM GUANGXI PROVINCE, CHINA 


Zuowei Yin, Cui Jiang, M. Santosh, Yiming Chen, Yi Bao, and Quanli Chen 


Nephrite jade with high market value and 
production potential from the Chinese city 
of Hechi, in Guangxi Province, was tested 
by standard gemological methods, polariz- 
ing microscopy, scanning electron micros- 
copy (SEM), X-ray diffraction (XRD), Raman 
spectroscopy, and energy-dispersive spec- 
trometry (EDS). The three samples were 
mainly white and gray-white (with areas of 
gray, gray-green, dark green, and black) and 
had a greasy to waxy luster. Within each of 
these color varieties, the samples exhibited 
either “band” or dendritic patterns. The 
band pattern, composed of tremolite, varied 
in shape and was either transparent or 
opaque. Its color, transparency, and distri- 
bution were different from the unpatterned 
areas. The dendritic patterns, which had a 
brownish yellow and dark brown to black 
color, were composed of chlorite that 
formed during metamorphism. 


N ephrite is favored by Chinese collectors for its 
color and luster, as well as its fine texture and 
outstanding toughness. Primary nephrite deposits are 
found in more than 20 countries, including China, 
Russia, Canada, Australia, New Zealand, and South 
Korea. Chinese deposits are mainly distributed in the 
areas of Xinjiang, Qinghai, Guizhou, and Liaoning 
(Liao et al., 2005; Zhang et al., 2011). Research shows 
that nephrite’s excellent toughness is a product of its 
fine-grained interlocking structure (Bradt et al., 1973; 
Dorling and Zussman, 1985; Yang, 2011). Its green 
color is due mainly to the substitution of Cr** and 
Fe** for Mg** (Flint, 1990). In principle, nephrite can 
form in two different ways. One is by contact meta- 
somatism between intermediate-acidic intrusive 


See end of article for About the Authors and Acknowledgments. 


Gems & GEMOLOGY, Vol. 50, No. 3, pp. 228-235, 
http://dx.doi.org/10.5741/GEMS.50.3.228. 


© 2014 Gemological Institute of America 


228 Notes & NEw TECHNIQUES 


rocks and dolomite and/or limestone. The other is by 
contact metasomatism between serpentine or ser- 
pentinizing peridotite and more silicic rocks (Harlow 
and Sorensen, 2005; Siqin et al., 2012). 

The Chinese nephrite samples in this study were 
recovered in 2012 from Dahua County, in the city of 
Hechi. There are several mines in the county, worked 
by independent miners who also farm the area. One 
farmer estimated production of more than 1,000 tons 
per year. The local government controls the mining, 
and the market for this nephrite is growing in 
Guangxi and Guangdong. In 2013, the pendant 
shown in figure 1 sold for US$300, while the bangles 
in figure 5 brought US$3,000 each. 

This paper introduces the mine at Hechi and char- 
acterizes the patterns in these nephrites. 


GEOLOGIC BACKGROUND AND LOCATION 

The nephrite mining area at Hechi, shown in figure 
2, belongs to the west wing of the NNE-striking (15°- 
30°) Yangshan-Damingshan anticline. Regional strata 
dip steeply, and almost all main structural features 
strike NNE. The wall rocks are marine carbonate 
rocks deposited from the Upper Devonian to Lower 
Permian periods (362-290 Ma). Basic intrusive and 
volcanic rocks were emplaced during the Permian 
period (approximately 295-250 Ma). The heat gener- 


Figure 1. This nephrite pendant, from a mine at Hechi 
in China’s Guangxi Province, features a dendritic pat- 
tern. Photo by Yiming Chen. 
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Figure 2. This map 
shows the main loca- 
tions of China’s nephrite 
deposits (Zhang et al., 
2011) and the working 
area of this study, in 
Guangxi Province. 
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ated by the emplacement caused metasomatism be- 
tween the igneous rocks and the carbonate rocks. 
Nephrite is the product of this metasomatism (Bu- 
reau of Geology and Mineral Resources of Guangxi 
Province, 1985). 

The mining area has a typical karst landscape. It 
has been severely weathered by the subtropical cli- 
mate, and slope sediments, fluvial, and alluvial mate- 
rials are all visible. The ore-bearing country rocks are 
limestone, in severely weathered layers of varying 
thickness. Nephrite occurs as bands and veins in these 
layers. The width of a single vein ranges from tens of 
centimeters to several meters. The ore body and wall 
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f © Other deposits 


rock (mainly dolomite marble) are alternately distrib- 
uted, and the boundary between them is sharp. 

The nephrites from these primary and secondary 
mines are mainly white, gray-white, gray-green, dark 
green, and black, with a greasy to waxy luster (figure 
3). All of these color varieties display either band or 
dendritic patterns. The band patterns are white and 
opaque, and their color, transparency, and distribu- 
tion are different from those of the unpatterned areas. 
The dendritic patterns are brownish yellow and dark 
brown to black (figure 4). At Hechi, the dendritic pat- 
terns only occur in the nephrites from secondary de- 
posits in river or soil. 


Figure 3. The dark green nephrite on the left shows a beautiful green color when illuminated. Black nephrite 
carvings of the Buddhist goddess Guanyin (center) and necklaces of nephrite beads with various colors (right) are 
displayed at the local market near the mine. All material shown was mined in Hechi. Photos by Yiming Chen 
and Zuowei Yin. 
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Figure 4. A: In the hills near Hechi, nephrite is found in shallow ground, about one meter underground, and be- 
longs to secondary deposits. B: Grayish green rough with a thick weathered surface. C: Nephrites with dendritic 
patterns and country rock. The country rock is dolomitic marble that has undergone metasomatism. The bound- 
ary between marble and nephrite is sharp. D: In the primary deposit, nephrite occurs as bands of dark green, 
white, and gray. Photos by Yiming Chen. 


MATERIALS AND METHODS 
Three white and gray-white nephrite samples were 
examined for this study: the two bangles with den- 
dritic patterns (figure 5, left and center] and a slab 
with a band pattern (figure 5, right). The dendritic 
patterns in the two bangles ranged from brownish 
yellow to black. In the slab, the banded area showed 
lower transparency than the rest of the sample. The 
samples were tested by standard gemological meth- 
ods, polarizing microscopy, scanning electron mi- 
croscopy (SEM), X-ray diffraction (KRD), Raman 
spectroscopy, and energy-dispersive spectrometry 
(EDS). We conducted the tests at the National Key 
Lab of the China University of Geosciences in 
Wuhan. 

For SEM analysis, the authors fractured the speci- 
mens and coated the fracture surfaces with carbon 
powders using an SCD-005 ion sputter coater. The 
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specimens were then fastened to a round metal disk 
for observation. An FEI Quanta 2.00 scanning electron 
microscope was used to observe the nephrites’ mi- 
crostructure, especially their dendritic and band pat- 
terns. The SEM images are from secondary electrons. 

The instrument used for XRD analysis was an 
X’Pert PRO DY 2198 with Cu Ka radiation operating 
at 40 kV and 40 mA. The instrument was equipped 
with a small platform and a monocapillary lens with 
a 100 pm diameter micro-zone. Dendritic patterns 
were tested by the micro-area method, since it is dif- 
ficult to detect very small particles through normal 
analysis. 

To detect the mineral composition of the pat- 
terns, we used a Bruker Senterra scanning Raman 
microscope in the 40-3650 cm region. The instru- 
ment, which features a 785 nm light source and 50 
mW laser energy, was set to approximately 3.5 cm™! 
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Figure 5. In these photos of the three nephrite samples, the red circles represent the testing points. The two bangles 
display a dendritic pattern, while the slab contains a band pattern. Photos by Yiming Chen. 


resolution and 10 seconds per scan. Dendritic, band, 
and unpatterned areas were all tested. 

For EDS analysis of the dendritic and band pat- 
terns, we used an EDAX Genesis 2000. This ele- 
ment-testing method employs back-scattered 
electrons to obtain chemical composition. Measure- 
ment error with the EDS data is 0.1-0.5%. 


RESULTS AND DISCUSSION 

Gemological Features and Petrographic Study. The 
samples showed a spot RI of 1.61-1.62 and a hydro- 
static SG of 2.88-2.90. The unpatterned and band 
areas of the nephrite slab were sliced into thin sec- 
tions. Under polarized light, they displayed different 
microstructures. The tremolites of the band area (fig- 
ure 6, left) were fibrous, columnar, of various grain 
size, and poorly oriented. The individual tremolite 
crystals ranged from less than 0.05 to 0.2 mm long, 
occurring in radial beam and fan shapes. The band 
had a coarser texture than the unpatterned area. The 
interwoven tremolites of the unpatterned area (figure 
6, right) were fine, with a homogeneous grain size. 
Most of the tremolites were less than 0.05 mm long. 


SEM. We performed SEM testing of the dendritic areas 
in the two bangles, and the band and unpatterned 
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areas of the slab. The tremolites with a dendritic pat- 
tern were magnified 1514x and 2840x (figure 7). The 
tremolite grains occurred as long strips, the dendritic 
pattern grains as tiny dots. At 2840x magnification, 
the tremolite grains were clearly visible, while the 
grain shape of the dendritic pattern was not. 


In Brief 


¢ Nephrite jade in China’s Guangxi Province displays 
different colors and dendritic pattern inclusions. 

¢ Dendritic pattern inclusions composed of chlorite in 
brownish yellow and dark brown to black color only 
occur in secondary nephrites found in rivers or soil. 


¢ Since these dendritic patterns have not been found in 
other Chinese nephrite mines, the pattern may be used 
in origin determination studies. 


The grains in the band areas were unevenly distrib- 
uted, while those in the unpatterned areas were uni- 
formly distributed at 500x magnification. At 2000x 
magnification, the grains in the band were poorly ori- 
ented, while those in the unpatterned areas were better 
oriented (figure 8). Those distinctions led to different 
appearances between these two areas of the sample. 


Figure 6. The nephrite slab 
displays band (left) and 
unpatterned areas (right). 
The band’s tremolites are 
fibrous, columnar, of vary- 
ing particle size, and 
poorly oriented. The inter- 
woven tremolites of the 
unpatterned area are fine, 
with homogeneous patti- 
cle size. Photomicrographs 
by Zuowei Yin; image 
widths 0.57 mm. 
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Raman Spectroscopy. The grains of the dendritic pat- 
terns were too small to detect by Raman, even 
though the dendritic patterns themselves appeared 
quite large. Only the spectra of the band and unpat- 
terned areas are provided. 

According to the Raman spectra of the slab (figure 
9), the mineral constituents of the band and unpat- 
terned portions were all tremolites. Among the 
nephrite peaks, the 3600-3700 cm! features repre- 
sent O-H stretching vibration, and the 900-1150 
cm! features represent the stretching vibration and 
antisymmetric stretching vibration of the Si-O bond. 
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Figure 7. These SEM 
photos of tremolites 
with dendritic patterns 
are magnified 1514x 
(left) and 2840x (right). 
The red circles repre- 
sent the EDS testing 
points. Photo by Yi Bao. 


The 677 cm band designates the symmetric stretch- 
ing vibration of Si-O-Si. The 100-400 cm! features 
may be caused by the deformation vibration induced 
by the distortion vibration of the silicon oxygen 
tetrahedron (Zhao and Gan, 2009; Qiu et al., 2010; 
Yang et al., 2012). 

To verify the dendritic patterns by means of their 
crystal structure and chemical composition, we 
turned to XRD and EDS. 


XRD. To identify the mineral crystal structure of the 
dendritic pattern, we used the micro-area XRD 


Figure 8. SEM photos of 
the band (top left) and 
unpatterned areas (top 
right) of the nephrite 
slab are shown at 500x 
magnification. Note the 
uneven distribution of 
the grains in the band 
area. At 2000x magnifi- 
cation (bottom left and 
bottom right), the grains 
are poorly oriented in 
the band and better ori- 
ented in the unpatterned 
area. Photomicrographs 
by Yi Bao. 
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method, the results of which are shown in figure 10. 
According to Bragg’s law, defined as 


na = 2d sind 


“d” is the crystal lattice spacing in a certain direc- 
tion. The dendritic pattern gave d values of 14.4, 7.1, 
4.7, 3.5, and 2.8 A, confirming that the mineral be- 
longed to the chlorite group (Bailey and Lister, 1989; 
Zhao et al., 2006). 


Chemical Composition. The dendritic, band, and un- 
patterned areas were all tested by EDS. The main com- 
position of the dendritic pattern (table 1) was 
consistent with chlorite, which has a general chemical 
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formula of Y,[Z,O,,](OH),*Y,(OH),, where Y can repre- 
sent Ca, Mg, Fe**, Al, Fe**, Cr, Ni, Mn, V, Cu, or Li, and 
Z is mainly Si and Al. According to table 1, the formula 
of chlorite here is (Ca, Mg, Mn, Fe}[Si,O,,|(OH),(Ca, 
Mg, Mn, Fe)(OH),. The band (table 2) and unpatterned 
areas (table 3) were both consistent with tremolite. 


CONCLUSION 

Nephrite jade from primary and secondary deposits 
at Hechi in China’s Guangxi Province displays 
white, gray-white, gray, gray-green, dark green, and 
black colors, with a greasy to waxy luster. The 
white and gray-white samples from this study 
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TABLE 1. EDS chemical composition of dendritic patterns in nephrite from Guangxi Province, China. 


Element Wt.% At.% 
O 39.16 42.23 
Si 14.52 8.92 
Mg 9.48 6.73 
Ca 7.20 3.10 
Fe 1.88 0.58 
Mn 1.27 0.40 
C 26.497 30.057 


2C content is from the carbon-coated surface. 
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TABLE 2. EDS chemical composition of band patterns in nephrite from Guangxi Province, China. 


Element Wt.% At.% 
O 33.29 39.19 
Si 25.88 17.36 
Mg 13.26 10.27 
Ca 9.16 4.31 
GC 18.412 28.88" 


2C content is from the carbon-coated surface. 
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TABLE 3. EDS chemical composition of unpatterned areas in nephrite from Guangxi Province, China. 


Element Wt.% At.% 

O S027 37.67 

Si 29.91 21.20 

Mg 14.05 11.51 

Ca 11.28 5.61 
Cc 14.492 24.02? 


2C content is from the carbon-coated surface. 


showed band or dendritic patterns. The transparent 
or opaque bands contained an irregular arrangement 
of tremolite, and their color, transparency, and dis- 
tribution of grains were different from the rest of 
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the nephrite. The dendritic pattern only occurred in 
the secondary nephrites found in river or soil. There 
were also some dendritic patterns with brownish 
yellow and dark brown to black color. They con- 
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Further than this, there is a great health 
hazard; for the target plate and the stones 
are intensely radioactive at the conclusion 
of a treatment. Some time must elapse 
before the stones can be safely handled, 
though, eventually, they do lose all radio- 
activity (and cannot, indeed, be detected 
in this way, as we have already men- 
tioned). Nevertheless, haste, eagerness to 
see the result, and the cost of the idleness 
of the cyclotron itself, add up to an im- 
pelling and dangerous urge to take a 
chance and examine the stones before it is 
really safe. Hence, it is understandable 
that cyclotron operators, who have experi- 
mented and who now know more or less 
what will result from a definite type and 
duration of bombardment, are not particul- 
arly eager to undertake new experiments 
which will not lead to any new knowledge. 

Preliminary work with other bombard- 
ment atom pile irradiations and neutrons, 


indicates that comparable results can be 
obtained, but the color is through the en-_ 
tire stone and is less easily recognizable, 
SiGe eis wet a surface skin. Furthermore, 
by present methods there is less health 
hazard and less inconvenience in some of 
these treatments than in the original work; 
if the effects prove to be equally perma- 
nent, it may be that cylotron-accelerated 
deuterons will be supplanted by other ra- 
diations. 
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Figure 10. XRD testing 
of the dendritic pat- 
terns gave d values 
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tained very small particles composed of chlorite 
that occurred during metamorphism. These kinds 
of dendritic patterns have not been found in other 
Chinese nephrite mines, making them useful fea- 
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Editors 


mas M. Moses | Shane F. McClure 


DIAMOND 


Artificially Irradiated and 

Coated Brown 

Red is arguably the rarest and most 
valued color in diamond. It is known 
to bring record-breaking prices at auc- 
tion, as in the case of the 0.95 ct Han- 
cock Red, which sold for nearly $1 
million per carat in 1987. Some will 
go to great lengths to achieve this 
color, even resorting to unusual mul- 
tiple treatments. 

The New York laboratory recently 
examined a Fancy reddish brown 0.28 
ct round brilliant diamond submitted 
for color origin identification (figure 1). 
Spectroscopic analysis immediately 
revealed that it had been artificially ir- 
radiated to create the reddish brown 
color. The presence of an amber cen- 
ter, identified by infrared spectra, indi- 
cated that this diamond was likely 
brown prior to treatment. Further in- 
vestigation using the DiamondView 
determined that the stone’s pavilion 
facets had also been coated, a feature 
not apparent with microscopic obser- 
vation. DiamondView images dis- 
played weak luminescence, with more 
intense luminescence concentrated at 
facet edges, junctions, and where the 
stone had been scratched. Boiling re- 
moved the coating, eradicating the red 
component and changing the color 
grade to Fancy Dark orangy brown. 


Editors’ note: All items were written by staff 
members of GIA laboratories. 


Gems & Gemotocy, Vol. 50, No. 3, 
pp. 236-243. 
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Figure 1. The diamond with a Fancy reddish brown color (left) was re- 
vealed to be Fancy Dark orangy brown once the coating and red hue were 
removed (right). 


This stone indicates an attempt to 
induce red color in diamond, presum- 
ably to increase the value. Although 


Removing the coating also produced a 
much more luminescent Diamond- 
View image (figure 2). 


Figure 2. DiamondView images of the diamond with the coating (top row) 
and after the coating’s removal (bottom row). The dark spots in the bot- 
tom left image are remnants of the coating substance. 
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this effort proved unsuccessful, it em- 
phasizes the need for vigilance when 
analyzing diamonds with rare color. 
Their appeal, and the number of treat- 
ment techniques to create these col- 
ors, is sure to grow. 


Martha Altobelli, Paul Johnson, 
and Jason Darley 


Mixed-Type Cape Diamond 

Natural yellow type Ia or “cape” dia- 
monds, the most common of all col- 
ored diamonds, are identified by the 
NB (415 nm) and N2 (478 nm) absorp- 
tion lines in the UV-visible range. 
These defects produce the characteris- 
tic yellow hue, and the N3 line pro- 
duces the blue luminescence, so often 
observed in these stones. Weaker 
bands at 452 and 465 nm may also be 
visible (C.M. Breeding and J.E. Shigley, 
“The ‘type’ classification system of 
diamonds and its importance in 
gemology,” Summer 2009 GwG, pp. 
96-111). 

The New York laboratory recently 
examined a 2.16 ct Fancy orangy yel- 
low diamond (figure 3) with unusual 
features for a cape stone. When ana- 
lyzed with a UV-Vis spectrometer, it 
exhibited a cape spectrum and an un- 
expected 480 nm band, a defect usu- 
ally associated with orange color 
(figure 4). Infrared spectrometry re- 
vealed a well-defined IaA>B diamond, 


Figure 3. This 2.16 ct Fancy 
orangy yellow diamond is a 
mixed-type IaA>B. 
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Figure 4. The Fancy orangy yellow diamond’s “mixed” cape spectrum 
(red) is shown along with an overlay of a normal cape spectrum (blue). 


as opposed to the saturated Ia spec- 
trum typically associated with cape 
diamonds. These abnormal features 
prompted further testing, and the Di- 
amondView revealed zoned blue and 
yellow fluorescence (figure 5). Raman 
spectroscopy of the transparent, elon- 
gated crystal within the diamond, vis- 
ible in the DiamondView, identified 


Figure 5. The cape diamond’s Dia- 
mondView image displays blue 
and yellow fluorescence, along 
with an elongated crystal. 
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it as a colorless garnet, a common in- 
clusion in cape diamonds. 

While the specific structure of the 
480 nm optical defect is not yet un- 
derstood, it is known to be associated 
with yellow fluorescence (Y. Luo and 
C.M. Breeding, “Fluorescence pro- 
duced by optical defects in diamond: 
Measurement, characterization, and 
challenges,” Summer 2013 GWG, pp. 
82-97). The defect is also sometimes 
attributed to substitutional oxygen in 
type I diamonds. From our data and 
test results showing no evidence of 
laboratory-produced alteration, we 
can conclude that this stone is a nat- 
ural and very rare example of a cape 
diamond mixed with a 480 nm band 
causing the orange component. 


Martha Altobelli and Paul Johnson 


Xenotime Inclusion in 

Yellow Diamond 

Diamond inclusions can be analyzed 
using Raman spectroscopy, ideally 
when they are close to or breaking the 
surface. The New York lab recently 
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Figure 6. This 0.55 ct yellow dia- 
mond contained a rare mineral 
inclusion of xenotime. 


had the opportunity to study a rare in- 
clusion of xenotime protruding from 
the surface of a 0.55 ct Fancy Intense 
yellow diamond (figure 6). 

The yellowish brown inclusion 
was located in the pavilion near the 
girdle; radiation stains were observed 
at the contact area with the host dia- 
mond (figure 7, inset). Radiation 
stains and the nature of the surface 
penetration suggested that it formed 
inside an etch channel as an epige- 
netic inclusion. Raman spectroscopy 
showed peaks consistent with xeno- 
time at 1012.8, 1064.5, 1117.5, 
1158.4, and 1246.6 cm as seen in the 
figure 7 spectrum. 

Minerals that formed outside of 
the diamond stability field can be 
found inside a diamond (see Spring 
2009 Lab Notes, pp. 54-55). Xenotime 
(yttrium orthophosphate, YPO,) occurs 
mainly in granitic pegmatite and also 
in metamorphic rocks such as biotite 
gneiss (E.J. Young and P.K. Sims, Pet- 
rography and Origin of Xenotime and 
Monazite Concentrations, Central 
City District, Colorado, Geological 
Survey Bulletin 1032-F, 1961, pp. 273- 
297). Young and Sims proposed that 
granitic fluids such as granodiorite mo- 
bilized rare earth elements (REE) and 
phosphates from biotite gneiss in Col- 
orado. Later, these ions crystallized to 
form unusually high concentrations of 
xenotime and monazite in migmatized 
parts of gneiss. The granitic fluids may 
have percolated within diamond de- 
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Figure 7. The xenotime inclusion broke through the pavilion surface (inset; 
magnified 80x). Radiation stains were also observed at the contact with the 
host diamond (see arrow). The Raman spectrum, using a 514 nm laser, 
shows xenotime peaks at 1012.8, 1064.5, 1117.5, 1158.4, and 1246.6 cnr". 


posits in continental crust, and REE 
ions could have been deposited and 
crystallized inside etch channels, as 
observed in this yellow diamond. Ra- 
diation stains associated with xeno- 
time, which is one of the few naturally 
occurring yttrium minerals, may con- 
tain trace amounts of uranium and be 
slightly radioactive. 

Associations of xenotime with 
diamond have been previously re- 
ported. E. Hussak described inter- 
growths of monazite and xenotime 
in diamond-bearing sands in Brazil 
(“Mineralogische Notizen aus Bra- 
silien,” Tschermaks Mineralogische 
und Petrographische Mitteilungen, 
Vol. 18, 1899, p. 346). More recently, 
xenotime inclusions have been re- 
ported in carbonado from the 
Macaubas River in Minas Gerais (M. 
De Souza Martins, Geologia dos 
Diamantes e Carbonados Alu- 
vionares da Bacia do Rio Macaubas 
(MG), Ph.D. thesis, Universidade 
Federal de Minas Gerais, Instituto de 
Geociencias, Belo Horizonte, Brazil, 
2006). To the best of our knowledge, 
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xenotime inclusions in gem-quality 
diamond have never been reported. 


Kyaw Soe Moe, Martha Altobelli, 
and Paul Johnson 


CVD SYNTHETIC DIAMOND with 
Unusual Inclusions 

A 0.34 ct square modified brilliant 
was submitted to GIA’s Carlsbad lab 
as a synthetic diamond. The speci- 
men, which exhibited good polish and 
symmetry, received a color grade of K 
and a clarity grade of SI,. During ad- 
vanced testing, the photolumines- 
cence spectra displayed a large 737 
nm doublet, a silicon vacancy peak 
seen in CVD synthetic diamonds. A 
DiamondView image showed subtle 
growth dislocations on the pavilion 
and almost no growth layer structure 
on the crown (figure 8). A mid-IR 
spectrum did not show the 3123 cm"! 
peak, once considered characteristic 
of CVD synthetics (P.M. Martineau et 
al., “Identification of synthetic dia- 
mond grown using chemical vapor 
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Figure 8. This DiamondView image 
of the 0.34 ct CVD synthetic shows 
a pattern of growth dislocations. 


deposition [CVD],” 
Gwe, pp. 2-25). 

The most unusual features were 
the inclusions. As seen in figure 9, 
this item is deserving of its SI, clarity 
grade. In addition to several fractures, 
there were numerous indented crystal 
surfaces and included growth rem- 
nants. A close-up of the indented crys- 
tal surfaces revealed an irregular 
shape and surface texture (figure 10). 
The fully included growth remnants 
lacked any discernible pattern or reg- 
ularity. Inclusions have been reported 
in CVD synthetic diamonds, but they 
have been confined to growth planes 
(Spring 2013 Lab Notes, pp. 47-49). 
This specimen’s inclusions, which 
were scattered in a random way, 


Spring 2004 


Figure 9. The pavilion displayed a 
wide variety of inclusions. Field 
of view 3.6 mm. 
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Figure 10. A close-up of some of the indented crystal structures showed 
etch-like patterns. Field of view approximately 1.4 mm. 


showed no uniformity in size, shape, 
color, or placement. They were 
whitish or black, pinpoint-sized and 
larger structures (as seen in figure 10, 
lower right). Some were flat and 
pointed, while others were more 
rounded in shape. Furthermore, some 
were grouped together, similar to 
cloud-like inclusions, while others 
were freestanding, mimicking the in- 
clusion distribution in natural dia- 
mond. The strain was mottled around 
the inclusions and crosshatched in 
cleaner areas. 

The chemical structure and com- 
position of these inclusions is un- 
known, and why they formed this 
way is a mystery. It is possible that 
this material is from a new growth 
method that yields heavily included 
product. Synthetic diamond research 
is a rapidly growing field; as it ex- 
pands, many new and different types 
of samples find their way into the 
trade. The inclusions in this specimen 
could pass for natural inclusions if ob- 
served with a standard 10x loupe or a 
quick glance in the microscope. The 
DiamondView image is also difficult 
to interpret if one is not accustomed 
to the many fluorescent patterns 
CVD synthetic diamonds can display. 
This case is an important reminder to 
exercise caution when determining 
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natural or synthetic origin, because 
some synthetic diamonds in the mar- 
ket look very natural. 


Troy Ardon 


Two Fancy Dark Gray 
CVD Synthetic Diamonds 


Recently, two colored synthetic dia- 
monds examined in the Carlsbad lab- 
oratory were determined to have been 
grown by the chemical vapor deposi- 
tion (CVD) method. Both received an 
unusual color grade of Fancy Dark 
gray. GIA has graded other gray CVD 
synthetics before, but within the 
Fancy Light to Fancy range; it is rare 
for a synthetic to receive a Fancy Dark 
color grade. The few Fancy Dark syn- 
thetic diamonds submitted in the past 
have all been HPHT synthetics (most 
of them Fancy Dark reddish brown} 
with post-growth treatment that cre- 
ated NV centers. The two gray CVD 
specimens were also noted for their 
size—O.80 and 1.50 ct. The latter is 
shown in figure 11. 

In addition to their color grade, 
both showed similar spectra. Neither 
sample’s UV-visible-NIR spectrum dis- 
played any distinct absorption peaks. 
The mid-IR spectra identified them as 
type Ila diamond but did not contain 
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Figure 11. This 1.50 ct Fancy 
Dark gray CVD synthetic dia- 
mond was unusual for its combi- 
nation of color grade and large 
size. 


features that confirmed synthetic ori- 
gin. Their photoluminescence (PL) 
spectra had nearly identical features, 
suggesting that they originated from 
similar manufacturing processes. Both 
PL spectra featured a large silicon-va- 
cancy doublet at 737 nm, a strong in- 
dicator of CVD growth (though natural 
diamonds will occasionally show a 
weak silicon peak along with other 
natural features), this was confirmed 
by the DiamondView images. The 1.50 
ct specimen showed light blue fluores- 
cence and striations commonly ob- 
served in CVD synthetics (figure 12, 
left) (P. Martineau et al., “Identification 
of synthetic diamond grown using 
chemical vapor deposition (CVD),” 
Spring 2004 GwG, pp. 1-25). The 0.80 
ct sample offered a more unusual Dia- 


mondView image, with yellow fluores- 
cence interspersed with regions of pur- 
ple mottling. The purple mottling is 
seen occasionally in CVD synthetics, 
but usually combined with a back- 
ground of pink fluorescence (W. Wang 
et al., “Latest-generation CVD-grown 
synthetic diamonds from Apollo Dia- 
mond Inc.,” Winter 2007 GWG, pp. 
294-312) instead of the yellow fluores- 
cence seen here. Some regions of the 
0.80 ct synthetic had natural-looking 
fluorescence features (figure 12, right), 
but a thorough examination of the 
DiamondView fluorescence in con- 
junction with the silicon peak unam- 
biguously identified it as CVD. 

The DiamondView images of both 
synthetics also demonstrated blue 
phosphorescence, which is often asso- 
ciated with boron impurities. No 
known boron-related peaks were de- 
tected in the PL or mid-IR spectra, so 
the boron concentration would be 
below the level of detection by FTIR 
spectroscopy. Boron-related peaks 
seen in natural and treated type IIb di- 
amonds often are not detected in 
known IIb HPHT- and CVD-grown 
synthetics. It is unclear whether the 
low boron concentration was deliber- 
ately introduced to improve growth 
rate and quality (S. Eaton et al., “Dia- 
mond growth in the presence of boron 
and sulfur,” Diamond and Related 
Materials, Vol. 12, 2003, pp. 1627- 
1632). Boron-containing diamonds 
with low color saturation often appear 
gray, making this element the likely 


Figure 12. Left: In the DiamondView, the 1.50 ct sample showed the fa- 
miliar color and striations of CVD synthetics. Right: The 0.80 ct specimen 
displayed a combination of natural-appearing features in some regions (as 
shown) and CVD-related striations and purple mottling in others. 
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cause of color in both of these CVD 
synthetic diamonds. 


Troy Ardon and 
Sally Eaton-Magania 


Heavily Irradiated 

CVD Synthetic Diamond 

A Fancy Deep gray-blue diamond 
weighing 0.46 ct was submitted to 
the Carlsbad lab for an identification 
and origin report. Its UV-Vis-NIR 
spectrum showed a large GR1 center, 
indicating artificial irradiation. Fur- 
thermore, a small 737 nm silicon dou- 
blet was seen and later confirmed 
with photoluminescence (PL) spec- 
troscopy (figure 13). The silicon dou- 
blet is a feature in CVD synthetic 
diamonds, and only very rarely in 
natural diamonds. 

To confirm the synthetic origin of 
the material, DiamondView images 
were collected. This required setting 
the DiamondView at the highest ex- 
posure time, because heavily irradi- 
ated diamonds tend to show very 
weak fluorescence, making the image 
difficult to resolve. The DiamondView 
image showed a pattern of growth dis- 
locations, which is characteristic of 
CVD synthetics (figure 14). The in- 
frared spectrum showed some un- 
known features in the nitrogen region 
at 1250 and 1116 cm". The infrared 
spectrum lacked the 3123 cm”! hydro- 
gen-related defect diagnostic of CVD 
growth (P.M. Martineau et al., “Iden- 
tification of synthetic diamond grown 
using chemical vapor deposition 
[CVD],” Spring 2004 Ge&G, pp. 2-25), 
or the 3107 cm! peak sometimes cre- 
ated in synthetic diamonds containing 
hydrogen by HPHT treatment (I. Ki- 
flawi et al., “The creation of the 3107 
cm! hydrogen absorption peak in syn- 
thetic diamond single crystals,” Dia- 
mond and Related Materials, Vol. 5, 
1996, pp. 1516-1518). 

CVD synthetic diamonds are 
known to be treated post-growth to 
improve color, but this has been seen 
as HPHT treatment or a combination 
of irradiation and annealing. HPHT 
treatment of a CVD synthetic dia- 
mond can partially or completely re- 
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Figure 13. The visible-NIR spectrum of the 0.46 ct irradiated synthetic di- 
amond showed a clear Si-doublet at 737 nm. 


move a brownish color created during 
the growth process. If a CVD syn- 
thetic is grown with nitrogen impuri- 
ties, irradiation and annealing will 
create nitrogen-vacancy centers, pro- 
ducing a pink to red color (J. Shigley 
et al., “Lab-grown colored diamonds 
from Chatham Created Gems,” Sum- 
mer 2004 GWG, pp. 128-145). 

This is the first CVD synthetic 
examined at GIA that has been irra- 
diated to a blue color. The fact that 
the diamond is synthetic automati- 
cally means that the irradiation was 
done in a laboratory; however, the 
material displayed color zoning near 


Figure 14. With DiamondView 
imaging, the growth dislocations 
in the irradiated CVD synthetic 
diamond can be clearly seen as 
the blue sections among the 
green fluorescence. 
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the culet in a manner identical to 
natural diamonds that have been ir- 
radiated artificially. Electron para- 
magnetic resonance determined a 20 
(+/- 5) ppb concentration of isolated 
nitrogen. If the specimen were to be 
annealed, the vacancies would com- 
bine with the nitrogen to form NV- 
centers, as mentioned above. It is 
possible that the diamond was sub- 
mitted in an intermediate phase be- 
fore the final treatment, or that the 
owner believed it to be a natural but 
treated stone. Indeed, in the absence 
of PL spectroscopy and Diamond- 
View images, this specimen could 


easily be mistaken for an irradiated 
natural diamond. 

As CVD synthetics become more 
prevalent and subject to a wider vari- 
ety of treatments, it will only reinforce 
the role of the gemological laboratory 
as the most reliable way to separate 
synthetic from natural diamonds. 


Troy Ardon and Wuyi Wang 


Natural PEARLS Reportedly from 

a Spondylus Species (“Thorny” 
Oyster) 

Non-nacreous conch, clam, Melo 
melo, Cassis, and scallop pearls are 
often submitted to GIA for identifica- 
tion. Four non-nacreous pearls, weigh- 
ing 5.72 to 12.40 ct and measuring 
from 9.55 x 8.60 mm to 16.35 x 9.36 
mm, were recently submitted to 
GIA’s New York laboratory for identi- 
fication. These examples caught our 
attention because of their unusual ap- 
pearance (figure 15). 

Their bodycolors and shapes var- 
ied. Each exhibited some degree of 
pink and orange hues, and either elon- 
gated or button shapes. The porcela- 
neous surfaces also exhibited areas 
with clear flame structures. Under 
fiber-optic light, fine flame structures 
resembling those seen in other porce- 
laneous pearls such as Tridacna gigas 
and Strombus gigas (conch) pearls 
were observed. While the typical 
whitish flame structure was readily 


Figure 15. Four non-nacreous pearls, weighing 12.40, 11.55, 8.22, and 
5.72 ct (left to right), were submitted for identification. 
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Figure 16. The porcelaneous surface appearances of two of the pearls, 
weighing 12.40 ct (left, magnified 20x) and 8.22 ct (right, magnified 10x) 
show their characteristic blue flames, indicated by the arrows. 


apparent, the more notable observa- 
tion was that some of the flames had 
a distinct blue coloration (figure 16). 
Other types of pearls usually do not 
show blue flames. Microradiography 
was of little diagnostic assistance, as 
only tight structures were observed; 
this is not unusual for porcelaneous 
pearls. Raman spectroscopy detected 
both aragonite and calcite separately 
on different parts of the samples. In 
the authors’ experience, this differs 
from conch or clam pearls, which are 
usually composed of aragonite only. 
Due to their unique shapes, colors, 
surface, and flame structures, we sus- 
pected these pearls were from one of 
the many Spondylus species (figure 
17), commonly called “thorny” or 


“spiny” oysters. Although rarely en- 
countered in GIA laboratories, 
Spondylus pearls have been docu- 
mented in the past (Winter 1987 Lab 
Notes, p. 235; E. Strack, Pearls, 
Ruhle-Diebener-Verlag GmbH & Co., 
Stuttgart, 2006, p. 255), and some 
samples have been collected by the 
Qatar Museums Authority (H. Bari 
and D. Lam, Pearls, Skira Editore 
S.p.A, 2009, pp. 88-89). Our client 
later informed us that these speci- 
mens were found by a fisherman in 
shells of Spondylus princeps off the 
coast of Baja California, Mexico. 
This was a rare opportunity to see 
natural pearls from a known Spondy- 
lus species, and to document their 
unique gemological characteristics as 


Figure 17. These shells are from various Spondylus species. Courtesy of 


GIA’s Bangkok laboratory. 
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references for mollusk identification 
in the future. 

Joyce WingYan Ho and 

Chunhui Zhou 


Flame-Fusion SYNTHETIC RUBY 
Boule with Flux Synthetic Ruby 
Overgrowth 


Synthetic rubies with both curved 
growth and flux-type inclusions in a 
single stone occasionally appear in the 
trade. Often these are flame-fusion 
synthetics that have been quench- 
crackled and flux-healed to produce a 
more “natural” appearance. In other 
instances, flame-fusion material may 
be used as a seed for flux corundum 
overgrowth. If the seed crystal is not 
removed during cutting, it becomes 
part of the faceted synthetic gemstone 
(R.E. Kane, “A preliminary report on 
the new Lechleitner synthetic ruby 
and synthetic blue sapphire,” Spring 
1985 G&G, pp. 35-39). 

The Carlsbad laboratory recently 
examined a 249.78 ct transparent to 
semi-transparent rough red crystal 
(figure 18). Standard gemological test- 
ing using a handheld spectroscope re- 
vealed a typical ruby spectrum. 
Observed with a dichroscope, the 
rough crystal displayed medium or- 
ange red to purplish red pleochroism 
and fluoresced strong red to long- 
wave UV and medium red to short- 
wave UV. All of these properties were 
consistent with ruby. 

Microscopic examination using 
brightfield illumination revealed both 
curved striae and flux fingerprint pat- 
terns (figure 19). Careful examination 
of one end of the rough crystal 
showed a noticeable boundary be- 
tween a flame-fusion core and a flux- 
grown overgrowth. Part of the core 
had not been covered by the flux over- 
growth (again, see figure 18). The flux 
fingerprint inclusion penetrated just a 
few millimeters into the crystal and 
was only visible in the flux over- 
growth (again, see figure 19). What ap- 
pears to be a pronounced dark grayish 
reaction zone at the interface of 
flame-fusion and flux growth was ob- 
served (figure 20). The reaction zone 
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Figure 18. This 73.69-mm_-long synthetic ruby crystal is composed of a 
flame-fusion synthetic ruby boule core with a flux synthetic ruby over- 


growth. 


likely indicates slight structural and 
chemical variations between the 
flame-fusion core and the flux over- 
growth. When a new crystal is grown 
on top of an old crystal, the new 
growth starts on an irregular surface 
that was created when the old surface 
was melted back slightly at the melt 
temperature. When growth starts on 
an irregular surface, it creates a non- 
perfect crystal lattice match between 
the original seed and new overgrowth. 
This growth boundary face will dis- 
rupt the regularity of the structure of 
the growth crystal and contribute to 
the presence of the reaction zone 
(Schmetzer et al., “Flux-grown syn- 
thetic alexandrites from Creative 


Figure 19. Subtle curved striae 
(right arrow) and fingerprint-like 
flux residue (left arrow) are in- 
dicative of both flame-fusion 
and flux growth. Image width 
6.94 mm. 
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Crystals Inc.,” 2012, Journal of Gem- 
mology, Vol. 33, No. 1-4, pp. 49-81). 
In areas where the structural and 
chemical difference was not very dis- 
tinct, the reaction zone was partially 
visible as dark grayish color patches 
(figure 21). The reaction zone looked 
grayish because the red bodycolor of 
the ruby masked what is probably a 
blue color zone caused by Ti-Fe pairs, 
a well-known defect that causes blue 
color in corundum (Summer 1991 Lab 
Notes, p. 112). The blue zone is along 
the interface of the flame-fusion core 
and flux overgrowth. 

Advanced testing on the rough 
crystal using energy-dispersive X-ray 
fluorescence (EDXRF) analysis re- 


Figure 20. A dark grayish reaction 
zone was observed between the 
flame-fusion core and the flux 
overgrowth. Image width 15.67 


mm. 
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Figure 21. Also observed was a 
partial reaction zone between 
the flame-fusion core and the 
flux overgrowth. Image width 
5.85 mm. 


vealed traces of Ca, Ti, and Cr in the 
areas both with and without flux 
overgrowth; Mo was only detected in 
areas with the flux overgrowth. The 
concentration of Fe was below the de- 
tection limit of EDXRF. This result is 
consistent with the chemical element 
differences between flame-fusion and 
flux synthetics (S. Muhlmeister et al., 
“Separating natural and synthetic ru- 
bies on the basis of trace-element 
chemistry,” Summer 1998 GWG, pp. 
80-101). 

This synthetic ruby specimen is 
unusual in that regions originating 
from the two growth methods occur 
in the same crystal, with the half of 
the split boule seed crystal composing 
the bulk of the entire specimen. 
While flux overgrowth on flame-fu- 
sion seed crystals has been previously 
reported (E.J. Giibelin and JL. Koivula, 
Photoatlas of Inclusions in Gem- 
stones, Volume 2, Opinion Verlag, 
Basel, Switzerland, 2005, p. 352), this 
type of material is rarely seen in GIA’s 
laboratory, and this example was par- 
ticularly unusual due to its large size. 


Ziyin Sun and Heidi Breitzmann 


PHOTO CREDITS: 

Jian Xin (Jae) Liao—1, 3, and 11; Paul 
Johnson—2 and 5; Kyaw Soe Moe—6 and 
7; Troy Ardon—8, 9 and 10; Sally Mag- 
afia— 12; Wuyi Wang—14; Sood Oil (Judy) 
Chia—15; Joyce WingYan Ho— 16; Nut- 
tapol Kitdee —17; Nathan Renfro—18, 19, 
20, and 21. 


FaLL 2014 243 


Contributing Editors 


ree Se 


COLORED STONES AND ORGANIC MATERIALS 


Aquamarine with unusually strong dichroism. Recently, a 
transparent grayish blue oval mixed cut (figure 1) was sub- 
mitted for identification at the Gem Testing Laboratory in 
Jaipur. The 4.49 ct stone (12.04 x 8.88 x 7.53 mm) was rel- 
atively clean to the unaided eye. Its RI of 1.582-1.590, bire- 
fringence of 0.008 with a uniaxial negative optic sign, and 
hydrostatic SG of 2.71 suggested a beryl, which we later 
confirmed with FTIR and Raman spectroscopy. The spec- 
imen’s natural origin was established by planes of dendritic 
platelets (usually ilmenite) oriented along the basal plane 
and liquid fingerprints. 

The stone’s most striking feature was its unusually 
strong dichroism, displaying deep blue and pale bluish 
green colors (figure 2). The deep saturated blue resembled 
that of a top-quality sapphire. Such strong dichroism was 
reminiscent of Maxixe-type (irradiated) beryls, although 
their dichroic colors are usually deep blue and colorless. 
The deep saturated blue was seen along the e-ray, the pale 
bluish green along the o-ray. Such a pattern of color ab- 
sorption is associated with aquamarine; the opposite ef- 
fect occurs in Maxixe-type beryl, which appears colorless 
along the e-ray and deep blue along the o-ray (R. Webster, 
Gems, 5th ed., Butterworth-Heinemann, London, 1994, 
pp. 124-127). 

Further analysis was performed with UV-Vis-NIR spec- 
troscopy to confirm the cause of color and differentiate be- 
tween aquamarine and Maxixe-type beryl. Polarized spectra 
(figure 3) revealed an absorption peak at approximately 42.7 
nm along the o- and e-rays, a typical feature in aquamarine 
due to the presence of ferric iron (see I. Adamo et al., “Aqua- 


Editors’ note: Interested contributors should send information and illustra- 
tions to Justin Hunter at justin.hunter@gia.edu or GIA, The Robert 
Mouawad Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Figure 1. This 4.49 ct grayish blue aquamarine was 
unusual for its strikingly intense dichroism. Photo by 
Gagan Choudhary. 


marine, Maxixe-type beryl, and hydrothermal synthetic 
blue beryl: Analysis and identification,” Fall 2008 GWG, 


Figure 2. The dichroic aquamarine displayed unusually 
intense dichroism, with a deep saturated blue along the 
e-ray (left) and a pale bluish green along the o-ray 
(right). The images were taken by fixing the polarizing 
filter on the camera lens and rotating the polarizer 90 
degrees to separate out the two directions. Photos by 
Gagan Choudhary. 
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Diplomas Awarded 46 
by Gemological Institute 


Since last reported in the winter issue of 
Gems and Gemology, forty-eight students 
have been awarded diplomas by the Gemo- 
logical Institute of America. Of this num- 
ber, the following ten have completed both 
the correspondence and residence courses 
and have received their diplomas in the 
Theory and Practice of Gemology: 


Robert L. Bechtel, W. Palm Beach, 
Florida. 

Eugene C. Canfield, Jr., Charleston, 
S.C. 

Anthony D. K. Ching, Honolulu, T. H. 

John H. Frederickson, E. Weymouth, 
Mass. 

Frank A. Grygier, Erie, Pennsylvania. 

Eugene H. MHendrickson, Manden, 
North Dakota. 

Guy R. McVay, Florence, Alabama. 

Emil J. Palenik, Whiting, Indiana. 

Jack E. Schunk, Bela Horizonte, Minas 
Gerais. 

Eugene H. Young, Charleston, West 
Virginia. 

Diplomas in the Theory of Gemology 
from the Gemological Institute of America, 
awarded upon completion of correspondence 
courses, were received by the following 
petsons: 


Albert B. Adkins, Vicksburg, Miss. 

” Lewis Bailey, Bethesda, Maryland. 
John H. Ballas, Pueblo, Colorado. 
John W. Belting, South Bend, Indiana. 
Paul A. Bock, Williamatic, Conn. 
Addis L. Bowles, W. Collingswood, 

N. J. ; 
Otto H. Boysen, Great Neck, New 

York. 


Raymond J. Cadoret, 
R. 1 

Spencer L. Carpenter, High Point, 
N.C. 

C. Kenneth Charles, Donora, Penn. 

Paul V. Coleman, Chicago, Illinois. 

Richard B. Curtis, Arkansas City, Kan- 
sas. 

Alexis Francis Doubet, Erie, Penn. 

Robert M. Farrand, Los Gatos, Calif. 

Samuel S. Finchley, East Rochester, 
N. Y. 

John Garbosky, Scranton, Penn. 

Louis Goldstein, Everett, Massachusetts 


Donald EF. 
Rhode Island. 
Merle C. Hamilton, Lincoln, Neb. 


A. J. Holmes, Jr., Lumberton, N. C. 
Paul M. Hutcherson, Macon, Georgia. 
Robert S. Ichikawa, Long Beach, Cal. 
John E. Klohr, Barberton, Ohio. 
William P. Knight, Ottawa, Kansas. 
Milton M. Lifland, Levingston, N. J. 
James F. Mechler, Eau Claire, Wis. 
Irving Michaels, Jr., Bridgeport, Conn. 
Joseph J. Miske, Ottawa, ILinois. 
Alphonse S. Morris, Bridgeport, Conn. 
Albert Neugebauer, Dishman, Wash. 
Paul C. Nolin, Lewiston, Maine. 

Jack C. Robb, Livingston, Montana. 
Charles I. Schannep, Portland, Ore. 
Hugh C. Schlief, Spooner, Wisconsin. 
Philip F. Schnittspan, San Jose, Calif. 


Woonsocket, 


Goodreau, Providence, 


Harry Spiro, Detroit, Michigan. 

Renato Tieger, Milan, Italy. 

William Jackson Warren, Sr., War- 
rington, Fla. 
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Figure 3. The aquamarine’s polarized UV-Vis-NIR 
spectra displayed Fe*-related bands at approximately 
370 and 427 nm. 


pp. 214-226); an additional peak at about 370 nm also oc- 
curred along the o-ray. No features associated with radia- 
tion-induced color centers were present between 500 and 
700 nm; these are typically observed in Maxixe-type beryls. 
Standard gemological properties along with absorption 
spectra and the pleochroic color directions were sufficient 
to identify this stone as aquamarine. It displayed the most 
intense dichroism we have seen in an aquamarine. While 
there are deep sea-blue aquamarines (see O. Segura and E. 
Fritsch, “The Santa Maria variety of aquamarine: Never 
heated,” InColor, No. 23, 2013, pp. 34-35) as well as deep 
blue Maxixe-type beryls, this was the deepest blue we have 
observed in an aquamarine with a grayish blue hue. 


Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Color-change garnet in diamond. The Indian Gemological 
Institute’s Gem Testing Laboratory recently examined a 
0.30 ct colorless round brilliant-cut diamond containing an 
interesting inclusion. Infrared spectroscopy revealed fea- 
tures found in type IaA diamond, with a slight absorption 
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Figure 5. This DiamondView image of the host dia- 
mond shows octahedral growth zones (notice the 
crystal inclusions). Image by Meenakshi Chauhan. 


peak due to hydrogen impurities. With a clarity grade of 
SI, the diamond contained several colorless crystals and 
one surface-breaking grayish green crystal (figure 4, left). 
Under incandescent light, the grayish green crystal ap- 
peared purplish red (figure 4, right), displaying a strong 
color-change phenomenon. 

Under the Chelsea filter the inclusion showed a bright 
red reaction, suggesting the presence of chromium. There 
was a polished area of the included crystal on the surface, 
but it was too small for us to measure the refractive index. 


The included crystal did not display pleochroism under 
microscopic observation with crossed polarizers. Viewed in 
immersion, it appeared to be singly refractive. Diamond- 
View imaging showed the fluorescence pattern of growth 
planes found in natural diamond (figure 5). Typical octahe- 
dral growth zones of blue N3 fluorescence were evident, 
with no disturbance in the zones around the color-change 
crystal. 


For conclusive identification of the inclusion, we sent 
the diamond to the Gem Testing Laboratory in Jaipur for 
laser Raman spectroscopy. As the color-change crystal 


Figure 4. This inclusion, 
a color-change pyrope- 
spessartine garnet crystal 
in diamond, appeared 
grayish green in fluo- 
rescent light (left) and 
purplish red in incan- 
descent light (right). 
Photomicrographs by 
Meenakshi Chauhan; 
field of view 2 mm (left) 
and 3 mm (right). 


Gems & GEMOLOGY Fall 2014 245 


RAMAN SPECTRUM 


60000 4 1332 


50000 ~, 


40000 4 NY 
30000 4 ~\ | 


20000 4 


INTENSITY (a.u.) 


40000 - ~N  gs7 | \ 
ec } 


o4 er 
T T T T T T T T T 
2000 1800 1600 1400 1200 1000 800 600 400 200 


RAMAN SHIFT (cn) 


Figure 6. The Raman spectrum of the color-change 
pyrope-spessartine garnet inclusion showed the 1046, 
910, 858, 637, 549, and 362 cm peaks assigned to 
garnet. The 1332 cnr" peak is assigned to diamond. 


broke through the diamond’s surface, a clear Raman spec- 
trum could be obtained (figure 6). The peak at approxi- 
mately 1332 cm-'is assigned to diamond, and the peaks at 
approximately 1046, 910, 858, 637, 549, and 362 cm! are 
assigned to garnet. The 910 cm" peak is associated with 
the pyralspite isomorphous series, which is comprised of 
pyrope, almandine, and spessartine garnet. The inclusion 
was therefore identified as garnet belonging to the pyral- 
spite series. 


Meenakshi Chauhan 
Indian Gemological Institute 
Gem Testing Laboratory, GJEPC, New Delhi 


First discovery of topazolite in Mexico. Garnet occurs in a 
wide variety of colors according to composition: pyrope 
and almandine (typically red), spessartite (brownish to or- 
ange), grossular (brown, yellow, and green), andradite 
(brown to black), and uvarovite (bright green). The three 
varieties of andradite are melanite, topazolite, and deman- 
toid. Topazolite, a name that has been criticized as too sim- 
ilar to that of the gem species topaz, is a greenish yellow 
to yellow-brown andradite. According to some studies (e.g., 
C.M. Stockton and D.V. Manson “Gem andradite garnets,” 
Winter 1983 G&G, pp. 202-208), it rarely occurs in crys- 
tals large enough to be faceted. 

In January 2014, during mineralogical investigations of 
Mexican garnet, we made the first reported discovery of 
fine topazolite crystals in Mexico. These yellow to yellow- 
brown crystals, measuring 1.5-2.5 cm, are hosted by the 
Las Vigas skarn deposits (the Cerro de la Concordia mine 
in Las Vigas de Ramirez municipality and the Piedra Parada 
mine in Tatatila municipality). The deposits are located in 
Veracruz State, about 50 km southeast of the town of Valle 
de Veracruz. 

The garnet composition was determined by electron mi- 
croprobe, using a 41-point analysis and standard conditions 
of 20 kV, 20 mA, and 1 pm beam size on a JEOL JSM-35c 
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microprobe. We chose a euhedral, relatively homogeneous 
crystal about 1 cm in diameter from the specimen shown in 
figure 7. Measurement time was 30 seconds on the peak cen- 
ter. The standards used were MgO for Mg, ALO, for Al, 
jadeite for Si, wollastonite for Ca, and elemental Fe and Mn. 
The electron microprobe analyses showed little composi- 
tional variation or zoning. We calculated the structural for- 
mula on the basis of 12, oxygen atoms, with the assumption 
of all iron as ferric. The approximate composition averaged 
8 i INEM re lacs Mul pipe) pgs aga lage tps which may 
be expressed as Gr, And, PY, go: 

UV-visible spectroscopy showed absorption bands at 
375, 416, 442, 497, and 584 nm, which can be assigned to 
the spin-forbidden crystal-field transition of Fe** substi- 
tuted on the octahedral Al** site of the garnet structure. 
The correlated set of these bands also show a pattern close 
to that characteristic of a d° trivalent ion in octahedral oxy- 
gen coordination. The Méssbauer spectra were character- 
ized by a sharp, slightly asymmetric ferrous doublet. The 
UV-visible and Méssbauer spectra are comparable to those 
reported for some garnets in previous reports (A.S. Mar- 
funin, Ed., Advanced Mineralogy, Vol. 2, Springer-Verlag, 
Berlin, 1995, pp. 74-75, 114). 

The three samples of rough topazolite (measuring 1.0- 
1.5 cm in longest dimension) gave the following properties: 
yellow-brown color; isotropic and weakly anisotropic; 
weak strain birefringence; RI—n, = 1.84-1.89; hydrostatic 
SG—3.75-3.85; and fluorescence—inert to both long- and 
short-wave UV radiation. 

This Mexican topazolite deposit has not been mined, 
and in the absence of detailed geological, mineralogical, 
and gemological study, no estimate of the reserves is avail- 


Figure 7. This topazolite specimen is from a recent 
discovery in the Mexican state of Veracruz. Photo by 
Cristobal Castillo. 
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Figure 8. This giant clam pearl was recovered from a 
Tridacna gigas mollusk in Papua New Guinea. Photo 
by Lai Tai-An Gem Lab. 


able. For now, there are no specimens or fashioned material 
from Las Vigas in the Mexican lapidary market. 


Mikhail Ostrooumov (ostroum@umich.mx) 
Institute of Earth Sciences (INICIT) 
University of Michoacan, Morelia, Mexico 


A large baroque Tridacna gigas (giant clam) pearl. Natural 
pearls from various clam species are not as rare as many 
believe, and plenty of samples are available in the market. 
But with the exception of a few very large specimens, they 
tend to occur in sizes under 20 carats. A client of the Lai 
Tai-An Gem Lab in Taipei recently requested a report on 
what he claimed was a natural clam pearl (figure 8) recov- 
ered from a huge Tridacna gigas mollusk from a fishery in 
Papua New Guinea in 1981. 

The pearl exhibited an elongated baroque shape with 
uneven brown and white coloration, lacking the lustrous 


Figure 9. The natural Tridacna pearl showed a charac- 
teristic sugary surface texture. Photo by Lai Tai-An 
Gem Lab; magnified 60x. 
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Figure 10. The Tridacna pearl exhibited pronounced 
banding when viewed with transmitted light. Photo 
by Lai Tai-An Gem Lab. 


and shimmering iridescent colors of a nacreous pearl. It 
weighed 360.59 ct and measured 76.7 x 28.0 x 25.8 mm. 
We also recorded an SG of 2.88, which fell within the range 
of other Tridacna pearls examined in our laboratory. Long- 
wave UV produced a moderate chalky blue reaction. FTIR, 
Raman, and UV-visible spectra were collected. The Raman 
spectrum clearly showed that the pearl was composed of 
aragonite, given the peaks at approximately 142, 199, 701, 
and 1082 cm~!. FTIR reflectance spectra also revealed cal- 
cium carbonate in the form of aragonite, with peaks at ap- 
proximately 873 and 1483 cm". 

While microradiography is usually applied to the iden- 
tification of pearls, it is considered especially beneficial 
when various types of nacreous pearls need to be separated 
from one another. It is usually less helpful with non-nacre- 
ous or non-porcelaneous pearls such as this one, since 
many reveal little in the way of helpful structure. Observed 
through the loupe and microscope, the pearl showed the 
grainy or sugary surface texture (figure 9) typical of some 
natural Tridacna pearls. This example was noteworthy for 
its size and interesting coloration, and its pronounced 
banding when viewed with transmitted light (figure 10), a 
feature that is often considered indicative of shell fash- 
ioned into imitation pearls. This Tridacna pearl was clearly 
no imitation. 


Larry Tai-An Lai (service@laitaian.com.tw) 
Lai Tai-An Gem Laboratory, Taipei 


TREATMENTS 


Coated fire opal in the Chinese market. Fire opal is an at- 
tractive variety of gem opal characterized by its red-orange- 
yellow bodycolor, with or without play-of-color. Since 
about 2013, the Chinese market has seen an increase in 
natural, synthetic (sold as Mexifire), and treated fire opals, 
posing identification challenges for the gemologist. 

At the July 2014 Beijing Jewelry Fair, a fire opal with a 
rather unusual orange bodycolor (figure 11) attracted our 
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Figure 11. This 3.87 ct translucent orange fire opal 
with play-of-color was identified as a coated stone. 
Photo by Wen Han. 


interest. It was a 3.87 ct oval cabochon with fair play-of- 
color, measuring approximately 14 x 10 x 6 mm. Its spot 
RI of about 1.39 and hydrostatic SG of 1.85 were both lower 
than the values for most natural fire opal. It was inert to 
both long- and short-wave UV radiation; untreated fire opal 
may also be inert to UV radiation or show green and blue 
fluorescence. Magnification revealed obvious scratching 
and small pits on the surface (figure 12), suggesting a lower 
hardness and the presence of a coating. We cut the sample 
in half for further examination. High magnification clearly 
showed the boundary between the orange layer and the 
substrate, which was also orange opal. The coated layer 
was about 60-90 pm thick (figure 13). 

EDXREF chemical analysis detected mainly Si and minor 
amounts of Ca, Na, and K. Fourier-transform infrared (FTIR) 
and Raman spectroscopy were used to identify the coating. 
Infrared reflectance spectroscopy revealed three strong bands 
at 1099, 789, and 474 cnr that are related to the fundamental 
Si-O vibrations, as expected for natural fire opal. Then we 


Figure 12. Surface scratches and small pits were visi- 
ble on the coated fire opal. Photo by Wen Han. 
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Figure 13. A cross-section image of the fire opal shows 
a coated surface layer about 60-90 pm thick. Photo 
by Wen Han; magnified 100x. 


scraped off the coating with a razor blade to obtain its infrared 
transmittance spectrum. The peaks, specifically those at 
2926, 1729, 1451, and 1159 cm, indicated the presence of 
organic matter consistent with acrylic polymer (figure 14). 
The Raman scattering spectra of the fire opal revealed several 
peaks attributed to both the substrate opal and the coating 
(figure 15). The Raman bands at about 350, 785, and 1080 
cnr", due to different stretching and bending vibration modes 
of the Si-O system, are typical for opal-CT. Other peaks, in- 
cluding 1320 and 1610 cnr", are attributed to the acrylic coat- 
ing material. Acrylic coatings are applied to various gem 
materials, such as lapis lazuli and jadeite (Summer 1992 Gem 
News, p. 135). This coating of acrylic polymer was used to 
enhance the fire opal’s color and seal its fissures. The coating 
also lowered the stone’s RI and SG values. 

Our investigation, believed to be the first report of 
coated fire opal in the Chinese market, reinforces the need 


Figure 14. The FTIR spectrum of the coating scraped 
from the surface of the fire opal exhibits characteris- 
tic peaks at 2926, 1729, 1451, and 1159 cm consis- 
tent with acrylic polymer. 
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Figure 15. Raman bands at approximately 350, 785, 
and 1080 cnr" are typical for opal-CT; the other 
peaks, including those at 1320 and 1610 cnr“, are at- 
tributed to the acrylic coating. 


for caution when buying these products. This coated fire 
opal’s lower RI and SG values, combined with magnifica- 
tion and Raman spectroscopy, are effective and nondestruc- 
tive means of identification. 


Wen Han (winnerzx@126.com), Taijin Lu, Hua Chen, 
and Jian Zhang 

National Gems & Jewelry Technology Administrative 
Center (NGTC) BeijingT 


CONFERENCE REPORTS 


IMA General Meeting. The 21st General Meeting of the 
International Mineralogical Association (IMA) was held 
September 1-5 in Johannesburg, South Africa. Several oral 
and poster presentations were presented in a session on 
gem materials. 

Giovanna Agnosi (University of Bari, Italy) discussed pre- 
liminary results of an X-ray diffraction topography study of 
Colombian trapiche emeralds, which revealed a consistent 
crystallinity between the arms and the hexagonal core. She 
presented a model of trapiche formation in which the 
growth of the hexagonal core occurred first, followed by the 
six arm sections. Ulrika D’Haenens-Johansson (GIA, New 
York) outlined the status of synthetic diamond production. 
She reviewed the means of identification based on visual ob- 
servations, structure-related ultraviolet fluorescence reac- 
tions, and distinctive spectroscopic features. In concluding, 
she noted that synthetic diamonds can be unequivocally rec- 
ognized by major gem laboratories. 

Andrew Fagan (University of British Columbia, Van- 
couver) presented the geologic setting and a model of for- 
mation of the Fiskenzsset corundum district in southwest 
Greenland. Estimates of ore reserves suggest that this 
could become a commercial ruby deposit. Gaston Giuliani 
(Centre de Recherches Pétrographiques et Géochimiques, 
Nancy, France) studied the oxygen isotope and trace-ele- 
ment chemistry of sapphire xenocrysts in basalts from 
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Changle, China, and of corundum from the Mbuyi-Mayi 
kimberlite in the Democratic Republic of Congo, to trace 
their primary sources. In both cases, the host basalt and 
kimberlite transported the corundum crystals from the 
lower crust and upper mantle. 

Daniel Ichang’i (University of Nairobi) described efforts 
by the Kenyan government to document and better under- 
stand the geologic setting of the country’s numerous gem 
deposits. He discussed two main occurrence lithologies: 
the metamorphic rocks of the Neoproterozoic Mozam- 
bique orogenic belt, and the Paleogene-Neogene basaltic 
volcanics in the Northern and Central Kenya rift regions. 

Stefanos Karampelas (Giibelin Gem Lab, Lucerne, 
Switzerland) detailed the gemological characteristics of 
emeralds from Itatitia in Minas Gerais, Brazil. The emer- 
alds formed along the contact between phlogopite schists 
and highly evolved granitic pegmatites. Based on minor 
and trace-element chemistry, they can be distinguished 
from emeralds from other Brazilian and world deposits. 
Vincent Pardieu (GIA, Bangkok) gave a talk about Mon- 
tepuez in northern Mozambique, which is currently the 
world’s largest source of rubies. He also presented a short 
film about GIA expeditions he has led to gem deposits in 
eastern Africa. Wuyi Wang (GIA, New York) presented a 
study of carbon isotopes of synthetic and natural dia- 
monds. The latter displayed °C values from 0 to —20%o, 
while the former ranged from —25 to -75%p. 

Christopher M. Breeding (GIA, Carlsbad, California) de- 
scribed the interesting features of alluvial diamonds from 
the Marange deposit in eastern Zimbabwe. These type Ia di- 
amonds display surface radiation staining, aggregated nitro- 
gen impurities, and elevated hydrogen impurity contents, 
but these features do not provide a reliable indicator of geo- 
graphic origin. Julien Feneyrol (Centre de Recherches Pétro- 
graphiques et Géochimiques, Nancy, France) presented a 
model of the metamorphic formation of tsavorite nodules 
in primary deposits. The tsavorite nodules are always con- 
tained within graphitic gneiss and calc-silicates with inter- 
calations of marble. Elena Sorokina (Fersman Mineralogical 
Museum, Moscow) described a model of ruby and sapphire 
formation in marbles at Snezhnoe in Tajikistan. 


James E. Shigley 
GIA, Carlsbad, California 


ERRATA 


1. The S. Saeseaw et al. emerald inclusions article in the 
Summer 2014 issue (pp. 114-132) listed the photomicro- 
graph image widths ten times larger than their actual 


width. 


2. The Summer 2014 Gem News International section (pp. 
158-159) erroneously cited “absorption peaks” in the 
Raman spectrum of a jadeite bangle. We thank Thierry 
Cathelineau for bringing this to our attention. 
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A Fitting Conclusion to 
Our 80th Anniversary 


Welcome to the final issue of Ge*G’s 80th anniversary! Topics we've covered thus far 
include the Chinese and Sri Lankan gem and jewelry industries, beneficiation through 
Botswana's diamond industry, three-phase inclusions in emerald, HPHT synthetic 
diamonds, Myanmar’s remarkable “Jedi” spinel, and pleochroism in colored gems. 


In this Winter 2014 issue, three of our four articles focus on aspects of diamond. I was 
privileged to see the subject of one these papers up close: the Blue Moon diamond, prior 
to its exhibition at the Natural History « . . : 
MuscamobLos-Atipeles County: This. CM lead article discusses the sweeping 
spectacular gem was recovered from the changes br ought tor ough diamond pricing 
Cullinan mine—formerlyaDe Beers gyzq] sypply through the adoption of tenders 
operation—in early 2014. As such, it’s a oh . 

piece of the story told in our first two articles, which respec- and uve auctions. 
tively survey recent changes in rough diamond distribution with the growth of the auction system and review 
the Argyle mine’s exclusive pink diamond tenders, held annually since 1985. 


Our lead article, by GIA senior industry analyst Russell Shor, discusses the sweeping changes brought to 
rough diamond pricing and supply through the adoption of tenders and live auctions by leading producers. 
He explains that current opinion is divided: Some advocate auctions as a more accurate reflection of rough 
diamond market values, while others fear they encourage volatility of prices and speculation. 


Our second paper, by the GIA laboratory’s John King, Dr. Jim Shigley, and Claudia Jannucci, is a very timely 
one. The fall of 2014 marked the 30th edition of Argyle’s pink diamond tenders, the invitation-only auctions 
of the mine’s most prized gems. This paper offers an insightful review of each auction to date. Over the years, 
GIA has been in the fortunate position to grade these premium pink to red diamonds, and this article also 
presents a concise survey of the color, carat weight, and cutting style of the gems offered. 


Next, Dr. Eloise Gaillou of the Paris School of Mines, Dr. Jeffrey Post of the Smithsonian Institution, and 
their coauthors present a rare gemological study of the 12.03 ct Blue Moon diamond. Prior to its fashioning, 
this Fancy Vivid blue, internally flawless diamond set a record price for a rough gem, bringing US$25.6 
million in early 2014. 


In our final article, Dr. Le Thi-Thu Huong from the Hanoi University of Science and her coauthors deliver a 
preliminary study—contrasting FTIR and Raman spectrometry—on the topic of separating natural and 
synthetic emeralds using vibrational spectroscopy. 


In addition to these four feature articles, you'll find our regular Lab Notes and Gem News International 
sections. We've gathered a variety of GNI contributions in the winter issue, including entries on the first non- 
nacreous beaded cultured pearl described so far, a new Ethiopian black opal deposit, a beryl and topaz 
doublet set in fine jewelry, and demantoid garnet from a new deposit in Pakistan’s Baluchistan province. This 
last entry is coauthored by one of GIA’s new postdoctoral research associates, Dr. Aaron Palke. We're also 
delighted to publish a letter from distinguished gemologist Dr. Karl Schmetzer offering comment on the 
summer edition’s emerald inclusion article. 


As another year begins, we hope you find this issue a fitting conclusion to our 80th anniversary! 
Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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FEATUREMS st Game 


ROUGH DIAMOND AUCTIONS: 
SWEEPING CHANGES IN PRICING AND 


DISTRIBUTION 


Russell Shor 


Since 2007, rough diamond prices have become extremely volatile. One reason is the growing per- 
centage of rough diamonds now sold by tender and live auctions rather than the century-old system of 
marketing rough diamonds at set prices to a pre-approved clientele. This report explains the tender and 
live auction processes and discusses their effect on the rough diamond market, including pricing and 
the opening of a market that was once difficult to enter. 


rough diamonds (figure 1) were mined by a sin- 

gle company, De Beers, and marketed through 
its sales subsidiary at preset prices in a series of peri- 
odic sales called sights. Recently, diamonds have 
been mined by a growing number of smaller compa- 
nies, many of which have put their production up for 
bids at tender sales and auctions. De Beers and other 
major producers have also integrated tenders and live 
auctions into their sales processes to gauge market 
prices for their sight goods. A tender is a silent auc- 
tion where bids are submitted in writing and tallied 
at the specified close of the sale. Live auctions feature 
bidding that occurs in real time—online—and are 
won by the highest bidder at the closing time. Some 
sellers claim that diamond producers’ increasing use 
of tenders and live auctions, instead of the De Beers 
sight model of selling at a fixed price, has encouraged 
speculative buying and caused rough prices to be- 
come much more volatile, especially since 2009. Pro- 
ponents claim that tenders and auctions reflect 
“true” market prices, opening access to rough to 
more diamond manufacturers and dealers. The evi- 


| oF more than a century, the vast majority of 


See end of article for About the Author and Acknowledgments. 
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dence supports the volatility theory, although other 
factors such as the world economic crisis and the 
lending policies of leading diamond industry banks 
also created turbulence and unstable prices within 
the diamond pipeline. 


BACKGROUND 

In 1888, De Beers Consolidated Mines succeeded in 
taking control of the diamond mining operations 
around Kimberley, South Africa, following a lengthy 
battle that pitted its founder, Cecil Rhodes, against 
rival Barney Barnato. The Kimberley mines, discov- 
ered in the early 1870s, yielded millions of carats 
each year, most of which were sold into the market 
at wildly fluctuating prices (“Diamonds,” 1935). 
Rhodes and Barnato both believed that controlling 
production was essential to stabilizing prices. After 
Rhodes prevailed, gaining control of Barnato’s Kim- 
berley Central Diamond Mining Company, De Beers 
signed a contract with 10 distributors in London that 
would buy all of its production. This group of dia- 
mond houses was dubbed The London Syndicate 
(“Diamonds,” 1935). 

The idea originated with Barnato’s nephew, Solly 
Joel, a De Beers director and diamond wholesaler 
whose firm was part of the original Syndicate. Joel 
believed that regulating sales through a small num- 
ber of noncompetitive outlets was the key to main- 
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Some Additional Data 
on Indian Emeralds 


by 
DR. E. J. GUBELIN, C.G., F.G.A., Lucerne 


NDIAN EMERALDS and their specific 
properties were the subject recently 
dealt with by R. Webster’ and Dr. A. E. 
Alexander.” Both papers were still lying on 
the shelves of my laboratory for more 


from wishing to question the statements of 
the other authors by publishing the results 
of my examination, this collection of facts 
not only confirms their findings, but also 
contributes toward present-day knowledge 


intensive study when a parcel was submit- 
ted to me containing four Indian emeralds 
of sufficient size and quality to repay thor- 
ough investigation of their peculiarities. Far 


of Indian emeralds. 

I happened to test my first Indian emerald 
in 1943, when I noticed the distinct dif- 
ference of its inclusions in comparison with 
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taining stable rough diamond prices and an orderly 
supply chain. Another member of the original syndi- 
cate was Dunkelsbuhler & Company, managed by a 
young broker named Ernest Oppenheimer. 


ROUGH DIAMOND AUCTIONS 


Figure 1. Diamond pro- 
ducers are increasingly 
selling their rough goods 
through auctions rather 
than the traditional set- 
price sights. These 
rough diamonds from 
the Kao mine in 
Lesotho were auctioned 
in Antwerp in Novem- 
ber 2014. They include 
three light pinks (1.10 
carats total), eight yel- 
lows (3.13 carats total), 
and a large group of col- 
orless diamonds (68.79 
carats total). Photo by 
Robert Weldon/GIA. 


The Syndicate nearly collapsed during the finan- 
cial crash of 1907 and again during World War I, when 
mining was suspended. Oppenheimer gained backers 
from the United States to take over the newly discov- 
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Figure 2. Sorting diamonds at De Beers’s Diamond 
Trading Company headquarters at 17 Charterhouse 
Street in London. Photo courtesy of the De Beers Dia- 
mond Trading Company. 


ered coastal mines that Great Britain wrested from 
the former German colony of South-West Africa (now 
Namibia) after the war. That venture was named the 
Anglo American Corporation. Oppenheimer eventu- 
ally leveraged Anglo American’s highly profitable op- 
erations to take over both the Syndicate and De Beers 
by 1929, in effect controlling most African diamond 
production directly through mine ownership or indi- 
rectly through the Syndicate, which also distributed 
production from other mining operations outside De 
Beers’s ownership. 

Six years later, with the Great Depression causing 
a drastic drop in diamond sales, Oppenheimer dis- 
solved the Syndicate and directed all rough sales 
through a new marketing subsidiary called the Dia- 
mond Trading Company (DTC). The DTC mixed 
rough diamonds from all sources, sorting them by 
quality, shape, and weight (figure 2). This allowed the 
DTC to set standard selling prices for each category 
of rough instead of charging different prices from 
each producer. It also established the modern sight 
system, in which selected clients would be permitted 
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to buy directly from the DTC at 10 six-day sight pe- 
riods during the year. All sales were “take it or leave 
it,” with immediate payment required and no nego- 
tiating permitted. Prices were adjusted upward when 
market conditions warranted, but never downward. 
The DTC also served as a market regulator: In peri- 
ods of slack demand or overproduction, it would 
stockpile rough diamonds or impose production quo- 
tas on mining operations (“Diamonds,” 1935). 

De Beers operated its sight system with few 
changes until 2001, when it overhauled the sight- 
holder selection process as part of its Supplier of 
Choice initiative (Shor, 2005). The overhaul estab- 
lished two-year term limits for each client (later 
raised to 30 months], after which clients could apply 
for renewal and adopt “downstream” marketing re- 
quirements, which included spending funds on brand 
creation and advertising. Eight years later, in re- 
sponse to the economic crisis of 2008-2009, De Beers 
waived its traditional “take it or leave it” require- 
ment and allowed its clients to defer all, or portions 
of, their sight allotments. 

De Beers’s approach to rough market control 
changed as well. Through nearly all of the last century, 
the company commanded 75-80% of world rough di- 
amond sales. De Beers controlled not only production 
from its own mines but also the output from the for- 
mer Soviet Union, starting around 1963, as well as 
Australia’s Argyle mine from 1983 and a small portion 
of Canada’s Ekati mine from 1998. In addition, the 
company operated buying offices in a number of 
African countries with large alluvial production, in- 


In Brief 


¢ Diamond mining companies now sell about 30% of 
world production through auctions instead of fixed- 
price sights. 


e These auctions have a strong effect on rough diamond 
prices. 


Critics believe these auctions cause price volatility and 
encourage speculation, to the detriment of manufactur- 
ers who require consistent supplies of rough diamonds. 
¢ Proponents maintain auction sales provide a truer mar- 
ket barometer that is more beneficial to the market in 
the long run. 


cluding Angola, Zaire (now the Democratic Republic 
of the Congo), and Sierra Leone, to take in portions of 
diggings from artisanal miners (Even-Zohar, 2007a). 
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Until the early 21st century, the 15-20% of rough di- 
amonds sold outside De Beers’s sales offices were gen- 
erally traded through long-established networks of 
dealers in source countries. These were distributed to 
large rough brokers in Antwerp, who in turn sold 
them into the diamond pipeline. Some of these trans- 
actions were completed in Antwerp’s legally sanc- 
tioned diamond clubs, and others were off-the-books 
“gray market” deals (King, 2009). 

While the Soviet Union classified its yearly pro- 
duction figures as a state secret (including its sales 
arrangement with the DTC), it was generally esti- 
mated to account for one-fourth of DTC sales, mak- 
ing it the world’s third-largest diamond producer by 
value behind South Africa and Botswana (where 
production began in 1970). Thus, while De Beers’s 
own operations accounted for about 45% of rough 
production by value through the 1980s, the share it 
actually controlled was 80% (“The diamond car- 
tel...,” 2004). 

The DTC’s control over the rough diamond mar- 
ket began to wane in the early 1990s, after the 
breakup of the Soviet Union ended the central gov- 
ernment’s tight grip on provincial resources. The 
Kremlin, in cooperation with the Sakha Republic, 
where most of the country’s diamonds are mined, 
created a mining and marketing organization called 
Alrosa (Shor, 1993). While Alrosa was still in its 
formative stages, some Russian government officials 
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began releasing millions of carats of gem-quality di- 
amonds into the world market under the guise of 
“technical” (industrial) stones that had been exempt 
from the sales agreement with De Beers (Shor, 1993). 
This depressed polished diamond prices for several 
years, especially with the smaller stones comprising 
the vast majority of these goods. 

In 1996, Australia’s Argyle operation, owned by 
Rio Tinto, became the first major producer to leave 
the DTC sales arm. Argyle was then the largest 
source of diamonds by volume—more than 40 mil- 
lion carats yearly—though the material was predom- 
inantly lower in quality. Rio Tinto, whose executives 
had long chafed over the production and sales quotas 
De Beers levied on its operation, established its own 
sales office in Antwerp, as well as a selling system 
similar to De Beers’s sights (Shor, 1996). 

In 1998, the large mining company BHP Billiton 
commissioned the first Canadian diamond mine, 
Ekati. BHP signed a three-year agreement to market 
35% of its production through the DTC while selling 
the remainder through its own sales channel at fixed 
prices, a system akin to De Beers’s sight system (fig- 
ure 3). When Diavik, another large Canadian mine 
majority owned by Rio Tinto, came on line three 
years later, BHP ended its sales agreement with De 
Beers, marketing all of its production through its 
own offices. Rio Tinto integrated the production 
from Diavik into its Argyle sales operation. 


Figure 3. Diamonds 
from BHP’s Ekati mine 
were the first major 
production sold by ten- 
der auction. Photo 
courtesy of BHP Dia- 
monds Inc. 
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Beginning in 2000, De Beers radically restructured 
its operations and strategic role in the diamond mar- 
ket. The company closed its African buying offices in 
2000. Two years later, it signed an agreement with the 
European Monopolies and Mergers Commission to 
phase out its marketing of Russia’s diamond produc- 
tion over seven years. De Beers also sold its diamond 
stockpile and curtailed its market custodianship by 
declining to limit sales during slower demand periods 
(Harden, 2000). 

At the same time, De Beers itself contributed to 
the rough market’s fragmentation by divesting most 
of its aging South African mines to smaller companies. 
It sold its Premier mine (now called the Cullinan), the 
Finsch mine, its Kimberley operations, and several 
smaller prospects to Petra Diamonds, while its Na- 
maqualand properties went to Trans Hex. 

These changes brought a sharp decline in De 
Beers’s market share and, with it, the ability to dictate 
rough prices. In 2003, De Beers’s mines, which it 
owned outright or in partnership with the govern- 
ments of Botswana and Namibia, produced just under 
43.95 million carats and still commanded a 65% mar- 
ket share by value, 55% by volume. By 2012, De 
Beers’s production had declined to 27.9 million carats 
(De Beers Group, 2012); with no contract sales, the 
company’s share of the rough diamond market slipped 
to approximately 40% by value and 29% by volume. 

Thus, within a decade, the production and sale of 
rough diamonds passed from the control of one major 
company with a stated priority of maintaining price 
stability to a multichannel environment, with major 
players such as Rio Tinto, BHP, and Petra eschewing 
market custodianship in favor of maximizing sales by 
adjusting prices to market conditions. This policy re- 
quired the creation of a flexible pricing mechanism, 
setting the stage for new avenues of marketing rough 
diamonds. 


THE RISE OF TENDER AND AUCTION SALES 
Before 2000, the use of tender auctions to sell rough 
diamonds was limited primarily to Rio Tinto’s small 
production of fancy pink diamonds. Starting in 1985, 
the company held an annual sale of these stones at a 
luxury hotel in Geneva, surrounding the event with 
a strong publicity push. Producers of saltwater cul- 
tured pearls had been using the tender auction model 
for decades, conducting sales in Japan and Hong Kong 
and experiencing, over the long term, much greater 
price volatility than rough diamond producers (Shor, 
2007). 
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Smaller mining companies that entered the market 
during the early 2lst century began adopting 
tender/auction sales instead of dealing through bro- 
kers as their predecessors had done. Some of these 
companies, such as Petra Diamonds and Gem Dia- 
monds (figure 4), were publicly traded and required a 
more transparent pricing model to comply with secu- 
rities regulators. Meanwhile, the emerging diamond 
center of Dubai began hosting rough tenders in 2005 
through the newly formed Dubai Diamond Exchange. 
Global Diamond Tenders, based in the United Arab 
Emirates, conducted the first sales from production of 
small mining operations in southern Africa, selling 
435,000 carats for US$66 million. That year, Dubai 
saw the trading of 1.9 million carats of rough, valued 
at $2.36 billion (Golan, 2005). 

Major diamond producers, however, were reluctant 
to alter the fixed-price sight system because it guaran- 
teed a steady, predictable cash flow. This continued until 
early 2009, when BHP Billiton, after three years of trials, 
became the first major producer to fully convert to the 
tender auction system, citing the desire to sell at “true” 
market prices. In 1998, its first year of diamond mining, 
BHP established a multi-tier distribution system, with 
50% of the production sold to eight “regular” clients and 
20% to nine “elite” customers. Elite customers paid a 
premium over BHP’s price book in exchange for the right 
to reject a portion of their allocations. Like the DTC, 
BHP held sights every five weeks, each totaling about 
$60 million (Cramton et al., 2012). Also like the DTC, 
it divided rough stones into about 4,000 categories 
(called “price points”) according to weight, shape, size, 
clarity, and color. BHP then grouped 200 price points 
into aggregate lots called “deals,” which were then sub- 
divided into parcels called “splits.” Thus, a client could 
buy several splits from a variety of deals representing dif- 
ferent sizes and qualities. 

The remaining 30% of the rough went, through di- 
rect sale, to cutting firms in the Northwest Territories 
and to some retailers. Beginning in 2004, BHP added a 
trial tender sale, a market window channel (a limited 
sales channel for sellers to gauge prices and demand), 
and a separate channel for “special” stones over seven 
carats. The trial tender sales, which consisted of 20 as- 
sortments, ranged from $200,000 to $500,000 each. 
Generally the bids from customers came in a few per- 
centage points above BHP’s price for comparable goods 
over the trial period, so the company expanded its ten- 
der auction to 60% of production (mostly melee 
goods) in September 2008, with a full conversion to 
tender sales in February 2009 (Golan, 2008). 
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Figure 4. Operations at the Letseng mine in Lesotho. Gem Diamonds, which owns a 70% stake in the mine and 
markets all of its production, began selling all of its approximately 100,000-carat yearly production by tender auc- 
tion after restarting operations in 2006. Photo by Russell Shor/GIA. 


BHP’s Ekati mine produced 6% of the world’s di- 
amond supply in fiscal year 2007—3.3 million 
carats—with a revenue of $583 million. BHP’s tender 
system was divided into three channels: a spot auc- 
tion, term auctions, and special sales. The spot auc- 
tion was based on single transactions. Because there 
were a number of similar parcels or splits offered at 
each sale, all bids above the minimum reserve price 
were averaged out to what BHP called the “clearing 
price” and sold at that price. While the final sale price 
would be the same for all winning bidders, the re- 
ward for higher bidders was that they received larger 
allocations if the demand exceeded available supply 
for a particular deal. In a term auction, the company 
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offered an 18-month supply contract with auctions 
conducted in a different system, as well as special 
sales for large stones over seven carats. Term auc- 
tions employed what is known as an ascending 
clock, lasting for three hours during each sale period. 
Prices for each split opened at a small discount below 
the prices set by the spot auctions and steadily rose 
via online bidding until the three hours expired, or 
until prices reached the point where bidders declined 
to raise their offers. 

BHP conducted the third type of auction for spe- 
cial stones larger than seven carats in three sales each 
year. Stones were offered individually or in small lots 
that grouped several similar rough stones. The sale 
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used the ascending clock format, which was believed 
to provide the truest price discovery (Cramton et al., 
2012). 

The bidding process was designed to achieve 
“true” market prices by averaging the clearing price, 
which would reduce the influence of speculative bid- 
ders and ensure that all serious bidders received 
goods. This process would also prevent buyers from 
colluding to limit prices by keeping a large client 
base spread around the world and establishing re- 
serve prices based on extensive market knowledge 
(Cramton et al., 2012). 

BHP began phasing in its regular tender auction 
sales in July 2008, selling more than half of its pro- 
duction through this avenue. It completed the 
process by February 2009. The move’s timing, com- 
ing as it did in the midst of the gravest financial crisis 
since the 1930s, ensured controversy. 

In the fall of 2008, after news of the near collapse 
of the global financial system, the rough diamond 
market, along with most other economic activity, 
saw a plunge in demand. De Beers continued to hold 
its regular sights but at a greatly diminished level, 
announcing it would reduce rough sales to 50% of 
pre-crisis levels. But sights in early 2009 were down 
much more—just $135 to $150 million compared to 
$750 million the previous year (Golan, 2009a). The 
company also suspended or severely curtailed its 
Botswanan and Namibian operations, for which 
there was little demand. De Beers found itself in the 
extraordinary position of having to borrow $500 mil- 
lion from its shareholders to maintain cash flow 
(Even-Zohar, 2009a). 

Other major players in the industry were also af- 
fected. Russia’s Alrosa, the world’s second-largest di- 
amond producer, continued mining at pre-crash 
levels but sold most of its goods at unspecified dis- 
counts to Gokhran, the Kremlin’s stockpile of pre- 
cious materials. Rio Tinto cut back production in its 
Argyle and Diavik mining operations by 12% in the 
fourth quarter of 2008. The next year, it shut portions 
of Argyle for maintenance (Golan, 2009b) while ad- 
justing prices downward—nearly to the levels of BHP 
tenders. Rio Tinto made no formal announcement 
on prices, so the extent of its discounting did not be- 
come known until early 2010. 

BHP, however, continued to sell Ekati’s full pro- 
duction. Prices at its October 2008 tender fell 35- 
45% from the previous month and continued to slide 
another 10-15% through February 2009. Critics of 
BHP’s move to the tender system blamed the com- 
pany for undermining the market and adding to the 
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diamond industry’s difficulties (Golan, 2008). Yet the 
company benefited greatly; BHP’s revenues during 
this period actually exceeded De Beers’s because it 
was able to sell its entire output instead of restricting 
sales and curtailing production (Cramton et al., 
2012). Conversely, when prices began recovering 
after June 2009, BHP’s prices accelerated much more 
rapidly than those of other producers. 

The economists who created the tender sale 
model for BHP wrote in a 2010 evaluation that the 
process offered a number of advantages to mining 
companies over the fixed-price sales employed by De 
Beers and other large producers, including: 


e True market price discovery. The study 
claimed that De Beers had underpriced its 
rough for many years, which helped create the 
supply-driven market. 


e Getting the premium value from bidders who 
wanted only the quantities and qualities of 
rough they needed, as well as a consistent sup- 
ply. In short, buyers would be bidding highest 
for their preferences. Under the De Beers sight 
system, clients were usually obliged to pur- 
chase goods for which they had no current use, 
requiring them to sell that material to other di- 
amond firms. 

e A competitive bidding environment, which 
usually resulted in higher prices and getting 
goods into the hands of clients who valued 
them the most. 


e Pricing transparency (Cramton et al., 2012). 


Many BHP clients and veteran diamond manufac- 
turers criticized the tender system, citing several of 
the reasons enumerated by Moti Ganz, then presi- 
dent of the International Diamond Manufacturers 
Association: 


e The competitive nature of bidding could com- 
promise the regular supplies necessary to main- 
tain a stable diamond manufacturing business. 
Without such supply stability, diamond indus- 
try banks would be reluctant to finance manu- 
facturers’ operations. 


e The bidding process encouraged speculative 
buying, especially from large companies that 
might want to dominate sales and push prices 
beyond the reach of smaller manufacturers. Ul- 
timately this would work against the mining 
companies by putting them at the mercy of a 
few large buyers. 
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Figure 5. Through its online auctions, De Beers Dia- 
mond Auctions (formerly Diamdel) is now the single 
largest distributor of rough diamonds by tender. 


e Prices could become very volatile, cutting into 
profits and further discouraging banks from fi- 
nancing rough purchases (Ganz, 2011). 


As BHP Billiton converted to the tender system, 
De Beers began its own tender auction system through 
its Diamdel subsidiary. De Beers had formed Diamdel 
in the mid-1960s to provide rough diamonds at set 
prices to smaller manufacturers who could not qualify 
for sightholder status. By 2007, however, the venture 
was costing a great deal of money (Even-Zohar, 2007b}, 
prompting De Beers to close Diamdel’s offices and re- 
organize it to sell rough via online auctions. The reor- 
ganized Diamdel (figure 5) was charged with selling 
10% of De Beers’s run-of-mine production. Of that 
10%, 70% would be sold by auction and the remain- 
der by set-price sale (Shishlo, 2010). 

The first sale, in 2008, consisted of 16 lots grouped 
by size and quality, with buyers able to view them 
online. Since then, the auctions have been spread out 
over each calendar month, with one day dedicated for 
each size and quality lot. The auctions were con- 
ducted online through the offices of Curtis Fitch in 
England, an e-commerce auction service provider in 
which De Beers acquired a 25% stake in 2013. As 
with other online auctions, potential buyers could ex- 
amine parcels and then place bids in a time window 
on the scheduled ending day (Robinson, 2013a). 
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The first auction realized prices ranging 12-18% 
above comparable goods sold at De Beers’s sights, be- 
cause most of the buyers believed that rough prices 
were rising sharply enough for them to recoup their 
premiums over the long run (Even-Zohar, 2008). 
Eighty companies based in Hong Kong, Tel Aviv, 
Antwerp, and Mumbai bid on the 300 lots offered at 
online auctions (De Beers Group, 2008). By the year’s 
end, Diamdel had reported sales of $444 million, but 
the percentage sold at auction remained unspecified 
because the company had included set-price transac- 
tions by the Hindustan Diamond Company (the 
Mumbai branch of Diamdel]. 

The following year, Diamdel did not report a sales 
figure, noting the rapidly deteriorating demand for 
rough as the world economic crisis took hold. The 
company revealed that it had sold 85% of the 695 
lots offered at its first presentations, with 88 compa- 
nies participating. By 2011, sales had increased 30% 
over the previous year to $405 million, with 2,614 
auction lots offered and 152 firms placing winning 
bids (De Beers Group, 2011). Using Diamdel’s 70% 
auction sales as a guide, an estimated $310 million 
worth of rough was sold through this channel. 

In 2012, Diamdel was renamed De Beers Auction 
Sales and began selling 100% of its rough through on- 
line auctions. That year, however, saw the company’s 
production reduced by a severe accident at its largest 
mine, Jwaneng in Botswana. Furthermore, growing 
liquidity problems in the diamond industry forced 
De Beers Auction Sales’s total down 12% to $356 
million, from 151 online auctions that offered 3,807 
lots totaling an estimated 2.7 million carats. The 
company noted that despite the slowdown in the 
rough market, “competition in short-term rough di- 
amond buying opportunities is intensifying as more 
players adopt the auction sales and pricing approach” 
(De Beers Group, 2012). 

In 2013, Diamdel and its online provider, Curtis 
Fitch, instituted forward contract sales in addition to 
its spot-market bidding system to help clients de- 
velop supply continuity. The first contracts, for 
three-month supplies of specific sizes and qualities, 
began in December 2013. The company planned to 
extend contracts to one year in 2014. 

According to De Beers, the new forward contract 
sales would provide customers the opportunity to se- 
cure longer-term supply at auction events and enable 
more effective planning and commitment to longer- 
term agreements with their own customers. “The for- 
ward contract sales offer customers the opportunity 
to bid for future supply of the types and quantities of 
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Figure 6. This chart shows average prices of rough diamonds from major producers. In 2008, prices became volatile 
after BHP converted to a tender auction system, as its rates influenced the set-price market as well. Source: Cram- 


ton et al. (2012). 


rough diamonds they require, when they require 
them. The new proposition will complement current 
spot auction events,” announced De Beers Auction 
Sales senior vice president Neil Ventura. The purchase 
price for the volume of rough diamonds in a forward 
contract would be determined by a customer’s bid rel- 
ative to the spot price for the same type of goods at the 
De Beers Auction Sales spot auction when the con- 
tract matured (Odendaal, 2013). 

Within two years of BHP’s and Diamdel’s adop- 
tion of the tender system, most smaller mining com- 
panies, seeing how the returns had improved, moved 
from selling through contracted rough dealers to ten- 
dering their own productions. By 2010, as much as 
20% of all rough production worldwide was being 
sold through some form of auction, and this had be- 
come a key price driver in the rough market (R. Platt, 
pers. comm., 2013). Rio Tinto, currently the world’s 
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third-largest diamond producer, announced in early 
2010 that it would tender a “small percentage” of its 
Diavik production to gauge price levels. After the ini- 
tial sale, several longtime Rio Tinto clients claimed 
they were priced out of the tender by the newer com- 
panies invited to bid (Golan, 2010). 

A BHP economic study confirmed the volatility 
of the rough market from mid-2009 through 2012. 
The study found that average prices, which had been 
slowly rising through most of the past decade (with 
the exception of the deep plunge late in 2008), more 
than tripled between June 2009 and March 2011. 
BHP tender prices led these increases by one month, 
suggesting that bidders in other tenders, as well as 
set-sale producers, were following its ascent. Simi- 
larly, in early 2011, after disappointing Christmas 
sales of diamond jewelry in the U.S. cooled the mar- 
ket, BHP’s sales were the first to fall, giving up about 
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one-third of their gains by year’s end. Fixed-price pro- 
ducers De Beers and Rio Tinto showed much less 
volatility, but their prices remained well below the 
tender sellers’ (figure 6). But in December 2010, Di- 
amdel chief executive Mahiar Borhanjoo denied that 
the company’s auction results were causing the rapid 
rise of rough prices at De Beers’s sights, claiming that 
auction results were only one of many data sources 
the company used in pricing its set-sale sights 
(Shishlo, 2010). 

As the number of smaller producers proliferated— 
in 2013, there were 27 active diamond mining com- 
panies operating 40 mines (B. Janse, pers. comm., 
2.014}—so did the number of tender sales. This led to 
the creation of several tender auction consolidators 
such as Fusion Alternatives, which handled the pro- 
duction from multiple sources. Formed in 2010 in co- 
operation with diamond brokerage I. Hennig & Co., 
Fusion Alternatives offered a platform for small pro- 
ducers and dealers of artisanal production to market 
rough diamond in both online and physical auctions. 
To attract the latter, the London-based company es- 
tablished offices in Antwerp and Israel and later 
Dubai and Johannesburg. The company vetted buy- 
ers’ credentials and bank references to ensure they op- 
erated legally and ethically and were financially 
qualified. 

Fusion Alternatives holds several consolidated 
producers’ sales each week in its offices. Each sale 
consists of about 25,000 to 30,000 carats, including 
larger stones from Namakwa Diamonds’ Kao mine 
in Lesotho, with 30 to 50 buyers participating. Com- 
pany executives say that prices fluctuate from one 
sale to the next but maintain that competitive pres- 
sure in the auction setting is only one reason. 

“Of course some buyers will overpay to obtain 
certain goods,” says Raphael Bitterman, a partner in 
the company. “But there are many factors at work to 
affect prices and demand today: the wild changes in 
exchange rates, particularly the rupee; the credit 
standing of the buyer; and, of course, the banks’ 
changing credit requirements.” 

Tenders are often more focused on specific sizes 
and qualities than the larger sights, where clients are 
usually obliged to buy rough for which they have no 
immediate use. Larger companies can absorb these 
goods and sell them—often profitably—into the sec- 
ondary market, but small operations cannot assume 
this financial burden up front. Similarly, manufac- 
turing is becoming more specialized for niche mar- 
kets, and manufacturers now have very specific 
needs. Tender sales give smaller players access to di- 


ROUGH DIAMOND AUCTIONS 


rect supplies of rough. For instance, Fusion Alterna- 
tives will sell rough parcels as small as $25,000 to 
$50,000 (about 10% of a minimum De Beers sight} 
to small cutting firms (figures 7 and 8). This helps 
small manufacturers source rough to grow their busi- 
ness, says Bitterman, while staying price-competitive 
with larger firms. 

By 2013, tender and auction sales had become an 
established source of rough supply. This was mainly 
because of the quality and variety of material offered, 
but also because many key rough dealers had come 
to understand how the process worked. They knew 
which tender/auction sales offered the goods they 
needed and could adjust their businesses to the sales 
schedules (Golan, 2014; R. Bitterman, pers. comm., 
2013). 

Another significant move toward the auction sys- 
tem came at the end of 2013, when De Beers began 
auctioning a portion of its Botswana production 
through a newly formed government enterprise 
called the Okavango Diamond Company. Okavango 
is actually a hybrid set-price/auction setup that pur- 
chases rough allocations from Debswana—the fifty- 
fifty joint venture between De Beers and the 
Botswana government—for a fixed price and then 
sells the rough in auctions held every five weeks. 


Figure 7. These large stones (upwards of 10.8 ct) 
from the Kao mine in Lesotho were offered by Fu- 
sion Alternatives at a December 2013 tender sale in 
Antwerp. Photo by Russell Shor/GIA. 
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Okavango’s plan is to market 12% (increasing to 
15% within two years) of Debswana’s production, 
representing about $400 million yearly, or 2.5 to 3 
million carats (Robinson, 2013b). 

While the company vets each potential client that 
registers to buy, the process is not nearly as cumber- 
some as the lengthy application De Beers requires for 
its sightholders. Consequently, about half of the 
clients are nonsightholders. As with other tender 
sales, rough is divided into various size, shape, and 
quality categories and then subdivided into parcels. 
Special stones 10.8 carats and larger are auctioned 
separately. Every lot is available for a full day of view- 
ing before the scheduled auction. The auction is held 
online during a three- to four-hour period (M. ter 
Haar, pers. comm., 2013; Robinson, 2013b). 

The first pilot sale of 123,000 carats, held in Au- 
gust 2013, netted a total of nearly $20 million (Wynd- 
ham, 2013). Some categories of rough sold as much 


Figure 8. This 41.76 ct rough diamond from the Kao 
mine in Lesotho, classified as light brown, was sold 
by Fusion Alternatives at a December 2018 tender in 
Antwerp. Photo by Russell Shor/GIA. 
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as 51% higher than comparable De Beers goods. 
These prices were surprising, considering that 
throughout 2013, De Beers clients had deferred buy- 
ing as much as one-quarter of their regular sight al- 
locations, presumably because prices were too high. 
Okavango’s first full auction in November saw prices 
more in line with De Beers’s sight goods, possibly be- 
cause the banks that finance the diamond trade had 
announced they would fund only 70% of rough pur- 
chases going forward, instead of 100% (Shor, 2013). 

Okavango executives acknowledge that auctions 
can create short-term price volatility but insist that 
over the long term, auctions reflect market prices. 
Besides driving higher prices for its rough diamonds, 
the Botswana government is hoping the Okavango 
tenders will help supply the growing diamond- 
manufacturing industry around the capital city of 
Gaborone (Weldon and Shor, 2014). This would in- 
crease traffic of smaller and midsize diamond manu- 
facturers into Botswana while boosting revenues (M. 
ter Haar, pers. comm., 2013). 

Like De Beers, Alrosa and Rio Tinto still market 
most of their rough to specific clients in set-price sale 
contracts. Both companies have been auctioning 
their “specials’”—rough diamonds larger than 10.8 
carats—and very specific types of rough for more 
than a decade. Alrosa, mostly in conjunction with 
major trade shows where there is a concentration of 
diamond firms, sells about 25% of its production by 
value through such sales (figure 9). Through its 
Antwerp sales office, Rio Tinto sells about 10% of its 
production by value through auctions or tenders 
(Bain & Company, 2013). 

Since 2011, one of the drivers of tender/auction 
sales by volume has been the huge production from 
Zimbabwe's Marange deposit. This output is mainly 
industrial—8% gem and an additional 8% near- 
gem—but sizable in volume, totaling an estimated 
17 million carats in 2013 (Shor, 2014). In 2007-2008, 
Marange drew controversy after Zimbabwean forces 
evicted thousands of artisanal miners from the area, 
resulting in an estimated 180 deaths. Although min- 
ing continued, the Kimberley Process officially 
banned exports until lifting the embargo in Novem- 
ber 2011. Subsequently, the four licensed mining 
firms began holding regular tender sales in the capital 
city of Harare and in Dubai. At the end of 2013, the 
Antwerp World Diamond Centre, working with the 
Kimberley Process, succeeded in aggregating some of 
these tenders and moving them to a newly commis- 
sioned tender/auction facility in the AWDC head- 
quarters building. 
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Figure 2 


e Absorption spectrum of dark green 
Indian emerald. 


anything hitherto known to me, but as it 
was a-single specimen I was not able to 
draw any definite conclusions. My suspicions 
wete, however, sufficiently aroused by its 
abnormality, and I took some photomictro- 
graphs, keeping them apart in the hopes of 
later insight. Then I tested some again in 
the years 1945 to 1948, at the same time 
as the first details of the Ajmer-Udaipur 
Mines became known.’ ** 

The mines so far under operation are 
located in the Arawali Mountains range, 
which stretches from Ajmer southwards 
beyond Udaipur, in the States of Rajputana 
and Merwara. The exact sites have been 
indicated as lying near Kaliguman, a hamlet 
halfway between Amet, and the famous old 
fortifications of Kaliguman, approximately 
thirteen miles from the station,’ and near 
Bhilwara. (Figure 1) These new emerald 
sources wete discovered at the beginning of 
the war in the course of extensive prospect- 
ing for beryl and mica in that area. As 
far as these latter raw materials, important 
to the war industry, were concerned the 
undertaking met with no success, but the 
prospectors discovered some crystals of a 
rich green color, which were later identified 
by the Geological Survey of India, as emer- 
alds of low to good quality. Upon this 
exciting discovery, mining was systematic- 
ally organized and was soon showing results. 


Emerald crystals ranging from one and one- 
half to five inches in length and up to one 
and one fourth inches in diameter were 
found in situ. Those described hereafter 
may be tegarded as reliable examples of 
the properties of Indian emeralds, which 
ate now appearing on the market at more 
frequent intervals. k 


This Indian deposit would appear to be 
of the same character as the well-known 
emerald seam in the Ural mountains, where 
the emeralds in a contact zone 
between granite and crystalline schists. 
Besides this Siberian occurrence those in 
South Africa and in the Habach Valley in 
Austria are of the same type. Similarity is 
especially striking between the Habach and 
the Indian deposits, and all following obser- 
vations on the mother rocks and accessory 
minerals holds true for both localities. 


occur 


The rocks in the vicinity of the emerald 
mine at Kaliguman consist of layers of 
hornblende schist upheaved at a steep in- 
cline. It measures approximately 100 yards 
in length and 60 feet in depth, and is 
southwards flanked by impure talcose and 
chloritic schists which alter, towards their 
periphery, into normal hornblende schists. 
The northern area has not yet been ex- 
plored, but further strata of biotite schist 
may be expected. 


The occurrence of emerald is inherent in 
the biotite schists towards whose depths the 
emerald content seem to diminish. Those 
interested in the study of deposits may like 
to know that some kind of a quartz-feldspar 
rock, which is likely to have resulted from 
a pegmatitic intrusion, was observed in the 
mine. With regard to the internal paragen- 
esis the fact that pockets of actinolite and 
hornblende asbestos are enclosed in the bio- 
tite schists may be of some importance, 
since actinolite crystals also belong to the 
endogenesis of Russian emeralds. Occasion- 
ally a few veins of limestone traverse the 
housing rocks. 


The workings were primarily operated 
as open pits, but the disintegrated nature 
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A 280,000-carat pilot tender in December 2013, 
consisting of mainly lower-quality material, was 
deemed a success by Zimbabwe’s government and 
the AWDC, which led to the scheduling of a second 
sale in February 2014. While that tender in Antwerp 
exceeded 960,000 carats, the licensed producers have 
continued to hold separate tenders in Dubai and Zim- 
babwe while also providing goods for the Antwerp 
sales (Shor, 2014). 


THE TENDER DEBATE 

In the fall of 2013, a resurgence of prices at the ten- 
ders and auctions, while polished prices remained 
soft, prompted the International Diamond Manufac- 
turers Association (IDMA) to ask that mining com- 
panies allocate “reasonably large amounts” of their 
goods for sale outside of the tender system (Robin- 
son, 2014). The IDMA blamed such sales for the 
speculation that has further reduced industry profits, 
except at the mining level. 

The IDMA complained that the system was espe- 
cially hard on the small and medium-sized compa- 
nies that comprise the bulk of its membership. These 
firms did not have the financial muscle to compete 
with larger companies, which often push prices be- 
yond an affordable range. IDMA members added that 
tender sales made it difficult to plan for the long term 
and fulfill their customer needs because they could 
not be assured of a consistent supply of rough dia- 
monds. IDMA further argued that producers might 
benefit from high prices in the short run, but in the 
long run a healthy diamond market is in their best 
interest as well. 

By late 2014, nearly every diamond mining com- 
pany was conducting either a portion or all of its 
sales by tender and auction. An estimated 30% of 
world diamond production was sold by tender and 
auction events, compared to almost none a decade 
earlier. This was despite the fact that Dominion Re- 
sources, which acquired BHP’s diamond operations 
at the end of 2012, reverted to the set-price model (R. 
Platt, pers. comm., 2013). In mid-2014, however, the 
company reported that it planned to resume tenders 
for a small portion of its production to monitor mar- 
ket prices. The major producers such as De Beers, Al- 
rosa, and Rio Tinto have adopted a mixed model that 
allows them to reap the steady cash flow from con- 
tracted set-price sales while adjusting prices (mainly 
upward) based on the results of their auction sales 
(“Times are changing,” 2013). 

Lukoil, a new Russian producer that owns a ma- 
jority stake in the Grib diamond deposit in the 
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Figure 9. This array of large rough diamonds was 
presented at an Alrosa tender held in Hong Kong in 
September 2013. Photo by Russell Shor/GIA. 


Arkhangelsk region adjoining Finland, began selling 
its production at auction in Antwerp in the fall of 
2014. The sales were operated by several former BHP 
executives using the ascending clock format that had 
characterized most of that company’s rough sales 
until the end of 2012 (Miller, 2014). 

While tender and auction sales still comprise a 
minority of rough sold into the market, they have be- 
come the driving force of rough prices. Nearly all di- 
amond producers, including De Beers, apply the 
results of their own tenders or auctions to the rough 
prices at their traditional sights. As one analyst ex- 
plained, De Beers’s use of the tenders means that, in 
effect, the prices realized at these sales influence the 
pricing for 40% of total diamond production by 
value. Likewise, Alrosa tenders a small percentage of 
its run-of-mine production to gauge price levels, and 
this influences the prices for the goods it sells by con- 
tract sales (Wyndham, 2013; M. ter Haar, pers. 
comm., 2013). 


PRICE VOLATILITY AND ITS EFFECT ON THE 
MARKET 

While the debate over the effect on rough prices con- 
tinues, proponents still argue that, speculation aside, 
tender sales more accurately reflect prevailing mar- 
ket prices. Opponents maintain that the stability af- 
forded by the sight system is necessary for a healthy 
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diamond market. But as figure 10 shows, rough dia- 
mond prices over the past decade were stable only at 
the sources: De Beers, Alrosa, and Rio Tinto. In the 
secondary rough market, where the rest of the play- 
ers operated, volatility was high. The chart, which 
lists average premiums De Beers sightholders got for 
selling their sight goods to diamond manufacturers, 
shows fluctuation between +13% and—11% between 
the second half of 2003 and the second half of 2006, 
well before tender/auction sales had a pronounced ef- 
fect on the market. Of particular note is the 35% pre- 
mium during the first half of 2008. The extraordinary 
events of 2008, after BHP Billiton’s full conversion to 
the tender auction system, touched off a credit-fueled 
speculative bubble, mainly on larger goods, that 
drove prices of both rough and polished to unprece- 
dented highs just before the late-year economic crisis 
(Even-Zohar, 2009b). After the crash, prices fell to a 
2.5% deficit one year later. 

By mid-2009, the BHP effect as described by 
Cramton et al. (2012) had taken hold, with premiums 
on De Beers sight rough soaring to 15% by year’s end. 
Outside events also served to influence market 
prices. In India, where the diamond industry was hit 
hard by the economic crisis, banks had established a 
credit program to fund diamond manufacturers’ op- 
erations until the industry recovered, thus restoring 
jobs to hundreds of thousands of workers (Shor, 
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2009). At the same time, rumors of rough shortages 
swept the market, touching off a buying spree with 
bank-advanced funds (“Rough shortages looming,” 
2009). 

By 2010, bank financing was fueling a speculative 
boom in both rough and polished prices. Much of this 
boom was caused by a practice later dubbed “round- 
tripping,” in which some Indian diamond manufac- 
turers secured higher credit lines by inflating export 
totals by as much as three to four times to make it 
appear their business was growing at that rate 
(Golan, 2012). 

In the second half of 2011 (again, see figure 6), 
rough prices abruptly declined. The catalyst that 
broke the bubble was disappointing economic news 
from the United States, which caused banks to issue 
their first round of credit tightening. The Indian gov- 
ernment announced it would impose a 2% duty on 
polished diamond imports to discourage round-trip- 
ping (Golan, 2012). 

How volatile these prices would have been under 
the De Beers—dominated sight system is open to de- 
bate. Evidence shows that during difficult economic 
circumstances, the company reduced sales volume 
in an effort to maintain rough prices. As noted ear- 
lier, price stability at the primary (i.e., sightholder) 
level did not always carry over to the secondary 
rough market or the polished market, both of which 


Figure 10. This chart shows 
the average premiums of 
De Beers DTC rough ob- 
tained by dealers during 
each six-month period be- 
tween the second half of 
2003 and the first half of 
2013. While De Beers and 
other major producers kept 
rough diamond prices rela- 
tively stable in the years 
before tender auctions, 
they were quite volatile in 
the secondary market. A 
large percentage of rough 
sold by De Beers still goes 
to rough dealers, who then 
sell the rough to manufac- 
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showed high volatility during the early 1980s, when 
commodity markets crashed after a bubble, and in 
the Asian financial crisis of the late 1990s. 

Looking back on the 2013 results, De Beers CEO 
Philippe Mellier said the company had no plans to 
increase the percentage it sells through auctions 
(pers. comm., 2014) but noted that its sales allowed 
many newcomers and nonsightholders the opportu- 
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Figure 11. These nine 
rough diamonds from 
the Kao mine, 75.37 
carats total, were 
among those auctioned 
at Fusion Alternatives’ 
November 2014 sale in 
Antwerp. Photo by 
Robert Weldon/GIA. 


nity to purchase rough diamond directly from a pro- 
ducer. He said that several customers were named 
sightholders in 2012 based on their participation in 
De Beers auctions. Between its direct auction sales 
and indirect sales through Okavango, De Beers is, 
ironically, the largest seller of rough at auction and 
tender, with an estimated total of 5.75 million carats 
in 2013 (Anglo American Corp., 2013). 
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CONCLUSION 

The diamond industry is in the midst of numerous 
transitions as it moves from single-source to multi- 
channel supply, with more pressure from govern- 
ments, regulatory agencies, and financial institutions, 
in addition to the trend toward tender and auction 
sales. There is general agreement that the evolution 
to tender/auction sales of rough diamonds has caused 
considerable price volatility at the producer level, par- 
ticularly as the shift occurred during one of the most 
turbulent economic periods in recent history. Yet 
volatility has always been a part of the secondary 
rough market, reflected in the premiums that De 
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EXCEPTIONAL PINK TO RED DIAMONDS: 
A CELEBRATION OF THE 30TH 
ARGYLE DIAMOND TENDER 


John King, James E. Shigley, and Claudia Jannucci 


Over the past three decades, more than one thousand pink diamonds from Rio Tinto’s Argyle mine in 
Western Australia have been offered for sale at annual invitation-only events known as tenders. These 
diamonds, selected from the mine’s large annual production of rough, are cut and polished at the com- 
pany’s factory in Perth for the tenders. These diamonds have all been graded by GIA, as their color grade 
is a crucial value consideration. This article summarizes each year’s collection and presents some per- 
tinent statistical information on color grade and description for this important group of rare colored 


diamonds. 


iamonds are among the rarest and most valu- 
[ sn of all gems. Those exhibiting noticeable 
color are rarer still. It is estimated that they 
make up just 0.01% of the world’s total production 
(King, 2006). Such diamonds have been celebrated 
throughout history as defining treasures of nobility 
and prized possessions of the wealthy. Of all the col- 
ors, pink diamonds are among the most alluring and 
sought after. For much of history they were recovered 
only sporadically in India, Brazil, Indonesia, and south- 
ern Africa (King et al., 2002). Even rarer was the recov- 
ery of diamonds described as red or predominantly red, 
of which only a handful have ever been documented 
(Shigley and Fritsch, 1993; Wilson, 2014). 

The situation changed dramatically in the mid- 
1980s with the emergence of the Argyle mine, located 
in a remote region of Western Australia (Smith, 1996; 
Shigley et al., 2001). Argyle Diamonds Ltd. was 
formed by the parent company CRA Ltd., later Rio 
Tinto Ltd., to develop the mine and market the prod- 
uct. This mine became one of the world’s largest 
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sources of diamonds (Bevan and Downes, 2.004), in- 
cluding a small production of valuable pink to red 
stones (figure 1). This limited but consistent supply 
has intensified interest in these colored diamonds. 

The late 1970s and 1980s were a pivotal time in the 
world of colored diamonds. Through a confluence of 
events—including the Argyle mine coming on line— 
colored diamonds gained much greater publicity and 
desirability than ever before. The late 1970s witnessed 
a period of unprecedented experimentation in diamond 
cutting. This proved beneficial to colored diamonds, as 
many of the proportion sets that were developed served 
to maximize face-up color appearance. Auction sales 
and museum exhibitions also drove interest, drawing 
widespread media coverage. For example, Christie’s 
New York sold the Hancock Red for almost US$1 mil- 
lion per carat in 1987. Andre Gumuchian’s Spectrum 
Collection and Eddy Elzas’s Rainbow Collection were 
also shown at the American Museum of Natural His- 
tory in New York during these years. 

With its high yield of colored diamonds, Argyle 
joined in this mix of activity by developing innovative 
advertising and marketing campaigns. These efforts, 
while bringing attention to their brown “champagne” 
and “cognac” as well as rare pink diamonds, also 
heightened awareness of colored diamonds overall. 
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Figure 1. A selection of Argyle pink diamonds from the 2007 tender shows a range of color depth. The weights 
range from 0.66 to 1.74 ct. Photo by Robert Weldon/GIA. 


ARGYLE DIAMOND MINE 1969, following the discovery of a few alluvial dia- 
The Argyle mine (figure 2) is in the East Kimberley monds in the area, but another decade of careful field- 
region of Western Australia, 500 km (340 mi) south- work passed before geologists recognized the host 
west of Darwin and more than 2,200 km (1,400 mi) rock as a diamond-bearing lamproite pipe (Chapman 
northeast of Perth. Systematic exploration began in _ et al., 1996). Several more years were required to de- 


Figure 2. In this early 
photo of Rio Tinto’s 
Argyle mine in Western 
Australia, taken in the 
late 1980s, the produc- 
tion plant is seen in the 
center and the open-pit 
mine in the upper left. 
Photo by James Lucey/ 
GIA. 
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Figure 3. A recent view of underground operations at the Argyle mine, where 40 kilometers of tunneling have been 
built to access the diamond-bearing lamproite ore. Photo courtesy of Rio Tinto. 


velop the site, and the mine became fully operational 
in late 1985 (Shigley et al., 2001). Over the next 25 
years, mining was carried out from a large open pit. 
In the early years of the 21st century, recognition of 
the finite economic lifetime of this open pit led to fea- 
sibility studies of underground mining operations, 
which began in 2013 (figure 3). 

This decision is expected to extend the life of the 
mine until at least 2020, with expected production 
of up to 20 million carats per year over the life of the 
underground mine. The output is dominated by near- 
colorless to brown diamonds, but from the beginning 
there has been a small but consistent supply of pinks, 
comprising less than 0.1% of the mine’s total annual 
production. This deposit now supplies more than 
90% of the pink diamonds in the marketplace, and 
no other source is known to produce these goods in 
quantity on a regular basis. 


ARGYLE TENDERS 

The autumn of 2014 marked the 30th Argyle pink di- 
amond tender. Each year has witnessed increasing 
participation and competition among diamantaires 
for invitations to the tender and the opportunity to 
place sealed bids on these select goods. While most 
of the diamonds tendered over the years have been 
pink and purplish pink, a few reds (and even other col- 
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ors such as blue, violet, orange, and yellow) are occa- 
sionally offered. 

The first tender, consisting of 33 diamonds, took 
place in Antwerp in 1985. The following year, Geneva 
was added as a viewing venue. As interest in these 


In Brief 


e For the past 30 years, the Argyle mine in Western Aus- 
tralia has been the world’s only consistent source of ex- 
tremely rare pink diamonds. 

e Each year a limited selection of Argyle’s pink diamond 
production is sold through highly anticipated closed- 
bid tenders. 

¢ With mining at Argyle drawing to a close in approxi- 
mately 2020, the future of the pink diamond tenders is 
an intriguing question. 


events has grown, previews have been held in New 
York, Hong Kong, London, Perth, and Tokyo. The 
number of venues continues to change over the years, 
as does the number of diamonds on view—some ten- 
ders have included 70 or more. The rarity of the items 
selected for these events is readily apparent from Ar- 
gyle’s estimate that for every half million carats of 
rough produced, only one carat is suitable for tender. 
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Argyle’s tender process only adds to the excite- 
ment that surrounds these diamonds. The tender is 
by invitation only, and the list of invitees is not made 
public. Those invited to bid are provided limited-edi- 
tion catalogs highlighting key information on each 
diamond. While they have ample time to review the 
data from the catalog, an invitation to view allows a 
time slot of approximately one hour in which to 
make bidding decisions. Despite this time constraint, 
the participants are seasoned professionals who 
know the range of pink diamond color appearances 
and how they relate to value. In any given city, the 
site remains unknown until just before the viewings. 
When setting up to show 30 to 80 pink diamonds in 
one location, security is crucial. 

Upon arrival, the observer finds the diamonds dis- 
played in small individual cases with clear fronts (fig- 
ure 4). Weight and color grade are noted on each case. 
Loupe and tweezers are supplied, but many diaman- 
taires bring their own. In some instances, they bring 
samples for comparison. As is typical in many dia- 
mond offices, white paper desk pads are in place, and 
desk lamps with fluorescent lights are available as 
well as daylight. While this arrangement does not 
represent the standard used in a laboratory, most 
dealers are comfortable with it as it resembles their 
own office conditions. 

Following the viewing, participants make deci- 
sions about individual stones or, in some instances, 
the entire lot. Argyle does not publish the winning 
bidders or final prices; when reported in the press, it 
is at the discretion of the buyer. 

While GIA has graded all the tender stones, the re- 
finement of its color grading system for colored dia- 
monds in 1995 (see King et al., 1994) allowed a more 
detailed, boundary-distinct color language for these 
pink diamonds than ever before. With the addition of 
grades such as Fancy Deep, Fancy Intense, and Fancy 
Vivid, the tender diamonds were better recognized for 
their uniqueness and rich color appearances. 

Interest in Argyle pink diamonds certainly ex- 
pands beyond the activity surrounding tenders. Over 
the past five years, GIA’s laboratory has produced cus- 
tom monograph reports for exceptional diamonds, col- 
ored gemstones, pearls, and jewelry pieces. One such 
monograph was created in 2010 for the Majestic Pink 
Diamond Bracelet. The bracelet’s 204 pink diamonds, 
though not tender stones, did come from the Argyle 
mine. In recent years, notable “hero” stones from the 
tender have been named. In 2013 a GIA monograph 
was created for such a diamond, the Argyle Phoenix, 
a 1.56 ct Fancy red (figure 5). 
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Figure 4. GIA’s John King and Tom Moses (left) join 
David Fardon of Rio Tinto in examining the 1998 
Argyle tender in New York. 


Over the years, several authors have described the 
gemological characteristics of pink diamonds from 
the Argyle mine, including Hofer (1985), Chapman 
et al. (1996), Deljanin et al. (2008), and Rolandi et al. 
(2008). Shigley et al. (1990) detailed the quantity and 
quality of diamonds discovered in Western Australia 
during the mine’s first five years of operation. Partic- 
ularly noted was the Argyle mine’s dramatic impact 
on the world market: In 1986, one year after the mine 
became fully operational, Australia was the largest 
source of diamonds. 


PINK DIAMOND TENDER OVERVIEW 

The summaries noted below are based on Argyle 
press materials highlighting the first 13 tenders 
(1985 to 1997) as well as annual tender catalogs pro- 
duced by the company from 1995 to 2014. Tender di- 
amonds have encompassed a wide range of color 
depths, as well as colors other than pink (figure 6). 
Note that throughout this article, the term pink is 
applied broadly to the entire color range of pink dia- 
monds. This includes stones with brown, purple, or 
orange modifying components. In each of these in- 
stances, however, the predominant color appearance 
is pink. 
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Figure 5. The Argyle Phoenix, a 1.56 ct Fancy red 
round brilliant diamond, was a highlight of the 2013 
tender. Photo by Josh Balduf/GIA. 


1985: The inaugural tender offered 33 diamonds with 
a total weight of 18.03 carats. Never had such a large 
group of pink diamonds been assembled for sale, a 
noteworthy preview of things to come. 


1986: This collection of 56 stones totaling 32 carats 
was divided into two groups: 12 diamonds of fine 
color and 44 lower-quality pink and brownish pink 
diamonds. Two gems in particular stood out. One of 
them, a 0.52 ct emerald cut, was noted to be the 
finest purple-pink diamond Argyle had ever offered. 
The other, a 2.11 ct cushion cut, was said to be re- 
markable not only for its size but also its deep color 
and fine VS clarity. According to Argyle, the prices 
achieved at this sale were thought to be strong, con- 
sidering this was only the second tender. 


1987: With 83 diamonds weighing a combined 59.65 
carats, this tender nearly doubled the total weight 
from the preceding year. The overall quality of the 
goods was also markedly improved. One memorable 
0.50 ct diamond appeared to be so saturated that it 
bordered on red, eclipsing all other Argyle pink dia- 
monds seen up to that point. 


1988: The fourth tender set new standards for size, 
color, and quality, featuring 53 diamonds with a com- 
bined weight of 64.08 carats. The average stone size 
was 7% larger, including 26 diamonds over one carat 
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and three diamonds over two carats. Highly saturated 
colors were also found in a 0.66 ct diamond and a 
1.00 ct round. 


1989: Although Argyle’s fifth tender offered fewer 
diamonds, the average carat weight rose 26% over 
the prior year: 67 diamonds were offered at 64.38 
total carats, for an average weight of 1.04 ct. This 
tender included two stones over three carats. One, 
a 3.16 ct round, boasted a saturation previously 
found only in much smaller diamonds. The second, 
a 3.20 ct kite-shaped diamond described as lilac-col- 
ored, was notable for its size and exquisite satura- 
tion. Another memorable pink was a 1.04 ct round, 
described by Argyle as “the single finest example of 
color, size, make, and clarity, striking the most ideal 
balance, that ever had, or possibly ever will, come 
out of Australia.” 

In April 1989, a separate auction of Argyle pink 
diamonds was held at Christie’s New York. Argyle 
chose this method of sale—a first for a mine—hop- 
ing to reach a new audience of private buyers. The 
auction featured 16 unmounted pink diamonds 
ranging from 0.41 to 3.14 ct. At this time, the “end 
grade” for pinks in GIA’s system was Fancy. There- 
fore, diamonds with the greatest depth of color were 
all described as Fancy, with others noted as Light or 
Fancy Light. Color descriptions included pink, pur- 
plish pink, brownish pink, brown-pink, and pink- 
brown. 


1990: In the first tender of the 1990s, 36 diamonds 
totaling 40.93 carats were offered. The average 
weight remained above one carat, but this tender was 
a departure from previous years in that no stones 
over two carats were offered. Nevertheless, record 
bids for this smaller collection reflected the contin- 
ued emphasis on quality. 


1991: The seventh tender consisted of 47 gems 
weighing a total of 40.15 carats: 43 pinks, three blues, 
and one Fancy grayish greenish yellow diamond. The 
entire collection was sold to a single buyer, Robert 
Mouawad of Geneva. 


1992: The 1992 tender began with a preview in 
Tokyo. Fifty diamonds with a total weight of 43.39 
carats were offered for sale. A record number of bid- 
ders demonstrated the continuing demand for Ar- 
gyle’s unique diamonds. Winning bids went to 15 
clients from countries including the United States, 
the UK, Belgium, Switzerland, Japan, and Italy. 
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of the rocks and the frequent shortage of 
water caused the miners to sink shafts from 
which galleries were run into the emerald- 
bearing biotite schists at various levels. 

It has been reported that several fine 
emeralds comparable in quality to the 
highly esteemed Colombian gems have 
been recovered, and those described here- 
after might well be from this lot. 

1). External Appearance 

All Indian emeralds which had so far 
passed through my hands were cut speci- 
mens, so that unfortunately I was unable 
to check their crystal habit and observe 
external peculiarities particular to Indian 
emeralds. basing examination 
upon the numerous included negative crys- 
tals, it was possible to conclude that Indian 
emeralds develop short to long hexagonal 
ptisms ending with truncated heads, i.e., 
with strongly reduced rhombohedra and 
a large basal plane, and consequently do 


However, 


not noticeably differ from other emeralds. 

First specimen: A ttap-cut square emerald 
weighing .70 carats. Color comparable to 
the finest gems from El Chivor. Luster 
somewhat harder but really vivid. 

Second specimen: An emerald-cut stone of 
./8 catats with a rich green color similar 
to finest El Chivor emeralds. Vivid yet 
harder luster. Both stones appeared com- 
paratively clean to the naked eye. 

Third specimen: A triangular trap-cut emer- 
ald weighing .95 carats of very beautiful, 
pronounced emerald green color resem- 
bling a Muzo emerald with soft, velvety 
luster. 

Fourth specimen: Comparable to specimen 
three, of emerald-cut, weighing 2.42 
carats. Its soft, emetald green color was 
nothing short of finest Muzo quality and 
its luster had a warm yet vivid glow. The 
interior of the latter two stones was 
thinly veiled by a delicate “jardin.” 


Figure 3 
® Phenological inclusion picture of Indian emeralds. 40X. 
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Figure 6. Highlights from the 2007 tender include (left to right) a 0.66 ct Fancy Vivid purplish pink cut-cornered rec- 


tangular modified brilliant, a 1.02 ct Fancy Intense pink round brilliant, a 0.91 ct Fancy Intense purplish pink trian- 
gular brilliant, a 1.74 ct Fancy purplish red oval brilliant, a 0.77 ct Fancy Dark gray-violet shield cut, a 0.69 ct Fancy 
purplish red emerald cut, and a 1.22 ct Fancy Vivid purplish pink emerald cut. Photo by Robert Weldon/GIA. 


1993: Strong competition characterized this tender, 
which saw the entire collection sold again to Robert 
Mouawad. This time, Mouawad announced that he 
paid more than US$2.25 million to purchase the 46- 
diamond selection, totaling 41.48 carats. 


1994: The entire collection of 47 diamonds, weighing 
a total of 45.17 carats, was sold to an international 
consortium. Argyle reported that the per-carat price 
surpassed that of all previous tenders but did not dis- 
close the amount of the sale. 

More than 35% of the 1994 tender diamonds were 
above one carat. These included two Fancy pink dia- 
monds weighing more than three carats, a 3.00 ct 
round brilliant and a 3.04 ct emerald cut. For the first 
time, the tender collection was viewed in Hong Kong 
and Singapore. 


1995: This tender featured the most pink diamonds 
over one carat since 1990. Its 47 diamonds weighing 
45.22. carats total brought more than US$4.5 million, 
over US$100,000 per carat. Seven fancy-color diamond 
dealers from Asia and Europe purchased the collec- 
tion. Showings in Tokyo, Hong Kong, and Geneva 
brought unprecedented levels of publicity to the ten- 
der, and 17 leading dealers and jewelers placed more 
than 180 bids for individual diamonds. Noted high- 
lights included a 1.05 ct Fancy Deep purplish pink 
round brilliant and three heart shapes weighing 0.70, 
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0.75, and 0.90 ct, as well as the collection’s largest di- 
amond, a 2.80 ct Fancy Deep pink emerald cut. 


1996: Two new venues were added this year: Perth 
and London. The 47.82 carat collection of 47 stones 
featured the largest polished pink diamond ever ten- 
dered by Argyle up to that point, a 3.66 ct Fancy In- 
tense pink-purple cushion cut. The second-largest 
diamond at this tender was a 3.06 ct Fancy Intense 
pink emerald cut. Prior to 1996, only six pink dia- 
monds in the three-carat-plus category had ever been 
offered by Argyle. 


1997: Featuring 59 diamonds totaling 58.64 carats, 
the 1997 tender set a new record for total sale price. 
Although Argyle also reported a new record per-carat 
price for the 55 pink diamonds offered, neither figure 
was made public. Almost half the diamonds (27) 
were one carat or larger. The most outstanding offer- 
ing was a 1.78 ct oval, the largest Fancy purplish red 
diamond ever graded by GIA at the time. Other sig- 
nificant stones were a 1.41 ct Fancy Intense purple- 
pink emerald cut with VVS clarity (pinks with such 
high clarity grades are extremely rare), a 1.01 ct Fancy 
Deep pink round brilliant, and a 2.82 ct Fancy In- 
tense purplish pink round brilliant (the tender’s 
largest diamond). A viewing was conducted in Syd- 
ney for the first time, in response to growing demand 
for fancy-color diamonds in the Australian market. 
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1998: This year saw the introduction of New York as 
a viewing location. This edition included 63 dia- 
monds, ranging from 0.44 to 3.15 ct, with a total 
weight of 58.20 carats. Lot 62, a 2.66 ct heart-shaped 
diamond, truly captured the soul of the tender with 
its Fancy Vivid purplish pink hue. Almost a quarter 
of the diamonds received a Fancy Vivid classification 
from GIA, the most since the revision of the fancy- 
color grading system in 1995. 


1999: For the 15th tender, 51 diamonds with a total 
weight of 52.61 carats were presented, in sizes rang- 
ing from 0.50 to 2.76 ct. A highlight of this tender 
was its largest diamond, a stunning 2.76 ct Fancy In- 
tense purplish pink oval brilliant. This sale also in- 
cluded the first Argyle diamond graded by GIA as 
Fancy red, a 0.73 ct emerald cut. 


2000: To start the new millennium, Argyle assembled 
47 diamonds totaling 46.43 carats. With a size range 
from 0.50 to 2.10 ct, the tender included 22 diamonds 
of at least one carat. Five of the diamonds were Fancy 
Vivid; the two largest of these, both graded as Fancy 
Vivid purplish pink, were a 1.66 ct oval and a 1.75 ct 
princess cut. 


2001: Of the 41 diamonds featured, 17 were larger 
than one carat. One highlight of the tender was an im- 
pressive 4.15 ct Fancy Intense purplish pink radiant, 
the first stone over four carats to appear in an Argyle 
tender. The collection had a total weight of 41.92 
carats. 


2002: Of the 43 diamonds offered at this tender, nearly 
half were graded by GIA as either Fancy Vivid purplish 
pink or Fancy Intense purplish pink, with an additional 
three Fancy purplish reds. The colors represented an 
impressive palette, ranging from Fancy Vivid purplish 
pink to Fancy Deep gray-violet. Two highlights of this 
tender were a magnificent 2.14 ct round brilliant Fancy 
Intense purplish pink and a rare Fancy purplish red 1.00 
ct oval. The total weight of the lots was 40.13 carats, 
with sizes ranging from 0.40 to 2.52 ct. 


2003: This stunning collection was comprised of 48 
pink diamonds weighing a total of 45.60 carats. Two 
of these are considered among the finest from any 
tender: a 2.06 ct round brilliant graded as Fancy Vivid 
purplish pink and a 2.04 ct radiant graded as Fancy 
Vivid purple-pink. This tender, with sizes ranging 
from 0.49 to 2.07 ct, also featured the second-ever 
Fancy red diamond, a 0.54 ct oval. 


274 ~ArGYLE PINK DIAMOND TENDERS 


2004: For the 20th edition, Argyle unveiled an im- 
pressive selection of 60 pink diamonds totaling 55.53 
carats. This sale featured an extraordinarily rare 1.00 
ct Fancy red radiant-cut diamond, only the third 
Fancy red ever tendered. There were four stones 
larger than two carats, most notably a 2.31 ct Fancy 
Vivid purplish pink cushion cut. The collection also 
featured two diamonds graded as Fancy purplish red: 
a 0.52 ct lozenge cut and a 0.69 ct emerald cut. 


2005: With 60 diamonds totaling 58.81 carats, this 
collection featured an extraordinary number of red 
hues, as well as nine diamonds designated as Fancy 
Vivid. There were also 27 diamonds larger than one 
carat, and four greater than two carats. 


Another notable event that year was the formal 
registering of the Argyle Participation Agreement, 
signed by both Argyle and the traditional owners of 
the land. This agreement acknowledged the indige- 
nous owners as the mining lease custodians, recog- 
nizing Argyle’s right to mine while also laying the 
foundation for a shared commitment to employ- 
ment, education, and business development in East 
Kimberley. 


2006: This tender featured the largest gathering of 
pink diamonds in well over a decade, consisting of 
65 diamonds weighing a total of 61.43 carats. Thir- 
teen received the Fancy Vivid color grade. Rounding 
out this splendid collection were three radiant cuts, 
each weighing exactly 2.03 ct, graded as Fancy Deep 
pink, Fancy Intense pink, and Fancy Intense purplish 
pink. Also in 2006, Argyle announced that an under- 
ground mine would be constructed below the exist- 
ing open pit. At the time it was estimated that 
underground operations would extend the life of the 
mine to 2018. 


2007: The 2007 tender was viewed in only three lo- 
cations: Perth, Hong Kong, and New York, half the 
number of venues seen in the previous three years. 
Many of the 65 stones had a deeper, more vivid color 
than in years before. With 62.20 carats total, the ten- 
der offered several highlights, including a rare Fancy 
Dark gray-violet diamond, a 0.77 ct shield cut (figure 
7). The selection also featured 22 stones with a Fancy 
Deep grade and 15 others graded as Fancy Vivid. 
Other featured diamonds included a 1.51 ct octagonal 
Fancy Deep pink, an octagonal 2.02 ct Fancy Deep 
pink, and a 1.74 ct oval-shaped Fancy purplish red 
(again, see figure 7). 
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2008: This tender was comprised of 64 lots weighing 
a total of 62.46 carats. It included a number of highly 
sought-after rounds and two notable diamonds: a 1.01 
ct round Fancy purplish red (the Argyle Aphrodite} 
and a 1.41 ct Fancy Deep gray-violet octagon (the Ar- 
gyle Ocean Seer). For the first time in seven years, the 
collection also included a heart-shaped diamond, a 
1.33 ct Fancy Intense purplish pink. 


2009: Titled “Grand Passions,” the 25th tender com- 
prised 43 stones and a total weight of 34.74 carats. 
One of the four hearts offered, a 2.61 ct Fancy Intense 
pink, was the most valuable heart-shaped pink dia- 
mond ever to come from the Argyle mine. Exuding 
passion, romance, and warmth, it was named the Ar- 
gyle Amour. Also highlighted were the Argyle Shal- 
imar, a 1.25 ct Fancy Vivid purplish pink round, and 
the Argyle Scarlett, a 1.10 ct Fancy red oval. 

For this tender, Argyle produced a magnificent two- 
volume oversized catalog. The first volume showed all 
43 stones, while the second gave background on the 
Argyle mine and its pink diamonds, including many 
beautiful illustrations. The collection also had its first- 
ever viewing in India. Mumbai had established itself 
as the manufacturing center for champagne-colored 
Argyle diamonds, and the tenders had seen an enthu- 
siastic response from Indian diamantaires. 


2010: Showcased for the first time in mainland China 
(Shanghai and Beijing}, the 2010 “Earth Magic” tender 
comprised 55 diamonds totaling 46.42 carats. A 2.02 
ct round Fancy Vivid purplish pink named the Argyle 
Mystra intrigued bidders with its depth of color. Ar- 
gyle used the move into new tender locations to edu- 
cate potential collectors through its publication of 
Rare and Collectable. This book, which accompanied 
the tender catalog and was distributed through au- 
thorized partners, examined the rarity of Argyle pink 
diamonds relative to global supply, capturing their al- 
lure and value. 


2011: This year’s theme was hearts and flowers. For 
the first time, a matching suite of stones was pre- 
sented. As each Argyle diamond is unique, a trio of 
matching colors is exceptionally rare. The Argyle 
Semper Suite, consisting of three Fancy Intense pink 
heart-shaped diamonds (0.58, 0.60, and 1.31 ct) was 
rarer still. Also shown was the Argyle Alanya, a 1.06 
ct Fancy Vivid purplish pink oval named after one of 
the world’s rarest tulip species. Fifty-five diamonds 
appeared in the 2011 tender, with a total weight of 
47.61 carats. 
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2012: Inspired by Queen Elizabeth II’s Diamond Ju- 
bilee, Argyle showcased its 2012 collection in a 
unique exhibition at Kensington Palace in London. 
The queen’s association with pink diamonds dated 
back to 1947, when she and Prince Phillip were given 
a 54.5 ct rough pink crystal from the Williamson (or 
Mwadui) mine in Tanzania as a wedding present. The 
diamond, now known as the Williamson Pink, was 
cut in 1948 and set as a 23.6 ct round brilliant into a 
flower spray brooch by Cartier in 1953. Those attend- 
ing the Kensington Palace exhibition were granted 
the unusual privilege of viewing a selection from this 
very private collection of rare stones. Of the 70 dia- 
monds in the 2012 tender, which totaled 42.79 
carats, 40 were on display in this special exhibition. 
A notable stone from the tender was the Argyle 
Siren, a 1.32 ct Fancy Vivid purplish pink square ra- 
diant cut. 


2013: The 2013 tender was known as the “Red Edi- 
tion” for its three Fancy reds weighing 0.20, 0.58, and 
1.56 ct, all round brilliants. Sixty-four diamonds were 
showcased that year, ranging from 0.20 to 2.03 ct, 
with a total weight of 54.99 carats. Two significant 
records were broken. The Argyle Phoenix, a 1.56 ct 
Fancy red, brought in the highest per-carat price for 
any diamond from the mine. The Argyle Dauphine, 
a 2.51 ct Fancy Deep pink radiant cut, achieved the 


Figure 7. Two important diamonds from the 2007 ten- 
der were a 1.74 ct Fancy purplish red oval brilliant 
and a 0.77 ct Fancy Dark gray-violet shield cut. Photo 
by Robert Weldon/GIA. 
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highest overall price paid for an Argyle diamond. Ac- 
cording to Argyle, this was also a world record for a 
Fancy Deep pink tender diamond. 

Though plans for underground mining at Argyle 
had been announced in 2006, it did not start until 
April 2013. As underground mining became opera- 
tional and testing was completed, the expected life 
of the mine was extended from its original estimate 
of 2018 to at least 2020. 


2014: To celebrate the 30th tender, and in keeping 
with that year’s bird theme, a limited-edition set of 
diamond-encrusted feather pendants was created 
with over one carat of pavé-set Argyle pinks. The ten- 
der comprised 54 pink diamonds totaling 46.88 carats. 
The featured diamond of the collection was the 1.21 
ct radiant-cut Fancy red Argyle Cardinal, named after 
the North American bird known for its bright color. 
This tender also included four red diamonds. To date, 
there have only been 13 red diamonds in the history 
of the tender. 

Two other exceptional diamonds were the Ar- 
gyle Toki, a 1.59 ct Fancy Intense purplish pink 
emerald cut, and the Argyle Rosette, a 2.17 ct Fancy 
Intense purple-pink emerald cut. The 2014 sale 
achieved the highest average price per carat since 
the tender’s inception. 


EXAMINATION OF PINK TENDER DIAMONDS 
As noted earlier, each of the pink diamonds tendered 
has been examined by GIA’s laboratory. But the 1995 
modifications to GIA’s colored diamond color grading 
system (see King et al., 1994) added new classifica- 
tions to better describe face-up color appearance. 
With this in mind, our analysis of the pink tender di- 
amonds will focus on the years 1995 to 2014. During 
that time, 1,100 Argyle stones were sold by tender. 
Included in that number are very limited examples 
of color other than predominantly pink. For the pur- 
poses of our analysis, we will focus on the 1,065 dia- 
monds described as predominantly pink (again, the 
term pink is used to describe the entire range of pink 
diamonds). 

Over the years, strong depth of color has become 
a trademark of the Argyle diamonds seen at tender. 
This is clear from the chart in figure 8, where the 
grades related to stronger depth of color—Fancy In- 
tense, Fancy Deep, and Fancy Vivid—dominate. 

To determine the color grade, the overall face-up 
color appearance is observed under controlled light- 
ing and viewing conditions (King et al., 1994). The 
assigned grade is a combination of tone (the color’s 
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FANCY COLOR GRADES 


1995-2014 tenders Fancy Intense 
Fancy Deep 


Fancy Vivid 


Fancy 


Figure 8. This chart shows the distribution of fancy 
color grades for the 1,065 pink diamonds from the 
1995-2014 tenders. The vast majority (95%) had 
Fancy Deep, Fancy Intense, and Fancy Vivid color 
grades. 


lightness or darkness) and saturation (its strength or 
purity). Pink diamonds occur throughout the entire 
range of fancy grades, from pale colors associated 
with grades such as Faint, Very Light, and Light to 
the grades noted above for stronger colors. Red or 
purplish red diamonds are limited to the grade 
“Fancy” because they occur in a limited range of 
tone and saturation (King et al., 2002). 

In our analysis, the grade of “Fancy” represents 
the very small percentage of red or purplish red di- 
amonds. Of the 1,065 pink diamonds selected for 
the tender from 1995 through 2014, 95% were 
graded as Fancy Intense, Fancy Vivid, and Fancy 
Deep (see figure 8). In the last five years, there has 
been a steady increase in the number of Fancy In- 
tense color grades chosen, while the number of 
Fancy Vivids has fallen to levels seen in the first 
decade of the 2000s. Similarly, diamonds described 
as Fancy Deep represented 70% of the grades in 
2.000 but just 3% in 2014. Such shifts can occur for 
many reasons, including variations in the yearly 
mine output, cutting decisions to brighten or 
darken color near grade boundaries, or attempts to 
address current market trends in desirability. 

Figure 9 shows that the color descriptions chosen 
for tender diamonds have been quite consistent over 
the 20-year period. In GIA’s system, the color appear- 
ance of pink diamonds extends across six different 
hues, from pink-purple to pinkish orange (King et al., 
2002). As shown in figure 9, the overwhelming ma- 
jority of the 1,065 diamonds sampled (91%) occurred 
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COLOR DESCRIPTIONS 


1995-2014 tenders 


0.1% 


in a narrower range of hues: pink to purplish pink. 
Of this group of samples, 40 were described on grad- 
ing reports as purplish red (27) or red (13). The largest 
of the red diamonds, the Argyle Phoenix, a 1.56 ct 
round brilliant, was included in the 2013 tender. 
With regard to carat weight, figure 10 notes that 
95% of the tender diamonds have weighed less than 
2.00 ct, with the majority (56%) in the 0.50-0.99 ct 
range. The smallest weighed 0.20 ct, the largest 4.15 
ct. Only 5% of this group weighed 2.00 ct or more. 
This faceted size range is typical of diamonds from 
the Argyle deposit. While larger rough pink dia- 


CARAT WEIGHT 


1995-2014 tenders 


ARGYLE PINK DIAMOND TENDERS 


 Purplish pink 

BB Pink Figure 9. While the ten- 

I Purple-pink der diamonds displayed 
ssid a range of color hues, 

=e the majority (91%) were 
Red described as having 

lH Orangy pink pink or purplish pink 

{) Brownish orangy pink hues. A total of 1,065 

diamonds were in- 

ae cluded in this analysis 

i Brown-pink (excluding those with 

Im Pink-purple blue, violet, gray, green, 


and yellow colors). 


monds have originated from kimberlites in India, 
Brazil, Indonesia, and southern Africa, it is unclear 
in geological terms why similar larger crystals do not 
occur here. Pink diamond crystals from Argyle tend 
to display irregular or strongly resorbed shapes 
(Chapman et al., 1996], and there is no indication 
that they represent broken cleavage pieces of larger 
crystals. 

The shape and cutting style descriptions of the 
Argyle diamonds from the 1995-2014 tenders are 
compared in figure 11. Four shapes—rectangular, 
round, square, and oval—account for 89% of the 


MH 0.00-0.49 

HM 0.50-0.99 

™@ 1.00-1.49 

 1.50-1.99 

ere Figure 10. Most of the 
tender diamonds (95%) 

ae weighed less than 2.00 

Mm 4.00+ ct, and 62% were less 


than 1.00 ct. 
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SHAPES AND CUTTING STYLES 


1995-2014 tenders 


samples. The square and rectangular stones were 
most often cut as emerald cuts or cut-cornered mod- 
ified brilliants (often referred to in the trade as “radi- 
ants”). While the step faceting of emerald cuts was 
the most common style, with round brilliants a close 
second, the other fancy shapes (square and rectangu- 
lar modified brilliants and oval brilliants or modified 
brilliants) are often chosen by the manufacturer to 
maximize weight retention from the original crystal 
and accentuate the face-up color appearance. 

These cutting choices reflect the tremendous rar- 
ity of pink to red diamonds in that clarity grades 
have relatively little impact on their market value. 
With per-carat prices easily reaching US$100,000 or 
more based primarily on color, achieving high clarity 
is of less concern. Most pink to red diamonds seen 
in the Argyle tenders correspond to an SI to I clarity 
range. On the rare occasion that one is accompanied 
by high clarity, it is usually the talk of the tender, 
such as the exceptional 2.04 ct Fancy Vivid purple- 
pink radiant offered in 2003, which possessed VVS, 
clarity. More recently, the 2014 tender featured a 
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Emerald Figure 11. Argyle uses a 
combination of shape 
and cutting style 
descriptions in labeling 
diamonds for the tender 
catalogs. Most of the 
tender diamonds (89%) 
were rectangular, round, 
square, and oval. The 
overwhelming majority 
of stones are cut in the 
modified brilliant style, 
including all diamonds 
described as round, ra- 
diant, and princess. 


Round brilliant 


Radiant 


Oval 


Princess 


Heart 


Pear 
Marquise 


Other 


0.51 ct round brilliant Fancy Intense pink diamond 
with VVS, clarity. 


CONCLUSION 

For centuries, pink diamonds have been cherished as 
true rarities of nature, and their great beauty has 
made them sought-after possessions. For the past 30 
years, Australia’s Argyle mine has been the only con- 
sistent source of this gem material. Through Argyle’s 
effort to market these and other colored diamonds 
from the mine, the industry and public have gained 
much greater awareness of these fascinating gems. 
This article presented an overview of 30 years of ten- 
der diamonds, as well as a 20-year summary of their 
characteristics. As Argyle looks ahead to the 30th an- 
niversary of its pink diamond tender, we are left to 
wonder about the course of future tenders with the 
shift to underground mining operations. How will 
pink diamonds’ desirability and value be shaped by 
an end-of-mining scenario in the near future? Such 
intriguing questions only add to the fascination that 
surrounds this unique product. 
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STUDY OF THE BLUE MOON DIAMOND 


Eloise Gaillou, Jeffrey E. Post, Keal S. Byrne, and James E. Butler 


The Blue Moon diamond, discovered in January 
2014 at the historic Cullinan mine in South 
Africa, is of significance from both trade and sci- 
entific perspectives. The 29.62 ct rough yielded 
a 12.03 ct Fancy Vivid blue, Internally Flawless 
gem. The authors were provided the opportunity 
to study this rare diamond at the Smithsonian In- 
stitution before it went on exhibit at the Natural 
History Museum of Los Angeles County. Infrared 
spectroscopy revealed that the amount of un- 
compensated boron in the diamond was 0.26 + 
0.04 ppm, consistent with measurements of sev- 
eral large type Ilb blue diamonds previously 
studied. After exposure to short-wave ultraviolet 
light, the Blue Moon displayed orange-red phos- 
phorescence that remained visible for up to 20 
seconds. This observation was surprising, as or 
ange-red phosphorescence is typically associ- 
ated with diamonds of Indian origin, such as the 
Hope and the Wittelsbach-Graff. Time-resolved 
phosphorescence spectra exhibited peaks at 660 
and 500 nm, typical for natural type II blue dia- 
monds. As with most natural diamonds, the Blue 
Moon showed strain-induced birefringence. 


he Blue Moon diamond drew widespread media at- 

tention when the discovery of the 29.62 ct rough 
(figure 1, left) at the Cullinan mine in South Africa 
was announced in January 2014. This mine, formerly 
known as the Premier, is also the source of the historic 
Cullinan diamond, as well as two other important 
blue diamonds: the Smithsonian Institution’s Blue 
Heart, a 30.62 ct Fancy Deep blue gem discovered in 
1908, and the 27.64 ct Fancy Vivid blue Heart of Eter- 
nity, unveiled by Steinmetz in 2000. The publicity 
only increased when the rough was purchased a 
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month later by Cora International LLC for $25.6 mil- 
lion, setting a record price per carat for a rough stone 
(Bronstein, 2014). In June 2014, after a few months of 
examination, the diamond was cut into a 12.03 ct 
cushion, graded by GIA as Fancy Vivid blue and Inter- 
nally Flawless (figure 1, right). Cora International 
named it the Blue Moon diamond as a tribute to its 
rarity. The Blue Moon made its first public appearance 
at the Natural History Museum of Los Angeles 
County (NHMLAC) on September 13, 2014, for a tem- 
porary exhibit running through January 6, 2015. 

The Cullinan mine produces the most type II di- 
amonds of any mine (King et al., 1998). In 2014 alone 
it yielded the Blue Moon as well as a 122.52 ct type 
Ib light blue diamond and a 232.08 ct type Ia color- 
less diamond, both of them rough stones. Addition- 
ally, the largest rough diamond of all time was 
discovered at the Cullinan mine in 1905. The Culli- 
nan diamond, a 3,106.75 ct type Ila colorless stone, 
was eventually cut into several stones. The two 
largest (545.67 and 317.40 ct) reside in the British 
Crown Jewels (Balfour, 2009). Because of its rare color 
and size, the Blue Moon can be added to the list of 
significant diamonds from the Cullinan mine. 

The Blue Moon represents a noteworthy blue dia- 
mond discovery, as an exceptional gem and as a rare 
specimen for scientific study. In a recent study that in- 
vestigated the relationships among color saturation, 
phosphorescence properties, and concentrations of 
boron and other impurities in type IIb blue diamonds 
(Gaillou et al., 2012), one variable was largely ex- 
cluded: geographic origin. Among the 76 stones stud- 
ied, only a dozen were of known origin. This is not 
surprising, as information about a diamond’s mine or 
even country of origin is rarely retained. The excep- 
tions are stones such as the Hope and the Wittelsbach- 
Graff diamonds, which are known to be alluvial stones 
from near Golconda in India, and the Blue Heart and 
the nine blue diamonds in the Cullinan necklace, 
which are from the Cullinan mine. The Blue Moon 
adds to this list of important blue diamonds with a 
known origin. It is also the first Fancy Vivid blue that 
the authors have been able to examine in detail. 
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Figure 1. Left: The Blue Moon diamond as the 29.62 ct rough discovered in January 2014 at the Cullinan mine in 
South Africa. Right: The faceted Blue Moon diamond, a 12.03 ct cushion modified brilliant, graded by GIA as 
Fancy Vivid blue and Internally Flawless; photo by Tino Hammid. Photos © Cora International. 


MATERIALS AND METHODS 

The Blue Moon diamond has a cushion modified bril- 
liant cut, weighs 12.03 ct, and measures 15.57 x 
13.47 x 7.55 mm. Its small culet facet enabled us to 
perform spectroscopy through the parallel faces of 
the table and the culet. Analyses were conducted at 
the Smithsonian Institution’s Department of Mineral 
Sciences (figure 2). Fourier-transform infrared spectra 
were acquired using a Thermo Scientific Nicolet 


6700 FTIR spectrometer and Nicolet Continuum mi- 
croscope (figure 2, left). Spectra were collected with 
a spectral resolution of 4 cm and an accumulation 
of 128 scans. The IR light was focused on the culet 
facet with an aperture of 150 x 150 pm. 
Phosphorescence was visually observed using 
portable short-wave and long-wave ultraviolet lights, 
with main excitation wavelengths of 254 and 365 
nm, respectively. Phosphorescence spectra were col- 


Figure 2. Left: The Blue Moon under the microscope of the FTIR spectrometer, which identified it as a type IIb dia- 
mond with an uncompensated boron concentration of 0.26 + 0.04 ppm. Center: A view of the Blue Moon and the 
phosphorescence equipment, composed of a deuterium lamp source, a spectrometer, and fiber optics. Right: The 
Blue Moon under the tip of a fiber-optic bundle used for the phosphorescence experiments. All analyses were con- 
ducted at the Smithsonian Institution. Photos by Jeffrey Post (left) and Eloise Gaillou (center and right). 
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lected using the portable spectrometer described by 
Eaton-Magafia et al. (2008) and shown in figure 2, 
center. The diamond was excited with an Ocean Op- 
tics DH-2000 deuterium UV lamp (215-400 nm}, and 
the signal was acquired with an Ocean Optics 
USB2000 charge-coupled device (CCD) spectrometer 
through a fiber-optic bundle. The UV radiation was 
transferred through a bundle of six optical fibers, 
each 600 pm in diameter. A seventh fiber in the core 
of the bundle collected the emitted light from the di- 
amond and delivered it to the entrance aperture of 
the CCD spectrometer. The tip of the fiber-optic 
bundle was placed directly in contact with four dif- 
ferent areas of the diamond (figure 2, right) to sample 
possible spatial variations in the spectra. The phos- 
phorescence spectra were collected after 10 seconds 
of UV light exposure. The spectra acquisition began 
500 ms after the light was turned off. During decay, 
the spectra were integrated and recorded at 2.0, 1.0, 


In Brief 


The type Ilb Blue Moon diamond is a 12.03 ct Fancy 
Vivid blue, Internally Flawless diamond. The 29.62 ct 
rough was mined at the Cullinan mine in South Africa 
in January 2014. 


The concentration of uncompensated boron, which 
gives the diamond its blue color, is 0.26 + 0.04 ppm. 


The Blue Moon shows a red phosphorescence for 
about 20 seconds after UV excitation; spectroscopy re- 
veals an intense broad emission centered at 660 nm 
and a weak, quickly fading 500 nm emission. 


and 0.5 second intervals, respectively. Only the re- 
sults for the spectra with 1.0 second intervals are pre- 
sented here, as it is the most representative data. 

To examine birefringence resulting from internal 
strain in diamond, we placed the stone between 
crossed polarizers and observed it using transmitted 


light. 


RESULTS 

FTIR spectrometry (figure 3) confirmed that the 
Blue Moon is a type IIb diamond—in other words, 
it lacks nitrogen observable by FTIR in the 900- 
1400 cm region, and it contains boron. Due to the 
diamond’s long IR beam path (7.55 mm) from the 
culet facet through the table, most of the spectral 
features related to boron showed almost complete 
absorption. The boron peaks were positioned at 
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IR SPECTRUM 
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Figure 3. The Blue Moon’s infrared spectrum exhibits 
peaks associated with boron. The 1290 cnr! peak was 
used to determine the boron concentration. The ab- 
sorption coefficient is normalized per centimeter of 
optical path length. 


1290, 2456, 2802, 2930, 4090, 5000, and 5365 cm". 
The area near the 2802 cm" peak is typically used 
to calculate the concentration of uncompensated 
boron (Collins and Williams, 1971; Fisher et al., 
2009), but this peak was saturated and could not be 
used to estimate boron concentration. Instead we 
used a secondary peak at 1290 cm, as in the 
method developed by Collins (2010). After normal- 
ization, the boron peak at 1290 cm“ had an absorp- 
tion height of 0.115 cm=, corresponding to a boron 
concentration of 0.26 + 0.04 ppm (Collins, 2010). As 
this value represents only uncompensated boron— 
not charge-compensated by other impurities such 
as nitrogen—the total boron content is at least equal 
to this measured value, plus potentially some un- 
known amount of compensated boron. The Blue 
Moon’s value of 0.26 ppm is within the average of 
several notable blue diamonds. Compare this with 
the uncompensated boron averages of 0.36 + 0.06 
ppm for the 45.52 ct Hope, 0.19 + 0.03 ppm for the 
31.06 ct Wittelsbach-Graff, 0.24 + 0.04 ppm for the 
30.62 ct Blue Heart, and 0.31 + 0.003 ppm for the 
2.60 ct Cullinan Blue (Gaillou et al., 2012). 

The Blue Moon did not show any obvious fluores- 
cence (i.e., there was no visible emission of light 
while the diamond was excited by a UV light), in 
keeping with the type IIb blue diamonds we have ex- 
amined. It did show phosphorescence, in the form of 
an intense orange-red glow after exposure to UV 


Gems & GEMOLOGY WINTER 2014 


Figure 3a 
* Two-phase inclusions in Indian emerald: 75X. 


2.) Diagnostic Properties 

a) Optical Values; Examination of the 
optical constants did not produce any sur- 
prise, although it was noticed that the 
values for refractive indices and double 
refraction were comparatively high—similar 
to emeralds from the kindred sources in 
Siberia and Transvaal. In order to make 
this survey as complete as possible, I ven- 
ture to compare other authors’ findings 
with my own. 


(es) € Bi. 
C. J. Payne’ 1.5927 1.5853 -0.00745 
A. E, Alexander! 1.591 1.581 -0.01 
E. J. Gubelin: 
70ct. 1.5875 1.580 -0.0075 
78cet. 1.5875 1.580 -0.0075 
IM5ct. 1.591 1.582 -0.009 
2.42ct. 1.598 1.589 -0.009 


My readings, as given above, were ob- 
tained by means of an Abbe Refractometer 
and checked on an Erb and Gray Refrac- 


tometer. It is significant that the heavier 
samples gave higher data, an observation 
that concurs with other properties. 

b) Dichroism: Specimens 1 and 2 
showed distinct dichroism, namely: ¢€ blue- 
green; w light yellow-green. The darker 
samples 3 and 4 possessed strong dichroism, 
namely: € blue-green; W yellow-green. 

c) Spectroscopic Examinations: The two 
lighter stones produced a normal emerald 
spectrum, casting absorption lines and bands 
onto the scale at: 

© 6830, 6828, 6758, 6640, 6460 A 

€ 6758, 6388, 6370, and 6300- 

5800 A and 4775 A 

The darker stones again behaved differ- 
ently in that they showed maximum trans- 
mission in the green region at 5050 A, 
while the red area was completely ab- 
sorbed. Only the very persistent doublet at 
6370 and 6388 and the band from 6300 - 
5800 A was visible. (Figure 2). This un- 
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Figure 4. After exposure to short-wave ultraviolet 
light, the Blue Moon displayed orange-red phospho- 
rescence for up to 20 seconds. Photo by Tino Ham- 
mid, © Cora International. 


light. The phosphorescence was most intense after 
exposure to short-wave UV light and remained visi- 
ble to dark-sensitized eyes for up to 20 seconds (figure 
4). 

Time-resolved spectra for the light emitted during 
phosphorescence are presented in table 1 and in figure 
5. As previously observed for all natural, untreated 
type IIb blue diamonds, the Blue Moon’s phosphores- 
cence spectra showed two emission bands: one at 660 


PHOSPHORESCENCE SPECTRA 


660 nm 


Wi tN hg i yt 
he ue avant ay? 


nm and another at 500 nm that decreased more rap- 
idly. Previous studies (Gaillou et al., 2012) have 
demonstrated that different diamonds can have differ- 
ent relative intensities of those two bands. Diamonds 
with a dominant 500 nm band exhibit a brief bluish 
phosphorescence; if the 660 nm peak is more intense, 
the diamond shows an orange-red glow (Eaton- 
Magana et al., 2008; Eaton-Magafia and Lu, 2011; 
Gaillou et al., 2012). The Blue Moon displayed an in- 
tense 660 nm band and a weak 500 nm band (hence 
the observed orange-red phosphorescence). The 500 
nm peak disappeared completely within seconds, 
while the 660 nm band faded away after 25 seconds 
(with a half-life of about four seconds). Only a third of 
the type IIb diamonds examined by Gaillou et al. 
(2012) showed a stronger emission at 660 nm than at 
500 nm (figure 6). The Blue Moon belongs to this mi- 
nority, along with the Hope and the Wittelsbach-Graff 
(Gaillou et al., 2010; figure 7). Several spectra were ac- 
quired across the stone: in the center of the table, on 
the edge of the table, on the girdle, and on the culet 
(table 1). The slight differences are not significant, in- 
dicating that the phosphorescence is homogeneous, at 
least to the resolution of our measurements. 

The cause of the 500 and 660 nm emissions is 
not fully understood, but it has been suggested that 


Figure 5. Time-resolved 
phosphorescence spec- 
tra of the Blue Moon 
diamond after excita- 
tion by a deuterium 
lamp. An area on the 
girdle was probed for 
these spectra. The 
weaker 500 nm band 
decreased faster than 
the more intense 660 
nm peak. 
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PHOSPHORESCENCE DATA 
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Figure 6. Phosphorescence 
data from natural type IIb 
diamonds shows the ratios 
of initial intensities of the 
500 and 660 nm bands plot- 
ted against the measured 
half-lives of the 660 nm 
emission. For y-axis values 
greater than 1, the blue 
band dominates; for values 


less than 1, the red band 


1,, 500 nm/1,, 660 nm 


! 
< 


0.01 T T T T 


dominates. Except for the 
Blue Moon, blue diamonds 
from South Africa such as 
the Blue Heart and the dia- 
monds in the Cullinan 

@ j necklace (“Cullinan dia- 

: monds”) plot in the upper 
part of the graph. The Hope 
and Wittelsbach-Graff, 
which have an Indian ori- 


7660 nm* 


they might be produced by the recombination of 
donor-acceptor pairs (nitrogen and boron, respec- 
tively). The 660 nm band may also have a compo- 
nent influenced by plastic deformation (Eaton- 
Magafia et al., 2008; Eaton-Magania and Lu, 2011; 
Gaillou et al., 2012). 

Finally, the Blue Moon was examined between 
crossed polarizers with transmitted light to observe 
the anomalous birefringence found in many dia- 
monds, especially type II samples (Lang, 1967). While 
diamonds are cubic and should not show any bire- 


gin, plot with the Blue 
Moon in the lower part of 
the graph. 


fringence, most do display some birefringence due to 
residual strain in the diamond structure (e.g., Lang, 
1967; Hanley et al., 1977; Collins et al., 2000; Kanda 
et al., 2005). The Blue Moon displayed the typical 
“tatami” pattern (two directions of strain lamina- 
tion) with gray and blue interference colors (figure 8). 
The tatami pattern was visible in every direction 
through the diamond. The laminations of the tatami 
patterns are oriented in the [111] planes, the “weak” 
planes of diamonds corresponding to the octahedral 
faces. 


Figure 7. A selection of type IIb blue diamonds previously studied. Left: the 31.06 ct Wittelsbach-Graff (width = 
23.23 mm) and 45.52 ct Hope (width = 25.60 mm). Center: the 30.62 ct Blue Heart diamond (width = 20.15 mm). 
Right: The Cullinan necklace’s detachable brooch, containing nine blue diamonds (width of brooch = 55.54 mm). 


Photos by Chip Clark, © Smithsonian Institution. 
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TABLE 1. Phosphorescence data acquired from the Blue Moon diamond. 


Initial intensity, 


Initial intensity, 
500 nm band (counts) 


Area probed 660 nm band (counts) 


500 nm/660 nm bands 


Ratio of initial 


intensities, Half-life, 500 nm 


band (seconds) 


Half-life, 660 nm 
band (seconds) 


Table off-center 5.34 77.34 
Table center 5.00 90.43 
Culet 7.22 78.65 
Girdle 13.00 107.00 


0.07 2.28 3.88 
0.06 1.00 3.28 
0.09 1.19 4.17 
0.12 Ie75 4.04 


DISCUSSION AND CONCLUSION 

While the Blue Moon diamond has a Fancy Vivid blue 
color, its uncompensated boron concentration of 0.26 
ppm is in the lower range of values of blue diamonds 
recorded in a previous study (Gaillou et al., 2012). But 
the value is similar to that of other large type IIb blue 
diamonds such as the Hope, the Wittelsbach-Graff, 
and the Blue Heart (Eaton-Magafia et al., 2008; Gail- 
lou et al., 2012; again, see figure 7). While the uncom- 


Figure 8. Placed between crossed polarizers and 
viewed in transmitted light, the Blue Moon dia- 
mond shows anomalous birefringence with the 
crossed laminations called “tatami” features. Photo 
by Eloise Gaillou. 
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pensated boron concentration might not represent 
the total boron content, it is the only boron that is 
active in the infrared and visible parts of the spec- 
trum and contributes to the blue bodycolor (e.g., 
Collins, 1982). Gaillou et al. (2012) showed a lack of 
a strong correlation between color saturation (as 
graded by GIA on a scale from light to deep satura- 
tion) and uncompensated boron content. For a paral- 
lel slab of type Ib diamond, the bodycolor is a 
function of the uncompensated boron concentration 
and the thickness of the slab, and maybe other com- 
ponents; for a faceted gem the perceived color also 
depends on the shape and the cut. 

Perhaps the most surprising result is that the Blue 
Moon shows an intense and relatively long-lasting 
orange-red phosphorescence. We are aware of only 
one other type IIb diamond from the Cullinan mine 
with orange-red phosphorescence (King et al., 2003). 
Type IIb diamonds with orange-red phosphorescence 
more commonly originated in India or Venezuela 
(Gaillou et al., 2010, 2012; personal communication 
with Thomas Hainschwang in 2011 on the Indian 
blue diamond collection of the Natural History Mu- 
seum in Vienna). The nine diamonds from the Culli- 
nan mine studied by Gaillou et al. (2012) showed the 
more typical brief bluish phosphorescence (again, see 
figures 6 and 7). The Blue Moon underscores the fact 
that the phosphorescence behavior of type IIb dia- 
monds is not tied to a specific geographical source. 


low, at the Smithsonian's National Museum of Natural History. Dr. 
Butler, retired from the Naval Research Laboratory in Washington, 
DC, is a consultant in Huntingtown, Maryland, and a research as- 
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A PRELIMINARY STUDY ON THE SEPARATION OF 
NATURAL AND SYNTHETIC EMERALDS USING 
VIBRATIONAL SPECTROSCOPY 


Le Thi-Thu Huong, Wolfgang Hofmeister, Tobias Hager, Stefanos Karampelas, and Nguyen Duc-Trung Kien 


from various sources wi xamined with 
Raman spectroscopy. Of this set, 36 KBr pellets 
of different samples were also examined with 
FTIR spectroscopy. In many cases, the presence 
or absence of specific Raman and FTIR bands, 
and the exact position of apparent maxima, are 
correlated to the weight percentage of silicon 
and/or alkali. This can help determine whether 
an emerald is natural or synthetic. 


oth vibrational Raman and FTIR spectroscopy 

have been widely applied in identifying synthetic 
and natural beryl (Wood and Nassau, 1968; Schmet- 
zer and Kiefert, 1990; Huong et al., 2010). These 
methods are used to characterize the water mole- 
cules present in the beryl channel sites, known as 
type I and type II water molecules. Type I water mol- 
ecules occur independently of alkalis, while type II 
are associated with nearby alkalis. In most natural 
beryl, Raman bands arising from both types are visi- 
ble, though some natural beryls with relatively low 
alkali present weak type II-related bands. Most hy- 
drothermal synthetic samples display the Raman sig- 
nal of type I water (the type II signal is barely visible 
in most cases). Neither band is visible in flux-grown 
synthetic beryl, which has no water in its structure 
(Schmetzer and Kiefert, 1990). These methods are not 
effective in cases such as relatively low-alkali natural 
beryl, where the type I water band is observed almost 


See end of article for About the Authors. 
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exclusively (Huong et al., 2011), and some hydrother- 
mal synthetic beryl that contains a small amount of 
alkalis and can show a weak type II water Raman sig- 
nal as well. 

This article presents some additional differences 
that could be used to distinguish between natural 
and synthetic emeralds. These features, mostly gen- 
erated by silicon- and/or alkali-related vibrations, in- 
clude a Raman band at about 1070 cm! (Adams and 
Gardner, 1974) and an FTIR band around 1200 cm! 
(Aurisicchio et al., 1994) and its shoulder at about 
1140 cm". 


BACKGROUND 

Beryl—Be,Al,Si,O,,—has a structure composed of 
six-membered rings of [SiO,|* tetrahedra. The silicate 
rings are aligned precisely over one another, forming 
open channels parallel to the c-axis of the crystal 
(Huong et al., 2010). The diameter of the channels 
has the capacity to hold large ions and molecules 
such as alkalis (Na*, K*) and water (Goldman et al., 
1978; Aines and Rossman, 1984). Alkalis act as 
charge compensators for the substitution of main el- 
ements such as Al** and Be”*. The ideal composition 
of the main elements to match the exact stoichiom- 
etry of beryl is 67.0 wt.% SiO,, 18.9 wt.% AI,O,, and 
14.1 wt.% BeO. In beryl, Al** in octahedral sites and 
Be** in tetrahedral sites are commonly substituted 
with other elements including Cr**, V**, Fe**, Fe”*, 
Meg**, Mn**, Be**, and Lit. Additionally, charge com- 
pensation by alkalis (including Cs, Rb, K, and Na) 
and water in the ring channels diminishes the weight 
% of Si in the formula. These additions affect the sil- 
icon-related vibrational signals. 

Because growers of synthetic beryl follow the 
exact stoichiometric formula, unlike nature, some 
differences in silicon-related vibrations would be ex- 
pected. Therefore, Raman and FTIR spectroscopy 
could provide valuable information for assessing the 
origin of emeralds (figure 1). 
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MATERIAL AND METHODS 

We collected 326 natural and synthetic emerald 
samples for Raman analysis. The natural samples 
consisted of 260 crystals obtained directly from 
mines in Brazil (20 from Santa Terezinha and 15 
each from Carnaiba, Capoeirana, Itabira, and So- 
cot6); Colombia (30 from Chivor); Austria (10 from 
Habachtal); Russia (10 from the Ural Mountains); 
Madagascar (30 from Mananjary); South Africa (30 
from Transvaal); Zambia (30 from Kafubu); Nigeria 
(30 from Gwantu); and China (10 from Malipo). The 
66 faceted synthetic emeralds consisted of hy- 
drothermally grown (15 Tairus and 10 Biron) and 
flux-grown (20 Gilson, 20 Chatham, and 1 Lennix) 
samples provided by the producers. 

Raman spectra from 200 to 1200 cm"! were col- 
lected with a Jobin Yvon (Horiba) LabRam HR 800 
spectrometer equipped with an Olympus BX41 opti- 
cal microscope and a Si-based CCD (charge-coupled 
device) detector. All samples (except the faceted ones) 
were polished on two sides, oriented parallel to the c- 
axis. They were polished with corundum paste to ob- 
tain a smooth surface and ultrasonically cleaned with 
acetone. The instrumentation used an Ar‘ ion laser 
(514 nm emission}, a grating with 1800 grooves/mm, 
and a slit width of 100 mm. These parameters, and 
the optical path length of the spectrometer, yielded a 
spectral resolution of 0.8 cm7!. The spectral acquisi- 
tion time was set at 240 seconds for all measure- 
ments, and sample orientation was carefully 
controlled. The electric vector of the polarized laser 
beam was always parallel to the c-axis. 

For FTIR measurements, we chose 36 samples (27 
natural emeralds from various sources and 9 synthet- 
ics from different producers; see table 1). FTIR spec- 
tra were recorded in the 400-1400 cm" range by a 
PerkinElmer 1725X FTIR spectrometer with 100 
scans and 4 cm! spectral resolution using the KBr 
pellet method (2 mg of powder drilled from each sam- 
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Figure 1. Representative 
samples from this study 
include faceted syn- 
thetic emeralds (Biron, 
0.61 ct, 5.5 x 4.6 mm) 
and natural emeralds 
(Zambia, 0.48 ct, 6.5 x 
2.3 mm). Photos by 
Nguyen Duc-Trung Kien. 


ple mixed with 200 mg of KBr]. Peak analysis of both 
Raman and FTIR results was performed with an 
OriginLab Origin 7.5 professional software package, 
and the peaks were fitted using a Gauss-Lorentz 
function. 

Chemical analysis of the same 36 samples was 
carried out with electron microprobe for Si and laser 
ablation-inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) for all other elements studied. 
Microprobe analyses were performed with a JEOL 
JXA 8900RL instrument equipped with wavelength- 
dispersive spectrometers, using 20 kV acceleration 
voltage and a 20 nA filament current. Silicon was an- 
alyzed by microprobe, with wollastonite used as the 


In Brief 


e The presence or absence of Raman and FTIR bands, 
and the exact position of apparent maxima, often cor- 
respond to the silicon and/or alkali content in natural 
and synthetic emerald. 


e The Raman band in synthetic emerald samples shows 
an apparent maximum at 1067-1066 cm" and FWHM 
between 11 and 14 cm". In natural samples, the ap- 
parent maximum ranges from 1068 to 1072 cm and 
FWHM varies from 12 to 26 cm. 


The FTIR band in synthetic emeralds shows an appar- 
ent maximum at about 1200-1207 cnr, while natural 
samples show an apparent maximum at about 
1171-1203 cm". 


standard. For most elements, including silicon, the 
detection limit for wavelength-dispersive (WD) spec- 
trometers is between 30 and 300 parts per million 
(ppm). The precision depends on the number of X-ray 
counts from the standard and sample and the repro- 
ducibility of the WD spectrometer mechanisms. The 
highest obtainable precision is about 0.5%. 
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RAMAN SPECTRA 


— gy Synthetic (Biron) 


—_— =a Natural (Zambia) 


INTENSITY (a.u.) 


1060 1080 1100 


RAMAN SHIFT (cm-') 


1120 


Figure 2. The Raman peak of a representative natural 
sample is at a higher wavenumber than that of a rep- 
resentative synthetic emerald sample. 


LA-ICP-MS quantitative analysis for all elements 
except Si (including Li, Be, B, Na, Mg, Al, P, K, Ca, 
Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Ga, Ge, Rb, Sr, Y, Zr, 
Nb, Mo, Cs, Ba, La, and Ta) was conducted using an 
Agilent 7500ce ICP-MS in pulse-counting mode. Ab- 
lation was performed with a New Wave Research 
UP-213 Nd:YAG laser ablation system, using a pulse 
repetition rate of 10 Hz, an ablation time of 60 sec- 
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onds, a dwell time of 10 milliseconds per isotope, a 
100 um crater diameter, and five laser spots averaged 
for each sample. Silicon (determined with the micro- 
probe) was used as the internal standard. Data reduc- 
tion was carried out using Glitter software. The 
amount of material ablated in laser sampling varied 
in each spot analysis. Consequently, the detection 
limits were different for each spot and were calcu- 
lated for each acquisition. Detection limits for the 
analyzed elements ranged between 0.0001 and 0.5 
ppm. For trace elements such as Ta, La, Nb, and Y, 
the detection limit was 0.0001 ppm. The detection 
limit was 0.01 ppm for minor elements such as alka- 
lis and 0.5 ppm for main elements, including Be and 
Al. Analyses were calibrated using the NIST 612 
glass standard. BCR-2G glass was also measured as a 
reference material. 


RESULTS AND DISCUSSION 
The Raman Peak at Approximately 1070 cm. Ear- 
lier studies attributed this peak to either Si-O 
stretching (e.g., Adams and Gardner, 1974; Charoy et 
al., 1996) or Be-O stretching in the beryl structure 
(e.g., Kim et al., 1995; Moroz et al., 2000). Recent re- 
sults have shown that this peak is mainly due to Si- 
O stretching (Huong, 2.008). 

Figure 2, presents Raman spectra from 1050 to 1120 
cm! for a hydrothermal synthetic emerald (Biron) and 
a natural emerald (Kafubu, Zambia). The exact posi- 
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tion and shape of the observed peaks differ. For the 
synthetic sample, the apparent maximum is situated 
at around 1067.5 cnr", with a full width at half maxi- 
mum (FWHM) of 12 cm“. The apparent maximum for 
the synthetic samples is positioned at 1067.0-1068.0 
cm, and the FWHM varies between 11 and 14 cm". 
There is no variation between the different growth 
methods (hydrothermal vs. flux) or manufacturers re- 
garding this peak (figure 3). The natural sample pre- 
sented in figure 2 shows an apparent maximum at 
approximately 1070 cm~! and a FWHM of 18 cm. In 
the natural samples, the apparent maximum ranged 
from 1068 to 1072 cm! and FWHM varied between 
12. and 26 cm (with no clear difference among geo- 
graphic origins; figure 3). The variation in the exact 
position (shifting) and shape (broadening} of this peak 
is probably due to the presence of at least two different 
bands; the peak’s position and shape are linked to the 
relative intensities of these bands. Peak position and 
FWHM show overlap between some natural and syn- 
thetic samples (when the apparent maxima overlap at 
1068 cm and the FWHM at 12-14 cm"). Thus, only 
the natural samples have presented peak maxima 
above 1068 cm with a FWHM >15 cm, and only 
synthetic emeralds have maxima at 1067 cm! witha 
FWHM of 11 cm:!. When they are not within overlap 
ranges, peak position and FWHM can help identify 
natural and synthetic emerald. 

Correlation diagrams of chemical composition 
data, 1070 cm" Si-related Raman peak positions, and 
FWHMs showed that the Si-O band broadened and 
shifted to higher wavenumbers when the Si wt.% de- 
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creased (figure 3). The shifting and broadening of the 
peak probably result from chemical substitution. 

In figure 4, the correlation between Si and alkali 
ion weight percentages is observed; samples with 
lower than stoichiometric Si show high alkali wt.%. 
As silicon is the main element in the beryl structure, 
only a relatively significant decrease of silicon wt.% 
(i.e., a relatively significant increase of alkali wt.%) 
causes a detectable change in the Raman band prop- 
erties. When the wt.% of silicon (as well as the sum 
of alkalis) is significantly different (for example, up to 
3 wt.% variance between natural and synthetic sam- 
ples), the difference in band properties can be ob- 
served. When the silicon wt.% is more similar 
(around 1 wt.% variance among natural samples; i.e., 
“low” alkali wt.%), the difference in band properties 
is not visible. In “high-alkali” emeralds (>1.5% alkali 
content}, this band shifts at about 1069-1072 cm" 
(FWHM of 16-26 cm’). In “low-alkali” emeralds 
with <0.5% alkali content (e.g., Nigerian and Colom- 
bian) and in synthetic samples with <1.5% alkali con- 
tent, these bands shift at about 1068-1070 cm"! 
(FWHM of 12-18 cm:') and 1067-1068 cm! (FWHM 
of 11-14 cm"), respectively. 


The 1200 cm“ FTIR Absorption Band and Its Shoul- 
der. This band was attributed to Si-O stretching in 
the beryl structure (Aurisicchio et al., 1994). Figure 
5 presents the FTIR absorption spectra of a synthetic 
emerald (flux-grown, Gilson) and a natural emerald 
(Ural Mountains, Russia) from 400 to 1600 cm (see 
inset from 1100 to 1300 cm). 
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TABLE 1. Chemical data of natural and synthetic 
emeralds by electron microprobe (silicon content) 
and LA-ICP-MS (alkali content). 


Silicon Total alkalis 
Source (wt.%) LitNa+K+Rb+Cs 
(wt.%) 
Natural 
Colombia/Chivor 1 65.272+0.333 0.33040.024 
Colombia/Chivor 2 66.134+0.081 0.355+0.030 
Colombia/Chivor 3 65.609+0.392 0.521+0.041 
Colombia/Chivor 4 65.921+0.312 0.683+0.031 
Colombia/Chivor 5 65.306+0.284 0.405+0.053 
Nigeria/Gwantu 1 66.254+0.168 0.208+0.021 
Nigeria/Gwantu 2 66.188+0.056 0.142+0.018 
Nigeria/Gwantu 3 64.986+0.409 0.230+0.041 
Nigeria/Gwantu 4 65.755+0.220 0.208+0.035 
Nigeria/Gwantu 5 65.820+0.081 0.23840.052 
China/Malipo 1 63.521+0.302 0.966+0.062 
China/Malipo 2 63.914+40.472 1.116+0.036 
Brazil/Santa Terezinha 63.245+0.221 1.591+0.041 
Brazil/Socoto 64.306+0.162 1.809+0.032 
Brazil/Capoeirana 64.109+0.093 1.657+0.081 
Brazil/Carnaiba 64.287+0.178 1.819+0.032 
Brazil/ltabira 63.410+0.254 0.914+0.011 
Russia/Ural 1 63.823+0.213 1.760+0.070 
Russia/Ural 2 64.521+0.243 1.850+0.021 
Austria/Habachtal 1 64.470+0.151 1.567+0.072 
Austria/Habachtal 2 62.719+0.083 1.58540.045 
Madagascar/Mananjary 1 63.554+40.412 1.116+0.017 
Madagascar/Mananjary 2 64.209+0.244 1.629+0.029 
Zambia/Kafubu 1 64.228+0.109 1.552+0.006 
Zambia/Kafubu 2 63.523+0.372 1.611+0.012 
South Africa/Transvaal 1 63.723+0.251 1.701+0.017 
South Africa/Transvaal 2 63.178+0.222 1.872+0.045 
Synthetic (hydrothermal) 
Biron 1 66.710+0.360 0.166+0.011 
Biron 2 66.650+0.163 0.142+0.014 
Tairus 1 66.489+0.214 0.067+0.009 
Tairus 2 66.783 +0.202 0.052+0.014 
Synthetic (flux) 

Gilson 1 66.391+0.101 0.041+0.003 
Gilson 2 66.524+0.323 0.049+0.010 
Chatham 1 66.830+0.272 0.17140.019 
Chatham 2 66.59140.130 0.112+0.012 
Lennix 1 66.233+0.164 0.033+0.005 
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All synthetic samples showed an apparent maxi- 
mum at around 1200 to 1207 cm", while natural 
emeralds showed an apparent maximum at about 
1171 to 1203 cm!. This peak appears to consist of 
more than one band, and its exact position and shape 
are linked to the relative intensities of these bands. An 
overlap of the apparent maxima was observed with 
some low-alkali natural and synthetic samples from 
1200 to 1203 cm. In addition, all high-alkali emeralds 
displayed a shoulder at about 1140 cm". The shoulder 
has not been reported in previous studies. Among low- 
alkali samples, this shoulder could be seen in Colom- 
bian samples (Chivor) but not in Nigerian emeralds. 
Its exact position is also linked to the main peak posi- 
tion. The shoulder was not observed in any of the syn- 
thetic samples (again, see figure 5). 

Correlating chemical data showed that the pres- 
ence of the shoulder was also related to alkali con- 
tent. In the samples with high alkali ion content, the 


Figure 5. The FTIR weak absorption band (see inset) 
at around 1140 cm is seen in natural samples with 
high alkali content but not in synthetic samples. The 
presence of this shoulder has not been reported by 
previous studies. Other bands between 400 and 1100 
cnr have been reported and assigned to the bondings 
of main elements (i.e., Si, Al, and Be). The FTIR ab- 
sorption spectra were acquired on KBr pellets of pow- 
dered emeralds. 
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shoulder at 1140 cm was distinct. Moreover, the ap- 
parent maximum of the peak at 1200 cm! shifted to 
lower wavenumbers. In samples with low alkali con- 
tent, particularly synthetic samples, the shoulder dis- 
appeared and the apparent maximum at 1200 cm"! 
shifted toward higher wavenumbers. 


CONCLUSION 


Natural and synthetic emeralds can sometimes be 
distinguished by the apparent maxima and FWHM of 
the silicon- and alkali-related Raman peak at 1070 
cm-!. Using FTIR spectroscopy on KBr pellets of pow- 
dered samples, the distinction can sometimes be 
made based on the silicon-related peak at 1200 cm", 
as well as a shoulder, possibly linked to alkali con- 
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Figure 4 


* Rectangular, square-shaped and com- 
ma-like inclusions in Indian emerald. 
75X. 
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Figure 5 


¢ Typical two-phase inclusions in Indian 
emerald. 75X. 
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DIAMOND 

Natural Colorless Type laB 
Diamond with Silicon-Vacancy 
Defect Center 

The silicon-vacancy defect, or [Si-V]-, 
is one of the most important features 
in identifying CVD synthetic dia- 
monds. It can be effectively detected 
using laser photoluminescence tech- 
nology to reveal sharp doublet emis- 
sions at 736.6 and 736.9 nm. This 
defect is extremely rare in natural dia- 
monds (C.M. Breeding and W. Wang, 
“Occurrence of the Si-V defect center 
in natural colorless gem diamonds,” 
Diamond and Related Materials, Vol. 
17, No. 7-10, pp. 1335-1344) and has 
been detected in very few natural type 
Ila and IaAB diamonds over the past 
several years. 

Recently, a 0.40 ct round brilliant 
diamond with D color and VS, clarity 
(figure 1) was submitted to the Hong 
Kong laboratory for grading service. It 
was identified as a pure type IaB natu- 
ral diamond. Infrared absorption spec- 
troscopy showed low concentrations 
of the hydrogen peak (3107 cm) and 
N impurities in the B aggregates. 
Photoluminescence spectra at liquid- 
nitrogen temperature with 514 nm 
laser excitation revealed [Si-V} doublet 
emissions at 736.6 and 736.9 nm (fig- 
ure 2), while 457 nm laser excitation 
revealed the H3 (503.2 nm) emission. 
DiamondView fluorescence images 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. Emissions from the 
silicon-vacancy defect at 736.6 and 
736.9 nm were detected in this 
0.40 ct type IaB natural diamond. 


showed blue fluorescence with natural 
diamond growth patterns. These gemo- 


logical and spectroscopic features con- 
firmed the diamond’s natural origin, 
despite the occurrence of [Si-V} emis- 
sions. No treatment was detected. 
Examination of this stone indicated 
that the [Si-V} defect can occur, albeit 
rarely, in multiple types of natural dia- 
monds. Therefore, all properties should 
be carefully examined in reaching a 
conclusion when [Si-V} is present. 


Carmen “Wai Kar” Lo 


Screening of Small Yellow Melee for 
Treatment and Synthetics 

Diamond treatment and synthesis 
have undergone significant develop- 
ments in the last decade. During this 
time, the trade has grown increasingly 
concerned about the mixing of treated 


Figure 2. The emission peaks at 736.6 and 736.9 nm from the [Si-V]- defect 
are shown in the type IaB diamond’s photoluminescence spectrum. Iden- 
tical peak positions are detected in CVD synthetic diamonds. 
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and/or synthetic diamonds with natu- 
ral melee-sized goods. Because it is 
often not feasible to test every small 
diamond in a parcel, many of these 
products could be traded without being 
tested individually by a gem lab. GIA’s 
New York laboratory recently tested 
two large groups of melee yellow dia- 
monds submitted for screening of 
treatments and synthetics. The results 
will likely have profound implications 
for how melee diamonds are handled 
in the trade. 

A parcel of 359 round diamonds be- 
tween 0.02 and 0.03 ct was submitted 
for identification. They showed uni- 
form appearance, intense yellow color, 
and good clarity. Based on spectro- 
scopic analysis, each sample’s color 
was attributed to trace concentrations 
of isolated nitrogen. Gemological ob- 
servations, infrared absorption spec- 
troscopy, and DiamondView analysis 
confirmed that 344 of them were nat- 
ural diamonds, 14 were grown by 
HPHT (high-pressure, high-tempera- 
ture) synthesis, and one was an HPHT- 
treated natural diamond (figure 3). 

Of the 14 synthetic diamonds, 
eight were dominated by A-aggregate 
form nitrogen with trace isolated ni- 
trogen, while the other six showed 
negligible amounts. All had wide- 
spread pinpoint inclusions, a feature 
typical of HPHT synthetic diamonds. 
Characteristic growth features of 
HPHT synthesis were confirmed 
using a DiamondView fluorescence 
instrument on six of them. The syn- 
thetic diamonds with a high concen- 
tration of A-aggregate form nitrogen 
were produced at much higher tem- 
peratures, indicating more than one 
producer. 

To gain perspective on the surpris- 
ingly high prevalence of synthetic 
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and treated diamonds found in this 
parcel, we analyzed an additional par- 
cel containing 525 samples, with 
similar results. One of these was 
HPHT-processed, while 10 displayed 
the spectral, microscopic, and fluo- 
rescence characteristics typical of 
HPHT synthetics; we concluded that 
the remaining 514 were natural and 
untreated. Typical DiamondView 
characteristics of HPHT synthetics 
were observed, but most of the HPHT 
synthetics showed fluorescence pat- 
terns similar to those of natural dia- 
monds (figure 4). This observation 
emphasizes the importance of in- 
frared absorption spectroscopy, in ad- 
dition to DiamondView imaging, 


Figure 3. This group of 359 in- 
tensely colored round yellow dia- 
monds (0.02-0.03 ct) was 
screened by GIA’s New York labo- 
ratory. Among these, the majority 
were natural (left), 14 were HPHT 
synthetics (middle), and one was 
HPHT-treated natural diamond 
(right). They all displayed uni- 
form appearance and could not 
be distinguished visually. 


when determining diamond origin. 
This study indicates that melee di- 
amonds in the marketplace are being 
contaminated by synthetic and treated 
diamonds. Screening analysis by gem 
labs is essential to ensuring the correct 
identification. An efficient and reli- 
able screening can be performed using 
infrared absorption spectroscopy, Dia- 
mondView fluorescence imagery, and 
optical microscopy. From our analysis 
of 883 melee samples in all, we con- 
cluded that 857 were natural diamond 
(97.1%), 24 were HPHT synthetic di- 
amond (2.7%), and two were HPHT- 
processed natural diamonds (0.2%). 


Wuyi Wang, Martha Altobelli, 
Caitlin Dieck, and Rachel Sheppard 


Figure 4. These DiamondView fluorescence images show (A) growth sec- 
tor patterns typical of HPHT synthetic diamonds, (B) HPHT treatment, 
and (C and D) uncharacteristic HPHT synthetic patterns. 
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Very Large Irradiated Yellow 
Artificial irradiation, with or without 
annealing, has been used to improve 
the color of natural diamonds for sev- 
eral decades. This technique is usu- 
ally applied to brownish or light 
yellow diamonds of relatively small 
size. The New York lab recently 
tested a very large yellow diamond 
that had been artificially irradiated. 
This emerald-cut stone weighed 
22.27 ct and was color graded as Fancy 
Vivid yellow (figure 5). Faint color con- 
centration was observed along the 
culet. The diamond showed medium 
yellow-green, slightly chalky fluores- 
cence to long-wave UV and weak or- 
ange fluorescence to short-wave UV. 
No obvious internal features were ob- 
served. Its infrared absorption spec- 
trum showed high concentrations of 
nitrogen and weak absorptions from 
defects H1lb (4935 cm) and Hic 
(5165 cm). A weak hydrogen-related 
absorption at 3107 cm was also de- 
tected. In the Vis-NIR region, the 
absorption spectrum collected at 
liquid-nitrogen temperature showed 
strong absorptions from the N38, H4, 
H3, and 595 nm optical centers (figure 
6). These spectroscopic and gemologi- 
cal features demonstrated that the di- 
amond had been artificially irradiated 
and annealed to introduce additional 
absorptions from the H3/H4 defects, 


Figure 5. This 22.27 ct Fancy 
Vivid yellow diamond was iden- 
tified as artificially irradiated 
and annealed. Treated diamonds 
of this size and attractively satu- 
rated color are rare. 
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Figure 6. The irradiated yellow diamond's Vis-NIR absorption spectrum, 
collected at liquid-nitrogen temperature, showed strong absorption from 
the H3 and H4 defects, which were artificially introduced to enhance the 


yellow color. 


enhancing its yellow color. This Fancy 
Vivid yellow color would have been 
much lighter and less saturated before 
the treatment. 

Artificially irradiated diamonds of 
this size and attractive color are rarely 
examined in gem laboratories. 


Wuyi Wang 


Natural PEARL Aggregates from 
Pteria Mollusks 


Both natural and cultured pearls of 
Pteria-species mollusks from the Gulf 
of California, Mexico (M. Carino and 
M. Monteforte, “History of pearling 
in La Paz Bay, South Baja California,” 
Summer 1995 GWG, pp. 88-104; L. 


Kiefert et al., “Cultured pearls from 
the Gulf of California, Mexico,” 
Spring 2004 G&G, pp. 26-38) are ex- 
amined in GIA laboratories from time 
to time. But a recent submission to 
the New York lab of 10 loose pearls, 
ranging from 8.17 x 7.65 x 3.89 mm to 
17.85 x 11.16 x 6.80 mm (figure 7), 
proved interesting owing to their 
shapes and internal growth features. 
All the pearls had a “grapelike” clus- 
ter appearance, as if multiple smaller 
pearls had combined into aggre- 
gates. Their colors ranged from dark 
brown and purple to gray, with strong 
orient consisting of mainly bluish and 
pinkish overtones. 

Microscopic examination revealed 
that the pearls formed with continu- 


Figure 7. These 10 loose natural pear! aggregates from the Pteria species 
ranged from dark brown and purple to gray. 
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Figure 8. Microradiograph images of the pearls revealed multiple growth units with central conchiolin-rich cores in 


each unit. 


ous nacre layers. Microradiography 
further demonstrated that their inter- 
nal structures were composed of mul- 
tiple small pearls related to their 
growth (figure 8). Conchiolin-rich 
centers were observed in all of the 
sub-units, indicating natural forma- 
tion. Additional advanced testing 
(UV-Vis reflectance spectrophotome- 
try, photoluminescence spectroscopy, 
and EDXRF spectrometry) showed 
that all 10 of the pearls had a natural 
color. More importantly, all 10 exhib- 
ited medium to strong orangy red to 
red fluorescence under long-wave UV, 
which is characteristic of pearls that 
form in Pteria mollusks (figure 9). 
Pearls grown from the aggregation 
of smaller pearls are sometimes asso- 
ciated with freshwater culturing prac- 
tices (Summer 2012 Lab Notes, pp. 
138-139). Yet these samples clearly 
did not appear to be cultured. Our 
client later informed us that the 
pearls were obtained more than 40 
years ago, reportedly off the Mexican 


Figure 9. The pearls produced this 
striking characteristic red fluores- 
cence under long-wave UV. 
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coast, which further supports the 
identity of these unique pieces. 


Sally Chan and Yixin (Jessie) Zhou 


Lead-Glass-Filled Burmese RUBIES 

Rubies filled with a high-lead-content 
glass as a clarity enhancement were 
first reported by the Gemmological 
Association of All Japan (GAAJ) labo- 
ratory in 2004. Since then, many of 
these stones have been examined by 
gemological laboratories around the 
world. They are identified by their nu- 
merous large, low-relief fractures and 
their blue or orange flashes easily seen 
at different angles, as well as their 


flattened gas bubbles and voids that 
are obvious under magnification (S.F. 
McClure et al., “Identification and 
durability of lead glass-filled rubies, 
Spring 2006 GWG, pp. 22-34). 

The Carlsbad laboratory recently 
had the opportunity to examine a 
multi-strand necklace of graduated 
round ruby beads (figure 10), measur- 
ing 2.72 to 6.13 mm in diameter. 
Standard gemological testing showed 
properties consistent with natural 
ruby. Microscopic observations re- 
vealed typical inclusions for ruby: ru- 
tile silk, banded particulate clouds, 
twinning planes, red parallel planar 
zoning, and roiled graining. The ap- 


Figure 10. The Burmese ruby beads in this multi-strand necklace were 


filled with lead glass. 
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Figure 11. These wide fractures, 
filled with glass of relatively low 
lead content, showed a slightly 
lower luster than the host ruby. 
Field of view 2.96 mm. 


pearance and chemical composition 
of the beads suggested that their geo- 
graphic origin was Mogok, Myanmar. 
Their wide, low-relief fractures (fig- 
ure 11) and cavities were filled with a 
foreign substance whose luster was 
slightly lower than that of the rubies. 
These observations suggested a lead- 
glass filler, although the lower luster 
was contrary to previous documenta- 
tion and the filler did not display any 
flash effect. In some beads, the filler 
also showed a crazed appearance (fig- 
ure 12) not typically observed in 
other rubies filled with high-lead 
glass. 

This strange observation prompted 
us to carry out a chemical analysis 
of the glass filler. We tested two 
spots using laser ablation—inductively 
coupled plasma—mass spectrometry 
(LA-ICP-MS) on a relatively large glass- 
filled cavity. The results after normal- 


Figure 12. In some beads, the 
filler also showed a crazed ap- 
pearance not typically observed 
in other rubies filled with lead 
glass. Field of view 2.96 mm. 
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Figure 13. Some beads were so 
highly fractured and filled that 
they would be called “manufac- 
tured products consisting of lead 
glass and ruby.” This material 
would easily disintegrate if the 
lead glass were removed. Field of 
view 2.96 mm. 


ization showed that the filler con- 
tained approximately 43 wt.% PbO, 
which was much lower than the lead 
content reported by McClure et al. in 
2006 (71-76 wt.%). The diminished 
lead content would lower the refrac- 
tive index of the glass and explain the 
lack of flash effect and the lower luster 
observed in this filler. 

These beads were the first exam- 
ples of this lower-lead-content glass 
filling in Burmese rubies examined at 
the Carlsbad laboratory. On a GIA re- 
port, most of these beads would be 
identified as “rubies with significant 
clarity enhancement with lead glass 
filler.” Yet some of the beads were so 
highly fractured and filled that they 
would be considered “manufactured 
products consisting of lead glass and 
ruby” (figure 13). 


Najmeh Anjomani and 
Rebecca Tsang 


Spinel Inclusion in SPINEL 


A 26.73 ct transparent dark pink- 
purple oval mixed cut (figure 14) was 
submitted to the Carlsbad laboratory 
for identification services. Standard 
gemological testing showed a refrac- 
tive index of 1.719 and a hydrostatic 
specific gravity of 3.59. The stone flu- 
oresced very weak red to long-wave 
UV light and was inert to short-wave 
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Figure 14. This 26.73 ct dark 
pink-purple spinel contained a 
spinel crystal inclusion. 


UV. Observed using a handheld spec- 
troscope, the stone showed thin ab- 
sorption bands near 680 nm, with fine 
absorption lines near 670 nm. These 
gemological properties were consistent 
with spinel. 

Interestingly, microscopic exami- 
nation showed that the spinel was rel- 
atively free of inclusions except for a 
very low-relief solid inclusion that 
was only partially visible (figure 15). 
Examination with polarized light (fig- 
ure 16) revealed the entire outline of 
the low-relief crystal. Unaltered crys- 
tals generally provide strong evidence 
that a stone has not been heated, and 
this inclusion showed no alteration. 
But it is also important to consider 
the identity of certain inclusions 
when using them as an indication for 
thermal treatment. Due to the low re- 


Figure 15. Under diffused light- 
ing, the outline of the spinel crys- 
tal was only partially visible. 
Image width 3.70 mm. 
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Figure 16. Under polarized light- 
ing, the outline of the spinel crys- 
tal was clearly visible. Image 
width 3.70 mm. 


lief of this inclusion, it is very likely 
a spinel inside of spinel. Their match- 
ing refractive index explains why the 
inclusion is nearly invisible. Since the 
host and inclusion are the same ma- 
terial, we would not expect to see any 
alteration due to heat treatment. 
Therefore, the unaltered appearance 
of this inclusion cannot be used to de- 
termine that this spinel has not been 
heat treated. 

The spinel’s visible absorption 
spectrum revealed that its purple 
color results from the combination of 
Fe and Cr (figure 17). Absorption 
bands with a maximum at 400 and 
550 nm are caused by Cr** (D.L. Wood 
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Figure 18. The gray spectrum of unheated spinel shows that the FWHM (full 
width at half maximum) of the peak with highest counts is 0.92 cm and 
the position of the peak is at 685.5 cnr. The purple spectrum, representing 
the dark pink-purple spinel, shows that the FWHM of the peak with highest 
counts is 6.11 cmr' and the peak is shifted from 685.5 to 687.5 cnr". 


et al., “Optical spectrum of Cr** ions 
in spinels,” The Journal of Chemical 
Physics, Vol. 48, No. 11, 1968, pp. 
5255-5262). Fe** causes the absorp- 
tion band from 400 to 590 nm, while 


Figure 17. The spinel’s visible spectrum revealed that its dark pink-purple 


color was caused by Cr and Fe. 
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the Fe?*/Fe*+ charge transfer and Fe*+ 
cause the absorption bands from 590 
to 700 nm (S. Muhlmeister et al., 
“Flux-grown synthetic red and blue 
spinels from Russia,” Summer 1993 
Gea, pp. 81-98). 

Spinels submitted to GIA’s labo- 
ratory are routinely checked using 
advanced analytical tools. Laser abla- 
tion-inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) was used to 
confirm the natural trace elements. 
Higher concentrations of Li (27.7 
ppmw), Be (87.4 ppmw), Zn (133 
ppmw), and Ga (63 ppmw) indicate a 
natural origin, and the specimen’s pho- 
toluminescence (PL) spectrum was 
consistent with a heated spinel due to 
the broad full width at half maximum 
(FWHM) observed at 687.5 nm (figure 
18; see S. Saeseaw et al., “Distinguish- 
ing heated spinels from unheated nat- 
ural spinels and from synthetic 
spinels,” GIA Research News, April 
2009, http://www.gia.edu/gia-news- 
research-NR32209A). It was unusual 
to see a spinel with this dark pink- 
purple color showing evidence of 
heat, as we typically see only red 
spinels that have been heated. From 
careful microscopic examination and 
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advanced gemological testing, we 
were able to conclude that this was a 
natural spinel showing indications of 
heating. 


Amy Cooper and Ziyin Sun 


CVD SYNTHETIC DIAMOND with 
Fancy Vivid Orange Color 

With the rapid improvement of CVD 
synthetic diamond quality in recent 
years, various colorations can be in- 
troduced after growth. The New York 
laboratory recently tested a CVD syn- 
thetic with a very attractive orange 
color. 

This round-cut specimen weighed 
1.04 ct and was color graded as Fancy 
Vivid pinkish orange (figure 19), a very 
rare color among natural and treated 
diamonds. Except for a few dark pin- 
point inclusions, it showed no notable 
internal features. Under crossed polar- 
izers, it displayed natural-looking 
“tatami” strain patterns. Absorption 
spectroscopy in the infrared region 
showed typical type Ila features, with 
no detectable defect-related absorp- 
tion. At liquid-nitrogen temperature, 
a few absorption features were de- 
tected in the UV-Vis-NIR region (fig- 
ure 20). The major ones include 
absorptions from N-V centers with 
ZPL at 575.0 and 636.9 nm, and their 


Figure 19. This 1.04 ct round was 
identified as a CVD synthetic di- 
amond. Its Fancy Vivid pinkish 
orange color was introduced 
through post-growth irradiation 
and annealing. 
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Figure 20. Several defects were detected in the CVD synthetic diamond’s 
absorption spectrum in the UV-Vis-NIR region at liquid-nitrogen tempera- 
ture. Strong absorptions from the N-V centers are the main cause of the ob- 


served pinkish orange color. 


related side bands. We also recorded 
absorptions from some irradiation-re- 
lated defects, including 594.4 nm, 
GRI at 741.2 nm, ND1 at 393.4 nm, 
and the general radiation absorption 
features at 420-450 nm. Also ob- 
served were weak absorptions from 
the H3 defect at 503.2 nm, possible 
nickel-related defects at 516.1 nm, 
and [Si-V] at 736.6/736.9 nm. Under 
the strong short-wave UV radiation of 
the DiamondView, the sample 
showed very strong red fluorescence 
with sharp linear growth striations, a 
unique feature of CVD synthetic dia- 
mond. Weak red phosphorescence 
was also detected. These observations 
confirmed that this was a CVD syn- 
thetic diamond with post-growth 
treatments. Nitrogen concentration, 
based on absorptions in infrared ab- 
sorption spectroscopy, was below 1 
ppm. After initial growth, the sample 
was artificially irradiated and then an- 
nealed at moderate temperatures to 
introduce the N-V centers. Strong ab- 
sorptions from N-V centers are the 
main causes of the observed pinkish 
orange bodycolor. 

The very attractive orange color 
was achieved by introducing the 
proper concentrations of N-V centers 
while limiting the formation of other 
defects. It should be pointed out that 
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the relatively high concentration of 
[Si-V] could be attributed to the treat- 
ment by combining preexisting Si im- 
purity with artificially introduced 
vacancies. With further developments 
in after-growth treatment, it is highly 
likely that more colors in CVD syn- 
thetic diamonds will be introduced. 


Wuyi Wang and Kyaw Soe Moe 


Mixed-Type HPHT 

SYNTHETIC DIAMOND with 
Unusual Growth Features 

A 0.28 ct round brilliant was submit- 
ted as synthetic moissanite to the 
Carlsbad lab for an identification re- 
port. At first glance, synthetic mois- 
sanite seemed like a possibility. The 
stone had a green-yellow color and 
contained numerous growth tubes 
visible through the table (figure 21). 
Yet it did not show doubling in the 
microscope, which is a characteristic 
feature of synthetic moissanite. Its in- 
frared spectrum was a match for dia- 
mond. The infrared spectrum also 
showed a very unusual combination 
of boron and nitrogen impurities at 
2804 and 1130 cm", respectively (fig- 
ure 22). These two impurities are not 
known to occur together in natural di- 
amonds in measurable quantities. 
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Figure 21. These growth tube 
features were visible through the 
table of the HPHT-grown syn- 
thetic diamond. Magnified ap- 
proximately 90x. 


This was a strong indicator of syn- 
thetic origin. A DiamondView image 
(figure 23) confirmed that it was syn- 
thetic, grown by the high-pressure, 
high-temperature (HPHT) method. It 
is noteworthy that after the sample 
was removed from the DiamondView, 
it showed very strong blue phospho- 
rescence that was clearly visible in 
ambient room lighting and persisted 
for several minutes. 

Unless special precautions are 
taken, diamond synthesis will incor- 
porate nitrogen into the lattice, which 
leads to a yellow bodycolor. Certain 
chemicals can be added to prevent the 
incorporation of nitrogen, and this can 
lead to colorless diamonds. If boron is 
introduced to the growth of synthetic 
diamonds, it will become incorporated 
and produce a blue bodycolor. If both 


Figure 23. This DiamondView 
image shows the characteristic 
growth pattern of an HPHT syn- 
thetic diamond. 
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Figure 22. The HPHT-grown synthetic diamond’s infrared spectrum shows 
peaks related to both boron and single nitrogen. 


boron and nitrogen are allowed to in- 
corporate into the lattice, the blue and 
yellow bodycolors will combine to 
produce a green color (J.E. Shigley et 
al., “Lab-grown colored diamonds 
from Chatham Created Gems,” Sum- 
mer 2004 GWG, pp. 128-145). Since 
boron is an electron acceptor and nitro- 
gen is an electron donor, an excess of 
boron will compensate the nitrogen 
and the blue color will predominate. 
Because nitrogen and boron have slight 
preferences for different growth sec- 
tors, if the concentration of both nitro- 
gen and boron is carefully controlled, 
nitrogen and boron will dominate dif- 
ferent growth sectors. The colors will 
blend to create a face-up greenish color 
(R.C. Burns et al., “Growth-sector de- 
pendence of optical features in large 
synthetic diamonds,” Journal of Crys- 
tal Growth, Vol. 104, No. 2, 1990, pp. 
257-279). 

The growth tubes in this sample 
were an unusual feature, last seen in 
a selection of HPHT-grown synthetics 
several years ago at GIA’s West Coast 
laboratory. They appear similar to 
synthetic moissanite growth tubes, 
though there are a few key differ- 
ences. Whereas the growth tubes 
occur in only one direction in syn- 
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thetic moissanite, they could be seen 
growing in different directions in this 
synthetic diamond. The tubes in syn- 
thetic moissanite also tend to be very 
straight, while the ones in this sample 
curved and changed direction. Al- 
though this stone bore some superfi- 
cial resemblance to moissanite, its 
gemological properties were quite dif- 
ferent, another reminder to avoid 
quick sight identifications. 


Troy Ardon 


A Larger, Higher-Quality NPD 
SYNTHETIC DIAMOND 
In February 2014, these authors re- 
ported the first example of a syn- 
thetic nano-polycrystalline diamond 
(NPD) detected by a gemological lab- 
oratory (see www.gia.edu/gia-news- 
research-fancy-black-NPD-synthetic). 
The 0.9 ct marquise was small and so 
heavily included with graphite crys- 
tals as to receive a Fancy Black color 
grade. The East Coast laboratory re- 
cently detected another undisclosed 
NPD synthetic diamond, a 1.51 ct 
Fancy Black round. 

This NPD specimen was larger and 
had a much better transparency than 
the previous NPD, though it still 
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Figure 24. This 1.51 ct Fancy 
Black nano-polycrystalline dia- 
mond (NPD) synthetic, submit- 
ted undisclosed, was larger and 
showed much better trans- 
parency than a previously de- 
tected NPD synthetic. 


graded as Fancy Black (figure 24). In- 
frared spectroscopy showed a diagnos- 
tic absorption pattern for diamond, 
with strong absorption in the one- 
phonon region (approximately 400- 
1332 cnr). Absorption in this region is 
usually attributed to nitrogen impurity 
in different aggregation states, but 
careful observation showed otherwise. 

The specimen’s infrared absorption 
pattern matched that of known NPD 
samples (figure 25). Further testing, 
including Raman spectroscopy and 
DiamondView imaging, confirmed the 
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Figure 25. The mid-FTIR spectrum of the 1.51 ct black NPD synthetic dia- 
mond (red) displayed absorption in the one-phonon region similar to that 


of known NPD samples (green). 


sample to be a NPD synthetic dia- 
mond. Microscopic observation re- 
vealed that the host material had the 
yellow color typical of previously re- 
ported NPD samples (see E.A. 
Skalwold, “Nano-polycrystalline dia- 
mond sphere: A gemologist’s perspec- 
tive,” Summer 2012 GWG, pp. 
128-131). The sample was heavily in- 


Figure 26. These photomicrographs, magnified 35x (left) and 40x (right), 
show abundant inclusions of graphite inclusions. Note the yellow color of 
the host material. 
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cluded with graphite, but less so than 
the previously reported 0.9 ct mar- 
quise, and therefore it had a better 
transparency (figure 26). 

The origin of this synthetic dia- 
mond is not known, but it showed ob- 
vious improvements in size and 
quality compared to the marquise re- 
ported in February 2014. In the future, 
NPD synthetics could pose an identi- 
fication challenge to the gem and 
jewelry industry. Careful gemological 
observations and advanced testing 
techniques were required to identify 
this undisclosed synthetic diamond. 


Paul Johnson and Kyaw Soe Moe 


PHOTO CREDITS: 

Johnny Leung—1; Sood Oil (Judy) Chia— 
3, 5, 7, 19; Martha Altobelli and Caitlin 
Dieck—4; Yixin (Jessie) Zhou—8; Jian Xin 
(Jae) Liao—9, 24; C.D. Mengason—10; 
Nathan Rentro— 11-13; Robison Mc- 
Murtry—14; Ziyin Sun—15, 16; Troy 
Ardon—21, 23; Paul Johnson—26. 
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COLORED STONES AND ORGANIC MATERIALS 


Demantoid from Baluchistan province in Pakistan. Deman- 
toid garnet can be broadly divided into two petrogenetic 
groups, namely skarn-hosted and serpentinite-hosted de- 
mantoid. Those in the latter group represent the classic lo- 
calities in the Russian Urals and at Val Malenco, Italy, in 
addition to sources such as Iran’s Kerman province and the 
Kaghan Valley area in the Hazara district of Pakistan. The 
serpentinite formations hosting these demantoids are the 
result of relatively low-grade hydrothermal/metamorphic 
alteration of ultramafic parent rocks. 

Nine demantoids reportedly from a new deposit in the 
Khuzdar area in Pakistan’s Baluchistan province were re- 
cently examined in GIA’s Carlsbad lab (figure 1). The ma- 
terial was bought by one of these contributors (VP) from a 
gem merchant based in Peshawar, Pakistan. 


Figure 1. These nine Pakistani demantoids showed do- 
decahedral form, magnetite inclusions, and asbestiform 
chrysotile masses on some crystal faces. The smallest 
stone (bottom left) is 5.2 mm wide, and the largest (top 
left) is 9.9 mm wide. Photo by Don Mengason. 
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Figure 2. This demantoid is viewed through a polished 
window that is roughly parallel to the (110) crystal face. 
The sample was photographed with cross-polarized 
lighting and immersed in methylene iodide to high- 
light the anomalous birefringence. The sample meas- 
ures 8.8 mm across. Photomicrograph by Aaron Palke. 


The nine rough samples described here (1.74-3.73 ct) 
all exhibited well-developed crystal faces with typical do- 
decahedral form. Their color ranged from yellowish green 
to green, with yellow cores in a few samples. Each showed 
anomalous birefringence, often with a well-defined “octa- 
hedral” pattern (figure 2). 


Editors’ note: Interested contributors should send information and illustra- 
tions to Justin Hunter at justin.hunter@gia.edu or GIA, The Robert 
Mouawad Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Figure 6 


¢ Diagnostic inclusion picture of Indian emerald revealed by dark 
ground illumination. 40X. 


usual reaction cortesponds to the curious 
irregularity, which provides absolutely fresh 
evidence for identification, that Indian em- 
etalds do not turn red through any of the 
color filters at present known to gemolo- 
gists. Whether or not they revealed the 
normal absorption spectrum, all of them 
remained decidedly green and hence did 
not. differ in this respect from emerald 
green paste —an odd distinction from em- 
eralds of other localities and the synthetic 
species. _ 

d) Luminescence: Under ultra-violet rays 
ranging from 2500 to 3650 A all? four 
specimens remained inert, while under 
X-ray irradiation the two lighter colored 
stones glowed with a faint, dull red lumin- 
escence. 

3.) Physical Properties 

a) Specifie Gravity: In conformity with 

the other somewhat higher optical con- 


stants the specific gravity also yielded higher 
values similar to the emeralds from Siberia 
and the Transvaal, yet unlike those from 
Colombia and Brazil. The density values so 
far published will again be compared with 
my measurements: 


B. W. Anderson’: s = 2.73 -2.74 
A. E. Alexander’: s= 2.75 -2.76 
E. J. Gubelin: JOct. s = 2.746 
.78ct. s = 2.739 
O5ct. s = 2.781 
2.42ct. s== 2.740 


With the exception of my sample No. 3, 
which deviated entirely from average con- 
stants and here disclosed a remarkably high 
specific gravity, all the other density values 
remain within the normal limits of varia- 
tion. , 

b) Hardness: The scratching hardness 
which is generally referred to in gemology 
as a diagnostic property appeared to vary 
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Several of the garnets had fibrous (asbestiform) masses 
of chrysotile adhering to one or more crystal faces, con- 
firming their origin in a serpentinite deposit. Windows 
were polished into several of these samples for microscopic 
examination of their internal features. Inclusions of 
chrysotile fibers (i-e., horsetail inclusions) are concentrated 
around the rim and radiate out toward the crystal faces 
(again, see figure 2). The cores of many samples were 
marked by a field of opaque, equant black inclusions ini- 
tially presumed to be chromite (figure 3), a commonly ob- 
served inclusion in serpentinite-hosted demantoid. 

However, laser ablation-inductively coupled plasma-— 
mass spectrometry (LA-ICP-MS) analysis of one of these 
grains that had breached a polished surface showed Cr 
below the detection limit (<2 ppm Cr). The analysis 
showed the almost exclusive presence of Fe, with minor 
Mg and Mn and trace amounts of other elements. This in- 
dicates that the opaque black inclusions in these deman- 
toids are actually magnetite. This assignment was further 
confirmed by Raman analysis on another grain and the at- 
traction of several of the garnets to a handheld magnet. LA- 
ICP-MS analysis of the host demantoid also revealed very 
low Cr concentrations from below the detection limit to 
approximately 10 ppm. This was in stark contrast to the 
typically Cr-rich serpentinite-hosted demantoid from other 
deposits. Along with the presence of magnetite instead of 
chromite, this probably indicated the absence of significant 
Cr in the ultramafic protolith. While the internal features 
were very similar to those in other serpentinite-hosted de- 
mantoid, the presence of magnetite instead of commonly 
reported chromite was a surprising feature of this newly 
described material. 


Aaron C. Palke and Vincent Pardieu 
GIA, Carlsbad and Bangkok 


Figure 3. These magnetite and fibrous chrysotile in- 
clusions are typical of the demantoids from this 
study. Field of view is 2.0 mm. Photomicrograph by 
Nathan Renfro. 
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Figure 4. The Stayish black opal mine, active since 
2018, is located in the Wollo province of northern 
Ethiopia. 


New deposit of black opal from Ethiopia. Opal was first dis- 
covered in Ethiopia in the early 1990s. Specimens from 
Mezezo in the historical Shewa province consist of nodules 
of a reddish brown volcanic rock with orange, reddish 
brown, or “chocolate” brown precious opal inside. The next 
major discovery occurred in 2008, when white precious opal 
was found in the province of Wollo near Wegel Tena, about 
550 km north of Addis Ababa (F. Mazzero et al., “Nouveau 
gisement dopales dEthiopie dans la Province du Welo: Pre- 
miéres informations,” Revue de Gemmologie a.f.g., No. 
167, pp. 4-5). This deposit still produces large amounts of 
white and crystal precious opal and occasionally some black 
material (Winter 2011 Lab Notes, pp. 312-313). 


In 2013, yet another source was discovered in Wollo, at 
the Stayish mine near the town of Gashena (figure 4). This 
discovery has yielded mostly dark and black opal, along 
with some white and crystal opal. Although it is only now 
being reported, the deposit has been actively producing 
since 2013. It is set in a distinct opal-bearing layer in a 
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Figure 5. While acidic ash layers occur repeatedly 
within the stratigraphic sequence at Stayish, precious 
black opal occurs only in this stratum. Photo by 
Pierre Hardy. 


mountainous area at an altitude of around 3,000 meters. It 
lies approximately 700 km northeast of Addis Ababa, more 
than 100 km from the historic town of Lalibela by road, 
and about 30 km north of the white opal deposit. 

Like the white opal, the black opal is found at the con- 
tact zone between the volcanic rock series and the under- 
lying clay-rich layer (figure 5). The layer is one in a 
sequence of repeating volcanic ash and ignimbrite layers. 
Field observations at different locations show that the opal- 
bearing layer is contained in a single stratum extending for 
tens and even hundreds of kilometers along the mountain 
belt. The opal-bearing clay layer is about 60 cm thick and 
contains opal of various quality and color. The black opal 
is retrieved from flat tunnels up to 15-20 meters long that 
are dug horizontally into the mountain slope by local vil- 
lagers. The material generally comes in nodules and 
chunks 2-5 cm long, but 10 cm pieces have also been re- 
trieved from this deposit (figure 6). 

The specimens are usually very dark, reminiscent of 
dyed or smoke-treated opal except that the surface does not 
show any staining in surface pits or fissures (figure 7). The 
stones also display a dark, even color all the way through 
and are sometimes layered with dark gray common opal. 
This separates it from sugar-acid treated opal (Winter 2011 
GNI, pp. 333-334), where the darker color is confined to a 
more or less thick surface layer. 

Initial X-ray fluorescence analyses showed barium (Ba) 
values ranging from below detection limit for one deposit 
with more crystal-like opal to 1000 ppmw for another de- 
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Figure 6. Pieces of black opal from the Stayish mine 
are usually 2-5 cm in diameter (bottom), though 
some may reach 10 cm in length (top). Photo by 
Tewodros Sintayehu. 


posit with more dense and grayish material. The two de- 
posits are on adjacent sides of the same mountain. The wide 


Figure 7. This microscopic image of an Ethiopian 
black opal with surface scratches shows none of the 
black staining seen in smoke-treated or dyed opal. 
Some grayish non-precious opal material can be ob- 
served between the color patches. Photo by Hpone- 
Phyo Kan-Nyunt. 
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Figure 8. A parcel of natural pen pearls surrounds a 6.92 ct non-nacreous beaded cultured pearl. Photo by Olivier 


Segura. 


range of Ba values confirmed the volcano-sedimentary char- 
acter of the black opals, as previously described for white 
opals from Wegel Tena (B. Rondeau et al., “Play-of-color 
opal from Wegel Tena, Wollo Province, Ethiopia,” Summer 
2010 G&G, pp. 90-105). 

Preliminary studies with Fourier-transform infrared 
(FTIR) spectrometry did not give conclusive results due to 
the relatively opaque character of our samples. Raman spec- 
tra showed very strong carbon peaks, though these alone do 
not allow a reliable distinction between treated opal from 
Wegel Tena and natural-color black opal from the Stayish 
mine. Careful microscopic observation should reveal the 
natural character of opal from this new deposit, and further 
studies are in progress. 

Acknowledgments: The authors thank Mr. Bill Mar- 
cue from D.W. Enterprises for helping to finance this trip, 
as well as the Ministry of Mines of Ethiopia and the peo- 
ple of Wollo for their kindness and support. 


Lore Kiefert and Pierre Hardy 
Gtibelin Gem Lab, Lucerne, Switzerland 


Tewodros Sintayehu and Begosew Abate 
Orbit Ethiopia PLC, Addis Ababa, Ethiopia 


Girma Woldetinsae 
Ministry of Mines, Addis Ababa, Ethiopia 


The first identified non-nacreous beaded cultured pearl. The 
Laboratoire Francais de Gemmologie (LFG) recently had the 
opportunity to examine a collection of non-nacreous pearls 
from the Pinnidae family (Pinna and Atrina species). 
Among these, one black pen pearl drew our attention for 
its relatively large size: a 10.6-10.6 x 9.6 mm round button 
weighing 6.92 ct. 

Its dark black porcelaneous appearance was typical of 
pearls from the calcitic part of Atrina vexillum, the kind 
usually submitted for laboratory analysis (figure 8). Obser- 
vation at 85x magnification (figure 9) revealed a distinctive 
pattern of convolution, with a few micro-cracks. 
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Our findings on these cultured pearls are similar to 
those of N. Sturman et al. (“Observations on pearls report- 
edly from the Pinnidae family [pen pearls],” Fall 2014 GWG, 
pp. 202-215) in terms of Raman spectra (confirming the cal- 
citic nature), UV-Vis spectra, and chemical composition. 

The most interesting findings came from X-radiogra- 
phy. Microradiography/tomography imaging clearly shows 
a bright white disk inside the pearl (figure 10). The con- 
tinuous separation line around this feature leaves no 
doubt that there is a bead inside the cultured pearl. As 
the beads used to nucleate “nacreous” pearls typically 
come from large freshwater mussels, we know that they 
are of a slightly denser material than saltwater nacre. 
Thus, they appear whiter than the surrounding material 
(of saltwater origin). The bead’s appearance was consis- 


Figure 9. Surface magnification of the non-nacreous 
beaded cultured pearl revealed a typical calcitic pat- 
tern of pen pearls. Photo by Olivier Segura; magnified 
85x. 
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Figure 10. This microradiograph clearly identifies the 
pen pearl as a beaded cultured pearl. Image by Olivier 
Segura. 


tent with a classical nucleus of the kind used in bead-nu- 
cleated pearls. Measurement of the bead gave a 6.70 mm 
diameter. 

Tomography confirmed the presence of a near-perfect 
spherical bead inside the cultured pearl. Even with the 
owner's consent, however, we decided not to cut the pearl, 
as the imaging techniques were sufficient to prove the 
bead-cultured origin. 

We wonder if this gem represents a single specimen 
achieved by a curious experimenter, or if there is now an 
industrialized process for cultivating such pearls. The cul- 
tivation technique used, even if it is known to produce cul- 
tured pearls in farms, requires advanced knowledge of the 
process. The owner reports having handled a black round 
pen pearl “the size of a golf ball.” From the size and sym- 
metry and given this new discovery of a bead-cultured pen 
pearl, one can speculate that this too might be a bead cul- 
tured pearl. 

This bead nucleation technique for unusual species 
could have easily been developed in the past. To our 
knowledge, though, this specimen represents the first non- 
nacreous beaded cultured pearl examined by a laboratory. 
Faced with the expansion of the bead culturing process and 
the possibility of successful trials in different mollusks, 
gemologists need to be very cautious in natural origin de- 
terminations, even when there is every reason to believe a 
pearl to be natural. 

Olivier Segura (o.segura@bjop.fr) 
Laboratoire Francais de Gemmologie 


Emmanuel Fritsch 


SYNTHETICS AND SIMULANTS 


An unusual doublet set in fine jewelry. The Laboratoire 
Francais de Gemmologie (LFG) examined a finely made 
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Figure 11. This green oval resembling an emerald 
proved to be a doublet with a beryl top and a topaz 
bottom. Photo by Olivier Segura. 


white gold ring set with a green oval faceted stone that 
measured approximately 20.2 x 14.7 x 8.6 mm and resem- 
bled an emerald (figure 11). The stone showed distinct par- 
allel growth zones, visible to the eye, under the table and 
the crown. These slightly undulating features (figure 12) 
were strongly reminiscent of Russian hydrothermal syn- 
thetic emerald (see, e.g., K. Schmetzer, “Growth method 
and growth-related properties of a new type of Russian hy- 
drothermal synthetic emerald,” Spring 1996 GwG, pp. 40- 
43). 

The pavilion showed fingerprint-like inclusions con- 
sisting of droplets that were easily visible with the loupe 
(figure 13). This feature might lead one to believe it was a 


Figure 12. Slightly undulating growth zones under the 
table and crown were reminiscent of Russian hy- 
drothermal synthetic emerald. Photomicrograph by 
Alexandre Droux; magnified 80x. 
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Figure 13. Fingerprint-like patterns reminiscent of flux 
synthetics are in fact very small two-phase liquid-gas 
inclusions. Photomicrograph by Alexandre Droux; 
magnified 80x. 


flux synthetic emerald, inconsistent with the observations 
on the crown. Magnification reveals, however, that the fin- 
gerprint-like inclusions are actually made up of very small 
cavities, with bubbles that are clearly visible in the larger 
cavities. Therefore, the pavilion is actually a natural gem. 

At the level of the girdle, close examination revealed 
one area with a separation line, hidden elsewhere because 
of the closed setting (figure 14). Through the table, small 
but prominent black spots occurred on a single plane. 
These were flat bubbles in cement introduced at the sepa- 
ration plane. 

Only the crown appeared a weak red under the Chelsea 
filter. Under short-wave ultraviolet radiation, the upper 
part was inert while the lower part showed a light blue, 
milky luminescence. Under long-wave UV, both were 
inert. Therefore, the green oval was clearly a doublet (R. 
Webster, Gems: Their Sources, Descriptions and Identifi- 
cation, 4th ed., rev. by B.W. Anderson, Butterworths, Lon- 
don, pp. 457-468). The refractive index was impossible to 
measure on either the table or the pavilion because the 
prongs extended into these two areas. 

Raman spectroscopy with a 514 nm laser and 4 cm"! 
resolution identified the crown as beryl and the pavilion 
as topaz. Hence the central stone of the ring is a doublet 
with a hydrothermal synthetic emerald top and a topaz 
bottom, which is quite unusual. 

This case is consistent with an earlier report (J. Hyr8l 
and U. Henn, “Synthetische smaragd-topas-dublette,” 
Zeitschrift der Deutschen Gemmologischen Gesellschaft, 
Vol. 60, No. 3-4, pp. 111-112), which noted that the dou- 
blets were of Indian origin. The luminescence of the topaz 
bottom is slightly different in the present doublet, though 
still within the known variations of topaz luminescence. 

Today far fewer doublets are being submitted to gemo- 
logical laboratories. This specimen’s unusual setting, 
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Figure 14. These small black spots are flat bubbles in 
cement along a separation plane. The line of separation 
was noticeable through the crown in only one area. 
Photomicrograph by Alexandre Droux; magnified 30x. 


closed at the girdle and with large prongs preventing access 
to the table and pavilion for refractometer measurement, 
suggests an intent to disguise the composite (and partially 
synthetic) nature of the central gem. Even fine jewelry can 
be set with gems that are not natural, and gemologists 
should remain wary of doublets. 


Alexandre Droux and Sophie Leblan 
Laboratoire Francais de Gemmologie (LFG), Paris 


Emmanuel Fritsch 


Jaroslav Hyrsl 
Prague 


Coated lawsonite pseudomorphs presented as chromian 
lawsonite. Green (chromium-bearing} lawsonite first ap- 
peared on the mineral market in 2011-2012. It came 
from an undisclosed locality on the Greek island of 
Syros. The only large chromian lawsonite crystals previ- 
ously documented are from Turkey (S.C. Sherlock and 
Al. Okay, “Oscillatory zoned chrome lawsonite in the 
Tavsanli Zone, northwest Turkey,” Mineralogical Mag- 
azine, Vol. 63, No. 5, 1999, pp. 687-692) and the western 
Alps (C. Mevel and J.R. Kienast, “Chromian jadeite, 
phengite, pumpellyite, and lawsonite in a high-pressure 
metamorphosed gabbro from the French Alps,” Miner- 
alogical Magazine, Vol. 43, No. 332, 1980, pp. 979-984). 
The maximum crystal size observed by Sherlock and 
Okay was approximately 500 microns, while Mevel’s and 
Kienast’s largest grains were only 200 microns in length. 
Interestingly, these grains were reported to be pink. Sam- 
ples available online ranged from US$50 to more than 
US$350, and all were reported to be from Syros. To the 
best of our knowledge, chromian lawsonite is not avail- 
able from other localities. 

We purchased a chromian lawsonite sample purport- 
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Figure 15. These large green crystals were reported as 
chromian lawsonite. Ankerite (orange) and actinolite 
(light green) are the major matrix minerals between 
the large green crystals (verified by Raman spec- 
troscopy). The specimen is 4.8 cm long. Photo by Earl 
O’Bannon. 


edly from Syros for mineralogical analysis (figure 15). The 
sample measured 4.8 x 2.8 x 2 cm, and its largest crystal 
was about 1.5 cm in length. The crystals were deep green 
and present in a matrix dominated by ankerite and actino- 
lite. Our sample appeared similar to most other chromian 
lawsonite samples available for purchase online. 

Initial microscopic observations of the large green crys- 
tals revealed a smooth wavy surface (figure 16). Raman 
analysis of this surface showed peaks at 1301, 1342, 1451, 
and 2720 cm! and a broad peak at 2800-3000 cm=! with 
secondary peaks at 2871, 2932, and 2961 cm (figure 17). 
These peaks are typical of Group B fillers (strong aliphatic 
peaks), which have been used to enhance the appearance 
of emeralds (M.L. Johnson et al., “On the identification of 
various emerald filling substances,” Summer 1999 GWG, 
pp. 82-107). The absence of Raman peaks in the approxi- 
mately 1600 cm region indicates that this coating is not 
likely a Group A, C, D, or E filler (Johnson et al., 1999; L. 
Kiefert et al., “Raman spectroscopic applications to gem- 


Figure 16. The photo on 
the left (magnified 
1.25x) shows a finger- 
nail scratch on the sur- 
face. The photo on the 
right (magnified 1.6x) 
shows pooling of the 
coating in a depression 
in the grain. Photos by 
Earl O'Bannon. 
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Figure 17. Raman spectra of the coating before and after 
cleaning the surface with acetone. Spectra were taken 
in the same location, with an approximately 2 micron 
spot size. The typical Raman spectrum of quartz, with 
clinochlore contamination, is observed in the low-fre- 
quency region. Spectra are offset for clarity. 


mology,” Handbook of Raman Spectroscopy, Vol. 28, 
2001, pp. 469-490). This smooth surface was waxy to the 
touch and easily scratched with a fingernail, and wiping it 
off with acetone revealed a light green to white surface. All 
peaks associated with this coating disappeared after clean- 
ing with acetone (again, see figure 17). 

After the coating was removed, Raman analysis of the 
formerly dark green crystals revealed spectra correspon- 
ding to the minerals muscovite/phengite, clinochlore, and 
quartz (figure 18). About a hundred measurements were 
taken of all the large green crystals in the sample at the 2 
micron scale-length, and no evidence of lawsonite was 
found. This assemblage of minerals is common in law- 
sonite pseudomorphs from Syros; prograde pseudomorphs, 
also containing zoisite and 0.5—-3.0 cm in size, are reported 
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Figure 18. Raman spectra of acetone-cleaned large 
green crystals (bottom three spectra). Mica and 
clinochlore are the most abundant minerals in the 
large green crystals. The reference lawsonite spectrum 
is for a sample from the UCSC mineral collection 
(sample no. 6481), from Valley Ford in Sonoma 
County, California. Spectra offset for clarity. 


to be abundant in this locale (J.B. Brady et al., “Prograde 
lawsonite pseudomorphs in blueschists from Syros, 
Greece,” GSA Annual Meeting, 2001, paper 105-0). 

We conclude that this sample is composed of lawsonite 
pseudomorphs, which were coated to make them appear 
deep green and imitate chromian lawsonite crystals. The 
euhedral crystals consisted of a fine-grained mixture of 
muscovite, clinochlore, and quartz. It is not known 
whether this sample was coated with the recognition that 
these were lawsonite pseudomorphs. 

All samples of chromian lawsonite that we have found 
for purchase are from Syros. Thus, buyers should be aware 
that these could potentially be artificially coated lawsonite 
pseudomorphs. Further analysis of other “chromian law- 
sonite” samples is required to document whether any true 
chromian lawsonites from this locality actually exist. 

Acknowledgments: Drs. Hilde Schwartz and Elise 
Knittle provided helpful discussions about pseudomorphs, 
and Chelsea Gustafson (UCSC Chemistry Department, 
Partch Lab) assisted with the microscope used to take im- 
ages of the coating. The UCSC Mineral Physics Lab is sup- 
ported by the NSF. 


Earl O’Bannon and Quentin Williams 
University of California, Santa Cruz 


Unusual composite ruby rough. The Indian Gemological 
Institute - Gem Testing Laboratory recently examined an 
unusual 14.77 ct specimen that resembled ruby rough. Ini- 
tial gemological testing (RI, hydrostatic SG, optical proper- 
ties, visible spectrum, and infrared spectroscopic analysis) 
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was consistent with ruby. 

The rough was partially polished on two opposite sides, 
where hexagonal growth zoning was easily visible with the 
unaided eye (figure 19). Several striations and grooves were 
visible on the side of the rough. 

The pattern and nature of these grooves raised suspi- 
cion about the rough’s origin. Closer examination under 
magnification revealed that hexagonal zoning and fine silk 
on the partially polished surfaces were confined to a depth 
of approximately 1.5 mm. Two thin slabs of about 1.5 mm 
each appeared to be attached to the two opposite ends of 
the rough. No other inclusions were found under magni- 
fication. We did observe a slight difference in the color of 
the thin layer and the main body. The thin slabs were pur- 
plish red, while the main body was pinkish red. Since the 
hexagonal zoning was within the thin slabs and the phys- 
ical properties were consistent with ruby, we concluded 
that they were natural ruby slabs. The natural ruby slabs 
were pasted with a glue that made them appear orangy in 
transmitted light, and trapped gas bubbles were also ob- 
served in the junction plane (figure 20). The two natural 
slabs were polished to show the hexagonal zoning, while 
the rest of the rough was kept coarse to restrict views of 
the interior. Fine triangular grooves were engraved on the 
rough’s surface to imitate the natural growth markings of 
ruby. 

Under magnification, a small cluster of gas bubbles was 
visible through one of the smooth grooves on the speci- 
men’s main body, evidence of synthetic origin. Several frac- 
tures were also present in the rough, probably an attempt 
to imitate fingerprint inclusions. Under short-wave UV, 
the natural slabs fluoresced red while the synthetic ruby 


Figure 19. The 14.77 ct composite ruby rough was par- 
tially polished on opposite sides where natural ruby 
slabs were pasted to a synthetic ruby crystal. Notice 
the hexagonal zoning on the polished surface. Photo 
by Meenakshi Chauhan; magnified 15x. 
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Figure 20. In transmitted light, the natural ruby slab 
appeared orangy due to the adhesive. Trapped gas 
bubbles are seen in the junction plane. Photo by 
Meenakshi Chauhan; magnified 30x. 


rough showed a strong chalky fluorescence (figure 21). 
Chalky fluorescence was further evidence of the rough’s 
synthetic origin. 

Cut and polished composites are regularly encountered, 
but a composite where synthetic rough is fashioned to imi- 
tate natural gem material poses a more significant challenge. 


Meenakshi Chauhan (meenakshi@gjepcindia.com) 
Indian Gemological Institute — 
Gem Testing Laboratory, Delhi 


Dyed green marble imitating jadeite. A client of the Lai- 
Tai An Gem Lab in Taipei recently submitted for identifi- 
cation what was claimed to be a piece of fine jadeite 
mounted in a yellow metal pendant (figure 22). The oval 
cabochon measured 39.8 x 29.8 mm and exhibited a ho- 
mogenous green color. At first glance, it bore a strong re- 
semblance to jadeite. While dyes, polymer treatments, or 
a combination of the two are commonly applied to 
jadeite—and dyed green quartzite is sometimes used to im- 
itate green jadeite and other materials such as glass and 
plastic—this piece proved to be dyed green marble with 
calcite as the main mineral. This was the first time dyed 
marble had been represented to us as jadeite. 

Although marble is fairly abundant, calcite’s low hard- 
ness and easily visible cleavages do not make it a viable 
substitute for jadeite. Yet it does lend itself well to carving. 
Chinese merchants often sell untreated carved marble by 
the trade names “Hanbai jade” or “Afghanistan jade,” or 
even offer such material as “antique jade.” Jade, pro- 
nounced “yu” in Chinese, is a general term that typically 
applies to aggregates of minerals. Marble in the Chinese 
jewelry market is frequently fashioned into bangles and 
carved pendants, and some may subsequently be dyed or 
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Figure 21. Under short-wave UV light, the synthetic 
ruby portion of composite rough fluoresced chalky 
while the natural ruby slabs fluoresced red. Photo by 
Meenakshi Chauhan. 


partially dyed to imitate jadeite jade. Although it was im- 
possible to calculate the SG of this mounted specimen, cal- 
cite’s RI of 1.65 overlaps with jadeite jade’s, leading to the 
possible misidentification of such material (J.M. Hobbs, 
“The jade enigma,” Spring 1982 GwG, pp. 3-19). 

The identification was determined using Raman and 
FTIR spectroscopy. The sample showed Raman peaks at 
around 1084, 712, 275, and 145 cm (figure 23), with IR 


Figure 22. This was claimed to be a high-quality piece 
of jadeite jade mounted in a yellow metal pendant. 
The oval cabochon measured 39.8 x 29.8 mm, exhib- 
ited a homogenous green color, and on first impres- 
sion appeared to resemble jadeite. Photo by Lai 
Tai-An Gem Lab. 
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Figure 23. Raman peaks 
at around 1084, 712, 

275, and 145 cm were 
consistent with calcite. 


9000 4 
® so00 
Z 

7000 4 
= 
© «000 4 
Y 
> 5000 4 
= 40004 
2 275 
4& 30004 
= 
Z 20004 145 712 

4000 4 Kk ‘ 

i) T T T T T T T T T 


100 200 300 400 500 600 700 800 900 1000 


RAMAN SHIFT (cm) 


peaks at around 1445 and 878 cm. Microscopic observa- 
tion revealed a network of dyed grain boundaries (figure 24). 
The dye treatment was confirmed with the spectroscope, 
where a single broad band typical of some green dyes was 
clearly evident in the red-orange region. Long-wave UV did 
not offer any distinction. Although destructive tests are al- 
ways avoided, the client allowed us to gently scratch the 
surface with a metal pointer, which confirmed the mate- 
rial’s low hardness. This submission reinforces the need to 
consider all types of material when dealing with items re- 
sembling jadeite. 


Larry Tai-An Lai (service@laitaian.com.tw) 
Lai Tai-An Gem Laboratory, Taipei 


Dyed marble as a purple sugilite imitation. In the past two 
years, many sugilite products with a dark purple color and 
an obvious granular texture have appeared in the Chinese 


Figure 24. Microscopic observation revealed a net- 
work of dyed grain boundaries. Photo by Lai Tai-An 
Gem Lab; magnified 50x. 
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market. Sugilite pendants and bangles are very popular. Their 
internal texture and color distribution are inconsistent with 
previously documented natural specimens and suggest dyed 
artifacts. With that in mind, we obtained a “sugilite” bangle 
to investigate its gemological characteristics. 

The bangle weighed about 71 grams and had a dark pur- 
ple color that was distributed along the mineral grain bound- 
aries (figure 25). Spot RIs of 1.48, 1.53, 1.57, and 1.63 were 
obtained from different areas of the bangle. Its hydrostatic 
SG was about 2.65, significantly lower than that of natural 
sugilite. The sample fluoresced strong purple and medium 
red under long- and short-wave UV radiation, respectively, 
which indicated treatment with organic dye(s). Five main 
peaks were observed in the 1600-700 cm region of the FTIR 
spectrum (figure 26). The three peaks at 1427, 881, and 710 
cm! are typical for calcite. The remaining two peaks at 1530 
and 1505 cm were believed to result from an organic dye. 


Figure 25. Testing of this bangle identified it as a dyed 
marble imitation of purple sugilite. Photo by Shan- 
shan Du. 
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Figure 26. The FTIR spectrum of the purple bangle 
contained characteristic peaks at 1427, 881, and 710 
cnr! that are typical for calcite. 


Although the imitation resembles sugilite, its inter- 
nal texture, RI, SG, fluorescence, and FTIR spectrum iden- 
tify it as marble. Since marble usually occurs as a mineral 
aggregate with a loose texture, it is easily dyed to imitate 
other precious gemstones. We can therefore expect to see a 
steady influx of marble imitations in the market, and rig- 
orous testing will be needed to protect consumers. 


Ke Yin and Shan-shan Du 
China University of Geosciences, Wuhan, China 


Unusual short-wave UV reaction in synthetic blue spinel. 
The Indian Gemmological Institute - Gem Testing Labora- 
tory recently examined a 1.44 ct blue oval mixed cut speci- 
men (figure 27). Standard gemological testing revealed the 
following properties: RI—1.728,; hydrostatic SG—3.64; 
strong anomalous double refraction under the polariscope; 
Chelsea filter reaction—strong red; and red transmission in 
fiber-optic light. The sample showed general absorption 
bands between 535-550, 560-590, and 615-635 nm in the 
handheld spectroscope. Microscopic examination with a 
fiber-optic light source revealed shiny dotted inclusions that 
were scattered and created a wavy pattern; in some areas, 
the dotted inclusions were arranged in a series (figure 28). 
This wavy pattern has not been reported in natural spinel. 
The author has seen this pattern in some Verneuil synthetic 
spinel. There is a possibility that these inclusions might be 
very minute gas bubbles or unmelted feed powder. 

These properties—higher RI, higher SG, red Chelsea fil- 
ter reaction, anomalous double refraction, and absorption 
spectrum features—are diagnostic features of cobalt-doped 
synthetic blue spinel grown by the Verneuil (flame-fusion) 
process (M. O’ Donoghue, Synthetic, Imitation & Treated 
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Figure 27. This 1.44 ct synthetic spinel was grown by 
the Verneuil process but displayed the short-wave UV 
reaction of a flux-grown sample. Photo by Pragati 
Verma. 


Gemstones, Butterworth-Heinemann, Oxford, UK, 1997, p. 
153). 

When tested with UV, this synthetic spinel had an un- 
usual reaction. Under both long- and short-wave UV, the 


Figure 28. Series of dotted inclusions were seen in 
some areas of the synthetic spinel. The dots were so 
concentrated that it was difficult to distinguish them 
individually. Photomicrograph by Pragati Verma; 
magnified 25x. 
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Figure 7 


¢ Strong magnification discloses the two-phase inclusions to be 
negative crystals. 75X. 


Figure 8 


* Two-phase inclusions in Indian emeralds are negative crystals 
with emerald habit. 100X. 


SPRING 1951 


Figure 29. The synthetic spinel displayed red fluores- 
cence under short-wave UV. Photo by Pragati Verma. 


sample showed red fluorescence (figure 29). This was an un- 
expected short-wave UV reaction for Verneuil-grown blue 
synthetic spinel, which generally shows a mottled blue to 
bluish white reaction. This kind of fluorescence was ob- 
served in synthetic blue spinel grown by a flux method (S. 
Muhlmeister et al., “Flux-grown synthetic red and blue 
spinels from Russia,” Summer 1993 G&G, pp. 81-98). 


Pragati Verma 
Indian Gemological Institute — 
Gem Testing Laboratory, Delhi 


MARKET REPORT 


Online diamond sales 17% of U.S. market. A recent De 
Beers study reported that worldwide retail sales of diamond 
jewelry totaled $79 billion in 2013, up $5 billion on a 7% 
increase in U.S. demand and a 12% increase in China. 

Online sales of diamond jewelry comprise about 17% of 
the market in the U.S., according to the study. These sales 
include both strictly online companies such as Blue Nile 
and traditional retailers who also sell over the Internet. 

The De Beers report also noted that 25% of Chinese 
consumers now research prospective diamond purchases 
online before making an actual purchase and that the num- 
ber of retail stores selling diamond jewelry increased 30% 
from 2010 to 2013. There are, however, strong signs that 
the heady growth is beginning to slow, according to De 
Beers. Retailers in Guangdong Province reported that sales 
declined 5.1% for the first eight months of 2014, while 
sales of gold pieces nationwide fell 9.1% during that period, 
according to a government report. 

In the U.S., the Department of Commerce reported that 
jewelry and watch sales from all sales channels increased 
4.9% in August, compared to the same month in 2013. This 
rise reflects even greater sales volume because prices for gold 
and diamonds declined several percentage points in 2014. 

De Beers noted that diamond production increased 7% 
to 145 million carats, still well under the 2005 peak of 175 
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million carats. It also predicted that production would de- 
cline, despite new sources coming on stream, because older 
mine deposits are becoming more costly to work as opera- 
tions go deeper and ore grade declines. 


Russell Shor 
GIA, Carlsbad, California 


Record prices at gem auctions. Auction records kept break- 
ing in late 2014 as the world’s ultra-wealthy buyers vied for 
rare, important gemstones. At Sotheby’s October 7 Hong 
Kong auction, an 8.41 ct GIA-graded Fancy Vivid purple- 
pink, Internally Flawless diamond (figure 30) drew a win- 
ning bid of $17,768,041 from a private buyer from Asia. It 
was the highest price ever paid for a Vivid pink diamond at 
auction. And at $2.1 million per carat, it came close to best- 
ing the all-time per-carat price achieved by a gemstone. 

On November 2.1 at Sotheby’s New York, a 9.75 ct 
Fancy Vivid blue diamond (figure 31) sold for $32,645,000, 
anew auction record total price for any blue diamond. At 
$3,348,205 per carat, it was also a new record price per 
carat for any diamond. The pear-shaped diamond went to 
a private collector in Hong Kong who named it the Zoe 
diamond. 


Russell Shor 


ANNOUNCEMENTS 


Pearl newsletter: Margaritologia. The Greek word for pearl, 
margarités, was used by Theophrastus in the fourth century 
BC in the first known effort to explain the scientific origin 


Figure 30. This 8.41 ct pear-shaped Fancy Vivid pur- 
ple-pink diamond sold for more than $17.7 million at 
Sotheby’s Oct. 7 auction in Hong Kong. Photo cour- 
tesy of Sotheby’s. 
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Figure 31. This 9.75 ct Fancy Vivid blue diamond sold 
at Sotheby’s November 21 auction in New York for 
more than $32.6 million, a record total price for blue 
diamonds and a record per-carat price for any dia- 
mond. Photo courtesy of Sotheby’s. 


of the beloved organic gem. Margaritologia, or “the science 
of pearls,” is a newsletter recently launched by Elisabeth 
Strack, founder and director of Gemmologisches Institut 
Hamburg and author of the comprehensive book Pearls. 
Ms. Strack is also a member of G#G’s editorial review 
board. 

The newsletter, published four times a year in English 
and German, in print and electronic versions, offers a forum 
for pearl research findings and news. Topics range from sci- 
ence and history to pearl grading and testing, farming, and 
market conditions. The first issue, published in October, 
featured articles on Vietnamese cultured pearls, DNA fin- 
gerprinting of pearls, the International Gemmological Con- 
ference in Hanoi, Spondylus pearls, a Mikimoto necklace, 
and a museum exhibition in Mecklenburg, Germany. 

A yearly subscription to Margaritologia is €70, with a 
discounted rate for CPAA or NAJA members. More infor- 
mation can be found at www.gemmologisches-institut- 
hamburg.de. 


Erin Hogarth 
San Diego, California 
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CONFERENCE REPORT 


Gem session at 2014 GSA meeting. A full-day session on 
gem materials was held Oct. 20, 2014, in conjunction with 
the annual meeting of the Geological Society of America 
(GSA) in Vancouver. 


The morning presentations focused mainly on dia- 
monds. Thomas Stachel (University of Alberta) summarized 
work to constrain the geological conditions of diamond for- 
mation. It is thought to have formed in the mantle from an 
oxidized carbonate-bearing fluid with high carbon and low 
nitrogen concentrations. Eloise Gaillou (Natural History 
Museum of Los Angeles County) discussed pink diamonds 
whose color originates from narrow lamellae created by plas- 
tic deformation parallel to the octahedral growth planes. 
These lamellae contain a high density of luminescent de- 
fects along with localized strain. As a result of plastic defor- 
mation in the mantle, these diamonds accommodate stress 
along the lamellae by mechanical twinning. The unidenti- 
fied optical defects responsible for the pink coloration are 
also created by this deformation. Richard Wirth (Geo- 
ForschungsZentrum) described the use of a transmission 
electron microscope with a focused ion beam to characterize 
microstructures in materials. Blue color in quartz is caused 
by Rayleigh scattering from submicron- and nanometer- 
sized inclusions of mica, ilmenite, and rutile. The black 
color of carbonado diamond results from its polycrystalline 
nature and partially open grain boundaries that cause inter- 
nal total reflection of light. Cloud-like inclusions in Mada- 
gascar sapphires are due to nanocrystalline titanium-rich 
oxide inclusions. Wuyi Wang (GIA) discussed the use of car- 
bon isotope analysis to help distinguish natural diamonds 
from CVD-grown synthetic diamonds. He found no overlap 
in isotope composition between them, but within the syn- 
thetic diamonds there was variation between manufacturers 
and even from the same manufacturer. Karen Smit (GIA) de- 
scribed interesting features of diamond crystals from 
Marange, Zimbabwe, which display both cuboid and octa- 
hedral growth sectors and distinctive center-cross patterns 
(often highlighted by graphite-particle clouds). Mike Breed- 
ing (GIA) reviewed the properties of certain treated-color di- 
amonds. Electron irradiation yields green colors in diamonds 
with higher nitrogen content, and blue colors in diamonds 
with lower amounts of nitrogen. Characterization of their 
optical defects provides a means of distinguishing them 
from natural-color diamonds. Troy Ardon (GIA) character- 
ized some optical defects in hydrogen-rich diamonds from 
Zimbabwe. Spectral features associated with certain defects 
could be correlated with noticeable clouds in these dia- 
monds. Robert Luth (University of Alberta) discussed a 
model of diamond formation in the mantle. He suggested 
that it takes place as carbon-hydrogen-oxygen (CHO) fluids 
rise in the lithosphere during isobaric cooling, or combined 
cooling and decomposition. This model helps explain a 
number of observations regarding the geologic occurrence 
of diamonds. Mandy Krebs (University of Alberta) discussed 
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size frequency distribution as a predictive tool for macro-di- 
amond grade at Canada’s Ekati mine. She found that Ekati 
diamonds of different size fractions display broadly similar 
nitrogen and carbon-13 isotope compositions. Mederic Palot 
(University of Alberta) studied diamonds from the Kankan 
deposit in Guinea that are believed to have formed at great 
depths (>300 km in the mantle). Characterization of nitro- 
gen and carbon isotopes indicates rapid ascent from the 
mantle to shallower depths. Charles Kosman (University of 
British Columbia) studied the chemical composition of min- 
eral inclusions in alluvial diamonds from the Kasai area of 
Congo. These diamonds originated from the kimberlites 
around Lucapa in neighboring Angola, which contain a sig- 
nificant proportion (~ 20%) of eclogitic diamonds. 

The afternoon session covered a range of topics. Lee 
Groat (University of British Columbia) reviewed Canadian 
gem minerals. In addition to diamond, the country is an im- 
portant source of nephrite jade, ammolite, and amethyst. 
Recent discoveries of ruby, sapphire, spinel, and emerald 
also show promise. David Newton (University of British Co- 
lumbia) analyzed peridotite and pyroxenite xenoliths from 
the Muskox kimberlite in northern Canada to better under- 
stand the rock types in the underlying mantle. Howard 
Coopersmith (Fort Collins, Colorado) described a placer de- 
posit at Mount Carmel in Israel that has yielded diamond, 
ruby, sapphire, and natural moissanite crystals and frag- 
ments that appear to have originated from different igneous 
and metamorphic source rocks. Aaron Palke (GIA) presented 
a trace-element study of demantoid garnet as the basis for 
distinguishing this important gem material from different 
geologic and geographic sources. Cigdem Lule (Glenview, 
Illinois) discussed the need for a more systematic approach 
to gem nomenclature, which is often determined by jewelry 
trade practices, as opposed to the more rigorous procedure 
used for assigning new mineral names. Nancy McMillan 
(New Mexico State University) presented a multivariate 
chemical analysis of tourmaline, a mineral that can be an 
exceptional provenance indicator in detrital sediments. This 
analysis has proven successful in assigning tourmaline sam- 
ples to different geologic environments. David Turner (Uni- 
versity of British Columbia) conducted a study of sapphires 
and associated minerals from the marble-hosted Beluga oc- 
currence in northern Canada by hyperspectral imaging over 
the 550-2500 nm range. This technique could be useful in 
the field for analyzing rock samples and in airborne surveys 
over terrain with good rock exposures. Philippe Belley (Uni- 
versity of British Columbia) studied blue calcite skarn de- 
posits in Ontario and Quebec. Their geologic setting and low 
iron content make them potential sources of grossular gar- 
net and other gem minerals. J.N. Das (Geological Survey of 
India) reviewed the exploration and mining of diamonds and 
colored gemstones throughout India. Andrew Fagan (Uni- 
versity of British Columbia) described the Aappaluttog ruby 
and pink sapphire deposit in Greenland. Based on field stud- 
ies, it appears to be the world’s largest geologically defined 
gem corundum deposit, with an estimated 400 million 
carats of material within 65 meters of the surface. Commer- 
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cial mining is expected to begin in 2015. Sytle Antao (Uni- 
versity of Calgary) studied optical anisotropy in cubic gar- 
nets, which has been recognized for more than a century but 
remains incompletely understood. X-ray diffraction study of 
several anisotropic samples revealed they contain two or 
three cubic phases with slightly different structural param- 
eters. The intergrowth of these phases on a nano-domain 
scale produces the strain-induced optical anisotropy. Barbara 
Dutrow (Louisiana State University) discussed how tourma- 
line, an important accessory mineral in many geologic en- 
vironments, can be used to help locate gem deposits. 

In the separate poster session, Ellen Svadlenak (Oregon 
State University) and co-authors used electron microprobe 
analysis to study variations in the trace elements in emer- 
alds from Muzo, Colombia. Lauren Forbes (Western Wash- 
ington University) and co-authors analyzed emeralds from 
four different Muzo mines using SEM-CL (cathodolumines- 
cence) along with LA-ICP-MS to better understand the 
chemical and physical conditions for their growth. All 
emeralds tested showed a strong red luminescence. The re- 
searchers concluded that Muzo emeralds are composition- 
ally unique. Gena Philibert-Ortega (Murrieta, California) 
and co-authors described the scientific influence of James 
Sowerby’s rare five-volume British Mineralogy in the early 
19th century. Elise Skalwold (Cornell University) and coau- 
thors reviewed their research on a highly unusual blue in- 
clusion in a diamond. While it was identified as olivine, the 
reason for the blue color remains a mystery. 

An overview of the gem research session from the 2014 
GSA meeting is available at https://gsa.confex.com/gsa/ 
2014AM/webprogram/Session352.72.html. 


James E. Shigley and Dona M. Dirlam 
GIA, Carlsbad 


ERRATA 


1. The cover of the Fall 2014 issue listed the volume num- 
ber as 49 rather than 50. 


2. In the Fall 2014 lead article on the Sri Lankan gem and 
jewelry industry, the figure 4 caption (p. 176) should 
have acknowledged that the two sapphire crystals in the 
photo are courtesy of Bill Larson (Pala International, Fall- 
brook, California). 


3. Also in the Fall 2014 issue, table 2 of the pen pearls ar- 
ticle (p. 211) listed an incorrect value. For pearl sample 
3, the Sr composition was 806 ppmw, not 8067 ppmw. 


4. In the Summer 2014 article on three-phase inclusions in 
emerald, the log-log plots in figures 24 and 25 (pp. 129 
and 131) contained labeling errors on the x-axis scales. 
For figure 24, the Fe concentration scale should have ex- 
tended from 100 to 10,000 ppmw rather than 10 to 1,000 
ppmw. In figure 25, the Fe concentration scale should 
have extended from 100 to 100,000 ppmw rather than 
100 to 1,000 ppmw. 
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ANALYSIS OF THREE-PHASE INCLUSIONS 
IN EMERALD 


In the Summer 2014 issue of Gems & Gemology (pp. 114- 
132), Sudarat Saeseaw and her colleagues from GIA’s 
Bangkok laboratory presented a study dealing with three- 
phase inclusions, absorption spectra, and trace-element 
analyses for origin determination of emeralds. Examples of 
three-phase inclusions were presented for samples from 
Zambia (the Musakashi and Kafubu deposits), the Panjshir 
Valley in Afghanistan, Davdar in China, and several 
Colombian localities (Coscuez, Muzo, Penas Blancas, La 
Pita, and Chivor). 

Unfortunately, the authors did not mention in their lit- 
erature overview or in their discussion the various other 
emerald deposits which have supplied samples with three- 
phase inclusions. These include Nigeria (Henn and Bank, 
1991); Capoeirana in Minas Gerais, Brazil (Epstein, 1989); 
Eastern Himalaya (Niedermayr et al., 2002); the Maria de- 
posit in Mozambique (Vapnik and Moroz, 2002); the Lened 
emerald prospect in the Northwest Territories of Canada 
(Marshall et al., 2004); Malipo County in the Yunnan 
province of China (Huong, 2008); and Eidsvoll in Norway 
(Rondeau et al., 2008). While some of these occurrences 
might be of academic interest only, others such as Nigeria, 
Brazil, and Mozambique have supplied emeralds of gem 
quality to the market. These localities cannot be ignored 
in a research paper on origin determination and three-phase 
inclusions. 

Although the chemical data presented in Saeseaw et 
al.’s table 2 were calibrated using the theoretical Si con- 
tent of beryl as an internal standard, the laser ablation 
data show such a wide variation for the main elements 
that it is impossible to calculate a formula for the samples 
(compare, for example, the overview of chemical data for 
emeralds from various sources by Groat et al., 2008). 
Nevertheless, the authors were able to group their sam- 
ples into five different categories and to present represen- 
tative absorption spectra in the UV-Vis-NIR range for one 
sample from each group. Confusingly, four of the five 
spectra are labeled “E || c”, but polarized spectra are given 
for the ordinary ray (w, equivalent to E 1 c) and the ex- 
traordinary ray (g, equivalent to E || c), which is impossi- 
ble for a primary beam with E || c. 

In the spectra of several samples with low iron contents, 
Saeseaw et al. measured some weak to moderate absorption 
bands in the near infrared at 810 nm, which were assigned 
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to bivalent iron. In the spectra of samples from Kafubu, 
Zambia, with higher iron contents, an additional strong ab- 
sorption band at 620 nm was also assigned to Fe*. These 
assignments fail to acknowledge numerous research papers 
dealing with the role of iron in the beryl structure, which 
has been established for decades. With regard to the bands 
mentioned at 810 nm, it has been shown that the intensi- 
ties of the different iron bands in the near infrared with po- 
larization || or  c are not directly correlated. Consequently, 
these absorption bands have been assigned to two different 
types or coordination states of iron, most likely to Fe** in 
tetrahedral and octahedral sites of the beryl lattice. Con- 
cerning the band noted at 620 nm, it has likewise been 
demonstrated that the intensities of the iron-related absorp- 
tion bands in the near infrared are not directly correlated 
with the intensity of this broad band, polarized || c in the 
visible region around 620 nm (figure 1). Thus the broad ab- 
sorption from about 600 to 750 nm in the spectra of Kafubu 
emeralds has been assigned to Fe**/Fe** charge transfer 
(Schmetzer and Bank, 1981). This indicates that emeralds 
from Zambia’s Miku-Kafubu mining range contain, in ad- 
dition to chromium as the dominant color-causing trace el- 
ement, a distinct aquamarine component (figure 2). The 
aquamarine component is responsible for a color shift and 
pleochroism, especially of the color || c from green or bluish 
green in “ordinary” emeralds to greenish blue or blue in 
samples with such an aquamarine component. Emeralds 
from multiple sources show this phenomenon and similar 
absorption spectra (e.g., Schmetzer, 1988; Henn and Bank, 
1991; Henn, 1992; Hanni, 1992; Moroz et al., 1999). 

Another frequently occurring trace element in natural 
emeralds from various localities is vanadium. According 
to Saeseaw et al., vanadium absorption bands are observed 
in natural vanadium-bearing emeralds in the w spectrum 
(equivalent to E 1 c) at 400 nm and in the ¢ spectrum 
(equivalent to E || c) at 654 nm. Natural vanadium-bearing, 
chromium-free emeralds are rare but have been docu- 
mented (from Salininha, Brazil, for instance). These also 
reveal distinct amounts of iron, and the various bands in 
the absorption spectrum of this type of beryl have been as- 
signed to vanadium and iron (Wood and Nassau, 1968). 
Nearly iron- and chromium-free samples have been grown 
synthetically; they are commercially available from Biron 
in Perth, Australia (Schwarz and Schmetzer, 2001), and 
from Tairus in Novosibirsk, Russia (Schmetzer et al., 2006; 
see also the summary of references describing vanadium- 
related absorption spectra in that paper). 
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Figure 1. Polarized absorption spectra of emeralds 
from different sources. Sample A from Chivor, Colom- 
bia, represents a typical chromium-vanadium emer- 
ald spectrum without distinct iron absorption bands. 
Sample B from Jos, Nigeria, represents a typical 
chromium-vanadium emerald spectrum with an Fe?*- 
related absorption band (3) in the near infrared and 
two Fe* bands in the bluish violet and ultraviolet 
range (17, 20). Samples C (Ankadilalana, Madagas- 
car), D (Santa Terezinha de Goids, Brazil), and E 
(Miku, Zambia) represent the superimposed spectra of 
chromium-vanadium emeralds with distinct aqua- 
marine components of variable intensities, wherein 
the aquamarine spectrum consists of two absorption 
bands in the near infrared (2, 3), iron bands in the 
bluish violet and ultraviolet (17, 20) regions, and a 
broad polarized absorption in the red (5). After 
Schmetzer (1988). 


Without going into the details of these spectra or dis- 
cussing the possible presence of vanadium in valence states 
other than V* (see Hutton et al., 1991), it is evident that 
the spectrum of trivalent vanadium in beryl consists of two 
strong absorption bands in the visible range (figure 3). Parts 
of these absorption bands are split into different maxima 
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or show various shoulders, but both absorption maxima 
are, in contrast to the spectroscopic characteristics noted 
by Saeseaw et al., present in both polarization directions, 
parallel and perpendicular to the c-axis. 


Figure 2. Polarized absorption spectra of emeralds 
from two different sources and an aquamarine. Sam- 
ple A, an emerald from Muzo, Colombia, displays a 
typical chromium-vanadium emerald spectrum with- 
out distinct iron absorption bands. Sample B, an 
emerald from Miku, Zambia, shows the superim- 
posed spectra of chromium-vanadium emerald with a 
distinct aquamarine component. Sample C, an aqua- 
marine from Tongafino, Madagascar, displays a typi- 
cal aquamarine spectrum with two absorption bands 
in the near infrared (2, 3), iron bands in the bluish vi- 
olet and ultraviolet regions (17, 20), and a broad po- 
larized absorption in the red (5). After Schmetzer and 
Bank (1981). 


WAVELENGTH (nm) 


350 400 500 600 700 
1 | 1 i 1 


0.5 5 


ABSORBANCE 
1 


0.5 5 


0.5 5 


30 25 20 15 
WAVENUMBER (1000 cn“') 


Gems & GEMOLOGY WinteR 2014 317 


ABSORBANCE 


T T T T T T 
300 400 500 600 700 800 


WAVELENGTH (nm) 


Figure 3. Polarized absorption spectra of two natural 
Colombian emeralds and a synthetic vanadium- 
bearing emerald. Sample A from Colombia shows dis- 
tinctly higher chromium than vanadium contents, 
Cr >> V. Sample B shows almost equal amounts of 
vanadium and chromium, V ~ Cr. Sample C, repre- 
senting a Biron hydrothermally grown emerald, shows 
distinctly higher vanadium than chromium contents, 
V >> Cr. After Schwarz and Schmetzer (2001). 


Natural beryl from most sources reveals some traces of 
both vanadium and chromium. The ratio of vanadium to 
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chromium varies considerably, especially in samples from 
the Colombian emerald deposits (Schwarz, 1992). Because 
the absorption bands of these two trace elements are found 
in the same spectral range, vanadium- and chromium-re- 
lated absorptions are superimposed in the spectra of emer- 
alds containing both trace elements. As a result, the 
different vanadium and chromium maxima are not shown 
individually (figure 3). 

The vanadium-chromium ratio in natural emeralds can 
be approximated from the intensity of the spin-forbidden 
sharp chromium bands in the 600-700 nm range of the 
vanadium-chromium spectra. These bands are stronger in 
samples with distinctly higher chromium than vanadium 
contents (figure 3A) and become weaker in samples with 
almost equal chromium and vanadium contents (figure 
3B). Furthermore, in samples with distinct vanadium con- 
tents, the strong absorption band in the bluish violet range 
at about 430 nm displays a shoulder in the ultraviolet near 
395 nm, observed in both polarization directions, || or L c 
(see figures 3B and 3C). 

Emeralds from Davdar, China, reveal appreciable 
amounts of vanadium and chromium (Schwarz and Par- 
dieu, 2009), and they can be distinctly zoned, with a 
wide variation of vanadium and chromium contents in 
various growth sectors of the same crystal (Marshall et 
al., 2012). In Saeseaw et al.’s spectrum for an emerald 
from Davdar, the sharp chromium lines are distinct and 
the shoulder in the UV is weak (in the spectrum 1 c} or 
almost invisible (in the spectrum || c), although a vana- 
dium to chromium ratio of about 4:1 is reported for that 
sample. With such a high ratio, the sharp chromium 
lines should be noticeably weaker and the vanadium 
shoulder in the UV should be more intense. Therefore, 
it would seem desirable to control the chemical analyses 
obtained by laser ablation, especially for determining the 
concentration of vanadium and chromium, with other 
non-destructive methods such as X-ray fluorescence or 
electron microprobe. 


Dr. Karl Schmetzer 
Petershausen, Germany 
September 3, 2014 
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We appreciate the opportunity to answer Dr. Schmetzer’s 
interesting and informed response to our article. First of 
all, he has provided several helpful bibliographic references 
about multiphase inclusions in emeralds from a variety of 
geographic sources. Nevertheless, the stated purpose of our 
study was to compare the inclusions in emeralds from the 
new deposit in Musakashi (Zambia) with those from dif- 
ferent sources in our Bangkok reference collection using 
standard laboratory equipment. In that regard, our article 
can be considered a preliminary study rather than the final 
word on the subject. 

Dr. Schmetzer goes on to ask about our system of la- 
beling wafers for spectroscopy. In our article, “E || c’” means 
that the wafer plane is parallel to the c-axis, which enables 
us to collect both w and € rays. 

Regarding Dr. Schmetzer’s concerns about UV-Vis spec- 
tra, we focused our study on inclusions. Nevertheless, we 
provided some significant spectroscopic and chemical data, 
as these techniques are very important in emerald origin 
determination. Dr. Schmetzer’s specific inquiries about 
UV-Vis spectra and iron and vanadium contributions are 
beyond the scope of our article. To understand clearly how 
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impurity affects color in beryl, we would have needed to 
test known samples of beryl doped with different elements. 
This would have taken our study in an altogether different 
direction. 

Lastly, Dr. Schmetzer points out our inability to corre- 
late the LA-ICP-MS chemical data with the UV-Vis spectra 
for one emerald from the Davdar deposit. He suggests con- 
trolling our LA-ICP-MS data with other techniques. In our 
opinion, the lack of correlation has more to do with the 
fact that these different techniques are not analyzing the 
same thing: UV-Vis spectroscopy is a bulk analysis, while 
LA-ICP-MS is a spot analysis (40 microns in diameter in 
this study). As a result, UV-Vis spectroscopy and LA-ICP- 
MS usually do not provide a perfect correlation when it 
comes to inhomogeneous natural emeralds with color zon- 
ing and inclusions, such as the emerald from Davdar. 

Again, we thank Dr. Schmetzer for his comments and 
assure him that GIA plans to obtain and study more emer- 
alds from different mining areas, to further our lab’s capac- 
ity to provide accurate origin determination reports. 


Sudarat Saeseaw, Vincent Pardieu, and 
Supharat Sangsawong 
GIA, Bangkok 
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¢ Frequently two-phase inclusions in Indian emeralds form groups 
of negative crystals, one being remarkably longer than the others. 
Thus the comma-shape is formed. 200X. 


from seven and one half to seven and three 
fourths, after Mohs’ scale. Lapidaries, how- 
ever, consider Indian emeralds to be some- 
what softer than others. 

In spite of the slight divergence from 
average values and the previously-mentioned 
marked difference from emeralds from other 
sources, neither the optical nor the physical 
ptoperties were sufficiently distinctive to 
setve as conclusive symptoms. Here again, 
as in so many other gem instances, one is 
forced to fall back on inclusions — those 
infallible marks of specific formation — in 
order to glean information about the prove- 
mence of Indian emeralds. It is, therefore, 
better to concentrate on the endogenesis: 
4.) Microscopic Examination 

From the particular type of the deposit 
described above it may easily be deducted 
that the emeralds will contain rich internal 


parangeneses of accessoty minerals from 
their surroundings and that, in consequence, 
the quality of the majority of the gems 
cannot be outstanding, i.e. fine stones will 
be rare. 

The phenological picture of the internal 
structure may teveal dense masses or 
delicate veils of inclusions which closely 
resemble the “jardins” in emeralds from 
Colombia. But through the microscope 
surprisingly new endogenetic pictures — 
unknown in emeralds from other deposits— 
present themselves to the observer, offering 
characteristic growth-marks for inspection. 
(Figure 3, figure 3a) 

Under low magnifying power the “jar 
din” dissolves into a mass of singular 
inclusions which prove to be of two differ 
ent natures, lying at right angles to each 
other. Rectangular or square-shaped cavi- 
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Colored Gems, Chinese Jewelry Designers, 
and Colored Diamond Spectra 


Welcome to the first Gems & Gemology of 2015! 


Spring is always an especially busy time, because our first issue comes hard on the heels of 
the annual Tucson gem shows. This event always provides an illuminating window into the 
world of colored gem supply and demand. Indeed, articles in this GG provide a flavor of 
that worldview, featuring Vietnamese blue spinel, Moroccan amethyst, ruby from 
Mozambique, and a survey of contemporary Chinese jewelry designs featuring a wealth of 
colored gemstones. 


Our lead article, by French researcher Boris Chauviré and his coauthors, offers geological 
context and a gemological characterization of the vivid blue spinel from Luc Yen, northern 
Vietnam, which owes its remarkable color to traces of cobalt. 


Next, GIA’s Andrew Lucas and Merilee Chapin partner with Chinese coauthors Moqing Lin and Xiaodan Jia 
to survey the tremendous progress this country’s jewelry 

designers have made in the last decade. Informed by ‘An illuminating window into the world 
their civilization’s rich cultural roots and driven by the of co lored gem supp ly and demand...” 
power of a rapidly growing domestic consumer market, 

the artistic prowess of Chinese designers is increasingly evident on the global stage. 


Our third article, by a joint Moroccan-Italian team headed by lead author Fabrizio Troilo, provides an 
introduction to amethysts from Boudi, Morocco. Their study outlines the geology, mining, and the internal 
and external features of this attractive material. 


Our fourth paper, by GIA’s Dr. Jim Shigley and Dr. Mike Breeding, bucks this issue’s colored-gem trend. Their 
article provides a review of colored diamond spectra, including a foldout chart, which we trust many practicing 
gemologists will find illuminating. 


In addition, we're delighted to present GeG’s third field report. GIA authors Merilee Chapin, Vincent 
Pardieu, and Andrew Lucas report on the geology and mining practices at Mozambique’s Montepuez ruby 
deposit, currently the world’s most important commercial source of ruby. 


After these five feature articles, you'll find our regular Lab Notes and Gem News sections. This issue contains 
in-depth coverage of the February 2015 Tucson Gem and Mineral shows, along with reports on the recent 
Gemstone Industry & Laboratory Conference (GILC) and the GIA-sponsored International Diamond 
School for natural diamond researchers held late January in Brixen, Italy. 


We're also delighted to present the results of the 2014 Dr. Edward J. Gubelin Most Valuable Article Award. 
Our sincere thanks to everyone who participated—we had an excellent response this year. Please see the results 
on page 31. Also, please don’t forget to take the Ge»G Challenge, our annual multiple-choice quiz! 


Finally, as many longtime contributors know, Stuart Overlin has been the editorial backbone of our journal for 
a number of years. I’m very pleased to announce Stuart’s promotion to GeG’s managing editor. I'd also like to 
thank former managing editor Justin Hunter for his contribution. Justin is moving to an important new role at 


GIA. 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 


We hope you enjoy this edition! 
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NMOS ARTICLES 


BLUE SPINEL FROM THE 
Luc YEN DISTRICT OF VIETNAM 


Boris Chauviré, Benjamin Rondeau, Emmanuel Fritsch, Phillipe Ressigeac, and Jean-Luc Devidal 


The Luc Yen district of northern Vietnam is a very productive gem province and the leading source of 
vivid blue spinel. This study characterizes the origin and gemological properties of these spinels, espe- 
cially the cause of their unusually bright color, which is directly related to their value. Chemical and 
spectroscopic analyses indicated that the blue color is due to cobalt (Co**), with some iron contribution. 
Petrographic examination identified the context of the gem’s formation, which appears to be linked to 
intense metamorphism during successive orogenies. The carbonate platforms in the ancient Paleo-Tethys 
Ocean were sandwiched and highly deformed during this orogeny, leading to marble and spinel for- 
mation. The authors propose that the cobalt (and to a lesser extent the iron) necessary for the blue color 
were transported by fluids during metamorphism of the sedimentary sequence. 


Myanmar, Pakistan, and Vietnam (Shigley and 

Stockton, 1984; Delaunay, 2008; Pardieu and 
Hughes, 2008). Vietnam’s two major spinel deposits, 
Luc Yen and Quy Chau, were discovered at the end 
of the 1980s. The Luc Yen deposits have mostly been 
mined since the 1990s (Pardieu and Hughes, 2.008; 
Senoble, 2010). This area, known for its gem-quality 
ruby, red spinel, and sapphire (Webster, 1994; 
Hauzenberger et al., 2003; Long et al., 2004; Senoble, 
2010; Huong et al., 2012), has also been a notable pro- 
ducer of vivid blue spinels since the 2000s (figure 1). 
Bright, saturated blue gems are very popular, as evi- 
denced by the classic appeal of sapphire and the more 
recent trend of Paraiba tourmaline and bright blue 
apatite in the same color range. Therefore, the bright 
blue color of some spinels has increased the popular- 
ity of this gem overall (Delaunay, 2008; Senoble, 
2010). In this article, we investigate the gemological 
characteristics of Vietnamese blue spinels and the ge- 
ology of the deposits to gain a better understanding 
of this gem source. 


BR» spinels are mined in Sri Lanka, Tanzania, 


See end of article for About the Authors and Acknowledgments. 
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LOCATION AND ACCESS 

The Luc Yen district is located in the Yen Bai 
province, in the north of Vietnam. Luc Yen’s capital 
of Yen The (22°6'38.84” N, 104°45'57.80" E) is a five- 
or six-hour drive from Hanoi on a 160 km expanse of 
good road. All of the district’s blue spinel mining 
sites lie within 20 km of Yen The. Several hours of 
walking or biking are needed to access these mines. 


In Brief 


¢ Over the past two decades, Luc Yen, Vietnam has be- 
come a notable source for blue spinel. 

e Vietnamese blue spinel may have resulted from the 
involvement of evaporitic rocks during post-collision 
metamorphism. 

¢ Cobalt (Co**) is the main chromophoric element in 
blue spinel, though iron (Fe**) is also a factor. 


The blue spinel deposits are Bai Gou, May Trung, Bai 
Son, Bah Linh Mot, Khe Khi, Kuoi Ngan, Khao Ka, 
Lung Thin, Lung Day, Khin Khang, and Chuong Tran 
(figure 2). Of these, only May Trung, Bai Son, and Bah 
Linh Mot are primary deposits; the others are second- 
ary placer deposits. Bai Son, reported by Senoble 
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(2010), was no longer being mined as a primary de- 
posit during our visit in February and March 2012. 
May Trung is divided into two sites located about 
150 meters from each other: a marble cliff that is 
mined for red and lavender spinels, and a second site 
that is mined for blue spinel from a vein in marble. 


GEOLOGY 

The rich tectonic history of Southeast Asia is inher- 
ited from several deformation episodes related to the 
closure of the Paleo-Tethys Ocean and, later, to the 
Himalayan orogeny. The geology of northern Viet- 
nam is dominated by metamorphic rocks inherited 
from these two major orogenic events. The first one, 


BLUE SPINEL FROM LUC YEN, VIETNAM 


Figure 1. The Luc Yen 
district of Vietnam has 
become a major source 
of top-quality blue 
spinel, including these 
two rough crystals (45 
and 70 ct) and the 5 ct 
faceted stone. Photo by 
].B Senoble; © Senoble 
@& Bryl. 


the Indosinian orogeny, led to the collision of the 
main shields (Yangtze and Indochina) during the 
Permo-Triassic at about 240-245 Ma (Ku&nir, 2000; 
Lepvrier et al., 2008; Huong et al., 2012). In the later 
orogeny, the Himalayan collision during the Tertiary 
period, the terrains were strongly reworked. These 
terrains are primarily composed of metamorphic 
rocks, mainly medium-grade mica schist, marble, 
and granulitic gneisses (Kusnir, 2000; Leloup et al., 
2001; Hauzenberger et al., 2003). 

Northern Vietnam has been studied extensively 
to understand how a continental collision (in this 
case, between India and Eurasia) induced crustal 
wedges to extrude laterally into the surrounding 
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Figure 2. Most Viet- 
namese blue spinel 
deposits are confined to 
a 80 km? area in the Luc 
Yen district of northern 
Vietnam. The circles 
represent placer deposits, 
©] while diamonds indi- 

| cate primary deposits in 
marble. 
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@ Major cities/towns —— Road 


plates. (Tapponnier et al., 1982, 1990; Leloup et al., 
1995, 2001; Jolivet et al., 2001; Anckiewicz et al., 
2.007). During the Oligo-Miocene (from 35 to 17 Ma), 
the Indo-Eurasian collision induced strong rock de- 
formation over all of Southeast Asia. The Indochi- 
nese block was extruded toward the southeast, and 
this induced the Red River Shear Zone, extending 
from the Tibetan plateaus to the China Sea for more 
than 1,000 km (Jolivet et al., 2001; Leloup et al., 2001; 
Hauzenberger et al., 2003; Anckiewicz et al., 2007). 
The Yen Bai province is formed by two different ge- 
ological units separated by a fault that is part of the 
Red River shear zone. To the northeast lies the Lo 
Gam zone, and to the southwest the Day Nui Con 
Voi range (figure 3). 

All of Luc Yen’s gem deposits are located in the 
Lo Gam zone (again, see figure 3). The structure of 
this unit results from the deformation of the Hi- 
malayan orogenesis superimposed on the preexisting 
Indosinian structure (Garnier et al., 2002, 2005). The 
Lo Gam formation consists of a sedimentary series 
metamorphosed into marble, gneiss, calc-silicates, 
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micaschist, and amphibolite. These metamorphic 
rocks are sometimes intruded by granitic and peg- 
matitic dykes (Leloup et al., 2001; Garnier et al., 
2.005, 2008). The marbles are mainly calcitic and in- 
terlayered with Al-, V-, and Cr-rich amphibolites. 
Blue spinel is found in a layer of marble more than 
500 meters thick. It occurs in discontinuous series of 
lenses, tens of millimeters thick and meter-sized in 
length, roughly following the regional foliation. These 
marble lenses are remarkably rich in forsterite (mag- 
nesian olivine). The gem is often associated with cal- 
cite, forsterite, pargasite (sodi-calcic amphibole}, 
sulfides, and chlorites (magnesian chlorite and 
clinochlore). Remarkably, blue spinel in these primary 
deposits is not associated with ruby or red spinel. 


MINING 

The three primary deposits at May Trung (22°1'48.9" 
N, 104°48'42.7" E}, Bai Son (21°59'47.3" N, 104°40'9.9" 
E}, and Bah Linh Mot (22°1'23.7" N, 104°48’42.8" E) 
are located on a mountain range composed of marble, 
standing about 600 meters high. Each site is mined by 
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a handful of locals, mainly farmers trying to earn extra 
income. The blue spinel is extracted from the marble 
using hand tools (figure 4, top) and a jackhammer. 
Secondary deposits (figure 4, bottom left and bot- 
tom right) yield most of the blue spinel production. 
Some lie in the valley to the east of the spinel-rich 
mountain range. These include Kuoi Ngan (22°0'7.8" 
N, 104°50'41.1” E); Khao Ka (21°59'6.5" N, 104°50'52..5" 
E); Lung Thin (22°0'12.8" N, 104°49'31.5" E]; Lung Day 
(21°59'51.3" N, 104°49'23.3" E); and Khin Khang 
(22°1'46.7" N, 104°50'9.3” E). Khe Khi (22°1'36.8" N, 
104°48'41.2.” E) and Bai Gou (22°4'43.2” N, 104°47'5.5" 
E) are located in the mountain in a small secondary 
basin. Miners use a water hose and a sluice to sort the 
gem-bearing gravels (figure 4, bottom left). Some sec- 
ondary deposits are localized in karst caves inside mar- 
ble (figure 4, bottom right). Heavy gravels are washed 


and sorted inside the cave and brought up to the sur- 
face, where they are sorted under daylight. In second- 
ary deposits, blue spinel is found together with ruby, 
red spinel, sapphire, tourmaline, and occasionally gold. 


PRODUCTION AND DISTRIBUTION 

In secondary deposits, blue spinel is a by-product of 
ruby and red spinel mining. Even so, some large 
parcels contain more than a thousand carats of mil- 
limeter-sized, very saturated blue spinel (see Pardieu, 
2012). Some dark grayish blue stones weighing ap- 
proximately 5 ct have been faceted, but far fewer 
than ruby and red spinel. 

Blue spinels from primary deposits are found in 
two different forms. Usually miners encounter them 
in “pockets” as centimeter-sized crystals, occasion- 
ally with a pleasing, well-defined octahedral shape 


Figure 3. This geological map of Luc Yen shows two different geological formations: the Day Nui Con Voi Range in 
the southwest and the Lo Gam zone in the northeast. The blue spinel deposits are located in the Lo Gam zone. 


Adapted from Garnier (2003) and Long et al. (2004). 
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Dai Thi Formation : quartz-mica-feldspath scist, 
quartz-biotitsericite schist, quartite 


An Phu Formation : 

Upper Proterozoic - Lower Cambrian : calcitic 
marble. dolomitic marble with phlogopite- 
graphite-margarite 


Thac Ba Formation: 

Upper Proterozoic - Lower Cambrian : micashist, 
quartz-biotite or muscovite schist, gneiss, 
migmatite, marble, quartzite 


Nui Chua complex: olivine or pryoxene or 
amphibole gabbro 


Phia Bioc complex : biotite granite, pegmatite 
and aplite 


Phia Ma complex : hornblende-garnet to 
pryoxene granosyenite 
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with some portion containing gem material, or as ag- 
gregates of small octahedral crystals of varying qual- 
ity. These are broken down or cobbed by miners to 
extract a small amount of gem spinel. These gem 
blue spinel can reach 5 ct, but they are often frac- 
tured. Spinels are also found as millimeter-sized oc- 
tahedra or twins in the marble. 


The blue spinel’s hue, tone, and saturation vary 
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Figure 4. Gem-quality 
blue spinels are ex- 
tracted from primary 
deposits by locals using 
hand tools, as shown in 
Bai Nua Doi (top). Sec- 
ondary deposits are ex- 
ploited in the valley 
with a sluice box to sort 
the minerals according 
to their density (bottom 
left). In the karstic envi- 
ronment, caves trap the 
gem-rich gravel (bottom 
right). These special 
secondary deposits are 
also processed with 
sluice boxes. Photos by 
Boris Chauviré. 


from one deposit to the next. In the secondary Bai Gou 
deposit, the crystals have a very dark blue color and 
often reach 10 ct. In Chuong Tran and Bai Son, the 
spinel has a bright blue color (Senoble, 2010; Overton 
and Shen, 2011) and can reach 5 ct. Crystals from May 
Trung and Khe Khi have a very saturated cobalt blue 
color but are quite small (rarely larger than 1 ct). 
Millimeter-sized blue spinels from the primary 
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deposits are often kept in marble so that the whole 
piece can be carved. This is done directly at the min- 
ing site, and the carvings are taken down to the val- 
ley to be sold as decorative pieces. 


MATERIALS AND METHODS 

Sample Collection. In early 2012, two field trips were 
organized to collect samples and map the main blue 
spinel deposits within the Luc Yen district. The first 
expedition enabled us to visit most of the corundum 
and spinel deposits and to understand the geology of 
this area. We also made contact with local merchants 
and miners for the second expedition just one month 
later. On the second field trip, we visited only blue 
spinel deposits and collected whole rock and gem- 
bearing samples. Most of the rock samples were col- 
lected at the mining site. Unfortunately, we did not 
observe gem samples at the mining sites. All gem 
blue spinels for spectroscopic and gemological meas- 
urements were procured from several local mer- 
chants in Yen The. 


Materials. From the 55 carats of blue spinel we col- 
lected from local merchants, six representative rough 
crystals were selected and prepared in parallel-win- 
dow plates for gemological and spectroscopic inves- 
tigation. The least included and fractured samples 
were chosen for spectroscopic analysis. A polished 
window was prepared on each one to facilitate gemo- 
logical and microscopic examination. One additional 
sample similar to SATBLU1 in color and saturation 
(labeled SATBLUchem) was prepared as a polished 
section for laser ablation—inductively coupled 
plasma—mass spectrometry (LA-ICP-MS) chemical 
analysis. Four additional samples from a later field 
trip by author EF were added to complete this study. 
These were also purchased from local merchants. 
The spinels were divided into three different parcels 
according to their color category (detailed in “Gemo- 
logical Characteristics” below). The sample names 
consisted of the color category (GREBLU, SKYBLU 
and SATBLU) followed by a number; see table 1. 
Moreover, 73 rock samples were collected in the field 
from 11 different mining sites. From these, 19 thin 
sections were prepared for petrographic examination. 


Methods. Gemological Properties. Specific gravity 
was measured hydrostatically with a Mettler Toledo 
JB703-c/FACT (with a precision of 0.001 ct). Internal 
features were observed with a standard gemological 
microscope. Refractive index was measured with a 
P®-I refractometer with Rayner SVLS orange light. 
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All spinel samples were observed under a 6 W A- 
Krtiss Optronic 240 UV light, and we also tested their 
Chelsea filter reaction. Color was documented under 
normalized daylight (D65) and a normalized incan- 
descent light (A). 


Spectroscopic Measurements. UV-Vis-NIR absorp- 
tion spectra of each sample (window plates) were 
taken with a Cary 5G Varian spectrophotometer in 
the 200-1500 nm range with a sampling interval of 
1 nm and a spectral bandwidth of 1 nm maximum 
(sampling and spectral bandwidth were sometimes 
reduced to 0.25 nm to obtain better resolution). 
Raman spectra were collected on gem samples using 
both a Jobin-Yvon Labram with a 514 nm, 50 mW 
laser excitation, and a Jobin-Yvon Spex Horiba 
T64000 with a 647 nm, 50 mW laser excitation. The 
spectral range extended from 40 to 1500 cm with a 
two-second exposure. 


Chemical Composition. LA-ICP-MS chemical analy- 
sis was conducted at Blaise Pascal University (Cler- 
mont-Ferrand, France) using an Agilent 7500 
spectrometer with a Resonetics M-50E laser (193 nm 
ablation wavelength, 5 Hz frequency with an energy 
between 10 and 12 J/cm”). For these analyses, four in- 
dentations (about 73 pm in diameter) were ablated on 
each sample, and ?’Al was used as the internal stan- 
dard. Data was processed with the GLITTER 4.4.2 
software. To complement these analyses, we used a 
RIGAKU NEX CG energy-dispersive X-ray fluores- 
cence (EDXRF) spectrometer operating at 25 kV and 
0.10 mA. The detection limit for the major elements 
(Al, Mg) is about 0.1 wt.%, and below 0.01 wt.% for 
the minor elements. Each sample was measured for 
90 seconds. 


Petrographic Examination. Thin sections of rocks 
were observed with a standard Wild Makroscope 
M420 petrographic microscope, and a JEOL JSL-5800 
LV scanning electron microscope (SEM) operating at 
20 kV and 0.3 nA electron beam, with a 37° take-off 
angle of the detector. Mineral compositions of the 
samples and their inclusions were first determined 
by energy-dispersive spectroscopy (EDS) using an 
IMIX-PTS detector. This detector uses a high-resolu- 
tion (115 eV) Ge crystal and an ultrathin polymer 
window, detecting elements ideally down to boron, 
if it is a major component of the material. The cali- 
bration standards used were either pure elements or 
simple compounds. The PGT software applies phi- 
rho-z data correction for the effect of X-ray absorp- 
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TABLE 1. Characteristics of gem blue spinels from Luc Yen, Vietnam. 


Samples SKYBLU1 SKYBLU2 SKYBLU3 SKYBLU4 GREBLU1 GREBLU2 GREBLU3 SATBLU1 SATBLU2 SATBLU3 
Photo 
(normalized SS ae iat J fe — @ @ on ©} ty 
daylight) —_ e 
Photo “ 
(normalized & 2 3 
incandescent & @ ® 
light) 
Weight (ct)! 2.076 0.91 0.24 0.18 4.076 2.538 2.863 0.28 0.23 0.09 
Dimensions 10.8x5.2 7.6x4.6 3.8x2.7) 2.9x2.4 14.9x7.1 98x54 97x55 2.8x1.1 3.9x2.7  3.1x1.9 
(mm)? x 4.3 x 257 x15 x 0.5 x 4.1 x 2.8 x 3.1 x 2.1 x 14 x 14 
Origin Khao Ka Khao Ka Unknown Unknown _ Bai Son Bai Son Bai Son Khe Khi Unknown Unknown 
Refractive index 1.712 1.712 1.714 1.710 1.718 1.713 1.711 1.712 1.716 1.714 
Specific gravity 3.583 3.584 3.594 3.596 3.578 3.598 3.583 3.410 Si1673 3.645 
Chelsea Pink- Pink- Red Red Pink- Pink Pink Red Red Red 
reaction orange orange orange 


'For SKYBLU4 and SATBLU1, the weight is the sum of the weights of the pieces from the sample. 
*For SKYBLU4 and SATBLU1, the dimensions are an average of the measurements of each piece from the sample. 


tion in the analyzed material, taking into account all 
the matrix effects. Oxygen was calculated from the 
spectrum, not based on stoichiometry. 


GEMOLOGICAL CHARACTERISTICS 


Visual Appearance. We separated the spinel samples 
into three categories according to their color descrip- 
tions: 


e SATBLU samples: medium to medium dark 
tone, strong to vivid saturation, and blue to vi- 
oletish blue hue 


e SKYBLU samples: medium light to very light 
tone, strong to very vivid saturation, and blue 
hue 


¢ GREBLU samples: medium light to light tone, 
grayish to slightly grayish saturation, and blue 
to bluish violet hue 


All of the rough samples were slightly fractured 
and contained very few inclusions. Color was homo- 
geneous in each stone, and most showed a subtle 
color change from blue under daylight-equivalent 
normalized light (D65) to violetish blue under incan- 
descent light (see table 1). The authors avoid the 
commonly used term “color shift” (Senoble, 2010), 
which Manson and Stockton (1984) defined in gar- 
nets while observing the combination of two color 
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phenomena, nowadays identified separately: classical 
color change with lighting, and Usambara effect 
(change of color with thickness). We observed that 
the color change is more pronounced in stones with 
a more saturated color. While examining numerous 
parcels in Yen The, we observed that most of the 
grayish blue spinel—and some of the very saturated 
blue material, contrary to our other observations— 
did not show any color change. 

Blue spinel from secondary deposits (except Khe 
Khi) is rounded and can reach several tens of carats. 
In Khe Khi, blue spinels are found as millimeter- 
sized octahedra. 


Optical and Physical Properties. The samples’ refrac- 
tive index ranged from 1.711 to 1.718, and their spe- 
cific gravity was from 3.578 to 3.673. They were 
isotropic, with no anomalous double refringence, and 
inert under both short- and long-wave UV light. Under 
the Chelsea filter, all the samples appeared pink to red 
(see table 1 for details). We observed that the darker 
the spinel, the redder the Chelsea filter reaction. 


Microscopic Characteristics. Conchoidal fractures and 
“fingerprint” healed fractures were often present in 
our samples (figure 5, left). Some showed elongated 
tubes, while others contained groups of parallel tubes. 
We observed birefringence in some of these tubes, 
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Figure 5. Blue spinels (here, GREBLUS3) often show healed fractures (fingerprints, left), and some samples contain 
irregular opaque black crystals associated with elongated tubes (center and right). Photos by Boris Chauviré; field 
of view 1 mm (under daylight equivalent light on the left, plane-polarized light in the center, and cross-polarized 


light on the right). 


which suggested that they consisted of an anisotropic 
solid phase (figure 5, middle and right). Black, opaque, 
irregular to hexagonal crystal inclusions less than 1 
mm, reminiscent of graphite, were also found in some 
samples (figure 5, middle and right). GREBLU1 was 
the only sample that had yellowish fractures covered 
by red crystals (probably ferric oxide hematite). 


PETROGRAPHY AND CHEMISTRY OF HOST 
ROCKS 

Minerals. The marble that hosts blue spinel is 
mainly composed of calcite (sometimes magnesian) 
and dolomite. The major additional phases are 
olivine and pargasite (figure 6). Several accessory 
phases were identified using the petrographic micro- 


Figure 6. These views of thin sections from rocks bearing blue spinel (under plane-polarized light) show that blue 
spinel is always associated with olivine (forsterite) and pargasite in calcite matrix. Clinochlore surrounds all main 
minerals (left, field of view 1.5 mm). In the matrix, graphite and pyrrhothite are common accessory minerals 
(right, field of view 0.5 mm). Cc = calcite, Clh = clinochlore, Gph = graphite, Ol = olivine, Pg = pargasite, Pyr = 


pyrrhotite, Sp = spinel. Photomicrographs by Boris Chauviré. 
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Figure 7. An inclusion of apatite in pargasite exhibits intergrowth with calcite (slightly magnesian; left, magnifica- 
tion 750x). In most cases, pyrrhotite inclusions have exsolutions of pentlandite, a sulfide with higher nickel con- 
tent (center, magnified 1200x), which also contains cobalt. Using scanning electron microscopy with 
backscattered electron imaging, sensitive to the atomic number, a petrographic thin section of marble-bearing 
blue spinel shows that spinel and olivine are surrounded by clinochlore. The marble is composed of calcite and 
dolomite (right, magnified 65x). Ap = apatite, Cc = calcite, Clh = clinochlore, Dol = dolomite, Ol] = olivine, Pen = 
pentlandite, Pg = pargasite, Pyr = pyrrhotite, Sp = spinel. 


scope or EDS with SEM. These included titanite, ru- 
tile, zircon, graphite, apatite, several sulfide minerals 
(again, see figure 6), and phyllosilicates. The sulfides 
were mainly pyrrhotite (Fe, S; monoclinic) with 
pentlandite exsolution lamellae ((Fe,Ni),S,; cubic) 
and violarite (FeNi,S,; cubic). Raman spectroscopy 
helped to distinguish between different phyllosili- 
cates, mainly clinochlore and phlogopite. Humite 
was not observed in the marble, although this min- 
eral is associated with red or purple spinel, as well as 
ruby (Hauzenberger et al., 2003; Garnier et al, 2008). 


Texture. The marble that hosts blue spinel has a gra- 
noblastic texture, with millimeter to centimeter 
grain size. SEM imaging with a backscattered elec- 
tron detector showed exsolution features between 
calcite and dolomite, and intergrown apatite and cal- 
cite (figure 7a). Pentlandite lamellae in pyrrhotite 
present two different morphologies. The first con- 
sists of parallel flat lamellae less than 500 nm thick, 
crossing some pyrrhotite crystals from end to end. 
The second is lens-shaped, more than 1 ym thick and 
about 3 um long, often associated with parallel flat 
lamellae (figure 7b). 


Paragenesis. Blue spinel is observed only in olivine-rich 
lenses, associated with dolomite and calcite (figure 8). 
No blue spinel is observed in the marble when olivine 
is absent. The spinel-rich lenses are elongated nearly 
parallel to the regional foliation: roughly 45° toward 
the northeast. Spinel and pargasite show inclusions of 
apatite and sulfides similar in shape and composition 
for both host minerals. This suggests that apatite and 
sulfides preexisted spinel and pargasite. In some titan- 
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ite crystals, SEM imaging revealed inclusions of zircon 
and pargasite. Therefore, titanite probably represents a 
later stage of mineralization. Clinochlore crystals sur- 
round all the other minerals (figure 7c), meaning it 
probably crystallized later during a hydration phase, 
and possibly during exhumation. 


CHEMICAL COMPOSITION 

Spinel. The composition of the three types of spinel 
crystals was measured in thin sections using EDS, 
and all rough samples were analyzed by EDXRF. 
These analyses identified them as spinel sensu 
stricto (MgAl,O,). Table 2 presents LA-ICP-MS 
chemical analyses on representative samples of the 


TABLE 2. Trace-element composition of three spinel 
samples, measured by LA-ICP-MS. 


Element Detection 


(ppma) _ Limit (ppma) SKYBLU1 =GREBLU2 SATBLUchem 
Li 4 2778 6030 2120 
Be 10 552 946 32 
Ti 2 3 3 202 
Vv 1 11 6 362 
Cr 3 16 8 1111 
Mn 5 238 106 287 
Fe 20 11,009 9362 12,794 
Co 0.2 84 22 1236 
Ni 1 85 29 2514 
Cu 1 4 4 4 
Zn 4 7242 4887 1047 
Ga 0.2 299 1088 234 
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Figure 10 
© Biotite tablets are oriented parallel to the basal plane. 40X. 


Figure 11 


* Idiomorphous biotite flakes belong to the inclusion symbiose 
of Indian emeralds. 125X. 
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Figure 8. In Vietnam, primary blue spinel deposits appear as approximately lens-shaped bodies rich in olivine. 
These lenses are hosted in marble, and pargasite is found throughout the surrounding marble. Photo and drawing 


by Boris Chauviré. 


three color categories. The main impurities detected 
were Li, Fe, and Zn. Significant traces of Be, Ti, V, Cr, 
Mn, Ga, Ni, and Co were also detected. All analyzed 
spinels had concentrations of Ga, Zn, and Li, consis- 
tent with those observed only in natural blue spinel 
(Muhlmeister et al., 1993; Krzemnicki, 2008; Sae- 
seaw et al., 2009). All the samples presented nearly 
uniform concentration in iron and in copper: around 
10,000 ppma (equal to 1 atomic percent} and 4 ppma, 
respectively. The other elements showed strong vari- 
ation among samples. Sample SATBLUchem (satu- 
rated blue} was enriched in Ti, V, Cr, Mn, Co, and Ni 
compared to the other samples. Samples SKYBLU1 
and GREBLU2 were enriched in Be and Zn compared 
to SATBLUchem. GREBLU2 is also enriched in Li 
and Ga compared to the two others. 


Host Rocks. The chemical composition and charac- 
teristics of associated minerals were also examined 
with EDS analysis. Olivine is 99% pure forsterite 
(Mg,SiO,). Pargasite is rich in titanium, sodium, and 
chlorine. Apatites are fluorapatites with up to 20% 
chlorine in substitution of fluorine. In two thin sec- 
tions, we analyzed one REE-rich unknown mineral 
and several molybdenum- and tungsten-rich un- 
known minerals. Cobalt was found in sulfides, as high 
as 1.5 wt.% in pentlandite and 3.5 wt.% in violarite. 


SPECTROSCOPIC PROPERTIES OF BLUE SPINEL 

UV-Vis Absorption Spectra. All UV-visible spectra 
showed a broad, intense absorption band between 500 
and 670 nm composed of several narrower bands at 
about 545, 550, 560, 580, 590, and 625 nm (figure 9). 
Two transmission windows were seen in the visible 
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part of the spectra, in the violet to blue region (400- 
500 nm) and in the red region (670-700 nm). We also 
observed several weak peaks between 300 and 500 nm 
at about 371, 386, 418, 427, 455, 460, and 480 nm. The 
bands at 427 and 460 nm are not visible on the spectra 
that show the most intense main band between 500 
and 670 nm (samples SKYBLU2 and SATBLU1). Ad- 
ditionally, we noted a large, weak band centered at 
about 440 nm only on the SKYBLU samples. For sam- 
ples GREBLU1 and SATBLU1, we also note an in- 
creasing absorption from 450 nm toward the UV. 


Raman and Luminescence. The Raman spectra were 
typical of spinel, with weak peaks at 405, 665, and 
766 cm (figure 10a; Fraas et al., 1973). The 405 cm! 
peak was 9 cm! wide, evidence that the analyzed 
spinels were natural and unheated (Krzemnicki, 
2.008; Saeseaw et al., 2009). However, this Raman sig- 
nal of spinel was overwhelmed by luminescence 
with the two available excitation wavelengths (514 
or 647 nm). The luminescence band was centered at 
107 cm”! for the 647 nm excitation wavelength, cor- 
responding to a 650 nm emission (figure 10b). In this 
case, the sample showed a strong red luminescence 
(figure 10b, inset) consistent with a broad band emis- 
sion centered at 650 nm. In addition, many weak 
peaks between 673 and 710 nm, grouped in apparent 
triplets, were visible: 685, 687, and 689 nm; 696, 697, 
and 700 nm; and 704, 707, and 709 nm (figure 10b). 


DISCUSSION 

Primary Geological Origin. Red and blue spinels are al- 
ways found in marble (figure 11). Garnier et al. (2008) 
proposed that this marble originated from an old car- 
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Figure 9. The UV-Visible spectra of typical blue 
spinels from Vietnam show a major composite ab- 
sorption band between 500 and 650 nm, a large trans- 
mission window in the blue to violet region, and a 
smaller one in the red. The bands at 371, 386, 418, 
455, 460, 480, 560, and 590 nm are due to Fe**.The 
bands at 545, 550, 580, and 625 nm are due to Co**. 
The band at 427 nm is not allocated. 


bonate platform (considered Precambrian to Permo-Tri- 
assic}, which later metamorphosed. Graphite crystals 
in these Vietnamese marbles likely derive from 
metamorphism of organic matter (Giuliani et al., 
2003; Garnier et al., 2008). As already mentioned, 
blue spinels are always associated with olivine 
(nearly pure forsterite). This paragenesis is typical of 
the granulitic metamorphic facies (high temperature 
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above 550°C for a CO,-rich system; Bucher and Frey, 
1994, Janardhan et al., 2001; Proyer et al., 2008). Par- 
gasite is ubiquitous in marble, also representing a 
high-temperature phase. Pargasite, olivine, and spinel 
are nearly contemporaneous, and they may have 
crystallized from the destabilization of diopside with 
increasing pressure and temperature in a prograde re- 
action (Proyer et al., 2008; Ferry et al., 2011). 

We detected some fluorine and chlorine in apatite 
and pargasite, and some sodium, lithium, and beryl- 


Figure 10. The samples in this study displayed the 
typical Raman signal for spinel (top), with a strong 
continuum due to cobalt luminescence. But when the 
concentration in cobalt was too high, luminescence 
overwhelmed the signal for spinel. In some samples, 
spectra acquired using a 647 nm excitation showed 
additional luminescence peaks of chromium (the so- 
called organ pipe spectrum, bottom). Under green 
laser excitation (514 nm), the sample reacted with a 
red luminescence (bottom photo). 
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Figure 11. Blue spinel from Luc Yen in its marble host. 
Photo by Vincent Pardieu/GIA. 


lium in blue spinel. These elements are indications 
that evaporitic rocks played a role during metamor- 
phism (Proyer et al., 2008). Giuliani et al. (1993) and 
Garnier et al. (2005, 2008) also proposed this hypoth- 
esis from the study of fluid inclusions in gem ruby 
from the Luc Yen area. 

Different areas yielding ruby and red or blue spinel 
show distinct characteristics. Red spinel and rubies 
have a very similar paragenesis. Forsterite is only as- 
sociated with blue spinel, and clinohumite is only as- 
sociated with red spinel. Clinohumite can also grow 
from diopside in a prograde reaction with dolomite 
and water (Proyer et al., 2008). Ruby-bearing rocks are 
very different from those containing blue spinel, as 
they underwent different metamorphic histories. Be- 
cause of the intense tectonic activity in Luc Yen, it is 
possible that two rocks with very different geological 
histories have been brought in contact. 
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Garnier et al. (2008) did not observe evidence of a 
fluid circulating through the marble. They proposed 
that aluminum and chromium originally sedimented 
within the carbonate platform. These elements were 
mobilized due to the presence of halogen elements 
(fluorine and chlorine) from evaporitic rocks. We pro- 
pose that the mobilization of Ni and Co happened 
through the same process. Another hypothesis is that 
Ni and Co were mobilized from amphibolitic rocks 
interlayered in the marble (observed by Garnier et al., 
2006) via halogen-rich fluids. Fluids can be formed 
by the metamorphism of clay minerals, evaporate, 
and organic matter (Giuliani et al., 2003; Garnier et 
al., 2008). 


Proposed Geological History. The ancient Paleo- 
Tethys Ocean (possibly Proterozoic to Permo-Trias- 
sic) separated the China (Yangtze) and Indochina 
cratons (now Vietnam, Laos, Cambodia, Thailand, 
and Myanmar). In this ocean, a carbonaceous plat- 
form developed by sedimentation. Tectonic move- 
ments caused the closing of this ocean, and 
evaporitic minerals were deposited. The two main 
blocks (Yangtze and Indochina} subsequently col- 
lided, and all the sedimentary and magmatic rocks 
of the oceanic crust underwent intense deformation 
and metamorphism. During the collision, the meta- 
morphism of the mix of former carbonate platform 
minerals and some detritic material (such as clays) 
deposited with it may have led to the formation of 
diopside through the following reactions: 


tremolite + calcite —- diopside + dolomite 
dolomite + quartz — diopside + carbon dioxide 


By increasing metamorphism, diopside destabi- 
lized into olivine, spinel, and clinohumite. The re- 
duction of evaporitic minerals such as sulfates 
formed chlorine- and fluorine-rich fluids. These flu- 
ids were involved in the mobilization of aluminum 
and other elements such as chromium (Giuliani et 
al., 2003; Garnier et al., 2008). 

Some processes remain poorly understood. Why do 
some areas show clinohumite with red spinel while 
others show olivine and blue spinel? What is the main 
difference responsible for mobilizing more chromium 
(red spinel) or more cobalt (blue spinel) in the marble? 


Origin of Blue Color and Color Change in Viet- 
namese Blue Spinels. The main absorption band be- 
tween 500 and 670 nm, the dominant origin of color 
in these blue spinels, is composed of a series of bands 
at approximately 545, 550, 560, 580, 590, and 625 nm 
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(again, see figure 9). Bands at 545, 550, 580, and 625 
nm are due to cobalt (Co?*) substituting for Mg? in 
tetrahedral sites of the spinel structure (Wherry, 
1929; Pappalardo et al., 1961; Shigley and Stockton, 
1984; Kuleshov et al., 1993; Muhl meister et al., 1993; 
Delaunay et al., 2008; Duan et al., 2012; Bosi et al., 
2012; D'Ippolito et al., 2015). The remaining absorp- 
tion bands (at 371, 386, 418, 455, 460, 480, 560, and 
590 nm) are allocated to iron (Fe) in tetrahedral sites 
of the spinel structure (Gaffney, 1973; Dickson and 
Smith, 1976; Muhlmeister et al., 1993; Delaunay et 
al., 2008; D’Ippolito et al., 2015). A weak band ob- 
served at 427 nm is not attributed but may be linked 
with other measurable elements such as Ni. Conse- 
quently, the spectra show transmission windows be- 
tween 300 and 500 nm and between 700 and 900 nm 
that explain the blue color. As expected, the spectra 
show that iron (Fe**) and cobalt (Co**) are the main 
chromophore elements. The other trace elements de- 
tected either do not give rise to absorption in the vis- 
ible range or are much less efficient absorbers than 
cobalt. Chromium, which is the main chromophore 
for red and pink spinel, makes a significant contribu- 
tion to color if the concentration is above 1000 ppma. 
(Muhlmeister et al., 1993; T. Hager, pers. comm., 
2014). Cr concentration in SATBLU samples is bor- 
derline, but the Co concentration is higher, too. The 
contribution is considered negligible. 

We observed that the SATBLU samples, which had 
the most saturated color, also had the most important 
cobalt optical absorption. In addition, the main band 
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Figure 12. A gem mer- 
chant examines a blue 
spinel from the Luc 
Yen district. Photo by 
Vincent Pardieu/GIA. 


had an absorption coefficient greater than 10 cnr, and 
the iron optical absorptions observed were weak. For 
the parcel classified as SKYBLU, iron and cobalt opti- 
cal absorption seemed to have a similar importance in 
the optical spectra, reaching a maximum of 2, cm~!as 
compared to SATBLU samples. GREBLU samples had 
the most significant iron band, but the main absorp- 
tion band only reached 0.5 cm-!. We also observed a 
correlation between the cobalt absorption bands and 
the color saturation. 

SATBLU2 had a Fe/Co value of approximately 10 
(table 2), and the SATBLU samples had the most sat- 
urated color (table 1). GREBLUE2, with a Fe/Co ratio 
of about 425 (table 2), had a visible gray hue compo- 
nent (table 1). For intermediate Fe/Co ratios of about 
130 (measured on SKYBLUI; see table 2), the spinel 
had a sky-blue color (table 1). Moreover, sample 
GREBLUI1, which had the grayest color, showed 
more significant bands due to Fe?*. We propose that 
the GREBLU samples are colored mainly by iron and 
the SATBLU samples by cobalt. The SKYBLU sam- 
ples’ colors arise from both iron and cobalt absorp- 
tion. Hue differences are more significantly 
controlled by iron (with different species), while sat- 
uration is largely dictated by cobalt (D’Ippolito et al., 
2015). 

Using chemical and spectroscopic analysis from 
eight of our samples, we calculated the molar absorp- 
tivity of cobalt in spinel (sensu stricto) for three ab- 
sorption bands. At wavelengths of 545, 580, and 625 
nm, we took the apparent maximum of each band. We 
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determined a molar absorptivity of 530+29, 664 +18, 
and 586+11 L-mol.cm", respectively. For the sake of 
comparison, we calculated the molar absorptivity of 
iron in spinel (sensu stricto) for bands 371, 386, 480, 
and 590 nm. These bands are attributed to ferrous iron 
(Fe?) in the tetrahedral site. Our chemical analysis 
measured only the total iron content. Assuming all 
iron was in the form Fe", we propose that the molar 
absorptivity of ferrous iron in the tetrahedral site had 
an order of magnitude of about 30 L-mol"'-cm7! for 
each band. With this method, values of molar absorp- 
tivity are not very accurate but provide a working as- 
sumption for our preliminary study. We recognize 
that further investigation is needed to fully under- 
stand the color in blue spinel. A Gaussian decompo- 
sition of spectra can improve the precision of these 
values. Nevertheless, it is apparent that in spinel, 
Co** is approximately 20 times more efficient at ab- 
sorbing light, and thus creating color, than Fe** (con- 
sistent with DIppolito et al., 2015). 

Spectra have two transmission windows between 
350 and 500 nm (in the blue region) and between 670 
and 900 nm (in the red region). This explains the pink 
to red reaction under the Chelsea filter and the color 
change. Indeed, the Chelsea filter probes a transmis- 
sion window in the red. The color change is also ex- 
plained when the spectral composition of the 
lighting environment is compared with the absorp- 
tion spectra of spinel, although this change is not ob- 
served in every example. Compact fluorescent light 
emits more in the blue region than in the red, and 
therefore the spinel appears blue. Under incandes- 
cent light, which is richer in red, spinel displays a vi- 
oletish blue color that is mostly blue with minor red. 


Origin of Red Luminescence. Under laser excitation, 
our samples showed a strong red luminescence. In 
spectra acquired using a 647 nm excitation, we ob- 
served several peaks (in groups of three) between 673 
and 710 nm (at about 673, 675, 685, 687, 689, 696, 
697, 700, 704, 707, and 709 nm; see figure 10b). These 
peaks are known to be due to trivalent chromium 
(Cr**) substituting for aluminum in the octahedral 
site (Burns et al., 1965; Wood et al., 1968; Skvortsova 
et al., 2011). The broad band centered at 650 nm is 
allocated to divalent cobalt in the tetrahedral site of 
the spinel structure (Abritta and Blak, 1991; 
Kuleshov et al., 1993). These luminescence behaviors 
are consistent with our chemical analysis, as the 
strongest luminescence was observed in the SATBLU 
samples, which had higher concentrations of Cr** 
(1111 ppma) and Co**(1236 ppma). 
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CONCLUSION 

We confirmed that the saturated “cobalt-blue” color 
of Vietnamese spinels (figures 12 and 13) is due pre- 
dominantly to Co* substituting for Mg” in the tetra- 
hedral site of the spinel structure. For the most 
saturated blue spinel, cobalt is the main coloring 
agent, even if iron is more abundant. Indeed, cobalt 
is a powerful coloring agent, with a molar absorptiv- 
ity between 500 and 700 L-mol!.cm* depending on 
wavelength, whereas iron (Fe** in the tetrahedral site) 
has a molar absorptivity of about 30 L-mol"!.cm. 
The higher the iron/cobalt ratio is, the grayer the 
color. The red transmission window of these gems 
explains both their pink to red Chelsea filter reaction 
and their slight change of color from blue to “laven- 
der” with a change of lighting environment. The red 
luminescence is due to both Cr** and Co**, and it may 
have a minor influence on the perceived color. 

This study offers clues to the definition of 
“cobalt-blue” spinel. Cobalt is actually the main 
chromophore, but the presence of iron is also signif- 
icant. The term “cobalt-blue” can be clarified by fur- 
ther investigations on the significance of each 
chromophore elements (iron and cobalt). These in- 
vestigations can propose a limit on the ratio of 
iron/cobalt above which the term “cobalt-blue” can- 
not be used. 

Spinels from Luc Yen contain few inclusions. 
Fractures and fingerprints were the most common 
inclusions found. Sometimes, we observed parallel 
elongated tubes with black, irregular solid inclusions 
associated. 


Figure 13. Vietnam’s spinel production yielded this 
2.59 ct cobalt blue gem. Photo by Robert 
Weldon/GIA, courtesy of Palagems.com. 
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From a geological standpoint, gem-quality blue 
spinels are associated with intense metamorphism. 
Their marble host results from the metamorphism 
of an ancient carbonaceous platform. This platform 
was located in the Paleo-Tethys Ocean, which sepa- 
rated Indochina and China. During the convergence 
of these “paleo-continents,” the ocean closed off, ac- 
companied by the formation of evaporitic rocks. The 
ocean crust, associated with the carbonaceous plat- 
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form and evaporitic platform, was sandwiched be- 
tween the two continents. The collision led to the 
metamorphism of the evaporite rocks, in turn pro- 
ducing fluids mobilizing some elements, possibly in- 
cluding cobalt. Spinel grew in the marble during this 
intense metamorphism. These processes of meta- 
morphism and fluid interaction led to the crystalliza- 
tion of attractive blue spinels in the marble 
mountains of Luc Yen. 
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THE CHINESE SOUL IN 
CONTEMPORARY JEWELRY DESIGN 


Andrew Lucas, Merilee Chapin, Moqing Lin, and Xiaodan Jia 


When the same gems and precious metals are used in jewelry, design is the element that ultimately dis- 
tinguishes one piece from another. Real success is measured not only by the value of its materials but 
also by the character and quality of the design and craftsmanship. Once considered a weak point of 
China’s gem and jewelry industry, design has seen tremendous progress over the last decade. Benefiting 
from the availability of more gem materials and the power of a rapidly growing consumer market, Chi- 
nese designers now have the freedom to develop their design concepts and craftsmanship skills. De- 
signers from mainland China, Hong Kong, and Taiwan share the bond of cultural identity and have 
found ways to create jewelry that expresses the Chinese soul. 


pendants and splendid crowns, jewelry has al- 

ways served as personal adornment for the Chi- 
nese people, from ordinary citizens to royal families 
(figure 1). Throughout the civilization’s 5,000-year 
history, masters of jewelry design and manufacturing 
have emerged continually, applying innovations 
while developing their skills. 

China’s Cultural Revolution (1966-1976) fol- 
lowed more than a century of social and economic 
upheaval that hindered almost every aspect of na- 
tional growth. During this period, jewelry came to 
represent capitalism, and wearing it was considered 
offensive. Designers and craftsmen avoided persecu- 
tion by simply stopping their work. 

In the last decades of the 20th century, the Chi- 
nese gem and jewelry industry experienced a dra- 
matic upswing. By the end of the 1990s, there were 
about 20,000 jewelry businesses and some three mil- 
lion people involved in the trade (Hsu et al., 2014). 
The country’s jewelry markets became saturated 
with similar products, many of low quality (J. Bai, 
pers. comm., 2013). 


| Siies dangling hair ornaments to exquisite jade 
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This lack of innovation caused a sense of stagna- 
tion, which led some industry pioneers to find a new 
approach. Professional training and degree programs 


Figure 1. In this replica of a Qing dynasty hairpin, 
outlines of flowers, leaves, and other patterns were 
created with very thin gold threads using the filigree 
technique. Kingfisher feathers mounted in the frame 
provide the bright blue color. Unlike dyes, the feath- 
ers show natural color and shading as well as biologi- 
cal texture. Ruby cabochons are mounted as the 
center stones. Photo by Eric Welch, courtesy of 
Zhaoyi Xintiandi (Beijing) Jewelry Co., Ltd. 
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Figure 2. This ring is from the “Jade That She 
Wants” collection, designed by Hong Kong-based 
Grace Lee, chief designer of Zhaoyi Jade House. The 
18K white gold ring features a transparent jadeite 
cabochon center stone and fancy sapphire accent 
stones. Photo courtesy of Zhaoyi Xintiandi (Beijing) 
Jewelry Co., Ltd. 


in jewelry design have been offered since the early 
1990s. Over the last 10 years, many leading universi- 
ties and art academies have formed their own jewelry 
design and manufacturing departments to serve an 
expanding market. Foremost among these are Ts- 
inghua University, China University of Geosciences, 
and China Central Academy of Fine Art. Jewelry 
competitions have been created to foster the develop- 
ment of young talent. Many companies have invited 
designers from Hong Kong and overseas to bring their 
skills to China and to train locals (figure 2). At the 
same time, Chinese artists have begun going overseas 
to the UK, the United States, Italy, and Germany to 
study Western jewelry manufacturing. 

It is widely believed by domestic consumers that 
Chinese jewelry designs should capture the “Chinese 
soul.” This concept is a reflection of the native cul- 
ture, “a collective programming of the mind” that 
distinguishes a group of people (Hofstede and Bond, 
1988). Rather than being genetically transferred, cul- 
tural inheritances can only be acquired by native ex- 
perience. For thousands of years, the core values of 
Chinese culture have not fundamentally changed. 
The process begins at birth and continues throughout 
a person’s life, as one gains a deeply rooted under- 
standing of Chinese culture, including its distinct 
traditions, philosophy, religions, and preferred mate- 
rials. This understanding allows the native-born de- 
signer to easily and naturally incorporate traditional 
elements into jewelry for domestic audiences and ac- 
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curately interpret their meanings (see figure 3, for ex- 
ample). The spiritual message carried by a piece of 
jewelry can be reflected by combining some Chinese 
design elements, but this is not always the case. Sim- 
ply using Chinese elements is not enough: The de- 
signers must think in the Chinese way. 

In 2010 China overtook Japan to become the 
world’s second-largest economy, after the United 
States. China is now also the second-largest jewelry 
market and is projected to become the largest by 
2020 (“Chinese jewelry firms...,” 2014). To cater to 
the rapidly expanding market for luxury goods, the 
Chinese began developing their own innovative jew- 
elry designs. 


CHINESE DESIGN ELEMENTS 

One recent jewelry trend is to incorporate Chinese 
elements such as dragons, the phoenix, bamboo, and 
Chinese characters into their products. Many award- 
winning pieces from international design and gem- 


Figure 3. This fragrance locket ring was designed by 
Dickson Yewn. Ancient Chinese scholars and social 
elites often carried small lockets filled with fragrance 
to freshen the air or even act as an insecticide. The 
ring symbolizes the wearer's virtue, which in turn can 
influence their peers. Although flowers and lockets 
are not considered traditional symbols of Chinese 
culture, this ring is a reminder of the important 
virtues one should bear. Photo courtesy of Yewn. 
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Figure 4. Hong Kong designer Dickson Yewn is de- 
voted to creating jewelry inspired by Chinese tradi- 
tions. Photo courtesy of Yewn. 


cutting competitions feature these elements (Chen, 
2014). While several Western designers have em- 
braced traditional Chinese symbols, they sometimes 
do not apply or combine them properly, making 
them less meaningful. According to Hong Kong jew- 
elry designer Dickson Yewn, “Jewelry is a new way 
to interpret a culture that has been suppressed for 
decades.” He believes China is a fundamental re- 
source for jewelry design and that after prolonged so- 
cial upheaval, it is time to recapture its glory. 

Trained as a painter, Yewn has always been inter- 
ested in Chinese culture and history (figure 4). Hav- 
ing spent years in the West, he has a deep 
appreciation for its culture but prefers to create jew- 
elry that is distinctly Chinese rather than mixing 
cultural designs (World Gold Council, 2014). He is 
also engaged in reviving traditional Chinese jewelry 
craftsmanship. 

While many designers focus on generating new 
concepts, Yewn digs deeply into native traditions and 
fuses them with contemporary luxury. His common 
themes include lattice patterns, paper cutting, 
Manchurian motifs, and peonies—the Chinese na- 
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tional flower. One of his collections, “Lock of Good 
Wishes,” is based on such traditions (figure 5). The 
earliest known lock in China was uncovered from a 
tomb dated 3000 Bc. While the basic function of the 
lock has not changed, the style, materials, and crafts- 
manship have continued to evolve, and its meaning 
as a decorative motif has broadened. As a symbol of 
security, a lock also represents good health and 
longevity in Chinese culture. Newborns are given 
precious metal lock pendants to “lock” health and 
happiness into their lives forever. This type of pen- 
dant is still one of the most popular jewelry gifts for 
babies in China. 

Yewn’s jadeite and diamond “Wish Fulfilling” 
ring features a traditional lattice window shank. Lat- 
tice windows were a common sight in ancient Chi- 
nese gardens, their delicate patterns inviting the 
viewer to look through and enjoy the beautiful 
scenery within. They originated in southern China, 
home of the Classical Gardens of Suzhou. These pri- 
vate gardens, a UNESCO World Heritage Site, date 
from the 11th through 19th centuries. Their lattice 
windows are among the most important elements, 
framing the view with a mysterious veil (figure 6). 
Yewn borrowed this concept from the garden mas- 
ters, intending the ring to create a connection be- 
tween the wearer’s mind and the outside world. 


Figure 5. This diamond and emerald bracelet is 
from Dickson Yewn’s “Lock of Good Wishes” collec- 
tion. The four corners of the lock panel are deco- 
rated with simplified bat patterns, which symbolize 
good luck and happiness in Chinese culture. The 
clasp is a realistic recreation of an ordinary gate 
lock from ancient China. The concept is typically 
used in baby jewelry to make the wearer feel 
blessed throughout life, and Yewn has successfully 
applied it to adult pieces. Photo courtesy of Yewn. 
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ties, filled with liquid and a movable bubble 
(so-called libella), are the most character- 
istic and significant. They run parallel to 
the optical axis of the host gem. R. Web- 
stet’s’ accurate observation that these cavi- 
ties are further characterized by a projection 
along one side, thus giving the inclusion the 
appearance of a “comma,” cannot be bet- 
tered, and these should be regarded as 
one of the typical features of the endogene- 
sis of Indian emeralds. (Figures 3 and 4) 


Examination under stronger magnifica- 
tion from 75 to 150 times, and also in a 
special dark ground illumination, yields a 
fascinating and considerably more instruc- 
tive view of the true nature of these telltale 
inclusions. The apparently — rectangular, 
square and comma-like cavities now prove 
to be negative crystals of well-developed 
emerald habit, a revelation which explains 
the rigorous orientation parallel to the 
optic or c-axis of the emeralds. (Figures 6 
and 7) The comma-like growth is accounted 
for by. joint formation of such negative 
crystals, among which one of a considerably 
longer and more slender shape grew out of 
its cluster of shorter companions. (Figures 
7 and 8) \n comparison with the typical 
three-phase inclusions in Colombian emer- 
alds, these negative crystals filled with liquid 
and a gas bubble may rightly be termed 
two-phase inclusions. 


The other type of inclusion, which re- 
sembles delicate fissures embedded in the 
emerald at right angles to the crystal axis 
(Figure 10), consists of idio or xenomor- 
phous biotite tablets and flakes (Figure 
11), upon which the two-phase, negative 
crystals are frequently placed perpendicu- 
larly. (Figures 3 and 9) The occurrence of 
biotite within these Indian emeralds is at 
once suggestive of the internal paragenesis 
of emeralds from Siberia and the Habach 
Valley. Finally, in addition to the afore- 
mentioned enclosure, minute rods of actin- 
olite and crystals of iceland spar may be 
present. 


Far more instructive and illuminating 
than long verbal descriptions are the photo- 
mictographs accompanying this and pre- 
vious articles. Therefore, if the reader 
impresses them on his memory, the recog- 
nition of Indian emeralds from those of 
other mines will no longer present any 
real difficulty. a 
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AUSTRALIAN ASSOCIATION 
ADDS 32 NEW MEMBERS 

The third annual report of the Gemmolo- 
gical Association of Australia shows a grand 
total of 609 active members, and indicates a 
steady growth of the gemological movement 
in that country. 

Although 1950 membership total shows 
an increase of only 32 over membership for 
the prévious year, one new branch has been 
added during 1950 and interest in the 
courses is generally keen. 

Due to great distances between the various 
states of Australia, the Association is divided 
into five state organizations.. Membership 
shows 264 in New South Wales, of which 
82 hold fellowships; 144 (32 fellows) in 
Victoria; 98 (38 fellows) in Queensland; 
89 (41 fellows) in South Australia; and 39 
(36 fellows) in the West Australian Branch, 
bring the total to 609. 

Preliminary classes were held in all states 
during 1950. Diploma examinations were 
conducted in all except Western Australia 
which did not join the Association until 
early in 1950. 

Dr. D. P. Mellor, Sydney University, is 
president and A. A. Wirth, S. Harp, R. 
Tiley, and Jack S. Taylor comprise the 
Management Committee. 
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This ring was a favorite of First Lady Michelle 
Obama, who wore it in 2011 when President Obama 
hosted a banquet for Queen Elizabeth II and Prince 
Philip. The ring caught the attention of many notable 
guests that evening (Adducci, 2011). 


TRADITIONAL CRAFTSMANSHIP 

China has a long history of using gold and silver in 
jewelry design, and gold still dominates the domes- 
tic jewelry market. Imperial artisans were once able 
to spend considerable time on a piece of jewelry 
commissioned by the emperor. Today very few can 
afford to practice time-consuming traditional crafts- 
manship. Yet the rise of mainland China’s luxury 
market is changing this by encouraging the adoption 
of classic techniques. 

One of these is filigree inlay art (figure 7). This 
combines two crafting skills: The first is filigree, the 
use of gold or silver threads of different weights. The 
second is inlay work, which involves setting stones 
and carving or filing precious metals around them. 
The artist responsible for the revival of this tech- 
nique is Master Jingyi Bai (figure 8). 

Master Bai’s interest in both painting and pattern 
serves as the basis for her design life. As an art school 
student of precious metals, she gained some knowl- 
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Figure 6. Left and top 
right: The inspiration 
for the “Wish Fulfill- 
ing” ring worn by First 
Lady Michelle Obama 
came from the exqui- 
site lattice windows 
used in ancient Chi- 
nese gardens. The lat- 
tice patterns add 
variety to the inner and 
outer parts of the ring. 
Photo courtesy of 
Yewn. Bottom right: A 
representative lattice 
window in the Humble 
Administrator’s Gar- 
den in the Classical 
Gardens of Suzhou. 
The exquisite design 
and craftsmanship of 
this window lend ele- 
gance to the view be- 
hind it. Photo by 
Wenrong Cao. 


edge and skills, but she felt they were not enough to 
make her a successful master goldsmith and de- 
signer. Over the next 40 years, she perfected her tech- 
nique in a filigree inlay art factory, where she was 
trained by older-generation master goldsmiths. In 
2008, filigree inlay art was designated the Intangible 
Cultural Heritage of China, and Master Bai was 
named the official Representative Inheritor. Master 
Bai’s participation in promoting filigree inlay art ac- 


In Brief 


e After years of stagnation, Chinese jewelry design has 
undergone a renaissance, combining innovative tech- 
niques with culturally relevant motifs. 

e Individual designers are able to develop unique pieces 
based on exposure to both Western methods and tradi- 
tional Chinese craftsmanship. 


¢ The growth of the Chinese jewelry market has led to a 
greater presence in the international industry, particu- 
larly in the luxury market. 


celerated in 2009, after she began designing for well- 
known Chinese jade jewelry brand, Zhaoyi. These 
two events took her career to new heights. 


Gems & GEMOLOGY SPRING 2015 21 


Figure 7. This is a replica of a Qing dynasty hairpin re- 
covered from a tomb in Beijing. The two main pearl- 
mounted patterns, composed of two layers of gold 
threads, are called ruyi in Chinese and symbolize the 
fulfillment of one’s wishes. Photo by Eric Welch, cour- 
tesy of Zhaoyi Xintiandi (Beijing) Jewelry Co., Ltd. 


Master Bai has created many replicas of historic 
filigree inlay art pieces. Today, she works full-time 
in her studio as Zhaoyi’s chief designer of filigree 
inlay products (figure 9). Her jewelry is thoroughly 
Chinese, from the materials to the themes and crafts- 


Figure 8. Master Jingyi Bai is China’s official Repre- 
sentative Inheritor of filigree inlay art. She works in 
her studio to create haute couture jewelry for high- 

end consumers. Photo courtesy of Zhaoyi Xintiandi 
(Beijing) Jewelry Co., Ltd. 
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Figure 9. This pair of earrings is from an award-win- 
ning filigree inlay jewelry suite by Master Bai. Thin 
gold threads were bent to form springs, which were 
rolled to form the individual cones. Craftsmen then 
joined the cones to shape each earring before mount- 
ing the faceted jadeite. This filigree technique, known 
as piling, gives the pieces a light, airy feel. Photo by 
Eric Welch, courtesy of Zhaoyi Xintiandi (Beijing) 
Jewelry Co., Ltd. 


manship. Her filigree inlay jewelry set “Royal Clas- 
sic: Ripping Cloud” won Best Craft Inheritance 
Award at the second National Jewelry Processing 
Craft Competition in 2011. 

Master Bai’s design philosophy is that a piece must 
succeed on its own in the market. To reach this goal, 
she considers both the quality of the craftsmanship 
and the contemporary composition. She says the first 
filigree inlay jewelry suite she designed and made for 
Zhaoyi was purchased—unexpectedly—by a young 
couple. For years, China’s younger generation, espe- 
cially in large cities, considered high-purity gold jew- 
elry somewhat out of fashion. This was largely due to 
the lack of creative design. Today, young consumers 
prefer innovative gold jewelry. 


DEPICTIONS OF CHINESE PHILOSOPHIES 
Chinese jewelry designers benefit from many sources 
of inspiration. Poems, fairy tales, and paintings, for 
instance, are full of generations-old Chinese philoso- 
phies. Yue-Yo Wang (figure 10], a jewelry designer 
from Taiwan, has devoted herself to traditional Chi- 
nese jewelry design using such themes. She com- 
bines Chinese knotting art with modern design and 
manufacturing techniques to create her own pieces, 
giving each of them its own story. 
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Figure 10. Taiwanese designer Yue-Yo Wang, pictured 
here, creates jewelry that expresses Chinese philoso- 
phy and traditions. Photo courtesy of Wang Yue-Yo 
Creative Jewelry Design. 


In China, knotting art can be traced back to 
around 1600 sc. Today the younger generation is em- 
bracing this ancient art with renewed interest. Wang 
began with knotted teapot covers and then developed 
her product lines to include clothing and decorations. 
She eventually realized that knotting art could be 
combined with modern jewelry manufacturing meth- 
ods (figure 11), and established Wang Yue-Yo Creative 
Jewelry Design in Taipei about 20 years ago. The flag- 
ship store opened in 2007 in Beijing. Since then her 
company has greatly expanded its number of retail 
outlets. In 2012 Wang formed the Taiwan Creative 
Jewelry Design Association, hoping to attract design- 
ers focused on artistry and a desire to spread Chinese 
culture to the rest of the world (figure 12). 

Wang's designs feature traditional Chinese sym- 
bols with elements of Chinese knotting art, such as 
long tassels and thread patterns. Gem materials often 
seen in her designs include opal, coral, jadeite, tour- 
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maline, and chalcedony (figure 13). These gems are 
time-honored favorites of the Chinese people. Wang 
believes that every gem has its own spirit, and she is 
inspired to find it and express it through her jewelry. 

Wang’s designs, with their balanced and harmo- 
nious color and materials (figure 14), reflect the phi- 
losophy laid out circa 500 Bc in Zhong Yong, 
translated as The Doctrine of the Mean. Zhong sym- 
bolizes impartiality, while Yong represents perma- 
nence. This classic text was one of the first books 
composed by the disciples of Confucius and has been 
a central tenet of the philosophy ever since. Intellec- 
tuals practiced this philosophy in their daily lives, 
while the ruling class applied it to management strat- 
egy. After generations, Confucian philosophy became 
the barcode of Chinese culture and remains so to this 
day. This is reflected in art, symmetry patterns, and 
motifs. The aesthetic standard the Chinese people 
hold is also based on this philosophy. Chinese paint- 
ing, calligraphy, and carving all reflect this standard, 
which is exemplified by Wang’s jewelry. 


Figure 11. This necklace by Yue-Yo Wang features a 
knotted neckpiece and a rose quartz pendant 
mounted in 18K gold. Photo courtesy of Wang Yue-Yo 
Creative Jewelry Design. 
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Figure 12. Yue-Yo Wang’s design and marketing style has 
taken her jewelry into the world of high fashion. Photo 
courtesy of Wang Yue-Yo Creative Jewelry Design. 


INNOVATIVE DESIGN TECHNIQUES 

Shirley Zhang, one of China’s leading designers (fig- 
ure 15), has been in the industry since the 1990s. She 
has created her own patented jewelry-making meth- 


Figure 13. Jadeite is one of China’s most treasured gem- 
stones. This ring by Yue-Yo Wang uses jadeite to por- 
tray the dragon and 18K gold for the phoenix. In 
Chinese culture, the dragon and phoenix symbolize 
man and woman, respectively. The dragon and phoenix 
are seen rejoicing together in the sky, a scene that repre- 
sents the prosperity of a nation or a family. Photo cour- 
tesy of Wang Yue-Yo Creative Jewelry Design. 


24 CHINESE CONTEMPORARY JEWELRY 


Figure 14. Yue-Yo Wang used a combination of green 
jadeite and red coral in this necklace. The goldfish 
symbolizes good fortune in Chinese culture, while a 
pair of goldfish symbolizes everlasting marriage. The 
Chinese character between the two fish is a tradi- 
tional wedding symbol, while the boy and the lotus 
beneath them represent wishes for the family’s pros- 
perity. The immediate sense of perfect symmetry 
characterizes many of Wang’s designs. Photo courtesy 
of Wang Yue-Yo Creative Jewelry Design. 


ods while importing Western techniques. Zhang's 
small factory, Meiher Jewelry Styling Research Cen- 
ter, performs every manufacturing step from design 
to finished product. This allows Zhang to test and 
develop new manufacturing processes. 

These efforts proved worthwhile when Zhang’s 
masterpiece, “Dancing on the Flowers” (figure 16), 
won a special award at the 2012 National Gems & 
Jewelry Technology Administrative Centre jewelry 
design and manufacturing skills competition. The 
suite, accented with bee and flower designs, in- 
cludes a shoulder drape, a cuff bracelet, and a pair 
of earrings. In Chinese culture, bees symbolize the 
essential character trait of diligence. This design 
competition was a salute to the accomplishments 
of the Chinese gem and jewelry industry over the 
previous 20 years, and Zhang used the bees to rep- 
resent the industry’s diligent work. A variety of 
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Figure 15. Independent jewelry designer Shirley 
Zhang’s creative philosophy rests on the belief that 
the piece must integrate craftsmanship and inspira- 
tion. Photo courtesy of Shenzhen Meiher Jewelry, Ltd. 


gemstones and setting techniques were applied. Of 
these items, the shoulder drape is the most breath- 
taking. It features patented “dumbbell” buckle 
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links between the honeycomb cells, allowing the 
piece to move freely and drape perfectly on the 
wearer's shoulder, giving the feeling of silk fabric 
rather than gold. The wearer can also reshape the 
piece by disconnecting and reattaching the links in 
various combinations for versatility. 

Another patented technique applied to this shoul- 
der drape is the “honeycomb” setting of the colored 
stones in the flowers, allowing more light to pass 
through the stones. The color and setting are equally 
attractive on both sides of the petals, resolving an 
age-old design and setting challenge. 

Zhang's experience working overseas opened her 
eyes to the Western jewelry industry and inspired her 
to apply some of its methods. One example is her use 
of plique-a-jour (figure 17). Developed in France and 
Italy in the early 14th century, this technique differs 
from standard enameling in that the precious metal 
frames that contain the glass material have no back- 
ing, allowing light to pass through. This creates the 
stunning effect of a miniature stained glass window 
within a piece of jewelry. Plique-a-jour is commonly 
applied to jewelry and pocket watches by Western 
jewelers, including internationally known brands 
such as Van Cleef & Arpels, Cartier, and Tiffany. 
Zhang and her team spent years researching and test- 


Figure 16. Shirley 
Zhang's award-winning 
jewelry suite “Dancing 
on the Flowers” fea- 
tures a total of 1,002 
colored stones and 
4,986 diamonds. Zhang 
applied several of her 
patented jewelry man- 
ufacturing techniques 
in its creation. Photo 
courtesy of Shenzhen 
Meiher Jewelry, Ltd. 
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Figure 17. This plique-d-jour pocket watch cover was 
created by Shirley Zhang. Courtesy of Shenzhen Mei- 
her Jewelry, Ltd. 


ing this technique. Her company is now the only one 
in mainland China that applies it to jewelry. 

Zhang’s jewelry emphasizes the fine colors of the 
gemstones, aiming for harmony. She also likes to co- 
ordinate colors with different shapes or cultural 
themes and to express her love of nature through her 
designs. Her styles blend innovative craftsmanship 
with oriental aesthetics, making use of unique com- 
binations of materials and colors. 


REAL JEWELRY AND REAL JOY 

In his 2011 book Luxurious Design: My Way of De- 
signing Jewelry, Jin Ren (figure 18) shares the words 
he lives by: “If you want a nicely designed ring, come 
visit me.” If the whole luxury market is an ivory 
tower, he believes that natural gemstone jewelry is 
the top of that tower and design is its structure and 
soul. The ring is one of the most common jewelry 
items but also the hardest to design, according to 
Ren. He considers his work in ring design the major 
accomplishment of his career. One of the most fa- 
mous jewelry designers in China, he is also a founder 
of the School of Gemology at China University of 
Geosciences in Beijing and author of the first Chi- 
nese jewelry design textbook. 

With a PhD in geology, Ren never expected that 
one day he would co-host an haute couture show in 
Paris with world-class fashion designer Laurence Xu. 
When asked about his design education, Ren con- 
fesses that he barely had any. His career as a designer 
began purely by chance, starting just as the Chinese 
gem and jewelry industry boomed in the 1990s. At 
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Figure 18. Jin Ren is also a jewelry design professor at 
China University of Geosciences in Beijing. Photo 
courtesy of R] Jewelry Co. 


the time, he was a professor in the country’s only 
gemological program. The turning point came in 
1993, when a magazine invited him to write about 
jewelry fashion trends. His reputation grew from 
there, eventually providing a foundation for his own 
brand, RJ (Ren, 2011). 

Along with his name, the RJ brand stands for “Real 
Jewelry and Real Joy.” He considers jewelry design a 
matter of controlling shape, size, color, and dynamics, 
combined with a strong emphasis on culture (Ren, 
2011). His designs combine traditional and contempo- 
rary concepts, encompassing mechanical design tech- 
niques and often reflecting a storyline that connects 
one piece to another (figure 19). 

Ren and his friend Laurence Xu often get together 
to discuss fashion trends and design ideas. Because 
they share common interests, Xu invited Ren to be 
the jewelry designer for his collection at Paris Haute 
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Figure 19. This suite with colorless, yellow, and black diamonds was inspired by snakeskin and its ability to be shed. 
The earrings (left) depict the beginning of the shedding process, when the removal of old skin starts to expose the 
new skin beneath it. The ring (center and right) represents the culmination, when the beautiful new skin is fully re- 
vealed. Jin Ren considers this a metaphor for human beings, who must experience periodic transformations. Photos 


courtesy of R] Jewelry Co. 


Couture in 2013. Xu’s majestic garments and Ren’s 
matched jewelry suites reflect their shared identity 
and heritage (figure 20). 

Ren says his themes come from outings with fam- 
ily and friends, where he is inspired by people, archi- 
tecture, movies, and ancient fairy tales (Ren, 2011). 
His jewelry suite “Journey to the West” is based fairy 
tale that is considered one of the four great master- 
pieces of Chinese literature. Baroque pearls represent 
the four main characters on their expedition to the 
West, including the famous Monkey King (figure 21). 
Their adventures are treasured childhood memories 
for almost every Chinese person. 
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REVIVAL OF GOLD-JADE CULTURE 
Jade-mounted gold jewelry has a long history in Chi- 
nese culture, where gold represents splendor and jade 
symbolizes elegance. Chinese people use the relation- 
ship between gold and jade to symbolize a happy mar- 
riage. For political and economic reasons, the market 
for this type of jewelry was very limited for many 
years (“Revival of gold-jade culture...,” 2014). After 
the jade-mounted 2008 Olympic medals were an- 
nounced, the market sensed an opportunity to revive 
what is known as the gold-jade culture. 

Shanghai jewelry designer Kaka Zhang’s interests 
and talents encompass art, science, and business (fig- 


Figure 20. This suite includes earrings and a 
bangle inspired by the peacock, which is also 
the theme of the gown. Carefully chosen tour- 
maline, sapphire, topaz, tsavorite, and dia- 
monds set in 18K white gold represent the 
peacock’s feathers. Jin Ren designed the pieces 
so that each feather moves freely. A 3 ct dia- 
mond hidden under the bangle’s feathers can 
be disconnected and worn separately. Photos 
courtesy of R] Jewelry Co. 
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Figure 21. Left: Jin Ren’s 2014 collection “Journey to the West” is based on the Chinese fairy tale of the same 
name, as illustrated here. Right: Baroque pearls portray the master and his three disciples, capturing their essen- 
tial qualities (clockwise from top left): Master Tang Sanzang’s mercy, the Monkey King’s boldness, Sha Wujing’s 
honesty, and Zhu Bajie’s greed. Courtesy of microfoto (left) and RJ Jewelry Co. (right). 


ure 2.2). She designs for the high-end, mid-range, and 
commercial markets, using designs and jadeite qual- 
ities to suit each market level. When she was three, 
her father taught her painting. Her high school and 
university studies included science and technology 
as well as gemology, leading her to a career in jewelry 
design and e-commerce. 

Ninety percent of Zhang’s business is on the In- 
ternet, where she has a loyal and enthusiastic follow- 
ing. She operates her design studio and website from 
her home. Her jewelry is manufactured in Shenzhen, 
where skilled master jewelers turn her designs into 
finished pieces. 

When Kaka Zhang purchased her first piece of 
jadeite jewelry as an adolescent, she never expected 
to become a designer in her own right. Along with 
the highly desirable imperial jadeite, Zhang uses col- 
orless transparent jadeite, which has gained popular- 
ity among young female consumers in the past 
several years. 

Most of Kaka Zhang’s design inspirations come 
from nature, also a major theme of traditional Chi- 
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nese paintings (figure 23). She takes advantage of var- 
ious colors and patterns and is often inspired by the 
jadeite carving itself. If its shape reminds her of 
something she has seen or heard—an old saying, a 
poem, a scene, or a painting—she bases her design on 
that theme (figures 24 and 25). 

Jadeite is most often available as a carving whose 
beauty has been interpreted and revealed by the carver. 
The designer must consider the carving and envision 
the form or theme it will take. Although the gem can- 
not be altered, the composition may be enhanced by 
precious metal craftsmanship and other elements to 
express the theme in the designer’s inimitable style. 

Zhang believes that to achieve success, she must 
educate her customers about jewelry design, materi- 
als, and manufacturing. Her dream is to establish a 
private jewelry club where she can create a relaxed 
environment and connect with each customer. 


THE FUTURE 
Over the past decade, Chinese jewelry designers have 
made great strides in matching the rapid growth of 
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the domestic gem and jewelry market. Many are now 
well-known internationally. As Chinese designers 
continue to gain recognition, many more jewelry 
professionals will consider a future in design. 

Native designers have come to understand that 
they must take advantage of their common cultural 
background, drawing from the heritage of time-hon- 
ored craftsmanship and respect for the Chinese 
philosophical system. In the luxury market of the 
future, uniqueness will surpass high value (Yang, 
2014). 


Figure 23. The hairpin was one of the most important 
personal decorations for women of ancient China, 
and the butterfly is the traditional symbol of the loy- 
alty of love. The dangling butterfly can be easily de- 
tached and worn as a pendant. Photo courtesy of 
Kaka’s Gem Eyes. 
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Figure 22. Shanghai 
jewelry designer Kaka 
Zhang is devoted to re- 
viving the gold-jade 
culture. Photo courtesy 
of Kaka’s Gem Eyes. 


Haute couture has a long history in China, 
though it was once limited to the royal family and 
the highest social classes. The high-end design mar- 
ket has seen more progress than other market sec- 
tors in the past decade. Now all top brands—and 
even some independent designers and small-scale 
stores—offer high-end custom design services. De- 
signers now focus more on catering to the main- 


Figure 24, This small jadeite carving reminded Kaka 
Zhang of a fish. She designed a fishing pole and 
breaking wave around that theme and called the 
piece “Fishing Fun.” One Chinese adage describes a 
famous intellectual fishing with no bait and the hook 
above the water. Rather than forcing things to hap- 
pen, the true intellectual “goes with the flow.” Many 
Chinese consider this the highest spiritual state. 
Photo courtesy of Kaka’s Gem Eyes. 
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Figure 25. Named “Beautiful Opera Singer,” this ring 
displays intricate metalwork resembling a style of hat 
once worn by female Peking Opera singers. The 
jadeite cabochon symbolizes the beauty of their faces 
and the purity of their hearts. Photo courtesy of 
Kaka’s Gem Eyes. 


stream commercial jewelry market by learning from 
the Western world while maintaining many of their 
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valued traditions. Leading jewelry enterprises are 
improving commercial jewelry design, hopefully re- 
sulting in more innovation in the near future. In 
2013 and 2014, Rio Tinto launched a series of com- 
mercial lines of its Argyle diamond jewelry in 
China. Instead of marketing the diamonds them- 
selves, Rio Tinto featured their commercial line de- 
signers in promotions through multiple media 
channels. The majority of them were young Chinese 
designers. 

Chinese designers, especially large brands, are 
also making a global impact in the high-end jewelry 
market. Two recent examples are Chow Tai Fook 
Jewellery Group’s purchase of the U.S. diamond 
company Hearts on Fire and French luxury retailer 
Kering’s acquisition of Chinese jewelry house 
Qeelin. While Western brands have typically domi- 
nated the market, Chinese brands have gained an in- 
ternational foothold through their distinctive 
design, cultural connotations, and fine craftsman- 
ship. The influence of the “Chinese soul” goes both 
ways. 
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Gemological UVigests 


NEW GEM MINERAL 
DISCOVERED BY 
BRITISH GEMOLOGISTS 


In the first half of the 20th century 
three previously unknown gem minerals 
have been introduced to modern man—the 
latest still nameless and its source of origin 
unknown. The other two—brazilianite and 
benitoite—are familiar to most gemologists. 


Although two brilliant-cut specimens, of 
the still unnamed new gem mineral have 
been intercepted by British authorities and 
thoroughly examined by gemologists Ander- 
son, Payne, and Webster of the London 
Gemological Laboratory—as well as by Dr. 
G. F. Claringbull and associates of the 
British Museum of Natural History—there 
is no definite knowledge of their habitat. 


The first specimen of the pale lilac, 
transparent gemstone was discovered in No- 
vember, 1945, by its owner Count Taaffe, 
F.G.A., a collector and hobbyist of Dublin. 
Count Taaffe’s curiousity was aroused 
when, while examining a parcel of spinels 
through a binocular microscope, he noticed 
a slight doubling of the back facets of a 
1.419 carat stone. Lacking adequate gem- 
ological equipment, he forwarded the stone 
to the London Laboratory for positive 
identification. 

There, Count Taaffe’s observation of dou- 
ble refraction (about .002-3) was verified; 
the mineral was shown to be uniaxial with 
a density of 3.62; and it was found to 
have an R.I. of 1.72, and a hardness of 8 
according to Mohs’ scale. 

Still unable to classify the stone as any 
known species or variety, permission was 
obtained from the owner to cut the stone 
in order to make chemical and X-ray ex- 
aminations. The stone, reduced to 0.55 
Carats, was returned to its owner and ex- 
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tensive crystallographic and chemical tests 
were made by the Mineral Department of 
the British Museum of Natural History. On 
March 17, 1951 announcement of the dis- 
covery of a new. mineral was made for 
the first time in Nature by Dr. Claringbull 
of the British Museum and B. W. Ander- 
son and C. J. Payne of the London Labo- 
ratory. The second specimen, also cut, was 
found by Payne in October, 1949, while 
examining an assortment of cut spinels. 


Scientific examinations reveal the new 
mineral to be of the hexagonal system, 
Class 62, of the rare hexagonal trapexohe- 
dral class of crystal symmetry. Until 1942 
no mineral had been known to belong to 
this class. At that time Dr. Bannister of 
the British Museum described a mineral 
from Kenya, called Dalsilite, which belongs 
to the same space group. 


Chemical components of the newly-dis- 
covered mineral were found to be magnesi- 
um, beryllium, and aluminum. This, added 
to its close resemblance to spinel in physi- 
cal properties, suggests—according to An- 
derson in the Gemmologist—that it may be 
a magnesium beryllium aluminate inter- 
mediate in- composition between chryso- 
bery! and spinel. “This, of course,” says 
Anderson, “is simply intelligent speculation 
and can only be confirmed by skilled 
micro-analysis.” 


In October, 1949, C. J. Payne, while 
making a routine test of a mixed parcel 
of colored stones, discovered a smaller cut 
specimen of the new mineral weighing .87 
carats. When almost all of the stones in 
the case—containing principally green sap- 
phires and pale spinels—had been examined, 
he noticed that one pale lilac spinel had a 
refractive index slightly higher than the 
others. Where usually these pale spinels 
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AMETHYST FROM BOUDI, MOROCCO 


Fabrizio Troilo, Abdelghani El Harfi, Salahaddine Mouaddib, Erica Bittarello, and Emanuele Costa 


Amethysts from Boudi, Morocco, are character- 
ized by double terminations and hourglass- 
shaped color zoning. This study provides 
information about the geology of the deposit, the 
mining of the material, and its internal and exter- 
nal features. Photos show the amethyst’s strong 
color zoning. Analysis of the needle-shaped min- 
eral inclusions identified them as hematite, ori- 
ented along the crystal’s growth direction. 


or 25 years, the Moroccan locality of Boudi in the 

Tata province (part of the Guelmim-Es-Semara re- 
gion) has yielded amethyst crystals that show double 
termination and hourglass-shaped color zoning (fig- 
ure 1). The deposit was discovered in 1990, and for 
years the amethyst was extracted on a small scale by 
local villagers using handheld tools. Only small 
quantities were sold to tourists, and the low market 
value limited production. The first foreign mineral 
dealer to visit the location was Zee Haag in 2007. 
These specimens debuted internationally at the 2009 
Mineral & Gem show at Sainte-Marie-aux-Mines, 
Europe’s second-largest mineral event. Since then, 
dealers and collectors have visited the site, and the 
deposit was featured in an extraLapis monograph on 
amethyst (Praszkier and Rakovan, 2012). 

In early 2012, the Geostone Group in Casablanca 
obtained exclusive rights to the mine (an open 
quarry, in accordance with Moroccan law). The com- 
pany began production in early 2013, after building 
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an off-road track to comply with environmental reg- 
ulations. This article focuses on the geological set- 
ting of the deposit and the gemological features of the 
amethysts obtained from it. 


LOCATION AND ACCESS 


The village of Boudi (figure 2) is located in the arid 
Central Anti-Atlas mountain range, about 30 km 


Figure 1. The color zoning of amethyst from Boudi 
often displays a characteristic hourglass shape. Photo 
by Abdelghani El Harfi and Salahaddine Mouaddib. 
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Figure 2. This map 
shows the location of 
the Boudi quarry (out- 
lined in red), in the 
Anti-Atlas mountain 
range of Morocco. From 
Faik (2005). 
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northeast of the town of Tata. Boudi is accessed by 
taking National Road 12 for 40 km, followed by a sin- 
uous 14 km road and a newly built off-road track for 
the final 4 km. The region is mountainous, with an 
altitude ranging from 1,400 to 1,800 m, and set in a 
very arid and forbidding environment (figure 3). The 
mine is located 6 km east of the Tagragra Tata Pre- 
cambrian basement, a kind of erosive depression on 
the crest of an anticline, similar to a tectonic win- 
dow. Figure 4 shows a simplified geological map of 
the region; amethysts are found in the Lower Cam- 
brian Issafen Formation (Faik et al., 2001; Faik, 2005). 


GEOLOGY AND MINERALOGY 

The deposit is exposed along an eroded area on the 
south side of an anticline formed by rock of Cam- 
brian age. It covers hundreds of square meters in a 
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fractured area crossed by hydrothermal veins. The 
host rock is siltstone-sandstone belonging to the Is- 
safen Formation of the Lower Cambrian, a schist for- 
mation composed of mudstone with marl and 
sandstone intercalations in the upper zone, dolomitic 
limestones (with stromatolites) in the middle, and 
purplish red mudstones in the lower part, again with 
intercalations of stromatolitic limestones and dolo- 
stones, all of these in stratigraphic contact. In the 
simplified geological map, the Issafen Formation is 
below the Schist-Limestone and Limestone series of 
Lower Cambrian age, and thus is not visible (again, 
see figure 4). 


At Boudi, quartz is found either scattered in a silt- 
sandstone matrix or within cavities of a complex 
fault and fractures system. Small openings are com- 
pletely filled with interlocking quartz crystals. In the 
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Salahaddine Mouaddib. 


reddish mudstones, floating quartz specimens are al- 
ways found as single crystals without matrix, usually 
singly terminated but sometimes doubly. The 
amethyst clearly formed by hydrothermal deposi- 
tion, but the condition of the crystals suggests they 


In Brief 


e Amethyst mined from Boudi, Morocco, features dis- 
tinctive hourglass-shaped color zoning, double termi- 
nation, and red needle-shaped hematite inclusions. 


¢ These inclusions help to differentiate the formation 
and the origin of the Boudi specimens. 


e Recent mechanized mining efforts have led to greater 
availability of gem-quality Boudi material, which rivals 
“Siberian” amethyst in coloration. 


were removed from the original site of crystallization 
and subsequently encapsulated in the mudstones. 
The deposit could be regarded, then, as both primary 
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and secondary. The authors hypothesize that the 
well-shaped quartz crystals originated in the faults 
and veins in the surrounding limestone, and then 
eroded and redeposited in the residual mudstones. 


MINING 

Conditions are challenging due to the location’s re- 
moteness, the hot summer temperatures, and the 
lack of water and electrical power at the mine. Since 
the beginning of 2013, the open pit has been worked 
by an excavator and a loader that easily remove the 
fractured limestone and mudstone containing scat- 
tered quartz crystals and fragments (figure 5). The 
miners come from Boudi, Targuant, and other sur- 
rounding villages, so the mine is an economic re- 
source for the area. Figure 6 shows a selection of the 
production from the mine. 

The quarried amethyst crystals vary in size, color, 
and quality. Four-wheel-drive vehicles carry the pro- 
duction to storage facilities. About 90% of the crys- 
tals are well formed and detach from the matrix as 
individual crystals. High-pressure washing with a 


Gems & GEMOLOGY SPRING 2015 


Quaternary deposits 


“Grés terminaux” (Lower Cambrian) 
Schist-limestone (Lower Cambrian) 
Limestone (Lower Cambrian) 

Pelite (Lower Cambrian) 

Schist (Precambrian) 


Dolomite-limestone (Proterozoic) 


Fault 


Extraction area 


Figure 4. A simplified geologic map of the area hosting the amethyst quarry. The Issafen Formation lies below the 
Limestone series of Lower Cambrian age and is not visible in the map. The red square indicates the mining area. 


From Faik (2005). 


brush and water gun removes the clays that cover the 
crystals. Encrusted crystals are soaked for a short 
time in a mixture of diluted hydrochloric acid to dis- 
solve the residual limestone. 


DESCRIPTION OF THE AMETHYST 


Amethyst from Boudi displays a fairly typical mor- 
phology. The crystals have well-developed prism faces, 
and in some cases they present the double termination 
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that characterizes the locality. Rhombohedral faces 
are well developed (figure 7). Euhedral crystals are 
common, ranging from 1 to 10 cm in length and rarely 
up to 15 cm. The highest-quality material is in the 1- 
5 cm range. The crystal faces are normally clean or 
coated by carbonates and clay minerals. 


The color quality and distribution varies widely, 
from light purple to very deep purplish red, often 
showing sharp color concentration along the rhom- 


Figure 5. The front of 
the open quarry in 
Boudi. Photo by Abdel- 
ghani El Harfi and 

o Salahaddine Mouaddib. 
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Figure 6. The amethysts extracted from the piles are still 
covered with matrix and carbonates. The well-shaped 
crystals range from 2 to 5 cm in diameter. Photo by Ab- 
delghani El Harfi and Salahaddine Mouaddib. 


bohedral direction. The color concentration usually 
resembles a core, beyond which the quartz becomes 
colorless toward the surface. Abundant oriented, nee- 
dle-like reddish inclusions are often found, mainly in 


Figure 7. This crystal from Boudi displays the classic 
morphology of amethyst. Clearly visible is the habit 
of the hexagonal prism and the two different rhombo- 
hedra (positive and negative). The hematite inclu- 
sions, mainly oriented perpendicular to the surface of 
the prism, are clearly visible in the outer colorless 
portion. Photo by Abdelghani El Harfi and Sala- 
haddine Mouaddib. 
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Figure 8. This suite of amethyst from Boudi, titled 
“Purple Champagne,” received first place in the 2014 
AGTA Spectrum Awards, Pairs # Suites. Courtesy 
of Ai Van Pham Gem & Gold Creations, Scottsdale, 
Arizona. 


the deeply colored stones. Color banding may also be 
evident in the deeply colored core, mostly oriented 
parallel to the rhombohedral crystal faces. 

The purple coloration of amethyst is caused by 
the presence of an interstitial Fe** color center in the 
quartz (Rossman, 1994), combined with irradiation 
from natural gamma-ray sources. Irradiation creates 
color centers that absorb some light wavelengths and 
produce the very attractive tone seen in this material. 
The hourglass zoning distinctive of the Boudi mine 
is created when the iron is incorporated preferen- 
tially along the rhombohedral faces. During the 
growth of the crystal, with the development of the 
face, the purple sector assumes its typical form. 

While most of the material produced is cabochon- 
grade, a consistent percentage—maybe 20%—is suit- 
able for faceting. Most of the rough shows color 
zoning, which is often regarded as an unwanted fea- 
ture but can be very attractive in the hands of skilled 
and creative gem cutters. This was the case with an 
award-winning suite recently cut from Boudi 
amethyst (figure 8). Both cabochon- and facet-grade 
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Figure 9. This 22.5 ct faceted trilliant is from the 
Boudi quarries. Photo by Abdelghani El Harfi and 
Salahaddine Mouaddib. 


material can display strong colors, and significant 
amounts of rough show a deep reddish purple color. 
The best crystals exhibit purple flashes with a red 
tinge. Faceting this deeply colored material can re- 
veal strong red overtones; these stones are known in 
the trade as “Siberian” amethyst (Wise, 2005). Fine 
stones larger than 20 carats are regularly faceted, but 
most of the faceting material is in the 5-10 ct range. 
Cabochon-grade material up to 100 ct is common. To 
date, we have not seen heat treatment applied to 
amethyst from Boudi, which is rarely dark enough to 
warrant it (G6tze and Méckel, 2012; figure 9). 


MATERIALS AND METHODS 
Gemological properties of 20 faceted amethysts sup- 
plied by the Geostone Group were analyzed using 
standard gem testing instruments. The samples were 
representative of the material produced from this lo- 
cality in both their color (light pinkish purple to dark 
reddish purple) and size range (6.06-17.92 ct). 
Refractive indices and birefringence values were 
obtained with a standard refractometer and a near- 
monochromatic light source. Specific gravity was de- 
termined using a Mettler-Toledo hydrostatic meter. 
Reactions to ultraviolet radiation were observed using 
standard long-wave (365 nm) and short-wave (254 nm) 
lamps. Visible absorption spectra were obtained with 
a Krtiss prism spectroscope. Visual features were ob- 
served using an SZM-2, zoom microscope from Gem- 
marum Lapidator with darkfield illumination at 
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20x-80x magnification. Inclusions were pho- 
tographed with an Olympus BX41 microscope using 
immersion techniques. 

Chemical composition data were obtained with 
semi-quantitative, non-destructive EDS microanalysis 
for determination of major and minor elements. Micro- 
Raman spectroscopy was used for mineral inclusion 
identification purposes. 

EDS data were acquired at Turin University’s De- 
partment of Earth Science using a Cambridge Stere- 
oscan 360 scanning electron microscope, equipped 
with an Oxford Inca Energy 200 EDS for microanaly- 
sis and a Pentafet detector and an ultrathin window 
for the determination of elements with atomic num- 
ber down to boron. All spectra were obtained at 15 
kV accelerating voltage, 25 mm working distance, 
and 1 pA probe current for 60 to 300 seconds. Pri- 
mary standardization was performed on SPI Supplies 
and Polaron Equipment analytical standards. Daily 
standardization was performed on a high-purity 
metallic cobalt standard. 

Unoriented micro-Raman spectra were obtained 
at Turin University with a HoribaJobin Yvon LabRam 
HRVIS apparatus, equipped with a motorized x-y 
stage and an Olympus microscope. The backscat- 
tered Raman signal was collected with a 50x objec- 
tive, and the Raman spectrum was obtained for a 
non-oriented position. The 632.8 nm line of a He- 
Ne laser was used as the excitation wavelength; 
laser power was controlled by a series of density fil- 
ters. The minimum lateral and depth resolution was 
set to afew um. The system was calibrated using the 
520.6 cm! Raman band of silicon before each exper- 
imental session. The spectra were collected in 8 to 
10 acquisitions with single counting times ranging 
between 40 and 120 seconds. Spectral manipulation 
such as baseline adjustment, smoothing, and nor- 
malization were performed using the LabSpec 5 soft- 
ware package (HoribaJobin Yvon, 2004 and 2005). 
For band component analysis, we used the Fityk 
software package (Wojdyr, 2010), which enabled us 
to select the type of fitting function and fix or vary 
specific parameters accordingly. The spectra were 
recorded for the 100-1300 cm" range using the Lab- 
Spec 5 program. 


RESULTS AND DISCUSSION 

The refractive indices of the 20 amethyst samples 
from Boudi varied from 1.540 to 1.542. (o-ray) and 
1.549 to 1.552 (e-ray), with birefringence from 0.009 
to 0.010. Pleochroism, observed with a calcite dichro- 


Gems & GEMOLOGY SPRING 2015 37 


Figure 10. This amethyst sample weighs 17.94 ct. 
Clearly visible in the magnified inset is a veil consist- 
ing of one- and two-phase inclusions. Photo by 
Emanuele Costa and Fabrizio Troilo. 


scope, varied from weak to medium bluish purple to 
reddish purple. None of the samples showed any re- 
action to either short- or long-wave UV radiation. No 
absorption spectra were observed using the Kriiss 
spectroscope. 

Fluid inclusions with a veil-like pattern (figure 10) 
were common in the amethyst samples from Boudi. 
Individual fluid inclusions sometimes showed a 
moderate negative crystal form. Some of these inclu- 
sions had a two-phase character, with liquid and gas 
components. 

The red, elongated solid inclusions were also the 
most interesting internal features and could be ob- 
served in almost every specimen analyzed (figure 11). 
The crystals’ near-colorless zones were permeated by 
a series of fibrous red inclusions, approximately ori- 
ented from the different crystal faces toward the col- 
ored core, in which they gradually disappeared. The 
orientation of the tiny fibers was not crystallographic, 
but the general distribution of the fibers followed the 
crystal growth direction (figures 12 and 13). The nee- 
dles had different lengths, but their diameters were 
quite consistent. Their microscopic appearance 
showed a morphology that seemed less angular and 
fragmented and more straight and continuous than 
the hematite “beetle leg” inclusions (once believed to 
be lepidocrocite) reported in the literature (Hyr8l and 
Niedermayr, 2003; Leon-Reina et al., 2011). 

These inclusions distinguish the material from syn- 
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Figure 11. Microscopic observation reveals the red 
hematite inclusions. Photo by Emanuele Costa and 
Fabrizio Troilo, field of view 210 mm. 


thetic amethyst, and their distribution and orientation 
within the stone could help to identify their origin as 
the Boudi deposit. To the best of our knowledge, such 
inclusions have not been described in detail until now. 


Figure 12. A 9.14 ct faceted amethyst from Boudi dis- 
playing red hematite needle inclusions. Photo by 
Emanuele Costa and Fabrizio Troilo. 
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Figure 13. This 14.30 ct sample, viewed in immer- 
sion, clearly shows the distribution of the hematite 
inclusions, together with the uneven but distinct 
zoning of the purple color. Photo by Emanuele Costa 
and Fabrizio Troilo. 


The nature of the inclusions was confirmed by 
EDS and Raman analysis. The EDS spectra showed 
only the presence of silicon and oxygen (from the 


host quartz crystal] as well as iron, but it was impos- 
sible to discriminate between various iron oxides and 
hydroxides. Raman analysis (figure 14) showed a 
close match between the obtained spectrum and 
those of quartz (RO40031) and hematite (RO50333) in 
the RRUFF database (Downs, 2.006). Visible in detail 
were the typical intense band of quartz around 467 
cm and weak broad bands at 132, 209, 359, and 811 
cm. Additionally, the distinctive bands of hematite 
inclusions were observed. The Raman spectrum 
showed an intense band at around 299 cm, with a 
weak shoulder at 302 cm, multiple bands at 231, 
251, and 267 cm7!; medium-intensity bands at 413 
and 619 cm, and weak peaks at 490 (a shoulder of 
the most intense band of quartz), 664, 703, and 1160 
em. 


CONCLUSIONS 

The Boudi quarry in the Anti-Atlas mountain range 
of Morocco was worked for more than 20 years in a 
largely artisanal and sporadic manner. Since 2014, 
mechanized mining has produced commercial quan- 
tities of amethyst for the jewelry industry. The de- 
posit also yields amethyst with deep red tones that 
rival the highly sought “Siberian” material (Wise, 


Figure 14. This Raman spectrum clearly indicates the peaks of hematite in the quartz matrix. 
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2.005). The color of the stones varies, but a consider- 
able quantity exhibits a deep purplish red color. 
Moreover, singular internal features distinguish the 
material’s natural origin (about 50% of the stones 
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Gemological Digests 


have an index of 1.715, this stone showed 
1.720 and 1.721. In no other way was it 
different in color or appearance. Greatly 
excited now, Payne made further tests 
which showed a uniaxial figure which 
proved. to be negative. Density, taken in 
Clerici’s Solution by the refractive index 
method, proved to be 3.61. When submit- 
ted to Dr. W. Stern for hardness tests, he 
found it to be slightly softer than synthetic 
spinel. The British Museum again confirm- 
ed that this was the same mineral as Count 
Taaffe’s stone. This second stone is now 
owned by B. W. Anderson. 


Under spectrographic examination Count 
Taaffe’s stone showed a vague band in the 
blue very near, and exactly like, the band 
shown by blue spinel—a band due to fer- 
rous iron at 4580 A. The stone discovered 
by Payne was too pale to show any real 
absorption spectrum. It was likewise of 
slightly lower indices no doubt due to the 
lesser degree of iron in its composition, 
which also reduced the intensity of the 
lilac color. 


There was no apparent dichroism in 
either of the stones so far discovered. The 
second stone was tested for flourescence 
and found to flouresce green in X-rays, but 
showed nothing at all under ultra violet 
light. 


Although it is said the new mineral is 
of small interest as a gemstone, it is nev- 
ertheless remarkable that an unknown min- 
eral should first appear in faceted form. 
To date, source of origin has not been 
established although the characteristic type 
of cutting is indigenous to Ceylon and it is 
believed the stone was cut there. It is as- 
sumed that the second stone may have 
been cut in Idar-Oberstein since the parcel 


came from Europe, but all of this is en- 


tirely conjectural. It is strongly suspected 
that the gem originates in the gem gravels 
of Ceylon. 

Since two cut specimens have been dis- 
covered, accessible collections—both in the 
British Museum and the London Labora- 
tory’s regular flow of stones—have been 
watched for other specimens of the new 
mineral. Although in such negligible supply, 
the stone can have little importance com- 
mercially, there is little doubt that other 
stones exist and the alert gemologist, scien- 
tifically trained and having gemological in- 
struments available, may be the next to 
teport one orf more. of. the new gemstones 
in his own collection. 

Joseph A, Phillips, 
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REPORT TWO LARGE DIAMONDS 
RECOVERED IN SOUTH AFRICA 


Although the recently opened Premier 
Mine at Kimberley is best known for its 
industrial diamonds, occasional large stones 
found there are usually of fine quality. 
Such was the 195 1/2 carat diamond re- 
covered recently which is described by C. H. 
Beck, Secretary of DeBeers, as “of perfect 
color and half the size of a match box.” 
Value of the diamond was not disclosed 
but it was stated that it was sold for a 
“considerable price.” 

The second diamond, weighing 182 1/2 
carats and of a yellow color, was found 
on the DeBeers Private Alluvial Diggings 
on the farm Nooitgedacht, on the banks 
of the Vaal River. The diamond, which was 
found by a digger named Cornelissen, was 
sold to a firm of diamond cutters in Johan- 
nesburg for 5,657 pounds, 10 shillings. 

Kay Swindler 
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VISIBLE ABSORPTION SPECTRA OF COLORED DIAMONDS 


James E. Shigley and Christopher M. Breeding 


Diamond color is usually the result of selective 
absorption of incident white light. The unab- 
sorbed portion of this light is transmitted through 
the diamond and is interpreted by the human vi- 
sion system as the perceived color. The spectro- 
scope allows a gemologist to observe some of the 
more intense and narrower absorptions in the vis- 
ible spectrum of diamond as dark bands at spe- 
cific wavelengths. Yet the broader regions of 
absorption, which can be difficult to observe with 
the spectroscope, often have a greater influence 
on a diamond's color. A chart has been prepared 
to illustrate the visible spectra of various colored 
diamonds as recorded at low (liquid-nitrogen) 
temperatures with a spectrophotometer. The chart 
shows how similar diamond colors can result 
from different light absorption patterns. 


[2 2013, the authors published a simple chart listing 
the major optical defects that can occur at the 
atomic lattice level in diamond (Shigley and Breed- 
ing, 2013). The chart presented some basic informa- 
tion on those defects, including the ones responsible 
for the colors and ultraviolet fluorescence reactions 
of most diamonds. The brief article that accompa- 
nied the chart discussed the ongoing challenge pre- 
sented by the identification of natural, treated, and 
synthetic diamonds. It also discussed how spec- 
troscopy techniques, used to detect absorption and/or 
emission bands caused by those optical defects, play 
a leading role in making this important determina- 
tion. GIA’s laboratory staff, which has the opportu- 
nity to examine a large number of colored diamonds, 
faces this identification challenge on a daily basis. 
A theoretically pure and defect-free diamond 
would be completely colorless, and a unique attrib- 
ute would be its transparency (or lack of light absorp- 


See end of article for About the Authors and Acknowledgments. 
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tion) across a wide portion of the electromagnetic 
spectrum from the ultraviolet through the visible and 
into the infrared regions. There are, however, intrin- 
sic absorption features in the spectra of all actual di- 
amonds. As discussed in our 2013 article, most 
diamonds also contain lattice defects which, in suf- 
ficient concentrations, can produce selective absorp- 
tion of incident light. (In these instances, the lattice 
defects are often referred to as optical defects.) When 
white light strikes a polished diamond, some of the 
light is reflected, while the rest enters the diamond 
where it is refracted and dispersed based on wave- 
length. Some of the light energies (i.e., wavelengths) 
are absorbed by the defects, while the unabsorbed 
wavelengths are transmitted. When they exit the di- 
amond, these transmitted wavelengths in combina- 
tion can create the sensation of color in the human 
vision system (figure 1). Visible absorption spec- 
troscopy is the analytical tool for understanding most 
causes of diamond coloration. 

At GIA’s laboratory, visible spectra of diamonds 
are recorded with a spectrophotometer. Since dia- 
mond is optically isotropic, the same spectrum can 
be recorded in any direction through the sample. The 
faceted stone can be positioned in any orientation as 
long as the light transmitted through it is sufficient 
to reach the instrument’s detector. The gem’s shape 
and facet arrangement can make this a challenge, 
though. The best positions are those where the light 
travels directly from the table facet to the culet, or 
across the diamond through the opposing girdle 
facets. The diamond is held in a cryogenic unit and 
cooled to low temperatures with liquid nitrogen. Re- 
moving heat from the sample produces a less noisy 
spectrum. Under these conditions, absorption fea- 
tures that result from certain optical defects are 
stronger and sharper. Data collection conditions are 
selected to produce a spectrum that extends from 
about 350 to 800 nanometers (nm). 

Because of a polished diamond's high refractive 
index, light can be internally refracted a number of 
times within it, so the total distance traveled cannot 
be directly measured or calculated. This uncertainty 
makes it difficult to relate the strength of the light ab- 
sorption (as recorded by the spectrophotometer] to the 
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Figure 1. In most cases, transparent gemstones owe their color to selective absorption of light. In the case of a yel- 
low diamond, the blue portions of the incident white light are absorbed by the diamond, while the remaining por- 
tions in combination are transmitted to the eye and interpreted by our vision system as a yellow color. In the 
spectroscope, this selective absorption is seen as a darkening toward the blue end of the spectrum (below 425 nm). 
Recording the spectrum with a spectrophotometer produces a graph of wavelength (horizontal scale) versus ab- 
sorption (vertical scale). Greater absorption is represented by the higher portions of the spectrum trace, and greater 
transmission by the lower portions. Below 425 nm, the height of the spectrum trace increases. In the case of this 
yellow diamond, superimposed on this increasing absorption are several sharp absorption bands or peaks on the 
spectrum trace between 415 and 478 nm due to the N3 optical center. Gemologists often refer to this set of dark 
bands as the “Cape” absorption lines characteristic of type Ia yellow diamonds. 


path length of light traveled within the gemstone. Yet 
this relationship can be estimated by comparing ab- 
sorption peak height to the heights of some intrinsic 
absorption features. This relationship also provides 
an indirect way of comparing the visible spectra of di- 
amonds of different sizes and faceting styles. Because 
of internal reflection and longer path lengths within 
the polished diamond, the face-up saturation of the 
color may appear stronger than the intensity of the 
absorption features (i.e., height of the absorption 
bands) in the visible spectrum would suggest. 
Natural diamonds occur in all colors of the spec- 
trum. A few colors, such as yellow and brown, are 
very common, but most are very rare. Nitrogen is the 
most widespread and abundant impurity element in 
diamond. It can be present in several optical defects, 
all of which produce absorption toward the blue end 
of the spectrum. These factors help explain the 
prevalence of yellow diamonds in nature. While the 
face-up appearance of colored diamonds is also influ- 
enced by their size and the choice of faceting style, 
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visible absorption spectra provide a tool to under- 
stand most causes of diamond coloration. 

The accompanying chart contains representative 
visible spectra and photos of the major color cate- 
gories of diamond. The spectra are shown over the 


In Brief 


e While lattice defects and physical causes such as min- 
eral inclusions may contribute to diamond coloration, 
most color perception is due to the selective absorption 
of white light. 

¢ The accompanying reference chart details the effect 
of light absorption patterns, recorded with a spectro- 
photometer, on diamond color. 


400-750 nm wavelength range. Relative absorption 
is shown on the vertical scale of each graph, with 
light absorption increasing higher on the scale (and, 
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conversely, light transmission increasing lower on 
the scale}. Thus, the lower portion of each graph rep- 
resents the transmitted portion of the spectrum that 
creates the material’s color sensation. The chart 
summarizes the major categories of colored dia- 
monds; it is not intended as a detailed discussion of 
diamond coloration. The graphs are grouped in 
columns and ranked in descending order of fre- 
quency. The colored diamonds included in the chart 
were selected because their spectra (and color) are 
principally the result of one main lattice defect. As 
discussed in our 2013 article, the cause of some de- 
fects is well understood, while others are not. We oc- 
casionally encounter unusual colors in diamonds 
whose visible spectra do not correspond to any of the 
categories shown on the chart. 


The information presented on the chart suggests 
several observations: 


1. In most cases, diamond colors result from dif- 
ferent absorption spectrum patterns, with each 
pattern originating from one or more optical 
defects. This can be seen for the different yel- 
low diamonds shown in the first column. 


2. Broad and intense spectral absorption features 
are more important in producing various colors 
than sharp or weak bands. Conversely, sharp 
absorption bands (such as the N3 observed at 
415 nm, H4 at 496 nm, and H3 at 503 nm) that 
can be seen using the spectroscope are helpful 
in gem identification. We used a spectropho- 
tometer to record the visible spectra, as it can 
better capture broad absorption bands that are 
difficult or impossible to see with the eye 
through a spectroscope. 


3. Similar diamond colors can result from differ- 
ent absorption spectra patterns. In other words, 


REFERENCE 


Shigley J.E., Breeding C.M. (2013) Optical defects in diamonds: A 
quick reference chart. G&G, Vol. 49, No. 2, pp. 107-111, 
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since perceived color is a combination of the 
wavelengths transmitted to the eye, different 
absorption patterns can produce similar colors. 
For example, type Ia and type Ib diamonds, 
which have different visible spectra patterns, 
can both exhibit a yellow color (although the 
color is usually more intense for the latter). 


4. Some diamond colors are the result of just one 
optical defect, while others result from more 
than one defect. For example, the chart indi- 
cates that the GR1 defect can create a blue or a 
green color. The defect alone produces a blue 
color, but when there is also absorption toward 
the blue end of the spectrum due to nitrogen 
impurities, the resulting color is green. 


5. Some diamond colors are simply the result of 
selective light absorption, while others stem 
from a combination of light absorption and 
light emission (or luminescence). For example, 
certain greenish yellow diamonds are yellow 
due to absorption, while the green component 
is due to luminescence. 


6. Variations in the types of optical defects, and 
in their relative concentrations, produce slight 
color variations among similar diamonds. 


7. Where a diamond photo is shown without an 
accompanying visible spectrum, the color is 
due to physical causes other than light absorp- 
tion—most often the presence of mineral inclu- 
sions (e.g., numerous graphite inclusions 
causing black color in natural diamonds). 


This chart is intended as a simple reference for 
those interested in understanding diamond col- 
oration. While the visible spectra of diamonds are 
often presented in the gemological literature, compi- 
lations of spectra are rarely encountered. 


ABOUT THE AUTHORS 
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CAUSES OF DIAMOND COLORATION 
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Clouds of fine inclusions 


In most cases, transparent gemstones such as diamond 
owe their coloration to selective absorption of light. With 
a yellow diamond, the blue portions of the incident white 
light are absorbed by the diamond, while the remaining 
portions are transmitted in combination to the eye and 
interpreted by our vision system as a yellow color. A 
gemologist uses a spectroscope to detect this selective 
absorption—the instrument separates light into its compo- 
nent colors, and the portions of the spectrum that are 
absorbed as they pass through the gemstone appear as 
dark lines or bands at particular wavelength locations. An 
alternative method involves recording the absorption 
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with a spectrophotometer, and then depicting the spectrum 
as a line on a graph. The peaks on the graph correspond 
to the dark lines or bands seen with the spectroscope. 


This chart illustrates representative visible spectra and 
photos of the major color categories of diamond. The 
graphs are grouped in six columns and ranked in 
descending order of occurrence. These colored diamonds 
were selected because their spectra (and colors) are prin- 
cipally the result of one main lattice defect (a disruption 
of the atomic structure that causes selective light absorption 
by the diamond). 
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This chart was published in conjunction with J.E. Shigley and C.M. Breeding, “Visible Absorption Spectra 
of Colored Diamonds,” Gems & Gemology, Vol. 51, No. 1, pp. 41-43. 
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MOZAMBIQUE: A RUBY DISCOVERY FOR THE 


21ST CENTURY 


Merilee Chapin, Vincent Pardieu, and Andrew Lucas 


il fis Republic of Mozambique is located in south- 
eastern Africa along the Indian Ocean. Separated 
from Madagascar by the Mozambique Channel, it is 
bordered by Tanzania to the north, South Africa to 
the south, and Zimbabwe, Malawi, and Zambia to 
the east (figure 1). 

The country boasts rich resources of natural gas, 
coal, titanium, and hydroelectric power. Agriculture 
is also important to the economy and includes ex- 
tensive production of cotton, cashew nuts, sugar- 
cane, tea, manioc root, tapioca, fruits, potatoes, beef, 
and poultry. Ruby mining is one of the newer eco- 
nomic sectors, with major developments in the 
northeastern part of the country in the mid to late 
2000s. 

The Montepuez ruby deposit was discovered in 
May 2.009 (Pardieu et al., 2009). Shortly thereafter, 
thousands of miners, supported by foreign traders, 
began to illegally work the area. This continued until 
June 2011, with the formation of the Montepuez 
Ruby Mining company (MRM|), a partnership be- 
tween Mozambique’s own Mwiriti Ltd. and the 
multinational British gemstone mining company 
Gemfields. MRM acquired a 25-year concession in 
March 2012 and has expended considerable effort and 
capital to improve the mine’s infrastructure, machin- 
ery, staffing, security, and public relations. 

While the public is generally unaware of Mozam- 
bique as a ruby source, the deposit near Montepuez is 
considered by the trade to be the world’s largest sup- 
plier. Gemfields’ first Mozambique ruby auction took 
place in Singapore in June 2014, marking a milestone 
for the global trade (figure 2). The US$33.5 million rev- 
enue generated by the auction put the spotlight on the 


See end of article for About the Authors and Acknowledgments. 


Note: The full version of this article was originally published as Hsu et 
al. (2014). 
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Figure 1. Mozambique, located in southeastern 
Africa, is the world’s newest major ruby source. Its 
ruby mines are concentrated in the country’s north- 
eastern corner. Adapted from Hughes (2014). 


MRM ruby deposit, as the entire inventory was the di- 
rect result of the ongoing bulk sampling at Mon- 
tepuez. This bulk sampling will guide further 
development of large-scale mine operations. 

The company employs about 400 people at the 
mine, plus another 300 contractors. Along with ex- 
perienced personnel imported from other countries, 
the company also trains Mozambican locals, who 
make up the vast majority of the workforce, to attain 
high skill levels. 

In September 2014, GIA researchers Tao Hsu, Vin- 
cent Pardieu, and Andrew Lucas visited the Mon- 
tepuez ruby deposit (figure 3). Hosted by MRM, the 
expedition’s purpose was to witness the evolution 
and operation of this major deposit and to gather re- 
search samples for study by GIA’s laboratory. 


Gems & GEMOLOGY SPRING 2015 


Figure 2. The large amount of ruby produced by MRM 
allowed Gemfields to offer goods in a wide variety of 
qualities at their 2014 Singapore auction. Photo by 
Andrew Lucas/GIA. 


AREA GEOLOGY 

Northeastern Mozambique is located at a geologically 
critical junction between the north-south trending 
Mozambique Belt and the east-west trending Zambezi 


Belt (figure 4). Both are “treasure-bearing” Neoprotero- 
zoic (approximately 500-800 million years old) oro- 
genic belts within the global Pan-African tectonic 
framework. Several major geologic complexes are sep- 
arated by major thrusts and shear zones. Complex 
thermal and deformational events provided ideal tem- 
perature and pressure for the formation of ruby, garnet, 
and other minerals of economic importance. 

The Montepuez ruby mine lies about 150 km 
west of the beautiful coastal city of Pemba (again, see 
figure 1). It is located within the wedge-shaped Mon- 
tepuez Complex (Boyd et al., 2010). Its mineral as- 
semblages indicate that the whole complex 
underwent amphibolite-grade metamorphism, gen- 
erally at a pressure of 0.4-1.1 GPa and a temperature 
of 550-750°C. 

Ruby forms only within a very limited range of 
pressure and temperature conditions, and only in the 
presence of a sufficient supply of aluminum, 
chromium, and oxygen. Around Montepuez, ruby 
formation seems to have resulted mainly from a 
metasomatic process, when fluid derived from the 


Figure 3. The GIA team that visited the Montepuez ruby deposit in September 2014 consisted of (left to right) Tao 
Hsu, Vincent Pardieu, and Andrew Lucas. Photo by Stanislas Detroyat. 
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parental magma interacted with the host rocks in a 
low-silica environment. 

The Montepuez operation consists of mostly sec- 
ondary deposits, with only one primary deposit ex- 
posed so far. The composition of the rocks in the 
Montepuez complex ranges from granitic to amphi- 
bolitic, while quartzite and marble can be found in- 
side and outside the concession property. The rocks 
are also strongly folded into tight isoclinal folds on 


Figure 4. The Mon- 
tepuez ruby deposit is 
at the geologically criti- 
cal location between 
two large tectonic 
structures along two di- 
rections at right angles 
to each other. Adapted 
from Boyd et al. (2010). 


MAIN GEOLOGICAL UNITS 
IN NORTHEASTERN MOZAMBIQUE 


Marrupa Complex 


Karoo Supergroup 


Intrusions of Mesozoic to 
Neoproterozoic age 


Nampula Complex 


Recent to Palaeogene 
sediments 


Meluco Complex 


Lalamo Complex 


Nairoto Complex 


Xixano Complex 


Montepuez Complex 


Ocua Complex 


all scales, later cut by a number of shear zones trend- 
ing northeast to southwest. 

The MRM concession is located on one limb of a 
fold with a subvertical axial plane striking east-west. 
At least four different deformation phases occurred in 
this area. The strong deformation history complicated 
the rock units on all scales, making the exploration 
and prediction of the primary ore very complex. 

The pit walls in Maninge Nice, where the only 


Figure 5. Left: A clear contact between the topsoil and the ruby-containing amphibolite can be found on the walls 
of the primary deposit pit. Photo by Andrew Lucas/GIA. Right: The top of the ruby-containing layer has been ex- 
tensively weathered, and the rock is very fragile. Photo by Vincent Pardieu/GIA. 
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Current 
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Figure 6. Left: River channel morphology changes constantly over time. Center: Rubies are trapped and concentrated 
in certain areas along those channels. Right: Cross-sections of former river channels can be seen in the wall of pit 3. 


Photo by Andrew Lucas/GIA. 


primary deposit discovered so far is located, show an 
obvious contact zone between the topsoil and the 
weathered ruby-containing amphibolite, which is 
very fragile and easily crumbled by hand (figure 5). 
Ruby is found in close association with white 
feldspar, mica, and dark green amphibole. Core 
drilling data indicate that the amphibolite extends 
about 30 meters below the surface and lies on top of 
the basement gneiss. The whole amphibolite unit 
strikes roughly east-west. 

Hundreds of millions of years of erosion have 
made the secondary ruby deposits in Montepuez far 
easier to uncover and work than the primary de- 
posits. Rubies liberated from the host rock were 
transported and concentrated by water and eventu- 
ally settled in the alluvial, colluvial, and eluvial de- 
posits being worked today. 


PALEOCHANNELS AND RUBY TRAPS 

Cycles of weathering and erosion are constantly 
shaping the surface of the earth. Once the ruby-bear- 
ing rock is weakened and broken down by physical 
and chemical weathering, it is ready for erosion. In 
Montepuez, rubies and other minerals liberated from 
the parent rocks were picked up and carried by water 
and, due to their high specific gravity and hardness, 
trapped and concentrated in certain locations along 
current or former river beds, above the weathered 
basement rocks. 

River channel morphology has also changed con- 
stantly over time. Hundreds of millions of years ago, 
the stream channels were at different positions; 
traces of their original flows are known by geologists 
as “paleochannels” (figure 6). 

The concession has a well-developed drainage sys- 
tem. The local topography causes the water to flow 
generally from north to south. Present-day stream 
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channels are quite recognizable and easy to work. 
MRM targets these as well as the richest paleochan- 
nels, where large reserves of fine rubies are buried. 

Pit 3, the largest being worked by MRM, is lo- 
cated along one of the main paleochannels. On the 
wall of this pit, observers can see some superb cross- 
sections of former river channels (figure 6, right). 
Gravel size increases visibly from the edge to the bot- 
tom of these “traps,” where gravity caused heavier 
gravels to settle and concentrate at the bottom of a 
depression. 

Larger gravels are better at slowing the water 
speed. Since the specific gravity of ruby is relatively 
high, it tends to settle along the bottom of a depres- 
sion with other heavy minerals. 

Heavy mineral traps occur at different places 
along the river channel, wherever the water current 
slows. The traps themselves work as natural jigs, 
usually leaving a higher concentration of ruby at the 
bottom of the trap. These ruby “traffic jams” are 
ideal locations for gem hunters. 

Since there are numerous granitic rocks in the area, 
the gravels are mainly quartz crystals and aggregates 
of different sizes. Their shape and sharp corners indi- 
cate that they were not transported very far from their 
source rocks. The focus of secondary deposit explo- 
ration is to find old stream channels and better define 
the distribution of this ruby-bearing gravel layer. 


THE MINE 

The MRM concession encompasses roughly 400 
square kilometers, with both primary and secondary 
deposits. Most of the bulk sampling takes place at the 
secondary deposits, but sampling is planned for both 
types within the current fiscal year. The only area 
with a primary deposit as well as secondary gravels is 
Maninge Nice, a local name given because of the 
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Figure 7. This photo shows the bulk sampling pit in 
Maninge Nice. The greenish layer is the weathered 
ruby-bearing amphibolite, and the contact between 
the topsoil and the amphibolite is visible. Photo by 
Vincent Pardieu/GIA. 


“nice” stones that have come from there (figure 7). 

Another major bulk sampling area is Mugloto. Pit 
3 is in an area of Mugloto called Mashamba, a local 
name for the maize once farmed on the site (figure 
8). Pit 5 is in an area called Mercado, which means 
“market” in Portuguese, as it was once an illegal 
miners’ market. 


BULK SAMPLING METHODOLOGY 


Secondary deposits host a concentration of fine stones. 
They are fairly easy to sample because most of the 
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fractured and included stones were ground into sand 
by weathering. In the secondary deposits, everything 
above the gem-bearing gravel is overburden. MRM 
samples the gravel down to bedrock, often using two 
excavators—one to strip the overburden down to the 
gravel and the other to load the gravel into trucks that 
take it to the processing plant (figure 9). 

The long-term bulk sampling strategy at the sec- 
ondary pits is dictated mostly by the geology. MRM 
opened several bulk sampling locations based on ex- 
ploratory auger drilling and on small 50 x 50 meter 
pits that all follow a single paleochannel. In one area, 
the company plans to merge several pits at some 
point, forming a massive operation along the pale- 
ochannel. The paleochannel in this area is approxi- 
mately 4.5 kilometers in length, and the width of the 
pits varies from 50 to 150 meters. The large pit con- 
necting them is about 2.5 kilometers long, and is ex- 
pected to become longer. The end result will be a 
massive colored gemstone pit-mining operation. 

MRM conservatively predicts the removal of 1.7 
million tons of potentially gem-bearing gravel from 
the pit along this paleochannel. This will involve the 
handling of 15 million tons of rock. At the time of 
our visit, MRM was using four excavators, and an- 
other two were scheduled to arrive shortly. This will 
allow more pits to be sampled simultaneously, the 
doubling up of excavators in pits identified as crucial, 
and the starting of new pits. 

As primary deposits go, the one at Maninge Nice 
is relatively easy to sample. The host rock is soft, 
weathered amphibolite, so removing it is not difficult 


Figure 8. The main 
bulk sampling pit in 
the Mugloto area is the 
most productive pit by 
value. Photo by Stanis- 
las Detroyat. 


Gems & GEMOLOGY SPRING 2015 


or destructive to the crystals. This type of weathered 
rock offers a tremendous advantage in keeping costs 
down and production high. Still, future sampling at 
the MRM concession will likely involve the extrac- 
tion of more primary rock at greater depths, increas- 
ing the challenge. 


FURTHER EXPLORATION 


The current bulk sampling and resource analysis 
stage is scheduled to be completed in 2016, which 
should give a clearer picture of the potential produc- 
tion figures and life of the mine. 

Primary and secondary deposits require different 
drilling methods and strategies. The goal of second- 
ary deposit exploration is to better define the distri- 
bution of the ruby-bearing gravel layer in the 
concession. Contours of the gravel layer will be con- 
structed from this, as well as data on the concentra- 
tion of rubies. 

Auger drilling, a method not typically seen by GIA 
researchers, is used to explore the secondary deposits. 
The auger consists of a rotating helical screw driven 
into the ground. The screw blade is shaped to lift 
earth up from the borehole. As earth is pulled out of 
the hole, workers remove the loose gravel from be- 
tween the drill blades (figure 10). This is different 
from core drilling, which removes solid or fragmented 
cores from hard rock. Auger drilling is considered an 
efficient way to explore soft unconsolidated material 
or weak weathered rocks. 

Gemfields’ geologists have divided the target area 
into blocks and plan to drill boreholes in 100-meter 
grids. The drill bits and other equipment are hauled 
by truck to drilling sites. Every exploration team is 
composed of a geologist, a technician, and four or five 
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Figure 9. In the second- 
ary deposit at pit 3, ex- 
cavators and trucks 
work together to strip 
the overburden, load 
the ruby-bearing gravel, 
and transport it to the 
washing plant. Photo by 
Vincent Pardieu/GIA. 


workers. From setting up the machine to refilling the 
borehole, it takes about an hour to finish one spot. The 
goal is to finish eight to nine drill holes each day. The 
sites are cleaned and prepared before the drilling starts. 


Figure 10. Workers remove the soil and gravel that 
come up with the auger and then dump the material 
into a container for further processing. Photo by An- 
drew Lucas/GIA. 
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REPEATED TWINNING LINES 

SEEN IN SYNTHETIC CORUNDUM 
transparent blue 
stones recently in the Gem Trade Labora- 
tory of the Gemological Institute of Amer- 
ica, a synthetic sapphire was discovered 
which exhibited both curved striae and 
repeated twinning lines. Previously curved 
striae had been considered proof of syn- 
thetic stones, while twinning lines had, 
heretofore, been considered properties of 


In identifying some 


natural stones only. Both are clearly shown 
in the accompanying photograph of the 
synthetic sapphire. 

Prior to this discovery, a yellow synthetic 
sapphire with a single repeated twinning 
line had been noted in the Laboratory. 
Both this stone and and blue one were 
now tested in a polariscope. Both exhibited 


the irregular extinction characteristics of 
natural repeatedly twinned stones. 

As if by predestined coincidence, a few 
days later a dealer submitted a 5.6 carat 
cabochon ruby which displayed repeated 
twinning lines prominently. It was on the 
basis of these characteristics that he had 
purchased the stone as genuine. Unfortn- 
ately, this synthetic ruby was too dark in 
color to permit an adequate photograph 
for reproduction. 

The significance of these observations is 
that if repeated twinning lines were ob- 
served, the stone might readily be identi- 
fied as genuine if no further examinations 
were made for synthetic features. It in- 
dicated also that the crystallization of syn- 
thetic corundum does not follow the curved 
pattern of the -striae as some beginning 
gemology students have thought. 


¢ Curved striae and repeated ewinning lines in synthetic blue 
sapphire. 
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Figure 11. The soil and the gravel are sampled at 
every meter until the drill strikes bedrock. The ma- 
chine will continue another meter or two to finish the 
sampling. Photo by Andrew Lucas/GIA. 


From ground level, the drill removes one meter 
of earth with every sampling until it hits the base- 
ment rock, where it will continue removing two to 
three meters of rock before it stops (figure 11). The 
average depth of the drill holes is about eight me- 
ters, and the team’s goal is to finish about 70-80 
meters of drilling each day. MRM runs two shifts 
per day. 

Drilling results will indicate the depth and thick- 
ness of the ruby-bearing gravel layer at each location. 
After thousands of drillings are done, a contour map 
will be constructed to show the depth and thickness 
of the area’s gravel bed. Prior to our visit, auger 
drilling had already helped delineate the aforemen- 
tioned 2.5 km paleochannel, as well as many other 


Figure 12. These bags of gravel layers will be transported 
to the washing plant and then to the sorting house. This 
will give a reasonable estimation of ruby concentration. 

Photo by Andrew Lucas/GIA. 
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sites with strong potential. Sampling the topsoil also 
gives the geologists a good idea how much waste 
they will need to remove before reaching the ore- 
containing gravel layer. 

To obtain a representative sample, each meter of 
earth removed from the drill bit above the ruby- 
bearing gravel layer is thoroughly mixed, and then 
50-100 grams of sample are taken for geochemical 
analysis to quantify certain elements. The results 
will guide further exploration and evaluation. 

At the gravel layer, the drill removes 10-20 kilo- 
grams of ruby-bearing gravel, which is bagged and 
transported back to the washing plant and the sorting 
house for processing to get a rough estimate of ruby 
concentration (figure 12). The top one to two meters 
of basement rock are also washed to minimize the 
risk of losing rubies. The leftovers from all samples 
are carefully stored for future reference. The process 
is completed by refilling the drill hole in an environ- 
mentally responsible manner. 

Ultimately, understanding the geology of the pri- 
mary deposit is the key to sustaining a profitable 
mine. Geologists use geophysical tools to locate the 
host rock, targeting related amphibolite and mag- 
matic intrusions. 

Different mineral assemblages in rocks give off 
distinct magnetic signatures that can be displayed by 
a detailed magnetic scan. The results are used to 
model the distribution of certain rock types. Amphi- 
bolite usually gives a high magnetic anomaly that is 
easily distinguished from other rocks in the area. A 
high-resolution magnetic survey helps geologists 
form a map pinpointing the location of the amphibo- 
lite. Next, a radiometric survey on uranium, tho- 
rium, and potassium is performed to detect the 
alkaline magmatic intrusions in the area. Further ex- 
ploration plans are based on these results. 

The current exploration of the primary deposit in- 
volves extensive core drilling around the exposed 
Maninge Nice area (figure 13). The goal is to better 
define the distribution of ruby-bearing amphibolite 
below the surface. Each drilling extends about 50 me- 
ters deep and takes one week to finish, at an average 
rate of 10 meters per day. Drill bits coated with syn- 
thetic diamond are used to sample the rock at every 
meter. Drill sites are positioned every 100 meters un- 
less more lithological variation is observed, in which 
case the distance is shortened to 50 meters. 

Through extensive core drilling, the geologists 
have made some important underground discoveries. 
Each core starts with the loose topsoil, which is 
bagged. The ruby-bearing amphibolite is usually 
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Figure 13. The setup of the core-drilling instrument. 
Water from a tank next to the working platform is 
run the whole time to cool the drill bit. Photo by An- 
drew Lucas/GIA. 


found at a depth of 10-30 meters, gradually becoming 
granitic gneiss, the basement rock in the area (figure 
14). The exploration team drills down into the base- 
ment rock as well to see if the amphibolite repeats. 
Sometimes they discover a secondary ruby-bearing 
gravel bed above the primary deposit. 

In addition to the amphibolite, which contains 
various concentrations of rubies, two marble bodies 
north of Maninge Nice have been defined. No rubies 
were found in the marbles, however. A detailed re- 
port on the primary deposit will be submitted to 
MRM in 2016. 


PRODUCTION 

As part of its bulk sampling operation, MRM has 
handled around 1.8 million tons of rock at Mon- 
tepuez, recovering approximately 8 million carats of 
ruby and sapphire of various colors. The company 
hopes to double its capacity to 3.6 million tons of 
rock in 2015 and eventually increase that figure to 
10 million tons of rock a year. 
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Figure 14. Ruby is contained in the amphibolite, 
which is not weathered and very hard to break. Photo 
by Andrew Lucas/GIA. 


The actual recovery of ruby in the secondary de- 
posits is more difficult to predict. The amount of 
ruby per ton can vary dramatically, and so can the 
quality of the rubies recovered. For example, the re- 
covery rate in Mugloto pit 3 is relatively low: 0.60-1 
gram per ton of ore processed. Yet the pit yields high- 
quality ruby, making it economically advantageous 
to sample, even with the low recovery rate. This pit 
also produces some large rough crystals of 6-8 grams. 
For comparison, Maninge Nice has a higher recovery 
rate of 20-35 grams per ton, but generally produces 
much lower-value material. 

Overall, the recovery rate for the primary deposit 
is around 162 carats per ton, while the secondary de- 
posits produce 31 carats per ton. The figure for the 
secondary deposits includes only processed gravels 
and not the amount of overburden topsoil moved. 


WASHING AND SORTING 

The Montepuez processing plant (figure 15) is organ- 
ized into four major areas: (1) dry screening; (2) dis- 
integration with a log washer, where the removal of 
waste particles begins; (3) wet screening; and (4) siz- 
ing and concentration. In an auxiliary section, water 
is held in a reservoir and cleaned for use in washing. 

The washing process uses two screening systems 
and two jig systems, both of which separate the ma- 
terial by size (figure 16). The jigs have a batch system 
where any overflow from the first upper-level jig is 
retrieved by the lower-level jig. The 150 tons washed 
per hour deliver concentrated gravel containing var- 
ious amounts of corundum rough. 

Suction hoses pull the gravels from the jigs into 
canisters. Then the gravels are poured into bags and 
taken to the sorting house. The concentrated gem 
gravels are loaded into the back portion of a sorting 
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Figure 15. After the gravel passes through a grating, 
conveyor belts carry it through the washing stages 
until the ruby is finally trapped by the sluices. Photo 
by Vincent Pardieu/GIA. 


box, a rectangular case with an angled glass window 
for viewing. This is the beginning of the process of 
separating ruby from the gravels and garnets. 

To reduce the possibility of theft, the sorters never 
actually touch the rubies. They wear sleeves with rub- 
ber gloves attached (figure 17). They drop the retrieved 
stones into two holes, one for garnets and the other 
for corundum. The sorters base the identification on 
visual appearance, especially crystal morphology. 

Next, a senior staff member and a member of the 
security team unlock the box holding the gemstones, 


Figure 16. Two sluices, or jigs, are used for different-sized 
gravel. The heavier material is trapped in the grooves of 
the jig, while other material goes into the piles in front. 
Photo by Vincent Pardieu/GIA. 
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am \ ” -s af 
Figure 17. The first step of sorting is to separate ruby 
and garnet from the washed gravel. Sorters do not 
touch the gravels with their hands. Instead, they 
wear rubber gloves attached to cloth sleeves. Photo 
by Andrew Lucas/GIA. 


and the corundum crystals are cleaned and sorted. 
The rough is divided into dark and light tones, repre- 
senting ruby and pink sapphire, respectively. The ru- 
bies are then classified into four further categories: 
premium, facet-grade, translucent to opaque, and 
basic corundum. 

The grading of the premium ruby rough is done in 
an adjacent room, first by color and then clarity. White 
tables provide the background, while windows just in 
front of the graders provide ample daylight for color 
grading. The Gemfields ruby grading system is based 
on the rough’s size, color, shape, and clarity (figure 18). 


PRELIMINARY GEMOLOGY 

Rubies from Montepuez are very important to the 
trade because of the large quantities and the wide 
range of qualities and sizes produced. Their colors 
bridge the gap between those from the classic sources 
of Burma (highly fluorescent, with low iron content) 
and Thailand/Cambodia (weakly fluorescent, with 
high iron content). 

Rubies owe their red color to chromium, but their 
color is modified by the presence of iron, which re- 
duces the chromium-caused fluorescence. An interest- 
ing aspect of rubies from the amphibole-related deposit 
near Montepuez is their iron content, which ranges 
from nearly as low as Burmese marble-type rubies to 
as high as rubies found in basalt-related deposits along 
the Thai-Cambodian border. This means they have the 
potential to suit a range of different markets. 

A small but significant percentage of the material 
has a combination of color and clarity that requires no 
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Figure 18. Top-grade ruby rough from Montepuez. 
Photo by Vincent Pardieu/GIA. 


heat treatment. Others lack transparency due to fis- 
sures or the presence of inclusions. Heat treatment 
transforms this lower-quality material so it can find a 
market within the jewelry industry. Lead-glass filling 
is used for heavily fractured stones, while more tradi- 
tional heat treatment (with or without borax-like ad- 
ditives) is performed on less-fractured stones with a 
milky or silk-like appearance (Pardieu et al., 2010). 
Overall, treated products are much more readily avail- 
able than unheated material (Scarratt, 2012). 

Each of Montepuez’s bulk sampling areas yields ru- 
bies with slightly different appearances. The material 


from Maninge Nice looks purplish red to red. Rough 
rubies from other areas tend to be darker and more 
brownish or orange. They generally have higher iron 
content—similar to Thai/Cambodia rubies—than the 
samples from Maninge Nice. 

Rough rubies from Montepuez are mostly tabular. 
Specimens from the primary deposit are usually more 
euhedral, but also more fractured, and contain amphi- 
bole and mica inclusions (figure 19, left). Rough from 
the secondary deposit is generally more tumbled, 
more transparent, and less included (figure 19, right). 

While there are some exceptionally large stones 
over 100 ct, most of the unheated faceted rubies from 
Montepuez are under 3 ct. Faceted stones over 10 ct 
were seen at the Bangkok and Hong Kong shows in 
September 2013. With their even coloration, high 
transparency, and good luster, unheated rubies from 
Montepuez are very suitable for calibrated cuts. 


COLLECTING REFERENCE SAMPLES 


GIA’s Bangkok lab has been collecting reference sam- 
ples and mining information from sources since 
2008. A study of the gemological characteristics of 
131 ruby samples from Mozambique was completed 
by the laboratory and published by Pardieu et al. 
(2013). Studies of inclusions and chemical composi- 
tion are in progress, and the results will be presented 
in future articles. The team’s current main focus is 
to collect and study ruby, sapphire, and emerald ref- 
erence samples following GIA protocols. 

At Maninge Nice, the team was allowed to search 


Figure 19. Left: Rough rubies from the primary deposit at Maninge Nice have sharp edges and corners. Their color 
is brighter because they contain less iron than other deposits in this area. Right: Classic secondary-deposit rubies 
from the Mugloto area. Most are tumbled and clean from millions of years of weathering and erosion by the rivers. 
The darker color is caused by their higher iron content. Photos by Vincent Pardieu/GIA. 
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the ground under the supervision of company security 
guards (figure 20). The host amphibolite was highly 
weathered, making it very easy to extract the rubies 
from the host rock. Using rock hammers, the team col- 
lected a fair number of high-quality samples that met 
the requirements for lab preparation and analysis. 
The specimens collected are especially valuable 
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Figure 20. Expedition 
guest Stanislas De- 
troyat and Vincent Par- 
dieu collect samples on 
the ground at Maninge 
Nice under the supervi- 
sion of Gemfields secu- 
rity guards. Photo by 
Andrew Lucas/GIA. 
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TAKE THE 2015 Coot 
CHALLENGE 


The following 25 questions are from the Spring, Summer, Fall, and 
Winter 2014 issues of Gems e) GEMoLocy. Refer to the articles in those 
issues to find the single best answer for each question. 


Mark your choice on the response card provided in this issue or visit 
gia.edu/gems-gemology to take the Challenge online. Entries must be 
received no later than Monday, August 3, 2015. All entries will be 
acknowledged with an e-mail, so please remember to include your 
name and e-mail address (and write clearly). 


Score 75% or better, and you will receive a certificate of completion 
(PDF file). Earn a perfect score, and your name also will be listed in 
the Fall 2015 issue of Gems &) GEMOLOGY. 


1. Which city is the world’s largest 
center for diamond sorting, 
valuing, and selling? 

A. Shanghai, China 

B. Mumbai, India 

C. Antwerp, Belgium 
D. Gaborone, Botswana 


2. What happens if the c-axis is 
parallel to the table facet of a 
strongly pleochroic stone? 

A. No pleochroism can be ob- 
served through the table. 

B. A “bow tie” may be observed. 

C. For a biaxial stone, all three 
colors can be observed 
through the table, whereas 
only two colors can be ob- 
served for a uniaxial stone. 

D. Only the ordinary ray is ob- 
served. 


3. Why do natural blue sapphire 
and Verneuil synthetic blue 
sapphire often display differences 
in pleochroism? 

A. The table facets are often ori- 
ented differently. 

B. The blue color is caused by 
different trace impurities. 

C. Verneuil material does not 
display pleochroism. 
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D. Weight retention is more of a 
concern with natural mate- 
rial. 


. Which of the following is a valid 


GIA diamond color grade? 
A. Fancy Intense red. 
B. Fancy Vivid purplish pink. 
C. Fancy Vivid purplish red. 
D. Fancy Deep Vivid purplish 
pink. 


. In 2013, China was the world’s 


largest consumer of 
A. jadeite and platinum 
B. gold and diamonds 
C. diamonds and jadeite 
D. jadeite, platinum, diamonds, 
and gold 


. What determines the final color 


of treated amber? 
A. Presence of bubbles. 
B. Pressure during treatment. 
C. Presence of liquid inclusions. 
D. Atmosphere during heating. 


. What can be said about an 


emerald that contains a 
significant amount of alkali metal 
impurities? 
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A. It may contain an extra FTIR 
absorption band around 1140 
cm. 

B. Its composition (stoichiometry) 
is ideal. 

C. It does not contain water. 

D. It is most likely a synthetic. 


8. All of the following statements 
are true of “Jedi” spinels except 


A. there are other sources be- 
sides the Namya deposit in 
Myanmar 

B. they have no dark tone 

C. they are sometimes found in 
matrix 

D. they have lower iron content 
on average than Mogok spinel 


9. The top three diamond producers 
are: 
A. Rio Tinto, Alrosa, BHP 
B. De Beers, Alrosa, Rio Tinto 
C. Rio Tinto, Alrosa, De Beers 
D. Dominion Resources, Rio 
Tinto, De Beers 


10. The green and orange-red 
phosphorescence displayed by 
natural and untreated type IIb 
blue diamonds when exposed to 
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short-wave UV can potentially be 
attributed to : 

A. the recombination of donor- 
acceptor pairs and possibly 
plastic deformation 

B. their origin in the Cullinan 
mine 

C. high levels of nitrogen 

D. the presence of boron 


11.Which diamond mine is the 
world’s richest as of 20142 
A. Argyle 
B. Jwaneng 
C. Orapa 
D. Diavik 


12. With the emergence of rough 
diamond tender sales, small 
manufacturers : 

A. now face rough shortages 

B. have seen stability in the 
supply of rough 

C. have experienced overall 
industry profits 

D. have seen increased selection 
and availability of rough 


13.Most gemstones from Sri Lanka 
are found in 
A. pegmatites 
B. skarns 
C. alluvial deposits 
D. eluvial deposits 


14. Which type of treated amber can 
be produced by two different 
methods? 

A. Beeswax amber 

B. Golden flower amber 
C. Red flower amber 

D. Sun spark amber 


15. Which of these statements about 
beaded pearls is true? 

A. Nacre deposition requires a 
solid surface. 

B. The bead determines the size 
and shape of the pearl. 

C. Their density is consistent 
from specimen to specimen. 

D. The bead is not always in di- 
rect contact with the nacre. 


16. All the following statements are 
true of “pen pearls” except 
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A. they are commonly non- 
nacreous 

B. they tend to craze 

C. they are used as nuclei in cul- 
tured pearls 

D. they are mainly found in the 
Arabian (Persian) Gulf 


17. Pink to red diamonds are cut to 


A. maximize color and clarity 

B. retain as much weight as pos- 
sible 

C. maximize color grade and 
weight 

D. ensure a better clarity grade 
than | 


18. What is true about nephrite from 
Hechi, China? 
A. Colors include white, green, 
black, purple, and gray. 
B. Only secondary material dis- 
plays dendrites. 
C. Band- and dendrite-free mate- 
rial is the most prized. 
D. The specific gravity of this 
material is unusually low. 


19. When comparing high karatage 
gold jewelry from Sri Lanka and 
India, which is true of Sri Lankan 
jewelry? 

A. It contains more copper. 

B. It is more yellow. 

C. It is manufactured exclusively 
with traditional methods. 

D. Weddings are a more signifi- 
cant source of business. 


20.In China, which metal do brides 
generally prefer for wedding rings? 
A. 22-24K gold 
B. Platinum 
C. 18K gold 
D. Silver 


21. The actual boron content ina 
blue diamond is its 
calculated value from FTIR 
absorption spectroscopy. 

A. equal to or greater than 
B. equal to or less than 

C. generally equal to 

D. None of the above. 
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22. All of the following statements are 
true of high-pressure high-temper- 
ature (HPHT) synthetic diamonds 
except : 

A. near-colorless type Ila mate- 
rial is grown by using higher- 
purity solvents, catalysts, and 
carbon sources 

B. they are produced via belt, 
BARS, cubic, or toroid presses 

C. most colorless material to 
date has been grown for non- 
jewelry purposes 

D. yellow is the most common 
color for jewelry use 


23. What is required of the observa- 
tion lighting to see the greenish 
blue color of blue amber? 

A. Only sunlight allows the ob- 
servation of this phenomenon. 

B. Any light source will reveal 
the blue color. 

C. It must have an ultraviolet 
component. 

D. It must cover the full visible 
range. 


24. What inclusion feature is report- 
edly unique about Zambian 
emeralds from the Kafubu area? 

A. Some multiphase inclusions 
contain crystals visible only 
with cross-polarized light. 

B. Kafubu is the only source of 
emeralds containing solid in- 
clusions with no associated 
liquid or gas inclusions. 

C. Of all Zambian emeralds, 
they had inclusions most sim- 
ilar to those of Colombian 
emeralds. 

D. The most common inclusions 
were three-phase, containing 
two or more colorless crystals. 


25.Which is not a regular character- 
istic of HPHT synthetic 
diamonds? 
A. Patterned color zoning. 
B. Inclusions that are attracted to 
a strong magnet. 
C. Strong fluorescence to short- 
wave UV illumination. 
D. Presence of trace levels of Si. 
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Pink and Reddish Purple 
COBALTOCALCITE 

Cobaltocalcite is a pink to purple va- 
riety of calcite. The mineral is popular 
as a collector’s item because of its 
striking purplish pink color, which is 
caused, as the name suggests, by the 
presence of cobalt. Cobalt occurs in 
calcite in octahedral coordination as 
Co* (E. Fritsch and G.R. Rossman, 
“An update on color in gems. Part 1: 
Introduction and colors caused by dis- 
persed metal ions,” Fall 1987 GwG, 
pp.126-139). 

Recently, GIA’s laboratory in 
Bangkok examined the botryoidal pur- 
plish pink and rough reddish purple 
cobaltocalcite specimens shown in fig- 
ure 1. Gemological properties were ob- 
tained from both, and we also prepared 
several polished wafers for advanced 
testing. 

Standard gemological testing of 
these translucent stones revealed 
strong double refraction with an RI of 
1.49-1.66 (as expected for a carbonate 
material) and an SG of approximately 
2.70. The reddish purple cobaltocal- 
cite exhibited a very weak purplish 
pink reaction to long-wave UV radia- 
tion and an inert reaction to short- 
wave UV. The purplish pink stone had 
a moderate orangy pink reaction to 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. The pink and reddish purple cobaltocalcite specimens (246.3 and 
361.0 g, respectively) are shown with some of the wafers cut from them. 


long-wave UV and weak pink to 
short-wave. Magnification revealed 
white particulate flakes of a fibrous 
nature forming bands in the reddish 


purple specimen, while the purplish 
pink one contained pronounced irreg- 
ular fibrous inclusions forming a mo- 
saic pattern in areas (figure 2). 


Figure 2. Left: The reddish purple cobaltocalcite showed a banded struc- 
ture formed by white particles with a fibrous appearance. Field of view 
4.1 mm. Right: Irregular bands of fibrous inclusions in the pink stone 
formed a mosaic pattern. Fiber-optic illumination, field of view 4.1 mm. 
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UV-VIS-NIR SPECTRA 
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Figure 3. UV-Vis-NIR spectra in the 300-1000 nm region showed broad 

absorption bands at approximately 431 and 543 nm in the reddish purple 
cobaltocalcite, and a weak broad band at 543 nm in the pink stone. Inset: 
The reddish purple and pink stones’ CIE L*a*b* color coordinates (71, 47, 
24 and 96, 3, 4, respectively) are reproduced from their UV-visible spectra. 


The UV-Vis-NIR spectrum of the 
reddish purple cobaltocalcite wafer 
(figure 3) showed a dominant absorp- 
tion band at 543 nm anda small peak 
at 431 nm. The pink wafer only 
showed a weak absorption feature at 
543 nm. Color calculations (see box A 
in R. Lu, “Color origin of lavender 
jadeite: An alternative approach,” 
Winter 2012 G&G, pp. 273-283) were 
consistent with the respective reddish 
purple and purplish pink color of the 
two specimens (figure 3, inset). 

Elemental analysis was performed 
using laser ablation—inductively cou- 
pled plasma—mass spectrometry (LA- 
ICP-MS). Besides the main constituent 
calcium, both the reddish purple and 
the purplish pink cobaltocalcites 
showed significant amounts of Co at 
5673 and 730 ppmw, respectively. The 
reddish purple sample’s higher concen- 
tration is consistent with a higher Co 
level produces a more saturated color. 
The concentration of Co is consistent 
with the intensity of the 543 nm ab- 
sorption bands in the visible region of 
both samples. The purplish pink cobal- 
tocalcite also showed 8719 ppmw of 
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Mn. Manganese can cause pink to pur- 

ple color in appropriate concentra- 

tions, so its contribution to the 

purplish pink color in this material 
may require further analysis. 

Piradee Siritheerakul and 

Supharart Sangsawong 


DIAMOND 

Analysis of Melee Diamonds Using 
FTIR Spectroscopy 

The jewelry industry has expressed in- 
creasing concern over the possibility of 


treated or synthetic diamonds being 
mixed in with natural melee goods 
(those weighing less than 0.20 ct). Re- 
cently, GIA’s laboratory has seen a 
surge in notably small faceted melee 
diamonds submitted for identification. 
In melee sizes less than 0.01 ct, a stan- 
dard Fourier-transform infrared (FTIR) 
spectrometer provides a less stable en- 
vironment for analysis and produces 
an indistinct spectrum. Diamonds 
smaller than 0.01 ct prove challenging 
for other screening devices as well. 
Meanwhile, there is heightened pres- 
sure to identify both loose and 
mounted melee diamonds in the labo- 
ratory quickly and reliably so that each 
stone can be analyzed. In late 2014, 
GIA developed a new protocol to use 
an FTIR microscope to focus on melee 
diamonds as small as 0.00054 ct (figure 
4) to produce high-quality spectra suit- 
able for diamond typing. 

Operating the FTIR microscope in 
reflection mode allows for fine-tuned 
aligning of the beam within a sample, 
improving the detail of the infrared 
spectra. Once a faceted round brilliant 
melee is stationed on a slide, the mi- 
croscope beam can be focused either 
through the pavilion (if the melee is 
table-down) or through the table at an 
angle to reflect off an inner pavilion 
facet (if the melee is resting on the 
pavilion). Many of the samples were 
so small that the position of the stone 
remained unknown until the micro- 
scope was focused. Nevertheless, 
spectral quality was independent of 
stone position. 

All 70 melee examined were nat- 
ural round brilliants, the smallest a 


Figure 4. This 0.00054 ct colorless round brilliant was submitted for iden- 
tification as a natural or synthetic diamond. Despite the specimen’s small 
size, an FTIR microscope can focus a beam through the facets to capture a 


high-quality infrared spectrum. 
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Gemological Digests 


DESCRIPTION GIVEN OF 
THIRD LARGEST DIAMOND 
DISCOVERED IN BRAZIL 


The Diamond “Presidente Eurico Gaspat 
Dutra” was discovered on July 25, 1949 
by a prospector (Garimpiero) in the Dour- 
adinho River, district of Coromandel, state 
of Minas Gerais, Brazil. 

The dimensions of the rough diamond 
were as follow: length 54.5 mm; width, 
38.5 mm; height, 23.0 mm. The stone 
weighed 407.68 carats, placing it third 
among the largest Brazilian diamonds and 
26th among the largest reported diamonds 
of the world. Specific gravity was found to 
be 3.534. 

The rough diamond partially 
rounded by alluvial action, but through 
careful study was determined to be of 


was 


octahedral habit. Four of the octahedral 
planes were well developed as a result of 
which crystallographic orientation was 
made possible. Other more complex com- 
binations of cubic forms whose faces were 
substituted for the octahedral edges were 
found to be present in the rough material. 


Figure 1 shows the approximate actual 
size of the rough diamond. (A) indicates 
an area of peculiar step-like cleavage on 
one of the faces; (B) is a large conchoidal 
fracture which presumably resulted from a 
violent shock when a large piece was 
broken off during alluvial action. At (C) a 
follicular (hair-like) inclusion was seen. An- 
other inclusion which appeared to be a 
shapeless mass of graphite was seen at 
(D). (E) is a cavity whose origin might be 
attributed to another crystal which previ- 


¢ Presidente Eurico Gaspar Dutra diamond slightly smaller than 
actual size. 
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Figure 5. This infrared spectrum of the 0.00054 ct diamond in figure 4, ob- 
tained using an FTIR microscope, shows the detail that can be captured 


from very small melee sizes. 


0.00054 ct colorless sample identified 
as a type Ia diamond (figure 5). A few 
screening devices for treatment and 
synthetics have been introduced for 
diamonds over 0.01 ct. The FTIR mi- 
croscope has proved very effective in 
analyzing melee smaller than this 
size, either loose or mounted. 

The knowledge that GIA can type 
such small stones and determine their 
origin, either loose or mounted, apart 
from being an impressive test of FTIR 
microscopy, will increase consumer 
confidence in these remarkable melee 
diamonds. 


Rachel Sheppard, Tom Moses, and 
Wuyi Wang 


Artificially Irradiated Color-Change 
Diamonds 

Diamonds that exhibit a temporary 
color change, commonly referred to as 
“chameleon” diamonds, are rare in na- 
ture. Their color changes with gentle 
heating, or when they are left in dark- 
ness for a period of time. The change 
from a dark greenish to a lighter yellow 
hue upon gentle heating is due to the 
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thermochromic properties of these di- 
amonds (D.J. Content, Ed., A Green 
Diamond: A Study of Chameleonism, 
W.S. Maney & Son, Leeds, England, 
1995, 42 pp.). 

Recently the New York laboratory 
examined two chameleon diamonds, 
a 0.35 ct Fancy Deep yellow-green 
marquise and a 0.27 ct Fancy Deep 
grayish yellowish green marquise (fig- 
ure 6]. Spectroscopic analysis and 
gemological observations confirmed 
that these were typical chameleon di- 
amonds. After excitation with short- 
wave UV light, both exhibited a 
strong blue to yellow phosphores- 
cence often seen in natural 
chameleon diamonds. Their UV-Vis 
absorption spectra showed a broad 
band at about 480 nm, as expected for 
this type of diamond. But the spectra 
also displayed a peak at 741 nm (figure 
7), known as GR1 (general radiation 
damage), that can contribute to a 
green color in diamonds. Because this 
radiation-related feature is not found 
in untreated natural chameleon dia- 
monds, we concluded that both 
stones had been artificially irradiated. 
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A chameleon diamond is an un- 
likely candidate for artificial irradia- 
tion treatment to enhance the stone’s 
green or blue bodycolor. It is likely that 
this property was not known or under- 
stood before the irradiation process. A 
permanent color change may occur if 
these treated chameleon stones are 
heated for a prolonged period, so it is 
important to exercise caution during 
testing. Because the diamonds’ original 
colors are unknown, they were issued 
reports stating that they had been arti- 
ficially irradiated to enhance their 
color. 


Sally Chan, Jessie Yixin Zhou, 
and Paul Johnson 


Diamond in Diamond 

The New York laboratory recently 
examined a 1.69 ct Fancy black round 
brilliant diamond (figure 8). The type 
Ia diamond contained an abundance 
of tiny cloud inclusions and strong 
hydrogen-related absorptions, both 
common features for this type of dia- 
mond. We observed numerous etch 
channels with brown radiation stain- 
ing, also normal features for dia- 
monds of this type and color. But we 
also observed a sizable octahedral 
crystal inclusion that broke the sur- 
face of a pavilion facet (figure 9, left). 
The surface-breaking area was ap- 
proximately 150 x 250 microns ac- 
cording to the Raman microscopic 


Figure 6. These two chameleon 
diamonds (0.35 and 0.27 ct) 
were color-treated with artifi- 
cial irradiation. 
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Figure 7. The UV-Vis spectra for the two chameleon diamonds show a 
broad absorption peak around 480 nm and an atypical GR1 feature at 741 


nm. 


image. The actual dimensions of the 
entire included crystal could not be 
determined. 

The exposed crystal inclusion had 
the morphology of a natural diamond 


crystal, and Raman analysis easily 
identified it as diamond. Both the host 
diamond and inclusion show sharp 
1332 cm-! Raman bands, indicating 
high crystallinity. The graphite peak 


Figure 8. This 1.69 ct Fancy black 
round brilliant diamond con- 
tained an octahedral diamond 
crystal. 


at approximately 1580 cm” was not 
observed in either. Raman mapping 
showed that the full width at half- 
maximum (FWHM) of the inclusion’s 
1332 cm! peak was different from 
that of the host diamond (figure 9, 
center). In the map, each colored pixel 
represents the FWHM value of the 
1332 cm Raman peak. The colored 
pixels of the inclusion were decidedly 
different from those of the host dia- 


Figure 9. Left: This photomicrograph reveals natural etch channels with brown radiation staining, as well as an oc- 
tahedral crystal inclusion (the inset shows the surface-breaking outline). Center: The Raman map of the 1332 cm! 
FWHM clearly outlines the surface break of the octahedral diamond inclusion. The inset in the left-side image rep- 
resents the Raman mapping area. The image was taken in a grid pattern measuring FWHM of the diamond Raman 
peak at 1332 cm. More than 300 Raman spectra collected at multiple points on the grid were translated into this 
map by the software. Each colored pixel represents the FWHM value, and similar FWHM values will be shown in 
similar colors. Noticeably different colors outlining the inclusion indicate that it is not part of the host diamond 
and that it formed in a different geological environment. Right: DiamondView imaging shows that the diamond 
inclusion was captured during the second phase of growth. 


Las NoTEs 


Gems & GEMOLOGY 


SPRING 2015 61 


mond, confirming that it formed in a 
different geological environment. We 
also observed differences between the 
photoluminescence (PL) spectra of the 
inclusion and the host diamond, evi- 
dence that the diamond inclusion 
formed in a different environment 
and was later incorporated as a proto- 
genetic inclusion. This also suggests 
that this diamond may have traveled 
from its original formation environ- 
ment to another geological environ- 
ment after crystallization. 

A DiamondView image shows 
the diamond crystal to have been 
captured in a second growth phase of 
the host diamond crystal (figure 9, 
right). This is the first documented 
case of a diamond crystal inclusion 
with a different origin than that of 
the host diamond. 


Paul Johnson and Kyaw Soe Moe 


PEARLS 


Conservation Concerns over Use 
of Tridacna Shell in Imitation 
Pearls 


Last year the New York laboratory re- 
ported on the use of shell as a pearl 
imitation (Summer 2014 Lab Notes, 
pp. 153-154) and the improper 
nomenclature applied by those mar- 
keting it. We decided to delve deeper 
and investigate the nature of the shell 
beads used in such imitation pearls 
following correspondence with Dr. 
Henry A. Hanni, who previously re- 
ported on this issue (see Summer 
2004 Gem News International, p. 178, 
and references within). 

After removing the outer coating 
on one of the imitation pearls by im- 
mersing it in acetone, we observed a 
banded white bead (figure 10, left). 
Magnification revealed fine and subtle 
flame structures (figure 10, right), indi- 
cating the bead was most likely fash- 
ioned from the shell of a Tridacna 
(giant clam) species. 

All species of the Tridacnidae fam- 
ily are currently listed in Appendix II 
of the Convention on International 
Trade in Endangered Species of Wild 
Fauna and Flora (CITES). Some species, 
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Figure 10. Left: This white shell bead (10.08 mm) was visible after the 
coating was removed from one of the imitation pearls. Right: A subtle 
flame structure was observed on the surface of the shell bead; magnified 


40x, 


such as Tridacna gigas, are more vul- 
nerable than others, such as Tridacna 
squamosa or Tridacna maxima. These 
large saltwater clams can have heavy 
shells fluted with multiple folds (figure 
11) and colorful mantles. Their natural 
habitats lie in the warm marine waters 
of the Indo-Pacific, a fragile region that 
has been heavily impacted by human 
activities. 

These beautiful marine animals 


are commonly harvested from their 
natural habitats or aquaculture farms 
for food (Center for Tropical and Sub- 
tropical Aquaculture Publication No. 
114, University of Hawaii), and their 
shells are fashioned into beads or or- 
naments that are prized by some cul- 
tures. Despite their protection under 
CITES, these shell products are readily 
available on the Internet and often 
very inexpensive (figure 12). Imitation 


Figure 11. These three shells of Tridacna species are part of the collection 
at GIA’s Bangkok laboratory. The two largest measure approximately 33 x 
20 cm each. The two larger shells were found empty by Thai divers, while 
the smaller shell was donated to the Bangkok lab several years ago and 


comes from an unknown source. 


Gems & GEMOLOGY 


SPRING 2015 


Figure 12. Tridacna shell beads of various sizes (4.5 to 10.5 mm) are read- 
ily available from various commercial sites. The carved beads shown on 
the left are marketed as “Tibetan prayer beads.” 


shell “pearls” fashioned from these 
endangered and protected mollusks do 
not offer any obvious advantages over 
common freshwater mussel shells, 
and it is extremely difficult to identify 
the exact Tridacna species or whether 
the mollusks were farmed or har- 
vested from the wild. We urge manu- 
facturers to stop using Tridacna shell 
beads when producing imitation 
pearls. 


Jessie Yixin Zhou and 
Chunhui Zhou 


Large Natural Quahog Pearl 
A notable purple non-nacreous pearl 
(figure 13) recently submitted to GIA’s 
New York laboratory measured 13.69 
x 11.80 mm and weighed 16.64 ct. It 
was immediately recognizable as an 
outstanding specimen due to its clean 
surface, which possessed an attractive 
sheen reminiscent of fine porcelain. It 
had good symmetry, featuring a near- 
round button shape with a perfect 
dome top and a rounded base, and a 
richly saturated and well-distributed 
mid-purple color. 

Real-time microradiography re- 
vealed a tight internal structure, a 
common characteristic of certain 
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natural non-nacreous/porcelaneous 
pearls. Raman spectroscopy using 
514 nm laser excitation (figure 14) 
showed characteristic aragonite 
peaks at 702, 706, and 1086 cm", as 


Figure 13. This northern quahog 
pearl exhibited a fine color and 
shape. 


well as 1130 and 1520 cm" peaks re- 
lated to a mixture of polyenic (poly- 
acetylenic) compounds, the natural 
pigments responsible for its purple 
color, as previously observed in sim- 
ilar pearls (Winter 2008 GNI, pp. 
374-375). The characteristic natural 
purple color and non-nacreous porce- 


Figure 14. The quahog pearl’s Raman spectrum showed the typical arago- 
nite peaks seen in most pearls, together with 1130 and 1520 cnr" peaks re- 


lated to a natural coloring compound. 
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Figure 15. This quahog shell from the eastern coast of the United States 


has a naturally attached pearl. 


laneous appearance indicated a pearl 
from the bivalve mollusk Mercenaria 
mercenaria (belonging to the Veneri- 
dae family), also referred to as the 
“northern quahog.” 

Quahogs are native to the At- 
lantic shores of North America from 
Canada to Georgia, especially on the 
coast of the New England states, and 
can also be found along California’s 
Pacific coast. They can produce non- 
nacreous porcelain-like pearls, and 
their shells typically exhibit an un- 
even white and purple interior color 
(figure 15). Quahog pearls may occur 
in a variety of colors ranging from 
white to brown and from faint pink- 
ish purple to dark purple. Like other 
natural pearls, quahog pearls are 
rarely spherical. Button shapes with 
flat bases are most often encountered. 

Natural northern quahog pearls 
are often submitted to GIA labs. Most 
are below 10 carats with a flat-based 
button shape, usually with a dark or 
light purple color, and tales of their 
accidental discovery while eating 
clams are not uncommon. This qua- 
hog pearl’s large size, clean surface, 
fabulous luster, near-round shape, and 
evenly distributed rich color combine 
to make it an exceptionally fine and 
rare example of its type. 


Joyce Wing Yan Ho 
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SYNTHETIC DIAMOND 

HPHT Synthetic Diamond Melee 
in High-Quality Jewelry Piece 
Advances in the laboratory growth of 
diamonds have led to an increase in 
the number of synthetic diamonds 
seen at GIA. The existence of high- 
quality synthetic diamonds in melee 


sizes is of particular concern. This is 
due in part to the expense of examin- 
ing melee relative to their value. 
While GIA can reliably identify syn- 
thetic melee, this requires individual 
analysis of each stone, preferably be- 
fore mounting. In a complicated piece 
with hundreds of melee, this can be 
prohibitively expensive or time-con- 
suming. The same is true for melee 
parcels. A synthetic diamond mixed 
into a packet may not be identified 
until later, deceiving dealers, jewelers, 
and consumers and potentially caus- 
ing damage to the trade. 

Recently, a pendant with 118 
mounted stones was submitted to 
GIA’s New York laboratory for color 
origin analysis of each individual 
melee (figure 16). The pendant con- 
sisted of a central pear-shaped stone 
surrounded by three consecutive rows 
of round brilliant melee. Of the 118 
stones, 58 were fancy yellow, includ- 
ing the center stone, and 60 were col- 
orless. Using a Fourier-transform 
infrared (FTIR) microscope in reflec- 
tion mode allowed detailed focusing of 
the infrared beam on the mounted 
stones, including those that were par- 
tially obscured. Analysis was carried 


Figure 16. A photo and a detailed illustration of the melee-set pendant 
show the location of all 118 samples. The single HPHT synthetic melee is 


highlighted in both images. 
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Figure 17. Left and center: DiamondView fluorescence images of the 0.00431 carat type Ib diamond show clear 
cuboctahedral HPHT synthetic growth sectors. Right: The sample’s strong phosphorescence is atypical for a dia- 
mond of this type and color. 


out on a Thermo Nicolet iN10 FTIR 
microscope, which determined the di- 
amond type classification of each 
melee stone from its mid-IR absorp- 
tion spectra (C.M. Breeding and J. E. 
Shigley, “The ‘type’ classification sys- 
tem of diamonds and its importance in 
gemology,” Summer 2009 G&G, pp. 
96-111). One melee was identified as 
an HPHT-grown (high-pressure, high- 
temperature) synthetic diamond, based 
on its infrared spectrum as well as its 
color, fluorescence pattern, and phos- 
phorescence behavior. This 0.00431 ct 
melee was removed from the setting 
to confirm its origin as HPHT-syn- 
thetic. The rest were confirmed as 
natural diamonds. 

Of the 118 melee, 114 were classi- 
fied as type IaA or type IaAB. These 
were characterized by absorption 
from aggregated nitrogen centers, 
where A-centers (nitrogen pairs) and 
B-centers (four nitrogen atoms sym- 
metrically surrounding a vacant lat- 
tice site) absorb infrared light at 1282 
and 1174 cm, respectively. These 
spectra revealed sufficient A-center 
concentrations, eliminating the pos- 
sibility of HPHT treatment, which 
would have deaggregated the centers 
into isolated nitrogen atoms (A.T. 
Collins, “The colour of diamond and 
how it may be changed,” Journal of 
Gemmology, Vol. 27, No. 6, 2001, pp. 
341-359). Since A- and B-center ab- 
sorptions occur solely in the infrared 
range, their presence does not produce 
color. Instead, the yellow color ob- 
served in 57 of these type IaA/IaAB 
stones resulted from absorption from 
the N3 defect at 415 nm (a complex of 
three nitrogen atoms surrounding a 
vacancy) and associated peaks at 453, 
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452,465, and 478 nm. This spectrum 
is known as the “Cape series,” and 
such goods are commonly referred to 
as “Cape yellow.” 

Two colorless stones were classi- 
fied as type IaB, showing only pure B- 
aggregate absorption; the remaining 
colorless stone was type Ila, meaning 
it did not show IR absorption from 
any nitrogen-related impurities. Fi- 
nally, a partially obscured yellow 
stone near the bottom of the piece 
was type Ib, showing absorption due 
to isolated nitrogen impurities, and 
characterized by features at 1130 and 
1344 cm. Isolated nitrogen centers 
also produce a broad absorption fea- 
ture in the UV-visible range (approxi- 
mately 270 nm), resulting in a 
coloration often described as “Canary 
yellow.” Type Ib diamonds are very 
rare, representing only 0.1% of all nat- 
ural diamonds (R. Tappert and M.C. 
Tappert, Diamonds in Nature, 
Springer, Berlin, 2011). Conversely, 
this diamond type is common in yel- 
low synthetic diamonds. Due to the 
absence of A-centers, these four sam- 
ples required further testing. 

Photoluminescence spectroscopy 
confirmed that the type IaB and Ila 
stones were natural in origin. However, 
the type Ib stone (marked in figure 16) 
was further examined with Diamond- 
View imaging, which showed that it 
exhibited strong yellow-green fluores- 
cence under deep ultraviolet illumi- 
nation (wavelength <230 nm) and 
indicated growth sector patterns typ- 
ical of HPHT synthetic diamonds, as 
well as strong blue phosphorescence 
inconsistent with natural yellow type 
Ib diamonds (J.E. Shigley et al., “A 
chart for the separation of natural and 
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synthetic diamonds,” Winter 1995 
Gea, pp. 256-264; J.E. Shigley et al., 
“Gemological properties of near-col- 
orless synthetic diamonds,” Spring 
1997 GWG, pp. 42-53). The 0.00431 
ct yellow stone was removed from its 
mounting for more comprehensive 
examination with the DiamondView 
(figure 17). Its cuboctahedral synthetic 
growth sectors were clearly seen from 
both the table and pavilion, confirm- 
ing its HPHT synthetic origin. 
Although this could have been an 
isolated event, it underscores the need 
for caution when buying melee parcels 
or mounted pieces from unfamiliar 
sources. Nevertheless, it is important 
to note that such stones can be un- 
equivocally identified as lab-grown. 
Colorless and near-colorless (D-N) un- 
mounted diamonds larger than 0.01 ct 
can be tested using commercially 
available testing equipment such as 
the GIA DiamondCheck. Meanwhile, 
colored diamonds, smaller stones, and 
mounted jewelry need to be tested by 
a reputable gemological laboratory. In- 
creased industry awareness, combined 
with diamond testing, may deter the 
spread of undisclosed synthetics, ulti- 
mately benefiting both sellers and 
buyers of polished diamond goods. 
Rachel Sheppard, Ulrika D’Haenens- 
Johansson, Kyaw Soe Moe, 
Tom Moses, and Wuyi Wang 


Large HPHT-Grown Synthetic 
Diamonds Examined in GIA‘s 

Hong Kong Laboratory 

Over the last decade, the jewelry in- 
dustry has seen rapid improvement in 
the quality of synthetic diamond 
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Figure 18. These two large synthetic diamonds were produced using 
HPHT growth methods by the Russian firm New Diamond Technology. 
The 4.30 ct specimen on the left has D color and SI, clarity. On the right 
is a 5.11 ct sample with K color and I, clarity. 


grown by the CVD (chemical vapor 
deposition) method. Colorless and 
near-colorless CVD synthetics with 
sizes up to 3.04 ct, with I color and SI, 
clarity, have been reported. GIA’s Hong 
Kong laboratory recently examined 
two large synthetic diamonds created 
using the HPHT (high-pressure, high- 
temperature) method that demon- 
strated parallel progress in the two 
growth technologies. These samples, 
shown in figure 18, were produced in 
Russia by New Diamond Technology. 

The first was a 4.30 ct cushion 
shape with D color and a clarity grade 
of SI, based on three small clusters of 
metallic inclusions. The other was a 
5.11 ct cut-cornered rectangular mod- 
ified brilliant. It had K color and a 
clarity grade of I,, the result of a few 
metallic inclusions and two small 
fractures in the girdle area. Neither 
one showed reaction to long-wave UV 
radiation. When they were exposed to 


short-wave UV, a medium to strong 
green-yellow fluorescence was ob- 
served. Both showed strong yellow- 
green phosphorescence lasting more 
than 20 seconds. One noteworthy fea- 
ture was the absence of pinpoint in- 
clusions, which are common in 
HPHT synthetic diamonds and often 
distributed throughout the crystal. 
Absorption spectra in the infrared 
region demonstrated these were type 
II diamonds, with no absorption band 
detected in the one-phonon region 
(approximately 1350-1000 cm") 
where nitrogen impurities occur. A 
very weak 2800 cm band was attrib- 
uted to trace substitutional boron. A 
higher boron concentration was 
recorded in the D-color synthetic dia- 
mond (7 + 1 ppb, compared to 1.2 + 0.2 
ppb). Photoluminescence spectra col- 
lected at liquid-nitrogen temperature 
with varying laser excitations re- 
vealed an emission doublet at 


736.6/736.9 nm from the silicon-va- 
cancy defect, and an 882.7/884.4 nm 
doublet from the well-known Ni-re- 
lated defect. Very weak emissions 
from nitrogen-vacancy centers at 
575.0 and 637.0 nm were detected 
only in the K-color sample. Besides 
metallic inclusions, another impor- 
tant identification feature of HPHT 
synthetics is fluorescence. Typical flu- 
orescence patterns showing multiple- 
sector growth were observed in both 
samples. 

These two diamonds were dis- 
closed as HPHT synthetic when sub- 
mitted for examination. Tested using 
the GIA DiamondCheck device, both 
were referred for further testing. 
Gemological observations and spec- 
troscopic features confirmed they 
were HPHT synthetics. 

Examination of these improved 
HPHT synthetic diamonds, the largest 
synthetic diamonds produced by any 
method that GIA has examined so far, 
demonstrated significant progress in 
this growth technology. In addition to 
their use as gem materials, crystals of 
this size have many potential indus- 
trial applications. 


Ping Yu Poon, Shun Yan Wong, and 
Carmen Lo 


SYNTHETIC MOISSANITE Melee 
in a Colored Diamond Bracelet 

A colored diamond bracelet submit- 
ted to the New York laboratory for 
identification (figure 19) contained 
162 round brilliants ranging from 0.05 
to 0.20 ct, with a color range from 
near-colorless to fancy yellow and 
brownish yellow. Melee-size dia- 


Figure 19. This fancy-color melee diamond bracelet contained two synthetic moissanites. 
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Figure 20. Raman spectroscopy confirmed the identification of two color- 
less round brilliants as synthetic moissanite with peaks at 768, 789, and 


966 curt, 


monds below 0.20 ct are usually not 
screened for synthetics and imita- 
tions, and melee set into fine jewelry 
are very seldom tested due to limita- 
tions from the mounting. But because 
of recent concerns over fine diamond 
jewelry set with melee-size synthetics 
and imitations (see H. Kitawaki et al., 
“Identification of melee-size syn- 
thetic yellow diamonds in jewelry,” 
Fall 2008 GeG, pp. 202-213, Winter 
2014 Lab Notes, pp. 293-294), we de- 


cided to conduct a full analysis on the 
mounted round brilliants in this 
bracelet. 

Testing was first performed on the 
60 near-colorless round brilliants with 
the DTC DiamondSure. Several sam- 
ples were referred and sent for further 
testing using Raman spectroscopy. Of 
these, two round brilliants were sus- 
pected as imitation. Close examina- 
tion under the optical microscope 
revealed obvious doubling on the 


facet junctions, a key identification 
feature for synthetic moissanites (K. 
Nassau et al., “Synthetic moissanite: 
A new diamond substitute,” Winter 
1997 GwG, pp. 260-275). Further 
testing with Raman spectroscopy 
confirmed this identification with 
three peaks at 768, 789, and 966 cm"! 
(figure 20). 

FTIR spectroscopy performed on 
the other referred near-colorless and 
colored melee identified them as nat- 
ural. One melee was found to be type 
IaB, while the others were type IaA. 

This analysis showed that melee- 
sized diamond imitations are being 
mixed with natural diamond parcels 
and set into fine jewelry without 
proper disclosure. Therefore, proper 
identification by a gemological labo- 
ratory is an essential tool to maintain- 
ing the integrity of the industry. 


Jessie Yixin Zhou 
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TUCSON 2015 


Once again, buyers and sellers from all over the world con- 
verged on a corner of the American Southwest for the an- 
nual Tucson gem shows. Many broad trends continued 
from 2014: Consuming markets are hungry for fine colored 
gems, and demand still outstrips supply, causing prices for 
some gems to reach new highs. As more buyers from Asia 
compete for new production of rough gemstones, the sec- 
ondary market is becoming more important for domestic 
dealers. Many recycled gems and jewelry pieces were re- 
turning to the market through estate sales, or directly from 
owners lured by all-time high prices. Some sellers were 
showing items that had been held in inventory for years or 
even decades (figure 1). These included fine corundum, Im- 
perial topaz, red spinel, and aquamarine. We noted that 
many of these “recirculated” goods were exceptional gems, 
superior to newly mined production. Many vendors are un- 
able to source new production at prices their clientele are 
prepared to pay. 

Cultured pearls of every type were in high demand—es- 
pecially from the Chinese market. The same was true of 
rubellite and “watermelon” tourmaline, tsavorite, and 
spinel, especially red to pink material from Mahenge, Tan- 
zania. 

Overall, we observed several clear trends: 


e Many gem-quality stones were cut in nontraditional 
shapes such as cabochons, fantasy cuts, carvings (fig- 
ure 2), and even slices. 

e Many jewelry pieces had an organic, natural feel. 
Similarly, non-round pearls—particularly large 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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baroque shapes—were also everywhere. The freeform 
shapes of many opals also fit well with natural-shape 
trends for jewelry, lending themselves to carved 
flowers, animals, and abstract pieces. 


e Designers were seeking out unusual colors for stan- 
dard gems: fancy-color sapphires, colored diamonds, 
tourmalines, spinel, garnets, zoisite, zircon, and 
beryl (morganite was very much in demand). 

e Many vendors told us they left their “traditional” in- 
ventory items at home, as they can sell those at any 
time. The Tucson crowd demands the unusual (fig- 
ure 3}, so vendors brought nontraditional items and 
were reportedly selling them at a good pace. 

e Even though red-brown “Marsala” was named the 
Pantone color of the year for 2015, it did not appear 
to be an overall favorite, with the most observed col- 
ors being bright blues, greens, and pinks. 

e The largest crowds observed at the wholesale 
shows were gathered at the booths selling nontra- 
ditional gem materials such as cabochons, druzy, 
tourmalinated and rutilated quartz (again, see fig- 


Figure 1. Many sellers at Tucson were displaying very 
large, fine, or unusual gems that had been held in in- 
ventory for years. Photo by Duncan Pay/GIA; cour- 
tesy of Noor Gems Japan Ltd. 
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Figure 2. Rutilated quartz was a popular material at 
the 2015 Tucson gem shows. These examples were 
carved by German artist Alexander Kreis. Photo by 
Eric Welch/GIA; courtesy of Sonja Kreis. 


ure 2), and crystal slices—material typically used 
in “craft” jewelry. 

¢ Opal (figure 4) was prominent: There was an abun- 
dance of Ethiopian hydrophane opal, Australian opal, 
Mexican fire opal, and material from the U.S. Recent 
finds in Ethiopia have generated a buzz for all types, 
according to several vendors. 


Foot traffic at the main AGTA and GJX shows appeared 
down from 2014, but most merchants reported brisk sales, 
especially of very fine or unique items. In fact, many ven- 
dors mentioned that this was their best show in recent 
years. Eric Braunwart of Columbia Gem House (Vancou- 
ver, Washington) said he had forgotten what a “good year 
was like” until this show. 
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Figure 3. All throughout central Tucson and along the 
Interstate 10 corridor, tents sprang up around hotels 
and other venues to host buyers and sellers from all 
over the globe. Photo by Duncan Pay/GIA. 


Alexander Wild (Wild & Petsch Lapidaries, Kirsch- 
weiler, Germany) provided a broad-brush market update 
from his firm’s perspective. Rough prices for many gems 
continued on an upward trajectory, he reported. Just a few 
years ago, fine-color, high-clarity rubellite tourmaline sold 
at wholesale for $300 to $350 per carat. These numbers re- 
flected the asking price for superb quality, with perhaps 
just a few tiny inclusions. In 2015, prices for equivalent 
material are almost triple that figure. 

As in the previous year, sourcing rough gems remains 
a problem, although it is by no means impossible for es- 
tablished companies with good connections in source 


Figure 4. Opals of all 
kinds were prominent 
at this year’s shows. 
The freeform shapes of 
these Mexican fire 
opals lend themselves 
to one-of-a-kind pieces. 
Photo by Eric Welch; 
courtesy of Opalos & 
Artesanias Mexicanas. 
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ously had been encrusted there. 

In the area of (B) were several super- 
ficial separation planes which were colored 
by a reddish (possibly iron oxide) material. 
This reddish color had an influence on the 
color of the diamond which was brown 
with a tinge of rose. When cut, the fash- 
joned stones were of the same color. 

The rough diamond was purchased by 
the associated diamond buyers, Genach 
Shadrycki and Luiz Pires Galante. Later, 
upon reimbursing his partner, Shadrycki be- 
came the sole owner of the “Presidente 
Dutra.” He entrusted the cutting of the 
stone to Fredrich Karl Odenbreit, a young 
German Brazilian cutter, in Rio de Janeiro, 


who obtained from it 36 stones, all but 
four of which are shown in the photo- 
graph (Figure 2). 

Cut in brilliant.style, and totaling 136.00 
carats, the largest stone was 9.60 carats 
and the smallest 0.55 carats. The total 
weight realized on cutting was one third 
of the total weight of the rough stone. 

The Classifying and Appraising of Pre- 
cious Stones Bureau of the Ministry of the 
Treasury appointed Senor Esmeraldino Reis 
for the study, classification, and apprais- 
ing of the “Presidente Eurico Gaspar 
dutra.” 

Esmeraldino Reis 
Rio de Janeiro, Brazil 


¢ 32 of the 36 stones cut from the 407.68 carat rough diamond. 
Actual size. 
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Figure 5. The Cruzeiro mine, the Miranda Group, and 
KGK work together to bring Brazil’s bicolor and rube- 
lite tourmaline to the market in China. The Cruzeiro 
mine provides the rough to the Miranda Group, 
which cuts the material. Photo by Andrew Lucas; 
courtesy of Miranda Group Co. Ltd. 


countries, such as Wild & Petsch. The company is able to 
source quality rough, though prices are definitely higher 
for many goods. Since mid-2014, prices for many other 
commodities such as oil and copper have fallen. But gem- 
stone rough prices continue to rise, largely due to demand 
from China. In Wild’s opinion, such high prices are unsus- 
tainable. He wondered how long this would continue, ask- 
ing rhetorically, “Is this a gem bubble?” 

Asked what was in demand, he answered that it was the 
gemstones Wild & Petsch is known for: fine tourmaline and 
beryl. With their African connections, they secured a nice 
production of Parafba-type copper-bearing tourmaline from 
Mozambique, along with good parcels of aquamarine. As a 
result, they were able to offer their clientele this material 
at what Wild considered very fair market prices. In contrast, 
supply of rubellite and pink tourmaline rough is quite dif- 


Figure 6. Rough tourmaline crystals are sliced or 
sawn by the Miranda Group in Hong Kong, then 
faceted and polished at their factory in Shenzhen. 
Photo by Andrew Lucas; courtesy of Miranda Group 
Co. Ltd. 
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Figure 7. Fine Brazilian rubellite tourmaline at the 
Miranda Group’s factory in Shenzhen—most of these 
cut stones are larger than 10 ct. The factory needs to 
receive 100 kilos of rough per month to meet produc- 
tion goals of 25,000 to 30,000 carats. KGK markets 
and sells the cut stones and also mounts them into 
jewelry for sale, primarily in China. Photo by Andrew 
Lucas; courtesy of Miranda Group Co. Ltd. 


ficult, and most of his supply has been coming from Nige- 
ria. Brazilian rubellite is basically unavailable. 

[Editor’s note: In a 2014 visit to Brazil’s Cruzeiro mine 
in Minas Gerais State, a GIA team witnessed recovery of 
large facet-grade rubellite crystals (figure 5), which were all 
put aside for exclusive sale to a consortium—composed of 
the Miranda Group and KGK—that fashions the material 
at its own factory in Shenzhen, China, for the Chinese 
market (figures 6 and 7). Only blue to green production was 
available for sale to local and export markets.] 

Adjusting to price fluctuations has always been part of 
life for colored stone merchants, Wild conceded, but not 
sudden, successive increases to levels that are three, four, 
or five times higher than the market was previously accus- 
tomed to (see www.gia.edu/gia-news-research-miranda- 
journey-of-rubellite-tourmaline). 

Wild offered the possibility that at some point a single 
market will be satisfied—even one as large as China’s. 
When that happens, suppliers will have to find other mar- 
kets for these goods. Wild believes the North American 
and European markets are more sophisticated in terms of 
pricing—especially for cut goods—than China’s current 
market. There is also the possibility that any political up- 
heavals there could cause rough prices for certain gems to 
go down sharply, he said. And that could spell trouble for 
some miners who base their operations on today’s histori- 
cally high rough gem prices. 

Wild said business at the 2015 show had been better 
than the year before. He reckoned business was a third 
above 2014, with some big-ticket items—including a fine 
aquamarine suite—spoken for prior to the show. He con- 
firmed our impression that traffic was down slightly from 
last year—possibly due to fewer Asian buyers or the winter 
travel difficulties on the U.S. East Coast. 

Wild intimated that many clients came with specific 
requirements in mind, particularly aquamarine or Paraiba- 
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Figure 8. A group of Paraiba tourmalines from Brazil’s 
Rio Grande do Norte state. From the top: a 6.28 ct 
cushion, a 1.73 ct triangular brilliant, a 5.28 ct oval, 
three smaller ovals totaling 3.50 carats, and a 0.97 ct 
triangular brilliant. Photo by Robert Weldon/GIA; 
courtesy of Brazil Paraiba mine. 


type tourmaline, and selection was good for these gems at 
this year’s show. He mentioned they had even sold a few 
collectors’ pieces, including a beautiful large green step-cut 
beryl that measured more than 200 ct. That was a surprise 
to him, because such items have proven more difficult to 
sell the last few years. 

“Everyone is searching for good things,” Wild con- 
cluded. “For the most part, we get what we need.” Asked 
if the trend is still toward finer, more unique pieces, Wild 
responded, “Absolutely. I think quality still comes first. A 
lot of the trends from last year still apply, and we’re still 
waiting to see if there’s going to be any deflation in pricing 
for some goods.” 

Once again, G&G greatly appreciates the assistance of 
the many friends who shared material and information 
with us this year, with special thanks to the American 
Gem Trade Association for providing photography studio 
space during the AGTA show. Dr. Tao Hsu, Andy Lucas, 
Donna Beaton, Pedro Padua, and Dr. Jennifer Stone-Sund- 
berg contributed to these reports. 


New production of copper-bearing tourmaline from Rio 
Grande do Norte, Brazil. At the GJX show, Sebastian and 
Ananda Ferreira (Brazil Paraiba mine, Parelhas, Brazil} 
showed us examples of new production from their MTB 
mine, which a GIA team visited in April 2014. The seven 
principal stones we saw were a 6.28 ct square cushion, a 
1.73 ct triangular brilliant, a 5.28 ct oval, three small ovals 
totaling 3.50 carats, and a smaller 0.97 ct triangular bril- 
liant (figure 8). 
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Figure 9. Discovered in early 2014, this spray of cop- 
petr-bearing tourmaline was a harbinger of new pro- 
duction at the MTB mine in Rio Grande do Norte. 
Photo by Duncan Pay/GIA. 


The MTB mine is located at the northern edge of a ridge 
of low, rounded hills that curve to the south and west from 
Rio Grande do Norte toward the original copper-bearing 
tourmaline discoveries by Heitor Barbosa at Mina da 
Batalha in the state of Paraiba. The geology is very similar 
to the Batalha occurrences, except that the feldspars in the 
MTB mine’s pegmatites are not decomposed. 

These gems represent the first new production from the 
mine in several years. At the time of GIA’s visit, the oper- 
ation was reprocessing ore from previous mining for melee- 
sized rough. This produces strongly colored precision-cut 
gems, much in demand for the watch industry. When GIA 
visited the mine, miners had recently extended the work- 
ings downward and been rewarded with sprays of what ap- 
peared to be copper-bearing tourmaline in the wall rock 
(figure 9). 
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Figure 10. This exceptional 9.22 ct emerald is from 
Belmont’s underground mine. Photo by Robert Wel- 
don/GIA; courtesy of the Belmont mine. 


The new production that furnished the cut gems seen 
in figure 8 came a few weeks after the GIA team’s depar- 
ture. For more on the MTB mine, please see www.gia.edu/ 
gia-news-research-an-overview-of-2014-gia-brazil-expedition. 

Duncan Pay 
GIA, Carlsbad 


New production of Brazilian emerald from Minas Gerais. 
At the GJX show, Marcello Ribeiro (Belmont Mine, Itabira, 
Brazil) showed us production from Belmont’s underground 
mine, including one especially fine 9.22 ct stone (figure 10). 
Asa GIA team visited Belmont in April 2014, it was inter- 
esting to see the gems from this relatively new part of the 
mining operation for sale at the show. 

Originally the site of a cattle ranch, Belmont yielded its 
first emeralds in 1978 (H.A. Hanni et al., “The emeralds of 
the Belmont Mine, Minas Gerais, Brazil,” Journal of Gem- 
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mology, Vol. 20, Nos. 7-8, 1987, pp. 446-457). Since then, 
the mine has expanded to include both open-pit and un- 
derground operations with a highly sophisticated recovery 
plant. Mining is supported by a comprehensive geological 
survey program. To date, more than 15 km (9.3 miles) of 
3.8 cm (1.5 inch) diameter cores have been drilled. Geolog- 
ical surveys indicated that a 300-meter-thick schist layer— 
with emerald potential—underlies much of the property, 
including the recovery plant. Core sampling defined the 
extent and depth of the emerald ore body and proved the 
viability of an underground mine at Belmont. Sampling the 
underlying rocks also helped plan the mine’s mechanical 
structure by showing which layers would be capable of 
supporting underground tunnels. 

The underground mine is accessed via a 666-meter 
ramp that allows removal of up to 30 to 40 truckloads of 
ore per day using large commercial trucks (figure 11). At 
the time of our visit, approximately 10 to 15 truckloads per 
day (about 200 tonnes) were being taken to the recovery 
plant. The underground workings deliver a ratio of one 
tonne of ore to one tonne of waste. Each tonne of ore yields 
about two grams of rough emerald. On average, those two 
grams of rough produce two carats of faceted emeralds. By 
contrast, the ratio for the current open pit is only one tonne 
of ore per 11 tonnes mined. The rest is overburden or 
waste. There is clearly the capacity for many more years 
of productive mining at Belmont. 

During the same April 2014 trip, GIA field gemologists 
visited the Montebello mine, near Nova Era. At this year’s 
GJX show, Sergio Martins (Stone World, Sao Paulo) showed 
us new production from that mine (figure 12). These gems 
were in the 2-4 ct range, bright with strong color and good 
luster. 


Figure 11. A full-size 
truck navigates the 
tunnels of Belmont’s 
underground mine. 
From the outset, the op- 
erators determined this 
would be a high-capac- 
ity, ramp-style mine. 
Photo by Duncan 
Pay/GIA; courtesy of 
the Belmont mine. 
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Figure 12. This array of gems in the 2-4 ct range from 
the Montebello mine shows the bright, vivid appear- 
ance of high-quality emeralds from Nova Era. Photo by 
Robert Weldon/GIA; courtesy of the Montebello mine. 


The Montebello mine is adjacent to the independent 
miners’ village of Capoeirana, about 6 km (3.7 miles) from 
Nova Era. Capoeirana is about 26.5 km (16.5 miles) east of 
Itabira. Unlike the larger mechanized operation at Bel- 
mont, the area around Capoeirana hosts a variety of small- 
scale mining activities by these independent miners, 
known as garimpeiros. The Montebello mine is perhaps 
the largest, employing 15 of them. 

Emeralds were first discovered near here in 1988 (D. Ep- 
stein, “The Capoeirana emerald deposit near Nova Era, 
Minas Gerais, Brazil,” Fall 1989 GwG, pp. 150-158; 
www.gia.edu/gems-gemology/fall-1989-brazil-emeralds- 
epstein). The exploration that led to a mining boom in 
nearby Capoeirana was triggered by the discovery of 
emerald at Belmont. Production has dwindled in Nova 
Era, due in part to the 2008 global economic recession and 
the greater depths—often more than 100 meters—tre- 
quired to reach the emerald mineralization (A. Lucas, 
“Brazil’s emerald industry,” Spring 2012 G&G, pp. 73-77; 
www.gia.edu/gems-gemology/spring-2012-brazil-emerald- 
lucas). Emerald mineralization in the surrounding area 
appears to start in Nova Era and finish at the Belmont 
mine. Between them is another—currently unworked— 
mine, called Piteiras, which Martins used to operate. 
Mining stopped there due to ownership disputes that the 
parties hope will be resolved shortly. 

At Montebello, the main elevator shaft descends 130 
meters. At the time of GIA’s visit, miners had sunk a new 
vertical shaft about 40 meters below the level of the exist- 
ing main shaft (figure 13). It follows a new vein that dips 
steeply underground. Neighbors in an adjacent mine have 
already found a productive vein at about that level. When 
the miners sunk their shaft, they located a seven-meter- 
thick seam of soft black schist underlain by granite. Emer- 
alds occur in the boundary where the quartz meets the 
schist. The dark color of the schist and the presence of 
quartz are good indicators for emeralds and pale beryl crys- 
tals. From this new 40-meter shaft, they are driving a new 
horizontal tunnel out into the schist. The miners plan to 
expand the shaft and install a second elevator. The miners 
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Figure 13. At Montebello, the miners have sunk a new 
shaft to follow a promising vein of emerald-bearing 
schist to deeper levels in the mine. The base of the 
new shaft is 170 meters below the surface. Photo by 
Andy Lucas/GIA; courtesy of the Montebello mine. 


added that Montebello’s stones appear to increase in size 
and color with depth. 


Duncan Pay 


Exceptional red spinels and fine aquamarine. At the GJX 
show, Axel Henn (Henn GmbH, Idar-Oberstein, Germany) 
showed a superbly colored 61.29 ct Tanzanian red spinel 
measuring 36.49 x 18.44 x 13.55 mm (figure 14}, along with 
two pear-shaped gems cut from similar rough. Red spinels 
of this size, color, and quality are exceptionally rare. Indeed, 
stones of such deep, rich color larger than 50 ct are almost 
unheard of. 

According to Henn, this gem was from a find of three 
exceptionally large spinel crystals (one larger than 50 kg) 
recovered from a dried riverbed in the mid-2000s. Henn 
heard of the discovery through a local Tanzanian contact. 
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Figure 14. Superb Tanzanian red spinel marquise of 
61.29 ct. Photo courtesy of Henn Gems. 


The crystals needed to be hammered and trimmed, but 
they still produced cuttable rough of significant size, in- 
cluding a suite of gems totaling 174.58 carats. In his opin- 
ion, the 61.29 ct marquise is the finest of the lot. 

This is likely the same discovery as the widely reported 
2007 recovery of four giant spinel crystals weighing 52, 28, 
20, and 5.7 kg from a zone in the Ipanko ruby and spinel 
mining area known as the “Joel Box.” Reported as having 
a “vibrant orangy, pinkish red color,” the largest crystal 
was broken up for transportation away from the mining 
area. The outside portions of crystals had some superb cut- 
table material, but the cores were mostly lower quality. Al- 
though the eventual yield was said to be as low as 3%, the 
crystals had the potential to produce many thousands of 
carats of cut gems, including significant pieces of over 50 
ct. The 61.29 ct marquise is likely part of this yield. 

Henn also displayed a superb 450.08 ct rectangular (cor- 
ners-on) step-cut aquamarine (figure 15). This gem pos- 
sessed the coveted pure blue “Santa Maria” color, with no 
hint of green or yellow (this name refers to a mine near 
Santa Maria de Itabira in Minas Gerais, Brazil). The gem 
was of stunning clarity—this cutting style is very revealing 
of any imperfections—and was fashioned from rough re- 
covered in 1927. Henn said he purchased the rough from 
an “old gemstone family,” and it had been “kept in the 
basement” for generations. 


Duncan Pay 


Fine tsavorite and spinel. Bruce Bridges (Tsavorite USA 
Inc., Tucson) said that fine stones often return to his in- 
ventory after years in a collector’s possession. At the 
AGTA show, he showcased a vivid, top-quality 12.46 ct 
cushion-cut tsavorite fashioned some 15 years earlier, 
which made its way back into the market in the last two 
years (figure 16). As tsavorite rough has a high value, gems 
are typically cut to maximize weight. Rough is typically 
recovered as long, thin asymmetrical fragments that lend 
themselves to pear, marquise, and trilliant shapes. This ex- 
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Figure 15. Among the many fine aquamarines at Axel 
Henn’s booth, the standout was this 450.08 ct square 

step-cut gem. Photo by Duncan Pay/GIA; courtesy of 

Henn Gems. 


ample’s unusual square cushion shape, large size, color, and 
clarity make it a notable and rare gemstone. 

After seeing the wealth and variety of gems on display 
at the Tucson gem shows, it might be easy to come away 
with the impression that fine colored stones are not par- 
ticularly rare. Yet the truly magnificent stones are ex- 
tremely rare and often have a memorable provenance. One 
such gem is the 18.21 ct triangular cut red spinel Bruce 
Bridges showed us at his AGTA booth (figure 17). Accord- 
ing to Bridges, this magnificent gem was cut in 2007 in 
Bangkok from rough recovered in one astounding find in 
Tanzania’s Ipanko mining area that yielded several giant 
spinel crystals, one of which weighed in at over 50 kg. A 
number of other dealers at this year’s show, including Axel 


Figure 16. This spectacular 12.46 ct tsavorite recently 
returned to Bruce Bridges’s inventory after being in a 
collector’s possession for many years. Photo by Robert 
Weldon/GIA; courtesy of Bridges Tsavorite. 
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Figure 17. This 18.21 ct Tanzanian red spinel was 
fashioned from material recovered from one of four 
enormous multi-kilogram crystals reputedly found in 
the Ipanko ruby and spinel mining area near Ma- 
henge, Tanzania. Photo by Robert Weldon/GIA; cour- 
tesy of Bridges Tsavorite. 


Henn, also displayed fine gems from this one extraordinary 
discovery. 


Donna Beaton 
GIA, New York 


Fine corundum, demantoid garnet. At the AGTA show, 
Dave Bindra (B&B Fine Gems, Los Angeles) showed us 
some exceptional corundum, especially fine untreated yel- 
low and pink sapphires. 

The first standout piece Bindra showed us was an 8.56 
ct unheated, intense pink sapphire of extremely high clarity 
from Madagascar. Under the lights of our photo studio, it 
showed an intense pink hue (figure 18). A gem of this quality 
might expect to realize a wholesale price in the region of 
$10,000 to $15,000 per carat. Bindra noted that Madagascar 
is producing some superb fancy sapphire, including pink, vi- 
olet, and “padparadscha” colors. 

Although this pink gem represented recent production, 
Bindra explained that the secondary market has become an 
extremely important source for many dealers now that com- 
petition for freshly mined goods is so intense, particularly 
from buyers serving Asian markets. These recirculated gems 
coming back onto the market offer a way for dealers to pro- 
cure stones that often surpass current production in size and 
quality, or are simply unobtainable today. As an example, 
Bindra cited an 89.55 ct unheated golden sapphire from Sri 
Lanka (figure 19), remarking that he had not seen material 
of this color emerge from the ground in Sri Lanka for more 
than 10 years. Originally this gem was somewhat larger, 
over 100 ct. Modern cutting reduced the weight slightly but 
produced a dramatic improvement in color and brilliance. 
Bindra described this gem’s appearance and stature as “world 
class.” As such, it would likely command a wholesale price 
in excess of $3,000 per carat. 

Bindra next showed us a blend of new production and 
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Figure 18. This unheated 8.56 ct intense pink sapphire 
represents the very best of recent production from 
Madagascar. Photo by Robert Weldon/GIA; courtesy 
of B&B Fine Gems. 


recirculated stones: a graduated suite of 12 perfectly 
matched Russian demantoid garnet round brilliants. Each 
gem contained a classic “horsetail” inclusion. Weighing in 
at 20 carats total, the suite took Bindra four years to com- 
plete. He described it as a special item, with the stones 
from the secondary market selected and recut to perfectly 
match the newer gems. 

For Bindra, Mozambique is the future of ruby produc- 
tion. He illustrated this with three fine heated gems from 
the Montepuez deposit weighing 7.05, 7.92, and 9.35 ct (fig- 
ure 20). Although all three stones represented beautiful, 
clean material, he considered the 7.92 ct gem the finest, due 
to its superior brilliance and intense red hue. Due to the on- 
going trade embargo with Myanmar, classic “Burmese” 
ruby is unobtainable for U.S. dealers. Fine Mozambique ru- 
bies like these in the 7-9 ct range are in high demand and 
exceptionally rare. Gems larger than 4 or 5 ct are increas- 
ingly hard to find, Bindra pointed out. 


Figure 19. This exceptional unheated 89.55 ct golden 
sapphire from Sri Lanka is an example of a recircu- 
lated stone. Photo by Robert Weldon/GIA; courtesy of 
B&B Fine Gems. 
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Unlike Myanmar, Mozambique does not carry the 
stigma of human rights abuses. The heat treatment of these 
rubies is not an issue with consumers, either. As Bindra ex- 
plained, the market for top natural unheated ruby has now 
reached such rarified levels that buyers are very receptive to 
high-quality heated rubies. (The current auction record is 
held by an unheated 8.62 ct Graff ruby, of Burmese origin, 
which sold for $8,372,094—or $994,040 per carat—at a 
Sotheby’s Geneva auction in September 2014.) Purchasing 
such expensive stones is a stretch even for the top 1% of 
consumers. By contrast, stones like the three Bindra showed 
us wholesale in the region of $35,000 to $50,000 per carat. 
He said gems like these are “quite consumable” and can be 
the centerpieces of wearable jewelry, meaning they will oc- 
casionally be seen outside of safe deposit boxes. 

Bindra faces the same issue as many other colored stone 
dealers in Tucson: scarcity of new rough production due to 
intense competition between the U.S. market and buyers 
purchasing for Chinese consumers. This is the major driver 
for dealers looking for alternative sources of gems such as 
recirculated goods, he said. 

The new wealth in China has created a different dy- 
namic. For more than 50 years, American and European 
consumers have been the main buyers of fine gemstones, 
he explained. Now these established markets have compe- 
tition, and Bindra and many of his colleagues in the busi- 
ness supply gems to these competitors as well. Besides 
China, other cultures—India, for instance—have a rich 
jewelry heritage, and consuming gems is ingrained. This 
trend is not going to change, so there will be more wealthy 
consumers in emerging markets that desire colored gems, 
and current producers will struggle to meet demand. 

In terms of demand at the show, Bindra reported that 
rubies and unheated sapphires were quite strong. There 
was demand for anything rare and exotic, goods that the 
average consumer would not find elsewhere. He also saw 
renewed demand for emerald. In the past, he noted a “cer- 
tain favoritism” toward Colombian emerald, but increased 
supplies of quality gems from Zambia have made it a much 
more popular source and established the “Zambian brand” 
in people’s minds. 


Duncan Pay 
High-end colored gems. At GJX, Constantin Wild (W. Con- 
stantin Wild & Co., Idar-Oberstein, Germany) showed us 


a remarkable multicolored suite composed of 12, gems from 
all over the world. The total weight was 290 carats, with 
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Figure 20. Left to right: 
These heated rubies 
from Mozambique 
weigh 7.05, 7.92, and 
9.35 ct. Photos by 
Robert Weldon/GIA; 
courtesy of B&B Fine 
Gems. 


each gem weighing approximately 25 ct and measuring 19— 
20 mm. The suite included aquamarine and an unheated 
purple copper-bearing tourmaline from Mozambique; 
rubellite, yellow beryl, green tourmaline, and Imperial 
topaz from Brazil; peridot and kunzite from Pakistan; man- 
darin (spessartine) garnet from Nigeria; tanzanite from 
Tanzania; green sphene from Sri Lanka; and “canary” tour- 
maline from Zambia (figure 21). 


Figure 21. Constantin Wild displays a unique 290 
carat multicolored gem suite. Photo by Duncan 
Pay/GIA. 
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Figure 22. 26.18 ct and 19.83 ct “canary” tourmalines 
from Zambia. Photos by Duncan Pay/GIA; courtesy 
of Constantin Wild. 


Wild specifically highlighted canary tourmaline (figure 
22). He remarked that its intensity of color is reminiscent 
of Paraiba tourmaline. Found intermittently in the 1980s 
and marketed since the early 2000s, this typically yellow- 
green material is rich in manganese (up to 9.18 wt.% MnO). 
Wild had two significant oval-cut gems of 19.83 and 26.18 
ct, both unheated. For more information on this unique 
gem, see www.gia.edu/gems-gemology/winter-2007-yellow- 
tourmaline-zambia-laurs. 

Another standout at Wild’s booth was a superb suite of 
rubellite tourmaline totaling 339.42 carats (figure 23). Wild 
called it a suite “from two continents,” as it contained 
both South American and African gems. The suite featured 
a spectacular cushion-cut 77.16 ct Nigerian rubellite cen- 
terpiece from new production, measuring 28.30 x 24.87 
mm, framed by nine perfectly matched Brazilian rubellites 
from previous inventory weighing 262.26 carats. 

Besides his higher-end single gems and suites, Wild also 
displayed some mixed-color sets, which he described as 
more “fashion-oriented” combinations (figure 24). In- 
tended as concepts for jewelry designers, they included 
color combinations such as opal with pink tourmaline and 
morganite beryl with red tourmaline, tanzanite, tsavorite, 


Figure 23. This superb 339.42 carat suite of 10 rubel- 
lite tourmalines contains Brazilian gems with a 
Nigerian center stone. The gems in the suite range 
from 39.61 to 77.16 carats (center stone). Photo by 
Duncan Pay/GIA; courtesy of Constantin Wild. 


and treated blue topaz, along with more unusual arrange- 
ments: demantoid and “Mali” garnet with fire opal, or yel- 
low beryl and mandarin garnet. 

Another trend was the use of facet-grade rough for cabo- 
chons. These were often of large size and superb color. Of 
particular note were a 104.83 ct tanzanite and a 140.95 ct 
kunzite spodumene (figure 25). 


Duncan Pay 


Tsavorite garnet and Mahenge red spinel. At GJX, Daniel 
Assaf (The Tsavorite Factory, New York City; figure 26) ex- 
plained the current market situation for tsavorite garnet, 
Tanzanian red to pink spinel, and yellow danburite. Ac- 
cording to Assaf, the recent recession and the ensuing dis- 
ruption in supply had less of an impact on his business 
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Figure 24. Constantin 
Wild’s selection of 
mixed-color sets for 
jewelry designers in- 
cluded some interest- 
ing combinations. 
Photo by Duncan 
Pay/GIA; courtesy of 
Constantin Wild. 
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Figure 25. Left: A 140.83 ct tanzanite cabochon with 
superb color and clarity. Right: Kunzite is rarely seen 
in cabochon cuts. The color and clarity of this 140.95 
ct example make it noteworthy. Photos by Duncan 
Pay/GIA; courtesy of Constantin Wild. 


than increasing demand from China. For him, current 
rough scarcity and high prices relate more to the growth in 
the Chinese jewelry market, which 5 to 10 years ago was 
a fraction of its size today. 

Assaf explained that both tsavorite and spinel are rare 
stones, and even minor changes in the market might have 
a considerable impact. If just a fraction of one percent of 
Chinese consumers becomes interested in tsavorite, this 
has a measurable consequence for supply, especially if pro- 
duction in mining areas is static or even showing slight de- 
clines. According to Assaf, the biggest tsavorite purchasers 
at the source in Arusha, Tanzania, are Sri Lankans buying 
for the Chinese domestic market. These buyers are pre- 
pared to pay very high prices for tsavorite rough. 

To illustrate the sporadic nature of current supply, Assaf 
cited a bright, light-toned green grossular garnet. This ma- 
terial has become popular and is sold as “Merelani mint” 
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garnet. It is usually recovered as a byproduct of tanzanite 
mining. Every so often, he related, miners find a productive 
pocket and buyers fly in within a couple of weeks. 

According to Assaf, the stones on the tray in front of us 
(figure 27) were from the latest small pocket and had been 
in the ground just a few months earlier. After the initial 
flurry of buying activity, Assaf said, it might be another 
year or two before a similar discovery. In the meantime, 
the miners might bring buyers the occasional stone—at 
much higher prices. 

In Assaf’s opinion, today’s tsavorite rough prices in 
Arusha are almost “out of control.” In effect, there is a dis- 
connect between the Arusha prices and the prices in Tuc- 
son, which will likely take several years to readjust. 

His company stops buying before the Tucson show be- 
cause the clientele here will not pay the high asking prices. 
He cited an instance several weeks earlier in which buyers 
were offering him top-quality rough for approximately 
$10,000 per stone, in sizes sufficient to cut 3 ct finished 
gems. A stone cut from this rough would have a per-carat 
price well above what the market at the Tucson show 
would pay. Besides the high asking price, Assaf said there 
is a significant element of risk in buying rough: “ You never 
know what kind of unpleasant surprises you might find.” 

He pointed out that there are places in the world where 
such high prices are accepted—China and possibly parts of 
Europe—which is why the few fine rough tsavorites that 
become available every month are snatched up. Assaf had 
just heard of a 7-gram piece of tsavorite—perhaps suitable 
for a 10 ct finished gem—that sold for $200,000 in Arusha. 

Assaf showed us two examples of the finest tsavorite col- 


Figure 26. Daniel and 
Andre Assaf of the Tsa- 
vorite Factory ex- 
plained the current 
market for tsavorite. 
Photo by Duncan 
Pay/GIA. 
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Figure 27. These light-toned Tanzanian grossular gar- 
nets—termed “Merelani mint”—were mined just a 
few months prior to the Tucson show. Photo by Dun- 
can Pay/GIA; courtesy of Tsavorite Factory. 


ors. In his opinion, both are of equal merit (figure 28, left). 
Some clients love the deeper, darker color, while others pre- 
fer a brighter, lighter-toned green. In either case, he said, the 
most important consideration is to have a blue color com- 
ponent rather than a yellow one. As long as the gem is not 
overly dark, and has a bluish cast to the green, it is a quality 


stone. If it is pale but still has a bluish component to the 
green, he would classify it as a “mint” garnet. 

We asked Assaf how recent Chinese demand has af- 
fected tsavorite prices. He said that for sizes under 2 ct, 
prices have increased as much as 30-40%. The impact has 
been most dramatic in larger stones: For gems larger than 
3 ct, prices have tripled. He felt that prices for large tsa- 
vorites have gone up in relation to emerald and other gems 
due to scarcity of supply and high demand. 

To emphasize the point, Assaf chose a suite of three tsa- 
vorite pear shapes totaling 37.79 carats (figure 28, right). 
Each gem was above 10 ct and of the highest clarity, so they 
constituted exceptionally rare material. Aside from these 
standouts, Assaf admitted he had few stones of such size— 
large stones are typically a Tsavorite Factory specialty—due 
to the prohibitively high price of rough. He lamented that 
with today’s stratospheric prices, he would have to pay 
around $200,000 to obtain another 7-gram piece to cut an- 
other 10 ct gem. And very few clients—likely none at this 
show—would accept the resultant high per-carat prices for 
the finished gem. That leaves two possibilities: Either the 
prices will adjust in Arusha, or they will become accepted 
in the U.S. 

Assaf recounted that some of the same market factors 
apply to red spinel. His company does not carry spinel from 
Myanmar, focusing instead on Tanzanian material. This 
year, he said, a specific color people were calling “Ma- 
henge”—deep pink with a touch of orange, almost like a 
padparadscha color—was in extremely high demand (figure 
29). Assaf had sold all of his “Mahenge” spinel but none of 
the other colors. While these lavenders, blues, and mauves 
are quite beautiful and competitively priced at around 10% 
of the pinks, the red to pink spinels are what his clients 
seek. Assaf also mentioned that buyers looking for some- 
thing unusual picked yellow danburite from Tanzania, and 
that this gem had sold quite well for him at the show (Sum- 
mer 2008 GNI, pp. 169-171). 


Duncan Pay 


Figure 28. Left: Some prefer tsavorite garnets with a brighter color, while others prefer a darker appearance. The 
stone on the left weighs 9.50 ct. Right: This suite of three pear-shaped tsavorites totals 37.79 carats. The approxi- 
mate asking price for such fine gems would be about $15,000 per carat. Photos by Duncan Pay/GIA; courtesy of 


Tsavorite Factory. 
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Gemological Digests 


TWO NEW GOVERNORS ELECTED 
TO GLA. BOARD 


At the March 17 meeting of the GLA. 
Board in the Statler Hotel, Washington, 
D.C., two new governors were elected to 
serve on the board of the Gemological In- 
stitute of America for the coming year. 
These were William S. Schwanke, president 
of Schwanke-Kasten Company, Milwaukee, 
and Paul S. Hardy, President of Hardy & 
Hayes, Pittsburgh. Both have been active in 
the affairs of the Gemological Institute 
since its inception. 

Retiring from the Board at the spring 
meeting were Charles Peacock II, Treasurer 
of C. D. Peacock, Inc., Chicago; and Geo. 
Carter Jessop, Treasurer of J. Jessop and 
Sons, San Diego. 


No change was made in the officers who 
direct the affairs of the Gemological Institute 
of America. Dean Edward H. Kraus, Uni- 
versity of Michigan, was elected for the 
sixth time as President of the G.J.A.; Fred 
J. Cannon, Slaudt-Cannon Agency Company, 
Los Angeles was elected Secretary-Treasurer 
for the third term; and Robert M. Shipley 
continues as Director. Dorothy M. Jasper was 
retained as Secretary to the Board. 


For the fourth year H. Paul Juergens, 
Juergens & Andersen, Chicago, will serve as 
Chairman of the Board, and J. Lovell Baker 
of Henty Birks, & Sons, Ltd., Montreal, 
begins his second year as Vice-Chairman. 


Others serving on the G.LA. Board of 
Governors for 1951 are: Carleton E. Broer, 
The Broer-Freeman Company, Toledo; 
Charles H. Church, Church and Company, 
Newark; Glynn Cremer,. Glenn Cremer, 
La Crosse; Myron Everts, A. A. Everts Com- 
pany, Dallas; Edward F. Herschede, Sr., 
Cincinnati; Earl E. Jones, Jones Bros., 
Jewelers, Moline; Lazare Kaplan, Lazare 


Kaplan and Sons, New York City; William 
P. Kendrick, William Kendrick Jewelers, 
Louisville; John S. Kennard, Kennard and 
Company, Boston; E. A. Kiger, C. A. Kiger 
Company, Kansas City; P. K. Loud, Wright, 
Kay and Company, Detroit; Ernest J. Meyer, 
Meyer’s, Grand Island; and Jerome B. Wiss 
Wiss Sons, Inc., Newark. 

No change was made in the Executive 
Committee to which the Board has delegated 
most of its powers to be used during the in- 
terim between the less frequent regular meet- 
ings of the Board. Charles H. Church of 
Newark, N.J., continues as Chairman. Other 
members are Fred J. Cannon, and Frank 
Davidson, both of Los Angeles. 
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DE BEERS MINE TO REOPEN 
IF SAMPLING INDICATES 
PROFITABLE OPERATION 


Reopening of the old De Beers Mine is 
planned by De Beers Consolidated Mines, 
Ltd., if sampling of blueground indicates 
operations may be profitable. 


Early in 1950 three pumps were installed 
and draining of thé 1,000 foot shaft was 
started. Experts have computed that 139,000, 
000 gallons of water have been removed 
from the twenty-one miles of underground 
workings. 


Discovered in 1871, the De Beers oper- 
ated until 1908. Pumping water continued 
until 1941 when that, too, was suspended. 


When mining was in progress fifty years 
ago a large block of diamondiferous ore at 
the western section of the pipe was lefr un- 
touched because of the yield of diamond 
from the top portion of this section.was in- 
sufficient to make mining operations profit- 
able. It is this section that is now being 
tested for possible profitable working since 
more advanced mining techniques are now 
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Figure 29. An example of “Mahenge” spinel from Tan- 
zania. This was one of the few examples left at Daniel 
Assaf’s booth at the time of our interview. Photo by 
Duncan Pay/GIA; courtesy of Tsavorite Factory. 


Oregon sunstone update. At the GJX Show, Nirinjan Khalsa 
(Suncrystal Mining, Lake and Harney Counties, Oregon) 
showed us a remarkable 35.50 ct rich orangy red Oregon 
sunstone fashioned into a modern mixed-cut cushion by 
lapidary Jean-Noel Soni (Top Notch Faceting). This stone 
(figure 30) resembled a fine ruby under the showcase lights 
and was one of the most exquisite examples we had seen. 

At Khalsa’s request, we followed up with Soni after the 
show. He told us the original rough weighed 198.82 ct. As 
is typical with Oregon sunstone, the rough contained spots 
of strong red or green color in the cores of otherwise yellow 
or near-colorless crystals. This crystal had two color spots, 
so he divided it, and this gem was the first of two he in- 
tended to cut. Rather than using CAD software to design 
his gems’ faceting styles, Soni treats each rough as unique 
and individual, cutting to maximize color and luster. He 
explained that the pavilion had to be deep, due to sun- 
stone’s relatively low RI (1.563-1.572). This produced a 
63.00 ct preform, from which he faceted the 35.50 ct gem 
we saw. The asking price for this gem—reportedly from 
one of the mines on Little Eagle Butte (in Harney Basin, 
near Plush, Oregon)—was in the region of $60,000. 

Also at the GJX show, Don Buford and Mark Shore (Dust 
Devil Mining, Plush, Oregon) gave an update on their oper- 
ations. They said 2014 was a good year at Dust Devil. They 
uncovered a former dried creek bed where the basalt was ex- 
tensively decomposed, which has allowed easier recovery of 
the sunstones. Buford hopes to have the mine’s optical sorter 
operational for the 2015 mining season. 

Shore showed us an exceptional 156.00 ct “water- 
melon” sunstone from recent production (figure 31). The 
stone has a red center surrounded by a greenish “rind.” 
Shore has made arrangements to have it carved by Dalan 
Hargrave, winner of multiple AGTA Spectrum Awards. 

At the 22nd Street show, Terry Clarke, co-owner of the 
Dust Devil mine, explained a recent initiative to maintain 
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Figure 30. Fashioned by lapidary Jean-Noel Soni, this 
35.50 ct mixed-cut sunstone is reportedly from a 
mine on Eagle Butte, in Oregon’s remote Harney 
Basin. Photo by Robert Weldon/GIA; courtesy of 
Suncrystal Mining. 


the integrity of natural, untreated Oregon sunstone and pro- 
mote it to retailers and consumers as a rare and desirable 
“all-American” gemstone. Called the Oregon Sunstone 
Miners Association (OSMA), the organization includes most 
of the miners with working claims or mines in Lake and 
Harney Counties (figure 32). OSMA also offers an associate 
membership for sellers of loose gems or jewelry. Anyone 
purchasing sunstone from an OSMA member can be assured 
they are getting the natural, untreated Oregon product. The 
intention is to expand the marketplace for this unique gem 
and maintain stability and consumer confidence in the 
event of an influx of treated material from another source. 
The association’s website is www.oregonsunstonema.com. 

At the AGTA show, John Woodmark (Desert Sun Min- 
ing & Gems, Depoe Bay, Oregon) provided an update of his 


Figure 31. This 156.00 ct rough sunstone belongs to 
the Dust Devil mine’s Mark Shore and will likely be- 
come a fine carving. Photo by Duncan Pay/GIA; cour- 
tesy of Mark Shore. 
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Figure 32. Dust Devil Mining’s Terry Clarke holds a 
flyer promoting the Oregon Sunstone Miners’ Associa- 
tion. Photo by Duncan Pay/GIA; courtesy of Dust 
Devil Mining. 


operations at the Ponderosa mine and summarized the cur- 
rent market for his goods. He showed us a striking 2.77 ct 
“spinel red” gem from recent production (figure 33). 
According to Woodmark, 2014 saw heightened interest 
in Oregon sunstone. He received requests for rough from 
clients in Australia and for finished stones from Brazil and 
Europe (principally the UK and Germany). At this particu- 
lar show, Woodmark said he had received many more in- 
quiries from domestic jewelers for samples and 
information, all following customer requests due to grow- 
ing public awareness of the gem. He cited a TV shopping 
channel’s recent promotion of production from the Sun- 
stone Butte mine and the growing reach of his Internet 
business. For more information on the Sunstone Butte 
mine, see www.gia.edu/gia-news-research-butte-sunstone. 
Woodmark observed that Internet merchandising, often 
by TV jewelry shopping channels, has been transformative 
for low-volume, one-of-a-kind products like Oregon sun- 
stone. Web marketing frees traditional TV merchandisers 
from the production costs of on-air hosts and studios, and 
allows the cost-effective presentation of a spectrum of Ore- 
gon sunstone from “bargain parcels” to unique designer 
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Figure 33. This 2.77 ct “spinel red” sunstone, measur- 
ing 10.5 x 8 mm, is from Oregon’s Ponderosa mine. 
Photo by Robert Weldon/GIA; courtesy of Desert Sun 
Mining # Gems. 


cuts costing several thousands of dollars per piece. Accord- 
ing to Woodmark, one buyer for a major TV jewelry retailer 
at the Tucson shows said that Internet business was now 
40% of the company’s total sales volume. 

Woodmark estimated the total volume of fashioned 
Oregon sunstone on the market in 2014 was approximately 
70,000 carats. By his calculations, that would be sufficient 
to supply one large U.S. retail jewelry chain with 10 carats 
per store per month over the course of a year. If demand 
picks up in 2015, that volume will not meet the industry’s 
needs. Woodmark reported that business was up 25% on 
the previous year’s show, which was up one-third on the 
year before. 

In the 2014 mining season, Woodmark employed up to 
five pickers working the screens. He worked the mine for a 
total of 20 days and produced almost 2,000 kg of rough in 
all grades. Woodmark plans to work for 40 days in 2015 and 
expects to recover 4,000 to 5,000 kg of rough. To start the 
upcoming mining season, Woodmark will bring in heavier 
machinery and extend the pit back into the hillside. He will 
also bring in a bulldozer with a ripper to tear up the pit floor 
and start moving downward, too. Late 2014 saw recovery 
of larger rough, some pieces up to 70 grams (figure 34). In 
addition, the pit’s “red zone,” with a higher proportion of 
red-cored rough (up to 20%), remained productive. Wood- 
mark expected the trend of bigger, better stones to continue 
as the miners work deeper into the deposit. This is similar 
to the situation at Sunstone Butte, he remarked. 

Anticipating higher demand, he also planned to cut 
more frequently in 2015. Rather than cutting two to three 
times per year, he will cut 2,000 to 4,000 kg per month 
(new production plus stockpiled rough), depending on his 
needs. As 4,000 kg equates to approximately 2,000 carats 
of finished stones, Woodmark expected his production to 
significantly increase market availability of Oregon sun- 
stone in 2015. 

Like all the Oregon sunstone mines, Ponderosa pro- 
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Figure 34. The 2014 season saw some larger rough sunstone from Ponderosa mine in the 20-70 gram range. As op- 
erations go deeper, stone size seems to increase. Photo by Duncan Pay/GIA; courtesy of Desert Sun Mining & 


Gems. 


duces a substantial quantity of yellow and near-colorless 
labradorite—material with little or no pink or red and no 
visible coppery reflections. One of the things Woodmark 
has learned at this show is the importance of cutting style 
and quality on a gem’s perceived value. He sold 2 kg of yel- 
low rough to another vendor at the AGTA show—Ken Ivey 
(Ivey Gemstones, Prescott, Arizona}—and was astonished 
at the result. 

Ivey’s use of concave cutting styles (figure 35) presented 
the feldspar’s bright yellow color far more effectively than 
conventional cuts. With conventional cutting, Woodmark 
struggled to get a few tens of dollars per carat for yellow 
goods. With only a modest investment in extra cutting 
costs for concave faceting—perhaps twice the expendi- 
ture—the same material can sell for up to five times as 
much. As the yellow rough sells for a couple hundred dol- 
lars per kilogram, this is a potentially significant value ad- 
dition in the finished product. 

Another encouraging trend Woodmark sees is that de- 
signers and jewelers are mixing calibrated sunstones of dif- 
ferent shapes and colors in the same jewelry piece. The 
casting is standardized, but because every combination is 
unique there is no longer the need to match them. Volume 
business with sunstone jewelry has always been hampered 
by the perception that every stone in a piece has to match 
and every piece must be uniform. 

In Woodmark’s opinion, even home shopping channels 
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like QVC are moving away from that concept, in essence 
marketing the uniqueness of the gem rather than a unifor- 
mity it can never provide. He cited a piece for which he sup- 
plied 3.0, 4.0, and 5.0 mm calibrated gems. One was a 
top-quality red sunstone, and the others were paler pink. In 
this way, the manufacturer does not have to match the 
stones and can use larger volumes. 


Duncan Pay 


Figure 35. The concave cutting style used on these 
Oregon feldspars accentuates their yellow color and 
raises the market value of the material. Photo by 
Duncan Pay/GIA; courtesy of Ivey Gemstones. 
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Figure 36. Noor Gems showcased afghanite from 
Badakhshan Province, Afghanistan. Photo by Dun- 
can Pay/GIA; courtesy of Noor Gems Japan Ltd. 


Large and unusual gems. The inventory of Noor Gems 
Japan Ltd. at the GJX show was characterized by large and 
unusual gems, including a fine selection of rare blue and 
pink gemstones: afghanite, hauynite, hemimorphite, and 
pezzottaite. Bright blue afghanite (figure 36), which the 
company has been selling for three years, was available in 
gem quality in the 0.3-1.5 ct range, priced at approximately 
$500-$700 per carat. It has been especially popular with 
Noor’s Japanese clientele. Afghanite is a relatively soft 
stone for jewelry, with a hardness 5.5 to 6, best suited for 
pendants and earrings. While near-colorless material can 
be found in Italy and Germany, the recent production of 
blue afghanite is from Badakhshan Province, Afghanistan. 


Figure 37. Another attraction at the Noor Gems booth 
was pinkish purple copper-bearing tourmaline from 
Mozambique, which they labeled as “Paraiba.” Photo 
by Duncan Pay/GIA; courtesy of Noor Gems. 
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Figure 38. Marketed as “ginger” garnet, these four gar- 
nets range from 8.33 to 35.54 ct. Photo by Robert Wel- 
don/GIA; courtesy of Advanced Quality. 


Mehraj Uddin exhibited two large topaz of exceptional 
pink to red color (6.38 and 12.08 ct). As with virtually all 
pink topaz, he acknowledged that these fine stones were 
heat treated. Debuting at Noor’s GJX booth was pinkish pur- 
ple copper-bearing tourmaline from Mozambique (figure 37). 

For some large and exceptional gemstones, such as a 
254.50 ct peridot cabochon from Pakistan, Uddin admitted 
they hold on to these stones for 10 or 20 years. The com- 
pany is reluctant to sell them because of the difficulty in 
replacing such inventory. They will only sell when they 
feel the market is high. 


Donna Beaton 


Ginger garnet, “fancy” tanzanite. Kobi Sevdermish (Ad- 
vanced Quality, Ramat Gan, Israel) showed us large fine 
“ginger” garnets and discussed the cutting of natural-color 
tanzanite crystals. The garnets are from a new find in Tan- 
zania, discovered in late 2014. In large sizes, the stones 
have a pleasing “open” pinkish orange or orangy red hue 
(figure 38). By “open,” Sevdermish meant the tone is not 
too dark, remaining lively and relatively bright even in 
sizes above 30 ct. He noted that many red garnets cut in 
large sizes have a tendency to become very dark, and this 
material avoids that pitfall. If fashioned correctly, it 
“pops.” Along with the virtues of lighter tones and rela- 
tively large sizes, it possesses high clarity. 

Supply has been limited—Sevdermish had only seen a 
few parcels of larger rough suitable for cutting gems up to 
40 ct—and some of this material was of lower clarity. Stan- 
dard gemological testing revealed an RI of 1.74 and an SG 
in the range of “Malaya” garnet (3.78-3.85). 

As in 2014, Sevdermish reported that “natural-color’” 
tanzanite remained a very successful item for Advanced 
Quality. He showed us a selection of unheated gems in a 
range of subtle secondary colors (greens and pinks) behind 
the predominant “typical” blue to purple tanzanite colors 
(figure 39). Sales have been strong in Europe and particu- 
larly Asia. According to Sevdermish, this is because no two 
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9.93, LSK/MAX 


17.07, MPX/SKM 


16.14, MKX/NMS 


21.85 ,MPxK/sKM 


17.61 , MNX/NP 


27.86, MPX/SKM 


Figure 39. A selection of reportedly natural-color, un- 
heated tanzanites ranging from 9.93 to 27.86 ct. Photo 
by Duncan Pay/GIA; courtesy of Advanced Quality. 


are exactly alike. To demonstrate, he showed us a large 
suite of mixed fancy colors (figure 40). 

He explained that rough of “odd” colors—unheated 
pinks and greens—did turn up over the years, but in the 
last year and a half, material from Block B of the tanzanite 
mining area has provided some “magnificent” natural col- 
ors: lavender, cognac or golden colors, and very rare pink 
and yellow and green. 

Sevdermish noted that buying suitable tanzanite rough 
in these colors is a painstaking business, even though the 
company has cultivated connections in Africa that locate 
this material for them. Some purchases take time, he said, 
and require him to extend buying trips to obtain a few spe- 
cial, unique pieces. He added that it takes persistence to 
negotiate with miners and their representatives. And if no 
other buyers outbid you, you succeed. Sevdermish said that 
many of the stones at his booth were cut about a week and 
a half earlier. 

Advanced Quality documents, through video recording 
and photography, each rough piece as it goes through the 
planning, sawing, and faceting process—in essence, the 
mine-to-market story of each significant gem. In this way, 
Sevdermish asserted the company can show—to the best 
of its knowledge—the unheated nature of its gems to 
clients. Many of the stones promoted as “unheated” in the 
market are actually the products of less-than-successful 
heating, he explained. 

Just a couple of weeks earlier, he managed to obtain a 
few large pieces of rough with unique light yellow colors, 
one of which yielded a 27.59 ct antique cut (figure 41). The 
gem came out predominantly greenish yellow, but with 
flashes of lilac pink, which is what Sevdermish initially 
expected from the rough. The company debated whether 
to cut the original rough, as it was such a spectacular piece, 
but ultimately decided to fashion it because the crystal was 
not quite perfect enough to be a specimen. 

Sevdermish described buying and cutting rough as a 
lottery. Certain gems—some spinels or even regular tan- 
zanite—are more or less predictable. But with others, es- 
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Ly 
Figure 40. Kobi Sevdermish of Advanced Color shows 
off natural-color tanzanite, including a remarkable 
multicolor necklace of almost 170 carats total. Photo 
by Duncan Pay/GIA. 


pecially the rough for this “fancy-color” tanzanite, the re- 
sults are less foreseeable. The rough for the 27.59 ct gem 
promised a “kaleidoscope of colors” blending pink, yel- 
low, and green, so Sevdermish expected to see an inter- 
play of colors inside the fashioned gem. Instead, he was 
dismayed to find the gem was colorless. Fortunately, Sev- 


Figure 41. This 27.59 ct unheated, natural-color 
zoisite or “fancy” tanzanite shows a subtle tint of lilac 
pink against a greenish yellow bodycolor. Photo by 
Robert Weldon/GIA; courtesy of Advanced Quality. 


Gems & GEMOLOGY SPRING 2015 


dermish reported, the hoped-for greenish yellow color re- 
turned after the gem had “rested” for two days in its par- 
cel paper. 

Duncan Pay 


Gem artistry in smaller sizes. At GJX, we caught up with 
gem artist Alexander Kreis (Sonja Kreis Unique Jewelry, 
Niederworresbach, Germany). It is a family business, with 
his father buying the rough, his mother designing the jew- 
elry, and Alexander cutting the gems. Kreis had placed 
their best Oregon sunstone and their largest rutilated 
quartz pieces prominently in the booth to achieve a “wow” 
effect. Immediately beneath those signature pieces, Kreis 
had positioned more accessible gems that customers could 
use to make more affordable jewelry items. Although 
smaller than his trademark pieces, these were invested 
with the same precision and beauty. He produces pairs that 
would be ideal for earrings or even men’s cufflinks. Kreis 
spoke about three of these more accessible lines, involving 
tourmaline, citrine, and blue topaz. 

For Kreis, green and pink tourmaline symbolize the col- 
ors of the rainforest, so their design evokes the vivid foliage 
and blooms of that environment. The curves provide a 
fluid elegance, and the cuts on the underside capture the 
veins and structure of tropical leaves. 

Among Kreis’s new product designs for this year are cit- 
rines cut in a more angular style, with very detailed carv- 
ings on the back representing sunrays (figure 42). To Kreis, 
citrine’s color represents the heat of the sun, while the 
carvings channel its intense slanted rays. 

In striking contrast, another new design he called 
“frozen topaz” (figure 43) uses the icy hue of treated blue 
topaz to evoke arctic waters. The carving in the center is 
smoothly polished, the light rays, which are reflected from 
the polished carving, produce pinpoints of light on the 
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Figure 42. Gemstone artist Alexander Kreis holds a 
sun carving, one of his new designs in citrine. Photo 
by Duncan Pay/GIA; courtesy of Sonja Kreis. 


gem’s frosted sides. The design and the material combine 
to produce an icy brilliance. As the wearer moves the gem, 
Kreis said, it produces “a harmony of light points dancing 
through the stone.” 


Duncan Pay 


Figure 43. In these ex- 
amples of “frozen 
topaz,” the smooth 
carvings contrast with 
the frosted textures and 
lend an icy brilliance to 
the finished gems. 
Photo by Duncan 
Pay/GIA; courtesy of 
Sonja Kreis. 
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Figure 44, This edge-on view of the “wheel of light” re- 
veals its construction. Photo by Duncan Pay/GIA; 
courtesy of Nature’s Geometry. 


Larger optic disks. At the 2014 GJX show, Brian Cook (Na- 
ture’s Geometry, Graton, California) showed us innovative 
optical disks made of colorless quartz featuring a drilled 
tube containing pieces of brightly colored gem and mineral 
rough. The tube is subsequently sealed with clear quartz. 
When the disk is viewed face up, the insert’s reflections 
permeate the disk with bright color. 

For this year’s show, Cook’s “wheel of light” design 
evolved into larger sizes with more intriguing reflective ef- 
fects. Seen front-on, the new disks produced concentric 
colored reflections. The first we saw measured approxi- 
mately 4 cm (1.57 in.) in diameter and featured Brazilian 
emerald, Paraiba tourmaline, and hatiyne insets (hattyne is 
a brittle sodium calcium sulfate that provides rich blues). 
One innovative feature is that the viewer could see differ- 
ent colors depending on the viewing direction. From vari- 


Figure 46. This unique 308 carat “Snow White” tour- 

maline suite was reportedly carved in Idar-Oberstein 
in the 1970s. Photo by Duncan Pay/GIA; courtesy Jan 
Goodman Co. 
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Figure 45. Seen end-on, the larger disk displays the 
spectrum as concentric colors. Photo by Duncan 
Pay/GIA, courtesy of Nature’s Geometry. 


ous directions the disk was suffused with bands of rich 
green, electric blue, or royal blue color. 

According to Cook, this new product takes the color 
and amplifies it. There is a chamber within the quartz, 
which he polishes before inserting the colors he wants. Be- 
cause no faceting is involved, all the colors are blended to- 
gether. Cook said his passion for Paraiba tourmaline was 
the starting point. 

Cook unwrapped a larger disk, approximately 8 cm 
(3.15 in.) in diameter. Viewed edge-on, the chamber’s pat- 
tern of colored rough gems and minerals was revealed (fig- 
ure 44). Cook had arranged a complete spectrum of 
rainbow colors in sequence: ruby, spessartine garnet, a gold 
nugget, Paraiba tourmaline, and hatiyne (figure 45). 

Cook also showed us a smaller optic disk set in a hand- 
made platinum pendant set with diamond and melee-size 
Paraiba tourmaline from the Brazil Paraiba mine in Parel- 
has, Rio Grande do Norte. This piece combined the un- 
usual optic effects of the center, which featured more 
Paraiba tourmaline and hatiyne, with a conventional suite, 
which besides the pendant included a pair of earrings set 
with similar optic disks. 


Duncan Pay 


Unusual carved tourmaline suite. Jan Goodman (Beverly 
Hills, California), had an exquisite 303 carat suite of 
carved, particolored tourmaline depicting Snow White and 
the Seven Dwarfs (figure 46). In most depictions of the 
dwarfs in a line, the lead figure is “Doc” carrying a lantern. 
In this series, in a nod to the jewelry industry, the lead 
dwarf is depicted carrying a beaded necklace. Goodman re- 
calls that the set was carved in Idar-Oberstein in the 1970s 
and came to him mounted in the presentation case. The 
suite had been in his personal collection for more than 30 
years. Goodman told us “demand and price are finally in 
such a place as to justify parting” with it. 


Donna Beaton 
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Figure 47. A carved agate and leaf pendant featuring 
diamond and tsavorite accents. Photo by Robert Wel- 
don/GIA; courtesy of Jeff Bilgore, LLC. 


Gemstones and jewelry inspired by nature. Jeff Bilgore has 
18 AGTA Spectrum Awards to his credit in both the cut- 
ting and design categories. His booth in the AGTA Gem- 
Fair featured two pieces that departed from the norm of 
colored stones: an exquisitely carved leaf brooch of moss 
agate, highlighted with diamonds (figure 47), and a plat- 
inum pendant panel and chain featuring natural-color 
fancy diamonds that appeared to float within the frame 
(figure 48). The cut-corner rectangular panel, reminiscent 
of a classic Cartier design, featured 11 natural colored di- 
amonds (5.68 carats total, all with GIA reports confirming 
Fancy, Fancy Vivid, or Fancy Intense hue), paired with a 
chain featuring 36 additional oval fancy colored diamonds 
(4.23 carats total). 

After viewing the selection of carefully curated gem- 
stones, one becomes aware of the entwined themes of art 
and nature. Bilgore espouses the principle of biophilia, the 
belief that humans intuitively respond positively to nature. 
Rather than viewing gemstones as inanimate objects, Bil- 
gore sees them as part of nature, and he displays many of 
the gemstones and jewelry pieces with a tiny easel featur- 
ing an associated image (figure 49). A 5.69 ct Australian 
crystal opal, exhibiting play-of-color in all hues, was dis- 
played with an image of the aurora borealis. Some of the 
other images are Bilgore’s own photos, taken in his garden 
or while hiking. In a further nod to nature, the design of 
the colored diamond panel pendant was inspired by the 
Golden Mean and the Fibonacci series, mathematical rela- 
tionships often found in nature and incorporated into man- 
made creations as diverse as music and architecture. 


Donna Beaton 
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Figure 48. A platinum pendant featuring 13 natural 
colored diamonds (6.31 carats total) with an 18K yel- 
low gold and platinum chain featuring 36 oval fancy 
color diamonds (4.23 carats total). Photo by Robert 
Weldon/GIA; courtesy of Jeff Bilgore, LLC. 


Rare stones in demand. For Brad Wilson and John Brad- 
shaw (Coast-to-Coast Rare Stones International, Kingston, 
Ontario), their inventory of corundum and other familiar 


Figure 49. A 5.69 ct Australian crystal opal is accom- 
panied by an image of the aurora borealis on a tiny 
easel. Photo by Towfiq Ahmed; courtesy of Jeff Bil- 
gore, LLC. 
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Figure 50. Brightly colored sphalerite is one of the 
most popular “unusual” gems sold by Coast-to- 
Coast. Photo by Duncan Pay/GIA; courtesy of Coast- 
to-Coast Rare Stones International. 


gemstones never makes the trip to Tucson. Instead, their 
showcases are filled with rarities such as afghanite, bast- 
naesite, beryllonite, clinohumite, celestite, hambergite, 
magnesite, montebrasite, pargasite, sphalerite, violane, and 
zincite. These stones often are soft and near-colorless and 
have cleavage, making them less desirable for jewelry. But 
for a collector or a designer looking for the unusual who 
understands how to work with such challenging stones in 
jewelry, Coast-to-Coast at GJX is a worthwhile destination. 

Some of the lesser-known stones available at Coast-to- 
Coast included datolite, cobaltocalcite, faceted aragonite, 
and tenebrescent scapolite. Fluorescent opal was a note- 
worthy new find. Under ordinary interior lighting, this opal 
is near colorless to very pale yellow. It can fluoresce bright 
green in response to the small UV component in ordinary 
daylight. Placed under an ultraviolet light or 405 nm laser, 
the fluorescent effect is spectacular. 

With unfamiliar collectors’ stones, colorful varieties 
usually sell best. Wilson’s more popular items for this show 
included sphene, sphalerite (figure 50), and apatite. He told 
us that other stones rise and fall in popularity. One exam- 


ple is tugtupite, a rosy-pink mineral, usually found in ag- 
gregate form, that exhibits both interesting fluorescence 
and tenebrescence. It sold out on the first day in previous 
shows, according to Wilson, but in 2015 only a few had 
sold by the third day. 


Donna Beaton 


Color-change garnets from Tanzania. At the Riverpark Inn 
(Pueblo) show, Todd Wacks (Tucson Todd’s Gems, Tucson 
and Vista, California) showed us interesting color-change 
or color-shift garnets from Tanzania (figure 51). According 
to Wacks, they were mined in Morogoro, Tanzania, back 
in 1988, and documented the same year (see C.M. Stock- 
ton, “Pastel pyropes,” Summer 1988 G&G, pp. 104-106). 
The material resembled rhodolite rough and contained fine 
needle-like inclusions—most likely rutile. 

The gems were pinkish purple in daylight and showed 
a color change from intense pink in warm incandescent 
light to purple—almost like a fine amethyst—in cool LED 
light. Wacks said the larger stones display the most pro- 
nounced color change. Very similar color change phenom- 
ena have been reported for other purple “pastel pyropes” 
from Tanzania, Sri Lanka, and Madagascar. 

The rough had been stuck in a safe deposit box for 
years, he said, because most potential buyers assumed it 
was thodolite, saw the inclusions, and lost interest. Wacks 
recently acquired the 2-4 kg of rough, cut a few pieces, and 
discovered the color change. He has been promoting the 
gem since then. 

He sent samples to Dr. George Rossman (California In- 
stitute of Technology, Pasadena), San Diego gemologist 
Kirk Feral, and GIA. According to Wacks, the gems are ap- 
proximately 80% pyrope, 10% spessartine, and 10% al- 
mandine, with an RI of 1.736. (This material will be the 
subject of a more detailed paper in the Summer 2015 
GwG.) 

Sharing booth space with Wacks was colleague and jew- 
elry designer Mary van der Aa (vdAaco, Vista, California). 
She produces jewelry designs for many of the gems he cuts, 
including pastel pyropes and pink tourmalines from some 


Figure 51. This 7.61 ct “pastel pyrope” shows a strong pink color in warm incandescent light and a strong purple in 
cool LED light. Photos by Duncan Pay/GIA; courtesy of Tucson Todd’s Gems. 


ee 
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Figure 52. This hand-fabricated 14K rose gold and yel- 
low gold pendant by Mary van der Aa features a 6 ct 
“hot pink” tourmaline from the Stewart mine, cut by 
Todd Wacks. Photo by Duncan Pay/GIA; courtesy of 
vdAaco. 


of the mines in San Diego County (figure 52). Her jewelry 
also features stones cut by renowned gem artist Meg Berry. 


Duncan Pay 


Bold color combinations. For retailers and designers over- 
whelmed by the endless rows of gemstones lined up in 
trays, inspiration could be found at the booth of Stephen 
M. Avery (Lakewood, Colorado). Avery presented “state- 
ment”-sized gemstones in suites of bold color combina- 
tions (figure 53). His company has mainly sourced African 
stones but is now traveling to Asia to add brightly colored 
sapphire and spinel to its design palette. Avery, an expert 
cutter as well as buyer, fashioned all the gemstones in his 
inventory. The combination of craftsmanship and creative 
inspiration appeared to have paid off, as he reported the 
company’s best show ever. 


Donna Beaton 


Chrysocolla in quartz. The Rare Earth Mining Company 
(Trumbull, Connecticut) booth at the AGTA show dis- 
played a specialized inventory of unique and rare materials 
available as finished gemstones, mineral specimens, and 
fossils. Curt Heher, Rare Earth’s president of sales, reported 
more than 300 companies placing orders in finished stones 
alone: “We enjoyed our biggest Tucson show in 40 years.” 

We obtained two cabochons of blue-spotted clear and 
near-colorless quartz (figure 54) that were reminiscent of 
“K2 stone” or “Raindrop azurite” seen in previous years 
(Spring 2012 GNI, pp. 55-56). Heher’s father bought the 
rough, which was crystallized around blue stalactites, at 
auction in the 1980s. It remained in storage until recently. 
The material was reportedly mined in Globe, Arizona, in 
the 1970s. 

Gemological examination of the 19.16 and 52.96 ct 
cabochons revealed an RI of 1.54 to 1.55 in most areas, but 
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Figure 53. Top: This vibrant 2.08 ct oval pink sapphire 
flanked by a pair of warm-hued spessartine garnets 
totaling 3.41 carats strikes a tropical note. Bottom: 
This bold pendant and earring suite features three 
marquise-shaped tanzanites totaling 6.73 carats, with 
modified trilliant rubellite tourmalines of 14.20 
carats total. Photos courtesy of Stephen M. Avery. 


approximately 1.5 in the blue area, and a 1.46 spot reading 
in transparent areas. Specific gravity ranged from 2.36 to 
2.47. The fluorescence reaction to long-wave UV was weak 
white in fractures and the transparent areas. Raman analy- 
sis confirmed that the blue material was chrysocolla, the 
transparent to whitish areas were quartz, and the transpar- 
ent cryptocrystalline areas were chalcedony. Raman analy- 
sis also indicated the presence of a hardened glassy polymer 
(polymethyl methacrylate). FTIR also confirmed the poly- 
mer, corroborating the stabilization that Heher indicated 


Figure 54. 52.96 ct and 19.16 ct chrysocolla in quartz, 
obtained from Rare Earth Mining Company at the 
AGTA show. Photos by Jian Xin (Jae) Liao. 
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in use. Access to this area will be gained 
through an old crosscut from the shaft at 
1,000 feet, and prospecting will be carried 
out by a series of small drives from there. 

If samples indicate that working the mine 
may prove profitable, the company may once 
again bring this famous old mine into full 
operation. 


RECONSTRUCTED RUBIES 
SOLD AS SYNTHETIC TOLD 
BY GEM FRADE LABORATORY 

In the first sixteen months of operation 
under the Gemological Institute, the Gem 
Trade Laboratory reports identification of 
seven reconstructed rubies. 

The two latest stones identified were in 
fine platinum mountings. One was used as 
the central stone in a bracelet of natural 
rubies and diamonds which sold for $65,000 
wholesale. ‘Whe other was used as the center 
stone in a fine platinum and diamond ring. 

The Gem ‘Trade Laboratory warns that 
many of these reconstructed rubies may be 
around since many were sold in this country 
from 1890 to 1900. It further cautions that 
because of incomplete identification they are 
probably being incorrectly classified as syn- 
thetic rubies. 


GOVERNMENT REPRINTING OF 

DR. AR.CAHN’S REPORT ON 

CULTURED PEARLS CONSIDERED: 
Whether or not reprints of Dr. A. R. 


Cahn’s report on the Cultured Pearl In- 
dustry in Japan will be made are to be 
predicated upon demand for this material. 
Readers who would like copies of this 


comprehensive and authoritative article are 
urged to notify the Gemological Institute 
which will in turn advise the government 
agencies of the existing demand among its 
students. 


readers and 


SPRING 1951 


This report was originally prepared and 
printed in very limited editions for the 
General Headquarters, Supreme Command 
for the Allied Powers in Tokio. Although 
microfilm or photostatic copies could be 
obtained, the cost of these was prohibitive 
for general circulation or use. 


SOUTH AFRICAN JEWELERS 
CONSIDER PROHIBITION 
OF TERM ‘BLUE WHITE” 

According to the Diamond News prohibi- 
tion of the term “blue white,” as applied to 
diamonds, was proposed by the Johannes- 
burg Manufacturing Section at a March 
meeting of the South Africa Jewelers’ Asso- 
ciation, Limited. The proposal was referred 
to the National Executive for consideration. 

Members of the Association gathered at 
the March meeting also felt the National 
Executive should consider the prohibition 
of the term “pure” in describing diamonds. 
It was suggested that the most accurate way 
of describing such diamonds would be by 
the use of the term “flawless.” 

Both of these proposals, if adopted, would 
concur with present rulings of the American 
Gem Society. 


NEW GEM SUBSTITUTE 
RESEMBLES EMERALD 

One of the recent gem substitutes to 
appear on the market, according to the 
Gem Trade Laboratory, is a synthetic spinel 
triplet sold under the name of “soldered 
emerald.” The crown and the pavilion of 
synthetic spinel ate joined by green ce- 
ment. This and the fractures produced by 
heating the pavilion before assembly pro- 
duce a stone having the appearance of a 
slightly flawed natural emerald. Identifica- 
tion can be readily made by taking a re- 
fractive index reading. 


was needed to prevent crumbling or fracturing during the 
cutting and polishing process. The treatment conclusion 
ona GIA report would be “impregnated” or possibly “com- 
posite” if the polymer occupied significant volume or sur- 
face area. 

Chrysocolla in quartz is not uncommon, but it is rare 
to see such defined stalactites resulting in a distinct orbic- 
ular pattern. This material often remains as mineral spec- 
imens rather than being cut for jewelry purposes. 


Donna Beaton and Akhil Sehgal 
PEARLS 


Cultured pearl market update. At the 2014 AGTA show, 
Fran Mastoloni (Mastoloni Pearls, New York City) pro- 
vided a market summary from his own business perspec- 
tive. He emphasized surging demand in the Chinese 
domestic market for all cultured pearl types, plus the 
need to introduce innovative styles and pearl combina- 
tions in contemporary jewelry. Since then, overall supply 
of fine cultured pearls of every type has become even 
more challenging. 

This year, Mastoloni reported that Chinese demand for 
Philippine golden cultured pearls continues unabated, and 
the domestic market there is absorbing nearly all available 
production, effectively pricing them out of the North 
American market. Although never a high-turnover item in 
the U.S., any such pearls sold in the American market will 
likely come from suppliers’ existing inventory. And once 
sold, they will not be replaceable given current market 
prices. Mastoloni predicted an eventual downward correc- 
tion, once the Asian market’s appetite for golden pearls is 
sated. 

Supply of quality Tahitian cultured pearls (figure 55) is 
also becoming problematic. Mastoloni said the Tahitian 
government has ceased support of pearl farmers, with a re- 
sulting decline in colors, sizes, and overall product quality. 


Figure 55. Mastoloni described this fine 16.4-16.7 mm 
Tahitian cultured pearl with natural color and luster 
as his “new favorite pearl.” He added that top-quality 
examples like this are increasingly hard to find. Photo 
by Duncan Pay/GIA; courtesy of Mastoloni Pearls. 
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Figure 56. Top-quality Australian South Sea baroque 
cultured pearls 15.5 x 19.0 mm and larger grace this 
spectacular necklace. Photo by Duncan Pay/GIA; 
courtesy of Mastoloni Pearls. 


Exceptional pearls are particularly scarce. He was very con- 
cerned about pearl production over the next 10 years. Prior 
to 2008, he said, Tahitian pearl farmers were very consci- 
entious about quality. Today, in Mastoloni’s words, “Farm- 
ers are producing to turn over.” 

[Editor’s note: On October 1, 2008, the Tahitian gov- 
ernment abolished the pearl export tax, which had largely 
supported the GIE Perles de Tahiti industry association. 
This removed the funding for the promotion of Tahitian 
cultured pearls, leading to GIE Perles de Tahiti’s collapse 
in 2012. The 2008 global economic downturn drastically 
curtailed pearl sales and stressed many Tahitian pearl farm- 
ers (see A. Miiller, “A brief analysis of the global seawater 
cultured pearl industry,” European Gemmological Sympo- 
sium, Bern, Switzerland, June 5, 2009, pp. 7-10). Since the 
collapse of GIE Perles de Tahiti, producers have increas- 
ingly looked to China as a promising export market, which 
is also likely to affect availability for U.S. and European 
markets. | 

Mastoloni noted that white South Sea cultured pearls 
remain the standard by which fine pearls are judged. Al- 
though fine quality is still difficult to find, supply is good. 
He showed us a spectacular Australian South Sea necklace 
composed of white to pink 15.5 to 19 mm-plus baroque 
pearls with excellent luster and unblemished surface (fig- 
ure 56). Weighing in at an “extraordinary” 46.1 momme 
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Figure 57. Left: Long necklaces are in style. This “Wave” necklace features multicolored Tahitian cultured pearls 
ranging from 7 to over 14 mm. Right: This close-up of the necklace shows its repeating color and size patterns in a 
succession of “waves.” Photos by Duncan Pay/GIA; courtesy of Mastoloni Pearls. 


(172.88 grams), this necklace took more than two years to 
complete. There is always the temptation to keep improv- 
ing a piece, to make it “bigger and better.” As an example, 
he showed us a large baroque specimen that measured 23.3 
x 28.6 mm and weighed 4 momme (15 grams}, with superb 
luster, that he would like to make the centerpiece of the 
necklace. Prices for baroque cultured pearls are stable with 
moderate demand, he noted, but sourcing high-quality 
goods is somewhat difficult. 

Mastoloni said fine akoya cultured pearls are also in 
high demand. Once again, he faces competition from Chi- 
nese buyers purchasing for their domestic market. Accord- 
ing to Mastoloni, pearl farmers in China are no longer 
concentrating on smaller round pearls. They are not pro- 
ducing enough 5, 6, or 7 mm diameter goods in sufficient 
quality, in either akoya or freshwater types, to satisfy de- 
mand. The result is increased competition, with Chinese 
buyers competing at the source in Japan for akoya. This de- 
mand is driven by the emerging wealth of Chinese con- 
sumers. Their purchasing power and the sheer quantity of 
consumers in the Chinese domestic market is fueling un- 
precedented demand. They are looking for better quality, 
and fine Japanese akoya pearls meet that need. 

In terms of trends, Mastoloni noted that “long is in.” 
Double- and triple-length necklaces from 32 to more than 
50 inches are very popular, he said. He has also noticed that 
basic necklaces are making a comeback, and more retailers 
are asking him to supply “regular” necklaces for their in- 
ventory. Mastoloni showed us a double-length necklace 
that made clever use of soft-colored round Tahitian cul- 
tured pearls in a variety of sizes. He called it the “Wave” 
necklace (figure 57). “Swells” graduating from 7 to over 14 
mm form waves in repeating color patterns along the 
length of this necklace (approximately 36 inches), creating 
a layered look. The repeating size and color patterns lend 
a sense of movement and drama. 


Duncan Pay 
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Chinese freshwater pearl culturing, overall market sum- 
marty. Also at the AGTA show, Jack Lynch (Sea Hunt Pearls, 
San Francisco) offered his perspective as a pearl entrepre- 
neur (figure 58). Over the years he has introduced many 
trends in cultured pearls and pearl culturing techniques to 


Figure 58. Jack Lynch of Sea Hunt Pearls displays 
strands of baroque bead-nucleated Chinese freshwa- 
ter cultured pearls at his AGTA booth. Photo by Dun- 
can Pay/GIA. 
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Figure 59. This spectacular strand of Chinese fresh- 
water cultured pearls is graduated from 15.4 to 19.3 
mm. Lynch described it as the best of four such 
strands available when he purchased it from his sup- 
plier. Photo by Duncan Pay/GIA; courtesy of Sea 
Hunt Pearls. 


the market, including soufflé pearls: large baroque Chinese 
freshwater cultured pearls with fine luster, interesting col- 
ors, and light heft (Spring 2010 GNI, pp. 61-63, 
www.gia.edu/gems-gemology/spring-2010-gem-news- 
international). 

Lynch’s reputation for introducing new products and 
styles leads to the same question at his Tucson booth every 
year: “What’s new in the pearl business?” Typically the 
question centers on freshwater cultured pearls from China. 
This year, he noted, the emphasis of Chinese pearl cultur- 
ing innovation was on size. As evidence, Lynch showed us 
a remarkable necklace composed of round freshwater cul- 
tured pearls graduating from 15.4 to 19.3 mm (figure 59). 
He had never seen a necklace of this size and quality, with 
beautifully matched, top-quality round pearls. His supplier 
only had four available, and this necklace was the finest. 

Rather than producing baroque pearls, like the soufflé, 
the drive is now toward bead nucleation and large, spheri- 
cal pearls. As producers initially sell by weight, there is a 
financial imperative to produce bigger pearls. 

Although producers are ultimately striving for quality, 
quantity is still the most important factor. Lynch felt that 
the goal of Chinese freshwater pearl culturing has always 
been the production of “large white round pearls” and that 
success to date has been limited, with extremely small vol- 
umes of fine-quality product available. Certainly, Lynch 
knows of no more than a handful of examples like the 
necklace he showed us at his AGTA booth. 

Lynch was uncertain which kind of nuclei or culturing 
process is used for these larger spherical pearls, but he said 
the results speak for themselves. He believed it might be 
similar to the proprietary process used by Chinese producer 
Grace Pearl for its “Edison” pearls. In this method, genet- 
ically selected mussels are implanted using tiny beads in- 
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stead of mollusk tissue. “Edison” is a backhanded tribute 
to American inventor Thomas Edison. 

Lynch noted that producers are continually hybridizing 
the mussels used for cultivation, and that they remain very 
tight-lipped about their methods. Without drilling, sawing, 
or X-raying the pearls, it is difficult to fully understand the 
processes or growth methods used. 

He mentioned that some of the top producers in China 
have become increasingly “bullish” about their products, 
comparing them very favorably with the best South Sea 
cultured pearls. Because the Chinese domestic market is 
so strong, its consumers are prepared to pay higher prices 
than consumers in countries like the U.S. The producers 
are, in effect, pricing their products out of these markets. 
According to Lynch, the message from these producers is 
that the traditional stature of their product vis-a-vis other 
pearl types must change. In the meantime, they will not 
consider lowering their prices to satisfy traditional export 
markets in the U.S. and Europe. 

We noticed he had a comprehensive selection of 
baroque freshwater cultured pearls. Lynch said that while 
there is moderate market demand for baroque pearls, much 
of the production originates from cultivators striving for 
spherical pearls, because “that’s where the money is.” In 
his opinion, much of the current Chinese production is 
similar to “Kasumiga pearls” with textured skins that dis- 
play very strong orient over natural colors (figure 60). 

Known as “ripple” pearls for their textured surface, 
they are highly regarded for their prismatic effects, near- 
metallic luster, and organic shapes. As a strand wholesales 
for just a few hundred dollars, they present a “big look” for 
a modest outlay. For example, a very rough estimate on the 


Figure 60. These 16 x 13 mm bead-nucleated baroque 
Chinese freshwater cultured pearls have impressive 
heft along with striking orient and warm natural col- 
ors. Photo by Duncan Pay/GIA; courtesy of Sea Hunt 
Pearls. 
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15.4-19.3 mm round necklace shown in figure 59 would 
be $10,000 per strand, whereas these baroque multicolor 
necklaces cost just a few hundred dollars per strand. 

Lynch’s higher-quality baroque Chinese freshwater 
pearls are larger and have smoother skins (figure 61), so the 
price rises accordingly. The next examples he showed us 
cost two to three times more. According to Lynch, they are 
very fashion-forward and still represent a tremendous 
value for the size. 

The higher-quality baroque strands Lynch showed us 
were also bead nucleated, but the bead had been positioned 
more conventionally, in the gonad of the mollusk. This tech- 
nique produces a different type of pearl, known in the trade 
as a “fireball” (D. Fiske and J. Shepherd, “Continuity and 
change in Chinese freshwater pearl culture,” Summer 2007 
Ge&G, pp. 138-145, www.gia.edu/gems-gemology/summer- 
2007-continuity-change-chinese-freshwater-pearl- 
culture-fiske). 

All the peach to pink colors in these strands are natural, 
Lynch told us. Bleaching produces the white product. Un- 
like the soufflé pearls, which are typically hollow after 
being drilled, these bead-nucleated pearls have impressive 
heft. They sell very well, according to Lynch, and no two 
necklaces are quite the same due to the uniqueness of 
every pearl. As an aside, he told us that the weight of the 
pearls he shipped to the show was around 489 pounds 
(about 221 kg), much of that consisting of bead-nucleated 
freshwater cultured pearls. 

Next, he showed us some tissue-nucleated (non- 
beaded) round freshwater cultured pearls (figure 62). These 
5-6 mm spherical pearls were impressively uniform with 
high luster and crisp reflections from smooth skins, mak- 
ing them an excellent substitute for an akoya strand. Find- 
ing this sort of quality is very difficult these days, Lynch 
told us. These also cost a few hundred dollars per strand. 
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Figure 61. These 
slightly larger, higher- 
quality baroque cul- 
tured pearls have 
smoother skins than 
those in figure 60. As a 
consequence, they are 
priced two to three 
times higher. Natural- 
color goods are in the 
foreground, while the 
white pearls have been 
bleached for a more 
uniform appearance. 
Photo by Duncan 
Pay/GIA; courtesy of 
Sea Hunt Pearls. 


Although Lynch carries a wide stock of Chinese fresh- 
water pearls, most of his resources go into purchasing 
Tahitian, South Sea, and akoya cultured pearl products. All 
in all, he said, supply of every top-quality cultured pearl 
type is very limited, and competition for available product 
is very high. The increase in Chinese consumption has 
drastically affected supply for U.S. and European whole- 
salers. Fortunately, Lynch told us with a sense of relief, he 
has been a “pearl hoarder” for many years, so he has a sig- 
nificant inventory to draw upon. 

Lynch suggested that the Chinese domestic market 
does not know what the market value of many products 
might be elsewhere. The Chinese have a different mindset 


Figure 62. These tissue-nucleated Chinese freshwater 
cultured strands resemble fine akoya cultured pearls. 
Photo by Duncan Pay/GIA; courtesy of Sea Hunt 
Pearls. 


SPRING 2015 93 


Gems & GEMOLOGY 


19.20% 2.20 Litre 


Figure 68. Fine Tahitian and South Sea cultured pearl 
singles and pairs are in high demand with designers 
for one-of-a-kind custom jewelry pieces. Photo by 
Duncan Pay/GIA; courtesy of Sea Hunt Pearls. 


than consumers in the West, he told us, citing a fashion 
example: “You'll pay more for couture items in Shanghai 
than in Paris... If it’s expensive, it’s better.” Although 
many commentators insist the Chinese economy is slow- 
ing down and no longer enjoying double-digit percentage 
growth, Lynch said that the emergence of a large middle 
class that wants all the trappings of wealth is driving up 
the market prices for gems and pearls. He noted that the 
tChinese like to display their wealth, and jewelry is an ob- 
vious way to do that. 

Asked what was selling this year, Lynch explained how 
his business has changed. He used to sell more volume at 
the Tucson show, especially freshwater items wholesaling 
for $300 to $600 apiece. Today he handles fewer transac- 
tions, but the average transaction has increased dramati- 


Figure 64. This superb spherical South Sea cultured 
pearl measures 18.2 mm in diameter and weighs 8.25 
grams. Photo by Duncan Pay/GIA; courtesy of Sea 
Hunt Pearls. 
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cally. Lynch’s perception is that spending habits have 
changed as the middle class in the U.S. has shrunk. He 
finds fewer consumers looking for $1,000 items. Instead, 
he sees purchasers from a higher income bracket looking 
for a $20,000 or $30,000 piece. 

Lynch now sells far more round white South Sea and 
Tahitian goods, along with fine single pearls and pairs (fig- 
ure 63). The first piece he showed us was a superb, excep- 
tionally large round South Sea cultured pearl of 18.2 mm 
(figure 64). Lynch said he buys with designers in mind, as 
items like this are far more affordable than a strand and 
make excellent centerpieces for custom jewelry pieces. 
The price for such a piece would be approximately $6,000, 
whereas a necklace of this quality would cost many tens 
of thousands of dollars. 

Finally, Lynch pulled out a uniquely shaped Tahitian 
baroque cultured pearl (figure 65). Its flattened shape would 
allow it to sit especially well as a pendant. At 19.7 mm, it 
was large. Even though the pearl was very baroque, its 
color was exceptional. This piece had the style and sub- 
stance to really make a statement at a reasonable price (a 
couple of thousand dollars). 


Duncan Pay 
CONFERENCE REPORTS 


GILC 2015. The International Colored Gemstone Associ- 
ation (ICA) sponsored the invitation-only GILC (Gemstone 
Industry & Laboratory Conference) on February 2, during 
the Tucson gem shows. Participants represented primarily 
gemological laboratories, educational institutions, gem- 
stone buyers and wholesalers, and retailers (figure 66). 
Shane McClure of GIA began with an update on the 
activities of the Laboratory Manual Harmonization Com- 


Figure 65. This 19.7 mm Tahitian Sea cultured pearl 
weighs 2.45 momme (9.19 grams). It would make a 

fine centerpiece for an item of custom jewelry. Dun- 
can Pay/GIA; courtesy of Sea Hunt Pearls. 
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mittee (LMHC). The LMHC establishes consistent nomen- 
clature among international lab reports but does not address 
standardization of criteria and testing procedures. The com- 
mittee consists of seven international gemological labora- 
tories, whose representatives meet three times per year by 
teleconference or in person. Information sheets that are 
under development include hydrophane opal, along with 
“pigeon’s blood” and “royal blue” designations for corun- 
dum. Topics under discussion include light sources, tanzan- 
ite/zoisite nomenclature, and the problem of stones being 
treated soon after a laboratory report is issued. 

McClure also presented additional color designations 
for ruby that will be featured on GIA reports. He noted that 
“pigeon’s blood” would designate vivid red color on rubies 
with high fluorescence and low iron content, as typified by 
high-quality Burmese rubies. “Scarlet” and “crimson” 
would be used for fine-colored iron-bearing rubies with low 
fluorescence, in the slightly orangy to slightly purplish 
ranges, respectively. “Deep red” will be used for rubies of 
darker tone. There appeared to be different opinions among 
the participants about the definition of pigeon’s blood, and 
no clear agreement about the proposed new terms. This 
provoked a lively discussion as to whether “romantic” ter- 
minology belonged on lab reports, and whether the use of 
advantageous vocabulary was a move by some labs to gain 
market share. 

Chris Smith of AGL spoke on the detection of low- 
temperature heat treatment of corundum. Smith defined 
“low temperature” as less than 1300°C, a treatment range 
where rutile (including silk) would still remain intact. The 
treatment has a long history and is still used to improve 
the color of pink, red, yellow, and orangy corundum, typ- 
ically by removing purplish or bluish components. Char- 
acterization of non-rutile mineral inclusions and IR 
spectroscopy are keys to detecting the treatment. 

Gabriel Angarita, ICA ambassador to Colombia and 
president of the Emerald Exporters Association, gave a 
presentation on residues in emeralds caused by the cutting 
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Figure 66. Laboratory 
representatives at the 
GILC in Tucson spoke 
on a wide range of top- 
ics related to colored 
gems, including 
nomenclature, treat- 
ment, and clarity en- 
hancement. Photo by 
Duncan Pay/GIA. 


process. He presented visual evidence that “dust” from the 
emeralds, laps, or abrasive powders can enter fractures dur- 
ing cutting and polishing, and he was concerned that they 
might be interpreted as clarity enhancement residues. It 
emerged during the discussion that although the stones 
might not have been intentionally clarity enhanced, the 
lubricating oil used in the cutting process, or the wax or 
nail polish used on rough to seal the fractures from dust, 
could be the source of the clarity enhancement being de- 
tected by gemological laboratories. 

In the open session forum, participants pointed out that 
confidence in lab reports was waning for two reasons: (1) 
the inconsistency in country-of-origin and treatment de- 
terminations, and (2) the increasing prevalence of stones 
being altered or treated after receiving a favorable report 
(for instance, the re-oiling of emeralds). 

The issue of hydrophane opal was revisited, with a call 
for nomenclature and comments, and perhaps a standard- 
ized method of assessing and communicating the degree of 
absorption and its impact on durability and color stability. 

While trade in elephant ivory is prohibited in the U.S., 
the trade in extinct mammoth ivory has been severely re- 
stricted in New York and New Jersey, and on eBay. Nomen- 
clature to distinguish the two types needs to be developed, 
along with awareness of treatments to disguise modern 
ivory as mammoth or antique to circumvent restrictions. 

Another issue raised was the treatment of spinel, once 
considered a gemstone that was not treated. Participants 
confirmed the routine heating of spinel from Myanmar and 
Tanzania, as well as the colored (red) oiling of both spinel 
and corundum in Mogok. While microscopic examination 
does little to detect heating, photoluminescence and 
Raman spectroscopy are useful. 


Donna Beaton 


International Diamond School. In late January 2015, nearly 
100 scientists (figure 67) gathered in the northern Italian 
town of Brixen to attend the Second International Diamond 
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Figure 67. Attendees from countries including Australia, Botswana, Russia, Brazil, and the United States 
learned the latest tools and techniques for diamond research at the Second International Diamond School. 
Photo by Fabrizio Nestola. 


School (IDS). The program, titled “The Nature of Diamonds 
and Their Use in Earth’s Study,” was designed so that atten- 
dees from varied educational and professional levels could 
learn from leaders in the field of natural diamond research. 


The school successfully blended student and professional 
perspectives, as well as the cross-disciplinary nature of the 
participants and speakers. Over four days, IDS attendees from 
a wide range of backgrounds—including experimental re- 
searchers, petrologists, mineralogists, crystallographers, iso- 
tope geochemists, and diamond industry experts—were 
treated to a wide scope of lectures and workshops. Presenta- 
tions provided insight into diamond exploration, advanced 
research-level analysis, diamond morphology, inclusion 
chemistry, and geologic occurrences. 

George H. Read (Shore Gold Inc., Vancouver) presented 
a recent history of diamond exploration, culminating with 
his company’s new Canadian diamond mine: Star-Orion in 
Saskatchewan, a $2.5 billion project. He provided context 
on production history, sources, and trading centers. He out- 
lined future diamond mining projects in Botswana, 
Canada, Lesotho, and India, concluding that the small 
number of viable projects might signify a shortfall in rough 
supply. The complexity and financial risks involved with 
bringing new diamond mines online was made evident. 

Bruce Kjarsgaard (Geological Survey of Canada, Ot- 
tawa) reviewed kimberlite eruptive models based on 1970s 
and 1980s research in South Africa. He explained the revi- 
sion of these models after new kimberlite discoveries in 
the 2000s in Canada’s Slave craton. He defined kimberlite 
as a strongly homogenized and “mixed-up” hybrid rock, 
representing a blend of crystallization out of the magma 
with country rock, that is often highly variable from place 
to place. In a second presentation Kjarsgaard examined the 
major techniques used for exploration for diamondiferous 
kimberlites, focusing on the Canadian experience and its 
applicability to glaciated shield areas such as Canada, Rus- 
sia, the northern United States, and Finland. These tech- 
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niques have been remarkably successful, partly because of 
the solid scientific research behind them. 

Jeff Harris (University of Glasgow, UK) reviewed the 
characteristics of lithospheric diamonds based on his ex- 
perience as a De Beers research director and his access to 
an unparalleled proportion of run-of-mine diamonds. He 
showed how different pipes produce distinct diamond size 
ranges and morphologies. He covered the age relationships 
between inclusions and host diamond, inclusion chem- 
istry, formation pressures and temperatures, fluid inclusion 
chemistry, and the abundance of different carbon and ni- 
trogen isotopes in diamond. 

Michael Walter (University of Bristol, UK) discussed 
the super-deep carbon geodynamics of Earth’s mantle along 
with information provided by analysis of lower-mantle flu- 
ids found as inclusions in “superdeep” (sublithospheric) di- 
amonds from Brazil’s Juina field. He explained how new 
thinking over the past five to six years has provided a 
model for diamond formation by subduction of carbonate- 
bearing hydrated oceanic crust in the transition zone of the 
mantle at depths of 440 to 600 km. 

Paolo Nimis (University of Padua, Italy) discussed ther- 
mobarometry, a technique that uses mineral phase diagrams 
to discover the original formation conditions (pressure, tem- 
perature, and therefore depth) of rocks in the mantle. He also 
related the possibility of applying similar techniques to in- 
clusions in diamonds to help determine their formation con- 
ditions. His talk explored the accuracy and precision of the 
different thermobarometers and where future improve- 
ments are likely to occur. 

Ross Angel (University of Padua) discussed elastic 
barometry for inclusions in diamonds. This new field uses 
Raman shift or X-ray diffraction (lattice distortion) to 
measure decompression effects on the surrounding dia- 
mond crystal caused by inclusions formed at high pressure 
to estimate pressure of diamond formation. 

Fabrizio Nestola (University of Padua) explained the ad- 
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vanced X-ray diffraction methods used in their laboratory, 
which permit very rapid crystal orientation and data col- 
lection. This work has shown that some olivine inclusions 
cannot be syngenetic, as they share no preferred orienta- 
tion with the host diamond. 

Graham Pearson (University of Alberta, Canada) 
overviewed the petrology and geochemistry of cratonic 
mantle roots. He explained the effects of melt depletion 
(removal of clinopyroxene and orthopyroxene) to produce 
very magnesium-rich melts in the sub-continental mantle, 
which removes rhenium (Re) to “freeze in” the osmium 
(Os) isotopic system to allow radiometric dating. This gives 
very different mean Re/Os model ages for “on-craton” 
(>2.5 billion years) and “off-craton” (<2.0 billion) mantle 
xenoliths (potential diamond host rocks) for the Kaapvaal 
craton, which underlies southern Africa. 

Steven Shirey (Carnegie Institution of Washington) re- 
viewed the topic of age-dating diamonds, beginning with 
work in the 1980s using rare-earth element ratios in sili- 
cate mineral inclusions within the diamonds. He covered 
rhenium/osmium dating techniques devised in the late 
1990s and perfected in the 2000s, finishing with recent 
Re/Os dating work on zoned diamonds from Yakutia, 
which showed two-billion-year-old cores surrounded by 
younger rims of one billion years. 

Oded Navon (Hebrew University of Jerusalem) pre- 
sented on silicic and low-magnesium carbonatitic fluids in 
fibrous diamonds and their relationship to fluids in gem- 
quality diamonds. He explained how new work on inclu- 
sions along the twin planes of otherwise gem-quality 
diamonds—macles—revealed fluids of very similar com- 
positions. One can generalize from previous studies of fi- 
brous diamond that most diamonds form under similar 
growth conditions most of the time. 

Thomas Deining (WITec Instruments Corp., Ulm, Ger- 
many) introduced WITec’s confocal Raman spectrometer 
system and described its ability to map three-dimensional 
fields of features at very high resolution. This instrument 
is ideally suited to looking into diamond, and his talk set 
the stage for the Raman workshops the following day. 

Maya Kopylova (University of British Columbia) dis- 
cussed fluid inclusions and volatiles in monocrystalline, 
octahedral diamonds, with a focus on nitrogen (N,) and car- 
bon dioxide (CO,). She related this new work to previous 
studies on fibrous diamonds, showing it has wider rele- 
vance than previously thought. 

Wuyi Wang (GIA, New York) covered diamond treat- 
ment and synthesis. He introduced the various causes of 
color in natural diamonds and explained how combinations 
of irradiation and high-pressure, high-temperature (HPHT) 
treatment might alter or remove color. He also reviewed im- 
provements in synthetic diamond size and quality due to 
advances in HPHT and chemical vapor deposition (CVD) 
synthesis technology. 

Frank Brenker (Goethe University, Frankfurt) outlined 
the latest findings on ultra-high pressure mineral phases in 
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diamonds. Much of this work is nanostructural in nature 
and requires removing exceptionally thin wafers of diamond 
by focused ion beam lithography, a technique borrowed from 
the electronics industry. Brenker dealt specifically with the 
idea that some of the inclusion minerals thought to have 
grown in the lower mantle (e.g., Mg perovskite and ferroper- 
iclase) might actually have formed at the shallower depths 
of the mantle transition zone or even the upper mantle. 

Dan Frost (University of Bayreuth, Germany] presented 
on the experimental petrology of the mantle, using state- 
of-the-art multi-anvil presses capable of achieving pres- 
sures of 250,000 bar at 1,800°C. This work demonstrates 
the possibility that at certain temperatures and pressures, 
a system may exist where carbon dioxide (CO,) and 
methane (CH,) produce carbon (C) plus water (H,O). He 
presented this as a new model for diamond formation in 
the deep mantle. 

Pierre Cartigny (Institut de Physique du Globe de Paris) 
showed how carbon and nitrogen isotopes are used to char- 
acterize the fluid sources and fractionations that can occur 
with diamond growth. One of his long-standing conclu- 
sions is that even though subduction of C and N can occur 
and is thought to be a major process for introducing fluids 
into the mantle, the signatures of subduction are not as 
clear as one would expect. The possible isotopic changes 
that can occur between the diamond and its host fluid dur- 
ing diamond growth need much further study. 

Andy Davy (Rio Tinto Plc., Bristol, UK) drew upon his 
experience as a consulting geologist to discuss the role of en- 
gineers and natural diamond scientists in evaluating dia- 
mond deposits. His talk covered the exploration and 
evaluation of prospective deposits, improvements in recov- 
ery methods to prevent diamond breakage, and assessing the 
performance of deposits through time. He left the audience 
with a realistic picture of the complications in establishing 
diamond grade, price, and hence the viability of any given 
diamond project. He further showed how exceedingly rare 
good diamond-producing kimberlites are. 

The school was a fantastic opportunity for attendees to 
learn about diamond exploration, advanced research-level 
analysis, diamond morphology, inclusion chemistry, and ge- 
ologic occurrences in a way that will inspire their future 
studies and career choices. GIA’s contribution directly bene- 
fited these up-and-coming research scientists by reducing the 
attendance fees for the conference, permitting many students 
to attend who otherwise would have been unable to do so. 

IDS was organized by Fabrizio Nestola, Graham Pear- 
son, and Steven Shirey, under the auspices of the Diamonds 
and Mantle Geodynamics of Carbon (DMGC) consortium, 
part of the Deep Carbon Observatory (DCO). The school 
was sponsored by GIA, the DCO, the Italian Society of Min- 
eralogy and Petrology (SIMP), and the University of Padua. 
The IDS website is at www.indimedea.eu/diamond_ 
school_2015.htm. 

Steven Shirey 
Carnegie Institution of Washington 
Washington, DC 
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COLORED STONES AND ORGANIC MATERIALS 


A remarkably large amblygonite-montebrasite carving. 
Recently the Gem Testing Laboratory in Jaipur had an op- 
portunity to examine an unusually large yellow, semi- 
transparent to translucent carving (figure 68). This 1,871 
g (9,355 ct) piece measuring approximately 18.50 x 15.10 
x 7.30 cm was fashioned after Lord Mahavira, one of the 
ancient Indian sages who established the tenets of Jain 
Dharma. Initial observations suggested beryl due to the 
color, medium heft, and cloudy liquid inclusions visible 
to the unaided eye. Gemological testing ruled out that pos- 
sibility, however. Spot RI was approximately 1.61, with a 
small but distinct birefringence blink, while hydrostatic 
specific gravity measured 3.00. The carving was inert to 
UV radiation. 

Examination with a hand loupe revealed reflective liq- 
uid films (figure 69, left), fingerprints composed of phase 
droplets, elongated phase/short tubes oriented in one di- 
rection, aligned in planes intersecting at approximately 
65/115° angles (figure 69, center). Also present were paral- 
lel reflective films that appeared to be incipient cleavage 
(figure 69, right). The overall inclusion pattern was typical 
of gems found in pegmatitic bodies such as beryl, tourma- 
line, and topaz. 

The carving was identified as amblygonite-montebra- 
site by Raman spectroscopy in the 200-2000 cm region, 
which revealed distinct peaks at ~297, 425, 481, 600, 643, 
797, 1011, 1058, 1107, and 1186 cm" (figure 70). Amblygo- 
nite and montebrasite are both lithium phosphates with a 
common chemical formula of (Li, Na)AIPO,(F, OH), form- 
ing an isomorphous series between F-rich amblygonite and 
OH-rich montebrasite. The two minerals can be colorless, 
yellow, or green. High-quality crystals are prized by collec- 
tors but rarely seen in the gem trade (R. Webster, Gems: 


Figure 68. This 1,871 g amblygonite-montebrasite 
carving (18.50 x 15.10 x 7.30 cm) is unusual for its 
size and transparency. Photo by Gagan Choudhary. 


Their Sources, Descriptions and Identification, 5th ed., rev. 
tby P.G. Read, Butterworth-Heinemann, Oxford, UK). The 
amblygonite and montebrasite end members can be differ- 
entiated on the basis of peaks at ~600 and 1060 cm" and a 
peak at ~3370 cm. With an increasing percentage of fluo- 
rine, the 600 cm" peak shifts from 599 to 604 cm! while 
the 1060 cm peak shifts from 1056 to 1066 cm! (B. Ron- 
deau et al, “A Raman investigation of the amblygonite- 
montebrasite series,” The Canadian Mineralogist, Vol. 44, 


Figure 69. Examination of the carving with a hand loupe revealed reflective liquid films (left), elongated 
phase/short tubes oriented in one direction and aligned in planes intersecting each other at approximately 65/115° 
(center), and parallel reflective films that appeared to be incipient cleavage (right). Photos by Gagan Choudhary; 


image width 25 mm. 


98 Gem News INTERNATIONAL 


SPRING 2015 


Gems & GEMOLOGY 


RAMAN SPECTRUM 


3 


ive) 
ive) 
re 


INTENSITY — 


Figure 70. The carving’s 
Raman spectrum 
showed major peaks at 
around 297, 425, 481, 
600, 643, 797, 1011, 
1058, 1107, and 1186 
cm", The peaks at ap- 
proximately 600 and 
1058 cm! suggest an 
intermediate member 
of the amblygonite- 
montebrasite series. 
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No. 5, pp. 1109-1117). According to the RRUFF database, 
however, the peak for montebrasite is at 1047 cm while 
amblygonite’s is at 1060 cm. This is possibly due to dif- 
ferent instrument settings. Although the ~3370 cm peak 
was not studied here, the 600 and 1058 cm! peaks in this 
carving suggested that it belongs to an intermediate state 
in the amblygonite-montebrasite series. 
Amblygonite-montebrasite is known from many local- 
ities, especially the United States and Brazil, but the client 
did not know the source of the carving. A few faceted sam- 
ples have been examined at this laboratory, but the carving 
documented here was exceptional for its large size and 
transparency, despite its brittleness and tendency to crack. 
Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Gem NEWS INTERNATIONAL 


1400 


T T 1 
1600 1800 2000 


Amethyst from Morocco: An update. Most major sources 
of fine amethyst are located in Africa. Yet African 
amethysts on the market, especially Zambian material, 
tend to be dark and difficult to find in sizes larger than 10 
ct. Since the late 1980s, there have been additional discov- 
eries in Malawi, Tanzania, Namibia, Nigeria, and the Dem- 
ocratic Republic of Congo. The most recent African source 
is Morocco (see Spring 2009 GNI, pp. 62-63), which has 
produced gem-quality amethyst with an appealing purple 
color and sizes larger than 10 ct. 

GIA’s Bangkok laboratory recently examined several 
parcels of gem-quality Moroccan amethyst (figure 71) re- 
ceived from Tom Banker, a colored stone dealer. Gemolog- 
ical properties obtained from the crystals and faceted stones 
were similar to those reported in the 2009 GNI entry. 


Figure 71. These Moroc- 
can amethyst crystals, 
which weigh 2.87 and 
6.24 grams, display an 
attractive purple zoning 
conforming to the 
rhombohedral faces. 
Photo by Nuttaphol 
Kitdee. 
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Contributors in this Issue 


ESMERALDINO REIS, of Rio de Janeiro, was 
born shortly after the turn of the century. It is 
through his courtesy that authoritative informa- 
tion on Brazil’s third largest diamond was fur- 
nished the Gemological Institute. Sr. Reis is a 
functionary of the department of precious stones 
of Mininterio da Fazenda, Rio de Janeiro, where 
he works as gemologist and classifier of precious 
stones. His diploma in mineralogy and petrog- 
raphy was issued to him by the National Faculty 
of Philosophy of Rio de Janeiro. In addition to 
acting as examiner for the Department of Assist- 
ance of the Public Services, he is also professor of 
gemology in the improvement classes of the Eco- 
nomic Case of Rio de Janeiro. At present Sr. Reis 
is preparing a book, Os Grandes Diamantes Bras- 
ileiros, which describes the large diamonds of 
Brazil. 


DR. EDWARD J. GUBELIN, first Research Member of the Gemological Institute, 
and member of the Editorial Board of Gems & Gemology, was born in Lucerne, 
Switzerland, in 1912. Reared in a family of jewelers, in 1925 young Gubelin became 
fascinated with the science of gemstones after his father returned from hearing a 
series of lectures by the first European Gemologist, Prof. Dr. H. Michel of Vienna. 
His father subsequently established a laboratory for the young gem enthusiast. In 
order to acquire a sound background for gemology, Edward Gubelin first studied 


mineralogy at the University of 
Zurich. Later, he studied with 
Prof. Michel in Vienna, and 
under Prof. Dr. K. Schloss- 
macher in Konigsberg. Near 
the close of 1938 he received 
his doctorate. His title of Cer- 
tified Gemologist was awarded 
in 1939, and in 1946 he re- 
ceived his fellowship from the 
Gemological Association of 
Great Britain. He is founder of 
the Gemological Association of 
Switzerland and lectures annu- 
ally on gemology in both Brit- 
ain and Sweden. 
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Figure 72. A closer view of the amethyst shows alter- 
nating bands of darker and lighter purple color zon- 
ing. Photo by Charuwan Khowpong; magnified 10x. 


Common characteristic internal features were intense 
color zoning conforming to the rhombohedral faces (figure 
72), reddish brown needle-like hematite inclusions (figure 
73, left), and fingerprints consisting of two- and three-phase 
inclusions (figure 73, center). Dolomite and anhydrite in- 
clusions were also found (figure 73, right). 

A thin wafer with a thickness of 1.28 mm was prepared 
for FTIR and UV-Vis-NIR spectroscopy. The wafer plane 
was oriented parallel to the c-axis. The FTIR spectra were 
recorded using a Thermo Nicolet 6700 spectrometer with 
a resolution of 4 cm and 200 scans, while the UV-Vis spec- 
tra were collected using a Hitachi U-2910 spectrometer at 
1.5 nm slit width and 100 nm/min scan speed, integrated 
with a polarizer accessory controlled by Thorlabs APT. 

FTIR spectroscopy revealed typical features of amethyst. 
The absorption peaks at 3585 and 3613 cm” were related to 
vibrations caused by Al substitutions. The absorption shoul- 
der at 3595 cm" is common in natural quartz and rarely seen 
in synthetic quartz. The cause of this feature remains un- 
known (S. Karampelas et al., “Infrared spectroscopy of nat- 


ural vs. synthetic amethyst: An update,” Fall 2011 GwG, 
pp. 196-201). Areas of dark, medium, and light purple zoning 
had very similar FTIR patterns. 

Amethyst owes its purple color to color centers associ- 
ated with Fe** or Fe** impurities (A.J. Cohen, “New data on 
the cause of smoky and amethystine color in quartz,” The 
Mineralogical Record, Vol. 20, No. 5, 1989, pp. 365-367). 
The UV-Vis-NIR absorption spectra showed bands in the 
visible range at 545 nm caused by Fe* charge transfer 
(E.H.M. Nunes, “Spectroscopic study of natural quartz 
samples,” Radiation Physics and Chemistry, Vol. 90, 2013, 
pp. 79-86; E. Neumann, “Mechanism of thermal conver- 
sion of color and color centers by heat treatment of 
amethyst,” Neues Jahrbuch ftir Mineralogie, Monatshefte, 
1984, No. 6, pp. 272-282). The complexity of absorption 
bands in the ultraviolet region is related to the presence of 
Fe** in more than one environment in the @-quartz struc- 
ture (F. Hassan and A.J. Cohen, “Biaxial color centers in 
amethyst quartz,” American Mineralogist, Vol. 59, Nos. 
7-8, 1974, pp. 709-718). 

Further chemical analysis using advanced techniques 
such as EDXRF and ICP-MS will be conducted to summarize 
the characteristic chemical profile of the Moroccan material. 


Ratima Suthiyuth 
GIA, Bangkok 


Dumortierite in rock crystal quartz. Dumortierite, which 
commonly occurs as a blue borosilicate mineral, is of 
gemological interest when present in quartzite, making an 
attractive blue ornamental material. Recently examined 
by GIA’s Carlsbad laboratory were several examples of du- 
mortierite inclusions in rock crystal quartz (figure 74) pro- 
vided by Luciana Barbosa (Asheville, North Carolina). 
According to Mrs. Barbosa, the material is reported to be 
from the Brazilian state of Bahia, in the Serra do Espinhaco 
Range near the Vaca Morta quarry. 

Much of the material examined by the authors showed 
phantom planes and clusters of acicular needles with a vi- 
brant blue coloration (figure 75). Polarized light revealed 


Figure 73. Microscopic examination of the Moroccan amethyst samples revealed reddish brown hematite (left), 
two-phase inclusions (center), and dolomite crystals (right). Photomicrographs by Charuwan Khowpong; magni- 
fied 50x, 5x, and 80x. 
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very strong blue to colorless pleochroism in the blue min- 
eral inclusions. Raman analysis confirmed the identity of 
the needles as dumortierite. Also observed in one sample 
were colorless acicular crystals on a phantom plane, which 
were also identified by Raman as dumortierite (figure 76). 

Blue color in dumortierite has previously been reported 
to be caused mainly by Fe**-Ti** charge-transfer (see 
http://minerals.gps.caltech.edu/FILES/Visible/dumortierite/ 
Index.htm). The chemical composition of the blue and col- 
orless dumortierite inclusions was analyzed by LA-ICP-MS 


Figure 75. Clusters of vibrant blue acicular du- 
mortierite were observed in this rock crystal quartz. 
Note that some dumortierite crystals are brownish 
due to epigenetic mineral staining along the interface 
of the quartz host and the dumortierite inclusions. 
Photomicrograph by Nathan Renfro; horizontal field 
of view 7.38 mm. 


Figure 74. This group of 
rock crystal quartz 
from Brazil shows vi- 
brant blue dumortierite 
inclusions. The largest 
rough crystal weighs 
139.79 ct, and the 
faceted stone weighs 
15.47 ct. Photo by 
Kevin Schumacher. 


to look for any prominent differences that might explain 
the variance in observed color. The most significant differ- 
ence was in the magnesium content, which was almost 10 
times higher in the colorless dumortierite inclusions (1070 
ppma, compared to 127 ppma Mg in the blue dumortierite). 
While more research is needed to fully understand the role 
this higher magnesium content has on color, the authors 
speculate that the titanium preferentially charge-compen- 
sates with magnesium instead of iron. If there is not 
enough excess titanium relative to magnesium, it may not 
be possible for titanium to pair with divalent iron, and this 
would prevent the formation of blue color. 


Figure 76. Unusual pale blue to colorless needles of 
dumortierite were also observed in the rock crystal 
quartz. Photomicrograph by Nathan Renfro; horizon- 
tal field of view 2.24 mm. 
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These are the first examples of prismatic blue and col- 
orless dumortierite inclusions in rock crystal quartz we 
have encountered. 


Nathan Renfro, Ziyin Sun, and John Koivula 
GIA, Carlsbad 


Jadeite with high albite content. With high prices and de- 
mand from Chinese consumers for jadeite jade (or fei cui), 
correctly identifying samples is a major challenge for gemo- 
logical laboratories. Jadeite’s complex mineral composition 
and its nature as a rock rather than a mineral further com- 
plicate this problem. While jadeite is the main mineral in 
jadeite jade, other pyroxene minerals such as kosmochlor, 
omphacite, amphibole-group minerals, plagioclase (espe- 
cially albite), and even some iron oxides may also be present. 
Recently, the National Gold & Diamond Testing Center 
(NGDTC) lab tested 29 bangles submitted as jadeite jade (fig- 
ure 77). The results again raised the issue of nomenclature. 

The samples could be separated into two groups, one 
group with finer texture and color (shown on the left in fig- 
ure 77). Standard gemological tests were applied to all of 
the samples, and the surface features were observed using 
a standard gemological microscope. The samples showed 
the characteristic 437 nm line with a handheld spectro- 
scope. Ten randomly chosen spot RI readings were recorded 
on each bangle, and the results offered interesting insights. 
Two different readings of 1.52 and 1.66 were observed, in- 
dicating the presence of two major components. The SG 
ranged from 2.99 to 3.34, while the referenced SG for 
jadeite jade is 3.34 (+0.06-0.09). The low SG indicates a sig- 
nificant amount of light minerals in these samples. An- 
other observation was that the group of lesser luster and 
color (shown on the right in figure 77) tended to have lower 
SG than the higher-quality samples. Overall, most of the 


Figure 77. These 29 bangles were submitted to 
NGDTC by a wholesaler as jadeite jade. The bangles 
in the left column are slightly finer and of better 
color. Photo by Li Jianjun. 
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Figure 78. Two groups of minerals were observed on 
the surface of this sample under brightfield illumina- 
tion. One group is composed of the pale whitish sub- 
hedral to euhedral grains, the other of the creamy 
minerals in between. Photomicrograph by Li Jianjun; 
magnified 30x. 


samples were inert to UV, though six showed weak to 
moderate unevenly distributed bluish fluorescence. Under 
30x magnification and brightfield illumination, two major 
mineral groups with contrasting color, crystal shape, and 
luster were revealed (figure 78). 

Transmission infrared spectra collected from the posi- 
tions that fluoresced weakly to moderately showed no 
polymer-related features. To confirm the composition of 
the two major minerals, we collected micro-infrared re- 
flectance spectra from them (figure 79). The spectrum of 
the pale whitish mineral indicated jadeite, with the pres- 
ence of the featured 1050 and 744 cm bands in addition 
to the four bands between 400 and 600 cm. The IR spec- 
trum of the creamy mineral matched that of albite, with 
the characteristic peak at 1040 cm band assigned to the 
Si-O stretching vibration in the SiO, tetrahedral structure. 
The multiple peaks in the 800-700 cm region can also 
help to distinguish albite from jadeite. 

The spot RI readings around 1.52 were consistent with 
albite’s published RI of 1.528-1.542. The SG of albite is 
2.60-2..65, considerably lower than that of jadeite. The 
presence of albite as a major mineral component in this 
material could account for the much lower SG in most of 
the samples. Although albite is one of the common min- 
erals in jadeite jade, the amount is usually very minor and 
cannot be easily detected by standard gemological tests. 
Because the lab could not destroy the samples, no quanti- 
tative data were achieved. 

Identifying these materials is not easy, especially when 
the concentration of certain components cannot be quan- 
titatively determined and there is no trade standard on the 
boundaries for the different varieties. This study serves as 
a reminder that in addition to the omphacite issue, the high 
concentration of albite in some goods is a potential problem 
facing laboratories. To better protect consumers, the 
NGDTC recommends a clear statement regarding the pres- 
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Figure 79. IR reflectance spectra collected from the 
two main minerals in the samples identified one as 
jadeite and the other one as albite. 


ence of albite on laboratory reports once the albite is iden- 

tified by the standard gemological test especially according 
to refractive index, even by the FTIR spectrometer. 

Li Jianjun, Luo Yuanfei, Liu Xiaowei, Yu Xiaoyan, Li 

Guihua, Fan Chengxing, and Ye Hong 

National Gold # Diamond Testing Center, 

Jinan City, China 


Moldavites: natural or fake? Tectites are members of a 
large group of impact glasses, formed by the collision of a 
meteorite on the Earth’s surface and the subsequent melt- 
ing of surrounding rocks. The most famous tectites used 
as gemstones are moldavites from southern Bohemia in 
the Czech Republic. These were formed by a meteorite’s 
impact in the Ries crater in southern Germany 14.7 mil- 
lion years ago, about 500 km from their occurrence (V. 
Bouska, Moldavites: The Czech Tektites, Stylizace, 
Prague, 1994). Moldavites are popular for their pleasant 
green color, enigmatic origin, and interesting etched tex- 
ture. They are used in jewelry, in either faceted or natural 
form. The price of moldavite has risen in the last few 
years, and as a logical consequence imitations have be- 
come more widespread. 

In fact, moldavite imitations are nothing new. Faceted 
moldavites were very popular in Czech jewelry during the 
second half of the 19th century, often with Czech garnets 
(chrome pyropes) or small river pearls. Their use dimin- 
ished in the beginning of the 20th century when imitations 
made from green bottle glass began to appear. Neverthe- 
less, the author’s recent study of five moldavite sets 
(bracelet, brooch, and earrings) from the second half of the 
19th century in the collection of the Museum of Decora- 
tive Arts in Prague revealed an unexpected result. Only one 
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Figure 80. Glass in a silver brooch, hallmark from 
1866. Private collection, photo by Jaroslav Hyrsl. 


set contained moldavites—a donation to the museum by 
Olga Havlova, the first wife of Vaclav Havel, the late Czech 
author and statesman. All of the stones in the other four 
sets proved to be glass imitations. This means that glass 
imitations have been around decades longer than previ- 
ously thought (figure 80). 

Fortunately, the identification of faceted moldavite is 
simple. Besides their flow texture and abundant bubbles 
(almost always much more abundant than in an artificial 
glass), moldavites contain “wires” of lechatelierite, a high- 
temperature form of SiO,. Lechatelierite is very easy to see 
with a loupe due to its lower RI. 

The identification of moldavite with a natural-looking 
surface is much more difficult. Rumors of moldavite im- 
itations from China have been circulating among Czech 
dealers for many years, but only recently has the author 
been able to study some examples (see figure 81). Two 
large moldavite imitations were seen in a high-end jew- 


Figure 81. Two moldavites from southern Bohemia, 
Czech Republic (top row) and two recent imitations 
from China (bottom row). The natural specimen on 
the top right measures 44 mm across. Photo by 
Jaroslav Hyrsl. 
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Figure 82. One of two huge moldavite fakes seen in 
Hanoi. Photo by Jaroslav Hyrsl. 


elry shop in Hanoi during the 2013 International Gem- 
mological Conference (figure 82). Their size was aston- 
ishing, because very few real moldavites weigh more than 
100 g. Their shape was also too perfect, making them easy 
to recognize. 

Chinese producers are now manufacturing small 
stones weighing just a few grams that are very realistic. 
The surface feature of natural moldavite is caused by nat- 
ural etching, and an almost identical feature can be created 
artificially, likely in hydrofluoric acid. If the stone in ques- 
tion has a polished surface, the presence or lack of lechate- 
lierite “wires” (figure 83, top and bottom) is the best 
diagnostic tool, along with refractive index (table 1). For 
rough, immersion in water or especially oil with a similar 
RI is very helpful to reveal lechatelierite. Imitation mol- 
davite also has a different density, UV-Vis absorption spec- 
trum (figure 84), and fluorescence (again, see table 1). The 
color of natural moldavites is caused by very low concen- 
tration of iron; all other tectites are more Fe-rich and 
therefore black. Fluorescence is particularly helpful be- 
cause it may be used on large mixed lots. Some imitations 
are not fluorescent, however. One imitation seen by the 


Figure 83. Typical bubbles and inclusions of lechate- 
lierite in natural moldavite; image width 5 mm. Pho- 
tomicrograph by Jaroslav Hyrsl. 


author several years ago was not fluorescent, but its very 
high specific gravity of 3.60 immediately ruled out natural 
moldavite. 


Jaroslav Hyrsl (hyrsI@hotmail.com) 
Prague 


Iridescent scapolite. GIA’s Carlsbad laboratory recently ex- 
amined two cabochons from L. Allen Brown (All That Glit- 
ters, Methuen, Massachusetts) that exhibited prominent 


TABLE 1. Characteristics of natural and imitation moldavite. 


19th-century 


Moldavite Chinese imitations glass imitations 
Color Light green to brown Light green Light green 
RI 1.490 (1.480-1.510) 1.520 1.545-1.580 
Density 2.35 (2.27-2.46) 2,.52-2.53 n.a. 
Fluorescence Inert in UV Chalky in short-wave UV Inert in UV 
Absorption spectrum Minimum at 550 nm Maxima at 460 and 640 n.a. 
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Figure 84. Absorption 
spectra of natural mol- 
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iridescence in reflected light (figure 85). Standard gemological 
testing of the 7.30 and 32.22 ct specimens revealed a spot RI 
of 1.55 and a hydrostatic specific gravity of 2.67. Fluorescence 
was inert to long- and short-wave UV light. The stones also 
showed a very weak reaction to a strong magnet. 

Under magnification, the most distinctive internal 
characteristic was the presence of dark brown exsolution 
stringers of a secondary mineral. Larger tabular dark brown 
crystals were also observed (figure 86, left). Under reflected 
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light, these exsolution stringers proved to be the source of 
the iridescent colors (figure 86, right). Similar material has 
been reported to occur in India, by G. Choudhary (Spring 
2013 GNI, pp. 58-59), but the identity of the phenomenon 
causing inclusions was not determined. 

Raman spectroscopy confirmed that the stones were 
scapolite. To identify the color causing inclusions, the 
smaller stone was selected for destructive testing. Win- 
dows were polished to expose some of the inclusions to the 


Figure 85. These two 
scapolite cabochons 
(7.30 and 30.22 ct) dis- 
played prominent iri- 
descence in reflected 
light. Photo by Don 
Mengason. 
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Figure 86. Dark brown exsolution stringers of magnetite (left), also viewed with oblique fiber-optic illumination 
(right), were the source of iridescence in this scapolite. Photomicrographs by Nathan Renfro; field of view 4.37 mm. 


surface of the stone. The exposed surface of the inclusion 
showed a metallic luster (figure 87), which was identified 
as magnetite by Raman spectroscopy, and was explanatory 
of the magnetic reaction observed. 

Laser ablation-inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) analysis was used to further support 
the identity of the inclusions. While the exposure of the in- 
clusions on the stone’s surface was too small for a clean 
analysis without a contribution from the scapolite host, the 
results showed a significant increase in iron as the laser ab- 
lated through the brown inclusion and decreased afterward. 

Scapolite occurs in a number of rock types as a product 
of regional metamorphism or metasomatism. The close as- 
sociation of magnetite with scapolite has been noted before, 
particularly in some skarn deposits and some hydrother- 
mally altered volcanic formations (J.A. Naranjo et al., “Sub- 
volcanic contact metasomatism at El Laco Volcanic 
Complex, Central Andes,” Andean Geology, Vol. 37, 2010, 
pp. 110-120). Choudhary reported similar material, but the 
inclusions that caused the iridescence were not identified. 


Figure 87. Under reflected light, the exposed surface 
of the inclusion showed a metallic luster. Photomi- 
crograph by Ziyin Sun; field of view 0.25 mm. 
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This scapolite with iridescence, also known in the trade as 
rainbow scapolite, is a very interesting example of a phe- 
nomenal gemstone. 


Ziyin Sun, Nathan Renfro, and Aaron C. Palke 
GIA, Carlsbad 


Attractive composite quartz beads. The Gem Testing Lab- 
oratory in Jaipur recently received a 145.70 carat string of 
attractive blue and golden brown spherical beads (figure 88) 
measuring approximately 7.91-8.48 mm in diameter. The 
beads were readily identified as artificial by their appear- 
ance, which consisted of metallic golden brown veining 
and concentrations of blue color against a whiter body. Fur- 
ther tests were performed to identify the blue areas. 

The measured RI was approximately 1.54. The beads 
displayed a patchy chalky blue reaction to short-wave UV 


Figure 88. This string weighing 145.70 carats consists 
of attractive blue and golden brown beads measuring 
approximately 7.91-8.48 mm in diameter. The beads 
were identified as composites fashioned from pieces 
of dyed quartzite held in a polymer matrix. Photo by 
Gagan Choudhary. 
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Figure 89. Color concentrations of blue dye were eas- 
ily visible along the fractures against a white back- 
ground, while the golden brown areas were composed 
of copper-zinc based fine flakes. Also note the green- 
ish polymer along the edge of the golden brown and 
blue areas. Photomicrograph by Gagan Choudhary; 
magnified 48x. 


and were inert to long-wave UV. Their Chelsea filter reac- 
tion was red, and under the desk-model spectroscope they 
displayed a band at approximately 650 nm. Under magni- 
fication, the blue areas displayed fluid inclusions that gave 
the beads a cloudy effect. In addition, the abundant frac- 
tures showed the presence of dye (figure 89) that was re- 
sponsible for the beads’ blue color. Such features are 
commonly observed in dyed quartzite, but these were not 
sufficient to prove its identity. The golden brown areas, 
which consisted of fine flakes (again, see figure 89) held in 
a soft polymer, were later identified by EDXRF spec- 
troscopy as copper and zinc composites. Similar compos- 
ites in which the components are held together in a 
polymer matrix have been known in the trade for several 


years now (see G. Choudhary, “A new type of composite 
turquoise,” Summer 2010 G&G, pp. 106-113). Also pres- 
ent were thick layers of polymer along the edges of the blue 
and golden brown areas, which appeared green due to the 
overlap of the blue dye with the golden flakes. Raman spec- 
troscopy confirmed that these blue portions were quartz. 

Recognizing these beads as composites was straightfor- 
ward, but identification of the components required 
Raman and EDXRF spectroscopy. Although these beads 
were obviously created to offer something fancy and attrac- 
tive to consumers at a low price, clear and complete dis- 
closure remains imperative. 


Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


SYNTHETICS AND SIMULANTS 


CVD synthetic diamond with unstable color centers. The 
Indian Gemological Institute - Gem Testing Laboratory, 
New Delhi recently examined a 1.42 ct (7.06-7.08 x 4.49 
mm) round brilliant. Viewed perpendicular to the pavilion 
facets with its table down, the sample displayed a grayish 
yellow color, but a slight rotation changed the color to 
pinkish. On viewing the specimen parallel to the direction 
of the growth planes, the sample appeared grayish yellow; 
viewing perpendicular to these same planes, the sample ap- 
peared pinkish. 

Infrared spectroscopy showed features typical for type 
Ila diamond. Magnification revealed no internal features 
except for a feather on the girdle and the two growth 
planes, which appeared textured. There are very fine pin- 
point-like inclusions lying just along the planes (figure 90, 
left). These planes of pinpoints were also visible from the 
table (figure 90, right). Examined in the DiamondView 


Figure 90. Left: These growth planes were observed in a CVD synthetic diamond; fine pinpoints were found along 
the growth planes. Photomicrograph by Meenakshi Chauhan; magnified 30x. Right: Pinpoints along the growth 
plane were also visible from the table. Photomicrograph by Meenakshi Chauhan; magnified 10x. 
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Figure 91. In the DiamondView, the 1.42 ct round 
showed striations typical of CVD growth. Notice the 
two parallel planes fluorescing stronger than the bulk 
of the crystal. The sample also showed moderate 
phosphorescence (inset), another indication of CVD 
growth. Images by Meenakshi Chauhan. 


(using less than 225 nm short-wave UV radiation) to reveal 
its growth patterns, the round brilliant showed parallel stri- 
ations indicative of CVD growth (figure 91). It also exhib- 
ited moderate phosphorescence under the UV lamp for 
approximately 20-25 seconds. (figure 91, inset), confirming 
synthesis by a CVD process. 

Upon removal from the DiamondView after approxi- 
mately two minutes of exposure time, it showed a distinct 
grayish blue color. After exposure to a 100-watt halogen 
bulb for about three minutes, the synthetic diamond re- 
gained its initial color (figure 92). 

This process was repeated, and the sample turned a 
grayish blue color after a single minute of exposure to the 
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short-wave UV radiation of the DiamondView and re- 
gained its initial color in approximately one minute under 
the halogen light. 

UV exposure produced unstable color centers in this 
CVD synthetic diamond, which gave it a grayish blue 
color. Heat removed the color centers, restoring the CVD 
synthetic diamond to its initial grayish yellow color. 


Meenakshi Chauhan (meenakshi@gjepcindia.com) 
Indian Gemological Institute - Gem Testing Laboratory 


INSTRUMENTS AND TECHNIQUES 


The Foldscope and its gemological applications. The 
Prakash Lab of Stanford University, a small team of gradu- 
ate students led by bioengineering professor Manu Prakash, 
has created a portable paper microscope called the Fold- 
scope. Originally conceived for disease detection in remote 
areas, it was later expanded for educational use. The con- 
cept of the Foldscope won a $100,000 grant from the Gates 
Foundation in 2012 and a $50,000 first prize from the 2014 
Moore Foundation Science Play and Research Kit Compe- 
tition, which challenges participants to reinvent scientific 
tools of the past to attract a new generation of scholars. 
Speaking at the annual TED Conference in March 2014, 
Dr. Prakash announced that the concept was prototyped, 
functional, and could be manufactured for less than $1 
each. 

Submissions were accepted for a beta test group (now 
closed) named the “10,000 Microscope Project.” The goal 
was to get a Foldscope in the hands of 10,000 users world- 
wide, in medical and non-medical fields. The project re- 
quested users who understood microscopy and agreed to 
write detailed scientific studies based on their own re- 
search, to be collected and published to show the variety 
of potential uses. Seeing a major application in field gemol- 
ogy, this author requested and received a Foldscope. 

Beta testers received Foldscope components and in- 
structions in December 2014. The body is made of a mate- 


Figure 92. The CVD 
synthetic diamond be- 
fore (left) and after ex- 
posure (right) to the 
short-wave UV radia- 
tion of the Diamond- 
View. Photos by 
Meenakshi Chauhan. 
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rial more like plastic than paper, to prevent tearing. Pieces 
are punched out of perforated sheets and assembled like 
origami (figure 93). The kit also contained interchangeable 
low-magnification (140x) and high-magnification (400x) 
lenses, a 3V LED toggled light source, and a surprise: a cou- 
pler to connect to a cell phone for photomicrography. Due 
to its complexity, assembling the Foldscope may take an 
hour or two. The device was ingeniously constructed, but 
would it work with gems? 

Stones between 1 and 3 mm could be mounted onto 
glass slides for study. Larger stones were held with gem 
tweezers in the slide opening, to test whether the Fold- 
scope would work with loose stones as well. Stones that 
were transparent and relatively small produced impressive 
results. The use of a binder clip to hold the slide or tweez- 


Figure 94. This photomicrograph of synthetic opal, 
taken using the high-magnification lens (400x), shows 
the characteristic cellular mosaic appearance. Pho- 
tomicrograph by Kate Pleatman. 


Figure 93. A fully assem- 
bled Foldscope measures 
approximately 7 x 2.5 in. 
A toggled LED light 
source is tucked into tabs 
on the back, and the bot- 
tom center slit accommo- 
dates standard glass 
microscope slides. Photo 
by Kate Pleatman. 


ers in place freed the hands to manipulate the focus more 
precisely. Focusing was the biggest obstacle, and late in the 
research the author inadvertently scratched a lens while 
trying to focus on a 1 mm corundum culet. 

It was possible to clearly distinguish between natural 
and synthetic stones, because the magnification levels 
were exceptional (figures 94-96). Yet the small fixed size 
of the slide opening made it difficult to use with loose 
stones in tweezers, and gems more than 8 mm in depth 
could not pass enough light to view. Opaque material was 
not visible at all. 

Research details, photos, and feedback were sent to the 
Prakash Lab, along with design recommendations for 
making the device more ideal for gemological use. Sugges- 
tions included protection for the lens to prevent scratching 


Figure 95. These fluid inclusions in quartz were 
taken using the Foldscope’s low-magnification lens 
(140x). Photomicrograph by Kate Pleatman. 
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Contributors in this Issue 


DR. FREDERICK H. POUGH was born in 
1906 and educated at Washington University, 
Harvard University, and at the Victor Gold- 
schmidt Institute in Heidelberg. He first came to 
the American Museum of Natural History in 1935, 
and since 1945 has been Curator of Physical 
Geology and Mineralogy. As custodian of one of 
the largest and most complete mineral and gem 
collections, Dr. Pough is recognized as an author- 
ity on rare minerals. He is one of the pioneer 
workers on the irradiation of gemstones, with 
modern sources (cyclotrons, atomic piles); still a 
scientific research problem of importance. He has 
made numerous trips to the new volcano in Mex- 
ico, Paricutin, and in the course of his studies, 
has compiled a motion picture record of the new 
volcano. This film was shown in London, at the 
1948 International Geological Congress, and has also been seen in various other 
parts of the world, including Australia and New Zealand. He has a long list of 
scientific publications to his credit, and has recently become more widely known 
through his lectures and popular writings on minerals, gems, and vulcanology. 


= 


A. A. SCHULKE, Chief Engineer in charge of 
the Cyclotron Laboratory, Washington Univer- 
sity, St. Louis, received his formal education at 
that institution. There also he assisted in the 
design and construction of the cyclotron where 
the first beam was obtained in November 1941. 
It proved an invaluable aid in solving some of 
the early problems connected with the production 
of material for the atomic bomb. Actually, Schulke 
is somewhat of an anomaly — being an engineer 
by training and profession yet working in the 
field of nuclear physics. During the past several 
years his time has been completely absorbed in 
directing the activities of the laboratory and giv- 
ing lectures or talks on the subject of cyclotrons. 
He is a member of the American Institute of 
Electrical Engineers and of the American Physical 
Society. 
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Figure 96. These liquid inclusions in ruby are seen 
using the low-magnification lens (140x). Photomicro- 
graph by Kate Pleatman. 


and a larger gap for examining non-slide materials such as 
loose stones held with tweezers. An optional three- or 
four-inch fiber-optic light attachment would offer illumi- 
nation from any angle, even for mounted stones. The Fold- 
scope team has been very attentive to the feedback, 
although they have not committed to any alterations. 
Time will tell if the suggested modifications are feasible. 
No public release date or final price for the existing ver- 
sion has been announced. For more on this tool, visit 
www.foldscope.com. Sri Lankan heat treater Master Simon displays his 
Kate Pleatman _ copy of the Fall 2014 G&G. The issue’s cover featured 
Facets & Frosting him heating a star ruby using an old-fashioned blow- 
Cincinnati, Ohio pipe technique. Photo by Vincent Pardieu. 


For More on Tucson 2015 


Explore the emerging trends, unique pieces, and production 
updates from this year’s gem shows. GIA‘s coverage from 


Tucson provides an exclusive look at the gem and jewelry 


industry through video interviews and photo galleries. 


Visit www.gia.edu/gems-gemology/spring-2015-gemnews-tucson-2015-overview, or scan the QR code on the right. 
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The Beauty and Value of Inclusions, Plus 
Double Stars and Corundum from Tajikistan 


We hope you enjoy this edition’s unusual and distinctive cover image. It’s especially fitting, as a 
number of contributions in this issue deal with aspects of gem inclusions: their documentation 
using modern digital photography and image-processing software, how some interact with light 
inside a fashioned gem to produce asterism, and the straightforward instructional value that 
might be gained through their study. 


Our cover article, by Nathan Renfro, analytical manager of the gem identification department at 
GIA’s Carlsbad laboratory, focuses on digital photomicrography for gemologists. Renfro’s article 
builds on the landmark 2003 paper by his longtime mentor and master of gem-inclusion photog- 
raphy John Koivula, to offer a highly practical and relevant guide covering equipment and 
current techniques for the gemologist. 


In the lead article, we present a paper by a team of researchers headed by Dr. Karl Schmetzer, a 
frequent contributor to Gems & Gemology during the 1980s and 1990s. We are delighted to welcome Dr. Schmetzer 
back to our journal. He and his coauthors offeracompre- ie . 
hensive description of a largely unappreciated form of We invite kemo logis ts to take a closer look 


asterism: the dual-color “double stars” observed insome gt the astounding beauty and variet ty of 


natural sapphire, ruby, and quartz, as well as synthetic the micro-world of coms” 
corundum, including diffusion-treated examples. The a i 


authors discuss the mechanism by which double stars are formed and present a historical summary of the manufac- 
ture and improvement of synthetic star corundum by diffusion treatment. 


Our third article, by Russian researcher Dr. Elena Sorokina and her coauthors, provides an update on the geology, 
mining, and internal and external features of ruby and sapphire from Snezhnoe, Tajikistan. This is a welcome 
summary of a marble-hosted deposit with significant potential, one that has seen little study or previous coverage in 
the gemological literature. 


After these three feature articles, you'll find our regular Lab Notes and Gem News International sections, which 
include further entries from the 2015 Tucson shows and a report of the recent Maine pegmatite workshop. 


In addition, we present a new quarterly column on inclusions entitled “Micro-World.” With this new regular feature, 
section editors Nathan Renfro, Elise Skalwold, and John Koivula aim to foster the wider appreciation of inclusions 
and to bolster practicing gemologists’ observational skills by providing concise reports accompanied by stunning 
photomicrographs of specially chosen specimens. The authors invite gemologists to take a closer look at the 
astounding beauty and variety of inclusions in gems. 


Finally, I'd like to thank Stuart and the entire Ge*G editorial and production staff. Due to the unexpected death of a 
close family member, I have been out of the United States for a period of weeks. As a result, I have come to 
appreciate the hard work and dedication of the entire Ge»G team even more. 


All ofus at GeG hope you enjoy the Summer issue! 


On a 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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NMOS ARTICLES 


DUAL-COLOR DOUBLE STARS IN RUBY, 
SAPPHIRE, AND QUARTZ: 
CAUSE AND HISTORICAL ACCOUNT 


Karl Schmetzer, Martin P. Steinbach, H. Albert Gilg, and Andrea R. Blake 


— The ech monoreise for the formation of the duclweatag double stars is fdivawsced| To pro- 
duce the pattern, acicular inclusions must either be present in relatively thin layers confined to the dome 
and the base of diffusion-treated ruby or sapphire cabochons, or be distributed throughout the complete 
corundum (natural or synthetic) or quartz samples. The white star is caused by interaction of light with 
the upper layer of the cabochon’s dome. The bodycolored star, in contrast, is generated by light that 
enters the cabochon, is reflected and scattered at the base layer of the cabochon, and then travels a sec- 
ond time back through the body of the sample. As further prerequisites for observation of the phenom- 
enon, the gemstones must be transparent or translucent, with polished base and dome. 

A historical summary of the manufacture and improvement of synthetic asteriated corundum by dif- 
fusion treatment offers additional insight into dual-color double-star stones. According to firsthand ac- 
counts and patent documents, diffusion has been used to produce or enhance asterism in synthetic and 
natural corundum since the 1950s. The treated material has been released commercially since at least 


the 1970s, and it is still produced and found on the international market. 


sterism in corundum and quartz is observed 
A= various forms. Single six-rayed asterism is 

the most common form, found in natural ruby 
and sapphire from different sources around the world. 
This optical phenomenon is due to the presence of 
three series of acicular inclusions, in corundum 
mostly identified as rutile or hematite-ilmenite nee- 
dles (Moon and Phillips, 1984). If both types of inclu- 
sion are present, twelve-rayed asterism is seen 
(Hughes, 1997; Schmetzer and Glas, 2001). In such 
samples, two six-rayed concentric stars consisting of 
three light bands each are rotated such that the 
twelve rays are evenly spaced and 30° apart (and al- 
ternate between the two acicular inclusion types). 


See end of article for About the Authors and Acknowledgments. 
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112 DuaL-CoLor DouBLe STARS IN RuBy, SAPPHIRE, AND QUARTZ 


Asteriated natural sapphires and rubies with two 
slightly displaced six-rayed stars of identical white 
color have been mentioned on different occasions. 
This optical phenomenon results from lamellar twin- 
ning, with three series of rutile needles in each indi- 
vidual part of the twin (Koivula et al., 1993; McClure, 
1998; Kondo, 2007). 

Additionally, a natural star sapphire with two 
stars of different coloration was described by Koivula 
and Tannous (2001). The two stars were observed 
singly but on opposite sides of the double cabochon— 
ie., the color of the star visible depended upon 
whether the stone was viewed from the “top” dome 
or the “bottom” dome. One star was an “ordinary” 
white star of the type commonly seen in sapphires 
and rubies, caused by reflection from inclusions near 
the surface toward the viewer. The other was a yel- 
low-brown star, caused by reflection from inclusions 
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farther from the surface and thereby showing super- 
imposition of the bodycolor of the host sapphire. 

Phenomenal quartz has been known from various 
localities for more than a century, and asteriated ma- 
terial is seen occasionally in the trade, with most 
samples originating from Brazil or Madagascar 
(Cassedanne and Roditi, 1991; Pezzotta, 2001). The 
literature further demonstrates that asterism and re- 
lated phenomena in quartz constitute a relatively 
complex topic and may take a plurality of forms. 
Most common are asteriated stones presenting six- 
rayed stars, with three groups of needle-like inclu- 
sions oriented in a plane perpendicular to the c-axis. 
Rarely, twelve-rayed stars are observed, which show 
six groups of needles (two sets of three) in the same 
plane. Even multi-star quartz samples revealing nu- 
merous stars on the surface of cabochons or complete 
spheres have been described in detail from a locality 
near Galle in Sri Lanka (Schmetzer and Glas, 2003). 
Rose quartz spheres also may show isolated light 
spots in addition to the typical six-rayed asterism 
(Schmetzer and Krzemnicki, 2006). 

With respect to identification of the needles pro- 
ducing the phenomena, asterism in colorless quartz 
and rose quartz has frequently been associated with 
the presence of a network of oriented rutile needles 
(see, e.g., Eppler, 1958; Fryer et al., 1981, 1982b, 1985; 


In Brief 


¢ Corundum (natural and synthetic) and quartz may ex- 
hibit asterism in the form of dual-color double stars. 


¢ Reflection and scattering of light by acicular inclusions 
near the dome of cabochons create a white star, while 
such reflection and scattering of light by inclusions near 
the base create another star with the bodycolor of the host. 


Diffusion processes may contribute to the phenome- 
non and have been used to create or improve asterism 
in ruby and sapphire since the 1950s. 


Kiefert, 2003). Rutile needles are found in quartz in 
a multiplicity of crystallographic orientations, as es- 
tablished by von Vultée (1955, 1956). By use of five 
of these established orientations for rutile needles in 
quartz, a model was developed to explain all ob- 
served multi-star networks in quartz from Sri Lanka 
(Schmetzer and Glas, 2003). A sagenitic network of 
acicular rutile crystals has also been mentioned re- 
cently as causing the asterism seen in quartz samples 
from Myanmar (Schmetzer and Steinbach, 2014). 


DUAL-CoLoR DOUBLE STARS IN RUBY, SAPPHIRE, AND QUARTZ 


In addition, examinations of six-rayed star quartz 
from Niriella, Sri Lanka, showed the presence of 
three series of oriented sillimanite needles (Woens- 
dregt et al., 1980). Oriented needle-like inclusions of 
ilmenite, on the other hand, were responsible for the 
six light bands in quartz from the state of Texas 
(Zolensky et al., 1988). In a yellow-green quartz from 
Tamil Nadu, India, showing a combination of aster- 
ism and chatoyancy, several series of unidentified 
fine to coarse needles were described (Choudhary and 
Vyas, 2009). These publications show that although 
rutile needles seem to be a well-established cause for 
asterism in some quartz varieties, other acicular in- 
clusions should not be neglected. 

To summarize, table 1 offers a short overview of 
the different star phenomena. 


PRODUCTION OF ASTERIATED SYNTHETIC 
RUBY AND SAPPHIRE 


In synthetic ruby and sapphire, asterism is produced 
in a two-step process: 


1. Growth of a non-asteriated crystal that con- 
tains distinct amounts of titanium in the 
corundum lattice 


2. Heat treatment of the homogeneous titanium- 
bearing sample to form needle-like precipitates 
of a titanium-bearing phase 


Two variants are known for the first step of this 
process. In one variant, titanium oxide is added to the 
aluminum oxide powder used for the production of 
synthetic ruby and sapphire boules by the Verneuil 
method (Burdick and Glenn, 1949; Burdick and 
Jones, 1954a) or by the Czochralski technique (Keig 
et al., 1972). In another variant, titanium is diffused 
into whole and half boules as well as pre-cut cabo- 
chons of synthetic Verneuil-grown corundum (Ever- 
sole and Burdick, 1954c; see also Carr and Nisevich, 
1975a, 1976a, 1977). 

After either variant of the first production step, 
heat treatment is performed for the formation of 
needle-like precipitates in the corundum matrix. 
This step exsolves three differently oriented series 
of needles, composed either of rutile or of another 
titanium-bearing phase. Reflection and scattering of 
light from these needles are then responsible for the 
three intersecting light bands of asteriated rubies 
and sapphires. The exsolution step is necessary re- 
gardless of which variant of the first production step 
is employed. 
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TABLE 1. Overview of various star phenomena. 


Ruby and sapphire 


Quartz and rose quartz 


Single six-rayed star 


Single twelve-rayed star 


Single-color double stars 
consisting of two 
displaced stars with 


Three series of needles in 
planes parallel to the basal 


face 


Six series of needles (two 
sets of three) in planes 
parallel to the basal face 


Twinned individual, each 
part of the twin with a 
single six-rayed star 


aK 


Three series of needles in 
planes parallel to the basal 
face 


Six series of needles (two 
sets of three) in planes 


parallel to the basal face 


ele 


identical color 


Multiple stars with 
identical color? (or 


additional light spots) 


To be described in this 
with a white star and a paper 


Dual-color double stars 


bodycolored second star 


Several series of needles 
parallel and inclined to 
the basal face (or 


additional flat inclusions) 


To be described in this 
paper 


*Also observed in garnets and spinels due to the cubic symmetry of the host (see, e.g., Schmetzer et al., 2002) 


Numerous papers have dealt with the examina- 
tion and identification of the needle-like precipitates 
formed in Ti-doped corundum after annealing at 
temperatures in the range of 1500° to 1100°C (see ref- 
erences below and patent documents in table A-1). 
The different phases present as acicular inclusions 
have been characterized in the transmission electron 
microscope using electron diffraction and/or other 
microanalytical techniques. It has often been noted 
that twinned rutile needles are formed, but the exso- 
lution of rhombic or monoclinic TiO, phases and 
even the formation of Al, TiO, have been reported as 
well (Phillips et al., 1980; Langensiepen et al., 1983; 
Moon and Phillips, 1991; Xiao et al., 1997; Viti and 
Ferrari, 2006; He et al., 2011). For simplicity, we shall 
only mention “rutile” needles or precipitates, aware 
of the fact that other Ti-bearing phases might also be 
present. 
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Patents related to the different variants of produc- 
tion mentioned above were assigned to the Linde Air 
Products Company (New York) and later to Union 
Carbide and Carbon Corporation or to Union Carbide 
Corporation (of which Linde had become a division). 
Linde started manufacturing synthetic ruby and sap- 
phire in the United States in the 1940s, when Amer- 
ica was cut off from European supply of synthetic 
corundum (U.S. develops synthetic sapphire indus- 
try,” 1943; Alexander, 1946; Seemann, 1949; Pough, 
1966). The method to produce asteriated corundum 
was discovered by J.N. Burdick and his colleagues at 
Linde in 1947 (see “The story of Linde stars,” n.d.}, 
and the first samples were available for gemological 
examination in the same year (Holmes, 1947). 
Linde’s only competitor for the international market 
in the early decades of production was Wiede’s Car- 
bidwerk in Freyung, Germany (Breebaart, 1957; Ep- 
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pler, 1957/1958). This company has been growing 
synthetic corundum since 1913. The existence of a 
competing manufacturer was possible because the 
basic patent (Burdick and Glenn, 1949) was granted 
only in the United States (see box A), and Wiede’s de- 
veloped and patented a slightly different process in 
Germany (Ancot and Eppler, 1957 a,b). 

The asteriated synthetic rubies and sapphires pro- 
duced by Linde (figure 1) were distributed and sold 
under various trade names, including the widely used 
“Linde stars.” In the 1960s, asteriated corundum was 
commercially available in four different colors 
(white, red, blue, and black), and limited quantities 
of asteriated sapphires in other colors (green, yellow, 
and pink) were also produced (Meyer-Browne, 1962; 
Thurm, 1962; Taylor, 1964; Pough, 1966). Due to the 
concentration of needle-like precipitates primarily in 
a thin layer close to the surface of the Verneuil 
boules, the first stones manufactured showed higher 
transparency and somewhat incomplete stars com- 
pared to the material released from 1952 onward 
(Holmes, 1947; Liddicoat, 1963; Crowningshield, 
1965). Production of synthetic star rubies and sap- 
phires in the United States ceased in 1974 (Nassau, 
1979). Conversely, production of non-asteriated, ti- 
tanium-bearing sapphires continued. At Union Car- 
bide, these titanium-bearing synthetics were grown 
using the Czochralski method and were primarily 
used as laser crystals, although such material with 
pink coloration has occasionally been faceted for gem 
use (Johnson et al., 1995). 
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Figure 1. Synthetic star 
rubies and sapphires 
were manufactured by 
the Linde Air Products 
Company beginning in 
the late 1940s. The first 
commercially produced 
type of asteriated 
stones was opaque 
with a white, six-rayed 
star. The large ruby 
cabochon measures 9.9 
x 8.0 mm and weighs 
3.39 ct. Photo by K. 
Schmetzer; samples 
courtesy of C. Cavey. 


It has been mentioned in the literature that syn- 
thetic star stones produced by diffusion have a higher 
transparency than normal star corundum but have 
not been marketed on a wide scale (Elwell, 1979). It 
was also noted that the diffusion process has not nor- 
mally been used for producing synthetic stars (Nas- 
sau, 1980). However, no information as to the source 
of these statements is provided in the cited texts. 

Asterism in natural corundum can be created or 
improved by the same diffusion process with subse- 
quent heat treatment as described above. The related 
patent applications were assigned to Union Carbide 
Corporation (Carr and Nisevich, 1975a) or later to 
Astrid Corporation (Carr and Nisevich, 1976a, 1977). 


RECOGNITION OF DUAL-COLOR 
DOUBLE-STAR PHENOMENA IN CORUNDUM 
AND QUARTZ 

Corundum and quartz samples showing a type of star 
phenomenon not accounted for among the more 
widely recognized forms of asterism described earlier 
and consisting of two differently colored six-rayed 
stars have occasionally been noted or depicted as 
well. For example, a double-star pattern was pictured 
by Arem (1987) for some synthetic “Heller Hope” 
star rubies and sapphires (a trade name used for Linde 
synthetics). The accompanying caption does not ex- 
plicitly refer to these dual-color double stars, and in 
the text no comment related to this phenomenon is 
given. The material portrayed was a lot of mixed- 
color asteriated rubies and sapphires from the trade, 
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Figure 2. This synthetic star ruby was described by 
Schmetzer and Hainschwang (2012); the sample 
shows a six-rayed white star, reflected from the sur- 
face of the cabochon, and a six-rayed orange-red star. 
The sample measures 10.3 x 8.7 mm and weighs 5.98 
ct. Photo by K. Schmetzer. 


without any additional specification (J.E. Arem, pers. 
comm., 2013). A similar photo showing differently 
colored sapphires with dual-color double stars was 
also published without further comment by Gtibelin 
and Koivula (2008). 

Another instance of a double star in a synthetic 
ruby was recently described by Schmetzer and Hain- 
schwang (2012). When examined in reflected light, the 
ruby cabochon showed the ordinary whitish six-rayed 
star of corundum and an orange-red star that seemed 
to emanate from the back of the sample (figure 2). This 
transparent cabochon consisted of a Verneuil-grown 
synthetic corundum core with tiny needle-like precip- 
itates in the upper layer (in the curved dome) as well 
as within the slightly curved base of the stone. It was 
concluded that the formation of the orange-red star 
was caused by a complex interaction of the light re- 
flected and scattered by needles (most likely rutile 
needles) in one or both surface layers and absorption 
of light reflected from the base of the cabochon, trav- 
eling twice through the body of the stone. 

An analogous double-star pattern consisting of 
two differently colored stars (white and pink) was ob- 
served in reflected light in a rose quartz sphere 
(Killingback, 2006, 2011). It was assumed that the 
light forming the pinkish star was “reflected from 
the rear surface of the sphere and formed into the star 
as it comes up through the ball, to be refracted at the 
top surface on leaving” the rose quartz sphere 
(Killingback, 2006). 

Subsequent to the 2012 publication of the Schmet- 
zer and Hainschwang paper, one of the authors (KS) 
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discussed the mode of formation of the double-star 
pattern in the synthetic ruby with several colleagues. 
Although asterism is commonly observed in gem ma- 
terials in reflected light, designated as epiasterism, 
transparent gemstones such as quartz or rose quartz 
also show asterism in transmitted light, termed dias- 
terism (Schmetzer and Glas, 2003; Killingback, 2009). 
Taking these facts into consideration, it was argued 
that the phenomenon is probably a “simple” reflec- 
tion of an ordinary white star (light bands produced by 
forward scattering) at the base of the cabochon, with- 
out further interaction of light with needle-like inclu- 
sions confined to that base and without further 
interaction with needles in the upper surface layer. 

Thus, the opportunity to examine several addi- 
tional samples of synthetic corundum purchased re- 
cently by one of the authors in Bangkok, which 
showed light bands forming a dual-color double star 
in reflected light (figure 3), was valuable. Further- 
more, several lots of “Linde” synthetics loaned from 
various collections and samples bought in the trade, 
mainly in the United States in 2013, were examined 
and compared with the material obtained in the 
Bangkok trade. Synthetics produced by Wiede’s Car- 
bidwerk and Hrand Djevahirdjian SA were likewise 
made available for study. Finally, a similar-appearing 
double-star pattern was examined in a natural sap- 
phire, in rose quartz from Brazil, and in brownish 
pink quartz from India. The focus in examining all 
of these samples was to elucidate the almost com- 
pletely overlooked optical phenomenon of dual-color 
double stars observed in reflected light. 


Figure 3. This pink synthetic sapphire showing a 
white six-rayed star and a pink star was purchased by 
one of the authors in Bangkok in 2010. The cabochon 
measures 14.4 x 11.2 mm and weighs 12.37 ct. Photo 
courtesy of M.P. Steinbach. 
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Box A: TECHNICAL INFORMATION IN PATENT DOCUMENTS 


Various processes to create or enhance asterism in corun- 
dum are described in patent documents that were filed 
by Linde or by the Linde division of Union Carbide, be- 
fore the production and related patents were transferred 
to Astrid Corporation, a company based in Hong Kong 
(table A-1). The first patent application was filed in Au- 
gust 1947 (published as U.S. patent 2,488,507 in Novem- 
ber 1949). In principle, and as already summarized in the 
text, the production of asteriated corundum is based on a 
two-step process comprising (1) the growth of titanium- 
bearing corundum crystals, and (2) the formation of rutile 
precipitates by low-temperature annealing between 1500° 
and 1100°C. These precipitates are responsible for the re- 
flection and scattering of incident light and the formation 
of three intersecting light bands of a six-rayed star. Ac- 
cording to the patent documents available, the two steps 
described are performed under various conditions. How- 
ever, from interviews with people involved in the produc- 
tion (see box B), it appears that additional “secret” steps 
or specific details not disclosed in patents may exist to 
optimize the processes for obtaining asterism. The first 
synthetic asteriated rubies and sapphires were grown by 
the Verneuil technique, with the addition of a titanium- 
bearing compound as a component of the nutrient pow- 
der (Burdick and Glenn, 1949). Without further dopants, 
colorless star sapphires are obtained; with the addition of 
chromium oxide or iron oxide, respectively, rubies or blue 
sapphires can be produced. 

The disadvantage of this basic process is that the re- 
sultant needle-like precipitates are confined to the skin 
of the Verneuil boules, thus restricting the size and num- 
ber of the cabochons that may be cut. Cabochons cut 
from the interior of the boules may not exhibit asterism, 
and blue synthetic sapphires may also show colorless 
zones in the growth sectors without titanium (figure A- 
1). Furthermore, cabochons cut with the titanium-bear- 


Figure A-1. Blue synthetic sapphire with a large colorless 
zone, which probably represents the core of the original 

boule; the star is restricted to the blue zones of the cabo- 
chon. The sample, from an unknown producer, measures 
5.8 x 4.8 mm and weighs 1.01 ct. Photo by K. Schmetzer. 
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Figure A-2. Left: A boule of synthetic Verneuil-grown sap- 
phire produced under fluctuating temperature conditions. 
Right: An enlarged section through the boule between 
lines a and b showing the distribution of titanium in vari- 
ous growth zones. 1 indicates layers containing titanium- 
bearing precipitates only at the rim; 2 represents layers 
containing titanium-bearing precipitates in all zones, 
from the center to the rim. After German patent DE 897 
844. Inventors: J.N. Burdick and R.A. Jones (1954b); appli- 
cant: Union Carbide and Carbon Corporation. 


ing skin in the center may not show asterism on the 
sides toward the base (Burdick and Jones, 1954a). 

To overcome these disadvantages and to grow rubies 
and sapphires with more complete stars, and without col- 
orless zones in blue sapphires, it was necessary to have a 
more homogeneous distribution of titanium in the crys- 
tals. The more homogeneous distribution was accom- 
plished by growing the Verneuil boules under fluctuating 
thermal conditions. In practice, this fluctuation was 
achieved by alternately increasing and decreasing the rate 
of oxygen fed to the oxygen-hydrogen flame of the 
Verneuil burner. It is described in the Burdick and Jones 
(1954a) U.S. patent that the synthetic sapphire and ruby 
boules grown under such conditions show—in the direc- 
tion of crystal growth—layers with high titanium con- 
tents in all zones, alternating with layers where titanium 
contents are restricted to the rim of the boule (figure A-2). 

Larger crystals with an even more homogeneous tita- 
nium distribution are grown by the Czochralski technique 
(Keig et al., 1972, 1973a). Crystals produced by this 
method show a uniform distribution of both color and ti- 
tanium-bearing precipitates. Asteriated cabochons can be 
cut from any section of the synthetic crystals without size 
or shape restriction. In practice, ruby or sapphire crystals 
are pulled vertically by means of a seed crystal (figure A- 
3), which is dipped into an aluminum oxide melt doped 
with titanium oxide and further oxides of color-causing 
transition elements (e.g., chromium and iron). 

An example of a large asteriated ruby that almost cer- 
tainly was grown by Union Carbide using the Czochralski 
method, measuring 5 cm in diameter, was shown at a spe- 
cial exhibition at the Smithsonian Institution’s National 
Museum of Natural History in the summer of 1973 (J.E. 
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Figure A-3. Growth of a large sapphire crystal from the 
melt by the Czochralski technique. D represents the di- 
ameter of the growing crystal. After German published 
patent application DE 2 208 150A. Inventors: G.A. Keig et 
al. (1973c); applicant: Union Carbide Corporation. 


Arem, pers. comm., 2014; see figure A-4). However, this 
material was not available commercially, and further de- 
tails of the production methods, especially for obtaining 
asterism, are unknown. 

As an alternative to the methods described by Bur- 
dick and Jones (1954a) and Keig et al. (1972, 1973a), in 
which a titanium-bearing compound is added to the 


Figure A-4. This large sphere of asteriated synthetic 
ruby, about 5 cm in diameter, was exhibited at the 
Smithsonian Institution’s National Museum of Natural 
History in the summer of 1973. It is an example of the 
large ruby and sapphire crystals manufactured at 
Union Carbide in the early 1970s, though details of its 
production are unknown. Photo courtesy of J.E. Arem. 


powder used for crystal growth by the Verneuil or 
Czochralski technique, titanium can be induced into the 
corundum lattice by diffusion treatment of the already- 
grown, final crystal. This technique can also be applied 
to cabochon-cut materials. For the diffusion of titanium 
into the corundum, titanium oxide or a mixture of tita- 
nium oxide and aluminum oxide is placed in contact 
with a crystal, a boule, or a cabochon and annealed at 
temperatures in the range of 1950° to 1700°C (Eversole 
and Burdick, 1954c). 

As one example, the Eversole and Burdick (1954c) 
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Figure A-5. Left: Diffusion treatment of sapphires in tita- 
nium-bearing powder. Right: A treated cabochon with a 
diffusion layer. After German published patent applica- 

tion DE 2 262 104A. Inventors: R.R. Carr and S.D. Nise- 

vich (1973c); applicant: Astrid Corporation. 


patent describes spraying a slurry containing titanium 
oxide onto the surface of sapphire or ruby cabochons. To 
develop asterism, the cabochons are then annealed in a fur- 
nace at temperatures between 1875° and 1800°C. Another 
example involves embedding rubies or sapphires of various 
colors in a mixture of titanium oxide and aluminum oxide 
powder and then heating in crucibles at 1800°C for a period 
of 24 to 30 hours. Asterism is subsequently formed by the 
precipitation of titanium-bearing needles by low-temper- 
ature annealing as described above. The diffusion of tita- 
nium is restricted to a thin layer at the surface of the 
treated corundum boules or cabochons. This layer, how- 
ever, is sufficient to produce the desired six-rayed asterism. 
It is worth noting that, although not worked out in detail, 
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Figure A-6, Examples of sapphires with undesirable 
color and color zoning that can be altered by diffusion 
treatment: (A) color banding, (B) a clear center, and 
(C) off-color, irregularly distributed color banding. 
After German published patent application DE 2 262 
104A. Inventors: R.R. Carr and S.D. Nisevich (1973c); 
applicant: Astrid Corporation. 


Eversole and Burdick’s patent (1954c) stated that even non- 
asteriated natural cabochons could be treated to produce 
asterism by the diffusion technique so invented. In one ex- 
ample, the treatment of “pale blue-green unasteriated nat- 
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TABLE A-1. Patent documents related to production or enhancement of asterism in corundum. 


Author(s)/applicant U.S. patent Related patents (patent Purpose Technical details 
documents/ family)/publication year 
publication year 
J.N. Burdick and J.W. US 2,488,507 Manufacture of Growth of titanium-doped 
Glenn (Linde Air Products (1949) asteriated ruby and corundum and subsequent 
Company) sapphire annealing of the synthetic boule 
at temperatures between 1500° 
and 1100°C to form precipitates 
of a titanium compound 
J.N. Burdick and R.A. Jones US 2,690,062 DE 897 844 (1954b) Manufacture of Increasing the homogeneity of 
(Union Carbide and (1954a) DE 948 403 (1956) asteriated ruby and titanium distribution within the 
Carbon Corporation) GB 697,804 (1953b) sapphire with Verneuil boule, crystal growth 
FR 1.029.418 (1953a) homogeneous color under fluctuating thermal 
CH 289 320 (1953c) distribution and conditions 
complete six-rayed stars 
W.G. Eversole and J.N. US 2,690,630 DE 922 584 (1955a) Production of asterism Diffusion of titanium into a thin 
Burdick (Union Carbide (1954c) GB 712,735 (1954a) in natural or synthetic —_— surface layer of a ruby or 
and Carbon Corporation) FR 1.067.037 (1954b) corundum sapphire crystal at temperatures 
CH 307 914 (1955b) between 1950° and 1700°C and 
subsequent annealing of the 
corundum crystal at 
temperatures between 1500° 
and 1100°C to form precipitates 
of a titanium compound 
G.A. Keig, J.C. Smith, and US 3,655,415 DE 2 208 150A (1973c) = Manufacture of Growth of titanium-doped 
J.M.J. Watts (Union (1972) GB 1 377 428 (1974) asteriated ruby and corundum by the Czochralski 
Carbide Corporation) US 3,725,092 FR 2.172.913 (1973d) sapphire with technique and subsequent 
(1973a) CH 539 581 (1973b) homogeneous color annealing of the synthetic crystal 
AT 327 863 (1976) distribution and at temperatures between 1500° 
complete six-rayed stars and 1100°C to form precipitates 
in any desired size of a titanium compound 
R.R. Carr and S.D. Nisevich US 3,897,529 DE 2 262 104A (1973c) — Production of Diffusion of titanium, diffusion of 
(Union Carbide Corporation) (1975a) GB 1 408 648 (1975b) homogeneous color another transition metal, or 
R.R. Carr and S.D. Nisevich US 3,950,596 FR 2.164.690 (1973a) distribution or altering _diffusion of titanium together 
(Astrid Corporation, Ltd.) (1976a) CH 554 811 (1974) the appearance of color _ with another transition metal into 
R.R. Carr and S.D. Nisevich US 4,039,726 AT 330 722 (1976b) in asteriated and non- _a thin surface layer of a ruby or 
(Astrid Corporation, Ltd.) (1977) BE 793.007 (1973b) asteriated natural or sapphire crystal at temperatures 


synthetic corundum 


between 1850° and 1600°C; to 
produce asteriated corundum, 
subsequent annealing of the 
synthetic crystal at temperatures 
between 1500° and 1100°C to 
form precipitates of a titanium 
compound 


US—United States; DE—Germany; GB— United Kingdom; FR—France; CH—Switzerland; AT—Austria; BE— Belgium 


ural sapphire” is mentioned, which indicates that diffusion 
treatment of natural sapphire to produce asterism has been 


known since 1954. 


The diffusion process of Eversole and Burdick (1954) 
was extended by Carr and Nisevich (1975a, 1976a, 1977) 
for altering the color appearance of natural and synthetic 
corundum. Through the use of diffusion processes as de- 
scribed in the patent documents (figure A-5), various un- 
even or undesired color distributions (figure A-6) of 
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natural or synthetic, asteriated or non-asteriated ruby and 
sapphire crystals can be enhanced. Based on the intended 


final coloration, oxides of transition metals such as tita- 
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nium, vanadium, chromium, iron, or nickel, alone or in 
combination, are diffused into the corundum sample. If 
asterism is to be developed or enhanced, in addition to the 
desired color improvement, a second low-temperature an- 
nealing step is always required to produce the necessary 
oriented titanium-bearing precipitates. 
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Figure 4. This brownish yellow synthetic sapphire 
showing a white six-rayed star and a brownish yellow 
star was purchased by one of the authors in Bangkok 
in 2010. The cabochon measures 14.2 x 9.8 mm and 
weighs 9.76 ct. Photo courtesy of M.P. Steinbach. 


SAMPLE TYPES AND EXAMINATION METHODS 
The present study started with the examination of 
15 asteriated synthetic rubies and sapphires of differ- 
ent colors that were purchased by one of the authors 
(MPS) in Bangkok in 2010 for his personal collection 
(figure 4). Neither the producer nor any details of the 
production technique were disclosed. An Internet 
search revealed that the company Thai Star Sapphire, 
based in Ladprao, Bangkok, is producing and offering 
synthetic stones of the complete color series so ac- 
quired and available for the present study (see “Thai 
star sapphire,” n.d.). An additional extraordinarily 
large sample of that material, weighing 91 ct, was pur- 
chased in Bangkok in December 2.014. 

Similar transparent, diffusion-treated samples 
were made available from Wiede’s Carbidwerk in 
Freyung, Germany, both from their production in the 
1970s and from recent production. The authors were 
also able to examine two synthetic asteriated rubies 
cut in Idar-Oberstein, Germany, from the recent pro- 
duction of Hrand Djevahirdjian SA, one of the largest 
manufacturers of synthetic corundum and located 
since 1914 in Monthey, Switzerland. 

To compare the foregoing types of samples with 
materials produced by Linde, the latter of which have 
been discussed in the literature, we collected and ex- 
amined several series of asteriated Linde rubies and 
sapphires from different collections and the trade in 
the UK and Germany. Most of these 26 samples had 
been kept in private collections since the 1970s or 
before (see also box C). One of the Linde sapphire 
cabochons had been removed from vintage jewelry. 
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An Internet search further revealed that samples 
presently available in the gem and jewelry market 
under the trade name “Linde” include: (1) samples re- 
moved from vintage jewelry that had contained 
stones originally produced by Linde or the Linde di- 
vision of Union Carbide; (2) “old stock” samples, 
without previous jewelry use, likewise manufactured 
by Linde before the production stopped and crystal 
growth and/or marketing was transferred to Astrid 
Corporation of Hong Kong in the 1970s; and (3) aste- 
riated synthetic rubies and sapphires of various colors 
produced recently in Asia or elsewhere but marketed 
as “Linde.” The “Linde” trademark has been owned 
by Charles and Brenda Cook of the United States 
since they acquired rights to the name in 2007 (C. 
Cook, pers. comm., 2014). 

For the present investigation, we were able to pur- 
chase some Linde “old stock” material produced orig- 
inally in the 1970s or before in the United States. 
These 66 samples can be traced back to a former em- 
ployee of Union Carbide (D.L. Snyder, pers. comm., 
2014). 

The material currently marketed in the United 
States under the Linde name but obtained from Asian 
sources by the American distributor is represented by 
13 samples. The majority of these synthetic rubies 
and sapphires were purchased by the distributor in 
Hong Kong as ready-made cabochons. The remaining 
cabochons offered a sampling of the distributor’s ac- 
quisitions of similar material from other Asian mar- 
kets such as India, Thailand, and mainland China (C. 
Cook, pers. comm., 2014). 

The synthetic corundum samples from this study 
are summarized in table 2. 

In addition to the foregoing synthetic corundum 
samples, we were able to examine a natural sapphire 
with a dual-color double-star pattern from the collec- 
tion of one of the authors (MPS). 

To augment the work with synthetic and natural 
corundum, we examined two almost colorless, 
slightly pink rose quartz cabochons from Brazil and 
two similar asteriated slightly brownish pink quartz 
stones from India, each of which showed the phe- 
nomenon of dual-color double stars. These samples 
came from the same author's collection. 

All corundum and quartz samples were examined 
in a Schneider immersion microscope with Zeiss optics 
(up to 100x magnification). To better resolve acicular 
inclusions, the natural sapphire and four of the syn- 
thetic corundum cabochons were examined at higher 
magnification (up to 1000x) in reflected and transmit- 
ted light using a Leitz Ortholux II Pol-BK polarization 
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TABLE 2. Synthetic corundum samples studied. 


Number of Source Producer Opaque samples Transparent or 
samples without double — translucent samples 
stars with double stars 
15 Gem trade in Bangkok, Thailand, Unknown J 
2010 
1 Gem trade in Bangkok, Thailand, Unknown J 
2014 
13 C. and B. Cook, Silk Purse Jewelry — Sold under the trade J J 
(Palmetto, Florida), 2013 name “Linde” in the 
United States, but 
purchased on various 
Asian markets from 
unknown producers 
4 H. Schulz, Wiede’s Carbidwerk Wiede’s Carbidwerk J 
(Freyung, Germany), 2014 (Freyung, Germany) 
2 M. Kammerling (Idar-Oberstein, Hrand Djevahirdjian SA J J 
Germany), 2014 (Monthey, Switzerland) 
8 C. Cavey (London, UK) Linde/Union Carbide, J 
(New York) 
3 M.P. Steinbach (Idar-Oberstein) Linde/Union Carbide J 
13 A. Hodgkinson (Portencross, Linde/Union Carbide J J 
Scotland) 
2 L. Gleave, Gem-A (London, UK) Linde/Union Carbide J 
6 + 60 D.L. Snyder, The Brazilian Linde/Union Carbide J J 


Connection (Benton, Pennsylvania), 
2013 


microscope. The investigation at high magnification 
was also performed for the four quartz cabochons. 

To evaluate the possible influence of diffusion- 
treated layers on the formation of asterism, we re- 
moved thin layers of corundum material from the flat 
or slightly curved base of several synthetic cabochons 
and investigated for any change in the appearance of 
the samples. This grinding and repolishing process 
was performed up to three times. Similar procedures 
were applied to the curved dome of other samples. 

The “old stock” Linde material included six fin- 
ished and polished cabochons and a lot of 60 par- 
tially finished synthetic ruby and_ sapphire 
cabochons of varied quality and appearance. Among 
the partially finished cabochons without a detailed 
history of the production processes applied was a 
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subgroup having what appeared to be inhomoge- 
neous crusts on the surface. Seven samples from this 
subgroup were selected for chemical analysis by X- 
ray fluorescence spectroscopy using a Bruker Tracer 
Il-SD handheld unit. A further analysis of the dis- 
tribution of trace elements for five samples of this 
subgroup was performed by X-ray fluorescence map- 
ping using a Bruker M4 Tornado scanning micron- 
scale X-ray fluorescence (u-XRF) system. The 
diameter of the incident beam applied for the map- 
ping process was 25 pm. 

To characterize needle-like inclusions and the 
cause of asterism in the brownish pink and rose 
quartz samples, we employed micro-Raman spec- 
troscopy using an XploRA confocal Raman micro- 
scope facility from Horiba with a 532 nm laser. 
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RESULTS 

Natural Purplish Pink Sapphire from Myanmar. 
Most natural asteriated rubies and sapphires are 
opaque or only slightly translucent and do not reveal 
the dual-color double stars that are the focus of this 
study. However, a transparent purplish pink sap- 
phire, said to originate from Mogok, Myanmar, 
proved more relevant for the present research. 

The gemstone showed two clearly separated six- 
rayed stars: one white star reflected from the dome 
of the cabochon and one purplish pink star confined 
to the curved base of the sample (figure 5). In re- 
flected light, the white and the bodycolored star were 
each visible regardless of the direction of view—i.e., 
when viewed toward the dome of the sample and 
when viewed toward the curved base (figure 6). More- 
over, in each viewing geometry, the bodycolored star 
was focused within the cabochon, and the white star 
was focused slightly outside the cabochon, between 
the sample and the observer. 

Rutile needles in three orientations were dis- 
cerned within all parts of the stone, but the rutile 
framework showed an irregular, patchy zoning with 
a variable concentration of needles in different parts 
of the sapphire. Specifically, certain growth planes 
parallel to the hexagonal prism a {1120} and parallel 
to the hexagonal dipyramid n {2243} exhibited a 
denser concentration of rutile needles (figure 7). 
These planes were identified in the immersion mi- 
croscope by determining the angle formed by the 
growth planes with the optic axis of the sapphire. 

At higher magnification, it was observed that the 


Figure 5. This purplish pink sapphire from Myanmar 
shows a white star reflected from the dome of the 
cabochon and a bodycolored star reflected from the 
curved base of the sample; views to the center of the 
dome (left) and oblique to the center of the dome 
(right). The sample measures 7.0 mm in diameter and 
weighs 1.62 ct. Photos by K. Schmetzer. 


| 
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Figure 6. Purplish pink sapphire from Myanmar in a 
view to the curved dome (d) (left column) and the 
curved base (b) of the cabochon (right column). In 
the top row, the white arrow indicates the direction 
of light, and the eye symbolizes the observer receiv- 
ing the reflected light. In both orientations, the body- 
colored six-rayed star is focused within the cabochon 
(middle row), and the white star is focused slightly 
outside the stone, between surface and observer (bot- 
tom row). The sample measures 7.0 mm in diameter, 
with a thickness of 3.5 mm, and weighs 1.62 ct. Pho- 
tos by K. Schmetzer. 


sapphire contained two types of needle-like inclu- 
sions. The first type (figures 8A-8C) consisted of nee- 
dles up to 100 pm in length with a thickness of 0.3 
to 2 um. The second type of needles consisted of crys- 
tals that were mostly twinned, with a length be- 
tween 50 and 200 um and a thickness in the range of 
5 to 10 um. The twins were primarily V-shaped (fig- 
ures 8 A, B, D, and E) and rarely knee-shaped (figure 
8C). Occasionally, the needles were twinned along 
the needle axis, showing a distinct re-entrant angle 
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Figure 7. A framework of rutile needles in a purplish 
pink sapphire from Myanmar. In a view exactly paral- 
lel to the c-axis, several intersecting planes parallel to 
the hexagonal prism a with a high concentration of 
needles are visible. Immersion, field of view 2.8 x 2.1 
mum. Photo by K. Schmetzer. 


at the end of the needle (figure 8F). This latter type 
of twinning has been characterized in several papers 
by electron microscopic examination combined with 
electron diffraction, generally in synthetic ruby or 
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A B C 


sapphire (Phillips et al., 1980; Moon and Phillips, 
1991; Xiao et al., 1997; He et al., 2011). The twin 
plane of these rutile needles is (101), and the same 
twin plane is assumed for the V-shaped twins. This 
indicates, with a twin plane parallel to the needle 
axis, that the axis of these elongated twinned needles 
is not the c-axis of the rutile crystals. 


Opaque Synthetic Corundum Samples with Single 
Stars. The different groups and lots of Linde rubies 
and sapphires examined (samples produced by Linde 
in the United States up to 1974 and those distributed 
presently under the Linde trade name) contained 
samples of the “normal” material without double 
stars, showing only one white six-rayed star confined 
to the dome of the cabochons. The samples of this 
group of mostly larger synthetic rubies and sapphires 
were principally opaque, with minimal if any 
translucency (again, see figure 1]. Opaque synthetic 
rubies and sapphires originating from Asian markets 
and sold under the Linde name, but with unknown 
producer(s), were similar in appearance, as was one 
ruby from Hrand Djevahirdjian SA. 


Figure 8. Rutile needles 
in the purplish pink 
sapphire from Myan- 
mar. The sapphire con- 
tains one type of 
needles with a smaller 
diameter (A, B, C) and 
a second type of some- 
what thicker needles 
that are mostly 
twinned. This second 
type forms V-shaped 
twins (A, B, D, E), 
knee-shaped twins (C), 
or needles that are 
twinned along the nee- 
dle axis (F). Reflected 
light, oil immersion; 
field of view 112 x 168 
um. Photos by H.-J. 
Bernhardt. 
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Figure 9. These two synthetic sapphires show a white six-rayed star and a bodycolored star; the arms of the two 

stars seem to intersect with each other and meet again at the transition between dome and base of the cabochon. 
The green cabochon measures 15.6 x 14.1 mm and weighs 26.80 ct; the orange cabochon measures 10.0 x 8.0 mm 
and weighs 3.85 ct. Photos by K. Schmetzer. 


Upon microscopic examination with intense illu- 
mination, especially in immersion, a dense concen- 
tration of gas bubbles was observed, which frequently 
showed a distinct curved zoning consisting of layers 
with different concentrations of bubbles. Furthermore, 
irregularly curved boundaries, sometimes designated 
as “grain boundaries” or “subgrain boundaries” in the 
literature, were seen in most samples. Such bound- 
aries may be explained by the fact that different parts 
of the crystals have slightly different orientations. In- 
tersecting glide planes, commonly referred to by 
gemologists as Plato lines, were likewise evident in 
many samples. No needle-like inclusions were re- 
solved with the magnification of the gemological mi- 
croscope. Properties that would be uncommon for 
Verneuil-grown samples were absent. 

The remainder of this section describes properties 
of various groups of transparent to translucent syn- 
thetic rubies and sapphires with dual-color double 
stars. 


Synthetic Samples of Recent Production Originating 
from Asian Markets. This part describes two groups 
of synthetic materials that were purchased by the au- 
thors, one in Bangkok in 2010 and 2014 and the other 
in the United States (sold under the Linde trademark) 
in 2013. Both groups consisted mostly of transparent 
samples that showed two stars of different colors. 


Synthetic Samples Purchased in Bangkok in 2010 
and 2014. The 16 transparent synthetic rubies and 
sapphires that had been purchased in Bangkok were 
subdivided into two groups. A smaller group of three 
samples consisted of mixed-cut corundum with a 
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polished curved upper part (dome) and a faceted back. 
These samples exhibited only the three intersecting 
light bands of an ordinary white six-rayed star, as is 
commonly seen in asteriated rubies and sapphires 
from various producers. The larger group of 13 con- 
tained samples fashioned with a polished curved 
dome and an almost rough (i.e., only lightly polished) 
and slightly curved to nearly flat base. Under fiber- 
optic illumination, all 13 samples of this group 
revealed one white six-rayed star and, in addition, three 
intersecting light bands producing a second, variously 
colored six-rayed star (figure 9; see also figure 4). 

The ordinary white star was confined to the dome 
of the cabochons. In all samples, the second six-rayed 
star showed the bodycolor of the host corundum crys- 
tals (e.g., red, orange, yellow, or green). When these 
cabochons were illuminated through the center of the 
dome in a direction nearly perpendicular to the base 
and viewed parallel to the incident light, both stars 
showed the same orientation and overlapped each 
other. In contrast, when illuminated and/or viewed 
obliquely, both stars were clearly separated, and the 
bodycolored star seemed to emanate from the curved 
or almost flat, slightly polished base of the cabochon. 
The arms of both stars appeared to meet at the tran- 
sition between dome and base (figure 9, right). 

Under the microscope, it could be observed that 
the white star was focused slightly above the curved 
dome of the cabochons. The bodycolored star was fo- 
cused below the white star and dome, within the 
body of the cabochon (figure 10). This effect was par- 
ticularly noticeable in samples with a relatively high 
dome or cut with a broad girdle. 
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Figure 10. This yellow synthetic sapphire shows a six- 
rayed white and a yellow star. Upon rotation using an 
east-west oriented rotation axis (sequence from A to 
D), it is observed that the yellow star reflected from 
the base is focused below the white star, within the 
cabochon. The sample measures 11.8 x 9.8 mm, with 
a thickness of 7.0 mm (girdle about 3.8 mm), and 
weighs 10.08 ct. Photos by K. Schmetzer. 


Microscopic examination also revealed internal 
characteristics, with most samples showing irregu- 
larly curved grain boundaries, best seen with crossed 
polarizers in immersion (figure 11, left and center). 
Some of these boundaries displayed interference col- 
ors, thereby establishing the slightly different orienta- 
tions between different parts of the crystals. In 
addition, some of the corundum samples contained 
intersecting glide planes or Plato lines (figure 11, right). 
Sharp curved growth striations, characteristic of 


Verneuil-grown corundum, were observed in the ru- 
bies but not in the differently colored sapphires. Some 
of these synthetic sapphires showed only somewhat 
diffuse, curved growth lines, anda portion of the sam- 
ples did not reveal any curved growth striations at all. 
Gas bubbles were seen only in two of the sapphires. 

All microscopic features observed in the 16 rubies 
and sapphires typically characterize synthetic corun- 
dum crystals grown by the Verneuil method. Oriented 
needles were not discernible under the magnification 
of the gemological microscope. 

In order to clarify which parts of the samples con- 
tained three series of small needles, the mechanism 
considered responsible for the production of six-rayed 
asterism and presumed to generate the white and the 
bodycolored stars examined here, we ground and re- 
polished the slightly curved or almost plane base of 
four asteriated cabochons, as well as the dome of an- 
other synthetic sapphire. 

After grinding and repolishing the base of the four 
cabochons, all samples showed only one remaining 
white six-rayed star (figure 12, left). The bodycolored 
star was no longer visible. Conversely, after grinding 
and repolishing the curved dome of the other cabo- 
chon, this sample showed only the second six-rayed 
star with the bodycolor of the sapphire, and the ordi- 
nary white star had disappeared (figure 12, right). 


Synthetic Samples Purchased in the United States 
in 2013, Originating from Various Asian Markets. 
The visual appearance of the transparent synthetics 
produced recently in Asia but sold in the United 
States under the Linde trade name was consistent 
with that of the 13 (non-faceted) Bangkok samples 
described above. They revealed a white six-rayed star 


Figure 11. Microscopic features in Verneuil-grown diffusion-treated synthetic sapphires. Irregular grain boundaries 
are frequently observed under crossed polarizers (left and center); occasionally, glide planes (Plato lines) are also 
seen (right). Viewed in immersion; field of view: 8.1 x 6.1 mm (left), 9.5 x 7.2 mm (center), and 9.5 x 7.2mm 


(right). Photos by K. Schmetzer. 
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Figure 12. Left: This red-orange synthetic sapphire 
shows a white star and a red-orange star (top); after 
grinding and repolishing of the base, the red-orange star 
is removed and only the white star is observed (bot- 
tom). The sample measures 13.2 x 10.4 mm and weighs 
11.15 ct. Right: This light yellow-orange synthetic sap- 
phire shows a white star and a yellow-orange star (top); 
after grinding and repolishing of the dome, the white 
star is removed and only the yellow-orange star re- 
mains (bottom). The sample measures 11.5 x 8.7 mm 
and weighs 6.94 ct. Photos by K. Schmetzer. 


related to the curved dome of the cabochon and a sec- 
ond star reflecting the bodycolor of the sample (i.e., 
red, yellow-orange, or orange; figure 13). 


The microscopic pattern was also analogous to 
that of the samples purchased in Bangkok. The syn- 
thetic rubies and orange sapphires showed curved 
growth striations, occasionally related to a zoning of 


Figure 13. This yellow-orange synthetic sapphire 
shows a white six-rayed star and a yellow-orange 
star; this material is currently distributed under the 
“Linde” trade name. The sample measures 8.2 x 6.2 
mm and weighs 1.46 ct. Photo by K. Schmetzer. 


gas bubbles (figure 14, left and center). Irregular grain 
boundaries and Plato lines were also seen in some in- 
stances (figure 14, right). 

From the transparent samples of this group, we se- 
lected two synthetic rubies for grinding and repolish- 
ing, one sample at the base and one sample at the 
curved dome. The alterations were similar to those 
seen in the group of Bangkok samples described ear- 
lier. For the ruby ground and repolished at the base, 
the red star reflecting the bodycolor of the crystal was 
completely removed (figure 15, left). For the sample 
repolished at the dome, the white star confined to the 
upper surface was no longer present (figure 15, right). 

To investigate the formation of stars in transmit- 
ted light (diasterism), we examined some samples in 
their as-received state, with upper and lower diffused 


Figure 14. Microscopic features in Verneuil-grown diffusion-treated synthetic rubies (left) and sapphires (center 
and right). Left: Synthetic ruby with curved growth lines and irregularly distributed gas bubbles. Center: Sapphire 
with curved zones showing different concentrations of gas bubbles. Right: Sapphire with irregularly shaped grain 
boundaries. Immersion, crossed polarizers; field of view: 4.5 x 3.4 mm (left), 4.5 x 3.4 mm (center), and 9.5 x 7.2 


mm (right). Photos by K. Schmetzer. 
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Figure 15. Left: This synthetic ruby shows a white star 
and a red-purple star (top); after grinding and repolish- 
ing of the base, the red-purple star is removed and 
only the white star remains (bottom). The sample 
measures 8.1 x 6.3 mm and weighs 1.44 ct. Right: This 
synthetic ruby shows a white star and a red-purple 
star (top); after grinding and repolishing of the dome, 
the white star is removed and only the red-purple star 
remains (bottom). The sample measures 10.3 x 8.1 
mm and weighs 3.51 ct. Photos by K. Schmetzer. 


layers intact, and other samples that had been ground 
and repolished as indicated above, either: 


1. At the dome of the sample, leaving a diffusion- 
treated layer at the base, or 

2. At the base of the cabochon, leaving a diffu- 
sion-treated layer at the dome 


Figure 16. In transmitted light, this yellow-orange 
synthetic sapphire shows a bodycolored six-rayed 
star; asterism in transmitted light is known as dias- 
terism. The sample (see figure 13) measures 8.2 x 6.2 
mm and weighs 1.46 ct. Photo by K. Schmetzer. 
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Figure 17. Diasterism is observed in transmitted light 
in diffusion-treated synthetic rubies that have been 
ground and repolished at the base (left sample) or at 
the dome (right sample). The remaining diffusion- 
treated layer with rutile needles is schematically 
shown in black, with the arrow indicating the direc- 
tion of light and the eye symbolizing the observer. In 
all four views, a bodycolored red-purple six-rayed star 
is observed. The sample on the left measures 8.1 x 6.3 
mm and weighs 1.44 ct (see figure 15, left). The sam- 
ple on the right measures 10.3 x 8.1 mm and weighs 
3.51 ct (see figure 15, right). Photos by K. Schmetzer. 


For all types of samples, comparative observations 
were made with the light impinging either on the 
curved dome or on the flat base of the cabochons. 
Samples in the as-received state showed a single 
bodycolored six-rayed star in transmitted light (figure 
16). The observations for ground and repolished ru- 
bies are summarized in figure 17. In all four condi- 
tions of view depicted, a single star was seen in 
transmitted light. This demonstrated that regardless 
of the path of the incident transmitted beam of light, 
a star is formed, even in samples having only a small 
diffused layer with rutile needles on one side of the 
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Figure 18. A diffusion-treated blue synthetic sapphire from recent production (left) and a diffusion-treated syn- 
thetic yellow sapphire produced in the 1970s (right), both manufactured by Wiede’s Carbidwerk. Both show a 
white star and a bodycolored blue or yellow star. The blue cabochon measures 12.2 x 10.2 mm and weighs 7.44 ct; 
the yellow cabochon measures 10.2 x 8.0 mm and weighs 3.91 ct. Photos by K. Schmetzer. 


cabochon, either at the flat or almost flat base or at 
the curved upper part. 


Samples Produced by Wiede’s Carbidwerk. Four dif- 
fusion-treated Verneuil synthetic sapphires were 
made available by Wiede’s Carbidwerk: two samples 
(green and yellow) from the production of the 1970s, 
and two samples (blue and green) from recent pro- 
duction. All samples were transparent and showed 
dual-color double stars (figure 18). Microscopic ex- 
amination revealed an intense curved growth zoning 
confined to areas with a variable concentration of gas 
bubbles (figure 19, left). All four sapphires showed ir- 
regular grain boundaries, which were best seen under 
crossed polarizers (figure 19, right). 


Samples Produced by Hrand Djevahirdjian SA. Two 
samples from recent production of Hrand Djevahird- 
jian SA (Djeva) were examined for this study. One 
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synthetic ruby, representing the majority of the com- 
pany’s production, was primarily opaque, with only 
slight translucence at the rim, and showed the nor- 
mal six-rayed white star of corundum (figure 20, left). 
The other sample was transparent and revealed a 
dual-color double-star pattern consisting of a white 
star confined to the dome of the cabochon and a pur- 
plish red second star confined to the base (figure 20, 
right). 

Both samples were grown and heat treated (to 
form needle-like precipitates) by Djeva in Switzer- 
land and then cut from the rough by Viktor Kam- 
merling Company (Idar-Oberstein, Germany). In 
discussions with those involved in the production, 
it was mentioned that small transparent areas are 
found on rare occasions close to the tips of the 
Verneuil-grown ruby boules, near the seed used for 
crystal growth. The sample depicted in figure 20 
(right) was cut from one such transparent area (M. 


Figure 19. Microscopic fea- 
tures in Verneuil-grown and 
diffusion-treated sapphires 
produced by Wiede’s Carbid- 
werk. Left: Curved zones 
showing different concentra- 
tions of gas bubbles. Right: 
Irregularly shaped grain 
boundaries. Immersion, 
crossed polarizers; field of 
view: 7.6 x 5.7 mm (left) and 
11.5 x 8.7 mm (right). Photos 
by K. Schmetzer. 
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Figure 20. Two synthetic Verneuil-grown rubies from the recent production of Hrand Djevahirdjian SA. The major- 
ity of the production consists of opaque material showing an ordinary six-rayed star (left). In a few of the Verneuil 
boules, a small transparent area is found; when cut as cabochons, these show a double-star pattern consisting of a 
white and a purplish red star (right). The opaque cabochon measures 9.0 x 7.0 mm and weighs 1.95 ct; the trans- 
parent sample measures 8.8 x 6.9 mm and weighs 2.70 ct. Photos by K. Schmetzer. 


Kammerling, pers. comm., 2014). According to these 
discussions, neither the opaque to slightly translu- 
cent stone nor the transparent sample was diffusion 
treated. 

Examined in the microscope, the transparent aste- 
riated ruby showing the double-star pattern revealed 
only inclusions that are typical for Verneuil-grown 
synthetic rubies (e.g., curved growth striations, irreg- 
ular grain boundaries, and Plato lines). The only dif- 
ference seen in the opaque sample was an extremely 
high concentration of gas bubbles. 


Samples Produced by Linde. As previously noted, 
until the mid-1970s Linde in the United States pro- 
duced synthetic asteriated corundum in a wide range 
of colors, and dual-color double stars have been de- 
picted in this material (Arem, 1987; Giibelin and 
Koivula, 2008). To evaluate the cause and possible 
mechanism of formation of these Linde double stars, 
we were able to examine several parcels of Linde syn- 
thetic rubies and sapphires kept in various collec- 
tions in the UK and Germany. In addition, we were 
able to purchase some samples of “old stock” Linde 
material (see also box C). 


Samples of Linde Synthetics from a 1970s Collection. 
A collection in the UK of 13 differently colored Linde 
synthetic sapphires and rubies purchased in the early 
1970s was made available for examination (figure 21). 
The few opaque samples from this collection revealed 
only the ordinary white six-rayed star, but in translu- 
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cent or transparent samples from this lot, another six- 
rayed star was apparent (figure 22). This star showed 
the bodycolor of the corundum host crystal. 

Upon microscopic examination, the typical inclu- 
sions of Verneuil-grown synthetic rubies and sap- 
phires were observed. The only difference between 
the opaque, translucent, and transparent samples 
from this series was a varying concentration of gas 
bubbles. In other words, samples with a high, layered 
concentration of gas bubbles were opaque, and sam- 
ples with a smaller concentration of bubbles were 
translucent or transparent. These observations indi- 
cated that the samples were grown under similar 
conditions and simply reflected the variations that 
would be expected to occur during production in the 
different original boules and/or in different portions 
of the boules from which they were cut. 

To determine if there were specific layers respon- 
sible for the formation of the different stars in this 
group of synthetic corundum cabochons, we were al- 
lowed by the owner to grind and repolish the almost 
plane base of two asteriated cabochons and the dome 
of a third sample. One or two grinding and repolish- 
ing steps were performed, and after each step the 
samples were reexamined to identify any changes. 

After the first step, no distinct change in the ap- 
pearance of the two differently colored stars was per- 
ceptible for any of the three samples. Neither the 
white star confined to the dome of the third cabo- 
chon mentioned above nor the bodycolored star con- 
fined to the base of the other two samples was 
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Figure 21. A collection of Linde synthetic rubies and 
sapphires purchased in the 1970s, each showing a 
white six-rayed star. The seven cabochons below the 
line are transparent or translucent and also show a 
bodycolored star. The samples, which measure 5.0- 
5.2 mm in diameter, have a thickness of 2.5 to 2.7 
mm and weigh 0.63-0.75 ct. Photo by K. Schmetzer; 
samples courtesy of A. Hodgkinson. 


removed or altered by the initial grinding and repol- 
ishing process (figure 22, left). After a second process- 
ing to remove additional thin layers from the bases 
of the latter two stones and the dome of the third 
cabochon, the bodycolored star of one pink sapphire 
became distinctly weaker and was almost removed 
(figure 22, right). In contrast, the white and bodycol- 
ored stars of the other two samples did not show a 
visible change. 


Samples of “Old Stock” Linde Material Purchased 
in the United States in 2013. Further insight into the 
historic Linde production was obtained from exam- 
ining the “old stock” material purchased in the 
United States in 2013. Two opaque synthetics within 
this group, one ruby and one blue sapphire, showed 
only the white star of ordinary asteriated samples 
and only the microscopic features that are common 
for such samples. 


Two yellow and two light yellowish green synthetic 
sapphires within this group were transparent and re- 
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vealed the dual-color double-star pattern, with a white 
star related to the dome of the cabochon and a body- 
colored star confined to the base (figure 23). 

Microscopic examination showed gas bubbles, ir- 
regular grain boundaries, and Plato lines (figure 24). 
In three samples, a very fine pattern of oriented nee- 
dles was also observed. The sizes of these needles 
were at the resolution limit of a normal gemological 
microscope (up to 100x magnification). 

One yellowish green and one yellow sample from 
this group were ground and repolished at their bases 
in two or three different steps. Neither revealed any 
change in the visual appearance of the stars after two 
rounds of grinding and repolishing. Finally, a third 
deeper grinding and repolishing was applied to the 
base of the yellowish green sample, but again no al- 
teration of asterism was apparent (figure 23). 


Figure 22. Left: This light yellowish green sapphire 
shows a white star and a bodycolored star (top); after 
grinding and repolishing of the dome, the white star is 
not removed and both stars are still observed (bot- 
tom). The sample measures 5.0 mm in diameter, with 
a thickness of 2.4 mm, and weighs 0.58 ct (after grind- 
ing and repolishing). Right: This pink sapphire shows 
a white star and a bodycolored star (top); after grind- 
ing and repolishing of the base, the bodycolored star 
is almost completely removed and only the white star 
is still observed (bottom). The sample measures 5.1 
mm in diameter, with a thickness of 2.4 mm, and 
weighs 0.61 ct (after grinding and repolishing). Photos 
by K. Schmetzer. 
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Figure 23. This light yellowish green sapphire shows a white six-rayed star and a bodycolored star (left); after three 
grinding and repolishing steps at the base of the cabochon, the bodycolored star is not removed and both stars are 
still observed (right). The sample measures 6.0 x 4.1 mm, with a thickness of 2.6 mm, and weighs 0.54 ct (after 


grinding and repolishing). Photos by K. Schmetzer. 


As mentioned earlier, within a parcel of approxi- 
mately 60 partially finished cabochons traced back 
to a former Union Carbide staff member was a group 
of samples having inhomogeneous crusts. We exam- 
ined these crusts to better understand several steps 
of the production techniques applied by Linde in the 
late 1960s to the early 1970s, which have not previ- 
ously been discussed in the gemological literature. 

It is unknown if this lot of partially finished, pre- 
shaped stones consisted of rejected, in-process, or ex- 
perimental samples. In general, the crusts covered 
only part of the surface of the cabochons (figure 25). 


Figure 24. Irregularly shaped grain boundaries within 
a Verneuil-grown synthetic sapphire produced by 
Union Carbide under the Linde trade name. Immer- 
sion, crossed polarizers, field of view 2.4 x 1.8 mm. 
Photo by K. Schmetzer. 
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As previously detailed, the crusts on the surface of 
seven samples (red, purple, and green) were charac- 
terized by X-ray fluorescence, and five of these sam- 
ples were also examined by micron-scale X-ray 
fluorescence mapping. 

To recapitulate the results, it was found that the 
crusts, in most cases, consisted primarily of iron- 
bearing solids, occasionally associated with other 
trace elements, but no titanium was found as a major 
component. Thus, we concluded that the crustal el- 
ements were applied for diffusion to enhance the ap- 
pearance, mainly color, of the samples, but not for 
improvement and/or creation of asterism. However, 
as already mentioned, it is unknown if these samples 
represented part of the commercial production or 
were simply test samples to investigate the possibil- 
ity of color improvement. 


Needles in Synthetic Rubies and Sapphires at Higher 
Magnification. Two cabochons of sample types 
proven to be diffusion-treated by the grinding and re- 
polishing experiments and two cabochons that 
showed no alteration after such experiments were ex- 
amined at higher magnification (up to 1000x) in re- 
flected and transmitted light. In all four samples, 
elongated thin needles of similar visual appearance, 
most likely rutile needles, were observed (figure 26). 
Views toward the dome and toward the base of the 
cabochons revealed no perceptible difference in the 
appearance of the needles. The needles were up to 50 
pm long, and their thickness ranged from 0.3 to 0.4 
pum. Knee-shaped twins and V-shaped twins were 
seen occasionally. 
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Figure 25. Inhomogeneous crusts of iron-bearing compounds on the base of a pre-shaped purple sapphire (left) and 
the base of a grayish green sapphire cabochon (right) from Linde. These samples may reflect diffusion treatment 
involving materials other than titanium, at least on an experimental basis, for enhancement of color in asteriated 
ruby and sapphire. The purple sample measures 8.3 x 6.4 mm, and the grayish green sample measures 7.1 x 5.1 


mm. Photos by K. Schmetzer. 


Quartz from Brazil and India. During the course of 
this project, asteriated natural quartz samples from 
two sources were made available. (At present, syn- 
thetic asteriated quartz is unknown.) We were able 
to examine two almost colorless, very slightly pink 
rose quartz cabochons from Brazil, inspired in partic- 
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ular by the observations of Killingback (2006, 2011) 
on a transparent rose quartz sphere, and two slightly 
brownish pink quartz cabochons from India. Numer- 
ous localities in Brazil have been mentioned as 
sources for asteriated rose quartz (Cassedanne and 
Roditi, 1991), but the exact source for the samples 


Figure 26. Rutile needles 
in four corundum samples 
with double stars, as ob- 
served in a view toward 
the curved dome. A: Pur- 
plish ruby from a collec- 
tion of Linde samples 
from the 1970s (see figure 
21, lower left); B: Light 
yellowish green sapphire 
of “old stock” Linde ma- 
terial (see figure 23); C: 
Diffusion-treated ruby 
sold under the “Linde” 
trade name but traced 
back to the Asian market 
(see figure 15, left); D: 
Diffusion-treated yellow 
sapphire purchased in 
2010 in Bangkok (see fig- 
ure 10). Reflected light, 
oil immersion; field of 
view 92 x 69 ym. Photos 
by H.-J. Bernhardt. 
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Figure 27. Very light rose quartz cabochon from Brazil 
showing double stars in reflected light. The cabochon 
measures 21.0 mm in diameter and weighs 26.18 ct. 
Photo by K. Schmetzer. 


examined is unknown. In India, asteriated rose 
quartz is known from the Kekri region, in the Tonk 
district of Rajasthan (G. Choudhary, pers. comm., 
2014). This might be the source for the two cabo- 
chons studied as part of the present research project. 


Rose Quartz from Brazil. In reflected light, both 
Brazilian samples showed a six-rayed dual-color dou- 
ble-star pattern, closely resembling the pattern in 
very light-colored sapphires (figure 27). Again, the 
star related to the curved dome of the cabochons was 
white, but the color of the other star related to the 
plane base was slightly pink. 

During the examination, it became apparent that 
asterism in transmitted light (diasterism), which pro- 
duced a single star, was much stronger than asterism 
in reflected light (epiasterism), which produced the 
double-star pattern. 

In the gemological microscope, no individual nee- 
dles or elongated particles were resolved with the 
magnification permitted. 


Brownish Pink Quartz from India. Compared to the 
color of the cabochons available from Brazil (see 
above}, the Indian samples had a light “smoky” color 
component in addition to the ordinary pink that is 
typically seen in rose quartz. 

When offered in the trade, such material is fre- 
quently sold with a rough (unpolished) base to en- 
hance the visual appearance of the white six-rayed 
star. With this type of cabochon, a second star is gen- 
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erally not observed. After polishing the base of the 
two samples studied here, however, the presence of 
a second star confined to the base was clearly visible 
(figure 28). The light bands exhibited by the brownish 
pink material from India were less sharp than those 
seen in the rose quartz samples described above. 
Examination with the gemological microscope 
again did not indicate any needle-like inclusions re- 
solved with the magnification of the instrument. 


Needles in Quartz from Both Sources at Higher Mag- 
nification. The Brazilian rose quartz and Indian quartz 
cabochons were examined at higher magnification (up 
to 1000x) in reflected and transmitted light. In all four 
samples, elongated thin needles were observed. 

In the rose quartz cabochons from Brazil, some of 
these needles were oriented in three directions approx- 
imately perpendicular to the c-axis (i.e., in the basal 
plane}, but other orientations inclined to this plane 
were also observed frequently (figure 29, A and B). An 
analysis of some of these needles by micro-Raman 
spectroscopy identified them as the mineral du- 
mortierite (figure 29C). Previous studies involving dis- 
solution of the host and examination of the residual 
fibers have established dumortierite as an inclusion in 
rose quartz from various localities (Applin and Hicks, 
1987; Goreva et al., 2001; Ma et al., 2002). In the pres- 
ent case, we were able to identify some of the larger 
needles within the host by non-destructive means. 

Notably, in both cabochons from Brazil, the net- 
work of needles oriented in the basal plane and visi- 


Figure 28. Slightly brownish pink quartz cabochon 
from India showing a double star in reflected light. 
The cabochon measures 24.2 x 18.8 mm and weighs 
50.30 ct. Photo by K. Schmetzer. 
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ble at higher magnification was not dense. This fact 
and the presence of similar needles inclined to the 
basal plane indicated that these needles were not re- 
sponsible, at least not alone, for the asterism of the 
samples. Most likely, an additional denser network 
of smaller needles is also present. 


In contrast to the Brazilian rose quartz just dis- 
cussed, the samples from India featured a dense net- 
work of oriented needle-like inclusions in the basal 
plane, and only a few single needles were seen with 
an orientation oblique to that plane (figure 29D). An 
examination of some of these elongated inclusions by 
micro-Raman spectroscopy did not unequivocally 
identify the mineral or substance responsible. 
Nonetheless, it was evident that the appearance of 
needle-like inclusions differed in the samples from 
the two sources. 


Although rutile needles are common inclusions in 
quartz, other needle-like inclusions (e.g., sillimanite 
or ilmenite) have also been identified in asteriated 
samples. Thus, without further examination, such as 
by electron microscopy and electron diffraction (given 
the small diameter of the needles), an attempt to offer 
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Figure 29. Needles and spectroscopic data in aster- 
iated rose quartz from Brazil (A, B, and C) and in 
asteriated quartz from India (D). In a view paral- 
lel to the c-axis, three series of intersecting needle- 
like inclusions are seen in the sample from India. 
A view in the same direction of the Brazilian sam- 
ple reveals a loose network of needles in various 
orientations, including both generally parallel to 
the basal plane as well as inclined to that plane 
(A and B). These needles were identified as du- 
mortierite by micro-Raman spectroscopy (C). At 
magnification up to 1000x, a dense network of 
needles is seen only in the Indian samples. Photos 
A, B, and D were taken in reflected light, with oil 
immersion and a 230 x 150 pm field of view, by 
H.-J. Bernhardt. Photo C (inset) was taken in re- 
flected light, by H.A. Gilg. 


a specific identification for the needles causing aster- 
ism in the rose quartz from Brazil and in the brownish 
pink quartz from India would be speculative. 


DISCUSSION 


Microscopic Features. The Verneuil-grown synthetic 
rubies and sapphires did not exhibit any atypical mi- 
croscopic features. Most samples revealed irregular 
grain boundaries, and several showed prismatic glide 
planes (Plato lines). Curved growth striations were 
typically seen in rubies, while the blue sapphires fre- 
quently showed curved layers with different concen- 
trations of gas bubbles. Occasionally, gas bubbles 
were also seen in areas not related to growth features. 
The size of the rutile needles, in general, was near or 
below the resolution limit of the gemological micro- 
scope, but three series of needles could be clearly ob- 
served at higher magnification. 

The main difference between the transparent or 
translucent samples showing the dual-color double- 
star pattern and the non-transparent samples without 
a double-star pattern was the concentration of gas 


bubbles. 
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Figure 30. Large diffusion-treated sapphire grown by the Verneuil method. The sample reveals, due its high trans- 
parency, a typical double-star pattern. The photos show the different visual appearance of the sample in direct sun- 
light (left) and under fiber-optic illumination (right). The arms of the stars are cut by grain boundaries, which 
indicates that parts of the crystal have slightly different orientation. The cabochon measures 27.7 x 23.5 mm and 
weighs 91.41 ct. Photos by K. Schmetzer. 


In the natural sapphire, the oriented needles were 
distinctly larger, especially in thickness. Their con- 
centration varied in different parts of the stone and 
also tended to be higher along prismatic and dipyra- 
midal growth planes. The sample was determined to 
be a single crystal, a property that caused the arms of 
the two six-rayed stars to be parallel. In twinned 
corundum crystals, the two stars are inclined to each 
other, and both stars show an identical white col- 
oration. Dual-color double stars in natural rubies and 
sapphires are rare because most asteriated samples are 
neither transparent nor translucent, and therefore a re- 
flection of light from the base cannot be seen. 


In the asteriated brownish pink quartz samples 
from India, a dense network consisting of three series 
of oriented needle-like inclusions was observed. In 
the rose quartz from Brazil, only a very low density 
of needles, identified as dumortierite, was seen in an 
orientation parallel to the basal plane, and other nee- 
dles inclined to this plane were also present. It could 
not be assumed that the relatively few needles visible 
in the basal plane were responsible for the observed 
asterism. Rather, there likely exists a denser network 
of smaller needles (not resolved with the magnifica- 
tion applied) generating the asterism in these rose 
quartz samples, but this topic needs further research. 


Formation of Dual-Color Double Stars in Rubies, 
Sapphires, and Quartz. The dual-color double stars 
that are the subject of this study consist of a white 
six-rayed star and a bodycolored six-rayed star, a phe- 
nomenon different from the double stars of identical 
coloration that are sometimes observed in twinned 
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rubies and sapphires. The two stars studied here are 
superimposed, overlapping each other, when the in- 
cident light is directed to the center of the cabochon 
and the observer looks parallel to this path of light. 
The two stars are clearly separated, however, if the 
observer and the incident beam of light are not par- 
allel, which can be accomplished by shifting the ob- 
server, the incident light, or the cabochon. 

For the observation of dual-color double stars, the 
surface at both the dome and the base of the cabo- 
chon needs some polish, but not necessarily a high- 
quality polish. Our experiments demonstrated this 
requirement. In certain samples (e.g., in some quartz 
cabochons), a bodycolored star was not seen when 
the base was completely rough. In these samples, the 
star became visible after polishing the surface. Simi- 
larly, some cabochons with extremely poor polish at 
the base showed only a very diffuse bodycolored star. 

An analogous double-star pattern was also seen in 
reflected light for samples with two curved surfaces, 
irrespective of which curved surface layer the incident 
light was directed toward (again, see figure 6). More- 
over, the size of the cabochon did not appear to be a 
factor in the ability to present a dual-color double-star 
pattern, provided the transparency was sufficient (fig- 
ure 30). 

The dual-color double stars described in this paper 
are observed in two basic groups of natural and syn- 
thetic corundum and natural quartz. One group con- 
sists of transparent to highly translucent natural or 
synthetic corundum and natural quartz with needle- 
like inclusions distributed throughout the entire 
body of the cabochon. A second group consists of dif- 
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Box B: INSIGHT INTO PRODUCTION TECHNIQUES APPLIED FOR THE 
FORMATION AND IMPROVEMENT OF ASTERIATED CORUNDUM SINCE THE LATE 1960s 


During the course of this study, the authors communi- 
cated with individuals involved in the early production 
and marketing of asteriated synthetic corundum, shed- 
ding new light on its largely hidden past. The informa- 
tion summarized below comes from two main sources: 
the family that operates Wiede’s Carbidwerk, and several 
former employees of Union Carbide (Linde). The sum- 
maries focus on aspects related to gemology and general 
production techniques for the materials released to the 
market. Details of production such as heating tempera- 
tures and times and the exact composition of nutrients 
and gases are outside the scope of the present paper. 


Insight from Wiede’s Carbidwerk 

One of the authors (KS) was able to speak with H. 
Schulz and his father C. Schulz, who have been direct- 
ing Wiede’s Carbidwerk in Freyung, Germany, since the 
late 1960s. Verneuil-grown and diffusion-treated star 
sapphires from recent production of the company and 
from the production of the 1970s were described earlier. 
From these interviews, we learned that diffusion treat- 
ment is applied to improve the intensity of weak stars, 
especially in transparent or translucent materials of cer- 
tain colors. Furthermore, an uneven distribution of the 
star in various parts of the stone, sometimes associated 
with color zoning, can be improved by diffusion. Some 
trace elements used as dopants can cause complications 
if they are added in the nutrient for crystal growth to- 
gether with titanium. This leads to the problem in 
which samples with asterism and specific colors such 
as bright green or bright yellow cannot be produced in 
one single step by the Verneuil technique. Instead, aste- 
riated synthetic sapphires of such colors can be pro- 
duced by adding the specific dopant for the desired color 


fusion-treated rubies and sapphires in which precip- 
itates of rutile needles are restricted to thin layers at 
the dome and base of the samples. The white star is 
formed by reflection and scattering of light at the 
needle-bearing surface layer confined to the dome of 
the cabochons; the bodycolored star is formed by re- 
flection and scattering of light at the needle-bearing 
surface layer confined to the base. If either surface 
layer is free of needle-like inclusions, the related star 
is not seen. 

Grinding and repolishing the first group of samples 
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(e.g., cobalt for bright green or nickel for bright yellow) 
to the nutrient for Verneuil growth of the sapphires, 
then adding titanium by diffusion to the surface of the 
samples in a second step, and finally producing rutile 
precipitates by subsequent heat treatment. 

The reverse process of adding titanium to the nutrient 
and then diffusing a color-causing trace element in a sub- 
sequent step is also a possible method for achieving aste- 
riated sapphires of the desired coloration. Since the 1970s, 
however, Wiede’s Carbidwerk has principally utilized the 
first variant described for commercial production, includ- 
ing for the samples supplied for this paper. 

The existence of a bodycolored second star has been 
known to the producers at Wiede’s for decades. Their ex- 
perience has been that some clients want stones with this 
specific pattern, while others ask that the bodycolored 
second star be removed (e.g., by a slight grinding and re- 
polishing of the cabochon’s base). 


Insight from Former Linde Employees 
Jennifer Stone-Sundberg, an employee of the former 
Union Carbide crystal growth facility from 2002 to 2008, 
and Milan Kokta, who worked at Union Carbide from 
1977 to 2007 and devoted part of his research to improv- 
ing the lasing properties of titanium-bearing synthetic 
sapphire (see the patents by Kokta in the references list], 
located some of the former staff members at Linde to ob- 
tain firsthand information. The following summary is 
based on interviews with Tony Keig, Milan Kokta, Larry 
Rothrock, Jim Smith, and one individual who wishes to 
remain anonymous: 

From 1966 to 1968, the Linde subsidiary of Union 
Carbide produced red, white, blue, and black star mate- 
rial, with approximately 80% of the production blue, 


will not change the visual impression of the double 
stars, because the surface-related layers still contain 
acicular inclusions. Conversely, the white stars as 
well as the bodycolored stars of the second group can 
be removed by simple grinding and repolishing of the 
curved dome or the planar base. For some samples, 
especially synthetic rubies and sapphires purchased 
recently in Asia, the stars were removed completely 
after one or two grinding and repolishing steps. These 
results proved diffusion treatment of the samples to 
create asterism. 
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N THIS YEAR of 1951, the founders 

of the Gemological Institute of America, 
and those pioneers who struggled cour- 
ageously to establish a recognized educa- 
tional program for jewelers, can look back 
over the twenty years of its existence with 
satisfaction and pride of accomplishment. 

Few individuals are fortunate enough to 
live to see the fulfillment of a dream as 
revolutionary as the introduction of a pro- 
fessional goal based upon comprehensive 
educational requirements for experienced 
business men engaged in one of the oldest 
established trades in the world. Such, how- 
ever, has been the privilege of Robert M. 
Shipley, who with a group of outstanding 
retail jewelers, was responsible for the 
founding of the Gemological Institute of 
America in 1931. 

Robert M. Shipley, from whose idea the 
Institute was developed, had had sixteen 
years experience in the retail jewelry busi- 
ness, the last seven as owner of a large 
retail jewelry establishment in Kansas. Dur- 
ing that time he had also served as President 
of the Kansas Retail Jewelers’ Association 
and 2nd Vice President of the American 
National Retail Jewelers’ Association. He 
was also instrumental in organizing into 


research groups a number of progressive 
minded jewelers in neighboring cities and 
states. These men were interested in the 
improvement and stability of the industry 
and believed its future success depended 
upon customer confidence which could be 
gained only through cooperation and greater 
knowledge. They were the forerunners of 
the present retail groups in the trade inter- 
ested in the advancement of the industry 
through an exchange of ideas and progres- 
Sive practices. 
PREPARATION BEGUN 

Since it was not possible to obtain the 
knowledge he wanted in this country, Ship- 
ley went to Europe where he remained for 
two years. There he visited museums, cut- 
ting centers, potteries, jewelry and silver- 
ware manufacturing plants, and art centers 
to investigate all possible sources of infor- 
mation on gemstones and other objects of 
art. At the same time he studied the only 
available sources on the subject and received 
the title of Gemological Diplomate from 
the Gemmological Association of Great 
Britain. 

In Paris he was able to make his first 
contribution to adult education when he 
lectured on painting and other decorative 
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15% red, close to 5% black, and a very small fraction of 
1% white. Linde expanded beyond blue, red, white, and 
black in the very late 1960s to produce the birthstone 
colors, the motivation behind all of the offerings outside 
of red and blue. 

Verneuil raw materials did contain titanium, but 
many of the other metals for colors could not be success- 
fully incorporated in the growth process and had to be 
added via post-growth diffusion. Specifically, attempts at 
incorporating an amount of dopant higher than that 
needed for some technical applications such as laser pur- 
poses, and necessary to produce satisfactory color in 
combination with asterism in gem materials, led to a 
rapid reduction in crystal quality. Therefore, Union Car- 
bide experimented with diffusion to enhance or create a 
variety of colors in asteriated material. 

These experiments proved effective, and post-growth 
diffusion was employed commercially for coloration pur- 
poses, either with or separate from the heat treatment 
needed to bring out the star. Some amount of titanium 
was always incorporated into the melt, and the crystal 
was then oxidized to bring out the star. If a different 
bodycolor was desired, the metals for that would be dif- 
fused in post-growth processing. Additionally, post- 
growth diffusion of titanium in flame-fusion material 
was utilized if the star obtained after growth and heat 
treatment was not sufficiently strong. 

Later, the company changed the focus of its crystal 
growth efforts exclusively to the Czochralski technique. 
This method proved undesirable for the commercial pro- 
duction of asteriated synthetic gems, but it was used for 
some time in the 1980s to produce non-phenomenal 
ruby, blue sapphire, and green garnet synthetic gem ma- 
terial. However, Czochralski-grown materials for jewelry 


In transparent or translucent materials produced 
by the Linde subsidiary of Union Carbide and dis- 
tributed as “Linde stars,” testing was somewhat 
limited. Nonetheless, grinding and repolishing led 
to a distinct decrease in the intensity of the body- 
colored star for a pink synthetic sapphire. This re- 
sult established that the cabochon had undergone 
diffusion to create or improve its asterism. Other 
samples loaned from various collections could not 
be ground and repolished or handled destructively 
(e.g., cut in slices). Consequently, for part of the 
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purposes did not reach the market in large quantities as 
had the Verneuil-grown Linde star material in the 
decades before. In the mid-1970s, with the shift toward 
Czochralski growth of corundum and a similar shift to- 
ward technical applications such as solid-state laser crys- 
tals, the company completely ceased production and 
marketing of Verneuil-grown star sapphire. The equip- 
ment (burners) was sold to third parties outside of the 
company, and the patents dealing with diffusion of var- 
ious color-causing trace elements were transferred to 
Astrid Corporation (see table A-1). 

The information from the directors of Wiede’s Carbid- 
werk and from former employees of Union Carbide is thus 
consistent with the results presented in this paper. Their 
comments corroborate a variety of aspects regarding dif- 
fusion and asterism that were demonstrated empirically 
in the samples studied. These aspects include: (1) produc- 
tion of asteriated materials through the use of a titanium 
dopant in the growth process and through post-growth dif- 
fusion; (2) use of diffusion to create asterism and to en- 
hance weak or incomplete stars; and (3) a need for 
technical reasons in certain color varieties to add titanium 
and the coloring element separately. On this latter point, 
it is also noteworthy that the patent documents by Carr 
and Nisevich (first application of this series filed in the 
United States on December 20, 1971, published 1973 to 
1977, see table A-1) mention diffusion of the following el- 
ements or combinations of elements along with titanium 
into the corundum lattice: iron, chromium, vanadium, 
cobalt, nickel, and magnesium. However, the specific ex- 
amples given of the colors produced by the diffusion 
process are limited (e.g., gray-green after diffusion of 
nickel, or pink after diffusion of chromium). 


samples it was not possible by non-destructive 
analyses to decide whether tiny rutile needles were 
present within the entire sample or confined to the 
layers at the outer surfaces. 

For the yellow or yellowish green “old stock” 
Linde samples we purchased, asterism was not 
changed after grinding and repolishing. Thus, exper- 
imentation did not offer any direct proof of diffusion 
treatment for these samples but did strongly suggest 
use of a titanium oxide raw material in the original 
crystal growth charge. 
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Microscopy of the yellow and yellowish green 
samples showed the presence of needle-like precipi- 
tates in the outermost layers of the cabochons. No 
changes were observed in these samples, even after 
deeper grinding and repolishing steps, which would 
have removed, at least partly, an existing diffusion 
layer. This fact indicates that rutile precipitates per- 
meated the body of these synthetic sapphires. The 
distribution of rutile needles throughout the cabo- 
chons was also established for a transparent sample 
cut from a ruby boule grown by Djeva in Switzerland 
and a natural sapphire from Myanmar. 

Accordingly, through comparison of commonali- 
ties between the treated and untreated corundum 
samples, the following mechanisms can be applied 
to explain the phenomenon in both groups: 


1. The ordinary white star is formed by reflection 
and scattering of light at a layer confined to the 
curved dome of the cabochon and consisting of 
a matrix of corundum and minute needle-like 
precipitates of a titanium-bearing substance (ru- 
tile needles). 


2. The bodycolored second star is formed by re- 
flection and scattering of light at a layer con- 
fined to the plane or slightly curved base of the 
cabochon and consisting of a matrix of corun- 
dum and minute needle-like precipitates of a 
titanium-bearing substance (rutile needles). 


3. The light forming the second star travels 
twice through the body of the cabochon and 
is absorbed by trace elements such as vana- 
dium, chromium, iron, nickel, or cobalt, 
which are responsible for the bodycolor of the 
corundum crystals. Thus, the color of the sec- 
ond star is identical to the bodycolor of the 
host corundum. 


The observations described for quartz cabochons 
clearly indicate the following mechanisms for the 
formation of the dual-color double-star pattern in 
transparent, very light-colored samples that is quite 
similar to the mechanism of such double star forma- 
tion in transparent corundum. In particular: 


1. The ordinary white star is formed by reflection 
and scattering of light at the curved dome of 
the cabochon. 


2. The slightly pink, almost colorless second star 
is formed by reflection and scattering of light 
at the plane or slightly curved base of the 
cabochon. 
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3. The light forming the second star travels twice 
through the body of the cabochon and is ab- 
sorbed by the color-causing substances that are 
responsible for the pink coloration of the 
quartz. In very light, almost colorless host crys- 
tals, the second six-rayed star is likewise only 
very slightly colored, almost colorless. 


In both corundum and quartz, the formation of 
dual-color double stars depends on the presence of 
three series of acicular inclusions. These inclusions 
are inclined to each other but located on basal planes 
perpendicular to the optic axis of the samples. 


Implications Regarding the Production of Synthetic 
Asteriated Corundum and the Role of Diffusion. 
The empirical results and interpretations described 
in the preceding sections led to conclusions regard- 
ing the production of asteriated synthetic corundum, 
particularly the prominent but largely unexplored 
role of diffusion. To date, diffusion treatment has 
been discussed in gemological contexts primarily for 
enhancement of natural colors in rubies and sap- 
phires and for development or improvement of as- 
terism in natural stones. Although there has been 
some knowledge of the different “Linde” patents 
(see table A-1), the same cannot be said for the 
broader commercial application of diffusion treat- 
ment processes to synthetic materials since the 
1970s. 


Rather, it would appear that those involved in the 
trade in the 1970s and 1980s were unaware of these 
applications or assumed that they were not used 
commercially on a large scale (Nassau, 1981; Crown- 
ingshield and Nassau, 1981; Hughes, 1991, 1997). 
Therefore, some insight into production techniques 
was sought directly from those involved, through in- 
terviews as detailed in box B. An application of this 
information combined with the results of the present 
study is given in box C. 

The remarks of the producers and the empirical 
results of the present study intersected in establishing 
that many diffusion techniques were used historically 
and are still applied to produce the various types of 
dual-color double stars in synthetic rubies and sap- 
phires seen on the market today. Moreover, the preva- 
lence of the treated stones may depend in part on 
individual dealer preferences, which can dictate 
whether the synthetic rubies and sapphires are sold 
with the phenomenon or ground and repolished to re- 
move the bodycolored stars. However, it should be 
noted that the particular technique of diffusing both 
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titanium and another color-causing dopant was not 
observed among the samples examined in this paper. 
An example of such material, with an enrichment of 
titanium and chromium by diffusion or overgrowth 
in the outermost layers of an orange-red ruby, was re- 
cently described by Schmetzer and Hainschwang 
(2012). 

A detailed discussion of known and possible use 
of diffusion processes for the enhancement or cre- 
ation of stars and for improvement of color in natu- 
ral corundum samples, including through 
application of these techniques available since at 
least the early 1970s, is likewise beyond the scope 
of the present paper. Moreover, the results of this 
study suggest that detecting the diffusion of tita- 
nium (with or without an additional colorant) into 
natural stones to intensify their stars, regardless of 
any additional change to the stone’s bodycolor, may 
constitute one of the greater challenges for the 
gemological community. 


CONCLUSIONS 

The examination of various types of natural and syn- 
thetic rubies, sapphires, and quartz showing dual-color 
double stars as an optical phenomenon sheds light on 
understanding this pattern as well as on the production 
techniques for asteriated corundum from the 1950s to 
the present day. In order to produce synthetic asteriated 
rubies and sapphires of desired color and with intense 
stars, Verneuil-grown samples were often diffusion 
treated to create or enhance the cabochon’s bodycolor, 
its asterism, or both. The formation of dual-color dou- 
ble stars is related to needle-like inclusions or rutile 
precipitates in the outermost layers of synthetic corun- 
dum cabochons or to similar acicular inclusions dis- 
tributed throughout the entire body of natural or 
synthetic corundum or natural quartz. Reflection and 
scattering involving the inclusions near the dome cre- 
ates the white star commonly seen, while reflection 
and scattering involving the inclusions at or near the 
base produces the bodycolored second star. 


Box C: APPLICATION OF RESULTS TO TWO HISTORICAL SAMPLES 


Two synthetic sapphire samples produced by Linde and 
exhibiting interesting features are kept in the reference 
and teaching collection of the Gemmological Associa- 
tion of Great Britain (Gem-A) in London. An opportunity 
to examine these samples afforded a chance to apply the 
results of our investigations as detailed above to propose 
an explanation for the stones’ genesis. 


Visual Appearance and Microscopic Examination 
One sample was a transparent synthetic sapphire cabo- 
chon that showed an extremely uneven color distribu- 
tion, with a primarily colorless core and a blue rim. A 
six-rayed star was confined only to the blue areas of the 
sample (figure C-1). A similar blue synthetic sapphire 
with an incomplete star has already been described in the 
literature (Koivula and Kammerling, 1991), and a ruby 
showing this phenomenon was mentioned in Fryer et al. 
(1982a). 

Upon microscopic examination, it was observed that 
gas bubbles were present only within the blue layers of 
the sample and that the concentration of the bubbles dif- 
fered between these layers. In detail, the observed pattern 
was a mixture of the three basic patterns depicted in figure 
A-6. Similar blue Linde non-asteriated synthetic sapphire 
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cabochons with uneven color distribution have been en- 
countered by one of the authors (KS) in various collec- 
tions, and one such example is shown in figure A-1. 

The second Linde sample was a completely transpar- 
ent, color-zoned blue synthetic sapphire. The blue col- 
oration was concentrated toward the rim of the sample, 
but a six-rayed star extended over the entire cabochon. 
The stone showed a high concentration of gas bubbles 
only in some of the outermost parts of the sample (figure 
C-2). This synthetic sapphire also exhibited a six-rayed 
second star confined to the base of the cabochon. 


Possible Growth Conditions 

Unfortunately, it is not documented when these two 
synthetic sapphires became part of the Gem-A teaching 
and reference collection (L. Gleave, pers. comm., 2013). 
Nonetheless, the descriptions of the manufacturing 
processes in patent documents (see box A) and the re- 
sults of the present study indicated that both Linde sam- 
ples were grown at an early stage of production. 

As described by Burdick and Jones (1954a) in the 
patent assigned to Union Carbide (Linde), complete stars 
extending over the entire curved domes of the cabochons 
were created by growing the synthetic corundum boules 
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Figure C-1. Linde synthetic blue sapphire with pronounced color zoning and asterism. Left and right: The 
sample in the same orientation but with a different background. Center: The sample in the same orientation, 
viewed in immersion. The areas of the cabochon with a high concentration of gas bubbles are blue in daylight 
and show asterism; those without gas bubbles are colorless and do not show asterism. The sample measures 
6.4 mm in diameter and weighs 1.34 ct. Photos by K. Schmetzer; sample courtesy of Gem-A. 


under fluctuating thermal conditions. This fluctuation 
was achieved by alternately increasing and decreasing the 
rate of oxygen fed to the oxygen-hydrogen flame used for 
crystal growth in the Verneuil process. This operating pro- 
tocol caused the formation of alternating convex layers 
with different titanium distributions (see figure A-2) and 
led to a homogeneous distribution of the blue coloration 
as well as the formation of stars with six rays extending 
equally down the sides of cabochons. This process would 
probably result in a layered pattern in the concentration 


of gas bubbles. 


Before this technique was applied, most blue syn- 
thetic sapphires showed an uneven color distribution and 
an incomplete star reflected from the surface. Only those 
samples cut with the dome of the cabochon being formed 
by the outermost layer of the original corundum boule 
did not show this undesired zoning. It is assumed that 
after crystal growth and subsequent annealing to develop 
rutile precipitates, both samples from the Gem-A collec- 
tion revealed such an incomplete star associated with an 


inhomogeneous color distribution. The second sapphire 
now showing a complete double-star pattern in all differ- 
ently colored areas most likely was later diffusion treated 
to improve its visual appearance, especially to produce a 
complete six-rayed star. Thus, it is proposed that the sec- 
ond sample may be described as a blue synthetic star sap- 
phire with an originally incomplete star that was 
improved by diffusion treatment. Within that step the 
second star, reflected and scattered from the base, might 
also have been formed. 


Consequently, the properties of both Gem-A samples 
would appear to be consistent with the techniques ap- 
plied by Linde in the early years of production. The ap- 
pearance of the first sample suggests an absence of 
post-growth diffusion, while the features of the second 
sample correspond with what would be expected for one 
of the early blue Linde sapphires that had been subjected 
to the diffusion process patented in the 1950s for correc- 
tion of the incomplete star. 


Figure C-2. Linde synthetic blue sapphire with pronounced color zoning and asterism. Left and right: The 
sample in the same orientation but with a different background. Center: The sample in the same orientation, 
viewed in immersion. The areas of the cabochon with a high concentration of gas bubbles are intense blue in 
daylight; those without gas bubbles are lighter blue or colorless. A double-star pattern is observed in all parts 
of the cabochon. The sample measures 7.0 x 5.0 mm and weighs 1.14 ct. Photos by K. Schmetzer; sample cour- 
tesy of Gem-A. 
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Until recently, film was the preferred medium used for capturing images through the microscope, pri- 
marily due to resolution limitations of digital-format cameras. The image quality that can now be 
achieved by digital cameras is equal, and in many ways superior, to the quality offered by film. Digital 
photomicrography allows gemologists the opportunity to instantly see the resultant images, which can 
then be adjusted with image-refining software so that they represent their subject as realistically as pos- 
sible. This article offers examples of some basic techniques and tips on the application of digital pro- 


cessing to get the most out of photomicrographs. 


= | “he inclusion scenes observed in the micro- 

world of gems often reveal a tremendous 

amount about the identity and origin of an un- 
known gemstone. By capturing these microcosms in 
a recorded image, the information is preserved for 
easy reference. This information can sometimes be 
limited due to the photomicrographer’s own knowl- 
edge of the subject, but resources such as the three- 
volume Photoatlas of Inclusions in Gemstones 
(Gibelin and Koivula 1986, 2005, 2008) aid in under- 
standing the subjects the gemologist may encounter 
through the microscope. 

Photomicrography is the method by which im- 
ages, magnified through a microscope, are collected 
by a camera. These images often represent subjects 
ranging in size from less than 1 mm to 1-2 cm. Pho- 
tomicrographs do not only serve as educational and 
research references; many are aesthetically pleasing 
and can be viewed as examples of natural art, and 
have even been used as a marketing tool for gem ma- 
terials (Koivula et al., 1994). All one has to do is at- 
tach a camera in the optical path of a microscope to 
take advantage of the beautiful micro-world of gems. 
This was previously accomplished using film, often 
with tremendous results due to the superb color ren- 
dition and high resolution that film could offer. The 
downside to this method is the expense of developing 
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and the delay in seeing the resultant image. As pre- 
dicted by Koivula (2003), the limitations of film have 
essentially been eliminated by the digital age. Digital 
camera technology has developed to the point that 
image quality rivals that of film, and the photomi- 
crographer no longer incurs the cost of developing 
film just to see the resultant image. Digital photog- 
raphy also allows for instantly viewing captured im- 
ages and in making post-processing adjustments that 
gives the photographer the ability to compensate for 
sub-par lighting conditions and make post-capture 
corrections. This article covers the basics of gemo- 
logical photomicrography, from equipment configu- 
rations to lighting conditions and image processing 
software, which will assist aspiring photomicrogra- 
phers in merging science and art (figure 1). 


THE MICROSCOPE 

The most practical photomicrography system begins 
with a trinocular microscope to allow traditional ob- 
servation and image capture simultaneously. How- 
ever, a binocular microscope with a live display to a 
video monitor may also provide sufficient results, 
even if it is not as easy to use. There are many limit- 
ing factors in photomicrography, one of which is the 
quality of the optics between the subject and the 
camera. For the best results, photomicrographers 
should acquire the best optics possible within their 
budget. It is usually better to purchase a used high- 
quality microscope with excellent optics than a new 
microscope with merely adequate optics. As Internet 
commerce has evolved, it has become quite easy to 
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Figure 1. The black 
manganese oxide 
“plumes” in this Aus- 
tralian opal serve as a 
good example of art and 
science merging in 
gemology. Photomicro- 
graph by Nathan Ren- 
fro, field of view 5.85 
mm. Note: Field of view 
is horizontal through- 
out this paper unless 
otherwise specified. 


purchase a high-quality used microscope for a rea- | recommended models no longer in production, but 
sonable price; however, this cost will still be in the often available from online resellers, are the Wild 
range of a few thousand dollars for a good used mi- Heerbrugg M400 series photomacroscopes and the 
croscope in working order. New microscopes with Nikon SMZ10 trinocular head microscope (figure 2). 
high-quality optics will cost several times that. Two Both instruments have excellent optics but offer 
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Figure 2. Top left: The au- 
thor’s photomicrography 
equipment consists of a 
Nikon SMZ-10 microscope 
with custom darkfield base 
mated to a Canon 6D 
DSLR camera with two 
bifurcated fiber-optic illu- 
minators. Bottom left: This 
Wild Heerbrugg M450 
photomacroscope with 
Apozoom lens is mounted 
to a Macrorail stepping 
mast bolted to a Thorlabs 
optical table with a Canon 
5D Mark II camera. Right: 
The GIA DLScope trinocu- 
lar microscope is easily 
equipped for photomicrog- 
raphy, as shown with a 
Canon 70D DSLR camera, 
bifurcated fiber-optic illu- 
minator, and auxiliary dou- 
bling lens. Photos by 
Nathan Renfro (top left), 
Darren Bates (bottom left), 
and Ziyin Sun (right). 
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Box A: THE EVOLUTION OF THE GEMOLOGICAL MICROSCOPE 


Gemological microscopy has evolved from the late 19th 
century drawtube brass microscopes (figure 3, top left) 
into using much more advanced stereomicroscopes that 
primarily used darkfield illumination. The application 
of this lighting to gemology was first patented by 
Robert Shipley Jr. in 1939 (figure 3, top right) (U.S. 
Patent no. 2,157,437); darkfield has essentially been 
the standard lighting environment for gemology ever 
since. Though there have been some advancement in 
optical trains and ergonomics, the gemological micro- 
scope has remained largely unchanged for several 
decades. In 2011, GIA’s Carlsbad laboratory acquired a 
custom-outfitted compound microscope for research 
applications. This Nikon Eclipse LV100 (figure 3, bot- 
tom left) can provide a viewing magnification of up to 
1000x, whereas standard gemological microscopes usu- 
ally have a maximum viewing magnification of ap- 
proximately 120x with the use of an auxiliary doubling 
lens. This microscope system is outfitted with extra- 


long working distance objectives, differential interfer- 
ence contrast components, an assortment of filters, 
fluorescence imaging capabilities, and Nikon’s NIS-El- 
ements software, which can control the stage height 
for automated extended depth-of-field imaging. This 
microscope will allow researchers to reexamine speci- 
mens with a new perspective and could enable the ob- 
servation of previously unseen features in gem 
materials. While not necessarily a practical microscope 
for routine gemological examination, this type of sys- 
tem could represent the future in gemological discov- 
ery. In April 2015, the inclusion research department 
at the Carlsbad lab acquired a well-equipped Nikon 
SMZ25 microscope system with a 25:1 zoom ratio, a 
Nikon DS-Ri2 high-resolution digital camera and 
Super High Resolution (SHR) objectives (figure 3, bot- 
tom right). This microscope system demonstrates the 
latest developments in optical microscopy and digital 
photomicrography. 


Figure 3. Top left: This late 19th century brass 
monocular microscope was outfitted for studying 
gemstones, and its base is stamped “The Gemmo- 
scope.” Top right: This Bausch and Lomb micro- 
scope uses the Shipley patented darkfield lighting 
environment, which has become the standard in 
gemology. Bottom left: The author examines the 
surface of a diamond crystal using the GIA Carls- 
bad laboratory’s Nikon Eclipse LV100 compound 
microscope. Bottom right: GIA’s analytical micro- 
scopist, John Koivula, with a recently acquired 
Nikon SMZ25 microscope. Photos by Nathan Ren- 
fro (top) and Kevin Schumacher (bottom). 


146 DIGITAL PHOTOMICROGRAPHY FOR GEMOLOGISTS 


Gems & GEMOLOGY 


SUMMER 2015 


© Beatrice W. Shipley 


arts at the Louvre and the Museum of Dec- 
orative Arts. 

Planning to apply his newly gained 
knowledge of gemstones to the operation 
of a jewelry establishment of his own, he 
returned to the United States. Finding his 
country in the throes of the panic which 
followed the 1929 stock market crash, he 
decided to open art consulting offices in 
Los Angeles, while awaiting developments 
and-a more propitious time. 

G.I.A. FOUNDERS MEET 

It was during this time that the late 
Armand Jessop, an officer of the California 
Jewelers’ Association, invited Robert M. 
Shipley to organize and conduct an evening 
class in gemology at the University of 
Southern California, should sufficient inter- 
est be indicated by the jewelers themselves. 
Expecting only a few serious students to 
appear, Shipley was amazed when more 
than sixty jewelers enrolled for the courses. 
When the courses were repeated by demand 
he realized the possibilities of a carefully 
planned educational course for jewelers. 

Accordingly, he invited those who had 
been interested enough to pass examinations 
to join him in the founding of the Gemo- 


36 


logical Institute of America as its first 
Sustaining Members. Most of those present 
realized what such a program could mean 
to them and their industry, and accepted. 
Today, the voting membership of the G.LA., 
which is made up of its Sustaining Mem- 
bers, still includes many of these same men 
and their firms. 

Almost immediately J. E. Peck, a gem 
collector of Campo, California, who had 
been driving more than 200 miles each 
week to attend the evening classes, made a 
substantial cash payment for a series of cor- 
respondence courses. At that moment the 
Gemological Institute of America became 
a reality. 

The preparation of the first courses was 
then begun. Since operating income for the 
struggling mew venture came solely from 
payments for the courses, Robert M. Shipley 
divided his time between preparing assign- 
ments and encouraging others to enroll. In 
those early years he personally traveled more 
than 25,000 miles annually to bring his 
message to jewelers in all parts of the 
country. 

BEATRICE SHIPLEY CONTRIBUTES 

As the work of the Institute progressed 
his wife, Beatrice Shipley, realized her inter- 
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their own unique features. The Nikon SMZ10 has 
the ability to capture stereo pairs for three-dimen- 
sional (3D) viewing by moving a selector switch that 
changes the optical path projected to the trinocular 
port. The Wild M400 has a single optical path that is 
perpendicular to the stage. This eliminates the lateral 
shift problems encountered as one adjusts the micro- 
scope stage in systems with angled optical paths. The 
downside to both of these microscopes is their age. 
Even though they are built to last several lifetimes, 
their scarcity can make it difficult to source desirable 
accessories such camera adapters, 2x objectives, and 
model-specific polarizing filters. 


DIGITAL CAMERAS 


Since the inception of the digital camera concept in 
1972 (Trenholm, 2007), it has been a long road to de- 
velop the technology that would surpass the quality 
of film. This development in digital imaging has es- 
sentially been the death of film photography; the only 
practical option for photomicrographers today is to 
adapt their microscope to a digital camera. One of the 
most significant benefits of the digital age is that pho- 
tography has become much more cost effective, allow- 
ing many more people to enjoy this rewarding hobby. 
Previously, the cost of purchasing and developing 
high-quality film could be as much as $2-$3 per final 
bracketed image (J. Koivula, pers. comm., 2014). Now, 
the photomicrographer can capture as many images 
as desired at no additional expense. This facilitates re- 
peated practice, as one does not have to be concerned 
with the cost of film “waste.” 


Modern digital cameras with complementary 
metal oxide semiconductor (CMOS) sensors offer ex- 
cellent color rendition, very high resolution capabil- 
ity, and a tremendous amount of control over many 
parameters, including shutter speed, white balance, 
International Organization for Standardization (ISO) 
settings, and exposure compensation. While budget 
is important when choosing a camera for photomi- 
crography, other factors to consider are resolution, 
weight, vibration control, and remote control capa- 
bility. Camera choices can be as simple as the digital 
camera on your smartphone (Boehm, 2014) all the 
way to a professional-grade digital single-lens reflex 
(DSLR) camera. The author currently uses a Canon 
6D DSLR. Several notable features are the high-res- 
olution, full-frame (36 mm x 24 mm) sensor and Wi- 
Fi capability for wireless remote shooting, which 
helps to eliminate potential image-blurring vibra- 
tions. This particular camera is also appealing be- 
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cause of the lightweight composite body, compared 
to other DSLR full-frame cameras with heavier alloy 
bodies, helps to prevent the focusing rack from be- 
coming overloaded, making it easier to maintain 
image focus. Many of these features can be found on 
other DSLR cameras as well, this model serves as an 
example of criteria to consider when selecting a cam- 
era for photomicrography. 


ADAPTING A DIGITAL CAMERA 

TO A MICROSCOPE 

One of the biggest challenges in adapting almost any 
microscope for image capture is mating the camera 
to the microscope so that it is parfocal. This is when 
the image at the camera sensor is in focus at the 
same time as the image viewed in the microscope oc- 
ulars. Parfocality makes image composition much 
easier and saves significant time. Certain manufac- 


In Brief 


The development of digital camera technology has 
made photomicrography more accessible and afford- 
able than in the past. 


High-quality used microscopes are better suited for 
photomicrography than inexpensive newer models. 


DSLR cameras can produce images that rival the qual- 
ity of film and are well suited for capturing photomi- 
crographic images. 


Software such as Helicon Focus and Adobe Photoshop 
are powerful tools that can be used to get the best re- 
sults from digital photomicrography. 


turers of specialty adapters offer ready-made solu- 
tions for camera adaptation, but some microscopes 
may require additional components to achieve par- 
focality. The author’s Nikon SMZ10 was mated to a 
DSLR camera by using a Diagnostic Instruments 
PA1-12A adapter tube with a helicoid-style extension 
tube for parfocality adjustment; this was then con- 
nected to a Canon adapter for the camera (figure 4). 
Once the camera is selected and attached to the 
microscope, there are additional considerations re- 
garding the relay lens in the trinocular port. The pri- 
mary factor that should influence your choice of 
magnification of this optical element is the sensor 
size of your camera. The best choice of relay optic is 
one that completely fills the sensor (to avoid vi- 
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gnetting, or fuzzy dark edges) and does not waste too 
much light through over-magnification as the image 
is projected on the camera sensor. 


For microscopes without a trinocular port, 
adapters that mount the camera onto an ocular pres- 
ent a very reasonable solution (figure 5, left). Since 
traditional observation is not possible in this config- 
uration, the photomicrographer must rely on a live 
view displayed on a monitor to set up the specimen 
(figure 5, right). With the significant advances in 
smartphone cameras, it is possible for the hobbyist 
to take decent-quality photomicrographs with these 
devices (Boehm, 2.014). Inexpensive products to facil- 
itate smartphone photomicrography also exist (Over- 
ton, 2010). The most obvious advantage to 
smartphone photomicrography is portability, a sim- 
ple matter of carrying a smartphone and a loupe in 
the field (Boehm, 2014). 


Figure 4. A helicoid- 
style extension tube 
easily allows for up 

and down movement of 
the camera in order 
achieve parfocality 
with the microscope oc- 
ulars. Photos by 
Nathan Renfro. 


GETTING STARTED: CLEANING AND 
VIBRATION CONTROL 
Two important considerations for photography 
through the microscope in achieving satisfactory re- 
sults are sample cleaning and vibration control 
(Koivula, 1981). A clean sample simply makes a 
much more striking image. If one is investing the 
time required to take a high-quality photomicro- 
graph, the results are dramatically improved if some 
time is spent properly cleaning a sample prior to set- 
ting up the image. Typically, this can be accom- 
plished with a stone cloth and a damp sponge to 
remove as much dust and finger oil as possible. This 
will save significant time in post-capture image pro- 
cessing and dust spot removal, which will be dis- 
cussed later in the article. 

Vibrations can cause loss of detail by blurring an 
image. This happens when subject movement occurs 


Figure 5. Left: A camera adapter that slips over the microscope’s ocular can turn a binocular microscope into a 
photomicroscope, as seen on the author’s GIA Gemolite Mark V. Right: A live view shown on a computer monitor 
is used for focusing and composition because the oculars are blocked by the camera. The camera is remotely con- 
trolled by the software, which helps prevent vibration-induced blurring that would occur by manually pressing the 
shutter button. Photos by Nathan Renfro. 
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tomicrographs by Nathan Renfro, field of view 2.88 mm. 


over the exposure time. Two solutions for this prob- 
lem are eliminating causes of movement or decreas- 
ing exposure time. By making the microscope more 
rigid or isolated from the environment, the photomi- 
crographer minimizes vibration-induced problems. 
A floating optical table is best, but this is generally 
too expensive for hobbyists. To help eliminate vibra- 
tional movement, one can add shock-absorbing anti- 
vibration mounts or rubber pads underneath the 
microscope to help prevent vibrations from reaching 
the subject. 

Another solution to help eliminate vibration-in- 
duced blurring is to decrease the exposure time so 
there is less chance for the subject to move. With dig- 
ital photomicrography, you can increase the light 
sensitivity of your camera by adjusting the ISO set- 
ting, the modern equivalent to the American Stan- 
dards Association’s (ASA) “film speed.” If your 
camera is more sensitive to light, then the required 
exposure time decreases; however, if the ISO is ad- 
justed too high, image quality may suffer from what 
is known as “noise” or a grainy salt-and-pepper type 
appearance. 

For users of DSLR cameras in particular, the mir- 
ror and shutter movements may cause some addi- 
tional vibrations. If selecting a DSLR digital camera 
for photomicrography, it may be worthwhile to 
choose one with a “silent shutter” mode, which will 
greatly reduce camera-induced vibrations. 


LIGHTING TECHNIQUES 

Lighting is the single most important factor in taking 
a high-quality photomicrograph. Without proper il- 
lumination, satisfactory results will never be 
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Figure 6. This cinnabar inclusion in barite is shown using darkfield (left) and brightfield (right) illumination. Pho- 


= 


achieved. Most gemologists are familiar with several 
types of broadly suitable lighting. Brightfield, dark- 
field, and reflected light are the types of illumination 
typically used in gemology. There are several other 
types of environments or modifications to these 
types of light that will greatly enhance the appear- 
ance of almost any photomicrograph. The difficulty 
is in knowing which type of lighting or combination 
of lighting to use for a given inclusion scene. This 
valuable insight, which must be learned through 
reading literature on photomicrography and signifi- 
cant practice, has been extensively covered (Koivula 
1981, 1982a, 1982b, 1984, 2003). 

Darkfield illumination is probably the most fa- 
miliar type of lighting for general observation, be- 
cause most gemological microscopes are equipped 
with a darkfield base. This type of lighting allows 
light-scattering inclusions to stand out in high relief 
against a dark background and can be useful for high- 
lighting small inclusions (figure 6, left). While this 
lighting environment is useful for general observa- 
tion, the high degree of contrast produced between 
the inclusions and background is not always desir- 
able or aesthetically pleasing. One important consid- 
eration in darkfield photomicrography is that 
undesirable dust particles and surface scratches will 
be conspicuous, which may limit this lighting envi- 
ronment in all but the most pristine of specimens. 

Brightfield illumination, or transmitted light, is a 
technique in which the specimen is placed between 
the objective and a bright direct illumination source 
(figure 6, right). This type of lighting is particularly 
useful for examining color-zoned specimens and 
masking the appearance of fine dust particles; how- 
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Figure 7. Thin, reflective, oriented fluid inclusions, as seen in this aquamarine (left, vertical field of view 2.54 mm) 
and covellite in this pink fire quartz (right, 6.13 mm vertical field of view), often reveal vibrant displays of color 
under oblique fiber-optic illumination. Photomicrographs by Nathan Renfro. 


ever, detail may be lost when examining overly dark 
or opaque inclusions. Brightfield illumination can be 
further enhanced by using a diffuser plate to control 
the light intensity if direct transmitted light sacri- 
fices too much detail by creating bright reflective 
areas, sometimes called “hot spots” (Koivula, 2003). 
Diffuse reflected light is useful for examining sur- 
face features and revealing differences in luster be- 
tween two dissimilar materials. This lighting is also 
suitable for detecting coatings, as they often display 
a higher luster than the substrate material. 
Fiber-optic illumination may be the most under- 
used and single most useful form of illumination in 
gemology. Quite often, crystallographically-oriented 
inclusions can be well hidden unless an illumination 
direction can be achieved to facilitate light scatter 
from these particles. Because of the widely adjustable 
position of the fiber-optic illuminator, hidden inclu- 
sions are often easily revealed (figure 7). When using 
a fiber-optic illuminator, controlled light can be 
guided to the subject at an oblique angle to highlight 
any unseen iridescent components (figure 8; Koivula, 
1982.a). Crystallographically-oriented thin film inclu- 
sions are often particularly responsive to oblique 
fiber-optic illumination (Koivula, 1980), revealing 
vivid colors when this method is used (figure 9). 
While the use of polarized light is quite familiar 
to most gemologists by way of the polariscope, using 
polarized light in conjunction with the microscope 
may be foreign. The most significant use of a polar- 
izer in gemological photomicrography is the elimi- 
nation of doubling in birefringent materials by 
placing a polarizing filter, called an analyzer, between 
the objective and the subject (figure 10). This polar- 
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izing filter will eliminate one of the refraction direc- 
tions, thereby making the image appear singly refrac- 
tive. Crossed-polarized light, created by adding 
another polarizing filter between the subject and 
light source oriented 90 degrees to the plane of polar- 
ization of the analyzer, can also reveal low-relief, 
nearly invisible inclusions in high contrast due to 
strain and optical misalignment. Also, the vibrant 
colors occasionally observed from birefringent inclu- 
sions in polarized light are a welcome sight to almost 
any photomicrographer (figure 11). Polarized light 
can be further enhanced by the use of a first-order red 
compensator. Also known as a full-wave plate, this 


Figure 8. Oblique fiber-optic illumination can be used 
to reveal iridescent colors in reflective inclusions that 
might go otherwise unseen. Photo by Nathan Renfro. 
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Figure 9. Viewed only with shadowed brightfield lighting, this partially healed cleavage crack looks rather ordi- 


nary. With the addition of oblique fiber-optic illumination, unexpected interference colors caused by thin film iri- 
descence are revealed. Photomicrographs by Nathan Renfro; field of view 2.96 mm. 


type of filter significantly decreases the exposure 
time required to capture an image in polarized light 
and can dramatically enhance strain color (figure 12) 
(Koivula, 1984). 

Ultraviolet (UV) light has limited but occasional 
use in photomicrography. UV illumination can in- 
duce a fluorescent reaction in certain subjects, pro- 
ducing visually striking results that can be 
photographed (figure 13); however, exposure times 
greatly increase, as the lumination intensity is typi- 
cally far less than any other lighting environment 
mentioned. This increased exposure time may lead 
to vibration-induced blurring of images. Also, it 


should be noted that UV light may be harmful to the 
photomicrographer’s eyes, so exposure should be 
kept to a minimum and proper protective equipment 
should always be used. 

The photomicrographer will quickly realize that 
sometimes no single type of lighting is adequate to 
produce a high-quality photomicrograph for a partic- 
ular specimen. Significantly more impressive results 
may be produced using combinations and/or modifi- 
cations of the lighting previously mentioned. Learn- 
ing which combinations to use and when to use 
them is an important skill developed with practice. 
Once the correct illumination sources are selected, 


Figure 10. Left: Because of birefringence in anisotropic materials such as tourmaline, image doubling is often a 
problem, as revealed by these apatite crystals. Right: A polarizing filter placed between the objective lens and the 
subject, rotated to the appropriate position, does away with image doubling by eliminating one of the birefringent 
light paths. Photomicrographs by Nathan Renfro; field of view 1.50 mm. 
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Figure 11. Left: This rock crystal quartz host, as seen in transmitted light, shows low-trelief, colorless, needle-like 
amphibole inclusions. Right: When the same field is observed with polarized light, the amphibole inclusions stand 
out in a vivid display of interference colors. Also, a nearly invisible inclusion of quartz reveals its crystallographic 
misalignment in polarized light. Photomicrographs by Nathan Renfro; field of view 5.10 mm. 


the next challenge is controlling the light in order to 
balance the contrast in an image and resolve the 
most detail. One of the biggest problems in lighting 
is controlling hot spots. A useful technique utilizes 
a piece of opaque black paper (or similar material) 
carefully inserted to block the precise source of light 
causing the hot spot without blocking the desirable 
light that is illuminating the subject (Koivula, 2003). 
Another lighting modification is a similar, carefully 
controlled approach of contrast enhancement called 
“shadowing” (Koivula, 1982b). Shadowing effects 
provide a tremendous amount of contrast in inher- 
ently low-contrast specimens by adding dark areas to 
otherwise light subjects (figure 14). To create shad- 
owed illumination, an opaque black paper or similar 
material is slowly moved in between the illumina- 


tion source and the specimen until contrast and de- 
tail are at a maximum (see again figure 14). This 
shadowing technique can be applied to darkfield, 
brightfield, and even reflected light environments. 


DIFFERENTIAL INTERFERENCE CONTRAST 

A remarkable lighting technique that has only occa- 
sionally been applied to gemology is episcopic differ- 
ential interference contrast (DIC). This reflected light, 
contrast-enhancing technique (Koivula, 2000) has pro- 
duced some of the most vibrant displays of color and 
geometric patterns ever observed in gemology. A spe- 
cialized microscope equipped with a Nomarski-mod- 
ified Wollaston prism and polarizing filters is required 
for this type of microscopy (figure 15). Sheared wave 
fronts created by the prism are focused on the speci- 


Figure 12. This spinel hosting a carbonate crystal, as seen in brightfield (left), shows significant anomalous double 
refraction, or strain, under crossed polarized light (center). This strain is further enhanced by using a first-order red 
compensator in the optical path, which adds a blue color component to the strain and also decreases the exposure 
time required to capture the image (right). Photomicrographs by Nathan Renfro; field of view 2.20 mm. 
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Figure 13. This tabular negative crystal in quartz was photographed with diffuse transmitted light (left), long-wave 
ultraviolet light (center), and a combination of visible and LWUV light (right). Each image produces a strikingly 
different result, demonstrating the interesting results attained through combination lighting. Photomicrographs by 


Nathan Renfro; field of view 1.24 mm. 


men by the objective and travel slightly different path graphic profile of the specimen (Brandmaier et al., 
lengths due to the surface topography of the specimen. 2013). DIC microscopy is capable of yielding both 
These variations in topography are transformed into grayscale images and “optically stained” full-color im- 
amplitude or intensity variations, revealing the topo- _ ages by simply adjusting the position of the prism in 
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Figure 14. Transmitted, 
diffuse lighting (top left) 
is used to photograph an 
epigenetic malachite disc 
(Renfro, 2013), approxi- 
mately 0.58 mm in diam- 
eter (top right). This 
lighting is ideal when 
photographing colored in- 
clusions, but contrast is 
significantly diminished. 
Placing a black strip of 
opaque material between 
the light source and the 
subject (center left) can 
create a shadowing envi- 
ronment, significantly 
enhancing contrast in the 
subject and giving rise to 
previously unseen detail 
(center right). Differently 
shaped tools can be used 
to create various shadow 
effects, as seen when a 
small iris diaphragm 
(bottom left) is used to 
create a circular shadow- 
ing environment (bottom 
right). Photos and pho- 
tomicrographs by Nathan 
Renfro. 
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the optical path (figure 15). The surfaces of highly-re- 
flective mineral inclusions can also be carefully exam- 
ined through their host mineral using DIC (figure 16); 
however, this technique is not always possible for sub- 
surface inclusions if they are located too deep in the 
host material, or if the host is too reflective. 


DIGITAL IMAGE PROCESSING 
In addition to the previously mentioned advantages, 
digital photography also allows for a wide range of 
post-processing tools that can improve image appear- 
ance. While software makes it possible to modify im- 
ages to the point that the image does not accurately 
represent the subject, the goal of gemological pho- 
tomicrography is to document inclusions as realisti- 
cally as possible. Therefore, it is not useful to 
digitally modify images beyond their natural ob- 
served appearance. Software enhancement that 
makes images appear as close to the actual subject as 
possible is a tremendously useful tool that, when ap- 
plied appropriately, is very welcome in the digital 
photography world. Two particularly important 
image-processing tools are extended depth-of-field, 
also called “extended depth of focus” or “focus stack- 
ing” and high dynamic range (HDR) imaging. 

In an extended depth-of-field, is when a series of 
images are captured at regularly spaced focal planes 
and digitally combined to extend the depth-of-field 
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Figure 15. These differen- 
tial interference contrast 
images show a variety of 
interesting surface struc- 
tures, including (clockwise 
from top left): the etched 
surface of a diamond crys- 
tal from Wyoming (field of 
view 0.25 mm); the etched 
prism face of an emerald 
from North Carolina (field 
of view 0.62 mm); the sur- 
face of an Australian opal 
with pyrite inclusions that 
break the surface, leaving 
drag lines from the polish- 
ing process trailing behind 
(field of view 1.24 mm); 
and plasma etching on 
two pavilion facets of a 
“fire polish” diamond 
(field of view 0.62 mm). 
Photomicrographs by 
Nathan Renfro. 


beyond what is possible in a single image (figures 17 
and 18). This is particularly important for photomi- 
crography at high magnification, since depth-of-field 
decreases at higher magnification. This digital pro- 
cessing technique allows the photomicrographer to 
capture inclusion scenes with tremendous detail at 
high magnification that would otherwise be impos- 


Figure 16. Even subsurface inclusions, such as this 
platy hexagonal metal sulfide crystal in a rock crystal 
quartz host, can be examined using DIC. Photomicro- 
graph by Nathan Renfro; field of view 0.25 mm. 
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sible in a single frame image. There are several pro- 
grams to facilitate focus stacking, including Zerene 
Stacker (Prince, 2014), Helicon Focus, and NIS Ele- 
ments. One requirement is that the image set must 
be stepped at fairly regular intervals. While it is pos- 
sible to slowly turn the focus knob on a microscope 
by hand, it is impractical to do so in regular incre- 
ments without some way to measure each step. The 
addition of a dial indicator or similar measurement 
device on the microscope focusing rack may be a 
cost-effective solution, allowing regular focus inter- 
vals to facilitate extended depth-of-field imaging (fig- 
ure 19, left). A focus mount with a fine adjustment 
will also help the user precisely index the focus 
height. More sophisticated solutions may involve a 
focus rail with a stepper motor, which can be digi- 
tally controlled through a compatible software pro- 


© Figure 17. These fluid-filled 
negative crystals in rock 
crystal quartz were pho- 
tographed using an extended 
depth-of-field to achieve an 
image with sharp focus. The 
left-hand image shows the 
foreground in focus while the 
background inclusions are 
blurry. The center image 
shows the background in 
focus while the foreground is 
blurry. Approximately 30 
images stacked together pro- 
duced an entirely in-focus 
image of the cluster, as seen 
on the right. Photomicro- 
graphs by Nathan Renfro, 
field of view 6.55 mm. 


gram to index the microscope focus at very precise, 
regular intervals (figure 19, right). This equipment is 
particularly useful for very large depth ranges, which 
would require many images. 

HDR is another useful processing technique. In 
digital photomicrography, reflections from facets and 
other inclusions can create scenarios where some 
areas of the image are beyond the dynamic range of 
the camera sensor. In other words, the difference be- 
tween the lightest and darkest areas in the inclusion 
scene is beyond what the camera sensor can measure 
in a single image. The most effective approach is to 
effectively control the illumination source so that all 
lighting that falls in the image frame is within the 
camera’s ability to capture. Another consideration is 
adjusting the camera’s ISO setting to the lowest pos- 
sible value. This typically allows the camera to op- 


Figure 18. This chalcedony contains bands of hematite and goethite clusters scattered throughout a very large 
depth-of-field. To get the entire image in focus, extended depth-of-field imaging was used, composing 40 images at 
different depths (left and center) and stacking them together with software to produce and entirely in focus image 
(right). Photomicrographs by Nathan Renfro; field of view 8.70 mm. 
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Figure 19. A digital indicator was attached to the au- 
thor’s microscope stand to accurately measure the 
step intervals for extended depth-of-field imaging. 
Left: The fine focus adjustment allows the microscope 
height to be precisely controlled to step intervals as 
small as 2.5 microns. Right: Sophisticated equipment 
such as this “Macrorail” can be used for automated 
image stacking when combined with the appropriate 
software. Photos by Nathan Renfro (left) and Darren 
Bates (right). 


erate at the largest possible dynamic range. HDR im- 
aging can help combat the appearance of overly bright 
or dark areas in an image when lighting cannot be con- 
trolled to eliminate loss of detail. Similar to focus 
stacking, the photomicrographer must capture several 
images that are combined into one final image. Instead 


of changing the focus, as with image stacking, the ex- 
posure time is changed. Details resolvable at several 
different exposures are combined into a single image 
that is beyond the detail possible from any single ex- 
posure. Sometimes this effectively reproduces what 
the gemologist actually sees when observing the spec- 
imen in the microscope. The human brain and eye do 
not suffer from the relatively narrow dynamic range 
of a digital camera sensor, so in some cases, a high dy- 
namic range image may approximate the actual sub- 
ject than any single exposure alone (figure 20). HDR 
imaging can be accomplished using software designed 
for this task, often available on the Internet, such as 
Nikon NIS Elements, Canon Digital Professional, 
Oloneo HDR, and Photomatix Pro. Some cameras 
have built-in HDR processing capabilities, including 
many smartphones and some Canon and Nikon 
DSLR cameras. This convenient built-in feature helps 
automate HDR imaging without the need for second- 
ary image-processing software. 

Other types of post-processing digital image soft- 
ware help the photographer make fine adjustments 
to the captured image. Sometimes the settings used 
to capture an image can be improved. Unlike film- 
based photography, the digital world offers tools to 
modify brightness, contrast, and color without hav- 
ing to retake a photograph or take several exposures 
at different settings to see which one looks best. 
Some digital software also offers enhancement tools 
that clean up images and remove artifacts such as 
minute spots of dust on the sample or spot artifacts 
from dust on the camera sensor (figure 2.1). These tools 
help photographers adjust images to more accurately 


Figure 20. These radial manganese oxide “flowers” in Ethiopian opal provide too much contrast for the camera 


sensor to resolve all of the detail in the inclusion. The image at the left was underexposed, so detail is lost in the 
dark center of the MgO flower. The center image was overexposed to resolve detail in the dark areas, but all detail 
is lost in the bright areas. These varying exposure images were combined using HDR software (Nikon’s NIS Ele- 
ments) to produce the image on the right, which shows more detail than any single image. Photomicrographs by 
Nathan Renfro; field of view 2.47 mm. 
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¢ Isabelle Blanchard Hall 


ests centered around her husband’s altruistic 
ambition and from June 1932 until her 
retirement in June 1943, she was active in 
the management of the G.J.A. Her previous 
success in business and educational activities, 
as well as her experience in church and 
service work, contributed materially to the 
rapid growth of the Institute and its ulti- 


e Dorothy L. Phebus 


mate success. While Robert Shipley gave 
his time to the organization and develop- 
ment of the technical problems of the Insti- 
tute, she gave hers to the management of 
finances and personnel. 

Great credit is likewise due to the small 
but enthusiastic staff who worked so loyally 
with her in these early years. Those inspired 


e View of early G.LA. office. Mrs. Shipley in 
background dictates to Dorothy L. Phebus 


Figure 21. Fine dust spots (top left, field of view 6.95 mm) on the surface of this chalcedony with carbonate inclu- 
sions from Turkey detract from the interesting inclusion scene. Image editing software such as Adobe Photoshop 
has touch-up tools that allow digital removal of dust spots and unwanted minute artifacts, as shown in the edited 
image (top right, field of view 6.95 mm). Zooming in on the top right portion of the image with significant dust 
(bottom left, field of view 3.10 mm), the difference before and after dust removal with Adobe Photoshop is much 
more apparent (bottom right, field of view 3.10 mm). Photomicrographs by Nathan Renfro. 


represent their subjects. The most popular of these 
programs is almost certainly Adobe Photoshop, but 
many photography-specific post-processing programs 
have been developed with the onset of digital photog- 
raphy. Photoshop Lightroom is also a popular option 
for image post processing and organization, but other 
programs such as Pixelmator (for Macs and iPads) and 
GIMP (GNU Image Manipulating Program) offer easy- 
to-use digital image correction tools. Photomicrogra- 
phers will also want to consider the file type. Raw files 
are much larger than JPEG files, but also better for 
post-image processing adjustments. 


SUBJECT SIZE 


One of the most important attributes conveyed by a 
photomicrograph is the size of the subject. There are 
a few ways to present this information: indicating 
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the magnification used to capture the image for a par- 
ticular format (size of the camera sensor), overlaying 
a scale bar onto the image itself, or indicating the 
field of view as a numerical measurement. Gemolog- 
ical texts have historically indicated the magnifica- 
tion that was used to observe a subject to convey the 
relative size of the inclusion scene and how it would 
look in the reader’s own microscope. The rationale 
here is that most gemologists are familiar with the 
magnification range used during routine gemological 
microscopy, which may not be true of a numerical 
value presented in a possibly unfamiliar unit, such 
as microns. The biggest problem with using magni- 
fication in the digital age is maintaining accuracy 
during the post-processing phase, as images are often 
formatted and cropped in ways that render the origi- 
nal magnification meaningless. 
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The magnification factor of an optical microscope 
is determined by multiplying the magnification fac- 
tors of all optical components between the specimen 
and the observer's eye. While this represents the ob- 
served magnification, the actual magnification of the 
recorded image can vary depending on the size of the 
camera sensor, and will likely be very different from 
the observed magnification factor. The easiest method 
to determine the magnification at the camera sensor 
is to use a microscope calibration slide (figure 22) to 
determine the actual field of view the camera cap- 
tures. If the field of view and the physical size of the 
camera sensor are known, then the magnification fac- 
tor at the camera sensor can be calculated by dividing 
the sensor width by the horizontal field of view of the 
subject as measured by the calibration slide. This 
recorded magnification becomes meaningless as soon 
as the image is cropped or enlarged from the original 
footprint of the camera sensor, which will almost cer- 
tainly occur. This is why a more precise way to com- 
municate the actual size the photomicrograph 
represents is needed. This can be accomplished by the 
use of a scale bar or a field of view measurement. 


In most scientific publications, scale bars are used 
to indicate subject size by overlaying a line of known 
length on some portion of the photomicrograph 
(Hord, 2004). This is an accurate way to convey sub- 
ject size in a photomicrograph. Some software, such 
as Helicon Focus, provides a tool that lets the user 
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quickly add a scale bar to their images. Despite the 
benefit of the information they contain, scale bars do 
obscure a portion of the image. Gemology is an ob- 
servational science, and gemologists are privileged to 
view beautiful scenes that are preserved in photomi- 
crographs. The artificial addition of a scale bar may 
be perceived as an unnecessary blemish on an other- 
wise artistic scene, which is reason enough for this 
author to exclude scale bars. Fortunately, there is a 
compromise that overcomes the problems with 
using magnification and scale bars to convey subject 
size: expressing a field of view measurement for the 
final image in the caption. This offers an accurate ac- 
count of subject size without marring an otherwise 
pristine inclusion scene with an unsightly scale bar. 


CONCLUSION 


Photomicrography is a tremendously rewarding as- 
pect of gemology. It appeals to all types of practition- 
ers, from scientists to artists and everyone in between. 
With technological developments in the last decade, 
digital-format photography has spurred the develop- 
ment of a wide range of tools to enhance images in 
ways never before possible. Digital photography has 
also helped to offset cost-related issues, since there 
are almost no consumable items that the photomi- 
crographer must purchase after an initial investment 
in equipment, allowing many more people to partic- 
ipate in this branch of gemology. 


Figure 22. A microscope 
calibration slide, such 
as the one manufac- 
tured by Bausch and 
Lomb Optical Co., can 
be used to determine 
the actual field of view 
of an image taken 
through the micro- 
scope. Photo by Robi- 
son McMurtry. 
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Because of the spectacular level that digital tech- 
nology has already achieved in the last decade alone, 
it is hard to imagine how photomicrography might 
evolve in the next 10 years. One area with significant 
room for improvement is lighting options. Light- 
emitting diode technology is improving at a rapid 
rate, and the implementation of LED lighting in pho- 
tomicrography will be a welcome improvement, as 
it comes closer to “natural-looking” full spectrum 
lighting. Camera technology will likely continue to 
improve as higher-resolution and higher-sensitivity 
sensors are developed. Canon recently announced 
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RUBIES AND SAPPHIRES FROM 
SNEZHNOE, TAJIKISTAN 


Elena S. Sorokina, Andrey K. Litvinenko, Wolfgang Hofmeister, Tobias Hager, Dorrit E. Jacob, and 
Zamoniddin Z. Nasriddinov 


SDisc during the late 1970s, the Snezhnoe ruby and sapphire de it 1 active until 
the collapse of the former Soviet Union in the early 1990s and the outbreak of regional conflicts. This 
marble-hosted occurrence has seen renewed interest, as it is a large and potentially productive deposit 
that has not been sufficiently studied. Testing of samples identified solid inclusions of margarite enriched 
with Na and Li (calcic ephesite or soda margarite). These are believed to be previously unreported for 
gem corundum. Allanite, muscovite, and fuchsite (chromium-bearing muscovite) were identified for the 
first time in ruby and sapphire from Snezhnoe. These and other inclusions such as zircon, rutile, K- 
feldspar, and Ca-Na-plagioclase could serve to distinguish them from stones mined elsewhere. Con- 
centrations of trace elements were typical for ruby and sapphire of the same formation type. The highest 
Cr concentrations were observed within the bright red marble-hosted rubies, and these values were 
very similar to those of the famous Burmese rubies from Mogok. 


orundum—a-Al,O,—is a common, though 
minor, component of many metamorphic 
rocks. Gem-quality varieties of ruby and sap- 


net, scapolite, lazurite, and variscite (Litvinenko 
and Barnov, 2010). The occurrence of ruby in the 
Pamirs was first suggested by the Soviet mineralo- 


phire occur in only a few primary metamorphic and 
magmatic rock types depleted in silica and enriched 
in alumina (Giuliani et al., 2007) and in the second- 
ary placers formed by the erosion of these rocks (e.g., 
Hughes, 1997; Kievlenko, 2003). 

The traditional supplier of ruby and sapphire to 
the world markets is Southeast Asia. Burmese rubies 
from the Mogok deposit have historically held the 
highest value, stemming from their “pigeon’s blood” 
color, a bright red with a slightly purple hue (Hughes, 
1997; Smith, 1998). The supply situation has changed 
dramatically in recent years, with the discovery of 
new deposits in East Africa and the continued min- 
ing of the Central and Southeast Asian occurrences. 

Situated within the Pamir Mountains, Tajik- 
istan produces a variety of gemstones, including 
ruby (figures 1 and 2), sapphire, spinel, aquamarine, 
chrysoberyl, tourmaline, topaz, clinohumite, gar- 


Figure 1. The bright red faceted ruby in this gold ring 
is from the large and potentially productive Snezh- 
noe deposit in Tajikistan. Photo by Zamoniddin Z. 
Nasriddinov. 
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gist and geochemist A.E. Fersman in the early 
1930s (Popov, 1936). Fersman predicted the location 
of ruby deposits in the Precambrian metamorphic 
rocks of the southwestern Pamirs, where the geolog- 
ical conditions are similar to those in Myanmar and 
Sri Lanka. This hypothesis was confirmed by Ya. A. 
Gurevich, I.M. Derzhavets, and colleagues during a 
prospecting expedition to the Pamirs in 1965, when 
they found a group of ruby and sapphire deposits on 
the western slope of the Ishkashim ridge (Litvinenko 
and Barnov, 2.010). 


In Brief 


e The Snezhnoe ruby occurrence in Tajikistan is a large 
and potentially productive source of gem corundum. 


The highest Cr concentrations were observed in the 
bright red marble-hosted ruby, which had a value close 
to those of similar genetic type, including the famous 
Burmese rubies from Mogok. 

e The study identified previously undocumented solid in- 
clusions that are useful for the origin determination of 
this gemstone. 


Marble-hosted ruby deposits were first detected 
in the Shakhdarin series (Archean age) in 1979 (Kono- 
valenko and Rossovsky, 1980). The subsequent dis- 
covery of anew gem deposit structure—a ruby belt 
on the eastern part of the Central Pamirs—became 
something of a sensation in the 1980s (Litvinenko 
and Barnov, 2010). More than 50 marble-hosted ruby 
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Figure 2. These rough 

ruby crystals are from 
_ the Snezhnoe deposit. 
Photo by Zamoniddin 
Z. Nasriddinov. 


occurrences confined to the gneiss-marble suite of 
the Muzkol metamorphic complex (Paleoprotero- 
zoic) have been found within this zone. The largest 
of these are Snezhnoe and Trika, discovered in 1980, 
and Nadezhda, which followed a decade later (Litvi- 
nenko and Barnov, 2010). After the collapse of the So- 
viet Union, all mining and prospecting activity at 
these deposits was suspended for more than 15 years. 
Today, production figures are kept confidential by the 
Tajik government. Regional conflicts, combined 
with difficult access and climate conditions, have 
complicated further study of these gem deposits, 
though a period of stability allowed foreign re- 
searchers to visit them in the early 21st century 
(Bowersox, 2005; Hughes et al., 2006). 

Petrographic, mineralogical, and gemological re- 
search has been conducted at various times, both by 
Soviet and then Russian scientists (Dmitriev, 1983; 
Dmitriev and Ishan-Sho, 1987; Dufour et al., 2007) 
and their foreign counterparts (Henn and Bank, 1990; 
Smith, 1998). For this article, we have updated 
knowledge about the geology of the Snezhnoe de- 
posit and separated various types of ruby and sap- 
phire crystals according to their morphology, 
gemological properties (including reflectance and lu- 
minescence spectra), trace-element composition, and 
previously unreported solid inclusions. 


REGIONAL GEOLOGY 

The Snezhnoe deposit is confined to the Kukurt an- 
ticlinal fold belonging to the south wing of the Shat- 
put anticline (Kievlenko, 2003) within the eastern 
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Figure 3. Top: A map of 
the Snezhnoe marble- 
hosted ruby deposit 
within Central Asia. 
Bottom: A regional geo- 
logical map of the Pamir 
Mountains of Tajikistan 
and the location of the 
Snezhnoe deposit. The 
northern, central, south- 
eastern, and southwest- 
ern Pamirs are folded 
regions around early 
Proterozoic blocks, one 
of which includes the 
Snezhnoe deposit. The 
northern Pamir is re- 
lated to the Hercynides, 


Afghanistan 


50 km 


Northern 
Pamir 
Central 
Pamir 
Southeastern 
Pamir 


whereas the central, 
southeastern, and 
southwestern Pamir rep- 
resent Cimmerian Plate 
remnants. There are 
deep faults or tectonic 
boundaries between 
these regions. The cir- 
cled A represents the 
Rushan-Pshart deep 
fault, while the circled B 
indicates the Gunt- 
Alichur deep fault. The 
circled C represents the 
Vanch-Akbaytal deep 
fault. The circled 1 indi- 
cates the Vanch- 
Yazgulem anticlinorium 
(an anticlinal structure 
of regional extent), the 
circled 2 the Muzkol- 
Rangkul anticlinorium. 
The distance between 
Khorog and Murgab is 
255 km. Modified from 
Barkhatov (1963). 


Southwestern 
Pamir 


Early 
Proterozoic 
blocks 


Snezhnoe 
* deposit 


r—_—_ Tectonic 
boundary 


part of the Muzkol-Rangkul anticlinorium (outcrop 
of the Precambrian crystalline basement by 
Rossovsky, 1987; figure 3). The core of the Kukurt 
fold is characterized by the development of granite- 
gneiss in the Zarbuluk complex (possibly Protero- 
zoic, age not determined) surrounded by gneisses and 
schist (Belautin suite}, calcite and dolomite marbles 
(Sarydzhilgin suite), and quartzites and quartz sand- 
stones (Buruluk suite) of the Muzkol metamorphic 
complex (Paleoproterozoic). A massif composed of 
leucocratic granites from the Shatpur intrusive com- 
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plex (Cretaceous-Paleogene} is adjacent to the eastern 
part of the fold. The southern part of the fold is cut 
by the Muzkol regional fault, separating the Precam- 
brian formations from Paleozoic-Mesozoic sedimen- 
tary rocks (figure 4). 

The ruby-hosted Sarydzhilgin suite, along with 
other suites of the Muzkol metamorphic complex 
(total thickness exceeding 6 km), underwent at least 
two tectonic metamorphic cycles. The first took 
place 1.8-1.6 billion years ago (Budanova, 1991) at 
amphibolite facies (temperature and pressure approx- 
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Figure 4. This map il- 
lustrates the regional 
geology of the Snezhnoe 
deposit. 1—sedimen- 
tary rocks; Sarydzhilgin 
suite: 2—marbles; 3— 
kyanite-garnet-biotite, 
feldspar-biotite, and bi- 
otite schists; Belautin 
suite: 4—garnet 
gneisses and 5—garnet- 
biotite gneisses; 6—leu- 
cocratic granites of the 
Shatput intrusive com- 
plex. Stars indicate the 
location of gem corun- 
dum deposits. Modified 
from Kievlenko (2003). 


am | 
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imately 700°C and 8 kbar), and the second cycle oc- 
curred 100-20 million years ago (Budanova, 1993). 
This is a zonal metamorphism migrating from green- 
schist facies at 350°C and 4 kbar through epidote-am- 
phibolite facies up to 800°C and 9 kbar (complete 
melting zone} (Sorokina et al., 2014). There are sev- 
eral theories concerning the geological age of ruby 
and sapphire crystals in marble, and some re- 
searchers believe that formation took place during 
modern alpine regional metamorphism (Dmitriev 
and Ishan-Sho, 1987; Dufour et al., 2007). 


RUBIES AND SAPPHIRES FROM SNEZHNOE, TAJIKISTAN 


LOCAL GEOLOGY AND MINERAL ASSEMBLAGE 
The Snezhnoe deposit is located in the eastern part 
of the Pamir Mountains in Tajikistan. The occur- 
rence is situated 30 km northeast of Murgab and 
about 20 km south of Rangkul, a pair of villages near 
the Chinese border. It is on the eastern bank of the 
Aksu River, at an altitude more than 4,000 meters 
above sea level. The region containing the corundum 
deposits lies along the Kukurt pegmatite belt, which 
is enriched with gem scapolite. Ruby and pink sap- 
phire have been found in the formation of coarse- 
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grained calcite marbles from the Sarydzhilgin suite 
of the Muzkol metamorphic series (Paleoprotero- 
zoic), with a total thickness of about 20 m (figure 5). 
This formation lies between layers of kyanite-garnet- 
biotite schist and marbles. 

Two ruby-mineralized zones are arranged en ech- 
elon (in closely spaced, parallel, or subparallel step- 
like planes) in coarse-grained calcite marble parallel 


Figure 5. An outcrop of 
white marbles and 
dumps at the Snezhnoe 
deposit. Photo by An- 
drey K. Litvinenko. 


to their bedding planes. They can be traced along the 
strike for 150 to 200 m. The mineralized zones are 
represented by micaceous lenses (2-15 m in length, 
with maximum thickness of 1 m) and ruby-bearing 
marbles contacting with these lenses (figure 6). 
Minerals found in micaceous lenses in Snezhnoe 
include various types of mica (fuchsite and phlogopite), 
plagioclase (from albite to anorthite), and scapolite (40- 


Figure 6. A cross-section of the Snezhnoe marble-hosted ruby deposit illustrates: (1) white marble, (2) graphite, (3) 
mica, (4) scapolite and plagioclase, (5) ruby, and (6) the main bedding surface controlling ruby mineralization. 


Modified from Nasriddinov (2013). 
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Figure 7. This outcrop of ruby-bearing micaceous 
lenses within marble has a total thickness of 15 cm. 
Red ruby crystal can be seen in the center of the 
photo, surrounded by green fuchsite. Photo by Za- 
moniddin Z. Nasriddinov. 


60% meionite), as well as ruby and sapphire, rutile, 
goethite, carbonates (calcite and dolomite}, minerals of 
the chlorite group, graphite, K-feldspar, and kaolinite 
(Sorokina, 2011; Sorokina et al., 2012; figure 7). Fur- 
thermore, there are marbles that consist mainly of cal- 
cite (up to 90%), ruby, mica (phlogopite and fuchsite], 
goethite, scapolite (about 60% meionite), plagioclase 
(albite to oligoclase), and graphite. Other researchers 
have reported amphibole (Rossovsky, 1987), pyrite, and 
dravite (Kievlenko, 2003). 

Soviet-era estimates of the Snezhnoe deposit in- 
dicated possible reserves of many hundred thousand 
carats of gem corundum. The authors of the present 
article visited the occurrence in 1982, 1986, 2008, 
2009, 2012, and 2013. It is currently being worked to 
a depth of 30 m by the state-run Chamast enterprise, 
which is conducting underground mining with 
drilling tools and large trucks. 


MATERIALS AND METHODS 

The authors borrowed 41 ruby-bearing rock samples 
from Snezhnoe from the collection of the Fedorovsky 
All-Russian Research Institute of Mineral Resources 
(FGUP VIMS), which obtained them in the early 
1980s. Two additional samples of ruby in marble from 
this deposit were loaned by the Vernadsky Geological 
Museum of Russian Academy of Science, courtesy of 
former chief curator Dr. Mikhail N. Kandinov. 

To prepare the sample wafers, the authors cut a 
section of rock containing ruby and sapphire crystals. 
The surrounding matrix was either dissolved by 10% 
HCl acid or mechanically removed, or a combination 
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of the two. Standard gemological properties were 
recorded, including hydrostatic SG, color, and refrac- 
tive index. We performed long-wave (365 nm) and 
short-wave (254 nm} photoluminescence spectroscopy 
and observed microscopic features using an MBS-10 
binocular microscope. To obtain reflectance spectra 
in the visible range (380-800 nm), we used a Leica- 
Leitz MPV-SP spectrometer with a reflection probe 
and a resolution of 1 nm and an integration time of 
500 ms. Photoluminescence spectroscopy was per- 
formed at FGUP VIMS using a MSFU-K (LOMO) mi- 
crospectrophotometer with an LGI-505 nitrogen laser 
(337.1 nm wavelength emission), a CAMAC registra- 
tion system, an IRIS-3m generator, and an MDR-23 
monochromator connected to a computer. 

Laser ablation—inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) was carried out at Jo- 
hannes Gutenberg University in Mainz, Germany, 
with an ESI/NWR-193 laser system (193 nm} coupled 
to an Agilent 7500ce quadrupole ICP-MS with he- 
lium as the carrier gas. The laser spots had a diameter 
of 50 um on the samples and 100 pm on the reference 
standards. Analyses were carried out at an energy 
density of 2.02 J/em~ with a 10 Hz repetition rate, 
using NIST SRM 612 glass as an external standard 
and NIST SRM 610 as an unknown for quality con- 
trol. *’Al, measured as ALO, by electron microprobe, 
was used as the internal standard for rubies. 7°Si, 
based on SiO, from electron microprobe data, was 
used for micas. Data reduction was carried out with 
Glitter commercial software. Detection limits were 
typically in the lower parts-per-billion range, and an- 
alytical uncertainties were generally between 5% 
and 15%, based on the external reproducibility of the 
reference materials (Jacob, 2006). Microprobe analy- 
sis was carried out at the Fersman Mineralogical Mu- 
seum of the Russian Academy of Sciences. For these 
analyses, we used a Link ISIS energy-dispersive spec- 
trometer (EDS) electronic probe microanalyzer at- 
tached to a CamScan D4 scanning electron 
microscope. 


DESCRIPTION OF THE ROUGH 


Rough ruby and sapphire samples from the Snezhnoe 
deposit were found in different parts of mineralized 
zones and had a distinct appearance. Ruby and sap- 
phire crystals within micaceous lenses were nor- 
mally translucent—the intergrowth of transparent 
and translucent areas could be observed in some 
crystals—and displayed visible morphological de- 
fects, such as polysynthetic twinning and parting 
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Figure 8. Ruby crystals within a 2 cm calcitic marble. 
Photo by Elena S. Sorokina. 


parallel to the c, a, and r corundum faces. As a result, 
they were usually unsuitable for faceting or even 
cabochons. Their morphology and color varied from 
purple elongated prisms to slightly pink prismatic 
rhombohedra and deep red pinacoid crystals. Dipyra- 
mids were also found in the samples. The average 
crystal size varied from 20 to 30 mm, in rare in- 
stances reaching 50-60 mm in length. 

At the Snezhnoe deposit, bright red gem-quality 
ruby crystals with a slightly purple hue are found in 
marble (figure 8). These samples were characterized 
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by a prismatic habit with c, r, and z faces, as well as 
irregular morphology with normally rounded faces 
(figure 9). Most of these samples were transparent 
and much shorter in length than the type found 
within micaceous lenses, often no longer than 8-10 
mm. The ruby crystals were free of visible morpho- 
logical defects except for occasional parting, typically 
parallel to the c and r crystal faces. 


RESULTS AND DISCUSSION 
Gemological Characteristics. The gemological prop- 
erties of rubies and sapphires from the Snezhnoe de- 
posit were similar to those previously observed by 
other researchers (Henn and Bank, 1990; Smith, 
1998) and quite typical for corundum overall (table 
ine 
The results of this study showed a refractive index 
of n, = 1.762-1.764 and n, = 1.772-1.774. Birefrin- 
gence was 0.008-0.009. Specific gravity ranged from 
3.99 to 4.01. Pleochroism was usually weak to medium 
for crystals from the micaceous lenses but strong in 
marble-hosted samples; dichroism was orange-red 
parallel to the c-axis and reddish violet perpendicular 
to the c-axis. The samples luminesced strong red 
under long-wave UV and weak red under short-wave 
UV. 


Internal Growth Structure. Ruby and sapphire from 
micaceous lenses contained abundant defects. Purple 
and dark red specimens showed parting along the r 


Figure 9. Crystal mor- 
phology of gem corun- 
dum from Snezhnoe. 
Top, left to right: an 
elongated prismatic 
habit with a, n, and c 
faces; a rhombohedral- 
prismatic habit with a, 
r, and c faces; and a 
prismatic habit with z, 
c, and r faces. Bottom: 
a pinacoid habit with c 
and a faces. Modified 
from Goldschmidt 
(1918). 
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few —Dorthy M. Jasper Smith who came 
as her secretary in 1932 and remains today 
as Executive Secretary of the G.I.A.; Doro- 
thy Lovell:Phebus who spent long, arduous 
hours from 1934 to 1947; and Isabelle 
Blanchard who remained a part of the staft 
from 1936 to 1949 — all gave generously of 
their time and ability and have left their 
imprint on the Gemological Institute of 
today. 
FIRST STEPS TAKEN 

The need for knowledge by jewelers 
twenty years ago was noticeably imperative. 
Shipley was well aware of the inadequacies 
in the trade and seriously undertook the 
preparation of the necessary courses. 

The late T. Edgar Willson, editor of 
Jewelers Circular-Keystone, long a propo- 
nent of education for the jewelry trade, 
pledged his support as did the publisher 
P. M. Fahrendorf. So, too, did Francis R. 
Bentley and George Engelhard of National 
Jeweler, as well as others connected with 
the trade press. 

The retail Jewelers’ Research Group, an 
influential body of leading jewelers in the 
country, gave its approval to the proposed 
educational project and encouraged enroll- 
ment of most of its firms for the newly- 
offered courses. Nationally outstanding 
members. of this group also became mem- 
bers of the first Board of Governors of the 
GLIA. 

More than any single individual engaged 
in a retail jewelry business, the late Godfrey 
Eacret of Shreve, Treat, and Eacret of San 
Francisco, was responsible for the perma- 
nent establishment of the G.LA. With 
others, he investigated the plans and work 
of Robert M. Shipley. Always anxious to 
be affiliated with anything for the better- 
ment of the trade, he gave of his rare 
ability, his time, and his counsel. In 1931 
he became the first Chairman of the Board 
of Governors, retaining that post until his 
death in 1934. 

Original research was carried on in a 
small laboratory. Here the first mail courses 
were prepared. Much of this material was 
voluntarily criticized by leading authorities 


in their specialized fields. 

So many individuals and organizations 
were helpful in these early days of the 
G.1.A.’s history, that it would be impossible 
to include the names of all. However, special 
acknowledgment should be made to the late 
Warren Larter who expanded the contents 
of the jewelry assignments— 

—to members of the Sterling Silversmiths 
Guild who furnished valuable contributions 
to the silverware assignments— 

—to the Committee of One Hundred 
World Gem Authorities who, when the 
courses were in prepatation, answered ques- 
tionnaires on subjects upon which authors 
and gem experts had previously disagreed— 

—to De Beers Consolidated Mines, Led., 
for the services of its Scientific Director, 
H. T. Dickinson, who with his assistants 
carefully examined the diamond - assign- 
ments and made corrections or suggestions 
for their improvement— 

—to jewelers in the smaller cities and 
towns throughout the country who studied 
diligently and whose belief in the Institute, 
and the principles for which it stood, gave 
importance and reality to the gemological 
movement, insuring its recognition as a 
living, vital force today. 

For additional information incorporated 
in the courses, G.J.A. students and the 
industry also owe a debt to the authors of 
important text books in German, French, 
and English which Shipley used as a source 
of reference material. 

WORK OF ANNA BECKLEY 

Anyone who has known the Institute 
from the time of its early days to the present 
—has known Anna McC. Beckley by her 
accomplishments, if not in person. 

She came to the Institute with Beatrice 
Shipley, her friend and associate at the 
Marlborough School for Girls, at the time 
of the G.J.A.’s founding. Her passion for 
accurate detail made her invaluable in her 
post as head of literary research. She it was 
who painstakingly verified and coordinated 
the facts which were incorporated in the 
courses. In this work she corresponded with 
authorities all over the world, checking and 
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TABLE 1. Gemological properties of corundum from the Snezhnoe deposit compared with previous studies. 


Property Ruby and sapphire Marble-hosted ruby Ruby Ruby and sapphire 
from micaceous lenses (Henn and Bank, 1990) (Smith, 1998) 
Color Purple, light pink, Bright red with a Reddish, red, and violet-red Purplish pink to purplish red 
and dark red slightly purple hue 
Transparency Often translucent, Often transparent Transparent Highly transparent 
rarely transparent 
Quality Cabochon-quality, Gem-quality Gem-quality Gem-quality 


Pleochroism 


Refractive index 


Birefringence 
Density (g/cm?) 


Reaction to long- 
and short-wave 
ultraviolet radiation 


Photoluminescence 
spectra 
Absorption 


(reflectance) spectra 


Internal features 


Trace elements 
(wt.%) 


rarely suitable for 
cutting 


Weak to moderate 
dichroism 


Strong dichroism 


Parallel to c-axis: orange-red 


Perpendicular to c-axis: reddish violet 


My = 1. 762-1. 764) m, = 1.772-1.774 


0.008—0.009 
3.99-4.01 


LW —strongly red; SW—red, weak 


Doublet R-lines at 692 and 694 nm from 
single Cr** and N lines from Cr** pairs in long- 
wave part of spectra 


Wide bands at about 410 and 555 nm from 
Cr**; luminescence line at 694 nm from Cr+ 


Parting and twinning. Solid inclusions of 
allanite, rutile, zircon, soda margarite (calcic 
ephesite), muscovite, fuchsite, K-feldspar, and 
Ca-Na-plagioclase. 


See table 5 


Weak dichroism; e—reddish 
to light red and o—red to 
violet red 


n, = 1.761-1.762, 
n, = 1.769-1.770 
0.008 

3.98 


LW—strongly red; SW—red 


Perpendicular to c-axis: 555 
and 404 nm 


Parallel to c-axis: 547 and 
400 nm of Cr**, lines at 693 
nm from Cr3+ 


Twinning, healing cracks, 
fluid inclusions, rutile, and 
growth striae 


Cr,O, (0.20), FeO (0.08), 
and TiO, (0.01) 


Moderate to strong dichroism 


Parallel to c-axis: 
pinkish/reddish-orange to red- 
orange 


Perpendicular to c-axis: purple- 
pink to purple-red 


n, = 1.761-1.762, n, = 1.770 


0.008—0.009 
3.99-4.02 


LW—strong to very strong, 
slightly orange-red to red; 
SW—very weak to medium red 


Wide bands at about 405 and 
550 nm from Cr**; weak bands 
at about 468, 475, 476, 659, 
692, and 694 nm 


Growth structures, color zoning, 
twinning, negative crystals, and 
solid inclusions of calcite, 
titanite, zircon, rutile, and 
plagioclase 


Cr,O, (0.185-0.516), TiO, 
(0.017-0.156), Fe,O, (0.004— 
0.018), V,O, (0.015-0.025), 
Ga,O, (0.010-0.014) 


and a faces, respectively. Pink sapphires exhibited 
polysynthetic twinning along the r face. Marble- 
hosted ruby did not show any visible defects, proba- 
bly due to the recrystallization process, which may 
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also explain their rounded faces. 


Inclusions. Ruby and Sapphire from Micaceous 
Lenses. One of the most interesting findings of this 


Gems & GEMOLOGY 


SUMMER 2015 167 


co 


600 um 


Figure 10. The photomicrograph on the left and the backscattered electron image on the right show a large allanite 
(Aln) crystal in contact with plagioclase (P1) and sapphire (Sp), small allanite (right bottom corner of the large al- 
lanite crystal), and rutile (Rt) in pink sapphire from Snezhnoe. REE carbonates (Ree Carb) and thorianite (Thor) 
are included in the allanite. Also seen are plagioclase (P1) and muscovite (Ms). Photomicrograph by Elena S. 


Sorokina. The BSE image is from Sorokina et al. (2012). 


study was that protogenetic inclusions of allanite 
were recognized in about 10% of the samples. Hexag- 
onal allanite crystals with relicts of U-bearing thori- 
anite and REE carbonates were also detected next to 
plagioclase and sapphire (Sorokina et al., 2012, figure 
10). Inclusions and hexagonal crystals of allanite con- 
tained rare earth elements (table 2). 

Another notable finding involved syngenetic par- 
ticles and flakes of light blue mica (figure 11) with 
sizes varying from approximately 200 to 300 um. 
Samples from Snezhnoe have previously been exam- 
ined by X-ray powder diffraction, which identified 
diffraction lines close to margarite mica. 

Using data from microprobe analyses, we found 
that the main mica cations were Ca and Na. The 
ratio of their ions was approximately 1:1. In a few 
samples, Na ions outnumbered Ca, reaching the 
ionic number of 0.59 in structural formula (table 3). 

To identify the chemical elements that compen- 
sated the charge of the Na ions replacing Ca within 
the mica structure, we turned to LA-ICP-MS (table 4). 
These analyses showed an additional Li component, 
a finding that would have been impossible to deter- 
mine by electron microprobe (see Schaller et al., 1967, 
and references therein). The maximum concentration 
of Li within mica is about 2020 ppm. Moreover, we 
detected Cr and Sr up to 2186 ppm and 1518 ppm, re- 
spectively. Therefore, the blue mineral inclusions are 
mica of the margarite-ephesite series—calcic ephesite 
or soda margarite, enriched with Cr and Sr. 

We also observed rounded, transparent inclusions 
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(probably protogenetic) that were previously identi- 
fied as zircon (Smith, 1998). The zircon inclusions, 
ranging from approximately 50 to 70 pm in size, 
showed high relief and strong interference colors. 
HfO,, up to 2.05 wt.%, was detected in the composi- 
tion of this solid inclusion (see again table 2). 
High-relief particles of dark brown rutile were ob- 
served as syngenetic inclusions (previously detected 
by Henn and Bank, 1990), ranging from approximately 
150 to 300 um (figure 12). They showed twinning with 
an angle of about 115°. The rutile inclusions were nor- 


Figure 11. This backscattered electron image shows 
particles of blue mica and rutile (Rt) inclusions in 
ruby (Rb) from Snezhnoe. From Sorokina (2011). 


Blue mica 
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TABLE 2. Composition of solid inclusions within corundum from Snezhnoe by electron microprobe analysis.*»« 


Oxides Allanite Thorianite REE Zircon Rutile Fuchsite 
(wt.%) (n=6)? (n=3) carbonate (n=2) (n=2) (n=1) 
(n=1) 
H,O 147 - 3.55 - - - 


(calculated) 


[ee = - 24.83 - - - 


(calcu lated) 


Na,O - 2 = “ = 3.88 
MgO 0.56-1.29 (0.87) 0.12 = se = 1.01 
Al,O, 20.45-23.81 (33.07) 0.17 1.06 = = 35.51 
SiO, 32.42-34.58 (33.07) 0.27 1.5 30.13-31.50 (30.82) = 45.28 
K,O = “ . = = 6.04 
CaO 12.19-15.13 (12.82) 0.15 0.73 “ = 0.82 
TiO, bdl-0.5 (0.23) = - - 98.33-98.94 (98.64) 
MnO bdl-0.39 (0.16) - - - - - 
Cr,0, = “ = = 0.49-0.81 (0.65) 0.93 
FeO = = 0.21 = 2 = 
Fe,O, 5.32-9.2 (8.0) 2 = “ = = 
ZrO, = . = 63.98-66.46 (65.22) = < 
Y,0, bdl-0.39 (0.24) - 0.48 7 = = 
1a0; 3.7-6.14 (4.84) ™ 11.36 ™ : - 
Hf,O 2 - = bdl-2.06 (1.03) : - 
Ce,0, 7.93-11.08 (9.99) 0.21 29.32 = = = 
Pr,O, 0.34-1.31 (0.86) . 3.2 7 z 7 
Nd,O, 3.03-4.19 (3.55) 2 12.45 * = = 
sm,O, 0.19-0.85 (0.48) = 1.15 fe = . 
Gd,O, 0.19-0.82 (0.48) 0.30 1.15 a = - 
Tho, 0.55-1.0 (0.81) 80.36 0.86 - 2 7 
UO, bdl-0.15 (0.03) 17.52 a “ 5 = 
Total 99.32-100.34 (99.57) 99.1 102.37 94.12-100.0 (97.06)  98.95-99.75 (99.35) 93.86 


*n = number of measurements. 
’ Minimum and maximum values are given, along with average (in parentheses); bd/ = below detection limit. 
©Thorianite and REE carbonate are within the allanite crystal. 
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Figure 12. Left: Brown prismatic rutile inclusions within ruby from Snezhnoe. Photomicrograph by Elena S. 
Sorokina, magnified 35x. Right: A backscattered electron image of zircon (Zr) and rutile (Rt) inclusions in pink 
sapphire from the deposit (Cal = calcite, Mrg = margarite). From Sorokina (2011). 


mally enriched with Cr (up to 0.81 wt.%; table 2). 
Similar to previous studies (e.g., Smith, 1998), we 


also detected the transparent irregular form of 
feldspar inclusions within ruby crystals. Two types 


TABLE 3. Chemical composition of mica inclusions of the margarite-ephesite series by electron microprobe analysis.®” 


Oxides Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample 
(wt.%) 1 2 3 4 5 6 7 8 9 10 
Na,O 3.95 3.74 3.44 3.97 4.67 3.97 3.92 3.23. 4.72 3.29 
MgO 0.53 0.36 0.52 0.54 0.67 0.56 0.65 0.54 0.35 0.51 
Al,O, 47.35 45.21 48.19 46.29 45.69 47.39 45.94 45.60 37.13 A715 
SiO, 35.91 37.04 35.62 36.34 38.75 35.61 38.80 36.72 48.57 36.19 
K,O 0.40 0.73 0.66 0.42 0.64 0.26 0.94 1.20 2.32 0.55 
CaO 7.09 5.89 7.52 6.55 5.48 7.10 6.21 6.64 0.27 7.17 
Fe,O, bdl 0.23 0.27 0.32 0.38 0.33 0.44 0.42 0.38 bdl 
Total 95.41 @3}.1) 6,41 94.43 96.28 95.23 96.90 94.34 O43) 95.00 
Cations Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample 
1 2, 3 4 5 6 7 8 9 10 
Na 0.50 0.48 0.43 0.51 0.58 0.51 0.49 0.41 0.59 0.42 
Mg 0.05 0.04 0.05 0.05 0.06 0.05 0.06 0.05 0.03 0.05 
Al 3.65 3199 3.69 3.60 3.47 3.66 3.48 eos) 2.83 3.64 
Si 2.35 2.47 2.31 2.40 2.50 2.33 2.49 2.43 3.14 2.37 
K 0.03 0.06 0.05 0.04 0.05 0.02 0.08 0.10 0.19 0.05 
Ca 0.50 0.42 0.52 0.46 0.38 0.50 0.43 0.47 0.02 0.50 
Fe?* - 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 - 
Total 7.08 7.03 7.08 7.07 E07 7.09 7.04 7.04 6.83 7.04 


* The structural formula of mica of the margarite-ephesite series is based on 11 atoms of oxygen. 


» bdl = below detection limit 
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Figure 13. Left: Intergrowth of a 0.2 cm ruby crystal and green fuchsite within a white calcitic matrix. Photomicro- 
graph by Elena S. Sorokina. Right: A backscattered electron image showing solid inclusions of fuchsite (Fuch) 


within ruby (Rb). From Sorokina (2011). 


of feldspar were detected: K-feldspar (microcline} and 
Ca-Na plagioclase (labradorite-anorthite). Most of the 
feldspar inclusions were twinned, measuring approx- 
imately 300 to 400 pm. Their birefringence was 
0.006-0.007; relief was low, with crystals showing 
cleavages in two directions. 


Ruby from Marbles. Flakes of fuchsite with Cr,O, 
concentration above 1 wt.% (Deer et al., 1962) and 
intergrowths of green muscovite and fuchsite were 
detected within this type of ruby sample (figure 13 
and table 2). The birefringence in thin sections 
ranged up to 0.027. Flakes of these mica inclusions 
were replaced in part by a green mineral of the chlo- 
rite group, probably prochlorite. 

Smith (1998) previously identified other solid in- 
clusions in rubies and sapphires from the Snezhnoe 
deposit, such as calcite and titanite. Although mar- 
garite is acommon inclusion for gem corundum, the 


discovery of mica of the margarite-ephesite series 
(calcic ephesite or soda margarite) has not been re- 
ported in ruby, to the best of our knowledge (Giibelin 
and Koivula, 1986, and references therein; Hughes, 
1997). Moreover, allanite is rarely detected in corun- 
dum (Hanni, 1990; Sutherland et al., 2008), and along 
with muscovite and fuchsite it has not been reported 
within ruby and sapphire from Snezhnoe until now. 
Therefore, these features can be used together with 
zircon, rutile, and feldspar inclusions to distinguish 
these gemstones from Tajikistan. 


Chemical Composition. To study the composition of 
ruby and sapphire from Snezhnoe, we performed LA- 
ICP-MS analysis on 22 elements and electron micro- 
probe analysis for Fe (table 5). The results showed 
that quantities of chromophores such as Ti, V, Cr, 
and Fe were within the normal range for ruby of sim- 
ilar formation type (table 6). The samples from mica- 


TABLE 4. Trace-element composition (ppmw) of mica of the margarite-ephesite series by LA-ICP-MS. 


Sample Li Be B Na Mg SiO,* K Ca Sc Ti V Cr Mn Co WN Zn Ga Rb Sr Ba 
no. (wt.%) 


1 1662 «15 116 29,722 2157 36.74 7539 39,535 9.97 292 120 2186 250 140 115 210 748 167 1518 410 
2 2020 «18 127 30,049 2222 36.74 4163 45,066 894 306 126 909 480 150 104 298 603 109 1201 116 
3 1956 = 13 107 31,870 2246 36.74 4706 40,585 845 317 123 605 480 1.20 101 234 546 131 1164 102 
Average 1879 15 116 30,547 2208 36.74 5469 41,728 912 305 123 1233 400 1.30 107 247 632 13.6 1294 209 


* SiO, composition was determined by electron microprobe analysis. 
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TABLE 5. Trace-element composition (ppmw) of corundum from Snezhnoe, by LA-ICP-MS.2»< 


From micaceous lenses 


From marble 


Chemical 
element Purple sapphire Slightly pink sapphire Dark red ruby Bright red ruby with a slightly 
(n=3) (n=13)) (n = 3) purple hue (n= 6) 
Cr 416-661 (530) 687-1775 (1077) 2012-2820 (2376) 1696-4204 (3190) 
Ti W203) (A355) 52.5-165 (92) 30.8-69.9 (49.3) 5.7-75.4 (31.5) 
Vv 38.4-41.0 (39.7) 37.5-49.2 (43.1) 93,095) 1(93°7) 51.5-122 (95.3) 
Ga 525-9 6.9) (55.1) 53.4-63.3 (59) 67-2-87.6 (79\1\) 60.9-83.4 (71.3) 
Fe® bdl bdl bdl bdl 
Mg 12.3-24.6 (17.97) 17.7-898 (205) 16. 6-35.9 (24.2) 3.67-71.9 (27.9) 
Mn bdl-0.300 (0.1) bdl-2.11 (0.61) bdl-0.61 (0.34) bdl-6.82 (1.75) 
Ca bdl-296 (115) bdl-4363 (1066) bdl-188 (85.8) 39.5-926 (387) 
Na bdl-8.19 (4.76) 39.9-4764 (1182) 34.3-176 (85.3) bdl-316 (59.8) 
Si 1001-1724 (1358) 1217-28,407 (10,731) 1044-1645 (1300) 869-3225 (1674) 
23.5-27.7 (25.7) 18.9-62.4 (33.6) bdl-19.8 (10.6) 15.4-34.7 (23.2) 
K bdl-13.6 (5.87) 4.75-3833 (668) bdl-49.0 (19.5) bdl-31.7 (9.23) 
Sc bdl bdl-0.441 (0.226) bdl bdl-0.531 (0.181) 
Co bdl-0.174 (0.08) bdl-2.98 (0.87) bdl-0.069 (0.02) bdl-0.393 (0.13) 
Ni 0.490-4.04 (1.7) bdl-109 (22.6) bdl bdl-6.51 (2.95) 
Cu 0.5-2.43 (1.2) bdl-228 (54.8) bdl bdl-22.6 (4.21) 
Zn 1.14-6.21 (3.63) 1.49-129 (26.8) bdl-1.22 (0.4) bdl-31.9 (11.4) 
Ge bdl bdl-1.69 (0.21) bdl bdl 
Mo bdl bdl-1.81 (0.42) bdl bdl 
La bdl bdl-0.380 (0.15) bdl-0.052 (0.02) bdl-0.248 (0.17) 
Nd bdl bdl-0.73 (0.14) bdl bdl-0.235 (0.04) 
Ww bdl-0.284 (0.095) bdl-0.201 (0.03) bdl-0.187 (0.12) bdl 
Bi bdl-0.182 (0.08) bdl-7.12 (1.97) bdl bdl-0.134 (0.02) 


* Minimum and maximum values are given, along with average (in parentheses). 


® Fe was analyzed by electron microprobe. 


© Zr, Nb, Sm, Dy, and Ta were measured but found to be consistently below detection limits; bd! = below detection limits. 


ceous lenses contained the following concentrations 
of trace elements: 416-2820 ppm Cr, 17.2-165 ppm 
Ti, 37-95 ppm V, and 52-87 ppm Ga. For marble- 
hosted ruby, the ranges were: 1696-4204 ppm Cr, 
5.7-75 ppm Ti, 51-122 ppm V, and 60-83 ppm Ga. 
The highest Cr concentrations were observed in the 
bright red marble-hosted ruby. These values were 
close to those of other rubies of similar formation 
type, including samples from Mogok, Myanmar (an- 
alyzed by Muhlmeister et al., 1998; table 6). 


Spectroscopy. Corundum from Snezhnoe ranges from 


purple (416-661 ppm Cr) to slightly pink (687-1775 
ppm Cr) to dark red (2012-2820 ppm Cr). The range of 
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ruby color includes the bright red with slightly purple 
hue known as “pigeon’s blood” (1696-4204 ppm Cr). 
Reflectance spectra were recorded from these four dif- 
ferent types. The common features were wide bands 
at about 410 and 555 nm and a line at 694, related to 
Cr* transitions (Marfunin, 1974; figure 14). Thus, we 
concluded that the main chromophore for these sam- 
ples is Cr**. A higher chromium concentration en- 
hances the depth of red color from slightly pink to 
dark red to bright red with a hint of purple. Another 
possible chromophore for the purple sapphires is V*; 
note the concentration of vanadium in table 5. Diffi- 
culty in detecting the V** chromophore is caused by 
the low V** to Cr** ratio (table 5) and the superposition 
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— Purple sapphire (PS), Cr~ 416-661 ppm 
— Slightly pink sapphire (SPS), Cr~ 687-1775 ppm 
— Dark red ruby (DRR), Cr~ 2012-2820 ppm 


— Bright red ruby with slightly purple shade (RR), 
Cr~ 1696-4204 ppm 
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Figure 14. Typical re- 
flectance spectra for the 
different colors of 
corundum from Snezh- 
noe: purple sapphire 
(blue line, 416-661 
ppm); slightly pink sap- 
phire (red line, 687- 
1775 ppm); dark red 
ruby (green line, 2012- 
2820 ppm); and bright 
red ruby (orange line, 
1696-4204 ppm). Modi- 
fied from Sorokina 
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WAVELENGTH (nm) 


of their absorption bands (Schmetzer and Bank, 1981; 
Platonov et al., 1984). 

Luminescence spectra commonly show an R-line 
of single Cr** at 692 nm and a few N-lines of Cr** pairs 
at around the 699-710 nm (Taraschan, 1978; figure 15). 
The intensity of luminescence increased with Cr con- 
tent in the samples. The highest intensity was ob- 
served in bright red ruby. 


CONCLUSIONS 
Located high in the Pamir Mountains of Tajikistan, 
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— Purple sapphire (PS), Cr~ 416-661 ppm 
— Slightly pink sapphire (SPS), Cr~ 687-1775 ppm 
— Dark red ruby (DRR), Cr~ 2012-2820 ppm 


— Bright red ruby with slightly purple shade (RR), 
Cr~ 1696-4204 ppm 
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the Snezhnoe deposit is a unique source of corundum, 
including various colors of pink to purple sapphire and 
“pigeon’s blood” ruby. Although its reserves of gem- 
quality corundum are estimated at many hundred 
thousand carats, the occurrence has seen only limited 
study. This article reviewed the geology of Snezhnoe 
and characterized the corundum from this source. We 
reported gemological features (RI, birefringence, den- 
sitvy, pleochroism, dichroism, and photolumines- 
cence) very similar to those previously published by 
Henn and Bank (1990) and Smith (1998). Cr** bands 


Figure 15. Typical lumi- 
nescence spectra of the 
different types of corun- 
dum samples from 
Snezhnoe: purple sap- 
phire (blue line, 416- 
661 ppm Cr), slightly 
pink sapphire (red line, 
687-1775 ppm Cr), 
dark red ruby (green 
line, 2012-2820 ppm 
Cr), and bright red ruby 
(orange line, 1696-4204 
ppm Cr). Modified from 
Sorokina (2011). 


710 750 
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TABLE 6. Chemical composition of marble-hosted ruby from various deposits by LA-ICP-MS*, EDXRF®, and EDS* analyses. 


Oxide Snezhnoe, Luc Yen, Afghanistan Mogok, Mong Hsu, Nepal Southern Yunnan, 
(wt.%) Tajikistan Vietnam (n = 15) Myanmar Myanmar (n = 3) China 
(n = 6) (n = 1) (n = 19) (n = 11) (n = 2) 
TiO, 0.0009-0.01 1 0.02 0.009-0.091 0.015—0.047 0.019-0.207 0.059-0.096 0.007—0.024 
(0.0064) (0.045) 0.026 (0.078) (0.080) (0.016 
V,O, 0.0076-0.0179 0.01 bdl-0.016 0.028-0.171 0.024—0.104 0.014—0.024 0.017—-0.022 
(0.0166) (0.009) 0.066 (0.048) (0.017) (0.020, 
Cr,O, 0.2476-0.6138 0.37 0.205-0.575 0.255-1.02 0.576-1.16 0.190-0.347 0.608-1.29 
(0.5545) (0.350) 0.562 (0.887) (0.260) (0.950, 
FeO bdl - 0.009-0.133 0.006-0.080 bdl-0.022 0.012-0.038 0.012-0.072 
(0.070) 0.028 (0.010) (0.029) (0.042 
Fe,O, bdl 0.02 - - - - - 
Ga,O, 0.0082—0.0112 0.01 bdl-0.011 bdl-0.026 bdl-0.014 0.009-0.025 0.008 
(0.0097) (0.006) (0.012) (0.009) (0.018) 


* Oxide values for Tajik rubies are recalculated from table 5; n = number of measurements; minimum and maximum values are given, along with aver- 


age (in parentheses); bd] = below detection limit. 


» Values for rubies from Afghanistan, Myanmar, Nepal, and southern Yunnan are from Muhlmeister et al. (1998). 


© Values for Vietnamese rubies are from Pham et al. (2004). 


and lines were common features recorded in the lu- 
minescence and reflectance spectra for the ruby and 
sapphire. Previously undocumented solid inclusions 
of mica from the margarite-ephesite series were found 
in our samples. Inclusions such as allanite, muscovite, 
and fuchsite were discovered for the first time within 
corundum from Snezhnoe, to the best of our knowl- 
edge. These can be used along with other inclusions 
(zircon, rutile, K-feldspar, and Ca-Na-plagioclase) for 
possible origin identification of rubies and sapphires 
from Snezhnoe. LA-ICP-MS detected 22 trace ele- 
ments, including the main chromophores (Cr, V, and 
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Ti) and a common trace element in natural corundum 
(Ga). The concentration values were within acceptable 
range for isomorphic impurities in the mineral struc- 
ture. The highest Cr concentrations were observed in 
the bright red marble-hosted ruby, which had a value 
close to those of similar genetic type, including the fa- 
mous Burmese rubies from Mogok. 

As we continue to learn more about marble- 
hosted ruby occurrences in Central Asia, further in- 
vestigations remain necessary to better understand 
the genetic nature of the Snezhnoe deposit and the 
geological processes that took place there long ago. 
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DIAMOND 

Intense Blue, with Very High Boron 
Concentration 

Natural blue diamonds are extremely 
rare in nature and highly desired 
within the gem industry. One of the 
world’s most famous gemstones, the 
Hope diamond, is classified as a natu- 
ral type IIb blue diamond. It contains 
the impurity boron within the dia- 
mond carbon lattice. The presence of 
boron as an impurity in natural dia- 
mond is rare, as the amount of un- 
compensated boron found is typically 
less than 0.5 ppm. 

Housed in the Smithsonian Insti- 
tute in Washington, DC, the Hope is 
part of a collection incorporating 
many boron-containing natural type 
Ib diamonds, and has been part of a 
study relating boron concentrations 
and the intensity of blue coloration in 
natural and synthetic diamond (E. 
Gaillou et al., “Boron in natural type 
Ib blue diamonds: Chemical and 
spectroscopic measurements,” Amer- 
ican Mineralogist, Vol. 97, 2012, pp. 
1-18). 

The East Coast laboratory recently 
received a 1.18 ct Fancy Intense blue 
diamond (figure 1) for a colored dia- 
mond grading report. The diamond’s 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. This 1.18 ct Fancy In- 
tense blue diamond was recently 
seen in the New York lab. 


old European-style cut indicated that 
this was not a recently faceted gem- 
stone. The clarity was very high, 
adding to the rarity of this blue dia- 
mond. When exposed to short-wave 
UV fluorescence (about 230 nm), the 
diamond displayed blue phosphores- 
cence (figure 2). Phosphorescence is a 
diagnostic feature of natural type IIb 
diamonds; red phosphorescence is also 
frequently observed, the most notable 
example being the Hope diamond. 
Infrared absorption spectroscopy 
identified the diamond as type IIb, 
with a very high concentration of un- 
compensated boron for a natural dia- 
mond, even for a stone with synthetic 
boron doping (figure 3). Further analy- 
sis, including photoluminescence 
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spectroscopy, proved it to be a natural 
diamond. From the mid-infrared ab- 
sorption spectrum, we determined a 
boron concentration of 5.84 ppm 
atomic. By normalizing the mid-IR 
spectrum, we obtained the integrated 
intensity of an absorption peak cen- 
tered at 1290 cm (A.T. Collins, “De- 
termination of the boron concentration 
in diamond using optical spec- 
troscopy,” Proceedings of the 61st Di- 
amond Conference, 2010, Warwick, 
UK). Most documented type IIb dia- 
monds in this color range only have 
recorded uncompensated boron con- 
centrations between approximately 
0.24 and 0.36 ppm (E. Gaillou et al., 
“Study of the Blue Moon diamond,” 
Spring 2015 GWG, pp. 280-286). 
This is the highest boron con- 
centration ever reported in a natural 
diamond. Compared to other docu- 


Figure 2. Blue phosphorescence 
was observed in the Diamond- 
View after the stone’s exposure to 
strong short-wave UV radiation. 
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seeking to authenticate every bit of infor- 
mation. 

She participated actively in the work of 
the G.I.A. until three years prior to her 
death in January 1950. ? 

SON JOINS FOUNDER 

Early in 1933 Robert Shipley, Jr., fresh 
from an aeronautical engineering course, 
came to the G.LA. to work with his father. 
First a student, then an instructor, he ulti- 
mately became Educational Director of the 
Institute and an outstanding research man. 

The younger Shipley assisted in the com- 
pletion of the courses. Perhaps his greatest 
contribution to the advancement of the 
science of gemology has been his develop- 
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¢ Robert M. Shipley, Jr. 


ment of many gem testing and diamond 
grading instruments. Notable among these 
was his dark field illumination for the 
examination of gemstones—basic feature of 
the Diamondscope and Gemolite. Other 
instruments which were developed and per- 
fected by him include the adaptation of 
polaroid to the gem polariscope, a universal 
motion immersion stage for gemstones, an 
inexpensive gem refractometer, among 
others. 

Although not actively associated with the 
G.ILA. since, as a reserve officer, he was 
called to duty in 1941, he has continued 
since his retirement from the ‘service in 
1945 to improve and develop important 
gemological instruments. 

EDUCATORS AND SCIENTISTS 

COOPERATE 

The affiliation of educators and scientists, 
who had previously regarded jewelers as 
tradesmen with little concern for accuracy 
in their representation of merchandise, was 
an important — though difficult — step 
forward. 

The founder approached university pro- 
fessors who had conducted courses on gems, 
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Figure 3. Normalized mid-IR absorption spectrum of the 1.18 ct Fancy In- 
tense blue type IIb diamond, with saturated boron-related absorption 


and a 1290 cnr" peak. 


mented type IIb diamonds, the con- 
centration is staggeringly high. This 
diamond’s intense blue color rivals 
that of the Hope, leading one to be- 
lieve that boron contributes strongly 
to the color of natural blue type IIb di- 
amonds. This has never been proven, 
however, and there is not a well-de- 
fined relationship between blue color 
and uncompensated boron concentra- 
tion in diamond (Gaillou et al., 2012). 

Further observation and analytical 
study may prove a correlation between 
optically active boron and the inten- 
sity of blue color in natural diamonds. 


Paul Johnson and Wuyi Wang 


Rare Type IIb Gray-Purple 

Photoluminescence (PL) spectroscopy 
using several laser excitations has be- 
come the most important method for 
determining diamond color origin. 
Part of PL analysis is observing peaks 
that correlate with a diamond's color, 
type, or other gemological properties, 
but for which the physical model is 
still unknown. One such center is the 
PL peak at 776.4 nm, which is com- 
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monly observed in type Ib diamonds 
with intensely colored [i.e., Fancy to 
Fancy Deep) blue to gray color and in 
combination with red phosphores- 
cence (S. Eaton-Magana and R. Lu, 
“Phosphorescence in type Ib dia- 
monds,” Diamond and Related Mate- 
tials, Vol. 20, No. 7, 2011, pp. 
983-989). Recently, the Carlsbad lab- 
oratory tested a 1.42 ct colored dia- 
mond that showed an extremely strong 
776.4 nm emission. Infrared absorption 
spectroscopy confirmed the specimen 
as a type Ib natural diamond with a 
boron concentration of approximately 
28 ppb. This stone was notable not 
only for this intense emission, but also 
for its Fancy gray-purple color (figure 
4). This is an extremely rare combina- 
tion in a type IIb diamond. 

Type Ib diamonds sometimes 
have a violet color description, but 
they rarely exhibit hues that are out- 
side the blue-gray-violet range. While 
the perceived difference between a vi- 
olet and purple diamond may be quite 
subtle, it is an important distinction 
when determining color origin. An 
additional reddish component that 
distinguishes purple from violet dia- 
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Figure 4. This 1.42 ct type Ib nat- 
ural diamond was significant for 
its unusual Fancy gray-purple 
color and its strong emission at 
776.4 nm under PL spectroscopy. 


monds is extremely rare among type 
Ib fancy color diamonds. Other type 
Ib hues include gray-green or yellow- 
ish green (e.g., Summer 2009 Lab 
Notes, p. 136; Spring 2012 Lab Notes, 
pp. 47-48). Purple diamonds are quite 
rare and almost exclusively type Ia, 
their color deriving from the 550 nm 
band observed in their visible absorp- 
tion spectra (S. V. Titkov et al., “Nat- 
ural-color purple diamonds from 
Siberia,” Spring 2008 G&G, pp. 56— 
64). This absorption band is also the 
cause of color for many pink to red di- 
amonds; however, the absorption 
spectrum for this diamond was fea- 
tureless within the visible range, 
which is typical for type Ib diamonds. 
This stone is likely the first purple 
type IIb diamond examined at GIA. 
The diamond had the strongest 
776.4 nm PL emission yet observed 
by the author (figure 5). The configu- 
ration of the optical center is un- 
known but might include a 
boron-vacancy complex (T. Ardon and 
S. Eaton-Magana, “Spatial distribu- 
tion of boron and PL optical centers in 
type Ib diamond,” 2013 GSA Annual 
Meeting). Red phosphorescence, cen- 
tered at 660 nm, was observed using 
DiamondView and excited by both ul- 
traviolet and visible-light wavelengths 
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Figure 5. With 514 nm excitation and liquid-nitrogen temperatures, the 
776 nm PL peak dwarfs the diamond Raman peak at 552.4 nm and all 
other PL features in the spectrum. The intensity ratio between the 776 nm 
peak and the diamond Raman peak is about 42:1. 


using fluorescence spectroscopy. The 
776.4 nm PL peak is observed when 
the diamond is at liquid-nitrogen tem- 
peratures, but it is outside the visible 
range and not excited at room temper- 
ature. Therefore, this near-infrared 
emission, while strong, does not con- 
tribute to the color of the diamond. 
The diamond’s red phosphorescence, 
while subtle, may have been sufficient 
to introduce enough reddish compo- 
nent to render a purple color call (as 
opposed to the more common blue to 


violet). The singular occurrence of the 
very strong 776.4 nm PL peak and an 
unusual bodycolor for a type IIb dia- 
mond make this stone notable. 


Sally Eaton-Magania 


FLUORITE Sphere with 
Phosphorescent Coating 

A large green 2,685 ct sphere measur- 
ing 120 mm (figure 6, left) was re- 
cently examined in the Carlsbad lab: 


Figure 6. This large fluorite sphere proved to be coated with a fine-grained 
phosphorescent powder and a colorless plastic. 
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Figure 7. Gas bubbles were 
trapped in the colorless plastic 
coating of this “night glowing 
pearl” (top), and a granular mate- 
tial underneath the colorless 
coating was the source of the 
phosphorescence (bottom). Field 
of view 3.55 mm. 


The sphere displayed an unusual 
phosphorescent reaction when ex- 
posed to a strong illumination source 
(figure 6, right). These phosphorescent 
stones are commonly referred to by 
the misnomer “night glowing pearl.” 

The sphere was warm to the touch. 
Microscopic examination revealed a 
colorless plastic coating, readily iden- 
tifiable by the numerous gas bubbles 
trapped within (figure 7, top). Upon 
further inspection, a subsurface granu- 
lar material that contributed a very 
subtle green component to the sphere’s 
overall bodycolor was observed (figure 
7, bottom). The granular material was 
also responsible for the material's 
phosphorescence. It was apparent from 
these observations that the colorless 
coating was used to adhere the fine- 
grained powder to the surface of the 
sphere. The coating acted as an en- 
hancement, contributing a near-vitre- 
ous luster to the finished sphere. The 
stone also contained numerous cleav- 
age cracks oriented in numerous unre- 
lated directions, and fractures along 
grain boundaries indicative of a crys- 
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talline aggregate material. Because the 
fine-grained powder was coated with 
polymer, we were unable to analyze it 
for identification; however, the appear- 
ance was consistent with that of a 
strontium aluminate material that has 
been previously reported to coat “night 
glowing pearls” (Spring 2005 Lab 
Notes, pp. 46-47). 

Due to the plastic coating, a re- 
fractive index measurement of the 
substrate material was not possible. 
Raman spectroscopy positively iden- 
tified the substrate material as fluo- 
rite, which was consistent with the 
microscopic appearance. 

While “night glowing pearls” have 
been characterized, this example was 
unique because of its large size and 
the fact that the phosphorescent reac- 
tion was easily induced by visible 
light. It was also unusual that the 
phosphorescent material was nearly 
invisible to the naked eye, creating 
the appearance of a normal, uncoated 
fluorite sphere. 


Nathan Renfro 


PEARLS 
Assembled and Bead-Cultured 
A cream and white baroque pearl 
weighing 10.27 ct (figure 8) was re- 
cently submitted with seven other 
pearls to the Bangkok laboratory for a 
GIA Quality Assurance Report, 
which provides rapid identification 
for sorting purposes. The pearl ap- 
peared to have been assembled, as it 
possessed an odd translucent ring at 
one end, indicating where separate 
components had been joined together. 
Prior to examination with real- 
time microradiography, it seemed 
likely that a shell bead nucleus was 
hidden from view, as the banded 
structure of a shell was observed in 
the translucent area when viewed 
with transmitted light from a fiber- 
optic light source. The transparent 
bonding agent used to join the two 
parts also contained black impurities 
(figure 9, left). Obvious gas bubbles 
were visible with a loupe or gemolog- 
ical microscope. Out of scientific in- 
terest, the pearl was also examined 
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Figure 8. The 10.27 ct baroque 
cultured pearl exhibited a suspi- 
cious translucent ring at one end. 


with X-ray fluorescence and Dia- 
mondView imaging. X-ray fluores- 
cence showed a strong reaction in the 
damaged and repaired area, as would 
be expected because of its thinner 
nacre coverage. DiamondView imag- 
ing revealed the banding within the 
bead, the dark inclusions in the bond- 
ing agent, and the bonding agent itself 
(figure 9, right). 

Real-time microradiography re- 
vealed the bead nucleus as well as an 
extremely thin nacreous cap that had 
been used to cover the damaged bead. 
While X-ray computed microtomog- 
raphy (u-CT) would not normally be 
needed to identify such an obviously 
bead-nucleated pearl, it was used to 
display the results with even greater 
clarity (figure 10). This analytical 


Figure 10. The broken bead and 
the nacreous cap applied to con- 
ceal the damage are clearly visi- 
ble in this X-ray computed 
microtomography (y-CT) slice. 


technique clearly showed the broken 
bead and an area where a new piece of 
nacre had been applied to repair the 
pearl. This would explain the mis- 
matching translucent ring. 

This study demonstrated how the 
internal secrets of pearls can be re- 
vealed by a variety of techniques. 


Areeya Manustrong 


Strong Pinkish Purple Freshwater 
Bead-Cultured Pearls 

Freshwater cultured pearls are known 
for their wide range of attractive col- 
ors, including different combinations 
of white, orange, pink, and purple 
hues (S. Akamatsu et al., “The cur- 


Figure 9. Left: Weak banding was faintly visible beneath the repaired and 
assembled area when viewed with a strong light source. Field of view 8 
mm. Right: The banding was more noticeable in the DiamondView. 
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Figure 11. This necklace of freshwater bead-cultured pearls from China 
displays strong pinkish purple hues with orient. 


rent status of Chinese freshwater cul- 
tured pearls,” Summer 2001 GWG, 
pp. 96-113). Jack Lynch of Sea Hunt 
Pearls (San Francisco) recently sub- 
mitted a necklace consisting of 33 
strong pinkish purple near-round 
pearls, ranging from 11.90 to 13.85 
mm in diameter (figure 11), to GIA’s 
New York laboratory. The unusually 
intense color and large size of the 
pearls immediately drew our atten- 
tion. Mr. Lynch indicated that the 
pearls were farmed in both the Hunan 
and Hubei provinces of China, over a 
period of three and a half to four years. 

Real-time X-ray microradiography 
(RTX) analysis revealed that all of the 
pearls in the necklace were bead cul- 
tured and had relatively thick nacre 
(figure 12). Energy-dispersive X-ray flu- 
orescence (EDXRF) analysis detected a 
high concentration of manganese, con- 
firming that these pearls were grown 
in a freshwater environment. Further- 
more, Raman spectroscopy verified 
that their color was natural, with two 
strong peaks around 1130 and 1510 
cm associated with natural polyenic 
pigments found under 514 nm laser ex- 
citation (figure 13), consistent with 
previous studies (S. Karampelas et al., 
“Role of polyenes in the coloration of 
cultured freshwater pearls,” European 
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Journal of Mineralogy, Vol. 21, 2009, 
pp. 85-97). 

Earlier Chinese production with 
large beads resulted in a high mortal- 
ity rate. We continue to see larger 


Figure 12. Real-time X-ray micro- 
radiography analysis revealed the 
round shell bead nucleus used to 
culture each of the pearls. 


bead-nucleated freshwater cultured 
pearls, so it appears that the process 
has greatly improved, either through 
better techniques or hybrid mollusks 
(D. Fiske et al., “Continuity and 
change in Chinese freshwater pearl 
culture.” Summer 2007 GwG, pp. 
138-145). Pearls with larger size, a 
near-round shape, and intense col- 
oration are highly sought after and 
more valuable than traditional prod- 


Figure 13. Raman spectroscopic analysis on the pearl’s surface showed 
two natural polyenic pigment peaks at 1130 and 1510 cm". 
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ucts. The owner’s inquiries revealed 
that the pearls were formed under an 
extremely controlled environment 
and culturing procedures in mussels 
that produce the material marketed as 
“Edison pearls.” This necklace proves 
that current culturing techniques can 
achieve a wide range of vibrant hues, 
providing interesting and unique 
products for the market. 


Yixin (Jessie) Zhou and 
Chunhui Zhou 


Beryllium-Diffused and Lead Glass— 
Filled Orange SAPPHIRE 

The Carlsbad laboratory recently re- 
ceived a 4.25 ct transparent orange 
oval mixed-cut stone (figure 14) for a 
colored stone identification report. 
Standard gemological testing estab- 
lished the following properties: RI— 
1.762 to 1.770; birefringence—O0.008; 
optic sign—uniaxial negative; pleochro- 
ism—strong orange and very light yel- 
low; and SG—3.98. All of these 
properties are consistent with both 
natural and synthetic sapphire. 

Under magnification, the most 
distinctive internal characteristic was 
the presence of numerous fractures 
partially healed by glassy flux-like 
droplets. Some had a wispy veil and 
fingerprint-like appearance. One frac- 
ture with large healed areas showed a 
strong flash effect, which appeared 
greenish blue under brightfield illumi- 
nation (figure 15, left) and orange-red 
under darkfield illumination (figure 


Figure 14. This 4.25 ct orange sap- 
phire was submitted for a colored 
stone identification report. 


15, center) when rotating the stone to 
another direction. Under diffused 
lighting, the outline of the large par- 
tially healed areas stood out clearly 
(figure 15, right). The flash effect indi- 
cates that the fracture was healed 
using a material with a high refractive 
index, possibly lead glass (S. F. Mc- 
Clure et al., “Identification and dura- 
bility of lead glass-filled rubies,” 
Spring 2006 GWG, pp. 22-34). 
Heat-treated sapphires submitted 
to GIA are routinely checked using 
advanced analytical tools. Energy-dis- 
persive X-ray fluorescence (EDXRF) 
analysis was performed on the table 
facet where the large healed fracture 
with flash effect was located. The 
presence of Pb was clearly detected, 


indicating the filler was lead glass. 
Laser ablation-inductively coupled 
plasma—mass spectrometry (LA-ICP- 
MS) was used to confirm the stone’s 
natural trace-element chemistry and 
detect the beryllium-diffusion treat- 
ment. Beryllium was present in all 
laser ablation spots, but analysis of 
the partially healed fractures revealed 
high Pb content in addition to Be. In 
one spot, both high Be (156 ppmw} 
and Pb (23,300 ppmw) were present, 
which provided some possible insight 
into the treatment process. 
Corundum selected for lead-glass 
filling usually goes through a two-step 
process. The material is heated at tem- 
peratures from 900° to 1400°C to re- 
move the impurities in fissures, 
followed by another heating at 900° to 
1000°C in the presence of a lead-glass 
mixture to fill the fractures (V. Pardieu, 
“Lead glass filled/repaired rubies,” 
Asian Institute of Gemological Sci- 
ences Gem Testing Laboratory, 2005, 
http://fieldgemology.org/Ruby_lead_ 
glass_treatment). Beryllium diffusion 
requires a temperature range from 
1800° to 1850°C, close to corundum’s 
melting temperature of 2045°C, 
which requires a special resistance 
furnace (J. L. Emmett et al., “Beryl- 
lium diffusion of ruby and sapphire,” 
Summer 2003 GWG, pp. 84-135). If 
the stone had been filled first, the 
lead-glass filler likely would have 
melted and flowed out of the fractures 
during the beryllium diffusion treat- 
ment (McClure et al., 2006). It is un- 
likely that the Be diffusion and lead 


Figure 15. Under brightfield illumination, the large healed fracture showed a greenish blue flash effect (left). 
Under darkfield illumination, the same fracture showed an orange-red flash effect (center). Under diffused lighting 
(right), the outline of the fracture became distinct. Field of view 3.45 mm. 
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glass-filling treatments occurred si- 
multaneously. Such a process has not 
been documented and would likely 
pose technical challenges, partly be- 
cause the relatively high temperature 
required for the beryllium diffusion 
treatment would have outgassed 
much of the lead and caused serious 
toxic gas exposure. 

The best possible explanation is 
that the stone was beryllium diffused 
at a high temperature to improve its 
color before being treated with lead 
glass at a lower temperature to im- 
prove its clarity. If some residue of the 
original Be treatment was left in a 
fracture that was later filled with lead 
glass, this could explain the correla- 
tion of high Be and high Pb in one of 
our LA-ICP-MS analyses. 

GIA’s laboratories have identified 
numerous beryllium-diffused or lead 
glass-filled stones. That the two treat- 
ments were applied in a single sap- 
phire is very rare. It is the first time 
such a stone has been examined by 
the GIA laboratory. 

Ziyin Sun 


LPHT-Annealed Pink CVD 
SYNTHETIC DIAMONDS 

Due to nitrogen vacancy and hydro- 
gen complexes, as-grown CVD syn- 
thetic diamonds are usually brown, 
which are less desirable than other 
colors. Post-growth treatments such 
as high-pressure, high-temperature 
(HPHT) treatment and/or irradiation 
and annealing, are applied to these 
synthetics to create attractive colors. 
In the past, we have reported HPHT- 
treated and multi-step treated pink 
CVD synthetics. Recently, the New 
York lab examined three pink CVD- 
grown diamonds that were treated 
with the technique known as low- 
pressure, high-temperature (LPHT) 
annealing. 

The 0.37 ct rectangle, 0.31 ct rec- 
tangle, and 0.25 ct round brilliant 
were graded as Fancy Deep brownish 
orangy pink, Fancy Deep brown-pink, 
and Fancy brown-pink, respectively 
(figure 16). They were classified as 
type Ib diamond containing single 
substitutional nitrogen atoms (N.°} 
with absorption bands at 1130 and 


1344 cnr! (figure 17). The 0.37 ct sam- 
ple contained a VS,-grade feather and 
a few burn marks on the main facets; 
otherwise, all three were very 
“clean.” The DiamondView images 
showed typical orange fluorescence 
and linear growth striations, which 
are caused by uneven uptake of de- 
fects along the growth steps (again, 
see figure 16). The orange fluores- 
cence is usually observed in N-doped 
CVD synthetics. 

The mid-IR spectra revealed post- 
growth LPHT annealing treatment. In 
figure 17, the absorption bands of C- 
H stretching at 2810, 2870, 2900, 
2.937, 2948, and 3031 cm! are created 
by LPHT annealing (see Y. Meng et 
al., “Enhanced optical properties of 
chemical vapor deposited single crys- 
tal diamond by low-pressure/high- 
temperature annealing,” PNAS, Vol. 
105, No. 46, 2008, pp. 17620-17625). 
They were modified and shifted from 
the peaks of unstable hydrogenated 
amorphous carbon complexes and 
NVH- defects during the annealing 
process. The 3123 cm! (NVH°) band, 


Figure 16. Three LPHT-annealed CVD synthetic diamonds: Fancy Deep brownish orangy pink 0.37 ct (top left), 
Fancy Deep brown-pink 0.31 ct (top middle), and Fancy brown-pink 0.25 ct (top right). Their DiamondView im- 
ages (bottom row) show orange fluorescence with linear growth striations. 
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Figure 17. These CVD synthetics are classified as type Ib with N° atoms 
at 1130 and 1344 cm (inset A). The LPHT annealing was revealed by C- 
H stretching bands, as seen in inset B. Additional unknown bands were 


also observed (inset C). 


which is a common defect in as-grown 
CVD synthetic diamonds and an- 
nealed out by HPHT treatment, is 
present. This defect was detected in 
LPHT-annealed CVD _ synthetics 
(again, see Meng et al., 2008). The 3107 
cm (N3VH), which can be created by 
HPHT annealing in CVD synthetic di- 
amonds, is absent. Positively charged 
single substitutional nitrogen atoms 
(Ns*) were detected at 1332 cm. Ad- 
ditionally, unknown bands were also 
detected at 1353, 1362, 1371, 4335, 
4523, 4648, 4673, 4727, 4886, and 
5218 cm. A broad absorption band 
with absorption maxima at approxi- 
mately 525 nm and sharp nitrogen-va- 
cancy (N-V) centers at 575 nm (NV°} 
and 637 nm (NV) in the visible-NIR 
spectrum are responsible for pink and 
orange color components in these 
samples (figure 18). The vivid orange 
fluorescence in DiamondView images 
are also attributed to N-V centers. 
The H3 center is observed at 503 nm. 
There are also unknown additional 
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absorption bands at 419.5, 485.8, 
495.1, 666.5, 685.4, 711.7, 753.1, 
781.4, and 850.3 nm. Very strong N-V 
centers can be observed in the 514 nm 
PL spectra. 

HPHT annealing can be achieved 
at temperatures ranging from 
1800°-2500°C and pressures greater 
than 5 GPa. High pressure is required 
in order to prevent graphitization, es- 
pecially in natural diamond. In con- 
trast, LPHT annealing is performed at 
temperatures 1400-2200°C and pres- 
sures below 300 torr (<3.99 x 10° 
GPa, below atmospheric pressure} 
(again see Meng et al., 2008). Graphi- 
tization became significant above 
2200°C. At temperatures above 
700°C, vacancies started to move and 
were trapped at single substitutional 
nitrogen atoms, creating N-V centers; 
however, nitrogen atoms become mo- 
bile at temperatures above 1700°C, 
causing the N-V centers to anneal out. 
Therefore, strong N-V centers (which 
are much greater than the diamond 
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Raman peak) in the 514 nm PL spec- 
tra of these samples suggested that 
they were annealed at temperatures 
below 1700°C. Lack of a peak at 3107 
cm is also suggestive of an annealing 
temperature below 1700°C. This 
upper temperature limit is further 
supported by presence of a band at 
3123 cm, which can be annealed out 
at above 1800°C. Incorporation of H3 
center occurs above 1500°C; thus, an- 
nealing temperatures for these sam- 
ples can be proposed as 1500°C < T < 
1700°C. According to Meng’s experi- 
ment, this temperature range can be 
correlated with pressure from 150 to 
200 torr, with annealing time from 10 
to 720 minutes. 

Brown as-grown CVD synthetics 
have been changed to brownish pink 
by LPHT annealing for 15 minutes by 
Meng et al. (2008); they were also able 
to improve colorless CVD-grown dia- 
monds by an average of three color 
grades. LPHT treatment may have 
created the attractive pink hue in 
these samples, although it could not 
completely eliminate the brown col- 
oration. We expect to encounter more 
LPHT-treated diamonds in the future. 


Kyaw Soe Moe, Ulrika D’Haenens- 
Johansson, and Wuyi Wang 


Near-Colorless Melee-Sized HPHT 
Synthetic Diamonds Identified in 
GIA Laboratory 


With significant development in dia- 
mond treatments and synthesis over 
the last decade, the trade has serious 
concerns about treated and/or syn- 
thetic material mixed with natural 
melee-sized stones. The mixing of 
treated and synthetic diamonds with 
yellow natural melees was previ- 
ously reported (Winter 2014 Lab 
Notes, pp. 293-294; Spring 2015 Lab 
Notes, pp. 64-65). In order to ensure 
consumer confidence, it is essential 
to screen melees so as to distinguish 
all treated and synthetic goods. 
Recently, the Bangkok lab had the 
opportunity to examine six melee- 
sized specimens submitted for syn- 
thetics and treatment screening. The 
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Figure 18. Absorption maxima at approximately 525 nm and N-V centers 
are responsible for the pink color in these samples. The H8 center can be 
observed, along with many unknown bands. 


transparent, near-colorless round bril- 
liants ranged in size from 0.005 to 
0.01 ct (figure 19). Microscopic obser- 
vation revealed no obvious inclu- 
sions. Between crossed polarizing 
filters, very little or no strain was ob- 
served. Infrared absorption spectra 
showed that four of the samples were 
type Ila diamonds with no detectable 
defect-related absorption, while the 
other two were type IIb diamonds ac- 
companied by uncompensated boron 


showing moderately strong absorp- 
tion at approximately 2800 cm. Pho- 
toluminescence spectra obtained at 
liquid-nitrogen temperature with 514 
and 633 nm laser excitations revealed 
an emission doublet of the negatively 
charged silicon split-vacancy defect 
[Si-V]} at 736.6/736.9 nm for five of 
the samples, while 830 nm laser exci- 
tation showed an emission doublet at 
883.0/884.7 nm owing to a nickel-re- 
lated defect for all six samples (figure 


20). DiamondView imaging revealed 
either blue or green fluorescence, to- 
gether with characteristic growth fea- 
tures of HPHT synthesis, as seen in 
figure 21. Strong blue phosphores- 
cence was also observed for all six 
samples. These gemological and spec- 
troscopic features confirmed that the 
specimens were grown by HPHT syn- 
thesis. 

To the best of our knowledge, this 
is the first examination of near-color- 
less HPHT synthetics of these sizes 
by a gemological laboratory. Discov- 
ery of these HPHT synthetic diamond 
melee reaffirms the need to screen the 
huge volume of near-colorless melee 
currently in the trade. 


Wasura Soonthorntantikul and 
Piradee Siritheerakul 


Phosphorescence of 

SYNTHETIC SAPPHIRE 
Phosphorescent features in synthetic 
colorless sapphires have previously 
been reported in GWG (Fall 2013 GNI, 
pp. 182-183). A 1.14 ct colorless sam- 
ple was recently submitted to the New 
York lab for identification (figure 22, 
left). The gemological properties deter- 
mined the stone was corundum. The 
specimen was free of inclusions, with 
no detectable gas bubbles or curved 
striae. Quantitative chemical analysis, 
showing a lack of gallium as well as 
iron levels below the detection limit, 
indicated that the sample was syn- 
thetic. The material was also transpar- 


Figure 19. These six near-colorless round brilliant melee, ranging from 0.01 to 0.005 ct, proved to be HPHT syn- 
thetic diamonds. 
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Figure 20. Photoluminescence spectra at liquid-nitrogen temperature of a small near-colorless HPHT synthetic dia- 
mond. The spectra displayed emission peaks at 736.6 and 736.9 nm related to a [Si-V} defect (left, 514 nm laser 
excitation) and at 883.0 and 884.7 nm associated with a Ni-related defect (right, 830 nm laser excitation). 


ent to short-wave ultraviolet radiation, 
whereas natural colorless sapphires do 
not transmit short-wave UV light due 
to the quenching effect from trace im- 
purities (S. Elen and E. Fritsch, “The 
separation of natural from synthetic 
colorless sapphire,” Spring 1999 GWG, 
pp. 30-41). This is the same test used 
to effectively separate type I and II dia- 
monds; nitrogen impurities in dia- 
monds are strong absorbers of light in 
the short-wave UV range between 
225-320 nm (C. M. Breeding, “The 


Figure 21. This DiamondView 
image of one sample (third from 
the left in figure 19) shows the 
characteristic growth features of 
HPHT-grown synthetic diamonds. 
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‘type’ classification system of dia- 
monds and its importance in gemol- 
ogy,” Summer 2009 GWG, pp. 
96-111). The UV-visible spectrum 
shown in figure 23 also illustrates the 
transparency with the absorption edge 
at approximately 216 nm, whereas nat- 
ural near-colorless sapphires typically 
have an absorption edge around 300 
nm. 

Figure 24 illustrates the phospho- 
rescence band centered at approxi- 
mately 424 nm, along with other 
minor decay bands observed in the 
visible spectrum that mix together to 
produce the blue phosphorescence ob- 


served in figure 22 (right). The phos- 
phorescence lasted about 25 seconds, 
until the excited electrons dissipated. 
The only trace elements detected 
with LA-ICP-MS were Ti (21 ppma 
average), and Cr, Mg, and Ca (below 5 
ppma). Chalky blue fluorescence in 
sapphires is believed to be due to Ti* 
charge-transfer transition of isolated 
Ti* ions or Ti-Al vacancy pairs. The 
fluorescence peak is usually between 
410 and 420 nm, but shifts to higher 
wavelengths as Ti concentrations in- 
crease (B. D. Evans, “Ubiquitous blue 
luminescence from undoped syn- 
thetic sapphire,” Journal of Lumines- 


Figure 22. Left: The 1.14 ct synthetic sapphire under daylight-equivalent 
lighting. Right: The sample exhibited phosphorescence in this Diamond- 


View image. 
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Figure 23. Transparency was observed in the UV-Vis-NIR spectrum. 


cence, Vol. 60-61, 1994, pp. 620-626; 
W.C. Wong et al., “Charge-exchange 
processes in titanium-doped sapphire 
crystals. I. Charge-exchange energies 
and titanium-bound exitons,” Physi- 


cal Review B, Vol. 61, No. 9, 1995, pp. 
5682-5698). The phosphorescence in 
synthetic colorless sapphires could be 
related to this property, with the ad- 
dition of the decay route including 


Figure 24. The phosphorescence spectrum of the synthetic sapphire shows 
the main band centered at approximately 426 nm, along with smaller 


bands in the visible-light region. 
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forbidden energy transition states. 
Phosphorescence in synthetic color- 
less sapphires is still not well under- 
stood, and additional research is 
needed to verify the origin of this phe- 
nomenon. 


Akhil Sehgal 


Chemical Analysis of ZIRCON 


Radioactive elements such as thorium 
and uranium existed at higher concen- 
trations during earlier ages of the earth; 
crystal formations from these periods 
were therefore more susceptible to ac- 
quiring higher concentrations of these 
materials. Zircon has a particular affin- 
ity for attracting rare earth elements 
such as uranium and thorium into its 
crystal structure due to similarities in 
the three elements’ cation sizes, which 
allows U and Th to substitute for Zr in 
the crystal lattice, and other bonding 
properties such as coordination, elec- 
tronegativity, and cation change. The 
isotopes break down through radioac- 
tive decay, releasing harmful doses of 
radiation to the host crystal. This de- 
stroys the crystal structure of zircon 
until it is nearly amorphous, in a 
process called metamictization (J.A. 
Woodhead, “The metamictization of 
zircon: Radiation dose-dependent 
structural characteristics,” American 
Mineralogist, Vol. 76, 1991, pp. 74-82). 

In gemology, zircon is categorized 
by the degree of radioactive degrada- 
tion that has taken place. Highly de- 
graded material with little to no 
crystal structure remaining is termed 
“low” or “metamict” zircon. “High” 
zircon is crystalline and nearly unaf- 
fected by radiation, while “intermedi- 
ate” zircon is  semi-crystalline, 
between the amorphicity of low zir- 
con and the ordered crystalline struc- 
ture of high zircon. 

Five zircon samples were analyzed 
in this study based on their apparent 
crystallinity (figure 25). Raman spec- 
troscopy shows the degradation of the 
crystal structure from its original 
structure, which can be illustrated by 
comparing it to zircon that has not 
been affected by radiation (figure 26). 
Infrared spectra (figure 27) also show 
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e Diamondscope — early model 


as well as museum curators whose depart- 
ments included collections of gemstones, 
and persuaded many to accept positions on 
the Institute’s educational boards. 

Scientists, with the principal trade asso- 
ciations of the United States, selected mem- 
bers to serve on an Examination Standards 
Board, which prepared examinations for 
students of the Institute. Consolidation of 
the Educational Advisory Board and the 
Examination Standards Board took place in 
December 1948. 

Today, the educational Soards of the Insti- 
tute are composed of gem educators, 
museum curators, and representatives of the 
jewelry industry, as well as scientists in the 
fields of gemology, geology, and mineralogy. 


AMERICAN GEM SOCIETY 
FOUNDED 
Instigated by Robert M. Shipley and 
under his guidance, graduates and students 
of the GIA. in 1934 organized and 
founded the American Gem Society as an 
instrument to further extend the ideals of 


the parent organization. 


e Latest model Diamondscope 


While the Gemological Institute is the 
educational force within the industry, the 
American Gem Society ‘became the profes- 
sional organization of the trade. The intro- 
duction of titles such as Registered Jeweler 


Portion of Board of Governors in 1947. Left to right, Paul S. 
Hardy, Geo. Carter Jessop, C. I. Josephson, Oscar Homann, Burton 
Joseph, Leo J. Vogt, Myron Everts, Jerome B. Wiss 


differences between the low and high 
zircons, as the former displays peak 
broadening and baseline irregularities. 

Trace-element analysis of high and 
low/intermediate zircon using LA- 
ICP-MS illustrated variations in con- 
centrations of several elements, 
including thorium, uranium, and lead. 
While uranium and thorium are easily 
incorporated into the crystal structure, 


the same is not true for lead, which can 
only appear in zircon as the byproduct 
of the radioactive decay chains of tho- 
rium and uranium. Due to this prop- 
erty, scientists have been able to 
accurately date zircons and Earth’s age 
using isotope ratio analysis by compar- 
ing the lead to uranium (#°U/?Pb) and 
lead to thorium (??Th/°’Pb) ratios. 
These results showed the low zircon 


Figure 26. Raman analysis of samples 2 and 4, illustrating the difference 
between “low” and “high” zircons. Low zircon displaying amorphicity by 


peak loss and broadening. 
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Figure 25. The five zircon sam- 
ples used in this study, ranging 
in size from 0.56-21.92 ct, were 
analyzed for radioactive degra- 
dation of their crystal structure. 


samples to be far older than the high 
zircon. Isotopic elemental analysis 
using LA-ICP-MS (table 1) determined 
that the low zircon was approximately 
a billion years old. This is far older than 
the high zircon samples, which were 
determined to be approximately 100 
million years old. The higher content 
of radioactive elements earlier in 
Earth’s formation, along with the 
longer period of time for metamictiza- 
tion to occur, contributed to the struc- 
tures of the low zircons. 

Trace-element analysis combined 
with spectroscopy can also detect 
treatments in zircon. Heat treatment, 
which is commonly performed on all 
types of zircon for color modification, 
can reestablish the crystal structure 
that was originally destroyed by nat- 
ural processes. Zircon crystals with 
high lead content must have experi- 
enced a considerable amount of radia- 
tion exposure, leading to their lower 
crystalline order. High-lead zircon 
samples that show an ordered crys- 
talline structure could have initially 
been low or intermediate and heat 
treated to restore the crystal structure. 
By correlating the trace-element 
chemistry with other analytical tools 
such as Raman spectroscopy, it may 
be possible to determine heat treat- 
ment of some types of zircons. 
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TABLE 1. Isotopic elemental analysis of zircon using LA-ICP-MS. 


Sample Weight 206Pb 208P 
(1) Greenish yellow “low” zircon 16.32 ct 848.40 54.53 
(2) Greenish yellow “low” zircon 21.92 ct 636.67 24.67 
(3) Greenish blue “high” zircon 10.14 ct bdl* bdl* 
(4) Near-colorless “high” zircon 0.56 ct 0.81 0.63 
(5) Blue “high” zircon 1.96 ct 0.12 0.19 


232Th $38) 
237.10 4529.00 
603.00 2083.33 
51.83 73.17 
200.00 210.17 
85.02 99.98 


* Below detection limit. 


Nearly all blue and near-colorless 
zircons have undergone heat treat- 
ment, as these colors are rarely found 
in nature; the majority of zircon rough 
is brown. The blue color of zircon is 
theorized to come from the chro- 
mophore U* cations, depending on 
how the uranium cations interact 


within the crystal structure. “Elec- 
tric” blue zircon’s color is typically 
produced by heating the stone to 
1000°C in a reducing environment, 
while near-colorless material is pro- 
duced at about the same temperature 
in an oxidizing environment. Heat 
treatment of zircons that have not had 


Figure 27. FTIR spectra of the zircon samples. The metamict zircons, sam- 
ples 1 and 2, display an undefined baseline and broader bands than the 


high zircons. 
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significant radiation damage can re- 
store the crystallinity at the tempera- 
tures used for color modification 
treatments. Although very metamict 
zircons must undergo higher temper- 
atures and longer duration of heating 
to restore a degree of crystallinity, 
these zircons will never achieve the 
electric blue color. It is difficult to 
even produce gem-quality material 
from this material. Zircon with poor 
crystallinity has more variation in 
polycrystalline grain orientation, 
bond length, element location, and 
bonding, as well as varying amorphic- 
ity. Knowledge of zircon’s chemistry 
can facilitate the identification of 
treatments and growth conditions, 
and can be applied to determine vari- 
ous correlations pertaining to color 
and origin. 


Akhil Sehgal 
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The purpose of this new quarterly column in Gems &@ 
Gemology is to encourage the appreciation of inclusions 
in forensic gemology and to help build the observational 
skill set of the practicing gemologist. By providing concise 
information and vividly clear photomicrographs and pho- 
tomacrographs of new or otherwise interesting inclusion 
specimens, the column aims to narrow the knowledge gap 
between advanced inclusionists and gemologists working 
in mainstream general practice. 

The micro-world of gems lies at the very core of gemol- 
ogy. Sometimes its nature contributes to the allure of a 
gem, as is the case with such coveted gems as sunstones, 
star sapphires, and cat’s-eye chrysoberyls. At other times 
that world may seem a dreadful distraction to an otherwise 
beautiful, marketable specimen. But even in what appears 
to be a perfectly clean gem, this micro-world waits for 
gemologists to dive into its depths and thoroughly explore 
its landscape. The visitor will be greeted with a beautiful 
and wondrous inner space, and the unexpected secrets re- 
vealed will come to enrich one’s understanding of gem ma- 
terials in innumerable ways. 

While hints of the internal features may be glimpsed 
with the loupe or the unaided eye, true access is afforded 
by the microscope. This is unequivocally the most impor- 
tant instrument in the gemologist’s arsenal once its proper 
use is mastered, particularly with the application of special 
lighting techniques and the use of various filters (see N. 
Renfro, “Digital photomicrography for gemologists” in the 
current issue, as well as J. I. Koivula, “Photomicrography 
for gemologists,” Spring 2003 GWG, pp. 4-23). 

For newcomers, an understanding of the micro-world 


Editors’ note: Interested contributors should contact Nathan Renfro at 
nrentro@gia.edu and Jennifer-Lynn Archuleta at jennifer.archuleta@gia.edu 
for submission information. 
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may seem elusive, even daunting. Continual practice, care- 
ful observation, and patience will refine both technique and 
interpretive prowess for both new and experienced inclu- 
sionists. Observation through the microscope serves as the 
very foundation for many conclusions drawn on a speci- 
men. This can include identification, treatment detection, 
separation of natural and synthetic materials, and geo- 
graphic origin—even secrets of a gem’s genesis and the se- 
crets of the earth’s depths may ultimately be revealed. 

In building proficiency of the micro-world through this 
column, readers will also expand their personal knowledge 
base and ability with a microscope. Mastery of microscopy, 
combined with at least a basic grasp of mineralogy, is es- 
sential for understanding the nature of gems and the geo- 
logic processes that occur within the earth. This increased 
knowledge will eventually translate into a better compre- 
hension of the inclusion scenes that may be encountered 
in one’s own micro-world. 

With this column, we hope to inspire gemologists to 
simply take the time for a closer look. We invite you to 
join us for an extended tour through the astounding beauty 
and variety that is the micro-world of gems and other re- 
lated materials. 


Elise A. Skalwold, Nathan Renfro, and John I. Koivula 


Amber with Mite Inclusion 


A most unusual mite (figure 1, left) was discovered as an 
inclusion in an approximately 30-million-year-old double- 
polished plate of amber from the Dominican Republic (fig- 
ure 1, right). The specimen was acquired from the private 
collection of William W. Pinch of Pittsford, New York. The 
plate itself weighed 0.77 ct and measured 13.15 x 7.59 x 
2.76 mm, while the mite’s body was 0.34 mm in length. 
What made this mite unusual was that the longest front 
leg measured approximately 2.10 mm, disproportionately 
long in relation to the rest of its body. This type of mite, of 
the genus Podocinum, might be awkward-looking, but its 
morphology has survived millions of years virtually un- 
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Figure 1. A mite with exceptionally long front legs (2.1 mm), as seen using shadowed transmitted and fiber-optic 
illumination (left), was found in this small 13.15-mm-long fragment of amber (right). Images by Nathan Renfro. 


changed, an indication that it was just as efficient a predator 
then as its living counterpart today. Podocinum is a very 
slow-moving mite that lives in loose soil, feeding on spring- 
tails (Collembola). As it travels about, the mite uses its ex- 
tremely long front legs to explore the soil around it and 
quickly snare any springtail that happens to come too close. 

A literature search failed to turn up any other example 
of a Podocinum mite as an inclusion in amber, making this 
an even more interesting specimen. So while a small pol- 
ished piece of amber itself might have virtually no com- 
mercial or scientific value, the addition of a well-preserved 
microscopic organism completely changes the value factor 
of the specimen. 


John I. Koivula 


Apatite “Pinata” 

While gemologists are accustomed to transparent and 
translucent materials with microscopically visible inclu- 
sions, semi-translucent to opaque gems are generally not 
considered potential hosts of interesting inclusions. Con- 
sequently, only the surfaces of these materials are really 
explored microscopically. This should not dissuade the 
avid inclusionist from taking the opportunity to look 
closely at them for unexpected surprises that may be re- 
vealed. 

Apatite is appreciated for its range of beautiful colors 
and other optical properties, as well as its morphological 
characteristics. Most gem apatite is the fluorine end-mem- 
ber of the apatite group known as fluorapatite, or apatite- 
(CaF). Transparent gem-quality apatite often contains 
interesting inclusions such as tourtmaline, glass, biotite, 
goethite, hematite, manganese oxide, and pyrrhotite, so it 
seems logical that the semi-translucent to opaque form 
would also host inclusions, albeit obscure ones. 

The Otter Lake locality in southern Quebec, Canada, 
is well known for producing aesthetic cabinet specimens 
featuring elongated prismatic fluorapatite crystals on 
orangy or pinkish marble matrix, sometimes with deep 
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purple fluorite in the associated mineral assemblage as 
well. Damaged crystals of limited potential commercial 
value as faceted gems or mineral specimens may be fash- 
ioned into lapidary items such as carvings, cabochons, and 
spheres (figure 2), or simply find their way into study col- 
lections. 

A fascinating dark green apatite crystal obtained from 
Luciana Barbosa of the Gemological Center in Asheville, 
North Carolina, recently captured our attention. This spec- 
imen, from the Yates uranium mine at Otter Lake, meas- 
ured 31.16 mm in length and weighed 99.21 ct (figure 3). 

What made this crystal interesting was that it had 
cracked in half along a plane more or less perpendicular to 
its length, exposing the otherwise unseen inclusions (figure 


Figure 2. A 42.92 mm polished sphere with an ex- 
posed orange calcite inclusion was fashioned by 
Dale Carson from fluorapatite recovered from the 
Yates uranium mine in Otter Lake, Pontiac County, 
Quebec, Canada. Photo by Elise A. Skalwold. 
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Figure 3. This 31.16-mm-long fluorapatite crystal was 
also recovered from the Yates uranium mine. Photo 
by Elise A. Skalwold. 


4). The two spherical inclusions were identified by Raman 
analysis as brownish orange calcite, the larger of which 
measured 5.74 mm in diameter (figure 5). Because of its 
size, this inclusion was probably at least somewhat respon- 
sible for the host apatite cracking apart. 

Upon closer inspection and Raman analysis, two tiny 
deep purple fluorite crystals could be seen perched on the 
surface of the largest included calcite sphere (again, see fig- 
ure 5). The resulting bouquet of contrasting colors and the 
surprising spherical form of the calcite inclusions with pur- 
ple fluorite “eyes” turned mishap into treasure, reminis- 
cent of breaking open a pinata to find candy within. These 
calcite spheres are a mineralogical enigma, though current 
research suggests they formed at high temperature from 
entrapped carbonate melt (F. Sinaei-Esfahani, “Localized 
metasomatism of Grenvillian marble leading to its melt- 
ing, Autoroute 5 near Old Chelsea, Quebec,” master’s the- 


192 Micro-WorLD 


Figure 4. Two orange spherical inclusions were ex- 
posed when the fluorapatite crystal fractured in half. 
Photo by Elise A. Skalwold. 


sis, Department of Earth and Planetary Sciences, McGill 
University, Montreal, 2013). 

While providing valuable insights into geological 
processes, such inclusions in gems and minerals never fail 
to enrich the day-to-day experience of gemologists and 
mineralogists. 


Elise A. Skalwold and John I. Koivula 


Figure 5. The larger inclusion in the apatite, a 5.74 
mm sphere of orange calcite, featured a pair of purple 
“eyes” on its surface. Upon further analysis, these 
were revealed to be fluorite. Photomicrograph by 
John I. Koivula. 
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Figure 6. This 0.86 ct gray musgravite displays an un- 
usual iridescent phenomenon that is clearly visible in 
the table facet. Photo by Kevin Schumacher. 


Iridescent Musgravite 


Musgravite is a rare mineral closely related by composition 
to the mineral taaffeite. This magnesium-rich beryllium 
oxide crystallizes in the trigonal system, in contrast to the 
hexagonal system of taaffeite, and is highly sought after by 
rare stone collectors. A 0.86 ct musgravite, identified by 
Raman spectroscopy, contained a particularly interesting 
inclusion scene consisting of numerous etch tubes that 
broke the surface of the faceted stone (figure 6). With a di- 
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rect source of light, these etch tubes displayed vibrant col- 
ors resulting from thin-film iridescence in the air-filled, 
crystallographically aligned tubes (figure 7). This is the first 
musgravite gemstone displaying any type of optical phe- 
nomenon that this author has examined to date. 

Nathan Renfro 


Cat’s-Eye Phenakite 


While the beryllium silicate phenakite is known to gemol- 
ogists both as a by-product inclusion in synthetic emeralds 
and in association with natural beryllium-containing gems 
such as emerald and chrysoberyl (see Fall 2003 Gem News 
International, pp. 226-227), it is rarely encountered in the 
laboratory as a fashioned gemstone. Although phenakite 
does occur in nature as transparent pegmatitic crystals from 
localities such as Brazil, and as alluvial stream-rounded Sri 
Lankan pebbles suitable for cutting, such gems are generally 
considered collector curiosities and are not often submitted 
to gemological laboratories for identification. Therefore, any 
occasion to document such a rare and unusual gem material 
is always of interest, especially if it also displays an optical 
phenomenon. 

We recently had the opportunity to examine a large col- 
orless cabochon represented as phenakite that was pro- 
vided for examination by Elaine Rohrbach of GemFare in 
Pittstown, New Jersey. This gem measured approximately 
18.19 x 17.77 x 14.81 mm, weighed 38.34 ct, and was trans- 
parent to the unaided eye. Although it appeared to be es- 


Figure 7. Thin-film iri- 
descence along crys- 
tallographically 
oriented etch tubes 
was the source of the 
colorful phenomenon 
in this rare musgravite 
gemstone, viewed 
using oblique fiber- 
optic illumination. 
Field of view 2.47 mm. 
Photomicrograph by 
Nathan Renfro. 
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Figure 8. This 38.34 ct phenakite showed a well- 
defined cat’s eye when viewed with point-source illu- 
mination. Photo by Kevin Schumacher. 


sentially transparent, it also showed relatively strong cha- 
toyancy (figure 8) in the form of a sharp eye extending 
across the dome of the cabochon when illuminated from 
above with a single light source, such as sunlight or a fiber- 
optic illuminator. This gem was said to be from Sri Lanka; 
while gem-quality Sri Lankan phenakite is known to con- 
tain “needle-like” inclusions, chatoyancy is not specifi- 
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cally mentioned as a phenomenon in major gemological 
reference books such as Robert Webster’s Gems or Joel 
Arem’s Color Encyclopedia of Gemstones. 

Numerous minute acicular tubes and platy voids were 
clearly seen under 30x magnification using fiber-optic il- 
lumination. These inclusions were all aligned parallel to 
the optic axis, which was oriented in a plane parallel to 
the cabochon’s base and perpendicular to the reflective 
chatoyant band (figure 9). Under 90x magnification, some 
of the iridescent platy voids displayed complex multi-com- 
ponent interiors. The various components showed contrast- 
ing iridescent colors, which made them stand out from 
their surroundings. The examination demonstrated that 
light reflections from the numerous tubes and the irides- 
cent voids were responsible for the pronounced chatoyancy 
in this phenakite cabochon. Because they were only clearly 
visible when illuminated from overhead, these inclusions 
created an interesting balance between transparency and 
chatoyancy that is rarely seen in gems displaying cat’s eyes. 
Very few phenakites have been examined by GIA, which 
makes this example of a chatoyant variety a very exciting 
experience. 

It is interesting to note that another cat’s-eye phenakite 
was reported on in G#G’s Fall 2009 GNI section. Unlike 
the transparent, colorless gem reported here, that stone had 
a light brownish yellow color and was discovered in Mada- 
gascar. This author was reminded somewhat of the initial 
discovery of another gemological rarity, sapphirine, which 
was completely unknown to gemologists until it was iden- 


Figure 9. Viewed using 
oblique fiber-optic illu- 
mination, some of the 
iridescent platy voids in 
the phenakite contained 
complex multi-phase 
components consisting 
of a liquid, gas, and 
solid daughter crystals. 
Field of view 0.90 mm. 
Photomicrograph by 
John I. Koivula. 
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tified within a short period from Australia, Kenya, Thai- 
land, and Sri Lanka. As the world’s population grows and 
we search the earth’s surface for gems, more places will be 
more thoroughly explored and in turn new discoveries will 
be made. 


John I. Koivula 


Unusual Pink Sapphire Bead 


How to ruin a gem-quality natural untreated tumble- 
polished sapphire? Fill it with numerous drill holes! At 
9.36 ct and measuring 17.25 x 9.13 x 6.21 mm, the purplish 
pink bead shown in figure 10 had the perfect form to pro- 
duce a very attractive faceted pear-shaped gem, but that ef- 
fort seemingly ended in failure. These drill holes, more 
than 30 of them in all, stood out in high relief because they 
were at least partially filled with a dark unidentified 
residue. This leaves the question of why anyone would 
drill so many holes in a perfectly good sapphire. Closer mi- 
croscopic examination revealed a possible clue. At the sur- 
face of three of the holes were small bright red fragments, 
identified by Raman analysis as ruby (figure 11). Yet we 
were unable to determine if the fragments were natural or 
synthetic, due to their small size. Further analysis with ad- 
vanced analytical equipment would be required to make 
this separation. The implication is that if all the drill holes 
contained a bright red ruby, this would have enhanced the 
light pink appearance of the bead. Because so many of the 
ruby fragments were missing, the unsightly drill holes 
made for a rather unattractive gem bead. 


Nathan Renfro and John I. Koivula 
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Figure 10. This 17.25-mm-long bead contained more 
than 30 randomly oriented drill holes. Photo by 
Nathan Renfro. 


Bicolor Double-Eye Tourmaline 


The Summer 2009 GWG Lab Notes section (pp. 139-140) 
described a 5.44 ct tourmaline double cabochon that dis- 
played a sharp, silvery white chatoyant band on one side 
and a deep golden brownish yellow eye on the reverse side. 
Microscopic examination revealed that this phenomenal 
optical effect was due to a combination of pronounced 
color zoning and growth tubes that were in precise crystal- 
lographic alignment. 

This same phenomenon was observed in a double cabo- 
chon cat’s-eye tourmaline cut from rough discovered at the 


Figure 11. Three of the 
drill holes, seen here 
using diffuse transmit- 
ted light and oblique 
fiber-optic illumina- 
tion, contained a small 
ruby fragment identi- 
fied by Raman analy- 
sis. Field of view 4.40 
mm. Photomicrograph 
by Nathan Renfro. 
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Figure 12. Fashioned as a double cabochon and weighing 6.39 ct, this bicolor tourmaline from Newry, Maine, dis- 
plays pink and white chatoyant bands on opposite sides. One side of this tourmaline is pink (left), while the re- 
verse side is colorless (right). Even though the chatoyancy-causing growth tubes are only in the colorless portion, 
both sides exhibit a sharp cat’s eye. Photos by Kevin Schumacher. 


well-known pegmatite complex in Newry, Maine. This 
cushion-shaped cabochon, weighing 6.39 ct and measuring 
11.31 x 11.12 x 6.39 mm, was pink on one side and essen- 
tially colorless to white on the opposite side. Conse- 
quently, its chatoyant bands had clearly different colors, 
one pink and the other a silvery white (figure 12). 

As expected of a cat’s-eye gem, when two incident light 
sources (fiber-optic wands) were positioned side by side 
above this tourmaline, two separate eyes became visible. 
As the gem was rotated under and between the light 
beams, these eyes appeared to converge, closing to form a 
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single chatoyant band and then opening, like a winking 
eye. This interactive phenomenon was visible on both 
sides of the double cabochon. 

As with the previously reported example, microscopic 
examination revealed very strong color zoning, with a pink 
layer positioned parallel to a zone of near-colorless tour- 
maline, also known as achroite. The gem was fashioned so 
that the color layers were divided parallel to the girdle 
plane. The achroite layer appeared silvery white because 
of numerous parallel reflective growth tubes uniformly dis- 
tributed throughout it (figure 13), while no growth tubes 


Figure 13. Growth 
tubes oriented along 
the c-axis and present 
only in the colorless 
portion are responsible 
for the chatoyancy in 
this bicolor tourmaline, 
observed using fiber- 
optic illumination. 
Field of view 3.59 mm. 
Photomicrograph by 
Nathan Renfro. 
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* George Brock 


and Certified Gemologist added to the 
prestige of jewelers because the industry 
and public alike recognized the high stand- 
ards of ethical practice and éducational back- 
ground necessary for the awarding of such 
honors. 

At the time of organization, Robert M. 
Shipley was appointed Director of the 
American Gem Society, to serve concut- 
rently with the G.LA. He continued to 
serve in that capacity until February 1946, 
continuing in an advisory capacity after 
that date only to September 1947 when he 
withdrew entirely from A.G.S. affiliation. 
From 1934 until his retirement from active 
participation,in the operation of the Amer- 
ican. Gem Society, the two organizations 
were closely associated, sharing both office 


e Edward F. Herschede, Sr. 


space and personnel although the governing 
bodies and officers maintained their separate 
entities. 

G.I.A. BOARD OF GOVERNORS 

Officers and the governing body of the 
G.1.A. have, from the first, served without 
monetary recompense. From 1932 a group 
of retail jewelers served as an advisory 
board under the name of the Board of 
Governors. This board recommended poli- 
cies and maintained a close connection with 
the details of operation, meeting semi- 
annually and electing its own successors. 
The G.1.A. is still controlled by this same 
governing body which today consists of 
many G.J.A. graduates including representa- 
tives of both the wholesale and retail indus- 
try in the United States and Canada. 


« Leo J. Vogt 


Following the death of Godfrey Eacret, 
the first Board Chairman, George Brock of 
Los Angeles was chosen as his successor. He 
was subsequently succeeded by Edward 
Herschede of Cincinnati and Leo J. Vogt 
of Hess & Culbertson, St. Louis. 

Presently serving as Chairman of the 
Board of Governors is H. Paul Juergens of 
Juergens & Andersen, Chicago. He was an 
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were present in the transparent pink-colored zone. Reflec- 
tion of light from these parallel tubes caused the silvery 
white eye observed on the colorless side of the cabochon. 
The opposite side owes its pink chatoyancy to reflection 
from those same tubes inhabiting the near-colorless zone 
as the light is transmitted back through the pink transpar- 
ent layer of tourmaline. 


ABOUT THE EDITORS 
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The inner space of gem materials holds surprising and 


This is the second time we have encountered a tour- 
maline displaying different colors of chatoyancy on oppo- 
site sides of a double cabochon. In order to enjoy both eyes, 
such a stone should be set as a pendant in a simple bezel 
with a swivel, allowing exposure of either the pink or the 
silvery white cat’s eye as desired. 

John I. Koivula 


Association of Great Britain, she has written gemological and 
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stunning vistas. Visit G&G’s photomicrograph gallery, an online 


exclusive, to view slideshows that delve deeper into the 


breathtaking world of gem inclusions. 


Visit www.gia.edu/gems-gemology/micro-world-gallery, or scan the QR code on the right. 
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Diamond-bearing eclogite xenoliths from the Ardo So Ver 
dykes. Specimens of gem diamond crystals in rock matrix 
are almost never found due to the rigorous processing that 
occurs during diamond mining. Occasionally, a diamond 
is found in a sample of the kimberlite host rock that 
brought it to the surface, but finding a diamond in the rock 
in which it likely crystallized in the earth’s mantle is ex- 
tremely rare. When pieces of the mantle break off and are 
transported to the surface in a kimberlite magma, they are 
called xenoliths (meaning “foreign rock,” because the man- 
tle rocks are not formed from the kimberlite magma itself). 

Recently, five small rock samples containing diamond 
crystals (figure 1) were sent to GIA Research for examina- 
tion. The samples were submitted by Charles Carmona 
(Guild Laboratories, Los Angeles) on behalf of owners Jahn 
Hohne (Ekapa Mining, Kimberley, South Africa) and Vince 
Gerardis (an occasional trader and collector of unique dia- 
monds and producer of the television series “Game of 
Thrones”). The specimens were sourced over 25 years ago 
from a kimberlite fissure mine located 40 miles (65 km} 
northwest of Kimberley, South Africa. The So Ver mine is 
located in a group of narrow kimberlite dykes discovered 
in the 1940s, known as the Ardo dykes, that intruded into 
Ventersdorp lavas and overlying Karoo shales (M. Field et 
al., “Kimberlite-hosted diamond deposits of southern 
Africa: A review,” Ore Geology Reviews, Vol. 34, 2008, pp. 
33-75). 

Mineralogical examination using microscopy and 
Raman spectroscopy revealed that the rocks were com- 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Figure 1. These five diamond-bearing eclogite xeno- 
liths from the Ardo So Ver dykes in South Africa 
ranged in weight from 2.24 to 12.40 grams, with the 
largest measuring 2.5 centimeters in length. Photo by 
Kevin Schumacher. 


posed primarily of garnet and clinopyroxene and would be 
classified as eclogite xenoliths (figure 2). In simple terms, 
eclogites are metamorphic rocks, typically created when 
basaltic crust from the ocean floor is subducted deep into 
the earth’s mantle where high temperatures and pressures 
cause chemical reactions that change the basaltic minerals 
into garnet and clinopyroxene. Eclogites, along with peri- 
dotites, are considered the most common mantle host 
rocks for diamond crystallization. EDXRF chemical analy- 
sis of the garnets and clinopyroxenes in these samples 
showed pyrope mole fractions up to about 49% and jadeite 
mole fractions up to approximately 31%. These results are 
consistent with other reported diamond-bearing eclogites 
(T.F. Fung and S.E. Haggerty, “Petrography and mineral 
compositions of eclogites from the Koidu Kimberlite Com- 
plex, Sierra Leone,” Journal of Geophysical Research, Vol. 
100, 1995, pp. 20451-20473). 
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Sodic clinopyroxene 


Pyrope-almandine garnet 


Type la diamond 


The diamond crystals in the xenoliths ranged from 
1.5 to 4.0 mm in length, and were transparent and near- 
colorless to pale yellow (figure 3). They occurred as oc- 
tahedral and combination forms with no visible resorption. 
No inclusions were visible within the crystals under 10x 
magnification. FTIR analysis (using an FTIR microscope in 
reflected light mode) revealed that all of the diamonds 
were type Ia with abundant nitrogen impurities. Three 
of the seven diamonds analyzed showed nitrogen impu- 
rities dominantly as A-aggregates in concentrations rang- 
ing from approximately 420 to 800 ppm. 

The data provided here, along with additional ongoing 
work, will hopefully shed more light on the temperature, 
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Figure 2. The diamond- 
bearing xenoliths were 
composed of pyrope-al- 
mandine garnet and 
sodic clinopyroxene, 
classifying them as 
eclogites. Photo by Ro- 
bison McMurtry. 


Type la diamond 


pressure, and depth in the earth’s mantle where the 
diamonds crystallized. 


Christopher M. Breeding (christopher. breeding@gia.edu) 
GIA, Carlsbad 


COLORED STONES AND ORGANIC MATERIALS 


Cat’s-eye calcite from Pakistan. Cat’s-eye calcites have 
been sold at auctions and gem shows for some years, but a 
gemological description of the material has not been pub- 
lished. Low-quality cat’s-eye calcites do exist, such as blue 
calcites from Mogok, Myanmar, but their chatoyancy is 
weak. It was very surprising, therefore, to see sharp cha- 


Figure 3. Seven trans- 
parent, near-colorless to 
pale yellow gem dia- 
monds (five shown in 
these photos) were ob- 
served in the eclogite 
samples, ranging in 
length from 1.5 to 4.0 
mm. Photos by Christo- 
pher M. Breeding. 
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Figure 4. This 57.60 ct calcite from Pakistan shows a 
cat’s-eye. Photo by Jaroslav Hyrsl. 


toyancy on the beautiful calcite cabochon in figure 4. 

The stone, purchased during the Tucson shows in Feb- 
ruary 2015, came from the Baluchistan province of Pak- 
istan. It weighed 57.60 ct and measured 25.0 x 24.6 x 12.3 
mm. It was light green and translucent, without eye-visible 
inclusions. The spot RI ranged from 1.48 to 1.66, and when 
rotated the cabochon showed a strong “blink” typical for 
carbonates. This is significant because the stone resembled 
chrysoprase; without the rotation, the measured RI in a 
given position might also approximate that of chrysoprase. 
There were no lines in the visible spectrum, the stone was 
inert under UV light, and its specific gravity was 2.72. 
Viewed in the polariscope, it remained bright, indicating a 
doubly refractive aggregate. Strong banding (figure 5) was 
present in the direction of chatoyancy, but the bands were 
inclined at about 20° angles. The bands were approxi- 
mately 0.7 mm thick. 

Only at 40x magnification did the cause of the chatoy- 
ancy become apparent. Numerous tiny needles perpendi- 
cular to the chatoyancy were likely evidence of a columnar 
to needle-like texture. Other than the chatoyancy, this 
specimen is similar in appearance to the green and orangy 
yellow calcites from Pakistan that were described in the 


Figure 5. Banding in chatoyant calcite from Pakistan, 
as seen through the bottom of the cabochon. Photo by 
Jaroslav Hyrsl. 
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Figure 6. This emerald from Itabira—Nova Era in 
Minas Gerais weighs approximately 43 ct (approxi- 
mately 25.30 x 18.10 x 13.75 mm) making it one of 
the largest Brazilian cat’s-eye emeralds examined by 
the Gtibelin Gem Lab. Photo by Janine Meyer. 


Fall 2012 GNI section (pp. 217-218). It is the opinion of 
both the seller and the author that this calcite is from the 
same locality. 


Jaroslav Hyrsl (hyrsI@hotmail.com) 
Prague 


Large cat’s-eye emerald from Brazil. Gtibelin Gem Labora- 
tories (GGL) in Hong Kong and Lucerne recently had the 
opportunity to examine a translucent emerald, weighing 
approximately 43 ct, that exhibited a pronounced and well- 
centered chatoyancy (figure 6). The stone had a spot RI of 
1.57 and a hydrostatic SG of 2.73, and it was inert under 
long- and short-wave UV radiation. Microscopic observa- 
tion in reflected and transmitted light presented a series of 
dense elongated, rectangular, and square multiphase inclu- 
sions (figure 7). 

The UV-Vis absorption spectra showed the characteris- 
tic Cr**- as well as Fe’*- and Fe**- related bands. In the FTIR 
absorption spectra, type I and type II water molecules were 
observed. An intense band at around 2360 cm” indicated 
the presence of CO,, most likely in the multiphase inclu- 
sions. Trace-element analysis of the sample with laser ab- 
lation-inductively coupled plasma-mass spectrometry 
(LA-ICP-MS) showed contents consistent with schist- and 
pegmatite-related emeralds. It also showed lower Li, Cs, and 
Rb than in emeralds related to highly evolved pegmatites, 
such as those from Sandawana (Zimbabwe) and Kafubu 
(Zambia); see J.C. Zwaan et al., “Emeralds from the Fazenda 
Bonfim region, Rio Grande do Norte, Brazil,” Spring 2012 
Gwa, pp. 2-17. The stone’s composition was consistent 
with emeralds from Itabira-Nova Era, Minas Gerais, based 
on GGL's reference collection and the published literature 
on the pegmatites of the area (C. Preinfalk et al., “The peg- 
matites of the Nova Era-Itabira—Ferros pegmatite district 
and the emerald mineralisation of Capoeirana and Belmont 
(Minas Gerais, Brazil): geochemistry and Rb-Sr dating,” 
Journal of South American Sciences, Vol. 14, No. 8, 2002, 
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Figure 7. Multiphase inclusions of different shapes and sizes, seen in reflected light (left) and brightfield illumina- 
tion (right), gave rise to the cat’s-eye effect in the Brazilian emerald. Photomicrographs by Wenxing Xu (left) and 
Stefanos Karampelas (right). Image width 2 mm (left) and 1.2 mm (right). 


pp. 867-887). This exceptional stone is one of the largest 
Brazilian cat’s-eye emeralds examined by GGL to date. 


Stefanos Karampelas 
(Stefanos.Karampelas@gubelingemlab.com), 


Lore Kiefert, and Wenxing Xu 
Gtibelin Gem Lab, Lucerne, Switzerland 


Nonbead-cultured pearls from Strombus gigas. Among the 
saltwater porcelaneous (non-nacreous) pearls, those of 
Strombus gigas gastropods are probably the best known 
among jewelers and collectors because of their vivid to pas- 
tel colors ranging from pink to white to brownish. Also 
known as “pink pearl,” “conch pearl,” or “Queen conch 
pearl,” this material was used extensively in Art Deco jew- 
elry, and many designers are now incorporating them into 
modern pieces. Various articles and books have described 
the extraordinary beauty, use and related traditions, and 
early attempts at cultivation of pink pearls (see E. Fritsch 
and E. Misiorowski, “The history and gemology of the 
queen conch ‘pearls’,” Winter 1987 GwG, pp. 208-231). The 
typical structure responsible for the sought-after “flame pat- 
tern” was detailed extensively a decade ago (S. Kamat et al., 
“Structural basis for the fracture toughness of the shell of 
the conch Strombus gigas,” Nature, Vol. 405, No. 6790, 
2000, pp. 1036-1040; H. Hanni, “Explaining the flame struc- 
ture of non-nacreous pearls,” The Australian Gemmologist, 
Vol. 24, No. 4, 2010, pp. 85-88). Found in the Caribbean re- 
gion, where Strombus gigas live and are fished for meat, the 
pearls had no documented cultured counterpart until the 
work of Hector Acosta-Salmon and Megan Davis at Florida 
Atlantic University in 2009. 

The Laboratoire Frangais de Gemmologie (LFG) re- 
cently had the opportunity to analyze a parcel of eight sam- 
ples, presented as cultured conch pearls, from a new farm 
based in Honduras (figure 8). The colors ranged from white 
and pinkish white to yellowish orange. The shapes varied 
from oval to baroque, and weights ranged from 0.21 ct (2.7— 
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3.4 x 4.1 mm) to 3.13 ct (6.5-7.6 x 9.3 mm). Their luster 
was porcelaneous, and the surface was very smooth and 
homogenous with no defects. Almost all the samples pos- 
sessed a typical but subtle flame pattern (figure 9). 


Figure 8. These two nonbead-cultured pearls (1.40 
and 2.22 ct) from a parcel of eight specimens pro- 
duced by Strombus gigas show a light pink and yel- 
lowish orange color with a discreet flame pattern. 
Photo by Olivier Segura. 
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Initial examination revealed no indication of the cul- 
turing process, but X-radiography analysis left no doubt 
about the material’s origin. The samples’ inner structures 
revealed a darker central zone, suggesting a less dense ma- 
terial, typical of the graft remainder of the nonbead culture 
process (figure 10, left). This kind of pattern is not found 
in the natural conch pearls we have examined in the labo- 
ratory (figure 10, right). 

According to the farm owners, queen conch pearl culture 
is undergoing intensive development, and the quality—size, 
flame pattern, and color—improves with each harvest. 
While current laboratory techniques are adequate to unam- 
biguously identify nonbead cultured pearls from Strombus 
gigas, the LFG has established a close working relationship 
with the pearl farm, paying close attention to possible de- 
velopments in their distinctive inner structures. 

Olivier Segura (o.segura@bjop.fr) 
Laboratoire Francais de Gemmologie (LFG), Paris 


Emmanuel Fritsch 
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Figure 9. These six non- 
bead-cultured pearls 
from Strombus gigas 
range from 0.21 to 3.13 
ct. Inset: Detail of a 
0.47 ct pearl, showing a 
typical thin flame pat- 
tern. Photo by Olivier 
Segura. 


Purple scapolite. Two brownish purple faceted specimens 
(figure 11) were submitted for identification at the Gem Test- 
ing Laboratory, Jaipur, India. The 2.95 ct mixed cushion 
measured 9.95 x 8.05 x 5.88 mm, while the 1.58 ct mixed 
oval measured 9.07 x 7.08 x 4.46 mm. Both were relatively 
clean to the unaided eye. Based on their color, theywere 
thought to be spinel, but testing soon proved otherwise. Test- 
ing yielded the following gemological properties: optic fig- 
ure—uniaxial; RI—1.549-1.559,; birefringence—O0.010; and 
hydrostatic SG—2.63. The material fluoresced a weak orangy 
red under short-wave UV and was inert under long-wave UV. 
An absorption band was observed in the yellow-green region 
using a desk-model spectroscope. In addition, both samples 
displayed strong dichroism (figure 12) with deep saturated 
and pale purple colors along the “o” and “e” rays, respec- 
tively; this also influenced their face-up color. Under magni- 
fication, growth zones and two-directional cleavage planes 
intersecting at almost 90° were visible. The cleavage planes 
also contained some fine dendritic films; additionally, the 
oval specimen had an unidentified brown crystal. 


Figure 10. Left: An X- 
ray of the pearl seen in 
the figure 9 inset. It 
shows clear evidence of 
a nonbead culturing 
process. Right: An X- 
ray of a natural conch 
pearl. Images by 
Olivier Segura. 
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Figure 11. These two brownish purple specimens, a 
1.58 ct oval and a 2.95 ct cushion, were identified 

through gemological testing as scapolite. Photo by 
Gagan Choudhary. 


These gemological properties were consistent with 
scapolite. Raman spectroscopy confirmed this, showing 
the characteristic peaks for scapolite at approximately 260, 
296, 359, 418, 455, 534, 771, 993, and 1093 cm. The 
Raman spectra suggested the specimens belonged to the 
marialite end of the meionite-marialite solid solution se- 
ries of the scapolite group (see rruff.info); this was sup- 
ported by their RI and SG values (R. Webster, Gems: Their 
Sources, Descriptions and Identification, 5th ed., rev. by 
P.G. Read, Butterworth-Heinemann, Oxford, UK). Polar- 
ized absorption spectra (figure 13) revealed a broad absorp- 
tion centered at approximately 550 nm in both specimens. 
The intensity of this absorption was stronger in the o-ray 
direction, while a weak hump at about 630 nm was also 
present in the e-ray direction. Such absorption bands, as- 
sociated with Fe** ions and producing purple coloration, 
have been reported in sugilite (Spring 1995 GNI, pp. 66- 
67); however, additional Fe** features at approximately 
350-365 and 410-420 nm were absent in both the “e” and 
“o” rays of those specimens. Qualitative EDXRF analysis 
revealed the presence of Al, Si, K, Ca, Fe, Br, and Sr. Mn is 
a common impurity resulting in purple coloration of stones 
such as kunzite or some sugilites, but it was not detected 
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Figure 13. Polarized UV-Vis spectra of the cushion-cut 
scapolite (shown here in the cushion) displayed Fe-re- 
lated absorption at approximately 550 nm, which is 
responsible for the purple color of these specimens. 


in these specimens. On the basis of absorption spectra and 
elemental analysis, the purple color of these scapolites ap- 
pears to be caused exclusively by an Fe impurity. 

Purple scapolite is known from many localities such as 
Myanmar, Tanzania, and Tajikistan, but the client did not 
know the source of these stones. Although we have seen 
many purple to violet scapolites in the past, these speci- 
mens were different because of their brown color compo- 
nent, reminiscent of spinel. 


Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


SYNTHETICS AND SIMULANTS 


Synthetic sapphire with diffusion-induced color and star. 
The Dubai Central Laboratory recently examined an aster- 
iated blue oval cabochon that weighed 24.58 ct and meas- 
ured 17.37 x 14.61 x 9.59 mm. The client submitted the 
sample for an identification report and origin determination. 

The cabochon appeared to be completely transparent, 
evenly colored, and clean. Fiber-optic lighting revealed two 
sharp, six-rayed white stars with long, straight arms of 


Figure 12. The scapolite 
specimens displayed in- 
tense dichroism (shown 
here in the cushion), 
with a deep saturated 
purple along the o-ray 
(left) and pale purple 
along the e-ray (right). 
Photos by Gagan 
Choudhary. 
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Figure 14. This 24.58 ct star cabochon was a colorless 
synthetic sapphire whose color and star had been in- 
duced by diffusion treatment. Photo by Sutas 
Singbamroong. 


equal length. The stars seemed to float over the dome sur- 
face with internal reflection from the base, very similar to 
those typically seen in synthetic star sapphires (figure 14). 

Standard gemological testing established the following 
properties: spot RI—1.76; pleochroism—distinct light 
green and bluish violet (viewed parallel to the girdle); hy- 
drostatic SG—3.98; and fluorescence—inert to both long- 
and short-wave UV radiation. No characteristic absorption 
spectrum was seen with a desk-model spectroscope; a faint 


Figure 15. Immersed in water and viewed with dif- 
fused transmitted light, the star cabochon showed 
shallow coloration with a colorless circular area of re- 
polishing. This feature, along with the melted appear- 
ance of the base, indicated that the color and 
asterism had been produced by a diffusion process. 
Photo by Sutas Singbamroong. 
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Figure 16. Very fine oriented needle-like inclusions 
causing the star were confined to a shallow layer 
below the surface. Photomicrograph by Sutas 
Singbamroong, magnified 25x. 


absorption band was observed at about 560 nm. These 
properties were consistent with sapphire, though the sam- 
ple did not show the Fe line at 450 nm commonly seen in 
natural blue sapphire. Observation of the cabochon im- 
mersed in water with diffused transmitted light revealed 
shallow coloration and a colorless circular area of repolish- 
ing (figure 15). This suggested that the specimen owed its 
color to a diffusion process. The melted appearance of the 
cabochon’s base confirmed that it had been subjected to 
the heat required for diffusion treatment. Microscopic ex- 
amination showed only a few small melted fingerprint-like 
inclusions near the surface, and very fine oriented needle- 
like inclusions confined to a shallow layer below the sur- 
face (figure 16). No curved color banding or angular color 
zoning was present. Higher magnification indicated that 
the oriented needles were approximately 5-25 microns 
long. Further examination with immersion in methylene 
iodide between crossed polarizers, viewing parallel to the 
optic axis direction, uncovered the distinct Plato lines 
strongly indicative of Verneuil synthetic origin. 
EDXREF chemical analysis revealed traces of Ti, Fe, and 
V;, no Ga, Cr, or other trace elements were detected. Un- 
oriented UV-Vis-NIR absorption spectroscopy showed two 
broad bands, one centered at about 330 nm due to Fe* ions, 
and one with maxima at about 565 nm due to Fe”*-Ti* in- 
tervalence charge transfer (figure 17). No Fe**-related sharp 
bands at approximately 375, 390, and 450 nm were seen. 
This combination of properties and features indicated 
that colorless synthetic sapphire was used as a starting ma- 
terial, and both the color and the asterism were produced 
by a diffusion process. 
Sutas Singbamroong (sssutas@dm.gov.ae), 
Nazar Ahmed, and Nahla Al Muhairi 
Gemstone Unit, Dubai Central Laboratory 
Dubai, United Arab Emirates 
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Figure 17. An unoriented UV-Vis-NIR spectrum of the 
diffusion-induced star synthetic sapphire exhibited 
two broad bands centered at about 330 and 565 nm, 
the latter of which is typically responsible for sap- 
phire color. 


TREATMENTS 


Blue chalcedony partially filled with epoxy resin. Blue 
chalcedony is one of Taiwan’s most famous stones; there, 
high-quality blue chalcedony is sometimes prized as much 
as jadeite jade. Compared with production from sources 
such as the United States, Indonesia, Peru, Mexico, and 
Chile, chalcedony from DuLan Mountain in Taitung, in 
southeast Taiwan, reveals fine texture and a saturated blue 
color. Locals and tourists collect the stone as it symbolizes 
the national spirit, and its value seems to rise year after 
year. 

Local merchants often sell blue chalcedony under the 
name “Taiwanese blue sapphire,” leading to confusion 
among consumers who believe they are purchasing sap- 


Figure 18. The eye-catching carving weighing 18.43 ct 
and measuring 31.7 x 15.7 x 7.6 mm, submitted for 
identification as blue chalcedony. Photo by Larry Tai- 
An Lai. 


phire. Imitations and treatments are also of concern in the 
market, with blue opal the most likely imitation to con- 
fuse would-be purchasers at first glance. Dyed quartzite 
and dyed chalcedony also rank among the more common 
imitations encountered. 

The Lai Tai-An Gem Lab in Taipei recently received for 
identification an 18.43 ct carving measuring 31.7 x 15.7 x 
7.6 mm (figure 18). The client claimed the uneven blue and 
brown translucent item was blue chalcedony. The spot RI 
of 1.53, SG of 2.55, and FTIR results were consistent with 
published values for blue chalcedony. Raman peaks at 120, 
196, 461, and 499 cm (figure 19) confirmed the identity 
but displayed additional peaks not related to blue chal- 


Figure 19. Raman peaks at 120, 196, 461, and 499 cm matched the pattern expected for blue chalcedony. 
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Figure 20. The blue chalcedony’s Raman peaks at 638, 821, 1111, and 1607 cm™ matched those expected for epoxy 


resin. 


cedony (figure 20). Examination with a gemological micro- 
scope at 40x magnification, which was increased in incre- 
ments up to 60x, revealed a structure consistent with blue 
chalcedony but also explained the source of the suspicious 
Raman peaks: numerous clear bubbles of different sizes at 
the border of the blue- and brown-colored areas, as seen in 
figures 21 and 22. The evidence pointed to an epoxy resin 
as the foreign material; a moderate blue reaction under 
long-wave UV seemed to confirm a partially filled portion 
on the carving. Additional Raman analysis on the area in 
question showed peaks at 638, 821, 1111, and 1607 cm" 
(again, see figure 20), as expected for epoxy resin. 

In our experience, blue chalcedony is seldom treated, 
and such treatment is usually applied to repair or conceal 


Figure 21. Numerous transparent bubbles of different 
sizes were visible within a treated portion of the blue 
chalcedony carving at the border of the blue and brown 
areas. Photo by Larry Tai-An Lai; inset magnified 60x. 
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cavities or fractures. Even when a filling is only partial, as 
in this example, traders should disclose any treatments to 
their clients. 


Larry Tai-An Lai (service@laitaian.com.tw) 
Lai Tai-An Gem Laboratory, Taipei 


An unusual filled ruby. A 12.12 ct corner-cut rectangular red 
stone (figure 23) was submitted to the Laboratoire Frangais 
de Gemmologie (LFG) for analysis. The sample’s refractive 
index, specific gravity, and Raman spectrum confirmed its 
identity as a ruby. It fluoresced a medium to strong red in 
long-wave UV radiation, and a weaker red in short-wave UV. 
Under magnification, it showed fairly dense accumulations 
of long needles, some of them rather flat and most of them 
iridescent (figure 24). Many parallel twin lamellae crossed 
the gem (figure 25). There was no indication of thermal en- 
hancement. The inclusions and chemical composition were 
consistent with ruby from Myanmar. 


Figure 22. The epoxy resin area as seen through a 
gemological microscope. Photo by Larry Tai-An Lai; 
magnified 40x. 
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eatly student of the G.I.A. and the third 
person to receive the title of Certified Gem- 
ologist. Having been in the retail jewelry 
business for more than half a century, he 
is a well-known authority and has always 
worked faithfully for any movement or 
cause which would bring benefit and ad- 
vancement to the industry. 
PARTNERSHIP DISSOLVED 

In 1942 the Gemological Institute of 
America, which until that time had been 
financed and legally operated by Robert and 
Beatrice Shipley as a partnership, was 
organized as a corporation. Throughout 
these years the business had been conducted 
on a non-profit basis, the Shipleys with- 
drawing only nominal salaries and a reas- 
onable interest on their investment. At the 
time of incorporation they had been able 
to recover most of their original investment. 
Articles of incorporation provided that the 
G.LA. continue to operate as a non-profit 
institution, supervised by a Board of Gov- 
ernors, and that income be spent only for 
salaries, research, and other operating 
expenses. 

At last Robert M. Shipley’s ambition to 
develop a successful educational organiza- 
tion for the benefit of the jewelry trade was 
accomplished. It had been his belief from 
the first that such an institution should be 
owned and controlled by the industry. 
Accordingly, July 1, 1943, the corporation, 
together with its valuable physical assets, 
copyrights, trade marks, and good will was 
transferred. to the industry. 

Acquirement papers provided that Ship- 
ley remain as Director of the Institute, but 
be permitted to retire or to engage in a 
mote profitable activity when he had trained 
a successor. At the annual spring meeting 
of the Board in 1948 he announced his 
plan to retire in December, 1951. 

SOURCES OF INCOME 

As an educational institution, the Gemo- 
logical Institute of America depends today 
upon income from its courses, small com- 
missions on instruments, and nominal 
yearly dues from its Sustaining or Library 
Members. 


e H. Paul Juergens 


To insure the perpetuity of the Gemo- 
logical Institute, an Endowment Fund was 
contributed by graduates and students as 
well as other interested representatives in 
the trade. In 1943 the nucleus of this fund 
had reached approximately $50,000 and 
was presented to the Institute. The fund 
has now increased to more than $100,000. 

BOOKS PUBLISHED BY GLA. 

Soon it became evident that books other 
than those available were needed and the 
Gemological Institute prepared and pub- 
lished such books. These include Famous 
Diamonds of the World, Jewelers Pocket 
Reference Book, and Dictionary of Gems 
and Gemology by Robert M. Shipley; The 
Story of Diamonds by Austin and Mercer, 
revised and supplemented by Shipley with 
an additional chapter by P. Grodzinski; 
Handbook of Gem Identification by Richard 
T. Liddicoat, Jr.; Introductory Gemology 
by Robert Webster, edited for American 
use by Virginia Hinton; as well as A Ro- 
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Figure 23. This 12.12 ct red stone showed features 
typically associated with a natural ruby. Photo by A. 
Droux/LFG. 


Many fractures were apparent, with smaller ones fol- 
lowing the twin lamellae. Examining the surface of the fis- 
sure, it became apparent that some material was present 
inside the fractures, and in some locations had left a 
whitish trace in the fracture close to the surface. Deeper 
within the fractures there were flat bubbles and networks 
of cracks similar to those seen in drying mud, with a some- 
what dendritic aspect. 


Figure 24. Dense accumulations of iridescent needles 
were visible within the red stone. Photomicrograph 
by A. Droux/LFG; magnified 50x. 
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Figure 25. Contrasted twin lamellae in this ruby are 
similar to those often observed in material from 
Myanmar. Photomicrograph by A. Droux/LFG; mag- 
nified 60x. 


These same patterns were observed with the drying of 
oil in emerald (H. Hanni, “Gemmology, an oil well in your 
garden?” Schweizer Uhren # Schmuck Journal, No. 3, 
1988, pp. 461-464; H. Hanni et al., “How to identify fillings 
in emeralds using Raman spectroscopy,” Jewellery News 
Asia, No. 145, 1996, pp. 154-156). Under the heat of the op- 
tical fiber used for observation, some droplets formed at the 
outcrop of the fissure, indicating that the material was either 
liquid or had a melting point just above room temperature, 
suggesting that the filler could be either oil or wax. 

Exposure to the ultra-short UV wavelength of the Dia- 
mondView revealed the filling material inside the fractures 
(figure 26). Infrared absorption confirmed the presence of an 
organic material in the fractures (figure 27). “Oil” peaks at 
about 2852, 2925, and 2955 cm were at positions nearly 
identical to those observed for oil-impregnated emerald (P. 
Zecchini and P. Maitrallet, “Que peut apporter la spectro- 
graphie infrarouge dans 1’étude des émeraudes?” In D. Giard, 
Ed., L’émeraude: Connaissances Actuelles et Prospectives, 
Association Francaise de Gemmologie, Paris, 1998, pp. 81- 
96; M. Johnson et al., “On the identification of various emer- 
ald filling substances,” Summer 1999 G&G, 82-107). The 
peaks were accompanied by sharp features around 3600- 
3700 cnr", attributed to kaolinite group minerals (A. Beran 
and G. Rossman, “OH in naturally occurring corundum,” 
European Journal of Mineralogy, Vol. 18, 2006, pp. 441-447). 
The band at 2463 cm was produced by CO,,. 

On the basis of microscopic observation and infrared 
spectroscopy, we concluded that the ruby showed mod- 
erate indications of clarity enhancement—with oil, in 
this case. Although glass-filled rubies are common on the 
market today, oiled corundum is much rarer. This oiled 
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Figure 26. DiamondView imaging of the ruby showed 
the filling of fractures. Image by A. Droux/LFG. 


ruby was also unusual for its size and evidently Burmese 
origin. 

Alexandre Droux (a.droux@bjop.fr) 

Laboratoire Francais de Gemmologie (LFG), Paris 


Emmanuel Fritsch 


Unusual combination of inclusions in synthetic star sap- 
phire. Recently, an 8.975 ct blue oval cabochon exhibiting 
asterism (figure 28) was submitted to the Indian Gemolog- 
ical Institute - Gem Testing Laboratory in Delhi for iden- 
tification. Standard gemological testing revealed a spot RI 
of 1.76 and hydrostatic SG of 4.00. These properties were 
consistent with sapphire. 

Microscopic examination at 25x magnification showed 
three-directional “needles” intersecting at 60°/120° angles 
(figure 29). Under 60x magnification, the three-directional 


Figure 27. Infrared spectrum of the ruby showing the 
same absorptions as for the filling of some emeralds. 
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Figure 28. This 8.975 ct specimen was identified as 
synthetic star sapphire. Photo by Pragati Verma. 


needles appeared as a series of dots. The expected solid ru- 
tile needles were not resolved at the magnification used. 
These three-directional needles were further surrounded 
by a coarse hexagonal boundary (again, see figure 29) made 
up of gas bubbles (figure 30, left). The presence of the 
hexagonal boundary initially led to an impression of natu- 
ral origin, but the presence of gas bubbles and chalky blue 
fluorescence under SWUV confirmed a synthetic origin. 
These three-directional needles (series of dots intersecting 
at 60°/120° angles) with possibly unresolved rutile needles 
are responsible for the six-rayed asterism. When the stone 
was checked in the DiamondView, it showed a dark blue 
ring around the gas bubbles (figure 30, right). This was the 
first time this author had seen such a reaction to gas bub- 
bles in a synthetic material in the DiamondView. 


Figure 29. Three-directional needles intersecting at 
60°/120° angles. Also notice the coarse hexagonal 
boundary created by the gas bubbles surrounding the 
three-directional needles. Photomicrograph by 
Meenakshi Chauhan; field of view 11.30 mm. 
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Figure 30. Left: Gas bubbles appearing as whitish dots under 50x magnification. Right: DiamondView imaging of 
the gas bubbles. Notice the dark blue areas visible around the gas bubbles, which were inert to UV. This may indi- 
cate compositional variation where the whitish and dark areas are visible in the left-hand image. Photomicro- 
graph and DiamondView image by Pragati Verma. 


The three-directional intersecting needles that give rise 
to asterism in synthetic sapphire are a by-product of the ti- 
tanium oxide added in the feed material for crystal growth. 
As mentioned above, the three-directional needles observed 
here were actually resolved microscopically as a series of 
dots, and the expected rutile needles were not observed. 
After growth, the boule was likely reheated, causing the 
previously disseminated titanium oxide to precipitate out 
as needles of rutile (R. Webster, Gems: Their Sources, De- 
scriptions and Identification, 5th ed., rev. by P.G. Read, 
Butterworth-Heinemann, Oxford, UK). 

When the sample was viewed in transmitted light, it 
appeared transparent in the center but translucent from 
the sides, resembling an eye (figure 31). No gas bubbles 
were visible in the center of the cabochon, but there were 
increasingly higher concentrations of gas bubbles toward 
the edges. Under SWUV, this material showed chalky blue 


Figure 31. Under fiber-optic light, the material 
showed an eye-like pattern, with a pink and transpar- 
ent center and blue and translucent sides. Also notice 
the hexagonal boundary made from the gas bubbles. 
Photomicrograph by Pragati Verma; field of view 
22.94 mm. 
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fluorescence confined to the central transparent part. Such 
hexagonal patterns were previously reported in synthetic 
sapphire in G@G (Summer 2007 GNI, pp. 177-178). While 
observing any stone, one must not consider a single inclu- 
sion or characteristic, such as the hexagonal boundary ob- 
served here, as an indicator of natural or synthetic origin. 
There must be a thorough examination of all inclusions 
and properties (in this case, gas bubbles and chalky blue 
fluorescence under SWUV) to conclude the origin of a ma- 
terial. 
Pragati Verma (igi@gjepcindia.com) 
Indian Gemological Institute — 
Gem Testing Laboratory, Delhi 


Diamond slices. Gem and mineral slices were very popular 
at this year’s Tucson shows, with opaque, translucent, 
clear, included, rough-edged, and finely shaped slices found 
in every color and price point. Materials such as fossilized 
coral, rutilated quartz, lacy agates, labradorite, chalcedony, 
watermelon tourmaline, sapphire, and diamond were on 
display. A wide variety of sizes were available as well, with 
pieces measuring several centimeters in diameter finding 
their way into dramatic necklaces, while some high-end 
jewelry and collector pieces used extremely thin and small 
gem slices. 

Notably, the third-place winner in the bridal category 
of the 2015 AGTA Spectrum Awards was a pair of plat- 
inum and diamond earrings designed by Michael Endlich, 
featuring three pairs of diamond slices in addition to sev- 
eral pavé-set diamonds (figure 32). Endlich finds this gem 
material unusual, exciting, and subtle. Most of his clients 
have never seen these slices and are fascinated once they 
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Figure 32. These AGTA Spectrum Award-winning 
earrings, designed by Michael Endlich, incorporate 
three matched pairs of diamond slices totaling 7.07 
carats into a platinum setting. Photo courtesy of 
Michael Endlich. 


realize they are looking at diamonds. He goes through 
thousands of slices to select those he will incorporate into 
pieces. He particularly likes slices with patterns, such as 
concentric squares. This material is relatively new to the 
marketplace, and he first came upon it six years ago. Even 
though more diamond dealers offer them today, few slices 
have the distinct patterns Endlich looks for. 

At the GJX show, Punya Malpani (Dynamic Interna- 
tional, Hong Kong) discussed the diamond slice market 
with us and shared some particularly eye-catching and rare 
examples. He noted that the price of these goods has gone 
up approximately 20x in the past decade, as jewelry design- 
ers continue to go beyond traditional faceted gem shapes. 
There is also a strong collectors’ market for this material, 


Figure 33. The three-rayed “trapiche” pattern is 
found in less than 0.1% of diamond slices, and 
rarely is it so distinct. The collection of nine slices, 
including these four samples, took years to assem- 
ble. Photo by Jennifer Stone-Sundberg, courtesy of 


Dynamic International. 
~N 
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Figure 34. These two large colorless diamond slices 
from the same piece of rough show dramatic pat- 
terning. Photo by Duncan Pay, courtesy of Dynamic 
International. 


as the unique nature of each piece adds to its appeal. In fact, 
there are very few larger slices of diamond in the market- 
place, because the outer “skin” from the rough material 
was generally discarded before this niche market was iden- 
tified. Unlike faceted diamonds, inclusions increase the 
value of slices, especially if they are unusual, striking, and 
highlight growth patterns. 

Diamond slices today are mainly cut by laser and can 
vary widely in diameter and thickness, though diameters 
greater than one centimeter are difficult to come by, as 
rough in that size is much rarer. Many slices are slightly 
faceted to add some sparkle to the finished piece. Most of 
the diamond slices maintain the rough outline, as this can 
add to the appeal, but some are shaped into fanciful and 
matched sizes such as the “snowflakes” Malpani showed 
us. 

Three-rayed “trapiche” diamond slices are among the 
most scarce and striking, as they contain a recognizable ra- 
diation-symbol pattern (figure 33). These are only found 
about once in a couple of thousand slices, and even then it 
is rare to find distinct coloring. The collection shown in 
the photo took years to assemble. 

Malpani’s most prized slices are the matched pair of 
large colorless diamond slices with dramatic white pattern- 
ing (figure 34). These two pieces, separated from a skin cut 
of a large piece of rough, date back about 20 years. This is 
unusual, as such slices were not retained in the past. 

It appears that the use of gem slices in jewelry has pen- 
etrated the high-end market. Since diamond is clearly a 
prominent material capitalizing on this gem “cut” with 
natural appeal, we can expect this trend to continue. 

Jennifer Stone-Sundberg 
(jennifer@crystal-solutions.net) 
Portland, Oregon 


Large Namibian demantoid garnet. At the GJX show, Ste- 
fan Reif (Tsuen Wan, N.T., Hong Kong), showed us an 11.63 
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ct round brilliant demantoid garnet. It was an exceptional 
stone of intense vibrant green with a touch of blue (figure 
35, second from the left). According to Reif, the original 
rough weighed approximately 46 ct—about 9 grams—mak- 
ing the yield a little over 25%. This is an exceptionally 
large gem for Namibia’s Green Dragon mine, where the 
bulk of production is suitable for small calibrated gems. 

Namibian demantoid was first discovered in the 1990s 
(Fall 1997 GNI, pp. 222-223). The current production came 
from an open-pit, hard rock mine with an annual production 
between 5,000 and 10,000 carats. According to Reif, the local 
geology includes marble, pegmatite, and rhyolite. The dis- 
tribution of demantoid pockets within these rocks is irreg- 
ular and difficult to predict. Beside the geological challenges, 
water is scarce, and temperature extremes range from freez- 
ing at night to baking desert heat in the daytime. 

The Green Dragon mine is renowned for its production 
of well-proportioned rough. This material is suitable for 
cutting smaller gems into 2-3 mm sizes in a range of colors 
from slightly bluish green (top color) through “lemongrass” 
green to greenish yellows and reddish browns. These are 
used for precision-cut calibrated and melee-sized goods 
placed as accent stones in high-end jewelry. Most of the 
cutting is done in Thailand, and the yield is approximately 
10% due to the desire for well-proportioned cut gems. Be- 
sides precision-cut demantoid and andradite garnet in cal- 
ibrated sizes, Reif also cuts to higher tolerances for the 
watch industry, producing 3 x 2 mm tapered baguettes for 
watch bezels. 

Even in these small sizes, well-cut gems display high 
luster and very distinct fire, making them an excellent vi- 
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Figure 35. This selection of andradite garnet from 
Namibia’s Green Dragon mine includes an 11.63 ct 
demantoid round brilliant, an unusually large stone 
for this source. Photo by Robert Weldon/GIA, cour- 
tesy of Green Dragon mine. 


sual alternative to diamond. Rough suitable for gems of 6.0 
mm (about 1 ct) is much rarer, but material for larger gems 
does come up once in a while. 


Duncan Pay (dpay@gia.edu) 
GIA, Carlsbad 


Green nephrite jade attracts buyers in Tucson. The Jade 
West Group, a leading nephrite jade company in North 
America for the past 30 years, drew many buyers at their 
2015 GJX booth. Prized in Chinese culture for over 5,000 
years, nephrite regained its momentum in the domestic 
Chinese market after the 2008 Beijing Olympics, when it 


Figure 36. This photo 
shows half of the Polar 
Pride jade boulder dis- 
covered at the Polar 
jade mine in British 
Columbia. The original 
boulder weighed 18 
tons. Courtesy of Jade 
West Group. 
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Figure 37. This strand of 41 nephrite beads is com- 
prised of material from the Polar mine. Photo by 
Robert Weldon, courtesy of Jade West Group. 


was used in the gold, silver, and bronze medals. At the 
same time, the Chinese government launched a campaign 
promoting the significance of nephrite jade in the country’s 
history. This reignited the love of nephrite among the Chi- 
nese people, and the increasing demand and price drove a 
new Canadian jade rush in northern British Columbia (BC). 

A tectonic belt running from Alaska through BC to Mex- 
ico favored the formation of nephrite. Tectonic and litholog- 
ical contacts are the predominant ore body controls. BC has 
more than 50 known nephrite deposits, distributed mainly 
along tectonic inclusions of country rocks, dikes, and mafic 
rock layers within serpentinites, or along the contact be- 
tween serpentinite and the wall rocks. This formation is 
very similar to other green nephrite occurrences all over the 
world. Nephrite is found both in situ and as boulders; the 
Polar Pride boulder, found in BC’s Polar mine, is a well- 
known example of the latter (figure 36). 

Nephrite boulders are the products of erosion from the 
last ice age. They are usually drilled or sawed to test the 
quality, and only the good-quality material is transported 
for sale. While some of today’s nephrite is from boulders, 
primary deposits supply the bulk of BC’s production. This 
is partially due to the lack of high-quality boulders; how- 
ever, the growing demand and price for nephrite also make 
it profitable to mine the primary deposits. 

According to Kirk Makepeace, president of Jade West 
Group, the price of jewelry-grade jade from BC (figure 37) 
experienced at least a tenfold increase from a decade ago. 
Before 2008, top-quality nephrite from BC sold for about 
$20 a kilo; equivalent stones now range from $200 to 
$2,000 a kilo. 

The annual production of BC nephrite jade is about 400 
tons. Most of the output comes from four active mines; to- 
gether, they produce about three-quarters of the world’s 
high-quality green nephrite. Of these four, Jade West oper- 
ates the Polar, Ogden, and Kutcho jade mines. Jade West 
also deals with material from Wyoming and Siberia. Over 
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Figure 38. This Canadian jade fish hook pendant fea- 
tures a piece of nephrite from the Kutcho mine. This 
is one of the styles Jade West has customized for the 
North American market. Photo by Robert 
Weldon/GIA, courtesy of Jade West Group. 


the last 10 years, approximately 90% of the company’s BC 
production was exported to mainland China; the remain- 
ing 10% was sent to Taiwan, Vietnam, and Thailand. 

Jade West sends almost all of its rough nephrite to 
Guangdong for carving and jewelry manufacturing, with 
designs customized for different markets (figure 38). In ad- 
dition to traditional carvings and jewelry, there is demand 
from Southeast Asian countries for giant Buddha statues 
and from Western countries for home decor. This demand 
leads Mr. Makepeace to be very optimistic about the future 
of BC nephrite. 


Tao Hsu (thsu@gia.edu) 
GIA, Carlsbad 


Baroque pearls. Several vendors at this year’s Tucson gem 
shows, including AGTA and GJX, carried baroque pearls 
in an assortment of colors, sizes, and qualities. A common 
request from buyers was for pairs in larger sizes. The in- 
creased availability of less-expensive, quickly produced 
freshwater baroque cultured pearls from China in a wide 
range of sizes has had a noticeable impact on the market, 
as more designers are experimenting with them and more 
consumers are seeking them out. At the same time, sizable 
high-quality baroque pearls from the Philippines and Aus- 
tralia, particularly golden pearls, are becoming harder to 


Gems & GEMOLOGY SUMMER 2015 


Figure 39. This hummingbird brooch features a 20.0 
mum silver pink baroque pearl. It is surrounded by 319 
diamonds (2.54 carats total), with a single 0.03 ct 
ruby eye mounted in 18K white gold. Photo by Robert 
Weldon/GIA, courtesy of Ron Greenidge and Emiko 
Pearls International. 


find, as noted by AGTA exhibitor Ron Greenidge (Emiko 
Pearls International, Bellevue, Washington). 

Emiko Pearls, founded in 1980, specializes in large and 
unusual classic and baroque pearls of gem and near-gem 


Figure 40. The whimsical design of this octopus 
brooch accentuates the 17.3 mm gray baroque Tahit- 
ian cultured pearl set in black-plated 18K gold. Also 
featured are 374 black diamonds totaling 3.78 carats, 
26 yellow diamonds totaling 0.33 carats, and 169 
white diamonds totaling 1.64 carats. Photo by Robert 
Weldon/GIA, courtesy of Ron Greenidge and Emiko 
Pearls International. 


Gem News INTERNATIONAL 


Figure 41. This brooch depicting four swallows con- 
tains two golden “keshi” cultured pearls from the 
Philippines and two silver blue Australian South Sea 
keshi, ranging from 9 to 11 mm. They are sur- 
rounded by 211 yellow diamonds totaling 1.70 
carats, 170 white diamonds totaling 1.23 carats, and 
eight ruby eyes totaling 0.28 carats, all set in white 
and yellow 18K gold. Photo by Robert Weldon/GIA, 
courtesy of Ron Greenidge and Emiko Pearls Inter- 
national. 


quality, namely South Sea, Tahitian, and “keshi” cultured 
pearls in golden, silver blue, gray, and pink hues. Greenidge 
showed us several examples of handmade jewelry that 
maximized the potential of exceptional baroque cultured 
pearls, particularly “jumbo” baroques in the 20-22 mm 
range. In response to market conditions, Emiko has transi- 
tioned over the past decade from offering loose pearls to al- 
most exclusively producing finished goods. 

Greenidge’s love of jewelry, paired with the increasing 
scarcity of high-quality larger pearls, has led the company 
to make one-of-a-kind pieces that showcase the uniqueness 
of individual pearls. Instead of finding pearls to place into 
existing jewelry, the firm designs jewelry around the pearl. 
The results are exquisite with whimsical and natural qual- 
ities, as seen in their hummingbird and octopus brooches 
(figures 39 and 40). Each piece is hand-welded from 18K gold, 
with diamonds and other precious stones added. The pieces, 
which take several months to create, are sought by clients 
in Asia and Europe (particularly China, Thailand, and Italy). 
High-end stores with one or two locations are the primary 
buyers, as Emiko does not mass-produce any of its designs. 
The swallow pin in figure 41, complete with forked tails, 
uses multiple keshi cultured pearls in two tones with 
matching diamond and gold colors. 

As the consumption of pearls, including large baroque 
cultured material, increases with greater availability of 
lower-priced goods, expect to see other suppliers of high- 
quality pearls strive to differentiate themselves as Emiko 
has done. 


Jennifer Stone-Sundberg 
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Figure 42. The Namya mining area is about 300 km 
north of Mogok. Namya, Mogok, and Mong Hsu to- 
gether form a “ruby triangle” in northern Myanmar, 
as these three locations have produced high-quality 
ruby. Adapted from R. Hughes, Ruby & Sapphire: A 
Collector’s Guide, 2014, Gem and Jewelry Institute of 
Thailand, Bangkok, p. 132. 


Crimson Prince ruby from Namya. Mogok, Myanmar is 
considered the source of the finest rubies on Earth. In 2000, 
an exciting new ruby discovery was made in Namya, lo- 
cated in the Kachin state approximately 300 km north of 
Mogok and east of the jade mine at Hpakant (figure 42). 
While known mostly for its vibrant pink and red spinels, 
Namya also produces fine rubies, typically of medium sat- 
uration. Due to the remarkably similar geology of the two 
deposits, it is often impossible to separate Mogok rubies 
from Namya material. 

In the spring of 2014, a rough stone with strong red 
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Figure 43. The 3.32 ct Crimson Prince ruby was cut 
from a 1.2 gram rough. Both the color and the clarity 
make this stone extremely rare. Photo by Robert Wel- 
don/GIA, courtesy of Jeffery Bergman. 


color and unusually fine clarity weighing approximately 
1.2 grams was discovered in Namya. The stone was en- 
trusted to a skilled and experienced ruby cutter, who fin- 
ished it as a 3.32 ct roundish cushion measuring 7.99 mm 
in diameter (figure 43). The color, clarity, and cutting are 
so unusual for a ruby that on initial casual observation, 
most experts have mistaken it for a spinel. 

In December 2014, Richard Hughes of Lotus Gemology 
examined the stone, commenting on its “pigeon’s blood” 
color. Additionally, he remarked that its clarity was “ex- 
traordinary,” mentioning that only “a light dusting of silk 
is evenly distributed across the stone” and noting that it 
was “obvious that the lapidary took great care in its fash- 
ioning, befitting a gem of such high value....” 

This exceptional ruby deserved a befitting name. Sev- 
eral ideas were put forward; calling it a “King” seemed 
grandiose, and it was too vividly saturated to be a 


Figure 44, Excavators and a washing plant on Gem 
Mountain process gravel for sapphire recovery. Photo 
by Warren Boyd. 
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Figure 45. A trench on Gem Mountain showing the 
sapphire-rich colluvium on the hilltops between the 
previously worked gulches. Photo by Keith Barron. 


“Princess.” In March 2015, the Crimson Prince ruby found 

a fitting new home at a prestigious haute joaillerie on Place 
Vend6éme in Paris. 

Jeffery Bergman (jeffery@primagem.com) 

PrimaGem, Bangkok 


Update on Rock Creek Sapphire deposit. Recently, Montana- 
based Potentate Mining LLC secured approximately 3,000 
acres of sapphire-bearing ground covering the famous Rock 
Creek district, including the Gem Mountain mine near 
Philipsburg, Montana. Since the discovery of these sap- 


Figure 46. A selected assortment of unheated rough 
sapphires from the Rock Creek deposit, ranging from 
0.50 to 17 ct. Photo by Warren Boyd. 
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phire deposits in the 1890s, this is the first time that one 
company has consolidated such a large land position, en- 
compassing the old alluvial sites as well as the area on the 
hills in between these old workings (figure 44). Potentate 
has assembled a team of highly experienced placer miners, 
geologists, mining engineers, and heavy equipment opera- 
tors to recover and process the sapphires from this mine. 

The Rock Creek deposits occur in debris flow, collu- 
vium, and secondary alluvial deposits (figure 45). Although 
the bedrock for these deposits has not yet been defined, Po- 
tentate plans further geological mapping and geophysical 
surveys in the near future to uncover these sources. 

To date, the rough sapphires recovered from the bulk 
sampling pits range in size from 0.25 ct to over 20 ct. Ap- 
proximately 15% of this rough occurs naturally in mar- 
ketable colors, including pink, orange, orange-pink, 
lavender, golden yellow, blue-green and green, and fine blue 
(figure 46). A substantial percentage of the remaining rough 
responds very well to heat treatment technologies that im- 
prove clarity and turn greenish and grayish rough to desir- 
able colors such as blue, orange, yellow, pink, and 
parti-color. 

The high-grade concentration of the sapphires recov- 
ered from the various test pits, and the substantial inferred 
rough sapphire resource on Gem Mountain, indicate that 
Potentate would be able to provide a long-term, consistent 
supply of sapphire rough to the global market (figure 47). 


Figure 47. A selection of natural and heat-treated 
Rock Creek sapphire ranging from 0.50 to 4.70 ct. 
Photo by Jeff Scovil. 
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Figure 48. A unique parti-color Brazilian tourmaline 
necklace with a total weight of 961 carats. Photo by 
Duncan Pay/GIA, courtesy of Atlas Gemstones, Inc. 


Potentate would be the only large-volume source for the 
Rock Creek sapphires. The company is developing a mar- 
keting strategy that would provide sustainable supply 
chain guarantees to their clients. These clients, including 
wholesale gemstone cutters, polishers, and fine jewelry re- 
tailers, would in turn be able to provide guarantees of ori- 
gin and the presence (or absence) of any heat treatment to 
their consumers. 


Warren Boyd (warren@potentatemining.com) 


Keith Barron 
Potentate Mining, LLC 
Philipsburg, Montana 


Unique tourmaline necklace. At the AGTA show, Anna 
Jankowiak (Atlas Gemstones Inc., Toronto) showed us a 
unique 961 ct parti-color tourmaline necklace and clasp 
(figure 48). This piece, which Ms. Jankowiak said she pur- 
chased in India, was reportedly cut from a single large, slen- 
der Brazilian tourmaline crystal reportedly mined within 
the last three years. The cutter tried to salvage as much of 
the material as possible by slicing down the crystal’s 
length. This produced large flattened sections with 
rounded edges that showed alternating green and pink 
color zoning down their lengths. The zoning was strong, 
neat, and “tight.” This was in contrast to many of the 
parti-color tourmaline crystal slices we saw at the show, 
which were sliced perpendicular to their lengths to show 
the typical concentric “watermelon” zoning. 


Duncan Pay 


CONFERENCE REPORTS 


Maine pegmatite workshop. The 2015 Maine pegmatite 
workshop took place at the Poland mining camp, May 29- 
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June 6. As readers know, many important colored gem- 
stones including tourmaline, beryl, topaz, garnet, quartz, 
and spodumene are mined worldwide from pegmatites, and 
these rocks are the source for most fine gem crystals. 
Maine pegmatites have been mined for many decades 
(some back as far as the 1820s) and are renowned for their 
fine tourmaline, beryl, and quartz crystals. The workshop’s 
website is at pegworkshop.com. 

The workshop is conducted by Dr. William “Skip” 
Simmons, Dr. Karen Webber, and Alexander Falster—all 
formerly of the University of New Orleans—and Ray 
Sprague, a local pegmatite miner. Simmons, Weber, and 
Falster were the core of the university’s mineralogy, petrol- 
ogy, and pegmatology (“MP?”) research group. Following 
the closure of the university’s mineralogy department, they 
relocated to the new Maine Mineral and Gem Museum in 
Bethel (www.mainemineralgemmuseum.org). 

The workshop has taken place annually since 2001. 
The 2015 workshop had a total of 26 attendees, including 
six undergraduate mineralogy students from University of 
New Orleans, one postgraduate mineralogy student from 
the University of the Basque Country (Bilbao, Spain), a 
well-known mineral dealer, a variety of mineral collectors, 
and interested members of the public. 

The workshop is structured with morning presenta- 
tions and lectures, followed by excursions to mines and 
quarries in the afternoon. Given the breadth of participants 
(rockhounds from mineral clubs, undergraduate and grad- 
uate geology students, mineral dealers, gemologists, and 
PhD-level researchers), the content varied from introduc- 
tory to quite complex—and sometimes contentious— top- 
ics, such as pegmatite genesis (fractional crystallization 
from granite vs. anatexis) and crystallization time. In par- 
ticular, the relationship of pegmatites to tectonic settings 
was well explored, as was the current consensus on cooling 
time and the formation of large crystals. Nonetheless, the 
presenters did an excellent job and encouraged plenty of 
debate. Some of the best questions came from the mineral 
collectors in the group, many of whom have visited these 
quarries repeatedly. 

The selection of field excursions (figures 49 and 50) 
varies from year to year and is dependent on which mines 
are available or being worked at the time. This year’s des- 
tinations included the following quarries: Western Mount 
Apatite, Tamminen, Waisanen, Bennett, Orchard, Havey, 
Mount Mica, and Emmons. Around noon each day, partic- 
ipants would caravan in a stream of cars to the “quarry du 
jour.” The workshop organizers enjoy excellent relation- 
ships with local mine owners, dependent on the good con- 
duct of the attendees. 

At each quarry, Simmons or Falster explained peg- 
matite mineralogy and miners Frank Perham or Ray 
Sprague outlined current or past mining history at the site. 
The remainder of the time could be spent mineral collect- 
ing, which was a focus for a good portion of the group. 
Those interested in more depth could talk with members 
of the MP” research group about the exposures, or with Per- 
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Figure (A) shows several sapphire crystals embedded in 
the familiar gem bearing pegmatite typical of Russian deposits. 
The typical barrel-shaped hexagonal sapphire crystal at (B) is 
from Ceylon. The three fashioned stones at (C) are Montana 
sapphires, while the figure of Buddha (D) was carved from an 
Indian sapphire. The crystal (E) in matrix is typical of Montana 
stones. By comparing this plate with that of ruby one can easily 
note the difference between the characteristic crystal forms 
although hoth belong to the same system. Specimens from the 
British Museum (Natural History), London. 


ham and Sprague about the practice of mining pegmatites. 
Indeed, this is the workshop’s strong suit: The theory from 
the morning presentations is applied to real rocks in the 
afternoon. 

Besides the quarries, workshop attendees also visited 
the new Maine Mineral and Gem Museum in Bethel. 
There they could see the progress of the exhibits and view 
the MP? research group’s laboratory in the basement, 
which includes an electron microprobe, scanning electron 
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Figure 49. Workshop at- 
tendees at the Havey 
Quarry, which has pro- 
duced some of the 
finest Maine elbaite 
tourmalines. The mine 
was originally opened 
in 1902 and worked for 
feldspar. This view 
shows the Havey peg- 
matite body, with three 
pockets visible. Photo 
by Duncan Pay/GIA. 


microscope, X-ray diffraction equipment, and other ad- 
vanced instrumentation. 

Following an evening lecture on pegmatite mineralogy 
complemented by numerous hand specimens, the opening 
session kicked off with a general introduction to peg- 
matites, the earth’s chemistry, and phase equilibria. 
Throughout the week, the presentations delivered by Sim- 
mons, Webber, and Falster built on the basics to cover the 
relationship of granites to pegmatites, magmatic differen- 


Figure 50. Colorful 
mineralogy at the 
Havey quarry. Pink and 
green tourmaline, 
clevelandite, lepidolite, 
and “salmon” -colored 
feldspar all indicate the 
presence of a nearby 
pocket. Photo by Dun- 
can Pay/GIA. 
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tiation, pegmatite classification, magma genesis, and the 
influence of tectonic setting. Some of the more complex 
topics covered included crystallization dynamics, such as 
the influence of volatiles and fluxes (water, lithium, fluo- 
rine, boron, and phosphorous), pegmatite textures, aplites 
(“line rocks”), pocket formation and indicators, and re- 
gional and internal zonation of pegmatites. 

Besides these instructional sessions, workshop atten- 
dees were also treated to a variety of other presentations, 
including: 

Myles Fetch (Maine Mineral and Gem Museum, 
Bethel) described the garnet line in Oxford County peg- 
matites. He explained that the garnet line marks the lower 
edge of the pegmatite’s productive zone. It might swell up- 
ward close to a pocket, serving as an important indicator. 

Dr. Encar Roda-Robles (University of the Basque Coun- 
try and a member of the MP? pegmatite research group) 
presented on pegmatites from the Iberian Massif and the 
central Maine belt, covering the differentiation of granitic 
melts vs. anatexis. Dr. Roda-Robles also delivered a talk on 
tourmaline, mica, and garnet as sensitive indicators of peg- 
matite evolution in the Berry-Havey pegmatite. This last 
talk was very relevant, as the afternoon’s field trip was to 
this quarry. 

Idoia Garante-Olave (University of the Basque Coun- 
try) delivered a presentation on mineralogy and geochem- 
istry of micas from the Tres Arroyos pegmatite field in 
Badajoz, Spain. 

Frank Perham, a noted Maine pegmatite miner, remi- 
nisced on the remarkable Newry tourmaline discovery, 
which produced an estimated $30 million worth of gem 
and specimen-grade tourmaline crystals in 1972. Perham 
also delivered a talk on Maine feldspar mining. 

Dr. Skip Simmons presented previous work on the 
chemistry and a calculation of volume, by mineral, for the 
Mt. Mica pegmatite. The volume of tourmaline was esti- 
mated at >1%. 

Jim Nizamoff (a mineralogist with Omya AG and for- 
mer University of New Orleans research associate) and 
mineral collector Don Dallaire discussed the pegmatite 
mineralogy of the Conway and Osceola granites from the 
White Mountains of New Hampshire. 

Ray Sprague (pegmatite workshop organizer and 
miner) presented on the mineralogy of specimens from the 
Emmons pegmatite in preparation for the all-day visit to 
that quarry. 

Duncan Pay 


2015 Sinkankas Symposium. The thirteenth annual 
Sinkankas Symposium was held April 18 at GIA headquar- 
ters in Carlsbad, California. Co-hosted by the Gemological 
Society of San Diego, GIA, and Pala International, the 
event drew a capacity crowd eager to learn about opal. 
After welcoming remarks from organizer Roger Merk, 
the morning presentations began with an overview by Dr. 


218 Gem News INTERNATIONAL 


Eloise Gaillou (Paris School of Mines) on geology, color, 
and microstructure. Andrew Cody (Cody Opal, Melbourne) 
chronicled the Australian opal market before delving into 
fossilized specimens. Dr. Raquel Alonso-Perez (Mineralog- 
ical and Geological Museum, Harvard University, Cam- 
bridge, Massachusetts) spoke on the history of the museum 
and shared photos and data of specimens from its collec- 
tion. Photographer Jack Hobart showed superb images 
from his extensive database of Mexican opals. Bill Larson 
(Pala International, Fallbrook, California) described his per- 
sonal collection of Mexican, Australian, Ethiopian, and 
Brazilian opals, many of which were on display throughout 
the campus. 

The afternoon sessions began with a presentation by 
Alan Hart (Natural History Museum, London) on the mu- 
seum’s opal collection. Noted lapidary Meg Berry 
(Megagem, Fallbrook, California) described various tech- 
niques for cutting and carving. Buying guide author Renée 
Newman (International Jewelry Publications, Los Angeles) 
discussed the jewelry uses of matrix and common opal. 
Helen Serras-Herman (Gem Art Center, Rio Rico, Arizona) 
followed with additional insight on the many varieties of 
common opal. Robert Weldon (GIA, Carlsbad) discussed 
the challenges of photographing opal’s shifting flashes of 
color, as well as the instruments and post-production tech- 
niques best suited to the task. Nathan Renfro (GIA, Carls- 
bad) looked at the gem’s internal features and the wide 
range of mineral inclusions that create vibrant, colorful 
scenes. Dr. George Rossman (Caltech, Pasadena, Califor- 
nia) examined causes of color and offered closing remarks. 

Sapphire will be the theme of the 2016 symposium. For 
more information on the event or to purchase the proceed- 
ings volume, visit www.sinkankassymposium.net. 


Stuart Overlin (soverlin@gia.edu) 
GIA, Carlsbad 


ERRATA 


1. In the Spring 2015 announcement of the Dr. Edward 
J. Gtbelin Most Valuable Article Award winners (p. 
31), the first-place article, “Sri Lanka: Expedition to 
the Island of Jewels,” should have been listed as a Fall 
2014 rather than Summer 2014 article. 


2. In the Spring 2015 Gem News International entry 
“Fine tsavorite and spinel” (p. 74), the company 
“Tsavorite USA” should have been listed as “Bridges 
Tsavorite.” 


3. Also in the Spring 2015 issue, we published an up- 
date on Brazilian copper-bearing tourmaline seen at 
this year’s Tucson gem shows (GNI, pp. 71-72). It 
now appears that the gemstones represented to GIA 
as production from the Mineragao Terra Branca 
(MTB) Brazil Paraiba mine in Rio Grande do Norte— 
and photographed for the entry—were mined instead 
at the Parazul Mineragéo mine in neighboring 
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Paraiba province, in the area where the gem was orig- 
inally discovered. As soon as this came to our atten- 
tion, we withdrew the story from the GIA website. 

Reports in the Brazilian and international media 
circulated during May and June 2015 about an ongo- 
ing federal investigation into both mines. Several 
principals from each mine are in custody at the time 
of writing as part of the operation into alleged laun- 
dering of gems from a mining operation lacking the 
necessary permits (Parazul), through one with the re- 
quired permissions (MTB). Reports indicate that the 
investigation commenced in 2009, and continued 
through the 2015 Tucson show with the cooperation 
of the U.S. Federal Bureau of Investigation (FBI). 

We wish to note that neither the original discov- 
erer of Paraiba tourmaline, Heitor Dimas Barbosa, 
nor his son Sergio, are part of any investigation or 
implicated in this affair in any way. 


. Finally, we would like to post a correction to L.T.-T. 
Huong et al.’s article “A preliminary study on the 
separation of natural and synthetic emeralds using 
vibrational spectroscopy” (Winter 2014 Ge#G). In fig- 


ure 3 (p. 289), the vertical axis legend should read 
“SiO, wt.%.” Similarly, in table 1 (p. 291), both sili- 
con and alkalis (Li, Na, K, Rb, and Cs) should be ex- 
pressed as oxides rather than elements. 

In the Materials and Methods section, the authors 
mentioned different measurement techniques for Si 
(electron microprobe) and the alkalis (laser ablation— 
inductively coupled plasma—mass spectrometry, or 
LA-ICP-MS). As a result, one original measurement 
was in parts per million (ppm, either parts per million 
atoms—ppma—or parts per million by weight— 
ppmw) for the alkalis (LA-ICP-MS) and the other was 
in wt.% for SiO, (electron microprobe). This indicates 
that a conversion between ppm and wt.% was made 
but not mentioned in the paper. Our technical editor 
noted that the wt.% values reported for alkalis in the 
paper (0.330 to 1.872), which correspond to 670 to 
18,720 ppm, were in line with the published litera- 
ture. 

The article’s lead author, Dr. Le Thi-Thu Huong, 
confirmed that all the alkali values published in the 
paper were converted from ppm to wt.%. We thank 
Dr. Karl Schmetzer for bringing this to our attention. 


Explore the emerging trends, unique pieces, and production 


updates from this year’s gem shows. GIA’s coverage from 


Tucson provides an exclusive look at the gem and jewelry 
industry through video interviews and photo galleries. 


Visit www.gia.edu/tucson-2015-show, or scan the QR code on the right. 
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EDITORIAL 


Trapiche and More... 


Colombia's unique trapiche emeralds exert a fascination for many gemologists. In fine 
specimens, the combination of rich, gemmy green color with the six spokes’ geometry is 
visually arresting. 


In our lead article, we're delighted to present a comprehensive paper on these intriguing 
gems by a team of researchers headed by Isabella Pignatelli and Gaston Giuliani. They 
review the geology of trapiche emerald, provide 3-D petrographic examination of their 
crystals along with spectroscopic and chemical analyses, and propose a new formation 
model informed by their recent work. We hope this paper will serve as the primary refer- 
ence on these one-of-a-kind gems for many years to come. Take a look at our cover 
photo and decide whether trapiche is a gemological curiosity or an object of beauty in its 
own right. 


In our next paper, GIA’s Ulrika D’Haenens-Johansson and her coauthors investigate the gemological 
properties of colorless to near-colorless HPHT-grown synthetic diamonds produced specifically for gem 
use by a Russian firm, New Diamond Technology. Their analysis of 44 faceted samples ranging up to 5.11 
ct provides convincing evidence of the quality improvements—and increased size—of synthetics grown 


by this method. 


Meanwhile, Lesotho’s LetSeng-la-Terae mine is currently enjoying a renaissance. Rising prices for large, high- 
quality diamonds have overcome the twin challenges of this unique mine’s remote location and low ore 
grade. In our third article, GIA’s Russell Shor and a. . 

Robert Weldon and their co-authors profile LetSeng A gemo log ical c UrlOsiLy OY AN O bj ect of 
to explain how the current owners have adapted their beauty in its own righ t? 

operations to promote recovery of the mine’s biggest 

gems and increase profitability. Coauthors Bram Janse, Christopher “Mike” Breeding, and Steven Shirey 
offer insight into this mine’s geology, its location on the Kaapvaal craton, and the distinctive characteristics 
of its diamonds. 


Next, Zemin Luo, Mingxing Yang, and Andy Shen from the China University of Geosciences in Wuhan 
apply a statistical analysis method based on linear discriminant analysis (LDA) and LA-ICP-MS trace- 
element data to the provenance of dolomite-related white nephrite. The authors demonstrate the 
technique’s high accuracy and potential for origin determination with many other gems. 


We hope you enjoy our second Micro-World column. We had a fantastic response to the first installment 
and are extremely pleased to welcome several new contributors. We also want to thank our Lab Notes and 
Gem News International (GNI) contributors—these sections always refresh me with their diversity. 


Finally, I'd like to welcome two new editors to our GNI section: Gagan Choudhary of the Gem Testing 
Laboratory in Jaipur, India, and GIA’s own Dr. Mike Breeding—we thank them for their commitment and 
participation. 


Welcome to our Fall issue! 


Dteg- 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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NMOS ARTICLES 


COLOMBIAN TRAPICHE EMERALDS: 
RECENT ADVANCES IN UNDERSTANDING 


THEIR FORMATION 


Isabella Pignatelli, Gaston Giuliani, Daniel Ohnenstetter, Giovanna Agrosi, Sandrine Mathieu, 


Christophe Morlot, and Yannick Branquet 


Colombia is the traditional source of the world’s finest emeralds, including the famed trapiche crystals, 
with their distinctive texture resembling a wheel with six spokes. This gemological curiosity, found ex- 
clusively in the black shales of the country’s western emerald zone, is linked to the peculiar structural 
geology of the deposits. The study presents a review and update on Colombian trapiche emeralds, fol- 
lowed by a three-dimensional examination of the crystals combined with spectroscopic and chemical 
analyses. The proposed formation model incorporates the structural geology of the deposits with the 
formation of trapiche and non-trapiche emeralds. The fluid accumulation at the faults’ tip in the black 
shales leads to maximum fluid overpressure and sudden decompression and formation of the emerald- 
bearing vein system. The authors show that trapiche emerald growth starts at the beginning of the de- 
compression that is responsible for local supersaturation of the fluid. The hydrothermal fluid comes in 
contact with the black shale matrix, favoring the formation of emerald seed crystals. During the growth 
of these seeds, textural sector zoning occurs, sometimes associated with chemical sector zoning, along 
with displacement of the matrix. Displacement growth occurs because the emeralds continue their 
growth, pushing the matrix material away from the growing faces. An overgrowth, generally of gem 
quality, can form after decompression, surrounding the core, the arms, and the dendrites, restoring the 


emeralds’ euhedral habit. 


olombian emeralds continue to set the stan- 

dard as the finest and most spectacular crys- 

tals unearthed (Ringsrud, 2013). Unique 
mineralogical curiosities include the emerald gas- 
tropods extracted from the Matecafia mine in 
Gachala (Vuillet et al., 2002) and the famous gem- 
trapiche emeralds (figure 1) such as the 80.61 ct Star 
of the Andes (Ward, 1993). 

The past 25 years have seen major advances in our 
understanding of the formation of Colombian emer- 
alds (Ottaway et al., 1994, Cheilletz et al., 1994), but 
the genesis of trapiche emerald remains unresolved 
despite analytical and geological advances. This type 
of emerald is very rare and has been recovered only 
occasionally, from just a few mines on the western 


See end of article for About the Authors and Acknowledgments. 
Gems & GemoLocy, Vol. 51, No. 3, pp. 222-259, 
http://dx.doi.org/10.5741/GEMS.51.3.222. 


© 2015 Gemological Institute of America 


222 COLOMBIAN TRAPICHE EMERALDS 


side of the Eastern Cordillera Basin. Named after the 
Spanish word for the cogwheels used in sugar mills, 
these mineral curiosities are prized by collectors. The 
texture on a section perpendicular to the c-axis is 
characterized by a central core, six arms, and den- 
drites between the arms and around the core (figure 
1). An overgrowth may also be present. The trapiche 
texture can be observed in other minerals, such as ru- 
bies, tourmalines, chiastolites, and garnets (box A). 
Without a link between field observation and miner- 
alogical studies, there is still no consensus on the 
causes of the growth mechanism and texture acqui- 
sition, or on the geological conditions necessary for 
the formation of trapiche emerald. 

This article provides an update on Colombian 
trapiche emerald, with complete historical, geologi- 
cal, mineralogical, gemological, and crystallographic 
background. The review opens debate on the key 
question of the geological conditions necessary for 
the formation of gem-quality trapiche material. The 
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ongoing research into the mineralogy, chemical com- 
position, and crystallography of trapiche emerald is 
connected with field expeditions conducted by 
French and Canadian research teams during the 
1990s that proposed the hydrothermal sedimentary 
model now recognized by the scientific and explo- 
ration communities (Maya et al., 2004; Mantilla 
Figueroa et al., 2007). The scope is to propose a co- 
herent mechanism for the formation of trapiche, 
linking it for the first time to the genetic model of 


COLOMBIAN TRAPICHE EMERALDS 


Figure 1. Looking down 
the crystal axis of a 
backlit 58.83 ct trapiche 
emerald from Penias 
Blancas (also featured 
on the cover of this 
issue). Photo by Robert 
Weldon/GIA, courtesy 
of Jose Guillermo Ortiz, 
Colombian Emerald Co. 


Colombian emeralds. Colombia offers a unique case 
because other gem trapiches have not been studied 
intensively in connection with their geological set- 
ting. For the gemologist, this knowledge offers a bet- 
ter understanding of the mineralogy of trapiche 
emerald and a deeper appreciation of the complex ge- 
ologic processes required to form such a peculiar 
mineral texture. Geologic terms that might be unfa- 
miliar to the reader are defined in the glossary and 
italicized upon first mention within the text. 
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BOX A: TRAPICHE VS. TRAPICHE-LIKE MINERALS 


Win (2005) distinguished three types of trapiche miner- 
als as a function of their appearance due to coloring el- 
ements, other mineral inclusions, or intergrowth of the 
same mineral. Schmetzer et al. (2011) improved this dis- 
tinction, defining only two groups: “trapiche” minerals 
and “trapiche-like” minerals (figure A-1). 

Trapiche minerals are characterized by crystallo- 
graphically equivalent growth sectors that are separated 
by more or less sharp boundaries of inclusions (figure A- 
1, left). The boundaries intersect in a central point or ex- 
tend from the edge of a central core. Gems that belong 
to this group include emeralds from Colombia, corun- 
dum (e.g., Miillenmeister and Zang, 1995; Schmetzer et 
al., 1996, 1998; Sunagawa, 1999; Garnier et al., 2002a, 
2002b), tourmalines (Hainschwang et al., 2007; Schmet- 
zer et al., 2011), chiastolites (Rice and Mitchell, 1991; 
Rice, 1993), and garnets (Harker, 1950; Atherton and 
Brenchley, 1972; Wilbur and Ague, 2006). 

We also mention two examples of non-Colombian 
trapiche emerald crystals, one from the Brazilian state 
of Goids (DelRe, 1994) and the other from the Manan- 
jary area in Madagascar (Johnson and Koivula, 1998). 
The Brazilian crystal showed fibrous arms and a tapered 
core. The specimen from Madagascar presented the 
spoke-like texture associated with Colombian emerald. 
The core was limited to a center point, while the den- 
drites contained black material. These two gems refer 
more to trapiche than trapiche-like emeralds, but they 
cannot be compared with Colombian samples because 
their geological formation is unknown. 

Two other features observed in trapiche crystals 
should be mentioned: symmetry and inclusions of or- 
ganic matter. Trapiche minerals are always character- 
ized by high symmetry: cubic for garnet, hexagonal for 
emerald, and trigonal for corundum and tourmaline. 
The only exception is chiastolite, which belongs to the 
orthorhombic system but is pseudotetragonal (a ~ b). 
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The symmetry affects the number of arms and dendrites 
in the trapiche texture, as well as the directions where 
the dendrites develop. Because high symmetry implies 
that a certain number of directions are equivalent, the 
positions of the dendrites can be predicted taking into 
account the crystal system. For example, in emerald 
there are six dendrites respectively along the positive 
and negative sides of the a-axis, whereas in chiastolite 
the four dendrites are along the a- and b-axes. 

To the best of our knowledge, no trapiche texture 
has been reported in minerals with low symmetry (or- 
thorhombic, monoclinic, or triclinic), even though the 
development of dendrites on the corners of minerals 
with euhedral morphology such as olivine is already 
known (Faure et al., 2003, 2007). This suggests that at 
least two of the three basic vectors a, b, and c have to 
be equal (or, in the case of chiastolite, nearly equal) to 
obtain the trapiche texture, and thus the role of symme- 
try cannot be neglected. 

The presence of transformed organic matter or 
graphite is observed in trapiche minerals formed in differ- 
ent geological environments—for instance, metamorphic 
deposits such as ruby (Garnier et al., 2002a,b), chiastolite, 
garnet (Rice and Mitchell, 1991), and tourmaline (Schmet- 
zer et al., 2011). The role of carbonaceous materials in 
trapiche formation was raised by Rice and Mitchell (1991) 
and Rice (1993), referring to Burton (1986), who stated that 
graphite can control the fluid composition and dictate the 
mechanism and timing of mineral growth. 

In trapiche-like minerals, the texture is caused by 
the distribution of color-inducing elements or of inclu- 
sions in alternating portions of the crystal (figure A-1, 
right). This is the case with sapphire (Koivula et al., 
1994, Khotchanin et al., 2010; Kiefert, 2012), quartz 
(Win, 2005), and aquamarine (Koivula, 2008; Befi, 2012). 
Cordierite-indialite intergrowths also show a trapiche- 
like texture, as described by Rakovan et al. (2006). 


Figure A-1. Trapiche vs. trapiche-like 
corundum. Left: Trapiche ruby origi- 
nating from marble in Mong Hsu 
(Myanmar). The trapiche texture is 
characterized by dendrites and arms, 
though the specimen lacks a central 
core. Photo by V. Garnier. Right: A 
pinacoidal section of a trapiche-like 
blue sapphire from the Changle alkali 
basalt (China), showing a hexagonal 
core and outer zones with a fine oscil- 
latory zoning. Photo by G. Giuliani. 
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EUCLASE, SCAPOLITE, ETC. 


The blue gem (A) and the crystal (B) .are both euclase. 
In appearance this stone can easily be confused with aqua- 
marine, but because of its easy cleavage cut specimens are 
seldom seen. Brazil. Figure (C) shows a cut axinite from 
Dauphine. This mineral occurs in a wide range of pleasing colors 
and is very suitable for gem purposes. The yellowish stone at 
(D) is sphene, a rare gem famous to collectors for its high 
dispersion and refraction. The pink crystals at (E) are apatite, 
Mr. Apatite, Maine, Figures (F) and (H) show two scapolites 
from Madagascar and the Mogok ruby mines respectively. The 
crystal at (G) showing strong pleochroism is iolite and the cut 
stone (J) is apatite, also from the Burma ruby mines, Mogok. 
sag from the collection of British Museum (Natural 

istory), London. 
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GEOLOGY OF COLOMBIAN EMERALDS: 

AN UPDATE 

Geological Setting. Located in the Eastern Cordillera 
Basin, the Colombian emerald deposits consist of 
two belts. On the western side lie the mining dis- 
tricts of Muzo, Coscuez, La Pita, Pefias Blancas, and 
La Glorieta—Yacopi. On the eastern side are Chivor, 
Gachalé, and Macanal (figure 2). The Eastern 
Cordillera is a slightly folded belt overthrusting the 
Llanos Foreland Basin to the east and the Middle 
Magdalena Basin to the west. The belt resulted from 
the tectonic inversion at the Middle Miocene (15 
Ma), during the Andean tectonic phase, of the central 
part of the subsiding marine basin. The major part 
of the Eastern Cordillera is formed by thick folded 
and faulted Mesozoic sedimentary series. Emerald 
mineralization is hosted in the Neocomian series of 
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Figure 2. Simplified geo- 
logical map of the East- 
ern Cordillera Basin in 
Colombia. The emerald 
deposits are hosted by 
Lower Cretaceous sedi- 
mentary rocks forming 
two mineralized zones 
located on the eastern 
and western border of 
the basin, respectively. 
The western border con- 
tains the mining districts 
of La Glorieta—Yacopi, 
Muzo, Coscuez, La Pita, 
and Penias Blancas, 
while Gachald, Chivor, 
and Macanal lie on the 
eastern border. 


Tertiary 

a Upper Cretaceous 
iS Lower Cretaceous 
[| Triassic-Jurassic 

| Basement and plutons 


the Lower Cretaceous (135-116 Ma). The sediments 
are characterized by a succession of beds of sand- 
stones, limestones, black shales, and evaporites. 

The deposits from the eastern belt are contained 
in the Berriasian limestone-black shale horizon (135- 
130 Ma) of the Guavio Formation, which is overlain 
by siliceous black shales of the Valanginian Macanal 
Formation (130-122 Ma). In the Chivor mining dis- 
trict, the host rocks comprise the Guavio Formation 
shale sequences that contain intercalations of lime- 
stone lenses and gypsum beds, as suggested by phan- 
tom nodules, mesh and chevron textures, and 
coquina limestone grading to black shales interca- 
lated with olistostromes (Branquet, 1999). 

The deposits from the western belt are contained 
in the black shales and intercalated dolomitic lime- 
stones of Valanginian-Hauterivian age (130-116 Ma} 
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corresponding to the Rosablanca and Paja Forma- 
tions. The lithostratigraphic column, from bottom to 
top, is formed by dolomitic limestones from the 
Rosablanca Formation, calcareous carbon-rich black 
shales from the Hauterivian that are the main emerald- 
bearing horizon, siliceous black shales (Hauterivian), 
and mudstones of the Barremian-Aptian Paja Forma- 
tion (116-108 Ma). 

The ages of emerald formation were obtained in- 
directly by argon-argon dating of syngenetic green 
muscovite. From this analysis, the first date was 65 
Ma in the eastern zone, at the Cretaceous-Tertiary 
boundary when the dinosaurs disappeared (Cheilletz 
et al., 1997). The second date was between 38 and 32 
Ma in the western zone, at the time of the Eocene- 
Oligocene boundary (Cheilletz et al., 1994). 


Emerald Mineralization. In the two mineralized belts, 
emerald-bearing veins are spatially associated with 
stratiform breccias and white or black albitites, the 
latter resulting from the albitization of the black shales. 
The veins are parallel, en echelon, or conjugate arrays 


In Brief 


e Trapiche emeralds are found in the black shales of a 
few Colombian mines, in the western belt of the East- 
ern Cordillera Basin. They are characterized by a tex- 
ture, visible perpendicular to the crystal’s c-axis, that 
usually consists of a central core, six arms, and den- 
drites between the arms and around the core. 


While trapiche emeralds are formed from the same 
fluid as gem-quality Colombian emeralds, their texture 
results from a complex growth history characterized by 
fluid pressure variations. 


The formation of trapiche emeralds is controlled by the 
structural geology of the deposits and by the crystal’s 
symmetry, which determines the number and the de- 
velopment of growth sectors. 


forming two successive stages of extensional vein 
systems (Cheilletz and Giuliani, 1996). Stage 1 is ac- 
companied by a bedding-parallel vein system filled 
by fibrous calcite, pyrite, and green muscovite. It is 
associated with the formation of décollement fault 
planes that focused the hydrothermal fluids and in- 
duced formation of albite and calcite in the black 
shales. The sodium metasomatism led to leaching of 
major (Si, Al, K, Ti, Mg), trace (Ba, Be, Cr, V), and rare- 
earth elements from the enclosing black shales (Beus 
and Mineev, 1972; Beus, 1979; Ottaway, 1991; Giu- 
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Figure 3. Primary multiphase fluid inclusion trapped 
in an emerald from E] Oriente mine in the Chivor dis- 
trict. The cavity, 180 pm long, contains (from right to 
left) two cubes of sodium chloride (halite), a rounded 
gas bubble, and two minute calcite crystals, with salt 
water occupying 75 vol.% of the cavity. The cavities 
usually contain only one cube of salt, but sometimes 
two or three cubes crystallize during fluid cooling. 
Photo by Hervé Conge. 


liani et al., 1993; Mantilla Figueroa et al., 2007). Stage 
2 is characterized by faulting and folding associated 
with extensional vein sets and hydraulic breccias 
filled with calcite and dolomite, pyrite, muscovite, 
albite, bitumen, and the precipitation in drusy cavi- 
ties of fluorite, apatite, parisite, dolomite, emerald, 
and quartz (Hall, 1993). 

The Colombian emerald deposits were previously 
thought to be associated with mafic or granitic intru- 
sions (Beus and Mineev, 1972, Ulloa, 1980). Detailed 
geochemical studies undertaken in the 1990s led to a 
hydrothermal model involving the circulation of hot 
basinal brines (Kozlowski et al., 1988; Ottaway, 1991, 
Giuliani et al., 1991; 1992; 1995, 2000; Cheilletz et 
al., 1994, Ottaway et al., 1994; Banks et al., 2000; 
Mantilla Figueroa et al., 2007). The fluids trapped by 
emerald are three-phase or multiphase fluid inclu- 
sions (figure 3) characterized by the presence of a cube 
(or occasionally two or three cubes) of halite (NaCl). 
At room temperature, the fluid inclusion cavities 
contain 75 vol.% salty water—in other words, a brine 
(liquid H,O, 10 vol.% gas corresponding to the vapor 
bubble, and 15 vol.% halite daughter mineral). The 
mineralizing solutions are basinal brines that inter- 
acted with evaporites. The H,O-NaCl-CO,-(Ca-K-Mg- 
Fe-Li-SO,) fluids (Banks et al., 2000) are NaCl-saturated 
[~40 wt.% equivalent NaCl] and were trapped at ap- 
proximately 300-330°C (Roedder, 1984; Ottaway et 
al., 1994). The CO, densities of fluid inclusions range 
from 0.02 to 0.25 g/cm? and indicate that emerald 
crystallized under variable fluid pressure. The in- 
crease of CO, pressure caused fluid overpressure in 
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Figure 4. Tectonic settings 
of Colombia’s western 
emerald zone (modified 
from Branquet et al., 
1999a). A: Structural lo- 
cation map of the emer- 
ald deposits and the 
regional structures, from 
SSE Rodriguez and Ulloa 
(1994). B: Lithostrati- 
graphic column of the 
emerald-bearing forma- 
tions. From bottom to 
top: lowermost Creta- 
ceous rocks, Valanginian- 
SSE Hauterivian dolomitic 
limestone, Hauterivian 
calcareous carbon-rich 
black shale, Hauterivian 
siliceous black shale, and 
Barremian-Aptian mud- 
stones. The red dotted line 
represents the décolle- 
ment zone. C through E: 
Emerald deposits of 
Coscuez, Quipama, and 
Tequendama mines 
(Muzo district). 


the black shales and consequent fracturing and brec- 
ciation (Ottaway et al., 1994). The high-salinity brines 
interacted with calcareous shales rich with black or- 
ganic matter. Sulfate ions (SO,7) in minerals of evap- 
oritic origin were reduced by organic matter in the 
black shale to form hydrogen sulfide (H,S) and bicar- 
bonate (HCO,), which are responsible for the crystal- 
lization of pyrite and carbonates, respectively, with 
bitumen in the veins being derived from the organic 
matter. 

The thermal reduction of sulfate by organic mat- 
ter, at 300°C, released the chromium, vanadium, and 
beryllium in the black shale, which in turn enabled 
emerald formation (Ottaway et al., 1994; Cheilletz et 
al., 1994). 


Structural Setting and Type of Mineralization. De- 
tailed structural mapping and geometric analysis 
suggest that structural controls on mineralization are 
drastically different between the western and eastern 
sides of the Colombian emerald belt (Branquet, 1999; 
Branquet et al., 1999a,b). Muzo and Coscuez are char- 
acterized by compressive structures formed along 
tear faults (figure 4), whereas the eastern emerald de- 
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posits such as Chivor present extensional structures 
branched on a brecciated evaporitic level that acted 
as a local, gravity-driven detachment (Branquet et al., 
2015). These tectonic structures are synchronous 
with the circulation of the hydrothermal fluids and 
emerald deposition. 

On the western side, the deposits measure about 
100 meters across and display numerous folds, 
thrusts (Pogue, 1916; Scheibe, 1926), and tear faults 
(Laumonier et al., 1996). At Muzo, thrusts are evi- 
denced by the presence of calcareous black shales 
over siliceous black shales. All the tectonic contacts 
are marked by centimeter- to meter-thick hydrother- 
mal breccias called “cenicero” (ashtray) by the local 
miners (Scheibe, 192.6). These white or red breccias 
outline the thrust planes, which are associated with 
intense hydraulic fracturing due to overpressured flu- 
ids (Giuliani et al., 1990; Ottaway et al., 1994; Bran- 
quet et al., 1999b). The breccias are cataclasites, with 
clasts of calcareous black shales and white albitite 
within a carbonate-albite-pyrite cement. Multistage 
brecciation corresponds to successive fault-fluid flow 
pulses, and dilatant sites result from shear-fracturing 
synchronous to the thrust-fault propagation. Each 
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Figure 5. Geological map of the Muzo mines, with the 
height of each mining site reported in bold. Modified 
from Barriga Villalba (1948). 


pulse is associated with (1) emerald-bearing banded 
carbonate vein-like structures present throughout the 
breccia; (2) emerald-bearing thrust-associated carbon- 
ate veins occurring in the wall rocks formed of cal- 
careous black shales, called “cama” by the local 
miners; (3) emerald-bearing carbonate dykes escaping 
from the breccia zone and crosscutting the wall rocks; 
(4) en echelon sigmoidal tension gashes, and (5) drag 
folds indicating shearing in the roof of the breccia 
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zones. All these tectonic structures are associated 
with fluid circulation in the calcareous carbon-rich 
black shale, inducing intense albitization, carbonati- 
zation, and pyritization. The siliceous black shales, 
called “cambiado” by the local miners, have no min- 
eralization (Oppenheim, 1948). 

From a geological study in 1914-1915, Pogue 
(1916) described the trapiche texture but did not pro- 
vide the precise location of the source. Scheibe (1926, 
1933) identified the disseminations of trapiche emer- 
ald in the black shales from the Banco Amarillo. 
(“Banco” refers to a mineralized level, and “amarillo” 
is Spanish for yellow; here the yellowish color is due 
to pyrite alteration.) The geological map of Banco de 
la Republica (Barriga Villalba, 1948) indicates that 
Banco Amarillo was formed by the breccia zone, al- 
bitites, and the emerald-bearing veins (figure 5). The 
geological map by Laumonier et al. (1996) shows that 
a preserved remnant of the Banco Amarillo level (fig- 
ure 6) is located under the administration building of 
the Muzo mine and corresponds to a klippe of the 
calcareous black shale that overthrust the siliceous 
black shale. Since 1948, this emerald-bearing forma- 
tion has been exploited further to the southwest up 
to the Gallinazo, Zincho, and Malvinas mining 
workings (compare figures 5 and 6]. Furthermore, Ot- 
taway (1991) reported that “more recently trapiche 
have been found in the shale adjacent to larger bodies 
of Cenicero.” 

In the Coscuez deposit, the lithostratigraphic col- 
umn is formed, from bottom to top (Branquet, 1999), 
by dolomitic limestone forming the peak of El Reten, 
calcareous carbon-rich black shale, and siliceous 
black shale. The folds and thrusts were guided by the 
Coscuez tear fault, which acted as a vertical conduit 
for the mineralizing fluids developed in the calcare- 
ous carbon-rich black shale (figure 4B). Breccia, formed 
by opening of dilatant sites related to fluid pressures 
and hydrothermal replacement, are similar to those 
described for the Muzo deposit (Branquet et al., 
1999b). Trapiche emeralds have been found at 
Coscuez but have never been described by geologists. 

In conclusion, the deposits on the western side 
formed as the consequence of a compressive phase 
characterized by folding and thrusting along tear 
faults at the time of the Eocene-Oligocene boundary. 
These complex structures imply the existence of a 
basal regional décollement fault at a level of evapor- 
ites (Branquet et al., 1999b). The fluid circulation is 
linked to the thrust-fault propagation. 

On the eastern side, the mines are scattered along 
a regional white-brecciated level that contains emer- 
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ald (Branquet, 1999; Branquet et al., 1999a, 2015). The 
brecciated level in the Chivor area, more than 10 km 
long and 1-10 meters thick, is stratiform (i.e., parallel 
to the sedimentary strata) and largely made of hy- 
drothermal breccia formed by fragments of the hang- 
ing wall (carbonated black shale, limestone, and 
whitish albitite), cemented by carbonates and pyrite. 
Its formation is related to the dissolution of an evap- 
oritic horizon. All the mineralized structures are 
branched from the brecciated level. In the Chivor 
mines, emerald is located in centimeter- to decime- 
ter-thick carbonate- and pyrite-bearing listric faults, 
meter-wide extensional fractures injected with hy- 
drothermal breccia, and extensional sets of fractures 
in the calcareous carbon-rich black shales of the 
Macanal Formation. According to a member of the 
family that has owned the Chivor mines for many 
years, trapiche emeralds have never been found there 
or anywhere else in the eastern zone of the Eastern 
Cordillera (D. Oswaldo, pers. comm., 2014). Never- 
theless, Nassau and Jackson (1970) claimed to have 
studied a thousand trapiche emeralds from these 
mines, and their article raised the question of Chivor 
origin. In conclusion, the brecciated level, the hy- 
drothermal fluid circulation and emerald formation 
occurred at the same time, at the Cretaceous-Tertiary 
boundary (~65 Ma}, during an extensional tectonic 
event linked to evaporite dissolution and driven by 
gravity (Branquet et al., 1999a, 2015). 

Therefore, trapiche emeralds are only found in the 
deposits on the western side (Muzo, Coscuez, and 
Pefias Blancas) of the Eastern Cordillera Basin. The 
trapiche emerald-bearing deposits are formed along 
thrust and fault planes associated with fluid circula- 
tions, intense hydraulic fracturing of the enclosing 
black shales forming breccias, and carbonate veins. 
Trapiche and non-trapiche emeralds are associated 
with these compressive structures. 


EMERALD: STRUCTURE AND HABIT 

Emerald is a gem variety of beryl, a cyclosilicate with 
the ideal formula Be,Al,Si,O,,. Its structure is char- 
acterized by six-membered rings of silica tetrahedra 
lying in planes parallel to (0001). The rings are linked 
laterally and vertically by two kinds of coordination 
polyhedra, both distorted: BeO, tetrahedra and AlO, 
octahedra (figure 7). The stacking of these six-mem- 
bered rings forms large open channels parallel to the 
c-axis with nonuniform diameter, consisting of cav- 
ities with a diameter around 5.1 A separated by bot- 
tlenecks with a diameter of about 2.8 A. The 
channels may be filled by alkali ions (such as Na’*, 
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Figure 6. Geological map of the Muzo mines, where 

U1 through U4 represent the different tectonic units. 
U1, U2, and U4 are composed of barren siliceous 
black shales, while U8 consists of the emerald-bearing 
calcareous carbon-rich black shale. Modified from 
Laumonier et al. (1996). 
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Ti* (Groat et al., 2014). Variable amounts of neutral 
H,O and CO, molecules (Wood and Nassau, 1968) 
and noble gases such as argon, helium (Damon and 
Kulp, 1958), xenon, and neon (Giuliani et al., 2005) 
are also normally present in the channels. 

Emerald is defined by Schwarz and Schmetzer 
(2002) as “the yellowish green, green or bluish green 
beryl which reveals distinct chromium and/or vana- 
dium absorption bands in the red and blue violet 
ranges of their absorption spectra.” The quantitative 
ranges of the Cr and V substitutions are between 25 
ppm (Wood and Nassau, 1968) and 3.4 wt.% (Andri- 
anjakavah et al., 2009) for Cr,O,, and between 34 
ppm (Zwaan et al., 2012) and 2.44 wt.% (Rondeau et 
al., 2008) for V,O,. Emerald crystallizes in the hexag- 
onal system with cell parameters a = 9.218(2) A, c = 
9.197(2) A, a = B = 90°, and y =120°, and its space 
group is P6/mcc (Artioli et al., 1993). Its typical habit 
is prismatic (figure 8), characterized by eight faces 
and their corresponding growth sectors: six {1010} 
first-order prismatic faces and two pinacoidal {0001} 
faces. Small additional {1012} and {1122} faces may 
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Figure 7. The structure of beryl, as seen in an apical 
view (A) and a lateral view (B). In the apical view, 
hexagonal silicate rings stacked parallel to the c-axis 
(normal to the drawing) are held together by Al* (oc- 
tahedral site) and Be** (tetrahedral site). The lateral 
view, which is perpendicular to the apical view, 
shows the hexagonal silicate rings and the bottleneck 
(2b site) and open-cage (2a site) structures. From 
Charoy (1998). 


Li*, K*, Rb*, and Cs*} that are needed to balance the 
positive charges when cation substitutions occur in 
the structure. For example, Be** can be substituted 
with Lit (Aurisicchio et al., 1988), whereas Al** is 
generally replaced by Fe?*, (Mg**, Mn**), Cr**, V**, or 
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ma meeting at the Société Géologique de France, in 


which he presented “curious crystals of emerald... 
from Muso, New Granada.” All 40 samples displayed 
a nearly colorless hexagonal center surrounded by a 
green portion. The latter is described as having stri- 
ations parallel to the sides of the central hexagon and 
with “modifications” in the directions tangential to 
the sides of the hexagon. No further information was 
added about the composition or the nature of the 
“modifications.” Bergt (1899) described a cut trapiche 
emerald from Muzo received by the geologist Stiibel 
in 1868. Similar emeralds were reported by Codazzi 
(1915) in an accurate listing of Muzo’s minerals. 
These emeralds were reported to have a cyclic twin- 
ning, as observed in aragonite. This contradicted the 
optical observations of Pogue (1916), who stated that 
these emeralds were not twinned. According to 
Pogue, the presence of re-entrant angles was due to 
“the effect of solution, the disposition of carbona- 
ceous inclusions and the crystallizing forces, as 
shown also, for example, in chiastolite.” It is worth 
noting that the Pogue study contained the first men- 
tion of inclusions of carbonaceous matter in the 
emeralds, “arranged in a six-rayed centering about a 
tapering hexagonal core.” 
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Figure 8. The habit of 
emerald crystals, char- 
acterized by eight main 
faces and their corre- 
sponding growth sec- 
tors: six {1010} 
first-order prismatic 
faces and two pina- 
coidal {0001} faces. 
Adapted from Rakovan 
et al. (2006). 


During a geological study of Muzo in 1914-15, 
Scheibe (1926, 1933) collected several emeralds from 
the Banco Amarillo in the calcareous carbon-rich 
black shales of the Lower Cretaceous (again, see fig- 
ure 5). These emeralds appeared very different from 
those usually found in the veins, and for this reason 
they were analyzed in detail by Bernauer (1933). Dif- 
ferent morphologies were observed, as shown in fig- 
ure 9: euhedral hexagonal prismatic emeralds (figure 
9A), but also crystals with signs of corrosion along 
the edges of the prism (figures 9B to 9E). The emer- 
alds showed dark, fibrous inclusions between the 
prismatic edges, starting from the middle of the crys- 
tal and enlarging toward the prism’s corners. The in- 
clusions, which seemed to be emphasized by the 
corrosion, were composed of quartz, muscovite, car- 
bonates, pyrite, and a dark carbonaceous matter 
(probably with an organic or bituminous origin), 
sometimes with biotite and kaolin. Multiphase in- 
clusions with liquid, vapor, and solid phases were 
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also observed. The core of the emeralds had the shape 
of two opposite hexagonal pyramids with their ver- 
tices located in the middle of the crystal. Sometimes 
these pyramids were so unevenly developed that the 
core resembled a column. The core was richer in in- 
clusions, some of them more darkish to black, than 
the rest of the crystal. In fact, it can be surrounded 
by the dark inclusions (figure 9B), entirely composed 
of the dark inclusions (figure 9D), or formed by sev- 
eral parallel crystals separated by dark inclusions (fig- 
ure 9C). In some emeralds the inclusions can be 
whitish instead of dark, due to the presence of albite 
and kaolin. 

Although Bernauer (1933) suggested that these 
trapiche emeralds were due to cyclic twinning as in 
cordierite, chrysoberyl, aragonite, or other minerals, 
he emphasized that the growth rates in the different 
crystallographic directions played an important role 
in the incorporation of the dark inclusions and, thus, 
in the formation of these emeralds. Nevertheless, 


Figure 9. Different mor- 
phologies of trapiche 
emeralds from the 
Muzo mine, described 
by Bernauer (1933). A: 
Euhedral hexagonal 
prismatic crystals with 
no sign of corrosion. B 
through E: Crystals 
showing different de- 
grees of corrosion along 
the prism’s edges. 
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Barriga Villalba (1948) described the unusual trapiche 
emeralds from Muzo as aragonite-type twins of sci- 
entific interest but no gemological value. Studying 
the mineralogical features of Muzo emeralds, Barriga 
Villalba (1948) pointed out the special aspects of the 
core in crystals of different sizes. The gem core was 
formed by pyramidal and hexagonal cones presenting 
a three-dimensional geometric shape that tapered 
smoothly from the pinacoid to the vertex. These gem 
cones, sometimes of high quality, were extracted 
from the emerald crystal. 

The 1960s saw further studies on Colombian 
trapiche emerald, with the discovery in 1963 of new 
material in the Pefias Blancas mines (Tripp and Her- 
nandez, 1970). In 1964, McKague introduced the term 
“trapiche” to name the unusual Colombian emerald 
whose crystal habit was similar to the cane-crushing 
gears used by farmers. According to McKague, 
trapiche emerald was characterized by four morpho- 
logical elements: 


1. A central deep green hexagonal prism tapered 
toward one end and without inclusions 

2. Six trapezoidal-shaped prisms extending from 
the {1010} faces of the central prism and con- 
taining opaque inclusions 

3. A colorless fine-grained beryl occurring be- 
tween and within the six trapezoidal prisms 
but also in the central prism, with opaque min- 
erals (probably altered in limonite) observed on 
and between the beryl grains 

4. An overgrowth separated from the six prisms 
by scattered patches of opaque inclusions 


McKague was the first to propose a genetic model 
for the formation of trapiche emeralds. In this model, 
the central prism formed first. A change in pressure, 
temperature, and chemical composition or a combi- 
nation of these parameters caused the formation of 
the trapezoidal prisms. A further change in the sys- 
tem led to the overgrowth’s formation. At the end, a 
more drastic change occurred and the trapezoidal 
prisms were partially converted into fine-grained 
beryl at the intersections of the {1010} faces. 

In 1967, Leiper examined unusual trapiche emer- 
alds reportedly from the Chivor mine. The core and the 
six arms branching from it were emerald of good qual- 
ity, while the material between the arms was a whitish- 
greenish beryl. This low-quality material was compared 
to the fine-grained beryl described by McKague, 
usually called “moralla” by the local miners. 

In 1968, Schiffman analyzed trapiche crystals to 
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identify them as natural or synthetic. The presence 
of channels, three-phase fluid inclusions, and solids 
(organic matter, possibly graphite, as well as quartz 
and albite) confirmed their natural origin. Chaudhari 
(1969) described the emeralds with the unusual gear- 
shaped pattern as composite crystals made of two 
distinct entities: a hexagonal pale green core and a 
dark green overgrowth on the prism faces. Around 
the core, the sectors were separated by a very fine- 
grained clay-like matrix (containing abundant 
quartz). Some of the sectors were irregular and 
formed by stringers that grew from the core to the 
faces. Small stringers of emeralds at 60° angles to 
each other in the matrix were also described, but 
only in the gaps between the sectors. According to 
Chaudhari, the sawtooth contact between the matrix 
and the sectors with the stringers indicated that sev- 
eral changes occurred in the chemical and physical 
conditions during trapiche growth. 

Nassau and Jackson (1970) marked a real advance 
in the understanding of trapiche formation after 
Bernauer (1933). Nevertheless, this work raised a ques- 
tionable point on the origin of trapiche material. The 
authors claimed to have studied a thousand trapiche 
emeralds from Chivor and only two from Muzo. Be- 
tween 1963 and 1970, trapiche emeralds came only 
from the Pefias Blancas and Muzo mines. Leiper (1967) 
had not specified the provenance of his samples, lead- 
ing to a series of misunderstandings in subsequent bib- 
liographic citations. But Leiper’s photos of the trapiche 
emeralds resembled those presented by Tripp and Her- 
nandez (1970) for the Penas Blancas mine. Samples 
from Pefias Blancas were given to Leiper by M. Ander- 
ton, manager of the Chivor emerald mine, and this is 
probably the source of the confusion over the origin 
of the stones studied by Nassau and Jackson. Finally, 
Sinkankas and Read (1985) clarified the provenance of 
the trapiche emeralds described by Nassau and Jack- 
son, asserting that they were from Pefias Blancas. 

Examinations of cross-sections of single crystals 
have shown considerable variation in the structure 
of trapiche emerald, see figure 10. Nassau and Jack- 
son (1970) used the terms “core,” “arms,” and “two- 
phase region.” The hexagonal core may or may not 
be present (figure 10C), and it is usually of good-qual- 
ity emerald, but it is possible to find samples with 
one end as in figure 10B and the other as in figure 
10C. The core usually has a taper, as previously 
noted by Pogue (1916), Barriga Villalba (1948), and 
McKague (1964). The emerald formed on the prism 
faces of the core are named “arms,” because their 
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Figure 10. Schematic cross-sections of different trapiche 
emeralds described by Nassau and Jackson (1970). 


shape is not always trapezoidal (as described in pre- 
vious works]. Moreover, the arms may be asymmet- 
rical (figure 10F). The material observed between the 
arms as well as between the core and the arms can 
be white/gray or dark. The white to gray material is 
formed by a mixture of emerald and albite, while the 
dark material is carbonaceous, even if it contains al- 
bite. Trapiche emeralds with a core completely com- 
posed of this dark material have also been reported. 

Nassau and Jackson (1970) rejected the hypothesis 
of twinning to explain trapiche formation. They pro- 
posed two mechanisms, one for the samples purport- 
edly from Chivor and one for the Muzo samples. In 
the “Chivor” samples, the central core formed first, 
followed by beryl growth on its prism faces. Simulta- 
neously, a dendritic growth of both beryl and albite 
under eutectic conditions occurred at the corners of 
the central core. The presence of beryl-albite can be 
also related to an abrupt increase in the growth rate of 
the arms. In fact, this favors the trapping of the foreign 
phase (albite in this case) at the interface between the 
growing “arms.” According to the authors, all Chivor 
samples are grown “in the same time, in the same or 
similar environments, in a relatively small region.” 
To explain the formation of Muzo samples, they sug- 
gested instead an abrupt decrease in the growth rate 
of the arms and/or an increased concentration of car- 
bonaceous material in the growth medium. 

In 1971, O’Donoghue synthesized the work of 
Nassau and Jackson (1970) and remarked that the 
whitish gray or dark inclusions are not randomly dis- 
tributed but follow the “hexagonal axis,” i.e., the 
<100> directions in the hexagonal system (a-axis). 
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Two decades later, Van der Giessen (1994) reported 
several Colombian trapiches, among them a special 
sample with two hexagonal cores surrounded by eight 
trapezoidal sectors (figure 11). This sample seems to 
be a rare case of contact twinning in trapiche emer- 
alds. According to the author, the formation of the 
trapiche is related to sector zoning. This peculiar ex- 
ample is perhaps closer to the unusual double- 
trapiche emeralds from Muzo reported by Hsu (2013}, 
which consist of twelve fine arms intersecting in a 
central point. These samples are described as “com- 
posed of two six-ray stars shifted slightly from each 
other,” though one might think they are twinned. 

Ohnenstetter et al. (1998) studied Colombian 
trapiche emeralds from Muzo, Coscuez, and Pefias 
Blancas. The cores were colorless, and the trapezoidal 
growth sectors were colored with vivid green over- 
growths. Cathodoluminescence underlined the chem- 
ical zoning due to variations of vanadium (V) and 
chromium (Cr). The first published microprobe data 
on trapiche emerald confirmed that the green zones 
were V-rich (0.5 < V,O, < 0.79 wt.%) and relatively Cr- 
poor (0.35< Cr,O, < 0.39 wt.%). The colorless hexago- 
nal prism was a Cr- and V-free beryl. Scanning electron 
microscope observation of sections perpendicular to 
the c-axis showed streaks along the trapezoidal growth 
sectors and a feathery aspect to the inclusions in the 
arms of the crystals. The arms were formed mainly of 
albite and beryl, with some apatite and pyrite. The au- 
thors thought that trapiche emeralds resulted from a 


Figure 11. Schematic cross-section of an exceptional 
trapiche emerald examined by Van der Giessen 
(1994). The emerald is characterized by two hexago- 
nal cores surrounded by eight trapezoidal sectors. 


Gems & GEMOLOGY FaLL 2015 233 


BOX B: CrysTAL NUCLEATION, GROWTH, AND TEXTURE 


Sunagawa (1987, 1999) proposed that crystal morphology 
depends on the degree of supersaturation (also called un- 
dercooling) that conditioned the driving force and ex- 
plained the evolution of crystal habit by changes in 
growth mechanism. Figure B-1 presents the driving force 
versus the growth rate anisotropy. The driving force is 
characterized by two critical points (X and Y) where the 
predominant growth mechanism changes: spiral growth 
for a low driving force, two-dimensional nucleation 
growth (2DNG) for an intermediate driving force, and an 
adhesive growth mechanism for a high driving force. The 
expected morphologies change from polyhedral to hopper 
or skeletal and then to fractal, spherulitic, and dendritic. 

Crystals demonstrating rapid growth textures are 
found in many rock types and geological environments: 
pillow basalts (Bryan, 1972), granites and pegmatites 
(London, 2008), magmatic olivine (Faure et al., 2003), 
chiastolites and garnets in metamorphic environments 
(Burton, 1986; Rice, 1993), metasomatic tourmalines 
(Byerly and Palmer, 1991), and finally in trapiche emer- 
alds and rubies (Sunagawa et al., 1999). 

As stated by Nassau and Jackson (1970) for Colombian 
emerald, trapiche starts to grow as a beryl in the core, and 
then as coeval albite and beryl in the dendrites and 
stringers in the arms. Based on this mineralogical evidence 
with the simultaneous growth of both albite and beryl, the 
growth of trapiche emerald could be interpreted as a eu- 
tectic binary system (Nassau and Jackson, 1970), though 
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such a system of albite and beryl has not been investigated 
up to now. In the same way, Sunagawa et al. (1999) also 
considered the dendritic morphology and mineral compo- 
sition (corundum and carbonate) of trapiche ruby that was 
formed under eutectic growth conditions. 

Despite the fact that Colombian trapiche emerald is 
related to basinal fluid circulation, the association of al- 
bite-beryl in a H,O-NaCl +(CO,}) fluid seems to be simi- 
lar to paragenesis in low-temperature H,O-saturated 
pegmatites. In such a magmatic system, supersaturation 
is the driving force of the crystallization, and so the rate 
of nucleation and growth is driven by supersaturation in 
the solution. In a binary diagram of temperature and 
composition, the displacement of the liquidus (the tem- 
perature above which a magma is molten) may occur in 
response to changes in pressure, temperature, or compo- 
sition (London, 2008). A decrease in pressure such as a 
drop in the H,O fluid pressure in an H,O-saturated melt 
will provoke a decompression, providing the driving 
force of crystallization with dendritic textures (London, 
2008). In the case of Colombian emerald, the decompres- 
sion phenomena by a drop of H,O (and CO,) fluid pressure 
at the tip of the faults induced a huge supersaturation that 
provided the driving force to initiate crystallization of the 
dendrites of trapiche emerald composed of albite and 
emerald. The predominance of albite over emerald in the 
dendrites indicates a great undercooling that promoted 
the crystallization first of albite and then emerald. 


Figure B-1. This diagram shows 
the three types of crystal growth 
mechanisms (Sunagawa, 1999): 
spiral growth (blue curve), two- 
dimensional nucleation growth 
(2DNG; red curve), and adhe- 
sive growth (green curve). The 
nature of the interfaces is classi- 
fied as either rough or smooth. 
The growth rates are deter- 
mined by the state of the inter- 
faces, which are classified as 
either rough or smooth. The in- 
creasing intensity of the driving 
force is presented between the 
critical points X and Y, where 
nucleation occurred. A rough 
interface is expected above Y 
and smooth interface below X, 
where dislocation occurred. 


Fractal 


Sunagawa et al. (1999) compared the formation of 
trapiche emeralds to trapiche rubies in light of crystal 


rapid and skeletal growth, complicated by interactions 
between the hydrothermal fluids and the black shales. 
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man Book on Precious Stones by Dt. Sydney 
H. Ball which was edited by Kay Swindler 
and published posthumously. 

Since 1943 the Institute has also pub- 
lished a scientific quarterly, Gems and 
Gemology, which with the appointment of 
an Editorial Board in 1947 became the 
official journal of the Gemological Institute 
of America. 

RESIDENT CLASSES. INTRODUCED 

In 1937 the first Resident Class for G.I.A. 
correspondence course students was pre- 
sented in Los Angeles. International recog- 
nitien was attested about this time when 
Jose Beltri of Mexico City, Leopold Kahn 
of Manila, Edward J. Gubelin of Switzer- 
land, and Sardha Ratnavira of Ceylon came 
to the Institute for periods of supervised 
study and remained to attend resident 
classes. 

Although it was necessary to discontinue 
this service to students during the war 
years, in 1946 other resident classes were 
added to the curriculum. Today, the Insti- 
tute conducts two resident classes of three 
weeks each, designed to provide for those 
students who desire it, grading and testing 
experience with diamonds and colored 
stones. Such classes are presented frequently 
in New York, Chicago, and Los Angeles 
with students attending from all parts of 
the North American continent, as well as 
countries abroad. 

During the war years, G.1.A. Graduate 
Virginia Hinton, C.G., F.G.A., Houston, 
Texas, came to Los Angeles and assisted 
in the struggle to keep the G.I.A. function- 


ing during this trying period of manpower 
shortage. 

In 1946 Dr. George Switzer came to the 
G.I.A. as Director of Research. Consider- 
able advancement was made before he left 
to accept a position as Associate Curator of 
Geology at the Smithsonian Institution. Dr. 
Ralph Holmes, Assistant Professor of Min- 
eralogy at Columbia University spent the 
summers of 1946 and 1947 in Los Angeles 
where he conducted G.J.A. Resident Classes 
and helped in the revision of courses. He 
still continues on the staff as Consultant. 
Both Dr. Switzer and Dr. Holmes serve on 
the Institute’s Educational Advisory Board. 

FIRST PRESIDENT ELECTED - 

During the partnership period, and in 
the early days of the corporation’s existence, 
Robert M. Shipley served as President of 
the Gemological Institute. Late in 1941 Dr. 
Edward Wigglesworth, outstanding among 
the scientists who had contributed to the 
progress of the G.J.A., became the first 
elected president of the industry-owned cor- 
poration and served in that capacity until 
his death in 1945. 

Dr. Wigglesworth, for twenty years Di- 
rector of the New England: Museum of 
Natural History, guided the G.I.A. Boston 
Study Group from the time of its organiza- 
tion in 1935 until his death. For six years 
he served as Secretary of the Institute’s 
Examinations Board, and was also Chair- 
man for several years of the G.I.A. Educa- 
tional Advisory Board. ’ 

When an eastern office was opened by 
the G.LA. in Boston, in 1940, Dr. Wiggles- 


© G.LA. Resident Class, 1946. Left to right, H. Victor Paul, Heywood 
Macomber, Juell Bie, Montgomery Reed, J. Lovell Baker, Sardha 
Ratnavira, Arthur Muller, Leo Gardner, Guy Newcomb 


growth mechanisms, presenting evidence of many 
parallels (box B). Two main differences were pointed 
out: the typical absence of the core in rubies, and the 
dissimilar geological settings. However, the forma- 
tion mechanism seems to be the same for both min- 
erals: if a core is present, it is formed at first by 
layer-by-layer growth under small driving force con- 
ditions. When the driving force increases, a dendritic 
multiphase growth occurs around the core. Then, a 
decrease of the driving force leads to layer-by-layer 
growth and the formation of the ruby or emerald sec- 
tors. The contemporaneousness of the two last stages 
is not ruled out by Sunagawa et al. (1999). 

In the past decade and a half, the main features of 
Colombian trapiche emeralds have been revisited in 
an exhaustive work by Hochleitner (2002); Giuliani et 
al. (2002) added that they are only found on the west- 
ern side of the Eastern Cordillera Basin as material 
“disseminated in black shales or albitized black shales 
near emerald-bearing veins.” Garnier et al. (2002) 
compared the geological setting of trapiche rubies 
from Mong Hsu in Myanmar with that of Colombian 
trapiche emeralds; the results underscored the differ- 
ences in deposit type, fluid circulation, and P-T con- 
ditions of formation. Hainschwang et al. (2007) and 
Schmetzer et al. (2011) compared Zambian trapiche 
tourmalines to Colombian trapiche emeralds. Their 
studies suggested similar formation, depending on the 
growth rates of different sectors of the crystals. Both 
minerals contain dark carbonaceous inclusions along 
the a-axis, but the main visual difference is the tour- 
maline’s three-sectored core due to the trigonal system 
of crystallization (space group R3m). 


NEW SCIENTIFIC ADVANCES ON THE 
COLOMBIAN TRAPICHE EMERALDS 

Material and Methods. The twelve trapiche emeralds 
examined in this study were provided in 1998 by 
Omar Bustos Santana, manager of Sociedad Esmer- 
alda Ltda. (figure 12; table 1). The samples came from 
three Colombian mines: Coscuez (figures 12A—12C), 
Pefias Blancas (figure 12D), and Muzo (figures 12E- 
12L). These samples were stubby and small, their di- 
ameters varied from approximately 4.0 mm to 1.2 cm, 
generally with lengths of a few millimeters, with the 
exception of one sample approximately 1.1 cm long 
(figure 121). The habit of the trapiche emeralds could 
not be well defined owing to the presence of a whitish 
or dark material; nevertheless, the pinacoidal {0001} 
faces and first-order prism {1010} faces were recogniz- 
able in many of them. The color varied from one sam- 
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ple to another, but also within different portions of 
the same sample (from pale to deep green). The sam- 
ples were prepared either as polished sections for elec- 
tron microprobe analysis (EPMA), scanning electron 
microscopy (SEM), and cathodoluminescence analy- 
sis, or cut and polished on both sides to a thickness 
of 150-200 um for microscopic examination. The 
main source and features of the crystals, and the dif- 
ferent analytic methods applied for each trapiche 
emerald, are reported in table 1. 

EPMA was performed at the University of Lor- 
raine in Nancy’s SCMEM laboratory on a fully auto- 
mated Cameca SX100. The detection limits for trace 
elements in mass percentage were 715 ppm for Mn, 
500 for Na and Si, 300 for Mg and Al, 110 for K, 40 
for Ti, and 100 for V, Cr, and Fe. Data reduction was 
performed with the PAP program (Pouchou and Pi- 
choir, 1991). Chemical formulas of emerald were cal- 
culated on the basis of 3 Be and 18 O apfu. BeO was 
determined by stoichiometry and H,O by the equa- 
tion derived from experimental data (Giuliani et al., 
1997): H,O (in wt.%) = (0.84958 x Na,O (in wt.%) + 
0.8373). 

Cathodoluminescence (CL) and back-scattered 
electron (BSE) images were recorded at the SCMEM 
laboratory using an FEG JEOL J7600F SEM with an ac- 
celerating voltage of 15 kV and a beam current of 10 
to 20 nA for the X-ray analysis and 2 nA for the CL 
images. This SEM is equipped with a Gatan MonoCL2 
system with three diodes measuring the intensity of 
light in different wavelength regions, so the observed 
colors correspond to those of the visible spectra. CL 
images were also obtained under a Technosyn cold 
CL device, where the electrons are generated by an 
electric discharge between two electrodes under low 
gas pressure. 

Trapiche emeralds were investigated by X-ray dif- 
fraction topography (KRDT) at the University of Bari, 
Italy, to obtain the spatial distribution and full char- 
acterization of the crystal defects in the whole sample 
volume (Lang, 1959). Topographic images were taken 
in transmission geometry using a conventional Lang 
camera (Rigaku ME110ED) with monochromatic 
MoKa, radiation (4 = 0.709 A) and a micro-focus X-ray 
tube. To minimize the X-ray absorption according to 
the Beer-Lambert law, the optimum kinematic diffrac- 
tion condition pt ~ 1 (= linear absorption coefficient; 
t = crystal thickness) must be followed. Diffraction 
contrast was recorded on Kodak SR photographic film. 
The structural defects were characterized by applying 
the extinction criteria to their diffraction contrasts, ac- 
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Figure 12. The Colombian trapiche emeralds studied in this work originate from the Coscuez (A-C), Pefias Blancas 
(D), and Muzo (E-L) mines. The sample sizes are reported in table 1. Shown are samples T2 (A), T3 (B), T4 (C), T5 
(D), T6 (E), T7 (F), T8 (G), T9 (H), T10 (1), T11 (J), T12 (K), and T13 (L). 


cording to kinematic and dynamic X-ray diffraction 
theories (Authier and Zarka, 1994). 

X-ray computed tomography (CT) scanning is a 
non-destructive technique used in this study to reveal 
3D interior details of trapiche emeralds. Images were 
made with a Phoenix Nanotom S scanner, using a res- 
olution of 3.4 pm/voxel and a nanofocus X-ray tube 
tension value of 100 kV. Virtual cross-sections from 
all axes were extracted from the volume to observe 
the physical structure (e.g., inclusions and porosity) 
and to detect the presence of phases with different 
densities in the samples. The Nanotom scanner pro- 
duces files with voxel (3D pixel) resolutions between 
30.0 and 0.6 pm as a function of sample size. X-ray 
computed tomography has already been used for geo- 
science applications (Breeding et al., 2010; Tsuchiyama 
et al., 2005; Cnudde and Boone, 2013; Jia et al., 2014) 
but never previously for colored gems, because the 
X-ray exposure can strongly modify their colors. Here 
the technique was applied for the first time to ana- 
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lyze emeralds with satisfactory results and above all 
without color modification. 


RESULTS 

In figure 13A, two sections of a trapiche emerald, per- 
pendicular and parallel to the c-axis, are illustrated 
schematically: one can distinguish the central core, 
the arms, the dendrites, and the overgrowth. It is 
worth noting that the trapiche emeralds are more de- 
veloped perpendicular to the c-axis rather than along 
the c-axis. For this reason, it is rare to observe a sec- 
tion parallel to the c-axis, such as the example shown 
in figure 121. Such sections are usually not available 
for scientific study, as trapiches are cut as cabochons 
that display their particular texture for jewelry. 

The spatial relationships between the core, arms, 
and dendrites are visible in three perpendicular sec- 
tions obtained by X-ray computed tomography (fig- 
ure 14). Each aspect of the trapiche texture is 
described in detail below. 
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TABLE 1. Features and properties of the 12 trapiche emeralds investigated in this study. 


Locality Sample Geometric pattern Diameter Section Trapiche | Composition (wt.%) Solid Microscopy SEM EPMA XRDT CT CL 
(mm) c-axis matrix inclusions 
(V,0,) (Cr,O,) 
Coscuez 72 Hexagonal crystal 8 | None — c:0.13-0.15 0.00-0.04 Ab, Qtz, Bri, Ank, Jv 4 Vv Vv J 
with core, arms, Dol 
dendrites and d:0.16-0.20 0.02-0.03 
small overgrowth a: 0.22-0.62 0.02-0.03 


og: 0.62-0.90 0.05-0.90 


Coscuez 13 Center, arms 6 | AbBS Ab, Dol, Bri, Cal, Jv J 
Qtz, Fap, Fe(O,OH), 
Ank, Py 
Coscuez 14 Smallcore, arms, Arm up to | = AbBS —:0.12+-0.14 0.12-0.14 Ab, Cal, Brl, Tur, Rt, J 4 vo J 
dendrites 10 mm Mca, Fap, Po, Zrn, 


d:0.20-0.30 0.18-0.19 pot Kin 
a: 0.20-0.30 0.15-0.20 


Pefias T5 Hexagonal green 4 | AbBS — c:0.68-0.72 0.30-0.40 Kin, Fe(O,OH), Ab, Jv 4 vo J 
Blancas core with green +Clays Rt, Brl, Zrn, Po, Cal, 
arms, dendrites d: 1.17 0.68 Dol, Fap, Mca 
a: 0.90-1.16 0.0-0.90 
Muzo T6 Center, Arm up to | None J J 
asymmetric arms 3.5 mm 
Muzo T7 Small core, arms, 10 | None Mca, Kin, Tur, Dol, Jv J 
small overgrowth Cal, Ank, Rt, 
Fe(O,OH), Qtz, Fl, 
Fap, Ab, Py 
Muzo T8 — Hexagonal crystal 10 | None — c:0.02-0.03 0.00-0.02 Ab, Qiz, Mca, Rt, Jv Yt J 
with hexagonal Claysin Dol, Bri 
core and deep fractures 2: 902-0.06 0.00-0.06 
green overgrowth og: 0.62-0.64 0.31-0.72 
Muzo T9 Hexagonal green 5 ll AbBS Brl, Mnz, Qtz, Pt, Jv J J 
core and green + Clays Fap, Ab, Mca, Rt, 
arms Fe(0,OH), Po 
Muzo T10 ~~ Bipyramidal core, 10 + None c:0.15-0.26 0.02-0.12 Ab, Kin, Fap J 4 Vv 
~ a: 0.15-0.23 0.02-0.09 
Muzo T11  Largegreencore, 8, with | AbBS — c:0.59-0.75 0.49-0.62 Bri, Qiz, Rt, Ab, Jv 4 vo J 
small arms core ~3 mm + Clays Kin, Dol, Py 
d:0.02-1.12 0.02-0.99 
a:0.91-1.09 0.73-0.89 
Muzo T12 Small hexagonal 12 ll AbBS 
core, arms 
Muzo T13 Core, arms 5 | Ab 


c = core; d = dendrite; a = arm; og = overgrowth; AbBS = albitized black shale, Ab = albite; Cal = calcite; Qtz = quartz; Brl = beryl (emerald); Ank = ankerite; 
Dol = dolomite; Fap = F-apatite; Py = pyrite; Fe(O,OH) = iron oxides and hydroxides; Tur = tourmaline; Rt = rutile; Mca = muscovite; Po = pyrrhotite; 
Zrn = zircon; KIn = kaolinite; Fl = fluorite; Mnz = monazite; || = section parallel to crystal’s c-axis; L = section perpendicular to crystal’s c-axis. 
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overgrowth 


Figure 13. A: Schematic diagrams of trapiche emerald 
sections, perpendicular to the c-axis (top left) and par- 
allel to it (top right). The sections show trapiche emer- 
ald’s central core, arms, dendrites, and overgrowth 
zones. B: Aspect and variations of the core, which has 
a hexagonal bipyramidal shape. Its size varies as a 
function of the sections perpendicular to the c-axis: 
largest if the section is cut at the base of the pyramid, 
smallest near the pyramid’s vertex. 


Core. The central core may or may not be present in 
a trapiche emerald. The core is bounded by pina- 
coidal faces [0001] (see figures 12A, 12D, 12G, 12], 
and 12L) and has the shape of two opposite hexago- 
nal pyramids (figures 12I and 13) corresponding to 
the pinacoidal growth sectors. The presence and the 
size of the core depend on the position of the cross- 
section along the bipyramidal shape, as illustrated 
in figure 13B. If the trapiche’s growth is homoge- 
neous in both positive and negative directions of the 
c-axis, the two hexagonal pyramids will develop 
similarly. If the growth is inhomogeneous (due to 
limited space in the growth medium, for example), 
one pyramid will be more developed than the other, 
as in figure 12I. Moreover, in the sections perpendi- 
cular to the c-axis, the core is largest if the section 
is cut at the base of the pyramid, and smallest near 
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Figure 14. X-ray computed tomography images show- 
ing the spatial relationships between the core, arms, 
and dendrites in a trapiche emerald from Muzo. 


the pyramid’s vertex (figure 13B). This is confirmed 
by X-ray computed tomography: Figure 15A shows 
that the size of the core decreases from the top to the 


Figure 15. X-ray computed tomography images of a 
trapiche emerald from Muzo. A: The size of the core 
decreases from the top toward the bottom of the crys- 
tal. B: The dendrites around the core develop laterally 
and penetrate into the arms. C: The spatial distribu- 
tion and morphology of solid inclusions in the sam- 
ple. D: The elevated porosity (in blue) of the whole 
sample in a section perpendicular to the c-axis. 
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bottom of the trapiche. When a section is cut be- 
tween the vertices of two opposite pyramids, the core 
is absent and the arms and dendrites intersect in a 
central point, as in figures 12B, 12E, 16C, and 16D. 
This explains why some trapiche samples show a 
hexagonal core on one end (figure 16A) but no core 
on the other end (figure 16B). The color of the core 
can vary from very light to deep green, reflecting dif- 
ferent quantities of the chromophores V** and Cr** 
(see the “Trace-Element Analysis” section below). 
The core is surrounded by dendrites that can also 
replace it completely or partially, as described by 
Bernauer (1933). The replacement gives the core a dark 
aspect, as shown in figure 16E. The dendrites around 
the core develop laterally and penetrate into the arms, 
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Figure 16. Core images 
of several trapiche 
emeralds. Samples 
showing the upper part 
of the cabochon cut 
with the hexagonal 
core (A), and with only 
a central point (B); opti- 
cal (C) and SEM (D) 
images of a sample 
with no core, the den- 
drites and arms cross- 
ing in the central point; 
an example of a hexag- 
onal dark core (E); signs 
of fracturing and disso- 
lution in a core, attest- 
ing to a complex 
growth history (F). 


as demonstrated by the density contrast in the tomo- 
graphic images (figures 14 and 15B). 

Optical observations of the sections perpendicular 
to the c-axis under cross-polarized light confirm that 
the core cannot be completely extinct, but a kind of 
wavy extinction, as in quartz, is made visible by 
turning the stage of the microscope. It follows that 
the core may be plastically deformed during or after 
its formation. This particular optical feature was 
mentioned by Bernauer (1933), who wrote of “listas 
onduladas,” and Chaudhari (1969), who described “a 
sort of grating structure” in the core. 

Signs of dissolution are observed in the core of 
two samples. For example, figures 17A and 17B 
show that the core’s edges are not straight, due to 
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Figure 17. A: An SEM image of the spatial relationship between the core, dendrites, and arms in the sample from 
figure 12C. The inset shows the whole sample, along with the locations of images A and B. The wavy contact be- 
tween the core and the dendrites indicates a previous dissolution of the core by the fluids. The dendrites are 
formed mainly by calcite and albite sometimes associated with beryl. B: A microscopic image of the dendrites and 
the arms of emerald (Brl), which formed simultaneously, though the arms were affected by dissolution and frac- 
turing (see the aspect of the core and arms). The microscopic image shows that the fracture crosscutting the arm is 
filled by calcite (Cal) and + albite associated with tiny beryl crystals (around ten microns). 


etching, and are partially covered by the arms. In 
figure 16F, dissolution also occurred during the 
core’s complex growth history. During its forma- 
tion, the core underwent a deformational event 
marked by two main fractures coeval with the den- 
drites’ development. The fractures are filled by the 
same minerals found in the dendrites: albite, pyrite, 


240 COLOMBIAN TRAPICHE EMERALDS 


quartz, carbonates, fluorite, and phyllosilicates. 
Some of the fractures are filled by fluid inclusions, 
indicating fluid circulation and consequent dissolu- 
tion of the edges and corners of the core. The effects 
of dissolution are marked by the modification of the 
core’s shape from hexagonal to oval, and by the ir- 
regular etched borders. During a second stage, core 


Figure 18. Optical im- 
ages of growth arms in 
trapiche emeralds. A 
and B: The arms are 
characterized by bun- 
dles of straight disloca- 
tions perpendicular to 
the {1010} faces. C: Di- 
rection of propagation of 
the dislocations in two 
adjacent growth sectors. 
Along these dislocation 
zones and at the contact 
of the dendrites, the 
crystals trap solids and 
cavities of fluid inclu- 
sions. D; Primary fluid 
inclusion trails are par- 
allel to the dislocations. 


100 um 
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growth resumed and the pseudo-hexagonal shape 
was restored. 

Rare multiphase fluid inclusions are observed in 
the core. They are similar to those found in the arms, 
indicating that the fluid composition was the same. 
However, multiphase fluid inclusions in the core are 
pseudo-secondary because they are often associated 
with fracturing. 


Arms. Six arms with nearly identical size surround 
the core. They appear elongated in the (110) directions 
and are bounded by the {1010} faces. Sometimes a few 
arms are larger than others (figures 12E and 12F), mak- 
ing the trapiche asymmetric. 

The color of the arms, like that of the core, can 
vary from pale (figures 12E and 12F) to intense 
green (figures 12D, 12H, 12K, and 12L) as a function 
of chemical composition (see “Trace-Element 
Analysis”). 
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Figure 19. These multiphase 
fluid inclusions trapped in 
the arms of trapiche emer- 
alds contain liquid (L) and 
vapor (V) phases as well as 
solid-phase daughter miner- 
als (H = halite, Cb = carbon- 
ates, Syl = sylvite). A: This 
primary multiphase inclu- 
sion exhibits stretching and 
necking-down phenomena. 
B: Alignment of multiphase 
fluid inclusions along the 
dislocation plane of the 
arm. C: A multiphase fluid 
inclusion trapped at the end 
of a dendrite (on the right) 
and parallel to the disloca- 
tions. D: A large cube of 
halite in a fluid inclusion 
cavity formed at the edge of 
the dendrites. E: Trails of 
multiphase fluid inclusions 
affected by necking-down. 
Re-equilibration of the cavi- 
ties occurred during cooling, 
and some of the primary 
fluid inclusions became 
monophase (L or V) or 
biphase (V + L or L + H) cav- 
ities. F: Typical primary 
multiphase fluid inclusion 
in trapiche emerald, similar 
to those trapped by non- 
trapiche emerald. 


boon 


20 um 


In each arm, bundles of straight dislocations de- 
velop perpendicular to the {1010} faces (figures 18A 
and 18B). This indicates that they formed during the 
growth, in the direction of minimum elastic energy 
(Authier and Zarka, 1994). The direction of propaga- 
tion of the dislocations in two adjacent growth sectors 
can be observed in figure 18C. Only in the trapiche of 
figure 12E do the dislocations appear slightly curved 
on the border of the largest arm. This is probably due 
to a change in the direction of minimum energy dur- 
ing the “anomalous” growth of this arm. 

Solid and multiphase fluid inclusions are found in 
the arms. They are parallel to the dislocations (figures 
18D, 19B, and 19E) and all located in proximity to the 
dendrites. The solid inclusions are similar to those 
found in the dendrites (see “Dendrites” below]. The 
fluid inclusion cavities follow the extension of the 
dendrites in the arms. They are multiphase fluid in- 
clusions containing daughter minerals, mainly halite 
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but also carbonates and sylvite, liquid and vapor 
phases (figures 19A, 19C, and 19F). They belong to the 
H,O-NaCl + (CO,) system already characterized for 
Colombian emerald-bearing veins (Roedder, 1963; 
Touray and Poirot, 1968; Kozlowski et al., 1988; Ott- 
away, 1991; Giuliani et al., 1991; Cheilletz et al., 
1994). Sometimes, the multiphase fluid inclusions can 
be concentrated in certain portions of the arms, form- 
ing trails (figure 19E). 

Evidence of heterogeneous trapping is observed in 
some multiphase fluid inclusions at the contact be- 
tween dendrites and arms. This trapping is character- 
ized by the presence of a large cubic crystal of halite 
(figure 19D) occupying more than 15 vol.% of the cav- 
ity and up to 70 vol.% (see “Emerald Mineralization” 
above). 

Monophase fluid inclusions with highly irregular 
dendritic morphologies (figures 20C and 20D) are pres- 
ent in the arms. They do not contain solid or vapor 
phases. Similar inclusions were described in quartz 
crystals by Invernizzi et al. (1998) and interpreted as 
earlier-formed inclusions re-equilibrated at conditions 
of high internal underpressure. The dendritic mor- 
phology “results from the closure of the original in- 
clusion void and preservation of fluid in long dendritic 
dissolution channels” (Invernizzi et al., 1998). 

The arms contain elongated voids perpendicular 
to the growth front and thus parallel to the disloca- 
tions (figures 20A and 20B). Figure 20A shows that 
the formation of the elongated voids is related to the 
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Figure 20. Elongated 
voids observed in the 
arms, perpendicular to 
the growth front and par- 
allel to the dislocations. 
A: An elongated fluid in- 
clusion cavity that 
formed parallel to the dis- 
location plane and after 
subsequent trapping of a 
solid inclusion (the black 
solid on the upper part of 
the cavity). B: Trails of 

~ voids parallel to the dislo- 
cation planes. C: Mono- 
phase fluid inclusions 
with highly irregular den- 
dritic morphologies in the 
arms. D: Flat monophase 
fluid inclusions that de- 

_ veloped along the disloca- 
tion planes. 


presence of solid inclusions. The voids resemble those 
described in Colombian emerald-bearing veins 
(Touray and Poirot, 1968) and in trapiche tourmaline 
(Schmetzer et al., 2011). Nevertheless, these voids 
may also have formed by dissolution along disloca- 
tion bundles if the supersaturation decreased after 
crystal growth (Scandale and Zarka, 1982; Authier 
and Zarka, 1994). 

The arms are sometimes affected by fractures, 
filled by albite and small euhedral bery1 crystals (fig- 
ure 17B), that are synchronous with the arms’ forma- 
tion. The growth of the arms is not perturbed, 
because there is no discontinuity between the albite 
in the fractures and the albite in the dendrites on 
both sides of the arms. 

In some emeralds, the arms have a fibrous texture 
like that of beryl in the dendrites (figure 21A), but in 
others they are not fibrous and appear similar to the 
core. Their different textures can reveal important 
information about the growth rates of the arms. 


Dendrites. In trapiche emeralds, dendrites surround 
the core (figures 21B and 21F) and develop along the 
a-axis from the corners toward the outer edge with a 
herringbone texture (figure 21C). In particular, the 
dendrites may be larger near the edge, where they as- 
sume a characteristic fan shape (figures 21B and 21E). 
In some samples, the herringbone texture is not de- 
veloped and the fan shape starts directly on the cor- 
ners of the core. In this case, the dendrites are larger 
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and contain stringers of emerald intersecting at 60° 
angles (figure 21 A), as described by Chaudhari (1969). 
The dendrites may be present even in the arms (fig- 
ures 12D and 12F) and parallel to the extension of the 
arms (figure 21D). 

The dendrites are developed on albitized and calci- 
tized black shales (figures 22A, 22B, 22D, and 22E), and 
sometimes rounded remnants of albitite are included 
in the calcite-bearing dendrites (figure 22.C). In addition, 
variable quantities of organic matter are found in the 
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Figure 21. A: An SEM 
image of dendrites con- 
taining stringers of 
beryl intersecting at 60° 
angles. B: The dendrites 
are enlarged near the 
edge of the crystal, 
where they assume a 
characteristic chevron 
shape (see also images 
C-E). C: An SEM image 
of the typical herring- 
bone texture of den- 
drites. The crystal 
formed on an albitized 
black shale matrix (on 
the left side of the 
image). D: This SEM 
image shows the pres- 
ence of dendrites in the 
arms. E: Aspect of the 
dendrites from the core 
to the edge of the emer- 
ald crystal in a special 
section where the core 
is represented by a cen- 
tral point. The arms in- 
clude albitized black 
shale (right side of the 
image), part of the ma- 
trix that supports the 
emerald. F: An SEM 
image of dendrites sur- 
rounding the core. 


albitites as well as in the dendrites (figure 22D), explain- 
ing why they often appear dark (figures 12B, 12C, and 
12K). The X-ray computed 3D tomography image (fig- 
ure 15D) of the trapiche emerald from figure 12H per- 
mitted the calculation of the dendrites’ volume. The 
sample's total volume is 64.75 mm’, of which 18% is 
occupied by the dendrites and 81% by the core and the 
arms, with the remaining 1% representing the porosity. 

The dendrites contain mainly the albite and 
emerald assemblage, which explains why the den- 
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drite zones were also called “two-phase regions” by 
Nassau and Jackson (1970). The high quantity of al- 
bite (with or without calcite) makes the dendrites 
whitish, as shown in figures 12D and 12J. Quartz and 
dolomite complete the main paragenesis (figures 23A 
and 23B). Other solid inclusions characteristic of 
Colombian emeralds are found in minor amounts 
(figure 23C): rutile, carbonates (dolomite, ankerite, 
siderite], muscovite, fluorapatite, pyrite, pyrrhotite, 
zircon, fluorite, tourmaline, and minerals containing 
rare-earth elements such as monazite and parisite. 
Muscovite and rutile are V-bearing, and tourmaline 
usually shows complex zoning (figure 23D). The 
pyrrhotite forms framboidal polycrystalline aggre- 
gates typical of sedimentary sulfides. 

Secondary alteration can affect the dendrites. The 
formation of clay minerals (mostly kaolin) and iron 
oxides/hydroxides modifies their original dark/whitish 
color to a brownish one (figures 12H and 12L). The 
typical evidence of alteration is the pseudomorphic 
replacement of framboidal sulfides by iron oxides/ 
hydroxides. The alteration is favored by the elevated 
porosity of the dendrites, which is visible in the tomo- 
graphic images of figure 15D. 


244  COLOMBIAN TRAPICHE EMERALDS 


Figure 22. A: Microscopic 
image of dendrites formed 
on albitized (+ calcitized) 
black shales (BS). The 
chevron-like habits charac- 
teristic of trapiche contain 
albite (Ab), emerald (Brl), 
and calcite (Cal). B: SEM 
image of the albitized black 
shale with albite, zircon 
(Zrn), calcite, pyrite (Py), 
and pyrrhotite (Po). C: SEM 
image of sample T4 showing 
the arm formed by emerald 
with dendrites on both 
sides. The dendrites are 
formed by calcite + albite 
and emerald. The arm and 
the dendrites formed on al- 
bitite (Abt), a rounded rem- 
nant of which is included in 
the dendrite on the left side. 
D: SEM image of the albitite 
containing zircon, emerald, 
pyrrhotite with framboidal 
polycrystalline aggregates, 
rutile (Rt), and organic mat- 
ter (Om). E: Morphology 
and size of albite crystals 
from the albitite, showing 
the rock’s high porosity. 


dendrite 


Overgrowth. Overgrowth is not always present in 
trapiche emeralds. Its color is different from that of 
the adjacent arms, and it can be paler (figure 12F) or 
darker (figures 12A and 12G). The color difference in- 
dicates variations of V,O, and Cr,O, contents in the 
growth medium during the formation of the over- 
growth (see “Trace-Element Analysis”). If many 
chemical changes occurred, the overgrowth becomes 
zoned, as in the trapiche shown in figure 12G. The 
contact between the overgrowth and the arms is 
often marked by the presence of inclusions. 


X-ray Diffraction Topography. Even though X-ray dif- 
fraction topography is particularly suitable to inves- 
tigate the strain associated with extended defects and 
to reconstruct the growth history of minerals (Agrosi 
et al., 2006; Agrosi et al., 2013), it has not been used 
until now to study trapiche emerald. This is probably 
because the technique requires the cutting of thin 
slices to minimize X-ray absorption, a drawback 
given the rarity of trapiche material. X-ray topo- 
graphic images of trapiche emeralds are shown in fig- 
ure 24. The samples’ limited thickness kept us from 
preparing slices with different orientations, and only 
slices perpendicular to the c-axis were cut. 
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worth joined the G.I.A. staff, without sal- 
ary, as Director of its eastern laboratory 
there. His untimely death in 1945 precipi- 
tated the closing of the eastern branch of 
the Institute, which was reopened in New 
York City in August, 1948. 


DR. KRAUS ACCEPTS PRESIDENCY 


Succeeding Dr. Wigglesworth as Presi- 
dent of the GLA. was Dr. Edward” H. 
Kraus, Dean Emeritus of the Colleges of 
Art, Literature, and Science at the Univer- 
sity of Michigan, who was recently elected 
G.I.A. President for the sixth consecutive 
year. 

Long recognized internationally as an 
authority in the field of crystallography and 
precious stones, Dr. Kraus had conducted 
a course in gem identification from 1916 
to 1933. In the early days of the Institute, 
more help and encouragement was given 
by him than by any other educator in the 
country. With H. T. Dickinson and the 
late Dr. Sydney H. Ball, Dr. Kraus was 
made an Honorary Member of the Institute 


* Dr. Edward Wigglesworth. Below Res- 
ident Class in Los Angeles Laboratory, 
1940. Left to right, Sam Tyack, Jerome 
B. Wiss, Martin Mager, John Vondey, 
Dr. Wigglesworth. 
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Topographic images taken with diffraction vec- 
tors g of type hki0 show a strong diffraction contrast 
for the arms, while the core is almost invisible (fig- 
ures 24A and 24C). In all arms, the presence of bun- 
dles of dislocations running perpendicular to the 
prismatic growth fronts is confirmed by the topo- 
graphic images (figure 24). It was impossible to char- 
acterize these dislocations, because the orientation 
of the slices did not permit us to obtain topographic 
images with reflections suitable to determine the 
Burgers vectors applying the extinction criterion. 
The extinction criterion can be explained only refer- 
ring to the diffraction contrast origin. The contrasts 
observed in the topographic images are due to the 
different intensities of diffraction between regions 
characterized by strain fields associated to the de- 
fects (kinematical effects) and almost perfect regions 
(dynamical effects). The diffraction contrasts can be 
extinct if the scalar product between the diffraction 
vector g and the vector representative of the strain 
field associated to the defect is equal to zero. In the 
case of dislocations, the extinction criterion is based 
on the scalar product g x b = 0, where b represents 
the Burgers vector. It follows that the dislocations 
are out of contrast when g is perpendicular to b. 
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Figure 23. SEM images of in- 
clusions found in dendrites 
at the contact with trapiche 
emerald arms. A: Aspect of 
the cavities filled by solids 
in the dendrites. The assem- 
blages are formed by rutile 
(Rt) + quartz (Qtz), and 
quartz + emerald (Brl) + 
muscovite (Mca). B: Other 
mineral assemblages 
formed by dolomite (Dol) + 
albite (Al) + quartz + mus- 
covite (Mca). C: Aspect of a 
dendrite cavity filled by al- 
bite, calcite (Cal), ankerite 
(Ank), muscovite, quartz, 
pyrrhotite (Po), fluorapatite 
(Fap), and rutile. The differ- 
ent solids are coeval, and 
the limits of some minerals 
show the presence of small 
fluid inclusion cavities, in- 
dicating that a fluid was 
bathing the whole cavity 
during dendrite formation. 
D: An SEM image of a tour- 
maline (Tur) crystal in- 
cluded in calcite. 


No diffraction contrast corresponding to the 
growth sector boundaries can be seen in the topo- 
graphic images. Thus, the boundaries between the 
adjacent arms can be recognized only by means of 
the lack of contrast corresponding to the dendrites or 
by the directions of propagation of the dislocations 
in each arm (for example figures 24E, 24F, and 18C). 
This indicates that in trapiche emeralds there is a 
good interconnection between the different arms. 

Topographic images taken with diffraction vectors 
inclined with respect to the c-axis (e.g., g = 1231) show 
that the hexagonal core is also visible (figures 24B and 
24D). The fact that both core and arms are visible in 
these topographic images indicates crystalline continu- 
ity between them, despite the presence of the dendrites. 

The presence of dislocations in the core cannot be 
excluded, because the diffraction contrast observed 
(figure 24B) is not solely due to the fractures (slightly 
visible in figures 24A and 24C). It is worth noting that 
the contrast of these dislocations is always extinct on 
the topographic images with g = hki0. On the basis of 
the extinction criterion, the b vector should thus be 
parallel to the c-axis, and one may suppose that the 
dislocations in the core are of screw type. This could 
be verified by a topographic study of the sections par- 
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Figure 24. A to D: MoKa, 
X-ray topographic im- 
ages of the trapiche 
emerald from figure 12G, 
taken with the diffrac- 
tion vectors g = 1010 (A), 
g = 1231 (B), g = 0110 (C) 
and g = 1321(D). E to F: 
X-ray topographic im- 
ages of the trapiche 
emerald from figure 13E, 
taken with the diffrac- 
tion vectors g =1010 (E) 
and g = 3121 (F). 


allel to the c-axis, but unfortunately it was not possi- 
ble to cut sections parallel and perpendicular to the 
c-axis from the same sample. For this reason, the pres- 
ence of screw dislocations has not been confirmed. 


Cathodoluminescence. CL images of the trapiche 
emerald samples exhibited several distinct features. 
The cold CL images obtained on the Pefias Blancas 
crystal (see figure 12D) show a crimson color due to 
the presence of Cr** and V* ions acting as the main 
CL activators (figure 25C). The cold CL image of the 
Muzo crystal (figure 25D) illustrates the color homo- 
geneity of the core and the different textural and 
color aspect of the arms. These fibrous dendrites 
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show variations in the reddish hue. Cold CL images 
obtained on the Coscuez crystal indicate that the 
core and arms have the same CL colors, but the den- 
drites formed by a fine intergrowth of albite, calcite, 
and emerald (figure 25D) have different CL colors for 
each: orange, yellow, and dark crimson for albite, cal- 
cite, and emerald, respectively. These CL colors 
could be explained by the presence of Mn in calcite 
(Ohnenstetter et al., 1998) and of Fe substituting Al 
in albite (Geake and Walker, 1975; White et al., 1986, 
Gétze et al., 2000). 


Trace-Element Analysis. Six sections of trapiche 
emerald from Coscuez, Pefias Blancas, and Muzo 
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TABLE 2. Representative chemical composition of trapiche emeralds from Coscuez, Muzo, and Pefas Blancas, 
obtained by electron microprobe analysis. 


Coscuez Muzo Penas Blancas 
Oxides (wt.%) 14-6 T4-1 T4-14 711-1 711-32 711-23 T8-2 T8-11 T8-4 T8-13 T5-1 T5-10  =15-11 
a d c a d c og og a c a d c 
SiO, 66.28 65.16 66.81 65.22 66.52 65.87 65.97 66.90 65.57 66.17 65.55 66.26 65.25 
Al,O, 17.26 17.27 17.61 15.19 17.18 16.77 16.62 17.69 17.56 17.80 16.28 15.22 177 
Cr,O, 0.17 0.18 0.12 0.80 0.95 0.62 0.29 0.72 0.05 0.02 0.90 0.68 0.30 
Fe,O, 0.20 0.12 0.08 0.37 0.08 0.12 0.07 0.04 0.03 0.03 0.19 0.56 0.16 
V,O, 0.27 0.27 0.14 1.08 0.82 0.67 0.64 0.30 0.05 0.03 0.87 1,17 0.68 
BeO calc.* 13.79 13.56 13.90 13.57 13.84 13.71 13.73 13.92 13.64 13,77 13.64 13.79 13.58 
MgO 0.58 0.53 0.55 1.28 0.33 0.65 0.99 0.29 0.73 0.69 0.71 1.40 1.47 
Na,O 0.56 0.50 0.45 0.98 0.27 0.49 0.97 0.25 0.45 0.43 0.61 0.59 0.76 
H,O calc.? 1.31 1.26 1.22. 1.67 1.07 1,31 1.66 1.04 1.22 1.20 1.35 1.34 1.48 
Total 100.42 98.85 100.88 100.16 101.06 100.21 | 100.94 101.15 99.30 100.14 |100.10 101.01 99.45 
Si 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 
Al 1.841 1.874 1.864 1.647 1.826 1.800 1.782 1.870 1.894 1.902 1.756 1.624 1.709 
Cr 0.012 0.013 0.009 0.058 0.068 0.045 0.021 0.051 0.004 0.001 0.065 0.049 0.022 
Fe?* 0.014 0.008 0.005 0.026 0.005 0.008 0.005 0.003 0.002 0.002 0.013 0.038 0.007 
Vee 0.020 0.020 0.010 0.080 0.059 0.049 0.047 0.022 0.004 0.002 0.064 0.085 0.050 
Be’*> 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 
Mg 0.078 0.073 0.074 0.176 0.044 0.088 0.134 0.039 0.100 0.093 0.097 0.092 0.041 
Na 0.098 0.089 0.078 0.175 0.047 0.087 0.171 0.043 0.080 0.076 0.108 0.104 0.135 
Total IE O6S MR O7 Cl O4 Oe CIOS OI RO77.5 lie 59m 1202 7 hOSSmanl O77 Nhl OS mln OSOMmmiinI 25 
V/Cr 1.58 1.49 1.16 1.34 0.86 1.07 2.19 0.41 0.99 1.49 0.96 1.71 2.25 


* Amount of Be inferred from stoichiometry zones of the trapiche emerald: a = arm; d = dendrite; c = core; og = overgrowth. 
® Calculated following the equation HO = (0.84958)(Na,O) + 0.8373 (Giuliani et al., 1997). 


were analyzed by EPMA and with elemental compo- _ dendrites, arms, and overgrowths (tables 1-3). Over- 
sitional EDX maps in order to evaluate chemical all, the emeralds contained relatively low concentra- 


composition, zoning, and color variations inthe core, tions of Fe,O,, from 200 to 5700 ppm. The Na,O 


Figure 25. A and B: SEM and 
CL images of a Muzo sam- 
ple show that under CL, the 
core is homogenous and ap- 
pears crimson-colored due 
to the presence of Cr* and 
V* ions acting as the main 
CL activators. The arms, on 
the other hand, are fibrous 
and show variations in the 
reddish hue. C: The cold CL 
image of a Penas Blancas 
sample shows the homo- 
geneity of its red color due 
to the presence of the V and 
Cr chromophores. D: The 
cold CL image of a Coscuez 
sample reveals different CL 
colors: orange for albite, yel- 
low for calcite, and dark 
crimson for emerald. 


dendrite 


0.5.cm 
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TABLE 3. Representative chemical composition of trapiche emeralds from Coscuez and Muzo?, obtained by 


electron microprobe analysis. 


Coscuez Muzo 
Oxides (wt.%) 711-25 1711-20 111-33 111-28 T11-1 T11-4 T10-1 T10-8 110-12 110-7 T10-5 T10-3 110-16 
Cc € d d a a center eS cN aS aS aS aN 

SiO, 66.36 65.37 66.07 65.59 65.22 65.34 66.50 65.50 66.21 66.38 66.57 65.71 66.29 
Al,O, 16.49 16.15 15.87 16.32 15.19 16.15 18.20 16.20 17.26 17.68 17.37 17.41 17.93 
Cr,O, 0.60 0.49 0.87 0.63 0.80 0.73 0.09 0.12 0.05 0.05 0.11 0.03 0.03 
Fe,O, 0.10 O11 0.19 0.09 0.37 0.21 0.08 0.51 0.10 0.13 0.23 0.26 0.20 
V,O, 0.72 0.59 0.89 0.58 1.08 0.87 0.15 0.26 0.13 0.20 0.21 0.21 0.20 
BeO calc. 13.81 13.60 13.75 13.65 13.57 13.60 13.84 13.92 13.78 13.81 13.85 13.67 13.79 
MgO 0.75 0.98 1.21 0.67 1.28 0.86 0.67 1.48 0.90 0.57 0.87 0.82 0.67 
Na,O 0.66 0.78 0.86 0.55 0.98 0.64 0.56 1.13 0.63 0.39 0.69 0.67 0.56 
H,O calc.* 1.39 1.49 1.56 1.30 1.67 1.38 131 1.79 1.87 1.10 1.42 1.40 1:33] 
Total 100.88 9956 101,27 99.38 100.16 99.78 |101.40 100.91 100.93 100.31 101.32 100.18 100.98 
Si 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 
Al 1.757 1.747 1.699 1.760 1.647 1.748 1,935 1.749 1.843 1.883 1.845 1.874 1.913 
Cr 0.043 0.036 0.062 0.046 0.058 0.053 0.006 0.009 0.004 0.004 0.008 0.002 0.014 
Fe3* 0.007 0.008 0.013 0.006 0.026 0.015 0.005 0.035 0.007 0.009 0.016 0.018 0.014 
Vee 0.052 0.043 0.065 0.043 0.080 0.064 0.011 0.019 0.009 0.014 0.015 0.015 0.015 
Be > 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 
Mg 0.101 0.134 0.164 0.091 0.176 0.118 0.090 0.202 0.122 0.077 0.117 0.112 0.090 
Na 0.116 0.139 0.151 0.098 0.175 0.114 0.098 0.201 0.111 0.068 0.121 0.119 0.098 
Total Widow WO io OSS ie) ea ee Oe Oe Se) ae! 
V/Cr 1.19 1.20 1.02 0.91 1.34 1.18 1.66 215 2.58 397 1.90 6.95 6.62 


2Analyses on Coscuez samples were performed on a section perpendicular to the c-axis. Analyses on Muzo samples were conducted on a section 


parallel to the c-axis. 


’ Amount of Be inferred from stoichiometry zones: a = arm; c = core; d = dendrite; S = southern part of the crystal; N = northern part of the crystal. 
© Calculated following the equation H,O = (0.84958)(Na,O) + 0.8373 (Giuliani et al., 1997). 


concentrations were between 1400 and 15,500 ppm, 
which corresponds to a calculated H,O in the chan- 
nels between 0.95 and 2.15 wt.%, following the equa- 
tion proposed by Giuliani et al. (1997). In terms of 
chromophores, V was the main element; the highest 
concentrations in V,O, and Cr,O, were 11,700 and 
9,700 ppm, respectively. The V/Cr ratio was between 
0.42 and 6.9 (tables 2 and 3). Some of the emeralds 
were Cr-free, with V,O, content up to 1.17 wt.% 
(sample in figure 12D, table 2). The Mg contents were 
between 2,300 and 14,800 ppm. 

Chemical compositional EDX maps of trapiche 
from Muzo (sample T8 in figure 12G) were obtained 
on a section perpendicular to the c-axis (figure 26A). 
This sample contained a colorless to very light green 
core rimmed by dendrites and six colorless arms (fig- 
ure 12G). The arms were rimmed by deep green over- 
growth zones. All the chemical elements of emerald 
were distributed homogenously in the EDX-map of 
the core and arms. The dendrites were characterized 
by Na anomalies that correspond to minute crystals 
of albite formed during their growth. The overgrowth 
zones were richer in Mg and Na, with important Cr 
and V anomalies, than the core and arms. The con- 
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tact zone between the arm and the overgrowth was 
sharp and distinguished by a Cr-rich zone (figure 
26F). The Al anomalies detected at the border and 
within the fractures of the crystal were due to 
argillites that formed during a late meteoric water 
stage. 

The distribution of the different chemical ele- 
ments in the various maps were coupled to the chem- 
ical distribution of Cr and V (in wt.%). EPMA 
analyses presented in table 2. show that the arms were 
richer in Cr and V than the core. The contact zone be- 
tween the arms and the overgrowth was sharp and in- 
dicated by a Cr-rich zone in the EDX image (figure 
26F). The Cr,O, and V,O, contents calculated by EDX 
reached 0.72 and 0.64 wt.%, respectively. 

Sample T10 is a section parallel to the c-axis of a 
V-rich greenish trapiche emerald from Muzo (figure 
27A). The chemical composition of the center, the 
core, and the rims are reported in table 3. The spatial 
distribution of V and Cr in the longitudinal section 
showed a positive correlation between these two el- 
ements for the center and the core (figure 27B). The 
arms from both sides of the crystal had a restricted 
V,O, range (table 3). 
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DISCUSSION 


The formation of trapiche emerald was approached 
by a combination of previous and new experimental 
data on the trapiche texture with the constraints of 
tectonics and basinal fluid circulation in a sequence 
of black shales of the western emerald zone in 
Colombia’s Eastern Cordillera. 


Growth History. While many hypotheses have been 
proposed, how and why trapiche emeralds formed 
will be elucidated on the basis of new experimental 
data presented in this work. These data further con- 
firm that trapiche emeralds are neither composite 
(Chaudhari, 1969) nor twinned crystals (Codazzi, 
1915; Bernauer, 1933). The possibility that trapiche 
emeralds are made of three intersecting crystals elon- 
gated in the <110> directions and that the spaces be- 
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Figure 26. A: An SEM view 
of sample T8 from Muzo 
(shown in figure 12G). B-F: 
EDX elemental maps show 
the distribution of sodium 
(B), magnesium (C), alu- 
minum (D), vanadium (E), 
and chromium (F). Brighter 
color corresponds to a 
higher concentration of the 
element being imaged. 
Image B shows a very high 
concentration of Na in the 
dendrites where albite is 
present. Image C shows a 
slight increase of Mg in the 
overgrowth zone. Image D 
shows important concen- 
trations of Al in the frac- 
tures filled by clay 
minerals during late mete- 
oric fluid circulation. Im- 
ages E and F show that 
there is no chemical differ- 
ence in the distribution of 
V and Cr between the core 
and the arms: Both areas 
are very poor in chro- 
mophores (Cr and V <600 
ppm), although the over- 
growth zone is very rich in 
V and Cr: This area has the 
“green grass” color of Muzo 
emeralds. The emerald 
zone in contact with the 
arms is Cr-rich (up to 7200 
ppm), while the outer zone 
is V-rich (up to 6400 ppm). 


tween them are filled by dendrite material is ex- 
cluded by the presence of the dendrites around the 
core (see, for example, figures 14 and 15). Moreover, 
X-ray topographic images show crystalline continu- 
ity between the arms and the core, indicating they 
are not several crystals but portions of the same 
emerald. The trapiche emerald is thus a unique crys- 
tal formation, as already stated by Nassau and Jack- 
son (1970). Furthermore, the presence of multiphase 
fluid inclusions in the trapiche emeralds similar to 
those observed in non-trapiche Colombian emeralds 
suggests that they formed from the same fluid in the 
system, H,O-NaCl + (CO,). 

The chemical composition of the interstitial fluid, 
the temperature (approximately 300-330°C}, and the 
bulk composition of the rocks (i.e., albitized black 
shales) are the same for trapiche emerald and emerald- 
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Figure 27. Variation of 
vanadium (V,O,) and 
chromium (Cr,O,) con- 
tents (in wt.%) in the 
trapiche emerald from 
Muzo presenting a sec- 
tion parallel to the c- 
axis (see table 3). A: 
The different points of 


Es eo oe J : IB T10a south analyses are reported 
<a e 2 BH 710a north from 1 to 16 in the core 
. a8, see (pts. 1, 8-10, 11-13, and 
i ™ 6 =i iis 15) and the two arms 
aa . i = : 7 (pts. 2-7, 14, and 16). B: 


V,O, (wt.%) 


bearing veins. The difference in the texture between 
these two is due to extreme variation of pressure in 
the history of their formation. That trapiche formed 
before regular emerald is evidenced by field observa- 
tion. Trapiche emerald developed on albitized black 
shale that is crosscut by regular-emerald-bearing veins 
and tension gashes. Some of the trapiche have an over- 
growth zone that undoubtedly grew during the for- 
mation of non-trapiche emerald. The tectonic 
decompression increased the degree of supersatura- 
tion, allowing the formation of trapiche emeralds, 
whereas emerald overgrowths occurred at a lower de- 
gree of supersaturation, until finally, at equilibrium 
conditions, euhedral non-trapiche emerald grew in the 
veins. 

The trapiche emeralds started growing at the be- 
ginning of the local decompression. The hydrother- 
mal fluid came in contact with the albitized black 
shale matrix, favoring the formation of seed crystals 
of emerald. During the growth of these seeds, tex- 
tural sector zoning—i.e., the accumulation of inclu- 
sions derived from the matrix along the interfaces of 
growth sectors (Andersen, 1984}—took place. This is 
proved by the presence of dendrites all around the 
core (pinacoidal growth sectors) and between the 
arms (prismatic growth sectors). 

Textural zoning can also occur with chemical sec- 
tor zoning, in which the growth sectors have differ- 
ent chemical compositions. In both cases, the growth 
sectors can be easily recognized. They are separated 
by inclusions in textural sector zoning, and by com- 
position and color differences in chemical zoning. 
This is the case with some trapiche samples analyzed 
in this study showing different concentrations of V 
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Variation of the V,O, 

and Cr,O, contents in 
the core and the arms 
of the sample. 


T 1 
0.24 0.28 


and Cr in the core and the arms (tables 2 and 3). Dif- 
ferent amounts of chromophore elements can result 
in different colors of various sectors, as in sample T4 
(figure 12.C), where the core is very pale green and the 
arms are green (richer in both Cr and V). The higher 
quantity of V and Cr also suggests that the arms grow 
faster than the core. The faster growth causes the de- 


Figure 28. Schematic representation of trapiche tex- 
ture in Colombian emeralds, formed by textural sec- 
tor zoning and displacement growth. 
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pletion of Al in the fluid near the prismatic growth 
fronts, allowing the incorporation of metal elements 
in the octahedral site to allow the growth’s front to 
advance. The faster growth of arms is supported by 
the higher quantity of defects perpendicular to the 
growth fronts such as bundles of dislocations and 
solid and multiphase fluid inclusions (figures 20 and 
2A). 

The overpressure and associated fluid supersatu- 
ration allow emerald to continue its growth and favor 
the displacement growth pushing the matrix mate- 
rial from the growing faces (Yardley, 1974; Carstens, 
1986; Riche and Mitchell, 1991). Two factors are nec- 
essary for displacement growth: high fluid pressures 
and slow growth (Yardley, 1974). Because the core 
grows slower than the arms, it pushes away the ma- 
trix material that accumulates around it as dendrites 
(figure 28). 

The matrix material is also displaced by the pris- 
matic growth sectors. Nevertheless, the matrix can- 
not be moved away as fast as these sectors grow. Thus 
the matrix is trapped, forming dendrites within 
and/or along the arms and perpendicular to the 
growth fronts (i.e., parallel to the elongation direction 
of the arms; see figures 12D and 21D). It should be 
noted that the matrix material is trapped primarily 
along the a-axis, forming dendrites whose size is a 
function of the quantity of displaced material (figure 
12). The crystallographic orientation of the dendrites 
can be explained by the Berg effect (1938). Because the 
driving force is higher on the corners than on the 
faces, the emerald can grow so fast as to trap most of 
the matrix material along the a-axis. The fan-shaped 
dendrites observed in some trapiche emeralds are 
common in trapiche chiastolites and garnets (Riche 
and Mitchell, 1991; Rice, 1993) and are also known 
as “re-entrants” (Pogue, 1916). Fan-shaped dendrites 
are also considered nucleation zones for minor 
growth (Rice, 1993), explaining why in some den- 
drites the stringers of emerald develop parallel to the 
edges of prismatic sectors and intersect at 60° angles 
(figure 21 A). This 60° angle is not arbitrary and indi- 
cates that the emerald grows parallel to the two pris- 
matic sectors delimiting the fan-shaped dendrite. The 
rapid growth along the a-axis is also proved by the fact 
that the stringers of emerald have a tree-like, fibrous 
texture (figures 25A and 25C). 

During displacement growth, the black shales 
played a key role in the thermal reduction of sulfate 
by oxidizing the organic matter. Oxidation generated 
CO,, creating fluid overpressure in the black shale. 
Such exothermic reactions produced hydrothermal 
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carbon (bitumen), which can float in the fluid as a 
syngenetic material and concentrate in the dendrites. 
Overpressure can explain the presence of fractures 
in the core and arms (see “Results” for details) filled 
with the same materials observed in the matrix. It 
can also account for the plastic deformation of the 
core that results in an undulatory extinction under 
cross-polarized light in some samples. 

Overpressure can also cause a change in the 
chemical composition of the growth medium, lead- 
ing to the dissolution of the emerald not yet in equi- 
librium with these new conditions. Consequently, 
partial dissolution affects some portions of growing 
crystals. This kind of “selective” dissolution (etch- 
ing) has been described by Bernauer (1933) on some 
trapiche emeralds from Muzo. It has been observed 
by Lyckberg (2005a,b) on the prismatic faces of he- 
liodor from Karelian, Russian, and Ukrainian peg- 
matites, and by Tempesta et al. (2011) on beryl 
crystals from Minas Gerais, Brazil. 

After decompression and hydraulic fracturing, the 
degree of supersaturation of the fluid decreased con- 
siderably. This can favor the formation of an over- 
growth surrounding the core, the arms, and the 
dendrites. The lower degree of supersaturation can 
also explain the formation of elongated voids in the 
arms by dissolution along the dislocation bundles 
(Scandale and Zarka, 1982, Authier and Zarka, 1994). 


Geological History. The emerald-bearing veins in 
Colombia’s western emerald zone formed in a con- 
text of fluid pressure variations in tear faults and 
thrusts affecting the Lower Cretaceous black shales. 
Formed along tear faults were numerous veins and 
hydraulic breccias. They resulted from the fracturing 
of the wall rocks during a tear fault increment (a dis- 
placement along the fault plane, likely inducing a 
seismic event). This increment is responsible for de- 
velopment of dilational jogs along several fault seg- 
ments. As a result, the jogs caused a large fluid 
pressure gradient and “pumped” the surrounding hy- 
drothermal fluids. Blocks of black shales, white al- 
bitite, and albitized and/or carbonatized black shales 
simultaneously collapsed into the jog and were ce- 
mented by carbonates and albite. 

Along the thrust, the fault propagation is achieved 
by shear-tensional failure caused by hydraulic fractur- 
ing under supra-lithostatic fluid pressure and small 
differential effective stresses (box C). The polygenetic 
nature of the fragments of the breccia such as in the 
tear faults, and the rotations and partial dissolution of 
the elements, clearly indicate bulk transport of mate- 
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BOX C: GEOLOGICAL MODEL FOR THE PROPOSED MECHANISM OF 


TRAPICHE EMERALD FORMATION 
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Figure C-1. Geological model for the proposed mechanism of the trapiche emerald formation from the western 
emerald zone. A: Thrust propagation and failure. B: Nucleation and growth of core, dendrites, and arms of 
trapiche emerald. C: Formation of trapiche overgrowths and regular emerald in veins. D: Cross-section of the 
Tequendama mine. In the Mohr’s circle diagrams in A, B, and C, tT = shear stress; On = normal stress; 01 and 


08 = the main stresses. 


rial during fluid flow (fluidization phenomena). The 
cement is formed by carbonates, pyrite, and albite, cre- 
ating the hydrothermal breccia called “cenicero.” The 
fluidized breccias are associated with emerald-bearing 
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thrust veins, which are horizontal tension gashes in 
this compressive tectonic context. The sealing of 
faults by carbonate deposition and cementation of the 
fluidized breccia depends on the elapsed time between 
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The formation of Colombian trapiche emerald is closely 
related to the structural geology history in the western 
zone. The correlation between the formation of tear 
faults under compressional stress and the growth of 
trapiche emerald can be elucidated in the following 
three steps (figure C-1: A, B and C): 


e A: Thrust propagation and failure. The incremental 
thrust propagation is related to the highest fluid pres- 
sures, which caused the failure and propagation of 
the fault (from point A to point A'). The failure oc- 
curred in the hybrid-shear-extensional mode, the 
thrust presenting a dilatant component. Physically, 
the Mohr’s circle moved to the left and touched the 
failure envelope of the black shale material. 


B: Abrupt decompression of fluid pressure is related 
to the opening of dilatant sites (i.e., high permeability 
and porosity zones) along the thrust. Hypersaline Na- 
bearing fluids responsible for strong albitization of 
the hosting carbon-rich black shales are “pumped” 
into those dilatant zones with high flow rates. As a 
result, high fluid pressure gradients also triggered flu- 
idization processes responsible for the formation of 
polygenic breccia. Physically, the Mohr’s circle de- 
scribes an incipient rightwards motion. This decom- 
pression caused an increase of the driving force of the 
emerald crystal growth. The emerald seed crystals 
grew on albitized black shales. During the growth of 
these seeds, textural sector zoning of trapiche emer- 
ald took place with the dendrites all around the core 
and between the arms. 

¢ C: Formation of trapiche overgrowths and non- 
trapiche emeralds during a progressive decrease of 
pressure and flow (i.e., lower fluid pressure gradient 
than in B). Non-trapiche emeralds are mainly hosted 
within sub-horizontal extensional veins and flu- 
idized hydrothermal breccias. 


In diagram D in figure C-1, a cross-section of the 
Tequendama mine following the geological map in fig- 
ure 6 illustrates the relationship between structures and 
trapiche growth. The cross-section shows the different 
lithologies and tectonic structures described in the text. 
The thrusts and tear faults (represented in figure 6) are 
associated with the breccias, sub-horizontal extensional 
veins, and potential zones related to trapiche emerald. 


the drop and the following build-up of fluid pressure. 
The thrusts propagate in a succession of faulting, fluid 
flow (multistage events), hydrothermal alteration, and 
emerald deposition (Branquet et al., 1999b). 
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Trapiche emerald (figure 29) formed when the fluid 
pressure exceeded the lithostatic pressure (box C). The 
local decompression induced the supersaturation of 
the hydrothermal fluid and an increase of the driving 
force of the emerald crystal growth (stage 1 under 
“Emerald Mineralization”). The emerald seed crystals 
grew on albitized carbon-rich black shale (see box C, 
figure C-1) or albitite (the type seen at Pefias Blancas; 
Vuillet et al., 2002), as argued by the presence of solid 
inclusions and matrix around the trapiche cores 
(Bernauer, 1933; Nassau and Jackson, 1970). Stage 1 is 
also associated with the formation of tension gashes 
and thrust-fluidized breccias (“cenicero”) and thrust 
veins. 

The hydrothermal fluid bathed each whole cavity, 
and the precipitation of carbonates, pyrite, and albite 
sealed the fault open spaces (hydrothermal breccia), 
and emerald deposition occurred with its carbonate- 
pyrite assemblage in the thrust veins (stage 2). Dur- 
ing this last episode of emerald crystallization in the 
veins, the degree of supersaturation of the fluid de- 
creased considerably up until chemical equilibrium. 
During this time, the trapiche emeralds probably ac- 
quired their final deep-green overgrowths, also found 
in non-trapiche emerald-bearing thrust veins. 


CONCLUSIONS 
Trapiche emeralds occur in association with black 
shales in the western emerald zone of Colombia’s 
Eastern Cordillera Basin. They formed in a geological 
context of fluid pressure variations along faults and 
thrusts affecting the Lower Cretaceous sedimentary 
series. The fluid accumulation at the faults’ tip led to 
maximum fluid overpressure and subsequent decom- 
pression. The rocks failed, and trapiche emerald 
formed in the albitized black shale host rock, followed 
by the crystallization of emerald in carbonate veins. 
Trapiche emeralds from Muzo, Coscuez, and 
Pefias Blancas were investigated by several analytical 
techniques in order to propose a model of formation 
for trapiche texture linked to the structural geology 
of the deposits. Petrographic and SEM observations 
combined with X-ray topography and tomography 
images confirmed that trapiche emerald is a single 
crystal formed by different zones: a core (pinacoidal 
growth sectors), dendrites, and arms (prismatic 
growth sectors}, sometimes surrounded by an over- 
growth. The color of these zones is due to the pres- 
ence of V and lower concentrations of Cr, although 
both elements were detected by EPMA even in col- 
orless zones such as some of the cores. 
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Figure 29. These trapiche emeralds, all from Pefias 
Blancas, range from 5.09 to 22.74 ct. Photo by 
Robert Weldon/GIA. Courtesy of Jose Guillermo 
Ortiz, Colombian Emerald Co. 


The formation of the trapiche texture in Colom- 
bian emeralds is controlled both by the peculiar 
“structurally controlled” genesis of the deposits and 
by the crystal symmetry, determining which 
growth sectors develop and how many of them. 
From this, a few crucial points on trapiche forma- 
tion can be summarized: 


1. The growth of trapiche emerald started during 
the local decompression responsible for the 
supersaturation of the fluid. The hydrother- 
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mal fluid came in contact with the black shale 
matrix, favoring the formation of emerald 
crystal seeds. 

2. Textural sector zoning, sometimes associated 
with chemical sector zoning, took place during 
the growth of these seeds. The inclusions of 
black shale matrix were incorporated between 
the growth sectors, forming the dendrites 
around the core and between the arms. 


3. The emeralds continued their growth, displac- 
ing the matrix material from the growing faces. 
As a result, the matrix may also be trapped in 
the arms perpendicular to their growth fronts, 
even if it is preferentially incorporated along 
the a-axis. The dendrites between the arms 
have a typical fan-shape near the borders of the 
samples, because the emerald grows faster 
along the a-axis than along (110) (see again fig- 
ure 13), and thus a higher quantity of matrix 
material can be trapped. 


4. An overgrowth, generally of gem quality, may 
be formed after decompression. This over- 
growth surrounding the core, arms, and den- 
drites and restoring the emeralds’ euhedral 
habit. During overgrowth formation, non- 
trapiche emerald formed in the carbonate veins. 


For the first time, the development of the 
trapiche texture has been related to the geological 
conditions of Colombian emerald deposits. Al- 
though some formation models were previously pro- 
posed for trapiche minerals, they were extrapolated 
from the deposit context and were not supported by 
geological events responsible for the supersaturation 
of the mineralizing fluids. 
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in 1943. He had also served as a member 
of the Examination Standards Board. 
G.LA. LABORATORIES 

Benefits accruing to the industry through 
its acceptance of the need of a basic educa- 
tion for trade members had a very great 
influence on the trade. The growth and 
expansion of the G.I.A.’s research and _test- 
ing laboratories was-also of considerable 
importance, The provision of simple, exact 
means of identification for jewelers trained 
to use them, as. well as reliable testing 
facilities for others, accelerated industry 
progress in the last decade. 

The first G.I.A. Laboratory opened in 
Los Angeles in 1931 when Godfrey Eacret, 
first Board Chairman, donated a pearl endo- 
scope and special pearl testing equipment. 
Shortly thereafter H. D. Feuer of New York 
City made a generous contribution for fur- 
ther laboratory equipment. Between 1940 
and 1945, while the Boston Laboratory was 
in existence, rapid advancement was made. 
This continued with the opening of the 
New York Laboratory in 1948. Today, the 
G.I.A. opetates two of the leading gemo- 
logical laboratories in the world. 


e Early G.LA. Laboratory 


e Dr. Edward H. Kraus 


GEM TRADE LAB ACQUIRED 

Since 1949 the Gem Trade Laboratory 
in New York City has been operated in 
conjunction with its own laboratory by the 
Gemological Institute. Trade members, who 
turned over the Gem Trade Laboratory to 
the G.LA. in October of that year, are 
entirely distinct from any other Institute 
Members. 

Since the Gem Trade Laboratory is oper- 
ated by the Institute’s eastern branch and 
handles more testing than any such labora- 
tory in North America, the staff is con- 
stantly aware of any new imitations or 
frauds, and is in a position to develop and 
test new identification and grading equip- 
ment, as well as new testing procedures. 

THOUSANDS STUDY COURSES 

In the beginning ninety per cent of the 
G.LA. students were jewelry store owners 
more than 45 years of age. Hundreds of 
them found the new knowledge of gem- 
ology of inestimable value in maintaining 
their leadership, and increasing sales of 
quality merchandise. These men, who were 
the early pioneers in the gemological move- 
ment, have contributed much to the high 
standards of. the jewelry profession today. 
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GLOSSARY 


Albitite: a magmatic or metasomatic (see metasomatism) 
rock composed almost wholly of coarse- to fine-grained 
crystals of albite. 


Basinal brine: fluids in basins that are enriched Na, Ca, and 
Mg sulfates. In basins, processes of sediment or basin de- 
watering give rise to large volumes of fluids moving 
through different types of rocks (generally sedimentary). 
The temperature increases to 80°-200°C or higher based 
on the depth of fluid circulation in the basin. After reacting 
with different rocks, the fluids are enriched in Na, Ca, and 
Mg sulfates, and their salinity can increase tremendously. 


Black shale: a fine-grained clastic sedimentary mudrock 
composed of clay mineral flakes and other fragments, 
mainly quartz and calcite. 


Breccia: a rock composed of broken fragments of minerals 
or rock cemented together by a fine-grained matrix. 


Burgers vectors: a quantity, usually represented by an 
arrow, describing the magnitude and the direction of the 
lattice distortion resulting from a dislocation. 


Cataclasite: a rock consisting of angular clasts in a fine- 
grained matrix that formed by fracturing and pulverization 
of the rock during faulting. 


Clast: a fragment of pre-existing mineral or rock. 


Coquina limestone: slightly cemented sedimentary rock 
formed almost completely of sorted fossils, generally shell 
and shell fragments. 


Daughter mineral: the new phases formed in a fluid inclu- 
sion cavity that have precipitated from the solution within. 


Décollement plane: a low-angle dipping fault or shear zone 
corresponding to a gliding plane between two rock masses. 
These planes are developed in compressional tectonic set- 
tings (involving folding and overthrusting) and extensional 
settings. Also known as a basal detachment fault. 


Dendrite: A portion of the trapiche texture having saw- 
tooth contact with the core and the arms and formed by 
dendritic growth (i.e., a high degree of supersaturation, see 
box B). In agreement with the literature, the word can also 
be used to refer to feather-edge morphologies due to the in- 
corporation of matrix material (as in this study). 


Detachment: see décollement plane 


Diffraction vector g: In a crystal of any structure, vector g 
is normal to the planes (hk]) and has a length inversely pro- 
portional to the distance between the planes. 


Dolomitic limestone (or dolomite): an anhydrous carbon- 
ate mineral with the formula (Ca, Mg)(CO,),. 


Drag folds: curvature that represents the bending of rocks be- 
fore they break. Drag folds occur in conjunction with faults. 


Drusy cavity: a hollow space within a rock with a crust of 
tiny crystals. 


En echelon vein: also known as tension gash arrays, these 
veins are characteristic of ductile-brittle shear zones. They 
are sets of short, parallel planar lenses on the surface of a 
rock. En echelon veins originate as tension fractures and are 
subsequently filled through the precipitation of a mineral, 
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most commonly calcite or quartz. 


Eutectic system: a mixture of two species that melt and 
solidify at constant temperature. The eutectic system be- 
haves in fact as a pure body from the standpoint of fusion. 


Evaporites: any sedimentary rock such as gypsum, anhy- 
drite, or rock salt (such as halite or sylvite) that is formed 
by precipitation from evaporating seawater. 


Extensional vein: equivalent of tension gash. 


Fluidization phenomena: transport of rock fragments and 
breccia by a fluid (liquid or gas) in a fault structure. During 
fluid flow, the heavier fragments of the breccia are trans- 
ported, suspended, rotated, sorted, and cemented by the 
matrix. The fragments and matrix are suspended and 
transported as a fluid-supported pulp. 


Framboidal: Referring to a texture of roughly spherical ag- 
gregates of discrete rounded equi-angular euhedral micro- 
crystallites approximately 0.5 ym in diameter, with an 
average aggregate size ranging from 5 to 20 um. 


Hydraulic breccia: a rock formation resulting from hy- 
draulic fracturing, in which the hydrostatic pressure is 
greater than lithostatic pressure. Hydraulic fracturing may 
create a breccia that is filled with vein material. Such vein 
systems may be quite extensive, and can form in the shape 
of tabular dipping sheets, diatremes, or laterally extensive 
mantos controlled by boundaries such as thrust faults, 
competent sedimentary layers, or cap rocks. 


Incremental thrust propagation: the propagation of a dis- 
located part of the terrane over an area in relatively small 
overlapping increments. 


Internal over- and underpressure: When trapped by a min- 
eral, pressure and temperature conditions preserved by 
fluid inclusion cavities can sometimes suffer re-equilibra- 
tion during growth. As a result, the cavities can suffer in- 
ternal overpressure when the internal pressure in the 
inclusion exceeds the external confining pressure, or inter- 
nal underpressure when the internal pressure is lower than 
the external confining pressure. 


Jogs (or bends): a gap or segment between two fault plane 
with the same strike and slip direction. Jogs offset perpen- 
dicular to the slip direction. 


Klippe: in thrust fault terrains, the remnant of a nappe after 
erosion has removed the connecting portions. 


Layer-by-layer growth: a growth mechanism based on two- 
dimensional nucleation. 


Listric faults: faults in which the fault plane curves; the dip is 
steeper near the surface and shallower with increased depth. 


Lithostatic pressure: the pressure or stress imposed on a 
layer of soil or rock by the weight of material. It is also called 
overburden pressure, confining pressure, or vertical stress. 


Metasomatism: the chemical alteration of a rock by hy- 
drothermal and/or other fluids. The chemical elements of 
the mother rock undergo fluid transport, accompanied by 
a modification (metasomatic process) of chemical compo- 
sition to form a daughter rock. 
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Meteoric water: the water derived from precipitation that 
forms ice melts and bodies of water such as rivers and lakes. 


Mohr’s circle: A diagram that graphically illustrates in two 
dimensions the complex relationships between compo- 
nents of normal and shear stress. 


Nappe: a large sheetlike body that moved more than two 
kilometers above the thrust fault from its original location. 


Necking-down: a re-equilibration process of the morphol- 
ogy of a fluid cavity during cooling. This post-entrapment 
phenomenon changes the shape of the cavity by splitting 
it into smaller fluid inclusions. Necking-down leads to a 
distribution of the phases (vapor, liquid, solid) that is dif- 
ferent from the original fluid inclusion assemblage. 


Olistostrome: a sedimentary deposit composed of a chaotic 
mass of heterogeneous material, such as blocks and mud. 
The mass accumulates as a semi-fluid body via submarine 
gravity sliding or slumping of the loose materials. 


Overthrusting: large total displacement of thrust faults. 
Phyllosilicates: silicate minerals with sheet-like structures. 


Pinacoidal faces: two equivalent faces related by an inver- 
sion center. 


Scalar product: the product of the magnitudes of two vec- 
tors and the cosines of the angles between them. 


Shear zone: a zone of strong deformation with a high strain 
rate surrounded by rocks with a lower state of finite strain. 
It is characterized by a length-to-width ratio of more than 
5:1. Shear zones form a continuum of geological structures, 
ranging from brittle to brittle-ductile (or semi-brittle), duc- 
tile-brittle, and ductile shear zones. 


Space group: A set of symmetry operations of a three- 
dimensional crystal pattern. 


Stringers: oblique growth of emeralds at 60° to each other 
occurring in the dendrites. They are also observed in other 
trapiche minerals such as chiastolite and garnet, where 
they form at 90° and 60°, respectively (Rice, 1993). 


Subsiding marine basin: areas generally characterized by 
thick accumulation of marine sediments. Subsidence is 
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New DIAMOND TECHNOLOGY, RUSSIA 


Ulrika F.S. D’Haenens-Johansson, Andrey Katrusha, Kyaw Soe Moe, Paul Johnson, and Wuyi Wang 


The Russian company New Diamond Technology is producing colorless and near-colorless HPHT-grown 
synthetic diamonds for the gem trade. Forty-four faceted samples synthesized using modified cubic 
presses were analyzed using a combination of spectroscopic and gemological techniques to characterize 
the quality of the material and determine the means of distinguishing them from natural, treated, and 
alternative laboratory-grown diamonds. These samples, with weights ranging from 0.20 to 5.11 ct, had 
color grades from D to K and clarity grades from IF to |,. Importantly, 89% were classified as colorless 
(D-F), demonstrating that HPHT growth methods can be used to routinely achieve these color grades. 
Infrared absorption analysis showed that all were either type lla or weak type IIb, and photoluminescence 
spectroscopy revealed that they contained Ni-, Si-, or N-related defects. Their fluorescence and phos- 
phorescence behavior was investigated using ultraviolet excitation from a long-wave/short-wave UV 
lamp, a DiamondView instrument, and a phosphorescence spectrometer. Key features that reveal the 


samples’ HPHT synthetic origin are described. 


colorless gem-quality synthetic diamonds have 

improved dramatically with advances in growth 
technologies and a heightened understanding of the 
underlying processes. Although the majority of these 
products have been grown using the well-established 
chemical vapor deposition (CVD) technique (see 
Martineau et al., 2004; Wang et al., 2007; 2012), the 
high-pressure, high-temperature (HPHT) method, as- 
sociated more with attractive fancy color samples, 
has recently emerged as a method for producing siz- 
able colorless and near-colorless synthetic diamonds 
(D’Haenens-Johansson et al., 2014). The commercial 
viability of synthetic diamonds depends on a variety 
of factors, such as desirable colors (or, in this case, 


n the last few years, available colorless and near- 
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the absence of color], clarities, and sizes. Addition- 
ally, producers must be able to manufacture a high 
enough volume to satisfy demand at a price point 
that makes them competitive with natural diamond 
and alternative diamond products. 

New Diamond Technology (NDT), which to- 
gether with Inreal and Nevsky Brilliant is part of a 
Russian diamond group, has grown synthetic dia- 
monds for industrial and technological uses. In the 
past year, the company has produced large high-qual- 
ity, colorless samples for the gem trade. NDT says it 
has developed HPHT technology that enables the 
growth of multiple synthetic diamonds in different 
reaction layers within the same cell, resulting in 
much larger production runs compared to other 
known methods, reaching up to 200 samples (with 
cross-sectional sizes of 2.5—3.0 mm) across two layers 
in a single run. At present, NDT can simultaneously 
grow up to 16 colorless “rough” crystals approaching 
10 ct apiece. 
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Figure 1. A: These three colorless HPHT-grown synthetic diamonds demonstrate some of the sizes achieved by 
New Diamond Technology. From left to right, samples NDT04, NDT02, and NDTO1 weigh 2.02, 2.20, and 2.30 ct, 
respectively. Photo by Ulrika D’Haenens-Johansson. B: Sample NDT-A, a 5.11 ct specimen with K color, is the 
largest faintly colored synthetic diamond studied by GIA to date. The visual characteristics of these samples are 
summarized in table 1. Photo courtesy of New Diamond Technology. 


It was reported in May 2015 that NDT had pro- 
duced a 32.26 ct “rough” synthetic diamond, which 
was subsequently faceted into a 10.02 ct square-cut 
emerald shape and graded by the IGI Hong Kong lab- 
oratory as E color and VS, clarity (International 
Gemological Institute, 2015). This is believed to be 
the largest colorless synthetic diamond to date from 
either HPHT or CVD growth. New Diamond Tech- 
nology’s crystals have the potential to be faceted and 
polished into gems that are significantly larger than 
those currently available from other HPHT synthetic 
producers such as AOTC, which limit their polished 
sizes to less than 1 ct, usually about 0.5 ct (D’Hae- 
nens-Johansson et al., 2014; AOTC, 2015). 

In October 2014, NDT loaned GIA a suite of 44 
colorless to faintly colored polished gem-quality 
HPHT-grown synthetic diamonds ranging from 0.20 
to 5.11 ct, representative of their 2014 production 
(see figure 1). The largest of these was reported in 
February 2015 by JCK magazine and by GIA re- 
searchers the following month (Bates, 2015; Poon et 
al., 2015). The 44 samples were comprehensively in- 
vestigated using both gemological and spectroscopic 
techniques. Based on the results presented in this 
study, NDT’s lab-grown samples, though often in- 
cluded, achieved excellent colors and could visually 
match high-quality natural diamonds. Nevertheless, 
the samples could be readily separated from natural 
stones by characteristics that arise from their artifi- 
cial growth conditions. 
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BACKGROUND ON 

HPHT SYNTHETIC DIAMOND GROWTH 

Most HPHT growth of single-crystal diamond, irre- 
spective of the press design, is based on the tempera- 
ture-gradient method first developed by Bovenkerk et 
al. (1959) for General Electric. The growth capsule is 
filled with the ingredients necessary for laboratory di- 
amond growth: a source of carbon (such as graphite}, 
a sacrificial diamond “seed” that acts as a template 
for diamond formation, and a metallic solvent/cata- 
lyst (usually Fe, Ni, Co, or their alloys). The catalyst 
enables diamond growth at lower temperatures and 
pressures than would be otherwise possible, alleviat- 
ing some of the technological requirements. The cap- 
sule is then exposed to pressures of 5-6 GPa and 
temperatures of 1300-1600°C. The design of the sys- 
tem creates a temperature gradient, with the source 
carbon area hotter than the area where the seed is lo- 
cated. Consequently, the carbon is dissolved into the 
hot molten metal and transferred into the cooler re- 
gion, where it recrystallizes in the form of synthetic 
diamond on the seed. 

The main focus of HPHT technology develop- 
ment has been to create systems that can reliably 
produce large volumes of synthetic diamonds with 
desirable properties for specific technological and in- 
dustrial needs. Although HPHT diamond synthesis 
was first achieved in the 1950s, it was only in the 
1990s that certain manufacturers started growing 
samples for the gem and jewelry trade (e.g., Shigley 
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et al., 1997). Since color-producing dopants such as 
nitrogen (yellow) or boron (blue) are so easily intro- 
duced, these were typically fancy-color synthetics. 
Creating colorless HPHT synthetics has been sig- 
nificantly more challenging, as costly modifications 
to the capsule design are necessary and additional 
constraints must be placed on the chemical compo- 
nents to minimize dopant uptake, particularly nitro- 
gen. Eliminating contamination in the growth cell is 
impossible, as trace amounts of nitrogen will likely 
remain. Thus, growers have to adapt the growth 
chemistry to intentionally include elements with a 
strong affinity to nitrogen, termed “nitrogen getters,” 
effectively trapping the nitrogen so it does not dis- 
perse through the diamond lattice. Finally, growth 
rates for high-purity colorless diamond (type Ila or 
weak type IIb) are significantly lower than for stan- 
dard type Ib (containing isolated nitrogen) synthetic 
diamond, necessitating longer growth times and 
greater control over the temperature and pressure 
conditions. Consequently, successful near-colorless 
diamond synthesis depends on the careful design of 
the HPHT press and its components, the quality and 
chemical composition of the solvent/catalyst melt, 


In Brief 


e The Russian company New Diamond Technology 
(NDT) is producing faceted colorless and near-colorless 
HPHT-grown synthetic diamonds for the gem trade. 


Eighty-nine percent of the 44 faceted samples, weigh- 
ing up to 5.11 ct, were classified as colorless. Color 
and clarity grades ranged from D to K and IF to I,. 


The quality of NDT-produced material is on par with, 
or surpasses, that by other synthetic diamond growers. 


The samples were conclusively identified as HPHT 
synthetics using a combination of gemological obser- 
vations and spectroscopic analysis. 


the choice of nitrogen getters, and the ability to con- 
trol the chemical and thermodynamic conditions 
across the reaction layer. Further complications re- 
sult from the need for high crystal quality and mini- 
mal inclusion uptake. 


HPHT GROWTH CONSIDERATIONS BY 
NEW DIAMOND TECHNOLOGY 


NDT uses modified cubic HPHT presses to grow 
gem-quality colorless synthetics, with custom-made 
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cubic 
sample cell 


Figure 2. The anvil arrangement and sample cell for a 
standard cubic press. Illustration by M. Toosi and 

U. D’Haenens-Johansson, adapted from Sumiya 
(2009). 


systems designed to stabilize the thermodynamic pa- 
rameters (pressure and temperature distribution 
across the sample cell). Figure 2 illustrates the main 
components of a standard cubic press, which consists 
of six anvils coupled to independent hydraulic cylin- 
ders surrounding a cubic sample cell. Although this 
design is complicated by the requirement for syn- 
chronized motion of separate anvils, it does allow the 
application of hydrostatic pressure across a relatively 
large volume cell compared to other press types. 
When selecting materials for the cell components 
of a multi-anvil apparatus, such as a cubic HPHT 
press, it is necessary to consider their ability to with- 
stand the high-pressure and high-temperature condi- 
tions necessary to synthesize diamond with the 
desired properties. This will depend on both the com- 
pressive strength of the materials and component 
geometries. Generally, the choice of materials is lim- 
ited to either complex ceramics (Al, Zr, or Mg oxides) 
or salt-based materials (iodides and chlorides) (Strong, 
1977, Satoh et al., 2000; Zhu et al., 2012). Their prop- 
erties, coupled with the press design, determine the 
producer’s ability to apply long-lasting hydrostatic 
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Figure 3. A: In the multi-seed diamond growth layout on the left, the distribution of the temperature field was ide- 
ally controlled across the reaction layer, resulting in even growth sizes for all the samples. B: In the growth layout 
on the right, the temperature distribution was not optimized. The crystal edge sizes are less than 2 mm. Photos 
courtesy of New Diamond Technology. 


pressure to the sample cell. If the designs for the cell 
components are not optimized, they may deteriorate 
during the HPHT run, hindering the stability of the 
growth parameters and in turn the synthesis quality. 
In the worst case, there may be catastrophic failure, 
with a component breaking. This may lead to costly 
damage to the equipment in addition to the cost as- 
sociated with an unsuccessful growth run. 

Another prerequisite for successful diamond 
growth is the precise control of the carbon concentra- 
tion field, which is determined mostly by the temper- 
ature distribution field within the reaction volume of 
the cell (liquid solvent volume). Computer simula- 
tion methods such as FEM (the finite element 
method) are widely used to model the carbon concen- 
tration field, which defines the carbon flow direction, 
at different thermodynamic conditions as well as for 
different growth cell designs (Zhan-Chang et al., 
2013). It is important to note that the correct predic- 
tion of material properties inside the reaction volume, 
in particular for composites, is greatly complicated by 
the high pressures and temperatures they are sub- 
jected to. Correct control of the temperature distribu- 
tion (isotherms) inside the cell is also important, 
especially for layouts containing multiple seeds 
and/or growth layers. Examples of two separate mul- 
tiple-seed growth layouts tested by NDT are shown 
in figure 3. These trials demonstrated that the 
arrangement in figure 3A resulted in a more even 
temperature distribution across the reaction volume, 
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producing higher-quality crystals with more uniform 
size. 

Care must also be taken when selecting the sol- 
vent/catalyst constituents contained within the 
growth cell. The chemical properties of the interac- 
tion boundary at the surface of the growing diamond 
crystal can determine the crystal’s morphology, crys- 
talline quality, impurity concentrations, and propen- 
sity to trap inclusions. Iron-based solvents, which 
include Ni and/or Co, are often used for HPHT dia- 
mond growth (Strong and Chrenko, 1971). For color- 
less diamond growth, it is important to suppress the 
introduction of boron and nitrogen impurities, which 
generally form color-producing substitutional defects. 
Traces of boron can be present in either the carbon 
source or the solvent/catalyst, yet careful selection of 
high-purity materials (with boron concentrations less 
than 0.1 ppm) may reduce the boron uptake to the ex- 
tent that it no longer produces a discernible blue color 
(Sumiya and Satoh, 1996). Most diamonds will readily 
incorporate nitrogen present within the growth cell, 
which can originate from the carbon source, the sol- 
vent/catalyst, and gas found in empty spaces or pores 
of the capsule. This results in a high concentration of 
isolated nitrogen defects, which impart a yellow 
color. To produce a colorless diamond, nitrogen get- 
ters such as Al, Ti, Zr, or Hf are used (Sumiya and 
Satoh, 1996). These additives will also influence the 
growth properties of the material. 

Using an Fe-based solvent/catalyst with the addi- 
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tion of only Al results in crystal growth dominated 
by (100) and (111) faces, as shown in figure 4. While 
these are simple to facet into gems, NDT says the 
color grade of material produced through these meth- 
ods is generally limited to G or poorer. Conversely, 
adding Co and Ti/Zr to the growth medium stimu- 
lates the formation of high-index growth planes such 
as (113), (110), and (115), yet this material benefits 
from being colorless (D-F color grades). Unfortu- 
nately, the nitrogen getters may react with the car- 
bon source to form carbides, which affect the carbon 
transport and diffusion properties of the system, de- 
creasing the carbon available for crystal growth. 
These conditions may result in trapped traces of the 
metal/catalyst melt, forming visible inclusions. To 
suppress the development of such inclusions, it may 
be necessary to (1) introduce additional chemicals 
such as Cu or (2) decompose the carbides otherwise 
created by the nitrogen getters (Sumiya and Satoh, 
1996; Sumiya et al., 2002). Obtaining sufficiently 


Figure 4. As-grown 

HPHT diamond single 
crystals produced using 
a simple Fe-based sol- 
vent with Al as a nitro- 
gen getter. The sample 
on the far right is the 
largest, weighing 1.40 ct. 
Photo courtesy of New 
Diamond Technology. 


pure constituent metals for the solvent/catalyst may 
be challenging, necessitating additional purification 
steps by the manufacturer. The identities and incor- 
poration methods for the nitrogen getters and other 
additives vary for different manufacturers and re- 
search teams, and the ultimate mix of solvent/cata- 
lyst and getter is often proprietary. NDT claims to 
have determined the optimal balance of chemical 
constituents needed to routinely produce gem-qual- 
ity colorless synthetic diamonds, divulging that their 
solvent is based on Fe, Co, or a combination of the 
two. 

Orientation of the seed initiation surface also sig- 
nificantly affects the morphology of the grown crys- 
tals (figure 5). Using differently oriented seeds—with 
(110)- or (113)-oriented initiation surfaces, for exam- 
ple—may optimize the growth morphology. To grow 
a crystal whose top face is (110)- or (113)-oriented, it 
is not strictly necessary to have a seed with a simi- 
larly oriented face, only to have the [110] or [113] di- 


Figure 5. The morphology of synthetic diamonds depends largely on the orientation of the seed surface. Photo A 
shows a reaction layer where the sample in the center and the two outer rings of samples were grown on (100)- 
oriented seeds. Meanwhile, the samples with triangular outlines (the two inner rings) were grown using (111)-or1- 
ented surfaces. The samples shown here are yellow due to the presence of isolated nitrogen. The blue samples 
shown in (B) and (C) are boron-doped and were grown on (100)- and (111)-oriented substrates, respectively. The 
samples shown in (B) weigh 0.92 and 0.28 ct, while those in (C) weigh 0.29 and 0.88 ct. Photos courtesy of New 


Diamond Technology. 


A 
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¢ Richard T. Liddicoat, Jr. 


They have made the industry and the buy- 
ing public cognizant of the thoroughly 
educated and trained jeweler. 

Every branch of the industry is repre- 
sented by students and graduates of the 
G.1.A. with approximately 10,000 having 
enrolled for courses since its inception. Not 
only has it become national in scope in the 
twenty years of its existence, but interna- 
tional as well with correspondence students 
currently enrolled from seventeen foreign 
countries. 

COURSES APPROVED BY V.A. 

With the approval of the G.I.A. courses 
by the Veterans Administration in the fall 
of 1946, the opportunity for an educational 
background for younger men of the jewelry 


industry was made possible to great num- 
bers. Since that date, 6600 veterans have 
enrolled with the G.LA. for training under 
the GI Bill of Rights and many hundreds 
have completed their studies and acquired 
their diplomas in the Theory of Gemology, 
or the Theory and Practice of Gemology. 

As a result of increased enrollments after 
the V.A. approval, it became necessary for 
the Gemological Institute to expand its own 
operating and teaching staff. To these indi- 
viduals also must be given credit for the 
phenomenal success and rapid development 
of the Institute’s activities in the past five 
years. 

PRESENT INSTITUTE STAFF 

All courses are prepared and conducted 
from the international headquarters of the 
Gemological Institute of America in Los 
Angeles. Approximately forty persons con- 
stitute the regular personnel of the G.J.A. 
at the present time. : 

Richard T. Liddicoat, Jr., to whom Rob- 
ert M. Shipley delegated many of his duties 
in 1948, came to the Institute in 1940 upon 
recommendation of Dean Edward H. Kraus, 
as Assistant to Robert M. Shipley, Jr. 

Prior to his connection with the Institute 
he was Assistant in Mineralogy at the Uni- 
versity of Michigan. After almost four 
years absence while serving with the U. S. 
Navy, he returned to the G.LA. early in 
1946 as Director of Education. 

Today, as the Institute’s Assistant Di- 
rector, he has assumed the general adminis- 
trative duties of Director Shipley and since 
1948 has been responsible for the develop- 
ment, advancement, and successful operation 


* Los Angeles Laboratory in 1947. Left to right, Robert Allen, Dr. 
George Switzer, Lester B. Benson, Richard T. Liddicoat, Jr. 
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rection vertical in the growth chamber. Since seed 


crystals are typically cuboctahedral, however, it is 
easier to orient them in the chamber with either a 


(100) or (111) face on the top. Consequently, most 
HPHT diamond growth is conducted on (100)- or 
(111)-oriented seeds. NDT generally uses the former, 
which produce crystals with higher cutting yields 
and more easily polished surfaces. 

The growth rate of individual diamond crystals 
depends on a combination of parameters: the identi- 
ties and ratios of the chemical constituents used for 
growth; the thermodynamic conditions; the seed 
quantity, size, and orientation; the carbon flow rate; 
and temperature gradient. The quantity of the seeds 
in a run can greatly impact the growth rate of indi- 
vidual crystals if no additional changes are made to 
the cell, with an increase in the number of crystals 
leading to a slower rate. The latter parameter is ad- 
justed by modifying the growth cell layout. When 
evaluating growth rates quoted by manufacturers, it 
is important to note that the rate increases nonlin- 
early with crystal mass. As the crystal grows, the sur- 
face area (and hence the deposition area) increases. 
Yet the deposition rate per unit area (mm/hour) is ap- 
proximately constant. Consequently, the crystal 
growth rate (mg/hour) for a given area will rise (Sumiya 
et al., 2005). Colorless type Ia diamond growth rates 
as high as 8-10 mg/hour can be achieved using 
HPHT technology, though such material is generally 
plagued by metallic inclusions (Sumiya et al., 2005). 
Limiting the maximum stable growth rate to 6-7 
mg/hour has been reported to produce higher-quality 
growth (Sumiya et al., 2005). 

NDT systems can support growth for 200-250 
hours, simultaneously yielding up to 16 crystals 
weighing up to 10 ct each. Further modifications 
have enabled growth rates up to 30-50 mg/hour—up 
to five times higher than commonly reported— 
though maintaining this rate for extended periods is 
challenging due to the higher pressure and tempera- 
ture conditions required. 


MATERIALS AND METHODS 


For this investigation, NDT loaned GIA 44 colorless 
to faintly colored HPHT-grown specimens. These 
samples had been faceted into round brilliant (26) or 
fancy shapes (18) and weighed 0.20-5.11 ct (table 1; 
see again figure 1). According to NDT, these samples 
were grown separately using cubic presses in single- 
layer runs, and are representative of their 2014 pro- 
duction methods. Because of limited access times, 
the two largest samples, labeled NDT-A (5.11 ct) and 
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NDT-B (4.30 ct), underwent fewer tests than the rest 
of the samples, as specified below. 

Color and clarity grading was performed by GIA 
using standard diamond grading nomenclature. Sam- 
ples and their internal features were further exam- 
ined using a standard Gem Instruments binocular 
microscope system and a Nikon SMZ1500 research 
microscope under darkfield and fiber-optic illumina- 
tion. The presence of anomalous birefringence pat- 
terns, attributed to strain in the diamond lattice, was 
evaluated by viewing each sample between crossed 
polarizing filters using brightfield illumination. 

The specimens’ fluorescence and phosphorescence 
response to ultraviolet (UV) light from a conventional 
four-watt combination long-wave (365 nm) and short- 
wave (254 nm) lamp was tested in a dark room. The 
emission intensities were visually compared to the 
fluorescence of a GIA fluorescence master set. Fluo- 
rescence and phosphorescence imaging was con- 
ducted using a DTC DiamondView instrument 
(illumination wavelengths <230 nm}, revealing the 
samples’ internal growth structures. An in-house cus- 
tom-built phosphorescence spectrometer consisting 
of an Ocean Optics HR4000 spectrometer coupled by 
fiber optics to an Avantes-DH-S deuterium-halogen 
light source (operating with only the deuterium light, 
215-400 nm) was used to further investigate the sam- 
ples’ phosphorescence at room temperature (see 
Eaton-Magania et al., 2007, 2008). Consecutive spec- 
tra, each with a one-second integration time, were 
collected for up to five minutes following 30 seconds 
of illumination. Samples NDT-A and NDT-B were in- 
vestigated with the UV lamp and the DiamondView, 
but phosphorescence spectra were not recorded for 
them. 

To gain an understanding of the impurities pres- 
ent in the samples, Fourier-transform infrared (FTIR) 
absorption spectra covering the 400-6000 cm" range 
were taken using a Thermo Nicolet Nexus 6700 
spectrometer furnished with KBr and quartz beam 
splitters and a diffuse-reflectance infrared Fourier 
transform (DRIFT) accessory. The instrument and 
sample chambers were purged with dried air to min- 
imize absorption features stemming from atmos- 
pheric water. Spectra were normalized based on the 
height of the two-phonon absorption in diamond 
(Palik, 1985), enabling us to calculate the absorption 
coefficient for comparison and quantitative impurity 
concentration analysis without having to know the 
light path length through the samples. 

Supplementary analysis of impurity content was 
provided by photoluminescence (PL) spectra acquired 
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TABLE 1. Gemological properties and calculated bulk concentrations of neutral boron (B°) impurities for 44 
HPHT synthetic diamonds produced by New Diamond Technology. 


Sample Carat Color Clarity Cut Dimensions (mm) Type B® bulk concentration 
weight (ct) (ppb) 
NDT-A i K I Cut-corner rectangu- 10.05 x 8.74 x 7.01 IIb 1.2+0.2 
lar modified brilliant 
NDT-B 4.30 D SI, Cushion 10.29 x 9.76 x 5.39 IIb 7+1 
NDTO1 2.30 E SI, Cushion 7.30 x 8.48 x 4.85 lla nd? 
NDT02 2.20 E VVS, Heart 8.53 x 7.55 x 5.41 IIb 20+3 
NDT03 2.03 F SI, Heart 7.73 x 8.41 x 5.07 IIb 5+1 
NDT04 2.02 D L, Pear 7.14 x 10.80 x 4.45 IIb 641 
NDTO5 1.90 F VS, Octagonal 7.65 x 7.68 x 4.58 lla nd 
NDT06 1:53: D SI, Round 7.18 x 7.26 x 4.60 IIb 2.0+0.5 
NDT07 1,53 D iF Round 6.49 x 9.33 x 4.08 IIb 13-42 
NDT08 1.50 E SI, Round 7.14 x 7.17 x 4.44 IIb 2.6+0.5 
NDT09 1.41 D VS, Square emerald 6.25 x 6.49 x 4.26 lla nd 
NDT10 1.20 E Sl, Round 6.73 x 6.75 x 4.23 IIb 2.5.£0:5 
NDT11 1.413 D IF Round 6.57 x 6.62 x 4.10 IIb 0.8 + 0.2 
NDT12 1.04 E SI, Oval 5.58 x 7.92 x 3.40 IIb 13:+2 
NDT13 1.03 D SI, Round 6.39 x 6.47 x 3.99 IIb 9+1 
NDT14 1.02 F Sl, Round 6.45 x 6.49 x 4.06 IIb BBG 
NDT15 1.01 D VS, Oval 5.64 x 7.79 x 3.35 IIb 0.5 + 0.3 
NDT16 1.00 G 12 Round 6.50 x 6.53 x 3.79 IIb 6+1 
NDT17 0.92 E VS, Round 6.04 x 6.07 x 3.96 IIb 1.6+0.5 
NDT18 0.90 D VS, Pear 5.38 x 7.78 x 3.38 lla nd 
NDT19 0.90 D SI, Round 6.15 x 6.18 x 3.78 IIb 51 
NDT20 0.81 D VVS, Round 5.92 x 5.96 x 3.79 IIb 2.5:+0:5 
NDT21 0.80 D VVS, Round 6.07 x 6.09 x 3.57 lla nd 
NDT22 0.80 D Sl, Pear 5.34 x 7.78 x 3.17 IIb 941 
NDT23 0.71 D VS, Round 5.75 x 5.80 x 3.42 IIb 8+1 
NDT24 0.71 D VVS, Pear 5.08 x 7.29 x 2.99 IIb 6+1 
NDT25 0.64 E Sl, Round 5.43 x 5.46 x 3.53 lla nd 
NDT26 0.58 H I, Round 5.43 x 5.46 x 3.53 IIb 2.9:0:5 
NDT27 0.58 E SI, Oval 4.89 x 6.49 x 2.75 lla nd 
NDT28 0.54 E SI, Pear 4.62 x 6.63 x 2.92 IIb 13:2 
NDT29 0.52 E VS, Round 5.09 x 5.11 x 3.31 IIb 9+1 
NDT30 0.51 D VVS, Round 5.15 x 5.17 x. 3.90 IIb 641 
NDT31 0.50 E Sl, Round 5.08 x 5.12 x 3.10 lla nd 
NDT32 0.48 D VVS, Round 5.11 x 5.14 x 3.06 lla nd 
NDT33 0.47 H IF Emerald 3.93 x 4.71 x 2.67 IIb 33:45 
NDT34 0.43 F F Round 4.78 x 4.80 x 2.99 IIb 3.7 #.0.5 
NDT35 0.43 D VS, Pear 4.38 x 6.22 x 2.66 IIb 20+3 
NDT36 0.38 F I, Round 4.70 x 4.73 x 2.83 IIb 1.840.5 
NDT37 0.37 D I, Marquise 3.90 x 7.64 x 2.24 IIb 2544 
NDT38 0.31 E VS, Round 4.35 x 4.37 x 2.63 IIb 18:3 
NDT39 0.30 E I, Round 4.34 x 4.36 x 2.59 IIb 1.6+0.5 
NDT40 0.28 F VVS, Round 4.15 x 4.17 x 2.60 IIb 13:2 
NDT41 0.24 D SI, Round 4.09 x 4.11 x 2.41 IIb 3.3: 0:5 
NDT42 0.20 G VS, Round 3.70 x 3.69 x 2.33 IIb 33: £5 


2 “nd” indicates that boron was not detected. 


with the samples submerged in liquid nitrogen (77 K, 
or -196°C) using a Renishaw InVia Raman confocal 
microspectrometer (Hall et al., 2010). To maximize 
the effectiveness of stimulating different luminescent 
defect centers across a wide range of wavelengths, the 
system was equipped with four laser sources produc- 
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ing six different excitation wavelengths: He-Cd metal 
vapor (324.8 nm}, Ar-ion (457.0, 488.0 and 514.5 nm}, 
He-Ne (632.8 nm}, and a diode laser (830.0 nm). Spec- 
tra with the 324.8 and 488.0 nm excitations were not 
collected for samples NDT-A and NDT-B, because of 
limited access to the instrument. 
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RESULTS AND ANALYSIS 

Visual Appearance. The grading characteristics of 
NDT’s faceted HPHT-grown diamonds are presented 
in table 1. The samples had carat weights ranging 
from 0.20 to 5.11 ct, with average and median 
weights of 1.08 ct and 0.81 ct. There was no clear 
trend between the cut shapes and sample weights, 
though it was noted that the six stones weighing 
over 2, ct were all faceted into fancy shapes. Thirty- 
nine (89%) of the samples were found to be colorless 
(D-F), while four attained near-colorless (G or H) 
grades and the remaining (and largest) sample was a 
faintly colored K grade. Remarkably, five of the six 
2+ ct stones were colorless, and the color zoning 
often seen in HPHT-grown diamonds was not appar- 
ent. There was a wide clarity range for this set of 
samples: internally flawless (2, or 5%); very, very 
slightly included (7, or 16%); very slightly included 
(10, or 23%); slightly included (16, or 36%); and in- 
cluded (9, or 20%). No correlation was observed be- 
tween sample weight, color, and clarity grade. 
NDT11 weighed 1.13 ct and achieved D color and IF 


clarity grades, marking a major breakthrough in lab- 
oratory growth. 

Poorer clarity grades generally stemmed from the 
presence of inclusions, which appeared dark and 
opaque in transmitted light and gray and metallic in 
reflected light. These inclusions took a variety of 
shapes (as demonstrated in figure 6), sometimes 
within the same sample. Rod-like inclusions were 
noted to have lengths of up to approximately 1.5 
mm, and could be observed singly or in clusters with 
the inclusions aligned in one direction. Three of the 
synthetics contained flat plate inclusions with ap- 
proximately triangular geometry, with thicknesses 
of about 30 pm and edge dimensions up to approxi- 
mately 600 pm. Some of the metallic inclusions were 
irregular in shape. Sufficiently included samples 
(VS,—I,) were attracted to a strong magnet, depending 
on the magnet’s placement relative to the position of 
the inclusion. The presence of feathers, occasionally 
combined with metallic inclusions, also reduced the 
clarity grades of some samples. The inclusions likely 
result from entrapped traces of the metallic 


Figure 6. Inclusions observed in some of New Diamond Technology’s HPHT synthetic diamonds had a dark metal- 
lic appearance, suggesting they were remnants of the metallic solvent/catalyst melt used for growth. The inclu- 
sions took a variety of morphologies, including rods (A—D), thin plates (E), and irregular shapes (F). Images A, B, C, 
D, E, and F were taken for samples NDT16, NDT25, NDT13, NDT12, NDT26, and NDT37, respectively. Photomi- 


crographs by Ulrika D’Haenens-Johansson. 
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Figure 7. A: Unincluded sections of the HPHT synthetic samples did not show birefringence patterns when viewed 
under crossed-polarized light, instead showing smooth gradations in subdued low-order interference colors (grays, 
purples, and blues), indicating low levels of strain. B and C: Localized distortions in the diamond lattice were only 
apparent adjacent to inclusions or feathers. These images were taken for samples NDT27, NDT13, and NDT25, re- 
spectively. Photomicrographs by Ulrika D’Haenens-Johansson. 


solvent/catalyst melt. Graining, an optical phenom- 
enon whereby a series of transparent, tightly spaced 
lines can be observed in the sample when viewed 
from certain directions, has been reported in fancy- 
color HPHT-grown synthetic diamonds (Shigley et 
al., 2004) but was not detected in any of the samples 
in this study. 


Birefringence. When viewed between crossed polar- 
izers, the samples only showed subdued low-inter- 
ference colors (grays, blues, and purples) without 
forming any patterns. This was in stark contrast with 
natural diamonds in general, which show mottled, 
banded, or cross-hatched “tatami” patterns in a 
wider range of colors. These colors, and the absence 
of a clear pattern, indicate that the synthetic material 
was characterized by low strain levels, in agreement 
with previously reported observations (Crowning- 
shield, 1971, Shigley et al., 1997; D’Haenens-Johans- 
son et al., 2014). Localized areas of higher strain were 
only observed adjacent to inclusions or feathers, 
where the diamond lattice was distorted to accom- 
modate the clarity feature. Characteristic birefrin- 
gence effects are shown in figure 7. 


Fluorescence and Phosphorescence Behavior. The 
samples’ fluorescence and phosphorescence re- 
sponses to long-wave (365 nm) and short-wave (254 
nm) UV illumination from a gem-testing lamp were 
investigated, with the results summarized in table 2. 
The majority (38, or 86%) were inert to long-wave 
UV light, with the remaining samples only emitting 
very faint yellow-orange fluorescence. The sample 
set had a stronger response to short-wave (254 nm} 
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UV illumination, with 41 of them (93%) fluorescing 
yellow, orangy yellow, or green-yellow, with intensi- 
ties that were very weak (22), weak (15), medium (2), 
or strong (1). The remaining three samples (7%) did 
not fluoresce. After short-wave UV illumination, 43 
(98%) of the samples, including two that did not 
show fluorescence, displayed varying degrees of per- 
sistent green, yellowish green, greenish yellow, yel- 
low, or orangy yellow phosphorescence, which could 
be observed for up to approximately six minutes. 
Only one sample, NDT30, showed neither fluores- 
cence nor phosphorescence when exposed to either 
UV emission wavelength from the gem testing lamp. 
The stronger fluorescence following short-wave UV 
illumination is characteristic of colorless and near- 
colorless HPHT synthetic diamonds, the opposite of 
the behavior seen for natural stones (Crowningshield, 
1971; Rooney et al., 1993; Shigley et al., 1997; D’Hae- 
nens-Johansson et al., 2014). 

The above band-gap energy UV source (<230 nm) 
from a DiamondView was able to induce blue fluo- 
rescence and phosphorescence in all the samples, as 
illustrated in figure 8. It was crucial to view the 
samples along several different directions in order 
to perceive the cuboctahedral growth patterns 
characteristic of HPHT synthetic diamonds (Wel- 
bourn et al., 1996; D’Haenens-Johansson et al., 
2014). The patterns were usually most clear when 
viewed along the pavilion, rather than with the 
sample oriented face-up. The patterns, which arose 
from the different impurity uptake efficiencies for 
the separate growth sectors, showed poor contrast 
due to the high purity levels of the samples. 
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TABLE 2. Fluorescence and phosphorescence behavior of the HPHT synthetics under different 


excitation sources. 


Phosphorescent 
Long-wave (365 nm) UV gem lamp Short-wave (254 nm) UV gem lamp emission following 
illumination response illumination response broadband 
illumination 
Sample Fluorescence Phosphorescence Fluorescence Phosphorescence 500 nm 575 nm 

NDT-A None None Strong yellow-green Medium green-yellow N/A* N/A 

NDT-B None None Strong yellow-green Strong green-yellow N/A N/A 
NDTO1 None None Weak green Weak yellow v x 
NDT02 None None Weak green Weak yellow v x 
NDT03_ Very weak yellow-orange Very weak yellowish orange Weak green Weak yellow v v 
NDT04 None None Weak green Very weak yellow ¥ x 
NDTO5 None None Weak green Weak yellow v x 
NDT06 Very weak yellow-orange Very weak yellowish orange — Weak yellowish green Weak yellow v v 
NDTO7 None Weak yellowish orange Weak green Weak yellow ¥ x 
NDT08 Very weak yellow-orange — Weak yellowish orange Weak yellowish green Weak yellow v v 
NDTO09 None None Weak green Very weak yellow Yv x 
NDT10_ Very weak yellow-orange Weak green Weak green Weak yellow v Y 
NDT11 None None Weak green Very weak yellow v x 
NDT12 None Weak yellowish orange Weak green Weak yellow ¥ Y 
NDT13 None None Weak green Very weak yellow v x 
NDT14 None Very weak yellowish orange Weak green Very weak yellow v v 
NDT15 None None Very weak yellowish green Very weak yellow ¥ x 
NDT16 Very weak yellow-orange Very weak yellowish orange Weak yellowish green Weak yellow v Yv 
NDT17 None Weak yellowish orange Weak green Weak yellow v Y 
NDT18 None None Weak green Very weak yellow Y¥ x 
NDT19_ Very weak yellow-orange None Weak green Very weak yellow Yv x 
NDT20 None Very weak yellowish orange Very weak green Very weak yellow ¥ Yv 
NDT21 None None Weak green Very weak yellow v x 
NDT22 None None Weak green Very weak yellow Y¥ x 
NDT23 None None Very weak green Very weak yellow Y x 
NDT24 None Very weak yellowish orange Weak green Very weak yellow Y x 
NDT25 None None Very weak green Very weak yellow ¥ x 
NDT26 None None Weak yellowish green Weak yellow v x 
NDT27 None None Weak green Weak yellow Y x 
NDT28 None Very weak yellowish orange Weak green Weak yellow Y Yv 
NDT29 None None Very weak greenish yellow Very weak orangy yellow v v 
NDT30 None None Very weak yellow None v x 
NDT31 None None Weak orangy yellow Very weak Yellow ¥ x 
NDT32 None None Weak green Very weak yellow Y x 
NDT33 None None Medium green Medium yellow ¥ x 
NDT34 None None None None v v 
NDT35 None None Very weak green Very weak yellow v x 
NDT36 None None Very weak yellowish green Very weak yellow v x 
NDT37 None Very weak yellowish orange Very weak green Very weak yellow v x 
NDT38 None None Very weak yellowish green Very weak yellow ¥ x 
NDT39 None None Very weak orangy yellow Very weak yellow v x 
NDT40 None None Weak yellow Weak yellow v v 
NDT41 None None Very weak greenish yellow None ¥ x 
NDT42 None None Medium yellowish green Medium yellow v x 


*N/A: Not analyzed. 


The phosphorescence behavior of samples 
NDTO1-NDT42 (totaling 42) was further investi- 
gated by collecting phosphorescence spectra at room 
temperature following broadband illumination (215— 
400 nm), collecting spectra every second with 1 sec- 
ond integration times. All the samples emitted blue 
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light centered at approximately 500 nm (2.5 eV), with 
13 (31%) of the specimens also showing a yellow 
phosphorescence band centered at about 575 nm (2.1 
eV), as listed in table 2. Figures 9A and B demonstrate 
representative spectra for samples showing phospho- 
rescence only from the 500 nm band (NDT37) or 
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from both the 500 nm and 575 nm bands (NDT08). 
Phosphorescent emission at 500 nm is commonly 
observed in natural type IIb or weakly boron-contain- 
ing type Ila diamonds, as well as similarly typed 
HPHT synthetic diamonds grown using a variety of 
solvent/catalyst melts (Watanabe et al., 1997; Eaton- 
Magana et al., 2008; Eaton-Magafia and Lu, 2011; 
D’Haenens-Johansson et al., 2014), whereas the 575 
nm band has been detected for HPHT synthetic type 
IIb diamonds grown using Co- and Ti-containing sol- 
vent/catalysts (Watanabe et al., 1997; Eaton-Magafia 
et al., 2008). A band at 580 nm has been observed in 
some natural type IIb diamonds, yet this band is gen- 
erally very weak and rapidly decaying, making its ob- 
servation rare. Neither of these bands have been 
reported for phosphorescent CVD synthetics (Wang 
et al., 2012). The 500 and 575 nm bands are induced 
following illumination with wavelengths less than 
approximately 400 nm (>3.1 eV) and 540 nm (>2.3 
eV], respectively, and are thought to originate from 
donor-acceptor pair recombination between boron 
acceptors and donors, where the identity of the 
donor(s) is still being questioned (Watanabe et al., 
1997). The main candidate for the 500 nm band is a 
nitrogen-related center, possibly isolated nitrogen, as 
it is likely present in all the types of natural and syn- 
thetic diamonds for which this phosphorescence is 
observed (Dean, 1965, 1973; Klein et al., 1995; 
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Figure 8. Blue fluores- 
cence (A-B) and phos- 
phorescence (C-D) were 
detected for all the New 
Diamond Technology 
synthetics observed 
with the DiamondView. 
Most of the samples 
showed cuboctahedral 
growth patterns charac- 
teristic for HPHT syn- 
thetics, though they 
were not always easily 
observed. The fluores- 
cence and phosphores- 
cence (following a 0.10 
second delay) images 
found here were taken 
for sample NDT06 with 
0.12 and 1.00 second ex- 
posures, respectively. 
Images by Ulrika 
D’Haenens-Johansson. 


Watanabe et al., 1997). The donor for the 575 nm 
band is much less certain (Watanabe et al., 1997). If 
one assumes the same donor for both bands, the en- 
ergy separation between the 500 nm and 575 nm 
bands cannot be simply explained by a distance dis- 
tribution between the donors and acceptors. Instead, 
it is possible that the two bands involve distinct deep 
donors. The donor for the 575 nm band may be a dif- 
ferent nitrogen-related center, or even a center con- 
sisting of an impurity atom with or without nitrogen. 
Watanabe et al. (1997) noted that the 575 nm band 
was mainly emitted from regions close to the seed 
crystal, where faster growth rates were suspected, 
suggesting a higher probability of incorporating im- 
purities from the solvent/catalyst. 

Comparison of the decay of the 500 nm and 575 
nm bands for the NDT samples (e.g., figure 9) re- 
vealed that the latter band is longer-lived, in agree- 
ment with published results (Watanabe et al., 1997). 
Consequently, the samples’ phosphorescence was 
noted to shift from blue to yellow following illumi- 
nation with the spectrometer’s light source. Revisit- 
ing the samples’ phosphorescence behavior under the 
UV gem lamp (table 2), those that displayed the most 
intense 575 nm bands (relative to the 500 nm band) 
often exhibited yellowish orange phosphorescence 
following long-wave (365 nm) excitation. Both the 
long- and short-wave UV lamps generated suffi- 
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with broadband UV 
light (215-400 nm); 
here the spectra for the 
80 representative samples 
NDT37 (A) and NDTO8 
(B) are shown. For clar- 
ity, data is only pre- 
sented for five-second 
intervals, even though 
data was collected 
every second. A phos- 
phorescent emission 
band was detected at 
500 nm for all speci- 
mens (A and B), with 
an additional band 
centered about 575 nm 


1000 


being observed for 13 
(31%) of the samples 
(B). For the cases where 


PHOSPHORESCENCE INTENSITY (COUNTS) 


WAVELENGTH (nm) 


ciently high energy to induce phosphorescence from 
both bands (Watanabe et al., 1997). 

The phosphorescence duration is affected by both 
the maximum phosphorescence intensity, which can 
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both bands were de- 
tected, it was noted 
that directly following 
illumination, the 500 
nm band dominated, 
with the 575 nm band 
displayed as a shoul- 
der. The 575 nm band 
had a slower decay, 
and its emission could 
be observed even after 
the 500 nm emission 
had decayed beyond 
detection. 


be influenced by the size of the stone, and the rate of 
decay for the emission band(s). Since phosphores- 
cence spectra were collected, it was possible to de- 
termine the half-life (t) of the phosphorescence, or 
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PHOSPHORESCENCE DECAY 
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Figure 10. Phosphores- 
cence intensity as a 
function of time for the 
500 and 575 nm bands 
for samples NDT37 and 
NDTO8. The circle, 
square, and triangle 
data points were deter- 
mined from the experi- 
mental data presented 
in figure 9. The lines il- 
lustrate the fits ob- 
tained to these data 
using least-squares fit- 
ting based on the hy- 
perbolic function 
expressed by equation 
2, from which the half- 
life values t were calcu- 
lated using equation 3. 


TIME (s) 


the time it took for the bands’ intensities to halve. 
Importantly, the half-life is a measure that is inde- 
pendent of the initial phosphorescence intensity. The 
shape of the decay curve (the maximum band inten- 
sity as a function of time} can also provide informa- 
tion regarding the mechanism responsible for the 
phosphorescence. Figure 10 presents the phosphores- 
cence decay data for the 500 and 575 nm bands for 
samples NDT08 and NDT37, selected for their in- 
tense phosphorescence. The bands’ maximum inten- 
sities were estimated by fitting Voigt functions to the 
intensity data plotted as a function of energy, where 
energy E (in eV) and the wavelength ) (in meters) are 
related by 


E=* (1) 


where h is Planck’s constant (4.13566733 x 10 eVs) 
and c is the speed of light (2.99792458 x 10° m/s). The 
phosphorescence intensity as a function of time I(t) 
was best modeled using a hyperbolic function 


ae (2) 
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where t is the time following the extinction of the il- 
lumination, 1(0) is phosphorescence intensity at t = 
0, and k parameterizes the phosphorescence recom- 
bination (Watanabe et al., 1997). The observation 
that a hyperbolic “bimolecular” curve fit better than 
an exponential decay is consistent with the donor- 
acceptor pair recombination mechanism that has 
been used to explain the phosphorescence of dia- 
mond (Watanabe et al., 1997). The least-squares fits 
to the data, as illustrated in figure 10, provided esti- 
mates for k. Setting J(t)/1(0) = % and rearranging equa- 
tion 2, the half-life is then defined by 


to 3) 


Thus the half-life for the 500 nm phosphores- 
cence band for sample NDT37 (one-band emission) 
was calculated to be 9.16 + 0.06 s. In sample NDT08 
(two-band emission), the half-life was 8.55 + 0.07 s 
for the 500 nm band and 32.5 + 0.3 s for the 575 nm 
band. 


FTIR Absorption Spectroscopy. FTIR spectroscopy 
was used to evaluate the samples’ boron- and nitro- 
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Figure 11. FTIR absorp- 
tion spectroscopy re- 
vealed that 35 (80%) of 
the 44 synthetic dia- 
monds contained de- 
tectable concentrations 
of neutral substitutional 
boron (B°), with a char- 
acteristic absorption 
band centered at about 
2800 cnr", and were 
thus classified as type 
IIb. Bulk B° concentra- 
tions for these synthet- 
ics are tabulated in 
table 1. The remaining 
samples did not show 
any boron- or nitrogen- 
related IR absorption 
and were classified as 
type Ila. The spectra are 
translated vertically for 
clarity. Traces for sam- 
ples NDT-A and NDT-B 
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gen-related impurity content, with the resulting spec- 
tra shown in figure 11. For 35 (80%) of the HPHT 
synthetics, the only defect-related IR absorption seen 
was from neutral substitutional boron defects, which 
create an asymmetric absorption band at approxi- 
mately 2800 cm, resulting in a type IIb classifica- 
tion. Boron incorporation has been found to be 
growth sector-dependent in HPHT synthetic dia- 
monds, with higher concentrations observed in {111} 
growth sectors (Burns et al., 1990). Consequently, the 
boron distribution across these multi-sector samples 
(as seen using DiamondView imaging) was also in- 
homogeneous. Their faceting made it impossible to 
conduct FTIR absorption experiments through single 
growth sectors. Nevertheless, to enable semi-quan- 
titative comparison of the boron content between 
samples, bulk boron concentrations across complete 
volumes were calculated using the integrated inten- 
sities of the 2800 cm band (Collins and Williams, 
1971; Fisher et al., 2009). These results are tabulated 
in table 1, with bulk neutral boron concentrations up 
to 58 + 9 ppb detected (NDT14, F color). The detec- 
tion of boron is consistent with the phosphorescent 
behavior previously discussed. The remaining sam- 
ples were assigned as type Ila because they did not 
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are not shown due to 
poorer signal-to-noise 
ratio. 


2000 1500 1000 


show any defect-related absorption features. As these 
samples also exhibited identical phosphorescence, it 
is suggested that they contain boron centers at con- 
centrations below the FTIR detection limit. It is im- 
portant to note that these spectra are not unique to 
these samples, as colorless natural diamonds and 
HPHT- and CVD-grown synthetics can also be type 
Ila or type IIb. 


Photoluminescence Spectroscopy. Photolumines- 
cence spectra were collected for the samples im- 
mersed in liquid nitrogen (77 K) using excitation 
wavelengths of 324.8, 457.0, 488.0, 514.5, 632.5, and 
830.0 nm, enabling the detection of defects that emit 
light from within the ultraviolet to infrared range. 
Data using the 324.8 and 488.0 nm lasers were not 
collected for samples NDT-A and NDT-B. Overall, 
the peaks reported here were generally weak, often 
detected only if the laser power was high enough to 
saturate the diamond Raman peak. Samples NDT21, 
NDT26, NDT33, NDT34, and NDT42, accounting 
for 11% of the suite, did not reveal any defect-related 
photoluminescence features. 

The dominant photoluminescence features ob- 
served were nickel-related, with the 830.0 nm laser 
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Figure 12. Representative photoluminescence spectra 
taken at liquid-nitrogen temperatures using 830.0 nm 
laser excitation revealed a Ni-related defect that pro- 
duces a doublet with peaks at 882.1 and 883.8 nm in 
32 (73%) of the New Diamond Technology samples. 
This doublet is thought to originate from the same 
Ni-related center that produces a doublet commonly 
reported at 1.4035/1.4008 eV (883.15/884.85 nm) for 
synthetic diamonds grown using Ni-containing sol- 
vent/catalyst melts. It is possible that the apparent 
energy shift resulted from an instrument calibration 
error. The 830.0 nm laser did not excite any other de- 
fect-related features. Once normalized to the unsatu- 
rated diamond Raman peak height, the spectra have 
been translated vertically for clarity. 


exciting a doublet at 882.1/883.8 nm (1.405/1.402 eV) 
in 32 samples (73%) and the 324.8 nm laser exciting 
a multiplet with lines at 483.6/483.8/484.1/484.4 nm 
(2.563/2.562,/2.560/2.559 eV) in 27 samples. No com- 
ment can be made about whether samples NDT-A 
and NDT-B would show the latter multiplet, as no 
data was collected with the 324.8 nm excitation. Rep- 
resentative spectra, with the peak intensities normal- 
ized to the intensity of the unsaturated Raman peaks, 
are shown in figures 12 and 13. The 882.1/883.8 nm 
doublet is thought to be the one previously reported 
at 1.4035/1.4008 eV (883.15/884.85 nm), which is 
often referred to as the “1.40 eV center” (e.g., Nazaré 
et al., 1991; Yelisseyev and Kanda, 2007) where the 
shift in wavelength may be related to an instrument 
calibration error. The model for the 1.40 eV center is 
an interstitial Ni* atom distorted along a (111) direc- 
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Figure 13. For 27 of the 42 samples, photolumines- 
cence spectra collected at liquid-nitrogen tempera- 
tures using excitation from a 324.8 nm laser showed a 
multiplet with peaks at 483.6/483.8/484.1/484.4 nm. 
This feature is commonly thought to originate at a 
Ni-related center. For clarity, the Raman-normalized 
spectra for only five representative samples are 
shown, translated vertically to avoid overlap. 


tion (Nazaré et al., 1991). The separation of the peaks 
has been found to increase with increasing 
linewidths, suggesting that it is affected by strain lev- 
els. The 1.40 eV center is active in both photolumi- 
nescence and absorption, and is found exclusively in 
the {111} growth sectors in HPHT synthetic diamonds 
grown in the presence of Ni (Collins et al., 1990; 
Nazaré et al., 1991; Collins, 1992; Lawson and Kanda, 
1993). Similarly, the 483.6/483.8/484.1/484.4 nm 
multiplet, also known as the “484 nm” or “2.56 eV” 
center, is commonly observed with photolumines- 
cence in the {111} growth sectors of HPHT synthetic 
diamonds grown using Ni-based solvent/catalysts. 
Hence, it is also thought to be Ni-related, though its 
structure has yet to be determined (Dean, 1965; 
Collins et al., 1990; Collins, 1992; Nazaré et al., 1995). 
These nickel-related features indicate the presence of 
Ni in the solvent/catalyst melt used by NDT, inten- 
tional or otherwise. 

Nitrogen-related features were only observed in 
the form of nitrogen-vacancy centers in the neutral 
(NV°) and negative (NV-) charge states with zero- 
phonon lines (ZPLs) at 575 (2.156 eV, not to be con- 
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of educational and research departments. 

He was instrumental in establishing the 
eastern headquarters branch and laboratory 
in New York City although he continued 
at the same time to give assistance to the 
Director in administrative and directive 
matters, and in the formulation. of G.LA. 
policy. 

Dorothy M. Jasper Smith, who will retire 
from the G.I.A. late this year, has — with 
the exception of brief periods of absence — 
worked closely with Robert and Beatrice 
Shipley since she came to the Institute in 
1932. She helped. organize the original 
G.1.A. Study Groups in 1935 and_ has 
performed practically every task connected 
with the Institute. 

In 1948, as Executive Secretary, she took 
over the expediting and coordination of 
certain definite projects formerly supervised 
by Director Shipley. She also serves as 
Secretary to the Board of Governors. Her 
withdrawal from active participation in the 
work of the Institute will be a distinct loss 
and no history of the G.I.A. would be 
complete without a sincere acknowledgment 
of her loyalty and her great contribution to 
the growth and success of the Institute dur- 
ing the almost twenty years of her tenancy. 

Clare Verdera, who came to the Institute 
permanently in 1946 —after working for 
brief periods since 1942 — holds the posi- 
tion of Personnel Manager and Purchasing 
Agent. She also has charge of the Mimeo- 
graph Department where assignments and 
other forms are produced and, in addition, 
heads the Mailing and Shipping Depart- 
ment. 

Lester B. Benson, directing resident class 
training, came to the Institute in the early 
part of 1947. Not only has he been respon- 
sible in the last few years for the organ- 
ization, planning, and successful presenta- 
tion of resident class work, but he has 
contributed much to recent research and 
revision of courses. He also. acts as director 
of the Los Angeles Laboratory. 

Public Relations Director for the Institute 
is Kay Swindler who came to the Institute 
in February, 1947 and heads the Publica- 
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tions Department. This department, in addi- 
tion to preparing Gem and Gemology and 
the G.I.A. student publication, the Loupe, 
is also responsible for books published by 
the G.J.A., the preparation of pamphlets, 
brochures, educational supplies and various 
other printed matter —as well as for pub- 
licity and advertising used by the Gemo- 
logical ,Institute. 

In December 1947 G. Robert Crowning- 
shield became a member of the Institute’s 
staff, as Instructor. With the opening of 
the New York Branch in the fall of 1948 
he was transferred there to assist in its 
establishment and management. Following 
the acquisition of the Gem Trade Labora- 
tory in October 1949, he took over the 
operation of the combined laboratories in 
New York in February 1950 and is today 
Director of G.I.A. Eastern Headquarters 
and the Gem Trade Laboratory. 

In March, 1948 Kenneth M. Moore 
joined the staff of the Institute as an In- 
structor. Today his responsibility covers 
supervision of the multitude of details con- 
nected with the mechanics of the Education 
Department’s operation, including the 
steady flow of assignments to and from 
students, recording of grades, examinations, 
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fused with the phosphorescence band) and 637 nm 
(1.945 eV), respectively. These could be detected 
using either the 488.0 nm (not shown) or 514.5 nm 
lasers; figure 14 shows representative data using the 
latter excitation source. The features were weak, gen- 
erally detectable only when the laser power was high 
enough to saturate the diamond Raman peak. The 
NV? ZPL, often more intense than that for NV-, was 
detected in 26 (59%) of the samples. The NV-ZPL 
was only seen in 11 (25%) samples. These features 
are common in both synthetic (type Ia and IIb) and 
natural (type Ila) diamonds. A feature at 503.2 nm 
(2.463 eV), possibly the H3 (N-V-N°) defect, was not 
detected in any of the NDT synthetics using either 
457.0 or 488.0 nm lasers. This feature was previously 
observed in near-colorless HPHT synthetics pro- 
duced by AOTC (D’Haenens-Johansson et al., 2014). 

The only remaining defect-related photolumines- 
cence feature observed was the negative charge state 


Figure 14. Twenty-six of the samples showed photo- 
luminescence features attributed to nitrogen-vacancy 
centers, with the neutral (575 nm) charge state more 
intense than the negative (637 nm) charge state. 
These could be detected using either 488.0 or 514.5 
nm laser excitation. These selected photolumines- 
cence spectra, taken at liquid-nitrogen temperatures 
using 514.5 nm excitation, have been translated verti- 
cally for clarity. R is the first-order Raman peak for 
diamond, the broad structure spanning 580-596 nm 
is the second-order Raman spectrum for diamond, 
and the sharp peak at 584.5 is the first-order Raman 
peak for liquid nitrogen, which is used to cool the 
samples. 
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Figure 15. The negatively charged silicon-vacancy 
center, SiV-, with emission at 736.6 and 736.9 nm, 
was weakly detected in 18 (41%) of the New Dia- 
mond Technology samples when using either 488.0, 
$14.5, or 633.0 nm laser excitation at liquid-nitrogen 
temperatures. The selected spectra presented here 
have been translated vertically for clarity. 


of the silicon-vacancy center, SiV-, which introduced 
a weak doublet ZPL at 736.6/736.9 nm (1.683/1.682 
eV). SiV,, which could be excited by the 488.0, 514.5, 
or 632.5 nm lasers (figure 15), was detected in 18 
(41%) of the samples. Its presence is rare in HPHT 
synthetic diamonds, though it has been reported in 
intentionally doped samples studied by Clark et al. 
(1995) and Sittas et al. (1996), as well as in gem-qual- 
ity HPHT synthetic samples of unknown origin (Moe 
and Wang, 2010; Wang and Moe, 2012) and those pro- 
duced by AOTC (D’Haenens-Johansson et al., 2014). 
The low concentrations suggest that its presence 
may be unintentional. 

It is noteworthy that some of the PL features that 
were weakly detected in several of the colorless and 
near-colorless HPHT synthetic diamonds grown by 
AOTC—with peaks at 658 (1.884 eV), 675.2 (1.836 
eV), 706.9 (1.753 eV), 709.1 (1.748 eV), and 712.2 nm 
(1.740 eV)—were not observed in the samples pro- 
duced by NDT (D’Haenens-Johansson et al., 2014). 
For the AOTC samples, these peaks were seen for di- 
amonds grown in either BARS or toroid presses, 
which used different solvent/catalyst melts and ni- 
trogen getters. 
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DISCUSSION 

Comparison with Other Gem-Quality Synthetics. 
Near-colorless and colorless synthetic diamonds of 
gem quality are produced using HPHT or CVD 
growth methods, with CVD material the most com- 
monly encountered “white” synthetic diamond seen 
at GIA’s laboratory. In recent years, advances in CVD 
growth methods and the introduction of post-growth 
decolorizing HPHT treatments have led to the rapid 
evolution of synthetic diamond quality. Production 
of colorless synthetics in modest sizes (approxi- 
mately 0.30 ct) began around 2007 (Wang et al., 
2007); by 2011, high-clarity samples weighing ap- 
proximately 1 ct were widely available (Wang et al., 
2012). While the size of CVD synthetics has contin- 
ued to increase, the colors have been generally lim- 
ited to near-colorless or faintly colored, and colorless 
grades are rare (Wang et al., 2013; Pure Grown Dia- 
monds, 2015; Washington Diamonds Corp., 2013; 
D.NEA, 2015). The largest near-colorless CVD syn- 
thetic reported to date is a 3.16 ct sample with G 
color and SI, clarity, produced by Washington Dia- 
monds Corp. (D.NEA, 2015), which was graded by a 
laboratory other than GIA. The record had previously 
been held by a 3.04 ct, I color, and SI, clarity CVD 
synthetic by Pure Grown Diamonds (formerly 
Gemesis}, also graded by a non-GIA laboratory (Pure 
Grown Diamonds, 2014). 

Conversely, HPHT growth for the gem trade was 
geared mainly toward fancy-color synthetic diamonds. 
Colorless gem-quality material has only been com- 
mercially available since 2012 (D’Haenens-Johansson 
et al., 2012, 2014). The main HPHT synthetic dia- 
mond producer in this sector is AOTC, whose color- 
less synthetics are polished to sizes up to 1 ct (AOTC, 
2015). Although the D-Z diamond colors achieved by 
HPHT producers are typically closer to colorless than 
those by CVD producers, their material is generally 
smaller and may be visibly included. Outside of the 
gem industry, HPHT synthetic diamond producers 
such as Sumitomo Electric have reported growing 7— 
8 ct “rough” crystals described as “colorless” type Ila, 
though their material is intended for technological ap- 
plications (Sumiya et al., 2002). If one further expands 
the search field to include unpolished colored HPHT 
synthetics, the largest reported in the literature is a 
34.80 ct “yellow” specimen, grown solely for research 
purposes by De Beers (Koivula et al., 2000). 

NDT’s HPHT-grown synthetic gem diamonds in 
this investigation mark a dramatic improvement in 
the combination of colors and sizes attainable. Five 
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colorless samples weighed over 2 ct, with clarities 
ranging from VVS, to I, (though this improved up to 
IF for smaller sizes). The 4.30 ct D-color, SI, clarity 
specimen (NDT-B) is the largest faceted laboratory- 
grown diamond of this color grade available to date 
(also reported by Poon et al., 2015), surpassing the 
largest CVD synthetic in both size and color known 
to the authors (while sharing the same clarity grade) 
(D.NEA, 2015). Although not studied for this inves- 
tigation, a 10.02 ct E-color, VS, square-cut emerald 
HPHT-grown synthetic (graded by IGI), also by NDT, 
is so far the largest reported polished synthetic dia- 
mond grown using either HPHT or CVD technolo- 
gies, of any color grade (International Gemological 
Institute, 2015; Wang and Moses, 2010; Poon et al., 
2015; N.DEA, 2015). These results suggest that 
HPHT synthetic colorless gem-quality diamonds are 
now on a par with, and could potentially surpass, 
those produced by CVD methods. 

Interestingly, AOTC uses both BARS and toroid 
presses, while NDT uses cubic presses (D’Haenens-Jo- 
hansson et al., 2014). This demonstrates that different 
HPHT methodologies can yield comparable products, 
with NDT’s cubic press methods currently yielding 
larger specimens. Like the AOTC synthetics, most of 
the NDT samples (80%) contained trace amounts of 
boron, peaking at a bulk concentration of 58 + 9 ppb 
(NDT14). Meanwhile, the previously published bulk 
concentrations for representative AOTC samples 
were often higher, and in general the samples with 
higher boron concentrations had poorer color grades 
(further from colorless), introducing a blue hue that 
could produce grades up to Fancy Light blue, depend- 
ing on the sample’s size and faceting arrangement 
(D’Haenens-Johansson et al., 2014). DiamondView flu- 
orescence images revealed that the intensity contrast 
between the different growth sectors was significantly 
weaker for the NDT specimens. These results may 
imply that the HPHT samples grown by NDT have a 
lower impurity content than those produced by 
AOTC, explaining the higher percentage of D-F color 
grades achieved (89% compared to 33%). 


Identification Features. Although NDT sells its 
faceted synthetics with full disclosure of their origin, 
it is prudent to be aware of the relevant identification 
features in case these goods are at some point reintro- 
duced into the gem trade without disclosure. NDT’s 
gem-quality HPHT synthetics can be conclusively 
identified, though this often relies on a combination 
of gemological and spectroscopic observations. Sev- 
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eral of these characteristics are similar to those for 
HPHT synthetics from other sources. 

Magnification may reveal the presence of metallic 
inclusions, which are not observed in CVD synthetic 
diamonds and are extremely rare, and with differing 
geometries, in natural diamonds (Sobolev et al., 1981). 
If sufficiently large or plentiful, the metallic inclu- 
sions can be confirmed by attraction to a strong mag- 
net. Examination through crossed polarizers showed 
that the samples had extremely low strain levels, as 
indicated by low-order interference colors (blue and 
grays) and the inability to resolve a clear birefringence 
pattern. This is common for HPHT synthetics 
(Crowningshield, 1971) but in stark contrast to both 
CVD synthetic and natural stones, which show cross- 
hatched, mottled, or banded birefringence patterns, 
often in a variety of colors. The fluorescence and 
phosphorescence response of these HPHT synthetics 
was stronger to short-wave than long-wave UV, the 
opposite of the behavior seen in natural stones 
(Crowningshield, 1971; Shigley et al., 1997). Long-last- 
ing phosphorescence, a characteristic rarely detected 
in natural diamonds, should be regarded with caution. 
If any of the above gemological observations are noted, 
further investigation using advanced testing tech- 
niques is crucial for conclusive origin determination. 

The high-energy UV illumination from a Diamond- 
View instrument will readily induce fluorescence in 
all diamonds, natural or synthetic. Inspection of the 
table, crown, and pavilion facets of the NDT samples 
revealed cuboctahedral growth sectors, which are 
characteristic of HPHT synthetics, though the pat- 
tern was very weak in some. Additionally, all the 
samples exhibited strong phosphorescence. A phos- 
phorescence spectrometer could aid in their identifi- 
cation, as 13 of the 42 samples tested in this manner 
(31%) showed a phosphorescence band at approxi- 
mately 575 nm, which has only been reported in cer- 
tain HPHT-grown synthetic diamonds (Watanabe et 
al., 1997; Eaton-Magajia et al., 2008). Despite the sim- 
ilar emission wavelengths, this band should not be 
confused with the weak 580 nm band that has been 
infrequently detected for some natural type IIb dia- 
monds. The 500 nm band, also observed, cannot be 
considered indicative of a synthetic origin, as it is 
often displayed by natural type IIb diamonds (Eaton- 
Magafia et al., 2007, 2008). 

Further spectral analysis using FTIR absorption 
and PL spectroscopy may also be helpful. All the 
NDT samples were either type IIb or type Ila—i.e., 
they did not contain detectable amounts of isolated 
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or aggregated nitrogen defects. Natural, treated, and 
CVD or HPHT synthetic colorless diamonds can all 
belong to these types. Since some 98% of natural di- 
amonds contain A-aggregates (nitrogen pairs, which 
absorb at approximately 1280 cm“), their absence 
from a sample’s IR spectrum would indicate a need 
for detailed analysis. PL, like FTIR, cannot alone con- 
clusively identify an HPHT synthetic, yet it was ef- 
fective at revealing suspicious impurities. The 
Ni-related features observed at 882.1/883.8 nm 
(1.405/1.402 eV) and at 483.6/483.8/484.1/484.4 nm 
(2.563/2..562/2.560/2.559 eV) are seldom detected for 
natural type Ila and IIb diamonds and have not been 
reported for CVD synthetics (Nobel et al., 1998; Cha- 
lain, 2003). The 736.6/736.9 nm (1.683/1.682 eV) SiV- 
feature, often used in the identification of CVD- 
grown samples, has been detected only rarely in nat- 
ural diamonds or in other HPHT synthetics (Breeding 
and Wang, 2008; Moe and Wang, 2010; Wang and 
Moe, 2012; D’Haenens-Johansson et al., 2014). A 
weak SiV- feature was detected in a subset of the 
specimens in this study. Its presence remains a 
source of concern, though a stone with this feature 
could be either natural or CVD synthetic. 


CONCLUSIONS 

New Diamond Technology’s colorless HPHT-grown 
synthetic diamonds are being faceted into gems for 
the jewelry trade. This study of 44 representative 
samples revealed that the company can create 
faceted colorless and faintly colored synthetics 
weighing up to 4.30 ct and 5.11 ct, respectively. Al- 
though the samples spanned the full range of clarity, 
NDT has demonstrated the capacity to produce high 
clarities. One such specimen, a 1.13 ct round brilliant 
with a very good cut grade, characterized by D color 
and IF clarity, was remarkable for its quality. All in- 
dications point to high-color and high-clarity HPHT 
synthetics becoming more prominent in the gem 
trade. The colorless stones in the study are compara- 
ble to top-quality natural diamonds and surpass (for 
this color range) the sizes achieved by alternative pro- 
ducers. NDT’s continued focus on expanding produc- 
tion and increasing the sizes of their colorless 
samples emphasizes the need for awareness by grad- 
ing laboratories, members of the diamond trade, and 
consumers. Through careful analysis using gemolog- 
ical, fluorescence, and spectroscopic methods, these 
products can be confidently identified as synthetic, 
thus posing no threat to a well-informed, responsible, 
and transparent diamond trade. 
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LETSENG’S UNIQUE 


DIAMOND PROPOSITION 


Russell Shor, Robert Weldon, A.J.A. (Bram) Janse, Christopher M. Breeding, and Steven B. Shirey 


The LetSeng-la-Terae diamond mine in Lesotho, a small nation surrounded by South Africa, is unique in 
that it produces some of the world’s largest and highest-value diamonds from a relatively small volume 
of kimberlite ore. The mine, operated by De Beers during the late 1970s and early 1980s, was difficult to 
sustain economically because of its remoteness and very low ore grade, which made production costs 
very high. Since 2000, sharply rising prices for large diamonds have permitted the mine to reopen prof- 
itably as a 70/30 venture between Gem Diamonds Ltd. of South Africa and the government of Lesotho. 
To improve recovery of large diamonds, LetSeng’s owners have implemented new processing technology 
that provides better identification of these crystals before processing and a crushing mechanism that re- 
duces their potential breakage. In recent years, several important diamonds recovered from LetSeng have 


been sold to London luxury jeweler Laurence Graff. 


ile the Premier (now Cullinan) mine in 
\\/ses Africa is usually cited as the tradi- 
tional source for very rare large diamonds, 
in recent years the LetSeng-la-Terae mine in Lesotho 
has become the major producer of such stones (figure 
1). Although its total output is relatively small— 
about 100,000 carats yearly, compared to two million 
or more carats from most major diamond mines—the 
average value of its production in 2014 was just 
above US$2,500 per carat (Gem Diamonds Ltd., 
2014, 2015a). This is by far the world’s highest per- 
carat value, more than 21 times higher than the $116 
average for diamonds mined worldwide, according to 
Kimberley Process data. 

The LetSeng mine is also the world’s most consis- 
tent source of type Ila diamonds (those with excep- 
tionally low nitrogen content), which account for 
about one-fourth of its production (Gem Diamonds 
Ltd., 2014). The mine claims six of the 20 largest di- 
amonds ever discovered—478, 493, 527, 550, 601, 
and 608 ct (table 1). The largest of these, the Lesotho 
Promise, was found in 2006 and sold to London jew- 
eler Laurence Graff for $12.4 million. In the years 
since, Graff has also purchased the 493 ct LetSeng 
Legacy, the 478 ct Light of LetSeng, and the 550 ct 
LetSeng Star. 
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Until 2004, LetSeng had been shut down for more 
than 20 years because its low grade and remote loca- 
tion made mining unprofitable at existing diamond 
prices. Up until the past decade, De Beers and other 
mining companies typically sacrificed large crystals 
for the sake of rapid throughput, which maximized 
efficiency and reduced mining costs. Only after 
prices for large stones began rising sharply did the 
mining economics change in favor of preserving 
them. Because the economic viability of LetSeng 


Figure 1. Rising prices and demand for large dia- 
monds have fueled the success of the Letseng mine in 
northern Lesotho. Shown here are two rough stones: a 
299.35 ct slightly yellowish partial octahedron and a 
colorless 112.61 ct type Ila diamond. Photo by Robert 
Weldon/GIA; courtesy of Gem Diamonds Ltd. 
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Figure 2. This remote village deep in the Maloti Mountains near the Letseng mine is primarily dedicated to 


agriculture and sheep herding. Villagers also form the workforce for the diamond mine. Basuto ponies such as the 
one seen here are esteemed for their speed and surefootedness in the steep, rocky mountain passes. Photo by 


Robert Weldon/GIA. 


hinges on its ability to produce very large diamonds, 
the owners have employed new recovery processes 
to reduce damage and breakage of such diamonds. 
The mine is a major force of Lesotho’s economy, em- 
ploying about 1,500 workers, 90% of them locals. 
LetSeng accounts for 70% of the country’s corporate 
tax revenue and 60% of its foreign exchange earnings 
(M. Maharasoa, pers. comm., 2014). 


BACKGROUND 

The Kingdom of Lesotho is a nation of rugged moun- 
tains (figure 2) set within the boundaries of South 
Africa (figure 3). Its capital, Maseru, is located about 
250 miles south of Johannesburg. When diamonds 
were discovered in South Africa in 1867, Lesotho 
(then known as Basutoland) was sparsely settled by 
agrarian villagers and shepherds living under the rule 
of King Moshoeshoe. 

The tiny kingdom struggled to remain independ- 
ent from its much larger neighbor, first resisting Zulu 
invasions from the south and then becoming em- 
broiled in the growing tensions between the British 
and Afrikaners in southern Africa during the 1870s. 
The Afrikaners (descendants of early Dutch settlers) 
had begun to claim parts of the territory. While Ba- 
sutoland’s craggy mountains made for good defense, 
with more than 80% of the nation at least 5,000 feet 
above sea level, the British annexed the region in 
1871. The rugged terrain also hindered exploration 
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for minerals, including diamonds. Large-scale agri- 
culture was nearly impossible, which made it unat- 
tractive for colonial settlers. As a result, Basutoland 
remained fairly isolated from the wars and mineral 
rushes that shaped the southern portion of the con- 
tinent during the 20th century (“Lesotho,” 2014). 
By road, LetSeng is located approximately 214 km 


Figure 3. This map of Lesotho, formerly Basutoland, 
shows how the small country is completely sur- 
rounded by South Africa. The discovery of diamonds 
in Lesotho came 90 years after the South African 
finds of the 19th century. 
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I~ 29°S 


I— 30°S 


27°E 


28°E 


hz Basalts of Drakensberg Group - Lower Jurassic 


Clastic sediments of the Stormberg Group 
(Molteno, Elliot and Clarens Formations) - Upper Triassic 


Ls Clastic sediments of the Beaufort Group - Lower Triassic /Upper Permian 


(133 miles) northeast of Maseru. The route is paved 
except for the last 30 km, which is a well-graded 
gravel road with many sharp hairpin turns. The 
mine’s complete name is LetSeng-la-Terae (also 
spelled Terai), which means “the swamp at the turn,” 
as it is located in a low saddle in the mountain range 
where the road makes an abrupt turn (Whitelock, 
1979). The diamondiferous deposit was found in kim- 
berlite under the superficial swamp sediment layer. 


GEOLOGICAL FRAMEWORK 


Figure 4 shows that the western lowlands and parts 
of southern Lesotho consist of horizontally bedded 
sediments, whereas a thick series of flat-lying 
basaltic lavas form the mountains in the east. The 
sediments belong to the upper part of the Karoo Su- 
pergroup (late Carboniferous to mid-Jurassic, 330- 
180 Ma), which once covered a major portion of 
southern Africa. In Lesotho, these sediments form 
part of the Stormberg series, which are Triassic 
(roughly 250-200 Ma) in age and consist of pale mul- 
ticolored sandstones with intercalated grits, mud- 
stones of the Molteno (fluvial sands), Elliot (red, 
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29°E 
Figure 4. This map of 
Lesotho shows the 
country’s principal dia- 
mond mines within the 
Drakensberg basalts. 
Letseng was the first di- 
amond deposit discov- 
ered in Lesotho and 
remains the largest one, 
producing significant 
numbers of large dia- 
monds. Like Letseng, 
the other three mines in 
the area—Kao, Liqho- 
bong, and Mothae—are 
all located on Archean 
craton underlain by 
older mantle at depth. 
There are no known pri- 
mary diamond deposits 
in the off-craton part of 
the country. Map cour- 
tesy of Telfer and 
McKenna (2011). 


Approximate craton boundary 
(beneath overlying sediments 
and lavas) 
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green, and purple mudstones, previously called Red 
Beds), and Clarens (cream-colored aeolian sands, pre- 
viously called Cave Sandstone} formations. These are 
overlain by the Early Jurassic (183 Ma) Drakensberg 
Beds, a monotonous series of flood basalt lava flows. 
The base of the lavas lies at an elevation of 1,600 me- 
ters, while the top is above 3,200 meters, for a strati- 
graphic thickness of more than 1,600 meters. 
Fine-grained basaltic dikes and sills contemporane- 
ous with the lavas occur in the lowlands and moun- 
tains in a wide zone trending ESE-WNW. Hundreds 
of kimberlite pipes and dikes intruded in the Middle 
to Late Cretaceous (120-65 Ma) in many parts of 
southern Africa, and in Lesotho in the 95-85 Ma in- 
terval (Wilson et al., 2007). They occur mainly in 
northern and northeastern Lesotho (again, see figure 
4), occupying the same ESE-WNW zone as the fine- 
grained basaltic dikes. Known at present are 39 pipes 
and 23 dike enlargements, usually called blows. Of 
these 62 bodies, 24 are diamondiferous. Moreover, 
there are more than 300 individual dikes. The age of 
intrusion of the LetSeng pipes has not been measured 
directly but is assumed to be similar to neighboring 
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TABLE 1. Largest diamonds recovered from Letseng. 


Name Discovered Size(ct) Value Sale price 
per carat 
Unnamed 1965 527 no data no data 
Lesotho Brown — May 1967 601 US$302,400 US$503 
Lesotho Promise Oct. 2006 603 US$12.4M _ US$20,564 
LetSeng Legacy — Sept. 2007 493 US$10.4M _  US$21,095 
Light of LetSeng Sept. 2008 478 US$18.4M _  US$38,493 
LetSeng Star Aug. 2011 550 US$16.5M_  US$30,000 


pipes. For instance, zircon from Mothae is 87 Ma 
(Davis, 1977), while ages of perovskite from Kao, 
Liqhobong, and Mothae range from 89 to 95 Ma 
(Lock and Dawson, 2.013). 

According to Clifford’s Rule (as refined by Janse, 
1994), the occurrence of economic diamondiferous 
kimberlites is restricted to the Archean (>2,500 Ma) 
interior of the seismically stable, erosionally flattened 
area of continental crust plus mantle known as a cra- 
ton (see Shirey and Shigley, 2013), which is composed 
of a basement older than 1,800 Ma. Janse (1994) re- 
fined Clifford’s Rule in stating that economic kimber- 
lites occur only on archons (the Archean part of a 
craton) older than 2,500 Ma. As previously noted, in 
Lesotho this cratonic basement is hidden by overlying 
Triassic to Early Jurassic sediments and lavas (again, 
see figure 4). Archean basement must be present at 
depth because pieces of Archean-age mantle and crust 
occur in the Let’eng kimberlite pipes, showing that 
they fall within the window of potentially economic 
diamond deposits. LetSeng lies close to the eastern 
edge of the Kaapvaal craton, where remnants of the 


original Stromberg sediments and volcanics remain 
and the upper portions of the pipes are still preserved. 


GEOLOGY AND PETROGRAPHY OF THE 
LETSENG PIPES 

The high proportion of very large and type Ila dia- 
monds in the LetSeng kimberlite has puzzled geolo- 
gists. LetSeng sits near the edge of the Archean craton 
(see box A). In the Archean, this location might have 
permitted distinctive low-nitrogen, diamond-forming 
fluids access to the deep lithospheric mantle where 
the LetSeng diamonds were grown. It is possible that 
these diamonds did not grow in one short geologic 
event but slowly, over a longer geologic interval. If so, 
the high proportion of large diamonds could relate to 
especially slow growth rates from these fluids. But 
confirmation of these ideas would depend on detailed 
mineralogical studies of growth zonation and accu- 
rate age information, in particular for absolute age 
and/or core-to-rim ages that would reflect the dura- 
tion of diamond growth. Such studies do not exist at 
present because of the high value of these stones— 
they cannot be sacrificed for research—and the excep- 
tionally low abundance of mineral inclusions. 

The LetSeng kimberlites consist of two pipes, the 
Main and the Satellite (figure 5), measuring 17.2 
hectares (540 x 365 m) and 5.2 hectares (425 x 130 
m), respectively. The pipes are carrot-shaped bodies, 
vertically intrusive and slightly tapering with verti- 
cal to slightly inclined walls, 83° at most. They are 
elongated in a northerly direction, roughly perpendi- 
cular to the general westerly trend of the fine-grained 
basaltic dikes, which suggests that the pipe locations 


Figure 5. The Main pipe (left) and Satellite pipe (right), photographed during a 2014 visit. The larger Main pipe 
was originally mined by De Beers. Today both are operated by Letseng Diamonds. The basalt raft is the circular 
area in the upper right portion of the Satellite pipe. Photos by Robert Weldon/GIA. 
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Box A: ARCHEAN CRATONS AND THE LOCATION OF LETSENG 


The southern African continent has a fascinating geo- 
morphological history and geology that helps explain the 
region’s diamond distribution. In addition, the various 
mines across the region have taught the world’s geolo- 
gists many of the basic geologic principles of diamond 
formation and occurrence. 

The basic geologic structure of the region is one 
where geologically old (3 to 3.7 billion years) and stable 
central portions of the continent known as “cratons” are 
surrounded by younger, deformed regions (figure A-1). 
Diamonds occur in primary, relatively young (often 90 
million but up to 1.2 billion years in age) kimberlite vol- 
canic pipes that have brought them from the bottom of 
the cratons to the surface. Kimberlites that erupt through 
the deformed regions off-craton are devoid of diamonds. 
This basic southern African fact, that the cratons are 
where the diamonds occur, has been applied around the 
world as the primary exploration approach. 

Radiometric dating of mineral grains in many dia- 
monds shows that they are old, ranging in age from about 
a billion years to as old as the craton itself. Since the first 
cratonic blocks were formed by massive continental col- 
lision and thickening, diamond formation likely occurred 
as part of this process. Diamond-forming fluids were car- 
ried down into the deep regions of the mantle under the 
continents where diamonds can grow. But given that 
many diamonds can be younger, later post-collision un- 
derthrusting of oceanic slabs during a process known as 
subduction was likely another cause of later formation. 

After this long history of active continent building 
and modification, southern Africa was then subjected to 
weathering and extensive erosion. Erosion plays the 
major role in the genesis of secondary diamond de- 
posits—those of alluvial (riverine) and marine derivation. 
Erosion is very dependent on height above sea level, and 
therefore uplift largely determines how much erosion 
will occur. Johannesburg stands a mile above sea level, 
while parts of Lesotho are nearly two miles above sea 
level. This is highly unusual for a craton. The cause of 
this uplift is not known, but it is relatively recent and re- 
lated to hotter upwelling mantle occurring much deeper 


were influenced by crosscutting structures. The con- 
tact between the kimberlite and the lava flows of the 
country rock are sharp, giving no indication of up- 
folding or chemical alteration. In places there is a 1 
to 1.3 m marginal zone within the pipe where the 
kimberlite is sheared, with mud seams and calcite 
veins. The LetSeng kimberlites belong to the group 1 
class of kimberlites, the generally non-micaceous 
type. Their texture is volcaniclastic. 
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than the bottom of the craton. A first result of this ex- 
tensive erosion of major parts of the country is that the 
top portion of southern African kimberlites have been re- 
moved and their diamond cargo has been transported 
westward along the Vaal and Orange River systems to 
form the alluvial and marine diamond deposits of today. 
A second result of this erosion is that diamonds in their 
host kimberlites are mined today at very different levels 
in the volcanic pipe. Since the kimberlites were erupted 
through the craton before erosion took place, diamonds 
at LetSeng occur roughly a mile higher in the pipe than 
they do at other localities in South Africa such as Kim- 
berley or Premier/Cullinan. 

In some ways, every kimberlite and diamond popu- 
lation is unique. But LetSeng is highly unusual. Mine ge- 
ologist Debbie Bowen and her colleagues have described 
several features that make this deposit unique: the lack 
of octahedral diamonds, the high percentage of resorbed 
and rounded dodecahedral shapes, the yield of gem-qual- 
ity stones in the larger size categories, and especially the 
abundance of type Ila (nitrogen-free) D-color stones. She 
compared LetSeng diamonds to South African alluvial di- 
amonds, whose large average stone size is a result of the 
destruction of the poorer, weaker diamonds during trans- 
port (Bowen et al., 2009). Circumstances that complicate 
our understanding of LetSeng diamonds include the ex- 
tensive vertical mixing that occurs during a kimberlite 
eruption, the lack of control on such a chaotic process, 
and the inability to sample such expensive diamonds for 
research purposes. 

The position of the LetSeng-la-Terae kimberlite pipe 
at the edge of the craton may or may not be partly re- 
sponsible for some of the unique diamonds found there. 
Knowing the age of diamond growth would help place 
geological constraints on the types of processes that sup- 
plied the diamond-forming carbon and what its sources 
might have been. No definitive age studies have been car- 
ried out on LetSeng diamonds, and there have been few 
geochemical studies of the inclusions or the diamonds 
themselves. Such studies are now underway and will 
help us understand these questions. 


The simple structural division into crater, dia- 
treme, and root zones has been modified during the 
last decade (Scott Smith et al., 2008). Based on mi- 
croscopic observation of core samples, petrographers 
now recognize volcaniclastic and hypabyssal kimber- 
lite rocks instead (figure 6, top). Volcaniclastic kim- 
berlite occurring in the crater, and layered in 
successive pulses, may be resedimented due to 
slumping. This resedimented volcaniclastic kimber- 
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and other special services. He also heads 
the Instrument Department of the Institute. 

Laurence L. Copeland came to the Insti- 
tute in May -1948. In charge of course 
revisions, his work of keeping assignments 
up-to-date necessitates constant correspond- 
ence with authorities all over the world and 
the introduction into assignments of all late 
developments and changes. Thus, accurate 
and current information is available to 
students at the earliest possible moment. He 
also has charge of the coordination of the 
G.L.A. Study Groups which are currently 
active in twenty Cities. 

In January 1949 present Senior Instructor 
Joseph A. Phillips, Certified Watchmaker 
and experienced jeweler, was added to the 
staff as an Instructor. In addition to grading 
assignments, he has contributed much to 
the improvement of the G.J.A. study pro- 
grams by preparation of photographic illus- 
trations and tape recordings designed for 
study group and resident work of students. 

Among other Instructors of the G.1.A., 
Bert Krashes, Gene Speitel, and Norman 


Smith have all, had retail jewelry store 
experience, while James Small is a graduate 
geologist. John Ellison recently joined the 
staff at Eastern Headquarters. 

Today, the Gemological Institute of 
America can look with pride upon its 
accomplishments. With graduates and stu- 
dents in all parts of the world, its story is 
now one of universal acceptance and recog- 
nition among scientists in all lands. 

Many of the pioneers of the industry 
who wete instrumental in its early organ- 
ization and growth have continued to serve 
faithfully amd enthusiastically throughout 
the years. Others, who have not lived to see 
the result of their courageous efforts, have 
been supplanted by a younger generation of 
jewelers. Into the hands of these many 
young men and women, who have gained 
inspiration and knowledge, from the courses 
of the Gemological Insticute, will fall the 
task of carrying on the work which was 
begun by Robert M. Shipley and carried on 
so ably by him and his associates for twenty 
yeats. 


¢ Early G.I.A. Graduates. Left to right, standing, Willam Glick, 
Edw. Herschede, Sr., Edward Herschede, Jr., Nolte Ament, Guy 
Schwartzlander, Carleton Broer, H. I. Rosencrans, C. I. Josephson, 
Hans B agge. Seated, Chas. Carolyne, Paul Cohard, H. Paul Juergens, 
Del Hohenstine, Wm. Johnson 


500 km 


Figure A-1. In this geologic map of southern Africa, current 
or recently active diamond mines (O = Orapa, V = Vene- 
tia, P = Premier/Cullinan, ] = Jwaneng, F = Finsch, K = 
Kimberley, JF = Jagersfontein, L = LetSeng) are confined to 
areas of Archean crust (more than 2.5 billion years old) 
known as cratons, marked by long-term geological stabil- 
ity. These Archean cratons (CC = Congo Craton, ZC = 
Zimbabwe Craton, LB = Limpopo Belt, KC = Kaapvaal 
Craton) are shown in brown, along with two metamorphic 
terranes (KB = Kheis Belt, MB = Magondi Belt) suspected 
of containing Archean crust. The Vaal and Orange Rivers, 
which drain South Africa to the west, are the sources of al- 
luvial workings along the river systems and marine de- 
posits off the coasts of South Africa and Namibia. 
Relatively recent and substantial uplift of southern Africa 
caused these diamonds to be weathered from their origi- 
nal on-craton kimberlite hosts and moved westward by 
the rivers to the Atlantic Ocean. Note that there are no di- 
amondiferous kimberlites in the green metamorphic mo- 
bile belts (DB = Damara Belt, GCB = Ghanzi-Chobe Belt, 
RT = Rehoboth Terrane, KB = Kheis Belt, MB = Magondi 
Belt, NNB = Namaqua-Natal Belt, CFB = Cape Fold Belt) 
that surround the cratons. Note the landlocked kingdoms 
of Swaziland and Lesotho within South Africa and the in- 
teresting location of Letseng at the edge of the Kaapvaal 
Craton. 


lite becomes more massive, nonlayered kimberlite 
in the pipe and is often referred to as tuffisitic kim- 
berlite breccia. This is the general kimberlite breccia 
present in many specimen collections. Hypabyssal 
kimberlite is a dense aphanitic (evenly fine-grained, 
non-breccia) rock occurring in the root zone. The de- 
gree of erosion in the general countryside can expose 
these rocks at different levels in the vertical zoning 
(Scott Smith et al., 2008). The LetSeng kimberlites 
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contain easily visible centimeter-sized olivine crys- 
tals set in a groundmass of olivine (mainly altered to 
serpentine), phlogopite, and calcite. Crystals of pur- 
plish to dark red pyrope, black ilmenite, and green 
chrome diopside can occasionally be seen in the rock 
or among the minerals in the surface rubble. 

The LetSeng kimberlite is covered by one meter 
of spongy soil (primarily on the Main pipe), two me- 
ters of leached white gravel, five meters of brown 
basaltic gravel (mainly on the Satellite pipe), one 
meter of yellow ground (oxidized kimberlite}, and 20 
meters of soft kimberlite “blue ground” and “yellow 


Figure 6. Top: Plan view of the Main and Satellite 
kimberlite pipes at Letseng, showing the location of 
underground tunnels within the pipes. Bottom: A 
cross-sectional map of the Main and Satellite kimber- 
lite pipes. The green area in the Satellite pipe is the 
large basalt raft that dropped into the pipe some 90 
million years ago. From Telfer and McKenna (2011). 
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ground”. Below this depth, the kimberlite becomes 
hard bluish grayish greenish rock descending at least 
700 meters (see pipe cross-section in figure 6). 
During public digging access from 1959 to 1967 
(figure 7), artisanal miners occasionally recovered 
very large crystals from the gravels on top of the 
pipes and in the gravels of nearby streams that drain 
the Main and the Satellite pipes. Formal mining by 
De Beers (1977-1982), Let8eng Diamonds (Pty) Ltd. 
(2004—2006), and Gem Diamonds Ltd. (2007 to the 
present) has removed most of these near-surface de- 
posits. Mining currently takes place in the hard kim- 
berlite, which requires blasting and crushing. 
Similar to kimberlites elsewhere, the pipes con- 
tain several pulses of kimberlite magma that are 
slightly different in age and, more importantly, in the 
size, content, and quality of the diamonds. It is there- 
fore necessary to outline their horizontal and vertical 
dimensions to recover diamonds of the highest grade. 
Four varieties of kimberlite are recognized in the 
Main pipe: K North, K South, K6, and K4 (again, see 
figure 6, top). K6 is economically the most impor- 
tant, as it contains the highest diamond content. It 
forms a separate sharply demarcated explosive vol- 
canic breccia pipe known as a diatreme in the west- 
ern part of the kimberlite, measuring four hectares 
(245 x185 m). This is the area previously mined by 
De Beers and now by Gem Diamonds. KG is a soft, 
friable, greenish gray rock with visible crystals of 
olivine and occasionally orthopyroxene, set in a fine 
groundmass. Xenoliths of basaltic lava are abundant 


Figure 7. The informal diggings in the Maloti 
Mountains in 1967, at a swampy area later known 
as Letseng-la-Terae. From Nixon (1973); courtesy of 
De Beers. 
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throughout and accompanied by a wide variety of 
basement rocks (gneisses and amphibolites) and ul- 
tramafic nodular fragments that include garnet lher- 
zolites (Lock and Dawson, 2013). Garnet xenocrysts 
are also relatively abundant (Bloomer and Nixon, 
1973). In the Satellite pipe two varieties are recog- 
nized: NVK and SVK (north and south volcaniclastic 
kimberlite), while a raft of basaltic rock occupies the 
upper part of the pipe (again, see figure 6). 

The Main pipe accounts for 75% of the mine’s 
output and has an average grade of 0.88 carats per 
hundred metric tons of material, while the Satellite 


In Brief 


LetSeng has produced some of the world’s largest dia- 
monds in the past decade, with a production value av- 
eraging more than $2,500 per carat. 


LetSeng’s diamonds are unusual for their dodecahedral 
form and high percentage of type lla specimens. 


The mine was sub-economic for many years because 
of its low ore grade, until prices for very large dia- 
monds began rising sharply. 


To remain economically viable, the mine employs new 
technology to reduce breakage of large stones in the re- 
covery process. 


pipe has a yield of 2.6 carats per hundred metric tons 
(Gem Diamonds Ltd., 2013). Their average is by far 
the lowest for any diamond mine in the world, which 
range from 5 to 400 carats per hundred metric tons 
but typically from 50 to 100 carats per hundred met- 
ric tons. By comparison, De Beers’s Venetia mine, lo- 
cated 500 miles to the north, yields about 110 carats 
per hundred metric tons (Krawitz, 2014). 


EXPLORATION 

Stockley (1947) reported kimberlites in the Maloti 
Mountains of Basutoland as early as 1947, though 
no diamonds were found at the time (Nixon, 1973). 
Several additional kimberlites reported by Col. Jack 
Scott in 1955 added to the notion there might be di- 
amonds, though none were discovered. Scott later 
got De Beers to assist him in further prospecting op- 
erations. But it was Peter H. Nixon, as a Harry Op- 
penheimer PhD scholar from the Research Institute 
of African Geology at the University of Leeds, who 
discovered in 1957 the two diamondiferous kimber- 
lite pipes at LetSeng-la-Terae (Nixon, 1960). He 
noted that Lesotho’s many kimberlite pipes are 
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Figure 8. Ernestine Ramaboa and husband Petrus 
hold up the Lesotho Brown diamond, which she dis- 
covered in 1967. At the time it was the world’s sev- 
enth-largest diamond. The Ramaboas reportedly 
received more than $250,000 after taxes. Photo 
courtesy of UPI. 


mostly barren of diamonds. Occasional reports of 
large diamond finds began to circulate nonetheless. 
Lesotho Kimberlites (1973), a book Nixon later com- 
piled and edited as chief geologist in the country’s 
Department of Mines and Geology, noted that some 
1,200 diggers were working the area by 1965, anum- 
ber that quickly swelled to some 6,000 within two 
years. 


Figure 9. This postage stamp, issued in 1976, shows 
the colossal 601.26 ct Lesotho Brown diamond. 
The image pays homage to the Ramaboas (seen in 
the background) and Lesotho’s King Moshoeshoe II 
(encircled). 
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The eureka moment for Lesotho came in 1967, 
when a digger, Ernestine Ramaboa, unearthed a 
brown colored diamond weighing 601.26 ct in the 
area of LetSeng-la-Terae. Ramaboa and her husband, 
Petrus, reportedly secreted the diamond away, feign- 
ing illness to avoid arousing the suspicions of fellow 
diggers, and then walked for four days across the 
mountains to the capital city of Maseru to sell their 
find (figure 8). News of the find spread quickly, and 
it was reported that the government had to step in to 
guarantee the Ramaboas’ safety (Balfour, 1981). 

At the time it was reported to be the world’s 
eleventh-largest gem-quality diamond—and the 
largest reported found by an artisanal miner 
(Sotheby’s, 2008). The diamond was named the 
Lesotho Brown (figure 9). The government set up a 
sealed tender to obtain the best possible price for the 
diamond. According to the September 1967 issue of 
Diamond News and S.A. Jeweller, this colossal gem 
was first sold for 216,300 rand (equivalent to 
$302,400 at the time) to South African dealer Eugene 
Serafini. In 1968 it was purchased, also via auction, 
by American jeweler Harry Winston. A fitting epi- 
logue to the story is that Winston invited the Ram- 
aboas to New York City for the unveiling and 
cleaving of the diamond. The moment was broadcast 
on live television across the United States (Balfour, 
1981). The Lesotho Brown rough yielded 18 dia- 
monds, including the Lesotho I, a flawless 71.73 ct 
diamond, and the Lesotho III (figure 10), a 40.42 ct 
marquise purchased by Aristotle Onassis and given 
to Jacqueline Kennedy as an engagement ring. In 
1996 the Lesotho III ring sold at an auction of the for- 
mer First Lady’s estate for $2,587,500 (“Jackie O 
Lesotho diamond sells...”, 1996). 


Figure 10. The Lesotho II, a 40.42 ct marquise fash- 
ioned from the Lesotho Brown, was given by Aristotle 
Onassis to Jacqueline Kennedy for their engagement. 
Photo courtesy of Sotheby’s. 
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GOVERNMENT DIGGINGS 

Ramaboa’s discovery brought a wave of local small- 
scale miners to the LetSeng-la-Terae area. Despite 
their rudimentary tools and mining methods, they 
found a number of diamonds (Maleleka, 2007). In an 
effort to gain control over LetSeng-la-Terae, the gov- 
ernment, through the Lesotho National Develop- 
ment Corporation, granted Rio Tinto Zinc (RTZ, 
now Rio Tinto) an exploration license in 1968. RTZ 
upgraded the road and airstrip in the remote area and 
built a sampling plant. Beginning in 1969, RTZ sam- 
pled the Main pipe to about 55 meters deep, recover- 
ing 2,635 carats over the duration of the project. The 
company’s final report, issued in 1972, confirmed 
what many people suspected: that the grade was very 
low, though it occasionally produced unusually large 
diamonds. In the sampling carried out by RTZ, for 
example, over 90% of the value came from less than 
10% of the diamonds—six stones, in fact—one of 
them nearly 50 ct (Chadwick, 1981). There was also 
the remoteness and inaccessibility of the area, which 
at the time made development costs uneconomically 
high. After RTZ declined to mine the deposit, the 
government granted licenses to individual diggers 
using limited mechanization who worked three- 
square-meter claims. For their part, the locals con- 
tinued to find diamonds (Maleleka, 2007). 

After RTZ’s departure, the government of Lesotho 
asked De Beers in February 1975 to reevaluate the data 
collected by Rio Tinto. In a move that surprised some 
analysts, De Beers chairman Harry Oppenheimer 
signed an agreement with the prime minister in De- 
cember 1975 to develop the mine. “De Beers will go 
ahead with the mine in spite of the risk—an obvious 
risk judged by Rio Tinto’s findings against such a ven- 
ture,” according to one newspaper story (Payne, 1975). 
Even De Beers harbored some misgivings. As Oppen- 
heimer noted, “We are certainly doing something that 
is pretty risky which I don’t think other people would 
be inclined to do, and while I think that this is some 
way of philanthropy, we certainly were influenced by 
our desire to play a part in the development of 
Lesotho” (“Latest reports from the Lesotho Dept. of 
Mines,” 1978; Madowe, 2013). The agreement fac- 
tored in a 25% government share and a seat for the 
government on the board of directors of a Lesotho- 
based joint venture formed by De Beers. Between 600 
and 900 people, mostly Basotho, were to be employed. 

Diamonds would be sold through De Beers’s mar- 
keting arm, then called the Central Selling Organi- 
zation (CSO). The amount owed to the state from tax 
and dividends, once the capital had been amortized, 
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was nearly 65% of sales. The mine’s profitability was 
an open question, given the amount of investment 
needed for its infrastructure (“Onstream, upstream,” 
1977). Announcing the decision, a De Beers press re- 
lease detailed the challenges: 


The design of the recovery plant took into consideration the 
particular situation of the mine—the difficulties of access, 
the effect of the gale force winds and the sub-zero tempera- 
tures on site. For example, gale force winds experienced at 
LetSeng would pose problems for conveyor scaffolds and the 
normal sized recovery plant buildings and the icy conditions 
could affect the conventional slurry and gravity circuits. 
The steeply sloping ground too had to be considered in re- 
lation to the pumping of slurry and gravels in the treatment 
plant. The plant designers, who also have to bear in mind 
the recovery of the larger diamonds peculiar to the main 
pipe at LetSeng, took the decision to excavate and locate the 
plant within the mountainside itself secure from the ele- 
ments (De Beers Consolidated Mines Limited, 1975). 


Furthermore, a road costing three million rand ($3.7 
million at the time) would be built through the moun- 
tains, connecting the mine to both Johannesburg, 
South Africa and the country capital, Maseru. The 
mine officially opened in November 1977. At a cost of 
more than 30 million rand (US$37 million), it went at 
least 6 million rand ($7.4 million) over its intended 
budget. De Beers geared the plant to do the primary 
sorting and washing to identify larger gems before the 
ore went to the crusher. The company also installed 
an X-ray machine to further identify larger diamonds 
after the initial crushing to retrieve them before sec- 
ondary crushing (Chadwick, 1981). 

In 1978, a 130 ct colorless diamond was recovered, 
which mine manager Keith Whitelock noted would 
help defray operating costs for a year. Diamond prices 
peaked in 1980, with the high-quality stones leading 
the way. But prices fell sharply the following year and 
continued sliding. In 1982, De Beers decided to close 
operations (figure 11) because the cost of running 
LetSeng had become untenable (Blauer, 2010). 

For its five years of operation, De Beers’s produc- 
tion totaled 272,840 carats recovered from processing 
9.4 million tons of kimberlite at the Main pipe, for a 
grade of 3.03 carats per hundred metric tons (table 2). 
About 65% of the output was gem quality, while 
27% was industrial and 8% was bort (suited for 
crushing into abrasives). Only 7.6% of the produc- 
tion was larger than 14.7 ct, yet these accounted for 
62% of the mine’s revenue (Venter, 2003). 


SECOND LIFE FOR LETSENG 
After De Beers’s departure, the mine was worked spo- 
radically by artisanal diggers from 1983 to 2003, but 
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no formal mining was done. A second life for LetSeng 
began in 1999 when the Lesotho government, com- 
ing off several years of political instability and vio- 
lent demonstrations in Maseru, sought help to 
redevelop the resource to provide sorely needed na- 
tional revenue (Shor and Weldon, 2014). The result 
was a consortium, LetSeng Holdings SA, comprised 
of Matodzi Resources, Johannesburg Consolidated 
Investments (JCI), and LetS’eng Guernsey, that took 
a 76% share in the venture, with the government 
holding the remainder. JCI, a South African gold min- 
ing firm, provided the start-up funding of approxi- 
mately US$20 million (Venter, 2003). After extensive 
negotiations, the government and consortium agreed 
to a 7% royalty on diamonds sold, coupled with a 
35% corporate income tax—much lower than the 
15% royalty and 50% corporate tax levied on De 
Beers (Venter, 2003). By the time the mine was ready 
to begin producing, JCI had acquired a 50% share of 
the LetSeng Holdings consortium and commissioned 
a second processing plant designed to double its ca- 
pacity. Mining began in May 2004, starting with the 
ore that De Beers had left stockpiled. The company 


TABLE 2. Diamond production of LetSeng, 1955-2014. 


Figure 11. Diamonds over 3 ct, such as these two dia- 
monds found recently at the recovery plant at 
Letseng, were extracted from tailings left behind from 
De Beers’s operation at Letseng-la-Terae. Photo by 
Robert Weldon/GIA; courtesy of Letseng Diamonds. 


anticipated an annual output of 68,000 carats begin- 
ning the following year (Hill, 2006; Telfer and 
McKenna, 2011). 


Period Carats Ore (metric tons) Value/ct (US$) — Grade (cpht) Operator 
1955-1968 62,070 nd nd nd artisanal 
1969-1972 2,000 80,000 nd 25 RTZ 
1972-1976 43,000 nd nd nd artisanal 
1977-1982 272,840 94M nd 3.03 De Beers 
1983-2003 117,000 nd nd nd artisanal 

2004 14,000 nd nd nd LetSeng-JCI 

2005 37,000 nd nd nd LetSeng-JCl 

2006 54,677 2.6M 1,100 2.11 LetSeng-JCl 

2007 73,916 4.0M 1,976 1.85. LetSeng—Gem Diamonds 
2008 101,125 6.6 M 2123 1.53 LetSeng—Gem Diamonds 
2009 90,878 7.5M 1,534 12a LetSeng—Gem Diamonds 
2010 90,933 7.6M 2,149 2.00 LetSeng—Gem Diamonds 
2011 112,367 6.8M 2,776 1.65 LetSeng—Gem Diamonds 
2012 114,350 6.6 M 1,932 1.75 LetSeng—Gem Diamonds 
2013 95,053 6.5 M 2,050 1.46 LetSeng-Gem Diamonds 
2014 108,596 6.4M 2,540 1.70 LetSeng—Gem Diamonds 


Value in US$ per carat; cpht = carats per 100 metric tons; nd = no data 


Sources: Bowen et al. (2009) and Gem Diamonds annual reports for 2007 to 2014 
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Figure 12. This state-of-the-art processing plant at 
Letseng is designed to minimize damage to large dia- 
monds and improve the recovery rate. The plant takes 
advantage of the region’s mountainous topography by 
incorporating a gravity-fed recovery process. Photo by 
Robert Weldon/GIA. 


Expansion began in earnest in 2005, when 
LetSeng Holdings held an initial public offering (IPO) 
with the goal of raising $31.4 million to build the 
new processing plant (figure 12). The sale was buoyed 
by the discovery of a 186 ct diamond, quickly fol- 
lowed by a 72 ct stone (Zhuwakinyu, 2005). 

Despite the IPO, the company fell short of the ad- 
ditional $26 million needed to develop the mine to 
full operation. As a result, JCI began negotiations to 
sell the LetSeng Holdings stake to Gem Diamonds, a 
deal that was finally signed in the fall of 2006 for 
$130.1 million. It resulted in a restructured owner- 
ship with a new name, LetSeng Diamonds Ltd. The 
government took a 6% larger stake, now totaling 
30%, in exchange for a $5.54 million loan that would 
be repaid to the new company (Hill, 2006). Gem Di- 
amonds owns the remaining 70% interest. 

Restarting production remained a challenge be- 
cause of the difficulties noted above and because the 
depth of the deposit was never fully sampled by Rio 
Tinto or De Beers (R. Burrell, pers. comm., 2014). 


MINING AND PROCESSING 

When Gem Diamonds acquired the right to mine the 
concession in 2006, LetSeng had resumed active min- 
ing for just over a year, with an annual production of 
55,000 carats. To lower costs and increase efficiency, 
Gem Diamonds turned to a relatively new mining 
method, designed for twin pipes, called split-shell 
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open-pit mining. Traditional open-pit diamond min- 
ing involves gradual hollowing out of the entire kim- 
berlite pipe in circular stages and, as the pit grows 
deeper, cutting away walls in progressively wider 
concentric circles. With each circle, the cut (or 
“waste stripping”) becomes wider, so deeper mines 
incur increasingly higher costs as the percentage of 
waste to kimberlite rises. In addition, waste disposal 
becomes much more costly. 

With the split-shell concept, the waste stripping 
and mining is done on one side of each pit in alter- 
nate cycles—one cycle on the northern side of each 
pit, then switching to the southern side. The waste 
is removed via a common ramp between the two 
pipes. The split-shell method can target higher-grade 
areas of each pipe and defer a large amount of waste 
stripping, because only part of the kimberlite is being 
mined at any one time. As a result, mining compa- 
nies can recoup their costs much faster. A study con- 
ducted at De Beers’s Venetia mine in South Africa, 
which converted to the split-shell method after seven 
years of traditional mining, found it reduced costs by 
25%. Earthmoving equipment requirements were re- 
duced by 30%, and yearly waste removal went from 
32 million to 20 million metric tons, while maintain- 
ing the same level of diamond production (Gallagher 
and Kear, 2001). 

There are risks, however. First, concentrating 
mining operations in the highest-grade sections of 
the deposit for too long can shorten the mine’s life 
by rendering the lowest-grade areas of the pipe un- 
economic. Mining operations must be carefully bal- 
anced between the sections of the pipe to ensure this 
does not happen. In addition, the costs will eventu- 
ally rise after it becomes necessary to remove the 
waste from the sections of the pipe that have been 
deferred (Gallagher and Kear, 2001). 

At LetSeng, De Beers mined a small section called 
K6, the highest-grade portion of the Main pipe down 
to 120 meters, and began working the “softer ore” 
section of the Satellite pipe (Telfer and McKenna, 
2011). Today, most of the mining is done in the area 
adjacent to the section De Beers worked (K4). The 
Main and Satellite pipes are being worked at about 
150 meters, with indicated resources (sampled with 
reasonable knowledge of the grade) down to 210 me- 
ters. Gem Diamonds engineers note that the mine’s 
previous operators did not adequately sample deeper 
areas of the pipe. The company has recently sampled 
down to a depth of 476 meters at the Main pipe, still 
finding diamonds but uncertain of the grade. This is 
an inferred resource. The Satellite pipe has an in- 
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TABLE 3. Probable mining reserves as of December 
Jl, 20), 


Occurrence Tonnage Grade Carats Value 
(cpht) per carat 
Satellite pipe 17.02 M 2.07 353,000 US$3,170 
Main pipe 59.22 M 1.46 867,000 US$2,414 
Stockpile 0.17M 0.87 1,500 US$1,209 
Total 76.41 M 1.60 1,221,700 US$2,631 


@cpht = carats per 100 metric tons 


ferred resource down to 628 meters. The company 
has test-bored as deep as 800 meters and is still eval- 
uating the samples (R. Burrell, pers. comm., 2014). 

A 2011 report noted that indicated resources as of 
December 31, 2010, were calculated at about 77 Mt 
(million metric tons), at a grade of 1.61 carats per 
hundred metric tons (cpht), yielding 1,238,000 carats 
worth $2,629 per carat at 2011 market prices, or 
roughly $33 billion. Inferred resources added another 
141 Mt at a grade of 1.72 cpht, yielding 2,423,200 
carats worth $2,733 per carat, or $67 billion (Telfer 
and McKenna, 2011). This equates to a 30-year mine 
life. A more immediate probable mining reserve is 
calculated at 76.4 Mt at a grade of 1.60 cpht, yielding 
1,221,700 carats worth $2,631 per carat in 2011 (see 
also tables 3 and 4). 

LetSeng is also unusual in that it yields only a 
small percentage of diamonds less than two millime- 
ters. Because of this, the recovery operations do not 
screen for diamonds below that size (Bowen et al., 
2009). 

From these figures, the value of one ton of ore can 
be calculated as roughly $42, which is in line with 
other economic kimberlite mines in southern Africa. 
Previous and current mining has shown that the 
Satellite pipe has a slightly higher grade and a slightly 
higher content of large diamonds than the Main pipe 
(Telfer and McKenna, 2011). 


TABLE 4. Probable, indicated, and inferred reserves 
of LetSeng, as of December 31, 2014. 


Probable Indicated __ Inferred Total 
Ore (million tons) 131.9 187.1 106.8 293.9 
Grade (ct/100 tons) 1.71 1:73 1.67 1.71 
Carats (million) 2.26 3.23 1.78 5.01 
Value per carat US$2,045 US$2,036 US$2,051 US$2,073 


Source: Gem Diamonds Ltd. (2015a) 
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Complicating the mining of the Satellite pit is 
that during the kimberlite eruption 90 million years 
ago, an immense chunk of basalt country rock— 
about | hectare (10,000 square meters) wide and 150 
meters deep—was detached into the southern sec- 
tion of the kimberlite pipe. This creates an immense 
waste expense and an obstacle to mining the pipe 
(see figure 6, bottom). Current plans are to mine the 
open pits until 2038 (Gem Diamonds Ltd., 2015b). 

LetSeng produces approximately seven million 
metric tons of ore and 20 million metric tons of 
waste per year and employs local contractors for 
much of its mining activities, with the exception of 
blasting. Drilling is done with Atlas Copco Roc L8 
and L6 machines. The mine employs a mixed loading 
and hauling fleet of Caterpillar 385C and 390D exca- 
vators, together with Caterpillar 773 (50-ton capac- 
ity) rigid-body dump trucks for hauling waste and 
Caterpillar 740 (40-ton capacity) articulated dump 
trucks hauling ore (figure 13). The mixed fleet is 
suited for handling different ore and waste profiles 
during various stages of mine development. 


IMPROVING RECOVERY AT LETSENG 

LetSeng’s financial model is dependent upon its abil- 
ity to recover large stones intact. Because of this, 
standard diamond recovery processes, which crush 
the ore into small pieces for fast, efficient recovery, 
cannot be used without major modifications. Gem 
Diamonds invested $9.9 million in new diamond 


Figure 13. A 50-ton dump truck and front-end loader 
remove the kimberlite ore after blasting at the bottom 
of the Main diamond pipe. Photo by Robert Weldon/ 
GIA; courtesy of Letseng Diamonds. 


Gems & GEMOLOGY FaLL 2015 291 


processing technology to spare the large stones, all 
because of changes in the diamond market since the 
mine first operated in the 1970s and 1980s. As Gem 
Diamonds chief executive officer Clifford Elphick ex- 
plained, prices for very large diamonds were rela- 
tively low compared to smaller stones, so it was 
more cost-efficient to damage such goods during pro- 
cessing in the name of speed. In recent years, how- 
ever, the rising number of billionaires and 
ultra-wealthy connoisseurs has pushed prices of 
major diamonds to record levels. Now mines must 
increasingly focus on recovering these high-value 
stones—especially as they go deeper and mining 
costs rise. 

After Gem Diamonds acquired a majority share 
of LetS’eng Diamonds, the company built a second 
treatment plant that would double the mine’s capac- 
ity. The plant’s owners also introduced new technol- 
ogy to minimize damage to large diamonds and 
reduce construction and operating costs. The design 
of Plant 2 took advantage of the mine’s topography, 
with the processing plant set on a 17° slope. Material 
would be fed from the top end, letting it flow down- 
ward stage by stage through the separating and crush- 
ing processes, reducing the need for pumps and 
conveyors (Bornman, 2010). Plant 2 went online in 
the fall of 2008. Together the two plants treat 5.7 mil- 


Figure 14. Inside Plant 2, an observation window 
into the conveyor belt taking the large pieces of kim- 
berlite to the crushers. Photo by Robert Weldon/GIA; 
courtesy of Letseng Diamonds. 
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TABLE 5. Production of large diamonds at LetSeng, 
2005-2014. 


Size (ct) 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 
>100 6 5 5 7 5 6 5 3 7 7 
60-100 7 14 9 #+1 #10 (10 +19 #13 #16 = «21 
30-60 30 40 39 74 76 61 59 61 SO 69 
20-30 49 47 6 88 98 89 91 110 71 101 


Total>20ct 92 106 118 185 189 166 174 187 144 198 


Source: Gem Diamonds annual reports 


lion metric tons of ore per year. An additional 1.3 
million tons per year, mainly from waste dumps, are 
processed by an outside contractor, Alluvial Ven- 
tures, through their two plants. 

The primary ore crushers break the large kimber- 
lite blocks into pieces about 125 mm in diameter. 
From there the ore goes through a scrubbing process 
that uses vibration to remove excess clay, rock, and 
other foreign matter. In this process, the kimberlite 
pieces grinding together do the scrubbing without ad- 
ditional grinding agents that could damage the 
stones. From there they proceed by slurry to the 
coarse crushing, which sizes the material down to 45 
mm diameter—a 200 ct rough is approximately 30 
mm in diameter. 

Although the company had recovered a number 
of large diamonds by 2013, executives remained con- 
cerned that major stones were not surviving the 
crushing process, particularly because LetSeng type 
Ila diamonds generally display excellent cleavage, 
and a significant proportion of them are cleavage 
fragments (Bowen et al., 2009). At the beginning of 
that year, the throughput of ore was deliberately 
slowed to allow closer observation of the conveyor 
to spot large stones (figure 14). After several months, 
though, there was still no clear correlation between 
processing speed and diamond damage. 

In the second quarter of 2013, the company re- 
placed the Plant 2 crushers, large steel jaws that 
broke the ore down to small pieces in three stages, 
with a cone crushing system, configured specifically 
for LetSeng’s production (Cornish, 2013). In this new 
system, the ore is loaded into a receptacle and passed 
over a rapidly spinning cone that also oscillates side 
to side, crushing the ore against the sides of the pas- 
sage without exerting the diamond-damaging pres- 
sure of the jaw system (Gem Diamonds Ltd., 2014). 
Gem Diamonds subsequently replaced the crushers 
in Plant 1 as well. According to LetSeng Diamonds 


Gems & GEMOLOGY FALL 2015 


Figure 15. Mazvi Maharasoa, CEO of Letseng Dia- 
monds, the joint venture between Gem Diamonds 
and the Lesotho government, photographed in front of 
the processing plant. Photo by Russell Shor/GIA; 
courtesy of Letseng Diamonds. 


chief executive officer Mazvi Maharasoa (figure 15), 
the new crushers sized the kimberlite chunks into 
pieces roughly 50 mm (about 2 inches) in diameter, 
instead of 20 mm as in the past. 

The result, beginning in May 2013, was an imme- 
diate improvement in the number of large diamonds 
recovered. From January through April 2013, Letseng 
yielded one diamond over 100 carats and three dia- 
monds between 45 and 55 carats (table 5). From May 
2013 until year’s end, 17 very large diamonds were 
recovered, including one over 150 carats, three that 
were approximately 100 carats, and 13 between 60 
and 80 carats (Gem Diamonds Ltd., 2014). 

After crushing, the kimberlite pieces are con- 
veyed to the recovery area, where the diamonds are 
separated from waste rock by X-ray technology. 
XRL (X-ray luminescence) and XRF (X-ray fluores- 
cence) units, developed in the 1980s, take advantage 
of the fact that diamonds will fluoresce when ex- 
posed to intense X-rays. The crushed kimberlite 
particles are dropped in a thin stream under a beam 
of X-rays. When a diamond fluoresces, it activates a 
photo-detector, triggering a jet of air that deflects the 
diamond into a collector box (Valbom and Dellas, 
2010). Older X-ray recovery units identified dia- 
monds by fluorescence alone, causing nonfluorescent 
diamonds (which include many type II) and some 
fancy-color diamonds to slip through to the waste 
piles. More recent methods adopted at LetSeng em- 
ploy X-ray transmissive (XRT) technology before the 
crushing process to identify large rough type II crys- 
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tals by measuring their specific radiometric response 
to X-rays and eject them from further processing 
(Cornish, 2013). The general principle behind XRT is 
that diamond shows up as a much brighter image 
than other Si-bearing minerals. Minerals containing 
Fe or heavier elements will show up even darker. 
XRT sorting does not rely upon a diamond's trans- 
parency because it does not deal with visible light 
range. Even if the sample is sufficiently coated to be 
completely opaque, the XRT sorter will detect it. The 
company tested these X-ray units on tailings, recov- 
ering $12 million worth of diamonds over six months 
(Cornish, 2013; Gem Diamonds Ltd., 2014). 


CHARACTERISTICS AND MARKETING OF 
LETSENG DIAMONDS 

The LetSeng mine is famous for its very large dia- 
monds (tables 1 and 5). The largest, the Lesotho 
Promise (figure 16), was discovered in 2006. At 603 
ct, it surpassed the 601.26 ct Lesotho Brown. Al- 
though only marginally larger, the Lesotho Promise 
is a type Ila diamond, and its absence of color re- 
sulted in a stunning collection of 26 diamonds of D 
color and Flawless clarity (figure 17). A significant 
percentage of diamonds from LetSeng have excep- 
tional clarity and transparency, no fluorescence, and 


Figure 16. The 603 ct Lesotho Promise is the fifteenth- 
largest rough diamond ever discovered. London Iux- 
ury jeweler Laurence Graff purchased it in 2006 for 
$12.4 million. Photo courtesy of Laurence Graff. 


Gems & GEMOLOGY FaLL 2015 293 


Box B: MORPHOLOGY OF LETSENG DIAMONDS 


Most natural gem-quality diamonds contain nitrogen 
impurities (type I) and grow in the form of an octahedron. 
A small percentage contain no measureable nitrogen im- 
purities in their lattice (type II) and often occur as irreg- 
ular, flattened, or elongate crystals. Diamonds usually 
crystallize in the earth’s mantle in rocks known as peri- 
dotites or eclogites. These are picked up and transported 
to the surface by a type of molten rock called kimberlite. 


Figure B-1, With increasing resorption, the morphology 
of a diamond crystal changes from octahedral to do- 
decahedral forms. From Tappert and Tappert (2011). 


Volume Loss 
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are classified as D-color and Flawless (figure 18). 
They are type Ila diamonds with roughly dodecahe- 
dral shapes; octahedral shapes are very rare, compris- 
ing less than 1% of the LetSeng population (Harris, 
1973; Bowen et al., 2009; see box B). 

In 2014, LetSeng reported that it found seven dia- 
monds over 100 ct. By year’s end it had sold five of 
them, which represented 14% of LetSeng’s total sales 
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Figure B-2. These diamonds, each weighing approxi- 
mately 4 ct, represent several days of mine production at 
Letseng in September 2014. Most crystals show strong re- 
sorption features and dodecahedral forms. Photo by 
Robert Weldon/GIA. 


Diamonds are chemically unstable in a kimberlite 
magma, and the outer surface of the diamond is often 
etched and partially dissolved during transport, a process 
known as resorption. This process causes an octahedron 
to lose volume and gradually convert to a dodecahedral 
form (figure B-1). 

Several days of production at the LetSeng mine in Sep- 
tember 2014 yielded the group of approximately 4 ct dia- 
monds seen in figure B-2. Nearly all of them revealed 
strong resorption marked by smooth, rounded surfaces 
with indistinct features. The near-colorless and brown 
stones showed irregular shapes, typical of type Ila dia- 
monds, whereas the three yellow type Ia diamonds in the 
center presented obvious dodecahedral forms. Of the 
larger stones in figure B-3 (approximately 8-10 ct range) 
that were available during the mine visit, all were near- 


for the year. The mine recovered a record 198 dia- 
monds larger than 20 ct, 54 more than the previous 
year. LetSeng’s 2014 production was valued at an av- 
erage of $2,540 per carat, buoyed during the final 
quarter by the recovery of 13 large diamonds whose 
price exceeded $1 million each, including a 299.3 ct 
yellow diamond (price undisclosed), a 112.6 ct color- 
less diamond that sold for $5.8 million, and a 90.4 ct 
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¢ Itambe Mountain, 48 kilometers east of Diamantina 


The Uiamond Mines 
of 


Diamantina—past and present 


By 


THOMAS DRAPER 


Part | 


HE City of Diamantina takes its name 

from its diamond mining industry 
which began more than two hundred and 
twenty years ago and has been carried on 
without a break during this entire period. 
Originally it was known as Tejaca or the 
“Muddy Place” and its present, more appro- 
priate name was not conferred upon it until 
1838 when it was declared a municipality 
with Diamantina as its capitol. 

There has never been a time in its history 
when someone was not somewhete searching 
for the coy diamond. Its rivers and minor 
streams have been dammed and their bot- 
toms stripped down to bedrock. Its hillsides 


and flats are scarred and huge excavations 
have sent millions of tons down to the sea. 
There is hardly any part of its surface, unless 
covered by its dull gray quartzites, in which 
diamonds do not occur and that cannot 
profitably be worked provided there is water 
within a reasonable distance. 

New finds are constantly being made or 
old workings rediscovered. An amusing inci- 
dent took place only a few days ago when 
bulldozers, enlarging the airfield, uncovered 
gorgulho (diamond bearing gravel) and 
special precautions had to be taken to pre- 
vent its clandestine removal from the depres- 
sions that were being leveled. There is prob- 


SUMMER 1951 


49 


colorless to slightly brownish with distinctive resorption 
features and irregular or elongate shapes, characteristics in- 
dicative of type Ila diamonds. 

LetSeng diamonds are well known for some degree of 
dodecahedral form, with more than 95% of the recovered 
stones showing significant resorption effects (Bowen et 
al., 2009). The mine is also known for producing a high 
percentage of large type Ila diamonds of exceptional color 
and clarity, but with irregular crystal forms. The LetSeng 
mine production available to the authors was consistent 


colorless diamond that brought $4.2 million (Max, 
2015). In the first half of 2015, the average value 
slipped to $2,264 per carat, though 13 diamonds of- 
fered during that period sold for more than $1 million 
each (Gem Diamonds Ltd., 2015c). 

The initial sorting and valuing is done at the mine 
site to satisfy the Kimberley Process (KP) require- 
ments for export and to establish values for the gov- 
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Figure B-3. Larger dia- 
monds from Letseng, like 
these crystals ranging 
from 8 to 10 ct, were 
usually type Ia with ir- 
regular forms. Photo by 
Robert Weldon/GIA. 


on both counts. 

Type Ila diamonds from LetSeng usually have irregular 
shapes. The 22.87 ct type Ila stone in figure B-4 (left) has 
excellent color and clarity but no distinct form other than 
a single octahedral face with visible trigons. In contrast, 
type Ia diamonds show more distinct forms such as the 
partially resorbed 32.97 ct yellow octahedron in figure B- 
4 (right). Octahedral forms like this are relatively rare at 
LetSeng. 


Figure B-4. These two 
crystals from Letseng il- 
lustrate the morphologi- 
cal differences between 
irregularly shaped type 
IIa diamonds such as the 
22+ ct stone on the left 
and type Ia octahedral 
stones such as the 32+ ct 
stone on the right. Photos 
by Robert Weldon/GIA. 


ernment, which receives at present a 7% royalty 
based on value. From the mine they are exported to 
Antwerp, where they undergo another KP check be- 
fore proceeding to the company’s sales office at Lange 
Herentalsestraat in the city’s diamond district. At the 
sales office, the rough is cleaned by an acid wash to 
remove all surface material and then revalued and 
sorted for sale (C. Elphick, pers. comm., 2014). Dur- 
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Figure 17. Twenty-six D-Flawless diamonds of various 
shapes cut from the Lesotho Promise were assembled 

by Graff into a necklace valued at $60 million. Photo 

courtesy of Laurence Graff. 


ing the sorting process, the Antwerp sales team first 
sets reserve prices on individual rough diamonds 
larger than 10.8 ct and then on parcels of smaller 


Figure 18. This group of type Ila rough diamonds ranges 
from almost 14 ct to 91.07 ct. Such diamonds make 
Letseng a feasible mining proposition. Photo by Robert 
Weldon/GIA; courtesy of Gem Diamonds Ltd. 
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Figure 19. This rough diamond dodecahedron from 
Letseng weighs 11.14 ct. Given its rare, attractive 
shape and color, the stone would command a high 
asking price at auction. Photo by Robert 
Weldon/GIA; courtesy of Gem Diamonds Ltd. 


goods grouped by weight, quality, and shape. 

LetSeng rough is offered ten times per year in on- 
line auctions conducted through its Antwerp office 
(figure 19). Diamonds larger than 100 ct are offered 
individually in special sales. 

Unlike other smaller diamond producers, Gem 
Diamonds maintains its own sales office and does 
not employ a contractor. Selling its own goods in this 
manner provides LetSeng with complete flexibility 
over the marketing of its rough production, said CEO 
Clifford Elphick (figure 20), while reducing sales and 
marketing costs from 2.5% to 1.5%. 

“We have about 150 customers for each sale,” said 
Elphick. “They have a ten-day viewing period to re- 
view the goods, and can bid up to the final minute.” 

Unlike some rough diamond auction models 
where high bids are averaged into across-the-board 
prices for a particular category, the winners buy their 
lots for their high bid price. “Occasionally, if a bid 
seems unrealistically high, we will ask the client to 
review it,” Elphick explained. “Once in a while some 
people misplace a decimal point.” 

Elphick noted that in the eight years of selling di- 
amonds from Letgeng, both the sales staff and clients 
have developed a strong understanding of the goods 
and their prices, so the process usually runs very 
smoothly. 

While the very large stones capture the headlines 
and high price tags, most of LetSeng’s earnings come 
from commercial goods (figure 2.1) and 5-15 ct goods, 
which actually achieve the highest per-carat prices. 
“We get prices over $50,000 per carat for the top qual- 
ities: type II goods of high color, which we call 
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Figure 20. Clifford Elphick, CEO of Gem Diamonds, 
emphasizes the value of large type Ila diamonds but 
notes that a significant portion of production in- 
cludes commercial goods. Photo courtesy of Gem 
Diamonds Ltd. 


‘LetSeng-y,’” he said. “The cutters like these because 
they are easy to work, with high yields. Many of 
them polish to D color—perhaps a little higher than 
anormal D, because they are type II with very little 
graining.”’ 

In addition, the mine occasionally produces some 
fancy-color diamonds—two or three blues a year, and 
a larger number of pinks and yellows (figure 22). 

Elphick explained that the explosion in the num- 
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Figure 22.These rough diamonds, a 3.72 ct faint 
pink and a 9.55 ct grayish blue stone, are from 
Letseng’s limited production of fancies. Photo by 
Robert Weldon/GIA; courtesy of Gem Diamonds Ltd. 


ber of ultra-wealthy individuals over the past 15 
years has sparked demand for large, high-quality di- 
amonds, driving prices higher and making LetSeng 
profitable to mine again. But Elphick added that the 
per-carat price begins diminishing above 15 carats be- 
cause of the risks still inherent in diamond cutting. 
“Tf they make a mistake on a ten-carat stone, it won’t 
put them out of business. But when millions of dol- 
lars are involved, they have to hedge a bit.” 

Lots that do not sell at the company tender auc- 
tions are sent to contractors for polishing. These ac- 


Figure 21. During a visit 
to Letseng, the authors 
were offered the oppor- 
tunity to photograph 
several days’ worth of 
production. The mine 
produces a number of 
“three-grainers,” such 
as this group of 88 
stones weighing a total 
of 66.40 carats. Photo 
by Robert Weldon/GIA; 
courtesy of Letseng Dia- 
monads. 
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count for $15 to $20 million yearly, he said, noting 
that most of the buyers for polished goods are also 
the company’s rough clients. 

All of LetSeng’s unsold rough is polished in 
Antwerp. Elphick and Maharasoa both stated that 
the plan is to establish a polishing operation in 
Maseru as part of a goal for the mine to contribute 
15% of Lesotho’s gross national product. Elphick said 
that the company already has the space to begin a 
small polishing operation in the capital but is await- 
ing permits from the government. 

“It could never become a large operation that 
would compete with those in India,” Elphick ac- 
knowledges, “but we can start small and see if we 
can expand later.” 


CONCLUSIONS 


The LetSeng mine is a unique diamond resource 
whose economic viability has been realized by strong 
increases in per-carat prices for large diamonds since 
2000. While earlier attempts to mine the deposit 
were unsuccessful because of the low ore grade and 
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Figure 23. These rough 
diamonds (22.30, 91.07, 
and 23.37 ct) were auc- 
tioned through Letseng’s 
sales office in Antwerp. 
Such exceptional type 
Ila diamonds of un- 
usual shape—many are 
cleavage fragments like 
these—comprise a sig- 
nificant part of Letseng’s 
production and offer the 
tantalizing possibility 
that they were once 
parts of larger gems. 
Photo by Robert Wel- 
don/GIA; courtesy of 
Gem Diamonds Ltd. 


the challenges of moving equipment to a remote lo- 
cation high in the mountains of Lesotho, the mine’s 
current majority owner has invested in radically 
modified diamond recovery methods to greatly re- 
duce the damage to large diamonds, particularly 
those above 50 ct. The company markets LetSeng’s 
unique production through its own sales office in 
Antwerp (figure 2.3), via regularly scheduled auctions. 
Despite the profitability, there is concern that the 
mining license is finite, expiring in 2019, and that a 
renewal may carry more costly terms. In a 2010 
paper, Mazvi Maharasoa, CEO of LetSeng Diamonds, 
noted that operating costs of 70 million loti per year 
(US$6 million) were too high given the finite nature 
of the lease, the fluctuating exchange rates, and the 
costs of building and maintaining access roads and 
transporting supplies. Demand for very large dia- 
monds such as those produced at LetSeng has re- 
mained high through turbulent economic times, and 
the mine’s operators are confident that it will con- 
tinue to yield large diamonds, the sale of which will 
make headlines around the world. 
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ORIGIN DETERMINATION OF DOLOMITE-RELATED 
WHITE NEPHRITE THROUGH ITERATIVE-BINARY 
LINEAR DISCRIMINANT ANALYSIS 


Zemin Luo, Mingxing Yang, and Andy H. Shen 


Provenance studies on nephrite jade are of gemo- 
logical as well as archeological importance. Ori- 
gin determination is difficult to achieve relying 
solely on typical gemological properties and ob- 
servations. In this study, the authors present a new 
statistical analysis method, based on linear dis- 
criminant analysis (LDA) and trace-element data 
from laser ablation—inductively coupled plasma— 
mass spectrometry (LA-ICP-MS), to achieve sig- 
nificantly improved origin determination (an 
average of 94.4% accuracy) for eight major 
dolomite-related nephrite deposits in eastern Asia. 
As the principle is to compare one location to the 
rest in one round and continue such binary com- 
parison until all possible localities are tested, the 
method is referred to as iterative-binary LDA (IB- 
LDA). Combined with trace-element composition 
data from LA-ICP-MS, it could prove to be a use- 
ful technique for the geographic origin determi- 
nation of other gemstones. 


ephrite jade has been of great interest to East 

Asian cultures dating back to the Neolithic Age 
(Wen and Jing, 1996; Tsien et al., 1996, Wen, 2001; Har- 
low and Sorensen, 2005). Historically, it has been con- 
sidered a symbol of wealth and power for Chinese 
emperors and nobility (figures 1A and 1B). Nephrite 
from countries such as China, Russia, and South Korea 
(Ling et al., 2013) continues to attract considerable at- 
tention as a gem and ornamental material, particularly 
in the Chinese market. Thus, geographic origin deter- 
mination is important in terms of proper classification, 
valuation, and archaeological implications. 


See end of article for About the Authors and Acknowledgments. 
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In Chinese culture, white is usually regarded as 
the color of purity and perfection (He, 2009). Due to 
its quality and well-established historical reputation, 
white nephrite from Xinjiang has maintained the 
highest price in the Chinese market. Xinjiang 
nephrite is usually translucent, with colors ranging 
from white and greenish white to yellow. The best 
material from this province is white nephrite with 
greasy luster, known in the trade as “mutton fat” 
jade. The purity, fine texture, and luster of white 
nephrite from Xinjiang come together to create an 
elegant cultural symbol (figure 1C). 


White nephrite from other deposits, including 
Baikal (Russia), Chuncheon (South Korea), and Qing- 
hai (China), has similar characteristics and is difficult 


In Brief 


¢ There is no universally accepted method to determine 
the origin of East Asian dolomite-related nephrite. 

e |B-LDA, a statistical analysis method developed by the 
authors, uses an algorithm based on trace-element data 
to determine the origin of nephrite from eight major 
production areas in China, Russia, and South Korea. 

e This method yielded greater accuracy than the tradi- 
tional LDA method, and may be useful for determining 
the origins of other gem materials. 


to distinguish with the unaided eye or even micro- 
scopic observation (Wu et al., 2002; Ling et al., 2013). 
In some cases, material from other locations has been 
falsely represented as Xinjiang nephrite jade to fetch 
higher prices. A reliable quantitative method for ge- 
ographic origin determination is urgently needed to 
protect nephrite consumers. 


Nephrite is a gem-quality tremolite or actinolite 
polycrystalline aggregate. It is usually classified as ei- 
ther dolomite-related or serpentine-associated, which 
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have different formation processes and different con- 
centrations of Fe, Cr, Co, and Ni, as well as oxygen 
and deuterium isotopes (Yui and Kwon, 2002, Har- 
low and Sorensen, 2005; Siqin et al., 2012; Adamo 
and Bocchio, 2013). Dolomite-related nephrite is 
usually white, greenish white, yellow, or light gray, 
due to the relatively low concentrations of the 
transition metal elements listed above. Serpentine- 
associated nephrite is usually green. A typical exam- 
ple is Siberian green nephrite from Russia, known 
for its purity of color. The geographic sources of ser- 
pentine-associated nephrite, such as New Zealand, 
mainland China, and Taiwan, can be distinguished 
by some characteristic elements in chromite inclu- 
sions and by strontium isotopes (Adams et al., 2007; 
Zhang and Gan, 2011; Zhang et al., 2012). 

There is no widely accepted method for distin- 
guishing the geographic origin of dolomite-related 
nephrite. Two factors account for this. First, there are 
many sources for dolomite-related nephrite in East 
Asia. Eight major locations are listed in figure 2: 
western Xinjiang (including the famous Hetian area) 
and eastern Xinjiang province (China); Geermu, also 
known as Golmud (Qinghai province, China); Xi- 
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Figure 1. A: An ancient pen- 
dant discovered in the 
tomb of Marquis Yi, ruler of 
Zeng State during the War- 
ring States period (ca. 475- 
221 Bc). © Hubei Provincial 
Museum. B: The imperial 
seal made with white 
nephrite for Emperor Yong- 
zheng during the Qing dy- 
nasty (1723-1735 AD). © 
Sotheby’s. C: “Autumn 
Moon Over Han Palace” 
(left) and “Spring Morning 
Over Han Palace” (right) 
placed second in the Gems 
& Jewelry Trade Associa- 
tion of China’s 2012 Tian- 
gong Award for excellence 
in jade carving. © The 
Boguan Auction Company. 


uyan (Liaoning province, China); Luodian (Guizhou 
province, China); Liyang (Jiangsu province, China); 
Baikal (Russia); and Chuncheon (South Korea). Sec- 
ond, because of their similar standard gemological 
properties, such as color, transparency, luster, refrac- 
tive index, specific gravity, and major element com- 
ponents (Liao and Zhu, 2005; Ling et al., 2013; Liu 
and Cui, 2002), dolomite-related nephrite jades from 
these locations are very difficult to distinguish. 

Geochemical research has shown that trace ele- 
ments can reflect the sources of gemstones (Breeding 
and Shen, 2010; Blodgett and Shen, 2011; Shen et al., 
2011; Zhong et al., 2013). But as the number of pro- 
ducing localities and the complexity of chemical 
composition increase, simply evaluating one or two 
elements cannot distinguish the different origins 
(Siqin et al., 2012). Multiple elements, and correla- 
tions between those elements, must be taken into 
account. Identifying and optimizing the variables 
that characterize differences among origins becomes 
the main focus. 

Linear discriminant analysis (LDA) is a popular 
statistical method that can reduce the multiple di- 
mensions of variables and provide reliable classifica- 
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tion accuracy (Fisher, 1936; Yu and Yang, 2001; 
McLachlan, 2004; Guo et al., 2007). Recently, this 
method has been used to identify the geographic ori- 
gins of some single-crystal gemstones such as Paraiba 
tourmaline, ruby, sapphire, and peridot (Blodgett and 
Shen, 2011; Shen et al., 2013). 

In this work, the trace-element composition and 
distribution of 138 dolomite-related nephrite sam- 
ples from the major producing areas in East Asia have 
been carefully summarized. Based on the trace-ele- 
ment data, we propose an algorithm, which we refer 
to as iterative binary LDA (IB-LDA), to achieve 
nearly complete separation of the dolomite-related 
nephrite deposits. This method may have wide-rang- 
ing applications for additional mineral and gemstone 
origin research in the future. 


MATERIAL AND METHODS 
Sample Preparation. All samples in this study were col- 
lected directly from the mines in eight major East 
Asian dolomite-related nephrite jade deposits. A total 
of 138 samples, with 15-19 specimens from each lo- 
cality (see table 1), were chosen for LA-ICP-MS testing. 
The samples were cut into blocks measuring 3.0 
x 1.5 x 0.5 cm (length x width x height). The body- 
color ranged from white to light greenish, with scat- 
tered colors such as yellow in some samples. Samples 
with representative color from each deposit are 
shown in figure 3. 
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Figure 2. The eight 
major dolomite-related 
nephrite deposits in 
East Asia reviewed in 
this study. Xinjiang 
province has been di- 
vided into east and 
west regions because of 
their different ore-form- 
ing conditions (Tang et 
al., 1994). Modified 
from Ling et al. (2013). 


On each nephrite block, three to five points along a 
straight line with 5 mm intervals between each point 
were selected for LA-ICP-MS testing; see the “LA-ICP- 
MS Measurement” section below. We collected 60 test 
points for each origin for further statistical analysis, to 
be discussed in the “LDA Method” section. Due to the 
heterogeneous chemical composition of polycrys- 
talline nephrite and the relatively limited number of 
block samples (only 15-19 per each origin), we treated 
each test point as an independent sample, so that each 
origin has a data set of 60 analyses. 


LA-ICP-MS Measurement. Trace-element concentra- 
tions of the 138 samples were measured using an LA- 
ICP-MS system at the State Key Laboratory of 
Geological Processes and Mineral Resources, China 
University of Geosciences, Wuhan. The LA-ICP-MS 
system consisted of a GeoLas 193 nm laser and an 
Agilent 7500 ICP-MS. The laser fluence was set as 
10 J/cm?, and the ablation spot size was 32 um. The 
widely used quantitative calibration standards of 
NIST synthetic glasses SRMG610 (Pearce et al., 1997) 
and U.S. Geological Survey (USGS) synthetic glasses 
of BCR-2G, BHVO-2G, and BIR-1G (Jochum et al., 
2005) were used as reference materials. Three to five 
spots on each sample, at approximately 5 mm inter- 
vals along a straight line, were collected for analysis. 
2°Si was used as an internal standard. Detailed oper- 
ating conditions for the laser ablation system and the 
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Figure 3. Representative 3.0 x 1.5 cm nephrite samples from the eight dolomite-related deposits in this study: (A) 
Xinjiang-West, (B) Xinjiang-East, (C) Geermu (Golmud), (D) Baikal, (E) Chuncheon, (F) Xiuyan, (G) Luodian, and 
(H) Liyang. Photos by Zemin Luo. 


ICP-MS instrument and data reduction were the 
same as those described by Liu et al. (2008, 2010). 


LDA Method. Linear discriminant analysis is the pri- 
mary tool in this classification of nephrite from 
dolomite-related deposits. This method was designed 
for group classification, which aims to maximize be- 
tween-class variance while minimizing within-class 
variance. Free software utilizing the statistical pro- 
gramming language R, version 3.1.2, was applied to 
this statistical analysis. Based on the trace-element 
concentrations collected using LA-ICP-MS, the gen- 


eral procedure for LDA origin determination entailed 
two steps. First, original data sets of 40 independent 
test points for each origin except Liyang (which has 
a distinguishable feature, to be explored in the Dis- 
cussion section), along with their trace-element in- 
formation, were treated as “training sets” to build 
the discriminant functions (DFs) and find the best 
separation. The validity of the separation is charac- 
terized by the eigenvalue (EV) and total cross valida- 
tion (CV]; see box A for detailed definitions of EV and 
CV. Second, four additional samples from each ori- 
gin, along with their trace-element information, 


TABLE 1. Dolomite-related nephrite samples used in this study. 


Labeled Locations Mining area sources Quantity LA-ICP-MS Main color 
(total 138) test points 
(total 452) 
1 Xinjiang-West West of Xinjiang province, 17 60 White to greenish 
China; includes Hetian, white 
Yecheng, Xueyanuote, 
Xinzang 383, and Datong 
2 Xinjiang-East East of Xinjiang province, 18 60 White to light 
China; includes Qiemo and greenish white 
Ruoqiang 
3 Geermu Qinghai province, China 17 60 White to light 
(Golmud) greenish white 
4 Baikal Russia 17 60 White 
5 Chuncheon South Korea 21 60 White 
6 Xiuyan Liaoning province, China 17 60 White to caramel 
7 Luodian Guizhou province, China 15 60 White 
8 Liyang Jiangsu province, China 16 32 Greenish white 
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BOX A: LINEAR-DISCRIMINANT ANALYSIS 


What Are DFs, EV, and CV? 


In traditional LDA, each locality is classified as a group, 
and every trace element represents an independent vari- 
able. The combination of all these variables forms a 
“property space,” with each variable an independent di- 
mension. In such property space, statistical analysis as- 
signs weight to each variable based on relative 
importance. The LDA designs a projection direction 
composed of weighted variables to achieve the best sep- 
aration between groups. Along this direction, the scat- 
tered points from the same group are minimized within 
the group and maximized between all groups simultane- 
ously, which can be formulated as an eigenvalue (EV), a 
term that will be introduced below. Such projection vec- 
tors actually are the linear discriminant functions (DFs) 
defined by LDA. The common mathematical expression 
of DF is the following: 


DF Y,, = a,,X, + aX, + ay, X,-. +a, xX, +b, (1) 


Here Y,, is the linear discriminant function score or 
value for a specific group K (K=1, 2,...N, where N is the 
number of total groups). X,, X,, X,, ... X,, are characteris- 
tic variables, corresponding to the selected trace elements 
in our study; a,,, a, Aj, --- a, are the discriminant coef- 
ficients or weights of each characteristic variable for 
group K; b, is the constant of linear discriminant function 
for group K. 

EV is the key parameter for building DFs. It can be 
understood as the ratio of total intergroup deviations to 
the total intragroup deviations; the concept is defined 
rigorously by using covariance matrices (see Welling, 
2005). In general, the DFs resulting in higher EV are cho- 
sen to build the classification model, since they can pro- 
vide better separation between groups (Buyukozturk and 
Cokluk-Bokeoglu, 2008). 

The classification accuracy and reliability of LDA 
can be characterized by the cross-validation (CV) accu- 
racy rate (see Kohavi, 1995; Cawley and Talbot, 2003). 
The most basic mechanism for CV is: 


1. Constructing a LDA model using all data points 
except one. 


2. Using this LDA model to test the omitted data 
point. 


3. Repeating these steps until every data point is 
tested. 


4. The percentage of accurately classified omitted 
data points is the CV value. A higher CV value in- 
dicates better validity of the classification model. 


Note that EV is the parameter characterizing the va- 
lidity of DF in the model when building DF on training 
sets. On the other hand, CV is the parameter evaluating 
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the validity of the model after it is established. These 
two parameters have different functions and cannot sub- 
stitute for each other. 


Implementing IB-LDA 


To improve the CV accuracy rate, we designed the IB-LDA 
method, which simplifies multiple-group comparisons 
into pair comparisons. In each round, the LDA process be- 
comes a binary classification: Only the separation be- 
tween one “chosen” group and the other “unchosen” 
groups pool is maximized by the discriminant functions. 
Meanwhile, the within-class variances of the chosen 
group and the unchosen pool are minimized respectively. 

In the first round of IB-LDA, we randomly selected 
one of the seven localities as the “chosen” group, and the 
remaining six as the “unchosen” group. LDA was carried 
out using the statistical package for this two-group com- 
parison. The software automatically selected various 
numbers of the trace elements among all input trace ele- 
ments, so that the CV value corresponding to each origin 
in the chosen/unchosen binary classification can be 
achieved. Each origin is chosen to compare with the un- 
chosen group, and the origin with the highest CV accu- 
racy rate (versus the remaining six) is determined as the 
“optimal-chosen group” in this round. Hereafter, the se- 
lected trace elements and weights for the “optimal-cho- 
sen group” and “unseparated, unchosen group” will be 
used to build the pair of DFs for the first round of IB-LDA. 
The DF for the optimal-chosen group acts as the chosen 
sieve in this round, corresponding to the specific block 
box and hole in figure 4. 

This process is applied to the remaining six localities, 
with a new set of trace elements chosen by the R soft- 
ware to maximize the EV and CV values. These newly 
selected trace elements with new weights will build a 
new pair of DFs for the second round of IB-LDA. Our 
study using this iterative-binary process identified seven 
origins sequentially in six rounds in the following order: 
Luodian, Xiuyan, Chuncheon, Xinjiang-West, Baikal, 
Xinjiang-East, and Geermu (Golmud). This process is 
shown in figure A-1. 

Six pair of DFs were obtained for this classification 
process. The last pair of DFs separating Xinjiang-East and 
Geermu (training set size of 40 samples for each) was ex- 
pressed as: 


DE Yoo cinjiang tas = ~2-OS8Li + 1.554Be + 0.005Al + 
0.012K - 9.807Nb - 0.461Ba + 6.452La—11.891 (2) 


DF Y = 0.452Li — 0.682Be + 0.001 Al + 


62(Geermu (Golmud)) 


4.062Nb + 0.431Ba + 0.145La -2.376 (3) 


Herein, we defined CV_,,, as the CV for the origin N 
in the IB-LDA. It is defined as the continued multiplica- 
tion of CV, from the first round to the round in which 
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ably no other airfield in the world that 
can be said to be paved (sparsely) with 
diamond. 

However this is merely a diversion from 
the main theme which is to present a pic- 
ture of the past and an estimate of the future 
possibilities of this historical region which, 
in its early days, played a prominent part 
in shaping the destiny of Portugal. Wealth 
derived from its diamonds not only helped 
to place that country at the zenith of its 
glory but also contributed, at a later stage, 
to its release from the French occupation by 
paying part of the indemnity exacted by 
France during the Napoleonic wars. 

Historical research now tends to discredit 
the original versions that diamonds were 
found, but not recognized as such, in the 
bateas of the gold miners who had reached 
the region in the closing years of the 17th 
century. The legend that diamonds were first 
identified by a priest, who had been to the 
diamond fields of India, is now also dis- 
counted. This doés not detract, however, 
from the fact that the discovery forms one 
of the most fascinating chapters in the his- 
torical annals of Brazil. Indirectly, Dia- 
mantina owes its origin to the prolonged 
search for emeralds which eventually led to 
the discovery of the Ouro Preto gold field 
and subsequently extended into the Dia- 
mantina region itself. 


In his Memorias do Districs Diamantino 
of which, unfortunately, no English trans- 
lation exists, Joaquim Felicio dos Santos, 
a native son of Diamantina, relates the cir- 
cumstances under which the pioneer bandet- 
rantes atrived. Written nearly 100 years 
ago by one of the third generation of pio- 
neers, when he had access to official docu- 
ments now scattered far and wide, it forms 
one of the most interesting and reliable 
records of the initial stages of diamond 
mining in Brazil. In it he describes the harsh 
conditions under which mining was per- 
mitted—subject to restrictions and to penal- 
ties out of all proportion to the offenses 
committed. 

Under the Portuguese regime, access to 
the diamondiferous region was strictly for- 
bidden even to the Portuguese themselves 
unless they could provide an adequate 
reason. This ban was due to an effort to 
supptess clandestine mining and contraband 
exportation of diamonds which constituted 
an ideal medium for smuggling. There is 
said to have been considerable leakage 
through this practice, but probably not on 
the scale generally accepted by historians. 
The arid, rugged, and inhospitable nature of 
the region, devoid of all commodities except 
those imported from other sources; the fact 
that all natural exits were patrolled and that 
hostile Indians still existed; coupled with 


¢ Rock formation, Lavaras Series, opposite Diamantina 


DF VALUE PLOTS FOR SIX ROUNDS OF IB-LDA 
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Figure A-1. This plot il- 
lustrates how six 
rounds of IB-LDA were 
used to separate seven 
different dolomite-re- 
lated nephrite sources. 
The horizontal and ver- 
tical axes, named DF 
Y,, and Y,,, were the 
two discriminant func- 
tions in the i round 
(i=1-6). The gray 
shaded area was the 
unseparated group. Lu- 
odian, Xiuyan, Chun- 
cheon, Xinjiang-West, 
Baikal, Xinjiang-East, 
and Geermu (Golmud) 
were determined as the 
successive chosen 
sieves. The CV value in 
the bottom right of 
each figure corresponds 
to the CV, accuracy rate 
in each round of IB- 
LDA analysis. The error 
rate represents the 
probability of misclas- 
sifying the test set ob- 
tained in the blind test 
in each step of IB-LDA. 
The sum of the six error 
rates equals 1-AR. 
Solid and hollow sym- 
bols represent the train- 
ing set and test set, 
respectively. 


the particular origin N is classified; see equation (4). CV, 
is the CV accuracy rate, while i is the number of iterative 
rounds of IB-LDA: 


CN eee = (CNW, (OM cnn ROW, CW, 


The overall CV (CV,,,.,,) for this iterative-binary clas- 
sification model should be defined as the arithmetic mean 
value of the CV_,,, value of each origin, as calculated in 
equation (5). 


(4) 


N 
Ce enaty) 
CV == 


total 


i= 


5 
7 (5) 
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Evaluating the Model Validity Based on EV, CV, and AR 


As a conventional method for the machine-learning 
model, we used two-thirds of the total data set as training 
sets with the remaining one-third as a test set (Kohavi, 
1995). We list the EV and CV values for the training set, 
and the AR values for the test sets, to evaluate the validity 
and accuracy of the IB-LDA model. EV, CV, and AR values 
for traditional LDA are also presented for comparison 
with the IB-LDA model. In terms of both training sets (EV 
and CV) and test sets (AR), IB-LDA shows greater validity 
and accuracy than traditional LDA. 

The calculated results of IB-LDA CV.,,,, for the train- 
ing sets are shown in figure A-2. The overall CV (CV,,,,,) 
for IB-LDA (94.4 %) was higher than that of traditional 
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TABLE A-1. EV, CV, and AR values for IB-LDA and 
traditional LDA 


EV CV total (%) AR (%) 
IB-LDA 6.4 94.4 95.0(+2.0) 
Traditional LDA 4.4 91.4 85.7(+2.5) 


*Note: 40 test points from each origin were used as training sets; the 
remaining 20 test points from each origin were chosen as test sets. The 
value in parentheses is the standard deviation of AR after five rounds 
of blind testing. 


LDA (91.4%). Samples outside the “expected” groups (in 
this case, the eight nephrite localities) in the training sets 
will be classified into one of the “expected” groups in- 
correctly according to its DF score. In machine learning 
and LDA, the groups “expected” in the model must all 
be included in the training sets to build the most com- 
prehensive training set and DF. The solution for dealing 
with “unexpected” wild samples is to collect enough 
samples to define them as a new group within the train- 
ing set. This is why all machine-learning models require 
larger data sets to improve their validity. We include the 
discussion about the “unexpected” samples in the last 
paragraph of box A. 


CV and EV Values Depending on the Statistical Property 
of Data Sets. Our analysis was based on 60 data points in 
each group. To evaluate how the size of the training set 


Figure A-2. The CV,,,, for the identified origins in our 
IB-LDA, and CV for traditional LDA. The detailed al- 
gorithm of CV,,,, is shown in equation 4. IB-LDA iden- 
tified geographic origins with a higher CV (an average 
of 94.4%) than that of traditional LDA (91.4%). 
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can impact the validity (EV) and accuracy (CV) of the 
model, we conducted a series of tests by randomly re- 
moving 10 data points from each group until each train- 
ing set reached 20 data points. We found that CV 
generally increased as each training set grew from 20 to 
50. Such an increase indicates that the variance can be 
predicted more precisely with a larger set of samples. The 
variation of CV and EV with size of the training set is 
mainly caused by some “irregular” samples, which dis- 
turbs the variance in/between groups. We speculate that 
both EV and CV eventually converge to a constant value, 
which can only be justified with a larger total data set. 

The most practical classification model needs to take 
into account training set size, CV, EV, and other factors, 
which is still a real challenge. AR values for blind testing 
are not included in table A-2. Because the training set is 
larger than 40 samples for each group, the remaining data 
set is too sparse to supply a test set with viable statistics. 
As a major difference between CV and AR in practice, 
CV is extracted within the training set in the building 
process of the classification model while AR is obtained 
beyond the training set after the classification model 
build. The AR method usually requires a larger original 
data set to maintain good statistics for both training sets 
and test sets; this requires further accumulation in the 
future. 

We wish to emphasize that we are speculating on the 
accuracy and validity of both CV and AR. As the classi- 
fication model deals with real “unincluded” samples 
without any knowledge of their origin, CV and AR can 
only estimate the accuracy or validity of the final analy- 
sis result. In the worst-case scenario, a nephrite sample 
that does not belong to any of the eight origins, it will 
still be (incorrectly) classified as having one of the above 
origins, according to its DF score. In this case, the CV 
and AR are meaningless for such unexpected samples. 
As with all machine-learning models, LDA requires that 
all input (the samples’ trace-element information) be cor- 
rectly paired with the expected output (geographic local- 
ity) at the very beginning, when the training set is built. 
In other words, the most practical model always requires 
large data sets, along with the optimization and balanc- 
ing of EV, CV, and AR values. 


TABLE A-2. CV and EV values for different training 
set sizes. 


Training set size 20 30 40 50 60 


IB-LDA EV (mean) 6.9 ao 6.4 (0.5) 6.4 

CV total (%) 93.2 93.6 944 958 94.2 
Traditional EV (mean) Bal Alby 4.4 4.5 4.5 
LDA CV total (%) 90.0 88.6 91.4 940 93.3 
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TABLE 2. Trace-element concentrations for eight nephrite localities, by LA-ICP-MS. 


Element conc., with Xinjiang-West — Xinjiang-East Geermu (Golmud) Baikal Chuncheon Xiuyan Luodian Liyang 
mean and stand. dev. (Group 1) (Group 2) (Group 3) (Group 4) (Group 5) (Group 6) (Group 7) (Group 8) 
Li (ppm) 0.082-25.097  0.250-28.295 0.358-5.435 + =—- 1.731-20.638  0.100-6.875  0.107-1.333 —_7.857-35.066 14.686-56.167 
2.075 (0.487) 6.301 (0.888) 2.765 (0.130) 6.934 (0.597) 1.058 (0.115) 0.516 (0.037) 22.575 (0.813) 27.724 (1.932) 
Be (ppm) 1.581-51.342 — 0.740-30.731 0.000-1.181  5.140-45.301 11.577-28.624  9.058-27.810  0.000-7.740 —0.045-3.771 
26.018 (0.931) 11.100 (1.159) 0.380 (0.035) 22.405 (1.613) 19.211 (0.658) 16.161 (0.471) 1.035 (0.255) ‘1.165 (0.134 
Na,O (wt.%) 0.042-0.438 0.021-0.182  0.008-0.147 —-0.056-0.133  —0.034-0.082 —0.024-0.067 —0.098-0.221 0.457-0.913 
0.088 (0.008) 0.106 (0.004) 0.081 (0.004) 0.099 (0.008) 0.057 (0.001) 0.044 (0.001) —0.179.(0.004) 0.658 (0.019 
Al,O, (Wt.%) 0.338-0.899  0.081-0.974  0.025-0.338 —-0.380-0.898 —-0.355~-0.983 0.266-1.22 0.122-0.373  0.324-1.410 
0.573 (0.021) — 0.630(0.030) 0.136 (0.009) 0.621 (0.015) 0.604 (0.015) 0.505 (0.021) —0.209(0.007) —_0.550 (0.033 
K,O (wt.%) 0.014-0.112 0.025-0,231 0.005-0.091 0.028-0.193 0.024-0.115  0.019-0.078 0.036-0.119 + —-0.116-0.294 
0.041 (0.003)  0.099(0.007) 0.049 (0.003) 0.067 (0.003) 0.048 (0.002) 0.041 (0.002) 0.092 (0.002) 0.217 (0.007 
Sc (ppm) 1.103-79.327  0.850-4.588 0.208-3.682 = 0.284-3.125 = 0.518-4.734 = 1.097-4.117  0.000-9.147 —_—0.614-2.800 
4.88 (1.260) 1.893 (0.086) 1.088 (0.087) 1.773 (0.091 1.333 (0.101)  1.960(0.070) 1.971 (0.197) 1.670 (0.119 
Rb (ppm) 0.295-53.317 0.003-52.369  0.000-1.302 —-*11.845-9.708 + 0.421-11.329 0.179-3.799 —:0.000-0.662 —«0..339-28.726 
4.840 (1.075) 12.162 (1.589) 0.568 (0.040) 4.203 (0.239) 2.679 (0.275) 1.666 (0.125) — 0.279(0.022) 3.139 (1.121 
Sr (ppm) 4.705-32.795  3.763-22.434  3.297-26.933  2.677-18.908 8.515-32.997  3.920-22.541 15.157-31.291  141.267-1272.699 
14.721 (0.886) 11.275 (0.477) 16.241 (0.853) 10.619 (0.489) 21.268 (0.529) + 13.778 (0.591) 20.950 (0.681) 274.233 (21.62) 
Y (ppm) 1.225-18.285 0.159-6.479  —-0.000-1.778 —-0.294-7.185 ~=—-0.255-10.827 1.032-11.420  3.077-29.474 —-0.361-3.772 
4.278 (0.404) 2.991 (0.196) 0.514 (0.055) 1.046 (0.147) 0.882 (0.163) 3.953 (0.206) 11.138 (0.713) 1.468 (0.143 
Zr (ppm) 0.354-15.483  0.000-8.733 —-0.000-11.187 0.000-16.652 + —-0.000-6.811 0.191-9.151  0.000-22.154 — 0.007-15.557 
4.900 (0.455) 2.739(0.258) 0.892 (0.207) 1.544 (0.357) 0.720 (0.124) 2.420(0.221) 2.770 (0.459) 3.220 (0.626 
Nb (ppm) 0.189-11.698  0.000-3.022  0.000-0.322 —-0.126-1.938 -0.033-0.566 + —-0.037-0.789 ~—s-:0.173+1.096 —«0.119-0.938 
1.441 (0.270) 0.808 (0.113) 0.113 (0.011) 0.519 (0.037) 0.208 (0.016) 0.518 (0.022) 0.787 (0.023) 0.319 (0.031 
Mo (ppm) 0.000-0.171 0.000-0.266 0.000-0.625  :0.000-1.034 — 0,000-0.779  —-0.000-0.345 + —0.000-3.191 0.000-0.232 
0.027 (0.006) 0.034 (0.009) 0.078 (0.016) 0.055 (0.020) 0.118 (0.021) 0.032 (0.009) 0.408 (0.106) 0.041 (0.010 
Cs (ppm) 0.197-13.125  0.071-26.950  0.000-1.682 0,401-4.311 0.057-1.935 0.069-2.447 —:0.042-0.942 + —-0.000-2.395 
3.771 (30.493) 7.620 (0.951) 0.718 (0.058) 2.075 (0.139) 0.525 (0.034) 0.587 (0.056)  0.412(0.024) 0.278 (0.095 
Ba (ppm) 1.368-26.254  0.284-18.403 —0.000-9.237  —-0.430-30.014 —-0.859-9.097 ——-0.374-9.951 —3.099-195.132 —0.196-7.535 
9.231 (0.755) 5.887 (0.379) 4.151 (0.251) —7.745 (0.783) 2.463 (0.174) 4.159 (0.194) 15.413. (4.120) 2.611 (0.325 
La (ppm) 0.000-39.004  0.040-2.282 0.008-0.571 0.011-0.523  0.194-1.159  0.000-0.887 —-0.886-18.591 —-0.277-4.565 
2.601 (0.828) 0.615 (0.067) 0.286 (0.024)  0.179(0.017) 0.678 (0.021) 0.460 (0.030) 5.083 (0.352) 0.913 (0.138 
Ce (ppm) 0.053-39.916  0.025-4.772 0.000-1.615  —-0.069-1.384 —-0.589-2.900 — 0.027-1.659 —0.536-28.944 —:0.593-7.261 
3.452 (0.922) 1.400 (0.156) 0.560 (0.049) 0.462 (0.040) 1.480 (0.042) 1.001 (0.065) 4.938 (0.543) —«*1.678 (0.211 
Pr (ppm) 0.000-13.764 0.010-0.506  0.000-0.283 0,000-0.170  0.056-0.302 + —0.000-0.252 —0.256-4.649 -—«-:0.094-1.188 
0.997 (0.307) 0.181 (0.019) 0.069 (0.007) 0.042 (0.005) 0.157 (0.006) 0.124 (0.008) 1.322 (0.087) 0.309 (0.036 
Nd (ppm) 0.000-17.535  0.000-2.460 =: 0.000-1.443 —-0.000-0.677. —0.015-1.405 = 0.015-1.051 —-1.552-15.303 —-0.365-4.672 
2.098 (0.477) 0.811 (0.080) 0.297 (0.036) 0.266 (0.022) 0.661 (0.036) 0.536 (0.040) 5.486 (0.382) 1.238 (0.139 
Sm (ppm) 0.000-14.859  0.000-0.707  — 0.000-0.385  ——-0.000-0.393  ——-0.000-0.624 + —0.000-0.395 += 0.334-3.806 —«0.000-0.773 
1.464 (0.397) 0.204 (0.019) 0.079 (0.011) 0.075 (0.009) 0.126 (0.016) 0.162 (0.011 1.176 (0.083) 0.263 (0.029 
Eu (ppm) 0.000-0.140 0.000-0.117 — 0.000-0.135  —-0.000-0.145  —-0.000-0.111 0.000-0.187  0.047-0.637 ~—-0.000-0.129 
0.017 (0.003) 0.019 (0.003) 0.027 (0.004)  0.019(0.004) 0.026 (0.003) ~ 0.076 (0.006)  0.279(0.016) 0.044 (0.006 
Gd (ppm) 0.072-5.373 0.000-0.726 —-0.000-0.430 ~=——-0.000-0.510  —-0.000-0.367  —-0.049-0.523 ~—-0.000-3.222 +~—»-:0.000-0.589 
0.768 (0.132) 0.246 (0.019) 0.090 (0.013) 0.099 (0.012)  0.148(0.014)  0.230(0.013) 1.136 (0.076) 0.275 (0.029 
Tb (ppm) 0.009-2.413  0.000-0.136 —-0.000-0.090 -0.000-0.065  —-0,000-0.094 —-0.005-0.107 0043-0462 ~—=-:0.000-0.124 
0.202 (0.049)  0.050(0.003) 0.015 (0.002) 0.008 (0.002) 0.017 (0.002) 0.053 (0.003) 0.180 (0.012) 0.038 (0.005 
Dy (ppm) 0.133-8.037 0.011-0.731 0.000-0.294 0.000-0.429  0.000-1.252 ~—--0.117-0.957 —-0.354-2.767  _—0.027-0.596 
0.922 (0.188) 0.347 (0.023) 0.084 (0.011) 0.102 (0.012) 0.124(0.021) 0.410 (0.021 1.145 (0.071) 0.207 (0.028 
Ho (ppm) 0.027-5.253  0.000-0.160 — 0.000-0.082 —-0.000-0.112 — 0.000-0.296 —-0.045-0.593  —-0.045-0.593 —«<0.010-0.108 
0.379 (0.114) 0.083 (0.006) 0.020 (0.002) 0.016 (0.003) 0.027 (0.005) 0.023 (0.006) 0.224 (0.018) 0.040 (0.004 
Er (ppm) 0.034-22.467 0.000-0.674  0.000-0.213 —-0.000-0.914 —-0.000-0.533 ~—0.021-1.091 0.000-2.316 0.004-0.318 
1.839 (0.558) 0.243 (0.020) 0.052 (0.006) 0.095 (0.017) 0.070 (0.011) 0.296 (0.020) 0.715 (0.062) (0.114 (0.015 
Tm (ppm) 0.007-4.507  —0.000-0.100 —:0.000-0.062 + —:0.000-0.083  —-0.000-0.107 —0.006-0.180 —-0.000-0.374 ~~—:0.000-0.034 
0.218 (0.081) 0.030 (0.003) 0.010 (0.002) 0.010 (0.002) 0.013 (0.002) 0.039 (0.003) 0.091 (0.010) 0.015 (0.002 
Yb (ppm) 0.063-15.424 0.017-0.802 0.000-0.316 0.000-0.363 ~—-0.004-1.416 —0.004-1.416  0.000-1.850 :0.000-0.308 
0.818 (0.263) 0.204 (0.019) 0.064 (0.010) 0.093 (0.031 0.068 (0.011) 0.234 (0.025) 0.571 (0.055) —-0.103 (0.017 
Lu (ppm) 0.003-11.295  0.000-0.113 — 0.000-0.047 ~—-0,000-0.086 + —-0.000-0.103  —0.003-0.264 +~~—-0.000-3.899 ~—-0.000--0.058 
0.378 (0.191) 0.026 (0.003) 0.008 (0.001) 0.008 (0.002) 0.014 (0.002) 0.030 (0.004) 0.322 (0.083) 0.014 (0.002 
Hf (ppm) 0.000-4.405  —-0.000-0.321 0.000-0.223  0.000-0.257  — 0.000-0.302 ~——-0.000-0.299 +—-0.000-0.748 ——_-0.000-0.423 
0.395 (0.102) 0.073 (0.009) 0.024 (0.005) 0.025 (0.006) 0.036 (0.006) 0.063 (0.008)  0.112(0.023) 0.096 (0.018 
Ta (ppm) 0.000-8.495 0.000-0.188 + -0.000-0.046 0.000-0.090 — 0.000-0.085 +  0.000-0.108  0.000-0.170 _:0.000-0.157 
0.622 (0.225) 0.043 (0.005) 0.007 (0.001) 0.011 (0.002) 0.010 (0.002) 0.028 (0.003) 0.039 (0.004) 0.037 (0.005 
Bi (ppm) 0.000-0.784 0.000-2.758  0.000-0.434 ~—-0,000-0.068  -0.000-0.210 0.000.021 0.000-2.496 0.000-0.015 
0.084 (0.026) 0.076 (0.045) 0.045 (0.010) 0.007 (0.002) 0.022 (0.004) 0.007 (0.001 0.229 (0.056) 0.006 (0.001 
Pb (ppm) 0.293-7.710  0.346-10.454 —:0.055-3.691 -0.368-17.393 0.925-4.882 —0.118-3.243 0.271-100.569 —_:0.157-5.250 
1.195 (0.173) 2.948 (0.228) 1.618 (0.106) 2.016 (0.280) —- 1.895 (0.096) 0.561 (0.059) 3.424 (1.637) —_—0.771 (0.149 
Th (ppm) 0.029-5.299 0.036-2.406 0.000-0.546 =: 0.000-0.983  ——-0.011-0.675  —-0.005-0.620 0000-1100 —*0.074-0.892 
0.686 (0.108) 0.236 (0.042) 0.074 (0.012) 0.150 (0.025) 0.112 (0.011) 0.212 (0.017) 0.254 (0.025) 0.355 (0.034 
U (ppm) 0.146-5.967  0.081-2.427 —:0.000-0.946 —-0.028-0.660  —-0.070-0.947 —0.530-2.479  ~—s-0.378-1.345 —«*0..069-1.942 
1.182 (0.154) 1.080 (0.062) 0.487 (0.028) 0.179 (0.018) 0.345 (0.018) 1.448 (0.039) 0.882 (0.028) __ 0.304 (0.057 


were treated as test sets. The purpose of a test set is 
to estimate how the classification model will deal 
with the data that was not included in the “training 
set” to build the DFs. As conventional settings for 
machine learning models (Kohavi, 1995), two-thirds 
of the total data sets (280 data points) were used as a 
training set, and one-third (the other 140 data points) 
were used as test set. This setting applies throughout 
the paper unless other specific modifications are 
mentioned. Detailed descriptions of training sets and 
test sets also appear in box A. 


RESULTS AND DISCUSSION 

For the 138 nephrite samples from the eight loca- 
tions, the concentration of elements from Li to U (45 
elements total) were obtained by LA-ICP-MS meas- 
urement. To make our classification model inde- 
pendent of sample color, the transition metal 
elements (Ti, V, Cr, Mn, Fe, Co, Ni, and Cu) were ex- 
cluded from further data analysis. Only 34 trace ele- 
ments were involved in creating the LDA model. The 
mean value and standard deviation value of each 
trace element are calculated based on 60 detection 
points for each origin, as shown in table 2. 


Trace-Element Analysis to Separate Liyang from 
Other Origins. As shown in table 2, the nephrite sam- 
ples from Liyang (group 8) displayed much higher con- 
centrations of Sr (>140 ppm) and Na,O+K,O (> 0.57 
wt.%) than the other seven localities (Sr<40 ppm, 
Na,O+K,O < 0.56 wt.%). These results confirmed pre- 
viously reported conclusions (Zhang et al., 2011, Siqin 
et al., 2012, Ling et al., 2013) that the distinctive Sr, 
Na, and K concentrations could be used as a quantita- 
tive discriminant to separate Liyang nephrite samples. 
These obvious diagnostic chemical signatures ren- 
dered further analysis of Liyang nephrite unnecessary. 
The only real challenge was to distinguish the remain- 
ing seven nephrite origins. Table 2 shows overlapping 
trace-element distributions. Therefore, it is important 
to derive effective discriminants from the trace ele- 
ments to separate the origins. 


Traditional LDA in Dolomite-Related Nephrite Ori- 
gin Determination. From the outset, we attempted 
to use the traditional LDA method to classify the 
seven dolomite-related nephrite localities at once. 
Each nephrite locality is classified as a group, and 
every input trace element represents an independent 
variable. Seven linear discriminant functions (DFs} 
for seven independent nephrite groups were built si- 
multaneously. The results showed that only the Lu- 
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odian samples had an isolated distribution region, 
while the other six localities still exhibited overlap. 
The full classification of all seven groups by “one- 
pass” LDA must balance variance among all seven 
groups. This may be the reason why traditional LDA 
presented a relatively low CV of 91.4 % and a rela- 
tively low EV of 4.48 with a training set size of 40 
testing points for each group. For the details of DFs 
and CV, again see box A. 


IB-LDA to Optimize the Separation of Dolomite- 
Related Nephrite Geographic Origins. If only aiming 
to distinguish one group from all the others while ig- 
noring the differences within the remaining unclas- 
sified groups, certain group identities should be more 
accurate and distinguishable. Hence, we designed the 
“iterative-binary” LDA (IB-LDA) to optimize the sep- 
aration. The procedure used to build the discrimi- 
nant function and criteria database for all seven 
origins is described in box A. 

Classifying different sources of dolomite-related 
nephrite by IB-LDA is analogous to sorting blocks 
with different shapes by putting them into the corre- 
sponding holes. As shown in figure 4, seven blocks 
represented seven different dolomite-related nephrite 
origins. The red triangle, pink four-pointed star, purple 
five-pointed star, yellow six-pointed star, green square, 
blue pentagon, and orange hexagon represented Luo- 
dian, Xiuyan, Chuncheon, Xinjiang-West, Baikal, Xin- 
jiang-East, and Geermu (Golmud) respectively. We 
then needed to build corresponding blocks with dif- 
ferently shaped holes (named “chosen sieves” here- 
after) using the training set samples. The original 280 
training set samples from the seven origins were used 
to create seven chosen sieves in sequence after six 
rounds of IB-LDA processes (figure 4). The different 
holes represent different DFs built for each chosen 
sieve. The sequence of those chosen sieves directly 
corresponds to the six rounds of IB-LDA, which must 
be unchanged to maintain the validity of the classifi- 
cation method. We found that the IB-LDA model pro- 
duces better CV and EV values than traditional LDA, 
as shown in table A-1, which indicates IB-LDA can ef- 
fectively improve the accuracy and validity of the 
sieves (classification model). 

Next, we evaluated the performance of the sieves 
built by IB-LDA on unincluded data in a blind test. 
Four new samples from each origin were used as a 
testing set to check the reliability and accuracy of the 
established chosen sieves (figure 5). All samples were 
treated as “unknown” blocks to be tested on the 
seven sieves in sequence. When the unknown block 
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Fundamental Steps in IB-LDA 


1st sieve: Luodian 


and sieve: Xiuyan 


4th sieve: Xinjiang-West 5th sieve: Baikal 


6th sieve: Xinjiang-East 7th sieve: Geermu 


1st step of IB-LDA: Use “training sets” to build “sieves” 
(discriminant functions) corresponding to seven origins. 


3rd sieve: Chuncheon 


e 
Le 
e 


2nd step of IB-LDA: 
Use “test sets” and “sieves” 
to perform a blind test. 


Figure 4. These blocks 
illustrate the process of 
determining the 
dolomite-related 
nephrite origins by IB- 
LDA. The first step is 
building the “chosen 
sieves” sequence 
through six rounds of 
IB-LDA using the 
“training set” samples. 
The boxes had different 
holes corresponding to 
“chosen sieves” with 
discriminant functions 
in each round of IB- 
LDA. The second step 
(inset) is to use these 
sieves to determine the 
origins of testing set 
samples step by step in 
a blind test. Four test 
set samples from each 
origin were chosen ran- 
domly from the total 
data set, excluding the 
training set samples. 


fit into the correct sieve, its “shape” was identified. 
For example, the first chosen sieve (Luodian) allowed 
only the triangular blocks to be sorted out, which 
meant only Luodian samples could be identified and 
all the other samples were still in an “unseparated” 
status. The unseparated samples went through the 
second IB-LDA process, where a four-pointed star 
sieve representing Xiuyan was used to extract appro- 
priately shaped blocks, and the unseparated pool was 
reduced once more. 

This process should be repeated until all the un- 
separated blocks can be identified. The number of 
test sets with the correct classification divided by the 
number of the total test sets is the accuracy rate (AR) 
for such blind testing. The same blind test is per- 
formed five times on different test sets, and the av- 
erage AR is calculated. We note that the AR value 
obtained is generally consistent with the CV value 
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calculated in the first step of IB-LDA, as shown in 
table A-1. 


CONCLUSIONS 

We propose that an IB-LDA model, combined with 
trace-element information from LA-ICP-MS, is an ef- 
fective method for determining the origin of 
dolomite-related nephrite deposits. We consider the 
application of IB-LDA to the quantitative classifica- 
tion of nephrite origin a significant improvement 
over the traditional method. The origin information 
reflected by trace-element data has been well ex- 
plored and applied in nephrite origin determination. 
The LDA method presents obvious statistical advan- 
tages in dealing with the massive quantity of 
nephrite trace-element data. Finally, the successful 
performance of IB-LDA remarkably improved dis- 
criminant accuracy, increasing the CV accuracy rate 


Gems & GEMOLOGY Fa. 2015 309 


Blind Testing in IB-LDA 
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Through blind testing, all “test sets” can be identified by sieves with high accuracy. 
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Figure 5. The schematic 
diagram of the blind 
test, the second step in 
IB-LDA. Only when the 
shape of an “unknown” 
block agrees with one 
of the sieve shapes can 
its origin be deter- 
mined. 
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from 91.4% in traditional LDA to 94.4% and identi- 
fying CV_... values specific to each origin. The dis- 


orNi 
criminant functions database built by IB-LDA 
obtained a 95.0% accuracy rate in the testing of 28 
unknown samples. We believe that collecting and ac- 
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Unusual Graining Structure in Pink 
DIAMOND 

Natural pink diamonds examined for 
origin of color determination often 
display visible pink coloring along 
planes of stress. This graining is visi- 
ble at a slight angle to the plane and 
can occur as a single plane or multiple 
parallel planes. The color may be ei- 
ther uniform or unevenly distributed 
along the graining. One pink stone re- 
cently examined in the Carlsbad lab 
was noted to have a uniform plane of 
pink color with a colorless hole (figure 
1, left). The diamond was graded Very 
Light pink, so the colored plane had 
low saturation, but the irregularity 
was impossible to miss in the micro- 
scope. When examined under polar- 
ized light, a cone of strain could be 
seen intersecting the plane and fitting 
perfectly in the colorless hole (figure 
1, right). 

Pink graining is the result of an 
unknown defect with an unknown 
formation mechanism (J.G. Chapman 
and C.J. Noble, “Studies of the pink 
and blue coloration in Argyle dia- 
monds,” Summer 1999 GwG, pp. 
156-157). It seems to be related to the 
plastic deformation of diamond, evi- 
denced by the color lying along planes 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. Left: A colorless hole within a natural pink diamond, observed 
with darkfield illumination. Field of view approximately 2 mm. Right: 
The colorless hole in polarized light, showing the cone of strain. Field of 


view approximately 2 mm. 


of stress. Whether pink graining oc- 
curs during diamond growth or is 
formed after by stresses or heat from 
the earth (or a combination of the 
two) is also poorly understood. It is 
therefore a mystery as to whether the 
cone of strain formed first or concur- 
rently and prevented the formation of 
pink graining at the circle of intersec- 
tion, or if the cone formed afterward 
and destroyed the color centers asso- 
ciated with pink graining. Until dia- 
mond formation is more fully 
understood, this dynamic interplay of 
strain will remain a mystery. 


Troy Ardon 


Yellow HPHT-Processed 

Rough Diamond 

High-pressure, high-temperature (HPHT) 
annealing is a very effective method for 
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changing the color of diamonds, partic- 
ularly those with an undesirable 
brownish color. This treatment process 
has been practiced in the trade for more 
than 15 years. An important feature of 
this treatment is the etching often left 
behind on the diamond surfaces. Re- 
cently, one loose yellow diamond 
rough, weighing 2.47 ct and measuring 
7.09 x 6.59 x 5.46 mm, was examined 
in the New York lab (figure 2). Without 
magnification, the rough had a vibrant 
yellow color and an overall clean-look- 
ing surface. Closer microscopic obser- 
vation showed a very slightly etched 
surface, as well as some altered graphi- 
tized crystal inclusions in the diamond. 
Distinctive fluorescence reactions to 
long- and short-wave ultraviolet radia- 
tion similar to those of HPHT- 
processed material were observed, with 
a medium chalky bluish green under 
long-wave and medium to strong 
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mond was HPHT processed to 
improve its color. Unlike conven- 
tional HPHT-treated diamonds, 
this stone has a natural-looking 
surface. 


greenish yellow under short-wave UV. 
This was suspect, and further testing 
was needed. UV-Vis-NIR and mid-IR 
spectroscopy revealed the rough dia- 
mond to be HPHT processed. 

The UV-Vis-NIR spectrum, seen in 
figure 3, showed a rise in absorption 
from 500 nm, associated with strong 
H3 (503 nm) and H4 (496 nm) peaks, 
along with a sharp H2 (986 nm) peak. 
These are indicative of HPHT treat- 
ment. Mid-IR spectroscopy (figure 4) 
revealed peaks at 1170 and 1332 cm", 
indicating that the starting material of 
this diamond appeared to be type IaB. 
The high temperature and high pres- 
sure of the treatment created isolated 
nitrogen with a corresponding absorp- 
tion peak detected at 1344 cm. Oc- 
currence of isolated nitrogen in a pure 
type IaB diamond is a strong indicator 
of HPHT treatment. 

The majority of HPHT-treated 
rough diamonds have severely burned, 
etched, and pitted surfaces. This is the 
first time we have seen an almost eye- 
clean yellow rough post-HPHT treat- 
ment. With new technologies available 
to diamond merchants, HPHT pro- 
cessing techniques are becoming more 
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Figure 3. The yellow rough’s UV-Vis-NIR spectrum, showing H2 (986 
nm), H3 (503 nm), and H4 (496 nm) peaks, indicates HPHT treatment. 


sophisticated, allowing for the reten- 
tion of carat weight during the cutting 
process. This case serves as a clear re- 


minder that buying rough does not as- 
sure a lack of treatment. 
Sally Chan 


Figure 4, Mid-IR spectroscopy revealed an absorption peak at 1344 cnr, 
indicating the presence of isolated nitrogen. This occurrence and corre- 
sponding peak are characteristic of HPHT processing. 
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Figure 5. Left: When table-down, the stone is mainly colorless, showing 
some partially green overgrowth. Right: Face-up, the faceted stone dis- 
plays an even and attractive dark green emerald color. 


Color-Zoned EMERALD 
Cutting style and orientation are im- 
portant considerations when cutting 
natural crystals with strong color zon- 
ing. Careful placement of these zones 
can distribute color by reflection, cre- 
ating a uniformly colored finished 
stone when viewed face-up. 
Recently, the Carlsbad laboratory 
received a 33.73 ct green octagonal 
step cut showing strong color zoning 
(figure 5). The gem cutter skillfully 
placed a thin green color zone in this 
emerald along the pavilion facets so 
that the stone would appear uni- 
formly green when in a face-up posi- 
tion. Standard gemological testing 
revealed a refractive index (RI) of 
1.571-1.578 and a specific gravity 
(SG) of 2.72. Chromium-related fea- 


Figure 6. When viewed from the 
side, irregular green color zoning 
is observed along with minute 
jagged fluid inclusions. Field of 
view 14.52 mm. 
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tures were observed in the red end of 
the spectrum when examined with a 
handheld spectroscope. All of these 
properties were consistent with 
emerald. During microscopic exami- 
nation, minute jagged fluid inclu- 
sions and growth tubes were 
observed, proving the stone was of 
natural origin (figure 6). 
Interestingly, the stone showed a 
strong green color zone very close to 
some of the pavilion facets, as well as 
hexagonal columnar-like growth and 
irregular zoning (figure 7). This type of 
zoning represents a late-stage influx of 
chromium and vanadium into the ge- 
netic environment, which were then 
incorporated into the crystal lattice of 
the beryl. EDXRF revealed high levels 
of Cr and V in the green color zone, 


Figure 7. The colorless spots indi- 
cate parallel columnar growth of 
white beryl overgrown by green 

emerald. Field of view 19.27 mm. 
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which was consistent with the ob- 
served color. Although similar zoning 
has been observed in emerald previ- 
ously (E.J. Gitbelin and J.I. Koivula, 
Photoatlas of Inclusions in Gem- 
stones, Volume 8, Opinio Verlag, 
Basel, Switzerland, 2008, pp. 433-434), 
the zoning in this specimen was quite 
distinct. 

This emerald demonstrates the sig- 
nificance of proper orientation and cut- 
ting style in fashioning high-quality 
gem materials. 

Jonathan Muyal, Nathan Renfro, 

and Amy Cooper 


Orange Faceted EOSPHORITE 

The Carlsbad laboratory recently ex- 
amined a 5.85 ct transparent orange 
oval mixed cut for identification serv- 
ices (figure 8). Standard gemological 
testing showed an RI of 1.640 to 
1.667; the hydrostatic SG was 3.12. 
The stone showed yellow and reddish 
orange pleochroism. Fluorescence 
was inert to long-wave and short- 
wave UV radiation. The most distinc- 
tive internal characteristic, revealed 
by microscopic examination, was the 
presence of multiphase inclusions 
(figure 9), suggesting a formation 
process with the presence of water, 
such as pegmatitic and hydrothermal 
processes. 


Figure 8. This 5.85 ct orange 
mixed cut was a rare faceted 
eosphorite. 
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the severity with which infractions were 
punished, must have rendered contraband 
mining a very hazardous venture. 

During the Portuguese administration, 
Diamantina suffered varying degrees of for- 
tune or misfortune according to the dispo- 
sition of the succession of Imtendentes (ad- 
ministrators) appointed to enforce the laws 
promulgated in Portugal. Some of its repre- 
sentatives were tolerant and winked at ariy 
infractions. Others were harsh and exacted 
the utmost obedience to the restrictions and 
vexations imposed by Portugal. 

Except for its official records and the 
frequent and eloquent protests of its citi- 
zens, Diamantina remained a ‘closed book’ 
until 1809 when John Mawe, an English 
mineralogist, was allowed — in fact com- 
missioned — by Prince John, the Regent of 
Portugal, to visit the region. For this pur- 
pose he was given an official escort and 
authority to consult public archives. 

Mawe was followed shortly afterwards by 
Saint-Hilaire, a French botanist; by Spix and 
Martius, two Austrian scientists; by Baron 
W. L. von Eschwege; by Sir Richard Bur- 
ton, and others whose books threw further 
light on the dark period preceding their 
visits. 


Mawe’s book Travels in the Interior of 
Brazil was published in 1812. It has since 
been reprinted and also translated into 
French, Italian, Dutch, Swedish, German, 
Russian, and Portuguese. He does not ex- 
press any opinion regarding the origin of 
the diamonds although he does seem to have 
made some inquities and to have been in- 
formed that it was not unusual to find both 
gold and diamond in a conglomerate. No 
trace of the matrix itself had been found. 
The conglomerate, locally known as canga, 
of which they gave him a sample containing 
both gold and a diamond, is not an uncom- 
mon occurrence and merely consists of an 
agglomeration of pebbles and sand with a 
ferruginous (iron rich) binding usually 
found on bedrock. 

As the first book of its kind to deal with 
diamond mining in Brazil, Travel in the 
Interior of Brazil describes not only Mawe’s 
journey, which began in the Argentine and 
ended in Bahia, but also includes sketches 
of the diamond mining methods used at the 
time of his visit. One of these, frequently 
copied by later writers, shows a row of 
slaves, neatly dressed in white smocks, wash- 
ing for diamonds below a grass roof under 
the supervision of festores (overseers), each 
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Figure 9. Multi-phase primary 
fluid inclusions are seen in the 
eosphorite, indicating a peg- 
matitic or hydrothermal forma- 
tion process. Field of view 1.26 


mim. 


Raman spectroscopy confirmed 
that the stone belongs to the children- 
ite-eosphorite mineral series (figure 
10), with intense peaks observed at 
970 and 1011 cm. These peaks are 


attributed to the P-O (phosphorus- 
oxygen) stretching vibrations (R. L. 
Frost et al., “Vibrational spectroscopic 
characterization of the phosphate 
mineral series eosphorite-childrenite- 
(Mn,FeJAI{PO,)(OH),-(H,O),” Vibrational 
Spectroscopy, 2013, Vol. 67, pp. 14-21). 
This mineral series has a stoichiomet- 
ric formula (Mn,Fe)Al(PO,)(OH),-(H,O). 
Visible absorption spectroscopy re- 
vealed that the stone’s orange color re- 
sults from the combination of Fe and 
Mn (M.A. Hoyos et al., “New struc- 
tural and spectroscopic data for 
eosphorite,” Mineralogical Magazine, 
1993, Vol. 57, pp. 329-336). 
Energy-dispersive X-ray fluores- 
cence (EDXRF) analysis revealed a 
composition of 25.10 wt.% AI,O,, 
31.74 wt.% P,O,, 15.46 wt.% MnO, 
11.47 wt.% FeO, 0.49 wt.% MgO, 
0.25 wt.% CaO, and 15.50 wt.% H,O 
(water weight percent is assumed from 


Figure 10. Raman analysis of the eosphorite in the 2000-200 cm range 
showed a typical spectrum of phosphate oxyanions. The 970 and 1011 
cnr peaks are assigned to the P-O stretching vibration, while the 1038 
and 1055 cm peaks are attributed to the PO,* stretching vibration. The 
405, 473, 561, 595, and 618 cnr" peaks are associated with the PO, and 


H,PO, bending modes. 


RAMAN SPECTRUM 


60000 + 


50000 + 


— 


) 


40000 + 


30000 + 


INTENSITY (a.u 


20000 + 
PO, H,PO, bending 


970 


P-O stretching 


PO,* stretching 


Ye 


T 
800 


T 
1000 


T T T T 1 
1200 1400 1600 1800 2000 


RAMAN SHIFT (cm-') 


Las NoTEs 


Gems & GEMOLOGY 


references). The stone contains 55.3 
mol.% eosphorite and 40.5 mol.% 
childrenite. The calculated formula is 
(Min, 4gFe,35Cagq, MB yqs]lAl), oolPy50,) OH], 
0.91(H,O), which indicates an inter- 
mediate member of the childrenite- 
eosphorite series with predominance of 
the Mn phase. As a result, the stone 
should be classified as eosphorite. 

Eosphorite is the manganese-rich 
end member of the childrenite- 
eosphorite series, formed worldwide 
in pegmatites (T. J. Campbell and W. L. 
Roberts, “Phosphate minerals from 
the Tip Top mine, Black Hills, South 
Dakota,” Mineralogical Record, 1986, 
Vol. 17, pp. 237-254) or by hydrother- 
mal phosphatization of metasedi- 
ments and associated with the 
intrusion of granites (R. S. W. Braith- 
waite and B. V. Cooper, “Childrenite 
in South-West England,” Mineralogi- 
cal Magazine, 1982, Vol. 46, pp. 119- 
126). This was the first faceted 
eosphorite examined by GIA’s Carls- 
bad laboratory. 


Ziyin Sun, Nathan Renfro, and 
Amy Cooper 


Large Faceted HIBONITE 

The Carlsbad laboratory recently ex- 
amined an unusually large 134.43 ct 
opaque, very dark brown faceted hi- 
bonite (figure 11). Standard gemologi- 
cal testing gave spot RI values of 1.79 
to 1.81 and a hydrostatic SG of 3.81. 
Hibonite, which crystallizes in the 
hexagonal system, has published RI 
values of 1.790 to 1.807, but we were 
unable to observe birefringence, prob- 
ably due to its opacity and these val- 
ues’ proximity to the limits of the 
refractometer. The stone showed a 
high luster and was inert to LW and 
SWUV. Testing with a Geiger counter 
showed it was slightly radioactive. All 
of these features are consistent with 
hibonite, yet more advanced testing 
was needed for a positive identifica- 
tion of this unusual material. 

Raman spectroscopy gave a spec- 
trum consistent with hibonite. Laser 
ablation-inductively coupled plasma— 
mass spectrometry (LA-ICP-MS} 
analysis revealed large amounts of 
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Figure 11. This 134.43 ct faceted 
hibonite is the largest examined 
by GIA to date. 


Mg, Ca, Al, Ti, and Fe; small amounts 
of Na, Si, Sr, La, and Ce; and traces of 
numerous other elements, including 
the radioactive elements thorium 
(62.62-122.60 ppma) and uranium 
(0.12-0.56 ppma). The presence of 
these elements caused the mineral to 
react to the Geiger counter. The tho- 
rium and REE content is consistent 
with samples from Madagascar 
(M.A.F. Rakotondrazafy et al., “Mode 
of formation of hibonite (CaAl,,O,,} 
within the U-Th skarns from the 
granulites of S-E Madagascar,” Con- 
tributions to Mineralogy and Petrol- 
ogy, Vol. 123, No. 2, 1996, pp 
190-201). 

Microscopic examination revealed 
one deep green mineral inclusion 
breaking the surface of the table. Its 
Raman spectrum was consistent with 
spinel, a known associated mineral of 
hibonite. LA-ICP-MS analysis showed 
it was an iron-rich spinel within the 
hercynite(FeAl,O,)-spinel (MgAl,O,) 
series, with almost one-third of the 
magnesium substituted by iron. Al- 
though difficult to see internally, other 
whitish mineral inclusions were visi- 
ble, as well as an extensive fracture and 
cleavage network. 

Orangy brown, transparent, and 
well-formed hexagonal crystals of 
gem-quality hibonite have been re- 
ported from Myanmar (T. Hain- 
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schwang et al., “Hibonite: Anew gem 
mineral,” Summer 2010 GWG, pp. 
135-138; Summer 2012 Lab Notes, p. 
136). Although not gem quality, the 
stone’s size makes it a rare collector's 
mineral as well as the largest hibonite 
GIA has identified to date. 


Claire Ito and Ziyin Sun 


Dyed and Natural Green JADEITE 
The most coveted jadeite stones pos- 
sess a deep rich green color. Lower- 
quality jadeite specimens are often 
treated with acid bleaching, polymer 
impregnation, and dyes to obtain this 
sought-after hue (E. Fritsch et al., 
“Identification of bleached and poly- 
mer-impregnated jadeite,” Fall 1992 
Ge&G, pp. 176-187). It is quite un- 
usual to see stones with even a small 
amount of natural green color further 
altered with dyes. When this does 
happen, the natural properties of the 
untreated area can make it especially 
challenging to properly identify the 
stone as dyed. 

Recently, the Carlsbad laboratory 
examined a carved jadeite specimen 
(figure 12). Standard gemological test- 
ing and Raman spectroscopy con- 
firmed that the specimen was jadeite; 
infrared spectroscopy indicated the 
specimen had been polymer impreg- 
nated. Observation with a desktop 
spectroscope revealed lines at 630 and 
655 nm, which are associated with 
chromium impurities in naturally 


colored green jadeite. Observation 
under long-wave UV light revealed 
strong green-yellow fluorescence 
from most green areas of the stone, 
but not from the area where Cr lines 
were seen in the spectroscope. The 
colorless portions of the stone were 
also inert to UV light. Strong fluores- 
cence in jadeite is often indicative of 
either polymer impregnation or a dye 
treatment; however, fluorescence 
from polymers would be evenly dis- 
tributed throughout the stone due to 
the nature of impregnation. The fact 
that this stone only fluoresced from 
the green areas was strong evidence of 
dyeing rather than impregnation. 

Microscopic observation (figure 
13) revealed concentrations of green 
color in the boundary gaps in between 
grains, typical of dyed jadeite. The 
green area without fluorescence pos- 
sessed a smoother, more consistent 
green color, which is customary for 
natural jadeite. Absorption spec- 
troscopy in the UV, visible, and near- 
IR range confirmed that the natural 
area contained an absorption band 
from 530 to 740 nm, punctuated by 
natural chromium peaks at 691 and 
655 nm (figure 14). The dyed green 
areas contained a double band around 
627 and 665 nm, which is typical of 
dyed green jadeite. 

The proper treatment identifica- 
tion of jadeite is essential to the con- 
sumer’s confidence in this stone. 
Testing only a portion of this material 
might convince an observer that no 


Figure 12. Left: In natural light, the green band in the lower right section of 
the jadeite specimen is caused by natural chromium, while the other green 
spots are the result of a dye treatment. Right: Long-wave UV light shows a 
strong fluorescence from the dyed areas, with little to no fluorescence from 
the natural green area. 
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Figure 13. Left: A close-up of the natural green area shows a smooth, dif- 
fused color texture. Field of view 7.19 mm. Right: A close-up of a dyed 
area shows color concentrations in the thin gaps between the crystal 


grains of jadeite. Field of view 3.57 mm. 


dye had been applied. One must al- 
ways expect the unexpected when at- 
tempting to determine treatments in 
any gemstone. 


Dylan Hand 


Coated KORNERUPINE Beads 
Three dark brown faceted beads with 
an unusual metallic luster were re- 


cently submitted to the Carlsbad lab- 
oratory for identification service (fig- 
ure 15). The three beads ranged from 
0.95 ct to 1.38 ct. Standard gemologi- 
cal properties revealed an RI of ap- 
proximately 1.668—1.680, consistent 
with kornerupine. The hydrostatic 
SG ranged from 3.01 to 3.19. This is 
slightly lower than expected for ko- 
merupine, but can be explained by air 


Figure 14. UV-Vis-NIR spectra of the jadeite in the 250-850 nm range 
showed chromium lines at 655 and 691 nm in the natural green area and 
double broad bands around 627 and 665 nm in the dyed green area. 
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Figure 15. These three korner- 
upine beads (0.95-1.38 ct) were 
found to have a metallic coating. 


trapped in the drill holes. Raman 
spectroscopy confirmed that the 
stones were kornerupine. 

All three beads exhibited a high 
metallic luster with silver and bronze 
coloration, which is not typical for 
kornerupine. Under microscopic ex- 
amination with reflected lighting, the 
surfaces showed spotty luster, consis- 
tent with a surface coating (figure 16). 
Further evidence of coating was visi- 
ble along the facet junctions, where 
the coating was worn away. 

EDXREF chemical analysis detected 
large amounts of Mg, Al, and Si, con- 
sistent with kornerupine. EDXRF also 
revealed the presence of copper. The 
authors could not find documentation 


Figure 16. Diffused reflected light 
exposed spotty luster on the sur- 
face of one of the tested stones, 
indicating the presence of a coat- 
ing. Field of view 2.17 mm. 
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of naturally occurring copper in ko- 
merupine, so this element may have 
been used to create the metallic coat- 
ing. This is the first time the GIA lab- 
oratory has seen coated kornerupine. 


Amy Neurauter and 
Heidi Breitzmann 


Assembled Cultured Blister PEARL 
with an Unusual Component 
GIA’s Bangkok laboratory recently ex- 
amined a blue-violet assembled cul- 
tured blister pearl (mabe) weighing 
2.44 ct and measuring 10.23 x 5.86 
mm (figure 17). The specimen had the 
appearance of a typical mabe pearl, ex- 
hibiting a boundary line between the 
nacre face and shell base. 2D microra- 
diography showed a component with 
an unusual fluted shape, with radio- 
translucency similar to that of the 
CaCO, nacre and the shell (figure 18). 
GIA has examined the character- 
istics of mabe pearls used in com- 
mercial jewelry over the years (see 
Lab Notes: Summer 1981, pp. 104— 
105; Summer 1991, pp. 111-112; 
Fall 1991, p. 177; Summer 1992, pp. 
126-127, Fall 1992, pp. 195-196; Fall 
1996, p. 210), but none of these 
notes mentioned this unusual com- 
ponent. In Bangkok, this feature has 


Figure 17. This blue-violet assem- 
bled cultured blister pearl (mabe) 
weighed 2.44 carats and meas- 
ured 10.23 x 5.86 mm. 
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Figure 18. A microradiograph of 
the intact assembled cultured 
blister pearl prior to sawing re- 
vealed an internal component. 
The radio-translucency of the ob- 
ject, the nacre, and the shell base 
are similar. 


been seen five times in mabe pearls 
submitted for testing since 2010; 
questions about its identity and pur- 
pose have been raised since the first 
observation. 

Out of curiosity, one client de- 
cided to cut their sample in half in 
order to examine the interior in more 
detail (figure 19, left). The two halves 
consisted of a thin nacre dome top, 
which was coated with a dark layer on 
the inner surface; an artificial 
resinous material; and the white 
fluted object bordering the shell base. 
The fluted object was translucent, and 
a clear spiderweb structure was visi- 
ble at 10x magnification. When ex- 


posed to standard short-wave UV ra- 
diation (254 nm) and examined in the 
DiamondView, this object showed a 
moderate white blue reaction that fol- 
lowed the spiderweb pattern (figure 
19, right). 

Further investigation with Raman 
spectroscopy using a 488 nm laser re- 
vealed a calcite spectrum with peaks 
at 159, 285, 716, 1088, and 1750 cnt, 
similar to white coral (Corallium se- 
cundum). A small peak related to 
carotenoid pigments was present at 
1020 cm (e.g., J. Urmos et al., “Char- 
acterization of some biogenic carbon- 
ates with Raman _ spectroscopy,” 
American Mineralogist, Vol. 76, 1991, 
pp. 641-646). 

Based on the spiderweb structure, 
radio-translucency, calcite spectrum, 
and general appearance, the object ap- 
peared to be a biogenic carbonate. 
White coral was the first material con- 
sidered. Further research revealed ac- 
counts of sea urchin sections used in 
some assembled cultured blister pearls 
from Bali, Indonesia, in “Kuta” pearls 
(E. Strack, Pearls, Ruhle-Diebener- 
Verlag, Stuttgart, Germany, 2006, p. 
605). Regardless of identity, the reason 
for including this material within 
some mabe pearls remains uncertain. 
It does not appear related to either the 
formation of the mabe pearl compo- 
nent or its weight and stability. 


Artitaya Homkrajae 


Figure 19. Left: The cross-section revealed the white fluted object with a 
spiderweb structure bordering the shell base. Right: DiamondView im- 
aging showed a moderate white blue reaction following the spiderweb 


pattern. 
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Figure 20. Three unique abalone pearls are shown alongside a typical 12 mm golden South Sea bead- 


cultured pearl for comparison. 


Three Unique Large Natural Pearls 
from Haliotis (Abalone) Species 
Natural abalone pearls are produced 
by many species of the Haliotis genus, 
which are ear-shaped saltwater uni- 
valve gastropods. They may form in 
many different sizes and shapes, 
though they are commonly encoun- 
tered in baroque shapes, often taking 
the form of elongated “horns” and 
“teeth.” The pearls are also notable 
for their high luster and attractive 
multicolored appearance, which is 
usually dominated by blue, green, or 


yellowish green bodycolors. GIA has 
reported on many Haliotis pearls in 
previous Lab Notes over the years 
(Fall 1984, p. 169; Spring 1996, pp. 47— 
49, Fall 2004, pp. 259-260; Spring 
1993, p. 51). 

Three large and unique abalone 
pearls from a client’s collection were 
recently submitted to the New York 
laboratory (figure 20). Each piece was 
remarkable in its own right. A button- 
shaped pearl, measuring approxi- 
mately 26 x 24 mm with impressive 
vivid “peacock” blue and green hues, 
was set in a yellow metal brooch. The 


second piece, seen in figure 20 on the 
far right, was a loose abalone pearl 
weighing 66.83 ct and measuring ap- 
proximately 42 x 26 x 19 mm with a 
striking resemblance to a fish’s head. 
The eye, mouth, and gill features were 
clearly outlined in the specimen, 
which possessed a smooth surface and 
subtle array of iridescent greenish yel- 
low colors. The third piece, weighing 
113.58 ct and measuring approxi- 
mately 62 x 29 x 16 mm, was also 
loose and resembled the head of a 
snake. It exhibited strong iridescence 
with mottled patches of various colors 


Figure 21. All three specimens from figure 20 showed concentric and void-related internal structures typical of 


abalone pearls. 
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Figure 22. This photomicrograph 
shows the patches of color and 
botryoidal-like subsurface struc- 
ture characteristic of abalone 
pearls. Field of view 3.9 mm. 


similar to the pattern observed on the 
scaly skin of snakes. 

Microradiography revealed charac- 
teristic Haliotis-related voids with 
concentric growth structures in all 
three pearls (figure 21). Two of the 
pearls also revealed an iodine-rich 
composition, which GIA has noted is 
a fairly consistent property of abalone 
pearls. Such internal structures, along 
with their distinctive multicolored 
orient, bubble-like (botryoidal) subsur- 
face structure (figure 22), interesting 
chemical composition, and chalky 
greenish yellow fluorescence under 
long-wave UV are all characteristic of 
abalone pearls. 

The various shapes are determined 


Figure 23. These intensely colored CVD synthetic diamonds, weighing 
0.64 ct (left) and 0.43 ct (right), are color graded as Fancy Deep green-blue 
and Fancy Deep greenish blue, respectively. 


by where the pearls are formed within 
the body of the mollusk, and often 
mirror the form of the gonad (E. 
Strack, Pearls, Ruhle-Diebener- Verlag 
GmbH & Co. KG, Stuttgart, 2006). Ex- 
amining all three specimens at the 
same time allowed us to see a range of 
colors and shapes possible in abalone 
pearls. We look forward to encounter- 
ing more of these unusual pearls. 


Joyce Wing Yan Ho and 
Surjit Dillon Wong 


Irradiated Green-Blue 

CVD SYNTHETIC DIAMONDS 
As-grown CVD synthetic diamonds 
are routinely treated in order to create 


attractive colors. Irradiated CVD syn- 
thetic diamonds without a multi-step 
treatment process are rarely seen in 
the lab, though an irradiated Fancy 
Deep gray-blue CVD synthetic has 
been reported (Fall 2014 Lab Notes, pp. 
240-241). The New York lab recently 
examined two such examples: a 0.64 ct 
Fancy Deep green-blue and a 0.43 ct 
Fancy Deep greenish blue specimen 
(figure 23). 

Dark inclusions, faint color bands, 
and chips on the girdle were ob- 
served in both specimens under the 
microscope. Tatami-like strain was 
also seen in both diamonds under 
cross-polarized light. DiamondView 
images revealed parallel green linear 


Figure 24. DiamondView images reveal linear striations in the pavilions of the 0.64 ct (left) and 0.43 ct (middle) 
specimens. A face-up image of the 0.43 ct synthetic shows a yellowish green zone of growth interruption (right). 
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Figure 25. Absorption spectra of the two green-blue CVD synthetics at 
liquid nitrogen temperature revealed radiation-related peaks. The peaks 
at 666.5 and 735.8 (both neutral self-interstitial defects) indicate that 
these samples were annealed at lower temperatures or irradiated without 
annealing. The Si-V center defect (737.0 nm center) can also be observed 
at the 736.5-736.9 nm doublet. Many unknown absorption bands (unla- 


beled in this spectra) are also detected. 


striations in the pavilions (figure 2.4). 
Face-up DiamondView images also 
showed yellowish green zones, which 
were formed by growth interruptions 
(again, see figure 24). Both stones were 
pure type Ila diamonds with no other 
defects in the IR spectra. High-reso- 
lution UV-Vis-NIR absorption spec- 
tra detected Si-V center defects at 
the 736.5-736.9 doublet (737 nm 
center, (V-Si-V)-]; the spectra also re- 
vealed radiation-related peaks at 393.5, 
464.3, 469.9, 594.2, 666.5, 735.8, and 
741.2 nm (figure 25). The 393.5 band 
is from the ND1 center, a negatively 
charged vacancy (V-}. An intrinsic ra- 
diation center (TR12) was detected 
at 469.9 nm. The TR13 center at the 
464.3 peak is a local vibrational mode 
associated with the TR12 center, and 
the 594.2 band (595 nm center) is a 
typical radiation-induced center. The 
666.5 peak is attributed to a neutral 
self-interstitial (I°) defect. The 735.8 
band, also caused by the I° defect, is 
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related to the 666.5 band. Strong ab- 
sorption from the GRI center, which 
contains neutral vacancies (V°), was 
detected at 741.2 nm. All these radi- 
ation-related peaks can be destroyed 
by HPHT treatment, while peaks at 
666.5 and 735.8 nm can be annealed 
out at temperatures ranging from 420° 
to 540°C (see A.T. Collins, “Spec- 
troscopy of defects and transition 
metals in diamond,” Diamond and 
Related Materials, Vol. 9, Nos. 3-6, 
2000, pp. 417-423). The presence of 
these peaks indicates that these CVD 
synthetics were either annealed at 
lower temperatures (<42.0° to 540°C) 
or irradiated without annealing. 
Although microscopic features 
such as strain pattern can be helpful in 
the identification of CVD synthetics, 
they are not conclusive. Diamond- 
View imaging is very useful for this 
purpose due to its ability to detect lin- 
ear striations. As CVD growth tech- 
niques continue to improve, we 
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anticipate that intensely colored, high- 
quality CVD synthetic diamonds will 
become more prevalent in the trade. 


Kyaw Soe Moe, Ulrika D’Haenens- 
Johansson, and Wuyi Wang 


Polished Freeform TOPAZ 

Imitating Diamond Rough 

Topaz is one of many near-colorless 
diamond simulant materials that 
may be faceted to bear a closer re- 
semblance to diamond. Although 
most diamond simulants in the mar- 
ketplace are faceted, every now and 
then, one comes across what appears 
to be a near-colorless octahedron di- 
amond rough (see Lab Notes: Fall 
1996, p. 205; Fall 1997, pp. 217-218; 
Fall 2007, p. 250; Fall 2009, pp. 230- 
231). A near-colorless 13.70 ct stone 
(figure 26) was recently submitted to 
the New York laboratory as a rough 
diamond from an alluvial source. At 
first glance, even with a well-trained 
eye, this stone could easily be 
misidentified. It bore a striking re- 
semblance to diamond rough, with a 
“well-formed” octahedral shape and 
trigon-like formations on the surface 


Figure 26. The 13.70 ct topaz 
under daylight-equivalent light. 
Note the triangular features on 
each of the octahedral faces. 


FaLL 2015 321 


IR ABSORPTION SPECTRUM 


144 


12-5 


104 


ABSORPTION COEFFICIENT (cm-') 


T T T 
7000 6000 5000 


T T T T 
4000 3000 2000 1000 


WAVENUMBER (cm"') 


Figure 27. Many absorption peaks related to the hydroxide ion in the crys- 
tal structure of topaz are detected in this infrared absorption spectrum, in- 
cluding those at 4802 and 3650 cm. These have never been documented 


in any diamond absorption spectrum. 


of each of the faces. To further com- 
plicate the identification of this 
stone, topaz and diamond have the 
same heft due to overlapping specific 
gravities: 3.52 (+/-0.10) for diamond, 


3.53 (+/-0.04) for topaz. The material 
was doubly refractive, with a spot RI 
reading of 1.61, properties consistent 
with topaz. Final confirmation came 
from Fourier-transform infrared 


(FTIR) spectroscopy, which revealed 
the distinctive topaz absorption spec- 
trum shown in figure 27, with peaks 
at 4802 and 3650 cm”! (K. Shinoda 
and N. Aikawa, “IR active orienta- 
tion of OH bending mode in topaz,” 
Physics and Chemistry of Minerals, 
Vol. 24, No. 8, 1997, pp. 551-554). 

Although topaz can be easily 
shaped and polished into an octahedral 
shape, the trigon-like figures observed 
on the surface require an additional 
fabrication step and are not typically 
seen in octahedral-shaped simulants. 
Intentional material processing steps 
to mask a stone’s identity remind 
gemologists of the caution and care 
that need to be taken when dealing 
with gemstone identification—even 
when the identity of the material ini- 
tially seems obvious. 


Akhil Sehgal and Riccardo Befi 
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Cleavage System in Pink Diamond 


A 0.29 ct natural Fancy Intense purplish pink diamond 
with a microscopically interesting geometric feature (figure 
1) was recently examined at GIA’s Carlsbad laboratory. A 
network of planar cracks, oriented in three octahedral di- 
rections, was observed at the surface of a pavilion facet (fig- 
ure 2). These linear cleavage cracks were caused by 
localized strain on an octahedral plane. 

The octahedral plane in diamond has the weakest 
atomic bonding, which means that when a diamond is 
strained, this is the direction that will be most affected. 
This stone offers the perfect example of strain products in 


Figure 1. This Fancy Intense purplish pink 0.29 ct dia- 
mond was host to a complex cleavage network. Photo 
by Robison McMurtry. 
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Figure 2. Three directions of cleavage along octahe- 
dral planes are seen in this pink diamond. Photomi- 
crograph by Jonathan Muyal; field of view 1.22 mm. 


pink diamond. The purplish pink color results from plastic 
deformation along octahedral planes. Also present along 
the octahedral plane is a zone where the strain was so great 
that it was relieved by cracking, creating the cleavage net- 
work seen in figures 2, and 3. 

The cleavage network in this diamond is the most aes- 
thetic one encountered by the author to date due to its 
finely textured geometric pattern. Interestingly, the clue to 


About the banner: Modified Rhineberg illumination provides high contrast 
to etch features on the prism face of a beryl crystal. Photomicrograph by 
Nathan Rentro; field of view 2.86 mm. 

Editors’ note: Interested contributors should contact Nathan Renfro at 
nrentro@gia.edu and Jennifer-Lynn Archuleta at jennifer.archuleta@gia.edu 
for submission information. 
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Figure 3. Between crossed polars the diamond shows 
high-order interference colors consistent with the 
strain causing the cleavage network along the octahe- 
dral planes. Photomicrograph by Jonathan Muyal, 
field of view 0.62 mm. 


the planar cleavage network lies in the bodycolor of the 
stone, which indicates significant strain. This high-order 
strain is easily revealed between crossed polars. If a cleav- 
age network is present in a diamond such as this, it may 
have a strain-induced bodycolor as well. 


Jonathan Muyal 
GIA, Carlsbad 


Rough Diamond Fragment with a Large Green 
Cleavage Surface 


A colorless 2.02 ct flattened diamond crystal fragment (fig- 
ure 4), from Rowan Beach of San Francisco, was examined 
at GIA’s Carlsbad lab. The fragment exhibited a large bluish 
green internal surface that was readily visible without mag- 
nification. Initially thought to be a colorful mineral inclu- 
sion, it proved to be a radiation-induced coloration along the 
internal surface. When a diamond is irradiated (during lab- 
oratory color treatment or occasionally in nature), carbon 
atoms are removed from their normal position in the dia- 
mond lattice; this creates what scientists call the “GR1” op- 
tical defect (i.e., a vacant atom position in the lattice). The 
presence of this defect causes the diamond to selectively ab- 
sorb light toward the red end of the visible spectrum, while 
the remaining portions are transmitted through the dia- 
mond and, when recombined, seen as a green or bluish green 
color. The GR1 optical defect can be removed in the lab by 
heating the diamond to over 600°C; this heating changes the 
green color to yellowish brown. The added energy allows a 
carbon atom to again occupy the vacant lattice position. 
Green or bluish green color in diamonds is most often 
the result of exposure to a source of radiation in a geologic 
environment near the earth’s surface. The source of expo- 
sure could be a nearby grain of a radioactive mineral that 
gives rise to a small “radiation spot” on the outer surface. 


Micro-WoRLD 


Conversely, the source could be a radioactive solution that 
was able to penetrate surface-reaching cleavages in the di- 
amond. In both cases, the source produced alpha-particle 
radiation, which has a limited penetrating distance in dia- 
mond. As a result, the radiation spot or stain is confined 
to a zone close to the radioactive material. Such radiation 
stains are not uncommon in diamonds, though they are 
often removed by the faceting process. 

The presence of a large green internal radiation stain in- 
dicates that this diamond was irradiated in a near-surface 
geological environment where temperatures high enough 
to modify the GR1 were unlikely. This means that the ir- 
radiation took place in the crust after the diamond was 
transported up from the mantle by the kimberlite magma 
eruption. Although the geographic origin of this rough dia- 
mond is uncertain, it is one of the more intriguing examples 
of a natural “radiation-stained” diamond we have seen. 


James Shigley 
GIA, Carlsbad 


Blue Gahnite Inclusions in Cat’s-Eye Heliodor 


Four golden oval cabochons (figure 5) were submitted to 
the Carlsbad laboratory by L. Allen Brown (All That Glit- 
ters, Methuen, Massachusetts) for scientific examination. 
Standard gemological testing revealed that the stones were 
beryl. Under incandescent fiber-optic illumination, the 
stones showed a very sharp cat’s eye, caused by growth 


Figure 4. This 2.02 ct rough diamond displays promi- 
nent green coloration along an internal cleavage sur- 
face. Such coloration is thought to result from the 
presence of a natural radioactive solution within the 
cleavage. Photo by James Shigley. 
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tubes and fine needle-like inclusions oriented parallel to 
the c-axis. Under magnification, blue crystals with octahe- 
dral morphology (figure 6) were the most distinctive inter- 
nal characteristic. 

Raman microspectroscopy was used to identify the blue 
octahedral inclusions as gahnite, a zinc-rich end member of 
the spinel group with the general formula ZnALO,. It occurs 
most commonly as an accessory mineral in granitic peg- 
matites, usually associated with almandine-spessartine gar- 
net, muscovite, beryl, tourmaline, and nigerite (D.R. Soares, 
et al., “Chemical composition of gahnite and degree of peg- 
matitic fractionation in the Borborema Pegmatitic Province, 
northeastern Brazil,” Anais da Academia Brasileira de 
Ciéncias, 2007, Vol. 79, No. 3, pp. 395-404). According to 
Brown, the stones were purchased in Tucson in 2010 and 
were represented as being from Brazil. These are the first 
beryls with gahnite inclusions that GIA has examined to 
date. Since gahnite is a diagnostic inclusion in sapphires 


Figure 6. Diffused fiber-optic illumination reveals 
well-formed blue octahedral crystals in addition to 
the hollow tubes that cause the chatoyancy. The black 
needle-like inclusions may be hematite. Photomicro- 
graph by Nathan Renfro; field of view 1.10 mm. 
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Figure 5. These four he- 
liodor cabochons dis- 
play sharp eyes under 
incandescent fiber-optic 
illumination. Photo by 
C.D. Mengason. 


from Sri Lanka (E.J. Giibelin and J.I. Koivula, Photoatlas of 
Inclusions in Gemstones, Vol. 3, Opinio Verlag, Basel, 
Switzerland, 2008, p. 290), detailed study of gahnite may also 
provide some indication of the geographic origin of heliodor. 


Ziyin Sun, Nathan Renfro, 
Jonathan Muyal, and Adam Steenbock 
GIA, Carlsbad 


Pezzottaite Debuts as the Newest Trapiche Gem Mineral 


Since the first enigmatic six-spoked emeralds were sent 
to GIA in the mid-1960s for analysis (H.L. McKague, 
“Trapiche emeralds from Colombia,” Fall 1964 GWG, pp. 
210-213, 223), the family of trapiche-type gem minerals 
has grown to include a variety of species and morpholo- 
gies. One of the latest mineral varieties to exhibit the 
rare trapiche form is a relatively new and rare mineral it- 
self: pezzottaite. 

Following its appearance at the 2003 gem shows in Tuc- 
son, pezzottaite has quickly become an item coveted by 
gem and mineral collectors around the world. A member 
of the beryl group and with trigonal symmetry (the beryl 
species has hexagonal symmetry}, it was approved by the 
International Mineralogical Association in September 2003 
as a unique species and named after mineralogist Dr. Fred- 
erico Pezzotta (see B.M. Laurs et al., “Pezzottaite from Am- 
batovita, Madagascar: A new gem mineral,” Winter 2003 
Ge, pp. 284-301). 

In 2004, while working in the gem markets of Mae Sai 
and Mae Sot along the border of Thailand and Myanmar, 
Elaine Rohrbach of Gem-Fare obtained a small collection of 
pale pink trapiche crystals and crystal fragments reported to 
be of Burmese origin. Laboratory analysis later proved these 
crystals to be the cesium-containing mineral pezzottaite 
(previously confirmed localities include Madagascar and 
Afghanistan). 

A doubly terminated, well-developed crystal obtained 
by one of the authors (JIK) exhibits the tabular prismatic 
habit characteristic of the species, but with a complete six- 
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Figure 7. As viewed through the pinacoid face, strong 
oblique fiber-optic lighting illuminates the six-legged 
trapiche structure emanating from the c-axis of this 
doubly terminated 2.33 ct pezzottaite crystal. Photo 
by Kevin Schumacher. 


spoke trapiche structure that is clearly visible in both re- 
flected and transmitted light (figure 7). Another doubly ter- 


Figure 8. Another well-developed, doubly terminated 
pezzottaite crystal from the same locality, weighing 
6.17 ct and measuring 11.19 x 10.71 x 8.61 mm, has 
separate crystals growing at random angles on each 
pinacoid face. Each of these smaller crystals also ex- 
hibits trapiche growth. The white trapiche growth 
reaches all six prism faces in both of the tabular crys- 
tals, as well as those faces on the secondary growth 
crystals. Photo by Elise A. Skalwold. 
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Figure 9. Eye-visible dark needles were seen through- 
out the pezzottaite crystal with diffused transmitted 
illumination. Despite a clear Raman signal, the fea- 
tures could not be conclusively identified. Photomi- 
crograph by Nathan Renfro; field of view 1.10 mm. 


minated crystal obtained by author EAS from the same par- 
cel shows secondary crystals growing out of each pinacoid 
face, each of which are also trapiche crystals (figure 8). Sim- 
ilar to trapiche crystals of other mineral species, each of the 
spokes radiates from the central c-axis toward the prism 
faces and in a plane parallel to the basal pinacoid. Exploring 
the former crystal’s inner world revealed not only the de- 
tails of the white spokes and a spray of golden brown nee- 
dles and eye-visible black needles, but also a delightful 
surprise: minute euhedral blue crystals (figures 9 and 10). 
Unfortunately, the black needles were not identifiable de- 
spite their distinct Raman spectrum. Due to their depth 
within the host, the brown needles and blue crystals remain 
mysteries as well. Let this be a lesson that nondestructive 


Figure 10. Using diffused transmitted and oblique 
fiber-optic illumination, a golden-brown spray of nee- 
dles is shown deep in the crystal, along with a bright 
blue crystal to its right. Their depth precluded analy- 
sis by Raman spectroscopy. Photomicrograph by 
Nathan Renfro; field of view 0.91 mm. 


tid 
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Figure 11. In one method of applying Rheinberg-type illumination, glass slides are fitted to the end of two fiber- 
optic illuminators and painted with red and blue ink (left) to create a filter that is easily positioned by moving the 
colored portion of the glass slide into the light path (right). Photos by Danny J. Sanchez. 


testing cannot always provide answers, but we can be con- 
tent with exploring the beauty of the micro-world while 
leaving some mysteries for the future. 


Elise A. Skalwold 
Ithaca, New York 


John I. Koivula 
GIA, Carlsbad 


Modified Rheinberg Illumination 

Lighting control is one of the most important considera- 
tions for maximizing the use of the gemological micro- 
scope; with greater control over illumination sources, more 
information may be gathered from observing a specimen. 


An interesting technique that gives the microscopist an- 
other lighting tool is modified Rheinberg illumination, also 
known as differential color illumination (M. Pluta, Ad- 
vanced Light Microscopy: Specialized Methods, Vol. 2, 
PWN-Polish Scientific Publishers, Warsaw, 1989, pp. 113). 
This method, as modified for gemological microscopy, em- 
ploys the use of a contrasting color filter between each il- 
lumination source and the subject (figure 11) to achieve an 
“optical staining” effect (figure 12). When viewing crystal- 
lographically aligned subjects such as negative crystals or 
inclusions with well-defined, reflective crystal faces, each 
illumination source highlights areas that have the same 
crystallographic orientation (figure 13). This provides dra- 
matic false-color contrast to an otherwise low-contrast 


Figure 12. This silvery metal sulfide inclusion in fluorite shows angular crystal faces, but the low contrast in the 
image on the left makes it difficult to resolve the orientation of the faces from different sections of the inclusion. 
Rheinberg illumination provides stark contrast between differently oriented regions by using two colored illumi- 
nation sources that reflect their independent color off of crystallographically aligned crystal faces, as seen in the 
center and right images. This allows the microscopist to easily observe the different orientations of the crystal 
faces in the metal sulfide inclusion, as evidenced by the dramatic boundary of the two contrasting colors. Pho- 


tomicrographs by Danny J. Sanchez; field of view 1.66 mm. 
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Figure 13. With modified Rheinberg illumination to impart contrasting color on some of the crystal faces, the neg- 
ative crystals in the rock crystal quartz (left) prove to be crystallographically aligned (right). Photomicrographs by 


Nathan Renfro; field of view 7.34 mm. 


subject. This enhanced contrast makes it easier to observe 
the relationship between areas in an inclusion scene with 
identical and also differing crystallographic orientations. 


Nathan Renfro 
GIA, Carlsbad 


Danny J. Sanchez 
Los Angeles 


Glassy Melt Inclusions in Sapphires from Montana 


Two-phase inclusions are common in many sapphires. 
Physical and chemical analysis of the gas and liquid phases 
present in these inclusions can shed light on the formation 
conditions of alluvial sapphires, even in the absence of ev- 
idence of source rock lithology. We report here some initial 
observations of a different type of two-phase inclusion, 
seen in alluvial sapphires from the Rock Creek and Mis- 
souri River deposits in the state of Montana. 


At first glance, these inclusions appeared to be ordinary 
gas-liquid inclusions (figure 14, left); however, polishing 
through the inclusions demonstrated that the “liquid” 
component was actually a glassy solid. The identification 
of the solid as a glass rested with the phase’s optically 
isotropic nature and the lack of an identifiable Raman spec- 
troscopic signal attributable to any crystalline phase. 
Glassy melt inclusions in Montana sapphires were previ- 
ously documented by John Koivula (R.W. Hughes, Ruby @ 
Sapphire, RWH Publishing, Boulder, Colorado, 2007, pp. 
468-469). Electron microprobe analysis (EPMA) of glass in- 
clusions from several samples showed them to be dacitic 
to trachydacitic in composition. In this sense the inclu- 
sions are ordinary two-phase inclusions in which the orig- 
inal liquid phase was a silicic magma that quenched to 
form a silicate glass. The gas phase is presumed to have 
originally been dissolved in the silicate magma. Later ex- 
solution produced a separate gas phase as volatile solubility 


Figure 14. Left: A two-phase glassy melt and gas inclusion and a glass-filled discoid fracture in a sapphire from 
the Rock Creek deposit in Montana. Center: A two-phase glassy melt and gas inclusion and a glass-filled dis- 
coid fracture in a sapphire from the Rock Creek deposit. Right: A two-phase glassy melt and gas inclusion, in a 
sapphire also from the Missouri River, showing the surrounding discoid fracture. This fracture presumably filled 
with a silicate liquid and partially healed, leaving an impression in some places of the corundum host’s trigonal 
crystallographic orientation. Photomicrographs by Aaron Palke; field of view 1.24 mm (left) and 0.62 mm (cen- 
ter and right). 
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Figure 15. This 4.71 ct Brazilian colorless topaz hosts 
a cluster of hexagonal molybdenite crystals. Photo by 
Kevin Schumacher. 


in the magma decreased due to falling pressure and/or tem- 
perature. Volatile exsolution likely also led to the discoid 
fractures commonly seen around melt inclusions, which 
are filled with silicate liquid and/or the volatiles them- 
selves (again, see figure 14, left). Figure 14 (center) captures 
a snapshot of the process of volatile exsolution and the 
“bursting” of the two-phase inclusions, in which multiple 
gas bubbles seem to have precipitated instantaneously as 
the inclusion exploded out into the surrounding corun- 
dum. Due to the high relief of the silicate glass, these dis- 
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coid fractures often have a “flux”-like appearance. In some 
cases, the fractures seem to have partially healed, leaving 
hexagonal geometric patterns as evidence of the crystallo- 
graphic orientation of the sapphire host (figure 14, right). 
Further work is being carried out to characterize these in- 
clusions and to decipher the story they have to tell about 
the genesis of alluvial Montana sapphires. 


Aaron Palke and Nathan Renfro 
GIA, Carlsbad 


Richard B. Berg 
Montana Tech of the University of Montana 
Butte, Montana 


Molybdenite in Topaz 


A photogenic cluster of hexagonal molybdenite crystals 
(MoS,) was recently discovered in a 4.71 ct transparent col- 
orless hexagonal step-cut topaz (figure 15). The topaz host 
was identified using traditional gemological testing, and the 
molybdenite cluster (figure 16) was identified through its 
metallic luster, morphology, and the presence of molybde- 
num, which was detected using focused EDXRF analysis. 
This gem, which came from Luciana Barbosa of the 
Gemological Center in Ashville, North Carolina, is from 
Seridé, Rio Grande do Norte, Brazil. We have never seen 
this inclusion-host association before, and it is not previ- 
ously recorded in the literature. This elegant gem is a per- 
fect micromount of molybdenite in a faceted showcase. 


John I. Koivula 


Figure 16. It was a sur- 
prise to discover 
molybdenite crystal in- 
clusions in topaz. 
Shadowed lighting re- 
veals iridescence and 
surface details on the 
cluster, which meas- 
ures 2.82 mm in length. 
Photomicrograph by 
Nathan Renfro. 
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NATURAL DIAMONDS MISTAKENLY IDENTIFIED AS 
NPD SYNTHETIC DIAMONDS 


We have read with much interest and surprise the recent 
GwG lab notes on two purported synthetic nano-polycrys- 
talline diamonds, or NPD (Spring 2014, pp. 69-71; Winter 
2014, pp. 300-301). Looking at the data presented in these 
reports, it appears unlikely to us that the analyzed samples 
are indeed NPD synthetic diamonds. 

In the infrared spectrum shown in the first lab note, the 
authors did not mention the presence of strong, distinct 
absorptions at approximately 2460 and 660 cm; only two 
bands at 3611 and 3727 cm" were described. These four 
bands are well known and correspond with some deviation 
to vibrations of molecular CO,:v, is the angular bend at 
about 667 cm, v, is the asymmetric stretch at about 2349 
cm, and the two other bands are combinations of the fun- 
damentals: V, + 2U, near 3683 cm, and V, + VU, near 3686 
cm (Schrauder and Navon, 1993). Note that Schrauder 
and Navon describe a natural diamond, not a synthetic 
one—the presence of CO,-like features is a relatively rare 
feature of natural diamond but has never been described 
for any type of synthetic diamond. This oversight of CO,- 
rich diamonds is even more puzzling as GIA scientists 
have participated in our publications on this variety of di- 
amonds (Hainschwang et al., 2006; Hainschwang et al., 
2008}, or published their own work on the subject (Wang 
et al., 2005), including a lab note by the authors on a natu- 
ral black CO,-rich diamond (Johnson and Moe, 2010). 

Then the interpretation of the dominant one-phonon 
absorption band at 1220 cm" is missing. Interestingly, it is 
also missing in previous papers on NPD (Skalwold, 2012, 
Skalwold et al., 2012), even though the band was first doc- 
umented in the 1980s for natural and synthetic polycrys- 
talline diamond. This band has been attributed to 
absorption of the diamond lattice distorted by inclusions 
of lonsdaleite; EPR spectroscopy has identified a very high 
concentration of broken C-C bonds due to interconnected 
textures of diamond (111) and lonsdaleite (1010) (Bokii et 
al., 1986). Lonsdaleite has been known since the early 
1960s (Ergun and Alexander, 1962), but its existence as a 
discrete material has been questioned recently (Németh et 
al., 2014). Instead, faulted and twinned cubic diamond has 
been suggested as responsible for the unusual properties of 
so-called lonsdaleite-rich diamonds. Since additional re- 
search is clearly required to confirm or deny the existence 
of lonsdaleite, we will continue to call these diamonds 
“lonsdaleite-rich” for simplicity’s sake. Yet the presence of 


LETTERS 


@onen 


ee a 
a 


lonsdaleite in the diamonds described, even if found in 
NPD, is certainly not proof of synthetic origin. 

Another point it seems the authors did not consider is 
the presence of large quantities of inclusions, especially 
“graphite” crystals (more correctly nanocrystalline carbon, 
as there are no Raman bands of highly crystalline graphite), 
and hence the samples’ low clarity/transparency. The au- 
thors note that “unlike natural diamond, the stone in ques- 
tion was heavily included with graphite crystals.” Yet their 
morphology and distribution is not unlike that seen in many 
natural diamonds, and it is not documented to our knowl- 
edge in synthetic diamonds, and certainly not in NPD. Note 
also the murky yellowish bodycolor, which is different from 
the yellow to brown color previously described for NPD. 

But most importantly, there are natural diamonds with 
the same properties as synthetic NPD. We encountered 
such stones while studying the separation of natural-color 
from treated-color black diamonds around 1998-1999. The 
samples we acquired as faceted stones had been taken out 
of the ground even earlier. Sumitomo did not officially pro- 
duce NPD until 2012. We have been working for many 
years on the topic of “CO,-rich diamonds” and have 20 
faceted samples of natural polycrystalline black “CO,-rich” 
and “lonsdaleite-rich” diamonds in our laboratory collec- 
tions that were acquired from large parcels of natural-color, 
natural black diamond prior to 1999. Additionally, we own 
an impact diamond from the Popigai meteorite crater (see 
Yelisseyev et al., 2013). These 21 diamonds have optical and 
spectroscopic properties similar to those of the diamonds 
described in both lab notes., and vary only by the intensity 
of the “CO,-like” and one-phonon absorptions. They all 
contain distinct amounts of nanocrystalline carbon inclu- 


Figure 1. Two large indented naturals observed in a 
pair of natural lonsdaleite-rich diamonds offer strong 
evidence of their natural origin. Photos by Thomas 
Hainschwang. 
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Figure 2. The photoluminescence spectra of a natural 
polycrystalline lonsdaleite- and “CO,-rich” diamond 
recorded using four different laser excitations. These 
spectra differ distinctly from the spectra of the NPD 
synthetic samples. 


sions and are heavily strained due to their apparent poly- 
crystalline structure, just like NPD. We have several sam- 
ples with naturals on their surface that are undoubtedly 
remnants of the etched surface of natural crystals and not 
of NPD blocks (figure 1). 

Additionally, some of these faceted diamonds contain 
fissures lined with iron oxide, plus solid unidentified inclu- 
sions other than graphite. These features are unambiguous 
proof of natural origin. On top of this, the photo- 
luminescence spectroscopy data of the natural samples 
varies distinctly from what is published in Skalwold et al. 
(2012): The spectra excited by 405, 473, 532, and 635 nm 
lasers are characterized by very broad bands, always with 
three somewhat less broad bands superimposed at 701.8, 
720.8, and 732.0 nm (figure 2), a signature very different 
from the broad band with relatively sharp bands at 612 and 
667 nm described by Skalwold et al. (2012). Thus, they are 
natural diamonds with properties close to NPD. 

Looking at the similarities between our reference sam- 
ples of natural, apparently polycrystalline “lonsdaleite- 
rich” diamonds and the samples described in the two 
recent GwG lab notes, the weight of the evidence strongly 
indicates that the specimens examined by GIA are not syn- 
thetic NPD but natural black diamonds. 


Thomas Hainschwang (thomas.hainschwang@ggt]-lab.org) 
GGTL Laboratories - GEMLAB (Liechtenstein) 

Balzers, Liechtenstein 

Franck Notari 

GGTL Laboratories — Gemtechlab 

Geneva, Switzerland 

Emmanuel Fritsch 

University of Nantes, CNRS, Institut des Matériaux 
Jean Rouxel (IMN) 

Nantes, France 
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REPLY 


We appreciate the letter from Thomas Hainschwang and his 
colleagues related to our two nano-polycrystalline diamond 
(NPD) lab notes from 2014. We identified the samples as 
NPD primarily using FTIR spectroscopy and DiamondView 
images, as performed by Skalwold et al. (2012). We also con- 
firmed our identification using XRD analysis, though these 
results were not included in the short lab notes. 

A broad peak at 1220 cm in the mid-IR spectrum is 
typical of NPD samples (figure 3; see also Skalwold et al., 
2012). Solid sintered NPD (i.e., cubic diamond) can be 
achieved by growth conditions of >15 GPa and 22,200°C 
(Sumiya, 2012). However, this P-T condition varies depend- 
ing on the graphite starting material’s grain size and crys- 
talline nature. Consequently, a hexagonal diamond 
structure can also be observed in NPD, in addition to cubic 
diamond. The broad band at 1220 cm in our samples is 
most likely attributed to the structure of 6H hexagonal di- 
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amond (Wu, 2007). In the one-phonon region (400-1332 
cm), 2H hexagonal diamond (lonsdaleite) and 3C cubic di- 
amond are not IR active. A 6H diamond of natural origin 
has never been reported. Sumiya (2012) confirmed that 
NPD contains 50 to 100 ppm of nitrogen, mostly aggre- 
gated as A, B, and N3 center with less than 1 ppm of single 
nitrogen. Thus, the 1220 cm peak, which is located well 
within nitrogen spectral region, can probably be enhanced 
by nitrogen A and B aggregates. 

NPD contains oxygen from 10 to 30 ppm (Skalwold, 
2012). Thus, the CO,-related features could be observed in 
these samples. Although peaks at 3727 and 3611 cm' 
(stated) and 2358 and 735 cm (not stated) in the Spring 2014 
lab note are similar to solid CO, features, their positions are 
not quite matched with established peaks. The XRD pattern 
of our samples shows two sharp peaks at 44 and 75 degrees 
(20), consistent with NPD grown at 15 GPa and 2500°C 
(Sumiya, 2008). We felt that a detailed discussion of IR and 
XRD analyses was beyond the scope of our lab notes. 

DiamondView images of NPD usually show a distinct, 
mottled fluorescence pattern (figure 4). This typical pattern 
has been observed in all NPDs we have examined at GIA’s 
New York laboratory. 

Every stone submitted to GIA is carefully examined 
using a gemological microscope and tested using standard 
and advanced gemological techniques before we make any 


Figure 3. This mid-IR spectrum of a 0.90 ct sample is 
figure 14 from the Spring 2014 lab note. The four peaks 
at 3727, 3611, 2358, and 735 cm are similar to estab- 
lished solid CO, peaks. But the peak positions are 
somewhat different, and they could be of different as- 
signment. The broad peak at 1220 cnr" is most likely 
attributed to the structure of 6H hexagonal diamond, 
which has never been reported in natural diamond. 
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Figure 4. This DiamondView image of the 0.90 ct 
sample shows the typical fluorescence pattern ob- 
served in every NPD sample examined by GIA. Image 
by Paul Johnson. 


comments or conclusions. The letter from Dr. Hain- 
schwang and his colleagues showed photos of lonsdaleite- 
rich diamonds. Since we have not seen these samples, 
however, a comparison cannot be made. For a true com- 
parison, we would need IR spectra and DiamondView im- 
ages, as these are key identification tools for NPD 
synthetics. Polycrystalline diamonds (e.g., carbonado and 
framesite) can be found in nature (Harlow and Davies, 
2005), but these are extremely small and would not reach 
the sizes of the specimens examined in the lab notes. 

We respect Dr. Hainschwang’s concerns but feel confi- 
dent in our identification. 


Kyaw Soe Moe and Paul Johnson 
GIA, New York 
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COLORED STONES AND ORGANIC MATERIALS 


Large star emerald. Star emeralds are rare specimens, and 
most are found in either Brazil or Madagascar. In 1999, 
Manuel Marcial de Gomar (Key West, Florida) purchased a 
1,000-carat parcel of rough emeralds from Diallo Mah- 
moud, an independent emerald dealer based in Africa. 
Mahmoud noted that the parcel came from Madagascar. 
Marcial de Gomar later noticed that some crystals showed 
indications of chatoyancy. He chose this particular piece 
thinking it could be cut to produce a cat’s-eye emerald. 
Miami-based cutter Jone Ribeiro cut the stone into a 25.86 
ct double cabochon (figure 1). Marcial de Gomar put the 
stone into his personal collection, where it stayed for 13 
years, until independent gemologist and appraiser Martin 
Fuller examined Marcial de Gomar’s collection in 
2013. Both experts recognized that this emerald was a star 
and not a cat’s eye. It was subsequently sent to GIA’s Carls- 
bad laboratory for an identification report. 

The stone is described as an oval double cabochon nat- 
ural star emerald. The asterism was caused by minute 


Figure 1. A weak, six-rayed star is visible in this 25.86 ct 
emerald cabochon. Photo by Robert Weldon/GIA, cour- 
tesy of Manuel Marcial de Goma. 
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Figure 2. Minute fluid inclusions oriented parallel to the 
basal plane of the crystal are the cause of this emerald’s 
asterism. The inclusions exhibit thin-film interference, 
causing rainbow colors that are visible at high magnifi- 
cation. Photo by Nathan Renfro; field of view 1.8 mm. 
Courtesy of Manuel Marcial de Gomar. 


hexagonal fluid inclusions oriented parallel to the basal 
plane of the crystal (e.g., Spring 2004 GNI, p. 104; K. 
Schmetzer, et al., “Asterism in beryl, aquamarine, and 
emerald—an update,” Journal of Gemmology, Vol. 29, No. 
2, 2004, pp. 66-71). They exhibit thin film interference 
with direct, pinpointed light that caused the asterism, as 
well as rainbow colors seen at high magnification (figure 
2). Prior to this report, very few asteriated emeralds were 
recorded (e.g. Fall 1995 GNI, p. 206; Spring 1995 GNI, pp. 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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with a whip in hand, seated on high armless 
and backless stools to prevent them from 
falling asleep. 

The washing plant consisted of a series 
of shallow divisions, slightly inclined toward 
the discharge end, approximately three yards 
long and three feet wide. The upper end of 
each division formed part of a covered flume 
at right angles to the divisions, from which 
water was received through an aperture six 
inches wide and one inch high. A slave in 
each division scraped in the gtavel, pre- 
viously deposited on and behind the main 
flume, as required and stirred it against the 
current until the water ran clear. After this 
the batida (concentrated product) was re- 
moved to be washed in a batea. Except a 
few ‘old timers,’ garimpetros have now sub- 
stituted the South African sieves for the 
batea which was both cumbersome and un- 
safe for diamonds. Many of the old talus 
heaps of the bandeirantes were subsequently 
successfully rewashed with sieves. As a mat- 
ter of practical experience it was found that 
usually the larger stones escaped detection 
due, no doubt, to the fact that the oversized 
material was carelessly scraped out from 
the batea. 

Mawe’s journey from Rio took a month 
and as he passed through Ouro Preto he 
showed the gold miners how to recover 
metcury from their gold refining operations. 
He also included a visit to the topaz mines 
in Brazil, the best of which are still pro- 
ducing. On his passage through Itabira do 
Matto Dentro he left drawings of furnaces 
for smelting iron ore. 

In Diamantina, Mawe became the guest 
of the Intendente (administrator) of the 
district, Manoel Fereira da Camara, who 
invited him to visit the diamond washings 
at Mendanha on the Jequitinhonha river 
(pronounced Jeki-tin-no-ni-yo ).. 

Camara was one of the most famous of 
the Intendentes and was also the first native 
born Brazilian to be honored with this post 
during the Extraccao period when diamond 
mining was being done by and for the gov- 
ernment. A man of progressive ideas who 
had studied mining and mineralogy in 


e Panning concentrate in the Batea 


Europe and was familiar with mechanical 
appliances, he tried to increase production 
by installing elevator buckets attached to 
tawhide rope driven by an overshot water- 
wheel. Mawe made a sketch of this and 
it is shown in the first edition of his book. 
Camara also installed “a system of cylin- 
ders” for elevating the cascalbo out of the 
pit. It is intéresting to note that these inno- 
vations were resented by the slave owners. 
These men feared their revenues would be 
affected as the government might reduce the 
number of slaves hired from them for which 
it paid at the rate of approximately 356 
millegrams of gold per slave, per day. 
Mawe spent five days in Mendanha where 
he found about 1000 slaves at work in a 
section of the river which had been diverted 
into a ditch by damming it “with thousands 
of sandbags.” This also seems to be an 
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Figure 3. The 4.40 ct natural red rutile on the left was 
compared with a 4.47 ct orange flame-fusion synthetic 
rutile. Photo by C.D. Mengason. 


60-61; Spring 2002 GNI, p. 104; Summer 2006 GNI, pp. 
171-172). This is the eleventh, and largest, star emerald 
known to date. 


Carl Chilstrom 
GIA, Carlsbad 


Natural faceted red rutile. The Carlsbad laboratory recently 
received a 4.40 ct dark red marquise brilliant (figure 3, left) 
for examination. Standard gemological testing revealed a 
refractive index that was over the limit of the RI liquid, as 
well as a hydrostatic specific gravity (SG) of 4.27. The spec- 
imen was inert to both long-wave (LW) and short-wave 
(SW) UV. Under reflected light, it showed a metallic luster. 
Raman testing identified the material as rutile. To distin- 
guish it as natural or synthetic rutile, we compared it with 
a known flame-fusion orange synthetic rutile sample (fig- 
ure 3, right). 

Under magnification, the most distinctive internal 
characteristic of the dark red specimen was an octagonal 
blockage with a long growth tube extending to the surface 


Figure 4. In this natural red rutile, an octagonal block- 
age is capped at the end of the growth tube. Photomi- 
crograph by Ziyin Sun; field of view 1.40 mm. 


Gem News INTERNATIONAL 


Figure 5. Near the girdle, rectangular tabular inclusions 
are observed under fiber-optic illumination. Photomi- 
crograph by Ziyin Sun; field of view 2.43 mm. 


(figure 4). Near the girdle, some unknown rectangular tab- 
ular inclusions were also observed, which were not identi- 
fied by Raman spectroscopy (figure 5). Both internal 
features indicated the specimen was natural rutile. Straight 
and angular growth banding was also observed (figure 6). 
Raman spectroscopy for both the red sample and the or- 
ange synthetic revealed major peaks at 610, 446, and 242 
cm and minor peaks at 818, 707, and 319 cnr, confirm- 
ing their identity as rutile (see the RRUFF database at 
rruff.info). 

Laser ablation—inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) revealed that the dark red rutile had 
a composition of 98.2% TiO, and 1.5% Fe,O, by weight, 
with traces of Mg, Al, Si, Ca, Sc, V, Cr, Cu, Zn, Zr, Nb, Cd, 
In, Sn, Sb, Hf, Ta, W, Pb, and U. The presence of Nb 
(176.81-296.93 ppmw), Ta (15.13-25.81 ppmw), Hf (0.15- 
0.40 ppmw}), Zr (3.29-4.84 ppmw), Pb (0.01-0.56 ppmw)}, 
and U (0.07-0.27 ppmw) suggested a natural origin. The or- 
ange synthetic rutile contained 99.9% TiO,, plus traces of 
Mg, Si, Cr, Co, Cu, and Zn. Traces of iron (1.66 ppmw, 
0.0238% Fe,O, by weight) were also detected. Synthetic 


Figure 6. The natural rutile shows straight and angu- 
lar growth banding. Photomicrograph by Ziyin Sun; 
field of view 4.92 mm. 
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Figure 7. Face-up view of two quartz cabochons from 
Brazil, weighing 116.95 ct (left) and 44.12 ct (right) with 
cross-like quartz inclusions. Photo by Jaroslav Hyrsl. 


rutile boules created by the Verneuil process have an or- 
ange color with 0.04% Fe,O, and a clear reddish color with 
0.2% Fe,O, (C.H. Moore, Jr. and R. Dahlstrom, “Synthetic 
rutile crystal and method for making same,” U.S. Patent 
2792287). The red specimen’s lower chemical purity indi- 
cates natural origin. 

Visible spectra of both stones were taken. The red body- 
color of the natural rutile matched the transmission win- 
dow between 650 and 700 nm in the red portion of the 
spectrum, which was likely caused by iron. 

Although rutile is a common inclusion in many min- 
erals, the few crystals that are faceted usually weigh less 
than 1 ct. This faceted stone was very rare because of its 
large size. It was the first faceted natural rutile examined 
by GIA’s Carlsbad laboratory. 


Ziyin Sun (zsun@gia.edu), Amy Cooper, and 
Adam Steenbock 
GIA, Carlsbad 


Rare “star and cross” quartz from Brazil. The author pur- 
chased two very unusual quartz samples (figure 7) in Brazil 
in 2015. Both were cut as cabochons with a slightly curved 
bottom; one weighed 116.95 ct (35.0 x 30.3 x 15.6 mm), 
while the other weighed 44.12 ct (28.3 x 22.3 x 10.0 mm). 
The larger cabochon was slightly milky, while the smaller 
one was almost clear. Both showed a strong six-rayed star 
when illuminated (figure 8). The stars were centered on the 
top of the cabochons, which indicates that both were cut 
perpendicular to the c-axis. The most unusual feature was a 
cross-like inclusion in both stones. It was white and coarse- 
grained, only slightly translucent. The longer part of both 
crosses measured about 4 mm wide. The shorter part had a 
thickness 1.5 to 2 mm and the angle of the intersection was 
about 85 degrees in both cabochons, which meant that the 
two specimens were probably cut from the same crystal. RI 
results and Raman analysis showed the cross to be quartz, 
rather than a foreign mineral. The origin of the cross inclu- 
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Figure 8. The stars in the quartz samples, seen from the 
base, are eye-visible in sunlight. Photo by Jaroslav 
Hyrsl. 


sions is uncertain, but they are strong evidence of nature’s 
ability to produce rarities. 


Jaroslav Hyrsl (hyrsI@hotmail.com) 
Prague 


Serpentine cabochon with unusual olive green color. Ser- 
pentine is a common ornamental stone in the jewelry 
trade. With colors ranging from yellowish green to deep 
green, it is commonly used as an imitation of jadeite or 
nephrite. 

Recently, the Gem Testing Laboratory at the Shiji- 
azhuang University of Economics in Hebei, China, exam- 
ined an olive green cabochon (figure 9) weighing 4.05 ct and 
measuring approximately 12 x 8 x 6 mm, reportedly pur- 
chased from China’s Shandong province. The sample was 
relatively clean, with a vitreous luster and without any 
eye-visible inclusions. Without magnification, it resembled 
high-quality jadeite jade. Standard gemological testing gave 


Figure 9. This 4.05 ct translucent serpentine is unusual 
for its olive green color and lack of impurities. Photo by 
Yanjun Song. 
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Figure 10. The FTIR spectrum of the 4.05 ct emerald- 
green cabochon sample exhibits characteristic peaks at 
1046, 672 and 482 cnr“, all consistent with serpentine. 


a spot RI of 1.56 and a hydrostatic SG of approximately 
2.56; the sample was inert to both LW and SWUV. These 
properties are consistent with serpentine. Four main peaks 
were observed in the 1100-400 cm region of the infrared 
reflectance spectrum (figure 10). The two peaks at about 
1046 and 482 cm were related to the fundamental Si-O 
vibrations. The remaining two peaks at 672 and 558 cm"! 
are attributed to the OH- and Mg-O vibrations, respec- 
tively, confirming the sample’s identity as antigorite, a 
species in the serpentine family. 

EDXRF was used to differentiate the sample from the 
common “Xiuyu” variety of serpentine, from China’s 
Liaoning province. Testing revealed that both Cr and Ni 
were significantly higher in this material than in serpen- 
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tine from Liaoning, indicating that the specimen may have 
formed from the serpentinization of mafic-ultramafic 
rocks. We suspect it may have originated in Taian City in 
Shandong province, which is famous for “Taishan jade,” a 
newfound variety of serpentine. 

Although serpentine is common in the Chinese mar- 
ket, this was the first time our researchers have encoun- 
tered a sample of such high quality. 


Yanjun Song and Lu Zhang 
Shijiazhuang University of Economics, Hebei, China 


Thai-Myanmar petrified woods. Petrified woods (figure 11, 
left) have long been used as a gem and ornamental material 
due to their beauty, luster, durability, and relative rarity. 
Certain minerals (mainly quartz, opal, or moganite) crys- 
tallize or precipitate in the hollow cavities and cells of the 
woods in a fossilization process. Fossil trading is govern- 
ment regulated in some countries, and gemologists should 
know the useful identifying characteristics of petrified 
woods, which can be misidentified as jasper and agate. 
With this in mind, the author examined Thai-Myanmar 
petrified wood samples, fashioned as cabochons (figure 11, 
right), for gemological characterization. 

More than 100 Thai samples were collected from the 
four localities shown in figure 12: Tak, in Ban Tak-Oke 
(TAK); Khon Kaen, in Ban Hin Khao (BHK); Chaiyaphum, 
in Noen Sa Nga (CYP); and Nakhonratchasima, in Kroke 
Duan Ha (KDH). About 100 Burmese samples were do- 
nated by carvers from Mae Sai in Chiang Rai province 
(MYR), near the border of Thailand and Myanmar. Thai 
specimens were collected from either Quaternary gravel 
beds of fluvial deposits or the high-terrace sands and grav- 


Figure 11. Left: Petrified 
woods are carved and 
sold as ornamental gem 
materials, such as these 
specimens from the 
Mae Sai market near 
the Thai-Myanmar bor- 
der. Right: A few of the 
cabochons from this 
study. Photos by Seri- 
wat Saminpanya. 
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els of paleorivers. Tektite grains found in the sediments 
date back 700,000 to 900,000 years (P. W. Haines et al., 
“Flood deposits penecontemporaneous with ~0.8 Ma tek- 
tite fall in NE Thailand: Impact-induced environmental ef- 
fects?” Earth and Planetary Science Letters, Vol. 22.5, 2004, 
pp. 19-28). 

Thirty-eight samples (all but seven from Thailand) were 
tested by standard gemological methods, Raman spec- 
troscopy, and X-ray diffraction (XRD). Thirty-seven of these 
came from dicotyledonous plants, indicated by vascular 
bundles concentrated in an outer ring of active growth. Pe- 
riods of slow (winter) and fast (summer) growth create the 
growth rings in the trunk. One sample came from a palm 
tree, and had vascular bundles dispersed throughout the 
trunk. 
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Figure 12. A map show- 
ing the localities in 
Thailand and Myanmar 
where the petrified 
wood samples origi- 
nated. Adapted from 
Saminpanya and 
Sutherland, 2013. 


The rough surfaces may have been altered and stained 
by soil or iron oxides, resulting in black, brown, cream, 
white, and red coloration. Colorless areas and different 
shades of brown, black, gray, white, cream, yellow, orange, 
and red appeared below the surface. Some samples exhib- 
ited color banding. Most Thai samples were opaque or 
nearly opaque; those from Myanmar were translucent and 
lighter in tone. The surfaces showed varying degrees of lus- 
ter and fracturing. RI ranged from 1.425 to 1.543 (tested at 
the flat polished base of the cabochon), and SG ranged from 
1.963 to 2.616. Most samples fluoresced weak to moderate 
chalky white under LWUV, but some were inert or showed 
very weak white fluorescence. 

A gemological microscope can often reveal a well-pre- 
served wood grain structure in petrified wood samples. 
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Studies of wood structure generally involve the transverse, 
tangential, and radial sections of the trunk (R.F. Evert, 
Esau’s Plant Anatomy: Meristems, Cells, and Tissues of 
the Plant Body: Their Structure, Function, and Develop- 
ment, 3rd ed., John Wiley & Sons, Hoboken, New Jersey, 
2006, pp. 203, 2922.96). A transverse section of one of the 
samples (figure 13) showed several tiny oval-shaped pores 
filled with quartz or opal (e.g., S. Saminpanya and FLL. 
Sutherland, “Silica phase-transformations during diagenesis 
within petrified woods found in fluvial deposits from Thai- 
land-Myanmar,” Sedimentary Geology, Vol. 290, 2013, pp. 
15-26). The samples also showed thin parallel rays, groups 
of cells oriented perpendicular to the trunk’s main axis. In 
some samples, the parenchyma (the most common plant 
tissue cells) consisted of pale lines or bands running across 
the rays. Others showed parenchyma surrounding a pore 
on the long and parallel wood grains of the tangential sec- 
tion, or dark-colored pores extending the length of the 
trunk. On the radial section, the pores ran the length of the 
trunk, with wood grains perpendicular to the pores. 
Raman spectra were characteristic of opal (according to 
the RRUFF database, rruff.info), quartz, and moganite (K.J. 
Kingma and R.J. Hemley, “Raman spectroscopic study of 
microcrystalline silica,” American Mineralogist, Vol. 79, 
1994, pp. 269-273). Figure 14 shows the peaks for the TAK, 
BHK, and CYP samples; peaks for KDH (which included 
opal) and MYR samples were previously presented (Samin- 
panya and Sutherland, 2013). Most of the quartz material 
displayed peaks at 354, 395-397, and 464-466 cnr, with 
different colors within a sample exhibiting different peak 
intensities. Some samples showed only major peaks of 
quartz at 464-466 cm™!. Moganite was mixed with quartz 
in one sample apiece from CYP, KDH, and MYR, indicated 


Figure 13. Oval pores and rays (wavy white lines) are 
seen on a transverse section of this petrified wood sam- 
ple, and the growth rings are visible as two lines cross- 
ing the image. Photomicrograph by Seriwat 
Saminpanya; field of view 10 mm. 
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Figure 14. Raman spectra of petrified wood samples 
from Chyaphum (CYP), Tak (TAK), and Khon Kaen 
(BHK) with quartz (Q) peaks at 465 cm. Samples from 
Chyaphum show a moganite (M) peak at 503-506 cnr. 


by peaks at 503-506 cnr", close to the reference peak of 501 
cm? (Kingma and Hemley, 1994). Two KDH samples 
showed bands centered at 1587 and 1607 cnr", characteris- 
tic of opal (Saminpanya and Sutherland, 2013), which was 
probably responsible for the weak to moderate chalky white 
fluorescence in some of the samples. 

XRD showed that the quartz peaks had an average 20 
of 21.0, 26.7, 36.6, 39.6, 40.4, 42.5, 45.9, 50.2, and 55.0 de- 
grees; the opal-CT peaks had an average 20 of 20.7, 21.7, 
36.0, 44.0, and 56.9 degrees (again, see rruff.info). Quartz 
appeared in the XRD peaks of samples from all localities, 
but the opal-CT was found only in samples from KDH and 
MYR. The diffractogram of opal-CT in one sample from 
KDH appeared noisy. This may be due to its amorphous 
nature, though extending the XRD scan times may im- 
prove the resolution of the peaks. At this stage, XRD can 
only detect quartz and opal from these samples. 


Seriwat Saminpanya 
Srinakharinwirot University, Bangkok 


SYNTHETICS AND SIMULANTS 


Coated rock crystal imitation of ruby. Recently the Dubai 
Central Laboratory received for identification a rough stone 
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Figure 15. This coated rock crystal imitation of ruby has 
a brown skin. Photo by Nazar Ahmed Ambalathveettil, 
Dubai Central Laboratory. 


weighing 616.93 g and measuring approximately 114.3 x 
65.8 x 53.0 mm (figure 15). Most of it was covered by a 
brown skin, while other parts were transparent. Viewed 
through one of the transparent areas, the stone showed a 
red color. Under oblique light, the stone appeared dark red, 
with some areas that were colorless (figure 16). 
Microscopic examination with transmitted light re- 
vealed negative crystals, fingerprints, and two-phase inclu- 
sions. Observation of the transparent and opaque areas on 
the surface showed red, green, and blue areas of coating 
that could be removed using sharp needles. These coated 
areas gave the stone a purplish red color overall, but some 
transparent areas appeared colorless under transmitted 
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Figure 16. The rock crystal shows dark red under trans- 
mitted light to imitate ruby. Photo by Nazar Ahmed 
Ambalathveettil, Dubai Central Laboratory. 


light and no coating was observed there. The stone’s SG 
was 2.60. The coated area gave a patchy chalky blue and 
purple reaction under LWUV and was inert to SWUV. Spe- 
cific gravity and inclusions indicated a rock crystal; this 
was confirmed by Raman spectroscopy. 

This was the first time the Dubai Central Laboratory 
had identified such a large coated rough stone imitating 
ruby. 

Nazar Ahmed Ambalathveettil (nanezar@dm.gov.ae) 

and Mohamed Karam 
Gemstone Unit, Dubai Central Laboratory 
Dubai, United Arab Emirates 


Color-change synthetic cubic zirconia as peridot imitation. 
Peridot is acommon gemstone in the jewelry industry; how- 
ever, it is rarely simulated using substances other than glass 
(Summer 2004 Lab Notes, p. 165). The State Gemological 
Centre of Ukraine recently received for identification an 


Figure 17. This syn- 
thetic cubic zirconia 
imitation of peridot, 
with an estimated 
weight of 4.50 ct, is 
shown in daylight (left) 
and incandescent light 
(right). Photos by Igor 
Iemelianov; field of 
view 13.20 mm. 
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oval-cut gemstone, with an estimated weight of 4.50 ct, set 
in a ring. The stone was greenish yellow in daylight (figure 
17, left) and orangy yellow in incandescent light (figure 17, 
right). The client who submitted the ring specifically wished 
to know if the center stone was peridot. The sample was 
transparent and isotropic, with an RI of 2.150 (measured by 
a refractive index meter) and was inert to both SW and 
LWUV radiation. Microscopic examination revealed no in- 
clusions. The measured relative reflectivity (RR 65-67), ob- 
tained using a Presidium DuoTester, clearly matched that 
of cubic zirconia, a result in line with the other gemological 
observations. This allowed us to identify the stone as cubic 
zirconia. Chemical analysis with EDXRF showed Zr and Y, 
with minor Pr and Nd. These impurities can cause color 
change in this stone. Using fiber-optic light with the spec- 
troscope, we observed a complex set of absorption lines in 
both the orange and green-blue regions (the same measure- 
ment can be seen at http://www.gemlab.co.uk/peridot 
-html). This study shows the importance of studying a vari- 
ety of simulants, even those for less-expensive gems such as 
peridot. 


Turii Gaievskyi (gaevsky@hotmail.com) 
and Igor Iemelianov 
State Gemological Centre of Ukraine, Kiev 


Coral inclusions in plastic. Composites assembled from 
opaque-to-translucent and transparent gem materials such 
as turquoise, chalcedony, opal, chrysocolla, tourmaline, 
and peridot have become popular over the past few years, 
as evidenced by the number of samples received for iden- 
tification at the Gem Testing Laboratory in Jaipur, India. 
Recently, we examined an orangy red bead of plastic (figure 
18) with embedded fragments of coral. 

The round bead weighed 37.50 ct and measured 20.62 x 
20.57 x 14.02 mm. The bead was represented as coral, but 
its smooth texture along with the luster was sufficient 


ereab 


Figure 18. This 37.50 ct plastic bead contained visible 
fragments of carbonate-type coral (the lighter spots). 
Photo by Gagan Choudhary. 


enough to rule out that possibility. A few spots of lighter 
color (again, see figure 18), visible to the unaided eye, made 
it more interesting. Under strong fiber-optic light, minute 
transparency was observed, while microscopic examination 
revealed numerous gas bubbles scattered throughout the 
bead. Sharp boundaries between the lighter spots and the 
host bead suggested that these spots of lighter color were 
actually fragments of some other material. These randomly 
oriented fragments also displayed some concentric radiating 
structures (figure 19, left), typically seen in carbonate-type 
corals. Some chips also showed elongated sections (figure 
19, right), along with some whitish to faintly colored areas. 

Although the bead was obviously an artificial product, 
its major component was still to be identified. A spot RI of 


Figure 19. Some of the fragments embedded in the plastic bead displayed concentric radiating structures (left), typ- 
ically seen in carbonate-type coral, while others show elongated sections (right). Also note the sharp edges and 
whitish to faintly colored areas of the fragments. Photomicrographs by Gagan Choudhary; field of view 5.08 mm. 
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Figure 20. Raman spec- 
tra using 785 nm laser 
confirm that the major 
component of the bead 
is plastic (blue trace), 
while the grains are a 
carbonate such as cal- 
cite (red trace). The 
lack of carotenoid-re- 
lated peaks suggests 
the use of white coral 
fragments. 
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approximately 1.53 and hydrostatic SG of 1.97 were ob- 
tained. Under UV light, the bead fluoresced orange, with a 
stronger reaction to SW than LW, a desk-model spectro- 
scope revealed a broad absorption band from the violet to 
yellow-orange region. Raman spectroscopy (figure 20) con- 
firmed the major component of the bead as plastic, while 
the grains were identified as carbonate. We did not detect 
any carotenoid-related peaks, which have been suggested 
as the cause of color in pink-to red-coral (C.P. Smith et al., 
“Pink-to-red coral: A guide to determining origin of 
color,”Spring 2007 GwG, pp. 4-15). On the basis of Raman 
spectra and concentric radiating structure, the sharp frag- 
ments were identified as white coral. 

Coral-plastic composites have been reported previously 
(e.g., Fall 2008 Lab Notes, p. 253). Further, orange-red plas- 


tics have also been known as coral imitations for decades. 
This specimen turned out to be notable because of the use 
of coral fragments as inclusions; however, we could not 
clearly understand its purpose. 


Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


A jadeite bangle simulant: Hydrogrossular garnet. Jadeite, 
a material significant within Chinese culture, is often sub- 
mitted to the Lai Tai-An Gem Laboratory for identification. 

Historically, the name “jade” has been applied to either 
nephrite or jadeite. Nephrite has been used for adornment 
and ornamentation for thousands of years in China, and 
nephrite objects from many dynasties are found in muse- 


Figure 21. The photo on the left shows a jadeite jade bangle. The photo on the right shows two hydrogrossular gar- 
net bangles that were claimed to be jadeite. Photos by Lai Tai-An Gem Lab. 
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Figure 22. These hydrogrossular garnet bangles exhibit 
the black pepper-like inclusions that are sometimes 
found in this material. Photo by Lai Tai-An Gem Lab, 
field of view 8.20 mm. 


ums, auctions, and antique shops around the world. While 
newer to the Chinese market, jadeite jade is becoming in- 
creasingly important. Jadeite bangles (figure 21, left) the re- 


Figure 23. FTIR spectra reveal the difference between 
jadeite jade (red line, peaks at 1175, 1075, 1051, 957, 
855, 745, 666, 589, 534, 476, and 435 cnr") and hy- 
drogrossular garnet (blue line, peaks at 954, 866, 848, 
616, 560, 488, and 458 cm"). 
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Figure 24. Raman analysis of one of the client’s ban- 
gles, using a near-infrared wavelength of 785 nm, con- 
firms its hydrogrossular garnet identity. 


quire more rough than cabochons or fashioned stones, re- 
sulting in a larger amount of waste. Consequently, the 
value placed on good-quality pieces is higher, and jadeite 
bangles with fine textures and brilliant colors continue to 
set new records in auction houses. 

We recently received two similar-looking bangles (fig- 
ure 21, right) for identification. The client claimed the 
pieces were jadeite, but we determined them to be hy- 
drogrossular garnet. This jadeite simulant is rarely seen in 
bangle form; it is more likely encountered as carvings or 
cabochons. In this particular case, the similarity to jadeite 
was extremely convincing. 

The two translucent, light to strongly saturated green and 
white hydrogrossular garnet bangles weighed 339.55 ct and 
400.03 ct, and measured 75 x 11 mm and 77 x 12 mm, re- 
spectively. Both exhibited a spot RI of 1.72, SG of 3.42/3.45, 
inert reaction to both SW and LWUV, and a light pink reac- 
tion through the Chelsea color filter. The absorption spec- 
trum showed a cutoff below 460 nm, and the material 
exhibited black pepper-like inclusions (figure 22); these char- 
acteristics suggest that the color of the garnet is natural. 

The identification was confirmed by FTIR and Raman 
analysis. Peaks at 954, 866, 843, 616, 560, 488, and 458 cm- 
in the infrared spectra (figure 23), and peaks at 367, 408, 
544, 823, 877, 1489, and 1543 cm (figure 24) in the Raman 
spectrum are indicative of hydrogrossular garnet. The sim- 
ilarity to jadeite could lead to a costly error, so those in the 
trade must be aware of such imitations. 

Larry Tai-An Lai (service@laitaian.com.tw) 
Lai Tai-An Gem Laboratory, Taipei 


TREATMENTS 

———— 
Impregnated and dyed turquoise. Turquoise has a cryp- 
tocrystalline structure, which gives rise to the gem’s poros- 
ity. Its vulnerability to body oils, ordinary solvents, and dirt 
can induce variation of color. This porous gemstone’s ap- 
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Figure 25. Spectroscopic analysis of this 15.21 gram 
turquoise reveals that the material has been both im- 
pregnated and dyed. Photo by Wen Han. 


pearance and durability can be enhanced by various treat- 
ment techniques, such as dyeing, impregnation (with poly- 
mer, wax, or plastic), and the proprietary Zachery process 
(E. Fritsch et al., “The identification of Zachery-treated 
turquoise,” Spring 1999 GwG, pp. 4-16). 

Turquoise, often featured in vintage jewelry pieces, is 
becoming increasingly popular in the Chinese market. Re- 
cently, the NGTC Beijing lab received for identification a 
15.21 gram turquoise sphere with green color (figure 25). 
The specimen measured approximately 3.5 cm in diameter; 
its spot RI value was 1.59 and its hydrostatic SG value was 
2.58. The test sample was inert, except for several lines and 
a cavity with moderate white fluorescence under both LW 
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Figure 26. Some lines, along with the cavity, fluoresce 
white when exposed to long-wave UV radiation, indicat- 
ing the presence of filling material. Photo by Wen Han. 


and SWUV radiation (figure 26), suggesting impregnation. 
Magnification showed some filling material were also pres- 
ent in the cavities. Additionally, green color concentration 
was observed in the material’s cavities and cracks. 
Infrared reflectance spectroscopy revealed complicated 
peaks containing turquoise and impregnated materials. The 
bands at 1118 and 1050 cm"! were assigned to the asym- 
metric stretching vibrations of phosphate units, while the 
835 cm! was caused by the bending vibration of OH units. 
Other features from approximately 647 to 482, cm! were 
due to the phosphate bending modes of turquoise. The 2918 
and 2850 cm! peaks were attributed to wax; additionally, a 
series of small peaks from 1800 to 1350 cmt indicated the 


Figure 27. The infrared 
transmittance spectrum 
of small amounts of 
powder scraped from 
the sample shows that 
the turquoise was im- 
pregnated with three 
components: epoxy 
resin, acrylic polymer, 
and silicone. 
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innovation introduced by Camara since there 
is no previous record of constructing a dam 
in this way. 

At the time of Mawe’s visit Mendanha 
consisted of about 100 round, wattle-and- 
daub huts thatched with grass resembling 
the “rondavels” of Africa. 

Speaking of the Jequitinhonha itself, 
Camara informed Mawe that almost any 
section could be relied upon “to yield 
10,000 carats when its turn came, or if at 
any time there was need of an urgent 
supply.” 


e Jequitinhonha at Cambraia 


Mawe noted that the slaves were well 
treated and, although compelled to work 
from daylight to dark, were given periods 
of rest during the course of the day, espe- 
cially those whose stooping positions ren- 
dered their work irksome. 

Another interesting observation was the 
absence of any large diamonds in the parcels 
he saw. He mentions one of 1614 carats,— 
one carat less than would have awarded the 
slave finder his freedom. In the parcels sent 
to Portugal during Camara’s administration, 
only two weighed slightly more than 30 
carats. During part of the Extraccao Period, 
lasting 47 years from its inception, only 
115 stones exceeded 1714 carats. There is 
no authentic record of a diamond exceeding 
60 carats in weight from the Diamantina 
field. During the past thirty years only four 
have exceeded 50 carats, one of which was 
found by chance in the tailings of the Boa 
Vista mine. 


In his semiofficial position Mawe was 
allowed access to the official records of pro- 
duction and estimated that at the time of 
his visit it reached 25,000 carats. Between 
1801 and 1806, both inclusive, 115,675 
carats and 17,300 pounds sterling worth of 
gold were sent to Portugal, produced at a 
cost of 204,000 pounds sterling. 

During his stay in Diamantina, Mawe 
was impressed by the social graces and lux- 
ury of its inhabitants who imported bacon, 
cheese, butter, beer, and other commodities 
from England, and who dined off the best 
Wedgewood and Sevres crockery. While 
there he taught his host how to make beer 
and his hostess how to make butter and 
cheese. The beer, he confesses, was not very 
successful but he prides himself on the 
quality of the cheese. 


e Massa at Serrinha Mine 
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Figure 28. When compared with the spectrum of a 
known natural turquoise sample, the 677 nm band of 
the UV-VIS spectrum indicates that the sample in this 
study was dyed. 


presence of organic matter. To identify this organic mate- 
rial, we scraped off some powder from the edge of one of the 
cavities with a blade. The resulting infrared transmittance 
spectrum indicated the presence of three kinds of polymer 
(figure 27). The 1731 and 1013 cm" peaks were attributed 
to acrylic polymer, and the 1611 and 1510 cm" peaks were 
due to epoxy resin; both are commonly applied to various 
gem materials for impregnation. Peaks at 1410, 1260, and 
797 cm! were characteristic absorption features of silicone. 
Silicones are polymers consisting of repeating units of silox- 
ane (a functional group composed of two silicon atoms and 
one oxygen atom, often combined with carbon and hydro- 
gen). The 1410 and 1260 cm! peaks were caused by asym- 
metric and symmetric deformation vibrations of Si-CH,, 


respectively, and the 797 cm! was assigned to the Si-C 
stretching vibrations of the silicones. 

EDXRE chemical analysis detected mainly P, Al, Cu, Fe, 
and Si. The first four are consistent with the chemical com- 
position of turquoise, while Si was suspected to be a byprod- 
uct of silicone impregnation. The UV-Vis spectrum showed 
two absorption bands: a band centered at about 428 nm 
caused by Fe** d-d electronic transition, and a sharp band 
centered at approximately 677 nm (figure 28). Natural-color 
turquoise does not show the 677 nm band; many Chinese 
labs consider this feature characteristic of dyed material. 

Turquoise is usually impregnated with acrylic polymer 
or epoxy resin for stabilization in addition to the dyeing 
process to change its color. This is the first time we have 
encountered turquoise that was dyed and impregnated with 
three components. Our investigation reinforces the need to 
identify any and all treatments. 


Wen Han (winnerzx@126.com), Taijin Lu, Huiru Dai, 
and Jun Su 

National Gems & Jewelry Technology 
Administrative Center (NGTC) 

Beijing 

Hui Dai 

Institute of Geological Experiment of Anhui Province 
Hefei, China 


ERRATA 
eee 
1.In the Summer 2015 article by E. Sorokina et al., 
“Rubies and Sapphires from Snezhnoe, Tajikistan,” 
coauthor Dr. Andrey K. Litvinenko was incorrectly 
listed as director of GIA Moscow. 


2.In the Summer 2015 GNI entry “Crimson Prince 
ruby from Namya” (pp. 214-215), the location of 
Namya was incorrectly shown on the map. The lo- 
cation has been corrected in the online versions 
(HTML and PDF) of the Summer 2015 issue. 


IN MEMORIAM 
TINO HAMMID (1952-2015) 


Gems &) Gemology mourns the loss of acclaimed gem and 
jewelry photographer Tino Hammid, who died July 11 at 
the age of 63 after a two-year battle with cancer. Mr. Ham- 
mid is widely remembered throughout the industry for his 
kindness and his passion for the craft. 

The son of Academy Award-winning filmmaker 
Alexander Hammid, the New York native established his 
career in Los Angeles. From 1980 to 1982, he served as a 
staff photographer at GIA’s Santa Monica campus. Upon 
leaving GIA, he became a successful freelance photogra- 
pher, capturing some of the world’s most remarkable gems. 

In 1983, he began photographing gemstones for David 
Federman’s popular Gem Profile column in each monthly 
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issue of Modern Jeweler. Their 25-year collaboration yielded 
two Jesse H. Neal awards for business journalism and a pair 
of Gem Profile hardcover volumes: The First 60 (1988) and 
The Second 60 (1992). Mr. Hammid’s work appeared in 
countless other books, and starting in 1987 he photographed 
more than 100 Christie’s jewelry auction catalogs. 

GweG has been privileged to showcase Mr. Hammid’s 
talents for over 30 years. Longtime readers of the journal 
will recognize his distinctive backgrounds and use of light 
and shadow. Through his style and technique, he exerted a 
lasting influence on gem photography. Tino Hammid is 
survived by his wife, Petra, and three children. We extend 
our deepest condolences to his family and friends. 


Gems & GEMOLOGY Fall 2015 345 


EMS & 
EMOLOGY 


pg. 352 


pg. 371 


pg. 443 


347 


348 


370 


392 


410 


418 


428 


441 


446 


463 


Winter 2015 
VOLUME 51, No. 4 


EDITORIAL 
Garnets, Sapphires, Opals, and Tarnish on High-Purity Gold 


Duncan Pay 


FEATURE ARTICLES 


Vanadium- and Chromium-Bearing Pink Pyrope Garnet: Characterization and 
Quantitative Colorimetric Analysis 

Ziyin Sun, Aaron C. Palke, and Nathan Renfro 

This type of pink pyrope garnet, believed to have been mined in Tanzania, shows a distinct 
color-change phenomenon resulting from its unique chemical composition. 


Alluvial Sapphires from Montana: Inclusions, Geochemistry, and 
Indications of a Metasomatic Origin 

].C. (Hanco) Zwaan, Eric Buter, Regina Mertz-Kraus, and Robert E. Kane 

Microscopic and chemical analysis may provide clues to the original source of Montana’s 
alluvial sapphires and help distinguish them from sapphires with overlapping properties. 


The Grand Sapphire of Louis XIV and the “Ruspoli” Sapphire: 

Historical and Gemological Discoveries 

Francois Farges, Gérard Panczer, Nassima Benbalagh, and Geoffray Riondet 

Archival research and gemological characterization reveal the true story of this 135.74 ct blue 
sapphire from the French crown jewels. 


NOTES AND NEW TECHNIQUES 


Characterization of Tarnish Spots in Chinese High-Purity Gold Jewelry 
Taijin Lu, Jian Zhang, Yan Lan, Ying Ma, Hua Chen, Jie Ke, Zhenglong Wu, and Miaomiao Tang 
Examines the origin and nature of these tarnish spots and how they can be avoided. 


FIELD REPORTS 


Splendor in the Outback: A Visit to Australia’s Opal Fields 
Tao Hsu, Andrew Lucas, and Vincent Pardieu 


Documents a trip to the renowned opal fields of Lightning Ridge, Koroit, Yowah, and Quilpie. 


REGULAR FEATURES 


Lab Notes 

Graphite inclusions in diamond ¢ Treated pink diamond with HPHT synthetic growth 
structure ° Very large type Ib diamond ¢ Uranium in hyalite ¢ Large natural fossil blister 
pearls from Tridacna species ¢ Pearl with an intriguing internal structure ¢ Pearls reportedly 
from Spondylus and Trochoidea species ¢ Two large CVD-grown synthetic diamonds 

e Synthetic rock crystal quartz bangle with unusual inclusions 


G@G Micro-World 

“Dragon's eye” fire agate ¢ Red heart inclusion in diamond e Trapiche muscovite 

¢ Parisite in Colombian quartz  Violetish blue spinel in yellow sapphire ¢ Stars in Paraiba 
tourmaline 


Gem News International 

Demantoid garnet with giant fluid inclusion ¢ Grandidierite from Madagascar ¢ Mexican 
demantoid from new deposits ¢ New natural-color bluish green chalcedony ¢ Rubies 
from new deposit in Madagascar ¢ Plastic imitation of golden coral ¢ Conference reports 
e Errata 


Letters 


Editorial Staff 
Editor-in-Chief 
Duncan Pay 
dpay@gia.edu 


Managing Editor 


Stuart D. Overlin 
soverlin@gia.edu 


Editor 
Jennifer-Lynn Archuleta 
jennifer.archuleta@gia.edu 


Technical Editors 
Tao Z. Hsu 
tao.hsu@gia.edu 


Jennifer Stone-Sundberg 


Production Staff 


Creative Director 
Faizah Bhatti 


Image Specialists 
Kevin Schumacher 
Eric Welch 


Illustrator 
Peter Johnston 


Editors, Lab Notes 
Thomas M. Moses 
Shane F. McClure 


Editors, Micro-World 
Nathan Renfro 

Elise A. Skalwold 
John |. Koivula 


Editors, Gem News 
Emmanuel Fritsch 
Gagan Choudhary 
Christopher M. Breeding 


Editorial Assistants 
Brooke Goedert 
Erin Hogarth 


Photographer 
Robert Weldon 


Video Production 
Larry Lavitt 

Pedro Padua 

Nancy Powers 

Betsy Winans 


Editorial Review Board 


Ahmadjan Abduriyim 
Tokyo, Japan 


Timothy Adams 
San Diego, California 


Edward W. Boehm 


Chattanooga, Tennessee 


James E. Butler 
Washington, DC 


Alan T. Collins 
London, UK 


John L. Emmett 
Brush Prairie, Washington 


Emmanuel Fritsch 
Nantes, France 


Eloise Gaillou 
Paris, France 


Gaston Giuliani 
Nancy, France 


Jaroslav Hyrsl 
Prague, Czech Republic 


About the Cover 


The lead article in this issue analyzes the color-change phenomenon displayed by a pink pyrope garnet believed 
to be of Tanzanian origin. The cover photo shows two pieces of pyrope garnet from Morogoro, Tanzania, that ex- 
hibit the reported color-change characteristics. The round “Super Spiral cut” specimen, weighing 15.25 ct, comes 


A.J.A. (Bram) Janse 
Perth, Australia 


E. Alan Jobbins 
Caterham, UK 


Mary L. Johnson 


San Diego, California 


Anthony R. Kampf 


Los Angeles, California 


Robert E. Kane 
Helena, Montana 


Stefanos Karampelas 
Basel, Switzerland 


Lore Kiefert 
Lucerne, Switzerland 


Ren Lu 
Wuhan, China 


Thomas M. Moses 
New York, New York 


Nathan Renfro 
Carlsbad, California 


Contributing Editors 
James E. Shigley 

Andy Lucas 

Donna Beaton 


Editor-in-Chief Emeritus 


Alice S. Keller 


Customer Service 
Martha Erickson 
(760) 603-4502 
gandg@gia.edu 


Production Supervisor 


Richard Canedo 


Production Specialist 
Juan Zanahuria 


Multimedia Specialist 
Lynn Nguyen 


Benjamin Rondeau 
Nantes, France 


George R. Rossman 
Pasadena, California 


Kenneth Scarratt 
Bangkok, Thailand 


Andy Shen 
Wuhan, China 


Guanghai Shi 
Beijing, China 
James E. Shigley 


Carlsbad, California 


Elisabeth Strack 
Hamburg, Germany 
Wuyi Wang 

New York, New York 


Christopher M. Welbourn 
Reading, UK 


EMS & 
EMOLOGY. 


gia.edu/gems-gemology 


Subscriptions 

Copies of the current issue may be purchased for 
$29.95 plus shipping. Subscriptions are $79.99 for one 
year (4 issues) in the U.S. and $99.99 elsewhere. Cana- 
dian subscribers should add GST. Discounts are avail- 
able for group subscriptions, GIA alumni, and current 
GIA students. To purchase print subscriptions, visit 
store.gia.edu or contact Customer Service. For insti- 
tutional rates, contact Customer Service. 


Database Coverage 

Gems & Gemology’s impact factor is 0.778, accord- 
ing to the 2013 Thomson Reuters Journal Citation 
Reports (issued July 2014). G&G is abstracted in 
Thomson Reuters products (Current Contents: Phys- 
ical, Chemical & Earth Sciences and Science Cita- 
tion Index—Expanded, including the Web of 
Knowledge) and other databases. For a complete list 
of sources abstracting Gw#G, go to gia.edu/gems- 
gemology, and click on “Publication Information.” 


Manuscript Submissions 

Gems & Gemology, a peer-reviewed journal, welcomes 
the submission of articles on all aspects of the field. 
Please see the Author Guidelines at gia.edu/gems- 
gemology or contact the Managing Editor. Letters on 
articles published in Ge#G are also welcome. Please 
note that Field Reports, Lab Notes, Gem News Inter- 
national, and Micro-World entries are not peer-reviewed 
sections but do undergo technical and editorial review. 


Copyright and Reprint Permission 
Abstracting is permitted with credit to the source. Li- 
braries are permitted to photocopy beyond the limits 
of U.S. copyright law for private use of patrons. In- 
structors are permitted to reproduce isolated articles 
and photographs/images owned by Ge#G for noncom- 
mercial classroom use without fee. Use of photo- 
graphs/images under copyright by external parties is 
prohibited without the express permission of the pho- 
tographer or owner of the image, as listed in the cred- 
its. For other copying, reprint, or republication 
permission, please contact the Managing Editor. 


Gems & Gemology is published quarterly by the 
Gemological Institute of America, a nonprofit educa- 
tional organization for the gem and jewelry industry. 


Postmaster: Return undeliverable copies of Gems & 
Gemology to GIA, The Robert Mouawad Campus, 
5345 Armada Drive, Carlsbad, CA 92008. 


Our Canadian goods and service registration number 
is 126142892RT. 


Any opinions expressed in signed articles are under- 
stood to be opinions of the authors and not of the 
publisher. 


‘3 


from the same material as the 42.42 ct rough nodule. The gems were photographed on a glass tile that provides FSC 
an organic look to the scene. Photo by Robert Weldon/GIA, courtesy of Meg Berry. ia 


Printing is by L+L Printers, Carlsbad, CA. reap aver srom 
GIA World Headquarters The Robert Mouawad Campus 5345 Armada Drive Carlsbad, CA 92008 USA FSC® C006300 
© 2015 Gemological Institute of America All rights reserved. ISSN 0016-626X 


Garnets, Sapphires, Opals, and 
Tarnish on High-Purity Gold 


Welcome to the final Gems & Gemology of 2015. Colored gems—garnet, sapphire, and opal— 
are prominent in this issue. The Tanzanian garnet on our cover projects a rich, bold pink and 
demonstrates just how fine this material can be. It’s profiled in our lead article. The issue also 
offers insight into the origin of Montana’s alluvial sapphires, a gemological study of the historic 
Grand Sapphire, an investigation into tarnish spots on high-purity gold, and a field report on 
Australian opal. 


Our first paper—by three of GIA’s young research scientists, Ziyin “Nick” Sun, Aaron Palke, and 
Nathan Renfro—examines interesting 
“color-change” pyrope garnet from Amethyst purple under fluorescent-equivalent 
Tanzania. Under fluorescent-equivalent [jehting, hot pink under incandescent... 
lighting, larger gems have the color of 

fine purple amethyst, while under incandescent they resemble hot pink tourmaline. The authors provide a comprehensive 
review of this material's inclusions along with a quantitative analysis of its color under different lighting conditions. 


Alluvial sapphires from the US. state of Montana have long been celebrated for their kaleidoscope of colors, but so far no one 
has located these gems’ primary source rocks. In our second paper, a team of researchers led by Dr. J.C. “Hanco” Zwaan 
focuses on mineral inclusions and geochemistry to propose a metasomatic origin for Montana’ alluvial sapphires. 


Next, Dr. Francois Farges and his colleagues profile the fascinating history and gemology of Louis XIV’s 135.74 ct Grand 
Sapphire, which was added to the French crown jewels in 1669, around the same time as the fabled Tavernier Blue diamond. 
On the basis of microscopic examination and spectroscopy, the authors suggest that this magnificent blue sapphire 
originated in Sri Lanka’s gem fields. 


Our fourth paper investigates unsightly tarnish spots in high-purity (99.9% Au) gold jewelry. Dr. Taijin Lu and his team 
from the National Gems & Jewellery Technology Administrative Center (NGTC) in Beijing use a combination of 
advanced techniques to detect the presence of silver and sulfur in the tarnish spots. The authors recommend careful 
cleaning during the gold manufacturing process to eliminate the possibility of silver 
contamination. 


In June 2015, a GIA team consisting of Tao Hsu, Andrew Lucas, and Vincent Pardieu visited 
four important opal fields at the rugged fringes of Australia’s arid Great Artesian Basin: 
Lightning Ridge, Koroit, Yowah, and Quilpie. Their field report documents mining activity 
and the growing importance of the revenue and employment brought to these remote outback 
communities by “opal tourism.” 


As usual, you'll find our regular Lab Notes and Gem News International sections along with the 
third installment of the Micro-World column. Our GNI section includes an update from field 
gemologist Vincent Pardieu on rubies from a new deposit in Zahamena National Park, Madagascar. 
There are also reports from the 2015 Geological Society of America (GSA) annual meeting in 
Baltimore, the first International Emerald Symposium in Bogota, Colombia, and the 34th 
International Gemological Conference (IGC) in Vilnius, Lithuania. 


Finally, you'll notice this issue includes a ballot card for the Dr. Edward J. Giibelin Most 
Valuable Article Award. We had a fantastic response to our 2014 reader ballot, so please do vote 


again for your favorite 2015 articles. 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 


Please enjoy the Winter issue! 
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NMOS ARTICLES 


VANADIUM- AND CHROMIUM-BEARING 
PINK PYROPE GARNET: 
CHARACTERIZATION AND QUANTITATIVE 
COLORIMETRIC ANALYSIS 


Ziyin Sun, Aaron C. Palke, and Nathan Renfro 


arnets are a group of isometric nesosilicates 
with the general chemical formula X,Y,Z,0.,. 


A type of pink pyrope garnet containing vanadium and chromium, believed to have been mined in Tan- 
Zania, appeared at the 2015 Tucson shows. The material shows a noticeable color difference from pur- 
plish pink under incandescent light (A) to purple under daylight-equivalent light (D65). This study reports 
a quantitative analysis of the difference in color between the two lighting conditions, based on the use 
of high-quality visible absorption spectroscopy to calculate CIELAB 1976 colorimetric coordinates. L*, 
a*, and b* colorimetric parameters were calculated for a wide range of path lengths as extrapolated 
from visible absorption spectra of thinner samples. Using this method, the path length of light through 
the stone that produces the optimal color difference can be calculated. This path length can then be 
used to determine the optimal depth range to maximize color change for a round brilliant of a specific 
material. The pink pyrope studied here can be designated as “color-change” garnet according to certain 
classification schemes proposed by other researchers. In many of these schemes, however, the material 
fails to exceed the minimum requirements for quantitative color difference and hue angle difference to 
be described as “color-change.” Nonetheless, there is no simple solution to the problem of applying 
color coordinates to classify color-change phenomena. Also presented is a method by which spectra 
can be corrected for reflection loss and accurately extrapolated to stones with various path lengths. 


X, Y, and Z represent dodecahedral, octahedral, 


or Fe** on the Y-site, giving uvarovite (Ca,Cr,Si,O 
grossular (Ca,Al,Si,O,,), or andradite (Ca,Fe,*Si,O 
end members. Stockton and Manson (1985) proposed 


and tetrahedral sites in the crystal structure, respec- 
tively. Natural rock-forming silicate garnets with the 
Z-site occupied by Si** are commonly divided into the 
pyralspite and ugrandite groups. In pyralspite, Al** oc- 
cupies the Y-site and the X-site may contain Mg”, Fe”, 
or Mn**; these garnets are dominantly composed of 
the pyrope (Mg,Al,Si,O,,), almandine (Fe*,ALSi,O,,}, 
and spessartine (Mn,Al,Si,O,,) end members. The 
ugrandite garnets have Ca** on the X-site and Cr*, Al**, 


See end of article for About the Authors and Acknowledgments. 
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a classification scheme for separating the pyralspite 
group into the gemological species of pyrope, alman- 
dine, spessartine, pyrope-almandine, pyrope-spessar- 
tine, and almandine-spessartine. Previously, two types 
of color-change garnets have been reported: pyrope 
with very high Cr*(Hysingjord, 1971; Carstens, 1973; 
Amthauer, 1975) and pyrope-spessartine containing 
both Cr** and V**(Crowningshield, 1970; Jobbins et al., 
1975; Schmetzer and Ottemann, 1979; Manson and 
Stockton, 1984; Johnson and Koivula 1998; Krzem- 
nicki et al., 2001; Schmetzer et al., 2009). Cr**-bearing 
pyrope, however, has not been observed in sizes large 
enough for faceting. In the trade, almost all color- 
change garnets are referred to as pyrope-spessartine. 
A noticeable and attractive color change under 
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Figure 1. An interesting type of pink pyrope garnet, probably mined in Morogoro, Tanzania, is shown under incan- 
descent light A (left) and daylight-equivalent light D,,. (right). A noticeable difference in color can be seen. Left to 
right: a 2.51 ct modified round brilliant faceted by Todd Wacks, a 7.61 ct modified round brilliant faceted by Meg 
Berry, a 13.09 ct modified round brilliant faceted by Todd Wacks, and 31.90 ct and 6.00 ct rough. The 2.51 ct and 
13.09 ct faceted stones were included as part of this study. Photos by Robert Weldon/GIA. 


different lighting conditions (i.e., daylight vs. incan- 
descent light) significantly increases the value of a 
gem, and the decision of whether to apply the “color- 
change” descriptor is becoming a more important 
consideration in the trade. The two major systems 
established to quantitatively analyze color are CIE 
1931 (developed in 1931 by the Commission Inter- 
nationale de I’Eclairage) and CIELAB 1976 (published 
by the commission in 1976). They have been used to 
study color-change behavior of pyrope-spessartine 
garnets from Madagascar (Krzemnicki et al., 2001; 
Schmetzer et al., 2009). Both articles emphasized that 
color difference and hue angle difference under vari- 
ous lighting conditions are the most important fac- 
tors affecting the strength of a stone’s color change 
(see “Colorimetric Parameters in CIELAB 1976 Color 
Circle” below). 

An interesting observation made after inspecting 
several faceted stones is that this pink pyrope garnet 
appears to show a more noticeable “color change” in 
larger stones. The phenomenon of color-change 
under a constant lighting but with varying light path 
length is known as the Usambara effect (Halvorsen 
and Jensen, 1997; Halvorsen, 2006). Bjérn (2002) used 
colorimetric calculations to quantitatively predict 
the color change caused by the Usambara effect in 
tourmaline, alexandrite, and color-change garnet. 
The underlying cause is the relative difference be- 
tween two transmission windows in the visible ab- 
sorption spectrum with changing path length. 

As noted by previous studies, the presence of two 
transmission windows in the visible absorption spec- 
trum is also the fundamental cause of a color change 
under different lighting conditions. Therefore, we 
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sought to determine how a change in path length in- 
fluences the color difference and hue angle difference 
under two lighting conditions and how this relates 
to the greater difference in color seen in the larger py- 
ropes from this study. Liu et al. (1999b) quantita- 
tively calculated the change of hue angle difference 
under daylight-equivalent light (D,.) and incandes- 
cent light (A) in a gem tourmaline with varying 
thickness from the Umba Valley, Tanzania. Liu et al. 
(1999b) suggested that this tourmaline should only 
be considered a color-change stone within a certain 
range of path lengths. Schmetzer et al. (2013) studied 
a synthetic alexandrite crystal and analyzed the re- 
lationship between the “alexandrite effect” and the 
Usambara effect in this pleochroic mineral with 
varying thickness. To shed more light on this phe- 
nomenon, we have carried out a detailed quantitative 
study of the influence of path length on color differ- 
ence and hue angle difference under both lighting 
conditions for three different garnets. In doing so, we 
developed a new method to correct the UV-Vis-NIR 
spectra for reflection loss so that spectra for stones 
with a short path length could be accurately extrap- 
olated to longer path lengths. 


MATERIALS AND METHODS 

Samples. Twenty-three stones with inclusions pro- 
vided by Todd Wacks, Jason Doubrava, Jeff Hape- 
man, and Meg Berry, some of which are shown in 
figure 1, were used to identify typical inclusions in 
this material. Among the samples were 21 rough 
pieces, ranging from 4.04 to 31.90 ct, and two faceted 
stones weighing 13.88 ct and 13.09 ct. Additionally, 
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TABLE 1. Chemical composition of pyrope and pyrope-spessartine samples by LA-ICP-MS. 


Pyrope 3 Pk1 Pyrope 11 Pyrope6 Pyrope8 Pyrope9 Pyrope5 Pyrope7 Pyrope 10 Bi 


ere 


UPEO® 


Carat weight 12.26 2.63 2.9 0.29 0.36 


0.67 1.41 1.02 14.79 0.70 0.86 


ppmw of different elements 


Mg 125,000 124,000 121,000 117,000 118,000 
Ca 16,700 18,400 18,400 15,800 15,100 
Mn 45,400 45,800 43,200 57,700 57,700 
Fe 32,500 34,300 33,800 31,600 32,400 
Al 128,000 132,000 134,000 133,000 133,000 
Cr 845 897 697 450 468 
Vv 1430 1490 1350 947 979 
Si 197,000 191,000 192,000 191,000 191,000 
Ti 358 386 360 299 274 


117,000 120,000 120,000 123,000 83,800 62,100 
15,500 19,200 18,100 15,000 14,300 26,100 
57,800 42,000 36,700 51,300 134,000 163,000 


31,800 35,600 41,200 31,400 18,600 15,600 
132,000 132,000 136,000 133,000 124,000 119,000 
476 850 877 615 2210 708 

981 1430 1220 1010 5740 5830 
192,000 194,000 191,000 192,000 183,000 181,000 
283 362 280 206 453 715 


wt.% oxides, converted from LA-ICP-MS 


MgO 20.73 20.56 20.07 19.40 19.57 19.40 19.90 19.90 20.40 13.90 10.30 
CaO 2.34 2:57 2.57 221 2.11 217 2.69 2.53 2.10 2.00 3.65 
MnO 5.86 5.91 5.58 7.45 7.45 7.46 5.42 4.74 6.62 17.30 21.05 
FeO 4.18 4.41 4.35 4.07 4.17 4.09 4.58 5.30 4.04 2,39 2.01 
ALO, 24.19 24.94 25.32 25.13 25.13 24.94 24.94 25.70 25,13 23.43 22.48 
Cr,O, 0.12 0.13 0.10 0.07 0.07 0.07 0.12 0.13 0.90 0.32 0.10 
V,O, 0.21 0.22 0.20 0.14 0.14 0.14 0.21 0.18 0.15 0.84 0.86 
SiO, 42.14 40.86 41.08 40.86 40.86 41.08 41.50 40.86 41.08 39,15 38.72 
TiO, 0.06 0.06 0.06 0.05 0.05 0.05 0.06 0.05 0.03 0.08 0.12 
Total 99.83 99.68 99.32 99.37 99.55 99.40 99.43 99.38 100.45 99.41 99.29 
mol.% end members 
Pyrope 72.90 72.64 70.94 68.95 69.43 68.92 70.66 70.42 72.12 51.54 38.90 
Grossular 4.69 5.22 5.43 4.84 4.59 4.72 5.61 5.32 4.48 1.12 6.08 
Spessartine 11.76 11.86 11,23 15.08 15.07 15.08 10.92 9.55 13.30 36.38 45.26 
Almandine 8.28 5.66 8.65 7.93 Toy 197 9,09 10.14 6.56 4.02 4.01 
Uvarovite 0.35 0.37 0.29 0.19 0.20 0.20 0.35 0.37 0.26 0.96 0.31 
Goldmanite 0.73 0.76 0.69 0.49 0.50 0.50 0.73 0.63 0.51 3,07 3.18 
Schorlomite-Al 0.16 0.17 0.16 0.13 0.12 O13 0.16 0.13 0.09 0.21 0.34 
Remainder? 1.15 3.33 2.63 2.42 2,53 2.50 2.50 3.47 2.68 2.73 1.94 
Total 100.00 100.00 100.01 100.01 100.00 100.00 100.01 100.01 100.00 100.01 100.00 


“The “remainder” in the end-member components is what is left over after assigning all the atoms to a stoichiometric garnet formula. This value is re- 


lated to analytical error in the chemical measurements. 


eight rough pyrope specimens, ranging from 0.29 to 
14.79 ct, and one 2.51 ct faceted pyrope modified 
round brilliant were provided by Mr. Wacks for 
chemical analysis. One blue (B11) and one green 
(Gr1) faceted pyrope-spessartine garnet were selected 
from the authors’ own collection (table 1) for colori- 
metric analysis, along with one of the rough pink py- 
rope samples used for chemical analysis (Pk1). A 
total of 11 stones underwent chemical analysis as 
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part of this study. According to Mr. Wacks, this ma- 
terial may have been mined some 30 years ago in 
Morogoro, Tanzania (Pay, 2015), and could represent 
the material documented by Stockton (1988). 


Standard Gemological Properties. This study began 
when GIA’s Carlsbad laboratory received a 2.51 ct 
transparent purple pink modified round brilliant 
stone for scientific examination (pyrope 11 in table 
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Figure 2. Three flat wafers with two parallel polished surfaces were prepared and attached in wax to collect UV- 
Vis-NIR spectra. Wafer B11 (left, 1.478 mm in thickness) showed the most intersecting rutile needles in the optical 
path. Gr1 (middle, 1.416 mm in thickness) showed the fewest interfering rutile needles. The density of the rutile 
needles blocking the aperture in Pk1 (right, 3.500 mm in thickness) was intermediate between B11 and Gr1. Three 
laser ablation marks are shown in the center of the wafers through the aperture. Photos by Nathan Renfro; fields 


of view: 11.58 mum (left), 12.17 mm (center), and 14.58 mm (right). 


1). Standard gemological testing revealed a refractive 
index (RI) of 1.736 and no birefringence. The specific 
gravity (SG), obtained hydrostatically, was 3.75. No 
fluorescence was observed under either long-wave 
(LW) or short-wave (SW) UV light. Using a handheld 
spectroscope, weak absorption lines were observed 
in the blue and violet section—a 505 nm absorption 


In Brief 


Vanadium, chromium, and manganese are responsible 
for the presence of two visible-light transmission win- 
dows in a particular type of pink pyrope garnet. This is 
the cause of the color difference seen under daylight- 
equivalent light (D65) and incandescent light (A). 


This material has lower concentrations of vanadium, 
chromium, and manganese than normal color-change 
pyrope-spessartine, and a much higher pyrope compo- 
nent. These cause the unique color properties. 


There should be a range of path lengths (sizes) with 
which the garnet shows the best color change. Below 
or above this range, the saturation is too low or the hue 
angle change or saturation change is too small to pro- 
duce an observable color change. 


There is no unique and simple solution to the problem 
of classifying color-change stones based on their 
CIELAB color coordinates, as the entire concept of 
“color change” is inherently subjective. 


line, and very weak absorption bands at 520 and 573 
nm. Microscopic examination showed intersecting 
long and short needles throughout. All of these prop- 
erties were consistent with pyrope garnet based on 
the gemological classification system devised by 
Stockton and Manson (1985). The stone exhibited a 
noticeable difference in color between incandescent 
light and daylight-equivalent light. 
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Photomicrography. The rough stones were fabricated 
to wafers with parallel windows using standard lap- 
idary equipment, which oriented the inclusions in 
the best possible position for photomicrography. Pho- 
tomicrographs were taken using various Nikon mi- 
croscopes, including an Eclipse LV100, SMZ1500, 
and SMZ10 (Renfro, 2015a). 


Raman Spectroscopy Analysis. Raman spectra were 
collected with a Renishaw inVia Raman microscope 
system. The Raman spectra of the inclusions were 
excited by a Stellar-REN Modu Ar-ion laser produc- 
ing highly polarized light at 514 nm and collected at 
a nominal resolution of 3 cm in the 2000-200 cm"! 
range. Each spectrum of the inclusions was accumu- 
lated three times at 20x or 50x magnification. In 
many cases the confocal capabilities of the Raman 
system allowed inclusions beneath the surface to be 
analyzed. Several other stones were polished to ex- 
pose the inclusion to the surface. 


LA-ICP-MS Analysis. The chemical composition for 
each sample, listed in table 1, was obtained with a 
ThermoFisher X-series II ICP-MS coupled with a 
New Wave Research UP-213 laser ablation unit with 
a frequency-quintupled Nd:YAG laser (213 nm wave- 
length) running at 4 ns pulse width. NIST (National 
Institute of Standards and Technology) glass stan- 
dards SRM 610 and 612 and USGS (United States Ge- 
ological Survey) glass standards BHVO-2G, BIR-1, 
NKT-1G, and BCR-2 were used for external calibra- 
tion. Ablation was achieved using a 55 pm diameter 
laser spot size, a fluence of around 10 J/cm?, anda 15 
Hz repetition rate. The garnets were initially inter- 
nally standardized with Si using an educated guess 
based on the EDXRF analyses. The data was con- 
verted to wt.% oxides and normalized to 100 wt.% 
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and then converted back to ppmw. The ppmw con- 
centration of 7°Si obtained in this manner was then 
used for internal standardization to recalculate the 
chemical compositions. The ppmw values obtained 
in this final calculation were identical within <1% 
to those obtained after normalizing to 100 wt.% with 
the guessed value of *°Si used for internal standardi- 
zation, demonstrating the validity of this method. 
We selected six spots on each pyrope sample for gen- 
eral chemical composition. For the three garnet 
waters on which we collected UV-Vis spectra (Pk1, 
Bll, and Grl; see table 1 and figures 2 and 13), the 
LA-ICP-MS analyses were performed in the same re- 
gion where the spectroscopic data was collected. The 
EDXRF data agreed with the LA-ICP-MS analyses, 
generally within 5-10%. 


Energy-Dispersive X-Ray Fluorescence (EDXRF) 
Analysis. In addition to LA-ICP-MS, the composition 
of three garnet wafers (B11, Grl, and Pk1) was ana- 
lyzed on an ARL Quant’X EDXREF analyzer from 
Thermo Electron Corporation. USGS glass NKT-1G 
was used for external calibration. 


UV-Vis-NIR Spectroscopy. Three garnets (samples 
B11, Grl, and Pk1) were prepared as wafers with par- 
allel polished surfaces and various thicknesses (figure 
2). UV-Vis-NIR spectra were collected with a Hitachi 
U-2910 spectrometer. The spectra were collected in 
the 190-1100 nm range with a 1 nm spectral resolu- 
tion at a scan speed of 400 nm/min. 


RESULTS AND DISCUSSION 

Microscopic Internal Characteristics. The pink pyrope 
garnets studied here contain a wide range of inclusions 
in addition to their interesting color properties. An ex- 
ample is the 13.88 ct faceted pyrope in figure 3, which 
exhibits a black inclusion that can be seen through 
the table. 

Quartz, apatite, sulfides, graphite, rutile, finger- 
print-like inclusions, growth tubes, and negative 
crystals were observed. Surface features—etch mark- 
ings and trigons—were also visible. Each type of min- 
eral inclusion was identified by Raman spectroscopy. 


Quartz. Quartz is a common inclusion in the pink 
pyrope garnets from this study. Pyrope-rich garnet is 
in general associated with magnesium-bearing basic 
rocks from the lower crust to the upper mantle. In 
figure 4A, the morphology of a small colorless trans- 
parent quartz crystal with conspicuous surface mark- 
ings appears to be constrained by step-like growth of 
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Figure 3. A black inclusion with a whitish tension 
halo rim, likely graphite, was observed under the 
table facet of the 13.88 ct modified cushion brilliant. 
The presence of the inclusion makes the stone a col- 
lector’s piece. The cut stone, faceted by Meg Berry, is 
shown along with a 43.30 ct rough nodule provided 
by Jason Doubrava. Photo by Robert Weldon. 


the garnet’s (110) faces. This crystal is also sur- 
rounded by very fine rutile needles, rendering a 
pseudohexagonal contour. This syngenetic crystal 
showed strong birefringent color under polarized 
lighting (figure 4B). In figure 4C, some yellowish for- 
eign mineral (possibly goethite, dolomite, or a 
limonitic mineral) and a tiny black prism (possibly 
hematite, ilmenite, or senaite) were captured by a 
transparent quartz crystal. Under polarized lighting, 
the mineral-filled area showed strong birefringent 
color (figure 4D). No Raman signal could be obtained 
for this material, but large clusters of quartz crystal 
with similar yellowish foreign mineral filler were ob- 
served in another stone (figure 4E and 4F). In figure 
4G, a very large quartz crystal shows a hexagonal 
crystal habit. Large quartz crystals with irregular 
shape were also found (figure 4H). Quartz is also a 
prevalent mineral inclusion in other garnets such as 
almandine, umbalite (mainly composed of pyrope 
and spessartine with small amounts of almandine, 
lacking color change), and color-change pyrope-spes- 
sartine garnet (Gtibelin and Koivula, 2005). 


Apatite and Other Phosphate Minerals. Apatite and 
other phosphate minerals have been found in rhodo- 
lite, almandine, spessartine, umbalite, and color- 
change pyrope-spessartine (Gtibelin and Koivula, 
2005). To isolate the weak apatite Raman scattering 
signal from the pink garnet host studied here, a bluish 
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Before leaving Diamantina, Mawe was 
taken on a side trip to the Rio Pardo on 
the opposite side of the watershed where 
the Extraccaco had another of its gangs at 
work: Hete he noted the difference in the 
appearance of the diamonds. He mentions 
the green coated stones characteristic of the 
Corrego Novo, Campo Sampaio, and Sao 
Joao da Chapada mines, discovered at a 
later date. from which they were probably 
derived. This green coating does not yield 
to any acids nor does it affect the quality 
of the stone, but it does render it difficult 
to spot any internal defect. 

An interesting phenomenon, as regards 
diamonds, was first noticed at Corrego Novo 
by the writer’s brother, Edward. This, the 
intergrowth of diamonds and quartz, was 
subsequently repeated a number of times 
at the Boa Vista mine. The Corrego Novo 
specimen was forwarded to the States where 
it was described by Professor J. B. Colony 


in the American Journal of Science, Ser. V; 
Vol. 5. 

It appears, however, that this peculiar 
and imteresting fact was first described in 
1858 by P. Hartig in Description d’un dia- 
mante remarquable contenant des cristaux’’ 
in Verhandlingen der Koniglyke Academie 
van Wetens Chappen. 

While in Brazil, Mawe made a collection 
of its semiprecious stones which he de- 
scribed in his Treatise on Diamonds and 
Precious Stones including thew History, and 
in which he shows a colored example of a 
Brazilian Imperial topaz. “There is no 
doubt,” says an introduction to the Portu- 
guese version by Clado Ribeiro Lessa, “but 
that the publication of this treatise was the 
principal factor in popularising the Brazil- 
ian gems among the English, especially the 
Imperial topaz, . . . and to no lesser excent 
crysoberyl and a variety of blue topaz known 
as ‘Brazilian sapphire’ which up to that date 


¢ Close up of massa at Serrinha Mine showing pebbles and diamond- 
heavy matrix. Note orientation of pebbles 
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hexagonal prismatic apatite crystal was partially pol- 
ished through to reach the surface (figure 5A). The 
outline of the crystal was distinct under polarized 
lighting (figure 5B). Figures 5C and 5D show a group 
of rounded apatite crystals whose morphology sug- 
gests they were partially corroded before being cap- 
tured by the garnet. An extremely large euhedral 
apatite crystal showed a greenish yellow bodycolor 
(figure 5E) with a fingerprint-like halo extending 
around its perimeter. Another whitish mineral gave 
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Figure 4. A: Transparent 
quartz crystal with 
sharp euhedral crystal 
faces under diffused 
transmitted lighting. B: 
The same crystal with 
bright interference col- 
ors under cross-polarized 
lighting. C: Quartz 
crystal filled with for- 
eign yellowish material 
under diffused trans- 
mitted lighting. D: The 
foreign yellowish mate- 
rial showed interfer- 
ence colors under 
cross-polarized lighting. 
E: Cluster of quartz 
crystals with foreign 
yellowish material 
under darkfield illumi- 
nation. F: The quartz 
host and foreign yel- 
lowish material both 
showed interference col- 
ors under cross-polarized 
light. G: The hexagonal 
geometry of a large 
quartz crystal became 
very distinct under 
darkfield illumination. 
H: Two large quartz 
crystals with irregular 
shape under darkfield 
illumination. Fields of 
view: 0.62 mm (A and 
B), 1.92 mm (C and D), 
1.99 mm (E and F), 2.34 
mm (G), and 7.19 mm 
(H). Photomicrographs 
Ziyin Sun (A and B), 
Nathan Renfro (C and 
_ D), and Jonathan 
Muyal (E-H). 


an unidentifiable Raman spectrum, which nonethe- 
less seemed to share many similarities with Raman 
spectra of other phosphate minerals (figure 5F). 


Sulfides. Sulfide crystals are another very common 
mineral inclusion in these pink pyrope garnets. 
Raman spectroscopy was inconclusive, even when 
the inclusions were polished to the surface; the clos- 
est match was for chalcocite, although other sulfides 
and sulfosalts gave reasonable matches as well. Figure 
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6A shows a rounded sulfide crystal that was partially 
exposed and showed a metallic luster under reflected 
light. The depression next to the crystal suggests that 
there was originally another sulfide crystal. The crys- 
tal outline is distinct under darkfield illumination 
(figure 6B). All the sulfides showed a reddish reflected 
color when illuminated by a fiber-optic light from the 
side of the wafer (figure GC, 6D, and 6E), although this 
may represent the red color of the light transmitted 
through the garnet. Some of these inclusions have as- 
sociated fingerprint-like inclusions showing birefrin- 
gent color under cross-polarized lighting (figure 6F 
and 6G], and many are surrounded by clusters of ru- 
tile needles (figure 6F). An orange iron oxide mineral 
is also associated with fractures near some of these 
sulfide inclusions (figure 6F). The flow lines next to 
the rutile cluster on the top part of figure 6G may be 
the result of excess titanium in the mineralization en- 
vironment, which causes TiO, to precipitate and co- 
alesce as “silk” as the garnet cools. 
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Figure 5. A: This bluish 
apatite crystal, shown in 
reflected lighting and 
weak diffused transmitted 
lighting, displays a hexag- 
onal crystal outline where 
it breaks the surface. B: 
The entire shape of the 
same crystal is distinct 
under cross-polarized 
lighting. C: This group of 
rounded apatite crystals is 
shown under diffused 
transmitted lighting. D: 
All the crystals in 5C 
showed interference colors 
under cross-polarized 
lighting. E: This large 
greenish yellow tabular 
apatite crystal with a liq- 
uid fingerprint extending 
from it is seen in diffused 
transmitted and fiber- 
optic lighting. F: A large 
opaque whitish phosphate 
mineral under darkfield il- 
lumination. Fields of view: 
0.25 mm (A and B), 2.52 
mm (C and D), 4.92 mm 
(E), and 7.19 mm (F). Pho- 
tomicrographs Ziyin Sun 
(A, B, and E), Nathan Ren- 
fro (C and D), and 
Jonathan Muyal (F). 


Graphite. Black tablets of graphite represent one of the 
more frequent inclusions of the pink pyrope garnets 
in this study. The partially exposed graphite crystal in 
figure 7A showed a dull luster. The outline of the crys- 
tal and a surrounding tension halo became distinct 
under darkfield illumination (figure 7B). Some of the 
graphite showed a very uniform layered pseudohexag- 
onal crystal structure (figure 7C). The whitish tension 
halo is always present around the graphite (figure 7C). 
The presence of graphite suggests a relatively high- 
grade metamorphic formation process. It is also a fre- 
quent guest mineral in almandine and color-change 
pyrope-spessartine. The common association of V- 
bearing gem material with graphite, as found in this 
pink pyrope in many gem-bearing metamorphic de- 
posits from East Africa (e.g., tanzanite and tsavorite}, 
is of interest. 


Rutile. Strong fiber-optic lighting revealed a three-di- 
mensional network of (presumably) rutile needles and 
unknown mineral platelets that showed flashes of iri- 
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descent color (figure 8A). The slender needles ap- 
peared to outline the edges of a rhombododecahedron 
(probably aligned along <110>). Under cross-polarized 
lighting, the needles showed birefringent color (figure 
8B). One blocky rutile crystal that presented itself 
along a fracture surface appeared to have a metallic 
luster under reflected lighting (figure 8C). Observing 


wee Figure 6. A: An opening 
next to a surface-reaching 
sulfide crystal, shown 
under reflected lighting 
and weak transmitted 
lighting. B: The outline of 
the crystal became distinct 
under darkfield illumina- 
tion. C, D, and E: These 
sulfides showed reddish 
color when illuminated 
= with strong fiber-optic 
lighting from the side. F: 
This well-formed sulfide 
crystal with extended par- 
tially healed tension halo 
is shown under darkfield 
and fiber-optic illumina- 
tion. G: Fingerprint-like in- 
clusions in the partially 
healed tension halo dis- 
played birefringent color 
under cross-polarized light- 
ing. Fields of view: 2.47 
mm (A and B), 2.96 mm (C 
and D), 5.85 mm (E), 3.57 
mum (F), and 2.85 mm (G). 
Photomicrographs by Ziyin 
Sun (A, B, and E), Aaron C. 
Palke, (C and D), and 
Jonathan Muyal (F and G). 


this mineral from the opposite side revealed how it 
would look like as an inclusion in a stone (figure 8D). 
This blocky rutile crystal appeared black and opaque. 


Fingerprint-Like Inclusions. Fingerprint-like fluid in- 
clusions are common features in the pyrope garnets. 
In figure 9A, a large secondary inclusion plane is 


Figure 7. A: This graphite crystal with tension halo is shown under reflected lighting and weak diffused transmit- 
ted lighting. B: The outline of the same black graphite crystal became distinct under darkfield illumination. 

C: The layered structure of the graphite inclusion is visible under diffused fiber-optic lighting. Fields of view: 1.24 
mm (A and B) and 0.62 mm (C). Photomicrographs by Jonathan Muyal and Ziyin Sun. 
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partly filled by some foreign material, possibly 
quartz. Viewed in cross-polarized light, the inclu- 
sions appear to show birefringent colors, suggesting 
the presence of some mineral phase that presumably 
precipitated from the fluid that originally occupied a 
partially healed fracture plane (figure 9B). The inter- 
ference colors in this photomicrograph are all of low 
intensity, and the image is quite dark. The picture 
immediately takes on an array of vivid colors with 
the insertion of the first-order red compensator (fig- 
ure 9C; see Koivula, 1984; Renfro, 2015a). 


Growth Tubes and Negative Crystals. These pink py- 
rope garnets are also characterized by the presence of 


Figure 8. A: Iridescent in- 
tersecting rutile needles 
under fiber-optic illumina- 
tion. B: Three needle-like 
mineral inclusions show- 
ing birefringent color 
under cross-polarized 
lighting. C: A large rutile 
crystal breaking the sur- 
face shows a metallic lus- 
ter under reflected 
lighting. D: The same crys- 
tal observed from the op- 
posite side under darkfield 
illumination. Fields of 
view: 3.48 mm (A), 0.62 
mm (B), and 2.47 mm (C 
and D). Photomicrographs 
by Nathan Renfro (A), 
Jonathan Muyal (B), and 
Ziyin Sun (C and D). 


many hollow tubes whose sides appear to be confined 
by the crystal structure. It is possible that rutile or an- 
other needle-like mineral inclusion originally occu- 
pied these spaces but was later dissolved. 
Alternatively, these could be growth tubes caused by 
some defect in the crystal lattice that blocked garnet 
growth in a specific zone while the bulk of the garnet 
continued to grow around it, resulting in a hollow 
tube. Many of the hollow tubes were later filled with 
epigenetic yellowish limonitic material (figure 10, left). 
Some tabular rounded negative crystals were also ob- 
served (figure 10, right). Those voids do not show an 
interference color under cross-polarized lighting and 
are thus probably filled with some fluid or vapor phase. 


Figure 9. A: Partially healed fingerprint-like inclusions under diffused transmitted lighting. B: The same inclusion 
under polarized lighting. C: The same inclusion under polarized lighting with insertion of the first-order red com- 
pensator. Field of view: 3.16 mm. Photomicrographs by Nathan Renfro. 
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Figure 10. Left: Hollow growth tubes filled with limonitic iron compound minerals, viewed in diffused trans- 
mitted and fiber-optic illumination. Right: Rounded negative crystals and voids viewed in diffused transmit- 
ted illumination. Fields of view: 4.33 mm (left) and 1.26 mm (right). Photomicrographs by Nathan Renfro (left) 
and Jonathan Muyal (right). 


Surface Features: Etch Markings and Trigons. Un- 
usual slightly rounded and circuitous channels were 
observed on the surface of one piece of pink garnet 
rough. To our knowledge, such a pattern has not been 


Figure 11. A: Numerous channels on the surface of a 
garnet rough under diffused reflected lighting. B: The 
same channels, seen at higher magnification under 
diffused reflected lighting. C: An episcopic differential 
interference contrast (DIC) image of large trigons on 
the surface of a garnet rough under reflected lighting. 
Fields of view: 5.98 mm (a), 4.79 mm (b), and 0.62 
mm (c). Photomicrographs by Nathan Renfro. 
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described in garnet or any other gem material. One 
possible explanation is that a larger piece of garnet 
broke along a large secondary fluid inclusion plane, 
and the pattern left by the fluid inclusion plane was 
corroded and rounded, ultimately forming the chan- 
nels seen in figures 11A and 11B. Other fresh pink 
pyrope surfaces show trigon-shaped depressions that 
can be effectively imaged using episcopic differential 
interference contrast (DIC), as shown in figure 11C 
(see also Koivula, 2000; Renfro, 2015b). The forma- 
tion process of those large trigons is still unknown, 
although such features are presumed to be caused by 
late-stage dissolution or etching. 

The inclusions observed suggest that this pink py- 
rope garnet is a product of high-grade metamorphic 
formation processes. Weak to strong corrosion prob- 
ably also occurred sometime after the crystal growth, 
likely after peak metamorphic conditions. 


Chemical Analysis. Table 1 shows the chemical com- 
position of nine pyrope and two pyrope-spessartine gar- 
nets, expressed as ppmw (parts per million by weight], 
oxide percent by weight (as derived from ppmw values 
from LA-ICP-MS measurements; other trace elements 
are not reported here), and mole percent end members 
(mol.%), calculated using the spreadsheet method of 
Locock (2008). We conclude that this type of pink py- 
rope garnet has the following end-member composi- 
tion: pyrope 68.92-72.90 mol.%, grossular 4.48-5.61 
mol.%, spessartine 9.55-15.08 mol.%, almandine 
5.66-10.14 mol.%, uvarovite 0.19-0.37 mol.%, and 
goldmanite 0.49-0.76 mol.%. The composition of two 
pyrope-spessartine garnets (Bl1 and Gr1) is also listed 
for comparison in table 1. As a secondary check on the 
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accuracy of the LA-ICP-MS results, the composition of 
the three garnet wafers (B11, Grl, and Pk1) was also an- 
alyzed by EDXRF. The EDXRF results generally agreed 
with the LA-ICP-MS measurements within 5-10% for 
the elements listed in table 1. 


Visible Absorption Spectrum Analysis. Accurate vis- 
ible spectroscopic measurement relies on correctly 
identifying the spectral baseline. This is especially 
true in the present study, where spectra for stones 
with long path lengths were produced by multiplying 
the spectrum collected from thin wafers (approxi- 
mately 1-4 mm) by an appropriate factor. In this case, 
the baseline must be carefully corrected to avoid am- 
plifying any errors inherent in fitting the baseline. 

Absorbance, A, in our UV-Vis-NIR spectra is the 
sum of A, (chromophore light loss), A,, (reflection 
light loss, surface of the gem), and A,,, (inclusion-scat- 
tering light loss). An equation can be written simply 
as 


A=A,+A, +A, (1) 


Samples Bll, Grl, and Pk1 were polished into 
wafers with thicknesses of 1.478, 1.416, and 3.500 
mm, respectively. After UV-Vis-NIR spectra were 
collected (red traces in figure 12), the three wafers 
were further polished down to thicknesses of 0.906, 
0.842, and 2.278 mm. UV-Vis-NIR spectra were col- 
lected on the thinner wafers (green traces in figure 
12). When the short path length traces are subtracted 
from the long path length traces, the resulting spectra 
(blue traces in figure 12) have the A, reflection light 
loss removed because A,, is expected to be the same 
regardless of the stone’s thickness. These spectra, 
corrected for reflection light loss, correspond to path 
lengths equal to the difference between the long and 
short path lengths for each stone. Now we can use 
these reflection-corrected spectra to produce the 
spectra of any desired path length by multiplying by 
an appropriate constant. We can also calculate the 
spectra of the reflection light loss (purple traces in 
figure 12) by renormalizing the reflection-corrected 
spectra to the original path lengths and taking the 
difference between the corrected and uncorrected 
spectra, as discussed below. 

The baselines of the reflection-corrected spectra are 
not equal to 0 at 850 nm, which would be expected 
with an absolutely perfect correction. The magnitude 
of the residual baseline correlates with the relative 
amount of rutile inclusions observed in the garnets, 
with Bl1 having the highest concentration and Grl the 
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Figure 12. For samples B11 (top), Gr1 (middle), and 
Pk1 (bottom), the red traces are the absorption spectra 
for the wafer. The green traces are the absorption spec- 
tra for the same wafer polished down to a thickness of 
0.906, 0.842, and 2.278 mm. The blue traces are the 
absorption spectra created by subtracting the green 
traces from the red traces. Finally, the purple traces 
are the spectra of the reflection light loss. 
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1 2 3 
Figure 13. These photos show polished wafers under 
daylight-equivalent light (top) and incandescent light 
(bottom). Left to right: Samples B11 (1.487 mm thick), 


Gri (1.416 mm thick), and Pk1 (3.500 mm thick). 
Composite photo by Robison McMurtry. 


lowest. Thus, we can conclude that the residual base- 
line is mainly caused by inclusion-scattering absorp- 
tion (A,, in equation 1). Note that no attempt is made 
to correct the spectra for A,,. If we assume that light 
scattering particles are evenly distributed and have 
uniform orientation, size, and shape within a certain 
stone, then the magnitude of this term is expected to 
be dependent on the thickness of the stone. While this 
assumption will not be strictly correct for most gem 


VISIBLE SPECTRA 


0.8 4 


ABSORBANCE —> 


0.44 


materials, a more rigorous correction for A,,, is not fea- 
sible at the moment, and will probably not have a sig- 
nificant impact on the results. 

The calculated visible spectra for samples BI1, 
Grl, and Pk1 share many of the same features, as 
shown in figures 13 and 14. The absorption bands at 
410, 422, and 430 nm are caused by Mn**, while those 
at 504 and 521 nm are caused by Fe”* (Moore and 
White, 1972). A wide absorption band between 550 
and 600 nm is caused by contributions from both 
Cr** and V** (Geiger et al., 2000). Sample Bll shows 
two transmission windows: Window A lies in the red 
section from 650 to 700 nm; window C, with its 
transmission maximum at 477 nm, lies in the blue 
section of the spectrum (figure 14). Sample Grl 
shows the same transmission window in the red sec- 
tion of the spectrum (window A), but the higher-en- 
ergy transmission window is more open to 
wavelengths of light in the green section, with its 
transmission maximum at 510 nm (window B). The 
red transmission window for Pkl is wider than for 
the other two samples. The higher-energy window 
has a transmission maximum at 477 nm, similar to 
B11, but with more transmission in the higher-energy 
(violet) section due to the lower Mn” content (again, 


Figure 14. The calcu- 
lated visible absorption 
spectra of three garnets 
with 1 mm thickness 
revealed absorption 
bands at 410, 422, and 
430 nm caused by Mn’*; 
absorption bands at 504 
and 521 nm caused by 
Fe; and a wide absorp- 
tion band between 550 
and 600 nm caused by 
Cr* and V**, Transmis- 
sion windows A, B, C, 
and D are labeled. The 
green trace and the blue 
trace are offset by 0.2 
and 0.4 absorbance 
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units, respectively. 


Gems & GEMOLOGY WinteR 2015 359 


VISIBLE SPECTRA 


100 5 


Mabel 
0 
Zz 
< 
E 
= 
22) 
Z 
< 
ao 
= 
ss 
400 450 500 550 600 650 700 
WAVELENGTH (nm) 
habe 
0 
é 
E 
E 
= 
nn 
Z 
< 
= 
= 
ss 
T T 
400 450 500 550 600 650 700 
WAVELENGTH (nm) 
100 5 
1mm 
i 90 5 2mm 
3mm 
rit) 80 4 4mm 
ro) | 5mm 
za = 
25 ie 
Seer 1émm 
Y 40-4 
Z 
S 20- 
E 
xe 20 4 
104 


T T 
400 450 500 550 600 650 700 


WAVELENGTH (nm) 


Figure 15. Top: Visible transmission spectra of B11 with 
path length from 1 to 13 mm; transmission windows A 
and C become smaller with increasing wafer thick- 
ness. Middle: Visible transmission spectra of Gr1 with 
path length from 1 to 13 mm; transmission windows A 
and B become smaller with increasing wafer thickness. 
Bottom: Visible transmission spectra of Pk1 with path 
length from 1 to 13 mm; transmission windows A and 
D become smaller with increasing wafer thickness. 
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see figure 14). The transmission windows described 
here are similar to those mentioned by Schmetzer et 
al. (2009). 


SPECTRUM AND COLORIMETRIC DATA ANALYSIS 
Visible Transmission Spectra. The spectra of three 
garnets were converted to transmission spectra with 
path lengths from 1 to 13 mm by multiplying the 
spectra by an appropriate value (1/1,, where “1” is the 
desired path length and “1,” is the path length of the 
reflection-corrected spectrum—0.581 mm, 0.574 
mm, and 1.222 mm for Bll, Grl, and Pk1, respec- 
tively). For all samples, the transmission windows 
became smaller as the path length increased (figure 
15). CIELAB 1976 L*, a*, b* color space coordinates 
were calculated for each spectrum under incandes- 
cent and daylight-equivalent light with the GRAMS 
software using the relative spectral power distribu- 
tion of CIE standard illuminant D,, and A, and CIE 
1931 2° standard observer (CIE, 2004). 


Colorimetric Parameters in CIELAB 1976 Color 
Circle. Thorough discussions of the principles behind 
the CIELAB 1976 color circle have appeared elsewhere 
(CIE, 2004; Schmetzer et al., 2009). Therefore, we pres- 
ent a brief introduction and direct the reader to other 
sources for more detailed explanations. 

The color circle has three axes in a three-dimen- 
sional space. L* represents lightness and is perpendi- 
cular to the plane of the paper. A low L* value 
signifies a darker color, a high value a lighter color. 
The variables a* and b* lie in the plane of the paper 
and define a two-dimensional Cartesian coordinate 
system that represents the different colors and color 
saturations possible within the color circle. The co- 
ordinates a* and b* can also be converted to polar co- 
ordinates C*,, and h,,. 

The variable C*,, represents chroma or saturation, 
and a higher C*,, value means a more saturated color. 
It is calculated by the equation 


Crs = Pn 
The hue angle, h,,, is calculated by the equation 
h,,, = arctan(a*/b*) 


Variations in h,, cause changes in hue, starting from 
purple-red at 0°, yellow at 90°, bluish green at 180°, 
and blue at 270°. 

Finally, E*,, signifies the geometric distance of a 
specific L*a*b* color coordinate in three-dimensional 
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Figure 16. B11 showed 
the largest approximate 
color difference AE* , = 
17.61 at a path length 
of 5 mm, the largest 
hue angle difference 
Ah,,, = 162.95° at a path 
length of 1 mm, and the 
smallest hue angle dif- 
ference Ah, = 9.42° at a 
path length of 13 mm. 
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0°, 360° 
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315° 


CIELAB color space from the origin at L* = 0, a*= 0, 
and b*= 0. E*,, is calculated by the equation 


The utility of E*,, lies in the fact that the difference 
in this value for two different color coordinates, 
AE* ,,, is a reliable measurement of the absolute color 
difference between, for instance, the color of a stone 
under two different lighting conditions. 

The color difference between daylight-equivalent 
(D,.) and incandescent (A) lighting, AE*,,, is calcu- 
lated by the equation 


AE*,, = VAa?+Ab?4+AL” 


Ab*= b* 


kK a* _ at 
where Aa*= a*,..-— a*,, 
* _y* 
L D65 L A 


— b*,, and AL* = 


D65 


Ah_,(°}, the hue angle difference between daylight- 


al 


equivalent (D,.) and incandescent (A) lighting, is cal- 
culated by the equation 


Ah, =|h,...—h 


ab ab,D65 val 


AC*.,,, the chroma (saturation) difference between 
daylight-equivalent and incandescent lighting, is cal- 
culated by the equation 

Oued | Oy C 


= Oi | 
ab,D65 ab,A 
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Table 2. shows values of C*,,, h,, AC*,, Ah,,, and 


AE*, of three garnet samples (Pk1, Bll, and Grl) 
under daylight-equivalent and incandescent lighting 
with path lengths from 1 to 13 mm. 


The CIELAB 1976 Color Circle Plots (Schmetzer et 
al., 2009 and 2013). A convenient way to represent the 
color difference between daylight-equivalent (D,.) and 
incandescent (A) lighting for a sample is to project the 
three-dimensional L*a*b* coordinates into the two-di- 
mensional a*b* plane (the color circle) and draw a tie- 
line between the D,, and A lighting coordinates. 
Furthermore, if one wants to track the color difference 
between D,. and A lighting with increasing light path 
length, such tie lines could be drawn for each path 
length and plotted on the same color circle. We did so 
for garnet samples Bll, Grl, and Pk1, with path 
lengths from 1 to 13 mm (figures 16-18). The right 
ends of the tie lines represent the color coordinates 
under incandescent lighting (A). The left ends of the 
tie lines represent the color coordinates under day- 
light-equivalent lighting (D65). 

Alternatively, one could isolate a specific variable 
such as AE* ,, Ah,,, or AC*,, and plot its changes with 
the light path length. Such plots are shown for sam- 
ples Pk1, Bll, and Grl in figure 19. All three show 
similar behavior in their color difference vs. path 
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Figure 17. Gr1 showed 
the largest approximate 
color difference E* , = 
20.12 at a path length 
of 7 mm, the largest 
hue angle difference 
Ah, =129.69° at a path 
length of 6 mm, and 
the smallest hue angle 
difference Ah, = 26.78° 
at a path length of 13 
mm. 


length plots, with AE*,, steadily rising with path 
length until reaching a critical point and falling again 
(figure 19, left column). However, these three stones 
all showed different behavior in hue angle difference 


vs. path length plots and chroma difference vs. path 
length plots (figure 19, center and right columns). 
The hue angle difference Ah,, of sample Bl1 decreases 
steadily as the stone becomes thicker. The hue angle 


approximate 
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Path length = 9 
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Colorimetric Parameters of Pk1 in the CIELAB 1976 Color Circle 
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had been regarded as a mere scientific cur- 
iosity confined to mineral cabinets.” 

Camara’s term as Intendente ended in 
1822 when he left Diamantina to assume 
his position as one of the Brazilian legis- 
lators elected after the newly won freedom 
from the Portuguese regime. He was, as 
his life O Intendente Camara by Marcos 
Carneiro de Mendonca shows, one of the 
most enlightened and progressive Brazilians 
of his time. He was the first to appreciate 
the importance of the Brazilian iron ores 
and was responsible for erecting the first 
smelter of its kind at Morro do Pilar, which 
Baron von Eschwege was engaged to operate. 

Camara’s departure coincides with the 
decline in production of the Extraccao 
period to a point when it began to incur 
losses. The number of slaves employed had, 
by successive stages, been reduced from 
5000 to less than 1500; and the armed 
patrols to such an extent that they were no 
longer able to control clandestine, if aot 
open, diamond mining. 

This state of affairs led to the discovery 
in 1824, by a garimpeiro, of one of the 
most remarkable occurrences in the region— 
the Pagao mine from the surface of which 


¢ Massa at Guinda Mine. At right, 
weathering of rock in Diamantina 


25,000 carats were obtained by Camara’s 
successor. This was the result of surface 
enrichment of a purely alluvial character 
in which, apart from a little earth, only two 
minerals, quartz and diamonds, occurred. 
The character of the quartz indicated that 
it had been decomposed im situ. The im- 
portance of this fact was not appreciated 
until later, when a garimpeiro, Antonio 
Evarista by name, in 1919, followed the 
quartz vein down and, in four years, took 
out more than 5000 carats of even-sized, 
white, frosted stones such as have not been 
found elsewhere in this region. This is 
especially interesting because the district 
lies between the Campo Sampaio and Sao 
Joao da Chapada Mines both of which pro- 
duce the green coated diamonds previously 
mentioned. The fissure eventually pinched 
out and is no longer being exploited, but 
it adds to the many perplexing problems 
regarding the origin of the diamond in 
Brazil. 

A few years later this problem was com- 
plicated by the discovery of the ‘High Level’ 
mines which, it is presumed, are responsible 
for shedding the alluvial diamonds found 
throughout the region. Up to this point, by 
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Figure 19. The color difference vs. path length, hue angle difference vs. path length, and chroma difference vs. path 
length plots of B11 (top row) show that AE* ,, and AC“, reach their maximum at a path length of 5 mm and 6 mm, re- 


spectively, and Ah,,, continues to decrease as path length increases. For Gr1 (middle row), AE* ,,, Ah 


and AC*., reach 


ab’ 


their maximum at path lengths of 7 mm, 6 mm, and 10 mm, respectively. For Pk1 (bottom row), AE* ,, and AC*,, 
reach their peak at path lengths of 9 mm and 6 mm, respectively, and Ah.,, continues to increase with path length. 


difference Ah, of Grl increases until reaching its 
highest value when the path length is 6 mm, after 
which it begins to decrease. On the other hand, the 
hue angle difference Ah,, of Pk1 simply continues to 
rise with the thickness of the stone until reaching a 
13 mm path length (figure 19, middle column). The 
chroma difference AC*, of Bll and Pk1 increases 
until reaching their maximum values, after which 
they decrease again (figure 19, right column, top and 
bottom rows). The chroma difference AC*,, of Grl 
increases first, then decreases before rising again to 
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form a wave shape (figure 19, right column, middle 
row). At greater path length, the magnitude of the 
color change increases at first as the chroma (satura- 
tion), chroma difference, or hue angle difference in- 
creases and then decreases as the chroma, chroma 
difference, or hue angle difference decreases. This oc- 
curs because one of the transmission windows is 
preferentially “closed” as the stone becomes thicker. 
This type of behavior is related to the strength of two 
transmission windows (figure 14) and the complex 
relationship between them. It is difficult to predict 
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TABLE 2. Colorimetric data of three garnets with wafer thickness from 1 to 13 mm. 


Path 
Length 


1mm 


2mm 


3mm 


4mm 


5mm 


364 


Bi Gr1 Pk1 
L* for daylight D,; 79.33 85.59 90.54 
a* for daylight Dg; =3. 7/5 —6.97 3.07 
b* for daylight D,; 0.99 7.89  -0.90 
L* for incandescent light A 78.94 85.32 90.77 
a* for incandescent light A 4.79 1.10 5.94 
b* for incandescent light A -2.97 4.20 -1.64 
C*,, for daylight D,; 3.89 10.53 3.20 
hap (°) for daylight D,; 165.25 131.46 343.66 
C*,, for incandescent light A 5.64 4.34 6.16 
hap (°) for incandescent lightA 328.20 ToD Bava 7/ 
INC ay 1.75 @,1]9) 295 
Ahap (°) 162.95 56.13 0.90 
AEC 9.43 8.88 2S 
L* for daylight D,; 63.26 73.33 82.02 
a* for daylight D,; -3.75 -9.48 6.51 
b* for daylight D,; -1.96 9.60 -2.47 
L* for incandescent light A 62.65 72.89 82.49 
a* for incandescent light A 9.15 3.02 11.40 
b* for incandescent light A -7.44 4.26 -3.53 
C*,, for daylight D,; 4.23 13.49 6.96 
ha (°) for daylight D,; 207.59 134.64 339.22 
C*,, for incandescent light A 11.79 5.22 11.93 
hay (°) for incandescent lightA 320.88 54.67 342.79 
ACK, 7.56 8.27 4.97 
Ahg, (°) 113.29. 79.97 3.57 
AE* 14.03 13.60 5.03 
L* for daylight D,; 50.65 62.87 74.35 
a* for daylight Dg; -2.53 -10.08 10.05 
b* for daylight D,; -4.80 9.35 -4.29 
L* for incandescent light A 49.99 62.36 75.07 
a* for incandescent light A P73) B22 16.37 
b* for incandescent light A -10.73 3.29 -5.38 
C*,, for daylight D,; 5.43 19075 10.93 
hy, (°) for daylight D,; 242.21 137.15 336.88 
C*,, for incandescent light A 16.65 6.17 723 
hay (°) for incandescent lightA 319.87 S22 Akell 
AC*,, 11.22 7.58 6.30 
Ahy, (°) 77.67 104.93 4.92 
NEP 16.38 16.46 6.45 
L* for daylight D,; 40.65 53.92 67.45 
a* for daylight D,; -0.90 —9.66 13.52 
b* for daylight D,; -6.69 8.55 -6.12 
L* for incandescent light A 40.07 53.42 68.42 
a* for incandescent light A 5.52 7.51 20.83 
b* for incandescent light A -12.52 2.30 -7.04 
C*,, for daylight D,; 6.75 12.90 14.84 
hap (°) for daylight D,; 262.34 138.49 335.65 
C*,, for incandescent light A 9.94 7.85 21.99 
hay (°) for incandescent lightA 321.11 17.03 341.33 
AC*, 3.19 5.05 7.15 
Aha (°) 58.77. 121.46 5.68 
AE*; 7.43 18.28 7.43 
L* for daylight Dg; 32.64 46.22 61.22 
a* for daylight D,s 0.84 -859 16.82 
b* for daylight D,; = (57 Hdl -7.81 
L* for incandescent light A B22) 45.81 62.45 
a* for incandescent light A 17.59 9.81 24.78 
b* for incandescent light A -13.09 1.58 —8.45 
C*,, for daylight D,; Ved 11.54 18.54 
hy, (°) for daylight D,; BUDS WO D508) 
C*,, for incandescent light A 21.93 9.94 26.18 
hy, (°) for incandescent lightA 323.34 9.15 341.17 
AC* 14.21 1.61 7.64 
Ahy, (°) 47.09 128.94 6.08 
AE*, 17.61 19.40 8.08 
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Path 
Length 


7mm 


8mm 


10 mm 


Bi Gr1 Pk1 
L* for daylight D,; 26.13 39).59) 55.61 
a* for daylight D,; 2.54  -7.07 19.88 
b* for daylight D,; -7.97 6.99 -9.28 
L* for incandescent light A 25.92 39.34 57.09 
a* for incandescent light A 19.05 12.05 28.23 
b* for incandescent light A -12.80 1.119 -9.55 
C*,, for daylight D,; 8.36 9.94 21.94 
hap (°) for daylight Dg; 287.68 135.33 334.98 
C*,, for incandescent light A 22.95 12.11 29.80 
hap (°) for incandescent lightA 326.10 5.64 341.31 
INC 5 14.59 D7 7.86 
Aha, (°) 38.43 129.69 6.33 
(AE, 17.20 19.98 8.48 
L* for daylight D,; 20.78 33.86 50.55 
a* for daylight D,; 4.12 -5.24 22.67 
b* for daylight Dg; -7.80 6.43 -10.50 
L* for incandescent light A 20.81 33.80 52.27 
a* for incandescent light A 19.99 14.17 31.20 
b* for incandescent light A -11.95 1.13 -10.36 
C*.,, for daylight D,; 8.82 8.29 24.98 
hap (°) for daylight D,; 297.84 129.18 335.15 
C*.,, for incandescent light A 23.29 14.21 32.88 
hap (°) for incandescent lightA 329.13 4.56 341.63 
AC*,, 14.47 5.92 7.89 
Ahy, (°) 31.29 124.62 6.48 
AE* a, 16.40 20.12 8.70 
L* for daylight D,; 16.33 28.89 45.97 
a* for daylight D,; 5.54 -3.20 25.17 
b* for daylight D,; -7.33 6.03 -11.47 
L* for incandescent light A 16.60 29.06 47.94 
a* for incandescent light A 20.51 16.14 33.72 
b* for incandescent light A -10.78 1.34 -10.88 
C*,, for daylight D,; 9.19 6.83 27.66 
hap (°) for daylight Dg; 307.08 117.95 335.50 
C*,, for incandescent light A DAT 16.20 35.43 
hap (°) for incandescent light A 332.27 ATS; SYD |) 
INCE 4s 13.98 9.337 Tlf, 
Ahyp (°) 25.19 113.21 6.62 
AE* 15.36 19.90 8.79 
L* for daylight D,; 12.58 24.57 41.84 
a* for daylight D,; 6.79 -1.06 27.37 
b* for daylight D,; -6.69 5.77 -12.18 
L* for incandescent light A 13.09 25.00 44.05 
a* for incandescent light A 20.70 17.92 35.82 
b* for incandescent light A 9.44 1.76 -11.14 
C*,, for daylight D,; 9.53 5.87 29.96 
hap (°) for daylight D,; 315.43 100.41 336.01 
C*,, for incandescent light A 22.75 18.01 37.51 
hap (°) for incandescent lightA 335.49 5.61 342.72 
AC* ap 13.22 12.14 7.55 
Ahay (°) 20.06 94.80 6.71 
AE* 5 14.19 19.40 8.80 
L* for daylight D,; 9.40 20.79 38.10 
a* for daylight D,; 7.84 1.13 29,27 
b* for daylight Dg; -5.96 5.64 -12.65 
L* for incandescent light A 10.12 21.49 40.54 
a* for incandescent light A 20.63 19.48 37.53 
b* for incandescent light A -8.04 2.35 -11.17 
C*,, for daylight D,; 9.85 bei 31.89 
hap (°) for daylight D,; 322.76 78.67 336.63 
C*,, for incandescent light A 22.14 19.62 39.16 
hap (°) for incandescent lightA 338.71 6.88 343.43 
INC 12.29 13.87 TDF 
hy, () 15.95 71.79 6.80 
NE 12.98 18.66 8.74 
WINTER 2015 
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Path 


Length Bl Gr1 Pk1 
L* for daylight D,; 6.74 17.49 34.72 
a* for daylight D,; 8.40 3.28 30.89 
b* for daylight D,; =5.07 5.60 —12.92 
L* for incandescent light A 7.60 18.46 S77 
a* for incandescent light A 20.34 20.82 38.88 
b* for incandescent light A -6.65 3.05 -11.00 

NSU Ter ay ce en 9.81 6.49 33.48 
hap (°) for daylight Des 328.89 59.64 337.30 
C*,, for incandescent light A 21.40 21.04 40.41 
hap (°) for incandescent lightA 341.90 8.33 344.20 
ING 5 12) 14.55 6.92 
Ahap (°) 13.01 Biel 6.90 
INE 12.07 WAS) 8.63 
L* for daylight D,; 4.85 14.58 31.65 
a* for daylight D,; 7.49 3:30 32,23 
b* for daylight D,; -3.60 5.65 -13.00 
L* for incandescent light A 5.68 15.84 34.50 
a* for incandescent light A 8.79 21.92 39.92 
b* for incandescent light A -4.88 3.82 -10.66 

12mm : 

C*., for daylight D,; 8.31 7.78 34.75 
hay (°) for daylight D,; 334.33 46.56 338.03 
C*,, for incandescent light A 9.41 22.25 41.32 
hay (°) for incandescent lightA 345.44 9.89 345.05 
AC*y, 1.10 14.47 6.57 
Aha, (°) 1.11 36.68 7.02 
AE* 1.40 16.72 8.53 
L* for daylight D,; 353) 12.03 28.86 
a* for daylight D,; 6.53 FAQ BIBL 
b* for daylight D,; -2.41 DAG 12S) 
L* for incandescent light A 4.30 13559 31.90 
a* for incandescent light A 16.04 22.79 40.66 
b* for incandescent light A -3.07 4.65 -10.18 
13 mm : 
C*,, for daylight D,; 6.96 9.29 3573 
hap (°) for daylight D,; 339.74 38.31 338.82 
C*,, for incandescent light A 16.33 23.26 41.92 
hap (°) for incandescent lightA 349.16 11.53 345.94 
INC 4. Sys y/ SOY 6.18 
Ahy, (°) 9.42 26.78 FAD 
AE* 9.56 15.61 8.40 
L* lightness parameter in the three- 


dimensional CIELAB color space 


a*,b* — rectangular parameters in the three- 
dimensional CIELAB color space 


C*,, for daylight D,; | chroma (saturation) for daylight D,; 


hap (°) for daylight D,; hue angle for daylight D,; 


chroma (saturation) for incandescent 
light A 


C*,, for incandescent light A 


hap (°) for incandescent lightA hue angle for incandescent light A 


Aha» (°) hue angle difference between 
daylight and incandescent light 
AC*,, chroma difference between daylight 
and incandescent light 
AE*,, color difference between daylight 


and incandescent light in the three- 
dimensional CIELAB color space 
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without an accurate quantitative calculation, and 
this behavior is expected to vary between different 
gem materials. 

An interesting phenomenon was observed in the 
color difference vs. path length plots of Bll and Grl. 
When the stone becomes darker with increasing path 
length, a small bump forms instead of a smooth 
curved line (figure 19, left column). Presently, we can- 
not offer an explanation for this unusual behavior. 


Color Difference AE*,, vs. Hue Angle Difference Ah,, 
Plots, and the Problem of “Color Change.” Color dif- 
ference vs. hue angle difference plots reveal that Bl1 
and Grl show a larger color difference AE* , and hue 
angle difference Ah, than Pk1 at nearly all path 
lengths (figure 20). 

Liu et al. (1994, 1999a) suggested that a stone 
should have a hue angle difference Ah,, larger than 
20° and a chroma difference AC*,, higher than 5 to be 
considered a color-change stone. Schmetzer et al. 
(2009) proposed three different sets of criteria that 
could be used to decide whether to describe a stone 
as having a “color change.” The first set of criteria 
suggests that a stone should have a hue angle differ- 
ence Ah,, larger than 60° or a color difference AE*,, 
larger than 9. The second and third set of criteria are 
shown graphically in figures 20 and 21, respectively, 
and offer a distinction between “color change” and 
“color variation” depending on where the stone plots 
in a specific region of the AE*,, vs. Ah, space. 

To facilitate discussion of color change and its 
relationship to path length in these three stones, the 
color of B11, Grl, and Pk1 under daylight-equivalent 
light and incandescent light was quantitatively re- 
produced for path lengths from 1 mm to 13 mm by 
converting CIE L*, a*, and b* color space coordi- 
nates into color swatches using Adobe Photoshop 
(figure 2.2). 

According to the classification of Liu et al. (1994, 
1999a), B11 can be considered to have a color change 
when the path length of light passing through the 
stone is between 3 and 9 mm. Likewise, Grl is a 
color-change garnet when the path length is be- 
tween 2 and 13 mm. Because Pk1’s hue angle differ- 
ence Ah,, is never larger than 20°, it cannot be 
considered a color-change stone according to this 
classification. 

According to the first classification of Schmetzer 
et al. (2009) described above, Bll is a color-change 
stone when path length is between 1 and 13 mm, 
Grl is a color-change stone when path length is be- 
tween 2, and 13 mm, and Pk] is never a color-change 
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garnet because its AE*,, is never larger than 9 and its 
Ah,,, is never larger than 60°. According to the second 
classification scheme of Schmetzer et al. (2009), Bl1 
is a color-change stone when path length is between 
1 and 13 mm, as are Grl when path length is be- 
tween 1 and 13 mm and Pk1 when path length is be- 
tween 4 and 13 mm (again, see figure 20). According 
to the third classification scheme of Schmetzer et al. 
(2009), Bll is a color-change stone at path lengths be- 
tween | and 13 mm, as is Grl at path lengths be- 
tween 1 and 13 mm, and Pk] is never a color-change 
garnet (figure 21). 

Considering the AE*,, vs. Ah,, plots used by 
Schmetzer et al. (2009) as criteria, it makes sense in- 
tuitively that stones with low AE*, and Ah,, values 
do not possess a color change. Likewise, stones with 
high AE*,, but very low Ah, should probably not be 
described as “color-change”—even though the satu- 
ration and/or lightness may change between day- 
light-equivalent and incandescent lighting, there will 
be no significant change in hue, which is likely the 
most important factor. Nor do samples with large 
Ah, but very small AE*,, values qualify as color- 
change stones, because their saturation is too low for 
color differences to be readily observed. It should be 
pointed out that there is no unique solution to the 
problem of classifying color-change stones based on 
their CIELAB color coordinates, as the entire concept 
of “color change” is inherently subjective. A more 
objective boundary for color-change stones might be 
achieved through a comprehensive survey of gemol- 
ogists, jewelers, collectors, and gem enthusiasts. But 


TABLE 3. Proportions of the round brilliant cut 
garnet used to demonstrate the relationship between 
carat weight and path length. 


Crown angle (°) 35.00 
Pavilion angle (°) 38.50 
Total height (%) 59.35 
Crown height (%) 15.06 
Pavilion height (%) 39.79 
Table (%) 57.02 
Girdle height bezel (%) 4.50 
Star angle (°) 20.75 
Upper girdle angle (°) 41.10 
Lower girdle angle (°) 39.56 


even the most comprehensive survey cannot be ex- 
pected to provide an absolute classification scheme 
for color-change gems. 


The Relationship Between Carat Weight and Actual 
Path Length in a Standard Round Brilliant. To relate 
the path lengths used in our color calculations above 
to the size of faceted stones, we report here the re- 
sults of calculations, using DiamCalc software, that 
show the relationship between carat weight and ac- 
tual path length for a 57-facet round brilliant garnet. 
The stone has an RI of 1.750 and an SG of 3.875; its 
proportions are listed in table 3. The path length rep- 
resents a ray of light entering the garnet at approxi- 


COLOR DIFFERENCE AE*,, - HUE ANGLE DIFFERENCE AH,,(°) PLOT 


COLOR DIFFERENCE AE* 


——Gri -Pki --Bh 


Figure 20. Color differ- 
ence AE* , vs. hue angle 
difference A.,, plot of 
three garnets with dif- 
ferent path lengths 
(modified after Schmet- 
zer et al., 2009). 
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Bil 


Gri 


Pk1 


COLOR DIFFERENCE AE*,, - HUE ANGLE DIFFERENCE AH,,() PLOT 


—-Gri -ePki -eBh 


Figure 21. Color differ- 
ence AE* , vs. hue angle 
difference Ah, plot of 
three garnets with dif- 
ferent path lengths 
(modified after Schmet- 
zer et al., 2009). 
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mately 70° to the plane of the girdle (from over the _ figure 22. This calculation is only for round brilliants 
shoulder of the observer). The light passes through __ of the specific proportions presented in table 3. The 
the middle of a bezel facet, strikes the middle of a _ path length will vary with the way the stone is cut. 
pavilion main facet, and is reflected to the opposing The concentration, distribution, and orientation of 
pavilion main facet before exiting through the table _ the inclusions will influence how the light passes 
to the eye of the observer directly overhead (red line _ through and is absorbed into the stone. This factor 
in figure 23). The carat weight of each path length has not been corrected for individual stones in this 
from 1 to 13 mm was calculated and is reported in study. 


Figure 22. The color of three stones under daylight-equivalent light (D65) and incandescent light (A) is quantita- 
tively reproduced by converting CIE L*, a*, b* color space coordinates into color swatches using Adobe Photoshop. 
The colors of B11, Gri, and Pk1 are shown at different path lengths and carat weights. For each sample, the two 
rows represent the color under incandescent lighting (top), and daylight-equivalent light (bottom). 


1mm 2mm 3mm 5mm 6mm 7mm 8mm 9mm 1 
0.002 ct 0.019ct 0.063ct 0.285ct 0.489ct 0.773ct 1.149ct 1.630ct 2. 


1mm 2mm 3mm 
0.002 ct 0.019ct 0.063ct 


1mm 2mm 3mm 4mm 5mm 6mm 7mm 8mm 9mm 10mm 11mm 12mm 13mm 
0.002ct 0.019ct 0.063ct 0.147ct 0.285ct 0489ct 0.773ct 1149ct 1.630ct 2.228ct 2957ct 3.828ct 4.855ct 
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CONCLUSIONS 


What sets this type of pink pyrope garnet apart from 
other color-change pyrope-spessartine garnets is the 
somewhat lower concentration of vanadium and 
chromium and also the much higher pyrope compo- 
nent (Mg,Al,Si,O,,). From the colorimetric analysis 
of three different samples, we have the following 
thoughts. 

The Usambara effect and color change are two 
manifestations of the phenomenon of having two 
distinct transmission windows in the visible spec- 
trum. This study quantitatively described the inter- 
play between color change and the Usambara effect 
(Schmetzer et al., 2013). 

To make this comparison between the Usambara 
effect and color change, a reflection loss correction 
method was developed. This method allowed us to 
accurately manipulate the UV-Vis spectra to calcu- 
late color under different lighting conditions for var- 
ious path lengths. 
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Figure 23. Diagram of 
the round brilliant 
garnet (left) and the 
calculated path length 
inside the stone (right, 
red line). Photo by 

Al Gilbertson. 


As path length increases, the difference in color 
between incandescent and daylight-equivalent light- 
ing increases at first as chroma (saturation), chroma 
difference, or hue angle difference increases. The 
color difference then decreases as chroma, chroma 
difference, or hue angle difference decreases. This lat- 
ter effect occurs because one of the transmission 
windows is preferentially “closed” in the thicker por- 
tions of the stone. 

By this reasoning, there is one path length that 
should show the greatest difference in color between 
incandescent and daylight-equivalent lighting, an- 
other with the greatest hue angle variation, and still 
another with the greatest saturation variation. While 
this path length may not be the same in all cases, 
there should be a range of path lengths that show the 
best color change. Below or above this range, the sat- 
uration is too low or the hue angle change or satura- 
tion change is too slight to produce an observable 
color change. 
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ALLUVIAL SAPPHIRES FROM MONTANA: 
INCLUSIONS, GEOCHEMISTRY, AND 
INDICATIONS OF A METASOMATIC ORIGIN 


J.C. (Hanco) Zwaan, Eric Buter, Regina Mertz-Kraus, and Robert E. Kane 


Although the source rocks of alluvial sapphires in Montana have never been discovered, inclusions and geo- 
chemistry of material from this location may give clues to their original source. Mineral inclusions in alluvial 
Montana sapphires, mainly from Rock Creek, were identified and compared with existing data. Topaz was 
a remarkable find in one of these samples; other newly identified mineral inclusions in Montana sapphire 
were allanite, anatase, chalcopyrite, and monazite. Together with the presence of calcium-rich plagioclase, 
alkali-feldspar, apatite, barite, phlogopite, a pyrochlore-group mineral previously called uranpyrochlore, and 
chromite/spinel, these inclusions may reflect a metasomatic origin for the sapphires. This is supported by 
their chemical composition, which largely coincides with sapphires of plumasitic/metasomatic origin. The 
secondary Montana sapphires analyzed in this study are characterized by mean values of Fe (4686 ppmw), 
Ti (68 ppmw), Ga (51 ppmw), Mg (35 ppmw), and Cr (21 ppmw). Fe-Mg-Ga ratios help to distinguish them 
from sapphires with overlapping properties, such as those from Umba, Tanzania, and Rio Mayo, Colombia. 


ile Yogo Gulch is Montana’s only primary 
VAVe deposit, alluvial deposits occur 
near Philipsburg (Rock Creek), Deer Lodge 

(Dry Cottonwood Creek), and Helena (Missouri 
River; figure 1). Eldorado Bar is the largest and best 


known of the approximately 14-mile-long Missouri 


Figure 1. Locations of sapphire deposits in the U.S. 
state of Montana. Yogo Gulch is the only primary 
deposit, while Rock Creek is the most important 
alluvial deposit. 
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River deposits. Other historically mined sapphire de- 
posits—in gravel bars on both sides of the river, as 
well as the riverbed itself—are American Bar, Dana 
Bar, Metropolitan Bar, Spokane Bar, French Bar, Mag- 
pie Gulch, and Emerald Bar. 

Rock Creek, popularly known as Gem Mountain, 
is the most important of Montana’s secondary de- 
posits (Kane, 2004, 2008; Berg, 2014). Huge quantities 
of sapphire have been produced in this area. Between 
1906 and 1923, 190 million carats were shipped from 
Rock Creek, and during the mid-1990s more than 3.5 
million carats were produced (Kane, 2004). Between 
the 1920s and 1990s there was very little to no pro- 
duction, if any. Production stopped in the 1930s, 
mainly because of fierce competition from synthetic 
sapphires used in the watch industry. By the 1970s 
the public could screen gravel for sapphires. Despite 
favorable sampling results obtained from a 3,700- 
cubic-yard sample between 1974 and 1976, the pale- 
colored material was not considered marketable. Pro- 
duction resumed only after it was discovered that 
heat treatment induced appealing colors (compare 
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Berg, 2014). Yet the source and origin of these alluvial 
deposits remains unclear, despite more than 100 
years of searching (e.g., Pratt, 1906; Clabaugh, 1952, 
Garland, 2002; Berg, 2011). 

To avoid confusion within the gem trade, specific 
nomenclature is used to differentiate Montana sap- 
phires by rarity, the nature of the deposit (primary 
versus secondary), and the application of heat treat- 
ment (a common practice in enhancing the colors of 
the alluvial sapphires). The sapphires from the pri- 
mary deposit at Yogo Gulch, routinely called “Yogo 


Figure 2. Montana sap- 
phires occur at three 
commercial secondary 
deposits: Rock Creek, 
Dry Cottonwood Creek, 
and the Missouri River 
area. These rough and 
faceted Rock Creek 
stones show the range of 
permanent colors after 
routine heat treatment 
without the addition of 
chemicals. The largest 
faceted gem weighs 0.43 
ct, and the largest 
rough stone weighs 1.86 
ct. Courtesy of Fine 
Gems International, 

© Robert E. Kane. 


sapphires,” are unique in that they have a very uni- 
form, intense color and thus do not require heating. 
The sapphires that come from the secondary deposits 
of the Missouri River, Dry Cottonwood Creek, and 
Rock Creek are simply referred to as “Montana sap- 
phires” (figure 2). Throughout the present article, the 
authors follow this convention. 

The geology of western Montana is dominated by 
Cenozoic episodes of basin development and deforma- 
tion (resulting in a fold-thrust belt and foreland 
basin*), in response to subduction of the Pacific plate 


*Italicized geochemical terms are defined in the glossary on p. 389. 
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Stratigraphy of thrust belt and foreland basin 
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Figure 3. Simplified regional tectonic map of the fold-thrust belt and foreland basin of northwestern Montana (MT) 
and adjacent areas (Idaho —- ID, Wyoming — WY, Alberta — Alta., and Saskatchewan — Sask.) From Fuentes et al. 


(2012). 


along the western continental margin (figure 3; Gar- 
land, 2002; Fuentes et al., 2012). The geological frame- 
work has a foundation in the Archean and Proterozoic 
development of the North American continent. The 
Proterozoic basin formed a large trough trending 
northwest, and most of the sediments accumulated in 
the basin from 1470 to 1400 Ma at a relatively rapid 
rate (Evans et al., 2000). Locally, Paleozoic and Meso- 
zoic sediments are exposed (though often poorly, as 
the large sedimentary basins of these periods have 
mostly been overprinted by Cenozoic tectonics). Large 
sections of Proterozoic belt sediments uplifted by Cre- 
taceous thrust faulting compose most of the bedrock 
in the Rock Creek area (Garland, 2002; Fuentes et al., 
2012). After an onset of igneous activity during the 
Late Cretaceous and Paleocene epochs (approximately 
80-58 Ma}, resulting in the emplacement of the Idaho 
batholith (figure 3), Eocene and younger mafic to 
ultramafic alkalic, igneous rocks (< 54 Ma) intruded 
the region. Of these rocks, a lamprophyric ultramafic 
dike (called ouachitite, a variety of monchiquite, char- 
acterized by the abundance of black mica and brown 
amphibole, olivine, clinopyroxene, analcime) and 
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hydrothermal breccia host the Yogo sapphire deposit 
(e.g., Clabaugh, 1952; Baker, 1992, Baker, 1994; Giu- 
liani et al., 2007). In the Rock Creek area, tertiary sed- 
iments and volcanics lie nonconformably (with a 


In Brief 


¢ Mineral inclusions and geochemical features of alluvial 
Montana sapphires may reflect a metasomatic origin. 

¢ Geochemistry is also useful in differentiating sapphires 
of Montana origin from sapphires from other localities. 

e Fe-Mg-Ga ratios help to distinguish Montana sapphires 
from material with overlapping properties originating in 
Umba, Tanzania and Rio Mayo, Colombia. 

¢ Topaz inclusions within sapphire may also indicate a 
Montana origin. 


substantial gap in the geological record) on tilted Pro- 
terozoic Belt series sediments (figure 4). Here, the 
main unit of the Eocene volcanic rocks (approximately 
50 Ma) is a porphyritic rhyolite or rhyodacite flow 
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both the Contract and Extraccao Periods, 
operations had been confined to alluvial 
mining in the rivet beds during the dry 
season and to the grwpiaras and higher 
levels during the wet season. With large 
numbers of slaves, hired from local resi- 
dents, to support, diamonds were traced 
during the wet season to the apex of the 
watershed and eventually found to extend 
down the opposite side. Although the areas 
that could be worked were defined by the 
government, they were successively extended 
until finally the entire area of the field, 
comprising many hundreds of square miles, 
was proved to be diamondiferous. 

Diamond mining had in the meantime 
passed through successive stages comprising: 

1. The Discovery Period, 1728 to 1740, 
during -which various forms of taxation 
were tried without success. 

2. The Contract Period, 1742 to 1771, 
when the exclusive right to mine for dia- 
monds was sold to the highest bidder. This 
was subject to certain restrictions including 
limitations of the number of slaves em- 
ployed, and the obligation to carry on 
mining in the Jequitinhonha river or its 
tributaries by unbroken successive stages 
upstream, in order to prevent pollution of 
intermediate areas. 

3. The Extraccao Period, 1772 to 1842, 


¢ Canal cut through decomposed basic 
igneous rock, separating massa outcrop 
at Daltas Mine 


when mining was done for and by the 
Crown of Portugal. 

4. The Post-Extraccao Period included 
the discovery and development of the ‘High 
Level’ mines, some of which are presumed 
to constitute the matrix of the diamond in 
this region if not elsewhere in Brazil. 

To Be Continued 


© General view of old workings of Serrinha Diamond Mines 


neat Diamantina 


46°18'59.76"N 
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(Garland, 2002; Berg, 2011, Berg, 2014) or, close by, a 
felsic lapilli tuff (Berger and Berg, 2006; Berg, 2007). 

The Yogo primary sapphire deposit is well char- 
acterized. Although several hypotheses have been 
presented for the origin of these gems, the chemical 
composition of garnet inclusions strongly supports 
the idea that the sapphires are xenocrysts, formed in 
a mantle eclogite and subsequently brought to the 
surface by lamprophyric magma (Cade and Groat, 
2.006; Giuliani et al., 2007; also compare Baker, 1994, 
Mychaluk, 1995). The sub-euhedral to euhedral pale 
reddish orange garnets were Cr-poor (0.02 wt.%)J, low 
in TiO, (0.12 wt.%) and Na,O (0.02 wt.%), and had 
average values of MgO (10.7 wt.%), FeO (14.0 wt.%}, 
and CaO (11.2 wt.%) (Cade and Groat, 2006). This in- 
dicates that the garnet inclusions were formed in the 
mantle in group II eclogite, according to Schulze 
(2003), and that the Yogo sapphires are xenocrysts in 
the melt, also originating from the mantle. 

In contrast, the source and origin of the alluvial de- 
posits are highly enigmatic. The Pleistocene in most 
of North America was marked by several periods of 
glaciation, and Garland (2002) suggested that the dis- 
tribution of the alluvial sapphires in the Rock Creek 
deposit is due to a post-glacial redistribution of a pre- 
viously existing paleoplacer of the Pliocene age. The 
erosion of the paleoplacer resulted in concentrations 
of sapphires through increased fluvial activity. Garland 
(2002) further advocated a metamorphic origin, sensu 
stricto, at mid-crustal levels, with an inferred mini- 
mum temperature of corundum formation at 600- 
700°C (deducted from hercynite inclusions in Rock 
Creek sapphires), with magnetite exsolved around the 
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Figure 4. Geological 
sketch map of the Rock 
Creek area showing the 
location of the alluvial 
sapphire deposits. Mod- 
ified from Garland 
(2002). 
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contact. Based on the assumption of equilibrium of 
the corundum-anorthite-clinozoisite-muscovite as- 
semblage, and working with the composition of a gar- 
net inclusion, Grs,,Alm,,Pyr,,, pressure-temperature 
(P-T) diagrams indicate approximate formation condi- 
tions of 13 kbar and 720°C at aH,O = 1, and 9 kbar and 
580°C at dH,O = 0.5. The dominance of CO, in the 
fluid inclusions indicates a CO,-rich and/or high-grade 
metamorphic crystal growth environment. These for- 
mation conditions suggest a crystallization depth of 
approximately 30 km. 

Berg (2011) proposed that in the Rock Creek area, 
the rhyolitic volcanic rocks are the bedrock source— 
based on the concentration of sapphires in alluvial de- 
posits proximal to or surrounded by rhyolite, the 
occurrence of sapphires with attached rhyolite, and 
the lack of fractures and abrasion—indicating limited 
fluvial transport. At Silver Bow, a minor alluvial oc- 
currence south of Dry Cottonwood Creek, Berger and 
Berg (2006) and Berg (2007) distinguished two popula- 
tions of sapphires, in which pastel sapphires (mainly 
with shades of green, blue, and yellow) showed signs 
of resorption at the surface and, in some cases, reac- 
tion rims with spinel. Fragments of corundum-bearing 
biotite-sillimanite schist were also found at Silver 
Bow. Based on these observations, pastel sapphires 
were interpreted as xenocrysts of metamorphic origin. 
Berger and Berg (2006) further argued that dark blue 
sapphires did not show evidence of resorption or reac- 
tion minerals, and postulated them to be magmatic 
phenocrysts, the source melt of which is represented 
by a5 mm fragment of dark blue sapphire-bearing ig- 
neous rock, recovered from the debris-flow deposits. 
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When source rocks of sapphire are largely uniden- 
tified, inclusions and chemical composition may 
give additional clues to their original source and gen- 
esis. We identified mineral inclusions, characterized 
the sapphires chemically, and compared our results 
with existing data. 


MATERIALS AND METHODS 

A parcel of approximately 400 faceted sapphires, 
with a total weight of 702.63 carats, was studied. 
These samples had been previously removed from 
the faceted sapphire inventory of the American Gem 
Corporation (AGC) because of their many large min- 
eral inclusions, which made them ideal for the pres- 
ent study. The samples were mostly brilliant cut, of 
variable size (mostly between 0.9 and 2.6 ct) and 
color (see figure 5). Their color ranged from pale to 
dark blue, yellow to orange, colorless to pale green, 
and parti-colored (blues and greens with yellow to or- 
ange portions}. Although most of the parcel was from 
Rock Creek, a few stones from Dry Cottonwood 
Creek and the Eldorado Bar deposit on the Missouri 
River were also included, due to mixing of sapphires 
from those deposits by the AGC. During the mid- 
1990s, AGC mined more than 3.5 million carats 
from Rock Creek and 500,000 carats from Dry Cot- 
tonwood Creek. A test mining program at the Eldo- 
rado Bar deposit produced several kilograms of rough. 
All the stones were routinely heat treated. 


Figure 5. A selection of alluvial Montana sapphires 
from this study. These samples weigh between 0.88 and 
1.38 ct. The entire parcel ranged from approximately 
0.9 and 2.6 ct and weighed 702.63 carats total. Cour- 
tesy of Fine Gems International, © Robert E. Kane. 
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Microscopic Analysis. Internal features were observed 
with a standard gemological microscope and a Nikon 
Eclipse E600 POL polarizing microscope. After select- 
ing sapphires that contained recognizable mineral in- 
clusions, we analyzed 98 dark blue samples, along 
with 18 green and 9 yellow to orange stones, with a 
Thermo DXR micro-Raman spectrometer using 532 
nm laser excitation. Raman spectra were collected at 
room temperature in confocal mode, which is neces- 
sary for analysis of individual inclusions on a micron 
scale (1-2 pm). A grating of 1800 grooves/mm and a 
pinhole size of 25 um, combined with the optical path 
length, yielded a spectral resolution of 1.0 cm. The 
Raman spectra were interpreted with the help of the 
RRUFF Raman database of minerals (rruff.info) and 
other sources (e.g., Wang et al., 2004; Freeman et al., 
2008). Depending on the size, position, and orientation 
of the inclusion analyzed relative to the surface of the 
host material, the sapphire’s Raman peaks at 416 and 
(rarely) 378 cm sometimes appeared in the inclu- 
sion’s spectrum. 


Laser Ablation-Inductively Coupled Plasma—Mass 
Spectrometry (LA-ICP-MS). LA-ICP-MS was used to 
determine the trace-element composition of 52. of the 
faceted alluvial sapphires, which were selected after 
microscopic analysis. Analyses were performed at the 
Institute of Geosciences, Johannes Gutenberg Univer- 
sity (Mainz, Germany), using an ESI NWR 193 nm Ex- 
cimer laser with an output wavelength of 193 nm 
coupled to an Agilent 7500ce quadrupole ICP-MS. 
Three spot analyses were performed on each sam- 
ple. We used a spot size of 100 um and a pulse repeti- 
tion rate of 10 Hz. The energy density was about 2.6 
J/cm2. Ablation was carried out under a helium atmos- 
phere, and the sample gas was mixed with Ar before 
entering the plasma. Background signals were meas- 
ured for 15 seconds, followed by 60 seconds of ablation 
and 20 seconds of washout. We used the multi-element 
synthetic glass NIST SRM 610 for calibration of the el- 
ement concentrations, applying the preferred values 
for NIST SRM 610 reported in the GeoReM database 
(http://georem.mpch-mainz.gwdg.de; Jochum et al., 
2.005, 2011) to calculate the element concentrations of 
the samples. We analyzed USGS BCR-2G and NIST 
SRM 612 at least nine times during each sequence as 
quality control materials (QCM) to monitor the preci- 
sion and accuracy of the measurements. A high-purity 
synthetic corundum sample was analyzed in addition 
to the unknown samples to validate the measure- 
ments. The calibration with NIST SRM 610 yielded a 
Ca concentration of several hundred ppmw for the 
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high-purity synthetic corundum, as it did for the un- 
known samples. Therefore, we assume Ca to be below 
the detection limit in all of the unknown samples. The 
measured Ca values are probably due to interference 
from the corundum matrix (!°O + ?’Al) on “Ca (May 
and Wiedmeyer, 1998). 

Glitter 4.4.1 software (www.glitter-gemoc.com] 
was used for data reduction. Measured isotope inten- 
sities were normalized to ’’Al, applying an Al,O, con- 
tent of 100 wt.% for the corundum samples and the 
values reported in the GeoReM database for the QCM. 
For most elements, the measured concentrations on 
the QCM agreed within 15% with the preferred values 
reported in the GeoReM database (Jochum et al., 2005, 
2011). With the QCM, relative standard deviations for 
the averaged element concentrations determined dur- 
ing the experiment were typically less than 7%. Ele- 
ment/Al ratios were calculated using the element 
concentrations determined and the assumed AI,O, 
content of 100 wt.%. 


RESULTS 


Mineral Inclusions. The sapphire samples were se- 
lected for their prominent mineral inclusions, as well 
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Figure 6. Negative crystals in a blue sapphire showed 
dendritic surfaces. Photomicrograph by Hanco 
Zwaan; field of view 0.35 mm. 


as other features such as fissures and an abundance 
of negative crystals, which often showed character- 
istic dendritic-like surfaces (figure 6). Rutile was the 
dominant mineral inclusion identified by Raman 
spectroscopy. Needles exsolved along the crystal 
plane directions of corundum were observed in a 


| Figure 7. Prismatic and 
rounded rutile crystals, 
both orangy brown (left) 
and black (right), were 
encountered using a 
combination of dark- 
field and oblique illu- 
mination. Photo- 
micrographs by Hanco 
Zwaan; field of view 0.7 
mum (left) and 1.4 mm 
(right). 


Figure 8. Blue halos 
were seen around pris- 
matic rutile, but more 
often around irregularly 
shaped grains (using 
transmitted light and 
oblique illumination on 
the left and transmitted 
light on the right). Photo- 
micrographs by Hanco 
Zwaan; field of view 
0.35 mm (left) and 0.7 
mu (right). 
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RAMAN SPECTRA 


Figure 9. Anatase, an- 
other polymorph of 
TiO, is seen here using 
a combination of 
oblique and darkfield 
illumination (inset). 
The Raman spectrum 


RAMAN INTENSITY 


(top) showed a perfect 
match with spectra of 
anatase in the RRUFF 
database (bottom). 
Photomicrograph by 
Hanco Zwaan; field of 
view 0.7 mm. 
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number of sapphires, but prismatic and rounded 
transparent (orangy) brown or black crystals were 
more common (figure 7), occasionally with a blue 
halo (figure 8, left). Moreover, we encountered irreg- 
ularly shaped rutile grains that usually occurred with 
a blue halo (figure 8, right). Anatase, the relatively 
rare polymorph of TiO,, was also found in three sap- 
phires (figure 9). 

Ca-rich plagioclase (spectral matches with anor- 
thite and bytownite) and alkali feldspar (with most 
spectral matches closest to orthoclase) were occa- 
sionally encountered. The orientation and prismatic 
shape of a plagioclase crystal located in the core of a 
sapphire crystal suggests a protogenetic origin (figure 
10). Apart from the spectral matches with the 
RRUFF database, spectra with bands at 503 and 487 
cm, with a very weak feature at 460 cm! (group I) 
and bands at 282 cm™! and 197 cm”! (figure 11), 
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showed a close match with the anorthite spectra of 
Freeman et al. (2008). The separation between the 
main group I bands was approximately 17 cm, close 
to the average of 19.5 cm" for anorthite and bytown- 
ite compositions. For other members of the plagio- 
clase series with an intermediate composition 
(labradorite, andesine, and oligoclase), the separation 
between the main group I bands was about 30 cm, 
closer to that of Na-feldspar than Ca-feldspar. Also 
as in Freeman et al. (2008), the spectra with bands at 
512, 480, and 452. cm" (group I) and bands at 282 and 
175 cm matched closely with orthoclase, confirm- 
ing the presence of a potassium-rich feldspar. 
Allanite, a black to brown epidote-group mineral 
with a spectral match closest to allanite-Ce (figure 
12), was found in four sapphires. Spectra of the inclu- 
sions were similar to those in the RRUFF database 
for allanite-Ce from Arendal, Norway, and allanite 


Figure 10. Calcium-rich pla- 
gioclase in the core of a sap- 
phire crystal with hexagonal 
growth zoning. The pris- 
matic shape (enlarged on the 
right) and orientation sug- 
gest a protogenetic origin. 
Photomicrographs by Hanco 
Zwaan, using combination 
oblique and darkfield illumi- 
nation; field of view 6.4 mm 
(left) and 0.7 mm (right). 
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found in marble from Chillagoe, in northern Queens- _ one sample; the spectral match was closest to mon- 
land, Australia (Lopez and Frost, 2015), showing —azite-Ce, with a main band at 975 cm” and peaks at 
major bands around 660, 610, 409, 294, and225cm". 226, 468, 623, 994, 1032, and 1060 cm (figure 16, 

In alphabetical order, the other mineral inclu- also compare Poitrasson et al., 2000; Nasdala et al., 
sions identified were aluminite (Al,SO,(OH),-7H,O); | 2010). Topaz was only found in one sapphire (figure 
anhydrite; apatite; barite (figure 13); chalcopyrite 17), but two isolated subhedral grains could be iden- 
(figure 14); cristobalite (SiO,); hematite; ilmenite; tified within it. Our Raman spectra were in good 
magnetite; near-colorless mica; monazite (figure 15); | agreement with the reference spectra of topaz, show- 
nahcolite (NaHCO,); phlogopite, a pyrochlore-group ing main bands at 238, 265, 285, 331, 402, 455, and 
mineral; spinel; and topaz. Monazite was found in 925 cm’ (figure 18). 


RAMAN SPECTRA 


Figure 12. Allanite, a 
rare mineral inclusion 
(shown in transmitted 
light and oblique illu- 
mination, inset), was 
found in four of the 
sapphires examined. 
The Raman spectrum 
(top) gave a close 
match with allanite-Ce 
in the RRUFF database 
(bottom). The peak at 
416 cm was caused by 
the corundum host. 
Photomicrograph by 
Hanco Zwaan; field of 
view 0.7 mm. 
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Figure 13. Barite, seen here using darkfield and 
oblique illumination, was found in a few samples and 
showed a rounded and corroded surface in all in- 
stances. Photomicrograph by Hanco Zwaan; field of 
view 0.35 mm. 


Raman spectra of some micas were difficult to 
interpret. There were spectral matches with mus- 
covite, KAI,(AISi,O,,)(OH,F),, and often a slightly 
better match with the closely related (but Li-bear- 
ing) trilithionite, K(Li,Al),(A1Si,O,,)(F,OH),. For 
the pyrochlore-group mineral in one sapphire, a 
spectral match was found with “uranpyrochlore,” 
a mineral name that has been discredited (Aten- 


Figure 14. Chalcopyrite grains, shown here in oblique 
illumination, rarely occur in alluvial sapphires from 
Montana. Photomicrograph by Hanco Zwaan; field of 
view 0.7 mm. 
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Figure 15. Monazite, shown using transmitted light 

and oblique illumination, has not been reported be- 

fore as a mineral inclusion in alluvial Montana sap- 
phires. Photomicrograph by Eric Buter; field of view 
0.4mm. 


cio, 2010) but essentially indicates a pyrochlore 
composition of Ca,Nb,O,, possibly close to 
(U,Ca,Ce),(Nb,Ta),O .(OH,F). The encountered spinel- 
group mineral (figure 19) is difficult to characterize 
correctly due to existing solid solution series. When 
comparing spectra with principal peaks at 692 cm"! 
(Wang et al., 2004), it can either be magnesiochromite 
[Mg(Cr,Al,Fe),O,] or an Fe-Cr spinel, with a hercynite 
[FeAl,O,] and chromite [FeCr,O,] component. The 
presented spectrum (figure 20) showed a principal 
peak with a full width at half maximum (FWHM) of 
about 70 cnr!, which was broader than the principal 
peak of the matching magnesiochromite (FWHM of 
about 30 cm"), and another reference of chromite 
(FWHM of about 50 cm, Wang et al., 2004). This 
could be due to heat treatment, which is known to 
cause lattice disorder in spinel at temperatures above 
750°C, resulting in a dramatic increase of the width 
of the prominent feature (Saeseaw et al., 2009). The 
hexagonal crystal shapes appeared to be strongly de- 
termined by the host material (figure 19), indicating 
a syngenetic growth of spinel and corundum. 

Many atoll-like inclusions, with a central mineral 
surrounded by a discoid stress halo, did not show 
clear mineral shapes but had indistinct, roundish, or 
elongated forms (figure 21). These inclusions did not 
reveal clear Raman spectra and were interpreted to be 
of amorphous nature, probably as a result of heat 
treatment. 
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TABLE 1. Mineral inclusions in Montana sapphires. 


Minerals Localities 


Data from literature* 


Yogo Rock Dry Silver French Browns Eldorado Montana This study 
Gulch Creek Cottonwood Bow Bar Gulch Bar unspecified (mainly Rock Creek) 


Albite Y¥ Y ¥ 

Alkali feldspar VY Ve 
Allanite Y 
Almandine garnet VV Y Vf Vi 

Aluminite Y 
Analcime VY Vv W VW 

Anatase Y 
Andesine Vv 

Anhydrite N ¥ 4 
Anorthite Vf 
Apatite nf Y Y 
Baddeleyite 

Barite Y 

Biotite Y W 

Boehmite Y 
Bytownite Vf 
Calcite Y x Y ¥ 

Carbon (amorphous) Y 

Carbonate Y 

Chalcopyrite VW 
Clinozoisite Y Y¥ Y Y 

Cristobalite VW 
Diaspore Y ¥ 

Diopside vf 

Epidote Y 

Ferro-columbite Y 

Fuchsite Y 

Gibbsite 

Graphite 

Hematite 

Hercynite 

IIlmenite 

Labradorite Y 
Magnetite 

Monazite 

Muscovite*/Lithian mica Vf VW Vi 
Nahcolite 

Orthoclase VY 

Phlogopite Y ¥ ¥ Y Y 
Plagioclase V 
Pyrite Y 

Pyrochlore 

Pyroxene 

Pyrrhotite V/ 

Rutile Y ¥ 
Sphalerite W 

Spinel Y Y Y ¥ NG 
Topaz Ve 
Uraninite Y 

Zircon Vi Vf W iy, VW VY 

Zoisite Y 


*Berg, 2007; Berg, 2014; Berger and Berg, 2006, Garland, 2002; Giuliani et al., 2007; Gubelin and Koivula, 1986; Gubelin and Koivula, 
2008; Williams and Walters, 2004. 
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Figure 16. The Raman 
spectrum of the mon- 
azite inclusion (top) 


COUNTS 


corresponds to a refer- 
ence spectrum for mon- 
azite-Ce (bottom). The 
peak at 415 cm is due 
to the corundum host. 
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The mineral inclusions found are listed along with 
previously published data in table 1. All of the inclu- 
sions were found in blue sapphires. Allanite, apatite, 
and alkali feldspar also occurred in yellow-orange and 
green sapphires, and Ca-rich plagioclase was en- 
countered in green samples as well. Apart from 
mineral inclusions, pronounced hexagonal growth 
zoning (figure 10, left) and parallel growth struc- 
tures (planes or lines) were encountered in many 
stones. These parallel growth lines may or may not 


Figure 17. This topaz crystal, shown using oblique il- 
lumination, was observed as a mineral inclusion in 
an alluvial Montana sapphire; another grain of topaz 
was found in the same sample. This is the first report 
of topaz as an inclusion in sapphire. Photomicrograph 
by Hanco Zwaan; field of view 1.2 mm. 
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be associated with color zoning (see Schmetzer and 
Schwarz, 2005). 


Chemical Composition. As summarized in table 2, 
the alluvial sapphires from Montana showed a rather 
consistent composition regardless of color. Whether 
their color was medium to dark blue, green (in some 
cases caused by blue and yellow zones within one 
stone}, or orange to yellow, they had medium to high 
Fe (2191-7687 ppmw), low Ti and Ga (18-153 ppmw 
and 38-65 ppmw, respectively), and medium Mg con- 
tent (35 ppmw). A green sapphire showed a low Mg 
content around 10 ppmw, while a dark blue sample 
that otherwise showed Mg values of 20 and 35 
ppmw, very close to the mean value, contained one 
spot with a very high content of 391 ppmw. This one 
high value does not appear to be related to the pres- 
ence of an inclusion or a different color, as values of 
other elements in the same spot did not reveal simi- 
lar anomalies. 

The higher mean Cr content in yellow to orange 
samples (43 ppmw) compared to blue and green (19 
and 16 ppmw, respectively) is caused by one orange 
sapphire showing 139-155 ppmw. The other yellow 
and orange-yellow stones had much lower values, 
like most blues and greens; one dark blue sapphire 
also showed elevated Cr values between 91 and 100 
ppmw. 

Many elements had values below detection limits, 
with some spots giving higher values. One spot on a 
dark green stone showed 10 ppmw Mn. For Ni, a sin- 
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TABLE 2. Trace-element concentrations of Montana alluvial sapphires by LA-ICP-MS.* 


Color All colors Blue Green Yellow-orange 

Number of samples 52 39 9 4 

Number of analyses 156 117 DY 12 

Trace elements (ppmw)? Range Mean Range Mean Range Mean Range Mean Detection limits 
Li bdl-1.6 bdl bdl-1.6 bdl 0.56-1.0 
Be bdl-0.6 bdl-0.6 bdl bdl OIA! 
B bdl-5.4 bdl-5.4 bdl bdl DD Al 
Mg 7Aesol 35 9.4391 37 756 23-49-36 0.54-1.0 
Ca bdl bdl bdl bdl Ones 
Sé bdl-1.2 bdl-1.2 bdl bdl 0.81-1.3 
Ti 18-153. 58 23-142 59 18-128 50 28-153. 55 0.95-4.7 
Vv iets S18 19-15 6.1 ee ae 11-65 3.9 0.05-0.26 
Cr bdI-155 21 bdl-100 19 23-48 16 41-155 43 14-43 
Mn bdl-10 bdl bdl-10 bdl 0.72-1.14 
Fe 2191-7687 4686 2191-7687 4598 4308-7628 5689 2259-4046 3294 42-62 
Co bdl-0.28 bdl-0.28 0.19-0.26 bdl 0.16-0.39 
Ni bdl-44 bdl-1.8 bdl-44 bdl-1.2 O48=1e7 
Zn bdl-1.3 bdl-1.3 bdl-0.9 bdl-1.0 0.59-1.8 
Ga 38-65 51 38-65 50 45-65 54 43-59 49 0.26-0.59 
As bdl-5.7 bdl-5.7 bdl-5.0 bdl-5.5 QB Al 2 
Rb bdl-0.18 bdl-0.18 bdl bdl 0.14-0.39 
Sr bdl-1.4 bdl-1.0 bdl-1.4 bdl-0.5 0.04-0.15 
Y bdl-0.56 bdl bdl-0.56 bdl 0.04-0.15 
Zr bdl-0.15 bdl-0.14 bdl-0.15 bdl 0.09-0.30 
Nb bdl-0.42 bdl-0.42 bdl bdl 0.04-0.14 
Mo bdl-2.4 bdl bdl bdl-2.4 0.19-0.68 
Sn bdl-13 bdl-13 bdl-11 bdl O13 
Sb bdl-0.73 bdl-0.49 bdl bdl-0.73 0.29-0.78 
Cs bdl-1.1 bdl bdl-1.1 bdl 0.07-0.80 
Ba bdl-28 bdl bdl-28 bdl 0.19-0.59 
La bdl-6.5 bdl bdl-6.5 bdl 0.03-0.09 
Ce bdl-15 0.12 bdl-1.6 bdl-15 bdl 0.02-0.07 
Nd bdl-4.5 bdl-0.18 bdl-4.5 bdl 0.11-0.34 
Sm bdl-0.72 bdl bdl-0.72 bdl 0.14-0.44 
Eu bdl-0.7 bdl-0.7 bdl bdl 0.03-0.11 
Ww bdl-15 bdl-15 bdl bdl 0.06-0.19 
Tl bdl-0.68 bdl-0.68 bdl bdl 0.03-0.10 
Pb bdl-0.19 bdl-0.07 bdl-0.19 bdl-0.18 0.03-0.15 
Th bdl-1.48 bdl bdl-1.48 bdl 0.02-0.04 


*Rock Creek is the main source (see “Materials and Methods”). 
The left column gives the range of concentrations for all stones; the other columns give the ranges according to color. Detection limits may vary 
with each analysis. Minimum detection limits are given with 99% confidence; Cu, Ge, Yb, Hf, Ta, Ir, Pt, Au, and U were below detection limits in all 


analyses. 


“Abbreviation: bdl=below detection limit. 


gle spot on a dark green sapphire gave a value of 44 
ppmw, while a few spots had values just above the de- 
tection limits. In a dark blue sample, the highest 
recorded value was 1.8 ppmw. Only three spots in 
three different stones had values >1 ppmw Sr. For Mo, 
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a single spot gave 2.4 ppmw. A few measurements 
showed >1 ppmw Sn and Ba, while two spots were 
above 1 ppmw for Ce. For La and Nd, only one spot 
gave 6.5 ppmw and 4.5 ppmw, respectively. One 
analysis gave 15 ppmw W, while another indicated >1 
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TABLE 3. Trace-element concentrations of Montana alluvial sapphires: comparison with other data.* 


Analytical technique LA-ICP-MS PIXE (Garland, 2002) 
(this study) 
Locality Rock Creek® Rock Creek Dry Cottonwood Creek Eldorado Bar 
Number of samples 52 43 15 9 
Number of analyses 156 
Trace elements (ppmw) Range = Mean Range = Mean Range = Mean Range = Mean 
Ti 18-153 58 23-118 71 5-46 28 15-72 40 
Vv 1.1-15 5.8 bdl-18 7 bdl-40 6 bdl-12 5 
Cr bdl-155 Zi bdl-551 65 bdl-182 26 bdl-181 44 
Fe 2191-7687 4686 1120-7587 4782 1575-4596 3420 2631-6700 3866 
Ga 38-65 51 42-58 49 39-77 50 46-55 51 
Cu, Ge, Yb, Hf, Ta, Ir, Pt, Au, and U were below the detection limits in all analyses. 
’Rock Creek is the main source (see “Materials and Methods”). 
“Abbreviation: bdl=below detection limit. 
ppmw Th. All other elements analyzed showed values DISCUSSION 


below or only slightly above detection limits (table 2). 

Proton-induced X-ray emission (PIXE) analyses of 
a similar number of samples (Garland, 2002) for Ti, V, 
Cr, Fe, and Ga (table 3), showed comparable ranges and 
mean values. The only exception was Cr, for which 
PIXE analysis showed a wider range of values in the 
Rock Creek samples. This is because the suite of 43 
sapphires analyzed by Garland (2002) contained six 
pink samples along with the blue, green, and yellow 
varieties. 


RAMAN SPECTRA 


Mineral Inclusions. The inclusions are listed in table 
1 and compared with previously published data by 
Gibelin and Koivula (1986, 2008), Garland (2002), 
Williams and Walters (2004), Berger and Berg (2006), 
Berg (2007, 2014), and Giuliani et al. (2007). Our 
study showed the presence of allanite, anatase, chal- 
copyrite, monazite, and topaz, which were previ- 
ously unreported, although Berg (2014) inferred the 
presence of allanite in one sapphire using EDX analy- 
sis. Orthoclase and Ca-rich plagioclase (anorthite- 


Figure 18. The Raman 
spectrum of the topaz 
inclusions (top) com- 
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pared well with the ref- 
erence spectrum 
(bottom). The peaks at 
416 and 378 cnr" are 
due to the sapphire host. 
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bytownite) were similar to earlier reported alkali 
feldspar and labradorite, respectively, whereas phlo- 
gopite was consistent with the earlier mention of bi- 
otite. In the gemological literature, allanite has been 
described as an inclusion indicative of a Kashmir ori- 
gin (Schwieger, 1990), but obviously can no longer be 
considered a hallmark for that locality. Moreover, al- 
lanite has also been found in corundum from Rio 
Mayo, Colombia (Sutherland et al., 2008). 

The predominance of rutile—in many cases the 
only mineral present—appears to confirm Rock 
Creek as the most likely sample location, as opposed 
to Dry Cottonwood Creek and Eldorado Bar (com- 
pare with, e.g., Guo et al., 1996; Giibelin and Koivula, 
2.008; Berg, 2007, 2014). Hexagonal zoning, enhanced 
by exsolved rutile needles, is regarded as the most ev- 
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Figure 19. Spinel inclusions 
showed a hexagonal out- 
line, indicating syngenetic 
growth. Rutile inclusions 
appear in the background 
of the photomicrograph on 
the left. The images are 
shown in transmitted light 
(left) and oblique illumina- 
tion (right). Photomicro- 
graphs by Hanco Zwaan; 
field of view 1.4 mm (left) 
and 0.7 mm (right). 


ident inclusion feature in alluvial Montana sapphires 
(Gubelin and Koivula, 2008). The frequent absence 
of these inclusions, combined with the presence of 
blue halos around small rutile crystals, confirmed 
that the samples were heat-treated (compare with 
Emmett and Douthit, 1993; Giibelin and Koivula, 
2008). The strong blue halos are caused by internal 
diffusion of titanium from rutile into the iron-bear- 
ing corundum host during high-temperature treat- 
ment (Koivula, 1987). In addition to the blue halos, 
the most common internal features in heat-treated 
blue to blue-green alluvial Montana sapphires are 
blue irregular spots, single blue straight lines, multi- 
ple parallel straight lines, and blue hexagonal pat- 
terns of parallel straight lines (Kane, 2008). Heat 
treatment might also be the reason why barite grains 


Figure 20. The Raman 
spectrum of a spinel- 
group inclusion (top) 
showed a principal 
band at 692 cm with a 
FWHM around 70 cnt. 
This is broader than 
the reference spectrum 
of magnesiochromite 
and published chromite 
spectra (bottom), which 
could be due to heat 
treatment. The small 
peak at 416 cm™ was 
caused by the sapphire 
host. 


416 


400 300 200 100 
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Figure 21. Atoll-like inclusions were common, with a 
central mineral surrounded by roundish or elongated 
shapes. The inclusions are seen here with darkfield 
and oblique illumination. Photomicrograph by Hanco 
Zwaan; field of view 1.4 mm. 


showed a rounded and corroded or partially molten 
surface (figure 13), as blue and green sapphires are 
heated at 1650°C (Emmett and Douthit, 1993) and 
the melting point of barite is 1580°C. 

The heat treatment routine demands further cau- 
tion when interpreting the results. Aluminite, a clay- 
like hydrated/hydrous aluminum sulfate, and 
nahcolite (NaHCO.,), which occurred as a captured 
phase in a fluid inclusion, were both found in par- 
tially healed, surface-reaching fissures. In those fis- 
sures, several expanded “snowball’-like inclusions 
were also present, and therefore both minerals are in- 
terpreted as phases related to heat treatment, proba- 
bly formed during post-treatment cooling. Nahcolite 
has been found in fluid inclusions in magmatic, 
metamorphic, and metasomatic rocks (e.g., peg- 
matites, carbonatites, basaltic glasses, eclogites, gran- 
ulites, and alkaline metasomatic alteration zones), 
but is only stable at relatively low temperatures 
(<600°C, virtually pressure-independent). In natural 
occurrences, nahcolite is likely a daughter mineral 
that crystallized from the included fluids as temper- 
ature decreased (Liu and Fleet, 2009). As nahcolite 
was only encountered incidentally, and appears to be 
related to features caused by heating, it is highly un- 
likely to be a daughter mineral of natural origin in 
the sapphires we analyzed. 

The low-pressure silica polymorph cristobalite, 
which is stable above 1470°C at 1 bar pressure but 
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can persist metastably to much lower temperatures 
(e.g., Deer et al., 2004), was detected in relation to the 
atoll-like inclusions as ovoid or snowball-like fea- 
tures. Cristobalite is therefore regarded as another re- 
sult of heat treatment, due to either crystallization 
out of a molten flux when cooling is not too rapid 
(compare with Emmett et al., 2003) or the heating of 
natural glass inclusions. Those inclusions were re- 
ported in unheated Rock Creek sapphires by Giibelin 
and Koivula (2008). 

The interior surfaces of negative crystals strongly 
resembled the dendritic patterns of resolidified sur- 
faces, seen in many high-temperature heat-treated 
sapphires (Giibelin and Koivula, 2008), and are there- 
fore interpreted as a result of heat treatment as well. 


Mineral Inclusions and Provenance. Topaz, barite, 
apatite, monazite, pyrochlore, anatase, allanite, and 
K-feldspar inclusions in corundum suggest the in- 
volvement of pegmatites and related veins during for- 
mation, and/or an environment rich in incompatible 
elements and volatiles such as in alkali magmas 
(Giuliani et al., 2007) and carbonatites (Guo et al., 
1996). The presence of chromite-spinel and Ca-rich 
plagioclase, however, would indicate an ultramafic 
to mafic igneous source. As a result of metasoma- 
tism, phlogopite is often present in association with 
ultramafic intrusions. Metasomatism is critical to 
the genesis of many gem corundum deposits, and de- 
silication of an intrusive pegmatite in ultramafic/ 
mafic rock by contact metasomatism is described as 
a corundum-forming process (e.g., Giuliani et al., 
2007; Simonet et al., 2008). Rutile occurred in many 
of the sapphires from the present study, but particu- 
larly in two stones that also contained either 
chromite-spinel or plagioclase. Yet rutile cannot be 
considered a possible indicator of source, as it is 
known to occur in corundum from various origins 
(e.g., Giibelin and Koivula, 1986, 2008; Smith, 2010). 

Mineral inclusions that might be indicative of 
particular growth environments were found in differ- 
ent samples. This leaves open the possibility that the 
alluvial sapphires have different sources, as proposed 
by Berger and Berg (2006). Chemical analyses of the 
alluvial Montana sapphires containing the particular 
inclusions mentioned above were further evaluated 
for any supporting evidence. 


Chemical Composition. Various geochemical plots 
of trace-element concentrations and ratios have been 
used to distinguish between sapphires of various lo- 
calities and of different origins (e.g., Sutherland et al., 
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Figure 22. Compositions of 


alluvial Montana sapphires 
(blue, green and red 
squares) in relation to 
metamorphic, magmatic 
and blue plumasitic sap- 
phires (shaded composi- 
tional ranges), as shown by 
Peucat et al. (2007). Red 
symbols indicate sapphires 
that contained inclusions 
suggesting a volatile-rich 
formation environment, 
and green symbols repre- 
sent sapphires that con- 
tained inclusions of 
possible ultramafic/mafic 
origin. The blue symbols 
refer to the compositions of 
the other sapphires ana- 
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1998. Zaw et al., 2006; Peucat et al., 2007; Sutherland 
and Abduriyim, 2009). The use of the Ga/Mg ratio 
versus Fe concentration appears to be an efficient 
tool to discriminate between the “metamorphic” 
sapphires, found mainly in metamorphic terrains, 
and the “magmatic” samples found mainly in alkali 
basalts and syenite (Peucat et al., 2007; Sutherland 
and Abduriyim, 2009). Metasomatic (specifically 
“plumasitic”) sapphires can also be plotted in this di- 
agram. These specimens, found in primary metaso- 
matic rocks, are related to fluid interactions between 
ultramafic/mafic rocks such as serpentinites, amphi- 
bolites, and marbles, and aluminum-rich rocks, in- 
cluding granites, pegmatites, and paragneisses such 
as metapelites (Lawson, 1903; Du Toit, 1946; Peucat 
et al., 2007). Plumasites are corundum-bearing meta- 
somatic rocks that result from the desilication of 
ultramafic-intruding pegmatites. Sapphire deposits 
in both Kashmir (India) and Umba (Tanzania) are 
closely related to plumasites (Simonet et al., 2008). 
The alluvial Montana sapphires largely plotted in 
a restricted area (figure 22) and did not provide sup- 
porting evidence for different sources. The samples 
that contained inclusions indicative of different 
growth environments showed completely overlapping 
compositions. Even in one sapphire containing topaz 
inclusions (M037), the measured Ga/Mg ratio varied 
between 1.0 and 2.8 (with Fe between 5315 and 4795 
ppmw, respectively), which comprised the Ga/Mg 
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ratio of the bulk of the samples. Also, there were no 
discernible trends pertaining to Cr, Ti, V, and Ca. 


Figure 23. Compositions of alluvial Montana samples 
in an Fe-Mg-Ti (ppmw) diagram, showing overlap 
with metamorphic sapphires from Mogok, Myanmar; 
metasomatic sapphires from Umba, Tanzania; and 
sapphires from Rio Mayo, Colombia. Based on this di- 
agram, metasomatic sapphires from Kashmir can be 
unambiguously separated from alluvial Montana 
samples. 
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Figure 24. Alluvial Montana sapphires follow the 
same trend as those from Rio Mayo, Colombia, and 
Umba, Tanzania, but can be separated from Mogok 
sapphires, although individual analyses may show 
overlap, based on this Fe-(Cr+V)-Ti diagram. 


Comparing chemical compositions with the large 
dataset of many sapphire occurrences published by 
Peucat et al. (2007), and with data for Australian sam- 
ples (Sutherland and Abduriyim, 2009), the alluvial 
Montana sapphires can be separated clearly from pri- 
mary sapphires found at Yogo Gulch, Montana, 
which are thought to be of mantle origin (see the in- 
troduction). Alluvial Montana sapphires plotted in 
the fields of metamorphic and plumasitic/metaso- 
matic sapphires, with a slight overlap into the mag- 
matic sapphires field (figure 22). Within the 
metamorphic sapphires, the most overlap occurred 
with those from Mogok, Myanmar (formerly Burma), 
which showed a relatively high Fe content (1200- 
4800 ppmw). The Montana sapphires’ composition 
further overlapped with alluvial samples from Rio 
Mayo, Colombia. The Colombian sapphires were 
considered difficult to pinpoint (Peucat et al., 2007). 
They showed a heterogeneous Fe composition (light 
blue 2500-4000 ppmw, and dark blue approximately 
14,000 ppmw) and a relatively low Ga/Mg ratio (an 
average ratio of 1.12), indicating that they are differ- 
ent from magmatic types of alkali basalts and geo- 
chemically more allied to metamorphic blue 
sapphires. Sutherland et al. (2008) concluded that 
Colombian sapphires geochemically fall within the 
limits of metasomatic, desilicated felsic/ultramafic 
“plumasitic” associations, supported by high U/Th 
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Figure 25. This Fe-Mg-Ga diagram shows a clear com- 
positional difference between alluvial Montana sap- 
phires and sapphires from Umba and from Rio Mayo. 


ratios in included zircon, reflecting a direct metaso- 
matic fluid-rich input for the corundum genesis. 

Plotted on an Fe-Mg-Ti diagram, the Montana al- 
luvial sapphires follow the same trend as sapphires 
from Umba and Rio Mayo and, like the Colombian 
sapphires, cross the magmatic and metamorphic 
fields (figure 23). In this diagram, the Montana sam- 
ples also show an overlap with Mogok material but 
do not follow the Ti-rich trend of Kashmir sapphires. 
Although the Montana sapphires cross the magmatic 
field, they do not follow the clear Fe-Ti trend of most 
magmatic sapphires (compare Peucat et al., 2007). 

The overlapping occurrences can be further sepa- 
rated using a ternary Fe-(Cr+V)-Ti diagram (figure 24). 
Again, the Montana sapphires follow the same trend 
as Colombian and Tanzanian sapphires but can 
largely be distinguished from Burmese sapphires. 
Plotting slightly toward Ga, they can also be sepa- 
rated from the sapphires of Umba and Rio Mayo in 
an Fe-Mg-Ga diagram (figure 25). 

Other combinations and plots that appeared to be 
effective in characterizing corundum from Australia, 
such as Fe/Ti vs. Cr/Ga and Ga/Mg vs. Fe/Mg 
(Sutherland and Abduriyim, 2009; Sutherland et al., 
2009), gave mixed results for alluvial Montana sap- 
phires. They plotted in between metamorphic and 
magmatic fields, or in both fields, although in the lat- 
ter combination most of the analyses plotted in the 
metamorphic field. 

Another factor that clearly separates alluvial 
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Montana sapphires from both magmatic blue sap- 
phires from alkali basalts and syenitic blue sapphires 
is their 10,000 x Ga/Al ratios, between 0.7 and 1.2. 
This range is in agreement with values of the conti- 
nental crust (1.0-1.5) and much lower than that of 
magmatic sapphires, which vary between 2.5 and 3.7 
(Peucat et al., 2007). 

Regression is a technique for determining the sta- 
tistical relationship between two or more variables 
where a change in a dependent variable is associated 
with, and depends on, a change in one or more inde- 
pendent variables. Discriminant analysis is a regres- 
sion-based statistical technique that can be used to 
determine the classification or group of a particular 
stone on the basis of its characteristics or essential 
features. It differs from techniques such as cluster 
analysis (the demonstrated chemical plots are exam- 
ples of cluster analysis) in that the classifications or 
groups to choose from must be known in advance. 
Each case must have a score on one or more quanti- 
tative predictor measures as well as a score on a 
group measure. 

Statistical determination of the most probable de- 
posit type for secondary placer corundum deposits is 
based on the calculation of discriminating factors 
from the concentration of oxides in corundum from 
the main primary deposits (Giuliani et al., 2014). As 
explained above, the discriminating factors are deter- 
mined by a statistical analysis that tries to minimize 
the variance in a certain class (e.g., sapphires of plum- 
asitic origin) while maximizing the variance between 
classes (e.g., between sapphires of plumasitic and 
syenitic origin).* 

Discriminant analysis of sapphire and ruby de- 
posits in Madagascar has shown its effectiveness in 
determining the most likely deposit type, although 
Giuliani et al. (2014) demonstrated that this method 
needs improvement. For example, for sapphires of 
plumasitic origin, the discriminant analysis showed 
two subclasses (P1 and P2), of which P1 shows slight 
overlap with samples of syenitic origin. Further sys- 
tematic geological study of the plumasitic primary 
sapphire occurrences should lead to a more refined 
typology. Interestingly, when recalculating our analy- 
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Figure 26. Discriminant analysis of alluvial Montana 
samples shows that they plot approximately in the 
field of primary sapphires of plumasitic origin. P1 and 
P2 are two subclasses of primary sapphires of pluma- 
sitic origin. The red triangles represent the centroids 
of spaces related to sapphires of syenitic origin (S), 
plumasitic origin (P), and metasomatic/metamorphic 
origin (M; compare with Giuliani et al., 2014). 


ses of Fe, Cr, V, Ti, Mg, and Ga from ppmw to oxides 
in weight percent and applying this technique, the 
alluvial Montana sapphires plot largely in or very 
close to the field of primary sapphires of plumasitic 
origin (subclass P1, figure 26). This independent sta- 
tistical method appears to support a close geochem- 
ical affinity between alluvial Montana sapphires and 
sapphires of plumasitic/metasomatic origin. 


*The two discriminant factors are defined as: 


Factor 1 = 0.23095 x (Cr,O,— 0.0613814)/0.0596296 — 0.723839 x (FeO — 0.489593)/0.372367 — 0.0403934 x (Ga,O, — 
0.0159195)/0.00946033 + 0. 0767757 x (MgO — 0.00613983)/0.0040002 — 0.00901195 x (TiO,— 0.0236271)/0. 0567399 + 0.0791335 x 


(V,O, — 0.00402119)/0.00329669 


Bictor 2 =—0.530426 x (Cr,O, — 0.0613814)/0.0596296 — 0.638704 x (FeO — 0.489593)/0.372367 — 0.00893226 x (Ga,O, — 
0.0159195)/0.00946033 — 0. 200622 x (MgO — 0.00613983)/0.0040002 + 0.296868 x (TiO, — 0.0236271)/0.0567399 — 0. 165072 x 


(V,O,, — 0.00402119)/0.00329669 
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Figure 27. The features of Montana alluvial sapphires indicate a metasomatic origin. They can be separated from 
material with overlapping properties through their distinct chemical composition. Photo by Robert Weldon/GIA. 


Implications for the Original Source of Corundum. 
Geochemically, the samples in this study were most 
similar to plumasitic/metasomatic sapphires, as well 
as metamorphic sapphires from Mogok. The pluma- 
sitic sapphires from Kashmir and Umba are related to 
metasomatic alterations where pegmatites depleted in 
SiO, and ultramafic rocks are in contact (e.g., Soles- 
bury, 1967; Atkinson and Kothavala, 1983; Seifert and 
Hyr8l, 1999; Giuliani et al., 2007; Peucat et al., 2007). 
In the Mogok material, metasomatic exchanges are 
likely in a complex setting where sapphires are present 
in “urtite” dikes (rocks containing more than 70% 
nepheline) and have developed in marble during high- 
grade metamorphism, with probable interactions with 
nearby granites (Iyer, 1953; Kane and Kammerling, 
1992; Harlow, 2000; Peucat et al., 2007). 

The Montana sapphires, showing a similar homo- 
geneous chemical composition, have inclusions that 
suggest an environment containing volatile compo- 
nents (F, OH, P) and incompatible elements (Ba, Ce, 
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Nd, Nb, and possibly Y, La, Ta, Nd, and Th) but that 
also hint at the presence of ultramafic/mafic rocks. 
It is therefore also plausible that the alluvial sap- 
phires from Montana were formed during metaso- 
matic alterations between Al- and Mg-rich units. 

Involvement of F-rich fluids is supported by the 
presence of topaz, apatite, and pyrochlore inclusions, 
and also by the low Ga/AI ratios in the sapphires, 
which may be caused by extraction of GaF,* ions 
during F-rich fluid circulation. Whalen et al. (1987) 
explained that this process occurred during partial 
melting in granulites in the presence of F-rich fluids, 
depleting granulite restites and enriching the melt in 
Ga. 

Garland (2002) advocated a metamorphic sensu 
stricto origin in a closed system of Montana sap- 
phires (see “Geology and Origin” above), but at the 
same time recognized that the assumption of equi- 
librium in the corundum-anorthite-clinozoisite-mus- 
covite assemblage is a problem. No reaction between 
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corundum and clinozoisite became evident, and 
there is no indication of an equilibrium relationship 
between the host and inclusions. Moreover, neither 
clinozoisite nor zoisite inclusions were found in our 
study. 

Garland (2002) also stated that the Montana sap- 
phires may have formed in the metamorphic events 
related to the intrusion of the Idaho batholith into 
largely aluminous Proterozoic metamorphic rocks at 
the northern and western edge of the batholith (again, 
see figure 3). The main intrusive phases are late Creta- 
ceous, with smaller associated Tertiary plutons, which 
developed large hydrothermal systems with associated 
metasomatism. This would suggest the presence of a 
more open system during the formation of Montana 
sapphires, in line with our data and observations. 


GLOSSARY 


Batholith: a large, igneous rock or intrusive body formed 
at great depth, having an aerial extent of at least 100 km? 
(40 sq. mi) and no known floor. 


Foreland basin: a linear sedimentary basin at a foreland, 
the exterior area of an orogenic belt where deformation 
occurs without significant metamorphism. Generally the 
foreland is the portion of the orogenic belt closest to the 
continental interior. 


Hydrothermal breccia: a rock composed of angular broken 
rock fragments held together by a mineral cement or in a 
fine-grained matrix. It is formed when hydrothermal fluid 
fractures a rock mass. 


Incompatible element: 1. An element for which the ratio 
of mineral or mineral assemblage to liquid is much less 
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CONCLUSIONS 


Geochemical features of alluvial sapphires from 
Montana (figure 27) show significant overlap with 
trends of plumasitic/metasomatic sapphires. These 
features and the mineral inclusions identified may 
reflect a metasomatic origin. Topaz inclusions were 
observed in one of the samples. Topaz has not been 
reported as an inclusion in sapphire from any other 
occurrence, and it may serve to prove a Montana ori- 
gin. The alluvial Montana sapphires can further be 
geochemically characterized and distinguished from 
occurrences with the most overlapping properties 
(Umba, Tanzania, and Rio Mayo, Colombia) by using 
concentrations and ratios of Fe, Ga, Mg, Ti, Cr, and 
V and a combination of Fe-Ga/Mg, Fe-Mg-Ti, Fe- 
(Cr+V)-Ti, and Fe-Mg-Ga diagrams. 


than unity; in other words, the element is concentrated 
in the liquid. 2. A chemical element that tends to remain 
in the melt when a magma crystallizes. 


Nonconformity: a substantial break or gap in the geologic 
record where a rock is overlain by another that is not next 
in stratigraphic succession, such as an interruption in the 
continuity of a depositional sequence of sedimentary rocks 
or a break between eroded igneous rocks and younger sed- 
imentary strata. It normally implies uplift and erosion with 
loss of the previously formed record. 


Volatile component: a material in a magma, such as water 
or carbon dioxide, whose vapor pressure is sufficiently high 
to be concentrated in a gaseous phase. 


Main source: Jackson (1997) 
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AOS ARTICLES 


THE GRAND SAPPHIRE OF LOUIS XIV AND 
THE RUSPOLI SAPPHIRE: HISTORICAL AND 
GEMOLOGICAL DISCOVERIES 


Francois Farges, Gérard Panczer, Nassima Benbalagh, and Geoffray Riondet 


Since it was added to the French crown jewels in 1669, the 135.74 ct Grand Sapphire has been regarded 
as one of the world’s most magnificent sapphires. Newly discovered archives indicate that Louis XIV 
obtained the Grand Sapphire at about the same time he acquired the Tavernier Blue diamond; both 
gems were mounted in gold settings in 1672. Although the Grand Sapphire is often referred to as the 
“Ruspoli” sapphire, this study shows that these are, in fact, two different gems. Microscopic and spec- 
troscopic evidence (Raman, UV-Vis-NIR absorption, and laser-induced fluorescence) suggest that the 
Grand Sapphire originated in the metamorphic/detrital terrain of Sri Lanka. 


mong the French crown jewels, four are pre- 
Anisest The 140.62 ct Regent and the 52.23 

ct Grand Sancy diamonds (Balfour, 2009) are 
held in the Louvre Museum. The approximately 69 
ct French Blue diamond was stolen in 1792 and recut 
to become what is now the Hope diamond (Farges et 
al., 2009; Post and Farges, 2014), housed at the Smith- 
sonian Institution’s National Museum of Natural 
History. The 135.74 ct Grand Sapphire, shown in fig- 
ure 1, was donated to the National Museum of Nat- 
ural History (MNHN) in Paris in 1796 (Morel, 1988) 
and has remained there ever since. 

Like the Grand Sancy and French Blue diamonds, 
the Grand Sapphire was added to the French crown 
jewels during the 72-year reign of King Louis XIV 
(Bapst, 1889). Morel (1988) reports that the gem was 
purchased from a merchant named Perret, who ac- 
quired it from a German prince, who bought it from 
the Ruspolis, an Italian noble family. This is how the 
gem also became known as the Ruspoli sapphire. 
Morel added that it once belonged to a poor Bengali 
spoon merchant, explaining its other nickname, the 
Wooden Spoon Seller’s sapphire. 

While researching the historical archives for the 
French Blue diamond, we found no evidence of a jew- 
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eler named Perret serving Louis XIV. In fact, no such 
name is found among the registries of jewelers work- 


Figure 1. The 135.74 ct Grand Sapphire, measuring 38 
x 29 x 28 mm, was acquired for the French crown jew- 
els during the 72-year reign of Louis XIV (1643-1715). 
Since 1796, it has been housed in the National Mu- 
seum of Natural History in Paris (MNHN, inventory 
number A.67). Photo by Francois Farges, © MNHN. 
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ing in 17th century Paris (Bimbenet-Privat, 2002). 
Furthermore, no mention of the Ruspoli family sur- 
faced until much later (Barbot, 1858); royal sources 
from the 17th and 18th centuries never refer to this 
origin. Because the connection between the Grand 
Sapphire and the Ruspolis appeared questionable, we 
conducted a thorough study of the French National 
Archives in Paris, along with the city’s archives, to 
better understand this confusing pedigree. We also 
performed an on-site gemological study, using 
portable instruments, to determine the Grand Sap- 
phire’s physical properties. Due to the heightened pre- 
cautions surrounding the preservation of the 
historical gemstone, this study was conducted in a 
single day, in the controlled confines of the MNHN, 
using portable spectrometers and complementary 
equipment. From the measurements obtained, we 
propose reasoned assumptions as to the geological 
and geographic origin of this famous sapphire. 


BACKGROUND 

The earliest dated documentation of the Grand Sap- 
phire is the 1691 inventory of the French crown jew- 
els (Bapst, 1889). The sapphire is described as a “violet 
sapphire,” “lozenge-shaped” and set in gold. Until the 
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Figure 2. The two de- 
signs created by royal 
jeweler Pierre-André 
Jacqumin (ca. 1749) for 
Louis XV’s Order of the 
Golden Fleece emblem. 
The version on the left 
shows the approxi- 

_ mately 69 ct French 
Blue diamond below 
the Cote de Bretagne, a 
107.5 ct red spinel 
carved as a dragon. The 
version on the right, 
adorned with two large 
sapphires, probably 
would have entailed re- 
cutting the Grand Sap- 
phire. Louis XV 
selected the first de- 
sign, though the jewel 
was stolen in 1792. 
Courtesy of the Herbert 
Horovitz collection. 


end of the 17th century, violet encompassed a color 
range from indigo blue to purple (Pastoureau, 2000). 
This range is consistent with the observed color, a 
medium blue with pale violet hues. The six-sided 
lozenge cut was rare for the 17th century (and even 
later). Its weight (“7 gros 4 et 12 grains,” equivalent 
to 28.74 g) is given with its gold setting. That year, 
the gem was appraised at 40,000 livres, the standard 
French currency at the time. On average, one livre in 
1691 is roughly equivalent to US$15 in 2015 (based 
on the calculation by Allen, 2001). 

In 1739, King Louis XV was inducted as a knight 
of the Order of the Golden Fleece (Farges et al., 2009). 
His jeweler, Pierre-André Jacqumin (or Jacquemin), 
was commissioned to create an insignia of that 
chivalric order. We recently discovered (Farges et al., 
2008) that Jacqumin submitted two proposals: one 
with two main diamonds, including the French Blue 
(figure 2, left), and another with two large sapphires 
(figure 2, right). For the second version, the Grand 
Sapphire almost certainly would have been recut, as 
the king asked Jacqumin to use the existing crown 
jewels in the emblem (Morel, 1988). Because the king 
chose the diamond insignia, the sapphire was pre- 
served, though its 1672 gold setting had disappeared: 
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The sapphire is described without any gold setting in 
the 1774 royal inventory, kept in the French National 
Archives. Its weight is listed as 132 old Paris carats, 
equivalent to 135.18 ct (Morel, 1988). Like all the 
other jewels of the French Crown, the sapphire was 
kept within the Garde-Meuble (the royal storehouse), 
which is now the Hotel de la Marine on Place de la 
Concorde in Paris. Hence, it was also known as the 
“saphir du Garde-Meuble.” 

French crystallographer Jean-Baptiste Romé de 
lIsle (1772) studied the unmounted sapphire and con- 
cluded that it was a natural, uncut gem. He even clas- 
sified the Grand Sapphire as the most ideal crystal 
form for his fifth crystallographic system, the “rhom- 
bic parallelepiped” (figure 3). In the second edition of 
his Crystallographie, Romé de I'Isle (1783) seemed 
somewhat uncertain about his 1772 conclusion, writ- 
ing that the gem’s facets might be related to human 
polishing. But Romé de IIsle later received two crystal 
models of ruby shaped like the Grand Sapphire, caus- 
ing him to reassert his original hypothesis (Romé de 
lIsle, 1787). That same year, Mathurin Jacques Brisson 
published the stone’s density (equivalent to 3.9941 
g/cm’, consistent with corundum], but stated that the 
stone’s shape was “most likely man-faceted” (Brisson, 
1787). Despite this observation, the 1789 royal inven- 
tory (also kept in the National Archives) describes the 
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Figure 3. Left: Plate IV 
from Romé de I’'Isle’s 
Crystallographie (1772) 
shows the Grand Sap- 
phire (number 2 in this 
figure). Romé de I’Isle 
thought that sapphire, 
with calcite (number 1), 
exhibited the primitive 
shape of his fifth system 
of crystallography, the 
“rhombic parallele- 
piped.” Right: An 
unglazed ceramic model 
of the Grand Sapphire 
(13 x 3x 3mm) made 
for Romé de I'lsle ca. 
1770. This model, redis- 
covered in 2015 at the 
MNHN, is among the 
earliest ever produced. 
Photo by Francois 
Farges, © MNHN. 


sapphire as “not cut”; no appraisal is given. In 1791, 
another royal inventory now housed in the National 
Archives (Bion et al., 1791) characterized the sapphire 
as “a large chunk of sapphire, lozenge, six-sided, pol- 
ished flat on all its facets. Two clear edges and 
rounded, bright and clear, weighing 132 k 3/6.” This 
was equivalent to 135.88 modern metric carats, with 
“k” representing old Paris carats. The sapphire’s value 
was appraised at one hundred thousand livres, roughly 
equivalent to US$1.5 million in 2015. 

In September 1792, at the height of the French 
Revolution, rioters looted the royal treasury and stole 
most of the crown jewels, including the Regent, 
Grand Sancy, and French Blue diamonds. According 
to Morel (1988), the Grand Sapphire was not stolen. 
In the National Archives, however, we found an in- 
ventory completed immediately after the theft, 
which did not list any sapphires among the few re- 
maining gems (Farges and Benbalagh, 2013). We 
therefore conclude that the sapphire also disap- 
peared. A subsequent inventory from the Paris 
archives, dated December 23, 1792, contains the 
Grand Sapphire and other important sapphires of the 
French crown jewels (see box A). Presumably, these 
were recovered shortly after the looting, along with 
other notable gems, including the Peach Blossom and 
Hortensia diamonds (Bapst, 1889). 
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Photo by Francois Farges, © MNHN. 


The Grand Sapphire was among the royal gems 
donated to the MNHN’s mineralogy gallery in 1796 
(figure 4) for the purpose of “public education” 
(Morel, 1988), most likely because state officials ac- 
cepted Romé de I'Isle’s belief that the sapphire was 
an uncut crystal. Louis Jean-Marie Daubenton, head 
professor of mineralogy at the MNHN, probably 
knew of the gem’s cut and prestigious pedigree 
(Morel, 1988). Indeed, his most distinguished scholar, 


wenden tlre Saphir. 


René-Just Hatiy (later regarded as the “father of mod- 
ern crystallography”), soon recognized that the sap- 
phire shape bore the “polish of art” (Hatiy, 1801). 
Since the sapphire’s acquisition by the museum, 
little has happened with it. Barbot (1858) wrote: 


The most beautiful sapphire known is oriental, it is de- 
scribed in the Inventory of the French crown jewels, 
performed in 1791, its history is quite intriguing. This 


Box A: THE FRENCH CROWN JEWELS SINCE THE 1792 LOOTING 


Soon after the looting of the royal storehouse, a first in- 
ventory was conducted on September 21, 1792. Offi- 
cials established a loss of more than 95% of the 
treasure inventoried a year earlier (see Bion et al., 1791). 
But in October 1792, several of the thieves were iden- 
tified. On his way to the guillotine, a man named De- 
peyron confessed (in exchange for his life) where he had 
hidden several large gems, including the Hortensia and 
one of the Mazarin diamonds (Bapst, 1889). As the in- 
vestigation progressed, many jewels were eventually 
recovered. Inventories were thus regularly compiled to 
demonstrate that the police were conducting an effi- 
cient investigation. This is how the Grand Sapphire of 
Louis XIV resurfaced in December 1792. Eventually, 
the Grand Sancy and Regent diamonds were discovered 
during the spring of 1794. The only large gem never re- 
covered was the French Blue, which was not considered 
as important as the colorless diamonds. 

Once most of the French crown jewels were recov- 
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ered, a committee decided to contribute the pieces to 
various museums for the public’s benefit. Other royal 
collections were also dispersed, including artworks, pre- 
cious books, and furniture. While jewels were assigned 
to the forthcoming Louvre museum, the Grand Sap- 
phire was considered a mineral and thus went to the 
MNHN. 

When the French Empire was established in 1804, 
the crown jewels were reconstructed, with new acqui- 
sitions compensating for the 1792 losses. In 1887, the 
French government sold off most of the treasures, and 
only two dozen pieces were preserved for historical pur- 
poses. Most pieces were purchased by private collectors 
and companies such as Tiffany. Many gems were then 
dismounted, recut, or altered to a more modern taste. 
Today, France is attempting to recover the surviving 
pieces as part of its cultural heritage. Since 2014, the 
crown jewels donated to the MNHN have been dis- 
played in a permanent exhibit, “Treasures of the Earth.” 
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sapphire, with no flaws or defects, weighs 132 !/16 carats 
[old Paris carats, equivalent to 135.75 modern metric 
carats], it has a lozenge six-sided shape and is polished 
flat on all its facets. It is appraised at 100,000 francs. 


Then, Barbot added this previously unpublished 
information: 


This marvelous sapphire was found in Bengal by a poor 
man who was selling wooden spoons, so the gem bears 
this nickname. Afterwards, it belonged to the Rospoli 
[sic] House in Rome from which it was then purchased 
by a Prince of Germany, who in turn sold it to Perret, a 
French jeweler, for 170,000 francs. This was the stone 
involved in the famous trial of the sapphire. Consider- 
ing its qualities and its extraordinary weight, we think 
that this sapphire’s valuation is not properly well esti- 
mated. It is now in the Musée de Minéralogie. 


The first excerpt clearly refers to the Grand Sap- 
phire. In the second excerpt, Barbot is the first to 
mention the sapphire’s previous owners, including 
the Bengali spoon seller, the Ruspolis (an Italian 
noble family misspelled by Barbot), a German 
prince, and finally Perret. Barbot also refers to “the 
famous trial” in which the gem was supposedly in- 
volved (which will be discussed at greater length). 
Since then, the Grand Sapphire has often been re- 
ferred to as the “Ruspoli” (Simonin, 1867) or the 
Wooden Spoon Seller’s sapphire (Snively, 1872; 
Streeter, 1877; Tagore, 1879). The many inconsisten- 
cies in the gem’s narrative prompted us to reexamine 
those references, in order to better understand the 
historical, geographical, and geological origins of this 
extraordinary gem. 


MATERIALS AND METHODS 

Archives. We extensively investigated a series of un- 
published documents uncovered in various locations, 
including the MNHN, the National Archives, the 
Paris city and departmental archives (Archives mu- 
nicipales and départementales), and the archives at 
the Ecole Militaire and the National Library of 
France (BnF), all in Paris. We have also reviewed the 
diplomatic archives of the French Foreign Ministry 
in La Courneuve. This last search included the re- 
cently discovered books of royal gemstones (Livres 
des Pierreries du Roi), consisting of dozens of vol- 
umes produced between 1669 and 1789 and contain- 
ing thousands of pages of unpublished information. 


On-Site Experiments. Weight, goniometric, micro- 


scopic, and spectroscopic testing was conducted 
using portable instruments, as the sapphire was not 
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allowed to leave the museum. These miniature in- 
struments are well suited for examining highly valu- 
able or oversized artifacts that cannot be transferred 
from the museum to a regular laboratory. The main 
limitation of portable instruments is their reduced 
specifications (low energy output, lateral resolution, 
and signal-to-noise ratio, among others) compared to 
larger versions of these instruments. 

The analyses included Raman scattering spec- 
troscopy using an Ocean Optics QE 65000 spectro- 
meter, with 532 and 785 nm excitation lasers; 
near-ultraviolet to near-infrared (UV-Vis-NIR) spec- 
troscopy with an Ocean Optics USB2000 spectro- 
meter, covering a 350-1000 nm range with a spectral 
resolution of 1.5 nm (FWHM), using a tungsten lamp; 
and photoluminescence spectroscopy, induced by ei- 
ther a UV lamp (365 nm) or a continuous green laser 
operating at 532 nm excitation, all at ambient tem- 
perature. The fluorescence emission was collected 
with an optical fiber and analyzed by the Ocean Op- 
tics USB2000 spectrometer described previously 


In Brief 


e The lozenge-shaped Grand Sapphire, acquired by Louis 
XIV in 1669, was lost during the theft of the crown jew- 
els in 1792 but recovered soon thereafter. 


Since 1858, the gem has often been confused with the 
Ruspoli sapphire, a square cushion cut that belonged 
to H.P. Hope and later to Ileana of Romania. 


¢ Gemological investigation indicates that the Grand 
Sapphire has a Sri Lankan origin. This unique gem is 
one of the main attractions at the National Museum of 
Natural History in Paris. 


(Panczer et al., 2013), using a UV lamp as the excita- 
tion source (254 and 365 nm, 6 W each). We also used 
a Marie Putois and Rochelle contact goniometer 
(from 1794), a binocular microscope (Kriiss KSW4000 
with 10x and 30x magnification), a Kriss GMKR10 
professional refractometer with an LED source, and 
a Krtiss GMKR13 polariscope. 


Off-Site Experiments. For the items allowed to leave 
the exhibition gallery, such as the replica described 
below, 3-D laser scanning was performed at MNHN’s 
Surfacus facility using a Konica Minolta Range 7 op- 
erating with a 660 nm laser (accurate to approximately 
4 yum). Scanned data were reduced (edge-collapse dec- 
imation) using MeshLab, GemCad, and DiamCalc 
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Figure 5. Images of the Ruspoli sapphire. A: An illustration from the 1813 auction leaflet for the gem, © Biblio- 


théque National de France. B: The top row shows the historical replica of the Ruspoli sapphire, ca. 1830 (30 x 29 x 
15 mm; MNHN inventory number 50.167). The bottom row shows the laser-scanned 3-D model after edge-collapse 
decimation, © MNHN. C: A drawing from Hertz (1839) of H.P. Hope’s largest sapphire (private collection). Photos 


by Francois Farges. 


software packages for final adjustments of facets. 
Chemical analyses were performed with an SD3 
Bruker solid-state X-ray detector (133 eV resolution) 
installed in a Tescan Vega II LSU scanning electron 
microscope operated in low-pressure mode (20 Pa) at 
20 kV. 


RESULTS AND DISCUSSION 

The “Trial of the Sapphire.” In our archival search 
for a jeweler named Perret who might be involved in 
the story of the Grand Sapphire, only one match was 
found, from a trial conducted between 1811 and 1813 
(Méjan, 1811; Berryer, 1839). A few months before 
the trial, Jean-Francois Perret purchased a large sap- 
phire that allegedly once belonged to the Ruspoli 
family. He sold the gem to Milanese jeweler Antonio 
Fusi, who paid a deposit. A few days after this trans- 
action, Fusi tried to cancel the sale and have his de- 
posit refunded, but Perret refused. After the two-year 
trial, Fusi was ordered to pay Perret the balance due. 
To satisfy the judgment, the court seized the sapphire 
and sold it at auction in December 1813 (“Le procés 
du saphir,” 1813). 

At the time of this trial, the Grand Sapphire had 
been kept at the MNHN for nearly 20 years. We found 
no evidence showing that this gem was sold by the 
MNHN before the trial and recovered later. Therefore, 
those pieces of information are contradictory. But 
Pierre-Nicolas Berryer, the lawyer who represented 
Perret, described this sapphire involved in the 1811- 
1813 trial as “of the purest sky blue, with an oval shape 
with symmetrical facets ... much more magnificent 
than the well-known one of the royal storehouse; 
unique for its kind, it was priceless” (Berryer, 1839). 
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While Berryer failed to mention the gem’s weight, 
a legal expert named Maurice Méjan published an 
1811 summary of recent trials, including that of the 
sapphire. Fortunately, Méjan recorded its weight as 
133 old Paris carats (equivalent to 136.9 modern 
carats). Regardless, the shape and cut given by 
Berryer are not consistent with the Grand Sapphire. 
Notice, too, that Berryer compares the sapphire to 
one from “the royal storehouse,” the well-docu- 
mented nickname of the Grand Sapphire prior to the 
1792, looting (Farges and Dubois, 2013). In other 
words, Berryer considered the Grand Sapphire and 
the Ruspoli sapphire two distinct stones. 


The Real Ruspoli Sapphire Rediscovered. In 2013, 
during a search of the National Library in Paris, we 
found a leaflet connected to the December 1813 
court-ordered auction (inventory number SZ-1350). 
The leaflet claims that the sapphire was owned by a 
poor Bengali wooden spoon seller, the Ruspolis, and 
even Charlemagne, “who is believed to have received 
the gem from an Indian prince.” Yet there is no evi- 
dence within the document to support any of this. 
Therefore, we are skeptical of any historical prove- 
nance published in this leaflet, including the associ- 
ation with the Ruspoli family, and consider it the 
seller’s attempt to influence the price. 

The auction leaflet shows a drawing of the sap- 
phire involved in the trial (figure 5A). This drawing 
had to accurately represent the gem, which was on 
public display at the Hétel Bullion in Paris a few 
weeks before the sale (“Le procés du saphir,” 1813). 
The stone depicted has a square cushion shape with 
rounded corners, brilliant faceting on the crown, and 
a step-cut pavilion. This drawing does not even re- 


Gems & GEMOLOGY WinteR 2015 397 


motely resemble the Grand Sapphire, but it does 
match Berryer’s 1839 description of the sapphire 
from the trial. The weight of this gem (136.9 ct when 
converted to metric carats) is close, but not identical, 
to that of the Grand Sapphire (135.74 ct). Therefore, 
the gem attributed to the Ruspolis in the auction 
leaflet is not the Grand Sapphire. Barbot clearly con- 
fused them in his 1858 treatise. How did this hap- 
pen? 

In 2012, we found a blue glass replica of a large 
gemstone in the MNHN drawers. Inventoried as no. 
50.167, the replica is composed of a potassic lead 
glass (“strass”), according to SEM/EDX data, and 
doped with minor amounts of cobalt (approxi- 
mately 0.2 wt.% CoO) that account for its vivid blue 
color. The 3-D model for this replica, obtained 
through laser scanning, is similar to the drawing of 
the Ruspoli sapphire (figure 5B, bottom). Its volume 
corresponds to a sapphire weighing 163 ct. The 
MNHN inventory, dated 1850 (but donated much 
earlier; see Farges et al., 2009), states: 


Inv. no. Origin Description Location 
(18)50.167 Mr. Achard Model in strass of a very — Technological 
nice sapphire belonging — showcase 
to Mr. Hoppe, and sold No. 9 


by Mr. Achard 


“Mr. Achard” is most likely David Achard, a 
Parisian jeweler from 1807 to 1831, who also donated 
the lead casts of the French Blue (MNHN inventory 
number 50.165) and another diamond (MNHN in- 
ventory number 50.166). Hatiy (1817) named Achard 
the leading Parisian lapidary and jeweler. “Mr. Hoppe 
of London” is none other than Henry Philip Hope, 
for whom the Hope diamond is named (Farges et al., 
2009). 

The sale of the sapphire to Hope is confirmed by 
his catalogue of gems, compiled in 1839 by Bram 
Hertz, a prominent London jeweler. This inventory 
confirms the MNHN records: the drawing of his 
largest sapphire (figure 5C) is identical to the glass 
replica (MNHN inventory number 50.167; figure 5B). 
Also, Hertz’s 1839 drawing closely resembles the one 
from the 1813 auction leaflet (compare figures 5A 
and 5C). Furthermore, their weights correspond ex- 
actly with 532 grains (equivalent to 136.9 ct). There- 
fore, it would seem that Achard purchased the 
sapphire sometime after the 1813 auction and, before 
his death in 1831, sold the stone to Hope. At some 
point during this period, Achard donated the replica 
to the MNHN, where it was exhibited next to the 
Grand Sapphire in the same “Technological show- 
case No. 9” (described in Hugard, 1855). Our hypoth- 
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esis is that Barbot examined both stones while visit- 
ing the MNHN’s gallery of mineralogy and confused 
them in his book. 

Hertz (1839) describes Hope’s sapphire, now iden- 
tified as the Ruspoli, as 


A very large and fine sapphire, of a square shape with 
rounded corners, and of a very fine velvet-blue colour, re- 
sembling the flower of the bluebottle found among the 
corn. It is of the purest and of a most charming hue, hav- 
ing, moreover, the advantage of displaying its beautiful 
colour equally as fine by candle as by day-light, a quality 
which is rarely met with in a sapphire. It is very finely cut, 
and shows an extraordinary refulgence...This beautiful 
sapphire is set as a medallion, surrounded by 23 fine large 
brilliants, averaging three grains each: it is kept in the 16th 
drawer—Wide plate 10... 532 grains. 


The drawer mentioned above refers to a cabinet 
in which Hope stored his gem collection. The “wide 
plates” are a set of drawings for the most important 
gems from the collection, published by Hertz (1839) 
as an appendix to his inventory. Inside the tenth plate 
is the drawing of the sapphire (reproduced within fig- 
ure 5C). Note that in Méjan (1811) and Hertz (1839), 
the weight of the sapphire remains unchanged at 532 
grains, even though Paris and London used different 
units at the time. In other words, during his inven- 
tory of Hope’s largest sapphire, Hertz simply repeated 
the French weight from 1811 without reweighing it 
in London units. 


Later Whereabouts of the Ruspoli Sapphire. Emanuel 
(1867) wrote that “in the Russian treasury are some 
[sapphires] of an enormous size, amongst them one 
of a light-blue tint, which formerly was in the pos- 
session of the late Mr. Hope.” Emanuel is most likely 
referring to the Ruspoli, easily the largest sapphire in 
Hope’s collection (Hertz, 1839). A portrait of Empress 
Marie Fyodorovna of Russia, housed at the Irkutsk 
Regional Art Museum, shows an impressive set of 
sapphire jewels. Among them is a squared sapphire 
in the center that could be the Ruspoli. Later, the 
stone was reset as the centerpiece of a sapphire and 
diamond kokoshnik (a Russian headdress) created by 
Cartier in 1909 and owned by the Grand Duchess 
Maria Pavlovna of Russia (Munn, 2001). The 
kokoshnik later belonged to Queen Marie of Roma- 
nia (figure 6) and her daughter Ileana. The latter re- 
vealed that she sold the headpiece to a famous 
jeweler in New York around 1950 (Ileana, 1951) but 
did not give additional details on that transaction. 
Thus, the recent whereabouts of this kokoshnik and 
the Ruspoli sapphire are unknown. Although Ileana 
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Figure 6. In this portrait by Philip Alexius de Laszlo, Queen Marie of Romania is wearing the 1909 Cartier 
kokoshnik that most likely bears the Ruspoli sapphire as the center gem. Examination of a high-definition 
image of that jewel (courtesy of Cartier archives) confirms this. Courtesy of Peles National Museum. 


wrote that the sapphire weighed 124 ct, other sources 
indicate 137.2 ct (Munn, 2001) or even 137 ct (Nadel- 
hoffer, 2007), values that closely correspond with the 
Ruspoli (136.9 ct). 


THE TRUE STORY OF THE GRAND SAPPHIRE 

Supposedly purchased by Francesco-Maria Ruspoli 
(1672-1731; see Morel, 1988), the Ruspoli sapphire has 
a double series of crown facets that is more typical of 
the late 18th and early 19th century (Schrauf, 1869). 
In fact, there is no proof that this gem ever belonged 
to the Ruspolis, as jewelers and auction sellers often 
contrived aristocratic pedigrees and curse legends to 
increase gem values. Examples include the fake Span- 
ish pedigree of the Wittelsbach Blue diamond 
(Dréschel et al., 2008) or the “curse” of the Hope dia- 
mond (Post and Farges, 2014). Charlemagne’s purchase 
of the Ruspoli sapphire from an Indian prince appears 
to be another such legend. Therefore, the name “Rus- 
poli” is highly questionable. A more accurate alterna- 
tive would be the “Achard-Hope sapphire,” as this 
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name is related to important personages actually in- 
volved with this historical gem. 

For its part, the MNHN officially denies custody 
of the Ruspoli sapphire, claiming instead the Grand 
Sapphire of Louis XIV, the companion stone of the 
French Blue diamond. 


The Acquisition of the Grand Sapphire. We searched 
the French royal archives to determine the exact 
provenance of the Grand Sapphire. In the Clairam- 
bault collection of the National Library of France, we 
discovered an unpublished financial record of royal 
expenses for gemstones, dated 1683. It lists a lozenge- 
cut sapphire worth 40,000 livres (see Farges and Ben- 
balagh, 2013). This description is identical to the one 
given in the 1691 inventory for the Grand Sapphire. 
Because no other sapphire with such a shape and 
value is known, we conclude that this document 
deals with the acquisition of the Grand Sapphire. The 
1683 record also provides a new piece of information: 
“the sapphire is not included in the purchases,” 
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meaning that of all gemstones acquired by Louis XIV 
between 1661 and 1683, this is the only one for 
which no money was spent. Some pagination details 
in this archive (see Farges and Benbalagh, 2013) sug- 
gest that the acquisition was acknowledged during 
the spring or summer of 1669, but we do not know 
its exact circumstances. 

Based on these dates, we examined the French 
Foreign Ministry archives, where the records of the 
royal gemstones are kept. Newly revealed docu- 
ments for 1669 (French diplomatic archives, inven- 
tory number 2040) show that the Grand Sapphire 
was among the faceted sapphires inventoried by the 
royal treasurer on July 1, 1669 (Farges and Benbalagh, 
2013). Here again, no information is given on the 
gem’s provenance. The inventory states that Jean Pit- 
tan the Younger, the king’s jeweler, was responsible 
for setting the sapphire in gold. Another record from 
the same archives, dated August 20, 1672, reports 
that the setting was completed and the sapphire was 
returned by Pittan. The weight of the jewel is listed 
as “7 gros 4 et 12 grains” (28.74 g), the same weight 
as in the 1691 inventory of the French crown jewels. 
Based on the current weight of the Grand Sapphire 
(135.75 ct), we estimate the weight of the pure gold 
setting to be around two grams. This is a curiously 
small amount of gold for such a large stone. The 
most plausible interpretation is that the Grand Sap- 
phire was set on a stand composed of gold filigree, a 
style favored by Louis XIV (Bimbenet-Privat, 2002, 
2003). Because of its mechanical properties, such an 
intricate network of gold wires could support the 
weight of a relatively large and heavy sapphire, de- 
spite the low weight of the metal itself. 

We found nothing in those archives that explains 
how the sapphire was obtained other than the words 
“not included in the purchases.” This could mean a 
gift, plunder, inheritance, or deferred payment. We in- 
vestigated these various possibilities (see Farges and 
Benbalagh, 2013) with no success. Since that study, 
one of the authors rediscovered the 1666 inventory of 
the French crown jewels (Farges, 2014a). This exten- 
sive manuscript does present important new informa- 
tion about the jewels, but none concerning the Grand 
Sapphire, suggesting that it had not yet entered the 
royal collection. Furthermore, nothing in the 1666 be- 
quest of the Dowager Queen Anne of Austria or the 
record of the Russian diplomatic visit in 1668 pro- 
vided fruitful hints. Also, there is no evidence of any 
gem purchase by Louis XIV between 1666 and Febru- 
ary 1669, when gem merchants Jean-Baptiste Tav- 
ernier and David Bazeu (or Bazu) returned from their 
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voyages to India (Morel, 1988). As the sapphire is not 
listed among the gems purchased from those mer- 
chants, the Grand Sapphire must have been obtained 
shortly after their return from India, but before its of- 
ficial recording in the royal books—in other words, be- 
tween February and June 1669. 


Analogies with the Tavernier Blue Diamond. Figure 
7 shows the Grand Sapphire next to a cubic zirconia 
replica of the Tavernier Blue diamond that was cut 
and donated to the MNHN by Scott Sucher (see 
Sucher, 2009). The similarities between the Grand 
Sapphire and the Tavernier Blue, both acquired in 
1669, are striking. They have roughly the same di- 
mensions. The simple cuts and faceting allow the ob- 
server to easily study their purity, inclusions, and 
color (Farges, 2010). 

According to Zemel (2015), the Grand Sapphire is 
a Mogul-cut gem, like the Tavernier Blue diamond. 
Mogul-cut gems are often faceted irregularly or 
asymmetrically, usually showing a large flat base and 
an array of radial facets, as in the Orlov and Taj-i-Mah 
diamonds. Other Mogul cuts include more symmet- 
rical shapes such as pendeloques or tables (the Darya- 
i-Noor diamond, for instance). Those diamonds were 
faceted in India during the 17th and 18th centuries, 
and cutters there were expert in minimizing weight 
loss during polishing (Tavernier, 1676). Louis XIV de- 
cided to recut the asymmetrical Tavernier Blue as an 
apparently symmetrical brilliant; the resulting stone 
became known as the French Blue. Clearly, the sap- 
phire was already symmetrical, but the king did not 


Figure 7. The Grand Sapphire (left) and a cubic zirco- 
nia replica of the Tavernier Blue diamond (right). 
Photo by Francois Farges, © MNHN. 
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ask for more ornate recutting (for instance, as a cush- 
ion with a step cut on its pavilion). If the Grand Sap- 
phire is a Mogul cut, then either Tavernier or Bazeu 
must have donated it, as they were the only mer- 
chants to return from India in 1669 with gemstones 
(Morel, 1988). While Tavernier sold diamonds to 
Louis XIV, Bazeu also traded magnificent pearls and 
several colored gems, including two yellow sapphires 
and a red spinel, the latter also cut as a lozenge 
(Morel, 1988). 

Despite the assertions of Morel (1988), Louis XIV 
never wore the Grand Sapphire or the Tavernier Blue 
diamond (Farges and Benbalagh, 2013). Instead, the 
gems were kept in a gold chest adorned with elabo- 
rate filigree, a masterpiece created for the king by 
Jacob Blanck, a little-known jeweler who worked for 
Jean Pittan the Younger (Bimbenet-Privat and Pié, 
2014). Blanck’s creation is now known as the Louis 
XIV gemstone chest (“coffre des pierreries de Louis 
XIV,” inventory number MS 159). Bimbenet-Privat 
and Pié (2014) showed that the king used the chest 
to display his gemstones and royal ornaments to 
prestigious visitors, just as the Mogul emperor Au- 
rangzeb had with Tavernier in 1665 (Tavernier, 1676). 

The acquisition of two large blue gems at about 
the same time (the spring of 1669) is no coincidence. 
Around 1672, both gems were set into gold, which 
was out of the ordinary for the French Court. In fact, 
most of the diamonds in the French crown jewels 
were set in silver-plated gold, which was considered 
more valuable at the time (Bimbenet-Privat, 2002). 
Therefore, the setting of both blue gems into gold is 
atypical of this period and could be a reference to the 
“azure and gold” colors of the French monarchy (Pas- 
toureau, 2.000). 


GEMOLOGICAL STUDY 

We used the following orientation to identify the 
facets of the sapphire (again, see figure 1). “Top” is 
the upper horizontal, nearly square facet. “Front left” 
and “front right” are the two main frontal facets seen 
in figure 1, while the left rear, right rear, and bottom 
facets are not visible. There is a missing corner on 
the upper rear area of the sapphire, at the junction of 
the left rear, right rear, and top facets. 

Visual examination of the Grand Sapphire shows 
that its blue color is not uniform; rather, it displays 
chevron-pattern zoning. The observed color is a 
medium blue with pale violet hues ranging from vi- 
oletish blue to pure blue, with a medium to medium- 
dark tone and a strong saturation. The gem reveals 
abundant evidence of rough handling, containing 
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many scratches, nicks, and pits. It weighs 27.148 
grams (135.74 ct). 


Shape. The dihedral angles of the Grand Sapphire 
rhomboid are 75°, 90°, and 71°. Its shape has nothing 
in common with a rhombohedron (whose dihedral 
angles are 75.5 or 76°). The shape is a parallelepiped, 
with two axes intersecting at oblique angles and a 
third orthogonal to the two other axes. Four edges are 
slightly recut, connecting the three front facets seen 
in figure 1 (as well as another edge on the upper left 
rear), while the other eight edges are actually quite 
sharp. On the upper rear, one significant missing cor- 
ner shows a flat surface of a few square millimeters 
(figure 8A). This surface forms angles of 105°, 85°, and 
105° with its three neighboring facets. The texture of 
this surface contrasts with the other facets of the gem. 
Closer microscopic examination reveals many imper- 
fections such as micron-size cavities around approx- 
imately circular frosted areas that are much duller 
(figure 8A). Also, this surface lacks crystalline pat- 
terns such as the terraces that are typical of the nat- 
urally formed crystal habit of sapphire (see figures 8B 
and 8C). The irregularities observed suggest some 
abrasive polishing by water action. This might indi- 
cate that the Grand Sapphire was recut from a larger 
piece of sapphire found in weathered alluvial gravels, 
typical of corundum in Sri Lanka (see, among others, 
Hughes, 1997). If the Mogul origin of this faceting is 
confirmed (see Zemel, 2015), one can speculate that 
this rough was only slightly larger than the cut gem 
(see Tavernier, 1676), confirming Hatty’s observation 
(1801) that the sapphire was cut “to preserve its vol- 
ume as much as possible.” 


Orientation. A plane polariscope was used to better 
observe the chevron-patterned zoning of the Grand 
Sapphire (figure 8D). These chevrons correspond to 
the growth pattern of two of the six facet planes of 
the hexagonal corundum crystal (i.e., the m-planes 
of the hexagonal lattice system of the trigonal crystal 
system: [1100], [0110], [1010], [1100], [0110], and 
[1010]). Using the polariscope, the direction of the c- 
axis was determined thanks to its total extinction 
(sapphire is uniaxial negative). The color zoning ap- 
peared in high contrast when set 15-20° off-axis. In 
the pictures taken from this direction (figure 8D), the 
apparent angle of the chevrons is approximately 125° 
(close to the theoretical value of 120° for a 
trigonal/hexagonal crystal-like sapphire). This con- 
firms the previous determination of the crystal orien- 
tation using the polariscope. Otherwise, the apparent 
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m-facets 


bottom 


Figure 8. A: Detail of the natural, uncut surface on the Grand Sapphire. B: A doubly terminated gem sapphire 
monocrystal from the Monaragala district, Sri Lanka (45 x 11 x 12 mm; MNHN inventory number 195.146). C: 
Detail of the Sri Lankan sapphire’s surface, showing crystal growth terraces. D: Two “opposite” views of the 
Grand Sapphire examined under a polariscope and oriented slightly off the c-axis (shown in dark blue). E: 
Three-dimensional reconstruction showing the probable location of the Grand Sapphire within a hypothetical 
trigonal/hexagonal corundum crystal. Photos by Francois Farges, © MNHN. 


angle would be much larger from other viewing angles 
and the chevrons would not be visible when the view- 
ing angle was too far from the c-axis. Using GemCad, 
we created a 3-D model of the Grand Sapphire based 
on direct goniometric measurements. This model is 
set in an orientated hexagonal preform (figure 8E) to 
illustrate how the gem represented a small portion of 
the original crystal (assuming it crystallized isotropi- 
cally) before it was smoothed by erosion. 


Refraction. The Grand Sapphire’s refractive indices 
are 1.772 (n,) and 1.764 (n,). The gem is uniaxial neg- 


() 
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ative, with a birefringence of 0.008. These values are 
consistent with corundum (see Bariand and Poirot, 
1985). 


Inclusions. We observed oriented rutile needles (fig- 
ure 9) and a globe-shaped opaque black inclusion 
with highly reflective surfaces and a high refractive 
index. The opaque black inclusion resembles an iron 
oxide such as hematite or ilmenite. 


Fluorescence. The Grand Sapphire showed moderate 
red fluorescence under long-wave UV (365 nm) illu- 
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Figure 9. Inclusions in the Grand Sapphire, observed 
from the top facet (A) and the right rear facet (B). Ru- 
tile needles and a large hematite-like inclusion are 
visible from both facets. Photos by Gérard Panczer, 
© MNHN,; field of view 1.35 mm. 


mination, but weaker fluorescence under short-wave 
UV (254 nm). Moreover, its fluorescence was a more 
intense red along the green 532 nm laser beam 
through the stone (figure 10). 


Raman Scattering Spectroscopy. Raman spectra col- 
lected with 532, and 785 nm laser excitation were com- 
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Figure 11. Raman scattering spectra for the Grand 
Sapphire, with laser excitation at 532 nm (green 
curve) and 785 nm (red curve). The peaks are indica- 
tive of octahedrally coordinated Al. 


parable (figure 11). With 785 nm excitation, the base- 
line was not uniform, most likely due to the gem’s flu- 
orescence in the Raman range (Panczer et al., 2012). In 
both cases, clearly detected Raman scattering peaks 
corresponded to their associated vibration modes (AI- 
O bonds in a six-fold octahedral coordination). 


UV-Vis-NIR Spectroscopy. Three zones of the gem 
were selected for UV-Vis-NIR spectroscopy (figure 12). 
One zone corresponded to the central part of the sap- 
phire. The second and third zones had the highest and 
lowest color saturation, respectively. The spectra for 
the three zones were comparable. An absorption band 


Figure 10. Fluorescence 
of the Grand Sapphire. 
A and B: Before and 
after illumination with 
long-wave UV (red fluo- 
rescence). C and D: Be- 
fore and after exposure 
to 532 nm laser excita- 
tion results in a strong 
red fluorescence along 
the laser beam. Photos 
by Francois Farges, 

© MNHN. 
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Figure 12. Unpolarized UV-Vis-NIR absorption spec- 
tra (with the hexagonal unit cell shown as a, b, and c 
vectors) for three different zones of the front right 
facet show variation in the intensity of blue color. 


was detected in the green to red spectral range for all 
zones, with a maximum centered near 576 nm. A 
more narrow absorption contribution, though less in- 


Timeline of Five Famous French Gems 


1666: In India, Jean-Baptiste 
Tavernier purchases an approxi- 
mately 115 ct blue diamond 
with Mogul faceting. This will 
become the Tavernier Blue. 


Spring 1669: The Mogul-faceted 
diamond is sold by Tavernier to 
King Louis XIV. 


The Grand Sapphire is acquired by 
Louis XIV and inventoried among 
the faceted sapphires. 


No sapphires are listed in the 
inventory of the French crown 
jewels. 


Summer 1669: The Tavernier 
Blue diamond and the Grand 
Sapphire are in the possession 
of Jean Pittan the Younger, the 
king’s primary jeweler. 
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tense, was observed near 450 nm. Also, a negative-in- 
tensity line corresponded to an emission peak at 694 
nm (again, see figure 12). 


Luminescence Spectroscopy. Luminescence spec- 
troscopy, induced by either a 365 nm UV source or 
by a 532 nm continuous laser, showed a sharp, in- 
tense emission line at 694 nm (figure 13). This phe- 
nomenon indicated that the two wavelengths excited 
an extrinsic luminescent center whose electrons 
were subjected to a radiative transition—in this case, 
the presence of Cr** atoms. The portable apparatus 
used did not discriminate between the transitions re- 
lated to Cr** (referred to here as R1 and R2, centered 
at 692.9 and 694.3 nm, respectively; Gaft et al., 2015). 
The other weak bands observed in the spectra are 
secondary peaks related to the main doublet (Panczer 
et al., 2013). These results also explain the negative 
absorption measured by UV-Vis-NIR spectroscopy 
near 694 nm, as seen in figure 12. 


Interpretation. Despite the use of portable instruments 
with lower resolution than laboratory or synchrotron- 
based instruments, the gem shows the physical prop- 
erties of a sapphire. Its Raman scattering spectrum 
(again, see figure 11) matched that for corundum from 


1672: The Tavernier Blue is recut 1749: The French Blue and the Grand 


to create the French Blue. The 
Grand Sapphire is kept intact. 


Both gems are set in gold before 
Pittan returns them to the king. 
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1675: The French Blue and 
the Grand Sapphire are 
placed in a gold chest for 
display. 


1691: First official appear- 
ance of both the French Blue 
and the Grand Sapphire in 
the inventory of the crown 
jewels. 
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Sapphire are removed from their set- 
tings by Pierre-André Jacqumin, Louis 
XV's jeweler, for his Order of the Golden 
Fleece pendant. 


Eventually, the Golden Fleece insignia 
will be completed with the French Blue. 


The Grand Sapphire returns to the royal 
storehouse without its gold setting. 


*The “Ruspoli” sapphire is supposedly 
purchased by the Ruspolis, a noble 


Roman family. There is no record of 
the purchase, however, and this own- 
ership is highly questionable. 
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the RRUFF database. The rutile inclusions were not 
weathered or dissolved. Therefore, the Grand Sap- 
phire did not undergo any thermal treatment above 
1600°C. Its optical absorption showed a maximum at 
576 nm, consistent with an electron exchange be- 
tween Fe?*+ Ti* and Fe**+ Ti* (Ferguson and Fielding, 
1971, Fritsch and Rossman, 1988). The 694 nm “neg- 
ative” absorption peak seen in figures 12 and 13 was 
related to the presence of Cr** substituting for six-fold 
coordinated Al* (high crystal field) in corundum (Gaft 
et al., 2005; Panczer et al., 2012) and was responsible 
for the narrow and intense red emission. Cr* is a fre- 
quent impurity in corundum, including sapphires 
(Bariand and Poirot, 1985). 


Geological and Geographical Origins. Determining 
the geologic or geographic origin of sapphire remains 
a challenge even with advanced analytical methods 
(Mumme, 1988; Notari and Grobon, 2002; Shigley 
et al., 2010). For instance, blue sapphires from Sri 
Lanka and Madagascar show similar mineralogical 
and gemological properties (Gitbelin Gem Lab, 
2006). However, the determination of geographical 
origin of a rare historical gemstone such as the 
Grand Sapphire is based on limited but convergent 
criteria (inclusions, growth zones, absorption pat- 
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Figure 13. Luminescence spectra for the Grand Sap- 
phire with excitation by a 532 nm laser (green curve) 
and a 365 nm UV source (purple curve, with intensity 
doubled for comparison with the green spectrum). 
The 532 nm line corresponds to the laser scattering. 


terns, luminescence, and the like). In addition, the 
number of possible geographical occurrences for the 
Grand Sapphire is historically limited: The only ac- 


1768-1772: French mineralogist 
Jean-Baptiste Louis Romé de |’Isle 
studies the sapphire and is con- 
vinced the gem bears a natural 
habit. A bisque model of the gem 
is made. 
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1774: In the 1774 inventory of the 
French crown jewels, the Grand Sap- 
phire is listed as a faceted gem. 


1783: Romé de |’Ilsle changes his 
mind and concludes that the Grand 
Sapphire is hand-polished. 


1787: M.J. Brisson publishes the 
previously measured dimensions 
and densities of the French Blue 
and the Grand Sapphire. He con- 
siders the gem faceted. 


Based on wooden models of 
ruby crystals sent by German 
mineralogist Abraham Gottlob 
Werner, Romé de I’Isle reverts to 
his original hypothesis: The 
Grand Sapphire “must be a natu- 
ral crystal of sapphire.” 


1789: In the inventory of the 
French crown jewels, the Grand 
Sapphire is described as “not 
cut.” 


THE GRAND SAPPHIRE AND THE RUSPOL! SAPPHIRE 


1791: In the inventory of the 
French crown jewels, the French 
Blue and the Grand Sapphire are 
still the most magnificent colored 
gemstones of this collection. The 
appraised value for both gems has 
increased approximately three 
times since 1774-1789. 


Fall 1792: The Golden Fleece in- 
signia is stolen (along with the 
French Blue), and the Grand Sap- 
phire is missing as well. 


Winter 1792: The Grand Sapphire 

. reappears and is transferred to a 
safer storage area in Paris at the 
H6tel de la Monnaie. 
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Spring 1796: Cadet Guillot, who 
participated in the 1792 looting of 
the crown jewels, dismounts the 
Golden Fleece insignia and sells 
parts of it in Brittany, Normandy, 
and London. 


The Grand Sapphire is selected 
by French mineralogist Louis 
Jean-Marie Daubenton for dona- 
tion to the recently created Na- 
tional Museum of Natural History 
(MNHN) in Paris. 


Summer 1796: The 107 ct Céte 
de Bretagne spinel from the 
Golden Fleece pendant is recov- — 
ered in London from Cadet Guillot. 
The whereabouts of the French 
Blue remain unknown. 
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tive deposits before 1669 were in modern-day Myan- 
mar, Sri Lanka, and Thailand-Cambodia. The rutile 
inclusions observed in Burmese sapphires are usu- 
ally shorter and more densely packed (see Hughes, 
1997) than those observed in the Grand Sapphire, 
which appear more typical of Sri Lanka (L. Thoresen, 
pers. comm., 2015). 

According to the Gtibelin Gem Lab (2006), the 
Grand Sapphire’s UV-Vis-NIR spectrum is typical of 
sapphires that crystallized in metamorphic rocks. 
Their absorption is dominated by an intense Fe**/Ti* 
charge transfer, with absorption maxima centered at 
575 and 700 nm. The absorption bands related to Fe* 
are usually weaker (Hughes, 1997). Therefore, the 
Grand Sapphire probably originated from the 
charnokitic series (an orthopyroxene-bearing meta- 
morphic rock with granitic composition) of Sri Lanka 
or their fragmented clastic (detrital) sediments, as sug- 
gested by the examination of the small natural, uncut 
facet of the Grand Sapphire. The use of a laboratory 
UV-Vis-NIR apparatus should not affect the conclu- 
sions drawn from luminescence spectroscopy, as the 
charge transfer bands of interest are well probed with 
sufficient resolution by the portable apparatus. This 


Timeline of Five Famous French Gems (continued) 


1801: French mineralogist 
René-Just Hay demonstrates 
that the Grand Sapphire’s 
facets are “handmade.” 


1792-1812: The French Blue is 
owned by Henry Philip Hope, 
according to Parisian lapidary 
David Achard. The gem is cast 
and recut as the Hope dia- 
mond. Achard recovers the 
cast of the French Blue. 


The gem that would later be 
known as the “Ruspoli” sap- 
phire first appears in Rome and 
Paris. One of its previous own- 
ers is said to be a Ruspoli 
prince. In Paris, the sapphire is 
the subject of a lengthy trial be- 
tween two jewelers, Perret and 
Fusi. 


Fall 1812: The Hope diamond 
makes its first appearance in 
London. Nobody connects the 
gem to the French Blue. 


Winter 1813: The Ruspoli sap- 
phire is auctioned by court 
order. An accurate drawing is 
printed in an auction leaflet, but 
the sapphire’s previous owners 
are falsely listed as a Bengali 
wooden spoon seller, an Indian 
prince, and Charlemagne. 
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study therefore shows how portable instruments, de- 
spite their intrinsic limitations, can assist with the ex- 
amination of museum pieces that cannot be 
transferred to a laboratory setting. 


CONCLUSIONS 


Through a historical and gemological study of the 
Grand Sapphire, we have rediscovered some of its 
lost secrets. The stone is likely from Ceylon, pres- 
ent-day Sri Lanka. It may have been cut originally by 
Indian lapidaries (Zemel, 2015) before being pur- 
chased by a European (possibly David Bazeu) and 
given to Louis XIV around 1669, about the same time 
the monarch purchased the Tavernier Blue diamond. 
Both gems were set in gold under the supervision of 
jeweler Jean Pittan the Younger at about the same 
time (1672-1673). A gold setting was used, possibly 
to highlight the “azure and gold” colors of the French 
monarchy (Farges, 2010; Post and Farges, 2014). 
There is no evidence that Louis XIV ever wore those 
gems as part of his regalia. Instead, the gems were 
placed in a remarkable gold chest that was exhibited 
to impress selected visitors (see Farges, 2010; Bim- 
benet-Privat and Pié, 2014: Post and Farges, 2014). 


1814-1831: David Achard donates 
the lead cast of the French Blue to 
the MNHN. 


1839: An inventory of H.P. Hope's col- 
lection includes the Hope diamond. The 
same inventory included a detailed 


‘ drawing of the Ruspoli sapphire. 
Achard recovers the Ruspoli 


sapphire and sells it to H.P. Hope. 
Achard cuts a strass replica of the 
sapphire and donates it to the 
MNHN. 


1837: The Grand Sapphire and the 
strass replica of the “Ruspoli” sap- 
phire are displayed in the same 
showcase in the new gallery of 
mineralogy at the MNHN. 


1839-1867: Henry Philip Hope sells the 
Ruspoli sapphire to Czar Nicholas |. 
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The faceting of the Grand Sapphire is relatively 
simple but remarkable nonetheless. Recutting it as 
a cushion would have resulted in significant weight 
loss with no dramatic increase in brilliance. In this 
regard, Louis XIV proved to have eclectic tastes, col- 
lecting both minimally faceted (possibly Mogul) 
gems such as the Grand Sapphire and complex bril- 
liant-cut faceted gems such as the French Blue, one 
of the first brilliant-cut diamonds ever documented 
(Farges, 2014b). 

In 1739, the sapphire was removed from its gold 
setting, most likely to consider recutting it into two 
stones for Louis XV’s Order of the Golden Fleece in- 
signia. Fortunately, this idea was eventually aban- 
doned. Sometime between 1739 and 1774, the Grand 
Sapphire became an object of scientific study; MJ. 
Brisson measured its density, while Jean-Baptiste 
Romé de LIsle examined its shape and eventually con- 
cluded that it was an uncut crystal. From the crystal, 
Romé de Lisle shaped a model in bisque (1772). Ap- 
parently stolen in September 1792 and recovered a few 
months later, the sapphire entered the national collec- 
tion of mineralogy at the MNHN in Paris, where 
Hatiy (1801) once again identified it as a faceted gem. 

Since 1858, the Grand Sapphire has often been 


confused with another gem, known as the Ruspoli 
sapphire, for which the MNHN possesses a historical 
replica that was once exhibited near the Grand Sap- 
phire. The stones have approximately the same 
weight, but their faceting is dramatically different. 
Whereas the Grand Sapphire is a six-sided “lozenge” 
cut, the Ruspoli is a more conventional cushion cut. 
This sapphire was then sold at an auction in 1813 
and acquired by the French jeweler David Achard, 
who subsequently sold it to Henry Philip Hope. Czar 
Nicholas I is said to have obtained the stone, which 
may have adorned a great Russian kokoshnik de- 
signed in 1909 by Cartier. Princess Ileana of Romania 
sold the piece to a jeweler in the United States in the 
1950s, and its current whereabouts are unknown. 

Unearthing elements of the true story of the 
Grand Sapphire reaffirms its rightful standing as one 
of the most important gemstones of the 17th cen- 
tury. Its unusual shape makes it one of the singular 
cut stones of all time. It is celebrated in a permanent 
exhibit named “Treasures of the Earth” (Trésors de 
la Terre), which opened in December 2014 at the 
MNHN. This exhibit places the sapphire in its ap- 
propriate context with the other magnificent gems 
and art objects of the French crown jewels. 


1858: In his Traité, Charles 
Barbot is the first to connect 
the French Blue with the Hope 
diamond. 


Barbot also describes the 
Grand Sapphire and the gem 
later referred to as the “Rus- 
poli” while they are on exhibit 
at the MNHN, in a way that 
suggests the Grand Sapphire 
was once owned by a Bengali 
wooden spoon seller and the 
Ruspoli family. 


1867-1881: Edwin William 
Streeter (1877) shows a model 
of the Tavernier Blue diamond. 


When translating L. Simonin’s 
Underground Life, or Mines 
and Miners (1867) from French 
to English, Henry William Bris- 
tow apparently misinterprets 
Charles Barbot’s writings and 
calls the Grand Sapphire the 
Ruspoli for the first time. 


Streeter and Sir Sourindro 
Mohun Tagore (1879) perpetu- 
ate the confusion. John H. 
Snively (1872) is among the first 
to mistakenly refer to the Grand 
Sapphire as the “Wooden 
Spoon Seller’s Sapphire.” 


THE GRAND SAPPHIRE AND THE RUSPOL! SAPPHIRE 


1909: The Hope diamond is reset 
by Cartier in Paris for Evalyn Walsh 
MacLean. 


The Ruspoli sapphire is possibly 
reset by Cartier into a diadem for 
Grand'Duchess Maria Pavlovna of 
Russia. 


1949: Harry Winston purchases the 
Hope diamond. 


ca. 1950: Princess Illeana of Roma- 
nia sells the Ruspoli sapphire to a 
jeweler in New York. Its where- 
abouts remain unknown. 
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1958: Harry Winston donates the Hope di- 
amond to the Smithsonian's National Mu- 
seum of Natural History in Washington, DC, 
where it has been exhibited ever since. 


1980s: The Grand Sapphire, still commonly 
referred to as the “Ruspoli,” is occasionally 
displayed at the MNHN. 


2007-present: Historical artifacts concern- 
ing the lead cast of the French Blue dia- 


* mond, the 18th century bisque model of 


the Grand Sapphire, and the strass replica 
of the actual Ruspoli sapphire are found 
within the MNHN collections in Paris. The 
Grand Sapphire and the lead cast of the 
French Blue are placed on permanent ex- 
hibit at MNHN in December 2014. 
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CHARACTERIZATION OF TARNISH SPOTS IN 
CHINESE HIGH-PURITY GOLD JEWELRY 


Taijin Lu, Jian Zhang, Yan Lan, Ying Ma, Hua Chen, Jie Ke, Zhenglong Wu, and Miaomiao Tang 


In recent years, red, brown, and black tarnish 
spots on high-purity gold jewelry (99.9% Au) have 
been widely reported, mainly in China but also 
in other parts of the world. Yet the cause of these 
spots and their possible formation mechanism are 
unclear. In this study, high-purity gold with typical 
tarnish spots was systematically investigated using 
differential contrast microscopy, laser scanning 
confocal microscopy, SEM, X-ray fluorescence, 
and X-ray photoelectron spectroscopy. The study 
detected silver and sulfur along with gold within 
the tarnish spots. The tested samples all had a gold 
purity of 99.9%, regardless of whether there was 
tarnish. Higher-magnification 3-D microscopic 
observations revealed the typical presence of an 
“impurity center” within the tarnish spot and a 
thin film of stain that varied from several nanome- 
ters to several hundred nanometers thick. XPS 
analysis confirmed the presence of both Ag and S 
in the thin film. An in situ Ar ion sputtering exper- 
iment for removing the spot revealed that the sul- 
fur could only be detected at the surface, where 
the film was less than 12 nm thick. To prevent 
these tarnish spots, we recommend careful clean- 
ing during the gold manufacturing process and 
proper care and maintenance to eliminate the 
possibility of silver contamination. 


tT. spots or stains with different colors on the 
surface of gold jewelry or coins, particularly low- 
purity gold jewelry, have been a concern for several 
centuries. The low-purity gold jewelry produced in 
the past usually contained internal impurities such 
as Ag, Cu, Zn, Ni, Fe, and S, and some external con- 
tamination particles that were introduced while in 
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storage or during the plating process. These tarnish 
spots can be attributed to both a common natural 
electrochemical reaction and corrosion caused by 
these impurity metals and contamination particles 
(Zhen and Wu, 1991). 

During the last two decades, surface spots ranging 
from red to brown and black have been reported on 
high-purity gold coins from Austria, France, and the 
United States, as well as Chinese panda coins. Col- 
lectors have referred to this as “gold corrosion” 
(Griesser et al., 2003; Rupprecht et al., 2003; Gus- 
mano et al., 2004; Mayerhofer et al., 2005; Yang et 
al., 2007a), though it is highly unlikely that gold ox- 
idizes even in a very polluted environment (Yang et 
al., 2007b). The colored spots on the coins were re- 
ported to be mainly composed of Ag,S (Gusmano et 
al., 2004; Yang et al., 2007a,b). 

With the development of gold purification tech- 
nology in the late 1990s, jewelry with greater than 
99.9% purity has become popular in the Chinese 
market. In recent years, particularly in 2013, colored 
tarnish spots on the surface of high-purity gold jew- 
elry have been the subject of media speculation (Lu 
et al., 2013). These reports have raised fundamental 
questions and concerns for consumers about the 
quality of gold products. What are these spots, and 
what are their characteristic features? Why do spots 
on the same piece of gold jewelry occur in different 
colors? What is the origin of these spots, and how can 
they be avoided? 

To understand the nature of the various spots, 
high-purity gold samples with typical tarnish spots 
were systematically investigated using differential 
contrast microscopy, laser scanning confocal mi- 
croscopy, scanning electron microscopy (SEM), as 
well as X-ray fluorescence (XRF) spectrometry and X- 
ray photoelectron spectroscopy (XPS). 


SAMPLES AND EXPERIMENTAL METHODS 

High-purity gold products with typical tarnish spots 
were collected from four gold retail companies in 
Hong Kong, Shenzhen, and Beijing. All samples were 
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Figure 1. A high-purity gold jewelry piece with tarnish spots (left) and a set of commemorative gold pins from the 
2008 Summer Olympics in Beijing (right). Photos by Jian Zhang. 


stated as having gold purity greater than 99.9%. 
Three of the pieces were curved with artistic patterns 
and weighed 3.50 g (figure 1, left), 10.00 g, and 63.75 
g, respectively. Also tested was a set of 40 high-purity 
gold collectible pins from the 2008 Summer 
Olympics in Beijing (figure 1, right), each weighing 1 
gram and measuring 32.0 x 32.5 mm. Red, brown, 
and black spots were clearly visible on the surface of 
the pins, independent of location. All the samples 
were stored for at least one year, and the Olympic 
souvenirs were stored for five years. Flower-patterned 
pieces such as the one in figure 1 (left) were said to 
be without spots when first acquired. They were 
stored in the city of Shenzhen, and spots were clearly 
visible one year after purchase. The Olympic sou- 
venirs were sealed and stored in a safe deposit box in 
Beijing, until spots were apparent to the unaided eye 
in 2012. They were kept in air atmosphere before 
being shipped for our investigation. 

The spots’ color, color distribution, structure, and 
microstructure were observed using a gem micro- 
scope with darkfield illumination, a differential in- 
terference contrast microscope (Nikon LV100), a 
laser scanning confocal microscope (Olympus LEXT 
OLS4000 3D), and a scanning electron microscope 
(JSM5600 LV SEM), using various magnifications and 
illumination conditions. Three-dimensional images 
and spot thicknesses were obtained and measured 
using the laser scanning confocal microscope system 
with image software. The purity of the gold and the 
chemical composition of the spots were analyzed 
quantitatively using an X-ray fluorescence spectro- 
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meter (Thermo Scientific Quant’X EDXRF analyzer). 
After the samples were cleaned with ethanol in an 
ultrasonic bath, their detailed chemical composition 
was measured using XPS (Thermo Scientific ES- 
CALAB 250 and ESCALAB 250Xi). The XPS was cal- 
ibrated with two reference points (Ag 2:d5/2:: 368.3 eV 
and C 1s: 284.5 eV). To obtain profile depth informa- 
tion on the spots, we removed them using Ar* ions 
and performed elemental analysis by XPS etching. 
Four tarnish spots were removed in this manner. The 
XPS experiments were conducted using a water- 
cooled Al Ka anode at 200W and a photoelectron 
beam spot size of 650 um. 

To identify possible links between the tarnish 
spots and “pollutant source” technologies, we visited 
two factories in Shenzhen that produce high-purity 
gold jewelry. We observed the entire process, repre- 
sented by the flowchart below: 


Sculpturing | ===> | Wax mold | s_£, | Repairing wax —> | Surface finishing | 


Melting wax} << 


| 


Acid bath to remove silver | ==> | Cleaning 


Adding silver 


Electrical plating) <= 


Once the wax object has gone through the carving 
process, it is painted with silver so that it will be elec- 
trically conductive and allow the gold plating. The sil- 
ver paint is often applied by hand with a fine brush to 
make sure all the intricately designed areas will re- 
ceive the coating. Applying with a brush also gives the 
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technician more control in laying down an even coat- 
ing across the various design elements of each object. 
The silver paint must be constantly kept swirling in a 
beaker so that the contents are properly mixed. After 
the object is completely painted, fine sandpaper is 
used to remove any imperfections or excess paint 
buildup. After the electroplating, the thin silver paint 
layer under the gold is removed by submersing the 
piece in an acid bath that removes the silver paint but 
does not affect the gold. But in some cases the re- 
moved silver from underneath the gold layer may be 
deposited on the surface of the gold object, causing 
spots. 

Exposure to the contaminant occurs during the 
acid bath step. Each piece is supposed to be cleaned 
in water ten times after the acid bath to remove the 
silver, but this does not always happen. 


RESULTS 

Color Characteristics and Fine Structure. It was easy 
to recognize the tarnish spots, either visually or at 
low magnification, due to their clear color contrast 
with the gold background. Their size, shape, and 
color (including color distribution) varied from sam- 
ple to sample. The diameter of individual stains 
ranged from 150 to 1500 pm, with most between 300 
and 800 pm; some were as small as 100 um and oth- 
ers as large as 2 mm. Red, brown, dark brown, and 
black spots were commonly seen in this study. The 
spots displayed relatively uniform color distribution 
at low magnification. They were usually dark circu- 
lar dots, though irregular shapes also appeared when 
the spots were connected in patches. 

To find the possible growth features and/or mi- 
crostructures, color distribution, and relationships be- 
tween the color and the thickness of the thin films of 
the spots, we performed higher-magnification obser- 
vations and measurements using differential interfer- 
ence contrast microscopy, laser scanning confocal 
microscopy, and scanning electron microscopy. The 
observations are summarized as follows. 


Color Distribution. The color distribution within 
each spot was usually uneven. In most cases, the 
spots appeared as a film-like substance on the gold’s 
surface, consisting of numerous tiny gold crystallites. 
At the center of each spot was a black circle (figure 
2) composed of flaky material that strongly contrasts 
with the thin film, showing a clear boundary. Most 
of the films were brown. The film-like material cov- 
ering the surfaces of the gold crystals was also ob- 
served with SEM. 
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Figure 2. Microstructure of a brown tarnish spot seen 
on the surface of high-purity gold jewelry, revealed by 
differential interference contrast microscopy. Photo- 
micrograph by Jian Zhang. 


Impurity Particles. The dark center of the spot had 
an irregular shape with a relatively smooth surface 
and clear edges with the surrounding thin film. The 
size of the center varied but usually ranged from 20 
to 80 um. Figure 3 shows a typical example of a black 
impurity center seen in a brown spot. 


Distribution of Tarnish Spots. The distribution of the 
spots was not random and followed some general pat- 


Figure 3. Photomicrography with a laser scanning 
confocal microscope system reveals an irregularly 
shaped impurity center within a brown spot. Image 
by Jian Zhang. 
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Figure 4. Brown spots are mainly distributed along 
the edges of features in this 32.0 x 32.5 mm gold pin 
from the 2008 Olympic Games. Photo by Jian Zhang. 


terns. The spots often appeared at intersections, cor- 
ners, edges, curves, or other geometrically preferential 
sites on the high-purity gold. Figure 4 shows the dis- 
tribution of the brown spots observed on a gold col- 
lectible pin from the 2008 Olympics. These spots are 


In Brief 


¢ Red, brown, and black tarnish spots on high-purity 
gold jewelry have been reported in recent years. 

e Samples from China with 99.9% gold purity were 
tested using microscopic and spectroscopic techniques 
to identify the features and origin of their tarnish spots. 

e Analysis of the tarnish spots identified the presence of 
silver and sulfur. The spots were caused by silver de- 
posited on the gold objects during a special electroplat- 
ing process. 


mainly distributed along the corners and along the 
edges of features. 


Unusually Colored Zones. While the color distribu- 
tion within a spot was usually uneven, occasionally 
pink and/or blue zones were seen within a brown 
spot in a gold Olympic pin, as shown in figure 5. 


Thickness. There was a direct relationship between 
the depth of color and the thickness of the thin films. 
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The thicker spots tended to be darker. The red spots 
were not as thick as the brown ones, which in turn 
were not as thick as the black ones. When we ob- 
served and measured the thickness at higher magni- 
fication with the laser scanning confocal microscope, 
we measured from the surface of the tarnish spot to 
the top of the gold plating. We found that most spots 
ranged from 190 to 320 nm thick. On very rare occa- 
sions, the thickness was more than 1 um. Figure 6 
shows that the thickness of the thin layer on the sur- 
face of the gold studied is 190-320 nm, measured by 
the laser scanning confocal microscope with meas- 
urement software. 


Gold Purity Analysis. All samples were tested with 
EDXRE spectrometry to determine their gold purity. 
Each sample was tested at least three times to con- 
firm the homogeneity, by selecting the areas with 
and without the brown spots. We found that the gold 
content in all the tested samples was greater than 
99.9%, consistent with the national standard for 
high-purity gold jewelry (GB 11887-2008). From table 
1, we can see that the average gold content was 
99.93% for one of the flower-patterned pieces stud- 
ied. The main trace elements were Cu and Ag, while 
Ir and Zn were not detected. 


Figure 5. Pink and blue zones together with an impu- 
rity center were visible within a brown spot in this 
high-purity gold commemorative pin from the 2008 
Olympics in Beijing. Photomicrograph by Jian Zhang. 
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XPS Analysis. The chemical composition of the 
spots was analyzed using X-ray photoelectron spec- 
troscopy (XPS). No silver impurity was recorded in 
the areas without the spots, but carbon (C 1s, 284.81 
eV), oxygen (O 1s, 531.68 eV), sodium (Na Is, 1069.8 
eV), and silicon (Si 2p, 102.2 eV) were detected. These 
impurities could be attributable to pollution (Yang et 
al., 2007a). The area with a spot clearly showed two 
silver peaks located at 367.83 eV and 373.83 eV, 
which are Ag 3d5/2 and Ag 3d3/2 transitions, respec- 
tively, with a difference in binding energy of about 6 
eV (figure 7). 

The results of quantitative analysis by Ar* ion 
sputtering etching are summarized as follows: 


1. At the surface of the spot, the concentrations of 
gold (Au 47, 83.6 eV) and silver (Ag 3d5/2) were 
similar: 0.54 atomic % and 0.56 atomic %, re- 
spectively. According to XPS analysis, the Ag 
3d5/2. peak at 367.83 eV represents zero-valent 
silver metal, while Ag 3d3/2 is attributed to 
monovalent silver. Comparing the known bind- 
ing energy positions for possible silver and sul- 
fur compounds (Briggs and Seah, 1990; Wang, 
1992; Yang et al., 2007a), we concluded that the 
spots likely have major Ag,S or Ag,SO, compo- 
nents, similar to the results reported by Yang et 
al. (2007a). 


TABLE 1. EDXRF quantitative chemical analysis (wt.%) 
of a high-purity gold jewelry piece with tarnish spots. 


Element Spot 1 Spot 2 Spot 3 
(tarnished) (tarnished) (untarnished) 
Au 99.91 99:93 99.95 
Cu 0.075 0.048 0.055 
Zn 0.00 0.00 0.00 
Ir 0.00 0.00 0.00 
Ag 0.019 0.020 0.00 
S bdl* bdl bdl 


*Abbreviation: bdl = below detection limit. 
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Figure 6. This drawing 
illustrates the structure 
of the gold tarnish spot 
and the materials be- 
neath it. The thick- 
nesses measured by the 
various instruments are 
also illustrated. 


Thickness measured by XPS (12-18 nm) 


ote | Thickness measured by laser 


scanning confocal microscope 
(190-320 nm) 


2.. The silver and sulfur were mainly found at or 
just under the surface of the tarnish spots, judg- 
ing from the in situ Ar* ion etching XPS analy- 
sis. In figure 8, the depth profile quantitative 
data show that the atomic percentage of sulfur 
was highest at the surface of the spot. After 
etching approximately 12 nm below the sur- 
face, almost no sulfur could be detected. The 
silver could still be detected, although the peak 
intensity was much weaker. 

3. By plotting a diagram of the Ar* etching time 
vs. atomic percentages of Au 4f (83.6 eV), Ag 3d 
(373.83 eV), and S 2p (161.8 eV) in figure 9, we 
noted that the Au 4f composition was lowest 
at the surface, gradually increasing until reach- 
ing a saturated level about 8.0 nm below the 
surface. The atomic percentage of Ag 3d was 
highest about 1.8 nm from the surface, and S 
2p displayed similar behavior. 


Figure 7. X-ray photoelectron spectroscopy detected 
silver peaks at 367.83 eV and 373.83 eV in the brown 
Spot ared. 
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Figure 8. Depth XPS spectra of Ag (left) and S (right) measured by in situ Ar* ion etching, with the concentrations 


of Ag and S decreasing as the depth increases. 


4. Most brown tarnish stains were removed when 
the Ar* etching time exceeded about 210 sec- 
onds. The calculated thickness of the brown 
stains, based on the etching rate of 0.06-0.08 


Figure 9. This diagram shows the relationships be- 
tween etching time (with an etching rate of 0.06 
nm/s) and the atomic percentages of S (red line), Au 
(green line), and Ag (blue line). Since the beam is only 
focused on the surface and there are other detected el- 
ements such as O, C, and N, the Au atomic percent- 
age is only about 70%. 
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nm/s, mostly ranged from 12 to 18 nm. This 
value was dramatically lower than the laser 
scanning confocal microscope result because it 
did not include the textured finish layer (again, 
see figure 6). 


The distribution of Au 4f, Ag 3d, and S 2p laterally 
across a stain with a diameter of roughly 1000 um 
was measured and analyzed (figure 10). It was clear 
that the Au 4f content was lowest at the center, 
while both Ag 3d and S 2p were highest at the center; 
Au, Ag, and S contents were almost flat at the center, 
which measured about 400 um wide. 


DISCUSSION 

As we know, gold is a noble metal that is highly sta- 
ble in air. The Au/H,O system known as the Pourbaix 
diagram (Yang and Yang, 1991) clearly shows that at 
a pH range of 2 to 12, the potential of gold is about 
0.3 V higher than that of oxygen. This suggests that 
gold cannot be oxidized by oxygen or air pollution 
(Yang and Yang, 1991; Yang et al., 2007a). Theoreti- 
cally, the tarnish spots of high-purity gold jewelry 
cannot be attributed to chemical corrosion or oxida- 
tion of the gold. In fact, our EDXRF testing of gold 
jewelry samples confirmed their purity was higher 
than 99.9%, and the main trace elements were Cu 
and Ag. XPS quantitative analysis, particularly the in 
situ etching experiments in both depth and horizontal 
directions for removing the stains, confirmed that the 
major chemical components of the stains were Ag 
and S, in the form of the Ag,S thin film. Judging from 
the depth profile analysis results, the formation of the 
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Figure 10. The atomic percentages of Au 4f, Ag 3d, 
and S 2p across a brown spot from edge to edge, as 
detected by XPS. 


tarnish spots is related to silver metal surface con- 
tamination. This could stem from external contami- 
nation or incomplete cleaning of the silver from the 
gold piece, which is much closer to the final packing 


process, based on our factory field investigation. The 
source of the sulfur could be air pollution. In recent 
years, the air quality monitoring authority has re- 
ported elevated daily concentrations of SO,, CO, CO,, 
NO,, NH,, H,S, HE, and other gases in Beijing. 

Based on experiments related to the formation of 
tarnish spots on silver, an Ag,S thin film could form 
around a silver particle nucleus when the environ- 
ment contains even very low H,S and H,SO, at room 
temperature (Kim and Payer, 1999, Payer and Kim, 
2002; Kim, 2003; Yang et al., 2007a,b). Figure 11 
shows the possible formation process of tarnish spots 
on high-purity gold jewelry. 

In short, silver particle contaminants on the sur- 
face of gold jewelry are the nucleation centers for the 
Ag,S thin film, and the atmospheric sulfur concen- 
tration affects the formation as well as the size of this 
film. 


CONCLUSIONS 

Red, brown, and black tarnish spots on the surface of 
high-purity gold jewelry samples were investigated 
by differential contrast microscopy, laser scanning 
confocal microscopy, SEM, X-ray fluorescence, and 
X-ray photoelectron spectroscopy. Each sample had 
a gold purity of 99.9%, regardless of the presence of 
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Figure 11. Possible for- 
mation process for the 
tarnish spots on high- 
purity gold. 
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tarnish. Higher-magnification 3D microscopic obser- 
vations typically revealed an “impurity center” 
within the tarnish spot, and the thickness of the thin 
films typically ranged from several nanometers to 
several hundred nanometers, including the textured 
finish layer. The “impurity centers” consisted of sil- 
ver particles, and the thin films of the tarnish spots 
were composed of Ag,S, judging from the XPS analy- 
sis. The in situ Ar ion etching experiment for remov- 
ing the thin film revealed that the sulfur was only 
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SPLENDOR IN THE OUTBACK: 
A VISIT TO AUSTRALIA’S OPAL FIELDS 


Tao Hsu, Andrew Lucas, and Vincent Pardieu 


Wi more than 170 years of opal mining and 
trading activity, Australia is synonymous with 
opal. Many world-renowned deposits are distributed 
in and along the margin of the Great Artesian Basin 
(GAB). Opal exports contribute roughly $85 million 
annually to the nation’s GDP. The industry employs 
thousands in the Outback communities and attracts 
more than 231,000 tourists per year. Opal tourism 
brings an estimated $324 million each year to these 
remote mining communities (National Opal Miners 
Association, n.d.). 

To better understand the deposits, collect sam- 
ples, and experience the opal culture, the authors 
traveled to Australia in June 2015 and visited four 
important opal fields: Lightning Ridge, Koroit, 
Yowah, and Quilpie (figure 1). 


OPAL FORMATION IN THE 

GREAT ARTESIAN BASIN 

Almost all of Australia’s opal deposits are geograph- 
ically related to the GAB; therefore, the influence of 
this special environment on opalization is of partic- 
ular interest. Opal is recovered predominantly from 
the sandstone or claystone units of Cretaceous age in 
all producing areas within or along the margin of the 
GAB. Back in the Cretaceous period, sea level fluc- 
tuation and general withdrawal occurred along the 
Australian shoreline. The local balance between 
rapid sedimentation and subsidence played a role in 
basin formation. During this period, the GAB was 
covered by a shallow, stagnant inland sea known as 
the Eromanga Sea, and the climate was dramatically 
different from today. 

While experienced opal miners always follow cer- 
tain structures in the rocks to mine the material, sci- 
entists have formed opalization models based on 
samples and field observations (figure 2). A variety of 


See end of article for About the Authors and Acknowledgments. 
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opalization theories have been proposed, including 
weathering theory, microbe theory, and syntectonic 
theory (Pecover, 2007). The most recent proposal is 
redox theory (Rey, 2013), which portrays a cold and 
poorly connected Eromanga Sea that lacked carbon- 
ates but was full of sediments rich in iron and organic 
matter. These sediments favored an anoxic environ- 
ment in which anaerobic, pyrite-producing bacteria 
thrived. Thus, these sedimentary lithologies were ex- 
tremely reactive to oxidation. During the Late Cre- 


Figure 1. Australia’s opal deposits are distributed in 
or along the margin of the Great Artesian Basin. 
Coober Pedy, Andamooka, White Cliffs, and Light- 
ning Ridge are some of the world’s best-known 
opal-producing areas. In June 2015, the authors vis- 
ited Lightning Ridge in New South Wales, as well 
as Koroit, Yowah, and Quilpie in Queensland. 
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taceous period (about 97 to 60 million years ago), 
Australia experienced extensive acidic and oxidative 
weathering. Rey (2013) proposed that precious opal 
might form via this prolonged weathering and the 
opalized redox front, which was later buried and 
therefore well preserved by Cenozoic sediments. 

Unfortunately, none of these models can resolve 
all the problems associated with opal formation. The 
different types of occurrences, such as black opal 
nodules and boulder opal ironstone concretions, also 
create challenges for researchers. Although an opal- 
ization model is not the purpose of this report, some 
of the most critical questions scientists must answer 
before forming any theories involve the supply of sil- 
ica and water, space for opal growth, sedimentation 
conditions, and the ion exchange process. Not all 
opals formed the same way, and therefore multiple 
models may be required. 


LIGHTNING RIDGE AND BLACK OPAL 

Our first stop was Lightning Ridge, the traditional 
source for fine-quality black opal. The Lightning 
Ridge area is located in New South Wales, just south 
of the border from Queensland (figure 3). Opal was 
first discovered here in the late 1880s. The town of 
Lightning Ridge grew quickly after miners from 
other areas realized the value of this beautiful gem. 
Today, active mining operations are distributed both 
around the township and in the outlying areas such 
as Sheepyard, Grawin, Glengarry, and Carters Rush 
(again, see figure 3). Exploration is carried out in dif- 
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Figure 2. In Koroit’s 
underground mine, 
owner Mark Moore 
showed the authors the 
fault line he followed 
to find opals. Photo by 
Vincent Pardieu/GIA. 


ferent areas of Lightning Ridge, and the authors vis- 
ited one to the north of the township. 

In Lightning Ridge, opal is generally recovered 
from the Finch Claystone unit of the Early Creta- 
ceous age. This unit is directly below the Wallangulla 
Sandstone, which contains some Finch Claystone 
lenses; some of these lenses are opal bearing as well 
(figure 4). Previous underground mining channels are 


Figure 3. Map of the Lightning Ridge region. The 
group visited one underground mine in the town of 
Lightning Ridge and one in Sheepyatd. 
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Figure 4. An exposed stratigraphic profile of the Lunatic Hill mine. Previous mining channels from the beginning of 


the 20th century can be seen at the boundary between the Wallangulla Sandstone and Finch Claystone units. The 
claystone is usually found at a depth of less than 30 meters. Photo by Vincent Pardieu/GIA. 


clearly visible at the contact zone between the two 
units on a well-exposed profile in the Lunatic Hill 
mine. The deposits are usually found less than 30 


Figure 5. These spectacular black opal nobbies were 
found in claystone. The nodule was cut into two 
parts, and we can clearly see the areas with pre- 
cious opal, while the rest is composed of dark gray 
potch. Photo by Vincent Pardieu/GIA, courtesy of 
Vicky Bokros. 
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meters from the surface. Opal is found as nodules 
contained in the whitish clays; local miners refer to 
these as “nobbies” (figure 5). Opal is also recovered 
as thin seams in the outlying areas. The miners often 
follow structural features such as fractures and faults 
to look for opals. 

Miners seeking black opal usually start with an 
underground operation. They will switch to an open 
pit (which Australians refer to as an “open cut”) only 
when they feel that it is more profitable. We saw 
mainly underground mining operations in this area. 

A custom-designed digger extracts opal-bearing 
clays from the Finch Claystone unit, with the Wal- 
langulla Sandstone unit acting as the roof of the un- 
derground mine (figure 6). Mined materials are drawn 
to the surface by a “blower” and transported to the 
washing plant (figure 7). A black opal washing plant 
generally consists of a water source, an agitator, and 
a sorting table. The washing process often takes one 
week to finish (figure 8). Opal, clay, and sandstone 
fragments are rotated in water within the agitator, 
this removes most of the clay from the opal without 
damaging the stone. At the end of the week, miners 
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open the agitator and let the slurry flow out onto the 
sorting table, where they pick out the opals by hand 
(figure 9). 

The clay is not very hard and is easily removed 
from the opals by washing and/or polishing. Due to 
their shape, opals from Lightning Ridge can be 
processed as cabochons and other freeforms (figure 
10). Special care and design are necessary to use the 


Figure 7. The “blower” is in fact a giant vacuum 
sucking everything mined to the surface. It is pow- 
ered by a generator mounted on a truck above 
ground. The mined materials are loaded onto dump 
trucks and carried to the washing plant. Photo by 
Vincent Pardieu/GIA. 
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Figure 6. This cus- 
tomized digger is 
specifically designed to 
extract opal-bearing 
clay. Joints on the ma- 
chine allow for greater 
flexibility. Photo by 
Andrew Lucas/GIA. 


black seam opal in jewelry (figure 11). White, crystal, 
and black opals can all be found in the Lightning 
Ridge region, but the fine-quality black opal is sought 
worldwide. 


Figure 8. The agitator, a converted concrete mixer, is 
the core facility in the washing plant. When it rotates, 
the opal nodules and other materials within it circu- 
late, removing much of the clay from the opal. Photo 
by Vincent Pardieu/GIA. 
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Figure 9. This handful of opal is the result of several 
weeks of underground mining and a few days in the 
agitator. Photo by Vincent Pardieu/GIA. 


Fine black opal owes its beauty to its dark back- 
ground and bright play-of-color (figure 12). A whole 
spectrum of colors can be found in black opals, with 
shades of blue and green the most common. Every 
piece is unique because of the pattern of the play-of- 
color, the number of colors exhibited, and the thick- 
ness of the finished pieces; this makes the stone 
extremely hard to grade. Although opal’s beauty is 
very subjective and choosing a stone is a deeply per- 
sonal experience, market demand determines the 
overall price range. According to the miners and cut- 
ters, any play-of-color with an element of red dramat- 
ically increases the value of the stone. This was 


Figure 10. Experienced cutters guided the authors 
through the entire process of polishing an opal cabo- 
chon. Photo by Andrew Lucas/GIA. 


Figure 11. Black seam opal occurs as thin lines in 
claystone. According to the mine owner, seam opal 
requires a different processing method than the nod- 
ules. Photo by Vincent Pardieu/GIA. 


reflected in the prices of the loose stones we saw in 
the local market. 

Opalized fossils are also found in Lightning Ridge. 
Plant and animal fossils of Cretaceous age, from mi- 
croscopic organisms to giant dinosaur skeletons, are 
found in the GAB, and some have been partially or 
completely opalized (figure 13). With their precious 
play-of-color, these fossils are both a national treas- 
ure and excellent material for scientific research. 
They have attracted the attention of paleontologists 
all over the world. According to Dr. Elizabeth T. 


Figure 12. This 92 ct black opal, held by cutter and 
carver Justine Buckley, was recovered in 2014 from 
Lightning Ridge. It took Buckley about a year to de- 
sign and polish the stone, which shows a whole spec- 
trum of colors. Photo by Andrew Lucas/GIA. 
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Figure 13. These well-preserved bivalve fossils are 
from the freshwater mollusks that lived in Lightning 
Ridge during the Cretaceous period. This type of fossil 
is usually found in mining operations that intersect 
with paleochannels. Photo by Vincent Pardieu/GIA. 


Smith from the University of New South Wales, the 
transparency of precious opal provides an unprece- 
dented view inside the fossil. 


QUEENSLAND FIELDS AND BOULDER OPAL 
Across the state border north of Lightning Ridge is 
Queensland, considered the home of boulder opal. 
Opal was discovered in Queensland in the 1870s. In 
his geological survey report, Jackson (1902) reported: 
“At present about 295 men are engaged in the indus- 
try... The total value of gem stones produced from all 
opal-fields in Queensland is, as nearly as can be esti- 
mated, £131,000, or, up to the end of 1899, £116,000.” 
By the turn of the century, opal was popular among 
European consumers. 

The state of Queensland has more than 300,000 
km’ of land and about a dozen fields dedicated to opal 
exploration (again, see figure 1). Unlike other loca- 
tions, the Queensland fields mainly produce boulder 
opal, which is extracted from the Desert Sandstone 
formation of Upper Cretaceous age. This formation, 
which experienced high erosion after its deposition, 
covers most of the state today as low ranges, table- 
lands, and isolated flat-topped hills (figure 14). A lower 
and softer opal-bearing sandstone and clay subunit is 
capped by a hard reddish siliceous subunit 5 to 16 me- 
ters thick (figure 15). This profile can be clearly seen 
at multiple mining operations. To better understand 
the boulder opal industry, the authors visited Koroit, 
Yowah, and Quilpie in central Queensland. 

While underground and open-cut operations are 
found in all three fields, open-cut mining seems to 
be more prevalent. Opal is recovered from siliceous 
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Figure 14. Isolated flat-topped hills are a common 
topographic feature in the central part of Queensland. 
Many of these hills host opal mines. Photo by Andrew 
Lucas/GIA. 


ironstone concretions, called “lily pads” or “nuts” 
by local miners depending on their morphology (fig- 
ure 16). Miners examine certain structures to look 
for ironstone concretions, which are sometimes 
grouped along a line. As opposed to the washing 
process we saw in Lightning Ridge, miners need to 
split each concretion by hand to unveil the contents; 
only a limited number yield opal (figure 17). 
Boulder opal is quite different from other varieties 
in terms of appearance. The term “boulder” refers to 
the host rock that is naturally attached to the fin- 


Figure 15. The large open-cut mining operation in 
Alaric, about 65 km north of the Quilpie mine, shows 
a well-defined profile of the Desert Sandstone forma- 
tion. Photo by Vincent Pardieu/GIA. 


PE ate ee 
—— 


WinteR 2015 423 


Gems & GEMOLOGY 


Figure 16. Boulder opal is mainly found in siliceous 
ironstone concretions. The flat ones from Koroit are 
called “lily pads,” while the small round ones from 
Yowah are known as “nuts.” Some of the ironstone 
concretions in Quilpie can be very large. Photo by 
Vincent Pardieu/GIA. 


ished product. When an opal-bearing ironstone con- 
cretion is opened, the distribution of precious opal is 
easy to see. Sometimes it is found in between the 
“skin” layers of the concretion or at its core (figure 
18). Although opal at the kernel of a concretion may 


Figure 17. Boulder opal miners must split every iron- 
stone concretion they find to reveal its contents. 
Photo by Andrew Lucas/GIA. 
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Figure 18. An open ironstone concretion displays the 
precious opal within. Opal can also occur on the sur- 
face of the concretion. Photo by Vincent Pardieu/GIA. 


be large enough to separate from the host rock, most 
opals are too thin to be removed without being dam- 
aged (figure 19). Some opals occur on the surface of 
siliceous ironstone and follow the natural surface fea- 
ture of the host rock; therefore, keeping it together 
with the rock adds more appeal to the stone. When 
precious opal occurs in cracks of the host rock, a 
well-polished stone can show truly spectacular ab- 
stract patterns (figure 20). 


Figure 19. This opal is the kernel of an ironstone con- 
cretion. When this happens, the opal is usually large 
enough to be separated from the matrix, but cutters 
often choose to keep it to add aesthetic appeal. The 
host seen here is a piece of tree trunk. Photo by Vin- 
cent Pardieu/GIA; courtesy of the Maguire Collection. 
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Figure 20. A boulder opal from Koroit showing ab- 
stract patterns is positioned next to a flat “lily pad” 
ironstone concretion. Photo by Vincent Pardieu/GIA. 


OPAL CULTURE 

In all the mining towns we visited, we were im- 
pressed by the pride and passion of the locals, includ- 
ing some miners from overseas. For them, opal 
mining has become a way of life. Even during long 
periods without finding a gem-quality stone, the 
miners choose to stay. In our interviews, we were 
struck by their remarkable perseverance and drive. 
These were not the type of people who needed a 
steady paycheck or job security. They were willing 
to struggle and search for a discovery of opal, realiz- 
ing that it might never come but also aware that 
with hard work it is possible. The economies of 
these small communities are largely based on opal 
mining, as well as opal-related tourism and recre- 
ational fossicking. 

The Australian Opal Centre is under construction 
in Lightning Ridge (figure 21). Ms. Jenni Brammall, 
the manager of this project, informed us of the 
progress being made. While the foundation of the 
building was completed in 2014, fundraising is under 
way to support further operations. The opal center 
currently operates out of a small facility on the 
town’s main street. The new facility will serve as a 
museum, an educational center, and a platform to 
promote the national gemstone. 

In Yowah, the authors met miner turned opal 
artist Eddie Maguire, who showed us his outstand- 
ing collection. He fashioned these stones in his 
home studio, applying creative cuts and unique dis- 
plays (figure 22). Mr. Maguire’s collection consists 
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Figure 21. The manager of the Australian Opal Centre 
project, Jenni Brammall, is a paleontologist, photogra- 
pher, and expert on opalized fossils. Photo by Vincent 
Pardieu/GIA. 


entirely of carvings. In polishing the opal, he tries to 
preserve the natural form as much as possible. Many 
pieces are displayed on a frame or host, also designed 
and carved by Mr. Maguire. This method works very 
well with boulder opals since they are usually at- 
tached with their host rock, though many of the 
boulder opals in this collection stand on their own. 
He is working on opening a private museum in 
Yowah to exhibit his collection and educate people 
about opal. 
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CONCLUSION 


Despite its dominance in the international market, 
the Australian opal industry still faces many chal- 
lenges. A regional drought is one of the major obsta- 
cles for opal mining. The drought in the GAB has 
lasted for several years, and finding a water source is 
a problem for many miners. Although opal is well 
known, consumers need a better understanding of 
the stone’s varieties to truly appreciate its unique- 
ness. As in many other mining regions, a new gener- 
ation of prospectors will be needed to sustain the 
future of Australia’s opal industry. From our conver- 
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Figure 22. Eddie 
Maguire’s collection 
does not include jew- 
elry pieces. Instead, he 
tries to keep the opals 
in their natural state 
and add some elegant 
or eclectic elements to 
the display. Shown in 
the background is Terry 
Coldham. Photo by 
Vincent Pardieu/GIA. 


sations with miners we learned that many of the 
younger generation are moving to the cities. It is not 
a problem for now, but in another 20 to 30 years there 
could be a serious shortage of labor. 

Meanwhile, many Australians are working hard 
to promote this spectacular gem, including miners, 
dealers, and collectors. At the beginning of our trip, 
Andrew Cody of Cody Opal hosted us in his Sydney 
flagship store. The store hosts the National Opal Col- 
lection, which features some of the rarest opalized 
fossils, including a three-meter-long intact skeleton 
of a pliosaur (figure 23). Australian opal formed 
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around the same time as these prehistoric creatures. 
Mr. Cody and his brother Damien have been promot- 
ing Australian opal globally for years and in main- 
land China since 2012. 

Since its discovery in the late 19th century, Aus- 
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Figure 23. Opalized fos- 
sils are a national treas- 
ure of Australia. The 
National Opal Collec- 
tion in Sydney features 
an intact three-meter- 
long skeleton of an 
opalized pliosaur. Photo 
by Tao Hsu/GIA. 


tralian opal has had a rich mining culture and a loyal 
consumer base. Despite the challenges the industry 
faces, the gem continues to fascinate scientists and 
jewelry enthusiasts with its unique formation and 
vivid play-of-color. 
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Graphite Inclusions Forming 
Octahedral Outline in DIAMOND 
Primary diamond deposits are usually 
found in mantle-derived igneous 
rocks, with the principal hosts being 
kimberlite and lamproite. During the 
ascent to the earth’s surface, dia- 
monds may be converted, partially or 
entirely, to graphite and chemically 
dispersed and eliminated (A.A. 
Snelling, “Diamonds — Evidence of 
explosive geological processes,” Cre- 
ation, Vol. 16, No. 1, 1993, pp. 42- 
45). GIA’s New York laboratory 
recently received a 1.30 ct Fancy 
brownish greenish yellow diamond 
(figure 1) containing an octahedral- 
shaped inclusion outlined by minute 
crystal inclusions along the junctions 
of the crystal faces. 

Gemological examination at 60x 
magnification reveals that the octahe- 
dral-shaped inclusion is outlined by 
numerous irregular dark crystals (fig- 
ure 2). Advanced gemological analysis 
with UV-Vis and FTIR spectroscopy 
confirmed that this was a natural dia- 
mond with a natural color origin. 

Further analysis using Raman 
spectroscopy reveals that the dark in- 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. This 1.30 ct Fancy 
brownish greenish yellow dia- 
mond contains an octahedral- 
shaped inclusion. 


clusions are graphite crystals with a 
Raman peak at 1590 cm (figure 3), 
which corresponds to the graphite G 
band (I. Childres et al., “Raman spec- 
troscopy of graphene and related ma- 
terials,” in J.I. Jang, Ed. New 
Developments in Photon and Mate- 
rials Research, Nova Science Publica- 
tions, 2013). Since this G band is at a 
slightly higher energy level than that 
from the primary graphite, which 
usually peaks at around 1580 cm, 
we propose that the crystals tested 
are likely the secondary graphite con- 
verted from part of the original dia- 
mond into graphite form during the 
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specific growth episode when oxi- 
dized fluids rich in CO, and H,O 
passed through diamond bearing hori- 
zons. This also explains the shift of 
the G band to a higher energy, due to 
the higher strain near these newly 
formed secondary graphite crystals (J. 
Hodkiewitez, “Characterizing graph- 
ene with Raman spectroscopy,” 
Application Note: 51946, Thermo 
Fisher Scientific, Madison, Wiscon- 
sin, 2010). Late formation of addi- 
tional diamond layers on top of the 
graphites would have converted them 
to covered internal features within 
the larger diamond (R.H. Mitchell, 
Kimberlites and Lamproites: Pri- 
mary Sources of Diamond, Geo- 
science Canada Reprint Series 6, Vol. 


Figure 2. Minute graphite inclu- 
sions outline the octahedral crys- 
tal faces in this diamond. Field of 
view 7.19 mm. 
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Figure 3. The graphite G band at 1590 cnr is found on the minute crys- 
tals along the crystal junctions, confirming that they are graphite crystals. 


18, No. 1, 1991, pp. 1-16). Primary 
graphite crystals could also mix into 
the crystal clouds during the dia- 
mond’s growth due to changes in en- 
vironmental temperature, pressure, 
and the growth fluid’s chemical ele- 
ments. These minute graphite crys- 
tals would tend to form along the 
junctions of crystal faces, since they 
usually have a higher surface energy. 
Thus, we believe that both primary 
and secondary graphite formation, oc- 
curring between the diamond’s 
growth episodes, contributed to this 
phenomenal octahedral outline. 
Graphite inclusions are commonly 
seen in diamonds as isolated crystals 
or jointed crystal clouds. It is very un- 
usual to see these minute graphite in- 
clusions formed at the junctions of the 
original diamond crystal faces and out- 
lining the octahedral growth pattern. 
This stone not only captures the 
amount of stress and extreme condi- 
tions under which the diamond grew, 
but also shows the beauty of the for- 
mation of crystalline diamond. 


Yixin (Jessie) Zhou 
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Treated Pink with HPHT Synthetic 
Growth Structure 
HPHT synthetic diamonds are grown 
using high pressure and high tempera- 
ture but with a much higher growth 
rate than natural diamond. Conse- 
quently, their growth structures are dif- 
ferent. GIA’s New York lab recently 
examined a multi-step treated diamond 
with a growth structure similar to that 
of HPHT synthetics. The 1.62 ct Fancy 
pink type Ila round brilliant seen in fig- 
ure 4 showed spectral characteristics 
suggestive of HPHT treatment, irradi- 
ation, and annealing. This diamond 
was internally clean, except for the 
presence of strong, colorless internal 
graining (figure 5). Tatami and banded 
strains with strong interference colors 
could be seen under cross-polarized 
light (again, see figure 5). Based on these 
microscopic features, we concluded 
that this was a natural diamond. 
DiamondView imaging of the 
stone showed cuboctahedral growth 
with dark sectors and pink coloration 
(figure 6). This crystal habit is usually 
observed in HPHT-grown synthetic 
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diamonds. As seen in figure 6 (left), 
the cubic {100} sector can be located 
in the pavilion, along with octahedral 
{111} sectors. In order to understand 
more about this growth, we compared 
it with a type Ila 0.27 ct HPHT syn- 
thetic, which was treated post-growth 
to induce a Fancy Intense orangy pink 
color (figure 6, right]. Both specimens 
showed similar fluorescence patterns; 
however, the natural diamond’s 
greenish blue phosphorescence was 
evenly distributed, as seen in the mid- 
dle image of figure 6. This is unlike 
the dark images yielded from type Ia 
pink HPHT synthetics, which are not 
phosphorescent. 

Although most natural diamonds 
show octahedral growth structure in 
DiamondView images, some natural 
gem-quality colorless and yellow dia- 
monds may show cuboctahedral 
growth (Winter 2010 Lab Notes, pp. 
298-299; Winter 2011 Lab Notes, p. 
310; Spring 2013 Lab Notes, pp. 45- 
46). Some non-gem-quality diamonds 
possess cuboctahedral form (D.G. 
Pearson et al., “Orogenic ultramafic 
rocks of UHP (diamond facies) ori- 
gin,” in R.G. Coleman and X. Wang, 
Eds., Ultrahigh Pressure Metamor- 
phism, Cambridge University Press, 
1995, pp. 456-510). Growth rate, pres- 
sure, and temperature of geological 
environment control the habit of a di- 


Figure 4. This multi-step treated 
1.62 ct Fancy pink natural dia- 
mond shows what appears to be 
HPHT synthetic growth structure. 
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Figure 5. Tatami strain (left, field of view 3.20 mm), banded strain (middle, field of view 3.20 mm), and heavy in- 


ternal graining (right, field of view 2.45 mm) are evidence of a natural diamond. 


amond crystal. A slow growth rate 
causes octahedral crystal growth, but 
a high growth rate can facilitate cubic 
{100} and octahedral {111} sectors de- 
veloping simultaneously. As a result, 
cuboctahedral habit can be formed 
naturally. 

While the Diamond View is very re- 
liable at revealing the growth structure 
of natural vs. synthetic diamond, it is 
important to correctly interpret all 
identifying characteristics. When 
cuboctahedral growth structure is ob- 
served, one should look for other 
features to support the origin. Micro- 
scopic features and spectral character- 
istics are useful for this purpose. 


Kyaw Soe Moe and Wuyi Wang 


Very Large Type Ib Natural 
Diamond 
Nitrogen is the main impurity in dia- 
mond and during growth it is initially 
incorporated in the diamond lattice as 
isolated nitrogen atoms (C centers). 
Diamonds where the majority of nitro- 
gen occurs in C centers are known as 
type Ib. While C centers are common 
in lab-grown HPHT diamonds, the oc- 
currence of C centers in natural cra- 
tonic diamonds is extremely rare (<1% 
of all natural diamonds). Natural dia- 
monds form deep in Earth’s mantle, 
where high temperatures result in ni- 
trogen aggregating to form A centers 
(N,) and B centers (N,V). 

GIA’s New York laboratory re- 


cently tested a large 13.09 ct gem- 
quality natural type Ib rough dia- 
mond. The diamond measured 13.51 
x 11.56 x 10.18 mm, with rounded do- 
decahedral morphology and clear dis- 
solution pits on some faces in a 
symmetrical pattern (figure 7). The di- 
amond had a highly saturated, slightly 
orangy yellow color evenly distrib- 
uted throughout the whole crystal. 
The diamond contained two tiny sul- 
fide inclusions with their associated 
graphitic rosette fracture systems. 
The infrared absorption spectrum 
revealed typical features of natural 
type Ib diamonds: a sharp peak at 
1344 cm! and a broad band at 1130 
cm. The absorption attributed to the 


Figure 6. DiamondView fluorescence images of the treated 1.62 ct pink natural (left) and the post-growth treated 
0.27 ct pink HPHT synthetic (right) showed similar growth patterns, containing cubic {100} sector and octahedral 
{111} sectors. The middle image of phosphorescence of the 1.62 ct pink natural diamond showed even color distri- 
bution without growth sectors. Type Ila pink HPHT synthetic diamonds are usually not phosphorescent. 
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Figure 7. The yellow color of this 
gem-quality 13.09 ct type Ib nat- 
ural diamond rough is due to 
the presence of isolated nitrogen 
(C centers). 


A center (1280 cm) was rather weak. 
Spectral fitting showed that 75% of 
the nitrogen existed as C centers and 
8% as A centers. This diamond did 
not contain any amber centers, which 
is consistent with the lack of plastic 
deformation lines or brownish hue. 

The UV-Vis-NIR absorption spec- 
trum, collected at liquid nitrogen tem- 
perature, showed a smooth and gradual 
increase in absorption from the near- 
infrared region to about 560 nm, and 
then a sharp increase to the high-en- 
ergy side. C centers were the only 
color-introducing defect in this large 
diamond. 

Photoluminescence (PL) spectra 
were collected at liquid nitrogen 
temperature with various laser exci- 
tations. Under 514 nm laser excita- 
tion, [N-V]° at 574.9 nm and [N-V} at 
637.0 nm were detected. Many sharp 
emissions with unknown assign- 
ments were also observed (figure 8). 
With 830 nm laser excitation, weak 
emissions at 882/884 nm from Ni- 
related defects were observed. 

Large type Ib diamonds with in- 
tense yellow color are rarely seen. 
GIA continues to study these rare di- 
amonds to understand the geological 
processes that allow isolated nitrogen 
to be preserved in some natural dia- 


Las Notes 


monds. Preservation of C centers in 
these natural diamonds is typically at- 
tributed to very young formation ages 
or to storage of these diamonds at 
cooler temperatures in Earth’s mantle 
than most other diamonds. Ongoing 
isotopic age dating of sulfide inclu- 
sions, combined with temperature 
constraints, will provide the opportu- 
nity to evaluate how these enigmatic 
type Ib diamonds are preserved in nat- 
ural cratonic settings. 


Wuyi Wang and Karen Smit 


Uranium Contents of HYALITE 

Hyalite is a colorless variety of com- 
mon opal with strong greenish fluo- 
rescence. Rough specimens have 
interesting glassy botryoidal shapes 
formed by vapor transport in volcanic 
or pegmatitic environments (O.W. 
Flérke, “Transport and deposition of 
SiO, with H,O under supercritical 
conditions,” Kristall und Technik, 
Vol. 7, 1972, pp. 159-166). Hyalite 
from a new source in Zacatecas, Mex- 
ico, discovered in 2013, shows strong 
green fluorescence even under day- 
light conditions. This material was 
spotlighted for the first time at the 
2014 Tucson gem and mineral shows 
(E. Fritsch et al., “Green-luminescing 


hyalite opal from Zacatecas, Mexico,” 
Journal of Gemmology, Vol. 34, 2015, 
pp. 490-508). 

GIA’s Tokyo laboratory recently 
had an opportunity to examine sev- 
eral faceted hyalites from Zacatecas, 
Mexico, along with several rough 
hyalites from other locations, includ- 
ing Japan, Hungary, and Argentina. 
There were two different types of 
Japanese hyalites in the study sam- 
ples: botryoidal and spherical. The 
botryoidal one (figure 9) was from 
Gifu’s Naegi granitic pegmatite (H. 
Ogawa et al., “Fluorescence of hyalite 
in pegmatite from Naegi granite, 
Nakatugawa,” 2008 Annual Meeting 
of Japan Association of Mineralogical 
Sciences), while the spherical one was 
from Toyama’s Shin-yu hot spring (Y. 
Takahashi et al., “On the occurrence 
of opal at the Shin-yu hot spring, 
Tateyama,” Tateyama Caldera Re- 
search, Vol. 8, 2007, pp. 1-4.). Hungar- 
ian hyalite is known to form in the 
clefts of trachytic rocks in Bohemia, 
Czech Republic, and Auvergne, 
France (B. von Cotta, Rocks Classified 
and Described: A Treatise on Lithol- 
ogy, Longmans, Green, and Company, 
London, 1866, p. 425). Argentinean 
hyalite is widely distributed, but the 
original rocks are not described. 


Figure 8. The diamond’s PL spectrum, collected at liquid nitrogen temper- 
ature with 514 nm laser excitation, showed emissions related to N-V cen- 
ters along with many sharp peaks of unknown assignment. 
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Figure 9. Two different types of Japanese hyalite rough specimens under daylight (left) and short-wave UV light 
(right). The photo on the right demonstrates the strong yellow-green fluorescence of pegmatite hyalite, while the 
spherical hyalite samples do not show the fluorescence. 


Standard gemological testing of the 
faceted Mexican stones revealed RI val- 
ues of 1.460—-1.461 and a hydrostatic SG 
of 2.13. Prominent fluorescence was 
observed under short-wave UV light, 
but only the Japanese spherical samples 
were inert (figure 10). Strong graining 
flow structures were visible at 64x 
magnification. Raman analysis (figure 
11) revealed typical amorphous silica 


spectra composed of a major band be- 
tween 430 and 460 cm (vibration of 
bridging oxygen) and a band centered 
at 790 cm representing the stretching 
of isolated SiO,* (P. McMillan, “A 
Raman spectroscopic study of glasses 
in the system CaO-MgO-SiO,,” Amer- 
ican Mineralogist, Vol. 69, 1984, pp. 
645-659). Laser ablation-inductively 
coupled plasma—mass spectrometry 


Figure 10. Clockwise from top center, one Hungarian botryoidal hyalite 
with matrix, one Japanese pegmatite rough hyalite with matrix, twenty- 
three pieces of Japanese spherical hyalite, one rough and three faceted 
Mexican specimens, and one Argentinian botryoidal hyalite under short- 
wave UV light. The intensity of yellow-green fluorescence vary in the dif- 


ferent specimens. 
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(LA-ICP-MS) detected a very wide range 
of uranium contents; the maximum 
was 1060-1330 ppmw for the Japanese 
pegmatitic hyalite, while the Japanese 
spherical hyalite had zero uranium 
content. The amounts are quite inho- 
mogeneous, but seem to correlate with 
the intensities of fluorescence, decreas- 
ing from Mexican (1180-3.55 ppmw) to 
Argentinian (2.48—2.49 ppmw) to Hun- 
garian (0.39-0.15 ppmw) (figure 11). 
Interestingly, only the Japanese peg- 
matitic hyalite sample was rich in rare 
earth elements (REE). Since Naegi 
granitic pegmatite is known to be an 
REE-enriched pegmatite (T.S. Ercit, 
“REE-enriched granitic pegmatites,” in 
R.L. Linnen and I.M. Samson, Eds., 
Rare-Element Geochemistry and Min- 
eral Deposits, Geological Association 
of Canada, GAC Short Course Notes 
17, 2005, pp. 175-199), the host rock 
chemistry appears to affect the silica- 


rich fluid. 


Kazuko Saruwatari, 
Yusuke Katsurada, Shoko Odake, 
and Ahmadjan Abduriyim 


Large Natural Fossil Blister PEARLS 

from Tridacna (Giant Clam) Species 
Fossil pearls, first mentioned in 1723 
in John Woodward's “An essay to- 
wards a natural history of the earth 
and terrestrial bodies,” were described 
in greater detail by R. Bullen Newton 
in 1908 (“Fossil pearl-growths,” Jour- 
nal of Molluscan Studies, Vol. 8, pp. 
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Figure 11. Raman spectra from (a-b) Mexican hyalites, (c) Japanese peg- 
matitic hyalite, (d) Hungarian hyalite, (e) Argentinean hyalite, and (f-g) 
Japanese spherical hyalite. All spectra show similar patterns, with the 
Mexican specimens showing the unknown specific peak at 1548 cnr". 


318-320). It is a rare occurrence to re- 
ceive such pearls at GIA, which is 
why two large fossil blister pearls re- 
cently submitted to the New York lab- 
oratory immediately caught our 
attention. 

According to the client, the pair of 
fossil blister pearls were found near 
Lunga Lunga, a region in southeastern 
Kenya bordering Tanzania. They were 
found attached to a fossilized giant 
clam shell that weighed approxi- 
mately 297 kg and was discovered 4.3 
meters below ground (figure 12) along 
with some fossilized corals. The shell, 
along with the attached pearls, was 
presented to the client as a gift from a 
local Digo tribe. It took a month to re- 
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move the entire shell from the 
ground. Similar fossilized giant clam 
shells have been recovered from areas 
along the Kenyan coastline (G. Ac- 
cordi et al., “The raised coral reef 
complex of the Kenyan coast: Tri- 
dacna gigas U-series dates and geolog- 
ical implications,” Journal of African 
Earth Sciences, Vol. 58, No. 10, 2010, 
pp. 97-114). These two blister pearls 
were subsequently removed from the 
shell and submitted to GIA for iden- 
tification after cleaning and removing 
the outermost fossilized debris. 

The blister pearls measured ap- 
proximately 58 x 47 x 45 mm and 85 
x 70 x 46 mm and weighed 758 ct and 
1256 ct, respectively. The faces of 
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Figure 12. Two natural fossil blis- 
ter pearls attached to their giant 
clam host, courtesy of Volker 
Bassen London Auction Rooms. 


these pearls had a porcelaneous ap- 
pearance and were smoother than the 
bases, which were attached to the 
clam shell. These bases showed 
chalky rough surfaces and flared 
forms (figure 13). Numerous natural 
indentations and cavities were pres- 
ent on their surfaces. In some areas, 
subtle flame-like structures were also 
observed at 10x magnification with 
the use of fiber-optic lighting (figure 
14). Microradiography was not helpful 
owing to the specimens’ sizes, but 
Raman spectroscopy was able to de- 
tect calcite on both specimens and 
aragonite on the larger pearl, although 
it is possible there was aragonite in 
untested areas on the small pearl. The 
presence of aragonite in the larger 
pearl indicates that some of those 
structures had been replaced by cal- 
cite during fossilization. 

According to the client, the shell 
in figure 12 was found in the upper 
layers of secondary fossil reef build- 
up, suggesting that it lived there dur- 
ing the later Pleistocene period. To 
the authors, the shell looks similar to 
that of the present-day Tridacna gigas 
giant clam, but the client stated that 
the clam was a precursor called Tri- 
dacna gigantea. The large size of 
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Figure 13. The two natural fossil blister pearls after removal from the giant clam shell. The left image shows the 
face-up view, while the right image shows the base of the pearls, where the clam shell was previously attached. 


these fossil blister pearls, their unique 
appearance, and the story behind their 
discovery proved fascinating, and of- 
fered valuable gemological and scien- 
tific information for future reference. 


Chunhui Zhou and 
Joyce Wing Yan Ho 


A Natural Pearl with an Intriguing 
Internal Structure 

Aspects of natural pearl formation re- 
main a mystery in many cases; how- 
ever, one generally accepted principle 
is that an intruder finds its way into 
the mantle or gill areas of a mollusk 
and instigates the pearl formation 


Figure 14. Porcelaneous and 
flame-like structures, seen here 
on the surface of the larger fossil 
blister pearl, were observed in 
some areas under fiber-optic 
lighting. Field of view 15 mm. 
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process. Gemologists are never sure 
what they will find when natural 
pearls are examined using microradi- 
ography. Substantial real-time X-ray 
microradiography (RTX) work by GIA 
staff in various locations has shown 
evidence of formation cause in only a 
few pearls. 

Early in 2015, a cream semi- 
baroque button pearl measuring 5.22 
x 5.04 mm and weighing 0.95 ct (fig- 
ure 15) was submitted to GIA’s 
Bangkok laboratory with nine other 
pearls. Externally the pearl appeared 
similar to many other previously ex- 
amined natural pearls, but the micro- 
radiography uncovered something 
that was far from normal. 

After initial RTX examination, 
the apparent initiator of this speci- 
men’s formation was found to be very 


different from anything encountered, 
to our knowledge, in a natural pearl. 
RTX revealed an attractive radiating 
structure within a central conchiolin- 
rich boundary and associated external 
arcs within the surrounding nacreous 
overgrowth (figure 16). The radial ob- 
ject displayed clear solid arms extend- 
ing from the central core of the 
structure. Given the nature of the 
core, further investigation was per- 
formed in order to identify the radial 
feature and see whether the pearl was 
natural or formed via human inter- 
vention using an organic nucleus as a 
“bead.” 

Computed microtomography (p- 
CT) analysis was used to perform a 3- 
D examination of the radial feature. 
The u-CT results revealed a magnifi- 
cent structure with a snowflake-like 


Figure 15. The 0.95 ct pearl measuring 5.22 x 5.04 mm is shown with a 


GIA triplet loupe for scale. 
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Figure 16. The RTX images of the pearl’s structure (left and right viewed from the side; center viewed from the top) 
revealed an intricate feature that might be an example of a foraminifera. The central feature measures approxi- 
mately 1.95 x 1.93 mm, as determined by RTX and p-CT. 


intricacy to its form (figure 17). The 
structure created some doubts about 
the natural formation of the pearl. The 
dark organic/conchiolin-rich growth 
structure, with some gaps between the 
nucleus and the surrounding nacre, 
has been noted in other unusual natu- 
ral pearls of known origin. This differs 
from the so-called “atypical bead-cul- 
tured pearls” that almost always dis- 
play a tight structure (lacking growth 
arcs) around the inserted nucleus. Al- 
most all of the whole shell nuclei ex- 
perimentally inserted into Pinctada 
maxima hosts have shown the bound- 
ary of the shell/nacre interface to 
merge tightly with one another, with 
very little in the way of organic arcs 
within the surrounding nacre. This cu- 
rious structure led to further investiga- 
tions into published claims of natural 
organic nuclei within natural pearls. 
Similar but not identical structures 


have been documented in RTX and p- 
CT work carried out on two pearls re- 
covered from natural P. maxima shells 
by GIA staff (“An expert’s journey into 
the world of Australian pearling,” 
2014, www.gia.edu/gia-news-press/ 
malaysia-jewellery-fair). Pearls with 
unique structures have also been re- 
ported by others (K. Scarratt et al., 
“Natural pearls from Australian Pinc- 
tada maxima,” Winter 2012. GwG, pp. 
236-261). The exact origin of the pearls 
studied in Scarratt et al. is unclear, al- 
though they are more likely to be nat- 
ural in at least two of the examples 
cited. For instance, the whole shell of 
one sample mentioned by Scarratt et al. 
showed characteristics similar to the 
specimen described here, with visible 
arcs within the nacre surrounding a 
shell nucleus that has a notable 
void/organic interface between the 
shell and nacre. The very small drill 


hole present in the shell, as opposed to 
the larger drill holes commonly found 
in cultured pearls, also strongly sug- 
gests a natural origin. 

The nucleus of the 0.95 ct pearl 
under discussion appeared to be an or- 
ganism such as coral. In order to find a 
match, coral samples were analyzed by 
RTX and p-CT methods to compare 
their structures. Results indicated that 
the feature within the pearl may well 
be coral, but no exact match was 
noted. During the recent International 
Gemmological Conference (IGC) in 
Vilnius, Lithuania, it was suggested 
that the similar internal feature of a 
different pearl (N. Sturman et. al, “X- 
ray computed microtomography (u- 
CT) structures of known natural and 
non-bead cultured Pinctada maxima 
pearls,” Proceedings of 34th Interna- 
tional Gemmological Conference, 
2015, pp. 121-124) could well be a re- 


Figure 17. The p-CT images reveal the structure in even more detail. Here, the nature of the organic-looking nat- 
ural core is shown in three different 1-CT slices in the three different directions examined. 
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markably preserved foraminifera, a 
marine micro-skeleton member of a 
phylum of amoeboid protists. They are 
usually less than 1 mm in size; their 
structures vary, and many live on the 
sea floor. Given the environment, size, 
and features evident in the form 
within the pearl under discussion, it 
may well be that the internal structure 
is a type of foraminifera sphere with a 
porous structure for passive filtration 
(see figure 6 at www.mdpi.com/1660- 
3397/12/5/2877/html). The p-CT re- 
sults revealed the interconnecting 
channels and radial structure charac- 
teristic of these spherical foraminifera. 

Whatever the true nature of the 
central form, the author considers the 
structure of this pearl to be natural 
based on the characteristics noted. It 
is also interesting to see that this 
pearl was small and not of particu- 
larly fine quality, other characteris- 
tics of natural pearl samples collected 
from the field. GIA’s own experi- 
ments with small pieces of shell and 
coral using P. maxima hosts have pro- 
duced larger pearls with different ex- 
ternal appearances and generally finer 
quality than the specimen studied 
here. Further research into the differ- 
ences between unusual structures in 
natural and atypical bead-cultured 
pearls will continue. 


Nanthaporn Somsa-ard 


Two Large Natural Pearls 
Reportedly from Spondylus and 
Trochoidea Species Mollusks 

In a Fall 2014 Lab Note (pp. 241-242), 
GIA reported on four natural pearls 
ranging from 5.72 to 12.40 ct that were 
reportedly from a Spondylus (thorny 
oyster) species. These interesting non- 
nacreous pearls showed porcelaneous 
surfaces with unique bluish flame 
structures. Another even larger natu- 
ral pearl, also reportedly from a 
Spondylus species, was recently sub- 
mitted to the New York laboratory for 
identification. This pearl measured ap- 
proximately 24 x 16 mm and weighed 
42.96 ct (figure 18, left). It was formed 
in an attractive drop shape with a ho- 
mogeneous yellow-brown bodycolor, 
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abundant surface grooves, and a dis- 
tinct bluish flame structure (figure 19). 
As with previous examples, microra- 
diography showed only a tight struc- 
ture, lacking obvious growth arcs. In 
addition, aragonite and natural poly- 
enic pigment peaks were detected by 
Raman spectroscopy. Its unique ap- 
pearance, coloration, and bluish tinted 
flame structures consistent with 
Spondylus pearls we previously re- 
ported. There is no known cultured 
pearl from this species, and the tight 
structure is commonly seen in other 
non-nacreous pearls, which further 
confirmed its natural origin. 

The same client also submitted a 
large natural nacreous pearl report- 
edly from an unknown Trochoidea 
(turban snail) species (figure 18, 
right). The specimen, which meas- 
ured approximately 27 x 19 x 12 mm 
and weighed 39.30 ct, had a cream 
color, high luster, and strong orient. 
Its smooth surface showed a unique 
wavy pattern. Previously GIA re- 
ported on a natural pearl from the 
turban snail species Astraea undosa 
that also showed high luster and 
strong iridescent colors, with an un- 
dulating wave-like pattern (Winter 
2003 GNI, pp. 332-334). Both pearls 
share many common characteristics, 
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Figure 18. Left: A large natural pearl reportedly from a Spondylus species. 
Right: A large natural pearl reportedly from a Trochoidea species. Cour- 
tesy of Sunghee Caccavo. 


and their appearances closely resem- 
ble one another. 

Our client claimed that the 
Spondylus pearl is from Baja, Mexico; 
the turban pearl is from Mexico's Pa- 
cific coast. Although it is extremely 
challenging to identify the exact mol- 
lusk species these rare pearls origi- 
nated from, their unique and 
interesting appearances are consistent 
with previously studied materials of 
similar claims. Regardless of their 


Figure 19. Distinct bluish flame 
structures were observed on this 
large non-nacreous pearl, similar 
to previously studied samples 
that also reportedly formed 
within Spondylus (thorny) oys- 
ters. Field of view 7.9 mm. 
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exact origin, these beautiful large nat- 
ural pearls prove just how wonderful 
Mother Nature is at creating spectac- 
ular wonders of great variety and eye- 
pleasing form. 


Chunhui Zhou and 
Joyce Wing Yan Ho 


Two Large CVD-Grown 
SYNTHETIC DIAMONDS Tested 
The quality and size of near-colorless 
and colorless synthetic diamonds 
grown by chemical vapor deposition 
(CVD) have rapidly improved in recent 
years due to advances in growth tech- 
niques and the introduction of post- 
growth decolorizing treatments. 
Near-colorless CVD synthetics have 
now passed the three-carat threshold. 
In September 2015, a 3.09 ct sample (I 
color, VS, clarity) of unknown prove- 
nance was submitted to HRD Antwerp 
(www.hrdantwerp.com/en/news/ 
hrd-antwerp-recently-examined-a-309- 
ct-cvd-lab-grown-diamon). This was 
preceded by Pure Grown Diamonds’ 
announcement of a 3.04 ct synthetic (I 
color, SI, clarity) in December 2014 
(www.businesswire.com/news/ 
home/2.0141229005491/en/ADDING- 
MULTIMEDIA-Worlds-Largest-Labo- 
ratory-Pure-Grown#. VOtnbS63raQ). 

GIA’s New York laboratory re- 
cently tested two large CVD synthetic 
diamonds (figure 20) submitted for 
grading services. These synthetics, 
weighing 2.51 and 3.23 ct, are the 
largest CVD-grown diamonds GIA 
has examined to date. The results of 
the examination underscore the con- 
tinued improvements in CVD syn- 
thetic diamonds. 

The 2.51 and 3.23 ct round bril- 
liants received H and I color grades, 
respectively. Microscopic examina- 
tion revealed pinpoint and black in- 
clusions in both, while small fractures 
along the girdle were only observed in 
the 2.51 ct round (figure 21). The 3.23 
ct synthetic contained a small black 
inclusion measuring approximately 
125 pm. As a result, SI, and VS, clarity 
grades were given to the 2.51 and 3.23 
ct samples, respectively. Both re- 
vealed irregular stress patterns with 
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Figure 20. The I-color 3.23 ct round on the left (9.59-9.61 x 5.83 mm) and 
H-color 2.51 ct round on the right (8.54-8.56 x 5.43 mm) are the largest 
CVD synthetic diamonds GIA has tested. 


high-order interference colors when 
viewed under cross-polarized light 
(figure 22), indicating high levels of 
strain. 

The synthetics showed weak or- 
ange fluorescence to conventional 
short-wave UV and were inert to 
long-wave UV radiation. Exposure to 
the deep UV radiation (< 230 nm) of 
the DiamondView revealed an overall 
strong red-pink fluorescence attrib- 
uted to nitrogen-vacancy centers 


with dislocation bundles that fluo- 
resced violet-blue (figure 23), fol- 
lowed by weak greenish blue 
phosphorescence. Both samples were 
characterized by a layered growth 
structure, suggesting that the crystals 
were grown using a multi-step tech- 
nique to maximize their volume. The 
sharp boundaries between the differ- 
ent growth layers are a result of 
changes in the fluorescent impurity 
uptake during the starting, stopping, 


Figure 21. Left: These pinpoint inclusions were observed in the 2.51 ct syn- 
thetic diamond. Right: A small black inclusion measuring approximately 
125 pm was observed in the 3.23 ct sample. Field of view 4.72 mm (left) 


and 6.27 mm (right). 
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1000 um 


Figure 22. Irregular stress patterns were observed under the microscope 
with cross-polarized light. Both the 2.51 ct (left) and 3.28 ct (right) syn- 
thetic diamonds showed high-order interference colors. Field of view 5.76 


mm and 6.27 mm, respectively. 


and restarting of growth. These im- 
ages Clearly revealed that at least five 
growth layers were applied to pro- 
duce these large crystals. The pat- 
terns suggest that the table of the 
2.51 ct sample was cut parallel to the 
growth layers, while the table of the 
3.23 ct synthetic was cut at an angle 
to the growth layers. The dislocation 
bundles are seen to propagate through 
the different growth layers. The for- 
mation of the two blue bands of 
highly concentrated dislocations 
crossing the table of the 2.51 ct spec- 
imen is not understood. 

Infrared absorption spectroscopy 
in the mid-IR range (6000-400 cm’) 
showed no major nitrogen-related ab- 
sorption in the one-phonon region, 
which classified both samples as type 
Ila. No hydrogen-related defects were 
detected, either. UV-Vis-NIR absorp- 
tion spectra collected at liquid-nitro- 
gen temperature revealed a smooth 
increase in absorption from the in- 
frared region to the high-energy end of 
the spectrum, with a 737 nm peak in 
both samples and a small absorption 
peak at 596 nm in the 3.23 ct syn- 
thetic. The 737 nm peak is an unre- 
solved doublet at 736.6/736.9 nm 
attributed to [SiV]-. This center is 
often inadvertently introduced during 
CVD growth (P. Martineau et al., 
“Identification of synthetic diamond 
grown using chemical vapor deposi- 
tion (CVD),” Spring 2004 GwG, pp. 
2-25; W. Wang et al., “CVD synthetic 
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diamonds from Gemesis Corp.,” 
Summer 2012 GwG, pp. 80-97) but is 
rarely observed in natural diamonds, 
especially using absorption methods. 
The 596 nm feature is particularly 
useful for identification purposes, as 
it has only been reported in CVD syn- 


thetic material (again, see Martineau 
et al., 2004). 

Photoluminescence (PL) spectra 
acquired with 514 nm laser excita- 
tion at liquid-nitrogen temperature 
revealed a doublet at 596/597 nm, 
nitrogen-vacancy centers at 575 [NV]? 
and 637 [NV] nm, and [SiV] at 
736.6/736.9 nm for both samples, 
with the [NV] luminescence domi- 
nating. The strength of the [NV] 
centers was consistent with the red- 
pink fluorescence colors (figure 23). 
Although the 596/597 nm doublet is 
not thought to arise from the same 
center as the 596 nm feature seen in 
the absorption spectrum of the 3.23 ct 
sample, it has only been detected in 
CVD synthetics, thus revealing the 
samples’ CVD origin (Martineau et 
al., 2004). The doublet also indicated 
that the samples had not undergone 
post-growth HPHT (high-pressure, 
high-temperature) processing to im- 
prove their color, as the treatment 
would have removed this feature. 


Figure 23. DiamondView imaging of both samples revealed strong red- 
pink fluorescence superimposed with dislocation patterns that fluoresced 
violet-blue. A layered growth structure indicating start-stop growth was 
clearly observed on the pavilion of both. The orientation of the layers re- 
veals that the 2.51 ct sample (top) was cut with its table approximately 
parallel to the growth plane, whereas the layers intersect the table facet in 


the 3.23 ct sample (bottom). 
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Figure 24. PL [SiV} silicon distribution maps were collected with 532 nm 
laser excitation. Left: Less luminescence from [SiV]- centers is observed in 
two broad bands on the 2.51 ct sample. Right: More intense [SiV} Iumi- 
nescence is found at the diamond layer boundaries in the 3.23 ct sample. 


The distribution of [SiV} centers 
was investigated through PL mapping 
of the 736.6/736.9 nm doublet at liquid- 
nitrogen temperature using 532 nm 
laser excitation (figure 24). The distri- 
bution was different between the two 
samples, forming patterns that corre- 
sponded directly with their Diamond- 
View images (again, see figure 23). For 
the 2.51 ct sample, the [SiV} lumines- 
cence decreased along the bands with 
higher concentrations of dislocation 
bundles. This may indicate that there 
are fewer [SiV] centers in this region, 
or an increased concentration of de- 
fects (either structural or impurity- 
based) that effectively quench the 
[SiV} luminescence. Where the growth 
layers intersect the table in the 3.23 ct 
sample, the [SiV} luminescence ap- 
peared to be highest at the start of a 
layer’s growth, decreasing as the 
growth progressed. This could mean 
that the concentration of silicon in the 
growth gas fell over time, or that the 
concentration of defects that may 
quench the [SiV} luminescence in- 
creased during growth. Notably, the 
concentration of dislocations increased 
as growth progressed. 

Analysis of these two large samples 
demonstrates that high-quality CVD 
synthetic diamonds can be produced 
even without post-growth decolorizing 
HPHT treatment, marking a signifi- 
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cant improvement in CVD growth. 
Using advanced spectroscopic and 
fluorescence imaging technologies, it 
is nevertheless possible to detect low 
concentrations of impurity centers, 
allowing conclusive determination 
of these samples’ synthetic origin. 
GIA is monitoring the development 
of laboratory-grown diamonds and 
conducting research to ensure that we 
can continue identifying every single 
synthetic diamond. 


Caitlin Dieck, Lorne Loudin, and 
Ulrika D’Haenens-Johansson 


SYNTHETIC ROCK CRYSTAL 
QUARTZ Bangle with 

Unusual Inclusions 

Synthetic quartz is grown by the hy- 
drothermal technique, which can pro- 
duce large single crystals of high 
quality (K. Byrappa and M. Yoshimura, 
Handbook of Hydrothermal Technol- 
ogy: A Technology for Crystal Growth 
and Material Processing, William An- 
drew Publishing, 2001). This process, 
widely used in the jewelry trade, has 
led to difficulty in separating synthetic 
quartz from its natural counterpart (R. 
Crowningshield et al., “A simple pro- 
cedure to separate natural from syn- 
thetic amethyst on the basis of 
twinning,” Fall 1986 GWG, pp. 130- 
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139). The presence of Brazil-law twin- 
ning and certain inclusions, such as 
tourmaline or golden rutile needles, 
can be used to distinguish natural from 
synthetic quartz. But high-quality 
quartz, whether of natural or synthetic 
origin, typically has no inclusions or 
twinning. In this case, standard gemo- 
logical testing may not be able to iden- 
tify the origin. Advanced instruments, 
including infrared absorption spec- 
troscopy (S. Karampelas et al., “An up- 
date in the separation of natural from 
synthetic amethyst,” Bulletin of the 
Geological Society of Greece, 2007, pp. 
805-814) and LA-ICP-MS are consid- 
ered useful tools for separating natural 
from synthetic material from material 
with synthetic origins (C.M. Breeding, 
“Using LA-ICP-MS analysis for the 
separation of natural and synthetic 
amethyst and citrine,” GIA News 
from Research, 2009, www.gia.edu/ 
gia-news-research-nr73109a). 

The Bangkok lab recently exam- 
ined a high-clarity, transparent, near- 
colorless bangle (figure 25). Standard 
gemological testing revealed a spot RI 
of 1.54 and an SG of 2.65, consistent 
with quartz. Magnification revealed 
irregular two-phase inclusions (figure 
26). These inclusions are more likely 
to be present in natural quartz than in 


Figure 25. A synthetic rock crys- 
tal quartz bangle measuring ap- 
proximately 80 x 22 x 10 mm. 
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Figure 26. Irregular two-phase inclusions seen in the bangle using dark- 
field illumination (left and right) are similar to those found in natural 
specimens but are rarely found in hydrothermal synthetic quartz. Field of 
view 4.1 mm. 


hydrothermal synthetic quartz, which breadcrumb inclusions. This bangle 
typically shows nail-head spicule and _—_also gave an IR absorption spectrum 


Figure 27. Infrared spectra of the synthetic rock crystal quartz bangle and 
a 17.50 ct natural rock crystal quartz faceted bead show different absorp- 
tion patterns. The characteristic absorptions of natural rock crystal quartz 
at 3379, 3483, and 3595 cnr’ are never seen in synthetic rock crystal 
quartz. The bangle showed absorption peaks at 3610, 3585, 3431, 3294, 
and 3194 cm, matching the IR absorption of synthetic rock crystal 
quartz. 
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unlike that of natural rock crystal 
quartz. The characteristic IR absorp- 
tions of natural rock crystal quartz oc- 
curred at 3379, 3483, and 3595 cnr. 
These features are never seen in syn- 
thetic rock crystal quartz. The IR 
spectrum of the bangle showed ab- 
sorption peaks at 3610, 3585, 3431, 
3294, and 3194 cm (figure 2.7), which 
matches the IR absorption features of 
synthetic rock crystal quartz (P. Zec- 
chini and M. Smaali, “Identification 
de l’origine naturelle ou artificielle 
des quartz,” Revue de Gemmologie, 
No. 138/139, 1999, pp. 74-80). The IR 
spectrum confirmed that this mate- 
rial was grown by hydrothermal 
methods. 

Large transparent colorless quartz 
can be found in natural and synthetic 
forms, but synthetic quartz is usually 
seen as a flat crystal. This bangle is an 
interesting example of large, high- 
clarity synthetic quartz used in jew- 
elry. The presence of the irregular 
two-phase inclusions in this example 
serves as an important reminder that 
natural and synthetic quartz can 
show a similar appearance and con- 
tain internal inclusion features that 
are identical. 


Nattida Ng-Pooresatien 
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“Dragon’s Eye” Fire Agate 

Found in only a few places in the southwestern United 
States and Mexico, fire agate is a very finely layered 
golden brown to reddish brown agate with a botryoidal 
multi-layered structure. Each of the individual layers in 
a fire agate is dusted with the iron hydroxide mineral 
goethite, which provides the brown bodycolor. 

What makes fire agate particularly special is that the 
ultra-thin coatings of goethite cause a very colorful irides- 
cence, primarily in red, golden orange, and green, but oc- 
casionally in violet to blue. The vibrant colors result from 
interference between light rays that are reflected and re- 
fracted while traveling through the gem and reflecting from 
these ultra-thin layers. 

The finest-quality fire agates can rival Australian black 
opal. Because they are a form of chalcedony quartz, fire 
agates are also more durable than opal, making them suit- 
able for virtually any jewelry application. 


Figure 1. Upon close examination, the polished botry- 
oidal knob in this Mexican fire agate resembles a rep- 
tilian eye. Photomicrograph by John Koivula; field of 
view 8.12 mm. 


; 


Micro-WoRLD 


The 4.62 ct (10.22 x 9.16 x 7.19 mm) Mexican fire agate 
studied here, a polished high-dome cabochon, is from the 
El Terrero mine in the Calvillo Mountains of Aguas- 
calientes State, Mexico. Under close examination (figure 
1), its somewhat ovoid botryoidal structure and fine gran- 
ular texture, together with the banded red, orange, and 
green coloration, project the image of a reptilian “dragon’s 
eye.” As an added bonus, the hotspot created by the fiber- 
optic light at the apex of the gem adds an elegant finishing 
touch to the overall image. 


John I. Koivula 
GIA, Carlsbad 


Red Heart Inclusion in Diamond 


Diamonds, like colored gemstones, contain a variety of in- 
teresting inclusions. Although some would call them 
flaws, I prefer to think of them as Mother Nature’s art- 
work or fingerprint. I have seen inclusions resembling an- 
gels and animals of all sorts, some requiring more 
imagination than others. It is fascinating to think of what 
might have been captured inside a diamond more than 
two billion years ago. 

The 2.00 ct round brilliant diamond shown in figure 2 
has I color, I, clarity, and a wonderful cut. But its most re- 
markable feature is a red heart-shaped inclusion, identified 
as pyrope garnet based on microscopic examination by 
GIA’s Carlsbad laboratory. The inclusion is not visible to 
the eye but jumps out at 10x magnification. It measures 
approximately 140 microns across where it is exposed at 


About the banner: Epigenetic iron oxide staining is seen in a thin section of 
chalcedony using polarized light and a quarter-wave plate. Photomicro- 
graph by Nathan Rentro; field of view 0.25 mm. 

Editors’ note: Interested contributors should contact Nathan Renfro at 
nrentro@gia.edu and Jennifer-Lynn Archuleta at jennifer.archuleta@gia.edu 
for submission information. 
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the table facet. The inclusion is much larger and extends 
along almost half of the image frame, but the reflective in- 
terface makes it difficult to see the underlying garnet. We 
only see the pink color where the inclusion breaks the sur- 
face and the mirror-like interface has been removed. 

With the combination of the red heart and diamond, 
both universal symbols of love, this is a one-of-a-kind gem. 
We have named it the Forsythe diamond and plan to auc- 
tion it around Valentine’s Day 2016, in keeping with the 
theme of romance, and part of the proceeds will go toward 
a local charity. How lucky are we to be able to work with 
beautiful gemstones containing hidden secrets just waiting 
to be unlocked every day. 


Matt Wahl 
Forsythe Jewelers 
Pittsford, New York 


Figure 2. A unique ex- 
pression of romance: 
Breaking the surface of 
this 2.00 ct diamond is a 
red heart-shaped inclu- 
sion. Photomicrograph 
by Nathan Renfro; field 
of view 1.58 mm. 


Trapiche Muscovite 


For collectors who appreciate crystals that display distinc- 
tive trapiche structure, muscovite offers a very interesting 
and unusual variety known to mineralogists as cerasite or 
“cherry blossom stones” due to its form. With a pseudo- 
hexagonal habit and a silvery luster, these muscovite 
pseudomorphs after indialite-cordierite intergrowths may, 
on rare occasion, show a well-developed trapiche structure 
(figure 3) virtually identical to that of fine-quality trapiche 
emerald. 


Trapiche muscovites come from only one locality, the 
Japanese city of Kameoka in Kyoto Prefecture, where they 
are locally known as “cherry blossom stones” (sakura-ishi 
in Japanese). Small and attractive, well-formed specimens 
are occasionally found when they weather out of a contact 
metamorphic hornfels. 


Figure 3. Muscovite mica, known from a single locality in Japan, can display trapiche structure with both open (left) 
and closed (right) centers. Photomicrographs by Nathan Renfro; field of view 4.05 mm (left) and 4.56 mm (right). 
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In figure 4, the closed-center specimen measures ap- 
proximately 6.49 x 6.44 x 4.48 mm with a corresponding 
weight of 0.90 ct, while the one with the open center meas- 
ures 4.71 x 4.27 x 5.21 mm and weighs 0.62 ct. Fine exam- 
ples of these unusual muscovite pseudomorphs measuring 
over 6 mm and weighing over | ct are considered very rare. 


John I. Koivula 


Parisite in Colombian Quartz 


The brownish rare earth carbonate parisite is known as an 
unusual Colombian mineral specimen, and as a diagnostic 


Micro-WoRLD 


Figure 4. These mus- 
covite trapiches, or 
“cherry blossom 
stones,” formed 
through alteration of 
complex indialite- 
cordierite inter- 
growths. Photo by 
Nathan Renfro. 


inclusion indicative of Colombian origin when observed 
in emeralds (E.J. Giibelin and J.I. Koivula, Photoatlas of In- 
clusions in Gems, Vol. 1, ABC Edition, Zurich, 1986, p. 
252). This rare mineral has also been reported to occur in 
quartz from Muzo, Colombia (E.J. Gtibelin and J.I. Koivula, 
Photoatlas of Inclusions in Gemstones, Vol. 2, Opinio Ver- 
lag, Basel, Switzerland, 2005, p. 621). 

A particularly striking example of rock crystal quartz 
with numerous brown crystals of parisite (figure 5) was re- 
cently examined at GIA’s Carlsbad laboratory, where the in- 
clusions’ identity was confirmed by Raman analysis. 
Interestingly, three of the most prominent parisite inclu- 


Figure 5. These three 
crystals captured in 
Colombian rock crystal 
quartz host three crys- 
tal morphologies of the 
rare mineral parisite: 
bipyramidal, hexagonal 
tabular prism, and py- 
ramidal forms. Pho- 
tomicrograph by 
Jonathan Muyal; field 
of view 4.79 mm. 
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sions in this rock crystal quartz displayed multiple crystal 
habits: a well-formed bipyramid, a tabular hexagonal prism, 
and a pyramidal form. Due to their euhedral nature, these 
inclusions are presumed have formed simultaneously with 
their host quartz and are therefore termed syngenetic. Also 
present in the stone were numerous fluid inclusions and an 
iridescent interface on the bipyramidal crystal. 

This is the finest example of parisite as an inclusion in 
quartz that has been documented by GIA. 


Jonathan Muyal 
GIA, Carlsbad 


Violetish Blue Spinel in Yellow Sapphire 


Spinel as an inclusion in sapphire has been previously doc- 
umented in blue and yellow sapphires from Sri Lanka (E.J. 
Gibelin and J.I. Koivula, Photoatlas of Inclusions in Gem- 
stones, Vol. 1, ABC Edition, Zurich, 1986, pp. 353-354). 
Typically these inclusions are green zinc-rich ghanospinels. 
Recently the authors examined a transparent light yellow 
sapphire crystal with a prominent violetish blue octahedral 
inclusion (figure 6). Interestingly, microscopic examination 
showed the violetish blue inclusion to be an intergrowth 
of at least two gemmy crystals, with the larger one crys- 
tallographically aligned with negative crystals that were 
also present in the host. 

When further examined with polarized light, the vio- 
letish blue inclusion appeared to be singly refractive, which 
meant spinel was a possibility, considering their similar 
formation environments. The sample was polished down 
to a plate in order to place the violetish blue inclusion 
closer to the surface for Raman analysis, which conclu- 
sively confirmed that it was spinel. Also present in this 
sapphire were numerous carbon dioxide-filled negative 
crystals, fingerprints, and open cracks. The presence of the 
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Figure 6. This violetish 
blue inclusion in a Sri 
Lankan yellow sapphire 
was identified as spinel. 
Photomicrograph by 
Nathan Renfro; field of 
view 5.63 mm. 


intact CO, inclusions and the pristine condition of the 
spinel inclusion provided clear evidence that the sapphire 
host had not been subjected to any form of heat treatment. 
This is the first example of a violetish blue spinel inclusion 
in sapphire that the authors have examined. 


Nathan Renfro and John Koivula 
GIA, Carlsbad 


Stars Are Out in Paraiba Tourmaline 


The rarity of Brazilian Paraiba tourmaline, with its vibrant, 
almost unearthly colors, makes it a coveted gem the world 
over. What a delight to discover a pair of stars shining out 
from among many non-phenomenal stones in a parcel. This 
was a fruitful result of gemologist Elaine Rhorbach’s regular 
use of a point-source light for examination of all materials 
she encounters in the marketplace. Wherever she is in the 
world, this former nurse carries her powerful otoscope—no 
longer examining ears, but rather checking for any optical 
phenomena in gems, even where none is expected. 

The phenomenon of asterism is seen in a variety of gem 
materials fashioned as cabochons. The multiple chatoyant 
bands of light forming these stars are caused by the scat- 
tering of planar light by sets of parallel structures. These 
are often inclusions such as minerals, voids, and structural 
defects, but they may also be manifested by natural surface 
features of the crystal left intact on the gem’s base (e.g., 
tourmaline prism face striations) or etched into the surface 
by hand. The crystal structure of the host dictates the 
number of bands, and with mineral inclusions in particu- 
lar, the orientations are a result of complex chemical in- 
teractions between the inclusions and their host. 
Orientation of the cut gem also determines what effect is 
seen. For instance, multi-star quartz is a member of the 
same trigonal crystal class as tourmaline; it displays four- 
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and six-ray stars, depending on viewing orientation in re- 
lation to its crystallographic axes of symmetry. 

In the case of the 1.06 and 0.90 ct Paraiba tourmaline 
cabochons seen in figure 7, the c-axis of the larger gem is 
along its length and that of the smaller specimen is across 
its width. Thus, the view from above is perpendicular to 
the crystal’s c-axis. Fluid-filled inclusions paralleling the 
c-axis dominate the gems’ microworld, causing a distinct 
chatoyant band perpendicular to the axis. A faint band 
seen crossing this appears to be caused by the slight 
widening of the fluid-filled inclusions (figure 8). Since the 
inclusions are roughly rectangular as they are aligned par- 
allel to the c-axis of the crystal, they produce two direc- 
tions of reflections oriented at 90°. The elongate direction 
has more reflective surface area and therefore produces a 
brighter chatoyant band, while the width has less surface 
area and produces a weaker chatoyant band from the same 
reflective inclusion set. While EDXRF detected the pres- 
ence of copper in these vibrant gems, affirming their 
Paraiba nature, the subtle stars elevated them into the 
class of rarefied connoisseur gems—another example of 
the power of inclusions! 


Figure 7. Under point-source light, these 1.06 and 0.90 
Elise A. Skalwold cz Paraiba tourmaline cabochons purchased in Brazil 
Ithaca, New York jin the early 1990s display four-ray stars. Photo by 
Nathan Renfro. Robert Weldon. 


Figure 8. Reflective 
fluid-filled inclusions 
parallel to the c-axis of 
the Paraiba tourmaline 
scatter the light, form- 
ing the stronger chatoy- 
ant band. A faint band 
seems to be caused by 
a slight widening of 
these inclusions. Photo- 
micrograph by Nathan 
Renfro; field of view 
1.20 mm. 
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COLORED STONES AND ORGANIC MATERIALS 


Demantoid garnet with giant fluid inclusion. Since 2009 
the Antetezambato demantoid garnet deposit, near Am- 
banja, in the Ambato peninsula of northern Madagascar, 
has yielded a huge quantity of rough gem material. This 
skarn-related deposit continues to produce fine crystals for 
the international market in a wide range of colors (F. Pez- 
zotta et al., “Demantoid and topazolite from Antetezam- 
bato, northern Madagascar: Review and new data,” Spring 
2011 GwG, pp. 2-14). Mineralogical curiosities were also 
found, such as demantoid garnet fossil pseudomorphs of 
gastropod and coral (Winter 2013 GNI, pp. 257-258; J. 
Raoul et al., “Pseudomorphose de fossiles en andradite ‘dé- 
mantoide’ 4 Antetezambato, Madagascar,” le Régne 
Minéral, Vol. 123, 2015, pp. 21-26). An andradite crystal 
(figure 1) hosting a giant two-phase (liquid + vapor) fluid in- 
clusion (FI) was extracted from the mangrove swamps and 
is now the property of M. J. Raoul. 

The greenish gem crystal, measuring 1.5 x 0.6 cm (fig- 
ure 2A), exhibits some faces that follow a more dodecahe- 
dral habit {110} while others are more trapezoidal {110}. 
Micro-Raman spectroscopy clearly showed the four main 
peaks of andradite at 352, 371, 515, and 874 cm (figure 3, 
top). The bubble of the FI cavity is visible to the naked eye 
and moves when the sample is turned, similar to some 
giant Flin quartz. The demantoid garnet was investigated 
by X-ray computed tomography (CT) scanning to reveal 
its 3D interior morphology. Images were made with a 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Figure 1. The demantoid crystal from Madagascar 
contains a giant two-phase fluid inclusion. The pho- 
tomicrograph shows the FI cavity with its bubble 
trapped by the garnet. The bubble’s diameter is 
around 2 mm. Photo by Michel Cathelineau. 


Phoenix Nanotom S scanner using a resolution of 7.59 
pm/voxel and an X-ray tube on nanofocus tension of 115 
kV. The calculation of all the phases was computed by 
VGStudio software, and the volumes of the respective 
phases are the sums of voxels. The 3D tomography images 
show a unique fluid inclusion cavity (figure 2B) with a 
morphology like a negative crystal with polygonal out- 
lines parallel to the faces of the host garnet crystal (figures 
2C, D). All the criteria define a primary two-phase FI. The 
total volume of the garnet is 896.1 mm/°, of which 6.2 
vol.% is occupied by the FI cavity. The volume of the liq- 
uid phase is 52.16 mm? and the volume of the vapor phase 
is 3.52 mm*%, which corresponds to a liquid/vapor ratio of 
6.75%. 
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The Raman spectrometry data show that the fluid is 
free of CO,, CH,, H,S, and N,: the Fl is a primary two-phase 
aqueous FI (liquid + vapor). The salinity of the aqueous FI 
was determined by analyzing the Raman spectrum of H,O 
based on the weakening of the hydrogen bond by chloride. 
A deformation of the OH stretching vibration band of 
water appears in the range between 2900 and 3700 cnt" {fig- 
ure 3, bottom). Even if the cationic composition of the nat- 
ural FI differs from pure sodium, the experimental 
approach yields the salinity of any inclusion accurately if 
NaCl is the main species (M.-C. Caumon et al., “Fused-sil- 
ica capillary capsules (FSCCs) as reference synthetic aque- 
ous fluid inclusions to determine chlorinity by Raman 
spectroscopy,” European Journal of Mineralogy, Vol. 2.5, 
No. 4, 2014, pp. 755-763). Under these conditions the cal- 
culated salinity for the demantoid garnet FI is about 8 
wt.% equivalent NaCl. 

The gem garnet mineralization of Antetezambato is de- 
scribed as a skarn-type deposit related to Upper Mesozoic 
to Cenozoic magmatism affecting the limestones of the 
Mesozoic Isalo Group (again, see Pezzotta et al., 2011). 
Similar demantoid-bearing skarns are described in the Am- 
pasindava Peninsula at Ambohimirahavavy, 50 km west of 
Ambanja (G. Estrade et al., “REE and HFSE mineralization 
in peralkaline granites of the Ambohimirahavavy alkaline 
complex, Ampasindava peninsula, Madagascar,” Journal of 


Gem News INTERNATIONAL 


Figure 2. 3-D tomogra- 
phy images of the de- 
mantoid and the giant 
fluid inclusion cavity. 
Top left: Morphology of 
the crystal. Top right: 
Tomographic section of 
the crystal showing the 
morphology of the fluid 
inclusion cavity. Bot- 
tom left: The internal 
view of the cavity 
showing the gas bub- 
ble. Bottom right: The 
cavity displays a nega- 
tive crystal morphology 
with polygonal outlines 
parallel to the faces of 
the host garnet crystal, 
as well as the bubble 
phase (blue). 


African Earth Sciences, Vol. 94, 2014, pp. 141-155). The 
skarns of the Ambohimirahavavy alkaline granitioid com- 
plex are host to rare-metal mineralization. Peralkaline 
dykes intruded (at 24.2, + 0.6 Ma) the limestone of the Isalo 
groups (G. Estrade et al., “Unusual evolution of silica- 
under- and -oversaturated alkaline rocks in the Cenozoic 
Ambohimirahavavy Complex (Madagascar): Mineralogical 
and geochemical evidence,” Lithos, Vol. 206-207, 2014, pp. 
361-383) and developed a bi-metasomatic skarn. The 
metasomatic zone was formed at the contact with the cal- 
careous rocks by calc-silicate rocks (exo-skarn zone) with 
diopside, garnet andradite (demantoid variety), calcite, ap- 
atite, phlogopite, fluorite, and wollastonite. At the contact 
of the granite (endo-skarn zone}, the associated minerals 
are quartz, albite, aegirine-augite, and calcite (G. Estrade, 
“Le complexe cénozoique alcalin d’Ambohimirahavavy a 
Madagascar: origine, évolution et minéralisations en mé- 
taux rares,” PhD thesis, Paul Sabatier University, 
Toulouse, France, 2014, 299 pp.) Exo-skarn paragenesis is 
also found as inclusions in the demantoid of Antetezam- 
bato, such as fluorine-(arsenic)-bearing apatite, fluorite, cal- 
cite, wollastonite, fluorine-bearing vesuvianite, diopside, 
calcite, and quartz (W. Barrois et al., “Caractéristiques 
minéralogique et chimique des grenats démantoides de 
Bagh Borj (Iran) et d’Antetezambato (Madagascar): con- 
séquences géologiques. 2éme partie, Etudes minéralogique 
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et chimique,” Revue de Gemmologie a.f.g., Vol. 183, 2013, 
pp. 10-15, in French). 

Fluid inclusions were observed in all the minerals of 
the exo- and endo-skarns of the Ambohimirahavavy alka- 
line complex, but they were too small in the garnet for mi- 
crothermometric studies. In quartz, calcite, and diopside, 
three types of primary aqueous FI, free of CO,, CH,, H,S, 
and N,, were characterized (see Estrade’s PhD thesis). The 
main FI type (liquid + vapor) consists of 20 to 40 vol.% 
vapor, and homogenizes to liquid between 255 and 375°C 
for quartz, and 350 to 370°C for diopside, with a wide range 
of salinity between 0.5 and 25 wt.% equivalent NaCl. 
There is also a vapor-rich (V) FI and a halite-bearing FI (liq- 
uid + vapor + halite). The giant liquid-rich FI (liquid + 
vapor) trapped by the demantoid of Antetezambato has a 
salinity of 8 wt.% equivalent NaCl that falls within the 
salinity range of the (liquid + vapor) FI type found for all 
the minerals from the Ambohimirahavavy skarn. 

Such chemical and salinity similarities of the fluids be- 
tween the two settings confirm that the Antetezambato 
deposit is associated with a skarn deposit linked to the in- 
trusion of Oligocene alkaline magmatism. In the Ambo- 
himirahavavy deposit, fluid inclusions in garnet are too 
small to be studied by microthermometry. The giant in- 
clusion trapped in the demantoid from Antetezambato tes- 
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tifies to the presence of cavities favorable for fluid inclu- 
sion studies and proves that the parental fluid of demantoid 
garnet was aqueous. 

Demantoid at Ambato peninsula is linked to the pres- 
ence of alkaline magmas intruding limestones of the Isalo 
group. These garnets are Cr-free but contain Al (Barrois et 
al., 2013). The source of aluminum and iron is the alkaline 
magma (syenite, nepheline syenite, and alkaline granite), 
while calcium originated from the limestone. The fluorine 
and phosphorus-bearing inclusions trapped by the andra- 
dite from both occurrences were carried by the alkaline 
magma, which was rich in fluorine, phosphorus, and rare 
earth elements. In the future, primary skarn-type deman- 
toid-bearing deposits in northwestern Madagascar at the 
contact between alkaline granite dykes and limestone from 
the Isalo Group should be prospected for this material. 


Gaston Giuliani 

Paul Sabatier University, Toulouse, France 
Marie-Christine Boiron and Christophe Morlot 
University of Lorraine, Nancy, France 

Julien Raoul 

Beryl International, La Varenne St Hilaire, France 
Pierre-Yves Chatagnier 

Borel GC, Lausanne, Switzerland 
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Grandidierite from Madagascar. Grandidierite was first de- 
scribed in southern Madagascar in 1902. The mineral is 
very rare; gem-quality material of facetable size was almost 
unheard of in the market before the summer of 2015. 

In September 2015, GIA’s Bangkok lab issued identifi- 
cation reports for several faceted grandidierite samples, 
which reached the consumer market the following month. 
The submitted stones ranged from 0.9 to 2.3 ct. Around the 
same time, one of the authors (VP) returned from a field 
expedition to Madagascar, where he had received some 
unidentified stones from Jack Mampihao. Included with 
the material was one unfamiliar rough fragment, weighing 
8.26 ct and measuring approximately 14 x 11 x 7 mm (fig- 
ure 4), which Mr. Mampihao said came from a mine near 
Tolianaro, in the Tranomaro area at the southern tip of the 
country. Mr. Mampihao reported that a large number of 
these stones were found, but they were unknown to local 
miners and dealers. Currently, we have no information 
about the exact amount and quality of this material. 

Gem-quality grandidierite has been attributed to de- 
posits in southern Madagascar, near Tolianaro (formerly 
Fort-Dauphin), and in Sri Lanka. With a chemical formula 
of (Mg, Fe?*)A1,(BO,)(SiO,)O,, the mineral belongs to the or- 
thorhombic crystal system. All anisotropic minerals dis- 
play pleochroism to varying degrees; grandidierite shows 
dark blue-green, dark green, and colorless (M. O’Donoghue, 
Gems: Their Sources, Descriptions and Identification, 6th 
ed., Butterworth-Heinemann, London, 2006). Its body- 
color ranges from bluish green to greenish blue (A. Thomas, 
Gemstones: Properties, Identification and Use, New Hol- 
land Publishers Ltd., London, 2009). Grandidierite has an 
RI of 1.590-1.639 (O’Donoghue, 2.006) and a birefringence 
of 0.037—-0.039. Its SG is close to 2.98 (O’Donoghue, 2006; 
Thomas, 2009), but this value may vary between 2.85 and 


Figure 4. This grandidierite sample, weighing 8.26 ct 
and measuring approximately 14 x 11 x 7 mm, was 
acquired in Madagascar by one of the authors. Photo 
by Victoria Raynaud. 


3.00, according to other sources (H. N. Lazzarelli, Gem- 
stones Identification Blue Chart, 2010, www.gem- 
bluechart.com). A previous study has shown an absorption 
line at 479 nm (K. Schmetzer et al., “The first transparent 
faceted grandidierite, from Sri Lanka,” Spring 2003 GWG, 
pp. 32-37). In that study, Raman spectroscopy was carried 
out on a single gem-quality grandidierite, and the same 
sample was subjected to composition analysis. The gemo- 
logical properties of our rough sample were compared with 
the literature; the results are given in table 1. 


TABLE 1. Comparison of grandidierite sample with the published literature.’ 


Grandidierite in the literature 


Rough sample from Madagascar 


SG 2.85-3.00 2.91 


RI 1.590-1.639; biaxial negative 
0.037-0.039 


Birefringence 0.041 


Pleochroism Dark blue-green, colorless, and dark 
Handheld eee 
spectroscope Absorption line at 479 nm nm?é 
Raman peaks 492, 659, 717, 868, 952, 982, and 

993 cm! 


1.579-1.620; biaxial negative 


Very light blue, colorless, and light grayish blue‘ 
Faint absorption line in the blue spectrum around 470-490 
127, 160, 230, 240, 263, 346, 362, 376, 426, 440, 491, 


512, 585, 620, 659, 685, 715, 743, 865, 951, 993, and 
1042 cm'* 


® Schmetzer et al. (2003), O’Donoghue (2006), and Lazzarelli (2010). 
’Constant at three hydrostatic measurements. 


‘The pleochroism observed was very light and might have been influenced by the stone’s bodycolor. 


‘Using a diffraction grating handheld spectroscope (OPL). 
¢The values printed in bold are the largest Raman peaks. 
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TABLE 2. Analysis of a previously studied grandi- 
dierite and a recent sample from Madagascar (wt.%). 


Oxides Grandidierite from Recent sample from 
(wt. %) Schmetzer et al. (2003)* Madagascar”* 
SiO, 20.20 16.41 (0.05) 
Al,O, 52.64 53.89 (0.51) 
B,O, 11.91 12.33 (0.58) 
Cr,O, 0.07 0.01 (0.00) 
FeO 71 0.30 (0.05) 
MnO 0.03 0.01 (0.00) 
MgO 12.85 17.01 (0.32) 
Total 99.41 99.95 


* Electron microprobe analysis (EPMA), with total iron as FeO. TiO, 

V,O,, and CaO were detected (each 0.01%) but are not included here. 
» Laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS). 
©The standard deviations are listed between parentheses. 


The stone was analyzed using LA-ICP-MS (table 2). 
Three spots were analyzed and compared to data obtained 
by Schmetzer et al. (2003). The sample had a very low iron 
content compared to the earlier study. This may be ex- 
plained by the elevated Mg content, since the two ele- 
ments often substitute for each other. An exact comparison 
of the datasets should be done with care, since different 
techniques were used to analyze the composition. Schmet- 
zer (2003) used electron microprobe analysis (EPMA), while 
the present authors used LA-ICP-MS. Using a diffraction 
grating handheld spectroscope, we observed a very faint 
line in the blue region of the visible spectrum (approxi- 
mately 470-490 nm). The Raman spectrum matched 
closely with the RRUFF spectrum for grandidierite (figure 
5). Both spectra were taken on unoriented samples. 

All the characteristics of the unknown stone obtained 
in Madagascar matched with grandidierite. Some values 


RAMAN SPECTRA 


INTENSITY 


fell outside the previously reported ranges, but they were 
within acceptable ranges for a mineral that has not been 
studied in depth and for a sample that is from an unknown 
deposit. With field collection and lab testing pointing to 
new sources of grandidierite, this could be a step toward a 

larger market presence for this material. 
Wim Vertriest, Stanislas Detroyat, Supharart 
Sangsawong, Victoria Raynaud, and Vincent Pardieu 
GIA, Bangkok 


Mexican demantoid from new deposits. Gemologists have 
recognized three andradite varieties: melanite (black), topa- 
zolite (yellow-brown), and demantoid. Demantoid, the yel- 
lowish green to green variety, is the most important to the 
jeweler-gemologist. The traditional demantoid garnet 
sources are Russia (Ural Mountains) and Italy (Val Malenco 
and Sondrio). More than 20 years ago, small garnet crystals 
of pale yellowish green color were found in the Sonora an- 
dradite occurrence near the Mexican city of Hermosillo (Fall 
1994 GNI, p. 194). This garnet has been classified as deman- 
toid without any detailed gemological and mineralogical 
analysis. 

It is very interesting to note that in some deposits of 
metamorphic skarns (e.g., Kamchatka, Russia; Val Malenco, 
Italy; and Arizona, USA), the demantoid crystals are associ- 
ated with topazolite (E.P. Kievlenko, Geology of Gems, 
Ocean Pictures, Littleton, Colorado, 2003). In late 2014, our 
investigations showed that the same mineralogical associa- 
tion (figure 6, left) is characteristic for the Las Vigas Mexican 
topazolite source (Fall 2014 GNI, pp. 246-247). These green 
to yellow-green garnet crystals, measuring 1.5-5.5 mm, are 
also hosted by the Las Vigas skarn deposits (Cerro de la Con- 
cordia, in Las Vigas de Ramirez municipality and the Piedra 
Parada mine in Tatatila municipality). These deposits are lo- 
cated in Veracruz State, about 50 km southeast of the town 
of Valle de Veracruz. Studying crystals from these two new 
Mexican deposits with different analytical techniques, the 
mineral was identified as demantoid garnet (figure 6, right). 


Figure 5. This compari- 
son of the Raman spec- 
tra of the grandidierite 
from Madagascar (blue 
spectrum) and a sample 
in the RRUFF database 
(black spectrum) pro- 
vides further confirma- 
tion that the previously 
unidentified material is 
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Figure 6. Demantoid was recently discovered in Veracruz State, Mexico. The photo on the left shows an asso- 
ciation of topazolite + demantoid. Demantoid crystals are seen in the photo on the right. Photos by Mikhail 
Ostrooumov. 


Three samples of rough demantoid (measuring 4.0- 
5.5 mm in the longest dimension) were characterized for 
this report, and the following gemological properties 
were determined: color—green; polariscope reaction— 
isotropic and weakly anisotropic; weak strain birefrin- 
gence; RI—n, = 1.888-1.889; very strong dispersion, at 
0.055 (visual indicator identification), hydrostatic SG— 
3.82-3.88; fluorescence—inert to both long- and short- 
wave UV radiation. 

The garnet composition was determined by means of 
electron microprobe analysis (EPMA), using a total of 15 
analysis points. Standard conditions of 20 kV, 20 mA, and 
1 pm beam size were used with a JEOL JSM-35c micro- 
probe. The analyses showed little compositional hetero- 
geneity or zonation. The structural formula was calculated 
on the basis of 12 oxygen atoms, yielding an average ap- 
proximate composition of (Ca, ., Fe) palaqy Fes 95 Sis O19: 
This structural formula has an abundance at the X-site 
and Y-site cations but is close to electroneutrality due to 


the sum of the positive and negative charges (Wc = 
+23.99; Wa = -24.00). The EPMA-WDS data showed that 
these green garnets were almost pure andradite (And > 
95.60 mol.%). No chromium was detected in the chemical 
composition of the studied crystals. 

Infrared transmission spectra were measured with a 
Bruker Tensor 27 FTIR spectrometer, scanning from 4000 
to 400 cm and using the KBr pellet method. The pellets 
were prepared by mixing approximately 3 mg of the sample 
with 300 mg KBr. OPUS software was used for the spectro- 
scopic interpretation of the infrared spectra. Raman (figure 
7, left), mid-infrared (figure 7, right) and X-ray analysis con- 
firmed that the crystals belonged to the demantoid variety 
(http://rruff.info). The mid-IR spectra showed the presence 
of hydroxyl groups. The infrared spectra consisted of a 
prominent band at 3420 cm, with a secondary band at 
about 3610 cm due to the fundamental OH stretching vi- 
bration of water molecules, as well as the water bending vi- 
bration at approximately 1650 cm". 


Figure 7. Raman (left) and infrared (right) spectra of the samples confirm their demantoid garnet identity. 
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UV-Vis-NIR spectroscopy showed absorption bands at 
403, 444, 574, 617, 854, and 1170 nm, which can be assigned 
to spin-forbidden crystal-field transition of Fe**, substituted 
on the octahedral Al** site of the garnet structure. Our 
EPMA analyses of garnet generally indicated the presence 
of some divalent iron. The spectra showed absorption bands 
in the 900-1000 nm and 1150-1250 nm ranges, which are 
assigned to Fe**, and corresponding absorption features were 
observed at about 860 and 1170 nm. The simultaneous pres- 
ence of both Fe** and Fe* means that intervalence charge 
transfer is possible (in accordance with A.S. Marfunin, 
Advanced Mineralogy, Vol. 2, Springer-Verlag, Berlin, 1995, 
pp. 113-114), and the 574 nm band is therefore assigned to 
an Fe?*—>Fe** intervalence charge transfer band. The typical 
absorption bands of Cr** in the visible region between 630 
and 690 nm are absent, consistent with the EPMA results. 
Our investigations have also shown that some demantoid 
garnets from Russia do not show any chromium absorption, 
and their color is due to the presence of Fe* alone. 

The color measuring system of the International Com- 
mission of Illumination (ICI) has been found useful for de- 
scribing the color characteristics of minerals (K. Langer et 
al., “Optical absorption spectroscopy,” in A.S. Marfunin, 
Ed., Advanced Mineralogy, Vol. 2, Springer-Verlag, Berlin, 
1995, pp. 119-122). The color of a mineral is assigned to a 
point in the x-y coordinates of the ICI color chart. Special 
computer programs are used to calculate the color parame- 
ters (x-y coordinates, A—dominant wavelength, P—satura- 
tion or purity, Y—lightness) of a mineral directly from the 
measured optical absorption spectrum. The dominant 
wavelength A, or hue, is the human eye’s psycho-sensory 
interpretation of wavelengths that are identified by the x-y 
coordinates of the ICI color chart. Preliminary colorimetric 
calculations showed that the colors of the Mexican deman- 
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toid have low saturation (P=20%) and lightness (Y=17%). 
Therefore, they are darker than pure green demantoid from 
other deposits (e.g., Bobrovka River in the Ural Mountains). 
The dominant wavelength of Mexican demantoid (A=560 
nm) is a slightly yellowish green. This combination of col- 
orimetric parameters defines a color different from that of 
chromium-bearing demantoid. Measurements on the de- 
mantoid from the Urals showed higher values of saturation 
(P=44—50) and lightness (Y=20-37%) and a purer green hue, 
with \=530-545 nm (M. Ostrooumov, “Colorimetry of 
minerals,” Priroda, No. 6, 1987, pp. 43-53, in Russian). 
Such demantoids are more attractive to the gem trade. 
Thus, electron microprobe (EPMA-WDS) chemical 
analyses, various spectroscopic techniques, X-ray diffrac- 
tion, and standard gemological testing have confirmed the 
discovery of demantoid in the Las Vigas skarn deposits of 
Veracruz State. The discovery could represent an interest- 
ing mineralogical and gemological opportunity. Although 
the full range and economic potential of this demantoid 
has not been determined, it may well have features that 
distinguish it from other important deposits worldwide. 


Mikhail Ostrooumov (ostroum@umich.mx) 
University of Michoacan, Institute of Earth Sciences 
Morelia, Michoacan, Mexico 


A new natural-color bluish green chalcedony. A new type 
of chalcedony (figure 8) was recently submitted to GIA’s 
Carlsbad laboratory by Yianni Melas of Greece. According 
to Melas, this material originated in Africa (figure 9), al- 
though a more precise location has not been made avail- 
able. The translucent material displayed a vibrant bluish 
green color and is currently marketed under the trade name 
“Aquaprase.” Although chalcedony varieties such as 
chrysoprase and Gem Silica are well known and occur in 


Figure 8. This bluish 
green chalcedony, col- 
ored by chromium and 
nickel, is marketed 
under the trade name 
“Aquaprase.” Photo by 
Kevin Schumacher. 
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yellowish green and greenish blue colors, the color of this 
material was distinctly different from any African chal- 
cedony examined by GIA to date. 

From a gemological perspective, it was important to 
conclusively determine that this material was naturally 
colored and not artificially dyed. Since the quartz crystals 
present in this material were colorless rather than brown, 
we tuled irradiation out as a possible treatment. Micro- 
scopic examination of rough and cut stones in conjunction 
with chemical analysis and visible spectroscopy were used 
to characterize this chalcedony. Standard gemological test- 
ing revealed an RI range from 1.531 to 1.539, with no ob- 
servable birefringence. The SG, measured hydrostatically, 
ranged from 2.55 to 2.57. A handheld spectroscope revealed 
faint, narrow lines in the red end of the spectrum, rather 
than the broadband absorption one would expect if the ma- 
terial had been dyed with an organic pigment. All of these 
features were consistent with natural-color chalcedony. 

Microscopic examination revealed a granular aggregate 
structure with a few areas showing subtle banding and 
faint green concentrations of color between some of the 


Figure 9. A large piece 
of chalcedony rough re- 
covered from the min- 
ing area. Photo by 
Yianni Melas. 


coarser quartz grains, which appeared to be a greenish min- 
eral phase located along the grain boundaries. A waxy lus- 
ter was observed on fractured areas, consistent with an 
aggregate material. Some areas contained small cavities 
that were filled with colorless drusy quartz crystals (figure 
10, left and center). Dark brown and black inclusions of 
various metal oxides were also observed scattered through- 
out most of the samples examined, along with some areas 
of whitish cloudy inclusions that were not identified (fig- 
ure 10, right). 

Raman analysis confirmed the material was quartz. 
EDXRF was used to analyze the trace-element metals that 
might be responsible for the bluish green color. All seven 
finished gemstones tested showed the presence of 
chromium and nickel. Interestingly, iron, vanadium, and 
copper were also detected in one of the cut samples, but 
these elements might not be related to the color, as other 
bluish green samples did not contain them. Visible spec- 
troscopy (figure 11) revealed broad absorption bands centered 
at approximately 420 and 600 nm, with a large transmission 
window at approximately 500 nm producing the bluish 


Figure 10. The Aquaprase samples contained minute pockets of colorless drusy quartz (left and center) and irregu- 
lar brown and black metal oxide inclusions (right). Photomicrographs by Nathan Renfro; field of view 2.83 mm 


(left), 4.76 mm (center), and 4.62 mm (right). 
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Figure 11. The visible spectrum for the Aquaprase 
(bluish green trace) showed two broad absorption 
bands at 420 and 600 nm in addition to sharper peaks 
at 646, 676, and 679 nm. This absorption pattern is 
clearly different from that of chrysoprase (yellowish 
green trace) and Gem Silica (greenish blue trace). 


green color. Sharp absorption peaks at 646, 676, and 679 nm 
were presumably related to chromium (http://www.gia.edu/ 
gia-news-research-nr7809). 

This new type of African chalcedony is easily recog- 
nized by its unique composition and absorption spectrum, 
which is significantly different from the chrysoprase and 
Gem Silica varieties. The attractive bluish green color of 
Aquaprase, which may be caused by chromium and nickel, 
should prove to be a popular and welcome addition to the 
gem trade. 


Nathan Renfro 
GIA, Carlsbad 
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Rubies from a new deposit in Zahamena National Park, 
Madagascar. In July 2015, news circulated through the trade 
about a ruby discovery south of Andilamena, near Lake Alo- 
tra (figure 12). Photos of clean, attractive stones of over 10 
carats were shared on social media by Malagasy and Sri 
Lankan gem merchants. Several thousand unlicensed min- 
ers quickly descended on the area, creating serious conser- 
vation concerns as the new deposit was located inside 
Zahamena National Park. In August 2015, the Malagasy 
government sent soldiers to close the mining site. But be- 
cause the area is very remote, they could not maintain their 
presence longer than a month. As soon as the soldiers de- 
parted, the miners returned in numbers. 

Gem-quality rubies and sapphires are not unknown in 
northeastern Madagascar: They were first found in 2000, east 
of Andilamena and west of Vatomandry (Summer 2001 GNI, 
pp. 147-149). These discoveries were followed by a blue sap- 
phire deposit near Andrebabe, a few kilometers south of 
Andilamena, in 2002 (www.ruby-sapphire.com/madagascar_ 
ruby_sapphire.htm). Ruby mining was limited until 2004, 
when demand for the heavily fractured material from 
Andilamena dramatically increased with the advent of the 
lead-glass filling treatment developed in Thailand between 
2001 and 2004. Visiting the deposit in June and September 
2005, author VP could see that more than 10,000 miners 
were living and working in the jungle (www.rwwise.com/ 
madagascar1.html). In 2011 and 2012, two new discoveries 
occurred in the region. The first was a pink and blue sap- 
phire deposit near Mandraka village, north of Toamasina. 
In 2012, a deposit was discovered east of Didy (www.gi- 
athai.net/pdf/Didy_Madagascar_US.pdf). That deposit pro- 
duced some large, clean, and attractive rubies and blue 
sapphires. More discoveries followed—near Bemainty, 
north of Didy, for instance—but either the gems were ordi- 


Figure 12. Rough rubies 
from Zahamena Na- 
tional Park with a com- 
bination of good shape, 
transparency, and at- 
tractive color. Photo by 
Vincent Pardieu/GIA. 
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Figure 13. A young Malagasy miner searches for rubies in Zahamena with simple homemade tools: a pierced plastic 
oil can used as a sieve and an empty water bottle to store his gems. Photo by Vincent Pardieu/GIA. 


nary or the rush was short-lived. In 2015, a new blue sap- 
phire rush occurred near Andrebabe in February, followed 
by a ruby discovery near Ambodivoangy village in July 
(http://lotusgemology.com/index.php/library/ 
articles/322-blood-red-rubies-from-madagascar-lotus- 
gemology). 

From September 23 to October 6, 2015, a GIA field ex- 
pedition team collected samples at the mines. After three 
days of walking in the jungle, the team was able to visit 
the new mining sites (figure 13), located about four hours’ 
walking distance from Ambodivoangy. There they wit- 
nessed some illegal ruby mining activity by artisanal min- 
ers at two different sites, located in a valley at 17°37'60"S 
48°52'19"E and along a creek in a forested area at 
17°38'26"S 48°52'38"E. They confirmed that the deposit 
was indeed located inside Zahamena National Park. Ap- 
proximately 500 people were seen at the lower mining site, 
while about the same number worked in the forest along a 
stream where ruby-rich gravels were collected (figure 14). 

The local trading center was in Andrebakely, with 
mainly Malagasy buyers, while foreign buyers (typically 
from Sri Lanka) waited for local miners and businessmen 
at Tanambe and Andilamena. In both towns, more than 20 
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Sri Lankan buying offices were visible, mostly in houses 
with painted signs for the different companies. 

The new deposit is located about halfway between the 
old ruby deposit in the jungle east of Andilamena (discov- 
ered in 2000) and the rush that occurred at Didy in 2012 
(www.giathai.net/pdf/Didy_Madagascar_US.pdf). The rubies 
from Zahamena share obvious similarities with those from 
Andilamena, such as their inclusions (mainly zircon and ru- 
tile crystals associated with rutile needles) and trace-ele- 
ment composition. Therefore, it is likely that these deposits 
are related, and a huge ruby and sapphire deposit could be 
hidden under the jungle in northeastern Madagascar. 

Back at GIA’s Bangkok lab in October 2015, the samples 
were fabricated and data was collected from them; a more 
extensive study is in progress. At this point it is interesting 
to note that the rubies from the Zahamena deposit have a 
very similar aspect to those from amphibole-related African 
deposits such as Montepuez in Mozambique, Chimwadzulu 
in Malawi, and Winza in Tanzania. Their iron content is in- 
deed much higher than that of the marble-type rubies mined 
in Myanmar, Vietnam, Afghanistan, or Tajikistan. The 
shape of the crystals is generally tabular but not as flat as 
what is commonly found in Mozambique, meaning that 
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faceted stones with good proportions can be produced. The 
new material is on average more included than the ruby 
from Montepuez. But ultimately the limiting factor for this 
deposit is its location inside Zahamena National Park, 
where gem mining is illegal. 


Vincent Pardieu, Supharart Sangsawong, 
and Stanislas Detroyat 
GIA, Bangkok 


SYNTHETICS AND SIMULANTS 


Golden coral imitated by plastic. As one of the seven Bud- 
dhist treasures, coral is a symbol of importance in Chinese 
culture. Golden-colored coral is considered “sublime,” 
since both red and gold represent prosperity and prestige. 
Golden coral, which is usually treated black coral, can be 
identified by its appearance and structure, with concentric 
growth layers and a pitted texture (figure 15, left). Imita- 


Figure 14. Artisanal 
Malagasy ruby miners 
wash gem-rich gravels 
in the stream that runs 
through the jungle of 
the Zahamena Na- 
tional Park. Photo by 
Vincent Pardieu/GIA. 


tions lack these characteristic features, which is of rele- 
vance to those deal with coral. 

The Lai Tai-An Gem Laboratory in Taipei recently re- 
ceived a bracelet for identification; the client claimed the 
material was golden coral. The bracelet was composed of 
several evenly sized bright gold to deep brown beads, strung 
together with thread, that exhibited a waxy luster and an in- 
teresting “swirl” pattern (figure 15, right). Identical spot RIs 
of 1.55 were obtained from each bead, and there was no re- 
action under LW or SWUV light. The material did not ex- 
hibit the characteristic pitted texture of golden coral. Further 
analysis by FIIR and Raman spectroscopy identified the 
beads as plastic (resin). Peaks at 2934, 2862, 1731, 1285, 
1128, 1072, 745, and 703 cnrtin the infrared spectrum (fig- 
ure 16) and peaks at 619, 649, 1000, 1038, 1448, 1578, 1599, 
and 1725 cm in the Raman spectrum (figure 17) were in- 
dicative of plastic. Further inspection at 60x magnification 
with high-intensity fiber-optic illumination showed that 


Figure 15. These photos compare the appearance of golden coral (left) and a plastic imitation (right). Photo by 


Lai Tai-An Gem Lab. 
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Figure 16. FTIR analy- 
sis reveals the differ- 
ence between the 
spectra for a tested 
coral sample (red line, 
peaks at 3277, 2936, 
1657, and 1543 cm) 
and plastic (blue line, 
peaks at 29834, 2862, 
1731, 1285, 1128, 1072, 
745, and 703 cm). 
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these translucent beads had the same swirl texture extend- 
ing to the center from the surface, indicating that they were 
composed of plastic. The aforementioned natural character- 
istics were not seen at all in this material. 

Golden coral may possess a degree of instability, so 
some material is coated with resin to strengthen the struc- 
ture. In this case, however, each bead was entirely formed 
of plastic made to imitate golden coral. Plastics, along with 
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glass, are among the most adaptable materials and can be 
fabricated to imitate virtually any natural material imagi- 
nable. Some imitations are more difficult to identify than 
others, but in this example identification was fairly simple 
owing to the structural differences of the two materials, 
observed with either a microscope or a loupe. 


Larry Tai-An Lai 
Lai Tai-An Gem Laboratory, Taipei 


Figure 17. Raman 
analysis (excitation 
wavelength of 785 nm) 
confirmed the beads’ 
identity as plastic. 
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CONFERENCE REPORTS 


GSA 2015 annual meeting. The Geological Society of 
America’s annual meeting, held in Baltimore November 1— 
4, attracted more than 6,000 geoscientists from around the 
world. Two technical sessions, one oral and one poster, 
were devoted to the gemological field. The poster session's 
flexible presentation time and format, along with the wide 
range of topics covered (including diamond defect forma- 
tion and low-pressure, high-temperature [LPHT] treatment 
of type Ia diamonds), allowed for dynamic discussion be- 
tween exhibitors and viewers. 

George Harlow (American Museum of Natural History, 
New York) opened the oral session by discussing how gemo- 
logical studies provide insight into the geological develop- 
ments of Earth. Wuyi Wang (GIA) presented the discovery 
and distribution of [Si-V} defects in HPHT synthetic dia- 
monds. This study challenged the widely accepted theory 
that [Si-V} defects only occur in CVD synthetic diamonds, 
while also showcasing photoluminescence mapping as a 
powerful research technique. 

Laurent E. Cartier (Swiss Gemmological Institute, 
Basel) applied DNA analysis to the origin determination of 
organic gems, and this presentation focused on pearls. For 
the first time, gemologists can conclusively identify the 
mollusk species of a pearl; Dr. Cartier’s team is exploring 
similar possibilities with coral and ivory. 

Karen Smit (GIA) studied the Re-Os isotope of sulfide 
inclusions in type Ib diamond from West Africa. The iso- 
topic study was used to explain the assembly of the Gond- 
wana supercontinent. Steven Shirey (Carnegie Institution 
of Washington) presented his Re-Os geochronology study 
on a sulfide inclusion within a superdeep diamond from 
Brazil. The age of this inclusion indicated crystal recycling 
facilitated by mental convection beneath. Both studies 
demonstrated the vital role gem materials play in earth sci- 
ence research. 

Gemological studies of famous stones and historical 
jewelry pieces were also represented. Alan Hart (Natural 
History Museum, London) studied the creation of the 
Mogul cut. Using the Koh-i-Noor diamond as a case study, 
Mr. Hart found that differential hardness was the key fac- 
tor that brought about the Mogul cut with the primitive 
cutting tools available in the mid-19th century. Raquel 
Alonso-Perez (Harvard University) used both spectroscopic 
and trace-element analysis to study the tourmalines 
mounted in the Hamlin Necklace, a piece of 19th-century 
North American jewelry. 

Inclusion study is one of the pillars of modern gemology. 
John Koivula (GIA) pointed out the possibility of misidenti- 
fying synthetic corundum as heat-treated natural material. 
Experimental studies have demonstrated that heat-fused 
cracks generated in both pulled and flame-fusion synthetic 
corundum appear virtually identical to the features associ- 
ated with so-called flux-healed natural stones. Aaron Palke, 
also of GIA, hypothesized that unusual glassy melt inclu- 
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sions found in sapphires from southwestern Montana are 
crystallized as peritectic minerals formed during high-grade 
metamorphism, generating silica-rich melt and an alumina- 
rich restite. Future research on this topic may shed light on 
the source and transportation of Montana sapphires. 

Phenomenal gems were also explored. Keal Byrne 
(Smithsonian Institution) investigated the luminescence 
of “chameleon” diamonds, which show an intriguing 
color-change response to temperature and/or light. Xiayang 
Lin (Pennsylvania State University) discovered the micro- 
scopic surface feature that causes iridescence in natural 
quartz crystals from India. 

Researchers also spoke about American gem deposits. 
Michael Wise (Smithsonian Institution) discussed his work 
on the hydrothermal emerald and hiddenite mined in the 
Hiddenite area of North Carolina, while Yury I. Klyukin 
(Virginia Polytechnic Institute and State University) inves- 
tigated the fluid evolution of the emerald deposit at the 
North American Emerald Mine, also in the Hiddenite re- 
gion. William B. “Skip” Simmons (Maine Mineral and 
Gem Museum) shared the recent discovery of gem-quality 
pollucite in Mt. Mica pegmatite. 

The details of all oral presentations from the GSA meet- 
ing can be found at https://gsa.confex.com/gsa/2015AM/ 
webprogram/Session37638.html. GSA’s 2016 annual meet- 
ing will be held September 25-26 in Denver. 


Tao Hsu, James E. Shigley, and Dona M. Dirlam 
GIA, Carlsbad 


First International Emerald Symposium. Hosted by 
Fedesmeraldas, the Colombian Emerald Federation, the In- 
ternational Emerald Symposium was held October 13-15, 
2015, in Bogota. Approximately 350 participants attended 
sessions featuring Colombian and international speakers. 
The theme for the symposium was “Be Part of the 
Change,” and there was a strong emphasis on the future 
and a cooperative effort that would benefit the entire emer- 
ald industry. The speakers were from source, manufactur- 
ing,and consuming countries, representing all levels of the 
value chain. 

Day one started with Colombian government officials. 
Maria Isabel Ulloa (Vice Minister of Mines) spoke on the 
transparency, traceability, and control of gem commerce. 
She emphasized the progress made and the need to further 
formalize Colombia’s emerald industry. This issue was ad- 
dressed by several others during the symposium, including 
Javier Octavio Garcia Granados (Agencia Nacional de 
Mineria, ANM). Santiago Angel (Asociacién Colombiana 
de Mineria, ACM) spoke on Colombia’s over-all mining 
outlook, including emerald, and emphasized that the 
country welcomes foreign investment and partnerships in 
mining. 

In addition to the Colombian government officials from 
the opening presentations, Christopher B. Yaluma (Zam- 
bian Minister of Mines, Energy and Water Development} 
described how Zambia steered its emerald industry toward 
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formalization and outlined the ensuing benefits in tax rev- 
enue and consistent supply. 

The next group of speakers represented trade organiza- 
tions, including Oscar Basquero (Fedesmeraldas), Gerry 
Manning (American Gem Trade Association, AGTA], Ben- 
jamin Hackman (International Colored Gemstone Associ- 
ation, ICA), and Roland Naftule (World Jewellery 
Confederation, CIBJO). These presentations demonstrated 
the benefits trade organizations can provide in trading, net- 
working, and addressing issues such as transparency and 
disclosure through their guidelines. 

The afternoon session was devoted to laboratory offi- 
cials. Shane McClure (GIA) spoke on the need for harmo- 
nization between laboratories regarding protocols and 
wording in reports. Dietmar Schwarz (Asian Institute of 
Gemological Sciences) and Carlos Julio Cedeho (CDTEC 
Gemlab, Bogoté; figure 18) discussed origin determination 
of emerald. Dr. Schwarz examined overall geographic de- 
termination, while Dr. Cedefo focused on the parameters 
to identify Colombian origin and specific locality. Also 
from CDTEC, Darwin Fortaleche presented information 
regarding a new enhancement process for natural emerald, 
currently under development in Colombia, that is expected 
to become a viable alternative to oil and polymer resin 
treatment. 

In the second morning session, Philippe Scordia (Chris- 
tian Dior Jewellery) offered insight into luxury jewelry 
brands and their criteria for gemstones. His talk included 
quality considerations in selecting gemstones for jewelry 
as well as corporate transparency and ethical sourcing and 
standards for selecting suppliers. Next were presentations 
on corporate social responsibility and traceability. Charles 
Burgess (Mineria Texas Colombia) discussed MTC’s poli- 
cies on transparency, including tracking rough, employee 
benefits (with approximately 500 locals employed), and 
corporate taxes paid. 

ICA’s Jean Claude Michelou, who served as the inter- 
national coordinator of the symposium, presented the ini- 
tiatives by the United Nations, governments, and 
non-government organizations to improve colored gem- 
stone traceability throughout the value chain. He empha- 
sized that 80% of colored gemstone production comes 
from small-scale and informal mining (figure 19) and 
stressed the importance of transparency to this sector in 
ensuring consumer confidence. This portion of the sympo- 
sium was followed by a spirited discussion of the need for 
changes in the colored gemstone supply chain, including 
the role of large, well-funded corporations and traditional 
small-scale local miners as well as the issue of theft at the 
mines. Overall security improvements in Colombian min- 
ing areas were confirmed by a GIA field gemology team 
that traveled to the major sites after the symposium. 

After lunch, the speakers included Gaston Giuliani (Paul 
Sabatier University, Toulouse) who gave an impassioned 
presentation on emerald deposits from around the world and 
their geological differences. Marcelo Ribeiro (Belmont 
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Figure 18. Dr. Carlos Julio Cedeno discussed the ori- 
gin determination of Colombian emerald, a crucial 
first step to branding. Photo by Andrew Lucas/GIA. 


Group) overviewed the investment in exploration, mining, 
and processing at the Belmont mine in Itabira, Brazil. Mr. 
Ribeiro addressed the use of optical sorters in processing 
rough as well as the move up the value chain into cutting 
rough. Representing manufacturing in a global hub, Vijay 
Kedia (Jewellers Association of Jaipur) discussed how emer- 
alds from all over the world come to Jaipur for cutting and 
trading. 

The beginning of day three emphasized branding and 
education, featuring talks by David Lightle (Wright Broth- 
ers), Gabriel Angarita (Colombian Association of Emerald 
Exporters, ACODES), and Andrew Lucas (GIA). Mr. Lightle 
examined the potential of the “Mother Gem” brand for 
Colombian emerald, citing the success of branding Colom- 
bian coffee. He also noted the need to overcome Colom- 
bia’s negative associations with drugs and violence. Mr. 
Angarita described the role of ACODES and the industry’s 
efforts to brand and promote Colombian emerald. Mr. 
Lucas displayed articles and documentaries from GIA’s 
website that are designed to educate the public about col- 
ored gemstones from mine to market. 

Of great interest to the symposium was the presenta- 
tion by Sean Gilbertson (Gemfields) on the company’s min- 
ing operations in Zambia and Mozambique as well as their 
social responsibility and transparency programs. This talk 
was set against the backdrop of Gemfields’ purchase of 
70% of mining in Cosquez, and their acquisition of mining 
concessions totaling 20,000 hectares in the Muzo and 
Quipama areas. Later in the day, Adolf Peretti (Gem Re- 
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Figure 19. The role of the small-scale independent 
miner is an important topic not only in Colombia, 
but in all colored gemstone producing countries. 
Photo by Andrew Lucas/GIA. 


search Swisslab, GRS) discussed color terminology as a 
communication and marketing tool. Dr. Peretti presented 
“Muzo green” as a color term on laboratory grading re- 
ports, sparking a lively panel debate regarding that and 
other grading terms, including the use of Minor, Moderate, 
and Significant for treatment classification. 


Andrew Lucas and Jonathan Muyal 
GIA, Carlsbad 


34th International Gemmological Conference. The 34th 
IGC was held in Vilnius, August 26-30. Pre- and post-con- 
ference field trips visited Lithuanian cultural heritage sites, 
as well as the historical amber-producing area along the 
Baltic seacoast. This event takes place every two years, with 
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the 2017 conference scheduled for Windhoek, Namibia. 
Several oral and poster presentations of interest are sum- 
marized here. Abstracts of all presentations can be viewed 
on the conference website at http://www.igc-gemmology. 
net/igc34-proceedings/. 

Amber was one of several topics presented at the con- 
ference. Albertus Bitinas (Klaipeda University, Lithuania) 
summarized the geologic setting of amber deposits in the 
southeast Baltic region. The amber originated from pine 
trees (Pinus succinifera) that thrived during the Paleogene 
period (65-23.5 million years ago), when the climate of 
northern Europe was humid. The subsequent flow of rivers 
redistributed pieces of amber in sediments in this region. 
Jonas Satkiinas (Lithuanian Geological Survey, Vilnius) re- 
counted efforts to document the country’s amber potential. 
He reported that 2,250 tons were recovered in the 19th cen- 
tury from the Curronian Lagoon along the Baltic seacoast. 
A recent survey of the lagoon revealed additional amber 
deposits with potential for development. Amber from 
Canada has never been seriously considered as a gem ma- 
terial, but Willow Wight (Canadian Museum of Natural 
History, Ottawa) discussed its importance for entomolo- 
gists and botanists who have, over the past century, studied 
the animal and plant life from the Cretaceous period that 
became trapped and then preserved in the fossilized tree 
resin. Lore Kiefert (Giibelin Gem Lab, Lucerne, Switzer- 
land) discussed the occurrence of natural green amber near 
Alem Ketema, Ethiopia. Green amber has been of gemo- 
logical interest because of concerns that some material in 
the market is of natural or treated origin. Amber from the 
Hukawng Valley in northern Myanmar has been known 
for a millennium. Tay Thye Sun (Far East Gemmological 
Laboratory, Singapore) described a new amber locality in 
the Hti Lin township, in the central part of the country. 
Characterization of this new material demonstrated that 
it has many features similar to the Hukawng amber. 

Thomas Hainschwang (Gemlab Liechtenstein) investi- 
gated 20 naturally colored, polycrystalline black diamonds 
of unknown origin, and one diamond from the Popigai im- 
pact crater in Siberia. The samples exhibited photolumi- 
nescence features suggesting micro-inclusions of carbon 
dioxide and lonsdaleite. 

In the realm of synthetic diamonds, Hiroshi Kitawaki 
(Central Gem Laboratory, Tokyo) examined 15 type Ib yel- 
low to brownish yellow synthetic diamonds that had been 
submitted for grading without disclosure. Visual features 
and spectroscopic evidence suggested post-growth high- 
temperature annealing, presumably to alter their color. The 
means of identifying both small HPHT and large CVD syn- 
thetic diamonds was reviewed by Joe Yuan (Taiwan Gem- 
mological Institute, Taipei). Of particular importance for 
detection are anomalous birefringence (“strain’’) patterns, 
UV fluorescence reactions, and spectroscopic features. 

Gem occurrences along the coast of Greenland were dis- 
cussed by Anette Juul-Nielsen (Ministry of Natural Re- 
sources, Nuuk). Small-scale mining of ruby and pink 
sapphire from Archean metamorphic rocks is currently un- 
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derway in the Fiskenzsset area. The Greenland govern- 
ment is issuing licenses for both exploration and extraction 
of mineral resources. 

Kentaro Emori (Central Gem Laboratory, Tokyo) dis- 
cussed the value of three-dimensional plots of chemical 
composition data to support the country-of-origin determi- 
nation of ruby and blue sapphire. 

Emilie Elmaleh (University of Geneva) presented a 
study of zircon inclusions in metamorphic-related blue sap- 
phires of sufficient size (< 150 microns) to allow age dating 
by the U/Pb method and quantitative chemical analysis. 
While potentially useful for country-of-origin determina- 
tion, this method may be of more value for rough corun- 
dum samples because both techniques require that the 
zircon inclusion be present at the surface of the sample for 
analysis. 

Hanco Zwaan (Netherlands Gemmological Laboratory, 
Leiden) investigated a suite of alluvial sapphires from de- 
posits in Montana. Identification of mineral inclusions and 
geochemical analysis suggest that these sapphires origi- 
nated in a metasomatic geologic environment. 

Karl Schmetzer (Petershausen, Germany) investigated 
the origin of dual-color double stars in oriented needle- 
bearing corundum and quartz. The study concluded that 
the silvery white star is formed by light reflection and scat- 
tering, while the body-colored second star originated by the 
reflection and scattering of light from a layer near the base 
of the cabochons. The light producing the second star trav- 
els twice the distance down and up through the cabochon, 
undergoing selective absorption. The color of the second 
star is identical to the bodycolor of the host material. 

Visut Pisutha-Arnond (Gem and Jewelry Institute, 
Bangkok) presented a heat-treatment study of sapphires to 
understand the role of beryllium in coloration. The re- 
searchers concluded that this trace element is made inactive 
by heating in a reducing environment, and that beryllium- 
diffusion treatment is only effective by heating under oxidiz- 
ing conditions. 

Walter Balmer (SSEF Swiss Gemological Institute, 
Basel) explored the presence of infrared bands at 3053 and 
2490 wavenumbers as spectral evidence of beryllium dif- 
fusion treatment of sapphires. 

Ahmadjan Abduriyim (GIA) investigated how residual 
pressure was distributed three-dimensionally by measuring 
such pressure around mineral inclusions in natural corun- 
dum from the New England sapphire field in New South 
Wales, Australia. 

Shane McClure (GIA) described emeralds from the Bel- 
mont mine in Minas Gerais. The operation is the largest 
and most technologically advanced emerald mine in Brazil. 
He also followed a large rough emerald through the man- 
ufacturing process to create two cut stones (the largest 
weighing 18.17 ct) that were set in jewelry. 

Gemological properties of pallasitic peridot from six 
different meteorites were presented by Masaki Furuya 
(Japan Germany Gemmological Laboratory, Kofu). Samples 
from the different meteorites could be distinguished from 
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one another by inclusions, visible and infrared spectra, and 
trace element composition. 

Roman Serov (Gemological Center, Lomonosov 
Moscow State University) investigated the heat treatment 
of green Russian demantoid garnet. Color changes were re- 
versible and detected at heating temperatures as low as 
400°C. Heating under reducing conditions was more effec- 
tive in removing any brown component of demantoid 
color. 

Andy Shen (China University of Geosciences, Wuhan) 
investigated nephrite jade samples from eight locations in 
China, using the linear discriminant analysis of trace ele- 
ment composition data as a criterion for determining their 
geographic origin. 

Mining operations in the three main opal-producing 
areas of Australia—Lightning Ridge, Queensland, and 
Coober Pedy—were detailed by Karen Fox (Waterloo, 
Canada). She also explained the geologic conditions that 
favor opal formation in sedimentary environments. 

Emmanuel Fritsch (University of Nantes, France) studied 
a yellow gem hyalite opal from Mexico with intense ura- 
nium-related, daylight-excited green luminescence. This is 
one of the few gem materials whose color is dominated by 
luminescence due to the presence of the uranyl ion. 

Three gem minerals exhibiting photochromism, all 
showing a reversible change of color when exposed to ul- 
traviolet radiation—hackmanite, tugtupite, and sodalite— 
were investigated by Claudio Milisenda (DSEF German 
Gem Lab, Idar-Oberstein). Within several hours to a day, 
the transient color reverted to the original color when the 
samples were exposed to daylight. 

Henry Hanni (GemExpert, Basel, Switzerland) described 
the use of two imaging techniques—X-ray phase contrast 
and X-ray scattering—to investigate the internal structure 
of natural and cultured pearls. Both methods provide more 
valuable information for pearl identification than the im- 
ages obtained by conventional absorption radiography. 

In a study of natural and non-bead cultured Pinctada 
maxima pearls, Nick Sturman (GIA) discussed the use of 
X-ray computer microtomography to image internal fea- 
tures, which provide an important means of identification. 
A comprehensive database of internal features is being de- 
veloped to assist in the identification of unusual pearls sub- 
mitted for examination. Sutas Singbamroong (Gemstone 
and Precious Metal Laboratory, Dubai) characterized fea- 
tures of natural non-nacreous pearls reported to be from 
the Tridacna (clam) species. 

Lutz Nasdala (Institute for Mineralogy and Crystallog- 
raphy, University of Vienna) outlined efforts to locate large 
gem-quality faceted zircons for use as analytical reference 
materials for chemical analysis and geological age dating 
of rocks. These gemstones must be chemically homoge- 
neous and untreated, since they will be sectioned into 
small pieces for distribution to a number of analytical lab- 
oratories involved with geological studies. 

Brendan Laurs (Gem-A) discussed methods being used 
to exploit primary and secondary gem deposits in the 
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Mogok region of Myanmar. Easily accessed rich surface de- Jewelry Institute, Bangkok) described black sapphires 

posits are increasingly exhausted, requiring deeper mining __ treated by titanium diffusion. 

operations that involve greater costs, more sophisticated James E. Shigley 

equipment, and increased risk. GIA, Carlsbad 
In the poster session, Gagan Choudhary (Gem Testing 

Laboratory, Jaipur) presented the properties of emeralds ERRATA 

from a new occurrence in the Indian state of Jharkhand. 

Helmut Pristacz (Institute for Mineralogy and Crystallog- 

raphy, University of Vienna) studied the properties of nat- 

ural and various synthetic turquoise samples. Antonello 

Donini (CISGEM Laboratory, Milan) presented informa- 

tion on unusual gem materials—rhinoceros horn and am- 

bergris—encountered by their laboratory. Guanghai Shi 

(China University of Geoscience, Beijing) compared the in- 

frared spectroscopy characteristics of amber from the Baltic  WE€Te Tever’ sed. 

Sea, the Dominican Republic, and Myanmar, indicating 

the key differences in their spectral features. Elizabeth Su _3. In the Fall 2015 Micro-World entry on a rough diamond 

(Gemsu Rona, Shanghai] reported on the main jadeite mar- _—_ fragment (p. 325), the weight of the fragment was incor- 

kets in China. Finally, Thanong Leelawatanasuk (Gem and ___ rectly listed as 0.40 ct. The correct weight was 2.02 ct. 


1. In the Fall 2015 article on Colombian trapiche emerald, 
table 1 (p. 237), each listing in the “Section c-axis” column 
was reversed. The online edition has been corrected. 


2. Also in the Fall 2015 issue, in the Lab Note on dyed and 
natural green jadeite (pp. 316-317), the images in figure 13 


THANK 
YOU, 
REVIEWERS 


GEMS & GEMOLOGY requires each manuscript submitted for publication to un- 
dergo a rigorous peer review process, in which each paper is evaluated by at least three 
experts in the field prior to acceptance. This is an essential process that contributes to 
the accuracy, integrity, and readability of Ge~G content. In addition to our dedicated 
Editorial Review Board, we extend many thanks to the following individuals, who de- 
voted their valuable time to reviewing manuscripts in 2015. 


e Ilaria Adamo e Raquel Alonzo-Perez e Troy Ardon e Troy Blodgett e Christopher M. Breeding 

e Gagan Choudhary e Brian Cook e Ulrika D’Haenens-Johansson e Sally Eaton-Magafia e Ron Geurts 

e Stephen Haggerty e Jeffrey Harris e Dorrit Jacob e Walter Leite e Yun Luo e Charles Magee e Mark Mann 
e Kyaw Soe Moe e Aaron Palkee Jeffrey Post e Ron Ringsrud e Danny Sanchez e Karl Schmetzer e Steven B. 


Shirey e Jana Smith e Ziyin Sun e Fanus Viljoen 
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TRAPICHE NOMENCLATURE 
I wanted to offer hearty congratulations for the Fall 2015 
issue. Robert Weldon’s cover is stunning, and the lead ar- 
ticle on Colombian trapiche emeralds is a thought-provok- 
ing, important addition to crystallography and gemology. 

I was interested in the authors’ trapiche nomenclature 
discussion in box A (p. 224). I understand the desire to dis- 
tinguish sectoral zoning formed by inclusions or texture as 
“trapiche-like”; the trapiche pezzottaite reported in the 
Micro-World section of that same issue probably falls under 
that category (Skalwold and Koivula, 2015). I would argue 
that the cordierite-indialite intergrowths known as “cherry 
blossom stones,” described by the authors as “trapiche- 
like,” actually qualify as true trapiche growth on the basis 
that each sector is the result of individual crystal growth. 
These unique trapiches are the result of a very complex in- 
dialite-cordierite intergrowth phenomenon in which 
cordierite crystals grow epitaxially on the six prism faces of 
an indialite crystal. The latter’s remaining faces continue to 
grow and later alter to cordierite while grains of this inter- 
growth’s host accumulate along the sectors, forming the 
trapiche appearance. The indialite later alters to cordierite 
and eventually the entire intergrowth is replaced by mus- 
covite, while retaining the outward appearance of the origi- 
nal mineral intergrowth (see Rakovan et al., 2006; Kitamura 
and Yamada, 1987). 

Also, in Nassau and Jackson’s defense, I would add that 
later in 1970 they corrected the trapiche emerald locality in- 
formation from their original American Mineralogist paper: 


Based on information supplied by E.J. Tripp and L.H. Hernandez 
and EJ. Tripp (private communications) the actual origin of the 
trapiche emeralds previously attributed ... to the Chivor mine 
is the Pena [sic] Blanca mine, near Muzo, Colombia. These have 
the clear center and are distinct from specimens from Muzo it- 
self, which have a dark center. Most Pena Blanca trapiche emer- 
alds were purchased and distributed by Mr. W.F. Bronkie, then 
manager of the Chivor mine, and were accordingly attributed 
to the Chivor locality (Nassau and Jackson, 1970). 


This erratum by the authors themselves is generally 
overlooked in articles that reference the original study. 

Once again, congratulations on a superb paper, which 
is sure to be a classic reference across geological disciplines. 


Elise A. Skalwold 
Ithaca, New York 
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REPLY 

We are glad you appreciated our work. Our judgment on 
“trapiche pezzottaite” can be based only on your account 
and not on a direct analysis of the sample. Looking at the 
accompanying figures, above all figure 7 on p. 327, we think 
that this pezzottaite sample can be classified as “trapiche- 
like” because the texture seems related to the zoning (prob- 
ably sector zoning). There is another sample from Myanmar 
with similar features (http://www.mindat.org/photo- 
718381.html); thus, the zoning is likely due to the growth 
condition in this specific locality. Moreover, there are two 
other reasons to classify this sample as “trapiche-like”: The 
first is that the inclusions do not form sharp boundaries sep- 
arating the equivalent sectors. The second is the absence of 
organic matter observed in all trapiche minerals. 

We disagree with your assessment, because in cherry 
blossom stones the trapiche-like aspect is due to the first 
formation of indialite, a mineral with the same point group 
as beryl. As a result, they have the same growth sectors. But 
the formation mechanism of cherry blossom stones is com- 
pletely different, and even more complex, than that of 
trapiche minerals. In fact, the formation of cherry blossom 
stones requires intergrowth, phase transition, and pseudo- 
twinning. On the contrary, a trapiche is a single crystal 
where the growth sectors are separated by inclusions. 

Thank you for the complementary information about 
trapiche emerald origin from Nassau and Jackson. We were 
not aware of their correction, which is never cited in the lit- 
erature. At the October 2015 International Emerald Sympo- 
sium in Bogota, researchers consistently referred to Chivor 
trapiche emerald. We are pleased to see that our field inves- 
tigations in the Chivor-Macanal-Gachala mining districts 
were in keeping with the correction, and that in fact trapiche 
emerald is only present in the western emerald zone. Your 
letter will help to definitively correct this error of location. 

Isabella Pignatelli 
University of California, Los Angeles 


Gaston Giuliani 
Institute of Research for Development, Toulouse, France 
French National Center of Research, Vandoeuvre 
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EDITORIAL 


Tucson: A Showcase of 
Colored Gemstone Innovation 


Welcome to 2016's first Gems & Gemology! 


The Tucson shows are renowned for showcasing nature’s finest gems and minerals. 
They’re also the venues to see imaginative use of gem materials in unfamiliar 
combinations. Our cover exemplifies this innovation with the “Wheel of Light’— 
a spectacular necklace featuring elements of sagenitic quartz, fire agate, Paraiba 
tourmaline, and braided leather, centered on a clear quartz disk wrapped with 24K 
gold. The rough gems and minerals placed inside the disk’s central axis reflect 
within the quartz to produce strikingly colored concentric bands. This piece amply 
demonstrates the ingenuity that makes the Tucson gem and mineral shows such 
refreshing and vital experiences. We hope you find this issue equally enjoyable. 


We offer five feature articles on diverse topics: photoluminescence (PL) 
spectroscopy, Australian chrysoberyl, Italian serpentine, Tajikistan’s variscite, and treated “pistachio” 
cultured pearls from Tahiti. You'll also find our latest Lab Notes and Micro-World entries, along with in- 
depth coverage of the February 2016 Tucson shows in our Gem News International section. 


Drs. Sally Eaton-Magafia and Christopher M. Breeding of GIA’s Carlsbad lab are the authors of our lead 
article, which provides an overview of PL analysis and its increasing importance for detecting treatment, 


determini tural thetic origin, and verifyi igi : . 
ermining natural or synthetic origin, and verifying origin yp 99] yminescence s spectroscopy is 
of color in type II diamonds. PL spectroscopy is now a vital 


tool for gemologists to authenticate the most valuable large 70 4 vital tool to authenticate 
or fancy-color gems. the most valuable diamonds. 


In our second paper, a team of researchers led by Dr. Karl Schmetzer characterizes the gemological proper- 
ties and growth structures of chrysoberyl recovered from the sapphire placer deposits in New South 
Wales, Australia. 


Two other articles cover ornamental gem materials: First, Dr. Ilaria Adamo and colleagues offer a 
detailed mineralogical and gemological investigation of serpentine with gem potential from Pizzo 
Tremogge in Val Malenco, Italy. Next, Dr. Andrey Litvinenko and his coauthors report on a largely 
untapped source of the ornamental mineral variscite in central Tajikistan. 


Finally, Dr. Chunhui Zhou and his team from GIA’s New York lab document the identification of treated 
pistachio-colored cultured pearls produced by the Ballerina Pearl Co. 


We also offer hearty congratulations to the winners of the 2015 Dr. Edward J. Giibelin Most Valuable 
Article Award. We’re delighted with the fantastic response to our reader ballot, which showed a 
significant increase in participation over last year—a big “thank you” to everyone who voted. Please see 
the results on page 37. Also, don’t forget to take this year’s G¢»G Challenge, our annual multiple-choice 
quiz, on pages 66 and 67. 


Please enjoy the Spring issue! 


Outee- 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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AN INTRODUCTION TO PHOTOLUMINESCENCE 
SPECTROSCOPY FOR DIAMOND AND 
ITS APPLICATIONS IN GEMOLOGY 


Sally Eaton-Magana and Christopher M. Breeding 


Photoluminescence (PL) spectroscopy is frequently mentioned in the gemological literature, but its rel- 
evance to the wider trade audience is rarely discussed. Due to the possibility of an undisclosed treatment 
or a synthetic origin, all type Il diamonds (both colorless and fancy-color) and colorless type laB dia- 
monds submitted to gemological laboratories should ideally be tested using PL spectroscopy. Although 
the proportion of samples that require this testing is small, the failure to properly identify treated and 
synthetic diamonds could destabilize the diamond industry. This article seeks to clarify the underlying 
physics and methodology of this important tool for gemologists. 


in gemology, is a nondestructive analytical 

technique in which a material is illuminated 
with light, usually from a laser, and the resulting lu- 
minescence is recorded as a plot of emitted light in- 
tensity versus wavelength. In the last decade, PL has 
become an essential tool used by major gemological 
laboratories to separate treated and synthetic dia- 
monds from their natural counterparts (e.g., Breeding 
et al., 2010; Lim et al., 2010). Atomic-scale features 
(often termed optical centers, optical defects, or sim- 
ply defects) occur within the diamond structure; ex- 
amples include carbon, nitrogen, boron, and vacant 
carbon-atom locations in the lattice (i.e., vacancies). 
The configuration of these defects varies with the 
growth conditions and subsequent geological or 
treatment history. PL provides a very sensitive tool 
for detecting deviations in atomic configurations and 
defects even at concentrations of less than ten in a 
billion carbon atoms (Wotherspoon et al., 2003). 
Today, nearly all type II colorless to near-colorless 
and fancy-color diamonds require PL analysis for de- 


Pir semotogy, (PL) spectroscopy, as applied 


See end of article for About the Authors. 
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finitive characterization as natural, treated, or syn- 
thetic. Type Ila pink and type IIb blue natural dia- 
monds, for instance, can be extremely valuable, 
commanding prices upward of $1 million per carat. 
The natural origin of such diamonds is often verified 
principally through features in their PL spectra (fig- 
ure 1). 

Treated and synthetic diamonds may each display 
distinctive visual features—graphitized inclusions, 
metallic inclusions, facet-related color zoning, grain- 
ing patterns, or altered surfaces—that are visible under 
magnification. But these characteristics are not always 
present, or necessarily specific to treated, synthetic, or 
natural stones. Gemological laboratories often rely on 
absorption and luminescence spectroscopic tech- 
niques to conclusively identify diamonds submitted 
for examination (e.g., Collins et al., 2000; Collins, 
2003; Shigley and Breeding, 2013). High-pressure, 
high-temperature (HPHT) treatment of diamonds for 
color enhancement has become increasingly wide- 
spread in the trade over the past several years; more 
recently this process has been combined with irradia- 
tion and annealing to produce an even wider range of 
desirable diamond colors. The combination of multi- 
ple treatments and the constant evolution of treat- 
ment and synthesis technologies present significant 
challenges for these laboratories (Schmetzer, 2010; 
Lim et al., 2010). 
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Figure 1. Diamonds can show a wide range of hues and fluorescence colors. GIA regularly uses photoluminescence 
spectroscopy to confirm the natural origin of such diamonds. PL is a sensitive technique that allows one to characterize 
the atomic-level lattice defects that act as a fingerprint of the growth and possible treatment history of diamonds; this 
method is similar in principle to observed fluorescence. Here, a portion of the Aurora Butterfly of Peace (left) is shown 
as a fluorescence image illuminated by a long-wave UV lamp (right). Photos by Robert Weldon. 


A diamond’s origin—whether it was mined from 
the earth or created in a lab—and subsequent treat- 
ment history can be a major factor in its value. PL 
analysis is a remarkable translator of each diamond’s 
story; its extremely sensitive detection of trace con- 
centrations of defects is unmatched by other non- 
destructive characterization techniques. Therefore, PL 
analysis has become an integral part of the diamond 
grading process. While the number of diamonds that 
require PL testing is relatively small—approximately 
2% of all diamonds are type II—these are often the 
largest or most highly valued stones. 

Despite PL’s importance for diamond and other 
gemstone analysis, it is not widely available outside 
of gemological laboratories due to the relatively high 
costs of the equipment, maintenance, training, and 
specialized sample requirements. The necessary mi- 
croscopes, lasers, and spectrometers that make up 
most PL systems together cost several hundred thou- 
sand dollars. Smaller desktop and portable units 
using a charge-coupled device (CCD) provide some 
of the important functionality of more expensive sys- 
tems, but they are generally lacking in other areas, 
such as resolution (their ability to distinguish indi- 
vidual peaks). The PL features of defects in diamond 
also tend to be sharper, and thus appear more intense, 
at very cold temperatures. Consequently, spectra are 
usually collected with the diamond cooled to liquid 
nitrogen temperature (-196°C). These requirements, 
along with the inherent danger of high-energy light 
sources such as lasers, introduce important safety 
considerations as well. 
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Most importantly, a diamond’s formation and 
color origin can be confirmed only when data are 
evaluated against information obtained from known 
natural, treated, and synthetic diamonds, so a data- 
base of such samples is vital. PL spectra also func- 
tion in concert with other spectroscopic analyses 
(e.g., infrared and UV-Vis-NIR absorption), fluores- 
cence imaging (namely the DiamondView}, and 
gemological observations. Due to complex treat- 
ments and the evolution of synthetic diamond 
growth techniques, the accurate assessment of color 
origin is best left to fully equipped gemological lab- 
oratories. Nevertheless, members of the gem indus- 
try should have some understanding of the 
analytical techniques on which many color origin 
determinations are based. 

Gemological journals such as this one regularly 
present PL spectra within scientific studies, but the 
underlying theory and data collection procedures are 
perhaps not well understood by the typical gemolo- 
gist who relies on these articles for vital knowledge. 
This article is not intended as a comprehensive re- 
view of PL or the features scientists use to make an 
origin determination. Instead it seeks to explain, in 
somewhat simplified terms, what PL spectroscopy is; 
how it relates to other types of luminescence meas- 
urements such as fluorescence, phosphorescence, and 
Raman spectroscopy; and why it is important to 
gemologists. PL is most commonly used with dia- 
mond analysis, but it has some important applica- 
tions for other gemstones as well, which are briefly 
mentioned at the end of this article and in table 1. 
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TABLE 1. Summary of luminescence techniques used in gemology. 


General features 
observed 


Energy source Applications in gemology 


Type 


Advantages 


Disadvantages 


Determination if diamond is 
treated and if it is of natural 
or synthetic origin. Evaluation 
of the color origin of coral 
and separation of natural, 
synthetic, or heat-treated 
spinel. 


Photoluminescence Laser Sharp diagnostic 
peaks in spectra, 
sometimes with 
underlying broad 
bands. A spectral 


technique. 


Color observation in diamond 
can provide a distinguishing 
characteristic (as on a 


Fluorescence (long- 
wave and short-wave) 


UV light source 
(mercury lamp, 
deuterium lamp, 


Broad spectral 
bands, or 
observation of 


UV LED, etc.) color. Both a laboratory grading report). 
spectral and an —_ Wide range of uses for other 
imaging technique. gemstone identification and 
treatment determinations. 
Deep UV High-energy, An imaging Shows diamond growth 
fluorescence high-intensity UV technique features in terms of spatial 
(DiamondView) light source patterns and variations in 


(Welbourn et al., fluorescence color 


1996) 
Phosphorescence UV light source Botha spectral and Can help identify colorless 
(deuterium lamp, an imaging HPHT synthetics and 
UV LED, etc.) technique synthetic IIb diamonds, which 


do not phosphoresce at 660 
nm (Eaton-Magafia et al., 
2008, Eaton-Magafia and Lu, 
2011). Can also aid in the 
identification of natural opal. 


Provides information 
comparable to PL spectra and 
DiamondView imaging 


Cathodoluminescence Electrons (from Both a spectral and 
an electron gun) an imaging 
technique 


X-ray fluorescence X-rays Both a spectral (as 
energy-dispersive 
XRF) and an 


imaging technique 


EDXRF produces spectra that 
provide chemical 
composition information. It 
can help determine country 
of origin for certain colored 
stones and glass filling 
treatment in diamonds. X-ray 
fluorescence imaging is useful 
for sorting diamond from 
non-diamond material and 
distinguishing origin of pearls. 


Thermoluminescence Laser excitation/ At present, mostly 
subsequent for novel 
heating observations of 
luminescence 


Mostly historical usage in 
type Ilb diamonds (e.g., 
Halperin and Chen, 1966) 


Electroluminescence — Electrical current At present, mostly Occasionally seen in type IIb 
for novel diamonds (e.g., Inns and 
observations of Breeding, 2007) 


luminescence 


Very sensitive 
measurements for 
defects at low 
concentrations (ppb 
level) 


Simple, inexpensive 
technique 


Determination if 
diamond is natural, 
synthetic, or (in very 

rare cases) treated 


Simple, inexpensive 
technique 


Determination if 
diamond is natural, 
treated (in rare cases), 
or synthetic 


EDXRF is non- 
destructive and has 
variable sampling 
areas. XRF imaging 
can help reveal the 
distribution pattern of 
chemical elements in 
a material. 


At present, no major 
advantages for testing 
diamonds 


At present, no major 
advantages for testing 
diamonds 


Diamond must be very 
cold (i.e., in liquid 
nitrogen) for reliable 
collection of sharp 
peaks. Equipment can 
be prohibitively 
expensive. 


Fluorescence is not 
diagnostic of diamond 
color origin. 


Low throughput. 
Generally not 
diagnostic for natural 
vs. treated diamonds. 


Limited usefulness in 
diamond 


Usefulness limited by 

the requirements of a 

vacuum chamber and 
an electron gun 


EDXRF is less sensitive 
than other analytical 
methods, and it 
cannot effectively 
detect chemical 
elements lighter than 
sodium. 


Therefore, most of the technique information is also 
applicable for gems other than diamond (although 
they should not be cooled to liquid nitrogen temper- 
atures). There are several excellent reviews of dia- 
mond spectroscopy that describe the various defects 
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that occur in natural, synthetic, and treated diamonds 
(Collins, 2001, 2003; Zaitsev, 2003; Dischler, 2012, 
Dobrinets et al., 2013; Shigley and Breeding, 2013). 
We encourage the reader to consult these references 
for more information. 


Gems & GEMOLOGY SPRING 2016 


SPECTROSCOPY AND LUMINESCENCE THEORY 
Spectroscopy can be defined as the branch of science 
concerned with the investigation and measurement 
of spectra produced when matter interacts with or 
emits electromagnetic radiation. These interactions 
are very useful for the analytical testing of gemstones 
because the energy of visible light or other types of 
radiation can closely match the energy difference of 
a wide variety of chemical bonds in minerals. The 
energy of the chemical bonds within diamond and 
many other gemstones is relatively constant. Over 
the past century, considerable research work has 
been done to identify the atomic configuration of 
spectral features. Consequently, spectroscopy is an 
accurate identification tool for a wide variety of gem- 
stones. The high sensitivity of PL in particular allows 
for detection of many spectral peaks that are impos- 
sible to measure by other techniques, thus revealing 
important details about a stone’s history, such as 
growth or treatment. 

Luminescence, the emission of visible light, oc- 
curs when an energy source (laser, UV lamp, etc.) 
knocks an electron out of its stable “ground” state 
and elevates it to an “excited” state. As the electron 
returns to its normal ground state, energy is released, 
much of it in the form of visible light. In almost all 
cases, the emitted light is of a lower energy in the 
electromagnetic spectrum than the original light 
from the energy source. Since wavelength and energy 
are inversely proportional, a lower energy always 
translates to a higher wavelength. Therefore, PL spec- 
tra always encompass a wavelength range that is 
higher than the wavelength of the excitation source. 
The relationship between energy (in eV), wavelength 
(in nm), and wavenumber (in cm’) is given by equa- 
tion 1: 


1 
E(eV)= he 1240 1240v(cnr") 


% ~ Xm) ~ 7 tH 
nm) 10 


where E is the energy in units of eV, or electron volts, 
dis the wavelength measured in nanometers (nm), 
and V is the wavenumber, which has units of cm and 
is the reciprocal of wavelength. The 1240 value de- 
rives from physical constants and conversion factors: 
his Planck’s constant (6.6261 x 104 joule-seconds}, 
and c is the speed of light (2.9979 x 10° meters/sec- 
ond); 1 eV converts to 1.6022 x 10- joules, and 1 
nanometer converts to 1 x 10° m. Figure 2, shows the 
ranges of values for wavelength (in nm), wavenumber 
(in cm}, and energy (in eV) from the ultraviolet 
through the infrared portion of the electromagnetic 
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Figure 2. The wavelength, frequency (in wavenum- 
ber), and energy divisions of the electromagnetic spec- 
trum show that frequency and energy are 
proportional while wavelength is inversely propor- 
tional to them. Adapted from Sauer et al. (2010). 


spectrum. With luminescence, there can be a variety 
of energy sources (UV lamp, laser, electron gun, X- 
ray), different pathways for the electron to return to 
the ground state (direct, or delayed by one or more 
intermediate states), and various conditions that af- 
fect the rate of the process (temperature, the presence 
of other defects, etc.). Figure 3 shows a chart of sev- 
eral types of luminescence and how they relate. 


In Brief 


e Photoluminescence (PL) spectroscopy is one of the most 
important tools used by gem laboratories to detect treat- 
ment and distinguish between natural or synthetic origin 
of diamonds. 

¢ While fluorescence and PL spectroscopy are based on 
many of the same principles, the more sophisticated 
equipment and data collection procedures allow the 
detection of defects down to the parts per billion (ppb) 
level. 

e The gemological applications of PL spectroscopy will 
continue to expand in the coming years. 


Within gemology, there are several measurement 
techniques that, as now practiced, differ from their 
given scientific definitions: phosphorescence, fluo- 
rescence, and photoluminescence, for example. In 
these cases, both the scientific definition and the de 
facto practice within gemology are provided. Table 1 
summarizes several types of luminescence, some of 
which are important in gemology. 
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Figure 3. This chart shows the interrelationships between various forms of luminescence, particularly photolumi- 

nescence, which includes fluorescence and phosphorescence. A few other types of luminescence relevant to gemol- 
ogy are shown as well (note that other types of luminescence such as chemiluminescence and bioluminescence are 
not included in this illustration). When the scientific definition (in black) is distinctly different from the gemologi- 


cal usage (in red), both definitions are shown for clarity. 


Optically Active Defects. Gemological laboratories 
rely on nondestructive analytical techniques for dia- 
mond that are based mainly on optical methods such 
as absorption and PL spectroscopy. Only defects that 
emit light (i.e., optically active defects) can be de- 
tected by PL, and these detections are further con- 
strained by operating conditions such as temperature 
and excitation laser wavelength. These constraints 
often limit our knowledge about the full range of im- 
purities and defects present in gemstones, forcing us 
to focus any assessments on information obtained 
principally from optically active defects. 
Fortunately, most impurities in diamond are opti- 
cally active in some manner. For example, a pair of PL 
peaks at 736.6 and 736.9 nm (the SiV- doublet) indi- 
cates the presence of silicon impurities in diamond. 
These impurities are very rarely seen in natural dia- 
mond but typically occur in CVD synthetic diamond 
and thus assist in their identification (Breeding and 
Wang, 2008). Many well-known defects in diamond 
are various combinations of nitrogen impurities with 
vacancies in the lattice (such as N3, H2, H3, H4, and 
NV centers} and have been characterized extensively 
over the past decade (see recommended references in 
the introduction). Several other PL peaks occur in nat- 
ural diamond and have been correlated with diamond 
color, type, or geographic origin, but the composition 
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of the associated lattice defects has not been conclu- 
sively identified by scientists. Eaton-Magafa and Lu 
(2011), among others, correlated several PL peaks, 
such as those at 648.2 nm and 776.4 nm, with gray to 
blue color and boron concentration in phosphorescing 
type IIb diamonds. Later researchers ascribed the 648.2 
nm defect to a boron-interstitial complex (Green, 
2013), while the configuration of the 776.4 nm peak 
remains undefined. 

To understand how luminescence techniques 
like PL reveal useful information about diamond for- 
mation and color origin, we must first discuss the 
anatomy of a carbon atom and how it interacts with 
energy to produce luminescence. Figure 4 provides 
a simplified model for an isolated carbon atom 
within the diamond lattice, showing the nucleus 
and electron orbits, including the “excited” state. It 
is important to remember that in solids, atoms are 
not isolated and do interact with surrounding atoms. 
These interactions broaden the allowed energy 
states into bands (valence and conduction, at the 
center of the figure). The energy region between 
these bands, where certain energy states associated 
with a perfect diamond lattice are forbidden, is 
known as the band gap. In figure 4, the band gap is 
expanded. The excitation energies provided by a 
range of fluorescence lamps and commonly used 
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lasers are shown, as well as the states of typical dia- 
mond defects that fall within the band gap. In spec- 
troscopy, particularly with sensitive techniques like 
PL, such atomic-level defects are quite helpful in 
identifying a diamond's origin and subsequent treat- 
ment. These optical centers function as storytellers 
of a diamond's history. 

In addition, the excitation source generally has an 
energy equal to or greater than the emission energy; 
in other words, a 633 nm laser (2.0 eV) will not acti- 
vate the N3 center in diamond (3.0 eV; 415 nm). In 
practice, certain defects are also more efficiently ex- 
cited by particular laser wavelengths. For example, 
most PL peaks in the 900-1000 nm range are more 
intense when activated by a 785 or 830 nm laser than 
by a325 nm laser. Hence, PL spectra are typically ac- 
quired using lasers of various wavelengths. 


Photons and Phonons: ZPLs and Sidebands. A pho- 
ton is a single (quantum) particle of visible light and 


other forms of electromagnetic radiation, while a 
phonon is a quantum particle of directional vibration 
for a group of atoms (such as a luminescence-exciting 
defect) within the crystal lattice. The zero-phonon 
line (ZPL) is the wavelength at which a photon is 
emitted between energy levels when no phonons— 
that is, no vibrations—are involved. 

The photon energy of the emitted light from an op- 
tical center corresponds to the energy released when 
an excited electron returns to its ground state; there 
is also a contribution of internal energy loss due to the 
lattice vibration. The optical center is usually an im- 
perfection of the crystal lattice—from either the pres- 
ence of an impurity atom or an interruption in the 
lattice structure. This distortion modifies the vibra- 
tion characteristics of the atoms in the vicinity of the 
optical center within the host material. Therefore, 
many optical defects show not only an electronic tran- 
sition but also this vibronic contribution, known as a 
“phonon sideband.” Depending on the strength of the 


Figure 4. At left is a simplified model for a carbon atom showing the nucleus and electron orbits, including an “ex- 
cited” state (dashed line). Carbon atoms within the diamond lattice are also affected by adjacent carbon atoms 
(center) and represented by the band gap model for an electrically insulating material such as diamond. In insula- 
tors, the electrons are located within the valence band and separated by a large energy gap from the conduction 
band. At right, the difference between the valence band (populated by electrons) and the conduction band, known 
as the band gap, is expanded. When studying diamond, scientists use energies less than its band gap of 5.5 eV (> 
~225 nm) to excite internal defects rather than the diamond itself. Only the defects within this range can be stud- 
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Absorption Emission 


Figure 5. This illustration of the stairwell analogy is a 
slight modification of the standard Franck-Condon 
principle energy diagram showing electron transitions 
with phonon coupling. Both absorption and emission 
are shown. The red parabolas indicate the potential 
wells for the energies. 


vibronic contribution, the purely electronic transition 
(i.e., the zero-phonon line) sometimes can only be de- 
tected at cryogenic temperatures. 

The energy levels of the valence band and the con- 
duction band shown in figure 4 are simplified repre- 
sentations. Contained within these electronic energy 
levels are subdivisions based on vibrational energy 
levels, which are determined by the way the defects 
can vibrate within the diamond lattice. 

One might envision, in very simplified terms, 
that the ground state is the ground floor of a build- 
ing and the excited state is the first-floor landing 
(figure 5). The vibrational levels would be steps on 
a staircase between the two floors. In PL spec- 
troscopy, the ZPL can be seen as a direct jump from 
the first-floor landing to the ground floor; as its 
name implies, a ZPL generally does not involve 
phonons (i.e., vibration). 

In absorption, the electron resting on the ground 
floor can be excited up to the first-floor landing or to 
the first or second step above the first-floor landing. 
In fluorescence, an electron might be sitting on the 
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first-floor landing and then jump down to either the 
ground floor or the first or second step above the 
ground floor. This variability in the starting and end- 
ing staircase steps spreads out the energy released by 
the resulting photons, creating both the broad fluo- 
rescence bands observed at room temperature and 
the sidebands of the ZPLs usually observed at liquid 
nitrogen temperatures (figure 6). 

The ZPL is a sharp peak often referred to in PL 
spectra precisely because its wavelength is exact, spe- 
cific to a certain defect, and unambiguous; however, 
its underlying mechanism may not be understood by 
scientists who use PL spectra daily. The width of the 
ZPL is determined by the lifetime of the excited state 
(Sauer et al., 2010), though in practice it will be 
broadened by strains in the crystal. 

For a diamond immersed and cooled in liquid ni- 
trogen (77 K, -196°C; figure 6), most of the electrons 
reside at the ground state. When activated, they will 
create emission at the ZPL wavelength. As tempera- 
ture is increased, the electronic transitions are dis- 
persed over broader ranges so that the resulting 
fluorescence is distributed across a wider wavelength 
range. At room temperature, the ZPL all but disap- 
pears in most cases and only the sideband remains. 
Usually the distribution of intensity between the 
ZPL and the phonon side band is strongly dependent 
on temperature. At room temperature, there is 
enough thermal energy to excite many phonons, and 
the probability of zero-phonon transition is much 
lower (again, see figure 6). 


Comparison with Fluorescence and Phosphores- 
cence. Occasionally, definitions of terms within a 
scientific context are different from, and perhaps at 
odds with, their common usage. Within the field of 
gemology, the terms fluorescence, phosphorescence, 
and photoluminescence have evolved from their gen- 
eral scientific definitions and taken on different 
meanings. Fluorescence and PL are scientifically re- 
garded as similar processes in which fluorescence is 
a subset of PL with lifetimes less than 10 nanosec- 
onds (again, see figure 3). Gemology draws a different 
distinction between these two terms. Both fluores- 
cence and PL detect the same features within gem- 
stones, but the experimental output is vastly 
different. In gemology, fluorescence has traditionally 
been measured at room temperature, typically with 
a broadband or multi-band lamp (although LED 
lamps have been a significant improvement; Luo and 
Breeding, 2013). The eye or a low-resolution spec- 
trometer functions as the detector. Conversely, PL 
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Figure 6. In the hypotheti- 
cal case of absolute zero 
temperature, electrons re- 
side at the lowest energy 
level of the ground state 
(solid lines), where 
phonons (vibrations, or v) 
equal zero. Then they are 
excited to the V = O level of 
the “excited” state 
(dashed lines). This theo- 
retically results in a nearly 
100% ZPL emission. As 
temperature increases to 
room temperature, elec- 
trons are in higher vibra- 
tional energy states (where 
v= 1, 2, 3, etc.), creating 
an ever-increasing distri- 
bution of luminescence 
pathways (black arrows). 
The resulting emission is 
spread across a wide 
wavelength range as a 
sideband with little to no 
ZPL emission. 
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spectra of diamond are collected at liquid nitrogen 
temperature using laser excitation and a high-resolu- 
tion spectrometer (figure 7]. Figure 8 shows how tem- 
perature, excitation source, and spectrometer 
resolution affect the quality of the emission spectra 
collected from both traditional fluorescence meas- 
urement and PL analysis. 

A laser used for PL spectroscopy offers several ad- 
vantages over both standard UV lamps and tunable 
spectrofluorometer instruments in detecting fluores- 
cence. Many traditional mercury-based long- and 
short-wave UV lamps excite multiple different wave- 
lengths simultaneously (Williams, 2007; Luo and 
Breeding, 2013), which can create variability in the 
observed fluorescence color (Eaton-Magafia et al., 
2.007). Spectrofluorometers are able to filter a single 
excitation wavelength to a narrow range, but the re- 
sulting intensity is reduced because of the lower il- 
lumination power. The use of lasers addresses both 
problems by providing intense illumination over a 
very narrow wavelength range. In combination with 
sample cooling, laser excitation often reveals smaller 
PL peaks that might not be visible at room tempera- 
ture or with other excitation sources (e.g., figure 9). 

Physicists define fluorescence as luminescence 
with a decay time of 10 nanoseconds or less, while 
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phosphorescence is delayed luminescence with a 
decay time greater than approximately 10 nanosec- 
onds (again, see figure 3). Sophisticated analytical 
tools can measure these very short decay times 
(their potential usefulness will be discussed below). 
Within gemology, fluorescence is colloquially de- 
fined as the emission from the gemstone when a UV 
source is turned on, and phosphorescence is the ob- 
served emission after the UV source is turned off. 
Practically speaking, gemologists can visually de- 
tect phosphorescence only when the decay time is 
about one second or longer. A few natural dia- 
monds, such as chameleons and type IIb stones, 
show visible phosphorescence (e.g., Hainschwang et 
al., 2005; Eaton-Magania and Lu, 2011), as do some 
HPHT synthetics (Shigley et al., 1997) and HPHT- 
treated CVD synthetics (Wang et al., 2012). Beyond 
that, the usefulness of phosphorescence is some- 
what limited. 

Fluorescence and phosphorescence techniques 
both offer simple, inexpensive methods to create ad- 
ditional identifiers of an individual gem (i.e., to better 
distinguish similar-looking diamonds). For additional 
information on specific fluorescence and phospho- 
rescence reactions, see Shigley and Breeding (2013) 
and Luo and Breeding (2013). 


Gems & GEMOLOGY SPRING 2016 9 


Diamond in 
liquid nitrogen 


= 


Newport 


Diamond PL through lenses 
to CCD spectrometer 


Figure 7. The commercial Renishaw inVia Raman microspectrometer is equipped with several lasers, such as the 
514 nm laser shown here. In normal operation (with the shields in place and the door closed), the system safely op- 
erates as a Class I laser. This photo demonstrates the internal optics and the laser beam’s path as it travels from 
the laser to the microscope, back through the microscope (along with emission from the diamond at longer wave- 
lengths), and then to the spectrometer. Photo by Kevin Schumacher. 


Sensitivity of PL. Many nitrogen-containing defects, 
such as the neutral and negatively charged NV cen- 
ters (ZPLs at 575 and 637 nm, respectively; Zaitsev, 
2003), are routinely observed using PL in type II dia- 
monds, which by definition contain negligible nitro- 
gen impurities measurable by infrared absorption. As 
mentioned earlier, a major advantage of PL analysis 
is its high sensitivity to weak emission of light. Even 
in diamonds with nitrogen impurity concentrations 
below the 1-5 parts per million detection limits for 
infrared absorption instruments (i.e., type II dia- 
monds), PL can detect NV concentrations of 10 ppb 
or less (Wotherspoon et al., 2003). Therefore, the type 
II designation does not indicate “no nitrogen what- 
soever,” but that the diamond has potentially very 
low quantities of this impurity. Nitrogen-bearing de- 
fects (such as H2, H3, H4, NV centers, and N3) are 
typically the dominant features in PL spectra of type 
Ila diamonds. However, nitrogen A and B aggregates 
in type Ia diamonds do not have characteristic emis- 
sions identifiable using PL, and their presence is best 
detected with FTIR absorption spectroscopy (Zaitsev, 
2003). In practice, FTIR is performed first on a dia- 
mond to identify the diamond type. This diamond 
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type determination allows gemologists to filter out 
type II diamonds, which are potentially treated or 
synthetic, from type Ia, which represent the vast ma- 
jority of natural diamonds (Breeding and Shigley, 
2009). 


USE OF PL INGEMOLOGY 

PL came to widespread prominence in the diamond 
industry in 1999, when General Electric (GE) an- 
nounced an HPHT treatment method for decolorizing 
type II brown diamonds (“Pegasus Overseas...,” 1999; 
Shigley et al., 1999). Standard gemological testing 
could not identify the HPHT-treated diamonds, but 
the sensitivity of PL allowed the separation of these 
goods from their natural-color counterparts. Since 
then, the evolution of treatments and synthesis tech- 
niques has made the use of these complex analytical 
identification methods and instruments, such as 
mapping spectrometers and automated gem testing, 
more widespread in major gemological laboratories. 


HPHT-Treated Diamonds. After the initial industry 
panic that followed GE’s revelation, extensive re- 
search showed that PL spectroscopy of diamond at 
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liquid nitrogen temperatures was the most effective 
method for identifying HPHT treatment (Fisher and 
Spits, 2000). Natural type Ila brown diamonds are 
typically the starting material for the decolorizing 
HPHT treatment process. The brown color of the 
starting material is thought to be caused by clusters 
of vacant atom positions (i.e., vacancies) along planes 
of carbon atoms in the diamond structure that were 
misaligned by natural plastic deformation processes 
(Hounsome et al., 2006). When the vacancy clusters 
are broken up at high temperatures, the brown color 
is removed, leaving a colorless or near-colorless dia- 
mond, but also telltale evidence of the treatment 
process that is detectable by PL. 

Natural diamond formation takes millions of 
years. Regardless of a treatment’s sophistication, 
there is usually detectable evidence of the much 
shorter process (minutes to hours in the case of 
HPHT treatment). The elapsed time of natural dia- 
mond formation simply cannot be replicated in a lab- 
oratory. Most of the PL features that indicate 
treatment are not discussed publicly, out of concern 
that treaters will modify their techniques in an at- 
tempt to deceive laboratories. A few have been dis- 
closed, however. It has been widely reported that 
after HPHT treatment, the intensity of the 637 nm 
PL peak (NV-) is stronger than its 575 nm (NV°) coun- 
terpart when excited by a 514 nm laser. For most nat- 
ural type II diamonds, this ratio is inverted. At the 
treatment conditions required to remove brown col- 


Figure 8. Yellow-green diamonds often show a visible 
HB green fluorescence that can contribute to the 
bodycolor. These four spectra, collected on one dia- 
mond, show the progression in data quality as experi- 
mental parameters such as excitation source, 
spectrometer, and collection temperature are im- 
proved. A: The ZPL of the H3 center is not visible and 
only the sideband is collected, making it difficult to 
verify whether H3 is the defect responsible for the flu- 
orescence in this diamond. B: A broad, somewhat in- 
distinct ZPL is seen, along with some of the finer 
sideband structure. C: A definite ZPL at 503.2 nm is 
observed in the laser-activated, room-temperature 
measurement, but the spectrum is overwhelmed by 
the sideband, which could also obscure other peaks 
within this wavelength range. D: The ZPL is domi- 
nant, clearly identifying the cause of fluorescence. 
Additionally, these spectrometers have very different 
spectral resolutions, leading to apparent differences 
in ZPL peak width. Nevertheless, it is the relative 
prominence of H8 that is important here. 
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Figure 9. The GR1 peak intensity, position, and 
width vary significantly with diamond sample tem- 
perature during PL measurement. This behavior is 
true of all ZPLs to some extent. In this study, data 
was collected with 514 nm excitation and a Linkam 
Examina Dynamics System to control temperature 
during analysis. 


oration, HPHT processing commonly breaks down 
nitrogen aggregates to create single substitutional ni- 
trogen impurities, which behave as electron donors. 
Charge transfer of the newly available electrons 
causes the PL intensity of the 637 nm defect (the neg- 
atively charged NV- center) to increase relative to the 
575 nm center (the neutral NV° center) (Chalain et 
al., 2000). Although PL was initially used to deter- 
mine HPHT treatment in colorless diamonds, it is 
now often used to detect diamond formation and 
color origin for both colorless and colored diamonds 
(Wang et al., 2012). 


Combination-Treated Diamonds. In the years since 
HPHT treatment was first introduced, diamonds 
have been subjected to HPHT annealing in combina- 
tion with earlier treatments such as irradiation and 
lower-temperature annealing; this has made the 
identification process even more complex. Multi- 
treatment processes may be used to create certain at- 
tractive colors such as pink, but they can also be used 
to conceal previous treatments and make a diamond 
appear more spectroscopically “natural.” Regardless, 
absorption and PL spectral features, in conjunction 
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with gemological properties, are required to identify 
many treated diamonds. It has become increasingly 
important to investigate the presence and absence of 
a combination of PL features, in addition to data from 
other spectroscopic and gemological techniques, 
rather than simply rely on analysis of a single feature 
or a single technique. 


Synthetic Diamonds. Over the past several years, 
gem-quality synthetic diamonds grown either by 
chemical vapor deposition (CVD) or HPHT methods 
have become increasingly available in the market, but 
they still comprise a very small percentage of dia- 
monds analyzed by gemological laboratories. CVD 
synthetic diamonds have different inclusions and 
growth morphology from those observed in HPHT- 
grown synthetics. Rapid advances in CVD synthesis 
techniques in the last decade have complicated the 
gemological separation of these materials. High-qual- 
ity PL spectroscopy has proven essential to their 
proper identification (e.g., Wang et al., 2007, 2012, 
Song et al., 2012). PL spectroscopy can discern a CVD 
origin and determine if any post-growth treatments 
have been applied. 


Other Gem Materials. Although diamonds are the 
focus of this article, PL spectroscopy can be applied 
to other gem materials. Raman analysis has been a 
reliable gemstone identification tool for decades, and 
its instrumentation often proves quite useful in the 
collection of PL spectra (see box A for a description 
of the differences between these techniques). For ex- 
ample, the separation of natural from synthetic 
spinel can be quite difficult in high-clarity gem- 
stones. Yet PL analysis of stones with chromium flu- 
orescence bands can easily distinguish synthetic 
spinel (Kitawaki and Okano, 2006). Similar features 
provide evidence of heat treatment in natural spinel 
to enhance their color (Saeseaw et al., 2009; Kondo 
et al., 2010). Bidny et al. (2010) showed that photolu- 
minescence excitation (PLE) spectroscopy, a varia- 
tion on standard PL, can also separate natural from 
flux-grown synthetic rubies. While PL uses a single 
laser and scans the emission wavelengths, PLE holds 
the emission wavelength fixed and scans the excita- 
tion range. For example, excitation spectra for the 
chromium peaks at 692/694 nm showed an addi- 
tional band at approximately 290 nm in flux syn- 
thetic rubies only (Bidny et al., 2010). 

PL spectroscopy has also proven useful for some 
organic gemstones. Combined with Raman spec- 
troscopy, it can separate natural red coral from dyed 


Gems & GEMOLOGY SPRING 2016 


BOX A: RAMAN ANALYSIS VERSUS PHOTOLUMINESCENCE 


Raman and PL spectra are collected with the same instrumen- 
tation at the same time, and Raman peaks even appear in PL 
spectra. So what is the difference? 

Luminescence peaks are emitted at a constant energy (or 
wavelength) from a material. For example, the GR1, a defect 
that imparts green color in diamond by creating a transmis- 
sion window within the green portion of the visible spectrum, 
will always show absorption and emission at 741.2 nm (the 
ZPL), whether the excitation source is sunlight, a UV lamp, a 
514 nm laser, or a 633 nm laser. The absorption band and lu- 
minescence band will not shift to a different wavelength sim- 
ply because a different light source is used. 

Raman peaks, however, have a constant energy difference 
from their excitation source. Raman scattering was discov- 
ered in 1928 by Sir C.V. Raman (figure A-1) and his colleague 
K.S. Krishnan, and independently discovered by a pair of So- 
viet scientists. Raman and Krishnan observed, using filtered 
sunlight, that a miniscule amount of light changed frequency 
(and therefore wavelength) after impinging on a material. The 


Figure A-1. Sir Chan- 
drasekhara Venkata 

| Raman was an Indian 
_ physicist and among 

__ the discoverers of the 
Raman effect. He won 
the Nobel Prize for 
Physics in 1930 for this 
work. 


light interacts with the molecular vibrations or phonons 
within the material; this creates a change in frequency when 
the absorbed light is re-emitted by the material. Raman spec- 
troscopy measures the energy shift caused by these vibra- 
tional (and sometimes rotational) energy levels. 

Although only one in 100 million photons is shifted by 
this vibrational energy, the Raman peak is generally the dom- 
inant feature in most type Ila diamond PL spectra. This 
should indicate the extremely low intensity of luminescence 
peaks in type Ila diamonds, and the highly sensitive equip- 
ment needed to accurately measure PL features. 

Unlike PL peaks with fixed energies and wavelengths 
(commonly expressed in nanometers in the gemological lit- 
erature), Raman peak values are usually not reported in units 
of energy (eV), but as frequencies, or “wavenumbers” with 
units of cm, that are proportional to energy and inversely 
proportional to wavelength (see equation 1). In Raman spec- 
tra, the reported values are relative to the excitation source 
and are considered Raman shift values. These should not be 
confused with wavenumbers (cm) shown in infrared absorp- 
tion spectra, which are absolute energy values. 
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The following conversion calculates the wavelength po- 
sition of a Raman peak in a PL spectrum based on the wave- 
length of the excitation laser. 


1 


Raman line = - 
1 _ Raman line |cm"| 


[mm] 


[2] 


Laser excitation [nm] 10’ [nm - cnt| 

For diamond with a characteristic Raman emission at 
1332 cnr, the same peak is located at 522 nm with 488 nm 
excitation and at 552 nm with 514 nm excitation. Figure A-2 
demonstrates how the Raman line shifts to different wave- 
lengths depending on the excitation laser wavelength. The 
GR1, a luminescence peak, is fixed at 741.2 nm regardless of 
laser excitation. Figure A-2 also shows a “second-order” 
Raman line often seen with 514 nm excitation. This feature 
occurs at twice the Raman shift of the 1332 cm peak, or 2664 
cem'!, which converts to 596 nm. 


Figure A-2. PL spectra were collected on the same 
greenish diamond using three different lasers (488, 
§14, and 633 nm) at liquid nitrogen temperature. 
Each laser shows a different location for the diamond 
Raman line based on the excitation wavelength. For 
all three lasers, the energy difference between the ex- 
citation wavelength and the Raman line is constant— 
1332 cnr, or 0.165 eV. Each spectrum shows the 
luminescence feature GR1 and its consistent activa- 
tion at 741.2 nm, regardless of the excitation source. 
While the Raman line will shift within the visible 
range based on the excitation source, the Iumines- 
cence features will remain at a fixed wavelength. 
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coral (Smith et al., 2007). Features in PL spectra are 
also able to distinguish natural-color cultured pearls 
from artificially colored ones (Wang et al., 2006; 
Karampelas et al., 2011). When combined with gemo- 
logical techniques, PL shows features that distin- 
guish tortoiseshell from some of its imitations 
(Hainschwang and Leggio, 2006). 

Unfortunately, most gemstones cannot be cooled 
to liquid nitrogen temperatures to optimize the re- 
sults from PL spectroscopy. Diamonds have ex- 
tremely high thermal conductivity and a low 
thermal expansion coefficient, which allows them to 
withstand low temperatures. Other gems are exposed 
to a much higher risk of fracture if cooled. For exam- 
ple, the thermal conductivity of corundum is at least 
65 times lower than that of diamond (Read, 2.008), 
and its coefficient of thermal expansion is five times 
greater (Fiquet et al., 1999). 


FUTURE 

In the last decade, the use of PL to determine diamond 
origin has become commonplace in gemological re- 
search laboratories, while PL analysis itself has be- 
come more complex. When HPHT treatment was first 
introduced, a visual evaluation of the presence or ab- 
sence of particular PL peaks from a single laser, ana- 
lyzing two or three wavelengths at most, was 
adequate for identification. As diamond treatments 
and synthetics have become more sophisticated, stan- 
dard procedure now requires many more resources. 
Lasers across the UV-visible-NIR wavelength range 
should be used, as different laser wavelengths effi- 
ciently activate different ranges of PL features; the au- 
thors regularly use six different laser excitation 
wavelengths (325, 457, 488, 514, 633, and 830 nm). 
Over the next decade, PL spectroscopy in gemology 
will continue to evolve toward smaller, more portable 
instruments (see Breeding et al., 2010 for an extensive 
discussion) and different analytical domains, possibly 
to the less-studied PL dimensions of temperature, 
time, and spatial mapping. 


Temperature- and Time-Resolved PL Analytical Pos- 
sibilities. For the past decade or so, diamond PL 
analysis has been performed with the sample tem- 
perature stable and the laser power constant. In ad- 
dition to the exploration of PLE applications (again, 
see Bidny et al., 2010), further investigations of tem- 
perature effects on photoluminescence and how PL 
features decay within the initial nanoseconds after 
the laser is switched off (time-resolved PL) may help 
solve complex identification problems. 
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For example, NV color centers in diamond appear 
identical in PL spectra of natural, treated, and syn- 
thetic samples. Does this center appear different for 
natural or treated stones at temperatures between 
liquid nitrogen and room temperature or at the even 
colder temperatures produced by liquid helium? 
Thermoluminescence (TL), the luminescence re- 
sponse as temperature is increased, has not yet been 
fully explored for gem materials. Researchers have 
used TL above room temperature in order to distin- 
guish the dose of gamma radiation in treated CVD 
diamonds. At their experimental conditions, the re- 
sponse of natural diamonds was too weak for com- 
parison (Karczmarska et al., 2012). Additionally, 
novel TL responses have been observed in diamond 
(Nelson and Breeding, 2011) and other colored stones 
(e.g., Choudhary, 2010). 

For time-resolved luminescence, scientists exam- 
ine the peak’s behavior in the initial nanoseconds 
after a laser is turned off and the peak’s emission dies 
off. Investigations of the decay curves of various dia- 
mond defects may reveal important differences be- 
tween natural, treated, and synthetic diamonds that 
aid in their identification. Studies, particularly in bi- 
ological fields, have shown that a great deal of mo- 
lecular information is contained within the length of 
this decay time and within the shape of its decay 
curve. Additional intensity information could 
demonstrate two decay times, indicating the pres- 
ence of multiple defects or energy states (Lakowicz, 
2.006). Researchers have also shown that the lumi- 
nescence lifetime of the NV° center (ZPL at 575 nm} 
in diamond can be shortened by the presence of sin- 
gle substitutional nitrogen (Liaugaudas et al., 2012). 
Ongoing research is probing the differences in decay 
times of various color centers between natural, 
treated, and synthetic gems to expand beyond the 
standard “steady-state” PL measurements (e.g., fig- 
ure 10; Eaton-Magania, 2.015). 


Database of Large Quantities of Data. Prelas et al. 
(1998) estimated that 100 vibrational and 400 elec- 
tronic optically active defects are possible within di- 
amond. This quantity of measurable defects, 
combined with the large quantities of diamonds an- 
alyzed in a gem research laboratory, has generated 
vast repositories of spectral data—a specialized re- 
source that cannot easily be duplicated in most aca- 
demic environments. Thus, gemological laboratories 
are unique in their ability to ascertain large-scale 
spectral trends across thousands of diamonds. To 
take full advantage of the data, automatic software 
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Figure 10. The photoluminescence spectrum for the H3 center (left) is collected with continuous laser power at 488 
nm. When the laser is switched off, the luminescence of the H3 center decays very quickly—in about 100 bil- 
lionths of a second. The rate and the shape of the decay curve can reveal additional information about the optical 
center. The decay curve shown here is for the H3 luminescence from a type Ila diamond at liquid nitrogen temper- 
atures. By mathematically fitting the shape of the decay curve, it was determined to be bi-exponential. The domi- 
nant decay time is 16.6 nanoseconds (close to a previously reported value of 16.7 + 0.5 ns (Liaugaudas et al., 2009), 
and the minor component has a decay of 10.7 nanoseconds. 


processing is needed to find and analyze spectral database. Development of reliable peak-finding/ 
peaks and incorporate them into a robust searchable _ peak-fitting algorithms for rapid automatic process- 
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ing of all collected spectra is nearly as important as 
the analysis itself. Our work is ongoing, but we can 
find and characterize peaks based on their presence 
or absence and other peak characteristics such as 
height, as shown in figure 11. The large-scale data 
mining of spectra can reveal new patterns. For ex- 
ample, the configuration of the defect causing the 
535.8 nm peak is unknown (figure 11), but the 
steady increase in peak height as color increases 
from D to L may indicate that its configuration is re- 
lated to the origin of color in type Ila diamonds. The 
availability of bulk PL peak information from a vast 
supply of spectra opens numerous statistical possi- 
bilities for data analysis across thousands of sam- 
ples, revealing trends and connections that were 
heretofore unseen. 


ABOUT THE AUTHORS 


CONCLUSION 


Treated-color and synthetic diamonds are readily 
available in today’s diamond market. Every gem- 
stone, whether natural, laboratory grown, or color 
treated in some way, has a story behind its creation, 
and every customer has a right to know that story 
through proper identification. Over the last decade, 
PL analysis has become one of the most important 
tools to document these unique stone histories. PL 
has also proven to be a reliable gemological identifi- 
cation tool, helping laboratories properly disclose the 
origin and treatment history of diamonds and other 
gemstones to ensure public trust in the gem and jew- 
elry industry. Ongoing research using PL and other 
analytical techniques will continue to unlock more 
of each gemstone’s secrets. 


Dr. Eaton-Magana is a research scientist and Dr. Breeding is a senior research scientist at GIA’s Carlsbad laboratory. 
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Endowment Members 
of the 


Gemological Institute of America 


To insure the perpetuation of an educa- 
tional institution for and by jewelers, an 
endowment fund of more than $50,000 for 
the Gemological Institute of America was 
established in 1941. This amount was raised 
through voluntary contributions solicited by 
a committee of the American Gem Society 
from G.LA. students and graduates, and 
from a related group of importers, manu- 
facturers, and wholesalers. 

Both retail and wholesale divisions of the 
industry are represented among the donors, 
as can be seen from the following list of 
G.1.A. Endowment Members. Listing of firm 
names indicates contributions made by the 
company, whereas smaller donations were 
individually made by those whose names 
are listed. 


To these men and to those firms who 
contributed. a total of more than $50,000, 
the jewelry industry owes a debt of grati- 
tude for their interest, sincerity, and fore- 
sight. The establishment of such a nucleus, 
as part of the reserves nmecessafy to guar- 
antee continuance of the G.I.A. when, and 
if, funds are needed to meet operating ex- 
penses, gave stability and permanency to 
the institution. 

Since 1941 additional voluntary contribu- 
tions, plus additions from operating surplus, 
have raised the endowment to mote than 
$100,000. No attempt has been made, how- 
ever, to increase this reserve to a sum suf- 
ficiently large that interest would materially 
assist in the operation of the Institute, as 
is the purpose of most endowment funds. 
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CHRYSOBERYL RECOVERED WITH SAPPHIRES 
IN THE NEW ENGLAND PLACER DEPOSITS, 
New SOUTH WALES, AUSTRALIA 


Karl Schmetzer, Franca Caucia, H. Albert Gilg, and Terrence S. Coldham 


Mineralogical, chemical, and spectroscopic properties of chrysoberyl crystals recovered from sapphire 
placer deposits, related to Tertiary volcanic rocks, in the New England gem fields in New South Wales 
(NSW), Australia, are presented. The samples appeared yellow, yellowish brown, or brown in transmitted 
light, and some crystals revealed a distinct sectorial zoning between brown i (011) and yellow o (111) 
growth areas. In reflected light, the / sectors showed a whitish appearance, and cabochon-cut samples 
with larger whitish / sectors displayed chatoyancy. On the basis of morphological properties, trace-element 
contents, and absorption spectra, the chrysoberyl samples were subdivided into four different groups, pos- 
sibly originating from different host rocks. The largest such group, comprised of samples with distinct sec- 
torial color zoning, also revealed a pronounced variation in trace-element levels of titanium, niobium, 
and tantalum between the different growth sectors. Smaller variations were found for boron, magnesium, 
and iron, and almost no variation was observed for gallium. 


matic and metamorphic processes. Two broad 

categories of deposits are widely known: 
those related to pegmatitic activity and those related 
to high-grade metamorphism. In particular, 
chrysoberyl is frequently crystallized directly from 
a pegmatite melt or in a reaction zone between a 
pegmatitic melt and aluminum-rich host rocks. 
With respect specifically to the chromium-bearing 
color-change chrysoberyl variety alexandrite, forma- 
tion often occurs by reaction of a pegmatite intruding 
mafic or ultramafic rocks. Chrysoberyl is also found 
in high-grade (amphibolite-facies or granulite-facies) 
metamorphic rocks. Augmenting these primary oc- 
currences, placer deposits may be derived from any 
of the foregoing types (Okrusch, 1971; Soman and 


(man is formed through various mag- 
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Druzhinin, 1987; Franz and Morteani, 2002; Cerny, 
2002; Barton and Young, 2002; Beurlen et al., 2013). 
Such secondary deposits of gem-quality chrysoberyl 
related to high-grade metamorphic rocks are found, 
for example, in Sri Lanka, India, Tanzania, and Mada- 
gascar (Menon et al., 1994; Gunaratne and Dis- 
sanayake, 1995; Henn and Milisenda, 1997; 
Dissanayake et al., 2000; Milisenda et al., 2001; Man- 
imaran et al., 2007). Likewise, secondary deposits re- 
lated to pegmatites or pegmatites intruding 
aluminum-rich rocks have been discovered, for in- 
stance, in various Brazilian states (Proctor, 1988; 
Cassedanne and Roditi, 1993; Pedrosa-Soares et al., 
2009). 

Chrysoberyl recovered with sapphires related to 
volcanic host rocks, in contrast, is extremely rare. 
Among the limited discoveries, this type of 
chrysoberyl has been mentioned in connection with 
secondary deposits in Australia, related to Tertiary 
volcanic host rocks, including in Anakie, Queensland 
(Brightman, 1984); in the New England gem fields of 
New South Wales (NSW; figure 1) (Coenraads, 1990, 
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Figure 1. Extent of the Tertiary volcanic rocks of the New England sapphire fields. Rarely chrysobery1 is 
found associated with sapphire and other minerals in the Swan Brook—Kings Plains Vent Complex and 
Maybole Volcano occurrences (above right). Specimens in this study were recovered mostly from the Swan 
Brook—Kings Plains deposits. Adapted from Facer and Stewart (1995). 


1991, 1995), and in northeastern Tasmania (Sweeney, 
1995; Bottrill, 1996). Further mineralogical or gemo- 
logical information, however, is minimal. For in- 
stance, although chrysoberyl was recognized in the 
late 19th century as occurring in association with 
gem-quality sapphires in the secondary New England 
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gem fields (Liversidge, 1876, 1888), no comprehensive 
description of the material is available. Thus, the 
present study was undertaken to examine a collection 
of samples from these New England placer deposits 
and thereby to determine mineralogical and chemical 
properties for this type of chrysoberyl. 
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Figure 2. Left: The mineral concentrate obtained from the processing plant of the New England placer deposits was 
traditionally sorted and graded on mirrors, as seen in this photo taken in 1967. Right: A collection of unusual min- 
erals from the New England sapphire deposits set aside by sorting staff over a period of years. The pieces indicated 
by the arrows are possibly chrysoberyl found among silky blue, pink, yellow, green, and golden sapphires, as well 
as zircons and other minerals. Field of view about 8 x 6 cm. Photos by T.S. Coldham. 


MATERIALS AND METHODS 

Because chrysoberyl associated with Australian sap- 
phires shedding from Tertiary basalts and pyroclas- 
tics occurs only very rarely, miners often do not 
recognize the crystals. Rather, the stones are mis- 
taken for corundum and sold within parcels of yel- 
low and parti-colored rough sapphires. 

The present study began with 39 crystals or crys- 
tal fragments and one chatoyant cabochon previ- 
ously cut from such material. The research material 
was selected by one of the authors (TSC) from ap- 
proximately 1 kg of rough, which had been purchased 
from the late Tom Nunan, one of the larger sapphire 
miners operating in the New England sapphire fields 
(Coldham, 2014). The rough parcel was comprised of 
a collection of atypical-appearing stones that were 
set aside by sapphire sorters over many years from 
the production of several mines in the New England 
region, including Swanbrook Creek, Reddestone 
Creek, and Kings Plains (for a general overview of the 
New England sapphire fields, see Coenraads, 1990, 
1991, 1994, Abduriyim et al., 2012 a,b). These un- 
usual stones were essentially anything that had 
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caught the eyes of the sorters by virtue of being dif- 
ferent from the blue, yellow, green, and low-quality 
sapphire commonly seen (figure 2). The collection in- 
cluded multiple types of material rare to the area, 
such as pink, purple, red, and orange corundum, un- 
usually shaped stones; and those with strange color 
banding. Most stones within this kilogram of rough 
material were quite small, under 2 ct in weight. 

As might be expected from the process of visual se- 
lection just described, the possibility remained that 
the initial 40 research samples (in total weighing 
about 65 carats) might still contain some corundum 
crystals. For this reason, all rough samples were first 
examined by traditional gemological methods, espe- 
cially in the immersion microscope to facilitate ob- 
servation of specific growth structures and sectorial 
zoning. Because some of the smaller crystal fragments 
did not show any microscopic properties of diagnostic 
value (i.e., neither characteristic growth structures nor 
mineral inclusions), these smaller samples were tested 
by micro-Raman spectroscopy using a Horiba XploRA 
confocal Raman microscope facility with a 532 nm 
laser. Micro-Raman spectroscopy was also employed 
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to confirm the identity of several larger crystals. In 
total, 20 samples were examined by Raman spec- 
troscopy; ultimately, six smaller crystal fragments 
were identified as yellow corundum. The present 
study is thus based on the remaining 34 chrysoberyl 
samples originating from the secondary New England 
sapphire deposits. To have found and selected only 
this small quantity of chrysoberyl associated with 
many thousands of kilograms of rough sapphire re- 
lated to Tertiary volcanics mined over many years re- 
iterated the rarity of the material. 

The weight and size of the research material 
ranged from 11.71 ct (17.4 x 8.9 mm) to 0.45 ct (5.3 x 
2.9 mm) for the rough samples. Coenraads (1995) re- 
ported similar sizes in the 10 to 5 mm range for 
chrysoberyl from the New England gem fields. 

To better observe the structures without interfer- 
ence from the rough, heavily corroded and/or me- 
chanically abraded or otherwise contaminated 
surfaces, certain samples were “windowed” with one 
or two polished faces, and a small group of transpar- 
ent stones was completely faceted (figure 3, left). A 
few samples with larger whitish areas were cut as 
cabochons showing chatoyancy (figure 3, right). 

In the present paper, the term “sectorial zoning” 
or “sectorial color zoning” is used to describe a dif- 
ferent coloration between adjacent growth sectors, 
while “color zoning” refers to different colors within 
a specific growth sector. For all the chrysoberyls stud- 
ied (samples in the as-received state, windowed crys- 
tals, or cut samples), growth structures, sectorial 


zoning, and color zoning were determined by immer- 
sion microscopy in methylene iodide using the meth- 
ods described by Schmetzer (2011). Four cabochon-cut 
samples showing chatoyancy were examined in re- 
flected light using a Leitz Ortholux II Pol-BK polar- 
ization microscope at high magnification (up to 
1000x). 


In Brief 


Gem-quality chrysoberyl crystals in yellow to brownish 
colors have been recovered in very small quantities 
over a period of many years from the sapphire placer 
deposits in the New England gem fields, New South 
Wales, Australia. 


Some samples exhibit chatoyancy after cutting as 
cabochons. 


Variations in morphology, growth zoning, color zon- 
ing, trace element contents, and spectroscopic proper- 
ties enabled the samples to be divided into four groups. 


The largest two groups of the chrysoberyls showed dis- 
tinct sectorial growth zoning combined with color zon- 
ing, and yellowish brown or brown growth sectors 
displayed pleochroism. 


To obtain an overview of the qualitative chemical 
composition, 10 chrysoberyls were tested by energy- 
dispersive X-ray fluorescence spectroscopy (EDXRF} 
using a Bruker Tracer I[I-SD handheld unit. 


Figure 3. Some of the chrysoberyl research samples from the sapphire placer deposits in the New England area 
were faceted, while others were cut as cabochons, showing chatoyancy. Left: The faceted yellow sample weighs 
0.53 ct and measures 5.8 x 4.4 mm. Right: The cat’s-eye cabochons range from 1.34 ct (6.5 x 5.9 mm) to 0.64 ct (5.1 
x 4.7 mm). Photos by K. Schmetzer. 
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Quantitative trace-element composition of 12 
chrysoberyls was determined by means of laser abla- 
tion-inductively coupled plasma—mass spectroscopy 
(LA-ICP-MS], employing a Quantel Brilliant 266 nm 
Nd:YAG laser coupled to a PerkinElmer DRCe 
quadrupole ICP-MS. NIST SRM 610 glass was used 
as the external calibration standard, and Al served as 
the internal standard. The spot size was set to ap- 
proximately 50 um and the frequency to 10 Hz. To 
determine chemical zoning within the samples, trav- 
erses consisting of four to twelve single analysis 
points were recorded for all 12 chrysoberyls exam- 
ined by LA-ICP-MS. The analysis was carried out on 
55 elements; only those elements with concentra- 
tions higher than the detection limits are reported 
(see table 3). 

Absorption spectra were obtained for six of the 
chemically analyzed samples with a CCD-type Czerny- 
Turner spectrometer in combination with an inte- 
grating sphere (for further details, see Schmetzer et 
al., 2013a). Only non-polarized spectra were recorded. 


RESULTS 

The chrysoberyls from the New England placer de- 
posits in New South Wales were free of mineral in- 
clusions when examined using the magnification of 
the gemological microscope (up to 100x), but they 
showed variation in chemical composition, internal 


Figure 4. Examples of chrysoberyl samples recovered 
from the sapphire placer deposits in the New England 
gem fields. The research samples were subdivided into 
four groups (indicated I through IV in black). The Arabic 
numerals correlate with the analyses given in table 3. 
The faceted yellow sample 1 (upper left) measures 5.8 x 
4.4 mm and weighs 0.538 ct. Photo by K. Schmetzer. 
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TABLE 1. Morphology of chrysoberyls from the New 
England sapphire fields, NSW, Australia. 


Crystal form Designation Miller indices (hkl)* 
Pinacoid a {100} 

b {010} 
Prism i {011} 

s {120} 

r {130} 
Dipyramid oO {111} 

w {122} 


n {121} 


*Based on a morphological cell with a = 4.42, b = 9.39, c= 5.47 


Characteristic views 


Direction of view Symbol Faces observed 
Parallel to the a-axis [100] b,i 
Parallel to the c-axis [001] a,b,s,r 
Intermediate between b- [011] i,w,0,a 


and c-axes (parallel to the 
prism / and the dipyramid o) 


Intermediate between a-, b-, {111] in 


and c-axes 


morphology (growth structures and sectorial zoning), 
color, and color zoning. Thus, trace-element con- 
tents, color, internal growth features, sectorial zon- 
ing, color zoning, and spectroscopic properties were 
used to subdivide the samples into four primary 
groups, designated as groups I through IV in this 
study (figure 4). The few samples from the original 
group of 40 that showed mineral inclusions in the 
gemological microscope (e.g., zircon crystals with 
tension cracks) were all identified by Raman spec- 
troscopy as corundum. 


Morphology and Growth Features. The different 
crystal forms present in the New England 
chrysoberyls are listed in table 1. The habit of the 
samples was formed by the combination of two pina- 
coids a and b; three prism faces i, s, and r; and three 
dipyramids o, w, and n. 

When examined in the immersion microscope, 
there were three main directions of view presenting 
the major internal growth features: parallel to the a- 
axis, parallel to the c-axis, and intermediate between 
the b- and c-axes. A fourth direction intermediate be- 
tween the a-, b-, and c-axes was of less importance 
(see also table 1). A characteristic crystal showing the 
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main crystal forms is depicted in figure 5A. In a view 
parallel to the a-axis, growth features parallel to the 
prism i and occasionally parallel to the pinacoid b 
were observed (figures 5C and 6). In a view parallel 
to the c-axis, growth features and faces seen were the 


Figure 5. Morphology of a chrysoberyI crystal from the 
New England gem fields with prismatic habit. A: This 
clinographic projection shows the pinacoids a (100) 
and b (010), the prisms s (120) and i (011), and the 
dipyramid o (111). B: In a view parallel to the c-axis, 
growth zoning and morphological features parallel to 
the faces a, b, and s are observed. C: In a view parallel 
to the a-axis, growth zoning and morphological fea- 
tures parallel to the faces b and i are observed. D: In a 
view parallel to the prism i and the dipyramid 0 (ind1- 
cated by an arrow in A), growth zoning and morpho- 
logical features parallel to the faces a, 0, and i are 
observed; within the four groups of samples, the rela- 
tive sizes of the i prism and the o dipyramid vary (D1, 
D2, D3). Illustrations by K. Schmetzer. 
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Figure 6. A view of a cabochon-cut chrysoberyI] paral- 
lel to the a-axis shows growth zoning parallel to the 
prism i. Immersion, field of view 5.1 x 3.8 mm. Pho- 
tomicrograph by K. Schmetzer. 


pinacoids a and b, the prism s, and less frequently 
the prism r (figures 5B and 7). The different growth 
sectors in this latter view could also show sectorial 
zoning and color zoning. 

In a view between the b- and c-axes and parallel 
to the [011] direction (i.e., parallel to the prism i and 
the dipyramid o), the faces a, 0, and i were observed, 
occasionally in combination with a small w dipyra- 
mid. This view also revealed the principal variation 
among the samples in crystal morphology (figure 5, 
D1, D2, and D3). In some samples, the size of the i 
prism faces was balanced with the size of the o 
dipyramids (figure 5, D1). In others, either the o or 
the i faces predominated. If the o faces were domi- 
nant, the i prism was small or not observed (figure 5, 
D2). If the i faces were dominant, the o dipyramid 
was smaller (figure 5, D3). 

In an intermediate direction between the a-, b-, 
and c-axes, a combination of i and n faces was occa- 
sionally seen (figure 14). 
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Figure 7. A view of a rough chrysoberyl crystal 
parallel to the c-axis shows growth zoning asso- 
ciated with sectorial zoning and color zoning 
parallel to the pinacoids a and b as well as paral- 
lel to the prism faces s and r. Immersion, field of 
view 5.3 x 4.0 mm. Photomicrograph by K. 
Schmetzer. 


Taking into account color and these just-described 
morphological features, the four groups were charac- 
terized as follows (see table 2 and figure 8, examples 
I through IV): 


¢ Group I: yellow color, o dipyramids dominant, 
no sectorial zoning, no color zoning 

¢ Group II: yellow color, size of o dipyramids and 
i prism faces balanced, weak to absent color 
zoning or sectorial zoning 

¢ Group III: yellow to brownish yellow or yellow- 
ish brown color, size of o dipyramids and i 
prism faces balanced, strong sectorial zoning in 
which o growth sectors were yellow and i 
growth sectors had a whitish appearance in re- 
flected light but were yellowish brown to brown 
in transmitted light, color zoning in various 
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zones but primarily in i growth sectors (see also 
figures 9 and 10} 


¢ Group IV: brownish yellow or yellowish brown 
color, i prism faces dominant, sectorial zoning 
in which small o growth sectors were yellow 
and i growth sectors were whitish in reflected 
light but yellowish brown to brown in trans- 
mitted light, color zoning mainly in i growth 
sectors. This group also contained the only two 
twinned crystals within the 34 chrysoberyls ex- 
amined (figure 11). 


The samples of groups I and II and the predomi- 
nantly yellow zones of chrysoberyls from groups III 


Figure 8. A view parallel to the prism i and the 
dipyramid o of four rough chrysoberyl crystals (one 
from each of the groups I through IV) shows growth 
zoning for all of the samples. Sectorial color zoning 
parallel to the pinacoid a, to the prism i, and to the 
dipyramid o is observed for samples from groups III 
and IV. A variation in habit is caused by the relative 
size of the prism i and the dipyramid o (see figure 5). 
Immersion, field of view 4.9 x 3.7 mm (I), 3.9 x 2.9 
mm (II), 3.5 x 2.6 mm (III), 6.0 x 4.5 mm (IV). Photo- 
micrographs by K. Schmetzer. 
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Figure 9. A view of a rough chrysoberyI crystal from group III parallel to the prism i shows growth zoning associ- 
ated with sectorial color zoning parallel to the prism i (core) and parallel to the dipyramid 0 (rim). The i growth 
sector appears whitish in reflected light (left) and brown in transmitted light in immersion (right). Field of view 9.5 


x 7.1 mm. Photomicrographs by K. Schmetzer. 


and IV occasionally showed an additional slight 
greenish hue. 

The second morphological feature that influenced 
the habit of the crystals was the relative size of the a 
and b pinacoids. Chrysoberyls in which the sizes of 
the a and b pinacoids were balanced showed pris- 
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matic habit (figure 12 A,B,D,E), while samples with 
larger a faces were platy or tabular (figure 12C) and 
could also be twinned (figure 12F). 

In a few samples of groups II and III, subordinate 
w and n dipyramids were also apparent (figures 12D, 
13, and 14). 


Figure 10. A view of a rough 
chrysoberyl crystal from 
group III shows sectorial 
zoning parallel to the faces i 
(core), 0, and a (rim); color 
zoning is observed especially 
within the i growth sectors. 
A and B: Views parallel to 
the b-axis in reflected light 
(A) and in transmitted light 
(B), with the i growth sector 
appearing whitish in re- 
flected light and brown in 
immersion in transmitted 
light. C: View parallel to the 
prism i and the dipyramid o 
in immersion showing a 
sharp growth pattern associ- 
ated with sectorial zoning. 
D: View parallel to the a- 
axis in immersion showing 
color zoning. Field of view 
§.5 x 4.1 mm. Photomicro- 
graphs by K. Schmetzer. 
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Figure 11. A view of a twinned chrysoberyl crystal 
parallel to the a-axis shows growth zoning parallel to 
the prism i in both parts of the twin (the twin bound- 
ary tb is indicated by arrows). Growth striations par- 
allel to the c-axis are also observed in both parts of 
the twin, forming a V-shaped pattern (the two c-axes 
are outlined). Compare with figure 12F. Immersion, 
field of view 10.8 x 8.1 mm. Photomicrograph by K. 
Schmetzer. 


In certain crystals it was possible to see an addi- 
tional series of planes inconsistent with the typically 
observed growth pattern. An example in which such 
a series of parallel lines crossed the normal growth 
pattern of a, o, w, and i planes is depicted in figure 
15. In the particular example presented here, this se- 
ries of additional planes was identified according to 
its orientation to other common growth planes and 
runs parallel to the dipyramid (114), a face observed 
as a growth plane neither in chrysoberyls from New 
England nor in crystals from other locations. The sys- 
tem of planes was not parallel to the common twin 
plane of chrysoberyl (031) either. 


Chemical Composition. Along with the main com- 
ponents of chrysoberyl (beryllium, aluminum, and 
oxygen), all samples contained distinct amounts of 
iron as well as minor amounts or traces of boron, 
magnesium, titanium, gallium, niobium, and tanta- 
lum. The analyses are summarized in table 3, and a 
graphical representation is given in figure 16. For each 
of the group III samples, the analyses were subdivided 
into the following categories: whitish-appearing 
growth zones, designated “core” and representing 
prismatic i growth sectors; and yellow growth zones, 
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Figure 12. Morphology of chrysoberyl crystals recov- 
ered from the basalt-related sapphire placer deposits 
in the New England gem fields (clinographic projec- 
tions). The crystals show prismatic (A, B, D, and E) or 
tabular (C and F) habit, and crystal F is twinned. The 
crystal drawings represent chrysoberyls of group I 
(crystal A), II (crystals B and C), III (crystals B, C, 
and D), and IV (crystals E and F). Illustrations by 

K. Schmetzer. 


designated “rim” and representing dipyramidal o and 
occasionally pinacoidal a growth sectors. An example 
of such a sample is depicted in figure 17. Augmenting 
the quantitative data obtained by LA-ICP-MS, X-ray 
fluorescence showed that all samples also contained 
traces of tin, but no suitable standard for quantitative 
determination of this trace element by laser ablation 
was available. 

For the group II samples that showed a distinct 
sectorial zoning, the i growth sectors (core) always 
contained distinctly higher amounts of titanium, nio- 
bium, and tantalum, whereas moderately elevated 
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TABLE 2. Mineralogical and gemological properties of chrysoberyls from the New England sapphire fields. 


Group | 


Group II 


Group III Group IV 


Yellow, sometimes 
with a slightly 
greenish hue 


Color, visual appearance 


Yellow, sometimes 
with a slightly 
greenish hue 


Yellowish brown with 
whitish reflective growth 
zones 


Yellow to yellowish brown 
with whitish reflective 
growth zones 


No. of samples 4 4 17 9 
Dominant crystal forms a,b,o a,b, 0,1 a, b, 0, i a, b,i 
Subordinate crystal forms s 54n,w 54n,W 5,0 
Dominant growth zoning re] a,o,i a,o,i al 
Subordinate growth zoning n, w 54n,W oO 
Characteristic crystal drawings figure 12A figure 12B, C figure 12B, C, D figure 12E, F 
Characteristic microscopic figure 81 figure 8II figures 7, 8lll, 9, 10, 13, figures 6, 8IV, 11 
growth structures 14,15 

Spectroscopic properties lron-related lron-related Iron-related absorption lron-related absorption 


absorption bands 


absorption bands 


bands plus a continuously 
increasing absorption from 
the red to the violet and 
ultraviolet range 


bands plus a continuously 
increasing absorption from 
the red to the violet and 
ultraviolet range 


amounts of boron, magnesium, and iron were found 
in the rim. Only a minor zoning was observed for gal- 
lium, with slightly elevated contents in the rim (fig- 
ures 16 and 17). For the group I, II, and IV chrysoberyls, 
traverses of several analysis points measured across 
the samples revealed no significant zoning. 


Figure 13. A view of a rough chrysoberyl crystal from 
group III parallel to the prism i and the dipyramid o 
shows growth zoning associated with sectorial color 
zoning parallel to the prism i (core) as well as parallel 
to the dipyramid o and the pinacoid a (rim). In this 
sample, growth sectors associated with the dipyramid 
w are also observed. Immersion, field of view 4.6 x 
3.4 mm. Photomicrograph by K. Schmetzer. 


CHRYSOBERYL FROM NEW SOUTH WALES, AUSTRALIA 


Comparing the different sample groups, boron lev- 
els in groups I and II were higher than in groups III 
and IV. Magnesium was highest in samples of group 
II, niobium was highest in group IV, and tantalum was 
highest in groups I and IV. Titanium was elevated in 
the whitish cores of group III and in samples of group 
IV, the latter likewise presenting a whitish appearance 
in reflected light. Iron and gallium showed no signif- 
icant variation between the four groups. 


Color, Pleochroism, and Spectroscopic Properties. In 
transmitted light, yellow samples from groups I and 
II and yellow growth zones of chrysoberyls belonging 
to groups III and IV showed no pleochroism. In con- 
trast, the whitish growth zones seen in groups III and 
IV (yellowish brown or brown in transmitted light) 
exhibited a distinct pleochroism, with Y and Z show- 
ing light yellowish brown or brown and X displaying 
intense brown coloration. 

The whitish appearance in reflected light was ob- 
served in views parallel to the b- and c-axes (or in di- 
rections of view between the two axes) but not in a 
view parallel to the a-axis. Microscopic examination 
of cabochon-cut samples at high magnification re- 
vealed a dense pattern of needle-like inclusions ori- 
ented parallel to the a-axis (figure 18). These needles 
were responsible for the milky appearance and for the 
bright cat’s-eyes seen in cabochon-cut stones. 

Absorption spectra were recorded for samples 
from all four groups. Selected samples are depicted 
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in figure 19, and the corresponding spectra are dis- 
played in the same figure. 

Spectra are presented for two yellow crystals, 
sample 1 (group I) and sample 3 (group II). The addi- 
tional spectra provided were derived from zoned 
samples. Sample 6 (group III) had smaller whitish 
growth sectors, and sample 8 (group II) had larger 
whitish zones. Sample 10 (group IV) was primarily 
whitish with only small yellow growth sectors. As 
already mentioned, the growth zones appearing 
whitish in reflected light were yellowish brown or 
brown in transmitted light (again, see figures 8, 9, 
and 10). 

The spectra of yellow samples from groups I and 
II (again, see figure 19) showed the commonly ob- 
served iron-related absorption spectrum for 
chrysoberyl, with weak absorption bands or shoul- 
ders at about 990, 650, and 500 nm, a strong band at 
440 nm, and a strong doublet with maxima at 375 
and 365 nm. Samples with yellowish brown to 
brown i growth sectors displayed these iron-related 
absorption bands, plus an additional absorption in 
the ultraviolet, extending into the visible range. 
Stated otherwise, a continuous absorption was pres- 
ent, starting in the red and increasing to the violet 
end of the visible region and into the ultraviolet 
range. This additional absorption was responsible for 
the brownish color component in transmitted light. 


DISCUSSION 


Chrysoberyl specimens recovered from the second- 
ary sapphire deposits in Australia’s New England 
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Figure 14. Left: A view 
of a rough chrysoberyl 
crystal from group III 
parallel to the prism i 
and the dipyramid o 
shows growth zoning 
associated with sector- 
ial color zoning parallel 
to the prism i (core) as 
well as parallel to the 
dipyramid o and the 
pinacoid a (rim). Right: 
After rotation of the 
crystal, growth sectors 
associated with the 
dipyramid n are also 
observed. Immersion, 
field of view 6.0 x 4.6 
mm. Photomicrograph 
by K. Schmetzer. 


mining area were characterized by distinct miner- 
alogical and chemical properties. Commonalities and 


Figure 15. A series of planes parallel to the dipyramid 
(114) (represented by a white line) intersects the 
growth pattern parallel to the faces a, 0, w, andi. 
Color zoning is also observed within the prismatic i 
growth sectors. View parallel to the prism i and the 
dipyramid o, immersion, crossed polarizers, field of 
view 7.6 x §.7 mm. Photomicrograph by K. Schmetzer. 
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through IV. Boron, magnesium, tita- 
nium, niobium, and tantalum show 
a wide variation, while iron and 
gallium show a smaller variability. 
In samples from group III, major 
differences are measured between 
core and rim for all elements except 
iron, with the greatest variation ob- 
served for titanium. 
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TABLE 3. Chemical properties of chrysoberyls from the New England sapphire fields. 


Group | I Il? Iv> 
Samples 4 4 17 9 

total 

Analyzed 2 3 4 3 

samples 

Sample 1 2 3 4 5 6 7 8 9 10 11 12 
Number of 5 5 5 4 4  5core 4rim 3core 6rim 5core 5rim 2core 10rim 10 3 5 
analyses, 

zone 

Elements’ Average concentration, in ppmw 

B (5) 107 1.255 99 123 198 36 64 a 63 38 Oy 47 95 69 92 67 
Mg (3) 20 XY) 40 110) 154 11 15 23 33 42 71 65 50 32 40 59 
Ti (15) 794 706 487, 1010 909 2112 407 2379 884 1888 714 3067 825 3464 2391 4700 
Vv (3) bdl bdl 7 58 51 bdl 4 83 84 17 21 31 26 25 46 44 
Cr (10) bdl bdl bdl 35 bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl 18 
Mn (1) 6 4 5 5 4 bdl bdl bdl bdl 3 3 5 bdl 4 3 5 
Fe (30) 23,220 24,649 32,378 33,746 24,227 18,710 20,905 20,858 24,322 32,069 40,089 15,029 16,485 29,021 26,500 28,959 
Cu (0.8) bdl bdl bdl bdl bdl bdl bdl bdl bdl 1 2 16 26 bdl bdl bdl 
Ga (1) 863821 631 715. 727—— 1135 1183 851 =6912-s B41 96602) S897 0S 1015 994789 993 
Zr (0.5) bdl bdl 2 3 4 bdl bdl bdl bdl bdl bdl 12 bdl 3 7 4 
Nb (0.2) 4 2 2 5 4 5 1 i 2 6 3 8 3 184 249 106 
In (0.05) 0.2 bdl bdl 0.3 0.6 0.6 0.2 0.5 bdl 0.6 0.8 0.4 1.2 5 1.8 1.4 
Hf (0.2) bdl 1 bdl bdl 0.5 bdl bdl 0.7 bdl bdl bdl bdl bdl 3 4 2 
Ta (0.2) 141. 415 7 8 4 103 5 88 6 93 24 60 19 367 509 = 502 
Pb (0.2) bdl bdl 0.8 bdl bdl bdl bdl 0.4 3 bdl le? 5 bdl bdl 0.5 bdl 


Note: Analytical values for specific elements are only given if all analyses of one sample were above the detection limit. Elements analyzed: Li, Be, B, Na, 
Mg, Al, Si, P. K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Rb, Sr, Y, Zr, Nb, Mo, Ag, Cd, In, Sb, Cs, Ba, La, Ce, Nd, Sm, Eu, Gd, Tb, Dy, Er, Yb, Lu, 


Hf, Ta, W, Au, TI, Pb, Bi, Th, and U; bdl = below detection limit. 


* Core indicates prismatic i (011) growth zones; rim indicates mainly dipyramidal 0 (111) and occasionally also pinacoidal a (100) growth zones. 


® Most analyses represent prismatic i (011) growth zones. 
© Average minimum detection limits are given in parentheses. 


variations among these properties enabled the sam- 
ples to be summarized and presented according to 
four groups. These four groups might originate from 
different mines within the New England placer de- 
posits, but it is also possible that the samples were 
separated from the sapphires mined commercially 
within one single area. 

The morphology of the crystals, as determined 
mainly through internal growth structures, was com- 
parable to the features of many chrysoberyls and 
alexandrites worldwide. Also common were the pris- 
matic or tabular habits of the Australian stones. 

Conversely, the most striking feature of the New 
England chrysoberyls was the strong sectorial zoning 
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observed in a substantial number of the samples. Vi- 
sual appearance in reflected and transmitted light, 
spectroscopic properties, and trace-element contents 
differed for prismatic i growth sectors as compared to 
the adjacent dipyramidal o growth zones. A pro- 
nounced sectorial color zoning between i (core) versus 
o and a (rim) growth sectors was recently described for 
alexandrites from Hematita, Brazil (Schmetzer and 
Hainschwang, 2012), but a pattern similar to the Aus- 
tralian material described here is unknown to the 
present authors. The series of structural planes inter- 
secting the commonly observed growth pattern might 
represent glide planes that were caused by extremely 
high pressure during or after crystal growth. 


Gems & GEMOLOGY SPRING 2016 


2 80 4 B ¢ 18 - n ‘ Mg 
: ¢ ig 
70 4 
E © ~ * 5 14 i 
= 6-4 & * od e 
124 
Zz Sd Zz rs ° 
O 50-4 Q 104 
= iE 
bs 40 5 Pe ° o Ss 84 
= e = gl 
Z 30- ‘ Z ° 
Z ZT 
204 
S cS «| 
0 T T T T T T T T T 1 0 T T T T T T T T T 1 
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 T 8 9 
ANALYSIS POINT ANALYSIS POINT 
= 2500 4 Ti = 24000 4 Fe 
: a rs ® = 23000 4 
E 2000 4 ° ° & 
= & 22000 4 
° 
S 1500 4 5 21000 4 * ° ° 
= = al 
< < 20000 e 
ey Ua 19000 4 ° 
& & 18000 4 > ¢ ¢ 
UV 5004 ) 
5 nad “ 2 5 17000 4 
O O 
0 T T T T T T T T T 1 16000 T T T T T T T T T 1 
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 
ANALYSIS POINT ANALYSIS POINT 
an Ga a 6-4 Nb 
= 1250 - £ 5 a rs ° 
& * & 
z 1200 - ° | ¢ ¢ 
5 ° ° 6 
F& 11504 Ee 3- 
S  °¢ © ° s 
= iE 
5 1100 5 © 7 25 
fs} ) ei 
Z 1050 4 Z 14 Ps ° e 
e) fe) 
O O 
1000 T T T T T T T T T 1 0 T T T T T T T T T 1 
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 
ANALYSIS POINT ANALYSIS POINT 
¢ 120 4 Ta 
ni ° 
& 100 4 bs rs sf e 
= 
Zz 8-4 
fe) 
Ee 6-4 
s 
5 40 4 
Mabel 
O 
Z 2-4 
fe) 
O 0 e A ¢ ® 
a eer ee ea |e ee eel] 
1 2 3 4 5 6 7 8 9 


ANALYSIS POINT 


Figure 17. Graphical representation of trace-element contents in a chrysoberyIl crystal from group III. Two analysis 
points are located left of the center within an o growth zone, two analysis points are located right of the center within 
another o growth zone, and the central i growth sector is represented by five analysis points. In the traverse across the 
two 0 (rim) and the i (core) growth sectors, boron, magnesium, titanium, niobium, and tantalum show a wide varia- 
tion, while iron and gallium show only a smaller variability. The sample showing sectorial color zoning is depicted at 
the lower right. 
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Regarding chemical composition, the analytical 
technique used measured the bulk composition of 
the chrysoberyl host together with any minute in- 
clusions present in specific areas with a diameter of 
approximately 50 um (see figure 18). For the zoned 
crystals of group II, the greatest compositional con- 
trast between the cores and the rims was the elevated 
titanium contents within the i growth sectors of the 
cores. Similarly high concentrations of titanium 
were also observed in samples of group IV, which 
were comprised primarily of i growth zones. These 
high titanium levels might correlate with minute 
needle-like inclusions. These tiny needles were re- 
sponsible for the whitish appearance of the growth 
sectors in reflected light and caused chatoyancy in the 
cabochon-cut samples. The inclusions producing cha- 
toyancy are normally described as rutile precipitates 
or extremely thin channels, but there exists no de- 
tailed study (e.g., by transmission electron mi- 
croscopy) of this phenomenon in natural chatoyant 
chrysoberyl. In synthetic alexandrite, chatoyancy is 
produced by doping the melt with titanium oxide dur- 
ing crystal growth, followed by exsolution of needle- 
like precipitates through subsequent heat treatment 
of the as-grown crystals (Schmetzer et al., 2013b). 

The yellow color apparent in many of the Aus- 
tralian samples studied here was related to minor 
amounts of iron, as confirmed by trace-element com- 
position and spectroscopic data. The absorption spec- 
tra recorded were consistent with the literature 


Figure 18. Extremely fine needle-like particles run- 
ning parallel to the a-axis in a chrysoberyI cat’s-eye 
are responsible for chatoyancy. Oil immersion, re- 
flected light, field of view 75 x 56 um. Photomicro- 
graph by H.-]. Bernhardt. 
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(Farrell and Newnham, 1965; Pfenninger, 2000; Lot- 
termoser et al., 2011). Iron is predominantly found as 
Fe** replacing Al** in both octahedrally coordinated 
sites of the chrysoberyl structure, but a small fraction 
of iron is also found occasionally in the bivalent state 
(Weber et al., 2007; Lottermoser et al., 2011). 

The slightly greenish hue of some yellow samples 
might be due to the small traces of vanadium that 
were detected in various New England stones (see 
table 3). The influence of such small amounts of 
vanadium and/or chromium has been described re- 
cently for slightly greenish yellow chrysoberyls from 
Madagascar and Sri Lanka (Witthayarat and Thana- 
suthipitak, 2014). 

The iron levels measured for both the cores and 
the rims of group III chrysoberyls as well as for the re- 
maining samples of other groups were all in a com- 
parable range (figures 16 and 17, table 3). Thus, 
different iron concentrations alone cannot be respon- 
sible for the color variation between yellow and 
brown samples or for the sectorial color zoning be- 
tween cores and rims of group III stones. The distinct 
pleochroism within the brown sectors of groups III 
and IV suggests that an electron charge-transfer 
mechanism may cause the increasing absorption 
from red to violet in the visible range. A definitive an- 
swer, however, would require more extensive analy- 
sis, and an assignment of this particular absorption to 
Fe?-Fe** or Fe*-Ti* pairs is not possible at present. 

Tin and gallium have long been recognized as 
trace elements in chrysoberyls and alexandrites 
from a variety of locations (Ottemann, 1965; Otte- 
mann et al., 1978), and multiple trace elements in 
alexandrites have been used in recent studies to as- 
sist in origin determination (Malsy, 2010; Schmet- 
zer and Malsy, 2011; Schmetzer et al., 2011). In 
these latter studies, a number of trace elements 
such as boron, magnesium, gallium, germanium, 
tin, and tantalum were considered, along with the 
main color-causing transition metals vanadium, 
chromium, and iron. The trace elements deter- 
mined by LA-ICP-MS showed a wide compositional 
range for samples from Russia, Brazil, India, Sri 
Lanka, Tanzania, and Zimbabwe. Ternary diagrams 
prepared from the data then enabled separation be- 
tween various localities. 

Niobium and tantalum have been reported as 
trace elements in volcanic sapphires from placer de- 
posits in Australia, including those of the New Eng- 
land gem fields, but also from basalt-related placer 
deposits in other countries such as Thailand, Laos, 
Cambodia, China, Nigeria, Madagascar, and Scot- 
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Figure 19. Absorption spectra of five chrysoberyls 
(samples 1, 3, 6, 8, and 10) representing samples from 
groups I through IV (indicated in red). The Arabic 
sample numbers (in black) correlate with the analy- 
ses given in table 3, and the samples are depicted in 
the insert. Average iron contents are given in blue (in 
1000 ppmw Fe). All spectra reveal absorption bands 
assigned to trivalent iron; the spectra of the yellowish 
brown to brown samples 8 and 10 from groups III and 
IV present an additional absorption with a continu- 
ous increase from the red to the violet part of the visi- 
ble range. The spectra of samples 3, 6, 8, and 10 were 
shifted vertically for clarity. The faceted yellow sam- 
ple 1 measures 5.8 x 4.4 mm and weighs 0.58 ct. Inset 
photo by K. Schmetzer. 


land. Nb or Ta contents are frequently at low levels, 
with ranges below 50 ppm, but concentrations of up 
to several hundred or several thousand ppm have 
been reported for sapphires from specific occur- 
rences (e.g., the Weldborough area in Tasmania). The 
Nb and Ta contents measured in the corundum de- 
rive from various mineral inclusions, especially 
columbite, pyrochlore, ilmenorutile, and brookite. 
The sizes reported for such inclusions vary from the 
millimeter range down to the micron range, and 
some inclusions are even described as submicro- 
scopic—i.e., near or below 1 ym in size (Coenraads, 
1991; Guo et al., 1996; Sutherland et al., 1998, 2002, 
2009; Saminpanya et al., 2003; Wathanakul et al., 
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2004; McGee, 2005; Abduriyim and Kitawaki, 2006; 
Zaw et al., 2006; Graham et al., 2008; Sutherland 
and Abduriyim, 2009; Upton et al., 2009; Pardieu, 
2013). 

Compared to the data published for volcanic sap- 
phires in these prior works, however, some of the 
present chrysoberyl samples, while recovered from 
placer deposits related to Tertiary volcanics and un- 
earthed together with basaltic sapphires, showed ex- 
tremely elevated levels of niobium (group IV crystals) 
and tantalum (group I samples, cores in group III, and 
group IV chrysoberyls). Similarly high tantalum con- 
tents of up to 1364 ppm Ta were reported for Russian 
alexandrites but were not linked to any particular 
mineral inclusion (Malsy, 2010). 

In considering the potential relationship of such 
elevated niobium and tantalum levels to the inclu- 
sion scene of the Australian stones here, many of the 
yellow samples from groups I and II as well as the 
yellow growth zones for groups III and IV did not 
show any inclusions in the immersion microscope. 
At high magnification, one chrysoberyl with a 
whitish area showed the small needle-like particles 
that were responsible for chatoyancy in cabochon- 
cut samples, but such inclusions have typically been 
described as rutile. Thus, further studies would be 
necessary to determine the mineral species present 
as inclusions and from which the elevated Nb and Ta 
could derive. 

Recently, trace-element contents of corundum, 
chrysoberyl, and zircon grains recovered from the 
Mamfe placer deposit in southwest Cameroon were 
described (Kanouo et al., 2016). It was concluded that 
most of the blue, yellow, or grayish green corundum 
samples found in the Mamfe gem placer deposit were 
of magmatic origin and that the chrysoberyls were 
formed in granitic pegmatites; in other words, the 
sapphire and chrysoberyl grains originated from dif- 
ferent host rocks. With respect to the chrysoberyls 
in particular, it was assumed that they had originated 
from two different granitic pegmatites,; this conclu- 
sion was derived from analyses of four grains, on the 
basis primarily of variable trace-element ranges of 
tin, titanium, tantalum, niobium, and zirconium. 

Regarding formation of the present four groups 
of chrysoberyl samples recovered from placer de- 
posits in New South Wales, together with sap- 
phires related to Tertiary volcanics (most likely 
volcaniclastic rocks), it is necessary to consider 
that granites and pegmatites are also located in the 
area (see, e.g., Audétat et al., 2000; Pettke et al., 
2.005; Schaltegger et al., 2005; Brown, 2006). How- 
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ever, chrysoberyls from these large granitic bodies 
are—to our knowledge—not mentioned in the lit- 
erature, and therefore no direct comparison with 
such material is possible. 

Thus, one of the following scenarios could explain 
each of the four groups: 


1. The chrysoberyls were formed in granitic peg- 
matites and subsequently accumulated at the 
placers without transport by or interaction with 
the volcanic rocks that carried the sapphires to 
the surface. 


2. The chrysoberyls and sapphires were accumu- 
lated from different host rocks in the earth’s 
crust and transported by volcanic activity to- 
gether to the surface. 


It is, of course, possible that the same underlying 
scenario does not apply to each of the groups of 
chrysoberyl samples described in this study. This 
could also be the reason for the widely ranging trace- 
element levels found in samples from the various 
groups. Conclusive data to decide between these 
possibilities, as worked out for corundum within the 
last two decades using trace-element contents, are 
not available for chrysobery]l. 
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GEM-QUALITY SERPENTINE FROM 
VAL MALENCO, CENTRAL ALPS, ITALY 


llaria Adamo, Valeria Diella, Rosangela Bocchio, Caterina Rinaudo, and Nicoletta Marinoni 


Pizzo Tremogge in Val Malenco, Italy, is a source of gem-quality serpentine. Samples from this mountain 
locality were investigated by standard gemological and petrological methods, Raman spectroscopy, and 
electron microprobe analysis. The rough and polished specimens were massive aggregates, with a green 
to yellow color and white, gray, and black veins or spots. From a mineralogical standpoint, this material 
consists of all three phases of serpentine-group minerals (lizardite, antigorite, and chrysotile) alternating 
with other minerals such as carbonate (calcite and dolomite), quartz, chlorite, and brucite. The quantity 
of carved and polished material to date is small, but the latest geological prospecting indicates the out- 


crop’s strong potential. 


forming hydrous phyllosilicates, with an ideal 

chemical formula of Mg,Si,O,(OH),. Each of the 
three main serpentine polymorphs (chrysotile, 
lizardite, and antigorite) forms under a wide range of 
thermic conditions in many geologic settings (Evans 
et al., 2013). Serpentinite!, which consists mostly of 
serpentine-group minerals, has been used since an- 
tiquity for ceremonial and ornamental carvings 
(Guillot and Hattori, 2013). Gem-quality serpentine, 
often referred to as “noble” serpentine, is character- 
ized by a compact microstructure and fine colors, 
such as blue-green, yellowish green, gray, and white 
(O’Donoghue, 2006). The material is sometimes 
used as an imitation of jadeite and nephrite because 
of its similar aggregate structure and color appear- 
ance, and it is often marketed as “serpentine jade” 
(Kim et al., 2006; Lin et al., 2012). A rare chatoyant 
variety of serpentine was also reported by Choud- 
hary (2009). 

Val Malenco (or Malenco Valley) in the Central 
Alps of Italy, famous for gem-quality demantoid, 
nephrite, and rhodonite (Adamo et al., 2009; Adamo 
and Bocchio, 2.013; Diella et al., 2014), is also a source 


forming hyo minerals are common rock- 


of gem-quality serpentine (figure 1). In particular, one 
of Val Malenco’s best-known sources for serpentine 
is Pizzo Tremogge (or Tremogge Peak) (figure 2, left). 
As seen in figure 2, right, serpentine is included in 
forsterite olivine-bearing marbles from the Paleozoic 
era (Bedogné et al., 1993). 

Gem-quality serpentine from Pizzo Tremogge 
was discovered by mineral collector Pietro Sigis- 
mund, who reported the find in the 1930s (Gramac- 
cioli, 1962). Production and marketing of the 
material started around the year 2000 (P. Nana, pers. 
comm., 2015). The serpentine layers (figure 3), lo- 
cated 2800 m above sea level, are discontinuous (up 
to 300-350 m in length and 40 m in thickness), and 
mining is limited by difficult access. Although the 
outlook for future production is uncertain, reserves 
at deeper layers may be inferred. 

Serpentine from Pizzo Tremogge was traditionally 
identified as lizardite, although a full mineralogical in- 
vestigation of this material has yet to be conducted. 
Recent preliminary data by Adamo et al. (2014) proved 
that antigorite and chrysotile also occur together with 
lizardite. Therefore, it seems useful to provide a fur- 
ther detailed characterization of the serpentine from 
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'Serpentinite: Rock consisting largely of serpentine-group minerals 
formed by “serpentinization,” a process consisting of a hydration 
and metamorphic transformation of oceanic crustal and upper 
mantle material. 
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Figure 1. Serpentine from Pizzo Tremogge in Val Malenco, Italy. Left: A bead necklace rests on a 15 cm long orna- 
mental polished slab. The necklace is accompanied by a cat statuette measuring about 4 cm high and two pen- 
dants approximately 3.5—4 cm in length. The necklace on the right consists of spherical beads ranging in diameter 


from 1.0 to 2.0 cm. Photos by Pietro Nana. 


Pizzo Tremogge, focusing on its use as a gem material. 
We investigated a suite of rough and cut samples pro- 
vided by Mr. Pietro Nana (Sondrio, Italy), using gemo- 
logical characterization, electron microprobe chemical 
analyses, and Raman spectroscopy. The latter is a re- 
liable and nondestructive method for identifying the 
three serpentine minerals (Rinaudo et al., 2003). 


BACKGROUND INFORMATION 

Serpentine-group minerals include lizardite, chryso- 
tile, and antigorite, which are polymorphs of the Mg- 
rich hydrous phyllosilicate with the approximate 
chemical formula Mg,Si,O.(OH),. To some extent, 
Fe, Al, and Ni may be substituted for antigorite, and 
Al for Si (Deer et al., 2009). The basic structural unit 


Figure 2. Left: A view of Pizzo Tremogge in Val Malenco, Italy. Photo by Pietro Nana. Right: A sketch map of the Pizzo 
Tremogge area, showing (1) clinothulite outcrop (in dark brown), (2) “noble” serpentine layers (in light brown), (3) marbles 
with olivine (forsterite), and (4) marbles with intercalations of “noble” serpentine. Modified from Gramaccioli (1962). 
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Pizzo Tremogge 
3394 m 


SPRING 2016 39 


Gems & GEMOLOGY 


consists of an Mg-rich sheet, linked on one side to a 
single tetrahedral silicate sheet, with hydrogen bond- 
ing between the layers (Evans et al., 2013). Lizardite, 
chrysotile, and antigorite are distinguished by their 
crystal microstructure, consisting of different arrange- 
ments of the layers. Lizardite and chrysotile are char- 
acterized by a flat and a curved/cylindrical crystal 
microstructure, respectively, while antigorite dis- 


In Brief 


e Gem serpentine is a massive aggregate of hydrous 
magnesium silicate crystals. 


¢ Serpentine from Pizzo Tremogge, in Val Malenco of the 
Italian Central Alps, has been known since the 1930s 
but was not marketed until about 2000. 


e Samples from this locality consist of all three phases of 
serpentine-group minerals, alternating with other min- 
eral phases. 


plays wavy layers resulting in a corrugated mi- 
crostructure (Evans et al., 2013). Serpentine minerals 
form by the hydration of olivine-rich ultramafic 
rocks at relatively low temperature; this is the ser- 
pentinization process. The three serpentine-group 
minerals have different stability fields (Deer et al., 
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Figure 3. The serpen- 
tine layers intercalated 
with marble at Pizzo 
Tremogge. Photo by 
Pietro Nana. 


2009). In particular, lizardite is the first phase that 
commonly pseudomorphs after olivine; chrysotile 
occurs mainly as a filling in the fractures that cross- 
cut serpentinite rocks, whereas antigorite is consid- 
ered the high-temperature phase, growing from 
lizardite and chrysotile with increasing grade of 
metamorphism at temperatures above about 320°C 
(Evans et al., 2013). Chrysotile is also the main con- 
stituent of commercial asbestos, which was used ex- 
tensively for thermal and electric insulation until the 
discovery that its fine dust is harmful to human 
health (Fubini and Fenoglio, 2007). 


GEOLOGICAL SETTING 


Val Malenco is located at the border of southeastern 
Switzerland and northern Italy, between the Pen- 
ninic and the Austroalpine domains of the Alps 
(Mtintener et al., 2000). The regional geology appears 
complex due to extensive tectonic disruption associ- 
ated with a stack of Alpine nappes (Penninic and 
Austroalpine nappe system). Three major structural 
complexes, shown in figure 4 from east to west, char- 
acterize this area: 


1. the Margna unit, composed of basement rocks 
with a Mesozoic sedimentary cover 

2.. the Malenco unit, one of the largest ultramafic? 
masses of the Alps, dominated by variably ser- 
pentinized ultramafic rocks 
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Figure 4. This geological map of Val Malenco shows the rocks constituting the Margna unit (brown and light yel- 
low), the Malenco unit (dark green), and the Monte del Forno unit (light green). Gem-quality serpentine is found in 
the metasedimentary cover, consisting mainly of marbles, of the Margna unit. Modified from Adamo et al. (2009). 


3. the Monte del Forno unit, an ophiolite® suite, 
consisting of oceanic metabasaltic rocks 


In the Margna unit, the crystalline basement rocks 
show intercalations of carbonate rocks both of Paleo- 
zoic and Mesozoic age (Bedogné et al., 1993). The 
more ancient lithologies consist mainly of calcite- 
bearing marbles that preserve the amphibolite-facies 
paragenesis conditions of the enclosing rocks 
(gneisses and metagabbros). The composition of these 
marbles is not homogenous and is mainly related to 
the different proportions of carbonate and other asso- 
ciated minerals. Marbles in the area of Pizzo 
Tremogge (again, see figure 2), located 2800 m above 
sea level, are multicolored (yellow, yellow-green, and 
brown-orange) and show a rich mineral content, with 
magnesium silicates (clinohumite, olivine, serpen- 
tine, diopside, chlorite, and phlogopite), spinel, 
graphite, hematite, pyrite, and brucite. In most cases, 
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olivine (forsterite) is completely replaced by yellow- 
green serpentine and chlorite (Bedogné et al., 1993). 


MATERIALS AND METHODS 


A total of 10 samples from Pizzo Tremogge, consist- 
ing of four rough and six cut specimens (four spheres 
and two freeforms), were investigated in this study 
(see table 1 and figure 5). 

Optical properties and specific gravities (SG) of 


?Ultramafic: Igneous rock with low silica content (less than 45% 
SiO,). Ultramafic rocks are usually composed of greater than 90% 
mafic minerals, which are typically dark and have high magnesium 
and iron contents. 

3Ophiolite: From the Greek “ophio” (snake) and “lithos” (stone). 
Ophiolite sequences are brilliant green, snake-like stratified serpen- 
tine minerals that form in altered oceanic crust and mantle. While 
ophiolites are rare, occurrences are found in localities around the 
world. 
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the six cut samples were determined at the Italian 
Gemological Institute (IGI) laboratory in Milan using 
standard gemological methods. Refractive indices 
(RI) were measured by the distant vision method 
using a Kruss refractometer with sodium light (589 
nm) from a Leitz lamp, and methylene iodide satu- 
rated with sulfur and C,I, as a contact liquid (RI = 
1.80). A Mettler hydrostatic balance was used to de- 
termine the SG. Ultraviolet fluorescence was inves- 
tigated with a short-wave (254 nm) and long-wave 
(366 nm) UV lamp. 

Raman spectroscopic analyses were carried out on 
four thin petrographic sections cut from samples S1, 
S2, $3, and $4) at the University of Eastern Piedmont 
in Alessandria, Italy, using a Jobin Yvon LabRam 
HR800 p-Raman spectrometer equipped with an 
Olympus BX41 microscope, an HeNe 20 mW laser 
working at 632.8 nm, and a charge-coupled device 
(CCD) air-cooled detector. The instrument was cali- 
brated by checking the position and intensity of the 
Si band at 520.65 + 0.05 cm! before every run. In 
order to balance signal against noise, at least 50 cy- 
cles of 20 seconds each were performed. The spectral 


Figure 5. These cut serpentines (7.35-13.78 ct) were 
among the samples investigated in this study. Photo 
by Rosangela Bocchio. 
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TABLE 1. Serpentine samples investigated in this 
study. 


Sample Appearance Dimensions 

S1 Thin section 4x2cm 

$2 Thin section 4x2cm 

S3 Thin section 4x2cm 

S4 Thin section 4x2cm 

$5 Sphere 1.02-1.05 cm diameter 
S6 Sphere 1.06-1.07 cm diameter 
S7 Sphere 1.04-1.05 cm diameter 
S8 Sphere 1.02-1.03 cm diameter 
S9 Freeform 1.30 x 2.23 x 0.60 cm 
S10 Freeform 1.50 x 1.85 x 0.70 cm 


region recorded ranged from 1200 to 200 cm, where 
the vibrational lattice modes of the different miner- 
als are located. Spectra were acquired using Origin 
6.0 data analysis software. The mineral phases re- 
sponsible for the different Raman bands observed 
were identified by previously published Raman spec- 
tra (Kloprogge et al., 1999; Rinaudo et al., 2003; 
Groppo et al., 2006) and the RRUFF database 
(http://rruff.info). 

Backscattered electron images and quantitative 
chemical analyses of major and minor elements were 
performed at the University of Milan on four polished 
thin sections (4 x 2 cm in dimension, cut from the 
rough samples S1, $2, S3, and S4) after a petrographic 
study by optical microscope. Quantitative chemical 
analysis was performed using a JEOL JXA-8200 elec- 
tron microprobe in wavelength-dispersive mode, under 
operating conditions of 15 kV accelerating voltage, 5 
nA beam current, and count times of 30 seconds on 
peaks and 10 seconds on the background. The follow- 
ing elements were measured: Na, Mg, Al, Si, K, Ca, Ti, 
V, Cr, Mn, Ni, Zn, and Fe. Natural minerals or pure 
metals were used as the standards, and the raw data 
were corrected for matrix effects using a conventional 


PZ routine in the JEOL software package. Detection 
limits were 0.01 wt.%. 


RESULTS AND DISCUSSION 

Gemological Properties. The gemological properties of 
the six cut samples are reported in table 2. Serpentine 
from Pizzo Tremogge has a massive aspect, with a 
green to yellowish green to yellow color, sometimes 
with white or gray veins and black spots. The samples’ 
spot RI was approximately 1.55, and SG ranged from 
2.50 to 2.67, with variations related to the occurrence 
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of other minerals. In particular, specimens with many 
black inclusions had a higher SG. The data were con- 
sistent with those previously measured by Adamo et 
al. (2014) and within the range reported by O’Donoghue 
(2006). Moreover, the values of RI and SG matched 
those reported by Kim et al. (2006) for gem-quality ser- 
pentine jade from Korea, composed of antigorite (1.56 
and 2.57, respectively). The SG of our specimens also 
corresponded with the values (2.50—2.73) measured by 
Lin et al. (2012) for serpentine jade from Jilin province 
in China, consisting of lizardite. 

The serpentine samples from Pizzo Tremogge are 
inert to UV radiation and have a Mohs hardness of 
approximately 4, which is typical of serpentine (Kim 
et al., 2006; Xinying et al., 2012). 


Calcite 


eA) 


Petrographic Examination and Raman Spectroscopy. 

When observed with a petrographic microscope, the oe 

samples showed a coarse-grained structure. Serpen- ee Oe a Bt 

tine was the dominant mineral, alternating with car- ~~ = oe 

bonate (calcite and dolomite), quartz, brucite, and Figure 6. Observed in plane polarized light, this thin 

chlorite veins (figure 6). section of sample S2 shows serpentine (light brown), 
The identification of serpentine minerals (lizardite oa awa Aaa (MEN sPHOnOrE Gre 
is . : ’ graph by Rosangela Bocchio. 

antigorite, and chrysotile) through petrographic exam- 

ination is difficult, owing to their similar optical prop- 

erties as well as their submicroscopic intergrowths 

(Rinaudo et al., 2003; Groppo et al., 2006). Four sam- 

ples (S1, S2, S3, and S4) were therefore examined by 


the literature for lizardite, chrysotile, and antigorite 
suggests the following: 


petrographic Raman spectroscopy to determine their e The spectrum of sample S1 shows an associa- 
mineralogical composition. The Raman spectra of the tion of chlorite and lizardite. Since the thin pet- 
four serpentine thin sections are shown in figure 7, rographic sections are glued on the glass slide, 
whereas table 3 presents the bands observed and their resin is responsible for the bands at 1184, 1112, 
assignments. 1048, 821, 769, 736, and 639 cm* in the Raman 

Comparison of the Raman spectra of serpentine spectrum. Repeated check analyses on the 
from Val Malenco (figure 7) with those reported in resin showed unequivocally the assignment of 


TABLE 2. Gemological properties of the fashioned serpentine samples. 


Samples S5 S6 S7 S8 s9 S10 
Cut Sphere Sphere Sphere Sphere Freeform Freeform 
Weight (ct) 7.35 8.01 7.50 7.47 9.81 13.78 
Color Greenish Greenish Greenish Yellow Yellowish Greenish 
yellow yellow yellow green yellow 
Diaphaneity Opaque Opaque Opaque Opaque Opaque Opaque 
RI 135 1:55: 1,55 1.55 1,55 1,55 
SG 2.61 2.62 2.61 2.63 2.50 2.67 
Mohs hardness 4 4 4 4 4 4 
UV fluorescence Inert Inert Inert Inert Inert Inert 
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TABLE 3. Band frequency (cn) and assignment in four serpentine samples. 


Sample 1 Sample2 Sample3 Sample4 — Band assignment Reference 
—_— 1097 — —_ Lizardite Rinaudo et al. (2003) 
_— — 1105 1103 Chrysotile Kloprogge et al. (1999) 
— = 1088 = Calcite White (2009) 
— — 1044 1044 Antigorite Kloprogge et al. (1999), 
Petriglieri et al. (2015) 
= — 714 - Calcite White (2009) 
_— 691 693 692 Lizardite, chrysotile Rinaudo et al. (2003) 
Petriglieri et al. (2015) 
_— 688 _— Mixed antigorite-chrysotile | Groppo et al. (2006) 
690 Chlorite-lizardite Groppo et al. (2006), 
Prieto et al. (1991) 
— 628 629 629 Lizardite, chrysotile Rinaudo et al. (2003) 
546 — bez — Chlorite Prieto et al. (1991) 
520 Antigorite Rinaudo et al. (2003) 
— 463-464 464 Chrysotile, antigorite Kloprogge et al. (1999), 
Groppo et al. (2006) 
463 Chlorite Prieto et al. (1991) 
= — 432 434 Chrysotile Kloprogge et al. (1999) 
388 392 391 390 Lizardite, chrysotile Rinaudo et al. (2003), 
Petriglieri et al. (2015) 
— — 380 382 Antigorite Groppo et al. (2006) 
357 — 358 — Chlorite Prieto et al. (1991) 
349 349 346 347 Lizardite, chrysotile Rinaudo et al. (2003), 
Petriglieri et al. (2015) 
— — 321 321 Chrysotile Kloprogge et al. (1999) 
— — 284 _— Calcite White (2009) 
284 Chlorite Prieto et al. (1991) 
238 235 230-234 232 Lizardite, chrysotile, Rinaudo et al. (2003), 


antigorite 


Petriglieri et al. (2015) 


“—”: Peak is not present. 
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these peaks. The more intense band at 690 cm 
is generated by the combination of the more in- 
tense bands of chlorite at 682-683 cm! (Prieto 
et al., 1991) and lizardite at 690-693 cm" (Rin- 
audo et al., 2003; Groppo et al., 2006). The pres- 
ence of chlorite is confirmed by the observation 
of bands at 546, 463, 357, and 284 cm", 
lizardite crystallization is indicated by the 
bands at 388 and 238 cm7!. As demonstrated by 
Groppo et al. (2006), in lizardite the band near 
390 cm! shifts toward lower wavenumbers, 
with increasing amounts of Al replacing Si in 
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the tetrahedral sites. In our case, chemical mi- 
croprobe analyses show a lower SiO, content in 
sample S1 (see the “Chemical Analysis” section 
and table 4). 

The spectrum of sample S2 is unequivocally as- 
signed to lizardite. The band at 1097 cm" is 
unique to this variety of serpentine, whereas the 
bands at 691, 628, 392, 349, and 235 cm” are in 
the proximity of lizardite and chrysotile (Rinaudo 
et al., 2003; Petriglieri et al., 2015). 

Sample S3 was analyzed in two different areas 
due to an evident color variation in different 


SPRING 2016 


RAMAN SPECTRA 


A B = 


L2/Chl 


RELATIVE INTENSITY — 
RELATIVE INTENSITY — 


T T T T 1 
1200 1000 800 600 400 200 1200 1000 800 600 400 200 


RAMAN SHIFT (cn) RAMAN SHIFT (cn) 


C Ctl Ctl D Cal 
cial 1088 


Cal Atg/Ctl Atg 
714 688 
™~N 


RELATIVE INTENSITY — 
RELATIVE INTENSITY — 


552 463 


T T T T 1 T T T T 1 
1200 1000 800 600 400 200 1200 1000 800 600 400 200 


RAMAN SHIFT (cm) RAMAN SHIFT (cn) 


Ctl ctl AYO Atg/ctl 

692 390 382 232 

ae Figure 7. Raman spectra of serpentine samples. 
A: sample S1, B: sample S2, C: sample S3-1, 

D: sample 83-2, E: sample S4. Lz = lizardite, Ctl 
= chrysotile, Atg = antigorite, Cal = calcite, and 
Chl = chlorite. * = peaks due to the resin of the 
thin section. See table 3 and text for the iden- 
tity of the low-intensity peaks. 
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areas of the stone. In the spectrum obtained ring at 1105, 693, 629, 391, 346, and 234 cm! 
from the greenish yellow area (figure 7C), the correspond with those of pure chrysotile re- 
shape and the position of the single bands occur- ported by Rinaudo et al. (2003) and Petriglieri et 
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TABLE 4. Microprobe analyses of four serpentine samples. 


Sample wt.% S1 S1 $2 $2 $2 S3 S3 S3 S4 S4 S4 
SiO, 40.55 40.37 39.81 40.21 40.31 42.66 42.86 42.73 41.52 43.26 43.20 
TiO, 0.12 0.17 0.21 0.14 0.16 0.12 0.15 0.15 0.11 0.14 0.07 
ALO, 2.16 2.23 3.13 3.08 3.13 1.19 1.21 1.23 1.01 0.66 0.72 
Cr,O, 0.03 0.02 bdl bdl bdl bdl bdl bdl 0.05 0.04 bdl 
FeO 3.72 3.58 3.22 3.34 3.30 1.83 1.46 1.52 1.86 1.52 1.40 
NiO bdl 0.01 0.04 0.04 0.01 0.04 0.06 bdl bdl 0.01 bdl 
MnO 0.01 bdl 0.01 bdl bdl 0.05 bdl bdl 0.02 0.06 bdl 
MgO 39.61 39.29 40.17 39.93 39.93 41.90 41.78 42.08 41.49 40.55 40.72 
CaO 0.18 0.02 0.03 0.01 0.02 0.04 0.03 0.04 0.02 0.02 bdl 
ZnO bdl bdl 0.02 bdl 0.08 0.05 0.04 bdl 0.08 0.09 0.09 
Na,O bdl bdl 0.01 0.01 bdl bdl bdl 0.02 0.01 bdl bdl 
K,O bdl bdl 0.01 bdl 0.01 bdl bdl bdl 0.01 0.01 bdl 
H,O 12.62 12.54 12.69 12.72 12.74 13.00 13.00 13.01 12.73 12.84 12.83 
Total 99.00 98.23 99.35 99.48 99.69 100.88 100.59 100.78 98.91 99.20 99.03 
Tetrahedral cations 
Si** 1.925 1.929 1.881 1.897 1.897 1.969 1.978 1.969 1.957 2.022 2.020 
AB* 0.075 0.071 0.119 0.103 0.103 0.031 0.022 0.031 0.043 7 = 
Total 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.02 2.02 
Octahedral cations 
Tit 0.004 0.006 0.007 0.005 0.006 0.004 0.005 0.005 0.004 0.005 0.003 
AB* 0.046 0.054 0.056 0.068 0.071 0.033 0.044 0.036 0.013 0.036 0.039 
Cr+ 0.001 0.001 - - = 2 - - 0.002 0.001 - 
Fe2* 0.148 0.143 0.127 0.132 0.130 0.071 0.056 0.059 0.073 0.059 0.055 
Ni2* o 4 0.002 0.001 0.001 0.001 0.002 7 = 0.001 - 
Mn2* 4 = + = 3 0.002 = = 0.001 0.002 - 
Mg2* 2.803 2.798 2.830 2.808 2.802 2.882 2.875 2.891 2.915 2.825 2.839 
Cat 0.009 0.001 0.002 0.001 0.001 0.002 0.001 0.002 0.001 0.001 = 
Zn?" = 3 0.001 - 0.003 0.002 0.001 - 0.003 0.003 0.003 
Nat = 0.001 0.001 = - - 0.002 0.001 - - 
K* = - 0.001 7 = = - - 7 0.001 7 
Total 3.01 3.00 3.03 3.02 3.01 3.00 2.99 3.00 3.01 2.93 2.94 
OH 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 


bdl = below detection limit 
”: Peak is not present. 


a“ 


46 


al. (2015). The bands detected at 464, 432, and 
321 cm" can be assigned to chrysotile, in agree- 
ment with the spectrum obtained by Kloprogge 
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et al. (1999). The spectrum recorded in the green 
area (figure 7D) shows a band at 1044 cm that 
is ascribed unequivocally to antigorite because 
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it occurs in a frequency range where no band of 
chrysotile or lizardite is present (Rinaudo et al., 
2003; Petriglieri et al., 2015). On the basis of the 
data from Groppo et al. (2006), bands at 463 and 
380 cm can also be assigned to antigorite, 
whereas the 688 cm! band appears at a 
wavenumber higher than that of pure antigorite 
(683 cm) or pure chlorite (682, 683 cm). The 
shift indicates the presence of small amounts of 
chrysotile. The first band of the spectrum de- 
tected at 1088 cm", and the remaining bands at 
714 and 284 cm", are assigned to calcite, 
whereas the spectral features at 552. and 358 cm- 
' are due to chlorite (Prieto et al., 1991). 

e The Raman spectrum of sample S4 shows the 
occurrence of antigorite and chrysotile. The 
bands at 1103, 692, 629, 464, 434, 390, and 347 
cm! are attributed to chrysotile, whereas the 
bands typical of antigorite occur at 1044, 520, 
and 382, cm”. The band recorded at 232, cm”! 
may be produced by both chrysotile and antig- 
orite, while the peak at 321 cm” is related to 
chrysotile (Kloprogge et al., 1999). 


Chemical Analysis. Representative chemical analy- 
ses of four samples from Pizzo Tremogge are summa- 
rized in table 4, together with the structural formula 
calculated on the basis of five oxygen atoms (O) and 
four hydroxide groups (OH). The (Si + Al) cations are 
sufficient to completely fill the tetrahedral site. The 


remaining Al is assigned, together with Ti**, Cr*, 
Fe, Ni, Mn?*, Mg”, Ca’*, Zn?*, Na*, and K+, to the 
octahedral site. 

The analyses are nearly stoichiometric, but we do 
observe a significant scatter in the composition, aris- 
ing mainly from a variation in the aluminum and 
iron contents. This implies different substitutions of 
the cations for silicon and magnesium in the tetra- 
hedral and octahedral sites, respectively. According 
to the data reported in the literature, these substitu- 
tions cause different crystal microstructures, playing 
a major role in stabilizing lizardite, chrysotile, or 
antigorite (e.g., Viti and Mellini, 1997). 

The compositional patterns of Al,O, and FeO ob- 
served in figure 8 show that in the four thin sections 
there is a general negative correlation of both oxides 
with silicon. In figures 8A and B, the analyses plot in 
two different areas. In fact, the S1 and S2 samples are 
enriched in Al,O, and FeO and depleted in SiO, com- 
pared to the S3 and S4 samples. These compositional 
variations are related to the different serpentine 
species detected by Raman spectroscopy, although 
the occurrence of other minerals such as calcite, 
dolomite, and chlorite can also influence the micro- 
probe measurement (Schwartz et al., 2013). In those 
four samples, the phases associated with serpentine 
minerals were chlorite, calcite, brucite, titanclinohu- 
mite (with a high TiO, content up to approximately 
6 wt.%), and geikielite, the rare magnesian analogue 
of ilmenite. Minor amounts of titanium (TiO, = 0.03- 


Figure 8. Plot of Al,O, vs. SiO, (left), FeO vs. Al,O, (center), and FeO vs. SiO, (right). Samples S1 and S2 are en- 
tiched in Al,O, and FeO, as is common in lizardite. Samples S3 and S4 show the opposite behavior, consistent 


with their antigorite/chrysotile composition. 
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0.23 wt.%) and trace amounts of Ca, Cr, Ni, and Zn 
were also detected. 

The chemical distinction between lizardite, 
chrysotile, and antigorite has been the subject of 
much speculation, and it remains an open question 
because the differences are very subtle. The grain size 
is also small, making it difficult to separate the var- 
ious mineralogical phases for accurate analyses (Deer 
et al., 2009). According to the common interpreta- 
tion, as well as the data from the literature (e.g., Viti 
and Mellini, 1997; Schwartz et al., 2013), lizardite is 
distinguished by its comparatively high Al content, 
whereas antigorite is always Al depleted, with Al,O, 
never higher than 1 wt.% (Viti and Mellini, 1997). 
The SiO, content is generally lower in lizardite than 
in antigorite (Page, 1968). According to Viti and 
Mellini (1997), chrysotile has a wider compositional 
field, but its content of Al,O, never exceeds 2 wt.%, 
regardless of SiO, content. 

The chemical analyses of samples S1 and S2, as 
well as a previously reported sample of “noble” ser- 
pentine from Pizzo Tremogge (Bedogné et al., 1993), 
are enriched in Al and show a composition compa- 
rable to most of the lizardite analyzed by Viti and 
Mellini (1997). On the contrary, samples S3 and S4 
showed depleted Al,O, and enriched SiO,, both typ- 
ical features of antigorite. The broad variation of Al 
and Fe determined in these samples and the shifting 
of some analyses toward the compositional field of 
chrysotile (see the plot of FeO vs. Al,O, in figure 8) 
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could be due to the occurrence of this mineral or to 
a mixture of antigorite/chrysotile, as suggested by 
Raman spectroscopy. 


CONCLUSIONS 


This paper offers the first detailed mineralogical and 
gemological investigation of serpentine-group min- 
erals from Pizzo Tremogge in Val Malenco, Italy. On 
the basis of Raman spectroscopy and chemical analy- 
ses, we have proved that the samples are generally 
composed of the main phases of the serpentine 
group: chrysotile, lizardite, and antigorite. The oc- 
currence of minor phases, such as carbonates, quartz, 
brucite, and chlorite, leads to a pleasing color varia- 
tion in the cut gems, which is preferred in the Italian 
market over uniform colors. 

It is well documented that serpentine minerals 
play an important role in the interpretation of many 
geological and petrological processes. Due to their 
different stability fields, which are strongly P/T de- 
pendent, their coexistence in the marbles of Pizzo 
Tremogge may provide a fundamental basis for un- 
derstanding the complex metamorphic processes and 
geological setting of the Val Malenco area. In partic- 
ular, the presence of antigorite suggests that the mar- 
bles at Pizzo Tremogge have experienced a high grade 
of metamorphism at temperature above approxi- 
mately 320°C, at which antigorite crystals over- 
printed earlier-formed serpentine minerals such as 
lizardite and/or chrysotile. 
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IDENTIFICATION OF “PISTACHIO” COLORED PEARLS 
TREATED BY BALLERINA PEARL Co. 


Chunhui Zhou, Joyce Wing Yan Ho, Sally Chan, Jessie Yixin Zhou, Surjit Dillon Wong, and Kyaw Soe Moe 


Cultured pearls from Pinctada margaritifera can 
exhibit a broad range of natural bodycolors, in- 
cluding various pistachio-like colors ranging from 
greenish yellow to yellowish green. Bead-cultured 
pearls from P margaritifera, treated by Ballerina 
Pearl Co. and possessing intense pistachio colors, 
have entered the market. Similar to Ballerina’s 
“chocolate pearls,” these pistachio colors are usu- 
ally modified from natural gray to dark gray colors 
by a series of chemical and physical processes. 
No foreign coloring agent was detected in this 
study, and the treatment was generally stable. Cul- 
tured pearls treated by Ballerina’s method can be 
identified by their appearance, UV-Vis-NIR re- 
flectance spectra, Raman photoluminescence, 
and different UV fluorescence intensities under 
DiamondView imaging. Other experiments indi- 
cated that bleaching may not play a significant 
role in changing the color of these pearls. The 
processes may involve sophisticated chemical 
and physical techniques that can turn natural gray 
colors into stable pistachio colors. 


Ms Tahitian cultured pearls from Pinctada mar- 
garitifera exhibit neutral and near-neutral col- 
ors, with a large percentage showing black, dark gray, 
and silvery gray bodycolors; less frequently encoun- 
tered natural hues include yellow and green. Some 
white specimens may also be produced from the mol- 
lusk (Strack, 2001). In addition to these bodycolors, 
various overtones such as pink, green, and blue often 
result from the reflection and interference of incident 
white light (Elen, 2002; Goebel and Dirlam, 1989; 
Cartier et al., 2012; Karampelas et al., 2011a). Fancy 
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color descriptions such as pistachio (yellowish green 
to greenish yellow) and peacock (dark green-gray to 
blue-gray with pink to purple overtone) have also 
been widely used to describe certain color ranges in 
cultured pearls from P. margaritifera. 

Tahitian cultured pearls are often only washed and 
lightly tumbled after harvest and then sorted into broad 
categories: size, shape, color, and luster (Gemological 
Institute of America, 2011). GIA’s laboratory has previ- 
ously reported on “chocolate pearls,” Tahitian cultured 
pearls grown in P. margaritifera and treated by Ballerina 
Pearl Co. (Wang et al., 2006; Du Toit et al., 2008). Bal- 
lerina subsequently produced pistachio-colored pearls 
using similar starting materials: naturally colored gray 
to dark gray Tahitian cultured pearls with various mod- 
ifying hues and overtones (figure 1). These pearls show 
more intense and saturated hues than those usually 
seen in natural-color pistachio pearls grown within this 
species. 

The present study focuses on the identification of 
treated pistachio cultured pearls using both standard 
gemological testing methods and advanced instru- 
mental techniques. Ballerina was asked to treat 12 
Tahitian cultured pearls specifically for this study. 
Naturally colored pistachio cultured pearls were also 
examined, and the results were compared with their 
treated counterparts. Lastly, several simple experi- 
ments were conducted to confirm whether a bleach- 
ing process was the mechanism that produced this 
unusual pearl coloration. 


MATERIALS AND METHODS 

A total of 12 Tahitian bead-cultured pearls with dark 
gray to dark greenish gray colors, ranging from 8.80 
to 12.25 mm, were treated by Ballerina Pearl Co. 
using its proprietary processes. Eight of these pearls 
were supplied by Ballerina, and four additional sam- 
ples were obtained from various sources. Eight natu- 
rally colored pistachio pearls from P. margaritifera 
were also tested in this study (figure 2). These natu- 
rally colored pearls exhibited a yellowish green hue 
similar to that of the treated cultured pearls. They 
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Figure 1. A graduated strand containing 43 yellowish green (“pistachio”) bead-cultured pearls produced by black- 
lipped Pinctada margaritifera and treated by Ballerina Pearl Co. The cultured pearls range from 9.13 to 10.80 mm. 


Photo by Sood Oil (Judy) Chia. 


were selected by experienced gemologists from mul- 
tiple reliable sources, including two in Fiji. Finally, 
nine additional Tahitian cultured pearls were used in 
chemical treatment experiments conducted at GIA. 

The pearls were examined with a standard gemo- 
logical microscope; the microscopic images were ob- 
tained using a Nikon SMZ 1500 stereomicroscope. 
The fluorescence reaction was observed in a dark- 
ened room using a conventional 4-watt long-wave 
(365 nm) and short-wave (254 nm) lamp. UV-Vis-NIR 
reflectance spectra were obtained with an Ocean Op- 
tics USB 2000+ UV-Vis-NIR spectrophotometer. Flu- 
orescence images were recorded using a DTC 


Figure 2. Eight natural-color pistachio pearls ranging 
from 9.70 x 9.40 mm to 15.00 x 12.30 mm, produced 
by black-lipped pearl oysters, were examined in this 
study. Photo by Sood Oil (Judy) Chia. 


Notes & New TECHNIQUES 


DiamondView instrument (<225 nm excitation). The 
12 samples were also tested with a Thermo Scientific 
Nicolet Nexus 6700 FTIR spectrometer equipped 
with a KBr beam splitter, a Thermo Scientific ARL 
Quant’x EDXRF spectrometer, and a Renishaw inVia 
Raman microscope under 514 nm laser excitation 
(1800 l/mm grating, 15 s, and 100-1800 cm* spectral 
range for Raman analysis; 1800 1/mm grating, 12 s, 


In Brief 


¢ Cultured pearls from P margaritifera treated by Balle- 
rina Pearl Co. to create a unique “pistachio” color have 
recently entered the market. 

e These pearls are generally stable and are identifiable by 
their general appearance, as well as through the use of 
UV-Vis-NIR reflectance spectroscopy, Raman photolu- 
minescence, and ultra short-wave UV fluorescence im- 
aging. 

e Bleaching experiments suggest that this method may 
not play a significant role in the treatment process. 


and 518-850 nm spectral range for Raman photolu- 
minescence analysis). 

Chemical stability tests were carried out by im- 
mersing three treated pearls in ethanol, acetone, and 
isopropanol, respectively, for six hours at room tem- 
perature. Bleaching experiments were conducted on all 
studied pearls using various chemical solutions and 
household products. Stabilized 3% hydrogen perox- 
ide, acommon antiseptic solution, was used for mild 
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bleaching tests. A more concentrated hydrogen per- 
oxide (up to 15%) was prepared by diluting a 30% sta- 
bilized H,O, purchased from Sigma-Aldrich. Adding 
ammonium hydroxide to activate the hydrogen per- 
oxide’s bleaching capability ensured a basic pH envi- 
ronment of 8-9. Occasional heating up to 
approximately 65°C for four to six hours during the 
treatment period of one to four days was conducted 
to facilitate any possible reaction. Schwarzkopf Pre- 
mium Lift 9+ hair bleach powder and Premium Care 
Developer (6% hydrogen peroxide) were used for all 
bleaching experiments; directions on the product 
packaging were followed (mixing approximately 35 g 
of powder with 50-90 g of developer to create a rich 
bleaching cream). 


RESULTS 

General Observations and UV Fluorescence. Prior to 
treatment, the 12 Tahitian cultured pearls exhibited 
dark gray to dark greenish gray colors with fair to 
good luster (figure 3, left). Post-treatment color 
changes varied, with most of the pearls showing a 
decrease in tone and an increase in yellow and green 
hues (figure 3, right). The most prominent color 
changes were observed on three samples provided by 
Ballerina (BA 02, 04, and 06), where the dominant 
hue changed from dark gray to yellowish green or 
greenish yellow. Three pearls turned from dark gray 
to brown with various modifying hues (BA 08 and 
GIA 01 and 02). Two pearls remained gray but were 
slightly modified by a green hue (BA 01 and 05). The 
remaining four pearls did not show a significant 
enough color change to move to another range in 
GIA’s Pearl Color Grading Reference Chart. Slight 
changes within the same color range were still noted 
on some specimens; both the bodycolors and the ap- 
parent overtones of these pearls changed. Changes 
in overtone varied from sample to sample—for in- 
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Figure 3. The bodycol- 
ors of the 12 samples 
modified by Ballerina 
Pearl Co. before and 
after treatment show 
the changes produced 
by the processes. Top 
row: BA 01-BA 04; 
middle row: BA 05-BA 
08; bottom row: GIA 
01-GIA 04. Photos by 
Sood Oil (Judy) Chia. 


stance, from pink and green to strong pink in BA 02, 
but from pink and green to none in BA 04. In many 
cases, the green overtone became the dominant color 
or modifier. Luster generally remained unaltered, al- 
though three samples showed slight improvement 
after treatment. No obvious UV fluorescence was 
observed under either long-wave or short-wave UV. 
Asummary of these observations is listed in table 1. 

In contrast, naturally colored pistachio pearls 
showed subtle yellowish green to greenish yellow 
bodycolors. They had lower saturation and lighter 
tone than the treated samples. They were mostly 
inert under both long-wave and short-wave UV, ex- 
cept for one with lighter tone that showed weak yel- 
low fluorescence. A summary of these observations 
is listed in table 2. 


Microscopic Observation and DiamondView Imag- 
ing. Microscopic observation of natural-color Tahit- 
ian cultured pearls revealed overlapping nacre 
platelets formed by aragonite crystals, with organic 
conchiolin materials between each layer. The con- 
chiolin materials were a mixture of beta-chitin and 
an assemblage of acidic glycoproteins (Levi-Kalis- 
man et al., 2001). No dye concentration was ob- 
served on the surfaces after treatment (figure 4). 
Pearls with numerous white blemishes were specif- 
ically chosen for this treatment, and the blemish 
areas were not altered even though the nacre around 
them changed color. Overall, the treatment pro- 
duced an even surface color, as opposed to the spotty 
and patchy coloration found in many dyed pearls. 
Polishing lines were also observed on some samples, 
and Ballerina later confirmed that polishing was part 
of the treatment process (A. Auerbach, pers. comm., 
2014). 

Although observation under UV light is not very 
helpful in identifying treated pistachio pearls, fluo- 
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rescence images captured using the DiamondView 
with its ultra-short-wave UV source (<225 nm exci- 
tation) proved useful. Under the same testing condi- 
tions, both untreated dark gray and pistachio pearls 
showed moderate to strong bluish fluorescence, 
while treated pistachio pearls were consistently inert 
(figure 5). The strong bluish fluorescence in natural- 
color Tahitian cultured pearls and the inert reaction 
in treated samples were consistently observed under 
the same experimental conditions. Only sample GIA 
03 still showed a strong bluish fluorescence after 
treatment. It was also the pearl that showed almost 
no color change, so we suspected that this pearl was 
not effectively treated by Ballerina. The results sug- 
gested that DiamondView imaging might be useful 
for identification of other color treatments in pearls, 
although this was beyond the scope of the study. 


Figure 4. Microscopic 
images on the white 
blemish areas of 
treated pistachio pearls 
GIA 01 (left, field of 
view 2.0 mm) and GIA 
02 (right, field of view 
2.7 mm) did not reveal 
any dye concentrations. 
Photomicrographs by 
Sally Chan. 


UV-Vis-NIR Reflectance Spectra. The naturally col- 
ored dark gray to dark greenish gray P. margaritifera 
pearls generally showed a distinct reflectance feature 
at 700 nm, with a relatively flat spectral pattern in 
the 400-600 nm region. Small features were observed 
at around 405 and 495 nm, consistent with previous 
studies (Karampelas et al., 2011a,b). Treated pearls 
with obvious color changes showed a reduced re- 
flectance toward the lower visible region, with 
broader, more prominent reflectance troughs around 
the 405 nm region than before treatment. Unlike 
treated chocolate pearls, where the 700 nm absorp- 
tion feature becomes weaker and less distinct after 
treatment (Wang et al., 2006), the feature was gener- 
ally unaffected in pistachio pearls (figures 6 and 7). 
Three of the 12 samples (BA 07, GIA 03, and GIA 04) 
showed little UV-Vis-NIR spectral difference before 


TABLE 1. Properties of pistachio cultured pearls before and after treatment by Ballerina Pearl Co. 


Bodycolor Overtone Luster UV fluorescence 
Before After Before After Before After Before After 
BA 01 Dark gray Dark greenish gray Weak pink Pink Good Good None None 
BA 02 Dark gray Yellowish green Pink and green Strong pink Good Good None None 
BA 03 Dark gray Dark gray Pink and weak green Pink and green Good Good None None 
BA 04 Dark gray Yellowish green Pink and green None Good Very good None None 
BA 05 Dark gray Green-gray None None Fair Fair None None 
BA 06 Dark gray Greenish yellow None None Fair Fair None None 
BA 07 Dark gray Dark gray Pink and weak green Pink and green Good Good None None 
BA 08 Dark gray Green-brown Strong pink Pink and green Good Good None None 
GIA 01 Dark gray Yellow-brown Weak green None Fair Good None None 
GIA 02 Dark gray Greenish brown Strong green Weak pink Good Good None None 
GIA 03 Dark greenish gray Dark greenish gray = Weak pink and green None Good Good None None 
GIA 04 Dark gray Dark gray Pink and green Pink and green Fair Good None None 
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and after treatment, as their colors were generally un- 
changed and treatment was not very successful. Fi- 
nally, the spectra of natural-color pistachio pearls 
showed subtle reflectance features in the 400 nm re- 
gion, compared to the deep troughs found in many 
treated pearls (figure 8). The characteristic 495 nm 
feature seen in many naturally colored gray, black, 
and brownish pearls was also observed in our natu- 
rally colored pistachio samples, consistent with an 
earlier study on light to medium yellow and greenish 
yellow pearls from P. margaritifera (Elen, 2002). The 
495 nm feature was significantly diminished, and in 
some cases removed, in the treated pearls. 


Figure 5. DiamondView 
fluorescence images of 
a naturally colored pis- 
tachio pearl (top left), a 
naturally colored dark 
gray pearl (top right), 
and treated Tahitian 
cultured pearls BA 06 
(bottom left) and GIA 
02 (bottom right) 
showed distinct differ- 
ences in fluorescence 
intensity under identi- 
cal experimental condi- 
tions. Images by Kyaw 
Soe Moe. 


Raman and Photoluminescence (PL) Spectroscopy. 
Raman spectra (not shown) of both untreated and 
treated pearls generally showed various vibrational 
modes of aragonite, the main component of pearls. 
Previous studies have demonstrated that Raman 
spectroscopy can pinpoint natural pigments in fresh- 
water pearls (Karampelas et al., 2007), and may even 
detect tiny pigment peaks related to porphyrin in 
both Pinctada margaritifera and Pteria sterna cul- 
tured pearls (Kiefert et al., 2004). This technique was 
not very useful for detecting natural pigments in our 
samples due to overall high fluorescence background. 
To better visualize the fluorescence characteristics of 


TABLE 2. Gemological properties of natural-color pistachio cultured pearls. 


Bodycolor Overtone Luster UV fluorescence 
N01 Greenish yellow Green and pink Very good None 
N 02 Yellowish green Green and pink Very good None 
N 03 Green-gray Green and pink Good None (LW); very weak yellow (SW) 
N 04 Yellowish gray None Fair None 
N05 Green-gray None Fair None 
N 06 Light green-gray None Fair None 
N 07 Yellowish green Green and pink Good None 
N 08 Yellowish green Green and pink Good None 
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Figure 6. UV-Vis-NIR reflectance spectra of BA 02 be- 
fore (blue) and after (red) treatment showed major 
spectral differences in the 405 nm region. 


these pearls upon laser excitation, we collected 
Raman photoluminescence (PL) data. We found that 
shells of various mollusk species can show the same 
distinct triple-peak PL spectra pattern at around 620, 
650, and 680 nm under 514 nm laser excitation (figure 
9). Similar observations have been noted previously 
(Karampelas et al., 2011b). These features are most 
prominent in Pteria species such as P. sterna and P. 
penguin, and to a lesser degree in Pinctada margari- 
tifera. Both untreated dark gray Tahitian samples and 
naturally colored pistachio pearls showed a similar 
triple-peak pattern to the shell samples we studied 


Figure 7. UV-Vis-NIR reflectance spectra of GIA 02 
before (blue) and after (red) treatment showed major 
spectral differences in the 405 nm region. 
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Figure 8. UV-Vis-NIR reflectance spectra are shown 
for a natural-color pistachio pearl (N 02, blue) and a 
treated pistachio pearl (BA 06, red). The treatment re- 
moved the 495 and 405 nm features. 


earlier, while the treated pearls exhibited a flattened 
(or less defined) area at around 650 nm and also 
showed stronger fluorescence. 

A more useful way to look at the fluorescence is 
to compare the ratio between the highest fluores- 
cence intensity (in the 600-700 nm region of the 
spectra) and the main aragonite Raman peak at 545 
nm (which correlates with the Raman shift band at 
1085 cm}, as previously used in identifying treated 
golden pearls (Zhou et al., 2012). Comparing fluores- 


Figure 9. PL spectra of shells from Pteria sterna (red), 
Pteria penguin (green), Pinctada margaritifera (blue), 
and Pinctada mazatlanica (purple), using 514 nm laser 
excitation, display the characteristic triple-peak pig- 
ment-related pattern found in the shells of these 
species. This pattern, also found in pearls produced by 
these mollusks, serves as an identification criterion. 
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cence to the aragonite Raman peak ratio gives a more 
consistent relation between the peak signal and 
background fluorescence intensity of the pearl; this 
is more useful than looking at the absolute counts of 
the fluorescence or aragonite Raman peak alone. Our 
results indicated that naturally colored pistachio 
pearls generally showed a lower fluorescence-to- 
aragonite (F/A) ratio than treated pistachio pearls (fig- 
ure 10). But one of the naturally colored pistachio 
pearls (N 04) also had a relatively high F/A ratio (table 
3), and the F/A ratio ranges were much wider for 
these naturally colored Tahitian cultured pearls than 
we found in naturally colored golden South Sea cul- 
tured pearls. Further study on more naturally colored 
Tahitian specimens is needed to better distinguish 
treated and untreated samples. 


FTIR and EDXREF Spectra. Like the Raman spectra, 
the FTIR spectra showed vibrational modes in the 
mid-IR region related to the mineral aragonite in both 
untreated and treated Tahitian samples. No further 
diagnostic features were observed that would help 
separate the treated and untreated samples. Energy- 
dispersive X-ray fluorescence (EDXRF) qualitative 
analysis revealed no foreign trace elements after treat- 
ment. Whereas inorganic dyes containing Ag or I may 
be detected in some dyed black or golden pearls (Elen, 
2001), only the major element Ca and the trace ele- 
ment Sr were detected in these samples. Traces of Ni 
were also reported in some treated pistachio Tahitian 
cultured pearls previously examined by EDXRF (Lee 


TABLE 3. F/A peak ratio of natural-color pistachio 
pearls and four treated samples. 


Sample F/A ratio 
N01 36 
N 02 15 
N 03 20 
N 04 78 
N05 i) 
N 06 7 
N 07 26 
N 08 37 
BA 04 (after treatment) 65 
BA 05 (after treatment) 112 
BA 06 (after treatment) 69 
GIA 01 (after treatment) 70 
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Figure 10. PL spectra were obtained for two treated 
samples (BA 06, purple; BA 04, blue) and two natu- 
rally colored specimens (N 03, green; N 05, red) using 
514 nm laser excitation. The characteristic feature at 
around 650 nm became less defined in the treated 
cultured pearls; these samples generally showed a 
higher overall fluorescence intensity and F/A ratio 
than their natural counterparts. 


et al., 2012), but no detectable traces were found in 
this study. 


Stability Tests. The surfaces and colors of the treated 
samples were largely unchanged after immersing 
them in various common chemical solvents (ace- 
tone, ethanol, and isopropanol) for six hours at room 
temperature (figure 11), indicating that the treatment 
applied by Ballerina is generally stable. Further tests 
and observations are needed to check the long-term 
stability of these pearls, under both normal and harsh 
conditions. No color residue or foreign material was 
observed in the solution, ruling out the possibility 


Figure 11. Immersing BA 04 (left), BA 05 (middle), 
and GIA 01 (right) in acetone, ethanol, and iso- 
propanol, respectively, for six hours did not result in 
any major color change. Photo by Sood Oil (Judy) 
Chia. 


o@Oo-e@@ 


Gems & GEMOLOGY SPRING 2016 


Morrison’s, Inc. Henry C. Reid & Sons 


Bristol, Connecticut Bridgeport, Connecticut - 
H. Morton Company, Inc. Reid and Todd, Inc. 
Oakland, California Bridgeport, Connecticut 
Fred H. Myers Reussilles’ 

Warren, Ohio Red Bank, New Jersey 

S. M. Nathan, Inc. John Rich Jeweler 
Fitchburg, Massachusetts Painesville, Ohio 

Rudolph E. Neher W. A. Ritzi 

Newark, New Jersey Parma, Ohio 

O. M. Nelson and Son, Inc. ; Rominger Jewelry Co., Inc. 
Madison, Wisconsin Sterling, Colorado 

Orlando S. Paddock Roth Jewelry Company 
Hartford, Connecticut Syracuse, New York 
Herman D. Page Safford and Scudder, Inc. 
Portsmouth, New Hampshire Kingston, New York . 
Dan S. Park and Company Salick Jewelry Company 
Cheyenne, Wyoming Watertown, Wisconsin 
Paxton’s Fred Sauter 

Storm Lake, lowa Philadelphia, Pennsylvania 
Peebles Jewel Shop E. J. Scheer, Inc. 

North Adams, Massachusetts Rochester, New York 

John Peterson Schiffman’s, Inc. 

Peterson’s Associates Greensboro, North Carolina 


Needham, Massachusetts @Pisadeve Andi Sons 


Carl W. Phillips Ann Arbor, Michigan 
Richmond, California Henry Wisschnet 
Pippitt’s : Davenport, lowa 

Port Jervis, New York Seles ots BRO THESE 


Plumb Jewelry Store Elgin, (inois 

Des Moines, lowa ’ G. A. Schneider. and Son 
Pomeroy and Keene : - Kingston, New York 

Salem, Oregon Schwanke-Kasten Company, Inc. 
F. J. Preston and Son, Inc. - Milwaukee, Wisconsin 
Burlington, Vermont Harold Seburn 

Preusser Jewelry Compan Churchwell’s, Inc. 

Gtand Ree Michigan zi Wilson, North Carolina 

Avard T. Purdy Michael M. Sedlar 

Avard T. Purdy and Company Wauwatosa, Wisconsin 
Gardiner, Maine ; Guy W. Settle 

William W. Putnam Tulsa, Oklahoma 

Tallahassee, Florida Shepard & Grady 

Garold Raff > Penn Yan, New York 

Raft Jewelry Company Shreve, Crump & Low Co., Inc. 
Huntington Park, California Boston, Massachusetts 

Rank & Motteram Co., Inc. Leo. J. Simard 

Milwaukee, Wisconsin : Holyoke, Massachusetts 

M. J. Reed Sloan’s Jewelers 

Champaign, Illinois a Tulsa, Oklahoma 


72 ‘GEMS & GEMOLOGY 


60660 


ode 


Figure 12. Four Tahitian cultured pearls, shown before (left) and after (right) identical bleach treatments using 
both solution and cream methods, exhibited minimal bodycolor changes. Photos by Sood Oil (Judy) Chia. 


that coating materials dissolved from the surface of 
these treated pearls. 


Bleaching Tests. Bleaching tests conducted on the 
natural-color Tahitian cultured pearls by both solu- 
tion and cream methods resulted in no obvious color 
changes (figure 12). The samples generally lost their 
luster, but their overtones were enhanced after 
bleaching. This could indicate a change in nacre 
platelet structure that altered their interference with 
light (Liu et al., 1999; Snow et al., 2004), or a change 
to the organic components in between the nacre 
platelets. Some pearls had a slightly lighter tone after 
treatment, but the overall effect was subtle and ulti- 
mately insignificant. The UV-Vis spectra were virtu- 
ally identical before and after the bleach test, except 
for slight differences in the overall reflectance level 
(possibly due to instrumental variations or changes 
in luster). Different experimental conditions may be 
needed for a stronger visual change, but it is more 
likely that bleaching alone cannot produce the de- 
sired pistachio color. A variety of other chemical 
agents may be involved in the treatment process, 
which remains proprietary. Additional bleaching 
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tests were conducted on two thin pieces of PB. mar- 
garitifera shell. These samples displayed a greater de- 
gree of color lightening, especially at the edges of the 
shells, where light brown areas turned silver-white, 
confirming that hydrogen peroxide is capable of oxi- 
dizing the pigment compounds (figure 13). Parts of 
the shells broke away during the treatment, causing 
slight changes in their shape and appearance. 


DISCUSSION 

Pistachio pearls treated by Ballerina Pearl Co. usually 
exhibit saturated yellowish green to greenish yellow 
colors, modified from the natural dark gray colors of 
Tahitian cultured pearls. Other modified brownish or 
grayish colors of various saturations may also be pro- 
duced. Many factors could affect the appearance of the 
final products, including the presence of various pig- 
ments in the starting materials and differences in ex- 
perimental conditions and durations. According to 
Ballerina, the pearls were treated for different dura- 
tions, and some were treated more “aggressively” than 
others, although the exact experimental conditions 
were not disclosed. The nature of the pigments re- 
sponsible for the gray to black color of P margaritifera 


Figure 13. Two pieces of 
P. margaritifera shell 
before (left) and after 
(right) bleach treat- 
ment using both solu- 
tion and cream 
methods, which light- 
ened the samples’ color, 
especially toward the 
edge of the larger shell. 
Photos by Sood Oil 
(Judy) Chia. 
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shells and pearls can be attributed to melanin-like ma- 
terial (Jabbour-Zahab et al., 1992). 

Microscopic examination of treated pistachio 
pearls did not reveal any dye concentration within or 
around surface blemishes, indicating that the 
processes involved differ from “simple” dye treat- 
ment. The largely unchanged 700 nm absorption 
peak, present in Tahitian cultured pearls and found 
in treated pistachio pearls, supports this conclusion, 
as the dye would be expected to infiltrate the nacre 
platelets and affect the absorption at the 700 nm re- 
gion. Treated pistachio pearls did show a decrease in 
reflectance toward shorter wavelengths, with deep 
and broad reflectance troughs at around 405 nm, 
while both naturally colored dark gray pearls and pis- 
tachio pearls often displayed distinct absorption 
peaks at 405 nm (and sometimes also at 495 nm). 
This deep and broad absorption feature of treated 
pearls correlates with their more yellowish appear- 
ance and therefore represents an important tool to 
separate treated pistachio pearls. 

Other useful techniques that aid in the identifica- 
tion of Ballerina’s treated pistachio pearls are Diamond- 
View fluorescence imaging and PL acquired with a 
Raman spectrometer. Both techniques examine the 
reactions of the pearls’ surfaces and micron-deep sur- 
face layers to light excitation using different energy 
sources. Subtle differences in the PL properties of 
treated pistachio pearls have been found with the 650 
nm feature. Other significant differences were found 
using the DiamondView, which was originally de- 
signed to observe the fluorescence images of dia- 
monds and separate synthetic from natural diamonds. 
Natural-color Tahitian cultured pearls displayed 
strong fluorescence, regardless of bodycolor, while 
treated pistachio pearls showed little or no reaction. 
The results of the study demonstrated that Raman 
spectroscopy, EDXRF spectrometry, and FTIR spec- 
trometry were not particularly helpful in separating 
treated and untreated pistachio pearls. 

Bleaching was originally thought to be the main 
cause of the color change in Tahitian cultured pearls, 
similar to previously examined chocolate pearls 
(Wang et al., 2006). The possible presence of melanin 
pigments in Tahitian cultured pearls led us to hy- 
pothesize that the underlying mechanism could be 
similar to that seen in the bleaching of human hair. 
It has long been known that the principal pigments 
of human hair are the brown-black melanins (eume- 
lanins) and the less prevalent red pigments (pheome- 
lanins) (Robbins, 2002). In several studies on the 
bleaching of melanin compounds (Edman and Sulli- 
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van, 1965; Wolfram et al., 1970; Korytowski and 
Sarna, 1990), hydrogen peroxide has been used to ox- 
idize the melanin compounds under alkaline condi- 
tions. The results of this study show that simple 
bleaching experiments cannot effectively modify the 
bodycolors of Tahitian cultured pearls, possibly due 
to the inability of the bleaching liquid and cream to 
penetrate and disperse into each layer of nacre. Only 
small changes in body tone and overtone were ob- 
served. The effect was more obvious on a thin piece 
of P. margaritifera shell, where the light brown col- 
oration was whitened in one area, indicating the de- 
struction and removal of pigments by hydrogen 
peroxide. Contrary to our expectations, bleaching 
alone did not cause the desired saturated greenish 
yellow or yellowish green color. 

Pearls from P. margaritifera may contain more 
complex mixtures of pigments than just melanin. 
Porphyrin or uroporphyrin compounds may also be 
present, and these are responsible for the 405 nm ab- 
sorption peak observed using UV-Vis-NIR reflectance 
spectroscopy (e.g., Miyoshi et al., 1987; Iwahashi and 
Akamatsu, 1994, Karampelas et al., 2011a,b). Por- 
phyrin molecules are remarkably stable and have 
been found in fossilized shells. Some traces of por- 
phyrins can combine with metals, while others are 
found in free form in mollusks. Previous studies have 
found that green pearls contain greater proportions of 
metalloporphyrins than pink pearls (Fox, 1979). Our 
UV-Vis spectra of treated pistachio pearls showed a 
more significant change in the 405 nm region, which 
suggests that the treatment had a stronger effect on 
porphyrin pigments than melanin pigments. The 
overall appearance of the finished products depends 
on the total concentrations and proportions of various 
pigments and the interference of light by nacre 
platelets, and the treatment may achieve this by mod- 
ifying or removing certain pigments from the pearls. 


CONCLUSIONS 

This study has demonstrated that pistachio-colored 
pearls grown within P. margaritifera and treated by 
Ballerina Pearl Co. may be identified by their unique 
appearance, as well as by nondestructive advanced 
instrumental techniques such as UV-Vis-NIR re- 
flectance spectroscopy, Raman photoluminescence, 
and DiamondView imaging. Indications of treatment 
may include significant and broad absorption fea- 
tures around 405 nm, a less-defined 650 nm PL fea- 
ture under 514 nm wavelength laser excitation and 
relatively high F/A ratio, and weak or inert fluores- 
cence reactions under the DiamondView. Pistachio 
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pearls treated by other companies may or may not 
show the same results, depending on the processes 
involved (Lee et al., 2012). 

This study has also indicated that bleaching is not 
likely to be the main color-change mechanism in this 
treatment. The processes may involve more sophis- 
ticated chemical and physical techniques that can 
turn the dark gray color to a stable pistachio color, 
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derstand the mechanism of this color change. 
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VARISCITE FROM CENTRAL TAJIKISTAN: 


PRELIMINARY RESULTS 


Andrey K. Litvinenko, Elena S. Sorokina, Stefanos Karampelas, Nikolay N. Krivoschekov, and Roman Serov 


An occurrence of variscite containing strengite, 
as well as other minerals from both the variscite 
and metavariscite groups, was discovered in the 
late 1970s in central Tajikistan. The material, 
ranging from light blue to light green to green, is 
suitable for cabochon cutting. The samples pre- 
sented in this study showed traces of sulfur and 
arsenic, with higher iron and generally lower 
vanadium and chromium concentrations than 
variscites reported from other localities. These dif- 
ferences may result from the intergrowth of 
variscite with other minerals from the variscite 
and metavariscite groups. 


bY dates (figure 1), a relatively common cave min- 
eral that forms as a result of phosphate-bearing 
surface solutions reacting with aluminum-rich rocks 
(Calas et al., 2005), where the phosphate is provided 
by guano decomposition (Onac et al., 2004). First de- 
scribed in 1837 from a source close to Variscia, the 
former name of the Vogtland region in northeastern 
Germany, its chemical formula was determined in 
1896 (Willing et al., 2008). Yet variscite was used in 
Neolithic jewelry and is found in many archaeologi- 
cal sites (e.g., Ervedosa, Portugal; Pannecé, France; 
and Sardinia, Italy; see Calas et al., 2005; Middleton 
et al., 2007; Querré et al., 2007; Willing et al., 2008). 

Variscite is a member of the hydrous aluminum 
phosphate group, Al{PO,)-2H,O, while strengite is 
part of the iron phosphate group, Fe*(PO,)-2H,O. 
Both are orthorhombic phosphate members of the 
variscite mineral group, while mansfieldite, scorodite, 
and yanomamite are the arsenate isostructural mem- 
bers of this group. The general chemical formula of 
variscite group minerals is A(XO,)-2H,O, where A = 
Al, Fe**, In and X = P, As. Phosphate members of the 
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variscite group (variscite and strengite) are isodimor- 
phous with the metavariscite monoclinic phosphate 
mineral group members metavariscite and phospho- 
siderite, respectively. 

Most of the variscite in the market today comes 
from the state of Utah, close to the cities of Lucin and 
Fairfield, though some of these mines are practically 
exhausted (Larsen, 1942, Solodova et al., 1985; Willing 
et al., 2008). The occurrences at Woodlands, Western 
Australia, and Yauli, Peru were discovered in 2004 and 
2011, respectively (Willing et al., 2008; Hyrsl, 2011). 

Among the minerals of the variscite and 
metavariscite groups, variscite is most often used for 
carvings and ornaments (see Koivula, 1986, Fritz and 
Rockwell, 2006; Willing et al., 2008; and Hyrsl, 2011). 
Variscite has a waxy luster and is transparent to 
translucent with a color range from white to brown 
and blue to green to yellow, which can cause misiden- 
tification as turquoise and chrysoprase (Willing et al., 
2008). The Mohs hardness of the mineral is 3.5 to 4.5, 
as opposed to turquoise and chrysoprase, which both 
range above 5 (again, see Palache et al., 1951). 

In 1979, variscite-bearing veins were found by one 
of the authors (AKL) in the headwaters of the Shing 
River, southwest of Marguzor Lake (39°09' N, 67°50’ 
E; figure 2) in central Tajikistan. The occurrence is sit- 
uated within the jaspers of the Akbasayskaya suite in 
the Shing-Magian antimony-mercury ore district, 1 


Figure 1. These two variscite cabochons from cen- 
tral Tajikistan (1.8 x 0.7 x 0.3 cm and 1.2 x 0.5 x 0.6 
cm) were cut from the samples used in the study. 
Photo by N.N. Krivoschekov. 
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Figure 2. Top: A map of 
Central Asia and Tajik- 
istan. The red star 
shows the occurrence of 
variscite with other 


km east of the Chorroha antimony deposits (currently 
not in operation]. The region forms the western part 
of the Zeravshan-Hissar structural-formational zone, 
which belongs to the Southern Tien Shan part of the 
Ural-Mongolian belt in the Hercynian mountain-fold- 
ing region (Baratov, 1976). The collected samples, like 
those shown in figure 1, were visually identified at 
the mining site as chrysoprase, but X-ray powder dif- 
fraction (XRD) later determined that the material 
consists mainly of variscite and strengite, along with 
minor amounts of scorodite, metavariscite, phospho- 
siderite, jarosite, and quartz (Litvinenko et al., 2013). 
No mining activities have taken place in the area. 

In this article, the gemological properties of 
variscite samples from central Tajikistan are pre- 
sented along with spectroscopic and chemical data. 
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minerals of the 
variscite and meta- 
variscite groups. Bot- 
tom: Marguzor Lake, 
surrounded by carbon- 
ate rocks (Argskaya 
suite). The occurrence 
is located on the right, 
in the background be- 
hind the massif of car- 
bonate rocks. Photo by 
A.K. Litvinenko. 


The results obtained are also compared with the ex- 
isting data found in the literature on variscite sam- 
ples from other occurrences. 


MATERIALS AND METHODS 

For this study, we investigated six variscites from dif- 
ferent parts of the veins (figure 3). The microscopic 
characteristics of the samples and their reaction under 
a 5-watt short-wave (254 nm) and long-wave (365 nm) 
UV lamp were examined. Microhardness was meas- 
ured by a PMT-3 tester with a load weight of 100 g for 
10 seconds. Hydrostatic specific gravity (SG) was 
measured with a digital balance. Reflectance spectra 
from 380 to 1080 nm were acquired with an Ocean 
Optics QE65000 spectrometer using an HL-2000-HP 
20 W light source and an R600-7 Vis-NIR reflection 
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Figure 3. Geological scheme of the variscite occur- 
rence: 1—jaspers of the Akbasayskaya suite, 2—veins 
of variscite and other minerals of the variscite and 
metavariscite groups, 3—quaternary sediments (after 
Litvinenko et al., 2013). 


probe, with a resolution of 1 nm, 20 scans, and an in- 
tegration time of 500 ms. Chemical analysis was 
conducted with a Link ISIS energy-dispersive spec- 
trometer (EDS) attached to a CAMSCAN-D4 electron 
scanning microscope. The following standards were 
used for quantitative measurements of elements 
within studied samples: synthetic Al,O, (for Al), ap- 
atite USNM 104021 (for P), synthetic V,O, (for V), 
synthetic Cr,O, (for Cr), ilmenite USNM 96189 (for 
Fe and Ti], wollastonite STD 097 (for Ca), albite (for 
Na), synthetic microcline (for K), quartz (for Si), PtAs, 
(for As), barite (for S), and PbTiO, (for Pb). Raman 
spectra were acquired on a Renishaw Raman 1000 
spectrometer coupled to a Leica DM LM microscope, 
using an Ar* laser (514 nm) and 50x magnification. 
Laser power was 10 mW, with a 60-second acquisition 
time (three cycles), at a resolution of about 1.5 cm”, 
in the range from 200 to 1200 cm. Rayleigh scatter- 
ing was blocked using a holographic notch filter. 
Backscattered light was dispersed on an 1800 
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grooves/mm grating with slits set at 50 um intervals, 
and the spectrometer was calibrated at 1332 cm 
using a natural diamond as a reference standard. 


RESULTS AND DISCUSSION 

The samples were aggregates ranging from light blue 
to light green to green (sometimes very similar to 
chrysoprase) and suitable for cabochon cuts of about 
2 cm in length (again, see figure 1 and table 1). They 
had cryptocrystalline (rarely microgranular) struc- 
ture, waxy luster, and conchoidal fractures. The 
measured microhardness was 231.5-386.7 kg/mm? 


In Brief 


e An occurrence of light blue to green variscite and other 
minerals of the variscite and metavariscite groups was 
discovered in central Tajikistan in the late 1970s. 

¢ The samples’ color is principally due to relative con- 
centrations of iron and chromium. 

© Compared to other localities, variscite from central 
Tajikistan shows generally high Fe and low Cr and V 
contents, as well as traces of sulfur and arsenic. 


No variscite mining has taken place in the area. 


(between 4 and 5 on the Mohs scale), and SG ranged 
from 2.32 to 2.36. All samples were inert to long- and 
short-wave UV. These properties are consistent with 
those previously reported for variscite and slightly 
different from those of the other minerals from the 
variscite and metavariscite groups (Palache et al., 
1951). 

Figure 4 presents a Raman spectrum of one sam- 
ple, studied previously by XRD (see Litvinenko et al., 
2013). The most intense apparent maxima is at ap- 
proximately 1020 cm, with two less intense peaks 
at around 990 and 1060 cm", all due to PO, symmet- 
ric stretching vibrations of the minerals from the 
variscite and metavariscite groups (Frost et al., 2004, 
Onac et al., 2004). The most intense bands are due to 
variscite-stretching vibrations, but their exact posi- 
tion and shape are likely due to the presence of other 
minerals of the variscite and metavariscite groups, 
such as strengite and phosphosiderite. A series of less 
intense bands, the result of PO, bending modes, are 
observed at about 580, 430, and 220 cm" (again, see 
Frost et al., 2004; Onac et al., 2004). Higher lumines- 
cence is observed in the green portion of the spectrum 
(figure 4). Quartz was also occasionally identified. 
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Figure 4. The Raman spectrum of sample 5 is in the 
200-1200 cnr' range. The most intense apparent max- 
ima is at about 1020 cnr". The less intense peaks at 
around 990 and 1060 cnr are due to PO, stretching vi- 
brations in variscite and other minerals of the 
variscite and metavariscite groups. The bands at 
around 580, 430, and 220 cnr" are the result of PO, 
bending modes. 


Chemical analysis using EDS on areas with various 
colors is presented in table 2. The chromophores Cr, 
V, and Fe were identified, along with small amounts 
of CaO, Na,O, K,O, TiO,, SO,, and As,O.. The atypi- 
cal presence of SO, and As,O, is likely due to the site’s 
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Figure 5. Reflectance spectra of the green and bluish 
green areas of sample 5 in the 380-1080 nm range. The 
strong decrease in reflectance at around 425 nm is 
probably related to iron. Bands at 445 and 630 nm, 
along with the weak but sharp decreases at about 645 
and 690 nm, are related to chromium. The peak at 750 
nm is most likely due to vanadyl groups, while the 
one at 975 nm is related to overtone vibrations of OH 
in the structural water. The relative intensity of the 
iron- and chromium-related bands is higher on the 
bluish green part than on the green area. 


proximity to the Chorroha antimony deposit, with 
stibnite (Sb,S,) and arsenopyrite (FeAsS) as main min- 
erals. A variscite occurrence that cut through anti- 
mony rocks was found in 1905 in the north-central 


TABLE 1. Gemological features of variscite samples from central Tajikistan. 


Sample no. 1 2 3 


4 5 6 


Photo 


©2eSse @ 


Color White to light blue Bluish green with Light green to green White to light blue White to light blue White to light blue 
to green green areas to green to green to green 

Size (cm) 1.5 x 1.0 x 0.4 2.3x1.5 x 1.2 1.6x 1.0 x 0.5 1.5 x 1.2 x 1.0 1.3x*1.2 x 0.5 1.0 x 0.9 x 0.5 

Transparency Opaque in hand samples, translucent in thin sections 

Luster Waxy 

Fracturing Conchoidal 


Microhardness 
Specific gravity 


Fluorescence 


231.5-386.7 kg/mm? (4—5 Mohs hardness), with bright green areas the hardest and bluish white areas the softest 


2.32-2.36 


Inert to both long- and short-wave UV 
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TABLE 2. Chemical composition of variscite from various localities. 


Central Tajikistan (points from samples 2, 4, and 6) 
; Slightly green White Bluish green Bright green Woodlands, 
Oxides with Australia Ervedosa, Pannecé, Sardinia, Utah, 
(wt.%) green (Willing et al., | Portugal France Italy U.S.A. 
hue 2008) (Calas et al., 2005) 
4 points oO 1 point 3 points 2 points o 
Al,O, | 21.17-28.58 3.38 27.05 24.99-27.05 1.05 24.46-26.97 1.77 30.6-32.1 29.4 29.1 28.2 29.3 
(25.68) (25.91) (Ca 7”) (31.45) 
P,O, 41.95-45.59 1.64 44.47 42.64-44.29 0.87 42.43-43.08 0.45 44.4-45.9 45.3 44,7 44.3 44.4 
(43.61) (43.63) (42.76) (45.3) 
Fe,O, 4.98-15.29 4.25 5.99 6.81-10.47 7ZA2Z-11.37 2.79 1.08—1.86 150 0.15 2.00 0.05 
(9.06) (8.30) (9.40) (1.4) 
CaO | bdl-0.50 (0.16) bdl bdl bdl bdl-0.19 (0.06) - - = = 
Na,O | bdl-0.11 (0.11) 0.18  bdl-0.12 (0.12) bdl 0.08—-0.19 (0.12) i - = 
K,O bdl 0.13 bdl bdl-0.14 0.02-0.13 (0.06) = - = 7 
SiO, bdl bdl bdl bdl 0.47-1.46 (0.87)} 0.04 0.03 1.40 0.06 
TiO, | bdl-0.15 (0.15) bdl bdl bdl 0.14—0.40 (0.29)} 0.02 0.03 0.02 0.08 
V,O, | bdl-0.15 (0.15) 0.16 0.10-0.19 bdl-0.19 (0.13) 0.32—0.50 (0.41)} 0.11 0.40 0.40 0.64 
(0.14) 
Cr,O, | bdl-0.15 (0.11) 0.10 bdl-0.16 (0.16) bdl-0.16 (0.16) 0.09-0.21 (0.16)} 0.40 0.2 0.30 0.14 
As,O, 0.34—0.56 OR29 0.19-0.42 0.38-0.71 = 
(0.46) (0.28) (0.55) 
PbO bdl bdl bdl bdl bdl-0.08 (0.02) - - - 
MnO = = = = = 0.03 0.05 0.02 0.03 
SO, 0.30-1.46 0.50 0.68 0.25-0.37 0.06 0.35-0.38 0.02 0.09-0.43 = = = - 
(0.76) (0.32) (0.36) (0.23) 
F = = = = 0.05—0.11 (0.08) = = = = 
-O=2F = - = - - = — | -0.02—-0.05 = = = = 
(-0.04) 
FIO? 22.8 17.2-21.9 (19.9) DDS) 
Total 102.1-103.67 0.64 101.85 99.61-103.83 2.12 101.3-102.65 0.96} 98.42-101.89 99.6 97.46 99.45 97.5 
(102.93) (101.59) (101.97) (100.31) 


* For Tajik and Australian variscite, minimum and maximum values are given, along with the average in parentheses. 
’ Water content for Tajik samples is calculated by stoichiometry of the structural formula for variscite H,O = 22.81 wt.%. 
Note: bdl = values below the detection limit by EDS. The detection limits for all measured oxides vary; approximate detection limits are 0.1 wt%. 


part of Mexico’s Querétaro state, though not directly 
associated with antimony minerals (White, 1947). 
Compared to variscite from other localities (Australia 
and the United States) and archaeological sites (Por- 
tugal, France, and Italy), the samples contained higher 
Fe,O, (up to 15.29 wt.%) and generally lower V,O, and 
Cr,O, (again, see table 2). Higher amounts of iron 
could be caused by the presence of iron phosphates 
such as strengite (FePO,:2H,O, orthorhombic) and 
minor amounts of phosphosiderite (FePO,-2H,O, 
monoclinic). For some areas with greenish color, 
where the color is mostly due to ferrous iron content, 
Cr and V were below the EDS detection limit. 
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Figure 5 presents reflectance spectra of the green 
and bluish green areas from 380 to 1080 nm. The 
strong decrease in reflectance at around 425 nm is 
probably related to Fe**; the large weak band above 
750 nm is likely due to vanadyl groups rather than 
Fe** (Calas et al., 2005). The decrease in reflectance 
centered at around 630 nm (and an associated, 
barely visible decrease in the blue part around 445 
nm), as well as the additional weak sharp re- 
flectance decreases at about 645 and 690 nm, are as- 
signed to spin-forbidden transitions of Cr** (Calas et 
al., 2005). A gradual decrease of reflectance from the 
near-infrared through the visible region is also ob- 
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served in both spectra, though it is more pro- 
nounced in the bluish green samples. The relative 
intensity of the iron- and chromium-related bands 
is higher on the bluish green part than on the green 
(again, see figure 5). The sharp band at around 975 
nm in the near-infrared region is related to overtone 
vibrations of OH in the structural water (again, see 
Calas et al., 2005). 


CONCLUSIONS 


Samples of variscite intergrown with strengite and 
minor amounts of other minerals of the variscite and 
metavariscite groups were found in central Tajik- 
istan; these samples range from light blue to green 
and are suitable for cabochon cuts about 2 cm in 
length. Their gemological properties were similar to 
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those of variscite from other occurrences. Raman 
spectroscopy confirmed the presence of variscite as 
well as other minerals of the variscite and meta- 
variscite groups. Vis-NIR reflectance spectra showed 
that the color is principally due to relative concen- 
trations of iron and chromium and that the vana- 
dium plays a minor role. Chemical analysis shows 
generally high iron concentrations, probably due to 
the presence of strengite, as well as lower chromium 
and vanadium than variscite samples from other lo- 
calities. Additionally, the relatively high arsenic and 
sulfur contents of the samples may be linked to the 
Chorroha antimony deposit. Further structural and 
spectroscopic studies as well as detailed geological 
mapping of this occurrence are needed in order to 
fully understand its production potential. 
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name and e-mail address (and write clearly). 


Score 75% or better, and you will receive a certificate of completion 
(PDF file). Earn a perfect score, and your name also will be listed in 
the Fall 2016 issue of Gems &) GEMOLOGY. 


1. The inclusion of iron preferentially 
along rhombohedral faces 
produces what effect in amethyst 
from the Boudi mine? 

A. Exclusively facet-grade material 
B. A deep purple color 

C. Double termination 

D. Hourglass zoning 


2. When a gemstone has two trans- 
mission windows in the visible 
absorption spectrum, which of the 
following is true? 

A. It potentially exhibits both 
alexandrite and Usambara 
effects 

B. It is pleochroic 

C. It is idiochromatic 

D. It must contain more than one 
color-causing chromophore 


3. Which is true of trapiche emeralds? 
A. They are examples of crystal 
twinning 
B. They are composite crystals 
C. They are single crystals 
D. They form when three crystals 
intersect 


4. In origin determination employing 
IB-LDA, if one origin group has 
the highest cross-validation (CV) 
accuracy rate of all origin groups 
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The following 25 questions are from the Spring, Summer, Fall, and 
Winter 2015 issues of Gems &) GEMOLOGY. Refer to the articles in those 
issues to find the single best answer for each question. 


or 


row. J 


er, 


in a particular round, what is this 
called? 

A. Chosen group 

B. Optimal chosen group 

C. Omitted group 

D. Unseparated group 


A corundum or quartz that 
displays dual-color double stars 
A. exhibits both a white dome star 


and a body-colored second star. 


B. has two sets of three series of 
needle inclusions in planes 
parallel to the basal face. 

C. has twinning in which each 
part of the twin has a set of 
needle inclusions, producing a 
single six-rayed star. 

D. contains abundant needle in- 
clusions, resulting in an 
opaque stone with extremely 
sharp and strong stars. 


Gold jewelry that is 99.9% pure 

A. is extremely rare, as it is too 
soft to stand up to regular use. 

B. can never tarnish, as gold is a 
noble metal that is highly sta- 
ble in air. 

C. may show red, black, or 
brown spots if contaminated 
by silver. 

D. None of the above. 
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7. Compared to Kashmir sapphires, 
alluvial Montana sapphires are 
A. more saturated in color. 
B. more likely to display strong 
habit features. 
C. less transparent and more 
velvety. 
D. lower in Ti and higher in Fe. 


8. Cobalt (Co?*) in spinel produces a 

A. strong blue luminescence with 
674 nm excitation. 

B. vivid blue color. 

C. blue color whose saturation is 
enhanced with the presence of 
kege 

D. grayish color. 


9. Of the following, the most prized 
attribute of black opal is 
A. white and crystal regions. 
B. dark gray potch. 
C. a red component in the play- 
of-color. 
D. shades of blue and green. 


10. Today, the deposit that supplies the 
largest amount of ruby rough 
worldwide is 

A. Mogok, Myanmar 

B. Snezhnoe, Tajikistan 

C. Luc Yen, Vietnam 

D. Montepuez, Mozambique 
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11. The purpose of a cone crushing 
system in the diamond recovery 
process is to 

A. increase speed 

B. preserve larger stones 

C. reduce the need for pumps and 
conveyers 

D. reduce environmental impact 


12. To capture all features in focus in 
an inclusion scene, a photomicro- 
grapher may employ 

A. increased exposure time 

B. oblique fiber-optic illumination 
C. extended depth-of-field imaging 
D. darkfield illumination 


13. What type of jewelry represents a 
happy marriage in Chinese culture? 
A. Gold and jade 
B. Platinum 
C. 24K gold 
D. Chrysanthemum-themed jewelry 


14. Which of the following statements 
about HPHT synthetic diamonds is 
true? 

A. Faceted samples over a carat, 
with IF clarity and D color, 
have been achieved. 

B. They are all type Ilb. 

C. They have not yet matched 
CVD synthetic diamonds in 
color and carat size. 

D. Growth rates for colorless 
samples are higher than for 
fancy-color blue and yellow 
samples. 


15. Which is not true about nitrogen in 
diamonds? 

A. In combination with a GR1 de- 
fect, it generates a green color. 

B. It only results in broad spectral 
absorption features. 

C. Its presence results in absorp- 
tion at the blue end of the visi- 
ble spectrum. 

D. It is the most common impurity 
element. 


16. While photographing an internal 
feature, contrast can be optimized 
to capture maximum detail by 

A. high dynamic range imaging. 
B. placing a black strip between 
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the gem and the light source 
to create a shadowing envi- 
ronment. 
C. using brightfield illumination. 
D. A and B 


17. The Grand Sapphire’s distinctive 
lozenge shape can be attributed to 

A. the cut it received prior to ac- 
quisition by Louis XIV. 

B. its natural habit. 

C. a cushion cut it received while 
owned by a Ruspoli prince. 

D. recutting from a Mogul cut. 


18. If repolishing the dome of a dual- 
color double star sapphire results 
in a star disappearing, what must 
be true? 

A. Three series of acicular needles 
can be found throughout the 
stone. 

B. The base is highly polished. 

C. The body-colored star disap- 
peared. 

D. The stone is diffusion treated. 


19. The following statements about all 
sources of sapphire from Montana 
are true except 

A. Rutile is a common inclusion. 

B. All possible sapphire colors are 
found. 

C. Color enhancement with heat 
treatment is common for all 
deposits. 

D. They are found in the western 
half of the state. 


20. What distinguishes color change 
from color variation in a 
gemstone? 

A. Color change occurs when the 
hue angle difference in two 
different lighting sources ex- 
ceeds 10°. 

B. An absolute classification 
scheme does not exist. 

C. Color change can be distin- 
guished from color variation 
based on the size of the stone. 

D. Color change occurs when the 
color difference in two differ- 
ent light sources exceeds a 
value of nine. 
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21. Most blue spinel produced in the 
Luc Yen district comes from 

A. primary pargasite deposits con- 
taining fractured, irregularly 
shaped crystals 

B. primary marble deposits con- 
taining well-formed octahedral 
crystals 

C. primary aggregates of small 
octahedral crystals 

D. secondary deposits as a by- 
product 


22. Why is it easier to eliminate blue 
color than yellow color during 
HPHT synthetic diamond growth? 

A. Nitrogen is present to some de- 
gree in any process gases and 
therefore finds its way into the 
growth capsule. 

B. Boron is heavier than nitrogen. 

C. It is impossible to incorporate 
boron into the diamond lattice. 

D. Nitrogen must exceed 100 
ppm in diamond to generate 
visible color. 


23. Which feature is unique to ruby 
from the Snezhnoe deposit? 

A. Lower than normal SG 

B. Unusually high RI 

C. Inclusions consisting of flakes 
of blue mica 

D. A complete lack of twinning 
with regular morphology and 
sharp faces 


24. Lattice windows are an example of 

A. a faceting design element. 

B. a traditional Chinese design 
element. 

C. outlines of crystalline lattice 
features. 

D. transparent faces of rough 
diamonds. 


25. How does the formation of the 
overgrowth zone of trapiche 
emeralds differ from the growth of 
non-trapiche emeralds? 

A. There is no difference. 

B. It forms much faster. 

C. It forms much slower. 

D. It necessarily incorporates or- 
ganic material. 
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Editors 


Unusual COLORED STONES 
Recently, a parcel of approximately 40 
rare gemstones was submitted to 
GIA’s Carlsbad laboratory for identifi- 
cation. Six of these stones (figure 1) 
represented gem types that had never 
been examined at this location. They 
were identified using standard gemo- 
logical testing, Raman spectroscopy, 
and energy-dispersive X-ray fluores- 
cence (EDXRF). 

A 0.87 ct translucent green hexag- 
onal step cut was identified as 
adamite, Zn,{AsO,}](OH). It had a spe- 
cific gravity (SG) of 4.40 and a refrac- 
tive index (RI) of 1.721-1.750. The 
stone fluoresced weak green under 
long-wave UV light but was inert to 
short-wave UV, which is atypical of 
adamite. Clouds and fractures were 
observed with 30x magnification. 

A translucent brown trapezoidal 
step cut with an SG of 5.18 proved to 
be bahianite, Al.SbO,,(OH),, which is 
especially rare as a facet-grade gem- 
stone. The 0.73 ct bahianite had a re- 
fractive index over the limit (OTL) of 
the RI liquid. It was inert under long- 
wave UV light but displayed very 
weak blue under short-wave UV 
light. Large fractures, along with nu- 
merous whitish fibrous, radial, and 
granular inclusions and some surface- 
breaking opaque metallic inclusions, 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. These rare gemstones were recently examined at GIA’s Carlsbad 
laboratory. From left to right: a 0.87 ct green adamite, a 0.73 ct brown bahi- 
anite, a 42.08 ct light brownish yellow cerussite, a 0.33 ct purple chamber- 
site, a 2.45 ct orange olmiite, and a 1.30 ct color-change remondite. 


were visible using 30x magnification. 
It also displayed vitreous to sub- 
adamantine luster. 

A 42.08 ct transparent light 
brownish yellow octagonal mixed-cut 
specimen with an SG of 6.54 dis- 
played an OTL refractive index and a 
biaxial optic figure, indicating its dou- 
bly refractive nature. It was inert to 
long-wave UV light but fluoresced 
very weak yellow under short-wave 
UV light. Magnification revealed 
strong doubling, strong fire, and nu- 
merous growth tubes and needles. Its 
heft was high due to its lead content. 
These properties, along with ad- 
vanced testing, led to its identifica- 
tion as cerussite, PbCO,. Although 
cerussite is a common weathering 
product of lead ore minerals, its soft- 
ness, brittleness, and heat sensitivity 
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make it a very rare faceted gem, par- 
ticularly in this large size. 

Another stone from the collection, 
a 0.33 ct transparent to semitranspar- 
ent purple triangle step cut with an 
SG of 3.49 and an RI of 1.728-1.734, 
was determined to be chambersite, 
Mn,B,O,,Cl. The gem was inert to 
both long- and short-wave UV light 
and showed numerous clouds with 
30x magnification. Chambersite is an 
extremely rare mineral, found as deep 
as 70 feet in salt brines (J.E. Arem, 
“Chambersite,” The Color Encyclo- 
pedia of Gemstones, 1987, 2nd ed., p. 
65). Because it is so small and dark, 
this material is almost never faceted. 

A 2.45 ct semitransparent orange 
cushion modified brilliant was identi- 
fied as olmiite, CaMn[SiO,(OH)](OH), 
which was first discovered in 2006 in 
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South Africa (http://www.mindat.org/ 
min-30762.html). Its SG was 2.95. 
The stone was doubly refractive, dis- 
played an RI of 1.648-1.671, and fluo- 
resced very weak orangy red under 
both long- and short-wave UV light. 
Magnification revealed wavy grain- 
ing, fibrous dislocations and inclu- 
sions, and a slightly oxidized stone 
surface. Most olmiite crystals are not 
suitable for faceting. 

The final stone of the six, a trans- 
parent pear-shaped modified brilliant 
that changed from greenish yellow 
under fluorescent light to yellowish 
orange under incandescent light, was 
identified as color-change remondite, 
Na,(Ce,La,Ca,Na,Sr),(CO,),. The 1.30 
ct stone had an SG of 3.40 and showed 
an RI of 1.628-1.631, yielding a bire- 
fringence of only 0.003. It was inert to 
both long- and short-wave UV light. 
Handheld prism spectroscopy revealed 
a strong rare earth element spectrum. 
Large growth tubes, scattered parti- 
cles, and etch channels were observed 
with 30x magnification. The stone’s 
rounded facet junctions indicated a 
low hardness. Remondite was previ- 
ously reported as a color-change bur- 
bankite-related mineral from Quebec 
(Winter 1992 GNI, pp. 270-271). 

Such a suite of gemstones, prized 
among avid gem collectors, is not often 
submitted to the laboratory. Without 
the help of advanced analytical equip- 
ment such as Raman spectroscopy and 
EDXRF to complement standard gemo- 
logical testing, it would be challenging 
to conclude the identity of these rare 
gemstones. 


Rebecca Tsang 


DIAMOND 

Inclusion with Radiation Halo 
Radiation is known to impart green or 
brown coloration to diamond. This ef- 
fect most commonly appears as col- 
ored spots, presumably where 
radioactive mineral grains settled 
against the diamond for an extended 
period. Circulation of radioactive 
groundwater may contribute to a 
“skin” with more evenly distributed 
color. In either case, the radiation 
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Figure 2. Left: This 0.49 ct Fancy pink brown diamond, measuring 4.11 
mm wide, contains a monazite inclusion with a brown radiation halo. 
Right: A photomicrograph of the monazite inclusion shows the halo thick- 
ness of about 10-20 pm. The inclusion’s color is masked by the brown ra- 
diation stain, but it appears to be yellow or colorless. The dark feature 
extending from the bottom of the inclusion is a graphitized crack. Field of 
view 0.36 mm. 


comes from an external source. GIA’s 
New York lab recently examined a 
0.49 ct Fancy pink brown diamond 
containing an inclusion with a brown 
radiation stain in the form of a halo 
(figure 2). In this case, the radiation 
originated from the inclusion itself. 
Because the inclusion is com- 
pletely enclosed within the diamond, 
the material must have been trapped 


during diamond growth in the man- 
tle. Raman spectroscopy (figure 3) re- 
vealed the inclusion to be monazite, 
(Ce,La,Nd,Th)PO,, a mineral capable 
of carrying significant amounts of ra- 
dioactive thorium. Xenotime, YPO,, a 
similar rare earth phosphate, has also 
been reported as an inclusion in dia- 
mond with a radiation stain (Fall 2014 
Lab Notes, pp. 237-238), but that in- 


Figure 3. A Raman spectrum of the inclusion with a radiation halo shows 
a strong peak at 972 cnr and smaller peaks at 575 and 415 cnr“, all of 


which correspond to monazite. 
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clusion was interpreted as epigenetic. 

Monazite is very rarely reported as 
an inclusion in diamond. It is not part 
of the common mineral assemblage of 
peridotitic or eclogitic mantle host 
rocks. Instead, a rare earth element-— 
enriched phosphate like monazite 
could be attributed to carbonatitic 
fluid or melt that infiltrated the host 
rocks and contributed to diamond 
growth. Monazite found within peri- 
dotite mantle xenoliths has also been 
ascribed to carbonatitic metasoma- 
tism (R.L. Rudnick et al., “Carbon- 
atite metasomatism in the northern 
Tanzanian mantle: Petrographic and 
geochemical characteristics,” Earth 
and Planetary Science Letters, Vol. 
114, No. 4, 1993, pp. 463-475). Other 
phosphate minerals, chiefly apatite, 
can be found as a component of the 
fluid microinclusions that character- 
ize so-called fibrous diamond. Dia- 
mond-forming fluids or melts are 
believed to be an important source of 
incompatible elements that may re- 
enrich the otherwise depleted refrac- 
tory lithospheric mantle. 


Evan M. Smith and 
Surjit Dillon Wong 


Analysis of Yellow Diamond Melee 

for Color Treatment and Synthetics 

Due to the size and quantity of dia- 
mond melee in a parcel, gemological 
analysis is usually not performed on 
each specimen. As a result, treated 
and synthetic diamonds are some- 
times mixed with natural diamond 


melee in parcels (Winter 2014 Lab 
Notes, pp. 293-294). 

Some gemological laboratories are 
able to properly identify treated and 
synthetic diamond melee with a com- 
bination of infrared absorption spec- 
troscopy, photoluminescence (PL) 
spectroscopy, and DiamondView flu- 
orescence imaging. GIA’s New York 
laboratory recently tested two parcels 
of yellow diamond melee submitted 
for this screening. The results of their 
examination highlight the impor- 
tance of laboratory analysis to cor- 
rectly establishing the nature and 
color origin of diamond melee. 

A parcel of six yellow melee (figure 
4), each weighing approximately 0.12 
ct, was submitted to GIA for testing. 
Examination confirmed that all six 
were natural diamonds treated by 
HPHT (high-pressure, high-tempera- 
ture) processing. A combination of 
mid-infrared absorption spectroscopy 
(4000-400 cm) and PL spectroscopy 
with 633 nm laser excitation was used 
to detect this HPHT treatment. Spec- 
troscopic analysis in the mid-IR range 
revealed the presence of isolated single 
nitrogen impurities. Four stones con- 
tained both A- and B-aggregated nitro- 
gen where the B-aggregate was 
dominant, while the remaining two 
contained B-aggregated nitrogen, all 
six contained isolated single nitrogen. 
PL spectroscopy revealed features 
that confirmed these were HPHT- 
treated diamonds. 

Another parcel of 20 yellow dia- 
mond melee (figure 5), each weighing 


Figure 4. These six melee were re- 
vealed to be HPHT-treated natu- 
ral diamonds. 


between 0.01 and 0.02 ct, was sub- 
mitted for testing. Mid-IR absorption 
spectroscopy and DiamondView im- 
aging revealed that three were un- 
treated natural diamonds and one 
was an HPHT-treated natural dia- 
mond, the rest were HPHT synthet- 
ics (figure 6). Mid-IR spectroscopy 
also revealed that 17 of the melee 
were dominated by A-aggregated ni- 
trogen, three contained both A- and 
B-aggregated nitrogen, and all 20 con- 
tained isolated single nitrogen. The 
DiamondView images revealed char- 
acteristic growth features that helped 
separate the HPHT synthetic and 
HPHT-treated material from the nat- 
ural stones. The HPHT synthetics 
contained typical cuboctahedral 
growth patterns, while growth pat- 
terns associated with natural dia- 
mond formation were observed in the 
natural diamonds, both untreated and 
HPHT-treated. 


Figure 5. Of this group of 20 diamond melee, 16 were HPHT synthetics (left). Three were untreated natural dia- 
monds (center), and one was an HPHT-treated natural diamond (right). 
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Figure 6. These DiamondView images show characteristic growth 
features typical of (A) untreated natural, (B) HPHT-treated natural, and 
(C-F) HPHT synthetic diamond. 


This analysis highlights the impor- 
tance of laboratory testing to correctly 
identifying the nature and color origin 
of diamond melee, and to minimizing 
the risk of mixing treated and syn- 
thetic diamonds with natural melee in 
the marketplace. 


Caitlin Dieck, Manisha Bhoir, and 
Paul Johnson 


EMERALD/Emerald Doublet 

While various combinations of mate- 
rials are used to form doublet gems, 
we seldom see doublets consisting of 
the same materials. Ruby/ruby dou- 
blets (Spring 1987 Lab Notes, pp. 47-— 
48; Spring 1996 Lab Notes, p. 49) as 
well as a tourmaline/tourmaline dou- 
blet (Summer 1990 GNI, pp. 165-166) 
have been reported, but a doublet 
consisting of two sections of natural 
emerald has not been previously 
documented. 

GIA’s Tokyo laboratory recently 
examined a 1.81 ct transparent green 
octagonal step cut that measured ap- 
proximately 7.22 x 6.71 x 5.55 mm 
(figure 7). Standard gemological test- 
ing indicated an SG of 2.71, with an 
RI of 1.572-1.580 on the crown and 
1.570-1.578 on the pavilion. A 
chromium spectrum consistent with 
emerald was visible with a handheld 
spectroscope. Upon first glance, this 
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stone appeared to be a natural Colom- 
bian emerald, but careful examination 
easily revealed its doublet nature, 
while Raman spectroscopy confirmed 
that both the top and bottom portions 
were indeed beryl. 

Microscopic observation revealed 
a very flat separation plane below the 
girdle, crossing the pavilion diago- 
nally. Flattened gas bubbles were vis- 
ible along the plane (figure 8, left), and 
a blue and orange flash effect was also 
apparent. Jagged three-phase inclu- 
sions typical of Colombian emeralds 
were visible in both parts, while fine 
growth tubes and fingerprints in helix 
patterns were seen only in the top 


Figure 7. This 1.81 ct specimen 
was a natural emerald/emerald 
doublet. Field of view 10.5 mm. 


portion. Inclusions did not cross the 
boundary between the two sections. 
Under long-wave UV light, the top 
showed a stronger red fluorescence 
than the bottom, with a distinct 
boundary between the two (figure 8, 
right). A whitish fluorescence was 
also observed along the plane. Illumi- 
nation using crossed polarizers re- 
vealed that the top and bottom 
portions had different optical orienta- 
tions, with two optic axes visible (fig- 
ure 9). Typical of most emeralds, 
enhanced fractures showing a flash ef- 
fect were found in both parts. 
Immersion with methylene iodide 
revealed green angular zoning in the 
bottom, whereas the top had even, 
saturated green color. Both sections 
appeared to have enough green color 
to be considered emerald. The glue 
along the separation plane was color- 


Figure 8. Left: Flattened gas bubbles are visible along the separation plane 
of the doublet. Field of view approximately 3 mm. Right: Viewed under 
long-wave UV light, the doublet displayed strong red fluorescence in the 
top portion but not the bottom. A distinct boundary between the two 
parts is clearly visible. 
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Figure 9. When the doublet was 
viewed under crossed polarizers, 
different optical orientations 
were apparent. At this angle, in- 
terference colors along the optic 
axis are Clearly visible in the bot- 
tom portion but not the top. 
Field of view 11.60 mm. 


less. This is unusual, as assembled 
imitations of emerald are often com- 
posed of pale beryl or other colorless 
materials with a green cement layer. 
We could only speculate on the cir- 
cumstances leading to the creation of 
this unusual doublet. 


Yusuke Katsurada and Claire Ito 


Hydrophane OPAL Treatments 

Recently in GIA’s Bangkok lab, an 
approximately 4 cm piece of rough 
hydrophane opal was fabricated into 
five slices for various treatment ex- 


TABLE 1. Appearance of hydrophane opal slices before and after treatment. 


Figure 10. Top: These five opal slices of comparable thickness were cut 
from the same rough. They were semitransparent to translucent when 
viewed in daylight on a black background. Play-of-color was displayed 
with oblique lighting at certain angles. Bottom: The slices’ transparency 
improved after immersion in distilled water for approximately 20-30 
minutes. Each slice absorbed water differently depending on its porosity. 


periments. Each slice was approxi- 
mately 0.5 cm thick. Only clean tap 
water was used in the cutting 
process, and no other materials be- 
sides opal were involved. The opal 
slices showed a whitish, cloudy ap- 
pearance in daylight and appeared 
light brown to brown in calibrated 


diffused light. 


After the cutting step, all five 
slices underwent specific gravity 
testing, which gave SG values of ap- 
proximately 1.93 +0.03. While im- 
mersed in water, the slices displayed 
obvious weight gain and improved 
transparency, which indicated that 
the material was hydrophane opal 
(figure 10). 


Oil treatment 


Opticon treatment 


Daylight 


Calibrated 
transmitted light 


Before 


After 
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Figure 11. FTIR spectra of untreated, oil-treated, and Opticon-treated opal. 
The two treated opals show characteristic FTIR peaks in the 5600-5900 cn 
range, while untreated opal does not show any peaks in this range. 


whole piece, resulting from its non- 
uniform porosity, and could be calcu- 


The water-absorbing ability of the 
opal was found to vary through the 


Figure 12. Raman spectra of untreated, oil-treated, and Opticon-treated 
opal. The oil-treated opal shows characteristic Raman peaks at 2929, 
2897, 2873, 2851, and 2724 cmr'. The Opticon-treated opal displays char- 
acteristic Raman peaks at 3071, 2931, and 2873 cnr", with a series of 
smaller peaks in the 600-1600 cnr" range. 
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lated as percentage weight changes in 
water, ranging from 5% to 13%. It 
took approximately one week to re- 
store the opal’s original weight and 
appearance. 

Two slices were then selected for 
oil and Opticon treatment experi- 
ments. The treatment procedures 
were identical. The pieces of opal 
were heated to approximately 80°C 
and then placed in warm oil or Opti- 
con of the same temperature under 
vacuum conditions. They were 
heated continuously for 15 to 20 min- 
utes, which was indicated by the 
presence of gas bubbles on the opal. 
Once the slices had fully absorbed the 
oil or Opticon, there were few, if any, 
gas bubbles. Afterward, the slices 
were removed, cleaned with a dry 
cloth, and left to air-dry overnight at 
room temperature. 

Both treated opal slices were ana- 
lyzed using a gemological microscope 
and advanced instruments. Oil treat- 
ment improved transparency but de- 
stroyed play-of-color (table 1, left). 
Opticon treatment enhanced trans- 
parency while preserving play-of- 
color (table 1, right). The FTIR 
spectrum of the oil-treated slice 
showed oil-related peaks at 5670, 
5789, and 5860 cm", whereas the 
FTIR spectrum of the Opticon- 
treated slice displayed a series of re- 
lated peaks in the 5600-5900 cm! 
range (figure 11). Raman spectra also 
demonstrated the presence of treat- 
ments. The oil-treated sample dis- 
played peaks at 2929, 2897, 2873, 
2851, and 2724 cm, while the Opti- 
con-treated slice showed dominant 
peaks at 3071, 2931, and 2873 cm", 
and a series of smaller peaks in the 
600-1600 cm range (figure 12). 

While oil and Opticon are not eas- 
ily observed with the unaided eye or 
even with a microscope, they are 
readily detected by advanced instru- 
ments. Using Opticon, the process 
could be combined with other treat- 
ments, such as dyeing or sugar-acid 
treatment, to improve the durability 
and transparency of opal. 


Ratima Suthiyuth and 
Vararut Weeramonkhonlert 
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Figure 13. A 5.03 ct Fancy Deep blue HPHT synthetic diamond was examined by GIA (left). Faint but sharp color 
zoning was observed (middle, field of view 4.77 mm), along with small metallic inclusions and a cavity at the gir- 


dle (right, field of view 2.19 mm). 


SYNTHETIC DIAMOND 

Largest Blue HPHT Synthetic 
Recently, large colorless and near-col- 
orless HPHT-grown diamonds by the 
Russian company NDT have been in- 
vestigated, with sizes up to 5.11 ct (U. 
D’Haenens-Johansson et al., “Large 
colorless HPHT-grown synthetic gem 
diamonds from New Diamond Tech- 
nology, Russia,” Fall 2015 GwG, pp. 
260-279; Spring 2015 GwG Lab 
Notes, pp. 65-66). The largest faceted 
colorless HPHT-grown synthetic dia- 
mond reported to date is a 10.02 ct E- 


color, VS,-clarity specimen, reported 
by IGI Hong Kong in 2015. In January 
2016, GIA’s New York laboratory ex- 
amined a 5.03 ct fancy-color HPHT- 
grown type IIb synthetic diamond 
(figure 13, left) produced by NDT, the 
largest faceted blue laboratory-grown 
diamond studied so far. 

This emerald-cut synthetic dia- 
mond was color graded as Fancy Deep 
blue. This is a very attractive color 
with no other color component, a 
prized rarity among natural type IIb di- 
amonds (the Blue Moon, for instance, 


Figure 14. DiamondView images of fluorescence (top left), and phospho- 
rescence (bottom left) revealed a cuboctahedral growth pattern, which is 
typical for HPHT-grown synthetic diamond. Phosphorescence spectra 
(right) show two peaks at approximately 500 and 575 nm, contributing a 


chalky blue color. 


PHOSPHORESCENCE SPECTRA 


74 LAB NoTES 


Ll 


PHOSPHORESCENCE INTENSITY (COUNTS) 


700 800 900 1000 
WAVELENGTH (nm) 


Gems & GEMOLOGY 


was graded as Fancy Vivid blue). When 
viewed using a microscope, faint but 
sharp color zoning could be seen (fig- 
ure 13, center), indicative of the un- 
even impurity incorporation of HPHT 
synthetic diamonds. No strain was ob- 
served under crossed polarizers, indi- 
cating a very low dislocation density, 
which is also characteristic of HPHT- 
grown diamonds. It had VS, clarity, 
with only very small metallic inclu- 
sions and a cavity observed at the gir- 
dle (figure 13, right). Fluorescence and 
phosphorescence images collected 
using a DiamondView instrument re- 
vealed the sample’s cuboctahedral 
growth pattern (figure 14, left), an- 
other feature of HPHT synthetics. 
The long-lasting chalky blue phos- 
phorescence was further analyzed 
using spectroscopy, and the emission 
was found to originate from two broad 
bands centered at approximately 500 
and 575 nm (figure 14, right). These 
bands have previously been reported 
in NDT’s type Ila and IIb HPHT syn- 
thetic diamonds (D’Haenens-Johans- 
son et al., 2015). 

Absorption spectroscopy for the 
mid-infrared region confirmed the 
sample was type IIb, with strong 
boron-related features at 1290, 2458, 
and 2800 cm!. The average bulk 
boron concentration was 0.82 to 1.12 
ppm, calculated according to the equa- 
tion N,-N, = (1.00 + 0.15) x H,,., ppm 
cm™, where N, is acceptor concentra- 
tion, N,, is donor concentration, and 
H, 59) is peak height at 1290 cm"! (A.T. 
Collins, “Determination of the boron 
concentration in diamond using opti- 
cal spectroscopy,” Proceedings of the 
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61st Diamond Conference, Warwick, 
UK, 2010). Otherwise, this large syn- 
thetic diamond exhibited an ex- 
tremely low concentration of optical 
defects. PL spectroscopy was con- 
ducted at liquid nitrogen temperatures 
using a range of laser excitations cov- 
ering the UV-visible-IR range. The PL 
spectra only revealed emission from a 
single defect species, a Ni-related 
emission multiplet with peaks at 
483.6/483.8/484.1/484.4 nm (484 nm 
center) detected using 324.8 nm laser 
excitation (A.T. Collins, “The charac- 
terisation of point defects in diamond 
by luminescence spectroscopy,” Dia- 
mond and Related Materials, Vol. 1, 
1992, pp. 457-469). As with previous 
type IIb synthetic diamonds, its visi- 
ble-NIR spectrum showed a transmis- 
sion window in the blue region and an 
absorption in the red, caused by the 
presence of boron, resulting in the ob- 
served blue bodycolor. 

This 5.03 ct sample is the largest 
HPHT-grown blue synthetic diamond 
examined at a GIA laboratory. As the 
size and quality of synthetic diamonds 
improve, careful identification is es- 
sential. Representative HPHT syn- 
thetic diamond characteristics seen in 
this specimen, such as the lack of 
tatami strain patterns (which are typ- 
ically observed in natural type IIb dia- 
monds), faint but sharp color zoning, 
and small metallic inclusions from 
the metal-catalyst flux, can be de- 
tected using a gemological micro- 
scope, emphasizing its continued 
importance in gem identification. Ex- 
amination of this large IIb synthetic 
diamond, combined with those previ- 
ously reported from NDT, illustrates 
the rapid progress in HPHT growth 
technologies. This is a development 
that will eventually impact the jew- 
elry industry. 

Kyaw Soe Moe, Paul Johnson, 
Ulrika D’Haenens-Johansson, and 
Wuyi Wang 


Ring with a CVD Synthetic Melee 

The separation of synthetic diamond 
melee from natural diamond melee is 
a significant concern. Some specimens 
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Figure 15. One of the round-cut 
melee mounted in this ring was 
identified as a CVD synthetic 
diamond. 


have been identified by GIA and other 
laboratories as synthetic, but those 
products were predominantly HPHT 
grown. GIA’s Hong Kong lab recently 
identified a CVD synthetic melee 
mounted in a ring (figure 15). 

The round-cut synthetic measured 
approximately 2.8 mm in diameter 
and weighed about 0.08 ct. Color 
could not be graded due to the mount- 
ing, but it was estimated to be in the 
F-H range. The material showed no 


notable visual features using the mi- 
croscope other than a small surface 
scratch at the table. Infrared absorp- 
tion spectroscopy indicated the typical 
features of a type Ila diamond; no de- 
fect-related absorption feature was de- 
tected. A PL spectrum was collected 
at liquid nitrogen temperature with a 
very wide range of laser excitation 
wavelengths. Major features included 
emissions from [N-V] and [Si-V} cen- 
ters (figure 16). The emission at 575.0 
nm from [N-V]° is much stronger than 
the peak at 637.1 nm from [N-V}], sim- 
ilar to many natural type Ila dia- 
monds. Most notably, this specimen 
showed very strong emissions at 736.6 
and 736.9 nm from the [Si-V]} defect. 
Using 514 nm laser excitation, the in- 
tensity of the [Si-V]} defect was about 
eight times that of the diamond 
Raman line. DiamondView imaging 
revealed strong orange color with 
small irregular areas of blue fluores- 
cence (figure 17). All these observa- 
tions confirmed that this melee is an 
as-grown CVD synthetic. 

This was the first mounted CVD 
synthetic melee diamond identified 
by GIA. While synthetics of this size 


Figure 16. The photoluminescence spectrum collected at liquid nitrogen 
temperature with 514 nm laser excitation shows moderate emissions 
from [N-V] centers and a very strong emission from [Si-V. 
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Figure 17. DiamondView imaging 
showed strong orange fluores- 
cence with small irregular areas 
of blue fluorescence, a typical 
feature of as-grown CVD syn- 
thetic diamond. 


are overwhelmingly HPHT grown, we 
do expect to see more CVD synthetic 
diamond melee in the future. 


Terry Poon, Carmen Lo, and 
Billie Law 


Quench-Crackled Blue 
SYNTHETIC SPINEL 
Recently, GIA’s Bangkok laboratory 
examined an interesting 9.75 ct blue 
oval mixed cut (figure 18). Standard 
gemological properties included an RI 
of 1.728, with strong anomalous dou- 
ble refraction using the polariscope. 
The sample’s Chelsea filter reaction 
exhibited a strong red transmission, 
and absorption bands at 540, 580, and 
635 nm were seen in the handheld 
spectroscope. The specimen fluo- 
resced strong red under long-wave UV 
radiation and strong bluish white 
under short-wave UV. These proper- 
ties are diagnostic features of cobalt 
blue synthetic spinel grown by the 
Verneuil (flame-fusion) process. 
Microscopic observation revealed 
tiny strings of gas bubbles and strong 
irregular graining, with many reflec- 
tive fractures on one side of the sam- 
ple (figure 19). The specimen appeared 
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Figure 18. A 9.75 ct synthetic 
spinel, seen in GIA’s Bangkok 
lab, was proven to be treated by 
the quench-crackling method. 


to have been heated and thermally 
shocked. This method, known as 
quench-crackling, typically involves 
the use of a dye to create a preferable 
color, but not in this specimen. While 
DiamondView imaging showed clear 
fractures similar to those found in 
quench-crackled treated material (fig- 
ure 20), a PL spectrum of Cr** shifted 
from 685 to 689 nm was consistent 
with synthetic spinel (S. Saeseaw et 
al., “Distinguishing heated spinels 
from unheated natural spinels and 
from synthetic spinels,” GIA Re- 
search News, April 2009). 

Laser ablation-inductively coupled 


Figure 19. These reflective frac- 
tures were seen in the blue syn- 
thetic spinel. Field of view 2.5 


Gems & GEMOLOGY 


Figure 20. DiamondView imag- 
ing of the synthetic spinel 
showed fractures typical of 
quench-crackled material. 


plasma—mass spectrometry (LA-ICP- 
MS) was utilized for a trace element 
analysis. The results displayed high 
amounts of Co (up to 167 ppma), 
along with 1137 ppma Ti and 337 
ppma Cr. Zn was found with a maxi- 
mum of 6 ppma, and Ga was below 
the detection limit. This specimen 
contained higher amounts of Ti and 
Co than those previously reported in 
S. Saeseaw et al. (“Cobalt diffusion of 
natural spinel: A report describing a 
new treatment on the gem market,” 
GIA Research News, June 2015). We 
concluded that a quench-crackling 
technique was used to make the syn- 
thetic spinel appear more like a natu- 
ral spinel. In such cases, standard 
gemological properties are useful for 
accurate identification. 


Sudarat Saeseaw and 
Charuwan Khowpong 
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Dolomite with Unusual Inclusions 


Dolomite is not often encountered as a gem material, and 
it is generally known as an inclusion in gems such as emer- 
ald, garnet, quartz, and ruby. In view of this, any inclusions 
found within gem-quality dolomite may be justifiably con- 
sidered as rare inclusion/host combinations. 

One particular area known to produce gemmy dolomite 
suitable for lapidary work is the Mount Brussilof mine in 
Radium Hot Springs, British Columbia, Canada. Also 
found at this mine in direct association with the dolomite 
are crystals of the relatively rare mineral svanbergite. 

Crystallizing in the trigonal crystal system in a rhom- 
bohedral to pseudocubic habit, svanbergite is not a widely 
known mineral associate of dolomite or any of the other 
common carbonates. It is a member of the beudantite min- 
eral group and is composed of basic phosphate and sulfate 
of strontium and aluminum phosphates and sulfates. Svan- 
bergite colors range from reddish brown to orange; there is 
also colorless material. 


Figure 1. These brownish orange cubic to rhomb- 
shaped inclusions were identified by Raman analysis 
as svanbergite in dolomite. Photomicrograph by 
Jonathan Muyal, field gh view 14.52 mm. 


= ae 


Micro-WoRLD 


Recently we had the opportunity to examine a cluster of 
inclusions surrounded by numerous tiny fluid inclusions 
within a colorless gem-quality dolomite (figure 1). It came 
as a delightful surprise when laser Raman microspectrome- 
try revealed these crystals to be svanbergite, an inclusion- 
to-host pairing we’ve never previously encountered. 


John I. Koivula 
GIA, Carlsbad 


Olivine in Oregon Labradorite 


Gem-quality labradorite from Oregon is typically prized for 
its red, orange, and green colors, as well as the tiny exsolu- 
tion platelets of copper that create the phenomenon of 
aventurescence. Other notable inclusions can also be found 
in this gemstone from time to time, such as the olivine in- 
clusion in the stone provided by Ken Lack of Gem Net LLC 
in Grants Pass, Oregon (figure 2). These rare inclusions typ- 
ically display a greenish yellow bodycolor and compression 
cracks, indicating a significant amount of strain between 
the feldspar host and the olivine guest (figure 3; see E.J. Gti- 
belin and J.I. Koivula, Photoatlas of Inclusions in Gem- 
stones, Vol. 2, Opinio Verlag, Basel, Switzerland, 2005, pp. 
419, 422). In this example, the stone was reported to have 
cracked during cutting, presumably due to the strain. This 
labradorite was cut to showcase the inclusion, making it 
easy to view from multiple angles. 


About the banner: Droplets of dew or rainwater with trapped air bubbles 
are captured in amber from the Dominican Republic. Photomicrograph by 
John |. Koivula; field of view approximately 10 mm. 

Editors’ note: Interested contributors should contact Nathan Renfro at 
nrenfro@gia.edu and Jennifer-Lynn Archuleta at jennifer.archuleta@gia.edu 
for submission information. 
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Olivine inclusions in labradorite feldspar typically in- 
dicate an Oregon origin—if one is lucky enough to find 
such a rare internal feature. 


Nathan Renfro 
GIA, Carlsbad 


Shrinkage “Footprint” in Rose Quartz 


Rose quartz is a widely distributed gem material. The spec- 
imen shown in figure 4 was mined from pegmatites near the 
village of Tsaramanga, located in the Antananarivo province 
of Madagascar, and fashioned into a 34.11 ct rectangular step 
cut. It featured decorative epigenetic iron-colored debris that 
had been deposited in an extensive surface-reaching fracture. 
One of these debris patterns vividly calls to mind a dinosaur 
footprint left behind in soft mud. 

It appears that the fine particulate debris was suspended 
in water and subsequently deposited in the crack as a wet 


Figure 3. The olivine inclusion was photographed in an 
immersion liquid, which wicked along surface-reaching 
cracks and partially eliminated the reflective interface, 
allowing better observation inside the olivine. Photomi- 
crograph by Nathan Renfro; field of view 3.83 mm. 
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Figure 2. This octagonal 
step-cut labradorite 
(left) was faceted with 
an extra-large girdle 
and a simple faceting 
pattern to showcase the 
olivine inclusion 
trapped inside (right). 
Photos by Kevin Schu- 
macher. 


solution. As the water dried, the resulting shrinkage pat- 
tern formed as only the particles were left behind, a mech- 
anism very similar to the formation of water spots when 
raindrops dry on a smooth glassy surface. So now “foot- 
prints” joins “fingerprints” in our inclusion lexicon. 

John I. Koivula 


A Fantastic Display of Phase Changes in a Sapphire’s 
Fluid Inclusion 


In corundum of metamorphic origin, the presence of car- 
bon dioxide (CO, ) fluid inclusions is a useful diagnostic in- 
dicator that no heat treatment has occurred; a gemologist 
simply has to cool the stone to below approximately 
31.5°C to observe these inclusions (J.I. Koivula, “Carbon 
dioxide fluid inclusions as proof of natural-colored corun- 
dum,” Fall 1986 GwG, pp. 152-155). Even though this type 
of inclusion is considered commonplace in sapphires that 


Figure 4. This 0.98 mm yellowish brown footprint- 
shaped epigenetic deposit of iron hydroxide was dis- 
covered in a pale pink rose quartz from Madagascar. 
Photomicrograph by Nathan Renfro; field of view 
2.38 mm. 
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form in a metamorphic environment, a spectacular exam- 
ple was recently witnessed in a Sri Lankan sapphire. 

When viewed correctly, the inclusion is revealed to be a 
negative crystal with a very tabular morphology (figure 5); 
for more on distinguishing negative crystals, see Fall 2009 
Lab Notes, pp. 212-213. The negative crystal also contains a 
rather large graphite crystal. As the specimen’s temperature 
is lowered, the CO, trapped in the negative crystal remains 
homogenized with no bubbles present until reaching approx- 
imately 31.5°C, whereupon both liquid and gas phases be- 
come clearly observable. The homogenized state represents 
a supercritical fluid, one that behaves like a liquid and a gas 
under certain conditions. Under these circumstances, the 
CO, assumes the shape of its “container” (the negative crys- 
tal) and can be compressed much like a gas phase while re- 
taining the density of a liquid. This supercritical phase of 
CO, has some unique properties, such as the ability to dis- 
solve certain substances, which is otherwise impossible in 
its gas or liquid phase. The observation of the phase change 
elegantly illustrates the temperature and pressure conditions 
of this fluid inclusion system (see video at gia.edu/gems- 
gemology/phase-changes-sapphire-fluid-inclusion). Such in- 
clusions generate pressure 75 times that of sea level (>1000 
psi), and this extreme pressure accounts for their tendency 
to rupture during heat treatment (see E. Roedder, Fluid In- 
clusions, Reviews in Mineralogy, Vol. 12, Mineralogical So- 
ciety of America, Washington, DC, 1984). 

When CO, is cooled below 31.5°C, the liquid and gas 
phases have very different densities and thus very different 
refractive indices, making them clearly distinguishable. 
Above that temperature, while in the supercritical state, 


Micro-WorRLD 


graphite crystal and carbon dioxide. When cooled below the supercritical 

+) point, the CO, exists as a gas and liquid; gaseous CO, is visible due to the 
_ difference in refractive index between the liquid and gas phases (B-F). 

_ When heated above the supercritical point, the CO, homogenizes into a su- 
percritical fluid (A and G). The flat surface of the negative crystal gives rise 

to a high nucleation density of gas bubbles, which ultimately coalesce into 

a single large gas bubble (B and E). Photomicrographs by Nathan Renfro. 
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the homogenized liquid has a uniform density, and the two 
phases are impossible to differentiate. As one raises and 
lowers the temperature, the changing internal scene re- 
peatedly follows this fascinating course. 

In this example of a CO,-filled negative crystal, numer- 
ous bubbles spontaneously nucleate as the temperature 
drops below the supercritical point. This proliferation is 
largely due to the flat, smooth surfaces of the tabular void. 
The highest-energy areas for the bubbles to nucleate exist 
on minute imperfections along these flat surfaces, creating 
an extraordinarily high nucleation density of gas bubbles. 
This is one of the most fantastic examples of a carbon diox- 
ide fluid inclusion phenomenon the authors have encoun- 
tered in sapphire. 


Nathan Renfro and John Koivula 


Elise A. Skalwold 
Ithaca, New York 


Iridescent Inclusions in Scapolite 


A 2.21 ct phenomenal scapolite (figure 6), reportedly from 
Tanzania, was recently examined by this author. Of partic- 
ular interest was its striking resemblance to Oregon 
labradorite feldspar, which displays aventurescence and is 
known in the trade as sunstone. Raman microspectrometry 
confirmed the stone’s identity as scapolite. Vibrant thin-film 
iridescence created by brownish orange exsolution platelets 
(figure 7) was revealed by microscopic examination; these 
platelets are responsible for the stone’s orange bodycolor. 
The exsolution platelets are presumed to be hematite based 
on their color, morphology, and high levels of iron detected 
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Figure 6. Orange platelet inclusions give this 2.21 ct 
scapolite an orange color and aventurescence similar 
to that of Oregon sunstone. Photo by Jonathan Muyal. 


by energy-dispersive X-ray fluorescence (EDXRF), although 
it was not possible to confirm this identity through Raman 
analysis. This scapolite’s aventurescence and pleasing or- 
ange bodycolor make it an interesting collector’s gemstone. 


Jonathan Muyal 
GIA, Carlsbad 


A Halo in a Sri Lankan Taaffeite 


The lovely chromium-bearing purplish red taaffeite from Sri 
Lanka seen in figure 8 is home to a swarm of included crys- 
tals, but one is particularly intriguing. Due to this crystal’s 
depth and minute size, it cannot be conclusively identified 
without destructive testing. But its opaque black appearance 
leads us to believe it is either thorianite or uraninite. The lat- 
ter is a uranium-rich mineral formerly known as pitchblende 
and reported to exist in taaffeites from this locality (see E.J. 
Gibelin and J.I. Koivula, Photoatlas of Inclusions in Gem- 
stones, Volume 3, Opinio Verlag, Basel, Switzerland, 2008, 
pp. 649-650). 


Figure 7. Under magnification with oblique illumina- 
tion, the platelet inclusions reveal vivid multicolor 
iridescence. Photomicrograph by Jonathan Muyal; 
field of view 1.42 mm. 
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Figure 8. This 0.57 ct taaffeite from Sri Lanka measures 
5.63 x 4.00 x 3.21 mm. Photo by Elise A. Skalwold. 


The strong alpha emissions from such mineral inclusions 
may lead to stress fractures in the host mineral. Unlike 
gamma and beta particles, alpha particles are massive and 
can cause considerable destruction in their path. In this case, 
it appears the gem has escaped fracturing: the effect is man- 
ifested as a concentric two-tiered halo surrounding the black 
crystal (figure 9). Its three-dimensional bulge-like appearance 
may be interpreted as radiation-induced distortions in the 
taaffeite’s crystal structure. These distortions also locally 
changed the taaffeite’s color, transparency, and refractive 
index and resulted in other strain features. 

While the colorless inclusions display reflective surfaces 
in oblique light from the right, the haloed black inclusion 
does not. Instead there is a reflection-like scattering of light 
from the halo surrounding it. We suggest that this is due to 
a gradational difference in the taaffeite host’s refractive index 


Figure 9. In the taaffeite, a radiation-induced two- 
tiered halo surrounds a minute black crystal; the 
outer tier is subtle. The haloed crystal is most likely 
thorianite or uraninite, while numerous colorless zir- 
con and apatite crystals are also present. Photomicro- 
graph by John Koivula; field of view 0.75 mm. 
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farther from the black crystal as light is scattered off of the 
disrupted region. An everyday example of this comes from 
observing the sun before it rises above the horizon, an optical 
phenomenon that would not occur without the gradational 
refractive index of the atmosphere bending the light. The re- 
fractive index of the atmosphere decreases with altitude. Be- 
cause light rays are bent toward the higher refractive index, 
we may surmise that the inclusion’s halo has a lower refrac- 
tive index than the rest of the taaffeite host. To support this 
explanation, in-depth exploration of the geometry of the 
halo’s refractive index will be needed. 

In the early days of radioactivity studies by scientists 
such as G.H. Henderson (in a series of five papers published 
between 1934 and 1939), these inclusions were known as 
“pleochroic halos.” Although this term may be misleading, 
the halos’ appearance is partially the result of localized 
changes in optical properties in the vicinity of the inclusion. 
Such inclusions are also relevant in determining the age of 
the planet by studying the characteristics and effects of ra- 
dioactive guests in various minerals. 


Elise A. Skalwold and William A. Bassett 
Ithaca, New York 


Figure 10. Recovered from Canada’s Yukon Territory, 
these doubly terminated parallel-growth quartz crys- 
tals are decorated with deep blue crystals of lazulite. 
This specimen weighs 76.19 ct and measures 36.12 x 
22.24 x 16.95 mm. Photo by Kevin Schumacher. 
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Figure 11. Inclusions of lazulite in this Canadian 
quartz were photographed using a partial immersion 
technique. A drop of mineral oil was placed on the 
surface to create a temporary window into the inte- 
rior. Photomicrograph by Nathan Renfro; field of view 
4.45 mm. 


Quarterly Crystal: Quartz and Lazulite 


Before a gemstone is fashioned by a lapidary, it enters the 
gem trade in its natural state, in a form generally referred 
toas “rough” or “gem rough.” Not all rough is gem quality, 
nor is most so-called rough appropriate for fine mineral col- 
lections. Only a very special piece of rough is suitable for 
gem use or fits the visual definition of a fine mineral spec- 
imen. When such crystals are encountered it then becomes 
a difficult decision, often financially based, whether to 
leave them in a natural state or fashion them into polished 
gems. 

Our new “Quarterly Crystal” section of the Micro- 
World column will feature very attractive inclusion-bear- 
ing minerals that could also be fashioned by a skilled 
lapidary into a gem or a polished inclusion study block. 
The quartz and lazulite specimen shown in figure 10 is one 
such mineral. 

These parallel-growth, doubly terminated glassy 
quartz crystals were recovered from Rapid Creek in the 
Dawson mining district of Canada’s Yukon Territory. 
While this is a nearly perfect mineral specimen, hosting 
swarms of deep blue lazulite crystals both on the surface 
and within (figure 11), it also makes a remarkable piece 
for any inclusionist’s collection. Since this is a very un- 
common mineral association from the locality, whether 
to polish it is a difficult decision. Fortunately, this 
dilemma can often be avoided with a simple trick: A small 
drop of mineral oil placed on the surface serves as a tem- 
porary window through which the inclusions may be ob- 
served and photographed. 


John I. Koivula 
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For decades, buyers and sellers from every aspect of the gem 
and jewelry industry have flocked to the gem fair in Tucson, 
a town in the heart of Arizona’s Sonoran Desert that is rich 
in cultural and natural heritage. The annual shows are 
widely considered a forecast for the rest of the year. While 
the shows of the past few years have reflected a sluggish in- 
dustry, the atmosphere in 2016 was dramatically different, 
with an increase in both attendance and business. The 34th 
AGTA GemFair saw record pre-registration numbers, and 
more than 300 exhibitors greeted a full house of buyers on 
the opening day. Gabriél Mattice of Pala International (Fall- 
brook, California) said that sales were very strong this year, 
even on the first day of the show. The energized interaction 
between exhibitors and buyers was evident throughout the 


Figure 1. Tucson’s G]X show saw considerable traffic 
this year, including a higher number of American 
buyers. Photo by Andrew Lucas. 
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convention center. Though diamond sales have slowed, col- 
ored stones have gradually gained momentum among jew- 
elry customers, and designers are responding in kind. 
Although the overall market share for colored stones is still 
small compared to the diamond sector, efforts to promote 
them have had very positive results. 


More Serious Buyers. After the surge of foot traffic on the 
opening day, attendance remained stable at the shows for 
the rest of the week (figure 1). Vendors saw fewer Chinese 
buyers than in 2014, though Josh Saltzman of Nomad’s Co. 
(New York) indicated that those who came were serious 
buyers picking up high-quality goods. Gaurav Shah from 
Real Gems Inc. (New York) confirmed that his company has 
seen greater demand for emerald in mainland China since 
2007, a market that slowed in 2015. He said that the Chi- 
nese are more cautious and specific in their purchases, and 
he predicted an upswing in Chinese buying activity in the 
near future. Joseph Nakamura of Shogun Pearl (White 
Plains, New York) said that 95% of his customers were from 
the United States, while Gabriél Mattice also saw many Eu- 
ropeans on the floor, especially French buyers. Many new 
buyers attended, possibly due to the stabilized prices and 
heightened interest in colored stones (figure 2). Mr. Shah ob- 
served three categories of clients in Tucson: buyers from tel- 
evision and Internet companies, retailers, and designers. 

David Bindra of B&B Fine Gems (Los Angeles) noted that 
the number of transactions relative to the attendance was 
much higher than in previous years. He felt that this year’s 
AGTA show was much better than the September 2015 
Hong Kong Jewellery and Gem Fair, where many sellers felt 
the slowdown of the mainland Chinese market. 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Figure 2. A customer examines some calibrated 
emeralds at the Real Gems booth in the AGTA 
show. Photo by Tao Hsu. 


Calibrated Goods. Though high-end colored gems con- 
tinue to set auction records, the market for these stones re- 
mains slow. As a result, the colored stone trade still mainly 
consists of goods in standard calibrated sizes rather than 
custom-cut material (figure 3). Many cutting factories are 
able to provide a greater selection of sizes that fit their 
clients’ requirements. This especially benefits the jewelry 
manufacturers in China and India, as setting calibrated 
gems is the bulk of their workload. Thus, mid-priced col- 
ored goods were the overall best sellers in Tucson. Nirmal 
Bardiya of RMC Gems (Bangkok) informed us that cali- 
brated goods of various millimeter sizes are best sellers in 
the American market, while Arthur Groom Jr. of Eternity 
Natural Emerald (Ridgewood, New Jersey) noted that 
Afghan emerald melee is one of his biggest sellers. Guarav 
Shah reported that the most popular calibrated cuts are 
oval, emerald, and pear shapes; these goods generally range 
from $200-$2,000 per carat. 


Figure 3. Assorted goods in calibrated sizes sold very 
well at the shows. Photo by Tao Hsu. 
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Figure 4. Morganite attracted many American buyers 
this year. Photo by Andrew Lucas. 


Classics. No single stone stole the show this year. Some 
relatively new varieties were available, but their potential 
is still hard to evaluate. Some people asked about the color- 
change pink pyrope garnet that has recently been covered 
by multiple trade magazines, including the Winter 2015 
Gwe. Ms. Mattice said it will take time to educate people 
about this stone, and it is not easy to predict the market 
potential. Mr. Bardiya informed us that morganite (figure 
4), aquamarine, and blue topaz were popular among RMC’s 
American clients. According to Joseph Nakamura, white 
pearls still dominate, while other colors come and go with 
different fashion trends. According to multiple dealers, 
Paraiba tourmaline is still in high demand (figure 5). 

Even so, the “big three” of ruby, sapphire, and emerald 
still dominate the market and fetch higher prices, which 
was reflected in this year’s shows. Corundum is still the 
most popular material in the high-end sector. David Bindra 
and Gabriél Mattice both said that sapphires sold very well, 


Figure 5. According to many exhibitors, Paraiba tour- 
maline remained one of the shows’ best sellers. Photo 
by Andrew Lucas. 
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and Mr. Bindra thinks that blue and green material will be 
especially strong this year, though yellow sapphires drew 
more interest than at previous shows. Pink and pastel-col- 
ored sapphires also attracted many buyers, perhaps because 
they evoke rose quartz and serenity blue, Pantone’s colors 
of the year for 2016. 


Interest and Demand for Color. As one of the best plat- 
forms to trade and promote colored gemstones, the Tucson 
shows provide buyers with the finest goods sourced from 
all over the world. Some one-of-a-kind stones debut here, 
such as the 332.24 ct Imperial topaz carving seen on pp. 
88-89. Spectacular stones such as these usually attract im- 
mediate attention. 

Mr. Bindra tied the increase in sales to a growing aware- 
ness of colored stones. Once-daunted consumers are be- 
coming more knowledgeable about different varieties and 
are better prepared before they purchase. This interest in 
learning was reflected at the AGTA GemFair seminars, 
which saw a 30% increase in attendance. 

Greater appreciation for colored stones motivates de- 
signers and retailers to source more of them (figure 6). Mr. 
Shah did business with more designers than in previous 
shows. The authors themselves saw materials in more 
unique cuts that seemed intended to capture the designers’ 
imagination (figure 7). Mr. Shah said that even though Real 
Gems is a wholesaler, the company does not have a mini- 
mum order requirement for any buyers. This is very help- 
ful for many designers, especially the young ones. This 
exhibitor feels that it is worthwhile to do business with 
people who are willing to work with and promote colored 
stones in their own work. 


Summary. Based on their own observations, the authors 
were not surprised to hear vendors say that this was one of 
the strongest Tucson shows in recent history. People were 
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Figure 6. Colored stone 
jewelry is becoming in- 
creasingly popular 
among consumers, as 
designers such as Paula 
Crevoshay use colors in 
more creative ways. 
Photo by Tao Hsu. 


encouraged by the renewed momentum of the American 
market, even though high-end buyers were still cautious. 
Relatively stable prices also contributed to increased sales, 
although the price of sapphire, ruby, and emerald remained 
high. With the positive forecast from Tucson, the trade is 
expecting a prosperous 2016. 

We thank the many exhibitors who provided insight, 
photos, and materials. 


Tao Hsu and Andrew Lucas 
GIA, Carlsbad 


Aighan emerald, Tajik ruby, and clarity-enhanced tourma- 
line. Eternity Natural Emerald (Ridgewood, New Jersey) 
exhibited a number of fascinating stones at the AGTA 
show. The emerald melee from Afghanistan (figure 8) im- 
mediately caught our attention. One of the authors was 
present in Afghanistan when Eternity’s Arthur Groom ex- 


Figure 7. Some pieces offered excellent options for de- 
signers who wish to create a unique look. Photo by 
Tao Hsu. 
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Figure 8. Left: Eternity Natural Emerald offered precision-cut Afghan emeralds, including “star” (left), princess 
(center), and baguette cuts (right, ranging from 6 x 8 mm to 5 x 2 mm). Photos by Robert Weldon/GIA, courtesy of 
Eternity Natural Emerald. 


amined the original material (called “pencil rough” for its 
long and thin shape). The color was retained even when 
cut into small stones. 

This rough is typically not treated, but a consistent 
supply of Afghan emerald is difficult to obtain. Prices are 
high, and negotiating is complex. Security concerns 
make it difficult to move rough in the country, and ma- 
terial is often smuggled to Dubai for the international 
market. To purchase the material, the company makes 
four to six buying trips a year, with permanent buyers lo- 
cated in Kabul and the Panjshir Valley. Much of the 
rough consists of the pencil crystals used for cutting pre- 
cision melee. Once the pencil rough is sawn and pre- 
formed, the stones are cut for maximum brightness and 
the tightest measurement tolerances possible. All melee 
is cut in Sri Lanka. 

The emeralds were displayed in a variety of cuts and 
sizes. Most of the production is between 2 and 4 mm, they 
try to cut the melee within 0.05 mm tolerance. Mr. Groom 
expects to unveil 10,000-15,000 carats at the 2016 JCK 
show in Las Vegas. Eternity Emerald is also purchasing 
rough from Zambia and Brazil to ensure a continuous sup- 
ply of melee. 


Figure 9. This 12.52 ct cushion-cut Afghan emerald 
came from a highly fractured and color-zoned 60 ct 
rough. Photo by Robert Weldon/GIA; courtesy of Eter- 
nity Natural Emerald. 
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We also saw a 12.52, ct cushion-cut emerald (figure 9) 
that came from a 60 ct Afghan rough. The stone was diffi- 
cult to cut because the rough was highly fractured and 
color zoned. Also from the 15,000-carat parcel purchased 
this year were four stones that did not require enhance- 
ment, the largest of which weighed 4.61 ct. Mr. Groom es- 
timated that, given the same size and quality, the value 
difference between treated and untreated emerald ranges 
from 20% to 100%. 

Also on display was a 17.14 ct ruby that had the intense 
red color of marble-hosted material and a slightly sleepy 
transparency. The untreated ruby was cut from a 45.37 ct 
rough, part of a parcel of more than 1,000 carats, purchased 
directly from Tajik miners in May 2015. While this rough 
is available within Tajikistan, Mr. Groom said the material 
is not easily found on the global market. The asking prices 
for the rough were high and firm. The parcel was much 
more difficult to evaluate than ruby from Myanmar or 
Mozambique, as the rough was highly fractured. This is 
not uncommon for Tajik ruby, and it makes determining 
the yield and quality of the finished stones problematic. 
Due to the fracturing of the rough, heat treatment may not 
be a viable option for color improvement. The parcel 


Figure 10. The decision to recut a 21.17 ct ruby into 
this 17.14 ct gem added substantial value. Photo by 
Robert Weldon/GIA; courtesy of Eternity Natural 
Emerald. 
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Figure 11. The surface-breaking fissure in this faceted 
Paraiba tourmaline (left) is less visible after cleaning 

and filling (right). Photos courtesy of Eternity Natural 
Emerald. 


yielded a total of nine faceted stones, none of which were 
heat treated. The largest, a 21.17 ct stone, was cut from the 
original 45.37 ct rough. A large black inclusion was still 
visible after cutting. After being shown to several potential 
buyers, the ruby was recut to 17.14 ct. The inclusion was 
less visible in the resulting gem (figure 10), and the color 
and brightness were also improved. Mr. Groom said recut- 
ting increased the ruby’s overall value more than 30%. 

At the booth, we also saw photos of their clarity-en- 
hanced tourmalines. Clarity Enhancement Laboratories 
(CEL) performs the filling of the surface-reaching fractures. 
Mr. Groom pointed out that fracture filling of tourmaline 
is nothing new. Most of the material he has seen in the 
market has been filled with oils and resins, often without 
disclosure, since the trade has not traditionally thought of 
fracture filling as a way to improve tourmaline’s apparent 
clarity. In August 2015, CEL announced tourmaline clarity 
enhancement service. The process, which is similar to its 
ExCel method for filling emerald fractures, is offered in 
their New York City laboratory for all colors and varieties 
of finished tourmaline. This treatment is not available for 
rough material. 

Although they will fill any variety and color of tourma- 
line, CEL has mostly received Paraiba (figure 11), rubellite 
(figure 12), and bicolor material. Mr. Groom attributes this 
to the intrinsically higher values for these varieties. These 
color varieties often have surface-reaching fractures, and the 
filling process makes the material much more marketable. 
Since there is a high demand for these types of tourmaline, 
treated goods are still of value to dealers. Mr. Groom hopes 
to promote CEL’s clarity enhancement method as a positive 
thing that will be fully disclosed through the value chain. 


Tao Hsu and Andrew Lucas 


Rare emerald from China and pink sapphire from Sri 
Lanka. At the AGTA show, David Nassi of 100% Natural 
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Figure 12. Prior to treatment, the highly visible fissure 
detracted from the rubellite’s clarity (left). After treat- 
ment, the fissures were less visible, and the stone had 
a more uniform clarity (right). Photos courtesy of 
Eternity Natural Emerald. 


Ltd. (New York) showed the authors a 5.06 ct bright yel- 
lowish green emerald from China’s southwestern Yunnan 
province. The stone had some eye-visible inclusions, 
mainly fissures (figure 13). Other than a few tiny chips 
along the girdle, the cut gave the emerald a very elegant 
appearance. Mr. Nassi purchased the stone from a reliable 
Thai gem dealer who bought it from a Pakistani merchant 
who obtained it along the China-Pakistan border. Since 
Mr. Nassi is a cutter who deals with many antique jew- 
elry pieces mounted with stones, he usually recuts stones 
before selling them. He kept this emerald “as is” due to 
the superb quality and size for this specific source. The 
stone was certified by the American Gemological Labo- 
ratory as without oil treatment, with China as the coun- 
try of origin. 

China’s only economically viable emerald deposit is lo- 
cated in Malipo County in Yunnan province. The deposit 
was first discovered in the early 1990s but has never been 


Figure 13. This 5.06 ct emerald from China’s Yunnan 
province is one of the finest from this source. Photo 
by Robert Weldon/GIA, courtesy of 100% Natural 
Ltd. 
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Figure 14. Due to the fissures in Chinese emerald, 
stones are usually marketed as mineral specimens. 
This emerald crystal is still in the matrix. Courtesy of 
Yunnan Emerald Magazine. 


extensively prospected or mined. Emerald specimens and 
crystals are extracted as the byproduct of the tungsten and 
tin deposit. Geologically, the ore body occurs in a core 
complex and is related to granitic intrusions in that area. 
Geochemical studies revealed that the trace element vana- 
dium concentration is about one magnitude higher than 
that of chromium, indicating that V is the predominant 
chromophore in Yunnan emerald. 

The size and quality of this emerald are rare for Yun- 
nan. Since the stones contain abundant fissures, most of 
the production is sold as mineral specimens or ornamental 
pieces (figure 14). A very small percentage can be faceted 
for jewelry. As the local government pays more attention 
to this emerald resource, new development and further ex- 
ploration are expected. 

Mtr. Nassi also showed us an intensely saturated 24.69 
ct Sri Lankan pink sapphire (figure 15), from a necklace he 
had obtained from another estate jewelry dealer. Although 


Figure 15. This 24.59 ct Sri Lankan pink sapphire was 
removed from an estate necklace and recut to bring 
out its full potential. Photo by Robert Weldon/GIA, 
courtesy of 100% Natural Ltd. 
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the necklace itself was unattractive, Mr. Nassi immedi- 
ately saw potential in the sapphire. He estimated the 
weight of the mounted stone and made an offer to buy the 
necklace. The stone, which was abraded with multiple 
scratches, lost two carats in its recutting but showed a dra- 
matic improvement. 


Tao Hsu and Andrew Lucas 


Fordite from the Corvette assembly plant. Gemstone cut- 
ter and mineral specimen collector Jason Baskin of Jay’s 
Minerals (Flemington, New Jersey) presented some spec- 
tacular freeform fordite cabochons, a byproduct of an au- 
tomobile painting process that is long gone. 

Workers once painted automobile bodies on train cars, 
which are commonly used on large assembly lines. As the 
paint was sprayed onto the target, the overspray collected 
on the train cars, and the accumulated layers of excess 
paint went together with the painted car body to the oven. 
The factory removed the accumulation periodically to 
clean the working platform and possibly recycle the paint. 
Mr. Baskin was informed by his contact in the factory that 
it takes about 997 layers of paint to build a one-inch-thick 
fordite slag specimen (figure 16). Since hand spraying has 
been replaced by powder painting, fordite is no longer pro- 
duced, and the material on the market is all that exists. 
Fordite was first collected at Ford Motor Company in 
Michigan in the 1940s. The material saved from the 1960s 
and 1970s has the boldest colors, since cars were painted 
in very bright colors during that period. 

Mr. Baskin was introduced to fordite about three years 
ago by a friend and fellow gem cutter whose uncle worked 
at the Corvette assembly plant in Bowling Green, Ken- 


Figure 16. Three fordite slag specimens alongside a 
partially open piece that shows paint layers with vari- 
ous colors and thicknesses. Photo courtesy of Jay’s 
Minerals. 
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Figure 17. Different patterns may be exposed when 
the fordite material is cut open. The original profile of 
the paint slag can be kept as well. Strata and concen- 
tric color circles are some of the most spectacular pat- 
terns. On the left is a 32.36 ct (52 x 64 mm) specimen; 
the one on the right is 41.86 ct (28 x 73 mm). Both 
pieces were polished by Jason Baskin. Photo by 
Robert Weldon/GIA; courtesy of the Clamshell. 


tucky. Mr. Baskin and his friend now own a substantial col- 
lection of the material from that location. Mr. Baskin is 
also pursuing other sources, including Lincoln-Mercury 
paint from a Canadian plant and Ford paint from Detroit. 
He is also looking for fordite from Harley-Davidson mo- 
torcycles to fulfill the appetite of Harley lovers. 

The color layers and patterns of polished fordite are eye- 
catching, and experienced cutters know how to unveil its 
most beautiful side (figure 17). Because it is composed of 
paint, the material is very light. Protection such as a dust 
mask is necessary during the cutting and polishing 
processes. 

Mr. Baskin noted that jewelry designers and hobbyists 
purchase most of his fordite, though he also sells the cut 
material (figure 18) through other gem dealers. Some of the 
knobs from the heaters and gear shifters in the old 
Corvettes had a piece of embedded plastic; clients have 
him cut Corvette fordite to replace that plastic. Pricing 
ranges from $20 to several hundred dollars apiece. A very 
rare type of fordite from 1972 with large metal flakes sold 
for $400 once it was cut into a 40 x 30 mm cabochon. 


Tao Hsu and Andrew Lucas 


Imperial Flame topaz sculpture. One of the 2016 Tucson 
show’s most noteworthy gems was a 332.24 ct freeform 
Imperial topaz (figure 19) at the GJX booth of gem cutter 
Alexander Kreis (Sonja Kreis Unique Jewelry, Niederwor- 
resbach, Germany). Topaz with this red, pink, or orangy 
yellow color component is rare and highly sought after in 
the trade. Named the “Imperial Flame” by the Kreis fam- 
ily, the crystal was reportedly recovered from Brazil’s Ouro 


88 Gem NEWS INTERNATIONAL 


44> 


Figure 18. The finished pieces shown here are some of 
the finest fordites on the market. Photo by Orasa 
Weldon/GIA; courtesy of Jay’s Minerals. 


Preto topaz mines two decades ago. Topaz has been known 
from this area of Minas Gerais since 1768 (P.C. Keller, “The 
Capao topaz deposit, Ouro Preto, Minas Gerais, Brazil,” 
Spring 1983 G&G, pp. 12-20). 

Although mining was extensive at Ouro Preto in the 
mid-1990s (D.A. Sauer et al., “An update on Imperial topaz 
from the Capa4o mine, Minas Gerais, Brazil,” Winter 1996 
GwaG, pp. 232-241), the Kreis family confirmed that there 
is currently no large-scale mining. They visited the area 
after a collector informed them of a 615 ct crystal with ex- 
ceptional color and clarity (figure 20). According to their 
contact, the crystal is “old production” mined at least 20 
years ago. After analyzing the rough over a period of four 
months, the family purchased it in December 2015 with 


Figure 19. The Imperial Flame, a magnificent natural- 
color Brazilian topaz, was cut from a 615 ct crystal re- 
covered some 20 years ago. The finished 89.53 x 20.56 
x 19.15 mm sculpture weighs 332.24 ct. Photo cour- 
tesy of Sonja Kreis Unique Jewelry. 
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Figure 20. The original 615 ct Imperial topaz crystal 
from which Alexander Kreis fashioned the 332.24 ct 
Imperial Flame. Photo courtesy of Sonja Kreis 
Unique Jewelry. 


the objective of cutting the largest, highest-quality Imperial 
topaz known. 

Due to the gem’s perfect basal cleavage, cutters must 
avoid grinding the stone perpendicular to the cleavage 
plane, while also accounting for inclusions that might 
cause the stone to break on the wheel. According to Sauer 
et al. (1996), well-formed, largely inclusion-free crystals 
typically yield up to 2 ct per gram (5 ct), which is a 40% 
recovery rate. Cutting the Imperial Flame took approxi- 
mately eight days, spread over a period of 3-4 weeks, to 
allow Kreis to make trial carvings with smaller Imperial 
topaz pieces to test his cutting concepts. The cutting 
process began with sawing off the included portions and 
grinding to shape the solid crystal (figure 21), followed by 


Figure 21. After trimming away included portions of 
the crystal’s base, Alexander Kreis gently removes 
any surface-reaching inclusions and begins to shape 
the crystal to his own unique design. Photo courtesy 
of Sonja Kreis Unique Jewelry. 


Gem News INTERNATIONAL 


faceting and carving to produce the reflective, grooved sur- 
faces. The fashioning process yielded a spectacular gem 
measuring 89.53 x 20.56 x 19.15 mm. At 332.24 ct, it had 
a finished yield of 54%. 

Intended as an arresting gem sculpture for a connois- 
seur or high-end collector, the piece is for sale. 


Duncan Pay 
GIA, Carlsbad 


Update on the Scorpion tsavorite mine. At the AGTA 
show, Bruce Bridges (Tsavorite USA Inc.) detailed current 
activity at the Scorpion mine in Kenya and showed some 
new production (figure 22). The mine lay dormant for 
more than five years after the 2009 murder of owner 
Campbell Bridges, who originally discovered tsavorite. 
While waiting for the courts to hand down verdicts, the 
Bridges family and their employees were the target of nu- 
merous death threats. In January 2015, after four of the 
eight defendants received sentences of 40 years without 
parole, the mine reopened with a larger scale of operations 
than ever before. 

Activities expanded for a variety of reasons. As a cor- 
poration rather than a small family operation, the Bridges 
family felt that they were less of a target for criminals. The 
Bridges also found that the demand for tsavorite rose ex- 
ponentially during the mine’s closure. With a limited sup- 
ply and greater popularity, the higher selling price has made 
larger-scale mining more feasible. 

There are 80 to 100 workers at the Scorpion mine, three 
times the number employed when it closed in 2009. The 
miners work in continuous shifts seven days a week. 
Mechanization has increased to include more powerful 
generators and 15-kilowatt fans for ventilation in the tun- 
nels. The tunnel is now below the oxidized zone, requiring 
a blast approximately every half meter of forward progress. 


Figure 22. The new production from the Scorpion 
mine includes these 6.48 ct and 3.43 ct tsavorites. 
Photo by Robert Weldon/GIA, courtesy of Tsavorite 
USA Inc. 
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The stronger fans allow the ventilation system to remove 
the smoke and dust in about two hours rather than the full 
day previously needed. They have also invested heavily in 
trucks, buildings, jackhammers, drills, and more explo- 
sives. Campbell Bridges’s original campsite and tree house 
remain intact. 

The main focus of the current operation is the Bonanza 
tunnel, also called tunnel 4, which was Scorpion’s most 
prolific tunnel in the 1980s. They are also working the ad- 
jacent tunnel 2, the largest producer in the 1990s. Tunnel 
2 produced five kilograms of facet-grade material over one 
carat from one pocket during this period. A few kilometers 
from Scorpion is mine GG2, which typically produces tsa- 
vorite with lighter tones. GG2 is an open-cast operation on 
a hill, with plans to move into a tunnel phase later this 
year. An untouched surface deposit near tunnels 2. and 4 is 
also in development for open-cast mining, and the Bridges 
have high hopes for it, as the ratio of yield to waste is high 
on new deposits. Other sources include GG3, which is sev- 
eral kilometers away and primarily uses tunnel mining, 
and Snake Hill, which is one kilometer from Scorpion and 
has been mined by both open-cast and tunnel methods. 
Snake Hill is also a tanzanite source. These deposits have 
been put on hold in favor of tunnels 2. and 4 and GG2, as 
well as the untouched surface deposit. 

There is now greater sophistication and manpower in 
Tsavorite USA’s mining process. The drill team bores large 
holes in the tunnels and then places the explosives. After 
the blast, the air is flushed out by the new ventilation sys- 
tem. The removal of waste has been accelerated by the use 
of a mono winch, which allows up to eight tons of waste to 
be removed hourly. The waste is hauled to the dump site, 
where it is separated from the rock face. The mine manager 
examines the rock face for tsavorite crystals or nodules, also 
checking for indicators in the reef such as calcite, quartz, 
and pyrite. Depending on the indications, teams will either 
continue blasting or extract material with hammer and 
chisel until the gem body is reached. At that point, miners 
use sharpened six-inch nails and finally their hands. The 
gem-bearing specimens are bagged and marked for quality. 
Once out of the mine, the material is washed and the tsa- 
vorite crystals are separated from the host rock. Sieves are 
used to sort the production by size before it is graded on a 
sorting table (figure 2.3). It is then bagged, sealed, and taken 
to Nairobi by ground or air, depending on its value. 

All rough that can be cut to yield a 50-point stone or 
higher will be cut in-house in Kenya, while the cutting of 
smaller rough is outsourced. Campbell Bridges learned to 
cut gemstones in Idar-Oberstein, Germany, and he later 
trained local Kenyans. One expert cutter on-site is cutting 
at least 200 stones a month. The Bridges family is proud of 
their high cutting standards and that they cut most of the 
high-quality rough in Kenya (figure 24). They also pay a 
higher export value for finished cut stones than rough, gen- 
erating more revenue for Kenya. The stones are exported 
to Tsavorite USA’s main sales office in Tucson or to cus- 
tomers worldwide. 
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Figure 23. Prior to cutting, the Bridges operation sorts 
the tsavorite rough into categories by size, color, clar- 
ity, and shape. Photo courtesy of Tsavorite USA Inc. 


Even with the new investment and expenses, current 
production is only about 10% higher than before the mine 
was closed. Electromagnetic surveys have shown exten- 
sive anomalies that indicate tsavorite enrichment zones. 
Most experts believe the reserves are very good, and Camp- 
bell Bridges himself believed he could follow the lines of 
the Scorpion mine’s saddle reef structure and the nose of 
the folds for two kilometers while producing tsavorite in 
pockets. Each tunnel at Scorpion is about 200 meters deep. 
These reserves must be balanced, however, with the grow- 
ing cost of delving every meter further into the earth. 

Bruce Bridges told us that “demand is through the roof” 
for tsavorite. With its popularity potentially on the rise, 
Tsavorite USA will have to outsource rough. Melee de- 
mand is at an all-time high, particularly in China and other 
Asian countries, where it far exceeds the available supply. 
Mr. Bridges foresees overall growth for tsavorite through 


Figure 24. The Bridges intend to keep their tsavorite 
cutting in Kenya for as long as it is economically vi- 
able. Photo courtesy of Tsavorite USA Inc. 
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television sales, but he wants to keep as much cutting in 
Kenya as possible. Challenges for the company include 
possible changes in the political scene, mining regulations, 
and the threat of crime and violence. Upon returning to 
Kenya, Mr. Bridges reported to the authors that death 
threats had started again. 


Tao Hsu and Andrew Lucas 


Jewelry Television in Tucson. Jay Boyle, senior gemstone 
buyer at Jewelry Television (Knoxville, Tennessee), spoke 
with us about the importance of the Tucson shows to JITV 
as well as the impact of television on the trade at large. We 
saw him conduct live broadcasts from the gem fair and in- 
terview dealers at their booths (figure 25). Mr. Boyle said 
the key to buying for television is finding beautiful gems 
at low market prices and being able to tell the story and 
romance the stone while educating the customer. 

He pointed out that finding beautiful stones is easy, but 
it is considerably more difficult to obtain them at a great 
value price point that is right for the television network’s 
customers; in fact, there is an art to the process. Major deal- 
ers from all over the world come to Tucson and sell all va- 
rieties of gemstones, making it advantageous for JTV to 
attend. These dealers frequently sell stones among them- 
selves at true wholesale prices, so Mr. Boyle has the oppor- 
tunity to find attractive stones at the right price and value 


Figure 25. Broadcasting from the gem shows helps 
Jewelry Television educate viewers about colored 
gemstones. Photo courtesy of Jewelry Television. 
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Figure 26. During times when prices are firm, buying 
decisions and quality control are even more crucial. 
Jay Boyle and Natalie Tjaden of Jewelry Television 
keep this in mind as they examine gemstones in a 
dealer’s booth. Photo courtesy of Jewelry Television. 


for television (figure 26). In Tucson, buyers can survey 
everything coming from the sources, including new pro- 
duction, and discover the true market prices, all within one 
week. He added, “If you have a reputation as a serious, 
knowledgeable buyer that buys in quantity and has cash to 
buy, you can find the real market price.” 

According to Mr. Boyle, the best time to purchase is 
when the material first hits the market. Another good time 
to buy is when there is a sudden increase in production. In 
2001, JTV bought a large tsavorite lot containing more than 
2,200 carats of material ranging from 2 to 10 ct per stone. 
The color and clarity were fine, and the price was a good 
value at $350 per carat. They took a small margin and sold 
the production quickly; 5 to 7 ct gem-quality tsavorites 
went for $500 per carat. Today, the wholesale prices for the 
material are many times that price, and longtime cus- 
tomers see the value of purchasing at the right time. An- 
other successful venture began in 2006, when Mr. Boyle 
started buying “best of show” material of all gem species, 
at the best price possible. These stones were sold during 
special broadcasts called “The Vault” (figure 27). The high- 
est price recorded on the show was a $400,000 sapphire. 
Regular viewers know that at times JTV has sold remain- 
ing inventory below cost, and some actually make a busi- 
ness out of reselling this merchandise. 

Founded in 1993, Jewelry Television broadcasts 24 
hours a day, reaching 84 million homes. Ninety-five per- 
cent of the gemstones sell for $10 to $5,000 apiece. Viewers 
are introduced to gemstones they had never encountered, 
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such as padparadscha sapphire, Paraiba tourmaline, and 
color-change garnet, while learning about the gem business 
and how to recognize bargains. Some steady customers 
tune in for 10 hours a day. When Jewelry Television first 
started offering loose colored stones, they were thrilled to 
sell $15,000 in an eight-hour period. Now they sell up to 
$400,000 of loose colored stones in an hour, and it is com- 
mon to ship between 18,000 and 25,000 packages in one 
day. Mr. Boyle feels that JTV is driving business throughout 
the retail industry by promoting colored stones, as some 
viewers will learn about a given gemstone and then visit a 
local jeweler to make a purchase. 

Between 30% and 35% of the company’s $400-$500 
million in annual sales are online at jtv.com, which com- 
plements rather than replaces television sales. The website 
is also used to clear inventory from television at liquida- 
tion prices. Due to the extremely high cost of airtime in 
the U.S., JTV must not only sell the entire inventory, but 
also sell it in a short time. That means the Internet can be 
used to move leftover inventory while fresh, faster-moving 
products are sold on television. The network plans to even- 
tually host web-only streaming video broadcasts. 

Interestingly, one of the most successful periods for 
Jewelry Television was during the global economic crisis. 
While many industry players had stopped buying by Janu- 
ary 2009, Mr. Boyle had learned over the years that dealers 
sell below cost during a recession. At the 2009 Tucson 
show, he bought $7 million in gemstones, including $3 
million in tanzanite from one dealer alone. Since Mr. Boyle 
had well-established buying relationships with dealers, 
they were willing to accept his plan to promote a buying 
opportunity for TV customers. The promotion of below- 


Figure 27. The pendant worn by host Dawn Tesh (left) 
contains a 102 ct aquamarine that was sold during a 
2009 broadcast of “The Vault” on Jewelry Television. 
Photo courtesy of Jewelry Television. 
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Figure 28. The “Rainbow Over Montana” bracelet 
contains 76.83 carats of Montana sapphire (71.42 
carats rough and 5.41 carats faceted). The ring from 
the same collection contains 11.57 carats of rough 
and 1.12 carats of faceted Montana sapphires. Photo 
by Robert Weldon/GIA; courtesy of Paula Crevoshay. 


market prices created a frenzy of activity for Jewelry Tele- 
vision. While these bargains were more plentiful in 2009, 
Mr. Boyle said there are still great opportunities below 
market value every year in Tucson. Although he was buy- 
ing less than usual this year, JTV still actively sought ma- 
terial throughout the show. Among the stones we saw Mr. 
Boyle buying were rhodochrosite and Ethiopian opal. 


Tao Hsu and Andrew Lucas 


Paula Crevoshay’s American Collection, plus jewelry with 
nontraditional gemstones. Paula Crevoshay’s American 
Collection, created as a cultural and artistic inheritance for 
future generations, featured gemstones from the United 
States. The first pieces we saw were from her “Rainbow 
Over Montana” collection of rough and faceted Montana 
sapphires (figure 28). She used the faceted sapphires to 
show “the story of light” told by the gemstone after the 
human contribution of cutting, while the crystal slices dis- 
play the natural hexagonal shape and luster of the flat crys- 
tal faces. The blue faceted stones represent the “Big Sky 
Country” of Montana, and the crystals demonstrate the 
range of rainbow colors in Montana sapphire. 
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Figure 29. This 31.34 ct bicolor tourmaline pin, which 
contains gemstones exclusively from the Stewart 
Lithia mine in San Diego County, has an emotional 
connection for the artist. Photo by Robert Weldon/ 
GIA; courtesy of Paula Crevoshay. 


The next piece was a pin featuring a 31.34 ct bicolor 
pink and green tourmaline (figure 29) from the Stewart 
Lithia mine in San Diego County, California. The stone 
was purchased back from a customer who had bought it 
from Paula’s late husband, George Edward Crevoshay, who 
first cut the stone more than 30 years ago. The pink and 
green tourmaline melee in the piece was also cut by Mr. 
Crevoshay and came from the Stewart Lithia mine. Besides 
featuring gemstones from a famous U.S. mine, this piece 
carries the sentiment of a great love that inspired Paula 
Crevoshay to move from painting and sculpture into the 
world of gemstones and creating jewelry. 

The third piece (figure 30) was a ring that contained one 
of the most intense red Oregon sunstones the authors had 


Figure 30. While not as large as some of the other 
colored stones used by Paula Crevoshay, the intense 
color and unique cut of the 2.77 ct Oregon sunstone 
makes this ring one of her favorite pieces. The center 
stone’s color is complemented by 3.24 carats of red 
spinel. Photo by Robert Weldon/GIA; courtesy of 
Paula Crevoshay. 


ever seen. The stone features the trademarked “Medicine 
Wheel” cut by award-winning lapidary Larry Woods. The 
ring also contains red spinels and diamonds. 

While visiting her booth at the AGTA show, the au- 
thors also noticed some nontraditional stones ingeniously 
incorporated into jewelry. The first two pieces we viewed 
contained center stones of sphalerite (figure 31, left) and 
sphene (figure 31, center), both in pendants. For Ms. 
Crevoshay, creating jewelry is all about working with light. 
How she selects and combines gems depends on properties 
such as refractive index, bodycolor, luster, and phenomenal 
optical effects. 


Figure 31. These Paula Crevoshay jewels include gems not typically used in jewelry. Left: The 8.25 sphalerite pen- 
dant creates an eye-catching fire, complemented by the play-of-color of the opal and the colorful sparkle of the di- 
amond melee. Center: The green color of the 11.78 ct sphene pendant is accentuated by tsavorite melee, with the 

orange fire opals offering a striking contrast. Right: This dragonfly pin features a 38.24 ct hematite drusy as the in- 
sect’s body. The drusy’s iridescence and sparkle creates a shimmering effect that is intensified by the orient of the 
Tahitian cultured pearl used for the head. Photos by Robert Weldon/GIA; courtesy of Paula Crevoshay. 
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Both sphalerite and sphene are highly dispersive, and 
the flashes of rainbow color created by the dispersion ex- 
cite the eye. For the sphalerite piece, she added Mexican 
opals showing a rainbow of colors, combining a highly 
dispersive gem with phenomenal accent stones to create 
a dance of colors across the pendant. The pendant also 
contains cognac and colorless diamonds to create even 
more of a symphony of colors. Ms. Crevoshay chose the 
sphene for its high dispersion and her attraction to the 
green bodycolor. As with the sphalerite pendant, she 
added Mexican opals showing a subtle rainbow of phe- 
nomenal colors. With both pieces, she combines gemo- 
logical knowledge with art to create jewelry that paints 
with the surrounding light. 

Another piece that caught our attention was a dragon- 
fly containing rainbow hematite drusy as the insect’s body 
(figure 31, right). With the hematite, Ms. Crevoshay was 
able to highlight the iridescent colors and sparkle of the 
drusy. She finds that the rainbow colors of the hematite are 
not as bold as those caused by dispersion from the sphene 
and sphalerite but still have a seductive effect. 

Public awareness of gemstones such as sphene and 
sphalerite has been growing thanks to high-end designers 
such as Paula Crevoshay and through mass marketing of 
commercial jewelry on television. Ms. Crevoshay told us 
she often piques customers’ interest by informing them 
about some of these lesser-known gem materials and how 
light interacts with them. The authors found this to be a 
fascinating look at how stones that were once a gemologi- 
cal novelty are becoming more widely known. 


Tao Hsu and Andrew Lucas 


Wheel of Light’s mesmerizing optics. Lapidary artist Brian 
Cook, of Tucson-based Nature’s Geometry, is astonished 
that the optical designs he has experimented with and re- 
fined for more than 25 years have finally come of age. Ap- 
preciation for his work culminated with a first-place award 
in this year’s AGTA Spectrum’s Fashion Forward category 
for his “Wheel of Light” Numinous pendant (figure 32), 
which graces the cover of this issue. 

The 825 ct quartz center stone of this piece was carved 
to resemble a rounded disk with a softly contoured apex, 
or dome. After drilling the apex, Mr. Cook carefully in- 
serted rough crystals of Paraiba tourmaline, hatiyne, ruby, 
and spessartine garnet. The channel was then filled with 
jojoba wax and hermetically sealed with a quartz plug. The 
trapped “inclusions” are visible if the disk is observed from 
the side. As the disk is turned, with the viewer gazing 
down the apex, an interesting optical effect is noted: The 
colors corresponding to the included gem rough are re- 
vealed as concentric rings. To the eye, the ringed colors ap- 
pear as painterly brushstrokes. Mr. Cook explained that the 
quartz vessel becomes both a frame and a mirror for what 
the eye sees. “The colors are amplified by the quartz, re- 
flected off its inside surface. The jojoba wax, with a refrac- 
tive index close to that of quartz, causes the channel to 
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Figure 32. The “Wheel of Light” Numinous pendant 
contains an 825 ct carved quartz centerpiece. Differ- 
ent rough gems have been placed into a channel 
drilled into the quartz by the lapidary artist, which 
was then set in 24K gold. Photo by Robert 
Weldon/GIA; courtesy of Nature’s Geometry. 


virtually disappear. This is how the luminosity and color 
of the included crystals is accentuated.” 

Goldsmith Paula Brent, a longtime collaborator, brings 
the pieces to completion. The wheels are crafted using 24K 
gold, which accentuates the strength and purity of the fin- 
ished object. 

Mr. Cook says that the work of Nature’s Geometry is 
futuristic and imaginative, but at the root of it is a mysti- 
cal, ancient attraction to the mineral world. The company 
is connecting with innovative young designers and is ap- 
preciative that the “millennial” generation is affected by 
the beauty and power of gems and hungry for a nontradi- 
tional approach to jewelry. Mr. Cook has been involved 
with the exploration for and marketing of copper-bearing 
tourmaline from Paraiba, Brazil, since 1988, shortly after 
its discovery. “The rough I saw were often too small for 
cutting, and the material was always extremely rare. But 
the color was so vibrant that I kept looking for a way to 
bring that ‘electrifying’ color to a greater audience.” 

With the Wheel of Light numinous pendant, Brian 
Cook has done just that. 


Robert Weldon 
GIA, Carlsbad 
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GILC 2016. The International Colored Gemstone Associ- 
ation (ICA) held its annual Gemstone Industry & Labora- 
tory Conference on February 1 during the Tucson shows. 
Invited participants included jewelry trade association 
leaders, laboratory representatives, academic institutions, 
and ICA members. This year, other industry members 
were welcomed into the afternoon open discussion session. 

Lore Kiefert (Gtibelin Gem Lab, Lucerne, Switzerland), 
presenting on behalf of her colleague Daniel Nyfeler, spoke 
on age determination by radiogenic isotopes. Laser abla- 
tion-inductively coupled plasma—mass spectrometry (LA- 
ICP-MS) has enabled the Gtibelin Lab to use radiometric 
dating to test inclusions at or near the surface of materials 
such as corundum and emerald, which do not have radioac- 
tive atoms. When traditional methods such as observation 
of inclusions and growth structure and trace element analy- 
sis lead to more than one possible country of origin, radio- 
metric dating can furnish the decisive data. U/Pb decay in 
zircon has been well documented as a means to establish 
an approximate timeline for known sapphire and emerald 
populations. The corundum timeline established the oldest 
population as African, with an age of 450-650 million years 
(Ma), and the youngest as Colombian, at 10 Ma. Emerald 
formation ranged from South Africa at 2900 Ma to Colom- 
bia at 65-35 Ma. This method is limited when the gem- 
stone presents no analyzable inclusions or has been treated. 

James Shigley (GIA, Carlsbad) presented the Institute’s 
latest research findings. GIA’s work with color analysis has 
its foundation in observation and color grading of colored 
diamonds. Dr. Shigley noted that the visible spectrum is 
not the only cause of color; in fact, the face-up appearance 
is influenced by about 15 factors, including the emission 
spectrum of the light source, the absorption spectrum of 
the stone, and the color sensitivity of the eye. Since hu- 
mans are more adept at distinguishing differences than 
similarities, the use of master stones and bracketing be- 
tween pairs is well suited for visual grading. GIA uses in- 
strumentation to supplement visual grading in face-down 
evaluation of round near-colorless D to Z diamonds; how- 
ever, fancy-color diamonds are graded face up. GIA has 
been working on analytical tools that can “detect” color 
in the same way that the human eye processes it. 

Bruce Bridges (Tsavorite USA, Inc.) asked whether 
gems can be reliably traced from the source to the con- 
sumer. Today’s consumer wants to know where products 
come from and how their manufacture affects both the en- 
vironment and workers. Vertically integrated companies 
can promote traceability and control over ethical sourcing, 
but the business model cannot be applied to the small-scale 
operations that characterize most of the industry. Bridges 
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outlined the convoluted path from small-scale or individ- 
ual miner through a series of brokers to cutting and the 
“end user” market, where it may go through another series 
of dealers before reaching a consumer. Most colored stone 
sources are overwhelmingly alluvial or placer deposits in 
remote areas, making them difficult to centralize. Trace- 
ability is even challenging at the mine, where it is not un- 
common for material from a different location to be sold 
without disclosure. Traceability from cutting centers can 
improve as host countries introduce limits on rough ex- 
ports and begin developing cutting facilities, which has 
happened in parts of Africa, South America, and Asia. 

The conference proceeded to an open session for invited 

participants to discuss topics of concern, including: 

1. The increasing use of color enhancement and “anti- 
scratch” (silicon carbide) coatings, which are virtually 
invisible and sometimes too thin to be detected with 
instruments. With advances in nanotechnology, more 
research is needed to develop detection strategies. 


2. The inconsistent use of descriptive terminology in 
laboratory reports, a topic carried over from the 2015 
conference. The laboratories maintained that they 
were responding to the demands of the trade. One 
participant pointed out that the terms “pigeon’s 
blood” and “royal blue” had no meaning in Chinese 
culture until about ten years ago. Since then, they 
have become “deeply implanted,” and a seemingly 
irreversible demand has been created for the level of 
distinction that these terms confer. 


3. Unethical or fraudulent use of lab reports. An example 
cited is the treatment of a gemstone after it had re- 
ceived a “clean” report. Another is the manufacture 
of both treated and synthetic diamonds to match an 
existing natural diamond report. GILC participants 
stressed the importance of checking reports against 
stones through every phase of the grading process. 


4. The use of “undetermined” on a lab report in regard 
to treatment or synthetic origin. Some participants 
voiced concerns that such determinations are beyond 
the technologies of labs, or that the word “undeter- 
mined” left untreated natural diamonds vulnerable 
to being matched with treated or synthetic stones. 

At the conclusion of the conference, it was announced 

that AGTA had revised its code of ethics and principles of 
fair business practice. ICA is proposing to adopt AGTA’s 
code of ethics, due diligence protocol, and source disclosure 
language as a basis for its own code. 


Donna Beaton 
GIA, New York 


Tucson 2016: Take a virtual tour of the gem fair with our in-depth reports on 
colored stone trends, unique designs, and industry forecasts. 
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REGULAR FEATURES 


COLORED STONES AND ORGANIC MATERIALS 


Blue sapphires from a new deposit near Andranondambo, 
Madagascar. In January 2016, author VP was informed by 
Nirina Rakotosaona (Societe Miniere du Cap, Madagascar) 
and Jack Mampihao of a sapphire rush in the south of the 
island near Andranondambo. The blue sapphires (figure 33) 
are reportedly from a primary deposit and similar to those 
produced near Andranondambo, the region that put Mada- 
gascar on the map as a world-class sapphire source two 
decades ago (D. Schwarz et al., “Sapphires from the Andra- 
nondambo region, Madagascar,” Summer 1996 GWG, pp. 
80-99). Details emerged as miners returned from the rush 
in February. According to these firsthand accounts, the 
new mines are located near Vohitany, north of Tiramena 
(figure 34). They are only accessible by foot, and it takes 
about a day of walking from Tiramena to reach the area. 
The author’s contacts in Madagascar did not consider 
it safe to travel to that area, which is known to be a haven 
for bandits, called malaches or dahalo. In early February, 
the author learned from Karim Guerchouche (Premacut, 
Bangkok) that a 1 kg parcel of the new material had arrived 
in Thailand. The owner, Isaac Stern, wanted to perform 
some heat treatment experiments with Premacut. This of- 
fered us a chance to conduct a preliminary study of the ma- 
terial before visiting and collecting samples at the site. 
Most of Mr. Stern’s parcel consisted of rough weighing 
between 1 and 4 ct. The largest stone was an etched crystal 
weighing nearly 15 ct (again, see figure 33). The parcel was 
composed of attractive, well-formed crystals still associ- 


Figure 33. These three rough unheated sapphire crys- 
tals, weighing (from left) 9.98, 14.56 and 7.7 ct, are re- 
portedly from Madagascar’s newest rush area. Beside 
them are heat-treated faceted sapphires believed to 
be from the old deposits around Andranondambo. 
The pear-shaped faceted stone weighs about 4.17 ct. 
Photo by Vincent Pardieu/GIA. 


Figure 34. According to miners, the new deposit is Io- 
cated near Vohitany, north of Tiramena. This remote 
area is only accessible by foot. 


ated with kaolin. Out of more than 300 stones studied, 
only one showed some indication of weathering. This sug- 
gests that the material is from a primary deposit. The 
stones were euhedral transparent crystals with strong blue 
color zoning. Overall, the material was very similar to the 
specimens the author collected in Andranondambo and 
Tiramena during visits in 2005, 2008, and 2010. 

Sixty-three stones from the original parcel (mainly clean 
and milky specimens) were selected for a heat treatment 
experiment. Fifteen other stones, most of which hosted in- 
clusions, were studied at GIA’s Bangkok lab (figure 35). The 
study confirmed their similarity to GIA reference samples 
from Andranondambo; details will be published in a News 
from Research entry on the GIA website. 

The new stones showed a medium to high iron content 
(between 300 and 1100 ppma), consistent with the classic 
Andranondambo material. Strong blue color zoning and an 
abundance of negative crystals dominated the inclusion 


Figure 35. A detailed view of the 15 unheated samples 
selected for a preliminary study. The stones were 
placed on a light box and are seen here using bright 
diffused light. Under such conditions, the strong color 
zoning is obvious. Photo by Sasithorn Engniwat/GIA. 
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Gemological Vigests 


ANALYSIS MADE OF 
MINING ACTIVITY 
IN TANGANYIKA 

In the August issue of the Diamond News 
a detailed analysis of diamond production 
and exports in Tanganyika for the years 
1948 and 1949 is made from the annual 
report of the Department of Lands and 
Mines. 

It is interesting to note that Williamson 
Diamonds, Limited, exported four times as 
much as the next producer, Alamasi, Ltd. in 
1948 but that this figure had increased to 
more than ten times as much in 1949. 

In 1949 Williamson Diamonds, Limited, 
treated 722,524 loads of gravel from which 
177,394 carats were recovered. This is an 
average recovery of 24.5 carats per hundred 
loads, compared with 43.8 in 1948. 

During the year more than 76,000 carats 
of cuttable diamonds were exported by the 
Williamson firm and 97,000 carats of indus- 
trial diamonds. The cuttable diamonds aver- 
aged 312 s. or about $44.00, per carat. 

If the export figures given in the report 
indicate correctly: the nature of the produc- 
tion, the percentage by weight. of industrial 
diamonds given previously for Tanganyika 
is incotrect in that instead of 20 per cent of 
industrial stones, the figure is closer to 60 
per cent, Earlier figures which indicated that 
80 per cent of the production was cuttable, 
must have given percentage of cuttable 
stones by value rather than by weight. 

One would gather from reading the analy- 
sis in the Diamond News that the figures 
are accurate to the last stone exported, for 
one producer is listed with the following 
figures; Weight of diamonds exported — 
industrial, 2 carats; value 3 pounds, total 
number of diamonds exported, 1; total 
weight of diamonds exported, 1.75; total 
value of exports, 3 pounds. 


OUR APOLOGIES TO 
AUSTRALIAN READERS 

In the winter issue of Gems & Gemology 
two errors have been noted in reporting 
information from Australia. 

First, we erroneously stated that the sale 
of the Pandora Opal was handled by Jack 
S. Taylor of Sydney. We cannot explain how 
this misinformation crept in, but it is just 
one of those things which occasionally occur 
in even the best edited publications. Our 
apologies to Jack Taylor for reporting some- 
thing which was apparently only an editorial 
hallucination! 

Likewise, adding coals to the fire, in the 
same issue order was reversed in listing the 
three first positions of those who qualified in 
the 1950 diploma examination for Fellow- 
ships awarded by the Gemological Associ- 
ation of Australia. These should have been 
listed in the following order: K. N. S. Hall, 
G. A. Tombs, and B. J. Skinner. 

Kay Swindler 


CALIFORNIA JADE DEPOSITS 
REPORTED IN DETAIL 
BY DIVISION OF MINES 

Review of Nepbhrite Jade and Associated 
Rocks of the Cape San Martin Region. 
Monterey County, California (Special Re- 
port 10-A), Jadeite of San Benito County. 
California (Special Report 10-C), and Ne- 
phrite in Marin County, California (Special 
Report 10-B), Division of Mines, Depart- 
ment of Natural Resources, State of Cali- 
fornia. 

Although jade has been an important 
gem for centuries, the material first used by 
the Chinese was nephrite, apparently orig- 
inating chiefly from Chinese Turkestan. 

Slightly more than 150 years ago, the 
fine Burmese jade deposits came to light 
and from that time provided the major 
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Figure 36. A blue sapphire from Madagascar’s newest 
deposit hosts this group of negative crystals. Some 
crystals host white hairlike diaspore needles, identi- 
fied using Raman spectroscopy. Photo by Victoria 
Raynaud/GIA,; field of view 1.2 mm. 


scene (figure 36). Many stones contained bands of minute 
particles, thin needles, and growth tubes. Calcite mineral 
inclusions were common; we also identified mica and ap- 
atite crystals. 

The heat treatment experiment was successful. The 
light-colored, slightly milky material turned into fine trans- 
parent, deep blue stones after heat treatment under reduc- 
ing conditions for seven hours at approximately 1600°C. 
Most of the included stones broke during the experiment, 
probably due to the presence of negative crystals. 

This exciting discovery suggests that the Andranon- 
dambo sapphire deposit is much larger than originally ex- 
pected. The main challenges are the security issues and the 
nature of the deposit itself, as the rocks hosting the sap- 
phires are very difficult to work. 


Vincent Pardieu, Supharart Sangsawong, 
Wim Vertriest, Stanislas Detroyat, 
Victoria Raynaud, and Sasithorn Engniwat 
GIA, Bangkok 


Red cordierite from Madagascar. At the Mineral Expo show 
in Paris in early December 2015, we procured a large piece 
of dark red cobbed rough presented as cordierite. This 
would be the first documented occurrence of red cordierite. 
The slightly fractured 3 cm rough offered a magnificent 
deep red color when examined using transmitted light 
from a Maglite illuminator. The identity of the rough as 
cordierite was confirmed using Fourier-transform Raman 
(FTR) spectrometry. The spectrum obtained showed excel- 
lent agreement with a reference spectrum for cordierite 
from Madagascar in the RRUFF database (http://rruff.info). 

Author TP confirmed that the piece we examined was 
from the Iakora district, Fianarantsoa province, in southeast 
Madagascar. Cordierite has long been known in this general 
area (A. Lacroix, Minéralogie de Madagascar, A. Challamel, 
Paris, 1922). There is no mechanized mining. According to 
a miner’s sketch obtained locally by one of the authors, red 
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cordierite occurs in a “vein” (probably a layer) associated 
with orange and blue cordierite, parallel to other layers con- 
taining kornerupine or blue spinel. The cordierite vein is 
about 1.50 m thick and wide and is apparently contained in 
a kornerupine layer. Cordierite is usually found in a meta- 
morphic environment, but the layered appearance, with 
each band containing specific minerals in thicknesses of 
about 1 m, is reminiscent of metasomatic deposits. The as- 
sociation of cordierite with kornerupine and spinel is already 
known, blue gem-quality cordierite is found in such a meta- 
somatic reaction zone in Kenya (C. Simonet, pers. comm., 
2015). 

To determine the material’s gemological properties, 
three stones were fashioned by Jacques Le Quéré (Auray, 
France): a 2.69 ct modified rectangle; a 1.28 ct flat cabochon, 
cut to obtain a lighter color; and a 4.17 ct parallelepiped, 
faceted based on the optical directions to best show its 
trichroism (figure 37). The RIs, measured with a Rayner 
LED sodium-equivalent lamp, ranged from 1.527 to 1.541 
(n, = 1.528-1.530, n, = 1.532-1.533, and n, = 1.538-1.540). 
Interestingly, this crystal presented a biaxial positive char- 
acter, whereas gem cordierite is typically biaxial negative. 

The trichroism was very strong, as expected with 
cordierite. With a standard dichroscope, the colors ranged 
from deep red to orange to grayish brown with a hint of 
blue or purple (figure 38), this last color becoming black at 
a thickness of about 1 cm (figure 39). Hydrostatic SG meas- 
ured 2.548-2.554. These properties are consistent with 
cordierite, though SG was at the lower end of the range. 

As the rough was sawed, we noticed that the vivid red 
transparent color of the thick crystal turned to orange with 
reduced thickness. This is the definition of dichromatism, 
also known in gemology as the Usambara effect, a varia- 
tion of hue that is affected by the optical path length. 

The UV-visible absorption spectrum was measured on 


Figure 37. These three gems, weighing (from left) 4.17, 
1.28, and 1.28 ct, were fashioned from the same piece 
of cordierite rough; red is a new color for this gem. 
The specimen originated from a recently explored de- 
posit in southeast Madagascar. Photo by Benjamin 
Rondeau. 


Gems & GEMOLOGY SPRING 2016 97 


al 


a Unicam UV4. When the material was a few millimeters 
to a centimeter thick, in the direction where red is observed 
there is an extremely strong absorption in the violet and blue 
areas; this band leads to the red color. The absorption de- 
creases abruptly from about 550 to 685 nm, with only a 
weak broad band from about 710 to 800 nm. This leaves a 
steep transmission window in the red, which is consistent 
with the color observed. The shape of the absorption and a 
rapid decrease in the orange-yellow also explains the Usam- 
bara effect. Through a few millimeters, the perceived color 
is orange; through a centimeter or more, it is deep red. 


Emmanuel Fritsch 

Benjamin Rondeau, University of Nantes, France 
Thierry Peclet, Manakara, Madagascar 

Patrick Lefebvre, Aix en Provence, France 

Yves Lulzac, Nantes, France 


Ruby and sapphire from Muling, China. Only a few Chinese 
sources produce gem-quality corundum, such as Changle, 
in Shandong province, but sapphires from that location are 
not considered top quality in the trade because of their dark 
hues. An emerging deposit in Muling, in northeast Hei- 
longjiang province (figure 40), produces gem-quality corun- 
dum comparable to some world-renowned sources. The 
main deposits are seated in mountain valleys about 70 km 
from the town center. Corundum was known in Muling as 
early as 1985; after preliminary exploration, further activity 


Figure 38. Pleochroism of 
the oval cabochon observed 
in polarized light in the two 
orthogonal directions. On 
this thinner sample (about 
3 mm thick), the desatu- 
rated grayish brown color 
with a hint of blue or pur- 
ple is best observed. The 
stone measures 9.85 x 6.75 
mm. Photos by Emmanuel 
Fritsch. 


virtually stopped because of technical and logistical limita- 
tions. As a result, production has been very limited, and very 
little information was published about rubies and sapphires 
from Muling until 1995 (J.X. Sun, “Basalt related to ruby and 
sapphire in eastern Heilongjiang and reconstruction of pa- 
leovolcanic mechanism,” Acta Petrologica et Mineralogica, 
Vol. 14, No. 2, 1995, pp. 126-132). 

According to Aijun Yi, director of mineral resource ad- 
ministration in Muling, the region has produced large 
amounts of gem-quality eluvial materials since 1994, in- 
cluding corundum, brownish red zircon, garnet, and spinel 
(T. Chen et al., “Brownish red zircon from Muling, China,” 
Spring 2011 GwG, pp. 36-41). As colored stones became 
more popular in the Chinese gem markets, interest in ruby 
and sapphire from Muling grew accordingly. 

We acquired a parcel of rubies and sapphires from local 
miners. The stones ranged from 0.8 to 15.2 ct (figure 41). 
Most exhibited well-formed tabular hexagonal crystals, 
though some broken sapphires had a tumbled appearance. 
The sapphires were pink, yellow, violetish blue, greenish 
blue, light blue, and deep blue; there were also near-color- 
less specimens. Most of the rubies and pink sapphires had 
a purplish component. Samples other than the deep blue 
material showed high transparency. Rubies and pink sap- 
phires exhibited medium red fluorescence under long-wave 
(356 nm) UV light and a weak reaction under short-wave 
(245 nm) UV. Other varieties of sapphire had no reaction 
under long- or short-wave UV. 


Figure 39. Trichroism of the 9.45 x 6.95 x 5.28 mm cordierite parallelepiped observed in polarized light in the three 
orthogonal directions to represent the three “extreme” colors of the material’s pleochroism: deep red, black (both 
seen with a thickness of 9.45 mm), and orange (seen with a thickness of 6.95 mm). Photos by Emmanuel Fritsch. 
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Figure 40. Muling, the site of an emerging corundum 
deposit, is located in northeastern China. 


The samples generally showed abraded features and un- 
healed fissures, but some were predominantly clean under 
the loupe and large enough to be faceted. Fourteen stones 
were fabricated as parallel polished windows for micro- 
scopic examination. Several interesting internal features 
were visible under the microscope. The inclusions, which 
mainly appeared as rounded single crystals or multiphase 
syngenetic clusters, were in micron sizes (50-200 pm) and 
were identified by Raman as feldspar and sillimanite. The 


Figure 41. Ruby and sapphire rough from Muling ex- 
hibited well-formed tabular hexagonal crystal forms; 
some sapphires showed a tumbled appearance in bro- 
ken pieces. Photo by Yimiao Liu. 
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Figure 42. A detailed structure of whitish needles 
forming a three-dimensional skeleton network in a 
ruby sample. Photo by Yimiao Liu. 


latter mineral only occurred as component mineral crystals 
in a multiphase inclusion. Most rubies hosted whitish nee- 
dles forming three-dimensional skeleton networks that 
might be the result of diaspore exsolution (figure 42). Fur- 
ther microscopic observations under polarized light showed 
characteristic lamellar twining structures in every sample. 

Trace element analysis by LA-ICP-MS showed a Cr con- 
tent of 173-636 ppma in the pink-red series, accompanied 
by a significant level of Fe (1650-2510 ppma) and a notice- 
able level of Ti (36-70 ppma) to add a blue component 
through Fe-Ti intervalence charge transfer. This explained 
why Muling rubies and pink sapphires always had a purplish 
hue. Mg content was about 46-79 ppma, while Ga (13-17 
ppma) fell into the expected range for natural corundum. 

Yellow sapphires showed the highest Fe content (4480— 
4800 ppma); this contributed to their saturated yellow col- 
oration. Iron content was much lower in blue sapphires, 
along with an appreciable amount of titanium (80-500 
ppma) as a blue chromophore. Based on color distribution 
and transparency, blue sapphires could be grouped as either 
light blue or deep blue. Most of the light blue sapphires had 
very high transparency and even color distribution, while 
deep blue sapphires were less transparent, with hexagonal 
dark blue color zoning. Among all blue samples, Mg con- 
tent ranged from 10 to 80 ppma and did not show clear cor- 
relation to color, while Ga content (10 to 100 ppma) was 
noticeably higher than in rubies and pink sapphires. 

At Muling, most rubies and sapphires are found by ca- 
sual surface digging. Gem-quality corundum usually occurs 
in eluvial deposits derived from weathered Cenozoic alkali 
basalts. Unlike other igneous-related deposits known for 
dark blue sapphires and very limited red material, such as 
Australia’s Anakie and New England fields (T. Coldham, 
“Sapphires from Australia,” Fall 1985 GwG, pp. 130-146) 
and Shandong, China (C. Simonet. et al., “A classification 
of gem corundum deposits aimed towards gem exploration,” 
Ore Geology Reviews, Vol. 34, 2008, pp. 127-133), in Muling 
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ruby production was larger than that of sapphire; over 60% 
of pink sapphires and rubies were high-quality materials. 

In some ways, some Muling rubies have competitive ad- 
vantages over Mozambique specimens. Their high color sat- 
urations and particular internal features (whitish needles 
forming three-dimensional skeleton networks) resembled 
those of rubies from Mozambique and might cause confu- 
sion in gem markets. On the other hand, blue sapphires from 
Muling have a pure blue color with no gray component. The 
variety of colors and the amount of fancy sapphires found 
in Muling are quite different from sapphires from other clas- 
sic igneous deposits (see again Simonet et al., 2008). 

At present, the precise location of the Muling gem de- 
posit source rocks has not been confirmed. According to 
previous geological studies, the area is localized in the 
northern terminal of the branch of the Tanlu fault (Z. L. 
Qiu et al., “Trace element and hafnium isotopes of Ceno- 
zoic basalt-related zircon megacrysts at Muling, Hei- 
longjiang Province, northeast China,” Acta Petrologica 
Sinica, Vol. 23, No. 2, 2007, pp. 481-492). The lava in this 
region can be divided into six volcanic eruption cycles; 
Muling has experienced three such cycles (Sun et al., 2005). 

Based on mining and geological information and our 
analysis of Muling rubies and sapphires, we inferred that 
this material might have originated as xenocrysts from an 
earlier volcanic eruption and undergone subsequent high- 
pressure geological processes. These are likely non-classic 
alkali basalt deposits. Large corundum deposits exist from 
eastern China to Primorye in far eastern Russia (I. Graham 
et al., “Advances in our understanding of the gem corun- 
dum deposits of the West Pacific continental margins in- 
traplate basaltic fields,” Ore Geology Reviews, Vol. 34, pp. 
200-215), but exact locations have not been confirmed. 

Although Muling’s corundum deposit have yet to be 
mined commercially, the existing production has drawn 
the attention of Chinese gemologists and gem dealers. The 
production may rival that from other high-quality deposits, 
and this source holds great promise for the future. 


Yimiao Liu and Ren Lu 
Gemmological Institute, China University of Geosciences 
Wuhan, China 


“Star of David” spinel twin crystal with multiphase inclu- 
sions from Mogok. In December 2015, author VP obtained 
from the Mogok gem market a remarkable spinel crystal 
with a fascinating Star of David (figure 43). This unusual pat- 
tern was formed by two triangles on opposing sides of a cen- 
tral 12-sided polygon. Furthermore, the specimen hosted 
some conspicuous crystals that resembled fluid inclusions, 
which are rare in spinel. The stone was reportedly mined in 
the early 2000s near Pein Pyit, a village in eastern Mogok 
that is famous for such twinned spinel crystals (T. Themelis, 
Gems & Mines of Mogok, published by the author, Bangkok, 
2008). Hundreds were found in the Mogok market between 
2002 and 2004, but most were tiny or broken (V. Pardieu, 
“Hunting for ‘Jedi’ spinels in Mogok,” Spring 2014 GwG, 
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pp. 46-57). The newly acquired crystal was added to the GIA 
reference collection. With a chemical formula of MgALO,, 
spinel belongs to the cubic crystal system. It is often found 
as octahedrons (with o faces), but sometimes dodecahedron 
d faces are visible. This specimen presents a fascinating case 
of twinning parallel to the octahedral plane O (111), com- 
monly called “spinel-law” twinning. The general crystal 
outline is a 12-sided polygon instead of the expected hexa- 
gon. If a spinel crystal shows only 0 faces, a crystal flattened 
along the (111) plane will appear as a hexagon. But a spinel 
with both o and d faces that is flattened along the (111) oc- 
tahedral plane will show 12 sides, as in this specimen. 

The crystal hosted several fractures as well as interest- 
ing fluid and crystal inclusions. Fractures are very common 
in such thin crystals, causing them to break easily. This 
specimen broke during the cleaning process (figure 44), and 
extra care should be taken while handling such crystals. 

One inclusion was a flat, opaque, and foliated black crys- 
tal (possibly graphite) that we could not identify with Raman 
spectroscopy. There were also carbonate inclusions (identi- 
fied as calcite and dolomite using Raman spectroscopy). The 
most fascinating features were the multiphase inclusions; at 
least eight were located in the center of the specimen (figure 
45). They were composed of a negative crystal filled with col- 
orless liquid, hosting a flattened or spherical bubble, filled 
with a liquid and a gas. This was unlike the features in spinel 
from Man Sin, where negative crystals are filled with an or- 
ange liquid rich in sulfur (again, see Pardieu, 2014). 

We assumed that the gas inclusions were mainly CO,, 
as some of the small bubbles disappeared while the stone 
was under the microscope and gently heated by the well 
light. This could not be confirmed by Raman analysis; the 
CO, concentration in the solution may have been too low. 

FTIR spectroscopy confirmed the presence of carbonates 
and oil in some fractures. This might be explained by the 


Figure 43. This 12-sided crystal recently obtained in 
Mogok is a rare spinel macle, hosting fascinating mul- 
tiphase (liquid + gas) inclusions. The stone is report- 
edly from the eastern part of the Mogok Valley. Photo 
by Victoria Raynaud/GIA; field of view 5.7 mm. 


il 


Gems & GEMOLOGY SPRING 2016 


Figure 44. The Star of David spinel hosts some interest- 
ing multiphase inclusions. Such fractured, thin crystals 
are very brittle; this one was damaged during the 
cleaning process. Photo by Sasithorn Engniwat/GIA. 


common practice (in Mogok) of keeping crystals in oil before 
selling them. We also studied the sample using photolumi- 
nescence and UV-Vis spectroscopy. The Cr* band in the PL 
spectra was approximately 0.89 nm wide. In the UV-Vis 
spectra, there was a clear absorption in the green around 537 
nm. These features confirmed the absence of treatment (S. 
Saeseaw et al., “Distinguishing heated from unheated 
spinel,” GIA News from Research, 2009, www.gia.edu/ 
ongoing-research/distinguishing-heated-unheated-spinel). 

The sample was analyzed using LA-ICP-MS. Three 
spots were studied and compared to GIA reference data ob- 
tained on other red spinels from different origins. The main 
trace elements observed were V, Cr, and Zn. Other ele- 
ments (Li, Be, Ti, Mn, Fe, Co, Ni, and Ga) were also de- 
tected in lower but still significant concentrations. Based 
on GIA’s reference data for origin determination, we would 
have identified these as Burmese, with other localities 
(Tanzania, Vietnam, or Tajikistan) excluded due to the el- 
evated Zn and Ni content. 

Star of David spinels are rare crystals that fascinate 
many gemologists and collectors. Studying these macles 
promotes our understanding of them and will contribute 
to origin determination for red spinel. 


Vincent Pardieu, Supharart Sangsawong, 
Wim Vertriest, and Victoria Raynaud 


SYNTHETICS AND SIMULANTS 


Large colorless HPHT synthetic gem diamonds from 
China. High-pressure, high-temperature (HPHT) technol- 
ogy for gem diamond synthesis has made rapid progress in 
the last few years. It is now being used to produce many 
melee-size diamonds around 2-3 mm in diameter and large 
colorless single crystals, all with significantly improved 
quality and growth rate. One Russian company is report- 
edly growing multiple large, gem-quality colorless dia- 
mond crystals in a single run (U.ES. D’Haenens-Johansson 
et al., “Large colorless HPHT-grown synthetic gem dia- 
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Figure 45. About five multiphase inclusions associated 
with colorless carbonate crystal are seen in the 
spinel’s center, shown using diffused brightfield illu- 
mination. Photo by Victoria Raynaud/GIA; field of 
view 2.40 mm. 


monds from New Diamond Technology,” Fall 2015 GWG, 
pp. 260-279). Here we report on large diamond crystals 
manufactured using a similar technology by Jinan 
Zhongwu New Materials Co. Ltd in Shandong, China. 
We visited the Chinese factory in early March 2016 and 
obtained 50 crystals (figure 46). The crystals were examined 
using the instrumentation and techniques applied to all di- 
amonds submitted to GIA for grading; all exhibited the typ- 
ical characteristics of HPHT growth and were identified as 
synthetic. These were basically colorless, with only a few 
metallic inclusions observed. These crystals showed typical 
cuboctahedral morphology, with well-developed {100}, {110}, 
and {111} growth sectors and a weakly developed {113} sec- 
tor. The crystals we obtained ranged from about 0.5 to 1.2 
ct each. Absorption spectra in the infrared region showed 
they were type IIa diamond, but trace absorption from boron 
was detected (2800 cm"). Detailed gemological and spectro- 


Figure 46. A factory in Shandong, China, is producing 
a large number of colorless HPHT synthetic dia- 
monds for the jewelry industry. These crystals have 
typical cuboctahedral morphology and weigh up to 
3.5 ct. Photo by Jian Xin (Jae) Liao. 


Gems & GEMOLOGY SPRING 2016 101 


scopic analyses are ongoing and will be reported separately. 
According to the manufacturer, large quantities of gem- 
quality colorless and blue diamonds are produced in this fac- 
tory, in sizes up to 3.5 ct each. While the total production 
volume remains unclear, it is undoubtedly significant, and 
capacity is likely to expand in the near future. This strongly 
suggests that even more large HPHT synthetic diamonds 
will be introduced into the jewelry industry. 


Wuyi Wang and Tom Moses 
GIA, New York 


TREATMENTS 


Polymer-treated hessonite. Early in 2016, gem merchant 
Abdul Hafiz (Jaipur, India) showed this contributor a parcel 
of orangy brown rough hessonite he had purchased, said to 
be “glass-filled” hessonite. Upon initial observation, the 
specimens appeared to be treated, as individual crystals were 
stuck together (figure 47). This is commonly seen in glass- 
filled corundum rough; however, the typical glassy surface 
was absent. Rather, the surface appeared greasy, as if it was 
heavily oiled. Since the crystals were stuck together, it was 
obvious that some more stable form of treatment has been 
performed. Further testing was conducted to identify the 
treatment. 

Under 10x magnification, the joints and cavities showed 
a concentration of a foreign substance that was readily in- 
dented with a metal pin, ruling out the presence of glass. 
Because of the unpolished surface, we could not see the 
filler, but the stone was transparent enough for infrared 
spectroscopy. The spectra showed strong features at approx- 
imately 3060, 3032, 2923, and 2871 cm; these peaks are 
associated with polymer. Other absorption features were 


Figure 47. These three rough hessonite samples (17.92 
grams total) are joined by a polymer, which is also 
found in surface cavities and joints. The treatment is 
evident from the rough’s “oily” look. Also note the 


visibility of fractures in the 5.31 ct (left) and 5.35 ct 
(right) cut samples. Photo by Gagan Choudhary. 
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Figure 48. Fractures of the cut samples display thick 
and cloudy patches, suggesting uneven filling. Pho- 
tomicrograph by Gagan Choudhary; image width 
6.85 mm. 


consistent with grossular garnet, specifically hessonite and 
tsavorite, according to the laboratory's database. 

To check for a polymer filler and record gemological 
properties, two specimens were faceted, weighing 5.35 and 
5.31 ct, respectively (again, see figure 47). Both specimens 
gave an RI of 1.745 and a hydrostatic SG of 3.60, within the 
range for hessonite (M. O’Donoghue, Gems: Their Sources, 
Descriptions and Identification, 6th ed. Butterworth- 
Heinemann, London, 2006). Both displayed a strong roiled 
or “heat wave” effect and numerous transparent rounded 
to elongated colorless crystals, features consistent with hes- 
sonite. The stones had obvious fractures visible to the un- 
aided eye. When magnified, these fractures displayed thick 
and cloudy patches (figure 48), suggesting that a foreign sub- 
stance was used to create an uneven filling. None of the iri- 
descence or color flashes typically associated with a filled 
fracture were visible. Both faceted stones also displayed 
characteristic polymer-related peaks in IR spectroscopy. 

This was our first encounter with a polymer-treated 
hessonite. Because the fractures were eye-visible, it is un- 
clear how much value the treatment adds to these low- 
grade stones. According to Mr. Hafiz, the treatment is 
performed to stabilize the rough for cutting and polishing; 
otherwise the highly fractured material crumbles while 
processing. He added that hundreds of kilograms of such 
rough (reportedly African) have been sent to China for 
treatment. 


Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


ERRATUM 

In the Winter 2015 GNI entry on grandidierite from Mada- 
gascar (pp. 449-450), the color of the sample was incorrectly 
presented in figure 4. Please go to www.gia.edu/gems- 
gemology/winter-2015-gemnews-grandidierite-madagascar 
to see its actual color. 
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Responsible Mining, a Trek to Chivor, and a Dash of Fabergé 
Duncan Pay 


FEATURE ARTICLES 


Mining Diamonds in the Canadian Arctic: The Diavik Mine 

James E. Shigley, Russell Shor, Pedro Padua, Christopher M. Breeding, 

Steven B. Shirey, and Douglas Ashbury 

Located near the Arctic Circle, Diavik is one of the world’s richest diamond deposits and a 
leader in sustainable mining. 


Fabergé Cossack Figures Created from Russian Gemstones 

Timothy Adams and Christel Ludewig McCanless 

Hardstone figures of two Russian imperial bodyguards, commissioned in 1912 by Nicholas 
II, demonstrate the House of Fabergé’s meticulous detail and craftsmanship. 


The Color of Responsibility: Ethical Issues and Solutions in Colored Gemstones 
Jennifer-Lynn Archuleta 

Examines the challenges of ethical sourcing and production of colored stones, and what some 
industry leaders are doing to address the situation. 


NOTES AND NEW TECHNIQUES 


The Challenges of Cutting a Large Gem Opal Rough 

Theodore Grussing 

A first-person account of cutting a 3,019 ct piece of white opal to create a 1,040 ct gem with 
play-of-color across the surface. 
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In Rainier’s Footsteps: Journey to the Chivor Emerald Mine 

Robert Weldon, Jose Guillermo Ortiz, and Terri Ottaway 

Chronicles the famed emerald source through the adventures of Peter W. Rainier, who directed 
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Responsible Mining, a Trek to Chivor, 
and a Dash of Faberge 


The quest for gem-quality natural diamonds is a multi-billion-dollar enterprise—and a 
stern test of human ingenuity. Any investment in a large, modern mine is by necessity 
strategic, and made all the more complex when the location is remote and subarctic. Thus 
it is with the Diavik mine, which sits on a small island on pristine Lac de Gras in Canada’s 
Northwest Territories. Replete with engineering challenges, and the need to accommo- 
date the concerns of the area’s indigenous people, Diavik’s transition to an active mine in 
2003 is a landmark development in the fascinating story of Canadian diamonds. 


Our lead article, by Jim Shigley, Russ Shor, Pedro Padua, Mike Breeding, Steve Shirey, 
and Doug Ashbury, offers a review of this mine’s discovery, development, and operations 
and looks to its planned closure in 2024, when the site will be restored to nearly its 


original condition. Besides its “4 Jamdmark development in the fascinating 
value as a premier gem diamond source—100 million 


. . a 
carats and counting—Diavik is a tantalizing window story of Canadian diamonds... 
for geologists into the depths beneath the Canadian Shield. Knowledge acquired from the kimberlites at Diavik 
allows geoscientists to reconstruct the early history of the North American continent and underscore the 
supreme value natural diamonds hold for science, beyond their monetary worth as gems. 


In addition to Diavik, we offer articles on a pair of exquisite Fabergé figures, the current state of the colored gem 
industry’s supply chain in terms of corporate social responsibility, the fashioning of an exceptional Australian opal, 
and a trek to Colombia’s Chivor emerald mine in the footsteps of its remarkable manager, Peter W. Rainier. 


Our second paper, by Tim Adams and Christel Ludewig McCanless, presents two rare Fabergé hardstone figures 
depicting the Romanov empresses’ Cossack bodyguards. It discusses the design, construction, and subsequent 
history of the pieces since their creation using Russian-mined gems and metals in the firm’s St. Petersburg 


workshop. 


Next, Jennifer-Lynn Archuleta reviews ongoing efforts to establish ethical, sustainable mine-to-market supply 
chains within the multibillion-dollar colored gem industry. She outlines the challenges the industry faces on its 
journey to toward greater transparency and traceability in a climate of heightened scrutiny from NGOs, govern- 
ments, and concerned consumers. 


In our fourth paper, Ted Grussing reveals the special considerations he applied to cutting a 3,019 ct gem-quality 
white opal from Coober Pedy, Australia. He describes how care and attention to detail maximized size and 
quality, yielding a 1,040 ct finished gem with play-of-color across its entire surface. 


Finally, join Robert Weldon and his co-authors on a journey through the early twentieth century history of the 
Chivor emerald mine and revisit the achievements from a productive and colorful era in Colombian emerald 
mining. 


As always, you'll also find plenty of interesting content in our latest Lab Notes, Micro-World, and Gem News 
International sections. And don’t forget to visit www.gia.edu/gems-gemology for exclusive photos and videos 
from this issue. 


We hope you enjoy our Summer issue! 


Dette 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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Gemological UVigests 


} source of fine material used by the Chinese. 
Nephrite jade is a variety of the isomor- 
phous tremolite-actinolite series occurring 
in the amphibole group of minerals. Tre- 
molite is usually white in color and like 
actinolite occurs in bladed crystals. Actino- 
lite contains ferrous iron, replacing a por- 
tion of the magnesium of cremolite. Tremo- 
lite is a calcium magnesium silicate, whereas 
actinolite is a calcium magnesium iron 
silicate. A characteristic of the amphibole 
group is its hydrous nature in contrast to 
the pyroxene group of which jadeite is a 
member. 
Nephrite is known in a number of occur- 
rences throughout the world. In addition to 


the original source in Chinese Turkestan, it 


is also found in New Zealand; Alaska; 
Lander, Wyoming; Siberia; and Europe. 


Until recently jadeite has been known in 
gem quality only in Burma, tlowever, the 
presence of jadcite artifacts tn Mexico and 
Central America have long interested  sci- 
entists because of the failure to find original 
sources. 


Jadeite is a sodium aluminum silicate—a 
member of the pyroxene group. As in the 
case of amphobiles, pyroxenes tend to grade 
into one another in an isomorphous rela- 
tionship. 

Nephrite jade of good quality was dis- 
covered in Lander, Wyoming, for commer- 
cial purposes at least, less than twenty years 
ago. Since that time in the last few years, 
reports of in California 
have been frequent. Nephrite jade of par- 
ticular interest scientifically and to amateur 


jade discoveries 


lapidaries has been reported from the coast 
of southern Monterey County, near Porter- 
ville, in Tulare County, near Petaluma in 
Marin County, and also from Mendocino 
County as well as from other localities. 
According to the report on the jadeite of 


San Benito County, the occurrence was first 
noted in an unpublished thesis submitted 
by R. C. Mielenz to the University of Cali- 
fornia in 1936. Jadeite was reported in 
1950 in the Clear Creek area by Bolander 
who was unaware of the work of Mielenz. 


In all jade occurrences in California re- 
ported in the three California Division of 
Mines publications, jade has not been of 
fine gem quality. In all cases, both Cali- 
fornia nephrite and jadeite have been asso- 
ciated intimately with serpentine deposits 
which fact has led, because of the wide- 
spread occurrence of serpentine in Califor- 
nia, to the conclusion that many more jade 
discoveries are likely to be made in the 
years to come. 

The jadeite of San Benito County was 
first noted by Bolander in boulders in Clear 
Creek. Soon discoveries of jadeite in place 
were reported by prospectors. The serpentine 
of the area lies in an oval body approxi- 
mately four by twelve miles. While eight 
large exposures were found in canyons in 
Clear Creek, it is assumed that there are 
many more. Some of the outcrops are large 
masses, in one case reported to be 50 x 200 
feet. 

An interesting sidelight on the toughness 
of jadeite is contained in the following 
quotation from the report: “Although an 
effort was made to secure representative 
samples, some outcrops did not yield sam- 
ples, even to heavy sledging.” The report 
states that in close proximity to a jadeite 
body, the serpentine is extremely 
sheared, darker in color, the surface dull, 
and appears to have been altered.” The 
jadeite rock is reported to crop out as 1so- 
lated knobs and although most of it is 
massive, in places it is blocky, sheet-jointed 
or cavernous. 


From the geology of the area and the 
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MINING DIAMONDS IN THE 
CANADIAN ArcTIC: THE DIAVIK MINE 


James E. Shigley, Russell Shor, Pedro Padua, Christopher M. Breeding, Steven B. Shirey, and Douglas Ashbury 


The Diavik mine, located in the Archean-age Slave geologic province in northern Canada, is one of the 
world’s preeminent sources of gem diamonds. Since mining operations began in 2003, it has produced 
over 100 million carats of diamonds. This article will review the discovery, development, and operation 
of the mine, which is situated in a remote subarctic setting in the Northwest Territories. Four kimberlite 
pipes occur in close proximity—three are being exploited, while the fourth will be brought into production 
in 2018. Diavik is now expected to operate through 2024; upon closure, the equipment, buildings, and 
infrastructure will be removed and the land returned as closely as possible to its original condition. 


producer, with most of that output coming 

from one area near Lac de Gras in the North- 
west Territories. The discovery of kimberlite pipes 
there in the early 1990s led to the development of 
several major mines. Diamond-bearing kimberlite 
deposits that can be mined economically are note- 
worthy, since only about 50 such occurrences have 
been found worldwide since the 1870s, mainly in 
Australia, Angola, Canada, Russia, and South Africa 
(Janse, 2007). As of mid-2016, Canada has three ac- 
tive mines: Ekati and Diavik (figure 1), located about 
30 km from each other in the Northwest Territories 
(figure 2), and the Victor mine in northern Ontario. 
Snap Lake, recently placed in a care and maintenance 
status, lies within 80 km of Ekati and Diavik. Two 
other Canadian mines are under development: Gah- 
cho Kué in the Northwest Territories and Renard in 
Quebec. Figures from the Kimberley Process 
(www.kimberleyprocess.com/en/canada) show that 
Canada produced 11.6 million carats of rough dia- 
monds in 2015, valued at US$1.675 billion. 


(ret is the world’s fourth-largest diamond 


See end of article for About the Authors and Acknowledgments. 
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This article will discuss the discovery, develop- 
ment, and operation of Diavik, one of the richest di- 
amond mines in the world. Over several days in late 
June 2015, the authors visited the site to capture pho- 
tographs and gather information on the mining op- 
erations. The visit involved tours of the open pit and 
underground workings, the processing and recovery 
plant, and the facility in Yellowknife where dia- 
monds are cleaned and sorted for distribution (figure 
3). In this article, we focus on the unique engineering 
challenges in developing the Diavik mine and recov- 
ering diamonds from beneath a lake in a harsh sub- 
arctic environment, all while doing so in a way that 
protects the environment, ensures worker safety, and 
respects the cultural traditions of the local indige- 
nous peoples. 


DIAMOND EXPLORATION IN CANADA 

Canada is the world’s second-largest country in 
terms of land area, but until the 1990s it was not con- 
sidered an important source of gemstones. During 
the preceding century, alluvial diamonds were occa- 
sionally found in scattered locations across southern 
Canada and the northeastern United States (Hausel, 
1995). Their association with glacial sediments in the 
Great Lakes region led Hobbs (1899) to propose that 
the diamonds had been transported by the southward 
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Figure 1. The Diavik diamond mine, shown here in February 2015, is located on a small island in Lac de Gras, ap- 
proximately 300 km northeast of Yellowknife and 220 km south of the Arctic Circle, in a remote region of 
Canada’s Northwest Territories. Photo courtesy of Diavik Diamond Mine. 


movements of glaciers (which covered large portions 
of Canada during the Pleistocene epoch, from 2.5 
million until about 12,000 years ago) from unknown 
source rocks in the area near Hudson Bay (see also 
Bell, 1906). 

Kjarsgaard and Levinson (2002) presented a com- 
prehensive review of the discovery and development 
of Canada’s diamond mines through the 1990s. Al- 
though the north-central areas of the country were 
known to be underlain by ancient rocks of Archean 
age—the rocks that also host diamondiferous kim- 
berlites in southern Africa and elsewhere—there was 
little effort on the part of large mining companies to 
search for diamonds in the Slave craton (Pell, 1995; 
Carlson et al., 1999). Along with the vast expanse of 
territory, the very small target area presented by kim- 
berlite pipes, and the cost of search efforts over a pe- 
riod of years, those authors suggested two additional 
reasons for the lack of diamond exploration programs 
in northern Canada. The first was logistical: the re- 


Canapa’s DiAviK DIAMOND MINE 


moteness of the area, much of it covered by water, 
and the harsh climate that limited the field season 
for exploration. The second reason was the glacial 


Figure 2. This regional map of northern Canada shows the 
locations of Diavik and other diamond mining operations. 
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dispersal of the contents of exposed kimberlite pipes 
by the movement of ice sheets away from the origi- 
nal pipe locations. New geological exploration tech- 
niques, similar to those being used in Siberia, were 
needed to search for diamondiferous kimberlites in 
this type of terrain, which is much different from 
that of southern Africa (McClenaghan and Kjars- 
gaard, 2001). 

According to Kjarsgaard and Levinson (2002), the 
modern era of diamond exploration in Canada began 
in the early 1960s with the traditional search for the 
diamond “indicator minerals” (such as red Cr-rich 
pyrope garnet, green Cr-diopside, green olivine, black 
ilmenite and black Cr-spinel). These minerals, which 
weather out of kimberlites but are retained as color- 
ful grains in alluvial sediments in far greater abun- 
dance than the similarly resistant but much rarer 
diamonds (Gurney, 1984; McClenaghan, 2005; Shirey 
and Shigley, 2013). The discovery of these minerals 
signaled the presence of kimberlites in a particular 
area, and chemical analysis of them could distin- 
guish those pipes that might contain diamonds. In 
Canada, the search for these minerals would ulti- 
mately involve years of lonely work in a nearly un- 
inhabited and inhospitable region (Krajick, 2001). 

The topography of northern Canada has been sig- 
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nificantly influenced by periods of glaciation in the 
geologic past. The land is relatively flat to slightly 
undulating, marked by low barren hills and shallow 
bodies of water. In this setting, diamond prospectors 
had come to believe that sampling glacial eskers (nar- 
row, sinuous ridges composed of sand and gravel sed- 
iments deposited by streams from melting glaciers) 
for indicator minerals might prove successful in lo- 
cating kimberlites. This had been the case with 
searching for similar minerals in stream sediments 
in nonglaciated terrains (McClenaghan et al., 2000; 
McClenaghan and Kjarsgaard, 2001). Initial target 
areas included northern Ontario and portions of Que- 
bec, followed by a shift in exploration toward the 
north and west of the country. 

Diamond prospectors who previously found indi- 
cator minerals along the Mackenzie River Valley in 
the Northwest Territories realized that the westward 
movement of glaciers had transported these minerals 
from source rocks near the center of the continent. 
In the early 1980s, improved airborne geophysical 
survey methods for locating small-target kimberlite 
pipes over a wide area, combined with a better un- 
derstanding of how to check sediments from both 
glacial moraines and eskers, led to preliminary dia- 
mond discoveries in various parts of the country. 


Figure 3. This selection 
of rough diamonds is 
typical of Diavik’s pro- 
duction. Photo cour- 
tesy of Diavik 
Diamond Mine. 
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After these initial finds, however, the idea of a more 
extensive search for diamonds in northern Canada 
was met with skepticism. Initial exploration efforts 
involved several major mining companies, but the 
search was primarily undertaken by smaller compa- 
nies and even groups of individual prospectors. 

In April 1990, after a decade of exploration across 
an east-west distance of 1,200 km in the Northwest 
Territories, came Chuck Fipke’s discovery of a bright 
green Cr-diopside crystal on a ridge at Point Lake, a 
small, circular crater-like lake just north of Lac de 
Gras. As this mineral does not survive travel far from 
its source rock, he concluded that it had come from a 
kimberlite pipe in the immediate vicinity. This led 
Fipke and his partner in Dia Met Minerals, fellow ge- 
ologist Dr. Stewart Blusson, to stake a claim. Years 
later this area would become part of the Ekati mine 
(Fipke et al., 1995). Additional heavy mineral samples 
collected north of Point Lake confirmed the presence 
of a kimberlite pipe. Partnering with BHP Minerals, a 
large international mining company based in Aus- 
tralia, they obtained drill core samples from the pipe 
to better evaluate its mineral content and structure. 


In Brief 


e Diavik in northern Canada is one of the world’s most 
important diamond mines, with production to date of 
more than 100 million carats. 


Mining takes place year-round in a remote and hostile 
subarctic environment. 


Before open-pit mining could begin, retention dikes 
had to be built to enclose the workings, which were 
below the water level of Lac de Gras. 


e Mining is expected to continue through 2024, after 
which all infrastructure must be removed and the site 
returned as closely as possible to its original condition. 


In November 1991, BHP announced that 59 kg of 
kimberlite core samples from the site contained 81 
small gem-quality diamonds, and that the company 
would spend up to $500 million to develop a mine. 
Over the next 12 months, this stunning development 
triggered the biggest land rush in Canadian history, 
as mining companies and individual prospectors 
staked claims over some 22,000 square kilometers in 
the north-central part of the country (Krajick, 1994, 
2001; Boyd, 2006). 

Over the past 25 years, exploration efforts have 
identified more than 500 kimberlite pipes throughout 
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Canada, with more than 50% containing traces of di- 
amonds. Most of these occurrences are located in the 
Lac de Gras region near the center of the Slave craton 
(Carlson et al., 1999). Few of these pipes are directly 
exposed at the surface; most are buried beneath bodies 
of water, and they have been revealed by geophysical 
and field sampling techniques. Because kimberlites 
weather and decompose faster than much older sur- 
rounding rocks, the pipes often occur in topographic 
depressions beneath lakes. By the end of 1994, a total 
of 39 kimberlites had been identified in the Lac de 
Gras area, including what would become the country’s 
first diamond mine: Ekati, which opened in the fall of 
1998. Because these kimberlite pipes were located in 
an ecologically sensitive portion of northern Canada, 
the mining ventures had to undergo an extensive en- 
vironmental, economic, and social review involving 
several government agencies and local indigenous 
communities before proceeding with development. 


DISCOVERY AND HISTORY OF DIAVIK 

By early 1992, Aber Diamond Corporation had staked 
a claim to 3,250 square kilometers in the Diavik area. 
The company began a helicopter-borne magnetic sur- 
vey (in partnership with Kennecott Canada, the explo- 
ration arm of Rio Tinto) to identify target locations as 
prospective kimberlite pipes (Carlson et al., 1999; Gra- 
ham et al., 1999). A Yellowknife-based exploration 
company (Covello, Bryan & Associates) was hired for 
the prospecting activities. Ground, gravity, and other 
geophysical measurements were also made to confirm 
that the targets were kimberlites, and to better delin- 
eate the size of potential pipes. Samples collected from 
glacial till, streams, and beaches around these locations 
were analyzed for indicator minerals. When potential 
targets were detected, they were ranked in order of pri- 
ority for additional study based on their geophysical 
characteristics and proximity to the indicator minerals. 
Core drilling of the most promising sites was then car- 
ried out to determine the lateral extent of the pipe and 
its micro-diamond content. 

Indicator minerals were first discovered on the Di- 
avik property in 1994, near what was then designated 
as the A21 anomaly, but the decision was made to first 
core-drill the nearby anomaly that later became the 
A154 (South) pipe. This drilling produced a section of 
kimberlite core that broke open to reveal a 2.5 ct dia- 
mond crystal (Graham et al., 1999; Tupper and 
Neamtz, 2002). Considering the rarity of diamonds in 
kimberlite pipes, to encounter such a large crystal in 
a random core section was remarkable. In 1995, the 
adjacent A418 pipe was evaluated for its diamond po- 
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tential. Drilling revealed that the geomagnetic anom- 
alies were small, steeply inclined, semicircular vol- 
canic pipes that became narrower with depth. 

By 1995, four diamond-bearing kimberlite pipes 
had been located—all beneath the waters of Lac de 
Gras. The pipes are adjacent to the lake shoreline and 
lie within 4 km of one another. Additional core 
drilling was carried out to carefully delineate the 
sizes and shapes of the pipes, and their potential dia- 
mond grade was estimated from analyzing the drill 
cores. Between 1996 and 1997, the initial pipes— 
A154 (which was later found to be two adjacent 
pipes) and A418—were accessed by several large- 
diameter (approximately 15 cm) holes, core drilling 
to depths of about 250 meters, and then by under- 
ground tunnels excavated 150 meters beneath Lac de 
Gras. From these activities, 5,937 tonnes of kimber- 
lite ore were recovered from the A154 South and 
A418 pipes. Evaluation of this bulk sample was crit- 
ical to determining whether the pipes contained 
enough high-quality diamonds for mining to be eco- 
nomical. Some of the recovered ore was analyzed at 
the company’s pilot processing plant in Yellowknife, 
and the rest was split into two portions for separate 
evaluation at both the Yellowknife plant and the 
nearby Ekati mine. In 1998, analysis of 21,013 carats 
of diamonds (one-third of which were gem quality) 
recovered from the bulk ore sample provided the first 
evidence of the mine’s economic potential. 

Earlier in 1995, hydrological and geotechnical 
studies were begun to assist in the conceptual design 
and development of both the open-pit and planned 
underground mining operations. These studies have 
continued to the present day. 

Despite the environmental and engineering chal- 
lenges for large-scale mining in this remote region, 
Rio Tinto and Dominion Diamond Corp. (formerly 
Aber) established a formal joint venture in 1999 to 
develop the property. Rio Tinto managed and oper- 
ated the mine through a wholly owned subsidiary, 
Yellowknife-based Diavik Diamond Mines Inc. Dia- 
mond production would be divided between the two 
organizations, with each independently marketing 
its own share. 

In addition to examining the economic feasibility 
of operating a diamond mine under arctic conditions, 
the developers conducted environmental risk analy- 
sis between 1997 and 2000. A scientific assessment 
of all aspects of the regional environment provided a 
baseline to measure the impact of the subsequent 
construction and operation of the mine. Agreements 
also needed to be signed with the five First Nations— 
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the Lutsel K’e Dene First Nation, the Yellowknives 
Dene First Nation, the Tlicho Government, the Ki- 
tikmeot Inuit Association, and the North Slave 
Metis Alliance—which had inhabited the area for 
centuries. These groups sought the protection of land 
and lakes and a share of the economic benefits from 
mining. In 2000, formal permission was granted to 
the joint venture to begin mine construction. This 
included an environmental agreement with the 
Canadian government, and a socioeconomic moni- 
toring agreement with the government of the North- 
west Territories. 

Between 2000 and 2003, approximately CAD$1.3 
billion was spent building the mine infrastructure, one 
of the largest capital investments undertaken in the 
history of Canadian mining. This included a plant to 
process the kimberlite ore and recover the diamonds, 
office and accommodation buildings for several hun- 
dred staff, utilities (electric power and heat generation, 
water supply, and wastewater treatment), bulk fuel 
and explosive storage, a maintenance shop, a contain- 
ment area for storing the processed kimberlite, and an 
airstrip capable of handling cargo and passenger air- 
craft. Development of the site occurred in a relatively 
uninhabited arctic tundra setting—the closest indige- 
nous community was 190 km to the southwest. 
Everything needed to construct and maintain the site 
had to be flown in from Yellowknife or trucked over 
an ice road during wintertime. Transition from a con- 
struction project to active diamond production com- 
menced in January 2003, with an expected mine 
lifetime of about 16-22 years. Sales of the first rough 
diamonds began in the summer of that year. 

In 2006 and 2007, another group of bulk kimberlite 
samples was collected underground at each of the 
three pipes (A154, A418, and A21) to determine un- 
derground mining conditions, to compare the impact 
of drill and blast mining versus machine mining on 
diamond value, and to provide about 15,000 carats 
from each pipe for additional estimations of rough di- 
amond values. With the exception of the data on dia- 
monds from A21, these 2006-2007 estimates have 
been superseded by more recent information obtained 
from actual production parcels from A154 (117,000 
and 118,000 carats in May 2013) and A418 (186,000 
carats in May 2012). Since 2003, the mine has yielded 
100 million carats of rough diamonds, with the largest 
crystal found to date weighing 187.7 ct (figure 4). 
Named the “Diavik Foxfire,” it was produced be- 
tween May 31 and June 6, 2015 (see the Lab Notes sec- 
tion of this issue, pp. 188-189). Previously, the largest 
gem-quality diamond recovered weighed 151 ct. 
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GEOLOGICAL SETTING 

This kimberlite province, discovered in 1991 and 
measuring about 400 x 750 km, is a portion of the 
Slave craton, a region of the continental lithospheric 
plate (also known as the Canadian Precambrian 
Shield) that has remained geologically stable since 
Archean times 2.5 to 4 billion years ago (Pell, 1997; 
Bleeker, 2002; Davis et al., 2003; Canil, 2008; see 
boxes A and B and figure 5). In this region, the rocks 
that compose the ancient crust are exposed at the 
surface by glaciation. The craton consists of granites 
and gneisses, with younger volcanic and metasedi- 
mentary rocks deposited on them. It sits above a 
mantle “keel” (a downward-protruding thickened 
portion of the lithosphere) where relatively low heat- 
flow and reducing conditions have remained suitable 
for diamond formation and preservation for an ex- 
tended period of geologic time (Shirey and Shigley, 
2013). Explosive kimberlite magma eruptions rising 
through this keel zone brought diamonds to the 
crust. This is a typical setting for kimberlite pipes in 
Archean cratonic rocks worldwide. 

Subsequent to kimberlite pipe emplacement, this 
portion of Canada was covered by a glacial ice sheet 
that culminated about 20,000 years ago. As stated 
above, this glaciation removed much of the topogra- 
phy of the area, including the upper portions of the 
kimberlite pipes. On East Island, where the Diavik 
mine is located, the kimberlite pipes are hosted in 
approximately 2.5-billion-year-old Archean granitic 
host rocks as well as some younger metasediments. 
Several Proterozoic diabase dikes cut through zones 
of structural weakness in these granitic rocks—these 
same zones may have been where exploding kimber- 
lite magmas broke through to the surface. 

Kimberlite pipes are the near-surface conduits of 
kimberlite volcanoes. As no such eruption has ever 
been observed, the geological understanding of these 
events is based almost entirely on observations of the 
pipes’ complex vertical structure obtained from drill 
core sections or exposed during underground mining, 
and from petrographic analysis of rocks found within 
the pipes (Moss et al., 2008). As in many other kim- 
berlites worldwide, a complete understanding of the 
magma eruption process is often hindered by subse- 
quent erosion, which removes important upper sec- 
tions of a pipe. 

More than 400 kimberlite pipes are now known 
in the Lac de Gras area (W. Boyd, pers. comm., 2016). 
They are distributed along a northwest-trending axis 
extending more than 120 km. Only a few are eco- 
nomic to mine for diamonds. The Diavik mine lies 
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Figure 4. The 187.7 ct “Diavik Foxfire,” discovered 
in spring 2015, is the largest gem-quality rough dia- 
mond found to date at the mine. Photo courtesy of 
Rio Tinto Diamonds. 


near the center of the Slave craton. The geology of the 
four kimberlite pipes on the mine property is now 
well understood based on field studies conducted over 
the past two decades (Graham et al., 1999; Bryan and 
Bonner, 2003). Kimberlites at the mine are interpreted 
as representing coherent pyroclastic and volcaniclas- 
tic types of igneous rocks, and the pipe emplacement 
has been dated at 55 + 5 million years ago, during the 
Eocene epoch (Graham et al., 1999). The pipes are up 
to 20,000 square meters at the surface, and they ex- 
tend down to depths of at least 600 meters. Each has 
a different mixture of kimberlite types and country 
rock. Field studies of the A154 pipe by Moss et al. 
(2008) revealed a poorly sorted massive volcaniclastic 
kimberlite overlain by a better-sorted stratified vol- 
caniclastic kimberlite containing variable proportions 
of consolidated mud and, at the top of the sequence, 
a graded pyroclastic kimberlite. The pipes are capped 
by several meters of glacial till, a thin layer of lacus- 
trine sediments, and 15-20 meters of lake water. 
Moss et al. (2008) proposed a six-stage explosive erup- 
tion model for the A154 pipe: 


1. Initial kimberlite eruption and excavation of 
the pipe to form a vertical pipe beneath a sur- 
face crater 

2. Collapse of the pyroclastic gas cloud from 
above, and partial infilling of the upper portion 
of the pipe with massive kimberlite from below 
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Box A: THE SLAVE CRATON: AN ANCIENT REMNANT OF EARTH’S EARLY CRUST 


Seismically stable geological areas on Earth are known 
as cratons. These vestiges of ancient rock are the rarest, 
smallest, and oldest remnants of continental crust and 
immediately underlying 150-200 km of mantle (together 
known as the continental lithosphere). The Diavik mine 
lies in the middle of the Slave craton, which derives its 
name from the Great Slave Lake at its southern border. 
An exciting feature of the Diavik kimberlites, besides 
their abundance of diamonds, is that the kimberlite 
punctures and carries deeply derived pieces of the mantle 
from Earth’s ancient past. The geological history pre- 
served in the Slave craton offers a fascinating record, one 
that can be read from the complicated surface geology 
and especially from the deep mantle-derived rock sam- 
ples brought up within the kimberlite. 

Like other cratons (e.g., the Superior in Canada, the 
Kaapvaal in South Africa, or the Pilbara in Australia), the 
Slave craton is a complicated collage of different conti- 
nental terranes created at different times and forced to- 
gether over more than two billion years. The surface 
geology reveals the different ages of these units, and how 
they fit together like puzzle pieces. The vertical sampling 
of diamonds and mantle and crustal rocks by kimberlite 
that is then erupted to the surface becomes an invaluable 
tool to peer through the younger crustal rocks, which have 
a different surface geology from those at 30 to 150 km 
depths. With enough kimberlites and enough diamonds 


3. Flows of debris from the surrounding crater 
walls and further infilling of the pipe, leading 
to the formation of the stratified kimberlite 

4. Alteration of rocks within the crater by hot cir- 
culating fluids originating from groundwater in- 
teracting with the underlying kimberlite magma 

5. Deposition of sediments in the upper portions 
of the crater, which now lie beneath a lake 


6. Deposition of pyroclastic kimberlite in the 
crater by material ejected from adjacent kim- 
berlite eruptions 


At Lac de Gras, glaciation removed the top por- 
tions of the pipes. When exposed at the surface, kim- 
berlites weather and decompose, becoming softer than 
the surrounding country rocks. With the retreat of the 
glaciers, the pipe locations often became depressions 
in the land surface, which filled with water to become 
lakes. The lakes at pipe locations are generally deeper 
than those formed by just glacial action. 

Careful documentation of the different types of 
kimberlite (and other rocks) within a pipe is important 
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made available for study from mining operations, a verti- 
cal cross section of the craton can even be constructed (fig- 
ure B-1). 

At the surface of the Slave craton, the oldest rocks, 
some ranging in age up to 4.2 billion years, are exposed 
in the Acasta Gneiss Complex (AGC) on the far west 
side of the craton and in a north-south belt of gneisses 
known as the Central Slave Basement Complex (CSBC) 
in the center. Within these ancient complexes them- 
selves, almost 1.4 billion years of geological evolution 
can be measured by radiometric dating methods. To the 
east of the CSBC, the surface rocks are all much younger, 
more granitic, and clearly related to the modern process 
of plate tectonic subduction that operated from the cra- 
ton’s eastern side about 2.5 billion years ago (Bleeker, 
2002). Surprisingly, the diamondiferous kimberlites in 
the Slave craton have erupted through the craton east of 
the CSBC—coming clearly through parts of the craton 
that are dominated by younger rocks (most typically 2.5 
billion years). Because the diamonds in the Diavik and 
other kimberlites are much older (up to 3.5 billion years) 
and similarly old mantle xenoliths occur in the kimber- 
lites, the deep mantle keel must reside some 100 km 
below younger crust. The surface geology of the Slave 
craton, therefore, is an asymmetrical geological con- 
struct whose depths are known because of diamondifer- 
ous kimberlite eruptions. 


because these factors can exert some control over the 
size and abundance of the diamonds, and on the pro- 
cessing of the material as kimberlite ore. This typi- 
cally involves analyzing hundreds of ore samples. 


LOCATION AND ACCESS 

The Diavik mine is located at 64°29’46” N and 
110°16’24” W, on a small island in Lac de Gras about 
300 km northeast of Yellowknife (the capital of the 
Northwest Territories), and 220 km south of the Arc- 
tic Circle. The mine is situated in a continuous per- 
mafrost zone 100 km north of the tree line (the 
latitude above which trees cannot survive the cold 
temperatures). The permafrost layer extends from two 
meters below the surface down to a depth of about 250 
meters. The bedrock consists of glacially eroded gran- 
ite that is covered in many places by glacial till. The 
till is composed of sand, gravel, cobbles, and boulders 
in varying proportions in a rock flour matrix. Near the 
lake shorelines, the finer material has been washed 
out, leaving mainly boulders. Beneath the lakes, the 
till is overlain by several meters of fine sediment. 
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CORONATION GULF 


Figure 5. This simplified 
regional geological map 
shows the major rock 
units within the Slave 
Structural Province. 
Note that the basement 
gneisses of the Acasta 
Gneiss Complex (AGC) 
and the Central Slave 
Basement Complex 
(CSBC)—shown for 
both in red— contain 
some of the oldest rocks 
on Earth (up to 4.2 bil- 
lion years) and that the 
Diavik mine is found to 
the east in much 
younger Archean rock 
(2.5-2.7 billion years). 
Yet we know that Di- 
avik and the neighbor- 
ing Ekati mine contain 
diamonds as old as 
3.3-3.5 billion years. 
Thus they are found in 
old mantle at depths 
that might be related to 
the old surface rock to 


———_ Proterozoic faults 


e Kimberlite pipe 


Summers at the site are short and cool, while the 
winters are long and extremely cold. In winter it is 
not unusual to have weeks with temperatures be- 
tween —35°C and -40°C, with frequent strong winds 
making these temperatures feel even colder. Snow 
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the east. See the cross 
section in box B. Modi- 
fied from Bleeker (2002) 
and Helmstaedt (2009). 


Phanerozoic cover 
Proterozoic rocks 
Archean granitoid rocks 
Archean basement gneisses 
Archean metasedimentary rocks 


Archean metavolcanic rocks 


may fall in any month of the year, but it normally 
occurs between October and April. The region re- 
ceives only about 300 mm of precipitation per year, 
mainly in the form of snow, so it can be considered 
an arctic semidesert. Daylight ranges from about four 
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Box B: AGES OF THE DIAVIK DIAMONDS AND RELATIONSHIP TO THE SLAVE CRATON 


The kimberlite magmas at Diavik intruded 55 million 
years ago and are thus much younger than the Archean 
craton. The kimberlites are the transporting mechanism 
for the much older diamonds and indicator minerals that 
formed deep within the mantle of the craton. These di- 
amonds are xenocrysts in the kimberlite, as are the in- 
dicator minerals. Age relations have been established 
through geochronology, which uses radioactively decay- 
ing isotopes of elements such as rhenium and uranium 
to measure the age of the kimberlite, the mantle rocks 
that are the source of indicator minerals, and mineral in- 
clusions in the diamonds. These relationships have been 
well studied from samples provided by Diavik mining 
operations. Through radiometric age-dating methods on 
sulfide mineral inclusions (chiefly the long-lived radioac- 
tive decay of rhenium to osmium) in otherwise gem- 
quality diamonds, some of the oldest diamonds ever 
formed (3.3 to 3.5 billion years old) have been found in 
Diavik and its nearby counterpart, the Ekati mine (West- 
erlund et al., 2006; Aulbach et al., 2009). But age dating 
also shows that diamond formation in this portion of the 
deep mantle keel has been episodic and occurred in 
pulses that extend to as recently as 1.8 billion years ago. 
Any Diavik diamond in a ring will be at least one-third 
as old as the earth itself, and possibly three-quarters of 
its age. 

An interesting and perhaps unique feature of Diavik 
and other Slave craton diamonds is their direct connec- 
tion to the deep mantle conductors that trace the starting 
material to form diamond. Electrical sounding methods 


Wopmay Orogen i<—_____ Slave Craton 


Drybones Bay 


Depth (km) 


@ Older generations of diamond in cratonic root or “keel” 


Lac de Gras Nicholas Bay 


@® Younger generations of diamonds derived from carbon in underthrust slab 


in geophysics, known as “magnetotellurics,” deployed on 
the scale of the entire craton can detect connected elec- 
trical pathways between the nonconductive mantle min- 
erals. This occurs along grain boundaries in the mantle 
rock. Carbon in the form of soft, smearable graphite can 
provide an electrically conductive pathway if it occurs in 
high enough concentrations. The outline of the conduc- 
tive region at depth in the mantle almost perfectly en- 
compasses the occurrence of diamondiferous kimberlites 
at the surface—thereby supporting a possible link be- 
tween the carbon content of the deep mantle keel and di- 
amond crystallization (Jones et al., 2003). 

Another interesting feature of Diavik diamonds is the 
high proportion of “coated” crystals—gem-quality dia- 
monds that have been overgrown with younger cloudy 
rims. These rims are cloudy because of abundant mi- 
croinclusions of fluid whose composition is often salty 
or even briny. A recent study has shown that these rims 
represent a much more recent growth phase of diamond 
in the deep mantle keel, perhaps as young as 0.2 to 0.4 
billion years (Weiss et al., 2015). This age is so recent that 
it can be related to known plate tectonic reconstructions, 
offering evidence of the subduction of seawater below and 
into the mantle keel by the underthrusting of a seawa- 
ter-containing oceanic slab, more than 1,000 km east of 
where seawater is found. While seawater subduction is a 
well-known geological process, direct examples are rare 
and poorly studied. The Slave craton cross section (figure 
B-1) shows that a similar form of more ancient under- 
thrusting occurred 1.8 billion years ago. 


eE Figure B-1. Cross section 
of the Slave craton, con- 
structed from surface ge- 
ology, geophysics, and 
samples (mantle rock 
and diamond) provided 
by kimberlite eruptions 
and mining operations. 
Much of the detailed 
structure and age infor- 
mation between 30 and 
250 km depths is only 
possible because suites 
of diamonds have been 
analyzed. Simplified 
from Helmstaedt (2009). 


Thelon 


can only be reached by air. For a brief time in the win- 
ter, an ice road provides vehicle access for thousands 


hours per day in winter to as much as 20 hours per day 
in summer. Throughout most of the year, the mine 
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of tons of equipment, supplies, and fuel (box C). There 
is no regular road network in this part of Canada. 


MINE DESIGN 

The fact that the four kimberlite pipes were located 
beneath Lac de Gras (figure 6) posed an engineering 
challenge if the pipes were to be exploited. The op- 
tion of accessing and mining the pipes underground 
from an onshore portal tunnel was ultimately re- 
jected because it would require leaving too much 
valuable kimberlite ore in place for structural sup- 
port directly beneath the lake bed. Therefore, a tra- 
ditional open-pit approach was chosen to remove the 
kimberlite from the upper portions of the pipes. 
However, this would require the construction of spe- 
cially designed dikes surrounding the pipes to allow 
the open-pit mining of ore bodies that would other- 
wise be underwater. This required dredging of the 
lake, placing several million tons of crushed rock 
into the lake to create the dikes themselves, anchor- 
ing the dikes to the bedrock, transferring fish from 
the enclosed areas back into the lake, and removing 
several million cubic meters of water from the en- 
closed areas. Particular challenges included building 
the dikes without direct access to the bedrock be- 
neath the lake, working during winter months of in- 
tense cold and extended darkness when the lake 
surface would be frozen, preventing debris from con- 
taminating the lake, the use of local material for dike 
construction (blasted and crushed granite taken in 
stages from the open-pit locations), and a heavy re- 
liance on an indigenous community workforce with 
no experience in heavy civil construction (Olive et 
al., 2004). 


Figure 6. This photo, taken from space in August 
2014, shows the A154 (top) and A418 (bottom) open 
pits on the right side of the image. Since the kimber- 
lite pipes were initially covered by Lac de Gras, it was 
necessary to first construct dikes around the pipes to 
prevent water from flooding the open pits and under- 
ground mine workings. The A21 kimberlite pipe is 
also under the lake—its location is indicated by the 
blue dot. Photo courtesy of Diavik Diamond Mine. 


The retention dikes around the kimberlite pipes 
prevent water from flowing from Lac de Gras back 
into the open pits and the underground workings. 
Figure 7 shows that the dike is constructed with a 
flexible concrete water barrier that is anchored to the 
pressure-grouted bedrock. This wall is supported on 
both sides by a large volume of crushed granite waste 


Figure 7. This cross-section illustrates the design of the water retention dikes that were built around the kimberlite 
pipes to allow open-pit and underground mining operations. Construction of the dike beneath the lake and across 
small islands presented engineering challenges. Diagram courtesy of Diavik Diamond Mine. 
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mineralization, the authors infer that the 
serpentine was either emplaced in the solid 
state or formed by alteration of a previous 
basic rock. Later deformation took place 
with most intense fracturing and brecciation 
taking place at the contact between the 
serpentine and schist. Fluids that were prob- 
ably residual from the process which formed 
serpentine entered the brecciated zones, 
forming many mono- or bi-mineralic bodies 
in the serpentine, of which jadeite is one. 

The San Benito jadeite in most cases is 
banded in dark and lighter green with a 
tendency toward white, coarsely crystalline 
jadeite in the center of the masses. The 
authors conclude that “the jadeite deposits 
studied in San Benito County, California, 
will probably not yield high quality gem 
material but will be a source of attractive 
and interesting specimens for collecting and 
polishing.” 

There have been several other jadeite 
discoveries announced in California from 
Mendocino, San Luis Obispo, and Sonoma 
counties, but complete reports on them have 
not been published as yet. 

The first of the two nephrite occurrence 
reports concerns deposits along State High- 
way No. 1 on the coast about midway 
between Monterey and Morro Bay. The 
nephrite was first noted as boulders and 
pebbles on the beach at that point and then 
discovered in rock at several places in the 
seaworn cliffs within a two mile stretch of 
coast. The Marin County occurrence, also 
in serpentine, is on the east side of Massa 
Hill about five miles southwest of Petaluma. 

In Monterey County, the nephrite occurs 
as pods in a gray schist in contact with 
serpentine. In Marin County the nephrite 
occurs in two types of deposits; in thick 
short lenses in sheared serpentine and in 
contorted lens-veins and veins up to about 


one inch in sheared and massive serpentine. 
The nephrite in the latter deposits varies 
from “pale olive green through pale bluish 
green to dark blue-green.” 

The large interest developed in the jade 
of California in the past few years is due 
largely to the interest in gems and minerals 
developed in the many amateur ldpidary 
and gem and mineral groups in California: 
In all probability many more deposits will 
be discovered in the next few years, some 
of which may produce fine gem material. 

Richard T, Liddicoat. Jr. 


JADE ARTIFACTS FOUND 
IN CALIFORNIA BY 
ARCHAEOLOGICAL SURVEY 

The discovery of jade artifacts in a jade 
shellmound in California was recently re- 
ported by Dr. Robert Heizer, Director of 
the University of California Archaeological 
Survey during an investigation by an expe- 
dition from the University. 

The ancient village site, or shellmound, 
was found to have two levels and it was 
estimated that the deeper was occupied 
approximately 2,000 years ago and the one 
on the higher level about 1,000 years later. 

In the earlier occupied excavation, only 
one jade tool was unearthed. Occupants of 
the later shellmound were, however, well 
acquainted with the useful properties of the 
local nephrite. From approximately 4,000 
cubic feet of excavated midden, 46 nephrite 
hammerstones and hundreds of nephrite 
cooking stones were removed. The hammer- 
stone, being of tough material, could with- 
stand the shock of, battering better than any 
other stone found in the vicinity, and the 
fist-size cooking stones apparently could also 
withstand heat better than any other local 
stone. 
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Box C: THE Arctic ICE ROAD 
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Based on initial assessments of diamond deposits in the 
Canadian north, it was evident that the kimberlite pipes 
could only be exploited by large-scale operations. This 
meant moving building materials, machinery, heavy 
equipment, and supplies over long distances to the min- 
ing sites over a period of many years. The terrain in this 
very remote region is impassable by large vehicles for 
much of the year, and flying is often the only way to 
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ay 
_ Lake, 


Figure C-1. This map, 
taken from Braden 
(2011), shows the arctic 
ice road that extends 


k 
ot north from Yellowknife. 


transport people and supplies. Yet this mode of trans- 
portation was impractical and uneconomical, given the 
volume and heavy weight of material needed at the mine 
sites. 

Most of the tundra in this region is permanently 
frozen, but during the brief summer months the per- 
mafrost thaws slightly. Because the underlying ground 
is frozen, water cannot sink any lower and so it forms 
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shallow lakes and marshes. Due to the marshy tundra 
and numerous lakes, movement of large equipment and 
supplies by truck depends on the creation of an ice road 
that operates for only eight weeks during the winter 
months. With the arrival of very cold temperatures in 
November, the lakes and marshes become completely 
solid. By February, the ice on the lakes thickens to more 
than a meter and becomes capable of supporting heavy 
trucks. 

In 1982, a winter road to service the mining areas was 
constructed from just north of Yellowknife to Cont- 
woyto Lake, a distance of approximately 600 km (figure 
C-1). This is the longest heavy-haul ice road in the world, 
and 85% of it runs over frozen lakes. The road must be 
rebuilt every year between November and January. 
Using snowplows, crews work through 20-hour nights, 
enduring wind chills that can reach -70°F, to create a 50- 
meter-wide path. Over the frozen lakes, the road consists 
of two lanes in each direction, but there is only one lane 
in each direction over land (figure C-2). The road is open 
for about eight weeks a year, so planning and scheduling 
of traffic is critical to sustain the diamond mines for the 
coming year. Using the road, the Diavik mine is approx- 
imately 425 km from Yellowknife. 

The winter road is privately owned and maintained 
by a consortium of major mining companies. Use of this 
shared lifeline requires special safety training and licens- 
ing for all truck drivers. Three maintenance camps are 
located along the route. Loaded trucks must maintain a 
500-meter separation and limit their speed to 15 to 20 
miles per hour to prevent damage to the roadbed. A 
maintenance crew travels the route each day to check 
ice thickness, using ground-penetrating radar to ensure 
the trucks can be supported. A dispatch office controls 
the flow of truck traffic, and the consortium maintains 
a small security force that monitors operations. With 
warmer temperatures melting the ice in April, the road 
can no longer be used. Any heavy equipment, spare parts, 
construction materials, fuel, explosives, or bulk supplies 
needed at Diavik and other mines throughout the year 
must be brought in before then. Of special concern to 
the indigenous communities along the route are fuel 
spills that would damage the environment. 

In 2014, the ice road operated for a period of 60 days 
during February and March, with a daily average of 118 
truckloads carrying about 35 tonnes per load. Atotalof 7 = ; 

7,069 northbound loads carried 243,928 tonnes of sup- Figure C-2. These photos show a section of the arctic 
plies. Braden (2011) provides many interesting stories ice road, by which fuel, equipment, and supplies are 
and insights about the history, construction, and opera- _—_ brought by large trucks to the Diavik and other mines 
tion of this important economic lifeline for the arctic re- in northern Canada. Photos courtesy of Diavik Dia- 
gion of Canada. mond Mine. 
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Figure 8. The wind farm, with its four large turbines, produces a significant amount of electrical power for the 

Diavik mine. After the rest of the facility is dismantled and removed with the end of mining, expected in 2024, 
the wind farm may be donated to a local community to provide electrical power. Photo courtesy of Diavik Dia- 
mond Mine. 


rock. Several hundred sensors continually monitor 
temperature, pressure, and ground movement to en- 
sure the structural integrity of the dikes. The ground 
that acted as the dike foundation was permanently 
frozen beneath the land surface but not beneath the 
lake, so special equipment was needed to maintain 
the permafrost in those locations. Where the dike 
crosses an island, special refrigeration systems 
known as “thermosyphons” were installed to re- 
move heat and allow the permafrost below the lake 
to remain frozen. 

The two initial crushed-rock dikes (surrounding 
the A154 and A418 pipes) total more than five kilo- 
meters in length. They stand as high as 32, meters 
above the lake bed and are wide enough to allow two 
large vehicles to pass one another. The dikes were 
constructed using 4.5 million tonnes of granite waste 
rock. 

Because it is so remote, the mine must operate as 
a self-contained community. The site covers 10.5 
square kilometers and contains a dormitory complex, 
a dining area, recreational and education facilities, an 
office and maintenance building, a warehouse, and an 
enclosed maintenance facility where even the largest 
hauling trucks used at the mine can be worked on 
year-round. Emergency response and medical services 
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are also available. A 1,600-meter airstrip on the site 
can accommodate large transport aircraft throughout 
the year. All principal mine buildings are heated by a 
boiler plant and connected by elevated, well-lit en- 
closed corridors so that workers can pass from build- 
ing to building without being exposed to the harsh 
winter climate. 

Minimal amounts of water are taken from Lac de 
Gras. A system has been constructed around the is- 
land to collect water for reuse or for cleaning in a 
treatment plant before it is returned to the lake. A 
separate plant treats all domestic sewage. 

A diesel power plant generates electricity for the 
entire site. A year’s supply of diesel fuel is stored on- 
site for the power plant as well as the mining vehi- 
cles. Excess heat from the power plant is used to 
warm some of the buildings and to heat water used 
in processing the kimberlite ore. In September 2012, 
a wind farm (figure 8) was added to provide a renew- 
able source of electrical energy via a wind-diesel hy- 
brid power plant. The wind farm, the first of its kind 
in the Canadian subarctic, lowered carbon emissions 
from the mining operations and reduced the need for 
diesel fuel to be hauled in. 

A separate plant produces crushed granitic rock for 
dike construction, maintenance of the airport runway 
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and road surfaces, and for use underground to backfill 
the open tunnels and other workings once the kim- 
berlite ore is removed. Explosives used in mining op- 
erations are stored in a secure facility on-site. 


MINING AND PRODUCTION 

Operations. Open-pit operations on the two ore bodies 
of the A154 pipe began in January 2003, and mining 
of the A418 pipe followed in 2007 (figure 9). This type 
of mining was economically viable because the tops 
of the kimberlite pipes were within 20 meters of the 
surface, minimizing the amount of waste rock that 
had to be stripped away to expose them (figures 10 and 
11). Kimberlite ore and granite rock overburden from 
the pits are hauled away by vehicles, without a system 
of ore buckets or conveyor belts. As surface mining is 


Figure 9. Aerial view of the A154 and A418 open 
pits (top and bottom, respectively). Photo courtesy 
of Diavik Diamond Mine. 
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Figure 10. Kimberlite is no longer mined from either 
the A154 or A418 open pits—only from underground 
workings directly underneath. In this photo, en- 
trances to the underground workings can be seen at 
several places along the pit walls. The structural in- 
tegrity of the open pits is constantly monitored to en- 
sure that the walls have not been breached by water 
from the lake, which would cause flooding of the un- 
derground workings. Photo by James Shigley. 


more economical than underground operations, the 
intent was to remove as much kimberlite ore as pos- 
sible from the open pits over time. But as the pipe be- 
came narrower with depth, a point would be reached 


Figure 11. This view of the A418 open pit shows sev- 
eral of the mining benches as well as the access road 
that originally used to remove kimberlite ore from 
the pit and is now used for the underground work- 
ings. The pickup truck gives some indication of the 
benches’ height. Photo by James Shigley. 
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where ore could no longer be removed by vehicle 
haulage, and surface mining would then cease. In 
2012, after three years and a cost of CAD$800 million, 
Diavik completed the transition to underground op- 
erations for the three pipes being exploited. 

In the fall of 2014, Rio Tinto announced plans to 
develop the fourth kimberlite pipe on the property. 
Construction of the dike surrounding the A21 pipe 
will take four years; it will extend 2.2 km and require 
3 million tonnes of crushed granite (figure 12). Produc- 
tion from the A21 pit is scheduled to begin in late 
2018. Output from this pipe will not appreciably ex- 
tend the life of the mine. Rather, it will offset the ap- 
proaching decline in production from the underground 


Figure 12. The A21 kim- 
berlite pipe lies beneath 
the still-frozen waters of 
Lac de Gras. Its location 
is indicated by the red 
arrow. The future water 
retention dike will ex- 
tend from the land at 
both edges of the photo 
to the nearer of the two 
islands. Once the dike 
is constructed, open-pit 
mining of the pipe can 
begin. Photo by James 
Shigley. 


operations and allow a continuation of existing kim- 
berlite ore levels through the processing plant for sev- 
eral years. 

Diavik’s original plan called for the eventual de- 
velopment of underground mining operations, prima- 
rily by ore trucks driving down a tunnel from the 
surface (figure 13). Prior to tunneling, an extensive ge- 
otechnical survey of the hydrogeology of the ore bod- 
ies and surrounding host rocks was carried out. The 
design of the open pits and the choice of surface min- 
ing methods took into account that the pits would be 
directly above the underground workings. To date, 
some 20 km of interconnected underground tunnels 
have been constructed. These heated and ventilated 


Figure 13. A computer- 
generated plan of the under- 
ground workings that lie 
below the two open pits of 
A154 (left) and A418 (right). 
The workings shown in 
black are existing tunnels, 
whereas those in blue-green 
represent future tunnels that 
have not yet been installed 
to reach lower portions of 
the kimberlite pipes. The 
long straight tunnel that 
slopes upward to the right 
side of the image is the ac- 
cess tunnel. Image courtesy 
of Diavik Diamond Mine. 
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tunnels include rescue bays where miners can retreat 
for safety in emergencies, vehicle repair shops, ore 
passes, ventilation systems, water pumping stations, 
and storage areas (figures 14 and 15). The underground 
tunnels were designed to prevent rock in the overly- 
ing open pits from subsiding. Although surface min- 
ing of A154 and A418 has finished, the pits are the 
secondary access to the current underground work- 
ings via two entrance portals. Continuous monitoring 
of the now-unused open pits ensures the structural 
integrity of the pit walls, preventing breaching of the 
dikes from the surrounding lake and flooding of the 
underground workings. 

Two types of underground mining were selected 
based on safety, cost, and other considerations. A tech- 
nique known as blast-hole stoping (BHS) was chosen 
for A154N because of the stronger, more competent 
kimberlite rock in this pipe. It is a bottom-up bulk- 
mining method in which several days of ore produc- 
tion can be created with a single explosion. Holes are 
drilled vertically from a higher stope (mining cavity) 
and filled with explosives. When blasted, the broken 
ore falls to a lower stope, where it can be removed by 
a scoop loader and ore hauler. Once all the broken ore 
is removed, the open lower stope is completely back- 
filled with cemented waste rock, and the process is re- 
peated at the higher stope. 

A top-down bulk-mining method known as sub- 
level retreat (SLR) is used in the A418 and A154S 
pipes, where the kimberlite ore is weaker but con- 
tained within a more competent granite host rock. 
In this method, a series of horizontal tunnels on a 
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Figure 14. View of one 
of the underground tun- 
nels that extend across 
the entire diameter of a 
kimberlite pipe. The 
tunnel’s width and 
height must accommo- 
date a mining vehicle. 
Photo by James Shigley. 


single level is excavated into the pipe, and sections 
of ore above the tunnels are broken up using explo- 
sives. The broken ore falls into the tunnel and is re- 
moved. Once all the ore on the level is removed, a 
new set of tunnels is created farther down in the pipe, 
and the excavation process is repeated. The process 
creates a large open space within the pipe. 

All three pipes are being excavated concurrently, 
and a mixture of both “hard” and “soft” kimberlite 
ore is sent through the processing and recovery 


Figure 15. When a tunnel is excavated, this machine 
is used to install a metal safety screen to prevent de- 
bris from falling from the walls or ceiling. Photo cour- 
tesy of Diavik Diamond Mine. 
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Figure 16. A long straight haulage tunnel is used to 
access the underground workings and haul kimberlite 
ore from the workings to the surface. Photo courtesy 
of Diavik Diamond Mine. 


plants. Although the mine was originally designed to 
handle 1.5 million tonnes of ore, this capacity was 
expanded to 2. million tonnes through operational 
improvements without the need for additional capi- 
tal investment (Diavik diamond mine: 2014 sustain- 
able development report, 2015). Kimberlite ore and 
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waste rock are brought from the underground work- 
ings to the surface by haulage trucks using three por- 
tal entrances, and the material is dumped in a 
designated location on-site. Larger trucks haul the 
ore to the processing plant, and any waste rock goes 
to a separate dump location (figures 16 and 17). The 
decision to use trucks to haul ore and waste rock 
from underground, as opposed to a conveyor belt or 
ore bucket system, was based in part on the fact that 
the loaders and trucks from the open-pit mining op- 
erations were already available. 

The kimberlite ore is processed in a large building 
on-site (figure 18) that is estimated to be 11 stories 
high and approximately 150 meters long and 40 me- 
ters wide. The ore first passes through a series of 
powerful magnets, which remove the unwanted 
pieces of steel mesh that are used to stabilize the tun- 
nel walls. The ore is then crushed to progressively 
smaller pieces, removing the finer material. Dia- 
monds are separated from the crushed ore by non- 
chemical, density-based methods to create a 
diamond-rich heavy-mineral concentrate (figure 19). 
Next, X-ray sorting uses fluorescence to recover dia- 
monds from the concentrate. The processed ore ma- 
terial is then stored in a designated area on-site. 

Although the diamond grade in the Diavik kim- 
berlite pipes is very high compared to other primary 
mines, diamonds are still in very low concentrations 
overall, so a large amount of kimberlite ore must be 


Figure 17. An ore 
hauler enters the access 
tunnel to reach the un- 
derground workings. 
Photo by James Shigley. 
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Figure 18. This view shows the ore processing plant 
(center), equipment repair shop (right), and office/dor- 
mitory complex (left). Photo by James Shigley. 


extracted and processed to recover them. As at other 
major mines, it is always surprising to hear that most 
workers have “never seen a diamond in the mine.” 
Processing of the mixed kimberlite ore brought up 
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Figure 19. The interior of the ore processing plant, 
where each step of the processing sequence to liberate 
the diamonds from the kimberlite ore takes place. 
Photo courtesy of Diavik Diamond Mine. 


from the workings of the A154 and A418 pipes in- 
volves a complex series of steps to create progres- 
sively smaller sizes to liberate the diamonds from the 
host rock (figures 20 and 21). 


Screening 
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Figure 20. This diagram 
illustrates the steps in 
processing the bulk 
kimberlite ore to re- 
cover the diamonds. 
Courtesy of Diavik 
Diamond Mine. 
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Figure 21. The kimberlite ore is transported by conveyor belts between different stages of the processing se- 


quence. Photo by James Shigley. 


Grease tables are used to retrieve diamonds that 
cannot be efficiently recovered by X-ray fluorescence 
technology. Recovery of all diamonds takes place in 
a restricted area of the plant. Under stringent security, 
all diamonds are weighed, sorted, and documented 
before being packaged and flown to Yellowknife. At 
the product splitting facility, the rough diamonds are 
cleaned, sorted, and valued for government royalty 
purposes. The diamonds are separated by size for dis- 
tribution to the two joint-venture partners, according 
to the production agreement. Once separated, the di- 
amonds follow different paths for manufacturing and 
marketing. 


Personnel. At the end of 2015, Diavik had approxi- 
mately 1,000 employees, of whom 55% were from 
the Northwest Territories and 25% from the indige- 
nous communities. Most employees work on a rota- 
tion, with two weeks of 12-hour shifts at the mine, 
followed by two weeks at home. Managerial staff 
work four days at the mine followed by three days 
off-site. Employee transportation to and from Yel- 
lowknife is provided by company or chartered air- 
craft. The mine operates around the clock every day 
of the year. 
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Safety. An extensive safety management system gov- 
erns all aspects of mine operations. The system begins 
with training of all employees, safety standards for 
every area of activity, and regular reviews to continu- 
ally monitor and improve safety practices. Before be- 
ginning any work activity, employees conduct a quick 


Figure 22. Mine safety is paramount in the harsh 
winter climate of Diavik. Photo courtesy of Diavik 
Diamond Mine. 
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TABLE 1. Proven and probable kimberlite ore re- 
serves at the Diavik mine, as of December 2015. 


Pipe Tonnes Carats/tonne Carats 
(millions) (millions) 

A154N 8.8 2.4 20.8 
A154S (underground) 1.5 3.3 5.1 

A418 (underground) 4.6 3.6 16.7 
A21 (future open pit) 3.7 2.7 10.0 
Ore stockpile 0.1 35 0.3 

Totals 18.7 2.8 52.8 


Adapted from Diavik diamond mine: 2015 sustainable 
development report (2016). 
Tables may not add up due to rounding. 


safety check to identify and discuss potential hazards 
associated with the activity, as well as preventive 
measures that can be taken. The entire mine site is 
inspected regularly by outside agencies to ensure that 
all operations are conducted in a manner that protects 
and enhances worker safety and the environment. 

Mine safety is particularly critical when operating 
in a harsh environment (figure 22). In winter, mining 
activities can be disrupted by whiteout conditions, 
where the lack of visibility causes spatial disorienta- 
tion and can be life-threatening. These conditions 
occur about four times per year and typically last 8 
to 12 hours. Weather monitoring is conducted to 
warn mine staff of whiteout conditions, as well as 
the onset of very low temperatures. 


Production. With the exception of 2009, when de- 
mand was low due to the global financial crisis, an- 
nual production of rough diamonds at Diavik has 
consistently surpassed six million carats. As shown 
in table 1, Diavik’s total mineral reserves at the end 
of 2015 were 18.7 million tonnes of unmined kim- 
berlite ore containing an average of 2.8 carats of dia- 
monds per tonne, for a total of 52.8 million carats of 
diamonds as proven or probable reserves. Table 2 
presents annual production data from 2003 to 2014. 

While the Diavik mine is not known for large dia- 
monds, its kimberlite pipes contain exceptionally high 
grades (3-5 carats/tonne) of moderate- to high-value 
diamonds (compared to 0.5 to 1 carats/tonne in other 
locations). Production from the two operating pipes is 
valued well above the Kimberley Process average of 
US$116 per carat—$135 per carat for A154S and $175 
per carat for A154N. The average value for A418 is $95 
per carat (Dominion Diamonds, 2.015). 

Diamond crystals from the mine exhibit common 
forms such as octahedra, dodecahedra, macles, cubes, 
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and aggregate shapes. Colorless crystals predominate, 
though brown and rarely yellow diamonds also 
occur; some others have a gray surface coating (Carl- 
son et al., 1999). 


CORPORATE SOCIAL RESPONSIBILITY 
Relationship with Indigenous Communities. The 
1991 diamond rush transformed the economy and 
society of the Northwest Territories. The subse- 
quent development of several major diamond mines 
in this remote region transpired against the backdrop 
of a new relationship between the mine owners, the 
national government, and local communities. Over 
the past four decades, legislation, land claims, and 
legal challenges have strengthened the rights of 
Canada’s indigenous communities over the land and 
water resources within their traditional territory. An 
important component of this power-sharing and 
cross-cultural governance over important land-use, 
environment, and wildlife decisions has been the in- 
creasing reliance on management boards with rep- 
resentation from the federal government, the mining 
companies, and local communities. 

The company maintains a socioeconomic moni- 
toring agreement with the territorial government, as 
well as environmental protection agreements with 
the indigenous communities and the federal and ter- 
ritorial governments. Councils involving the indige- 
nous peoples have been consulted on a regular basis 
about mining operations since the discovery of the 
diamond occurrence in 1993. Discussions with these 
local groups have prompted revisions to the mine op- 
eration and closure plans, and this is expected to con- 
tinue as long as the mine is in operation. 

A representative body called the Traditional 
Knowledge Panel advises the company based on cen- 
turies of local habitation. For example, traditional 
understanding of wildlife habitats is being incorpo- 
rated into the reclamation plan for revegetating the 
area. There was some discussion in this panel of how 
far to go in the revegetation process. While some peo- 
ple from the community believed that nature would 
“heal itself,” most panel members understood that 
environmental disruptions from mine operations 
were more extensive than naturally occurring events, 
and that a more aggressive reclamation process was 
necessary (Diavik diamond mine reclamation review, 
2007; Diavik diamond mine: 2014 sustainable devel- 
opment report, 2015). 

As the mine was being developed, agreements 
were put into place to ensure that benefits would be 
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) UNGAVA CRATER NOT 


SOURCE OF DIAMONDS 


According to a statement in the Journal 
of Gemmology, published by the Gemmo- 
logical Association of Great Britain, the 
world’s largest crater recently discovered in 
Ungava Territory, in the extreme north- 
western part of the Province of Quebec, 
has been proved by competent scientific 
examination to have resulted from the im- 
pact of a meteorite striking the earth ap- 
proximately 3,000 years ago. 


This disproves the original assumption 
that this huge crater is similar in nature to 
the diamond pipes of South Africa and that 
it might be the source of diamonds found in 
various sections of the United States, pre- 
sumably carried from their source during 
the Ice Age. Although the theory that dia- 
mond pipes exist in Canada has not been 
discounted, their location still remains a 
mystery. 


QUESTIONABLE CLAIMS MADE 
FOR SYNTHETIC RUTILE 


‘The fantastic advertising claims made for 
synthetic rutile, under an endless variety of 
names, are becoming increasingly annoying. 
On its own merits, synthetic rutile is a 
beautiful material when properly cut. To 
claim, as many periodical advertisers have 
done, that it is nearly as hard as diamond 
and that it is much more brilliant than 
diamond, is not only incorrect bur totally 
unnecessary. 


Other factors being equal, the refractive 
indices of 2.61 and 2.90 for synthetic rutile, 
compared to 2.42 for diamond, would make 
synthetic rutile more brilliant. However, 


Gemological Vigests 


simple comparison of a well cut diamond 
with a well cut titania will show. the other 
factors are not equal, and that the diamond 
gives more brilliancy. 


The factors that determine brilliancy of 
a material include in addition to refractive 
index, its transparency as well as cutting 
proportions and the optical flatness of ‘the 
polished ‘surface. 


Synthetic rutile, even'in its palest yellow 
form, absorbs a significant proportion of 
the spectrum so that it does not return to 
the eye of the observer the high proportion 
of white light returned by diamond. Fur- 
thermore, the 
titania means that much of the light totally 
internally reflected does not return to the 
eye as white light but as spectral colors. In 
addition, it is difficult, if not impossible, to 


tremendous dispersion of 


polish surfaces on titania to produce a luster 
approaching that to be expected from a 
material of such high refractive indices. 
Diamond takes a higher polish. 


The highest. claim by the actual manu- 
facturers of synthetic rutile place the hard- 
ness of annealed boules as near that cf 
quartz. We have yet to encounter one not 
easily scratched by. chalcedony. It is our 
contention that titania has a sufficient beauty 
to become an important gem material in 
its own right if properly sold and not con- 
sistently compared to diamond, in compari- 
son to which in many respects it falls far 
short. We are at a loss to understand why 
an individual summarization of its good 
points — without the obnoxious and false 
comparisons — would not do much to add 
to its importance as a gem material. 


Revive 
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TABLE 2. Annual production of kimberlite ore and recovered diamonds from the Diavik mine, 2003-2014. 


Open pit Underground Total 

Year Millions of — Millions of Cts. per Millions of — Millions of Cts. per Millions of — Millions of Cts. per 

tonnes cts. tonne tonnes cts. tonne tonnes cts. tonne 
2003 12193 3.833 3.2 = = => 1.193 3.833 32. 
2004 1.950 7.575 3:9 —= a = 1.950 7.575 3:9 
2005 2.222 8.271 3.7. = a a 2.222 8.271 3.7 
2006 2.331 9.829 4.2 _ = a 2.331 9.829 4.2 
2007 2.400 11.943 5.0 — = — 2.400 11.943 5.0 
2008 2.414 9,225 3.8 — — = 2.414 9.225 3.8 
2009 1.359 5.565 4.1 = — = 1.359 5.565 4.1 
2010 1.765 5.625 332 0.326 0.875 2.7 2.091 6.500 31 
2011 1.768 3.531 3:1 0.465 1.146 2D 2.234 6.677 3.0 
2012 1.116 4.006 3.6 0.942 3.224 3.4 2.058 7.230 3:5 
2013 0.161 0.465 29 1.956 6.778 3.5 2.116 7.243 3.4 
2014 —_ — — 2.277 7.233 Did, 2.277 7.233 32 
Totals 18.68 71.867 3.8 5.966 19.256 3.2 24.646 91.122 3:7 


Source: Yip and Thompson (2015) 


made available to local indigenous communities. 
These included job training, employment at the 
mine, and opportunities for local businesses to pro- 
vide needed services. 


Environmental Monitoring and Protection. At Di- 
avik, all mine activities are designed to protect the 
environment, anticipate potential problems, and 
meet regulatory requirements. A surveillance net- 
work is in place to monitor the water quality in and 
around the mine. In addition, the effects of mining 
operations on local wildlife (including caribou, 
wolverine, bear, and fish) and habitats (e.g., changes 
in vegetation) are checked on a regular basis. Efforts 
are made to minimize the production of dust from 
roadways and the airstrip. 


Mine Closure and Reclamation. From the beginning 
of mine construction, plans were initiated to return 
the site to its nearly original condition once mining 
operations cease in 2024. Progressive reclamation of 
the site has been ongoing and is expected to cost 
US$131 million by 2030, once all the works have 
been removed from the site. A group of indigenous 
community representatives was organized to provide 
recommendations for the closure plan. They offered 
suggestions for revegetation and the creation of cor- 
ridors for local wildlife such as caribou to pass 
through the mine site after closure. An important 
subject has been reclamation of the open pits to re- 
store the original shoreline of Lac de Gras. The 
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processed waste kimberlite ore will be sealed in a 
special containment area. All buildings and other fa- 
cilities will be dismantled and removed, with the ex- 
ception of the wind farm, which may be donated to 
provide electrical power to the community. 

The final steps of the closure plan will be very 
complex. The waste piles must be shaped to match 
the natural landscape, which is relatively flat with 
occasional low hills and granite outcrops. The slopes 
of the piles must be stabilized to prevent them from 
giving way and endangering people or wildlife. Fi- 
nally, the results of the reclamation project must 
have a neutral effect on the balance of nature in the 
environment. For example, the restored terrain 
should make it neither easier nor more difficult for 
migrating caribou to escape while being hunted by 
the indigenous peoples. Revegetation must not un- 
duly attract caribou to the area or deter them from 
migrating through it (Diavik diamond mine reclama- 
tion review & cost estimate, 2007). 

Even though Diavik was the second diamond 
mine to open near Lac de Gras, the joint venture 
faced considerable pressure from the local and federal 
governments, as well as environmentalists, to ensure 
the mine closure plan would return the land as 
closely as possible to its original state. This require- 
ment came in response to the estimated 10,000 min- 
ing operations in the Canadian north that had closed 
with little or no reclamation plan, often posing phys- 
ical or environmental hazards. For example, the 
Giant mine, a gold recovery operation near Yel- 
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lowknife, closed in 1999, leaving 237,000 tonnes of 
toxic arsenic trioxide stored in the abandoned under- 
ground workings. Negotiations are still ongoing to 
decide on an appropriate clean-up plan and who 
should pay the cleanup costs (“Giant headache,” 
2014). 


MARKETING OF DIAVIK DIAMONDS 

The rough diamond sorting process is highly auto- 
mated. After recovery, the diamonds are conveyed 
into a secured section of the plant where they enter 
sorting units—large metal canisters containing pro- 
gressively smaller sieves down to 3 mm. At each 
sieve level, the diamonds are transferred into sepa- 
rate containers and packaged for shipment. 

The Diavik mine is jointly owned by Diavik Di- 
amond Mines Inc. (a wholly owned subsidiary of Rio 
Tinto plc) and Dominion Diamond Diavik Limited 
Partnership (a wholly owned subsidiary of Dominion 
Diamond Corporation). From the mine, the sorted di- 
amonds are flown to a product splitting facility near 
the Yellowknife airport, where they are divided be- 
tween the two owners—60% to Rio Tinto and 40% 
to Dominion Diamonds. 


Rio Tinto. This Anglo-Australian mining conglomer- 
ate owns a 60% stake in the Diavik mine, which pro- 
duced 6.7 million carats in fiscal year 2015. It also 
owns a 100% stake in Australia’s Argyle diamond 
mine and sells that production in lots separate from 
Diavik. Rio Tinto markets all of its rough diamonds 
(figure 23) from a sales office in Antwerp, where it 
sold 70% of its four million carats from Diavik in 
2015 at set prices to 17 “Select Diamantaires” who 
specialize in manufacturing and distributing Cana- 
dian rough and polished diamonds. These clients re- 
ceive Diavik product via two-year supply contracts 
(Krawitz, 2015). Like De Beers, Rio Tinto schedules 
10 sales, called “core sales,” each year. 

Five times per year, Rio Tinto also auctions key 
assortments from its production to engage with cus- 
tomers outside of its Select Diamantaire base. The 
company sells fancy-color diamonds and rough dia- 
monds larger than 10.8 ct through two “Specials” 
tenders each year. 

Rio Tinto, under its “Diamonds with a Story” 
platform, promotes Diavik’s pure and clean Cana- 
dian origin and unique provenance. Downstream of 
the mine, Rio Tinto works in partnership with its Se- 
lect Diamantaires to provide a tracking system, from 
the mine to the consumer, for Diavik diamonds (R. 
Ellison, pers. comm., 2016). 
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Figure 23. Rio Tinto markets its Diavik rough dia- 
monds from a sales office in Antwerp. Photo cour- 
tesy of Rio Tinto Diamonds. 


Dominion Diamond Corporation. Dominion Dia- 
monds was originally the Canadian diamond explo- 
ration company Aber Resources, which discovered the 
Diavik site. Dominion owns 40% of the mine; the re- 
mainder is held by Rio Tinto, which developed the fa- 
cility. Aber changed its name to Harry Winston 
Diamond Company in 2006 after acquiring the ven- 
erable jewelry retailer. In 2013, Harry Winston sold its 
retail division to Swatch, the Swiss-based luxury 
group, and became Dominion Diamond Company. 
The same year, the company acquired a majority share 
in the Ekati mine for $553 million. Dominion markets 
all of its Ekati and Diavik production separately. 

In fiscal year 2015, Dominion sold 3.014 million 
carats of Diavik’s production for US$351.6 million, 
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averaging about $117 per carat. By the end of 2015, 
according to Dominion’s annual report, the average 
per-carat price slipped to $105. 

Dominion markets most of its Diavik and Ekati 
production through its sales offices in Antwerp. 
About 10% of its production is sold to clients in India 
($30.4 million, against total sales of $351.6 million 
for fiscal year 2015). Initially, the mining companies 
in northern Canada set aside 10% of their production 
for local polishing operations (Krawitz, 2014). In 2008 
there were six diamond polishing plants in Yel- 
lowknife, employing 150 workers (“Diamond cutting 
and polishing,” 2008). By the following year, how- 
ever, they all had closed, unable to compete with op- 
erations in India and China; this resulted in the loss 
of CAD$22 million in territorial government invest- 
ments (Danylchuk, 2011). Attempts to revive a large 
cutting industry in Yellowknife have not succeeded, 
and currently there is only one cutting and polishing 
plant operating (Danylchuk, 2015). 

Despite the demise of the local cutting industry, 
Dominion invested CAD$600,000 in 2015 in brand- 
ing Diavik and Ekati diamonds by reviving the 
CanadaMark, a marketing program that was sus- 
pended after the local diamond operations closed. The 
CanadaMark brand is a mine-to-market custody 
chain designed to give diamond buyers the assurance 
that their purchases have been ethically sourced in 
Canada and processed by approved manufacturers. 
The diamond manufacturers selected to produce the 
CanadaMark come from the company’s existing cus- 
tomer base in India and Israel, and they are continu- 
ally audited to ensure sourcing and quality standards. 
Participating manufacturers offer the CanadaMark di- 
amonds to retail clients who have signed up for the 
program. 

Dominion targets the younger generation through 
various social media platforms and traditional adver- 
tising in print magazines. This age group is very con- 
cerned about ethical sourcing, so the chain-of-custody 
audit is necessary to provide this as well as the assur- 
ance that the diamond is truly Canadian. 

Dominion hopes CanadaMark diamonds will 
eventually carry a premium over unbranded dia- 
monds. The company’s focus group research indi- 
cates that Canadian consumers will pay as much as 
10% more, while buyers in the U.S. and Europe are 
willing to pay an additional 4% to 5%. Chinese buy- 
ers, however, noted they were unwilling to pay any 
premium based on country of origin (B. Bell and J. 
Pounds, pers. comms., 2015). 
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STUDIES OF THE DIAMONDS 

Donnelly et al. (2007) presented results from a study 
of 100 inclusion-bearing Diavik diamonds that had 
been selected from more than 10,000 carats of “run 
of mine” production. They found that 83% of the di- 
amonds were derived from peridotitic mantle source 
rocks, with Mg-chromite and olivine by far the most 
common mineral inclusions. Van Rythoven and 
Schulze (2009) examined inclusions and crystal mor- 
phology in a group of 110 Diavik diamonds. They 
also concluded that the majority were peridotitic, 
and that multiple growth and resorption events had 
affected diamonds from the A154 South pipe. 

To further characterize the production from Di- 
avik, in 2015 GIA acquired over 777 carats from Do- 
minion Diamond. Of these, nearly 500 carats (326 
samples) were gem-quality single-crystal diamonds, 
with the remainder consisting of bort, which was not 
part of this study. The 326 gem-quality rough dia- 
monds ranged from 1.20 to 1.80 ct, and mainly in- 
cluded D-to-Z range (236), brown (70), yellow (3), gray 
(16), and pinkish (1) colors (figure 24). Several of the 
diamonds contained dark-colored inclusions that 
were assumed to be sulfides and other minerals (fig- 
ure 25). Since both studies mentioned above were 
concerned with the inclusions in Diavik diamonds, 
we decided to focus our characterization on different 
aspects of the diamonds. Each of the 326 gem-quality 
diamonds was evaluated for crystal morphology, Di- 
amondView fluorescence, and absorption spectra 
(FTIR and UV-Vis-NIR). 

The Diavik rough diamonds examined were dom- 
inated by octahedral forms with varying amounts of 
resorption (figure 2.6). Of the 326 samples examined, 
63% (206 diamonds) showed well-developed octahe- 
dral forms with little or no resorption toward the do- 
decahedral form. Twenty stones were very strongly 
resorbed to dodecahedral forms. Two showed cube 
forms, and 14 others appeared to be resorbed cubes 
that resulted in “hopper” forms. The shapes of 22. di- 
amonds were dominated by twinning, with 17 of 
those being macles. Irregular forms were observed in 
43 diamonds, and an additional 19 samples showed 
octahedral forms but had a complete or partial coat- 
ing of light or dark fibrous diamond around a gem- 
quality interior (figure 27). Many of the rough 
octahedral diamonds without a coating showed 
strongly etched crystal surfaces, similar to those seen 
beneath the fibrous layer on the coated diamonds 
(where the coating was broken off), suggesting that a 
much larger proportion of Diavik rough diamonds 
was coated at one time. 
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Brown to 
near-colorless 


Figure 24. Representa- 


tive colors of Diavik 
rough diamonds, rang- 
ing from colorless to 
brown to yellow with 
one pink crystal. Also 
shown are several 
coated crystals. Photos 


Coated 


by Jian Xin (Jae) Liao. 


Other colors 


DiamondView imaging revealed uniform blue flu- 
orescence in about 98% of the samples, varying in in- 
tensity from very weak to strong (figure 28). Only 
seven diamonds showed predominantly green fluores- 
cence, all of which had resorbed cube-form “hopper” 
shapes. Three samples showed isolated patches of 


Figure 25. Several of the Diavik diamonds exhibited 
dark inclusions, presumably sulfide minerals. Photos 
by Jian Xin (Jae) Liao. 
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green fluorescence from the H3 optical defect oriented 
along crisscrossing linear planes within the dominant 
blue. The coated samples showed blue fluorescence in 
both the gemmy interior and the fibrous coating. 

Infrared absorption spectra, collected using a 
Thermo Nicolet 6700 spectrometer with a diffuse re- 
flectance accessory, revealed that all of the diamonds 
in this study contained nitrogen impurities and were 
type Ia. Total nitrogen content ranged from approxi- 
mately 6 ppm to more than 1000 ppm, with only 
eight samples containing less than 100 ppm. Nearly 
98% of the samples were either pure type IaA (dom- 
inated by A-aggregate nitrogen pairs) or mixed IaAB 
types with various proportions of A- and B-aggre- 
gates. Only eight (less than 3%) were pure type IaB 
(dominated by B-aggregate nitrogen groups), suggest- 
ing that the Diavik diamonds had not spent a long 
enough residence time at elevated temperatures 
within the earth for advanced nitrogen aggregation 
to occur (Allen and Evans, 1981). 

UV-visible absorption spectra were collected at 
liquid nitrogen temperature using an Ocean Optics 
CCD spectrometer, integrating sphere, and halogen 
light source to evaluate the cause of color in the Di- 
avik diamonds. Four UV-Vis spectral features were 
recorded: “cape” bands at 415 and 478 nm (causing 
pale yellow color), “vacancy cluster” general absorp- 
tion increasing to shorter wavelengths (causing 
brown color), “550 nm” broad band absorption asso- 
ciated with plastic deformation (causes brown or 
pink color], and broad hydrogen-related bands at ap- 
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Brown octahedral Figure 26. The morphol- 
ogy of the Diavik dia- 
monds was dominated 
by octahedral forms 


Near-colorless cube 


present. Photos by Jian 


Xin (Jae) Liao. 
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that displayed varying 
amounts of resorption. 
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Cube, twinned, and ir- 
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Dark coatings 


Figure 27. Dark- and 
light-colored fibrous di- 
amond coatings were 
observed on a few of 
the crystals. Photos by 
Jian Xin (Jae) Liao. 


Partial coatings 


Whitish coatings 
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Figure 28. DiamondView imaging showed mostly uniform blue fluorescence (A). Seven “hopper” -form diamonds 
showed predominantly green fluorescence (B), and a few crystals showed green luminescence from H8 optical de- 
fects in linear patterns (C). Both fibrous coatings and interiors of coated diamonds (where parts of the coating are 


missing) fluoresced blue (D). Images by Kyaw Soe Moe. 


proximately 720 and 840 nm (causes brownish or 
greenish color] (figure 29). Based on the spectra, ~58% 
of the rough diamonds have yellowish D-to-Z range 
or brighter yellow colors produced by “cape” bands 
with or without hydrogen features. With the excep- 
tion of one pink diamond colored by a 550 nm band 
and 16 gray stones colored by coatings, the remaining 
samples were various shades of brown caused by a 
combination of vacancy cluster and 550 nm band ab- 
sorptions. The presence of these latter absorption 
bands in ~37% of the samples suggests that a signif- 
icant portion of the Diavik diamonds underwent 
plastic deformation, likely during kimberlite em- 
placement and eruption. 


Figure 29. UV-Vis-NIR absorption spectra (offset for 
clarity) showed four features affecting the Diavik 
diamonds’ color: absorptions due to cape bands, 
vacancy Clusters, the 550 nm broad band, and 
hydrogen-related defects. 
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SUMMARY 

Diavik is one of the world’s most modern diamond 
mining operations. It is the largest diamond mine in 
Canada, producing approximately seven million 
carats per year, divided between the two owners. In 
June 2016, Diavik surpassed 100 million carats of 
production (“Diavik diamond mine: 2015 sustainable 
development report,” 2016). Construction and oper- 
ation of the mine presented considerable challenges 
because of Diavik’s setting in an extremely remote 


Figure 30. The superior quality of Diavik’s production 
will ensure profitability through 2024. Photo courtesy 
of Rio Tinto Diamonds. 
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arctic area that can only be supplied for eight weeks 
a year via a temporary ice road. The kimberlite pipes 
are also located under lakes, requiring an elaborate 
system of dikes and drainage to maintain safe mining 
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FABERGE COSSACK FIGURES 
CREATED FROM RUSSIAN GEMSTONES 


Timothy Adams and Christel Ludewig McCanless 


Between 1908 and 1916, the workshops of the Russian court jeweler Carl Fabergé created approximately 
50 hardstone figures representing the Russian people, including peasants, merchants, noblemen, and 
soldiers. Made from gems and precious metals, they are as rare as the well-known Imperial Easter eggs. 
The last Romanov emperor, Nicholas Il, owned 21 of these portrait figures, two of which depict the Cos- 
sack bodyguards of the Romanov empresses. This article examines the hardstone figures through known 
biographical details, archival photographs of the Chamber Cossacks Kudinov and Pustynnikoyv, an orig- 
inal production sketch, and an invoice from the Fabergé firm. It discusses the creation of the pieces from 


gemstones and minerals mined in Russia. 


years and sell it in less than 15 minutes for 

close to $6 million must be the ultimate thrill 
in auctioneering. The object in question was a carved 
hardstone replica of N.N. Pustynnikov, the personal 
bodyguard from 1894 to 1917 of Empress Alexandra 
Feodorovna (1872-1918). In a 2015 interview with 
the authors, Colin Stair of Stair Galleries described 
the rediscovery of the Fabergé figure in an attic in 
Rhinebeck, New York, and the October 2013 auction 
with one word: “Amazing!” 

The story begins with the last Russian emperor, 
Nicholas II (b. 1868-1918], who was an avid collector 
of Fabergé hardstone carvings representing his sub- 
jects: peasants, merchants, noblemen, and soldiers. 
Records show that between 1908 and 1916 the Russ- 
ian court jeweler Carl Fabergé (1846-1920) had com- 
missions to create approximately 50 figures from 
various gem materials and precious metals (Adams 
2014). These pieces are today as rare as the famous 
Imperial Easter eggs. Nicholas II owned 21 of them, 
including two with a special connection to the im- 


Tr: find a Fabergé piece lost in an attic for 79 


perial family: a pair of Cossack! bodyguards who had 
served the Romanovs for many years (figure 1). 

Since the time of Nicholas II’s great-grandfather, 
Nicholas I, Russian emperors had assigned personal 
bodyguards to empresses and wives of heirs to the 
throne. Those appointed were Cossack noncommis- 
sioned officers from the emperor’s own escort or 
other elite guard units. Known as Chamber Cos- 
sacks, they served not as soldiers but as “court ser- 
vants of the first category.” Their ceremonial dress, 
adapted from late 17th century Cossack and Russian 
attire, contrasted sharply with the Prussian-inspired 
livery of most other servants. As many as three Cos- 
sacks were assigned to an empress. They worked on 
a rotating basis, typically spending two weeks on 
duty and one week off. They were appointed for life 
and enjoyed privileges such as free lodging and health 
care. The Chamber Cossacks were mostly seen in 
public when an empress left her palace, occupying a 
seat of the royal carriage or automobile. They also ac- 
companied her on trips outside of Russia. 

The senior Chamber Cossack honored with a 


See end of article for About the Authors and Acknowledgments. 
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‘Cossacks were from various ethnic and linguistic communities from 
the Caucasus Mountains, southern Russia, Ukraine, and Siberia. They 
served as bodyguards and mounted soldiers in the Imperial Army. 


Gems & GEMOLOGY SUMMER 2016 


Sr ris CS a we. 


ey 


* > 
set re 


Se ale 


Figure 1. Left and right: The Fabergé hardstone figure of Chamber Cossacks A.A. Kudinov, who guarded Empress 
Maria Feodorovna from 1878 to 1915, and N.N. Pustynnikov, who served Empress Alexandra Feodorovna from 
1894 until 1917. Photos courtesy of Pavlovsk State Museum and Gafifullin (2014) (left) and Wartski, London 
(right). Center: Archival photo of Kudinov and Pustynnikov in their ceremonial dress at annual military maneu- 
vers presided over by Nicholas II in 1913 (www.sammler.ru/index.php:showtopic= 140850). 


Fabergé figure is A.A. Kudinov, who guarded Nicholas 
II’s mother, Dowager Empress Maria Feodorovna 
(1847-1928). The 7.5 in. (19 cm) Kudinov piece was 
the 18th hardstone figure Nicholas II purchased from 


In Brief 


e In 1912, portraits of two Russian imperial bodyguards 
were created in stone by court jeweler Carl Fabergé. 


¢ Historical background and archival photos of the 
Cossack guards Kudinov and Pustynnikov still exist. 


¢ The gemstones used in these figures were mined in 
Russia, then carved and assembled by the Fabergé firm 
in St. Petersburg. 


Fabergé. It was displayed in the Pavlovsk State Mu- 
seum Collection (near St. Petersburg) from 1925 until 
1941, and again after 1956. The recently rediscovered 
figure of Chamber Cossack N.N. Pustynnikov, also 
7.5 in. tall, was purchased at the 2013 Stair Galleries 
auction by the British firm Wartski, a leading Fabergé 
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dealer. Explored in this article are known biographical 
details and archival photographs of Kudinov and 
Pustynnikov, an extant Fabergé production sketch, 
and the use of Russian gem materials and precious 
metals in the figures. 


BIOGRAPHICAL DETAILS OF THE 

CHAMBER COSSACKS 

Andrei Alexeevich Kudinov (1852-1915; figures 2 
and 3) was born in the Cossack village of Medveditsa 
Razdorskaya in western Russia. He started his mili- 
tary service in 1871 and became a noncommissioned 
officer in 1876. He served in the Danube Army dur- 
ing the 1877-1878 Russo-Turkish War and was later 
appointed orderly and bodyguard to the heir, Grand 
Duke Alexander Alexandrovich (later Alexander III). 
In December 1878, he was assigned to Grand 
Duchess Maria Feodorovna, the wife of the future 
emperor; he stayed at this post when she became em- 
press in 1881 and continued until his death. With his 
wife and three children, he lived at Anichkov Palace 
in St. Petersburg (The State Hermitage Museum, 
2014). 
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Figure 2. Kudinov in his everyday dress, a dark blue 
kaftan. Photo courtesy of The State Hermitage Mu- 
seum (2014). 


Kudinov’s service record is kept in the Russian 
State Historical Archives in St. Petersburg. His career 
is also represented in the Fabergé figure by the en- 
gravings on the soles of his boots (figure 4) as well as 
the badges and medals on his neck and chest (figure 
5). Around his neck, the Kudinov figure wears two 
large Medals for Zeal, the top one in gold from 
Nicholas II (awarded in 1906 for 30 years of service 
as a noncommissioned officer) and the lower one in 
silver from Alexander III (1893). 

Nikolai Nikolaevich Pustynnikov (1857- after 
1918; figures 6 and 7) was originally from the city of 
Novocherkassk, northeast of the Black Sea. Pustyn- 
nikov started his military service in 1876; he had a 
talent for music and in 1877 joined the regimental 
band as a trumpeter. In 1878, he was sent to St. Pe- 
tersburg to join the band of the Guards Combined 
Cossack Regiment. Pustynnikov became a noncom- 
missioned officer in 1881, and from 1884 to 1894 he 
was a trumpet major of His Majesty’s Guards Cos- 
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Figure 3. Kudinov stands in front of the Emperor’s 
Porch at Feodorovsky Cathedral in St. Petersburg in 
January 1914. This is probably one of the last photo- 
graphs taken of him before his death in June 1915. 
Kudinov’s and Pustynnikov’s winter coats were iden- 
tical except for the color of their belts (blue for Kudi- 
nov, red for Pustynnikov), which corresponded to the 
empress served. Photo courtesy of Central State 
Archives of Documentary Films, Photographs, and 
Sound Recordings of St. Petersburg, and The State 
Hermitage Museum (2014). 


sack Regiment, even receiving a gold presentation 
watch from Alexander III for a solo performance. In 
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Figure 4. Kudinov’s right boot is engraved with 1912 
on the heel and A.A. Kudinov in Cyrillic on the sole. 
His left boot is engraved with Fabergé on the heel and 
Chamber Cossack Since 1878 on the sole. Photo cour- 
tesy of Pavlovsk State Museum and Gafifullin (2014). 


December 1894, he was appointed by Nicholas II to 
guard Empress Alexandra Feodorovna. He served at 


Figure 5. Close-up of Kudinov’s badges and medals. 
Photo courtesy of Pavlovsk State Museum and Gafi- 
fullin (2014). 


Nicholas II’s 1896 coronation and lived along with 
his wife and nine children in the servants’ quarters 
at Tauride Palace and later at the Winter Palace (The 
State Hermitage Museum, 2014). 


Figure 6. Pustynnikov escorts Empress Alexandra Feodorovna and three of her daughters on a horse-drawn sleigh. 
The photograph was taken by the Empress’s sister, Princess Iréne of Hesse, at the imperial residence in Tsarskoye 
Selo in 1908. The inset shows a close-up of Pustynnikov with Grand Duchess Olga. Photo © Hemmelmark 

Archives (Solodkoff, 1997). 
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Figure 7. The Empress, riding with the wife of French 
President Emile Loubet, arrives at Bétheny in 1901 for 
a review of the French Army. Pustynnikov is in the 
left rear seat of the carriage (red circle; from Les Fétes 
de l’Alliance. 1901: Nicolas II et l’Armée Russe, Paris, 
collection of Daniel Briére). 


Pustynnikov’s service is also reflected on his fig- 
ure’s boot engravings (figure 8), badges and medals 
(figure 9). Around his neck are two Medals for Zeal 
awarded by Nicholas II in 1902: the top one in gold 


Figure 8. Pustynnikov’s right boot is engraved with 
1912 on the heel and Pustynnikov on the sole. On his 
left boot, the heel is labeled Fabergé and the sole 
reads Chamber Cossack Since 1894. Photo © Wartski, 
London. 
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Figure 9. Close-up of Pustynnikov’s badges and 
medals. Photo © Wartski, London. 


on a ribbon of St. Stanislas and the silver medal 
below on a ribbon of St. Alexander Nevsky. 


THE WORLD OF CARL FABERGE 

In August 1842, Gustav Fabergé (1814-1893) estab- 
lished a small jewelry business in St. Petersburg (fig- 
ure 10, left) that lasted until 1918, when it was closed 
forever by the Bolsheviks following the Russian Rev- 
olution (Lowes and McCanless, 2001). Gustav's third 
son, Carl Fabergé, took over in 1872 (figure 10, right). 
With its amazing creations under his leadership, the 
firm was named Supplier to the Imperial Court in 
1896. This began a long and fruitful relationship with 
the Romanovs. The firm supplied them with Easter 
eggs, presents for Christmases, birthdays, and name 
days, plus a variety of picture frames, presentation 
gifts, bell pushes, cigarette cases, cane handles, and 
hardstone animal and portrait figures. The House of 
Fabergé in St. Petersburg, along with its branches in 
Moscow (which specialized in silver), Kiev, Odessa, 
and a sales office in London from 1903 to 1917, 
catered to an elite clientele worldwide. Gems and 
minerals gathered across the Russian Empire were 
sent to the two main Fabergé production centers in 
St. Petersburg, with 500 employees, and Moscow, 
with 300 employees. 
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By 1908 the lapidary workshop, located in the 
courtyard of a three-story building at 44 English Av- 
enue in St. Petersburg, was equipped with 10 electric 
motors, 14 machines for processing stones, an emery 
wheel, and a kiln. At its peak, the workshop em- 
ployed 30 expert craftsmen. By 1912-1914, the de- 
mand for hardstone animals as collectors’ items 
would prompt Fabergé to increase its workforce and 
outsource work to stonecutters in Ekaterinburg, a 
city on the eastern side of the Ural Mountains 
(Muntian, 2005). But it was the craftsmen in St. Pe- 
tersburg who transformed Russian gems and miner- 
als into a variety of hardstone sculptures, including 
the two Chamber Cossacks commissioned by 
Nicholas II. 


Figure 10. Left: Carl 
Fabergé’s St. Petersburg 
retail shop and studios, 
with living quarters for 
his family on the top 
floor at 24 Bolshaya 
Morskaya ulitsa, ca. 
1900. Right: Fabergé 
sorting stones, ca. 1890; 
archival photo by Hugo 
Oberg. Photos courtesy 
of Wartski, London. 


RUSSIA’S MAJOR MINING LOCATIONS 

Fabergé had the natural resources of the Russian Em- 
pire at its fingertips. From beautiful pink rhodonite 
mined in the Ural Mountains to black obsidian and 
red-brown sard from the Caucasus Mountains and 
Siberian nephrite in rich shades of green, they were 
able to access the most varied and colorful gemstones 
for the jeweler’s art. For centuries, Russia has also 
been a major source of precious metals such as gold, 
silver, and platinum. 

Figure 11 shows the general locations of the gem 
and precious metal sources over the Russian Empire’s 
6.6 million square miles, as well as the route used by 
the Trans-Siberian Railway to transport the mining 
yield. 


CHRONOLOGY OF THE TWO CHAMBER COSSACK FIGURES 


1912: Both figures are created by Fabergé and purchased by Nicholas IL. 


1918: After the Russian Revolution, the emperor’s hardstone figures are traded by various dealers: Armand Ham- 
mer, Agathon Fabergé (second son of Carl Fabergé, 1876-1940), and Wartski, London. The Pustynnikov figure is 


brought to the United States for sale by Armand Hammer. 


1925: The Kudinov figure goes on display at the Pavlovsk State Museum Collection until 1941. 


December 11, 1934: Hammer Galleries in New York sells the Pustynnikov figure for $2,250 to Mrs. George H. 


Davis of Manhattan and Rhinebeck, New York. 


1956: The Kudinov figure goes back on display at the Pavlovsk State Museum. 


October 26, 2013: The Pustynnikov figure is offered for sale by the descendants of Betty Davis, the original Amer- 
ican owner. The piece has remained in the family’s hands since 1934 and has not been exhibited for 79 years. It 


is auctioned at the Stair Galleries in Hudson, New York. 
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Figure 11. Russia’s important gem and precious metal sources are in the Caucasus Mountains, the Ural Moun- 
tains, the Altai Mountains, and Siberia. The route of the Trans-Siberian Railway is shown in red. The distance 
from the Altai Mountains to Moscow is approximately 3,000 miles (4,800 km), while Moscow and St. Petersburg 


are just over 400 miles apart. 


Three large mountain ranges provided the majority 
of the stones for Fabergé. The Caucasus Mountains 
are made up of two parallel mountain ranges, the 
Greater and Lesser Caucasus, that extend from the 
northern shore of the Black Sea southeast to nearly 
the Caspian Sea. These mountains formed as a result 


Figure 12. Mining with hand tools in the Ural Moun- 
tains, 1910. Photo by chemist and photographer 
Sergey Prokudin-Gorsky, best known for his early 
20th century pioneering work in color photography to 
document Russia and its people for Emperor Nicholas 
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of a tectonic collision between the Arabian and 
Eurasian plates. There is still volcanic activity, espe- 
cially in the Lesser Caucasus, forming deposits of ob- 
sidian, a volcanic black glass used in stone carvings 
for its lustrous finish. Sard, calcite, garnet, amethyst, 
rutile, and quartzite are also found in the Caucasus. 

The Ural Mountains, which form part of the 
boundary between Europe and Asia, extend more 
than 1,550 miles (2,500 km) from the northern border 
of Kazakhstan to the Arctic coast. The word Ural is 
thought to be of Turkish origin, meaning “stone 
belt.” Russian mineralogist Ernst Karlovich Hof- 
mann (1801-1871) explored this mountain range ex- 
tensively beginning in 1828. Traveling thousands of 
miles, he collected gold, platinum, rutile, chryso- 
beryl, quartz, topaz, and other metals and minerals. 
The region became a virtual cornucopia of riches 
used in the thriving stone carving industry of Ekater- 
inburg. Malachite, amethyst, demantoid garnet, 
alexandrite, rhodonite, lapis lazuli, carnelian, sar- 
donyx, and jasper mined with hand tools (figure 12) 
were carved into boxes, paperweights, and stone 
sculptures for a worldwide market. 

The Altai Mountains and Siberia, with large dia- 
mond and nephrite deposits and vast resources of 
other gems and minerals, have supplied the jewelry 
trade for decades. Siberia makes up 77% of Russia’s 
territory, extending east from the Ural Mountains to 
the borders of Mongolia, China, and Kazakhstan, and 
north to the Arctic Ocean and Bering Sea. On the 
southern border of Russia, the Altai Mountains are a 
source of aventurine quartz and gold. The Trans- 
Siberian Railway, constructed in stages from 1891 to 
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Figure 13. Pustynnikov’s production sketch bears the 
internal Wigstr6m workshop number 12995 with two 
completion dates. This suggests the two Chamber 
Cossack hardstone figures were created as a set, com- 
pleted on January 31, 1912, and April 25, 1912 (Tillan- 
der-Godenhielm et al., 2000). 


1916, linked the region to the rest of the Russian Em- 
pire and allowed greater access and use of these re- 
sources. Among colored gemstones, Siberian ame- 
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thysts are known to be of the finest color. An impe- 
rial decree controlling the mining of Siberian green 
nephrite (highly prized for its rich color) increased 
that material’s value. Since the 18th century, the 
Altai Mountains, which reportedly get their name 
from the Mongolian and Turkic word for gold, and 
the many gold-producing river basins in Siberia have 
made Russia a major supplier of gold. The Amur 
River region alone produced 96 tons from 1902 to 
1915 (Habashi, 2011). Russia’s important silver-pro- 
ducing regions are in the central and southern parts 
of the country. Major platinum deposits are in north- 
ern and eastern Siberia, near the Arctic Circle. 


CREATING THE FABERGE CHAMBER COSSACKS 
In 1912, Kudinov and Pustynnikov were asked to 
pose for Fabergé hardstone figures commissioned by 
Nicholas II. An existing watercolor production sketch 
of the Pustynnikov figure from Fabergé’s third and 
last senior workmaster, Henrik Wigstrém (active 
1903-1917), is shown in figure 13. Preliminary 
sketches guided the selection of colors and the pose 
of the figure. Next, a wax model was made to scale 
and proportion. Once the model was completed, it 
was sent to either the Fabergé lapidary workshop or 
the independent workshop of Karl Worffel (figure 14], 
to be duplicated in polychrome gemstones carefully 
selected and matched for color and texture. Wérffel 
had one of the largest and finest stone cutting and 


Figure 14. Karl Worffel’s independent bronze and lap- 
idary workshop was acquired in 1915 by the Fabergé 
firm. Photo courtesy of Fabergé et al. (2012). 
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Figure 15. Russian gemstones used by Fabergé in 1912 to create the 7.5 in. (19 cm) portrait figure of Chamber 


Cossack Pustynnikov. Photo courtesy of Wartski, London. 


bronze casting factories in St. Petersburg until his 
shop was acquired by Fabergé in 1915. His work- 
shops served not only the Imperial Court but also 
clients in Germany, England, France, Belgium, and 
the United States. He supplied the House of Fabergé 
on a regular basis with hardstone animals, figures, 
flowers, and objets d’art. Worffel’s cutters also held 
a monopoly over Russia’s nephrite supply, and had 
experience working with stones from the Caucasus, 
Ural, and Altai mountain ranges (Lowes and McCan- 
less, 2001). 

Each stone sent to the lapidary was cut to very 
precise measurements using both a cutting wheel 
and hand tools. Once the form and textures were per- 
fectly carved, each piece of stone was brought to a 
smooth, lustrous finish on a polishing wheel. The 
pieces were assembled one at a time and joined with 
animal hide glue, before the final step of applying the 
gold and silver medals and trim. The variety of stones 
used in Pustynnikov’s figure are detailed, from the 
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most prominent to the smallest features, in figure 15 
and in the text below. 


Coat. The wool coat is carved from dark green 
nephrite. The realistic folds in the sleeves and the 
natural drape create a sense of movement and life. 
Independent Russian researcher Valentin Skurlov 
(2015) found that regardless of the variety of materi- 
als available, Fabergé’s artisans preferred nephrite. In 
fact, the House of Fabergé in St. Petersburg was given 
special permission to keep four tons of the finest- 
quality nephrite, guaranteeing the craftsman always 
had ready access to this popular stone. The toughest 
of all natural stones, nephrite is opaque or translu- 
cent when cut very thin. The winter coat was 
trimmed with otter fur and a Romanov Imperial 
Eagle border. Fabergé replicated the fur with brown 
obsidian, and the double-headed eagle pattern of the 
border was fired onto metal strips and then applied 
as borders to the nephrite. 
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Pants, Boots, and Kiver (Hat). Without instruments 
to test gemological properties, one has to rely on vi- 
sual clues. The items with a black fur texture (pants, 
boots, and kiver) are most likely chalcedony. Alter- 
nate black stones used in these figures could be 
jasper, onyx, jet, jade, or obsidian. The pants are 
trimmed in gold. 


Kiver Bag and Belt. Hanging from the top right of 
each Cossack guard’s kiver was a colored bag. The 
color of this bag and the belt worn around the waist 
corresponded to the empress served: blue lapis lazuli 
for Maria Feodorovna (Kudinov, see figures 16 and 17, 
left and center) and red purpurine for Alexandra 
Feodorovna (Pustynnikov; again, see figure 15). Pur- 
purine, a deep crimson vitreous material brought 
about by the crystallization of lead chromate in a 
glass matrix, is the only synthetic material on either 
Cossack figure. Fabergé made great use of this mate- 
rial, especially in his animal figures. 


Badges and Service Medals. Each Cossack’s kiver fea- 
tures gold braid trimmings and a tassel of bullion 
fringe. Attached to the top left of the kiver is a Gold 
Badge of Office (seen in detail in figure 17, right) in 
the shape of a crowned escutcheon, with a gold 
monogram of the empress. The escutcheon is topped 
by ostrich feathers and surrounded by bullion braid 
to which removable rackets were suspended for cer- 
emonial dress (The State Hermitage Museum, 2014). 


Figure 16. Chamber Cossack A.A. Kudinov’s kiver 
bag and belt contain lapis lazuli mined in the Altai 
Mountains and Siberia. Photo courtesy of Pavlovsk 
State Museum and Gafifullin (2014). 


Pustynnikov’s badge is missing from the Fabergé 
hardstone figure. 


Figure 17. Left: Kudinov, with a dark gray beard of Kalgan jasper, wearing a black chalcedony(t) kiver and the 
Gold Badge of Office. Photo courtesy of Pavlovsk State Museum and Gafifullin (2014). Center: This fur kiver with 
cloth bag, worn by Chamber Cossacks serving Dowager Empress Maria Feodorovna, was displayed at the 2014 
“Servants of the Imperial Court” exhibition at the Hermitage Museum in St. Petersburg. Right: Extant Gold Badge 
of Office from the Kudinov figure, emblazoned with the monogram of Dowager Empress Maria Feodorovna. Cen- 
ter and right photos courtesy of The State Hermitage Museum (2014). 


FABERGE COSSACK FIGURES 


Gems & GEMOLOGY Summer 2016 141 


Figure 18. Fabergé’s enamel firing furnace. Photo cour- 
tesy Wartski, London. 


Service medals on the chest of the Fabergé figures 
are enameled, a process in which powdered glass is 
mixed with metal oxides fired at 600°-800°C 
(1300°F) to create a hard glossy finish in a variety of 
colors (figure 18). The delicately enameled medals ap- 
plied to the nephrite coats of Kudinov and Pustyn- 
nikov are extremely small, yet remarkable for their 
accuracy (D. Briére, pers. comm., 2016). 


Face and Hands. These features are carved from 
cachalong, a type of milky white to pale pink opal. It 
is easily carved, allowing the artist to give the face 
greater detail and personality and a more lifelike ex- 
pression. Pustynnikov’s attentive stare is in keeping 
with his duties as an imperial bodyguard. Cachalong 
is often mistaken for agate or chalcedony. Frequently 
misidentified in the Fabergé literature as a synthetic 
material, it has been used predominantly since 1913. 
Prior to that, the harder stone of aventurine was gen- 
erally used to carve faces and hands in Fabergé’s hard- 
stone figures. 
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Beard and Hair. The two Cossack figures are similar 
but readily distinguished by their belt colors and by 
Kudinov’s split beard. The beard and hair are made 
of gray jasper carefully detailed with a lifelike tex- 
ture. Dark gray Kalgan jasper was used for Kudinov 
and gray jasper for Pustynnikov. 


Eyes. The Cossacks’ eyes glow with cabochon-cut 
blue sapphires from the southern Ural Mountains. 
Sapphires from this source were used in all but two 
of Fabergé’s hardstone figures. When used en cabo- 
chon, cut and polished to a convex shape, the sap- 
phire replicates the natural shape and eye color. 


CONCLUSIONS 

On an existing 1912 invoice from the House of 
Fabergé (figure 19) for the Kudinov figure, Nicholas 
II—not the Imperial Cabinet—is billed 2,300 rubles. 
It has been suggested the two Chamber Cossacks were 
by far the most expensive of the hardstone figures 
made. The cost of the original Kudinov, based on 
Benko (2015), equates to approximately $1,185 in 
1912, and $28,200 in 2013. The Pustynnikov figure 
sold for nearly $6 million in 2013. 

Fabergé scholar Alexander von Solodkoff (1988) 
noted, “The different parts were assembled so per- 
fectly that the joints are invisible to the naked eye 
and frequently cannot even be detected with a nee- 
dle.” More than 20 of these hardstone figures have 
been sold through Wartski Jewelers in London since 


Figure 19. The Kudinov invoice for 2,300 rubles, dated 
December 24, 1912, was paid from Nicholas II’s per- 
sonal account on February 12, 1913. Photo courtesy of 
Skurlov et al. (2009). 
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the 1920s. In the words of the late A. Kenneth Snow- 
man, Fabergé historian and proprietor of Wartski, 
Carl Fabergé had the 


unerring instinct for the right material, the meticulous 
treatment of detail, the vigorous sense of movement, 
and perhaps, above all, the obvious affection for and 
sympathy with the subject...Painstakingly carved 
pieces of stone of a suitable color and texture, each 
playing their appointed part, were carefully- and invis- 
ibly-fitted together. (Snowman, 1953, p. 65) 


ABOUT THE AUTHORS 

Mr. Adams is an independent art historian and Fabergé scholar 
who has worked in the fine jewelry industry for 30 years. A cura- 
torial consultant and lecturer, he serves on Gems & Gemology’s 
editorial review board. Ms. McCanless is the editor of the quar- 
terly Fabergé Research Newsletter (www. fabergeresearch.com). 
She is author of Fabergé and His Works: An Annotated Bibliogra- 
phy of the First Century of His Art (1994) and co-author of 
Fabergé Eggs: A Retrospective Encyclopedia (2001). 


REFERENCES 


Adams T., McCanless C.L., Wintraecken A. (2014) Windows on 
Russian life: Fabergé’s hardstone figures. Presentation at the 
Third International Fabergé Symposium, St. Petersburg. 

Benko R. (2015) Statistical cost analysis of Fabergé’s 50 Imperial 
Easter eggs. Fabergé Research Newsletter, Fall 2015, 
http://www.fabergeresearch.com/newsletter-2015-fall.php 

Fabergé T., Kohler E-A., Skurlov V. (2012) Fabergé: A Comprehen- 
sive Reference Book. Editions Slatkine, Geneva. 

Gafifullin R. (2014) The Works of the Fabergé Company from the 
Late XIX - Early XX Century in the Collection of the State Mu- 
seum of Pavlovsk. Pavlovsk State Museum, St. Petersburg [in 
Russian]. 

Habashi F. (2011) Gold in Siberia: A historical essay. CIM Maga- 
zine, September/October, pp. 109-111. 

Lowes W., McCanless C.L. (2001) Fabergé Eggs: A Retrospective En- 
cyclopedia. Scarecrow Press, Lanham, Maryland, and London. 

Muntian T. (2005) Stones that speak. In Fabergé, Jeweller of the 
Romanovs. Europalia International Festival, Brussels, pp. 106- 
131. 

Skurlov V. (2015) The range of objects and precious stones in 
Fabergé production (1890-1917). Presentation at the Interna- 
tional Fabergé Museum Conference - Lapidary Art, St. Peters- 


FABERGE COSSACK FIGURES 


It is this attention to detail and precision crafts- 
manship for which Fabergé is famous. Even the most 
whimsical of his creations were designed with great 
care. His employees took pride in their work and 
were paid the highest wages in the industry. This at- 
tracted the best of the best to Fabergé. With access to 
the finest artists and the great gem and mineral 
wealth of Russia, Carl Fabergé built a lasting legacy 
of elegant perfection. 
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THE COLOR OF RESPONSIBILITY: 
ETHICAL ISSUES AND SOLUTIONS IN 


COLORED GEMSTONES 


Jennifer-Lynn Archuleta 


The mining and processing of colored stones, a multibillion-dollar industry, spans 47 countries on six 
continents. Despite the industry's high profile, an ethical, sustainable mine-to-market supply chain for 
these materials has still not been achieved, impacting the physical environment and quality of life for 
laborers. The history, issues, challenges, and efforts to rectify this lack of transparency and traceability 


are explored. 


consumers have long been seduced by the “story” 

that accompanies their most treasured pieces. The 
history of a piece can provide romance and character 
to a purchase or gift. As a result, human rights and 
environmental issues related to the gem and jewelry 
industry supply chain are gaining attention among 
producers and customers worldwide. “Conflict dia- 
monds” gained notoriety in the late 1990s (Global 
Witness, 1998), particularly after the 2006 release of 
the movie Blood Diamond. Yet diamonds are far 
from the only gem material requiring responsible 
sourcing. Due to its broad scope, the colored stone 
industry, estimated to be a US$10-$15 billion (and 
growing) global enterprise (Cross et al., 2010), has yet 
to establish a responsible, sustainable, verifiable 
mine-to-market supply chain (Responsible Ecosys- 
tems Sourcing Platform, 2016). 

The mining and production of colored gemstones 
takes place in 47 countries (Boehm, 2014). Industry ob- 
servers have noted that this sprawling and largely un- 
regulated industry presents issues that are similar to 
other small-scale extractive industries: forced and 
child labor, other types of criminal activity, environ- 
mental damage, and health and safety concerns (Vale- 
rio, 2010; Cartier, 2010; Connell, 2014). They assert 
that these problems have been endemic in the colored 
stone industry, especially in artisanal small-scale min- 
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ing (ASM) performed by individuals or small groups of 
people using rudimentary tools (figure 1). The con- 
cerns related to small-scale mining are pervasive with 
colored stones, 75%-80% of which are retrieved in 
this fashion (UNICRI, 2013). 

As the United States’ $78 billion jewelry industry 
continues to grow (Gassman, 2015), end customers 
are increasingly aware of the ethical impact of what 
they buy (Braunwart et al., 2015). As a result, more 
consumers are asking questions about the origins of 
pieces and basing their purchases on the answers 
they receive (Shor and Weldon, 2010). Millennials, 
the young adults born since the early 1980s, are the 
newest generation of gem and jewelry consumers. 
Studies show that this generation is particularly in- 
clined to take factors such as fair trade status, sus- 
tainability, and human rights into account before 
making a purchase (Carter, 2014). As a generation, 
they consider their purchase a personal investment 
in a brand that represents their own values, and they 
are a force to be reckoned with: By 2020, millennials 
are expected to spend US$1.4 trillion annually on re- 
tail purchases (Young, 2014). 

With these consumer interests developing along- 
side an environment of heightened scrutiny over re- 
sponsible practices, both new and established colored 
stone suppliers are examining their relationships to 
the mining, cutting, and production sectors. Some in- 
dustry leaders have long been concerned with corpo- 
rate social responsibility, yet a combination of public 
awareness and the desire to self-govern the industry 
rather than be subjected to top-down legislation has 
been the greatest motivation to change. Governments 
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and non-governmental organizations (NGOs) are feel- 
ing the impetus to create initiatives and voluntary 
standards that will foster social and environmental 
change within the entire industry—mining, cutting, 
trade, jewelry manufacture, and retail. As these stan- 
dards take root, individual companies and organiza- 
tions are launching community development and 
education efforts to improve the standard of living of 
miners, cutters, and their families. 

As part of a panel on responsible practices at GIA 
in April 2015, Eric Braunwart, president and founder 
of colored gemstone wholesaler Columbia Gem 
House, noted, “I think we can come up with a new 
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Figure 1. This view of 
the recently discovered 
ruby deposit in Zaha- 
mena National Park in 
Madagascar demon- 
strates conditions at a 
small-scale mining site. 
Photo by Vincent Par- 
dieu/GIA. 


> Hy 


narrative, and that narrative is based around respon- 
sible sourcing, and helping everyone along the supply 
chain.” This paper considers aspects of that supply 
chain in the context of current trends in corporate 
social responsibility (CSR) within the gem and jew- 
elry industry. It also reviews some of the risks and 
challenges encountered by those endeavoring to eth- 
ically source colored gems. 


BACKGROUND 

Artisanal and Small-Scale Mining. Usually grouped 
together, artisanal and small-scale mining of precious 
metals, gem materials, and industrial minerals is 
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conducted in more than 80 countries, on every con- 
tinent except Antarctica (ASM-PACE, 2012). Tradi- 
tionally, there has been no official definition of 
“artisanal mining”; the term was understood to 
mean the removal of material by individuals or 
groups using little to no mechanization. This type of 
mining often occurs where large-scale mining is ille- 
gal, physically inaccessible, or financially impracti- 
cal. In 2013, the Organisation for Economic 
Co-operation and Development (OECD) published a 
definition of ASM pertaining to gold extraction (re- 
published in 2016) that can easily be applied to other 
precious metals, minerals, and gemstones: 


Formal or informal mining operations with predomi- 
nantly simplified forms of exploration, extraction, pro- 
cessing, and transportation. ASM is normally low 
capital intensive and uses high labour intensive tech- 
nology. “ASM” can include men and women working 
on an individual basis as well as those working in fam- 
ily groups, in partnership, or as members of coopera- 
tives or other types of legal associations and enterprises 
involving hundreds or even thousands of miners. For 
example, it is common for work groups of 4-10 indi- 
viduals, sometimes in family units, to share tasks at 
one single point of mineral extraction (e.g. excavating 
one tunnel). At the organisational level, groups of 30- 
300 miners are common, extracting jointly one mineral 


Figure 2. Alluvial mining often involves the re- 
trieval, washing, and sorting of gem materials from 
gravels, as with this processed tsavorite from 
Lemshuko, Tanzania. Photo by Robert Weldon/GIA. 
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deposit (e.g. working in different tunnels), and some- 
times sharing processing facilities (OECD, 2016c). 


ASM is a form of subsistence mining that can 
quickly generate income. This is especially true for 
alluvial mining, where stones and gravels from 
riverbeds are sifted for gems (figure 2). The material 
is generally close to the surface, allowing for easy re- 
trieval. Agricultural workers seeking work outside of 
a given farming season often supplement their in- 
come through alluvial mining. 

ASM is particularly widespread in developing 
countries, which often have high illiteracy rates (B. 
Wheat, pers. comm., 2015). According to the Inter- 
governmental Forum on Mining, Minerals, Metals 
and Sustainable Development (2013), across the en- 
tire mining industry, which encompasses both min- 
erals and precious metals, there are approximately 30 
million artisanal miners worldwide, including about 
2. million children. There is, however, no reliable fig- 
ure for the number of people involved in small-scale 
colored stone mining. A 2007 report from the Inter- 
national Labour Organization (ILO) notes that col- 
ored stone extraction is often a family affair, with 
school-aged children of both genders participating in 
sifting and sorting. 


The Rising Popularity of Colored Gemstones. Col- 
ored gemstones were especially popular prior to the 
mid-20th century; it was not until after the Great 
Depression and World War II that diamonds took 
center stage in engagement and wedding jewelry 
(Matsangou, 2015). Efforts by De Beers, which 
formed in 1888, to create an air of romance and rarity 
around diamonds began to catch on in 1947 with the 
iconic “A Diamond Is Forever” campaign (Sullivan, 
2013). 

In recent years, colored stones have seen a resur- 
gence. This enthusiasm is due in large part to greater 
access to material from remote areas, as well as the 
stronger advertising and promotion of these gems (R. 
Shor, pers. comm., 2015). This promotion largely re- 
sults from the efforts of multinational companies 
such as London-based Gemfields, which has invested 
heavily in marketing and promotional campaigns. 
Gemfields has accomplished this through various 
channels, from signing Hollywood actress Mila 
Kunis to a three-year contract to represent their 
brand (Carr, 2013) to partnering with designers to cre- 
ate collections from their responsibly sourced pro- 
duction (King, 2016). Their efforts dovetailed with 
the overproduction and subsequent weak demand for 
diamonds (Boehm, 2014). With this greater availabil- 
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ity and marketability, more designers are turning to 
colored stones. This has allowed jewelry consumers 
to purchase pieces that offer a distinctive look for less 
money (R. Shor, pers. comm., 2015). The rise in col- 
ored stone popularity coincides with the industry’s 
recent attempts to improve the lives of the miners 
and cutters who are the very foundation of the trade. 


Corporate Social Responsibility vs. Fair Trade. While 
there is an impulse to use the terms “corporate social 
responsibility” (CSR) and “fair trade” interchange- 
ably, the two have distinct meanings. 

According to Visser (2008), CSR encompasses 
“the formal and informal ways in which business 
makes a contribution to improving the governance, 
social, ethical, labour and environmental conditions 
of the developing countries in which they operate, 
while remaining sensitive to prevailing religious, his- 
torical and cultural contexts.” Simply put, it is a 


In Brief 


e The colored stone industry, worth US$10-15 billion 
and largely driven by artisanal and small-scale mining 
(ASM), has yet to establish a sustainable, ethical mine- 
to-market supply chain. 

¢ Challenges include remote mining sites, cost, poor re- 
lations along the supply chain, and “greenwashing.” 

e Intergovernmental organizations and NGOs have cre- 
ated frameworks for gem mining and other sectors that 
can mitigate environmental impact, prevent human 
rights abuses, build relationships with miners and cut- 
ters, and meet community needs. 


company-led commitment, worked into its business 
plan or mission, to safeguard social values, commu- 
nity relations, and the environment. The CSR move- 
ment has gained traction among many industries 
since its inception in the 1960s. Sustainable devel- 
opment, the preservation of natural resources for fu- 
ture generations, is usually a central tenet of CSR. 
This is often mistaken for philanthropy and desig- 
nated as a public relations effort rather than the core 
mission of a business (Nieuwenkamp, 2016). CSR in- 
volves responsible sourcing and due diligence from 
corporations who create policies for their own work 
and also influence their business partners to do the 
same to ensure a “clean” supply chain (see box A). 
Fair trade, a post-World War II social movement 
that has its origins in missionary programs and po- 
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litical and humanitarian groups (Fair Trade Federa- 
tion, 2011), seeks to alleviate the poverty and mar- 
ginalization of producers who have traditionally been 
excluded from the benefits of mainstream business. 
Secondarily, it creates a relationship between disad- 
vantaged producers (in the case of ASM activity, 
mine workers) and consumers by following set guide- 
lines for production, sourcing, and manufacturing, 
creating expectations among end-customers. The fair 
trade movement also focuses on raising awareness 
about trade imbalances and abuses of power, while 
creating policies that promote equitable trade (World 
Fair Trade Organization, n.d.). Several different or- 
ganizations exist to certify a product and designate it 
a “fair trade” item; issuing organizations have guide- 
lines and audits that lead to certification and permis- 
sion to use the fair trade designation. For instance, 
Fairtrade International has a list of standards pertain- 
ing to pricing, trade, hired labor, and prohibited ma- 
terials (among others) that must be met before they 
will issue their logo to a producer (Fairtrade Interna- 
tional, 2011). While a company may include CSR 
goals as part of their mission, this does not mean 
their products will be issued fair trade certification. 

Many of the colored gemstones currently in cir- 
culation would not qualify as “fair trade” for one 
simple reason: time in the marketplace. Cartier and 
Pardieu (2012) compared the number of privately 
owned gems (both in museums and private collec- 
tions) against up-to-date production numbers and es- 
timated that many were decades old. Since 
established frameworks only address current mining 
practices and provenance, many of the gems on the 
market cannot be designated “fair trade,” even if 
they were produced in the past using the appropriate 
practices (Cartier and Pardieu, 2012), however, such 
designations may be applied in the future by modi- 
fying existing guidelines. 


THE ISSUES 

While media attention has caused some people to as- 
sociate diamonds with horrific human rights abuses, 
smuggling, and terrorist funding, colored stones are 
not immune to criminal activity. Actions taken to 
create positive change in the colored gems sector are 
discussed in the “Responsible Solutions and Recom- 
mendations” section. 


Forced and Child Labor. Forced labor, though univer- 
sally condemned and illegal, is an unfortunate reality 
of gem mining. Forced labor is defined by the ILO as 
“all work or service which is exacted from any person 
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Box A: APPLYING DUE DILIGENCE TO THE GEM AND JEWELRY SUPPLY CHAIN 


One concept at the core of a sustainable and traceable 
supply chain is due diligence, a risk management strat- 
egy a company uses to evaluate an individual, company, 
or product (“Due diligence...”, 2015). Within the gem 
and jewelry sector, the risks that require due diligence 
include child and forced labor; living conditions; health 
and safety risks; environmental impact; ties to armed 
conflict, terrorism, and known criminal activity; money 
laundering; and smuggling (“Due diligence...”, 2015). For 
instance, a jeweler who wished to create conflict-free 
pieces would perform due diligence to ensure her gold 
supplier did not source material that was mined via 
forced labor. Current legislation, regulations, and non- 
governmental organization (NGO) frameworks have 
been influenced by intergovernmental institutions such 
as the International Labour Organization (ILO), the 
United Nations (UN), and the Organisation for Eco- 
nomic Co-operation and Development (OECD). The fol- 
lowing timeline demonstrates each organization's role 
in achieving current standards. 


1919: As part of the Treaty of Versailles at the end to 
World War I, the International Labour Organization 
(ILO) is created as an agency of the League of Na- 
tions. The ILO is dedicated to promoting social jus- 
tice and internationally recognized human and 
labor rights by developing labor standards that ad- 
dress production, security, and human dignity. 


1945: The United Nations (UN) is founded, replacing the 
League of Nations. 


1946: The ILO becomes an agency of the UN. 


1948: The Organisation for European Economic Cooper- 
ation (OEEC) is created to help administer the 
post-World War II Marshall Plan. 


The Universal Declaration of Human Rights, 
which sets out fundamental rights such as the pro- 
hibition of slavery, equal pay for equal work, and 
freedom of movement, is adopted by the UN. It is 
the first document to spell out these fundamental 
rights, and is the basis of many subsequent frame- 
works and laws. 


under the menace of any penalty and for which the 
said person has not offered himself voluntarily.” For 
instance, a mine operator could threaten a worker or 
his loved ones, retain his identification documents, 
or deprive him of food or sleep. A worker’s living 
quarters might be kept under surveillance or isolated 
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1961: The OEEC expands beyond Europe, becoming the 
Organisation for Economic Co-operation and De- 
velopment (OECD). 


1976: The OECD Guidelines for Multinational Enter- 
prises (MNE), outlining sustainable development 
recommendations to rely on economic, environ- 
mental, and social progress, is published. The 
MNE is updated in 1979, 1984, 1991, 2000, and 
POL AL 


1999: The ILO publishes Social and Labor Issues in 
Small-Scale Mines. 


2000: The UN Global Compact (UNGC), the world’s 
largest corporate sustainability initiative, is 
formed. 


2005: The Responsible Jewellery Council (RJC), a third- 
party certification organization, is founded by 14 
industry members. 


2010: In the United States, the Dodd-Frank Wall Street 
Reform and Consumer Protection Act (Dodd- 
Frank), with provisions governing disclosure on 
conflict minerals (tin, tantalum, tungsten, gold, 
and their derivatives) from the Democratic Repub- 
lic of Congo region, is signed into law. 


2011: Publication of the UN Guiding Principles on Busti- 
ness and Human Rights. 


The first edition of the OECD Due Diligence 
Guidance for Responsible Supply Chains of Miner- 
als from Conflict-Affected and High-Risk Areas 
(OECD Due Diligence Guidance) is published. The 
document is the basis of a variety of initiatives, in- 
cluding the RJC’s Chain of Custody Certification, 
the ITRI Supply Chain Initiative, Solutions for 
Hope, and the World Gold Council’s Conflict-Free 
Gold Standard. 


2012: The U.S. Securities and Exchange Commission 
names the OECD Due Diligence Guidance as a 
framework for companies who must file a conflict 
minerals report under the Dodd-Frank Act. 


from the community. Debt bondage, wherein wages 
are withheld or loans must be paid through labor, is 
another method of coercion. An employer might also 
seek to exploit a worker's vulnerability by taking ad- 
vantage of illiteracy or forcing female workers into 
prostitution (Hidrén and Koepke, 2014). 
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Child labor is any form of work detrimental to a 
child’s general well-being, including their education 
and their physical, emotional, and mental health. 
Not all labor activities involving children are consid- 
ered harmful; in fact, a child or adolescent’s “partic- 
ipation in work that does not affect their health and 
personal development or interfere with their educa- 
tion, is generally regarded as being something posi- 
tive” (United Nations, n.d.). This is frequently the 
case when an entire family is involved in mining col- 
ored stones. In Kambove, Democratic Republic of 
Congo (DRC), many children had to be at the mineral 
mining sites because their families could not pay for 
schooling costs. Some children worked more hours 
during school vacations, and at least one child re- 
ported that his wages paid part of his school fees 
(World Vision, 2013). Other children were kept on- 
site due to lack of childcare options. In light of this, 
allowing children to work at mining sites benefits 
the family and community at large (World Vision, 
2013). 

Even so, the mining industry is considered by the 
ILO to be hazardous to children (2011). While ASM 
or alluvial mining might not seem particularly harm- 
ful, it is often the result of coercion or debt bondage 
between an employer and the child’s parents or other 
family members (United Nations, n.d.). Thus, the 
psychological hold over both child and parent is dev- 
astating. The International Programme on the Elim- 
ination of Child Labour (IPEC), administered by the 
ILO, indicated that in addition to health and safety 
risks, informally run mining areas are notorious for 
a culture of drug abuse, prostitution, and violence 
(2006). The physical demands of the work also have 
a negative effect on children’s well-being (see 
“Health and Safety Concerns”). 

Forced labor and child labor arise not only in col- 
ored stone mining, but also in cutting and processing 
(Leber, 2010; Martinez Cantera, 2014). Materials 
known by the U.S. Department of Labor to be pro- 
duced by exploitation are listed in table 1. 


Other Forms of Criminal Activity. Over the past 15 
years, diamonds have come under a great deal of 
scrutiny for financing guerrilla and terrorist groups. 
Colored stones also have a troubling background as 
a method of funding criminal activity. 

Burmese rubies and jade may be the most notori- 
ous among colored gems for funding conflict and per- 
petuating other human rights atrocities, but they are 
not alone. During their rise to power, the Khmer 
Rouge famously mined sapphires from the Cambo- 
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TABLE 1. Colored stones mined and processed by 
forced and child labor. 


Material Forced Labor Child Labor 
Emerald Colombia 

Jade Myanmar (Burma) Myanmar (Burma) 
Ruby Myanmar (Burma) Myanmar (Burma) 
Sapphire Madagascar 

Tanzanite Tanzania 

Multiple Bangladesh, India, 


Zambia 


Adapted from the U.S. Department of Labor (2014). 


dian province of Pailin in order to fund guerrilla ac- 
tivities. After the fall of Phnom Penh in 1975, sap- 
phires continued to finance the regime. By 1979, 
when the Khmer Rouge was overthrown, Cambo- 
dian sapphire had been mined into near nonexistence 
(“Pailin blue sapphire,” 2014). More recently, a pros- 
ecution witness linked the tanzanite trade to the Au- 
gust 1998 bombings of U.S. embassies in Dar es 
Salaam, Tanzania and Nairobi, Kenya (Maharaj, 
2002). This allegation supported the post-9/11 claim 
that al-Qaeda had ties to the tanzanite trade, though 
the U.S. State Department would largely dismiss 
such a connection (Schroeder, 2010). 

The value of colored stones to a country or regime 
should not be underestimated. Global Witness (2015) 
estimated that the Burmese jade industry alone was 
worth about US$31 billion in 2014. More recently, 
Afghan lapis lazuli (figure 3) has come under scrutiny 
for financing conflict. Global Witness reported in 
May 2016 that material from Badakhshan province 
has been funding insurgents and other armed groups 
since 2014. Production from the area raised approxi- 
mately US$12 million for armed groups in 2015, 
with an estimated US$4 million of lapis mine rev- 
enue paid to the Taliban (Global Witness, 2.016). Ille- 
gal contracts and intimidation have kept money in 
the pockets of these groups and out of the pockets of 
locals with mining rights, as well as the official 
Afghan government, which in 2014 lost US$18.1 
million in revenue from the two mining districts of 
Deodarra and Kuran wa Munjan (Global Witness, 
2016]. While President Ashraf Ghani announced ef- 
forts to deal with the crisis, as of this writing there 
were no measures taken to monitor or retake control 
of mining sites, and illegal extraction and smuggling 
of lapis continue. As a result, Global Witness has 
named Afghan lapis lazuli a conflict mineral (Global 
Witness, 2016). 

Colored stone mining is also susceptible to other 
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types of criminal activity. Emerald and corundum 
have been vehicles at various times for fraud, smug- 
gling, and money laundering (Naylor, 2010). Because 
of their small size and a lack of oversight and regula- 
tion, colored gems are easily smuggled. One notable 
case is Zambia; an estimated $60 million worth of 
emeralds are smuggled out of that country every year 
(Hill, 2013}. 


Environmental Impact of Colored Stone Mining. The 
environmental damage caused by mining precious 
metals is well documented. The use of mercury and 
cyanide in gold extraction is harmful to plant and an- 
imal life. Virtually all gold mining results in rock and 
soil erosion, deforestation, and sulfuric acid pollution 
in air and water (Bland, 2014). 

Colored gemstone mining is generally less haz- 
ardous to the environment than gold mining because 


Figure 3. In June 2016, lapis lazuli from Afghanistan 
was named a conflict mineral by Global Witness. 
Photo by Duncan Pay. 


150 = ETHICAL MINING AND PRODUCTION OF COLORED GEMSTONES 


chemicals are not used. Furthermore, digging for col- 
ored gems generally takes place within 10 meters of 
the earth’s surface (Valerio, 2016b). Still, there re- 
mains considerable uncertainty regarding the envi- 
ronmental impact of colored stone production. When 
asked about gemstone mining’s carbon footprint! on 
the environment, British jeweler and industry ac- 
tivist Greg Valerio said this was a common yet unre- 
solved question among ethical jewelers, one that 
deserved answers, particularly from large-scale oper- 
ations (Valerio, 2016b). 

Even so, gemstone mining is known to have 
harmful effects. Unless proper, sustainable prac- 
tices—including land reclamation and rehabilitation— 
are part of the mining plan, soil erosion and degrada- 
tion, deforestation, and harm to plant and animal life 
are inevitable. Negative impacts on the environment 
can include habitat loss, spread of disease to animal 
species, population decline of critically threatened or 
endangered species, increased human/wildlife con- 
flict, decline in water quality, and destruction of land 
and aquatic ecosystems (ASM-PACE 2.012). 


Health and Safety Concerns. The health impact of 
gem production and processing on laborers is signif- 
icant. For independent miners, the lack of appropri- 
ate sanitation facilities can result in illnesses and 
diseases. Abandoned diggings may become filled 
with stagnant water that attracts mosquitoes, lead- 
ing to the spread of malaria |ASM-PACE, 2012), and 
causes waterborne diseases such as dysentery (Hil- 
son, 2002). Pools of water left unattended are also a 
drowning hazard, particularly among children in the 
surrounding areas (ASM-PACE, 2.012). Meanwhile, 
the round-the-clock nature of mining can cause 
sleep deprivation, appetite loss, and fatigue (Hilson, 
2002). 

The toll on human health does not end with gem 
extraction (figure 4). The Solidarity Center, a global 
labor organization, estimates that 80% of all colored 
stones in the market are processed in cutters’ homes 
or in small shops (Connell, 2014). Eric Braunwart 
warned that “there are probably many more people 
dying in our industry from the cutting end than the 
mining end” (pers. comm, 2015). These workers fre- 
quently contract deadly lung diseases such as silico- 
sis as a direct result of gem cutting. An estimated 
30% of all gemstone grinders will die of silicosis (Na- 


‘A simple definition of “carbon footprint” is the tons of carbon diox- 
ide (or CO, equivalent) produced by one's actions, either directly or 
indirectly, per year. 
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tional Labor Committee, 2010). While silicosis is 
most closely associated with cutting, the disease 
may also be contracted by workers in underground 
mines, as with tanzanite miners in Merelani, Tanza- 
nia (Cartier, 2010). Headaches, impaired vision, and 
fatigue may also result from gemstone cutting; as- 
phyxiation may even occur. Children in the work- 
force suffer orthopedic problems such as bone 
deformation, and skin conditions are another area of 
concern (World Vision, 2013). 


CHALLENGES 

Once the issues have been identified, the impedi- 
ments to resolving those issues must be recognized. 
Each colored stone type comes with its own unique 
set of circumstances, and a commitment to sustain- 
able practices calls for patience, steady financial re- 
sources, and an understanding of the local 
community's culture. 

The first problem is the sheer number of small- 
scale mining sites. With so many of them scattered 
in remote areas around the world, monitoring each 
one is not a realistic solution. There are, in fact, no 
recorded estimates for most colored stone mining 
sites, making it extremely difficult to trace the ex- 
portation of stones from these areas. Any effort at 
total oversight without taking into account rush ac- 
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Figure 4. Cobbing and 
cutting gem materials 
without appropriate 
ventilation or safety 
gear, such as the surgi- 
cal mask worn by this 
woman at the Anahi 
ametrine mine in 
Bolivia, can lead to sili- 
cosis and other respira- 
tory illnesses. Photo by 
Robert Weldon/GIA. 


tivity, which appears and disappears virtually 
overnight, is impossible. Even if it were realistic, the 
expense of such an enterprise could be prohibitive 
for many smaller businesses who would otherwise 
be interested in consistently tracing exportation, 
though some models exist in other extractive indus- 
tries (see “Regulations and Frameworks” section). 
Eric Braunwart of Columbia Gem House sees fi- 
nancing as a major roadblock; while interest in fair 
trade gems and sustainability has grown over the 
past decade, many small businesses were derailed by 
the global financial crisis that started in 2007. The 
crisis and subsequent recession damaged the mining 
industry at large, and colored stones were no excep- 
tion. Mining, already curtailed due to high fuel costs, 
came to a standstill in many locations, with produc- 
tion and retail sales following suit (Shor and Weldon, 
2010). Because it can take years to see results from 
mining activity, sustainable practices were now be- 
yond the reach of many small gem dealers and jew- 
elry manufacturers (E. Braunwart, pers. comm., 
2015). Greg Valerio (2013) indicated that he had to 
reduce staff, close workshops, and deplete his own 
savings on several occasions to successfully create a 
line of ethical jewelry. 

In addition, there is a level of distrust between pro- 
ducers and buyers. Small-scale miners are accustomed 
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to being taken advantage of. These relationships “have 
never been based on a mutual profitability, mutual re- 
spect and support model” (E. Braunwart, pers. comm., 
2015]. Some of this comes from not understanding 
local cultures and traditions. Another factor is the 
miners’ lack of gemological and pricing knowledge. 
The high illiteracy rate among artisanal miners leaves 
them unequipped to fully understand their own prod- 
uct, and thus they are easily swindled out of a fair mar- 
ket price (Weldon, 2008). This continues the vicious 
cycle of poverty. 

Public perception also comes into play, especially 
with the previously noted misunderstanding of the 
differences between “fair trade” and “sustainable.” 
While many people are aware of the general concepts 
of fair trade, the movement actually encompasses an 
entire spectrum of actions, whereas ethical business 
practices in the gem industry have primarily focused 
on traceable chains of custody rather than sustain- 
able actions (Hilson, 2014). When questions regard- 
ing fair trade practices are asked by jewelry 
customers, especially millennials well versed in the 
fair trade movement, answers that pertain only to 
traceability may be less than satisfying. 

Ideas about CSR and its role across industries are 
also changing. As previously mentioned, CSR is 
often seen as voluntary philanthropy, and the work 
of company CSR managers is all too often considered 
tangential to daily operations (Nieuwenkamp, 2016). 
This attitude of neglect toward CSR works to a com- 
pany’s detriment. A 2015 survey of more than 2,500 
companies reported that nearly one out of five were 
subject to CSR-related sanctions amounting to about 
95.5 billion euros (roughly equivalent to US$108 bil- 
lion) between 2012 and 2013 (Niewwenkamp, 2015). 
This is leading some in the business world to believe 
that, in the words of Townsend (2016a), “Corporate 
Social Responsibility is, at best, only a partial solu- 
tion—one which can be misused to create an illusion 
of responsibility.” Thus, many key players are re- 
thinking their approach to the topic (see “Meeting 
Community Needs” section below). 

While many consumers do believe in the impor- 
tance of an ethical gemstone supply chain, a number 
of skeptics consider this movement “greenwashing,” 
an environmentalist-inspired marketing scheme to 
get consumers—in this case, jewelry customers—to 
pay top dollar for an ultimately meaningless desig- 
nation. In fact, some industry members and the gen- 
eral public feel that the industry is not doing nearly 
enough to address the issues faced by miners and 
processors and have lost heart about the colored 
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stone industry’s motivation and capacity to change. 
Greg Valerio believes the movement has lost ground 
over the past ten years, although not because the in- 
dustry lacks commitment. To him the problem is 
that the same industry movers are talking to each 
other rather than to the consumer (Valerio, 2016a). 
This insularity, which Valerio refers to as a “cul-de- 
sac of inertia,” keeps the movement from gaining 
momentum. 


RESPONSIBLE SOLUTIONS AND 
RECOMMENDATIONS 

Although there is no “one-size-fits-all” solution due 
to geographic, political, and socioeconomic differ- 
ences between gem-producing areas, most experts 
agree that simply boycotting jewelry is not a solu- 
tion. The miners who eke out a living by small-scale 
mining would ultimately suffer. Nor is the solution 
to cut out buyers altogether. Thomas Cushman of 
the Gemmological Institute of Madagascar, points 
out that every role along the supply chain is neces- 
sary for it to function, as mining and dealing require 
different skill sets, an assertion confirmed by the 
United States Agency for International Develop- 
ment (2011). Rather than eliminate the market or 
the players, the essential components are managing 
human rights abuses alongside instances of white- 
collar crime (OECD, 2016c), providing reasonable 
payment for services, establishing and maintaining 
aminimum hiring age, championing environmental 
rehabilitation and reclamation, and instituting strict 
health and safety standards (Alawdeen, 2015). On 
the cutting side, fair labor hours and safe working 
conditions are also necessary. Various parties have 
launched efforts to improve these issues within the 
colored stone mining sector. 


Regulations and Frameworks. The general public is 
broadly aware of the measures intended to prevent 
“conflict diamonds” from financing rebel groups and 
militias. As of this writing, 52 countries around the 
world voluntarily meet the minimum requirements 
of the Kimberley Process Certification Scheme, es- 
tablished by the UN General Assembly in 2003. Sig- 
nificantly, the Kimberley Process extends only to 
rough diamonds being used to fund rebel militia ef- 
forts to overthrow a legitimate government, not to 
other human rights issues. There are currently no 
binding international regulations with regard to col- 
ored stone trade, even in a limited scope. 

Some governments have taken steps toward col- 
ored stone regulation. In the United States, the 
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Burmese Freedom and Democracy Act of 2003 
banned the importation of all products from Myan- 
mar (formerly Burma). Congress expanded this order 
in July 2008 through the Tom Lantos Block Burmese 
Junta’s Anti-Democratic Efforts (JADE) Act, which 
specifically prohibited imports of rubies and jadeite 
from Myanmar (figure 5), as well as products incor- 
porating these items. In August 2013, President 
Barack Obama issued an executive order to reinstate 
the import ban, which had expired in July of that 
year. The reinstatement applied it solely to gem- 
stones; the other elements of the ban had already 
been lifted. As of May 2016, the ban on Burmese jade 
and rubies remains in place (Pennington, 2016). 

The UN Guiding Principles on Business and 
Human Rights (|UNGP), endorsed in 2011, serves as 
a framework for creating international standards. 
The UNGP holds that both states and corporations 
have a duty to prevent and remedy human rights 
abuses. Further, the UN’s Global Compact, formed 
in 2000, established 10 principles for sustainable 
business practices; to date, the Global Compact has 
more than 8,000 business-related and 4,000 nonbusi- 
ness participants, including NGOs, labor unions, ac- 
ademic institutions, and cities/municipalities (“Who 
should join?”, n.d.). 

Intergovernmental organizations are not the only 
actors on the ethical jewelry scene. Independent 
groups have formed to help ensure transparency and 
promote fair treatment of workers. The Responsible 
Jewellery Council (RJC), a third-party certification 
organization, goes a step further than the UNGP. The 
RJC subjects its more than 700 voluntary member 
companies (“Members,” n.d.) to additional standards 
that have been guided by the Compact and other 
sources, and then has those efforts audited by inde- 
pendent third parties. RIC members must receive 
certification within two years of joining, submit to 
voluntary third-party audits, and make ongoing ef- 
forts to improve their business practices (“FAQs: 
Membership & membership responsibilities,” 2012). 
Certified members can then pursue Chain of Cus- 
tody Certification, a framework that was inspired by 
the OECD’s Due Diligence Guidance for Responsi- 
ble Supply Chains of Minerals from Conflict-Af- 
fected and High-Risk Areas. Following this guidance 
indicates that all materials used are ethically pro- 
duced along the entire supply chain—that they meet 
human rights, labor, environmental impact, and ac- 
cepted business standards. Yet the RJC has faced crit- 
icism that loopholes in their system allow members 
to use jewelry materials that do not meet ethical 
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Figure 5. The Tom Lantos Block Burmese JADE Act, 
an act of Congress signed in 2008, banned ruby and 
jadeite imports from Myanmar into the United 
States. Photo by Robert Weldon/GIA. 


standards with regard to forced and child labor, envi- 
ronmental protection, or certification process, among 
other issues (“More shine than substance...”, 2013). 
Moreover, the RJC’s Chain of Custody Certification 
is only available for diamonds and precious metals, 
although in March 2016 RJC announced plans to ex- 
pand its scope to include colored stones (“RJC to ex- 
pand scope...,” 2016). 

In the wake of the Dodd-Frank Act of 2010 (again, 
see box A), tracking and tracing systems for conflict 
minerals from the DRC region have been imple- 
mented, such as the one developed for Miniema 
province (Channel Research for iTSCi, 2012). Similar 
systems could be created for the colored stones sec- 
tor. The Jeweltree Foundation, a Netherlands-based 
non-profit, uses an online track-and-trace platform 
for its supply chain. Founded in 2.008 to give small- 
scale miners a voice in the international market 
while certifying ethical, traceable jewelry lines, Jew- 
eltree works directly with cooperatives and small- 
scale communities in Brazil, Madagascar, and 
Tanzania. To set up a viable track-and-trace chain, 
Jeweltree has set up a database wherein certified 
members (or supporters) are listed and their actions 
to assemble jewelry are logged. Jeweltree has a list of 
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R. O. CHAMBERS* 


T HE SUBJECT of Australian gemstones 
is full of interest but only about one half 
per cent of the world’s tctal production 
comes from that country. Ninety-five per 
cent of the world’s total value is represented 
by uncut diamonds, the vast majority of 
which comes from Africa. 

While all important gemstones with the 
exception of the ruby occur in Australia, 
they are not all of equal importance. Indeed, 
viewed from the world scene, Australia is 
only regarded as a producer of opal, sap- 
phire, and zircon with the possible inclusion 
of emerald. In addition to these, I will deal 
in some detail with beryl, topaz, tourmaline, 
and diamond. No more than passing men- 


tion here can be made of others such as 
quartz, turquois, and garnet. 

Sapphire: Practically the whole Australian 
output comes from Anakie, 192 miles west 
of Rockhampton, Queensland. Here, al- 
though entirely recovered from alluvial de- 
posits, it seems certain that the sapphire 
originated as a rock-ferming mineral in a 
basalt which filled small valleys at the time 
of its eruption. Hot solutions from the basalt 
silicified the alluvium which had formed 
along the stream beds. No trace of these 
valleys remains today but isolated patches of 
alluvium, consisting of basalt debris and 


*Prepared for, and furnished by Australian News 
and Information Bureau. 
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suppliers of metals, gems, and services that have 
been approved by the organization as ethical and 
transparent. Each step of the process, from selection 
to final polishing, is logged in their database (Jewel- 
tree Foundation, n.d.). 

Since 2013, governments and groups representing 
the industry, including the International Colored 
Gemstone Association (ICA), have worked with the 
United Nations Interregional Crime and Justice Re- 
search Institute (UNICRI] to create a system for trac- 
ing and certifying colored gemstones origin (Chen, 
2013). More information on this program will be 
available later in 2016. 


Education. Without question, promoting education 
for colored stone miners and processers will improve 
their quality of life (S. Pool, pers. comm., 2015). In 
many areas where ASM is practiced, high illiteracy 
rates make it difficult to implement safety regula- 
tions or value stones appropriately (B. Wheat, pers. 
comm., 2015). Providing literacy education allows the 
miners to interpret and follow protocols that protect 
both themselves and the environment; it also allows 
them to access employment options outside of min- 
ing. Another practical option is to provide training at 
the literacy levels of the workers themselves, a 
method that has been successful in some areas, in- 
cluding South Africa (Booyens, 2013). 

Keeping the production local through value-added 
activities such as cutting, setting, and design is an- 
other vast undertaking that may have long-term ben- 
efits. These activities create new options that build 
upon the existing economy of a gem-producing area. 
The Bridges family keeps the cutting of their tsa- 
vorite production in Kenya, near the Scorpion mine, 
and plans to do so for the foreseeable future (Hsu and 
Lucas, 2016). The Gemmological Institute of Mada- 
gascar, founded in 2003, teaches gemology, gem cut- 
ting, and fashion jewelry design and creation; there 
is also a gem lab on-site (T. Cushman, pers. comm., 
2015). This allows the Malagasy people to gain valu- 
able trade knowledge about the materials found on 
their native soil. 


Meeting Community Needs. Recognizing the need 
for responsible and sustainable practices, many com- 
panies are making the move to vertical integration, 
the merging of two or more businesses that operate 
at different stages of the production chain (“Vertical 
integration,” 2009). When one company has control 
over various aspects of production and manufactur- 
ing, this structure allows producers to maintain a 
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more transparent mine-to-market trail and to more 
efficiently contend with the risks that go along with 
those trails. The concept of a carefully monitored 
supply chain has been pursued and practiced by some 
industry innovators since the turn of the century. A 
secondary benefit of vertical integration is that a 
company charged with both mining and cutting gem 
material has a chance to develop relationships with 
the people who perform these duties. 

There have been efforts to meet the needs of min- 
ing communities through CSR. Weldon (2008) noted 
that some Colombian emerald mine owners were 
working with local governments to build roads, 
schools, hospitals, and homes, which improved qual- 
ity of life and resulted in greater efficiency and pro- 
duction. Founded in 1977, Columbia Gem House has 
been at the forefront of responsible sourcing for over 
a decade. At GIA’s April 2015 panel, the company’s 
president and CEO Eric Braunwart discussed Colum- 
bia’s creation of the Dzonze District Development 
Fund in Malawi. This group, made up of locals, pro- 
vides feedback to Columbia on the community’s 
most pressing needs. One outgrowth was the con- 
struction of a school that, due to the high percentage 
of adults with AIDS in the area, has also provided res- 
idence for orphaned children. Building this school 
has helped identify the need for more teachers, more 
housing for those teachers, clothing for schoolchild- 
ren, sewage facilities, and other infrastructure to 
meet the needs of the locals and the new population 
of teachers. 

Some analysts, in an effort to recognize the impor- 
tance of ethics and sustainability in a company’s op- 
erations, are moving away from CSR to embrace the 
concept of responsible business practices (RBP). CSR 
has a reputation for “feel-good” projects and, as previ- 
ously mentioned, carries a connotation of philan- 
thropy and voluntary compliance (Nieuwenkamp, 
2016). The reimagined RBP is intended to create a 
strong, productive business based on high sustainabil- 
ity and strong social and environmental practices, in- 
tegrated not only throughout the supply chain, but 
also into every aspect of the corporate culture 
(Nieuwenkamp, 2015; Townsend, 2016b). 

All speakers at GIA’s April 2015 panel on respon- 
sible business practices confirmed that ethical sourc- 
ing is an ever-evolving process wherein they must 
identify new areas for economic and community de- 
velopment. In the past, such efforts have included 
building hospitals and schools (figure 6); future RBP 
efforts must involve maintaining medical staff and 
teachers at these facilities, along with updated equip- 
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Figure 6. Children attend the school built in 2007 by Swala Gem Traders in Arusha, Tanzania. Photo by Robert 
Weldon/GIA. 


ment and other resources. There are opportunities 
available for those who wish to make a difference in 
the world of colored stones. Beth Gerstein of U.S.- 
based jewelry retailer Brilliant Earth noted that her 
company has provided scholarships in conjunction 
with the Gemmological Institute of Madagascar and 
plans to work with community development efforts 
in the colored stones field in the future (B. Gerstein, 
pers. comm., 2016). 

While creating long-term plans to start their own 
socially responsible foundation, UK-based Nine- 
teen48 supports several charitable efforts in Sri 
Lanka, including Emerge Global’s Beads-to-Business 
program (“Programs and impact,” 2016). This project 
teaches Sri Lankan women leadership skills and busi- 
ness knowledge, alongside jewelry design, to help 
them achieve long-term self-sufficiency (“Programs 
& impact,” 2015). And in June 2016, the American 
Gem Trade Association (AGTA), in conjunction with 
the ICA and the Indian Diamond and Colorstone As- 
sociation (IDCA), announced a study to evaluate how 
to address silicosis in the colored stone industry 
(Branstrator, 2016). These programs are setting the 
stage for future generations of industry leaders. Mr. 
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Braunwart reiterated that young people entering the 
industry will be setting these standards, both in the 
gem industry and in the business world at large, in 
the years to come. 


Relationship Building. Understanding indigenous 
cultures and building trust with artisanal miners and 
their community leaders can lead to ethical sourcing 
while generating a steady supply of gemstones. Rec- 
ognizing that each region has its own culture, and 
that CSR and RBP should be sensitive to established 
traditions, is key to a successful relationship. Foster- 
ing these relationships and respecting the commu- 
nity’s identity may also discourage miners from 
selling the stones for ultimately illegal purposes. 
Gem dealer Guy Clutterbuck has developed relation- 
ships with small-scale African miners and independ- 
ent cutters based on respect for tradition and trust. 
In an interview on ethically sourcing aquamarine, 
spessartine, and tourmaline, Clutterbuck explained 
his working relationship with the chief and two rep- 
resentatives of the Tombuka (or Tumbuka) tribe, 
which stretches from Zambia into Mozambique and 
Malawi. His practices, which include paying in ad- 
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vance for rough and allowing the material to be col- 
lected, set aside, and retrieved by him later, have a 
“trickle-down” effect on the local economy, as the 
tribal chief makes sure his people benefit from these 
purchases (Choyt, n.d.). This is quite different from 
the tribe’s earlier dealings with buyers. Clutterbuck 
also noted that he uses a cutter in Sri Lanka who sub- 
sidizes education and food costs for employees and 
their children (Choyt, n.d.). 

Involving the miners and cutters in the commu- 
nity development process will also generate goodwill 
and underscore the workers’ importance to the entire 
operation. There can be no responsible sourcing and 
production without these essential local personnel, a 
fact that should be driven home to everyone along the 
supply chain. Allowing these community members 
to identify their own needs and see them brought to 
fruition, as Columbia Gem House has done in 
Malawi, instills the confidence necessary to continue 
doing business with trustworthy buyers, and allows 
those same community members greater financial se- 
curity in the future. 

While a “one-size-fits-all” approach will not ac- 
commodate every aspect of the jewelry supply chain, 
there are lessons to be learned from previous endeav- 
ors in other sectors. In a feasibility study on the direct 
marketing of Liberian and Central African—mined di- 
amonds, USAID indicated that some of their findings 
would be relevant for non-diamond-related supply 
chains, including colored gemstones (2011). While re- 
iterating that the most successful strategies are those 
that directly involve the miners, the authors advised 
that any formalization project requires the following: 


e Trust, transparency, and partnership: Taking 
the time to develop relationships, offering fair 
market value for mined material, and making 
workers feel instrumental to the success of the 
operation are key factors. 


¢ Certainty of price, volume, and delivery of sup- 
ply: Since the volume of gemstones collected 
by artisanal means can vary, it may be best to 
take a grassroots approach, partnering smaller 
jewelers with lower demand to mine sites. 

e Keeping the middlemen: While there is often a 
desire to eliminate gem buyers, they do in fact 
perform a variety of commercial duties, as noted 
by Thomas Cushman. Buyers provide the finan- 
cial liquidity that keeps a mine operational 
(“Due diligence...,” 2015). In addition to enter- 
ing the market on behalf of the miners who 
would otherwise be looking for gems, middle- 
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men also provide sorting and transportation of 
material, freeing the miners from these tasks. 

¢ Understanding the artisanal miner’s mindset 
and existing marketing strategies: It is key to 
understand why the miner is motivated to sell. 


e Basing plans on existing structures and insti- 
tutions as much as possible: Understanding the 
way local political systems work and adapting 
the mining operation accordingly is more likely 
to be successful than imposing structures that 
may be foreign, or even repugnant, to the cul- 
ture. 

e Starting with producers who have demon- 
strated commercial and/or development suc- 
cess: All players should demonstrate the ability 
to perform his or her given task, from producing 
gems to marketing the material to creating com- 
munity development opportunities (USAID, 
2011). 


Reclamation, Remediation, and Recycling. Land 
reclamation uses practical methods to restore land to 
productive use, while remediation is specifically the 
removal or reduction of hazardous wastes or materi- 
als to protect the environment. Both play important 
roles in sustainable gemstone production. Reclama- 
tion may include restoring topsoil or planting native 
plants such as trees or grasses in the previously 
mined area, while remediation plans can involve the 
reduction or elimination of heavy metals from the 
soil or drinking water. Small and artisanal mining op- 
erations often do not recognize the importance of 
these measures; even when they do, they seldom 
have the financial resources to put such efforts into 
practice (Cartier, 2010). 

Cartier and Pardieu (2012) have called upon the 
trade to become more involved in reclamation and 
remediation, rather than relying on the miners or 
governments to act. They maintain that the multi- 
billion-dollar industry can afford to set aside an op- 
tional levy of 0.1% at a retail level for conservation 
and remediation purposes. Their article also suggests 
holding gemstone auctions to support regional proj- 
ects, such as the sale of tsavorite to fund conserva- 
tion projects at the Tsavo national parks in Kenya. 

Recognizing the financial burden of reclamation 
and rehabilitation, the Asia Foundation’s Frugal Re- 
habilitation Methodology (FRM) recommends a 
course of action that is achievable for ASM commu- 
nities (2016a). FRM is designed to be funded by gov- 
ernments or large-scale mining interests who wish 
to address degraded and abandoned mining sites, but 
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the Whole Mine Cycle Approach, another element 
of FRM, is a way for small mines to incorporate the 
methodology into their standard operations in order 
to mitigate, rather than retroactively repair, the ef- 
fects of mining (Asia Foundation, 2016a). FRM in- 
cludes defining the boundaries of the area to be 
rehabilitated, providing a plan for waste management 
and disposal of toxic waste, accounting for the 
amount and types of infill material and topsoil 
needed, and scheduling the planting of appropriate 
vegetation. Since 2014, 17 projects using FRM have 
been successfully completed (Asia Foundation, 
2016a), with one such project launched in Mongolia 
in April of this year (2016b). While FRM was devel- 
oped specifically for gold and fluorite mining sites, it 
would serve well as a model for rehabilitating colored 
gemstone sources. 

In addition to remediation efforts, some compa- 
nies are reaping the benefits of recycled materials al- 
ready in the market. Most of the gold mined 
throughout recorded history, an estimated 165,000 
metric tons, is still in circulation (Bland, 2014). Since 
2007, U.S.-based jewelry manufacturer and refiner 
Hoover and Strong has supplied 100% recycled pre- 
cious metals, including gold, to the industry, moving 
away from the mining process as part of their efforts 
to “go green” (S. Grice, pers. comm., 2016). This has 
been a very realistic and successful approach for 
Hoover and Strong. The company is also pursuing and 
promoting responsibly mined gold on behalf of the 
companies they do business with, though the addi- 
tional costs of sourcing the metal have made this dif- 
ficult. With this enterprise, there is also the concern 
that “dirty gold” is being laundered through supply 
chains (Sharife, 2016), although there are frameworks 
in place for precious metals that diligent businesses 
can follow to prevent this from happening. 


Consumer Education. Jewelry has always been an 
emotional purchase, and customers care about the 
“story” behind their pieces. Eric Braunwart stressed 
the “emotional value of gemstones to the con- 
sumer,” noting that stones with a backstory are pre- 
ferred over those of unidentified origin. Millennials, 
who have grown up knowledgeable about fair-trade 
products and sustainability, expect that issues per- 
taining to human rights, environmental impact, and 
social consciousness are addressed in the supply 
chain for the products they wish to purchase (Bates, 
2016). Members of the GIA panel confirmed that the 
“silent majority” may not ask for clarification or 
proof of ethical, sustainable material, but in the end 
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they expect it. Since many companies have long-es- 
tablished practices and are generating healthy rev- 
enues without following responsible practices, they 
may be reluctant to change. Thus, the general public 
must be prepared to ask questions about the origin 
of materials and demand detailed answers from man- 
ufacturers or dealers (S. Pool, pers. comm., 2015). 
Jewelry activist Marc Choyt (2013) adds that if just 
5% of jewelry customers insisted on ethical products 
from retailers, the impact on the worldwide industry 
would be dramatic. 

Consumer education is vital to the success of this 
effort. Openness about the supply chain, including the 
mines of origin, the buying process, and manufactur- 
ing details educates the public and ensures long-term 
consumer confidence. There are various ways of as- 
suring the public, such as marketing materials that 
provide details about the mines and communities in 
which the stones are sourced. In April 2016, Greg Va- 
lerio’s blog featured a video interview with a member 
of a gold co-op in Uganda who explained how Fair 
Trade gold has improved their lives. Such videos could 
also be used to explain how community development 
helps colored stone mining areas. These kinds of ef- 
forts, along with training retail staff about the impor- 
tance of the ethical and sustainable background of the 
pieces they are selling, create greater public awareness. 
Certain responsibly mined products do carry a higher 
cost (about 10%-15%, according to Gerstein}, so ex- 
plaining the value of that designation may be useful 
to the consumer. 


CONCLUSIONS 


As gem and jewelry consumers become increasingly 
conscious of responsible practices, they are demanding 
greater transparency from the companies who provide 
their goods. The gem and jewelry industry has felt this 
pressure and is starting to change. Despite the inher- 
ent financial, logistical, and communication chal- 
lenges, a growing number of trade members are 
adopting practices that will improve the livelihoods 
of workers and protect the environment; this in turn 
has the potential to create more long-term sustainabil- 
ity. Domestic and international trade regulations and 
membership organizations that require responsible 
practices create the impetus for these companies to 
maintain a higher ethical standard. Acknowledging 
and managing the impact of mining and production 
on human quality of life and the environment at large 
promotes community development, education, and 
responsible future sourcing. 

The level of transparency exhibited by producers 
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who make ethical and sustainable decisions regarding 
their products and practices creates a chain of respon- 
sibility that benefits miners, cutters, and other indus- 
try laborers. Public disclosure of these efforts and 
subsequent improvements lead to greater consumer 
trust and ultimately greater demand, especially 
among the millennial population that has come to ex- 
pect such behavior in the marketplace. 

Adopting responsible business practices can in- 
crease the volume of ethically sourced materials, 
while improving quality of life among ASM person- 
nel, ensuring greater trust among producers and buy- 
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ECHNQUES 


THE CHALLENGES OF CUTTING A 


LARGE GEM OPAL ROUGH 


Theodore Grussing 


Cutting large gem-quality opal rough poses spe- 
cial challenges not encountered when working 
with smaller pieces. The author explains the con- 
siderations in cutting a 3,019 ct piece of gem- 
quality white opal that was mined from the 
Olympic Field in Coober Pedy, South Australia, 
during the 1950s. Through careful analysis and 
planning, he was able to extract a single finished 
gem weighing 1,040 ct, with play-of-color across 
the entire surface. Named the Molly Stone, it is 
one of the largest fine gem opals ever cut. This 
article describes the unique factors involved in 
maximizing its size and play-of-color. 


pal has long been considered one of the most 

beautiful gemstones in the world, as it displays 
all the colors of the visible spectrum and each gem 
is unique. With faceted gemstones, the cutter lays in 
a pattern of facets at precisely calibrated angles, 
transforming the rough from a transparent pebble 
into a brilliant gem. With opal, the beauty is often 
hidden within the stone, and it is the cutter’s skill 
that determines whether this beauty is exposed or 
lost. With faceted gems, mistakes can often be cor- 
rected. But with opal, the moment you make the 
wrong cut the beauty is lost forever, and the stone 
becomes an ugly gray piece of silica. 

Sometime during the 1950s, miners recovered an 
enormous piece of seam opal from the Olympic Field 
in Coober Pedy, South Australia. The decision was 
made to “face” the stone, which is simply taking it 
to the lap wheel and grinding a colorless overlying 
potch layer down to the color bar to see if there is a 


See end of article for About the Author and Acknowledgments. 


Gems & GEmMoLocy, Vol. 52, No. 2, pp. 162-167, 
http://dx.doi.org/10.5741/GEMS.52.2.162 


© 2016 Gemological Institute of America 


162 Notes & New TECHNIQUES 


strong, uniform play-of-color underneath (figures 1 
and 2). Ihave worked with many pieces of opal rough 
where the color bars have shown brilliant play-of- 
color when viewed from the side but faint, ghost-like 
colors when viewed from the top. In that case, the 
best option is to cut small stones using the side of 
the color bar as the top, maximizing the richness of 
color. Figure 3 shows where a small nip was taken 
from the top, exposing the second large color bar. 
Whoever mined and faced this rough opal decided 
to let someone else take the risk of further work on 
it. At some point the 3,019 ct piece was sold to 
Lawrence H. Conklin, a noted dealer and collector in 
New York. After the opal passed through several 
more hands, I had the good fortune to purchase it in 
2014. Based on my 40 years of experience cutting 
thousands of opals (see Grussing, 1982), I decided to 
undertake the unique challenge of cutting this large 
gemstone while documenting the decision-making 
process and the techniques for the benefit of other 
lapidarists and gem enthusiasts. I spent innumerable 


Figure 1. The faced top and sides of the rough speci- 
men, showing multiple gem-quality color bars. Photo 
by Robert Weldon/GIA. 
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Figure 2. A side view shows all the color bars and in- 
tervening layers of colorless potch. Photo by Robert 
Weldon/GIA. 


hours over many months looking at the rough under 
different lighting conditions, considering all the pos- 
sibilities before I began to map the cuts. 


EXAMINATION AND EVALUATION 

In this specimen, there are multiple layers of silica gel 
from which the opal has formed. Some of these layers 
or bars are precious opal, and others are common opal 
with no play of color (potch). The thickness and color 
quality of these bars vary throughout the stone. The 
color bars seemed relatively consistent, but there was 
the distinct possibility that they undulated and varied 
in thickness, perhaps narrowing down or even disap- 
pearing. The opal’s top surface displayed full and in- 
tense color from every angle and in any lighting. The 


Figure 3. A close-up view from a different side of the 
opal displaying an extraordinary color bar. Photo by 
Robert Weldon/GIA. 
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remainder of the piece had four more thick color bars 
separated by layers of potch; at least three of these 
color bars appeared to have very strong play-of-color 
(again, see figure 1). 

There were a few conchoidal fractures on the 
edges extending into the top color bar on the surface. 
These occurred during the mining process or when 
someone later nipped it. Two of the sides still had the 
original skin, which left a thin layer of potch over the 
color bars. The question was how thick the bars were 
and how strong the color was beneath the skin. A few 
very small areas on the top appeared to be slightly 
“sand shot,” with sand embedded in the silica gel. I 
wondered how these areas could be removed without 
going through the top color bar, which appeared to 
be about 2 mm thick. 

There were three options for the rough: 


Leaving the 3,019 ct Opal Intact. Leaving the piece 
of rough intact would retain the mystery of the opal 
and the element of wonder as to what gems it might 
produce. Though it was a beautiful, very large exam- 
ple of gem-quality opal in its natural state, this was 
the least attractive option commercially. Besides, I 
already knew the stone in this form, and it is not in 


In Brief 


After purchasing a 3,019 ct rough opal mined in 
Coober Pedy, Australia, the author decided to cut a 
single museum-quality specimen weighing more 
than 1,000 ct. 

The primary challenge was leaving the top color bar in- 
tact while retaining as much weight as possible. 


After countless hours spent mapping the stone, the au- 
thor shaped it using a series of increasingly fine cutting 
wheels, making slight adjustments along the way. 


The resulting 1,040 ct opal, named the Molly Stone, 
displays play-of-color from nearly every side and from 
every angle. 


my nature to simply do nothing: There was a stone 
to explore and a risk to be taken. For me, leaving it 
alone was not an option. 


Cutting Individual Gems or Matching Suites for Jew- 
elry Use. Cutting the rough for jewelry pieces would 
maximize the value of the gem material. I estimated 
it would produce 1,000-1,200 carats of high-quality 
gemstones, with the larger ones weighing 50 to 75 
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« This miner is hauling a bucket to the 
surface while his partner works below 
ground level. An empty bucket is seen 
in the background. 


silicified alluvium debris, remain and the 
sapphires are extracted from these deposits 
by washing the dirt through a sieve and 
picking out the sapphires by hand when 
most of the dirt has been washed through. 

Blues and greens are the two principal 
gem quality colors although many stones 
are part-colored. Yellow stones, as well as 
light green and greenish yellow varieties, 
often have a distinct golden tinge which 
makes them objects of great beauty peculiar 
to Australia. 

True sapphires and green and multi- 
colored stones occur in alluvium derived 
from basalt areas in the New England dis- 
trict, particularly at a locality known as 
Sapphire which lies between Glen Innes 
and Inverell. 

In general, many good quality stones pos- 
sessing the much desired light cornflower 
blue color have come from Australian fields. 
There is a general erroneous idea prevalent 


that all Australian sapphires are very dark 
inky blue. 

Beryl: Three gem varieties, ordinary beryl, 
emerald, and aquamarine, have been found 
in pegmatites in New South Wales, particu- 
larly in the New England District. Heffer- 
nan’s mines at Torrington have produced 
some fine gem quality beryls, while true 
emeralds have come from Ammaville, a 
nearby locality. Beryls are usually associated 
in these localities with quartz, topaz, and 
cassiterite (the chief ore of tin). In West- 
ern Goldfield, there is a limited occurrence 
of emeralds. A considerable quantity of 
beryl, some of gem quality, has been found 
in the pegmatite dikes of the Hart’s Range, 
Central Australia. 

Topaz, Zircon, and Tourmaline: These 
three gemstones have this much in common, 
they are three reasonably common minerals 
although gem varieties are not found so 
often. Then are all constituents of granitic 
rocks or of pegmatite dikes. 

The prevailing color of Australian topaz 
is a pale water-blue or green which makes 
it often difficult to distinguish from aqua- 
marine. It is usually manufactured by sub- 
jecting the yellow variety from Brazil to 
heat treatment. 

The gravels of many rivers in the New 
England District of New South Wales no- 
tably at Oban, yield pale blue waterworn 
stones of the highest quality topaz. They 
have also been found in other rivers of 
N.S.W. such as the Macquarie and Shoal- 
haven. Excellent topaz also occur in Tas- 
mania, and on Flinders Island, Bass Strait. 

Zircon has a very similar occurrence to 
topaz and, indeed, usually occurs associated 
with it in alluvial deposits. This is certainly 
the case in New South Wales. Yellowish, 
colorless, and red stones are the commonest 
varieties. The well-known pale blue variety 
of zircon known as Starlite is not found in 
nature. It is derived from common, reddish 
brown, transparent material by a secret pro- 
cess of heat treatment. The Anakie field, 
Queensland, is the chief producer. 

Tourmaline of gem quality is only found 
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carats each. Choosing this option would mean at least 
two, possibly three horizontal cuts through potch lay- 
ers. Individual stones could be cut from each of the 
slabs, two of them with strong color bars. The lower 
color bars would produce good commercial-quality 
gemstones; the better ones would be exceptional. 


Cutting a Museum-Quality Specimen. While cutting 
a single large stone would probably result in a lower 
total value than cutting many smaller gemstones, 
there are only a handful of extremely large gem opals 
in the world. After evaluating the rough, I thought it 
would be possible to get a single fine opal weighing 
over 1,000 ct. This was the riskiest option because of 
all that could go wrong in the process, but the temp- 
tation of creating something truly special while pre- 
serving the integrity of such a treasure was irresistible. 

For more than 70 years, the opal had looked ex- 
actly like this. Two of the sides were still in the orig- 
inal condition; the other sides had been nipped or in 
some way opened up to expose thick color bars that 
appeared to penetrate the stone in a relatively even 
manner and on a slight angle without significant un- 
dulations. The top color bar was obviously beautiful, 
and part of the potential had been uncovered. But 
what magical display of color was still locked within? 


MAKING THE FIRST CUT 

I decided on the third option: creating a single large 
collector/museum piece. I spent hours with an in- 
tense light, mapping the stone to make an informed 
decision on where the cut would be. 

In choosing which side would be the top of the 
stone, it was necessary to determine what the bot- 
tom color layer looked like. This could not be deter- 
mined with certainty until the cut was made. The 
color bars appeared relatively level on all sides, so a 
saw cut through the intervening layers of potch 
would not sacrifice much of the valuable precious 
opal. I did find some small conchoidal fractures in 
the surface and color bars that faded out toward the 
edges, as seen in figure 1. There were a few very 
small areas of sand embedded on the top surface, but 
for my purposes, the entire top surface needed to be 
free of blemishes. My concern was that using a dia- 
mond wheel to remove them would cause me to cut 
through the color bar, so I decided to use polishing 
slurry instead. If the sand blemishes could not be re- 
moved, I would have to choose another color bar to 
be the top layer, and hundreds of carats would be lost. 

To verify the quality of the color bars, I ground 
down the sides of the opal to a reasonably flat face. I 
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Figure 4. The gem rough has been scribed with a 
black marker and is ready for the cut. Photo by Eric 
Gofreed/Eric Gofreed Photography. 


also did some grinding in from the side to see the top 
of the color bar that appears second from the top in 
figure 3. My plan was to make the cut near the bot- 
tom of the potch layer below this large color bar; I 
would then remove the potch to bring out the beauty 
of the color bar. My hope was that it would have even 
better color than the top layer, allowing me to rotate 
the orientation so that the bottom would become the 
top of the stone. 

Because of the stone’s size, it was impossible to 
see very far into it, even with a strong light source. 
The rough gem material looked solid, and strong 
lighting did not reveal any apparent areas of sand or 
orange glints that would indicate internal fractures. 

By this point, I had a good idea of where I wanted 
to make the main saw cut. I scribed the circumfer- 
ence of the stone with a black marker, adjusting for 
the slight undulations in the color bar (figure 4). It 
appeared I could make a good straight cut near the 
bottom of the potch layer under the second large 
color bar, leaving about a millimeter of skin on it. 

All the hours of studying the stone were over; 
now it was time to make the cut and unlock the 
beauty within. When cutting opal I hold the rough, 
as this allows me to make very slight adjustments 
along the way. Holding the material allows flexibility 
that is not possible when the stone is held in a jig. 
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Figure 5. Making the first cut. Photo by Eric 
Gofreed/Eric Gofreed Photography. 


With this stone, there were no straight or even edges 
or flats that I could use to safely clamp the crystal in 
a Saw, SO using a jig was not even an option. 
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Shortly after noon on July 4, 2014, with plenty of 
water in the reservoir, I turned on the saw (Gemstone 
Equipment Manufacturing with a 10 in. diameter di- 
amond blade, 0.016 in. thick). As the water went fly- 
ing, I advanced the opal toward the diamond blade 
(figure 5). In less than five minutes, the deed was 
done. The cut was perfect, and the beauty within was 
confirmed. I made three more vertical saw cuts to re- 
move slices where nips had been taken out of the top 
surface. By making additional cuts with a 6 in. dia- 
mond saw blade (0.01 in. thick) rather than grinding 
on the wheel, I saved three additional pieces of rough 
that would cut smaller gem-grade opals. 

The lower half of the opal had a layer of potch 
overlaying two additional color bars of medium in- 
tensity. This half, along with the other three pieces 
that were removed, has been preserved so that others 
can see the process that goes into the mapping, plan- 
ning, and cutting of large opal rough. 


FINISHING TOUCHES 

Now it was time to begin the process of grinding the 
primary stone (figure 6) into a pleasing freeform shape 
that would maximize the beauty of the opal. After 
making the horizontal cut, there was about a millime- 
ter of potch overlaying the color bar on the bottom of 
the primary stone. I ground it down almost to the color 


Figure 6. Grinding the 
primary stone. Photo 
by Jim Peterson/Aspen 
Heights Imaging. 
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Figure 7. The final shaping and polishing of the stone. 
Photo by Theodore Grussing. 


bar, which faced well with uniform play-of-color—pri- 
marily reds and blues—across the entire surface. As at- 
tractive as this lower layer was, the original top color 
bar still looked better, so I decided to stay with it. 

My primary concern during the cutting process 
was to leave the top color bar essentially intact. The 
miner or cutter in the field removed the potch down 
into the color bar itself and, as shown in figure 1, the 
color bar was thin near the edges. This left little tol- 
erance for removing blemishes on the surface be- 
cause of the risk of going through the color bar and 
creating an area on the surface with no play-of-color. 

I shaped the stone on my custom-made lapidary 
machine using 6 in. x 2.5 in. diamond wheels. Opal 
is rather “shocky,” and too coarse of a grit can cause 
chipping, so I selected a 180 grit wheel for the initial 
shaping. From there I used a succession of 260, 600, 
1200, and 14,000 grit wheels to remove the drag lines 
or scratches from each preceding wheel. The final 
shaping and polishing (figure 7) was done with a com- 
bination of cerium and tin oxides in a slurry on a flat 
pad. This is a very messy process, but it produces a 
near-perfect polish. The polishing slurry also re- 
moved the small sand blemishes on the surface. Note 
the two-inch aluminum tape affixed to the top of the 
cover over the polishing pad, which was used to 
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Figure 8. The planning, cutting, and shaping resulted in a 
handful of gem-quality opal. Photo by Theodore Grussing. 


catch excess slurry as it came off the wheel—crude 
but effective. 


Figure 9. The 1,040 ct Molly Stone is currently on dis- 
play at GIA’s campus in Carlsbad, California. Photo 
by Robert Weldon/GIA. 
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The resulting 1,040 ct opal has play-of-color visi- 
ble on virtually every side and from every angle. It is 
difficult to compare this stone with other large opals 
because there are so many variables involved. It is lit- 
erally a handful of gem opal (figure 8), and there are 
few of its size and quality in any collection. 


ABOUT THE AUTHOR 

Mr. Grussing started cutting gemstones and designing jewelry 
in 1976, when he began buying small parcels of opal and turn- 
ing them into gemstones. The gem world spread into the other 
areas of his life, including legal representation of gem dealers 
in his law practice and photographing gemstones. He lives in 
Sedona, Arizona. 
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To view the opal from different angles, and to watch the 
cutting of the rough into a museum-quality piece, visit 


www.gia.edu/gems-gemology/summer-2016- 
challenges-cutting-large-gem-opal-rough, or scan the QR 
code on the right. 
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IN RAINIER’S FOOTSTEPS: JOURNEY TO THE 


CHIVOR EMERALD MINE 


Robert Weldon, Jose Guillermo Ortiz, and Terri Ottaway 


Figure 1. In Colombia’s Sinai Valley, the sandstone monolith of El Pulpito hangs from a steep cliff in the top right. 
The Chivor mine is just out of view above the rock. Photo by Robert Weldon/GIA. 


[: early 2015, our team climbed a steep trail on the 
eastern range of the Colombian Andes, making the 
ascent toward the legendary Chivor emerald mine. A 
string of mules carried our packs, enabling us to bend 
to the task of the steep climb. We were retracing the 
steps of Peter Rainier (box A), a brilliant mine engi- 
neer with a lust for travel and adventure. Rainier 
took over the Chivor mine in 1926 and returned it to 
prominence. He later wrote a book about his experi- 
ences, titled Green Fire. 


See end of article for About the Authors and Acknowledgments. 
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As we clambered along, our gaze took in stark red 
coral trees blazing in full bloom, framed against a 
lush green landscape. We were looking for El Pul- 
pito—’ The Pulpit”—a massive rock jutting out from 
the mountains. Suddenly, its unmistakable silhou- 
ette came into full view ahead of us (figure 1). This 
classic landmark of the Chivor mine hung precari- 
ously over the Sinai Valley as birds of prey glided by. 
Our visit to Colombia’s most venerable emerald 
mine, which has produced some of the world’s finest 
emeralds (figure 2), had begun. 


PREPARATIONS FOR THE JOURNEY 

In 2013, two of the authors were reflecting on 
Rainier’s book and his adventures in search of 
Colombian emeralds. During the discussion we con- 
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Figure 2. This emerald on apatite is from the Klein pit 
at Chivor. Photo by Robert Weldon/GIA, courtesy of 
the Natural History Museum of Los Angeles County. 


sulted John Sinkankas’s encyclopedic Gemology: An 
Annotated Bibliography (1993). Sinkankas’s assess- 
ment of Green Fire was decidedly mixed: 


Written in colorful, sometimes sensational terms, this 
work was not seriously regarded as an authentic record 
of modern emerald mining at Chivor, Colombia, until 
recently.... Nevertheless, the effort is worth it and 
[there are] many solid “plums” in the pudding from 
which solid conclusions can be drawn as to what really 
happened, the methods of mining employed, geological 
formations encountered and their significance insofar 
as bearing emeralds is concerned, specific knowledge 
of emerald occurrence, crystals found, methods of re- 
covery, cleaning, and other data of interest and value. 


Further investigation of the archives at GIA‘s 
Richard T. Liddicoat Library revealed a long-forgotten 
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Rainier file and an album of black-and-white photo- 
graphs, many of which identify him as the photogra- 
pher. The images of Rainier and the mine workers, 
the mountainous landscapes, and the terraced mines 
at Chivor, as well as negatives showing impressive 
emerald crystals, are pieces of a provocative story that 
is all but lost to history. Sinkankas had purchased the 
album during the 1980s and added it to his personal 
library, which was acquired by GIA in 1989. 
Sinkankas also referenced Rainier’s scholarly articles 
about Chivor in his own extensive writings about 
emeralds. 

We decided on a new voyage to Chivor, in part to 
experience firsthand the challenges he might have 
faced. In March 2015, two of the authors, accompa- 
nied by four Colombian locality experts (please see 
the Acknowledgments), several pack mules, and a 
four-wheel-drive vehicle, embarked on a six-day ex- 
pedition (figure 3). 

This article spotlights the fabled Chivor mine of 
Colombia and its unique emeralds through Rainier’s 
observations, archival photos, and the authors’ find- 
ings. To place his story in the proper context, the ar- 
ticle begins with an overview of the Spanish 
conquest of Colombian emerald territories, focusing 
on Chivor, and the ensuing global trade in emeralds. 
Finally, it leads to the rediscovery of the mine, up to 
the start of the Rainier era. 


EMERALD CONQUESTS IN COLOMBIA 

Before the time of the conquistadors, emeralds from 
sources such as Egypt's so-called Cleopatra’s Mines 
and Austria’s Habachtal deposit had long been estab- 
lished in the Old World. The discovery of New World 
emeralds completely upended the world’s under- 
standing of and appreciation for the gem. When 
Hernan Cortés entered modern-day Mexico in 1519, 
he received emeralds from Montezuma as gifts 
(Prescott, 1843). Spaniards throughout the conquered 
territories forcibly extracted information from the in- 
digenous peoples regarding the emerald source, but 
details remained elusive for decades. 

The Spanish originally assumed the source was 
in Peru, where emeralds were abundant among the 
Incas. In 1532 Francisco Pizarro captured and held 
for ransom the Inca emperor Atahualpa, in the re- 
gion that came to be known as Peru. From the Incas 
Pizarro extorted gold and other items of value. An 
astounding treasure-filled room—containing mostly 
gold and silver, but also some emeralds—was assem- 
bled to free the emperor. Atahualpa was executed de- 
spite the delivered ransom, but details of the 
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Figure 3. The Colombian Andes are the source of many historic emerald deposits. Chivor lies on the eastern side of 
the Eastern Cordillera, about 180 km by car from Bogota. The authors drove from Bogota, via Lake Guatavita, to 
the famed emerald deposit at Gachald. From there they drove to Las Cascadas, the site of Peter Rainier’s tea plan- 
tation and home. The rest of the journey was accomplished on foot and by mule, wandering down the Guavio Val- 
ley past Montecristo and on to Chivor. This map shows the Colombian “emerald belt,” a northwest-to-southeast 
emerald-rich zone in the Eastern Cordillera that encompasses Muzo, Cosquez, Chivor, and Gachala. 


treasure fascinated the Spanish. In 1536 the Spanish 
queen issued an order to find the emerald source 
(Lane, 2010). 

Spanish conquistador Gonzalo Jiménez de Que- 
sada reached the Eastern Cordillera of the Andes in 
1537. In this area, a territory he would later call 
Nueva Granada, the Spanish were actively looking 
for emeralds and other treasures, particularly as they 
began to see many more emeralds worn by the native 
Chibcha (figure 4). Quesada founded Bogota in 1538 
(Azanza, 1990). 

Friar Pedro Simon chronicled Quesada’s discovery 
of the first emerald source in his treatise De Las 
Noticias Historiales de Las Conquistas de Tierra 
Firme las Indias Occidentales (1565). He described 
how Quesada finally obtained the whereabouts of an 
emerald deposit called “Somondoco,” named for the 
nearby village where emeralds were sorted by the 
Chibcha (Pogue, 1916). The Somondoco deposits 
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would become known as “Chivor.” Having located 
some mineralized emerald veins, Quesada sent his 


Figure 4. Bogota’s Museo del Oro contains notable 
gold and emerald jewelry worn by the Chibcha. Photo 
by Robert Weldon/GIA, courtesy of Museo del Oro. 
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Box A: PETER W. RAINIER (1890-1945) 


Peter W. Rainier was a descendant 
of British admiral Peter Rainier 
(1741-1808), after whom Mt. 
Rainier in Washington State is 
named. Born in Swaziland in 1890 
in the back of an ox wagon, he 
later attended secondary school in 
Natal. His parents had migrated to 
South Africa from Great Britain in 
the late 1800s, during the Trans- 
vaal gold rush (P.W. Rainier Jr., 
pers. comm., 2015). During his 
youth he traveled extensively throughout South Africa, 
Mozambique, Rhodesia (present-day Zimbabwe), and 
Nigeria. In later years, while in Colombia, he recalled 
growing up in Africa in books such as My Vanished 
Africa and African Hazard. 

Following World War I, Rainier moved to Milwaukee, 
Wisconsin, where he married Margaret Pakel. He was 
hired by a New York-based consortium, the Colombia 
Emerald Development Corporation, to restart operations 
at the abandoned Chivor emerald mine. Rainier moved 
there in 1926, and his family joined him two years later. 

Green Fire, a memoir chronicling his adventures, was 
published in 1942, long after his departure from Colom- 
bia. It became a literary success, and MGM eventually li- 
censed his book for a 1954 movie of the same title but 
only a vaguely similar plot, starring Grace Kelly and 
Stewart Granger. His descriptions of the firm that hired 
him are veiled and generally unfavorable, though he had 
turned Chivor into a very profitable mine during his time 
as manager between 1926 and 1931. An undated Colom- 
bian newspaper clipping from GIA’s Rainier archives de- 
scribes production from the mine: “10,000 carats of 
Emeralds Reach the Capital: Yesterday, the administrator 
of the Chivor mine reached Bogota, bringing with him a 
huge quantity of first-rate emeralds, the majority of them 
gotas de aceite.” This term, Spanish for “drops of oil,” is 
often used in the trade to designate high-quality emeralds 
(figure A-1; see also Ringsrud, 2008). 

With Margaret, Rainier also established South Amer- 
ica’s first commercial tea plantation at Las Cascadas, set 
on a high slope in the Guavio Valley. His family and the 
plantation held Rainier’s attention during downtime at 
the mine, or when bandits temporarily overran the con- 
cession. After Margaret succumbed to illness in 1938, 
Rainier abruptly lost interest in Colombia (P.W. Rainier 
Jr., pers. comm., 2015). He departed for Egypt, where he 
eventually remarried. Since Rainier’s departure, the his- 
torical landmark has fallen to ruin. 

Like his namesake, Peter Rainier had a distinguished 
military career. He fought in both world wars—in 
Namibia (then South-West Africa) against the Germans 
in World War I, and with the British Army Corps of 
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Figure A-1. This Chivor emerald and diamond bib 
necklace contains 36.02 carats of emerald briolettes, 
18.34 carats of step-cut Chivor emeralds, and a 5.08 ct 
center diamond. Photo by Robert Weldon/GIA, cour- 
tesy of Pioneer Gems. 


Royal Engineers against Field Marshal Erwin Rommel’s 
forces in World War II. One of Rainier’s feats was the 
construction of a freshwater pipeline, which he tested 
with salt water. Rommel’s troops overran the position 
to control the water supply, but upon drinking the salt 
water, over a thousand Germans surrendered at El 
Alamein (“A drink that made history,” 1943; “Major 
Rainier’s water line...,” 1944). 

Details of these feats were included in another one 
of his books, Pipeline to Battle. His engineering skills in 
North Africa earned him the nickname “The Water 
Bloke.” Rainier achieved the rank of major with the 
British Eighth Army and was posthumously awarded 
with the Order of the British Empire, Military Division. 

Following his military service, while the war was 
still being fought, Rainier toured North and South Amer- 
ica, lecturing and raising funds for the British war effort. 
In 1945, while traveling in Canada to report on a mining 
property, he was severely burned in a hotel fire in Red 
Lake, Saskatchewan. He died from his injuries in Win- 
nipeg on July 6, 1945. A military funeral took place in 
Toronto, and his remains were buried at Flagler Memo- 
rial Park in Miami. 
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captain, Pedro Fernandez Valenzuela, and 40 men to 
investigate. Sim6n describes the moment: 


Following much work, some [emerald crystals] of all 
kinds, good and not so good, were extracted. Under- 
standing that a greater number of workers and instru- 
ments were needed to properly work the veins, 
[Valenzuela] returned to Turmequé to tell the general 
all about his findings, and to relate about the great 
[plains of the Orinoco River] that he had discovered 
from the heights of the mines, which could be seen 
through an aperture in the Sierras, towards the east, or 
where the sun rises. The general was duly impressed. 


In 1537, the town of Tunja was conquered, and 
nearly 2,000 emeralds were seized (Sinkankas, 1981), 
suggesting that emeralds from Somondoco were being 
traded among the Chibcha. It is now known they were 
in fact traded with other cultures for hundreds of 
years—as far north as Mexico with the Aztecs, and to 
the south with the Incas. Chivor is singled out by his- 
torians as the source of the first emeralds traded in the 
Americas, and the first to be exported to the rest of the 
world following the Spanish conquest. 

With the discovery of Muzo a year later and pro- 
duction beginning around 1558 (Sinkankas, 1981), 
Nueva Granada became the world’s most important 
emerald source. The quantity of goods finding their 
way to Europe was so large that prices temporarily 
dropped (Ball, 1941). Colombian emeralds were ini- 
tially greeted with some suspicion on the continent, 
perhaps because there was such a sudden influx of 
them, or because they were deemed too good to be 
true. One author (de Arphe y Villafafie, 1572) claimed 
that the new ones were worth only half the price of 
their Egyptian counterparts. 

Despite these initial misgivings, the emeralds 
from Chivor and later Muzo were impossible to ig- 
nore. The crystals were often large, with a profoundly 
saturated green color—so superior to Egyptian and 
Austrian emeralds that those ancient deposits were 
destined to fall out of favor (figure 5). Emerald fever 
took hold of the conquistadors. In Nueva Granada, 
the Spanish heard of a legendary place called 
Guatavita, where a man coated in gold dust was cer- 
emonially immersed into a round mountain lake. It 
was said that emeralds and gold objects were tossed 
into these waters as offerings to the Sun God, known 
as El Dorado. This legend only fueled the Spaniards’ 
search for treasure. 

As emeralds from Chivor began to be exported to 
Europe, the conquistadors took local chieftains pris- 
oner and held them for ransom to extract the locations 
of other mines and the legendary El Dorado. Local 
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Figure 5. In the 16th century, Colombian emeralds 
such as these approximately 15 ct doubly terminated 
hexagonal crystals began to redefine quality stan- 
dards for the gem. Photo by Robert Weldon/GIA, 
courtesy of Museo de la Esmeralda. 


populations were enslaved to mine for emeralds. 

At Chivor, a 20 km aqueduct, built from rock with 
Spanish engineering and Chibcha slave labor, was 
used to bring water to the mine. The water was gath- 
ered in holding ponds called tambres, while the min- 
ing took place along the steep hillsides. After the 
emerald veins were exposed and the gemstones were 
carefully extracted, the tambres were opened, allow- 
ing the sudden rush of water to wash mining debris 
and overburden downhill (Johnson, 1961). 


THE EMERALD TRADE 

Spain was the principal importer of Colombian emer- 
alds, though most did not stay there and surprisingly 
few emeralds remained in the royal treasury (Sin- 
kankas, 1981). It is generally accepted that emeralds 
entering Spain were dispersed throughout the conti- 
nent, mostly in trade for gold, which was the most liq- 
uid of assets. In short, plunder from the New World 
helped build Spain’s treasure fleet and ultimately the 
Spanish Armada, further enabling Spain’s imperial am- 
bitions (Lane, 2010). Principal buyers of the emeralds 
were European royalty, clergy, and aristocrats. 

In Europe, Colombia’s emeralds appeared in jew- 
elry trading and manufacturing centers such as Am- 
sterdam and London. The Cheapside Hoard in the 
Museum of London, containing treasures concealed 
during the Elizabethan era, includes as its centerpiece 
a 17th-century emerald watch. The large hexagonal 
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emerald containing the watch movement is identified 
as from Muzo. It would have arrived in London in the 
early 1600s, scarcely 50 years after the discovery of 
that Colombian source (Forsyth, 2013). 

Emeralds were also traded for other commodities 
in the Far East (figure 6): textiles, spices, pearls, and 
other gems. It is believed that emerald commerce 
was often clandestine, as its high value was con- 
cealed in small packages that could be easily trans- 
ported (Lane, 2010). 

On the other side of the Tordesillas line, which 
effectively divided South America between Spain and 
Portugal, the Portuguese did not find emeralds in 
Brazil. They searched for several centuries, with little 
to show (Weldon, 2012). But emeralds from Colom- 
bia were exported by Spain as far away as Goa, India, 
where the Portuguese flourished (figure 7). According 
to Jacques de Coutre, one of the European merchants 
who traded in the area in the late 1500s and early 
1600s, “It is very true that all parts of the world send 
pearls, emeralds, rubies and jewels of great value to 
East India and everyone knows full well that they 
ended up in the hands of the Great Mughal” (Vassallo 
and Silva, 2004). 


Figure 6. The 75.45 ct Hooker emerald possesses an 
exceptional bluish green color and clarity that are 
often associated with the finest emeralds from 
Chivor. Once owned by Abdul Hamid II, who report- 
edly used it as a belt buckle, the emerald was ac- 
quired by Tiffany & Co. in 1911. It was refashioned 
as a pin and is now part of the National Gem Collec- 
tion at the Smithsonian Institution. Photo by Robert 
Weldon/GIA, courtesy of the Smithsonian Institution. 
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Figure 7. The Maharaja of Indore necklace (also 
known as the Spanish Inquisition necklace) has 
resided in the Smithsonian’s National Museum of 
Natural History since 1972. The center emerald (ap- 
proximately 45 ct) and the barrel-shaped emeralds 
from Muzo and Chivor were cut in India in the 17th 
century. They are accented with Indian diamonds 
from Golconda. Photo by Robert Weldon/GIA, cour- 
tesy of the Smithsonian Institution. 


Colombian emeralds were particular favorites of 
the Mughal rulers during the 1600s, such as Jahangir 
and Shah Jahan, who amassed gem treasures of incal- 
culable value (Dirlam and Weldon, 2013). Many of 
these jewels—and the largest known single collec- 
tion of emeralds—ended up in Persia, in present-day 


Gems & GEMOLOGY SuMMER 2016 173 


at one Australian locality, Kangaroo Island, 
off the South Australian coast. Red, blue, 
and green varieties have been found. Some- 
times color zoning is shown. This together 
with color banding is a frequent feature of 
tourmaline. 

Opal: As with most other gem minerals 
there are two varieties of opal, precious and 
common. The common variety is of world- 
wide abundance, but the precious variety is 
a much prized rarity. Precious opal is Aus- 
tralia’s most important gemstone. 

The great beauty of precious opal is due 
to its play of colors which is not caused by 
any pigmenting agent but wholly by the 
behavior of white light when it enters the 
stone. In White Opal the colors appear in 
a white background, in Black Opal the play 
of colors appears in a black background. 
Other almost self-explanatory terms are used 
to describe other precious varieties such as 
Harlequin Opal, Pinfire Opal, and Flash 


Opal, Before the discovery of the famous 
Australian fields in New South Wales, 
Queensland, and South Australia, opal was 
found only in isolated parts of Hungary, 
Mexico, and U.S.A. and then in nothing 
approaching the quality, abundance, and 
variety of Australian occurrences. In these 
foreign localities the gem occurs filling cavi- 
ties in volcanic rocks. Although this type of 
occurrence is found to a very limited extent 
in Australia at Tintenbar on the north coast 
of New South Wales and at the Abercrom- 
bie River, also in New South Wales, the 
Principal occurrences are quite unique. It is 
no accident that the principal opal fields 
are situated in arid regions. During the 
Tertiary period some 30,000,000 years ago, 
on the, surface of inland Australia, were 
found sedimentary rocks that had been de- 
posited under matine conditions many mil- 
lions of years before. Under the prevailing 
conditions of alternating wet and dry sea- 


* A prospector starts a hole in a new area in an attempt to discover 
new deposits of opal near Andamooka. This hole was sunk 43 feet 


into the ground. 


Figure 8. This Mughal emerald (front and back views) 
incorporates a floral motif inlaid with gold and Gol- 
conda diamond accents. An inscription is barely dis- 
cernible. From Colombia the gem made its way to 
India and was fashioned during the Mughal era. Photo 
by Robert Weldon/GIA, courtesy of Dhamani. 


Iran (Meen and Tushingham, 1969). Important emer- 
alds were skillfully carved with floral motifs and in- 
scriptions from the Koran (figure 8). 

Emeralds recovered by treasure hunter Mel Fisher 
from the Spanish galleon Nuestra Sefiora de Atocha 
in 1985 offered insight into how emeralds were ex- 
ported from the New World. The Atocha, which 
sank off the coast of the Florida Keys in 1622, was 
part of a fleet that left port from Cartagena, bound 
for Spain via Havana. The ship was loaded with silver 
and gold ingots as well as loose emeralds and emerald 
jewelry, items that were detailed on its manifest. The 
ship’s course and the type of cargo it carried revealed 
the supply chain of emeralds destined for Europe and 
Asia via Spain (Kane et al., 1989). During the colonial 
period, this trade would last the better part of two 
centuries (figure 9). 

The first recorded mine concession at Chivor went 
to Francisco Maldonado de Mendoza in 1592 (Lane, 
2010). A year later, realizing that the Chibcha were 
being exterminated, Spain issued a royal decree re- 
garding humane treatment of the miners. In 1602 
King Philip Il demanded that the laws be enforced, 
but it was already too late: The Chibcha labor force 
had been almost entirely decimated. Muzo, which 
had been worked since around 1558, promised a 
much richer volume of production. 

After a few more decades of sporadic mining, the 
concessions at Chivor were finally deserted in 1672, 
following an order by Spain’s Carlos II to close the 
mine (Sinkankas, 1981; Macho, 1990). Over the next 
two centuries, the abandoned workings were over- 
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Figure 9. The cross pendant and chain pictured here 
are part of the wreckage of the Nuestra Senora de 
Atocha, which sank in 1622 en route to Spain. Cour- 
tesy of Eileen Weatherbee. From left to right: a 422 ct 
emerald crystal from Cosquez, courtesy of Roz and 
Gene Meieran; a collection of elongated crystals from 
an unknown mine, courtesy of Ron Ringsrud; and the 
982 ct Angel of the Andes (far right), one of the largest 
emerald finds from the Chivor region, courtesy of Roz 
and Gene Meieran. Photo by Robert Weldon/GIA. 


taken by jungle. With Chivor shuttered, the principal 
focus shifted toward Muzo (Ringsrud, 2009). A time- 
line of important events in Chivor’s history is shown 
in figure 10. 


REDISCOVERY OF CHIVOR 

Colombian mining engineer Francisco Restrepo had 
researched legends about the lost mines of Somon- 
doco in the late 1880s, visiting the national library 
to gather information from its archives. His research 
yielded Friar Sim6n’s extensive account, forgotten for 
almost two centuries. Friars were often paid in gold 
or emeralds after a conquest and therefore had 
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Notable Events in Chivor History 
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Figure 10. Rainier’s time at Chivor was brief in the history of one of the longest-running gem mines in the world. 
Chivor’s two centuries of dormancy, after the Chibcha and Spaniards abandoned the claims, stand in stark con- 


trast with its otherwise productive life. 


unique insights into these commodities. Sim6n’s per- 
ceptions were later detailed in a series of volumes. 
Similar reports came from the writings of another 
friar, Pedro Aguado. Based on those early descriptions 
of the location, Restrepo spent about eight years 
searching the Eastern Andes before finding the lost 
mine in 1896 (Rainier, 1942; Johnson, 1961; G. Ortiz, 
pers. comm., 2015). 

Restrepo did as many miners do: He diversified, 
controlling concessions at Chivor, which were not 
overseen by the Colombian government (a peculiar 
consequence of the 1593 royal order). By the early 


1900s, Restrepo also had interests in the government- 
owned Muzo mine. He worked both mines for a 
dozen years, earning him great respect in the annals 
of Colombian mining. In 1911, Fritz Klein came from 
Idar-Oberstein to join him. Klein’s connections with 
the Colombian president allowed him to travel freely 
through many of the emerald mining regions, a priv- 
ilege few foreigners could claim. The tales of his ad- 
ventures and emerald mining at Chivor with 
Restrepo are related in his 1925 book, Smaragde 
Unter dem Urwald (Emeralds Under the Jungle), the 
first extensive account of the mine (figure 11). 


Figure 11. Fritz Klein wrote the first detailed account of the Chivor mine, which includes the hand-painted plate 
by Walter Wild on the left. The plate shows typical Chivor emerald presentations, such as the rare hollow crys- 
tals on the top right, called esmeraldas vasos (“emerald cups”), courtesy of Dieter Thomas Klein. The esmeraldas 
vasos from Chivor on the right weigh 14.19 carats total. Photo by Robert Weldon/GIA, courtesy of Museo de la 


Esmeralda. 
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Figure 12. Left: Justo Daza, pictured here next to an extension of the Spanish aqueduct, is one of the most famous 
emerald miners in Chivor’s history thanks to his discovery of the Patricia emerald, a 632 ct colossus that resides at 
the American Museum of Natural History. Courtesy of Gonzalo Jara. Right: An illustration of the Patricia emer- 
ald, from Fritz Klein’s Smaragde Unter dem Urwald, courtesy of Dieter Thomas Klein. 


Klein left Colombia around 1914 to fight for Ger- 
many in World War I, but he later returned to oversee 
mining operations for Restrepo. In January 1921, a 
mine worker named Justo Daza (figure 12, left) un- 
covered what seemed to be a productive vein and 
pocket. Klein recalls immediately reaching into the 
vein “up to his elbow” and pulling out small albite, 
apatite, and quartz crystals. Reaching in farther, he 
closed his hand over a large object, which he with- 
drew and immediately put in his pocket without 
looking at it. “If what is in my pocket is an emerald, 
I will have fulfilled my contract,” he told a colleague 
(Klein, 1925). 

The doubly terminated hexagonal crystal that 
emerged from his pocket was the 632 ct Patricia 
emerald (figure 12, right), now housed at the Ameri- 
can Museum of Natural History in New York City. 
For his part, Daza is said to have received about $10 
(Keller, 1990). Chivor had intermittent mine man- 
agers after this, most notably C.K. MacFadden and 
W.E. Griffiths. 


THE RAINIER ERA 

Perched on a slope overlooking the Sinai Valley, the 
emerald deposits at Chivor cling to Colombia’s east- 
ern Andes. In the deep valleys 1,220 meters below, 
the confluence of the Rucio and Sinai rivers forms 
the Guavio River, which help frame the Chivor de- 
posits. Shortly after his arrival in 1926, Peter W. 
Rainier planted an iron stake into El Pulpito at the 
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edge of the Chivor concession. From this vantage 
point, he commanded a view through a gap in the 
Montecristo range before him. He gazed into the dis- 
tance at the Ilanos, the grassy flatlands of the 
Orinoco River delta (figure 13). 


Figure 13. Because he was usually the photographer, 
portraits of Peter W. Rainier are rare. Beneath this 
photo, he began writing an essay on his years at 
Chivor. Courtesy of P.W. Rainier Jr. 
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“Andean scenery is deceptive. So huge in its con- 
ception, that one could drop an ordinary mountain 
range into one of its great valleys,” he later wrote in 
Green Fire. The Chivor mine was the only point in 
the inner Andean ranges of the district from which the 
Ilanos of the Orinoco could be seen, and that distant 
view had provided the only clue to the rediscovery of 
the mine...” 

The iron marker reaffirmed the locality’s bound- 
ary, abandoned since Francisco Restrepo had worked 
the claims in the late 1800s and early 1900s. For 
Rainier, it was also symbolic, marking the beginning 
of his emerald mining odyssey (Rainier, 1942). Lay- 
ing claim to Chivor is but one of the challenges 
many have faced in mining emeralds from this 
mountaintop locality. The engineers and geologists 
who grapple with finding “green fire” at Chivor 
must deal with the logistical challenges of this steep 
and highly inaccessible locality (figure 14), which 
some have described as “vertical real estate” (John- 
son, 1961). 

Getting themselves and their equipment to the 
remote location, transporting emeralds out of Chivor 
safely, finding suitable food, battling malaria and yel- 
low fever (Rainier, 1942), and occasionally dealing 
with poisonous snakes, jaguars, and caimans in the 
rivers were their daily concerns. Then there were the 
arduous tasks of obtaining good, trustworthy labor 
and dealing with unpredictable roving bandits. There 
was no town of Chivor in those early days, so mine 
provisions, food, and equipment had to be brought in 
across the Andes by horse. 

In addition to those physical challenges, Rainier 
had to deal with the demands of his employer, the 
Colombia Emerald Development Corporation. The 
company’s executives had no idea about the diffi- 
culty of mining emeralds at Chivor. They expected 
him to find the mine and bring it into production im- 
mediately. But in addition to reopening the mine, 
clearing the debris around it, learning a new lan- 
guage, and hiring mine workers, Rainier had to actu- 
ally locate the mineralized veins and start producing 
emerald. After hiring local Chibcha and toiling for 
weeks to build the mining infrastructure, he received 
a cable from his employer: “As the mine still contin- 
ues to operate at a loss, the Board has regretfully de- 
cided to close it down as the funds to its credit in 
Bogota are exhausted. You will reserve sufficient of 
these funds to reimburse you for the unexpired por- 
tion of your six months’ contract...” (Rainier, 1942). 

Rainier decided to ignore the cable, and within a 
week his foreman announced the discovery of the 
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Figure 14. Workers clear jungle and prepare ter- 
races along the mineralized zones. Courtesy of P.W. 
Rainier Jr. 


first emerald vein. Rainier (1942) described them as 
“tiny hexagonal crystals, the dark green of still water 
and with the green a trace of blue” (figure 15). 
Rainier had a way of galvanizing the workers, in- 
spiring them to redouble their efforts (figure 16). He 


Figure 15. A miner at Chivor holds up chispas 
(sparks), the name given to small hexagonal emerald 
crystals with a vivid color and a hint of blue. They 
are often indicators of larger emeralds in a vein. 
Photo by Robert Weldon/GIA. 
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told the crew that they had only “caught the tail of 
the tiger” and that an even greater reward awaited 
the person who found the first marketable emerald. 
After Rainier cabled back the success of his finds, the 
company announced a six-month extension of his 
contract, giving him time to actually bring Chivor 
into production. About two months later, a veteran 
miner named Epaminondas, who had worked for 
Francisco Restrepo two decades earlier, uncovered a 
much richer vein. Such a find required discretion, as 
a highly valuable vein could be emptied out 
overnight. 

Epaminondas “lifted one prehensile foot, sole up- 
ward for me to see,” Rainier wrote in Green Fire. 
“Between the first and second toes was a glimpse of 
green. I held up my open palm and an emerald fell 
into it. If I live to be a hundred I shall never forget 
that stone.” 

Very soon the Chivor mine was fully terraced 
along its steep sides, and the emerald veins were sys- 
tematically exposed (box B). 

In 1929, Rainier published an article for mining 
engineers titled “The Chivor-Somondoco emerald 
mines of Colombia,” in which he disclosed Chivor’s 
production (in carats) during his time there. In it 
Rainier highlighted an upward trend in quantity and 
quality (color 1 being the best, color 5 a pale green), 
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Figure 16. Left: During 
Rainier’s time, workers 
pried open mineralized 
veins using long iron 
bars, and the work was 
done along terraces in 
an open-pit setting. For 
environmental reasons, 
most mining now takes 
place in underground 
tunnels, using jack- 
hammers. Photo cour- 
tesy of P.W. Rainier Jr. 
Right: Rodrigo Rojas, a 
miner at Corte de los 
Gavilanes in Chivor, 
takes a break from the 
difficult underground 
work in the carbona- 
ceous black shale. 
Photo by Robert Wel- 
don/GIA. 


which he believed spelled a bright future for the 
mine: 


YEAR Color1 Color2 Color3 Color4 Color5 — Total 

1926 0 3,170 400 11,500 28,400 43,470 
1927 0 4,592 11,936 15,554 5,443 37,525 
1928 0 505 10,668 4,299 7,240 22,712 
1929 200 4,985 10,135 0) 120 15,440 


Emeralds from Chivor began showing up in world 
markets. News of Rainier’s successes traveled 
quickly, inevitably making its way into Colombia’s 
underworld. “[T]he revolver in full view of my hip 
tended to discourage anyone from being too inquisi- 
tive about the contents of my saddle wallets,” Rainier 
wrote in Green Fire. “This was a method of carrying 
valuables that I followed throughout my four years at 
Chivor, four years in which I was to carry enough 
valuable emeralds into Bogota to seriously disturb the 
equilibrium of the world’s emerald market.” Green 
Fire devotes an entire chapter to “Joaquin the Bandit,” 
who first tried to dispute the legality of the company’s 
claim at Chivor. Once the legal matter subsided, the 
battle for control of the mine turned violent. 

In 1931, at the height of production—with a total 
of 46,250 carats produced (Sinkankas, 1981)—Rainier 
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lost control of the mine. Not because of the bandits, 
though they returned later, but because his employ- 
ers unexpectedly closed the mine, just as promising 
new emerald veins were being uncovered. With the 
American stock market crash of 1929, many in- 
vestors’ funds were drying up, as was consumer in- 
terest in buying the gems. 

Having to vacate the mine at such an auspicious 
time was a sad moment for Rainier. As he feared, 
Joaquin and his bandits moved in on Chivor. Rainier, 
with veteran emerald miner Chris Dixon and his two 
sons, ultimately drove out the bandits during a night- 
time raid, using guns and dynamite, even though the 
mine was no longer under his control (figure 17). In 
fact, Rainier began working the Muzo deposit under 
separate contract in 1933 (Sinkankas, 1981). In a wry 
touch, Rainier dedicated Green Fire in part to 
“Joaquin the bandit, who challenged me to a duel and 
was the most evil man I ever met.” Rainier responded 
by proposing that the duel take place in a crowded 
marketplace using bricks at five paces. The bandit, 
outwitted, dropped the challenge. Again and again, 
Rainier skillfully outmaneuvered Joaquin, who con- 
stantly sought to ambush and kill his sworn enemy. 

Rainier describes one tense standoff: “For a long 
time Joaquin and I stood breast to breast, while his 
Adam’s apple oscillated violently. Then he moved 
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Figure 17. These miners 
defended Chivor from 
armed bandits. Chris 
Dixon stands fourth 
from the left, with his 
two sons on either side. 
Peter Rainier is on the 
far right. Courtesy of 
GIA. 


back slightly. I followed at once. If he should ever at- 
tain a distance from me I was sunk. Once his re- 
volver was out of the reach of my hand he would 
have me at his mercy.” 

According to his son, Peter W. Rainier Jr., “After 
my father retook Chivor from the bandits, he went 
back to help run the mine while my mother looked 
after Las Cascadas. They would communicate each 
night by 18-inch flashlights, as the Chivor peak was 
across the valley, 15 kilometers down the Guavio 
River. That way he could reassure her he was okay.” 

His wife Margaret’s death precipitated Rainier’s 
departure from Colombia in 1938. Chris Dixon and 
a succession of others managed Chivor after Rainier. 
Russ Anderton, who had previously worked in Cey- 
lon and India as a gem buyer, was on-site briefly in 
the early 1940s. He wrote a book about his own ad- 
ventures in Ceylon and Chivor, titled Tic Polonga 
(1953). Chivor in the 1940s and 1950s had not 
changed appreciably since the Rainier era. Manuel 
Marcial de Gomar, a Florida-based jeweler specializ- 
ing in Colombian emeralds who worked at Chivor as 
an interpreter for Anderton, noted that horses were 
still required. So were weapons. Marcial de Gomar 
recalled that there were government-issued revolvers 
for those working the district. 

“When you stopped at an inn after a day of travel, 
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Box B: THE HUNT FOR EMERALDS 


Lightning seldom strikes in the same place twice, let 
alone hundreds of times. The odds facing an emerald 
miner are equally daunting. Gem minerals are notori- 
ously difficult to find, especially those in situ rather than 
in secondary sources (figure B-1). Even when they are dis- 
covered, only a tiny fraction (0.01%) have the superlative 
color, size, and transparency to be used in magnificent 
jewelry (Sinkankas, 1981). 

Emerald is arguably the most elusive of the legendary 
gems. Emeralds are typically found associated with peg- 
matites in Brazil, Zambia, Austria, South Africa, Zim- 
babwe, Pakistan, and Russia (Kazmi and Snee, 1989). 
These coarse-grained rocks are carriers of beryllium, the 
key component of emerald. Knowing this association 
gives the emerald miner an edge when determining where 
to explore and where to mine. In contrast, the emeralds 
found in Colombia occur in black shales and limestones 
rich in organic matter, without the benefit of pegmatites 
to point the way (Keller, 1981, Ringsrud, 2009). 

Colombia’s emerald-producing region stretches from 
the Muzo, Cosquez, Yacopi, and Penas Blancas mining 
areas in the western zone of the Eastern Cordillera to the 
Chivor areas in the eastern zone. In both zones, emeralds 
occur within alternating beds of limestones and shales. 
Mineralization is limited to certain strata where it occurs 
in veins in the folded, fractured sediments (Oppenheim, 
1948, Anderton, 1950; Sinkankas, 1981; Banks et al., 
2000). 

At Chivor, emeralds are found sporadically within 
thin albite-pyrite veins that run parallel to the bedding of 
the sediments. There is rarely any indication that a par- 
ticular vein may produce (figure B-2). With any luck, one 
might encounter small pieces of the pale green opaque 
beryl known as morralla. But even the presence of mor- 
ralla does not guarantee that gem-quality emerald will be 
encountered farther inside the vein. If it is, “a single 
emerald vein can yield anywhere from a few grams up to 


Figure B-1. Emeralds in matrix, measuring 11.88 x 10.06 
cm, from the Chivor mining district. Photo by Robert 
Weldon/GIA, courtesy of Museo de la Esmeralda. 
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Figure B-2. An emerald vein is pried open by hand so 
as not to break the valuable crystals. Photo courtesy of 
Gonzalo Jara. 


6,000 grams of fine emerald crystals—a king’s ransom” 
(Rainier, 1929, 1942). 

The productive strata, which lie in the Cretaceous 
Guavio formation, are at least 1,000 meters thick (John- 
son, 1961; Sinkankas, 1981; Keller, 1981). Peter Rainier 
was an experienced mining engineer with a skill for read- 
ing the rocks. He noted that within the productive strata 
there are three horizontal “iron bands” about 50 meters 
apart and up to 1 meter thick that delineate the emerald 
zones (figure B-3). The bands are comprised of weathered 
iron oxides (limonite-goethite) along with pyrite. Emer- 
alds occur predominantly in the beds below the second 
and third lower bands. During Rainer’s time, 75% of the 
emeralds mined came from below the bottom iron band, 
which is 30 to 182 meters thick (Rainier, 1929; Johnson, 
1961). Guided by these observations and noting the subtle 
changes in texture between the productive strata before 
it bottomed out to barren strata, Rainier was able to make 
Chivor a profitable producer of fine emeralds once again 
(Rainier, 1942). 

Using production figures and his knowledge of how 
much rock had been removed, Rainier calculated the ratio 
as 16 cubic meters of rock per carat of emerald (1 carat = 
0.2 gram). Renders (1985) and Renders and Anderson (1987) 
took the next step, using Rainier’s figures to calculate the 
amount of beryllium in solution required to precipitate the 
beryl/emerald yield. The numbers show that the solutions 
were not as rich in beryllium as once thought. An ex- 
tremely low beryllium concentration of 10~’ (0.0000001) 
moles per kilogram of solution would account for the 
quantity of emerald estimated to occur in a vein space of 
5,000 cubic meters. Analysis of the organic-rich black 
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Figure B-3. This photo of the main workings at Chivor was taken by Peter Rainier in 1930. It shows the mountainside 
laid bare and terraced, with groups of miners using long steel rods to remove dirt, hoping to find elusive emerald veins. 
Once the gems were removed, a tambre was released to wash debris downhill, a technique employed by the Spanish 
using Chibcha aqueducts. Rainier described the location of the emerald zone, which is denoted by the red “X.” Cour- 


tesy of P.W. Rainier Jr. 


shales showed 3 ppm on average, more than enough to pro- 
duce the observed quantities of beryl (Beus, 1979). 

There is a strong regional and local association be- 
tween emerald deposits and evaporites (Oppenheim, 
1948; McLaughlin, 1972; Banks et al., 2000). Evaporites 
produced by the evaporation of seawater form large beds 
and salt domes of gypsum (hydrous calcium sulfate) and 
halite (sodium chloride). Their significance becomes ap- 
parent when one examines the fluid inclusions in emer- 
ald. Halite crystals (figure B-4) are a common component 
pointing to the high salinity of the emerald-forming so- 
lutions (Roedder, 1963; Kozlowski et al., 1988; Ottaway, 
1991; Giuliani et al., 1995). 

We now know that emeralds in the Colombian de- 
posits, from Chivor to Muzo, formed from hot evaporitic 
brines at 330°C. In key areas, these brines reacted with or- 
ganic matter in the shales. The subsequent thermochem- 
ical process of sulfate reduction oxidized the organic 
matter to carbon dioxide, releasing organically bound 
beryllium, chromium, and vanadium (Ottaway, 1991; Ot- 
taway et al., 1994; Giuliani et al., 1995). The resulting pres- 
surized solutions were forced into fractured shales and 
limestones, where they precipitated albite and emerald. 
Hydrogen sulfide generated during the sulfate reduction 
process combined with the available iron to precipitate the 
large amounts of pyrite, including the now-weathered iron 
bands, found in the emerald-producing areas. This latter 
step was critical, because removal of iron from the hy- 
drothermal system meant that it could not be incorporated 
into the emerald. This allowed the chromophores 
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chromium and vanadium to impart the beautiful blue- 
green color and provide an underlying red fluorescence (un- 
quenched by the presence of iron) that makes the 
material’s color so luminous (Nassau, 1983). 

The remarkable consistency in the geology of Colom- 
bian emerald deposits and in the fluid inclusion composi- 
tion suggests that the hydrothermal systems at work 
operated under favorable structural settings (fault zones) 
and associations of evaporites and organic matter (Beus, 
1979; Ottaway, 1991; Ottaway et al., 1994; Branquet et al., 
1999). While the possibility of more Chivors and Muzos 
waiting to be discovered is tantalizing, they are relatively 
tiny targets in the steep, often inaccessible terrain. 


Figure B-4, Three-phase fluid inclusions of halite, water, 
and carbon dioxide are typical of Colombian emeralds. 
Photomicrograph by Nathan Renfro; field of view 0.91 mm. 
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Figure 18. Willis F. Bronkie on his way to Chivor, 
circa 1950. Photo courtesy of Gonzalo Jara. 


es 


it was important not to get the room above the bar,” 
Marcial de Gomar said. “If there was any revelry in 
the bar, those who shot in the air were liable to kill 
the guest above.” 

Another notable resident at the mine was Willis 
F. Bronkie (figure 18), who became the appointed 
trustee of Chivor Emerald Mines in 1956 and ran the 
company until the early 1970s. Peter Keller, a noted 
expert on Colombian emeralds, asserted that Rainier 
and Bronkie were Chivor’s two “famous superintend- 
ents” and credited Bronkie with saving the Chivor 
mines from bankruptcy in the 1950s (Keller, 1981). 

While two main mining sections remain, named 
Chivor 1 and Chivor 2. by Restrepo, a multitude of 
smaller claims have sprung up along either side of the 
Sinai Valley. There is no accurate count of these inde- 
pendent claims today. Current production figures re- 
main unknown, as distrust among the claimholders 
pervades. Independent observers suggest that because 
there are so many other mines throughout Colombia, 
Chivor only accounts for about 10% of the country’s 
total output (Morgan, 2007). According to emerald 
dealer Gonzalo Jara, “Chivor has been producing, over 
the past ten years, a flow of emeralds which fluctuates 
between dry, very small quantities to occasional high 
yield times. In this sense, one could state that Chivor 
is a constant producer, year by year, but how much? 
Nobody knows.” 

At the main emerald market, Bogotd’s Calle 
Jimenez, and at the offices and cafés around the emer- 
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ald district, industry veterans examine crystals that 
materialize from dealers’ pockets and declare their 
brightness and bluish traces to be “typical” of Chivor’s 
emeralds, though there is no actual proof. Emeralds 
from Chivor continue to enter the market, but with 
the 2013 death of Muzo emerald czar Victor Carranza 
(at one time a part owner of Chivor) and mine owner 
Victor Quintero’s death in 2015 and the ensuing dis- 
position of the mines, production has remained con- 
sistently low. 


THE ROAD TO CHIVOR 
Getting to Chivor nearly a century after Rainier (figure 
19), we experienced far easier travel conditions—and 
no bandits. From Bogota we drove about 120 km east 
past Gacheta to Gachala. Both regions have emerald 
concessions, though this was not known in the 1920s. 
Our group then began ascending the Andes past La 
Vega de San Juan, site of arguably the finest emeralds 
ever found in Colombia. One such gem was the 1967 
find of the Gachala emerald, a superb 858 ct gem crys- 
tal eventually donated to the Smithsonian Institution 
by jeweler Harry Winston. Rainier would have trav- 
eled this route or a similar one, passing through the 
communities of Guateque and Choconta by a grueling 
combination of train, truck, and horseback (figure 20). 
We descended increasingly rocky terrain toward 
the settlement of Palomas at the entrance to the 
Guavio Valley, past emerald workings. Our immedi- 
ate destination was Las Cascadas, Rainier’s estate 
and tea plantation (figure 21). The team walked the 
high mountain paths of the great Guavio Valley. 
Climbing from the main road toward the compound 
took 45 minutes but offered spectacular views of our 
ultimate destination: the mines at Chivor, approxi- 
mately 15 km away. It is easy to see why the valley 
would have enthralled Rainier, a natural wanderer 
and explorer. Mountain rifts in the valley contain 
magnificent trees with flowering bromeliads, and 
waterfalls often cascade for hundreds of meters: 


Their music was in our ears that first night I spent with 
my family in the rough camp in the forest, and it re- 
mained as an accompaniment to our every action dur- 
ing the years we lived there. Pianissimo when the falls 
were mere feathery wisps in the dry season, a roaring 
crescendo when the rains of the wet season lashed the 
peaks above and the mountain torrents leaped from the 
terraces in solid columns of water (Rainier, 1942). 


The compound was imposing nearly a century ago, 
the only place with electricity for hundreds of kilome- 
ters. Taking advantage of the abundant hydroelectric 
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Figure 19. A panoramic view of the principal mining claims at Chivor in 2015. Photo by Robert Weldon/GIA. 


power for daily needs and the farm, Rainier installed 
a water turbine. Las Cascadas, the first tea plantation 
in South America, was administered by Mrs. Rainier. 

Rainier describes journeying from Las Cascadas 
to Chivor, dawn to dark, negotiating steep Andean 
ascents, raging rivers, and slippery rock paths on his 
fast horse, Moro. It took us twice that time walking 
in the dry season, accompanied by a trio of slow- 
footed but willing pack mules. 


The vertiginous paths down the Guavio Valley led 
us under a thundering waterfall and toward Monte- 
cristo, a hamlet at the border of Cundinamarca and 
Boyaca provinces. At nightfall we reached Monte- 
cristo and familiarized ourselves with the two-dollar- 
a-night accommodations. Members of the team agreed 
this was probably overpriced. The structure was com- 
posed of wooden planks held together by hope and 
covered by deeply rusted sheets of tin roofing. Unbe- 


Figure 20. Left: Transportation through the Chivor region was by horse or mule. Photo by Peter W. Rainier, cour- 
tesy of GIA. Right: The authors follow Rainier’s path from Las Cascadas to Chivor on foot and by mule. Photo by 


Robert Weldon/GIA. 
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* Life is hard in the opal mining fields 
of Australia. Shown above are Andy 
Absolam and his wife, two of the oldest 
residents in the district. Mrs. Absolam, 
probably the only licensed woman opal 
miner in the world, has sunk about 50 
holes through solid rock during her 15 
years in Andamooka. 


sons, ground water was drawn to the surface 
and in solution it cartied much silica that 
had been dissolved from the underlying 
rocks. It also carried smaller amounts of 
such constituents as iron oxide. On the sur- 
face, due to evaporation, these constituents 
were deposited in the form of a hard sili- 
ceous crust, known to geologists as the “dur- 
icrust” but also in the underlying sediments. 
The chief opal producing localities are Opal- 
ton, Jundah, Quilpie, and Cunnamulla which 
are scattered over quite a wide area in Cen- 
tral and Western Queensland; in New South 
Wales, Lightning Ridge the home of the 
black opal, Grawin, and White Cliffs; in 
South Australia, Coober Pedy and Anda- 
mooka. 

Opal, despite its great beauty, has the dis- 


advantage of being not very durable. It is 
inferior in hardness, and care must be taken 
to prevent scratching. Sudden changes in 
temperature tend to upset the rather delicate 
state of equilibrium in which the opal finds 
itself, and the stone may crack. This is 
known as crazing. 

The published figures for production 
which must be considered as a very consetva- 
tive estimate, are as follows —New South 
Wales up to 1938, £1,627,021 ($3,644,527); 
Queensland, up to 1939, £187,825 ($420,- 
728); South Australia, up to 1939, £170,748 
($382, 475). 

Diamond: Diamond was first discovered 
in New South Wales in 1851 by E. G. Har- 
greaves who also discovered the first payable 
amounts of gold in the state. It was associ- 
ated with gold and came from the Bathurst 
district. 

In 1867 diamond, associated with other 
gemstones, gold, osmiridium, and cassiterite 
was found in the alluvium of the Cudge- 
gong River some tweny miles northwest of 
Mudgee. The largest stone recorded was only 
one and one half carats. 

Some years later the Bingara diamond 
field came to light, the stones again occur- 
ting in alluvium. The largest from this field 
weighed nearly three carats. 

The most important Australian field is at 
Copeton, some sixteen miles to the south of 
Inverell in the New England district. The 
diamond occurs in an old river drift. The 
country rock of the district consists of clay- 
stones and tuffs intruded in places by granite. 
In many places the drifts are capped with 
basalt of Tertiary Age. These drifts repre- 
sent the course of an old river parallel to the 
present Gwydir River. In Tertiary times 
this old valley was filled with molten lava 
which. eventually consolidated to form basalt. 
Cassiterite is associated with diamond in 
these drifts, or deep leads as they are some- 
times called. Indeed diamond was first found 
here by prospectors who were mining for 
tin. 

The stones are of distinctly larger size 
than those from the Cudgegong or Bingara. 


86 


GEMS & GEMOLOGY 


a & A, 5 - 2 2 > 


ist 


Figure 21. Left: The only known photo of Las Cascadas, Rainier’s home and tea plantation, was taken in the 
1950s, not long after Rainier’s departure. Courtesy of Dustano Martinez. Right: In 2015, Las Cascadas was a 
crumbling shadow of its former self; the large tree at the center of both shots forms a reference point. Photo by 


Robert Weldon/GIA. 


knownst to Rainier, who had walked or ridden past 
Montecristo for a decade, fine emeralds were to be un- 
covered in the ravines and faults in the range above 
the town. Small independent mines have since been 
started there (I. Daoud, pers. comm., 2015). 

A fresh pack of mules assisted the team as we 
made our way along a steep trail, finally reaching a 
hanging bridge over the Rucio (figure 22), barely a 
stream in the dry season. Chivor was within reach. 


CONCLUSION 


In researching this story, it became clear that much 
of the region’s history is forgotten. Most of the his- 
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tory would have been lost entirely had it not been for 
Green Fire and the photographs taken by Rainier, 
which helped mark a productive and colorful era in 
Colombian emerald mining. 

Rainier’s struggles to find the elusive emeralds, 
and bring them successfully to market, is a timeless 
mining saga. He did this while battling natural and 
manmade challenges, ultimately achieving an epic 
triumph over adversity. 

Chivor’s once bountiful emeralds may have taken 
a back seat in terms of today’s production, but the 
mine has a tendency to surprise with its sudden, spec- 
tacular revivals. Chivor emeralds’ unique bright color, 


Figure 22. This hanging 
bridge over the Rucio, 
built by Rainier, marks 
the crossing from Cun- 
dinamarca Province 
into Boyacd, very close 
to Chivor. Photo by 
Peter W. Rainier, cour- 
tesy of GIA. 
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Figure 23. During his brief time at the Chivor emerald mine, Peter Rainier restored the fortunes of this 
legendary source. His memozr, Green Fire, illustrated the challenges of mining there and the timeless al- 
lure of its green gems. This platinum, emerald, and diamond necklace contains 23 emeralds from Chivor 
totaling approximately 45 carats. A combination of step-cut and round brilliant diamonds, weighing ap- 
proximately 22 carats total, complements the design. Photo by Robert Weldon/GIA; necklace courtesy of 
Ronny Levy, Period Jewels, Inc. 
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tinged with blue, and their relative lack of inclusions 
are attributes that fascinate global aficionados (figure 
23). These emeralds captivated Rainier’s attention in 
the 1920s and 1930s, and in turn he helped change 
the modern world’s appreciation for the source. 
Before leaving Chivor for the journey back to Bo- 
gota, we took a day hike from the base of the Sinai 
Valley along a very steep incline to El Pulpito. Un- 
doubtedly that natural landmark will remain to 
guide future explorers, should the Andean jungle 
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DIAMOND 

Examination of the Largest 

Canadian Diamond 

With the first major discoveries made 
25 years ago, diamond mining in 
Canada is relatively new. The Diavik 
mine, located in the Northwest Terri- 
tories about 300 km (190 miles) 
northeast of Yellowknife, began pro- 
duction in 2003. Today Diavik is 
Canada’s largest diamond mine by 
volume, producing approximately six 
to seven million carats of gem-quality 
diamonds annually (see the lead arti- 
cle of this issue, pp. 104-131). Much 
has been reported about Diavik’s ex- 
tensive efforts to ensure the long-term 
protection of the land, water, and 
wildlife that are integral to local tra- 
ditions and daily life in the Northwest 
Territories. 

Adding to the significance of the 
Diavik mine was the spring 2015 re- 
covery of the largest rough diamond 
ever found in Canada. GIA’s labora- 
tory in New York recently had the op- 
portunity to study this historic stone. 
The rough weighed 187.66 ct and 
measured 36.96 x 32.99 x 16.80 mm. 
Under standard color grading lighting 
conditions, it appeared pale yellow 
(figure 1). One side of the diamond 
displayed clear iridescent color band- 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. This pale yellow type Ia “cape” diamond from the Diavik mine, 
weighing 187.66 ct, is the largest Canadian diamond to date. 


ing due to light interference along the 
cleavage planes (figure 2, left). The 
stone showed irregular morphology, 
with a tabular shape, and was domi- 
nated by cleavage faces. Some original 
faces with dissolution pits were 
clearly visible (figure 2, center). 
When observed under a gemologi- 
cal microscope, the irregular surface 
etching limited our ability to see 
clearly into all areas of the diamond. 
A dark mineral inclusion was noted 
near one side of the rough (figure 2, 
right}, but little else was readily appar- 
ent. Crossed polarizing plates did 
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not reveal any areas of strain. The 
stone exhibited moderate blue fluo- 
rescence to long-wave UV radiation 
and faint yellow fluorescence to 
short-wave UV; no phosphorescence 
was observed. Absorption  spec- 
troscopy in the infrared region re- 
vealed that it was a type Ia diamond 
with a very high concentration of ni- 
trogen. A weak hydrogen-related ab- 
sorption at 3107 cm! was also 
recorded. UV-visible absorption spec- 
troscopy, performed at liquid nitrogen 
temperature, showed typical “cape” 
lines, with clear absorption peaks at 
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Figure 2. Iridescent color can be seen along the cleavage plane on one side of the stone (left). Dissolution pits are 
observed on the surface of the yellow rough (center), and a dark mineral inclusion is clearly visible near the sur- 
face (right). Field of view 14.52 mm (left), 4.79 mm (center), and 7.19 mm (right). 


415 and 478 nm. No other absorption 
was detected in the UV-Vis region. 
These gemological and spectroscopic 
observations confirmed that this was 
a natural, untreated diamond. 

The diamond, named the Diavik 
Foxfire, will undergo further scrutiny 
during the cutting process, in which 
it will be carefully designed, shaped, 
faceted, and polished. It will be inter- 
esting to see if the rough yields a sig- 
nificant main diamond or is cut into 
several smaller gems. 


John King, Kyaw Soe Moe, and 
Wuyi Wang 


Natural Colorless Type Ila Diamond 
With Bright Red Fluorescence 

The nitrogen-vacancy (NV) center is 
produced in nitrogen-bearing diamond 
through the combination of a single ni- 
trogen atom and a vacancy. It can exist 
in neutral (NV°) and negatively charged 
(NV-) states. Using photoluminescence 
(PL) spectroscopy, NV centers can be 
detected by the occurrence of zero- 
phonon lines (ZPL) at 575 nm for NV° 
and 637 nm for NV-. In natural type Ila 
diamonds, the emissions of NV centers 
are usually weak, and the relative in- 
tensity of NV° (575 nm) is typically 
stronger than that of NV- (637 nm). As 
a result, the vast majority of natural 
type Ila diamonds show blue fluores- 
cence, attributed to the occurrence of 
defects such as N38 or dislocations, 
when excited by the short-wave UV ra- 
diation of the DiamondView. Recently, 
however, the Bangkok laboratory ex- 
amined a natural colorless type Ila dia- 
mond that showed very bright red 
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fluorescence due to high concentra- 
tions of NV centers. 

This 0.40 ct round brilliant dia- 
mond received a D color grade and an 
SI, clarity grade based on surface- 
reaching fractures at the girdle and 
on the pavilion (figure 3). The in- 
frared absorption spectrum con- 
firmed a type Ila diamond with no 
measurable defect-related absorp- 
tions. Microscopic examination with 
cross-polarized light revealed a rela- 
tively strong tatami strain pattern 
with a weak interference color (figure 
4). Further examination with the Di- 


Figure 3. This 0.40 ct, D-color 
type Ila round brilliant diamond 
showed very bright red fluores- 
cence due to strong emission 
peaks from the nitrogen-vacancy 
centers. 
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amondView showed that this stone 
exhibited an unusual red fluores- 
cence (figure 5), similar to that of ni- 
trogen-doped CVD synthetic dia- 
monds. However, the DiamondView 
images revealed dislocation net- 
works of typical natural type IIa dia- 
mond along with a tree-ring growth 
pattern, which is very rare for natural 
type Ila diamond but typical for nat- 
ural type Ia diamond. 

In order to detect any possibility 
of treatment, we employed PL spec- 
troscopy at liquid nitrogen tempera- 
ture with several laser excitations. 
With 514 nm laser excitation, the PL 
spectrum revealed very strong emis- 
sion peaks from NV° (575 nm) and 
NV- (637 nm] (figure 6). This is very 
rare in natural type Ila diamonds. 
The higher intensity of the NV? 
emission was observed. For this dia- 
mond, short-wave UV excitation 


Figure 4. Viewing the diamond 
under cross-polarizing filters re- 
vealed a tatami strain pattern 
with a weak interference color, a 
characteristic of natural growth. 
Field of view 3.1 mm. 
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Figure 5. DiamondView images of the 0.40 ct diamond showed red 
fluorescence, which is unusual for natural type Ia stones. This red fluo- 
rescence was related to the intense emissions of the NV centers. Also ob- 
served was a dislocation network typical of natural type Ila diamond, 
along with a tree-ring growth pattern. 


close to 230 nm was very effective in 
exciting fluorescence from the NV-, 
which has a ZPL at 637.0 nm and its 
strong side bands at longer wave- 
lengths. Due to the relatively high 


concentration of the NV~ defect, 
strong red fluorescence was ob- 
served. 

Both spectroscopic and gemologi- 
cal features clearly indicated a natural 


Figure 6. The photoluminescence spectrum at liquid nitrogen temperature 
using 514 nm Iaser excitation displayed strong emission peaks at 575 and 
637 nm due to NV° and NV- centers, respectively. In natural type Ila dia- 
monds, the intensity of NV centers is usually weaker than the diamond 


Raman peak at 552 nm. 
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diamond. The excellent color and the 
red fluorescence, which is rare for a 
natural colorless type Ila diamond, 
make this a notable stone. 


Wasura Soonthorntantikul and 
Wuyi Wang 


Separation of Black Diamond from 

NPD Synthetic Diamond 

In two recent Lab Notes, we reported 
on a new type of synthetic diamond: 
nano-polycrystalline synthetic dia- 
mond, known as NPD (Spring 2014, 
pp. 69-71; Winter 2014, pp. 300-301). 
Submitted for identification in April 
2016 was a 0.70 ct pear-shaped Fancy 
black diamond (figure 7). The dia- 
mond’s infrared absorption spectrum 
was strikingly similar to that of the 
two NPD identified specimens men- 
tioned above. It displayed very similar 
absorption peaks in the one-phonon 
region (figure 8), which can probably 


Figure 7. The 0.70 ct Fancy black 
pear-shaped diamond in the top 
photo closely resembled two 
NPD synthetic diamonds sub- 
mitted earlier (the 1.51 ct round 
and 0.9 ct marquise, bottom). 
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Figure 8. IR spectra of the three black samples (offset for clarity) show un- 
usual broad peaks in the 760-1500 cnr region (highlighted in gray): 0.70 
ct natural black diamond (A), 1.51 ct NPD (B), and 0.90 ct NPD (C). 


be attributed to nitrogen. 
Microscopic examination revealed 
an abundance of dark graphitized crys- 
tal and fracture inclusions, features 
often associated with black gem-qual- 
ity diamonds but not unlike those ob- 
served in the NPD samples (figure 9). 
The challenge for gem laboratories, 
then, is how to separate black NPD 
synthetic diamonds from their natural 
black diamond counterparts. 
DiamondView imaging offers a 
quick and definitive solution to this 
problem. NPD synthetic diamond has 
a distinct fluorescence pattern and 
structure that are obvious in the Dia- 
mondView images (figure 10). This 
technique can provide an instant pos- 
itive identification for NPD synthetic 


diamond, which can be supported 
with further testing. 

The 0.70 ct pear-shaped diamond 
was issued a report with a Fancy black 
color grade and a natural origin of 
color. 


Paul Johnson and Kyaw Soe Moe 


Unique Drilled EMERALD 

A 3.39 ct emerald, as confirmed by 
standard gemological testing, was re- 
ceived by the New York lab (figure 
11). At first glance it appeared to be a 
typical emerald with moderate clarity 
enhancement. It was categorized as 
F2, indicating that the fracturing pres- 
ent in the stone had a noticeable but 
not significant effect on the face-up 


Figure 10. These DiamondView 
images show the fluorescence 
pattern and color for natural dia- 
mond (top and center) and NPD 
synthetic diamond (bottom). 


appearance. Further microscopic ex- 
amination of the pavilion revealed 
two prominent drill holes filled with 


Figure 9. Natural inclusions in black diamond (left) are compared with various inclusions previously observed in 
NPD synthetic diamond (center and right). Field of view 6.24 mm (left) and 1.76 mm (center and right). 
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Figure 11. This 3.39 ct emerald 
(8.91 x 8.87 x 7.61 mm) is moder- 
ately clarity enhanced, obscuring 
two drill holes (not visible in this 
photo). 


a resin and emerald fragments (figure 
12). The resin displayed a blue and 
yellow flash effect, and gas bubbles 
trapped in the resin were also present 
(figure 13). The filler had much higher 
relief than the emerald host and was 
clearly visible under reflected light 
due to the difference in luster be- 
tween the two materials (figure 14). 
The question arose as to why such 
a treatment would be performed on 
this stone. Microscopic observation 
did not yield any clues. One hypothe- 
sis would be that eye-visible inclusions 
were removed by drilling, analogous to 
the laser-drilling treatment well 
known in diamonds. Assuming this 
theory is true, the “enhancement” ac- 
tually significantly reduced the value 
of this good-quality emerald. We con- 
cluded that the stone contained a 
resinous material in the drill holes 


Figure 12. With microscopic ex- 
amination, the circular outline of 
the drill hole is apparent on the 
pavilion facet of the emerald. 
Field of view 4.08 mm. 
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Figure 13. This drill hole shows a 
blue and orange flash effect along 
the interface between the emer- 
ald and the resin filler. Field of 


view 3.57 mm. 


along with emerald fragments. This 
was the first time GIA’s New York lab 
had witnessed this type of enhance- 
ment in an emerald. 


Edyta J. Banasiak 


ORGANIC MATERIALS 

Natural Blisters with Partially Filled 
Areas 

Natural blisters and blister pearls have 
been the subject of previous reports in 
G&G (see Lab Notes from Fall 1992, 
Spring 1995, Winter 1996, and Winter 


Figure 14. Examination of the 
drill hole in reflected light shows 
an emerald fragment intention- 
ally placed in the opening, pre- 
sumably to conceal the hole. 
Note the luster difference be- 
tween the emerald and the resin 
filler. Field of view 3.57 mm. 


2015, and Gem News International 
from Fall 2001 and Winter 2009). In 
February 2016, four large “pearls” (fig- 
ure 15) were submitted to GIA’s 
Bangkok laboratory for identification. 
On first impression they appeared to 
differ from most pearls or blister pearls 
examined in the past. The specimens 
ranged from approximately 25.06 x 
18.31 x 13.41 mm to 55.90 x 13.89 x 
7.96 mm, and they weighed 32.33, 


Figure 15. The four large baroque blisters examined are shown alongside a 
Pinctada maxima shell (left), a Pteria sterna shell (second from the left) 


and two Pteria penguin shells. 
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Figure 16. Dark and cream-colored bands on the bases appeared to be or- 


ganic-rich formations. 


37.20, 41.41, and 52.17 ct. Two of the 
items were white, and the other two 
were silver and orangy brown. 

All the samples had eye-visible 
areas on their bases and around their 
outlines where they had obviously 
been worked or cut to either remove 
them from their shell hosts or im- 
prove the symmetry (in some cases 
both). These are telltale signs of blis- 
ters and blister pearls, since both 
must be removed from the shell to be 
presented in loose form. What caught 


our attention was the fact that all four 
items possessed dark or cream bands 
on their bases (figure 16). These bands 
appeared to be organic-rich forma- 
tions, noted in some pearls and more 
commonly in shells, yet this did not 
turn out to be the case in three of the 
samples. 

The items were considered blisters 
rather than blister pearls (E. Strack, 
Pearls, Ruhle-Diebener-Verlag, Stutt- 
gart, Germany, 2006, pp. 115-127). 
This determination was based on ex- 


Figure 17. A: Part of the dark conchiolin-rich curving band on the flat 
base of the 32.33 ct white blister; field of view 2.88 mm. B: Black pin- 
point particles in the transparent near-colorless filler on the base of the 
37.20 ct colored blister; field of view 1.20 mm. C: Distorted bubbles in 
the transparent filler on the base of the 41.41 ct white blister; field of 
view 2.40 mm. D: Obvious bubbles in the filler on the base of the 52.17 
ct colored blister; field of view 2.40 mm. 
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ternal appearance and features, the 
“work” that had taken place on them 
in relation to where they were likely 
removed from the shells, and the re- 
sults of real-time X-ray microradiogra- 
phy (RTX), which revealed growth 
arcs following the shape of the blisters 
to varying degrees. 

The curving black band on the 
base of the smallest white blister 
contained translucent to opaque or- 
ganic-looking material characteristic 
of conchiolin (figure 17A), one of the 
constituents of pearls and shells. The 
remaining three blisters had struc- 
tures within their bands that did not 
match the structure observed in the 
first blister. The bands in the two 
orangy brown blisters consisted of an 
essentially transparent near-colorless 
substance in which minute black 
pinpoint particles imparted an over- 
all black color (figure 17B). Mean- 
while, the band in the remaining 
white blister showed areas of com- 
pletely transparent near-colorless 
material and other areas of the same 
near-colorless material, mixed with 
small pieces of what appeared to be 
shell fragments. Distorted bubbles 
were clearly visible in the transpar- 
ent areas on the base of the partially 
filled white blister (figure 17C) and 
one of the colored blisters (figure 
17D); no obvious bubbles were seen 
in the other blister. RTX also re- 
vealed the extent of the filling on the 
bases of the three blisters. 

Raman spectroscopy of the near- 
colorless filled areas of the two colored 
blisters did not show any polymer or 
resin peaks that matched those found 
in the white blister’s filling. Therefore, 
we conducted basic testing on all 
three samples with a very carefully 
placed hot point in areas of the filling 
where some damage or abrasion al- 
ready existed. The unmistakable plas- 
tic odor and melting of the tested areas 
was enough to confirm the artificial 
nature of the fillers. Interestingly 
enough, the fillers did not display a no- 
ticeable fluorescence under long-wave 
or short-wave ultraviolet light, but the 
two orangy brown blisters did exhibit 
distinct orange to orange-red fluores- 
cence, which is characteristic of the 
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They average about one third of a carat. The 
largest stone yet found, which without doubt 
came from this field, weighed six carats. Like 
so many other Australian diamonds, it was 
yellowish or “off-color” to use the usual 
expression. 

The average thickness of the diamond- 
bearing wash, or drift, is from three to four 
feet. Its maximum thickness is fourteen feet. 
In places the wash is quite consolidated and 
very often the diamond is firmly embedded 
in it, 

In none of the Australian diamond fields 
has diamond been found in the parent rock 
despite statements to the contrary. It is al- 
ways found in alluvial deposits formed orig- 
inally by the weathering of the parent rock 
and subsequently transported into stream 
channels. 

Diamond has been found in other New 
England localities and also from some south- 


etn districts such as occurs in Queensland 
and Tasmania. 

The official record of the Mines Depart- 
ment shows that up to the end of 1937 the 
total quantity of diamond from all fields was 
205,243 carats valued at £147, 649 ($330,- 
734). It is by no means certain that. these 
figures are complete. They are probably 
much of an understatement. 

Since Australian diamonds are always very 
small and mostly “off-color,’ they are not 
generally suitable for ornamental purposes 
although there have been some cut into 
quite attractive gemstones. Australian dia- 
monds are, therefore, generally more used 
for industrial purposes which leads'us to the 
question of their hardness. In 1886 it was 
first reported that the Australian diamonds 
were harder than those from South Africa, 
judging from the time taken to grind facets. 
This was stated in a general way by the 


© This is one of the relatively few homes at Andamooka built above ground. 
It is made of stone picked up around the opal field. Hessian covers the roof 
and because of the absence of rain, it is not necessary to make it waterproof. 
Because of the scarcity of building materials, most miners make their homes 
below ground and in hillsides. 


porphyrins (naturally occurring pig- 
ments) known to exist in Pteria 
species shells of similar coloration (L. 
Kiefert et al., “Cultured pearls from 
the Gulf of California, Mexico,” 
Spring 2004 GwG, pp. 26-38). Out of 
curiosity, we also checked the dark 
conchiolin-rich band in the smaller 
white blister with the hot point and 
fluorescence. It was no surprise to 
smell a distinctly unpleasant organic 
reaction from the band and see a weak 
chalky yellowish reaction under UV 
lighting. 

These four blisters were good ex- 
amples of this material, and three of 
them were the first partially filled 
blisters to be examined by GIA’s 
Bangkok laboratory. The three par- 
tially filled blisters show that even 
material with relatively low market 
value may be treated in some way, 
and buyers should always be aware of 
what is being offered to them. 


Areeya Manustrong 


Unusual Yellowish Green SPINEL 
Gem-quality spinel (MgAI,O,) occurs 
in a variety of colors based on the trace 
elements present within the stone. 
While synthetic spinels are available 
in almost any color, some colors are 
rarely found in natural spinel. The 
New York lab received a 2.54 ct light 
yellowish green spinel with unusually 
strong green fluorescence (figure 18). 
This variety of color, along with the 
strong fluorescence (in both long-wave 
and short-wave UV radiation) is rare in 
natural spinel, and we needed proof 
that this stone was not synthetic. 

A refractive index of 1.715 sug- 
gested the stone might be natural 
(flame-fusion synthetic spinels typi- 
cally have an RI of 1.728). Microscopic 
examination revealed a very small fin- 
gerprint shallow to the table facet. 
While not conclusively diagnostic for 
natural origin, it supported the possi- 
bility. When observed under cross-po- 
larized filters, the stone revealed very 
little strain, more consistent with a 
natural spinel. To confirm natural ori- 
gin, PL spectra and trace element 
chemistry data were collected. 
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Figure 18. This 2.54 ct yellowish green spinel is shown under daylight con- 
ditions (left) and short-wave UV light (right). 


The PL spectra were collected at 
room temperature, using 514 nm laser 
excitation. The sharp and defined 
chromium emission features, with 
the strongest peak at approximately 
685.5 nm (figure 19), verified that 
the stone was natural and unheated 
(S. Saeseaw et al., “Distinguishing 
heated spinels from unheated natural 
spinels and from synthetic spinels,” 
2009, http://www.gia.edu/gia-news- 
research-NR32209A). Heat treatment 
typically broadens and shifts the posi- 


tion of PL peaks (a similar effect is seen 
in synthetic spinels). Using laser abla- 
tion-inductively coupled plasma—mass 
spectrometry (LA-ICP-MS], high con- 
centrations of natural trace elements 
were measured—particularly lithium, 
gallium, zinc, and beryllium. This re- 
inforced our finding that the spinel 
was natural. 

The stone also exhibited relatively 
high levels of manganese and iron. Fe 
can play various roles as a chro- 
mophore in spinel, depending on coor- 


Figure 19. Well-defined chromium emission features in the photolumines- 
cence spectrum confirm natural, unheated spinel. 
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Figure 20. In the spinel’s UV-Vis-NIR absorption spectrum, the combina- 
tion of iron and manganese peaks produces a transmission window in the 


green region of the visible spectrum. 


dination within the crystal structure 
(divalent substitution of Mg and triva- 
lent or divalent substitution of Al), but 
it is mostly responsible for different 
shades of blue and greenish blue (V. 
D’Ippolito et al., “Color mechanisms 
in spinels: cobalt and iron interplay for 
the blue color,” Physics and Chem- 
istry of Materials, Vol. 42, 2015, pp. 
431-439, http://dx.doi.org/10.1007/ 
s002.69-015-0734-0). Mn (divalent 
substitution of Mg and trivalent sub- 
stitution of Al) is known to act as a 
yellow chromophore (among other 
colors) in spinels (F. Bosi et al., “Struc- 
tural refinement and crystal chem- 
istry of Mn-doped spinel: a case for 
tetrahedrally coordinated Mn* in an 
oxygen-based structure,” American 
Mineralogist, Vol. 92, 2007, pp. 27-33, 
http://dx.doi.org/10.2138/am.2007.22 
66). The combination of Fe and Mn 
within the crystal structure provided 
a transmission window in the green 
region of the visible spectrum (figure 
20). Using a charge-coupled device 
(CCD) detector and a long-wave UV 
light source, the green fluorescence 
emission band was calculated to be 
centered at approximately 520 nm. 
This luminescence was attributed to 
Mn? cations (Summer 1991 Lab 
Notes, pp. 112-113). The fluorescence 
could have contributed to the overall 
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color of the stone by adding more 
green hue through emission. 

This was one of the most unusual 
colors of spinel examined by GIA. 


Akhil Sehgal and Daniel Girma 


SYNTHETIC DIAMOND 

Large Blue and Colorless HPHT 
Synthetic Diamonds 

The technology for producing gem- 


quality synthetic diamonds is making 
rapid progress. In May 2016, GIA’s 


Hong Kong laboratory examined five 
large HPHT synthetic diamonds 
grown by New Diamond Technology 
(NDT) in St. Petersburg, Russia (table 
1). Examination confirmed that all of 
them had the known characteristics of 
HPHT synthesis. 

Two of the synthetic diamonds 
were color graded as Fancy Deep blue 
(figure 21). The 5.26 ct heart shape and 
the 5.27 ct emerald cut both surpassed 
the previous record for largest blue 
HPHT synthetic, a 5.02 ct specimen 
reported very recently (Spring 2016 
Lab Notes, pp. 74-75). Infrared absorp- 
tion spectroscopy showed that both 
were type Ib, with strong absorption 
bands from boron impurity. We ob- 
served the typical color banding of 
HPHT synthetics, with more blue 
color concentrated in the {111} growth 
sector. PL analysis at liquid nitrogen 
temperature with various laser excita- 
tions revealed no impurity-related 
emissions, indicating these stones 
were surprisingly pure in composition 
and lacking in defects. 

The other three samples were col- 
orless (figure 22). The largest one was 
a 10.02 ct emerald cut with E color 
equivalent. This stone was previously 
reported in 2015 (R. Bates, “Company 
grows 10 carat synthetic diamond,” 
JCK, May 27, www.jckonline.com/ 
2016/01/20/company-grows-10-carat- 
synthetic-diamond). The round cut 


Figure 21. The largest blue HPHT synthetic diamonds to date: a 5.26 ct 
heart shape and a 5.27 ct emerald cut. Both were graded as Fancy Deep 
blue. 
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TABLE 1. Large HPHT synthetic diamonds recently examined by GIA. 


Sample Weight (ct) Cut Color Clarity 
1 5.26 Heart Fancy Deep blue VS, 
2 5.27 Emerald Fancy Deep blue VS, 
3 10.02 Emerald E VS, 
4 5.06 Round D VS, 
5 5.05 Heart D VS 


weighed 5.06 ct and the heart shape 
5.05 ct; both were graded as D color 
equivalent. Infrared absorption spec- 
troscopy confirmed these three were 
type Ila diamond, but with a very 
weak boron-related absorption band at 
~2800 cm". PL spectroscopy revealed 
very weak emissions from the [Si-V] 
doublet at 737 nm, the Ni,* doublet at 
884 nm, and NV° at 575 nm. 

For all five samples, multiple 
growth sectors were observed in Dia- 
mondView fluorescence images, show- 
ing features similar to other HPHT 
synthetic diamonds. Strong blue phos- 
phorescence was also detected. Unlike 
natural type Ila or IIb diamonds, they 
showed no dislocation or strain when 
examined under a cross-polarized mi- 
croscope, a strong indication of high- 
quality crystallization. Their clarity 
ranged from VS, to VVS,, attributed to 
a few tiny metallic inclusions trapped 
during diamond growth. No fractures 
were observed. All of these gemologi- 
cal and spectroscopic features are con- 
sistent with typical HPHT synthetic 
diamonds. This material can be accu- 


rately identified with GIA’s existing 
protocols for analysis. 

In addition to their size, these five 
HPHT synthetic diamonds displayed 
gemological features comparable to 
those of top-quality natural diamonds, 
when graded using the system for nat- 
ural diamonds. This group of labora- 
tory-grown diamonds demonstrated 
the quality and size HPHT growth 
technology has achieved. It is obvious 
that more and more high-quality 
HPHT synthetic diamonds, including 
those with significant size, will be in- 
troduced to the jewelry industry. GIA’s 
decades of research into both HPHT 
and CVD synthetic diamonds allows 
for the ready identification of these 
synthetic diamonds. 


Wuyi Wang and Terry Poon 


Yellow Synthetic Diamond with 

Nickel-Related Green Fluorescence 
Gem-quality yellow synthetic dia- 
monds have been a part of the indus- 
try for some time now. The 
gemological properties used to iden- 


Figure 23. Under darkfield illu- 
mination, the pinpoint flux cloud 
is seen throughout the diamond. 
Field of view 3.57 mm. 


tify these synthetics have been exten- 
sively documented (see J.E. Shigley et 
al., “A chart for the separation of nat- 
ural and synthetic diamonds,” Winter 
1995 G&G, pp. 256-264). 

GIA’s New York laboratory re- 
cently tested a 0.99 ct synthetic dia- 
mond with Fancy Vivid yellow color, 
disclosed as a product of HPHT 
(high-pressure, high-temperature) 
growth, which showed some un- 
usual gemological features. Its UV- 
Vis absorption spectra showed a 
smooth rise from 500 nm to higher 
energy. The mid-IR absorption spec- 
tra indicated a type I diamond with 
isolated nitrogen (C-center) respon- 
sible for the intense yellow color. 
The sample displayed a moderate 
greenish yellow fluorescence under 
long-wave UV and slightly stronger 
greenish yellow fluorescence under 
short-wave UV. It had a noticeable 


Figure 22. The emerald cut on the left is the largest colorless HPHT synthetic diamond ever reported (10.02 ct, E 
color). The other two, a 5.06 ct round and a 5.05 heart, both had D color. 
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Figure 24. This DiamondView 
image shows the unusual green 
crosshatched pattern in the hour- 
glass structure of the HPHT- 
grown synthetic. 


pinpoint flux cloud throughout (fig- 
ure 23) and obvious yellow color 
zoning following the growth sec- 
tors—both characteristic gemologi- 
cal features of a yellow HPHT-grown 
synthetic diamond. 

Unlike other yellow HPHT-grown 
synthetics, the DiamondView images 
showed an unusual green fluorescent 
crosshatched pattern within the hour- 
glass structure (figure 24). This closely 
resembles the pattern seen in natural 
diamonds, which means the synthetic 
could have easily been mistaken for a 


Figure 25. Under cross-polarized 
light, the HPHT synthetic exhib- 
ited a mottled strain pattern with 
moderate birefringence colors. 
Field of view 4.79 mm. 
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Figure 26. PL spectroscopy with blue (457 nm) laser excitation shows the 
S3 emission band (496.7 nm), which is responsible for the HPHT synthetic 


diamond’s green fluorescence. 


natural diamond. Under cross-polar- 
ized light, it showed a mottled strain 
pattern with moderate birefringence 
colors (figure 25). Most yellow HPHT- 
grown synthetics do not show a clear 
strain pattern and have weak birefrin- 
gence colors. Further examination 
with PL spectroscopy using blue (457 
nm) laser excitation showed that the 
green fluorescence was caused by the 
S3 defect (496.7 nm, shown in figure 
26), which is due to the presence of 
nickel—a very unusual feature for an 
HPHT-grown synthetic diamond. 
This yellow HPHT-grown sample 
with gemological features we had not 
seen before shows once again how syn- 
thetic diamonds can be mistaken for 
natural diamonds. Caution must be 


taken, and careful gemological and 
spectroscopic analysis is essential. 


Lisa Kennedy and Paul Johnson 
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Aurora Iris Agate 


When solar wind interacts with the earth’s magnetosphere, 
spectacular multicolor light shows occur. This phenomenon 
is referred to as an aurora borealis in the Northern Hemi- 
sphere and an aurora australis in the Southern Hemisphere. 
This author recently examined an iris agate that provided a 
microscopic scene remarkably similar to an aurora (figure 
1). The 1.67 ct carving seen in figure 2, was fashioned by Falk 
Burger (Hard Works, Tucson, Arizona). Burger took advan- 
tage of this quartz’s unique growth texture by carving the 
agate’s back, producing a wispy iridescent effect that is vis- 
ible when using a point light source. Along the lower portion 
of the gem was a thin layer of crystalline quartz with a seam 
of pyrolusite dendrites between the crystalline quartz and 
microcrystalline iris agate. The combination of these layers 
gives the viewer the impression of an aurora occurring over 
a forest-rimmed frozen lake (see video at www.gia.edu/ 
gems-gemology/aurora-iris-agate-carving). 


Nathan Renfro 
GIA, Carlsbad 


Inclusions in Burmese Amber 


Burmese amber has been well documented in the paleon- 
tological literature, but is overshadowed in the gemological 


About the banner: Columnar hexagonal graining, seen in some Colombian 
emeralds, creates a roiled appearance called gota de aceite (Spanish for 
“drop of oil’). The optical effect is seen here using shadowed transmitted l- 
lumination. Photomicrograph by Nathan Rentro; field of view 3.23 mm. 
Editors’ note: Interested contributors should contact Nathan Renfro at 
nrentro@gia.edu and Jennifer-Lynn Archuleta at jennifer.archuleta@gia.edu 
for submission information. 
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Figure 1. In transmitted light, this skillfully carved 
iris agate displays a scene reminiscent of an aurora. 
Photomicrograph by Nathan Renfro; field of view 5.28 
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community by material from the Dominican Republic and 
the Baltic area. Despite the armed conflict in the Hukawng 
Valley, possibly the world’s largest tiger reserve, accessibil- 
ity has improved and amber production has steadily in- 
creased since 2014. As a result, more Burmese amber is 
reaching the marketplace. We have observed rising interest 
in the Bangkok, China, and Hong Kong markets, with spec- 
imens containing large inclusions of flora and fauna in 
great demand and commanding high prices. The samples 
presented here (figures 3-5) were acquired during a January 
2016 field expedition to the Hukawng Valley and are now 
part of the GIA research collection. 

These amber specimens are interesting because they po- 
tentially preserve evidence from biological environments of 


Figure 3. This Tropidogyne flower is still attached to 
its stem and has a small flea-like bug near its right 
side, as seen with darkfield and fiber-optic illumina- 
tion. Photomicrograph by Victoria Raynaud; field of 
view 5.97 mm. 


Figure 2. The 1.67 ct iris 
agate, shown here in 
transmitted light (left) 
and reflected light 
(right) was carved to 
showcase the dynamic 
nature of the iridescent 
colors. Photos by Kevin 
Schumacher. 


80 to 100 million years ago (G. Shi et al., “Age constraint on 
Burmese amber based on U-Pb dating of zircons,” Creta- 
ceous Research, Vol. 37, 2012, pp. 155-163, www.science 
direct.com/science/article/pii/SO195667112000535). They 
are significantly older than amber from the Dominican Re- 
public, estimated at 25-40 million years old) and the Baltic 
region, which are about 25-28 million years old (D. Penney, 
Biodiversity of Fossils in Amber from the Major World De- 
posits, Siri Scientific Press, Manchester, United Kingdom, 
2010). 


Victoria Raynaud, Vincent Pardieu, and 
Wim Vertriest 
GIA, Bangkok 


Figure 4. This spider is surrounded by small air bub- 
bles and plant debris. It is very easy to resolve fine 
details, such as individual hairs and different sets of 
eyes. The sample is illuminated with a combination 
of diffuse brightfield and fiber-optic light. Photomi- 
crograph by Victoria Raynaud; field of view 7.20 mm. 
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Figure 5. Left: The delicate features of this fly, particularly its wings, are surrounded by gas bubbles and trichomes 


(hair-like structures that grow on plants). Right: This image demonstrates the excellent preservation qualities of 
amber, as evidenced by the detailed structure of the fly’s eye. Photomicrographs by Victoria Raynaud; field of view 
4.80 mm (left) and 0.86 mm (right). Brightfield and fiber-optic illumination. 


Chalcedony with Quartz Windows 

A translucent white chalcedony specimen containing a 
few small transparent quartz crystals was fashioned into 
a decorative polished plate by Falk Burger (Hard Works, 
Tucson, Arizona). One intriguing feature of this piece is 
that most of the transparent quartz crystals were aligned 
with their c-axes parallel to each other. When they were 
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transected perpendicular to this axis during the polishing 
process, angular transparent windows were created, each 
displaying trigonal symmetry within their otherwise 
translucent chalcedony host. Interestingly, even though 
the white chalcedony was polished into a plate, it still 
showed a rather curious angular-looking three-dimen- 
sional texture. When examined between crossed polars, 


Figure 6. The trigonal 
windows of quartz 
found throughout this 
translucent white chal- 
cedony displayed vi- 
brant interference 
colors when examined 
between crossed po- 
lars. The black trian- 
gles in the lower left 
corner are also quartz. 
Photomicrograph by 
John I. Koivula; field of 
view 15.5 mm. 
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Figure 7. “Pond Life,” a 50.95 ct orbicular chalcedony 
cabochon measuring 48.5 x 27.0 x 5.5 mm, evokes a 
pond. The “frog eggs” are actually iron-containing in- 
clusions surrounded by the host’s concentric growth. 
Photo by Elise A. Skalwold. 


the triangular quartz windows ignited with vibrant inter- 
ference colors (figure 6) due to Brazil-law twinning in the 
crystals. 


John I. Koivula 
GIA, Carlsbad 


“Pond Life” Orbicular Chalcedony 


The seemingly infinite combination of growth features and 
inclusions seen in microcrystalline quartz fires the imagi- 
nation, often evoking visual metaphors (see “Aurora Iris 
Agate” in this column). Such is the case with the orbicular 
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chalcedony seen in figure 7. From a piece of non-descript 
tumbling rough purchased in 2011, Paul Stalker (Stones by 
Stalkers, Tioga, Pennsylvania) delighted in creating what 
he christened “Pond Life,” as the 50.95 ct piece’s polished 
appearance resembles frog eggs within a pond. 

Exploring the interior of such microcrystalline varieties 
of jaspers and agates can be just as fascinating as exploring 
inclusions within single-crystal quartzes, though these op- 
portunities may be overlooked when dazzled by complex 
macro features. Orbicular chalcedonies such as this ocean 
jasper are particularly interesting. Here, iron-containing in- 
clusions such as limonite, goethite, and hematite are sur- 
rounded by the concentric growth of the host material, 
which displays the unique fibrous texture found in some 
types of chalcedony (figure 8, left). Bundles of fibers com- 
posed of crystallites are combined with mutually complex 
optical orientations, giving rise to the eye-visible effect. 
While beautiful in transmitted, reflected, and polarized 
light, the addition of various contrast filters can dramati- 
cally enhance the details of these subtle growth features, 
making them easier to study, as well as creating stunning 
images of a specimen’s inner world (figure 8, right). For 
more on advanced filtering techniques, see Fall 2015 
Micro-World, pp. 328-329. 


Elise A. Skalwold 
Ithaca, New York 


Garnet Inclusion Illusion 


A cleverly designed “garnet in quartz” double cabochon 
represents a new and unexpected challenge for gemolo- 
gists, collectors, and designers who intend to feature inclu- 
sion gemstones in their jewelry lines. This assembled 
inclusion consists of a fragment of pyralspite-series garnet 
sandwiched between two quartz cabochons (figure 9). The 
garnet and quartz were identified with optical and Raman 
spectroscopy, respectively, at GIA’s Carlsbad laboratory. 
While the specimen creates the illusion of being natural, 
clues to its artificial origin include air bubbles and the frag- 
ment itself, which shows neither crystal faces nor the 
rounded appearance of an etched or eroded crystal. Rather, 


Figure 8. The use of a red 
contrast filter with trans- 
mitted light (left) drama- 
tizes growth textures, 
making them easier to 
study than with unfiltered 
transmitted light (right) 
while creating an aesthet- 
ically pleasing image. 
Photomicrograph by John 
I. Koivula; field of view 
4.0 mm. 
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Figure 9. At first glance, this 42.88 ct quartz double 
cabochon measuring 28 x 18.5 x 15 mm resembles a 
beautiful garnet-included quartz gem. Photo by Elise 
A. Skalwold, from the Si and Ann Frazier Collection. 


it is a relatively sharp fragment that resides in a pocket 
filled with glue (figure 10). The subtle glue layer between 
the cabochons becomes more apparent when viewed under 
UV light, which causes it to fluoresce chalky white; this 
fluorescence is stronger under long-wave than short-wave 
UV. 

This specimen was purchased at the 2016 Tucson 
shows from a dealer specializing in inclusion specimens. 
The cabochon, part a collection of otherwise natural items, 
was fully disclosed as a man-made novelty. Its appearance 
in the marketplace represents an emerging trend that 
gemologists and collectors will see with increasing regu- 
larity as the fascination with inclusions grows (see the au- 
thor’s forthcoming article, “Evolution of the inclusion 
illusion,” in the Summer 2016 InColor). Careful inspection 
with a loupe or microscope will in most cases reveal the 
underlying nature of this inclusion. 


Elise A. Skalwold 


Iridescent Spondylus Pearl 


The optical phenomenon of iridescence is frequently ob- 
served in gem materials, but it is uncommon to see irides- 
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Figure 10. Gas bubbles can be seen in an otherwise 
nearly invisible glue layer between the quartz cabo- 
chons; these bubbles are abundant in the vicinity of 
the red garnet fragment. The fragment resides in a 
hollowed-out pocket and is surrounded with glue. 
Photomicrograph by Nathan Renfro; field of view 
10.28 mm. 


cent colors in porcelaneous pearls. Such pearls are appreci- 
ated for their prominent eye-visible flame structures, such 
as those seen in some Queen conch and Melo pearls. Pearls 
from these gastropods, along with Spondylus species bi- 
valves, are routinely submitted to GIA’s laboratory. A bluish 
reflective sheen is a common feature of the flames seen in 
Spondylus pearls (Fall 2014 Lab Notes, pp. 241-242, Winter 
2015 Lab Notes, pp. 436-437). 

A 6.97 ct bicolored white and pink Spondylus pearl (fig- 
ure 11) was recently examined at GIA’s Carlsbad labora- 


Figure 11. This 6.97 ct bicolored white and pink 
Spondylus pearl shows prominent reflective blue col- 
oration over the fine parallel flame structure when 
viewed in certain directions under a single white light 
source. Photo by Robert Weldon/GIA. 


SUMMER 2016 


Gems & GEMOLOGY 


Figure 12. Under magnification and using fiber-optic 
illumination, iridescent colors ranging from purplish 
to dominant blue reflect from the fine, well-formed 
flame structure of this Spondylus pearl. Photomicro- 
graph by Artitaya Homkrajae; field of view 2.34 mm. 


tory. When a single white light was used to illuminate the 
pearl, a prominent reflective blue coloration over its fine 
parallel flame structure was visible on the white portions. 
This created a pseudo-chatoyant effect similar to other 
Spondylus pearls previously examined. What was particu- 
larly captivating about this pearl was that iridescent colors 
ranging from purplish to a dominant blue were seen on the 
fine, well-formed flame structure when a fiber-optic light 
was applied in certain directions (figure 12). 

As with many gemstones and nacreous pearls, the spec- 
tral colors seen on the flame structure are the result of the 
interference effect of light reflecting off of structural fea- 
tures. In this case, the thickness of the aragonite lamellae 
permits white light to be diffracted into most of the visible 
light wavelengths, resulting in a colorful effect. 

The iridescence characteristics of this pearl have not 
been encountered to such a marked degree in any other 
porcelaneous pearl examined by GIA. 


Artitaya Homkrajae 
GIA, Carlsbad 


Metal Sulfide in Pyrope 


The 2.02 ct “inclusion gem” shown in figure 13 is not only 
spectacular to inclusion enthusiasts, but also a scientific 
mystery. This vanadium- and chromium-bearing pyrope 
was cut from one of the samples featured in G#G’s Win- 
ter 2015 issue (Z. Sun et al., “Vanadium- and chromium- 
bearing pink pyrope garnet: Characterization and 
quantitative colorimetric analysis,” pp. 348-369). The 
stone was faceted by Jason Doubrava (Poway, California) 
to display a relatively large, euhedral sulfide crystal inclu- 
sion. Sulfide crystals were observed in several of the sam- 
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Figure 13. The prominent sulfide inclusion in this 2.02 
ct pyrope is clearly visible under the table facet. Photo 
by Kevin Schumacher. 


ples in the 2015 study, the exact nature of the inclusions 
could not be determined by Raman analysis, but all dis- 
played a metallic luster in surface-reflected light. Magni- 
fication also revealed a cloud of minute acicular inclusions 
resembling rutile surrounding the crystal (figure 14). 
Along with the elements expected for pyrope, such as Si, 
Al, Mg, Mn, and Fe, energy-dispersive X-ray fluorescence 
(EDXRF) analysis detected peaks for sulfur and rhodium. 
While sulfur would be expected in a metal sulfide, the 
rhodium peak is a mystery. Rhodium sulfide does exist, 
but explaining the presence of rhodium in this garnet 
would require destructive testing. In this case beauty 
trumps science, because this gem is truly a wonderful ad- 


Figure 14. A cloud of extremely fine acicular inclu- 
sions in the pyrope surrounds the sulfide when 
viewed under the microscope with diffuse reflected 
light. Photomicrograph by Nathan Renfro; field of 
view 5.41 mm. 
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London firm of diamond cutters to whom 
Australian stones had been sent for the first 
time to be cut as gems. Since that time all 
additional experience gained in cutting Aus- 
tralian stones has pointed to this and I be- 
lieve it to be correct, in a general way. 
Important evidence was gained from the 
experience of Australian industry during 
the war when large quantities of Australian 
diamond were used because of shortages of 
the imported stones. All the experience of 
industry is in support of the view that the 
Austtalian diamond is much harder than 
diamond from elsewhere, that is mainly 
from South Africa. In one operation a tool 
was used to cut a playing bowl in the pres- 


cribed slightly asymmetrical fashion. A tung- 
sten carbide tool needed resetting after cut- 
ting only one bowl. A tool tipped with Afri- 
can diamond would cut 400 bowls before 
it needed resetting while an Australian dia- 
mond tip would cut 900. In dressing grind- 
ing wheels a diamond point is drawn slowly 
across the face of the wheel. As the size of 
the wheel increases a larger diamond is used 
so that it will not be necessary to reset the 
stone before finishing the operation. With 
a wheel of given size, if an Australian dia- 
mond is used it need only be half the size 
of the African diamond required to do the 
job, thus indicating a much less rapid rate 
of wear. 


e Two rare specimens of Australian black opal. At the left. is a cut 
and polished opal and at the left is a smaller blue opal. 
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dition to the collection of this inclusionist and will thus 
remain a gemological curiosity. 


John I. Koivula 


Metallic Chromium Inclusions in 
Industrial By-Product Ruby 


Technogenic corundum contained in metallurgical slag 
represents a potentially unique source of gem material. 
Since the 1950s, slags have been studied for their secondary 
uses. Their mineralogical and petrographic attributes have 
been documented, but to date there have been virtually no 
studies from a gemological standpoint. 

X-ray powder diffraction analysis (XRD) was performed 
on two slag samples taken from the waste products of 
chromium ore processing by thermite reaction at a refinery 
located in Russia’s Ural Mountains. These specimens 
showed the presence of corundum (a-Al,O,), the rare phase 
diaoyudaoite NaAl, ,O,,, and a spinel-group mineral. For the 
spinel-group mineral, electron microprobe analysis (EPMA) 
indicated significant amounts of Mg, Cr, and Al. As seen in 
figure 15, the corundum contains transparent purplish red 
crystals up to 2.5 cm in length embedded in a diaoyudaoite 
matrix. The crystals may be elongated and prismatic, irreg- 
ularly formed, or rounded. Gemological testing including re- 
fractometry, specific gravity measurements, and reaction 
under short-wave (254 nm) and long-wave (365 nm) UV. The 
UV reaction (figure 16, left) was consistent with natural and 
synthetic ruby (for in-depth analytical procedures and re- 
sults, see E.S. Sorokina et. al., “On the question of techno- 
genic ruby in the slags of Cr-V production,” Mine Surveying 
and Using of Mineral Resources, Vol. 2, 2010, pp. 33-35, in 
Russian). Microscopic examination of the samples showed 
features such as gas bubbles and irregular growth lines, both 


Figure 15. Photomicrograph of a petrographic thin 
section of ruby (purplish red)-diaoyudaoite (grayish 
green) slag, shown in transmitted light. From 
Sorokina et al. (2010). 


of which are inconsistent with natural corundum. Most sig- 
nificant was the presence of a metallic-phase chromium that 
appeared in several forms, such as needles, dendrites, and 
rounded or irregularly formed black solid inclusions with 
metallic luster. The metallic chromium was most fre- 
quently observed along the ruby parting planes (figure 16, 
right); it is an inclusion that has never been detected in nat- 
urally occurring corundum or in any synthetic analogues. 
Laser ablation—inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) and EPMA showed high Cr con- 
tent (4.3-7.7 wt.%), most likely linked to the capture of 
micron-sized metallic chromium inclusions during the 
measuring process. We also found 135-270 ppmw of Mg, 
30-70 ppmw of Ti, and 5-10 ppmw of V. Fe, Ga, Ni, Pb, and 


Figure 16. Left: Intense red photoluminescence typical of ruby observed under long-wave UV; field of view 8.34 
mm. Right: Strongly reflecting rounded and irregularly shaped metallic chromium inclusions within the techno- 
genic ruby, surrounded by greenish gray diaoyudaoite matrix. Shown in reflected light; field of view 0.288 mm. 
Photomicrographs by Elena S. Sorokina. 
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Figure 17. A pinkish orange inclusion dominates the 
interior of this 20.58 ct unpolished topaz crystal from 
Pakistan. Photograph by Kevin Schumacher. 


Pt were found to be below detection limit by both methods. 
This was the first time LA-ICP-MS had been applied to 
technogenic ruby. 

The identification of metallic-phase chromium inclu- 
sions, coupled with trace-element chemistry, will serve to 
separate these ruby slag materials from natural and other 
artificial analogues. 


Elena S. Sorokina 

GIA, Carlsbad 

Fersman Mineralogical Museum 
Russian Academy of Sciences, Moscow 
John I. Koivula 

GIA, Carlsbad 

Vladimir Karpenko 

Fersman Mineralogical Museum 
Russian Academy of Sciences, Moscow 


Quarterly Crystal: Triplite in Topaz 


The transparent colorless 20.58 ct topaz crystal in figure 
17 clearly hosts a prominent translucent pinkish orange 


To watch a video of the aurora-like scene in the 
carved iris agate featured in this section, please visit 


http://www.gia.edu/gems-gemology/aurora-iris- 
agate-carving, or scan the QR code on the right- 


Figure 18. A combination of Raman and EDXRF 
analysis served to identify the inclusion as triplite. 
The inclusion is seen here using brightfield and fiber- 
optic illumination. Photomicrograph by Nathan Ren- 
fro; field of view 9.39 mm. 


inclusion. The topaz, from Biensa in Braldu Valley, Gilgit- 
Baltistan, Pakistan, was acquired from Dudley Blauwet of 
Mountain Minerals International (Louisville, Colorado). 
The bodycolor of the inclusion suggested that it might be 
either of two equally rare pegmatitic phosphates, triplite 
or vayrynenite, that are known to occur in pegmatites in 
that part of the world (figure 18). 

Laser Raman microspectrometry was able to narrow 
the inclusion’s identity to these two suspected phos- 
phates. Triplite and vayrynenite have very similar Raman 
peak patterns, and the topaz host masked some of the sig- 
nificant peaks needed to conclusively separate the two 
minerals. Since triplite contains iron and vayrynenite 
does not, focused energy-dispersive X-ray fluorescence 
(EDXRF) analysis was used to examine the inclusion’s 
chemical composition. Results indicated the presence of 
iron, identifying the inclusion as triplite. This marks the 
first time triplite has been reported as an inclusion in 
topaz. 


John I. Koivula 
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COLORED STONES AND ORGANIC MATERIALS 


Kammererite cabochons from India. Kammererite is a pur- 
ple variety of clinochlore, a mica-like Mg-Al-silicate with 
the formula (Mg,Fe),Al|(OH),|AISi,O ,]. Its color is caused 
by chromium. Kammererite is always found in fractures 
of ultrabasic rocks, usually with chromite ore. The only 
known locality for transparent crystals is the Kop Krom 
chromite mine in the Kop Daglari Mountains of Turkey. 
Transparent crystals from this area (figure 1) can measure 
up to 2 cm. Some of this material has been faceted as rare 
collector gemstones (H. Bank and H. Rodewald, “Schleif- 
wirdiger, roter, durchsichtiger Chlorit: Kammererit,” 
Zeitschrift der Deutschen Gemmologischen Gesellschaft, 
Vol. 28, No. 1, 1979, 39-40, in German). 

An unknown location in India recently yielded massive 
kammererite that was used to carve interesting cabochons 
(figure 2); 10 such samples were examined in this study. 
The cabochons have an attractive light to dark purple 
color; some thinner pieces are translucent. Some of the ma- 
terial shows a folded texture, and this type is visually sim- 
ilar to charoite, a well-known ornamental stone from 
Siberia. The measured refractive index (RI) of the new kam- 
mererite is approximately 1.57, very close to charoite, but 
clinochlore has a much lower Mohs hardness (about 2.5, 
rather than charoite’s 5-6). This new kammererite is inert 
under UV light, but white layers in the samples show 
creamy fluorescence under both long-wave and short-wave 
UV. Raman spectroscopy revealed a characteristic group of 
peaks at 3877, 4063, 4175, 4500, and 4920 cm’ in the spec- 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Figure 1. This 57 mm wide kammererite rough and 
0.57 ct faceted stone are from the Kop Daglari Moun- 
tains of Turkey. Photo by Jaroslav Hyril. 


trum (figure 3), confirming the material’s identity. Visible 
spectra further supported this conclusion. The amount of 


Figure 2. These kimmererite cabochons, with widths 
of 27 mm and 21 mm, are from an undisclosed loca- 
tion in India. Photo by Jaroslav Hyrsl. 
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Figure 3. Raman spectra showing characteristic 
peaks of kammererite at 3877, 4068, 4175, 4500, and 
4920 cm. 


new massive kammererite rough is unknown, and the ma- 
terial may remain rare. 


Jaroslav Hyr’l (hyrslI@hotmail.com) 
Prague 


Spectral characteristics of Pinctada mazatlanica and Pinc- 
tada margaritifera pearl oyster species. Pinctada margar- 
itifera is a well-known mollusk species of the Indo-Pacific 
region that produces gray to black pearls. Cultured pearls 
from the mollusk are often referred to as “Tahitian” in the 
market. Both natural and cultured P. margaritifera pearls 
are noted for their characteristic UV-visible spectra. The 
typical reflectance feature at 700 nm is a key identification 


attribute for this species (K. Wada, “Spectral characteristics 
of pearls,” Gemmological Society of Japan, Vol. 10, No. 4, 
1983, pp. 3-11, in Japanese). 

Pinctada mazatlanica, the so-called Panamanian pearl 
oyster, is a species closely related with P. margaritifera. Al- 
though P. mazatlanica was originally classified as a sub- 
species of P. margaritifera (R.L. Cunha et al., “Evolutionary 
patterns in pearl oysters of the genus Pinctada (Bivalvia: 
Pteriidae),” Marine Biotechnology, Vol. 3, No. 2, 2011, pp. 
181-192), in 1961, the taxonomy of the Pinctada genus was 
revised, and P. mazatlanica was listed as a distinct species 
due to different shell characteristics and geographical oc- 
currence. P. mazatlanica is extensively distributed along 
the western coast of the Americas from Mexico to Peru 
and around the Galapagos Islands. It is considered a native 
pearl oyster species of the Gulf of California in Mexico and 
around the Archipelago de las Perlas in the Gulf of Panama 
(G.F. Kunz and C.H. Stevenson, The Book of the Pearl, The 
Century Co., New York, 1908, p. 69). The spectroscopic 
characteristics of this species were believed to be similar 
to P. margaritifera (Winter 2005 Lab Notes, p. 347), yet 
this author was unable to find any recorded spectra in the 
literature. 

GIA’s Bangkok laboratory recently studied three P. 
mazatlanica shells from Mexico (two are shown in figure 
4). These shells appeared to have morphology between P. 
maxima and P. margaritifera mollusks (P. C. Southgate and 
J.S. Lucas, The Pearl Oyster, Elsevier, Oxford, 2008, p. 60). 
The rounded outlines were similar to those of P maxima; 
in each, the shell’s height was almost equal to the width. 
The color of the outer surfaces alternated from yellowish 
brown to dark greenish gray, with rays of whitish blotches 


Figure 4. These Pinctada mazatlanica shells were obtained from Mexico. Left: The shell has a rounded outline, 
with a nearly equal height and width. The exterior surface exhibits alternating yellowish brown and dark 
greenish gray colors, with whitish blotches fanning out from the center. Right: The interior view of the shell on 
the left alongside a smaller example showing a yellowish green nacreous rim with a distinct orient. Photos by 
Lhapsin Nillapat. 
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Sample 2 


Sample 1 


Sample 3 


Figure 5. The lip area of one P. mazatlanica shell was 
cut into three pieces to investigate the reflectance 
spectral characteristics in the dark and light nacreous 
areas. Photo by Lhapsin Nillapat. 


fanning out from the center. The inner nacreous rims 
ranged from yellowish green to dark gray with visibly iri- 
descent overtones resembling P. margaritifera. To investi- 
gate reflectance UV-visible spectral characteristics in the 
dark and light nacreous areas, three pieces were cut from 
one of the shells (figure 5). 

The dark gray nacre of all the samples exhibited the 
same spectral pattern as those recorded from naturally col- 
ored gray to black nacre of P. margaritifera shells and pearls. 
The reflectance feature at 700 nm was consistently present 
in these samples, together with a uroporphyrin feature at 
405 nm (figure 6). Uroporphyrin has been established as one 
type of pigmentation responsible for gray to black tones in 
some pearl oyster species (Y. Iwahashi and S. Akamatsu, 
“Porphyrin pigment in black-lip pearls and its application 
to pearl identification,” Fisheries Science, Vol. 60, No. 1, 
1994, pp. 69-71). However, the feature at 495 nm that is 
often displayed in natural dark-colored nacre from P. mar- 
garitifera was not present in these samples, while the spec- 
tra collected in white to silver areas lacked the 405 and 700 
nm characteristics. The spectra were relatively featureless, 
with no significant reflectance showing in the visible re- 
gion. This was in keeping with results obtained from the 
white to silver nacre of P- maxima and P. margaritifera 
shells and pearls (S. Elen, “Identification of yellow cultured 
pearls from the black-lipped oyster Pinctada margaritifera,” 
Spring 2002 G&G, pp. 66-72). 

Further studies at GIA’s New York laboratory on P. 
mazatlanica shells from GIA’s Carlsbad collection con- 
firmed these findings. Additionally, the yellow-green nacre 
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close to the dark gray nacreous rim of the shell showed a 
broad trough from 330 to 460 nm. This consisted of features 
between 330 and 385 nm and between 385 and 460 nm. A 
clear feature at 700 nm was observed, but the one at 405 
nm was not evident. The spectra are comparable with nat- 
ural yellow P. margaritifera nacre samples (again, see Elen, 
2002). 

Photoluminescence (PL) spectra collected on the dark 
gray and yellow-green nacreous areas of all the samples 
showed bands at approximately 620, 650, and 680 nm. 
These same PL bands are observed in naturally colored 
nacre of P. margaritifera and Pteria sterna, as well as sev- 
eral colors of P. maxima nacre (S. Karampelas, “Spectral 
characteristics of natural-color saltwater cultured pearls 
from Pinctada maxima,” Fall 2012. GWG, pp. 193-197). 

The reflectance and PL spectra from our samples prove 
the close relationship between P. mazatlanica and P. mar- 
garitifera. Pearls produced by these two black-lipped oyster 
species therefore share similar spectral characteristics. 


Artitaya Homkrajae 
GIA, Carlsbad 


Macedonian ruby specimens. The Macedonian town of 
Prilep has been a source of marble since antiquity, even 
supplying some Roman settlements. Rubies have occasion- 
ally been found within the Bianco Sivec quarry, according 
to gem dealer Denis Gravier (Gravier & Gemmes, Poncin, 
France). Although Prilep is mainland Europe’s only known 
natural ruby source, only in the past 15 years has there 


Figure 6. UV-visible reflectance spectra of the darker 
gray nacre areas of all three P. mazatlanica shell sam- 
ples shown in figure 5 are similar to the spectrum 
from a P. margaritifera pearl. All show a uroporphyrin 
feature at 405 nm and a feature at 700 nm, which is 
diagnostic of P. margaritifera. These spectra prove the 
similar spectral characteristics between P. mazat- 
lanica and P. margaritifera. 
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Figure 7. This 9.93 ct ruby cabochon from Macedonia 
was seen at the Jewellery # Gem Fair — Europe in 
Freiburg, Germany. Photo by Russell Shor/GIA. 


been an effort to mine the gems. Gravier offered several ru- 
bies from the Prilep quarry at the March 19-22 Jewellery 
& Gem Fair - Europe in Freiburg, Germany, including the 
9.93 ct cabochon seen in figure 7. None of the specimens 
were faceted. Gravier said the deposit produces compara- 
tively few gem-quality rubies, and most are too cloudy for 
faceting. The best ones have a distinct “raspberry” color. 
It is unknown whether any of the material is heat treated. 
Macedonian craftsmen have developed a local industry 
using these rubies in jewelry and objets d’art. 


Russell Shor 
GIA, Carlsbad 


Multiphase fluid inclusions in blue sapphires from the 
Ilmen Mountains, southern Urals. Most gem-quality sap- 
phires are found in placers that originate from the weather- 
ing of primary deposits. Discovering a mineral in situ, or 
within the host rocks, is rare. In August 2015, some of the 
authors visited a corundum deposit in the Imen Mountains 


Figure 8. Map showing the location of the blue sap- 
phire occurrence within Russia. 


CASPIAN 
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BLACK SEA 
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Figure 9. Sapphire crystals in feldspar matrix of a 
syenite pegmatite from the Ilmen Mountains of Rus- 
sia. The largest sapphire crystal measures 5.9 x 4.2 
cm. From a private collection; photo by Elena S. 
Sorokina. 


in the southern Urals of Russia (figure 8) to collect the 
stones in situ for research. This is a primary source where 
blue sapphire megacrysts are found exclusively in syenite 
pegmatites. The occurrence is located inside the Ilmen 
State Reserve, and its commercial exploitation is forbidden. 

Corundum syenite pegmatites in the Ilmen Mountains 
present an REE-rich source of transparent to translucent 
blue sapphire crystals measuring up to 5.9 x 4.2 cm (figure 
9). But the brittle deformation throughout the gem-bearing 
rocks, which appears to be linked to syntectonic and post- 
tectonic processes that occurred at the deposit and the sur- 
rounding area, increased the amount of fissures in the 
corundum. As a result, the sapphires are of a lower quality 
and can only be faceted into small stones. Six sapphire 
wafers and nine petrographic thin sections of mineral from 
corundum-bearing rocks of this occurrence were recently 
examined at GIA’s Carlsbad lab. 

Laser ablation—inductively couple plasma—mass spec- 
trometry (LA-ICP-MS) and electron microprobe analysis 
(EPMA) indicated medium-rich Fe (2470-3620 ppmw), high 
Ga (190-280 ppmw}, and low Mg (3-9 ppmw) with Ga/Mg 
> 29, all in the range of magmatic sapphires (see J.J. Peucat 
et al., “Ga/Mg ratio as a new geochemical tool to differen- 
tiate magmatic from metamorphic blue sapphires,” Lithos, 
Vol. 98, No. 1-4, 2007, pp. 261-274). 

Ferrocolumbite, zircon, and alkali feldspar group min- 
erals, identified by confocal micro-Raman spectroscopy, 
were observed as syngenetic inclusions. Epigenetic mus- 
covite and exsolved needles (most likely ilmenite) were 
found as well; along with syngenetic inclusions, they are 
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Figure 10. Raman spectra at room temperature of a 
fluid inclusion trapped in a sapphire from the Ilmen 
Mountains: '°CO, Fermi doublet along with hot 
bands and “CO, peak (red trace), diaspore needle 
(blue), and a diaspore thin film (green). For '?CO,, the 
average distance between Fermi doublet peaks (A) 
was calculated as 104.25 cm. Diasp = diaspore, Sph 
= sapphire, Ilm = ilmenite, I = liquid CO,, v = vapor 
CO,. Photomicrograph by Elena S. Sorokina; polar- 
ized transmitted light, field of view 0.288 mm. 


common phases in mineral assemblages of Ilmen corun- 
dum syenite pegmatites (see V. F. Zhdanov et al., “The min- 
eralogy of corundum pegmatite pit no. 298 of the Ilmen 
State Reserve,” Materialy k mineralogii Yuzhnogo Urala 
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[Materials to Mineralogy of South Urals], AS USSR, 1978, 
pp. 92-97, in Russian). Wafers 200-400 pm in width were 
prepared in order to study fluid inclusions (FI) trapped within 
the sapphire crystals. 

Using Raman spectroscopy, solid phases in needle and 
thin-film form were identified as diaspore (figure 10); both 
vapor and liquid phases were found to be CO,, with a Fermi 
doublet for the liquid phase at 1282.9-1283.2 and 1387.2- 
1387.6 cmr!, accompanied by less intense symmetrical 
bands (“hot bands”; see N.B. Colthup et al., Introduction to 
Infrared and Raman Spectroscopy, 2nd ed., Academic Press, 
New York, 1975) at approximately 1264 and 1408 cm: and 
a small band at 1370 cm™ due to “CO,. Raman spectra in 
the 2000-4000 cm range did not show H,O-, CH,-, or N,- 
related bands. The less intense apparent maxima at 418, 578, 
and 750 cm belong to sapphire vibration modes. The dis- 
tance between Fermi doublet peaks (A) ranged from 104.1 to 
104.4 cm (again, see figure 10), occurring at about 0.7 g/cm® 
CO, density (see X. Wang et al., “Raman spectroscopic 
measurements of CO, density: Experimental calibration 
with high-pressure optical cell (HPOC) and fused silica cap- 
illary capsule (FSCC) with application to fluid inclusion ob- 
servations,” Geochimica et Cosmochimica Acta, Vol. 75, 
2011, pp. 4080-4093). The distance was linked to the pres- 
sure at approximately 1.8 kbar for the trapping of fluid in- 
clusions within the sapphire matrix (CO, P-T isochores, or 
lines of constant density). The CO, homogenization tem- 
perature (the temperature at which the fluid inclusion be- 
comes a single-phase liquid or vapor) occurred in the liquid 
phase and measured between 30.1° and 30.7°C (figure 11), 
while the corundum-diaspore equilibrium was estimated at 
510°-530°C (matching the previous estimation by V.A. Si- 
monov, Usloviya mineraloobrazovaniya v granitnykh peg- 


Diaspore 


Figure 11. Homogeniza- 
tion of CO, in a fluid in- 
clusion in sapphire from 
the Ilmen Mountains oc- 
curs in the liquid phase 
between 30.1° and 
30.7°C. A: Homogeni- 
zation of CO, above 
30.7°C. B and C: Vapor- 
ization of CO, with a 
temperature below 
30.7-30.1°C. D: The mul- 
tiphase FI at room tem- 
perature. I = liquid, v = 
vapor. Photomicrographs 
by Jonathan Muyal; 

| transmitted polarized il- 
lumination, field of view 
0.72 mm. 
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matitakh [Conditions of Mineral Formation in Non- 
Granitic Pegmatites], Nauka, Novosibirsk, USSR, 1981, in 
Russian). Based on the determined pressure (around 1.8 
kbar), the temperature of stability for the corundum-ortho- 
clase-H,O system was higher than 690°C (H.S. Yoder and 
H.P. Eugster, “Synthetic and natural muscovites,” Geochim- 
ica et Cosmochimica Acta, Vol. 8, 1955, pp. 225-280), likely 
linked to the multistage geological history of blue sapphire 
crystallization along the P-T path in the Ilmen Mountains. 

Further study of these sapphires is needed to better un- 
derstand the geological history of this locality, but the infor- 
mation obtained can provide valuable clues about the 
characterization of gem corundum from secondary placers. 


Elena S. Sorokina (elena.sorokina@gia.edu) 
GIA, Carlsbad 
Fersman Mineralogical Museum RAS, Moscow 


John I. Koivula and Jonathan Muyal 
GIA, Carlsbad 


Stefanos Karampelas 
Gem Research Swisslab AG (GRS) 
Adligenswil, Switzerland 


Tursun P. Nishanbaev and Sergey N. Nikandrov 
Ilmen State Reserve, Miass, Russia 


Tremolite and diopside bead with unusual texture and color. 
In recent years, Buddhist prayer beads have become increas- 
ingly popular in Chinese jewelry. These beads are made into 
a variety of shapes from many kinds of gem materials. 

At the 2015 China International Jewelry Fair in Beijing, 
a barrel-shaped bead with unusual green and white color 
(figure 12) attracted our interest. The bead weighed 6.39 g 
and measured approximately 30.5 x 10.8 x 10.5 mm. The 
hydrostatic specific gravity (SG) was 3.05, but it was diffi- 
cult to obtain individual spot RIs from the white and green 
areas. The entire sample was inert to both long-wave and 
short-wave UV. The infrared reflectance spectrum (figure 
13) of the whitish mineral indicated tremolite, with char- 


Figure 12. This 6.39 gram barrel-shaped bead was un- 
usual for its texture and color. Photo by Yanjun Song. 
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Figure 13. IR spectroscopy identified the whitish min- 
eral in the bead as tremolite (red trace, peaks at 1093, 
988, 902, 743, 676, 529, and 470 cnr") and the green- 
ish one as diopside (blue trace, peaks at 1060, 979, 
921, 681, 511, and 410 cnr"). The spectra are offset for 
clarity. 


acteristic peaks at 1093, 988, 902, 743, 676, 529, and 470 
cm, while the greenish mineral’s spectrum matched that 
of diopside, with peaks at 1060, 979, 921, 681, 511, and 410 
em, 

Raman spectra of the white and green areas (figure 14) 
were obtained using 785 and 532 nm laser excitation, re- 
spectively. Peaks at about 1058, 1028, 754, 673, 394, and 
224 cm indicated tremolite, while those at 1013, 667, 559, 
393, and 326 cm! were consistent with diopside. 

Tremolite and diopside are common gem materials in 
the jewelry trade. Both occur in nephrite, where tremolite 
is the main mineral and diopside is an accessory mineral. 
This was the first time we had encountered diopside rather 
than tremolite as the major mineral when both occurred 
within the same sample. 


Yanjun Song 

Earth Science and Resources College 

Chang’an University, Xi’an, China 

Yungui Liu 

College of Gemstone and Material Technology 
Shijiazhuang University of Economics, China 
Xidoqiang Xia 

Beijing Institute of Gemology 

Juan Zhao 

Xi’an Center of Geological Survey (CGS), China 


SYNTHETICS 


Synthetic moissanite imitations of synthetic colored dia- 
monds. Three faceted specimens were recently submitted 
to the Earth Science and Resources College of Chang’an 
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Figure 14. Raman spectra of the barrel-shaped bead. Left: Peaks at 224. 394, 673, 754, 1028, and 1058 cm were 
indicative of tremolite. Right: Peaks at 326, 393, 559, 667, and 1013 cnr were consistent with diopside. 


University by a client who acquired them as synthetic col- 
ored diamonds (figure 15). All three specimens were rela- 
tively clean to the unaided eye. The RI of the specimens 
was over the limit of the gem refractometer. The average 
hydrostatic SG value was 3.21, and all samples were inert 
under long-wave and short-wave UV radiation. Micro- 
scopic examination revealed clear doubling of numerous 
stringers and some needle-like inclusions (figure 16). All of 
these features were consistent with synthetic moissanite 
(K. Nassau et al., “Synthetic moissanite: A new diamond 
substitute,” Winter 1997 GwG, pp. 260-275). Raman spec- 
tra of the samples were obtained using 785 nm laser exci- 
tation from three different orientations: parallel to the 
c-axis, perpendicular to the c-axis, and random orientation 
(one specimen’s spectra is shown in figure 17). Results for 


Figure 15. Submitted as synthetic diamonds, the 0.99 
ct blue-green emerald step cut (left), 0.85 ct brown-yel- 
low standard round brilliant (center), and 1.90 ct deep 
green standard round brilliant (right) were all identi- 
fied as synthetic moissanite. Photo by Yanjun Song. 
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all three samples indicated synthetic moissanite, with the 
peaks at 149, 767, 789, and 967 cm" obtained from the ran- 
dom orientation (see rruff.info). 

Moissanite (silicon carbide, or SiC) has many polytype 
structures, including cubic (C), hexagonal (H), and rhom- 


Figure 16. Needle-like inclusions (top) and doubling 
of numerous stringers (bottom) are shown here in the 
emerald step cut. Photomicrographs by Yanjun Song; 
field of view 4.22 mm (top) and 2.26 mm (bottom). 
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Figure 17. Raman analysis of the emerald step cut 
from three different optical orientations, using a near- 
infrared wavelength of 785 nm, confirmed its identity 
as synthetic moissanite. 


bohedral (R). Hexagonal structure 4H-SiC and 6H-SiC 
(space group P63mc) are the most common polytypes used 
as gem material. In this study, the characteristic peaks at 
149, 767, 789, and 966 cm", obtained from the orientation 
parallel to the c-axis, were consistent with those previously 
reported for 6H-SiC (S. Nakashima and H. Harima, 
“Raman investigation of SiC polytypes,” Physica Status 
Solidi A, Vol. 162, No. 1, 1997, pp. 39-64). 

High-quality colorless and black synthetic moissanites 
are common diamond imitations in the jewelry trade. As 
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the growth techniques of synthetic moissanite continue to 
improve and the popularity of fancy-color diamonds in- 
creases in the Chinese market, we anticipate that high- 
quality synthetic colored moissanite will become more 
prevalent. 


Yanjun Song 
Lu Zhang 


Institute of Prospecting Technology 
Hebei Mine Bureau, Langfang, China 


Yunlong Wu 
National Testing Center for Gold and Silver Jewelry 
Tianjin, China 


TREATMENTS 


Steam-dyed amber. “Beeswax” amber, a common trade 
name used in the Chinese gem market, refers to yellow 
amber that has a semitranslucent, opalescent, milky ap- 
pearance with greasy luster. Among the beeswax ambers, 
“chicken-fat yellow beeswax” is very popular for its bright 
color. Global production is limited, and the material is in 
high demand in the Chinese amber market. Therefore, 
many methods to enhance the color of beeswax amber 
have been attempted. In March 2016, the Guangzhou lab- 
oratory of the Gem Testing Center, China University of 
Geosciences (Wuhan) received four pieces of chicken-fat 
yellow beeswax amber samples from two different clients 
(figure 18); two more pieces were received in May from an 
unrelated owner (figure 19). 

Infrared spectroscopy showed all ambers with typical 
“Baltic shoulder” patterns in the 1100-1300 cm! range, 
with low and broad bands in higher frequencies and a high, 
sharp peak at 1160 cm". Instead of the whitish yellow of 
natural Baltic ambers, we saw either bright yellow or or- 
ange hues, both of which are unusual. Under strong trans- 
mitted light, the yellow color of the round bead in figure 
18 (left) showed a mottled distribution, which was proof of 


; Figure 18. Left: This 


_ “chicken-fat yellow 
beeswax” amber bead, 
approximately 15 mm 
in diameter, was 
treated by the steam 
dyeing method. Right: 
The unusually dark or- 
ange color of these 
pear-shaped samples 
comes from steam dye- 
ing. Photos by Fen Liu. 
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AMBER 


Enclosed insects are seen in the amber (A) from the 
Prussian Coast and (B) from a deposit in Sicily. Dark brown 
amber in oolite from Westphalia is seen in Figure (C) and a 
piece of the familiar Prussian bone Amber is pictured at (D). 
Specimens from the collection of British Museum (Natural 
History), London. 


Figure 19. The two bright yellow beads in the center, 
8 mm and 9 mm in diameter, were treated by steam 
dyeing, while the bracelet contains natural-color 
amber. Photo by Jiewan Huang. 


uneven dyeing (figure 20); however, microscopic examina- 
tion revealed small squashed bubbles caused by “steam 
treatment.” Further, red color filaments unrelated to the 
cracks among the bubbles near the surface were traces of 
residual dyes (figure 2.1, left). 

The color of the pear-shaped samples appeared to be 
darker than the yellow associated with chicken-fat amber 
(again, see figure 18, right). This darker color faded slightly 
when the surface was swabbed with alcohol. Under 40x 
magnification, the bubbles appear to have yellow menis- 
cuses. The bubble-rich regions were darker than the portions 


Figure 20. The darker mottled color patches in this 
sample indicate that the bead was unevenly dyed. 
Photo by Fen Liu. 


with fewer bubbles. In some areas among the bubbles, an 
abnormal dark orange color zone appeared to be induced by 
residual color matter (figure 21, right). All these observations 
indicated the amber pieces underwent some artificial treat- 
ment. The clients admitted that these beeswax ambers were 
treated by a new treatment method, called “steam dyeing,” 
which delivers gas bubbles from colored water into the 
amber structure at pressure and temperature conditions 
close to those of saturated water vapors. 

Steam dyeing treatment is easy to miss. The rapid de- 
velopment in amber treatment methods means that con- 


Figure 21. Left: The squashed bubbles are induced by steam treatment, and the red filaments are possible traces 
of residual dye. Photomicrograph by Fen Liu; field of view 2.95 mm. Right: The dark orange color zone among the 
bubbles, unrelated to the cracks, indicates that the color zone was introduced by dyeing. Photomicrograph by Sh- 


ufang Nie; field of view 2.95 mm. 
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sumers and laboratories must be cautious when dealing 
with these “chicken-fat yellow beeswax” ambers. 


Yamei Wang, Fen Liu, Shufang Nie, and Andy Shen 
Gem Testing Center, China University of Geosciences 
(Wuhan) 


Polymer-coated serpentine. Jadeite, nephrite, serpentine, 
chalcedony, and quartzite were all referred to as “jade” in 
ancient China, where objects were defined by their crafts- 
manship rather than the materials themselves. The term 
is still widely used in the Chinese market for many types 
of materials. “Xiuyan jade” is actually a form of serpentine, 
so named for Xiuyan, a city in China’s Liaoning province 
where serpentine deposits are abundant. 

The pendant in figure 22, was submitted to the Lai Tai- 
An Gem Laboratory by a client who claimed the material 
was jadeite jade. The pendant, which weighed 222.03 ct 
and measured 58 x 37 x 17 mm, showed a light green 
carved fish on a brown and yellow background. At first 
glance, it appeared to display a plastic-like luster. 

Identical spot RIs of 1.56 were obtained from two dif- 
ferent parts of the object, and an SG of 2.40 was deter- 
mined. Both measurements were lower than expected for 
jadeite. The SG may have been affected by a polymer 
coating; this was partially confirmed when bubbles were 
observed on some surface areas under magnification. Mi- 
croscopic observation proved that the piece was solid and 
not assembled. It was inert under long-wave and short- 
wave UV light from an ultraviolet viewing cabinet, 
whereas most polymer-coated objects show weak to 
strong reactions. The client granted permission to cut the 
piece in two for further analysis. 

DiamondView observations of the cross section re- 
vealed an inert reaction from the object’s interior, but the 
coatings on the surface produced a strong bluish fluores- 
cence (figure 23). FIIR spectroscopy on the interior identi- 
fied the material as serpentine, but peaks at 3060, 3025, 
2932, and 2858 cm~!, obtained from the surface, showed 
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Figure 22. The serpentine pendant before and after 
cutting. Photos by Lai Tai-An Gem Lab. 


that a polymer was present. Peaks at 1045, 673, 564, and 
485 cm~!, detected from both the interior and the surface, 
were indicative of serpentine (figure 24); this was con- 
firmed by Raman spectroscopy. 

Coatings are normally applied to gem materials to im- 
prove luster and, in some cases, provide a degree of stabil- 
ity. This was the first case of coated serpentine we have 
encountered. Care should be taken to identify such coat- 
ings; the simplest way to detect the treatment is to check 
for any unusual reaction under the ultraviolet viewing cab- 
inet, but in this case, the UV reaction only showed in the 
ultra-short-wave UV of the DiamondView. Serpentine’s 
characteristically low hardness makes it a very suitable 
carving material, but any treatments applied to it should 


be fully disclosed. 


Larry Tai-An Lai (service@laitaian.com.tw) 
Lai Tai-An Gem Laboratory, Taipei 


Figure 23. Diamond- 
View imaging showed 
that the inner portion 
of the serpentine was 
inert, while the surface 
exhibited a strong 
bluish fluorescence. 
These images show the 
reflection from the 
polymer-coated surface 
in visible (left) and UV 
light (right). Images by 
Lai Tai-An Gem Lab. 
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Figure 24. FTIR spectroscopy revealed peaks indica- 
tive of coating at 2858, 2932, 3025, and 3060 cnr! 
(red) and serpentine peaks at 485, 564, 673, and 1045 
cnr (blue). 


MORE FROM TUCSON 


Almandine in graphite schist specimens. At this year’s 
Tucson shows, the authors saw the breathtaking alman- 
dine-pyrope in graphite schist specimens that debuted at 
the August 2014 East Coast Gem, Mineral, and Fossil 
Show in Springfield, Massachusetts (figure 25). Mine 
owner Jason Baskin (Jay’s Minerals, Flemington, New Jer- 
sey) first encountered the material from the Red Embers 
mine (then called the Two Fat Guys mine) in Franklin 
County, Massachusetts, in the early 2000s, and his family 
bought the mineral rights to this property in 2008. Mr. 
Baskin, along with his cousin Kyle Baskin and uncle Kevin 
Baskin, worked the mine (currently closed to the public) 
by hand, with tools such as chisels and hammers, for six 
years before unveiling these specimens and the location 
of the mine (figure 26). 

Good-quality almandine specimens are found in vari- 
ous localities in the eastern United States. This deposit is 
located in a metamorphosed zone full of layered graphite 
schist. According to Mr. Baskin, the thickness of the veins 
can vary from about | to 6 feet wide. Black columnar ac- 
companying minerals can be found in the graphite matrix 
in between the garnet crystals on some specimens (figure 
27). This long needle-like mineral was identified as dravite 
tourmaline. Based on his many years of mining experience 
at this location, Mr. Baskin says that the garnet crystals 
tend to have higher quality when they occur within a fold. 
Some of the garnet crystals are suitable for faceting, but it 
is the specimens that generate the most purchases. The 
largest crystal found to date is 28 mm in diameter; the 
largest faceted stone is 4.7 ct. 
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Figure 25. Jason Baskin is seen holding his largest al- 
mandine in graphite schist specimen at the 2014 
Springfield Mineral Show. This specimen is now part 
of the collection of the Mineralogical and Geological 
Museum at Harvard University. Photo courtesy of 
Jay’s Minerals. 


These striking specimens displayed sharp, dark red 
trapezohedra in fine-grained silvery graphitic schist (R.B. 


Figure 26. Jason Baskin displays two giant pieces of 
graphite schist extracted from the mine. Hand tools 
such as the sledgehammer behind him are used to 
mine the specimens. Photo courtesy of Jay’s Minerals. 
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Figure 27. With a strong light source behind the speci- 
men, the garnet crystals within the graphite glow, 
showing an attractive burgundy color. The black 
columnar mineral in the graphite matrix was identt- 
fied as dravite. Not all specimens contain dravite, 
though its presence adds charm to the piece. Photo 
courtesy of Jay’s Minerals. 


Cook, “Almandine New York City, New York County, 
New York State,” Rocks & Minerals, Vol. 84, No. 3, 2009, 
pp. 244-252). In a previously published article, Raman 
spectroscopy identified the garnet as predominantly al- 
mandine with some spessartine and minor pyrope compo- 
nents (C. Williams and B. Williams, “Almandine from 
Erving, Massachusetts,” Journal of Gemmology, Vol. 34, 
No. 4, 2014, pp. 286-287). Most specimens have multiple 
garnet crystals embedded in them, with the largest con- 
taining more than 100 crystals. 

Due to the fine-grained nature of the host rock, a dust 
mask must be worn during the mining process. The most 
attractive aspect of these specimens is the exposure of the 
garnet crystals from both sides of the rock, which allows 
the light to travel through and make the garnet glow, show- 
ing its deep burgundy color (again, see figure 27). To 
achieve this goal, Baskin has tried numerous abrasives to 
remove the schist on both sides of the garnet without af- 
fecting the crystals’ surfaces. Some of the experimental 
abrasives included various kinds of glass beads, plastic 
beads, corn cobs, and even walnut shells. Finally, a special 
plastic made it possible to expose the garnets from both 
sides efficiently. The Mineralogical and Geological Mu- 
seum at Harvard University, the American Museum of 
Natural History, Yale University, the University of Ari- 
zona, and Bill Larson of Pala International all currently 
own these specimens. 


Tao Hsu and Andrew Lucas 
GIA, Carlsbad 
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Australian opal beads with blue play-of-color. The Aus- 
tralian Opal Shop (Gold Coast, Australia) had a variety of 
goods on display at Tucson’s Globe-X Gem & Mineral 
Show. Owner John McDonald primarily deals in boulder 
opal with a sandstone matrix from the Winton mining area 
in Queensland. Untreated specimens can be polished to 
create beautiful slabs of boulder opal with or without ma- 
trix, though sandstone with microscopic bits of opal must 
be treated to make the play-of-color visible. The pieces are 
soaked in a fatty oil (usually vegetable oil) rather than pe- 
troleum-based oils, which leave a residue. The finished 
product ranges from multicolored to dark blue, depending 
on the size of the opal pockets and the spherical structure. 
What appears as dark blue bodycolor is actually blue play- 
of-color. The treated rough is usually fashioned into beads 
(figure 28). 


Donna Beaton 
GIA, New York 


Honduran and Turkish opal. Harald Mihlinghaus (Opal 
Imperium, Enkirch, Germany) has been exhibiting at the 
Pueblo Gem & Mineral Show for more than 20 years. The 
company sources, fabricates, and sells a number of colored 
gemstones, but their main focus is opal from Australia, 
Mexico, Honduras, and other locales. At the booth were 
some unusual examples that have rarely been documented, 
such as a banded opal (figure 29, left) obtained about 30 
years ago from an unrecorded Honduran location. This ma- 
terial occurs as solid vertical veins in matrix with approx- 
imately 1 cm stratifications of play-of-color, which indicate 
the cyclical concentration and the formation of the silica 
spheres that form opal. The phenomenon is most distinct 
in fairly sizable pieces of rough, with 1-3 mm opal layers 


Figure 28. At the Globe-X show, these polished Aus- 
tralian opal beads (in sandstone matrix) displayed 
blue play-of-color. Photo by Donna Beaton. 


Gems & GEMOLOGY SUMMER 2016 217 


on matrix measuring 5-15 cm across, which makes these 
specimens more suitable for display than for jewelry. Some 
of the smaller examples displayed only nonphenomenal 
layers, while others had play-of-color fading to potch at 
each cycle. 

Also on display were dendritic opal cabochons (figure 
29, right) from rough obtained from Simav, Turkey, about 
four years ago. This material, which Mthlinghaus called 
“Turkish dendritic opal,” has been cut so that each piece 
shows clearly delineated opaque white and semitranspar- 
ent areas, embedded with fine branched black inclusions 
reminiscent of traditional Japanese tategaki characters. 


Donna Beaton 


African rhodochrosite and Colombian quartz with trapiche 
patterns. Also at the Pueblo show, German Salazar (Idar- 
Oberstein and Bogoté) and Gaetano Lacagnina (L.G. 
Gemme, Milan) shared a booth that featured an eclectic as- 
sortment of gems and minerals. Mr. Lacagnina, who also 
operates a lab and cutting factory, specializes in unusual 
and fine mineral specimens. Of particular note were high- 
quality rhodochrosites from the N’Chwaning mining area 
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Figure 29. Left: This 
Honduran banded opal, 
10 cm in height, shows a 
1-8 mm thick stratified 
opal layer attached to 
matrix. Right: Turkish 
dendritic opal was avail- 
able as cabochons. Pho- 
tos by Donna Beaton. 


in the Northern Cape province of South Africa (figure 30, 
left). N’Chwaning, noted for having Africa’s largest man- 
ganese reserves, also produces manganite, ettringite, and 
other Mn-bearing minerals. Noteworthy on Mtr. Salazar’s 
side of the booth were polished hexagonal quartz slices 
bearing a spoked trapiche-like pattern (figure 30, right). Co- 
incidentally, the quartz was from the Boyaca region of 
Colombia, which regularly produces trapiche emerald. The 
patterned areas are found at the core of larger quartz crys- 
tals. Viewed in a polariscope, the growth directions and fi- 
brous inclusions are very distinct. Although Mr. Salazar 
has marketed the slices as “trapiche quartz,” he is consid- 
ering branding this unique find as “Salazarite.” 


Donna Beaton 


The fluid art of Angela Conty. Renowned lapidary, de- 
signer, and goldsmith Angela Conty created a jewelry col- 
lection exclusively for the 2016 Tucson gem and mineral 
shows. We had a chance to see some of her convertible 
pieces at the Hotel Tucson City Center. 

Ms. Conty’s artistic vision is heavily influenced by na- 
ture: Flowers, leaves, twigs, seed pods, and similar motifs 


Figure 30. Left: A 6.0 cm 
tall rhodochrosite speci- 
men from the N’Chwan- 
ing mining area in South 
Africa. Right: These 
domed hexagonal quartz 
slices from Colombia, 
measuring 3.5-4.5 cm 
across, exhibit inclu- 
sions reminiscent of 
trapiche emerald. The 
pattern becomes more 
distinct when viewed 
through cross-polarized 
filters. Photos by Donna 
Beaton. 
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Figure 31. This pin/pendant features two Oregon sun- 
stones, a Chinese freshwater pearl, and diamond ac- 
cents. Carved green chalcedony and a 1.50 ct zircon 
complete the design. The piece is set in 14K and 18K 
yellow gold. Photo by Robert Weldon/GIA; courtesy 
of Angela Conty. 


are reflected in her work. The fluidity of her artistic ex- 
pression strikes a perfect balance and flow between the 
gemstone carving and the jewelry design. Ms. Conty 
views her design and manufacturing process as the evo- 
lution of a work of art that often features a carved gem- 
stone. Changes may occur when carving the stone, 
working the metal, or assembling the piece of art. When 
she has the rough in hand, she takes into consideration 
the stone’s shape, its best orientation, and how it would 
look carved and set in jewelry. As the carving progresses, 
the rough might take an unexpected direction, even after 
the metalwork is finished. She feels that lapidary work 
and metalsmithing must blend and harmonize in order to 
create the perfect balance. This means the carving or the 
metalwork can be continually adjusted until the carving 
is ready to be set. In her words, “I gather together ele- 
ments, cast and constructed, and begin to solder or weld 
until the carving, gemstones and metalwork begin to 
work together, always ready to make more changes. I add, 
move, and remove elements to create a better integration 
of carving and goldwork.” 
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Figure 32. This 18K yellow gold convertible 
pendant/pin features a 46.80 ct carved Oregon sun- 
stone as its centerpiece. A chocolate Tahitian pearl 
drop and diamond accents help frame the carving. 
Photo by Robert Weldon/GIA; courtesy of Angela 
Conty. 


Her gemstone preferences include Australian opal, 
quartz, chalcedony, and her new favorite, Oregon sunstone. 
Her metal of choice is 18K gold, but she will sometimes 
use silver or 14K gold, depending on the design or the 
client’s preference. The relationship between the stone and 
metal is beautifully demonstrated in the Oregon sunstone 
jewelry pieces shown in figures 31 and 32, which can be 
worn as either brooch or pendant. 

Ms. Conty’s combined talents in art and creative design 
took root more than 40 years ago at the State University 
of New York (SUNY) at New Paltz, where she earned un- 
dergraduate and graduate degrees in art. Her training in- 
cluded drawing, art history, painting, ceramics, sculpture, 
and silversmithing. She studied metalwork under Kurt 
Matzdorff, the founder of the Society of North American 
Goldsmiths (SNAG), and is a self-taught lapidary artist. 

In 2002, Ms. Conty won second place in AGTA’s Cut- 
ting Edge Awards in the Objects of Art category. Her work 
has been featured in numerous publications and books. 

Carl Chilstrom and Sharon Bohannon 
GIA, Carlsbad 
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Figure 33. Kiwon Jang checks a cassette of stones dur- 
ing the Jang 1024’s robotic cutting process. Photo by 
Tao Hsu. 


Robotic colored stone cutting machines. At the technology 
pavilion of the AGTA show, master cutter Kiwon Jang of 
KLM Technology (New Brunswick, New Jersey) demon- 
strated the Jang 1024, a robotic system for cutting colored 
stones (figure 33). 


Figure 34. A cassette of stones is cut using water as a 
cooling agent. Photo by Tao Hsu. 
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Figure 35. This cassette, which can hold up to 56 
melee at one time, is shown holding 28 larger stones. 
Photo by Tao Hsu. 


KLM provides cutting services to the gem trade. Mr. 
Jang began his career working with cubic zirconia in his 
native Korea. Since moving to the United States 30 years 
ago, he has developed multiple systems for automatic gem 
cutting, with 10 systems in KLM’s New Jersey factory. The 
company also sells the machine to overseas clients and 
provides on-site training for the systems. GWG previously 
reported on one of his compact machines (Fall 2012 GNI, 
p. 233). 

The Jang 1024 is his most recent product. The ma- 
chine’s process is controlled by a computer installed with 
designing and cutting software written by Mr. Jang. The 
water-cooled system (figure 34) is designed for mass pro- 
duction; depending on stone size, it can handle up to 56 
melee at a time (figure 35). The machine can produce a 
round brilliant cut from 1 to 30 mm, while the largest size 
for emerald cuts is 25 mm. According to Mr. Jang, the 
maximum tolerance the machine can accommodate is 
0.05 mm. The daily capacity of this machine is 2,000- 
4,000 melee between 1.0 and 3.0 mm, 400-800 stones be- 
tween 3.5 and 10.0 mm, or 100-200 stones larger than 
10.0 mm. Aside from periodically checking the stones, 
the entire process from preforming to polishing is done 
by the computer. Mr. Jang informed us that the majority 
of his clients are miners and cutting factories in Brazil 
and Russia, along with many African countries. Most of 
his customers in the United States are domestic dealers 
seeking fast local service. 


Tao Hsu and Andrew Lucas 


ERRATUM 


In the Spring 2016 Lab Note on the largest blue HPHT syn- 
thetic diamond examined to date, the DiamondView im- 
ages showing fluorescence and phosphorescence (p. 74) 
were listed in the wrong order. 
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QUARTZ 
(Chalcedony) 


A large polished moss agate is shown at (A). Figure (B) is 
a less common, almost transparent blue chalcedony. This stone 
is from Transylvania. Due to its crypto-crystalline structure, 
chalcedony is rarely found in a transparent state. The reddish 
stone (C) is carnelian and the cabochon (D) is tiger-eye, the 
fibrous structure being the result of quartz replacing asbestos. 
A bloodstone showing the scattered spots of red jasper, for 
which it is named, is shown at (E), and (F) shows a natural 
banded agate from Uruguay. Specimens from the collection of 
British Museum (Natural History), London. 


EDITORIAL 


Charting the Increasing Availability 
and Quality of CVD Synthetic Diamonds 


Welcome to the Fall 2016 Gems & Gemology! This issue brings together synthetic 
diamonds grown by the chemical vapor deposition (CVD) process, a reversible color 
modification of zircon, and a rich vein of locality articles including sapphires from 
Russia, a new Madagascar deposit of the rare gem grandidierite, Vietnamese peridot, 
and Indonesian cultured pearls. 


Our lead article, by Drs. Sally Eaton-Magafia and James Shigley, reviews the characteris- 
tics and key identifying features of CVD synthetic diamonds based on the study of several 
hundred faceted examples “ ; 

exisnined by GIA eal GIA researchers review several hundred CVD 
2003 and 2016. This synthetics produced between 2003 and 2016.” 
comprehensive summary 

shows how the volume and quality of CVD diamonds changed from what the authors term the “pre- 
commercial” phase prior to 2008, to the range and color of material available in today’s jewelry marketplace. 


Our second paper, by Nathan Renfro, might be of great use to jewelers wishing to restore blue zircons that clients 
have inadvertently altered to unattractive brown. This “ugly duckling” transformation results from accidental 
exposure to long-wave ultraviolet radiation from tanning beds or other UV lights. The author explores the nature 
of this change using spectroscopy to confirm whether exposure to visible light might restore the zircons’ blue color. 


Next, a team of Russian researchers headed by Svetlana Yuryevna Buravleva describes a new deposit of translucent 
to semitransparent, blue to pinkish blue sapphire crystals and corundum-bearing rocks at Sutara, in the Jewish 
Autonomous Region of the Russian Far East. The authors postulate that this deposit formed by metasomatism of 
the contact zone between carbonate rocks and pegmatite veins. 


In our fourth article, lead author Dr. Delphine Bruyére reports on a new occurrence of the rare gem grandidierite 
in southern Madagascar and provides a gemological characterization of the material, which occurs as bluish green 
to greenish blue crystals measuring up to 15 centimeters in length. Their analysis confirms that this new locality 

provides some of the purest grandidierite yet found and will likely be of great interest to museums and collectors. 


In our penultimate paper, Dr. Nguyen Thi Minh Thuyet and colleagues review the gemological and geochemical 
characteristics of peridot from Vietnam’s Central Highlands, noting similarities with material that originates 
from xenoliths in alkaline basalts from other localities. 


In our final article, visit a pearl farm in the pristine waters off the Indonesian island of Lombok, where a team of 
researchers and industry professionals led by GIA’s Nicholas Sturman capture the recovery of bead-cultured and 
non-bead-cultured pearls from gold-lipped oysters. 


As always, our Lab Notes, Micro-World and Gem News International entries are filled with the latest updates 
from around the world. 


You can also meet the editors and take advantage of special offers on subscriptions and back issues at the G&G 
booth in the publicly accessible Galleria section (middle floor) of the Tucson Convention Center during the 
AGTA show, January 31—February 5, 2017. We would be delighted to see you. 


We hope you enjoy our Fall issue! 


Out 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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a ACTS ARTICLES 


OBSERVATIONS ON CVD-GROWN 
SYNTHETIC DIAMONDS: A REVIEW 


Sally Eaton-Magana and James E. Shigley 


This article presents statistical data and distinctive features from several hundred faceted CVD-grown 
synthetic diamonds examined by GIA researchers from 2003 through June 2016. This study, the first 
comprehensive summary published on such a large number of gem-quality CVD synthetics, describes 
the reliable means of identifying them, with a focus on material currently marketed for jewelry use. 
Most CVD synthetic diamonds analyzed by GIA have been in the near-colorless or pink color ranges, 
with clarity grades comparable to those of their natural counterparts. Faceted CVD samples are generally 
2 ct or less, though the sizes are increasing. They can be identified by their distinctive fluorescence pat- 
tern using the DiamondView imaging instrument, and by the detection of the silicon-vacancy defect 
using photoluminescence (PL) spectroscopy. Some visual gemological characteristics provide indicators, 


but not definitive proof, of CVD origin. 


high-temperature (HPHT) process have been 

commercially available since the early 1990s. 
Perhaps several thousand faceted HPHT synthetics 
have been examined to date by gemological re- 
searchers; these specimens have been the subject of 
widespread coverage in Gems &) Gemology and other 
trade publications. But gem-quality diamonds grown 
by chemical vapor deposition (CVD), which produces 
tabular crystals that are colorless or evenly colored, 
are of more recent manufacture. For these products, 
the range of observations and number of samples ex- 
amined are more limited. While CVD growth tech- 
nology has progressed significantly in recent years, 
with improvements in crystal size and quality, the 
use of these synthetics in the jewelry trade is still 
limited. The CVD material examined by GIA has 
generally contained minor amounts of microscopic 
inclusions. Therefore, the gemological identification 
of this material relies on the observation of weak, 
low-order, banded anomalous birefringence (i.e., 
“strain patterns”); ultraviolet fluorescence reactions 
with atypical colors, as seen with DiamondView im- 
aging; and spectral features recorded mainly using 


Gite diamonds grown by the high-pressure, 


See end of article for About the Authors. 
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photoluminescence (PL) spectroscopy. G#G has pub- 
lished a number of articles on the detection of CVD 
synthetic diamonds over the past decade. 

This article presents statistical information and 
distinctive identification features based on a review of 
data from all the faceted CVD synthetic diamonds ex- 
amined so far by GIA. Because no summary has been 
published on such a large number of CVD samples, 
we describe the most diagnostic means of identifica- 
tion, with an emphasis on the material currently being 
sold for jewelry use. We analyzed data gathered by GIA 
staff, principally at the New York and Carlsbad labo- 
ratories, on all CVD synthetic diamonds examined 
from 2003 through June 2016; additionally, we cite 
one CVD synthetic submitted after that date—a 5.19 
ct “near-colorless” sample. Of this sample set, 60% 
were in the colorless to near-colorless to very light 
brown range (D-N) and 24% were in the “pink” color 
range (figure 1). The remaining 16% showed other col- 
ors, including gray, yellow, and brown. The samples 
were purchased by GIA on the market or from manu- 
facturers, loaned or donated by manufacturers, or sub- 
mitted to GIA for identification or grading reports. To 
the best of our knowledge, this data set of several hun- 
dred samples is representative of the gem-quality CVD 
material available in the trade. 

Many of these samples have been described in de- 
tail in previous articles (Wang et al., 2003, 2007, 
2010, 2012) and in G#G’s Lab Notes section (e.g., 
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Wang and Moses, 2008; Wang and Moe, 2010; Ardon 
et al., 2013; Wang et al., 2013; Ardon and Wang, 2.014; 
Moe et al., 2014). Whereas earlier studies examined 
small batches of CVD synthetic diamonds from spe- 
cific manufacturers, which were likely to have been 
grown using a similar recipe, the goal of the present 
study is to investigate trends in the distinctive fea- 
tures seen among CVD synthetic diamonds from 
multiple sources over the past 13 years. 

This article traces the evolution of gem-quality 
CVD technology from what we term the “pre- 
commercial” phase of 2003-2008. During this period, 
many advances occurred but the products were very 
much in the development stage in terms of crystal 
size and quality and were not widely available to the 
public. Since 2008, CVD synthetic diamonds of im- 
proved color and quality have gone into limited com- 
mercial production, though GIA’s laboratory still 
receives only a small quantity—both disclosed and 
undisclosed—from the trade. Of the CVD samples 
surveyed, 75% date from 2013 or later. 
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Figure 1. These near- 
colorless and Fancy 
Vivid purplish pink 
samples are representa- 
tive of most CVD syn- 
thetic diamonds 
examined by GIA. The 
pink round brilliant 
weighs 0.48 ct. Photo 
by Robert Weldon/GIA. 


While the past decade has also seen advances in 
CVD technology aimed toward non-gemological ap- 
plications such as quantum computing (Twitchen et 
al., 2016), we limit our observations to gem-quality 
CVD synthetics and the data set of material exam- 
ined by GIA. Angus (2014) provides an excellent ret- 
rospective of the evolution of CVD growth prior to 
the “gem-quality” era covered here. 

The synthetic diamonds discussed in this article 
are from only a few known manufacturers. In the 
past, GIA solicited samples from Apollo Diamond 
Inc. (which sold its technology to Scio Diamond 
Technology of Greenville, South Carolina, in 2011) 
and from the Gemesis Corporation of Bradenton, 
Florida (Wang et al., 2003, 2007, 2010, 2012). Some of 
the samples submitted to GIA’s laboratory are from 
other manufacturers, such as Washington Diamond 
or the Diamond Foundry, but not all the makers of 
our study samples are known, as many specimens 
submitted for grading reports came from third-party 
clients. 
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Figure 2. This diagram shows some of the key compo- 
nents of a microwave-plasma CVD reactor. Depend- 
ing on the reactor size, growth parameters, and 
desired crystal quality, the growth area beneath the 
plasma can range from 2 to 20 cm in diameter. This 
large growth area means that several CVD crystals 
can be produced during a single run. 


CVD SYNTHETIC DIAMOND GROWTH 


The CVD process involves diamond growth at mod- 
erate temperatures (700-1300°C) but very low pres- 
sures of less than 1 atmosphere in a vacuum 


Figure 3. An as-grown 4.52 ct CVD-grown crystal with 
a graphitized outer edge and a brownish color (left), a 
CVD synthetic diamond crystal laser-cut to a 1.91 ct 
cylinder (center), and a 0.40 ct near-colorless, heat- 
treated CVD round brilliant (right). Note these are 
three separate samples at different post-growth stages 
and should not be interpreted as a progression of the 
same sample. Photo by C.D. Mengason. 


rs 
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chamber (Angus and Hayman, 1988; Butler et al., 
2009; Nad et al., 2015). In 1952, William G. Eversole 
at Union Carbide created tiny synthetic diamonds 
using the low-pressure, comparatively low-temper- 
ature method of CVD growth. Many of the early re- 
search efforts focused on (1) the “thermodynamic 
paradox” of growing diamond outside its stability 
zone and (2) exploring the chemical composition to 
suppress the simultaneous growth of graphite and 
the associated necessity of atomic hydrogen (Angus 
and Hayman, 1988; Angus, 2014). Single-crystal, 
gem-quality CVD synthetic diamond was once con- 
sidered a “holy grail” within the research commu- 
nity. A half-century of investigation between CVD’s 
early beginnings in 1952 until it advanced suffi- 
ciently that it became a research focus at GIA in 
2003 (Wang et al., 2003) made that once-ambitious 
goal a reality. 

Square-shaped tabular single crystals up to approx- 
imately 13.5 ct can now be grown several at a time 
(Meng et al., 2012), at relatively fast growth rates up 
to 0.2 mm/hr (figure 2). Because growth occurs in a 
heated mixture of a hydrocarbon gas (such as 
methane, CH,) and hydrogen, the major impurity 
found in the resulting diamond crystals is hydrogen 
unless some other type of atom (such as nitrogen or 
silicon) is intentionally or unintentionally introduced 
into the gas mixture (Othman et al., 2014; Prieske and 
Vollertsen, 2016). Within the vacuum chamber, acti- 
vation of the gas by an energy source (typically a mi- 
crowave plasma) breaks apart the gas molecules to 
release carbon atoms. These atoms are drawn down 
toward the cooler substrate (typically flat, square- 
shaped seed plates) that consists of natural or, more 
typically, synthetic diamond. CVD synthetic diamond 
crystals are cubic in shape because they are often 
grown on a(100)-oriented diamond substrate: A differ- 
ent orientation of the substrate would yield a different 
crystal form. These “as-grown” tablets typically un- 
dergo laser cutting to remove the outer edge of the 
crystal, followed by standard gem polishing tech- 
niques (figure 3). Single-crystal diamond growth pro- 
gresses, layer by layer on top of the seed plate, to form 
the tabular crystal. A slower growth process generally 
results in colorless crystals of very high purity and low 
defect content; however, the growth chemistry of 
many mass-produced CVD synthetics is manipulated 
by adding nitrogen or oxygen to the gas mixture to im- 
prove crystal quality (Liang et al., 2009), or they are 
treated at HPHT conditions afterward to remove any 
brown coloration. The tabular crystal shape generally 
limits the faceting styles used to manufacture gem- 
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TABLE 1. Timeline of gem-quality CVD synthetics. 


Representative 


Year sample Colors Clarity Weight (ct) Distinguishing features Reference 
2003 Mostly light brown, VS,—-SI, 0.14-1.11 Black inclusions or pinpoints, orangy red Wang et 
some yellow, dark DiamondView, 596/597 nm doublet and _—al., 2003 
brown, pinkish SiV in PL, 3123 cm in IR. No post- 
brown growth treatment. 
2007 Near-colorless: E-M VVS,-l, 0.14-1.20" Black inclusions or pinpoints, Wang et 
“Pink”: brown-pink, pink/purple DiamondView; pink color al., 2007 
brownish orangy from undetermined absorption band at 
pink ~520 nm; 3123 cm peak is absent or 
weak; 596/597 nm doublet absent, SiV 
not always present in pink CVD samples. 
2010 Pink to purplish =VVS,-SI, 0.27-0.72 Black inclusions or pinpoints, orange Wang et 
& ee pink fluorescence in LW and SWUV; IR al., 2010 
spectroscopic features at 3123, 1502, 
1450, and 1344 cm', and SiV at 737 nm 
in PL. 
2012 ae & F=L IF-VS,  0.24-0.90 Majority were HPHT-treated after growth, Wang et 
ae oR . He and IR spectra resembled HPHT-treated —_al., 2012 
material. None had 3123 cnr! center in 
IR. Presence of SiV center at 737 nm in 
PL and DiamondView features. 
2016 (YTD; . ‘pe. Se D-]; VVS,-VS, 0.03-5.19 Presence of SiV center in PL. In the 
current client- a2 ree orangy pink to DiamondView, samples show increased 
submitted “ANS ys purplish pink evidence of multiple growth events, in 


CVD samples) SG & 


which manufacturer grows a CVD layer, 
stops the growth process, presumably 
polishes away polycrystalline growth, 
and restarts growth process. 


* Tabular crystal 


quality material. With the table facet of the cut stone 
as the upper surface of the crystal, the manufacturer 
has a small table-to-culet distance that may limit the 
choice of faceted shape. 

CVD synthetic diamonds have important non- 
jewelry uses in laser and electronic components, in 
optical windows, and as blades in cutting tools. 
These and other high-tech applications are the major 
driving force behind efforts to improve the growth 
process (Butler et al., 2009). 


ANALYSIS OF EXISTING DATA 

This study focuses on data obtained previously from 
two important categories of material, which appear 
to involve different post-growth color treatments. 
The first are the colorless to near-colorless to very 
light brown samples whose color grades fall within 
the D-N range of the GIA color scale; for brevity, 
these will be collectively referred to as “near-color- 
less.” Wang et al. (2012) concluded that these speci- 
mens were typically low-nitrogen type Ila synthetic 
diamonds and commonly subjected to HPHT anneal- 
ing to remove a brownish color component (figure 1). 
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The second group are type Ila “pink” samples (in- 
cluding brownish pink, pink, orangy pink, purplish 
pink, and a few red to pinkish orange), according to 
Wang et al. (2010), their colors are predominantly the 
result of post-growth annealing and irradiation of 
light brown starting material (again, see figure 1). 

For these two groups, we will summarize quality 
factors, basic gemological properties, ultraviolet fluo- 
rescence reactions, and key spectral features based on 
information gathered when the samples were exam- 
ined. In some instances, not all data types were col- 
lected on a particular CVD sample for various reasons: 
time constraints, the lack of certain instrument capa- 
bilities at the time, or the need to limit data collection 
to the client-requested grading service requirements. 
In the following discussion, therefore, the percentage 
of samples for which that data was collected will be 
clearly indicated. Nonetheless, the information from 
GIA’s internal records reported here represents the 
most substantial set of observations published to date 
on gem-quality CVD synthetic diamonds. Table 1 
presents a brief timeline and summary of CVD syn- 
thetics examined by GIA. 
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WEIGHT DISTRIBUTION OF CVD SYNTHETICS, 2003-2016 
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Figure 4. The carat weight 
distribution of CVD syn- 
thetic diamonds analyzed 
by GIA from 2008 through 
September 2016. In the “pre- 
commercial” era (2003- 
2008), the samples were 
donated or loaned to GIA by 
manufacturers. In later 
years, the samples were a 
mixture of donated samples 
and those submitted by 
clients. The years 2010 and 
2011 are combined because 
of the decrease in production 
that resulted when a major 
manufacturer, Apollo, was 
acquired by Scio. This chart 


m> 2.00 ct 
= 1.01-2.00 ct 
= 0.76-1.00 ct 
=0.51-0.75 ct 
0.26-0.50 ct 
m< 0.25 ct 
clearly illustrates the in- 


2003-2008! 2009 '2010-2011' 2012 | 


Other observations, such as short-wave fluores- 
cence, strain pattern between crossed polarizers, and 
near-infrared absorption spectroscopy, have not been 
routinely collected or reported (for exceptions, see 
Wang et al., 2003, 2007, 2010, 2012), and they are not 
discussed in detail here. Also, it should be noted that 
during the “commercial” period beginning in 2009, 
the instrumentation and data collection conditions 
used were consistent both over time and between 
GIA’s different laboratory locations. 

We noted no significant differences in character- 
istics between the CVD samples sourced directly 
from the manufacturers and those submitted by GIA 
laboratory clients. The information presented here is 
strictly limited to material examined at GIA, which 
might not represent all of the goods available within 
the gem trade. 


ANALYSIS OF QUALITY GRADING FACTORS 

Carat Weight. Most of the faceted CVD synthetics 
examined by GIA fell in the 0.25-0.50 ct range 
(38%), with some larger than 1 ct (15%). In the pre- 
commercial era, samples below 0.25 ct were the 
most frequently examined. Between 2009 and 2013, 
the majority were in the 0.25—0.50 ct range. Since 
2014, most have been larger than 0.50 ct (figure 4). 
This weight restriction is principally due to the tab- 
ular shape and the size of the as-grown crystals, 
which have influenced the choice of faceting styles 
and, in early material, the cut stone proportions. 


226 = Review oF CVD SYNTHETIC DIAMONDS 


creasing size of CVD syn- 
thetic diamonds in the 
marketplace. 


ee ie 


A few GWG Lab Notes have chronicled the in- 
creasing carat size of CVD material. Wang and Moe 
(2010) revealed the first client-submitted sample 
larger than 1 carat (1.05 ct, with G color and I, clarity). 
Wang et al. (2013) reported on a 2.16 ct CVD synthetic 
(J/K color, SI, clarity). In June 2015, the Carlsbad lab- 
oratory graded a 2.51 ct sample (H color, I, clarity). In 
October 2015, the New York laboratory graded a 3.23 
ct round brilliant (I color, VS,) clarity. In September 
2016, GIA identified the largest CVD synthetic it has 
examined to date, a 5.19 ct cushion modified brilliant 
cut (J color, VS, clarity; Law, 2016). Figure 5 shows 
some milestones in carat weight of CVD synthetics 
examined by GIA through the years. 


Cut. The overwhelming majority of the faceted CVD 
synthetics were round brilliants (83%). Other styles 
included rectangle (3%), cut-cornered rectangle (3%), 
and emerald cut (4%). Many manufacturers seem to 
have chosen to facet the material as round brilliants 
because of the popularity of this style, even though 
“fancy” shapes would have retained slightly more 
weight from the original crystal. 

The cut grades for the CVD round brilliants were 
comparable with their natural counterparts, with 85% 
judged as having an Excellent cut. The cut grade pa- 
rameter of most interest was the depth percentage (the 
ratio of depth to average diameter); a low value would 
indicate the CVD synthetics were cut with lower than 
optimal pavilion or crown angles. As CVD synthetics 
are grown layer by layer, a shallow cut was once con- 
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CVD SYNTHETIC DIAMOND SIZE MILESTONES* 
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Figure 5. There have 
been several size mile- 
stones since GIA began 
examining CVD syn- 
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sidered a possible indicator of CVD material (Wang et 
al., 2003). However, no discernible trend of this kind 
has been detected since 2007. Over these years, the 
CVD samples have demonstrated a consistent range 
of depth percentage, with the vast majority judged as 
Excellent for this parameter. Among those that fell 
outside of the Excellent range, most had higher depth 


percentages—an indicator that they were being cut 
with thicker girdles or larger crown or pavilion angles. 


Color. Over the years, most CVD synthetics have 
been within the “near-colorless” category (figure 6): 
67% in the G-J range, 21% in the D-F range, 10% in 
the K-N range, and only 1% in the split-grade range 


DISTRIBUTION OF MAJOR COLORS OF CVD SYNTHETICS, 2003-2016 


100% + 


ge | a 
80% + 


70% + 


60% 


Figure 6. The color dis- 
tribution of CVD syn- 
thetic diamonds 
analyzed by GIA by 
year. The samples were 
grouped in the “near- 
colorless” range (D-—N) 
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and in the “pink” 
range (which included 
brownish pink, pur- 
plish pink, and pinkish 
orange). Among the 
few remaining samples, 
the majority had a yel- 
low or gray color. As in 
figure 4, the years 
2003-2008 and 2010- 
2011 are combined. 
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Box A: BROWN, YELLOW, BLUE, AND GRAY CVD SAMPLES 


While CVD-grown diamond samples in colors other than 
pink have been examined by GIA over the years (figure 
A-1), these have not been submitted in significant quan- 
tities, and the individual colors do not appear to be com- 
mercially important. 

Fancy-color brown CVD samples (some with orange 
or yellow modifiers) have been submitted by clients or 
manufacturers, particularly between 2003 and 2008. The 
brown color is attributed to non-diamond carbon inclu- 
sions and/or internal extended defects such as disloca- 
tions rather than the plastic deformation that causes 
brown coloration in natural diamonds (Wang et al., 
2003). 

Fancy-color yellow CVD samples (some with brown 
or orange modifiers) have been graded as well. The yel- 
low color is ascribed to accidental or deliberate incorpo- 
ration of nitrogen (e.g., Moe et al., 2014). These diamonds 
have nitrogen concentrations up to 12.5 ppm (e.g., figure 
A-1B and Ardon et al., 2013). 

GIA has graded a few blue CVD synthetics in which 
the color is derived from irradiation (Ardon and Wang, 
2014). In irradiated CVD-grown diamonds, as with irra- 
diated natural diamonds, a strong GR1 absorption is cre- 
ated. This absorption has a sharp line at 741.2 nm and 
related absorption in the visible region; the latter imparts 
a green to blue color. 

An interesting CVD creation is a pink-to-blue color 
change caused by massive quantities of intentional sil- 
icon doping (D’Haenens-Johansson et al., 2015). This is 
several orders of magnitude greater than the doping typ- 
ically observed in CVD-grown diamonds and creates 


very strong SiV absorption. These heavily silicon-doped 
samples exhibit a color change from a stable light pink 
to an unstable blue. The pink-to-blue color change is 
caused by a charge-transfer effect between SiV- and SiV° 
(D’Haenens-Johansson et al., 2015). The blue is created 
by strong absorption of the SiV° center. This center ex- 
hibits a sharp absorption line at 946 nm within the 
NIR, together with absorption, which extends into the 
visible region and becomes less intense at shorter wave- 
lengths. This color origin is similar to the cause of blue 
color in type IIb diamond in which the boron-related 
absorption starting in the IR shows decreasing intensity 
from the red end of the visible spectrum to the blue, 
causing the blue color. Pink is the stable color, and this 
is the color provided on the grading report. 

More gray-colored samples have been submitted in 
recent years. Several of these had a depth of color that 
was nominally within the K-N range of the D-to-Z scale, 
but these received a fancy color grade since the dominant 
color was gray and not yellow or brown. It is likely that 
the manufacturer intended these to be near-colorless, 
falling on the D-to-Z scale. 

The identification criteria for these colored CVD 
samples are similar to those for the near-colorless and 
pink material: a combination of spectroscopic and gemo- 
logical evidence such as the presence of silicon and the 
growth features observed with the DiamondView. 

Besides color, the other quality factors of carat 
weight, shape, and clarity are consistent with those pre- 
viously described for the “near-colorless” and “pink” 
CVD synthetics. 


Figure A-1. CVD samples have occasionally been submitted in colors besides pink. A: 0.46 ct Fancy Dark 
orangy brown, as-grown (Wang et al., 2007). B: 0.27 ct Fancy Deep brownish greenish yellow, colored by 12 
ppm of type Ib nitrogen. C: 0.43 ct Fancy Deep greenish blue, irradiated (Ardon and Wang, 2014). D: 0.31 ct 


Very Light gray, treated. Photos by Jian Xin (Jae) Liao. 


(O to Z on the D-to-Z scale). These percentages have treated after growth. Based on spectroscopic analysis, 
not shifted dramatically over time. the conclusion applies to most CVD synthetics in this 

Wang et al. (2012) concluded that Gemesis prod- color range, regardless of manufacturer. The lower 
ucts in the “near-colorless” range had been HPHT- color grades on the D-to-Z scale are caused by either a 
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CLARITY GRADE COMPARISON OF CVD SYNTHETIC AND NATURAL DIAMONDS 
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yellow color from type Ib (i.e., single substitutional) 
nitrogen-related optical defects or a brown appearance 
due to extended defects (such as vacancy-related com- 


In Brief 


e Since 2003, CVD synthetic gem diamonds observed 
by GIA have increased significantly in size and 
quantity. Most of the samples submitted are still 
near-colorless or have pink hues. 

e Although CVD synthetics have evolved rapidly in the 
last decade, they are reliably identified within gemo- 
logical laboratories based on distinct spectroscopic fea- 
tures and growth characteristics. 

e Near-colorless CVD synthetic melee have been exam- 
ined by GIA, a trend that is likely to continue. Many 
gemological laboratories (including GIA) now offer 
melee sorting services to detect both CVD and HPHT 
synthetic diamonds and treated diamonds. 


plexes). The post-growth treatment is presumably 
used to remove a brown or yellow color component 
so the material can obtain a better color grade. 

The vast majority of the fancy-color CVD syn- 
thetic diamonds are within the pink range. Their hues 
include a variety of color descriptions such as pinkish 
brown, brownish pink, pink, purplish pink, and 
orangy pink, with one specimen described as red. 
Among the “pink” CVD synthetics, most fell in the 
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“Pink” CVD (including brPk, pPk, pkO) 


Figure 7. The clarity grade 
distribution for “near- 
colorless” (D-N) natural 
diamonds along with 
CVD samples in the 
“near-colorless” and 
“pink” ranges. The natu- 
ral diamonds are within a 
similar weight range and 
were chosen randomly 
from the GIA database 
and their distribution was 
plotted (left graph), with a 
plurality receiving SI, 
grades. A plurality of the 
near-colorless CVD syn- 
thetics had VVS, clarity 
grades, while a plurality 
of the pinks were VS,. The 
percentages shown in red 
61% represent the portion of 
samples with data avail- 
able for that color range. 


pink (28%) to orangy pink (17%) to purplish pink 
(27%) range; these colors are due to multiple post- 
growth treatments, including HPHT annealing, irra- 
diation, and low-temperature annealing (Wang et al., 
2010). Except for a few samples (discussed in Wang et 
al., 2007; D’Haenens-Johansson et al., 2015), the 
“pink” color of the remaining CVD samples is attrib- 
uted to nitrogen-vacancy (NV) centers (e.g., Wang et 
al., 2010). The colors are very similar to those of 
treated natural diamonds, treated HPHT synthetic di- 
amonds, and rare type Ila Golconda-type untreated 
natural diamonds (table 2). 

During the pre-commercial years and again more 
recently, GIA has graded CVD samples in other col- 
ors such as yellow and gray, and less frequently fancy 
brown and blue. These colors, which do not appear 
to be commercially important at present, are dis- 
cussed briefly in box A. 


Clarity. The CVD samples span nearly the entire clar- 
ity scale, but most received grades in the VVS,/VS, 
range. The clarity characteristics and grades for 1,000 
randomly selected natural D-N diamonds submitted 
for grading reports were surveyed for comparison (fig- 
ure 7). The median clarity of the CVD samples was 
slightly higher than for natural diamonds: VVS,/VS, 
for “near-colorless” CVD, VS,/VS, for “pink” CVD, 
and VS,/SI, for near-colorless natural diamonds. This 
trend is not surprising, since the very controlled 
growth environment and growth chemistry of the 
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TABLE 2. Characteristics of natural, treated, HPHT synthetic, and CVD synthetic pink diamonds. 


Type Ila natural diamonds 


(i.e., rare Golconda pinks; Treated natural diamond 


Treated HPHT synthetics 


bre-commercial CVD Treated CVD synthetics 


Sample compiled from (Wang et al., 2005) (Shigley et al., 2004) Syotnnencs Wanget al (Wang et al., 2010) 
. 2007) 
unpublished data)* 
Center responsible NV centers NV centers NV centers ~520 nm band NV centers 


for pink color 


Reported 
treatment 


Color 


Clarity 


Clarity 
characteristics 


Fluorescence 
reaction: 
Long-wave UV 


Fluorescence 
reaction: 
Short-wave UV 


Phosphorescence 


DiamondView 
imaging 


Observation 
between crossed 
polarizers 


Diamond type 


Mid-IR spectra? 


Near-IR spectra? 


UV-Vis 
absorption? 


PL spectra? 


Other 


Not applicable HPHT annealing, 


irradiation, LPLT annealing 


Pale color, occasionally 
higher saturation 


Strongly saturated purple- 
red to orangy red 


Not reported Not reported 


Consistent with natural 
diamonds 


Color zoning, graphitized 
natural inclusions 


Weak to very strong 
orange, sometimes yellow 
or blue 


green, and orange, 
sometimes blue 


Weak to very strong Moderate to strong orange 


orange, sometimes yellow and yellow 
or blue 
None None 


Orange to red Orange-red fluorescence 
with complex growth 


patterns 


Tatami strain, typically 
with low-order 
interference colors 


Weak to moderately 
intense strain in banded 
patterns with low-order 

interference colors 


Type lla Type laAB (typically A>B) 


Only 1332 cm peak Strong 1450 (H1a), ~1360 


(platelets), weak 1344 cm"! 


Peaks at 10140 (H2), 
6170, 5165 (H1c), and 
4935 cm! (H1b) 


Not reported 


NV centers, sometimes 
~270 nm band, H3, GR1 


Strong N3, H3, and NV 
centers; weak ND1, GR1, 
and peak at 594 nm (i.e., 

595 nm center) 


H3, NV centers, GR1 Strong H3, NV centers; 
also H4, 588 and 594 nm, 


and GR1 


“Green transmitter” to 
visible light 


Irradiation, LPLT annealing 


Moderately to intensely 
saturated pink with 


orange, brown, or purple 


components 
I-VVS (mostly | and VS) 


Color zoning, metallic 
inclusions 


or orangy red 


Weak to strong orange 


Weak orange of short 
duration in 16% 


Orange luminescence, 
synthetic growth sectors 
observed* 


Weak strain patterns 


HPHT annealing, 
irradiation 


Not reported 


Strongly saturated pink, 
sometimes with purplish 
component 


Moderately saturated pink 
with brown or orange 
components 


SLVVS VS-VVS 


Pinpoints and small black 
inclusions with irregular 
shapes 


Pinpoints, clouds 


Combinations of yellow, Moderate to strong orange Weak to moderate orange Moderate to strong orange 


to orangy yellow 


Very weak to weak orange Moderate to strong orange 
to orangy yellow 


None None 


Strong reddish orange 
fluorescence, some 
showed banded structure 


Strong orange or orangy 
red fluorescence, with a 
banded structure 


Low to very high-order 
interference colors; 
sometimes tatami 


Irregular patterns with 
high-order interference 
colors 


Nominally type Ila, low Ib Nominally type Ila, low Ib Nominally type Ila, low Ib 


component 


Low 1344 cm! 


Not reported 


Strong NV centers, also 
595 nm and GR1 


Strong NV centers, also 
693 nm band due to 
nickel 


Fe, Ni, Co (and possibly 
Cu) detected by EDXRF 


component component 


Strong 3123, weak 1344 
cm! 


Weak peaks at 3123, 
3107,1450 (H1a), 1405, 
1344 cm; bands at 
~1130, 1295 cnr! 


Peaks at 6902 and 5892 
cnr! 


Strong peaks at 7804, 
7353, and 6425 cm! 


Strong NV peaks; GR1, 
737 nm doublet, 595 nm, 
and ND1 peaks 


Broad absorption band 
centered at ~270 and 
~520 nm; weak 637 peak 


Weak N3, strong NV 
centers, most show 737 
nm doublet; also peaks at 
796.9, 806.4, 949.5 nm 


Strong H3, NV centers, 
737 doublet, numerous 
weak peaks from 847 to 
956 nm using 830 nm 
laser excitation 


* Table does not include natural pink diamonds colored by 550 nm band. 
® See text (or references) for more details regarding peak assignments; not all peaks mentioned in original references are repeated here. 
“Image collected using cathodoluminescence; results are comparable to DiamondView imaging. 


CVD process leads to fewer inclusions and other vis- 
ible clarity characteristics. As GIA generally exam- 
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ines only the material that CVD manufacturers de- 
cide is worthy of cutting, samples submitted to GIA 
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¢ Cathedral at Diamantina, rebuilt since 1928. 


The Uiamond Mines 
of 
Uiamantina—past and present 


by 


THOMAS DRAPER 


Part I] 


Very little information is available re- 
gatding the Discovery Period but it is a 
historical fact that as early as 1732 dia- 
monds from Brazil began to appear in the 
European markets. in larger. quantities than 
could be absorbed. To counteract this flood, 
the rumour was spread that they were infe- 
rior to the Indian stones. To this the Brazil- 
ian miners retaliated by shipping their 
product via India. Mawe estimates that the 
first twenty years yielded 20,000 carats per 
annum but does not give his authority for 


the statement. If any records were available 
to him for reference they have since dis- 
appeared. 

The Contract Period seems to have been 
the most productive. By violating the terms 
of their contracts regarding the number of 
slaves (600) that could be employed, and 
by selecting the most likely and easiest pools 
to work, the Contractors reaped rewards 
that were denied their successors. Joao Fer- 
nandes Jr., as mentioned in a previous 
article, is said to have recovered dez mil 
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GRADE-SETTING CLARITY CHARACTERISTICS IN CVD SYNTHETICS AND NATURALS 
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0% 


“Near-colorless” natural (D-N) 
“Near-colorless” CVD (D-N) 


@ “Pink” CVD (including brPk, pPk, R, pkO) 


Figure 8. Distribution of 
the grade-setting clarity 
characteristic for 1,000 
“near-colorless” (D-—N) 
natural diamonds is 
shown with “neatr-color- 
less” and “pink” CVD 
samples. The natural 
diamonds (also shown 
in figure 7) are within a 
similar weight range. 
They were chosen at 
random from the GIA 
database and their dis- 
tribution was plotted. 
Grade-setting charac- 
teristics with very low 
overall percentages 
within the data set 
(such as a knot or chip) 
were not included, so 
the total is slightly less 
1 than 100%. 


Pinpoint Crystal Feather 


Needle T “Twinning Wisp 


CLARITY GRADE-SETTING FEATURE 


are likely to reflect what is available within the trade 
but may not be representative of the manufacturing 
output. 

Clarity grading of diamonds often involves the de- 
termination of the “grade-setting” clarity feature. This 
is the characteristic that determines the clarity grade. 
For example, a diamond might have a large feather and 
a few sparse pinpoints; while both would be listed as 
inclusions, the feather would be considered the “grade 
setter.” A number of different grade-setting clarity 
characteristics were found in these CVD samples, as 
shown in figure 8. None of these characteristics would 
be diagnostic of this material for identification pur- 
poses, however. Certain manufacturers laser-inscribe 
a distinctive name or number on the girdle of their 
faceted goods as a recognition aid (figure 9). 

The most common grade-setting inclusions for 
CVD synthetic diamonds were identified by GIA di- 
amond graders as clouds, pinpoints, crystals, and nee- 
dles; these inclusions were often mentioned in 
previous articles (Wang et al., 2003, 2007, 2010, and 
2012). In most cases, these characteristics were black 
graphitic inclusions of various sizes (e.g., figure 10) or 
tiny pinpoints of non-diamond carbon that clustered 
together to form clouds. Wang et al. (2007, 2012) men- 
tioned radial fractures surrounding larger inclusions; 


Review OF CVD SYNTHETIC DIAMONDS 


graders reported these as feathers if they reached the 
surface. 

Despite their very different growth environments 
and histories, natural and CVD synthetic diamonds 
have clarity characteristics that are roughly compa- 
rable, at least in terms of size, number, location, na- 
ture, and relief. Therefore, GIA graders can use the 
same clarity terms for either. For example, a colorless 


Figure 9. Most CVD manufacturers inscribe their prod- 
ucts as laboratory-grown on the girdle, as in this 
photo. Similarly, all samples identified as synthetic 
diamonds leave GIA with an identifying inscription of 
“Laboratory Grown.” Photo by Sally Eaton-Magana. 
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foreign mineral in a natural diamond and a black in- 
clusion of non-diamond carbon would both be de- 
scribed as a “crystal” by a grader (figure 10). A cloud 
is a cluster of pinpoints (tiny crystals that appear as 
specks at 10x magnification), while a crystal is solid 
mineral, larger than a pinpoint, contained within the 
diamond. A feather is an internal fracture visible at 
10x magnification, and a needle is a thin crystal seen 
at 10x magnification. These clarity characteristics 
are annotated on internal GIA records as crystals, 
pinpoints, and clouds (among other designations) and 
are plotted accordingly for the client. On GIA syn- 
thetic diamond grading reports, they are not individ- 
ually listed as crystals, clouds, or pinpoints, but 
collectively described under the umbrella term of 
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CVD SYNTHETIC 


| Figure 10. Non-diamond 
carbon inclusions are 
the most common type 
observed in CVD syn- 
thetics; here they are 
compared with carbon 
inclusions in natural 
material. While these 
inclusion images are 
representative of natural 
and CVD-grown mate- 
rial, natural diamonds 
can also show black in- 
clusions that resemble 
the non-diamond car- 
bon material observed 
in some CVD-grown di- 
amonds. A and B show 
pinpoint inclusions (the 
red arrows indicate indi- 
vidual pinpoints), C and 
D show clouds, and E 
and F show crystals. 
Photomicrographs by 
John I. Koivula (A and 
E), Sally Eaton-Magana 
(B and D), Nathan 
Renfro (C), and 
Jonathan Muyal (F). 


“growth remnant.” Although similar terminology 
may be used, there are rare instances in which inclu- 
sions provide definitive evidence of diamond origin, 
such as metal platelets and garnet crystal inclusions. 
It is interesting to note that twinning wisp inclu- 
sions, the grade-setting feature in 4% of the randomly 
selected natural diamonds, were not observed in any 
CVD synthetics. Twinning wisps are inclusions 
formed through an orientation change in the crystal 
structure during growth. Although twinning has been 
encountered in experimental CVD synthetics (Butler 
and Oleynik, 2008), such a change in the growth struc- 
ture is unlikely to occur in current gem-quality CVD 
synthetics, as it would tend to lead to polycrystalline 
growth, something manufacturers wish to avoid. 
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Figure 11. The “near-colorless” and “pink” CVD synthetics showed distinctly different reactions to long-wave 
fluorescence. Nearly all of the “near-colorless” samples showed no reaction, while most “pink” CVD synthetics 
showed moderate to strong long-wave fluorescence (orange or red) due to post-growth treatment that created 
NV defect centers. The percentages shown in red represent the portion of samples with data available for that 


color range. 


ANALYSIS OF OTHER 

GEMOLOGICAL PROPERTIES 

Long-Wave Fluorescence. The observation of ultra- 
violet fluorescence has been an important and prac- 
tical means of distinguishing natural diamonds from 
HPHT-grown synthetics. The determination is based 
on differences in fluorescence colors, intensities, and 
patterns (and in some cases the occurrence of persist- 
ent phosphorescence among HPHT synthetics). UV 
fluorescence is also important for recognizing CVD- 
grown material. 

The bar graphs in figure 11 illustrate the fluores- 
cence reactions to long-wave ultraviolet radiation 
from a standard gemological UV lamp. Most of the 
“near-colorless” samples displayed no fluorescence 
intensity, while the “pink” samples tended to display 
stronger reactions. The distinguishing feature for 
both groups was the high incidence of orange and red 
fluorescence colors. Both of these colors, along with 
green, are extremely uncommon fluorescence reac- 
tions among natural, untreated diamonds. 
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Near-Colorless Material. All CVD samples submitted 
to GIA for synthetic diamond grading reports are 
measured for the intensity of their fluorescence reac- 
tion to a long-wave UV source using a proprietary de- 
vice. Only 7% of the “near-colorless” CVD synthetics 
had measurable (faint to very faint) fluorescence; the 
remainder had “none.” This is a far lower rate of flu- 
orescent samples than observed among natural dia- 
monds. Moses et al. (1997) reported that 35% of 
natural diamonds in the same “near-colorless” color 
range had detectable fluorescence, and that 99% of the 
fluorescence reactions were blue due to the N3 optical 
defect. By contrast, the small percentage of CVD syn- 
thetic diamonds with detectable fluorescence emitted 
orange, green, and yellow colors. Further investigation 
reveals that only the pre-commercial goods (2003- 
2008) showed orange fluorescence, while a few stones 
from 2010 and 2012 fluoresced yellow and green. The 
yellow to orange fluorescence is principally attributed 
to NV centers, and the green fluorescence to the H3 
defect (Dobrinets et al., 2013). 


Gems & GEMOLOGY FaLL 2016 233 
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None of the “near-colorless” CVD samples tested 
since 2013 had detectable long-wave fluorescence, in- 
dicating that the ever-evolving CVD process is no 
longer producing crystals that display observable flu- 
orescence. It is unknown whether this trend repre- 
sents a normal advancement in growth technology 
or a deliberate effort to remove a potentially identi- 
fying feature. 


Pink Material. Due to the presence of NV defect cen- 
ters acquired during post-growth treatment, the major- 
ity of “pink” CVD synthetics showed moderate to 
strong fluorescence, typically with orange or red colors. 
Only 23% had no reaction to long-wave UV. By con- 
trast, 16% of the natural “pink” diamonds had no re- 
action to long-wave UV (King et al., 2002). Among 
those natural diamonds with observed fluorescence, 
the vast majority gave a blue reaction, while the re- 
mainder showed an orange color. Only a very small 
percentage (<1%) of natural pink diamonds derive their 
color from NV centers, and it is this small percentage 
that showed orange rather than blue fluorescence. An- 
other trend among pink CVD synthetics in recent 
years is the increasing percentage of samples showing 
no fluorescence reaction. Before 2012, nearly all pink 
CVD synthetics tested had observable fluorescence; 
since 2013, fluorescence has been observed in only 
68% of them. Other color origins for pink CVD syn- 
thetics include a ~520 nm band (Wang et al., 2007) or 
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™® Yellow + purple 


Figure 12. Due to the vari- 
ous growth and treatment 
histories for “near-color- 
less” synthetic diamonds— 
as-grown or HPHT-treated, 
grown slowly or quickly, 
grown with low accidental 
amounts of nitrogen or de- 
liberately high amounts of 
silicon—the CVD samples 
show a variety of Diamond- 
View fluorescence colors. 
Most “pink” CVD synthet- 
ics are treated after growth 
to create high concentra- 
tions of NV centers; as a re- 
sult, their fluorescence 
images are dominated by 
yellowish orange to red col- 
ors. The percentages shown 
in red represent the portion 
of samples with data avail- 
able for that color range. 


“Pink” CVD 
94% 


high silicon impurities (see box A); such material has 
also been submitted to the GIA labs. 


DiamondView Imaging. For the past two decades, 
the DiamondView fluorescence imaging instrument 
has been a principal tool of major gemological labo- 
ratories. The design of the sample holder allows dia- 
monds to be positioned and examined in various 
orientations, and the fluorescence reactions can be 
observed in real time. Because of the very short 
wavelength and intensity of the ultraviolet excita- 
tion source, fluorescence is created in diamonds at 
locations just beneath facet surfaces, producing a dis- 
tinct reaction. Although many CVD synthetics 
showed no reaction to a standard long-wave UV light 
source, all diamonds—including all CVD synthetics— 
show some observable reaction to the high-intensity, 
high-energy UV source of the DiamondView. 
Differences in UV fluorescence colors and patterns 
in diamonds provide the basis for DiamondView 
analysis (Welbourn et al., 1996). Because of their 
unique growth environment and tabular crystal 
shape, CVD synthetic diamonds exhibit distinctive 
fluorescence reactions under the DiamondView. Fig- 
ure 12 presents a histogram of the fluorescence colors 
observed in CVD samples using the DiamondView. 
The “near-colorless” samples on the left side of the 
figure exhibited a range of fluorescence colors, each 
due to a particular optical defect in the diamond lat- 
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Figure 13. CVD synthetics can produce a rainbow of fluorescence colors and a wide variety of growth features 
when observed in the DiamondView. Images B and D show the most common fluorescence reactions among “near 
colorless” CVD material, while G and H are typical among “pink” CVD samples. Most of the images show multi- 
ple striations of the fluorescence, best seen in pavilion view. 


tice. By contrast, the “pink” samples displayed pre- 
dominantly yellowish orange, orange, reddish orange, 
or red fluorescence reactions, which all appear to be 
the result of just the NV optical defect. Figure 13 
shows the variety of colors and growth features that 
can be seen in CVD synthetic diamonds using the 
DiamondView. 


Growth Features. As shown in figure 13, the fluores- 
cence observed in the DiamondView is usually not dis- 
tributed evenly. Thin striations of the luminescence 
are often visible (e.g., images D-H; see Martineau et 
al., 2004), especially through the pavilion facets. As 
mentioned earlier, CVD diamond growth takes place 
layer by layer on the top surface of the growing crystal. 
Minor or temporary disruptions in diamond formation 
can result in planes within the crystal where the fluo- 
rescing optical defects can become concentrated, and 
these are visible as striations. 

In figure 13, images A and C illustrate a trend 
seen by GIA researchers in the last few years: a series 
of parallel bands, likely indicating interruptions dur- 
ing the CVD growth sequence. If a CVD specimen is 
grown for too long, single-crystal growth becomes 
polycrystalline growth (Nad et al., 2015). The only 
remedy is to stop the growth process, remove the 
crystal from the reactor, and polish away the non- 
gem polycrystalline diamond. The sample can then 
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be returned to the reactor for the growth process to 
resume. The chemical composition within the gas 
phase and on the diamond surface is slightly different 
at start-up than when the reactor has reached a 
steady-state condition. Thus, the fluorescence is 
slightly different within this initial growth layer, as 
indicated by the evenly spaced luminescence bands 
(figure 13C). The interruption in growth is recorded 
as a distinct line in the fluorescence pattern. Such 
banded fluorescence patterns are not seen in natural 
diamonds in GIA’s labs or elsewhere (e.g., Mokuno 
et al., 2005; Nad et al., 2015). 


Fluorescence Color in “Near-Colorless” CVD Syn- 
thetics. For the most part, the fluorescence colors 
seen in figure 13 originate from particular optical de- 
fects in the diamond lattice. The “near-colorless” 
CVD synthetic diamonds show a variety of fluores- 
cence reactions due to the variety of growth and 
treatment histories for synthetic diamonds in this 
range—as-grown or HPHT-treated, grown slowly or 
quickly, grown with low accidental amounts of ni- 
trogen or deliberately high amounts of silicon. The 
blue reaction, seen in about 5% of near-colorless ma- 
terial (figure 13C), is likely due to luminescence from 
bundles of structural dislocations (termed band A in 
the scientific literature; see Martineau et al., 2004). 
The greenish blue color is the most common obser- 
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TABLE 3. Major defect centers and their spectral band positions within CVD synthetics, observed by Vis-NIR 
absorption, PL, and IR absorption spectroscopy.* 


Position 


Wavenumber 
(cn!) in IR spectra 


Wavelength (nm) 
in Vis-NIR and/or 


Designation 
(Configuration) 


Principally observed in: 


% of analyzed CVD 
synthetics in which 
peak is observed in 


PL spectra PL, Vis-NIR, or IR 
3123 (NVH)° Split-grade, pink colors 31% 
3107 (N,VH) Pink to purplish pink 33% 
3032 Pink colors 23% 
2947 Pink colors 12% 
1502 (NP Purplish pink 5% 
1450 H1a (N,) Pink colors 20% 
1344 (N,)° Pink colors 45% 
1332 (N,)* Split-grade, pink colors 46% 
388 Irradiation center* PL: D-N, purplish pink 7% 
467 PL: D-N 10% 
496 H4 (N,V,)° UV-Vis: brownish pink; PL: split-grade, pink colors 26% 
503.2 H3 (NVN)° UV-Vis: Pink colors; PL: All color grades 65% 
503.5 3H (C) PL: All color grades 27% 
535 PL: D-N; brownish pink 16% 
540 PL: D-N; brownish pink 17% 
543 PL: D-N; brownish pink 31% 
562/563 PL: D-N; brownish pink 15% 
Bes (NV)° UV-Vis: Pink colors; PL: All color grades 100% 
595 Irradiation center — UV-Vis: Pink colors 24% 
596/597 Exclusive to as-grown CVD; PL: D-N; brownish pink 21% 
637 (NV) UV-Vis: Pink colors; PL: All color grades 97% 
736.7/736.9 (SiV)- UV-Vis: All color grades; PL: All color grades 91% 
741.2 GR1 (V)° UV-Vis: pink colors 20% 
777 PL: D-N, purplish pink 12% 
850 PL: D-N, brownish pink, pink 16% 
870 PL: pink colors 9% 
910 PL: brownish pink 6% 
946.5 (SiV)° PL: D-N 6% 
952 PL: D-N; brownish pink 20% 
986 H2 (NVN)- PL: pink colors 39% 


*The optical centers appearing in more than 50% of the CVD diamonds surveyed are shown in blue. 


Subscript i designates interstitial; subscript s designates substitutional. 
Zaitsev (2003, p. 338) 


vation among HPHT-treated CVD samples (figure 
13D; Wang et al., 2012). The greenish fluorescence is 
ascribed to H3 centers (figure 13E; Wang et al., 2012). 

The pink fluorescence alongside regions of purple 
mottling of dislocation bundles (figure 13B; see Wang 
et al., 2007) is observed in CVD synthetic diamonds 
in the “near-colorless” range and in a few pinks. These 
CVD synthetics showed the 596/597 nm doublet in 
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their PL spectra. This indicates that the samples with 
the pink/purple DiamondView reaction are likely as- 
grown and were not subjected to additional treatment 
(see the “Photoluminescence Spectroscopy” section 
below}. 

Recently, several “near-colorless” CVD Diamond- 
View images resembling the one in figure 13C (Eaton- 
Magana, 2014) have displayed a pattern of dislocation 
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networks and a deep blue color, which appears rather 
similar to some DiamondView images of natural di- 
amond. The striations and distinctive colors, such as 
the pink/purple mottling in figure 13B or the light 
greenish blue in figure 13D, are not observed. The 
growth features in the deep blue fluorescing areas 
closely resemble the dislocation networks commonly 
associated with natural diamonds. This similarity il- 
lustrates the need for vigilance with all diamonds and 
confirms the importance of using more than one fea- 
ture to identify a stone. 


Fluorescence Color in “Pink” CVD Synthetics. As 
most pink CVD samples are treated after growth to 
create high concentrations of NV centers (the defect 
responsible for the pink color), it is not surprising 
that colors related to NV centers dominate the 
DiamondView fluorescence reactions. The yellowish 
orange to red reactions are due to the NV centers: the 
NV? zero-phonon line (ZPL) at 575 nm and the NV- 
ZPL at 637 nm. The specific fluorescence color ob- 
served varies based on the relative concentrations of 
NV° and NV- centers. 


SPECTROSCOPIC PROPERTIES 

With so few diagnostic visual gemological properties 
(namely the lack of color zoning or distinctive inclu- 
sions, but the presence of unusual fluorescence colors 
and banded strain patterns), spectroscopic techniques 
are essential for CVD detection in a gemological lab- 
oratory. These methods allow quick identification of 
diamonds as type Ila (such as using a DiamondCheck 
or DiamondSure instrument) and therefore as poten- 
tial CVD synthetics. (Near-colorless type Ia diamond, 
which represents the vast majority of natural dia- 
monds, still cannot be produced by the CVD tech- 
nique.) Secondly, among the specimens identified as 
potential CVD synthetics, a combination of features 
in visible/near-infrared (Vis-NIR) absorption, Fourier- 
transform infrared absorption (FTIR), and PL spec- 
troscopy will aid in definitive identification of CVD 
origin. Therefore, positive identification of CVD syn- 
thetics is best accomplished by a major gemological 
laboratory that maintains a database of information 
on known natural, treated, and synthetic diamonds 
and sees a sufficient quantity of goods to spot emerg- 
ing trends. 

In the following discussion, the optical defects re- 
sponsible for spectral features are indicated as either 
known or unknown to scientists. As an aid for the 
reader, table 3 summarizes the spectral features 
recorded by Vis-NIR, FTIR, and PL spectroscopy. We 
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Figure 14. These Vis-NIR absorption spectra were 
recorded for a 0.60 ct Fancy Vivid purple-pink CVD 
synthetic (red trace) and a 0.45 ct I-color CVD syn- 
thetic (gray trace). The pink specimen shows peaks 
due to strong NV centers at 575 and 637 nm along 
with their sidebands and irradiation (GR1 and 595 
nm features). This is indicative of post-growth color 
treatment. The near-colorless sample shows only a 
small silicon-vacancy (SiV) defect peak, a feature al- 
most exclusive to CVD synthetics. Also note that all 
Vis-NIR absorption spectra were collected at liquid 
nitrogen temperature. 


will focus solely on analyzing the presence or ab- 
sence of the spectral feature. The relative intensity 
of the spectral peak will not be considered for this 
discussion because it is influenced by the size of the 
sample, the facet design and shape, and the path 
length of light travel within the material, among 
other factors. 

In plotting these spectra, it was more illustrative 
to separate the “pinks” into brownish pink, pink, and 
purplish pink to show the progression in several spec- 
troscopic properties with color and the different types 
of post-growth treatment. In other words, there were 
three categories: (1) HPHT decolorization treatment 
or no treatment for the “‘near-colorless” CVD synthet- 
ics, (2) no treatment or a growth method not com- 
monly seen for the brownish pinks (e.g., Wang et al., 
2007), and (3) HPHT annealing/irradiation/LPLT 
annealing for the pinks and purplish pinks. 


Vis-NIR Spectroscopy. Figure 14 shows representa- 
tive visible absorption spectra of a “near-colorless” 
and a “pink” CVD synthetic diamond. For the for- 
mer, the lack of spectral features (and coloration) is 
typical of high-color type Ila diamonds. By contrast, 
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VIS-NIR ABSORPTION SPECTRAL FEATURES 
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the “pink” samples typically exhibit several sharp 
absorption bands, including several that are due to 
nitrogen-containing optical defects. Their Vis-NIR 
spectra appear quite similar to those of treated pink 
natural diamonds, illustrating the need for multiple 
measurement techniques and gemological observa- 
tions to confirm an identification. Figure 15 shows 
how often these spectral features occur in the CVD 
synthetic diamonds from this study. Despite the fact 
that the samples are type II, nitrogen impurities are 
present in low concentrations (generally below the de- 
tection limit of FTIR absorption spectroscopy, so that 
the sample is still considered a type Ila diamond), and 
their visible spectra display features that originate 
from nitrogen-containing optical defects. These fea- 
tures indicate a small amount of nitrogen in the gas 
mixture during diamond synthesis. 

As expected, Vis-NIR spectra for “near-colorless” 
CVD synthetic diamonds are nearly featureless. Only 
a small percentage of these samples show the silicon 
peak at 737 nm, and the silicon-vacancy (SiV) ab- 
sorbance in these samples is too weak to noticeably 
affect their color. As color progresses from the “near- 
colorless” to the “pink” range, there is a much higher 
incidence of nitrogen-related spectral features, includ- 
ing NV- (at 637 nm), NV° (575 nm), and H3 (503.2 nm). 

The brownish pink CVD samples were occasion- 
ally as-grown, with high concentrations of silicon, or 
the pink color was derived from an absorption band 
centered at approximately 520 nm (Wang et al., 2007, 
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Figure 15. The distribution 

of samples in each color 
2 range in which UV-Vis- 
NIR absorption spec- 
troscopy detected a 
specific optical center. The 
oe data points for each cate- 
gory are linked by tie lines 
ae to emphasize the changing 


ae percentages of the particu- 


PSs lar defect in samples from 
each category. For exam- 
ple, among the brownish 
pink CVD samples ana- 
lyzed at GIA whose Vis- 
NIR absorption spectra 
were available and exam- 
ined for this survey, 16% 
showed the H3 center and 
31% showed the NV° cen- 
ter. The percentages shown 
in red represent the portion 
of samples with data avail- 
able for that color range. 


Purplish pink 
100% 


Khan et al., 2009, Khan et al., 2010) rather than high 
concentrations of NV centers at 575 and 637 nm. 

The post-growth treatment that creates the pink 
and purplish pink colors usually involves a combi- 
nation of irradiation and annealing. As expected, the 
irradiation-related optical defects (the GR1 and 595 
nm centers} and related absorption features are sig- 
nificantly higher for these samples. 


Infrared (IR) Absorption Spectroscopy. IR absorption 
spectroscopy is most useful in separating type Ila 
“near-colorless” diamonds—and therefore CVD and 
HPHT synthetics—from type Ia, which represent the 
vast majority of natural diamonds. (This is the basis 
of GIA’s DiamondCheck instrument.) In addition, 
several features in the IR spectra indicate CVD origin 
or provide an indication of post-growth color treat- 
ment. Figure 16 shows representative IR absorption 
spectra of two CVD samples: as-grown “near-color- 
less” and treated “pink.” With post-growth treat- 
ment, the 3123 cm! peak becomes dramatically 
weaker, while both the 3107 cm" peak and the Hla 
peak at 1450 cm" are created. As shown in the figure, 
the detected features are generally quite weak. 
Nitrogen concentrations at the atomic-parts-per- 
million (ppma) level of detection may be calculated 
using IR spectra. Nitrogen concentrations were de- 
termined using a customized algorithm derived at 
the Diamond Trading Company (DTC) Research 
Centre in Maidenhead, UK (from Kiflawi et al., 1994; 
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Figure 16. IR spectra of 
a treated 0.67 ct Fancy 
Vivid purple-pink CVD 
sample (red trace) and 
an as-grown 0.50 ct, N- 
color CVD synthetic 
(blue trace). With post- 
growth treatment, the 
3123 cm peak is re- 
duced or eliminated, 
while the 3107 cm! 
peak and the H1a peak 
at 1450 cnr” are cre- 
ated. The significant 
spectral features be- 
tween about 1700 and 
2700 cn" are intrinsic 
to the IR spectra of all 
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Boyd et al., 1994, 1995). Most “near-colorless” CVD- 
grown diamonds had no detectable nitrogen aggre- 
gates in their IR spectra, indicating nitrogen 
concentrations of less than 1 ppm. The treated pink, 
as-grown brown-pink, and O-to-Z samples (which are 


2000 


1500 1000 diamonds. 


all nominally type IIa) showed weak absorption at 
1344 and 1332 cnr", indicating the presence of 1 to 5 
ppm of substitutional nitrogen. 

Figure 17 shows the incidence of particular features 
seen in the mid-IR spectra of the CVD samples. De- 
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Figure 17. This chart 
shows the distribution 
of samples in each CVD 
synthetic color range 
where a specific optical 
center was detected by 
infrared absorption 
spectroscopy. The per- 
centages shown in red 
represent the portion of 
samples with data 
available for that color 
range. 
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spite the fact that this CVD material is type Ila (indi- 
cating a very low nitrogen concentration), all of the 
nonintrinsic peaks included in figure 17 originate from 
various nitrogen-containing optical defects. 


Photoluminescence (PL) Spectroscopy. PL spec- 
troscopy is a very sensitive analytical technique that 
can detect optical defects at much lower concentra- 
tions than absorption spectroscopy. Therefore, the 
PL method (where spectral features are excited by 
incident laser light) is capable of detecting optical 
centers in diamond when Vis-NIR absorption is not. 
PL is a vital technique for gemological laboratories 
in determining diamond origin and color origin, and 
CVD synthetics are no exception. Figure 18 shows 
representative PL spectra for two near-colorless 
CVD samples: one that did not undergo post-growth 
color treatment (as evidenced by the 596/597 nm 
doublet) and one that was HPHT annealed, which 
had a much lower concentration of NV centers and 
no 596/597 nm doublet. Both show a very small but 
detectable peak related to the SiV- center. The 
596/597 nm doublet has never been reported in nat- 
ural diamond, HPHT-treated CVD synthetics, or 
CVD synthetics that have undergone multiple treat- 
ment steps. It is considered a reliable indicator that 


PHOTOLUMINESCENCE SPECTRA 
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a CVD specimen has not undergone HPHT treat- 
ment (Wang et al., 2010, 2012). 

The SiV- doublet at 736.6 and 736.9 nm is a strong 
indicator of CVD growth; the center is seen very 
rarely in natural diamonds and occasionally in 
HPHT synthetics (Breeding and Wang, 2008). Other 
features, such as the presence of the 596/597 nm dou- 
blet, indicate that the CVD sample did not undergo 
any color treatment, while the H2 center is an indi- 
cator of post-growth treatment (figure 19). With syn- 
thetic diamonds, however, the jewelry trade makes 
no distinction in market value between as-grown and 
treated products. 

Figure 19 shows the incidence of selected features 
in the PL spectra based on sample color. In this fig- 
ure, the percentage of CVD-grown diamonds with 
the 596/597 nm doublet decreases as the color pro- 
gresses from “near-colorless” to brownish pink to 
pink. This also provides an estimate of the percent- 
age that have not undergone post-growth treatment. 
Among “near-colorless” samples, 30% have the 
596/597 nm doublet, indicating that the remaining 
70% were likely HPHT-annealed. The pink samples 
showed a higher percentage of H2, H3, and H4 cen- 
ters due to high-temperature heating during post- 
growth treatment for these color ranges. 


Figure 18. These PL 
spectra were recorded 
for an as-grown 0.26 ct 
I-color CVD synthetic 
(purple trace) and an 
HPHT-treated 0.30 ct 
H-color CVD synthetic 
(red trace). The spectra 
are scaled vertically so 
that their diamond 
Raman peaks at 1333 
cnr (552.4 nm) are 
equivalent in intensity. 
Key diagnostic spectral 
features of CVD mate- 
rial include the SiV- 
doublet at 736.6 and 
736.9 nm in most sam- 
ples and the 596/597 
nm doublet in as-grown 
ou material. Also note 
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that all PL spectra were 
collected at liquid 
nitrogen temperature. 
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oitavas (175,000 carats) during the course 
of one yeat on the banks of the Jequitin- 
honha river immediately above a pool 
(Pocao de Moreira) on which he was en- 
gaged in diverting the river. According to 
Felicio dos Santos, the records of the Con- 
tract Period consisting of five big, leather 
bound tomes, were sent to Ouro Preto for 
safekeeping but they have since disap- 
peared. Failure to trace these priceless 
records in Ouro Preto and elsewhere is 
responsible for the uncertainty regarding 
the production during the Contract Period. 

The Extraccao began operations with 
5000 slaves, divided into gangs of from 200 
to 400, and during its existence covered 
practically the entire area including the 
intermediate sections in the river beds left 
by the Contractors. Its records have also 
been lost due to the carelessness and van- 
dalism of the Brazilians themselves. The 
writer himself has seen two volumes from 
which many leaves were torn to make sky 
rockets. They consisted of two ponderous 
tomes bound in leather and ruled off in 
columns showing the number -of. slaves 
employed in each “service,” the man days 
wotked, production of diamonds and of 
gold, and finally a column containing ob- 
servations regarding events of the day, prices 
of commodities, purchase price of a slave 
and the cost of his burial, and more espe- 
cially the sizes of the largest diamonds 
found including the weight of those exceed- 
ing one oitava (171% carats) which, when 
found by slaves, entitled them to freedom 
from slavery. Both these mutilated and 
priceless volumes ate now in the hands of 
private collectors instead of being in the 
Historical Museum of Diamantina where 
they belong. One of these was saved from 
further destruction by Nelson Humphrey, 
a diamond buyer from Boston, who lived 
for many years in Diamantina and who, 
after retiring to his native city, returned to 
Brazil because, he said, “they don’t know 
how to cook beans in Boston.” 

From one of these books the writer took 
the following extracts of production by the 
Royal Extraccao from the areas indicated. 


Angu Duto & 

Barrade“O” 22.9 kgs gold 40,346 carats 
Barra de “O” 13.24 " ” 8,678 ” 
Corrego de 

Macacos 1.290. Oe 4,892 ” 
Massangano & 

Acaba Sacco 10.40 ” " 10,687 ” 
Capivari DeD 2 i ee DML ANE oe 
Ponte de Sao : 

Goncalo 14.97 ”" ” 18,472 ” 
Mosquito 968 " ” 5,545 ” 
Carrapato ii Se wk AO GAS® % 
Lavra do 

Matto 2413 " ” 26,639 ” 


There, areas are all situated in the Je- 
quitinhonha river between its source neat 
Setrro and Mendanha, Mawe visited Carra- 
pato and describes it as a gold mine. 

To those of us who ate engaged in dia- 
mond mining in this field it is not the loss 
of the records of production that we deplore 
so much as the fact that we are not able to 
identify the areas that have already been 
exploited. This results in losses that might 
otherwise be avoided by reworking areas 
from which the diamonds have already been 
recovered by our predecessors. Less than a 
week ago the writer met another victim 
who had spent Cr. 70,000.00 he could ill 
afford. 

These restingas are invariably rich and 
worth the risk, but very few are successful. 
Legends assert that part of Pocao de Moreira 
previously mentioned, is still ‘virgin.’ Cam- 
braia, one of the largest and deepest pools 
in the Jequintinhonha and part of Pedro 
Dias, immediately above Cambraia, are also 
said to be intact. The production of dia- 
monds from the Diamantina field during 
the periods under review is not definitely 
known. In As Pedras Preciosas, published 
in 1949, Alpheu Diniz Gonsalves gives the 
annual production of Brazil from all sources 
up to the date of publication from which 
its quota is now assigned to the respective 


periods. 

Discovery 307,000 

Contract 1,639,725 

Extracaco 1,210,770_..1772 to 1818 only 
3,157,495 
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DISTRIBUTION OF PL SPECTRAL FEATURES 


Figure 19. The distribu- 
tion of spectral features 
in each of the four color 
ranges of CVD synthet- 
ics, as detected by PL 
spectroscopy. Other op- 
tical centers that had 
nearly 100% incidence 
across all colors— 
though at drastically 
different intensities, 
such as NV? and NV— 
are not included. The 
percentages shown in 
red represent the por- 
tion of samples with 
data available for that 


color range. 
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CRITERIA FOR THE GEMOLOGIST 


There are no reliable visual factors to help identify 
potential CVD synthetics. The size of the cut stone 
is not diagnostic: Most CVD synthetic diamonds are 
below 0.75 ct, and (except for one recent sample) all 
those surveyed by GIA have weighed less than 4 ct. 
The color appearance and the cause of the pink color 
are not diagnostic for the majority, though the pink 
color in CVD synthetics is usually more saturated 
than in natural pink diamonds. 

There are several distinctive features gemologists 
may use to recognize in order to identify potential 
CVD synthetics, though none should be relied upon 
as the sole means of identification. 


1. Orange-to-red fluorescence reaction to a stan- 
dard UV lamp in pink specimens derives from 
NV centers, indicating that the diamond is ei- 
ther a rare Golconda-type natural diamond, a 
treated natural diamond, or an HPHT or CVD 
synthetic (table 2). Although the vast majority 
of “near-colorless” CVD synthetics do not 
show observable long-wave fluorescence, some 
older material shows fluorescence colors (such 
as green) that are quite rare among natural col- 
orless diamonds. In a gemological laboratory, 
the presence of striated fluorescence correspon- 
ding to multiple growth layers in Diamond- 
View images provides additional confirmation 
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100% 


of CVD growth, but its absence does not elim- 
inate the possibility of CVD origin. 


2. CVD samples span the clarity scale, but those 
observed by GIA’s laboratory trend toward 
higher clarity grades. The small inclusions 
most often encountered are clouds, pinpoints, 
and black “crystals.” Similar clarity features 
are found in both natural and CVD synthetics. 
These inclusions are generally not diagnostic 
for identification purposes, despite the very dif- 
ferent diamond formation environments. 


3. Type II diamonds—samples that are UV trans- 
parent or show no detectable nitrogen in their 
FTIR absorption spectra—should always be 
sent to a laboratory for testing. 


4. Major CVD manufacturers inscribe the syn- 
thetic diamond's origin on the girdle (e.g., “Lab 
Grown”). But note that the lack of an inscription 
does not necessarily indicate a natural stone. 


5. A strain pattern viewed in the polariscope or a 
microscope configured with crossed polarizing 
filters (e.g., figure 20) can help distinguish CVD 
synthetics from HPHT synthetics, as the latter 
show extremely low levels of strain (e.g., figure 
7 in D’Haenens-Johansson et al., 2015b). 


Gem-testing laboratories need to maintain a full 
complement of gemological, imaging, and spec- 
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Figure 20. Viewed in crossed polarizers, CVD synthetics (left and center) show higher-order interference colors than 
those generally seen in type Ia natural diamonds (though this observation is not sufficient for a reliable identifica- 
tion). Viewing in crossed polarizers also distinguishes CVD from HPHT synthetics, which tend to display ex- 
tremely low levels of strain (right). Shown in these photos are a 0.53 ct G-color CVD synthetic diamond (left), a 
2.51 ct H-color CVD synthetic (center) and a 0.46 ct D-color HPHT synthetic (right). 


troscopy instrumentation, including a DiamondView 
imaging microscope, an FTIR absorption spectrome- 
ter, and a photoluminescence spectrometer equipped 
with several lasers to distinguish diamond origin and 
treatments. Additionally, they must have access to 
CVD specimens that are representative of products 
available in the trade and maintain a database of in- 
formation on their properties. They must be con- 
stantly on the lookout for emerging trends that deviate 
from standard detection criteria for natural, treated, or 
synthetic diamonds. Gem laboratories must also op- 
erate under the assumption that today’s reliable crite- 
ria may not be applicable in the future and find 
alternative methods to ensure that identification 
keeps pace with the manufacturers’ technology. 


FUTURE 

Melee. In recent years, several gemological laborato- 
ries (including GIA’s) have established melee sorting 
services for colorless to near-colorless diamonds to 
separate natural stones from those that are potentially 
treated or synthetic. Therefore, both colored melee 
(through grading reports) and colorless melee (through 


sorting) can be screened for synthetics. Yet melee-size 
CVD synthetic diamonds have not been routinely 
submitted to GIA for examination. Based on our own 
observations and discussions with manufacturers, 
there is little evidence of CVD-grown melee in the 
marketplace. We have recently examined some CVD 
melee (e.g., figure 21) and anticipate that melee-size 
CVD material will become more available in the fu- 
ture (Poon et al., 2016). There have been reports that 
CVD melee is being manufactured in India, and this 
supply might become more prevalent in the coming 
years (W. Wang, pers. comm., 2016). HPHT-grown 
melee will likely remain more common than CVD- 
grown material, since yellow samples that can be 
fashioned as melee are easy to produce by this 
method. Although colorless natural melee is more 
abundant, HPHT-grown synthetic diamonds are cur- 
rently in limited supply. 

Without our own data or any published informa- 
tion, it is difficult to know the extent of HPHT and 
CVD synthetic diamond melee in the marketplace. 
Because of the availability of natural colorless melee, 
pink CVD melee is more likely to be produced (e.g., 


Figure 21. These five CVD melee were recently examined by GIA. All are in the near-colorless range, weigh 0.02- 
0.04 ct, and show a similar range of DiamondView colors as larger CVD-grown diamonds. The images for only B 
and C show the striations typical of CVD growth, once again indicating the need to rely on a combination of data 
and observations, such as the unusual DiamondView colors of these melee and their IR and PL spectra, that con- 


firm CVD synthetic origin. 
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Kitawaki et al., 2010). If this is the case, pink CVD 
melee are not being submitted to GIA, which accepts 
colored diamonds of melee size for origin reports. 


Outlook. Several features seen in early CVD synthet- 
ics have become less relevant in recent years. CVD- 
specific peaks such as 3123 cm” in IR absorption 
spectra and the 596/597 nm doublet in PL spectra 
were common in early products. Most CVD material 
today has undergone at least one round of post- 
growth treatment (either HPHT annealing or a com- 
bination of irradiation and annealing), so these early 
features are rarely observed. Likewise, it is possible 
that today’s criteria will no longer be applicable in a 
few years. Growth techniques are rapidly progressing 
due to research by CVD manufacturers for gem pur- 
poses and high-tech applications. 

At present, the reliable identification criteria for 
undisclosed client-submitted samples have been es- 
tablished by examining CVD synthetics from known 
manufacturers: for instance, the presence of the SiV 
peak in Vis-NIR absorption or PL spectroscopy, and 
synthetic growth features as observed by Diamond- 
View luminescence imaging. 

While quality factors such as color, the cut grade 
of round brilliants, and clarity have been fairly con- 
sistent in CVD synthetics over the last several years, 


carat weight has risen. The number of samples sub- 
mitted to GIA dwindled during 2010-2011, when 
Apollo Diamond Inc. was acquired by Scio, but has 
increased dramatically since then as Scio and other 
manufacturers have ramped up their production. 
Gemesis added CVD synthetics to their offerings in 
2012 (Wang et al., 2012), and more companies have 
starting selling their own manufactured products. 

It is likely that the range of CVD synthetic colors 
will continue to expand and the sizes will increase. In 
September 2016, GIA’s Hong Kong laboratory graded 
a5.19 ct J-color CVD synthetic—the largest submitted 
to GIA thus far (Law, 2016). Also, there have been 
unique CVD synthetics with interesting optical char- 
acteristics, such as samples with a reversible color 
change between pink and blue due to a charge-transfer 
effect caused by high amounts of incorporated silicon 
(D’Haenens-Johansson et al., 2015; see also box A). We 
also expect the quantity of CVD synthetics submitted 
for grading reports to increase in the coming years. Fig- 
ure 22, shows the percentage of CVD synthetics within 
the data set from this study divided by year. There was 
a marked increase in CVD samples examined by GIA 
between 2012 and 2013, and this trend should con- 
tinue to increase as new CVD diamond manufacturers 
(e.g., Bates, 2015) release their products. 
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Figure 22.This plot 
shows the distribution 
of the CVD samples 
comprising the data 
set, separated by year. 
The majority of the 
samples are from the 
last several years, when 
client submissions sig- 
nificantly increased. 
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CONCLUSIONS 

Today the CVD process is used to produce high-color 
(or fancy color) and high-clarity type II synthetic di- 
amonds up to several carats in size that are likely to 
be visually indistinguishable from polished natural 
diamonds. These CVD synthetics may display ultra- 
violet fluorescence reactions and inclusion features 
that would be unusual within natural diamonds. Ad- 
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ditionally, the results described in this article illus- 
trate how the samples all exhibited spectroscopic fea- 
tures that were quite different from those occurring 
in similar natural gem diamonds. Based on the use 
of analytical instruments and access to our large 
database of gemological information, the synthetic 
diamonds examined to date by GIA’s laboratory can 
be readily identified. 


Dr. Eaton-Magania is a research scientist, and Dr. Shigley is a distinguished research fellow, at GIA in Carlsbad, California. 
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REVERSIBLE COLOR MODIFICATION OF 
BLUE ZIRCON BY LONG-WAVE 
ULTRAVIOLET RADIATION 


Nathan D. Renfro 


Exposing blue zircon to long-wave ultraviolet (LWUV) radiation introduces a brown coloration, resulting 
in a somewhat unattractive, much less valuable gemstone. Common sources of accidental long-wave 
radiation that can affect mounted faceted blue zircons are tanning beds and UV lights used to apply 
acrylic fingernails. To determine if the LWUV-induced brown color in zircon is completely and easily 
reversible, quantitative UV-visible spectroscopy was used to measure the difference in absorption before 
and after LWUV exposure. This study explored the nature of the UV-induced color-causing defect to es- 
tablish whether subsequent exposure to visible light would completely restore the blue color. Spectro- 
scopic examination showed that blue color in zircon is due to a broad absorption band in the ordinary 
ray, starting at 500 nm and centered at approximately 650 nm. LWUV exposure induced absorption 
features, including a broad band centered at 485 nm that was responsible for the brown color. 


con, is prized for its brilliance, vibrant color, 

and high clarity. Though commonly thought 
of as a colorless diamond simulant, this tetragonal 
mineral occurs in several countries in a wide variety 
of colors. Zircon has been described as having unusual 
tenebrescent properties (McClure, 2011) and as 
changing color when irradiated (McClure et al., 2001). 
Blue zircon (figure 1) is produced by heat treating 
brown material to 900-1000°C in a reducing atmos- 
phere (Smith and Balmer, 2009); within the gem trade, 
all blue zircon is presumed to be heat treated. In re- 
cent years, at least two anonymous gem dealers at- 
tending the Tucson gem shows have reported to the 
author that customers returned blue zircons because 
they had changed to an unattractive brown color 
(Renfro, 2013). Further inquiry revealed that the zir- 
cons had been inadvertently exposed to long-wave ul- 
traviolet (LWUV) radiation, either in a tanning bed or 
under a UV lamp that cures the epoxy resin used to 
apply acrylic fingernails. The gem dealers’ main con- 


/ 7, sp silicate (ZrSiO,), better known as zir- 
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cern was returning the stones to their vivid blue color. 
One of these stones was reportedly restored to the de- 
sired blue, while the status of the other is unknown. 

In the case of a blue zircon that turned brown 
(Koivula and Misiorowski, 1986), the blue color was 
restored by placing the stone near an incandescent 


In Brief 


e Zircon is a popular gem that occurs in several colors. 

e Gem-quality blue zircon can turn brown from 
accidental long-wave UV (LWUV) exposure. 

e LWUV-induced brown color can be removed by 
exposure to an incandescent light source, restoring the 
blue color. 


light bulb for a couple of hours. The more recent re- 
ports from the gem dealers prompted the current in- 
vestigation, in which blue zircons presumed to be 
heat treated were exposed to LWUV radiation to in- 
duce a brown color. The color change was observed 
and quantitatively measured to determine whether 
the color could be completely restored. 
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MATERIALS AND METHODS 

Eleven faceted blue zircons (figure 2) of unknown 
geographic origin, presumed to be heat-treated mate- 
rial, were studied for color observation before and 
after exposure to LWUV radiation. A 350 mW, 365 
nm LED light source (a GIA prototype that only 
emits LWUV light) was used at a distance of approx- 
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Figure 1. Blue zircon, a 
popular gemstone due to 
its vibrant color, results 
from the heat treatment 
of brown material that 
contains traces of ura- 
nium (Rossman, 1981). 
Photo by Robert Wel- 
don/GIA, courtesy of 
Artinian Gems. 


imately 1 cm for varying durations. In addition to the 
11 faceted stones, one optically oriented wafer 
(Thomas, 2009) of blue zircon from Cambodia (figure 
3) was used for quantitative spectroscopic examina- 
tion to determine the nature of the color-modifying 
defect introduced by LWUV exposure. Using an alu- 
minum sample holder with a 3 mm aperture, the au- 
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Figure 2. These 11 faceted zircons of unknown origin (left), weighing between 0.62 and 1.96 ct, all showed a brown 
face-up color after several minutes of LWUV radiation exposure (right). Photos by C.D. Mengason. 


thor measured the visible spectrum of the oriented 
wafer at regular 30-second intervals of LWUV expo- 
sure using a Perkin Elmer Lambda 950 scanning 
spectrophotometer with a data interval of 1 nm. 
Baseline correction for reflection loss was performed 
on the blue zircon wafer’s spectra by measuring a 
thin oriented wafer of colorless zircon and subtract- 
ing the reflection loss of the colorless sample from 
the blue zircon spectra. 

Differential spectra were used to determine the 
nature of the LWUV-induced defect by subtracting 
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the original absorption spectra from the spectra 
measured after maximum LWUV exposure. CIE 
L*a*b* color space coordinates were calculated from 
the baseline-corrected spectra to produce an accurate 
swatch representative of the color produced by the 
chromophores in the zircon in both the ordinary (o) 
and extraordinary (e) rays at LWUV exposure inter- 
vals of 30 seconds. The brown color was removed by 
exposing the samples to an approximately 22 W in- 
candescent light source at a distance of approxi- 
mately 1 cm. 


Figure 3. This 6.67 x 10.56 
x §.17 mm optically ort- 
ented wafer of blue zircon 
was used for spectro- 
scopic examination of the 
LWUV-induced brown 
color, seen here using 
plane-polarized light. The 
photos show the ordinary 
(o) ray on the left and the 
extraordinary (e) ray on 
the right. The photos on 
the top were taken prior 
to LWUV exposure. The 3 
mm circular brown spot 
in the bottom images is 
the localized area that 
was exposed to LWUV 
while the immediate area 
around the spot was 
masked by an aluminum 
sample plate. Here it is 
unmasked to illustrate 
the color before and after 
five minutes of LVUV 
color modification. 
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Figure 4. The polarized 
visible spectra of the 
blue zircon wafer were 
measured following 30- 
second LWUV exposure 
intervals up to 330 sec- 
onds, when a brown 
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color was fully induced. 
The color swatches 
were calculated from 
the collected spectra to 
show the progressive 
change in color over 
time in the o- (top) and 
e-(bottom) rays of the 
zircon sample. The 
spectra were measured 
at 30-second intervals, 
but here half of the 
traces are removed for 
clarity. 
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RESULTS AND DISCUSSION 

Exposure to LWUV Radiation. Blue color in zircon is 
attributed to a broad absorption band in the o-ray cen- 
tered at approximately 650 nm, which is caused by 
U* replacing Zr+ atoms in the crystal lattice 
(http://minerals.gps.caltech.edu/FILES/Visible/zircon/ 
Index.html). The e-ray in blue zircon is colorless, and 
the o-ray is blue (again, see figure 3). LWUV radiation 
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exposure measured at regular 30-second intervals re- 
vealed near-complete saturation of the defect in both 
the o- and e- rays after just over five minutes (figure 
4). The differential spectra of the ordinary and extraor- 
dinary rays, calculated by subtracting the spectra 
measured before LWUV exposure from the spectra 
measured after 330 seconds of LWUV exposure, re- 
vealed broad absorption bands that imparted a brown 
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Figure 5. Differential spectroscopy was used to de- 
termine the absorption contribution of the LWUV- 
induced defect at maximum saturation. The author 
subtracted the original visible spectrum from the 
one measured after 330 seconds of LWUV exposure. 
The defect responsible for the brown color is prima- 
rily characterized by a broadband absorption cen- 
tered at approximately 485 nm. The color swatches 
to the right of the plot lines were produced from the 
differential spectrum in each polarization to show 
the color contribution from the change in absorp- 
tion spectra of the LWUV-induced defect alone. 


component in both rays (figure 5). This explains the 
overall murky brown color observed in the faceted 
stones viewed face-up, where the o- and e-rays are 
mixed (again, see figure 2, right). After 330 seconds of 
exposure, there was effectively no change in the ab- 
sorption measured, indicating complete saturation of 
the brown LWUV-induced defect. 


Removing the LWUV-Induced Defect. To determine 
how long it should take to restore this sample’s blue 
color using an incandescent light source, the blue zir- 
con's visible spectrum was measured three times: in 
the initial state (red trace}, after LWUV exposure (blue 
trace), and after incandescent light exposure (black 
trace) at a distance of 1 cm. The absorbance observed 
at 485 nm was then measured at regular 10-minute 
intervals until there was no further change in the ab- 
sorbance. The data collected showed the decay of the 
brown color (figure 6), indicating complete reversal 
after approximately 20 minutes. 

To confirm that the brown color could be com- 
pletely removed, the visible spectrum taken before 
LWUV exposure was compared to the spectrum taken 
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Figure 6. After saturation with the LWUV-induced 
brown defect, the sample was exposed to an approxi- 
mately 22 W incandescent bulb at a distance of 1 cm. 
Plotting the absorption measured at 485 nm over 10- 
minute intervals shows a rapid initial decrease in 
absorbance and near-complete removal of the LWUV- 
induced brown color in just over 20 minutes. 


after the color reversal by incandescent light. The two 
spectra were identical, proof that incandescent illu- 
mination can restore the material to its original state 
(figure 7). When the sample was left in a dark envi- 
ronment for one week after LWUV exposure, the 
brown color remained until the sample was once 


Figure 7. These three visible spectra of the o-ray show 
the blue zircon sample at its initial state (red trace), 
after LWUV exposure (blue trace), and after one hour 
of exposure to incandescent light (black trace). Because 
the initial and final traces essentially overlay each 
other, we know the blue color has been completely re- 
stored and the induced brown color has been removed. 
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* Barro mine near Sao Joao da Chapada where massa was first discovered. 


Spix and Martius, who visited Diaman- 
tina shortly after Mawe and who probably 
took their figures from the actual records, 
assign 1,300,000 carats to the Extraccao 
showing a difference of nearly 90,000 carats 
additional. This is merely one example of 
how historians differ. 

The gteater part of this production was 
undoubtedly derived from the Jequitin- 
honha river from Mendanha to its source. 


Below Mendanha it is practically intact and, 
constitutes as will be shown at a later stage, 
one of the most important elements in the 
future of the mining industry of this region. 

The close of the Contract Period coin- 
cides with the discovery of a more perma- 
nent source of supply, the High Level or 
Massa mines from which the region derives 
its alluvial diamonds. Previous to this event 
the source of alluvial diamonds had been a 


* This view near Sopa shows type of rock weathering and old 


dumps left by Garimpeiros. 


Figure 8. Brilliant and doubly refractive, blue zircon 
is a favorite among jewelry buyers. This 7.95 ct blue 
zircon ring designed by Loretta Castoro, also shown 
on the cover, is set in 18K white gold and contains 
2.43 carats of rubies. Photo by Kevin Schumacher. 


again exposed to the 22 W incandescent lamp. The 
sample was also placed near an incandescent light 
source, with all visible light blocked to see if the low- 
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temperature radiant heat from the lamp would re- 
move the brown color without interference from the 
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of short-wave UV using a DiamondView instrument; 
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ing conducted on the 11 faceted stones yielded the 
same color change and reversal. 


CONCLUSIONS 

Blue zircon (figure 8) displays an interesting reversible 
color modification, with long-wave UV exposure 
turning the material brown in less than six minutes. 
In this study, the blue color was completely restored 
to all samples by exposing the stone to an incandes- 
cent source for about 20 minutes. Dealers should cau- 
tion clients who purchase blue zircon to avoid LWUV 
sources. If such exposure does occur, they can inform 
their clients that the color change appears to be easily 
and completely reversible through the use of incan- 
descent lighting. 


ACKNOWLEDGMENTS 
The author would like to thank the three anonymous peer review- 
ers of the manuscript for their constructive feedback. 


grams, Vol. 45, No. 7, Abstract No. 226600. 

Rossman G.R.(1981) Color in gems: The new technologies. G#G, 
Vol. 17, No. 2, pp. 60-71, http://dx.doi.org/10.5741/GEMS. 
17.260 

Smith M., Balmer W. (2009) Gem News International: Zircon min- 
ing in Cambodia. G#G, Vol. 45, No. 2, pp. 152-154. 

Thomas T. (2009) Corundum c-axis device for sample preparation. 
GIA Ongoing Research, June 8, http://www.gia.edu/ongoing- 
research/corundum-c-axis-device-for-sample-preparation 


Gems & GEMOLOGY FaLL 2016 251 


NO 


&N 


ECHNQUES 


SAPPHIRES FROM THE SUTARA PLACER IN THE 


RUSSIAN FAR EAST 


Svetlana Yuryevna Buravleva, Sergey Zakharovich Smirnov, Vera Alekseevna Pakhomova, and 


Dmitrii Gennadyevich Fedoseev 


From 2009 to 2011, sapphire crystals and corun- 
dum-bearing rocks were discovered at Sutara, in 
the Jewish Autonomous Region of the Russian Far 
East. These sapphires are typically translucent to 
semitransparent and blue to pinkish blue. Most 
of the crystals are heavily included and display 
prominent growth zoning, twinning planes, and 
abundant exsolution lamellae. Their primary fluid 
inclusions contain diaspore crystals and a low- 
density CO,-CH, mixture. These inclusions indi- 
cate that sapphire mineralization occurred by 
means of low-density aqueous-carbonic fluids, 
which were able to carry significant concentra- 
tions of alumina. These fluids may have formed 
as a result of thermal impact of granitic magma 
on carbonate country rocks. The authors consider 
Sutara a metamorphic occurrence that formed as 
a result of diffusive and metasomatic processes 
at a region of contact between carbonate rocks 
and pegmatite veins. 


apphire deposits are widespread throughout 

Southeast Asia and Africa (Peretti et al., 2008; 
Schwarz et al., 2008; Shor and Weldon, 2009; Khoi et 
al., 2011; Dharmaratne et al., 2012). Russia’s only 
placer deposit of gem-quality sapphire is at Nezamet- 
noya (Pakhomova et al., 2006). Another Russian 
source of sapphire (figure 1) lies along the Sutara 
River, in the Jewish Autonomous Region bordering 
China (figure 2). The earliest discovery of corundum 
there came about as a result of gold mining (Shaposh- 
nikov, 1945). In 1943, geologists discovered gray and 
blue sapphire fragments in the alluvium of the Sutara 
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River, but they showed little interest because gold 
mining was more important at the time. Scientific 
studies of the sapphire’s mineral associations, gene- 
sis, and gemological characteristics were not per- 
formed before the mine was closed in 2005. 

From 2009 to 2011, the authors conducted field- 
work searching for gem-quality sapphire in the basin 
of the Sutara River. Corundum-bearing rock samples 
and sapphire crystals were discovered at the outer 
limits of the area (Pakhomova et al., 2009). Cabo- 
chon-grade sapphire from Sutara (figure 3) recently 
underwent gemological and mineralogical study at 
the Far East Geological Institute, Far Eastern Branch 
of the Russian Academy of Sciences (FEGI FEB RAS) 
in Vladivostok. 


GEOLOGY AND OCCURRENCE 

The bedrock of the Sutara mining region consists of 
early Cambrian siltstones, sandstones, gneiss, mar- 
bles, marbleized limestones, and crystal slates that 


Figure 1. Sapphire fragments from Sutara ranging 
from 0.6 to 4.4 ct. Photo by Svetlana Buravleva. 
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SEA OF JAPAN 


Figure 2. The Sutara mine district is located in the Jewish Autonomous Region (Russian Far East), approximately 
36 km (22 miles) southeast of the town of Obluche and about 200 km (124 miles) west of the city of Birobidzhan. 


Source: www.google.ru/maps. 


interstratify with clay slates, carbonate, and graphitic 
rocks (figure 4). Intrusive rocks are present as biotite 
granites, biotite and tourmaline leucogranites, veins 
of granitic pegmatites, and aplites. 


In Brief 


e Between 2009 and 2011, the authors discovered 
sapphire crystals and corundum-bearing rocks in the 
Russian Far East. 


e Primary (syngenetic) inclusions in the corundum con- 
sisted of diaspore crystals and a CO,-CH, mixture. 


e Low-density aqueous-carbonic fluids may have formed 
as a result of thermal impact of granitic magma on 
carbonate country rocks. 


Early research by Shaposhnikov (1945) identified 
four sources of corundum in Sutara, two of which 
occur in carbonaceous rocks and in veins of intruding 
light-colored granites of a late Paleozoic complex. 
The others occur in terrigenous-carbonaceous rocks 
intruded by early Paleozoic granites. 

Investigation of corundum mineralization (Sha- 
poshnikov, 1945; Kovrizhnykh, 1993) showed that 
carbonate rocks contact with granites and peg- 
matites. Gray and light gray granites, medium- and 
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fine-grained, which are sometimes aplitic (figure 5), 
consist of microcline, microperthite, oligoclase, 
quartz, and biotite; muscovite is less common. Sec- 
ondary minerals are zircon, apatite, magnetite, and 
titanite. Carbonate rocks in contact with granites be- 
came marble, and serpentinites developed in the exo- 


Figure 3. These 14.07 and 14.52 ct sapphire cabochons 
are from Sutara, Russia. Photo by Svetlana Buravleva. 
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Figure 4. This simplified geologic map shows the primary and secondary (alluvial) sapphire occurrences discovered 
in the basin of the Sutara River. The basement is composed of metamorphosed carbonate rocks, intruded by gran- 


ite and pegmatite. Adapted from Vaskin (1999). 


contact zone. In the ophicalcites, forsterite-bearing 
bodies are present. Similar associations are found as 
xenoliths in granites. 

Ophicalcites and serpentinites contain yellow 
forsterite, greenish phlogopite, tremolite, actinolite, 
and serpentine, sometimes creating ribboned struc- 
tures. Secondary minerals of these rocks are calcite, 
talc, chlorite, and scapolite. Microscopic examina- 
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tion shows that the forsterite has been substantially 
converted to serpentine, which is present as fibrous 
chrysotile and needle-like antigorite. 

Plagioclasites (anorthosites) formed thin veins 
(from a few centimeters to a few meters thick) in the 
serpentinites, filling a transitional zone from granites 
to ophicalcites. Plagioclasites consist primarily of 
white plagioclase (anorthite) aggregates with minor 
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< 40m 


Figure 5. Schematic 
cross-section I. This il- 
lustration shows the 
primary corundum oc- 
currence within the 
contact between light- 
colored granites and 
marbles. Corundum 
plagioclasites consist of 
white plagioclase (anor- 


Forsterite-bearing rock 


i ¢ {| Serpentinite 
i ¢_| (ophicalcite) 


Microdiorite 


ae Light-colored granite 


thite), biotite, mus- 
covite, and single 
sapphire crystals. 


Corundum plagioclasite 


amounts of biotite and muscovite (about 5%]. Sap- 
phires occur as single translucent crystals of blue and 
pale purple color up to 1.5 cm in size, associated with 
plagioclase. 

Bedrock exposures of corundum-bearing rocks 
(figure 6) were found in the Sutara district by Sha- 
poshnikov in 1943. Here, two-mica granites break 
through quartz-micaceous slates with lenses of car- 
bonate rocks. Within the contact of granites, a grad- 
ual transition from granites to pegmatites is 
observed. Carbonate rocks occur at a contact skarn 
that is defined by the presence of almandine (60%), 


muscovite (30%), and epidote and chlorite (10%). In 
other sites outside the contact, the ophicalcites and 
serpentinites developed in a similar fashion. 

On contact with carbonate rocks, pegmatites be- 
came desilicated and formed single well-formed 
bipyramidal crystals of corundum. Lenses ranging 
from 10 to 20 cm wide are visible, represented by 
near-monomineral varieties of corundum-bearing 
rocks with small amounts of margarite, vermiculite, 
and diaspore filling the interstices between the 
corundum crystals (figure 7). 

The secondary (alluvial) sapphire occurrence was 


ees Carbonate rock 
ee Two-mica granite 


Figure 6. Schematic cross- 
section II. This illustration 
shows the primary corun- 
dum occurrence at the con- 
tact zone of pegmatite and 
carbonate rocks. Lenses of 
corundum-bearing rocks 
consist of brittle mica (mar- 
garite) between the corun- 


> dum crystals. 
Pegmatite 


Corundum-bearing 
rock (marundite) 
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Figure 7. This corundum-bearing rock sample from 
Sutara (2.8 x 2.0 cm) contains 70-90% corundum; the 
remainder is mostly mica (margarite). Photo by Svet- 
Jana Buravleva. 


discovered in the basin of the Sutara River. The allu- 
vium consists of a sapphire- and garnet-bearing layer 
above the bedrock that contains sand, pebbles, and 
boulders. 


MATERIALS AND METHODS 

We examined 139 samples (primary and alluvial) col- 
lected during three visits to the Sutara mine between 
2009 and 2011. These consisted of five cut sapphires 
(up to 65.5 ct; figures 8 and 17), 57 rough specimens 
(up to 33 ct}, 34 windowed sapphires, 18 thin sections 
of corundum-bearing rocks, and 25 parallel plates of 
the corundum-bearing rocks cut and polished for 
spectroscopy. 

Standard gemological testing was performed at the 
gemological laboratory of the FEGI FEB RAS. A refrac- 
tometer was used to measure refractive index and 
birefringence. Fluorescence was observed with long- 
and short-wave UV lamps (365 and 254 nm, respec- 
tively) in a darkened room. We measured carat 
weights with Sartorius jewelry scales and determined 
specific gravity hydrostatically. Internal features were 
observed with a standard gemological microscope and 
a Nikon Eclipse LV100 POL polarizing microscope. 

Inclusions in 17 samples were analyzed by Raman 
spectroscopy using a Horiba LabRAM HR 800 spec- 
trometer coupled with a Si-based charge-coupled de- 
vice (CCD) detector and a Melles Griot 514 nm Ar* 
green laser. These analyses were performed at the 
V.S. Sobolev Institute of Geology and Mineralogy, 
Siberian Branch of the Russian Academy of Sciences 
(IGM SB RAS, Novosibirsk). 
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Quantitative chemical analyses on a total of 67 
spots were carried out on seven parallel-plated sap- 
phires and four corundum-bearing rocks using a 
JEOL JXA-8100 electron microprobe at the Primorye 
Shared Analytical Center for Local Elemental and 
Isotope Analysis in Vladivostok. Three wavelength- 
dispersive spectrometers with LIF, PET, TAP, and 
LDE2 crystal analyzers in the microprobe and an Inca 
energy-dispersive X-ray spectrometer were used. 
Analyses were performed under the following condi- 
tions: 20 kV accelerating voltage, 10 nA beam cur- 
rent, and 1 um spot size. Detection limits for TiO, 
and Fe,O, were 0.05 wt.%. 

Trace element chemical data of seven alluvial sap- 
phires were measured quantitatively by inductively 
coupled plasma—mass spectrometry (ICP-MS) at the 
Primorye Center using an Agilent 7500c mass spec- 
trometer. Laser ablation was not used. Samples were 
melted with lithium metaborate (LiBO,) on platinum 
melting pots. Detection limits were typically 0.01- 
0.05 parts per million by weight (ppmw) for the solid 
component. Calibration solutions for ICP-MS were 
prepared from multi-element certified solutions. For 
defined elements, the following isotopes were cho- 
sen: *Be, “Sc, *'V, Cr, Co, Ni, Cu, Zn, “Ga, 
85Rb, 88Sr, Bay, Za: Nb, 18Sn, 133Cs, Ta, 140Ce, 41py 
MeN, 81Ta 2Th, !W, and 2°°Pb. The plasma condi- 
tions of the ICP-MS were optimized to an intensity 
of CeO/Ce 156/140<0.750% and Ce++/Ce+ 
70/140<2%. This was achieved using the following 
parameters: plasma gas flow (Ar) of 15.0 liters per 


Figure 8. This 2.22 ct sapphire cabochon is one of the 
samples from Sutara. Photo by Svetlana Buravleva. 
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Bipyramidal 


Short Prismatic 
Cc =A 


minute, nebulizer gas flow (Ar) of 1.14-1.19 liters per 
minute, and auxiliary gas flow (Ar) of 1.0 liter per 
minute. Sensitivity was tuned using Agilent tuning 
solution, containing 10 mg/l !°Ce, *°Co, “Li, TI, 
and *’y. The background signal was controlled by 
measuring the signal intensity of *Sc in Agilent tun- 
ing solution, since scandium is absent in it. The in- 
tensity of the “Sc signal was <70 counts per second, 
with an integration time of 0.1 seconds. 

Elemental analyses of five alluvial sapphires were 
measured quantitatively by inductively coupled 
plasma-atomic emission spectroscopy (ICP-AES) at 
the Primorye Center using an iCAP 6500 Duo spec- 
trometer. This instrument combines an Echelle opti- 
cal spectrometer with a semiconductive CID detector 
and a system for radial and axial observations of a 
plasma charge. Detection limits in the solution were 
typically 0.01—0.07 ppm (Al = 0.07, Ti = 0.002, Fe = 
0.005, Ca = 0.011, Mg = 0.012, Mn = 0.001, K = 0.031, 
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Figure 9. These Sutara 
sapphire crystals show 
bipyramidal (four sam- 
ples) and short pris- 
matic (one sample) 
forms. The bipyramidal 
crystals are dominated 
by v faces with various 
combinations of ¢, tr, s, 
and v; they do not 
show a faces. The short 
prismatic forms consist 
of various combina- 
tions of c, a, r, and s 
faces (Schwarz et al, 
2008). Photos by Svet- 
lana Buravleva. 


Na = 0.128, P = 0.053). For the determination of alu- 
minum, we used a multivariate calibration solution 
of aluminum; to determine the remaining elements, 
we used Merck Certipur ICP multi-element standard 
solution IV as well as multi-element calibration stan- 
dard-4. The material was carried to the ICP by Ar gas 
with the following parameters: plasma gas flow (Ar) 
of 12.0 liters per minute, nebulizer gas flow (Ar) of 0.6 
liters per minute, auxiliary gas flow (Ar) of 0.5 liters 
per minute, and RF power of 1150 W. Sensitivity was 
again tuned using Agilent tuning solution. 


GEMOLOGICAL PROPERTIES 

Alluvial sapphires from Sutara are found as euhedral 
bipyramidal crystals or broken pieces, some weigh- 
ing more than 65 ct. They display bipyramidal or 
short barrel habits, mainly with a combination of 
hexagonal prism a and basal pinacoid c faces (figure 
9). Most bipyramidal crystal fragments showed v and 


Gems & GEMOLOGY FaLL 2016 257 


TABLE 1. Gemological characteristics of sapphires from Sutara, Russia. 


Property Gray sapphires from type 1 Blue sapphires from type 2 : ; 
corundum-bearing rock corundum-bearing rock Alluvial sapphires 
Color Colorless, gray, bluish gray, and black — Colorless, blue, and bluish white Blue, gray, bicolored pink and blue, 


Color zoning 


Refractive Indices 


Birefringence 
Specific gravity 
Optic character 


Fluorescence* 


Internal features 


Irregular gray and white color patches 


n, = 1.768-1.770 
n, = 1.760-1.762 


0.008 
3.98—-4.00 
Uniaxial negative 


Inert to both LW and SW 


e Rutile needles, plagioclase, 
margarite, ilmenite, spinel, and 
pyrrhotite 


¢ Primary and secondary liquid-gas 
inclusions 


¢ Growth zoning, parting, fractures, 
and lamellar twinning 


Irregular blue and white 
color patches 


n, = 1.767-1.770 
n, = 1.759-1.762 


0.008 
3.98—4.00 
Uniaxial negative 


Inert to both LW and SW 


e Rutile needles, plagioclase, 
apatite, xenotime, muscovite, 
margarite, and boehmite 


e Primary and secondary liquid-gas 
inclusions 


¢ Growth zoning, parting, fractures, 
and lamellar twinning 


violetish blue, and purplish pink 


Strong color zoning is common. Some 
have patches of pink and blue colors. 


n, = 1.768-1.770 
n, = 1.758-1.760 


0.010 
3.98-4.02 
Uniaxial negative 


Blue, gray, bicolored pink and blue, 
and violetish blue: 
Inert to both LW and SW 


Purplish pink: 
LW: Moderate to strong red 
SW: Inert to weak red 


¢ Rutile needles, zircon, biotite, 
monazite, xenotime, plagioclase, 
ilmenite, pyrite, and spinel 


¢ Primary and secondary liquid-gas 
inclusions 


¢ Growth zoning, parting, fractures, 
lamellar twinning, and trapiche 


stars 


*LW = long-wave ultraviolet radiation, SW = short-wave ultraviolet radiation 


v faces. We observed c in combination with r and s 
faces. In the short prismatic crystals, basal pinacoid c 
and hexagonal prism a were dominant, with small r 
and s faces. Almost all of these crystals were charac- 
terized by polysynthetic twinning observed with a mi- 
croscope. The colors observed ranged from blue, gray, 
bicolored pink and blue, violetish blue, yellowish, and 
purplish pink, varying in tone from very light to dark 
(again, see figure 1). 

Some of the sapphires demonstrated strong 
dichroism. The samples’ clarity ranged from semi- 
transparent to translucent and opaque. Their color 
pattern was often zoned and spotty (figure 10). Some 
of the gray samples showed silky patches and six- 
rayed trapiche-like patterns with oriented micro- 
inclusions, particularly rutile needles (figure 11). 

The corundum-bearing rocks are classified here 
as type 1 and type 2 (table 1). Type 1 contains opaque 
gray, bluish gray, and black sapphire crystals; type 2 
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consists of blue and white zoned sapphire crystals 
(see figure 12). Both types are represented by almost 
monomineral varieties consisting of 70-90% sap- 
phire crystals exhibiting a hexagonal prism shape. 


Mineral Inclusions. The alluvial sapphires contained 
various mineral inclusions such as rutile, zircon, bi- 
otite, monazite, xenotime, plagioclase, ilmenite, 
pyrite, and spinel. Zircon, rutile, and biotite were the 
most common. These inclusions were identified by 
both Raman spectroscopy and electron microprobe 
analysis. Rutile usually occurred as short, dark three- 
dimensional networks of oriented needles (figure 13) 
or slightly brown irregular forms. Biotite occurred as 
single dark brown tabular crystals up to 70 pm in size. 

Zircon inclusions were transparent, well-devel- 
oped prismatic crystals measuring up to 30 pm, clus- 
tered in groups or compact agglomerations. Monazite 
occurred in irregular, slightly rounded forms up to 20 
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Figure 10. Multiple directions of growth zoning are 
often found in the Sutara sapphires. Photomicrograph 
by Svetlana Buravleva; transmitted light, field of 
view 1.10 mm. 


pum in size. They were colorless, transparent, and as- 
sociated with zircon crystals. Xenotime crystals up to 
100 ym were transparent and nearly colorless, while 
others were slightly green. They were associated with 
zircon and monazite crystals (figure 14, left). 
Plagioclase, identified by Raman spectrometry, 
was observed as well-developed transparent crystals 
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Figure 11. This 7.2 ct sapphire with a trapiche-like 
pattern clearly displays the host’s hexagonal symme- 
try (11.6 x 8.0 mm). Photo by Svetlana Buravleva. 


(figure 14, center). Electron microprobe analysis estab- 
lished that the plagioclase corresponded to andesine 
in composition. 

Spinel was a rare mineral inclusion. Identified by 
electron microprobe as small Fe- and Mg-rich inclu- 
sions up to 10 pm in size, it was not visible during 
microscopic examination of the samples. 


Figure 12. Corundum- 
bearing rocks, with 
mica filling the inter- 
stices between sapphire 
crystals, are repre- 
sented by two types. 
Top: the first type 1 
sample (left) and a par- 
allel plate cut from it 
(right). Bottom: the sec- 
ond type 2 sample and 
the parallel plate cut 
from it. Photos and 
photomicrographs by 
Svetlana Buravleva; 
photomicrograph field 
of view 11 mm. 
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Figure 13. An example of oriented rutile needles in 
the Sutara sapphires. Photomicrograph by Svetlana 
Buravleva; field of view 0.55 mm. 


In general, the primary and alluvial samples 
showed a similar range of mineral inclusions. Corun- 
dum from the primary occurrence also contained 
pyrrhotite (type 1), apatite, muscovite, and rarely 
boehmite (type 2). 


Fluid Inclusions. Fluid inclusions in sapphires from 
primary and alluvial occurrences are similar. The 
study of syngenetic inclusions makes it possible to 
obtain accurate information on the conditions of 
mineral crystallization. 


TABLE 2. Electron microprobe analyses (in wt.%) 
of two sapphires from the primary occurrence at 
Sutara, Russia. 


Oxide Type 1° Type 2? 
Al,O, 98.30 + 0.16 98.78 + 0.19 
Fe,O, 0.65 + 0.28 bdle 

TiO, bdl 0.22 + 0.04 
Total 98.95 99.00 


*Corundum-bearing rock with gray sapphires. 
’Corundum-bearing rock with blue sapphires. 

‘bdl = below detection limit. 

Detection limits for TiO, and Fe,O, are 0.05 wt.%. 


Primary (syngenetic) inclusions (figure 14, right) 
were analyzed by Raman spectrometry. They con- 
sisted of diaspore, with a very strong peak at 448 cm- 
|. carbon dioxide, with peaks at 1284 and 1387 cm, 
and methane, with a 2914 cm peak (figure 15). The 
molecular ratios of carbon dioxide and methane were 
0.989 and 0.011, respectively. Diaspore also occurs as 
the solid phase in three-phase inclusions, as in Sri 
Lankan sapphire (Schmetzer and Medenbach, 1988). 
Primary and secondary gas-liquid fluid inclusions 
were encountered frequently. Gas in the form of car- 
bon dioxide showed peaks at 1284 and 1385 cm. 


Chemical Composition. In sapphires from corundum- 
bearing rocks, electron microprobe analyses revealed 
concentrations of the chromophores Ti and Fe. Gray 
sapphires had an Fe,O, concentration of approxi- 
mately 0.37-0.93 wt.% (table 2). Blue sapphires con- 
tained Fe,O, below the detection limit of 0.05 wt.%. 


TABLE 3. Chemical composition by ICP-AES (in wt.%) of alluvial sapphires from Sutara, Russia. 


Oxide Pink Blue 

C-2 C-3 C-6 C-7 C-8 
Al,O, 98.65 91.10 97.30 98.25 91:15 
TiO, 0.09 0.08 0.09 0.07 0.10 
Fe,O, 1.15 1.31 1.14 1.09 1.22 
CaO 0.11 0.16 0.13 0.10 0.17 
MgO 0.09 0.13 0.11 0.09 0.14 
MnO 0.01 0.02 0.01 0.01 0.02 
K,O 0.46 0.62 0.54 0.43 0.66 
Na,O 0.36 0.51 0.42 0.36 0.56 
Total 100.94 93.94 99.75 100.45 94.05 
Note: Detection limits in the solution are typically 1 x 10 to 7 x 10° wt.% (0.01—0.07 ppm). 
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e Close-up of massa at 
Serrinha mine. 


mystery and a matter of speculation but 
now, finally, they were traced to their origin 
if not to their matrix, 

Professor Orville A. Derby, for many 
years Director of the Geological Depart- 
ment, first of Sao Paulo and then of Rio, 
describes this important event in the fol- 
lowing words: 

“The first example of the material later 
known. as sopa appears to have been (either) 
near the little village now known by that 
name (or) in the Barro mine near the 
village of Sao Joao da Chapada where, in 
1830, the mining of this material was 
started. At that time, near the village of 
Sao Joao, the surface wash was being mined 
by one Antonio Correia. He was getting 
good results. He noticed that his slaves 
were in possession of many diamonds and, 
on making inquiries as:to where they came 


from, found that they were being recovered 
by the slaves from what he considered to 
be bedrock but which was really a clay very 
tich in diamonds. He therefore immediately 
started mining this material himself.” 

It is not known whether the village of 
Sopa takes its name from the material or 
vice versa. Probably it had not been tested 
for diamonds but the section between Sopa 
and Guinda was, and still is, one of the 
most consistent and prolific in the region. 
It was near Sopa that Camara had his 
Chacara ot country residence from the back 
yatd of which he is: reported to have taken 
many diamonds. 

The word massa has now substituted the 
original term sopa conferred upon it by the 
garimpeiros and subsequently adopted by 
Derby, Gonzaga de Campos, Gortceix, and 
other geologists who visited the area during 
the last half of the 19th century. Both words 
imply practically the same thing—a soup or 
water-sodden condition. 

It also occurs in a more indurated state 
where natural drainage has deprived it of 
its moisture, but is seldom too hard to yield 
to water under moderate pressure or even 
to ground sluicing. Massa, although believed 
to be the matrix of the diamond in. this 
region, has not hitherto been found else- 
where in Brazil and leaves the origin of 
diamonds in other regions unexplained. It 
differs from kimberlite both in appearance 
and chemical composition and may, at first 
sight, be mistaken for an ordinary con- 
glomerate. On closer examination, however, 
it presents disconcerting differences which 
are responsible for the variations of opinion 
regarding its origin. 

Professor Archibald Geikie, who had 
probably never seen or heard of massa, 
describes a similar occurrence in his Text 
Book of Geology (page 181, Ist Ed.): “In 
some regions of schists not only bands of 
quartzite occur, representing former sand- 
stones, but also pebbly or conglomerate 
bands in which pebbles of quartz and other 
materials from less than one inch to more 
than a foot in diameter, are imbedded in a 
foliated matrix which may be phyllite, mica 
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Figure 14. Left: Monazite (Mo), zircon (Zr), and xenotime (Xe) in the Sutara sapphires. Center: Transparent plagio- 
clase (PI) and mica (Mic) in the Sutara sapphires. Right: These primary fluid inclusions in sapphire contain diaspore 
crystals and a low-density CO,-CH, mixture. Photomicrographs by Svetlana Buravleva; field of view 0.22 mm. 


In the blue sapphires, the TiO, concentration was ap- __ from the primary occurrence had TiO, below the de- 
proximately 0.11-0.26 wt.%. Type 1 gray sapphires __ tection limit. 


TABLE 4. Trace element composition (in ppmw) of alluvial sapphire from Sutara, Russia, measured by ICP-MS. 


Trace Pink Gray Blue 

element CA ie cs C5 C6 C7 C8 
Be 0.28 0.12 0.08 0.60 0.06 0.07 0.10 
Sc 2.40 0.99 1.96 icy) 1.92 1.42 1.99 
Vv 36.49 37.71 61.58 34.99 32.37 36.85 42.30 
Cr 203.50 202.10 260.90 209.90 181.90 201.20 220.60 
Co 0.71 0.55 0.77 0.38 0.58 0.45 0.85 
Ni 5.13 211 2.43 2.87 1.75 2.33 3.99 
Cu bdl bdl bdl bdl bdl bdl bdl 
Zn 16.10 18.73 13.95 34.94 16.90 10.08 8.60 
Ga 69.09 74.57 93.47 75.69 76.57 73.52 75.32 
Rb 7.78 5.64 8.23 5.84 4.75 5.44 8.20 
Sr 9.42 8.47 10.65 8.15 11.81 8.11 11.49 
Y 23.67 16.68 36.89 5.61 14.50 43.60 48.06 
Zr 96.11 69.27 134.20 44.32 150.00 245.80 187.70 
Nb 0.63 0.40 0.70 0.45 1.02 0.64 0.89 
Sn 0.82 1.89 4.88 1.89 0.52 0.01 0.07 
Cs 1.24 0.08 0.09 0.42 0.09 0.08 0.09 
Ba 132.30 97.24 153.00 106.80 120.30 100.90 155.00 
La 18.57 22.40 24.12 2.40 17.35 32.35 42.04 
Ce 40.87 46.58 50.49 4.70 38.50 69.39 90.59 
Pr 4.89 5.57 6.09 0.64 4.68 7.88 10.57 
Nd 19.28 21.06 23.59 3.04 17.96 30.44 41.87 
Ta 0.20 0.51 0.13 0.53 0.06 0.44 2.18 
Ww 0.44 0.33 0.47 0.52 1.10 0.50 1.51 
Pb 4.43 8.96 6.92 9.98 4.60 3.82 3.67 
Th 6.28 777 8.07 1.22 7.86 13.57 13.89 


Note: bdl = below detection limit. Detection limits are typically 0.01-0.05 ppmw for the solid component. 
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Figure 16. This ternary diagram shows the relative 
percentages of the elements Fe, Mg, and Ti (in ppmw) 
in blue alluvial sapphires from Sutara. Modified from 
Peucat et al. (2007). 


Both the pink and blue alluvial sapphires had a 
relatively high Fe,O, concentration, ranging from 
1.09 to 1.31 wt.% (table 3). Their TiO, concentration 
ranged from 0.07 to 0.10 wt.%. 

ICP-MS data of trace elements in the alluvial sap- 
phires are shown in table 4. Cr was abundant, with 
concentrations above 200 ppm (0.02 wt.%). The V 
concentration was generally low, from 32 to 61 ppm. 
Ga content ranged from 69 to 93 ppm. The detection 
limit was 0.01-0.05 ppm. Gray sapphire had the low- 
est concentrations of most trace elements. 

Trace element chemical data of alluvial sapphires 
measured by ICP-MS revealed high concentrations, 
compared to sapphire in general, of Zr (44.32-2.45.80 
ppmw}), Cr (181.9-260.9 ppmw), Th (1.22-13.89 
ppmw), La (2.40-42.04 ppmw}, Ce (4.7—90.59 ppmw), 
Nd (3.04—41.87 ppmw)}, Y (5.61-48.06 ppmw}), V 


Figure 15. Raman spectra of the primary syngenetic in- 
clusion in sapphire in figure 14, right. The sapphire 
host displayed a peak at 417 cm, while the primary 
inclusion consisted of a diaspore crystal with a peak at 
448 cm-', carbon dioxide (CO,) with peaks at 1284 and 
1387 cnr, and methane (CH,) with a peak at 2914 cm". 
Raman spectra were collected with a 514 nm laser. 


Gems & GEMOLOGY FALL 2016 


(32.37-61.58 ppmw), and Pr (0.64-10.57 ppmw). 
Many of these trace elements might be the result of 
contamination by inclusions. 


DISCUSSION 

Peucat et al. (2007) showed that differences in the 
composition of trace elements exist between mag- 
matic and metamorphic corundum. He developed 
Fe-Mg-Ti diagrams, which also separate magmatic 
and metamorphic fields based on contrasting Fe/Mg 
ratios (figure 16). High Mg values are found in meta- 
morphic sapphires only. Concentrations of Mg, Ti, 
and Fe (table 3) in the blue alluvial sapphires indi- 
cated metamorphic origin of Sutara corundum. Sap- 
phires from Sutara plot in the metamorphic field. 
Their high Mg content is in agreement with the high 
Mg content of the carbonate rocks. 

The geochemical characteristics of this corundum 
from Sutara are high total rare earth element (REE) 
contents and enrichment with Ba, Rb, and Sr com- 
pared to sapphires in general (Peretti et al., 2008). 
Thus, the main factor in the formation of this corun- 
dum mineralization is deep fluids enriched by Al, Ti, 
Zr, Ba, Sr, V, Cl, and REE. 

Sapphires from the primary and alluvial occur- 
rences at Sutara have similar inclusions. The syn- 
genetic inclusions’ composition can be determined 
using Raman spectrometry. These inclusions contain 
diaspore crystals and a low-density CO,-CH, mixture. 
This fluid supposedly formed as a result of thermal 
impact of granitic magma on carbonate country rocks. 
Primary and secondary gas-liquid fluid inclusions 
were encountered frequently in this study, with gas 
present as carbon dioxide. These inclusions indicate 
that sapphire mineralization occurred with the partic- 
ipation of low-density aqueous-carbonic fluids, which 
carried significant concentrations of alumina. This 
alumina can be sufficient for sapphire crystallization. 

The paragenetic sequence of the inclusions is pla- 
gioclase, diaspore, and margarite. Diaspore and 
margarite formed after the retrograde hydration of 
corundum and the plagioclase, respectively. Corun- 
dum forms through a metasomatic process of desili- 
cation. The interaction between the pegmatites and 
the dolomite-containing carbonates at moderate 
temperatures, together with the participation of 
aqueous-carbonic fluid, caused this desilication. 

The formation of large sapphire crystals in the 
corundum-bearing rocks at Sutara could result from 
the recrystallization of early plagioclase-corundum 
associations when plagioclase was substituted by 
margarite. 
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Figure 17. This silver pendant contains a 65.5 ct sap- 
phire cabochon from Sutara. Photo by Svetlana Bu- 
ravleva, courtesy of A. Kurnosov. 


CONCLUSIONS 

The Nezametnoye deposit is Russia’s only placer de- 
posit of jewelry-grade corundum, and the Russian 
jewelry market must therefore rely on sapphires and 
rubies from other parts of the world, most of which 
are treated by a variety of methods. This shortage of 
domestic material has prompted geologists to inves- 
tigate localities previously considered unpromising. 
Corundum crystals were discovered in the Sutara 
gold mining district of the Russian Far East in 1943, 
but scientific studies were not carried out until re- 
cently, when the authors conducted field research in 
the area. We found alluvial blue, gray, bicolored pink 
and blue, violetish blue, and purplish pink cabochon- 
grade sapphires, along with corundum-bearing rocks. 
Sapphires—both alluvial and from corundum-bearing 
rocks—often feature blue and white zones. Some fin- 
ished samples are more than 65 carats; most of the 
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crystals are heavily included with rutile needles, zir- 
con, and biotite. 

This corundum mineralization formed as the re- 
sult of contact between pegmatite veins and dolomite- 
containing carbonate rocks, with the participation of 
aqueous-carbonic fluid. While only cabochon-grade 


ABOUT THE AUTHORS 

Ms. Buravleva (s_buravleva@yahoo.com) is a gemologist, Dr. 
Pakhomova is a senior researcher in geology, and Mr. Fedoseev 
is an engineer at the Far East Geological Institute, Far Eastern 
Branch of the Russian Academy of Sciences (FEGI FEB RAS) in 
Vladivostok. Dr. Smirnov is senior researcher in geology at the 
V.S. Sobolev Institute of Geology and Mineralogy, Siberian 
Branch of the Russian Academy of Sciences (IGM SB RAS) in 
Novosibirsk. 


REFERENCES 


Dharmaratne P.G.R., Premasiri H.M.R., Dillimuni D. (2012) Sap- 
phires from Thammannawa, Kataragama Area, Sri Lanka. 
Gee, Vol. 48, No. 2, pp. 98-107, http://dx.doi.org/10.5741/ 
GEMS.48.2.98 

Khoi N.N., Sutthirat C., Tuan D.A., Nam N.V., Thuyet N.T.M., 
Nhung N.T. (2011) Ruby and sapphire from the Tan Huong-— 
Truc Lau Area, Yen Bai Province, northern Vietnam. G&G, Vol. 
47, No. 3, pp. 182-195, http://dx.doi.org/10.5741/GEMS. 
473.182 

Kovrizhnykh Y.B. (1993) Corundum formations of the Russian Far 
East. Report on fieldwork results for corundum. Far East Geo- 
logical Department, Vol I, pp. 34-41. 

Pakhomova V., Zalishchak B., Tishkina V., Lapina M., Karmanov 
N. (2006) Mineral and melt inclusions in sapphires as an indi- 
cator of conditions of their formation and origin (Primorsky Re- 
gion of the Russian Far East). The Australian Gemmologist, 
Vol. 22, No. 11, pp. 508-511. 

Pakhomova V., Buravleva S., Kurnosov A., Zalishchak B., Tishkina 
V., Fedoseev D., Zharchenco S., Mouzhevsky D., Ushkova M. 
(2009) Corundums and Marundites of the Sutara deposit (The 
Russian Far East). The Journal of the Gemmological Associa- 
tion of Hong Kong, Vol. 30, pp. 47-49. 

Peretti A., Peretti F., Kanpraphai A., Bieri W.P., Hametner K., Giin- 
ther D. (2008) Winza rubies identified. Contributions to 
Gemology, No. 7, Second Edition. GRS Gemresearch Swisslab, 


264 Notes & NEW TECHNIQUES 


material (figures 3 and 17) was found in the Russian 
Far East pegmatite veins, carbonaceous rocks and 
products of their metamorphism with sapphire-bear- 
ing potential are widely distributed. This presents fur- 
ther prospects of finding new sapphire occurrences in 
the future. 


ACKNOWLEDGMENTS 

The authors express their gratitude to the Russian Foundation for 
Basic Research for financial support (grants N 13-05-90736 and 
15-05-00809) and the Far Eastern Branch of the Russian Acad- 
emy of Sciences (grant 14-IlI-B-O8-172). The authors thank Mr. 
A. Kurnosov for permission to enter the Sutara mine. 


Switzerland, 97 pp. 

Peucat J.J., Ruffault P., Fritsch E., Bouhnik-Le Coz M., Simonet C., 
Lasnier B. (2007) Ga/Mg ratio as a new geochemical tool to dif- 
ferentiate magmatic from metamorphic blue sapphires. Lithos, 
Vol. 98, pp. 261-274, http://dx.doi.org/10.1016/j.lithos.2007. 
05.001 

Schmetzer K., Medenbach O. (1988) Examination of three-phase 
inclusions in colorless, yellow, and blue sapphires from Sri 
Lanka. GWG, Vol. 24, No. 2, pp. 107-111, http://dx.doi.org/ 
10.5741/GEMS.24.2.107 

Schwarz D., Pardieu V., Saul J.M., Schmetzer K., Laurs B.M., Giu- 
liani G., Klemm L., Malsy A-K., Erel E., Hauzenberger C., Du 
Toit G., Fallick A.E., Ohnenstetter D. (2008) Rubies and sap- 
phires from Winza, Central Tanzania. G#G, Vol. 44, No. 4, pp. 
322-347, http://dx.doi.org/10.5741/GEMS.44.4.322 

Shaposhnikov E.Y. (1945) Corundum mineralization of the Sutara 
mine. Report on fieldwork results for corundum in 1943 and 
1944 in the Sutara Mine district (Birsky Region of the Jewish 
Autonomous District of the Khabarovsky Krai). Far East Geo- 
logical Department, 103 pp. 

Shor R., Weldon R. (2009) Ruby and sapphire production and dis- 
tribution: A quarter century of change. G#G, Vol. 45, No. 4, 
pp. 236-259, http://dx.doi.org/10.5741/GEMS.45.4.236 

Vaskin A.F. (1999) State geological map of the Russian Federation. 
1: 200 000, VSEGEL, St. Petersburg, 196 pp. 


Gems & GEMOLOGY FALL 2016 


Sis} 


cous Ti : 


@aders participated in the 2016 
nd the world, as readers tested t 
aStions listed in thé Spring 20164 issue. 
eceived a GIA Certificate of Completi 
pants who scored a perfect 100% are 


United States + 
Andrea Blake 


Lisa A. Marsh-Vet 
Paul Mattlin 
Daniel Novak 
Lydia Pringle _ 

—s" A 
Jana Smith =") 
Abba Steinfeld 
Starla Turner * 


Answers - Jae 
See pages 66-67 of 2016 issue for the questions. 


» 
1 (d), 2 (a), 3 (c), 4 (b), - 6 (c), 7 (d), 8 (b), 9 (c), 10 (d), 11 (b), 12 (c), 13 (a), 14 (a), 
be 15 (b), 16 (d), 17 fa), 18 (d), 19 (c), 20 (b), 21 (d), 22 (a), 23 (c), 24 (b), 25 (a) 


/ a 


ALLENGE WINNERS Gems & GEMOLOGY FaLL 2016 265 


NO 


&N 


W I 


CHNIQUES 


A New Deposit OF GEM-QUALITY GRANDIDIERITE 


IN MADAGASCAR 


Delphine Bruyére, Claude Delor, Julien Raoul, Rufin Rakotondranaivo, Guillaume Wille, 


Nicolas Maubec, and Abdeltif Lahfid 


i ; j 
A new deposit of grandidierite, considered one 
of the world’s rarest gems, has been discovered 
in southern Madagascar. The new deposit is out- 
side the town of Tranomaro, near the original lo- 
cality of Andrahomanaa. It occurs in the form of 
strong bluish green to greenish blue translucent 
to transparent crystals measuring up to 15 x 7 x 
3 cm. Grandidierite is the magnesium end mem- 
ber in the solid-solution series with ominelite as 
the iron end member. The studied samples have 
a very low Fe/(Mg + Fe) ratio. This confirms that 
the Tranomaro deposit, together with Johnsburg 
in New York State, provides the purest grandi- 
dierite ever found. The crystals host inclusions of 
Cl-apatite, zircon, and monazite. The paragenesis 
also includes plagioclase, phlogopite, enstatite, 
diopside, dravite, and sapphirine (locally as gem- 
quality crystals). Transparent crystals have been 
faceted, yielding small but eye-clean jewelry- 
quality gems. 


amed after French naturalist Alfred Grandidier 

(1836-1912), grandidierite is an extremely rare 
orthorhombic Mg-Fe aluminous borosilicate with 
the formula (Mg,Fe)AL(BO,)(SiO,)O, (Lacroix, 1902, 
1922a,b). The material was first discovered at the 
cliffs of Andrahomana, on the southern coast of 
Madagascar. Grandidierite is described as a bluish 
green to greenish blue mineral (figure 1); the blue 
component increases with Fe content. It is transpar- 
ent to translucent with a pale yellow to colorless, 
greenish blue, and blue trichroism. The larger elon- 
gate euhedral orthorhombic crystals, which may 
measure up to 8 cm, are often strongly corroded. 


See end of article for About the Authors and Acknowledgments. 
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Since its discovery, grandidierite has been found as 
a rare accessory mineral in aluminous boron-rich peg- 
matite; in aplite, gneiss, and crystalline rock associ- 
ated with charnockite; and in rock subjected to local 
high-temperature, low-pressure metamorphism (con- 
tact aureoles and xenoliths). In addition to Madagas- 
car, it has been reported from New Zealand (Black, 
1970), Norway (Krogh, 1975), Suriname (de Roever and 
Kieft, 1976), Algeria (Fabriés et al., 1976), Italy (van 
Bergen, 1980), Malawi (Haslam, 1980), India (Grew, 
1983), the United States (Rowley, 1987; Grew et al., 
1991), Canada (Lonker, 1988), Antarctica (Carson et 
al., 1995), the Czech Republic (Cempirek et al., 2010), 
and other localities. Yet gem-quality grandidierite is 
extremely rare. Facetable gem material larger than a 
millimeter has only been found in Madagascar and Sri 
Lanka; the latter is the source of a clean faceted spec- 
imen weighing 0.29 ct (Schmetzer et al., 2003). 


Figure 1. This 0.11 ct round brilliant grandidierite is 
from a new deposit near the town of Tranomaro, in 
southern Madagascar. Photo by Delphine Bruyéere. 
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Figure 2. A map of 
Madagascar south of 
the Ranotsara shear 
zone showing the loca- 
tion of grandidierite- 
bearing deposits. 1: 
Thosy, 2: Esira, 3: Vohi- 
bola, 4: Nampoana, 5: 
Andrahomana, 6: Tra- 
nomaro (this study). 
Modified after Razaka- 
manana et al. (2010) 
and Roig et al. (2012). 


Tolanaro 


Cape Andrahomana 


The type locality described by Lacroix (1902) was 
visited in 1960 by C. Mignot, who was unable to find 
additional grandidierite at the site (Béhier, 1960a,b), 
as the small pegmatite was depleted. Since then, 
grandidierite has been reported in a few other locali- 
ties in southern Madagascar that have also since been 
depleted. The present study focuses on a new deposit 
discovered in May 2014 near Tranomaro, close to the 
original locality of Andrahomana (figure 2). The aim 
of this study is to determine the material’s properties 
and to evaluate its gem potential. 
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GEOLOGICAL BACKGROUND 

The crystalline bedrock of Madagascar is described 
in terms of six geodynamic blocks that define the 
constituent elements of the Precambrian Shield; 
these are, from southwest to northeast, the Vohibory, 
Androyan-Anosyan, Ikalamavony, Antananarivo, 
Antongil-Masora, and Bemarivo domains. As the re- 
sult of a major five-year (2007-2012) study funded by 
the World Bank, the Precambrian geology of Mada- 
gascar has been reinterpreted. The Antongil-Masora 
and Antananarivo domains are now considered part 
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of an even larger craton—the Greater Dharwar cra- 
ton—that encompassed part of present-day India and 
Madagascar and was consolidated approximately 
2.45-2.5 billion years ago (Tucker et al., 2012). The 
Ranotsara shear zone marks the approximate bound- 
ary between the Archean crust to the north and a 
more recent basement to the south. The Androyen- 
Anosyen domain of southern Madagascar is indeed a 
continental terrane of Paleoproterozoic age (1.8-2.0 
billion years ago). It was accreted to the Vohibory do- 
main, an oceanic terrane of early Neoproterozoic age, 
in Cryogenian time (about 0.62—0.64 billion years 
ago). A first deformation (600-650 Ma) gave rise to 
recumbent isoclinal folds and a regional shallow-dip- 
ping foliation, with a second deformation (500-530 
Ma) producing steep north-south-trending shear 
zones that separate five gneissic tectonic belts. The 
last episode of Madagascar’s Neoproterozoic geody- 
namic evolution is marked by the alkaline magma- 
tism of the Ambalavao suite, which forms major 
batholitic intrusions (up to 1400 km2). Numerous 
pegmatitic vein intrusions associated with this 
episode are directly related to gem and rare earth el- 
ement (REE) mineralization. A final magmatic activ- 


In Brief 


e Anew deposit of gem-quality grandidierite was discov- 
ered in May 2014 in southern Madagascar. 


e The very low Fe/(Mg + Fe) ratio makes these crystals, 
together with samples from Johnsburg in New York 
State, the purest grandidierite ever found. 


The ratio of gem-quality crystals is about 1 in 10,000. 


e A few dozen rough transparent crystals have been 
faceted, yielding small but eye-clean jewelry-quality 
gems, including fewer than 10 that are above 1 carat. 


ity during the Cretaceous period is expressed by the 
megavolcanic Androy Massif. 

A grandidierite-bearing pegmatite is found in the 
Anosyan domain (again, see figure 2). At Cape Andra- 
homana, where grandidierite was first described, it 
was associated with quartz, microcline, red alman- 
dine, pleonaste, andalusite, and biotite in a pegmatite 
and an aplite (Lacroix, 1922a,b). Grandidierite was also 
found 30 km to the north, near Vohibola, in associa- 
tion with serendibite and sinhalite in a diopsidite- 
bearing paragneiss (Razakamanana et al., 2010). It was 
associated with quartz in the Nampoana quarry near 
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Tolanaro (Farges, 2001) and at Sakatelo, Ampamatoa, 
Marotrana, and Sahakondra, near Esira (McKie, 1965; 
Farges, 2001). It was also found in association with 
serendibite and tourmaline in anatectic gneiss near 
Thosy (Nicollet, 1990). These reports relate only mi- 
croscopic crystals of grandidierite, and the Lacroix 
finding from a century ago remains the only one of 
gemological interest. Grandidierite was recently re- 
ported from a mine near Tolanaro, with no further in- 
formation yet (Vertriest et al., 2015). 


LOCATION AND MINING 

Anew deposit of grandidierite was discovered in May 
2014 by two of the authors and their mining team, 
about 15 km from the village of Tranomaro. The area 
is located in the Amboasary district of southern 
Madagascar’s Anosy region (again, see figure 2), 60 
km northwest of Cape Andrahomana. Access from 
Tolanaro is via a 60 km paved road west to Am- 
boasary Atsimo, followed by a rough, unpaved 50 km 
road north to Tranomaro that requires a four-wheel- 
drive vehicle. Final access from the village of Tra- 
nomaro to the deposit is half a day by foot only. 
Security is a problem because bandits operate 
throughout the region. 

Mining is done by hand due to the locality’s re- 
mote location, its limited production, and its irregu- 
lar, discontinuous veins in opposition to large linear 
veins. The deposit itself extends over a few acres. 
The weathered pegmatite is exploited by near-surface 
artisanal and small-scale mining (figure 3). Using 
spades and pickaxes, about 12 miners dig holes up to 
a depth of 15 meters. These open-air corridors cross- 
cut two grandidierite-bearing veins separated by 30 
cm to a few meters. The uppermost tunnel is called 
“Vein 1,” while the deeper one is “Vein 2.” The 
rough blue crystals are manually extracted and sorted 
on-site. The workers carefully remove the valuable 
mineral specimens to avoid damaging them. Be- 
tween May 2014 and March 2016, 800 kg of rough 
specimens were produced. Mining is still in progress 
as of this writing. 


MATERIALS AND METHODS 

Using standard gemological methods, we tested a 
dozen grandidierite crystals from the two veins near 
Tranomaro for pleochroism, fluorescence reaction, 
and specific gravity at the French Geological Survey 
(BRGM] in Orléans, France. After the samples were 
prepared as polished thin sections, we observed them 
under a polarizing microscope. The crystals’ chemi- 
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Figure 3. At the new deposit in Madagascar, grandidierite is exploited by artisanal and small-scale mining (left), 
and rough crystals are sorted on-site (right). Photos by Rufin Rakotondranaivo. 


cal homogeneity was investigated with a scanning 
electron microscope (SEM) on sections that had been 
carbon coated under vacuum (approximately 20 nm 
thick). The observations were performed on a Tescan 
Mira3 XMU field-emission scanning electron micro- 
scope (FE-SEM) at 15 kV, and the SEM images were 
collected using a doped YAG scintillator-type back- 
scattered electron (BSE) detector. Energy-dispersive 
spectra were obtained by an EDAX TEAM EDS sys- 
tem with an Apollo XPP silicon drift detector. 

A Cameca SXFive electron microprobe was used 
to investigate the grandidierite’s chemical composi- 
tion, including boron content. The standards were 
boron nitride (B-Ka), Al,O, (Al-Ka), orthoclase (K- 
Ka), MnTiO, (Mn-Ka, Ti-Ka), andradite (Si-Ka, Ca- 
Ka), Fe,O, (Fe-Ka), MgO (Mg-Ka}, UO, (U-MB), and 
ThO, (Th-Ma). All analyses were performed at an ac- 
celeration voltage of 15 kV and a beam current of 20 
nA. Count time was 10 s for Mg, Al, Si, K, and Ca; 
20 s for Ti; 30 s for Fe and Mn; 60 s for Th and U; and 
480 s for B. A 9P(Z) method was chosen for data cor- 
rection. B-Ka intensity was measured in peak area 
integration mode, while boron intensity was cali- 
brated with a boron nitride reference sample (coated 
together with the grandidierite samples). The chem- 
ical composition is expressed as atoms per formula 
units (apfu) based on nine atoms of oxygen. 

To confirm the mineral identification, powdered 
samples and thin sections were analyzed by X-ray dif- 
fraction (XRD) and Raman microspectroscopy, re- 
spectively. The XRD analyses were performed on 
randomly oriented powders using soda-lime capillar- 
ies 0.5 mm in diameter; they were carried out from 
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6° to 75° 20 on a Bruker D8 Advance diffractometer 
with Cu-Ka radiation (A=1.5418 A, 40 kV, and 40 
mA) and a Lynx-Eye 1D detector, using a step size of 
0.04° 26 and a step time of 1,920 seconds. Bruker’s 
Diffrac Plus Eva software was chosen for the data 
analysis. In addition, Raman measurements were per- 
formed on polished thin sections with a Renishaw 
inVia Reflex system coupled to a Leica DM2500 mi- 
croscope with a 100x objective (numerical aperture = 
0.9). The Raman scattering was excited by a514 nm 
diode-pumped solid-state (DPSS) laser, and the spec- 
trometer was calibrated using the 520.5 cm line of 
a silicon standard before each measurement session. 
Several acquisitions were accumulated to improve 
the signal-to-noise ratio. Raman spectra of at least 10 
spots on each crystal were recorded to ensure the 
consistency of the data. 


RESULTS AND DISCUSSION 

Optical and Physical Properties. The Tranomaro sam- 
ples consisted of strong bluish green to greenish blue 
euhedral crystals measuring up to 15 x 7 x 3 cm and 
weighing 930 g (figure 4). They were typically stubby, 
and perfect terminations were rare. The samples were 
generally translucent and only rarely transparent. Al- 
though smooth-edged, the crystals showed flat, well- 
formed faces locally striated following the {100} 
cleavage. The thickest crystals were opaque, while 
the thinner transparent crystals were pleochroic, dis- 
playing a deep greenish blue color when polarized 
light was perpendicular to the c-axis (figure 5, left) and 
a pale yellow to almost colorless hue when the polar- 
ized light was parallel to the c-axis (figure 5, right). 
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No fluorescence was observed under either short- or 
long-wave UV radiation (254 and 365 nm, respec- 
tively). The specific gravity of the small pure crystals 
was established at 3.01 + 0.02, while that of a rough 
39.7 g crystal (figure 4, right), probably influenced by 
mineral inclusions, was 2.88 + 0.02. The density of 
the eye-clean crystals was consistent with Lacroix 
(1902), which gave a value of 2.99 g/cm. 

Although the new deposit at Tranomaro was dis- 
covered only 80 km northwest of the type locality, 
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Figure 4. Rough crystals 
of grandidierite from 
southern Madagascar, 
near Tranomaro. Left: 
A translucent euhedral 
crystal (top, 53 x 39 
mm) with a close-up 
view of cleavage planes 
(bottom). Right: An 
opaque crystal 45 mm 
in height along the 
c-axis and weighing 
39.7 g. Photos by Julien 
Raoul (top left and bot- 
tom left) and Delphine 
Bruyere (right). 


there were some slight differences. The recently 
mined crystals had the same optical properties, but 
a typically stubby rather than elongated habit. Thin 
sections observed under the polarizing microscope 
revealed colorless crystals with a good {100} cleavage. 
The pleochroism observed visually was not seen in 
thin section. The crystals were homogenous (with- 
out zoning) under both the optical and electron mi- 
croscopes, and they showed fractures. The minerals 
were birefringent, with a pink-violet-green color of 


Figure 5. This grandidierite 
associated with white 
plagioclase and black Mn 
oxides, shown under polar- 
ized daylight-equivalent 
light, exhibits pleochroism. 
Polarized light perpendicu- 
lar to the c-axis reveals a 
deep greenish blue color 
(left). When the polarized 
light is parallel to the c- 
axis, the stone appears pale 
yellow and almost color- 
less (right). Arrows indi- 
cate the orientation of the 
polarization plane. Photos 
by Delphine Bruyéere. 
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schist, gneiss, quartzite, etc. The pebbles are 
not to be distinguished from waterworn 
blocks of ordinary conglomerates but the 
original matrix which encloses them has 
been so altered as to acquire a micaceous 
foliated structure and to wrap the pebbles 
round as with a kind of glaze.” This de- 
scription of occurrences in France, Saxony, 
Norway, the Highlands of Scotland, and 
Northwest Ireland corresponds in almost 
every detail to the material comprising the 
majority of the massa mines of the Diaman- 
tina region. 

In some mines, however, the micaceous 
element is replaced by angular grain of 
quartz. A common feature of all the mines 
is the highly decomposed condition of the 
quartzite boulders and even of the pebbles 
of quartz which constitute an appreciable 
percentage of the entire mass. The large 
boulders can frequently be crushed by a 
gentle pressure of the hand. It is generally 
assumed that the cementing sericitic’ mate- 
tial is the source of the diamonds since an 
increase in the mica usually heralds an in- 
crease in production. 

Massa is composed entirely of the schists, 
shales, and quartzites of the Minas series 
and quartzites of the Lavras series, and does 
not contain any of the South African satel- 
lites except occasionally a few booklets of 
mica. It has been noted that an increase in 
these booklets is usually followed by an 
increase in diamonds. A. feature of special 
interest is the total absence of gold in massa 
which, considering that this is a gold bear- 
ing region, ‘is hard to explain. 

Massa occuts in isolated outcrops extend- 
ing for a distance of nearly 100 miles in a 
southerly direction from Corrego Novo as 
shown on the accompanying map. It in- 
cludes Corrego Novo itself, Campo Sam- 
paio, Pagao, the Sao Joao da Chapada group 
comprising the Barro duro and Barro mole 
mines (hard and soft respectively), Mor- 
rinhos, Alto de Morrinhos, ‘Damasio, and 
the Sopa and Guinda groups Canudinhos, 
Dumba, the Dattas mines, and finally the 


1. Fine grain fibrous form mica, usually resulting 
from alteration of feldspar, etc: 


a 


Tejucal outcrops not shown on the. map. 

These occurrences adhere roughly to a 
anticlinal fold constituting the watershed 
separating the Jequitinhonha and Sao Fran- 
cisco rivers. In addition to the above, there 
ate also outlying mines including Jombo 
northeast of Campo Sampaio, and the Ser- 
tinha, Villa Rica, Cavallo Morto, Cafundao, 
and Boa Vista. 

As all of these outcrops, and other smaller 
ones not specified, have proved to be dia- 
mondiferous it must be conceded that they 
are the secondary, if not the primary, soutce 
of diamonds found throughout the Diaman- 
tina region. Unless and until this is dis- 
proved, and if these are true metamorphosed 
conglomerates, the question arises as to 
when, how, and where they picked up their 


¢ Serrinha mine, showing orienta- 
tion and separation of pebbles. 
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the second to third orders. Samples from Vein 1 
showed lines of birefringent euhedral mineral inclu- 
sions 2-40 um long (figure 6), some with a dipyrami- 
dal tetragonal habit consistent with zircon. A few 
two-phase liquid-vapor fluid inclusions were also 
present. 


Mineral Identification. The XRD patterns of grandi- 
dierite from Tranomaro were compared with those 
obtained on samples from Tolanaro by Stephenson 
and Moore (1968). Despite the new material’s differ- 
ent habit and specific gravity, no shift was observed 
in the XRD pattern. 


RAMAN SPECTRA 


AlO,(v,,v,) 
(Al.Mg,Fe)0, 


BO,(v,,v,) 


framework SiO,(v,,v,) 


deformation 


INTENSITY (a.u.) 


Figure 6. Inclusions in 
grandidierite from Tra- 
nomaro. Left: Euhedral 

. | dipyramidal tetragonal 
ime ese crystals, confirmed by 
‘ microprobe analyses as 
, zircon. Field of view 0.42 
mm. Right: A two-phase 
liquid-vapor fluid inclu- 
sion. Field of view 0.18 
mm. Photomicrographs 
by Delphine Bruyére. 


v4 


a 


liquid 


The Raman spectra from the two veins (figure 7) 
were also similar and revealed several bands that 
appeared to be characteristic of grandidierite (Maes- 
trati, 1989; Schmetzer et al., 2003; http://rruff.info/ 
RO50196). Based on the literature about similar min- 
erals, we propose to relate the spectrum to the mineral 
structure. Stephenson and Moore (1968) determined 
that the structure of grandidierite is made up of BO, 
triangles; SiO, tetrahedra; distorted AlO,, MgO,, and 
FeO, trigonal bipyramids; and AlO, octahedra. Vibra- 
tions of all functional groups were visible on the 
Raman spectrum, which could be divided into three 
regions at 1100-800, 800-400, and 400-100 cm"!. The 


BO,(v,) 


Si0,(v,,V. 

eee Figure 7. The Raman 
spectrum of a Trano- 
maro grandidierite sam- 
ple (blue trace) in the 
100-1200 cnr" region is 
compared to reference 
spectrum RO050196 in 
the RRUFE database 
(gray trace), with the 
approximate wavenum- 
ber range of functional 
groups. 
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TABLE 1. 


Chemical composition of grandidierite from southern Madagascar by electron microprobe analysis. 


Oxides Vein 1 Vein 1 Vein 1 Vein 1 Vein 2 Vein 2 Vein 2 Vein 2 Vertriest et 
(wt.%) Sample 1 Sample 2 Sample 3 Sample 4 Sample 1 Sample 2 Sample 3 Sample 4 al. (2015)? 
MgO 14.39 14.48 14.17 14.14 14.33 14.29 14.31 14.11 17.01 
FeOs 0.61 0.51 0.45 0.53 0.53 0.47 0.53 0.56 0.30 
Al,O, 53.02 52.91 53.12 53.29 53.61 53.25 93.23 52.95 53.89 
BO, 12.24 9:92: 9:75: 11.98 8.89 10.73 9.36 10.22 12.33 
SiO, 20.13 20.24 20.00 20.01 20.47 20.25 20.31 20.56 16.41 
Total 100.39 98.05 97.49 99.95 97.83 98.99 97.75 98.40 99.95 
apfu! O, 

Mg 1.03 1.07 1.05 1.02 1.07 1.04 1.06 1.04 1.23 
Fe 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 

Al 3.00 3.09 3.12 3.03 3.15 3.07 3.12 3.07 3.08 

B 1.01 0.85 0.84 1.00 0.77 0.91 0.80 0.87 1.03 

Si 0.97 1.00 1.00 0.96 1.02 0.99 1.01 1.01 0.80 
Sum of 1.05 1.09 1.07 1.04 1.09 1.06 1.08 1.06 1.24 
alkalis® 


*Ca, K, Mn, Ti, Th, and U are below detection limit (<300 ppm for K, Ca, and Ti, and <630 ppm for Mn, Th, and U). 
© Laser ablation-inductively coupled plasma—mass spectrometry (LA-ICP-MS) analysis. MnO and Cr,O, were detected (each 0.01%) but are not 


included here. 

© Total iron expressed as FeO. 
4 apfu atoms per formula unit. 
° Alkalis are Mg and Fe. 


1100-800 cm! region could be assigned to internal 
stretching modes of both the planar BO, group and the 
SiO, tetrahedron. The Raman band at 1040 cm'could 
be assigned to the B-O stretching vibration of BO, 
units, as with the 1027, 1060, 1086, and 1087 om 
bands in other borate minerals (ameghinite, rhodizite, 
pinakiolite, and takedaite, respectively; see Frost, 
2011; Frost and Xi, 2012, Frost et al., 2014a,b). Simi- 
larly, the 951 cm™ band could be assigned to V,(BO,), 
since Ross (1974) mentioned a 910-960 cm range cor- 
responding to this mode for six other (Mg,Fe}-borate 
minerals. The 800-400 cm region can be assigned to 
bending vibrations of both BO, and SiO, units; these 
modes are commonly reported between. 500 and 800 
cm for the BO, group (Galuskina et al., 2008; Maczka 
et al., 2010; Frost, 2011; Frost et al., 2013; Frost et al., 
2014a). Finally, the region below 400 cm probably 
corresponds to (Al,Mg,Fe)-O vibrations and framework 
deformation. The Vv, and V, modes of the AlO, octahe- 
dron, for example, are lnown as bands in the 150 -2.00 
cm''range in kaolinite (Frost et al., 1997). 

The proposed assignment of Raman peaks to vi- 
brational functional groups must be confirmed by 
comparison with the mathematical model of the the- 
oretical Raman spectrum for grandidierite. 


Chemical Composition. Electron microprobe analy- 
ses were performed, and the results are listed in table 
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1. The mineral’s chemical composition was consis- 
tent with previously published results and did not 
vary between the two veins. There were only trace 
amounts of iron as revealed by the calculated formula 
(VS is tige! Suga appease greg oa nei Ou Oy: The 
samples from near Tranomaro had a low iron content 
of 0.52% FeO, compared to 0.30% FeO in grandi- 
dierite recently reported near Tolanaro (Vertriest et 
al., 2015) and 0.98%-4.27% FeO from elsewhere 
(Von Knorring et al., 1969; Black, 1970; Seifert and 
Olesch, 1977; Farges, 2001). As grandidierite is con- 
sidered the Mg member of the solid solution with 
ominelite (its Fe analogue), we can also confirm that 
grandidierite from Madagascar and Johnsburg, New 
York, constitute the purest grandidierite, with an 
Fe/(Mg + Fe) ratio below 0.12 (table 2). The studied 
samples from Tranomaro, along with the material 
from Johnsburg, have a ratio of 0.04; the grandidierite 
recently reported near Tolanaro is the purest ever 
found, with a ratio of 0.02 (Vertriest et al., 2015). 
Compared to the ideal stoichiometric formula for 
grandidierite, the average Si content was generally 
consistent, around 1 apfu O,, while locally Al was 
higher and B was lower (again, see table 1). Because we 
are confident of the quality of our microprobe analy- 
ses, including for B, substitutions might be involved 
to explain this balance. The substitution of Si by Al 
or B is well known in other borosilicate minerals, such 
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as some tourmalines, but no substitution of B has 
hitherto been described in the literature. At this point, 
with no additional investigations, no further assump- 
tion can be made. 


Mineral Associations. The two veins were composed 
mainly of plagioclase, phlogopite, enstatite, and diop- 
side, as identified by XRD. Accessory minerals visi- 
ble with the unaided eye and identified by SEM-EDS 
were sapphirine (locally forming gem-quality crys- 
tals), chlor-fluorapatite, and dravite. 


Mineral Inclusions. SEM-EDS observations, con- 
firmed by electron microprobe analyses, also re- 
vealed grandidierite crystals hosting Cl-apatite and 
monazite inclusions of up to a few millimeters long 
and minute inclusions of zircon (figure 8). 


Faceted Stones. Since 2014, a few dozen rough trans- 
parent crystals from the Tranomaro deposit have 
been faceted mainly into round brilliants (again, see 
figure 1). Some are of gem quality, with transparency 
and no eye-visible flaws. They display a light blue 
color in daylight and are trichroic under polarized 
light (colorless, light blue, and deep greenish blue). 
Magnification reveals very few flaws. Of these 
faceted stones, fewer than 10 are above | carat. The 
Tranomaro deposit has produced 800 kg of rough 
specimens, including about 60 g of eye-clean crystals. 
The ratio of gem-quality crystals is about 1 in 10,000. 


Figure 8. SEM backscattered images of mineral inclu- 
sions in grandidierite (mnz = monazite, zrc = zircon). A: 
A millimeter-length anhedral crystal of monazite. B: A 
euhedral crystal of zircon. C: A euhedral crystal of Cl- 
apatite. D: A minute dipyramidal crystal of zircon asso- 
ciated with a bright anhedral crystal of monazite. 


Cl-apatite 
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TABLE 2. Fe/Mg ratio of grandidierite samples worldwide.* 


Locality Reference Fe/(Mg + Fe) 
Tolanaro, Madagascar Vertriest et al. (2015) 0.02 
Johnsburg, New York Grew et al. (1991) 0.04 
Tranomaro, Madagascar This study 0.04 
Tranomaro, Madagascar This study 0.05 
Tolanaro, Madagascar Von Knorring et al. (1969) 0.05 
Madagascar Dzikowski et al. (2007) 0.08 
Vohibola, Madagascar Seifert and Olesch (1977) 0.08 
Nampoana, Madagascar Farges (2001) 0.09 
Vohibola, Madagascar Black (1970) 0.09 
Vohibola, Madagascar Razakamanana et al. (2010) 0.10 
Sahakondra, Madagascar Dzikowski et al. (2007 0.12 
Long Lake, Antarctica Dzikowski et al. (2007 0.14 
Zimbabwe Dzikowski et al. (2007 0.14 
Faceted gem, Sri Lanka Schmetzer et al. (2003 0.15 
Andrahomana, Madagascar Dzikowski et al. (2007 0.15 
Karibe area, Zimbabwe Dzikowski et al. (2007 0.17 
Almgjotheii, Norway Dzikowski et al. (2007 0.18 
Andrahomana, Madagascar Razakamanana et al. (2010) 0.27 
Sakatelo, Madagascar Seifert and Olesch (1977) 0.28 
Sakatelo, Madagascar McKie (1965) 0.28 
Tizi-Ouchen, Algeria Fabriés et al. (1976) 0.29 
Nampoana, Madagascar Seifert and Olesch (1977) 0.33 
Nampoana, Madagascar Farges (2001) 0.33 
Landing Bay, New Zealand Black (1970) 0.34 
Pedaru, India Grew (1983) 0.34 
Ampamatoa, Madagascar Black (1970) 0.36 
Maratakka, Suriname de Roever and Kieft (1976) 0.40 
McCarthy Pt., Antarctica Carson et al. (1995) 0.41 
McCarthy Pt., Antarctica Carson et al. (1995) 0.41 
Westport, Ontario, Canada Grew (1983) 0.42 
Blanket Bay, New Zealand Black (1970) 0.45 
Mt. Cimino, Italy van Bergen (1980) 0.47 
Zambia Seifert and Olesch (1977) 0.48 
Vestpolltind, Hinngy, Krogh (1975) 0.48 
Norway 

lhosy, Madagascar Nicollet (1990) 0.49 
Mt. Amiata, Italy van Bergen (1980) 0.52 
Bory Massif, Czech Cempirek et al. (2010) 0.54 
Republic 

Mchinji, Malawi Haslam (1980) 0.56 
Bory Massif, Czech Cempirek et al. (2010) 0.57 
Republic 

Mchinji, Malawi Haslam (1980) 0.59 
Ominelite from Japan Hiroi et al. (2002) 0.95 
Ominelite from Japan Hiroi et al. (2002) 0.95 
Ominelite from Japan Hiroi et al. (2002) 0.96 


*Ominelite specimens were added to compare the Fe/Mg ratio with the grandidierite. 
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CONCLUSIONS 

A new deposit of grandidierite has been discovered in 
southern Madagascar near Tranomaro, near the now- 
depleted locality where it was first described. The de- 
posit yields crystals with the same overall properties 
as those found at the original locality, except that their 
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PERIDOT FROM THE CENTRAL HIGHLANDS OF VIETNAM: 
PROPERTIES, ORIGIN, AND FORMATION 


Nguyen Thi Minh Thuyet, Christoph Hauzenberger, Nguyen Ngoc Khoi, Cong Thi Diep, 
Chu Van Lam, Nguyen Thi Minh, Nguyen Hoang, and Tobias Hager 


Vietnam is an important source of peridot for the 
international gem market. Gemological and geo- 
chemical characteristics of Vietnamese peridot 
from the Central Highlands are similar to those 
noted for other localities originating from xeno- 
liths in alkaline basalts. This peridot was derived 
from a spinel lherzolite source and appeared to 
form at temperatures between 910° and 980°C 
and an assumed pressure of 2.0 + 0.5 GPa, cor- 
responding to a depth of around 60 km. 


Pp eridot is a yellowish green to green gem variety of 
the mineral olivine. It is found as nodules in ig- 
neous rocks, occasionally as crystals in veins (in 
Myanmar and Pakistan) or inside meteorites. The 
main sources are peridotite xenoliths in alkaline 
basalts and serpentinized dunites (Shen et al., 2011). 
Commercially important sources are Zabargad, 
Egypt; San Carlos, Arizona (United States); Myanmar; 
China; Kohistan, Pakistan; Vietnam; Ethiopia; and 
Tanzania. Many studies have focused on the charac- 
teristics of peridot from these sources (Gtibelin, 1981; 
Koivula, 1981; Stockton and Manson, 1983; Koivula 
and Fryer, 1986; Fuhrbach, 1992, Sinkankas et al., 
1992; Nassau, 1994; Kane, 2004; Adamo et al., 2009). 
Jan and Khan (1996) showed the gemological and 
chemical properties of peridot from Sapat Valley in 
Kohistan and suggested that its mineralization is re- 
lated to post-tectonic hydrothermal activity. Bouilhol 
et al. (2012) proposed that the mineralization of peri- 
dot in Kohistan precipitated from subduction-derived 
fluids. Until now, though, geochemical characteris- 
tics, genesis, and P-T formation conditions of gem- 
quality peridot have received little attention. 
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Vietnamese peridot was discovered in the 1990s 
(Kammerling and Koivula, 1995). Since then, gem- 
quality material has been mined from three 
provinces in the Central Highlands: Gia Lai, Dak 
Nong, and Lam Dong (figure 1). The only active pro- 
ducer is Gia Lai, where two mines (Ham Rong and 
Bien Ho) yield more than 100 kg monthly; of that, 
15%-20% is of gem quality (Huong et al., 2012). 
Mining is done mostly on a small scale by independ- 
ent diggers, who extract the gem material from allu- 
vial gravels or peridot nodules. In some places miners 
must dig pits three to five meters deep to reach the 
peridot-bearing alluvial layers. Jewelry featuring Viet- 
namese peridot has been on the domestic and inter- 
national markets for more than a decade (Shigley et 
al., 2000; Long et al., 2004). 

This paper presents gemological and geochemical 
characteristics of peridot from the Central Highlands. 
For the present study, the single-grain geothermome- 
ter used by De Hoog et al. (2010), using Al and Cr in 
olivine, was used to estimate the origin and P-T for- 
mation conditions. De Hoog et al. (2010) reported 
that concentrations of Al, Cr, V, Sc, Ca, and Na in 


In Brief 


¢ In gemological characteristics and major element com- 
position, peridot from the Central Highlands of Vietnam 
is similar to peridot from other localities that originated 
from xenoliths in alkaline basalts. 

e Trace element concentrations corresponded to those of 
olivine derived from spinel lherzolites. 

e The peridot formed at temperatures between 910°C 
and 980°C and at an assumed pressure of 2.0 + 0.5 
GPa before being carried to the earth’s surface by alka- 
line basalt. 


olivine depend mainly upon temperature. The same 
study presented geothermometers based on the con- 
centrations in garnet peridotite of Al in olivine, Cr 
in olivine, and Ca in olivine. They found that the 
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Figure 1. This geological map shows the main rock formations and locations of peridot occurrences in south- 
central Vietnam (modified after Tinh et al., 1997; Hoa et al., 2005). 


most widely applicable of these is Al in olivine for 
garnet peridotites. Although the thermometers were 
calibrated with data for garnet peridotites, they also 
performed well for spinel peridotites. 


BACKGROUND 

The Central Highlands of Vietnam belong to a large- 
scale structure of the Truong Son orogenic belt, which 
is part of the Indochina block (Hoa et al., 2005). This 
region is composed of Archean-Proterozoic basement 
rocks and Early to Middle Paleozoic cover rocks. Base- 
ment rocks consist of granulite, amphibolite, and 
greenschist facies metamorphic rocks. Lying on these 
rocks are volcanogenic sedimentary rocks, metamor- 
phosed sedimentary rocks of greenschist facies, and 
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also sandstone, siltstone, and shale. Basement and 
cover rocks were intruded by granite, granodiorite, 
and granosyenite of Indosinian orogeny association 
(from Late Paleozoic to Triassic), as well as diorite and 
granodiorite of Cretaceous orogeny association (re- 
lated to the Pacific subduction zone). The Early to 
Middle Paleozoic materials, and Carboniferous to Tri- 
assic rocks, were overlain by Jurassic, low-grade meta- 
morphosed terrigenous sedimentary rocks. These 
older structures were eventually covered by Cenozoic 
magmatic formations. 

Cenozoic magmatic formations belong to a 
basaltic series distributed in eastern and southeast- 
ern Asia, which developed after the end of the East 
Sea opening in the Middle Miocene (Barr and Mac- 
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Donald, 1981; Taylor and Hayes, 1983). According to 
Hoang et al. (1996), basalt formations concentrated 
in the Central Highlands around several eruptive 
centers with different ages at Da Lat (13.3-7.9 Mal, 
Pleiku (<6.3—2.1 Ma), and Buon Ma Thuot (<6.3-1.63 
Ma). Most of the centers appear to have developed 
during two eruptive episodes, separated by paleosol 
horizons half a meter to five meters in thickness. The 
early phase consisted of large volumes of quartz and 
olivine tholeiite flows erupted from extensional fis- 
sures. Eruptions of olivine tholeiite, alkaline basalt, 
and basanite along conjugate strike-slip faults com- 
prised the latter phase. This two-phase pattern was 
repeated at Da Lat, Pleiku, and Buon Ma Thuot. 

Peridot-bearing ultramafic nodules ranging from 
5 to 40 cm are found essentially in alkaline basalts 
in the provinces of Gia Lai, Dak Nong, Lam Dong, 
and Ba Ria-Vung Tau (Quoc, 1995; Quoc et al. 1995). 
The peridot-bearing basalts were collected from the 
Bien Ho and Ham Rong mines in Gia Lai (figure 2). 
The basalts are dark gray, with phenocrysts in a ho- 
mogeneous groundmass of acicular crystals. In this 
study, olivine, plagioclase, and iron hydroxides were 
found as phenocrysts (figure 3) in a matrix of tra- 
chytic texture consisting of plagioclase and iron hy- 
droxides. Silica content was usually less than 52 
wt.% and (Na,O + K,O) more than 5 wt.%. Also 
found in the area were some dykes of ultramafic 
rocks (peridotite, pyroxenite, and dunite) of Neopro- 
terozoic age (Tinh et al., 1997). 
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Figure 2. Peridot-bearing 
nodules are hosted by 
basalts of Neogene- 
Quaternary age at the 
Bien Ho mine. Photo by 
C. Hauzenberger. 


MATERIALS AND METHODS 

For this study, we examined three gem-quality peridot 
nodules from the Ham Rong mine in Gia Lai Province 
(figure 4, left). Fourteen good-quality samples, 20 
medium-quality samples, and 11 poor-quality sam- 
ples were separated from the nodules (figure 4, top 
right}; 15 stones were faceted and examined (figure 4, 
bottom right). Standard gemological testing was per- 
formed at DOJI Institute and Laboratory for Gemol- 
ogy and Jewelry in Hanoi to determine optical 
properties, hydrostatic specific gravity (SG], UV flu- 
orescence, and microscopic features. 

The selected rough stones were divided into 
three groups on the basis of their color and clarity 
(figure 4, top right). Nine of the best-quality peridot 
(from the lot on the left side of the photo), along 
with nine crystals of medium to good quality (from 
the middle lot) and two low-quality samples (from 
the lot on the right), were mounted and embedded 
in resin, polished, and analyzed by electron micro- 
probe and laser ablation-inductively coupled 
plasma—mass spectrometry (LA-ICP-MS). 

Electron microprobe analysis was performed at 
the Institute of Earth Sciences, Karl Franzens Uni- 
versity of Graz, Austria. We used a JEOL JXA-8200 
electron microprobe in wavelength-dispersive mode 
with an accelerating voltage of 15 kV, abeam current 
of 15 nA, count times of 60 seconds on peaks and 30 
seconds on background, and a beam diameter of ap- 
proximately 1 pm. The elements analyzed were Si, 
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Figure 3. Alkaline basalt from the Bien Ho mine, shown in plane-polarized light (left) and cross-polarized light 
(tight). On the left, the olivine phenocryst (O1,) is euhedral and colorless, with high relief; the olivine xenocryst 
(O1,) is colorless and corroded, with a subhedral form. The iron oxides and hydroxides are black. On the right, 
the OI, phenocryst has a yellow birefringence color; the Ol, xenocryst has a high-order birefringence color and is 
corroded, with a subhedral form. The plagioclase phenocrysts show evident polysynthetic twinning. The ground- 
mass that was crystallized with a subtrachytic texture is composed of plagioclase and sanidine. Photos by N.T.M. 


Thuyet; field of view 0.7 mm. 


Fe, Mn, Mg, Ni, and Ca. Trace element analysis via 
LA-ICP-MS was carried out at NAWI Graz (a collab- 
orative program jointly run by the University of Graz 
and Graz University of Technology) using an Agilent 
7500 quadrupole coupled with an ESI NWR193 ex- 
cimer laser source. The material was ablated with a 
193 nm laser pulsed at 9 Hz with 75 um spot size and 
a laser power corresponding to approximately 7.5 


J/cm?. Helium 5.0 at an approximately 0.6 1/min flow 
rate was used as a carrier gas for the aerosol produced 
by laser ablation. Data was acquired in time-resolved 
analysis mode. The standard glasses NIST610 and 
NIST612 were routinely analyzed for standardization 
and drift correction. Standard glasses NIST614 and 
BCR-2G were analyzed as unknowns and allowed for 
replication with <10% relative error. Data reduction 


Figure 4. Left: Three peridot nodules, collected from the Ham Rong mine in Vietnam’s Gia Lai Province, were ex- 
amined for this study. Top right: The rough stones were sorted by quality into three groups (left to right: good-, 
medium-, and poor-quality). Bottom right: Fifteen faceted peridot, weighing 0.75-1.41 ct, were cut at DOJI and 
examined for this study. Photos by N.N. Khoi. 
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was performed with Glitter software (Macquarie 
University, Australia) using the concentration values 
of NIST610 and NIST612 from Jochum et al. (2011). 
Silicon was used as an internal standard. 
Spectroscopy was performed at the Institute of 
Geosciences, Johannes Gutenberg University in 
Mainz, Germany. UV-Vis-NIR spectroscopic meas- 
urements were taken with a PerkinElmer Lambda 
950 spectrophotometer, equipped with an integrating 
sphere and operating with a spectral resolution of 
0.75 nm (for the 200-900 nm range) and 2.8 nm (for 
the 900-1600 nm range) at a 1 nm/minute scan rate. 


RESULTS AND DISCUSSION 

Gemological Characteristics. As shown in table 1, 
the Vietnamese samples showed gemological prop- 
erties similar to those noted for peridot from other 
sources found in xenoliths within basalt (Gibelin, 
1981; Koivula, 1981; Stockton and Manson, 1983; 
Koivula and Fryer, 1986; Fuhrbach, 1992; Kane, 2004; 
Adamo et al., 2009; Huong et al., 2012). 


Crystal Morphology. No idiomorphic single crystals 
of rough peridot have been found in the Central 
Highlands deposits. Most Vietnamese peridot varies 
from several millimeters to 1.5 cm in diameter. 
Pieces as large as 4—6 cm are occasionally discovered 
(Thuyet et al., 2013). 


Figure 5. This light yellowish green (5.09 ct) peridot is 
from the Bien Ho deposit. Photo by N.T.M. Thuyet. 
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Figure 6. The UV-Vis-NIR spectrum of good-quality 
peridot from the Central Highlands is characterized 
by Fe** absorption features. 


Color. The samples ranged from a light yellowish 
green to a darker, richer yellow green, olive green, 
and brownish green. Faceted stones had an attractive 
yellowish green color (figure 4, right, and figure 5). 
Table 1 shows that the color of Vietnamese peridot 
is similar to material from Tanzania and Sardinia. In 
the samples we studied, diaphaneity ranged from 
translucent (due to high fracturing) to transparent. 


Optical Characteristics and Specific Gravity. Testing 
of the 24 samples indicated that both refractive index 
(RI) and SG varied slightly with color. The lightest- 
colored sample’s RI was & = 1.650, B = 1.665, and y = 
1.686, with a corresponding birefringence of 0.036. 
The darkest specimen had RIs of & = 1.667, B = 1.669, 
and y = 1.703, with a birefringence of 0.036. 

Specific gravity ranged from 3.28 to 3.49; the 
darker stones generally had a higher SG. The highest 
reading, 3.49, was obtained from a brownish green 
sample that contained numerous chromite octahe- 
dral inclusions (see figure 8). Chromite, with its SG 
of 4.50 to 5.09 (4.79 on average), was responsible for 
the higher than normal reading. 

All of the stones were inert to both long- and 
short-wave UV radiation. To date, cat’s-eye and star 
peridot are not known from the Central Highlands. 

The UV-Vis-NIR absorption spectra of five sam- 
ples were characterized by a broad band at 1072 nm, 
with a shoulder at approximately 910 nm in the near- 
IR range, and an increasing absorption toward the UV 
region (figure 6). Weak bands were also observed at 
374, 400, 438, 455, 484, and 625 nm. The bands at 
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TABLE 1. Gemological properties of peridot from various sources. 


Kilbourne 


Source Central Highlands, Vietnam = Carlos, Zabargad, Tanzania China Hole, New Sardinia, Kohistan, 
rizona Red Sea Mexi Italy Pakistan 
exico 
Observations Kammerling — Huong et al. Koivula Gibelin Stockton and Koivula Fuhrbach Adamo etal. Jan and Khan 
from this and Koivula (2012) (1981) (1981) Manson and Fryer (1992) (2009) (1996) 
study (1995) (1983) (1986) 

Color Light Medium Yellowish green Very dark — Dark green, Light Light — Light yellow, Yellowish _Light yellow- 
yellowish lightto — toolive greenor brownto — light yellow- yellowish yellowish ight green green to deep 
green toa medium — brownish green — brownish green green greento yellowish yellow-green, 

darker, dark green to a darker green, light green, 
richer yellowish lime green yellow- medium greenish 
yellow- green to green yellow to yellow 
green, olive — brownish orangy, 
green, and green medium to 
brownish dark 
green brownish 
yellow and 
medium to 
dark 
yellowish 
brown 
Diaphaneity Translucent Transparent Semitransparent nré nr Transparent nr nr nr Transparent to 
(due to high to transparent translucent 
fracturing) to and mostly 
transparent uniform in 
color, rarely 
subtranslucent 

Pleochroism Weak to Weak, Weak, brownish nr Weak but nr nr nr Weak to Thick mineral 

moderate brownishto to yellowish perceptible moderate a, _ plates are 
yellowish green as pale green &=green;y green and 
green along a, = yellow- pleochroic 
green along green with the 
&, and light scheme: = 
green along yellow-green 
Y anda=y= 
pale green 

Optic Biaxial nr Biaxial negative Biaxial Biaxial Biaxial nr nr Biaxial nr 

character positive positive positive positive positive 

Refractive n,=1.650- nn, = 1.650 n,=1.650- n,=1.649- n,=1.650- n, = 1.650 n= n,=1.654— n,=1.650-  n, = 1.644— 

indices 1.667 1.652 1.653 1.654 1.653 1.673 1.652 1.653 

ng = 1.665- ng = 1.665— ng = 1.665— ng = 1.665— ng = 1.658 ng = ng = 1.673- nn, = 1.669- 
1.669 1.667 1.669 1.671 1.670 1.691 1.670 

ny = 1.686— n= 1.687— ny = 1.686— n,=1.686— n,=1.686—- n= 1.684 n= n,=1.691—- n= 1.688- nn, = 1.682— 
1.703 1.688 1.690 1.691 1.690 1.689 1.709 1.690 1.689 

Birefringence 0.036 0.037-0.038 0.036-0.038 0.037—0.038 0.036 nr 0.036 0.036—0.037 0.038 0.036—0.038 

Specific 3.28-3.49 3.34+40.01 3.32-3,37 3.28-3.38 3.34 nr 3,36 3.42-3.50 3.32-3.36 3.26-3.44 

gravity 

UV 

fluorescence nr nr nr nr nr nr 

Long-wave Inert Inert Inert Inert 
Short-wave Inert Inert Inert Inert 
Internal “Lily pad” = Chromian Spinel, Chromite, Rounded nr Chromite,  Hercynite, Partially nr 
features inclusions, spinel(?), sphalerite, “lily | chromian plate-like, biotite, forsterite, healed 
chromite biotite pad” inclusions spinel, wafer-thin “lily diopside, fractures, 
inclusions, — mica(?), “lily negative healing pad,” _ biotite, “lily liquid 
healed pads” crystals, “lily seams or chrome pad” inclusions, 
secondary — surrounding pads,” residual diopside, inclusions “lily pad” 
fractures and _ negative cleavages, drops, smoke- inclusions, 
hercynite crystals, glass blebs, chromite, like veils crystals, 
(rarely) smoke-like chrome “lily pads” growth 
veils, diopside, planes, 
optically biotite, and traces of 
active smoke-like parallel 
intergrowth veils twinning 
*nr = not reported 
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Figure 7. Peridot from the Central Highlands often contains healing planes; the most common inclusions found in 
the samples were “lily pads.” These are cleavage separations produced by the expansion of small fluid-filled nega- 
tive crystals (left) and a small solid included crystal (right). Photomicrographs by N.N. Khoi (left, field of view 1 


mmm) and N.T.M. Thuyet (right, field of view 1.4 mm). 


455 and 484 nm were visible with a hand spectro- 
scope as well, with total absorption below about 440 
nm. This spectral feature is due to the presence of 
Fe** (Burns, 1970), confirming that iron is mainly re- 
sponsible for the coloration. 


Internal Features. The internal features of Viet- 
namese peridot were similar to those found in xeno- 
liths in alkaline basalts elsewhere (again, see table 1). 


The most prominent inclusions we observed were 
round, flat healing planes (disc-like “lily pads”) with 
a small opaque black crystal near the center (figure 
7) and black opaque octahedral crystals of chromite 
surrounded by a tension halo (figure 8, left). Her- 
cynite, a member of the spinel group, was sometimes 
observed (figure 8, right). This inclusion has only 
been reported in peridot from Kilbourne Hole, New 
Mexico (Fuhrbach, 1992). Partially healed secondary 


Figure 8. Left: Chromite crystal surrounded by a tension halo. Photomicrograph by N.N. Khoi; field of view 1 mm. 
Right: Hercynite inclusions were typically surrounded by a tension fracture. Photomicrograph by N.T:M. Thuyet; 


field of view 1.4 mm. 
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Figure 9. Healed fractures in a peridot from the Cen- 
tral Highlands. Photomicrograph by N.T.M. Thuyet; 
field of view 0.7 mm. 


fractures with iridescence were seen in most of the 
Vietnamese samples (figure 9). 


Chemical Composition. Major Elements. The aver- 
age chemical composition obtained by electron mi- 


croprobe is shown in table 2. The samples showed a 
very narrow range of magnesium content, with 
forsterite varying from 90.6 to 91.3 mol.%, which is 
typical for olivine/peridot from mantle sources. Most 
gem peridot lies within the Fo,, ,, range (Jan and 
Khan, 1996) or Fo... 4,9 range (Shen et al., 2011), 
while olivine from peridotite xenoliths is in the 
FOgg 3-99 9 ange (Embey-Isztin and Dobosi, 2007). Peri- 
dot samples from Gia Lai Province did not display 
the major-element zoning commonly observed in 
olivine from xenoliths, demonstrating their chemical 
equilibrium (De Hoog et al., 2010). MgO content var- 
ied in a narrow range from 47.22 to 52.25 wt.%, 
while FeO ranged from 8.24 to 9.90 wt.%, in agree- 
ment with data obtained by Huong et al. (2012), 
Quoc et al. (1995), and Y et al. (2006). Thus, FeO con- 
tent in Vietnamese peridot was similar to that of 
samples from Sardinia, Myanmar, and San Carlos, 
Arizona, but higher than in samples from Tanzania 
and Zabargad. The FeO content range was not as 
wide as in samples from Kohistan, which varied from 
2.74 to 9.69 wt.% and averaged 6.54 wt.%. The range 
of SiO, content in our samples was similar to that of 
other peridot localities except Kohistan. There was 
no substantial difference in any of the remaining 
main elements (again, see table 2). 


TABLE 2. Chemical composition of peridot from Vietnam and other countries by electron microprobe (in wt.%). 


Sample Vietnam: Vietnam: Vietnam: Myanmar? Arizona* Sardinia, Italy” Tanzania® Zabargad* Kohistan, 
good-quality medium- poor-quality (4 samples) (2 samples) (2 samples) (1 sample) (2 samples) Pakistan® 
(46 points/ quality (15 points/ (7 samples) 
9 samples) (45 points/ 2 samples) 
9 samples) 
SiO, 40.27-42.64 40.24-41.54 39.82-41.22 40.25-40.81 40.55-40.77  — 40.69-40.83 40.62 41.03-41.07  38.75-41.57 
(41.02) (40.91) (40.52) (40.65) (40.47) 
FeO 8.24-9.90 8.33-8.89 8.40-9.10 8.25-10.16 9,68-9.73 8.77-8.98 7.74 7.95-8.14 2.74-9.69 
(8.68) (8.82) (8.74) (9.26) (6.54) 
MnO 0.03-0.24 0.07-0.22 0.07-0.22 0.07-0.15 0.12-0.17 0.11-0.15 0.12 0.11-0.13 0.06-0.15 
(0.12) (0.14) (0.15) 0.19 (0.11) 
MgO 47.22-52.25  49.19-51.04 = 47.93-50.24 48.9-50.71 48.22-48.98 — 50.15-50.17 51.26 50.44-50.95 48.52-53.49 
(50.36) (50.31) (48.96) (49.85) (50.80) 
NiO 0.24-0.54 0.19-0.55 0.16-0.48 0.31-0.39 0.37-0.39 0.38-0.39 0.39 0.38-0.41 0.17-0.38 
(0.36) (0.37) (0.33) (0.35) (0.26) 
CaO 0.03-0.1 0.03-0.08 0.03-0.07 <0.02 0.06-0.11 nr’ <0.02 0.03-0.04 0-0.03 
(0.06) (0.05) (0.05) (0.01) 
Total 99.17-100.99  99.17-100.95 98.15-100.97  99.77-100.8 = 99.29-99.77, 100.12-100.50 100.13 100.18-100.50 97.43-99.38 
(100.61) (100.53) (98.75) (100.24) (98.21) 


Stockton and Manson (1983); Adamo et al. (2009); ‘lan and Khan (1996) 
nr = not reported 
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TABLE 3. Trace-element concentration of peridot samples and olivines in spinel and garnet lherzolites by 


LA-ICP-MS (in ppm). 


Sample Vietnam: Vietnam: Vietnam: Sardinia, Italy* Kohistan, Kohistan, Olivine in spinel Olivine in garnet 
good-quality medium-quality poor-quality (2 samples) Pakistan?: Pakistan?: lherzolite lherzolite 
(46 points/ (45 points/ (15 points/ gem olivine with gem olivine with (17 samples) (38 samples) 
9 samples) 9 samples) 2 samples) no visible solid magnetite + 
inclusions serpentine 
inclusions 
Ni 2838-3188 2602-3062 2775-2986 3065-2986 2842 2303 2520-3014 2232-3307 
(3045) (2903) (2855) (2737) (2695) 
°5Mn 919-1016 869-1121 924-990 1162-852 nro nr 692-1044 488-851 
(966) (952) (960) (929) (646.31) 
°Co 139-149 137-150 138-149 213.93-216.77 140.04 146.04 110-132 104-137 
(146) (142) (145) (124) (117.6) 
SCu 1.01-1.84 0.62—-1.62 1.27-2.34 nr 0.08 0.09 0.98-1.95 0.54—4.73 
(1.43) (1.34) (1.55) (1.50) (2.19) 
74) 47.6-63.8 50.4-64.4 48.3-51.8 80.73-73.38 22:5 16.28 20-57.3 37.2-80.8 
(55.5) (55.0) (51,3) (45.0) (49.89) 
“Li 1.28-1.93 1.24-1.71 1.22-1.56 2.30-1.99 15.12 19 0.96—2.09 1.02-2.38 
(1.54) (1.37) (1.43) (1.70) (1.51) 
=eCh 724-126 86.7-124 99.4-114 157.51-181.35 105.68 4.57 8.71-149.12 25.4-631 
(96) (103) (107.84) (80.25) (241.46) 
“Al 45.7-81.2 46.4-63.3 54-70.5 nr nr nr 2.6-164.37 5.5-301 
(59,3) (53.9) (57.0) (83.46) (88.64) 
aay 1.70-3.09 1.70-2.58 2.27-2.78 4.18-4.15 1.47 0.35 2.57-3,39 1.3-10.4 
(2.51) (2.25) (2.56) Q21) (5.71) 
BCa 278-352 38.6-782 11.4-13.9 548.50—453.94 13.64 11.42 10.6-523.76 56-632 
(307) (286) (12.6) (324.46) (227.69) 
ArT §.55-37.0 7A9-13.5 9.46-10.0 10.51-8.81 2.47 0.81708 3.1-123.68 1.36-287 
(12.9) {11,2) (9.81) (21.37) (89.9) 
Zr 0.036-0.190 0.038-0.147 0.072-0.093 nr 0.0023 0.0011 0.006—-0.176 0.006—0.44 
(0.090) (0.080) (0.070) (0.031) (0.156) 
Nb 0.006-0.012 0.005-0.034 0.005-0.009 nr 0.0002 0.0003 0.004—0.017 0.013-1.100 
(0.008) (0.010) (0.007) (0.011) (0.250) 
12Vb 0.006-0.031 0.006—0.028 0.009-0.013 nr 0.059 0.013 0.018—0.062 0.002—0.026 
(0.013) (0.015) (0.010) (0.032) (0.006) 


*Adamo et al. (2009); Bouilhol et al. (2012); ‘De Hoog et al. (2010) 
‘nr = not reported 


Trace Elements. De Hoog et al. (2010) divided trace 
elements in olivine into three distinct groups. Ni, 
Mn, Co, Cu, Zn, and Li, which make up Group I, ex- 
hibit small concentration ranges. Olivine is the pri- 
mary host mineral. Group II, comprised of Cr, Al, V, 
Sc, Ca, and Na, is strongly concentrated in coexisting 
mantle minerals (garnet, clinopyroxene, and spinel] 
and shows a narrow range of bulk rock concentra- 
tions. Partition coefficients of Group II elements are 
highly temperature sensitive. Olivine shows the 
greatest level of variability, and the elements’ con- 
centration ranges are mainly controlled by the host 
rock’s equilibration temperature. The concentration 
of the Group II elements in olivine allows the appli- 
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cation of simple geothermometers. The Group II el- 
ements (Ti, Zr, Nb, and Y) are strongly dependent on 
bulk rock contents. These elements show large con- 
centration ranges in olivine as well as in coexisting 
minerals (garnet, clinopyroxene, and spinel again). 
The trace-element composition of Vietnamese peri- 
dot samples, obtained by LA-ICP-MS analyses, is re- 
ported in table 3. In this study, Sc, Na, and Y were 
not analyzed. For comparison, table 3 also shows the 
composition of trace elements of Sardinian peridot 
originating from spinel lherzolite (Adamo, 2009), Ko- 
histan peridot hosted by serpentinized dunites, and 
olivines from spinel and garnet lherzolite sources. 
Broadly speaking, the content of most trace elements 
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in Vietnamese peridot is similar to that of Sardinian 
peridot and olivine originating from spinel lherzolite 
but different from that of Kohistan peridot (again, see 
table 3). 

Ni contents ranged from 2602, to 3188 ppm (2934 
ppm on average). Concentrations approximated those 
of peridot from Sardinia and olivine from spinel 
lherzolite but were higher than those of Kohistan peri- 
dot. Furthermore, Ni contents tended to be slightly 
higher in good-quality peridot than in medium- and 
poor-quality peridot. Cu concentrations ranged from 
0.62 to 2.34 ppm (1.44 ppm on average). These values 
were typical for peridot from spinel lherzolite but dif- 
ferent from those of Kohistan peridot. Li concentra- 
tions ranged from 1.22 to 1.93 ppm (1.45 ppm on 
average) and were similar to those of olivines from 
spinel and garnet lherzolite, slightly lower than Sar- 
dinian material, and much lower than in Kohistan 
peridot. Cr content varied from 72.4 to 126 ppm (100 
ppm on average). This concentration was lower than 
in Sardinian peridot and olivine from garnet lherzolite 
sources but higher than in Kohistan peridot or olivine 
from spinel lherzolite. V ranged from 1.70 to 3.09 ppm 
(2.41 ppm on average). The samples were similar to 
olivines from spinel lherzolite sources and lower than 
the Sardinian peridot and olivine from garnet lherzo- 
lite sources but tended to be higher in vanadium con- 
tent than Kohistan peridot. Ti concentrations ranged 
from 5.55 up to 37.0 ppm with 11.7 ppm on average. 
These values were similar to those of Sardinian peri- 
dot and lower than those of olivine from spinel and 
garnet peridotites but slightly higher than in Kohistan 
peridot. Ca concentration ranged from 11.4 to 782 
ppm. The range is similar to olivine derived from 
spinel and garnet lherzolite. Most of the good- and 
medium-quality samples analyzed contained approx- 
imately 300 ppm of Ca. However, Ca content in the 
low-quality peridot ranged from 11.4 to 13.9 ppm (12.6 
ppm on average), similar to Kohistan peridot. 


Source and Formation Conditions. Lithological In- 
formation. Previous studies based on mineral assem- 
blages coexisting paragenetically, either with olivine 
in nodules in alkaline basalts or with peridot in plac- 
ers, have identified the source of Vietnamese peridot 
as lherzolite xenoliths (Quoc, 1995; Quoc et al., 1995; 
Toan and Ty, 1995; Long et al., 2004). In those previ- 
ous works, however, the trace-element composition 
of minerals and rocks was not used to pinpoint their 
source. In this study, LA-ICP-MS analysis was used 
to determine trace elements in Vietnamese peridot. 
The results indicated that, in terms of trace ele- 
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Figure 10. This diagram identifies various mantle 
lithologies based on Mn vs. log Al in olivine and 
places Central Highlands peridot in the spinel Iherzo- 
lite field. The dotted reference lines are after De Hoog 
(2010). 


ments, Vietnamese peridot is similar to peridot and 
olivine from the spinel lherzolite field. Furthermore, 
when using Al-Mn discrimination diagrams of De 
Hoog (2010) for petrological classification of mantle 
lithologies, Vietnamese peridot always falls into the 
spinel lherzolite field (figure 10). 


P-T Conditions. To demonstrate that olivine’s varia- 
tions in trace elements are determined by tempera- 
ture (and to some extent pressure), De Hoog (2010) 
calculated olivine mineral partition coefficients for 
Group II elements using multiple linear regression 
analysis. Strong temperature correlations confirmed 
the temperature-sensitive nature of these elements, 
as expressed in formulas [1] and [2]: 


9423 + 51.4P + 1860Cr#*! 
(13.409 - In[Al}”) 


Ege Cl 273 [1] 


where [Al]! is the Al content of olivine in ppm, and 
Cr#°! is Cr/(Cr + Al) of olivine in atoms. 


4) 13444 + 48.5P + 4678Cr#°! 
Tomei C] (14.53 - In[Cr]*") ee) 


where [Cr]*!is the Cr content of olivine in ppm. 
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Figure 11. Alin olivine and Cr in olivine calculated 
for 2.0 Gpa. Calculated temperatures are 910 to 
980°C; the Cr-in-olivine thermometer consistently 
gave a temperature higher than the AI in olivine 
values. 


Using the Al [1] and Cr [2] single-grain thermome- 
ter from De Hoog et al. (2010), temperature values 
between 910°C and 980°C can be calculated, assum- 
ing a pressure of 2.0 Gpa. This corresponds to a depth 
of around 60 km and is within the stability field of a 
spinel lherzolite. The Cr-in-olivine thermometer 
consistently gave a temperature 14-17°C higher than 
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Figure 1. A view of the Lombok farm from the shoreline showing the covered area where the operating and har- 


vesting steps are carried out. Photo by Jeffery Bergman. 


ultured pearls are harvested from wild and 
hatchery-reared mollusks of various Pinctada 
species in many parts of the world. Today, most of 
the oysters that form these cultured pearls are raised 
in hatcheries, and only a few pearl farms still operate 
using wild oysters. On the Indonesian island of Lom- 
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bok, the farming procedures follow the industry 
norm. Some of the authors had the opportunity to 
visit a Lombok farm (figure 1) in early 2013 to observe 
the opening and, in some cases, the reseeding/renu- 
cleation of numerous P. maxima oysters (predomi- 
nantly gold-lipped). During the one-day visit, we saw 
a limited number of bead-cultured pearls and even 
fewer non-bead-cultured pearls (“keshi”) recovered 
from oysters that were opened by the farm owners 
for the benefit of this research trip. Photos of the re- 
covery and the samples collected, as well as the re- 
sults of their subsequent analysis, are shared so that 
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SOUTH CHINA SEA 


information on samples of known origin is available 
in the gemological literature. Analysis of known 
samples recovered and recorded in this way removes 
all doubt and gives unequivocal data that can be used 
with full confidence. 


TRIP AND FARM DETAILS 

The visit was arranged by author JB, who liaised with 
Mohamad Irfan Bin Ansori and Wiwi Aswiana, the 
directors of Jakarta-based Maisya Jewellery. Through 
their relationship with the owners of the farm, it was 
possible to visit the operation within a matter of 
days. The farm itself is located at 8°24'46.33" S 
116°42'45.91” E (figure 2), off the northeast coast of 
Lombok, one of the 13,466 islands that make up In- 
donesia. At an elevation of 3,726 meters, Mount Rin- 
jani is the highest point on Lombok. This active 
volcano is visible from the farm, though cloud cover 
obscured the summit on the day of our visit. 

The trip from Mataram, Lombok’s largest city, 
took approximately two hours by car—not because 
of the distance but rather the twisty route through 
the countryside. The beauty of the sea and the farm’s 
unspoiled environment, both important factors when 
trying to coax P. maxima oysters to produce beautiful 
pearls, were immediately obvious. The boundaries of 
the facility were easily within view. Some of the 
larger Indonesian farms extend for several miles, so 
this one could be classified as a small-scale operation. 
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Figure 2. A map of 
Indonesia and the sur- 
rounding region, with 
Lombok shown in 
more detail. The red 
circle indicates the 
area in which the farm 
is located. 


This did not mean that the operation was inferior in 
any respect, and the authors were impressed by the 
hatchery in particular. 

The most important building on the site was the 
hatchery, a rather nondescript white structure where 
all the mollusks used for culturing are raised. While 
some wild mollusks may have been used to breed off- 
spring for the farm’s initial harvests, this does not ap- 
pear to be the case today. Culturing from farm-raised 
mollusks seems to be a trend in farms around the 
world, with the exception of Australia, where a high 
percentage of wild shells are still used (Marine Stew- 
ardship Council, 2015). 

During the tour, our hosts were very open and co- 
operative and allowed us to enter the hatchery and 
take photographs. The dimly lit interior housed nu- 
merous rows of concrete tanks with larvae and spat 
at various stages of development. In another section 
of the hatchery, we saw two additional rows of trans- 
parent plastic tanks covered with black material to 
protect the occupants. Finally, in another part of the 
building we met a young Indonesian biologist who 
was responsible for ensuring that all the oyster larvae 
and spat were healthy and eventually able to produce 
pearls. Shelves in one air-conditioned room of the 
hatchery were lined with several containers of green, 
yellow, orange, and colorless liquids (figure 3), a com- 
mon sight at farm operations today (Cartier et al., 
2012). The colored ones contained the various types 
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Figure 3. Containers of phytoplankton ready for con- 
sumption by hatchery mollusks of various ages. Photo 
by Nicholas Sturman. 


of phytoplankton at different life stages that were 
being grown to feed the spat until they were old 
enough to be moved to the open sea. The role of the 
marine biologist we met, and others like him 
throughout pearl farms globally, cannot be under- 
estimated. They are entrusted with making sure that 
future generations of mollusks thrive and reach an 
age and size where they can be operated on and pro- 
duce pearls. Without the knowledge and care of these 
specialists, the whole concept of pearl farming would 
not exist. 


MATERIALS AND METHODS 

The lead author recovered three non-bead-cultured 
(NBC) pearls directly from the gonad region of their 
host mollusks and assisted with the removal of some 
of the nine bead-cultured pearls (including the one 
shown in table 1) recovered from other mollusks. 
While some of the bead-cultured pearls were re- 
moved from pearl sacs in the gonad region, like the 
three NBC pearls (table 1), a few were found loose in 
the hinge area after opening, as they must have fallen 
out of their sacs during the process. One “seed” pearl 
was recovered by the lead author during the opening 
of a shell that also produced a bead-cultured pearl. 
However, the exact area where the pearl formed 
within the shell was not clear since it was only found 
when the organs were being checked for pearls. 
Those who have searched for pearls in the soft organs 
of a mollusk know that it is not always easy to find 
the smaller pearls in field conditions, so the exact for- 
mation location of such pearls is rarely recorded. 
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TABLE 1. Pear! samples from Lombok. 


Measurements 
(mm) 


Carat 


Photo weight 


Sample number 


Kees eo 1.33 8.54 x 6.00 x 4.15 
re ea = 1.13 7.82 x 5.79 x 3.74 
Kea ee oe 2.48 11.95 x 6.66 x 5.04 
Hess oe ae 
ee ra 0.01 1.38 x 1.02 


They are usually found during the final step, when 
someone meticulously searches the organs. One 
other shell opened for us was barren. The bead nu- 
cleus must have been ejected shortly after insertion, 
and the mantle implant did not produce a sac in 
which a pearl could form. 

The pearls’ internal structures were examined 
using a Matrix-FocalSpot XT-3 Series real-time X-ray 
(RTX) machine (90 kV and 5 micron excitation) fitted 
with a Toshiba image intensifier. A ProCon CT-Mini 
model X-ray computed microtomography (u-CT) 
unit fitted with a Thermo Fisher 8W/90 kV X-ray 
tube and a Hamamatsu flat-panel sensor detector 
was used specifically for the three non-bead-cultured 
pearls and one “seed” pearl. Since all the pearls were 
white, no Raman or ultraviolet/visible/near-infrared 
(UV-Vis-NIR) spectra were obtained; these are usually 
collected on colored pearls. Nor did we record the sur- 
face structures or ultraviolet reactions (UV spec- 
troscopy and DiamondView imaging), as the main 
purpose of this work was to document the internal 
structures. Even though the pearls were collected 
from a saltwater environment, their composition was 
still checked for reference purposes using a Thermo 
XSeries II laser ablation—-inductively coupled plasma— 
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diamond content. If of local origin, the 
question becomes even more complicated. 

The fact that each mine produces dia- 
monds of a distinctive character cannot be 
explained by any traditional theory, whether 
glacial or aqueous, since neither of these 
could possibly have exercised a selective 
action in distributing diamonds. It is gen- 
erally conceded that the Barro duro and 
Barro mole mines at Sao Joao are of an 
intrusive nature but evidence in the others, 
with one or two exceptions, is less conclu- 
sive. The problem can only be solved by 
a detailed study of the entire field and not 
by the cursory visits of geologists whose 
conclusions are incompatible and irreconcil- 
able. This is especially true of the younger 
Brazilian geologists whose sections are nice 
to look at but do not represent actual con- 
ditions. The writer’s own father, Dr. David 
Draper, must also be included among those 
who, subsequent to his published opinion, 
regretted that he had not given greater 
consideration to the subject. This, however, 
was hardly entirely his fault since he relied 
upon analysis subsequently withdrawn by 
the analyst as being erroneous. 

Massa mines are not rich. In fact they are 
exceedingly low grade compared to the 
South African kimberlites. There is hardly 
any mine in the district which has consist- 
ently averaged four carats per hundred 
cubic meters. During the four years the 
writer was associated with the Boa Vista 
Company its mine averaged less than one 
carat per hundred cubic meters, or one carat 
to 220 Kimberley loads. Even with this low 
average it yielded a profit, and is still doing 
so occasionally. 

The Serrinha mine, properly equipped 
with an adequate plant and sufficient water, 
has not only repaid all its original expendi- 
ture but also added a very appreciable profit. 
Given a sufficient quantity of water, access 
to electric power, and appropriate machin- 
ety, any massa mine can be made to pay by 
hydraulicking, but there are few that meet 
these conditions. 

It is the belief of the author that the 
Boa Vista Company could be made to rank 
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¢ General view of Duro which is a con- 
tinuation of the Barro mine. 


among the best if operations were planned 
to take advantage of its possibilities. Unfor- 
tunately, however, that has not been done. 
The Sopa and Guinda mines do not lend 
themselves to large scale operations since 
they have not only been extensively worked 
but also lack sufficient reserves to justify 
operation. The Campo Sampaio and Sao 
Joao mines lack both power and water but 
would justify sufficient expenditure to pro- 
vide both. 

One of the most promising mines in the 
Cavallo Motte region, which has so far not 
received the attention it deserves, is now 
being provided with sufficient capital to 
install an adequate plant and promises to 
be one of the most productive in the region 


a 
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mass spectrometry (LA-ICP-MS) system equipped 
with an attached New Wave Research UP-213 nm 
laser. Microanalytical carbonate standards MACS-1 
and MACS-3 from the United States Geological Sur- 
vey (USGS) were used. 


OBTAINING THE SAMPLES 

The main purpose of the trip was to observe Pinctada 
maxima samples being opened in field conditions so 
we could record the positions of the pearls recovered. 
We ultimately wanted to obtain known examples of 
non-bead-cultured pearls for further examination in 
GIA’s Bangkok laboratory, as these are the types of 
pearls most likely to pose identification challenges. 
Building a reference database of pearls with structures 
associated with a known provenance is the surest 
way of solving complex identification issues that may 
arise. Even though it was not officially harvest time 
when we visited, our hosts kindly agreed to open a 


selection of shells at random to see what they con- 
tained (figure 4). 

Since the formation of pearls is a purely biological 
mechanism, it is only through periodic X-ray checks 
that farms are able to see whether their painstaking 
work on the mollusks will be rewarded with a pearl. 
When each mollusk is opened, it is in the hands of 
fate whether a pearl has actually formed, and 
whether it is of sufficiently high quality to be con- 
sidered a gem. Many of the pearls produced on farms 
around the world are misshapen, blemished, or dull. 
Because we opened only 13 mollusks, the chances of 
finding a pearl of any worth were extremely low. The 
likelihood of finding a non-bead-cultured pearl was 
even more remote, since the farmers’ intent is to pro- 
duce bead-cultured pearls and not the accidental non- 
bead-cultured pearls (“keshi’”’) that sometimes occur 
when beads are ejected from a pearl sac, among other 
circumstances. While “keshi” might not be the sci- 


Figure 4. Of the 13 P. maxima mollusks opened for us, nine contained a bead-cultured pearl. One was devoid of 
any type of pearl. Three possessed a non-bead-cultured pearl. Ten of the shells are shown here after opening. Photo 
by Nicholas Sturman. 
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Figure 5. Removal of a bead-cultured pearl (sample 
100307378805) from its host mollusk. The pearl sac is 
clearly visible as a light brown area around the pearl 
(inset). Photo by Jeffery Bergman. 


entifically correct name (Hanni, 2006), the term has 
become synonymous with pearls that are acciden- 
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tally formed as a result of bead-culturing in all types 
of commercially farmed nacreous mollusks (Pteri- 
idae family especially). 

Fortune was on our side, as three of the shells 
opened for us contained a non-bead-cultured pearl in 
the gonad area. Cultured pearls will only form where 
the graft is located; nacre-forming epithelial cells are 
only found in the gonad after the cells have been in- 
serted there during the nucleating process. In unop- 
erated mollusks, these cells are situated only in the 
mantle tissue that lines both halves of the shell. As 
with most non-bead-cultured pearls, the samples re- 
covered during this field trip were baroque and ex- 
hibited a high luster. 

The farm owners were kind enough to allow us to 
retain the pearls as well as the shells from which they 
were removed. This allowed us to compare the platy 
formation of the nacreous pearls and their hosts. 


INTERNAL STRUCTURES 
Since the purpose of the field trip was to source non- 
bead-cultured pearls and record their positions in the 
mollusks, we only detailed the internal features of 
some of the bead-cultured pearls recovered, one of 
which is shown being removed from its host in figure 
5. Only one (sample no. 100307378805) is included 
as a representative sample of the typical structure 
found in such pearls (RTX images only). The one cho- 
sen happens to be orientated in a way that clearly 
shows the banding within the shell nucleus (figure 
6} used to instigate the pearl’s formation. The band- 
ing is visible because of its alignment within the 
bead nucleus relative to the detector and the X-rays 
generated from the RTX unit. In some examples, the 
banding is very distinct in an optimal orientation. 
The three NBC pearls (figures 7, 9, and 11) showed 
structures consisting of void features in a nacreous 


Figure 6. RTX images of 
the pearl in figure 5 show 
a fairly large bead nu- 
cleus with some banding 
in one area. The lower- 
contrast image on the 
left shows the outline of 
the bead more clearly. 
The higher-contrast 
image on the right shows 
both the bead’s outline 
and the banding within 
the bead more clearly. 
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N 
Figure 7. A non-bead-cultured pearl (sample no. 
0668689302) before removal from its host. The pearl 
is positioned in the gonad region and away from the 
mantle, where natural pearls are usually recovered. 
Photo by Nicholas Sturman. 


body that lacked distinct concentric rings or sur- 
rounding arcs (figures 8 and 10). However, a conchi- 
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Figure 9. A non-bead-cultured pearl (sample no. 
100307378817) still in the light brown pearl sac be- 
fore removal from its host. Again, the pearl is posi- 
tioned within the gonad region and away from the 
mantle. Photo by Nicholas Sturman. 


olin-rich deposit that followed the outline and hence 
the shape of the void was present around the voids 
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Figure 8. The RTX (top 
row) and p1-CT (bottom 
row) images for a non- 
bead-cultured pearl 
(sample 0668689302). 
The RTX images show 
the whole thickness of 
the pearl in each orien- 
tation, while each p-CT 
image shows a micron- 
thin slice of the struc- 
ture in each of the 
directions. This demon- 
strates the difference 
between the two types 
of X-ray techniques. 
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in all three pearls to varying degrees. This deposition, 
though not always observed in NBC pearls, is 
nonetheless a common feature, based on the lead au- 


Figure 11. A non-bead-cultured pearl (sample no. 
0668688502) positioned near the gonad before re- 
moval from its host. Photo by Jeffery Bergman. 
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Figure 10. The RTX (top 
row) and u-CT (bottom 
row) images for non- 
bead-cultured pearl 
sample 100307378817. 
The RTX images show 
the whole thickness of 
the pearl in each orien- 
tation, while each p-CT 
image shows a micron- 
thin slice of the struc- 
ture in each of the 
directions. 


thor’s experience. Two of the pearls showed one clear 
central irregular void feature, while the third showed 
pairs of voids in two separate growth areas. The most 
common feature of saltwater NBC pearls is a single 
void (Sturman, 2009). Yet, as the latter example (fig- 
ure 12) clearly illustrates, two or more voids may also 
be encountered. Most of the saltwater NBC pearls 
tested at GIA locations globally show at least one 
fairly large void or several void features, depending 
on the shape being examined. The tighter forms 
showing other features such as linear structures or 
more natural-looking structures are much less likely 
to be encountered in a gemological laboratory. But 
these are the types that can create considerable dif- 
ferences of opinion, which is why collecting known 
samples on our trip was so important. 

Seed pearls like the one found on this trip (figure 
13) present their own identification challenges, owing 
to their small size. Although some show clear natural 
or NBC structures that prove their origin, many have 
tight or limited structures that may lead to differences 
of opinion on their identity. Since the seed pearl we 
found showed only one weak arc (figure 14), it might 
be considered more natural by some gemologists. Yet 
its true classification would be debatable given that it 
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Figure 12. RTX (top row) and p-CT (bottom row) im- 
ages of non-bead-cultured pearl sample no. 
0668688502 in two orientations. The RTX images 
show the whole thickness of the pearl in each orienta- 
tion, while each p-CT image shows a micron-thin 
slice of the structure in each of the directions. The 
thickest orientation was not reproduced here, as the 
overlapping void features do not provide much insight 
when examining such multi-structured pearls. 


was found in a hatchery shell but likely formed in a 
pearl sac that was not initiated by humans. 


Figure 13. A seed pearl (sample no.100307378872) 
after discovery in the organs of the same P. maxima 
shell from which one of the bead-cultured pearls was 
recovered. Photo by Jeffery Bergman. 


CHEMICAL COMPOSITION 


Since the pearls are of known saltwater origin, their 
chemical composition is included purely for aca- 
demic interest. Work on saltwater pearls from P. 
maxima has already been documented (Scarratt et 
al., 2012), and our results support the findings of this 
previous work. The manganese content of saltwater 
pearls is generally accepted to be much lower than 
that of freshwater pearls; strontium, gallium, barium, 


Figure 14. RTX images of 
the seed pearl (sample 
no. 100307378872) in two 
orientations. The RTX 
images show the whole 
thickness of the pearl in 
each orientation; since 
the linear feature is so 
fine and the pearl so 
small, u-CT analysis did 
not yield results worth 
reproducing here. 
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TABLE 2. LA-ICP-MS trace element results (ppmw) on pearl samples from Lombok. 


Sample “Li pm =Na “Me 3'1P 3K “Sc Being *’Fe Zn GeGameeeGrmlBam La “Ce 2°8Ph 7209p; 
0668689302 0.43 16.8 4830 213 bdl 40.1. bdl 23.3 494  bdl bdl 1050 0.35 0.042 0.04  bdl bdl 
100307378817 0.56 14.0 5210 120 bdl 56.3 bdl 36.1 460 ~~ bdl bdl 860 0.21 0.07 0.038 0.13 bdl 
0668688502 0.64 18.1 7530 152  bdl 82.1 bdl 34.0 577  bdl bdl 1480 0.23 0.042 0.056 0.21 bdl 
100307378805 0.51 18.1 6250 111 bdl 138 bdl 12.6 533  bdl bdl 1420 0.33 0.074 0.078 0.24  bdl 
100307378872 0.65 15.8 5820 112 bdl 48.3 bdl 21.6 465  bdl bdl 1230 0.23 0.075 0.071 0.17  bdl 


Detection limit 0.064 1.138 4.679 0.113 91429 3.889 0.705 0.527 14.609 0.792 0.118 0.003 0.008 0.001 0.001 0.027 0.021 


Abbreviation: bdl = below detection limit 


and boron levels also differ between saltwater and 
freshwater mollusks. Table 2 shows the concentra- 
tion (parts per million) of these and other elements 
in the samples from this study. 


CONCLUSIONS 

The three indisputably non-bead-cultured pearls de- 
scribed here, which were removed by the lead author, 
are just a minute selection of the pearls removed by 
GIA research staff from shells taken from the open 
ocean (according to permitted quotas for mother-of- 
pearl recovery) or from farms around the world. 
While the structures did not prove to be unusual in 
any way, and hence fall within those expected for ac- 
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cidentally formed “keshi” NBC pearls, the recording 
of their structures should assist those in the trade 
who deal in or conduct research on examples of such 
pearls from known sources. 

Trips to other farms and natural pearl sources 
worldwide to recover pearls of known origin (figure 
15) have helped establish a GIA database of struc- 
tures, and more visits are planned over the coming 
months and years. Only by continuing to work with 
farmers and shell seekers can such a database be ac- 
complished, and only with their cooperation is it pos- 
sible to accumulate such important samples and 
knowledge. For that, GIA and the trade cannot be ap- 
preciative enough. 


Figure 15. A group of 
bead-cultured pearls of 
various hues recovered 
from hatchery-bred 
Pinctada maxima oys- 
ters on the Lombok 
farm prior to the au- 
thors’ visit. Photo by 
Julie Poli. 
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DIAMONDS 

Evidence of Focused Beam Irradiation 
In Treated Pink Diamond 

A Fancy pink diamond, confirmed as 
natural-grown, was found to be type 
Ila and colored by NV~ centers. As 
part of routine testing, DiamondView 
fluorescence images were collected to 
check for synthetic growth features. 
These images showed unusual pat- 
terning in the form of two pink spots 
near the edge of the table facet (figure 
1). Both spots were approximately 0.9 
x 0.7 mm, and the table facet was ap- 
proximately 3.0 mm in diameter. The 
orange fluorescence throughout most 
of the table was likely due to NV° cen- 
ters, whereas the pink components 
were likely due to NV centers. 

To further investigate the spatial 
distribution of the NV°/- centers, we 
acquired a photoluminescence (PL) 
image of the diamond’s table using a 
532 nm laser. Figure 2, shows the dis- 
tribution of the NV° and NV- centers. 
The distribution of the NV centers 
confirms the presence of two spots on 
the table. Figure 3 shows the average 
PL spectra from inside one of the 
spots and the average PL spectra from 
the region outside the spots. Figures 
2 and 3 demonstrate that the inten- 
sity of the NV centers was greater in- 
side the spots than in the rest of the 
table. Inside the spots, the average 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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peak area intensity of the NV° center 
was approximately two times greater 
and the average peak area intensity of 
the NV- centers was approximately 
three times greater. The spots were 
comparable in both size and defect 
concentrations. 

To determine the vertical distri- 
bution of the NV- center, a 500 um 
PL depth profile was acquired 
through each spot. This is an auto- 
mated process the instrument can 
perform in which a series of spectra 
are collected along a line spanning 
the diameter of the spot. The stage is 
then offset 5 ym in the vertical direc- 
tion to focus farther into the dia- 
mond, and another series of spectra 
are collected. The process was re- 


Figure 1. This DiamondView image 
of the table of a pink diamond 
shows two distinct pink spots. Field 
of view approximately 5 mm. 


peated 100 times until the target 
depth of 500 pm was reached. This 


Figure 2. Left: A PL map showing the peak area distribution of the NV° 
center. Field of view is approximately 3 mm; scale is relative intensity. 
Right: A PL map showing the peak area distribution of the NV- center. 
Field of view is approximately 3 mm; scale is relative intensity. 


NV- luminescence 


MQ Highest 


NV° luminescence 


GE Highest 


Lowest Lowest 
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Figure 3. A comparison between average PL spectra from inside one of the 
spots and the area outside the spots. The y-axis scale is the same for both 
spectra, so it is apparent that the intensity inside the spot is higher for 


both NV° and NV- centers. 


achieved a depth profile of NV- lumi- 
nescence, indicating how deeply the 
irradiation beam had penetrated into 
the stone. One spot showed an aver- 
age penetration depth of 100 um and 
the other 50 pm. It is important to 
note that this is axial displacement, 
which in confocal microscopy is an 
approximation of the true depth of 
the illuminated feature. Neverthe- 
less, this demonstrated the shallow 
penetration of the irradiation beam. 
The intensity variation in the NV 
centers strongly demonstrated that 


this diamond was HPHT annealed 
and isolated nitrogen was subse- 
quently introduced due to disaggrega- 
tion of the A-form nitrogen (pairs of 
nitrogen atoms) or B-form nitrogen 
(four nitrogen atoms around a va- 
cancy). It also indicated that this dia- 
mond was irradiated by a focused 
electron beam with relatively low en- 
ergy (<1 MeV) prior to annealing. 
These multiple processes introduced 
high concentrations of NV centers 
into the localized shallow areas. Fur- 
thermore, an increase of electron 


Figure 4. This 4.29 ct type Ia color-treated diamond was graded as Fancy 
brown-pink under daylight conditions (left) and appeared Fancy purplish 
gray under incandescent lighting (right). The color change is due to strong 
NV fluorescence under UV to blue light exposure and irradiation-related 
GR1 absorption under incandescent illumination. 
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donor defects at the incident beam 
area would lead to the observed pat- 
terned distribution of the NV- centers. 
The narrow, focused nature of the 
electron beam is responsible for the 
distribution of the defects into the 
two spots and therefore the reason 
why the pink spots are observed in 
the DiamondView image. The two 
spots may be the result of two sepa- 
rate beams in the irradiation setup. 
Alternatively, the second spot may be 
from an additional round of treatment 
designed to further enhance the color. 
It is also unusual for the treatment to 
be done through the table rather than 
on the culet. It is unknown what ben- 
efits the focused beam will have over 
wide-beam irradiation. 


Troy Ardon and Lorne Loudin 


Treated Pink Type Ila Diamond 
Colored by Red Luminescence 
Recently, the Carlsbad laboratory re- 
ceived a 4.29 ct type Ila diamond for 
color origin determination. In daylight- 
equivalent illumination, the diamond 
was color graded as Fancy brown-pink, 
but under incandescent light it ap- 
peared Fancy purplish gray (figure 4). 
When exposed to long-wave UV 
light at 365 nm, the diamond exhibited 
medium orange fluorescence. Based on 
photoluminescence (PL) spectroscopy, 
collected using several lasers, it was 
identified as a treated diamond that 
had been subjected to high-pressure, 
high-temperature (HPHT) annealing, 
irradiation, and subsequent low-pres- 
sure annealing. The PL spectra were 
dominated by the presence of strong 
NV centers at 575 and 637 nm, along 
with a strong GR1 peak, confirming 
the cause of the diamond’s lumines- 
cence as the NV centers. 
UV-Vis-NIR absorption spectra 
were collected at room temperature 
(figure 5) and at liquid nitrogen tem- 
perature inside an integrating sphere 
for this diamond (along with a 0.48 ct 
treated pink CVD synthetic that does 
not show the pronounced color 
change, for comparison). At liquid ni- 
trogen temperature with the diamond 
under incandescent illumination, the 
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Figure 5. Room-temperature UV-Vis-NIR absorption spectra were col- 
lected on the 4.29 ct treated sample (blue trace) and a 0.48 ct treated CVD 
synthetic (red trace) with a color grade of Fancy Vivid purplish pink. 
While NV-related red luminescence caused a pronounced difference in 
color for the 4.29 ct sample, it only produced a minor change in the 
treated CVD synthetic. In incandescent light (and with minimal influ- 
ence of the red luminescence), the synthetic’s color shifted slightly to 
Fancy Deep purplish pink. The pronounced absorption from the GR1 peak 
(550-750 nm) within the 4.29 ct diamond accounts for the purplish gray 


color in incandescent lighting. 


most prominent feature was the GR1 
peak creating the purplish gray col- 
oration, comparable to the blue color 
generated in many irradiated type Ila 
diamonds. In daylight-equivalent illu- 
mination, the emissions of the NV° 
and NV- centers were superimposed 
on the absorption spectrum, thus in- 
fluencing the diamond's color within 
the yellow to red region of the visible 
spectrum. Color grading of diamonds 
includes the effect of fluorescence, 
and therefore the reported color was 
Fancy brown-pink. 

While treated diamonds have pro- 
nounced UV fluorescence due to NV 
centers, fluorescence spectra collected 
at a variety of wavelengths show that 
the NV luminescence is actually 
stronger when excitation is from blue 
light (450-500 nm) than from ultravi- 
olet wavelengths, as in the case of this 
stone (figure 6). This strong emission 
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stimulated by visible light indicates 
the diamond is colored by red lumi- 
nescence in response to blue light 
and, to a lesser extent, by fluorescence 
due to the UV component in daylight. 
Other treated pink diamonds, colored 
by NV absorption, showed similar ex- 
citation spectra (Y. Luo and C.M. 
Breeding, “Fluorescence produced by 
optical defects in diamond,” Summer 
2013 G&G, pp. 82-97). This red lumi- 
nescence due to NV centers is compa- 
rable to the more commonly noted 
green transmission luminescence 
from the H3 centers seen in some yel- 
low diamonds. Such yellow diamonds 
receive greenish color grades due to 
the visible influence of the green 
emission on the perceived color in 
daylight conditions. 

For most treated pink diamonds, 
red luminescence corresponds with 
and enhances the pink bodycolor (Fall 
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2011 Lab Notes, pp. 228-229), much 
like chromium-related red fluores- 
cence enhances the color of rubies. 
Since bodycolor closely corresponds 
to luminescence color for most 
treated pink diamonds, the color dif- 
ference between daylight and incan- 
descent light sources is minimal. For 
example, the 0.48 ct treated pink 
CVD synthetic diamond (figure 5, red 
trace) was color graded as Fancy Vivid 
purplish pink using a daylight-equiv- 
alent light and as Fancy Deep purplish 
pink under an incandescent light. The 
NV-related emission, excited by the 
UV to blue light, brightened the dia- 
mond in that viewing environment. 

The purplish gray bodycolor for 
this 4.29 ct treated diamond seen 
under incandescent light derived from 
the strong GR1 absorption induced by 
irradiation. The GRI1 intensity, as 
measured by 633 nm photolumines- 
cence spectroscopy and normalized 
using the diamond Raman peak, was 
compared with 20 other treated pink 
diamonds that did not show a substan- 
tial color shift. The GR1 intensity of 
this diamond was 8 times greater than 
the average value of the 20 treated pink 
diamonds and 3.5 times greater than 
the highest value. The GR1 intensity 
of this diamond was comparable to ir- 
radiated green to blue diamonds. In in- 
candescent light, the red luminescence 
appeared to provide a minimal contri- 
bution, as the modifying hue was pur- 
plish (implying a reddish component) 
and not bluish as one might reasonably 
expect for an irradiated diamond. 

Other diamonds have shown a 
shift in color grade due to appreciable 
fluorescence. Examples include the 
56.07 ct Tavernier diamond, which 
displays a brown to pink color shift (Y. 
Liu et al., “The alexandrite effect of 
the Tavernier diamond caused by flu- 
orescence,” Color Research and Ap- 
plication, Vol. 23, No. 5, 1998, pp. 
323-327), and a few type Ib diamonds 
with a NV-related color shift from 
greenish brown to orangy brown (Fall 
2011 GNI, pp. 234-235). 

Some CVD-grown diamonds also 
have shown a pink to blue color shift, 
but due to an entirely different mech- 
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if its past records as a faisqueira are main- 
tained. 

The Dattas mine became too indurated 
to hydraulick and is not rich enough to 
justify any other method. It was also divided 
into parts by a highly decomposed dike of 
a basic igneous character 30 meters wide, 
too highly decomposed for identification. 
Similar dikes also occur in the Boa Vista 
mine and in the Serrinha, where it has 
been noted that diamonds on one side differ 
from those on the other. 

All these mines were originally exploited 
as alluvials by the Bandeirantes and their 
successors and then took on a renewed life 
when massa was discovered below the gor- 
gulho or surface gravel. Garimpeiros have 
been responsible for the greater part, in 
some cases all, of these operations. Campo 
Sampaio, one of the most extensive excava- 
tions in the region, has never been worked 
by any mechanical aids worthy of the name. 
The Barro duro and Barro mole mines, 
which now represent a continuous open cut 
neatly a mile long, 20 meters deep and 
about 80 meters wide, are also a tribute 
to the garimpeiro. 

It is a strange fact that there are only 
three companies operating in Brazil, Ser- 


e Flume for carrying water at 
the Boa Vista mine. 


tinha, Boa Vista and Agua Suja in the Tri- 
angulo Mineiro, and that they are only 
producing an insignificant proportion of the 
total diamond output of Brazil. The writer 
has in his possession a list of 38 companies 
that have been formed to operate in this 
district including those mentioned above, 
Serrinha and Boa Vista. 

The first company to operate in this field 
was ofganized in France to exploit the Boa 
Vista mine but its program proved to be 
too ambitious and its transportation prob- 


¢ View of the Duro mine showing massa discarded by the 
Garimpeiros in the background. All had been carried out 
on the carrombe (wooden platter). 
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3-D FLUORESCENCE SPECTRA 
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Figure 6. These 3-D fluorescence spectra were collected using excitation 
from the UV range through the blue range of visible light (320-520 nm). 
The corresponding fluorescence spectra show that the relative intensity is 
much higher when excited by wavelengths within the visible region than 
in the UV region. This indicates that red luminescence excited by visible 
light is a greater contributor to the pink color than the UV-activated fluo- 
rescence. The 0.48 ct treated CVD synthetic shown in figure 5 demon- 
strated identical behavior—trefer to Luo and Breeding (2016) for 
comparable spectra—and indicates that NV-related luminescence con- 
tributes to the graded color in many pink diamonds that are colored by 
NV centers. The excitation artifact occurs when the emission spectrome- 
ter scans across the excitation wavelength. 


anism. In those synthetic diamonds, 
the color change was caused not by a 
difference in light sources, but by a 
temporary charge-transfer effect acti- 
vated by UV exposure. For those CVD 
synthetics with a high concentration 
of silicon impurities, UV exposure 
precipitated a charge transfer between 
negative and neutral silicon-vacancy 
centers. In one CVD specimen, the 
relative concentrations of SiV~ and 
SiV° were essentially reversed with 
UV exposure and thus influenced the 
color change from its stable color of 
Fancy brown-pink to a temporary 
Fancy Intense blue (U. D’Haenens-Jo- 
hansson et al., “CVD synthetic gem 
diamonds with high silicon-vacancy 
concentrations,” Conference on New 
Diamond and Nano Carbons, May 
2015, Shizuoka, Japan). 
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The 4.29 ct natural diamond noted 
here was HPHT annealed and irradi- 
ated to create the NV centers. It ap- 
peared to have been irradiated to a far 
greater extent than most treated pink 
diamonds, and as a result it had a sig- 
nificantly higher GR1 intensity (as 
shown in figure 5 and confirmed with 
633 nm PL). This accounts for its pur- 
plish gray color in incandescent light. 
The color change between these two 
attractive colors, along with its large 
size, makes this diamond quite un- 
usual and serves to illustrate that the 
color of treated pink diamonds is as- 
sisted by red luminescence. This stone 
also demonstrates that while multiple 
treatments can provide for some iden- 
tification challenges, they can also cre- 
ate some truly intriguing products. 

Sally Eaton-Magania 
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Very Large Artificially Irradiated 
Yellow Diamond 
Artificial irradiation and annealing to 
enhance or change color is one of the 
oldest diamond treatments. English 
chemist Sir William Crookes first dis- 
covered the effects of radiation on a 
diamond’s color, conducting experi- 
ments using radium salts in 1904. 
Today, only a very small percentage of 
all natural diamonds are irradiated, 
typically with an electron beam. Be- 
cause of the risk of damage, diamonds 
subjected to this treatment are typi- 
cally under 10 carats. 

A 59.88 ct yellow diamond (figure 
7) recently examined at the New York 
laboratory received clarity and color 
grades of SI, and Fancy Vivid yellow. 
While the face-up color distribution 
was classified as even, we observed a 
moderate color concentration along 
the culet typical of some artificially 
irradiated diamonds (figure 8). Micro- 
scopic examination showed notice- 
able crystal inclusions at 10x 
magnification as well as extensive 
burn marks across the entire surface 
of the stone. The diamond showed 
chalky blue fluorescence under long- 
wave UV excitation and medium yel- 
low fluorescence under short-wave 
UV. 

Using a desktop spectroscope, the 
diamond’s visible absorption spec- 


Figure 7. This 59.88 ct Fancy 
Vivid yellow diamond was 
treated through artificial irradia- 
tion and annealing. 
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Figure 8. Strong color concentra- 
tion along the diamond’s culet is 
evidence of artificial irradiation. 


trum revealed a series of absorption 
lines between 415 and 477 nm, in- 
dicative of a “cape” diamond. Addi- 
tionally, an unusually strong peak at 
503.2 nm (H3) was noted using a UV- 
visible spectrometer (figure 9). The 
enhancement of this H3 center is re- 
sponsible for the very desirable yel- 
low color. The infrared absorption 
spectrum showed high concentra- 
tions of nitrogen in the one-phonon 
region, indicating type Ia diamond. 
Further examination of the infrared 
region revealed a minor hydrogen de- 


fect as well as weak to moderate 
peaks at approximately 4935 cm?! 
(H1b) and 5165 cm“(H1c), further ev- 
idence of treatment. 

These features led to the conclu- 
sion that the diamond was artificially 
irradiated and annealed (by introduc- 
ing the H3 defect) to induce a more 
desirable yellow color. This was by far 
one of the largest artificially irradiated 
diamonds identified at GIA, surpass- 
ing previous examples by several 
carats (see Summer 2012 Lab Notes, 
p. 132; Winter 2014 Lab Notes, p. 
295). This diamond reiterates the im- 
portance of careful analysis, since 
even the largest stones may have un- 
dergone treatment. 


Paul Johnson and 
Christopher Vendrell 


Unusual Purple Inclusion in 
EMERALD 

Depending on geographic locality, in- 
clusions in emerald are typically sim- 
ilar from one stone to the next. We 


Figure 9. The yellow diamond's Vis-NIR absorption spectrum shows a 
strong peak corresponding to the H3 defect observed at about 503 nm. 
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expect to see classic jagged three- 
phase inclusions in Colombian emer- 
alds or blocky multiphase inclusions 
and phlogopite in Zambian emeralds, 
so it is always interesting for the 
gemologist to observe something out 
of the ordinary. The Carlsbad labora- 
tory recently examined a 7.11 ct oval 
mixed-cut emerald (figure 10), identi- 
fied by standard gemological testing. 
Microscopic examination revealed 
jagged to irregular multiphase inclu- 
sions, planes of reflective thin films, 
clarity-enhanced fractures, and—sur- 
prisingly—a fairly large purple inclu- 
sion with a subhedral form. Upon 
closer examination, distinct purple 
and near-colorless banding was visible 
(figure 11), and the inclusion proved 
to be singly refractive when viewed 
between crossed polarizers. The in- 
clusion was too deep within the stone 
to confirm its identity with Raman 
spectroscopy, but its appearance and 
optic character pointed to fluorite. 
Based on these characteristics, an- 
other possible identity could be halite, 
but this inclusion strongly resembled 
a color-banded fluorite inclusion pre- 
viously reported in emerald by GIA’s 
laboratory in 1969. In that example, 
the surface-reaching inclusion was 
identified by scraping a sample and 
analyzing it with X-ray diffraction 


Figure 10. This 7.11 ct emerald 
contains a large purple inclusion 
visible under the table. 
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Figure 11. With microscopic ex- 
amination, clear purple banding 
is apparent within this fluorite 
inclusion. Field of view 2.34 mm. 


(R.T. Liddicoat, “Developments and 
highlights at the Gem Trade Lab in 
Los Angeles,” Summer 1969 GWG, p. 
63). 

Fluorite inclusions in emerald 
have been cited from various locali- 
ties, as a product of pegmatitic/hy- 
drothermal involvement in formation 
(E.J. Gitbelin and J.I. Koivula, Photoat- 
las of Inclusions in Gemstones, Vol. 
3, Opinio Verlag, Basel, Switzerland, 
2008, pp. 354-406; D. Schwarz et al., 
“Emerald and green beryl from Cen- 
tral Nigeria,” The Journal of Gem- 
mology, Vol. 25, No. 2, 1996, pp. 
117-141). These inclusions are usu- 
ally described as colorless octahedra, 
although sometimes they are seen as 


cubes or rounded shapes. Purple 
banded fluorite is an unusual inclu- 
sion in emerald, making this an inter- 
esting and unexpected addition to an 
otherwise typical inclusion scene. 


Claire Ito 


Non-Nacreous Purple and White 
PEARLS Reportedly from 
Spondylus Species 
The Carlsbad laboratory recently ex- 
amined three non-nacreous pearls, 
weighing 7.85 to 9.85 ct and measur- 
ing from 10.50 x 10.21 mm to 12.43 x 
11.65 x 10.65 mm (figure 12). All 
three pearls exhibited similar uneven 
bodycolors and surface characteris- 
tics. They displayed purple and white 
colors with some yellowish brown 
tints and possessed a porcelaneous 
surface with mottled to clear fine 
flames. They were reportedly fished 
near Ligui, on the eastern coast of the 
Mexican state of Baja California Sur. 
Similar surface structures have 
been reported in GWG (Fall 2014 Lab 
Notes, pp. 241-242; Winter 2015 Lab 
Notes, pp. 436-437; Summer 2016 
Micro-World, pp. 202-203). A charac- 
teristic reflective blue coloration on 
the base of the 9.85 ct semi-baroque 
button (figure 13) was clearly visible 
when the flame structure was illumi- 
nated with a fiber-optic light. More- 


Figure 12. These three purple and white non-nacreous pearls weighing 
7.85, 8.37, and 9.85 ct (left to right) are reportedly from Spondylus calcifer. 
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Figure 13. The characteristic re- 
flective blue coloration of 
Spondylus pearls was visible 
within the flame structure of the 
semi-baroque button pearl when 
illuminated with a fiber-optic 
light. Field of view 5.77 mm. 


over, subsurface to surface-reaching 
acicular inclusions found in most 
Spondylus pearls examined previ- 
ously were also present in these sam- 
ples. These inclusions, which appear 
in the form of tubes or needles, are 
often associated with the flame 
structure. At first the inclusions 
were believed to be parasite chan- 
nels, which are sometimes observed 
in shells and pearls of various nacre- 
ous and non-nacreous mollusks. But 
after careful inspection they were 
seen to be part of the structure, radi- 
ating from within and reaching the 
surface in the same direction and 
with fairly consistent size and 
shape—whereas the parasite chan- 
nels are irregularly shaped and in var- 
ious sizes, running in random 
directions and usually crossing over 
each other. 

The pearls’ dimpled surface tex- 
ture appears to be caused by the 
slightly recessed openings where 
these inclusions reach the surface. 
This unique feature is also found on 
the interior of Spondylus shells in 
GIA’s Bangkok laboratory collection 
(figure 14). The resemblance between 
a pearl’s surface and the interior sur- 
face of its host are useful in identify- 
ing the mollusk species. Yet many 
marine gastropods and bivalves pro- 
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Figure 14. Subsurface to surface-reaching acicular inclusions were found 
on the interior of a Spondylus shell (left) from the GIA Bangkok reference 
collection and associated with the flame structure in a Spondylus pearl 
(right). Fields of view 1.31 mm and 2.37 mm, respectively. 


duce non-nacreous pearls, and their 
similar surface structure and color 
sometimes make mollusk identifica- 
tion challenging. As with the previ- 
ously reported Spondylus pearls, 
microradiography of all three pearls 
revealed tight structures, and no obvi- 
ous growth arcs were seen. 

The Spondylus genus (commonly 
known as “thorny” or “spiny” oyster) 
consists of about 76 living species dis- 
tributed in tropical waters around the 
world. Spondylus princeps and 
Spondylus calcifer (also known as 
Spondylus limbatus) are two of the 
main species on the western coast of 
the Americas. S. princeps is found 
from the gulf side of Baja California 
down the Pacific coast of Mexico 
through Panama to northwest Peru. S. 
calcifer is found in the Sea of Cortez 
(Mexico) and Ecuador (K. Lamprell, 
Spiny Oysters: A Revision of the Liv- 
ing Spondylus Species of the World, 
Jean Lamprell, Brisbane, Australia, 
2006). Most Spondylus pearls exam- 
ined by GIA are reportedly from 
Spondylus princeps, whose bodycolor 
is typically white to cream or various 
saturations of pink, orange, and 
brown. This is the first time GIA has 
examined pearls with such a domi- 
nant purple hue reported to be from 
Spondylus calcifer. This species has 
been recorded as producing pearls in 
Costa Rica (E. Strack, Pearls, Ruhle- 
Diebener-Verlag GmbH @& Co., 
Stuttgart, 2006, p. 59). 


Artitaya Homkrajae 
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Lead Glass—Filled 

Black Star SAPPHIRE 

Fracture and cavity filling of gem- 
stones has been practiced for hun- 
dreds of years. In recent times, this 
treatment has become more sophisti- 
cated and widespread, particularly 
with the use of lead glass, which is 
most often seen in rubies. The addi- 
tion of lead oxide (PbO) to silica glass 
lowers its working temperature and 
viscosity while raising its refractive 
index from approximately 1.5 to as 
high as 1.8. Thus, the filler has an RI 
that matches many gem materials, 
making fractures and voids virtually 
disappear. But the softness and low 
melting point of the filler create dura- 
bility issues, especially in low-quality 
filled rubies (S.F. McClure et al., 
“Identification and durability of lead 
glass-tilled rubies,” Spring 2006 
Gea, pp. 22-34). 

Common inclusion features for 
lead glass-filled ruby composites in- 
clude blue flashes from the fractures 
and trapped gas bubbles. Glass fea- 
tures can also be detected using 
Fourier-transform infrared (FTIR) 
spectrometry and energy-dispersive 
X-ray fluorescence (EDXRF) spec- 
troscopy. But if the ruby has very few 
areas that are enhanced with lead 
glass, they may not be obvious under 
magnification, and FTIR and EDXRF 
may not detect them. Real-time X-ray 
(RTX) imaging systems, used by GIA 
to identify pearl growth features and 
confirm filling in diamonds, can be 
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beneficial in differentiating between 
lead glass and ordinary glass filling in 
rubies and other gemstones. This is 
due to opacity differences, as lead 
glass has a lighter appearance than 
glass without lead. A combination of 
X-ray imaging and magnification is 
also capable of quantifying the extent 
of lead glass treatment performed on 
a gemstone. 

A 25.10 ct opaque black star sap- 
phire (figure 15) was submitted to the 
New York laboratory for identifica- 
tion. The stone contained a few hair- 
line fractures and dense golden silk 
needles. At first glance, the sapphire 
had a few features that would arouse 
suspicion for treatment, such as 
round cavities on the base and a few 
inconspicuous fractures (figure 16). 
The sapphire also had a specific grav- 
ity of 4.04, which is above the normal 
range for corundum. Natural black 
sapphire may have a higher SG due to 
abundant asterism-causing inclusions 
of rutile or hematite, both of which 
are denser than corundum. Because of 
the stone’s opacity, it was difficult to 
observe internal inclusions under 
magnification. 

Using X-ray imaging analysis (fig- 
ure 17), it was clear that the fractures 
and multiple cavities had been filled 


Figure 15. This 25.10 ct black star 
sapphire was enhanced with lead 
glass. 
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Figure 16. Gas bubbles visible in the sapphire’s cavities (left) and a thin 
fracture with different surface luster (right) indicate the possibility of lead 
glass filling. Fields of view 2.10 mm (left) and 3.90 mm (right). 


with lead glass, and this finding was 
confirmed by EDXRF. These properties 
would have been extremely difficult to 
see under normal visual magnification. 


Figure 17. Face-up (top) and pro- 
file (bottom) RTX images of the 
black star sapphire. The white 
areas indicate higher opacity in 
fractures and cavities, evidence 
of lead glass filling. Noticeable 
round gas bubbles are trapped in 
cavity fillings. 
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This is the first example of a lead 
glass-filled black star sapphire exam- 
ined in the New York laboratory. 

Akhil Sehgal 


Sapphire Rough Filled with 
Green Lead Glass 
The Carlsbad laboratory recently ex- 
amined a yellow-green hexagonal pris- 
matic crystal (figure 18, left) that was 
presented as sapphire. The rough spec- 
imen was approximately 11 mm long. 
The specific gravity was measured as 
4.00, and the stone was inert to both 
long- and short-wave UV. The identity 
of the rough sapphire was confirmed 
by Raman spectroscopy. 

Microscopic examination revealed 
that the stone was partially covered by 
drops of green glassy residue, and nu- 


merous fractures throughout it were 
filled with the same material. Also ob- 
served were numerous trapped gas 
bubbles and a prominent orange flash 
effect, consistent with a lead-glass fill- 
ing (figure 18, right). Energy-dispersive 
X-ray fluorescence (EDXRF) analysis 
confirmed the presence of lead. 

Laser ablation-inductively cou- 
pled plasma—quadrupole mass spec- 
trometry (LA-ICP-MS) was used to 
investigate the chemical composition 
of the green glassy residue. A line of 
ablation spots, positioned on one of 
the flat crystal faces, was designed to 
cross a large drop of the residue. The 
oxide weight percent profile (figure 19, 
left) revealed that the residue con- 
tained 9.3 to 9.7 wt.% B,O,, 23.7 to 
24.9 wt.% AL,O,, 12.2 to 12.6 wt.% 
SiO,, 3.6 to 4.2 wt.% CuO, 1.2 to 1.3 
wt.% CdO, and 45.4 to 47.4 wt.% 
PbO. The combined oxide weight per- 
cent of Li, Na, K, Ca, and Zr was 
around 1.5 (averaged value). The 
chemical analysis confirmed that the 
filler was lead glass. 

With such a small amount of Al 
(2.6 wt.% Al,O,) in the lead glass 
(Z.Q. Zeng and P. Hing, “Preparation 
and thermal expansion behavior of 
glass coatings for electronic applica- 
tions,” Material Chemistry and 
Physics, Vol. 75, No. 1-3, 2002, pp. 
260-264), the approximate composi- 
tion of major elements can be ob- 
tained by subtracting 24.22 wt.% 
ALO, (arising from the host sapphire 
crystal) from the total chemical com- 
position and renormalizing the sum 


Figure 18. Left: This hexagonal green sapphire rough was treated with a 
green lead-glass filling. Right: Green residue and trapped gas bubbles are 
seen in the filled fractures; field of view 2.90 mm. 
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Figure 19. Left: The wt.% oxide profile shows a strong correlation between the glassy residue and a 
high Pb concentration. Right: The lead glass shows a refractive index of 1.75 for a PbO content of 


63.3 wt.%. 


to 100 wt.% oxide (R. Barbour, Glass- 
blowing for Laboratory Technicians, 
Wellington, New Zealand, Pergamon 
Press, 1978, p. 4). The renormalized 
composition of the lead glass was 
63.3 wt.% PbO, 16.9 wt.% SiO,, 12.8 
wt.% B,O,, 5.3 wt.% CuO, and 1.7 
wt.% CdO. The PbO wt.% was plot- 
ted on the Pb wt.% oxide vs. refrac- 
tive index plot (http://physics.info/ 
refraction) and showed an RI of 1.75, 
which is very close to corundum’s RI 
of 1.76-1.77 (figure 19, right). The 
high refractive index of the glass con- 
cealed the difference in luster be- 
tween corundum and filler. 

A previous study reported on blue 
cobalt-colored lead glass-filled sap- 
phires whose color was assigned to the 
presence of a small amount of cobalt 
in the filler (T. Leeawatanasuk et al., 
“Cobalt-doped glass-filled sapphire; an 
update,” Australian Gemmologist, 
Vol. 25, No. 1, 2013, pp. 14-20). The 
green color of the glass in this speci- 
men was likely caused by the combi- 
nation of CuO (which causes a 
greenish blue color in glass) and CdS 
(which causes a yellow color; see 
B.H.W.S. De Jong et al., “Glass,” in 
Ullmann’s Encyclopedia of Industri- 
al Chemistry, Wiley-VCH, 2000, 
http://dx.doi.org/10.1002/14356007. 
al2_365). The yellowish appearance 
and the high levels of Fe (1629 to 2640 
ppmw) in the area without filler indi- 


306 Las Notes 


cate that the piece might have been a 
yellow sapphire before being filled. 
This was the first sapphire with green 
lead-glass filling examined at the 
Carlsbad laboratory. 


Ziyin Sun and Jonathan Muyal 


SYNTHETIC DIAMONDS 

Large Crystal Inclusion in 

CVD Synthetic Diamond 

Most inclusions in CVD synthetic di- 
amonds are particulate or needle-like, 
and they tend to be confined to a 
plane (Spring 2013 Lab Notes, pp. 47— 


Figure 20. This 302.3 um graphite 
inclusion encircled by tension fis- 
sures was observed in a CVD 
synthetic diamond. Subtle irides- 
cent colors resulting from strain 
were also visible around the in- 
clusion in polarized light. Field of 
view 1.42 mm. 
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49). A previous report covered a case 
where the inclusions were scattered 
throughout in a random pattern (Fall 
2014 Lab Notes, pp. 238-239), but 
even these inclusions were flat or pin- 
point-sized. A 0.90 ct transparent col- 
orless round brilliant CVD synthetic 
diamond was found to have an unusu- 
ally large compact opaque black crys- 
tal inclusion. This 302.3 ym inclusion 
(figures 20 and 21) placed it in the SI 
clarity range and, as seen in the im- 
ages, was significant in size in all 
three dimensions, unlike the usual 
geometry of CVD growth remnants. 
The inclusions that exist in a flat 
plane are thought to be related to im- 
perfections at the growth surface, and 
the plane of inclusions will generally 


Figure 21. The large graphite crys- 
tal and its radiating tension halo, 
viewed from the side through the 
pavilion. Field of view 1.42 mm. 
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line up with a growth plane seen in 
DiamondView images. DiamondView 
imaging of this specimen showed no 
growth layers, only the dislocation 
networks characteristic of CVD syn- 
thetic diamonds. 

The inclusion was most likely car- 
bon in the form of graphite, although 
attempting to collect a Raman spec- 
trum on it yielded no results. The in- 
clusion was surrounded by stress 
fractures; it is unknown whether 
these were induced during the growth 
process or resulted from a post- 
growth treatment. Polarized illumi- 
nation also revealed some iridescent 
color due to strain surrounding the 
inclusion. This sample was graded in 
the colorless range; this was a sign of 
post-growth treatment, as most CVD 
synthetics are brownish from the 
growth process (the treatment was 
confirmed by the absence of the 
596/597 nm doublet in the photolu- 
minescence spectra). 

Under microscopic examination, 
this inclusion bore a strong resem- 
blance to an inclusion one would 
find in a natural diamond. Since the 
size and structure are very different 
from anything previously seen in a 
CVD synthetic, identification based 
on these properties alone could lead 
to confusion. Luckily, Fourier-trans- 
form infrared (FTIR) spectroscopy re- 
vealed that the specimen was type 
IIa, an indication that a diamond may 
be synthetic (CVD or HPHT). Syn- 
thetic origin was proven by Dia- 
mondView images revealing growth 
patterns characteristic of CVD 
growth and large silicon-vacancy 
peaks detected by photolumines- 
cence spectroscopy. It is therefore 
prudent to undertake all testing 
needed to conclusively separate nat- 
ural and synthetic diamonds. 


Troy Ardon and Jonathan Muyal 


Screening of HPHT Synthetic Melee 
With Natural Diamonds 

Significant amounts of melee-size 
synthetic diamonds produced by both 
HPHT and CVD technologies are 
manufactured for the jewelry industry. 
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The “salting” of natural diamond 
melee parcels with HPHT-grown syn- 
thetic melee is seen more frequently 
in the trade today. This presents a 
threat to the integrity of diamond 
dealers and manufacturers who might 
unknowingly sell or use synthetic di- 
amonds and represent them as natu- 
ral. In response, GIA has introduced a 
melee analysis and screening service 
aimed at helping the trade combat this 
problem. The screening is rapid and 
relatively inexpensive. This service 
can screen large quantities of diamond 
melee and separate natural diamond 
from synthetic material (both HPHT 
and CVD grown), natural HPHT- 
processed diamond, and diamond sim- 
ulants such as cubic zirconia or 
moissanite. In addition, a color grade 
within the D-Z range can be assigned 
to each diamond. 

In August 2016, a group of 3,005 
melee with a total weight of 70.56 
carats (figure 22) was submitted to 
GIA’s New York lab for screening 
service. Initial testing using our fully 
automatic screening device, which is 
based on spectroscopic methods, 
passed 2,969 (98.7%) of them as nat- 
ural diamond. Of the remaining 36, 


Figure 22. This parcel of 3,005 
melee diamonds with a total 
weight of 70.56 carats was sub- 
mitted for analysis. 
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Figure 23. From an initial 
screening of 3,005 melee dia- 
monds, 24 specimens were re- 
ferred for further testing. Of 
these, three were HPHT-grown 
synthetic diamonds. 


12 were subsequently identified as 
natural material by methods includ- 
ing photoluminescence (PL) spec- 
troscopy, and only 24 were referred 
for further testing to confirm their 
identity as natural, treated, or syn- 
thetic diamond. 

Additional testing with Fourier- 
transform infrared (FTIR) absorption 
spectroscopy, Raman PL spec- 
troscopy, and fluorescence imaging 
techniques identified 21 of these 24 
melee as natural diamond. This 
analysis also confirmed that three 
(0.1%) of the melee in the parcel were 
HPHT-grown synthetic diamonds (fig- 
ure 23). 

This highlights the practice of 
“salting” parcels of natural diamond 
melee with a small percentage of syn- 
thetic diamond melee, and the impor- 
tance of advanced testing to identify 
them. 


Ivana Petriska Balov and 
Paul Johnson 
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Figure 24. These two treated synthetic diamonds, a 0.57 ct Fancy red and 
a 0.50 ct Fancy Vivid yellowish green, show strikingly vibrant colors 


rarely found in natural-color diamonds. 


Treated Red and Green 

HPHT SYNTHETIC DIAMONDS 
Natural-color red and green diamonds 
are extremely rare and command 
some of the highest prices in the mar- 
ket. Only a small number of natural 
diamonds have ever been graded as 
Fancy red without any modifying hues 
such as brownish red or orangy red. A 
0.57 ct round brilliant with Fancy red 
color (figure 24, left) was recently sub- 
mitted to GIA’s New York laboratory 
for a colored diamond grading report. 
It showed a heavily saturated and pure 
red color, without any modifications 
to the red hue. From another client, 
we received a 0.50 ct round brilliant 
graded as Fancy Vivid yellowish green 
(figure 24, right) for a synthetic colored 
diamond grading report. The striking 


features shared by these two speci- 
mens caught our attention. 

Examination with a standard 
gemological microscope revealed that 
both of them contained pinpoint 
clouds and metallic inclusions (figure 
25), a typical feature of synthetic dia- 
monds grown by high pressure and 
high temperature (HPHT). Mid-FTIR 
absorption spectra identified both as 
type Ib, with the relatively high con- 
centration of isolated nitrogen that is 
responsible for the yellow to brown 
color typically observed in HPHT 
synthetics (Winter 2015 Lab Notes, 
pp. 430-431). 

The strong short-wave UV radia- 
tion of the DiamondView (figure 26} 
showed red and yellowish green fluo- 
rescence in the red and green samples, 


Figure 25. A large metallic inclu- 
sion breaks the table of the Fancy 
red synthetic diamond. This in- 
clusion and the tiny pinpoint 
clouds in the background are typ- 
ical identification features of 
HPHT synthetics. Field of view 
2.85 mm. 


respectively. Furthermore, the pres- 
ence of both cubic {100} and octahe- 
dral {111} growth sectors in the 
DiamondView images suggested that 
the specimens formed with a rela- 
tively high growth rate that facilitated 
cubic and octahedral development si- 
multaneously, a strong indicator of 
synthetic origin (Winter 2015 Lab 
Notes, pp. 429-430). 

Diffused lighting showed uneven 
color zoning in both samples, consist- 
ing of their bodycolors and the yellow 
color from the isolated nitrogen con- 
tent (figure 27). Spectroscopic analysis 
revealed that the Fancy red synthetic 
had an unusually strong peak at 637 
nm (NV-~ center). This peak indicates 
color alteration by post-growth an- 
nealing (T.W. Overton and J.E. Shigley, 


Figure 26. DiamondView fluorescence images of the Fancy Vivid yellowish green synthetic diamond (left) and the 
Fancy red synthetic diamond (center and right) show similar combinations of cubic and octahedral sectors. 
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lowish green hues. While the yellow- 
ish green round brilliant received a 
synthetic colored diamond report, the 
undisclosed nature of the Fancy red’s 
growth required the lab to issue an 
identification report to properly dis- 
close its synthetic origin. 
Yixin (Jessie) Zhou and 
Paul Johnson 


a ae 
Figure 27. Under polarized light, the Fancy Vivid yellowish green syn- 
thetic diamond (left) displays patchy yellow color zoning caused by iso- 
lated nitrogen and a green color concentration on the culet caused by 
post-growth artificial irradiation treatment. The Fancy red sample (right) 
shows yellow to near-colorless zones following the cubic growth sectors, 
with the red color caused by post-growth annealing. Fields of view 7.19 
mm (left) and 4.79 mm (right). 


PHOTO CREDITS: 

Troy Ardon—1; Robison McMurtry—4; Jian 
Xin (Jae) Liao—7, 15, 23, 24; Christopher 
Venarell—8; C.D. Mengason— 10; Jonathan 
Muyal—11, 18, 19 (inset), 20, 21; Robert 


“A history of diamond treatments,” 
Spring 2008 GwG, pp. 33-55). In the 
Fancy Vivid yellowish green syn- 


cial irradiation was applied to alter the 
as-grown yellow color to vivid green. 
Both synthetic diamonds under- 


Weldon— 12; Artitaya Homkrajae—13, 14 
(left); Moging Lin—14 (right); Akhil Sehgal— 
16; Ivana Petriska Balov—22; Yixin (Jessie) 
Zhou—25, 26, 27. 


went post-growth treatment to change 
their color to the desirable red and yel- 


thetic, a concentration of green color 
on the culet area indicates that artifi- 
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Andradite in Andradite 


Recently we had the opportunity to examine a dramatic 
iridescent andradite fashioned by Falk Burger (Hard Works, 
Tucson, Arizona) from a crystal originating from the 
Tenkawa area of Nara Prefecture in Japan. Known as “rain- 
bow” andradite, this material was previously reported in 
Gems & Gemology (T. Hainschwang and F. Notari, “The 
cause of iridescence in rainbow andradite from Nara, 
Japan,” Winter 2006, pp. 248-258). The specimen was 
unique for its genesis and optical phenomenon. 

Weighing 16.79 ct and measuring 15.41 x 13.86 x 10.49 
mm, the andradite was very large for its species and local- 


Figure 1. This 16.79 ct Japanese andradite garnet 
exhibits a very unusual rhomb-shaped “hot spot” 
below the surface of one crystal face. Photo by 
Kevin Schumacher. 
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ity, but size was not what made it special. As shown in fig- 
ure 1, close examination of one of the polished crystal faces 
revealed a bright reddish orange “hot spot” in the center, 
caused by an iridescent inclusion of andradite with a dif- 
ferent crystallographic orientation than its host. As seen 
in figure 2, the inclusion’s different orientation caused the 
iridescence of the rhomb-shaped “hot spot” to appear and 
disappear as the light source was passed over the crystal’s 
surface. To see the iridescence from both the host and in- 
clusion at the same time, two light sources from opposite 
directions must be used due to the different crystallo- 
graphic orientation of the host and inclusion. This elusive 
optical phenomenon made this Japanese andradite crystal 
extremely interesting for any aspiring inclusionist. 


John I. Koivula 
GIA, Carlsbad 


Unusual Growth Zoning in Beryl 


An aquamarine crystal from Pakistan recently examined by 
the authors showed a rather dramatic inclusion scene in 
which several cracks were lined with a vivid blue col- 
oration. We theorize that this relatively pale blue aquama- 
rine developed cracks while in the growth environment. 
Subsequently, the nutrient solution may have shifted out 
of equilibrium with the beryl crystal, resulting in a rela- 


About the banner: Multiple pinpoint light sources were carefully oriented to 
emphasize this scene, reminiscent of a landscape, within opal in rhyolite 
from Jalisco, Mexico. Photomicrograph by Danny J. Sanchez; field of view 
3.05 mm. 


Editors’ note: Interested contributors should contact Nathan Renfro at 
nrentro@gia.edu for submission information. 
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¢ Workmen engaged in constructing 
flume which carries away the diverted 
stream of the river bed. 


lem too expensive. It tried to divert the 
Jequitinhonha through a loop of the letter 
S at Logea Secca, but did not succeed in 
making the canal deep enough. At Boa 
Vista it installed a pump weighing many 
tons from which the writer subsequently 
sold nearly Cr. 20,000.00 worth of scrap, 
including bronze fittings, at a price when 
sctap was hardly worth anything. It at- 
tempted to exploit the Pacao Moreira which 
is one of the most difficult of its kind in 
the Jequitinhonha. Its operations on the 
Parauna river were also a failure. 

About the same time an American, Meyer 
by name, formed a number of companies in 


e Various formations showing 
weathering of rock in Diaman- 
tina. 


the United States—in Pittsburgh, Cleveland, 
Chicago, and New York as well as several 
in England. These, however, have been mere 
stock selling propositions since they never 
achieved anything but failure. Some of 
them, in fact, never even got started. One 
was formed to dredge the Jequitinhonha but 
the dredge was bought by tender from the 
scrap heaps of California and proved almost 
impossible to assemble when it finally ar- 
rived at its destination. One of its operators, 
Christie M. Spangler, mining on his own 
account, subsequently took out a fortune 
from Tiririca, one of the very areas in which 
the dredge was supposed to operate. Another 
was ofiginally one of Buffalo Bill’s rough 
riders and stunt artists who, in later life, 
gained part of his living by riding around 
the country with a trained fortunetelling 
canary. 

Two of the most dismal failures were 
formed in England, the Sopa and Cascalho 
Syndicates. The Sopa Company, whose pro- 
moters wete eventually compelled to return 
some of its subscribed capital, should never 
have been started for reasons already stated 
above. The Cascalho Syndicate owned and 
intended to exploit the Dona Maria and Ilha 
properties on the Jequitinhonha, below 
Mendanha, from which sensational results 
are now being obtained. The first World 
War prevented acquisitions of the neces- 
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Figure 2. Using two oblique fiber-optic light sources from opposing directions, the iridescent surface of the host 
crystal and inclusion can be seen at the same time (center). Viewed with only one fiber-optic light, the irides- 
cence on either the host or the inclusion alone can be seen because of their different crystallographic orienta- 
tions. Photomicrographs by Nathan Renfro; field of view 5.11 mm. 


tively quick dissolution along the cracks. After some period 
of time, there appears to have been a modification of the 
nutrient solution and/or growth conditions in which pre- 
cipitation of beryl became favorable once again. This second 
generation of growth had a distinctly different trace ele- 
ment composition, resulting in a strongly saturated blue 
coloration (figure 3) that made the boundary between the 
primary and secondary growth layers readily apparent (for 
previously documented examples of second-generation 
growth, see E. J. Giibelin and J. I. Koivula, Photoatlas of In- 
clusions in Gemstones, Vol. 2, Opinio Verlag, Basel, 
Switzerland, 2005, pp. 249-250). Chemical analysis by laser 
ablation—inductively coupled plasma—mass spectrometry 
(LA-ICP-MS) confirmed that both zones were in fact beryl 
and revealed elevated levels of iron in the dark blue layers, 
which accounts for their darker color (G.R. Rossman, 
“Color in gems: The new technologies,” Summer 1981 
GweG, pp. 60-71). The trace elements Na, Mg, Sc, Ti, V, and 
Mn were also elevated in the dark blue areas. This dramatic 


Figure 3. This aquamarine, shown in plane-polarized 
light, has a dramatic secondary growth layer that is 
much more saturated in color than the crystal’s pri- 
mary growth. Photomicrograph by Nathan Renfro; 
field of view 2.45 mm. 


change in chemical composition further supports our the- 
ory that there was a significant modification of the nutrient 
solution in the crystal’s growth environment. This striking 
specimen shows how complex and dynamic the “birth- 
places” of gems can be. 


Nathan Renfro and Ziyin Sun 
GIA, Carlsbad 


Growth Blockages in Cat’s-Eye Beryllonite 


The sodium beryllium phosphate mineral beryllonite 
(NaBePO,) is a rare gem coveted by collectors. The material 
is typically fashioned as a transparent colorless faceted 
stone but occasionally as a cat’s-eye cabochon (figure 4). 
Recently, an interesting colorless rough specimen studied 
at GIA’s Carlsbad laboratory exhibited an unusually sharp, 
obvious separation between two regions. One area con- 
tained a high density of hollow tubes, while the other was 
clean and transparent. 


Figure 4. Left to right: a cat’s-eye beryllonite cabo- 
chon, two faceted transparent colorless samples, and a 
partially polished specimen with clean areas and 
growth tubes. The larger faceted stone in the center 
weighs 1.90 ct. The rough on the far right is the speci- 
men from this study. Photo by Kevin Schumacher. 
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Figure 5. Two-phase inclusions and parallel tubes in a 
colorless beryllonite are the result of growth block- 
ages created by tiny crystal inclusions, shown in dif- 
fused transmitted lighting. Photomicrograph by 
Jonathan Muyal; field of view 2.88 mm. 


Chatoyant beryllonite gems have been reported previ- 
ously (Spring 1991 GNI, pp. 47-48), but this peculiar spec- 
imen offers a clue to the mechanism that gives rise to the 
chatoyant phenomenon. The answer lies in the separation 
between the two regions, which is where minute inclu- 
sions (figure 5) were deposited during growth of the crystal. 
This created a localized blockage of necessary nutrients, 
preventing growth of the host mineral and leaving behind 
the parallel tubes (Summer 2010 Lab Notes, pp. 55-56). 
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This collector's cat’s-eye beryllonite, with its beautiful con- 
trasting black-and-white inclusion scene, furthers our un- 
derstanding of chatoyancy in this mineral. 


Jonathan Muyal and Ziyin Sun 
GIA, Carlsbad 


Iridescent Inclusion in Tanzanite 


Gemmy blue zoisite, more commonly known as tanzanite, 
is valued for its pleasing violet to blue hue. One tanzanite 
specimen from Merelani, Tanzania, was purchased by the 
author for an entirely different aesthetic feature: its well- 
defined, minimally damaged crystal faces. Microscopic ob- 
servation uncovered a hidden bounty of color just below 
the surface, particularly when subjected to metal halide 
oblique lighting. Crystallographically aligned, vividly iri- 
descent colors resulting from fine separations along the 
stone’s cleavage planes (figure 6) were visible using fiber- 
optic light. 

Photographing inclusions can be challenging, to say the 
least. When light enters the host material, each delicately 
nuanced feature is affected in unpredictable ways. Docu- 
menting surface textures or crystal faces is equally difficult; 
the challenges are manifold when attempting to photograph 
both simultaneously. Knowledge of lighting techniques is 
useful in such situations (N. Renfro, “Digital photomicrog- 
raphy for gemologists,”” Summer 2015 GWG, pp. 144-150). 
In this instance, a combination of diffused lighting and direct 
pinpoint lighting was used to illuminate both features. Low- 
intensity diffused light was reflected from the surface of the 
stone so as to illuminate the crystal faces without overpow- 
ering the iridescent colors brought from below. Once lit, a 


Figure 6. The irides- 
cence in this tanzanite 
hints at the complex 
and dynamic world just 
below the surface, in 
the form of crystallo- 
graphically aligned iri- 
descent cleavage. 
Photomicrograph by 
Danny Sanchez; field of 
view 3 mm. 
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short “stack” of images captured the appropriate amount of 
depth into the stone. 


Danny Sanchez 
Los Angeles 


Mobile Fluorite in Quartz 


In 2005, a deposit in Madagascar yielded quartz that 
showed beautiful blue to purple octahedral fluorite crystal 
inclusions (Summer 2005 GNI, pp. 180-181). This author 
recently examined a unique example of this material in 
which a fluorite crystal was much smaller than the cavity 
it occupied (figure 7). The difference in size allowed the flu- 
orite to move freely within the void. Also present in the 
void and surrounding the fluorite crystal were an aqueous 
liquid and a small gas bubble. Because the cavity was an 
octahedron, a shape not related to quartz morphology, it is 
assumed that the fluorite was originally much larger and 
defined the shape of the void while in that larger state. Also 
observed was a secondary healed crack that broke from the 
surface of the quartz to the void while it was still in the 
growth environment. This crack allowed fluids that were 
not in equilibrium with the fluorite to partially dissolve it 
before the crack healed, trapping the much smaller fluorite 
remnant in the void. Mobile inclusions in gems such as 
this example are rare and fascinating to observe. 


Nathan Renfro 


Etch Marks, Negative Crystals, and Etch Tubes in 
Spinel from Madagascar 

During a recent study of blue sapphires from the Ilakaka 
region in Madagascar, the authors discovered a stone with 
an unusual appearance. Mixed in a parcel of blue sapphires 
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Figure 7. This violet- 
colored fluorite crystal 
was free to move in its 
octahedral void, as seen 
in four different posi- 
tions. Photomicrographs 
by Nathan Renfro; field 
of view 7.18 mm. 


purchased from Malagasy sapphire miner Nirina Rakoto- 
saona was a 2.18 ct blue pebble (figure 8). RI(1.718) and SG 
(3.62) measurements identified it as a spinel. Mr. Rakoto- 
saona had mined these stones near Antsoa village, along 
the Taheza River. Magnification revealed numerous trian- 
gular etch marks on the surface, which is not uncommon 
for spinel (Summer 2004 Lab Notes, p. 168). The frosted 
surface of the stone made it difficult to study its internal 
features, so we polished a window in order to observe 
them. 

What we found was a spectacular internal world, with 
several well-developed negative crystals associated with 
etch tubes (figure 9). These etch features were character- 
ized by a narrowing of the tubes toward the center of the 


Figure 8. The multitude of negative crystals and 
growth tubes in the 2.18 ct spinel pebble are exposed 
under fiber-optic light. Photo by Victoria Raynaud; 
field of view 13.11 mm. 
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very long etch tubes within the spinel. The triangular 
etch marks are visible in the background. The image 
was taken using a combination of brightfield and 
fiber-optic lighting. Photomicrograph by Victoria 
Raynaud; field of view 2.67 mm. 


crystal, indicating that they were produced by dissolution 
of spinel after the crystal had formed. This preferential dis- 
solution was located at weaker structural zones in the 
spinel, which might be related to the presence of the neg- 
ative crystals. 

While all the negative crystals were aligned and had the 
overall classic octahedral form for spinel, they also showed 
modifications such as twinning and short stubby etching 
(figure 10). The etch tubes radiated outward from these 
negative inclusions or passed through them. Etch tubes are 
well known in sapphires from Madagascar, but this stone 
shows they can also be found in blue spinels from the is- 
land. It was this etching that made for one of the most in- 
teresting inclusion scenes the authors have encountered. 


Victoria Raynaud and Wim Vertriest 
GIA, Bangkok 


Figure 10. Octagonal negative crystals associated 
with slender etch tubes, seen under a fiber-optic light. 
Photomicrograph by Victoria Raynaud; field of view 
1.44 mm. 
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Sphalerite in Topaz 


A 6.54 ct colorless topaz specimen hosting eye-visible dark 
crystals was examined at GIA’s Carlsbad laboratory. The 
crystals exhibited a submetallic luster and showed isomet- 
ric morphology with step-like growth (figure 11). Some also 
displayed slightly corroded rounded edges with a reflective 
iridescent interface. The corroded appearance suggested 
that these dark crystals are protogenetic inclusions that 
were present in the growth environment before the topaz 
began to form. Raman spectrometry and LA-ICP-MS analy- 
sis confirmed that the inclusions were sphalerite, a zinc- 
iron sulfide with the formula (Zn,Fe)S. Fluid inclusions 
were also observed in this topaz. 

Sphalerite has been described in the literature as a col- 
lector’s gem for its rarity and beautiful luster (Summer 
1992, Gem News, p. 202). This is the first documented ex- 
ample of sphalerite as a crystal inclusion in colorless topaz, 
making it an unusual collector’s gemstone. 


Jonathan Muyal, Ziyin Sun, and Nathan Renfro 
GIA, Carlsbad 


Aaron Palke 
University of Queensland and Queensland Museum 
Brisbane, Australia 


Tourmaline Termination 


Depending on their size, large tourmaline crystals are 
known as “hand” or “cabinet” mineral specimens. To be 
used in jewelry, specimens of sufficient quality must be 
cut to a suitable size. This generally results in all of the 
natural surfaces being ground off and polished away. On 
occasion, however, a natural surface on a crystal is so in- 


Figure 11. Oblique diffuse illumination reveals the 
scene within a colorless topaz. Its sphalerite inclu- 
sions all feature an isometric crystal habit, metallic 
luster reflections, and subtle iridescent interface col- 
ors. Photomicrograph by Jonathan Muyal,; field of 
view 4.79 mm. 
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Figure 12. Highlighted by blue and pink color accents, 
trigonal growth features are clearly visible on the sur- 

face of this 42.78 ct polished tourmaline termination. 

Photo by Kevin Schumacher. 


teresting that it is preserved and used as a gem in its own 
right. Such was the case with a blue cap elbaite tourmaline 
(figure 12) from Fianarantsoa, Madagascar. 


During the cutting of this tourmaline, gem artist Falk 
Burger (Hard Works, Tucson, Arizona) saved the blue cap 
termination by sawing it off into a thin plate and mirror- 
polishing the sawn surface, thereby accentuating its re- 
markable trigonal growth features and pink and blue color 
zoning (figure 13, left). This resulted in the beautiful and 
unique designer gem seen in figure 12, which weighed 
42.78 ct and measured 37.23 x 31.97 x 3.60 mm. 

This gem was also very interesting when examined 
through a microscope (figure 13, right). In crossed polarizers, 
while looking perpendicular to the polished plate, interfer- 
ence colors were clearly visible, accentuating the growth of 
the tourmaline. 


John I. Koivula 


Quarterly Crystal: Quartz with Axinite 


In their September-October 1982 Mineralogical Record 
article, D. Pohl et al. described a discovery of ferroaxinite 
from New Melones Dam in Calaveras County, California. 
There was a very brief mention of ferroaxinite inclusions 
in quartz, but no illustrations of the inclusions were pro- 
vided. Recent exploration of the Calaveras County local- 
ity by one of the authors (JM) led to the discovery of a 
large pocket that produced some beautiful axinite and 
quartz specimens (figure 14) containing bladed inclusions 
of ferroaxinite. 

This new mineralized pocket was situated on the edge 
of a ledge and had a different geological appearance than 
the surrounding area. Successive layers within the pocket, 
6-12 cm in thickness, were composed of metagabbro and 
crushed coarse rock crystal quartz that contained well-de- 
veloped single quartz crystals measuring up to 9 cm in 
length and 6 cm in diameter. These crystals displayed both 
long and short columnar habits. Also found within them 
were crushed coarse crystalline axinite and mats of small 


Figure 13. Left: Using diffused transmitted light, contrasting pink and blue color zoning is seen. Right: Viewing the 
tourmaline through crossed polarizers and looking perpendicular to the polished plate, interference colors were 
clearly visible. Photomicrographs by Nathan Renfro; field of view 23.95 mm. 
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epidote needles. Cracks in the crystals allowed quartz- 
forming fluids to seep through and crystallize on the sur- 
face of the metagabbro, often surrounding both the epidote 
matting and a mixed layer consisting of chlorite/ 
axinite/epidote. 

The large pocket, measuring approximately 7 feet deep, 
4 feet wide, and 6 feet long, produced almost 2,000 pounds 
of quartz. The specimens ranged from translucent to ex- 
tremely clear and varied in size from 1 to 18 cm. Some of 
them contained axinite or chlorite phantoms as well as full 
and partial inclusions of bladed axinite floater crystals. 
This huge pocket also produced several spectacular plates 
of axinite, with individual crystals measuring up to 8 cm 
long, along with floater crystals of similar dimensions. 

The axinite inclusions themselves displayed the typi- 
cal bladed habit expected for this mineral. When examined 
with polarized light, they also showed pronounced 
pleochroism, from a light brown (figure 15, left) to a more 
intense pinkish purple (figure 15, right). This represents 
the first visual record of axinite inclusions in quartz pub- 
lished in the gemological and mineralogical literature. 


John Miatech Figure 14. Two examples of quartz with inclusions of 
Kelseyville, California ferroaxinite from the New Melones Dam in Calaveras 
John I. Koivula County, California. The larger specimen measures 
GIA, Carlsbad 65.28 mm tall. Photo by Kevin Schumacher. 


Figure 15. With plane- 

_ polarized light, the axi- 
nite inclusions in quartz 
show very distinct 
pleochroism. Both of 
these images were taken 
with the polarizer ro- 
tated at approximately 
90 degrees from each 
other. Photomicrographs 
by John I. Koivula; field 
of view 9.0 mm. 
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COLORED STONES AND ORGANIC MATERIALS 


Aquamarine from a new primary deposit in Mexico. Sci- 
entists still have not adequately surveyed Mexico from a 
mineralogical or gemological point of view. But recent 
finds of amazonite, jadeite, topazolite, demantoid, and 
labradorite demonstrate the importance of systematic re- 
search of the Mexican subsoil, which may lead to the dis- 
covery of other gemstones and gem localities (M. 
Ostrooumoy, “Gemstones from Mexico—A review,” Sum- 
mer 2011 GwaG, p. 141). 

Recently, the author discovered transparent blue crys- 
tals with hexagonal-prismatic habit in a granitic pluton in 
the hills of Guadalcazar municipality, San Luis Potosi State, 
in north-central Mexico. These crystals, the largest of which 
measured 12.04 x 5.68 x 4.57 mm, were embedded in a single 
quartz vein in association with muscovite (figure 1). All ob- 
served aquamarine crystals were generally characterized by 
a lighter blue tone, lacking visible inclusions. The samples 
were submitted for identification at the Institute of Earth Sci- 
ences at the University of Michoacan in Morelia, Mexico. 

Standard gemological testing yielded the following 
properties: refractive index (RI)—n,=1.582-1.587 and 
n,=1.575-1.580; pleochroism—strong blue and near-color- 
less; birefringence—O0.007, with a uniaxial negative optic 
sign, hydrostatic specific gravity (SG}2.70-2.71; fluores- 
cence—inert to both long- and short-wave UV radiation. 
These properties suggested beryl, which we later con- 
firmed with UV-Vis-NIR and infrared reflection spec- 
troscopy and Raman microprobe. 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 

Gems & GEMOLOGY, VOL. 52, No. 3, pp. 317-330. 
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UV-Vis-NIR spectroscopy showed absorption bands at 
428, 452, 575, 630, and 805-815 nm. Narrow, weak absorp- 
tion lines at 428 and 452 nm are attributed to the spin- 
forbidden transition of six-coordinated Fe**. A broad intense 
band at 575 nm and a much weaker line at 630 nm, which 
are responsible for the aquamarine color, are assigned to an 
Fe*"-O-Fe** intervalence charge transfer transition (A.S. 
Marfunin, Advanced Mineralogy, Vol. 2, Springer-Verlag, 
Berlin, 1995, pp. 113-114). Finally, an intense broad band 
at approximately 805-815 nm is attributed to spin-allowed 
transitions of Fe**. 

Infrared reflection spectroscopy and Raman microprobe 
are methods of “fingerprinting,” and a combination of 


Figure 1. Aquamarine was recently discovered in San 
Luis Potosi State in north-central Mexico. Here the 
aquamarine is shown in association with muscovite 
and quartz. The approximate size of the visible aqua- 
marine crystal is 12.04 x 5.68 x 4.57 mm. Photo by M. 
Ostrooumov. 
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Figure 2. Infrared reflection spectra and Raman micro- 
probe results of the samples confirm their aquamarine 
identity. The IR spectrum at the top is from the {1010} 
orientation, while the middle spectrum shows the 
{0001} orientation. The bottom plot shows the unori- 
ented Raman microprobe results, with principal peaks 
at 322, 396, 447, 528, 684, 773, 916, 1011, and 1068 cnr". 


these techniques permits the user to identify a wide range 
of mineralogical, gemological, and archaeological objects 
(M. Ostrooumoy, “Infrared reflection spectrometry analy- 
sis as anon-destructive method of characterizing minerals 
and stone materials in geoarchaeological and archaeo- 
metric applications,” Geoarchaeology, Vol. 24, No. 5, 
2009, pp. 619-637). 

This study confirmed that the crystals belonged to the 
beryl group (http://rruff.info). The infrared reflection spectra 
were obtained on oriented crystal faces {0001} and {1010} 
in order to take into account the effect of orientation (figure 
2, top and middle). These results indicate the presence of 
the typical Be-O band vibrations at 743-807 cm and 
1215-1276 cm. The infrared absorption spectra showed 
the presence of hydroxyl groups with a prominent band at 
3450 cm"! and a secondary band at about 3558 cm! due to 
the fundamental OH stretching vibration of water mole- 
cules, as well as the water-bending vibration at approxi- 
mately 1630 cm". The Raman microprobe spectra (figure 2, 
bottom) showed excellent agreement with a reference spec- 
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trum for aquamarine from Ilmen, Russia, in the author's FT- 
Raman database (http://www.mineralog.net). The Raman 
spectra of aquamarine in the water range from 3700 to 3500 
cm! using 532 nm excitation wavelength showed two 
Raman bands at 3608 and 3598 cm-! with different intensi- 
ties. Water molecules in the channels are classified as type 
I or type II according to their orientation to the beryl struc- 
ture. The Raman band at 3608 cm is assigned to the vibra- 
tion of type I water, and the Raman band at 3598 cm"! is 
ascribed to the vibration of type II water molecules. UV-Vis- 
NIR, infrared reflection, and Raman microprobe techniques, 
as well as standard gemological testing, confirmed the dis- 
covery of aquamarine in the Guadalcazar granitoid deposits 
of San Luis Potosi State. 

The recent discovery of in situ aquamarine in Mexico 
has renewed interest in the geology and mineralogy of gem 
deposits in that country. More discoveries are anticipated 
with further exploration in the region. 


Mikhail Ostrooumov (ostroum@ umich.mx) 
University of Michoacan, Institute of Earth Sciences 
Morelia, Michoacan, Mexico 


Update on colored gemstone mining in Tanzania. A team 
of GIA field gemologists visited Tanzanian mines in the 
summer of 2016 to collect ruby and sapphire for GIA’s ref- 
erence collection and explore new sources of colored 
stones. The field expedition, led by these authors, visited 
many known Tanzanian gem localities as well as new de- 
posits at Loolera, Kibuko (figure 3), Lutela, Amani Makoro, 
and Ngapa. The trip was made possible by the support of 
Mark Saul of Swala Gem Traders (Arusha, Tanzania), Tan- 
zanian gem broker Justin Mmbaga, and several regional 
mining officers. We found that the most active colored 
gemstone mining area is still Merelani, which produces 
tanzanite and green grossular garnet. Ruby and sapphire 
output has been relatively low since the 2009 discovery of 
the ruby deposit in Montepuez, Mozambique, as confirmed 
by our Tanzanian sources. 

Tanzanian miners supply stones to licensed brokers, 
who are allowed to buy and transport gems within the 
country. These brokers sell to licensed master dealers, who 
are allowed to export internationally. These master dealers 
are mainly located in Dar es Salaam and Arusha. While we 
met Thai and Sri Lankan buyers in Mahenge, Songea, and 
Tunduru, foreigners must have approval from regional 
mining officers and possess a proper business visa to visit 
the deposits. This is particularly enforced in southern Tan- 
zania; around Songea, we met immigration officers who 
were “hunting for foreigners.” 

Our journey started in Longido, where rubies were dis- 
covered about 100 years ago (D. Dirlam et al., “Gem wealth 
of Tanzania,” Summer 1992, GWG, pp. 80-102). The main 
operation in the Longido area is the Mundarara ruby mine, 
currently Tanzania's largest, with a workforce of 78 people. 
The gems are extracted from an underground tunnel about 
200 meters deep crossed by several horizontal tunnels that 


Gems & GEMOLOGY FALL 2016 


host most of the production. The mine yields ruby in 
zoisite (suitable for carving), as well as some cabochon- and 
facet-grade material of a very deep red color. The color is 
reminiscent of rubies from Mozambique. 

We continued to the Umba River, where Tanzanian 
sapphire production began after World War II and a ruby- 
bearing area was discovered by Georges “Papas” Papae- 
liopoulos in the 1950s (again, see Dirlam et al., 1992). The 
situation has changed significantly since author VP visited 
in 2005 and 2009. At the time there was a dispute between 
the company working the deposit, called “Amazon,” and 
local communities. The dispute ended with the govern- 
ment revoking Amazon’s license. During our 2016 expedi- 
tion, we witnessed about 40 small-scale local miners using 
hand tools to work the primary deposit discovered by Pa- 
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Figure 3. A view of the 
pink sapphire mining 
pit at Kibuko, in the 
Uluguru Mountains of 
Tanzania. Photo by 
Vincent Pardieu/GIA. 


paeliopoulos, as well as secondary deposits scattered along 
the banks of the Umba. Most of the production is traded 
each evening around the Mississippi Hotel in Umba. 

In the Kilindi area, about halfway between Umba and 
Winza, a new ruby deposit has been discovered near the Maa- 
sai village of Loolera. This site, located atop a hill, produces 
gems very similar to those found near Winza in 2007. We vis- 
ited the area with the support of the village leader, who said 
the first rubies were found about 10 years ago, but the quality 
of the stones was low. A few miners were working the de- 
posit sporadically using hand tools. But in April 2016, some 
good-quality material was found in amphibole matrix, at- 
tracting considerable interest. About 25 mining licenses were 
issued during the summer of 2016, but there is a sense that 
the area is under the control of a few major players. 
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The deposit where the first rubies at Loolera were found 
is owned by a miner called Dr. Ozu. The mining pit ap- 
peared to be about 90 meters deep, but we could not inspect 
the tunnel as Dr. Ozu was not present. We studied the en- 
trance and looked through the tailings near the pit. In these 
rejects we found many small fragments of rubies associated 
with garnets, amphibole, mica, and feldspar. Although the 
material we saw resembled Winza ruby, the stones con- 
tained minute particles that gave them a milky aspect. 

Our next stop was Winza, where an important gem 
rush occurred in 2007-2008 (D. Schwarz et al., “Rubies and 
sapphires from Winza, central Tanzania,” Winter 2008 
Gwe, pp. 322-347; V. Pardieu, “The Winza ruby and sap- 
phire mining area, Mpwapwa district, Dodoma province, 
Tanzania,” www.fieldgemology.org, 2009). The main min- 
ing area at Mtakanini was nearly deserted. An old rusted 
washing plant was visible, but due to mechanical problems 
it had not washed any stones in more than a year. We esti- 
mated that a handful of people were still mining around 
Mtakanini, mainly at primary deposits in underground 
tunnels, some of which were over 100 meters deep. Work- 
ing conditions are difficult, as the rock is hard and the tun- 
nels are prone to flooding. We learned that several brief 
ruby rushes occurred nearby at Godegode, Makutop, Mag- 
aseni, Singonali, and Berega. In Morogoro Province, two 
ruby and spinel mining areas have been exploited since the 
1980s. One is located just east of Morogoro in the Uluguru 
Mountains, and the second is about 150 km south near Ma- 
henge. Most of the gem trade in the Uluguru Mountain re- 
gion is in Mkuyuni, while the mining takes place near 
Matombo, Ngongolo, Mwaraze, and Kibuko. In Matombo 
we witnessed about 30 people retrieving pink spinel and 
rubies from a secondary deposit near Kiswila. Near 


Figure 4. Pink sapphires from the new deposit near 
Kibuko. Photo by Vincent Pardieu/GIA. 
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Figure 5. This garnet was mined from the new 
deposit in Lutela, Tanzania. Photo by Vincent 
Pardieu/GIA. 


Ngongolo, we visited four small-scale operations where lo- 
cals with hand tools were mining small rubies in marble 
associated with pyrite, graphite, and mica. 

Near Kibuko, a new pink sapphire deposit was worked 
by about 10 miners on a site owned by Luciano Kipanzi, 
who took over the area in 2015. Pink sapphires up to 100 
carats are associated with carbonates and pyrite in a pri- 
mary deposit (figure 4). Most of the stones were the milky 
“geuda” type, but there was some transparent facet-grade 
material with very fine crystallization. The mine had evi- 
dently yielded about 20 kg of sapphire, from cabochon- to 
facet-grade, during the previous six months. Nearby, three 
groups of small-scale miners were uncovering a limited 
amount of similar stones from secondary deposits. 

The Mahenge district, known for spinel and ruby, is the 
second most active gemstone mining area in Tanzania. Re- 
cent discoveries of graphite near Ipanko and garnet near 
Lutela (the latter in February 2016) have kindled interest in 
the area. The new alluvial deposit produces an interesting 
range of attractive garnets (figure 5), from light “champagne” 
to deeper saturated rhodolite, including some color-shifting 
stones. We saw some clean stones weighing up to 20 ct and 
heard about others as large as 60 ct. About 100 miners were 
still working the alluvial deposit. Activity was already slow- 
ing; we were told that a few months earlier, up to 300 miners 
were in the valley. This secondary deposit is rapidly deplet- 
ing, and so far no primary deposit has been located. 

Ipanko is still the main spinel deposit in the region. Au- 
thor VP noticed that the pits were much larger than in 
2012, meaning that the area had been mined since then. 
Nevertheless, the activity seemed slow compared to 2012: 
Several excavators were working secondary deposits, 
whereas small-scale miners once worked individual plots, 
called “boxes” by the locals. The nearby primary spinel de- 
posit was still active, with about 400 people mining red 
spinel and only a few working on rubies. We then visited 
several small-scale ruby deposits along the Lukande River, 
including three operations working either primary or sec- 
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sary plant without which it failed to yield 
a profit. 

These ate only a few of the highlights of 
the past histoty of this field which, from 
1728 to the discovery of the South African 
mines, was the principal source of supply 
of the world’s diamonds and still produces 
an appreciable percentage of the Brazilian 
output. 

As previously stated, mining is done 
principally by the garimpeiro but, con- 
fronted by the present high cost of living 
and attracted by higher wages elsewhere, 
the old timers are leaving the district in 
ever increasing numbers. The younger gen- 
eration has only one ambition, to become 
chauffeurs and truck drivers. It is evident 
from these facts that these Diamantina fields 
are doomed to failure as far as mining by 
the garimpeiro is concetned. But, as long 
as the Jequitinhonha river continues to 
wind its way to the sea, there is always a 
hope that dredges will replace the garim- 


peiro. 

Although the Jequitinhonha has prac- 
tically been gutted from its source down 
to Mendanha below this point, it is intact 
except for a few minor operations at dif- 
ferent points. Along its entite course it is 
being fed by rivers which have their sources 
in or near diamond bearing areas. By these 
successive stages it has been enriched from 
point to point, even down as far as its 
entry to the sea where the Salobro field 
testifies an unbroken sequence of enrichment 
in both gold and diamonds. Excluding a 
few quartzite barriers, drilling tests have 
proved that it is eminently suitable for 
dredging and the fact that it contains both 
gold and diamonds should insure that either 
one or the other will cover operating ex- 
penses. This is a feature which has not 
been duplicated elsewhere in the history of 
dredging and constitutes one of the most 
potent reasons for confidence in the future 
of Diamantina. 


© Bird’s-eye view of the city of Diamantina. 
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Figure 6. This blue sapphire rough, weighing about 7 
ct, is from the new deposit at Ngapa, near Tunduru. 
Photo by Vincent Pardieu/GIA. 


ondary deposits. As in the Uluguru Mountains, the rubies 
from these areas come from marble-type deposits. We saw 
about 50 miners working around Lukande, Kwam Somali, 
Mayote, Chipa, Ibogoma, Gombe, and Kitonga during the 
dry season, retrieving cabochon-grade rubies along with 
smaller facet-grade material. During the rainy season, these 
workers focus on gold mining or farming. 

Our last visit was the region around Songea and Tun- 
duru, where sapphire production began in the 1990s. The 
Songea deposit, discovered in 1992, was quite productive 
until the discovery of fine blue, yellow, and pink sapphires 
near Tunduru in 1994. The deposit was nearly inactive 
until the early 2000s, when the newly developed beryllium 
diffusion treatment was able to turn Songea’s muddy green 
and brownish purple stones into attractive yellow to or- 
ange sapphires. In Songea, we heard of a new discovery at 
Amani Makoro, close to the old diggings around Ngem- 
bambili and Masuguru. In Amani Makoro, we witnessed 
about 200 miners in a swampy area using hand tools. The 
aspect and quality of the stones was similar to those from 
Ngembambili and Masuguru. Overall, about 300 people are 
still mining or trading gems around Songea. According to 
the regional mining officer, nine Thai merchants are regis- 
tered buyers here. Songea still seems to be Tanzania’s most 
active sapphire mining area. 

The region east of Tunduru, located along the 
Muhuwesi, Lumesule, and Ruvuma rivers and up through 
Ngapa and Kitowelo, is known to produce blue, yellow, 
green, pink, and purple sapphires, and rarely rubies. The 
deposits, discovered by Swiss gem merchant Werner Spal- 
tenstein in 1994, were very active until 1999, when buyers 
left Tunduru for the newly discovered sapphire deposits of 
Takaka, Madagascar. 

A paved road linking Tunduru to the coast and then 
Songea should be finished in 2017, making these areas 
much less isolated. Around Tunduru, a new environmental 
law that forbids mining within 60 meters of a stream or a 
river is creating issues, as most of the mining there takes 
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place in riverbeds. Last year Mr. Spaltenstein had to stop 
his mechanized operation because of that law, though local 
authorities seem to be more tolerant of small-scale miners. 
While the area is much less active than when VP visited 
in 2005 and 2008, we estimate that about 400 to 500 min- 
ers are working around Tunduru. In the town, we found 10 
Sri Lankan and three Thai buying offices. In the main gem- 
producing area there was a small rush in Ngapa, near Ki- 
towelo and the area known as the “DSM Box” (figure 6). 
We were told the area produces some good blue, pink, and 
purple sapphire rough weighing up to 50 ct; fine sapphire 
of this size was previously unknown in Tunduru. The sec- 
ond most active place was Muhuwesi, where several 
groups of small-scale miners are reportedly working. 

The post-2009 downturn of Tanzania’s ruby and sap- 
phire mining was not unexpected, because many of the 
corundum discoveries triggered rushes that were exploited 
for short-term gain. Tanzania also faces competition from 
the world-class ruby deposit in Montepuez. Nevertheless, 
recent colored stone discoveries point to the vast potential 
of gem mining in Tanzania. 

Vincent Pardieu and Wim Vertriest 
GIA, Bangkok 


Purple pyrope-almandine garnet from Mozambique. In 
early 2016, attractive purple garnets from East Africa 
started to appear in the Bangkok market (T. Sripoonjan 
and T. Leelawatanasuk, “Preliminary investigation of 
purple garnet from a new deposit in Mozambique,” GIT 
Gemstone Update, 2016, pp. 1-6). Author VP purchased 
17 samples (figure 7) at the Bangkok Gem Fair and in- 
quired about their origin. Mark Saul of Swala Gem 
Traders (Arusha, Tanzania) informed him that the source 
was a very unstable area of Manica Province in central 


Figure 7. These purple pyrope-almandine garnets are 
from Manica Province of Mozambique. The rough 
specimens weigh (clockwise from left) 1.49, 1.14, 
1.11, and 1.77 ct, while the faceted stone in the cen- 
ter weighs 2.34 ct. Photo by Lhapsin Nillapat. 
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Mozambique. Ameen Ikram, a gem merchant from Sri 
Lanka, confirmed this after managing to visit the mining 
site in June 2016. The deposit is located about 60 km 
northeast of Chimoio, near Gorongosa National Park. 
The area is under the control of the Mozambican Na- 
tional Resistance (RENAMO)], an armed rebel group. 
The stones exhibited a vitreous luster. Standard gemo- 
logical testing yielded an isotropic RI reading of 1.767 + 
0.003 and an SG value of 3.87 + 0.02. An isotropic reaction 
with anomalous double refraction (ADR) was observed 
through the polariscope. The samples were inert when ex- 
posed to both long-wave and short-wave UV radiation. Ex- 
amination with a gemological microscope revealed several 
internal features (figure 8), including individual and clus- 


Figure 8. Magnification 
of the pyrope-almandine 
garnets revealed several 
internal features: (A) 
zircon inclusions with 
stress halos and nee- 
dles, field of view 1.4 
mm; (B) thin films, field 
of view 3.5 mm; (C) 
groups of colorless 
quartz, field of view 1.8 
mm; and (D) a platelet 
of black graphite, field 
of view 1.8 mm. Pho- 
tomicrographs by Victo- 
ria Raynaud. 


tered zircon crystals, zircons with stress halos, black 
platelets of graphite, groups of colorless quartz crystals, thin 
films, needles, tubes, and iron stains in tubes. Raman spec- 
troscopy was used to identify the mineral inclusions. 
Advanced analytical techniques, including UV-Vis-NIR 
and Fourier-transform infrared (FTIR) spectroscopy and laser 
ablation-inductively coupled plasma—mass spectrometry 
(LA-ICP-MS), were used to collect additional information. 
The UV-Vis-NIR spectrum (figure 9, left) indicated elec- 
tronic transitions of specific Fe and very weak Mn transition 
metal ions, as described in the literature (K. Krambrock et 
al., “Purplish-red almandine garnets with alexandrite-like 
effect: Causes of colors and color-enhancing treatments,” 
Physics and Chemistry of Minerals, Vol. 40, No. 7, 2013, pp. 


Figure 9. Left: The purple garnet’s UV-Vis-NIR spectrum shows weak absorption bands attributed to Fe* (337, 367, 
and 424 nm) and Mn* (408 nm). The remaining peaks in the visible region (400, 461, 504, 523, 575, 619, and 698 
nm) can be assigned to Fe**. Right: The FTIR spectrum reveals Fe* bands at 5820 and 4450 cm~, hydroxyl group 
features at 3552 and 3525 cm, and CO, peaks at 2360 and 2341 cm. The very small peak at 2627 cm™ may be 


caused by the samples’ numerous inclusions. 
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TABLE 1. LA-ICP-MS analyses of pyrope-almandine 
garnets from Mozambique. 


Oxide Weight (%) + SD (n = 5) 
SiO, 42.34 + 0.33 
Al,O, 25.41 + 0.22 

FeO 17.93 21.3: 
MgO 13.164 1.19 
CaO 0.94 + 0.20 
MnO 0.22 + 0.02 

V,0, 0.002 + 0.001 
Cr,O, bdl 

TiO, bdl 


n: number of studied samples 
bdl: below detection limit 
SD: standard deviation 


555-562). All of the samples showed an iron spectrum in- 
cluding Fe* and Fe**, and a weak absorption peak at 408 nm 
was assigned to Mn**. The FTIR spectrum (figure 9, right) 
showed Fe* peaks at 4450 and 5820 cm"! (R.G. Burns, Min- 
eralogical Applications of Crystal Field Theory, Vol. 5, 
Cambridge University Press, Cambridge, UK, 1993, pp. 
155-158), hydroxyl group features at around 3500-3600 cm"! 
(G.R. Rossman et al., “Quantitative analysis of trace OH in 
garnet and pyroxenes,” American Mineralogist, Vol. 80, No. 
5-6, 1995, pp. 465-474), and CO, peaks at 2340-2360 cm'. 
A minor FTIR peak at 2627 cm! might have resulted from 
the numerous inclusions in the samples. LA-ICP-MS analy- 
sis (table 1) revealed major amounts of Si, Al, Fe, and Mg, as 
well as minor amounts of Ca and Mn. Vanadium was also 
detected in very low concentrations, while titanium and 
chromium were below the detection limits. The LA-ICP- 
MS data confirmed the material’s identification as pyrope- 
almandine garnet with the following chemical components: 
48.8-59.5% pyrope, 37.9-47.6% almandine, 2.0-3.5% 
grossular, and 0.5-0.6% spessartine. 
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The UV-Vis-NIR spectrum explains the purple color of 
the samples. Since the main absorption bands dominate 
the green-yellow regions of the visible spectrum, two 
strong blue and red transmission regions combine to pro- 
duce an eye-visible purple color. These samples can be clas- 
sified as pyrope-almandine garnet, commonly referred to 
as “rhodolite” garnet. 


Supharart Sangsawong, Victoria Raynaud, and 
Vincent Pardieu 
GIA, Bangkok 


Trapiche rhodochrosite. It is not often that a very old lo- 
cality produces a gem material previously unrecorded in 
the literature. Yet the Capillitas mine in Argentina’s Cata- 
marca Province, once mined by the Incas and long known 
for its fine rhodochrosite stalactites, has yielded two 
trapiche-like rhodochrosite gemstones, first observed by 
the author in August 2014. 

The stalactite that produced these two slices was re- 
portedly found in the 1980s. The smaller of the two speci- 
mens, a 30 mm round weighing 35 ct (figure 10, left), is a 
symmetrical example of this rhodochrosite’s cogwheel 
habit. The 40 mm oval, which weighs 56 ct (figure 10, 
right), was cut from the same stalactite; it is the only other 
example of this formation the author could locate. 

Rhodochrosite from the Capillitas mine typically con- 
sists of minute crystalline grains. These two examples, 
however, are very coarsely crystalline and are quite possi- 
bly twinned, which would explain both the unusually large 
size of these crystals and their obvious symmetry. 

Dr. Carl Francis, former curator of the Mineralogical 
Museum of Harvard University, points out that stalactites 
of calcite, which are chemically and structurally similar to 
rhodochrosite, rarely exhibit this type of growth (pers. 
comm., 2014). The floral pattern of these red gemstones 
makes them beautiful and incredibly rare. 


Russell E. Behnke 
Meriden, Connecticut 


Figure 10. The trapiche-like 
rhodochrosite “flower” on 
the left, measuring 30 mm 
across and weighing 35 ct, 
is from Argentina’s Capilli- 
tas mine. This piece appears 
to be formed by the inter- 
section of three crystals, 
with 60° of separation. The 
56 ct rhodochrosite speci- 
men on the right, also from 
the Capillitas mine, meas- 
ures 40 mm across. Photos 
by Russell E. Behnke; from 
the author’s collection. 
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Preliminary study on rubies reportedly from Pokot, Kenya. 
In July 2016, Christine Muthama and David Pkosing from 
Pokot Gems Ltd. in Nairobi submitted eight faceted rubies 
(figure 11) to GIA’s Bangkok laboratory. The material came 
from a new operation in the Pokot area, a marble-type de- 
posit in western Kenya that has been largely inactive since 
the 1960s. This new production could prove to be an in- 
teresting source of cabochon- and facet-grade rubies from 
East Africa. 

The submitted rubies ranged from 0.36 to 4.38 ct and 
were semitransparent to translucent, with a very fine, 
milky appearance. Their gemological properties were con- 
sistent with ruby from marble-type deposits. The samples 
displayed strong red fluorescence under long-wave UV ra- 
diation and a medium red reaction under short-wave UV. 
They contained unhealed fractures, planes of negative crys- 
tals, fingerprints, and different mineral inclusions such as 
apatite, calcite, orange and black rutile, chlorite, pyrite, zir- 
con, and amphibole (figure 12), the last of which is uncom- 
mon in marble-hosted rubies. Short needles, boehmite, and 
clouds of reflective particles were also observed. 

Since the samples had inclusion features similar to 
those seen in marble-hosted rubies from Myanmar or Luc 
Yen, Vietnam, this interesting new Kenyan material could 
present a challenge in future origin determination studies. 
Nevertheless, spectroscopy and chemical composition 
analysis can be used to separate rubies from these deposits. 
FTIR spectroscopy of all eight samples from Pokot showed 
the presence of boehmite. LA-ICP-MS analysis revealed a 
distinguishing trace element composition. The rubies from 
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Figure 11. These eight rubies (0.36-4.38 ct) are report- 
edly from Pokot, Kenya. Photo by Lhapsin Nillapat. 


Pokot had low Fe content (60-252 ppma), along with the 
following trace element contents: V: 6-11 ppma; Ga: 5-10 
ppma; Ti: 29-135 ppma; and Cr: 678-1773 ppma. This com- 
bination is quite different from that of known Vietnamese 
rubies, showing once again that trace element composition 
is a useful tool for determining the origin of rubies. 


Sudarat Saeseaw, Charuwan Khowpong, and 
Vincent Pardieu 
GIA, Bangkok 


Figure 12. The rubies 
reportedly from Pokot 
contained a variety of 
internal features, in- 
cluding (A) reflective 
particles, field of view 
2.4 mm; (B) very fine 
short needles, field of 
view 1.3 mm; (C) very 
fine milky bands, field 
of view 4 mm; and (D) 
an amphibole crystal, 
field of view 1.3 mm. 
Photomicrographs by 
Charuwan Khowpong. 
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Blue sapphire reportedly from Badakhshan, Afghanistan. Re- 
cently, Habib Khan (Royal Gems Stone, Bangkok) donated 
a parcel of more than 40 rough sapphires to the GIA labora- 
tory in Bangkok. Mr. Khan reported that they were mined 
from a new deposit in Badakhshan Province of northeastern 
Afghanistan. A few days later, Kamran Wahidy from the city 
of Fayzabad informed author VP of a new sapphire deposit 
near Khash in Badakhshan. This site produces material sim- 
ilar to the stones presented by Mr. Khan. Previous discover- 
ies of corundum around Khash have been reported (Fall 2007 
GNI, pp. 263-265; Winter 2010 GNI, pp. 319-320). 

The samples (see figure 13) were blue, purplish, or near- 
colorless. The rough sapphires ranged from 0.9 to 19.6 ct and 
were transparent to translucent. Standard gemological test- 
ing revealed an RI of 1.760-1.768 and an SG of 3.71-3.98. 
The wide range in SG can be explained by the large pieces 
of lighter matrix attached to some of the corundum samples. 
The stones displayed weak orange to inert fluorescence 
under long-wave UV and were inert under short-wave UV. 

All samples were originally covered with a thick, dark 
greenish black skin that was removed to reveal the blue 
sapphire inside. Most samples still had some of this skin 
attached. The skin contained dark green spinel, phlogopite, 
chlorite, feldspar, amphibole, and tourmaline, which were 
identified by Raman spectroscopy. 

Flat negative crystal fingerprints were commonly seen; 
some contained CO, bubbles and diaspore fibers that be- 
came visible at 60x magnification. The samples displayed 
ladder- or dust-like inclusions similar to those seen in sap- 
phires from Kashmir (figure 14; see H.A. Hanni, “A contri- 
bution to distinguishing characteristics of sapphire from 


Figure 13. These blue and purplish sapphires are re- 
portedly from a new deposit near Khash in 
Badakhshan Province, Afghanistan. The largest stone 
weighs 19.6 ct and measures 19.2 x 13.9 mm. Photo 
by Lhapsin Nillapat. 
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Figure 14. Inclusion scenes in the Badakhshan sap- 
phire. Left: Ladder-like inclusions under darkfield il- 
lumination; field of view 2.7 mm. Right: Negative 
crystals with CO, bubbles; field of view 1.8 mm. Bot- 
tom: Crystal inclusions of amphibole (green circles) 
and mica (white circles); field of view 2.4 mm. Pho- 
tomicrographs by Charuwan Khowpong (left) and 
Victoria Raynaud (right and bottom). 


Kashmir,” Journal of Gemmology, Vol. 22, No. 2, 1990, pp. 
67-75). 

Crystal inclusions were identified (using Raman spec- 
troscopy and the RRUFF reference database) as apatite, am- 
phibole, mica, diaspore, chlorite, tourmaline, feldspar, and 
spinel. We also observed unidentified clusters of tiny black 
crystals and crystals that might have been epidote or allan- 
ite. FTIR spectroscopy revealed the presence of boehmite, 
kaolinite, and a peak at 3161 cm. LA-ICP-MS showed an 
iron content between 154 and 402 ppma, while gallium 
ranged from 7 to 11 ppma. 

If confirmed, the discovery of a new blue sapphire de- 
posit near Khash could be interesting for the gem trade in 
Afghanistan. However, this new material represents a true 
challenge for gemologists working on origin determina- 
tion, as its inclusion scene is, in some aspects, very similar 
to those in sapphires from Kashmir. 


Wim Vertriest, Ungkhana Atikarnsakul, Victoria Raynaud, 
Charuwan Khowpong, and Vincent Pardieu 
GIA, Bangkok 


“Punsiri’-type FTIR spectral features in natural yellow 
sapphires. Recently, a yellow sapphire from Chanthaburi, 
Thailand, showed a spectrum associated with “Punsiri” 
high-temperature heat treatment of blue sapphire. In re- 
sponse, GIA’s Bangkok lab performed FTIR spectroscopy 
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Figure 15. Ten of the 38 basalt-related yellow sap- 
phires from this study. The specimens on the left, 
weighing 0.22-0.41 ct, are from the Anakie area in 
Queensland, Australia. The material on the right, 
ranging from 0.41 to 1.40 ct, comes from the Khao 
Ploi Waen area of Chanthaburi, Thailand. Photo by 
Nuttapol Kitdee. 


on 38 untreated natural basalt-related yellow sapphires (fig- 
ure 15). Twenty-two of the samples were from the Anakie 
Gem Fields area in Queensland, Australia, and the remain- 
ing 16 from the Khao Ploi Waen area of Chanthaburi. All 
were collected from the mines by GIA field gemologists. 

Standard gemological testing of the Australian sap- 
phires showed RI (n,) = 1.774 + 0.001 and RI (n,) = 1.765 + 
0.001, with a birefringence of 0.009 + 0.001. For the Thai 
sapphires, RI (n,,) = 1.773 + 0.001 and RI (n,) = 1.764 + 0.001, 
with a birefringence of 0.009 + 0.001. All the stones were 
inert under long-wave and short-wave UV radiation due to 
their very high iron content. 


FTIR SPECTRA 


3.07 


— Punsiri heat-treated spectrum 
— Yellow sapphire from Australia 
— Yellow sapphire from Thailand 


ABSORPTION COEFFICIENT (cm-') 


2360 


Most of the Australian sapphires were yellow, whereas 
the Thai sapphires appeared greenish yellow. Only homo- 
geneous yellow areas were analyzed by FTIR. Many of the 
stones (about 45% of the Australian stones and about 38% 
of the Thai stones) showed a characteristic Punsiri FTIR 
spectrum, consisting of a multiple band structure posi- 
tioned around 2000-3300 cm"! with peaks at 2025, 2137, 
2258, 2413, 2463, 2627, 2990, 3032, and 3220 cm” (figure 
16). These features have traditionally been considered in- 
dicative of heat treatment, since this pattern has only been 
observed in Punsiri-type heated blue sapphires (G. DuToit 
et al., “Beryllium treated blue sapphires: continuing market 
observations and update including the emergence of larger 
size stones,” GIA Research News, June 2009) that display 
multiband FTIR spectra around 3000 cm:!. This FTIR fea- 
ture is attributed to the stretching vibration of the OH bond 
formed by the incorporation of hydrogen and host oxide ion 
in a publication about “magnesium-doped o-alumina” 
grown by the Verneuil method, where the IR absorption re- 
sults are affected by the incorporation of hydrogen into a 
Mg-doped a-alumina (N. Fukatsu et al., “Incorporation of 
hydrogen into magnesium-doped «-alumina,” Solid State 
Ionics, Vol. 162, 2003, pp. 147-159). Since the samples were 
all collected in the field, it is extremely interesting to doc- 
ument that Punsiri-type FTIR spectra may be found in nat- 
ural unheated yellow sapphires. 

LA-ICP-MS showed trace elements of Mg, Ti, V, and 
Ga, with very high ppm levels of Fe (3000 ppma on aver- 
age). Mg content (about 23 ppma) was higher than Ti con- 
tent (approximately 16 ppma); thus, blue coloration is not 
seen in these stones. Since Be was not detected, there are 
no concerns about beryllium diffusion treatment, which 
is not surprising since these specimens were collected in 
the field. 


Figure 16. FTIR spectra 
of natural yellow sap- 
phires from Australia 
and Thailand in the 
1800-3600 cm! range. 
The peaks shown here 
are similar to those ob- 
served in Punsiri heat- 
treated blue sapphire 
(black spectrum). Peaks 
at 2360 and 2340 cm 
are related to CO,, 
Please note that the ab- 
sorption coefficient of 
the Punsiri heat-treated 
blue sapphire (black 


T 
3200 


T T T 
3400 3000 2800 2600 


WAVENUMBER (cm) 


326 Gem NewS INTERNATIONAL 


T 
2400 


T 
2200 2000 1800 spectrum) at the y-axis 


was divided by two. 
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It appears as though the incorporation of hydrogen in 
corundum may form characteristic Punsiri-like FTIR fea- 
tures. Since these features were observed in natural basalt- 
related yellow sapphires from Australia and Thailand, 
careful consideration must be exercised when using FTIR 
to identify heat treatment in corundum. 


Supharart Sangsawong, Vincent Pardieu, 
Victoria Raynaud, and Sasithorn Engniwat 
GIA, Bangkok 


Large aqueous primary fluid inclusion in amethyst. A trian- 
gular modified brilliant was submitted to GIA’s Carlsbad 
laboratory by L. Allen Brown (All That Glitters, Methuen, 
Massachusetts) for scientific examination. The 15.54 ct 
stone (figure 17, left) was presented as a Moroccan amethyst. 
Standard gemological testing established the following prop- 
erties: RI—1.544-1.553, birefringence—0.009; optic sign— 
uniaxial positive; pleochroism—moderate purplish blue to 
purple; SG—2.65;, fluorescence reaction—inert to long- and 
short-wave UV radiation. All of these properties were con- 
sistent with amethyst. What made this example notable was 
a strikingly large primary fluid inclusion under the table 
facet, which is easily seen with the unaided eye and con- 
firms the natural origin of this stone (figure 17, right). The 
gas bubble in the fluid inclusion moves freely when the 
stone is turned slightly. No magnification is needed to reveal 
the beauty of this interactive inclusion, which can be easily 
enjoyed by rocking and tilting the stone. 


Ziyin Sun and Jonathan Muyal 
GIA, Carlsbad 


TREATMENTS 


J 
Application of the DiamondView in separating impreg- 
nated jadeite. Infrared and Raman spectroscopy are fre- 
quently used to separate impregnated jadeite jade from 
untreated material. Recent trials show that the Diamond- 
View instrument provides reliable results in detecting im- 
pregnated material, offering gemologists a new identification 
method. 

The Lai Tai-An Gem Lab in Taipei analyzed two client- 
submitted jadeite samples (figure 18): a 4.91 ct oval meas- 
uring approximately 19.64 x 11.78 x 2.62 mm and a 0.32 ct 


Gem News INTERNATIONAL 


Figure 17. This 15.54 ct 
triangular modified 
brilliant faceted 
amethyst (left) features 
a large aqueous pri- 
mary fluid inclusion 
(right; field of view 7.19 
mm). Photos by 
Jonathan Muyal. 


pear-shaped drop measuring 7.77 x 5.91 x 0.95 mm. The 
oval possessed a mottled dark and light green bodycolor, 
while the pear shape exhibited a more uniform, lighter 
green bodycolor. Both pieces were translucent. Standard 
gemological testing showed spot RIs of 1.66 and SGs of 3.30 
for the oval and 3.24 for the pear. A handheld spectroscope 
revealed lines at 630, 655, and 691 nm, indicative of natu- 
rally colored jadeite; both samples were inert to long-wave 
and short-wave UV fluorescence. Microscopic observation 
revealed fine surface-reaching networks of cracks and un- 
covered the “cobweb-like” features characteristic of 
bleached jadeite. However, DiamondView imaging pro- 
duced striking blue reactions (figure 19), clearly indicating 
that both jadeites had been impregnated. 

We confirmed that the samples were impregnated 
jadeite using the advanced methods commonly applied in 
such cases. FTIR spectroscopy revealed absorptions at 
3061, 3037, 2965, 2925, and 2874 cm! (figure 20), while 
Raman spectroscopy using a 532 nm laser showed peaks at 
638, 1112, 1608, and 3066 cm~!. Both offered proof that an 
epoxy was used as the impregnation material. 


Figure 18. The two jadeite samples exhibited a mot- 
tled dark and light green bodycolor (left, 4.91 ct oval) 
and a uniform lighter green bodycolor (right, 0.32 ct 
pear). Photos by Lai Tai-An Gem Lab. 
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DiamondView imaging is effective in alerting gemolo- 
gists to possible impregnation in jadeite. While more sam- 
ples need to be examined, this technique could be a simple 
and effective way to identify impregnation treatment. 


Larry Tai-An Lai (service@laitaian.com.tw) 
Lai Tai-An Gem Laboratory, Taipei 


Figure 20. Peaks in the jadeite sample’s FTIR spec- 
trum at 3061, 3037, 2965, 2925, and 2874 cm! 
proved that an epoxy was used as the impregnation 
material. 
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Figure 19. Diamond- 
View imaging of the 
jadeite samples. Top: 
Both the oval (left) and 
the pear shape (right) 
displayed the “cob- 
web” feature under vis- 
ible light. Bottom: The 
DiamondView’s UV 
light produced striking 
blue reactions in the 
cobweb structure, indi- 
cating impregnation in 
both jadeites. Images 
by Lai Tai-An Gem Lab. 


CONFERENCE REPORTS 


Gem Materials at the Second European Mineralogical Con- 
ference (emc2016). The European Mineralogical Conference, 
organized by the Italian Society of Mineralogy and Petrology 
(SIMP) and the Universities of Ferrara and Padova, was held 
in Rimini, Italy, September 11-15. Among the event’s 28 
sessions was “Gem Materials,” chaired by this contributor, 
Lee Groat (University of British Columbia, Vancouver, 
Canada), Federico Pezzotta (Museum of Natural History, 
Milan), and David Turner (University of British Columbia). 
“Gem Materials” yielded both an oral and a poster session. 

The poster session, held September 13, covered topics 
such as worldwide emerald sources; red beryl; demantoid 
from Madagascar; turquoise from the collections of the Royal 
Mineralogical Museum of Naples; epidote from Val Malenco, 
Italy; and rhodonite from the Swiss Alps. There was also a 
review of colored gems in art and gemology, as well as exper- 
imental work applied to gems from miarolitic pegmatites. 

The September 15 oral session featured 14 presenta- 
tions. Dan Marshall (Simon Fraser University, Burnaby, 
Canada) opened with a keynote address on a reclassifica- 
tion of emerald deposit formation models based on tec- 
tonic and metamorphic conditions. Emmanuel Fritsch 
(Institut des Matériaux, Jean Rouxel, University of Nantes, 
France) posed the question of why some minerals are gem 
quality, using crystal growth as a consideration. 

Peter Bacik (Comenius University, Bratislava, Slovakia) 
began the presentations on Cr- and V-bearing minerals with 
spectrometric characterizations of ruby, spinel, chrysoberyl, 
diopside, garnet, zoisite, emerald, and tourmaline. Isabella 
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Pignatelli (French National Center of Research, Vandoeuvre} 
studied the Cr- and V-bearing euclase from the Gachala 
mining district of Colombia, focusing on atypical texture 
formed by solid inclusions trapped along crystallographic 
axes. Her presentation opened a discussion of trapiche vs. 
trapiche-like textures. Dan Marshall spoke again, this time 
on fluid inclusions and stable isotope data from emerald in 
Western Australia’s Poona deposit, showing multiple gen- 
erations of emerald combined with metamorphic and mag- 
matic fluid circulations. This contributor demonstrated 
that it was possible to decipher the geographic origin of pink 
and red spinel through oxygen isotopes and trace-element 
data on pink and red spinels in marble, with a special focus 
on the Kul-i-Lal mine in Tajikistan. Stefanos Karampelas 
(GemResearch Swisslab, Adligenswil, Switzerland) offered 
new insights on detection of heat treatment of tanzanite, 
indicating that this form of treatment can only be identified 
under very specific circumstances. 

Aaron C. Palke (University of Queensland and Queens- 
land Museum, Brisbane, Australia) presented on melt in- 
clusions in sapphires from Montana’s Yogo deposit, which 
are similar in composition and mineralogy to the ocelli ob- 
served in the Yogo lamprophyres. David Turner offered new 
mineralogical insights from near-field hyperspectral imag- 
ing of sapphire-bearing marble at Baffin Island, Canada. 

The silica family was covered in three presentations. 
Benjamin Rondeau (University of Nantes) related the pres- 
ence of numerous minerals (including an unknown type) 
from the lazulite-bearing blue quartzite from Itremo, 
Madagascar. Ilaria Adamo (Italian Gemological Institute, 
Milan) characterized blue and white banded chalcedony 
(agate) from Yozgat Province in Turkey. The agate formed 
from mixture of quartz and moganite, but the origin of the 
blue color is unknown, since iron content at approximately 
10 ppm is constant in all the banding. Boris Chauviré (Uni- 
versity of Nantes) explained a model for the formation of 
precious opal from Wegel Tena, Ethiopia. The model sug- 
gests a paleotopographic control on the location of the de- 
posits and the repetition of the soil formation process in 
space and time. 

Special topics related to gem museums and historical 
writings were also covered. William B. “Skip” Simmons 
(Maine Mineral and Gem Museum, Bethel) retraced the 
state’s recent and historical gem production and the mu- 
seum’s acquisitions from Maine pegmatites. Ann C. Piz- 
zorusso (Naples, Italy) tackled the gems of Dante’s Divine 
Comedy, discussing the gemological knowledge of the late 
Middle Ages and the meanings associated with precious 
metals, pearls, rubies, diamonds, and other gems. 

Details from the European Mineralogical Conference 
are available at http://emc2016.socminpet.it.The next con- 
ference will take place in 2020 at a site to be determined. 

Gaston Giuliani 

Institute for Research and Development 
Toulouse, France 

French National Center of Research, Vandceuvre 
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GSA 2016 annual meeting. The Geological Society of 
America (GSA) held its annual meeting September 25-28 
in Denver, Colorado. This was the fourth meeting in which 
GIA hosted gemological technical sessions. In the oral and 
poster sessions, gemologists, geoscientists, and students 
from all over the world came together to present their re- 
search and discuss advanced topics. 

Invited speaker Jeffrey Post (Smithsonian Institution, 
Washington DC) presented detailed studies on a selection of 
significant fancy-color diamonds, including blue, pink, and 
chameleon stones. Among these, the researchers applied 
time-of-flight secondary ion mass spectrometry (ToF-SIMS) 
analysis to the Hope diamond, which allowed the measure- 
ment of total boron concentration; the results revealed strong 
zoning from this chromophore in many blue diamonds. Gra- 
ham Pearson (University of Alberta, Canada) reported on his 
study of the saline fluid inclusions preserved in some dia- 
monds from the Ekati and Diavik mines and pointed out that 
alkali- and Cl-rich fluids play a key role in diamond forma- 
tion. Invited speaker Emmanuel Fritsch (University of 
Nantes, France) discussed the state of synthetic diamond 
identification. He also noted the advantages and limitations 
of some of the most commonly used sorting methods. 

GIA researchers shared their results on several diamond- 
related projects. Christopher M. Breeding showed the fluo- 
rescence colors and patterns that diamonds can display when 
exposed to ultraviolet light. In addition to their beauty, these 
colors and patterns are important in diamond formation 
studies and the identification of natural, treated, and syn- 
thetic material. Karen Smit presented new data on a suite of 
canary diamonds from Sierra Leone. This will allow re- 
searchers to further specify the source fluids and color- 
forming defects of these yellow diamonds and better 
correlate their features to the unusual geological formation 
history of the Zimmi diamond deposit. Evan Smith reported 
his findings on inclusions in thousands of high-quality type 
II polished diamonds and trimmed-off portions. The recur- 
ring set of inclusions in many stones includes a metallic 
multi-phase assemblage and retrogressed former perovskite 
phases. Together, the two inclusion types revealed a unique 
paragenesis for these large, top-quality diamonds. 

Presentations on colored gemstone research revealed a 
variety of studies on important gem species and collector 
stones. Mandy Krebs (University of Alberta) reported on Pb- 
Pb geochronology of rubies and the first-ever radiometric age 
determination of ruby. This new method allows dating to 
be done directly on the ruby itself rather than on inclusions 
such as zircon. This dramatically broadens the application 
of geochronology in ruby provenance determination. Jullieta 
Lum (University of Johannesburg) presented major and trace 
element composition of emerald and aquamarine collected 
from central Namibia and South Africa. Peter Heaney (Penn 
State University) revealed the cause of iridescence in meta- 
morphic hematite from Minas Gerais, Brazil. The study by 
Dr. Heaney and his former student Xiayang Lin found that 
this phenomenon is caused by a framework of well-oriented 
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hematite nanorods. Raquel Alonso-Perez (Harvard Univer- 
sity) presented preliminary results on the geochemistry of 
emeralds from the Irondro deposit in Madagascar. 

Important research on gemstone formation was also de- 
livered. Yury Klyukin (Virginia Tech) addressed the valuable 
information that fluid and melt inclusion studies can pro- 
vide in solving gem formation problems, using diamond, 
emerald, and corundum as examples. Invited speaker David 
London (University of Oklahoma) discussed the different 
mechanisms that caused zonation within pegmatites. Un- 
derstanding of mineral segregation within pegmatites is crit- 
ical for gem exploration. 

The poster session presenters included two graduate stu- 
dents from the China University of Geosciences (Wuhan). 
Chengsi Wang proved the robustness of photoluminescence 
(PL) spectroscopy in treated and synthetic spinel identifica- 
tion through a series of heating and annealing experiments. 
Yuan Zheng applied linear discriminant analysis (LDA) in 
separating hundreds of turquoise samples from three different 
sources after analyzing their trace elements using ICP-MS. 

GIA staff also presented interesting discoveries in the 
poster session. Wuyi Wang studied the distribution of the 
SiV- defect and found that it has a dramatically different cor- 
relation with Ni; between natural and HPHT synthetic di- 
amonds. Paul Johnson demonstrated that hydrogen-rich 
diamonds with intensive inclusions and fractures can be 
heated to generate a more uniform black color. Based on his 
experience, microscopic observation remains the most pow- 
erful tool in identifying this treatment. Troy Ardon and Sally 
Eaton-Magafia conducted a series of annealing experiments 
at different temperatures with two hydrogen-rich Zimbabwe 
diamond plates. They evaluated the effect of high tempera- 
ture on the diamonds’ spectroscopic features and inclusions. 
Rose Tozer examined one of the rarest publications in the 
GIA library collection: Russia’s Treasure of Diamonds and 
Precious Stones. Edited by the well-known mineralogist 
A.E. Fersman, this book documents Russia’s regalia and 
crown jewels at the time of the February Revolution in 1917. 
The volume has been digitized as part of GIA’s project to dig- 
itize items from its rare book collection and can be accessed 
free of charge at https://archive.org/details/gialibrary. 

Abstracts from the two gemological sessions can be 
found at https://gsa.confex.com/gsa/2016AM/webprogram/ 
Session4032.7.html (oral) and https://gsa.confex.com/gsa/ 
2016AM/webprogram/Session41331.html (poster). The 
2017 meeting will be held October 22-25 in Seattle. 


Tao Hsu, Jim Shigley, and Dona Dirlam 
GIA, Carlsbad 
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IN MEMORIAM 


a —s 


Fred Ward (1935-2016). Gems & Gemology mourns the 
loss of acclaimed photographer and gemologist Fred Ward, 
who died July 19 at the age of 81. Mr. Ward was known 
for capturing iconic images of celebrities and for his work 
with National Geographic magazine, which sparked his 
gemological pursuits. 

Mr. Ward was born in Huntsville, Alabama, and grew 
up in Miami. His passion for photography blossomed in 
high school, when he decided to turn his extracurricular 
activity into a career. He earned a master’s degree in jour- 
nalism from the University of Florida in 1959. 

Well known for his shots of President John F. Kennedy’s 
funeral in November 1963 and the Beatles’ first American 
performance (1964), he photographed Gerald Ford for Por- 
trait of a President (1975). Mr. Ward’s work can be found 
in collections owned by the Metropolitan Museum of Art 
and the Library of Congress, among others. Mr. Ward be- 
came interested in gemology as a freelance photographer 
for National Geographic, where he worked on several as- 
signments related to gems. He went on to publish the 
highly influential nine-volume Fred Ward Gem Book Se- 
ries. He earned his Graduate Gemologist diploma from 
GIA in 1990 and was a member of the Washington, DC 
chapter of the GIA Alumni Association. He was a coauthor 
of GwG's Spring 2000 article “Burmese Jade: The In- 
scrutable Gem.” 

Fred Ward is survived by his wife of 58 years and fre- 
quent collaborator Charlotte Mayes Ward, four children, 
and four grandchildren. We extend our deepest condolences 
to his family and friends. 


ERRATA 


1. In the Summer 2016 field report retracing Peter Rainier’s 
time in Chivor, Colombia, the publication date of Fritz 
Klein’s Smaragde unter dem Urwald was incorrectly 
listed as 1925 (p. 175). The correct date for the first edi- 
tion is 1941. 


2. The Summer 2016 Chivor field report also stated that 
Klein first returned to Germany from Colombia in 1914 
(p. 176). However, Klein’s own book states that he left 
Colombia in January 1915. It was impossible for him to 
have worked for Francisco Restrepo on his return from 
Germany after World War I in 1919, as Restrepo had died 
in 1914 at the mine. The authors thank Dr. Karl Schmet- 
zer for bringing these errata to our attention. 
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Edward F. Herschede Wies 


Served 19 Years on 
GIA Board of Governors 


The death of G.I.A. Governor, Edward F. 
Herschede of Cincinnati on September 27, 
1951, will come as a shock to many readers 
of Gems & Gemology who have known and 
respected this industry leader through their 
years of association with him. 

While vacationing in Canada with Mts. 
Herschede, he slipped off a curb and frac- 
tured a hip. After three weeks of hospital- 
ization in Toronto, death 
followed this accident. He 
was 70 years old. 

Edward Herschede was 
outstanding among the 
many volunteers whose 
interest in the welfare of 
their industry stimulated 
them to devote an im- 
portant part of their lives 
to the gemological move- 
ment. 

He had served continu- 
ously on G.1.A.’s Board of 
Governors since the 
Board’s establishment in 
1933. At that time he was 
twice a member of the 
Retail Jewelers Research Group, without the 
support of which Robert M. Shipley might 
never have extended the Institute nation- 
wide. 

He was the third chairman of the G.I.A. 
Board, serving from 1941 to 1944 and 
proved outstandingly successful during the 
important period which the Institute was in- 
corporated and the G.I.A. Endowment Fund 
raised by the American Gem Society. It was 
then that Mr. Herschede’s legalistic ability 
proved especially valuable in the formula- 
tion of G.I.A.’s constitution and by-laws. He 


represented G.I.A. as an instructor at Con- 
claves of the American Gem Society, being 
one of several graduates who were always 
present. For many years he served as G.I.A.’s 
representative on the Jewelers Vigilance 
Committee. 

He was fearless in debate when he be- 
lieved the Institute’s welfare was en- 
dangered. Always generous in thought and 
courteous in action, he 
was greatly beloved by 
those who worked with 
him, 

Nationally known in 
the retail jewelry busi- 
ness, he was past presi- 
dent of the Retail Jewelers 
Research Group and has 
served on the governing 
body of the American 
Gem Society, as well as 
that of the Gemological 
Institute. An early gradu- 
ate of the Gemological In- 
stitute, he was the twenty- 
second person to be 
awarded the title of Certi- 
fied Gemologist, which he received in No- 
vember, 1936. 

From 1922 until two years ago he served 
as president of the Frank Herschede Com- 
pany of Cincinnati which was established 
74 years ago by his father, the late Frank 
Herschede. In 1948 he relinquished the 
presidency to his brother Lawrence and be- 
came the Chairman of the firm’s Board. 

Besides his widow, Amelia Kroeger Her- 
schede, he is survived by one son, seven 
daughters, nineteen grandchildren, and two 
great grandchildren. ; 
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Emeralds and the Power of the Pink City 


EDITORIAL 


The theme of emerald unites three of our Winter issue’s papers. First, lead authors 
Andrew Lucas and Nirupa Bhatt profile Jaipur’s gem and jewelry industry. Renowned 
as a modern emerald cutting center, Jaipur has been a hub of jewelry craftsmanship 
since Jai Singh II founded the Rajasthani | 

capital in 1727. Now the maharaja’s city is A global powerhouse of jewelry 

a global powerhouse of jewelry design, = design, manufacture, and retail...” 
manufacture, and retail, fusing traditional 

Indian design with a Western aesthetic to reach the market through innovative online 
retail and television shopping networks. 


Our second paper, by Karl Schmetzer, H. Albert Gilg, and Elisabeth Vaupel, explores 
an early frontier of gem synthesis. The authors detail Prof. Richard Nacken’s pioneer- 
ing work and describe a previously unknown type of flux-grown synthetic emerald from the 1920s. Their 
paper is a valuable addition to the literature and a fascinating detective story, too. 


Until recently, danburite was an underappreciated gem, but new sources are bringing this attractive yellow 
stone a larger audience. In our third paper, Le Thi-Thu Huong and her coauthors characterize a promising 
find of gem-quality danburite from Yen Bai Province, Vietnam. 


Our fourth article returns to the emerald theme. We are proud to present a new wall chart illustrating some of 
the internal features of natural, treated, and synthetic emeralds. The chart, with contributions by inclusion 
specialists Nathan Renfro, John Koivula, Jonathan Muyal, and Shane McClure, provides a tantalizing look 
into the micro-world of emeralds. 


Next, GIA field gemologists Wim Vertriest and Vincent Pardieu report on the latest developments in north- 
ern Mozambique, including the Montepuez ruby deposit and new discoveries of high-quality tourmaline and 
pink spinel. 


I'd like to draw your attention to our three regular sections. Lab Notes includes entries on the largest near- 
colorless CVD-grown and HPHT-grown synthetic diamonds seen to date. 


Ge>G Micro-World features a chalcedony containing more than a dozen clear hexagonal quartz windows, an 
iridescent ferropericlase inclusion in a diamond that might indicate a “superdeep” origin for its host, and a 
synthetic quartz crystal intentionally seeded with garnet inclusions. 


Gem News International has something for everyone, including unusual tourmaline from Afghanistan, a new 
sapphire rush in Madagascar, and trapiche-type sapphire from Tasmania. 


This issue also includes voting instructions for the Dr. Edward J. Giibelin Most Valuable Article Award. We 
had the best response ever to our 2015 reader ballot, so please do vote for your favorite 2016 articles. And 
don’t forget to check out our additional online media content for the Jaipur article and this issue’s Micro- 
World column. 


Finally, we'd like to congratulate GIA post-doctoral research associate Evan Smith and his coauthors on their 
recent publication in Science—one of the world’s top academic journals. Their paper on large type Ila dia- 
monds suggests that these rare gems grew within liquid metal deep in the earth’s mantle. It’s a valuable contri- 
bution to understanding the origin of these big stones, which we hope to tell in a future issue. 


Thank you for all your support through 2016. We look forward to the upcoming year in gemology! 


OH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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SNM ARTICLES 


JAIPUR, INDIA: THE GLOBAL GEM AND 
JEWELRY POWER OF THE PINK CITY 


Andrew Lucas, Nirupa Bhatt, Manoj Singhania, Kashish Sachdeva, Tao Hsu, and Pedro Padua 


In 2015, a field team from GIA visited the Indian city of Jaipur to capture the full scope of its gem and 
jewelry industry: colored stone cutting, wholesale trading, jewelry design, manufacturing, and retail. 
The authors documented the current state of the industry from a manufacturing as well as a business 
perspective. The results substantiated many of the team’s prior assessments but also brought to light 
recent developments with far-reaching effects. The impact of vertical integration, consolidation, global- 
ization, and jewelry television retail far exceeded expectations. Once known as a colored stone man- 
ufacturing center, Jaipur has rapidly climbed the value chain into jewelry manufacturing and retail by 
successfully incorporating experience and tradition with technology and innovation. 


there are major trading centers where rough is im- 

ported for cutting and then exported as finished 
stones. Each has its own attributes, niches, and chal- 
lenges. Some of the hubs for colored stone manufac- 
turing include China, Thailand, Sri Lanka, and Jaipur, 
India. The authors have visited all of these manufac- 
turing and trading centers and studied them in detail. 
In late April and early May 2015, the authors visited 
Jaipur to examine its role as a colored stone cutting 
center and its more recent emergence as a modern 
jewelry manufacturing powerhouse (figure 1). This 
visit had the advantage of years of experience docu- 
menting such industries in the field, and a formula for 
gathering the information needed to understand the 
individual characteristics of that location as well as 
how it fits in the global picture. 

The team spent 10 days in Jaipur touring 20 com- 
panies and documenting their factory, trading, and re- 
tail operations. Many of these were family businesses, 
and we were able to interview multiple generations in 
preparing case studies. The authors conducted numer- 
ous interviews with their ownership, management, 
and production crews and collected over 80 hours of 
video and more than 10,000 photos. Our approach to 


| n the colored gemstone mine-to-market journey, 


See end of article for About the Authors and Acknowledgments. 
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understanding this dynamic colored stone center was 
to work with Indian trade organizations and industry 
leaders ahead of the trip to select as many companies 
as we could cover in the required time period and 
complete case studies on each one. The companies 
were chosen as representative of market sectors in the 
Jaipur industry, covering all the manufacturing and 
business aspects from traditional to modern. Like pre- 
vious G&G reports on the gem and jewelry industries 
of China and Sri Lanka (Hsu et al., 2014; Lucas et al., 
2014), the present article is largely based on these ob- 
servations and interviews. 

Members of the team who had visited Jaipur be- 
fore came away with a different perspective of the in- 
dustry there in some respects. Our impressions in 
Jaipur also completed a large part of the global col- 
ored stone picture. Gemfields’ auctions from its 
Kagem mine have had a profound effect on the city’s 
emerald industry. Indeed, we were surprised by the 
extent to which Zambia had overtaken Brazil as a 
supplier of emerald rough. Tanzania’s restrictions on 
rough tanzanite exports were another influence, but 
smaller sizes were still very much available and had 
found a new customer in jewelry television net- 
works. In fact, one of our biggest takeaways was how 
much television retail has affected Jaipur and the 
global industry. 

The success of these shopping channels in the 
United States, the United Kingdom, Canada, Japan, 
and other countries has led to an enormous demand 
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for all types of calibrated colored stones. This has 
greatly diversified Jaipur’s colored stone cutting in- 
dustry and expanded its scale of operations, with one 
factory cutting a million stones a month (N. Bardiya, 
pers. comm., 2015). As a result, some of these cutting 
companies have moved up the value chain into jew- 
elry manufacturing. Many of these jewelry pieces are 
destined for television retailers and contain a variety 
of colored stones. In fact, one company was vertically 
integrated all the way to the end consumer, with its 
own television retail division reaching 100 million 
households, requiring approximately one million 
pieces of jewelry to be manufactured each month. 

Another significant impression was Jaipur’s blend 
of the modern and the traditional. State-of-the-art 
mass production is complemented by a cottage in- 
dustry of individual artisans using centuries-old 
methods. Companies that once served the maharajas 
coexist with manufacturers for online retail and tel- 
evision shopping networks. From traditional kundan 
meena to fusion jewelry combining eras and styles, 
Jaipur has become a jewelry manufacturing center as 
well as a gemstone cutting center. 


INDIA 

In any major Indian city, one can feel the energy of 
an ambitious, rising economic power. At every so- 
cioeconomic level there is a distinct entrepreneurial 
drive and competitive spirit. With a population of ap- 
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Figure 1. Jaipur has a 
rich jewelry tradi- 
tion. Today the city is 
a center for colored 
gemstone cutting as 
well as traditional, 
modern, and fusion 
jewelry manufactur- 
ing. Photo by Robert 
Weldon/GIA, cour- 
tesy of Motison Jew- 
ellers. 


proximately 1.3 billion, India is the world’s largest 
democracy and the second most populous country, 
projected to overtake China in 2022 (Gladstone, 
2015). 

Although rich in history and tradition, India is a 
relatively new country. It gained independence from 
the United Kingdom in 1947 and became a republic 
in 1950. In the late 1980s, India began opening up to 
economic reform, trade, and foreign investment 
(“India country profile,” 2015). The population is 
72% Indo-Aryan and 25% Dravidian, with Mon- 
goloid and others representing just 3% (The World 
Factbook, 2016). The most widely spoken language 
is Hindi, but there are 14 other official languages and 
more than 1,000 languages spoken in the country. 
While English is a subsidiary official language, it is 
the most important for international commerce. 
Hindus make up almost 80% of the population, with 
Muslims accounting for 14.2% and Christians, 
Sikhs, and other groups making up the rest (The 
World Factbook, 2016). 

India’s real GDP growth rate of 7.3% in 2015 
placed it at 10th in the world. Forty-five percent of 
the country’s GDP is in the services sector, followed 
by industry at 29.7% and agriculture at 17%. The 
country’s estimated exports of US$2.72.4 billion in 
2015 ranked 20th in the world. India has an esti- 
mated labor force of 501.8 million, ranking second in 
the world in 2015 (The World Factbook, 2016). 
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Figure 2. Jaipur, capital of the northern Indian state of 
Rajasthan, is both a jewelry hub and a popular 
tourist destination. Amer Fort (inset) is a UNESCO 
World Heritage Site. Inset photo by Andrew Lucas. 


Visiting India, one is taken aback by the architec- 
ture and the overload of vibrant colors. From palaces 
to saris to fruits and vegetables, India is a stimulation 
of the senses on a grand scale. This culture of color 
spreads to personal adornment and India’s rich tradi- 
tion of jewels and opulence, including colored gem- 
stones and bold enamel colors. This is made 
abundantly clear in the French gem merchant Jean- 
Baptiste Tavernier’s Travels in India (1676). Descrip- 
tions of the Great Moguls’ seven thrones laden with 
diamonds, rubies, emeralds, and pearls offer a glimpse 
into the tradition of wealth and jewels in India. 


JAIPUR 

Jaipur is the capital of the state of Rajasthan in north- 
western India (figure 2). Rajasthan has long been a 
strategic economic area because of its location on the 
trade route from China to Europe (Khullar, 1999). The 
city was founded in 1727 by Maharaja Sawai Jai Singh 
(known as Jai Singh II; see figure 3), the raja of Amer. 
Jaipur was India’s first modern planned city, based on 
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traditional Hindu architecture. Access to water was a 
primary reason Jai Singh II moved his capital from 
Amer to this irrigated valley 11 km away (Khullar, 
1999). The city was originally divided into nine 
blocks, two for state buildings and palaces and seven 
for the public. The old city’s buildings were painted 
pink, the traditional color of hospitality, to welcome 
Queen Victoria and the Prince of Wales in 1876, and 
Jaipur is still known as the Pink City. It is a popular 
tourist destination, with such attractions as Amer or 
Amber Fort, which was designated a UNESCO World 
Heritage site in 2013 (again, see figure 2); Albert Hall, 
Hawa Mahal; Jal Mahal; City Palace; and Jantar Man- 
tar. Some tourists come specifically to get married in 
local fashion, wearing traditional clothing and jewelry. 


Figure 3. Maharaja Sawai Jai Singh (1688-1743) made 
Jaipur a thriving center for craftsmen, bringing in 
some of the region’s finest jewelers during the early 
1700s. Courtesy of Surana Jewellers. 
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THE GEM AND JEWELRY INDUSTRY IN JAIPUR 
Almost at its conception, Jaipur became a city for 
skilled craftsmen who were drawn from around the 
region by Jai Singh II. These craftsmen included jew- 
elers and stonecutters under the patronage of the ma- 
harajas. The jewelry they created embraced enameling 
and gemstones for magnificent colorful creations that 
were as carefully finished on the back as the front. The 
Johari Bazaar, one of the city’s oldest markets (Con- 
way, 2010), was commissioned by Jai Singh II and 
marked the start of the gem and jewelry industry in 
Jaipur. The bazaar is still home to many small work- 
shops and emporiums. Jaipur has built upon this rich 
tradition, with today’s entrepreneurs making the city 
a leading center for colored stone cutting and trading 
as well as modern jewelry manufacturing (figure 4). 
The Gems and Jewellery Export and Promotions 
Council (GJEPC), formed in Jaipur by the Ministry of 
Commerce in 1966, works to promote the Indian 


In Brief 


e Similar to the diamond industry in Surat and Mumbai, 
Jaipur’s colored gemstone cutting industry is moving up 
the value chain into producing finished jewelry. 


While Thailand and Sri Lanka are dominant players in 
the ruby and sapphire sector, Jaipur is a major global 
center for cutting and trading emerald, with the major 
source being Zambia. 

¢ Jewelry manufacturing ranges from traditional hand- 
made, one-of-a-kind kundan jewelry to large-scale 
mass production for television shopping channels. 


gem and jewelry industry on behalf of some 6,000 ex- 
porters. During the organization’s first year, Indian 
exports of gemstones and jewelry were US$28 mil- 
lion. By 2014, that figure had risen to US$35 billion 
(http://www.gjepc.org/about_us.php). Much of this 
growth could be attributed to polished diamond and 
diamond jewelry exports, which far exceeded those 
of colored stones and colored stone jewelry (R. Jain, 
pers. comm., 2015). 

Determining the total number of people working 
in the Jaipur gem and jewelry trade is difficult. The 
sector includes the city’s organized gemstone cutting 
and jewelry factories, as well as surrounding areas and 
a sizable cottage industry where families and house- 
holds do contract manufacturing. The leaders we in- 
terviewed agreed that the figure is over 200,000, and 
some estimates put it closer to 300,000, with around 
150,000 involved in the gemstone cutting sector. 


THE GEM AND JEWELRY INDUSTRY OF JAIPUR 


In 2012, Gold Souk opened in Jaipur, with 95 show- 
rooms and 150 offices featuring the city’s leading jew- 
elers (“Gold Souk opens in Jaipur,” 2012). The souk 
caters to the flourishing tourism industry, offering a 
variety of jewelry styles to those visiting the city. The 
Jaipur Jewellery Show (JJS), held in December, attracts 
around 30,000 visitors annually to the Jaipur Exhibi- 
tion and Convention Center (http://10times.com/ 
jjs). The show, which started in 2003 with only 64 
booths, features more than 700 vendors and includes 
finished jewelry and loose stones, and in 2015 it un- 
veiled a new brand ambassador, Bollywood actress 
Amrita Rao (“Film actress Amrita Rao...,”” 2015). 

Jaipur’s gem and jewelry exports from April 2014 
through March 2015 totaled more than US$574 mil- 
lion. Within that total, the largest category was col- 
ored gemstones at more than US$264 million. It is 
notable that finished gold jewelry was US$112.5 
million and non-gold jewelry US$145 million (see 
table 1). 


COLORED GEMSTONE INDUSTRY 

In Jaipur there are at least 100 factories cutting colored 
gemstones. There is also a huge cottage industry of ar- 
tisan cutters working on a contract basis (R. Jain, pers. 
comm., 2015). The industry is in many ways a com- 
plementary blend of traditional artisans in the cottage 
industry and large factories that employ thousands. 
Some of the large modern factories also contract their 
cutting work to the artisan cottage industry to expand 
their production capabilities when needed. 


Figure 4. This modern jewelry factory creates tradi- 
tional, contemporary, and fusion jewelry in a wide 
range of materials and price points. Photo by Andrew 
Lucas, courtesy of Amrapali. 
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TABLE 1. Jaipur gem and jewelry exports, 2010-2015 (in millions of U.S. dollars). 


April 2010 to April 2011 to April 2012 to April 2013 to April 2014 to 
March 2011 March 2012 March 2013 March 2014 March 2015 
Cut and polished 23.0835 20.343 21.972 24.5715 18.606 
diamonds 
Gold jewelry 74.529 79.932 88.359 118.221 112.506 
Colored gemstones 186.6285 239.196t 219.2505 276.111 264.834 
Pearls 0.0135 0.012 0.072 0.735 0.0675 
Non-gold jewelry 112.548 121.599 132.1185 146.244 145.158 
Costume fashion 3.0855 6.7185 11.043 10.647 11.9205 
jewelry 
Raw synthetic 0.0045 0.009 0.009 0.021 0.039 
Rough diamond 0.051 0 0 0 0) 
Rough colored 3.045 11.6025 8.0775 12.015 20.037 
gemstones 
Synthetic stones 0.3855 0.4335 0.918 1.4775 1.5405 
Total 403.374 479.8455 481.899 590.043 574.7085 


Source: GJEPC 


Note: U.S. dollar amounts have been converted from Indian crore rupees (one crore equaling a quantity of 10 million) with November 2015 exchange rates. 


While Thailand and Sri Lanka control the global 
corundum cutting industry, Jaipur excels in many 
different colored gemstones, particularly emerald. 
The impact of television retailers and their jewelry 
manufacturers has been significant, driving demand 
for a variety of colored gemstones, including large 
volumes of calibrated sizes. If the supply of one type 
of gem diminishes, others that are available can be 
cut and marketed through television. With this con- 
stant demand, Jaipur’s rough buyers are purchasing a 
wide range of colored gemstones from sources all 
over the world. 

Jaipur has been cutting Zambian and Brazilian 
emeralds for decades. Now much of the industry 
focus is on the Zambian supply, and the Gemfields 
auctions of that production have revolutionized the 
emerald cutting industry in Jaipur. The consistent 
supply of accurately graded parcels through regularly 
scheduled auctions has made it easier to plan for cus- 
tomer demand for finished stones. This benefit does 
come with the challenge of auction competitiveness 
and shrinking margins for the Jaipur cutters. 

Since the 1980s Jaipur has been a major cutting 
center for tanzanite. Rough tanzanite export restric- 
tions imposed by the Tanzanian government in De- 
cember 2010 dramatically changed the face of 
tanzanite cutting in Jaipur. Some companies found it 
better to diversify into different colored gemstones, 
while others primarily focused on producing smaller 
calibrated tanzanites from the rough available to 
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them. These smaller calibrated goods have a ready 
market from manufacturers creating jewelry for tel- 
evision shopping. 


The Emerald Trade. The authors visited three emerald 
cutting factories in Jaipur. Two were manufacturing 
partners of a U.S.-based wholesaler but cut goods for 
different market sectors: one higher-quality and one 
more commercial-quality. Both companies source 
emerald rough and cut stones from Zambia, Brazil, 
and Colombia. The rough is cut at their own manu- 
facturing facilities and through partners in Jaipur. The 
wholesale firm they work with, Real Gems, Inc. of 
New York City, is a family business with over 40 years 
in the emerald industry. Real Gems sells a wide vari- 
ety of sizes and qualities, from precision-calibrated 1 
mm rounds to untreated stones over 50 carats (figure 
5). With offices in New York, Hong Kong, Dubai, 
Bangkok, and Europe, they strive to fill any emerald 
order from customers within 48 hours (S. Shah, pers. 
comm., 2015). The third company we visited cuts and 
sells its goods to foreign buyers in Jaipur. All three 
have slightly different rough procurement models, 
buying strategies, and customer bases. Together they 
represent significant strategies of the Jaipur emerald 
industry as a whole. 


Multigem Creations. Multigem Creations started 
over 2.5 years ago and developed a business similar to 
that of other companies in the Jaipur emerald trade. 
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Figure 5. From large, high-quality beads to cabochons and faceted stones, Real Gems sells a wide range of cutting 
styles. These examples were displayed at the Tucson gem shows. Photos by Tao Hsu, courtesy of Real Gems, Inc. 


The company first started buying emeralds from 
Bahia, Brazil, especially the Socot6 mines, when large 
amounts of rough were available. Much of it con- 
sisted of cabochon, tumbled, and lower-clarity facet 
qualities. By 1990 and 1991, Multigem was produc- 
ing 20,000 carats of finished goods per month. As pro- 
duction from Bahia declined, the company shifted its 
focus to Zambian emerald. By 1998, it was purchas- 
ing Zambian rough almost exclusively. Multigem 
continued to specialize in more-included commer- 
cial qualities with the Zambian rough, while prepar- 
ing to move up to middle-market and higher-quality 
material. Over the next decade, the company aban- 
doned the lower-quality commercial market. 

With the shift to higher-quality material, the pro- 
duction of finished goods dropped from 20,000 carats 
to about 5,000 carats per month by 2005. Today that 
figure is 1,500 to 2,000 carats per month, but in higher 
qualities. This is because higher-quality material 
takes more time to evaluate and cut. Top-quality ma- 
terial also requires larger capital, and availability is 
limited. But Multigem’s total revenue has increased, 
and the price for better-quality Zambian rough and 
cut stones has doubled over the last six to seven years 
(N. Dugar, pers. comm., 2015). Still, the profit mar- 
gins have been continuously squeezed as the cost of 
manufacturing and doing business has increased, 
even though far fewer employees are needed. 

The company, which had a staff of 50 when it pro- 
duced lower-quality material, has about a dozen em- 
ployees today. The cutting staff consists of about 
seven master cutters, each with 20 to 48 years of ex- 
perience. Company partner Naresh Dugar believes 
that becoming a skilled emerald cutter requires a 
minimum of 10 years’ experience, especially to work 
with better-quality material. He says that a cutter 
needs to see a large amount of rough to make the 
right decisions on planning the cut, sawing, preform- 
ing, and faceting (figure 6). With emerald in particu- 
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lar, color zoning, inclusions, and fissures must be bal- 
anced with shape, weight retention, and how the 
stone will respond to clarity enhancement. 

The manufacturing team pools together its knowl- 
edge to discuss the cutting of important pieces of 


Figure 6. At Multigem, management takes an active 
role in sawing and preforming decisions. The less 
experienced cutters perform the faceting. Photo by 
Andrew Lucas, courtesy of Multigem Creations. 
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Gemological Institute of America 


Awards 45 Uiplomas 


Forty-five students of the Gemological 
Institute of America have been awarded 
diplomas since the last announcement was 
made in Gems & Gemology. Eleven of this 
number were awarded diplomas in the 
Theory and Practice of Gemology for hav- 
ing successfully completed both correspond- 
ence and resident courses. The eleven are: 


Edward C. Borland, Kenosha, Wis. 
George W. Cobb, Anniston. Alabama. 
William L. Cowan, Merced Falls, Cal. 
Alfred Dana, Brighton, Massachusetts. 
Glenn E. Dobson, Pullman, Wash. 
Wendell C. Johnson, Clear Lake, Iowa. 
Joseph F. Person, St. Petersburg, Fla. 
Jean W. Pressler, Albany, Oregon. 
Robert Levasseur, Taunton, Mass. 
Theodore H. Shaw, South Beloit, Ill. 


John Y. Thomson, Alexandria Bay, 
New York. 


Diplomas in the Theory of Gemology 
from the Gemological Institute of America, 
awarded upon completion of correspondence 
courses, were received by the following 
thirty-four persons: 


Raoul N. Alie, Dover, New Hamp- 
shire. 

Ralph W. Barrett, Yukon, Florida. 

Ross O. Beube, Shelbyville, Illinois. 

A. Bonebakker, Naarden, Holland. 


Clifford Briggs, London, Ontario, 
Canada. 


Harry A. Bucey, Jr., 
Ohio. 


Robert N. Cheetham, Newport, Rhode 
Island. 


Stephen S. J. Ching, Honolulu, T. H. 


Steubenville, 


John Durovchic, Erie, Pennsylvania. 
Robert H. Evans, Honolulu, T. H. 


Alton Baker Fowler, Boston, Massa- 
chusetts. 


Martin D. Freeman, Rutland, Vermont. 
Frank Goldstein, Sacramento, Calif. 


Norville Edgar Hawk, Alexandria, 


Virginia. 
K. Norman Heyne, Twinsburg, Ohio. 
Warren J. Keister, Nampa, Idaho. 


George N. G. Kendall, Memphis, 
Tennessee. 


George H. M. LeRoy, Taunton, Mas- 
sachusetts. 


John H. Matlock, Lewiston, Idaho. 

Hugh E. Metzler, Arkansas City, Ark. 

Robert Ochfield, Baltimore, Maryland. 

Alphonse Panisello, Flushing, L. L., 
New York. 

Florenz M. Pinjuv, Las Vegas, Nevada. 

Paul Richter, Portland, Maine. 

Alfred M. Ross, Philadelphia, Pennsyl- 
vania. 

Herman Singer, Washington, D. C. 

John Sinkankas, Arlington, Virginia. 

Stanley S. Smith, Minneapolis, Min- 
nesota. 

Roy L. Stiles, York, Nebraska. 

Renato Tieger, Milan, Italy. 

William E. Verrant, Hannibal, Mis- 
souri. 

Dolores M. Wolf, Red Lion, Pennsyl- 
vania. 

Kenneth E. Zarder, Milwaukee, Wis- 
consin. 


Monroe L. Zarne, Milwaukee, Wis- 
consin. 
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rough, so there can easily be at least 100 years of com- 
bined experience looking at a single stone. The com- 
pany’s years of cutting lower- to medium-quality 
emeralds prepared it to move up to fine-quality rough. 
While it is not always easy to move finished emeralds 
in today’s market, Mr. Dugar noted that better-quality 
material is more appealing and marketable, almost al- 
ways selling within a few months. 

When Multigem started buying Zambian rough, 
the supply was consistent but the available lots had 
an undesirable mix of qualities and sizes. The quality 
within a rough lot might range in value from US$1 
to US$1,000 per gram. This mixture made it difficult 
for manufacturers to focus on the quality needed for 
their business models. 

Multigem no longer purchases rough primarily in 
the Zambian open market. About 60% of their rough 
comes from the Gemfields auction and 40% from 
local traders or Zambians who come to Jaipur to sell. 
The Gemfields auction system has made buying 
emerald rough much easier in the sense that the lots 
are very well organized by size and quality. Another 
important advantage is that the same quality grades 
are available from one auction to the next, allowing 
for better business planning. Thus, Multigem is able 
to provide consistent supply to customers over the 
years. At the same time, the auctions are very com- 


Figure 7. The authors observed the entire decision- 
making and cutting process for matching tumbled 
stones. While there was an initial plan, it was often 
modified as the emeralds were preformed. Photo by 
Andrew Lucas, courtesy of Multigem Creations. 
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petitive. Anyone buying emerald rough at these auc- 
tions must have considerable experience and market 
knowledge, especially for higher-quality lots. 

Multigem Creations is one of the companies that 
partners with Real Gems, the New York-based 
global emerald wholesaler, which has a strong cus- 
tomer base in the United States. Multigem also sells 
to local buyers in Jaipur. The company produces large 
faceted free-size stones, as well as calibrated faceted 
stones, cabochons, and tumbled stones. It focuses on 
better qualities for all types of cut material. 

The authors observed an example of a common 
business decision in Jaipur: whether to cut a 2.50 ct 
piece of rough into a faceted stone or matching tum- 
bled stones (figure 7). The matching tumbled stones 
would easily total more than 50 carats; at 20,000 
rupees per carat, they might sell for a total of one 
million rupees. A 20 ct faceted stone might also be 
produced, but much of the depth of color would be 
lost due to color zoning and the emerald’s brightness 
would be hindered by inclusions. Faceted stones typ- 
ically sell for more per carat, all things being equal. 
In this case, Mr. Dugar estimated that the faceted 
stone would also sell for 20,000 rupees per carat due 
to the loss of color and therefore bring only 400,000 
rupees—600,000 rupees less than the matching tum- 
bled stones. Understanding the nature of the crystal’s 
color zoning, the effect of inclusions on brightness, 
and the potential to create very marketable matching 
tumbled pairs factored into the final decision. In the 
end, we saw the cutting of two matching tumbled 
pieces for earrings plus a matching tumbled stone for 
a pendant, creating a suite weighing 91.10 carats total 
(figure 8). Multigem was also able to retrieve a lower- 
quality 70 ct cabochon-grade stone from the same 
piece of rough, making the decision to go for tumbled 
stones a very successful one. 

Mr. Dugar said that while buying individual 
stones is a gamble tempered with experience and 
skill, buying a lot is not as risky. Many of the stones 
will work out as expected—some better and some 
worse—but in the end it will balance out for a profit. 


Samit Emeralds. This company specializes in com- 
mercial-quality faceted stones. During our visit, 
owner Samit Bordia explained why most emerald cut- 
ting factories in Jaipur do not use high-tech equipment 
and computerized cutting. With stones like citrine, 
blue topaz, and almandine garnet, factories do incor- 
porate automated cutting. But emerald involves so 
many considerations throughout the cutting process 
that it is not economically advantageous to use tech- 
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Figure 8. The business decision to create either lower- 
quality faceted stones or top-quality tumbled stones 
is based on the total value recovered from the rough 
as well as the available market for the different styles 
of material. Photo by Andrew Lucas, courtesy of 
Multigem Creations. 


nology. The key to emerald cutting, Bordia told us, is 
the experience and knowledge of the cutter. That is 
one of the main advantages of the Jaipur industry. 

At Samit Emeralds, we saw commercial-quality 
Brazilian and particularly Zambian rough (figure 9). 
Mr. Bordia buys rough from Bahia in qualities usually 
ranging from US$5 per kilogram to $100 per gram. We 
also saw some lower-quality Bahia rough selling for 
US$1,500 per kilo that would cut faceted stones sell- 
ing to jewelry manufacturers for US$3 to $20 per carat. 
Mr. Bordia said that Jaipur’s emerald cutting factories 
usually focus on certain market sectors for finished 
emeralds. He noted that the quality of material from 
Bahia has been low, even though the quantity has been 
sufficient, so Samit Emeralds has not been buying 
heavily from Brazil. 

The company purchases Zambian emerald rough 
from the Gemfields auctions and from Zambian 
miners in the town of Kitwe. Mr. Bordia has observed 
that approximately 90% by weight of the Gemfields 
auction lots are cut in Jaipur, whether the buyer is 
local or from the U.S. or Hong Kong. 

Most of the Zambian material Samit Emeralds 
buys is slightly more bluish than the Bahia material, 
but the colors range from bluish green to slightly yel- 
lowish green. Mr. Bordia finds that the more bluish 
Zambian stones tend to exhibit a stronger structure 
when cutting, adding that they have more luster and 
higher clarity. 

Mr. Bordia finds the assortment and grading of lots 
from the Gemfields auctions superior to what is of- 
fered from Bahia or from other Zambian sources, even 
in lower commercial qualities. Colombian rough is 
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Figure 9. Samit Emeralds acquires large amounts of 
rough from Zambia, like the material in this photo, 
and to a lesser extent Brazil. Photo by Andrew Lucas, 
courtesy of Samit Emeralds. 


sometimes available in lower commercial qualities for 
Jaipur buyers, but comparably priced Zambian mate- 
rial has a better depth of color. In fact, Mr. Bordia es- 
timates that Bahia and Zambia account for 90% of the 
rough cut in Jaipur, with material from Colombia, 
other Brazilian mining areas, Afghanistan, and Pak- 
istan making up the rest. 

The exact proportion of Brazilian and Zambian 
rough cut by Samit Emeralds depends on mine pro- 
duction. In 2012, when Bahia was enjoying a large 
production of good commercial-quality material, 
75% of the company’s rough inventory by weight 
came from there. In terms of value, the proportion 
was 30% Bahia and 70% Zambia. The quality of 
Bahia emerald has been declining, so now the Zam- 
bian supply represents 90% of the value, while the 
weight percentages have not changed as dramati- 
cally. Mr. Bordia pointed out that many of the com- 
mercial-quality emerald manufacturers in Jaipur face 
the same situation. 

Samit Emeralds purchases rough and produces cut 
stones based on customer orders for specific sizes and 
qualities. Like Multigem Creations, the company 
works with Real Gems of New York. The U.S. is an 
important market for Samit, with manufacturers and 
jewelry television networks buying the full range of 
their commercial-quality material through Real 
Gems. 

As a general rule, Samit Emeralds’ planners saw 
or slice the stone if an inclusion occupies more than 
20% of the crystal; if less, they grind the stone. Any 
remaining black schist is ground away after sawing. 
The goal is to combine maximum weight retention 
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Figure 10. By purchasing well-sorted rough at auction, 
Green International can produce consistently graded 
parcels of faceted emeralds. Photo by Andrew Lucas, 
courtesy of Green International. 


with maximum inclusion removal during sawing or 
grinding. If the emeralds are sawn, there will be 
pieces ready for preform and pieces that will be sawn 
again before preforming to remove remaining black 
schist or included areas. 

Luster and brilliance are evaluated to decide 
whether the stone will be faceted or fashioned into a 
cabochon or tumbled piece. The sorting of facet grade 
versus cabochon grade versus bead or tumbled grade 
varies by manufacturer. Samit Emeralds tends to facet 
a higher percentage of lower-quality material, while 
some manufacturers in Jaipur have a market for very 
clean, high-quality cabochons, tumbled stones, and 
beads. 

After preforming, the stones are grouped by color 
and clarity grades into parcels of preformed stones 
varying in size and shape before moving to faceting 
and then the final polish. For calibrated goods the pre- 
form dimensions are usually at least 0.2 mm larger 
than those of the finished stone. If a 6 x 4 mm oval is 
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required, the preform size is 6.2 x 4.2 mm minimum. 
Mr. Bordia estimates a 30% weight loss from preform 
to faceted stone. Crown height and pavilion depth per- 
centage tolerances are kept to ensure that the cali- 
brated stones do not vary more in weight than 
customers will accept, while also maintaining stan- 
dardized proportion appearance standards. 

Over the years, Samit Emeralds has kept detailed 
records of all the rough lots it purchases, the preforms 
created, and the number of final cut stones. This has 
helped them estimate the weight of finished goods 
within a couple of percentage points for the rough lots 
they buy. If the weight estimation is off by more than 
2%, they adjust their buying prices for the next similar 
lot on the market. When asked about the movement 
toward beneficiation and mining companies cutting 
their own rough to move up the value chain, Mr. Bor- 
dia felt that Jaipur’s expertise in cutting emerald and 
its competitive labor costs would ensure a continuous 
flow of rough for decades to come. 


Green International. Ramdas Maheshwari of Green 
International estimates that 99% of their emerald 
rough comes from the Gemfields auctions. This sec- 
ond-generation company has been in the emerald 
cutting business for more than 40 years. Mr. Mahesh- 
wari agrees that the Gemfields auctions have 
changed the whole dynamic of the Jaipur emerald in- 
dustry (figure 10). Since they began buying regularly 
at auction and receiving well-sorted and graded lots, 
their ability to turn over their inventory has in- 
creased by five times. Green International does not 
base buying and manufacturing decisions on pre- 
orders from customers. Instead, they research the 
kinds of goods selling in the market, buy them for 
the best value at auction, and cut them for the best 
quality and weight to sell in the Jaipur market. Their 
selling prices start at US$200 per carat for finished 
stones and can reach tens of thousands of dollars per 
carat. The sizes range from 2.5 mm rounds to large 
free-size stones. 

Green’s minimum parcel for calibrated stones is 
about 500 carats. The percentage of calibrated goods 
vs. larger free-size goods they manufacture depends 
on what is available at auction. When the company 
cut Brazilian material, 90% of the manufacturing 
was calibrated goods. Now that they deal almost ex- 
clusively with Zambian material, they cut a higher 
percentage of larger free-size material. Green Inter- 
national also sells to manufacturers in layouts and 
suites, but their main customer base consists of 
wholesale traders from around the world. 
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Figure 11. Tradition and skill outweigh technology at Green International, as these preformers prefer complete 
hand control over the emerald and the speed of the wheel for large free-size and calibrated stones. Photos by 
Andrew Lucas, courtesy of Green International. 


Green International has 50 employees and does 
not outsource any of its cutting. Green’s experienced 
cutters use traditional bow-powered laps for preform- 
ing, which gives them better control of the emerald 
rough (figure 11) anda higher weight yield. They also 
like being able to feel the emerald in their hand while 
controlling the speed of the preform with the bow in 
their other hand. Green International’s cutters said 
they get about 2% more weight retention using the 
bow-powered cutting laps for preforming and hand- 
controlled jam pegs for faceting. 


The Tanzanite Trade. When demand for emerald 
slowed in the latter half of the 1990s, the resilient 
Jaipur industry diversified into other colored stones 
such as tanzanite (Aboosally, 1997a). Nirmal Bardiya 
of RMC estimates that Jaipur cuts 90% of all tanzan- 
ites 1 gram and under (a figure confirmed by other 
sources], but the value percentage is smaller due to 
Tanzanian export restrictions that require facet-grade 
rough larger than 1 gram to stay in country for fash- 
ioning. When author AL visited Jaipur in 2.007, a sig- 
nificant percentage of large, high-quality tanzanites 
were being cut there. At the time of our recent visit, 
there were more than 50 companies in Jaipur cutting 
tanzanite (A. Gokhroo, pers. comm., 2015). We 
mainly saw smaller calibrated stones, most under a 
carat. 

The increase in gemstone sales to jewelry televi- 
sion networks has softened the impact of the rough 
restrictions, since the smaller calibrated sizes now 
being cut in Jaipur are a perfect match for the pieces 
being manufactured for television. 
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AG Gems. From the time it was established in 1991, 
AG Gems has purchased rough colored stones from 
East Africa. In the early 1990s, the company bought 
rough ruby and tanzanite in Nairobi. By the mid-1990s, 
AG Gems found that Arusha, Tanzania, was a better 
place to source tanzanite and began purchasing from 
dealers who bought the stones from Maasai tribesman. 

Today AG Gems is one of the ten sightholders 
listed by TanzaniteOne, which operates in a man- 
ner similar to the De Beers supplier of choice sys- 
tem. For AG Gems, the fixed-price rough lots from 
TanzaniteOne are well graded, sorted, and organized, 
making it easy to calculate costs and profit margins. 
The company also buys an equivalent amount of 
rough on the open market from other miners and 
dealers in Tanzania. The rough supplied by Arusha’s 
independent dealers has become very well graded, as 
opposed to the mixed lots and mine runs they sup- 
plied several years ago. 

AG Gems has seen wide fluctuations in supply 
and prices. Today’s prices are stabilized, as the miners 
and dealers control the material offered for sale to 
better meet the demand. Director Arun Gokhroo 
says the company’s best period in the tanzanite busi- 
ness was around 2012 through 2013, when Chinese 
demand exploded but then cooled. Now their main 
market is once again the United States. AG Gems 
sells to wholesalers and jewelry manufacturers, but 
perhaps their most important customers today are 
television shopping networks and the manufacturers 
that make their jewelry. 

Mr. Gokhroo feels that tanzanite is now a main- 
stream colored stone like the “Big Three,” and al- 
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though supply has fluctuated it can still meet large- 
scale demand. Eighty percent of the company’s busi- 
ness is now in tanzanite, with other Tanzanian 
stones like spinel, rhodolite, spessartine, and tsa- 
vorite making up the remaining 20%. 

AG Gems, like RMC, has been affected by the 
size restrictions on rough exports from Tanzania, es- 
pecially for smaller sizes, with Arusha as the cutting 
center for facet-grade rough over one gram. For larger 
rough, AG Gems and other Jaipur cutters can only 
obtain cabochon- or bead-quality material, which 
Tanzania does not subject to the same export restric- 
tions as facet-quality material. 

Mr. Gokhroo said his cutters and those of other 
companies in Jaipur have become expert at finding 
the transparent areas in these larger, lower-quality 
rough tanzanites and cutting faceted stones out of 
them (figure 12). AG Gems buys them on the open 
market in Arusha. These goods only yield between 
2% and 5% weight retention for faceted stones, 
while in rough sizes under one gram they retain an 
average of 25% to 30% after faceting. 

AG Gems primarily sells calibrated sizes, of which 
the most common are 4 x 6 mm to 6 x 8 mm. The 
smallest fancy shapes are 3 x 4 mm ovals and rounds 
down to 3 mm. Their customers typically allow a 0.2 
mm size tolerance. Most are oval shapes, which have 
the best weight retention and highest demand. Most 
of the rough AG Gems now buys has already been 
cobbed in Tanzania. The rough stones are oriented for 
weight retention, but retaining color in small sizes is 
very challenging (A. Gokhroo, pers. comm., 2015). 


AG Gems heat treats its rough in Jaipur. First the 
rough is preformed to remove potentially damaging 
inclusions, then heated, and then faceted and pol- 
ished. Based on years of experience, the heaters can 
easily judge the color that will be produced. The 
stones are placed in a crucible inside an oven for 1.5 
hours, until the oven reaches a temperature between 
600° and 700°C. Then the stones are left at that tem- 
perature for half an hour, and the oven is cooled 
down for eight hours before removing the stones. No 
powders, chemicals, or fluxes are used. 

From preform to calibration, the tanzanites gen- 
erally lose 10% to 20% of their weight. After faceting 
they lose another 25% to 30%. After calibration they 
are usually 0.3 mm larger than the desired size, so 
they can lose a very slight amount of size (usually 0.2 
mm) during faceting (figure 13). With the tight mar- 
gins for tanzanite today, knowing how to evaluate 
the rough for weight retention and quality in the fin- 
ished stones is critical for AG Gems. 


Me&M Gems. Although it specializes in cutting cali- 
brated tanzanite and emerald, M&M Gems started 
cutting tanzanite in 2000. Approximately 80% of the 
finished stones are tanzanite and 20% emerald, but 
the value is a 50-50 split. At the time of our visit, the 
production was 150,000 stones and 25,000 carats of 
tanzanite a month. To give an idea of the production 
volume and speed, each preformer handles at least 
400 stones a day (figure 14). 

At the factory, we followed the entire process 
from rough grading and preforming to calibration and 


Figure 12. With its expertise in evaluating tanzanite rough, AG Gems can buy larger cabochon-grade pieces and 
cut transparent areas for large faceted stones. Part of evaluating the rough is observing its pleochroism and finding 
the more valuable intense bluish and purple color directions. Photos by Andrew Lucas, courtesy of AG Gems. 
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Figure 13. From untreated rough in sizes under one gram (left) to preforms that have been heated (center) and pre- 
cisely calibrated finished stones (right), AG Gems must accurately estimate the final appearance and weight at 


each stage. Photos by Andrew Lucas, courtesy of AG Gems. 


faceting. Each stone could be completed in about two 
hours. The smallest size of rough M&M manufac- 
tures (approximately 0.1 gram) had about 6% weight 
retention, while the larger sizes (1 gram) retained 
about 25%. Most were cut as rounds and ovals, with 
other shapes cut to order. As with AG Gems, their 
calibration tolerance is 0.2 mm. 

The company buys rough from dealers in Tanza- 
nia and in the domestic Jaipur market. The supply of 
tanzanite has fluctuated over the years, but the focus 
on smaller sizes in manufacturing is due to the Tan- 
zanian restrictions (figure 15). 

For most tanzanite rough, M&M follows a heat 
treatment process similar to that of AG Gems, heating 
the rough after preforming (though we did see some 
lighter-color rough being heated before preforming). 
No time is wasted preforming material that might not 
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have sufficient color quality for faceting, even though 
this leads to a higher percentage of stones that burst 
from preexisting fractures in the rough. 

M&M classifies its tanzanite qualities according 
to standard terminology for the global trade. Colors 
are separated by tone and saturation into A, A+, AA, 
AA+, AAA, and the finest grade of AAA+. For stones 
with the same size, the spread in price from A to 
AAA+ can be as much as 300%. The grades are set 
according to M&Ms master stones, which are cho- 
sen to match the grading of global customers. Many 
of these customers are wholesalers, manufacturers, 
and jewelry television networks. 


Large Manufacturers and Bead Making. Even though 
emerald and tanzanite are two of the most important 
stones commercially, the Jaipur industry cuts a wide 


Figure 14. M#™¥M Gems 
has a traditional Jaipur 
factory where preform- 
ers prefer to work sit- 
ting on the floor. Each 
preformer averages 400 
stones a day. Photo by 
Andrew Lucas, cour- 
tesy of MYM Gems. 
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Figure 15. While the facet-grade tanzanites available 
to M#@M Gems are under one gram in size, the com- 
pany still has an extensive rough sorting system for 
shape, color, and clarity that provides consistent 
quality ranges for cut stones. Photo by Andrew Lucas, 
courtesy of M#@M Gems. 


range of material. Many varieties, including nontradi- 
tional options such as yellow scapolite, are fashioned 
into assorted shapes and sizes. Some of these compa- 
nies operate on a massive scale, cutting the full spec- 
trum of gems, while others specialize in a few stones 
based on market demand. 


RMC. Since its founding in 1991 in Bangkok, RMC 
has been involved in cutting and trading all types of 
colored stones. The company now cuts in China and 
in Jaipur, where the main production takes place. 
With sales offices in Bangkok, Hong Kong, and Japan, 
RMC refers to itself as a supermarket for all colored 
gemstone needs. The company manufactures and 
sells more than 100 varieties of colored stones in a 
wide range of shapes, sizes, and qualities. It special- 
izes in colored gemstones outside the classic “Big 
Three.” 

RMC purchases rough colored stones from 
sources around the world to cut and sell in major 
markets. It has not ventured into finished jewelry. 
The company employs more than 5,400 people di- 
rectly and indirectly to accommodate the huge pro- 
duction requirements of one million stones per 
month. Ninety-seven percent of its business is in 
cutting natural and treated gemstones, with 3% con- 
sisting of synthetics and imitations (N. Bardiya, pers. 
comm., 2015). 

RMC produces stones in calibrated sizes (figure 
16), from 1 mm rounds to 12 x 15 mm fancy shapes. 
Rounds usually reach 10 mm in size, and fancy 
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shapes usually start at 3 x 4 mm. Their process in- 
volves handheld preforming and calibration machines 
that set the size and measurements. While RMC 
started out focusing on beads, today they produce 
mainly faceted stones. 

RMC exhibits at major trade shows in China, 
Hong Kong, Bangkok, Japan, the United States, 
Switzerland, and Germany every year. Currently 
most of its business is in Asia. The company’s pri- 
mary customers include other wholesalers, jewelry 
manufacturers, jewelry television networks, retail 
chains, and Internet retailers. The customer base has 
changed dramatically in the last five years. 

Before 2010, RMC sold to numerous smaller com- 
panies in US$5,000 to US$100,000 orders. The con- 
solidation of the colored gemstone industry forced 
many smaller companies out of business. RMC now 
sells to fewer companies, but these clients place larger 
orders. RMC finds that the smaller manufacturers and 
wholesale customers cannot get enough regular orders 
to stay in business today. 

In recent years RMC has seen changes in China, 
its largest market. At one time, China’s appetite for 
colored stones caused rough prices for RMC to rise 
more than 300% over just a few years as demand out- 
paced supply from the mines. For RMC, the slow- 
down in the Chinese market has not caused a drop 
in colored gemstone prices but rather price stabiliza- 
tion, as demand has become more in line with sup- 
ply, even though the rough supply is still very tight. 

China demands bright and clean material from 
RMC in a variety of colored gemstones for its domes- 
tic market. RMC’s quality requirements are narrower 


Figure 16. RMC specializes in calibrated gemstones. 
Photo by Andrew Lucas, courtesy of RMC. 
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Figure 17. Numerous calibrated preforms are placed on a computerized faceting machine for final calibration, 
faceting, and polishing at RMC. Photos by Andrew Lucas, courtesy of RMC. 


in China than in the U.S. market. The Chinese buyers 
have paid strong prices to RMC for the quality they 
require. Japan and Europe also have more stringent 
quality requirements than the U.S. However, Chinese 
jewelry manufacturers exporting to the U.S. buy a 
wide range of qualities. When the U.S. market is 
strong, as it was during our visit, it is a great advan- 
tage for RMC, which can move all quality ranges and 
price points there. Meanwhile, Italian manufacturing 
companies are again becoming important customers. 

As with other companies in Jaipur, television shop- 
ping networks from the United States, Europe, and 
Japan have been major buyers of colored gemstones in 
a wide range of sizes and qualities. RMC is focusing 
on television retail, which has a very fast turnover and 
buys in large quantities. The company can sell full 
productions of all sizes and qualities to a variety of 
shopping channels catering to different market sec- 
tors. RMC also sees potential opportunities for televi- 
sion retail in China, where it can sell loose colored 
stones directly to the Chinese shopping channels, 
which provide them to their own jewelry manufactur- 
ers. RMC can also supply stones to China through 
jewelry manufacturers in Jaipur. 

Nirmal Bardiya, one of the company founders, 
foresees a great future for Jaipur: “The children of the 
leaders of the colored gemstone industry are moving 
toward vertical integration and up the value chain 
into colored gemstone jewelry manufacturing.” As 
Mr. Bardiya has seen the quality of cutting improve 
greatly over the last 10 years, opening up new mar- 
kets, he has also observed dramatic improvement in 
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jewelry manufacturing. He is investing in automation 
and computer-controlled cutting (figure 17) to meet 
the anticipated growth in demand. At the same time, 
he expects continued demand for Jaipur’s highly 
skilled but very affordable cutting labor (figure 18). 
Mr. Bardiya does foresee some challenges ahead. 
To be more competitive with Thailand and Sri Lanka, 
Jaipur must improve its heat treatment technology 
and its skill in cutting and trading ruby and sapphire. 
He has also felt the effects of source-country legisla- 
tion on exports of tanzanite and Ethiopian opal. While 


Figure 18. Faceting colored gemstones by hand is still 
highly effective, even when a million stones per 
month are required. Photo by Andrew Lucas, cour- 
tesy of RMC. 
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Figure 19. At Sambhav Jewels, parcels of cobbed and 
heated blue apatite rough from Madagascar await 
faceting into calibrated cuts. Photo by Andrew Lucas, 
courtesy of Sambhav Jewels. 


he expects such restrictions on rough exports to in- 
crease, he predicts strong growth potential through- 
out the Jaipur industry. 


Sambhav Jewels. At the time of our visit, Sambhav 
Jewels was cutting apatite purchased from Madagas- 
car (figure 19), fire opal from Mexico, morganite from 
Madagascar and Brazil, and chalcedony and quartz 
from Brazil and other sources. While the fire opal is 
mostly obtained in Mexico, morganite, apatite, and 
other gems are typically purchased from mine repre- 
sentatives in Bangkok. 

During our visit, 80% of the production (figure 20) 
was for morganite and fire opal; apatite from Mada- 
gascar was also being cut, to a lesser extent. In addi- 


tion, Sambhav cuts synthetics and imitations to 
order. We saw fire opal separated into color grades 
from light orangy yellow through dark reddish or- 
ange. Demand for morganite has been exceedingly 
strong, especially from China, and Sambhav Jewels 
has focused on this gemstone for the last five years 
(R. Jain, pers. comm., 2015). 

Sambhav prefers to handle morganite, which 
yields around 10% weight retention as opposed to 
only 3% to 5% for fire opal. Fire opal also has a high 
rejection rate from stones becoming opaque during 
cutting. 

For Sambhav, the Hong Kong show is the main 
outlet for morganite to the Chinese market, while 
the Tucson shows are the path to the U.S. market. 
There has also been strong demand from television 
networks, primarily in the United States, and from 
designers for custom orders. The orders for these tele- 
vision networks come mainly from jewelry manu- 
facturers. Sambhav is also cutting moldavite and 
synthetic alexandrite specifically for television. It 
supplies on an order basis, sourcing the rough and 
cutting any colored stone requested by the television 
network’s vendors. 

As with other Jaipur cutters dealing with various 
types of rough colored stones, Sambhav has found it 
difficult to source enough morganite to fill customer 
demand. Morganite rough has been especially diffi- 
cult due to the strong Chinese demand. For instance, 
an order for cut stones might require 200 kg of rough, 
but only 100 to 150 kg of material can be sourced. 
Part of the difficulty in obtaining rough is that even 
though China is a main customer for Sambhav’s cut 
morganite, the Chinese cutting factories are also 
Sambhav’s main competitors for rough purchasing. 


Figure 20. Sambhav’s preformers and faceters are shown cutting morganite and fire opal. Photos by Andrew Lucas, 


courtesy of Sambhav Jewels. 


Nal 
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This imbalance in morganite rough supply vs. de- 
mand over the last five years has increased the price 
for Sambhav five- to tenfold. This continual price in- 
crease makes it difficult to meet the demand and 
price expectations of clients or to provide a stable 
price for customers to plan their production costs on. 

Sambhav preforms and facets the morganite 
rough, sends out the faceted stones for irradiation to 
a golden color, and then heats them to pink. The final 
product is predominantly calibrated goods. To obtain 
the proper calibration size in the final faceted stone, 
the preforms must be a half-millimeter to a millime- 
ter larger than the final calibrated size. For larger sizes 
like 10 mm rounds, the preform will be 11 mm. For 
a2 mm final cut stone, the preform will be 2.5 mm. 
The calibration tolerance varies, with some clients al- 
lowing a 0.2 mm tolerance and others only 0.1 mm. 
This requires a very careful transfer from the crown 
to pavilion on the dop. Sambhav sells calibrated 
stones down to 1 mm in size as well as large 
freeforms, based on the order. 


National Facets. Since its start in the mid-1980s, 
this large family-owned business has specialized in 
manufacturing beads. Rajesh Dhamani has been the 
guiding force behind the company. In the local spirit 
of family businesses, he is now assisted by his son 
Yash Dhamani, part of the new generation of Jaipur 
entrepreneurs. 

Another member of the family, Sankalp Dhamani, 
explained that starting out as a bead manufacturer re- 
quires a smaller initial investment than other types 
of colored gemstone manufacturing. It is far less ex- 
pensive to produce top-quality beads than top-quality 
facet-grade material. Since finding success in this 
niche, National Facets has also expanded into fin- 
ished bead jewelry. 

The company, which began with three people 
working out of their homes, now has a staff of 500. 
The commercial grades are sent to the Jaipur cottage 
industry, while the better-quality material is cut at 
the factory. More than 50 families, almost an entire 
village outside the city, work full-time creating beads 
for National Facets. Most of these families have been 
working for the company for over 20 years. 

All of the preforms are fabricated in a factory (fig- 
ure 2.1). The preformed stones are either cut in the 
factory or sent to the cottage industry with specific 
requirements for bead manufacture. The company 
also saws in the factory, drills bead holes, and does 
stringing. National Facets now has two factories in 
Jaipur, one of them in a Special Economic Zone 
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Figure 21. National Facets uses the cottage industry 
for cutting but prefers to preform for beads and cabo- 
chons in its own factory, as this is a critical stage for 
weight. Photo by Andrew Lucas, courtesy of National 
Facets. 


(SEZ; see box A) to take advantage of the tax breaks 
for exporting. 

Customers include other bead wholesalers. Better- 
quality beads often go to designers, who want rare 
and exotic material, as well as retail chains and high- 
end branded retailers. Commercial-quality goods are 
increasingly sold to jewelry television networks. 
While National Facets’ main customer base is in the 
United States, its beads are also selling in Germany 
and Japan. The company has also had some prelimi- 
nary success entering the Chinese market, where 
customers will pay cash and give good prices. Hong 
Kong is one of its major outlets to markets all over 
the world. 

More than 80% of the beads manufactured from 
transparent gemstones are faceted. Faceted beads are 
essential for television sales because their sparkle 
from the facets displays well on television and better 
captures the viewer’s attention. At any given time, 
National Facets is manufacturing at least 50 gem- 
stone varieties, including ruby, sapphire, emerald, 
tourmaline, beryl, topaz, quartz, moonstone, opal, 
cat’s-eye chrysoberyl, alexandrite, tanzanite, tsa- 
vorite, and spessartine (figure 22). At the factory we 
saw large orders of chrysoprase and tanzanite beads 
totaling over 200,000 carats. 

For ruby, sapphire, and emerald, National Facets 
looks primarily for good color and included but still 
transparent material, which keeps prices reasonable. 
For many other transparent gemstone varieties, good 
color and high clarity are vitally important. With 
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HEAD OF LINCOLN 
CARVED IN SAPPHIRE 

Many media — bronze, copper, wood, 
marble, clay, granite— have been used to 
portray the strong features of the world’s 
Great Emancipator. But never before has 
the face of Abraham Lincoln been carved 
in material of the comparable hardness of 
corundum. 

This 1318 carat, deep blue sapphire head 
is owned by Kazanjian Brothers, Los An- 
geles precious stone dealers, and is intro- 
duced as the first in a series of four “Great 
Americans in Sapphire.” Others in the 
series will be Andrew Jackson, George 
Washington, and Henry Ford. 

The Kazanjians, Harry and James, have 
a profound respect for America as a land 
where a man, through individual effort, 
may reach the top from obscurity. 

Explaining their choice of subjects, James 
Kazanjian said, “Lincoln and Jackson were 
always great heroes of ours and it was nat- 
ural to select Lincoln for the first stone. 
Next we think will be Jackson because he 
stands for the real spirit of American oppor- 
tunity. Then will come Washington, as the 


¢ Lincoln in Sapphire—actual size. 


first president, and Henry Ford as the sym- 
bol of initiative in our day.” 

The Kazanjians, who in 1948 acquired 
what ate believed to be the five largest 
sapphires in existence, cut the larger of the 
five into the 733 carat “Black Star of 
Queensland,” which has been on tour for 
the past two years. The remaining three 
will be used in creating the balance of the 
“Great Americans in Sapphire” series. 

The Lincoln head was’ cut from a rough 
crystal weighing 2302 carats. The finished 
head, which is 2-9/16 inches in height, 
134 inches in width, and 2 inches in depth, 
weighs 1318 carats. 

When the decision to cut the sapphire 
was reached, Norman Maness was selected 
by the Kazanjians for the delicate task of 
carving. Maness, a Missouri carpenter who 
took up steel engraving and die making in 
Los Angeles as a result of a war injury, 
statted the painstaking and exacting work 
on November 7, 1949. 

There had been no precedent. for carving 
a stone of this size and hardness and he was 
faced with both technical and aesthetic 
problems. Not only must the task be accom- 
plished without chipping or fracturing the 
crystal, but the finished product must bear 
all the character and dignity of the great 
American. How successful he was in achiev- 
ing this result can be seen from the photo- 
graph. 

First Maness tried cutting the sapphire 
with carborundum. This proved unsatisfac- 
tory, however, and he was forced to use 
diamond grit entirely. Finally, the general 
shape of the head began to emerge. 

Dr. Merrell Gage, celebrated sculptor and 
Lincoln authority, was asked to advise and 
counsel with Maness on refinements of ex- 
pression. Much of Dr. Gage’s training had 
been received from Gutzon Borglum who 
created the Lincoln head on Mt. Rushmore 
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Figure 22. National Facets cuts a wide range of gem- 
stone varieties for its bead inventory, including aqua- 
marine, morganite, fire opal, lapis lazuli, and rose 
quartz. Photo by Andrew Lucas, courtesy of National 
Facets. 


transparent material, bead sizes range from 2. to 20 
mm, but maximum size depends on the variety. 
With amethyst and citrine, high-clarity material can 
yield 20 mm beads, but it is very difficult to produce 
good-clarity morganite and aquamarine above 10 
mm at a reasonable price. 

Exact standardization of size and quality for spe- 
cific gemstone varieties is difficult to guarantee to cus- 
tomers based on the supply of rough. National Facets 
typically informs customers how long merchandise of 
a particular size and quality is expected to remain in 
stock—usually no more than six months. 

Like other Jaipur companies, National Facets 
must work closely with Indian customs officials to 
assign the right value to rough imports. While rough 
usually enters the country through Mumbai, it is 
often valued by customs officials in Jaipur, who have 
considerable experience with colored stones. There 
are no duties for rough colored stones entering India. 
There are some trade agreements, as with Japan, re- 
garding the value of raw materials imported into 
India and the value of the finished goods exported to 
Japan. If the price difference is too great, the Japanese 
government can challenge the Indian government. 
Similar agreements are in place with other countries. 

The company’s business strategy is to always 
have inventory. Even without specific orders, Na- 
tional Facets is constantly buying rough and cutting 
in order to have goods available to customers and to 
keep the cutters working. It tries to focus inventory 
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on gemstone types, sizes, and qualities that are con- 
sistently in demand, like citrine and amethyst, rather 
than overproduce trendier bead materials like fire 
opal and tanzanite, which would create more pres- 
sure to sell and discount. Customers are always look- 
ing for new stones, and National Facets cuts and 
markets new types of beads to meet the demand 
without oversupplying and dropping the price. 

Every time the rough goes through the saw, 5% of 
its weight is lost. Preforming loses on average 40%, 
and from preform to cutting the final bead averages 
about 70% total weight loss. For good-clarity mate- 
rial, the weight retention from the original rough is 
about 25% to 28%, and for lower-quality material it 
is 10% or less. These percentages vary by variety. For 
instance, chrysoprase’s weight retention is lower due 
to the impurities found in the rough. Good-quality 
quartz may go as high as 35%. Tumbled-looking ma- 
terial that requires only minor preforming and final 
polish following the preformed shape can achieve 
40% to 50% weight retention, even for transparent 
material like aquamarine. 

At full capacity, National Facets can cut up to one 
million carats per month, though this volume would 
be extremely rare due to labor costs, raw material 
costs, and inventory buildup. Production is gauged 
by market demand and availability of the right types 
of rough at the right price. This is a major issue for 
National Facets and all cutting companies in Jaipur. 

In response to Tanzanian and Ethiopian regula- 
tions on rough exports, National Facets has set up 
cutting operations in those countries to fashion the 
material, with the final finishing done in Jaipur. This 
has created challenging situations with Indian cus- 
toms officials, as there are duties on finished goods 
and the partially finished material must be prorated. 


Gemstone Treatment. At the offices of Rhea Enter- 
prises, Rajneesh Bhandari discussed the company’s 
various treated, synthetic, and imitation products. 
The enhancement processes include heat treatment 
of corundum and other gems, coatings (especially thin 
films on drusy quartz), fracture filling (including lead- 
glass filling of ruby), and stabilization of turquoise. 
Rhea also creates what they market as synthetic fire 
opal, sold under the brand name Mexifire, and man- 
ufactures imitation alexandrite plus a variety of dou- 
blets and triplets. These products are sold directly and 
through partnerships with other companies. 

Mr. Bhandari, who has been coating gemstones 
since 1999, showed us the wide variety of coated drusy 
quartz material that is one of Rhea’s main product 
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Box A: SPECIAL ECONOMIC ZONES (SEZs) 


As the name suggests, Special Economic Zones are lo- 
cated within national boundaries and dedicated to in- 
creasing foreign investments by export only. India 
established its first such zone in 1965. The SEZ policy 
announced in April 2000 provides: 


e Simplified procedures for development, operation, 
and maintenance of the SEZs and for setting up 
units and conducting business in them 

e Single-window clearance, allowing exporters and 
importers to submit all relevant regulatory docu- 
ments at a single location or to a single authority 
to expedite the clearance process 

e Simplified compliance procedures and documen- 
tation requirements, with an emphasis on self- 
certification 


Of the many SEZs providing services in various sec- 
tors, several are dedicated to the gem and jewelry indus- 
try. These are located in Jaipur, Mumbai, and Kolkata. 
The SEZ in Jaipur was developed by the Rajasthan State 
Industrial Development and Investment Corporation 
(RIICO) to generate more foreign investment. RIICO 
foresaw the gem and jewelry demand very early and es- 
tablished a dedicated zone for the industry. Later, RICO 
announced the opening of two more zones in Jaipur. 


More than 70 companies operate their export-only 
business in these three zones. They employ more than 
7,500 workers, a number that fluctuates seasonally. Most 
of the companies provide pickup and drop-off facilities 
for their workers at certain transit stations. 

The incentives and facilities offered to SEZ units 
include: 


¢ Duty-free import/domestic procurement of goods 
for development, operation, and maintenance of 
SEZ units 


e 100% tax exemption on export income for the first 
five years, 50% for the next five years, and 50% of 
the export profit for the following five years 


e Loans up to US$500 million in a year without any 
maturity restriction, through recognized banking 
channels 


e Exemption from central sales tax and service tax 
(Facilities and incentives,” n.d.) 


India’s SEZs have increased the production volume 
of gems and jewelry in recent years. In 2005-2006, the 
SEZ exports from all sectors were only US$5.08 billion; 
in 2013-2014 that total was US$82.35 billion (“Export 
performances,” n.d.). 


TABLE A-1. Details of Jaipur’s Special Economic Zones for gems and jewelry. 


DETAILS Export Promotion SEZ-1 SEZ-2 
Industrial Park (EPIP) 

Total area 212,030 sq. meters 79,515 sq. meters 361,748 sq. meters 

Plots area 116,500 sq. meters 43,800 sq. meters 199,267 sq. meters 

No. of plots 76 51 189 

Plot sizes (sq. meters) 1,000, 1,500, 2,000, 500, 700, 1,000, and 500, 700, 1,000, 1,500, 
and 4,000 2,000 2,000, and 4,000 

Factories in production 18 12 5 


Approx. employment 7,500 collectively 


Source: http://sitapurajewels.com/The-Association. htm! 


lines. We saw the process of cutting and shaping a nat- 
ural chalcedony geode into the shapes that would be 
coated with materials to create the color. The final 
coated drusy only yields about 1% weight retention 
from the original geode. The gold coatings create an 
actual gold color, while other thin-film coatings like 
titanium oxide and silicon oxide cause light interfer- 
ence to create an assortment of colors. 
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Coating is done in a—7 atmosphere vacuum, by an 
electron beam or sputtering process. It often involves 
24 to 36 multiple coatings with exact thickness, typ- 
ically between 100 to 400 nm, and alternating higher 
and lower refractive index. A base layer is applied first 
and acts as an adhesive between the drusy quartz and 
the various color-causing elements. Slight heating is 
required for better adhesion. Electron beam coating 
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Figure 23. These triplets were assembled and preformed into rectangular shapes before being fashioned. Photos by 
Andrew Lucas, courtesy of Rhea Industries. 


can cover larger surfaces faster and more economi- 
cally, while sputtering is a more adhesive process. 
Some of the special effects that can be created from 
these coatings are bicolors, matte finishes, leopard- 
skin patterns, and logos and other designs. 

For triplets, Rhea primarily uses natural colorless 
quartz with a variety of colored adhesives (figure 2.3). 
Colors reminiscent of Paraiba tourmaline have 
proven especially popular. The company has also had 
success creating bicolor triplets imitating ametrine 
and tourmaline. The thin-film process can even be 
used to create a schiller effect on top of the colored 
coating, giving the triplets a rainbow moonstone ef- 
fect. A new product we saw was a mother-of-pearl 
base with coloring added by the epoxy layer. Gold 
wires were used in the epoxy layer to create a pat- 
tern. Another interesting product was a coated drusy 
quartz triplet with a colorless quartz protective top. 
Rhea’s imitation alexandrite, a glass marketed under 
the trade name Alexite, features a purple to blue or 
an orange to green color change. In Turkey the mate- 
rial is sold as imitation Zultanite. 

We observed the operations of Rhea’s full range of 
furnaces for heating corundum. The treatment factory 
has 14 of them, including a Sri Lankan Lakmini gas 
furnace and various high-temperature electronic fur- 
naces. Rhea often heat-treats rough corundum instead 
of preforms since it is not focused on cutting natural 
corundum and finds it easier to sell the rough to cut- 
ting factories. The first furnace we saw was a 
Nabertherm vertical tubular furnace from Germany, 
which can reach temperatures around 1,900°C. The 
gemstones are heated in the tubular portion, which 
can also be used to create a vacuum for precise control 
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of the atmosphere. Up to three gas lines can be con- 
trolled in this section. This exact control of the atmos- 
phere is very useful in heating sapphire, where precise 
control over the reducing atmosphere is important. 

Mr. Bhandari considers the muffle furnace more 
cost-effective for ruby, as the oxidizing atmosphere 
for heating ruby does not warrant the advanced tubu- 
lar furnace. The atmosphere and environment control 
is highly stable even for several days of heating with 
the tubular electric furnace. For beryllium treatment 
of corundum, the advantage of the tubular furnace is 
its stability at high temperatures and the exact con- 
trol of the oxidizing atmosphere. Mr. Bhandari notes 
that having exact control of the amount of oxygen al- 
lows better control over the appearance of the beryl- 
lium-diffused color, such as yellow, and the ability to 
make the color paler and more natural-looking. 

We were told that the tubular furnace also gives 
precise control of the temperature, plus or minus 1°C 
over seven days. The atmosphere in the tube does not 
affect the heating elements as in a more open electric 
furnace like the muffle furnace. While the corundum 
is heated in a crucible and gases can be added to the 
electric muffle furnaces, the exact control of the en- 
vironment is not as precise as with the tubular elec- 
tric furnace. This reduces deterioration of the heating 
elements and makes the temperature limits higher 
and easier to maintain, according to Mr. Bhandari. 
The electric tubular furnace can also allow for more 
gradual cooling than Lakmini gas furnaces. 

As Jaipur continues to take an even larger share 
of colored gemstone cutting and trading, treatment 
technology becomes critical. Being able to treat 
lower-cost goods with coatings and other processes 
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to make them more marketable will ensure that 
large amounts of this material flow into Jaipur. To 
successfully compete with Thailand and Sri Lanka 
in the ruby and sapphire cutting market, Jaipur must 
bring its heat treatment capability up to their level. 


JEWELRY MANUFACTURING, 

RETAIL, AND EXPORT 

Over the past two decades, Jaipur has built upon a 
rich tradition of jewelry manufacturing that dates 
back to the early 1700s, when the city was founded 
and the maharajas encouraged the migration of 
skilled craftsmen to the city. The traditional artisan 
cottage industry was overshadowed in the twentieth 
century by the colored stone cutting industry, for 
which the city is known internationally. 

Today, traditional Jaipur jewelry arts and fusion 
jewelry combining modern and classic styles are 
gaining global recognition (figure 2.4). Jaipur has also 
become a modern jewelry manufacturing hub. In the 
late 1980s and early 1990s, there were only four mod- 
ern jewelry factories. By 2015 there were more than 
250 such facilities (R. Jain, pers. comm., 2015). 

We saw traditional craftsmanship using tech- 
niques dating back centuries, as well as modern mass 
production. Cutting-edge designer jewelry for famous 
brands and tremendous amounts of colored stone 
jewelry for television were being created. Jewelry 
stores that once served the maharajahs, designer 
brands, retailers catering to the Bollywood crowd, 
and vertically integrated manufacturing/retailing 
companies all coexist and flourish in Jaipur. 


Traditional Manufacturing, Retail, and Designer Jew- 
elry. Traditional Rajasthani jewelry can be described 
as an explosion of opulence and color. An abundance 
of large flat-shaped rough or flat-cut polki diamonds 
and colorful enamel jewelry, completely finished on 
the front and back, lends a regal appearance. These 
pieces are truly fit for the maharajas and moguls of the 
past and are completely unlike Western jewelry. Much 
of the manufacturing involves techniques little 
changed for centuries. Some traditional items of Ra- 
jasthani jewelry include the rakhdi (head ornament), 
tussi (necklace), baju bandh (armlet)}, ariya (a special 
necklace worn by Rajputs), gokhru (bracelet), and 
pajeb (anklet). For a glossary of Indian jewelry terms, 
see box B. 

So-called fusion jewelry combines the traditional 
materials and design elements of Rajasthani jewelry 
with those of various cultures and periods, including 
modern Western and Indian tribal jewelry. To investi- 
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Figure 24. Rubies in a modern invisible setting are 
combined with polki diamonds in this fusion-style 
ring from the Adrishya collection. Photo courtesy of 
Birdhichand Ghanshyamdas Jewellers. 


gate this segment of the manufacturing and retail in- 
dustry, we visited four companies in Jaipur. Three 
dated back to the 1700s, while the fourth has only re- 
cently entered the scene, particularly with Bollywood 
celebrities and the international market (Jakhar, 2012). 


Surana Jewellers. This family-owned manufacturing 
and retail business began in 1735 as a jeweler to the 
maharajas. The Rajasthani royalty were the core 
clientele for many decades, as they were among the 
few who could afford this jewelry. By the 1900s, 
wealthy British and the growing Indian merchant 
class had become important customers. After India 
gained independence in 1947, the buying power of 
the Rajasthani maharajas was curtailed and Surana 
looked to expand, traveling to jewelry shows in 
Mumbai, New Delhi, and other cities where they 
have since opened stores. Eventually the company 
was able to place family members in different areas 
of the country to open more stores, and they con- 
tinue to look at new areas as the family grows. 

Prior to the 1950s, selling was very informal. 
Showrooms had low tables, and the customer and the 
jeweler would sit on pillows on the floor across from 
one another. Structured jewelry companies were not 
the norm in India, and on a daily basis there were far 
fewer customers. 

Even after Surana established its first modern 
showroom in 1951, it was in a 150-year-old building 
in the old part of the city. Their 500-square-foot 
showroom received five wealthy customers a day, by 
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Box B: GLOSSARY OF TRADITIONAL INDIAN JEWELRY TERMS 


Chambala: Bud-shaped decorations based on the yellow 
flower of the champa tree, strung in a series on a long 
necklace. 


Chandbala: A type of earring incorporating the shape of 
a half-moon. 


Jadau: Jewelry in which gemstones are set with gold or 
silver foil beneath them to enhance their brilliance. It is 
the oldest form of Indian jewelry and is believed to have 
originated in the royal courts of Rajasthan and Gujarat. 


Jhapta: A wedding ornament, usually crescent-shaped, 
that hangs on one side of the head and is fastened with a 
pin. 


Jhumki: An earring style incorporating three-dimensional 
ornaments around the vertical axis. 


Kada: A wide bangle bracelet, with or without a hinge. 


appointment only. There were still only about 10 
customers a day for many years after that, though 
these were serious customers who could spend sig- 
nificant money (P. Surana, pers. comm., 2015). 

Now there are often 60 to 70 customers a day in 
the larger Jaipur showroom Surana moved to in 2000; 
most are still serious customers looking to buy. They 
are the modern-day moguls: wealthy Indians, corpo- 


Figure 25. Kundan jewelry is still very popular with 
Surana’s clients, with some shapes simplified for a 
more modern classic look while retaining the bold 
enamel colors and polki diamonds. Photo courtesy of 
Surana Jewellers. 
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Kundan: A traditional form of jewelry where very thin 
24K gold foil, usually pounded into long strips, is bur- 
nished around gemstones to help set them. Kundan may 
be used interchangeably with kundan meena, as this 
style of jewelry often includes enamelwork. 


Meenakari: A style of enameling, from meena (enamel) 
and kari (the art of fusing glass on precious metals). 


Polki: Uncut diamonds, or diamonds fashioned to resem- 
ble uncut diamonds. 


Rajasthani aria/ariya: A choker necklace, usually gold, 
embellished with polki diamonds, colored stones, and 
pearls. 


Rani Haar (also known as a Queen’s necklace): A multi- 
strand neckpiece with a large pendant hanging in the 
front. There are usually an odd number of strands, which 
often contain gold beads. 


ration heads, European royalty, and celebrities. Show- 
rooms have a minimalist feel, which lends itself to the 
traditional pieces on display. The stores are organized 
by jewelry product categories such as gold, diamond, 
colored stone, enamel, and Western styles. 

Kundan jewelry (figure 25) is very popular with 
Indian consumers living domestically and abroad. 
Even younger upscale Indian consumers show a se- 
rious interest in kundan jewelry. Western customers 
often buy kundan pieces that are relatively slender 
and lightweight, with a simpler design. Interest in 
kundan jewelry is also growing among wealthy con- 
sumers in Pakistan, Sri Lanka, Bangladesh, and 
Nepal, whose king is already a customer. Surana’s 
elaborate objets d’art in gold, polki diamonds, and 
enamel are found in auctions worldwide, and the col- 
lector base is growing (figure 26). 

Surana also has a growing Internet sales business 
for its lower-priced items of US$3,000 or less while 
selling more expensive pieces at traditional auctions. 
The company exports jewelry to the large Indian cus- 
tomer bases in the United States, Europe, and 
(through Hong Kong) many other global locations. 
Tourists visiting Jaipur have purchased kundan-style 
jewelry, creating more interest globally through the 
pieces they bring home. 

To expand its market, Surana makes elaborate jew- 
elry for traditional Indian weddings (figure 27) as well 
as lines with more modern influences. Their bangle 
bracelets show European design influences like oval 
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Figure 26. Left: Besides its elaborate jewelry, Surana produces a limited number of decorative objects with enamel 
and polki diamonds. Right: Bold and colorful traditional kundan jewelry is popular with Indian consumers today 
and is reaching markets in other countries. Photos courtesy of Surana Jewellers. 


cuffs, altered for the kundan style with uncut and rose- 
cut diamonds and a variety of colored stones and cul- 
tured pearls. Enameling is done on the front and back 
of the piece. These bracelets are designed for party and 
evening wear as opposed to traditional wedding jew- 
elry. Some of these high-value fashion pieces have 
large uncut polki diamonds. 

We saw a cultured pearl and diamond necklace, 
designed for evening wear, with a 10 ct polki dia- 
mond as the center stone. These kundan-style pieces 
contain 22K, 23K, or 24K gold, which works well for 
the enamel used to add bright color. Polki diamonds 
or flat-cut diamonds are often set in the kundan style 


in 22K to 24K gold frames. Inside the setting, a silver 
foil is placed underneath the diamond to give it an 
appearance of depth. The diamond is then sealed in 
place with thin 24K gold all around it. Creating the 
illusion of larger, brighter polki diamonds is essential 
to the art of kundan jewelry. 

Surana prefers 23K gold for the frames and 24K 
gold foil to secure the uncut diamonds in the setting. 
A wax-like substance holds the silver foil under the 
diamond, and the 24K gold foil secures the diamond. 
Cultured pearls and colored gemstone beads are pop- 
ular components of kundan-style jewelry and are 
used to create a sense of movement. South Sea cul- 


Figure 27. This traditional wedding jewelry is covered in large polki diamonds and finished in the back with 
enamel. For wealthy Indian families, no wedding is complete without such elaborate bridal jewelry. Photos by 


Andrew Lucas, courtesy of Surana Jewellers. 
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tured pearls are often chosen for high-end kundan 
jewelry. The main stages are the creation of the gold 
frame, the enameling process, and the setting of the 
polki diamonds. 

After the gold frame is made and the piece is 
enameled, the wax-like substance is applied to secure 
the uncut flat diamonds and the silver foil. After the 
wax-like substance becomes soft at about 60°C, they 
make an indentation in it, often with a rounded piece 
of hot charcoal, and place the silver foil and then the 
polki diamond. This creates the look of one piece and 
gives the appearance of depth to the flat diamonds 
that are flush with the soft wax-like material. The 
silver foil is shaped to act as the diamond’s pavilion. 
Its highly reflective nature gives the appearance of 
depth to the flat diamond while adding brilliance. 
The depth of the silver foil is determined by the stone 
size and the thickness of the gold frame. Surana uses 
a silver alloy that is approximately 8% gold so that 
the silver does not tarnish over time. Once the wax- 
like “lacquer” hardens, it puts the diamond and sil- 
ver foil setting in place. 

Any excess wax-like material that is pushed above 
the setting is removed with a graver-type tool. Then 
the wax-like material is reheated to 50°C, and the 24K 
gold foil is placed inside it and around the diamond, 
securing it in place. A finishing tool is used on the 
24K gold, giving it a polished look. Some of Surana’s 
more intricate pieces can take two to four months to 
complete, depending on how many bench jewelers 
can work on different components at the same time. 

Colored stones are set the same way using silver 
foil. Sometimes the foil is even painted to enhance 
the color of the stone. In less expensive kundan 
pieces, Surana uses 18K gold, colorless sapphires, or 
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rock crystal quartz fashioned to resemble flat uncut 
diamonds (often set with silver foil behind them to 
increase brilliance) and no enamel. Color may be 
added by the use of emeralds and other colored stones. 

Surana sources uncut diamonds from sightholders 
and specifically looks for flat rough. In one of its jew- 
elry lines, 18K gold is used with more contemporary 
designs and modern-cut diamonds as well as fusion 
styles (figure 28). In 2013, Surana’s production of the 
line with modern-cut diamonds and the kundan line 
with uncut diamonds was divided 50-50. By 2015, 
the kundan-style jewelry was between 60% and 
70%. This increase reflects the rising price of dia- 
monds and the fact that foil-backed uncut diamonds 
offer the look of a much larger diamond for less 
money, which has stimulated interest in this style of 
jewelry. The continued rise of the wealthy class in 
India and the amount of money they can spend on 
weddings also plays a significant part. They prefer 
jewelry that is expensive and provides an even larger 
and more regal look. 

Surana uses the cottage industry of artisan jewel- 
ers. Handling such expensive materials requires com- 
plete trust in the skill and integrity of these artisans, 
and some have been making jewelry for Surana for 
five generations. 

Surana uses approximately 100 kilograms of gold 
in manufacturing each year. An elaborate bridal suite 
of kundan jewelry could have a total weight of half a 
kilogram or more, with 75% of that weight in gold. 
Surana Jewellers gives the material for the suite to a 
single artisan, who often works at home with other 
family members and possibly apprentices. These tra- 
ditional skills and kundan-style designs are passed 
down from generation to generation. 


Figure 28. Surana cre- 
ates jewelry with 
modern-cut and fancy- 
color diamonds while 
retaining an Indian 
flair. Both the ring (left) 
and the bracelet (right) 
feature modern-cut dia- 
monds and gold filigree 
but do not incorporate 
the enamel that is tradi- 
tionally seen in Indian 
jewelry. Photos courtesy 
of Surana Jewellers. 


WINTER 2016 


Gems & GEMOLOGY 


Figure 29. This maharaja headdress with polki dia- 
monds and emeralds was created by Gem Palace 
more than 200 years ago. Photo by Andrew Lucas, 
courtesy of Gem Palace. 


Gem Palace. In the early 1700s, the ancestors of Gem 
Palace owner Sanjay Kasliwal were invited by Jai 
Singh II to Jaipur to become official royal jewelers. 
The family made kundan-style jewelry for the ma- 
harajas using uncut Golconda diamonds (figure 29). 
The opulent lifestyle of the maharajas provided a 
constant demand for elaborate jewelry and objets 
d'art, even for infants and horses. Today objects such 
as a 250-year-old 24K gold and enameled chess set 
are found throughout the Gem Palace showroom of 
treasures. Mr. Kasliwal showed us an infant’s solid 
gold plate and spoon that were enameled and set 
with diamonds. Some of Gem Palace’s pieces, like a 
250-year-old drinking flask, have been purchased 
back from the descendants of the maharajas and 
resold to today’s ultra-wealthy. 

During the British colonial period, Gem Palace 
served many of the viceroys in India. This eventually 
led to clientele like President John F. Kennedy and 
First Lady Jacqueline Kennedy, Queen Elizabeth II, 
and the royal families of the Netherlands, Sweden, 
and Spain. Gem Palace pieces have also been worn 
by celebrities past and present such as Errol Flynn, 
Richard Gere, Gwyneth Paltrow, and Oprah Winfrey. 
Some of the world’s wealthiest people, including the 
emir of Qatar, are clients. 

Fifty percent of Gem Palace’s customers are In- 
dian, and wedding jewelry is very important to the 
core business. Foreign clients from Europe, the U.S., 
the Middle East, and a growing market from Central 
and South America also play an important role. 

The building that houses the showroom and 
workshops was completed in 1842 and still contains 
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the room where the maharajas were received. Most 
of the rooms are workshops now, and Gem Palace 
creates its jewelry on site. The lapidary staff uses 
modern faceting machines as well as traditional 
handheld bow-powered preforming machines to cut 
a wide range of colored gemstones. Besides cutting 
for its own jewelry, Gem Palace also exports colored 
gemstones to other jewelers worldwide. Its jewelry 
manufacturing incorporates traditional hand fabrica- 
tion methods and tools and even some blowtorch sol- 
dering techniques (figure 30). 

Mr. Kasliwal takes pride in the fact that Gem 
Palace’s jewelry is finished with equally high qual- 
ity on the front and back, as it was for the mahara- 
jas. This is normally done with enamel on the back. 
The philosophy is that the wearer sees the back of 
a piece as they put it on and take it off, so they 
should see the same quality of finish that the rest 
of the world sees. Mr. Kasliwal also blends styles, 
as in his Indo-Russian line, where the back of the 
piece is finished with a Russian style of filigree and 
diamond settings (figure 31). These new styles may 
incorporate flat polki diamonds, rose-cut diamonds, 
and modern full-cut diamonds. 

Gem Palace creates jewelry for a variety of price 
points, ranging from US$500 to US$10 million. The 
company sells both antique and newly made jewelry 
in traditional kundan style with polki diamonds as 
well as variations that blend in modern influences. It 
also produces opulent jewelry with modern-cut dia- 
monds and colored stones with contemporary set- 


Figure 30. Even today, many of Gem Palace’s master 
goldsmiths prefer soldering with a blowpipe, which 
they feel controls the flame and heat more precisely 
than a modern torch. Photo by Andrew Lucas, cour- 
tesy of Gem Palace. 
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Figure 31. With polki diamonds and an Indian design on the front (left) as well as a completely finished back with 
filigree and diamond settings in a Russian style (right), this reversible piece offers the choice of two distinct styles. 
Photos by Andrew Lucas, courtesy of Gem Palace. 


tings, similar to what might be seen in the high-end 
jewelry houses of Europe. Mr. Kasliwal has also 
catered to a substantial increase in demand for colored 
stone jewelry featuring gems such as tourmaline, tan- 
zanite, aquamarine, and quartz (Persad, 2014). 

The company is vertically integrated in the sense 
that Mr. Kasliwal travels to Africa and South Amer- 
ica to buy rough stones directly from the mines and 
the dealers. His workshop cuts the stones, designs 
the jewelry, and manufacturers the pieces to be sold 
in the Gem Palace showroom. 


Amrapali Jewels. Unlike other Jaipur companies that 
date back to the 1700s, Amrapali Jewels was started 
in 1978 by two entrepreneurial history students, 
Rajiv Arora and Rajesh Ajmera. Both men wanted to 
start a business that incorporated Indian culture and 
history, which they found could be expressed 
through jewelry. They started the business with no 
long-term business model, just a few hundred rupees 
in their pockets and a passion. 

The two traveled to remote villages in Rajasthan, 
Gujarat, and Orissa and sought out one-of-a-kind tribal 
jewelry to recreate in their vision. These pieces could 
be purchased in secondhand stores and pawnshops for 
very little money, often just 10% over the metal value. 
Much of the jewelry they created contained compo- 
nents of the original piece. After purchasing a necklace 
with 24 drop pendants, they would turn the piece into 
12 earring pairs and sell to 12. customers rather than 
one. By following this strategy they were able to get 
more customers and higher profit margins. (Indeed, 
one of the history student founders was also a business 
school graduate.) Their original store in Jaipur, a 150- 
square-foot shop at the end of a quiet street, was the 
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least expensive place they could find. At first the two 
partners made everything by hand. In 1981 they hired 
a craftsman, and that was the start of growing the 
business. 

Amrapali brought the tribal motif into the realm 
of high-end fashionable jewelry, attracting Bollywood 
celebrities and other sophisticated customers. The 
first Mumbai store, opened at the end of the 1980s, 
was in an upscale shopping area that catered to a 
trendsetting clientele. The brand name Amrapali be- 
came synonymous with this tribal designer look. 
The jewelry styles remained closely related to those 
of each individual tribe’s unique design elements but 
also reflected Amrapali’s own influences. One exam- 
ple, the Panna collection, features carved emeralds 
in floral designs (figure 32). 

Along with the flagship store on Mirza Ismail 
Road, which is considered the Fifth Avenue of Jaipur, 
stores were also opened in Delhi and Bangalore, and 
franchises were formed. Amrapali’s growing e-com- 
merce business is designed to reach the consumer 
globally and directly. The export business also began 
growing due to strong international interest in the 
tribal-inspired designs. By 2002 these collections 
were available in Selfridges, an upscale department 
store in London (Kaushik, 2014). Amrapali is now 
sold in Harrods of London and in retail stores other 
than the brand’s own. There are 36 global retail out- 
lets, 28 of them in India and eight outside the coun- 
try, with an office in New York City. In addition to 
its own products, the company manufactures jewelry 
for other brands. 

Most of Amrapali’s jewelry manufacturing was 
outsourced to artisans in the local cottage industry to 
meet growing demand until the company opened its 
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Figure 32. Amrapali’s Panna collection features Zam- 
bian emeralds sourced from Gemfields and carved in 
traditional floral designs. This peacock brooch is 
made of silver and gold with diamonds. Photo cour- 
tesy of Amrapali. 


first factory in Jaipur. This factory is designated as an 
Export Oriented Unit (EOU) within a Special Eco- 


nomic Zone, an area for free trade and export. The fa- 
cility’s success in producing jewelry for export led to 
the opening of two other factories, also in Jaipur, to 
handle domestic demand with the same efficiency. 
Amrapali now relies on its own factories that, depend- 
ing on the season, employ 1,600 to 2,300 craftsmen 
manufacturing plated base metal fashion jewelry as 
well as silver and gold jewelry. 

Amrapali’s modern jewelry manufacturing facili- 
ties are equipped with everything needed for mass 
production of a variety of traditional and fusion jew- 
elry. Manufacturing includes hand fabrication and 
stone setting as well as massive amounts of wax 
carving, casting, and plating. 

While documenting Amrapali’s manufacturing 
processes, we saw how the company handles its jew- 
elry lines. Traditional kundan jewelry was manufac- 
tured in a separate area of the factory that produces 
fusion and more modern styles. Amrapali uses tradi- 
tional steps, including design sketching, hand fabri- 
cating the 22K to 24K gold frames, placing the 
wax-like substance in the frame, placing the polki di- 
amonds and setting them with the 24K gold foil, and 
applying the enamel (figure 33). 

Fifteen years ago, 60% to 70% of Amrapali’s busi- 
ness was in exports, but today that number repre- 
sents the company’s domestic sales. The growing 
discretionary income and purchasing power of the In- 
dian consumer as well as the number of points of sale 
throughout India have led to this change. With the 
challenging global economic conditions over the last 
several years, the international sales volume has ac- 
tually increased through lower-priced pieces, includ- 
ing base metal fashion jewelry and silver jewelry, 
which is less expensive and easier to sell and often 
has a higher profit margin. Amrapali’s silver jewelry 


Figure 33. The authors observed the steps of making traditional kundan jewelry: building the gold frame, applying 
the wax-like substance into the gold frame, positioning the polki diamonds, and setting the diamonds with the 
24K gold foil. Photos by Andrew Lucas, courtesy of Amrapali. 
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in the Dakota hills, and Gage himself has 
been for many years giving Lincoln lectures 
while deftly molding a head of Lincoln 
from clay. 

Frequent consultations were held with 
the Kazanjians and Dr. Gage before Maness 
started work on the features. Weeks and 
months went by but gradually a nose, 
mouth, eyes, hair began to take shape. Then 
a fracture developed near the nose and in 
correcting this the entire face had to be 
redone. 

In adding the finishing touches to the 
features, it was necessary for Maness to use 
tiny wheels only 1/64 inches in diameter. 
Since the stone might have fractured if it 
were placed on any hard surface, he held 
the sapphire in one hand and the tiny drills 
in the other as he worked. 

Finally on September 20, 1951 — almost 
two years after the work was started — the 
Kazanjians, Dr. Gage, and Norman Maness 
looked with satisfaction on the finished 
object. 

During October the exquisitely carved 
stone has been in the Los Angeles or Bev- 
erly Hills stores of Brock & Company. Its 
next stop will be New York City and then 
onto other cities, including Springfield, 
Illinois, the Lincoln country. 

“The stone is not for sale,’ James Kazan- 
jian stated, “but we do plan eventually to 
place the entire series in some museum for 
permanent display. In the meantime, how- 
ever, we feel so many more persons will 
be able to see and enjoy the Lincoln head 
if we permit it to be viewed in retail shops 
in the larger cities of the United States.” 

Kay Swindler 


LARGE DIAMOND 
RECOVERED AT 
KIMBERLEY FIELD 
The largest diamond, weighing 51114 
carats, ever found in the Kimberley area 
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was recovered July 30 by digger J. Venter 
in the newly opened portion of the Nooitge- 
dachts diggings in the Barkly West section. 

The diamond, which is of fine octahedral 
shape, is described as “yellow (seventh 
color)” although another writer from the 
field states that it should more accurately be 
classed as being berween a “yellow and by- 
water.” The stone is said to be badly flawed 
with some internal cracks. One rather large 
spot and a cluster of fine ones appear slightly 
toward one point of the crystal. 

The diamond is now being cut in Johan- 
nesburg and it is estimated that 40 per cent 
of the stone will be saved after cutting. 

Although it is reported that the diamond 
crystal sold for slightly more than 35 pounds 
a carat, Venter will realize only around 
8,000 pounds as his share. Ten per cent of 
the selling price goes to De Beers Consoli- 
dated Mines, Limited, as. owner of the digg- 
ings and half of the balance to Venter’s 
pattner, E. J. du Plessis. The native who 
picked up the stone-received a bonus of 200 
pounds for the find, and a substantial sum 
will go to the government for income taxes. 

The largest diamond recovered in the 
Kimberley section prior to this time was in 
1896 when a 50314 carat stone was tre- 
ported. 

This new section of the Nooitgedachts 
farm diggings was opened on July 2 and 
there are at present 161 claim holders reg- 
istered. Several fair sized diamonds have 
been recovered since the opening including 
a 2934 carat of fine silver cape, of irregular 
shape and slightly cracked. About one week 
after the recovery of the 51114 carat dia- 
mond, L. J. Boshof found a 16514 carat 
light cape diamond about 200 yards away. 
This stone is described as good quality with 
the “longish octahedral slightly imperfectly 
shaped on one side.” 

Kay Swindler 
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often contains lower-priced colored gemstones, and 
the base metal jewelry incorporates crystal and other 
imitations. The e-commerce site mainly sells silver 
jewelry domestically and fashion jewelry globally, al- 
though the company recently launched a base metal 
fashion jewelry line for Indian consumers. Online 
sales represent 35% of Amrapali’s international sales 
by value. There are fewer e-commerce purchases in- 
ternationally than domestically, but often the overall 
purchase price is higher. This is partly because ship- 
ping costs make smaller purchases less cost-effective. 
But the domestic e-commerce customer is a very 
loyal repeat customer. 

During festival seasons in India, Amrapali’s sales 
can increase dramatically. The company finds that 
Indian consumers are becoming more fashion con- 
scious. They want to change their jewelry more often 
and wear new jewelry for special occasions. The price 
point of the less expensive but well-made and trendy 
jewelry makes it attractive to consumers with this 
new mindset. 

Amrapali also offers high-end traditional jewelry 
for discriminating tourists and locals. Indian wedding 
jewelry is a major source of revenue. While the 
tourist market is important, the domestic consumer 
represents about 85% of Amrapali’s store sales in 
India. Customers of all ages come to the stores, but 
the e-commerce domestic market is younger—from 
late teens through the 30s—and most sales are from 
smartphones. Over 90% of the sales are women’s 
jewelry (figure 34). 

Amrapali’s prices range from about US$7 to what- 
ever the customer is willing to spend. The average 
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price for gold jewelry purchased as gifts for special 
occasions is around US$500 to US$5,000. Gold wed- 
ding jewelry can easily sell for five to six times that 
amount. The average price for e-commerce sales 
varies depending on the season and any festivals tak- 
ing place but generally ranges from US$120 to 
US$400. Amrapali’s gold jewelry ranges from 18K to 
24K (predominantly 18K). The kundan-style 22K to 
24K gold jewelry is almost always finished with 
enamel on the back, while the 18K gold jewelry is 
often finished with filigree on the back. 

Amrapali believes that the market for kundan and 
tribal-inspired jewelry will continue to grow. The 
company sees the tradition of wearing kundan jewelry 
at weddings continuing with each generation. Astro- 
logical jewelry created in the Navratna style, with 
nine stones related to the planets with ruby represent- 
ing the sun in the center, is still popular and remains 
important to Amrapali. Navratna is considered sacred 
in many parts of Asia and has a deep meaning that 
goes beyond fashion. These traditional jewelry-buying 
needs are combined with the growing demand for 
fashion-based jewelry among India’s younger adults, 
as well as modern-cut diamond and colored stone jew- 
elry with high-end stones. 


Birdhichand Ghanshyamdas Jewellers. This family 
business began as a goldsmith shop during the 1700s, 
when select clientele included the maharajas. The 
company has been prominent in manufacturing tra- 
ditional kundan meena jewelry with polki diamonds, 
a style that has been popular in Rajasthan for cen- 
turies. In the 1970s, Birdhichand introduced kundan 


Figure 34. Left: These 
upscale bangle bracelets 
made with silver, gold, 
and polki diamonds are 
offered on Amrapall’s 
website. Right: Amra- 
pali is known for its 
modern high-end dia- 
mond and colored stone 
jewelry lines such as the 
Masterpieces collection, 
which includes these 
sapphire and emerald 
rings. Photos courtesy of 
Amrapali. 
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Figure 35. Birdhichand Ghanshyamdas’s Hunar col- 
lection brought kundan meena jewelry with polki di- 
amonds to consumers throughout India. Photo 
courtesy of Birdhichand Ghanshyamdas Jewellers. 


meena to the mainstream Indian consumer with the 
Hunar collection (figure 35). 

Birdhichand has blended a variety of modern and 
traditional designs, materials, and manufacturing 
techniques to create its fusion jewelry. The company 
still uses traditional cleaving methods as well as 
blade and laser sawing to create the flat polki dia- 
monds for traditional kundan meena. The brand has 
also become known for fusion jewelry, combining 
styles and materials of kundan meena with more 
modern elements such as full-cut brilliant diamonds. 

The fusion style is popular in India for wedding 
jewelry and fashionable fine jewelry. The target de- 
mographic is Indian women in their 20s through 
early 30s. Birdhichand finds this generation more in- 
terested in fusion jewelry because of the variety of 
materials and design elements, and the fact that it is 
different from the traditional kundan meena. Since 
2010 the company has featured its fusion jewelry at 
major international shows such as JCK Las Vegas, the 
Hong Kong Jewellery & Gem Fair, and Baselworld. 
The reception over the past few years has been en- 
couraging. The strongest market outside of India is 
the Middle East, especially Dubai, but there has been 
growing interest in Hong Kong, the U.S., and Europe. 
Still, the domestic Indian market accounts for ap- 
proximately 80% of Birdhichand’s business. The 
company hopes to make exports 50% of its total 
business. 

In 2011 Birdhichand introduced the Adrishya col- 
lection, which incorporates invisible settings for full 
modern brilliant-cut diamonds, rubies, and sapphires. 
Some of the motifs used for the fusion collections 
include Mogul architecture, native flora and 
fauna, and different eras and cultures (Y. Agrawal, 
pers. comm., 2015). 

The Adrishya collection incorporates invisible set- 
ting techniques used in Thailand, and Birdhichand 
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even brought in Thai experts to set the 
stones and teach the techniques. Fusion jewelry can 
combine polki, rose-cut, and modern brilliant-cut di- 
amonds in the same piece, and some even combine 
modern-cut fancy-color diamonds. More colored 
stones are being used in the fusion designs, particu- 
larly emerald and tanzanite. 

In 2012 came the Aranya collection, inspired by 
wildlife. The designs feature carvings of native birds 
and other animals along with Indian fauna motifs, 
conveying a sense of closeness to nature. A percent- 
age of the profits from this collection went to con- 
servation and animal protection efforts. 

The Amér line, introduced in 2013, was inspired by 
the Indo-Saracenic architecture of Amer Fort at Jaipur 
as well as other Indian palaces and citadels. Through 
these designs, the collection strives to blend Indian cul- 
ture into the designs. Amér incorporates fancy-color 
yellow and pink diamonds using full brilliant cuts, rose 
cuts, and uncut diamonds. Ruby, emerald, and other 
colored stones as well as basara (or Basra) pearls are also 
used. In 2014 the Aks collection was launched, de- 
signed to reflect Indian cultures and eras. 

The Adaa line of fusion jewelry, launched in 
2015, is inspired by six eminent royal fashion icons: 
Maharani Gayatri Devi, Sita Devi (Kapurthala), 
Umrao Jaan, Razia Sultana, Jodha Bai, and Princess 
Niloufer. Adaa’s theme is feminine power, featuring 
the motifs and styles of famous women from India’s 
history. 

Both kundan meena and fusion jewelry are man- 
ufactured in Birdhichand’s own factory, with help 
from the cottage industry of artisans. The company 
has found that some of the artisans who are expert 
in these styles work far better in their own homes 
than in a factory. 

18K gold is used to produce Birdhichand’s fusion 
jewelry for the domestic and international markets. 
One of the key elements in the fusion jewelry is the 
incorporation of polki diamonds into the design, giv- 
ing it the big, bold look that is important to the 
brand. 

Birdhichand has also found that the modern Indian 
woman buys 18K gold jewelry that is smaller 
and more Western but still suited to Indian 
attire and design sense. This type of jewelry is as pop- 
ular for professional working women in India as it is 
for their counterparts in the West. Because the Indian 
sense of fashion, especially contemporary fashion, 
stems from Mumbai and Bollywood cinema, Birdhi- 
chand has found contemporary jewelry tastes to be 
very similar between Mumbai, Delhi, and even Jaipur. 


Gems & GEMOLOGY WinteR 2016 359 


Large-Scale Mass Production. In sharp contrast to tra- 
ditional and even fusion jewelry manufacturing fa- 
cilities are the large-scale factories with modern 
equipment turning out huge quantities of jewelry in 
more contemporary, Western-influenced styles. 
These companies can create jewelry in a variety of 
metals, including gold-plated base metal, silver, and 
various karatages of gold. The jewelry may be metal- 
only or set with colored gemstones. Production can 
reach over a million pieces per month (P. Agarwal, 
pers. comm., 2015). 

One of India’s leading mass producers, Derewala 
Jewellery Industries, was started by Pramod Agarwal 
in 1986 with a focus on manufacturing silver jewelry. 
The company had one artisan and just one customer, 
who became Mr. Agarwal’s wife. By 2015 it had a 
staff of 1,800 manufacturing jewelry in three facto- 
ries and through Jaipur’s cottage industry of artisans. 

Derewala mostly produces metal-only jewelry, 
ranging from gold-plated base metal to silver and var- 
ious gold alloys. The plated base metal jewelry is for 
export only. Jewelry with colored gemstones as well 
as cubic zirconia and synthetics is produced primarily 
for export. When colored stones are incorporated, 
Derewala uses a wide variety of them, but only a small 
percentage of ruby, sapphire, and emerald. Total pro- 
duction is between 1 and 1.5 million pieces each 
month. 

Large retail chains and television are the main 
customers in the U.S. Derewala also sells to other 
jewelry wholesalers, smaller retail stores, catalogue 
retailers, and Internet companies, and it manufac- 
tures for other brands. Some 90% of the gold jewelry 
the company produces is sold in the domestic mar- 
ket. Designs for domestic jewelry are slightly modi- 
fied with Indian motifs. Derewala sells 18K and 22K 
gold jewelry for the Indian domestic market, export- 
ing 14K and 18K to the U.S. and 22K to Dubai. 

The jewelry’s wholesale price ranges from less 
than US$1 to US$6,000 a piece. Mr. Agarwal noted 
the challenge of designing and producing for such a 
wide price range. Derewala uses its own designs and 
accepts design specifications from customers. The 
minimum order is US$10,000. 

In 2008 Derewala purchased four factories’ worth 
of Italian equipment, including chain-making ma- 
chines (figure 36), stamping equipment, casting, 
CAD/CAM, and 3-D modeling. The company also 
purchased training and consulting support as well as 
Italian designs for mass production. The factory we 
visited manufactures gold and silver jewelry and uses 
100 kg of gold and 600 kg of silver each day. 
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Figure 36. An assortment of chain-making machines 
in Derewala’s factory are capable of creating numer- 
ous styles in silver and various gold karat alloys. 
Photo by Andrew Lucas, courtesy of Derewala. 


Derewala sources nearly all of its colored gem- 
stones but maintains a small cutting facility for re- 
pairs or alterations. Colored stones are sourced from 
large cutting factories in both Jaipur and China. The 
company is looking for opportunities to open jewelry 
factories in countries where the market is promising 
but import duties and tariffs are high. It would make 
economic sense to manufacture for that country’s do- 
mestic market, and China is one of Derewala’s first 
choices for such a venture or joint venture. 


Television Retail and Modern Jewelry Manufactur- 
ing. In Jaipur we were particularly struck by the sig- 
nificance of the jewelry television industry and the 
integration between local manufacturing and tele- 
vision retail sales. The influence of television shop- 
ping extended beyond Jaipur’s manufacturing 
sector, reaching all areas of the colored gemstone 
supply chain from the mine to the consumer. Just 
watching jewelry television broadcasts on any given 
day, it becomes apparent that these shows are ap- 
pealing to a mass audience with a huge variety of 
gemstones. 

We visited three companies involved with jewelry 
television. With Vaibhav Global Ltd., we were intro- 
duced to the high-volume manufacturing and con- 
sumer reach of a vertically integrated company 
broadcasting its own television programs. The part- 
nership between Pink City Jewel House and Gempo- 
ria offered a different perspective, that of a local 
Jaipur company manufacturing for a foreign com- 
pany that sells jewelry through television networks 
in the U.S. and the UK. This close relationship be- 
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tween manufacturer and customer led to a joint ven- 
ture to sell jewelry through television to domestic 
consumers in India. 


Vaibhav Global Ltd. This company is an excellent 
example of consolidation of the value chain in the 
colored stone industry. Sunil Agrawal started Vaib- 
hav in the early 1980s, buying and selling rough 
stones out of a garage. Vaibhav was incorporated in 
1989 and went public on the Indian stock exchange 
in 1996 to raise the capital to meet growing whole- 
sale orders from brick-and-mortar and television re- 
tailers in the U.S. 

In 1996 the company won the GJEPC award for 
colored stone exports, totaling US$6.61 million for 
the year ending March 31, 1996 (Aboosally, 1997b). 
This was the fifth time the company had won the 
award. The business quickly moved to manufactur- 
ing and supplying finished jewelry to Macy’s and 
other large retail chains in the U.S., as well as televi- 
sion retailers such as QVC. 

The company found that the margins for manufac- 
turing colored gemstone jewelry and supplying retail- 
ers in large quantities were shrinking substantially. 
The competition was intense, and it was not a busi- 
ness where a company could provide a unique product 
or service. Retailers seemed to be in a strong position 
to squeeze the margins from manufacturers. By this 
time Mr. Agrawal had been observing the business 
models of large U.S. and UK jewelry retailers, and he 
decided to start selling directly to the consumer. 

Between 2004 and 2005, Vaibhav opened 18 
tourist-oriented jewelry stores in the Caribbean. At 
the same time it opened a jewelry television station 
in the UK. By 2006 Vaibhav was expanding into jew- 
elry television in the U.S. and Germany. The com- 
pany realized that it would take around three to four 
years to build a retail clientele and become profitable 
at that level. Then the worldwide recession of 2009 
made the company rethink its retail model. During 
the recession, Vaibhav sold off its Caribbean retail 
stores and closed its German television ventures. 
The company also decided which direction to take 
with its retail business after seeing U.S. television 
sales for inexpensive jewelry triple (figure 37). 

In many of Vaibhav’s Caribbean stores and a sig- 
nificant part of its television sales, the average selling 
price for a piece of jewelry was US$150. The less ex- 
pensive jewelry was recession proof. While cus- 
tomers would think twice about a purchase of 
hundreds of dollars, they would not hesitate to make 
a $20 purchase. At this price, it was an easy impulse 
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purchase. The new company business model was to 
bring $20 gemstone jewelry to the U.S. and UK con- 
sumer through television (H. Sultania, pers. comm., 
2015). 

The retail television business has expanded over 
the last three to four years, allowing the company to 
repay expansion loans and become profitable. Be- 
tween television and the Internet, the company sells 
30,000 pieces of jewelry each day. Manufacturing is 
done at their factory in Jaipur, which has more than 
2,000 employees, and outsourced to manufacturers 
in China, Bangkok, and Bali. Vaibhav only manufac- 
tures for its television retail divisions and not for any 
other company. 

The jewelry is shipped to the company’s retail 
subsidiaries in the U.S. and the UK, where it is stored 
in warehouses while awaiting sale on television or 
the Internet. Vaibhav now has shopping channels in 
the U.S. and Canada (Liquidation Channel) and in 
the UK and Ireland (The Jewellery Channel). It also 
has two e-commerce websites, www.liquidation 
channel.com in the U.S. and www.tjc.co.uk in the 
UK. Besides retail, the umbrella VGL Group also in- 
cludes wholesale business-to-business sales through 
STS Jewels. Still, business-to-consumer sales are 
87% of the company’s revenue. 

About 75% of the retail sales come from televi- 
sion and 25% from the web. The television shows 
are all live, broadcasting 24/7 and covering around 
100 million households in the U.S. and the UK. This 
gives the company 1.5 million registered customers, 
including half a million regular buyers. To reach this 
audience, Vaibhav broadcasts over national carriers 
such as Dish TV, DirecTV, Comcast, Time Warner, 
ATA&T, and Sky, as well as numerous local carriers. 


Figure 37. For Vaibhav, the combination of television 
retail and inexpensive colored gemstone jewelry 
proved to be a recession-proof and expandable busi- 
ness model. Photo by Andrew Lucas, courtesy of 
Vaibhav Global Ltd. 
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The company grew at a rate of 30% a year from 
2011 through 2013 and expects double-digit growth 
in the coming years after substantial upgrades in 
manufacturing capability and customer reach in 
2014. Besides the more than 2,000 employees in 
Jaipur, the company has buyers in China, Bangkok, 
and Bali, as well as U.S. and UK retail teams, for a 
total staff of about 3,000. 

Vaibhav’s television and Internet outlets comple- 
ment each other. Because airtime is a costly medium, 
inventory that is left over from television sales is put 
on the website, often using a “rising auction” feature. 
These auctions, which start at US$1 and sell to the 
highest bidders, eliminate the problem of old or left- 
over inventory. 

Vaibhav also does reverse merchandising. Since 
the average selling price will be around US$20 per 
jewelry piece, their manufacturing costs need to be 
around US$8 per order to reach the desired profit 
margin. To incorporate gemstones in this price 
model, Vaibhav buys large parcels of various gem- 
stones at auctions, liquidations, and closeouts 
around the world and directly from mines. 

The upcoming fashion season’s colors play a large 
role in deciding which gemstones to buy. The jewelry 
is manufactured in base metal for gold plating or in 
sterling silver, sometimes with gold accents or at the 
high end of the jewelry gold alloy. Vaibhav’s gross 
profit margin for 2014-2015 was 61%. 


Figure 38. Jaipur’s vast pool of skilled jewelry 
makers is crucial to Vaibhav’s manufacturing capa- 
bility. Photo by Andrew Lucas, courtesy of Vaibhav 
Global Ltd. 
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In Jaipur the company has around 200 employees 
devoted to merchandising and design. It also has as- 
sociates in the U.S. and the UK who study fashion 
trends and forecasts and send in design requests to de- 
signers and merchandisers in Jaipur as well as buyers 
in China, Bangkok, and Bali. The design teams work 
both ways to develop concepts. The U.S. and UK 
teams send design ideas to Jaipur based on their mar- 
ket predictions, and the Jaipur designers send their 
own concepts to the U.S. and UK teams for feedback. 

The company offers 500 different jewelry prod- 
ucts each day, and approximately 100 of these are 
new products. By manufacturing most of the jewelry 
for its own television channels and websites, Vaibhav 
is able to meet massive inventory requirements 
while creating a constant stream of new designs. 

The company is investing in technology (larger 
vacuum casters, more 3-D model making and rapid 
prototype machines, electropolishing units, and ion 
plating systems) to increase production but still finds 
Jaipur an advantageous location for its abundance of 
skilled manufacturing labor (figure 38). Vaibhav has 
built two additional factories in Jaipur and a new 
80,000-square-foot facility. 

Vaibhav is also investing in ways to reach the cus- 
tomer. The passive nature of watching television 
seems conducive to selling jewelry, and online stream- 
ing applies that same model. Vaibhav is also investing 
in apps for smartphones to bring their shows to mobile 
users. Whether the medium is television or the Inter- 
net, Vaibhav uses the “pull” of the show and the host’s 
storytelling ability to bring in the customer. The sto- 
rytelling includes the filming of mining areas to show 
how difficult it is to obtain gemstones, and shots of 
manufacturing to illustrate the skill involved in cre- 
ating the jewelry piece. Telling the story creates a 
sense of value and desire for the piece. Vaibhav uses 
close communication between merchandisers and 
show hosts prior to the show to provide the informa- 
tion used in the storytelling. The merchandiser knows 
the technical information about the product, and the 
host is expert at telling the story. 

Vaibhav has found that this combination works 
well, since the buyers and merchandisers are at- 
tracted to gemstones and jewelry in the same ways 
consumers are. Because of this, they can communi- 
cate the details to the host in a way that will capti- 
vate the consumer. For Vaibhav, the other most 
important factor in jewelry retail is making correct 
gemstone buying decisions from the start. Buying 
what the customer wants, and buying it at the right 
price, is half the challenge. 
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Figure 39. By investing in sophisticated vacuum 
casting equipment and incorporating strict casting 
procedures, Pink City can produce high-quality cast- 
ings, a crucial first step in quality control. Photo by 
Andrew Lucas, courtesy of Pink City Jewel House. 


Vaibhav is also venturing into other products. 
Most of its customers are Caucasian women between 
35 and 65 years old. The company studied the buying 
habits of this group and found a natural pairing be- 
tween their jewelry and their clothing, accessories, 
household items, and beauty products. Vaibhav does 
not manufacture any of these products but buys 
them from third parties. Its goal is to be the digital 
Wal-Mart of jewelry, fashionable products, acces- 
sories, decorative household objects, and beauty 
products for this demographic. As an example of its 
merchandising scale, Vaibhav sold out of ring cases 
that held 100 rings. To accommodate the new cate- 
gories, the Liquidation Channel has added around 
45,000 square feet of warehouse space at its facility 
in Austin, Texas. 

Their average customer buys around 27 pieces of 
jewelry a year. A new customer will watch the show 
about five times before deciding to buy. Vaibhav re- 
tains around 48% of its customers from year to year. 
To gain and maintain this loyalty, the company en- 
courages customer feedback, provides a personal 
shopper program, and sends free gifts to customers 
twice a year. In 2015 Vaibhav started offering 30-day 
unconditional returns to its U.S. customers, attract- 
ing a new group of customers who would avoid buy- 
ing unless they had the freedom to return the item if 
they were not completely satisfied. 

The Liquidation Channel has also added a “bud- 
get pay” option, where customers can make three 
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equal payments over three months, allowing for 
more flexibility. Updates to the website and the e- 
commerce platform have added features like “guest 
checkout,” where unregistered guests can make pur- 
chases without registering. “Fast buy” provides one- 
click checkout for registered customers. The 
Jewellery Channel has also upgraded its analytics. 
Vaibhav is making technical upgrades for smart tele- 
visions and connected devices in order to reach cus- 
tomers through all relevant platforms. 


Pink City Jewel House. Jaipur’s Pink City Jewel House 
started out in the 1990s processing rough colored gem- 
stones exclusively for Swarovski. After 12 years of cre- 
ating high-quality mass-produced gemstone cuts, the 
company moved into manufacturing jewelry that met 
the same quality standards. As the Jaipur colored stone 
industry saw the Surat diamond cutting industry 
move from selling polished diamonds into selling di- 
amond jewelry, some members followed suit and 
moved into colored stone jewelry manufacturing. 

Managing director Manuj Goyal realized that 
overseas jewelry manufacturers could not compete 
with Jaipur’s own labor costs for manufacturing col- 
ored stone jewelry. The key was to invest in the same 
equipment for vacuum casting (figure 39), 3-D model 
making, CAD/CAM design, plating, and finishing 
that was being used to manufacture high-quality jew- 
elry worldwide, while implementing the strictest 
quality control standards. In 2008 he made the move 
to finished jewelry. 

Rather than selling to wholesalers, Pink City 
Jewel House manufactures for designers and large re- 
tailers, both brick-and-mortar and television. Some 
of the designers they supply are sold in Saks Fifth Av- 
enue and Neiman Marcus. Manufacturing for televi- 
sion shopping networks began in 2009 and is now the 
major part of the business. Much of this jewelry is 
for Gemporia Ltd., which owns Gems TV in the UK 
and Gemporia TV in the U.S. 

In terms of value, Pink City’s business is 70% 
television sales and 30% designer brands and brick- 
and-mortar retailers. The brick-and-mortar retailers 
have a higher percentage of total sales by volume, as 
a substantial amount is produced with silver or with 
gold-plated base metal but still contains natural gem- 
stones. Pink City also produces jewelry in gold alloys 
and platinum, with the emphasis on incorporating 
an assortment of colored gemstones. 

Television customers need a constant variety of 
different gemstones—literally hundreds of vari- 
eties—while the designer brands focus more on a spe- 
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cific style or a unique cut. Other cutting houses sup- 
ply most of the stones Pink City sells to their TV 
customers. Pink City creates unique cuts for branded 
designers selling in high-end retailers. 

The branded designers prefer to have their unique 
cuts and jewelry done in the same factory, as they 
find the integration yields a higher-quality finished 
product, as well as a smoother and more secure op- 
eration. Pink City does not cut and sell gemstones 
for any third parties, only for its own jewelry orders. 
For television jewelry they buy stones cut to within 
0.2 mm tolerance, but for the unique cutting styles 
done in-house for designers they cut within 0.1 mm 
tolerance. About 95% of the gemstones they use 
come from outside vendors, with 5% cut in-house 
for their designer brand customers. 

Jewelry pieces for television often contain a vari- 
ety of 10 to 15 small stones. Pink City focuses on a 
lower volume and higher price point, manufacturing 
fewer pieces than Vaibhav Gems. They average 
40,000 pieces each month, though large orders from 
retailers can add another 100,000 pieces a month. Al- 
most all of the jewelry is manufactured in-house to 
assure strict quality control and manufacturing time. 
Once cast, a jewelry piece is completely finished 
within three days and ships within seven days. 

Pink City Jewel House believes that the best- 
quality workmanship comes from having jewelers on 
salary as opposed to paying for piecework, and it pays 
incentives based on both quality and production. The 
company recently built a third factory in Jaipur, in- 
creasing its staff to a total of 1,000. 

The brands send very specific requirements as to 
design, weight, measurements, types of material, and 
cost. A television retailer usually has less exact re- 
quirements but sends design concepts based on 
themes, something like a storyboard, that Pink City 
will turn into a collection. Pink City’s design team 
turns these design specifications into CAD/CAM de- 
signs and 3-D models that are usually cast but some- 
times hand-formed. Their 3-D printers can turn out 
multiple resins of the same design that can be cast 
in investment or used as a master model from which 
molds are created. Finishing is a six-step process of 
sprue grinding, media polishing, wet media grinding, 
magnetic polishing, electronic polishing, and then 
manual polishing by bench jewelers to ensure the 
highest global standards. 

The 30 employees in the design department come 
up with about 30 new designs a day. They are respon- 
sible for creating product lines of nine different 
brands for television customers alone. More than 
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25,000 master models have been created to date. The 
wax and casting department handles around 1,500 
wax injections and castings per day. Pink City Jewel 
House prides itself on the sophistication and quality 
of its castings, which require minimal finishing. Pink 
City does much of its manufacturing by setting gem- 
stones in wax and casting them in place. These in- 
clude diamond, sapphire, topaz, garnets, and some 
citrines. Still, many of the stones they use require 
hand setting, which limits production rates. The 
company’s sophisticated quality control includes sur- 
face roughness testing machines for castings, and vi- 
bration testing machines to ensure the security of set 
stones in finished pieces. 

The company has also begun working with a 
world-renowned gem artist to bring what was once a 
designer cut produced by one craftsman, one at a 
time, to a mass audience. Glenn Lehrer’s patented 
Torus cut gemstones are now being cut at Pink City 
Jewel House. The cutters are trained by Mr. Lehrer 
himself under rigorous quality control (G. Lehrer, 
pers. comm., 2015). The jewelry featuring these cuts 
is also manufactured by Pink City and sold on Gems 
TV in the UK, with Mr. Lehrer often appearing on 
the show with the hosts. Consumers of this jewelry 
have become avid collectors, buying an average of 
eight pieces. With the manufacturing capability of 
Pink City and the consumer reach of Gems TV, a de- 
signer like Glenn Lehrer can transition from an artist 
to a brand. 

Designers and brands needing to create high-end, 
unique pieces with large gemstones ranging from 15 
to 20 ct also call upon Pink City. On the day we vis- 
ited, they had designed and were manufacturing 150 
such pieces. All of these were being created simulta- 
neously by a 3-D modeling system. 

Pink City’s relationship with the Genuine Gem- 
stone Company (now Gemporia) became even more 
integrated in September 2015, when they formed a 
jewelry shopping channel through a joint venture. 
Gemporia India was the first 24/7 jewelry network 
broadcasting live in India. The channel has many prod- 
uct lines centered on genuine gemstones and dia- 
monds. Gemporia India already reaches more than 30 
million homes, with plans to go to 60 million in 2017. 

With their knowledge about gemstones, they see 
an advantage over many traditional retailers in India 
by using similar methods as Gems TV in the UK and 
Gemporia TV in the United States. These include 
storytelling—which encompasses sources, lore, man- 
ufacturing, gemstone characteristics, formation, and 
qualities—as well as disclosure of enhancements and 
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Figure 40. When Steve Bennett returned to Gems TV in 2010, he decided to sell only natural and treated natu- 
ral gemstone jewelry, like these tanzanite and diamond rings (left). With two television shopping networks 
supplying jewelry under the Gemporia brand (right), a large manufacturing capability is required to supply the 


shows. Photo courtesy of Gemporia Ltd. 


care instructions. Their salespeople and show hosts 
have completed gemological training, and they have 
a total staff of about 150 employees. 

Along with highly informed gemstone story- 
telling, the show hosts educate viewers on the many 
styles of traditional Indian jewelry featured on the 
show. Here the storytelling focuses on the history, 
the art forms, and the skill in designing and manu- 
facturing these pieces. 

Gemporia India also accommodates India’s wide 
variety of ethnic backgrounds and regional jewelry 
tastes. It broadcasts simultaneously through televi- 
sion, the Internet, and mobile devices. The Internet 
and mobile versions also feature traditional catalog 
options. 

For Pink City Jewel House, Gemporia India offers 
an opportunity to manufacture its own jewelry lines 
for Indian consumers. Given the expanding jewelry 
tastes among younger consumers in India, Gemporia 
is poised to sell more colored gemstone jewelry, sim- 
ilar to what the Gemporia’s channels in the U.S. and 
UK are doing. 


Gemporia (formerly the Genuine Gemstone Com- 
pany). Gemporia is considered one of the largest buy- 
ers of gemstones and jewelry in Jaipur. One of their 
main suppliers is Pink City Jewel House, but they 
have another 40 local suppliers as well as their own 
cutting facility in Jaipur. Including these suppliers, 
the number of craftsmen manufacturing for them is 
around 6,000, and these companies outsource to ap- 
proximately 4,000 additional artisans (M. Goyal, 
pers. comm., 2015). The company’s sourcing staff in 
Jaipur totals 130. To supply their customers’ appetite, 
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70,000 to 100,000 pieces of jewelry are manufactured 
in Jaipur every month for Gemporia. 

Company owner Steve Bennett made a fortune in 
the computer industry before entering the jewelry 
television business in 2004. In 2006, he and his part- 
ners merged Gems TV with the 3,000-employee fac- 
tory making their jewelry in Thailand. Mr. Bennett 
then sold his interest in the business to his partners. 
Gems TV expanded from the UK into other countries 
and moved into selling jewelry with synthetics and 
imitations. After the company went through some 
problems, Mr. Bennett bought back the original 
Gems TV company in 2010. 

Mr. Bennett restored the original philosophy of 
only selling natural and treated natural gemstones 
(figure 40) and reduced operations to just the UK be- 
fore returning to the U.S. market in 2012 with Rocks 
TV. The company’s approach is to start with the gem- 
stones and build the jewelry lines around them. They 
often buy directly from the mines and have the stones 
cut in Jaipur. They also buy cut stones from Jaipur 
and other cutting centers like China and Thailand, 
but approximately 80% of their cutting and stone 
purchases are in Jaipur. Diamonds are often bought 
from sightholders in Mumbai and Gujarat. Between 
its operations in Jaipur, China, Bangkok, the UK, and 
the U.S., Gemporia employs more than 1,000 people 
(S. Bennett, pers. comm., 2015). 

Mr. Bennett did a great deal of research before se- 
lecting Jaipur as his main base of manufacturing. Be- 
sides its competitive labor costs, he feels that the 
quality he receives in Jaipur rivals that of any manu- 
facturing center. He added that when people talk of 
superior quality coming out of China or Thailand, 
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they are comparing an older Jaipur industry and not 
the new factories and the younger generation of in- 
dustry leaders who have invested in state-of-the-art 
equipment and training. 

Because it only uses natural gemstones and sells 
its jewelry in the U.S. and UK 24/7, a wide variety of 
gemstones are needed to keep the customer base 
coming back. Gemporia and other jewelry television 
companies have done a great deal to raise awareness 
of lesser-known gems like sphene. Their customers 
tend to be collectors. They might collect jewelry 
with specific gemstones, or gemstones with a partic- 
ular source or color, or they might collect jewelry 
lines from certain designers such as Glenn Lehrer. 

Gemporia has changed the way Jaipur cutting 
companies look at gemstones, with a much greater 
emphasis on rare and new gemstones to feed the cus- 
tomer’s need for constant variety. Besides the variety 
of gems that is required, Gemporia needs a variety of 
sources for all gem material. A gem like amethyst is 
purchased from common sources like Brazil but also 
from new and lesser-known deposits like Morocco to 
entice collectors to buy examples from many 
sources. They have found the mine-to-market story 
and the source story to be their most effective selling 
tools. As Mr. Bennett says, “The more you tell, the 
more you sell.” 

The variety of stones and sources give the show 
hosts many different stories they can use to make 
sales. Their customers, who watch an average of 11 
hours a week, are highly knowledgeable and expect 
the same from the hosts. The on-air staff are required 
to complete gemological training, and their knowl- 
edge is an essential reason why a third-party survey 
of 200,000 customers showed 98% approval. 


SUMMARY 

In the colored gemstone industry, the divisions be- 
tween sources, manufacturers, traders, retailers, and 
consumers are increasingly diminishing and becoming 
less geographically distinct. Much like the diamond in- 
dustry, there is a movement toward consolidation and 
vertical integration as margins for manufacturers from 
rough to cut continue to shrink. In Jaipur and every 
other major cutting center, there is an incentive to 
move into jewelry manufacturing and even further up 
the value chain to retail in some cases. 

Like China and Thailand, Jaipur has undergone 
consolidation of the value chain and vertical integra- 
tion into jewelry manufacturing for colored stones. 
Each center has its own attributes, but all three share 
similar strategies and challenges. All of them see a 
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Figure 41. Jaipur capitalizes on its rich history of 
craftsmanship with perhaps the best blend of tradi- 
tion and innovation in the colored gemstone indus- 
try. Photo courtesy of Birdhichand Ghanshyamdas 
Jewellers. 


movement toward larger companies that are better 
funded to buy rough globally, and toward finished 
colored stone jewelry to increase profit margins. 
Also, all three have improved the quality and preci- 
sion of cutting and invested in technology. Thailand 
and China do not have the same inexpensive labor 
advantage they once enjoyed, and even though the 
labor costs for cutting in Jaipur remain highly com- 
petitive, the industry there is moving in the same di- 
rection as Thailand and China. 

Jaipur has perhaps the largest cottage industry of 
artisan cutters and jewelry makers. This comple- 
ments the larger factories that cut colored gemstones 
and manufacture jewelry. Indeed, some large and so- 
phisticated factories also use the cottage industry for 
part of their manufacturing. Jaipur is one of the most 
successful blends of traditional and modern gem and 
jewelry manufacturing and trading. 

These advances are being driven by forward- 
thinking entrepreneurs building modern factories 
and looking to turn the colored stone cutting center 
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of Jaipur into an equally strong jewelry manufactur- 
ing center. With challenges from the supply side such 
as limited supply, rising rough prices, and legislation 
limiting the availability of rough tanzanite and 
Ethiopian opal, Jaipur has proved very adept at ad- 
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justing to change, such as the huge demand from jew- 
elry television companies. With its blend of tradition, 
innovation, and adaptability (figure 41), Jaipur is as- 
suming an even more important position in the 
global gem and jewelry industry. 
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Gemological Uigests 


NEW DEVELOPMENT INCREASES 
RANGE OF EFFECTIVE 
HEAVY LIQUIDS 


In the past few years a heavy media 
method of separation of ores from gangue 
has found increasing use in the mining 
industry. The extension of this method to 
the separation of diamonds from blue 
ground was reported in Gems & Gemology 
in the Winter 1951 issue. 

Very recently R. P. Cargille have ex- 
tended the range of possibilities of heavy 
media employing finely divided solids in 
liquids by using as the base liquid methy- 
lene iodide (density 3.32). 

By using a mercury compound in sus- 
pension in the methylene iodide, Cargille 
can produce liquids with any density be- 
tween 3.32 and 7.5. The finely divided 
media in suspension makes the resulting 
liquid opaque with a viscosity which in- 
creases with increasing density. 

Although the liquids are not transparent 
and have a consistency, even in the lighter 
range, of thin mud, tests performed in the 
laboratories of the Gemological Institute 
have demonstrated that the liquids, if prop- 
etly handled, add an effective means of 
specific gravity determination in the range 
above 3.32. When allowed to stand, the 
suspended media sinks to the bottom and 
thorough stirring is essential before use. 
Shaking to mix causes mistakes because the 
entrapped air reduces the density below 
expected figures. 

While use of these liquids with sus- 
pended solids is not as simple as the use 
of usual transparent liquids, they do pro- 
vide a valuable addition to the gemologist’s 
laboratory, particularly since Clerici’s solu- 
tion is not presently available. 

These liquids are available in a wide 
range of densities, including 3.55—a liquid 
in which diamond barely floats and in which 


zircon, sapphire, synthetic rutile, and syn- 
thetic spinel all sink; 4.05 —a liquid in 
which sapphire barely floats; and 4.72 —a 
liquid in which zircon barely floats and in 
which all other important transparent gem- 
stones float more buoyantly. The liquids are 
available at $2.50 per 15 cc bottle through 
the Gemological Institute of America, In- 
strument Department. 


Book Heview 


Fourth Edition Mineralogy by Edward 
Henry Kraus, Walter Fred Hunt, and Lewis 
Stephen Ramsdell. Reviewed by Richard T. 
Liddicoat, Jr. 

The new Fourth Edition of Mineralogy 
by Edward H. Kraus, Walter F. Hunt, and 
Lewis S. Ramsdeil, will be welcomed by 
mineralogists all over the world. In the 
fifteen years since the third edition was 
first published, it went through thirteen 
impressions. The new edition reflects not 
only the changes in the science of mineral- 
ogy since 1936, but also the decrease in 
the value of the dollar, since the new edi- 
tion is $7.50. 

The most important changes and addi- 
tions in the book occur in the expanded 
and improved chapter “Crystal Structure and 
X-ray Analysis” which is set forth in the 
lucid fashion that has always characterized 
this valuable text. 

Another hallmark of the earlier editions 
of this work—its excellent illustrations—has 
been improved and increased in number. In 
addition to the modernization and revision 
of mineral identification tables, a selected 
bibliography has been added. This text has 
long been considered to be particularly val- 
uable to the mineralogy student and its 
value in the study of this science has been 
enhanced by the changes in the new edition. 
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SNPS ARTICLES 


SYNTHETIC EMERALDS GROWN BY 
RICHARD NACKEN IN THE MiD-1920s: 
PROPERTIES, GROWTH TECHNIQUE, AND 
HISTORICAL ACCOUNT 


Karl Schmetzer, H. Albert Gilg, and Elisabeth Vaupel 


Chemical and microscopic examination of the first gem-quality synthetic emeralds of facetable size 
proves that Prof. Richard Nacken grew two main types of emerald by flux methods in the mid-1920s. 
One of these two types, grown with colorless beryl seeds in molybdenum-bearing and vanadium-free 
fluxes, has not previously been mentioned in the literature and would appear to be unknown to gemol- 
ogists. The other main type, which has already been described in gemological publications, was grown 
from molybdenum- and vanadium-bearing fluxes. In drawing these conclusions, rough and faceted syn- 
thetic emeralds produced by Nacken were available for study from two principal sources: the Deutsches 
Museum in Munich, to which Nacken had donated samples in 1961, and family members who had in- 
herited such crystals. Chemical, morphological, and microscopic properties are given, and circum- 
stances concerning the developmental history of the Nacken production, including the possibility of 
collaboration with IG Farben (a subject of past speculation), are discussed as well. The latter has recently 
been elucidated by the discovery of original documents from the IG Farben gemstone plant, preserved 


in the Archives of the German Federal State of Saxony-Anhalt. 


ynthetic emerald has long been a matter of 

speculation. In particular, the initial methods 
used for crystal growth by Interessen-Gemeinschaft 
Farbenindustrie Aktiengesellschaft, known as IG Far- 
ben, in Germany from 1935 to 1942 (“Synthetic 
beryl,” 1935; “Synthetischer Smaragd,” 1935), which 
yielded the so-called Igmerald, and by Carroll 
Chatham in the United States from 1941 onward 
have generated decades of discussion. Although de- 
tailed descriptions of both of these types of synthetic 
emeralds followed shortly after their introduction 
(for Igmerald see Eppler, 1935, 1936; Jaeger and Espig, 
1935; Espig, 1935; Schiebold, 1935; Anderson, 1935; 
for Chatham synthetic emerald see Gtibelin and 
Shipley, 1941; Anderson, 1941; Rogers and Sperisen, 
1942, Switzer, 1946), the actual growth techniques 


iE early technology for producing gem-quality 
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remained unknown through the 1950s and were 
merely assumed to involve the hydrothermal 
method (Webster, 1952, 1955, 1958). Then, in the 
early 1960s, Hermann Espig, one of the inventors of 
the growth process used at IG Farben’s plant in Bit- 
terfeld, near Leipzig, disclosed the technique as a 
flux-growth method using lithium-molybdate as the 
main flux component (Espig, 1960, 1961, 1962). Con- 
versely, the precise composition of the flux used by 
Chatham has been a “closely guarded secret” (see 
Chatham, 1998). Nonetheless, the presence of traces 
of molybdenum in Chatham synthetic emeralds has 
established the use of a molybdenum-bearing flux for 
these stones as well (Nassau, 1976 a,b). 

In gemological textbooks and overview articles 
summarizing the synthesis of gem-quality emerald 
(Cannawurf, 1964; Nassau, 1976 a,b; Schmetzer, 
2.002), the samples grown by Prof. Richard Nacken 
in Frankfurt, Germany, in the 1920s are frequently 
mentioned as early precursors of modern synthetic 
emeralds. Because Nacken did not publish any papers 
about the technique he used, and because only lim- 
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ited quantities of the resulting crystals went to mu- 
seums or to teaching and research collections, many 
years passed before the growth method was proven 
through direct examination of samples. Rather, a hy- 
drothermal technique was widely assumed, based on 
publications by Gordon Van Praagh (1946, 1947 a,b}, 
whose work was also reviewed briefly in Gems & 
Gemology (Switzer, 1948) and therefore available to 
the gemological community. Van Praagh’s comments 
were derived from interviews with Nacken in 1945, 
covering primarily his research on hydrothermal syn- 
thesis of quartz (Nacken, 1950, 1953). The first de- 
tailed gemological study of Nacken synthetic 
emeralds, likely performed on samples loaned from 
the collection of Eduard Giibelin of Lucerne, Switzer- 
land!, followed this assumption (Eppler, 1958 a,b). 
Only in the 1970s did examination by Kurt Nassau 
(1976 a,b, 1978) of Nacken synthetic emeralds, pre- 
served in the collections of Frederick H. Pough of 
Reno, Nevada, and the Natural History Museum in 
London, identify residues of a molybdenum- and 
vanadium-based flux by scanning electron mi- 
croscopy in combination with EDXREF analysis. This 
result was confirmed in Schmetzer et al. (1999), using 
samples from the collections of Pough and Gtibelin!. 
In seeking to place Nacken’s work in the historical 
context of emerald synthesis, Nassau (1976 a,b, 1978) 
mentioned some similarities with the crystal growth 
techniques used by Espig at IG Farben, and he specu- 
lated about a possible collaboration between the two 
scientists. Nassau also suggested that the secret col- 
oring ingredient in Igmeralds alluded to by Espig 
(1960) might have been vanadium, but this uncer- 
tainty has since been resolved by identification of a 
nickel-bearing compound used in addition to 
chromium to achieve the desired color (Schmetzer and 
Kiefert, 1998). In contrast, the question about collab- 
oration between Nacken and the IG Farben re- 
searchers at Bitterfeld has remained open. Moreover, 
it should be realized that the few known gemological 
and analytical examinations were based on samples 
obtained from a limited number of reliable private or 
public collections. Material sourced directly from 
Nacken has not been examined to date, simply be- 
cause his synthetic emeralds have never been avail- 
able commercially and only a few samples were 
donated to colleagues. Consequently, the possibility 
persists that other types of synthetic emeralds, grown 
by a variant of the flux method or by another tech- 
nique, might have been produced. The present paper 
endeavors to incorporate new details into the decades- 
old discussion on the history of synthetic emerald. 


NACKEN’S SYNTHETIC EMERALDS FROM THE 1920S 


a. 


Figure 1. Richard Nacken as a young assistant in the 
laboratory at the University of Géttingen, 1907. 
Photo courtesy of E. Schlatter. 


PROF. RICHARD NACKEN (1884-1971) 

Richard Nacken? was born May 4, 1884, in Rheydt, 
near Ménchengladbach, Germany, and died April 8, 
1971, in Oberstdorf. From 1903 he studied mathe- 
matics and natural sciences at the Universities of 
Tubingen and Gottingen (figure 1), graduating from 
the latter in 1907. He worked as an assistant at the 
University of Géttingen until 1908 and at the Uni- 
versity of Berlin from 1908 to 1911. In 1911, at the 
age of 26, he was appointed associate professor for 
mineralogy and petrology at the University of 
Leipzig, making him the youngest mineralogy pro- 
fessor in Germany at that time. In Leipzig he also 
met his wife Berta (née Dreibrodt), and the couple 
married in August 1912. Nacken’s academic career 
continued with positions at the Universities of 
Ttibingen as associate professor (1914-1918), Greifs- 
wald as full professor (1918-1921), and Frankfurt as 
director of the mineralogical institute. From 1936 he 
also served as director of the Institute for Gemstone 
Research at Idar-Oberstein*. After the mineralogical 
institute at the University of Frankfurt was com- 
pletely destroyed in the spring of 1944 by Allied 
bombing (and his home was likewise heavily dam- 
aged], Nacken moved to the countryside near 
Schramberg in the Black Forest, where he was able 
to set up a small laboratory at the Junghans Watch 
Company‘. In 1946 he returned to the University of 
Tubingen as professor, a position from which he re- 
tired in 1952. 
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Nacken’s primary academic interest was in crys- 
tal growth and mineral synthesis techniques. Partic- 
ularly notable among his work were two discoveries. 
One was the invention of a method for crystal 
growth in which a seed was attached to a cooled cop- 
per rod and inserted into a melt, thereby instigating 
growth on the cooled seed (Nacken, 1915, 1916). This 
method is still known as the Nacken-Kyropoulos 
technique (based upon a variant developed by Spyro 
Kyropoulos in the mid-1920s; see Feigelson, 2014). A 
second significant contribution was Nacken’s ad- 
vancement of the technology for growing quartz hy- 
drothermally in autoclaves, based mainly on his 
research from the late 1930s until 1945 but published 
in the 1950s (Nacken, 1950, 1953). His hydrothermal 
work was of interest to foreign governments in the 
years following World War II and was covered in five 
documents prepared under the auspices of American 
and British government entities. These included the 
U.S. Army’s Field Information Agency, Technical 
(FIAT) and the British Intelligence Objectives Sub- 
Committee (BIOS); relevant documents are archived 
as PB 6498 (Guellich et al., 1945), PB 14620 (Sawyer, 
1945), PB 18784 (Swinnerton, 1945), PB 28897 (Swin- 


In Brief 


e Inthe mid-1920s, Prof. Richard Nacken of Frankfurt 
grew the first gem-quality synthetic emeralds of 
facetable size. 


Historical documents establish that he achieved these 
developments independently, without collaboration 
with IG Farben. However, a possible cooperation was 
discussed in the mid-1930s but not pursued. 

e The Nacken synthetic emeralds were flux-grown crys- 
tals of two principal types, both with natural colorless 
beryl seeds, but differing in the fluxes used (molybde- 
num-bearing or molybdenum- and vanadium-bearing 
compounds). 

e These two principal types can be distinguished by 

growth features, color zoning, inclusions, and 

chemical properties. 


nerton, 1946), and BIOS Final Report No. 552 
(Coates, undated). These documents were frequently 
cited in publications addressing subsequent develop- 
ments in hydrothermal quartz synthesis for crystal 
oscillators between 1945 and 1960. Some of these 
documents also contain limited information about 
emerald synthesis’, but Nacken never described his 
method in a scientific paper. Circumstances that 


370 ~~ NAcKEN’S SYNTHETIC EMERALDS FROM THE 1920s 


might have motivated Nacken’s efforts in growing 
emeralds will be discussed below. 

In addition to the achievements above, Nacken 
authored numerous papers in the 1930s dealing with 
phase diagrams and formation of cement minerals, 
research that had begun as early as 1919. Other work 
in the gemological field included contributions to the 
Verneuil technique for growing rubies and sapphires 
(German and British patent documents, published 
1925 and 1926) and a method for distinguishing be- 
tween natural and cultured pearls (German, British, 
French, Swiss, and Austrian patents, published in 
1927 and 1928). 


MATERIALS AND METHODS 

In October 1961, Nacken donated a glass vial to the 
Deutsches Museum (German Museum) in Munich, 
Germany’s largest museum for science and technol- 
ogy. The closed ampoule, inventory number 75218 
(figure 2), was described at the time as containing syn- 
thetic emeralds grown from 1923 to 1925. This infor- 
mation about the growth period is, to the knowledge 
of the present authors, the only firsthand information 
available directly from Nacken. The glass ampoule re- 
mained closed until being opened for the first time for 
this study. Inside were 360 faceted synthetic emeralds 
and 10 crystals or crystal fragments. The total weight 
of the samples was 11.15 carats. 


Figure 2. This glass vial containing 360 faceted and 10 
rough synthetic emeralds was donated by Nacken in 
1961 to Munich’s Deutsches Museum. The diameter 
of the vial is approximately 10 mm. Photo courtesy of 
Deutsches Museum. 
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Figure 3. Synthetic emeralds produced by Nacken in 
the mid-1920s. Nacken left these and other samples 
to his family, and they are now in the possession of 
his grandsons. The label measures 45 x 23 mm. Photo 
courtesy of E. Schlatter. 


During the course of our investigation, we also 
learned that a small mineral collection left by 
Nacken at his death has remained within the family 
and is in the possession of his grandsons. Contained 
in a wooden box, this collection similarly com- 
prised various glass ampoules with synthetic gem 
materials, primarily ruby, sapphire, and spinel 
boules grown by the Verneuil method. Two such 
glass containers held synthetic emeralds, but the la- 
bels (figure 3) indicated no further details. From 
these two containers, 77 faceted synthetic emeralds 
and rough crystals, weighing a total of 9.73 carats, 
were kindly loaned by E. Schlatter, Nacken’s grand- 
son, for this research project. These samples (figure 
4) covered all different color varieties and sizes 
within the two lots. This material had never been 
examined by mineralogical or gemological methods 
and had only been inspected visually by family 
members. No written documentation pertaining to 
these synthetic emeralds or any other technical in- 
formation regarding Nacken’s work was available 
from the family. 

For comparison, we also examined seven rough 
samples from the collection of one of the authors 
(KS). These were initially loaned by Drs. Gtibelin and 
Pough to the author for study and donated after the 
related paper (Schmetzer et al., 1999) was published. 
Another synthetic emerald crystal was obtained for 
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comparison from the reference collection of the Ger- 
man Gemmological Association in Idar-Oberstein. 

All 77 samples submitted by the Nacken family 
(rough and faceted) and approximately 150 faceted 
synthetic emeralds as well as the 10 rough samples 
from the vial donated to the Deutsches Museum were 
examined microscopically in immersion. Visually, it 
soon became apparent that two primary groups 
seemed to exist. From these two groups, a total of 75 
rough and faceted synthetic emeralds, again covering 
all sizes and color varieties from the Deutsches Mu- 
seum and Nacken family samples, were selected for 
X-ray fluorescence spectroscopy (EDXRF) using a 
Bruker Tracer IlI-SD mobile unit. These samples were 
also examined at higher magnification (up to 1000x) 
with a Leica DM LM polarizing microscope employ- 
ing a transmitted light source. For documentation, we 
used an Olympus DP25 digital camera with Olympus 
Stream Motion 1.6.1 software. 

The previously mentioned eight samples avail- 
able for comparison from various collections, which 
were more indirectly linked to Nacken, were simi- 
larly examined by the EDXRF and optical methods 
described in the preceding paragraph. 


RESULTS 

Chemical, mineralogical, and gemological properties 
of the Nacken synthetic emeralds studied are sum- 
marized in table 1 and described more fully below. 


Figure 4. Rough and faceted synthetic emeralds grown 
by Nacken in the mid-1920s from molybdenum- 
bearing fluxes (type 1, left) and from molybdenum- 
and vanadium-bearing fluxes (type 2, right). Colorless 
seeds are observed with the unaided eye in many of 
the samples. The largest crystal, in the center left, 
weighs 0.51 ct and measures 5.5 x 3.5 mm. Photo by 
K. Schmetzer. 


s 8 @ 
s = © Bp "= 2» ao 
a B@ 
Pia. 
sz @ 


WinTteR 2016 371 


Gems & GEMOLOGY 


EDXRF SPECTRA 


Figure 5. Energy-disper- 
sive X-ray fluorescence 
(EDXREF) spectra of 
Nacken type 1 (top) 
and type 2 (bottom) 
synthetic emeralds. 
The rough samples 
show peaks of color- 
causing trace elements 
(Cr and Fe), peaks re- 
lated to the flux (Mo 


and V), and peaks re- 
lated to different cru- 
cible materials (mostly 
Au, rarely Ta or Pt). 
The faceted samples 
show additional peaks 
of trace elements re- 
lated to the polishing 
disk (Pb and Sn). The 
peaks labeled with an 
asterisk are related to 
the X-ray tube (Rh) or 
to interactions with the 
instrument (Pd, Cu, 
and Zn); COM refers to 
Compton scattering (in- 
elastic scattering of the 
incident radiation). 


n 
=I 
Zz 
=| 
ima] 
4 
<= 
n 
-E 
re 
= 
e) 
1) 
faceted 
T T T T T 1 
5 10 15 20 25 30 
ENERGY (keV) 
EDXRF SPECTRA 
n 
= 
Zz 
= 
ima] 
4 
= 
n 
= 
= 
= 
e) 
O 
faceted 


5 10 15 20 
ENERGY (keV) 


Chemical Properties. The trace elements revealed by 
EDXRF clearly distinguished two principal groups of 
synthetic emeralds (figures 4 and 5), referred to as type 
1 and type 2 in the present study. Type 2 comprised 
samples grown from a molybdenum- and vanadium- 
bearing flux, and stones of this type have previously 
been documented and described (Nassau, 1976 a,b, 
1978; Schmetzer et al., 1999). Conversely, the type 1 
samples were grown from a molybdenum-bearing 
flux without vanadium, as the latter element was ab- 
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25 30 


sent from their X-ray spectra. This type of Nacken 
synthetic emerald has, to the best of our knowledge, 
never been mentioned in the literature. Chromium 
was the main color-causing trace element in both 
types, with small traces of iron also present. 

A third small group, consisting of two samples 
from the Pough collection, was also grown from 
molybdenum- and vanadium-bearing fluxes. How- 
ever, because these two samples differed from the 
main type 2 group in a key microscopic feature—the 
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ct) and from molybdenum- and vanadium-bearing fluxes (right, type 2, 0.10-0.21 ct). The inset in the center of 

each figure shows a clinographic projection of an idealized (undistorted) crystal; the habit of both types consists 
of first- and second-order hexagonal prism faces m and a, as well as the basal pinacoid c. Photos and drawing by 
K. Schmetzer. 


absence of a colorless seed—they were separated and 
designated type 3. No type 3 stones were discovered 
within the samples from the Deutsches Museum or 
the Nacken family. 

The variable intensities of the chromium, vana- 
dium, and molybdenum peaks in the EDXRF pat- 
terns indicated that Nacken experimented with 
various mixtures of fluxes and color-causing trace el- 
ements in an effort to obtain the ideal conditions for 
crystal growth and color. In a few samples, in which 
large portions of the natural colorless seed (see below) 
were exposed to the surface, signals assigned to traces 
of gallium were also observed. 

Characteristic X-ray lines for gold or tantalum (in 
type 1 samples) or for gold or platinum (in type 2 
samples) were frequently seen. These emission lines 
could not be explained by residual flux and were 
therefore assigned to particles from the crucibles or 
other containers used for emerald synthesis. In both 
types, traces of gold were observed most often. Only 
a smaller fraction of type 1 samples showed tantalum 
lines, while a similarly small fraction of type 2. sam- 
ples showed platinum lines. In faceted samples of 
both types—but not in rough crystals—the charac- 
teristic X-ray emission lines for lead or for lead and 
tin were occasionally present. These trace elements 
were artifacts of the polishing process, which was 
performed at that time on wheels composed of lead 
or a lead-tin alloy. 


Crystal Morphology. The rough samples of all three 
types were prismatic crystals with a habit formed by 
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first- and second-order hexagonal prism faces m 
{1010} and a {1120}, in combination with the basal 
pinacoid c {0001} (figure 6). Due to the external form 
of the natural seed used for growth, the majority of 
the synthetic emerald crystals were moderately dis- 
torted, and in most cases only a subset of the faces of 
the twelve-sided prism could be observed, normally 
between eight and ten. An idealized (undistorted) 
crystal with all twelve prism faces is shown in figure 
6 (left and right insets). Some of the crystals, espe- 
cially from type 1, exhibited somewhat rough and 
uneven faces and rounded edges, possibly indicating 
minor dissolution of the completed crystals at the 
end of the growth period. The largest rough crystal 
measured approximately 8 x 6 x 5 mm, with a color- 
less seed of about 6 x 4 x 3 mm, and weighed 1.32 ct. 
The largest faceted synthetic emeralds approached 
4.5 mm in one dimension for rectangular stones (e.g., 
4.5 x 3.0 mm, 4.2 x 2.3 mm, or 4.0 x 2.5 mm) and 
weighed up to 0.15 ct, but most were between 0.05 
and 0.10 ct. 


Microscopic Features. Colorless seeds, mostly in the 
1-2 mm range and rarely as large as 5 mm, were 
found in all samples obtained from the Deutsches 
Museum and the Nacken family, as well as in most 
of the samples available from other collections for 
comparison (figures 7 and 8). Certain of these seeds, 
sometimes not larger than 0.5 mm, were not easily 
recognizable, especially in larger and heavily in- 
cluded stones. Nonetheless, careful examination 
with the immersion microscope revealed the pres- 
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Figure 7. Most type 1 synthetic emeralds grown from molybdenum-bearing fluxes are heavily included. They also 
show colorless seeds with fluid inclusions (flat cavities) oriented parallel to the basal face. Immersion, field of 
view 3.2 x 2.4 mm (left), 4.2 x 3.2 mm (center), and 2.5 x 1.9 mm (right). Photomicrographs by K. Schmetzer. 


Figure 8. The type 2 synthetic emeralds grown from molybdenum- and vanadium-bearing fluxes are less heavily 
included. They also show colorless seeds with fluid inclusions (flat cavities) oriented parallel to the basal face. Im- 
mersion, field of view 4.6 x 3.4 mm (left), 3.5 x 2.6 mm (center), and 3.8 x 2.8 mm (right). Photomicrographs by K. 


Schmetzer. 


ence of such irregularly shaped colorless seeds in all 
the synthetic emeralds with the exception of two 
heavily included samples obtained by one of the au- 
thors (KS) in the late 1990s from the Pough collec- 
tion. As mentioned above, these samples were 
separated from the two main groups of synthetic 
emeralds and designated as type 3 (see table 1). 

The colorless seeds frequently showed fluid inclu- 
sions on planes parallel to the basal pinacoid of the 
seed crystals (figures 7 and 8). Natural emeralds with 
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such an inclusion scene are typical for some locations, 
as observed in samples from the famous Russian de- 
posits in the Ural Mountains (Schmetzer et al., 1991). 

The colorless beryl seeds showed no attachment 
or suspension points. The absence of such features 
indicated that the seeds floated freely within the 
molybdate or molybdate-vanadate melt. Even clus- 
ters of synthetic emeralds, consisting of three or four 
intergrown prismatic crystals, contained small seeds 
in each of the tiny crystals (figure 9). This could be 


Figure 9. Cluster of type 2 
synthetic emeralds grown 
from molybdenum- and 
vanadium-bearing fluxes. 
Each crystal within the 
cluster likewise reveals an 
irregularly shaped colorless 
seed. The sample is shown 
in daylight (left) and im- 
mersion (right); the crystal 
group is about 7.5 x 4.5 mm. 
Photos by K. Schmetzer. 
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TABLE 1. Properties of Nacken flux-grown synthetic emeralds. 


Type 1 
Samples Crystals or Faceted 
crystal gemstones 
fragments 
Source Deutsches Museum, 3 samples 359 samples 
Munich 
Nacken family? 7 samples 24 samples 
E. Guibelin collection 
F.H. Pough collection’ 
German Gemmological 1 sample 
Association, Idar-Oberstein 
Morphology First- and 
second-order 
hexagonal 
prism plus 
basal faces 
Seed Colorless seed always present 
Growth Layers parallel to the surface of 
zoning the seed, dominant growth 


planes parallel to s (1122), 
occasionally growth planes 
parallel to the basal and prism 
faces 


Intense green layers fading in a 
direction from the center to the 
rim or alternating layers of 
intense green and lighter green 
or almost colorless zones 


Color zoning 


Inclusions Growth tubes with nail Occasionally observed 
heads 
Isolated beryl crystals Rare 
Growth tubes without nail | Dominant in all samples 
heads 
Residual flux in various Common 
forms 
Opaque platelets Occasionally observed 
Trace Related to flux components Mo 
elements 
Related to the crucible Au or Ta 
Related to the polishing Pb or 
wheel Pb and Sn 
Color cause Cr, minor Fe 


Type 2 


Faceted 
gemstones 


Crystals or 
crystal 
fragments 


7 samples 1 sample 


43 samples 3 samples 
2 samples 


3 samples 


First- and 
second-order 
hexagonal 
prism plus 
basal faces 


Colorless seed always present 


Layers parallel to the surface of 
the seed, dominant growth 
planes parallel to s (1122), 
occasionally growth planes 
parallel to the basal and prism 
faces 


Weak zoning occasionally 
observed 


Frequently observed in all 
samples 


Common 


Occasionally observed 
Common 
Occasionally observed 
Mo, V 

Au or Pt 


Pb or 
Pb and Sn 


Cr, minor Fe 


Type 3 
Crystals 


2 samples 


First- and second- 
order hexagonal 
prism plus basal 
faces 


Green seed (2) 


Curved boundary 
between center 
(seed?) and rim 


Weak zoning 
between center and 
rim 


Frequently observed 
in both samples 


Common 


Not observed 
Common 
Observed in one 
sample 


Mo, V 


Au 


Cr, minor Fe 


* Obtained in 2015 from E. Schlatter, R. Nacken’s grandson 
’ Obtained by one of the authors (KS) in the late 1990s 


established by careful inspection of type 1 and type 
2. clusters, guided by the trace-element pattern gen- 
erated through EDXRF. 
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In the two type 3 samples from Pough examined 
for comparison, no colorless seeds could be detected. 
Both crystals were grown in a molybdenum- and 
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Figure 10. In a few Nacken synthetic emeralds (type 
3) submitted by F.H. Pough in the late 1990s to one 
of the authors (KS), no colorless seeds could be ob- 
served. These heavily included samples contained 
dark green cores, which might indicate the use of 
natural or synthetic green beryl seeds. Immersion, 
field of view 2.3 x 1.7 mm. Photomicrograph by K. 
Schmetzer. 


vanadium-bearing flux and were heavily included. 
They also showed the typical morphology of Nacken 
synthetic emeralds. Although not as clearly outlined 
as the colorless seeds in the other samples, both 
stones displayed a somewhat deeper green core (fig- 
ure 10), which could suggest the presence of a natural 
or synthetic emerald seed. 

In type 1 and type 2 synthetic emeralds, growth 
layers in the first stages of crystal growth followed 
the external shape of the seed (figures 11 and 12). 
Subsequent growth proceeded through a period dom- 
inated by the hexagonal dipyramid s {1122}, inclined 


45° to the c-axis of the emerald crystals (figure 12). 
This face initially developed more rapidly than the 
prism faces m and a and the basal pinacoid c. In still 
later stages, the s face therefore became obscured and 
was no longer apparent on the surface of the final 
rough crystals with prismatic habit (figure 13). 

It is known that synthetic emerald starts to dis- 
solve in a molybdate melt if the supersaturation of the 
various components is not sufficient, especially at the 
end of a growth cycle (Espig, 1960, 1961, 1962). Some 
irregular growth features in the form of irregular 
zigzag patterns were observed in several of the crystals 
(figure 14). These oscillating growth structures were 
possibly caused by unstable growth conditions, which 
could include such dissolution processes. 

Color zoning in type 1 samples was generally 
strong, and the following variations could be distin- 
guished: 


1. Very intense green growth layers fading gradu- 
ally from the center outwards, becoming lighter 
green or almost colorless in the outer regions. In 
some samples, this pattern with gradually de- 
creasing color intensity repeated several times, in- 
dicating multiple growth cycles for the synthetic 
emerald crystals (figure 15). 


2. Alternating intense green and lighter green to 
almost colorless growth layers, but with sharp 
boundaries between the intensely colored and 
lighter areas (figures 11, right, and 12, left and 
center). 


3. Intense green growth (incorporating a small col- 
orless seed) with a light green or almost colorless 
overgrowth, seen in only a few samples (figure 16). 


Figure 11. Growth and color zoning in type 1 synthetic emeralds grown from molybdenum-bearing fluxes. In the 
center of the crystals, the layers of emerald growth closely follow the outline of the irregularly shaped colorless 
seed. In later stages, the growth zoning and color zoning are parallel to the prismatic and basal faces of the syn- 
thetic emerald crystals. Immersion, field of view 3.5 x 2.6 mm (left), 3.5 x 2.6 mm (center), and 2.9 x 2.1mm 
(right). Photomicrographs by K. Schmetzer. 
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Figure 12. In both types of Nacken flux-grown synthetic emeralds, the fastest-growing crystal face is the second- 
order hexagonal dipyramid s, which is inclined at about 45° to the c-axis. This face is the dominant internal 
growth structure observed microscopically, but it is not seen at the end of crystal growth as an external crystal 
face. The samples shown in the left and center images are type 1, and the sample shown in the photo on the right 
is type 2. Immersion, field of view 3.2 x 2.4 mm (left), 2.3 x 1.7 mm (center), and 3.7 x 2.7 mm (right). Photomicro- 
graphs by K. Schmetzer. 


In type 2 samples, only weak color zoning with 
alternating lighter and darker green zones was ob- 
served (figures 8 and 12, right). 

Type 1 samples in general were heavily included 
(figures 7 and 15). The most characteristic features 
were growth tubes filled with residual transparent or 
non-transparent flux (figure 17, A-D). These tubes 
ran parallel to the c-axis and were often conical in 


Figure 13. Development of habit in Nacken flux- 
grown synthetic emeralds. The hexagonal dipyramid 
s is the fastest-growing crystal face; therefore, this 
face is frequently seen as an internal growth feature, 
but the external morphology generally consists only 
of the two hexagonal prism faces m and a and the 
basal pinacoid c. Left: The progressive development 
viewed in type 1 and type 2 samples can be demon- 
strated by a clinographic view of three crystals, with 
the synthetic emerald at the left representing the first 
stage of crystal growth and the synthetic emerald at 
the right representing the final state. Right: A cross- 
sectional view also shows the morphological develop- 
ment in progressive stages of crystal growth. 
Drawings by K. Schmetzer. 
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shape. When the residual flux was transparent, a con- 
traction bubble was typically visible. Occasionally, a 
small birefringent crystal was attached to the wider 
end of the growth tubes (figure 17E). Such crystals 
were most often found close to the boundary be- 
tween the natural colorless beryl seed and the green 
emerald overgrowth. The tiny crystals were birefrin- 
gent but had a refractive index similar to that of the 
host. Consequently, they were clearly visible only 
under crossed polarizers. Wispy veils of residual flux 
were also common in type 1 synthetics (figure 17F). 

In general, type 2 samples were less heavily in- 
cluded (figure 8). Conical growth tubes analogous to 
those seen in type 1 samples were present, but the 


Figure 14. Irregular growth and color zoning in a type 
1 Nacken synthetic emerald. In a view parallel to the 
c-axis, the zigzag pattern consisting of growth layers 
parallel to different prism faces is clearly visible. Im- 
mersion, field of view 2.1 x 1.6 mm. Photomicrograph 
by K. Schmetzer. 
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Figure 15. In type 1 samples, grown from molybdenum-bearing fluxes, growth layers often appear intensely green 

toward the seed, then fade toward the rim. One (left), two (center), or even three (right) such growth cycles may be 
observed. Immersion, field of view 2.5 x 1.9 mm (left), 3.8 x 2.8 mm (center), and 3.0 x 2.2 mm (right). Photomicro- 
graphs by K. Schmetzer. 


tiny birefringent crystals attached to the wider ends 
of the growth tubes were more common. Again, the 
similarity in refractive index with the host meant 
that these crystals were best revealed under crossed 
polarizers, as were other tiny inclusions of the same 
type not attached to growth tubes (figure 18). The 
birefringent crystals at the ends of the tubes also fre- 
quently contained small inclusions (figure 19, A-E). 
The residual flux within the growth tubes ranged 
from transparent with a contraction bubble to inho- 
mogeneous, non-transparent, and even birefringent 
(figure 19, A-E). Isolated tubes without birefringent 
crystals at the wider ends were rare in type 2, stones 
(figure 19F). Somewhat irregularly shaped inclusions 


Figure 16. In a few type 1 samples, an intense green 
core (incorporating a small colorless seed) is over- 
grown by a very light green, almost colorless layer. 
Immersion, field of view 3.8 x 2.8 mm. Photomicro- 
graph by K. Schmetzer. 
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with various forms of residual flux—transparent or 
non-transparent, birefringent or non-birefringent— 
were also seen occasionally (figure 20). Additionally, 
small particles of residual flux trapped in veil-like 
feathers were found, often with contraction bubbles 
visible at higher magnification (figure 21). 

The inclusion pattern consisting of conically 
shaped growth tubes capped by birefringent crystals, 
forming what gemologists refer to as nail-head 
spicules, has been the subject of several prior works 
on Nacken synthetic emeralds. An early description 
was provided by Wilhelm F. Eppler (1958 a,b). The 
birefringent crystals were later examined in detail 
by Raman micro-spectroscopy and identified as tiny 
emerald crystals with an orientation different from 
that of the host (Schmetzer et al., 1999). The sub- 
stances found in the growth tubes were likewise 
further characterized using micro-chemical and 
micro-spectroscopic techniques such as electron 
microscopy, electron microprobe analysis, and 
Raman micro-spectroscopy (Nassau, 1976 a,b, 1978; 
Schmetzer et al., 1999). They consisted of mixtures 
of the flux components (vanadium and molybde- 
num) and the synthetic emerald ingredients (alu- 
minum, silicon, and chromium). These fillings were 
either transparent, representing a glassy state, or 
translucent to opaque, and sometimes even par- 
tially birefringent, representing multiple states of 
phase separation (e.g., formation of a bubble in the 
melt), as well as incomplete and complex devitrifi- 
cation processes including recrystallization of the 
flux after cooling. Interestingly, various forms of 
trapped flux in different states were found close to- 
gether in the same host crystal. 

Type 1 and type 2 synthetics also occasionally 
showed included emerald crystals not attached to 
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growth tubes. Such inclusions had been formed by 
spontaneous nucleation. Larger inclusions of this na- 
ture contained various forms of residual flux (figure 
2.2), comparable to the inclusions seen in the syn- 
thetic emerald host. 

Tiny opaque platelets with a hexagonal or trigonal 
shape were another notable inclusion feature (figure 
23). Analogous platelets have been recognized in 
flux-grown gem materials (e.g., emeralds, rubies, or 
sapphires) and identified as platinum platelets origi- 
nating from the platinum crucibles used for crystal 
growth. In the present study, trace-element analyses 
most often indicated a gold component correspon- 
ding to growth in gold containers. Because hexago- 
nally or trigonally shaped gold platelets are known 
to be formed under various synthetic growth condi- 
tions (Morriss et al., 1968; Smart et al., 1972; Engel- 
brecht and Snyman, 1983; Lofton and Sigmund, 
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Figure 17. At higher 
magnification, type 1 
synthetic emeralds fre- 
quently show growth 
tubes with contraction 
bubbles and otherwise 
transparent or only 
translucent, partly de- 
vitrified fillings (A—D, 
in transmitted light). 
Attached to the wider 
end of these conical 
growth tubes, a bire- 
fringent beryl crystal is 
occasionally seen, 
shown here in trans- 
mitted light (E, top) 
and crossed polarizers 
(E, bottom). Veil-like 
feathers consisting of 
small residual flux par- 
ticles are also observed 
(F, in transmitted light). 
Photomicrographs by 
H.A. Gilg. 


2.005; Liu et al., 2006), characterizing the platelets 
evident in many Nacken emeralds as gold seems rea- 
sonable. Similar gold platelets with hexagonal and 
trigonal outlines were described in Biron synthetic 
emeralds grown in Perth, Australia (Kane and Liddi- 
coat, 1985). 

Type 3 Nacken synthetic emeralds exhibited a 
similar inclusion pattern of nail-head spicules, tiny 
isolated beryl crystals, and various forms of flux. 


TECHNOLOGY OF CRYSTAL GROWTH 

A general overview tracking the primary information 
published to date about the crystal growth technol- 
ogy applied by Nacken in the 1920s (Van Praagh, 
1946, 1947 a,b; Osborne, 1947; Fischer, 1955) and the 
sources for the research samples underlying the 
major extant gemological descriptions of these syn- 
thetic emeralds (Eppler, 1958 a,b; Nassau, 1976 a,b, 
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Figure 18. In type 2 samples, numerous nail-head spicules are observed, each consisting of a flux-filled conical 
tube with a tiny birefringent beryl crystal at the wider end of the tube. These beryl crystals, as well as other beryl 
inclusions that are not attached to a growth tube, have a refractive index close to that of the host and therefore are 
often seen only under crossed polarizers. The samples are shown in immersion, in the same orientation in trans- 
mitted light (top) and under crossed polarizers (bottom); field of view 4.9 x 3.7 mm (left), 4.3 x 3.2 mm (center), 
and 3.2 x 2.4 mm (right). Photomicrographs by K. Schmetzer. 


1978; Schmetzer et al., 1999) is given in figure 24. 
All samples previously examined were grown in 
molybdenum- and vanadium-bearing fluxes. In con- 
trast, the samples submitted by Nacken to the 
Deutsches Museum consisted mainly of faceted 
stones grown without vanadium as a component of 
the flux. Another sample grown in a vanadium-free 
flux was found in the reference collection of the 
German Gemmological Association during the 
course of this study. The samples loaned to the au- 
thors by the Nacken family comprised both princi- 


pal types. 


Primary Sources. As previously noted, various Allied 
government documents were generated after World 
War II from investigations into German scientific ac- 
tivities. In several of these, dealing mainly with 
growth of quartz and other piezoelectric crystals, iso- 
lated statements by Nacken about synthetic emer- 
alds can be found’, but only PB 85147 contains 
significant information. Written by R.M. Osborne 
(1947) and based on an interview of Nacken by Leon 
Merker‘, this report notes: 
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A stoichiometric mixture of alumina and beryllia is 
prepared as a paste and dried. This is gradually fed into 
a molten mixture of potassium carbonate and vana- 
dium pentoxide at 900-950°C in a gold crucible. Quartz 
is simultaneously fed into the melt in the form of small 
quartz pieces. The crystallization process is seeded 
with small emeralds and beryls. The crystallization is 
slow and only small emeralds are said to be produced. 
It was stated that the emeralds could be increased in 
size by removing them from the melt in which they 
were grown and placing them in a fresh melt of the 
same composition. 


In contrast to this clear description of a flux- 
growth process, Van Praagh’ (1946, 1947 a,b) de- 
scribed Nacken’s synthesis of both emeralds and 
quartz as hydrothermal. He stated that Nacken syn- 
thesized different minerals “by crystallizing them 
from water or dilute aqueous solution in the neigh- 
borhood of the critical temperature of water. By 1928 
he had succeeded in synthesizing a number of min- 
erals including feldspars, mica and beryl.” Van 
Praagh further mentioned growth on a seed crystal 
in an autoclave: 
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Figure 19. At higher 
magnification, type 2 
synthetic emeralds fre- 
quently show growth 
tubes with contraction 
bubbles and otherwise 
transparent or translu- 
cent, partly devitrified 
fillings. A birefringent 
beryl crystal is typically 
attached to the wider 
end of these growth 
tubes (A-E). Examples 
A-C are shown in 
transmitted light (top) 
and crossed polarizers 
(bottom), D-F in trans- 
mitted light. Photomi- 
crographs by H.A. Gilg. 


The vessel of the autoclave was lined with silver and oxide, alumina and silica in the correct proportions was 
the seed crystal was suspended from a silver wire. The placed in the autoclave, which was then closed and the 
rough material consisting of a mixture of beryllium temperature raised to about 370—400°C. It was main- 


Figure 20. In type 2 sam- 
ples, residual flux is trapped 
in various forms, either 
transparent (glassy) or at 
least partly translucent and 
devitrified (left). Under 
crossed polarizers, portions 
of the residual flux are 
shown to be birefringent 
(right). Contraction bubbles 
are common. Photomicro- 
graphs by H.A. Gilg. 
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Figure 21. Veil-like feathers consisting of small resid- 
ual flux particles are also observed in type 2 samples, 
often with tiny contraction bubbles in the trapped 
flux. Photomicrograph by H.A. Gilg. 


tained at this value for a few days.... Finally Nacken 
was able to make crystals of beryl (colored green with 
a trace of chromium to turn them into emeralds) that 
were up to 1 cm in length and 2 to 3 mm in width. 


In 1955, Walther Fischer’ wrote a paragraph about 
Nacken’s synthetic emeralds in an encyclopedia re- 
view article about synthetic gemstones [translated 
from German]: 


In 1925 R. Nacken succeeded in growing emerald crys- 
tals of remarkable size. He suspended a beryl seed crys- 
tal within a melt consisting of acid lithium molybdate 
to which he added a mixture of Al,O,, SiO,, and BeO. 
In addition to the presence of small amounts of water, 
an excess of SiO, is important, which has to be calcu- 
lated according to the other components. To achieve 
the desired coloration, traces of Cr,O, and Fe,O, are 
added. The application of pressure is unnecessary. 
Great difficulties came from problems with the appro- 
priate selection of the right materials. Nacken worked 
with gold and silver containers. 


Correlation of Primary Sources with Experimental 
Results. The results of the present study are consis- 
tent with previous research (Nassau 1976 a,b, 1978; 
Schmetzer et al., 1999), insofar as they confirm flux 
growth of Nacken synthetic emeralds. The experi- 
mental results also augment the existing literature 
through identification of a new type of Nacken syn- 
thetic emerald. In addition to those stones known to 
have been grown from molybdate-vanadate fluxes 
(designated as types 2 and 3 herein), a variation 
grown from molybdenum-bearing fluxes without a 
vanadium component has now been identified. Con- 
versely, we discovered no Nacken samples lacking 
entirely in flux residues (as proven by a combination 
of EDXRF and microscopy), which would have sug- 
gested hydrothermal growth. This conspicuous ab- 
sence raises questions about the origin of the 


Figure 22. Larger inclusions of beryl crystals formed by spontaneous nucleation are occasionally found, as in this 
type 2 example. The included beryl crystal exhibits a core with a high concentration of trapped flux particles and a 
clear rim. The boundary between the almost clear rim and the host is best seen under crossed polarizers. Trans- 
mitted light (left), with crossed polarizers (right). Photomicrographs by H.A. Gilg. 
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Figure 23. In type 1 (left) and type 2 (right) synthetic emeralds, in which the presence of gold is proven by EDXRF 
analyses, hexagonally or trigonally shaped opaque particles are found, most likely originating from gold crucibles 


or containers used for crystal growth. Transmitted light, photomicrographs by H.A. Gilg. 


information detailed in Van Praagh’s publications and technical information about the German pro- 
(1946, 1947 a,b). gram for substituting hydrothermally grown crystals 

As noted above, Van Praagh and other American for natural quartz in electronic devices’, as summa- 
and British government personnel interviewed rized by Swinnerton (1946) in document PB 28897. 
Nacken several times in 1945 to acquire scientific | None of the government documents generated from 
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Figure 24. Schematic 
overview of the information 
obtained in the 1940s and 
1950s, leading to publica- 
tions by Van Praagh, Os- 
borne, and Fischer (repre- 
sented by yellow boxes) on 
the growth technology ap- 
plied by Nacken. The dia- 
gram also incorporates the 
major papers describing 
properties of Nacken syn- 
thetic emeralds, published 
by Eppler, Nassau, and 
Schmetzer et al. (represented 
by light blue boxes), and 
shows the source(s) of the in- 
formation (blue arrows) and 
samples (red arrows) used 
for these studies; BM repre- 
sents inventory numbers of 
the Natural History Mu- 
seum. Question marks indi- 
cate possible sources 
suggested by the known cir- 
cumstances but not proven 
by original documents. 
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Figure 25. A patent application by R. Nacken and I. 
Franke, filed June 25, 1943, and published due to cir- 
cumstances of World War II as German patent 913 649 
in 1954, shows the use of autoclaves for hydrothermal 
synthesis of quartz and other minerals with the appli- 
cation of a vertical (top) or horizontal (bottom) tem- 
perature gradient. From German patent 913 649, 
a—autoclave, b—internal chamber of the autoclave, 
c—lower part with nutrient, d—upper part, e—tube of 
silver, f—heater, g—insulation, h—nutrient, and i— 
seed. I indicates the column in which the nutrient is 
placed, and II indicates the column in which the seed 
is placed. Through the application of a vertical or hori- 
zontal temperature gradient, the nutrient region is 
kept at a higher temperature and, as material is dis- 
solved in the solution, it is transported to the growing 
crystal at the seed, which is kept at a lower tempera- 
ture. The circulation of the solution is indicated by ar- 
rOWS. 


these various interviews with Nacken mentioned 
any of his unpublished patent applications in this 
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field. One such application", originally filed June 25, 
1943, by Nacken and Immanuel Franke, became 
German patent 913 649, published June 18, 1954. 
The 1954 patent document described the use of 
autoclaves with vertical or horizontal temperature 
gradients for the growth of single crystals (figure 25). 
This technique became the basis for the develop- 
ment of a nascent industry, in the United States and 
elsewhere between 1945 and 1960, focused on grow- 
ing quartz for technical applications such as crystal 
oscillators. That work, in turn, led to the modern- 
day mass production of synthetic quartz. Single-crys- 
tal quartz was highlighted as the most important 
material to be grown in the Nacken and Franke 
patent, but the patent also mentioned possible use of 
the method for synthesizing other minerals such as 
beryl, tourmaline, mica, fluorite, corundum, and as- 


Figure 26. Richard Nacken in 1954, at the age of 70. 
Photo courtesy of E. Schlatter. 
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bestos. Whether those minerals had already been 
synthesized successfully was not indicated. Contin- 
ued work by Nacken (figure 26) in the field of auto- 
claves and hydrothermal mineral synthesis is further 
evidenced by a patent document dated from the late 
1950s (Nacken and Kinna, 1959). 

According to the existing literature, hydrothermal 
synthesis of emerald began with Johann Lechleitner 
in Austria in the late 1950s or early 1960s (Holmes 
and Crowningshield, 1960; Schlofsmacher, 1960; Gii- 
belin, 1961; Schmetzer, 1991), and the method was 
only disclosed a decade later in several US patents 
assigned to the Linde Division of Union Carbide Cor- 
poration and in related scientific papers (Flanigen et 
al., 1967; Flanigen and Mumbach, 1971; Flanigen, 
1971). Another development of the 1960s was the 
flux growth of synthetic emerald by spontaneous nu- 
cleation or by seeded growth with natural beryl or 
emerald used as nutrient (not starting from the sep- 
arate chemical components of beryl). Successful re- 
sults were achieved with a flux of lead vanadate 
(Linares et al., 1962; Lefever et al., 1962; Linares, 
1967; Flanigen and Taylor, 1967; Koivula and Keller, 
1985; Bukin, 1993). Commercial growth of gem-qual- 
ity synthetic emerald using natural beryl as nutrient 
has been documented for flux material produced by 
Gilson near Calais, France (Diehl, 1977), and for the 
Biron hydrothermal synthetic emerald produced in 
Perth, Australia (Brown, 1997). 

Given the foregoing circumstances, the logical 
conclusion is that misunderstandings between 
Nacken and Van Praagh during the 1945 interview led 
the interviewer to assume that the synthetic emer- 
alds grown in the 1920s had been created hydrother- 
mally. Yet nothing suggests that the technology for 
hydrothermal growth of emerald was available in the 
1920s. Furthermore, Nacken’s application of such a 
technique cannot be proven by any known samples 
and would seem particularly unlikely since his pri- 
mary work in developing the hydrothermal method 
for quartz growth occurred two decades later, be- 
tween 1939 and 1945. Buttressing this conclusion, 
Van Praagh later donated samples he had obtained 
from Nacken to the Natural History Museum in Lon- 
don (Van Praagh, 1946, 1947a), and these were proven 
by Nassau (1976 a,b, 1978) to be flux-grown synthetic 
emeralds. 

In contrast, the properties found in the present 
study of the flux-grown synthetic emeralds correlate 
with the data recorded by Osborne (1947, document- 
ing Merker’s 1945 interview with Nacken) and Fis- 
cher (1955, using information given by Nacken or, 
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more likely, his colleagues in Idar-Oberstein). 
Nonetheless, we must remember that the historical 
information is somewhat generalized in nature, 
given that it was obtained at least two decades after 
Nacken had stopped his practical work growing syn- 
thetic emerald and in a context where there would 
have been little incentive for him to disclose any 
more than basic background. 

That said, the consistencies are notable. Both the 
crucibles and the fluxes indicated by the present 
study find corroboration in the Osborne and Fischer 
writings and in the practices of the time. EDXRF 
analysis proved that Nacken used gold containers for 
most of his synthesis experiments, and Osborne and 
Fischer likewise mentioned his use of gold crucibles. 
Platinum, found in a few samples as a trace element, 
was and is a common crucible material applied in 
various chemical technologies, while tantalum is a 
cheaper alternative to platinum and also offers high 
corrosion resistance (Kieffer and Braun, 1963). It is a 
matter of speculation whether Nacken seriously in- 
vestigated the use of growth facilities larger or more 
complex than simple gold or platinum containers or 
crucibles, but it seems he at least tried to use 
cheaper materials such as tantalum. The two main 
components of the fluxes seen in this study, molyb- 
denum and vanadium (in the form of a molybde- 
num-bearing compound for type 1 emeralds and a 
molybdenum-compound together with a vanadium- 
bearing compound for type 2), were similarly men- 
tioned in the literature (lithium molybdate by 
Fischer, vanadium oxide by Osborne). Moreover, 
French scientists had long used both molybdenum 
and vanadium in fluxes to grow synthetic emerald, 
although not in combination, but the resulting crys- 
tals only reached about 1 mm in size (Hautefeuille 
and Perrey, 1888, 1890). 

Another historical parallel is found in Osborne’s 
allusion to multiple growth cycles. From the present 
study, it can be concluded on the basis of color zoning 
that at least two, and occasionally three, growth cy- 
cles were performed for most of the samples, with a 
higher percentage of chromium incorporated into the 
beryl structure at the beginning of each growth cycle. 
A similar observation was made recently for flux- 
grown synthetic alexandrite (Schmetzer et al., 2012). 

A final point of historical relevance derives from 
the prime technical challenge of the day. In the first 
half of the 20th century, emerald synthesis was 
plagued by the formation—through spontaneous nu- 
cleation—of clusters of tiny crystals. To avoid this 
scenario, IG Farben in Bitterfeld used platinum cru- 
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cibles in which part of the nutrients (beryllium oxide 
and aluminum oxide) were separated from the re- 
maining emerald component (SiO, in the form of vit- 
reous silica). As described by Espig (1960, 1961, 
1962), this separation was accomplished by placing 
the BeO and Al,O, nutrients at the bottom of the cru- 
cible, suspending beryl seed crystals below a plat- 
inum net or baffle in the upper part of the platinum 
container, and floating silica plates on top of the 
lithium molybdate melt (Schmetzer and Kiefert, 
1998]. Nacken, too, must have successfully applied 
the same principle of separating the nutrient into 
two parts (feeding a beryllia and alumina paste into 
the flux melt and separately adding quartz pieces), 
while also using beryl seeds (see Osborne, 1947). 


POSSIBLE COOPERATION WITH IG FARBEN 

In papers on the history of synthetic emerald (Nassau, 
1976 a,b), and particularly in a detailed report on those 
grown by Nacken (Nassau, 1978), the possibility of co- 
operation between Nacken and Igmerald producer IG 
Farben was discussed. Despite differences identified 
in the fluxes they used, Nassau argued that Nacken’s 
lack of inclination to publish details about his emerald 
synthesis or to attempt commercialization might sug- 
gest a secret collaboration with the mineralogists at 
IG Farben in Bitterfeld, particularly Espig. 

However, in his descriptions of the growth 
process applied at Bitterfeld for emerald synthesis 
(1960, 1961, 1962), Espig still followed the assump- 
tion prevalent in the 1950s literature and referred to 
Nacken’s work as hydrothermal. To have stated so 
in his 1962 publication indicates that Espig had no 
direct information about Nacken’s technology and, 
accordingly, that the two did not cooperate in devel- 
oping crystal growth methods. 

Nonetheless, historical sources establish commu- 
nications dealing with such a possible collaboration 
in the mid-1930s. Specifically, a file containing cor- 
respondence between IG Farben and Nacken, along 
with related internal reports and comments by IG 
Farben staff members, was discovered by one of the 
authors during recent research into the industrial his- 
tory of Verneuil synthesis at the Bitterfeld plant!! 
(Vaupel, 2015). 

In 1933, Nacken contacted IG Farben and asked 
if there had been any progress in the emerald synthe- 
sis project. Later, in January 1936, Nacken consulted 
one of the company’s directors and offered to coop- 
erate, mentioning that he had already grown syn- 
thetic emerald successfully. At that time, Nacken 
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was likely aware of IG Farben’s breakthrough in 
emerald synthesis, announced in several mid-1935 
articles, and he would also have been informed that 
the company did not intend to pursue commercial 
production (Jaeger and Espig, 1935). Nacken and IG 
Farben exchanged samples at the end of January 
1936. Nacken remarked in an accompanying letter 
that while he had obtained growth of 2 mm per 
month, the optimal growth rate to produce clearer 
samples would be somewhat slower. 

The three samples submitted by Nacken to IG Far- 
ben were inspected by Espig at the company and by E. 
Schiebold at the University of Leipzig. Schiebold 
(1935) had previously examined IG Farben samples 
and written about the properties of Igmeralds. Both 
prepared reports of their inspections. Schiebold speci- 
fied that the samples were of synthetic origin, but nei- 
ther report described whether the synthetic emeralds 
contained any natural or synthetic seeds. Each report 
also mentioned the presence of nail-head spicules. In 
contrast to his later publications from the 1960s (pre- 
sumably influenced by Van Praagh’s writings), Espig 
concluded that the growth method might have been 
similar to that used by IG Farben. He added that, given 
the unfavorable bluish green color and high content 
of impurities, the quality of Nacken’s samples was no 
better, and possibly even worse, than that of the sam- 
ples produced at Bitterfeld. Since the Igmeralds could 
be grown at rates between 1.2 and 3 mm per month, 
purchasing Nacken’s technical know-how offered no 
apparent opportunity for improving the quality or 
growth technology of the IG Farben production. 

During a final consultation with Nacken and his 
lawyer in March 1936, IG Farben representatives stated 
that the question of whether the company would pur- 
sue commercial production of synthetic emeralds 
could not be answered affirmatively at that time. A de- 
cision to move forward would require an ability to pro- 
duce larger samples of better quality. Therefore, they 
declined to pursue Nacken’s technology. 

The facts described above, all based on recently 
discovered letters and internal IG Farben communi- 
cations and reports!!, prove that development of 
emerald synthesis by Nacken at the University of 
Frankfurt and by Espig at the IG Farben plant in Bit- 
terfeld occurred independently. There was, however, 
another personal connection between Nacken and IG 
Farben that in all likelihood did play a role in the his- 
tory of emerald synthesis. 

In 1913 a young mineralogist named Otto 
Dreibrodt!” was hired by Elektrochemische Werke 
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Bitterfeld (which became part of IG Farben in 1925). 
Prior to this employment, Dreibrodt had already in- 
vented an apparatus for crystal growth in solutions 
or melts, and in his new position he was tasked with 
developing novel techniques for crystal growth and 
applying known methods to new materials, includ- 
ing synthetic emeralds. Elektrochemische Werke Bit- 
terfeld also applied for German and international 
patents covering the apparatus previously invented 
by Dreibrodt, after rights to the device had been 
transferred to the company by contract. A German 
patent 273 929 was granted in 1914, and the corre- 
sponding US patent was published in 1920". 

To work with a melt and not only with hydrous 
solutions, the complex apparatus was constructed of 
platinum and used, at least temporarily, in Bitterfeld 
for emerald synthesis experiments'*. However, prob- 
lems with oversaturation of the melt and spontaneous 
nucleation of tiny emerald crystals or aggregates could 
not be solved, and no emeralds of facetable size were 
obtained from the experiments. Dreibrodt left the 
company at the end of 1926, three years before Espig’s 
major breakthrough in emerald growth at IG Farben 
(in the fall of 1929). 

Nacken was one of Dreibrodt’s academic instruc- 
tors at the University of Leipzig, and both scientists 
were focused on crystal growth and mineral synthe- 
sis. Moreover, after Nacken married Dreibrodt’s sister 
Berta in 1912, the two families were always in close 
contact (E. Schlatter, pers. comm., 2015). Nacken 
(1952) described and depicted Dreibrodt’s apparatus 
in a treatise on methods for crystal growth, and he 
presumably had become aware of the patent soon 
after its publication in 1914. In light of these many 
connections, it can be assumed that the two scientists 
discussed academic problems of mineral synthesis 
and that Nacken would have heard about IG Farben’s 
difficulties in developing a useful method for synthe- 
sis of larger, facetable emerald crystals. It is possible 
that such conversations prompted Nacken to con- 
template alternative solutions, which, in turn, might 
have led to the development of his successful method 
for emerald synthesis. 

It could be that Nacken contacted IG Farben in 
1936 and offered his technique after noticing from 
the company’s announcements that commercial ap- 
plication of the Igmerald technology was not in- 
tended, despite almost two decades of research". 
Nonetheless, it remains unclear why Nacken neither 
published his results nor tried to commercialize his 
technique in the mid-1920s. From a brief comment 
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in a 1951 publication by Fritz Klein'’, it appears that 
faceted synthetic emeralds produced by Nacken were 
shown to Klein for evaluation in the 1930s. In all 
likelihood, however, the reception given to Nacken’s 
synthetics by Klein or any other trade members 
queried would have paralleled the reaction of emer- 
ald dealers to the introduction of synthetic emeralds 
to the market by IG Farben. Stated succinctly, none 
of the German companies dealing in faceted natural 
emeralds were interested in supplementing their es- 
tablished product range of natural stones with syn- 
thetics. What is known is that Nacken never ceased 
to be interested in further developments in the field 
of emerald synthesis. Indicative of such ongoing cu- 
riosity, his grandsons found among his papers a news- 
paper clipping from 1965 that described the recent 
success in synthetic emerald growth achieved by 
Walter Zerfass of Idar-Oberstein. 


CONCLUSIONS 

During the mid-1920s, Richard Nacken was able to 
grow the first synthetic emeralds of facetable size and 
quality. New details about his work have emerged, 
augmenting previous studies that were based on a 
limited number of samples and interviews from the 
1940s. 

We have shown that Nacken produced synthetic 
emeralds of two principal types: (1) crystals grown in 
molybdenum-bearing fluxes, and (2) crystals grown 
in molybdenum- and vanadium-bearing fluxes. Both 
were created primarily in gold containers using a 
process that added various ingredients such as BeO 
and ALO, separately from the third major beryl com- 
ponent, SiO,. Nacken typically employed small, col- 
orless, irregularly shaped beryl seed crystals of 0.5 to 
5 mm and attained faceted synthetic emeralds reach- 
ing up to 4.5 mm and 0.15 ct. Characteristic internal 
features include colorless cores, color zoning, and ori- 
ented inclusions such as nail-head spicules, all of 
which reflect the experimental conditions of crystal 
growth. The two principal types of synthetic emer- 
alds are distinguishable by differences in growth and 
color zoning and inclusion features, in combination 
with chemical properties. 

From a historical perspective, it has also become 
clear that Nacken developed his synthesis method 
independently, apart from any association with IG 
Farben’s Igmerald growth technique. Contemporane- 
ous files establish that although Nacken discussed 
possible collaboration with scientists at IG Farben in 
the mid-1930s, no joint efforts were undertaken. 
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NOTES 


1. Wilhelm F. Eppler (1958 a,b) described three types of 
synthetic emeralds: samples grown by Nacken, Igmeralds 
produced by IG Farben in Bitterfeld, and Chatham syn- 
thetic emeralds. In giving credit for loan of samples, he ac- 
knowledged Eduard Gtibelin, Hermann Espig, and Basil W. 
Anderson. 

Eppler had been associated with Nacken in 1937, pub- 
lishing papers through the Institute for Gemstone Research 
while Nacken was formally the organization’s director (Ep- 
pler, 1937 a,b; see note 3 and accompanying text). In a later 
publication, Eppler (1964) still assumed that Nacken syn- 
thetic emeralds were grown hydrothermally. It would thus 
seem that Eppler never received any direct information 
from Nacken about his growth technique. 

The three lots examined by Kurt Nassau were loaned 
by Frederick H. Pough and by the Natural History Museum 
in London. According to the records of the Natural History 
Museum (M. Rumsey, pers. comm., 2015), the museum re- 
ceived two groups of synthetic emeralds, one donated by 
Gordon Van Praagh in 1946 (see note 7) and another do- 
nated by Robert Webster in 1958 (identifying Georg Otto 
Wild as the previous owner; see note 3). A letter from Web- 
ster to Wild, dated April 1948, acknowledged the gift of a 
Nacken synthetic emerald (D. Jerusalem, pers. comm., 
2015). 

The samples from the Pough collection loaned to one 
of the authors (KS) in the late 1990s had also been obtained 
from Wild (see note 3), but no further details were given. 
Pough spent two years (1931-1932) in Heidelberg, Ger- 
many, at the research institute of Victor Goldschmidt 
studying mineralogy and crystallography and thus would 
have had connections with German colleagues in the 
1930s. In particular, there is evidence of a visit by Pough 
to Idar-Oberstein in mid-1937 that included a meeting with 
Wild (D. Jerusalem, pers. comm., 2015). 

As for the samples traced to the Gtibelin collection, a 
relevant detail is that Gtibelin and Wild had known each 
other since 1937 (Giibelin, 1969). 

In summary, all Nacken samples examined in the 
major papers written to date were sourced through three 
individuals—Van Praagh, Wild, or Gtibelin—and samples 
in Gibelin’s collection may also have in turn come from 
Wild (see figure 2.4). 


2. This paragraph is based on the most detailed pub- 
lished biographical data, as found in Kleber (1954) and 
Schloemer (1973); a draft of a personal autobiography by 
Nacken (circa 1959 or 1960); and on details provided by E. 
Schlatter, Nacken’s grandson, in 2015. 


3. From 1925 to 1936, the director of the Institute for 
Gemstone Research in Idar-Oberstein was Georg Otto 
Wild, who also founded the German Gemmological Asso- 
ciation and became its first president in December 
1933/January 1934. In the 1930s, Nacken was a board mem- 
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ber of the association. When the German government de- 
cided to affiliate the Institute for Gemstone Research more 
closely with a university, Nacken (then with the University 
of Frankfurt) was named its director in November 1936, 
with Wild remaining the local leader for research activities 
and working in close collaboration with Nacken. Wild trav- 
eled to Frankfurt on a weekly basis during 1936 and 1937 
and had an office in the university’s mineralogical institute 
(““Angliederung des Edelsteinforschungsinstituts Idar-Ober- 
stein an die Universitat Frankfurt a.M.,” 1936; Nacken, 
1937; Chudoba, 1969; D. Jerusalem, pers. comm., 2015). 


4. Several interviews with Nacken were conducted by 
Allied investigators in 1945, when he was still living at 
Schramberg in the Black Forest (see note 5). Regarding the 
1940s quartz synthesis program, the information about his 
work that he revealed to the interviewers would have been 
recent, insofar as he had pursued this topic at his small re- 
search laboratory in Schramberg following the destruction 
of the mineralogical institute at the University of Frank- 
furt. In contrast, the information given about his 1920s 
emerald synthesis would have been based solely on mem- 
ory of a research project from two decades prior. 


5. In total, American and British teams conducted at 
least five interviews with Nacken in 1945 and possibly 
early 1946. The interviews were conducted by C.B. 
Sawyer (Guellich et al., 1945, archived as PB 6498; 
Sawyer, 1945, archived as PB 14620), A.C. Swinnerton 
(Swinnerton, 1945, archived as PB 18784; Swinnerton, 
1946, archived as PB 28897], Gordon Van Praagh (men- 
tioned in Swinnerton, 1946), RH. Coates (Coates, un- 
dated, archived as BIOS Final Report No. 552), and Leon 
Merker (Osborne, 1947, archived as PB 85147). The vari- 
ous PB documents are preserved at the U.S. Library of 
Congress, Division of Science, Technology & Business, 
Washington, DC. In the interview by Sawyer it was only 
noted that Nacken displayed some synthetic emeralds 
from his own production. In Swinnerton’s interview, 
emerald was not mentioned. Coates observed that 
Nacken “appears to be more concerned with the produc- 
tion of synthetic emeralds...than pursuing the matter of 
synthesis of quartz.” 


6. Leon Merker (1917-2007), who studied chemistry at 
the University of Vienna and later in the United States at 
the University of Michigan, was one of the pioneers in ap- 
plying the Verneuil flame-fusion method for growth of ma- 
terials other than corundum and spinel, such as rutile, 
strontium titanate, calcium titanate, and aluminum ti- 
tanate (all described in U.S. patents from the 1950s). 
Merker spent about one year at the U.S. Army’s Field In- 
dustrial Agency, Technical (FIAT), joining in 1945. During 
that period, he authored a report about the German syn- 
thetic stone industry (Merker, 1947). He mentioned that 
in 1945 he could not visit IG Farben’s Bitterfeld production 
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plant, which was located in the Soviet-controlled zone of 
Germany. This fact supports a conclusion that the infor- 
mation about synthetic emerald given in document PB 
85147 (Osborne, 1947) “by an old German scientist from 
memory” was based on a 1945 interview with Nacken. 
Subsequently, Nassau (1976 a,b, 1978) was able to commu- 
nicate with Merker and to confirm that Nacken was the 
interviewee. Likewise, in a brief paper describing his own 
work on crystal growth technologies, Merker (2004) noted 
that he had the chance to interview Richard Nacken and 
Spyro Kyropoulos and that, back in the United States, he 
too had “toyed” with synthetic emeralds for a short time. 
Given his Austrian background, Merker would have expe- 
rienced no language barrier in his communications with 
Nacken in 1945. 


7. Gordon Van Praagh (1909-2003) taught chemistry at 
Christ’s Hospital, in Horsham, Sussex, UK, and published 
several basic textbooks on chemistry and physical chem- 
istry. He began working for the British Admiralty in 1943 
during World War II, and his duties immediately after the 
war involved Allied combined intelligence operations, 
tracking down German scientific developments and ex- 
pertise (Berry, 2003). In his articles about emerald and 
quartz synthesis, Van Praagh (1946, 1947 a,b) did not iden- 
tify any sources for the information given; however, his in- 
terview with Nacken is mentioned in the American PB 
28897 report (Swinnerton, 1946). Furthermore, in a later 
paper on quartz synthesis (1949), he referenced “Nacken 
(private communications, 1945)”. 


8. Walther Fischer (1897-1979) studied chemistry, 
mineralogy, and geology in Dresden, Germany, graduating 
in 1925. He left Dresden in 1948 and moved to Idar- 
Oberstein, where he worked until 1959 as a teacher and 
later served as the director of the local college for gem- 
stone cutting and processing. His list of scientific publi- 
cations (Metz, 1972) contains 380 titles, including many 
book reviews and historical articles. In his 1955 review ar- 
ticle on synthetic gemstones, Fischer offered numerous 
references for most of the information given. In contrast, 
only the section about Nacken is without citations. This 
suggests either that the author had direct contact with 
Nacken, or more likely, that he received his information 
from colleagues in Idar-Oberstein. Fischer had good con- 
nections with Georg Otto Wild—see the acknowledge- 
ments in Fischer's 1954 book Praktische Edelsteinkunde 
(Practical Gemmology|—who in turn worked closely with 
Nacken in the 1930s (see note 3). Hence, the information 
presented in the 1955 article could have come through 
Wild. 


9. Until the end of World War II, the United States used 
exclusively natural quartz, primarily from Brazilian 
sources, for mass production of oscillator plates. Therefore, 
no American program for hydrothermal growth of single- 
crystal quartz existed from 1940 to 1945 (Thompson, 
2007). Nacken’s research programs for growing synthetic 
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quartz for oscillator plates, with financial support by the 
German government, are documented for 1939 and 1941 
(Bundesarchiv Koblenz [Federal Archives], file nos. 13331 
and 13332). 


10. The history of German patent 913 649 by Richard 
Nacken and Immanuel Franke reflects political circum- 
stances between 1940 and 1950. Four patent applications 
related to hydrothermal growth of crystals were filed be- 
tween July 1942 and August 1943 by Nacken and Franke, 
both of Frankfurt. After the arrival of American troops in 
Berlin in mid-1945, unpublished patent applications were 
documented on microfilms retained by the Allies, but by 
then the German patent office had ceased operation. 
Copies of these microfilms were submitted to the patent 
office after it reopened in Munich in October 1949, though 
only titles and short abstracts were published in Germany 
in the early 1950s. The full documents were released as 
part of a special project of the German Patent and Trade 
Mark Office beginning in 2014, and the four Nacken and 
Franke patent applications are now available under docu- 
ment numbers DE N 45 891 AZ, DE N 46 429 AZ, DEN 
46 863 AZ, and DE N 46 979 AZ. Three of these applica- 
tions dealt with methods for hydrothermal crystal growth, 
and the last of the series described an autoclave seal. After 
1949 Nacken and Franke requested further examination 
of the most recent of the three applications concerning hy- 
drothermal growth methods. This application, filed June 
25, 1943, in turn covered most of the material set forth in 
the two earlier submissions filed in 1942 and 1943. The 
application was granted in 1954 and became German 
patent 913 649. 


11. Verneuil synthesis of ruby and sapphire com- 
menced at Elektrochemische Werke Bitterfeld in 1910. In 
1925, this company, including the plant for producing syn- 
thetic gem materials, was incorporated into the IG Farben 
group. Later, under Communist rule, the state-owned en- 
tity VEB Elektrochemisches Kombinat Bitterfeld took 
control of synthetic ruby, sapphire, and spinel production 
at the factory. Documents from all three periods are pre- 
served in the Landesarchiv Sachsen-Anhalt, Merseburg 
(Archives of the German Federal State of Saxony-Anhalt, 
Department Merseburg) and at Kreismuseum Bitterfeld. 
The correspondence with Nacken and the IG Farben in- 
ternal reports and notes related to Nacken synthetic emer- 
alds are preserved at Merseburg, file number LASA, MER, 
1506, No. 769. 


12. Otto Dreibrodt (1887-1941) studied mathematics 
and mineralogy at the Universities of Halle and Leipzig, 
graduating from the latter in 1912. One of his academic in- 
structors at the University of Leipzig was Richard Nacken. 
Dreibrodt joined Elektrochemische Werke Bitterfeld in Au- 
gust 1913. Numerous German and international patents 
by Dreibrodt and assigned to Elektrochemische Werke Bit- 
terfeld dealt with improvements to the Verneuil technique 
(e.g., for producing sapphires and spinels of various colors) 
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and with chemical technology not related to the synthesis 
of gem materials. He left the company at the end of 1926. 
His personnel file still exists in the Landesarchiv Sachsen- 
Anhalt (see note 11), file numbers LASA, MER, 1506, No. 
1068 and 1 506, No. 1069, but the reason for his departure 
is unknown. Several Verneuil boules from his work re- 
mained with his daughter L. Dreibrodt, but no synthetic 
emerald samples are included (E. Schlatter, pers. comm., 
2015). 


13. The U.S. patent for Otto Dreibrodt’s apparatus for 
crystal growth was apparently considered worthy of atten- 
tion, it was reviewed briefly in The American Mineralogist 
(“An apparatus for growing large crystals,” 1921), not a 
common practice at that time. 


14. Landesarchiv Sachsen-Anhalt (see note 11), file 
number LASA, MER, I 506, No. 475. 


15. According to the records of the German Patent and 
Trade Mark Office (Patentrolle), Munich and Berlin, Ger- 
man patent 273 929 expired in February 1924 due to non- 
payment of annual fees, thereby ending any protection 
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A NEw FIND OF DANBURITE IN THE 
Luc YEN MINING AREA, VIETNAM 


Le Thi-Thu Huong, Laura M. Otter, Tobias Hager, Tim Ullmann, Wolfgang Hofmeister, 


Ulrike Weis, and Klaus Peter Jochum 


In the summer of 2015, gem-quality danburite was found in an eluvial deposit of ruby, sapphire, spinel, 
and tourmaline at the foot of the marble mountains of An Phu in the Luc Yen area of Vietnam’s Yen Bai 
Province. This danburite is notable for its honey yellow color and excellent transparency. For the present 
study, rough and cut samples were investigated by standard gemological methods, photoluminescence, 
spectroscopic analysis (Raman, FTIR, and UV-Vis-NIR), electron microprobe, and femtosecond LA- 
ICP-MS chemical analysis. Microscopic observations revealed fingerprints and two-phase inclusions 
(gas/liquid). Additionally, growth zoning was visible with different blue intensities under a long-wave 
UV lamp. The samples were characterized by high concentration of lanthanides (totaling about 1116 
ppm on average) together with the presence of other elements such as Al, Sr, Y, Hf, Pb, and Th, while 
the concentrations of transition metals were below detection limits. All Raman, UV-Vis-NIR, and photo- 
luminescence results revealed the bands related to rare earth elements. FTIR spectroscopy showed the 


presence of hydroxyl in the danburite structure. 


crystallizes in the orthorhombic system. It 

has a structure composed of a framework of 
corner-sharing Si,O, linked with B,O, groups by 
eight-coordinated Ca atoms. First discovered in Dan- 
bury, Connecticut (United States), gem-quality dan- 
burite has also been found in Japan, Madagascar, 
Mexico, Myanmar, Russia, Sri Lanka, Switzerland, 
and Tanzania (Hurwit, 1986; Chadwick and Laurs, 
2008; Hintze, 2010). Danburite is an exceptionally 
rare gemstone, however. 

In the summer of 2015, during a geological and 
mineralogical investigation of a metamorphosed car- 
bonate formation in the Luc Yen district of Yen Bai 
Province, northern Vietnam, the authors found gem- 
quality danburite crystals. At the beginning of the 
investigation, several crystals with sizes up to 2.5 
cm (figure 1, left) were found in mining dumps from 
Bai Cat, an active placer deposit of ruby, sapphire, 
spinel, and tourmaline located in the An Phu com- 
mune. Our team pursued this finding and found 
many small (1-2 cm) danburite crystals of similar 


[) anburite, with an ideal formula of CaB,Si,O,, 
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color and transparency along the streams within 2 
km of the Bai Cat deposit. One of the rough crystals 
(figure 1, sample C) was cut into a clean 4.6 ct gem 
with no eye-visible flaws (figure 1, right). The pres- 
ent article provides a detailed characterization of the 
newly found danburite from Luc Yen. 


GEOLOGIC BACKGROUND 

The geology of the Luc Yen mining area has been de- 
scribed by Garnier et al. (2005), Long et al. (2013), and 
Chauviré et al. (2015). It is dominated by metamor- 
phic rocks, mainly granulitic gneisses, mica schist, 
and marble, which are sometimes intruded by 
granitic and pegmatitic dikes (Garnier et al., 2005). 
Danburite crystals have been found associated with 
ruby, sapphire, spinel, and tourmaline in the Bai Cat 
placer deposit, which is surrounded by a series of mar- 
ble mountain chains. One mountain about 5 km 
away, An Phu, contains a ruby mine (May Thuong) 
on one side and a spinel mine (Cong Troi) on the op- 
posite side. While all of Luc Yen’s primary formations 
of ruby, sapphire, and spinel were favored by meta- 
morphic conditions, its tourmaline originated from 
pegmatite bodies. The nearest sources of tourmaline 
are pegmatites in the Minh Tien commune bordering 
An Phu. The geologic environment of Luc Yen was 
very suitable for the formation of danburite, which 
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Figure 1. Five rough danburite crystals, in sizes up to 2.5 cm, were found at the Bai Cat deposit in Luc Yen, 
Vietnam. Crystal C, weighing 26.3 ct in rough form, was cut into the 4.6 ct faceted oval on the right. Photos by 


Le Thi-Thu Huong. 


could be related to some pegmatite veins (figure 2). A 
similar geologic condition has previously been re- 
ported for danburite from the Anjanabonoina peg- 
matite deposit in Madagascar (Wilson, 1989; 2007; 
Dirlam et al., 2002; De Vito et al., 2006). The peg- 
matites from both areas are often hosted by marble 
and locally contain coarse-grained green K-feldspar, 
tourmaline, and smoky quartz. 

Although the overall production of danburite 
from Luc Yen has not been evaluated, the output 
from the Bai Cat deposit appears to be lower than 
that of ruby, sapphire, spinel, and tourmaline. Dan- 
burite remains fairly unknown to most local miners, 
who mistake it for quartz pebbles. 


MATERIALS AND METHODS 

For this study, we selected five danburite crystals 
ranging from 1 to 2.5 cm in length from the Bai Cat 
placer deposit in the Luc Yen mining area. The sam- 
ples weighed 12.8 ct (A), 22.5 ct (B), 26.3 ct (C), and 
49.6 ct (D), and 15.3 ct (E). 

The 26.3 ct sample was cut into a 4.6 ct faceted 
oval, while the others were polished into parallel-win- 
dow plates, oriented parallel to the c-axis for gemo- 
logical analysis and Raman and photoluminescence 
measurements. Gemological characteristics were ex- 
amined using a dichroscope, a refractometer, a hydro- 
static balance, a 6 W long-wave/short-wave UV lamp 
(365 and 254 nm, respectively), and an immersion mi- 
croscope with Zeiss optics. Raman spectroscopy was 
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carried out on a Horiba Jobin Yvon LabRam HR 800 
spectrometer equipped with an Olympus BX41 opti- 
cal microscope and a Si-based charge-coupled device 
(CCD) detector. Raman spectra were collected in two 
ranges, from 100 to 1200 cm and 3300 to 3800 cm", 
for all samples. The instrument used a frequency- 
doubled Nd-YAG laser (532 nm) and a grating with 
1800 grooves/mm and a slit width of 100 um. These 
parameters, and the optical path length of the spec- 
trometer, yielded a resolution of 0.8 cm‘. The spec- 
tral acquisition time was set at 240 seconds with two 


In Brief 


¢ Vietnamese danburite possesses honey yellow color 
and excellent transparency. It can be differentiated 
from yellow danburite from other localities by its 
fluorescence characteristics. 


Internal features include fingerprints, two-phase 
inclusions, and growth zoning. 

¢ The concentration of total lanthanides is relatively high, 
with light rare earth elements exceeding heavy rare 
earth elements by a 250- to 300-fold enrichment. 


cycles for all measurements, and sample orientation 
was carefully controlled. Photoluminescence (PL) 
spectra were recorded at room temperature on a 
Horiba Jobin Yvon NanoLog spectrophotometer 
equipped with a 450 W xenon discharge lamp as an 


Gems & GEMOLOGY WINTER 2016 


104°45’ 
22°08’ 


22°00 
104°45’ 


104°52’ 
22°08" 


ie) Quaternary sediments 


Dolomitic marble 
Calcitic marble 


Quartz-mica-feldspar schist 
Quartz-biotite-sericite schist 
Quartzite 


mum | Pegmatite vein 


| Biotite granite 
EEE serie 
| Aplite and granosyenite 


NN | River 


Nn | Fault 


* Danburite occurrence 


22°00 
104°52’ 


Figure 2. A portion of the Luc Yen geological map showing the location of the Bai Cat deposit, which has been 
worked for ruby, sapphire, spinel, and tourmaline. The deposit is the first site in Luc Yen where danburite crystals 


have been found. Map and photo by Le Thi-Thu Huong. 


excitation source (240 nm). The recorded range was 
from 300 to 1000 nm, and spectral resolution was ap- 
proximately 1 nm. Other spectroscopic techniques 
(FTIR and UV-Vis) and chemical analyses required 
further preparation, and the two smallest plates were 
chosen for these methods. The two larger plates were 
saved for future research. About 3 mg of material was 
removed from each of the two plates from inclusion- 
free regions and ground for FTIR measurements, 
while the remaining materials were further polished 
for UV-Vis-NIR and chemical analyses. FTIR spectra 
of powdered danburite were recorded in the 400-4000 
cm-' range with 64 scans and 4 cm resolution using 
a Thermo Scientific Nicolet 6700 FTIR spectrometer 
equipped with an optimized beam condenser. UV-Vis- 
NIR absorption spectra were recorded in the 200- 
1600 nm range with 20 scans and a total 
measurement time of 4 seconds using a Zeiss Axio 
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Imager A2m microscope (0.1 mm beam spot), which 
was connected with two J&M spectrometers. The 
first diode array spectrometer (TIDAS S-CCD) works 
in the 200-980 nm range with a spectral resolution 
of 0.75 nm and the second one (TIDAS S900 with an 
InGaAs detector) in the 900-1600 nm range with a 
resolution of 2.8 nm. 

Chemical data were obtained by electron micro- 
probe analysis at the University of Mainz, Germany, 
and by femtosecond laser ablation—-inductively cou- 
pled plasma—mass spectrometry (fs-LA-ICP-MS) at 
the Max Planck Institute for Chemistry in Mainz. 
Microprobe analyses were performed with a JEOL 
JXA 8200 instrument equipped with wavelength-dis- 
persive spectrometers, using a 20 kV accelerating 
voltage and a 20 nA filament current. The spot size 
of 5 um and measurement time of three minutes per 
spot analysis resulted in a peak counting time of 20- 
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TABLE 1. Chemical composition of danburite from 
Luc Yen, Vietnam. 


Oxides and Sample 1 (from crystal A) — Sample 2 (from crystal E) 
elements Average SD Average SD 
SiO, (wt.%) 46.6 0.1 47.3 0.2 
CaO (wt.%) 227 0.1 22.7 0.1 
B,O, (wt.%) 31.4 0.5 31.5 0.6 
Total 100.7 101.5 
Minor and trace elements (ppm, as pg/g) 

Li* <1 <1 

Be 90 6 66 1 
B 95800 5300 97700 1700 
Na 40 10 Al 3 
Mg* <4 <4 

Al 260 30 270 20 
Si 224000 19000 225900 5400 
K 54 6 18 6 
Ca 162180 0 162180 0 
Sc 0.5 0.1 0.64 0.06 
Ti <1 <1 

Vv 0.78 0.07 0.8 0.1 
Cr* <5 <5 

Mn 20 1 19 1 
Fe* <20 <20 

Ni 2 1 0.4 0.3 
Cu 10 1 2 1 
Zn 36 18 <20 

Ga 0.31 0.07 0.25 0.05 
As 1.7 0.6 0.6 0.2 
Se* <5 <5 

Rb 0.2 O1 =<0.2 

Sr 68 6 64 4 
Y 13 2 10 2 
Nb* <0.02 <0.02 

Ag* <0.5 <0.5 

Cd* <1 <1 

Sn 0.8 0.2 <0.5 

Sb* <0.5 =05 

cst <0.1 <0.1 

Ba 0.2 0.1 <0.1 

La 540 90 270 10 
Ce 720 90 410 30 
Pr 58 8 29 2 
Nd 120 10 65 3 
sm 8.4 0.7 4.7 0.2 
Eu 0.4 0.1 0.28 0.02 
Gd ef. 0.6 2.0 0.1 
Tb 0.24 0.04 0.15 0.02 
Dy 0.9 0.2 0.6 0.2 
Ho 0.17 0.02 0.13 0.01 
Er 0.6 0.1 0.4 0.1 
Tm 0.10 0.01 0.08 0.02 
Yb 0.9 0.1 0.8 0.2 
Lu 0.18 0.01 0.14 0.04 
Ta* <0.01 <0.01 

w* <0.01 <0.01 

Pt* <0.05 <0.05 

Au* <0.02 <0.02 

Til* <0.04 <0.04 

Pb 15 3 11 1 
Bi* <0.01 <0.01 

Th 0.16 0.04 0.09 0.02 
U <0.01 <0.01 


30 seconds per element. Calcium and silicon were 
analyzed by microprobe, with wollastonite used as 
the standard. LA-ICP-MS data for all elements except 
Ca and Si were obtained using an NWRFemto fem- 
tosecond laser operating at a wavelength of 200 nm 
in combination with a ThermoFisher Element2 sin- 
gle-collector sector-field ICP mass spectrometer. Be- 
fore analyses, a pre-ablation (80 m/s scan speed, 65 
pum spot size, and 50 Hz pulse repetition rate at 100% 
energy output) was performed to reduce any eventual 
superficial polish residues. The samples were then 
ablated using line scans of 300 pm length at a scan 
speed of 5 um/s and a spot size of 55 pm, achieving 
an energy density of 0.13 J/cm? at the sample surface 
using a pulse repetition rate of 50 Hz. The mass spec- 
trometer was operated using low mass resolution 
(R=300). Laser ablation was performed in a He atmos- 
phere that was mixed with Ar before entering the 
plasma area. The applied laser device produces pulses 
at 150 fs, enabling an almost matrix-independent cal- 
ibration (Jochum et al., 2014). Important operating 
parameters for the mass spectrometer are: rf genera- 
tor power = 1150 W, sample gas (Ar) flow rate = 0.7 
L/min, carrier gas (He) = 0.7 L/min, measurement 
time = 60 s). The glass reference material NIST SRM 
610 was used as a calibration material in the evalua- 
tion process, where *Ca was the internal standard. 
Data reduction and the elimination of obvious out- 
liers were performed following a programmed rou- 
tine in Microsoft Excel described in Jochum et al. 
(2007). 


RESULTS AND DISCUSSION 

Visual Appearance and Gemological Properties. The 
crystals showed orthorhombic pyramidal faces, some 
of them broken or rounded, and possessed a nearly 
identical honey yellow color with slightly different 
shades. They were transparent with some contami- 
nated cracks. Some samples exhibited color zoning; 
pleochroism was not observed in any of them. The 
faceted sample was fairly clean, with no eye-visible 
inclusions. The refractive indices were n, = 1.630- 
1.632, ng = 1.633—-1.635, and ny = 1.636-1.637, witha 
birefringence of 0.006-0.008. SG values varied be- 
tween 2.98 and 3.01. All of the samples were inert to 
short-wave UV radiation and fluoresced strong blue 


*Concentrations below detection limits. 

SD = standard deviation. Ca and Si were analyzed by electron microprobe 
analysis (five spots per sample) and trace element data by fs-LA-ICP-MS 
(nine lines per sample). B,O, wt.% is calculated from LA-ICP-MS data. 


396 DAnNBuRITE FROM Luc YEN, VIETNAM 


Gems & GEMOLOGY WINTER 2016 


. 


: “ . : Se : 4 
eo “Ae ~y w 
F evs fy 
. * —, meas eee 
ee ce 


to long-wave UV. Those with a more intense honey 
yellow color fluoresced more intense blue under 
long-wave UV. The Vietnamese danburites can be 
differentiated from those originating from Tanzania 
(Chadwick and Laurs, 2008), Madagascar (GIA Gems 
database), and Myanmar (Kiefert, 2007) since the 
samples from these origins are either inert to both 
short- and long-wave UV (Tanzania and Madagascar) 
or fluoresce blue to both (Myanmar). 

Microscopic observation revealed no mineral in- 
clusions in our Vietnamese danburite samples. Fin- 
gerprints were observed in two of them (figure 3A). 
More often seen were two-phase (gas/liquid) inclu- 
sions (figure 3B). Another feature was growth zoning 
(figure 3C), which was also observed under a long- 
wave UV lamp as zones exhibiting different blue in- 
tensities. The darker zone showed more intense blue 
luminescence (figure 3D). By correlating these visual 
observations with the chemical data, we found that 
the darker sample had a higher total rare earth ele- 
ment (REE) concentration than the lighter one. We 
therefore assume that the blue luminescence was 
caused by some REE. 


Chemical Composition. The chemical composition 
of the two analyzed samples is shown in table 1. Ac- 
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Figure 3. Internal fea- 
tures of Vietnamese 
danburite include fin- 
gerprints (A, field of 
view 1.5 mm) and two- 
phase inclusions (B, 
field of view 1.5 mm) 
as well as growth zones 
(C) that fluoresce with 
different blue intensi- 
ties under long-wave 
UV (D). Darkfield illu- 
mination; photomicro- 
graphs by Le Thi-Thu 
Huong. 


cording to our data, the Luc Yen danburites are char- 
acterized by a relatively high concentration of lan- 
thanide elements. 

The total lanthanide content for samples 1 and 2 
was 782, and 1451 ppm, respectively, whereby the 
concentrations of light rare earth elements (LREE: La, 
Ce, Pr, Nd, Sm, and Eu) totaled 777 and 1444, exceed- 
ing heavy rare earth elements (HREE: Gd, Tb, Dy, 
Ho, Er, Er, Tm, Yb, and Lu) by a 2.50- to 300-fold en- 
richment. Other notable elements were Al, Sr, Y, Hf, 
and Pb (concentrations shown in table 1). We identi- 
fied a very low concentration (0.09-0.16 ppm) of the 
radioactive element Th. Generally, our danburite 
samples had extremely low concentrations of transi- 
tion metals (e.g., Sc, V, Ni, Cu, and Zn). Some other 
elements were even below detection limits (labeled 
with an asterisk in table 1). Individual exceptions 
were Be and Mn, with average concentrations of 
about 78 ppm and 19 ppm, respectively. The detec- 
tion limits were calculated using three standard de- 
viations of the gas blank measurements and the 
element sensitivity of the reference material NIST 
SRM 610 (Jochum et al., 2005). 


Raman Spectroscopy. Raman spectra of the Luc Yen 
danburite were collected in the 100-1200 cm range 
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Gem Trade Laboratory 
Installs” 
New Pearl Testing Equipment 


by 


LESTER B. BENSON, C.G., F.G.A. 
Director Resident Training, G.LA. 


a following article is presented as a 
summary of the requirements for the micro- 
radiography and X-ray luminescence of 
pearls and includes an outline of the tech- 
niques employed in the laboratories of the 
Gemological Institute of America, as well 
as a brief description of the new X-ray 
unit installed recently at the Gem Trade 
Laboratory in New York. 

The acquisition of the Gem Trade La- 
boratory in 1949 by the Gemological In- 
stitute of America gave the Institute its 
first X-ray unit adapted exclusively for the 
radiography of pearls. This unit and the 
operating techniques’ developed by the for- 
mer director of the Gem Trade Laboratory, 
Dr. A. E. Alexander, were used until recent- 
ly in the testing of thousands of pearls 
for the trade. The radiographs and general 
characteristics of these pearls were care- 
fully recorded in the laboratory files and 
in June 1951 a research program was in- 
stituted for the purpose of developing, if 
possible, refinements in both X-ray equip- 
ment and operating techniques. The result 
of this work was gratifying and authoriza- 
tion was obtained from the G. I. A. Board 
of Gevernors to design new equipment 
that would utilize to best advantage all of 
the techniques developed to date for mi- 


le 3 Le Alexander, Gems & Gemology, Winter 
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croradiography and X-ray luminescent test- 
ing of natural and cultured pearls. 

Although this is not the only method of 
testing pearls, it is the only system by 
which an entire strand of pearls can be 
effectively tested at one time. It is also 
effective on most pearl-set jewelry, and 
therefore provides the most desirable type 
of equipment for a commercial laboratory. 

For those readers who are unfamiliar 
with the principles involved in radiography, 
it is simply a method of studying the struc- 
tural characteristics of a specimen without 
having to section, or otherwise destroy, 
the specimen. Basically, the procedure is 
to direct a beam of the X-rays at the speci- 
men which has X-ray sensitive film placed 
immediately behind it. Any differences in 
the structural density of the specimen will 
cause uneven absorption of the X-ray beam 
and the resultant image recorded on the 
film (i., shadowgraph) will show these 
characteristics. 

However, with some materials, such as 
pearls, the amount of resistance offered 
to X-ray transmission is very slight, and 
the type of X-rays developed at high kilo- 
voltage normally used to radiograph, for 
example, the human body is much too pene- 
trating for these specimens. When the kilo- 
voltage is too high the resultant X-rays 
tend to penetrate the entire pearl without 
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Figure 4. The Raman 

245 spectrum of a Viet- 
namese danburite 
(black trace) is com- 

166 pared with that of a 
colorless Mexican dan- 
burite (blue trace). Both 
spectra were recorded 
with the electric vector 
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c-axis showing the 
most intense band at 
612 cnr". 
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and showed the highest-intensity band at 612 cm. 
According to Best et al. (1994), this band and its 
shoulder at 631 cm~'are generated by B-O-Si bending 
vibration, while the bands at 1026, 1008, and 974 cm* 
are caused by Si-O-B stretching. The two bands of 
highest frequency, at 1175 and 1107 cm, originate 
from Si-O-Si stretching vibration. The bands in the 
500-400 cm region are due to Si-O-Si bending vibra- 
tion, while those in lower frequencies (including the 
348, 245, and 166 cm" bands) correspond to Ca trans- 
lation and torsional modes of the borosilicate frame- 
work. Compared with the Raman spectrum of a 
colorless Mexican danburite in the RRUFF database 
(see figure 4), Vietnamese danburite shows additional 
bands between 2.45 and 166 cm. According to one 
of our comparative studies of danburite composition 
from various deposits (Huong et al., 2016), the color- 
less Mexican danburites are fairly free of REE, with 
total contents of approximately 1.1 ppm. We there- 
fore assume that the bands between 245 and 166 cm- 
‘are due to Ca translation and torsional modes of the 
borosilicate framework, which might be caused by 
the substitution of REEs in the Ca position. 


Photoluminescence Spectroscopy. Figure 5 shows 
room-temperature PL spectra of different color zones 
within a Vietnamese danburite sample under 254 
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nm excitation. Both zones (lighter and darker) show 
intense emission bands at 338 and 354 nm and a less 
intense broad band at 463 nm. However, PL inten- 
sity at the 463 nm emission band is higher and 
clearer in the darker zone than in the lighter zone. 


Figure 5. Photoluminescence spectra of Vietnamese 
danburite in the lighter zone (blue trace) and the 
darker zone (black trace) show three bands at 338, 
354, and 463 nm. 
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As for the UV emission bands (338 and 354 nm], the 
PL spectra resemble the typical emission spectra 
arising from radiative relaxations of Ce** ions from 
5d to 4f levels (Tang et al., 2005). Thus, we assume 
that the PL emission in the UV region in this case 
also comes from the electron transitions of Ce** ions. 
As for the 463 nm emission band, we propose that 
it results from the presence of REE ions. Note that 
the 463 nm peak is stronger for the darker (more 
REE-rich) zones. 


FTIR Spectroscopy. Figure 6 shows the IR spectrum 
of a representative Luc Yen danburite. Some of the 
main features include the internal modes in the 400- 
1200 cm! range and other modes in the range of 
water/hydroxyl vibrations from 3000 to 3800 cm". 
In the latter range, we observed one broad band with 
a maximum centered at 3270 cm! and a weak band 
at 3560 cm. According to Beran (1987), OH~ species 
can occupy the O* positions in danburite’s structure, 
and charge is balanced by the substitution of Al** for 
Si*. The broad band seen in the IR spectra of Luc Yen 
danburite could indicate that OH~ substitutes for O?- 
in different sites rather than just a single oxygen site. 


IR SPECTRUM 


TRANSMITTANCE % 


In the 400-1200 cm"! range, sharp bands are lo- 
cated at 445, 493, 536, 630, 671, 712, 890, 983, and 
1061 cm". These bands have never been assigned to 
the danburite structure. But for sorosilicates (with iso- 
lated Si,O, in the structure), bands above 600 cm 
have generally been assigned to stretching motions of 
Si,O, (Kieffer, 1980; Hofmeister et al., 1987). These 
bands were also assigned to Si,O, vibrations for law- 
sonite, CaAl,Si,O,(OH),-H,O, an isostructural min- 
eral with danburite (Le Cléac’h and Gillet, 1990). 
Other bands in the 400-600 cm" range, when com- 
pared with Raman spectra, can be attributed to tor- 
sional modes of the borosilicate framework and/or Ca 
translation. Two absorption bands at 1415 and 1610 
cm‘ are due to CO, and possibly skin fat. 


UV-Vis-NIR Spectroscopy. A UV-Vis-NIR spectrum 
of Luc Yen danburite is shown in figure 7. Absorption 
increases gradually from the green portion of the 
spectrum (approximately 500 nm) to the higher-en- 
ergy end (approximately 200 nm). On the absorption 
continuum base in the UV region, we observed three 
dominant peaks at approximately 315, 275, and 229 
nm and a shoulder at 219 nm. This observation is dif- 


Figure 6. The infrared 
spectrum of powdered 
danburite from Luc Yen 
shows a broad band 
centered at 3270 cnr! 
and a weak band at 
3560 cn, both of 
which are related to 
stretching vibrations of 
the OH- group. 


445 


WAVENUMBER (cn) 


DANBURITE FROM Luc YEN, VIETNAM 


T T 
4000 3500 3000 2500 2000 1500 


Gems & GEMOLOGY WinteR 2016 399 


UV-VIS-NIR SPECTRUM 


iv 
1 


315 


S 
1 


275 
229 


S 
foo} 


219 


° 2 
es oa 
i 1 


ABSORPTION COEFFICIENT (cm-') 
8 
1 


2 
o 


T T T T T T 1 
200 300 400 500 600 700 800 


WAVELENGTH (nm) 


Figure 7. This UV-Vis-NIR absorption spectrum was 
obtained from a Luc Yen danburite plate. 


ferent from the reports of Hurwit (1986) and Chad- 
wick and Laurs (2008) for yellow danburite from 
other sources, which showed a minor peak at 585 nm 
attributed to REEs. However, the Luc Yen danburite’s 
sharp and intense absorption peaks in the UV region 
are typical for electronic transitions in the core of 
REE ions, especially Ce** and Ce* (Ebendorff-Heide- 
priem and Ehrt, 2000; Nicolini et al., 2015). This is 
validated by the abundance of REEs in the sample 
(again, see table 1). It is easy to recognize that the Sri 
Lankan danburites reported by Hurwit (1986) and the 
Tanzanian samples examined by Chadwick and 
Laurs (2008) were a different shade of yellow. This is 
due to their absorption peak at 585 nm, which is not 
observed in Vietnamese danburite. As for the REE 
ions in large band-gap materials such as danburites, 
sharp and intense absorption spectra are often re- 
ported due to the energy transitions in the intra-4f 
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electron shell of the trivalent REE dopants. The crys- 
tal field effect is caused by interactions between the 
4f electrons and the electrons of the host materials, 
partially or completely lifting the degeneracies of the 
quantum levels. Thus, different symmetric groups of 
REE ions in the host materials yield different optical 
properties. In many cases, however, the fine structure 
and the relative intensities of the optical transitions 
in the absorption can be used to probe the local en- 
vironment of the REE ions, and luminescence spec- 
tra are more favorable for higher sensitivity. Relevant 
transitions for determining the group symmetry are 
very weak, with absorption cross-sections of about 
107! to 10 cm". Finally, the absorption continuum 
base in the UV region may be due to the absorption 
band of the host materials. 


CONCLUSIONS 


Placer deposits at Luc Yen in northern Vietnam host 
gem-quality danburite that possesses a honey yellow 
color. The samples are characterized by a high con- 
centration of lanthanide elements (La to Lu) with 
combined concentrations ranging from 782 to 1451 
ppm; concentrations of light rare earth elements ex- 
ceed heavy rare earth elements by a 250- to 300-fold 
enrichment. Internal characteristics include finger- 
prints, two-phase inclusions, and growth zoning. 
Vietnamese danburites are also inert to short-wave 
and luminesce blue in long-wave UV. The blue radi- 
ation is related to REE impurities. Bands related to 
REEs are observed in Raman, photoluminescence, 
and UV-Vis-NIR spectra. Despite being an anhydrous 
mineral, danburite contains traces of hydroxyl that 
entered the structure by the substitution reaction 
OH- + Al*+ = O* + Si*. The formation environment 
of Vietnamese danburite remains an ongoing re- 
search project. 
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CHART 


INCLUSIONS IN NATURAL, SYNTHETIC, AND 


TREATED EMERALD 


Nathan D. Renfro, John I. Koivula, Jonathan Muyal, Shane F. McClure, Kevin Schumacher, and James E. Shigley 


Figure 1. This emerald contains a brown crystal of the rare mineral parisite. There is also an oil-filled cavity show- 
ing a blue and orange flash effect, along with two large trapped gas bubbles. This inclusion suite verifies the natu- 
ral origin of this emerald; it also confirms that the stone, which shows signs of clarity enhancement, is from 
Colombia. Photomicrograph by John I. Koivula; field of view 3 mm. 


his short introduction accompanies a chart illus- 

trating some of the characteristic inclusions and 
other internal features seen in emerald (figure 1). 
Over the past 50 years, the observation of inclusions 
in colored gemstones, particularly emerald, has be- 
come an essential foundation for identification, qual- 
ity analysis, and origin determination. This chart 


See end of article for About the Authors. 
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contains a selection of photomicrographs of natural, 
synthetic, and treated emeralds. It is by no means 
comprehensive; photomicrographs of features not 
seen here can be found in many gemological text- 
books. The images show the visual appearance of nu- 
merous features a gemologist might observe when 
viewing emeralds with a microscope. 

With improvements in the design and construc- 
tion of binocular microscopes in the 1800s, re- 
searchers increasingly used this instrument to study 
the natural world. In the 1940s, the occurrence of in- 
clusions in emerald and other gemstones, and their 
importance for identification, was the focus of sev- 
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eral published articles by Swiss gemologist Eduard 
Gtbelin. The immense value of inclusion studies in 
gemology is captured by the three-volume Photo- 
atlas of Inclusions in Gemstones by Eduard Gtibelin 
and John Koivula. 

Studying emerald inclusions provides insight into 
their geological formation. Beryllium is a rare ele- 
ment in the upper continental crust, and emeralds 
form in those unusual environments where Be is 
brought together with Cr (and sometimes V; see 
Groat et al., 2008). Important emerald sources in- 
clude Brazil, Colombia, Madagascar, Russia, Zambia, 
and Zimbabwe. The principal types of emerald oc- 
currences are sedimentary black shales affected by 
tectonic faulting and other structures, the contact 
zones of granitic pegmatites emplaced within silica- 
poor mafic or ultramafic igneous rocks, and certain 
metamorphic schists. In each of these environments, 
the minerals present in the host rocks, and in the 
rocks that formed at the same time as the emeralds, 
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may be preserved as inclusions. Multiphase fluid in- 
clusions are also typical in emeralds from many 
sources (Saeseaw et al., 2014). In contrast, synthetic 
and treated emeralds often display inclusions that are 
visual evidence of their artificial growth or treatment 
process. The primary treatment for emeralds is clar- 
ity enhancement, in which a material with refractive 
index similar to beryl’s, such as oil or resin, is intro- 
duced into surface-reaching cracks in order to reduce 
their visibility. Evidence of this treatment often con- 
sists of flattened gas bubbles and a flash effect seen 
when examining the material in a microscope. Sim- 
ilarly, inclusions such as phenakite crystals and 
roiled growth zoning can offer insight into flux and 
hydrothermal synthetic emerald genesis. 

We hope you enjoy this look into the micro-world 
of emeralds. For more on emerald inclusions, please 
see our Suggested Reading list (http://www.gia.edu/ 
gems-gemology/winter-2016-suggested-reading-in- 
clusions-emerald). 
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UPDATE ON GEMSTONE MINING IN 


NORTHERN MOZAMBIQUE 


Wim Vertriest and Vincent Pardieu 


N orthern Mozambique (figure 1) has gained atten- 
tion for its rubies since a major discovery near 
Montepuez in 2009 (see McClure and Koivula, 2009, 
Pardieu and Lomthong, 2009; Pardieu and Chauvire, 
2012; Pardieu et al., 2009, 2013; Hsu et al., 2014). 
Until the arrival of Gemfields in 2012, nearly all the 
production from this deposit came from unlicensed 
miners, known as garimpeiros. Between 2012 and 
2016, Gemfields became a force in the ruby trade, 
supplying the market through regular auctions in 
Singapore and Jaipur. In 2016, two new players ac- 
quired ruby mining licenses around Montepuez: 
Mustang Resources and Metals of Africa. During a 
summer 2016 GIA field expedition, we visited these 
new sites. We also spent time at the Gemfields oper- 
ation, in order to follow the development of what is 
already the world’s largest ruby mine. We also visited 
an interesting new pink spinel and tourmaline de- 
posit near Ocua. 


RUBY MINING AROUND MONTEPUEZ 
MRM. In 2011 Gemfields and its local partner, 
Mwiriti Lda., created Montepuez Ruby Mining 
(MRM) and started a large-scale mining operation 
near Montepuez the following year. Over the past 
four years, MRM has established a solid foundation 
and secured their operations, and now they are prepar- 
ing for a significant expansion. Within their initial 
360-square-kilometer concession, there are already 
four main ruby deposits: Mugloto, Ntorro, Maninge 
Nice, and Glass. MRM recently acquired additional 
exploration licenses for areas surrounding their first 
licenses and now has exploration rights over a huge 
expanse of about 1,000 square kilometers. 

The secondary deposit at Mugloto (figure 2) is 
currently MRM’s main source of high-quality rubies. 


See end of article for About the Authors and Acknowledgments. 
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Many of Gemfields’ highest-priced gems are from 
this pit, including the Rhino and Dragon Eye rubies. 
Mining started in this pit in 2013. It consists of a 
gravel bed with a thickness of 20-120 cm, located at 
depths between 4 and 7 meters. Rubies are found in 
the slightly undulating gravels and are usually con- 
centrated in zones with higher clay content. Rubies 
from this deposit are typically well rounded and 
medium to dark red, usually with some orangy tones 
and weak to medium fluorescence (figure 3). This 
site has not been worked extensively by unlicensed 
miners, but we were able to see some artisanal 
shafts. At the time of our visit, the main Mugloto 
mine (pit 3) measured an astonishing 350 by 1,000 
meters, and MRM is actively expanding this pit. The 
total area that contains the ruby-bearing gravels is 
estimated to be over 5 km long. Some parts of the 
Mugloto mining area have already been restored and 
converted into plantations. 

The mixed deposit at Maninge Nice is dominated 
by primary ruby mineralization in the amphibole- 
rich host rock. These primary rubies are flat, angular, 
light-colored, and strongly fluorescent. Overlying the 
primary rock is a gravel bed that is also very rich in 
rubies. These secondary rubies are similar to the ones 


Figure 1. Map of northern Mozambique showing the 
locations of the main gem mining operations. 
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Figure 2. The ruby-bearing gravel bed in Mugloto. The wooden structure is the entrance to a tunnel abandoned by 
unlicensed miners. This section is about four meters high. Photo by Wim Vertriest/GIA. 


in the host rock. This deposit produces large volumes 
of medium- to lower-quality commercial material, 
which reacts well to treatments such as flux healing. 


Figure 3. These rubies from the Mugloto pit represent 
MRM’s main production at the moment. The stones 
are typically well rounded and medium to dark red, 
often with some orangy tone and a weak to medium 
fluorescence. Photo by Vincent Pardieu/GIA. 


FIELD REPORT 


Although MRM has extensively mined this pit, there 
was no activity during our visit. 

The secondary deposit known as Glass (figure 4) 
was being prepared for production during our visit. 
This source is located downstream from Maninge 
Nice. It consists of a gravel bed with a thickness 
similar to that found at Mugloto, though the depth 
is more variable and can change sharply over a dis- 
tance of a few meters. Some parts of the Glass area 
have been thoroughly worked by unlicensed miners, 
while others are untouched. Most of the production 
we saw at the sorting house was similar to rubies 
from Maninge Nice, although they had a rounded 
shape. Nevertheless, we also saw some material that 
resembled the Mugloto stones. 

MRM stockpiles ore gravels from the different pits 
close to their washing plant (figure 5). Their current 
stock contains more than 800,000 tonnes of ore. This 
allows them to continue ruby production even when 
the mining of fresh gravels is halted. At the time of 
our visit, the facility could process 18,000 tonnes per 
week in ideal conditions. Their washing plant uses a 
series of screens to remove material measuring less 
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than 3 mm and more than 25 mm before the gravels 
are concentrated in jigs. The concentrates are brought 
to the sorting house, where they are washed and 
handpicked. The selection is then sorted by quality 
and size before it is sealed for transport. 

MRM is investing heavily in their washing and 
sorting installations. A new washing plant capable of 
processing twice as much ore has been operational 
since December 2016. This plant concentrates the 
gravels using dense media separation rather than jigs. 
At the end of 2017, a new sorting house is scheduled 
for the site. The sorting process will be more auto- 
mated, allowing MRM to produce higher volumes of 
ruby. 


Figure 5. Jigs at the MRM washing plant. The washing 
capacity of this installation is reportedly 130 tons per 
hour. Photo by Vincent Pardieu/GIA. 
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Figure 4. A view of 
MRM’s new secondary 
deposit known as the 
Glass pit. Photo by Wim 
Vertriest/GIA. 


New Players in Montepuez. An interesting develop- 
ment in 2016 was the arrival of two new mining 
companies that acquired mining licenses around Na- 
pula, north of the road linking Pemba and Mon- 
tepuez. During exploration, both companies found 
attractive facet-grade ruby material. This was a sur- 
prise to author VP, who visited areas north of the 
road, near Namahaca, in 2009 and observed that the 
production from these pits was not very promising. 
Soon these pits were abandoned, and the author re- 
ceived no confirmation about the recovery of attrac- 
tive rubies in areas north of the road. The new 
production near Napula suggests that the Montepuez 
ruby-producing area is larger than expected. 


Mustang Resources. This Australian company ac- 
quired interests in three mining licenses northwest 
of the MRM license in 2015. Mustang’s operation 
started in 2016; during our visit Mustang was focus- 
ing on infrastructure and exploration of potential sec- 
ondary ruby mineralization. They base their efforts 
on the earlier mining activity by garimpeiros. Mus- 
tang is working with a contractor specializing in geo- 
physical exploration to map the subsurface and 
detect the gravel layers based on their reaction to 
electromagnetic signals. Most of the gravels are 
deeper than nine meters, making them more chal- 
lenging to extract than the shallower areas around 
Montepuez. The advantage, however, is that they are 
mostly untouched by illegal miners. 

During the exploration phase, Mustang excavates 
1-2 ton samples of the gravels and washes them to 
determine the potential ruby grade. Mustang is 
washing the test samples with a small jig while 
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Figure 6. Facet-grade pink rubies discovered in the 
Mustang concession near Napula at the beginning of 
their exploration program. The largest stone weighs 
about 1 ct. Photo by Vincent Pardieu/GIA. 


building a larger processing plant. They plan to use 
rotary pans to concentrate the gravels once they start 
mining. The company has extensive experience with 
this technique, which is mainly used in diamond re- 
covery. We examined some of the earliest production 
(figure 6) and found that the rubies were facet-grade 
material. The operation appears to have expanded 
after the authors’ visit. By mid-November, Mustang 
reportedly collected 810.46 carats of small rubies. 


Metals of Africa. Metals of Africa is a significant 
player in graphite mining in northern Mozambique. 
The company recently recognized the opportunities 
in the Montepuez ruby area and acquired a mining 
license near the village of Napula. Metals of Africa 
entered into a joint venture with Mozambican Ruby 
Lda. to exploit this area, which borders Mustang’s li- 
cense in the northwestern part of Montepuez. Met- 
als of Africa is taking a novel approach to the 
operation: While tolerating garimpeiros within the 
concession, the company tries to reduce their num- 
bers by providing alternative income through clear- 
ing roads and building infrastructure. Nevertheless, 
we witnessed around 300 garimpeiros still working 
within the concession, both on primary and second- 
ary deposits (figure 7). 

One valley showed good ruby potential. The up- 
stream part had been extensively worked by 
garimpeiros, but they were not allowed to mine the 
downstream area, which belongs to a farmer. This 
downstream area was untouched and likely rich in 
ruby. In the dry streambed we were able to find some 
ruby that had been discarded by garimpeiros. These 
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Figure 7. An artisanal mining pit in the Metals of 
Africa concession, where primary ruby is exploited by 
garimpeiros. Photo by Vincent Pardieu/GIA. 


small pieces looked very similar to ruby from 
Maninge Nice in the MRM concession. In other 
areas, garimpeiros were producing rubies from al- 
tered amphibole-rich rocks in artisanal pits more 
than 18 meters deep (figure 8). The rocks in these pits 


Figure 8. A garimpeiro shows some low-quality rubies 
in their matrix associated with amphibole, mica, and 
feldspar from a mining pit inside the Metals of Africa 
concession. Photo by Vincent Pardieu/GIA. 
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sufficient differential absorption by the 
various layers. 

The key to obtaining maximum film de- 
tail for pearls lies in selecting a type of 
radiation that will just penetrate the less 
dense areas but will be absorbed by the 
denser areas of the specimen. To. accomp- 
plish this, for pearl testing, requires the use 
of very soft X-rays (i.e, those rays of 
longer wave length generated by low X-ray 
tube voltage which have low penetrating 
power). Actually the term “X-rays” refers 
to a wide range of wave lengths of radiant 
energy which occur below the Grenz ray 
range of the electromagnetic spectrum. 
“Grenz” is the name sometimes applied to 
the intermediate wave lengths between the 
ultraviolet tays and X-rays. This radiation 
had been utilized recently in special Grenz 
ray equipment for the microradiography of 
thin sections of tissues, fabrics, etc., in 
conjunction with special X-ray film that will 
withstand magnification up to 200x. Grenz 
radiation is developed at approximately 
eight to twelve kilovolts. Although the X-ray 
absorption of pearls is too high for adequate 
penetration of Grenz rays, the radiation 
occuring just below this range does fulfill 
the ‘penetration requirements for the micro- 
radiography of such materials. 

Most of the less expensive X-ray units 
which have been tried from time to time 
fot pearl testing are not designed to produce 
this softer radiation and to convert them 
requires the addition of an adjustable trans- 
former that will make it possible to adjust 
critically the X-ray tube voltage to any point 
between. 25 KV and the instruments usual 
maximum limit of 65 to 100 KV. More ex- 
pensive X-ray units have this adjustment 
as standard equipment. 

One of the main difficulties in using 
very soft radiation to obtain fine detail is 
that it requires much longer periods to 
obtain good film exposure. It also requires 
a very sensitive and fine-grained film that 
will withstand specified magnifications. Most 
small X-ray units do not have the necessary 


cooling arrangements to permit continuous 
operation for periods exceeding five.to ten 
seconds, regardless of the type of radiation 
used and, therefore, to take the equivalent 
of a long exposure with such a unit requires 
several short exposures with alternate rest 
periods. 

The most suitable fine-grained film neces- 
sary to record the slight differences in 
X-ray penetration through pearls is of a 
type made exclusively for microradiography 
and is capable of withstanding ten to fifteen 
magnifications, It is known as Kodak Indus- 
trial X-ray Film, type M. Another type of 
film that may be used to advantage is the 
Eastman Spectrographic Plate, Type V-O, 
rated at 35 magnifications. However, this 
film requires more than twice the exposure 
time or M.A.S. factor of the Type M. film, 
and actually has little advantage over the 
latter considering that the fine detail neces- 
sary for the identification of natural and 
cultured pearls is adequately revealed under 
twelve or less magnifications. 

The problems of instrument design and 
techniques which must be considered in the 
microradiography and X-ray luminescent 
testing of pearls are as follows: 

(1) The equipment must be capable of 
critical X-ray tube voltage adjustment at 
at any point between 30 KV and 90 KV 
with milliampere control ranging from 4 
to 10 MA. 
(2) It must be so designed that an entire 
strand of pearls can be exposed to the 
X-rays at one time, obtaining similar 
detail for both large and small pearls 
as well as for all areas of a single pearl. 
(3) The film box must be so designed to 
permit the film to be placed as close as 
possible to the pearls so the desired 
structural characteristics may be re- 
corded fully. Also, there should be nothing 
between the pearls and the film that is 
even. partially opaque to soft X-rays such 
as metal or highly dense paper. 

(4) When X-rays strike an object, a sec- 

ondary radiation of longer wave length 
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were also very similar to those seen in the Maninge 
Nice pit in the MRM concession. Metals of Africa 
has sampled these places of interest and discovered 
some high-quality ruby. 


Recent Garimpeiro Activity. On July 25 and 27, we 
could see hundreds of garimpeiros moving to the 
south of the Ntorro area inside MRM’s concession, 
where a rush was taking place. We also received re- 
ports that many garimpeiros were still active near 
Nacaca (to the southeast of MRM’s concession). 
Since our last visit in 2015, Mozambique has en- 
acted laws that distinguish illegal mining as a crime 
punishable by law. Therefore, unlicensed mining is 


Figure 10. Pink spinel from Ocua, presumably mined 
in the area claimed by a Chinese timber company. 
Photo by Vincent Pardieu/GIA. 
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Figure 9. The Ocua 
tourmaline mining area 
was being worked by 
garimpeiros. Photo by 
Vincent Pardieu/GIA. 


now considered a serious criminal offense, whereas 
before it was only an infraction. This means that 
garimpeiros risk serious jail time if caught. 


SPINEL AND TOURMALINE MINING 


At the end of 2015, pink spinel was discovered in 
northern Mozambique (Boehm, 2016). The deposit is 
located a few kilometers east of Ocua (figure 9}, a vil- 
lage near the southern border of the Cabo Delgado 
province on the road linking Pemba and Nampula. 
All the mining was done by artisanal miners. The 
stones were typically small, with an attractive light 
pink color (figure 10). Most of the material was facet 
grade, though it tended to be slightly milky. The land 
they were mining was being exploited for timber by 
a Chinese company that quickly acquired a gem- 
mining license for the area. During our visit, the 
company was bringing in mining machinery. The 
garimpeiros had been asked to leave, and most went 
to work on the other side of the road, where tourma- 
line was recently discovered. In this new area, we 
could see around 200 miners digging for gemstones. 
They were collecting gem-rich gravels in pits up to 
three meters deep. These gravels contained a variety 
of minerals, but the most attractive were yellow to 
green tourmaline crystals (figure 11). 


CONCLUSIONS 


Northern Mozambique has more ruby mining activ- 
ity than ever, with several new players showing in- 
terest. We saw that the Montepuez ruby deposit may 
be larger than expected, with mining activity extend- 
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ing outside MRM’s concession. This is an indication 
that this deposit’s potential has yet to be fully ex- 
plored. The discovery of other types of high-quality 
material, such as pink spinel and tourmaline, also 
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Figure 11. A parcel of 
mainly green and yel- 
low tourmaline from 
Ocua. Photo by Vincent 
Pardieu/GIA. 
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Dyed Green BERYL 


Emerald simulants and synthetic 
emeralds have often been submitted 
for testing to GIA (e.g., Spring 2001 
Lab Notes, pp. 57-59). Recently, the 
New York laboratory examined a dyed 
green beryl that was intended to imi- 
tate natural emerald. The green octag- 
onal step-cut stone, set in a yellow 
metal ring with near-colorless stones, 
initially appeared to be emerald. 

The stone had a refractive index of 
1.588-1.595 and fluoresced a very 
weak chalky yellow under long-wave 
UV radiation and a weak chalky yel- 
low under short-wave UV. Micro- 
scopic examination revealed the 
obvious presence of a green dye con- 
centration in numerous fractures 
(figure 1) and other natural beryl in- 
clusions such as short needles, parti- 
cles, and jagged fingerprint patterns. 
This dyed green material also en- 
hanced the clarity of the stone. 

In addition, dyed bands (~610 and 
660 nm) were revealed in the visible 
spectrum by utilizing a high-resolu- 
tion visible spectrometer (figure 2). 
The green color in this sample was 
caused by an organic dye rather than 
chromium or vanadium elements 
that give rise to a green color in natu- 
ral emeralds. When the color was ob- 
served under a diffused light source, it 
became apparent that a near-colorless 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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natural beryl was the starting mate- 
rial. This example shows the impor- 
tance of spectroscopic testing to 
confirm the cause of an emerald’s 
color. 


HyeJin Jang-Green 


DIAMONDS 

Coesite Inclusions with Filaments in 
Diamond 

GIA’s New York lab recently encoun- 
tered an HPHT-treated Fancy Vivid 
yellow diamond with unique inclu- 
sions. The diamond was determined 
to be HPHT-treated due to the pres- 
ence of a strong solitary peak at 1344 


Figure 1. A green dye concentra- 
tion in beryl was observed along 
fractures and confirmed by spec- 
troscopic testing. 


cm! in the infrared absorption spec- 
trum, indicating isolated nitrogen C- 


Figure 2. In the beryl’s Vis-NIR absorption spectrum, dye bands were ob- 
served at ~610 and 660 nm, while sharp Cr-related features were absent. 
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Figure 3. Left: A Vivid yellow 0.164 ct diamond containing coesite inclusions. The diamond is 3.52 mm in diame- 
ter. Center: Photomicrograph of a dense region of coesite inclusions with filaments; field of view 1.26 mm. Right: 
A photomicrograph of a single coesite inclusion, with filament gradually going out of focus to the right; field of 


view 100 ym. 


centers, a relatively even distribution 
of color, and the absence of certain 
peaks in the diamond’s Raman spec- 
trum. However, the color treatment 
of this diamond was not its most in- 
teresting aspect. The diamond was 
unique for possessing many small in- 
clusions with fine, tail-like filaments 
(figure 3). Visually, the filaments 
within this 0.164 ct round brilliant- 
cut diamond resembled horsetail in- 
clusions in demantoid garnet. Raman 
spectroscopy of four separate inclu- 
sions gave peaks for coesite, a high- 
pressure SiO, polymorph (figure 4). 
The measured peaks of coesite are 
shifted with respect to reference spec- 
tra due to high confining pressures 
within each inclusion. The shift of 
the main peak from its unconstrained 
position at 521 cm: to the measured 
peak in the inclusions, at 533 + 1 cm, 
can be used to calculate the internal 
pressure, which is an incredible 4.3 + 
0.4 GPa (R.J. Hemley, “Pressure de- 
pendence of Raman spectra of SiO, 
polymorphs: o-quartz, coesite, and 
stishovite,” in M.H. Manghnani and 
Y. Syono, Eds., High-Pressure Re- 
search in Mineral Physics, AGU, 
Washington, D.C., pp. 347-359). When 
a diamond is carried to the surface, 
the diamond and its inclusions do not 
decompress coherently, so it is fairly 
common for inclusions to have some 
amount of “locked-in” remnant pres- 
sure. HPHT treatment is unlikely to 
have modified this remnant pressure, 
although the possibility cannot be en- 
tirely ruled out without more detailed 
study. These particular coesite inclu- 
sions preserve an especially high pres- 
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sure because the inclusions are small. 
Larger inclusions are more likely to 
crack or deform the surrounding dia- 
mond and relieve some of the built-up 
pressure. 

Coesite inclusions are not uncom- 
mon in diamond, and they are inter- 
preted to indicate an eclogitic mantle 
host rock paragenesis. The curvilinear 
filaments extending from the inclu- 
sions are, however, both uncommon 
and unusual. They have a preferred 
orientation, extending to the right in 
figure 3 (center). This direction corre- 


sponds with the interpreted direction 
of growth, outward from the center of 
the diamond. Most filaments are sin- 
gular, measuring 20-200 pm long, but 
a few branch into a fan-like spray of 
sub-parallel filaments. The thickness 
of each filament is less than 1 pm, 
making it difficult to observe or char- 
acterize them in more detail. Interest- 
ingly, the inclusions occur within 
discrete regions in the diamond, 
which correspond to cuboid {100} 
growth sectors when examined in the 
DiamondView (short-wave UV fluo- 


Figure 4. Raman spectra of four inclusions corresponding to coesite with 
high remnant pressure inside each inclusion. Spectra have been vertically 


offset for clarity. 
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rescence imaging). A possible expla- 
nation for the filaments is that they 
are grown-in dislocations, originating 
from the point where the diamond 
just finished enveloping each inclu- 
sion. The filaments resemble the dis- 
locations seen in X-ray topography of 
natural diamonds (e.g., B. Rondeau et 
al., “On the growth of natural octahe- 
dral diamond upon a fibrous core,” 
Journal of Crystal Growth, Vol. 304, 
2007, pp. 287-293). A dislocation 
alone, however, would not be opti- 
cally visible. Small amounts of solid 
or fluid material trapped with the dis- 
location might be responsible for its 
visibility. 
Evan M. Smith, Christopher Vendrell, 
and Paul Johnson 


Decay Kinetics of Boron-Related 
Peak in IR Absorption of Natural 
Diamond 

Recently, gemologists at the National 
Gold & Diamond Testing Center in 
China found that the uncompensated 
boron peak at 2800 cm7in FTIR ab- 
sorption could be induced by UV ex- 
citation and then subsequent decay, 
similar to the phosphorescence re- 
sponse often seen in type IIb dia- 
monds (J. Li et al., “A diamond with a 
transient 2804 cm~ absorption peak,” 
Journal of Gemmology, Vol. 35, 2016, 
pp. 248-252). 

The Carlsbad laboratory recently 
received a nominally type Ila, 1.01 ct 
diamond with Fancy gray color. It was 
identified as natural and, uncharacter- 
istically, showed a 500 nm band phos- 
phorescence, which is typical for type 
Ib diamonds (S. Eaton-Magania and R. 
Lu, “Phosphorescence of type IIb dia- 
monds,” Diamond and Related Ma- 
terials, Vol. 20, 2011, pp. 983-989). 
With UV excitation we recorded the 
transient 2800 cm! absorption (asso- 
ciated with uncompensated boron) 
observed in type IIb diamonds, and we 
monitored the peak’s decay (figure 5). 

From the calculated area of the 
2800 cm absorption peak, we can de- 
termine the uncompensated boron 
(Bo) concentration (D. Fisher et al., 
“Brown colour in natural diamond 
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Figure 5. In response to UV excitation, the IR absorption spectra for a 1.01 
ct Fancy gray, nominally type Ila diamond shows a pronounced peak at 
2800 cnr", associated with type IIb diamond and boron impurities. The 
intensity of the 2800 cm~ peak decays over several minutes. For the sake 
of clarity, not all collected IR absorption spectra are shown here; the peak 
at 2850 cnr is unrelated to boron and is caused by hydrocarbon contam1- 


nation on the diamond surface. 


and interaction between the brown 
related and other colour-inducing de- 
fects,” Journal of Physics: Condensed 
Matter, Vol. 21, 2009, 364213). Imme- 
diately after UV excitation, the dia- 
mond showed blue phosphorescence 
and the FTIR spectrum changed from 
a nominally type Ila diamond to a 
type IIb, with an uncompensated 
boron concentration of ~70 ppb (figure 
6, left). An increase in the 2800 cm 
peak upon UV excitation was previ- 
ously recorded in some other type IIb 
diamonds as well and in a few other 
nominally type Ila diamonds exam- 
ined by GIA, but those showed much 
lower values than this sample with 
UV excitation, with an initial in- 
crease in Bo of ~5 ppb or less. The 
decay of the 2800 cm”! absorption 
band in the diamond studied here was 
well described by the non-exponential 
decay model 1/(1+kt), where t is the 
decay time and k is a constant. This 
equation fit the absorption decay data 
better than an exponential decay 
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model or the hyperbolic decay model 
that describes type IIb diamond phos- 
phorescence, 1/(1+kt)? (K. Watanabe 
et al., “Phosphorescence in high-pres- 
sure synthetic diamond,” Diamond 
and Related Materials, Vol. 6, 1997, 
pp. 99-106). 

Photoluminescence spectra were 
collected both with and without UV 
exposure using 488, 514, and 830 nm 
excitation. The only distinction ob- 
served between the two sets of spectra 
was the addition of a 3H peak (503.5 
nm) when the diamond was exposed 
to UV radiation. The 3H peak is as- 
cribed as an intrinsic defect contain- 
ing interstitials and is often observed 
in PL spectra of type Ib diamonds. 

Phosphorescence spectra were 
also recorded (figure 6, right). As ex- 
pected based on prior research of dia- 
mond phosphorescence, the data did 
correspond well with the hyperbolic 
model. When boron impurities are 
present but are electrically compen- 
sated by other defects such as nitro- 
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Figure 6. Left: The uncompensated boron concentration for the IR absorption spectra in figure 5 were calculated 
and compared against several phosphorescence decay models. Right: The decay of the phosphorescence peak at 
500 nm, also induced by UV excitation, was calculated and compared against the accepted model for phosphores- 
cence. The DiamondView image shows the diamond’s blue phosphorescence. 


gen, the 2800 cm"! peak would not be 
detected and a nominally type Ila di- 
amond would be recorded by IR ab- 
sorption. However, UV excitation 
creates a charge transfer effect, tem- 
porarily uncompensating some of the 
boron so that the Bo concentration 
temporarily increases. This absorp- 
tion decay of the 2800 cm" peak is 
most dramatic in nominally type Ila 
diamonds such as this sample, but has 
also been observed to a lesser extent 
in type IIb diamonds. There are sev- 
eral unanswered questions regarding 
the phosphorescence mechanism and 
decay kinetics in type IIb diamonds, 
and further study of this absorption 
decay will help address these issues. 


Sally Eaton-Magana 


Update on Spectroscopy of 

“Gold Sheen” SAPPHIRES 
Sapphires displaying a golden sheen, 
known in the trade as “gold sheen” or 
“Zawadi” sapphires, entered the gem 
market in late 2009. These sapphires 
are mined in eastern Kenya (T.N. Bui 
et al., “From exsolution to ‘gold 
sheen’: A new variety of corundum,” 
Journal of Gemmology, Vol. 34, No. 
8, 2015, pp. 678-691). They contain 
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dense needles and platelets of 
hematite/ilmenite inclusions, which 
are responsible for producing a golden 
shimmer on the surface. 

Recently, GIA’s laboratory in 
Bangkok received 14 gold sheen sap- 


phires of various shapes and cuts. The 
samples had yellow and green to blue 
bodycolor, were transparent to trans- 
lucent, and weighed 1.06 to 97.69 ct 
(figure 7). Their physical properties and 
inclusions were similar to those of gold 


Figure 7. These 14 sapphires, weighing up to 97.69 ct each, displayed a 
golden sheen effect and in some cases six-rayed asterism. They possessed 
sufficiently large inclusion-free areas to enable good-quality spectra. 
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Figure 8. The UV-Vis-NIR spectrum of a gold sheen sapphire with yellow 
bodycolor revealed strong Fe-related absorption features at 377, 388, and 
450 nm. The spectra of green to blue samples revealed an additional Fe?*- 
Ti* intervalence charge-transfer band centered at around 580 nm. These 
samples were not specifically aligned to the c-axis. 


sheen sapphires described in Bui et al. 
(2015): an RI of 1.762-1.772, a birefrin- 
gence of 0.008-0.009, a hydrostatic 
SG of 3.98-4.01, an inert reaction to 
long- and short-wave UV radiation, 
and an abundance of hematite/ 
ilmenite platelets. Since the samples 
had some transparent windows, UV- 
Vis-NIR spectra were analyzed. 

The UV-Vis-NIR spectra all dis- 
played strong Fe-related absorption 
features at 377, 388, and 450 nm. 
Samples with a yellow bodycolor 
showed mainly the three Fe features, 
whereas the green to blue sapphires 
revealed a band centered at around 
580 nm that is related to Fe*-Ti* in- 
tervalence charge transfer, in addition 
to the three strong Fe features (figure 
8). LA-ICP-MS analysis on inclusion- 
free areas showed high Fe ranging 
from 2550 to 3260 ppma, 2 to 8 ppma 
Mg, 4 to 11 ppma Ti, 30 to 45 ppma 
Ga, and 0.2 to 0.7 ppma V. For the 
green to blue samples, Ga/Mg over- 
lapped, varying from 5 to 30. Samples 
with a yellow bodycolor varied from 
4 to 11. Other trace elements includ- 
ing Zr, Nb, Ta, W, Th, and U were 
also detected but in insignificant 
quantities. It is notable that Mg and 
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Ti concentrations were comparable 
in the yellow samples (all Ti* charges 
compensate Mg”, leaving no Ti* to 
interact with Fe**), whereas Ti con- 
centrations were significantly higher 
than Mg concentrations in the green 
to blue sapphires resulting in some 
Ti* forming Fe”*-Ti* pairs (J.L. Em- 
mett et al., “Beryllium diffusion of 
ruby and sapphire,” Summer 2003 
Gea, pp. 84-135). The chemical and 
UV-Vis-NIR spectroscopic features 
corresponded with the bodycolors of 
these sapphires. In addition, FTIR 
spectra of the gold sheen sapphires 
generally showed diagnostic features 
of AlO(OH), consistent with either 
boehmite or diaspore; kaolinite; and 
gibbsite. 


Wasura Soonthorntantikul, 
Ungkhana Atikarnsakul, and 
Vararut Weeramonkhonlert 


SYNTHETIC DIAMONDS 

CVD Synthetic Diamond Over 5 
Carats Identified 

Chemical vapor deposition (CVD) 
technology has accelerated over the 
last several years, and the rapidly im- 
proving techniques have produced 
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large, high-quality near-colorless and 
colorless synthetic diamonds. Two 
samples over 3 carats were reported in 
early 2016 as the largest CVD syn- 
thetics (Winter 2015 Lab Notes, pp. 
437-439). GIA recently tested a CVD- 
grown synthetic diamond _ that 
weighed over 5 carats, marking a sig- 
nificant milestone. 

The 5.19 ct cushion modified bril- 
liant measuring 10.04 x 9.44 x 6.18 
mm (figure 9) was submitted to GIA’s 
Hong Kong laboratory for grading 
service. The stone was not disclosed 
as a synthetic diamond. Using the 
lab’s standard screening and testing 
processes, it was identified as CVD 
synthetic. Following examination, a 
GIA Identification Report was issued 
and the stone was inscribed on the 
girdle with the report number and the 
words “Laboratory Grown,” follow- 
ing GIA’s protocols for undisclosed 
synthetics. 

This is the largest CVD synthetic 
diamond GIA has examined to date, 
and the largest reported in the jewelry 
industry. It had J-equivalent color 


Figure 9. This 5.19 ct CVD- 
grown diamond (10.04 x 9.44 x 
6.18 mm, with J-equivalent color 
and VS,-equivalent clarity) is the 
largest CVD synthetic GIA has 
identified to date. 
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Figure 10. Needles and pinpoints 
were the major internal features. 
Black inclusions, a common fea- 
ture of CVD synthetic diamond, 
were not observed. 


grade and VS,-equivalent clarity, com- 
parable to a high-quality natural 
counterpart. Natural-looking internal 
inclusions such as needles and clouds 
were the major features (figure 10). 
Strong graining and a fracture in the 
table were also clearly observed under 
the microscope. It is worth noting 
that black inclusions, often contained 
in synthetic diamond, were not found 
in this CVD specimen, which could 
have been mistakenly identified as 
natural based on microscopic exami- 
nation alone. This case therefore 
highlights the importance of using ad- 
vanced spectroscopic instruments as 
well as conventional gemological 
techniques to ensure an accurate 
identification. 

Viewing the sample under a 
binocular microscope with cross-po- 
larized light revealed irregular bire- 
fringence patterns with high-order 
interference colors, a common fea- 
ture of CVD synthetic diamond (fig- 
ure 11). Fluorescence images under 
the short-wave UV radiation of the 
DiamondView showed strong red flu- 
orescence with irregularly distributed 
areas of violet-blue (figure 12). The 
images also revealed a layered growth 
structure, indicating a start-stop cy- 
cling growth process typical of CVD 
synthesis. Up to six growth layers ba- 
sically parallel to the table were iden- 
tified from the fluorescence features. 
These multiple growth segments 
make it possible to grow such a thick 
sample. 
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Figure 11. Microscopic examina- 
tion between crossed polarizers 
revealed high-order interference 
colors, attributed to strong lattice 
dislocation. 


Infrared absorption spectroscopy 
identified the sample as type Ila. Ex- 
cept for a very weak absorption at 1332 
cm, no other absorption features 
(such as hydrogen-related defects) 
were detected. Photoluminescence 
(PL) spectra were collected at liquid ni- 
trogen temperature with various exci- 
tation wavelengths. The SiV- doublet 
at 736.6 and 736.9 nm, a common fea- 
ture of both CVD and HPHT synthet- 


Figure 12. Fluorescence imaging 
from the DiamondView showed 
strong red fluorescence with bun- 
dles of violet-blue. Up to six 
growth layers basically parallel 
to the table were revealed. 


ics and only rarely seen in natural dia- 
mond, was observed using 457, 514, 
and 633 nm laser excitation, suggest- 
ing the sample’s synthetic origin. 
Spectra acquired with 514 nm laser 
excitation also showed emissions 
from NV centers at 575.0 nm (NV°) 
and 637.0 nm (NV-), with the NV° 
center dominating in intensity (figure 
13). The occurrence of a weak emis- 
sion pair at 596.5 and 597.2 nm, in 


Figure 13. The photoluminescence spectrum acquired with 514 nm laser 
excitation revealed strong emissions from NV centers in addition to emis- 
sions from SiV-. Emissions at 596/597 nm indicated that this synthetic di- 


amond was not annealed after growth. 
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combination with the absence of H3 
emission, unequivocally identified 
this as an as-grown CVD synthetic di- 
amond. No post-growth annealing 
had been applied to improve its color 
appearance. 

CVD synthetics are available from 
several sources. The gemological and 
spectroscopic features of this 5.19 ct 
sample are very similar to those GIA 
has examined from Washington Dia- 
monds (now known as WD Lab 
Grown Diamonds). As diamond 
growth techniques continue to ad- 
vance, we expect to see more high- 
quality samples, both in size and 
clarity. 


Billie “Pui Lai” Law and 
Wuyi Wang 


Blue HPHT Synthetic Diamond 
Over 10 Carats 

In September 2016, GIA’s Hong Kong 
laboratory tested a 10.08 ct blue syn- 
thetic diamond grown by the high- 
pressure, high-temperature (HPHT) 
method. This was the largest HPHT 
synthetic diamond recorded to date. It 
was also the largest HPHT blue syn- 
thetic diamond GIA has examined, 
surpassing two samples examined by 
the Hong Kong lab in May 2016 (Sum- 
mer 2016 Lab Notes, pp. 195-196). 
The manufacturer of all three stones 
is New Diamond Technology (NDT) 
in St. Petersburg, Russia. 

The 10.08 ct emerald cut meas- 
ured 13.54 x 11.39 x 7.36 mm and had 
a color grade equivalent to Fancy 
Deep blue (figure 14). The client sub- 
mitted the stone for scientific exam- 
ination and disclosed that it was a 
synthetic diamond. Magnification re- 
vealed very weak color zoning with a 
banded structure. A few very small 
metallic inclusions and fractures 
were observed, resulting in a clarity 
grade equivalent to SI,. Microscopic 
examination with crossed polarizers 
showed no detectable strain, indicat- 
ing a very low density of dislocations. 
Fluorescence images collected using 
the DiamondView revealed the dis- 
tinctive “hourglass” growth pattern, 
which is significant in revealing 
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HPHT growth. Strong blue phospho- 
rescence, another indicator, was also 
detected. These images were domi- 
nated by the {111} growth sector, 
which had much stronger blue fluo- 
rescence. The {100} growth sector 
with very weak fluorescence was 
much smaller, indicating this syn- 
thetic diamond was produced with 
octahedral growth. It also exhibited a 
strong red-orange fluorescence to 
long-wave UV radiation and a yellow 
fluorescence to short-wave UV (figure 
15), both of which are uncommon. 
Infrared absorption spectroscopy 
confirmed this was a type IIb dia- 
mond, with a strong absorption band 
at ~2800 cm in its infrared absorp- 
tion spectrum attributed to boron im- 
purity. PL analysis conducted at 
liquid nitrogen temperature with 
varying laser excitations showed it 
was surprisingly pure, with no de- 
tectable impurity-related emissions. 
Based on these gemological and 
spectroscopic features, we concluded 
that this sample was an HPHT syn- 
thetic diamond. This offered another 
indication of the rapid progress in 
HPHT synthetic technology, which 
offers an option for the diamond 
jewelry industry as well as many 
promising industrial and research 
applications. NDT also plans to offer 
large colorless and blue HPHT-grown 
diamonds made from unique donor 
carbon “DNA,” such as car leather 
and wood trim that have been turned 


Figure 14. This 10.08 ct (13.54 x 
11.39 x 7.36 mm) HPHT-grown 
diamond, with color equivalent 
to Fancy Deep blue, is the largest 
HPHT synthetic to date. 


into ultra-clean graphite. With stan- 
dard protocols in place at GIA labora- 
tories, every type of synthetic 
diamond on the market can be confi- 
dently identified. 


Terry “Ping Yu” Poon and 
Wuyi Wang 


Mixing of Natural Diamonds with 
HPHT Synthetic Melee 

In recent years, significant amounts of 
colorless to near-colorless HPHT- 
grown synthetic diamond melee have 
been produced for the jewelry indus- 


Figure 15. The blue synthetic diamond showed strong red-orange fluores- 
cence to long-wave UV radiation (left) and yellow fluorescence to short- 
wave UV. 
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Figure 16. These 23 HPHT-grown synthetic diamond melee, ranging from 
0.002 to 0.012 ct, were identified recently at GIA’s Hong Kong lab. 


try. As a result, the separation of nat- 
ural from synthetic melee diamonds 
has become increasingly critical. GIA 
offers melee diamond screening serv- 
ices using conventional gemological 
techniques and analytical methods 
such as photoluminescence and in- 
frared absorption spectroscopy. In Sep- 
tember 2016, GIA’s Hong Kong 
laboratory received 135 melee dia- 
monds for identification service (see 
figure 16). Of these, 131 were con- 
firmed to be HPHT synthetics and 
four were natural diamonds. It is in- 
teresting to find natural diamonds 
mixed in HPHT-dominated groups as 
“contamination.” 

The tested melee were colorless to 
near-colorless round brilliants, ranging 
from 0.002 to 0.012 ct. Infrared absorp- 
tion spectroscopy performed on the 
131 HPHT synthetics showed they 
were generally type IIb with a very 
weak absorption band at ~2800 cm! 
from trace boron in the diamond lat- 
tice. Blue phosphorescence with vary- 
ing intensity was observed under 
short-wave UV radiation (<225 nm) 
and could be easily detected in the Di- 
amondView (figure 17). In photolumi- 
nescence spectroscopy collected at 
liquid nitrogen temperature, clear 
emissions from SiV- at 736.6/736.9 nm 
were recorded using 633 nm laser ex- 
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citation, and extremely strong Ni-re- 
lated emissions at 882/884 nm oc- 
curred in all 131 synthetic melee. 
These features are similar to those ob- 
served from known HPHT synthetic 
diamonds from a few sources in China. 

The four natural diamonds 
showed no phosphorescence under 
short-wave UV radiation. When ex- 
amined in the DiamondView, they 
displayed blue fluorescence and very 
weak phosphorescence. Infrared ab- 
sorption spectroscopy indicated these 
stones were type Ila, and no trace 
boron absorption was recorded. In 
photoluminescence analysis, no SiV- 
emission was detected. Surprisingly, 
all four diamonds showed weak Ni-re- 


Figure 17. Phosphorescence in an 
HPHT-grown synthetic diamond 
melee. 
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Figure 18. This DiamondView 
image of the 1.60 ct HPHT syn- 
thetic shows the diagnostic 
square pattern seen in the crown 
facets. 


lated emissions at 882/884 nm. Their 
most notable photoluminescence fea- 
ture was an extremely broad band 
centered at ~700 nm, which is usually 
observed in natural diamonds. 

We would expect to find a small 
percentage of HPHT synthetics 
mixed in with natural diamond 
melee, but on a few occasions we 
have seen the opposite. As GIA 
launches the melee sorting service, 
we anticipate that more melee goods 
will be submitted for natural vs. syn- 
thetic diamond testing. 


Terry Poon, Carmen Lo, and 
Billie Law 


HPHT-Grown Synthetic with Strain 
An undisclosed HPHT-grown syn- 
thetic diamond was submitted to the 
GIA laboratory in Ramat Gan, Israel, 
for a diamond grading report. It 
weighed 1.60 ct and was in the near- 
colorless range. Initial screening 
showed the diamond was type Ila 
(without detectable nitrogen or boron 
in the infrared spectrum), which 
prompted further testing. Examina- 
tion with the DiamondView fluores- 
cent imaging system revealed the 
growth patterns betraying the syn- 
thetic origin (figure 18). Photolumi- 
nescence detected a further lack of 
impurities: no nickel-related peaks, a 
very common defect in HPHT syn- 
thetics, and only small amounts of ni- 
trogen-vacancy centers. 
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Figure 1. New X-ray unit with X-ray head in a vertical Position to show 
the modified pearl tray used to hold the pearls when testing for X-ray 
luminescence. Transformers, control box, and timer are shown at the left. 
Immersion cell to hold pearls for microradiography is shown on the film 


tray just below the X-ray head. 


is generated which scatters in all direc- 
tions. This is relatively penetrating and 
with higher kilovoltages may be four to 
ten times as intense as the primary beam. 
This unfocused radiation will expose X-ray 
film and thus overcast and obscure image 
detail. Obviously a means must be em- 
ployed to eliminate this. 

(5) Although of less importance, X-tays 
ate subject to a certain amount of re- 
flection and refraction from the surface 
of any dense object. If not eliminated the 
results of such reflections will be particu- 


larly noticeable around the edges of the 
pearl image on the film, resulting from 
the variously reflected X-rays that im- 
pinged on the edges of the pearls at a 
large angle of incidence. Radiographs of 
pearls taken without correcting this will 
show indefinite or fuzzy edges which may 
even obscure the outer edge of the nuc- 
leus of a cultured pearl in cases where 
the total of the surrounding nacreous 
layers is very thin. 

(6) A simple means of obtaining micro- 
radiographs of numerous loose pearls at 
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Figure 19. An image taken with polarized light showing the linear bire- 
fringence colors, indicating the presence of linear strain in the diamond 


lattice. Field of view 6 mm. 


When viewed under polarized 
light, the diamond showed very little 
strain throughout most of the body, 
but one side on the pavilion displayed 
noticeable birefringent colors caused 
by internal strain (figure 19). HPHT- 
grown synthetic diamonds are known 
for being mostly free of strain, which 
generally occurs only around inclu- 
sions. They are grown in a metal cat- 
alyst, and metal particles can become 
trapped in them. These trapped parti- 
cles place stress on the host diamond, 
which causes strain. But that is a lo- 
calized strain seen around an inclu- 
sion, which was not the case in this 
synthetic diamond. Except for a small 
fracture on the pavilion, there were no 
internal inclusions that could have 
created strain. Furthermore, the strain 


patterns were linear rather than ra- 
dial, as is the case with inclusion-re- 
lated strain. 

Fortunately, this strain is still dis- 
tinguishable from the type of strain in 
natural diamonds, which have a cross- 
hatched pattern known as “tatami” 
strain. The cause of the strain in this 
synthetic diamond is unknown, but if 
it is related to a new growth process 
we would expect to see more strained 
HPHT-grown diamonds in the future. 
As innovations in the synthetic dia- 
mond industry continue to introduce 
a wider variety of products, more and 
more properties of natural and syn- 
thetic diamonds will start to overlap, 
necessitating caution when separat- 
ing stones. 

Troy Ardon and Ronny Batin 


Figure 20. These two doublets, 

a 6.45 ct greenish yellow oval 
mixed cut and a 4.17 ct greenish 
yellow cushion mixed cut, con- 
tained a synthetic spinel crown 
and a synthetic sapphire 
pavilion. 


SYNTHETIC SAPPHIRE and 
SYNTHETIC SPINEL Doublets 
Assemblages have been used to imi- 
tate various gemstones for many 
years. Some of the most common are 
garnet and glass doublets, sapphire 
and synthetic corundum doublets, 
synthetic spinel triplets, and beryl 
triplets. 

The Carlsbad laboratory recently 
examined two uncommon doublets: a 
6.45 ct greenish yellow oval mixed 
cut and a 4.17 ct greenish yellow 
cushion mixed cut (figure 20). Initial 
microscopic observation revealed a 
separation plane near both girdles 
with flattened, trapped gas bubbles in 
colorless cement (figure 21, center). 
The green crowns were joined to the 
yellow pavilions with this colorless 


Figure 21. Left: The green crown and yellow pavilions of the 6.45 ct oval mixed cut are easily observed in immer- 
sion. Center: A separation plane near the girdle with a flattened, trapped gas bubble; field of view 1.76 mm. Right: 
Parallel twining planes in the pavilion; field of view 2.90 mm. 
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Figure 22. This tortoiseshell scepter is from the Palais Royal collection. 


cement (figure 2.1, left). An RI of 1.728 
and whitish chalky fluorescence 
under short-wave UV on both crowns 
were suggestive of synthetic spinel. 
One of the doublets showed thick 
green curved color banding. Photolu- 
minescence (PL) emission spectra 
identified the crowns as synthetic 
spinel. 

In both doublets, the pavilion had 
a refractive index of 1.760 to 1.768 
and was inert to UV radiation. The 
two assemblages were clean and 
showed only twining planes (figure 
21, right). Faint yellow curved color 
banding was visible when they were 
immersed in methylene iodide and 
observed with a blue color filter. 
EDXREF analysis showed a chemical 
composition consistent with syn- 
thetic corundum. They contained Ni 
as a trace element and no Fe, Ga, or 
Th, 

Microscopic observation and ad- 
vanced gemological testing confirmed 
that these were doublets consisting of 
a synthetic spinel crown and a syn- 
thetic sapphire pavilion, joined to- 
gether with a colorless cement. These 
are the first assemblages of synthetic 
spinel and synthetic sapphire ob- 
served by GIA. 


Najmeh Anjomani 
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Laminated TORTOISESHELL 
Scepter 

“Tortoiseshell” generally refers to a 
material produced from the shell of 
the hawksbill sea turtle (T. Hain- 
schwang and L. Leggio, “The charac- 
terization of tortoise shell and its 
imitations,” Spring 2006 GWG, pp. 
36-52). Because of its attractive ap- 
pearance, durability, and thermoplas- 
ticity, it had been widely used for 
jewelry, personal items, and orna- 
mental objects since ancient times, 
until the international trade of new 
tortoiseshell was banned in the 1970s 
under the Convention on Interna- 
tional Trade in Endangered Species 
(www.cites.org]). Today, this material 
is seldom submitted to gemological 
laboratories. 

Recently, a mottled brownish or- 
ange scepter measuring 203.00 x 
41.45 x 42.52 mm was submitted to 
GIA’s Hong Kong laboratory (figure 
22). The object was adorned with 
white metal and numerous stones of 
various shapes and colors. 

Standard gemological testing re- 
vealed an RI of 1.56. In addition to the 
orange bodycolor with distinctive 
brown patches and resinous luster, the 
strong odor of burned protein given in 
hot point testing ruled out most inor- 
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ganic and organic materials except the 
keratinous materials tortoiseshell and 
horn. Under magnification, the piece 
showed a layered structure and mot- 
tled color patches made up of numer- 
ous brownish dots of pigment (figure 
23), both typical of tortoiseshell. The 
only remaining question was the 
thickness of the piece, which at 42.52 
mm far exceeded tortoiseshell’s maxi- 
mum thickness of 9-12 mm (Hain- 
schwang and Leggio, 2006). The 
orange part of the scepter exhibited a 
strong blue reaction to long-wave UV 
radiation, with a wavy layered struc- 


Figure 23. The brown patches in 
the tortoiseshell scepter were 
made up of numerous brownish 
spots. Field of view 1.88 mm. 


WinteR 2016 419 


Figure 24. Left: Under long-wave UV, the scepter showed disordered wavy 
layers of various thickness and boundary layers marked by structural dis- 
continuities. Right: A natural tortoiseshell tablet displays a parallel lay- 
ered structure in side view. Field of view 19.27 mm. 


ture and distinct boundaries (figure 24, 
left), and a weaker reaction to short- 
wave UV. The brown patches were 
inert to both long-wave and short- 
wave UV. Taking into account the 
piece’s exceptional thickness and the 
unusual structural discontinuities ob- 
served under UV source, we con- 
cluded this material was laminated 
tortoiseshell. 

Further analysis by FTIR on pow- 
dered samples collected at different 
layers showed a keratin spectrum 
with predominant amide peaks at 
1637, 1516, and 1236 cm (figure 25), 
which confirmed the material was 


tortoiseshell (Hainschwang and Leg- 
gio, 2006). High levels of S and Cl de- 
tected by EDXRF were also consistent 
with known tortoiseshell samples. 


Xiaodan Jia and Mei Mei Sit 


TURQUOISE with 
Simulated Matrix 


The Carlsbad laboratory recently ex- 
amined a 78.60 ct greenish blue oval 
bead with patches that contained 
fragments of a metallic material in 
dark matrix (figure 26). Standard 
gemological testing of the greenish 


Figure 26. A 78.60 ct greenish 
blue turquoise oval bead with 
artificial metallic pyrite. The 
turquoise was filled with a 
mixture of crushed pyrite and 
polymer. 


blue areas showed properties consis- 
tent with turquoise, including a re- 
fractive index of 1.60. Microscopic 
observations revealed the typical vi- 
sual characteristics of turquoise: blue 
and white mottling, a granular tex- 
ture, and a waxy luster with no evi- 
dence of dye. Raman analysis 
confirmed the metallic material was 
pyrite, and infrared spectroscopy in- 
dicated the greenish blue material 
was turquoise. 

Upon closer investigation using a 
standard gemological microscope, it 


Figure 25. FTIR spectra of the tortoiseshell displayed amide peaks at 1637, 1516, and 1236 cnr". The spectrum on 
the right is a closer view of the region in the red box on the left. 
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Figure 27. Closer magnification revealed crushed pyrite crystals, voids left 


behind from gas bubbles, and a discontinuity between two episodes of 


filling. Field of view 4.02 mm. 


became clear that the pyrite was com- 
posed of irregular and angular broken 
fragments suspended in a fine-grained 
black matrix. In addition, each dark 
patch displayed well-defined bound- 
aries with hemispherical voids, pre- 
sumably gas bubbles that had been 


cut through during polishing. Interest- 
ingly, one patch showed a discontinu- 
ity between two different shades of 
color and textures of the pyrite in 
black matrix (figure 27). Based on our 
observations, we believe these 
patches were formed by filling the 


cavities of the turquoise with a mix- 
ture of crushed pyrite crystals and a 
type of polymer resin. The treatment 
might have involved one or more fill- 
ing episodes, which could explain the 
discontinuity seen in one of the 
patches. The filled turquoise was later 
polished into the finished product we 
observed. 

In the past, we have seen a variety 
of treatments for turquoise, but this 
was the first example of an artificial 
pyrite-containing matrix examined at 
the Carlsbad laboratory. 


Rebecca Tsang 
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Quartz Windows in Chalcedony 


We recently examined a 55.08 ct polished half-moon- 
shaped plate of white and brownish yellow chalcedony 
from Madagascar that was fashioned by Falk Burger (Hard 
Works, Tucson, Arizona). As can be seen in figure 1, more 
than a dozen hexagonal windows of transparent colorless 
quartz accentuated by thin frames of brownish yellow chal- 
cedony are randomly scattered throughout the host. In this 
specimen the quartz crystals would be considered protoge- 
netic inclusions since the chalcedony formed around the 
preexisting crystals. The quartz crystals are all twinned on 
the Brazil law, and the c-axes of the quartz windows are all 
aligned in parallel fashion. As a result, when the chalcedony 
plate is examined between crossed polarizing filters, the 
transparent windows all display their twinning through the 
presence of colorful stellate patterns (figure 2) that vary in 
appearance as the plate is rotated or moved about in the po- 
larized light field (see video at http://www.gia.edu/gems- 
gemology/quartz-window-chalcedony). 


John I. Koivula 


Sphalerite Inclusions in Namibian Demantoid 


The inclusion scene of skarn-related demantoid garnets 
from Namibia and Madagascar is dramatically different 
from that of serpentinite-hosted demantoid found in the 
classic locality of the Russian Urals. Reported inclusions 


About the banner: The banner image shows irregular, iridescent exsolution 
rutile, Known as “silk,” in a Sri Lankan purple sapphire. Photomicrograph by 
Nathan Renfro; field of view 1.29 mm. 

Editors’ note: Interested contributors should contact Nathan Renfro at 
nrentro@gia.edu and Jennifer-Lynn Archuleta at jennifer.archuleta@gia.edu 
for submission information. 
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Figure 1. Measuring 52.56 x 36.71 x 2.88 mm, this 
half-moon-shaped chalcedony plate contains more 
than a dozen hexagonal quartz windows. Photo by 
Kevin Schumacher. 


in Namibian demantoid include diopside, wollastonite, 
quartz, calcite, fluid inclusions, and sphalerite (F. Koller et 
al., “The demantoid garnets of the Green Dragon mine 
(Tubussi, Erongo Region, Namibia),” Joint 5th Mineral Sci- 
ences in the Carpathians Conference and 3rd Central-Eu- 
ropean Mineralogical Conference, April 19-21, Miskolc, 
Hungary, 2012). Demantoid from Madagascar is reported 
to contain inclusions of diopside, wollastonite, fluid inclu- 
sions, and growth tubes (F. Pezzotta et al., “Demantoid and 
topazolite from Antetezambato, northern Madagascar: Re- 
view and new data,” Spring 2011 GwG, pp. 2-14). There 
has been little photomicrographic documentation of these 
inclusion suites, however. 
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Figure 2. When viewed between crossed polars, Brazil-law twinning in the quartz windows is revealed as stellate 
patterns (left). As the analyzer is rotated, different colors are revealed along the twinning (right). Photomicrographs 


by Nathan Renfro; field of view 19.01 mm. 


In this contribution we document relatively rare spha- 
lerite inclusions in a Namibian demantoid crystal. Figure 
3 shows a translucent brownish orange sphalerite inclusion 
with a spheroidal diopside aggregate adhering to it (both 
identified by Raman spectroscopy). While a clear Raman 
signal could not be obtained on a nearby crystal, its rhom- 
bohedral morphology leads the author to speculate that it 
is a calcite inclusion. The two sphalerite inclusions seen 
in figure 4 are larger, so their color is a much darker orangy 
brown. The oblique fiber-optic illumination used in this 
photo highlights the highly lustrous surface of these spha- 


Figure 3. A brownish orange sphalerite inclusion in 
Namibian demantoid with a spheroidal diopside ag- 
gregate along its upper left side. Based on its morphol- 
ogy, the rhombohedral crystal on the upper right 
could be a calcite inclusion. Photomicrograph by 
Aaron Palke; field of view 0.72 mm. 


lerite inclusions. Further photomicrographic documenta- 
tion of the inclusion suites in demantoid from Namibia 
and Madagascar may help to identify inclusion scenes 
unique to these skarn deposits. 

Aaron Palke 


Queensland Museum and University of Queensland 
Brisbane, Australia 


Ferropericlase Inclusion in Diamond 


Most diamonds originate from the cratonic lithosphere, the 
basal portion of the thickest, oldest parts of continents. 


Figure 4. Oblique fiber-optic light illuminates the sur- 
face luster of these sphalerite crystals within a 
Namibian demantoid. Photomicrograph by Aaron 
Palke; field of view 0.84 mm. 


Micro-WoRLD 
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Figure 5. The changing iridescent colors of a ferropericlase inclusion are revealed through different facets of the 
host diamond. Photomicrographs by Evan M. Smith; field of view 1.99 mm. 


Rarely, diamonds are found with mineral inclusions that 
indicate a deeper origin, below the lithosphere, within the 
convecting mantle. Ferropericlase, (Mg,Fe)O, is one of the 
most common of such “superdeep” inclusion phases (T. 
Stachel et al., “Inclusions in sublithospheric diamonds: 
Glimpses of deep Earth,” Elements, Vol. 1, 2005, pp. 73- 
78). It often exhibits a vivid iridescence that serves as a 
helpful identifier. A 1.54 ct Fancy Light pink type IIa dia- 
mond with a spectacular ferropericlase inclusion was re- 
cently examined in GIA’s New York lab (figure 5). The 
exact cause of this iridescence is unknown, but it may arise 
at the inclusion-diamond interface due to thin-film inter- 
ference from trapped fluid or structural coloration from 
ultra-fine exsolution of magnesioferrite. The iridescent col- 
ors of these ferropericlase inclusions change with viewing 
and lighting angles. The iridescence is not always uniform 
and can sometimes be absent, in which case the inclusion 
appears a transparent deep brown color. 

Strictly speaking, ferropericlase inclusions alone do not 
necessarily indicate a sublithospheric origin (T. Stachel et 
al., 2005). This is the case for the present diamond, so the 
assignment of sublithospheric origin is only tentative. It 
may be possible to create ferropericlase at shallower 
depths, in the lithosphere, if special conditions occur that 
lower the availability of silica. 


Evan M. Smith and Kyaw Soe Moe 
GIA, New York 


Apatite Cluster in Orthoclase Feldspar 


A yellow orthoclase feldspar (figure 6) recently examined 
by these authors was of particular interest, not only for its 
size and clarity but also for the unusual cut. The 7.20 ct 
oval had a wide table facet that dramatically framed a large 
eye-visible crystal cluster just below its surface. The potas- 
sium-rich orthoclase host was identified using traditional 
gemological testing and confirmed by Raman microspec- 
trometry, which also identified the inclusion as apatite (fig- 
ure 7). 

This relatively large apatite cluster was composed of 
hexagonal elongated prismatic crystals, a morphology typ- 
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ical of the mineral. They also proved to be opaque and ex- 
hibited evidence of a certain degree of softness by their 
slightly corroded crystal faces (again, see figure 7). Several 
small tension stress cracks were observed surrounding the 
inclusion. The altered appearance suggests that these ap- 
atite crystals are protogenetic inclusions that were present 
in the growth environment before the orthoclase began to 
form. 

Apatite, a common phosphate mineral, has been de- 
scribed in the literature as a crystal inclusion in various 


Figure 6. Located just left of center, a large apatite 
crystal cluster is visible directly below the table facet 
of this 7.20 ct orthoclase feldspar (the inclusion is 
also reflected numerous times by the pavilion facets). 
Photo by Kevin Schumacher. 
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Figure 7. A tiny crystal next to this large cluster of pris- 
matic hexagonal apatite crystals resembles a space 
shuttle approaching a space station. The image was 
taken using darkfield illumination. Photomicrograph 
by Jonathan Muyal; field of view 4.79 mm. 


gem materials and as randomly scattered “jackstraw” nee- 
dles in yellow orthoclase from Madagascar (EJ. Giitbelin 
and J.I. Koivula, Photoatlas of Inclusions in Gemstones, 
Volume 2, Opinio Verlag, Basel, Switzerland, 2005). This 
specimen’s morphology and size make it an aesthetically 
pleasing example of apatite as a crystal inclusion in ortho- 
clase, and therefore an interesting collector’s gemstone. 


Jonathan Muyal and John I. Koivula 


Curved Tubes in Blue Sapphire 


During a GIA field expedition to Vietnam in May 2016, a 
0.45 ct faceted blue sapphire containing numerous hair- 
like curved tubes (figure 8) was discovered at the gem mar- 


Figure 8. Curved linear features with healed fissures. 
The image was taken using a combination of dark- 
field and fiber-optic illumination. Photomicrograph 
by Victoria Raynaud/GIA; field of view 3.50 mm. 


Micro-WoRLD 


ket in Yen The. While the seller said the stone was mined 
in the Luc Yen area, this could not be confirmed. Unlike 
rubies and spinels, blue sapphires are not common in 
northern Vietnam. Analysis at GIA’s laboratory in Bangkok 
revealed that the stone had a metamorphic origin and had 
been heat treated. The tubes contained highly reflective 
glassy masses. 

Curved linear inclusions are well known in different 
types of gemstones. The most famous are probably the 
horsetails in demantoid garnet. Inclusions with a similar 
appearance have been observed in emeralds from San- 
dawana (Zimbabwe), quartz, and rhodonite (E.J. Gitbelin 
and J.I. Koivula, Photoatlas of Inclusions in Gemstones, 
Vols. 1 and 2, Opinio Verlag, Basel, Switzerland, 1986 and 
2005; V. Pardieu, “Winza ruby? No sorry, my name is 
rhodonite!” http://www.giathai.net/rhodonite). 

In the corundum family, the only documented variety 
containing curved linear features are rubies from Winza, 
Tanzania (D. Schwarz et al., “Rubies and sapphires from 
Winza, central Tanzania,” Winter 2008 GWG, pp. 322- 
347). To our knowledge, these features have never been 
documented in blue sapphires. 


Victoria Raynaud, Wim Vertriest, and Vincent Pardieu 
GIA Bangkok 


Synthetic Quartz: A Designer Inclusion Specimen 


As interest in gem and mineral inclusions grows, the value 
of inclusion specimens has increased as well. This has led 
to the relatively recent trend of simulated inclusion spec- 
imens being offered in the marketplace (see E.A. Skalwold, 
“Evolution of the inclusion illusion,” InColor, Summer 
2016, pp. 22-23). To the best of this author’s knowledge, 
the synthesis of a quartz host with inclusions—or for that 
matter, any type of synthetic crystal—for the express pur- 
pose of creating a collectable inclusion specimen has not 
yet been reported and therefore presents a very interesting 
project to pursue. 

Natural quartz plays host to a wide variety of inclu- 
sions, including several types of colorful garnets that often 
lend an aesthetic contrast to this already fascinating min- 
eral. The author retained the services of a synthetic quartz 
manufacturer who refined and implemented her plan for 
growing four small specimens: one with pyrope garnets, 
one with almandine garnets, one with both types, and one 
without added garnets as control. The chosen garnets are 
brightly colored despite their tiny size and so fit with the 
desire to keep the finished quartz crystals small, given the 
long and expensive growth period required for the hy- 
drothermal process. 

Using a five-meter-tall industrial high-pressure auto- 
clave, several runs were completed over a four-month pe- 
riod. Prior to the second run, the garnets were introduced 
into holes bored into the quartz. A few of the garnets were 
thus successfully captured and incorporated within the host 
as the second run continued. The nutrient solution for the 
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Figure 9. A 50 x 27 x 13 mm synthetic quartz crystal in 
which almandine and pyrope garnets introduced dur- 
ing the growth process created a suite of inclusions in 
the lower right of the specimen within the same plane 
as an elongated liquid and gas two-phase inclusion. 
The six vertical prism faces and angled rhombohedral 
faces help orient the crystal and mirror those of natural 
quartz, but their unnatural surface features immedi- 
ately give away the synthetic origin. In the foreground 
are approximately 2.5 mm water-worn pyrope crystals 
(left) and 1.5-2.0 mm dodecahedral almandine crys- 
tals (right) similar to those used as inclusions; the al- 
mandines were extracted from the schist matrix 
specimen shown in the background. Photo by Elise A. 
Skalwold. 


quartz growth consisted of approximately 10 wt.% of 
Na,CO, in pure water, with many trace elements originat- 
ing from the milky vein Arkansas quartz used as the silica 
source. To produce the desired crystal morphology, a seed 
with “c-a” cut was used to initiate growth vertically along 
the c-axis and elongation along the a-axis. Rather than being 
hung by wires in the autoclave, the growing crystals sit on 
a shelf, and hence there is no wire in the finished specimen. 
The growth temperature was approximately 350°C in a 
pressurized environment of 700-plus bars. 

When the autoclave was opened at the end of four 
months, four crystals of approximately the same size 
emerged intact, one of which is described here as represen- 
tative of the entire set (figure 9). Along with “breadcrumb” 
inclusions familiar to gemologists, the suite of captured 
garnets was surrounded by unidentified white masses and 
radiating cracks. Quartz’s structure can be thought of as an 
open yet distorted framework of silicon and oxygen atoms. 
Because these bonds have angles that change rapidly with 
temperature, the volume of quartz changes rapidly with 
change in temperature—much more rapidly than the 
rather closely packed atoms in garnet. So it is not surpris- 
ing that as the specimens cooled, the quartz shrank faster 
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Figure 10. Amid a storm of breadcrumb inclusions, 
two orangy red almandines and two larger red pyropes 
caused tension cracks to form in the quartz upon cool- 
ing. Portions of a two-phase liquid and gas inclusion 
running nearly the length of the crystal are indicated 
by the large bubbles seen at the left and right edges of 
the image. The guest quartz crystal (part of a multi- 
phase inclusion at right), along with the white masses 
accompanying the garnets, are remnants from the nu- 
trient environment in which the quartz crystal grew. 
Transmitted and oblique fiber-optic light. Photo by 
Elise A. Skalwold; field of view 13 mm. 


than the garnets, causing the quartz to fracture (figure 10). 
Having formed previous to the growth of the quartz that 
later captured them, these garnets would be considered 
“protogenetic” inclusions. Some liquid and gas originating 
from the autoclave’s environment was also captured as a 
two-phase inclusion running perpendicular to the c-axis of 
the quartz. The glassy prism faces of the crystals display 
characteristic diagonal striations, unlike the prism faces of 
natural quartz, which have horizontal striations (i.e., per- 
pendicular to the c-axis). Originally, one of the four crystals 
was intended to be cut into a cabochon to illustrate a clas- 
sic “rough and cut” suite, but it would have been a shame 
to sacrifice even one of these pristine and arguably unique 
synthetic quartz inclusion specimen simulants. Therefore, 
they will remain as they are in the author’s collection—as 
her own “designer inclusion specimens.” 


Elise A. Skalwold 


Quarterly Crystal: Growth Features on Titanite 


The micro-world of gems and minerals involves not only 
solid and fluid inclusions, but also significant surface fea- 
tures. If a gem crystal is fashioned into a gemstone by a lap- 
idary artist, most of the surface features of any significance 
are removed during the process. So when we encounter a 
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Figure 11. This beautifully formed 17.04 mm titanite 
crystal from Russia owes its green color to the presence 
of vanadium. Photo by Kevin Schumacher. 


beautiful gem crystal, we always take the opportunity to 
examine the natural surfaces for any interesting evidence 
of growth or dissolution. 

In that regard, we recently studied a beautifully formed 
titanite crystal (figure 11) from the Ural Mountains in 


To see video of the twinning of quartz windows Ina 
chalcedony plate, as featured in this section, please 


visit www.gia.edu/gems-gemology/quartz-window- 
chalcedony, or scan the QR code on the right. 


Figure 12. Some of the growth features observed on the 
surface of the titanite crystal were reminiscent of 
jagged mountain peaks. Photomicrograph by Nathan 
Renfro; field of view 0.72 mm. 


Russia that measured 17.04 x 15.27 x 0.94 mm and 
weighed 2.35 ct. EDXRF analysis confirmed that its bright 
green color resulted from the presence of vanadium. As 
shown in figure 12, examination of the surface using No- 
marski differential interference contrast microscopy re- 
vealed an abundance of growth features, some with rather 
dramatic architecture. These were the features targeted for 
photomicrography. 


John I. Koivula 


Micro-WoRLD 


Gems & GEMOLOGY WINTER 2016 427 


one time, without danger of their be- 
coming mixed before they are correlated 
with the developed microradiograph and 
thus properly separated, is invaluable 
when large quantities of loose pearls are 
to be tested. 
(7) To test the X-tay luminescence of 
pearls it is necessary that provision be 
made for reversing the X-ray head from 
the radiographic position to the upright 
position’ required for this test as well as 
constructing a suitable tray arrangement 
for holding the pearls within at least one 
inch of the tube. Shorter X-rays developed 
at 85 KV and 90 KV are necessary for 
this testing. Although the fluorescence 
of the average cultured pearl cannot be 
accepted as a conclusive test due to simi- 
lar fluorescence obtained with most nat- 
ural fresh-water pearls, it does provide a 
quick and excellent indication as to the 
identity of a pearl and of course will 
easily detect a mixed strand. 
(8) Most important in the design of any 
X-ray unit are the protective devices 
necessary to shield the operator from 
both primary and secondary radiation. 
The average gemologist interested in the 
X-ray techniques employed in pearl test- 
ing, is not trained in the use of X-ray 
equipment. The lack of such training, 
of course, can result in serious X-ray 
burns even with the smallest available 
unit. A handbook of X-ray protection 
(HB20) may be secured from the bureau 
of standards, which outlines the neces- 
sary precautions for general X-ray work. 
One of the main difficulties with exposure 
to X-rays is that the effect may not show 
up until months or years later. Also, even 
though exposure may be for very short 
periods any one of which is not important 
the effect of exposure to X-rays is cumu- 
lative. 

All of these basic requirements just out- 
lined have been incorporated in the new 
X-ray equipment at the Gem Trade Labora- 
tory. The Picker X-ray tube utilizing a tung- 


sten target is cooled with a combination 
blower and circulating oil system which 
permits indefinite exposures when used for 
microradiography. Exposure periods are 
timed by the automatic timer sensitive to 
one half second and with a maximum range 
of sixty minutes. The type of radiation may 
be adjusted from25 KV to 100 KV and from 
one to 30 MA providing an almost unlim- 
ited range and quantity of normal and 
soft X-rays. The X-ray head is reversible 
and has a combination tray and protective 
shield completely surrounding the tube 
window to eliminate any possibility of stray 
secondary radiation reaching the operator 
(Figure 1). 

The tray, mounted on the head, is equipp- 
ed with a guide ring into which a spring 
balanced lead viewing cover, suspended at 
the right of the instrument, may be lowered 
when testing pearls for X-ray luminescence. 
Because of the intense radiation used for 
this test, the viewing cap consists of a three 
sixteenths inch lead frame and a three 
eigths inch lead glass window. The cap has 
“L” shaped apertures on each side to per- 
mit the drawing of a strand of pearls 
through the cap, and over the tube window, 
without danger of exposing the operator. 
This is shown in place in (Figure 2.) 

To take a microradiograph, the viewing 
cover is swung out of the way and the head 
is rotated 180° so that the tube window is 
facing down (Figure 3). This places it below 
the top edge of the special film box upon 
which the head is mounted. The film box 
is lead lined with a threg sixteenths inch 
plate on the bottom and front, and a one 
sixteenths inch plate covering the remaining 
sides. Slots are built into the side of the case 
to permit adjusting the combination film and 
immersion cell tray to any point within the 
allowed six inch to eighteen inch film to X- 
tay tube distance. The pearls themselves are 
placed in an immersion cell with a trans- 
parent cellulose acetate bottom which rests 
directly on the film slot. To eliminate any 
fogging of the film due to secondary radia- 
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COLORED STONES AND ORGANIC MATERIALS 


Blue dravite-uvite tourmaline from Koksha Valley, Afghani- 
stan. Tourmaline is popular among gem and mineral enthu- 
siasts for its extensive variety of colors. Blue, one of the 
most sought-after hues, is usually encountered as elbaite, a 
sodium- and lithium-containing species with the chemical 
formula Na(Li, Al, ,)Al,(Si,O, .)(BO,),(OH),(OH). While it 
has been reported that very limited quantities of dark blue 
tourmaline crystals are being mined in Afghanistan’s Kok- 
sha Valley, we have found that this material appears to be a 
hybrid species of dravite-uvite tourmaline (figure 1). 
Around a dozen blue crystals in pale green and brown 
micaceous matrix first surfaced in the gem markets of 
Peshawar, Pakistan, in late 2009, as confirmed by two 
sources (S. Khan and P. Slootweg, pers. comms., 2016). 
These crystals, reportedly from Badakhshan Province’s 
Koksha Valley, were subsequently assumed to be a mem- 
ber of the tourmaline group based on their ditrigonal py- 
ramidal habit. Since that time, only very small batches of 
these crystals have turned up; interestingly, a few of these 
specimens have been associated with sapphire in the same 
matrix (P. Slootweg, pers. comm., 2016). In 2010, while 
examining sapphire rough believed to be from a deposit 
near the Koksha Valley, GIA’s Bangkok laboratory identi- 
fied bluish green crystals present in some matrix speci- 
mens of sapphire as dravite tourmaline (Spring 2011 Lab 
Notes, pp. 53-54). While the Koksha Valley is most fa- 
mous for extensive deposits of high-quality lapis lazuli 
near Sar-e-Sang, sapphire mining takes place near the vil- 


Editors’ note: Interested contributors should send information and 
illustrations to Stuart Overlin at soverlin@gia.edu or GIA, The Robert 
Mouawad Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
Gems & GEMOLOGY, VOL. 52, No. 4, pp. 428-440. 
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Figure 1. This specimen of dark blue tourmaline on 
micaceous matrix, from the Koksha Valley of 
Badakhshan Province in Afghanistan, measures 28 x 
25 x 17 mm. Photo by Kevin Schumacher. 


lage of Hazrat Saeed, 25 km north of Sar-e-Sang along the 
Koksha River (T.P. Moore and R.W.M. Woodside, “The Sar- 
e-Sang lapis mine,” Mineralogical Record, Vol. 45, No. 3, 
2014, pp. 280-336). The sapphire at Hazrat Saeed is recov- 
ered from mica-rich gneiss, and it appears that these green 
and blue tourmalines were uncovered as a by-product of 
sapphire mining operations. 
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Figure 2. Left: Three laser spots were plotted in the ternary system for the primary tourmaline groups based on the 
dominant occupancy of the X site. Center: Two blue laser spots that belong to the alkali primary tourmaline group 
were further plotted in the ternary dravite-schorl-elbaite subsystem. Right: One orange laser spot that belongs to 
the calcic primary tourmaline group was further plotted in the ternary liddicoatite-feruvite-uvite subsystem. These 
findings show a range of composition consistent with the dravite-uvite series. 


Laser ablation-inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) was used to analyze the chemical 
composition of the dark blue tourmaline seen in figure 1. 
Three spots were measured and plotted (figure 2). Two of 
the spots showed that the tourmaline contained dravite; the 
third revealed the presence of uvite (DJ. Henry et al., 
“Nomenclature of the tourmaline-supergroup minerals,” 
American Mineralogist, Vol. 96, No. 5-6, 2011, pp. 895— 
913). Dravite, NaMg,Al (SiO, ,)([BO,),(OH),OH, is a sodium- 
and magnesium-rich tourmaline typically encountered in 
brown, yellow, black, and rarely as intense green. Uvite, 
Ca(Mg,)MgA1,(Si.O,.)(BO,),(OH),(F/OH), is a calcium- and 
magnesium-rich tourmaline that is often brown, green, or 
deep red. Our analysis suggests that this blue tourmaline 
specimen is composed of a mixture of dravite and uvite. 
While fibrous blue dravite has been reported in the Czech 
Republic (M. Novak, “Blue dravite as an indicator of fluid 
composition during subsolidus replacement processes in Li- 
poor granitic pegmatites in the Moldanubicum, Czech Re- 
public,” Journal of the Czech Geological Society, Vol. 43, 
No. 1-2, 1998, pp. 24-30), this is the first large single-crystal 
blue dravite-uvite tourmaline the authors have encountered. 


Ian Nicastro 

San Diego, California 
Ziyin Sun 

GIA, Carlsbad 


Sapphire rush near Ambatondrazaka, Madagascar. In Oc- 
tober 2016, a sapphire rush of an estimated 45,000 miners 
occurred at Bemainty, about 35 km east of Ambaton- 
drazaka, Madagascar. Author VP was informed of the rush 
by Marc Noverraz, a Swiss gem merchant based in Ilakaka, 
Madagascar. According to Mr. Noverraz, some large, highly 
saturated blue sapphires were found at the rainforest site 
in late September. This attracted people from all over the 
island, as well as traders (mainly from Sri Lanka) who set- 
tled in Ambatondrazaka to buy gems. 
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Author RP gained access to the site from October 23 to 
26. When she arrived, miners were working along either 
side of a river. The mining area was slightly more than 2.5 
km long. The miners were digging for gem-rich gravels 
near the river or in the forest while washing took place in 
the nearby stream. The sapphires produced were mainly 
blue, varying from light to deep blue (figure 3). Many of the 
blue specimens were very slightly green; most were milky 
and would benefit from heat treatment. Particolored stones 
with pink/blue/colorless color zoning and pinkish orange 
sapphires (like those discovered at Mandraka near Toa- 
masina in 2011) were also found. 

This new rush area (figure 4) was clearly a secondary 
deposit. Miners had dug pits up to two meters deep in order 
to collect potentially gem-rich gravels for washing in the 


Figure 3. A rough blue sapphire at the rush site at Be- 
mainty, near Ambatondrazaka, Madagascar. Photo 
by Rosey Perkins. 


Gems & GEMOLOGY WinteR 2016 429 


stream using hand sieves. Life at the mining site was very 
basic, with some people living in huts but most in 
makeshift tents under a plastic roof. There was no sanita- 
tion, and clean water was not available. While some police 
were present to keep the peace, it is now believed they took 
greater control of the area, and the number of active miners 
seems to have decreased. 

Author RP accessed the site from Ansevabe, a one-hour 
journey from Ambatondrazaka by motorbike, though 
many people were reaching the area by tractor, bicycle, or 
on foot (an 11-hour walk from Ansevabe). On her return to 
Ansevabe, RP estimated a thousand people traveling to- 
ward the mine. In Ambatondrazaka, she saw blue stones 
from the rush weighing up to 75 ct. Fine, clean blue stones 
over 100 ct and some attractive pinkish orange stones over 
50 ct were also reported. 

As rubies and sapphires have been discovered fairly reg- 
ularly in this region since 2000, a new sapphire find was 
not a huge surprise. The region is part of the Ankeniheny- 
Zahamena-Mandadia Biodiversity Conservation Corridor 
and Restoration Project, which consists of Ankeniheny, 
Zahamena, and Mantadia National Parks. The rush site is 
therefore a protected area. Several sources in Madagascar 
have reported that by early November the authorities had 
started to control the foreign buyers, though stones con- 
tinue to emerge from the mine. 


Rosey Perkins 
London 


Vincent Pardieu 
GIA, Bangkok 


Trapiche-type sapphire from Tasmania. Trapiche and 
trapiche-type minerals are treasured for their beauty and 
unique patterns. The six-rayed spoke patterns occur in dif- 
ferent minerals but are best known in emeralds. During a 
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Figure 4. Thousands of 
independent Malagasy 
miners work the sap- 
phire deposit in the 
rainforest east of Am- 
batondrazaka in Octo- 
ber 2016. Photo by 
Rosey Perkins. 


GIA field expedition to the Australian island of Tasmania, 
author VP was able to mine several sapphires (figure 5), in- 
cluding a black star, some small blue samples, and a 2.73 ct 
blue sapphire that showed a fixed six-ray pattern. Trapiche- 
type stones are found in almost all basalt-related sapphire 
fields, but they are considered exceptionally rare in Tasma- 
nia (B. Sweeney, “Interesting gems from north-east Tasma- 
nia,” Australian Gemmologist, Vol. 19, No. 6, 1996, pp. 
264-267). 

The trapiche-patterned stone had a dark blue bodycolor 
and was translucent to opaque. Many inclusions were vis- 
ible, as were iron-stained fractures and clouds of particles. 
Hexagonal growth and color zones could also be seen. The 
core of the sample appeared colorless. The trapiche pattern 
was expressed as a hexagonal core with six radiating arms 


Figure 5. Production from one day of mining in Tas- 
mania. The trapiche-type sapphire in the center 
weighs 2.73 ct. Photo by Vincent Pardieu/GIA. 
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Figure 6. The polished section of the trapiche-type 
sample, as seen with fiber-optic illumination. The 
central white core and the six whitish particle-rich 
arms separated by blue areas are clearly visible. 
Photo by Victoria Raynaud. 


(figure 6). These white reflective features stood out against 
the blue bodycolor. The stone weighed 2.54 ct after we 
opened a polished window, and it measured approximately 
6.93 x 8.20 x 3.00 mm after fabrication. 

The relationship of the trapiche arms to the color zon- 
ing is important for correctly identifying a sample as 
“trapiche” or “trapiche-type.” In this case, it was obvious 
that the rays were perpendicular to the hexagonal color and 
growth zoning, and that the intersections were not located 
at the corners of the hexagonal pattern. 

According to the recent literature, this pattern would not 
qualify as true trapiche, as seen in Muzo emeralds or some 
Mong Hsu rubies (G. Giuliani and I. Pignatelli, “’Trapiche’ 
vs ‘Trapiche-like’ textures in minerals,” InColor, Vol. 31, 
2016, pp. 45-46). True trapiche minerals have equivalent, 
crystallographic sectors divided by heavily included zones, 
a pattern expressed as arms intersecting the growth patterns 
at the junctions (figure 7, left). In the Tasmanian sapphire, 
the included zones were perpendicular to the growth zones 
and did not divide the gem into crystallographic sectors (see 
figure 7, right). Thus, it was a “trapiche-like” mineral. 

The sample’s chemical composition was analyzed with 
laser ablation-inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) on five different areas. The trace- 
element composition was analyzed in the white core, two 
arms at mid-length, one arm close to the core, and a blue 
area between the arms (again, see figure 6). 

For most elements (Mg, V, Fe, Zr, Nb, and Ta), an in- 
crease in concentration is observed from the less included 
blue areas to the most included area, which was the core. 
Ti showed a different pattern, with higher concentrations 
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Figure 7. Trapiche (left) vs. trapiche-type (right) pat- 
terns in corundum. 


in the arms and lower concentrations in the blue areas; 
concentrations were even lower in the core. Ga remained 
constant throughout the stone but was slightly elevated in 
the core. Be showed a similar pattern but was more vari- 
able outside the core. 

The higher concentration of certain elements (V, Zr, 
Nb, and Ta) was most likely due to the presence of micro- 
inclusions. Ti was extremely low in the core, where there 
was no blue color; higher Ti concentrations in the other 
areas explained the blue color. The variation within the 
arms and the blue area may be explained by growth + color 
zoning, although the influence of Ti-rich particles should 
not be excluded. The Fe concentrations were probably 
caused by a combination of increased particle density and 
internal growth variations. It is notable, but not unex- 
pected, that this natural trapiche-type sapphire contained 
some Be, albeit in very low quantities (V. Pardieu, “Blue 
sapphires and beryllium: An unfinished world quest,” In- 
Color, Vol. 23, 2013, pp. 36-43). The Be concentration was 
highest in the core, where the particle density was highest 
and the blue color was absent. 

While trapiche-type sapphires are not particularly rare, 
it is unusual to find them in Tasmania. This sample has 
additional scientific value because it was mined by a field 
gemologist during a field expedition, giving it an extremely 
reliable origin. 


Wim Vertriest, Supharart Sangsawong, 
and Vincent Pardieu 
GIA, Bangkok 


SYNTHETICS AND IMITATIONS 


Two glass samples: Natural or man-made? During a March 
2014 visit to Chanthaburi, Thailand, author VP was shown 
two faceted green samples (figure 8) that were reportedly 
moldavite, a natural glass formed from meteorite impact. 
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Figure 8. Face-up (top) and face-down (bottom) views of 
the imitation moldavite examined in this study. The 
sample on the left weighs 3.80 ct (9.48 x 9.30 x 6.93 
mm); the specimen on the right is 3.76 ct (10.76 x 8.11 x 


6.02 mm). Testing identified them as “soda-lime” glass. 
Photos by Nuttapol Kitdee. 


He had serious doubts about their natural origin, based on 
the material’s coloration and inclusions when viewed 
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through a loupe, but purchased them for further study. 

Standard gemological properties included a single RI 
reading of 1.520 and an SG value of 2.51 for both samples 
(moldavite has an SG of 2.32-2.38). Under the polariscope, 
the material exhibited an isotropic reaction with anomalous 
double refraction (ADR). The samples were inert under long- 
wave UV radiation but displayed a weak chalky yellowish 
green reaction under short-wave UV. Examination with a 
gemological microscope revealed numerous individual and 
clustered rounded gas bubbles of various sizes, mostly 
smaller, and flow structures (figure 9). FTIR spectra showed 
absorption peaks at approximately 2850 and 3520 cm, fea- 
tures commonly found in man-made glass, whereas mol- 
davite usually exhibits broad bands at approximately 3609 
em? (T.T. Sun et al., “Moldavite: Natural or imitation?” The 
Australian Gemologist, Vol. 23, No. 2, 2007, pp. 76-78). 

We used laser ablation-inductively coupled plasma— 
mass spectrometry (LA-ICP-MS) for comparison with 
known samples, including “soda-lime” man-made glass, 
natural volcanic glass from Japan, and Vietnamese tektites. 
This analysis revealed that the two faceted samples shared 
very similar chemical compositions with the Na,O- and 
CaO-rich man-made references examined, while the natu- 
ral glass from Japan and tektite from Vietnam were notice- 
ably richer in Al,O, and possessed a much lower Na,O and 
CaO content (figure 10). 

Standard and advanced testing techniques showed that 
the material from Chanthaburi closely matched common 
“soda-lime” man-made glass. The higher SG corresponded 
to man-made glass. FTIR spectroscopy and chemical com- 


Figure 9. Magnification re- 
vealed flow marks (swirls) 
and rounded gas bubbles 
of various sizes. A: The 
characteristic flow struc- 
ture usually observed in 
glass in brightfield illumi- 
nation; field of view 5.20 
mm. B: Flow marks and 
individual round gas bub- 
bles in brightfield illumi- 
nation with diffused 
lighting; field of view 6.30 
mm. C: Round clustered 
gas bubbles in brightfield 
illumination; field of view 
1.10 mm. D: A larger indi- 
vidual gas bubble in 
brightfield illumination; 
field of view 5.20 mm. 
Photomicrographs by 
Supharart Sangsawong. 
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position indicated that the samples were not moldavite. The 
study also demonstrates how these analytical techniques 
can be applied in separating glasses from different origins. 
High Na,O and CaO content may be a useful aid for identi- 
fying “soda-lime” man-made glass in the future. 


Supharart Sangsawong and Vincent Pardieu 
GIA, Bangkok 


Imitation rubellite boulders. Recently, RAG Gemological 
Laboratory in Turin received two “boulders,” weighing ap- 
proximately 2.0 and 0.7 kg, reported to be rubellite tour- 
maline rough from Madagascar. The larger one was cut 
into two parts and found to be a resin imitation made heav- 
ier using a metal bar insert (figure 11). The smaller one was 
half of a boulder, again containing a metal insert. The resin 
matrix was colored bright cherry red and clearly noticeable 
in direct sunlight or using a small handheld light. The ex- 


Unknown sample 1 
Unknown sample 2 
Soda-lime glass 

Natural glass from Japan 
Tektite from Vietnam 


Figure 10. LA-ICP-MS 
results of the two glass 
samples are compared 
against those of known 
soda-lime glass, natural 
glass from Japan, and 
tektite from Vietnam. 
The black bars at the 
top of each column cor- 
respond to standard de- 
viation (SD) obtained 
from three analyses. 


FeO 


MnO 


ternal appearance of both specimens was that of alluvial 
boulders that had floated and eroded over a period of time 
in riverbeds. The surface of each was rough with pits and 
fissures, and the voids were filled with material with an 
ochre appearance, very similar to clay and soils (figure 12). 
Due to the specimens’ mass, the authors could not use an 
immersion balance, so an approximate density was deter- 
mined by weighing the two parts of the larger boulder and 
weighing the corresponding amount of water displaced by 
immersion. The density was about 2.9, close to the specific 
gravity of natural rubellites (3.0—-3.2). 

During an examination of a thick slab (about 1 cm) taken 
from the larger boulder using a circular saw with a diamond 
blade, different phases of preparation of the boulder imita- 
tion were observed. These stages were suggested by the pres- 
ence of differently colored resin blobs around the metal bar, 
enveloped by the outermost portion of plastic material with 


Figure 11. Left: The two sections of the larger “boulder” were glued together to show the original size and form of 
the 2 kg imitation tourmaline rough. The length of the boulder was approximately 16 cm. Right: The boulder was 
cut, revealing the metal bar insert. Photos by Emanuele Costa. 
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a more intense cherry red color (figure 13). The resulting 
product was probably scarred on the surface, tumbled, and 
finally immersed in a mix of mud and clay. Infrared (IR) spec- 
troscopy investigation indicated the material was styrene- 
based resin, with a phthalate compound added for hardening. 
The resin was very similar to that used for fiberglass prepa- 
ration, and it is easily found on the market. The metal insert, 
analyzed with EDS, was ordinary lead. 

Many features easily distinguished these imitations 
from natural rubellites. The surface hardness was very low, 
and the resin used for the imitation partially melted at a 
relatively low temperature; therefore, a hot needle was 
enough to confirm the organic character of the mass. Acrid 
and pungent smoke was released when the hot needle 
made contact with the red-hot metal. Moreover, the plastic 
mass contained air bubbles (figure 14) that were easily seen 
from a smooth portion of the surface when using a loupe 
with intense illumination. 

These tests are not easily managed in the field, however. 
The provenance of these boulders was most likely Madagas- 


Figure 12. Details of the imitation boulder’s surface, 
with pits, cavities, and fissures filled with a clay-like 
material. Photo by Emanuele Costa. 
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Figure 13. A transparency scan of an imitation boul- 
der section; the black region is the metal insert. Color 
changes in different areas of the boulder suggest a 
multiple-step preparation involving various resin 
batches. The resins may have been worked in a semi- 
fluid or solid but malleable form, because some lack 
of adhesion—and the creation of voids—is noticeable. 
Photo by Emanuele Costa. 


car, but no other reliable information was provided. Such 
boulders are rumored to have been mixed in with batches 
of natural rubellite boulders from alluvial deposits. Such im- 
itations, especially if wet and muddy, could go unnoticed 
and increase the total weight of a rough stone batch. 


Emanuele Costa 
Department of Earth Science, University of Turin, Italy 


Raffaella Navone 
RAG Gemological Laboratory, Turin, Italy 


Color-change glass as a Zultanite imitation. Diaspore, a 
relatively common mineral with the chemical formula 
AIO(OH), is found in metamorphic bauxite deposits (A.A. 
Calagari and A. Abedini, “Geochemical investigations on 
Permo-Triassic bauxite horizon at Kanisheeteh, east of 
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Figure 14. Air bubbles are randomly scattered in 
various portions of the resin matrix. Photo by 
Emanuele Costa. 


Bukan, West-Azarbaidjan, Iran,” Journal of Geochemical 
Exploration, Vol. 94, No. 1, 2007, pp. 1-18), and usually ap- 
pears as a mineral inclusion in sapphire, ruby, and spinel 
(V. Pardieu, “Hunting for ‘Jedi’ spinel,” Spring 2014 GWG, 


pp. 46-57; Spring 2016 GNI, pp. 98-100; Summer 2016 
GNI, pp. 209-211). However, gem-quality transparent dia- 
spore is rare and appears to be unique to the IIbir Moun- 
tains area in southwest Turkey (M. Hatipoglu et al., 
“Gem-quality transparent diaspore (zultanite) in bauxite 
deposits of the Ilbir Mountains, Menderes Massif, SW 
Turkey,” Mineralium Deposita, Vol. 45, No. 2, 2010, pp. 
201-205). Zultanite is the trade name of diaspore that ex- 
hibits a color-change effect; the material appears yellow, 
pink, or green in different light sources. Zultanite has only 
been found in the Anatolian Mountains of Turkey (M. 
Hatipoglu and M. Akgun, “Zultanite, or colour-change di- 
aspore from the Milas (Mugla) region, Turkey,” Australian 
Gemmologist, Vol. 23, 2009, pp. 558-562). 

The Gemological Institute of China University of Geo- 
sciences in Beijing recently received two samples, an un- 
mounted 8.44 ct 10 x 12 mm faceted pear-shaped specimen 
and a ring with an 8 x 10 mm faceted oval, that displayed 
a color-change effect. The material was reportedly pur- 
chased from Turkey as Zultanite, a designation the client 
wished to confirm. Both samples were yellowish green in 
fluorescent light with a color temperature of 5500 K (figure 
15, left) and brownish yellow in incandescent light (figure 
15, right). The specimens were fairly clean, with no obvi- 
ous inclusions and no obvious scratches on the surface. 
Facet junctions were generally smooth, with small chips. 
A series of absorption lines related to rare earth elements 
(REE) were observed by a handheld prism spectroscope. 
These properties, along with electron microprobe analysis, 
indicated that the two samples were not diaspore or any 
other natural material, but rather man-made glass. The in- 
frared spectrum of the unmounted specimen, with peaks 
at 1037, 462, 443, and 430 cm", confirmed the material 
was glass. 

LA-ICP-MS data of three points on the loose sample are 
reported in table 1. The main trace elements were Nd 
(102,792 average ppmw) and Pr (68,500 average ppmw}), 
both rare earth elements. Other REE included Gd (1473 av- 
erage ppmw) and Ce (135 average ppmw). Nd and Pr are the 


Figure 15. These glass imitations of Zultanite are shown in fluorescent (left) and incandescent light (right). The 
color-change effect is apparent when switching between the two illumination types. Photos by Xiaoyan Yu. 
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TABLE 1. LA-ICP-MS data of glass sample (ppmw). 


Element TG1-01 TG1-02 TG1-03 
Ti 65.55 64.02 64.13 
Vv 0.618 0.614 0.621 
Cr 0.740 0.832 0.818 
Mn 0.882 0.861 0.756 
Fe 50.68 49.78 51.31 
Co 0.0462 0.0444 0.0444 
Ni 0.2291 0.2124 0.2062 
Cu 13.14 12.80 13.02 
Se <0.75 <0.75 <0.71 
Rb 3.63 3.51 3.50 
Sr 68.23 66.01 66.26 
Y 2.381 2.29 2.319 
Cs 0.028 0.0273 0.028 
La 4.78 4.55 4.56 
Ce 139.42 133.47 134.65 
Pr 69,791.21 67,327.64 68,381.69 
Nd 104,391.56 100,985.23 103,001.10 
sm 0.307 0.311 0.301 
Eu 0.372 0.356 0.353 
Gd 1482.77 1452.45 1480.22 
Tb 24.41 23.51 23.85 
Dy 8.42 7.98 7.92 
Ho 0.658 0.617 0.611 
Er 31.30 30.25 31.00 
Tm bdl bdl bdl 
Yb 0.2224 0.1979 0.2197 
Lu bdl bdl bdl 


Rare earth elements are displayed in bold text. bd! = below detection limit. 


chromophores that cause color change in material such as 
synthetic cubic zirconia (Fall 2015 GNI, pp. 340-341). 
The visible-range absorption spectrum of the loose ma- 
terial (figure 16) showed a typical spectrum of glass with 
rare earth elements. This spectrum showed bands at 443, 
479, 529, and 587 nm. The bands at 443, 479, and 529 nm 
indicate the presence of Pr**, which caused the green or yel- 
lowish green color. The brownish yellow color is related 
to the 587 nm absorption peak, which is induced by Nd*. 


Xiaoyan Yu (yuxy@cugb.edu.cn), Bijun Guo, Xue Jiang, 
and Weirui Kang 
China University of Geosciences, Beijing 


TREATMENTS 


“Decorated” jadeite jade in the Chinese market. Jadeite 
jade has long been popular in China, where it has profound 
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Figure 16. The visible absorption spectrum of the un- 
mounted pear-shaped sample shows four absorption 
bands at 443, 479, 529, and 587 nm. The peak at 587 
nm is associated with Nd*, while the bands at 443, 
479, and 529 nm are attributed to Pr*. 


cultural connotations. Fine-quality jadeite has the highest 
market value, especially the colorful and near-transparent 
pieces. Bright color zoning on a piece of jadeite will en- 
hance its value; therefore, color-enhanced jadeite is avail- 
able in the market. Filling and dyeing have been used for 
decades to modify jadeite’s color, but these methods can 
damage the texture of jadeite and reduce its value. Anew 
method, cementing small colored jadeite attachments on 
the surface of jadeite ornaments, recently appeared in the 
Chinese jade market. Because the method does little or no 
damage to the main jadeite’s texture, we consider this an 
assembled stone. 

Figure 17 shows three jadeite pendants decorated with 
small green and brown jadeite plates. These pendants were 
submitted to the Gem Testing Center of China University 
of Geosciences (Wuhan) for identification of species and 
treatment. They were tested by observation under micro- 
scope and ultraviolet lamp, infrared (IR) spectroscopy, and 
ultraviolet/visible (UV-Vis) absorption spectroscopy. 

The background color and texture quality of the small 
plate attachments was similar to those of the main jadeite 
body, creating a harmonious overall appearance (again, 
see figure 17). The green color appeared to be floating on 
the surface and seemed to be detached from the base (fig- 
ure 18, left), whereas the natural color zone of jadeite al- 
ways changes gradually. Resin with accompanying 
bubbles was found in the space between the green attach- 
ments and the jadeite body (figure 18, right). Under the 
long-wave UV lamp, the resin in the contact region emit- 
ted strong blue-white fluorescence while the body did not 
fluoresce (figure 19). 
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Figure 17. A light-colored off-white jadeite pendant 
decorated with small green and brown jadeite attach- 
ments. Photo by Fen Liu. 


The IR reflection spectra of the green attachments 
showed typical jadeite features (figure 20, left). However, 
the IR transmission spectrum of the contact zone revealed 
peaks at 3058 and 3037 cnr", indicating the stretching vi- 
bration of the benzene ring in resin (figure 20, right), which 
was used to attach the decoration. The blue trace in figure 
20 is typical for jadeite without any treatment. 


Figure 19. The resin in the contact region emits strong 
blue-white fluorescence under a long-wave ultraviolet 
lamp. Photo by Fen Liu. 


The attachments all had a typical fibrous-granulous 
crystalloblastic texture without loosening or slagging. This 
implied they were natural jadeite that had not been sub- 
jected to acid washing or filling. The green color of the at- 
tachments was also natural, as shown by the UV-Vis 
absorption spectrum, which showed the 690 and 660 nm 
peaks induced by Cr**. 


Yamei Wang, Shufang Nie, Fen Liu, and Andy Shen 
Gem Testing Center, China University of Geosciences, 
Wuhan 


Durability of a broken glass-filled ruby. It is no secret that 
corundum is subjected to heating and fracture-filling treat- 
ments to alter its color and improve its clarity in order to 
increase the market value. Heat treatment in particular has 


Figure 18. Left: The green color on this jadeite appears to float on the surface and has a clear boundary. Field of 
view 5.50 mm. Right: Resin with bubbles fills the space in the contact area. Field of view 16.8 mm. Photomicro- 


graphs by Shufang Nie. 
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Figure 2, The unit as it is set up, with protective cover in place, to test 


pearls for X-ray luminescence. 


tion and to compensate for variation in pearl 
size, the pearls are immersed completely 
rather than half, as was the former practice, 
in carbon tetrachloride. Carbon tetrachloride 
js opaque to the secondary radiation gen- 
erated at the 20 to 40 kilovolt range. In 
addition, although it is transparent to pri- 
mary X-rays of shorter wave length, it 
has approximately the same X-ray absorp- 
tion for the softer rays now being used as 
do the Jess absorbing areas of the natural 
and cultured pearl. Therefore, when using 
soft X-rays, carbon tetrachloride may be 
used to fulfill several requirements. 

It acts as a masking agent to absorb 
secondary radiation; an immersion liquid 
to minimize traces of surface reflection and 
refraction; and provides a means of com- 
pensating for differences in pearl size. Be- 
cause of this exposure charts are no longer 
based on the size of any one pearl in the 
strand but instead on the depth of carbon 
tetrachloride, which is added in sufficient 


quantity to cover the largest pearl. By such 
a method similar detail can be obtained, 
for example, on a ten millimeter and three 
millimeter pearl, when radiographed side 
by side, as could be obtained on either pearl 
individually. 

Such excellent results. are being obtained 
with this equipment that it is common not 
only to obtain exceptionally clear detail of 
the concentric nacreous layers surrounding 
the nucleus of a cultured pearl, but in cases 
where the nucleus itself is so oriented that 
the radiation passes parallel to the layers 
of which it is composed, these show up on 
the microradiograph as pronounced straight 
lines within the surrounding concentric lay- 
ers. Microradiographs showing parallel 
banding of the cultured pearl nuclei have 
been obtained easily on cultured pearls of 
twelve to fourteen millimeters in diameter 
which contain only small nuclei of five to 
six millimeters in diameter. To do this, of 
course, often requires taking several ex- 
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Figure 20. Left: The IR reflection spectrum of the jadeite decorations matches the typical spectrum for jadeite. 
Right: IR transmission spectra of the jadeite body (blue trace) and the green attachment zone (red trace). The blue 
trace is typical for natural jadeite without filling, while the 3058 and 3037 cnr! peaks on the red trace are charac- 
teristic for resin, which was used to attach the colored jadeite plates. 


become common practice and is generally accepted in the 
market, provided it is fully disclosed. The trade and end 
consumer are more concerned about the term “residue,” 
what it means, and how it affects the stone. Many heat- 
treated stones are easy to detect with magnification, and a 
recent case submitted to the Lai Tai-An Gem Laboratory 
involving a broken ruby revealed how heat treatment ap- 
plied to rubies can influence durability. 

The client claimed that the ruby in question (figure 21) 
was broken into two pieces by a goldsmith who only ap- 
plied standard pressure on the claws when setting the stone 
in a piece of jewelry. The ease with which the stone broke 
under these normal conditions caused the jeweler to sub- 
mit the piece for examination. 

The original ruby measured 8.2 x 5.7 x 4.1 mm and 
weighed 2.08 ct, while the two pieces weighed 1.10 ct and 
0.98 ct after the damage. Identical RI readings of 1.762-1.770 


were obtained and an SG of 4.00 was determined on each 
piece. Further observation under long-wave UV light re- 
vealed a weak red reaction, and FTIR and Raman spectra 
were indicative of ruby. The stone’s natural origin was proved 
when extensive twinning, white acicular inclusions, and 
parting planes were observed through a gemological micro- 
scope. Some white flaky glass residues (figure 22) were also 
seen on broken surfaces, and numerous tiny gas bubbles were 
observed within some fractures. Flattened filler was also vis- 
ible within the partially healed fractures (figure 23). When 
analyzed with a Micro-XRF M4 Tornado Bruker spectrome- 
ter, the filling material showed significant silica content. 
DiamondView observations revealed that the residue 
within some fractures was more opaque (figure 24), con- 
firming the existence of glass filler. While the application 
of heat treatment together with glass filler usually improves 
a ruby’s clarity, some fractures may not heal completely. 


Figure 21. Left: The two pieces of a glass-filled ruby were combined to demonstrate its appearance before breaking. 
Center and right: The two pieces that broke during the setting process. Photos by Lai Tai-An Gem Lab. 
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Figure 22. Visible white flaky “residue” seen on bro- 
ken surfaces of the ruby. Photo by Lai Tai-An Gem 
Lab; field of view 4.25 mm. 


Since the starting material is often of low quality, the in- 

dustry and consumers should be alert to the potential risk 

of damaging stones during the mounting process. Careful 
inspection of any stone prior to setting is recommended. 

Larry Tai-An Lai (service@laitaian.com.tw) 

Lai Tai-An Gem Laboratory, Taipei 


CONFERENCE REPORT 

| 
Fabergé Symposium. “The Wonder of Fabergé: A Study of 
The McFerrin Collection” was the title of the Fabergé 
Symposium held at the Houston Museum of Natural Sci- 
ences (HMNS) November 3-4. Comprised of over 600 ob- 
jects (figure 25), the collection of Artie and Dorothy 
McFerrin is the largest privately owned assortment of 
Fabergé objects and Russian decorative art in the United 


ee a 
ane Sate” 


Figure 23. Areas of whitish filler were noted within 
some surface-reaching fractures. Photo by Lai Tai-An 
Gem Lab; field of view 4.8 mm. 
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States. (Worldwide, only the Fabergé Museum in St. Peters- 
burg and Queen Elizabeth II have larger collections.) It has 
now been the focus of two Fabergé symposiums, the first 
in 2013. Photos from the McFerrin Collection were incor- 
porated into all of the talks. 

Researcher Dr. Ulla Tillander-Godenhielm (Helsinki) 
presented “Fabergé in the Light of 20th Century European 
Jewelry,” which covered the years 1881-1915. In 1881, Carl 
Fabergé took over the family business from his father Gus- 
tav and, along with his younger brother Agathon, began 
building their brand. The Fabergé brothers opened shops in 
other cities and became court jewelers to Russia’s imperial 
family, but 1915 marked the end of the successful enter- 
prise. The outbreak of World War I in 1914 increased the 
cost of materials and sent many goldsmiths off to the front 
lines. In 1917, along with the end of the 300-year reign of 


Figure 24. These images show the appearance of the white silica glass filler residue on some fracture surfaces under 
normal lighting conditions (visible light, left) and as opaque dark areas against the bright red ruby reaction in the 
DiamondView (right). Photos by Lai Tai-An Gem Lab. 
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Figure 25. Fabergé’s Kelch Rocaille Egg (1902), featur- 
ing green translucent enamel, diamonds, and yellow 
gold rocaille ornament, is part of the McFerrin Founda- 
tion Collection. Photo by Hank Gillette/CC BY-SA 4.0. 


the Romanovs, the House of Fabergé was closed. Many of 
Fabergé’s workmen and their families emigrated to Finland 
to work for the A. Tillander firm in Helsinki. The speaker 
came to know these individuals as a young girl. 

Dr. Galina Korneva (Russia) spoke on “Imperial Gifts 
Created by Fabergé for the Coronation of Nicholas I: New 
Archival Research.” Dr. Korneva and her sister Tatiana 
Cheboksarova have discovered and reviewed thousands of 
handwritten archival documents. The coronation of 
Nicholas II was celebrated May 6-26, 1896. Fabergé gifts 
from Nicholas II included a yellow and white diamond 
brooch in the shape of a rose given to his wife, Empress 
Alexandra Feodorvona; a brooch and the Lilies of the Valley 
basket for his mother, Dowager Empress Maria Feodorovna; 
18 brooches in the shape of crowns for the Grand Duchesses; 
pectoral crosses for the clergy; plate and salt cellars; and 
bracelets, brooches, pins, snuffboxes, and cigarette cases for 
members of the imperial court and other dignitaries. Fabergé 
marked the occasion a year later with the Imperial Corona- 
tion Egg, which now resides in the Fabergé Museum. 

Art historians Timothy Adams (San Diego, California) 
and Christel Ludewig McCanless (Fabergé Research 
Newsletter, Huntsville, Alabama) discussed “Fabergé 
Smoking Accessories: Materials and Techniques of a New 
Art Form.” With the popularity of smoking in the first half 
of the 19th century and the demand for smoking acces- 
sories, the Fabergé firm had a production line for these 
items. In one studio, ten men made nothing but cigarette 
cases. These items were large, with a tinder cord and a vesta 
compartment that held matches, which were very expen- 
sive. The cigarette case became more streamlined with the 
invention of the cigarette lighter in the late 1800s, making 
the bulky tinder cord and vesta compartment unnecessary. 
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Researcher Mark Moehrke (New York City) lectured on 
“Fabergé Silver-Mounted Art Glass.” These objects are both 
functional and decorative. Neo-classical in style, most of 
them are colorless cut glass, but they were also made from 
hardstones, metals, and ceramics with applied silver bases, 
handles, and stoppers. Included in the discussion were three 
objects from the McFerrin Collection: a Louis Comfort 
Tiffany favrile glass vase with Fabergé silver base, made by 
workmaster Victor Aarne; a Louis Comfort Tiffany favrile 
glass scent bottle with silver stopper, handles set with natu- 
ral pearls, and a silver base; and a rectangular Létz glass lamp 
with silver mounts, including a base of stylized dolphins and 
scrolls to imitate ocean waves, also by Victor Aarne. 

In “Collector Tales,” Artie and Dorothy McFerrin 
(Houston) described how they started accumulating Russ- 
ian decorative arts. Their first purchase turned out to be 
an imposter egg, or “Fauxbergé,” which is on display in the 
museum. They also discussed their favorite pieces and 
took questions from the attendees. 

Dr. Wilfried Zeisler (Hillwood Estate, Museum & Gar- 
dens, Washington, D.C.) presented “From Canvas to Silver: 
Enameled and Repoussé ‘Paintings’ in Russian Jewelry at 
the Turn of the 20th Century.” Dr. Zeisler used examples 
from both the Marjorie Merriweather Post and McFerrin 
collections to illustrate how paintings were reinterpreted 
as art objects. The subject of a painting would find its way 
onto small boxes, caskets, and cigarette cases by way of en- 
graving, enameling, or lithograph. Feodor Riickert, an 
enamel master from Moscow, supplied such items to 
Fabergé from 1886 to 1917. 

Mikhail Ovchinnikov (Fabergé Museum, St. Petersburg) 
discussed “Fabergé’s Renaissance Style Objects in the Con- 
text of 19th Century European Revival Jewelry.” Fabergé 
was inspired by the pieces exhibited at the museums he vis- 
ited on his grand tour of Europe. Objects made using the 
pietra dura method influenced his hardstone figures. Fabergé 
also worked in the Hermitage examining and repairing an- 
cient jewelry, which would influence his later designs. 


Rose Tozer 
GIA, Carlsbad 


ERRATA 


1. In the Fall 2016 Magama and Shigley article on CVD- 
grown synthetic diamonds, the caption for figure 5 (p. 
227) described the 5.19 ct brilliant examined in Septem- 
ber 2016 as a round brilliant. The correct shape is cush- 
ion modified brilliant. 


2. In the Fall 2016 Lab Notes entry on the treated pink type 
Ila diamond colored by red luminescence (pp. 299-301), 
the figure 5 caption misidentified the red and blue traces 
in the UV-Vis-NIR absorption spectra. The red trace ac- 
tually represents the 4.29 ct natural diamond, the blue 
trace represents the 0.48 ct treated CVD synthetic used 
for comparison. 
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Brazil's Enigmatic Diamonds, Cuprian 
Liddicoatite, and Silicon in Corundum 


EDITORIAL 


Welcome to the first Gems & Gemology of 2017! This is an unusually diverse issue, 
combining Brazilian diamonds, cuprian liddicoatite tourmaline, Japanese jadeite, iris 
quartz, synthetic zincite, and a short but important contribution on the fundamental 
role of the element silicon in generating blue color in many fine sapphires. 


In our lead article, authors Darcy Svisero, James Shigley, and Robert Weldon survey 
Brazil's diamond deposits. This region has produced a significant number of large 
rough diamonds. It’s also a source of valuable colored diamonds from predominantly 


alluvial deposits, but today’s dia- “The griginal geologic sources of Brazil’s 


mond production is small and : : : » 
hewtipinal peolopicsciiscesies. 005? valuable diamonds remain elusive... 


main mostly elusive. Although economically viable kimberlite pipes have been discov- 
ered in recent years, the outlook for increased production appears challenging. 


Most researchers assume the bulk of copper-bearing tourmaline on the market today is elbaite, but some is 
undoubtedly another tourmaline species: liddicoatite. Yusuke Katsurada and Ziyin Sun report on the chem- 
istry of copper-bearing liddicoatite tourmaline submitted to GIA’s Tokyo laboratory. Their study shows ele- 
vated gallium and lead content in cuprian liddicoatite, which displays stronger fluorescence under 
long-wave ultraviolet light than cuprian elbaite due to high concentration of rare earth elements. 


In our third paper, John Emmett, Jennifer Stone-Sundberg, Yunbin Guan, and Ziyin Sun discuss the critical 
role of silicon in the color of gem-quality corundum. Although the effect of trace elements such as iron, tita- 
nium, and magnesium within the corundum lattice is well understood, the chemical interaction of these 
trace elements is not widely appreciated. The authors demonstrate that silicon’s presence is vital to the 
process that allows titanium to pair with iron and create blue color in sapphire. To the best of the authors’ 
knowledge, this topic has not been addressed in the gemological literature. 


Our next paper, by Ahmadjan Abduriyim, Kazuko Saruwatari, and Yusuke Katsurada, covers the history 
and characteristics of Japanese jadeite and compares this highly valued gem with jadeite from other sources. 
Their study examines the chemical composition and chromophores of jadeite varieties from the Itoigawa 
and Omi regions of Niigata Prefecture and the Wakasa region of Tottori Prefecture and compares them 
with samples from Myanmar, Guatemala, and Russia. 


Next, Xiayang Lin and Peter Heaney analyze iris quartz crystals from geodes in the Deccan Trap basalts of west- 
central India using scanning and transmission electron microscopy and atomic force microscopy. Their investiga- 
tion reveals that certain crystal faces exhibit etching, which acts as a diffraction grating to produce iridescence. 


Our final paper, by Ji Zhang, Yujie Gao, and Guanghai Shi, provides a gemological characterization of an in- 
triguing industrial by-product: gem-quality synthetic zincite from foundries in Poland. 


Be sure to investigate our three regular sections: Lab Notes documents GIA staff gemologists’ most recent 
findings, Micro-World reveals fascinating gemstone inclusions, and this issue’s Gem News International re- 
ports on the 2017 Tucson gem shows, including an important update on Ethiopian emerald. 


We offer congratulations to the winners of our 2016 Dr. Edward J. Giibelin Most Valuable Article Award 
(p. 109), and thank all of the readers who voted. Don’t forget to take this year’s G&G Challenge (pp. 110- 
111), our annual multiple-choice quiz. Thank you for all your support through 2016! 


Ott 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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NMOS ARTICLES 


BRAZILIAN DIAMONDS: 
A HISTORICAL AND RECENT PERSPECTIVE 


Darcy P. Svisero, James E. Shigley, and Robert Weldon 


Brazil, which commanded global production in the 1700s and early 1800s, has remained a continuous 
source of diamonds for three centuries. Even though the country represented less than 1% of world pro- 
duction in 2015, a number of large famous diamonds, as well as fancy-color diamonds, have originated 
there. The sources are primarily alluvial, with diamonds transported by and deposited along a multitude 
of rivers. The diamonds are found mainly by independent miners (garimpeiros) in riverbeds, in uncon- 
solidated sediments, and in compacted sedimentary conglomerates. After a century of exploration for 
the primary sources, some economically viable kimberlite pipes have been discovered in recent years, 
with one occurrence now being developed for mining. This article traces the country’s fascinating dia- 
mond history before focusing on the geologic setting of the diamond occurrences, as well as the chal- 
lenges and future outlook for production. The locations of the secondary deposits, principally in the 
states of Minas Gerais and Mato Grosso, are presented. 


hile Brazil is widely known for the produc- 
Wi of colored gemstones, it is often not 

recognized as a source of gem diamonds 
(figure 1). Yet diamonds were discovered in the early 
1700s by artisanal miners looking for gold along the 
banks of the Jequitinhonha River near the village of 
Arraial do Tijuco (later named Diamantina) in the 
state of Minas Gerais (Calégeras, 1904; Leonardos, 
1959; Barbosa, 1991; Cornejo and Bartorelli, 2010). 
For the next 150 years, Minas Gerais was the world’s 
major supplier of gem diamonds. Beginning in the 
early 1840s, unusual polycrystalline black diamonds 
(or carbonados) were also recovered, mainly from the 
state of Bahia (Karfunkel et al., 1994). 

As Africa emerged as the major diamond source 
in the 1870s, Brazilian mining decreased dramati- 
cally within a decade, principally because of the low 
grade of the alluvial deposits. According to Kimber- 
ley Process statistics, Brazil produced 31,825 carats 
in 2015, although this figure is likely a low estimate 
considering the lack of accurate reporting there. De- 
spite its low output relative to other sources, Brazil 


See end of article for About the Authors and Acknowledgments. 
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has produced a significant number of large rough di- 
amonds (Svisero, 1995; Hoover and Karfunkel, 2009; 
also see table 1). The geologic explanation for this 
abundance of large crystals is not yet clear. Highly 
valued colored diamonds are also found, including 
yellows and occasionally greens, pinks, and reds. 


In Brief 


For approximately 150 years between the early 1700s 
to the 1870s, Brazil was the world’s most productive 
diamond source. 


Although it accounts for less than 1% of global produc- 
tion today, Brazil has yielded a number of large dia- 
monds as well as fancy-color and superdeep diamonds 
and carbonado. 


Due to the absence of obvious primary sources, the ge- 
ologic origin of these diamonds remains elusive. 


Production is expected to increase significantly with 
large-scale kimberlite mining in Bahia State. 


In most countries, diamonds are usually recovered 
from primary kimberlite pipes of volcanic origin. 
Brazilian diamonds, however, occur in secondary de- 
posits over large watersheds or sedimentary rock for- 
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mations. The diamonds are recovered by artisanal 
miners called garimpeiros, using simple tools and op- 
erating individually or in small groups. The diamonds 
are found as loose crystals obtained either by panning 
or dredging in the rivers, or by washing and/or break- 
ing down the sediments that contain them (figure 2). 
Kimberlite bodies have been found in Brazil, but only 
one in Bahia is now being mined. Despite extensive 
exploration, none of the known kimberlites seems to 
account for Brazil’s abundance of alluvial diamonds. 
The long history of diamond production in the coun- 
try, combined with the absence of obvious primary 
sources, has led to various theories on the geologic 
origin of these diamonds (see Chaves et al., 2001). 
This article will review the history of diamonds in 
Brazil, the locations and geologic settings of the prin- 
cipal diamond deposits, and the mining methods used 
to recover them. 


BRAZILIAN DIAMONDS 


Figure 1. The Portuguese 
Placa dos Trés Militares, 
or Badge of the Three 
Military Orders, was 
made in 1789, and is 
now part of the crown 
jewelry collection of the 
Ajuda National Palace 
in Lisbon. The badge 
consists of Brazilian dia- 
monds as well as emer- 
alds and rubies, and it is 
designed in a way to 
conceal the metal 
mounting and empha- 
size the gems. Photo by 
Manuel Silveira Ramos, 
courtesy of the Ajuda 
National Palace. 


BACKGROUND 

The first European explorers to reach the New World 
in the late 1400s were focused on finding spices and 
gold rather than diamonds. The Italian explorer and 
navigator Christopher Columbus set sail under the 
Spanish flag in 1492 in search of a more direct route 
to the “Indies,” the region of the Indian subcontinent 
and eastern Africa that was rich in spices, gemstones, 
pearls, and gold (Fernandez-Armesto, 2009). After a 
five-week westward voyage, Columbus discovered an 
island in the Caribbean and called it San Salvador. Por- 
tugal and Spain, the global powers of the day, under- 
stood that to avoid future confrontation, they had to 
subdivide the recently discovered lands in the New 
World. The Treaty of Tordesilhas, drawn up by Pope 
Alexander VI and signed by the two empires in 1494, 
drew a meridian that would effectively divide South 
America (which had yet to be discovered by Euro- 
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peans} from north to south (figure 3). Spain would re- 
ceive the lands west of the meridian, including mod- 
ern-day Venezuela, Colombia, Ecuador, and Peru, 
while Portugal gained the eastern side. On his third 
trip to the New World in 1498, Columbus discovered 
the mouth of the Orinoco River in what is today 
Venezuela. Here was the key to reaching a vast conti- 
nental interior concealed in the jungles behind the At- 
lantic coastline. 

To open a new trade route to India that did not re- 
quire passing through the Mediterranean, Portuguese 


Figure 2. This selection 
of diamonds recovered 
from the Abaeté River 
in Minas Gerais, weigh- 
ing a total of 77.82 
carats, is typical of the 
material being found 
today in Brazil’s allu- 
vial deposits. Photo by 
Robert Weldon/GIA, 
courtesy of Giovani de 
Deus Borges. 


nobleman Pedro Alvares Cabral was dispatched in 
early 1500 with a fleet of ships. His mission was to 
reach India by traveling south around the tip of 
Africa. His fleet landed instead on the coast of Brazil, 
which he claimed for Portugal on April 22 of that 
year. The voyages of Amerigo Vespucci, the Floren- 
tine navigator after whom the continent is named, 
took place around the same time. As he sailed south 
along the Brazilian coast, Vespucci realized that the 
continent was much larger than previously recog- 
nized. These expeditions were the first to bring back 


Figure 3. The 1494 Treaty of Tordesilhas effectively divided the South America continent between Portugal and 
Spain. The Cantino planisphere map, produced around 1502, shows the north-south Tordesilhas meridian line 
passing through South America, whose sekeiad was still largely unknown. Courtesy of Biblioteca Estense. 


a aes 


4 BRAZILIAN DIAMONDS 


ee 


SPRING 2017 


Gems & GEMOLOGY 


posures of the pearl—each at a different 
orientation. Provisions have been made to 
do. this quickly on one film by using four 
lead plates that fit in the immersion cell. 
By removing and then replacing a plate, 
after exposure, microradiographs may be 
taken from four different otientations with 
the only time involved being just that te- 
quired for the total of the four exposures. 
These four positions invariably provide at 
least one picture revealing the parallel 
structure of the mother-of-pearl core. When 
testing loose pearls a special separator, 
which fits into bottom of the immersion 
cell, is used. This consists of crossed nylon 
thread similar in appearance to a tennis 
racket. In addition, the tray is so designed 
that the film may be extracted for develop- 
ing without moving the immersion cell. The 
combination of these two factors readily 
prevents mixing of loose pearls before they 
can be correlated with the microradiograph. 

The normal target to film distance used 
with X-ray radiation developed at 35 KV 
ranges from eight to ten inches. Theoreti- 
cally, the greater the distance the more 
parallel will be the X-rays striking the ob- 
ject, a desirable factor in securing fine 


detail. However, because of the relatively 
high absorption by air of the very soft X- 
radiation used in microradiography, the X- 
tay intensity will decrease with distance 
more tapidly than calculations, based on 
the reverse square law, would indicate. It 
has been found, for example, that if the 
film to target distance is increased to 
eighteen inches the soft radiation (35 KV) 
becomes so weak that it will hardly pene- 
trate ten millimeters of carbon tetrachloride. 

Of course, good parallel radiation can 
also be obtained for very short target-to- 
film distances by use of a lead glass cone 
over the tube window. This permits the use 
of even softer X-rays than are now being 
used, but such a system must of necessity 
be confined to single pearls. Actually the 
need for increased detail above what is now 
being obtained has not yet been apparent. 

The design of the present equipment, 
however, is such that the extreme tange of 
usable radiation, the range of target dis- 
tances, the permissible long operating periods 
as well as instrument accessories provide 
complete coverage for any type or size of 
pearl that could likely be encountered in 
the future. 


Figure 3. X-ray unit with X-ray head reversed for microradiography. 
Miscellaneous accessories are kept on the backboard at the right of the 
instrument. 


shipments to Portugal of pau brasil (Brazilwood), a 
tree sought after not only for timber but for a desir- 
able red dye (Reid, 2014). Over the next two cen- 
turies, more European adventurers came to South 
America, most of them seeking riches in the form of 
gold, silver, and emeralds. 

Between 1534 and 1536, King John III of Portugal 
divided the coastal regions of Brazil into 15 captaincy 
colonies to encourage development; these areas were 
given to Portuguese noblemen to administer and ex- 
plore. Within a few years, most of these captaincies 
failed for a number of reasons. With this setback as 
well as the presence of French ships along the coast, 
the Portuguese crown decided to turn Brazil into a 
royal enterprise in 1549. Several successive gover- 
nors-general were appointed to administer the 
colony, which was divided in 1621 into the states of 
Maranhao (in the north) and Brazil (in the south). 

The exploration of Brazil’s vast interior was left 
to Portuguese adventurers, known as bandeirantes 
(flag bearers), who claimed territories for Portugal 
and the Catholic Church. While Spanish conquests 
in the New World met resistance from powerful em- 
pires—the Aztecs in Mexico and the Incas in Peru— 
the Portuguese were confronted with numerous 
small native tribes and a forbidding interior. 

Exploration and conquest on both sides of the 
Tordesilhas meridian would soon rewrite the gemo- 
logical texts of the time. For example, Spanish ex- 
ploitation of emeralds in the territory of New 
Granada (modern-day Colombia) would vastly 
change the world’s understanding and appreciation 
for the gem, particularly in Europe (Weldon and 
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Figure 4. Ouro Preto, 
once the settlement of 
Vila Rica in Minas 
Gerais, was the site of 
Brazil’s first significant 
gold discovery, in 
1695. This attracted 
explorers and fortune- 
seekers to Brazil. Over 
the next three cen- 
turies diamonds and 
other gem minerals 
were found throughout 
the region. Photo by 
Robert Weldon/GIA. 


Jonathan, 2013). Brazil would emerge as a major 
source for dozens of colorful gem species. It would 
also become, for a period, the world’s most prolific 
source of diamonds (Cornejo and Bartorelli, 2010). 


PORTUGUESE EXPLORERS 

Much of the early exploration and colonization of 
Brazil was undertaken by the bandeirantes. The ban- 
deiras, funded by the crown and the Catholic 
Church, were large quasi-military expeditions com- 
prised of hundreds of free men and slaves who ven- 
tured into the interior, capturing and enslaving 
indigenous groups they encountered (de Galvao 
Bueno, 1922). Along with a Jesuit priest, explorer 
Francisco Bruzo Espinoza mounted the first bandeira 
in 1554, in search of emerald. It was a short-lived and 
fruitless expedition. Successive expeditions also 
failed, though in 1572 Sebastiao Fernandes Tourinho 
found green and blue gems (likely tourmaline) along 
the tributaries of the Jequitinhonha and Doce Rivers 
in what is now Minas Gerais. The success of Tour- 
inho’s discoveries attracted more adventurers 
(Draper, 1950a). 

In 1695, at Rio das Velhas, Manuel Borba Gato fi- 
nally discovered gold, triggering a rush that would 
lead to the settlement of Vila Rica (later Ouro Preto) 
in 1698 (figure 4). The town played a leading role in 
Brazilian history for the next two centuries as the 
capital of Minas Gerais from 1720 to 1897 (Dodge, 
1922). Settlements at Mariana, Sao Bento, Serro Frio, 
and Arraial do Tijuco soon followed the gold discov- 
eries in those areas of Minas Gerais, and dozens more 
sprang up in Brazil’s interior. The north-south road 


Gems & GEMOLOGY SPRING 2017 5 


TABLE 1. The largest rough diamond and carbonado discoveries in Brazil.* 


Name Weight? (ct) Year Location® 

Diamond 

Presidente Vargas 726.6 1938 Santo Antonio do Bonito River, MG 
Unnamed 657 1936 Santo Inacio River, MG 

Unnamed 630 1938 Santo Inacio River, MG 

Santo Antonio 602 1994 Santo Antonio do Bonito River, MG 
Goias 600 (?) 1906 Verissimo River, GO 

Darcy Vargas 460 1939 Santo Antonio do Bonito River, MG 
Charneca | 428 1940 Santo Inacio River, MG 

Presidente Dutra 407.7 1949 Dourados River, MG 

Coromandel VI 400.6 1940 Santo Inacio River, MG 

Diario de Minas 375.1 1941 Santo Antonio do Bonito River, MG 
Vitoria | 375 1945 Abaeté River, MG 

Tiros | 354 1940 Abaeteé River, MG 

Bonito | 346 1948 Santo Antonio do Bonito River, MG 
Vitoria Il 328.3 1943 Abaeteé River, MG 

Unnamed 328 Unknown Santo Antonio do Bonito River, MG 
Patos 324 1937 Sao Bento River, MG 

Unnamed 309 Unknown Santo Antonio do Bonito River, MG 
Star of the South 261.4 1853 Bagagem River, MG 

Cruzeiro 261 1942 Santo Antonio do Bonito River, MG 
Carmo do Paranaiba 245 1937 Bebedouro River, MG 

Abaeté 238 1926 Abaeteé River, MG 

Coromandel III 228 1936 Santo Inacio River, MG 

Mato Grosso 227 1963 MT 

Regente de Portugal 215 1732 Abaeteé River, MG 

Joao Neto de Campos 201 1947 Paranaiba River, GO 

Tiros Il 198 1935 Abaeté River, MG 

Cedro do Abaeté 194 1967 Abaeté River, MG 

Tiros Ill 182 1935 Abaeté River, MG 

Coromandel IV 180 1934 Santo Inacio River, MG 

Estrela de Minas 179.4 1910 Dourados River, MG 

Rio Preto 177 1972 Preto River, MG 

Brasilia 176.2 1944 Preto River, MG 

Juscelino Kubitschek 174.5 1954 Bagagem River, MG 

Tiros IV 173 1938 Abaeteé River, MG 

Minas Gerais 172.5 1937 Santo Antonio do Bonito River, MG 
Princesa do Carmo de Paranaiba 165 1986 Sao Bento River, MG 

Abaeté 161.5 1791 Abaeté River, MG 

Portuguese 150 1790 Abaeteé River, MG 

Unnamed 147 1970 Abaeteé River, MG 

Coromandel V 141 1935 Santo Inacio River, MG 

Nova Estrela do Sul 140 1937 Abaeteé River, MG 

Minas Vermelhas 140 1960 Santo Antonio do Bonito River, MG 
Unnamed 139.5 1797 Abaeteé River, MG 

Charneca III 132 1972 Santo Antonio do Bonito River, MG 
Great Brazilian 130 1791 Abaeté River, MG 

Dresden Branco 122.5 1857 Bagagem River, MG 

Cruzeiro do Sul 118 1929 Bagagem River, MG 

Vargem | 110 1940 Santo Inacio River, MG 

Jalmeida 109.5 1924 Tesouro, MT 

Governador Valadares 108.3 1940 Bagagem River, MG 
Independéncia 107 1941 Tejuco River, MG 

Vargem II 105 1942 Santo Inacio River, MG 

Abadia dos Dourados 104 1940 Dourados River, MG 

Empress Eugénie >100 1760 Chapada Diamantina, BA 
Carbonado 

Sergio 3,167 1905 Lengois, BA 

Casco de Burro 2,000 1906 Lengois, BA 

Xique-Xique 931.6 Unknown Andarai, BA 

Abaeté 827.5 1935 Abaete River, MG 

Bahia 350 1851 BA 

Santa Ana 319.5 1960 Rosario do Oeste, MT 

Pau de Oleo 113 1932 Andaraf, BA 


aSources: Moreira (1955), Abreu (1973), Svisero (1995), and Hoover and Karfunkel (2009) 
’Carat weights are rounded to the nearest 0.1 ct 
“Abbreviations: BA = Bahia, GO = Goias, MG = Minas Gerais, MT = Mato Grosso 
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Figure 5. The Estrada Real, or “royal highway,” was 
the principal 18th century route to transport goods 
from Minas Gerais to the ports of Parati and Rio de 
Janeiro, a distance of several hundred miles, for 
shipment to Europe. 


system in Minas Gerais, known as the Estrada Real 
or “royal highway,” begun in 1697, was built to pro- 
mote trade, economic development, and communi- 
cation. Minerals, wood, and other natural resources 
were transported along the road from the interior to 
the coast for shipment to Lisbon (figure 5). Manufac- 
tured goods from Portugal were also carried inland. 
The road was strictly regulated by the crown to pre- 
vent smuggling and unauthorized movement of 
goods. It was also the only official route for traveling 
inland (Cheney, 2005). 

As Brazil’s population grew from European settle- 
ment, larger farms were required to grow crops, and 
indigenous tribes were used as a source of slave labor. 
Slaves were also imported from Portugal’s African 
colonies to work the farms. The combination of slave 
labor and the colony’s immense wealth of minerals 
and wood provided Portugal with unique imports for 
the European market (Reid, 2014). 


EARLY REPORTS ON BRAZILIAN DIAMONDS 

Early indications of Brazil’s diamond potential were 
sporadic, but there is evidence that crystals were 
found in Bahia within a century of Columbus’s dis- 
covery of the New World. In one of the earliest de- 
scriptions, historian Pero de Magalhaes Gandavo 
(1576) mentioned the existence of “certain mines of 
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white stones such as diamonds.” In another account, 
Gabriel Soares de Sousa (1587) noted that fine, eight- 
sided crystals—possibly diamond—had been found 
during the dry winter months along certain rivers. 

English adventurer Anthony Knivet, who was 
captured and later escaped during a raid of Por- 
tuguese settlements in southern Brazil led by the 
English privateer Thomas Cavendish, described see- 
ing what he believed to be diamond crystals while 
living among the natives in the late 1590s (Lessa de 
Sa, 2015). This would have been another of the earli- 
est accounts of Brazilian diamonds, though no details 
were provided and the crystals could have been other 
gems such as quartz. 

In 1695, gold was discovered in the mountainous 
region near Ouro Preto (Southey, 1819), and over the 
following decade thousands of miners flocked from 
the coast to the interior in search of the precious 
metal (Machado and Figueir6éa, 2001). Near the vil- 
lage of Arraial do Tijuco in the northern part of 
Minas Gerais, unusually bright transparent crystals 
kept showing up in the panned river gravels in the 
early 1700s. In some cases, the miners disregarded 
them. Dos Santos (1868) recalled that men some- 
times used these crystals as small markers in card 
games. A similar account says that in 1721 a gold 
miner secured several of these markers, which were 
later recognized as diamonds by someone who had 
traveled in the Golconda region of India (Oakenfull, 
1919; see also Cornejo and Bartorelli, 2010). 

The discovery of Brazilian diamonds is supported 
by the account of the Dutch explorer Jacob Roggeven 
(or Roggewein). As reported in Kerr (1824), 
Roggeven’s three ships anchored off the coast near 
Sao Paulo for a short time in November 1721 before 
resuming their voyage to the Pacific Ocean. Several 
crewmembers deserted to go to the diamond mining 
area: 


A little time before the arrival of Roggewein, the Por- 
tuguese had discovered a diamond mine not far from St 
Sebastian [a coastal village near Sao Paulo], of which at 
that time they were not in full possession, but were 
meditating an expedition against the Indians, in order 
to become sole masters of so valuable a prize; and with 
this view they invited the Dutch to join them, promis- 
ing them a share in the riches in the event of success. 
By these means, nine of our soldiers were tempted to 
desert. I know not the success of this expedition; but it 
is probable that it succeeded, as great quantities of dia- 
monds have since been imported from Brazil into Eu- 
rope. They are said to be found on the tops of 
mountains among a peculiar red earth containing a 
great deal of gold; and, being washed down by the great 
rains and torrents into the vallies, are there gathered. 
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Eventually, reports of diamonds in Minas Gerais 
began to reach Europe. Accounts from the colonial 
governor came to the attention of both King John V 
and the Catholic Church in Portugal, and the discov- 
ery was officially announced in 1729 (Ball, 1929). As 
Lisbon’s economic clout in Europe had waned some- 
what, this was welcome news. In Minas Gerais, there 
was a diamond rush in the many rivers and streams 
around Arraial do Tijuco. Portugal moved aggres- 
sively to control the area, restricting gold and dia- 
mond mining and imposing high taxes. Despite 
efforts by the crown, clandestine mining and dia- 
mond smuggling increased. Draper (1950b) noted: 


The diamonds played a prominent part in shaping the 
destiny of Portugal. Wealth derived from its diamonds 
not only helped place that country at the zenith of its 
glory but also contributed, at a later stage, to its release 
from the French occupation by paying part of the in- 
demnity exacted by France during the Napoleonic wars 
(1807-1814). 


The occurrence of alluvial diamonds around Ar- 
raial do Tijuco was reported in the scientific litera- 
ture by de Castro Sarmento (1731). Over time, 
Arraial do Tijuco became the town of Diamantina 
(figure 6), the diamond trading center during Brazil’s 
tenure as the world’s leading exporter. To properly 
dredge, reroute, and mine the rivers around Diaman- 
tina required hard manual labor. This need coincided 
with the growth of the sugarcane business in Brazil’s 
northeast, and slaves were imported from modern- 
day Angola, Congo, and Mozambique to fill the 
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Figure 6. The village of 
Arraial do Tijuco in 
Minas Gerais became 
famous for Brazil’s first 
alluvial diamond dis- 
coveries in the early 
1700s. As the settlement 
grew into a colonial city, 
it became known as 
Diamantina. Photo by 
Robert Weldon/GIA. 


needs of both industries. Much like Ouro Preto, Dia- 
mantina grew into a rich and picturesque city in the 
18th and 19th centuries. 

Oakenfull (1919) reported that between 1732 and 
1771, “at least 1,666,500 carats of diamonds were ex- 
ported to Europe.” That figure represents an average 
of about 42,000 carats per year. While miniscule by 
today’s standards, it placed Brazil squarely as the 
world’s top diamond producer at the time, eclipsing 
India’s Golconda region. The glut of Brazilian dia- 
monds pouring into Europe caused for a time a steep 
decline in prices. Consequently, there were efforts to 
protect the value of the Indian diamonds on the mar- 
ket by disparaging the quality of Brazilian diamonds 
(Cassedanne, 1989). Oversupply was put to an end in 
1739 when Portugal stepped in to monopolize the 
Brazilian mines, but by then the Golconda mines had 
stopped producing. An arrangement with financiers 
in Amsterdam ensured a steady supply of Brazilian 
rough for the city’s diamond cutters. And despite Por- 
tuguese oversight, smuggled Brazilian diamonds also 
found their way to London, another major center for 
rough diamonds and jewelry production (Hofmeester, 
2013a). For more on the early cutting styles for Brazil- 
ian diamonds, see figure 7 and box A. 

During this period, additional alluvial sources 
were discovered. Diamonds were found in the Mato 
Grosso region in 1746, and subsequently in other 
rivers in Minas Gerais. The Jequitinhonha River near 
Diamantina and the surrounding area yielded im- 
pressive quantities of alluvial diamonds as well (fig- 
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ure 8), including treasure troves in “potholes” or 
traps in the river bedrock. But the primary source of 
diamonds in Minas Gerais—actual diamondiferous 
kimberlites—remains elusive. As Sinkankas (1977) 
noted: 


The original host rocks of the diamond crystals remain 
unknown despite much past speculation, “proof” of 
host rock sources by some authorities, and modern in- 
tensive geologic exploration of the regions presently 
yielding diamonds. Brazilian diamonds are found in a 
sort of matrix to be sure, this being a conglomerate of 
well-rounded pebbles cemented together with sand and 
iron oxides. 


In 1733, Portuguese authorities began granting 
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Figure 7. This star 
motif necklace with 
“Old Mine” cut Brazil- 
ian diamonds was 
made in 1865. Photo by 
Luisa Oliveira, cour- 
tesy of Ajuda National 
Palace. 


royal licenses to individuals to work portions of the 
diamond deposits. Guarded mule trains transported 
the diamonds along the Estrada Real to Parati and 
Rio de Janeiro (“Diamond carriers,” 1842). This li- 
censing system eventually broke down, as bands of 
runaway slaves and garimpeiros clandestinely 
worked the areas or stole the recovered diamonds. In 
1772, the government abandoned this system and 
took full control of the workings around Diamantina 
(von Spix and von Martius, 1824). 

The English mineralogist John Mawe is proba- 
bly the most celebrated European traveler to 
Brazil’s interior, having been the first foreigner to 
reach the diamond mines. In 1809 he received ap- 
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Box A: THE EVOLUTION OF THE OLD MINE CUT 


Demand for diamonds and experimentation with cutting 
styles dovetailed with Brazilian diamond discoveries in 
the 1700s. This convergence of marketing and manufac- 
turing led to the rapid growth of diamond mining in 
Brazil. As diamonds suddenly became available to a 
larger audience, cutters in Amsterdam and London em- 
barked on a new cutting style that became the precursor 
to the modern brilliant cut. 


Demand. Jewelry historian Marcia Pointon (1999) wrote 
that by the late 1600s, diamond adornment was one of 
the “publically recognized criteria for gauging social suc- 
cess...” Louis XIV’s thirst for diamonds best illustrated 
this trend among Europe’s wealthy classes: “While also 
influencing concepts of taste, the demand of the King 
himself was hugely significant... in 1669, Louis had pur- 
chased an unprecedented 1.5 million livres worth of dia- 
monds (about US$21.45 million), including 900,000 
livres worth from gem merchant Jean-Baptiste Tavernier; 
all of course were Indian diamonds” (McCabe, 2008). In 
1691, an inventory of the king’s collection showed it was 
composed almost exclusively of diamonds cut in the 
brilliant style (Tillander, 1995). By 1715, just prior to his 
death, the king displayed a collection of cut diamonds 
worth 12 million livres, or more than US$170 million 
today (DeJean, 2005). 


Global Trade. While diamond rough from India had been 
sporadic by the early 1700s, the new finds in Brazil stim- 
ulated the global diamond trading network (Inveness, 
2014). Within the country, the Portuguese crown author- 
ized “exploiters,” who oversaw individual miners, to 
work the deposits in Minas Gerais. In turn, these indi- 
viduals paid the Portuguese treasury with a tax per miner 
in their employ (Hofmeester, 2013b). The arrangement 
worked well. Diamond supplies increased fivefold in Eu- 
rope, followed by a 50% drop in prices (Lenzen, 1970; 
Yogev, 1978). The Brazilian production triggered a re- 
structuring of the global diamond supply chain, as lower 
prices only served to compound the demand. More peo- 
ple could afford them, thereby stoking a continued ex- 
ploration within the country. Furthermore, the 
increasing market stirred a growth in the European dia- 
mond cutting industry. 


Cutting Styles. Increased supplies of rough diamonds 
also allowed for experimentation in cutting styles by 
French cutters (figure A-1). The brilliant cut, introduced 
around 1660-1670 in France, was also associated with 
London by the mid-1700s (Tillander, 1995). 


proval and funding from the Portuguese crown for 
his visit. His descriptions of the diamond region are 
still some of the most detailed. A vivid portrayal of 
the washing plants and the diamond discovery 
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Figure A-1. Illustrations of the diamond faceting 
arrangements known in France by the mid-1700s. 
These were compiled by Denis Diderot, chief editor 
from 1745 to 1772 of the 28-volume Encyclopédie, ou 
Dictionnaire Raisonné des Sciences, des Arts et des 
Métiers, one of the principal works of the Enlighten- 
ment. This page is taken from his 1771 volume enti- 
tled Recuiel de Plances, sur Les Sciences, Les Arts 
Liberauz, et Les Arts Mechaniques (p. 732). 


Soon after the Brazilian discoveries, the most promi- 
nent cutting styles in Europe were the brilliant and, for 
smaller stones, the rose cut (Jeffries, 1750). Originally the 
“brilliant” cut represented an arrangement of 58 facets, 
typically cut in a cushion or somewhat squarish shape 
following the outline of the most common type of rough, 
the octahedron. The brilliant was also cut in round, oval, 
and pear shapes, as seen in figure A-2. 

The brilliant style of cutting, favored by Louis XIV in 
the late 1600s, was suddenly available to many. The re- 


methods emerges in his 1812 account, Travels in 
the Interior of Brazil: 


A shed is erected in the form of a parallelogram...con- 
sisting of upright posts which support a roof thatched 
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sult was that diamonds cut in this style glittered in the 
candlelit ballrooms of the 1700s. 


Rise of the Mine Cut. India and Brazil were the classic 
sources for high-color diamonds in the 1700s and most 
of the 1800s. In comparing the sources, gem expert 
Edwin Streeter extolled the virtues of Brazilian stones. 
“A fair portion of the South-African stones are diamonds 
of the first-water [i.e, best clarity and colorless], rivalling 
in beauty and purity the finest Brazilian and Indian 
Stones” (Streeter, 1882). 

In 1891, one diamond manufacturer wrote: “Many di- 
amond dealers sell African diamonds at an enhanced price 
to the uninitiated public as ‘old mine stones,’ presumably 
referring to diamonds from the ‘old mines’ of Brazil or 
India... Great variations in color and purity of course 
exist, but it is not fair to assume that all the best come 
from Brazil or India” (Stonestreet, 1891). Although India 
is included in this definition, it does not refer to diamonds 
cut in India; rather, it only pertains to Indian diamonds 
fashioned in Europe using the brilliant cutting style. 

Not all of Brazil’s diamonds were “of the first-water,” 
however. Streeter (1882) did make a distinction between 
Brazil’s various sources. “The Diamonds of Brazil are 
known in commerce as (1) Diamantina diamonds, and 
(2) Cincora [sometimes spelled Sincora] diamonds,” he 
wrote. “The latter are of less value than the former, be- 
cause they are not of such pure water, nor of so good a 
shape. In Matto-Grosso, the diamonds are small, but of 
purest water, and in their rough state have a peculiar lus- 
tre, which is seen in none other than Brazilian dia- 
monds” (Streeter, 1882). He also noted that diamonds 
from Bahia were of lesser quality. 

By the early 1900s, the “Old Mine” designation had 
evolved to refer to aspects of the cut as high-color quality 
also became associated with diamonds from the mines 
in South Africa: 


Specifically, Brazil diamonds from the old diggings (prob- 
ably the Diamantina area); as generally used, old-cut dia- 
monds of good color.... This quality of color was 
long-termed ‘Old Mine,’ from Brazil... Since the opening 
of the African mines, a new name has been given to ma- 
terial of this character. A mine called Jagersfontein 
yielded many bluish-tinted diamonds, and it soon became 
customary in trade circles to call everything of that grade 
‘Jagers’ (pronounced Yahgers). (Cattelle, 1903) 


Thus, the appearance of African high-quality dia- 
monds began to shift the definition of “Old Mine.” Cat- 


with long grass. Down the middle of the area of this 
shed a current of water is conveyed through a canal 
covered with strong planks, on which the cascalhdo [a 
Portuguese term for gravel] is laid two or three feet 
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Figure A-2. The most common outlines for “brilliant 
cut” diamonds, as illustrated in A Treatise on Dia- 
monds and Pearls by David Jeffries in 1750. Note that 
all have 58 facets in a similar layout, and the only 
differences are their outlines. 


telle (1903) wrote,“This is now the trade term for blue 
goods, the name ‘Old Mine’ being confined to the old 
cut stones of that quality [referred to in the early 1900s 
as blue-white] which occasionally drift back into the 
market from private hands” (Cattelle, 1903). More re- 
cently, diamond historian Herbert Tillander (1995) indi- 
cated that “Old Mine or Old Miner...were introduced 
at the end of the last century to describe the type of cut 
applied to most Brazilian rough.” He later noted that 
this term is a “popular but inaccurate term for the cush- 
ion-shaped brilliant, which dates back to the seven- 
teenth century.” He pointed out that “Old Mine,” once 
the epitome of cutting style, came to be viewed with 
disdain. It was seen as a less desirable cut, referring sim- 
ply to an old style of shape outline (squarish) and cutting 
style, with steeper pavilions and crowns, shorter half 
facets, and large culets. This cut was replaced with a 
more light-efficient shape and style of cutting known as 
the round brilliant. 

Today, nostalgia for historic diamonds and that style 
of cut has shed a kinder light on the so-called Old Mine 
cut. Such gems, when they are found, are often viewed 
as collectors’ items (figure 8). Because Old Mine cuts 
have enjoyed such a storied history, some contemporary 
jewelry designers continue to use them successfully in 
their creative expressions. Out of strong demand for this 
vintage look, several companies now deliberately cut 
Old Mine faceted diamonds, but with thicker girdles 
than in their heyday. 
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thick. On the other side of the area is a flooring of 
[sloped] planks... The flooring is divided into about 
twenty compartments or troughs...by means of planks 
placed on their edge. The upper ends of these troughs 
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communicate with the channel, and are so formed that 
water is admitted into them...The negroes enter the 
troughs, each provided with a rake...with which he 
rakes into the trough...[the] cascalhao. The water being 
let in upon it, the cascalhdo is spread abroad and con- 
tinually raked up to the head of the trough, so as to be 
kept in constant motion. [After the finer sediment is 
removed], the gravel-like matter is raked up to the end 
of the trough, and...then the whole is examined with 
great care for diamonds. When a negro finds one, he im- 
mediately stands upright and claps his hands, then ex- 
tends them, holding the gem between his fore-finger 
and thumb; an overseer receives it from him, and de- 
posits it in a gamella or bowl...In this vessel all the di- 
amonds found in the course of the day are placed, and 
at the close of work are taken out and delivered to the 
principal officer, who, after they have been weighed, 
registers the particulars in a book kept for that purpose. 


Mawe’s successful journey prompted other Euro- 
pean explorers to follow in his footsteps. His account, 
and the illustrations in his book by noted mineralo- 
gist James Sowerby, inspired many European scien- 
tists from a variety of disciplines to explore Brazil. 
Swiss botanist Auguste de Saint-Hilaire, who trav- 
eled there in 1817, described Diamantina as a “valley 
of diamonds” (de Saint-Hilaire, 1833). He also 
painted a dismal image of the conditions for both the 
garimpeiros and slaves around Diamantina. The 
slaves received little food or rest, and their panning 
and sorting of diamonds was subject to strict punish- 
ment. The only reprieve was good luck: 

From this wretched mode of life a fortunate accident 

sometimes frees a slave. When he happens to find a dia- 

mond weighing an octavo, or 17 % carats... his value is 


ascertained by the administration, the price is paid to his 
owner, he is dressed, and set at liberty. (Mawe, 1812) 
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Figure 8. Crystals such 
as this group from the 
Jequitinhonha River 
were once used as 
markers in card games, 
as they were not recog- 
nized as diamonds. 
Photo by Robert Wel- 
don/GIA, courtesy of 
Gar Mineracao. 


German nobleman Baron Wilhelm Ludwig von 
Eschwege fought alongside the Portuguese during the 
Napoleonic Wars, and for his service he was granted 
access to Minas Gerais as a consultant for the gov- 
ernment. In 1811, he settled in Ouro Preto to lend 
his qualifications there as a mining engineer. Having 
traveled throughout Minas Gerais over the course of 
a decade, he was instrumental in not only document- 
ing existing techniques used for diamond and gold 
mining, but also offering recommendations for the 
use of more modern procedures (von Eschwege, 
1833). 

Richard Francis Burton, an English explorer, was 
noted for his travel in sub-Saharan Africa in search 
of the origins of the Nile River as well as other ex- 
ploits in the 1850s. In 1865, he was given a diplo- 
matic post in Brazil by the British government. An 
1867 expedition in the Brazilian highlands took 
him to Diamantina and the Sao Francisco River. 
His account of reaching the city, and his descrip- 
tion of the diamond mining region, are well chron- 
icled in his 1869 book, Explorations of the 
Highlands of Brazil. 

When Brazil gained independence in 1822, Por- 
tuguese control of diamond mining ceased in Minas 
Gerais. It was replaced with a system of free exploita- 
tion except along the Jequitinhonha River Valley, 
which remained under some government control 
until 1845. By the 1880s, production had dropped sig- 
nificantly due to several factors—the low grade of the 
alluvial deposits, competition from diamonds from 
South Africa, and Brazil’s abolition of slavery in 1888, 
which meant the loss of cheap labor. 
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Figure 9. A simplified map of the major geological 
regions of Brazil. 


GEOLOGIC SETTING 

Brazil contains a variety of rocks and geotectonic 
structures (see Branner, 1919; de Almeida, 1967; de 
Almeida et al., 1981). The present-day land masses in 
the Southern Hemisphere were assembled as part of 
a large Precambrian supercontinent called Gondwana 
(de Brito-Neves and Cordani, 1991; Cordani et al., 
2003, 2009). Much of the current geological setting of 
Brazil was established in the Pan-African/Brasiliano 
orogenic cycle (approximately 440-1000 Ma). During 
this time, preexisting Archean cratons were brought 
together by plate tectonics and assembled along 
mountain (or orogenic) fold belts representing the 
zones of continental collision. At about 180 Ma, 
Gondwana began to break up into separate pieces, 
with South America and Africa gradually drifting 
apart to create the Atlantic Ocean (Hasui, 2012). 
Since the two continents were connected prior to this 
breakup, corresponding rock types and certain geo- 
logical structures occur on either side of the ocean. 
As shown in the simplified map in figure 9, the main 
geological units consist of: 
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1. Ancient Archean or Proterozoic “basement” 
cratons that are covered in many places by ge- 
ologically younger sedimentary rocks 

2.. Weathered Proterozoic mountain fold belts that 
separate the cratons 


3. Paleozoic sediments that fill topographic basins 
within the cratons 


4. Mafic and/or ultramafic igneous intrusions of 
Mesozoic and Cenozoic age 


DIAMOND OCCURRENCES 


Diamonds occur in several different geologic settings 
across Brazil. They are usually recovered as loose 
crystals along rivers in unconsolidated alluvial or gla- 
cial sediments, or they are embedded in conglomer- 


Figure 10. A map showing the distribution of various 
categories of diamonds found in Brazil. The name of 
the mining area is shown (with the abbreviation of 
the Brazilian state), preceded by its location number 
on the map. 
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Figure 11. This diagram il- 
lustrates the kinds of sec- 
ondary diamond deposits 
found along the Santo Ind- 
cio River in Minas Gerais— 
alluvial and colluvial 
deposits along the river 
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ates or metamorphosed sedimentary rocks. They are 
also found in small amounts in a few known kim- 
berlite bodies. Figure 10 shows the locations of the 
major mining areas (both historical and current) for 
the different categories of diamond deposits that will 
be discussed. 

The general geology of Brazil and its important 
mineral resources have been reviewed by Berbert et 
al. (1981), Delgado et al. (1994), and Machado and 
Figueir6a (2001). Further information on the dia- 
mond occurrences themselves can be found in Gor- 
ceix (1882), Pearson (1909), Cassedanne (1989), and 
Cornejo and Bartorelli (2010). 


Alluvial Diamonds. Alluvial diamonds are recovered 
as loose crystals directly from rivers or streams, or 
from geologically recent unconsolidated sediments 
nearby. These deposits occur throughout Brazil, but 


=| Diamictite (diamond-bearing?) 


Phyllite 


(_] Quarizite 


channel, occasional kim- 
berlite pipes (often unrec- 
ognized because they are 
deeply weathered and cov- 
ered by younger sedi- 
ments), and sedimentary 
conglomerates exposed on 
the adjacent hillsides. 


the sources in Minas Gerais and Mato Grosso have 
been the most economically important over the past 
three centuries. 

The recovery of diamonds has involved simple 
methods used by artisanal miners. Loose diamonds 
and other heavy minerals are panned directly from a 
flowing river, or are washed from sediments through 
a series of sieves. The diamond-carrying sediments 
are mixtures of clay, sand, silt, gravel, and angular or 
rounded pebbles; they are often found in horizontal 
bands or layers, with their contents washed down 
from higher terrain. 

The main detrital diamond deposits are called 
cascalhos (river gravels). Besides quartz, the gravels 
may contain heavier pebbles of iron oxide minerals. 
They are geologically classified as eluvial, colluvial, 
or alluvial gravels depending on their topographic lo- 
cation and distance from the source. 


Figure 12. At larger alluvial mining operations, such as the Duas Barras mine on the Jequitinhonha River (left), 
sediments are passed through a washing plant (right) where high-pressure water hoses are used to remove larger 
pebbles as well as clays and other lighter materials. Diamonds along with heavy minerals are collected as a con- 


centrate. Photos by Robert Weldon/GIA. 
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aes occurs in relatively few places 
in the world, and only in Iran (Persia) and 
the southwestern United States are deposits 
known which are now of commercial impost- 
ance, 

The world’s oldest turquoise mines, on the 
Sinai Peninsula, were extensively worked by 
the ancient Egyptians, but have not been an 
important source of this gem for the past 
3000 years. They are of special interest 
because they are the earliest mining opera- 
tions recorded by history. Some other local- 
ities from which turquoise has been reported, 
include Ethiopia, Egyptian Sudan, Siberia, 
Turkestan, Afghanistan, Arabia, China, Ger- 
many, France, Peru, Chile, and Australia. 


IRAN 

The turquoise deposits in Iran are situated 
near the village of Maden, 36 miles north- 
west of Nishapur, in the province of Khura- 
san. There are a large number of mines, 
some actually worked, some abandoned. 
It is not known just when the Nishapur de- 
posits first became known, but certainly 
as early as the 10th century, and possibly 
long before that. They still continue to be 
one of the world’s principal sources of fine 
quality turquoise. 

Production of turquoise in Iran during 
the years 1947-1951 is shown in the follow- 
ing table. 


1. Published by permission of the Secretary, Smith- 
sonian Institution, Washington, D. 


Iranian turquoise production, 1947-1951: 


Year Approx. wet. (Ibs) Approx. value 
uncut turquoise mined uncut (U.S.) 


1947 14,700 45,000 
1948 17,300 72,900 
1949 13,100 38,100 
1950 9,600 19,300 
1951 13,200 75,000 


*Jranian year, ending March 21 of years shown. 
United States imports of turquoise during 
1950 were as follows: 


Country Roughanduncut Cut but unset 


Iran $1,532 $ 

Belgian Congo 549 

Germany 552 
India 305 
China 1,915 


On April 8, 1943 Iran and the United 
States signed a Reciprocal Trade Agree- 
ment by which the import duty on cut 
turquoise into the United States from Iran 
was reduced from ten to five per cent; uncut 
turquoise had been duty free for some time. 
However, since the discovery of good quality 
turquoise in the United States in the period 
between the 1870's and the early 1900's, 
very little Iranian turquoise has been im- 
ported into the United States. 

UNITED STATES 

The most important localities for tur- 
quoise in the United States are Arizona, 
Colorado, Nevada and New Mexico. Mining 


WINTER 1951-52 


113 


Figure 13. At the Duas Barras mine, a miner pans the finest-size heavy-mineral concentrate to recover small parti- 
cles of gold, the production of which helps offset the cost of diamond recovery. Photos by Robert Weldon/GIA. 


Figure 11 illustrates several types of diamond de- 
posits in relation to the topography. The diamond- 
bearing gravels occur as deposits along the bottom or 
banks of rivers, and along paleo-river channels that 
are buried beneath younger rocks. Remnants of the 
buried channels outcrop along riverbanks. The dia- 
monds may also occur in sediments exposed on hill- 
sides. The garimpeiros use various approaches—past 
discoveries, rumors, intuition, and other means—to 
identify potential mining areas. They often wait for 
the dry season to explore the accessible riverbeds, as 
diamonds can be concentrated in depressions or pot- 
holes on the underlying bedrock. In some cases, the 
course of a river is blocked with a dam, or the water 
is diverted using a large sluice, providing access to 
the gravels. Once a potential spot is selected, it may 
be necessary to remove overlying layers of silt, clay, 
or sand to reach the diamond-bearing gravels, which 
tend to lie on or above the solid bedrock. Larger peb- 
bles are removed, and the gravels are then washed 
using sieves or pans to pick any diamonds by hand 
(figure 12). The finest-size material is then checked 
for diamonds as well as small particles of gold (figure 
13). 

Larger hydraulic systems have sometimes been 
used to wash diamond-bearing sediments exposed in 
an outcrop. In the late 1800s and early 1900s, diving 
suits were used by some miners to retrieve sediments 
from the river depths. These traditional mining ac- 
tivities have been supplemented by mechanized 
methods; for example, gravel may be extracted from 
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the river by suction pumps. The pumped water and 
gravel is then passed through a sluice box that re- 
moves the lighter material to recover diamonds and 
other heavy minerals (Barbosa, 1991). Large, expen- 
sive dredges are less common because the low grade 
of the deposits makes them too costly to exploit with 
this kind of equipment. 


Jequitinhonha River, Minas Gerais. Following the 
discovery of diamonds in alluvial gravels around Dia- 
mantina in the early 1700s, exploration took place 
along the Jequitinhonha River as well as other rivers 
and streams in the mountainous Serra do Espinhaco 
(Derby, 1906; Thompson, 1928). Diamonds occur in 
metamorphosed sediments of the Mesoproterozoic- 
age Espinhaco Supergroup. As a result of the weath- 
ering of these sediments, diamonds are found in the 
rivers and streams and in exposed gravels (Karfunkel 
et al., 1994; Chaves et al., 2001). Mining in this re- 
gion has been carried out by garimpeiros and later by 
larger companies, though the peak of activity oc- 
curred between about 1740 and 1830. 

The alluvial deposits of the Jequitinhonha River 
have been responsible for most of Brazil’s historic di- 
amond production (Chaves and Uhleim, 1991). In 
this region, the alluvium consists of a 10- to 45- 
meter-thick layer of gravel capped by a sand-clay 
layer. The diamond content of the gravel is approxi- 
mately 0.6 carats per cubic meter of sediment (ct/m’, 
Dupont, 1991). In 1966, Mineragao Tejucana SA, a di- 
amond mining company based in Diamantina, began 
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using dredges to work the alluvium of this river. The 
company processed 9 million cubic meters of allu- 
vium per year to recover 70,000 carats of mostly 
gem-quality diamonds (along with 150 kg of gold) 
over a period of several years (Dupont, 1991). 

Between December 2007 and April 2008, the 
Pecanha mine near Diamantina, owned and operated 
by Recursos Mineracao Ltda. (a subsidiary of Brazil 
Minerals Inc.) yielded 4,512 carats of diamonds and 
8.95 kg of gold, with average grades of 0.06 ct and 
0.14 g per cubic meter, respectively (Watkins, 2009). 

Mineracao Rio Novo is a subsidiary of Andrade 
Gutierrez SA, a private multinational company head- 
quartered in Belo Horizonte that has been mining 
along the Jequitinhonha River since 1988. The de- 
posit has a diamond content of about 1.1 ct/m* and 
an average production of 25,000 carats per year 
(Chaves and Uhlein, 1991; Watkins, 2009). Mining 
involves removing the overlying sediments and using 
a bucket dredger to excavate the mineralized gravel. 
Diamonds are recovered from the coarser concen- 
trate in a vibrational circular sieve, while gold is re- 
trieved from the finer concentrate. 

Another important project in the Diamantina re- 
gion is run by Mineracao Duas Barras, a subsidiary 
of Brazil Minerals Inc. Data released by the company 
showed a yield in 2008 of 32,008 carats, with an av- 
erage value of US$145 per carat (Watkins, 2009). Ge- 
ological studies of this deposit gave an indicated 
resource of approximately 1,639,000 m® of diamon- 
diferous gravel with an average grade of 0.16 ct/m’. 
A weekly output of nearly 0.5 kg of gold provides a 
source of revenue to support mining operations. 


Poxoréu, Mato Grosso. Poxoréu is located on the 
northwestern edge of the Parana Basin. Diamonds 
were discovered in the Coité River in the 1930s, 
causing an influx of prospectors. The alluvial de- 
posits are distributed along the Coité, Sao Jodo, Pox- 
oréu, Alcantilados, Pomba, and Jacomo rivers. 

Until the mid-1970s, mining was carried out 
using only picks, sieves, and panning. St. Felix Ltda. 
subsequently conducted studies in the Coité River 
Valley to characterize the diamond reserves—38.6 
million cubic meters of gravels were processed, of 
which about 42% contained diamonds. The average 
diamond content was 0.05 ct/m’, with an estimated 
recoverable reserve of 662,000 carats, 27% of it gem- 
quality (Souza, 1991). According to this reference, 
there were about 2,500 miners and 150 dredges in the 
region in the 1980s. 

Approximately 70% of the diamond crystals from 
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Figure 14. The Alto Paranaiba region of western 
Minas Gerais has produced large diamonds along 
river systems near the towns of Coromandel and Ro- 
maria. The symbols indicate where individual large 
diamonds were found; the value shown next to each 
symbol represents their carat weight. The site where 
the famous Star of the South diamond was recovered 
in 1853 along the Bagagem River is indicated in the 
lower left cornet. 


Poxoréu and Chapada dos Guimaraes, both located 
near the state capital of Cuiaba, display a dodecahe- 
dral habit, while the rest display octahedral and 
mixed habits (Zolinger et al., 2002). All of the dia- 
monds are recovered from sedimentary rocks of the 
Upper Cretaceous-age Bauru formation (Souza, 1991). 
Similarly, diamonds mined elsewhere in southeast- 
ern Mato Grosso, around the cities of Tesouro, 
Guiratinga, Alto Garcas, Barra do Garcas, and Batovi, 
are related to conglomerates of the same formation 
(Weska, 1996). 


Coromandel, Minas Gerais. The mines around Coro- 
mandel began operating in the late 18th century (Des 
Genettes, 1859). The town was probably named by 
Portuguese traders for the Coromandel region of 
India, an important diamond source since antiquity 
(Legrand, 1980). Also known as the Alto Paranaiba 
province or the Triangulo Mineiro, this area is the 
second most important source of diamonds in Minas 
Gerais, serving as the center of the local diamond 
trade (figure 14; Leonardos, 1956; Kaminsky et al., 
2001; Karfunkel et al., 2014). 

The town itself is located on the eroded rocks of 
the Brasilia fold belt in western Minas Gerais. The 
mines occur in alluvial deposits of Cenozoic age, 
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Figure 15. The Bagagem River, shown near the town 
of Romaria, has yielded numerous large diamonds 
over the past two centuries, including the Star of the 
South. Photo by Robert Weldon/GIA. 


mainly along rivers that cut through the recent sed- 
iments as well as metamorphic rocks of the crys- 
talline basement. 

The main diamond-mining areas are situated 
along the Paranaiba, Santo Inacio, Dourahinho, Santo 
Ant6énio do Bonito, Santo Anténio das Minas Ver- 
melhas, and Bagagem rivers, and to a lesser extent 
the Preto and Dourados rivers. In the Paranaiba 
River, the largest waterway in the region, most min- 
ing is done by means of rafts anchored at various 
points along the riverbed. Heavy mineral concen- 
trates from all of these rivers and streams contain tra- 
ditional kimberlite indicators: pyrope garnet and 
magnesian ilmenite in similar proportions, followed 
by zircon and chromite. 

The Coromandel region is famous for its periodic 
discoveries of large rough diamonds (table 1). The 
best-known examples are the 726.6 ct Presidente Var- 
gas and the 261.38 ct Star of the South (Hussak, 1894, 
Reis, 1959; Smith and Bosshart, 2002; Balfour, 2011; 
also see Abreu, 1973; Svisero, 1995). The Presidente 
Vargas was found in 1938 along the Santo Anténio 
do Bonito River. The Star of the South was discov- 
ered in 1853 in the Bagagem River, near a village then 
known by the same name (Dufrenoy, 1855). The area 
continues to occasionally yield large diamonds, at- 
testing to the great economic potential of these de- 
posits (figure 15). 

Colored diamonds finds are not rare in Brazil, and 
they are often not officially registered. Still, there are 
some notable examples. In 1998, a 7.0 ct pink dia- 
mond found in the Vargem mining area near Coro- 
mandel was purchased by a diamond dealer for 
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US$650,000. The Giacampos Red, a 5.25 ct crystal 
found in 2005 in the Santo Inacio River, yielded a 
1.57 ct faceted oval. In May 1993, a 602 ct brown di- 
amond discovered in the Santo Antonio do Bonito 
River (Haralyi et al., 1994) became the second-largest 
recorded Brazilian gem diamond (surpassed only by 
the colorless Presidente Vargas). In the fall of 2014, 
at a site along the Dourahinho River, the mine own- 
ers found a flattened 138.6 ct pink crystal, which 
they were able to sell almost immediately. 

In the Coromandel region, large diamonds have 
also been recovered from the Abaeté, Sao Bento, Bor- 
rachudo, and Indaia rivers, all occurring in the Sao 
Francisco River Basin (figure 16). They are also recov- 
ered in the alluvium eroded from Cretaceous con- 
glomerates of the Capacete formation (Read et al., 
2004). Examples of large diamonds include the 27.09 
ct vivid pink Queen Giacampos and the 13.90 ct 
Moussaieff Red, both found in the Abaeté River (King 
and Shigley, 2003). Other discoveries include the 0.59 


Figure 16. This map shows the Abaeté and nearby 
river systems in Minas Gerais that have produced 
large diamonds for many years. Again, the value 
shown next to each symbol represents the carat 
weight of the rough crystal found at the location. Dis- 
coveries of colored diamonds are indicated by colored 
symbols. The rivers shown on the map, some of 
which flow into the Tres Marias reservotr, are all lo- 
cated within the southern portion of the Sado Fran- 
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ct Rob Red, from the Sao Bento River, and two rough 
stones of 41.44 and 58.2 carats from the Abaeté River 
(see references listed in table 1). 

The remarkable Braganca diamond—either 1,680 
ct (Mawe, 1812) or 1,730 ct (Ferry, in Reis, 1959), de- 
pending on the source—was found in 1797 in the 
Abaeté region. For many years, the Braganc¢a be- 
longed to the Portuguese crown jewels (Balfour, 
2011). Because of its large size and pale appearance, 
it was once considered a topaz by some historians 
and traders (Reis, 1959; Balfour, 2011). More recently, 
Galopim de Carvalho (2006) discussed the possibility 
that it was a pale aquamarine. Yet this region’s geol- 
ogy is not favorable to the occurrence of either topaz 
or aquamarine, and it is more likely that the Bra- 
ganca was indeed a diamond. Its current whereabouts 
are unknown. 

The origin of these large diamonds continues to 
elude both researchers and mining companies. The 
geological literature reflects two opposing views. 
One theory holds that diamonds of all sizes, weath- 
ered from kimberlite pipes, were recycled into the al- 
luvium from the conglomerates of the Capacete 
formation and distributed throughout the Coroman- 
del region (Svisero et al., 1981; Sgarbi and Chaves, 
2005). Based on field evidence that seems incompat- 
ible with a kimberlite “pipe” origin, the other theory 
proposes that the diamonds were transported west- 
ward into the region from the Sao Francisco craton 
by glacial events in the Neoproterozoic and Paleozoic 
periods (Tompkins and Gonzaga, 1987; Gonzaga and 
Tompkins, 1991). This alternate view has been diffi- 
cult for some to accept because there is little under- 
standing of the transport, concentration, and 
dispersion mechanisms of diamonds in glacial sys- 
tems in South America (Gonzaga et al., 1994). 


Juina, Mato Grosso. The Juina diamond region lies in 
the southern part of the Amazonian craton and in the 
northwest of Mato Grosso. Alluvial diamond deposits 
are located in the basins of the Juina Mirim, Vinte e 
Um de Abril, and Cinta Larga rivers, all situated 
southwest of the city of Juina. The alluvium comes 
from erosion of the crystalline basement rocks and 
from overlying sediments of the Parecis basin, located 
on the southeastern edge of the Amazonian craton 
(Tassinari and Macambira, 1999). The Parecis basin, 
encompassing an area of 500,000 km/?, contains sedi- 
ments about 6,000 m deep. The Pimenta Bueno and 
Paranatinga regions in the neighboring state of 
Rondo6nia also contain diamond-bearing alluvium. 
During the 1980s, the Juina region was the coun- 
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try’s largest producer of industrial diamonds. At its 
peak, some 30,000 miners produced around 400,000 
carats per month (Costa, 2013). Examination of 2,200 
crystals by one of the authors (DPS) in 1985 revealed 
that 90% were of industrial quality, gray to dark 
brown in appearance. Most were malformed or cor- 
roded crystals and crystal fragments. 

Late in the decade, large variations were recognized 
in the abundance of alluvial diamonds in the area. The 
Cinta Larga River basin and its tributaries—the Sao 
Luiz, Porcdo, Samanbaia, Mutum, and Central rivers, 
as well as the Sorriso and Duas Barras streams—all 
contained large amounts of alluvial diamonds (up to 
6-7 ct/m’). In the Juina Mirim River basin, however, 
there were much lower amounts (0.6—-0.8 ct/m*). Be- 
sides the high yield of industrial diamonds, the allu- 
vial deposits were also noteworthy for their large 
diamonds, similar to Coromandel and Abaeté in west- 
ern Minas Gerais. Haralyi (1991) reported finding eight 
crystals between 49.5 and 232 ct, along with six in- 
dustrial diamonds between 52 and 263 ct. According 
to Costa (2013), in September 1992 a garimpeiro found 
a 413 ct diamond in the village of Pogdo. Le Noan 
(2008) mentioned the discovery of a 452, ct “megadia- 
mond” in alluvial deposits of the Sao Luiz River. Al- 
though sporadic, these finds indicate that the area 
around Juina also has potential for large diamonds. 
Watkins (2009) reported that Juina remains the coun- 
try’s leading producer of industrial diamonds. In the 
last decade, the estimated output has been on the 
order of five million carats. 


Other Sources. Diamonds were discovered in the 
state of Roraima in the early 20th century in the Mau 
River region and later near Vila do Tepequém (located 
in the Serra do Tepequém]). The deposits occur in sed- 
iments that originated from conglomerates of the 
Neoproterozoic Tepequém formation. Present-day al- 
luvial placers occur where the diamondiferous gravel 
ranges up to 0.80 m thick, and where indicator min- 
erals are present. In some locations, gold is also re- 
covered (Grazziotin and Andrade, 2011). 

In the state of Piaui, diamonds mainly occur near 
the city of Gilbués in alluvial deposits along the Ri- 
achao stream, and in colluvium near the towns of 
Gioninha, Bom Jardim, Compra Fiado, and Bo- 
queirao. At these locations, the diamonds are usually 
small but of good quality, sometimes reaching values 
of US$100 per carat or more (Watkins, 2.009). 


Sublithospheric Diamonds. Juina drew the attention 
of geoscientists with the discovery of so-called su- 
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perdeep diamonds in the Sado Luiz River area in the 
early 1990s (Wilding et al., 1991; Stachel et al., 2005; 
Harte, 2010; Kaminsky, 2012). They are believed to 
have formed at 400 to 800 km, considerably deeper 
than most diamonds that formed in the continental 
lithosphere at approximately 140 to 200 km (Thom- 
son et al., 2014). These “sublithospheric” diamonds 
are characterized by unusual syngenetic mineral in- 
clusions indicating greater formation depth (such as 
majorite, periclase-wustite, wollastonite, diopside, 
moissanite, tetragonal garnet, and perovskite). They 
are mainly low-nitrogen type Ila diamonds. More re- 
cently, similar mineral inclusions have been found in 
samples from the Collier 4 kimberlite in southwest 
Juina (Bulanova et al., 2010). 


Diamonds in Conglomerates. In several locations, 
sedimentary conglomerates are the host rocks for di- 
amonds. Diamonds are seldom recovered directly 
from conglomerates, since most mines are developed 
in unconsolidated sediments. The classic example of 
a diamond-bearing conglomerate is the Romaria 
mine (figure 17), located in western Minas Gerais 
about 500 km from Belo Horizonte. 

According to Des Genettes (1859), diamonds were 
first discovered in the Bagagem River in 1722 by the 
explorer Joao Leite da Silva Hortis. Large-scale explo- 
ration in the Romaria region began in the second half 
of the 19th century (Hussak, 1894). In the early 20th 
century, this mine was visited by many foreigners 
(Porcheron, 1903; Draper, 1911). It was subsequently 
controlled by various companies, the last of which 
was Extratifera de Diamantes do Brazil (EXDIBRA), 
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Figure 17. A section of the 
diamond-bearing sedi- 
ments left by past mining 
operations at the aban- 
doned Romaria mine in 
Minas Gerais. The dia- 
mondiferous conglomer- 
ates lie beneath the lower 
portion of the reddish 
brown sediments along 
the center of the photo; 
they are covered by about 
10 meters of brown sedi- 
ments. These conglomer- 
ates extend across a large 
area of the countryside 
near the town of Romaria. 
Photo by Robert Wel- 
don/GIA. 


which operated it from 1969 until 1983, when the 
mine was closed for financial reasons. 

The Romaria mine, located near the town of the 
same name, was excavated using tractors to remove 
the overlying sediment layer. Trucks transported the 
ore for washing at a plant that processed up to 600 
m* of ore per day, with the final separation of the di- 
amonds performed manually (Svisero et al., 1981). 
The mine, located in the northeastern edge of the 
Parana basin, covers an area of approximately 1.2 
km?. On the property, the Uberaba formation con- 
sists of a sequence of conglomerates, sandstones, and 
mudstones; at the base of this formation are dia- 
mond-bearing conglomerates approximately six me- 
ters thick (Suguio et al., 1979; Coelho, 2010; see 
figure 17). The concentrates obtained by washing the 
conglomerates contain indicator minerals. Chemical 
analysis revealed that the garnet and ilmenite are of 
a kimberlitic origin (Svisero, 1979; Svisero and 
Meyer, 1981; Coelho, 2010). In 1981, during the final 
phase of the EXDIBRA operation, one of the authors 
(DPS) examined a parcel of 450 carats of diamonds 
comprising 5,250 stones of various size, shape, and 
color. The crystals were predominantly rhombo- 
dodecahedral in shape; most were colorless, and 70% 
were of gem quality (Svisero et al., 1981). 

During this period, drill core samples were taken 
to determine the extent of the mineralized conglom- 
erates (Feitosa and Svisero, 1984). The results re- 
vealed the presence of small “basins” formed by 
depressions in both the sandstone and the underlying 
mica schist. These paleostructures on the crystalline 
basement were filled by mud flows, giving rise to di- 
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Figure 18. The town of Lencois in the Chapada Diamantina region of Bahia has long been an important source of di- 
amonds and carbonado. Garimpeiros found diamonds in conglomerates (left) or in the bottoms of water-worn pot- 
holes formed in the river bed. The conglomerate specimen on the right, called the “Madonna” because of its shape, 
contains a small diamond. Photos by Robert Weldon/GIA; conglomerate sample courtesy of Gar Mineracdao. 


amond-rich layers within the conglomerate. Samples 
also revealed that the diamond-bearing layers meas- 
ured up to 9.6 m thick, while the average diamond 
content ranged from 0.33 to 0.69 ct/m’. 


Diamonds in Glacial Deposits. Most researchers now 
accept that diamonds in the Tibagi region of Parana 
come from sedimentary glacial deposits (Oppenheim, 
1936; Maack, 1968; Liccardo et al., 2012). Tibagi is 
one of the country’s oldest centers of diamond min- 
ing, having been discovered in 1754 by gold prospec- 
tors (Leonardos, 1959). 

The mines of the Tibagi River basin and the adja- 
cent areas have been worked since the latter half of 
the 18th century (Derby, 1878). Diamonds occur in the 
riverbeds in both old and recent alluvium and collu- 
vium. The deposits are distributed in small groups in 
the southeastern border of the Parana basin (Per- 
doncini et al., 2010), and there have been alternating 
periods of intense mining activity and neglect. The 
Tibagi deposits were especially active in the first 
decades of the 1900s, when Oppenheim (1936) noted 
60 alluvial occurrences in production. 

In the 1980s, Parana Minerals (MINEROPAR) and 
the Companhia de Pesquisa de Recursos Minerais 
(CPRM] conducted fieldwork to assess the deposits in 
the Tibagi region. They found that the gravels had an 
average grade of 0.62, ct/m? (Watkins, 2009). Currently, 
Jezzini Minerals and Tibagiana Mineracao are using 
ferries to dredge and concentrate the alluvial sedi- 
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ments in the riverbed. The average value of the dia- 
mond mined by these companies is US$150 per carat. 

This region is characterized by small crystals (0.1- 
0.3 ct), and historically there have not been discov- 
eries of large diamonds there (Reis, 1959). Sampling 
of heavy-mineral concentrates from the Tibagi, 
Laranjinha, Cinzas, Itararé, and Verde river valleys 
revealed no traditional kimberlite indicator minerals 
(Chieregati and Svisero, 1990). 

In 1985, a diversion of the river channel allowed 
mining of the sediments in the Tibagi riverbed. This 
afforded one of the authors (DPS) the opportunity to 
examine a group of 2,210 diamonds (about 90% of 
them gem quality). The crystals were generally well 
formed and euhedral, with a small number of cleav- 
age fragments. 

Existing field evidence of glacial striations on 
local rocks, and the absence of kimberlite indicator 
minerals, indicates that diamonds in this region 
were dispersed as the result of glacial transport 
(Maack, 1968; Chieregati, 1989; Chieregati and Svis- 
ero, 1990; Liccardo et al., 2012). The diamonds’ 
small size, euhedral shape, and overall high quality 
all suggest that these deposits were subjected to 
transport processes that favored the retention of the 
better crystals. In addition, studies have shown that 
the region contains diamonds with mineral inclu- 
sions characteristic of a peridotitic paragenesis, 
pointing to a kimberlitic initial source (Meyer and 
Svisero, 1975). Paleogeographic reconstructions (dos 
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Santos et al., 1996) indicate that the original centers 
where glacial flow took place were located in south- 
ern Africa. 


Diamonds in Metasedimentary Rocks. Diamonds 
from metasedimentary deposits occur mainly around 
the town of Diamantina in Minas Gerais and in the 
larger region known as Chapada Diamantina in Bahia 
(figure 18). Both areas are located along the Serra do 
Espinhaco, a mountain range extending approxi- 
mately 1,100 km from the center of Minas Gerais 
north into Bahia (figure 19). Minor deposits are lo- 
cated at Grao Mogol and Serra do Cabral. 


Diamantina. This town is located near the Jequitin- 
honha River in Minas Gerais. Diamonds occur in 
metaconglomerates and metabreccias of the Sopa- 
Brumadinho formation (Mesoproterozoic-age Espin- 
haco Supergroup; see Chaves and Uhlein, 1991) and 
in alluvial placers. The primary sources of these dia- 
monds still have not been found. 

The diamond-bearing metaconglomerates were 
deposited in plains and alluvial fans, while the 
metabreccias were deposited by debris flows, possi- 
bly in flat tidal environments (Chaves and Uhlein, 
1991). In the Diamantina district, the most impor- 
tant diamond fields are located near Sao Joao da Cha- 
pada, Sopa, Guinda, Extracdo, and Datas (Chaves, 
1997, Haralyi et al., 1991). 

The Sopa metaconglomerates, which are about 12 
to 15 m thick, have diamond concentrations ranging 
from 0.04 to 0.076 ct/m*. Most of the heavy minerals 
in these sediments are derived from the crystalline 
basement rocks. Noteworthy is the absence of the 
traditional kimberlite indicator minerals that are 
common in the Coromandel region (Chaves, 1997; 
Svisero et al., 2005). Diamonds from this district are 
generally small: 90% weigh less than 2. ct, with only 
1% above 8 ct. The typical size range is from 0.55 to 
0.85 ct (Chaves and Uhlein, 1991). 

Large “megadiamond” crystals, such as those re- 
covered near Coromandel and the Abaeté River, have 
apparently been found in the Diamantina district 
(Barbosa, 1991). While there are references to stones 
as large as 140 ct (Renger, 2005}, these discoveries oc- 
curred during the 18th century, when record keeping 
was inadequate or nonexistent. In recent decades, 
crystals above 10 carats have occasionally been found 
(Chaves, 1997; Renger, 2,005). 

Most of the diamond crystals from the area are 
colorless; some exhibit a green or brown surface col- 
oration. The predominant crystal morphology is a 
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Figure 19. A simplified map of the Sao Francisco cra- 
ton, showing the areas covered by sediments of the 
geological formation called the Espinhaco Super- 
group. The locations of several diamond districts are 
also shown, including Diamantina, Grao Mogol, and 
Serra do Cabral in Minas Gerais, and the Chapada 
Diamantina region (Len¢dis, Palmeiras, Andarai, Mu- 
cugé and Morro do Chapéu) in Bahia. 


dodecahedral habit followed by other shapes, and the 
majority is of gem quality (Chaves, 1997). 


Chapada Diamantina. Bahia was Brazil's largest dia- 
mond producer in the second half of the 19th century. 
The most important areas are in Chapada Diaman- 
tina in the eastern portion of the state, including the 
towns of Lencéis, Palmeiras, Andarai, Mucugé, 
Utinga, and Morro do Chapéu. Around 1821, dia- 
monds were discovered by German explorers Johann 
Baptist von Spix and Carl Friedrich Phillipp von Mar- 
tius in the Sincoraé Mountains of the Mucugé River 
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Figure 20. The polycrystalline form of diamond 
known as carbonado was first found in Bahia in 
about 1841. During the late 19th century, this very 
hard material was of great economic importance for 
industrial use. Shown here is a privately held collec- 
tion of samples in the town of Lencois. Photo by 
Robert Weldon/GIA. 


N 


region (Abreu, 1973). The explorers had previously 
visited the deposits of the Diamantina district; based 
on geological similarities, they searched for and dis- 
covered diamonds in Bahia. Mining began in the Mu- 
cugé River and then spread throughout the 
headwaters of the Upper Paraguacu River. Around 
1842, discovery of the Mucugé River placers caused a 
rush of about 30,000 miners into the region (Leonar- 
dos, 1937; Abreu, 1973). The secondary sources of 
these diamonds are the metaconglomerates of the 
Tombador formation (Chapada Diamantina Group, 
part of the Mesoproterozoic-age Espinhaco Super- 
group). 

In general, these diamonds have dodecahedral 
habits, or curved forms intermediate between octa- 
hedral and dodecahedral. Colorless crystals are the 
most common, followed by browns and grays. As in 
Minas Gerais, there are no kimberlite indicator min- 
erals. The primary source of diamonds from the Serra 
do Espinhaco remains unknown. 

Diamond production in Chapada Diamantina 
peaked between 1850 and 1860, reaching 70,000 
carats per year, followed by alternating phases of ac- 
tivity and decline. In 1929, mechanized mining 
equipment was installed on the Paraguacu River. 
After two years of operation, a yield of 2,008 carats 
of diamond and 4,109 carats of carbonado was 
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recorded. The diamond content at this location was 
1 ct per 28 m° of washed gravel; the carbonado con- 
tent was | ct per 14 m° (see Abreu, 1973). 


Carbonado. Around 1841, miners in Chapada Dia- 
mantina discovered that some dark grains in the 
heavy mineral concentrates had the same hardness 
as conventional diamonds. They had discovered a 
new type of “diamond” with completely different 
physical properties, which they called carbonado 
(Rivot, 1848; Leonardos, 1937; Herold, 2013; see fig- 
ure 20). Derby and Branner (1905) and Branner (1909) 
described the washings in Bahia where carbonado 
and diamond are found. 

Carbonado is a polycrystalline aggregate—opaque, 
solid but porous—consisting of a mixture of dia- 
mond, graphite, and amorphous carbon (Haggerty, 
2014). Compared with monocrystalline diamonds, 
which have perfect cleavage and a density of 3.51 
g/cm®, carbonados are free of cleavage and have 
slightly lower densities (ranging from 3.0 to 3.4 
g/cm’). They can display a glass film, or patina, that 
is never observed on diamond crystals (Haggerty, 
2014). Besides having the same hardness of conven- 
tional diamond, carbonado has great toughness, and 
its resistance to impact made it an excellent material 
for industrial use by the late 1800s (Herold, 2013). 

Carbonados are generally about 1 cm in size but 
occasionally weigh tens or even hundreds of carats. 
Decades ago, several “megacarbonados” emerged 
from the mines of Chapada Diamantina. The greatest 
was the Sérgio—at 3,167 carats, the largest diamond 
ever found in nature—discovered at Brejo da Lama 
near Lencois in 1905. Another example is the 2,000 
ct Casco de Burro, found in Lengois a year later 
(Leonardos, 1937). 

Although Chapada Diamantina is the traditional 
source of carbonado, this material is also mined in 
Minas Gerais, Mato Grosso, Goids, Parana, and Ro- 
raima (Reis, 1959; Chaves, 1997). Some famous car- 
bonados are the Pontesinha (267.53 ct) from West 
Rosario, Mato Grosso (Reis, 1959), and an 827.5 ct 
specimen found in the Abaeté River in 1934 (Leonar- 
dos, 1937). In each of these localities, carbonados 
occur in alluvial deposits associated with normal 
crystalline diamond (Chaves, 1997). 

The production and trade of carbonados in Cha- 
pada Diamantina peaked in the second half of the 
19th century. At the time France maintained a con- 
sulate in Lencdis to facilitate the purchase and export 
of this material to Europe (Abreu, 1973; Herold, 
2013). Production went into decline after 1929, when 
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the price fell by nearly 97% due to increased avail- 
ability of industrial diamonds from African countries 
(Reis, 1959). Prospecting dwindled before officially 
ending on September 17, 1985, with the establish- 
ment of Chapada Diamantina National Park (An- 
drade, 1999). 

The origin of carbonados remains controversial. 
Typical monocrystalline diamond is related to three 
distinct geological phenomena: (1) transport from 
the earth’s deep interior by explosive volcanism (vol- 
canic diamonds), (2) continental collision followed 
by subduction and exhumation (metamorphic dia- 
monds), and (3) meteoritic impact (impact dia- 
monds). Recent evidence indicates that carbonado 
does not fall into any of these categories. Haggerty 
(2014) suggested an extraterrestrial origin, in which 
the carbonados formed in a white dwarf star, a car- 
bon-rich exoplanet, or a supernovae explosion dur- 
ing a cosmic bombardment between 4.1 and 3.8 
billion years ago. 


Kimberlite. The systematic exploration of Brazil's 
primary kimberlite sources only began in the late 
1960s. Figure 2.1 presents a country map showing the 
locations of known kimberlite pipes. Karfunkel et al. 
(1994) cited several reasons for this lack of detailed 
exploration, including the wide areas over which al- 
luvial diamonds are found, the historical control over 
these areas by garimpeiros who often prevented ex- 
ploration, the intense tropical weathering and ero- 
sion that removed the upper sections of kimberlite 
pipes, and (until recently) the absence of published 
information from mining companies searching for 
kimberlite bodies. 

The Redondao kimberlite was the first such body 
found, during geological mapping in the southern 
Parnaiba Basin in the 1960s. This pipe is located 
southeast of the city of Santa Filomena in Piaui state. 
It has a circular shape, with a diameter of 1,000 m 
and a negative relief of about 70 m in relation to the 
surrounding rocks. 

Several mining companies have undertaken 
prospecting for kimberlites in Brazil, especially 
Pesquisa e Exploracao de Minérios S/A (SOPEMI), a 
De Beers subsidiary that has operated for more than 
three decades. After finishing its exploration activi- 
ties, this company transferred its database on 1,212 
kimberlites to the state-owned CPRM. About 700 of 
these kimberlites occur in the Alto Paranaiba region 
in western Minas Gerais and southeastern Goias. 

The kimberlites of the Alto Paranaiba province, 
located southwest of the Sado Francisco craton, were 
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Figure 21. The distribution of kimberlites in the cra- 
tonic areas of Brazil. According to Companhia de 
Pesquisa de Recursos Minerais (2004), there are 1,212 
known kimberlite bodies distributed throughout the 
country, most of them concentrated in the Alto 
Paranaiba region of Minas Gerais. 


mostly intruded into rocks of the Brasilia fold belt. 
The Vargem 1 kimberlite, in the floodplain of the 
Vargem Fazenda near Coromandel, was the first body 
found in the region (Meyer et al., 1991). It is 700 m 
in diameter and consists of serpentinized kimberlitic 
rocks that intrude the Vazante phyllite formation 
(figure 22). The pipe contains abundant pyrope gar- 
net, magnesian ilmenite, diopside, and chromite, as 
well as some zircon. The diamond potential of this 
body is still being investigated. 

Other kimberlite bodies in the Coromandel region 
are Trés Ranchos 4 (Fazenda Alagoinha), Limeira, and 
Indaid. These consist of hypabyssal kimberlite rock 
facies with isotopic characteristics intermediate be- 
tween Group 1 and Group 2, kimberlites (Bizzi et al., 
1993; Melluso et al., 2008; Guarino et al., 2013). 

Trés Ranchos 4 was the first kimberlite in the 
area known to contain diamonds (Gonzaga and 
Tompkins, 1991), though not in sufficient quantity 
for commercial exploitation. Another well-known 
kimberlite is Abel Regis, a mineralized intrusion in 
the Serra da Mata da Corda (Cookenboo, 2005). This 
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Figure 22. An exposed portion of the Vargem 1 kimberlite seen on the banks of the Santo Inacio River near 
Coromandel. The kimberlite pipe, which has decomposed and altered to serpentine, giving it a brownish green 
appearance, is only exposed by removing several meters of overlying sediments. Material removed from the 
weathered kimberlite is panned to collect the heavy mineral concentrate. When the pan is turned over, the 
concentrate is seen as grains of red pyrope garnet and black ilmenite. The concentrate is then checked for dia- 


monds. Photos by Robert Weldon/GIA. 


pipe is located 20 km northwest of Coromandel 
(again, see figure 14), and it is intruded into the Neo- 
proterozoic-age Bambui Group (CPRM, 2013). It has 
an elliptical shape and an area of approximately 1 
km’. Serpentinization of the kimberlite yielded a 
green saprolite clay containing fragments of pyrope, 
magnesian ilmenite, and diopside. Most of the gar- 
nets from this kimberlite, and from several others of 
the Upper Paranaiba region, are lherzolitic in nature 
(G9). They are followed by eclogitic garnets (G4 and 
G5); G10 garnets are either rare or absent (Cooken- 
boo, 2005; Svisero et al., 2005). These G-numbers 
represent a statistical classification of garnets from 
kimberlites and associated xenoliths, developed by 
Dawson and Stephens (1975), that is used in diamond 
exploration. According to local miners, diamonds up 
to 20 carats have been found in ravines in the area of 
the intrusion. 


24 BRAZILIAN DIAMONDS 


Other mineralized kimberlite pipes include Tu- 
cano, located west of Carmo do Paranaiba (Cooken- 
boo, 2005), and the Romaria kimberlite located 
northeast of the Romaria mine (F.M. Coelho, pers. 
comm., 2008). Another important diamond-bearing 
kimberlite is the Canastra 1, located in the headwa- 
ters of the Sao Francisco River near Sdo José do Bar- 
reiro in the Serra da Canastra region (Cookenboo, 
2005). It intrudes quartzites of the Canastra Group 
(Barbosa et al., 1970) that are part of the Brasilia fold 
belt of Mesoproterozoic age (Chaves et al., 2008). 
Canastra 1, dated at 120 million years, comprises two 
subcircular bodies oriented along the regional north- 
west-southeast trend of the Canastra Group metased- 
iments. Trial mining conducted in 2007 indicated the 
presence of 16 carats of diamond per 100 tons of rock 
(Chaves et al., 2008). Eighty percent of the recovered 
diamonds were gem quality; the crystals were octa- 
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activity in these areas has varied greatly 
from time to time. Some of them are no 
longer productive, and production of tur- 
quoise in the United States appears to be 
diminishing. Most of the mining is done on 
a small scale, and accurate and detailed 
production figures are difficult to obtain. 

ARIZONA: In Arizona the most important 
turquoise deposits lie to the southwest of 
Mineral Park, in Mineral County. Turquoise 
has also been reported from near Tomb- 
stone, Cohise County, and several other 
areas of minor importance. 

During the years of 1940-50 there was 
very little activity in the Arizona turquoise 
mines. In 1947 a production of 100 pounds 
was reported from the Mineral Park area. 
In 1949 the Southwest Gem and Jewelry 
Company mined 75 to 100 pounds at its 
Cerebrat Ranch locality. In other years, 
during this period, production was reported 
as none, or very little, from Arizona. 

Beginning about 1944 some turquoise was 
uncovered from time to time in the open pit 
of the Castle Dome Copper Company, Inc., 
at Miami, Arizona. In 1947 a production of 
several hundred pounds was reported, but 
the amount of turquoise seems to be dimin- 
ishing with depth. 1950 production of tur- 
quoise from this locality was reported as a 
small amount of good quality. 

NEW MEXICO: New Mexico has produced 
a greater quantity of turquoise than any 
other state. Up to 1915 its total production 
is estimated to have exceeded $5,000,000 
in value. 

The most important deposits in New Mex- 
ico are in the Cerrillos mining district, Santa 
Fe County, in the north-central portion of 
the state. Among the famous mines in the 
district are the Tiffany and Castilian. Other 
deposits, formerly of importance but now 
largely exhausted, are in the Burro Moun- 
tains and the Hachita district, Grant County 
and the Jarilla district, Otero County. 

The New Mexico turquoise mines have 
been worked very little in recent years, and 
in the past ten years production has been 


almost nonexistent. In 1950 the New Mex- 
ico Bureau of Mines and Mineral Resources 
reported that an insignificant amount of 
turquoise was produced from the Tiffany 
mine in the Cerrillos district, and sold in 
Albuquerque to jewelry manufacturers. 

COLORADO: Principal deposits of tur- 
quoise in Colorado are near Lajara, Conejos 
County, at Villagrove, Saguache County, and 
in the Holy Cross mining district, 30 miles 
from Leadville. For many years Colorado 
has ranked second to Nevada in value of 
turquoise produced in the United States. 

In 1940 some production was seported 
from the Hall mine, near Villagrove. In 1941 
the King mine, near Lajara, had an unusually 
successful year, as one “pocket” alone pro- 
duced almost 700 pounds of good material. 
In 1942 the Hall mine was the principal 
producer. In 1943 production was low, but 
in 1944 the King mine yielded an estimated 
$7,000 of turquoise. In 1945 the King mine 
was operated but no production figures 
were reported, and there were reports of a 
new turquoise deposit near Cripple Creek. 
In 1946 the King mine was reported to have 
produced 2,000 pounds of turquoise valued 
at $30,000, and a similar production was 
reported from the King mine in 1947. From 
1948 to the present there has apparently 
been very little turquoise mined in Colorado. 

NEVADA: Nevada has been the leading 
state in turquoise production for a number 
of years. Principal production comes from 
Lander, Eureka, Nye and Mineral counties. 

In 1940 Nevada produced an estimated 
$20,000 in turquoise. Of this the Fox Tur- 
quoise mine, near Cortez, Lander County, 
produced 7,928 pounds of rough, the best 
of which sold for $11,405. Some production 
for this year was also reported from near 
Tonopah, Nye County, and Austin, Lander 
County. 

Nevada production of turquoise in 1941 
totaled approximately $28,000, most of 
which came from the Smith Mine, near 
Cortez. Additional production for this year 
was reported from other mines near Battle 
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hedral in shape and colorless to faint yellow. These 
characteristics make the diamonds from this area 
some of Brazil’s most valued. Other mineralized bod- 
ies include the Maravilhas kimberlite located near 
the city of the same name, and the Cana Verde pipe 
located north of the city of Luz, both in the southern 
portion of the Sao Francisco craton (O. Barbosa, pers. 
comm., 1978). 

Several diamond-bearing kimberlites occur in 
Juina, where they intrude into the Rio Negro-Juruena 
mobile belt (1.55 to 1.8 Ga). Among others, the Col- 
lier 4 kimberlite has an average grade of 0.62 ct/m‘%. 
Mining companies have recovered 6,000 diamonds 
from this pipe, including a 17.08 ct stone (Costa, 
2013). The pipe contains sublithospheric diamonds, 
which have mineral inclusions and other features 
that suggest they formed at great depth (Bulanova et 
al., 2010). Another pipe, Juina 5, also contains sub- 
lithospheric diamonds—mainly contact-twinned and 
octahedral crystals—that appear corroded and are cov- 
ered with a graphite film (Thomson et al., 2014). 

Rondénia has 62. kimberlites distributed in the Pi- 
menta Bueno, Colorado do Oeste, and Ariquemes 
fields. According to Neto et al. (2014), it ranks fourth 
in terms of known occurrences after Minas Gerais 
(765), Goids (197), and Mato Grosso (102). Among the 
mineralized kimberlites in Rond6énia, perhaps the 
most important is the Carolina 1 pipe, located near 
Pimenta Bueno. It intrudes into rocks of the Rio 
Negro-Juruena mobile belt (Tassinari and Macam- 
bira, 1999); the age of the intrusion is 230 Ma (Hunt 
et al., 2009). Although diamond-bearing, this kimber- 
lite is characterized by the absence of G10 garnets in 
the heavy mineral concentrates obtained by washing 
the ore. Such garnets are rare in other kimberlites in 
Minas Gerais, Bahia, and Mato Grosso (Cookenboo, 
2.005; Svisero et al., 2005). Analysis of a small batch 
of diamonds indicated that the predominant color is 
gray (48%), followed by colorless (23%) and others 
(Hunt et al., 2009). Other mineralized pipes include 
Cosmos 1, 2, and 3; Comet 1; and Tumeleiro 3 (Neto 
et al., 2014). 

There are two areas with kimberlite concentra- 
tions in Piaui. The first is located in the southern re- 
gion where, besides the famous Redondao kimberlite, 
several intrusions are distributed in the municipali- 
ties of Santa Filomena, Gilbués, Currais, and Baixa 
Grande do Ribeiro. The second is in the eastern re- 
gion, covering the municipalities of Picos, Ipiranga do 
Piaui, Elesbao Veloso, Jardim do Mulato, and Regen- 
eracao. The Moana 11 kimberlite near Picos contains 
diamonds, but it has been little studied to date. 
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Diamond-bearing kimberlites also occur in Bahia 
State (Watkins, 2009) in the northeastern Sao Fran- 
cisco craton. The Salvador 1 kimberlite, located near 
Barra do Mendes, intrudes metaconglomerates of the 
Tombador formation. Rb/Sr dating of the intrusion 
indicates an age of 1,152 Ma, making it the oldest 
known intrusion in the country. Also, the pipe’s in- 
trusion into rocks in the Serra do Espinhaco provides 
evidence of a period of diamond-bearing kimberlite 
magmatism generated in the region. 

The most important kimberlite pipe at present is 
Bratina 3 (see box B), which contains diamonds in 
commercial concentrations. This pipe is located 
about 260 km from Salvador, in the northeast portion 
of the Sao Francisco craton. It occurs as part of a kim- 
berlite field consisting of three pipes and 19 dikes, all 
diamond bearing and intruding the Nordestina gran- 
odiorite (a batholith of Paleoproterozoic age; see Do- 
natti-Filho et al., 2013). The dikes range from 0.5 to 
5.0 m thick, and they are controlled by northwest- 
trending fractures that can be followed for 15 km. All 
volcanic pipes and dikes of the Bratina field belong 
to the hypabyssal facies. The age of the kimberlites, 
obtained by U/Pb dating of perovskites, is 642 +/- 6 
Ma. The Bratina kimberlites have mineralogical and 
geochemical similarities to those in the Guaniamo 
region of Venezuela (Donatti-Filho et al., 2013). The 
Bratina 3 pipe is now being commercially exploited 
by Lipari Mineracao Ltda. 


PRODUCTION 

Since the discovery of diamonds in South Africa, 
Brazil has never regained its standing, and in recent 
decades it has accounted for less than 1% of global 
production. According to Minérios & Minerales 
(2014), the estimated production between 1725 and 
1870 was 50,000 to 250,000 carats per year; if the 
larger value is assumed, this would yield a total of 
37.5 million carats over the 150-year period. As most 
Brazilian occurrences are alluvial, it has always been 
difficult to determine the amount and commercial 
value of what is recovered. 

Production increased with the discovery of dia- 
monds in other Brazilian states in the 19th and 20th 
centuries, but under limited government oversight. 
Production in the early 1970s was approximately 
300,000 carats per year, before jumping to 670,000 
carats in 1980. This significant increase was due to 
the Juina mines, and Mato Grosso became the coun- 
try’s principal source of diamonds. In recent years, 
production has declined significantly, to less than 
32,000 carats in 2015 (http://kimberleyprocess 
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Box B: THE FIRST KIMBERLITE MINE IN BRAZIL 


Figure B-1. A recent view of the open pit at the Lipari diamond mine near Nordestina in Bahia (left). The 


Bratina 3 kimberlite pipe lies beneath serpentinized soil and sedimentary rocks. Also shown is the processing 
plant on-site where kimberlite ore is broken down to recover the diamonds (right). Photos by Andrew C. John- 


son, courtesy of Lipari Mineracao Ltda. 


Explosive volcanic eruptions are the transport mecha- 
nism that brings diamonds to the earth’s surface. Most 
of these kimberlite pipes are not diamondiferous or com- 
mercially viable to exploit. But some are, and most of 
the annual production of diamonds today comes through 
mining of these pipes, particularly in southern Africa 
(Linde et al., 2014). 

Economic diamondiferous pipes in Brazil have until 
recently remained elusive. With the discovery of dia- 
mond-bearing kimberlites in South Africa in 1867, Brazil 
lost its standing as the world’s primary source. Its total 
production, an estimated 45 million carats over three 
centuries, is alluvial in nature and has mostly been re- 


covered through the work of garimpeiros (K. Johnson, 
pers. comm., 2014). 

This situation is changing. The consequences of 
these transformations may have implications for Brazil’s 
reemergence as a global producer of diamonds. 


Nordestina Kimberlite Diamonds. Following a few years 
of exploration and development by Lipari Mineracgao 
Ltda., anew mine has been established there to exploit a 
kimberlite field called the Bratina complex in the Sao 
Francisco craton. De Beers initially explored the largest 
of these kimberlites—Bratina 3, with a surface area of 
15,000 square meters—in the early 1990s (figure B-1). The 


Figure B-2. Left: A selection of rough Brazilian diamonds, 262 carats total, photographed in Antwerp. The crys- 
tal at the center weighs 7.46 ct. The diamonds are from the Bratina kimberlite field near Nordestina. Right: 
These larger diamond crystals from the Lipari mine include a 3.87 ct resorbed yellow crystal, a 3.49 ct octahe- 
dral crystal, and a 2.94 ct macle. Photos by Robert Weldon/GIA, courtesy of Aftergut N. @ Zonen and Lipari 
Mineracdo Ltda. 
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operating license was sold in 2004 to Valdiam Resources 
Ltd., which runs the operation today as the Lipari mine. 

“We have invested $45 million in exploration, de- 
velopment, and drilling,” says Ken Johnson, president 
and CEO of Lipari. “Our attention is on Bratina 3, where 
we've developed a resource containing an estimated 2.5 
million carats of high-quality diamonds. In 2014, our 
initial bulk sampling activities yielded some 2,500 dia- 
monds with an average value of over US$322 per carat. 
Since then, much has changed, with our accrued explo- 
ration and development costs at about US$ 70 million 
by early 2017.” 

Commercial production at Bratina started in July 
2016, and the projected production for 2017 is 210,000 
carats valued at US$42 million. “We are now recovering 
diamonds from the central zone of the kimberlite pipe, 
and our current average sale value of $200 per carat is 
in line with our expectations” (figure B-2). 

The new mine is expected to produce up to 340,000 
carats a year during an open-pit mine lifetime of seven 
years, and Johnson estimates a nearly US$750 million 
revenue stream. “The Bratina 3 project has excellent po- 
tential to transition from an open pit to an underground 
mine. Our current exploration efforts are focused on de- 
velopment of additional diamond resources below the 
bottom of the open pit (at a depth of 260 meters}—iden- 
tification of these resources will support a decision to 
transition to an underground mine.” In addition to the 
current open pit, 22 other kimberlite pipes have been 
discovered so far in the vicinity. 


Future of Large-Scale Kimberlite Mining in Brazil. More 
than 1,300 kimberlites are known in Brazil, though only 
about 70 are expected to yield diamond on a commer- 
cial basis. Kimberlite mining is a new scenario, but one 
that offers advantages over small-scale artisanal mining. 
For one, mining occurs in a known location, and the re- 
serves can be far better estimated than in the scattered 
alluvial deposits around Brazil. “In 2014, revenue from 
taxation on small-scale activities was very small (about 
US$78 per carat on average value for export), with even 
lower revenue in 2015” Johnson explained. He believes 
it could be, and should be, much higher. Preliminary 
2016 data from the Brazilian Ministry of Mines and En- 
ergy (MME) indicate an average value of US$727 per 
carat, which is a significant increase in value over pre- 
vious years. This would rank Brazil fourth in the world 
for the average value of rough diamond production. 

Many of the traditional obstacles to diamond min- 
ing in Brazil will be overcome, added Johnson. “We will 
put kimberlite production on the map and will go on 
record as the first company to develop a diamond mine 
in a kimberlite primary source of rock. As such it is an 
historic event for Brazil, and for us.” 
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statistics.org). This number is expected to increase 
significantly with the mining of the Bratina 3 kim- 
berlite in Bahia. Open-pit mining is expected until 
2021, with the potential for mining to continue un- 
derground. 

Brazil has participated in the Kimberley Process 
Certification Scheme (KPCS) since 2003. Underre- 
porting of annual production, along with corruption 
and criminal activity in diamond exporting and sales, 
has been endemic (see Partnership Africa Canada, 
2.005, 2006). Experts believe the stringent certification 
requirements of the KPCS have caused exports to be 
underreported, particularly for valuable material such 
as fancy-color diamonds (Gomes dos Santos, 2015). 

Considering the widespread distribution and 
mode of occurrence of Brazilian diamonds, and the 
lack of historical controls over mining, underreport- 
ing is not surprising. In countries where diamonds 
are recovered from kimberlite pipes, control is more 
easily maintained over the small area. But Brazil is 
one of the world’s largest countries, and the second- 
ary deposits cover vast areas. Alluvial mining and 
initial diamond sales are carried out by garimpeiros, 
individually or in small groups, with no large com- 
panies exerting control. With Brazil’s long coastline 
and remote borders with neighboring countries, dia- 
mond smuggling is an ever-present concern. 


CONCLUSIONS 

Brazil’s significance as a diamond producer spans 
three centuries, making it the world’s longest con- 
tinuous commercial source of diamonds (figure 23). 
Brazil reached its peak production in the mid-1700s 
as adventurers and explorers made their way into the 
country’s vast interior. Most of its diamond supply— 
then and now—comes from the multitude of alluvial 
sources spread across the country. 

Alluvial diamonds have been mined in most 
Brazilian states since the beginning of the 18th cen- 
tury, when the colony was still under Portuguese 
rule. Besides alluvial occurrences, there are other im- 
portant deposits related to conglomerates (Romaria, 
Minas Gerais), glacial rocks (Tibagi, Parana), and 
mid-Paleozoic metasedimentary rocks (Diamantina 
District, Minas Gerais and Chapada Diamantina, 
Bahia). Among the alluvial deposits, the Coromandel 
and Abaeté regions have occasionally yielded “mega- 
diamonds” reaching hundreds of carats in size, as 
well as crystals with pink, yellow, green, red, and 
blue “fancy colors.” The mines of the Juina region in 
Mato Grosso are known for the quantity of their pro- 
duction. 
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Although systematic exploration of Brazilian kim- 
berlites began relatively late, there are several known 
mineralized bodies in the states of Minas Gerais, 
Bahia, Mato Grosso, Rond6énia, Goids, and Piaui. 
Large mining groups such as De Beers have worked 
in Brazil but never at a reported kimberlite source. 
However, more than 1,300 kimberlite pipes have been 
identified through exploration in the last century. 
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Figure 23. Brazilian di- 
amonds were shipped 
to Europe from the 
1720s through the 
1860s. The rose-cut dia- 
monds, seen in this 
necklace and brooch, 
are part of the Danish 
crown jewels on dis- 
play in the Rosenborg 
Castle in Copenhagen. 
The necklace was origi- 
nally worn by Queen 
Louise, consort of King 
Frederik VIII (1843- 
1912). The brooch 
could be taken apart 
and the components 
worn separately. The 
jewelry was fashioned 
by the firm of C.M 
Weishaupt & Séhne of 
Hanau, Germany in 
1840 using diamonds 
most likely of Brazilian 
origin. Photo by Iben 
Kaufmann. 


The past three centuries have shown the impor- 
tance of mining to Brazil’s economic development. 
Since the beginning, garimpeiros have worked the re- 
mote regions, founding towns that later became 
cities such as Diamantina, Coromandel, and Juina. 
In the ongoing search for new mineral deposits, the 
garimpeiros pushed west beyond the boundaries of 
the Treaty of Tordesilhas, helping expand Brazilian 
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territory. Beginning in the 1700 and 1800s, Brazilian 
diamonds were used in European jewelry—the larger 
and better-quality diamonds found their way into 
royal jewelry collections at a time when production 
from India had ceased and the African deposits had 
yet to be discovered. 

Another important development was the discov- 
ery of carbonado in Chapada Diamantina in the 
1840s. In the early 1990s, sublithospheric diamonds 
were discovered in the kimberlites of Juina in Mato 
Grosso. These unusual diamonds contain inclusions 
of minerals formed in the transition zone and lower 
mantle. Their study has increased our awareness of 
the mineralogy of Earth’s interior. 

Brazil’s diamond production remains enigmatic. 
The country’s enormous expanse, and the fact that di- 
amonds have been found at numerous alluvial 
sources, weathered over the millennia from their pri- 
mary sources and dispersed throughout the continent 
in riverbeds and conglomerates, contributes to the 


ABOUT THE AUTHORS 

Dr. Svisero is a professor in the Institute of Geosciences of the Uni- 
versity of Sao Paulo, Brazil. Dr. Shigley is a distinguished research 
fellow, and Mr. Weldon is manager of photography and visual com- 
munications, at GIA in Carlsbad, California. 


ACKNOWLEDGMENTS 

The authors wish to thank the following individuals: Ken Johnson, 
CEO and president of Lipari Mineracao Ltda.; Lauro de Freitas; and 
José Paulo Donatti Filho, Lipari exploration manager at Nordestina, 
for the opportunity to visit the Lipari kimberlite mine. Ari Epstein of 
Antwerp World Diamond Centre for insight into Brazil's diamond in- 
dustry. Dr. Stephen Haggerty of Florida International University in 
Miami for information on carbonaao. Prof. Miguel A.S. Basei for 
suggestions on the geological map in figure 9. Dr. Otavio Barbosa, 
Fernando M. Coelho, and Rafael Rodrigues for information on 


REFERENCES 


Abreu S.F. (1973) Recursos Minerais do Brasil. Editora Edgard 
Blucher, Sao Paulo, two volumes. 

de Almeida FEM. (1967) Origem e evolucado da Plataforma 
Brasileira. Bulletin of the National Department of Mineral Pro- 
duction (DNPM)/Division of Geology and Mineralogy (DGM), 
No. 241, Rio de Janeiro. 

de Almeida EF.M., Hasui Y., de Brito-Neves B.B. (1981) Brazilian 
structural provinces: An introduction. Earth-Science Reviews, 
Vol. 17, No. 1/2, pp. 1-29, http://dx.doi.org/10.1016/0012- 
82.52(81}90003-9 

Andrade C.M. (1999) Aspectos mineralégicos, gemoldgicos e 
econdmicos de diamantes e carbonados da Chapada Diaman- 
tina, Bahia. MSc. thesis, Institute of Geosciences, University 
of Sao Paulo, 165 pp. 


BRAZILIAN DIAMONDS 


confusion. A lack of expertise in large-scale diamond 
mining, and industry regulation, have also hampered 
growth in the sector (A. Epstein, pers. comm., 2.015). 
According to Constance (2011), recent production has 
stalled for several reasons: government efforts to com- 
ply with the Kimberley Process Certification Scheme, 
its crackdown in 2006 on diamond smuggling, and the 
2.008 global financial crisis. When combined with the 
shortage of skilled labor and the limited availability 
of geological resources that can be applied to mineral 
exploration, an expanded diamond mining program 
seems unlikely in the near future. 

However, Brazil’s diamond production may yet be 
rewritten in the early 21st century. Despite consid- 
erable geological fieldwork, the sources of most allu- 
vial diamonds in Brazil are still uncertain. As 
large-scale mining will be conducted in at least one 
location, the traditional scene of garimpeiros panning 
for alluvial diamonds likely represents a vanishing 
way of life. 


Brazilian kimberlites. Al Gilbertson of GIA in Carlsbad for the his- 
tory of the Old Mine cut presented in box A, and for information 
on Anthony Knivet. Francisco de Assis Ribeiro and Robledo Dela- 
torre Ribeiro of Gar Mineracao in Belo Horizonte for the opportu- 
nity to visit alluvial diamond mining operations in Minas Gerais, 
and for selections of rough diamonds made available for photog- 
raphy. Dr. Joachim Kartunkel of Federal University of Minas Gerais 
in Belo Horizonte, and Dr. Donald B. Hoover of Springfield, Mis- 
souri, for discussions of Brazilian diamond geology. Luis Alberto 
de Deus Borges of Petrus Mineracao, and Giovanni de Deus 
Borges of Gem Eireli Company, Patos de Minas, for information 
on diamond occurrences in Minas Gerais and for selections of 
rough diamonds made available for photography. Rui Galopim de 
Carvalho in Lisbon and Niels Rudaly Hansen in Brondby, Den- 
mark, for assistance in obtaining images of European historical 
Jewelry. 


Balfour I. (2011) Famous Diamonds. Antique Collectors’ Club 
Ltd., London. 

Ball S.H. (1929) Diamond mining in Brazil. Jewelers’ Circular, Vol. 
99, No. 11, pp. 37-39, 45. 

Barbosa O. (1991) Diamante no Brasil: Histérico, Ocorréncia, 
Prospec¢do e Lavra. Companhia de Pesquisa de Recursos Min- 
erais (CPRM), Brasilia. 

Barbosa O., Braun O.P.G., Dyer R.C., Cunha C.A.B.R. (1970) Ge- 
ologia da regido do Tridngulo Mineiro. Bulletin DNPM, No. 
136, Rio de Janeiro. 

Berbert C.O., Svisero D.P., Sial A.N., Meyer H.O.A. (1981) Upper 
mantle material in the Brazilian Shield. Earth-Science Reviews, 
Vol. 17, No. 1/2, pp. 109-133, http://dx.doi.org/10.1016/0012- 
82.52(81)90008-8 


Gems & GEMOLOGY SPRING 2017 29 


Bizzi L.A., Smith C.B., Wit M.J., Armstrong R.A., Meyer H.O.A. 
(1993) Mesozoic kimberlites and related alkali rocks in the 
south-western Sao Francisco craton, Brazil. In H.O.A. Meyer 
and O.H. Leonardos, Eds., Proceedings of the 5th International 
Kimberlite Conference, Araxa (MG), CPRM Special Publica- 
tion, Vol. 2, pp. 156-171. 

Boxer C.R. (1962) The Golden Age of Brazil, 1695-1750: Growing 
Pains of a Colonial Society. University of California Press, 
Oakland. 

Branner J.C. (1909) The diamond-bearing highlands of Bahia. En- 
gineering and Mining Journal, Vol. 87, No. 20, pp. 981-986 and 
No. 21, pp. 1029-1033. 

(1919) Outlines of the geology of Brazil to accompany the 
geologic map of Brazil. Bulletin of the Geological Society of 
America, Vol. 30, pp. 189-338. 

de Brito-Neves B.B., Cordani U.G. (1991) Tectonic evolution of 
South America during the late Proterozoic. Precambrian Re- 
search, Vol. 53, No. 1/2, pp. 23-40, http://dx.doi.org/10.1016/ 
0301-9268(91)90004-T 

Bulanova G.P., Walter M.J., Smith C.B., Kohn S.C., Armstrong, 
L.S., Blundy J., Gobbo L. (2010) Mineral inclusions in sublithos- 
pheric diamonds from Collier 4 kimberlite pipe, Juina, Brazil: 
Subducted protoliths, carbonated melts and primary kimberlite 
magmatism. Contributions to Mineralogy and Petrology, Vol. 
160, No. 4, pp. 489-510, http://dx.doi.org/10.1007/s00410-010- 
0490-6 

Burton R.F. (1869) Explorations of the Highlands of the Brazil, 
with a Full Account of the Gold and Diamond Mines. Tinsley 
Brothers, London, two volumes. 

Caloégeras J.P. (1904) As Minas do Brasil e sua Legislagdo, Vol. 1. 
National Press, Rio de Janeiro. 

Cassedanne J.P. (1985) Chercheurs de diamant au Brésil. Monde et 
Mineraux, No. 70, pp. 36-39. 

(1989) Diamonds in Brazil. Mineralogical Record, Vol. 20, 
No. 5, pp. 325-336. 

de Castro Sarmento J. (1731) A letter from Jacob de Castro Sar- 
mento, M.D. and E.R.S., to Cromwell Mortimer, M.D. and Sec. 
R.S., concerning diamonds found in Brazil. Philosophical 
Transactions of the Royal Society of London, Vol. 37, pp. 199- 
201. 

Cattelle W.R. (1903) Precious Stones: A Book of Reference for Jew- 
ellers, J.B. Lippincott & Co., Philadelphia. 

Chaves M.L.S.C. (1997) Geologia e mineralogia do diamante da 
Serra do Espinhago em Minas Gerais. PhD thesis, Institute of 
Geosciences, University of Sao Paulo. 

Chaves M.L.S.C., Uhlein A. (1991) Depositos diamantiferos da 
regiao do alto/médio Rio Jequitinhonha, Minas Gerais. In C. 
Schobbenhaus, E.T. Queiroz, and C.E.S. Coelho, Eds., Princi- 
pais Depositos Minerais do Brasil, Vol. 4, DNPM/CPRM, 
Brasilia, pp. 117-138. 

Chaves M.L.S.C., Karfunkel J., Hoppe A., Hoover D.B. (2001) Di- 
amonds from the Espinhago Range (Minas Gerais, Brazil) and 
their redistribution through the geologic record. Journal of 
South American Earth Sciences, Vol. 14, No. 3, pp. 277-289, 
http://dx.doi.org/10.1016/S0895-981 1(01)00024-4 

Chaves M.L.S.C., Brandao P.R.G., Girodo A.C., Benitez L. (2008) 
Kimberlito Canastra-1 (S40 Roque de Minas, MG): Mineralogia 
e reservas diamantiferas. Revista Escola de Minas, Vol. 61, No. 
3, pp. 357-364, http://www.scielo.br/pdf/rem/v61n3/a14 

Cheney G.A. (2005) Journey on the Estrada Real — Encounters in 
the Mountains of Brazil. Chicago Review Press, Chicago. 

Chieregati L.A. (1989) Aspectos mineralégicos, genéticos e 
econémicos das ocorréncias diamantiferas da regiao nordeste 
do Parana e sul de Sao Paulo. MSc thesis, Institute of Geo- 
sciences, University of Sao Paulo. 

Chieregati L.A., Svisero D.P. (1990) Estudo de minerais pesados da 
regido diamantifera do Rio Tibagi (PR) e as possibilidades de ex- 
isténcia de fontes primdrias de diamante na regiao. Acta Ge- 
olégica Leopoldénsia, Vol. 13, No. 10, pp. 171-186. 


30 BRAZILIAN DIAMONDS 


Coelho F.M. (2010) Aspectos geologicos e mineraldgicos da mina 
de diamantes de Romaria, Minas Gerais. MSc thesis, Institute 
of Geosciences, University of Sao Paulo. 

Companhia de Pesquisa de Recursos Minerais (2004) Cartas Ge- 
oldgicas do Brasil ao Milionésimo, Escala 1:1.000.000, Brasilia, 
Distrito Federal, Brasil. 

Constance D. (2011) Brazilian diamond mining stalls. Rapaport 
Magazine, Vol. 34, No. 11, pp. 56-60. 

Cookenboo H.O. (2005) Exploration for diamond-bearing kimber- 
lite in the Brasilia Belt of Minas Gerais. Proceedings of the 
Fourth Brazilian Diamond Geology Symposium, Bulletin No. 
14, Diamantina, Brazil, pp. 51-53. 

Cordani U.G., de Brito-Neves B.B., D’Agrella-Filho M.S. (2003) 
From Rodinia to Gondwana: A review of available evidence 
from South America. Gondwana Research, Vol. 6, No. 2, pp. 
275-283, http://dx.doi.org/10.1016/S1342-937X(05)70976-X 

Cordani U.G., Teixeira W., D’Agrella-Filho M.S., Trindade RL. 
(2009) The position of the Amazonian craton in superconti- 
nents. Gondwana Research, Vol. 15, No. 3/4, pp. 396-407, 
http://dx.doi.org/10.1016/j.gr.2008.12.005 

Cornejo C., Bartorelli A. (2010) Minerals and Precious Stones of 
Brazil. Solaris Cultural Publications, Sao Paulo. 

Costa V.S. (2013) Mineralogia e petrologia de xendlitos mantélicos 
da Provincia Kimberlitica de Juina, MT. PhD thesis, Institute 
of Geosciences, University of Sao Paulo. 

Dawson J.B., Stephens W.E. (1975) Statistical classification of gar- 
nets from kimberlites and associated xenoliths. Journal of Ge- 
ology, Vol. 83, No. 5, pp. 589-607, http://dx.doi.org/ 10.1086/ 
628143 

DeJean J.E. (2005) The Essence of Style: How the French Invented 
High Fashion, Fine Food, Chic Cafes, Style, Sophistication and 
Glamour, Simon Shuster, New York. 

Delgado I. de M., Pedreira A.J., Thorman C.H. (1994) Geology and 
mineral resources of Brazil: A review. International Geology 
Review, Vol. 36, No. 6, pp. 503-544, http://dx.doi.org/10.1080/ 
002068 19409465474 

Derby O.A. (1878) Geologia da regiao diamantifera do Parana, 
Brazil. Archivo Museu Nacional do Rio de Janeiro, Vol. 3, pp. 
89-98. 

(1898) Brazilian evidence on the genesis of the diamond. 

Journal of Geology, Vol. 6, No. 2, pp. 121-146. 

(1906) The Serra do Espinhago, Brazil. Journal of Geology, 
Vol. 14, No. 5, pp. 374-401. 

Derby O.A., Branner J.C. (1905) The geology of the diamond and 
carbonado washings of Bahia, Brazil. Economic Geology, Vol. 
1, No. 2, pp. 134-142. 

Des Genettes H.R. (1859) Diamantes na Bagagem. Revista do 
Archivo Publico Mineiro, Vol. 4, Imprensa Official de Minas 
Gerais, Belo Horizonte, Brazil, pp. 287-292. 

Diamond carriers (1842) Penny Magazine, Vol. 11, (March 12), pp. 
100-101. 

Diderot D. (1771) Recuiel de Plances, sur les Sciences, les Arts 
Liberauz, et les Arts Mechaniques. Briasson, Paris. 

Dodge F.H. (1922) Ouro Preto — The old capital of Minas Gerais, 
Brazil. The Pan-American Magazine and New World Review, 
Vol. 34, No. 4, pp. 29-38. 

Donatti-Filho J.P., Tappe S., Oliveira E.P., Heaman L.M. (2013) Age 
and origin of the Neoproterozoic Brauna kimberlites: Melt gen- 
eration within the metasomatized base of the Sao Francisco 
Craton, Brazil. Chemical Geology, Vol. 353, No. 1, pp. 19-35, 
http://dx.doi.org/10.1016/j.chemgeo.2012.06.004 

Draper D. (1911) The diamond-bearing deposits of Bagagem and 
Agua Suja in the State of Minas Gerais, Brazil. Transactions of 
the Geological Society of South Africa, Vol. 14, pp. 8-19. 

Draper T. (1949) Diamond mining in Brazil. G#G, Vol. 7, No. 8, 
pp. 231-242. 

(1950a) The gemstones of Brazil. GG, Vol. 6, No. 12, pp. 
369-375. 

— (1950b) The origin and distribution of diamonds in Brazil. 


Gems & GEMOLOGY SPRING 2017 


GewG, Vol. 6, No. 10, pp. 298-306. 

(1951) The diamond mines of Diamantina — Past and pres- 
ent. G&G, Vol. 7, No. 2, pp. 49-57. 

Dufrenoy A. (1855) Note sur un cristal de diamant provenant du 
district Bogagem, au Brésil. Comptes Rendus Hebdomadaires 
des Séances de l'Académie des Sciences, Vol. 40, No. 1, pp. 3- 
5. 

Dupont H. (1991) Jazida aluvionar de diamante do rio Jequitin- 
honha em Minas Gerais. In C. Schobbenhaus, E.T. Queiroz, and 
C.E.S. Coelho, Eds., Principais Depositos Minerais do Brasil, 
Vol. 4. DNPM/CPRM,, Brasilia, pp. 139-148. 

von Eschwege W.L. (1833) Pluto Brasiliensis. G. Reimer, Berlin. 

Fausto B. (1999) A Concise History of Brazil. Cambridge Univer- 
sity Press, Cambridge. 

Feitosa V.M.N., Svisero D.P. (1984) Conglomerados diamantiferos 
da regiao de Romaria, Minas Gerais. Proceedings of the 33rd 
Brazilian Congress of Geology, Rio de Janeiro, Vol. 10, pp. 
4995-5005. 

Fernandez-Armesto F. (2009) Columbus. Oxford University Press, 
Oxford. 

Galopim de Carvalho R. (2006) The Braganga ‘diamond’ discoy- 
ered? G&G, Vol. 42, No. 3, pp. 132-133. 

de Galvao Bueno A. (1922) The bandeirantes: Their deeds and de- 
scendants. Bulletin of the Pan American Union, Vol. 54, pp. 
456-480. 

Gomes dos Santos E. (2015) The Kimberley Process Certification 
System — KPCS and diamond production changes in selected 
African countries and Brazil. Revista Escola de Minas, Vol. 
68, No. 3, pp. 279-285, http://dx.doi.org/10.1590/0370- 
44672015680024 

Gonzaga G.M., Tompkins L.A. (1991) Geologia do diamante. In C. 
Schobbenhaus, E.T. Queiroz, and C.E.S. Coelho, Eds., Princi- 
pais Depositos Minerais do Brasil, Vol. 4. DNPM/CPRM, 
Brasilia, pp. 53-116. 

Gonzaga G.M., Teixeira N.A., Gaspar J.C. (1994) The origin of di- 
amonds in western Minas Gerais, Brazil. Mineralium Deposita, 
Vol. 29, No. 5, pp. 414-421, http://dx.doi.org/10.1007/ 
BFO1886959 

Gorceix H. (1882) Brazilian diamonds and their origins. Popular 
Science Monthly, Vol. 21, No. 37, pp. 610-620. 

Grazziotin H.F., Andrade J.B.F. (2011) Recursos minerais e indi- 
cadores metalogenéticos da folha NA.20-X-A-III, Vila de Tepe- 
quém. Thirteenth Brazilian Congress of Geochemistry, 
Expanded Abstracts, pp. 1725-1728. 

Guarino V., Wu F-Y., Lustrino M., Melluso L., Brotzu P., Gomes 
C. de B., Ruberti E., Tassinari C.C.G., Svisero D.P. (2013) U-Pb 
ages, Sr-Nd-isotope geochemistry, and paragenesis of kimber- 
lites, kamafugites and phlogopite-picrites of the Alto Paranaiba 
igneous province, Brazil. Chemical Geology, Vol. 353, No. 1, 
pp. 65-82, http://dx.doi.org/10.1016/j.chemgeo.2012.06.016 

Haggerty S.E. (2014) Carbonado: Physical and chemical properties, 
a critical evaluation of proposed origins, and a revised genetic 
model. Earth-Science Reviews, Vol. 130, pp. 49-72, 
http://dx.doi.org/10.1016/j.earscirev.2013.12.008 

Haralyi N.L.E. (1991) Os diamantes de Juina, Mato Grosso. In C. 
Schobbenhaus, E.T. Queiroz, and C.E.S. Coelho, Eds., Princi- 
pais Depositos Minerais do Brasil, Vol. 4. DNPM/CPRM, 
Brasilia, pp. 155-160. 

Haralyi N.L.E., Hasui Y., Morales N. (1991) O diamante pré-cam- 
briano da Serra do Espinhago, Minas Gerais. In C. Schobbenhaus, 
E.T. Queiroz, and C.E.S. Coelho, Eds., Principais Depositos Min- 
erais do Brasil, Vol. 4. DNPM/CPRM, Brasilia, pp. 209-222. 

Haralyi N.L.E., Hasui Y., Rodrigues A. S. (1994) O segundo maior 
diamante brasileiro: 602 Quilates. Geociéncias, Vol. 13, No. 1, 
pp. 213-221. 

Harte B. (2010) Diamond formation in the deep mantle - The 
record of mineral inclusions and their distribution in relation 
to mantle dehydration zones. Mineralogical Magazine, Vol. 74, 
No. 2, pp. 189-215, https://dx.doi.org/10.1180/minmag. 


BRAZILIAN DIAMONDS 


2010.074.2.189 

Hasui Y., (2012) Compartimentagao geoldgica do Brasil. In Y. 
Hasui, C.D. Carneiro, EF.M. de Almeida, and A. Bartorelli, 
Eds., Geologia do Brasil, Editora Beca, Sao Paulo, pp. 112-122. 

Herold M.W. (2013) The black diamonds of Bahia (carbonados) 
and the building of Euro-America: A half-century supply mo- 
nopoly (1880-1930s). Commodities of Empire Working Paper, 
No. 21, 37 pp., Ferguson Center for African and Asian Studies, 
The Open University, Milton Keynes, United Kingdom, 
http://commoditiesofempire.org.uk/publications/working-pa- 
pers/working-paper-21/ 

Hofmeester K. (2013a) Working for diamonds from the 16th to the 
20th century. From Working on Labor: Essays in Honor of Jan 
Lucassen. Brill Publishers, Leiden, pp. 19-46. 

Hofmeester K. (2013b) Shifting trajectories of diamond processing: 
From India to Europe and back, from the fifteenth century to 
the twentieth. Journal of Global History, Vol. 8, No. 1, pp. 25- 
49. 

Hoover D.B., Karfunkel J. (2009) Large Brazilian diamonds. Aus- 
tralian Gemmologist, Vol. 23, No. 10, pp. 440-446. 

Hunt L., Stachel T., Morton R., Griitter H., Creaser R.A. (2009) 
The Carolina kimberlite, Brazil — Insights into an unconven- 
tional diamond deposit. Lithos, Vol. 112, Supp. 2, pp. 843-851, 
http://dx.doi.org/10.1016/j.lithos.2009.04.018 

Hussak E. (1894) Sobre o depdsito diamantifero de Agua Suja perto 
de Bagagem, Minas Gerais. In L. Cruls, Ed., Relatério da 
Comissdo Exploradora do Planalto Central do Brasil, Annex 
5, Rio de Janeiro, pp. 281-319. 

Inveness J (2014). Reinterpreting the role of non-Europeans in the 
‘English private trade’: The globalisation of diamonds via East 
India Company networks in the late-seventeenth century. Un- 
published manuscript, accessed July 17, 2016, 
https://www.academia.edu/8372856/The_globalisation_of_ 
diamonds_via_East_India_Company_networks_in_the_late- 
seventeenth_century_Reinterpreting_the_role_of_non-Euro- 
peans_in_the_English_private_trade 

Janse A.J.A. (2007) Global rough diamond production since 1870. 
Gwe, Vol. 43, No. 2, pp. 98-119, http://dx.doi.org/10.5741/ 
GEMS.43.2.98 

Jeffries D. (1750) A Treatise on Diamonds and Pearls, C. and J. 
Ackers, London. 

Kaminsky F. (2012) Mineralogy of the lower mantle: A review of 
‘super-deep’ mineral inclusions in diamond. Earth-Science Re- 
views, Vol. 110, No. 1/4, pp. 127-147, http://dx.doi.org/ 
10.1016/j.earscirev.2011.10.005 

Kaminsky E.V., Zakharchenko O.D., Khachatryan G.K., Shiryaev 
A.A. (2001) Diamonds from the Coromandel area, Minas 
Gerais, Brazil. Revista Brasileira de Geociéncias, Vol. 31, pp. 
583-596. 

Kaminsky E.V., Sablukov S.M., Sablukova L.I., Zakharchenko O.D. 
(2009) The Fazenda Largo off-craton kimberlites of Piaui State, 
Brazil. Journal of South American Earth Sciences, Vol. 28, No. 
3, pp. 288-303. 

Karfunkel J., Chaves M.L.S.C., Svisero D.P., Meyer H.O.A. (1994) 
Diamonds from Minas Gerais, Brazil: An update on sources, 
origin and production. International Geology Review, Vol. 
36, No. 11, pp. 1019-1032, http://dx.doi.org/ 10.1080/ 
002068 19409465502 

Karfunkel J., Hoover D.B., Fernandes A.F., Sgarbi G.N.C., Kam- 
brock K., Oliveira G.D. (2014) Diamonds from the Coromandel 
Area, West Minas Gerais State, Brazil: An update and new data 
on surface sources and origin. Brazilian Journal of Geology, 
Vol. 44, No. 2, pp. 325-338, http://dx.doi.org/10.5327/Z2317- 
4889201400020011 

Kerr R. (1824) A General History and Collection of Voyages and 
Travels, Arranged in Systematic Order, Vol. 11, William Black- 
wood, Edinburgh, pp. 65-200. 

King J.M., Shigley J.E. (2003) An important exhibition of seven rare 
gem diamonds. GwWG, Vol. 39, No. 2, pp. 136-143, 


Gems & GEMOLOGY SPRING 2017 31 


http://dx.doi.org/10.5741/GEMS.39.2.136 

Le Noan C. (2008) Technical Report on the Juina Diamond Proj- 
ect, Report No. 43-101, Diagem Inc., Quebec. 

Legrand J. (1980) Diamonds: Myth, Magic and Reality. Crown 
Publishers, New York. 

Lenzen G. (1970) History of Diamond Production and the Dia- 
mond Trade. Barrie and Jenkins, New York. 

Lessa de SA V.K., ed. (2015) The Admirable Adventures and 
Strange Fortunes of Master Anthony Knivet — An English Pi- 
rate in Sixteenth-Century Brazil. Cambridge University Press, 
New York. 

Leonardos O.H. (1937) Diamante e carbonado no Estado da Bahia. 
Mineracdo e Metalurgia, pp. 183-192. 

(1956) Recursos minerais do Triangulo Mineiro. Engen- 

haria, Mineracdo e Metalurgia, Vol. 14, No. 140, pp. 71-77; No. 

141, pp. 133-142, No. 142, pp. 219-226 

(1959) Diamante. Revista Engenharia, Mineracdo e Met- 
alurgia, No. 175, pp. 5-8. 

Liccardo A., Barbosa T.A., Hornes K.L. (2012) Diamante de Tibagi 
no Parana — PatrimGnio geoldgico-mineiro e cultural. Anudrio 
do Instituto de Geociéncias, Vol. 35, No. 1, pp. 142-151, 
http://dx.doi.org/10.11137/2012_1_142151 

Linde O., De Meo R., Epstein A., Fischler S. (2014) The Global Di- 
amond Report 2014 -— Diamond: Timeless Gem in a Changing 
World. Bain & Company and Antwerp World Diamond Centre, 
Dec. 9, http://www.bain.com/publications/articles/global- 
diamond-report-2014.aspx 

Maack R. (1968) Diamante no tilito de Tibagi, Paranda. Anais da 
Academia Brasileira de Ciéncias, Vol. 40, p. 96. 

Machado LF., Figueiréa S.F. de M. (2001) 500 years of mining in 
Brazil: A brief review. Resources Policy, Vol. 27, No. 1, pp. 9- 
24, http://dx.doi.org/10.1016/S0301-4207(01)00004-6 

Mawe J. (1812) Travels in the Interior of Brazil. Longman, Hurst, 
Rees, Orme, Brown, and Green, London. 

McCabe LB. (2008) Orientalism in Early Modern France, Eurasian 
Trade, Exoticism and the Ancient Régime. Bloomsbury Aca- 
demic Press, Oxford. 

Melluso L., Lustrino M., Ruberti E., Brotzu P., Gomes C.B., Mor- 
bidelli L., Morra V., Svisero D.P., D’Amelio F. (2008) Major and 
trace-element composition of olivine, perovskite, clinopyrox- 
ene, Cr-Fe-Ti oxides, phlogopite and host kamafugites and kim- 
berlites, Alto Paranaiba, Brazil. Canadian Mineralogist, Vol. 
46, No. 1, pp. 19-40, http://dx.doi.org/ 10.3749/canmin.46.1.19 

Meyer H.O.A., Svisero D.P. (1975) Mineral inclusions in Brazilian 
diamonds. Physics and Chemistry of the Earth, Vol. 9, pp. 785- 
795, http://dx.doi.org/10.1016/0079-1946(75)90051-8 

Meyer H.O.A., Waring M., Posey E.F. (1991) Diamond deposits of 
the Santo Inacio river and the Vargem intrusions, near Coro- 
mandel, Minas Gerais. In Fifth International Kimberlite Con- 
ference Field Guidebook, pp. 50-57. 

Minérios & Minerales (2014), Vol. 38, No. 363, pp. 14-18. 

Moreira P.S. (1955) Os grandes diamantes Brasileiros. Gemologia, 
Vol. 1, No. 1, pp. 5-12. 

Neto L.C., Castro C.C., Silveira F.V. (2014) Intrusées kimberliticas 
de Rondénia: uma sintese com base no conhecimento atual. 
Proceedings of the Sixth Brazilian Symposium on Diamond 
Geology, pp. 97-102. 

Oakenfull J.C. (1919) Brazil: Past, Present, and Future. John Bayles 
and Sons and Danielsson Ltd., London. 

Oppenheim V. (1936) Sedimentos diamantiferos do Parand. Bul- 
letin No. 9, Rio de Janeiro, DNPM/DGM. 

Partnership Africa Canada (2005) The Failure of Good Intentions: 
Fraud, Theft and Murder in the Brazilian Diamond Industry. The 
Diamonds and Human Security Project, Occasional Paper No. 
12, Ottawa, http://www.pacweb.org/images/PUBLICATIONS/ 
Conflict_Diamonds_and_KP/12_Failure_good_intentions_electr- 
Eng.pdf 

(2006) Fugitives and Phantoms: The Diamond Exporters 

of Brazil. The Diamonds and Human Security Project, Occa- 


32 BRAZILIAN DIAMONDS 


sional Paper No. 13, Ottawa, http://www.pacweb.org/ 
images/PUBLICATIONS/Conflict_Diamonds_and_KP/13_Fugi 
tives_and_Phantoms_Revised_2015.pdf 

Pearson H. (1909) The diamond fields of Brazil. Journal of the 
Royal Society of Arts, Vol. 58, No. 2978, pp. 101-129. 

Perdoncini L.C., Soares P.C., Gois J.R. (2010) Geologia e ocorrén- 
cias diamantiferas da regido de Tibagi. Proceedings of the Fifth 
Brazilian Diamond Geology Symposium, pp. 92-101. 

Pointon M. (1999) Jewellery in Eighteenth Century England. In M. 
Berg and H. Clifford, Eds., Consumer and Luxury: Consumer 
Culture in Europe, 1650-1850. Manchester University Press, 
Manchester. 

Porcheron H. (1903) Rapport sur les Mines de Diamants de Agua 
Suja dans I’Etat de Minas Gerais, Brésil. Lecog et Mathorel, 
Paris. 

Read G., Grtitter H., Winter S., Luckman N., Gaunt F., Thomsen 
F. (2004) Stratigraphic relations, kimberlite emplacement and 
lithospheric thermal evolution, Quiric6 Basin, Minas Gerais 
State, Brazil. Lithos, Vol. 77, No. 1/4, pp. 803-818, 
http://dx.doi.org/10.1016/j.lithos.2004.04.011 

Reid M. (2014) Brazil: The Troubled Rise of a Global Power. Yale 
University Press, New Haven, Connecticut. 

Reis E. (1959) Os grandes diamantes brasileiros. Bulletin No. 191, 
Rio de Janeiro, DNPM/DGM. 

Renger FE. (2005) Regimes de extragao e produgao de diamantes 
do Serro Frio no século XVII. Proceedings of the Fourth Brazil- 
ian Diamond Geology Symposium, Bulletin No. 14, pp. 139- 
142. 

Rivot L.E. (1848) D’un diamant en masse amorphe et compacte 
provenant du Brésil. Annales des Mines, Vol. 57, pp. 419-422. 

de Saint-Hilaire A. (1833) Voyage dans le District des Diamans et 
sur le Littoral du Brésil. Librairie Gide, Paris, two volumes (ex- 
cerpt from The Museum of Foreign Literature and Science, Vol. 
26, 1835, pp. 6-15). 

dos Santos J.F. (1868) Memorias do Districto Diamantino da Cor- 
marca do Serro Frio (Provincia de Minas Geraes). Americana, 
Rio de Janeiro. 

dos Santos P.R., Rocha-Campos A.C., Canuto J.R. (1996) Patterns 
of late Paleozoic deglaciation in the Parana Basin, Brazil. 
Palaeogeography, Palaeoclimatology, Palaeoecology, Vol. 
125, No. 1/4, pp. 165-184, http://dx.doi.org/10.1016/S0031- 
0182(96)00029-6 

Sgarbi G.N.C., Chaves A.O. (2005) Kimberlitos e diamantes no 
oeste mineiro: uma discussao. Proceedings of the Fourth Brazil- 
ian Diamond Geology Symposium, Bulletin No. 14, pp. 153- 
157: 

Sinkankas J. (1977) Historical notes on South American gem- 
stones. G&G, Vol. 15, No. 11, pp. 334-344. 

Smith C.P., Bosshart G. (2002) Star of the South: A historic 128 ct 
diamond. GWG, Vol. 38, No. 1, pp. 54-64, http://dx.doi.org/ 
10.5741/GEMS.38.1.54 

Southey R. (1819) History of Brazil, Vol. 3. Longman, Hurst, Rees, 
Orme and Browne, London. 

de Souza G.S. (1587) Tratado Descritivo do Brasil em 1587. Ty- 
pographia de Jodo Ignacio da Silva, Rio de Janeiro, 
https://archive.org/stream/tratadodescriti00varngoog#page/n7/ 
mode/1lup 

Souza N. B. (1991) Depésitos diamantiferos de Poxoréo, Mato 
Grosso. In C. Schobbenhaus, E.T. Queiroz, and C.E.S. Coelho, 
Eds., Principais Depodsitos Minerais do Brasil, Vol. 4. 
DNPM/CPRM,, Brasilia, pp. 149-154. 

Stachel T., Brey G.P., Harris J.W. (2005) Inclusions in sublithos- 
pheric diamonds: Glimpses of deep earth. Elements, Vol. 1, No. 
2, pp. 73-78, http://dx.doi.org/10.2113/gselements.1.2.73 

Stonestreet G.D. (1891) Diamond Mining in South Africa. Factory 
and Industrial Management, Vol. 1, No. 5, p. 590. 

Streeter E.W. (1882) Precious Stones and Gems. George Bell & 
Sons, London, 3rd ed. 

Suguio K., Svisero D.P., Felitti-Filho W. (1979) Conglomerados 


Gems & GEMOLOGY SPRING 2017 


polimiticos diamantiferos de idade cretacea de Romaria (MG): 
Um exemplo de sedimentagao de leques aluviais. Minutes of 
the 2nd Regional Geology Symposium, Vol. 1, pp. 217-229. 

Svisero D.P. (1979) Piropos cromiferos da mina de diamantes de 
Romaria: composi¢ao quimica e origem. Bulletin Mineraldgico, 
Vol. 6, pp. 7-14. 

(1995) Distribution and origin of diamonds in Brazil: An 
overview. Journal of Geodynamics, Vol. 20, No. 4, pp. 493-514, 
http://dx.doi.org/10.1016/0264-3707(95)00017-4 

Svisero D.P., Meyer H.O.A. (1981) Ilmenitas kimberliticas da mina 
de diamantes de Romaria, Minas Gerais. Revista Brasileira de 
Geociéncias, Vol. 11, No. 4, pp. 217-221. 

Svisero D.P., Felliti-Filho W., Almeida J.S. (1981) Geologia da mina 
de diamantes de Romaria, municipio de Romaria, Minas 
Gerais. Mineracdo e Metalurgia, Vol. 425, pp. 4-14. 

Svisero D.P., Ulbrich M.N.C., Vlach S.R. (2005) Composigao, 
origem e significado geolégico de minerais resistatos de in- 
trus6es kimberliticas da regiao de Coromandel, Minas Gerais. 
Proceedings of the Fourth Brazilian Congress of Diamond Ge- 
ology, Bulletin No. 14, Diamantina, Brazil, pp. 169-172. 

Tassinari C.C.G., Macambira M.J.B. (1999) Geochronological 
provinces of the Amazonian Craton. Episodes, Vol. 22, No 3, 
pp. 174-182, http://www.episodes.org/index.php/epi/article/ 
view/62773/48972. 

Thompson L.S. (1928) The upland diamond deposits of the Dia- 
mantina District, Minas Gerais, Brazil. Economic Geology, Vol. 
23, No. 7, pp. 705-723. 

Thomson A.R., Kohn S.C., Bulanova G.P., Smith C.B., Araujo D., 
EIMEF, Walter M.J. (2014) Origin of sub-lithospheric diamonds 
from the Juina-5 kimberlite (Brazil): Constraints from carbon 
isotopes and inclusion compositions. Contributions to Miner- 


alogy and Petrology, Vol. 168, No. 6, http://dx.doi.org/ 
10.1007/s00410-014-1081-8 

Tillander H. (1995) Diamond Cuts in Historic Jewellery, 
1381-1910. Art Books International, Slovenia. 

Tompkins L.A., Gonzaga G.M. (1989) Diamonds in Brazil and a 
proposed model for the origin and distribution of diamonds in 
the Coromandel Region, Minas Gerais, Brazil. Economic Ge- 
ology, Vol. 84, No. 3, pp. 591-602, http://dx.doi.org/10.2113/ 
gsecongeo.84.3.591 

von Spix J.B., von Martius C.E.P. (1824) Travels in Brazil in the 
Years 1817-1820. Longman, Hurst, Rees, Orme, Browne, and 
Green, London. 

Watkins J.M. (2009) Relatério Técnico 50, Perfil do Diamante 
(Gema e Diamante Industrial), Vol. 1. Ministry of Mines and 
Energy, Brasilia. 

Weldon R., Jonathan C. (2013) The Museum of London’s extraor- 
dinary Cheapside Hoard. GWG, Vol. 49, No. 3, pp. 126-137, 
http://dx.doi.org/10.5741/GEMS.49.3.126 

Weska R.K. (1996) Geologia da regiao diamantifera de Poxoréo e 
areas adjacentes, Mato Grosso. PhD thesis, Institute of Geo- 
sciences, University of Sao Paulo, 219 pp. 

Wilding M.C., Harte B., Harris J.W. (1991) Evidence for a deep ori- 
gin for Sao Luiz diamonds. Fifth International Kimberlite Con- 
ference Extended Abstracts, Araxa, pp. 456-458. 

Yogev G. (1978) Diamonds and Coral: Anglo-Dutch Jews and Eigh- 
teenth Century Trade. Holmes & Meier Publishers, New York. 

Zolinger I.T., Svisero D.P., Weska R.K. (2002) Morfologia cristalina 
de diamantes provenientes das regides de Chapada dos 
Guimaraes, Poxoréo, Paranatinga, Diamantino e Alto Paraguai, 
Mato Grosso. Revista do Instituto Geoldgico, Vol. 23, pp. 23- 

33, http://dx.doi.org/10.5935/0100-929X.20020007. 


Watch slideshows and videos from this historical diamond 


source, where large-scale production could resume. Visit 


https://www.gia.edu/gems-gemology/spring-201 7-brazilian- 


diamonds, or scan the QR code on the right. 


BRAZILIAN DIAMONDS 


Gems & GEMOLOGY 


SPRING 2017 33 


ad AOS ARTICLES 


CUPRIAN LIDDICOATITE TOURMALINE 


Yusuke Katsurada and Ziyin Sun 


Cuprian (copper-bearing) tourmaline, known as “Paraiba” tourmaline in the trade, has been an important 
gem since its discovery in 1989. Until now, almost all of the material reported has been classified as the 
elbaite species of the tourmaline supergroup. Chemical analyses by laser ablation—inductively coupled 
plasma—mass spectroscopy (LA-ICP-MS), a common technique for origin determination of Paraiba tour- 
malines, revealed that 13 copper-bearing samples submitted to GIA’s Tokyo laboratory contained sub- 
stantial amounts of Ca in the X-site. Consequently, they are classified as liddicoatite tourmaline. The 


origin of these stones is unknown. 


inerals of the tourmaline supergroup are cy- 
M closilicates with the general formula 

XY,Z,(T,O,,)(BO,),V,W, where X = (Na*, 
Ca**, K*, and vacancy); Y = (Fe**, Mg*, Mn", Cu", Al**, 
Li*, Fe**, and Cr**); Z = (Al**, Fe**, Mg”*, and Cr**),; T = 
(Si*, Al*, and B*), B = (B*); V = (OH and O*}, and W 
= (OH, F, and 07) (e.g., Henry et al., 2011). Tourma- 
line-supergroup minerals can be classified into three 
primary groups based on the X-site occupancy: the al- 
kali group (Na* and K* dominant), the calcic group 
(Ca** dominant), and the X-site vacant group (vacancy 
dominant). In each primary tourmaline group, specific 
species are further determined based on the occupancy 
of other sites. Thirty-four species have been recog- 
nized by the International Mineralogical Association’s 
Commission on New Minerals, Nomenclature and 
Classification (IMA-CNMNC , e.g., Henry et al., 2011; 
Hawthorne and Dirlam, 2011; B. Dutrow, pers. 
comm., 2017). Elbaite is a sodium-, lithium-, and alu- 
minum-rich species in the alkali group, with the gen- 
eral formula (Na)(Li, Al, .JA1,Si,O, ,(BO,),{OH),(OH). 
Liddicoatite is a calcium- and lithium-rich species 
in the calcic group, with the general formula 
(Ca)(Li, AIJAL.Si,O ,.(BO,),(OH),(OH). Most gem-qual- 
ity tourmaline has been reported as elbaite. Liddi- 
coatite was first distinguished as a separate mineral 
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species in 1977 (Dunn et al., 1977). Gem-quality lid- 
dicoatite tourmaline from Madagascar has been 
prized for its remarkable color zoning that is typically 
characterized by triangular zones and three-rayed 
stars surrounded by oscillatory zonings when it is cut 
perpendicular to the c-axis (e.g., Dirlam et al., 2002; 
Pezzotta and Laurs, 2011). 

Cuprian (copper-bearing) tourmalines with vivid 
blue, green-blue, green, and violet colors were first 
reported in 1989 from Paraiba State in northeastern 
Brazil (Koivula and Kammerling, 1989). They are 
now commonly called “Paraiba” or “Paraiba-type” 
tourmaline in the trade. Fritsch et al. (1990) and Bank 
et al. (1990) reported that the blue to green colors 
were primarily due to the presence of trace (or minor) 
amounts of copper. Years after the initial discovery 
in the state of Paraiba, similar gem-quality elbaite 
tourmalines colored by copper and manganese were 
found elsewhere in Brazil (Shigley et al., 2001; Fu- 
ruya, 2007), in Nigeria (Smith et al., 2001), and in 
Mozambique (Abduriyim and Kitawaki, 2005; Laurs 
et al., 2008). The composition of cuprian tourmaline 
from all of these deposits has been determined with 
energy-dispersive X-ray fluorescence spectrometry 
(EDXRF), electron microprobe analysis, and laser ab- 
lation-inductively coupled plasma-mass_ spec- 
troscopy (LA-ICP-MS; see Abduriyim et al., 2006; 
Okrusch et al., 2016). No mineral species other than 
elbaite has been previously reported for “Paraiba” 
tourmalines except for four pieces of Cu-bearing lid- 
dicoatite first reported by Karampelas and Klemm 
(2010) showing Ca-rich X-site occupancy and three 
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Mountain and Austin, Lander County, the 
Royston district, Nye County, and near Mina, 
Mineral County. 

In 1942 the Smith Mine was again the 
ptincipal producer, with an output of 13,- 
033 pounds valued at $32,000, while other 
areas yielded an additional $4,000. 

In 1943 and 1944 there was apparently 
very little activity in the Nevada turquoise 
mining industry. In 1945 some turquoise 
was mined in the Tonopah and Battle 
Mountain district. The Pedro claim of the 
Copper Canyon Mining Company, near Battle 
Mountain is said to have produced 3601 
pounds of rough. Complete figures are not 
available for this year. 

In 1946 the Nevada Turquoise Company, 
at Mina, Mineral County, is reported to 
have produced turquoise valued at $20,000, 
and the Pedro claim near Battle Mountain 
nearly as much, From 1947 through 1950 
turquoise production in Nevada appears to 
have dropped sharply. The available infor- 
mation indicates that only small amounts 
wete produced during these years at the 
localities in the vicinity of Battle Mountain. 


TURQUOISE SUBSTITUTES 
A variety of turquoise substitutes have 
been and are being used, as well as various 


methods for treating inferior material to 
improve its color. 

According to the State of Arizona De- 
partment of Mineral resources, a substitute 
for turquoise is being manufactured on a 
large scale by Phoenix Gems, Inc., of 
Phoenix, Arizona. In 1950 it is estimated 
that more than 9,000,000 carats of this 
substitute for turquoise was set by manu- 
facturers of inexpensive jewelry. It is re- 
ported that the substitute has largely re- 
placed the poorer grades of natural tur- 
quoise formerly used for this purpose, and 
that 75 per cent of the “turquoise” now 
set in western style simulated Indian jewelry 
is this material. The exact nature of this 
product is not known to the writer, al- 
though it is referred to in the report as 
synthetic turquoise. 
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pieces of possible liddicoatite conjectured from the 
qualitative analysis indicating high Ca (Leelawatana- 
suk and Jakkawanvibul, 2011). This article reports 
on the same type of cuprian tourmalines that belong 
to the liddicoatite species based on the evidence sup- 
ported by quantitative analysis. 


MATERIALS AND METHODS 

Thirteen tourmaline samples of Paraiba-type colors 
(figure 1) from unknown geographic origins were ex- 
amined in GIA’s Tokyo laboratory. These were sub- 
mitted by different clients in 2016. Standard 
gemological testing was followed by analyses of the 
major, minor, and trace element concentration for 
each sample with LA-ICP-MS. Fluorine was not meas- 
ured. A Thermo Fisher Scientific’s iC AP Qc ICP-MS 
was connected to an Electro Scientific Industries 
NWR213 laser ablation unit with a frequency-quintu- 
pled Nd:YAG laser (213 nm wavelength) running at 4 
ns pulse width. NIST SRM 610 and 612 glass stan- 
dards were used for external calibration. Ablation was 
achieved using a 40 pm diameter laser spot size, a flu- 
ence (energy density) of approximately 10 J/cm?, and 
a7 Hz repetition rate. Three laser spots were acquired 
from the girdle of each sample. The composition was 
initially internally standardized with ”’Si using a cal- 
culated amount of Si based on the weight percent of 
pure elbaite in the chemical formula. Twenty-six ad- 
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Figure 1. Six of the 13 
cuprian liddicoatite 
tourmalines from this 
study. The faceted 
stones weigh 1.59-9.63 
ct (average 3.95 ct). 
They are transparent 
and have greenish blue, 
green-blue, and green 
colors. Photos by Ma- 
sumi Saito. 


ditional cuprian tourmaline samples submitted by 
clients were analyzed with LA-ICP-MS for compari- 
son. Their geographical origin was identified using 
GIA’s tourmaline database. Eighteen of these addi- 
tional samples were from Brazil, one from Nigeria, and 
seven from Mozambique. 

The data was converted to wt.% oxides and nor- 
malized to 100 wt.% and then converted back to 
ppmw to obtain individual element concentrations, 


In Brief 


e Almost all copper-bearing tourmaline has been classi- 
fied as the elbaite species. Cuprian liddicoatite exists, 
however, and may have entered the “Paraiba” tourma- 
line market. 


¢ Only sophisticated quantitative chemical analysis can 
effectively separate liddicoatite from elbaite. 


Cuprian liddicoatite shows high Ga and high Pb. 
Under long-wave UY, it displays stronger fluorescence 
than cuprian elbaite due to high concentrations of rare 
earth elements. 


based on 27 O* and 4 OH anions per formula. LA- 
ICP-MS analysis for tourmaline is an incomplete char- 
acterization, with critical light elements (H and F) and 
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TABLE 1. Chemical composition of 13 cuprian tourmaline samples, obtained by LA-ICP-MS. 


Sample CT of s. <M CS ce CF i “Ce “Cie <CHti- cme TG 
no 
ppmw 
Li 11,600 11,700 12,300 13,600 12,300 12,800 12,500 13,000 13,900 11,700 12,100 12,600 15,300 
B 33,900 34,400 33,200 35,200 32,500 34,700 35,200 31,500 33,600 34,400 37,600 34,100 40,300 
Na 8920 8480 8050 8390 8960 7600 9130 9860 8170 7910 7120 8220 7810 
Al 220000 218,000 230,000 220,000 224,000 217,000 218,000 228,000 225,000 217,000 216,000 222,000 197,000 
Si 169,000 169,000 158,000 163,000 166,000 169,000 161,000 164,000 161,000 168,000 164,000 166,000 171,000 
Ca 21,000 21,300 24,100 24,400 21,800 21,700 22,800 20,400 23,500 22,200 20,800 22,800 20,400 
Mn2* 2160 3110 5780 3610 3480 3340 12,300 2130 3480 6530 8000 2860 10,100 
Cu 1490 1610 2120 1510 2140 1600 2790 1550 1460 2300 2510 1330 2970 


atoms per formula unit, 27 O + 4 OH anions normalization 


X-site 
X site 0.14 0.15 0.09 0.08 0.11 0.17 0.08 0.11 0.10 0.15 0.22 0.12 0.20 
vacancy 
Ca 0.50 0.50 0.57 0.58 0.52 0.51 0.54 0.48 0.56 0.52 0.49 0.54 0.48 
Na 0.37 0.35 0.33 0.35 0.37 0.31 0.38 0.41 0.34 0.33 0.29 0.34 0.32 
X-site 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
total 

Y-site 
Al 1.42 1.36 1.46 1.22 1.49 1.30 1.15 1.59 1.37 1.31 1.08 1.37 0.63 
Cu 0.02 0.02 0.03 0.02 0.03 0.02 0.04 0.02 0.02 0.03 0.04 0.02 0.04 
Li 1.58 1.60 1.70 1.86 1.68 1.74 1.72 1.79 1.90 1.60 1.65 1.73 2.08 
Mn?* 0.04 0.05 0.10 0.06 0.06 0.06 0.21 0.04 0.06 0.11 0.14 0.05 0.17 
Y-site 3.06 3.04 3.29 3.16 3.26 3.12 3.13, 3.44 3.36 3.06 2.91 3.17 2.92 
total 

Z-site 
Al 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 
Z-site 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 
total 

T-site 
Si 5.70 5.71 5.35 5.50 5.62 5.68 5.46 5.55 5.46 5.67 5.53 5.58 5.74 
Al 0.30 0.29 0.65 0.50 0.38 0.32 0.54 0.45 0.54 0.33 0.47 0.42 0.26 
T-site 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 
total 

B-site 
B 2.97 3.01 2.92 3.08 2.85 3.04 3.10 2.77 2.95 3.02 3.29 2.99 3.50 
B-site 2.97 3.01 2.92 3.08 2.85 3.04 3.10 2.77 2.95 3.02 3.29 2.99 3.50 
total 

Sum 
Cation 18.89 18.90 19.12 19.17 19.01 18.99 19.15 19.10 19.20 18.93 18.98 19.03 19.22 
sum 
Anion 31.00 31.00 31.00 31.00 31.00 31.00 31.00 31.00 31.00 31.00 31.00 31.00 31.00 
sum 


Detection limits (ppmw) are: Li (0.95-1.31), B (8.78-10.42), Na (18.91-19.34), Al (3.41-3.48), Ca (339-364), Mn (0.55), and Cu (0.42-0.45). Si is 
used as internal standard. 
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A: Primary tourmaline groups - X-site 


Ca? 
0.00 ,1.00 


Calcic 


X-vacant Alkali Feruvite 


B: Liddicoatite-feruvite-uvite subsystem 


1.5Li* 2Li* 
0.00 91.00 


Liddicoatite 


C: Dravite-schorl-elbaite subsystem 


0.00@1.00 


Elbaite 


Schorl Dravite 


group group 
1.00 oS 0.00 1.00 
0.00 0.50 1.00 0.00 
X-site vacancy Na*(+K*) Y-site Fe?" 


e Cuprian liddicoatite tourmaline 

e Cuprian elbaite tourmaline from Brazil 

e Cuprian elbaite tourmaline from Mozambique 
e Cuprian elbaite tourmaline from Nigeria 


e Cuprian liddicoatite tourmaline 


0.00 1.00 0.00 
0.50 1.00 0.00 0.50 1.00 
Y-site Mg” Y-site Fe” Y-site Mg” 


© Cuprian elbaite tourmaline from Brazil 
O Cuprian elbaite tourmaline from Mozambique 
e Cuprian elbaite tourmaline from Nigeria 


Figure 2. A: The 13 cuprian tourmaline samples belong to the calcic group, while the 26 additional cuprian tour- 
malines belong to the alkali group based on the dominant occupancy of X-site. B: Li, Y-site Fe**, and Y-site Mg** 
distinguish the tourmaline species as liddicoatite in a liddicoatite-feruvite-uvite subsystem ternary diagram. C: Li, 
Y-site Fe**, and Y-site Mg** of elbaite samples were further plotted in a dravite-schorl-elbaite subsystem ternary di- 


agram (modified after Henry et al., 2011). 


the oxidation states of transition elements (Fe and Mn) 
undetermined. In this article, it is assumed that Fe and 
Mn are divalent, that the B-site is fully occupied by B, 
and that the X-site is occupied by Na, Ca, and a va- 
cancy equal to 1 atom per formula unit (apfu). Addi- 
tional assumptions are that the Z-site is only occupied 
by Al* and equal to 6 apfu, while the T-site is occupied 
by Si* and Al* and equal to 6 apfu. If Si** is greater 
than 6, the T-site is only occupied by Si**. The excess 
Al goes into the Y-site. The priority of ions with dif- 
ferent valence states entering the Y-site is (R?* > R** > 
R* > R*), such that the Y-site is occupied by Mn, Cu, 
Al, and Li. The common assumption that all iron is 
ferrous and that OH + F = 4 apfu can result in the 
misidentification of buergerite as “fluor-schorl” as 
well as misidentification of the oxy- and fluor- species. 
The chemical composition presented in this article is 
not affected by the minor amounts of Fe in the tour- 
maline (Clark, 2007). The assumption of 4 OH- does 
not allow for the fluor- or oxy- species to be deter- 
mined. The major elements, including Ca, Na, Si, Al, 
and Mg, were verified by comparison of LA-ICP-MS 
data with electron microprobe data of a secondary 
tourmaline standard with similar Ca:Na ratios 
(Dutrow and Henry, pers. comm., 2017). 


RESULTS AND DISCUSSIONS 


Microscopic examination of the 13 samples revealed 
two-phase inclusions, needle-like growth tubes, and 
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fluid inclusions typical of tourmaline. Standard 
gemological testing resulted in the general range of 
gem tourmalines such as refractive indices of 1.62— 
1.64 and specific gravity of approximately 3.06, but 
the fluorescence under long-wave ultraviolet light 
was stronger than the usual Paraiba tourmalines, as 
described later. Chemical analysis demonstrated a 
calcium-dominant composition. The representative 
data in table 1 was selected to show the best stoi- 
chiometry. All the data points showed liddicoatite, 
and none were classified as elbaite. In all analyses, 
Mg was below the detection limit and Fe was less 
than 0.005 apfu. Based on the primary tourmaline 
group classification, all 13 calcium-rich cuprian sam- 
ples are classified as calcic-group tourmaline and the 
26 additional sodium-rich cuprian samples as alkali- 
group tourmaline (table 2, figure 2A). In addition, the 
13 calcic-group samples plot as liddicoatite tourma- 
line in a liddicoatite-feruvite-uvite subsystem ter- 
nary diagram (figure 2B). The 26 tourmalines in the 
alkali group are shown as elbaite in a dravite-schorl- 
elbaite subsystem ternary diagram (figure 2C; Henry 
et al., 2011). 

Comparing the data in table 1 with that of liddi- 
coatitic tourmaline from Madagascar (Dirlam et al., 
2002) shows that these cuprian samples have more 
sodium in the X-site—with a greater elbaitic compo- 
nent. Other liddicoatite tourmalines from Canada 
(Teertstra et al., 1999) have similar sodium (0.365— 
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TABLE 2. X-site occupancy of 26 cuprian elbaite samples in molecular proportions, obtained by LA-ICP-MS. 


Ca Vacancy 


Na K 
Brazil 0.705 (0.513-0.861) 0.003 (0.001-0.005) 
Mozambique 0.596 (0.519-0.661) 0.002 (0.002-0.003) 
Nigeria 0.724 (0.699-0.748) 0.003 (0.003-0.003) 


0.063 (0.000—0.112) 
0.057 (0.025—0.131) 
0.111 (0.103—0.116) 


0.229 (0.073—0.381) 
0.346 (0.205—0.444) 
0.162 (0.145—0.185) 


0.395 apfu) and similar or lower calcium (0.420-0.498 
apfu). The sodium contents of liddicoatite from 
Madagascar and Canada vary with their zonation. 

Table 3 shows the samples’ averaged chemical 
composition for selected minor and trace elements. 
In cuprian tourmalines from different origins, these 
have some distinguishable trends (Abduriyim et al., 
2006; Okrusch et al., 2016). For example, Brazilian 
and Nigerian cuprian tourmalines tend to show 
higher concentrations of Cu than those from 
Mozambique—which typically have higher Ga than 
the other two sources. Nigerian stones tend to have 
higher Pb than those from Brazil and Mozambique. 
Figure 3 shows the Ga-Pb distribution of the 13 
cuprian liddicoatite and 26 cuprian elbaite samples 
analyzed in this study. The cuprian liddicoatite sam- 
ples show both high Ga (297-433 ppmw) and high Pb 
(420-827 ppmw). These combinations of trace ele- 
ments plot well outside the ranges of any known ref- 
erence samples in GIA’s database, and therefore their 
geographic origin could not be determined. 

Another remarkable point was the samples’ high 
concentration of rare earth elements (REE; table 2)— 
in other words, lanthanides except Pm. Lighter REE 
(La, Ce, Pr, Nd, Sm, and Gd) showed a higher con- 
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centration than heavier REE (Tb, Dy, Ho, Er, Tm, Yb, 
and Lu). The samples show an exceptionally low Eu 
content. The high concentration of REEs is inter- 
preted as the cause of their comparatively strong flu- 
orescence under long-wave UV (figure 4). 

Although the geographic origin of these cuprian 
liddicoatite is unknown, this unique chemical prop- 
erty offers directions for further research. Geological 
studies of the elbaitic cuprian tourmaline deposits in 
Brazil have been published (e.g., Shigley et al., 2001, 
Soares et al., 2008; Beurlen et al., 2011), but no de- 
tailed study has been carried out for Nigerian and 
Mozambican occurrences. Teertstra et al. (1999) re- 
ported that some liddicoatite crystals have cores that 
correspond to elbaite with rims of liddicoatite. They 
proposed three possibilities for the calcium needed 
to form liddicoatite: mobilization of Ca from earlier- 
formed pegmatite minerals, introduction of Ca from 
host rocks, and conservation of Ca through the crys- 
tallization of minerals in the pegmatite magma. 
Major elements can also be used to determine prove- 
nance. Henry and Guidotti (1985) established distinct 
regions to define potential different source rock types 
of tourmaline using Al-Fe(tot)-Mg and Ca-Fe(tot)-Mg 
ternary diagrams. Figure 5 indicates that the rock 


Figure 3. Pb vs. Ga con- 
centration plot of the 13 
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cuprian liddicoatites of 
unknown origin and 26 
cuprian elbaite tourma- 
lines from Brazil, 
Mozambique, and Nige- 
tia. The 13 cuprian lid- 
dicoatites have high Pb 
and high Ga. Cuprian 
elbaite tourmalines 
from Brazil have low Pb 
and low Ga. Cuprian 
elbaites from Mozam- 
bique have high Ga and 
low Pb, while those 
from Nigeria have low 
Ga and high Pb. 
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TABLE 3. Minor and trace element concentration (ppmw) of 13 cuprian liddicoatite samples and 
26 cuprian elbaites from Brazil, Mozambique, and Nigeria. 


Sample CT1 CT2 CT3 CT4 CT5 CT6 CT7 CT8 CT9 CT10 CT11 CT12 CT13 Brazil Mozambique Nigeria 
(18 samples) (7 samples) (1 sample) 
Mg bdl 1.90 bdl bdl bdl bdl_ bdl bdl_ bdl bdil_ bdl_ bdl 0.25 112 bdl 0.73 
(O-1170) 
Mn? 2220 3140 5740 3570 3510 344012300 2130 3430 6490 7900 2790 9820 11800 4360 18700 
(420-26300) (99.5-12100) 
Fe?* bdl 261 72.4 66.0 34.9 20.0 208 bdl 36.0 155 241 42.9 201 164 bdl 209 
(O—1060) 
Cu 1530 1580 2100 1490 2140 1650 2850 1560 1530 2250 2550 1220 2860 9580 2310 2470 
(420-23200) (1140-3430) 
Ga 397, 373) 333) 308 )=3382) 375) 297) 433 359) 324 319 = 376 «349 139 321 143 
(61.2-232) (255-401 
La 4.99 17.0 76.9 42.6 27.9 42.2 108 4.28 42.8 87.33 99.9 27.5 93.2 0.69 0.01 0.04 
(bdI-3.72) — (bdI-0.03 
Ce 20.33 54.22 230 131 88.1 131 316 20.0 137 277 304 92.0 319 0.97 0.02 0.04 
(bdl-5.79) — (bdl-0.06 
Pr 4.89 9.62 31.2 18.9 15.5 19.6 40.5 5.06 19.8 32.6 39.9 11.8 39.5 0.07 0.00 0 
(bdI-0.42) — (bdI-0.00 
Nd 36.5 47.1. 111 76 72.2 71.9 126 37.3 72.4 115 123 65.0 120 0.12 bdl bdl 
(bdl-0.82) 
sm 40.0 29.5 27.0 26.7 58.3 26.6 26.0 45.7 27.8 25.6 28.8 23.0 28.0 0.02 bdl bdl 
(bdl-0.13) 
Eu 1.26 0.79 0.63 0.64 1.57 0.75 0.64 1.64 0.73 0.77 0.71 0.69 0.71 0.00 bdl bdl 
(bdl-0.01) 
Gd 12.2. 8.25 7.65 6.84 15.1 643 7.59 13.3. 7.48 7.15 8.22 644 6.71 0.01 0.00 bdl 
(bdI-0.06) — (bdI-0.02) 
Tb 0.89 0.51 0.43 040 1.18 0.41 0.48 0.86 0.39 0.45 0.51 0.34 0.46 0.00 bdl 0) 
(bdl-0.01) 
Dy 1.48 1.00 0.82 0.66 1.67 0.79 0.79 1.44 0.71 0.77 0.92 0.84 0.75 0.00 bdl bdl 
bdl-0.01 
Ho 0.08 0.06 0.04 0.04 0.07 0.05 0.05 0.10 0.05 0.05 0.06 0.03 0.06 0.00 0.00 bdl 
bdl-0.00 (bdl-0.00 
Er 0.09 0.09 0.10 0.06 0.10 0.13 0.09 0.07 0.10 0.09 0.09 0.07 0.08 0.00 0.00 bdl 
bdl-0.00 (bdl-0.01 
Tm bdl 0.00 0.01 0.01 0.00 0.01 0.00 0.01 bdl 0.00 bdl 0.00 0.01 0.00 0.00 bdl 
bdl-0.01 (bdl-0.00 
Yb 0.08 0.05 0.02 bd! 0.05 0.04 bdl 0.07 0.03 0.01 bdl 0.05  bdl 0.00 0.00 bdl 
(bdI-0.01) — (bdl-0.01 
Lu 0.01. bdl 0.01 0.00 bdl_ bdl 0.01 0.01. bdl bd!  bdl 0.00 _ bdl 0.02 bdl bdl 
(bdl-0.40) 
Ta 7.31 6.52 5.30 7.18 5.06 685 4.18 8.05 7.92 6.53 6.70 7.70 5.83 2:23 1.58 6.66 
(0.04-8.35) (0.54—3.62) 
Pb 703. 672 550 773 659 774 420 761 827 642 578 567 684 44.4 43.9 467 
(2.74-188)  (3.85-123) 
DSREE 123. 168 486 304 282 300 626 130 309 547 606 228 609 1.89 0.03 0.1 


Abbreviation: bd! = below detection limit. Detection limits (ppmw) are: Mg (0.13—0.56), Mn (0.16—-1.01), Fe (6.70-34.02), Cu (0.73-3.00), Ga (0.05—0.19), 
La (0.00-1.26), Ce (0.00-0.01), Pr (0.00-0.02), Nd (0.00-0.23), Sm (0.00-0.04), Eu (0.00-0.01), Gd (0.00-0.02), Tb (0.00-0.01), Dy (0.00-0.02), Ho 
(0.00), Er (0.00-0.01). Tm (0.00-0.01), Yb (0.01-0.02), Lu (0.00-0.01), Ta (0.00), and Pb (0.05-0. 14). 


types in which the cuprian liddicoatite was found are 
Li-rich granitoid pegmatites and aplites. Because 
these copper-bearing liddicoatite tourmalines are Ca- 
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dominant, they must be from a Ca-rich host rock. 
Karampelas and Klemm (2010) noted that liddicoat- 
ite rough had been found near the Paraiba-type el- 
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Figure 4. Randomly selected samples under daylight-equivalent light (left) and under long-wave UV light (right). 
Copper-bearing liddicoatite (CT05, CT03, and CT06 at the top) show stronger fluorescence than the cuprian 
elbaite (MZ04, MZ06, NGO1, BR15, BR17, and BRO8 at the middle and bottom) due to high REE concentrations. 
Photos by Yusuke Katsurada. 


baite mine in Mozambique. Qualitative EDXRF reportedly near Nampula, Mozambique, showed a 
analysis of Paraiba-type tourmaline fromanew mine Ca peak (Leelawatanasuk and Jakkawanvibul, 2011). 


Figure 5. A: This Al-Fe(tot)-Mg diagram (in molecular proportions) reveals that the likely source rock of cuprian lid- 
dicoatite tourmaline is Li-rich granitoid pegmatite and aplite. Fe(tot) represents the total Fe. This diagram is di- 
vided into regions that define the compositional range of tourmaline from different rock types (modified after Henry 
and Guidotti, 1985). B: The Ca-Fe(tot)-Mg diagram (also in molecular proportions) shows that the likely source rock 
of cuprian liddicoatite tourmaline is Li-rich granitoid pegmatite and aplite. The rock types defined by the fields in 
this diagram (also modified after Henry and Guidotti, 1985) are somewhat different from those in figure 5A. 


A: Al-Fe(tot)-Mg diagram for tourmaline from B: Ca-Fe(tot)-Mg diagram for tourmaline from 
various source rock types various source rock types 
Al . Ca... d 
Elbaite Liddicoatite 


Alkali-free dravite 


Schorl Dravite 


Buergerite 


Uvite 


Al,.Fe(tot)., Al,.Mgo Fe(tot) Mg 
e Cuprian liddicoatite tourmaline e Cuprian liddicoatite tourmaline 
1. Li-rich granitoid pegmatites and aplites 1. Li-rich granitoid pegmatites and aplites 
2. Li-poor granitoids and their associated pegmatites and aplites 2. Li-poor granitoids and their associated pegmatites and aplites 
3. Fe*-rich quartz-tourmaline rocks (hydrothermally altered granites) 3. Ca-rich metapelites, metapsammites, and calc-silicate rocks 
4. Metapelites and metapsammites coexisting with an Al-saturating phase 4. Ca-poor metapelites, metapsammites, and quartz-tourmaline rocks 
5. Metapelites and metapsammites not coexisting with an Al-saturating phase 5. Metacarbonates 
6. Fe**-rich quartz-tourmaline rocks, calc-silicate rocks, and metapelites 6. Metaultramafics 
7. Low-Ca-metaultramafics and Cr, V-rich metasediments 
8. Metacarbonates and meta-pyroxenites 
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Analysis of the host rock geology around cuprian 
tourmaline mines in Mozambique may be an impor- 
tant approach. 


CONCLUSIONS 

Thirteen cuprian tourmaline samples were identi- 
fied as liddicoatite tourmaline. Their Cu and Mn 
concentrations were within the range of other 
cuprian tourmalines—consistent with their similar 
blue to green colors. Except for their stronger fluo- 
rescence under long-wave UV, presumably caused 
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by high REE concentrations, the samples’ gemolog- 
ical properties were also similar to cuprian elbaite 
tourmalines. Only sophisticated quantitative chem- 
ical analyses can effectively separate liddicoatite 
from elbaite. 

Cuprian liddicoatite tourmaline is not well 
known, but the material may have already entered 
the “Paraiba” tourmaline market. Discovering its 
origin could provide new insights into the geologic 
growth conditions and chemical variations of tour- 
maline crystals. 
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ARTICLES 


THE ROLE OF SILICON IN THE 
COLOR OF GEM CORUNDUM 


John L. Emmett, Jennifer Stone-Sundberg, Yunbin Guan, and Ziyin Sun 


Natural corundum is colored by a variety of trace-element impurities and by the chemical reactions 
among them. Important to nearly all of the colors is the role played by the reactions among silicon, ti- 
tanium, and magnesium. Characterization of the interactions between these aliovalent ions has been 
hindered by the fact that the laser ablation—inductively coupled quadrupole—mass spectrometry equip- 
ment used in most gem labs does not resolve the interferences for silicon. Thus Si has not been measured 
at relevant concentrations. Recent development of ion implant standards and the application of sec- 
ondary ion mass spectrometry has allowed the accurate measurement of silicon in corundum for the 
first time. As an example of its importance, detailed analyses of sapphire from Montana’s Yogo Gulch 
deposit are presented. These analyses show that without silicon, Yogo sapphire would not be blue. 


orundum, like many other transparent gem- 

stones, is inherently colorless if pure. In fact, 

pure corundum has an excellent transmission 
window that can achieve good transparency between 
approximately 0.18 and 5 um (Khattack and Schmid, 
2001). Pure corundum is aluminum oxide, Al,O,. 
Thus, the only cation (positive ion) in pure corun- 
dum is Al** and the only anion (negative ion) is O*. 
Neither of these two ions arrayed in the corundum 
lattice structure absorbs light in the visible region of 
the spectrum. The color of corundum gems is there- 
fore determined by trace element impurities that are 
in solution in the corundum lattice. Such gems are 
referred to as allochromatic (“other colored”). 

“Tn solution” is an important distinction to make. 
Sugar dissolved in water is “in solution.” Fine sand 
stirred into water is not. “In solution” in corundum 
means that if the impurities are cations, they will pri- 
marily substitute for Al** in the corundum lattice. If 
they are anions, they will primarily substitute for O7 
in the corundum structure. 

This paper discusses how trace elements chemi- 
cally interact with each other, and thus concentra- 
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tions will be expressed as atomic concentrations in 
units of parts per million atomic (ppma), not weight 
concentrations (ppm or ppmw). These units are cho- 
sen because it is the concentration of trace elements 
that determines how they chemically interact, not 
their relative weights.' 

Al** is one of the smallest trivalent cations, with 
a radius of only 53 picometers (pm; 1 pm = 10-” m) 
in sixfold coordination, which means six oxygen ions 
surround a single aluminum ion. This cation site in 
corundum is quite small, limiting the size and thus 
the variety of trace elements that can be easily incor- 
porated. Whereas corundum has only a single small 
cation site, other gems (beryl, for example) can have 
multiple cation sites of different sizes. 

For trivalent cations substituting for Al** at geo- 
logic temperatures, size is the primary factor in deter- 
mining the solubility (Blundy and Wood, 2003; Karato, 
2016). Trivalent ions in corundum are termed isova- 
Jent (same valence). Isovalent ions that are larger than 
aluminum stretch the lattice. The energy required to 
stretch the lattice results in a reduced solubility. Iso- 
valent ions that are smaller than Al* also create sub- 
stantial lattice distortion that reduces solubility. 

Cations in corundum with a valence different 
than the +3 of aluminum are termed aliovalent (dif- 
ferent valence). Since a solid must be rigorously elec- 
trically neutral, the incorporation of an aliovalent 
trace element requires either the incorporation of an- 
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other aliovalent ion to achieve an average charge of 
+3 for the pair, or the creation of a charged crystal de- 
fect such as an interstitial ion, a vacancy, or a change 
in valence of an existing ion. These requirements are 
energy intensive and result in very low solubilities 
for aliovalent ions as compared to isovalent ions of 
the same size (Blundy and Wood, 2003). 

The overall result of size and valence constraints 
in corundum is that in nature only a small fraction 
of the elements in the periodic table are found in so- 
lution. The majority of these elements are listed in 
table 1, along with their radii in the sixfold coordi- 
nation of corundum. 

The foregoing rules are useful for growth of corun- 
dum at low temperatures, such as in geologic growth. 
However, it should be pointed out that for growth 
from a corundum melt at 2050°C (Czochralski, 
Verneuil, etc.), other factors can modify these general 
rules. 


In Brief 


¢ Due to advances in analytical techniques, the silicon 
concentration of gem corundum samples has been 
accurately measured for the first time. 


e Si can have a major impact on all colors of corundum, 
as illustrated through the analysis of blue sapphire 
from Yogo Gulch, Montana. 


The trace elements in corundum chemically in- 
teract with each other, and this interaction is, in 
many cases, key to the resulting color we observe. 
In Emmett et al. (2003), this interaction and the re- 
sulting colors produced were discussed at length. 
Rather than recreate that discussion here, the reader 
is referred to that paper. However, as presented in 
that paper, the chemical reaction among trace ele- 
ments is based on their relative energy level posi- 
tions in the band gap as shown in figure B-1 in 
Emmett et al. (2003). The positions shown were 


'The more commonly used units for trace element analyses are ppmw 
(parts per million by weight), usually written as ppm. One ppm 
means that there is one microgram of impurity in one gram of crystal. 
In this article we choose to use the unit ppma (parts per million 
atomic) to state trace element concentrations. One ppma means that 
there is one trace element atom for each million atoms. In corundum, 
that is 400,000 Al atoms + 600,000 O atoms. 


(molecular weight of Al,O,) /5 
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Figure 1. In this energy level diagram of trace ele- 
ments in corundum, trivalent donor ions are shown 
on the left and divalent acceptor ions are shown on 
the right. A charge-compensating donor-acceptor pair 
can form when the donor level is significantly above 
the acceptor level. There is no significance to the lat- 
eral positions of the energy levels, but the vertical po- 
sitions are very significant. Data from Kroger (1984b). 


based on a summary paper (Kroger, 1984a). That 
paper shows that the silicon donor level lies well 
below the titanium donor level, and we used that 
position in our analysis of the effect of silicon on the 
color of corundum. 

Unknown at the time was that a second summary 
paper by the same author (Kréger, 1984b) corrected 
the silicon donor level based on measured data in a 
concurrent paper by Kréger and one of his students 
(Lee and Kréger, 1985). These later two publications 
clearly show that the correct silicon donor level lies 
well above the titanium donor level. The second 
summary paper also corrects the relative level posi- 
tions of some of the transition metals. Figure 1 of this 
paper presents data from the second summary paper 
and clearly shows that the silicon donor level is well 
above the titanium donor level. 

While the position of the silicon donor level with 
regard to the position of the titanium donor level 
may seem unimportant, it surely is not. Their rela- 
tive positions have a significant impact on how trace 
elements react with each other, and in certain cases 
it is only the presence of silicon that allows the tita- 
nium to pair with iron, creating the blue coloration 
of the Fe**-Ti* pair in sapphire. 

To understand how this comes about, we need to 
examine the corrected band gap chart in figure 1. 
This is a greatly simplified version of the correct 
chart from Kréger (1984b). The convention of label- 
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TABLE 1. Radii of selected elements found in 
natural corundum.? 


Cation Valence lonic radii (pm) 
Beryllium? +2 45 
Magnesium +2 72 
Aluminum +3 53.5 
Nickel +3 56 
lron +3 35 
Manganese +3 58 
Chromium +3 61.5 
Gallium +3 62 
Vanadium +3 64 
Silicon +4 40 
Titanium +4 60.5 


Data from Shannon (1976) and Dyar and Gunter (2008) 
Beryllium is often found in natural corundum, but it is associated with 
inclusion clouds. Whether Be exists in solution is not yet clear. 


ing these levels is to show the donor level before do- 
nating an electron (e.g., Ti as Ti**), and the acceptor 
levels after accepting the electron (e.g., Fe as Fe’*). As 
such, the vertical distance between the donor and ac- 
ceptor states is a measure of the binding energy of 
the donor-acceptor pair. 

The beryllium acceptor level in figure 1 is shown 
in red, as it was not presented in Kréger (1984b) and 
has not been accurately measured. It is estimated 
from the original beryllium diffusion experiments 
(Emmett et al., 2003). 

From the defect chemical reactions and energy 
level positions, we can formulate a series of rules 
about impurity interactions (Smyth, 2000). These 
rules will not be valid for all concentration levels or 
all temperatures. They become less valid as concen- 
trations of key elements (such as Mg, Si, and Ti) ex- 
ceed a few hundred ppma or at temperatures 
substantially above room temperature. A correct for- 
mulation requires solving the equilibrium chemical 
defect reactions for all of the impurities simultane- 
ously, but measurements of the equilibrium con- 
stants for all the reactions are unavailable. However, 
the following rules are useful for a wide variety of sit- 
uations and, more importantly, will serve to illus- 
trate the types of chemical reactions that occur 
among impurities in corundum. These rules correct 
those presented in Emmett et al. (2003), written 
when it was believed that the silicon donor level was 
below that of titanium. 
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1. If there are two acceptors and a single donor, 
the lowest acceptor preferentially pairs with 
the donor unless both acceptors are energeti- 
cally close together in the band gap, in which 
case the donor will pair with both. 

2. If there are two donors at different levels and a 
single acceptor, the highest donor will prefer- 
entially pair with the acceptor. If the two donor 
energy levels are energetically close together in 
the band gap, they will both take part in charge 
compensation of the acceptor. 


3. If corundum contains Ti, Mg, and Fe, Ti will 
pair with Mg before Fe. 

4. If corundum contains Si, Mg, and Fe, Si will 
pair with Mg before Fe. 

5. If corundum contains Si, Ti, Mg, and Fe, Si will 
pair with both Mg and Fe before Ti will. 


6. When the concentration of Mg exceeds the sum 
of both Si and Ti, the excess Mg will be charge 
compensated by trapped holes (see Emmett et 
al., 2003, p. 92) in oxidizing conditions, or by 
oxygen vacancies under reducing conditions, or 


by both. 


Why are we still uncertain about the role of silicon 
in corundum? We certainly understand the roles of 
Ti, Fe, and Mg. It is because we have not been able to 
measure the silicon content of the sapphire samples 
we have studied. The instruments used for laser ab- 
lation-inductively coupled plasma—quadrupole mass 
spectrometry (LA-ICP-QMS) in use in most laborato- 
ries show significant interferences for the three sili- 
con isotopes. Thus, when a very high-purity sample 
of synthetic sapphire is measured on these instru- 
ments, it shows nominally several tens to several 
hundreds of ppma silicon that is not there (Shen, 
2010). The reason for this is that in the plasma, small 
quantities of unusual molecules are formed with a 
mass close to that of silicon; these molecules are 
recorded by the instrument as silicon. For example, 
>8Si is the most abundant isotope of silicon, at 92.23% 
abundance. Its mass is 27.97693 atomic mass unit 
(amu). When ablating corundum, aluminum carried 
by the plasma can combine with hydrogen from even 
a miniscule amount of water vapor to form ?”7AlH 
with a mass of 27.98936. The mass difference be- 
tween **Si and ?’AlH is only about 4 parts in 10,000, 
which is too small for the instrument to resolve, and 
so the instruments record both as silicon. The mass 
resolution of quadrupole mass spectrometers used in 
normal gemological laboratories at mass 28 is only 2— 
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* Panoramic view of the surface plant of the Premier Mine. 


Heavy-Media Separation 
Proved Effective 


RICHARD T. LIDDICOAT, C.G., M.A. 
Asst. Director, Gemological Institute of America 


ale... use of heavy media to replace jigs 
in diamond recovery from blue ground was 
first reported in Gems and Gemology in 
1949. Investigation of this means of sep- 
aration was started in 1945 with a labora- 
tory unit. At that time the results were 
so favorable that a 100 ton per hour pilot 
plant was constructed. Its use proved so 
effective that old blue ground tailings were 
reworked and, according to information 
supplied by the American Cyanamid Com- 
pany whose process is employed at the 
Premier Mine in South-West Africa, the re- 
covery amounted to an average of 12.33 
carats per 100 loads (80 tons). 

Prior to the reopening of the Premier, a 
full scale plant with a capacity of 13,000 
tons of blue ground per day was built and 
placed in operation in February 1950. 

The heavy medium used is a suspension 
of ferrosilicon which is kept at an effective 
specific gravity of 2.87 at the top, while 


the bottom specific gravity is set at 2.97 
to 3.05: The ferrosilicon has a specific 
gravity of about 7.0. When ground to the 
proper grain size, and mixed with water in 
the correct proportions, the heavy material 
suspension acts in a manner similar to a 
heavy liquid. Such suspensions are used 
widely in the metal mining industry. 

Four cones which have a diameter of six- 
teen feet at the top are employed. About 
five per cent of the material fed into the 
cone is taken off as sink concentrates. The 
blue ground, which has a specific gravity of 
about 2.7, is floated off while diamond, 
zircon, garnet, and other heavy minerals 
sink through the heavy medium. 

Material treated runs from less than one 
inch in diameter to plus ten mesh and con- 
stitutes approximately 80 per cent of the 
feed from the crushers. Recovery is claimed 
about 96 per cent as compared to 80 per 
cent for the old jig method. Recovery at 
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3 parts in one hundred in the normal resolution 
mode, and only about 1 part per hundred in the high- 
resolution mode. The required resolution of 4 parts 
in 10,000 far exceeds the capability of a commercial 
“desktop” design ICP-QMS in normal gemological 
laboratories. High-resolution QMS is not available 
commercially. This example dramatically shows why 
a zero trace element concentration, matrix-matched 
standard is critical for the interpretation of data from 
these and other analytical instruments. Similar inter- 
ferences have been measured for the other two silicon 
isotopes (Shen, 2010). 

A few years ago, GIA initiated a project to develop 
an improved set of matrix-matched standards for the 
analysis of corundum with the existing LA-ICP-QMS 
instruments. The approach was to make ion implant 
standards in sapphire for each element of interest and 
calibrate them with Rutherford backscattering spec- 
trometry (RBS). For those trace elements lighter than 
or close in mass to aluminum (i.e., Be, Mg, and Sij, 
secondary ion mass spectrometry (SIMS) was used 
against multiple highly characterized standards kept 
by Evans Analytical. With calibrated ion implant 
standards, the next step was to grow multi-element 
doped sapphire crystals for the laboratory standards, 
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which was done by Scientific Materials Corporation. 
The calibration was then transferred from the ion 
implant standards to the multiply doped crystals 
with Caltech’s SIMS facility (GIA, 2016). A silicon 
ion implant standard was also prepared with the 
hope that advanced instrumentation would eventu- 
ally allow the analysis of silicon. 

The plan for the standards was to have a three- 
point calibration—a zero, a mid-range value, and a 
high value for each element. Sapphire crystals were 
grown that accomplished these goals except for the 
high-range iron value. Iron and its oxides all have 
high vapor pressure at the Czochralski growth tem- 
perature (~2300°C) and thus distill out of the melt. 

All of the multi-element doped crystals were cal- 
ibrated at the SIMS facility against the ion implant 
standards. When the extremely high-purity sapphire 
crystal (the zero standard) was measured by SIMS, it 
demonstrated that SIMS could resolve the isotopic 
interferences for silicon. SIMS could therefore meas- 
ure silicon in corundum samples against an ion im- 
plant standard. 

To create a high-range iron standard, a different 
approach had to be employed. Natural sapphires 
from Montana’s Yogo deposit (figure 2) were evalu- 


Figure 2. Paula 
Crevoshay’s “Yogo 
Columbine” pendant 
displays the remarkably 
consistent blue color of 
Yogo sapphires: 243 in 
all, with a total weight 
of 13.89 carats. The 
piece also contains 0.59 
ct of yellow sapphires 
and 1.37 ct of dia- 
monds, set in 18K yel- 
low and white gold. 
Photo by Orasa Weldon. 
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TABLE 2. SIMS analysis of a typical Yogo sapphire sample (in ppma). 


Trace elements Mg Si Mg -Si= Ti 
available Mg 

Concentration 84.3 24.6 59.7 79.7 

Standard 1.32 0.44 1.4 0.72 


deviation (ppma) 


Ti — available Mg = Vv Cr Fe Ga 
available Ti 

20.0 2 2.2. 1130 10.4 

1.6 0.05 0.08 20 0.3 


ated for uniformity. The Yogo sapphire is almost 
unique for the extreme uniformity of its blue color, 
which indicates a high trace element concentration 
uniformity, at least for the Fe**-Ti** chromophore. A 
typical sample is shown in figure 3. It was hoped that 
this uniformity would also extend to Fe**. The SIMS 
analyses of nine pieces of Yogo sapphire at nine points 
each did show a very high iron uniformity, and thus it 
was chosen to be the high iron concentration standard. 
The nine Yogo samples were calibrated with SIMS for 
all elements for which ion implant standards had been 
prepared. Since we can easily resolve the mass inter- 
ference for silicon in corundum using the high mass 
resolving power of SIMS, accurate silicon measure- 
ments of natural corundum samples have been ob- 
tained for the first time. 


Figure 3. A typical polished Yogo wafer sample meas- 
uring 0.93 mm thick. The c-axis is perpendicular to 
the wafer surface. Note the distinct color uniformity 
and the lack of any color zoning. Ten LA-ICP-QMS 
measurement points can also be seen on this wafer. 
Photo by John L. Emmett. 
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Surprisingly, it also turned out that the Yogo sap- 
phires provided an excellent example of the role of 
silicon in gem corundum. The trace element concen- 
trations and color are extremely uniform, and thus 
the standard deviations (SDs) of the concentration 
measurements are quite small. SIMS analysis of the 
individual trace elements against corundum ion im- 
plant standards is shown in table 2. The data pre- 
sented are the average of three measurement points 
on this particular sample. 

Since Si is the highest-lying donor and Mg the 
lowest-lying acceptor, Si will pair with Mg first, leav- 
ing 59.7 ppma Mg”* available to interact with other 
trace elements. Then Ti as a donor will pair with all 
the remaining available Mg, leaving 20.0 ppma Ti to 
pair with Fe, producing the blue coloration. It is in- 
teresting to note that without silicon, Yogo sapphire 
would not be blue because Mg>Ti, and thus no un- 
paired Ti would be available to pair with Fe. The 
analysis of this Yogo sapphire is not unusual but is 
typical of all of the Yogo samples analyzed. 

This clearly demonstrates the critical role of sili- 
con in the color of corundum, a factor that, to the 
best of our knowledge, has not been correctly ad- 
dressed in the literature. 

The SDs presented in table 2 only relate to the 
point-to-point analysis variations of the sample. For 
determining the SDs of the absolute measurement, it 
is necessary to correctly combine the point-to-point 
SDs with the SDs of the ion implant standards. When 
this is done, the SD result for the “available titanium” 
becomes 6.7 ppma, which is well below the stated 
concentration value of 20 ppma. While this addition 
to the SD is rarely applied in the gemological litera- 
ture, it is presented here to emphasize the validity of 
the absolute result. 

The SIMS analysis of Si conducted on nine Yogo 
samples resulted in Si concentrations from 22 to 26 
ppma. In addition, ten other samples from Myan- 
mar, the Rock Creek deposit in Montana (United 
States), the Garba Tula deposit in Kenya, the Subera 
deposit in Queensland (Australia), the Pailin deposit 
in Cambodia, and the Montepuez ruby deposit in 
Mozambique were also analyzed for silicon. The con- 
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centrations measured ranged from 3.5 to 150 ppma. 
In each case the silicon concentration was in the 
same range as the concentrations of the other aliova- 
lent ions, and thus in each case it had a significant 
impact on color. 


CONCLUSIONS 


It is clear from the foregoing study that silicon is an 
important trace element in gem corundum, con- 
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tributing substantially to the resulting color. The 
current analytical capabilities of most of the world’s 
gem labs do not allow the quantification of silicon 
at relevant concentration levels. Consideration 
should be given to the possibility of obtaining 
higher-resolution mass detectors for the existing LA- 
ICP equipment, or to evaluating other analytical 
techniques such as laser-induced breakdown spec- 
troscopy (LIBS). 
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JAPANESE JADEITE: 


HistORY, CHARACTERISTICS, AND 
COMPARISON WITH OTHER SOURCES 


Ahmadjan Abduriyim, Kazuko Saruwatari, and Yusuke Katsurada 


Even though Japanese jadeite lacks the transparency of the highest-quality Burmese imperial jadeite, its 
rarity and natural features make it a highly valued gemstone. In this study, jadeite from the Itoigawa and 
Omi regions in Niigata Prefecture and the Wakasa region in Tottori Prefecture, both on Japan’s western 
coast, were divided into several color varieties corresponding to chromophores and mineral phases: white 
(nearly pure jadeite), green (Fe-rich, Cr-bearing), lavender (Ti-bearing), blue (Ti- and Fe-bearing), and black 
(graphite-bearing). White jadeite from Itoigawa-Omi was close to pure jadeite (X,, = 98, or 98% jadeite 
composition). Green jadeite from the same location had an X,, range from 98 to 82. The maximum CaO 
content in green jadeite was 5 wt.%, and its chromophores were Fe and Cr. Whereas lavender samples 
had a jadeite composition of X,, = 98 to 93 and tended to be high in TiO, and FeO,,, and low in MnO con- 
tent, blue jadeite showed the highest TiO, concentration at 0.65 wt.% and had an X,, range of 97 to 93. A 
blue jadeite from Wakasa had a range of 97 to 91 and a similarly high TiO, concentration. In trace-element 
analysis, chondrite-normalized and primitive mantle-normalized patterns in lavender, violetish blue, and 
blue jadeite from Japan showed higher large-ion lithophile element contents (Sr, Ba) and higher field strength 
element contents (Zr, Nb) than those in green jadeite, while white and black jadeite had relatively low REE 


contents. The Japanese jadeites were compared to samples from Myanmar, Guatemala, and Russia. 


which comes from the Itoigawa and Omi regions in 

Niigata Prefecture. The Kotaki area upstream of the 
Hime River in Itoigawa-Omi was the first docu- 
mented source of gem-quality jadeite and jadeite-bear- 
ing rocks in Japan (Kawano, 1939; Ohmori, 1939). This 
area is located in the high-pressure, low-temperature 
metamorphic Renge belt within a Late Paleozoic sub- 
duction zone (Shibata and Nozawa, 1968; Nishimura, 
1998). Tsujimori (2002) suggested that blueschist to 
eclogite metamorphism was related to the subduction 
of oceanic crust. Miyajima et al. (1999, 2001, 2002.) and 
Morishita (2005) proposed that the fluids that facili- 
tated the formation of jadeite in Itoigawa-Omi were 
related to subduction zones. U-Pb zircon dating of 
jadeite-natrolite rocks in the area indicated that the 
age of jadeitization is about 519+17 Ma (Kunugiza et 
al., 2002; Tsutsumi et al., 2010). 


Je is an important source of jadeite, much of 


See end of article for About the Authors and Acknowledgments. 
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This study introduces the historical background 
and sources of Japanese jadeite (figure 1). It describes 


Figure 1. A large, attractive jadeite boulder from 
Itoigawa, Japan, characterized by mixed white and 
green colors. This boulder weighs 40.5 kg and meas- 
ures approximately 39 cm high, 32 cm long, and 26 
cm wide. Photo by Ahmadjan Abduriyim. 
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Figure 2. Japanese jadeite is found in eight locations, 
though the only significant source of gem-quality ma- 
terial is the Itoigawa-Omi region in Niigata Prefec- 
ture. Modified after Fossa Magna Museum. 


the material’s color varieties, internal texture, and 
chemical features using quantitative electron micro- 
probe (EPMA) and laser ablation-inductively coupled 
plasma-—mass spectroscopy (LA-ICP-MS) analysis. 


HISTORICAL BACKGROUND 

In addition to Japan, major jadeite localities include 
Myanmar, Russia, Central America, and the United 
States. Some of the world’s earliest jadeite jade arti- 
facts emerged from the Olmec, Maya, and Aztec civ- 
ilizations of modern-day Mexico and Guatemala, 
which flourished from about 1200 zc until the Span- 
ish conquest in the 16th century (Foshag and Leslie, 
1955; Umehara, 1971; Taube, 2004). During the 
Jomon era, about 5,500 years ago, Japan’s Itoigawa re- 
gion became the birthplace of jadeite carving (figure 
2), and it is no exaggeration to say that the Japanese 
gem culture was derived from this area. In the middle 
of the Jomon era, pendant-like jadeite pieces called 
taishu were produced and traded throughout many 
parts of Japan. Rough jadeite fashioning techniques, 
including spherical bead carving, were passed on in 
the late Jomon era. In the Yayoi era, curved maga- 
tama and tube-shaped kudatama beads became pop- 
ular. According to legend dating from the early 8th 
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century, the ancient state of Koshi (in modern-day Ni- 
igata Prefecture) was ruled by a beautiful empress 
who wore a mysterious curved green jadeite (figure 
3). Koshi produced a variety of beautiful stones and 
cultivated a thriving trade with many other parts of 
Japan. Typically excavated from the tombs of power- 
ful people, magatama jadeite appears to have been a 
sacred ornament as well as a symbol of wealth and 
prestige. Magatama carvings spread to the Korean 
Peninsula, where they have been excavated at many 
archaeological sites (Barnes, 1999). 

Thousands of years of jadeite culture went into 
decline during the mid and late Kofun period (3rd to 
7th century AD) before disappearing in the 6th cen- 
tury. Jadeite was rediscovered in Japan in 1938, more 
than a thousand years after vanishing, when re- 
searcher Eizo Ito uncovered it at the Kotaki River in 
the city of Itoigawa. The following year, Dr. Yoshi- 


Figure 3. In this mosaic painting, made with pieces of 
Itoigawa jadeite, the magatama carving is worn by 
an empress of the ancient state of Koshi, in modern- 
day Niigata Prefecture. Courtesy of the Jade Ore Mu- 
seum (Hisui Gensekikan). 


hee 
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Figure 4. Jadeite from Itoigawa is found in serpenti- 
nite along a fault as blocks near the Kotaki River (up- 
stream of the Hime River) and the Omi River. The 
Kotaki and Hashidate valleys are the main sources of 
gem-quality jadeite. White is the most common color, 
followed by green. Lavender, violet-blue, and blue 
jadeite are also found in Itoigawa-Omi. Source: Fossa 
Magna Museum. 


nori Kawano and his colleagues at Tohoku Univer- 
sity published a study of the samples (Kawano, 1939; 
Ohmori, 1939). Subsequent research led to additional 
discoveries in the Kotaki area, upstream of the Hime 
River, as well as in the Hashidate area of Itoigawa 
(figure 4). In 1954, some of these areas were desig- 
nated as preservation sites, but jadeite is still found 
along these rivers or their estuaries. 

Jadeite from Itoigawa, especially along the coast, 
is beautiful even in its rough state. Colors include 
white, green, violet, blue, and black. But because the 
sites are protected and mining is not allowed, there 
is little supply of this material in the market. In Sep- 
tember 2016, Itoigawa jadeite was chosen as Japan’s 
national stone by the Japan Association of Miner- 
alogical Sciences. 


JADEITE FROM JAPANESE LOCALITIES 

Jadeite is found in high-pressure, low-temperature 
metamorphic belts (Essene, 1967; Chihara, 1971; Har- 
low and Sorensen, 2005). It is associated with kyanite, 
an indicator mineral of high-pressure, low-tempera- 
ture metamorphism. The Japan Trench is a boundary 
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between the Pacific plate and the Eurasia plate con- 
taining the Japanese islands, under which the cold Pa- 
cific plate subducts. This area is thought to have a 
high-pressure, low-temperature condition that pro- 
duces jadeite. Japan has eight jadeite occurrences in all 
(again, see figure 2). Most of the jadeite from the Renge 
and Sangun belts on the western side (Itoigawa, Oosa, 
Oya, and Wakasa) is very pure, composed of more than 
90% jadeite (including similar omphacite). Material 
from other parts of Japan very rarely contains more 
than 80% jadeite. Most contains large amounts of al- 
bite, kyanite, and analcime and no more than 50% 
jadeite (Yokoyama and Sameshima, 1982; Takayama, 
1986; Miyazoe et al., 2009; Fukuyama et al., 2013). 


Renge and Sangun Belts. The Itoigawa region is as- 
signed to the Renge belt, a serpentinite mélange zone 
with various types of tectonic blocks, high-pressure 
and low-temperature metamorphic rocks, metamor- 
phosed sedimentary rocks, amphibolites, and rodin- 
gites (Nakamizu et al., 1989). Gem-quality jadeite has 
been found only at the Kotaki and Hashidate districts 
in Itoigawa-Omi, occurring as boulders in the serpen- 
tinite located at the fault border between the Permian- 
Carboniferous limestone and Cretaceous sandstone 
and shale. Jadeite boulders range from one meter to 
several meters in size and are mostly distributed in an 
area several hundred meters long. Jadeite rocks in Ko- 
taki show concentric zoning, toward the rim, of al- 
bitite (with or without quartz], white jadeite, green 
jadeite, soda-rich calciferous amphibole, and host ser- 
pentinite. Omi jadeite rock shows a “distinct strati- 
form structure,” sometimes with alternating coarse 
and fine compact layers and often containing lavender 
jadeite (Chihara, 1991). 

Sources other than Itoigawa in the Renge and San- 
gun belts (Oosa, Oya, and Wakasa) produce limited 
amounts of jadeite, most of it white with a few green 
areas. Green jadeite with high transparency has not 
been found in these areas. Considering that it con- 
tains similar minerals as well as zircons that are 
about 500 million years old (Tsutsumi et al., 2010), 
the material from Oosa, Oya, and Wakasa presum- 
ably formed through the same process as the 
Itoigawa jadeite. These fine-grained specimens can- 
not be differentiated microscopically from those of 
Itoigawa. 

The Wakasa region in Tottori Prefecture of western 
Japan is a source of blue jadeite. Jadeite and jadeite py- 
roxene occur in serpentinites and metagabbros related 
to the Sangun regional metamorphic belt (Kanmera et 
al., 1980; Chihara, 1991). In this locality, jadeite rock 
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formed as a vein in part of a serpentinite body ranging 
from 5 to 30 cm in diameter. The rocks are mostly 
weathered but still hard and compact. Most of the 
jadeite has a violetish blue to blue, lavender, and milky 
white color and is associated with albite, quartz, and 
chlorite. Wakasa jadeite is also known to have a blue 
color, but production is very limited. 


Hokkaido. The northern Japanese island of Hokkaido 
is shown in figure 2. The Kamuikotan belt, a high- 
pressure metamorphic belt, extends north to south 
in Hokkaido. In the serpentine area of this metamor- 
phic belt in the Asahikawa district, jadeite-bearing 
rocks are very rare but may locally contain more 
than 80% jadeite. Most of the jadeite around 10 cm 
in size contains less than 50% jadeite content, how- 
ever. Various mineral components deprive the 
jadeites of their transparency, making them difficult 


In Brief 


e Japan's only source of gem-quality jadeite is the 
Itoigawa-Omi region in Niigata Prefecture. The area 
belongs to a serpentinite mélange zone with high- 
pressure and low-temperature metamorphic rocks, 
amphibolites, and jadeitites. 


Some 5,500 years ago, jadeite carvings were traded 
throughout Japan. Since the rediscovery of the jadeite 
source in 1938, limited quantities have been available. 
e These Japanese jadeites display a variety of colors, in- 
cluding white, green, lavender, violetish blue, blue, 
and black. White jadeite shows a very pure jadeite 
component, while green jadeite has a low percentage 
of omphacite ranging from 2% to 18% and is colored 
by Fe and Cr. Blue samples are enriched with Ti. 
e Trace element analysis by LA-ICP-MS confirmed that 
lavender, violetish blue, and blue jadeite showed 
higher large-ion lithophile elements and higher field 
strength elements than green, white, and black jadeite. 


to distinguish from surrounding green rocks of law- 
sonite-albite facies retrograded in greenschist facies. 


Sanbagawa Belt. Two deposits of jadeite-bearing rock 
have been reported in the Yorii and Chichibu dis- 
tricts in the Kanto Mountains of Saitama Prefecture. 
One of the locations forms a dome with serpentine, 
and the maximum jadeite content there is about 
50%. Another occurrence, accompanied by actinolite 
rocks that supposedly replaced serpentinite, is simi- 
lar to the surrounding metamorphic rocks where 
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jadeite occurs in clusters, and samples with more 
than 80% jadeite content are rare. The jadeite from 
this area is not suitable for jewelry and, like material 
from Hokkaido, cannot be differentiated from the 
surrounding metamorphic rocks. Mikkabi in 
Shizuoka Prefecture also produces jadeite, found as a 
white vein 2, to 3 cm thick in metagabbro, but it too 
is unsuitable for fashioning. 


Kochi and Nagasaki. Rocks containing jadeite have 
occasionally been found within serpentinite in the 
city of Kochi. These include gray quartz-bearing 
rocks and green rocks containing pumpellyite and 
kyanite. Neither contains more than 60% jadeite or 
possesses transparency, and thus cannot be visually 
differentiated from common hard metamorphic 
rocks. In Nagasaki, rocks containing jadeite associ- 
ated with serpentine have been reported. Parts of the 
rock contain more than 80% jadeite, but the content 
is often as low as 50%. Only limited amounts of the 
jadeite-bearing rocks have been produced. 


SAMPLE DESCRIPTIONS AND 

ANALYTICAL METHODS 

To examine the color varieties of Japanese jadeite, we 
collected representative samples from the field in 
Itoigawa and Wakasa and from the Jade Ore Museum 
(Hisui Genseki Kan) in Tokyo and the Fossa Magna 
Museum in Itoigawa (see the top table at 
https://www.gia.edu/gems-gemology/spring-2017- 
japanese-jadeite-tables). The 39 rough and cut Japan- 
ese samples consisted of white, green, dark green, 
lavender, violetish blue, blue, and black jadeite. They 
were from three different sources: the Kotaki River 
area (36°55'33N, 137°49'18E; 32 samples) and 
Hashidate (36°58'35N, 137°45'51E; five samples), 
both in Itoigawa, and the Wakasa region (35°32'17N, 
134°44'52E; two samples). 

To compare their optical features, petrographic 
structures, and geochemistry with samples from 
other parts of the world, we also tested Russian white 
and green jadeite from the Polar Urals (four samples); 
dark yellowish green and lavender jadeite from the 
Motagua region of Guatemala (six samples); and 
Burmese white, green, and lavender jadeite from 
Kachin State (38 samples). The samples were pro- 
vided by the Jade Ore Museum (Hisui Gensekikan) 
and Miyuki Co., Ltd. Examples are shown in figure 5. 

All 87 samples were observed by visual and mi- 
croscopic means, and their refractive indices were ex- 
amined by either normal reading from flat wafers or 
by the spot method. Specific gravity was determined 
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Figure 5. Representative 
samples from four loca- 
tions. A: Magatama 
carvings (25.51-63.88 
ct) from Itoigawa-Omi. 
B: Variously colored 
rough jadeite boulder, 
cobble, and pebbles 
from Itoigawa-Omi 
(15.3-622.2 g) and a pol- 
ished violetish blue 
jadeite from the 
Wakasa region (458.2 g). 
C: Green and lavender 
cabochons (4.75-15.45 
ct) and polished slices 
from Kachin, Myanmar 
(17.84-136.4 g). D: 
Rough grayish green 
and lavender jadeite 
blocks from the Mo- 
tagua region of Guate- 
mala (223-1250 g). E:A 
green jadeite block (304 
g) and two polished 
translucent to opaque 
jadeites (139.08 and 
5.98 ct) from the Polar 
Urals of Russia. The 
magatama from 
Itoigawa-Omi and the 
Russian and Guate- 
malan samples are 
courtesy of the Jade 
Ore Museum (Hisui 
Gensekikan). The 
Burmese jadeites are 
courtesy of Miyuki Co., 
Ltd. Photos by Masumi 
Saito and Ahmadjan 
Abduriyim. 


hydrostatically for all the samples, and their absorp- _Itoigawa and Wakasa, three from Kachin, two from 
tion spectra were observed by handheld prism spec- Motagua, and two from the Polar Urals were cut and 
troscope. Four inclusion-bearing samples from _ polished into thin sections for petrographic structure 
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analysis. The micro-texture of these petrographic 
thin sections was observed using a Nikon Optiphot 
polarized light microscope. 

To identify the inclusions and reveal the distribu- 
tion of jadeite and other minerals in jadeite rock, we 
used a two-dimensional micro-Raman mapping spec- 
troscope (Horiba Jobin Yvon XploRA LabRAM HR 
Evolution) equipped with a 532 nm Nd:YAG laser 
and an optical microscope (Olympus BX41) under 
real usage conditions. The laser beam was narrowed 
and focused through a 300 pm aperture and a 100x 
objective lens, yielding a spatial resolution of about 
1 pm. Raman spectra were acquired with a single 
polychrome spectrometer equipped with a Si-based 
charge-coupled device (CCD) detector (1024 x 256 
pixels). A composite spectrum in the range of 200- 
1800 cm-' was obtained with LabSpec software, using 
a 600 gr/mm grating with a spectral resolution of 
about +2.5 to 3.5 cm. Before performing the meas- 
urements, we calibrated the spectrometer by the Si 
520 cm=! peak. Raman spectral mapping was con- 
ducted in point-by-point macro mode using XY step- 
ping motors. It took 15 minutes to obtain a 44 x 30 
mm spectral macro mapping image with a step size 
of 500 ym in the 200-1800 cm” range. 

UV-Vis-NIR spectroscopy was performed on par- 
allel polished wafers of green, lavender, and blue 
samples from Kotaki, Itoigawa; a violetish blue sam- 
ple from the Wakasa region; green and lavender sam- 
ples from Kachin and Motagua; and a green sample 
from the Polar Urals. The analyses were performed 
using a Hitachi U-2900 spectrophotometer at 1 nm 
resolution. The parallel polished plates were ori- 
ented with the main polished face perpendicular to 
the instrument beam, and the polarizer was not ro- 
tated. The thin sections ranged from 3.63 to 10.08 ct 
and from 0.86 to 3.70 mm thick. 

To investigate the various colors of the jadeites, 
very precise quantitative chemical composition meas- 
urements were obtained by electron microprobe with 
wavelength-dispersive spectrometry (WDS) mode 
(JEOL LXA-8900) at the University of Tokyo and 
Waseda University. Eleven thin sections and polished 
thin plates from Itoigawa and Wakasa, two specimens 
from Motagua, and one specimen from the Polar Urals 
were analyzed with 15 kV accelerating voltage, using 
a beam current of 12 nA and beam diameter of 10 pm. 
Data were processed with ZAF correction software. 
The standards were natural albite for Al(Ko) and 
Na(K@), wollastonite for Ca(K@) and Si(K@], orthoclase 
for K(Ka), chromite for Cr(K@), Mn-olivine for Mn(Kq), 
and TiO,, Fe,O,, MgO, and NiO for Ti(Ka@), Fe(Ka), 
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Mg(Ka), and Ni(K@), respectively. 

Trace element and rare earth element (REE) analy- 
ses were performed with LA-ICP-MS using a Thermo 
Scientific iCAP Q quadrupole ICP-MS with an ESI 
UP213 Nd-YAG laser. The laser repetition rate was 
7 Hz, with an energy density of 10 J/cm? and a spot 
size of 40 pm, using a carrier gas mixture of helium 
and argon. It was possible to detect the signal of all 
isotope ratios and achieve an analytical precision of 
less than 10% relative standard deviation (RSD). 
Three to ten spots were ablated for each sample, and 
averaged data was calibrated. NIST SRM 610 and 612 
were used as external standards. Before analysis, the 
samples were cleaned with acetone and aqua regia in 
an ultrasonic bath to eliminate surface contamina- 
tion. 


RESULTS AND DISCUSSION 

Gemological Observations. Jadeite pebbles from 
Itoigawa-Omi tend to have rounded corners, result- 
ing from erosion by fluvial processes, and a glittering 
whitish surface. Because of surface weathering, the 
rough rock does not have a brown skin. These stones 
are mainly white, with unevenly distributed pale 
green to green areas, and they feel rigid, compact, and 
heavy. Most of the white rocks mixed with some 
green were in boulder, pebble, and nodule form, 
transparent to semi-translucent to opaque, and finely 
textured, with some coarse texture in eye-visible sin- 
gle crystals. The largest rough specimen, found in the 
Hashidate district, weighed 102 tons. The author has 
also observed a 4.6 ton jadeite rock from the Kotaki 
district that is housed in the Fossa Magna Museum 
(figure 6, left). In this large jadeite boulder, most of 
the white and green parts were jadeite jade, while the 
fibrous black portion was composed of amphibole. 
Some small green areas were translucent and 
gemmy. Some minor faults were filled with white 
minerals such as prehnite, pectolite, and zeolite- 
group minerals that formed within fluids from the 
deeper part of the earth. 

In lavender jade, the violet color may be dispersed 
irregularly over the white matrix. This color is semi- 
translucent to opaque, with a fine to medium texture 
(figure 6, center). The blue jadeite samples, found in a 
variety of beautiful colors, were rounded and semi- 
translucent to opaque, with fine to coarse texture (fig- 
ure 6, right). Aggregates of minute crystals were 
observed through a loupe but lacked crystal form. 
Specimens from Itoigawa and Tottori had a spot RI of 
1.65 to 1.66 and SG values ranging from 3.10 to 3.35. 
Green jadeite samples were inert under long-wave 
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Figure 6. Left: A 4.6 ton jadeite rough boulder is displayed at the Fossa Magna Museum in Itoigawa. This eroded 
and rounded boulder from the Kotaki area is mostly white, with some green areas of jadeite; the fibrous structure 
in the black area is amphibole. Thin fault-like veins are filled with white minerals. Center: A 30 kg rounded boul- 
der of predominantly lavender jadeite was found along the Hime River in Itoigawa. The lavender color is dis- 
persed irregularly over the white matrix. Right: These rounded jadeite pebbles, found along the coast in 
Itoigawa-Omi, are approximately 2 to 15 cm long. Photos by Ahmadjan Abduriyim, courtesy of the Fossa Magna 
Museum and the Jade Ore Museum (Hisui Gensekikan). 


(365 nm) and short-wave (254 nm) UV radiation. The 
lavender jadeite exhibited a stronger reddish fluores- 
cence than Burmese lavender jadeite, which showed 
a weak reddish fluorescence to long-wave UV. The 
Japanese blue jadeite was inert to both long- and short- 
wave UV. The absorption spectra of all Japanese jadeite 
samples, measured by a handheld spectroscope, re- 
vealed weaker lines at 690, 650, and 630 nm. In addi- 
tion, green jadeite from Itoigawa showed a very sharp 
line at 437 nm. The lavender jadeite showed weak 
bands at around 530 and 600 nm and a narrow band 
at 437 nm. The blue jadeite showed a very broad band 
from the yellow to red portion of the spectrum, as well 
as a weak narrow band at 437 nm. 

The representative Guatemalan jadeite samples se- 
lected for this study were grayish and dark green, 
white, and violetish blue. The green rough was semi- 
translucent and opaque, with a fine to medium- 
grained texture but also somewhat coarsely grained 
texture in visible crystals. The “Olmec blue” rough 
from Guatemala was variegated violet to blue mixed 
with abundant white color. It was translucent to 
opaque, with a fine texture. Its color distribution 
closely resembled that of Japanese lavender and blue 
jade. 

Jadeite from the Polar Urals occurs in different 
shades of green. The material usually has a more even 
color distribution than Japanese green jadeite, and it 
is highly valued. The samples from this source were 
semitransparent to translucent, with a fine to medium 
texture. Black spots of magnetite could be observed. 


Petrographic Observation. In plane-polarized light, a 
white and green jadeite slice from Itoigawa (K-IT-JP- 
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14; see figure 7-A1) revealed colorless, semitranspar- 
ent jadeite crystals distributed in the white area, 
mostly as fine cryptocrystalline grains around 0.05- 
0.3 mm in size. Under cross-polarized light, the fine 
jadeite grains showed both high- and low-order inter- 
ference colors, caused by the different orientation of 
each grain. Under plane-polarized light, we occasion- 
ally observed in matrix large pale green grains over 2 
mm (figure 7-A2) that were well-formed jadeite sin- 
gle crystals. Their well-developed cleavages inter- 
sected at 87° angles, which is characteristic of 
pyroxene. This thin section of green jadeite showed 
a prismatic crystalloblastic texture, indicating meta- 
morphism under nondirectional pressure. Micro- 
Raman spectrometry in microfolds and veinlets 
identified minor amounts of pectolite and prehnite 
as component minerals. 

The thin section of lavender jadeite from Itoigawa- 
Omi was almost colorless under plane-polarized light 
(see figure 7-B1). The sample was semi-transparent 
to translucent and mainly composed of fine to micro- 
grained crystals around 0.1-0.3 mm in size, showing 
a prismatic crystalloblastic texture. Ultramylonitic 
zones with radiating aggregates of fine jadeite grains 
randomly cutting through the matrix were observed 
in this sample (figure 7-B2). This texture indicates 
that the sample underwent lithostatic and possibly 
subsequent directional pressure during the metamor- 
phic process. Prehnite and analcime, the main con- 
stituents of the veinlets that cut through the jadeite 
rock (figure 7-B3), were formed by hydrothermal flu- 
ids (Shoji and Kobayashi, 1988). A long prismatic 
vesuvianite crystal with high relief was also found as 
a component mineral. 


Gems & GEMOLOGY SPRING 2017 


Premier Mine amounts to an average of 
24.37 carats per 100 loads. 

The material which floats off is screened 
on three eighths inch screens and materials 
of larger size are crushed to less than three 
eighths inch and returned to the original 
feed. The loss of media is reported to be 
from .25 to .75 pounds per load of new 
feed. Material that is less than ten mesh 
is still handled by the jig method. 

Perhaps the effectiveness of the Heavy- 
Media Sink method is attested to by the 
fact that it has been introduced recently 
by Williamson in his Tanganyika mines, as 
well as a unit installed by the Anglo- 
American Corporation of South Africa, Ltd. 
A small unit is also being operated by Con- 
sulting Engineers to De Beers Consolidated 
Mines, Ltd. The pilot plant originally used 
at the Premier has been moved to its alluvial 


mine at Orange Mouth in South-West 
Africa. 

At the Premier recovety plant, the con- 
centrates from heavy-media cones, and from 
the smaller material concentrated by jig, 
ate placed in separate storage bins. Both 
concentrates are washed thoroughly to te- 
move slime which otherwise would foul the 
grease tables. 

The concentrates from the Heavy-Media 
plant are graded into four sizes and are 
fed into separate grease tables with dif- 
ferent slopes. The larger the size of the con- 
centrate, the steeper the table. For ex- 
ample, material larger than three fourths 
inch in diameter is fed to tables with three 
decks, sloping at 25 degrees; materials 
from three fourths inch, to tables with a 
20 degree slope, and smaller materials to 
tables with only a fifteen degree slope. 


¢ Crushed blue ground is fed to the heavy-media cone by conveyor belt. In 


eg — 
ch al 


this picture three of the four belts used at the Premier plant are shown. 


Figure 7. Petrographic microscope images of jadeite sam- 
ples from Itoigawa. The left images are under plane-polar- 
ized light, the right images under cross-polarized light. Jd, 
Preh, Ves, An, and Ti indicate jadeite, prehnite, vesuvian- 
ite, analcime, and titanite, respectively. A1: Green jadeite 
K-IT-JP-14 shows a prismatic-granular crystalloblastic tex- 
ture, a distribution of fine colorless cryptocrystalline grains 
of jadeite, and a predominance of grains around 0.05-0.3 
mm in size. A2: Coarse pale green grains larger than 2 mm 
can also be observed in the same matrix, which is a well- 
formed large jadeite single crystal. The prominent (110) 
cleavage planes intersecting at 87° are characteristic of py- 
roxene. B1: Lavender jadeite K-IT-JP-25 shows neat-color- 
less fine and micro-grained jadeite crystals with a 
prismatic crystalloblastic texture. B2: Ultramylonitic zones 
with radiating aggregates of fine jadeite grains cut ran- 
domly through the center of the matrix, indicating a litho- 
static pressure during the metamorphic process. B3: Dark 
gray prehnite and analcime, the main constituents of the 
veinlets that cut through this lavender jadeite, were formed 
by hydrothermal fluids. A high-relief prismatic vesuvianite 
crystal was also found as a component mineral. C1: K-IT- 
]P-16 is a predominantly blue specimen, translucent with 
fine cryptocrystalline grains. C2: Crushed preexisting min- 
erals produce a flow structure with granoblastic and my- 
lonitic texture. The component minerals analcime and a 
very minor amount of euhedral titanite grains are observed 
in the matrix. Photomicrographs by Ahmadjan Abduriyim. 


In the blue jadeite sample (K-IT-JP-16), the blue 
area was larger than the white area, and the colors 
gradually blended. It was translucent and granular, 
and the fine cryptocrystalline grains from 0.1 to 0.5 
mm (figure 7-C1) showed granoblastic and mylonitic 
texture. In this specimen, preexisting minerals were 
crushed and slipped to produce a flow structure (fig- 
ure 7-C2). Component minerals included analcime 
and titanite, as well as very minor amounts of euhe- 
dral titanite grains in the matrix that do not con- 
tribute to the blue color in this type of jadeite. 

Morishita et al. (2007) proposed that jadeite from 
Itoigawa-Omi formed either by direct precipitation of 
minerals from aqueous fluids or by complete metaso- 
matic modification of the precursor rocks by fluids. 
The Burmese green and lavender jadeite samples 
showed amphibole, albite, kosmochlor, and nepheline, 
while vesuvianite was rare. The Guatemalan green 
and lavender jadeite in this study showed grossular 
garnet, albite, and rutile, while the Russian green 
jadeite contained magnetite and analcime. 

We used two-dimensional point-by-point Raman 
macro mapping to reveal the distribution of jadeite 
and other component minerals in the jadeite rocks. 
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Figure 8 shows a white and green/dark green sample 
from Itoigawa; the red, green, and blue colors corre- 
spond to the integrated intensity of jadeite, amphi- 
bole (richterite), and prehnite, respectively. This 
image reveals that the jadeite and amphibole grains 
are mixed within the matrix, while prehnite occurs 
in the vein. The rapid point-by-point confocal map- 
ping technique can be performed on a whole speci- 
men or a region of interest to examine finer details, 
making it possible to classify the distribution of 
jadeite vs. omphacite and/or amphibole. 


UV-Vis Spectroscopy. Japan. UV-Vis absorption spec- 
troscopy was performed on the green, violet, violetish 
blue, and blue jadeite wafers from the Itoigawa-Omi 
and Wakasa regions. Chemical analysis was carried 
out on similarly colored areas of the sample to confirm 
each chromophore’s concentration. 

Green portions of Itoigawa jadeite are generally col- 
ored by chromium and iron, showing a 691 nm ab- 
sorption line (the Cr** “chromium line”) and another 
absorption line that originates at around 437 nm (the 
Fe* “jadeite line”); see figure 9. The chromophore con- 
centrations in the tested area, a5 mm circle, were an- 
alyzed by LA-ICP-MS, and a concentration was 
averaged from three to four laser ablation spots. The 
green area contained relatively high Cr and Fe (280 and 
810 ppma), and the isovalent chromophores Cr** and 
Fe** clearly contributed to the green color (Rossman, 
1974; Harlow and Olds, 1987). The less significant 
chromophores Ti, Mn, V, and Co had lower concen- 
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trations (57, 19, 2.3, and 0.4 ppma, respectively; see 
the bottom table at https://www.gia.edu/gems- 
gemology/spring-2017-japanese-jadeite-tables). 

The UV-Vis spectra of lavender jadeite from 
Itoigawa-Omi show features that correspond with Mn, 
Ti, and Fe (figure 10). A broad Mn**-related absorption 
band centered at 530 nm is often observed in Burmese 
lavender jadeite (Lu, 2012), as well as a characteristic 
broad band of paired Ti*-Fe** charge-transfer ions cen- 
tered at 610 nm and a narrow Fe*-related 437 nm ab- 
sorption band. The color-causing transition elements 
were analyzed in this lavender jadeite. The results 
showed that Ti (534 ppma average) and Fe (550 ppma 
average) were clearly responsible for its blue hue. Mn 
concentrations averaged 18 ppma and produced a 
weak pink or purple hue. The Japanese lavender 
jadeite showed a violet color, owing to the combina- 
tion of minor pink and significant blue hues caused 
by Mn* and Ti*-Fe** absorption. Shinno and Oba 
(1993) discussed the substitution of Ti** at 545 nm in 
lavender jadeite from Itoigawa-Omi. However, the Ti** 
ion is very unstable in nature and is found only in me- 
teorites and lunar samples formed in more reducing 
conditions (Burns, 1981). In terms of ionic radius, iso- 
valent Ti**is noticeably larger than Al** and does not 
replace it in the six-fold coordinated octahedral site 
(figure 11). The chromophore concentrations of Ti and 
Fe in the violet parts reached 550 and 534 ppma, and 
this combination caused a noticeable blue color. 

The UV-Vis spectra of blue jadeite from Itoigawa 
show a very broad band from 500 to 750 nm, a weak 


Figure 8. A two-dimen- 
sional Raman spec- 
troscopy mapping 
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image of a jadeite boul- 
der from Itoigawa. The 
red area corresponds to 
the jadeite distribution, 
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the green area to dark 
green richterite (amphi- 
bole group), and the 
blue area to the min- 
eral prehnite, which is 
located at the veinlet 
and crosses through the 
stone. The mapping 
area is 44 x 30 mm. 
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UV-VIS SPECTRUM 
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Figure 9. The UV-Vis 
spectrum of a green 
sample from Itoigawa 
(K-IT-]P-14) shows the 
features corresponding 
to Cr- and Fe-bearing 
green jadeite: the char- 
acteristic narrow 691 
nm absorption, two 
Cr*-related weak 
shoulders at 650 and 
630 nm, and a sharp, 
narrow absorption of 
Fe* at 437 nm. The sat- 
urated green area of the 
spectrum corresponds 
to the concentration of 
the chromophores Cr 
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Fe* absorption at 437 nm, anda cutoff above 350 nm 
(figure 12). This absorption pattern is similar to the 
spectra of blue sapphire and can be attributed to a 
charge transfer between Ti**-Fe** pairs (Ferguson and 
Fielding, 1971). Significant amounts of Ti (1943 
ppma) and Fe (42.12 ppma) produced a noticeable blue 
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ppma, on average). 
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color. By comparison, Mn was too low (64 ppma] to 
produce a pinkish component. 

The violetish blue jadeite from Wakasa in Tot- 
tori Prefecture showed a similar spectral character- 
istic, with lower Ti, Fe, and Mn concentrations than 
blue jadeite but higher concentrations than violet 
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Figure 10. The UV-Vis 
spectrum of a lavender 
sample from Itoigawa- 
Omi (K-IT-JP-25). Two 
broad bands centered 
at 530 and 610 nm cor- 
respond to Mn and Ti- 
Fe charge transfer, and 
there is also a weak 
narrow band at 437 
nm. The violet color re- 
flects the chromophore 
combination of low Mn 
(18 ppma) and much 
higher Ti (534 ppma) 
and Fe (550 ppma). 
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Figure 11. Illustration of the atomic arrangement of a 
single-chain pyroxene crystal structure, from the a- 
axis to b-axis direction. In the SiO, tetrahedrons (in- 
dicated in yellow and brown), four oxygen atoms 
surrounding a silicon atom are connected to form a 
strand, and other six-coordinate octahedron atoms (in 
green) are arranged so that they link the strands. 
Larger atoms (orange spheres) fill the spaces. Modified 
after Miyawaki (2004). 


jadeite from Itoigawa (see the bottom table at 
https://www.gia.edu/gems-gemology/spring-2017- 
japanese-jadeite-tables). 


Myanmar. The UV-Vis spectrum of the Burmese green 
jadeite (K-MYA-16) showed the characteristic narrow 
Cr**-related absorption band at 691 nm and the sharp, 
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narrow Fe*-related absorption band at 437 nm that is 
very common in natural green jadeite. The Cr and Fe 
absorption feature generally overlapped with the spec- 
trum of Japanese green jadeite, but the absorption in- 
tensity was much higher in Burmese jadeite due to its 
color saturation and transparency (figure 13A). The 
Burmese lavender jadeite (K-MYA-20) with a predom- 
inantly purple color component had a broad absorp- 
tion centered at 570 nm, related to Mn concentration 
(figure 13B). The Fe and Ti concentration was much 
lower than in Japanese lavender jadeite and might not 
cause any noticeable blue component. 


Guatemala. Only the characteristic Fe**-related nar- 
row absorption band at 437 nm was found in the 
Guatemalan grayish green jadeite spectrum, which 
lacked the Cr** absorption (figure 13C). A very closely 
matched absorption spectrum was observed in 
Guatemalan lavender jadeite, which showed multiple 
broad bands centered at 530 and 610 nm and a weak 
narrow band at 437 nm (figure 13D). This absorption 
feature, related to Mn*, Ti*-Fe”* pairs, and Fe**, gen- 
erally overlapped with the bands observed in Itoigawa 
lavender jadeite. The concentrations of V, Cr, and Co 
were too low to create any noticeable color. 


Russia. A highly saturated vivid green jadeite from 
the Polar Urals showed an Fe** band and strong mul- 
tiple chromium lines in the 580-700 nm range, a 


Figure 12. The UV-Vis 
spectrum of a blue 
sample from Itoigawa 
(K-IT-JP-16). The ab- 
sorption shows a very 
wide broad band from 
500 to 750 nm that 
overlaps the Mn-related 
broad bands at 530 and 
570 nm observed in 
Burmese lavender 
jadeite. The chro- 
mophores Ti and Fe 
show a significant con- 
centration at 1943 and 
4212 ppma, respec- 
tively, and this jadeite’s 
blue color could be 
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mainly due to the Ti*- 
Fe* charge transfer. 
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Figure 13. A: The UV-Vis spectrum of a green Burmese jadeite (K-MYA-16) shows the characteristic chromium 
lines at 630, 650, and 691 nm and the sharp, narrow Fe* absorption band at 437 nm that is commonly seen in 
natural green jadeite. The Cr**+- and Fe*-related feature generally overlaps with the spectrum of Japanese green 
jadeite, but the absorption intensity is much higher due to its color saturation and transparency. B: Burmese 
lavender jadeite (K-MYA-20) showed a dominant broad absorption band centered at 570 nm, related to Mn* 
concentration. C: The narrow Fe* absorption band at 437 nm, often present in Guatemalan green jadeite (M- 
GUA-02). The absorption of Cr** is not detectable in this 2.32-mm-thick sample. D: The spectrum of 
Guatemalan lavender jadeite (M-GUA-03) shows multiple broad bands centered at 530 and 610 nm and a 
weak narrow band at 437 nm. The absorption feature related to Mn*, Ti*-Fe**, and Fe* generally overlaps with 
the bands observed in Itoigawa lavender jadeite. E: A vivid green Polar Ural jadeite shows an Fe* band and 
strong multiple chromium lines in the 580-700 nm range, a combination that typically produces a highly satu- 
rated green color. The concentration of Cr (maximum of 3042 ppma) is much higher than in Japanese green 
jadeite. 
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Figure 14. This classification of pyroxene based on 
chemical composition shows the relationship be- 
tween jadeite and other pyroxenes in the main iso- 
morphous substitution. Source: National Museum of 
Nature and Science, Tokyo. 


combination that typically produces a highly satu- 
rated green color (figure 13E). The Cr concentration 
(up to 3042 ppma}) was much higher than in Japanese 
green jadeite. 


Chemical Analysis. Quantitative chemical data col- 
lected by EPMA for the samples from Japan, 
Guatemala, and Russia are summarized in table 1. 
The results are described below for each representative 
color: white, a lavender, and blue (including vio- 
letish blue). Ky Xipoxoy Ad Xouaa wiosaugstieg Were Calcu- 
lated as mol. % of Al/(Na + Ca), Fe**/(Na + Ca), and 
Ca/(Na + Ca], respectively (figure 14). The highest and 
lowest concentrations of jadeite (X,,) for 11 tested sam- 
ples are listed in table 1. The 87 specimens from the 
four countries in this study (Japan, Myanmar, 
Guatemala, and Russia} were analyzed by LA-ICP-MS, 
with averaged data calculated based on three to ten 
laser ablation spots for each specimen; minimum and 
maximum values of each element concentration are 
listed in the bottom table at https://www.gia.edu/ 
gems-gemology/spring-2017-japanese-jadeite-tables, 
with averaged data in parentheses. 


White Jadeite. White jadeite from Itoigawa belongs 
to the clinopyroxene group and is close to the ideal 
jadeite composition (again, see table 1). All analyses 
(more than five spots) were close to the end member 
composition, up to X,, = 98 mol.%. The CaO, MgO, 
and FeO,,, contents Wee lower than those tested 
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from any other jade color (0.26, 0.12, and 0.44 wt.%, 
respectively). Values for Cr,O,, MnO, K,O, and NiO 
were below the detection limit of the analysis. TO 
(0.03 wt.%} was lower than values analyzed from oe 
olet and blue jadeite elsewhere. The white jadeite 
was very pure. 

LA-ICP-MS analyses of the white jadeite consis- 
tently identified 19 minor and trace elements (Li, 
Mg, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Cu, Sc, Ni, Zn, 
Ga, Se, Sr, and Zr). Other trace elements (B, Rb, Y, 
Nb, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, 
W, Th, and U) were above the detection limits. Al- 
though Itoigawa “white” jadeite generally had 
lower Mg and Ca contents (3841 and 8495 ppmw, 
respectively) than green, blue, and black jadeite, al- 
most all of the detectable minor and trace element 
contents were higher than in white jadeite from 
Kachin State in Myanmar (see the bottom table at 
https://www.gia.edu/gems-gemology/spring-2017- 
japanese-jadeite-tables). 


Green Jadeite. Microprobe analyses of four green 
jadeites revealed significant Fe content, from a mini- 
mum value of 0.22 wt.% to a maximum of 0.864 
wt.%, and a slightly low Cr value of 0.01-0.57 wt.%. 
Values for MgO (0.16-2.83 wt.%}) and CaO (0.24—4.18 
wt.%) were relatively high, but the compositions fit 
within the jadeite range of X,, = 98.7 to 82.4 (figure 
15). Samples from Itoigawa- Omi showed slight differ- 
ences in major element composition between crystal 
aggregates ae discrete single-mineral grains. This 
study indicates that the green jadeite is also nearly 
pure jadeite, though some discrete single-mineral 
grains showed a composition closer to omphacite 
within the jadeite-dominant matrix. 

The 13 green specimens from Itoigawa revealed the 
remarkable transport of large-ion lithophile elements 
in subduction zones, such as Li, B, K, Sr, and Ba, as 
well as elements that are considered more refractory, 
such as rare earth elements (La, Ce, Pr, Nd, Sm, Eu, 
Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu) and Hf, Ta, W, TI, 
Pb, Th, and U. The Mg and Ca contents were also rel- 
atively high, ranging from 2383 to 77,100 ppmw for 
Mg (averaged to 19,957 ppmw) and 4400 to 82,700 
ppmw for Ca (averaged to 39,206 ppmw). Mg and Ca 
contents were much higher in the dark green areas, 
which indicates that the dark green omphacite com- 
ponent is more abundant in trace elements (except Li 
and Ga) than jadeite. To establish a useful chemical 
fingerprint diagram for separating omphacite jade from 
jadeite jade, we plotted two different combinations of 
major and minor elements. As seen in figure 16, plot- 
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Quad (Ca+Mg+Fe**), 


Jd Ae+Ko 
Na(Fe*,Cr) 


Figure 15. This ternary diagram for jadeite (Jd)-aegirine 
+ kosmochlor (Ae + Ko)-Ca-Fe-Mg pyroxene (diopside 
+ augite + hedenbergite) indicates the chemical con- 
centration data of four green jadeites from Itoigawa- 
Omi by EPMA, based on Morimoto et al. (1988). 
Their compositions fit the jadeite range of X,,= 98.7 
to 82.4. Three to 12 spots were tested on the green 
area of each specimen. 


ting Al/Fe vs. Ca/Na clearly separates the jadeite ac- 
cording to chemical concentration. 

By comparison, the green samples from Itoigawa- 
Omi showed higher Li, B, Mg, K, Ca, Ni, and Sr than 
green jadeite from Myanmar, while the transition 
metal elements Ti, V, Cr, Mn, Fe, and Co showed 


Al/Fe 


100 4 
@ White jadeite 

® Green jadeite 

®@ Lavender jadeite 
® Blue jadeite 

®@ Black jadeite 


1000 , , 


similar ranges. Ti and Fe were dominant in Russian 
and Guatemalan green jadeite. The Russian green 
jadeite showed the highest Cr content (up to 7940 
ppmw, averaged to 2872, ppmw) of any samples. 


Lavender Jadeite. EPMA performed on a violet sam- 
ple from Itoigawa (K-IT-25) yielded significant TiO, 
(up to 0.362 wt.%) and FeO,,, (up to 0.694 wt.%), 
whereas MnO was relatively low (up to 0.019 wt.%). 
The color of the Japanese lavender jadeite likewise 
should correlate to the chromophores Ti**, Fe’*, and 
Mn**. The contents of MgO (up to 0.864 wt.%) and 
CaO (up to 1.879 wt.%) were relatively low. The 
jadeite composition ranged from X,, = 98.7 to 93.3, 
close to pure jadeite. 

LA-ICP-MS detected noticeably high amounts of 
Ti and Fe in all of the violet jadeite. Other metal ele- 
ments such as Li, B, K, Sr, and Ba, as well as REEs, 
were higher than in white or green jadeite from the 
same geological source in Itoigawa-Omi. Lavender 
jadeite from Guatemala showed a similar violetish 
hue, and trace element concentrations revealed sim- 
ilarly high levels of Ti and REEs. But the transition 
metal ions V, Cr, and Co were below detection limits, 
consistent with its original light violet color 
(Sorensen et al., 2003). By comparison, 16 Burmese 
lavender samples showed appreciable Mn, explaining 
their dominant pinkish/purplish component. Ober- 
hansli et al. (2007) did not observe a Ti phase in the 


Figure 16. Chemical 
fingerprinting of Al/Fe 
vs. Ca/Na indicates 
the separation of 
jadeite (Jd) from om- 
phacite (Omp) jade ac- 
cording to chemical 
concentration. Al- 
though the data plot- 
ted here were collected 
from LA-ICP-MS 
analysis, this type of 
diagram can also be 
adapted to EDXRF or 
electron microprobe 


Ca/Na 


JAPANESE JADEITE 


data. 
0.01 
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TABLE 1. Electron microprobe analyses of major element compositions of jadeite jade from Japan, Guatemala, and Russia. 


Itoigawa Itoigawa Itoigawa 


Itoigawa Itoigawa Itoigawa 


K-IT-JP-14 (5 spots) K-IT-JP-14 (12 spots) 


K-IT-JP-11 (3 spots) 


K-IT-JP-12 (3 spots) K-IT-JP-13 (3 spots) K-IT-JP-25 (6 spots) 


White Green Green Green Green Lavender (Violet) 
Oxides (wt.%) Averaged Max Xi Min Xo Max X47 Min X\y% Max X47 Min X\4% Max X47 Min X\4% Max X47 Min X\4% 
SiO, 58.82 60.466 58.95 58.43 57.83 59.25 58.4 59.31 SAN 59.542 59.621 
TiO, 0.03 0 0.02 0.012 0 0 0) 0.012 0.362 0.325 
Al,O, 24.3 24.822 24.3 22.38 20.59 21.87 20.83 21.98 2127 24.518 22.997 
Cr,O, 0) 0.036 0.09 0.16 0.085 0.013 0.01 0.152 0.577 0.083 0.008 
FeO 0.44 0.225 0.45 0.561 0.864 0.744 0.744 0.425 0.481 0.105 0.694 
MnO 0 0.013 0.01 0.033 0.02 0.022 0.007 0.008 0.019 0 
MgO 0.12 0.16 0.54 1.8 2.83 1.83 2.78 2.2 2.41 0.064 0.864 
CaO 0.26 0.24 0.92 2.7 4.18 3.02 4.15 3.8 5.1 0.644 1.879 
Na,O 15.49 14.113 14.91 13.94 12.77 13.55 13.03 13.22 11.88 14.278 13.31 
K,O 0) 0 0 0.01 0 0 0 0) 0.001 0 
NiO 0 0 0 0 0.032 0) 0.025 0.022 0.025 0.011 0 
Total 99.46 100.075 100.2 100.025 99.181 100.296 99.992 101.116 98.873 99.627 99.895 
Cations (O=6) 
Si 2: 2.026 1.991 1.989 1.994 2.009 1.996 1.999 1975, 2.001 2.02 
Ti 0.001 0 0 0 0) 0 0 0 0.008 0.008 
Al 0.974 0.98 0.967 0.898 0.837 0.874 0.839 0.872 0.867 0.991 0.919 
Cr 0) 0.001 0.003 0.004 0.002 0) 0 0.004 0.016 0 0 
Fe* 0.013 0.006 0.013 0.016 0.024 0.02 0.021 0.012 0.014 0.002 0.019 
Mn 0 0 0 0.001 0.001 0.001 0 0) 0 0 
Mg 0.006 0.008 0.027 0.091 0.145 0.093 0.142 0.11 0.124 0.001 0.04 
Ca 0.009 0.009 0.033 0.098 0.154 0.11 0.152 0.137 0.189 0.023 0.068 
Na 1.021 0.917 0.977 0.92 0.854 0.891 0.864 0.863 0.796 0.932 0.875 
K 0 0 0 0 0 0 0 0 0.003 0.008 
Ni 0 0 0 0 0.001 0) 0.001 0.001 0) 0 0 
Total 4.023 3.947 4.012 4.019 4.013 3.999 4.016 3.997 3.982 3.961 3.965 
End members (mol%) after Morimoto et al. (1988) 
Xa 98 98.7 95.5 88.5 82.6 88.9 83.3 86.6 82.4 98.7 93:3 
Mrcaiss 1.2 0.1 1.5 2 23 1.7 24 0.4 1.6 0 0 
Xouad 0.8 1.2 3 9.5 15.1 10.3 14.6 13) 16 1:3 6.7 


high-pressure assemblage, which may contain the 
same accessory phases (amphibole, feldspar, and law- 
sonite) as jadeite from Itoigawa-Omi. 


Blue Jadeite. The six blue samples from Itoigawa and 
the two violetish blue specimens from Wakasa had 
significantly high TiO,, with maximum values of 
0.649 and 0.745 wt.%, respectively. These corre- 
sponded with the intense blue area. The CaO con- 
tents were slightly higher in the light blue to blue 
areas (0.6% to 1.4 wt.%) than in the white areas. Vi- 
oletish blue and blue areas revealed the highest con- 
centration of Ti measured in Japanese jadeite (up to 
4520 ppmw in blue jadeite from Itoigawa, and up to 
3636 ppmw in violetish blue jadeite from Wakasa), as 
well as enriched Fe (up to 11,900 ppmw). Most of the 
REE contents were higher than in lavender jadeite. 
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Chondrite-Normalized REE and Primitive Mantle— 
Normalized Heavy Trace Element Pattern. To com- 
pare trace element compositions in different colors of 
Japanese jadeite, we studied their chondrite-normal- 
ized REE patterns and primitive mantle-normalized 
trace element patterns. Figures 17 and 18 show the 
averaged REE and heavy trace element data of white, 
black, green, lavender, and blue jadeite from Itoigawa- 
Omi, along with two violetish blue specimens from 
Wakasa. The REEs in Japanese jadeite tended to be 
more abundant in lavender, violetish blue, and blue 
specimens than in green, white, and black jadeite. In 
all colors, the light rare earth element (LREE: La, Ce, 
Nd, and Sm) contents tended to be higher than the 
heavy rare earth element (HREE: Eu, Gd, Dy, Y, Er, 
Yb, and Lu) contents. From this chondrite-normalized 
REE pattern, the lavender, violetish blue, and blue 
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Itoigawa Wakasa Matuaga 


Matuaga Polar Urals 


K-IT-JP-16 (6 spots) 
Blue 


W-TO-JP-02 (6 spots) 
Violetish blue 


M-GUA-03 (5 spots) 
Lavender (Violet) 
Max X,,% Min X,,% 


Max X,,% Min X,,% Max X,,% Min X,,% 


60.728 59.768 58.041 58.899 61.733 58.149 
0.106 0.649 0.745 0.173 0.04 0.07 
24.872 22.995 22.867 24.731 22.927 24.614 
0.001 0.052 0 0.048 0) 0.005 
0.214 0.445 0.615 0.6 0) 0.187 
0.026 0 0.051 0.039 0 0.006 
0.478 1.105 1,532 0.225 0.057 0.015 
0.629 1.436 2.24 0.659 0.108 0.231 
14.113 13.767 13.02 13.43 13.097 14.022 
0.027 0.011 0 0.036 0.149 0.01 
0.024 0.006 0) 0) 0 0.007 
101.218 100.234 99.111 98.84 98.108 97.316 
2.019 2.034 1.997 2.004 2.09 2.005 
0.002 0.006 0.019 0.004 0.001 0.002 
0.974 0.916 0.927 0.992 0.915 1 
0 0.001 0) 0.001 0) 0.001 
0.006 0.013 0.018 0.017 0) 0.005 
0.001 0 0.001 0.001 0) 0) 
0.024 0.056 0.078 0.011 0.003 0.001 
0.022 0.052 0.083 0.024 0.004 0.009 
0.909 0.902 0.869 0.886 0.86 0.938 
0.001 0 0 0.002 0.006 0 
0.001 0) 0 0 0 0 
3.958 3.981 3.993 3.944 3.879 3.962 
97.4 93.7 91.2 97.3 99.6 99.2 
0) 1 0 0.1 0 0.1 
2.6 6.2 8.8 2.6 0.4 0.7 


M-GUA-O2 (8 spots) 


Max X,,% Min X,,% 


PU-RUS-03 (11 spots) 


Grayish green Green 


Max X,y% Min X,,% 


60.898 59.518 58.789 58.518 
0.28 0.05 0.073 0.106 
23.672 19.48 20.482 19.517 
0 0) 0.385 0.139 
0.836 1.891 0.725 0.761 
0.039 0.013 0.071 0.019 
0.314 2.354 2.639 3.441 
0.634 3.718 3.786 4.801 
14.595 11.876 12.515 11.347 
0 0 0.01 0.032 
0.039 0.012 0.088 0.03 
101.307 98.912 99.563 98.711 
2.031 2.071 2.038 2.05 
0.007 0.001 0.002 0.003 
0.93 0.799 0.837 0.806 
0 0) 0.011 0.004 
0.023 0.057 0.021 0.022 
0.001 0 0.002 0.001 
0.016 0.122 0.136 0.18 
0.023 0.139 0.141 0.18 
0.944 0.801 0.841 0.771 
0 0 0 0.001 
0.001 0 0.002 0.001 
3.976 3.99 4.031 4.019 
96.1 83.4 84 80.5 
1.4 0.3 11 0.4 
2.5 16.3 14.9 19.1 


jadeite from Japan can be characterized by a high 
LREE/HREE ratio and a low Eu concentration relative 
to other REE (again, see figure 17). 

Interestingly, the primitive mantle-normalized 
trace element patterns of all colors of Japanese jadeite 
showed strong positive anomalies of the large-ion 
lithophile elements (LILE) Sr and Ba, as well as the 
high field strength elements (HFSE) Zr and Nb. Green 
jadeite REE patterns were more depleted, but much 
higher than white and black jadeite, with strong pos- 
itive anomalies of Sr, Zr, and Hf. This result is consis- 
tent with the conclusion by Morishita et al. (2007) that 


the fluid related to the formation of Itoigawa-Omi 
jadeite in the subduction zone was uniquely enriched 
in both LILE! and HFSE? brought in by the fluids in 
the subduction zone, and that these elements were re- 
cycled into serpentinized peridotites. 

By comparison, Russian white and green jadeite re- 
vealed the highest REE and heavy trace element values 
in this study. Green jadeite from Japan and Myanmar 
showed a very close overlap, whereas the REE and 
heavy element contents for white samples from Myan- 
mar were very depleted and had the lowest value. 

In lavender and blue samples, Guatemalan jadeite 


'LILE refers to lithophile trace elements (K, Rb, Cs, Sr, Ba, Pb, and Eu), which have an ionic radius to charge ratio that is greater than those of 


Ca** and Na’, the largest cations common to rock-forming minerals. 


°*HESE refers to high field strength elements (Ti, Zr, Hf, Nb, and Ta), which do not have a large ionic radius. Because of their high charge and the 
consequent difficulty in achieving a charge balance, they are typically incompatible. 
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was characterized by the highest REE and heavy trace 
element concentrations. Japanese material showed a 
lower value but could be separated from Burmese 
lavender jadeite based on the chondrite-normalized 
and primitive mantle-normalized patterns. 


CONCLUSIONS 

Japanese jadeite from the Itoigawa-Omi region is 
characterized by mixtures of white with green and 
other colors such as lavender, blue, and black. Al- 
though jadeite mining has been prohibited there 
since 1954, small pebbles can be found along the 
rivers or estuaries. In this study, a large number of 
samples from Itoigawa-Omi and Wakasa were ana- 
lyzed to characterize the chromophores, optical ab- 
sorption features, and quantitative chemical 
composition of major and trace elements in each 
color variety. This gemological, petrographic, and 
chemical study also included Burmese, Guatemalan, 
and Russian jadeite samples for comparison. The re- 
sults are summarized below. 


1. Jadeite boulders and pebbles from Itoigawa- 
Omi tended to have rounded corners from flu- 
vial erosion and showed a glittering whitish 
surface, but the rough rock did not show a 
weathered brown skin. The Japanese jadeite 
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Figure 17. Chondrite- 
normalized rare earth 
element (REE) patterns 
are shown for each 
color of Japanese 
jadeite. 


Er Yb Lu 


was mainly white, with unevenly distributed 
pale green to green and lavender to blue color. 


2. Petrographic observations showed that Japan- 
ese jadeite was composed of aggregates of long, 
semi-euhedral prismatic crystals and granular 
single crystals, which combined to produce a 
prismatic-granular crystalloblastic texture. Pec- 
tolite, prehnite, and analcime were often pres- 
ent in folding, faults, and veinlets, while the 
minor component minerals vesuvianite and ti- 
tanite were found in the matrix. 


3. Quantitative analysis by electron microprobe 
showed that the white jadeite was close to pure 
jadeite (X,, = 98). Green jadeite was in the range 
of X,,=98-82 and X,-.7 2-8, and the chro- 
mophores Fe and Cr were responsible for the 
green color. Lavender color was produced by a 
combination of higher Ti and Fe and lower Mn. 
In blue jadeite, the Ti*-Fe?* charge-transfer 
played a significant role in coloration. 


4. LA-ICP-MS analysis detected 19 minor and 
trace elements. The chondrite-normalized rare 
earth element and primitive mantle-normal- 
ized heavy trace element patterns of all colored 
jadeite showed higher light REE than heavy 
REE, along with positive large-ion lithophile el- 
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¢ Crushed blue ground 
from a storage bin here 
being fed to a 16 x 5 ft. 
washing screen which 
separates blue ground 
into larger and smaller 
than ten mesh size. 


e Blue ground from the 2,000 ton stockpile is fed 
onto one of the two main conveyor belts which 
transport it to the crushing plant. 


Material that comes out of the cone con- 
centrates with a smaller than fourteen 
mesh size, and the jig concentrates, are 
fed to tables with a ten degree slope. 
As in the past, the operations in the 
final stages of recovery are accomplished 
in the closely guarded confines of the sort- 
ing office. Once the diamonds are taken 
from the grease tables, remaining operations 
such as recovery from grease, cleaning, 
breaking off adhering blue ground in ball 


mills, and preliminary grading are con- 
ducted in the sorting office. Final grading, 
however, is done in the De Beers offices 
rather than at the recovery plant. 


The heavy-media separation method 
seems to have proved itself in the short 
time that it has been in operation in 
Africa. In all probability it will, in the fut- 
ure, be extended to all pipe mines and to 


many of the alluvial mines as well. 
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Figure 18. Primitive 
mantle—-normalized 
heavy trace element 
patterns are shown for 
each color of Japanese 
jadeite. 


ements and high field strength element anom- 
alies. Lavender and blue (including violetish 
blue) jadeite had dominant REE compared to 
green jadeite, whereas white and black jadeite 
had the lowest REE contents. 


Our studies confirmed that green jadeite from 
Itoigawa, Myanmar, and Russia have similar gemo- 
logical properties such as RI and SG and absorption 
spectra of Cr and Fe, while Guatemalan grayish green 
jadeite does not contain Cr. Lavender jadeite from 
Japan and Guatemala showed similar color, caused 
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CAUSES OF IRIDESCENCE IN 


NATURAL QUARTZ 


Xiayang Lin and Peter J. Heaney 


Iris quartz specimens from geodes in the Deccan Trap basalts of west-central India have been described 
since 1860. These quartz crystals exhibit dominant terminal faces, and iridescence is visible on only 
the minor z {011} faces and not the major r {101} faces. For this study, we analyzed iris quartz crystals 
from India’s Jalgaon District using scanning and transmission electron microscopy (SEM and TEM) and 
atomic force microscopy (AFM). SEM and AFM imaging revealed that the iridescent z faces exhibit pe- 
riodic ridges with wavelengths from 400 to 700 nm, but no surface topography was apparent on the 
non-iridescent r faces. TEM examination of a section removed from a z face by focused ion beam (FIB) 
milling suggests that the ridge and valley structures were produced by preferential etching of periodic 
defects on the z faces, creating a diffraction grating. We interpret these defects as paired Brazil twin 


boundaries. 


sponse to variations in the lighting angle and 

viewing direction (figure 1). As exemplified by 
opal and labradorite, this phenomenon can trans- 
form an otherwise lackluster mineral into a gem, 
and many techniques have been developed to gener- 
ate a play of light in non-iridescent stones. Applica- 
tions for iridescent materials have attracted 
attention in diverse research fields, including pho- 
tonics and computer graphics, while studies of the 
physics of iridescence have informed the design of 
cosmetics, paints, and anti-counterfeiting devices 
(Parker and Townley, 2007; Vigneron et al., 2007). 
Moreover, the functional significance of iridescence 
in organic structures is an active area of exploration 
in evolutionary and developmental biology (re- 
viewed in Meadows et al., 2009). Here we describe 
the two physical mechanisms by which iridescence 
occurs in natural materials, and we report the results 
of our investigations into the cause of iridescence in 
naturally formed quartz crystals from India’s Jalgaon 
District. 


| ridescent solids exhibit a color change in re- 
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BACKGROUND: PHYSICS OF IRIDESCENCE 


Iridescence may be caused by the interference of light 
either by thin films or by repetitive substructures. 


Thin-Film Iridescence. Thin-film interference effects 
are seen when a liquid or solid is coated by a film that 
is nanometers to micrometers in thickness. When in- 


Figure 1. Iridescence is clearly visible on the minor z 
face of this iris quartz from Jalgaon, India. Photomi- 
crograph by Peter J. Heaney; field of view 4.5 mm. 


Gems & GEMOLOGY SPRING 2017 


Incident Light 


Light Wave 1 


Light Wave 2 


Constructive Interference 


Incident Light Destructive Interference 


Light Wave 1 


Light Wave 2 


Air 


Figure 2. Light rays that reflect from the upper boundary and the lower boundary of the thin film interfere con- 
structively or destructively and form a new wave. Left: In this illustration of constructive interference, light waves 
1 and 2 are in phase. Right: With destructive interference, the two waves are out of phase. 


cident light strikes the thin film’s surface, a portion 
of the light is transmitted through the interface and 
the remainder is reflected. After the transmitted light 
impinges the lower boundary of the film, some or all 
of that light wave may be reflected. The two waves 
reflected from the thin film’s upper and lower bound- 


In Brief 


e Iridescent quartz from India has been known since the 
mid-19th century. 

e In this study, microscopic investigation of the iridescent 
z {011} faces of two quartz samples revealed periodic 
ridges, which created diffraction gratings. 

e The ridge-and-valley structures were produced by the 
preferential etching of parallel defects. These defects 
are interpreted as paired Brazil twin boundaries. 


aries interfere with each other to produce a new light 
wave (figure 2). If, after its extended travel path and 
possible phase shift, the ray that reflects off the thin 
film/substrate boundary (ray 2 in figure 2, left) is ex- 
actly in phase with the wave that reflects only from 
the thin film surface (ray 1 in figure 2, left), the two 
reflected waves will constructively interfere and 
combine into a light wave with high intensity; oth- 
erwise, the emergent waves interfere destructively 
and are canceled (figure 2, right). If the source is 
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monochromatic, the interference pattern generated 
by the reflected light waves will appear as bright and 
dark bands as a function of the viewing angle. 

When the incident light is polychromatic, only 
one wavelength will be reinforced by constructive in- 
terference for a given reflection angle. As a result, 
thin-film interference is selective for specific wave- 
lengths depending on the angle. Longer wavelengths 
interfere at steeper angles according to Bragg’s law, 
and thus a full rainbow spectrum is evident when the 
film is viewed from a perspective that samples a 
range of reflection angles. In addition, the colors as- 
sociated with the iridescence depend on the thick- 
ness of the thin film and on the relative refractive 
indices (RIs) of the film and substrate. Refractive in- 
dices play a role because reflected light waves expe- 
rience a phase shift of 180° when the RI of the thin 
film is lower than that of the substrate. Examples of 
minerals showing thin-film iridescence include bor- 
nite (Buckley and Woods, 1983; Vaughan et al., 1987) 
and fire obsidian (Ma et al., 2001, 2007). Likewise, 
many fractures in minerals, filled or unfilled, can dis- 
play iridescence because of thin-film effects. 


Iridescence from Diffraction Gratings. The disper- 
sion of light can also be induced by interference ef- 
fects that arise from natural diffraction gratings 
within or on the surfaces of minerals. The interac- 
tion of light with the diffraction grating can be purely 
reflective from surface grooves (figure 3), or it can be 
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Figure 3. Schematic representation of a reflective dif- 
fraction grating. Iridescence occurs when diffracted 
beams interfere constructively, as in figure 2, left. The 
dashed lines indicate the incident normals to the 
grooves and base of the diffraction grating. 


transmissive through transparent modular substru- 
tures with periodic variations in refractive indices 
(Kinoshita et al., 2008). When light reflects from a 
blazed surface grating, as shown schematically in fig- 
ure 3, waves that reflect from adjacent grooves will 
constructively interfere only when the emergent 
waves are in phase. When the reflected waves are out 
of phase, destructive interference ensues. The crite- 
rion for constructive interference is met when the 
difference in the distances traveled by light waves 
scattered from adjacent grooves is equal to an integral 
number of wavelengths. 

In the construction shown in figure 3, the math- 
ematical equation that governs diffraction from 
blazed gratings is dependent on the steepness of the 
blaze angle between the inclined surface and the grat- 
ing plane (labeled 6 in figure 3), the distance between 
grooves (d in figure 3), and the angles (0, and @_) that 
the incident and reflected waves make with respect 
to the normals to the grating plane (Laufer, 1996). 
The condition for constructive interference is math- 
ematically expressed as 


sin (2p - 8,) — sin 8, = maA/d 


where m is an integer that represents the so-called 
diffraction order. For a given angle 6,, only a single 
wavelength of light satisfies this equation for first- 
order diffraction (where m = 1). Thus, as the incident 
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light angle changes, the diffracted wavelength also 
changes, generating iridescence. The equations that 
govern the conditions for transmissive diffraction 
through repetitive substructures, as with iris agate, 
differ slightly from those that describe reflective iri- 
descence, but they similarly define the conditions for 
constructive interference of emergent light waves 
(Kinoshita et al., 2008). 

Mineralogical iridescence produced by intrinsic 
diffraction gratings is of particular interest because 
the substructures that create the gratings often yield 
insights into crystal growth processes. These in turn 
may allow geologists to quantify aspects of a min- 
eral’s crystallization history, suggesting new path- 
ways toward the self-assembly of hierarchically 
ordered structures. Four well-known examples of iri- 
descence produced by repetitive transparent sub- 
structures are precious opal (Sanders, 1964; Darragh 
et al., 1966; Gaillou et al., 2008; Rondeau et al., 2010), 
labradorite (Nissen, 1971; McConnell, 1974, Cliff et 
al., 1976; Miura and Tomisako, 1978), moonstone 
(Akizuki and Sugawara, 1970), and iris agate (Taijing 
and Sunagawa, 1994; Heaney and Davis, 1995). 


IRIDESCENT QUARTZ 

Naturally iridescent quartz has been recognized for 
more than a century and is known by many names: 
iris quartz, rainbow quartz, schiller quartz, anan- 
dalite, and adularescent quartz. Petrov and Tanaka 
(2011) published online the only detailed review of 
the history of iridescent quartz. Although there is 
some ambiguity regarding the source locality for this 
material, most of the iridescent quartz on the market 
comes from India’s Deccan Traps in an area west of 
Burhanpur in Madhya Pradesh State, near the border 
with Maharashtra State. Indeed, the first known ref- 
erence to iridescent quartz is the 1860 donation of an 
iris quartz cluster to the British Museum of Natural 
History by an engineer who worked on the construc- 
tion of the Central India Railway. Iridescent quartz 
has also been reported from Washington State (USA), 
Uruguay, Brazil, Germany, Turkey, and Morocco 
(Giibelin and Koivula, 2005; Petrov and Tanaka, 
2011; Renfro and Koivula, 2011). 

The iris quartz in the British Museum (number 
55795) is described by vom Rath (1873) and Scharff 
(1875), and their descriptions precisely match the 
characteristics of the specimens examined in the 
present study (figure 4). These samples occur as clus- 
ters of euhedral quartz crystals that evidently filled 
gaseous vugs (open spaces) within the Deccan Trap 
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Figure 4. Iridescent quartz from Jalgaon, India, was 
used in this study. Photo by Xiayang Lin. 


basalts. At the base of these clusters is a rind of chal- 
cedony, 0.2-0.4 cm thick, that abruptly transitions 
to quartz crystals, as is characteristic of many agate 
geodes. The quartz crystals exhibit strongly ex- 
pressed terminal faces, and iridescence is visible only 
on the smaller z {011} faces and in zones closely sur- 
rounding them (figure 5), but not on the dominant r 


{101} faces. The spectral colors vary from red to blue 
depending on the angle of incident light and the 
viewing direction. Etch pits are commonly located 
on both the z and r faces, and iridescence is particu- 
larly strong within the etch pits on the z faces. Some 
crystals are broken, however, and rainbow colors are 
not visible in broken portions of otherwise iridescent 
z faces. The prismatic m {100} faces are poorly devel- 
oped in these crystals. All of the single quartz crys- 
tals observed on this sample measure about 0.5—1 cm 
in length. 

Until about 2009, one Japanese company con- 
trolled the market for iridescent quartz, importing 
several tons of material. Since that time, production 
from India has exceeded the importer’s capacity and 
the market has opened internationally (Petrov and 
Tanaka, 2011). Much of this quartz is of relatively 
low quality, but a small brilliant piece exhibiting 
strong colors can easily cost up to $2,000. In light of 
the growing market for iridescent quartz, specimens 
have been produced artificially through the deposi- 
tion of thin films of various metals (as with “aurora 
quartz”). As a result, gem buyers have become skep- 
tical of the authenticity of iridescent quartz from 
India. Nevertheless, Petrov and Tanaka (2011) re- 
ported that the Japanese gemologist Koichi Iida 
(Japanese Saitama Jewelry Institute) examined Indian 
iris quartz and confirmed that the iridescence is nat- 


Figure 5. The quartz crystals exhibit strongly expressed terminal faces, and iridescence is only visible on smaller z 
{011} faces and not on r {101} faces. The sample measures approximately 5.0 x 4.0 x 3.5 cm. Photo by Xiayang Lin. 
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Figure 6. A schematic representation of C.V. Raman’s 
model for lamellar Brazil twinning in iridescent 
quartz. 


ural. In light of the historical record for this material, 
the natural origin of iridescent quartz from the Dec- 
can Traps of India seems irrefutable. 

C.V. Raman, the 1930 Nobel Laureate in physics, 
published the only scientific analysis of iridescent 
quartz we are aware of. Raman (1950) obtained spec- 
imens from a jeweler in Bombay and examined them 
using reflections of polarized light and visible light 
spectroscopy. He argued that the iridescence is not 
the result of a superficial film coating the quartz sur- 
face, as he observed the effect outside an iridescent 
face due to reflection within the crystal. Rather, he 
attributed the iridescence to “a layer of material 
which lies below the surface of the crystal and forms 
an integral part of its structure. The observations in- 
dicate the thickness of the layer to be of the order of 
a quarter of a millimeter.” 

Based on his spectroscopic study, Raman con- 
cluded that the iridescence is caused by “a stratified 
medium consisting of a great many parallel layers of 
extreme thinness,” and he estimated that each layer 
was 0.34 um thick (figure 6). He further hypothesized 
that the striations are regularly spaced polysynthetic 
Brazil twins oriented parallel to the minor rhombohe- 
dral z faces. Polysynthetic Brazil twins consist of al- 
ternating layers of right- and left-handed quartz, and 
they are particularly common in amethyst (Schléssin 
and Lang, 1965; McLaren et al., 1967; McLaren and 
Pitkethly, 1982, Baran et al., 1987; Schmetzer, 1987; 
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Taijing and Sunagawa, 1990). Raman puzzled over the 
absence of iridescence in Brazil-twinned amethyst and 
recognized that the mere change in handedness at the 
twin boundary was insufficient to generate a schiller 
interference effect, as is seen in labradorite, since the 
RIs of Brazil twins are identical. Consequently, he 
speculated that the twin boundaries in the Indian iris 
quartz were associated with “extremely thin layers of 
impurity material.” 

Raman was unable to confirm his deductions re- 
garding the role that Brazil twins play in generating 
iris effects in quartz. Even though Brazil twin bound- 
aries occur parallel to the {101} and {011} rhombohe- 
dral planes of quartz, studies of amethyst have 
determined that a specific Brazil twin boundary is 
never oriented parallel to a rhombohedral face with 
the same indices—in other words, the (101) face of 
quartz is not underlain by Brazil twin boundaries par- 
allel to (101) (Balakirev et al., 1975). This observation 
contradicts Raman’s model of lamellar twin bound- 
aries parallel to the iridescent crystal faces (figure 6). 
In the absence of a follow-up to Raman’s work, many 
members of the gem community have presumed that 
iridescence in these quartz crystals arises from a thin 
film of opal coating the surface (based on our discus- 
sions with collectors). 

Using more sophisticated analytical techniques 
than Raman had at his disposal, we sought to deter- 
mine the cause of iridescence in quartz crystals from 
the Deccan Traps. For our investigation, we em- 
ployed a combination of scanning electron mi- 
croscopy (SEM), atomic force microscopy (AFM), 
focused ion beam (FIB) milling, and transmission 
electron microscopy (TEM). 


MATERIALS AND METHODS 

Specimens. We purchased two specimens of iris 
quartz clusters from Georges Claeys (Geonic Min- 
eralen Collectie, Mariakerke, Belgium) at the 2014 
Tucson Gem and Mineral Show. Figures 4 and 5 
show the same specimen from different angles. Mr. 
Claeys reported that he obtained the specimens from 
a dealer who collected them from the Jalgaon District 
of India. The physical properties of the two speci- 
mens precisely match the descriptions of other iris 
quartz clusters from this locality, and we feel confi- 
dent of its provenance. 


Scanning Electron Microscopy and Energy Dispersive 
Spectroscopy. All analytical testing was performed at 
Pennsylvania State University’s Materials Character- 
ization Laboratory. For the first stage of our study, we 
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tracted from a z {011} face and oriented perpendicular to the ridges that compose the diffraction grating. An amor- 
phous carbon strap was deposited to protect the surface texture (A), and trenches were excavated in front of and 


behind the strap to generate the foil (B and C). 


used an FEI Quanta 200 environmental scanning 
electron microscope to map the surface topography 
of both iridescent and non-iridescent pyramidal faces 
of iris quartz. Selected quartz crystals were pried 
from the cluster, cleaned in methanol, and attached 
to a standard scanning electron microscope alu- 
minum mounting stub with double-sided carbon 
tape. Because quartz is not conductive and was not 
coated by carbon, SEM images were taken at low vac- 
uum with an accelerating voltage of 20 kV. An Ox- 
ford Instruments INCA x-act (Model 51-ADD0001) 
EDS detector on the microscope was used for surface 
chemical analysis. EDS data were analyzed using Ox- 
ford Instruments’ AZtec nanoanalysis software (ver- 
sion 2.4). We used three different accelerating 
voltages (20, 10, and 5 kv) to acquire spectra for the 
same sites. 


Atomic Force Microscopy. We next employed AFM 
to construct high-resolution three-dimensional topo- 
graphic maps of the pyramidal faces. By rastering a 
probe across the sample’s surface, AFM can reveal sur- 
face structure at the nanoscale. We removed two 
quartz single crystals from the cluster and oriented 
one iridescent face and one non-iridescent face parallel 
to the flat stage in the AFM. A PeakForce Tapping 
model with ScanAsyst was used for these surface 
measurements. The peak force set point ranged from 
2.5 to 7.5 nN for AFM imaging, and the scan rate was 
1 to 0.5 Hz. The AFM probe used in these analyses 
was a Bruker ScanAsyst-Air probe, which has a silicon 
tip on a nitride lever. The front angle of the tip was 
15°, and the back angle was 25°. The data were col- 
lected as line scans with 512 points per line, with 256 
lines collected in total. NanoScope Analysis software 
(version 1.50) was used to process the AFM data, and 
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the average distance between two adjacent ridges was 
calculated through a fast Fourier transform (FFT) al- 
gorithm using MATLAB (MathWorks, Inc). 


Focused Ion Beam Milling and Transmission Elec- 
tron Microscopy. To ascertain any relationship be- 
tween iridescent behavior and Brazil twinning, we 
prepared an electron-transparent mineral section, or 
foil, for TEM using focused ion beam lift-out (Heaney 
et al., 2001). Focused ion beam milling was per- 
formed with an FEI Helios NanoLab 660 FIB. A single 
quartz crystal was removed from a cluster and coated 
with conductive carbon paint to avoid charging. 
After the sample was mounted within the FIB, an 
amorphous carbon strap was deposited over the area 
of extraction to protect the foil and preserve the sur- 
face structure during the milling process (figure 7]. A 
Ga+ ion beam was used to excavate the material on 
both sides of the foil. The initial Ga beam voltage of 
30 kV was reduced to 5 kV and then 2 kV for the final 
thinning. Beam currents operated at 0.23 nA for the 
amorphous carbon deposition, 21 nA and 9.3 nA for 
intermediate milling stages, and finally 2.5 nA for 
milling prior to foil lift-out. 

Next, the foil was soldered to a glass probe tip and 
deposited onto a V-shaped TEM half-grid post. Milling 
the sample on the grid began with a 30 kV ion beam 
with the stage tilted to 53.5°. As an angle of 52° is nor- 
mal to the ion beam, this yielded an over-tilt of 1.5°. 
The over-tilt was increased to 3.5° for 5 kV milling, 
and finally to 5.0° for 2 kV milling. The thickness of 
the final foil was less than 100 nm to allow electron 
transparency, and the area of the quartz foil was ap- 
proximately 7 ym x 4.5 um. The entire milling and 
extraction process was monitored by secondary elec- 
tron imaging. The milled sample was loaded in a 
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Figure 8. SEM images of the iridescent z {011} face 
and the non-iridescent r {101} faces. Top: A lower- 
magnification view reveals the prevalence of etch pits 
on both faces. The dashed line separates the z andr 
faces. Bottom: A higher-magnification image within 
an etch pit clearly shows the parallel ridge-and-valley 
topography of the z face and the absence of ridges on 
the r face. 


Philips double-tilt holder with a Be stage and exam- 
ined using a Philips 420 TEM at 120 kV. 


RESULTS 


Surface Morphology and Composition. Topographic 
differences between the iridescent z and the non-iri- 
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Etch. Pit 


shows the boundary of an etch pit and an unetched 
surface. The striations are continuous across the 
boundary. 


descent r faces were apparent in SEM images of the 
crystals (figure 8). In particular, a high-magnification 
backscattered electron (BSE) image of an apparent 
etch pit across both faces revealed that the iridescent 
z face features parallel ridge-and-valley structures 
(figure 8, bottom), whereas the non-iridescent face 
was relatively flat and smooth. The SEM images sug- 
gested that the average distances between adjacent 
ridges fell below a micron, but AFM analysis (see 
below) allowed for more rigorous quantification. Al- 
though the striations were more pronounced in the 
apparent etch pits, an examination of the unetched 
surfaces of the z faces also revealed a substructure 
that consisted of alternating lamellae (figure 9). 

Compositional analyses on the iridescent faces 
obtained by EDS offered little evidence of a thin-film 
coating that might be responsible for the iridescence 
(figure 10). Trace amounts of Na, Al, and Ca were de- 
tected, but these elements were present in equal 
amounts on the iridescent and non-iridescent faces. 
Al commonly substitutes for Si in natural quartz 
(Heaney, 1994). 

AFM confirmed the existence of distinctly peri- 
odic ridge-and-valley structures on the iridescent z 
faces and the absence of such surface modulations on 
the non-iridescent r faces (figure 11). The ridges were 
oriented parallel to the edge between the m and z 
faces. We calculated an average distance between ad- 
jacent ridges by processing the AFM images through 


Gems & GEMOLOGY SPRING 2017 


e Slanting grease tables 
in which diamonds are 
caught at the Premier 
Mine. Slant of tables 
varies according to size 
of concentrates. 


e Part of the machinery 
used to recover media 
from concentrates and 
tailings. This unit charges 
the particles so they 
attract one another and 
concentrate at the bot- 
tom of a large water- 
filled vat. 


WINTER 1951-52 


EDS SPECTRUM 


Si 


COUNTS PER SECOND (eV) 


ty) 0.5 1.0 15 2.0 2.5 3.0 3.5 
ENERGY (keV) 


an FFT algorithm using MATLAB. As the ridge 
shapes were not identical from top to bottom, we 
sliced the images into 256 cross sections from the top 
down (figures 12A and 12B), performing FFT on each 
section (figure 12C), and stacked the 256 FFT results 
to extract the most dominant frequency of ridge os- 
cillation. The results of our FFT calculations are 


Figure 11. Atomic force microscopy (AFM) images 
show the difference in topography between an irides- 
cent and a non-iridescent face. The height varies from 
500 to -500 nm on an iridescent face, and the valley- 
and-ridge structure can be clearly observed. Non-iri- 
descent faces have a much narrower height range. 
The bright spots are dirt on the surface, and the black 
holes are pits. 


507.2 nm 
-496.9 nm 
Iridescent face 2.0 um 
17.2 nm 
-31.4 nm 


Bi] 


Non-iridescent face 
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Figure 10. An EDS spec- 
trum of an iridescent 
face. Data were col- 
lected at 20 kv (yellow), 
10 kv (red), and 5 kv 
(blue). Higher-voltage 
spectra reflect chemical 
composition at greater 
depths. 
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shown in figure 13. The first few high-amplitude 
peaks were caused by signal leakage in the FFT and 


Figure 12. Fast Fourier transform (FFT) analysis of the 
spatial variation for an iridescent face as determined 
by AFM. A: An AFM image of an iridescent face. This 
image provided 256 cross sections from top to bottom 
for FFT analysis. B: The variation in topography for 
the cross section indicated by the blue line in A. C: 
An FFT spectrum of B to calculate the most dominant 
frequency of the ridge oscillation. 
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should be ignored. The most dominant frequencies 
that reflect the wavelengths of the surface modula- 
tions ranged from 1.59 to 2.29 pm. Therefore, the 
real-space wavelength of the oscillation was on the 


Figure 14. This brightfield TEM image of the FIB sec- 
tion was extracted from an iridescent face perpendi- 
cular to the surface striations, which appear as the 
jagged surface near the top of this cross-sectional foil 
beneath the carbon cap. The lighter striations indi- 
cated by arrows are artifacts of FIB milling. 
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Figure 13. The final FFT 
spectrum for the irides- 
cent face in figure 12A. 
The low-frequency 
peaks are caused by 
“signal leakage” and 
should be ignored. The 
most dominant fre- 
quencies that represent 
the typical distances 
between two adjacent 
ridges on the z faces are 
in the 1.59-2.29 ym! 
range. Therefore, the 
wavelength of the oscil- 
lation is on the order of 
437 to 629 nm. 


6.96 7.95 8.95 9.94 


order of 437 to 629 nm. These distances fall within 
the range of visible-light wavelengths, explaining the 
effectiveness of the substructure as a diffraction grat- 
ing for visible light. These values are impressively 
close to Raman’s 1950 estimate of 0.34 um (340 nm) 
for the periodicity of the iris quartz striations. 


TEM Characterization. Using FIB milling, we ex- 
tracted a thin foil from an iridescent z face; the foil 
was oriented perpendicular to the grooved surface 
striations (figure 7). Brightfield TEM imaging of the 
foil revealed the surface valley-and-ridge structure 
documented by SEM and AFM very clearly beneath 
the protective carbon cap (figure 14). Two varieties of 
defect structures associated with the surface ridges 
are evident in these images. First, corridors of miss- 
ing material can be observed oriented normal to the 
ridged surface of the foil (arrowed in figure 14). As 
striking as these features are, they are not meaning- 
ful, because they were produced artificially during 
the sample preparation process. It is commonly ob- 
served that when solids with uneven surfaces are 
sputter milled by the focused ion beam technique, 
the Ga ions are channeled by the valley structures 
downward into the specimen during milling (Volkert 
and Minor, 2007). As a result, the section is selec- 
tively scoured along distinct channels, leading to the 
uneven excavation of material in parallel rows. This 
undesirable artifact creates an appearance of parallel 
slats within the foil. 

The second set of visible defect features is struc- 
turally more significant. A higher-magnification 
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Figure 15. At higher magnification, planar defects ori- 
ented at 38.2° from the surface of the z face are appar- 
ent in this TEM image (arrows). The valleys on the z 
face coincide with the intersection of these defects 
with the surface. We hypothesize that the defects 
were preferentially etched and are responsible for the 
surface grooving that gives rise to the diffraction- 
based iridescence. 


image of the foil (figure 15) shows that the slopes of 
the surface ridges are inclined ~38° from the top sur- 
face of the foil, which corresponds to the z (011) plane 
of the original crystal. Parallel line defects extend 
from the inclined ridges at the top of the foil through 
to the bottom of the section (arrowed in figure 15). 
We interpret these defects as traces of defect planes 
oriented parallel to the m (010) face of the quartz 
crystal. The calculated angle between m (010) and z 
(011) for quartz is 38.2°, consistent with the inclina- 
tion observed in figure 15. The defects generally run 
parallel to each other, but in places near the surface 
they create vein-like networks. Micropores measur- 
ing tens of nanometers in diameter can also be seen 
as material gaps along the defects. 


DISCUSSION 

Cause of Iridescence. Our SEM and AFM images re- 
vealed that the z faces of iris quartz are marked by a 
topographic valley-and-ridge structure with remark- 
ably regular intervals. The ridges were inclined from 
the z (011) surface at an angle of 38°, and the distance 
from the top to the bottom of the grooving ranged 
from approximately 100 to 600 nm. Fourier analysis 
of the AFM images placed the periodicity within the 
range of visible light, between 437 and 629 nm. That 
magnitude is consistent with the spacing between 
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the inclined planar defects observed in brightfield 
TEM images. Electron diffraction patterns from the 
foil revealed only quartz, with no evidence of an opa- 
line phase. 

Consequently, it seems clear that the iridescence 
observed on the z faces of quartz from the Deccan 
Traps of India is caused by a combination of the sur- 
face grooving with an effective blaze angle of 38.2° 
and an underlying lamellar structure, which together 
create a diffraction grating for visible light. The ab- 
sence of either opal or compositional impurities de- 
finitively rules out iridescence by a thin-film effect, 
sensu stricto. In addition, our observation contradicts 
Raman’s 1950 model for iridescence insofar as the 
planar lamellae we observed were oriented parallel 
to m {010} rather than z {011}. On the other hand, we 
did find some support for Raman’s interpretation that 
diffraction arises from a surface layer of the quartz 
crystals. After noting that broken z surfaces were not 
iridescent, we polished iridescent faces with a dia- 
mond polishing compound (8 um grit) to see whether 
the iridescence could be eliminated by abrasion. In 
fact, the iridescence at first intensified and then dis- 
appeared. Although our study could not quantita- 
tively constrain the depth of the diffracting layer, we 
estimate the thickness of the stratified medium as 
less than 500 pm but greater than the 5 um depth of 
our FIB TEM foil, consistent with Raman’s estimate 
of 250 pm. 


Origin of the Periodic Substructure. We pose two 
models for the existence of the repetitive structures 
that create the diffraction grating. One possibility is 
that the lamellae observed in figure 15 represent sub- 
divided growth faces of quartz. Quartz is known to 
grow with “artichoke” or “cathedral” morphologies 
(figure 16) that involve the emergence of split, lay- 
ered crystals from the rhombohedral faces of a parent 
crystal. The cause of the phenomenon is not known, 
but it may result from the poisoning of growth faces 
by impurities, leading to the division of the rhombo- 
hedral faces into multiple members, whose c-axes 
point roughly in the same direction. 

Although we initially favored this genetic mech- 
anism, we have subsequently grown skeptical of it. 
The artichoke morphology has been described for 
macroscopic crystals with layered outgrowths that 
are several millimeters in thickness. We know of no 
analogue for the nanoscale periodicity displayed by 
the iris quartz crystals from the Jalgaon District. 
Moreover, it is not clear to us how an undulating sur- 
face topography might emerge on the z faces and not 
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the r faces of quartz during crystal growth. If the 
quartz druses grew in response to pulses of silica-rich 
fluids into the basaltic cavities of the Deccan Traps, 
then periodic growth behavior might be attributed to 
pulsing of the fluids, but episodic infusions of fluids 
would seem more likely to produce growth layers 
stacked normal to the z and r faces, which was not 
observed. 

The second and more plausible explanation attrib- 
utes the observed microstructures to polysynthetic 
Brazil twinning, as Raman (1950) originally specu- 
lated, but with a few departures from his original 
model. Whereas Raman proposed that Brazil twins 
were stacked parallel to the z faces and contained im- 
purities at the twin boundaries, we argue that the 
Brazil twin boundaries occur as pairs, that they are 
oriented parallel to m {010}, and that diffraction of 
light occurs at the twin boundaries as the result of 
etching by aqueous fluids along the boundaries. 

We base this interpretation on the observation 
that when one traces the planar defects along the FIB 
TEM foil from the surface of the crystal toward the 
interior, the slightly curved and wandering defect 
traces grade into strictly flat planar defects. Those de- 
fect planes occur as paired boundaries separated by 


Figure 16. Schematic cross section of an “artichoke” 
quartz crystal. 
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Figure 17. In this TEM image, paired twin boundaries 
(see arrows) are visible in the lower portion of the 
crystalline quartz foil. 


~30 nm (figure 17). Bragg thickness contours crossed 
these boundaries without interruption, and diffrac- 
tion patterns that include these regions appeared as 
single-crystal patterns. Consequently, we found no 
evidence that these intergrowths represent exsolu- 
tion lamellae or intergrowths of another phase, and 
we conclude that they are paired twin boundaries. 
The two most common twins in quartz are the 
Dauphiné and the Brazil twins, and it is notoriously 
difficult to distinguish between these by diffraction 
methods (Heaney, 1994). 

McLaren and Phakey (1965, 1966) demonstrated 
that interference fringes can be observed in bright- 
field and darkfield TEM images across Brazil twin 
boundaries. We examined a TEM foil from a Brazilian 
amethyst (Smithsonian National Museum of Natu- 
ral History, USNM #R1453) to confirm the appear- 
ance of these fringes under the imaging conditions 
we applied to the Indian iris quartz, and the fringes 
were immediately apparent. We saw no such fringes 
during our examination of the parallel defect planes 
in the iris quartz from Jalgaon. That might weigh 
against an interpretation of these features as Brazil 
twins, but we are unaware of Dauphiné twins occur- 
ring as polysynthetic, nanoscale intergrowths except 
when crystals are heated to the transition tempera- 
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Figure 18. Our model for iridescence in quartz. Paired 
Brazil twin lamellae oriented parallel to m {010} 
intersect the z {011} faces and were preferentially 
etched by aqueous fluids to create a surface grating. 


ture between low and high quartz (573°C; van Ten- 
deloo et al., 1976). Moreover, interference fringes are 
not expected at Brazil twin boundaries when the 
TEM section of quartz is oriented exactly perpendi- 
cular to the twin boundary—the electron beam from 
one twin member does not interfere with that of the 
other, as happens when the twin walls are oblique to 
the surface of the TEM foil. 

McLaren (1967) reported an absence of telltale 
Brazil twin fringes in his TEM analysis of quartz 
crystals exposed to a shear deformation parallel to 
(001). Deformation generated paired Brazil twin 
boundaries approximately 30 nm apart, and these 
boundary pairs were themselves separated by hun- 
dreds of nanometers. Brightfield images from TEM 
foils cut normal to the twins exhibited no fringe in- 
terference. The defect structures described by 
McLaren (1967) are virtually identical to those we 
characterized for the Indian iris quartz. Although we 
do not suggest that the quartz druses from the Dec- 
can Traps were exposed to deformational shear, we 
speculate that another process (possibly incorpora- 
tion of Al or rapid growth rates) may have generated 
periodic paired Brazil twin boundaries oriented par- 
allel to m {010}. 

It is well known that twin boundaries in minerals 
are vulnerable to preferential weathering (e.g., Cor- 
nell et al., 1974, Wilson and McHardy, 1980; Cornell 
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and Giovanoli, 1988]. The paired Brazil twin bound- 
aries in iris quartz is proposed by us to represent 
strained regions that were particularly susceptible to 
dissolution, and we suggest that post-growth 
episodes of etching by invasive fluids preferentially 
altered the paired Brazil twin boundaries where they 
intersected the surface z faces, sculpting the valley- 
and-ridge topography we observed. Moreover, the 
channeling of these fluids along the twin boundaries 
within the crystal resulted in dissolution and recrys- 
tallization of the twin boundaries, producing both 
fluid-filled nanopores and the vein-like defect sur- 
faces observed near the top of our TEM foil. 

Consequently, we interpret the diffraction effect 
as a result of surface etching and subsurface alter- 
ation by post-depositional fluids. The iridescence 
thus represents a combined effect of reflective inter- 
ference from the grooved surface and transmissive 
interference at the weathered twin boundaries just 
below the surface (figure 17). When the etched sur- 
face layer is removed, as on the naturally fragmented 
and the artificially polished z faces, then the irides- 
cence disappears. Thus, the depth of the iridescence 
effect traces the reach of aqueous alteration, not the 
interior extent of the twinning. In turn, this observa- 
tion explains why iris quartz crystals occur globally 
yet remain elusive to collectors. Many quartz crys- 
tals—particularly amethysts—are extensively 
twinned according to the Brazil law and contain pe- 
riodic defects separated by distances close to the 
wavelengths of visible light. But it is only when these 
crystals have experienced a subsequent stage of dis- 
solution, with differential etching along the defect 
planes (figure 18), that they will transform to iris 
quartz. 

In “To the Rainbow,” the Scottish poet Joanna 
Baillie (1762-1851) lamented the fate of natural won- 
ders when their magic is reduced to empirical hy- 
potheses: 


When science from creation’s face 
Enchantment’s veil withdraws, 
What lovely visions yield their place 
To cold material laws! 


As C.V. Raman understood, the search for an ex- 
planation of rainbows in gem materials is not simply 
an exercise to recast a beautiful phenomenon as a 
mathematical equation. Gem rainbows can appear 
when crystal structures invisible to the unaided eye 
are arrayed in repetitive patterns that will diffract 
light. Thus, modern scientific analysis withdraws en- 
chantment’s veil only to yield new enchantments. 
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CHARACTERISTICS OF GEM-QUALITY 
By-PRODUCT SYNTHETIC ZINCITE 


Ji Zhang, Yujie Gao, and Guanghai Shi 


Gem-quality synthetic zincite from Poland, an in- 
dustrial by-product of zinc oxide processing, has 
been available in the market since the early 1980s. 
In this investigation, conventional gemological 
methods, spectroscopic techniques, and advanced 
analytical testing were carried out on 10 rough 
and faceted samples. The chromophore man- 
ganese (Mn), which is significant in natural zincite 
and can reach 1 wt.% MnO, appears to be negli- 
gible in by-product crystals. These crystals also ap- 
pear to have low to insignificant levels of other 
potential chromophores such as iron and copper. 
Inclusions matching previously reported oval and 
“tadpole-like” inclusions in Polish synthetic zincite 
were observed and tested by Raman and IR spec- 
troscopy. These inclusions were identified as car- 
bon-bearing material, possibly belonging to soot 
and/or gases captured during the growth of the 
synthetic zincite host. 


incite (ZnO) was discovered in 1810 (Dunn, 1995; 

Welch, 2008) and mined from marble-hosted Zn- 
Fe-Mn skarn-type deposits (Hague et al., 1956; Web- 
ster, 1983) at the Franklin and Sterling Hill mines of 
Sussex County, New Jersey. These mines are still con- 
sidered the only locality for gem-quality natural 
zincite (Dunn, 1995; Peck et al., 2009; Wilson, 2013). 
The natural zincites were always aggregates, both 
massive and small (Nowak et al., 2007). Only a few 
large gem-quality crystals displaying strong luster and 
a beautiful bright red color have been faceted (Welch, 
2008). Some collectors seek the stone for its rarity and 
attractive appearance, although a relatively low hard- 
ness (4 on the Mohs scale) limits its use in jewelry 
(Henderson, 1945; Nowak et al., 2007; Wilson, 2013). 

Zincite is also an important semiconductor ma- 
terial, doped by impurity elements to enhance its 
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physical properties in applications such as photo- 
detectors (Soci et al., 2007), LED lights (Dong et al., 
2.007), laser diodes (Liang et al., 2010), transparent 
transistors, and substrates (Gahtar et al., 2013). The 
wide-ranging industrial applications of ZnO have 
driven crystal growth efforts. Zincite crystals have 
been synthesized in labs through vapor deposition 
(Pasko et al., 1976), hydrothermal methods (Karipidis 
et al., 2008), and pressurized melt growth methods 
(Nause and Nemeth, 2005). Yet there have been no 
reports of any effort to pursue synthetic gem crystal 
growth. Crystals grown by vapor deposition often ap- 
pear one-dimensional, needle-like, or columnar due 
to rapid growth along the c-axis (Pasko et al., 1976). 
Hydrothermal crystals display a two-dimensional 
plate-like appearance because of the seed orientation 
(Kortounova et al., 2001; Karipidis et al., 2008), and 
pressurized melt growth normally produces round 
boules (Nause and Nemeth, 2.005). 

During the 1980s, a new form of synthetic zincite 
emerged from an unnamed foundry in Poland’s 


In Brief 


e The colors of by-product synthetic zincite from the 
foundry in Lower Silesia, Poland, may be related to the 
material’s structure. 


e Raman spectroscopy may be useful in distinguishing 
the Polish specimens from natural zincite. 


Oval and “tadpole-like” inclusions in the by-product 
synthetic zincite were identified by Raman as carbon- 
bearing material, possibly from soot captured during 
the growth process. 


Lower Silesia Province (Crowningshield, 1985; Kam- 
merling and Johnson, 1995). This material grew as an 
industrial by-product in the chimney vents of indus- 
trial kilns producing zinc oxide powder, through a 
process similar to chemical vapor deposition (Nowak 
et al., 2007). We will refer to it as “by-product 
zincite” hereafter. These crystals possess better 
transparency and brighter color than natural zincite. 
By-product zincites were sold in the jewelry market 
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Figure 1. Most of the by-product synthetic zincites 
in this study had a reddish orange to yellow color; 
one sample (ZnO-G) was yellowish green. Top row, 
left to right: samples ZnO-LC (13.85 g) and ZnO-SC 
(6.34 g). Bottom row, left to right: samples ZnO-G 
(0.06 g) and zin-7 (1.12 g). Composite photo by Ji 
Zhang. 


from the early 1980s until the 2000s, but now they 
can only be acquired from existing stocks (Kammer- 
ling and Johnson, 1995; Nowak et al., 2007). 

The properties and formation processes of by-prod- 
uct synthetic zincite crystals from the Olawa foundry 
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in Lower Silesia have previously been studied (e.g., 
Crowningshield, 1985; Kammerling and Johnson, 
1995; Nowak et al., 2007). Insights into their color 
and the nature of their unusual oval or “tadpole-like” 
inclusions (Nowak et al., 2007) have remained elu- 
sive. In this investigation, rough by-product zincite 
crystal samples from the foundry in Lower Silesia 
were chosen for standard gemological observations, 
elemental analysis by X-ray fluorescence (XRF) and 
inductively coupled plasma—mass spectrometry (ICP- 
MS), and spectroscopic analysis in order to find the 
characteristics that distinguish them from natural 
material, identify their inclusion features, and provide 
an explanation for the cause of color. 


MATERIALS AND METHODS 
Figure 1 shows four of the 10 rough by-product zincite 
crystal samples (0.34-13.85 g) that were analyzed. Two 
were faceted by author YG (labeled Zincite-L and 
Zincite-S). Sample zin-10 is a group of five un- 
processed rough fragments from a yellow crystal; the 
remainder of this crystal is the faceted sample Zincite- 
S. All rough samples were purchased at the Warsaw 
Mineral Show in September 2010; the seller claimed 
they were produced at an undisclosed foundry in 
Lower Silesia, Poland. 

Standard gemological testing, visible spec- 
troscopy, and Fourier-transform infrared (FTIR) spec- 
troscopy were performed at the School of Gemology, 


Figure 2. The main crystal 
faces of the by-product 
zincite: hexagonal prism m, 
hexagonal pyramids t and p, 
single face c, and contact 
twins along the (0001) direc- 
tion. These features follow 
the wurtzite structure of 
zincite (Zhao et al., 2006). A: 
sample ZnO-LC, field of 
view 12.5 mm. B: sample 
ZnO-LC in another direc- 
tion, field of view 13.0 mm. 
C: sample ZnO-SC, field of 
view 3.5 mm. D: sample 
ZnO-SC, field of view 4.5 
mm. Photomicrographs by Ji 
Zhang. 
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China University of Geosciences in Beijing (CUGB). 
Visible spectra of samples Zincite-L, Zincite-S, and 
ZnO-G were recorded using a LabTech UV-Vis spec- 
trophotometer in the 400-700 nm range with a sam- 
pling interval of 1 nm at a rate of 600 nm/min. 
Mid-infrared (4000-400 cm) spectra of rough sample 
zin-10 were obtained with a Bruker Tensor 27 FTIR 
spectrophotometer, operating in absorption and re- 
flectance modes with a resolution of 4 cm7! and 50 
scans per sample at room temperature using the KBr 
pellet method (100 mg KBr and 1.0 mg sample). 
XRF results for nine samples (ZnO-LC, Zincite- 
L, Zincite-S, zin-10, ZnO-G, zin-fs, zin-fc, zin-7, and 
zin-8) were tested at the Shanghai laboratory of the 
National Gemstone Testing Center (NGTC), using a 
Shimadzu EDX-7000 from !!Na to “U with a 3 mm 
collimator and a two-minute testing time. 

ICP-MS of five samples (ZnO-LC, Zincite-L, 
Zincite-S, three specimens of the zin-10 group, and 
ZnO-G} was conducted at Key Laboratory of Subma- 
rine Geosciences of the Second Institute of Oceanog- 
raphy, State Oceanic Administration in Hangzhou, 
using an Elan DRC-e ICP-MS with the U.S. Geolog- 
ical Survey (USGS) standard BHVO-2 measured to 
monitor accuracy. Small quantities of the five sam- 
ples were ground into a powder and sieved to obtain 
a 200 mesh size. Aqueous solutions of the powders 
were created by dilution of solutions of the powders 
created using first aqua regia in a Teflon bomb with 
heating followed by HClO, and HNO, in a Teflon 
bomb with heating. The unit of ICP-MS results was 
ppmw; detection limits for all elements were lower 
than 4 ppmw. 

Raman spectroscopy was performed at the Chi- 
nese Academy of Geological Sciences (CAGS) in Bei- 
jing. Six samples (Zincite-L, Zincite-S, ZnO-LC, 
ZnO-SC, zin-fs, and zin-fc) were analyzed using a 
Renishaw 2.000 laser Raman microspectroscopy sys- 
tem with an argon-ion laser (514.5 nm excitation), 20 
mW power, minimum spot size of 1 um, and spectral 
resolution of 1-2 cm7!. The oval inclusion in Zincite- 
S and another unidentified inclusion belonging to zin- 
fc were also analyzed in situ by Raman spectroscopy. 

We compared our results with the Raman spectra 
and chemical data of two previously tested natural 
red zincite samples (RO50419 and RO50492) from the 
RRUFF database (http://rruff.info). Sample RO50419 
is a deep red crystal from the Sterling Hill mine, and 
sample RO50492 is a massive deep red crystal from 
the Franklin mine. No natural zincite was examined 
in this study due to the difficulty of obtaining such 
material. 
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TABLE 1. Chemical composition of potential chro- 
mophore elements of by-product synthetic zincite 
tested by ICP-MS (in ppmw). 


ZnO-LC Zincite-L_ Zincite-S_ —_zin-10 ZnO-G 
(orange- (reddish (yellow) (yellow) (yellowish 
red) orange) green) 
Ti 8.3 10.8 5.8 0.0 0.8 
Vv 0.2 1.4 5.2 1.4 0.7 
Cr 1.6 3.8 7.7 11.0 2.3 
Mn 1.8 1.6 4.3 7.5 1.5 
Fe 63.3 51.0 104.9 86.2 38.3 
Co 0.7 0.7 1.9 0.6 0.7 
Ni 9.2 6.1 19.7 6.1 10.8 
Cu 16.1 6.8 29.1 6.9 o5 
Cd bdl bdl bdl bdl bdl 


Sample detection limits (ppmw) were Ti (0.336), V (0.058), Cr 
(0.245), Mn (0.014), Fe (3.383), Co (0.007), Ni (0.023), Cu (0.020), 
and Cd (0.021).bdl = below detection limit 


RESULTS AND DISCUSSION 

Crystallography and Gemological Properties. The by- 
product crystals exhibited a hexagonal prismatic and 
pyramid appearance, consisting of hexagonal prism 
m {1010}, hexagonal pyramids t {1124} and p {1011}, 
and single face c {0001} (figure 2), with contact twin- 
ning along (0001) following wurtzite structure (Zhao 
et al., 2006). The samples’ colors ranged from reddish 
orange to yellow to greenish yellow, and all of them 
were transparent, with a subadamantine to vitreous 
luster (figures 1 and 3). Their RIs were over the limit 
of the refractometer (RI = 1.78). With a handheld 


Figure 3. The 36.54 ct reddish orange Zincite-L (left) 
and the 2.87 ct yellow Zincite-S (right) were faceted 
from the by-product zincite rough. Photo by Yujie Gao. 
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The Determination 
of 
Important Optical Properties 
Without Instruments 


by 


G. ROBERT CROWNINSHIELD and JOHN G. ELLISON 


This article has. been prompted by an 
observation which the senior author made 
several years ago. At that time he noticed 
that if he held a faceted transparent gem- 
stone extremely close to the eye he could, 
by looking into the stone through the table, 
see numerous spectra caused by the dis- 
petsion of any image produced by a bright 
light. At first this was just an esthetic 
amusement, but later the authors discovered 
that by limiting the size of the light source 
they had stumbled upon a simple method 
of determining some optical properties, but 
one which promises to be of great value to 
a person with a good gemological .back- 
ground. 

Toward this end several hundred gem- 
stones of many species and varieties were 
observed and the following is a preliminary 
report of the results of these observations. 

Primarily, this method of observation is 
of one looking through a faceted stone in 
a parfticular manner and analyzing the 
resultant spectra (or spectrum) of a dis- 
persed image of a single sharp light 
source. It offers the advantage of being 
performed simply and without instruments. 

By the proper application of the tests 
described below, it is possible in most 
stones to determine 1) Single or double 
refraction, 2) Comparative birefringence if 
present, 3) Comparative strength of dis- 


persion, 4) Quality of polish, and-in ad- 
dition some stones will reveal unique. spec- 
tral absorption, while others may show 
dichroism. The most important application 
however, is the test for single or double 
refraction. 

The primary requirement for this type 
of analysis is a clean, flat faceted stone. 
It need not be unmounted as long as light 
can enter the pavilion freely. Curved sur- 
faces will normally eliminate the possibility 
of using the test. The stone selected for 
testing should have good transparency, 
though depth of color does not eliminate 
the test. 

The next requirement is the light source. 
It should be strong, well defined, and not 
too large. The light from a pocket flash- 
light is ideal, though in a pinch the light 
of a match or cigarette lighter will do 
nicely. In the accompanying photo an alex- 
andrite is being tested using a one half 
inch opening in a 30 watt pearl candler. A 
candle will do if the observer will work 
at least six feet of more from it. In the 
field, a bright well defined reflection of the 
sun, from a tiny mirror or similar highly 
polished surface, or the sun itself will be 
satisfactory. For very critical laboratory 
work, the authors suggest a rectangular 
natrow aperture the edges of which are 
smooth and well defined. The room or area 
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Figure 4. The nine potential chromophore elements of 
five by-product zincite samples were tested by ICP- 
MS. In all five samples, Fe content was higher than 
the other eight elements; the concentrations of each 
of the non-iron elements are lower than 30 ppm. 


spectroscope, absorption bands were only seen in the 
blue to violet regions. The samples’ specific gravity, 
measured hydrostatically, ranged from 5.66 to 5.70. 
These properties were consistent with previous re- 
ports (Crowningshield, 1985; Kammerling and John- 
son, 1995; Nowak et al., 2007). 


Figure 5. The visible spectrum of reddish orange by- 
product sample Zincite-L showed that it absorbed 
light in the green to violet region, from 550 to 400 nm. 
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Figure 6. The visible spectra showed that yellow by- 
product samples Zincite-S and ZnO-G also absorbed 
light in the blue to violet regions. 


Chemical Composition. XRF testing suggested that 
the samples were composed of almost pure zinc and 
oxygen. To investigate the potential chromophores 
of by-product zincite, the powders of five samples 
were tested by ICP-MS. The results showed that Mn 
levels were negligible, ranging from 1.53 to 7.55 ppm 
with a mean of 3.38 ppm, corresponding to previous 
reports (Kammerling and Johnson, 1995; Nowak et 
al., 2007). These levels were all dramatically lower 
than Mn contents in natural material (approximately 
1 wt.% MnO; see Webster, 1983; http://ruff.info). 
Iron contents in by-product samples were relatively 
high among nine potential chromophores, ranging 
from 38.31 to 104.92 ppmw with a mean of 68.74 
ppm; the contents of other elements were lower than 
30 ppmw (table 1; figure 4). 


Visible Spectra and Cause of Color. The visible spec- 
trum of reddish orange Zincite-L displayed a wide ab- 
sorption band from 550 to 400 nm, covering the 
green to violet regions (figure 5). Yellow Zincite-S re- 
vealed a broad absorption band between 480 and 420 
nm in the blue to violet region, while yellowish 
green ZnO-G absorbed only violet light from 450 to 
400 nm (figure 6). 

There is no clear relationship between the mate- 
rial’s color and its chemical composition, and the 
contents of potential chromophore elements were 
low, although the yellow samples had relatively 
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Figure 7. These Raman spectra of zincite, from top to 
bottom, belong to natural samples RO50492 and 
R050419 from the RRUFF database (both unoriented) 
and three by-product samples from this study: 
Zincite-L (c-axis), Zincite-L ( || c-axis), and Zincite-S 
(unoriented). Spectra are vertically shifted for clarity. 


higher Fe contents than orange to red or yellowish 
green samples (again, see table 1 and figure 4). The 
cause of various colors observed may be related to 
structure rather than chemical composition. These 
structural factors include increasing amounts of band 
gap absorption from defect states (Kammerling and 
Johnson, 1995), lattice defects with electron donors 
such as neutral zinc atoms (Nowak et al., 2007), and 
either oxygen deficit or zinc excess within zincite 
(Mikami et al., 2005; Karipidis et al., 2008). 
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Raman Spectra. Raman spectra were obtained from 
sample Zincite-L with its c-axis oriented parallel and 
perpendicular to the laser beam, together with five 
other samples (Zincite-S, ZnO-LC, ZnO-SC, zin-fs, 
and zin-fc) whose c-axes were randomly oriented with 
respect to the laser. In addition, the spectra from two 
natural samples, taken from the RRUFF database, 
were analyzed. The unoriented Raman spectra were 
similar, so one representative spectrum of Zincite-S 
was chosen (figure 7). The Raman peaks of zincite 
were divided into three groups: 


(1) Shared peaks in natural and by-product zincite 
spectra at approximately 331 and 437 cm"! 

(2) Unique peaks in natural zincite spectra at 
about 477, 522,568, 1065, and 1090 cm! 

(3) Unique peaks in by-product synthetic spectra 
at approximately 379, 410, 540, 580, 660, and 
1150 cm" 


The latter two groups of peaks could serve to dis- 
tinguish by-product zincite from natural zincite 
using Raman spectroscopy. 


Oval Inclusion. Nowak et al. (2007) reported unusual 
oval and “tadpole-like inclusions” in Polish by-prod- 
uct synthetic zincite; in this study, two similar inclu- 
sions were observed and tested. The first oval 
inclusion, belonging to sample Zincite-S (figure 8), 
showed Raman peaks at 2938, 2923, 2882, 2854, 1613, 
1546, 1507, 1442, and 1098 cm, which indicated 
some carbon-bearing material stretching modes (figure 
9). The second inclusion, located at the cleavage plane 
of sample zin-fc (the figure was not obtained success- 
fully due to the rough cleavage surface), displayed 
Raman peaks at 2929, 2882, 2850, 1613, 1580, 1430, 
1392, 1346, 1296, and 1204 cm (figure 10). 
Combined with the C-H stretching mode indi- 
cated by the IR spectra of rough sample zin-10 (figure 
11) and excluding the shellac used in the cutting 
process (whose Raman peaks are not a match}, it is 
suggested that there are some carbon-bearing mate- 
rials that make up the oval inclusions in the by- 
product synthetic zincite. Although the origin of the 
oval inclusion was not clear, possible sources in- 
clude (1) a group of carbon-bearing gases such as CH, 
and CO, in the crystal formation atmosphere; and (2) 
the complex fuel ashes (carbon-bearing soot) pro- 
duced by the smelting process (Nowak et al., 2007). 
On one hand, Raman spectra of individual gases 
(Dickinson and Rasetti, 1929) have one or two peaks 
near the peaks of the oval inclusion, such as the 
1285 cm"! peak of CO, and the 2914 and 3022 cm"! 
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peaks of CH,. On the other hand, some peaks in the 
oval inclusion’s spectra are the same as or similar to 
the peaks in Raman spectra of soot (e.g., Ramya et 
al., 2013; Kim et al., 2005; Sadezky et al., 2005). 
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Figure 8. A: Small inclusions 
were observed in the pavilion 
of Zincite-S; field of view 2.5 
mm. B: When the internal fea- 
tures of Zincite-S were exam- 
ined with magnification, the 
inclusions shown in figure 8A 
came into focus, but the oval 
inclusion near the surface was 
blurred. C: The round dot in 
the middle is the same oval 
inclusion as in figure B, shown 
in reflected light. D: This oval 
inclusion in Zincite-S was also 
observed and photographed in 
situ when Raman spec- 
troscopy was performed. The 
colored dots represent analysis 
spots. Photomicrographs by 
Yujie Gao. 


<<— small inclusions 


These are at 1580 cm" (same as the G band of soot), 
1346 cm" (near the 1350 cm D1 band), 1507 cm"! 
(near the 1500 cm"! D2 band), 2800-2900 cm (near 
the 2700, 2900, and 3100 cm" Lorentz-shaped 


Figure 9. Raman spec- 
tra of the unusual oval 
inclusion in sample 
Zincite-S showed peaks 
at 2938, 2923, 2882, 
2854, 1613, 1546, 1507, 
1442, and 1098 cnr". 
These peaks indicated 
some carbon-bearing 
material stretching 
modes. The colors of 
the traces correspond to 
the analysis spots 
shown in figure 8D. 
Spectra are vertically 
shifted for clarity. 
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Figure 10. Raman spec- 
tra of the inclusion lo- 
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bands), 1613 cm (near 1620 cm"), and 1204 cm! 
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those of individual organic gases. Thus, the Raman 
results might be contributed mainly by soot and sup- 
ported by some individual gases. 

The oval inclusions reported by Nowak et al. 
(2007) and in this paper were quite different from the 
fluid inclusions, liquid film negative crystals, growth 
tubes, and cloud inclusions in natural zincite 
(Kawano, 2008). Although lab-grown synthetic zincite 
has not been reported for gemstone use, the oval in- 
clusion composed of carbon-bearing materials (possi- 
bly soot and/or gases) might not occur in lab-grown 
zincite because of the accurately controlled original 
materials and reaction processes (Pasko et al., 1976; 
Nause and Nemeth, 2.005; Karipidis et al., 2008). 


CONCLUSIONS 

The by-product synthetic zincite has much less man- 
ganese than natural zincite, and the causes of color of 
by-product synthetic and natural zincite crystals ap- 
pear to be different. Besides Mn, the contents of other 
potential chromophores are also at levels low enough 
to indicate that the various colors of the by-product 
material may be affected by structure-related factors. 
Oval inclusions consistent with a previous report on 
by-product synthetic zincite were observed, and testing 
suggested they were soot and/or gases captured during 
the growth of host by-product synthetic zincite. 
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Thomas M. Moses | Shane F. McClure 


Three Faceted 

COLLECTOR SPECIMENS 

Three stones recently submitted to 
GIA (figure 1) were found to be rare 
mineral species that had not previ- 
ously been examined at the Carlsbad 
laboratory. Standard gemological test- 
ing and Raman analysis identified 
these specimens as wagnerite, thaum- 
asite, and strontianite. 

A 0.60 ct transparent golden yel- 
low pear brilliant cut with vitreous 
luster was identified as the phos- 
phate monoclinic crystal wagnerite, 
(Mg,Fe**),(PO,)F. Though uncommon, 
wagnerite occurs in various geologic 
settings, such as granitic pegmatites, 
gneisses, eclogites, and hydrothermal 
environments (P. Korbel and M. Novak, 
The Complete Mineral Encyclopedia, 
Gramercy, Lisse, the Netherlands, 
2003). It had a specific gravity (SG) of 
3.15, a refractive index (RI) of 1.568- 
1.580, and a biaxial positive optic na- 
ture. Wagnerite is a relatively soft and 
brittle mineral with a Mohs hardness of 
5.0-5.5. The stone was inert under both 
long-wave and short-wave UV radia- 
tion. Multiphase fluid inclusions, fin- 
gerprints, graining, and color zoning 
features were observed with magnifica- 
tion. 

The largest stone, a 1.72 ct trans- 
parent colorless octagonal step cut, 
had a relatively low SG of 1.90, an RI 
of 1.470-1.515, and a biaxial negative 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. Left to right: 0.60 ct golden yellow wagnerite, 1.72 ct colorless 
thaumasite, and 1.41 ct pale yellow strontianite. 


optic nature. It was inert to long-wave 
and short-wave UV. These properties, 
along with Raman testing, led to its 
identification as thaumasite, a silicate 
mineral with the chemical formula 
Ca,(SO,)[Si(OH),|(CO,)-12H,O belong- 
ing to the hexagonal crystal system. 
Magnification revealed strong dou- 
bling, spectacular radiating fibrous in- 
clusions, reflective films, tiny crystal 
inclusions, and strong hexagonal an- 
gular graining. Thaumasite has a vit- 
reous luster and a brittle nature due to 
its low hardness of 3.5 on the Mohs 
scale. Thaumasite occurs in geother- 
mal waters or seawaters reacting with 
basalt and tuffs, or in areas of contact 
metamorphism (J.W. Anthony et al., 
Handbook of Mineralogy: Volume II: 
Silica, Silicates: Part 2, Mineral Data 
Publishing, Tucson, Arizona, 1995, p. 
790). 

The last stone we observed was a 
transparent pale yellow octagonal 
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step cut with vitreous luster. It proved 
to be strontianite, SrCO,, an or- 
thorhombic carbonate mineral mem- 
ber of the aragonite group with a 
Mohs hardness of 3.5. The 1.41 ct 
specimen was highly birefringent, 
with an RI of 1.511-1.661, an SG of 
3.76, and a biaxial negative optic na- 
ture. It fluoresced red under long- 
wave UV but displayed a weak 
whitish reaction under short-wave 
UV. The stone exhibited strong dou- 
bling and fluid inclusions under mag- 
nification. Raman _— spectroscopy 
confirmed its identity. Strontianite 
occurs together with calcite and zeo- 
lites in hydrothermal, low-tempera- 
ture veins and in cavities of volcanic 
rocks (Korbel and Novak, 2003). 
Wagnerite, thaumasite, and stron- 
tianite are rarely seen as faceted gems 
due to their softness and brittleness. 
These collector specimens were the 
first of their kind to be submitted to 
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GIA’s Carlsbad laboratory for testing. 
Although challenging to identify 
without advanced testing techniques, 
they bring excitement to gemologists 
searching for unusual faceted gems. 


Jonathan Muyal and Nicole Ahline 


Unusual Dark Orangy Red 
CORDIERITE 
The New York lab recently examined 
the transparent dark orangy red 
cordierite shown in figure 2. 
Cordierite, a magnesium aluminum 
cyclosilicate with the formula 
Mg,Al,Si.O,,, is better known by its 
gemological name of iolite, which 
comes from the Greek ios (violet). The 
term is reserved for the violet through 
slightly violetish blue gem-quality va- 
riety of cordierite. Iolite’s typical colors 
have been compared to blue sapphires 
and tanzanites. These colors are 
thought to come from the charge 
transfer between Fe** and Fe* ions. 
The stone’s RI ranged from 1.515 
to 1.547, with a birefringence of 0.037. 
This refractive index is much lower 
than what is listed in the literature for 
iolite, and we believe the discrepancy 
is due to the stone’s lower Fe content. 
SG was measured as 2.56. The stone 
showed strong trichroism ranging 
from orangy red to dark brown to pur- 
ple. There was no fluorescence ob- 
served with exposure to long- and 
short-wave UV. Raman spectroscopy 


Figure 2. This 8.13 ct cordierite 
had an unusual dark orangy red 
color. 
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Figure 3. Raman spectroscopy identified the orangy red stone as a 


cordierite. 


using 514 nm laser excitation conclu- 
sively identified the stone as 
cordierite (figure 3) with a strong 
match to the cordierite spectra in the 
RRUFF database (http://rruff.info). 
Microscopic examination with 
fiber-optic illumination revealed fin- 
gerprints, rows of flaky whitish inclu- 
sions, and large fractures throughout 
the stone that had been filled with an 
unknown clarity-enhancing material 


(figure 4). The larger surface-reaching 
fractures in the stone appeared to 
have a “heat wave” appearance (fig- 
ure 4B), that could be characteristic of 
the clarity-enhancing material. 
Cordierite, which is structurally sim- 
ilar to beryl, will easily develop frac- 
tures and is commonly clarity 
enhanced with oil-based fluids. Both 
cordierite and beryl are structurally 
similar in that they are cyclosilicates, 


Figure 4. Various inclusions within the dark orangy red cordierite. Numer- 
ous partially enhanced fractures are visible (B), along with low visibility 

on the surface (D). Field of view 4.77 mm (A), 14.48 mm (B), 3.57 mm (C), 
and 3.57 mm (D). 
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Figure 5. In these visible absorption spectra, notice the large window be- 
tween 600 and 800 nm for the orangy red cordierite sample and the ab- 
sorption band centered at 580 nm for the GIA reference spectrum of violet 


iolite. 


containing linked six-member rings 
of tetrahedra that result in channels 
within the crystal structure. These 
channels are capable of trapping 
water along with cations such as 
from the alkali and alkaline earth 
metals. The high water content 
within the stone was represented by 
the strong overtone bands seen in the 
Fourier-transform infrared (FTIR) 
spectrum, with very similar features 
to that of hydrothermal natural beryl 
spectra. Laser ablation—inductively 
coupled plasma—mass spectrometry 
(LA-ICP-MS) detected trace levels of 
alkali and alkaline metals. 

A similar red cordierite, exam- 
ined in December 2015, was said to 
be from the Iakora district of Fia- 
narantsoa Province in southeast 
Madagascar (Spring 2016 GNI, pp. 
97-98). The visible absorption spec- 
trum we observed was similar to the 
one described by Fritsch et al. (figure 
5). The spectrum had a decrease in 
absorption in the 400-500 nm region 
and low absorption between 600 and 
800 nm, resulting in a transmittance 
window in the orange to red region 
that produced the color of the stone. 
These regions of low absorption are 
characteristic of the trichroic color 
components noted in the stone. We 
compared this visible spectrum to a 
GIA reference spectrum of ordinary 
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iolite. The violet color of iolite is pro- 
duced by a strong absorption band 
centered at approximately 580 nm, 
resulting from intervalence charge 
transfer to either valence state of Fe 
cations that might have occupied the 
divalent and trivalent sites in the 
crystal structure (substituting for Mg 
and Al, respectively; see M. O’- 
Donoghue, Gemstones, Chapman 
and Hall Ltd., London, 1988, p. 77). 
Although the red cordierite con- 
tained a considerable amount of iron, 
this charge transfer did not appear to 
be taking place. The potential causes 
of the color are still unknown but 
can be linked to manganese (up to 
486 ppmw in the orangy red sample 
and 248 ppmw in the violet sample) 
or iron, both of which were detected 
by LA-ICP-MS. This orangy red 
cordierite appeared to have roughly 
half as much iron as a saturated vio- 
let iolite (approximately 25,000 and 
40,000 ppmw, respectively). No other 
transition metals varied significantly 
between the orangy red and violet 
samples. Regardless of the origin of 
color for the orangy red cordierite, 
naming this variety “iolite” could be 
misleading according to the defini- 
tion of the term. 
This is the first time GIA has en- 
countered a cordierite of this color. 
Augusto Castillo and Akhil Sehgal 
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Cape DIAMOND with Yellow 
Phosphorescence 

Phosphorescence in a cape diamond is 
very rare, especially after exposure to 
long-wave UV light. The New York 
laboratory recently examined a cape 
diamond exhibiting yellow phospho- 
rescence after exposure to a long-wave 
UV source. The 0.75 ct Faint yellow- 
green round brilliant is shown in fig- 
ure 6. 

Cape absorption peaks were ob- 
served at 415 and 477 nm, along with 
aGRI peak (figure 7, left). The IR spec- 
trum confirmed that this was a type Ia 
diamond, with nitrogen aggregates de- 
tected in the one-phonon region. Hy- 
drogen-related peaks were also 
detected at 1405, 2785, 3107, 3237, 
4169, and 4496 cnr!. Brown radiation 
stains were found on the girdle. The di- 
amond contained contacted partially 
graphitized omphacite crystals with 
cuboctahedral morphology (figure 7, 
right). Strong blue fluorescence and 
medium yellow phosphorescence were 
observed under a desktop long-wave 
UV light source. Under short-wave 
UV, medium yellow fluorescence was 
noted but phosphorescence was ab- 
sent. DiamondView imaging (<225 
nm excitation) also showed greenish 
blue fluorescence but no phospho- 
rescence. Fiber-optic illumination 
revealed the blue “transmission” 
luminescence that occurs when a 


Figure 6. This yellow-green 0.75 
ct cape diamond displayed yel- 
low phosphorescence to long- 
wave UV light. 
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Figure 7. The diamond displayed “cape” absorption peaks at 415 and 477 nm along with a GR1 peak (left). It con- 
tained contact crystal inclusions of green omphacite (right; field of view 1.41 mm). 


strong light travels through a dia- 
mond. The UV-Vis spectrum of such 
diamonds shows an absorption peak 
at 415 nm anda luminescence peak at 
the lower energy end of the peak. 
Such is the case with this stone. 
Nearly 30 years ago, a bicolor dia- 
mond with a near-colorless central 
portion and light yellow tips was re- 
ported in GWG (Winter 1989 Lab 
Notes, p. 237). It showed very weak 
chalky yellow phosphorescence for 
approximately 10 seconds after the 
long-wave UV lamp was turned off. 
This yellow phosphorescence was ob- 


served throughout the stone regard- 
less of its bicolor nature. Its central 
colorless region exhibited weak cape 
lines and strong blue transmission, 
similar to the green diamond in this 
note. Unlike our sample, the bicolor 
diamond also showed very weak yel- 
low phosphorescence to short-wave 
UV. A chameleon diamond may dis- 
play strong yellow phosphorescence 
to a long-wave UV light source (Sum- 
mer 1992 Lab Notes, p. 124; Spring 
2000 Lab Notes, pp. 60-61). Our sam- 
ple was not a chameleon diamond, 
however. 


Greenish yellow phosphorescence 
in a chameleon diamond has been 
systematically measured using a spec- 
trometer (see S. Eaton-Magana et al., 
“Fluorescence spectra of colored dia- 
monds using a rapid, mobile spec- 
trometer,” Winter 2007 GWG, pp. 
332-351). The peak maximum 
recorded for the chameleon diamond 
was 557 nm. We used an Ocean Optics 
USB2000 charge-coupled device (CCD) 
spectrometer similar to the one de- 
scribed in Eaton-Magana et al. (2007), 
but with a different UV source. In 
place of a deuterium source, we used 


Figure 8. Phosphorescence spectra (left) show a peak maximum at 570 nm, which is responsible for the cape dia- 
mond’s yellow phosphorescence. Shown on the right is the phosphorescence decay curve at 570 nm. 
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GIA’s new LED desktop long-wave 
UV (365 nm excitation) light source. 
A broad peak at approximately 570 
nm, which is responsible for the yel- 
low phosphorescence, was observed 
in the emission spectra (figure 8, left). 
The phosphorescence decay curve at 
570 nm, representing the rate of de- 
creasing intensity with time, is plot- 
ted in figure 8 (right). Half-life is 
defined as the time required for the 
initial peak intensity to decrease to 
one-half its original value (again, see 
Eaton-Magania et al., 2007). The half- 
life value measured for our sample 
was 5.0 seconds. 

Yellow phosphorescence is a very 
rare feature in cape diamonds. The de- 
fect responsible for this optical feature 
remains unknown. 


Kyaw Soe Moe, Jon Neal, and 
Paul Johnson 


Pink SAPPHIRE Filled with 
Bismuth-Based Glass 

Recently, GIA’s Bangkok laboratory 
received a 2.77 ct light pink sapphire 
(figure 9) for an identification report. 
The sample was a semi-transparent 
cabochon with natural inclusion fea- 
tures: silk needles and particles, 
twinned planes, and thin films. Also 
observed throughout the stone were 
numerous gas bubbles of various 
shapes and sizes that were trapped 
along surface-reaching fractures and 
cavities (figure 10). These indicate the 
presence of glass filling. However, no 
flash effect was evident in the filled 


Figure 9. This 2.77 ct light pink sap- 
phire cabochon was treated with a 
bismuth-based glass filling. 
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Figure 10. With the aid of fiber- 
optic illumination, magnification 
revealed these trapped gas bub- 
bles of various shapes and sizes 
in the light pink sapphire. Field of 
view 2.00 mm. 


fractures. The stone’s RI of 1.76 and 
UV fluorescence reaction (medium red 
to long-wave and weak red to short- 
wave} were consistent with corun- 
dum. Its SG of 3.87 was lower than 
that of corundum and possibly a result 
of the filler. Due to the sapphire’s very 
light color, its visible-range absorption 
spectrum was difficult to observe. 
Qualitative chemical analysis 
using energy-dispersive X-ray fluores- 
cence (EDXRF) spectroscopy showed 
the presence of bismuth in addition to 
the expected Al, Cr, Fe, and Ga. No 
lead was detected in the sample, even 
with the aid of the thick palladium fil- 
ter. The chemical composition of the 
filler indicated that the stone had un- 
dergone fracture filling using bis- 


Figure 11. Under reflected illumi- 
nation, the pink sapphire’s large 
cavity filling was readily visible 
with the unaided eye. Field of 
view 2.70 mm. 
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muth-based glass (“Ruby treatments 
— revisited, with Mozambique’s per- 
spective,” Lab Information Circular, 
Gem Testing Laboratory, Vol. 63, De- 
cember 2011). Due to the large differ- 
ence in refractive indices between the 
bismuth-based glass filled area and 
the surrounding corundum, this treat- 
ment was easier to visually detect 
than lead-glass filling (figure 11). 
Fracture filling with lead glass and 
non-lead glass has been widely used 
in low-grade ruby (S.F. McClure et al., 
“Identification and durability of lead 
glass-tilled rubies,” Spring 2006 
Gee, pp. 22-34). Pink sapphires such 
as this 2.77 ct stone are less com- 
monly encountered in the laboratory 
for examination and identification. 


Ratima Suthiyuth 


First Observation of H4 Defect in 
CVD SYNTHETIC DIAMOND 
Diamond consists of a relatively sim- 
ple lattice of carbon atoms wherein 
only a few impurities can substitute 
into the structure. Despite the appar- 
ent simplicity, the diversity of defects 
that can exist in the diamond lattice 
is astounding. Nitrogen is the most 
abundant impurity in diamond; one of 
the defects commonly seen in natural 
diamonds, the H4 defect, consists of 
four nitrogen atoms and two vacan- 
cies. It is strongly associated with B- 
aggregated nitrogen impurities, which 
consist of four nitrogen atoms sur- 
rounding a single vacancy. H4 is cre- 
ated through a fairly straightforward 
formation mechanism where a single 
vacancy is trapped adjacent to a B-ag- 
gregate of nitrogen. H4 is often seen in 
irradiated and annealed diamonds 
with suitable amounts of B-form ni- 
trogen, and is a mature aggregate of ni- 
trogen that is very difficult to achieve 
in synthetic diamond growth or even 
post-growth treatment. 

We were very surprised to observe 
an H4 peak at 496 nm in a pink syn- 
thetic diamond grown by chemical 
vapor deposition (CVD) that was re- 
cently submitted to GIA’s Carlsbad 
laboratory for a synthetic colored dia- 
mond grading report. This 0.26 ct 
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in which the testing is done should be free 
from bright reflections or light sources 
other than the one chosen, the shape of 
which is known. 

Once these simple requirements have 
been established, the gem or piece of 
jewelry should be held in the fingers with 
the pavilion of the stone to be tested 
pointed at 2 45 to 65 degree angle to 
the source of light, depending upon pro- 
portion. (See photograph.) The stone must 
be held as close to the cornea of the eye 
as possible, hence tweezers should not be 
used due to the possibility of the stone 
flying into the eye. In all cases, manipula- 
tion of the stone is best performed by use 
of the fingers, and the authors have tested 
stones as small as two millimeters in di- 
ameter with equally good results. 

With the stone in this relationship to 
the light source, the observer should note 
any spectral images and be sure that they 
are the dispersed image of the known light 
source. He should disregard direct undis- 
persed reflections. Ideal observations will 
be made by looking into the table art that 
part of the pavilion farthest from the source 
of light. (See diagram.) As in all cases of 
testing for single or double refraction, the 
line of observation must not be limited to 
a single direction.: Therefore, it may be 
found that at times the observer will not 
find his best direction through the table, 
but will find that it is a direction through 
the girdle or in some cases, he may find it 
expedient to look through the pavilion, in 
which case it will be pointed at a 60 to 
90 degree angle to the light. 

Unless twin dispersed images of the 
light source are seen immediately (the proof 
of double refraction), it will be necessary 
to turn the stone, observing a single spec- 
trum, until—if the stone is doubly refrac- 
tive—the single spectrum separates into a 
twinned spectrum. 

A twinned spectrum, in this case, is taken 
to mean a pair of spectra, one of which is 
slightly further from the light source than 


the other. One must discount other pairs 
of spectra that do not fit this definition. 
(See diagram.) 

In stones of high birefringence the 
twinned spectra will be separate and distinct, 
while those of low birefringence will show 
twinned spectra which overlap to a certain 
extent. In the latter case, the violet of the 
leading spectrum will often combine with 
the red of the following spectrum making 
the leading color of the following spectrum 
a violetish red and might mislead one into 
thinking that he did not see a true twinned 
spectrum. If, after observing the stone in 
all directions, no spectrum is seen to twin, 
one must not conclude that the stone is 
isotropic, for absence of twined spectra 
is not proof that the stone is singly re- 
fractive. For this. reason the test is com- 
parable with the dichroscope test. However, 
due to the additional factors one may de- 
termine with this type of observation, it 
is not as limited ‘as the test for dichroism. 

After observation of the twin spectra, 
the stone should be carefully revolved to 
detect the direction of greatest birefringence 
By this means the strength of double re- 
fraction can be. estimated. The authors 
have found it useful to use a quartz gem 
of similar size as a comparison. It will 
be seen that tourmaline will show about 
twice the distance between the twin spectra 
as quartz of a comparative size, while 
zircon will be roughly four times that of 
quartz. Rarely will gemstones with bire- 
fringence lower than that of quartz (.009) 
show a twinned spectrum which completely 
separates, overlapping being greater the 
lower the, birefringence. For this reason, 
stones of low birefringence will give some 
difficulty. However, with not too much 
trouble and with experience, the double 
refraction of apatite can be estimated 
(004). 

With experience in testing mumerous 
stones of many species and varieties, the 
strength of dispersion can be reasonably 
estimated by observing the relative width 
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Figure 12. This 0.26 ct pink syn- 
thetic diamond contains the first 
H4 defect GIA has observed in a 
CVD synthetic diamond. 


round brilliant (figure 12) was type Ib 
(single substitutional nitrogen impu- 
rities) with a very low total nitrogen 
content and no detectable A or B form 
nitrogen. FTIR spectroscopy also 
showed a peak at 3107 cm", indicat- 
ing the presence of a defect consisting 
of three nitrogen atoms surrounding a 
vacancy along with a hydrogen atom. 

In addition to the observation of 
the H4 defect (figure 13, left), the syn- 
thetic nature of the sample was re- 
vealed by the 737 nm SiV~ defect in 
the photoluminescence (PL) spectrum 
(figure 13, right). The presence of (sub- 
tle) growth layers in the Diamond- 
View fluorescence images provided 
further confirmation. This diamond 


was grown using gas that was doped 
with nitrogen, allowing its incorpora- 
tion into the diamond lattice as single 
substitutional nitrogen. The pink 
color was produced by NV~ centers 
created during post-growth irradiation 
and annealing treatment. Nitrogen ag- 
gregation from single substitutional 
nitrogen to the more complex B-form 
nitrogen requires very high tempera- 
tures and pressures: 2500°C and 9.5 
GPa for several hours (I. Dobrinets et 
al., HPHT-Treated Diamonds: Dia- 
monds Forever, Springer Science & 
Business Media, 2013, p. 41) and gen- 
erally requires a high starting concen- 
tration of nitrogen. This CVD 
synthetic diamond had low total ni- 
trogen content and was grown under 
vacuum and likely irradiated and an- 
nealed at atmospheric pressure, mak- 
ing the occurrence of H4 even more 
puzzling. It is possible that the H4 was 
created during the irradiation and an- 
nealing process, but among the many 
samples GIA has examined, this was 
the first observation of this defect in a 
CVD synthetic diamond. 


Troy Ardon and 
Christopher M. Breeding 


HPHT Synthetic Diamond Melee 
Without Si or Ni Defects 
Near-colorless synthetic diamond 


melee grown using the high-pressure, 
high-temperature (HPHT) method 


Figure 14. These four near-color- 
less round brilliant melee were 
identified as HPHT synthetic dia- 
monds lacking the typical Si- and 
Ni-related defects. 


have created significant concern in the 
industry, and various screening meth- 
ods have been developed to take into 
account their most reliable distin- 
guishing features. In general, the spec- 
imens described in previous Lab Notes 
(e.g. Summer 2015, pp. 183-184) were 
very small round faceted goods ranging 
between 0.005 and 0.01 ct. 

Recently GIA’s Bangkok laboratory 
received four loose near-colorless 
round brilliants for quality assurance 
service (figure 14). They weighed be- 
tween 0.07 and 0.09 ct, slightly more 
than previously submitted melee. All 
were identified as type IIb HPHT- 
grown material using FTIR spectrom- 
etry. Their most interesting feature 
was the absence of silicon- or nickel- 
related emission peaks when analyzed 


Figure 13. Photoluminescence spectra of the pink CVD synthetic diamond showed the occurrence of an H4 defect 


(left) as well as a SiV- defect (right). 
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Figure 15. The PL spectra features observed at liquid nitrogen temperature lacked the 736.6/736.9 nm emission 
doublet related to the SiV- defect (left, 514 laser excitation) and the Ni-related defect doublet at 883/884 nm (right, 


830 nm laser excitation). 


at liquid nitrogen temperature by PL 
spectroscopy (figure 15). The spectra 
typically observed in HPHT synthetic 
diamonds show an emission doublet 
related to the negatively charged sili- 
con split-vacancy defect SiV at 
736.6/736.9 nm and an associated Ni- 
related defect at 883.0/884.7 nm (Sum- 
mer 2015 Lab Notes, pp. 183-185). 
The growth patterns observed in 
the DiamondView were an identifying 
feature that did remain the same. The 
characteristic angular growth patterns 
and blue-green fluorescence, together 
with an associated green phosphores- 
cence, still provide important evi- 
dence that aid in the separation of 
natural and synthetic diamonds (figure 
16). Examination with a gemological 


Figure 16. These DiamondView 
fluorescence and phosphores- 
cence images of a 0.081 ct sample 
show growth patterns character- 
istic of HPHT synthetic diamond. 
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microscope revealed metallic and rod- 
like inclusions (figure 17) that also as- 
sisted in identifying these melee as 
synthetic diamonds. 

The study of these four melee-size 
HPHT synthetic diamonds revealed 
atypical PL spectra. However, other 
means of identification (inclusions, 
growth patterns as seen via the Dia- 
mondView, and their phosphorescence 
reactions) still played an important 
role in their identification. It is inter- 
esting to note that HPHT synthetic 
melee diamonds being submitted to 
GIA for identification are getting 
larger, indicating the continuous im- 
provement of synthetic technology. 

Piradee Siritheerakul and 
Wuyi Wang 


Figure 17. Darkfield illumination 
reveals rod-like inclusions in a 
0.087 ct HPHT-grown melee dia- 
mond. 
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HPHT Synthetic Diamond with 
Intense Green Color 

HPHT-grown synthetic diamonds are 
predominantly colorless, yellow, and 
blue, depending on the control of im- 
purities during growth. Other colors 
are very rare. In this study, we report 
on an intensely colored green HPHT 
synthetic diamond identified in the 
New York laboratory. 

This square-cut synthetic dia- 
mond, which weighed 0.42 ct and 
measured 4.42 x 4.34 mm with a 
depth of 2.59 mm, was graded as 
Fancy Deep green (figure 18). Initial 
observation revealed strong color zon- 
ing with narrow, colorless growth sec- 
tors on the pavilion that were visible 
without magnification. An abundance 
of small metallic inclusions observed 
under magnification (figure 19) caused 
the sample to exhibit magnetism. 
Magnetism is a common but not diag- 
nostic feature in HPHT synthetic dia- 
monds. Natural diamonds may also 
exhibit magnetism, though only in ex- 
tremely rare cases (G.R. Rossman and 
J.L. Kirschvink, “Magnetic properties 
of gem-quality synthetic diamonds,” 
Fall 1984 Ge&G, pp. 163-166). 

Upon further examination, the di- 
amond was determined to be type IIb 
(containing the impurity boron), as 
seen from its mid-FTIR absorption 
spectrum (figure 20). The concentra- 
tion of uncompensated boron in this 
diamond was 0.013 + 0.003 ppma. 
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Figure 18. This 0.42 ct green 
HPHT synthetic diamond dis- 
played strong growth sectors 
that were observed without 
magnification. 


This amount, though detectable, did 
not contribute to the green color. 
Many synthetic diamonds grown by 
New Diamond Technology (NDT) in 
Russia reportedly also contain this 
level of boron impurity, as it is incor- 
porated during the growth process (B. 
Deljanin et al., “NDT breaking the 10 
carat barrier,” Contributions to 
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Figure 20. The green synthetic diamond’s mid-FTIR spectrum, which de- 
termined that the material was type IIb, showed an uncompensated 


boron concentration at ~0.013 ppma. 


Gemology, No. 15, 2015). Diamond- 
View imaging revealed the typical 
hourglass growth structure of HPHT 
synthetic diamonds (figure 21), along 
with extremely strong phosphores- 
cence for which the presence of boron 
might be responsible. Noted in the 
FTIR spectrum was an absorption fea- 
ture related to nitrogen impurity, a rel- 
atively strong peak at 1332 cm™ caused 
by N-. It is unusual to see such features 
in today’s synthetic diamonds. A UV- 
Vis-NIR absorption spectrum showed 


Figure 19. The green synthetic diamond displayed strong magnetism, 
caused by abundant metallic inclusions. Field of view ~1.4 mm. 
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strong nickel-related absorption, with 
a band observed at ~685 nm (figure 2.2). 
This center, due to a Ni‘ interstitial 
vacancy, creates a “transparent” win- 
dow at approximately 555-585 nm, re- 
sulting in an observed green color. This 
diamond was most likely HPHT 
treated post-growth to activate the Nit 
and cause this intense absorption. It is 
very rare to see HPHT synthetic dia- 
mond with an intense green color at- 
tributed to a nickel-related impurity. 
In addition to boron and nickel, 
this synthetic diamond also contained 
the SiV- impurity in its crystal lattice. 
Recent studies have shown that while 
this impurity is common in CVD- 
grown diamonds, it may also be ob- 
served in HPHT-grown diamonds 
(U.ES. D’Haenens-Johansson et al., 
“Near-colorless HPHT synthetic dia- 
monds from AOTC Group,” Spring 
2014 GwG, pp. 30-45). The distribu- 
tion of Si and Ni impurities were 
mapped using Raman mapping tech- 
niques, and the results proved consis- 
tent with previous studies of near- 
colorless HPHT-grown diamonds also 
observed in the trade (P. Johnson et al., 
“Discovery and distribution of the [Si- 
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633 (SiV-) 


Figure 21. An oriented DiamondView image (left) and 633 and 785 nm PL maps (right) show the SiV- and Ni* de- 
fects confined to the {111} growth sectors. 


V]- defect in HPHT-grown gem-qual- 
ity diamonds,” 2015 GSA Annual 
Meeting, paper No. 300-12), with both 
the Ni* and SiV- confined to the {111} 
growth sectors. Typically observed in 
HPHT-grown diamonds, these {111} 
sectors are the most developed and 
dominate the diamond crystal’s mor- 
phology. The SiV- center does not 


contribute to the color of these syn- 
thetic diamonds, and it is either in- 
tentionally or unintentionally 
incorporated during crystal growth 
(again, see figure 21). 

These spectroscopic and gemolog- 
ical features, with the exception of 
the green color resulting from nickel, 
were consistent with typical HPHT 


Figure 22. The HPHT synthetic diamond’s UV-Vis-NIR spectrum dis- 
played a very intense Ni-related absorption. 


UV-VIS-NIR SPECTRUM 


ABSORBANCE —> 


Ni 


T 
400 500 600 


T 
700 800 900 


WAVELENGTH (nm) 


98 LAB NoTES 


Gems & GEMOLOGY 


synthetic diamond. This is the first 
instance in which nickel has been re- 
ported to contribute to the deep green 
color of a synthetic diamond. This 
finding could indicate a new develop- 
ment in growth technology and a new 
material making its way into the dia- 
mond trade. This example was sub- 
mitted as an undisclosed synthetic 
diamond and was subsequently issued 
an identification report. 

Developments in synthetic dia- 
mond growth technologies (both CVD 
and HPHT) continue to emphasize 
the need for careful observation and 
testing techniques to identify the new 
types of materials encountered in the 
gem trade today. 


Paul Johnson and Elina Myagkaya 


Multi-Elemental Diffused and Melt- 
Grown SYNTHETIC SAPPHIRE 

GIA’s Carlsbad laboratory examined a 
4.21 ct faceted blue oval. Standard 
gemological testing determined that 
the stone was uniaxial negative and 
had an RI of n, = 1.759 and n, = 1.769, 
with a corresponding birefringence of 
0.010. Hydrostatic SG was measured 
as 4.00. The stone was inert to long- 
wave UV and showed medium chalky 
blue color to short-wave UV. These 


SPRING 2017 


Figure 23. Top left: Color concentration was seen along the pavilion facet 
junctions of the synthetic sapphire, and blue halos were shown on the 
table facet. Top right: A spherical gas bubble was observed. Bottom left: 
Numerous clouds were visible throughout the stone. Some formed finger- 
print-like patterns. Bottom right: Under the DiamondView's short-wave 
UV radiation, blue fluorescence was absent where there were concentra- 
tions of the diffusion color in the stone. Fields of view: 9.61 mm (top left), 
1.25 mm (top right), 2.9 mm (bottom left), and 8.58 mm (bottom right). 


properties were consistent with 
heated sapphire, either natural or syn- 
thetic. Under magnification and dif- 
fused transmitted lighting, a blue 
color concentration was observed 
along the facet junctions on both the 
pavilion and crown facets, along with 
a few large blue halos on the table 
facet (figure 23, top left), which indi- 
cated that the stone had been tita- 
nium diffused (R.E. Kane et al., “The 
identification of blue diffusion-treated 
sapphire,” Summer 1990 GwG, pp. 
115-133; Summer 2015 GNI, pp. 203- 
205). Under darkfield lighting, indi- 
vidual large spherical gas bubbles 
were present (figure 23, top right). Nu- 
merous clouds observed throughout 
much of the stone could have easily 
been mistaken for natural clouds. 
Some of them grouped to form natu- 
ral-looking fingerprint-like inclusions 
(figure 23, bottom left). The stone’s in- 
ternal characteristics indicated a 
melt-grown synthetic origin. How- 
ever, when immersing in methylene 
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iodide under crossed polarizers and 
viewing down the optic axis, no Plato 
lines were observed (see W. Plato, 
“Oriented lines in synthetic corun- 
dum,” Fall 1952 GwG, pp. 223-224). 
The absence of Plato lines does not 
rule out flame-fusion growth. The 
heat from diffusion treatment can re- 
duce the visibility of Plato lines (S. 
Elen and E. Fritsch, “The separation 
of natural from synthetic colorless 
sapphire,” Spring 1999 GwG, pp. 30- 
41). More advanced testing is needed 
to reveal all the physical and chemical 
properties of this unique stone. 
Under the short-wave radiation (a 
20-nm-wide band centered at 225 nm} 
in a DiamondView device, the stone 
displayed a strong chalky blue fluores- 
cence. Hughes and Emmett (2005) 
concluded that the chalky blue fluo- 
rescence was due to isolated Ti* ions, 
or Ti-Al vacancy pairs. The strength 
of the chalky fluorescence depends on 
the growth temperature and Ti* con- 
centration relative to other impuri- 
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ties. In melt-grown corundum, the 
high growth temperature allows Ti* 
to pair with Al vacancies more easily 
than other charge compensating ions; 
this creates the chalky fluorescence. 
In contrast, Pairing of Ti** with other 
ions (usually Fe’* or Mg”*) and the 
presence of Fe** ions prevent fluores- 
cence. That could explain why the 
chalky fluorescence was not present 
where the blue diffusion color was 
concentrated (R. Hughes and J. Em- 
mett, “Heat seeker: UV fluorescence 
as a gemological tool,” 2005, 
www.ruby-sapphire.com/heat_ 
seeker_uv_fluorescence.htm). 

LA-ICP-MS analysis was per- 
formed on the girdle of the stone. 
Three laser ablation spots were 
drilled six times down into the stone. 
The concentration vs. depth profile is 
shown in figure 24. From the surface 
of the stone to around 180 pm depth, 
the Be concentration decreased from 
76.8 to 13.9 ppma, Mg from 7.8 to 0.8 
ppma, Ti from 580 to 391 ppma, Fe 
from 390 to 83.4 ppma, and Ga from 
6.12 to 1.36 ppma. The results con- 
firmed diffusion treatment, not only 
by Ti and Fe but also by Be, Mg, and 
Ga. The presence of Mo provided 
some indication of synthetic origin. 
In a GIA identification report, the 
stone was described as titanium and 
beryllium diffused. It is the first time 
GIA has examined a multi-elemental 
diffused and melt-grown synthetic 
sapphire. 


Ziyin Sun, Jonathan Muyal, and 


Nicole Ahline 
TOURMALINE 
Paraiba Tourmaline with Unusual 
Coating 


Paraiba tourmaline, named after the 
Brazilian state where it was discov- 
ered in the late 1980s, is a precious 
copper-bearing tourmaline variety 
(e.g., J-E. Shigley et al., “An update on 
‘Paraiba’ tourmaline from Brazil,” 
Winter 2001 GWG, pp. 260-276). 
Treatments such as heating and clar- 
ity enhancement have been described 
(e.g., S-E McClure et al., “Gemstone 
enhancement and its detection in the 
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Figure 24. The synthetic sapphire’s concentration vs. depth profile re- 
vealed that concentrations of Be, Mg, Ti, Fe, and Ga decreased signifi- 
cantly when the laser ablation spots went deeper into the stone. 


2000s,” Fall 2010 G&G, pp. 218-240), 
but coating has never been reported. 
A Paraiba tourmaline ring with an 
unusual coating was recently submit- 
ted to GIA’s Tokyo laboratory for 
identification and origin service (fig- 
ure 25). Standard gemological proper- 
ties revealed an RI of 1.640-1.620, 


Figure 25. The Paraiba tourma- 
line in this ring had an unusual 
submetallic surface coating. 
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consistent with tourmaline. The 
stone showed medium to strong 
dichroism displaying greenish blue 
and light blue colors. Natural inclu- 
sions such as trichites and finger- 
prints were observed. We identified 
the stone as tourmaline using Raman 
spectroscopy. EDXRF and UV-Vis 


spectroscopy were performed to con- 
firm the presence of copper within the 
material, as well as the material’s 
cause of color. 

Viewed face-up with the unaided 
eye, the stone appeared normal. How- 
ever, the coated surface looked differ- 
ent under reflected lighting and 
darkfield illumination (figure 26, left). 
A brassy, uneven submetallic luster 
was observed under reflected light, 
while whitish features in the sub- 
metallic luster area (figure 26, right) 
appeared under darkfield illumina- 
tion. Coatings typically show signs of 
wear due to their low durability. This 
is often seen at the facet junctions. 
This coating did not show signs of 
wear and could not be removed using 
a standard ink pen eraser. 

LA-ICP-MS chemical analyses de- 
tected elements such as B, Li, and Na, 
indicating elbaite tourmaline. How- 
ever, strong early (near-surface) peaks 
of elements Pt, W, and Mo, which are 
not normally contained in natural 
tourmaline, were detected. We deter- 
mined that this chemistry difference 
probably resulted from the submetal- 
lic surface coating. As with Pt- and Pt- 
related coatings, it is possible that the 
coating was used to improve abrasion 
resistance (e.g., K. Schmetzer, “Sur- 
face treatment of gemstones, espe- 
cially topaz — an update of recent 
patent literature,” Journal of Gem- 
mology, Vol. 31, No. 1, 2008, pp. 7-13) 


Figure 26. Left: An uneven submetallic coating with an irregular pattern is 
revealed with reflected light. The white dashed box represents the area 
shown in the right photo. Field of view 3.33 mm. Right: Under brightfield 
illumination, a part of the left table facet shows whitish surface struc- 
tures surrounding the metallic luster domains. Field of view 1.31 mm. 
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or to assist with scanning electron mi- 
croscopy (SEM) observation (e.g., I. 
Stokroos et al., “A comparative study 
of thin coatings of Au/Pd, Pt and Cr 
produced by magnetron supporting 
for FE-SEM,” Journal of Microscopy, 
Vol. 189, No. 1, 1998, pp. 79-89). 

The reason for applying this coat- 
ing is unknown. This is the first time 
GIA’s laboratory has observed coated 
Paraiba tourmaline. 


Kazuko Saruwatari and 
Philip G. York 


RUBELLITE with Incredibly Strong 
“Pink Sleeves” 

GIA’s Hong Kong laboratory recently 
examined a purplish red cabochon-cut 
rubellite tourmaline. Standard gemo- 
logical tests yielded a spot RI of 1.64 
and SG of 3.06, which are consistent 
with tourmaline. Magnification re- 
vealed strong doubling, fluid inclu- 
sions, and parallel growth tubes, all 
typical of tourmaline. What made this 
specimen unusual were its localized 
zones of strong pink coloration sur- 
rounding surface-reaching growth 
tubes and fractures (figure 27, left). 
Bleeding of pink color from the 
growth tubes into the body of the 
stone was best observed looking down 
the length of the growth tubes (figure 
27, right); the pink color gradually 
faded away into the surrounding tour- 
maline host. This type of zoning has 
come to be known as “pink sleeves.” 
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Figure 27. Left: Surface-reaching growth tubes and fractures associated 
with strong pink sleeves, whose color became weaker as they penetrated 
the stone’s interior; field of view 2.83 mm. Right: Looking down the length 
of the growth tubes, bleeding of pink color was observed; field of view 
1.13 mm. 


It is different from dye concentra- 
tions, which would only be located 
inside the surface-reaching growth 
tubes and fractures. 
Radiation-induced pink sleeves 
surrounding surface-reaching growth 
tubes and fractures have been re- 
ported in Paraiba tourmalines from 
Mozambique. The formation is be- 
lieved to be due to a radioactive solu- 
tion entering the growth tubes and 
fractures by capillary action, and the 
presence of pink sleeves proves that 
the stone has not undergone heat 
treatment. (J.I. Koivula et al., “Solu- 
tion-generated pink color surrounding 
growth tubes and cracks in blue to 
blue-green copper-bearing tourma- 
lines from Mozambique,” Spring 2009 
Gea, pp. 44-47). To the best of our 
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knowledge, the incredibly strong pink 
sleeves seen in this rubellite have not 
been previously reported in either 
Paraiba or rubellite tourmaline. 


Xiaodan Jia and Mei Mei Sit 
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Ametrine Optical Dishes: Windows into the 
Effects of Crystal Structure 


During exploration of a gem’s interior, it is important to un- 
derstand how crystal structure affects the incorporation and 
orientation of inclusions, how an inclusion can affect its 
host, how interpretation of observations can depend on 
point of view, and the nature of light as it passes through a 
crystal—host or inclusion. As proposed earlier in this col- 
umn (Spring 2016, p. 81), polished inclusion study blocks 
are ideal for showcasing, studying, and reviewing basic con- 
cepts relating to the micro-world. Here we take a look at 
light and crystal structure. 

Of all the varieties of quartz, ametrine is perhaps the 
most fascinating to observe. While its stunning color zon- 
ing makes it a popular designer gemstone, it also encom- 
passes several optical properties unique to different quartz 
varieties that can all be explored in one specimen. Almost 
unrecognizable as quartz, ametrine crystals are deeply 
etched (figure 1, left) and have abundant healed fractures. 
The only clues to the trigonal symmetry typical of quartz 
are occasional rhombohedral faces and, very rarely, an enig- 
matic flat termination manifesting a three-armed figure 
(figure 1, right). Only when a basal section is made by cut- 
ting a slice perpendicular to the c-axis is the improbable 
yet beautiful combination of citrine and amethyst revealed. 


About the banner: In this scene, pyrite inclusions have dissolved, leaving 
behind hematite and goethite, both of which react dramatically to polarized 
light. Photomicrograph by John Koivula; field of view 10 mm. 

Editors’ note: Interested contributors should contact Nathan Rentro at 
nrenfro@gia.edu and Jennifer-Lynn Archuleta at jennifer.archuleta@gia.edu 
for submission information. 
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Figure 1. Left: An 85 x 25 mm ametrine crystal from 
Bolivia’s Anahi mine exhibits the deeply etched prism 
faces typical of this quartz variety. Right: The crystal’s 
termination, viewed in the direction of its c-axis, dis- 
plays a rare “Y”-shaped manifestation of the crystal’s 
trigonal symmetry. Slices made perpendicular to this 
direction will reveal this symmetry with alternating 
amethyst and citrine sectors. Since the optic axis par- 
allels the c-axis located at the intersection of the “Y” 
arms, all paths of light found across this termination 
face will be along the optic axis. Photos by Elise A. 
Skalwold. 


Beauty and function are married in an ametrine study 
block oriented so that the view through its two largest faces 
is directly along the optic axis of a crystal, as seen in figure 
1. The innovation of adding a set of concave dishes for sam- 
pling each color zone, as well as the borders between them, 
reveals truly remarkable optical phenomena (figures 2. and 
3). These optical dishes allow the viewer to see light passing 
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Figure 2. An ametrine study block with concave 
dishes cut and polished into its surface, including one 
on the opposite side. Viewed in transmitted light 
along the optic axis direction (i.e., all paths parallel to 
the c-axis), as in figure 1 (right), the trigonal symmetry 
of the crystal defines the citrine and amethyst sectoral 
zoning and allows observation of the effects of the 
optic axis on light. This specimen was fashioned by 
Nathan Renfro. Photo by Kevin Schumacher. 


through the specimen in many directions, as does the strain- 
free glass sphere familiar to gemologists for use with a po- 
lariscope (figure 4). When viewed between crossed polarizing 
filters, these dishes dramatically display the different uni- 


Figure 4. Left: A section through part of the study 
block. The dish serves as a concave (negative) lens 
that causes the light rays to diverge. Right: A gemolo- 
gist’s strain-free glass sphere is used to observe an in- 
terference figure. Although the rays first converge at 
the base of the sphere, they ultimately diverge just 
like the rays in the figure on the left. Illustration by 
William A. Bassett. 
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Figure 3. Placing the study block between crossed 
polarizing filters in transmitted light results in a va- 
riety of bull’s-eye optic figures that form in the di- 
vergent light produced by the concave dishes. The 
citrine sectors under the minor rhombohedral faces 
(z) are free of twinning and show a classic bull’s-eye 
optic figure with varying colors due to slightly dif- 
ferent thicknesses. The amethyst sectors display an 
Airy’s spiral (middle row, right dish) produced by 
the alternating layers of left- and right-handed 
quartz of the Brazil-law twinning that formed under 
the crystal’s major rhombohedral faces (r); broadly 
angled colors in these latter areas are also indica- 
tive of this twinning. The dish on the upper right is 
a distorted figure on the border of the sectors. Photo 
by Kevin Schumacher. 


axial optic figures unique to quartz, which vary depending 
on thickness and placement in the sectors: the classic 
“pull’s-eye” optic figure seen in the untwinned citrine sec- 
tors, an Airy’s spiral in the amethyst sectors, and a distorted 
figure produced in a border region. All of these observed phe- 
nomena are produced by optical activity (i.e., the rotatory 
dispersion of light as it travels along the optic axis direction 
within the quartz crystal). By analyzing these figures, we can 
determine handedness and the effects of thickness, while 
observations of the amethyst’s Brazil-law twinning may help 
distinguish natural versus synthetic origin. 

For an in-depth analysis of the phenomenon of optical 
activity and the origin of quartz’s optic figure, see E.A. 
Skalwold and W.A. Bassett, Quartz: A Bull’s Eye on Op- 
tical Activity, Mineralogical Society of America, 2016, 
www.minsocam.org/msa/OpenAccess_publications/ 
Skalwold/Quartz_Bullseye_on_Optical_Activity.pdf. 


Elise A. Skalwold and William A. Bassett 
Ithaca, New York 
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Figure 5. This 6.92 mm bastndsite-(Ce) from Pakistan 
contains numerous straight and curving acicular in- 
clusions of astrophyllite. Photo by Kevin Schumacher. 


Astrophyllite in Bastnasite-(Ce) 


Pakistan’s Zagi Mountains are known as a source for both 
astrophyllite and bastnasite-(Ce). The two minerals often 
grow together, with bastnasite-(Ce) overgrowing stalks and 
fibers of astrophyllite; the latter is then sometimes incor- 
porated as inclusions in the bastnasite-(Ce). We refer to 
these types of inclusions as “protogenetic.” 

The author recently had the opportunity to examine 
the brownish orange bastndasite-(Ce) seen in figure 5. The 
1.40 ct oval modified brilliant, provided by Luciana Barbosa 
(Gemological Center, Asheville, North Carolina), hosted 
an abundance of eye-visible inclusions of astrophyllite (fig- 


Figure 6. Magnification affords a more detailed view of 
the bastndsite-(Ce) inclusions. Photomicrograph by 
Nathan Renfro; field of view 2.85 mm. 


ure 6), both straight and curved, that were identified by 
Raman analysis. Some of the included fibers and stalks ap- 
pear to have been partially altered or coated with iron com- 
pounds. 


John I. Koivula 
GIA, Carlsbad 


Flashes and Flames in Ethiopian Opal 

The relatively new source for precious opal located in 
Ethiopia’s Wollo Province produces material with vibrant 
play-of-color and occasionally with interesting inclusions. 


Figure 7. This 2.68 ct opal displayed play-of-color when viewed face-up (left) and flame-like chatoyancy on its 
slightly domed base (right). A more pronounced dome might have had the effect of sharpening the sheen into a 
cat’s eye. Photos by Kevin Schumacher. 
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of the spectrum edges of the dispersed 
image. Some easily confused gemstones have 
characteristic strength of dispersion which 
can be used in some instances to separate 
them without the use of instruments. For 
instance, even if twin spectra are not seen 
in a purple stone which could be amethyst 
or glass, the dispersion of glass is usually so 
much greater than amethyst that this obser- 
vation alone will normally separate them. 

While observing the stone for the three 
factors already discussed, it is a simple 
matter to come to a decision as to. whether 
the stone is well polished or not. If the 
dispersed image of the light source is sharp 
and well defined the stone is well polished. 
In a poorly polished stone these images 
ate distorted and irregular. Stones that 
are molded or paper worn will give similar 
effects to those of poorly polished stone, 
and occasionally no decisions may be 
reached. Of course, the stone must be clean 
for all these observations. 


Several stones that were observed have 
distinctly unique spectra. One such is the 
ted glass which imitates garnet. In this 
case the green is almost completely ab- 
sorbed. Garnet, on the other hand, has a 
clear-cut spectrum no matter how deep 
the color of the stone provided. Fine alex- 
andrite will, in artificial light, show a 
unique spectrum in that the red is very 
strong and the blue-green is almost com- 
pletely halved by a broad absorption band. 
In daylight, the red of the spectrum is 
very weak while the blue-green is strong, 
and the absorption barid is weak. Other 
characteristic spectra and their use in iden- 
tification will be discussed below as the 
various stones are mentioned. 

Although this article is based upon a 
test for which no instruments need be used, 
if a check on whether a spectrum is really 
doubled or not is desired, a polaroid plate 
rotated between the stone and the light 
will quickly allow a decision to be made 


e Proper position to hold stone in relation to light 
source is here demonstrated by G. Robert Crowning- 
shield. 
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A recently examined 2.68 ct cabochon contained a scatter- 
ing of octahedral metal sulfide inclusions (relatively com- 
mon in Ethiopian opal) along with an unusual combination 
of optical phenomena: play-of-color and chatoyancy. Face- 
up, the stone showed the typical flashes of colors one 
would expect in precious opal (figure 7, left). However, the 
back of this cabochon contained an interesting structure 
that produced a sheen-like chatoyancy over its slightly 
rounded surface (figure 7, right). This chatoyant zone was 
strikingly similar to the flame structure seen in some non- 
nacreous pearls, which is produced by an intricate struc- 
ture of aragonite crystal laths (figure 8). In the case of this 
opal, the flame-like structure’s cause remains an enigma, 
though it could be due to the structural influence of a pre- 
existing fibrous mineral replaced by opal. Unfortunately, 
Raman analysis was unable to detect any presence of an- 
other mineral phase in the chatoyant area, so the exact 
cause of chatoyancy is still unknown. 

Chatoyancy is not unheard of in opal, though it is quite 
rare in precious material. Cat’s-eye common opal from Tan- 
zania owes its optical effect to arrays of parallel needles, 
while the asterism and chatoyancy unique to the precious 
opal of Spencer, Idaho, are due to the arrangement of the 
same silica micro-spherules responsible for its play-of-color. 
At least one cat’s-eye precious opal was observed to even 
“wink” at the viewer when viewed with opposing lighting 
(Summer 2003 Lab Notes, p. 148). This Ethiopian opal cabo- 
chon joins the rarefied group of chatoyant precious opal 
with its unusual phenomenal display of flashes and flames. 


Nathan D. Renfro 
GIA, Carlsbad 


Elise A. Skalwold 


Figure 8. The fibrous nature of the opal’s unusual cha- 
toyant zone is clearly revealed, along with the numer- 
ous minute octahedral black metal sulfide crystals 
that are a common inclusion in opal from Wollo. 
Oblique fiber-optic illumination. Photomicrograph by 
Nathan Renfro; field of view 2.73 mm. 
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Figure 9. With fiber-optic illumination, a sharp, 
bright pink chatoyant band extends across the sur- 
face of a 1.89 ct dark brown button-shaped imita- 
tion pearl perpendicular to its internal fibrous 
structure. Photo by Robert Weldon/GIA. 


Imitation Cat’s-Eye Pen “Pearls” 


Chatoyancy is an optical phenomenon commonly seen in 
gemstones that have an abundance of parallel solid or hol- 
low long acicular inclusions in which an eye-like band is 
produced when viewed in strong light. Fine cat’s-eye gem- 
stones of various mineral species are prized; however, nat- 
ural chatoyancy in pen pearls would be an extraordinary 
occurrence. During a recent study on reportedly non- 
nacreous pearls from the Dr. Eduard J. Gtibelin Collection, 
the author found three dark brown button-shaped samples 
stated to be from a Pinna species mollusk. All three sam- 
ples displayed an attractive cat’s-eye effect when illumi- 
nated under a fiber-optic light or any single white light 
(figure 9). In each specimen, the chatoyant band manifested 
as a single bright pink line extending across the surface in 
a direction perpendicular to the internal fibrous structure. 

Evidence of human manipulation includes fine linear 
features present in random directions across cellular struc- 
tures; these are proof of work carried out during the fashion- 
ing of the samples into cabochons. Microscopic examination 
revealed the fibrous structure as numerous well-formed, 
minute parallel acicular crystals. Infrared spectroscopy sub- 
sequently confirmed the crystals to be calcite. The calcite 
was arranged in a vertical columnar orientation rather than 
in a radial and concentric structure characteristic of non- 
nacreous Pinna (pen) pearls, which led to further doubts con- 
cerning the “pearl” identity of the samples. 
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Figure 10. Fluorescence images reveal banded features, typical of shell, at asm angles to the vertical columnar 
structure of the calcite crystals (left). A mosaic pattern (right) is apparent looking down the hexagonal cross- 
section of the calcite columns. Photomicrographs by Artitaya Homkrajae; fields of view 2.88 mm and 1.44 mm, 


respectively. 


Microradiography of all three samples revealed tight in- 
ternal structures. The obvious radial structures that would 
be expected in pen pearls were not observed (N. Sturman 
et al., “Observations on pearls reportedly from the Pin- 
nidae family (pen pearls),” Fall 2014 GWG, pp. 202-215). 
Based on its external and internal features, this material 
was almost certainly the same type of imitation pearl pre- 
viously reported in G#G (Winter 2011 GNI, pp. 330-332). 

Fluorescence images taken of one specimen using a po- 
larizing microscope and an ultraviolet excitation filter with 
a wavelength range of 330-380 nm (figure 10, left) reveal a 
prominent banded structure at right angles to the calcite 
columns. When viewed at right angles to their lengths 
under the same conditions, the long, thin calcite crystals 
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reveal a hexagonal cross-section, creating a striking mosaic 
or cellular pattern (figure 10, right). The cells varied in 
form, and their approximate diameters ranged from 15.50 
to 38.00 microns. 

These samples were appealing for the magnificent kalei- 
doscopic colors that were seen using fiber-optic illumination 
(figure 11). The semitranslucent to translucent nature of the 
crystals allowed light to pass through and produce vibrant, 
colorful scenes owing to the interference of the light rays that 
were reflected and refracted when interacting with the crys- 
tals. As one can see, exploration of the micro-world is not 
only important to forensics—it can also be quite beautiful. 

Artitaya Homkrajae 
GIA, Carlsbad 


Figure 11. Under fiber- 
optic light, magnificent 
reflective kaleidoscopic 
colors of pink, yellow, 
and green are revealed 
from the well-formed 
acicular calcite crystals 
after mineral oil is ap- 
plied to the sample’s 
surface. Photomicro- 
graph by Artitaya 
Homkrajae; field of 
view 3.57 mm. 
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Figure 12. A beautiful iridescent rosette pattern 
made up of flattened negative crystals appears 
around the primary negative crystals when illumi- 
nated by oblique fiber-optic lighting. Photomicro- 
graph by Victoria Raynaud; field of view 1.07 mm. 


Negative Crystals in Sapphires 

Negative crystals, or cavities within a crystal, and fluid in- 
clusions occur in almost every mineral. They are generally 
too small to notice without high magnification, but these 
modest features hold great beauty and scientific value. 
These microscopic features are valuable to understanding 
the growth of continents, the rise of mountains, and the 
formation of gems. The following photos show beautiful 
examples of such inclusions in sapphires from the Baw Mar 
mining area in Mogok, Myanmar. Some of these fluid in- 
clusions are arranged in a “rosette” pattern consisting of a 
large flattened negative crystal surrounded by smaller ones. 
This structure is always seen perpendicular to the c-axis 
(figure 12). The larger primary inclusions like those seen 
in figure 13 are characterized by their high relief and may 
display triangular growth markings as well as beautiful iri- 


Figure 13. These two large primary fluid inclusions 
containing a black solid phase are associated with 
fingerprints that have a variable orientation. The 
photo was taken along the c-axis in darkfield illumi- 
nation. Photomicrograph by Victoria Raynaud; field 
of view 1.07 mm. 


descence under oblique fiber-optic illumination. Other 
negative crystals associated with healed fissures are ob- 
served in random orientation. The smaller, more delicate 
fluid inclusions in these structures have a smoother out- 
line, while the fingerprints themselves are often associated 
with the primary negative crystals. 

The multiphase inclusion in figure 14 contains a gas, a 
liquid, and at least one solid. When the specimen was gen- 
tly heated by the microscope’s well light, the gas and the 
liquid homogenized. Raman spectroscopy identified the 
gas phase as pure CO, and the opaque solid as marcasite. 
Using the same method, we also identified diaspore fibers, 
seen as faint lines in the inclusions, and a miniscule 
siderite crystal. Although fluid inclusions are common in 
most blue sapphires, the examples from Baw Mar reveal 
these fascinating inclusions in an appealing way. 


Figure 14. Left: A large fluid inclusion containing a CO, gas bubble and a marcasite crystal. The primary inclusion 
is surrounded by smaller inclusions that make up a healed fissure. Right: When the sample was gently heated, the 
gas bubble disappeared as the gas and liquid homogenized. The sample is illuminated using diffused backlighting. 
Photomicrographs by Victoria Raynaud; field of view 1.20 mm. 
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Figure 15. The interior of this 5.10 ct Sri Lankan topaz 
is dominated by a dramatic inclusion scene. Photo by 
Kevin Schumacher. 


These photos were taken as part of a research project 
to document the blue sapphires from the Baw Mar mine. 
The complete report of this study can be found at 
https://www.gia.edu/gia-news-research/blue-sapphires- 
baw-mar-mine-mogok-myanmar. 

Victoria Raynaud and Wim Vertriest 
GIA, Bangkok 


Quarterly Crystal: Mystery in Topaz 


Occasionally we run into an inclusion identification prob- 
lem we just can’t solve. Such was the case with the 5.10 ct 
topaz from Elahera, Sri Lanka, shown in figure 15. This 
transparent colorless crystal, acquired from Kusum S. Nao- 
tunne (Colombo, Sri Lanka), hosts a prominent translucent 
light green crystal and a flowery cluster of hexagonal 
opaque silvery black plates (figure 16). The bodycolor and 
characteristic form of the green inclusion suggest fluorite; 
this was confirmed by laser Raman micro-spectrometry. 
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Analysis of the opaque black plates was a more diffi- 
cult matter. GIA’s Carlsbad lab staff employed Raman to 
identify the plates, but the inclusion was too deep to get 
any signal other than the spectral lines of the topaz host. 
Energy-dispersive X-ray fluorescence (EDXRF) was at- 
tempted to pick up any hints of the plates’ chemical com- 
position, but useful information continued to elude such 
efforts. It became clear that destructive analysis would be 
needed to clearly identify the black plates. Since this was 
an inclusion combination, we decided that this topaz 
should be preserved unaltered for future exploration. 
Surely one day technological advances will allow the iden- 
tification of this mystery inclusion, but for now it is 
enough to enjoy the aesthetics of such a beautiful included 
crystal and the fascinating exploration of its inner world. 


John I. Koivula 


Figure 16. While the light green crystal was identified 
as fluorite by Raman analysis, the opaque platy in- 
clusions were too deep to be identified. Photomicro- 
graph by Nathan Renfro; field of view 5.87 mm. 
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1. Which statement about pink CVD 
synthetic diamonds is usually true? 
A. They demonstrate no fluores- 
cence to long-wave UV light. 
B. They show weak red fluores- 
cence to long-wave UV light. 
C. They show blue fluorescence 
to long-wave UV light. 
D. They start out as light brown 
CVD material. 


2. Which statement about ruby 
mining in northern Mozambique is 
true? 

A. Montepuez Ruby Mining plans 
to incorporate more automa- 
tion in the sorting process. 

B. Activity is slowing down. 

C. The highest-quality rubies are 
coming from Napula. 

D. Garimpeiros will play a more 
significant role as the existing 
deposits are further developed. 


3. In general, rough diamonds from 
the Diavik mine demonstrate 

A. cubic morphology and near 
colorless to yellow colors. 

B. dodecahedral morphology and 
brown color. 

C. octahedral morphology and 
D-Z color. 

D. octahedral morphology ac- 
companied by complete or 
partial coatings. 


4. CVD synthetic diamond can 
usually be separated from HPHT 
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synthetics by 
A. diamond type. 
B. viewing strain patterns in 
crossed polarizers. 
C. IR absorption spectroscopy. 
D. the absence of a SiV- doublet. 


5. What risk does an opal cutter take 
when trying to maximize play-of 
color from a piece of rough? 

A. Viewing the color bars from 
the side may give a false sense 
of the play-of-color present at 
the top of the bar. 

B. Color bars may vary in thick- 
ness or even disappear within 
a stone. 

C. Sand may be embedded in the 
silica gel, resulting in blem- 
ishes and disrupting the poten- 
tial for a smooth top surface. 

D. All of the above. 


6. Flux residues were found in 
synthetic emeralds donated by 
Richard Nacken to the Deutsches 
Museum. This find indicates what 
is true about these samples? 

A. None of them were grown 
hydrothermally. 

B. All of them contain both 
molybdenum and vanadium. 

C. Only gold crucibles were used. 

D. Only synthetic emerald seeds 
were used. 


7. Diavik diamonds 
A. are among the oldest diamonds 
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formed. 


B. can be overgrown with a thin 
diamond coating of a much 
younger age. 

C. are found beneath Lac de Gras. 

D. all of the above 


8. The Sutara Placer is significant 
because 

A. it is a new source of facet- 
grade sapphire. 

B. it produces trapiche and 
trapiche-type sapphire. 

C. it is one of only two known 
gem-bearing sapphire placer 
deposits in Russia. 

D. its sapphire’s color range is ri- 
valed only by Yogo sapphire 
from Montana. 


9. Which statement about 
Colombian emeralds is true? 

A. The oxidation of organic matter 
released the elements Be, Cr, 
and V, which were incorporated 
into the growing emeralds. 

B. The emeralds formed at 330°C 
from hot evaporitic brines. 

C. The emeralds’ fluid inclusions 
generally contain doubly re- 
fractive crystals. 

D. A and B 


10. Which statement about the zero- 
phonon line (ZPL) in photolumi- 
nescence spectroscopy is false? 

A. With increasing temperatures, 
the ZPL emission decreases. 
B. The ZPL photon emission re- 
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sults when only phonons are 
involved. 

C. At room temperature, it is hard 
to distinguish the ZPL from 
other emission features. 

D. The wavelength of a given ZPL 
is exact. 


11.The Fabergé hardstone figures of the 
Cossack guards Pustynnikov and 
Kudinov can be distinguished by all 
of the following features except 
A. the color of their kiver bags 
and belts. 
B. the gems used for their eyes. 
C. the inscription on the bottom 
of their boots. 
D. Kudinov’s Gold Badge of Office. 


12. In 1943, Richard Nacken filed a 
patent application for a method 
that would influence synthetic 
crystal growth for technical appli- 
cations. What did the patent cover? 

A. A hydrothermal process for 
synthetic emerald growth. 

B. A hydrothermal process for pri- 
marily synthetic quartz growth. 

C. A hydrothermal process for pri- 
marily synthetic sapphire 
growth. 

D. An autoclave for growing 
quartz and emerald from flux. 


13. Which statement about variscite is 
false? 

A. It was used in Neolithic jewelry. 

B. The main source today is cen- 
tral Tajikistan. 

C. Its phosphate component comes 
from guano decomposition. 

D. Relative concentrations of iron 
and chromium are the main 
color contributors. 


14. In peridot, cleavage separations 
that result from the presence of a 
small solid inclusion paired with 
a fluid-filled negative crystal are 
called inclusions. 

A. fingerprint 
B. tension halo 
C. lily pad 

D. three-phase 


15. Which exceptionally rare B- and 
Si-containing orthorhombic gem 
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material with an SG of about 3.0 
shows a B-O-Si bending vibration 
at a Raman shift of 612 nm? 

A. Danburite 

B. Grandidierite 

C. Variscite 

D. Tourmaline 


16. Val Malenco serpentine is 

A. composed of lizardite, antig- 
orite, and chrysotile. 

B. composed of lizardite and sim- 
ilar to that from China. 

C. composed of antigorite and 
similar to that from Korea. 

D. distinguished from Chinese and 
Korean material by RI and SG. 


17. Which of the following is a differ- 
ence between natural and 
non-bead-cultured (NBC) pearls? 

A. NBC pearls do not contain 
beads. 

B. NBC pearls only form in a graft 
location. 

C. Only hatchery-raised mollusks 
can produce NBC pearls. 

D. There is no difference. 


18.Which statement regarding the 
blue color in blue zircon is true? 
A. It is the natural color of zircon. 
B. It is stable to long-wave UV 
exposure. 
C. It can be altered and restored. 
D. It is assumed to result from the 
treatment of yellow material. 


19. Some companies preforming emer- 
ald rough in Jaipur maximize the 
weight yield of finished stones by 

A. using hand-controlled jam pegs. 

B. using high-tech equipment and 
computerized cutting. 

C. outsourcing material to ensure 
they get the best cutters. 

D. using traditional bow-powered 
laps. 


20. Which statement regarding the 
materials used by Fabergé to 
construct the hardstone Cossack 
figures is false? 

A. All the materials are natural. 

B. All gemstones are from the 
Russian Empire. 

C. Individual gem pieces were 
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joined with animal hide glue. 
D. The preferred carving material 
was nephrite. 


21. How does phosphorescence differ 
from fluorescence? 

A. Phosphorescence is a form of 
thermoluminescence and fluo- 
rescence is a form of photolu- 
minescence. 

B. Phosphorescence occurs after 
the excitation light source is 
turned off and fluorescence oc- 
curs while it is turned on. 

C. Fluorescence lasts longer than 
phosphorescence. 

D. Fluorescence is delayed lumi- 
nescence; phosphorescence is 
not. 


22.What gem-quality minerals 

contain BO, and SiO, groups, 
have an SG of approximately 3.0, 
and are found in Madagascar? 

A. Grandidierite and tourmaline 

B. Danburite and tourmaline 

C. Danburite and grandidierite 

D. None of the above 


23. Ballerina Pearl Co. treats pearls 
from P. margaritifera to achieve a 
pistachio color. Which statement 
about their color is true? 

A. It is altered by acetone. 

B. It is enhanced by isopropanol. 
C. It results primarily from dyeing. 
D. None of the above are true. 


24. What percentage of the gold 
refined by Hoover and Strong 
comes from recycled material? 

A. 80% 
B. 20% 
C. 100% 
D. 50% 


25. Finding chrysoberyl and sapphire 
together associated with host rocks 
of volcanic origin such as basalts 
is related to 

A. pegmatitic activity, which is 
common. 

B. high-grade metamorphism, 
which is somewhat rare. 

C. tertiary volcanic host rocks, 
which is very rare. 

D. none of the above. 
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TUCSON 2017 


The 2017 Tucson gem and mineral shows drew eager buy- 
ers from all over the globe. Although many dealers reported 
lower traffic this year, most were content with the volume 
of business and noted that buyers were “serious.” 

As in previous years, we identified some strong trends: 


¢ Demand for special one-of-a-kind pieces in both 
pearls and colored gemstones 

¢ Continuing investment by multinational companies 
in colored gemstone mining and distribution 

e A growing focus on ethically sourced gemstones and 
beneficiation 

e Strong demand for high-end gems and a softening of 
demand for commercial goods 

¢ Continuing importance of the secondary market in 
the U.S. for exceptional pieces 

e Innovative partnerships emerging between individ- 
ual colored gemstone mines, designer cutters, and 
television merchandisers 


This year’s big story was the emergence of Ethiopia as 
a potentially major source of gem-quality emerald. These 
new gems resemble other schist-hosted emeralds, espe- 
cially those from Brazil and Zambia. Although most of the 
material is less saturated and included, dealers are excited 
that the new source also produces fine gem-grade crystals 
of exceptional size, color, and clarity. 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Dealers also talked about the October 2016 removal of 
U.S. sanctions on Myanmar, legalizing the import of 
Burmese jadeite and rubies. According to Edward Boehm 
of RareSource, the lifting of the ban was widely welcomed, 
but Myanmar government reforms of the gem mining sec- 
tor have some way to go. Conditions on the ground are 
much improved, however. Boehm told us new production 
might take some time to appear, which would impact 
prices and selection of available goods in the short term. 

Large multinational companies have significantly im- 
pacted colored gemstone mining and distribution over the 
last decade. Gemfields’ Kagem and Montepuez mines sup- 
ply approximately one-third of global emerald and 70% of 
global ruby production, respectively. At this year’s show 
we were able to interview Gemfields CEO Ian Harebottle 
for his perspective on the company’s operations and its 
2013 merger with luxury brand Fabergé. 

Representing another publicly traded company intend- 
ing to mine ruby in Mozambique, Christiaan Jordaan of 
Mustang Resources LLC told us about Mustang’s initial 
2016 bulk sampling and exploration activities. The com- 
pany hopes to become an important supplier of commer- 
cial and gem-quality ruby. 

Marcello Ribeiro of Belmont Group updated us on de- 
velopments at the company’s Belmont and Canaan emer- 
ald mines at Itabira, Brazil. He emphasized the importance 
of sound mine planning through fieldwork and trace-ele- 
ment analysis of potential emerald host rocks. 

David Bindra of B&B Fine Gems confirmed the impor- 
tance of the secondary market for exceptional gems, which 
are in very high demand. He noted less consumption of 
commercial to mid-grade material. 

A partnership between Morocco’s Geostone Group and 
U.S. gem carver Glenn Lehrer illustrates another interest- 
ing development. Production from Geostone’s Moroccan 
amethyst mine is cut to Lehrer’s high standards in an In- 
dian factory, featuring a branded designer cut with high 
weight retention. The resulting faceted stones—and fin- 
ished amethyst jewelry—are sold directly to consumers 
through television merchandising. The approach helps 
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A: 59.28 ct quartz with iron staining. B: 11.77 ct black 
opal cabochon from Lightning Ridge, Australia. C: 
100 ct Mogok ruby crystal with a perfect termination 
at one end. D: Pyrite at the heart of a 46.98 ct color- 
less quartz. E: 73.22 ct “diamondback-cut” tourma- 
line from Afghanistan. F: 4.31 ct pair of matched 
Burmese pink spinels. G: 49.36 ct purple trapiche 
sapphire from India. H: 3.61 ct trapiche sapphire from 
Kashmit. I: 53.77 ct papagoite. Photos by Robert Wel- 
don/GIA. Courtesy of Rare Earth Mining Co. (A, D, 
and I); David Humphrey (B); RareSource (C); Stephen 
M. Avery (E); and Mayer & Watt (F, G, and H). 


build a niche for Moroccan amethyst and brings the bene- 
fits of scale to designer cutting, which is usually associated 
with unique pieces. 

Eternity Emerald’s Arthur Groom shared his rough 
emerald buying expertise with us, especially his years of ex- 
perience negotiating with miners in Afghanistan’s Panjshir 
Valley. He noted that the quality of Afghan emerald is not 
realized in the West because large, fine crystals are often 
damaged by improper blasting and extraction techniques. 

Potentate Mining’s Warren Boyd showed us sapphire 
production from Montana’s Rock Creek alluvial deposits, 
including a remarkable 12.61 ct blue sapphire cut from a 
6.37 g rough crystal. Although most of the production has 
greenish or brownish pastel colors, it reacts well to heat 
treatment. Boyd told us bright natural colors are in high 
demand. He showed several suites of fancy sapphires cut 
by his client, Americut. Montana’s alluvial sapphire de- 
posits will be the subject of an upcoming GWG field report. 

The trend toward ethical, sustainable business prac- 
tices and transparent supply chains is exemplified by Shea- 
han Stephen of Sheahan Stephen Sapphires, Inc. His 
company documents and guarantees the integrity of the 
gems it sells from the mine, through treatment and cutting 
and directly to the customer. 

Nigeria is an under-documented source of fine rubellite 
and indicolite tourmaline and predominantly blue basalt- 
hosted sapphire. For this reason, we especially welcomed 
talking to Zoe Michelou, who represented a Nigerian min- 
ing company. She updated us on production of these gem- 
stones from that country’s Oyo, Kwara, and Taraba states. 

Gem paintings, which GIA has documented in Viet- 
nam and Mogok, made their first appearance at Tucson. 
Wanlaya Suwannapirom’s Than Thong Arts booth featured 
an array of art-inspired handmade portraits and miniatures. 
The technique converts otherwise unusable natural gem 
fragments into valuable art objects and wearable art such 
as pendants and pins. 

Gem artist Alexander Kreis showed us a spectacular 
27.20 ct freeform tanzanite complemented by a custom ring 
mount made by his mother Sonja, a master goldsmith. 
They related the importance of the story behind a jewelry 
piece for their clients—how details of the stone’s cut and 
the ring’s design represent the toil and effort of the Tanzan- 
ian miners and imbue the piece with added significance. 

Fran Mastoloni provided a cultured pearl market up- 
date, explaining how careful selection and matching of the 
different cultured pearl types into a range of varied neck- 
laces help him cater to the market’s desire for distinctive 
“fashion-forward” yet flexible jewelry. 

Dealer Bill Vance of Vance Gems exhibited rare gem- 
quality magnesio-axinites from just one location in 
Merelani, Tanzania. This material displayed remarkable 
fluorescence, and we hope to report further on its chem- 
istry in the near future. 

We were delighted to find a Southwest-inspired Star- 
ship Enterprise, handmade by David Freedland of David R. 
Freedland Jr. Designs in sterling silver. This quirky blend 
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of science fiction and traditional inlay work is one of the 
show’s unexpected finds. 

Finally, no survey of the Tucson shows would be com- 
plete without Paula Crevoshay’s one-of-a-kind designs. 
This year, she showcased a bracelet featuring five large 
freeform fire opals, a swallowtail butterfly pin with yellow 
and black diamonds, an elephant pin with mother-of-pearl 
tusks, and a stunning cuff bracelet featuring a spectacular 
boulder opal centerpiece. 


Duncan Pay, Andy Lucas, Tao Hsu, 
Eric Welch, and Albert Salvato 
GIA, Carlsbad 


A new discovery of emeralds from Ethiopia. In recent years 
Ethiopia has gained considerable attention in the gem trade 
for large amounts of high-quality opal from an area near 
Wegel Tena (B. Rondeau et al., 2010, “Play-of-color opal 
from Wegel Tena, Wollo Province, Ethiopia,” Summer 
2010 GwG, pp. 90-105). Apart from opal, emeralds have 
been sporadically mined, near Dubuluk, for more than a 
decade. This deposit is located about 80 km from the 
Kenyan border. Gemfields has been exploring this deposit 
since July 2015 (Fall 2012 GNI, pp. 219-220). 

A new deposit of high-quality emeralds (see figure 1) 
has been found in the rural villages of Kenticha and Dermi, 
in the Seba Boru district (figure 2). In November 2016, au- 
thor MN and business partner Daniel Kifle visited the local 
trading town of Shakiso, where Ethiopian gem merchants 
gather to legally buy and sell emeralds that are mined sev- 
eral kilometers away. Shakiso is located about 160 km 
north of the Dubuluk emerald deposit. The mining area is 
divided into a few “associations.” Each consists of a man- 
ager and several members who control the actual mining 
and distribution of the emerald rough. After the rough has 
been sorted, it makes its way first through Shakiso before 


Figure 1. This suite of untreated emeralds is from a 
new find in Ethiopia’s Seba Boru district. The largest 
faceted stone weighs 10.64 ct. The largest rough crys- 
tal weighs 63.12 g. Photo by Robison McMurtry, cour- 
tesy of Michael Nemeth Inc. 
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by revealing each image alternately. During 
this rotation of the polaroid plate it is 
also quite easy to notice dichroism if it is 
at all prominent. This latter test makes 
mote teadily visible any dichroism in a 
small stone than if the stone is rotated over 
a polaroid plate in the normal manner. 

Below, we have noted several species 
or varieties and some of the characteristic 
results of testing by internal spectral an- 
alysis. We have not noted all species tested 
as some de not give results other than 
those expected. 


is possible for an observer to attempt to 
analyze one of the twins, failing to note 
that the spectra are already twinned. 

Benitoite with its strong birefringence 
and dispersion can be separated immedi- 
ately from sapphire which it resembles. 

Beryl, with its birefringence of .006 and 
dispersion of .014 is not among the stones 
easiest to test. However, except with a 
badly flawed emerald, all tests were satis- 
factory. The dispersion, as expected, is weak 
and the overlapping mentioned is almost 
always present. 


e Illustration shows relative position of eye to stone when 
observing doubled and/or dispersed images. A. Eye of observer. 
B. Light source. 


In andalusite, one of the twinned spectra 
is much stronger than the other depending 
upon the direction in which it is observed. 

Apatite will show clear twinning in spite 
of its low birefringence. Also, the dispersion 
is quite evident though a figure for its 
dispersion is not available. 

Transparent faceted aragonite and cal- 
cite show amazingly spread twinned spectra 
as one would expect. Because of this it 


Chrysoberyl, like other stones of weak 
birefringence, other than the alexandrite 
vafiety mentioned, is somewhat difficult to 
test in this manner unless the polaroid plate 
is used. However, with experience the twin- 
ning of the spectra will be seen. 

Synthetic and natural corundum may 
give some difficulty because of the weak 
spectra produced, and the fact that truly 
well polished stones are seldom encountered. 


WINTER 1951-52 


123 


Gulf of Aden 


Ethiopia 


Indian Ocean 


Figure 2. The new deposit of Ethiopian emerald is lo- 
cated near the town of Shakiso, about 12 hours from 
Addis Ababa. 


being sold to dealers in the capital city of Addis Ababa, 
about a 12-hour drive from the mining area. 

According to Tewoldebran Abay, the mineral market- 
ing director of the Ministry of Mines, Petroleum and Nat- 
ural Gas, more than 100 kilograms of emerald rough have 
been produced to date. Mining still is done the traditional 
way using hand tools, without heavy machinery. 

Samples from the new deposit, acquired from multiple 
independent sources, were examined at GIA’s Carlsbad and 
Bangkok laboratories. Even though most of the material is 
commercial grade, lighter in saturation, and moderately to 
heavily included, fine gem-grade crystals of exceptional 
size, color, and clarity (see figures 1 and 3) are obtainable 
and can produce stones that do not require clarity enhance- 
ment. Many of the rough crystals were completely covered 


Figure 3. Author Michael Nemeth sorts through 
parcels of gem-quality rough emeralds from the open 
market in Shakiso. Rough crystals can weigh more 
than 20 g, with reports of some weighing almost 100 
g. Photo by Michael Nemeth. 
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Figure 4. Microscopic observation of the Ethiopian 
emeralds revealed (A) biotite crystals; (B) blocky 
multiphase inclusions; (C) multiphase inclusions con- 
taining a liquid, gas, and multiple daughter crystals 
seen parallel to the c-axis; and (D) a multiphase fluid 
inclusion showing liquid and gaseous CO, phases 
and an immiscible aqueous liquid (parallel to this in- 
clusion are several growth tubes). Photomicrographs 
by Nathan Renfro (A and B) and Victoria Raynaud (C 
and D). Field of view 2.04 mm (A), 1.79 mm (B), 1.07 
mm (C) and 1.03 mm (D). 


in dark biotite crystals, but had an extremely pleasant 
green color when examined with transmitted light. How- 
ever, these Ethiopian crystals often do not yield large clean 
stones because their interior is riddled with dense, dark bi- 
otite mica crystals. Some show a double termination, but 
most are broken and heavily included on one end. Usually 
only one end of the crystal is clean enough to yield faceted 
gems. The matrix minerals attached to some of the emer- 
alds were identified as dark brown to black biotite flakes, 
quartz, and kaolinite. 

These emeralds are very similar in appearance to other 
schist-hosted emeralds—in particular, those from Brazil 
and Zambia. Among the faceted and rough samples exam- 
ined, blocky multiphase inclusions and irregular biotite 
crystals were the most common microscopic features ob- 
served (figure 4). Otherwise, the gemological properties 
were very consistent with emeralds, including an average 
specific gravity of 2.73 and a refractive index of 1.581- 
1.589. These emeralds were generally inert to long- and 
short-wave UV exposure due to their moderately high iron 
content, which is typical of schist-hosted emeralds. UV- 
Vis-NIR spectroscopy results (figure 5) were consistent 
with emeralds colored by chromium and vanadium. The 
Fourier transfer infrared (FTIR) spectrum was consistent 
with beryl, as expected, but did not reveal any other diag- 
nostic features. 

Quantitative trace element chemical analysis was per- 
formed with a Thermo Scientific iCap Q inductively cou- 
pled plasma-quadrupole mass spectrometer combined 
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Figure 5. The characteristic UV-Vis-NIR spectra of the 
new emerald production from Ethiopia. 


with a New Wave Research UP-213 laser ablation unit. 
The analyses were compared to data from other known 
sources using GIA reference samples, including Zambian 
and Brazilian schist-hosted emeralds. Based on the results, 
it was possible to separate the new find of Ethiopian emer- 
alds from other sources by comparing trace alkali metals 
and some transition metals (figure 6). 

Due to heightened tensions and fear of price instability, 
most of the mine area was temporarily closed by a joint ef- 
fort of the mining associations and the local government 
from early November through December 2016. It has been 
reopened, but now all dealers, including Ethiopian dealers, 


need written permission to enter the Shakiso area for buy- 
ing. The law is vigorously enforced, and penalties are se- 
vere. 

This exciting discovery in Ethiopia will provide a new 
source of large, high-quality emeralds for the gem and jew- 
elry trade. So far, this deposit appear to be quite promising, 
as significant production was seen in the recent gem shows 
in Tucson, Bangkok, and Hong Kong. Only time will tell 
how significant this deposit will be. 


Nathan Renfro and Ziyin Sun 
GIA, Carlsbad 


Michael Nemeth 
MLN Gems, San Diego, California 


Wim Vertriest, Victoria Raynaud, and 
Vararut Weeramonkhonlert 
GIA, Bangkok 


Fine gems and update from Myanmar. At the AGTA Gem- 
Fair, Edward Boehm (RareSource, Chattanooga, Tennessee] 
showed us a succession of top-quality gems. Boehm is a ge- 
ologist, gemologist, and accomplished gem dealer who 
works with rare and higher-end gems. He noted that the 
price of spinel from Myanmar has increased dramatically, 
with recent prices at the source more than double those of 
previous years. He explained that spinel has gained favor in 
Myanmar, which is reflected by the higher prices at this 
year’s show. 

Boehm noted that a growing appreciation for spinel from 
all sources is driving higher market prices. As an example, 


Figure 6. LA-ICP-QMS quantitative trace-element composition analysis of alkali and some transition metals 
(measured in ppmw) proved useful in separating this new deposit of Ethiopian emeralds from Brazilian and Zam- 


bian schist-hosted deposits. 
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Figure 7. Suites combining blue-to-violet pastel col- 
ored spinels with red to rose-colored gems of similar 
tone. The blue gems range from 3.68 to 8.30 ct and 
the pink to red examples from 3.16 to 5.70 ct. Photo 
by Albert Salvato; courtesy of RareSource. 


he showed us a beautiful oval 21.56 ct Sri Lankan pink 
spinel cut to make the most of the gem’s high clarity and 
moderate dispersion. The size, clarity, and brightness are 
reminiscent of Tajik spinel. He compared this bright lilac 
pink Sri Lankan spinel with a strong orangy red square cush- 
ion-cut 9.82, ct Burmese gem, which he described as having 
a “flame” color. The per-carat price of the flame-colored 
Burmese stone is almost double that of the Sri Lankan 
spinel—$12,000 per carat wholesale versus $7,000 per ct. A 
strong red “flame” color makes the price jump significantly. 
If the stone were above 10 ct, Boehm added, the price would 
further jump to around $15,000 per carat. 

Pastel blue to violet spinels are also selling well for 
Boehm. Designers like to mix these delicate blues with 
pinks or “rose” colors of similar tone and saturation to pro- 
duce very attractive suites and sets. The pinks help to high- 
light the violet or purple in the pale blues, he added. The 
bluish violet examples he showed us hailed from Sri Lanka 
and wholesaled for $1,200-$1,500 per ct (figure 7). Com- 
plementary rose-colored gems came from a variety of 
sources—including Vietnam, Sri Lanka, and Myanmar— 
and ranged from $1,000 to $1,800 per ct. 

Boehm explained that the most sought-after color is the 
“electric” hatryne blue, which comes from Luc Yen, Viet- 
nam, and is only sporadically available in small sizes. He 
added that the light-toned, gray-to-violet blue colors are 
more available than in the past—partly because there’s 
more demand so more people are bringing it to market. 

Like Burmese spinel, Burmese peridot is currently in 
vogue. Boehm showed us a fine 20.41 ct cushion-cut gem 
(figure 8). The presence of a multitude of tiny inclusions 
lend it a softness and reduce extinction. By comparison, 
fine Pakistani peridot—which is also available in large 
sizes—has a more “crystalline” appearance and deeper 
color, but shows more extinction. He explained that the 
price of Burmese peridot has recently gone up sharply. A 
top gem like the one in figure 8, which would formerly 
have been in the $250-$350 per carat range, is now whole- 
saling for $450-500 carat and even up to $600 per carat. He 
cautioned buyers to check whether a stone shows doubling 
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Figure 8. This cushion-cut 20.41 ct Burmese peridot 
shows a softer appearance due to a multitude of tiny 
inclusions. Photo by Albert Salvato; courtesy of 
RareSource. 


in the pavilion in the face-up position, which is considered 
less desirable. Buyers want to ensure the stone is oriented 
in such a way that doubling isn’t visible through the table. 

Next, he showed us a rich green, 4.81 ct cushion-cut 
demantoid garnet from Russia, which contained a golden- 
colored horsetail inclusion. Such a gem would wholesale 
for $15,000 per ct, he said. According to Boehm, gems of 
such pure green color rarely come out of the ground—they 
are typically heated to this color. This treatment has been 
going on for 10-15 years, he explained. Despite this treat- 
ment, the demantoid is still an exceptional stone. 

Boehm explained that judicious heating converts a yel- 
lowish green gem to a vibrant green but removes some of 
the stone’s characteristic fire, making it an almost “electric” 
green color. He prefers a balance of color and fire, acknowl- 
edging that the gem’s inherent fire—flashes of red and blue 
coming off a green bodycolor—is part of its unique appeal. 
In today’s market, any demantoid over 2. ct is extremely rare, 
so this gem’s size of almost 5 ct makes it very desirable. 

The demantoid was from new production rather than 
the secondary market, Boehm explained. He added that 
there is still newly mined supply and treaters are perfecting 
heating techniques to make gems much more vivid, al- 
though not all respond like this one. 

Finally, he showed us a striking 31.79 ct Sri Lankan 
pear-shaped sapphire with padparadscha color—a delicate 
pink flushed with a bloom of orange (figure 9). He ex- 
plained that the gem had been recut three times to perfect 
its shape and proportions. The objective of recutting the 
original old-style cut was to close the window on the pavil- 
ion, but any further work would affect the brilliance and 
might even lose the cherished pinkish orange color. He 
added that when cutting padparadscha sapphire, it is very 
hard to keep that balance of pink and orange, because 
sometimes the orange might be in just one portion of the 
stone, which could easily be removed accidentally. A gem 
of this size is enormous for a padparadscha, he noted, and 
the wholesale asking price would be in the neighborhood 
of $30,000-$35,000 per ct. 

Boehm noted that on October 7, 2016, President Barack 
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Figure 9. This 31.79 ct Sri Lankan padparadscha sap- 
phire shows the cherished combination of a pink 
bodycolor suffused with orange. Photo by Albert Sal- 
vato; courtesy of RareSource. 


Obama signed an executive order lifting U.S. sanctions on 
Myanmar, allowing Burmese jadeite and rubies, and any 
jewelry containing them, to be imported into the United 
States. The sanctions had been imposed in 1997 (see 
https://www.treasury.gov/resource-center/sanctions/Pro- 
grams/pages/burma.aspx). 

Boehm felt fortunate to be in Mogok (figure 10) when 
the ban was lifted and was able to celebrate with many of 
the local miners and brokers. He hoped the change would 
significantly improve the supply of Mogok gems but antic- 
ipated that any increase in gems reaching the U.S. from 
this source would likely take some time. Most if not all 


Figure 10. In October 2016, an AGTA delegation 
visited gem markets and mines around the world- 
famous locale of Mogok. Their mission was to report 
back on conditions within the local gem and min- 
ing industry after the new government took office. 
Photo by James E. Shigley. 
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Mogok mining licenses have been suspended as the 
Burmese parliament and ministries work together to 
rewrite mining laws in Mogok and the jade mining areas 
in Pagan. These laws have been in place for more than 100 
years and have changed little. 

When Aung San Suu Kyi’s National League of Democ- 
racy party won a majority of seats in parliament during the 
November 2015 election, it was able to effect change with 
a special focus on the environment. The new administra- 
tion’s objective is to make reclamation integral to obtaining 
a mining or prospecting license, so that when mining fin- 
ishes, the licensee will be obligated to return the land to its 
original condition. The government wants to ensure these 
laws are enforced and that environmental and ethical stan- 
dards conform to Western expectations for the gem mining 
sector. The aim is for the new mining laws to meet the in- 
ternationally accepted standards outlined by the Organiza- 
tion for Economic Cooperation and Development (OECD), 
a group of 34 democratic countries that develop economic 
and social policy to support free market economies. These 
principles are laid out in the policy paper OECD Due 
Diligence Guidance for Responsible Supply Chains of 
Minerals from Conflict-Affected and High-Risk Areas 
(http://dx.doi.org/10.1787/9789264252479-en). For more in- 
formation on corporate social responsibilities and ethical 
colored stone supply chains, please see J. Archuleta, “The 
color of responsibility: Ethical issues and solutions in col- 
ored gemstones,” Summer 2016 GWG, pp. 144-160). 

Boehm mentioned the recent AGTA October 2016 del- 
egation (figure 11) to Myanmar that visited the cities of Yan- 
gon, Nay Pyi Taw, Mandalay, and Mogok. Along with other 
US. trade and industry bodies, AGTA is seeking to reestab- 
lish responsible gemstone trade between the two countries. 
This is only possible because of the political and economic 
progress Myanmar has made in the past six years, but it also 
depends on Myanmar’s gemstone sector meeting interna- 
tional standards such as OECD's guidelines. 

The delegation, which included GIA researcher Dr. 
James Shigley and representatives from Jewelers of Amer- 
ica, met with a cross section of stakeholders, including the 
U.S. ambassador, ministers and representatives of the 
Myanmar government, international and local organiza- 
tions, trade associations, gem dealers and traders, and mine 
owners. They visited a number of gem markets and mines, 
including the Baw Maw mine (figure 12) and the Taung 
ruby and sapphire mine. 

According to Boehm, the delegation was an impartial 
group sent to look at the situation “on the ground” in Myan- 
mar, particularly in Mogok. He explained that it was an 
“eye-opening” experience and although conditions were 
much better than the group anticipated, there was room for 
improvement. The delegation made a series of observations 
that were set out in their white paper, Step by Step — Myan- 
mar Gem Sector Emerges from Isolation and U.S. Sanc- 
tions, which is available from AGTA’s website at 
http://agta.org/info/docs/burmawhitepaper2016.pdf 
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Figure 11. The October 2016 AGTA delegation at 
Mogok’s Taung ruby and sapphire mine. Edward 
Boehm and GIA’s Dr. Jim Shigley are at left. Photo 
courtesy of James E. Shigley. 


Boehm indicated that Mogok was still beholden on the 
U.S. gem industry’s ongoing efforts to ensure that Myan- 
mar’s government follows through with its promise to man- 


Figure 12. Workers sorting heavy mineral concen- 
trate from the Baw Mar mine near Mogok. Photo by 
James E. Shigley. 
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age the gem sector properly and that the Burmese people 
benefit from the gems. He cautioned that a lot of mining li- 
censes remain suspended. Therefore it’s very unlikely that 
U.S. businesses will see much production until these are re- 
instated, possibly in late 2017. He forecasts that the U.S. 
trade at large will have to wait at least another year before 
production appears in earnest. At that point, he expects 
many more U.S. buyers will travel to Mogok and competi- 
tion for scarce goods will drive prices up, but at least the 
goods can be legally imported into the U.S. once more. 

He reported that because of the government’s suspen- 
sion of mining licenses, Mogok’s mines are currently 
closed again after a brief reopening. Boehm suspects several 
reasons for caution on the part of the authorities. Firstly, 
it would be very tempting for miners to produce as much 
material as possible now that dealers from the U.S. can 
legally buy gems in Mogok, so the government wants to 
buy time to regulate mining ethically to make sure the 
Burmese people are protected (figure 13). Secondly, they 
want to prevent large foreign investors from taking over 
the mining sector. Finally, there are some security issues 
with traveling the new road leading into Mogok at night, 
which the authorities want to correct before mining li- 
censes are reinstated. Boehm considers these good signs 
that demonstrate the Myanmar government’s commit- 
ment to security and corporate social responsibility for the 
good of its citizens. 


Duncan Pay 


Conversation with Gemfields. UK-based Gemfields is 
widely considered the largest producer and distributor of 
responsibly sourced colored gemstones. This year in Tuc- 


Figure 13. During the AGTA trip, delegates watched 
villagers searching for peridot in the waste tailings of 
the Pyaung Gaung mine near Mogok. Photo by James 
E. Shigley. 
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son, we had an exclusive interview with CEO Ian Harebot- 
tle to get his insights on the company and the colored gem- 
stone industry overall. 

Unlike the diamond industry, almost every segment of 
the colored stone trade has traditionally lacked scale and 
systematic practices. Gemfields has dramatically changed 
this dynamic in some of the most influential colored stone 
categories. The company is actively working on three min- 
ing operations: the Kagem emerald mine (figure 14) and the 
Kariba amethyst mine in Zambia, and the Montepuez ruby 
mine in Mozambique. Among the three, Kagem and Mon- 
tepuez are world-class operations, supplying about one- 
third of the global emerald production and 70% of ruby 
production. Before, both stone types experienced fluctuat- 
ing supply and chronic shortages. Gemfields is very opti- 
mistic about the expected supply from Kagem and 
Montepuez, based on scientific field surveys and detailed 
geophysical and geochemical studies. 

To stabilize supply for the global market, Gemfields re- 
quires the mines to reserve one year’s production in case 
yield declines significantly. Based on the authors’ research, 
many Gemfields clients appreciate the standards set by the 
company on emerald and ruby mining and distribution. 
The consistent supply and well-tuned rough grading sys- 
tems grant buyers more time to focus on faceting, jewelry 
making, and sales. This practice also has a positive influ- 
ence on other mining companies that aim to meet the 
same standards. 

In 2013, Gemfields purchased the iconic luxury brand 
Fabergé. Harebottle explained that the deal does not reflect 
an interest in vertical integration but in creativity and 
uniqueness in the market, an area where Fabergé has a rich 
heritage (figure 15). Therefore, he hopes that the brand can 
be a platform of magnificent jewelry designs, igniting the 
passion for colored gemstones in the younger generation. 
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Figure 14. The massive 
open-pit Kagem emer- 
ald mine in Zambia is 
perhaps the largest 
colored gemstone min- 
ing operation in the 
world. Photo by 
Andrew Lucas, cour- 
tesy of Gemfields. 


According to Gemfields, Fabergé’s sales orders jumped 95% 
during the second quarter of fiscal year 2017. 

When it comes to corporate social responsibility, Gem- 
fields sets a good example across its mining locations 
through successful joint ventures and community pro- 
grams. The Kagem emerald mine is one of the only mining 
companies that has paid federal taxes in the past 15 years 
in Zambia. The Montepuez ruby mine was named Mozam- 
bique’s most transparent tax payer and the most important 
job generator in its province. Harebottle described the dif- 
ferent challenges the company has faced and will be facing 
in the future. Since the sites are usually located in areas 


Figure 15. The merger of Gemfields and Fabergé 
should continue to inspire one-of-a-kind colored gem- 
stone pieces. Photo courtesy of Fabergé. 
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that lack robust mining regulations or laws and some 
countries have a very long mining history, the company 
often applies different strategies to localize itself. To cham- 
pion responsibility and sustainability on location, a foreign 
company such as Gemfields needs to make the local people 
feel confident about their future, and this is fueled by job 
opportunities. 

Since its founding less than 10 years ago, Gemfields has 
always sought to rekindle the passion for colored gem- 
stones. Harebottle likes to compare the company’s role in 
colored stones with that of De Beers in the diamond sector, 
especially when the latter heavily promoted diamonds. He 
also feels that colored gemstones should have a stronger 
position in the luxury goods market. With this mission 
under way, and active exploration for new production sites 
in Colombia and Ethiopia, more accomplishments are ex- 
pected from this major colored gem supplier. 


Andrew Lucas and Tao Hsu 


New ruby miner in Mozambique. Mustang Resources LLC, 
a publicly listed Australian company, is developing a ruby 
mining operation in northern Mozambique. With the suc- 
cess of the colored stone mining giant Gemfields, Mozam- 
bique has secured its position in today’s global ruby 
market. Mustang’s concession is located about 8 km north- 
west of Gemfields’ Montepuez ruby mine. Both properties 
are located on the ruby mineralization belt in the Mon- 
tepuez Complex, where ideal physical and chemical con- 
ditions favored the formation of gem-quality ruby. In 
between the two concessions there are some designated 
ruby-bearing areas where individual small-scale miners can 
legally work. 

While the geology of the Mustang operation is generally 
similar to that of the Gemfields concession, the bulk sam- 
pling strategy and washing process are slightly different 
(figure 16). Currently, the miners focus on exploring and 
sampling the secondary deposits. They open pits of 20 x 5 
meters or 20 x 7 meters and immediately refill the first pit 
before opening the adjacent ones; this way, no large pit is 
left open on the surface of the mining area. Mustang has 
been using scrubbers instead of log washers to break the 
clay bodies in the ore. A new customized scrubber system 
will soon be in place to optimize this process. Unlike the 
jig system applied by many colored gemstone mining op- 
erations around the world, the team uses a giant rotary pan 
to concentrate the heavy minerals, including ruby, through 
the centrifugal forces generated during rotation. 

Since the team from Mustang started to develop the 
project in early 2016, the exploration, bulk sampling and 
ruby recovery have made significant progress. Christiaan 
Jordaan, the managing director of Mustang’s Montepuez 
ruby project, informed the authors that the washing plant 
had been successfully relocated and tuned to operate effi- 
ciently and that grading into parcels had begun (figure 17). 
The team has test marketed these rubies in the United 
States, where some large, significant stones will be cut by 
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Figure 16. The washing process used by Mustang Re- 
sources is different from most jigs used for colored 
stone mining. Photo courtesy of Mustang Resources. 


well-known cutters. Mustang will also test the ruby mar- 
ket in Asia and other parts of the world. Jordaan reassured 
the authors that Mustang will focus on improving quality 
of life in the mining community and promoting their ruby 
as an ethically mined product. Since the beginning of this 
ruby mining project, the company has hired and trained 70 
local employees to work together with foreign experts. 


Andrew Lucas and Tao Hsu 


New emerald production from Belmont. The Belmont 
mine in Brazil has been a key emerald supplier in the global 
market for the past 40 years. It is one of the very few com- 
panies that can guarantee a complete mine-to-market chain 


Figure 17. Taking a cue from Gemfields, Mustang 
Resources grades rough rubies into specific quality 
and size parcels. Photo by Andrew Lucas and Tao 
Hsu, courtesy of Mustang Resources. 
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of custody for the emeralds it produces. As open-pit mining 
became more expensive over the past decade, underground 
mining gradually generated a larger share of production at 
Belmont. Today, all mining activity at the original open pit 
is underground. Open-pit mining will continue in the two 
pits to the north of the original site. General manager 
Marcelo Ribeiro revealed some exciting news about the 
Canaan mine, about 2 km away from the original pit, and 
expansion plans for the sorting and cutting facilities. 

Belmont acquired interest in the Canaan mine through 
a partnership with its original owners. Exploration and un- 
derground mining infrastructure are still ongoing at this 
site. Although the operation just started about a year ago, 
Ribeiro and his team have learned a lot about this deposit 
through field studies and chemical analysis. The interest- 
ing finding is that there is plenty of beryllium in this area, 
which makes the survey of chromium concentration crit- 
ical to locating the mining targets. This is the exact oppo- 
site of the situation at the original Belmont site, where 
beryllium is the critical factor. 

According to Ribeiro, two geological events were re- 
sponsible for emerald crystallization in the area. The orig- 
inal Belmont mine is mainly influenced by the first event, 
Canaan by the second. Based on research, the second event 
was much stronger at the Canaan mine, destroying most 
of the crystals formed during the first event. The second- 
generation emeralds have a lower chromium concentra- 
tion, and therefore lighter green colors, but they are often 
larger and cleaner than those from the Belmont mine (fig- 
ure 18). The new production is sometimes slightly yellow- 
ish or bluish. Ribeiro is very excited about the Canaan 
production, which allows the company to provide a greater 
selection to its clientele. 

Belmont currently cuts 50% of the Canaan production 
by value. All medium- to high-quality stones are cut on- 
site to add more value. To increase the capacity of the op- 
eration and make mining cheaper for long-term 


Figure 18. Second-generation stones from Brazil’s 
Canaan mine are often cleaner and lighter in color 
than those from the first geological event. Photo by 
Eric Welch/GIA. 
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sustainability, the company plans to add two more optical 
sorters and further expand the cutting facility. Belmont 
will also keep promoting its mine-to-market product and 
better communicate with younger buyers to make them 
feel proud of their emerald purchases. 


Andrew Lucas and Tao Hsu 


Importance of the secondary market for fine gems. At the 
AGTA show, Dave Bindra (B&B Fine Gems, Los Angeles) 
showed us some exceptional items he recently sourced 
from the secondary market. These are previously sold 
goods recirculated back into the market by the former 
owners or their heirs. 

Bindra also updated us on his perception of U.S. traders’ 
reaction the withdrawal of sanctions against Myanmar 
(Burma) and what that means for U.S. dealers like him. Ac- 
cording to Bindra, most U.S. dealers greeted lifting of the 
trade embargo with enthusiasm as they can legally import 
and trade Burmese rubies again. Prior to this they were lim- 
ited to trading items that had come into the country “pre- 
ban.” Bindra doesn’t expect prices to come down, rather, 
he projects they will strengthen as American demand and 
consumption of Burmese goods grows. He noted that dur- 
ing the ban, some consumers and certain major brands 
stopped consuming rubies altogether, basically because 
they weren’t open to consuming rubies from sources like 
Mozambique, which has become a prolific source of com- 
mercial-to-fine grade gems. Now that the ban is lifted, 
Bindra hopes many of these companies will start buying 
and selling Burmese rubies again. The main issue now is 
the very limited supply coming out, but he says there’s def- 
initely a strong market for fine-quality stones. 

Bindra highlighted some exceptional pieces at his booth 
to illustrate the importance of the secondary market for his 
inventory. The company also procures gem materials from 
currently active mining areas, but the secondary market is 
important for larger, more important stones, which are 
scarce as a percentage of new production. As an example, he 
shows us a fine, oval-cut, 55.52 ct copper-bearing tourmaline 
from Mozambique (figure 19). He notes this particular stone 
came out of the original 2007 production from Nampula 
Province, northeastern Mozambique, near the village of in 
Mavuco (see B.M. Laurs et al., “Copper-bearing (Paraiba- 
type) tourmaline from Mozambique,” Spring 2008 GwG, 
pp. 4-30). 

B&B actually sold this stone about seven years ago, and 
was lucky to reacquire it when the opportunity arose in 
2016. Bindra considers this fortunate as there is no produc- 
tion from this deposit today and it would be impossible for 
them to find an item like this, other than the secondary 
market. 

Another example he cites is a beautiful 5.06 ct trillion- 
cut benitoite (figure 20). This gem—a barium titanium sil- 
icate—is typically colorless to blue, and is noteworthy for 
its high refractive indices, moderate birefringence, and 
strong dispersion. It comes from just one mine, located in 
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Figure 19. This exceptional oval-cut, 55.52 ct copper- 
bearing tourmaline from Mozambique was previously 
sold by B&B. They recently reacquired it through the 
secondary market. Photo by Eric Welch; courtesy of 
BeB Fine Gems. 


San Benito County, California (see B.M. Laurs et al., “Ben- 
itoite from the New Idria District, San Benito County, Cal- 
ifornia,” Fall 1997 GwG, pp. 166-187). The benitoite mine 
has been closed for years. Bindra describes this 5 ct as an 
“astronomical size for this deposit’”—the typical size range 
of commercially available finished gems from this mine 
was between 0.30 and 1.70 ct. He noted that this gem was 
a prized possession of an original mine owner. 

Bindra also showed us a couple more recirculated 
pieces: a fine 15.06 ct double-sided black opal cabochon 
(figure 21) with broad flashes of play-of-color from Aus- 
tralia’s Lightning Ridge and a 19 ct antique-cut Brazilian 
Imperial topaz. This last stone was old, unheated material 
from Ouro Preto. The stone came out of an old collection 
and was a little over 20 ct. They were able to recut it with 
minimal loss of weight to significantly improve luster and 
brilliance. Bindra told us these gems underscore the impor- 
tance of the secondary market for his inventory. While it 
doesn’t supply the day-to-day production B&B needs, it 
does produce truly exceptional items from time to time. 
He noted that fine colored gemstones always retain their 


Figure 20. This fine-quality 5.06 ct trillion-cut gem is 
exceptionally large for benitoite. Photo by Robert 
Weldon/GIA; courtesy of B&B Fine Gems. 


Gem News INTERNATIONAL 


value, which is why B&B is often able to reacquire items 
over a period of time. He always keeps this in mind when- 
ever selling rare, esoteric gemstones. 

Next, Bindra showed us one of the most exceptional 
stones he’s had in years: a 10.22 ct cushion-cut Brazilian 
alexandrite. He adds that B&B has trouble fulfilling orders 
for 6 mm (approximately 1.00 ct) round alexandrite with 
current Brazilian production, so finding a 10 ct size is really 
an anomaly. According to Bindra, it came out of an old col- 
lection in Japan, where it sat in a safe for 20 years. He said 
he “couldn’t write the check fast enough” to get it into 
B&B's inventory. In this case, there was no need for repol- 
ishing. The gem is unusual not just for its size and the qual- 
ity of its color change, but also because of its brilliance. He 
notes that Brazilian alexandrite of this rich blue-green to 
reddish purple color tend to be “over dark” and lack life. 
This stone was faceted with a typical Portuguese pavilion, 
which confers considerable brilliance. Due to these factors, 
Bindra adds, the wholesale value of a truly fine gemstone 
like this is well over $55,000 per carat. 

Finally Bindra shows us a 20-ct-plus star sapphire with 
a sharp six-rayed star, strong blue bodycolor, exceptional 
translucency, and a well-proportioned, high-domed cabo- 
chon shape. It’s another piece that’s “come out of recircu- 
lation,” says Bindra. He suspects the current marketplace 
scarcity of fine blue star sapphires is due to a newly dis- 
covered heating process, leading to a lot of fine-color ex- 
amples being recut into faceted gems. He cites an example 
of a 23 ct star sapphire, which might be heated and refash- 
ioned into a top-gem royal blue color faceted stone in the 
10-15 ct range. For some people, that’s more desirable, so 
stars are becoming rarer. Not every stone can be heated and 
improved, as they might break due to the unforeseen way 
inclusions react to the heat. 

Bindra sees strong demand from the top one percent of 
consumers. He notes that exceptional gemstones are in 
very high demand, as more than ever people find value in 


Figure 21. This 15.06 ct double-sided black opal cabo- 
chon from Lightning Ridge was another recirculated 
gem offered by B&B. Photo by Eric Welch; courtesy of 
B&B Fine Gems. 
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hard assets—fine art, classic automobiles, fine wine, high- 
end watches, important diamonds—and colored gemstones 
are “in that same conversation.” Bindra professes some 
skepticism about the middle of the market, where com- 
mercial to mid-grade material is not moving as well. At the 
top end of the market, high-end colored gemstones are dif- 
ficult to find because of competition from overseas—from 
new markets, from new capital—especially in Southeast 
Asia, where there is a cultural affinity for consuming fine 
colored gemstones. 


Duncan Pay 


Cultured pearl market update. At the 2017 AGTA show, 
Fran Mastoloni (Mastoloni Pearls, New York City) pro- 
vided a cultured pearl market update. Mastoloni is a 30- 
year veteran of the Tucson show and well positioned to 
place the ups and downs of demand in context. There is a 
real desire for cultured pearls, he says, but people have 
moved away from the traditional white necklace. Partly 
this is because cultured pearl sources have become much 
more diverse in recent years, with French Polynesia, Aus- 
tralia, the Philippines, Indonesia, and China contributing 
a diverse array of cultured pearl types, shapes, sizes, and 
colors (figure 22). 

Mastoloni’s clients are seeking—and selecting—some- 
thing different. “They all want a unique necklace,” he says. 
And since the second quarter of 2016, he’s seen demand 
pick up considerably. Most clients don’t want to spend a 
fortune, but they do want the piece they choose to be 
unique and individual. His job is to create cultured pearl 
necklaces that meet their needs. 

To demonstrate, Mastoloni showed us his “Fantasy” 
necklace: a standard-length strand combining South Sea and 
Tahitian cultured pearls with lighter gold ones from Indone- 
sia. This blends a repeating pattern of large (up to 16 mm) 
eye-catching, semi-baroque pearls with smaller examples— 
down to 8 mm—to create a large, mixed look. The use of 
light and dark pearls also confers the ability to use the piece 
on a variety of clothing colors for day or night use, he added, 
so it’s very versatile. He added that products must also ap- 
peal to female self-purchasers, so the retail price point—less 
than $2,000 per strand—is an important consideration. This 
is a very important—if not the most important—market 
segment for him today. 

Mastoloni showed us another successful cultured pearl 
line for the company, which he dubbed the “Cocktail” 
necklace (figure 23). It combines Philippine gold pearls, 
white Australian South Sea, and lighter Tahitian pearls to 
create a long necklace that can be draped twice. Again, 
every necklace is individual, so that a customer can “key 
into” an individual pearl—maybe a large South Sea or 
Tahitian—and identify that necklace as unique. Examples 
like these, he explained, transform the concept of what a 
cultured pearl necklace might be. 

Customers are similarly drawn to baroque pearls for 
their uniqueness. Mastoloni used a variation of the “Cock- 
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Figure 22. The range of necklaces at Mastoloni’s 
AGTA booth included innovative blends of different 
cultured pearl types. Photo by Eric Welch; courtesy of 
Mastoloni Pearls. 


tail” necklace to illustrate the point, this time with 
baroque pearls ranging from 16-17 mm plus down to 9 
mm. The organic shapes bring texture and movement to 
the piece and “make it fun.” 

The next necklace he showed us blended 9 mm baroque 
white South Sea “keshi” pearls with 14 mm dark Tahitian 
round cultured pearls, creating two transitions: from light 
to dark and from organic shapes to regular, round ones (fig- 
ure 24). A customer might own all three of these necklaces, 
he said, and use them for different occasions. 

Also popular are variations on the wave necklace, 
which blends a uniform strand of round white Japanese 
akoya cultured pearls with “waves” of graduated silvery 
black Tahitian cultured pearls that swell and pinch out 
against the white of the akoyas. The mix of the different 
cultured pearl types working together is what makes these 


Figure 23. The “Cocktail” necklace features a combina- 
tion of differently sized round cultured pearls: darker 
Tahitian, golden Philippine, and white Australian South 
Sea. Photo by Eric Welch; courtesy of Mastoloni Pearls. 
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In ruby, the green is nearly absent and the 
overlapping of the violet end of the leading 
spectrum combined with the “absorption” 
of the green may be confusing. However, 
the spectrum is so much different from 
any stones likely to be confused with ruby 
that even if twinned spectra aren’t seen, 
experience will enable one to identify a stone 
as red corundum, though unfortunately not 
as to natural or synthetic origin. 

Diamond and other highly refractive 
stones are difficult to test as it is not easy 
to maneuver the stone into position where 
light will enter. the pavilion. When a spec- 
trum has once been located, however, the 
results are as one would expect. 

A doublet of diamond crown and syn- 
thetic sapphire back was examined and 
gave results consistent with the sapphire 
back. 

A. doublet of two parts quartz gave in- 
accurate and distorted results because the 
two portions were not “matched” in optic 
direction. 

Although fluorite has about the lowest 
dispersion of any gem material, a spectrum 
will be seen by this method, though as 
one would expect it is very weak and thus 
distinctive. 

All transparent garnets will give excellent 
results even though of dark color. As ex- 
pected, the spectra of demantoid are very 
pronounced. 

The test is quite helpful for peridot 
because of the weak dichroism of this 
species. The separation of the dispersed 
images are proncunced, and the spectra 
are wide. 

Quartz seems to give consistently reli- 
able results in spite of the rather low opti- 
cal properties for which we test. 

Both natural rutile and the synthetic are 
excellent for testing because of the high 
dispersion and the high birefringence. A 
very dark red natural rutile showed only the 
red and orange components of the spectrum 
and because of the very wide separation of 
the dispersed images care had to be used 


to note that they were in truth twinned. 

Some of the low type zircon examined 
showed practically no twinning of the dis- 
persed images although the spectra were 
rather strong. 
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* Typical example of appearance of 
twinned spectra in a brilliant cut zir- 
con. C. Distant light source. 


High and intermediate zircon ate excell- 
ent stones to test as the dispersed images 
are widely separated and show strong dis- 
persion. The birefringence is almost always 
noticeable upon first examination. 

Transparent dark brown idocrase tested 


gave results consistent with its optical 
propetties. 
Fine iolite gave results as expected, 


though the double refraction could be de- 
tected by the obvious dichroism to the un- 
aided eye. 

Two specimens of kornerupine, a light 
blue-green and a dark brown Ceylon gem, 
show excellent results consistent with the 
properties of the material. 

Danburite gave results as expected in 
view of its weak birefringence and disper- 
sion. 

It is hoped that the information given 
will prompt others to investigate this method 
of observing gemstones, and that perhaps 
other uses for the method will be reported. 
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designs so successful. They’re the kind of “fashion-for- 
ward” pieces that stylish but price-conscious consumers 
pick out, he says. 

Of course, sourcing pearls for all these necklaces is al- 
ways a challenge for Mastoloni. One of his key considera- 
tions is maintaining standards. For the “Cocktail” necklaces 
he has to source pearls of the same tone, color saturation, 
and luster. You just can’t throw pearls together and expect 
them to look good, he explains. It requires an understanding 
of the product along with consistency in both quality and 
look—as well as an enormous amount of pearls. 

Mastoloni asked us to look at professional women of 
power on television, who frequently wear significant pearl 
necklaces. Their choice might be a necklace combining dif- 
ferent pearl colors, or a uniform one with large round white 
South Sea or Tahitian cultured pearls. Fine pearls can be 
worn in the boardroom or at social gatherings—they show 
that the wearer “has arrived.” No other jewelry is as ver- 
satile. 

Mastoloni noted that the supply of Tahitian cultured 
pearls has changed. Although there looks to be a good 
variety of subtle colors, he’s not seeing the same wide 
range of colors as 10-15 years ago. This appears to be be- 
cause the culturing process is improving and there is 
more control over color consistency. This is better from 
the point of view of investors, because consistent col- 
ored pearls are easier to match and sell. As a result, those 
investing in pearl cultivation find it easier to recoup 
their expenses. 

Next, he showed us single pearls and collection pieces, 
starting with a 23.3 x 28.6 mm Australian baroque South 
Sea pearl that was solid and unblemished on all its sur- 
faces. Single pearls like this one are unique items that a 
person can make their signature piece—something they 
wear every day. 


Figure 24. This necklace features 14 mm round 
Tahitian cultured pearls in the front and 9 mm 
South Sea “keshi.” Photo by Eric Welch; courtesy of 
Mastoloni Pearls. 
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Figure 25. A pair of 15 x 18.5 mm light pistachio 
Tahitian cultured pearls, A matching-color drop shape 
measuring 16 x 22.7 mm makes up a trio. Photo by 
Eric Welch; courtesy of Mastoloni Pearls. 


Pairs, such as the 15.0 x 18.5 mm Tahitian cultured 
pearls seen in figure 25, are also perfect for unique pieces. 
Their light pistachio color is one of the colors Mastoloni 
used to love but can no longer easily obtain. Serendipi- 
tously, he found a matching-color larger drop shape meas- 
uring 16.0 x 22.7 mm to make up a trio (again, see figure 
25). According to Mastoloni, the right designer could make 
an incredible piece out of these. 

His next piece was a 16 x 23 mm Tahitian drop pearl 
with a unusual shape and excellent luster. It was a near- 
perfect teardrop with a very attractive slightly asymmetri- 
cal tip, shaped almost like a drop of water. It begs attention, 
he explains, a pearl like this could be the center of atten- 
tion in a one-of-a-kind necklace. Mastoloni confirmed that 
such teardrop-shaped pearls are now difficult to find in 
Tahitian production. As pearl culturing techniques im- 
prove, drop pearls are nowhere near as desirable—or as 
profitable to produce—as spherical ones. Pearl farmers are 
more concerned with return on investment, so they are re- 
ally striving to produce more round pearls. As pearl cultur- 
ing methods improve, consequently, it becomes harder and 
harder to find nice teardrops—producers make a lot of less 
attractive, misshapen examples which bring down the 
value of the harvest. 

Finally, Mastoloni showed us a top-quality pair of 15.3 
mm round golden pearls. He noted that golden pearls— 
which are generally produced from the gold-lipped oyster 
in the Philippines and Indonesia—are still a good business, 
with much stronger demand in Asia than in the U.S., al- 
though the market probably peaked about a year ago. He 
notes that there might be a little oversupply in Asian mar- 
kets, but he expects it to be temporary. As far as quality is 
concerned, Mastoloni’s advice is to look for a pearl that has 
a good “gold” color—he always likens it to a “ring color”— 
“you don’t want yellow and you don’t want green, but it’s 
got to have a richer gold to it,” he says. Indonesia is always 
going to have a steady supply of pearls, because cultivation 
takes place over such a large area, he says but cautions that 


Gems & GEMOLOGY SPRING 2017-125 


there’s so much champagne and creamy greenish yellow 
production that he cannot use. He notes that their supply 
is getting better, but it’s not quite there yet. In his opinion, 
cultivators in the Philippines are excellent at producing 
gold pearls, as their waters and their oysters are better 
suited for these products. Indonesia will continue to pro- 
duce all colors, and Australian pearl farmers will concen- 
trate on white, while those in Tahiti focus on the different 
shades and nuances of black pearls. 


Duncan Pay 


Moroccan amethyst: Mining and marketing. Characteristic 
“hourglass” color zoning (figure 26) and striking red 
hematite “finger” inclusions help distinguish Moroccan 
amethyst. Although amethyst is readily available on the 
market, the material from Boudi in southern Morocco 
stands out. While Moroccan amethyst has been featured in 
GweG previously (F. Troilo et al., “Amethyst from Boudi, 
Morocco,” Spring 2015, pp. 32-40), we gathered some fresh 
insights on the mine and the marketing strategy for this 
material from Alaeddine Rafei, who directs grading and 
sales for Geostone Group in Morocco. 

About 40 years ago, a group of nomads were stuck in a 
storm in the Anti-Atlas mountain range of southern Mo- 
rocco. The next morning, they found purple crystals on the 
washed ground. The nomads kept bringing the crystals to 
tourist shops in the villages nearby. Seven years ago, a ge- 
ologist and a cofounder of Geostone Group finally had the 
stones analyzed by GIA and confirmed that they are 
amethyst. Mining started in 2011-2012 and has continued 
onasmall scale since then. From 2011 to 2015, the miners 
mainly used hand tools to remove the earth and extract the 
crystals. As the wall has gotten pushed further back, exca- 
vators have been used since 2015 to move earth. The min- 
ers are still hand picking crystals out of the removed earth. 

Rough amethyst crystals are transported to the com- 
pany’s warehouse in Casablanca for washing and grading. 
Washing is done with water and acid. Rafei explained the 
four grades of Moroccan amethyst. The topmost grade con- 
sists of double-terminated single crystals, which are ex- 
tremely rare. Rafei explained that only 1% of the 
production is gem quality (figure 27), of which only 2% are 
the double-terminated crystals. Next come the AAA grade, 
which refers to the deep purple stones, and the slightly less 
purple AA grade. The AA grade is the most common on 
the market. The fourth grade is a category called Rose du 
Maroc. Amethysts falling to this grade have an even lighter 
purple color than AA stones. 

Marketing these amethysts is an even greater chal- 
lenge. As people can imagine, the rough amethyst market 
is very competitive, since there are many sources in differ- 
ent countries. In 2013, when Geostone’s founders brought 
their Moroccan amethysts to Tucson to test the market, 
they went home deflated by the feedback. Large colored 
stone cutting companies see little value in these 
amethysts. Luckily, the founders got connected with 
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Figure 26. These amethyst crystals from Morocco 
show the strong zoning characteristic of stones from 
this location. Photo by Eric Welch/GIA, courtesy of 
Geostone Group. 


world-renowned gem carver Glenn Lehrer, who became 
their marketing advisor and took Moroccan amethyst in a 
completely different direction. Lehrer saw the unique fea- 
tures in these stones and applied his cutting styles and 
award-wining patented cuts to show off their beauty. The 
special cuts also better use the rough. The yield of Moroc- 
can amethysts at a normal cutting factory is only about 
8%. When Lehrer’s special cuts are applied, the yield was 
increase to an average of 20% for top-quality stones. He 
also introduced these amethysts to Gems TV. Instead of 
selling the rough to gem cutters, the company now offers 
faceted stones and finished amethyst jewelry directly to 
consumers through multiple TV programs in different 
countries. 

As a result, Moroccan amethyst is not just another 
amethyst. It is now a brand and trademark of Geostone 
Group. The mine-to-market story is sold with the gems. 
The story even landed Moroccan amethyst in the Rio 
Grande catalog. In return, the company is actively involved 
in community building in the mining area. It only hires 


Figure 27. Morocco produces deep purple amethyst 
with red hematite “finger” inclusions that can cause 
red flashes of color. Photo by Eric Welch/GIA, cour- 
tesy of Geostone Group. 
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local Berbers to work in the mine, offering them a good 
salary and health care. During the past several years, Geo- 
stone Group has kept production quite stable and limited 
mining crew sizes to around 20 people. Wells, roads, elec- 
tricity, and designated vehicles for schoolchildren and vil- 
lagers are all provided using profits from the amethyst 
mine. In 2016, Geostone Group received an award from the 
Moroccan government to highlight its contributions to so- 
cial responsibility and gem mining in Morocco. 


Andrew Lucas and Tao Hsu 


Emerald dealing in Afghanistan. Dealing rough gemstones 
is never easy. This is true even for gemstones dealers with 
decades of experience such as Arthur Groom of Eternity 
Emerald (Ridgewood, New Jersey). Groom has traveled all 
over the world to purchase emerald rough, and his current 
focus is Afghanistan. In Tucson, he demonstrated to us the 
art of rough purchasing and the critical decisions that must 
be made during this process. 

Groom started by opening a parcel of about 260 g of 
rough emerald (figure 28), which he valued at a minimum 
of $600,000. He recounted the decisions he had to make in 
the field in Afghanistan when buying this parcel from min- 
ers. Just as with individual colored gemstones, the first 
thing buyers need to look at is the color of the whole par- 
cel. Tip number one: Always spread out the stones after 
you get the first impression of the parcel. This is impor- 
tant, because colors always look better when stones are 
clustered together; spreading out the stones helps the buyer 
see the appearance of individual stones and better sort 
them into several groups. Next, do a quick estimation of 
the percentage of each group relative to the whole parcel. 
For example, a parcel may contain about 20% lighter-col- 
ored emeralds. 

Since evaluation is the most critical step in rough pur- 
chasing, there are several aspects buyers must pay extra at- 
tention to when estimating the value of a certain piece or 
group. The color, the model (shape) of the crystal, and the 
clarity features are the three key observations that deter- 
mine your decision. When looking at color, it is especially 
important to consider the crystal’s core. This is essential for 
Afghan emeralds, because many of them have a lighter core 
(figure 29). Stones like these will lose color after faceting, 
which demands extra planning and often results in a higher 
weight loss. For emeralds, darker rough is more likely to 
maintain its color after cutting. The lighter rough tends to 
lose color, especially when cut into melee. 

The rough dealer must visualize how the finished stone 
can be placed inside the rough based on the model, as it 
dictates the final yield of the rough. Groom demonstrated 
the types of emerald that achieve high weight retention 
and others that do not. There is a large quantity of pencil- 
shaped rough coming from the mountains of Afghanistan, 
material once regarded as waste by some miners and buy- 
ers. Groom said that with today’s technology, these stones 
can be cut into melee that command on average $500- 
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Figure 28. This 260 g rough emerald parcel was used 
to demonstrate the methodology in grading and nego- 
tiating the purchase of rough gemstones in the field. 
Photo by Eric Welch/GIA. 


$1500 per carat. Old Soviet ammunition from the war 
three decades ago is still used to blast the emerald-bearing 
rocks due to the shortage of mining dynamite in 
Afghanistan. This is a problem for emerald mining, since 
many larger stones are broken during the blasting. The bro- 
ken crystals also limit the weight retention. For instance, 
a perfectly preserved rough crystal can reach a yield of 
60%, compared to only 10-15% for a broken one. 

The “Four Cs” of colored gemstones are generally the 
same as for diamonds; however, a fifth “C” is crucial for 
emeralds. This is clarity enhancement, a common practice 
in the emerald trade. Imperfections are removed by cutting 
them out or treating fissures to lower their visibility. In the 
case of emerald, the latter is more common if higher 
weight retention and better proportions are desired. The 
buyer must find the emerald’s fractures and make a deci- 
sion on the possibility of enhancing them and leaving them 
in the stone. The essence of rough evaluation is to com- 
prehensively consider all the factors and find the balance 
between them. Mastering the process requires years of 


Figure 29. Upon close examination of this emerald 
crystal, sorted out of a large parcel during a buying 
trip to Afghanistan, Arthur Groom found the crystal 
core to be much lighter in color. Photo by Andrew 
Lucas. 
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Figure 30. Buying rough emerald in the field under 
less than ideal conditions, like a miner’s office in 
Kabul, requires discipline and a systematic approach. 
Photo by Andrew Lucas. 


practice and familiarity with both the rough and the fin- 
ished stone markets. 

After evaluation comes the art of negotiation. If the 
buyer is enthusiastic about purchasing the parcel, the ne- 
gotiation takes off from there. Based on Groom’s experi- 
ence, buyers need to stay cool and offer reasonable prices 
to get what they want. The key takeaway here is that as a 
buyer, you need to know the value of the parcel and show 
the miners that you know what you are doing. Ridicu- 
lously low offers should be avoided, since that would im- 
mediately cast doubts on your capability and reputation. 
Once both sides realize that a fair deal is going to happen, 
the “sweet spot” for the price can be reached quickly. 

Dealing with gemstones is ultimately about dealing 
with people. Afghan emerald miners (figure 30) are a very 
strong-willed group. They always come together to sell 
their stones. These miners do not owe banks money, so 
there is no pressure for them to sell the goods. In this situ- 
ation, winning their trust is the key to motivating them to 
bring in more stones that fit the buyers’ needs. Groom re- 
minded us that respecting the locals and bringing value and 
benefit to them will guarantee good business and long-last- 
ing friendship. 

Andrew Lucas and Tao Hsu 
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Magnificent sapphires from Montana’s Rock Creek mine. 
Potentate Mining marketing director Warren Boyd pre- 
sented two magnificent sapphires (figure 31) and a suite of 
fancy sapphires extracted from the company’s Rock Creek 
operation in Montana in 2016. He also updated the authors 
on this past mining season. 

The larger of the two stones is the 12.61 ct blue sap- 
phire, one of the largest of its kind from Montana. It was 
faceted from a 6.37 g rough that had been heated. The 
rough showed strong blue color before heating but had a 
core with heavy silk inclusions. Heating dissolved the silk 
and enhanced the blue color. The 7.9 ct orange oval is the 
largest of this color ever recovered from Montana, to Boyd's 
knowledge. This stone was faceted from a 5.2 g rough of 
pale greenish color with a dark brownish core. While the 
rough was of very low transparency, the results of heating 
were better than expected. The heated rough showed a 
royal blue rim surrounding a bright orange core. Both 
stones were faceted by Jeff Hapeman (Earth’s Treasury, 
Westtown, Pennsylvania). 

Most of the Rock Creek sapphire is small, and larger 
stones with spectacular colors are very rare. Because the bulk 
of the production comes out of the ground with greenish pas- 
tel colors, natural stones with bright colors are also very valu- 
able. Boyd and his clients from Americut showed us a suite 
of natural fancy sapphires (figure 32) recovered in 2016. The 
company had produced sapphire rough from its Rock Creek 
deposit for two consecutive mining seasons and gradually 
built up a large inventory. Potentate is not planning to in- 
crease production but to keep it stable in the near future. The 
company installed a new water clarifier in its washing plant 
at Eureka Gulch, which recycles the water used in ore wash- 
ing. The company will keep its focus on building inventory 
and bridging the gap between supply and demand. 


Andrew Lucas and Tao Hsu 


Magnesio-axinite from Merelani, Tanzania. Colored gem- 
stone dealer Bill Vance (Vance Gems, Newark, Delaware) 
showed us some transparent examples of magnesio-axinite, 
a rare magnesium-dominant member of the axinite group 
of minerals. Axinite has a general formula of 
H(CaFe*MnMg),(ALBSi,O,,). Gem-quality magnesio-axi- 
nite—also known as axinite-(Mg)—is transparent to 


Figure 31. This 12.61 ct 
blue sapphire and 7.90 
ct orange sapphire re- 
cently mined by Poten- 
tate show that large 
material still comes out 
of Rock Creek, Mon- 
tana. Photo by Eric 
Welch/GIA, courtesy of 
Potentate Mining. 
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Figure 32. As displayed by these rough and cut sap- 
phires, Potentate’s sapphire production includes a 
wide variety of colors. Photo by Eric Welch/GIA, 
courtesy of Potentate Mining. 


translucent, with pale blue to pale violet, light brown to 
light pink, or yellow to golden yellow or orange color (fig- 
ure 33, left). More intensely colored bluish violet to purple 
magnesio-axinite tends to have a higher RI (1.659-1.681) 
than lighter-colored pink, purple, or yellow material 
(1.652-1.668). Magnesio-axinite has a birefringence of 
0.010—-0.016, strong dispersion, and a Mohs hardness of 5.5. 
Stones with a blue color component display pale blue to 
pale violet and pale gray pleochroic colors. Fluorescence is 
one of the material’s most striking properties—the gem 
shows a dull red under short-wave ultraviolet light and a 


vibrant “merthiolate flame color” red under long-wave UV 
(figure 33, right). We intend to report on the chemistry of 
this interesting material at a future date. 

Vance said he’s attempting to name the gem “vanceite.” 
Besides the fluorescence, pink to blue-violet stones display 
a color shift: If you view it under a fluorescent light, you’re 
going to see a blue stone, he says, under incandescent, it’s 
more of a pinkish color. Yellows don’t show a color shift. 

Because of the material’s color shift and strong fluores- 
cence, Vance believes it appeals to a wide audience. Ac- 
cording to Vance, these examples come from a very limited 
occurrence in the Karo pit “D” block, Merelani Hills, Tan- 
zania, where the chemistry and formation conditions were 
just right, and new material is very hard to get. It comes 
from the same rocks as green garnet, tanzanite, and chrome 
tourmaline. He remarked that while cutting of magnesio- 
axinite is straightforward, the biggest problem is getting 
clean pieces to cut as almost all have inclusions. In terms 
of size, he said, anything over four carats is a “monster.” 

Vance also showed us a heart-shaped 10.46 ct Tanzan- 
ian “Merelani mint” garnet. He noted that it displayed a 
very strong response to both long-wave and short-wave ul- 
traviolet light (figure 34). Although such vanadium-bearing 
grossular garnet can come from Kenya or Tanzania, most 
of the Kenyan material displays no long-wave UV reaction. 
According to Vance, a strong long-wave UV reaction from 
a green grossular garnet is strong evidence of a Tanzanian 
stone from D block. Vance explained that supply of this 
material is now dwindling. In the beginning, prices ranged 
from $400-$500 per carat up to $800 per carat. Today’s 
prices for equivalent material are in the range of $2,500 per 
carat. For a particularly fine example over six carats, prices 
might be as high as $10,000 per carat. Demand is really 
strong, especially in China. 

Duncan Pay 


Figure 33. Left: A suite of eight magnesio-axinite faceted gems and one rough stone. Clockwise from top right:1.21 
g orange-yellow rough, 2.72 ct. yellow-orange pear shape, 1.14 ct bicolor marquise, 1.51 ct pair of pale pinkish blue 
princess-cut stones, 1.43 ct pink-blue oval, 1.83 ct light pink to light blue triangle, and at center in the pendant, a 

4.22 ct. oval pink-blue gem. Right: The same magnesio-axinite gems under long-wave ultraviolet fluorescent light- 


ing. Photos by Eric Welch; courtesy of Vance Gems. 
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Ethical and sustainable vertical integration in the sapphire 
market. When the recession of 2008 struck, Sheahan 
Stephen (Sheahan Stephen Sapphires, Inc., San Francisco, 
California) had been dealing in Sri Lankan gemstones for 
two years. He saw his monthly cash flow drop to a third of 
what it had been when he first started traveling to Sri 
Lanka to buy stones for resale in the United States. During 
the recession he decided to borrow money and become ver- 
tically integrated. Stephen created a transparent supply 
chain and an ethical supply model by becoming directly 
involved in mining. His new business also included heat 
treatment, cutting, and sales. 

Sustainable practices tie directly into Stephen’s beliefs 
in how businesses should strive to operate. He sees lack of 
sustainability as a major cause of many of society’s prob- 
lems. He works with his customers in what he calls “cus- 
tomized” vertical integration. He fills specific orders for 
his customers directly from mines and brings the sapphires 
to market in a controlled manner, meaning they are always 
in his hands or an employee’s hands until they reach the 
final customer. Stephen guarantees the entire supply chain 
and strives to provide full documentation, including the 
mine the sapphires (figure 35) came from and the name of 
the treater and the cutter. 

He focuses on education and training in Sri Lanka to ob- 
tain the quality and traceability his customers expect. Train- 
ing and complete trust in his Sri Lankan staff allow him to 
buy stones unseen that will fill his customers’ specifica- 
tions. Stephen also believes in providing education and other 
assistance for his employees’ families in Sri Lanka. 

Stephen finds that customers today want more informa- 
tion about their jewelry. They want to know where a piece 
came from, who was involved in manufacturing it and 
bringing it to market, and the corporate social responsibility 
practices of the company involved. With many of his cus- 
tomers today willing to pay 30% more for documented eth- 
ical sapphires and sapphire jewelry, he focuses on growing 
his sales with sustainability-minded clients. At the same 
time, he strives to be close to other wholesalers in his pric- 
ing to stay competitive and grow his business. 

A major part of his business investment is the time he 
spends growing relationships with miners and cutters in Sri 
Lanka that can take years. That is an essential element of 
developing a sustainable business model for artisanal min- 
ing. Stephen hopes that building long-term relationships 


130 Gem News INTERNATIONAL 


Figure 34. Left: A 10.46 ct 
heart-shaped green grossular 
garnet of the color known as 
“Merelani mint” in the 
trade. Right: The same 
grossular garnet displays a 
strong orange reaction to 
long-wave ultraviolet light. 
Photo by Eric Welch; cour- 
tesy of Vance Gems. 


with his employees and suppliers in Sri Lanka and perfecting 
the processes throughout the supply chain will allow for 
slow but sustainable business growth. His vision is to take 
this model to other gem mining countries, especially in 
Africa, where he is currently working in Madagascar. 


Tao Hsu and Andrew Lucas 


Exceptional freeform tanzanite and Oregon sunstone rings. 
At the Gem and Jewelry Exchange (GJX), we caught up 
with gem artist Alexander Kreis (Sonja Kreis Unique Jew- 
elry, Niederworresbach, Germany). As we’ve noted in pre- 
vious Tucson reports, theirs is a family business: father 
Stefan buying the rough, mother Sonja designing the jew- 
elry, and Alexander cutting the gems. Alexander and Sonja 
showed us a new ring (figure 36) set with a spectacular 
27.20 ct vivid blue freeform tanzanite (figure 37). He ex- 
plained that he had recently traveled to East Africa seeking 
a singular piece of gem rough to inspire an exceptional jew- 
elry piece. He found his inspiration in Tanzania with a 65 
ct rough tanzanite of remarkable color and clarity. 

Even with such a top-quality piece, Alexander cautioned 
that success is never guaranteed. Unlike baseball—where 
you get three chances—with cutting, it’s “one strike and 


Figure 35. Untreated yellow sapphires such as this 
12.18 ct gem command a premium in the market- 
place, especially when a transparent chain of custody 
and sustainable mining practices can be documented 
for the customer. Photo by Eric Welch/GIA, courtesy 
of Sheahan Stephen Sapphires. 
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you're out!” He added that the gem can never be its best if 
the cutter misjudges and makes it too flat. For this one-of- 
a-kind rough, classic cutting styles such as oval or cushion 
shapes might be counterproductive if too much weight is 
lost getting proportions right or if the deep blue color is lost. 

For Alexander, cutting is an “intuitive adventure” in 
which it might take months to place the first facet. The 
finished stone is a nonsymmetrical shield shape with a 
mixture of large and small facets that catch the light and 
create a strong sense of movement. According to him, cut- 
ting a freeform allows more reflections so that the gem will 
exhibit maximum sparkle and display the best possible 
color from the rough. 

The facet dimensions govern the size of the reflections 
from the gem’s surface, and a series of grooves on the base 
of the gem running at right angles to the facets on the top 
create sharp angles, heightening the sense of movement 
and drama (figure 38). For Alexander, this represents not 
just the movement of the earth, but also the volume of ma- 
terial the workers had to shift to recover the gems. 

He reminded us that mining in Merelani is a challenge, 
taking place at depths of up to 3,900 ft (1,189 meters). Min- 
ers can only work for short periods due to temperatures 
reaching 122°F (50°C), and they must take regular breaks 
in designated cooling areas. 

As a goldsmith and jewelry designer, Sonja follows a 
500-year family tradition. She explained that it’s not just 
attributes like size, shape, and color that drive the design 
of a jewelry piece to complement the stone. She normally 
starts thinking about the jewelry design when Alexander 
completes the stone, noting that it can change substan- 
tially from the rough crystal to the finished piece. 

When Sonja saw the finished cut tanzanite, still wet 
from the wheel, she held it and examined it from every angle 
in front of a mirror to get a feeling for the gem and for the 


Figure 36. This ring is set with a spectacular 27.20 ct 
vivid blue freeform tanzanite. Photo courtesy of Sonja 
Kreis Unique Jewelry. 
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Figure 37. The gem was cut from a 13 g rough tanzan- 
ite of remarkable color and clarity. Photo courtesy of 
Sonja Kreis Unique Jewelry. 


best type of jewelry mounting to accompany it. It’s not just 
the size and shape that influences the gem, she noted, but 
the story behind it, too. This aspect is increasingly impor- 
tant for clients who like to buy into the romance and unique 
attributes of a jewelry piece. In this case, the rose gold on 
the mounting represents the heat the miners endure to re- 
cover the gems at depth in the mine, while the white gold 
cradling the tanzanite stands for the designated cooling areas 
where the workers have a chance to recover. The diamonds 
along the edges of the center gem symbolize the many 
stones that have been moved out of the way to reach the 
tanzanite. The branching metalwork in the galleries at each 
end of the mounting represents the air that must be pressed 
into the mine depths to sustain the miners. The little trail 
of melee diamonds around the curve of the ring’s shank adds 
a final touch of elegance to a significant piece with a large 
center stone. 


Figure 38. Angled grooves on the base of the 27.20 ct 
freeform tanzanite create a dramatic sense of move- 
ment. Photo courtesy of Sonja Kreis Unique Jewelry. 
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Sonja also shared with us a striking ring centered on a 
28.21 ct freeform Oregon sunstone from the Dust Devil 
mine (figure 39). The organic outline of the mounting com- 
plements the smooth contours of the gem, which rests in 
an 18K rose gold “cup.” The cup is highly polished to re- 
flect light back through the gem and amplify its rich orange 
color. The gem itself is shot through with an array of glit- 
tering copper particles that catch the light and add to the 
piece’s allure. 


Duncan Pay 


Gem paintings from Thailand. The 2017 GJX show hosted 
a new vendor that manufactures and sells gem paintings, 
merchandise not typically seen in international gem and 
jewelry shows. Only a handful of companies around the 
globe are active in this market segment. Than Thong Arts 
operates its own factory in northern Thailand. Owner 
Wanlaya Suwannapirom is from a family that has been in 
the jewelry industry for over 70 years. She started her gem 
painting business more than a decade ago and gradually be- 
came the industry leader, with both international and do- 
mestic clientele (figure 40). 

These paintings are handmade by highly skilled arti- 
sans in Thailand, using natural uncut gem fragments 
sourced from all over the world. The fragments come from 
either mining operations or cutting factories. The paint- 
ings’ bright colors are generated by colored gem fragments, 
while the background and skin tones are created by dyed 
quartz or calcite powder. Artists also use extremely thin 
24K gold leaf to color human hair and other details (figure 
41). Unlike many other gem paintings, the gemstones are 
not glued to paper or canvas but attached to the glass and 
then framed. 

The process includes several steps: sketching the paint- 
ing on paper, a reverse transfer to glass, gluing the gem frag- 
ments and the dyed quartz or calcite powder, drying the 
glue, and framing the artwork. The middle steps are the 
most critical for the quality of the final product. The frag- 
ments are sorted into different sizes. Painters need to fol- 
low the order to apply the coarser grains first and then 
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Figure 39. A 28.21 ct freeform Oregon sunstone from 
the Dust Devil mine is the centerpiece of this ring. 
Photo courtesy of Sonja Kreis Unique Jewelry. 


gradually go down to smaller sizes to fill the holes in be- 
tween the fragments. This step continues until no space 
left between any fragments and the motif is completely 
colored by gems. Another challenge is to accurately and 
naturally reflect the human skin tone (again, see figure 41). 
To achieve this, painters grind quartz or calcite into very 
fine powder and dye them to slightly different tones for a 
very gradational transition of skin tone. 

To cater to a wide range of customers, paintings are pro- 
duced in many sizes and framed in various ways (figure 42). 
Besides wall and desk decor, the paintings are framed in 
jewelry boxes and wearable jewelry. According to Suwan- 
napirom, smaller paintings require more attention to de- 
tail. In addition, crystal glass that contains a higher 
concentration of lead is used on the wearables to give them 
a glossier look than the pyrolytic glass used for decor. 
Therefore, the price range of the jewelry is similar to some 
of the larger desk decor pieces. 

Customized gem paintings based on photos can also be 
specially created. At the booth, we saw some photo-based 
portraits made by Suwannapirom and her team. Some 


Figure 40. While her 
family had been in- 
volved in different sec- 
tors of the gem industry 
for more than 70 years, 
Wanlaya Suwan- 
napirom found a pas- 
sion for gem paintings 
such as the one in this 
pendant. Photo by 
Albert Salvato/GIA, 
courtesy of Than 
Thong Arts. 
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Figure 41. By dyeing ground quartz or calcite in 
slightly different tones, a realistic gradation of skin 
tones can be achieved. Here, 24K gold leaf is used to 
create a beautiful hair color for the mother. Photo by 
Eric Welch/GIA. 


prominent figures have hired her to produce their portrait 
in gems, including the kings of Saudi Arabia and Thailand. 
The finished products look very accurate and natural. The 
gems in the paintings offered at the show came with a cer- 
tificate of authenticity issued by a Thai gemological lab. 


Andrew Lucas and Tao Hsu 


New designs from Paula Crevoshay. Paula Crevoshay came 
to Tucson some new designs that once again showcase her 
unique talent. 

The “Queen Thai” bracelet (figure 43) contains five 
large freeform fire opals. Accompanying the opal are micro- 
pavé brilliant tsavorite accents and blue zircons connecting 
the bracelet sections. Four of the fire opals are from Mex- 
ico, and one is from Brazil. Crevoshay pointed out that the 
four Mexican fire opals have better transparency, while the 
Brazilian one has a more saturated orange color. All of 
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Figure 42. Than Thong Arts’ gem paintings are offered 
in a variety of sizes, frames, and styles. Photo by Tao 
Hsu/GIA. 


them show some green and blue play-of-color, which com- 
plements the tsavorite and blue zircon accents. In return, 
the strong blue and green color of highly refractive tsa- 
vorite and zircon accentuates the opals’ play-of-color. The 
intense orange color of the Brazilian fire opal forms a dra- 
matic contrast with the Mexican stones and adds another 
layer to draw viewers’ attention. The mounting of the 
bracelet follows the profile of the freeform opals, giving the 
jewelry its own personality. 

Crevoshay expressed her love of nature in two new 
pieces from the collection. The “Swallowtail” butterfly 
(figure 44, left) combines yellow diamond, black diamond, 
blue Yogo sapphire, yellow sapphire, and red spinel. She in- 
formed us that this swallowtail is modeled specifically 


Figure 43. In the “Queen Thai” bracelet, the contrast in orange color between the more intense Brazilian fire opal 
(left) and the Mexican fire opals leads the eye directly to the Brazilian stone. All of the opals are complemented by 
the green tsavorite. Photo by Eric Welch/GIA, courtesy of Paula Crevoshay. 
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after those found in Montana, a state whose natural beauty 
and sapphires she admires. She noted that she always tries 
to find an excuse to involve Montana sapphire in her art- 
works. The various stones are mounted over a large surface 
area, which allows them to optically interact with each 
other. The colors of the stones accurately reproduce the 
colors on the wings of these butterflies. When people move 
the piece in their hands, it vividly reflects the whimsical 
look of the real butterfly. The elephant head in figure 44 
(right) evokes Crevoshay’s memories of visiting an ele- 
phant orphanage in Sri Lanka. Captured in this pendant is 
the extinct East African forest elephant, which is smaller 
and less aggressive than most other species. A special tex- 
ture was generated on the gold to depict the elephant’s 
skin. A sapphire and spinel headdress shows the royalty of 
this creature. The eyes are tsavorite, while the tasks are 
carved mother-of-pearl. 

Last but not least is the cuff bracelet featuring a large 
Australian boulder opal accented with sapphire (figure 45). 
To Crevoshay, “all opals are created by Monet,” since each 
is a striking blend of colors. The play-of-color pattern of this 
opal reminds viewer of a spectacular cityscape at night. 
There is a subtle red linear play-of-color across the middle 
of this piece. This long marquise-shaped boulder opal has 
blue as its deepest play-of-color, and Crevoshay selected the 
blue sapphire to go with it. According to color theory, blue 
is a color that recedes. The blue sapphire and the blue play- 
of-color seem to dominate the cuff bracelet but then recede 
to the background to allow the other colors such as the green 
and the red to take center stage. 


Andrew Lucas and Tao Hsu 


Tourmaline and sapphire from Nigeria. Zoe Michelou, 
marketing manager for a Nigerian mining company, gave 
an update in Tucson on the production of gemstones, par- 
ticularly tourmaline. She primarily handles sales and mar- 
keting of rubellite from Oyo State, where there are around 
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Figure 45. The blue play-of-color from the boulder 
opal and the blue color from the sapphires dominate 
one’s initial impression of the cuff bracelet. Photo by 
Eric Welch/GIA, courtesy of Paula Crevoshay. 


350 pits. There are usually 10 to 15 miners per pit. The 
miners descend 10 to 20 meters by ladder to the bottom of 
a pit, and then the pegmatites are blasted and tunneled be- 
fore extraction. Some tunnels are linked for better air cir- 
culation. Pits can be very close together, although some 
larger open-pit operations have excavators in the pits and 
carts to remove the ore. Rubellite is concentrated in pock- 
ets within the pegmatites. There are plans to increase 
mechanization, and new pockets are being discovered. 
Miners are paid a salary and provided with food and 
tools, as well as a bonus based on the value of the produc- 
tion. Sometimes miners can recover one ton of rubellite 
from a large pocket. Large single crystals can easily reach 18 
kg. The rubellite is kept in a safe and then transported to the 
city of Ibadan for grading every two to three weeks, depend- 
ing on production. Currently there are three to four quality 
categories. Most of the material is now shipped to Bangkok 
for final grading and sale. A new facility is planned to per- 


Figure 44. Left: The yel- 
low diamond, black dia- 
mond, blue Yogo 
sapphire, yellow sap- 
phire, and red spinel in 
this swallowtail brooch 
create a stunning color 
combination. Right: This 
brooch was inspired by a 
visit to an elephant or- 
phanage in Sri Lanka, 
which adds an extra 
touch of humanity to the 
piece. Photos by Eric 
Welch/GIA, courtesy of 
Paula Crevoshay. 
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Australian Sapphire Fields 
Not Fully Exploited 


by 


V. STRATTON’ 


Auda sapphire fields in Central 
Queensland embrace a 1200 square mile 
atea of only partially exploited mineral 
wealth. They are situated in the Anakie 
district about 192 miles west of Rockhamp- 
ton. At present only primitive mining 
methods are used on the fields, however, 
an increasing demand in the United States 
for Australian sapphires may stimulate 
greater activity and usher in an era calling 
for the application of modern mining tech- 
niques. 

The center of this little publicized, but 
perhaps fabulously rich, sapphire-bearing 
district is Rubyvale, a “one horse” mining 
village comprising an old weatherboard 


hotel, two stores, one house, and a collec- 
tion of nondescript shanties. 


Rubyvale is not yet conscious of the 
place in the sun that it is destined . to 
occupy. As you approach the village a 
painted flatiron sign, nailed to the trunk 
of an ironbark tree, attracts your attention. 
The sign reads, “Rubyvale Slow Down or 
You'll Pass.” That is Rubyvale—unpreten- 
tious, easy going, and as unchangeable as 
the centuries-old river gravéls from which 
its beautiful sapphires are unearthed. 

But a new order is coming to Rubyvale 
whether Rubyvale wants it or not. This is 
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form the final grading in Nigeria, with training of locals to 
create parcels for international clientele. Many of the rubel- 
lite crystals sent to Bangkok weigh 1 kg or more. 

There is also an alluvial deposit where rubellite pebbles 
can be recovered without moving too much earth. In 
Kwara State there is important production of indicolite and 
green tourmaline, including some pink and bicolor. Most 
of the mining is still near the surface, with a few deeper 
pits. The first production of indicolite tourmaline sent to 
Bangkok had crystals of 2-34 grams ranging from commer- 
cial to very high quality. 

Currently, the Nigerian is focused on selling rough 
rubellite (figure 46) through the Bangkok office and trade 
shows to the international market, especially in East Asia. 
The clients are mainly rough dealers and manufacturers 
from China, Hong Kong, and Thailand. This year, the com- 
pany will start a training program for grading at the mining 
site in Nigeria. In the future, rough will be sorted and 
graded prior to shipment to Bangkok. 

The interests Michelou represents just bought 180 
square kilometers of land in the Mambilla Plateau area of 
Taraba State for sapphire mining. Nigeria has produced 
large quantities of fine-quality basalt-related sapphires. Ex- 
traction will start in the spring, with sales expected by the 
end of 2017 or beginning of 2018. They will only sell rough 
sapphires in Bangkok. Both primary and secondary deposits 
will be mined, with an initial focus on the secondary de- 
posits. The washing plant will be able to handle 50 tons of 
ore per hour. Good-quality material weighing 3 to 5 grams 
is already being recovered. Security will be tight, and deal- 
ers from the Cameroon side of the border currently buying 
from unlicensed miners will be restricted from the com- 
mercial mining area. Transparent supply from the mine to 
Bangkok is an important part of the marketing strategy. 
The company is working out its grading system for rough 
sapphires. 

The company primarily sells rough but also sells some 
cut stones to manufacturing jewelers in Europe and the 
United States. Michelou sees an increase in manufacturing 
jewelers buying rough, including tourmaline and sapphire, 
and having it cut instead of just purchasing finished stones. 
By doing so they can guarantee mine-to-market custodian- 
ship and meet strict supply chain compliance regulations. 


Andrew Lucas and Tao Hsu 


“Boldly go” with a Southwest-inspired Starship Enterprise. 
At the Pueblo (Riverpark Inn) show, David Freedland 
(David R. Freedland Jr. Designs, Tucson) showed us some 
unusual pieces that stood out at his booth. Normally, you 
expect Southwest-style jewelry to embrace nature or Na- 
tive American influences for pieces featuring detailed in- 
lays of Arizona turquoise and other materials. Although 
Freedland had these in abundance, what really caught our 
eye was this handmade, sterling-silver rendition of the 
Starship Enterprise from the cult science fiction television 
series Star Trek. The piece measures 6.5 cm in length and 
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Figure 46. High-quality rubellite rough is highly 
sought after in the Asian market. Photo by Eric 
Welch/GIA, courtesy of Zoe Michelou. 


stands 4.5 cm high. It rests on a sterling silver stand inlaid 
with Arizona turquoise (figure 48). 

The iconic starship’s saucer section is also inlaid with 
Arizona turquoise and a concentric band of purple spiny 
oyster centered on a lab-grown white opal representing the 
bridge. Other oval lab-grown opal cabochons grace the ends 
of the engine nacelles, and a turquoise cabochon represents 
the ship’s shuttle bay. The starship portion has a loop and 
can be detached and worn as a pendant, if desired. Freed- 
land also has another handmade starship available: the 
“Reliant” from the 1982 motion picture Star Trek II: The 
Wrath of Khan along with an array of cyberpunk—or 
steampunk—ray guns that are redolent of classic U.S. sci- 
ence fiction films of the 1950s. 

Freedland told us there’s no other reason behind the 
considerable time and effort required to hand fabricate 
these unique pieces except that he’s always liked the idea 


Figure 47. A sampling of Nigerian indicolites after 
fashioning. Photo by Eric Welch/GIA, courtesy of Zoe 
Michelou. 
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Figure 48. This handmade piece fuses Southwestern 
style and its characteristic inlay techniques with a 
science fiction icon: the Starship Enterprise from Star 
Trek. Photo by Kevin Schumacher; courtesy David R. 
Freedland Jr. Designs. 


of space and the unknown—“what’s out there,” as he says. 
And he thought they would be a lot of fun to make. We 
hope these designs live long and prosper. 


Duncan Pay 


Golden rutilated quartz artisanal mining community. At 
the January 2017 Jewelry Industry Summit held in Tucson, 
Brian and Kendra Cook (Nature’s Geometry) discussed 
their efforts to promote sustainable mining in Brazil’s 
Bahia State. In cooperation with 2,500 miners from the re- 
gion, the Cooks are developing a collective in Remedios, 
Novo Horizonte (figure 49). Plans to brand the region’s 
unique golden rutilated quartz will be supported by a ware- 
house and cutting facilities, as well as a visitor center. To 
provide food security for the population, the Cooks also in- 
tend to bring organic community farming to the area. 

Brian Cook first visited the remote site, located in Cha- 
pada Diamantina bordering the Atlantic Rain Forest and the 
Serrado and Caatinga ecological communities, in 1983 as a 
geology student. The trip from Salvador, Bahia’s capital, took 
2% days, and he was shown an example of golden rutilated 
quartz (figure 50), which was relatively rare on the gem mar- 
ket at the time. He later became an exporter of the quartz 
and helped raise its profile. The Cooks have since become 
landowners in Remedios, and their property includes a suc- 
cessful golden rutilated quartz mine. Over the years they 
have visited with their children from their home in Salvador 
(now a ten-hour journey thanks to improved infrastructure) 
and become trusted members of the community. 

The Cooks have already helped locals formalize their 
land and mining rights, and now they are turning their at- 
tention to other initiatives. Their agenda includes mine 
safety, certificates of origin to ensure transparency and con- 
sumer satisfaction, and teaching cutting and polishing 
gemstones. They especially seek to empower local women, 
who already sell rough gems at the local markets, through 
lapidary and beadmaking training. The community’s prox- 
imity to the Atlantic Rain Forest makes it an ideal location 
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Figure 49. The remote Brazilian mining community 
of Remedios is the site of the Bahia golden rutilated 
quartz mines. The town is developing a sustainable 
collective of artisanal miners. Photo by Brian Cook. 


for ecotourism, a concept that can be combined with 
gemological study and buying expeditions. 


Figure 50. A local miner holds up an example of the 
golden rutilated quartz found in the Remedios area. 
Photo by Robert Weldon/GIA. 
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Brian and Kendra Cook are seeking investors and cor- 
porate sponsorship for their community. Learn more about 
their work at bahiainitiative.com. 


Jennifer-Lynn Archuleta 
GIA, Carlsbad 


Jewelry Industry Summit. The second Jewelry Industry 
Summit was held in Tucson, Arizona, January 29-30. The 
meeting was a continuation of the first summit, held in 
New York in March 2016, though new initiatives emerged 
from the Tucson gathering. 

Opening remarks by Doug Hucker and Jeff Bilgore 
(AGTA) were followed by three speakers from outside the 
gem and jewelry industry. Lisa Manley (Sustainability 
Strategy and Cone Communications, Boston) discussed 
exploring a company’s strengths, opportunities, and as- 
pirations, calling sustainability “a team sport.” Thea 
Polancic (Conscious Capitalism, Chicago) spoke on 
imagining the industry’s future, citing specific compa- 
nies that have used their leverage in their industries to 
make a difference in the world. Bob Mitchell (Electronic 
Industry Citizenship Coalition, Washington DC) pre- 
sented on pinpointing possibilities for successful and sus- 
tainable business practices. 

The majority of the summit was focused on committee 
updates from the first meeting and creating new initiatives 
to be worked on. Carried over from 2016: 


e Brian Cook (Nature’s Geometry, Tucson) is develop- 
ing a model community for golden rutile miners in 
Bahia State, Brazil. A construction site has been cho- 
sen, and negotiations with the municipal govern- 
ment for lapidary equipment have begun. See p. 136 
for more information. 

e The education committee, headed by Christina 
Miller (College Corner, Ohio) is creating a glossary 
that can help members of the industry and con- 
sumers understand the language of sustainability, 
ethical sourcing, and responsible practices. 

e The chain of custody and due diligence committee 
drafted guidelines for suppliers seeking responsible 
sources. 

e¢ The harmonization team is charged with establish- 
ing best practices among the existing standards 
across industries. Under the lead of Mark Hanna 
(Richline, Providence, Rhode Island) and Richard 
Nehls (LA Rocks, Los Angeles), the team has collab- 
orated with other organizations to learn from their 
challenges and successes. 

e #ResponsibleJewelryStories, the marketing arm of 
the summit, is led by Cleo Zancope Gnatek (Jane 
Taylor Jewelry, New York), Dana Bronfman (Dana 
Bronfman Fine Jewelry, New York), and Cecilia Gard- 
ner (New York). This team has created a website to 
share stories of responsible sourcing, ethical prac- 
tices, and sustainability. Industry members inter- 


Gem News INTERNATIONAL 


ested in sharing their stories on this topic should con- 
tact responsiblejewelrystories@gmail.com. 

e Members of the sales associate and consumer edu- 
cation team, led by Kevin Reilly (Platinum Guild In- 
ternational, New York), have developed an outline 
for training purposes and a proposal for content 
providers and potential sponsors. 

e The sustainability in jewelry committee, headed by 
Mike Pace (New York), has distributed a survey 
about perceptions of sustainability to 800 fine jew- 
elry buyers who identify as “millennials.” 

e The team working to fight silicosis and industrial 
diseases among gemstone cutters, led by Eric Braun- 
wart (Columbia Gem House, Portland, Oregon}, is 
creating pilot programs with three NGOs as well as 
the AGTA. 


Among the new initiatives proposed at the summit 
were an effort to find a safe, affordable alternative for mer- 
cury in gold mining; a development index to measure the 
positive and negative effects of the gem and jewelry indus- 
try on a nation’s economy; and a plan to build an agro-geo- 
ecotourism movement in Thailand. 

The location and dates of the next Jewelry Industry 
Summit will be announced later in 2017. 


Jennifer-Lynn Archuleta 


REGULAR FEATURES 


COLORED STONES AND ORGANIC MATERIALS 


Pyrope-spessartine color-change garnet with a high grossu- 
lar component. During the 2016 Tucson Gem and Mineral 
Show, Jeff Aylor provided several transparent rough gar- 
nets, reportedly from Sri Lanka, to GIA for scientific ex- 
amination. We noticed that the rough garnets showed 
obvious color change from yellow-green under daylight 
equivalent lighting to orange under incandescent illumi- 
nation. Three rough garnets were polished into wafers and 
analyzed to fully understand the chemistry and color be- 
havior of the material. 

Standard gemological testing of three garnet wafers re- 
vealed an RI from 1.76 to 1.77; hydrostatic SG ranged from 
3.93 to 4.00. Fluorescence was inert to long-wave and 
short-wave UV light. The stones did not show any 
pleochroism when utilizing the dichroscope. Using a hand- 
held spectroscope, absorption lines in the blue and violet 
section, and very weak absorption bands at 520 and 573 
nm, were observed. Microscopic examination showed in- 
tersecting long and short needles throughout. Graphite and 
quartz inclusions were also observed. All of these proper- 
ties are consistent with garnet. 

The chemical composition for each wafer was obtained 
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Figure 51. Top: Photos of three garnet wafers under incandescent light and fluorescent light (a daylight-equiva- 
lent imitation). Bottom: Calculated color panels of three garnet wafers under CIE A illumination and CIE D65 


illumination. Photos by Ziyin Sun. 


with a ThermoFisher iCAP Q ICP-MS coupled with a New 
Wave Research UP-213 laser ablation unit. We concluded 
that this type of material contains 39.79%-52.66% spes- 
sartine, 21.71%-32.03% pyrope, 3.17 %-7.28% almandine, 
16.87%-22.46% grossular, 0.38%-—0.72% goldmanite, and 
0.11%-0.19% uvarovite (see detailed table at 
https://www.gia.edu/gems-gemology/spring-2017-gem- 
news-pyrope-high-grossular-component). Based on the gar- 
net classification from Stockton and Manson (“A proposed 
new classification for gem-quality garnets,” Winter 1985 
GwG, pp. 205-218), this material should be classified as 
pyrope-spessartine. The V,O,, MgO, and MnO oxide wt.% 
are similar to the group 5 color change garnets previously 
reported (K. Schmetzer et al., “Color-change garnets from 
Madagascar: Variation of chemical, spectroscopic and col- 
orimetric properties, The Journal of Gemmology, Vol. 31, 
No. 5-8, 2009, pp. 258-259). However, these garnets con- 
tains much higher grossular component (16.78 %-22.46%) 
than those reported by Schmetzer et al. (3.02.%-10.23% 
grossular). To our knowledge, the chemical composition of 
this type of color-change garnet has never been reported 
before. 

The color of the three wafers was quantitatively calcu- 
lated by using the visible spectra (Z. Sun et al., “Vanadium 
and chromium bearing pink pyrope garnet: characteriza- 
tion and quantitative colorimetric analysis,” Winter 2015 
G&G, pp. 348-369). The color of each wafer can be pre- 
sented by using CIE L*a*b* and RGB color coordinates, as 
seen online in table 2. The calculated color panels of three 
wafers under daylight-equivalent lighting (CIE D65 illumi- 
nation) and incandescent lighting (CIE A illumination) 
were shown in the bottom row of figure 51. The three 
wafers were also photographed under both fluorescent light 
and incandescent light to compare with the panels in the 
top row of figure 51. 

One way to judge the quality of a color-change stone is 
to plot the color pair in the CIE 1976 color circle. Good 
color-change pairings show a large hue angle difference, 
small chroma difference, and large chroma values (see table 
2). The color coordinates of the three wafers were plotted 
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in the CIE 1976 color circle found online. The color change 
of this material is not very significant, but is definitely ob- 
servable. 


Ziyin Sun and Jonathan Muyal 
GIA, Carlsbad 


Aaron C. Palke 
University of Queensland and Queensland Museum 
Brisbane, Australia 


SYNTHETICS AND SIMULANTS 


Plastic amber imitation in a rosary. The Dubai Central 
Laboratory (DCL) receives almost all types of ambers, nat- 
ural and treated (e.g. heated, dyed, reconstructed) as well 
as amber imitations for identification. Amber rosaries 
(prayer beads) are increasingly popular in Middle East coun- 
tries, especially the United Arab Emirates and Arabian 
Gulf countries. 

Recently DCL received a rosary for amber identifica- 
tion. The yellow and yellowish brown color, structure, and 
size of the 102 beads were identical (figure 52, left). At first 
glance, even with a well-trained eye, this rosary could eas- 
ily be misidentified as exclusively natural amber. Testing 
revealed that the rosary was strung with 71 heat-treated 
amber beads and 31 Bakelite plastic beads. 

Spot RIs of the amber beads were 1.53; observation be- 
tween crossed polarization of most beads revealed anom- 
alous double refraction with strained colors. Stress spangles 
and brown thread-like substances are the most noticeable 
inclusions in these beads; these features are commonly seen 
in heat-treated amber. The spot RIs of the plastic beads was 
around 1.64. Aggregate and anomalous double refraction re- 
action was observed under the polariscope and gas bubbles 
and swirl marks were the main inclusions. 

The most interesting aspect of the specimen was its 
reaction under long-wave UV. The amber showed moder- 
ate to strong chalky greenish blue and yellow fluores- 
cence, but the plastic appeared brown (figure 52, 
right).This reaction was very useful for differentiating be- 
tween the two materials. 
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To confirm the identity of each material, we analyzed 
their infrared spectra with attenuated total reflectance 
(ATR) mode (figure 53). Spectrum A displayed main peaks 
at 1716.4 and 1161.1 cm, consistent with amber. The 
main peaks of Spectrum B were at 1650.8, 1600.7, and 
1218.8 cm. After comparison with spectrum A and the 
spectra of other plastics, spectrum B confirmed the spot 
RI’s identification of this sample as Bakelite plastic. 

This rosary is an excellent example of the importance 
of testing and disclosure, because even an experienced per- 
son could not differentiate between the amber and Bakelite 
beads with the unaided eye. 


Nazar Ahmed Ambalathveettil (nanezar@dm.gov.ae), 
Mohamed Karam, and Sutas Singbamroong 
Gemstone Unit, Dubai Central Laboratory 

Dubai, United Arab Emirates 


Mixed-type treated red HPHT synthetic diamond. A mul- 
tiple-treatment process involving irradiation and HPHT 
annealing can produce pink to red color in natural and syn- 
thetic diamonds; specimens treated by this process have 


Figure 53. IR spectra of the two specimens, with ATR 
method applied. Spectrum A represents natural 
amber, with typical peaks at 1716.4 and 1161.1 cnr. 
Spectrum B’s main peaks at 1650.8, 1600.7, and 
1218.8 cnr indicate that it is Bakelite plastic. 
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Figure 52. Left: The rosary 
shows yellow to yellowish 
brown color in daylight- 
equivalent lighting (left). 
Right: The rosary under 
long-wave UV. The amber 
shows a moderate to 
strong chalky greenish 
blue and yellow reaction, 
but the plastic appears 
brown. Photo by Nazar 
Ahmed Ambalathveettil. 


been on the market for over 10 years. To the best of our 
knowledge, nearly 95% of the studied red HPHT synthetic 
diamonds treated by the multi-treatment process are clas- 
sified as type Ib or type Ila. Recently, we examined a treated 
red HPHT-grown synthetic diamond which was confirmed 
to be mixed type (IaA + IaB + Ib). 

The 0.27 ct round brilliant sample, graded as Fancy 
Dark red (figure 54), had a metallic inclusion under the 
table. The DiamondView image showed strong red fluores- 
cence and cuboctahedral growth structure; the latter is a 
typical feature of HPHT-grown diamonds (figure 55). Ni-re- 
lated defects at 883.1/884.8 nm and 793.6 nm were revealed 
by a photoluminescence (PL) spectrum at liquid-nitrogen 
temperature with two different laser excitations (532 and 
785 nm). The H2 defect corresponding to a sharp peak at 
986.2 nm and the NV center associated with a strong peak 
at 637 nm were also found. In addition, the Fourier-trans- 
form infrared (FTIR) absorption spectrum (figure 56) con- 
firmed the material was an uncommon type of IaA + IaB + 
Ib, with absorptions at 1282 cm (A center), at 1175 cm 
(B center), and at 1131 and 1344 cm (C center], respectively 
(again, see figure 56). This mixed type is similar to that ob- 
served in treated natural diamonds. A moderate 1450 cm! 


Figure 54. This 0.27 ct Fancy Dark red specimen is a 
multi-step treated HPHT synthetic diamond. Photo 
by Meili Wang. 
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Figure 55. The DiamondView fluorescence image 
shows cuboctahedral growth structure, a typical fea- 
ture in HPHT-grown diamonds. Photo by Wen Han. 


absorption (H1a), which correlates with irradiation and sub- 
sequent annealing (Clark et al., “Absorption spectra of nat- 
ural and irradiated diamonds,” Proceedings of the Royal 
Society of London A, Vol. 234, 1956, pp. 363-381), was also 
present. Thus, this diamond was identified as a multi-step 
treated HPHT synthetic diamond, with irradiation and 
HPHT annealing indicated as treatment processes. 
Although most of the recent treated red HPHT syn- 
thetic diamonds are reported to be type Ib or type IIa (e.g, 
Fall 2016 Lab Notes, pp. 308-309; C.M. Breeding and J.E. 


Figure 56. FTIR spectroscopy reveals that this dia- 
mond is type Ia + Ib, with the existence of aggregated 
nitrogen atoms (A center at 1282 cnr! and B center at 
1175 cnr") and isolated nitrogen (C center at 1131 
and 1344 cnr") impurities. The H1a absorption at 
1450 cnr", correlating with irradiation and subse- 
quent annealing, is also observed. 
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Shigley, “The ‘type’ classification system of diamonds and 
its importance in gemology,” Summer 2009 GWG, pp, 96— 
111), such diamonds with mixed type Ia + Ib are available 
in the jewelry market, as exemplified by this study. There- 
fore, caution is still needed to distinguish such treated syn- 
thetic diamonds from treated stones of natural origin, as 
they may show similar characteristics. 


Meili Wang and Guanghai Shi 
China University of Geosciences, Beijing 


Joe C.C. Yuan 
Taidiam Technology (Zhengzhou) Ltd., China 


TREATMENTS 


Filled calcite with pronounced phosphorescence. Asterism, 
chatoyancy, color change, and play-of-color are phenomena 
that are caused by the interaction of light with the host’s 
structure or from its inclusions. Fluorescence, on the other 
hand, is the emission of light by a substance that has ab- 
sorbed light or other electromagnetic radiation. Fluores- 
cent materials immediately cease to glow when the 
radiation source is turned off; phosphorescent specimens 
continue to emit light for variable periods after the radia- 
tion ceases. Previous studies (Spring 2005 Lab Notes, pp. 
46-47; Summer 2012, Lab Notes, pp. 139-140) have re- 
ported on the misnomer “night glowing pearls,” which are 
in fact not pearls at all but round rocks of mineral species 
that exhibit phosphorescence. Most of this material in the 
Chinese market has been treated in a variety of ways and 
in fact does not phosphoresce naturally. 

A partially carved white ovoid with a greasy luster 
and golden paint within the low-relief carved features 
(figure 57, left) was submitted for identification to the Lai 
Tai-An Gem Lab. The submitting client claimed it was a 
“night glowing pearl.” The object weighed 796.71 ct and 
measured 48 mm in diameter. A spot RI reading of 1.59 
and an SG of approximately 2.66 indicated that the object 
was most likely calcite. This was later confirmed by 
FTIR and Raman (figure 58) analysis. Initial exposure to 
short-wave (254 nm) and long-wave (365 nm) UV light 
(cabinet and lamp respectively) failed to elicit any initial 
visible reaction; however, both short-wave and long- 
wave UV did initiate some fluorescence after about 15 
minutes. When observed in a dark environment, moder- 
ate green phosphorescence lasting more than 10 minutes 
was noted, with strong whitish phosphorescence concen- 
trated in one area (see figure 57, right). 

Microscopic inspection of the area showing the white 
phosphorescence revealed that the reaction originated from 
within the object, and did not emanate from the entire 
outer surface. The microscope revealed a few tiny bubbles 
comprised of solid epoxy resin (figure 59, left). This translu- 
cent epoxy acted as a plug to an opening into the (assumed 
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hollowed out) interior, where a highly phosphorescent ma- 
terial was placed to create the calcite’s glowing effect. It 
was therefore understandable why this small capped area 
showed the strongest reaction (figure 59, right). 

The trade name “night glowing pearl” used in Asian 
markets mostly refers to natural fluorite, but some fluorite 
is treated with a coating containing rare earth elements 
(REE) such as europium (Eu), dysprosium (Dy), or 
neodymium (Nd) to add or enhance phosphorescence. The 
sample submitted was calcite, consisting mainly of cal- 
cium, as confirmed by energy dispersive X-ray fluorescence 
(EDXRF). However, no Eu, Dy, Nd, or any other REE were 
detected, proving the material was not luminiferous. It 
therefore seems more logical that the phosphorescence 
originated from material below the ovoid’s surface. 

It is interesting to note that the same client also sub- 
mitted a jadeite jade sphere that was fashioned and treated 
in a similar manner. The cap on the jadeite piece used to 


Figure 58. Raman analysis identified the material as 
calcite (peaks at 279 and 1086 cm", blue trace). Cavi- 
ties were filled with epoxy resin (peaks at 638, 1112, 
and 1608 cnr", pink trace). 
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Figure 57. The calcite 
object (left, in daylight- 
equivalent light) show- 
ing a moderate green 
overall phosphorescence 
after short-wave UV ex- 
posure (right). The ob- 
ject emits a very strong 
whitish phosphores- 
cence from one area, as 
seen in the center of the 
right image. Photos by 
Lai Tai-An Gem Lab. 


plug the void was itself a piece of jadeite. Since destructive 
testing was not permitted on either item, analysis of their 
interiors was not possible. This technique of placing a 
phosphorescent material inside a hollowed-out stone ob- 
ject appears to be applicable to any material, so those in 
the trade should be aware when examining similar objects. 


Larry Tai-An Lai (service@laitaian.com.tw) 
Lai Tai-An Gem Laboratory, Taipei 


ERRATUM 


In the J.C. Zwaan et al. Winter 2015 article on alluvial sap- 
phires from Montana, in the lower right corner of the Mg- 
Fe-Ti ternary plot (p. 385), the label “Ti x 100” should be 
“Ti x 10.” 


Figure 59. Left: Tiny bubbles were observed in the 
cavity under magnification. Field of view 6.2 mm. 
Right: The filled cavity showed stronger phosphores- 
cence because the epoxy resin is more transparent 
than its calcite host. Field of view 11.6 mm. Photos 
by Lai Tai-An Gem Lab. 
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[ETTERS 


Nacken Synthetic Emeralds: Additional Information 

In a recently published study on synthetic emeralds grown 
by Prof. R. Nacken (K. Schmetzer et al., Winter 2016 GWG, 
pp. 368-392), three different types of flux-grown crystals 
and faceted samples were described. The vast majority of 
the synthetic emeralds, comprising several hundred sam- 
ples, fell within two groups designated types 1 and 2. Most 
of these had been obtained either from a parcel donated by 
Nacken to the Deutsches Museum in Munich or from ma- 
terial that had remained in Nacken’s family and was now 
in the possession of his grandsons. Upon examination, all 
crystals and faceted samples of types 1 and 2, were found to 
contain irregularly shaped seeds of colorless beryl. In con- 
trast, only a few synthetic emeralds of another type, desig- 
nated type 3, were discovered. These lacked colorless seeds 
and had come from the collection of the late FH Pough, 
who in turn had acquired the crystals from G.O. Wild. Ex- 
isting documentation shows that Wild possessed a parcel 
of Nacken synthetic emeralds during the period after 1945 
and donated various samples to friends and colleagues for 
research and related purposes. 

In 1936, the German government decided to affiliate 
the private Institute for Gemstone Research, located in 
Idar-Oberstein and directed by G.O. Wild, with the Univer- 
sity of Frankfurt. Nacken was named director of the joint 
entity, with Wild remaining the local leader for activities 
in Idar-Oberstein. A close collaboration between Wild and 
Nacken during 1936 and 1937 has long been apparent from 
known writings, but no direct information about the syn- 
thetic emeralds in Wild’s possession has previously been 
available. Wild’s son, K.E. Wild, had seen the parcel with 
Nacken synthetic emeralds in the 1950s and 1960s, while 
working in his father’s office, but no further background 
about those samples was given to him at the time (K.E. 
Wild, pers. comms., 2016, 2017). 
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A new development, however, serves to unveil further 
details. A document authored by Nacken and dated May 
30, 1937, was recently found in the historical archive of the 
city of Idar-Oberstein (Stadtarchiv Idar-Oberstein, Depart- 
ment 2b, File 1B, No. 94). The four-page summary, written 
to the head of the local administration for the District of 
Birkenfeld, reports goals and tasks of the Institute for Gem- 
stone Research. In the section covering scientific research, 
the following is written (translated from German): “Exam- 
ination of properties related to crystal growth and synthesis 
of gemstones. These experiments already resulted in the 
production of synthetic emeralds.” 

From this short statement, it becomes apparent that 
growth of synthetic gem materials was one of the specific 
research topics undertaken or at least planned at the Insti- 
tute. Equally logical then is the corollary that Wild, being 
the local representative in Idar-Oberstein, would have had 
access to the synthetic materials grown in relation to the 
Institute’s research projects. Although no additional infor- 
mation is provided in Nacken’s report, the timing would 
support a conclusion that at least some experiments related 
to the growth of synthetic emeralds were performed in the 
1930s, with Nacken attempting to improve the technique 
by which he had successfully synthesized emeralds in the 
1920s. Presumably, he would have tried to avoid larger col- 
orless zones within the synthetic crystals, as such areas are 
easily observable, especially in faceted samples. Thus, tak- 
ing into account all known circumstances, current evi- 
dence would seem to suggest that Nacken’s type 3 
flux-grown synthetic emeralds without colorless seeds 
were a result of experiments performed in the 1930s, sub- 
sequent to the growth of type 1 and type 2. synthetic emer- 
alds with colorless seeds in the 1920s. 

Karl Schmetzer 
Petershausen, Germany 
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The golden sapphires recovered at Anakie 
have been described as the best in the 
world. The green sapphires are also of very 
high quality but the blues, the most popular 
type in the world’s markets, are rather 
too dark generally for the connoisseur who 
favors the lighter-hued blue stones from 
India and Siam. 

U.S. buyers are prepared to take all the 
green stones offered but are not so inter- 
ested in the dark-hued blues unless they 
have some outstanding characteristic. Aus- 
tralian gem experts believe, however, that 
the Queensland golden sapphires will ulti- 
mately hold pride of place in the world 
market for sapphires. Two golden sapphires 
mined in the Anakie district this year are 
valued at 1,500 Australian pounds’ each. 

One of the most romantic stories on the 
field concerns the sale in the United States 
of the “Black Star of Queensland.” This 


2. Current value of Australian pound is $2.235. 


° View of miner on Rubyvale sap- 
* Washing sapphire dirt in a 100 gal- phire fields. 
lon tank of water with a spring sieve. 


easy to realize when you consider that 
five Rubyvale sapphires, including the “Black 
Star of Queensland,” have been collected by 
James and Harry Kazanjian, Los Angeles 
gem dealers, and have given considerable 
publicity to the district. 

Although gemstones of great value have 
been found in this area, the fields—because 
of various factors—are being worked more 
or less spasmodically by a handful of 
miners, mostly aged men, and it is impos- 
sible to assess the field’s potential. 

Sapphires are found on the Anakie field 
on the surface of the ground to a depth of 
50 feet. Individual miners: sink shafts in 
likely spots and when they make a strike 
as often as not they “knock off,” sell their 
sapphires, and “take it easy’ while the 
money lasts. Then it is a case of sinking 
another shaft and gouging out some more 
spending money. 
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EDITORIAL 


Visit Europe's First Diamond Mine 


If variety is the spice of life, you'll appreciate our Summer 2017 issue. We offer six diverse articles 
featuring Russia's Lomonosov diamond mine, carbonado, photoluminescence (PL) mapping, 
Vietnamese tourmaline, nephrite color determination, and Montana sapphire. In addition, we 
provide a full-color wall chart of characteristic sapphire inclusions. 


In August 2016, GIA’s Dr. Karen Smit and Russell Shor were fortunate enough to visit Russia’s 
Lomonosov diamond mine. This deposit is located about 60 miles (100 km) north of the 
historic port of Arkhangelsk, at a northerly latitude much like Canada’s Diavik mine. In our lead 
article, they share insight into its geology, operations, and diamond production. Rooted in 
younger Proterozoic rocks—similar to Australia’s off-craton Argyle lamproite pipe— 
Lomonosov’s two kimberlite pipes produce a high proportion of small gem-quality diamonds, 
including a tiny amount of highly valuable fancy colors, including pink. 


Named for its resemblance to charcoal, carbonado is one of the most intriguing diamond forms. In our second paper, 
Prof. Stephen Haggerty of Florida International University reviews his findings from a study of hundreds of 
examples from the only known sources: Brazil and the Central African Republic. He evaluates origin theories, 


including terrestrial and extraterrestrial models. ae ee she ; 
otoluminescence mapping shows grea 


High-speed PL mapping can plot the distribution of promise for detecting sophisticated diamond 
optical centers in diamond. In his study, GIA - 

research associate Lorne Loudin examines an unusual color treatments. 

irradiated HPHT synthetic diamond of mixed type. He demonstrates a clear correlation between concentration of 
optical centers and diamond growth sectors, confirming that the technique shows great promise for detecting 
sophisticated diamond color treatments. 


Luc Yen tourmaline is the subject of our next paper, from Nguy Tuyet Nhung of the Gemmological Center of the 
Vietnam Gemstone Association and a team of researchers. They survey the gem’s distribution in the area, its geology, 
and suitability for use as gems, carvings, or mineral specimens. In our fifth paper, Xiaoyan Feng, senior engineer at 
NGTC in Beijing, and her research team use Raman spectroscopy to investigate and define color boundaries in 
nephrite from China and Taiwan. 


Following the Winter 2016 emerald wall chart, we present the next in the series, which features some characteristic 
internal features of natural, treated, and synthetic sapphire. The chart is from the same team of inclusion specialists, 
led by GIA’s Nathan Renfro and John Koivula. 


In our final article, Tao Hsu and her coauthors survey alluvial sapphire production in the US. state of Montana. 
They note the prevalence of small-scale mining and the importance of gem tourism, but indicate that larger, mecha- 
nized operations are expanding production at these sources. 


Our Lab Notes section offers entries on melee-size CVD synthetics in parcels and jewelry, CVD synthetic 
overgrowth on natural diamond, and non-nacreous “rosebud” conch pearls. Topics in our Micro-World section 
include kyanite in diamond and molybdenite “phantoms” in quartz, while GNI features new gem finds such as 
Ethiopian sapphires and common opal from Mexico. 


Please enjoy the Summer edition! 


OH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 


Gems & GEMOLOGY SumMMER 2017-143 


FEAT 


Mal ARTICLES 


GEOLOGY AND DEVELOPMENT OF THE 
LOMONOSOV DIAMOND DEPOSIT, 
NORTHWESTERN RUSSIA 


Karen V. Smit and Russell Shor 


ho er, OCCurs WItnIN the Di aries OF a allreren' on =) LIC SNIEI St OT W 
rope. Unlike many diamond mines in South Africa, Canada, and Siberia, the Lomonosov dep: 


i! 


osit is not 


in a stable Archean geologic setting. Similar to the Argyle diamond mine in Australia, Lomonosov is in 
a younger Proterozoic orogenic (or mountain-building) region. Fancy pink diamonds at both these lo- 
calities likely relate to these Proterozoic tectonic processes. Along with other diamond mines in Pro- 
terozoic geologic regions, the Lomonosov deposit (and its fancy-color diamond inventory) demonstrates 
that the diamond potential of these regions should not be overlooked. 


more than half a century. Most of its diamond 

mines occur in the semi-autonomous Sakha 
Republic within the geological bounds of the Siberian 
craton. However, over the last 12 years, Alrosa, a pub- 
lic joint-stock company (with both government and 
private ownership) operating through its subsidiary 
Severalmaz, has started development and mining at 
the Lomonosov diamond deposit, the first Russian di- 
amond mine outside the Siberian craton. This deposit 
occurs in the northwest of the country within the 
Baltic shield (part of the larger East European craton). 
Since this region is part of the European continent, 
Lomonosov is Europe’s first diamond mine. 

Alrosa’s Lomonosov deposit comprises six kim- 
berlites that form part of the Zolotitsa kimberlite 
field, itself part of the larger Arkhangelsk kimberlite 
province. Two of the six kimberlites—Arkhangel- 
skaya and Karpinskogo I—are currently being 
mined. They are distinctive for their high percentage 
of gem-quality colorless goods as well as their pro- 
duction of fancy-color diamonds, especially pink and 


purple (figure 1). 


Pree has been a major diamond producer for 


See end of article for About the Authors and Acknowledgments. 
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144 — RussiAN DIAMONDS FROM THE LOMONOSOV DEPOSIT 


In August 2016, the authors visited the Lomonosov 
deposit to document this exciting new diamond local- 
ity. The visit included tours of the kimberlite open-pit 
operations, the processing plant, and the preliminary 
diamond sorting facilities in the city of Arkhangelsk. 
The authors also visited Alrosa’s central diamond sort- 
ing and sales operation, the United Selling Organisa- 
tion (USO) in Moscow. This article discusses the 
Lomonosov diamond production within the wider 
context of Russian diamond mining. Details are also 
provided on the deposit’s nontraditional geological set- 
ting, which can be linked to the color origin of its pink 
and purple diamonds. 


HISTORY OF DIAMOND MINING IN RUSSIA 


Russia is the world’s largest diamond producer by vol- 
ume, responsible for around 30% of the world’s dia- 
mond output each year. In 2015 alone, 41.9 million 
carats of diamonds were mined in Russia, valued at 
US$4.23 billion, according to Kimberley Process fig- 
ures. Of these diamonds, 95% were mined and sold 
by Alrosa. By production value, Alrosa is second only 
to De Beers. Approximately 90% of Alrosa diamonds 
are mined in northeastern Siberia in the Republic of 
Sakha (formerly Yakutia), while a growing share (now 
5%) is mined in northwestern Russia near the port of 
Arkhangelsk (Alrosa Annual Report 2015). Alrosa 
does not operate exclusively in Russia and has a stake 
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in Angola’s Catoca mine, which accounts for approx- 
imately 5% of the company’s diamond production. 

There are a few Russian diamond mines not op- 
erated by Alrosa. The largest, the Grib mine, is lo- 
cated near Lomonosov in the Arkhangelsk region and 
operated by the Russian oil conglomerate Lukoil 
through its subsidiary Arkhangelskgeoldobycha. The 
Grib mine officially opened in 2014, around 15 years 
after it was first discovered. It yielded approximately 
3 million carats in 2016 and is expected to produce 
around 4 to 5 million carats annually beginning in 
2017. Lukoil recently agreed to sell the Grib mine to 
Otkritie Holding, with the deal expected to close in 
mid-2017 (“Lukoil concludes agreement...,” 2016). 

Although diamonds had been found in various lo- 
cations around the country for more than 150 years, 
the possibility of finding commercial quantities in 
Russian territory was first raised in 1938 by scientists 
at Leningrad State University (now Saint Petersburg 
State University), who conducted a study comparing 
the geology of the Soviet Union with that of diamon- 
diferous regions around the world. 

Russian geologists began their search for dia- 
monds in earnest in 1949, noting their strategic value 
for industrial uses. Around the same time, the 
United States began building a strategic stockpile of 
industrial diamonds, mainly from the Belgian Congo 
(now the Democratic Republic of Congo), for these 
same reasons. After five years of following garnet in- 
dicator minerals, a small team of geologists headed 
by Larissa Popugaeva found the first kimberlite near 
the Daldyn River in Yakutia in 1954. The first kim- 
berlite pipe was subsequently named Zarnitsa. While 
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Figure 1. The Lomono- 
sov deposit produces a 
variety of fancy-color 
diamonds, including 
pink and purple dia- 
monds. Similar to the 
pink diamonds from 
Argyle, these likely re- 
late to their Proterozoic 
geologic setting, unlike 
many other deposits 
that occur in stable 
Archean regions. Photo 
by Kevin Schumacher. 


Zarnitsa was not economic at the time—develop- 
ment only began in 2002—Popugaeva’s find led to 
the discovery of the Mir pipe in 1955. Mir was the 
first diamond mine developed in Russia, and produc- 
tion commenced in 1959. Russian engineers con- 
structed the town of Mirny nearby to house workers 
and provide infrastructure for the operation. The 
Udachnaya pipe, about 250 miles north of Mir and 
the country’s most productive diamond mine by vol- 
ume, was discovered two years later (Erlich, 2013). 

Kimberlite pipes near Arkhangelsk in northwest- 
ern Russia were first discovered in the 1960s through 
airborne geophysical surveys (Stanikovskiy et al., 
1974). Magnetic and gravity surveys are commonly 
used during kimberlite exploration to image the sub- 
surface, as they can distinguish areas that have anom- 
alous rock compositions (such as kimberlite) from the 
surrounding country rock. Kimberlites will show up 
as circular magnetic or gravity anomalies that can be 
seen even if they are buried by younger cover. Any 
potential kimberlite targets identified through these 
surveys must be confirmed by drilling, and the kim- 
berlites in the Lomonosov deposit were all drilled in 
the early 1980s. The deposit itself is named after the 
eighteenth-century scientist Mikhail Lomonosov, 
one of the founders of Moscow State University. The 
Grib mine was named for Vladimir Grib, one of the 
Russian geologists who discovered diamonds in the 
area. 

After bulk sampling at Lomonosov was com- 
pleted in 1987, the Soviet central government gave 
its clearance to develop the deposit. However, the 
breakup of the Soviet Union in 1991 and the result- 
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ing political and financial uncertainty delayed the 
project for years. The new Russian government’s pri- 
orities for diamond production were focused on ex- 
isting operations in the Republic of Sakha that could 
generate quick revenues. As a result, development of 
the Lomonosov deposit did not begin until 2003. 

When the first Russian diamonds appeared in the 
market in 1961, they were sold through De Beers Con- 
solidated Mines’ marketing arm, the Diamond Trad- 
ing Company (DTC). At that time, however, the 
African continent was in the midst of an independ- 
ence movement, with many former colonies becom- 
ing sovereign states. The Soviet Union was eager to 
forge strategic partnerships with these emerging na- 
tions, so the officials who managed the USSR’s min- 
eral production ended its formal sales contract with 
the DTC in 1963. Nevertheless, the Soviet Union con- 
tinued to sell the majority of its production through 
De Beers for the next 35 years, using a subsidiary and 
a financial firm in Switzerland as intermediaries. Nei- 
ther the DTC nor Russia have ever acknowledged this 
arrangement or released production figures from this 
time (Shor, 1993, 2.009). 

In the mid-1960s, the Soviet government directed 
a portion of Russian diamond production toward 
building a polishing industry that would generate 
employment and added value. It also stockpiled a 
portion of the production for strategic purposes and 
as a buffer in the event its mines became depleted. 
The first Russian-polished diamonds began appearing 
in the market in the late 1960s. By 1980, Russia ac- 
counted for an estimated 25% of world output by 
value (Even-Zohar, 2007). That year also marked the 
discovery of potential diamond sources in the 
Arkhangelsk region in the European part of Russia. 

Russia’s rough diamond production neared 15 
million carats annually as 1990 approached, second 
only to Botswana. Nearly all of its output was from 
Yakutia, namely the Udachnaya, Aikhal, and Inter- 
nationalaya pipes. Production at Mir had been sus- 
pended to clear flooding in the pit and develop an 
underground shaft. The Arkhangelsk deposits were 
still under exploration. Under Mikhail Gorbachev, 
the Soviet government reorganized its diamond min- 
ing and marketing operations, previously managed 
by various agencies, into a single organization named 
Glavalmazzoloto, while continuing its relationship 
with De Beers (Even-Zohar, 2007). 

In 1991, the Soviet Union dissolved. Eleven of the 
republics became autonomous states, while four re- 
publics, including Yakutia, were granted semi-au- 
tonomous status as part of the newly formed Russian 
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Federation. Yakutia changed its name to Sakha Re- 
public afterward. In the fall of 1992, the central gov- 
ernment created a new diamond administration 
agency and recognized Sakha’s semi-autonomous sta- 
tus by giving it substantial equity in its diamond op- 
erations (Shor, 1993). The new agency, Almazy 
Rossii-Sakha, gave the Republic of Sakha 40.5% eq- 
uity and the right to market 20% of its production. 
The central government held 32.5%, with the re- 
mainder held by other government agencies. The fol- 
lowing year, the agency name was shortened to 
Alrosa, and a subsidiary named Severalmaz (“North- 
ern Diamond”) was created to oversee exploration in 
the Arkhangelsk region (Shor, 1993). Alrosa currently 
owns 99.6% of Severalmaz shares. 

The Russian Federation and Alrosa formalized 
their relationship with De Beers in 1996 after several 
years of disorganization, which saw large-scale “leak- 
ages” of rough diamond sales outside De Beers’ net- 
work that had threatened to destabilize the market 
(Even-Zohar, 2007). In 2006, De Beers and Alrosa 
began phasing out their sales agreement in yearly in- 
crements, largely due to pressure from the European 
Union. Since then, all of Alrosa’s rough production 
has been marketed directly to diamond manufactur- 
ers and dealers (Even-Zohar, 2007). The sales agree- 
ment formally ended in 2009. 

In 2011, Alrosa reorganized into a semi-government/ 
private equity company (termed a public joint-stock 
company) and in 2013 issued an initial public offering 
of its stock. The sale netted US$1.3 billion, selling 
22.07 % of the company to private investors and leav- 
ing the central government with 43.93% equity, 
Sakha Province with 25%, and 8% held by various 
municipalities within Sakha (Alrosa Annual Report 
2013). 

Today, Alrosa operates 42 Russian diamond de- 
posits: 16 primary sources and 26 alluvial sites (Alrosa 
Annual Report 2015). The major primary deposits in 
Sakha are Mir (which opened in 1957), Udachnaya 
(1971), Internationalaya (1971), Aikhal (1971), Jubilee 
(1986), Nyurbinskaya (2002), Komsomolskaya (2002), 
Zarnitsa (2002), and Botyobinskaya (under develop- 
ment). The two pipes at the Lomonosov deposit are 
Arkhangelskaya (2005) and Karpinskogo I (2014). 


CRATONS 

What Is a Craton? Cratons are remnants of Earth’s 
earliest crust that have been largely spared from ero- 
sion or destruction by tectonic processes. Cratonic 
regions worldwide contain crust that is at least 2.5 
billion years old (Archean) but may also be signifi- 


Gems & GEMOLOGY SUMMER 2017 


Depth: 150.0 km 90° 
(4.39 km/s) 


Depth: 200.0km 90° 
(4.45 km/s) 


cantly older—forming within the first 500 million 
years of Earth’s formation 4.56 billion years ago (Con- 
nelly et al., 2012). The oldest rocks on Earth occur in 
four-billion-year-old gneiss units within the larger 
Acasta Gneiss complex in the Slave craton of north- 
ern Canada (Stern and Bleeker, 1998; Reimink et al., 
2016) and in the 3.8-4.3 billion-year-old Nuvvuagit- 
tuq greenstones in the Superior craton of eastern 
Canada (O'Neil et al., 2008). The Yilgarn craton of 
Western Australia has the oldest mineral grains on 
Earth—4.4 billion-year-old detrital zircons in the 
Jack Hills conglomerate (Valley et al., 2014). 

The long-term stability of cratonic regions is due 
to their thick continental roots, which are isolated 
from the convecting mantle. These continental roots 
are known as the lithospheric mantle keel. Peridotite 
in the upwelling convecting mantle melts to form 
basalt at mid-ocean ridges and ocean islands. This 
melting removes the basaltic melt component from 
peridotite, leaving the residual peridotite depleted in 
elements such as Ca, Al, and Fe, as well as H,O and 
the heat-producing elements (such as K, U, and Th]. 
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Seismic velocities (as % 
deviation from global avg.) Figure 2. Global seismic 
shear speed model at depths 
of 150 km and 200 km (repro- 
duced from Schaeffer and 
Lebedev, 2013) showing that 
global diamond-producing 
areas are all underlain by 
Mae cratonic lithospheric mantle. 
These old stable cratonic re- 
gions have seismic velocities 
faster than the global aver- 
age (shown here by cool col- 
ors). Warmer colors represent 
seismic velocities slower 
than the global average, in- 
dicating tectonically active 
areas. Major diamond- 
producing areas such as the 
Kaapvaal craton (South 
Africa), Slave craton (north- 
ern Canada), Siberian cra- 
ton (Russia), and the Baltic 
shield across Scandinavia 
wae and western Russia all have 
fast seismic velocities down 
to depths of 150-200 km, 
evidence of deep sub-cra- 
tonic lithospheric keels that 
are conducive to diamond 
formation. 
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Due to its depleted character, this residual peridotite 
is cooler, less dense (more buoyant), and more rigid 
than the convecting mantle and therefore remains 
isolated. Lithospheric mantle keels are typically 
around 200 km thick and can be recognized in global 
seismic models by their fast seismic velocities com- 
pared to the global average (figure 2). Diamond min- 
ing regions across the world, such as those in South 
Africa, Canada, and Russia, are all underlain by thick 
continental keels that have “cool” temperature pro- 
files conducive to diamond formation. Diamonds do 
not form in the lithosphere below portions of geolog- 
ically young continental crust or in oceanic regions, 
since the temperature profiles in these regions never 
intersect into the diamond stability field (see Shirey 
and Shigley, 2013). 


Archean and Proterozoic History of the Baltic Shield. 
The Baltic (also known as the Fennoscandian) shield, 
which is part of the much larger East European cra- 
ton, stretches across Sweden, Finland, and north- 
western Russia (Gorbatschev and Bogdanova, 1993). 
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Figure 3. Simplified geologi- 
cal map of the Baltic (or 
Fennoscandian) shield in 
Scandinavia and northwest- 
ern Russia. The Baltic 
shield (part of the larger 
East European craton) is a 
stable continental region 
comprising several cratonic 
regions—the Norrbotten, 
Karelian, and Murmansk 
cratons—that were stabi- 
| lized during the Proterozoic 
through mountain-building 
processes associated with 
. / the Lapland-Kola orogen 
Arkhangelsk / (Daly et al., 2006). The 
? Arkhangelsk kimberlite 
province lies within the un- 
/ exposed Lapland-Kola oro- 
7 gen. Basement rocks of the 
V Baltic shield are unexposed 
in this region due to exten- 
sive Proterozoic and 
Phanerozoic cover rocks, 
and kimberlites were iden- 
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It comprises the Archean terranes of the Karelian cra- 
ton (mostly in Finland) and the Murmansk craton 
(mostly on the Kola Peninsula), separated by the 
composite terranes of the Paleoproterozoic Lapland- 
Kola orogen (figure 3). 

The Karelian and Murmansk cratons both have 
ancient geologic histories, although the Karelian cra- 
ton appears to be older. It contains crust with an age 
of at least 3.5 Ga, including some 3.7 Ga zircon grains 
incorporated from older material (Mutanen and 
Huhma, 2003; Peltonen et al., 2006). The underlying 
Karelian lithospheric mantle has similarly old ages— 
depleted harzburgite xenoliths (see box A) have min- 
imum 3 Ga ages (Peltonen and Briigmann, 2006). 
Crust in the Murmansk craton seems to be much 
younger; metamorphic gneisses are mostly between 
3.0 and 2.6 Ga (Timmerman and Daly, 1995; De Jong 
and Wijbrans, 2007). 

The Baltic shield has an interesting history that 
is not typical for many diamond-bearing Archean cra- 
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mond deposit. 


tons (see the discussion on Clifford’s Rule in box B). 
Archean continents split apart during widespread 
rifting and ocean formation during the Proterozoic 
(between 2.5 and 2.1 Ga; Melezhik and Sturt, 1994, 
Pesonen et al., 2003). Continental breakup was likely 
due to an upwelling plume of mantle melts, and 
xenoliths sampled from the deep crust have ages that 
overlap with this event (Kempton et al., 2001). After 
a period of seafloor spreading and ocean develop- 
ment—similar to the geologic setting of modern-day 
Iceland—these Neoarchean terranes were reamalga- 
mated between 1.95 and 1.87 Ga (Gorbatschev and 
Bogdanova, 1993; Daly et al., 2006). 

Closure of the ocean basins was likely through 
subduction followed by Himalayan-scale mountain 
building as continents collided. Evidence for subduc- 
tion includes arc volcanic rocks recognized in the La- 
pland granulite belt (see figure 3 for location, 
Meriladinen, 1976; Daly et al., 2001) and lower crustal 
and mantle eclogite xenoliths from the Grib kimber- 
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Box A: ROCKS FROM THE CRATONIC LITHOSPHERIC KEEL 


Peridotite is the predominant rock type in the mantle. It 
contains the minerals orthopyroxene, clinopyroxene, 
and olivine (figure A-1). Peridotite also contains an alu- 
minous phase that can be either spinel or garnet, depend- 
ing on depth. At the higher pressure conditions in the 
diamond stability field, the aluminous phase is always 
garnet. Peridotite melts to form basalt at mid-ocean 
ridges and ocean islands. This melting removes the 
basaltic melt from peridotite, leaving the residual peri- 
dotite depleted in elements such as Ca, Al, and Fe. This 
is because the melt moves upward to dikes that eventu- 
ally feed shallow magma chambers. Lherzolite, the most 
fertile peridotite, has not undergone significant melt de- 
pletion and will contain some combination of the min- 
erals listed above (figure A-1). With high proportions of 
melt depletion, clinopyroxene is eventually exhausted 
in the residual peridotite, resulting in the clinopyroxene- 
free rock known as harzburgite. With around 40-50% 
melting, orthopyroxene is also exhausted and olivine 
dominates the peridotitic assemblage (again, see figure 
A-1). After these high degrees of melting where most of 
the Ca, Al, and Fe has been lost, the residual peridotite 
becomes the most depleted dunite. Importantly, both de- 
pleted harzburgite and dunite can be re-enriched by pass- 
ing melts that could reintroduce many of these minerals 
and convert peridotite back to fertile lherzolite. 

In the absence of rock samples where the full mineral 
assemblage can be assessed, the relative depletion of the 
lithosphere can be obtained from the Mg and Fe compo- 
sition of olivine. This is because the composition of 
olivine becomes more Mg-rich in residual peridotite that 
has undergone a higher extent of melting. For example, 
the most depleted dunitic peridotite will have an Mg# 
(calculated as Mg/(Mg + Fe) x 100) above 92.8 and fertile 
lherzolite will have a lower Mg#, around 89-91 (Walter, 
1998; Kubo, 2002). These might not look like large dif- 
ferences, but they actually are because the range in 
olivine compositions in the mantle is small—only about 
10% (Mg# from ~85 to 95). 

Eclogite is another rock type in the lithospheric man- 
tle, a bimineralic rock consisting of a sodium-rich clinopy- 


lite (Koreshkova et al., 2014; Shchukina et al., 2015). 
The resulting Lapland-Kola orogen comprises several 
different terranes of Archean crust that were reworked 
during this Paleoproterozoic event (for example, the 
Kola province, the Belomorian orogen, the Inari ter- 
rane, and the Strelna terrane; Daly et al., 2006). 


KIMBERLITES 
Origin of Kimberlites. Kimberlites are ultramafic vol- 
canic rocks created by extremely explosive volcanic 
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roxene known as omphacite and garnet with pyrope (Mg- 
rich), grossular (Ca-rich), and almandine (Fe-rich) compo- 
nents. There are two main models for the origin of 
eclogites in the lithospheric mantle: as high-pressure 
mantle melts or as former oceanic crust that has been sub- 
ducted and emplaced into the lithosphere (Jacob, 2004). 
Despite their scarcity in the lithospheric keel, eclogites 
are frequently sampled by kimberlites and can therefore 
provide important insights into the role of subduction in 
the assembly of the lithospheric keel. 


Figure A-1. Classification of peridotites and pyroxenites, 
the rocks found in the lithospheric mantle. The predomi- 
nant rock type is peridotite, which comprises olivine, 
clinopyroxene, orthopyroxene, and an aluminous phase 
(this is spinel at shallower depths and garnet at greater 
depths of the diamond stability field). All compositions 
are projected from this aluminous phase, which is not 
shown. The most fertile (least depleted) peridotite is Iher- 
zolite; the most depleted peridotite, dunite, is comprised 
mostly of olivine. Eclogite has a basaltic bulk composi- 
tion and at high pressure and temperature in the mantle 
recrystallizes to only two minerals: Na-rich clinopyrox- 
ene and garnet. Eclogites plot in the clinopyroxenite field 
at the bottom right. 
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eruptions that originate from great depths below con- 
tinental regions of the earth. As kimberlites rise 
through the subcontinental lithospheric mantle, they 
sample their surrounding rocks and transport them 
to the surface. When the kimberlite contains pieces 
of mantle rocks, these foreign pieces are called xeno- 
liths. If the xenoliths fragment during transport, the 
individual mineral fragments of the xenoliths are 
called xenocrysts. Since the final kimberlite is a mix- 
ture of volcanic rock and the foreign materials it 
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picks up on the way to the surface, they are often re- 
garded as hybrid rocks. During diamond exploration 
programs, the goal is to determine if these mantle 
rocks sampled an area of the mantle that is “dia- 
mond-stable,” increasing the possibility that the 
kimberlite is economically viable. A kimberlite may 
predominantly sample shallower mantle within the 
graphite stability field, or the kimberlite itself may 
have a composition that is destructive to diamonds, 
ultimately making the pipe uneconomic to mine. For 
further information on the origin and eruption of 
kimberlites, see the detailed review provided in 
Shirey and Shigley (2013). 


Kimberlites on the Baltic Shield. The kimberlites of 
the Lomonosov mine form part of the Paleozoic 
Arkhangelsk kimberlite province, which lies north- 
east of the city of Arkhangelsk. These kimberlites 
erupted between 390 and 340 Ma into the southeast- 
ern extension of the Archean Kola province that was 
reworked during the Proterozoic Lapland-Kola orogen 
(Garanin et al., 1999; Shevchenko et al., 2004; Pervov 
et al., 2005; Kononova et al., 2011; Larionova et al., 
2016; see figure 3). This part of the Baltic shield has 
no exposed cratonic basement rocks. Instead, the 
rocks at the surface are much younger late Proterozoic 
to Phanerozoic rocks that overlie the >1.9 billion-year- 
old cratonic rocks (figure 4). 

Other kimberlites in the Baltic shield occur in Fin- 
land and Russia (again, see figure 3). In Russia, there 
are the 1.92 Ga Kimozero kimberlites at Lake Onega 
(Priyatkina et al., 2014) and the 380-360 Ma Terskii 
Coast kimberlites in the southern Kola Peninsula 
(Beard et al., 1998). The 1.2 Ga Kostomuksha kimber- 
lites in Russia are just across the border from Fin- 
land’s Kuhmo-Lentiira kimberlites, and both these 
kimberlite fields have similar 1.2 Ga eruption ages 
and Group II kimberlitic compositions (O’Brien et al., 
2007). Also in Finland are the Kuusamo kimberlites, 
which erupted at 757 + 2, Ma (O’Brien and Bradley, 
2008), and the 626-589 Ma Kaavi-Kuopio kimberlite 
field (O’Brien et al., 2005). Dublin-based Karelian Di- 
amond Resources is developing the Lahtojoki kim- 
berlite at Kaavi-Kuopia. If successful, it will be the 
first diamond mine in Finland. 


Kimberlites in the Arkhangelsk Region. The 
Arkhangelsk kimberlite province comprises kimber- 
lites with two distinct source compositions (figure 
5). These compositions can reflect either different 
source depths in the mantle or varying amounts of 
interaction with the diamond-bearing lithosphere. 
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Nevertheless, kimberlite from each of these groups 
is currently being mined. 

Alrosa’s Lomonosov deposit is mining the mica- 
rich kimberlites of the Zolotitsa field (again, see fig- 
ure 4), which have enriched isotopic compositions 
similar to the South African Group II kimberlites (fig- 
ure 5). Ten pipes in the Zolotitsa field were con- 
firmed by drilling in the early 1980s. Six of 
these—Pionerskaya, Lomonosovskaya, Pomorskaya, 
Karpinskogo I and II, and Arkhangelskaya—have eco- 
nomic quantities of diamond and form part of the 
Lomonosov deposit. The other four kimberlites in 
the Zolotitsa field (including the Snegurochka kim- 
berlite) are not part of Lomonosov’s reserves, as they 
are currently uneconomic. 

All the other kimberlites in the area, including the 
Grib mine in the Verkhotina kimberlite field, are Fe- 
Ti-rich kimberlites that are compositionally close to 
Group I kimberlites (figure 5). Apart from Grib, most 
of the other Fe-Ti-rich kimberlites are diamond-poor 


In Brief 


e Lomonosov is Alrosa's first Russian diamond mine 
outside of Siberia. 


Production started in 2005, and Alrosa is currently min- 
ing only two of six potentially economic kimberlites. 


Similar to Argyle, it occurs in a region that experienced 
Proterozoic mountain-building. 


These geologic processes may be responsible for the 
pink-purple diamonds at both localities. 


and uneconomic. These include kimberlites in the 
Shochta field, the Kepino-Pachuga field (e.g., the 
Zwezdochka, Anomaly 697, and Anomaly 688 kim- 
berlites), and the Mela field, which includes some 
carbonatites (figure 4; Beard et al., 2000). 

Although the two groups of Arkhangelsk kimber- 
lites appear to be similar in composition to the tra- 
ditional Group I and Group II kimberlites, a strict 
distinction into the two groups does not hold up. 
Arkhangelsk kimberlites actually have transitional 
isotopic compositions and mineralogical character- 
istics that lie between the two groups (figure 5; Ma- 
hotkin and Skinner, 1998; Beard et al., 2000). 

Regardless of their classification, the isotopic com- 
positions can be used to understand why the kimber- 
lites in the Zolotitsa field are significantly more 
diamond-rich than the Fe-Ti-rich kimberlites. 
Zolotitsa kimberlites have Sr and Nd isotopic compo- 
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Figure 4. Kimberlitic rocks of the Arkhangelsk kim- 
berlite province, color coded by kimberlite field. 

These all erupted between 390 and 340 million years 
ago, near the present-day city of Arkhangelsk in north- 
western Russia. Several kimberlites of the Zolotitsa 
field form the Lomonosov diamond deposit. Aside 
from these and the Grib kimberlite (in the Verkhotina 
field), all other kimberlites in this province remain un- 
economic. The basement rocks of the Baltic shield 
(older than 1.9 billion years; figure 1) are not exposed 
in this area, and the rocks at the surface are younger 
cover rocks between 650 and 245 million years old. 


sitions that lie in the “enriched” quadrant in figure 5. 
These isotopic compositions can only evolve in the 
lithospheric keel or crust since they have been isolated 
from the convecting mantle for billions of years. This 
isolation allows for isotopic compositions to evolve 
(through parent-daughter isotopic decay and radi- 
ogenic ingrowth) that are distinct from the convecting 
mantle. “Enriched” isotopic compositions in Zolotitsa 
diamondiferous kimberlites reflect either their origin 
in, or interaction with, the diamond-bearing lithos- 
pheric mantle. This is in contrast to the isotopic 
compositions of the Fe-Ti-rich kimberlites, which 
do not show a strong lithospheric mantle signature 
but instead are very similar to the convecting man- 
tle (figure 5). 

An additional indicator that the Zolotitsa kimber- 
lites are favorable for diamonds is their ilmenite 
composition. Ilmenites from the Arkhangelskaya 
kimberlite have compositions that indicate optimal 
melt conditions for diamond preservation during 
eruption to Earth’s surface, with high MgO and low 
calculated Fe,O, that indicate low oxygen fugacity 
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(Lehtonen et al., 2009). Kimberlites containing il- 
menites that indicate high oxygen fugacities may be 
destructive to diamonds. Even though the kimberlite 
may be sampling a diamond-rich portion of the lith- 
osphere, these diamonds may not survive during 
kimberlite transport to Earth’s surface. 


THE CRUST AND DIAMONDIFEROUS MANTLE 
SAMPLED IN THE ARKHANGELSK REGION 


Composition of the Lithosphere in the Arkhangelsk 
Region. Mantle xenoliths and xenocrysts brought to 
the surface by the Grib kimberlite are predominantly 
fertile garnet peridotites (around 46% lherzolite}, py- 
roxenites + eclogites (around 11%), and only minor 
dunites (Kargin et al., 2016; Shchukina et al., 2016; 
Shchukina et al., 2015), indicating that the mantle 
keel was not subject to high degrees of melt removal. 
However, around 14% of the garnets from Grib have 
high Cr and low Ca contents, so-called G10 compo- 


Figure 5. Strontium and neodymium isotopic compo- 
sitions for kimberlites from Arkhangelsk province, 
modified from Beard et al. (2000). The estimate for 
the bulk earth (or convecting mantle) composition is 
87Sr/®°Sr = 0.7045 and 'Nd/'8Nd = 0.512630, which is 
defined as €,,, of 0 (where €,,, is a percentage differ- 
ence from the convecting mantle estimate). The top 
left quadrant has isotopic compositions that are more 
depleted than the convecting mantle and includes the 
source regions for mid-ocean ridge basalts. The bot- 
tom right quadrant has isotopic compositions that are 
more enriched than the convecting mantle. Composi- 
tional fields for South African Group I and II kimber- 
lites are from Nowell et al. (2004). 
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sapphire had been used as a doorstop by an 
Anakie gem buyer before he decided to have 
it cut and offered for sale.’ 

In spite of occasional outstanding sales, 
miners claim they receive little encourage- 
ment for their efforts. Because of the low 
return to the miner, the fields are not 
fully worked by the handful of men who ate 
permanently domiciled in the area. At any 
one time there are never more than 50 men 
mining sapphires in the district. 

There are many “hard case” old miners 
on the field with a naive, carefree philoso- 


3. -This sapphire weighed 1156 carats in the rough. 


e Mining on the Reward claim where 
many star stones have been recovered. 


« Home of a miner on the sapphire 
fields. Early in the century this man 
was a big buyer for the German mar- 
ket. Today, at 76, he still digs for 
sapphires. 


phy. There is mystery man Michael Stone- 
bridge, 65, who mines sapphires but never 
sells a stone. Michael has a sapphire which 
he values at a “quarter of a million.” Ex- 
perts say the stone, of rare size and quality, 
may be worth anything from 2,500 to 5,000 
pounds 

On the other hand, there is a progressive 
young miner Clifford Donovan, an ex-service 
man who has a wife and two young children, 
and who has been on the field only two 


WINTER 1951-52 


127 


— 


sitions, that show they are from melt-depleted 
harzburgites, an important diamond stability indica- 
tor (Shchukina et al., 2016). In contrast to Grib, the 
Arkhangelskaya kimberlite at Lomonosov appears to 
sample roughly equal amounts of pyroxenite-eclogite 
(37%) and peridotite (33 % fertile lherzolite + 4% de- 
pleted harzburgite), see figure 6 and Lehtonen et al. 
(2008, 2009). 

Similar to kimberlites elsewhere that sample com- 
positionally diverse eclogites (e.g., Barth et al., 2001, 
2.002; Aulbach et al., 2007; Smit et al., 2014), Arkhan- 
gelskaya has two different suites of eclogites (Lehto- 
nen et al., 2008) that probably had different formation 
processes. Many of the eclogites from Arkhangelskaya 
are not derived from depths sufficient for diamond sta- 
bility (Lehtonen et al., 2008, 2009). Nevertheless, the 
abundance of low-Mg eclogites that had oceanic 
crustal protoliths emphasizes the importance of sub- 
duction and collisional processes in the formation of 
this part of the Baltic shield. 


Mantle Geotherms in the Arkhangelsk Region. Grib 
peridotite xenoliths have pressure and temperature 
(P-T) arrays (figure C-1; Shchukina et al., 2012; 
Shchukina et al., 2015) that define a paleogeotherm 
(pressure-temperature array at the time of kimberlite 
eruption, 390 to 340 Ma; box C) corresponding to 35— 
40 mW/m? surface heat flow (i.e., model geotherms, 
defined in Hasterok and Chapman, 2011). 
Lomonosov mantle xenoliths are altered compared 
to fresher xenoliths found at Grib, and there are in- 
sufficient fresh xenoliths for inter-mineral geother- 
mobarometry calculations (Lehtonen et al., 2009). 
However, a paleogeotherm determined to be from 
Arkhangelskaya clinopyroxene xenocrysts is very 
similar to the Grib paleogeotherm (figure C-1; 
Sablukov et al., 1995; Lehtonen et al., 2009). This 
makes sense considering they are only 23 km apart 
and erupted at similar times (between 380 and 340 
Ma). They are also typical for diamond-bearing cra- 
tonic regions worldwide (Mather et al., 2011; Stachel 
and Luth, 2015). At both Arkhangelskaya and Grib, 
diamonds are stable at pressures greater than 3.5—4 
GPa (below 110-120 km). At shallower depths, any 
carbon present in the lithosphere will occur as 
graphite instead. 

One difference observed between the paleo- 
geotherms from Grib and Arkhangelskaya is that Grib 
samples appear to be derived from greater depths in 
the lithospheric mantle (figure C-1). The two deepest 
peridotite xenoliths sampled by the Grib kimberlite 
are derived from >7 GPa/200 km (Lehtonen et al., 
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Figure 6. CaO-Cr,O, compositions of garnet 
xenocrysts from the Arkhangelskaya and Grib kim- 
berlites (Lehtonen et al., 2008; Shchukina et al., 2016). 
Each garnet xenocryst is color coded according to the 
composition of the rock from which it was derived. 
The compositional classification and their fields on 
the figure (solid lines) are taken from Griitter et al. 
(2004). Apart from being used to determine the man- 
tle host rock, these compositions can also yield mini- 
mum pressures for depth in the lithospheric keel 
(dashed lines), enabling the diamond-stable portions 
of the lithospheric sample to be evaluated. Along the 
paleogeotherm determined for the Arkhangelsk 
province (figure 8), diamonds are stable above 3.5-4 
GPa. The majority of the peridotitic garnets sampled 
at Arkhangelskaya are derived from pressures lower 
than 3.5 GPa and were not sampled from lithospheric 
regions that would contain diamond. 


2009; Shchukina et al., 2012), whereas the deepest 
clinopyroxene xenocrysts from Arkhangelskaya are 
derived from shallower depths (5.5 GPa/170 km). 
However, garnet xenocrysts from Arkhangelskaya (for 
which only temperatures can be derived, and therefore 
are not plotted in figure C-1) have Ni-based tempera- 
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Box B: CLIFFORD’S RULE AND ITS EXCEPTIONS 


Clifford’s Rule is a simple diamond exploration strategy 
based on the observation that diamonds are associated 
with old cratonic areas that have been tectonically stable 
since 2.5 Ga (Clifford, 1966). These areas are underlain 
by thick lithospheric keels that are cooler than the con- 
vecting mantle due to ancient melt depletion and have 
conditions favorable for diamond formation (see the re- 
view by Shirey and Shigley, 2013). Clifford’s Rule says 
that although not all kimberlites will be diamondiferous, 
diamondiferous kimberlites only occur on these old 
Archean cratons underlain by deep mantle keels. 

Contradictions to Clifford’s Rule are becoming more 
prevalent, however, and there are many examples of di- 
amonds mined in regions that have been tectonically ac- 
tive since 2.5 Ga. The splitting apart of continents and 
their recombination by later collision is common to the 
history of all continents on Earth. Orogens, which are 
the result of continental collision, cause rocks to become 
highly deformed with mineral recrystallization so severe 
that rocks can take on a “flow” texture. We now under- 
stand that diamond-forming fluids can also be intro- 
duced into the lithospheric mantle during these 
collisional processes. 

For example, Argyle, one of the world’s largest dia- 
mond mines and a famous supplier of pink and red dia- 
monds (Shigley et al., 2001), occurs in one such 
collisional setting—the Proterozoic Halls Creek orogen. 
Argyle diamonds resided near the base of the lithosphere 
prior to their transport to the earth’s surface. It is in this 
high-temperature, high-deformation area that Argyle’s 
distinctive brown-pink-red diamonds likely formed 
(Stachel et al., 2017). 

Similarly, the Lomonosov mine occurs within a Pro- 
terozoic orogenic setting (for details, see the “Archean 
and Proterozoic History of the Baltic Shield” section). 
Subduction-generated rocks have been identified in this 
part of the Lapland-Kola orogen (Koreshkova et al., 2014; 
Shchukina et al., 2015), suggesting that subduction 
played an important role during collision of these ter- 
ranes and could have been a source of diamond fluids. 

It is very possible that Lomonosov’s pink-purple- 
brown diamonds are related to similar processes as the 
pink-red Argyle diamonds—namely, that they formed 


tures that indicate they derive from a wide range of 
depths in the lithosphere—all the way to the base of 
the lithosphere at 1400°C (Lehtonen et al., 2009). 

By extrapolating the linear arrays of calculated P-T 
from both Grib and Arkhangelskaya to where they 
intersect with the temperature of the convecting 
mantle (the mantle adiabat), a deep lithospheric keel 
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from carbon-bearing fluids released into the lithosphere 
during Proterozoic subduction events and were subse- 
quently deformed in this tectonically active craton- 
margin setting. An age-dating study on sulfide and/or 
silicate inclusion—bearing diamonds from the Lomono- 
sov mine would help determine whether this is in fact 
the case. But the ability to relate a distinctive, important 
diamond attribute such as pink color to a specific geo- 
logic process is a stunning application of basic research 
into diamond formation that will assist in the explo- 
ration for more such precious gems. 

After 50 years, Clifford’s Rule largely holds true: 
Most economic diamond deposits are found in associa- 
tion with old cratonic regions. However, the emerging 
pattern of diamond localities worldwide relative to cra- 
tonic regions suggests that exploration programs for eco- 
nomically viable diamondiferous kimberlites should not 
dismiss areas of the earth adjacent to these stable cra- 
tonic settings. For example, the Argyle and Ellendale 
mines of Australia occur in orogenic belts surrounding 
the Kimberley craton. Similarly, the Chidliak deposit 
under development on Baffin Island in northern Canada 
occurs in a late Archean terrane that was modified dur- 
ing later Paleoproterozoic collisional processes (Whalen 
et al., 2010). The importance of these diamond mines, 
including Lomonosov, for diamond exploration is that 
they show that economic quantities of diamond can 
occur in these younger Proterozoic regions. 

Although diamonds can be associated with non-sub- 
duction refertilization events—for example, diamonds 
from Ellendale and Canada’s Victor mine (Smit et al., 
2010; Aulbach et al., 2017)—subduction in collisional ter- 
ranes remains one of the key mechanisms of introducing 
carbon-bearing fluids into the diamond-forming regions 
of the deep Earth (e.g., Kesson and Ringwood, 1989). 
These subduction-derived fluids also introduce nitrogen, 
one of the main impurities in diamond. Nitrogen-related 
defects can contribute to a range of colors in diamonds. 
Examples of such defects include isolated substitutional 
nitrogen (N,; C center), N3 (three nitrogens and a va- 
cancy; van Wyk, 1982), H3 (two nitrogens and a vacancy; 
Davies and Summersgill, 1973; Clark and Davey, 1984), 
and the NV defects. 


of around 22.0 km is obtained (figure C-1; Lehtonen 
et al., 2009). These xenolith-based estimates of lith- 
osphere depth during the Paleozoic (where kimber- 
lite eruption occurred between 390 and 340 Ma) are 
consistent with present-day seismic evidence of a 
thick lithosphere more than 200 km below the Baltic 
shield (figure 3; Schaeffer and Lebedev, 2013). 
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The final, amalgamated Baltic shield was con- 
structed during the Proterozoic from several older, 
smaller terranes (see the “Archean and Proterozoic 
History of the Baltic Shield” section). The thick 
lithospheric keel (>220 km; figures 4 and C-1) below 
the Lomonosov mine and the Arkhangelsk kimber- 
lite province was either preserved from the various 
Archean terranes (such as the Kola province or the 
Belomorian orogen) during the Lapland-Kola orogen 
or reestablished after Proterozoic collision. 


Age of the Lithosphere in the Arkhangelsk Region. 
As noted in box B, diamond mining regions world- 
wide are found in association with cratons that pre- 
serve the oldest portions of Earth’s crust. Archetypal 
kimberlites in the Kimberley region of South Africa 
all erupted through the Archean (>2.5 Ga) crust of the 
Kaapvaal craton. Similarly, the first kimberlites dis- 
covered in Canada, at Lac de Gras, erupted through 
the ancient crust of the Slave craton. 

In contrast, the kimberlites of the Arkhangelsk 
province erupted through basement crustal rocks 
that are predominantly of Proterozoic age (<2.5 Ga), 
probably reflecting Archean crust reworking during 
1.95 to 1.87 Ga continental assembly (Lapland-Kola 
orogen; Daly et al., 2006; Samsonov et al., 2009). Al- 
though evidence for older Archean material is found 
in lower crustal xenoliths from Grib (magmatic zir- 
cons in granulites with U-Pb ages of 2.72 Ga; Kore- 
shkova et al., 2014), Grib and Pachuga xenoliths also 
preserve evidence of Proterozoic modification. For 
example, Grib metamorphic zircons all have 1.96 
and 1.83 Ga ages (Koreshkova et al., 2014), and 
Pachuga granulites have 1.9-1.7 Ga Sm-Nd model 
ages (Markwick and Downes, 2.000). 

The predominantly Proterozoic crust in the 
Arkhangelsk region does not exclude the presence of 
an Archean lithospheric mantle at depth. In north- 
western Australia, for example, the Argyle and Ellen- 
dale diamond-bearing lamproites erupted through 
Proterozoic orogens along the margins of the Kim- 
berley craton. However, isotopic analyses of mantle 
xenoliths and diamond inclusions indicate the pres- 
ence of Archean mantle lithosphere at both Argyle 
and Ellendale (Luguet et al., 2009; Smit et al., 2010), 
suggesting that Proterozoic orogenic activity did not 
impact deeper portions of the lithosphere. 

Since mantle xenoliths from the Arkhangelsk 
kimberlites have not been extensively dated—unlike 
the Kimberley craton example given above—it is not 
known whether the mantle lithosphere has a predom- 
inantly Archean or Proterozoic heritage. Some Grib 
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eclogite xenoliths were recently dated to around 2.8 
Ga (E. Shchukina, pers. comm., 2016). They are ap- 
parently similar in age to Grib lower crustal rocks 
(Koreshkova et al., 2014), crustal rocks of the Mur- 
mansk craton (Timmerman and Daly, 1995; De Jong 
and Wijbrans, 2007), and eclogites in the Lapland-Kola 
orogen (Mints et al., 2010; Herwatz et al., 2012), see 
figure 2 for localities. These preliminary results sug- 
gest that although the basement crust in the 
Arkhangelsk kimberlite province appears to be pre- 
dominantly Proterozoic, the underlying lithospheric 
mantle may be much older and was preserved 
through later collisional processes, similar to the ge- 
odynamic setting in the orogenic belts around the 
Kimberley craton (Luguet et al., 2009; Smit et al., 
2010). Without diamond mining that exposes xeno- 
liths and xenocrysts in the kimberlite, it would be im- 
possible to construct this important deep geologic 
history. 


DIAMONDS FROM THE ARKHANGELSK REGION 
Diamond Type and Nitrogen-Based Temperatures. 
Nitrogen, the most common impurity in natural di- 
amonds, is used to classify diamond into different 
“types.” Diamonds with no nitrogen detectable by 
Fourier-transform infrared (FTIR) spectroscopy are 
termed type II, whereas diamonds that do contain ni- 
trogen are termed type I. Nitrogen is incorporated 
into diamond as isolated substitutional nitrogen (N,; 
C center]. With time and temperature, this nitrogen 
anneals to form nitrogen pairs (N,; A center) and ni- 
trogen aggregates (V,N,; B center). The conversion 
from C->A-=B centers has been well calibrated so 
that time-averaged mantle residence temperatures 
can be calculated (Taylor et al., 1990, 1996). Due to 
the temperature conditions in the lithospheric man- 
tle, most natural cratonic diamonds contain a com- 
bination of A and B centers, termed type IaAB; see 
Breeding and Shigley (2009) for further details on the 
type classification of diamonds. 

According to Khachatryan and Kaminsky (2003), 
diamonds from all six kimberlites at Lomonosov are 
predominantly type IaAB and contain 10-2900 ppma 
nitrogen. Less than 5% of diamonds from the 
Lomonosovskaya kimberlite are type II. The same 
study noted that nitrogen-based temperatures calcu- 
lated from the percentage of B centers in Lomonosov 
diamonds are around 1100 + 50°C. Along the local 
paleogeotherm (shown in figure C-1), these temper- 
atures indicate that the diamonds were derived from 
depths between 150 and 170 km, similar to clinopy- 
roxene xenocrysts sampled by the kimberlites. 


Gems & GEMOLOGY SUMMER 2017 


Box C: PRESSURE- TEMPERATURE GRADIENTS IN THE LITHOSPHERE (PALEOGEOTHERMS) 


Understanding the temperature profile with depth in the 
lithospheric keel known as a “geotherm” is an important 
first step toward understanding the diamond-stable por- 
tions of the lithosphere. The intersection of the P-T array 
with the thermodynamically determined graphite-to-di- 
amond transition constrains the minimum depth at 
which diamond will be present in the lithospheric keel 
(figure C-1). Calculating a geotherm involves routine 
analyses of major element compositions of constituent 
minerals in mantle xenoliths. In coexisting minerals such 
as garnet and clinopyroxene, the relative proportions of 
elements such as magnesium, iron, and chromium min- 
erals vary systematically with pressure and temperature. 
Because of this relationship, simple chemical analyses of 
the minerals can be used to indicate the temperature and 
pressure at which the minerals equilibrated. 

Once a geotherm and the diamond-stable portions 
of the lithosphere below a diamond prospective area are 
constrained, these P-T conditions can be applied to any 
diamond indicator mineral. For example, Cr-rich clino- 
pyroxene is known to occur alongside diamonds in the 


lithospheric keel, but it can also occur at shallower pres- 
sures where graphite is stable. If pressures and temper- 
atures are determined for clinopyroxene in diamond 
exploration samples and compared to the prevailing ge- 
otherm, it will become apparent whether these minerals 
are actually derived from the diamond stability field— 
in other words, whether the kimberlite is sampling por- 
tions of the lithosphere that may contain trace amounts 
of diamond. 

Determining the geotherm also enables geologists to 
assess the depth of the lithospheric keel at the time of 
kimberlite eruption. The lithospheric keel is isolated 
from convection in the asthenosphere because its dis- 
tinct depleted compositions make it cooler and more 
buoyant than the convecting mantle. The average tem- 
perature in the convecting mantle is around 1300- 
1400°C (figure C-1) and becomes warmer with increasing 
depth. Where the deepest samples occur or otherwise 
where the P-T array of the lithosphere (geotherm) inter- 
sects with the temperature of the convecting mantle 
(adiabat), one indication of lithosphere depth is obtained. 
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Figure C-1. Pressure and temperature (P-T) data from peridotite xenoliths and xenocrysts from the Arkhangelskaya 
and Grib kimberlites. For Arkhangelskaya clinopyroxene, P-T was calculated using Nimis and Taylor (2000), using 
data from Lehtonen et al. (2009). For Grib peridotite, P-T was calculated using Taylor (1998) and Nickel and Green 
(1985) using data from Shchukina et al. (2012) and other studies. Gray dashed lines are model P-T paths for the man- 
tle known as “geotherms” for different thermal conditions, so cooler (35 mW/m?) and warmer (50 mW/m2) regions can 
easily be compared (from Hasterok and Chapman, 2011). The graphite-diamond transition, from Day (2012), defines 
the higher P and T conditions where diamond is expected to crystallize based on experimental studies of graphite 
transforming to diamond. The P-T arrays for both kimberlites are essentially similar and indicate that below the 
Arkhangelsk kimberlite province, diamonds are stable below 110-120 km depth. Extending the P-T trend to the tem- 
perature of the convecting mantle (or mantle adiabat) shows that the lithospheric keel is more than 220 km deep 
under both kimberlites. While this data is useful for comparison between these two kimberlites’ diamond favorability, 
it can also be applied in pre-mining studies to any kimberlite to see if it is sampling mantle that is diamond-stable. 
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Mantle Parageneses. Diamonds are metasomatic min- 
erals that form when carbon-bearing fluids or melts 
infiltrate into either peridotite (depleted harzburgite + 
fertile lherzolite) or eclogite; carbon isotopic compo- 
sitions of diamond can be used to distinguish its man- 
tle paragenesis. Carbon isotopic composition is 
expressed in delta notation, 5°“C, where two isotopes 
of carbon, °C and "°C, are referenced to a standard and 
expressed in %o. The mantle has an average 5'°C value 
of -5%o but can extend down to around —9%p. Peri- 
dotitic diamonds typically have 8'°C values similar to 
those of the mantle. Eclogitic diamonds can similarly 
have so-called mantle values, but also have 8°C values 
that extend down to —41%o. These extremely negative 
88C values reflect carbon input from crustal reservoirs 
that likely were recycled into the lithospheric mantle 
through subduction (De Stefano et al., 2009; Smart et 
al., 2011). Grib diamonds have a narrow range of §'°C 
values between -10 and —3%o that likely reflects their 
peridotitic nature (Rubanova et al., 2009). Most 
Lomonosov diamonds have a similar 8'°C range, but a 
few diamonds have values down to —2.2.2.%o (Galimov 
et al., 1994), suggesting mixed peridotitic and eclogitic 
parageneses. 

Mineral inclusions in diamonds can provide in- 
formation (temperature, depth, and compositional 
paragenesis) about the environment in which dia- 
monds grew. As suggested from the predominantly 
mantle-like carbon isotopic compositions (Rubanova 
et al., 2009), Grib diamonds are predominantly peri- 
dotitic and contain both chromite and olivine inclu- 
sions. Olivine from Grib has Mg# (calculated as 
Mg/(Mg+Fe) x 100) between 92, and 94 (Malkovets et 
al., 2011), indicating its derivation from depleted 
harzburgitic to dunitic peridotite (i.e., not fertile lher- 
zolite, which would have lower Mg# around 89-91). 
Grib also has a minor eclogitic diamond population 
containing typical orange eclogitic garnet inclusions. 
There have not been many studies on the mineral in- 
clusions from Lomonosov diamonds, so a full com- 
parison of the inclusion characteristics of these two 
mines is not possible. Interestingly, one study by 
Sobolev et al. (1997) reported a majoritic garnet in- 
clusion (garnet with excess Si) in a diamond from 
Lomonosov’s Pomorskaya kimberlite. These ma- 
joritic garnets are only stable at depths greater than 
250 km (Stachel et al., 2005), significantly deeper 
than the majority of lithospheric diamonds that are 
derived from depths between 120 and 220 km. 


Color and Morphology. Lomonosov produces few very 
large diamonds. The largest was a 106 ct gray indus- 
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trial diamond found in February 2011. Between the 
two kimberlite pipes being mined at Lomonosov, 82.% 
of the diamonds are gem or near-gem quality, which 
is higher than the global average of 50-60% (Bain & 
Company, 2013). Diamonds examined by Galimov et 
al. (1994) and Kudryavtseva et al. (2001), as well as 
those on display during the authors’ visit (figure 7), 
were predominantly resorbed dodecahedra with only 
minor octahedral diamonds. Approximately 0.04% of 
diamond production from the two pipes is fancy color, 
such as purple, pink, violet, green, yellow, and brown 
(figures 7-9). For comparison, Argyle produces around 
72.% brown, 27% colorless to yellow, and <<1% pink- 
red diamonds (Shigley et al., 2001). 

Fancy colors are due to different impurities and 
defects in the diamond lattice and can be used to un- 
derstand the geological history of the diamonds. 
Most near-colorless and yellow diamonds from 
Lomonosov would be referred to in the gem trade as 
“cape” diamonds (Garanin et al., 1994). These cape 
diamonds obtain their color from the N3 defect 
(three nitrogens and a vacancy; van Wyk, 1982) that 
forms as a byproduct during the A to B aggregation. 
By definition, then, all cape diamonds are type IaAB, 
consistent with FTIR results indicating that 
Lomonosov diamonds are predominantly type IaAB 
that have resided at temperatures around 1100 + 
50°C (Khachatryan and Kaminsky, 2.003). 

From visual color observations, there appear to be 
two different kinds of green diamonds, similar to 
Grib (Rubanova et al., 2009), with color originating 
from both GR1 (neutral vacancy—V°, Clark and 
Walker, 1973) and H3 defects (NVN°, Davies and 
Summersgill, 1973; Clark and Davey, 1984). GR1 
forms through natural and artificial irradiation and 
also during deformation. Although GR1 occurs in all 
natural diamonds, the concentration of GR1 is typi- 
cally too low to detect with visible/near-infrared (Vis- 
NIR) spectroscopy and therefore does not influence 
the bodycolor. 

GRI1 formation related to irradiation is typically 
imparted relatively late in the diamond’s history, when 
it resides in crust with high concentrations of radioac- 
tive minerals. Irradiation sources for natural diamond 
include radioactive grains such as uraninite, zircon, 
monazite, and pyrochlore that may be present in either 
the Archean crust and its sediments or the host kim- 
berlite. However, diamonds can also be irradiated in 
the lithospheric mantle when radioactive minerals 
such as monazite and titanite, as well as rare loparite 
and chevkinite, are trapped in the diamond during 
growth (Kopylova et al., 1997; Smith and Wong, 2016). 
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Vacancies are not exclusively related to irradiation. 
They can also form due to deformation during dia- 
mond’s residence at high pressures and temperatures 
in the mantle. H3 normally forms during heating (an- 
nealing) of diamonds, which facilitates vacancy mi- 
gration and trapping at A centers. These vacancies 
could be from GRI1 or vacancy clusters that are nor- 
mally associated with deformation glide planes in the 
diamond. A spectroscopic study of Lomonosov green 
diamonds would be necessary to determine if these 
particular H3 green diamonds underwent high 
amounts of deformation. 

Although the pink, purple, and brown diamonds 
from Lomonosov have not been spectroscopically 
studied, a broad band centered around 550-560 nm is 
typically responsible for such colors (Raal, 1958; 
Collins, 1982). The defect structure of the 550 nm 
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Figure 7. A selection of 
diamonds from two 
weeks’ production, put 
on display during the 
visit to Severalmaz’s 
sorting facility in 
Arkhangelsk. Dia- 
monds from the 
Lomonosov deposit are 
predominantly re- 
sorbed dodecahedra, 
and only a few primary 
octahedral diamonds 
were seen. Around 
0.04% of the diamond 
production consists of 
fancy colors such as 
yellow, green, purple, 
pink, and brown. Also 
on display were gray in- 
dustrial diamonds. 
Photos by Karen Smit. 


band is unknown but generally understood to be re- 
lated to deformation, since the pink and brown colors 
are normally concentrated along deformation glide 
planes in diamonds (Titkov et al., 2008; Gaillou et al., 
2010; Howell et al., 2015). For example, the pink and 
brown Argyle diamonds occur in a Proterozoic oro- 
genic setting along the margin of the Kimberley cra- 
ton. Their residence at high temperatures in the high 
deformation zone near the base of the lithosphere 
(Stachel et al., 2017) resulted in deformation glide 
planes and the 550 nm band that imparts the pink and 
brown colors distinctive of Argyle. The Lomonosov 
diamonds also occur in an area of Proterozoic moun- 
tain building (the Lapland-Kola orogen noted above), 
and it is very likely that these pink and brown dia- 
monds have a color origin similar to the Argyle dia- 
monds that occur in the Proterozoic Halls Creek 
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Figure 8. Two yellow cuboctahedral diamonds sepa- 
rated during recovery sorting in the processing plant 
at the Lomonosov mine. Photo by Karen Smit. 


orogen (1.8 Ga; Tyler and Page, 1996). It is remarkable 
that basic mineralogical and geological research now 
allows us to understand the geological conditions that 
create specific color centers in these diamonds. 


DEVELOPMENT AND MINING OF THE 
LOMONOSOV DEPOSIT 

Location and Development. The Lomonosov deposit 
is about 110 km from the White Sea port of 
Arkhangelsk, which was for centuries Russia’s pri- 
mary deepwater seaport. The deposit is located at 
around 65°N, a latitude similar to that of the Arctic 
diamond mining operations in Siberia and northern 
Canada. Its proximity to the White Sea greatly mod- 
erates the climate; the average winter low is —13°C 
(8°F), compared to -32°C (-2.5°F) at the Canadian and 
Siberian mines. Instead of barren tundra, the area 
hosts dense woods that have served as a source of 
Russian timber for several centuries. 

Mining in the extreme cold of northern Canada 
and Siberia presents formidable logistical and opera- 
tional difficulties, as detailed by Shigley et al. (2016), 
but Lomonosov poses challenges of its own. First, 
part of the site was built on a partial wetland and 
groundwater that had softened the soil and rock. This 
required Severalmaz to truck in tons of hard gravel 
to shore up the roads leading into the mining pits so 
they could withstand the weight of the large hauling 
trucks (Serdyukova, 2013). Then, 63 wells had to be 
drilled and maintained to continually pump out 
groundwater at more than 5100 cubic meters per 
hour (each well pumps nearly 70-80 cubic meters per 
hour], which is then fed into a canal system sur- 
rounding the mining area. 


158 Russian DIAMONDS FROM THE LOMONOSOV DEPOSIT 


Figure 9. A purple-pink Lomonosov diamond weigh- 
ing approximately 0.4 ct. It was mined in early 2015 
and sold for more than US$1.6 million per carat at 
the Hong Kong tender sale in September of that year. 
Photo by Russell Shor. 


Initial development costs totaled US$385 million, 
which included a processing plant with an annual ca- 
pacity of 1 million metric tons of ore (Serdyukova, 
2.013). Production at Lomonosov started with the 
Arkhangelskaya pipe in 2005 (figure 10), since it had 
the largest reserves and the least amount of overbur- 
den—about 30 m, compared to the much larger 
Lomonosovskaya pipe, which was 45 m_ under- 
ground. Production at a second kimberlite pipe— 
Karpinskogo I—began nine years later in 2014. This 
was in tandem with the opening of a second plant ca- 
pable of processing 3 million tons of ore per year. 


Mining. Severalmaz employs 1,600 workers. Only the 
Arkhangelskaya and Karpinskogo I kimberlite pipes 
are currently being mined (figures 10 and 11), leaving 
Pionerskaya and Lomonosovskaya in reserve and 
Karpinskogo II and Pomorskaya under evaluation. 
Both kimberlite pits are mined using only excavators, 
without blasting. A fleet of 25 hauling trucks with 35 
to 90 metric ton capacity carry the kimberlite ore 
from each pipe to separate stockpiles. On average, 14 
million cubic tons of rock are mined per year, of 
which only 2, million cubic tons are kimberlite. 

The shapes of the Arkhangelskaya, Karpinskogo 
I, and Karpinskogo II kimberlites and the diamond 
grade variations are given in figure 11. Current re- 
source estimates show that Karpinskogo I has a grade 
of 0.6 carats per ton in the upper eruptive levels of 
the pipe (crater facies), improving to 1.4 carats per ton 
in the lower non-eruptive or magmatic section (dia- 
treme facies]. The Arkhangelskaya kimberlite has a 
similar resource, with current estimates of 0.5 carats 
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Figure 10. Open pit of the Arkhangelskaya kimberlite in August 2016, which at the time spanned 1.1 km. 
Arkhangelskaya was the first of the six kimberlites at Lomonosov to be developed since it had the least overbur- 
den and the largest diamond reserve. Photo by Karen Smit. 


per ton in the crater facies and 1.06 carats per ton in 
the diatreme facies. By comparison, the Jwaneng op- 
eration in Botswana, the world’s richest diamond 
mine by value, averages between 1.2 and 1.4 carats 
per ton. Russia’s largest mine, Udachnaya, averages 
1.3 carats per ton (Serdyukova, 2014). 

Severalmaz geologists aim to maximize yield by 
continually sampling kimberlite sections being 
mined down to 2 m spacing (figure 12), updating di- 
amond grade statistics as they go. This detailed sam- 
pling helps them identify high-grade areas in the 
kimberlite where diamonds are more highly concen- 
trated. The lowest grade that Severalmaz will con- 
sider mining is 0.166 carats per ton. The total reserve 
estimates from all six pipes in the Lomonosov de- 
posit are approximately 167 million carats. 


Mining of crater facies kimberlite for the Karpin- 
skogo I and Arkhangelskaya pipes will be completed 
in December 2017. Severalmaz expects annual pro- 
duction to more than double to approximately 4.6 
million carats after 2017 as operations move into the 
richer diatreme facies and the existing processing 
plants are expanded. Reserves for both pipes have 
been determined down to 460 m, yet Severalmaz’s 
current plan is to complete open-pit mining on them 
by about 2026, when Arkhangelskaya is down to 324 
m (currently at 154 m) and Karpinskogo I down to 
260 m (currently at 105 m). A decision will then be 
made about whether it is more profitable to continue 
mining deeper or to mine one of the other pipes such 
as Pionerskaya. The predicted grade for Pionerskaya 
is lower than for Arkhangelskaya and Karpinskogo I, 


Figure 11. Geological cross-sections of the Arkhangelskaya, Karpinskogo I, and Karpinskogo II kimberlites. Modi- 


fied from Severalmaz source material. 
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but the diamonds are expected to be of better quality. 
During the authors’ visit, Severalmaz officials said 
that no decisions had been made about developing 
the remaining pipes, though a 2017 report to share- 
holders said that such development was very likely. 


RECOVERY AND SORTING OF 
LOMONOSOV DIAMONDS 


Processing Plant. After mining, nearly all of the kim- 
berlite from each pipe is stockpiled for several months 
in two areas located several hundred meters from 
mining operations. The weathering of the kimberlite, 
especially over winter, softens the material, making 
it much easier to liberate diamonds and reducing the 
risk of breaking or damaging larger crystals. This 
weathering technique is as old as systematic diamond 
mining and was used extensively in the early 1900s 
in South Africa. While the production profile is dif- 
ferent for each pipe, the ore from both pipes is mixed 
together during processing to obtain uniform grades. 
The initial processing phase tumbles the kimber- 
lite in a large rotating mill that breaks the material 
into smaller pieces measuring about 120 x 25 mm 
while mixing this material with water (figure 13). This 
autogenous method of using the kimberlite to crush 
against itself instead of employing jaw crushers is less 
damaging to larger diamonds. The maximum size al- 
lowed through the mill was determined after a geo- 
logical study showed that diamonds larger than 120 x 
25 mm would likely occur only once every 30 years. 
After milling, material is dispatched to hydraulic 
separators that segregate likely ore material from 
waste material based on density. The largest pieces out 
of the hydraulic separators go directly to units that use 
X-ray fluorescence and X-ray luminescence to identify 
diamonds. Air jets triggered by the X-ray signals de- 
flect the diamonds into a collector box. The medium- 
sized pieces are first directed to density separators and 
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Figure 12. Large-diameter 
drill core samples of kimber- 
lite from Karpinskogo I, ex- 
amined by the authors. The 
fine-grained kimberlite con- 
tains highly altered country 
rock fragments, altered 
olivine and clinopyroxene 
macrocrysts, and small man- 
tle xenoliths. Severalmaz 
continually examines core 
samples during mining to im- 
prove diamond grade estima- 
tions. Photos by Karen Smit. 


then into a thin stream through to the X-ray units, 
which separate diamonds down to 1.25 mm (sieve size 
2, or 0.008 per carat). Material under 1 mm never 
makes it to the X-ray units and is sent directly to the 
tailings. Alrosa is developing X-ray transmission tech- 
nology to identify large diamonds in kimberlite before 
they undergo recrushing (Alrosa Annual Report 2015). 

The waste material is continually sampled for dia- 
monds the recovery process may have missed. During 
GIA’s visit to the processing plant in August 2016, 
monitors in the recovery control room continually up- 
dated the recovery rate, which remained between 97% 
and 99%. Between 2014 and 2016, mining of the addi- 
tional kimberlite pipe (Karpinskogo I) and the comple- 


Figure 13. During the initial stage of processing, the 
ore material is sent through a large rotating mill that 
breaks the material into smaller pieces through auto- 
genous grinding while mixing it with water. This 
method is designed to minimize the breakage to 
larger diamonds that often occurs with high-pressure 
crushing. Photo by Karen Smit. 
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tion of the new $325 million processing plant in- 
creased annual diamond production at Lomonosov 
from approximately 500,000 to 2 million carats 
(Serdyukova, 2013; Miller, 2014). Production is ex- 
pected to increase to 5 million carats after the Pioner- 
skaya and Lomonosovskaya pipes are developed 
(“Severalmaz recovers first 10 million carats...,” 2017). 


Diamond Sorting. Every two weeks, diamonds recov- 
ered from the Arkhangelskaya and Karponskogo I 
kimberlite pipes are dispatched to a preliminary sort- 
ing facility in the city of Arkhangelsk. Two weeks’ 
production from these two kimberlites averages be- 
tween 65,000 and 70,000 carats. In the Arkhangelsk 
sorting facility—overseen by Pavel Grib, the son of 
the geologist who discovered the Grib kimberlite— 
the diamonds are sorted manually by weight, color, 
shape, and clarity. Severalmaz then performs a pre- 
liminary valuation for each weight and quality cate- 
gory (for insurance purposes) before shipping the 
rough diamonds to Alrosa’s United Selling Organisa- 
tion (USO) in Moscow. 

At the USO, all incoming rough diamonds from Al- 
rosa’s various Russian mines are first weighed and 
compared against the weights noted from each produc- 
tion region. Diamonds from these different production 
regions are then sorted by carat, color, shape, and clar- 
ity into about 8,000 subcategories of selling lots (Alrosa 
Annual Report 2015). Sorting is done through a com- 
bination of manual and automated operations, though 
development is continually underway to automate this 
process as much as possible (Alrosa Annual Report 
2015; O. Petrov, pers. comm., 2016). 

Diamonds from each production region (includ- 
ing Severalmaz) are kept separate throughout the 
sorting and sales process and are always sold in sep- 
arate lots. Severalmaz determines pricing by offering 
small lots of diamonds, including fancy colors, at 
tender auctions through Alrosa sales offices. While 
Severalmaz is generally regarded as an Alrosa sub- 
sidiary, unspecified outside owners hold a 0.04% 
share in the company, necessitating the separate ac- 
counting (www.eng.alrosa.ru). 


MANUFACTURING OF ALROSA DIAMONDS 
Alrosa reserves 5% to 8% of its total diamond produc- 
tion, including Lomonosov goods, for domestic pol- 
ishing. The vast majority of these are sent to Kristall, 
its diamond cutting operation, and marketed through 
the company’s polished diamond sales division, which 
maintains offices in Moscow, Antwerp, New York, 
and Hong Kong (Alrosa Annual Report 2015). 
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The first Russian diamond manufacturing unit 
was founded in 1963 in the city of Smolensk, about 
400 km southwest of Moscow. By the 1970s, six ad- 
ditional units had been established in different cities 
throughout the Soviet Union (www.kristallsmolensk. 
com/about/history). During that period, the Soviet 
government earmarked as much as 20% of Russian 
production to be cut locally and sold primarily 
through offices in Antwerp, Geneva, and London 
(“Soviet discounts irk diamond cutters,” 1984). While 
officials never disclosed the exact percentage of dia- 
monds being cut and sold, this polished production 
(estimated between $230 and $270 million yearly) 
was sufficient to have a strong effect on world mar- 
kets by the 1980s (Thompson, 1982). 

After the end of the Soviet regime, the govern- 
ment kept control of the operations within Russia 
proper. This included Kristall Smolensk, which be- 
came a sightholder in the mid-1990s after formaliz- 
ing relations with De Beers. The government also 
invited foreign diamond manufacturers to open fac- 
tories in the country. The state-owned Smolensk fa- 
cility has remained the largest operation, with 2,500 
workers producing 600,000 carats yearly by its fifti- 
eth anniversary (Almor, 2013). 

Russia’s 20 diamond polishing operations pro- 
duced approximately 300,000 carats worth US$670- 
$680 million in 2014, the most recent year for which 
complete figures are available (Leikin, 2016). Three 
of the operations—including Smolensk, which ac- 
counts for 40% of the total polished production—are 
in the Kristall network. International diamond com- 
panies or independent ventures operate the remaining 
17 cutting plants. The vast majority of these factories 
produce smaller sizes ranging from 0.2 to 0.3 carats 
(Leikin, 2016). As with rough diamonds, the polished 
goods from Severalmaz and other Alrosa subsidiaries 
are kept separate through the cutting process and sold 
separately to diamond wholesalers and large retail 
chains. 


MARKETING AND PRICING OF 

ALROSA DIAMONDS 

In 2015, Alrosa’s various operations produced a total 
of 38.4 million carats, with Severalmaz accounting 
for about 5%. By volume, Alrosa was responsible for 
30% of world production in 2015, compared to De 
Beers’ 22.%. It sold 30.1 million carats of rough that 
year for US$3.55 billion, an average price of just over 
$103 per carat. This price is relatively low, but at the 
same time Alrosa’s minimum recovery size is much 
smaller than that of other producers (Leikin, 2016). 
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* The mine here being worked is 35 
feet under ground. 


years. Last year Donovan uncovered a flaw- 
less yellow sapphire weighing 21 dwts (163 
carats) and valued at about 1,500 pounds. 

One of the pioneets of the field, James 
Lidstone, who mined his first sapphire at 
Rubyvale in 1891, is now more interested 
in his vegetable garden than in his hoard 
of sapphires. He mined one of the great 
stones that excited American interest, but 
failed to recognize its value and sold it 
for a song. 

The main gem buyer living on the fields, 
Harvey Spencer, pays miners a pound for 
a jam tin (can) full of rough stones. He 
has four and one half tons of these stones 
(value not known) in his tumbledown back 
yard shed. 

And such is sapphire mining at Rubyvale. 

Production on the fields is virtually at 
a standstill just now, (August 1951) because 
most of the regular miners have gone to 


other well-paid jobs such as sleeper cutting, 
and kangaroo shooting. 

Arthur Wirth, Sydney jeweler who is also 
New South Wales president of the Gemmo- 
logical Association of Australia, believes that 
in the not too distant future American in- 
terests will exploit the Anakie fields, using 
bulldozers and open cut mining to uncover 
the great wealth believed lying in the gravels 
of the old river system. “America has no 
sapphires apart from some low grade stones 
produced in Montana,” he says. 

“The Americans rely chiefly on Siam for 
their supplies but the political setup in that 
country is so uncertain that no one can 
depend on that source of supply. Australia 
beckons as the world’s greatest supplier 
of sapphires.” 


© Mother of this young miner watches 
her son sieve sapphire dirt for the 
Precious stones. 
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The remaining 2015 production was either stock- 
piled by Alrosa or sold to Gokhran, the Russian gov- 
ernment bureau that oversees the country’s reserves 
of precious materials (Alrosa Annual Report 2015). In 
difficult economic times when demand from Alrosa’s 
clients falls short of production, Gokhran buys the 
excess and stocks it until the market improves. In- 
deed, during the 2008-2009 financial crisis, Russia’s 
diamond mines maintained full production, selling as 
much as US$2 billion to the government bureau, 
while De Beers and others sharply curtailed their 
mining output (Shor, 2009). 

Between 66% and 70% of the United Selling Organ- 
isation’s rough sales are sold through a structure similar 
to De Beers’ sight system. A set list of 54 contracted 
clients, called the Alrosa Alliance, buys rough at 
monthly sales events in Moscow during the three-year 
contract life. In 2016, Severalmaz goods were offered 
every other month in lots separate from Siberian rough. 
According to Alrosa, these 54 firms represent a sustain- 
able client base of major diamond manufacturers and 
jewelry retailers. About half of the current Alliance 
members are Antwerp dealers and manufacturers (fig- 
ure 14), with most of the remainder from Israel and 
India. They also include eight Russian manufacturers 
and three large retailers, Chow Tai Fook (Hong Kong), 
Signet Group (United States and United Kingdom], and 
Tiffany & Co. through its Laurelton subsidiary 
(http://eng.alrosa.ru/operations/sales-policy/). 

Alrosa allocates diamonds to each client based on 
requested size, quality, and rough shape parameters. 
Its stated policy is to provide long-term contracts to 
guarantee monthly supply of goods in pre-agreed vol- 
umes and assortments, as well as an option to pur- 
chase an extra range of goods. This policy is designed 
to provide stable supplies of rough diamonds and a 
hedge against diamond price volatility. While Alrosa 
aims to fully supply requested goods, each contract 
does contain a provision that there may be periods 
when it cannot deliver entire allocations of certain 
types of goods (http://eng.alrosa.ru/operations/sales- 
policy/). 

An additional 25% of Alrosa production, including 
all rough larger than 10.8 ct and all fancy colors, are 
sold through tender auctions termed “competitive 
sales” (Shor, 2014). These are conducted in Alrosa’s 
sales offices (operating as Arcos) in New York, Tel 
Aviv, Dubai, Antwerp, Hong Kong, and Moscow. Buy- 
ers include members of its Alliance or companies 
from the industry at large that have been vetted. The 
auctions use electronic bidding confirmed by hard 
copy, with the lots going to the highest bidders, as- 
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Figure 14. Pink Lomonosov diamonds obtained from 
Diarough, an Antwerp-based diamond manufacturer. 
Photo by Kevin Schumacher. 


suming their offers meet the reserve prices. Most 
other diamond producers employ more complex bid- 
ding systems that average out the top bids (O. Petrov, 
pers. comm., 2016}. For more information on the bid- 
ding process, see Shor (2014). 

Although Alrosa generally has autonomy over its 
diamond pricing, the Russian Ministry of Finance re- 
mains the final authority (Alrosa Annual Report 
2015). Alrosa’s management sets rough prices based 
on market information gleaned from De Beers and 
Rio Tinto diamond sales, results of other producers’ 
various tender auctions, and the company’s own ten- 
der auction results. The company takes a very con- 
servative approach and tries to minimize 
month-to-month price volatility in favor of stability 
(O. Petrov, pers. comm., 2016). During the second half 
of 2015, however, the diamond manufacturing indus- 
try faced a crisis due to a combination of unsustain- 
ably high rough prices, low polished prices, rising 
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inventories, and declining bank credit. In response, 
the company reduced its average prices by 15% (AI- 
rosa Annual Report 2015). 

In 2016, the company reduced its output by 2% to 
37.4 million carats but sold 40.1 million carats (for 
US$4.3 billion), the difference coming from the 22 
million carat stockpile it had accumulated during pre- 
vious periods of slow demand (“Alrosa caps 2016 out- 
put to reduce stocks,” 2017). Demand for small 
diamonds fell sharply at the end of 2016 because of a 
currency crisis in India. Early in 2017, however, India 
adjusted to this event, and between January and April 
2017, Alrosa sold 16.9 million carats of rough and pol- 
ished diamonds. These sales figures were up more 
than 7% compared to the first quarter of 2016. By 
value, however, sales declined 12.5% to US$1.7 bil- 
lion as dealers wanted primarily smaller stones (“Al- 
rosa reports sales results...,”” 2017). 


SUMMARY AND CONCLUSIONS 


In contrast to many diamond mines in South Africa, 
Canada, and Siberia, the Lomonosov deposit does not 
occur within a setting that was stabilized in the 
Archean. Rather, the kimberlites at Lomonosov 
erupted within a Proterozoic terrane that records 
both splitting of the continent and subsequent colli- 
sion of older Archean terranes. The thick lithos- 
pheric keel below this region—a requirement for 
diamond formation—was either inherited from these 
Archean subterranes or reestablished during Protero- 
zoic craton assembly. Proterozoic mountain-building 
in this diamond-producing region of the Baltic shield 
is seemingly at odds with Clifford’s Rule, which 
states that diamond deposits are found in old cra- 
tonic regions that have been stable for at least 2.5 bil- 
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CARBONADO DIAMOND: 
A REVIEW OF PROPERTIES AND ORIGIN 


Stephen E. Haggerty 


i | in Brazil ar ne a (Ke 1 se unusual diamonc 
aggregates are strongly bonded and porous, with melt-like glassy patinas unlike any conventional dia- 
mond from kimberlites-lamproites, crustal collisional settings, or meteorite impact. Nearly two centuries 
after carbonado’s discovery, a primary host rock compatible with the origin of conventional diamond at 
high temperatures and pressures has yet to be identified. Models for its genesis are far-reaching and 
range from terrestrial subduction to cosmic sources. 


iscovered in 1841 in Brazil, carbonado was 
[same by Portuguese diamond prospectors 
for its resemblance to charcoal (Leonardos, 
1937; Dominguez, 1996). Carbonado was found later 
in the Central African Republic. These two localities, 
now separated by the Atlantic Ocean and situated on 
the Sao Francisco and the Congo cratons, respec- 
tively, previously shared a common geological set- 
ting for more than a billion years (De Waele et al., 
2008) on the supercontinent of Rodinia (figure 1) and 
its precursor Nuna, also known as Columbia. 
Carbonado was prized by the French as a superior 
polishing material. It was used for drilling during the 
construction of the Panama Canal and formed part 
of the U.S. strategic mineral stockpile as recently as 
1990. At the height of alluvial mining in Brazil 
(1850-1870), some 70,000 carats were produced by 
an estimated 30,000 artisanal miners (Svisero, 1995). 
A conservative estimate of the recovery from Brazil 
and the Central African Republic is approximately 2 
metric tons (Haggerty, 2014). Four of the five largest 
diamonds reported from Brazil, ranging in weight 
from 726 to 3,167 ct, are carbonado (Svisero, 1995). 
The largest of the five, the Sergio, recovered in 1905, 
is 61 ct heavier than the largest single-crystal dia- 
mond ever reported (the 3,106 ct Cullinan rough). 
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While earlier investigations of carbonado focused 
on physical and chemical properties and synthesis, 
more recent studies have introduced dating tech- 
niques, high-resolution microscopy, spectroscopy, 
and an emphasis on origin (see Haggerty, 2014, fora 
more comprehensive view}. The present study offers 
a detailed examination of about 800 carbonados 
from Brazil and the Central African Republic (figure 
2), ranging from <1 to 730 ct. These samples showed 


In Brief 


¢ Carbonado, found only in Brazil and the Central 
African Republic, is distinguished from conventional 
diamond by its pores, patina, surfaces, and polycrys- 
tallinity. 


Although carbonado has been known since 1841, its 
origin or host rock has yet to be identified. 


e The extraterrestrial model of carbonado origin, one of 
five theories, posits that it formed from carbon-rich, 
diamond-bearing stellar bodies that were transported 
to Earth by meteorite about four billion years ago. 


no significant differences in their texture, superfi- 
cial appearance, and physical and chemical proper- 
ties (Haggerty, 2014). This article describes the 
unusual textural features of carbonado, namely 
their pores and the presence of glassy diamond as a 
surface patina, with the aim of assessing the origin 
of carbonado. 


Gems & GEMOLOGY SUMMER 2017 


RODINIA 
SUPERCONTINENT 


[__]Cratons 


HE 1.1 Ga belts 


Figure 1. Left: The Congo—Sao Francisco island in southwest Rodinia, at approximately 1.1 billion years ago (Ga), 
is the only known site of carbonado that was originally deposited ca. 3.8 Ga on a possibly even smaller cratonic is- 
land. Continental masses in Rodinia are underlain by ancient cratons approximately 2.5 to 4.0 Ga. Green zones 
are 1.1 Ga mountain belts, and the red dots are granite intrusions (Torsvik, 2008).Right: Separation of the micro- 
continent into two cratonic blocks, now Brazil and the Central African Republic, took place during the breakup of 
Gondwanaland about 180 million years ago. 


CHARACTERISTICS OF CARBONADO particles (<1 mm) also occur, and melon-size objects 
Carbonado is typically found in five major size cate- _ larger than the Sergio are reported but unconfirmed 
gories: >200 ct, 75-95 ct, 25-35 ct, 8-15 ct, and 0.25— (M. Ozwaldo, pers. comm., 1996). Carbonados are typ- 
1.25 ct (see figure 5 of Haggerty, 2014). Sand-sized ically equidimensional (in millimeter to centimeter 


Figure 2. A: Scene from 
Chapada Diamantina, 
the carbonado site in 
Bahia, Brazil. B: Boulder 
of Tombodor conglomer- 
ate, the carbonado host 
rock. C: Polished con- 
glomerate surface in a 
streambed. D: Artisanal 
mining of Brazilian allu- 
vial carbonado. Photos 
by Robert Weldon (A 
and C) and Stephen E. 
Haggerty (B and D). 
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Figure 3. The carbonados in the left (118 ct) and center (16.2-52.2 ct) photos are from the Central African Repub- 
lic, and those on the right (10.8-15.1 ct) are from Brazil. Note the high density of pores, some of which are filled at 
the surface by crustal infiltrates, and the metallic luster of the glassy melt-like patinas. Photos by Orasa Weldon. 


GIA Collection numbers 40108-40119; gift of Stephen Haggerty. 


sizes), although some are elongated (figure 3); they 
are seldom rounded. 

Carbonado is opaque, composed of randomly ori- 
ented diamond crystallites that impede light refrac- 
tion and increase absorption. Color varies from black 
and putty gray to shades of brown (figure 3), deep pur- 
ple to pink, rusty red, and the occasional olive green. 
Pores (figure 4), an unusual glassy patina (figure 5), 
highly irregular surfaces (figures 6 and 7), and poly- 
crystallinity (figures 8 and 9) distinguish carbonado 
from conventional diamonds. 


Porosity. As the porosity of an object increases, its 
apparent density decreases, because the voids take 
up more and more of the volume. In carbonado, the 
number of exposed microdiamond cutting points in- 
creases with porosity. This was a sought-after prop- 
erty that made carbonado more expensive by weight 
than diamond at the turn of the twentieth century 
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(Haggerty, 2014). Densities as low as 2.8 g/cm? and 
as high as 3.45 g/cm’, with most around 3.05 g/cm? 
(Trueb and De Wys, 1969; Haggerty, 2014), are in 
contrast to gem diamond at 3.52. g/cm. Calculated 
pore concentrations vary between 5% and 15% in 
volume. The pores persist into the interior of the 
carbonado and are either spherical or oblate. Some 
are inferred to be interconnected (Ketcham and Koe- 
berl, 2013), but the material’s permeability is very 
low because the pores are free of infiltrating hydro- 
thermal precipitates that abound in surface pores 
(again, see figure 4). The spherical pores in car- 
bonado are unlike those in other polycrystalline di- 
amond such as framesite, where the open spaces are 
at adjoining crystal faces and the shapes are irregu- 
larly polyhedral. In other polycrystalline diamonds, 
the open spaces are microns in width and either ra- 
dial (in non-gem-quality ballas) or parallel (in fibrous 
cubes). 


Figure 4. Open pores in 
carbonado (first five 
photos) and pores cov- 
ered by a surface 
patina of nanodiamond 
approximately 5 zm 
thick (lower right). 
Photos by Stephen E. 
Haggerty. 
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Patina. In carbonado, patina surfaces are pervasive 
(figure 5). Pores in contact with surface patinas are 
reduced in size, and at 50x magnification they can no 
longer be distinguished. Glass-like in appearance and 
similar to synthetic carbon glass (de Heer et al., 
2.005}, these veneers may be dimpled or furrowed, 
with mounds and flow structures (figures 5 and 6). 
These textures are akin to those seen in melts in vol- 
canic rocks or in slags from metal processing. But in 
carbonado, the veneers are diamond that appear to 
have formed directly from the underlying porous 
substrates, although diamond coating at a later time 
is also possible. Contact boundaries between pore- 
present and pore-absent surfaces are poorly defined, 
except in cases where patina crusts have splintered 
off where the contact is sharp, as seen in the lower- 
right images of figure 6 and in figure 7. Secondary pits 
and microcraters are pervasive and, in many cases, 
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Figure 5. Typical melt- 
like patinas and flow 
ornamentation on car- 
bonado. Photos by 
Stephen E. Haggerty. 


younger than the patina (figure 7). While pores tend 
to have sharp outlines (figure 4), craters are rounded 
with bubbly surfaces or rimmed by smooth ridges 
(again, see figures 6 and 7]. The evidence of flow in 
both types of voids implies differences in origin. Solid 
melt marbles are typical. Microcraters, free of orna- 
mentation, grade into texturally soft plastic walls 
(figures 5 and 6). Slickensides, the striated surfaces 
known to form on rocks that have been forced to 
slide along a fracture surface at high pressure as in a 
fault (figure 7), are of interest because these could 
only have developed on frictional contact with a 
body whose hardness was equivalent to another dia- 
mond. On the other hand, the patina itself may rep- 
resent frictional melting (e.g., de Heer et al., 2005; 
Mitchell et al., 2016; Shumilova et al., 2016a,b; Shiell 
et al., 2016). Standard diamond testers that measure 
thermal conductivity give a sharp response to glassy 


Figure 6. Melt marbles 
and flow patterns on 
carbonado. Photos by 
Stephen E. Haggerty. 
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The Uiamond Industry 
in 1950 


by 


W. F FOSHAG, Ph D. and GEORGE SWITZER, C. G., Ph. D. 
(Condensed by Kay Swindler, G.I.A. Public Relations Director) 


Demand for both industrial and gem 
quality diamonds increased in 1950, es- 
pecially during the last half of the year, 
breaking all records for diamond. sales. 
Production increases shown for the year 
were credited largely to the reopening of 
the Premier Mine and added recovery of 
diamonds in the Belgian Congo. Production 
increases were also affected by the installa- 
tion of Heavy-Media and electrostatic re- 
covery equipment which increased efficiency 
and reduced loss in recovery. Some progress 
was also shown in the cutting industry and 
unemployment in the- centers of the world 
was considerably alleviated due to the 
heavy demand for gem diamonds. 


PRODUCTION 

As in previous years, the Belgian Congo 
was far in advance of any other diamond- 
bearing country in production, with its 
heavy output of industrial stones. A steady 
increase in production has been shown 
yearly from this country with 1950 figures 
showing 66.5 per cent of all diamonds 
mined coming from the Congo. This is 
almost double the production of 1947. 
However, since only 5.5 per cent of dia- 
monds mined in the Congo are of gem 
quality, production according to value was 


1. Published serially in Jewelers-Circular-Key- 
stone. 


second to South Africa. Improvements by 
the producers in the Congo were made 
during the year and installation of new 
equipment and a hydroelectric plant was 
started. During 1950, 94.5 per cent of 
the 10,147,471 carats recovered were in- 
dustrial which showed a slight increase of 
gem diamonds produced. The country con- 
tinues to supply approximately 75 per cent 
of the world’s crushing bort. 

Second largest producer in 1950 was the 
Union of South Africa which produced a 
total of 1,747,868 carats from pipe mines 
and alluvial diggings. This is an increase 
of almost 500,000 carats over the previous 
year. Only two mines outside of the De 
Beers groups produced any diamonds of 
consequence and production from these 
two totaled only 12,660 carats. Largest 
single producer was the reopened Premier 
where 690,331 carats were recovered in 
1950. 


Total production, according to percen- 
tages, was divided as follows. 


Belgian Congo 66.5 
Union of South Africa 11.5 
Gold Coast 6.2 
Sierra Leone 4.3 
Angola 3.5 
British S.W. Africa 3.2 


WINTER 1951-52 


129 


diamond surfaces, less so to the ridges and mounds. 
The pore-rich surfaces are distinctly sluggish and er- 
ratic in response, possibly due to crystal discontinu- 
ities of microdiamond grain boundaries. 


PHYSICAL AND CHEMICAL PROPERTIES 

Octahedra, dodecahedra, tetrahexahedra, and fibrous 
cubes, all typical of conventional diamond (e.g., 
Orlov, 1977), are not observed in carbonado. Poly- 
crystalline cubes measuring 5 to approximately 20 
pum are common. Encased in very fine diamond (<1- 
5 um), the matrix is tightly fused with angular inter- 
stices and rounded pores (figure 8). Scanning electron 
microscopy (SEM) images illustrate the distribution 
of diamond cleavage surfaces, hopper crystals, skele- 
tal crystallites, re-entrant intergrowths, and layers in 
single crystals in the open-space pores of carbonado 
(figures 8 and 9). Trueb and De Wys (1969) and Petro- 


Figure 7. Slickenside 
patterns and melting of 
vesicular carbonado 
with later pits and cra- 
tering. The melt layer is 
about 20 pm thick. 
Photos by Stephen E. 
Haggerty. 


vsky et al. (2010) suggest that the closest analogy to 
carbonado textures is in synthetically compressed 
nanodiamond aggregates. Because these structures 
are found in pores, a more reasonable comparison is 
with vapor deposition of diamond. The preferred 
crystal habit of these diamonds is cuboidal, either as 
single solid cubes or as interpenetrating twins on 
[111] that follow the fluorite twin law (figure 8). The 
solid cubes are colorless and, although fine grained, 
appear to be translucent. Diamond cubes and cuboc- 
tahedra are routinely synthesized in metallic cata- 
lysts at high pressure and temperature (Burns and 
Davies, 1992) or by chemical vapor deposition (CVD) 
under high vacuum and at plasma temperatures (Sato 
and Kamo, 1992). 

X-ray diffraction (KRD) data on crushed car- 
bonado grains are similar to conventional diamonds. 
Hardness is also similar, but there are data indicating 


Figure 8. Brightly reflecting phenocrystic diamond cubes (top row) and twinned diamond clusters (circled) 
in carbonado. SEM images are black and white. Photomicrographs by Stephen E. Haggerty; SEM images by 


Sven P. Holbik. 
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Figure 9. SEM images of euhedral diamonds displaying a variety of morphologies in parallel growth typical of 
vapor-deposited clusters in the open-space pores of carbonado. Images by Sven P. Holbik. 


that carbonado is slightly harder (Haggerty, 2014). Its 
toughness and tenacity, stemming from the random 
orientation of microdiamonds, are clearly superior to 
monocrystalline gem diamond, to the point that car- 
bonado can only be cut by lasers. 

Yet another unusual feature of carbonado is the 
presence of an exotic array of metals (Fe, Ni, Cr, and 
Ti), metal alloys (Fe-Ni, Fe-Cr, Ni-Cr, and W-Fe-Cr-V], 
and very unusual minerals, specifically moissanite 
(SiC) and osbornite (TiN). These phases occur as pri- 
mary intergranular inclusions or as crystal-controlled 
oriented intergrowths. They are only stable at the very 
low oxidation states (Gorshkov et al., 1996; De et al., 
1998; Makeev et al., 2002; Jones et al., 2003) that 
would occur deep within Earth’s mantle or other re- 
ducing environments such as outer space. By contrast, 
surface pores and fractures are filled by secondary, 
low-temperature minerals such as quartz and highly 
oxidized magnetite, goethite, florencite, and goyazite 
(Trueb and Butterman, 1969), typical of a more oxi- 
dized terrestrial surface growth environment. 

Relative to mantle-derived diamonds, carbonado 
is isotopically light, with 6C =—24 to —31%o (Ozima 
et al., 1991, Shelkov et al., 1997; De et al., 2001). Ni- 
trogen concentrations are low (~20 to 500 ppmw}, 
and 85N ranges from -3.6 to 12.8%o with an average 
of 3.7%o (Shelkov et al., 1997; Vicenzi and Heaney, 
2.001; Yokochi et al., 2008). The coupled isotopic dis- 
tribution of C and N shows that the compositional 
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field for carbonado is distinctly different from that of 
conventional diamonds (figure 10). 

Figure 11 shows photoluminescence (PL) spectra 
of carbonado, which are similar to those of irradiated 
and heated CVD diamond (Clark et al., 1992). The 
characteristic peaks at 1.945 eV and 2.156 eV are at- 
tributed to nitrogen vacancy (NV) defects in type Ib 
diamonds. Wang et al. (2009) report a substantial 
amount of nonaggregated N in type Ib diamonds with 
H2 and H3 defects. Hydrogen-containing defects (H1) 
and NV defects are also reported by Nadolinny et al. 
(2003). 

Cathodoluminescence of large (approximately 200 
pum) monocrystals of diamond in carbonado exhibit or- 
ange and green tones (Magee and Taylor, 1999; De et 
al., 2001; Yokochi et al., 2008). However, blue lumi- 
nescence in large diamonds, embedded in an orange 
luminescent matrix of submicron diamond, are also 
reported (Rondeau et al., 2008). The range in colors is 
attributed to various N-V (nitrogen-vacancy) defects. 

Synchrotron infrared measurements of carbonado 
have shown the presence of single nitrogen (type Ib} 
substitution and hydrogen (Garai et al., 2006), in con- 
trast to aggregated N typical of conventional type Ia 
diamonds that have undergone prolonged high P-T 
annealing in the mantle. 

Carbonado has been dated by Ozima and Tat- 
sumoto (1997) and Sano et al. (2002), on samples de- 
rived from conglomerates (again, see figure 2) that 
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have been reworked over a period from at least 1.7 
Ga to approximately 3.8 Ga (Pedreira and De Waele, 
2.008). It is relevant to note that, unlike the dating of 
conventional diamond, which is based on trapped 
mineral inclusions (garnet, pyroxene, and sulfides), the 
age of carbonado discussed in this review was deter- 
mined directly on diamond. Following a robust chem- 
ical protocol of acid dissolution to remove all 
nondiamond material, the cleansed carbonado was 
subjected to two different instrumental methods of 
analyses. Ozima and Tatsumoto (1997) used high-res- 
olution mass spectrometry on carat-sized samples 
from the Central African Republic, while Sano et al. 
(2002) employed an ion probe that allowed for micron- 
sized spot analyses on larger samples from Brazil. Both 
studies report ages of 2.6-3.8 Ga on implanted radi- 
ogenic lead. Although this method of age determina- 
tion is unconventional, it is important to note that the 
Archean result is consistent with trapped crustal in- 
clusions (Sano et al., 2002) of zircon (1.7-3.6 Ga), rutile 
(3.9 Ga), and quartz (3.2 Ga), and with the antiquity of 
the basement in the Sao Francisco craton, which is 
3.3-3.7 Ga (Barbosa and Sabate, 2004). 

In summary, the chemical and physical character- 
istics of carbonado point to marked similarities with 
rapidly quenched type Ib diamonds and CVD dia- 
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Fibrous diamonds 


“low 5°C” group 


Carbonado 
N =-3 to 12.8% 
C =-24 to -31%o 


Figure 10. A paired stable 
isotope plot of C vs. N for 
conventional diamond (top) 
and carbonado (bottom). 
The compositional separa- 
tion shows that carbonado 
and deep Earth diamonds 
are unrelated. Open sym- 
bols are for eclogitic dia- 
monds from Kimberley, 
South Africa; filled symbols 
are for diamonds from Jwa- 
neng, Botswana; both show 
extreme variations. The 
fields for peridotitic (typical 
inclusions are olivine, 
clinopyroxene, and orthopy- 
roxene), eclogitic (garnet 
and clinopyroxene), and fi- 
brous diamonds are from a 
global database. Data for 
conventional diamonds are 
from Cartigny et al. (1998). 


mond, both of which contain significant hydrogen. 
But there are also major differences: carbonado has 
pores and patinas with distinctions in C and N iso- 
topes, an absence of mantle minerals, and the pres- 
ence of exotic metal inclusions. Carbonado is 
unquestionably one of the most unusual forms of di- 
amond ever reported. Because it has never been found 
in typical diamond-bearing rocks, the many proposed 
origins are varied, and none are uniformly accepted. 


PROPOSED ORIGINS 
Theories on the genesis of carbonado fall into five 
categories: 


1. Meteoritic impact (Smith and Dawson, 1985) 

2. Growth and sintering in the crust or mantle 
(Burgess et al., 1998; Ishibashi et al., 2012; Chen 
and Van Tendeloo, 1999; Heaney et al., 2005; 
Kagi and Fukura, 2008; Ketcham and Koeberl, 
2013) 

3. Subduction (De Carli, 1997; Irifune et al., 2004) 

4. Radioactive ion implantation of carbon sub- 
strates (Kaminsky, 1991, Ozima et al., 1991; 
Shibata et al., 1993; Kagi et al., 1994, Daulton 
and Ozima, 1996; Ozima and Tatsumoto, 1997) 

5. Extraterrestrial (Haggerty, 1996, 2014) 
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Figure 11. PL spectra illustrating the similarity be- 

tween carbonado (A and B) and CVD diamond (C) 
and CVD diamond that has been heated to 1000°C 
(D). Modified from Clark et al. (1992). 


Meteoritic Impact. This model was based on a cor- 
relation with the Bangui magnetic anomaly in the 
Central African Republic. Originally thought to be a 
buried iron meteorite, it was subsequently shown to 
be a crustal-derived banded iron ore body (Regan and 
Marsh, 1982), similar to the magnetic anomaly and 
giant iron ore deposit in Kursk, Russia (Taylor et al., 
2.014). Because the C-isotopic composition of car- 
bonado is very light (8'°C = —21 to -34%o}, the pres- 
ence of biologically derived organic material in the 
target rocks is assumed. The impact model is un- 
likely because the C substrate, necessarily of 
cyanobacteria at ~3.8 Ga, would have been inordi- 
nately large (estimated at several cubic km and un- 
contaminated by crustal material}, to account for the 
estimated two metric tons of carbonado recovered to 
date (Haggerty, 2014). In addition, the known occur- 
rences of meteorite-impact diamonds (Arizona, 
United States; Ries, Germany; and Popigai, Russia] 
are discrete microdiamonds rather than carbonado 
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(Frondel and Marvin, 1967; Hough et al., 1995, 
Shelkov et al., 1997). 


Growth and Sintering in the Crust or Mantle. Some 
models propose catalytically assisted C-saturated 
“fluids” in the crust or the mantle. Such fluids pro- 
vide a source of carbon and a medium capable of dras- 
tically decreasing the P-T stability limits of diamond 
from the traditional 5-6 GPa and 1200-1300°C, at a 
depth of 200 km or more (Shirey and Shigley, 2013). 
These “fluids” are hydrous, supercritical (i.e., beyond 
the point of coexisting fluid + vapor), and intensely 
oxidized so that diamond crystallization is unlikely, 
and diamond survival even less so. An analogy with 
loosely aggregated framesite, found in mantle-derived 
kimberlites, has also been suggested, but is unsatis- 
factory because the diamonds are semiprecious, free 
of pores and patina, and lack the highly reduced min- 
eral suite of metals, carbides, and nitrides. 


Subduction. Although carbonado is present in meta- 
conglomerates (again, see figure 2), these robustly ce- 
mented diamonds are very different from the 
ultra-high-pressure, subducted, metamorphic dia- 
monds found in continental collision zones in Nor- 
way, China, Kazakhstan, Greece, and Germany 
(Ogasawara, 2005). The diamonds at these localities 
are single crystals and are armored by zircon, garnet, 
pyroxene, and amphibole that acted as insulating 
capsules. Sintering would be necessary to form car- 
bonado. This is possible at high pressures and tem- 
peratures in the mantle, but the process would have 
incorporated one or more mantle minerals such as 
olivine, garnet, pyroxene, and spinel, none of which 
are observed. Moreover, the inferred subducted plates 
are oceanic and basaltic in composition and on trans- 
formation at high P-T would produce large concen- 
trations of garnet + pyroxene (namely eclogite}, 
which again is not encountered. Transport to Earth’s 
surface is either not considered or is tentatively as- 
cribed to deep mantle volcanic plumes in both the 
subduction and radiation models (below). 


Radioactive Ion Implantation of Carbon Substrates. 
Radiation-induced diamond is on the scale of nanome- 
ters and cannot account for larger diamonds in the mi- 
crometer to millimeter size range found in carbonado. 
Once diamond is formed, low-energy implantation al- 
ters the atomic structure and turns the diamond 
green; high-energy ion doses produce graphite rather 
than additional diamond (Kalish and Prawer, 1995). 
There were no coal deposits at 2-3 Ga, and the radia- 
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tion-induced diamonds recovered from very rare cat- 
buranium (U-rich hydrocarbon) are low in abundance 
and nanometer in size. Proposals of radiation sinter- 
ing, and even pore formation, are equally untenable. 


Extraterrestrial Origin. The extraterrestrial (ET) 
model was initially proposed because traditional 
earthbound scenarios failed to account for major 
characteristics of carbonado, namely diamond poros- 
ity, patina, polycrystallinity, rarity, and location 
(Haggerty, 2014]. Pores are incompatible with high- 
pressure environments; therefore, carbonado cannot 
have formed under the same conditions in which con- 
ventional diamonds form in the mantle at depths of 
approximately 200 km. The pores in carbonado 
(again, see figures 3 and 4) are similar to vesicles in 
basalts that degassed at low pressures under near-sur- 
face conditions from a molten or semi-molten 
magma. This rules out an origin for carbonado in the 
crust or the mantle, because liquefaction of carbon 
is not readily accomplished. In fact, diamond is solid 
in Earth’s core (6,380 km and approximately 350 GPa 
and 7000 K; Bundy et al., 1996; Oganov et al., 2013). 
Consequently, none of the interpreted melt-like fea- 
tures in carbonado (figures 5-7) can possibly be of ter- 
restrial origin. Furthermore, not a single carbonado 
has been reported from kimberlite-lamproite suites 
in the nearly 700 metric tons of diamond mined 
since about 1900 (Levinson et al., 1992). As noted 
above, carbonado differs from conventional diamond 
in several respects: 


1. Hydrogen is prominent and N is dispersed, 
which is the case for <1% of conventional dia- 
monds (i.e., type Ib). 

2. Combined N and C isotopes are distinctly not 
terrestrial (figure 10). 

3. There are remarkable similarities to diamonds 
formed by carbon vapor deposition (figure 11), 
a process that requires vacuum conditions and 
plasma temperatures that cannot possibly be 
accomplished in any natural environment on 
Earth. 


4. Carbonado lacks the characteristic suite of di- 
amond inclusion minerals such as Cr-garnet, 
Na-Al-pyroxene, Mg-olivine, Mg-chromite, and 
Fe-Ni-sulfides, and is instead replaced by ex- 
otic, reduced metal alloys and minerals. 


The ET scenario posits that carbonado originated 
from carbon-rich, diamond-bearing stellar bodies 
and/or disrupted C-bearing planets (Haggerty, 2014). 
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All of the characteristic features of carbonado are sat- 
isfied: CVD diamond is the sintering glue to micro- 
diamonds in carbonado; the loss of interstellar H 
produced the pores, and the patina and flow textures 
are stellar or interstellar high-vacuum melt products. 
The model further proposes that carbonado was 
transported to Earth as a large diamond meteorite or 
as smaller diamond “plums” in a carbonaceous me- 
teoritic matrix, possibly during the Late Heavy Bom- 
bardment (3.8—4.2 Ga), in which the inner solar 
system was pummeled by meteorites (Fassett and 
Minton, 2013; Abramov et al., 2013). The numerous 
craters on the moon are considered evidence of the 
bombardment (Marchi et al., 2013). The theoretical 
age of this event corresponds to the oldest age deter- 
mined for carbonado (3.8 + 1.8 Ga). This would ac- 
count for its rarity as a single known occurrence on 
the Sao Francisco and Congo cratons, which were 
once joined geologically as the supercontinents of 
Nuna and Rodinia. Carbonado was undoubtedly 
widespread during the bombardment, but the car- 
bonado falls were largely into the expansive oceans 
that existed at that time. Supercontinent disruption 
and subduction followed, leaving only the preserved 
remnants of carbonado on an island that is today split 
between Brazil and the Central African Republic. 

The recent discovery of patches of sub-micron di- 
amonds in Libyan desert glass, a high-silica natural 
glass that is thought to be of cometary origin (Kramers 
et al., 2013), lends credence to the ET model for car- 
bonado. This view is supported by the growing lines 
of evidence for (1) synthetically produced diamond- 
like glass (Shumilova et al., 2016a, b); (2) nanodiamond 
encased in glassy carbon shells in the interstellar 
media (Yastrebov and Smith, 2009); and (3) glassy car- 
bon and nanodiamond produced experimentally 
(Shiell et al., 2016) and in supernova shock waves 
(Stroud et al., 2011). Another supporting fact is the dis- 
covery of asteroid 2008 TC,, which was tracked upon 
entering Earth’s atmosphere and landed in North 
Sudan as a fragmented, diamond-bearing ureilite 
(Miyahara et al., 2015). Unusual in several respects, 
the meteorite contains diamonds measuring approxi- 
mately 100 pm. These are exceptionally large for ure- 
ilites, whose diamonds typically measure 1-5 xm, and 
substantially larger than nanodiamonds of pre-solar 
origin in carbonaceous chondrites. These reports are 
complemented by the unexpected discovery that Mer- 
cury has a crust of graphite, now covered by volcanic 
rocks but exposed in meteorite craters (Peplowski et 
al., 2016), that may prove to be diamond bearing. 
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CONCLUSIONS 

Carbonado (figure 12) is the most unusual form of 
diamond on Earth. Despite many mineralogical 
clues not observed in conventional diamonds, its 
mode of origin remains largely unexplained. Discov- 
ering the origin of carbonado would herald a whole 
new mode of diamond formation and could repre- 
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PHOTOLUMINESCENCE MAPPING OF 
OPTICAL DEFECTS INHPHT SYNTHETIC DIAMOND 


Lorne C. Loudin 


eqakion between rie dienes and growth 
sectors in the sample demonstrates that ce 
speed photoluminescence mapping is ideal for 
rapidly determining the distribution of optical de- 
fects resulting from both diamond growth and 
treatments. We anticipate that this technique will 
allow gemological labs to continue to identify in- 
creasingly sophisticated synthetic diamonds and 
color treatments, helping to ensure consumer 
confidence in the diamond industry. 


O ptical centers in a diamond's crystal lattice, also 
known as point defects, absorb visible light to 
produce color (Collins, 1982). In this way, optical cen- 
ters give rise to the variety of fancy-color diamonds 
available in the trade. Optical centers can form as a 
result of impurities in the diamond (such as nitrogen 
or boron), deformation of the crystal lattice, missing 
carbon atoms (vacancies), or a combination of these 
(Collins, 2003; Breeding and Shigley, 2009). Photolu- 
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minescence occurs when an optical center is excited 
to a higher energy state by the absorption of photons 
and then returns to its ground energy state, emitting 
light at a specific wavelength or band of wavelengths 
(Collins, 1992; Eaton-Magafia and Breeding, 2016). 
There are currently several hundred known optical 
centers in diamond that produce photoluminescence 
(e.g., Collins, 1999; Zaitsev, 2001). 
Photoluminescence (PL) spectroscopy is a powerful 
tool used in gemological laboratories to verify whether 
a specimen is natural or synthetic and determine 
whether its color origin is natural or due to treatment 
(Eaton-Magania and Breeding, 2016). One drawback is 


that spectra are often collected from a single spot, or a 
few spots, on the sample surface and therefore repre- 
sent only a tiny fraction of the entire sample (figure 1). 
In general, the spectra collected are sufficient for a 
trained gemologist to determine the diamond's origin, 
especially when the PL spectra are interpreted in con- 
cert with DiamondView images, Fourier-transform in- 
frared (FTIR) spectra, and other absorption and 
luminescence data. However, as synthetic diamond 
technology improves for both HPHT- and CVD-grown 
diamonds (e.g., Moe et al., 2016; Wang and Poon, 2016; 
Law and Wang, 2016; Eaton-Magafia and Shigley, 
2.016), and color treatments advance (e.g., Moe et al., 
2.015; Ardon and Loudin, 2016), gemological laborato- 
ries must introduce new techniques to continue to 
identify all synthetic and treated diamonds. 
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Standard PL Microscopy 


PL Imaging 


Figure 1. Schematic representation comparing PL 
methods. With standard PL microscopy, a single spot 
(shown as a green circle in the figure) is analyzed and 
represents only a small volume of the actual sample. 
With PL mapping, numerous spots are collected in a 
raster pattern (indicated by the dashed red arrows on 
the right), and the data are interpolated and com- 
bined to produce a PL map. Spot size is not to scale. 


One useful technique is PL mapping (Eaton-Magania 
and Breeding, 2016), which can be used to plot the 
distribution of an optical defect’s intensity. A PL 
mapping microscope can collect thousands of spectra 
in a raster pattern by either continuously scanning 
the sample’s surface or by moving from one point to 
another (pixel to pixel) and collecting a spectrum at 
each point. The spectral data are then interpolated 
and combined to produce a map of a defect’s distri- 
bution (again, see figure 1). PL mapping was first used 
for gemological purposes in the summer of 2015; the 
first public demonstration of the technique was by 
Johnson et al. (2015) at the annual Geological Society 
of America conference in Baltimore. The technique 
was further developed by Dieck et al. (2015) to show 
the distribution of the silicon vacancy (SiV-) in a 
CVD synthetic diamond. Ardon and Loudin (2016) 
used PL mapping to show the influence of focused 
beam irradiation on the distribution of nitrogen va- 
cancies. Most recently, Johnson and Myagkaya (2017) 
used PL mapping to show the relationship between 
SiV- and Ni* in an HPHT synthetic diamond. 

One major challenge to implementing a PL map- 
ping technique is that PL emission is temperature de- 
pendent. Therefore, the diamond must be cooled to 
liquid nitrogen temperature (approximately 77 K, or 
-32,1°F) to produce sharp PL bands (Collins, 1982, 
Eaton-Magajfia and Breeding, 2016). Overcoming this 
challenge requires that the diamond be cooled in ei- 
ther a cryogenic stage or an open bath of liquid nitro- 
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gen. If the open-bath cooling method is used, then a 
high-speed mapping technique is needed because the 
liquid nitrogen boils off and vaporizes at atmospheric 
temperature and pressure. Using a Raman imaging 
microscope equipped with an electron-multiplying 
charge-coupled device (EMCCD), we were able to ef- 
ficiently produce PL maps in less than four minutes, 
allowing us to overcome the temperature/time con- 
straints and evaluate the distribution of optical cen- 
ters in our synthetic diamond sample. Here we 
present an introduction to PL mapping and demon- 
strate the technique’s effectiveness by reporting the 
distribution of optical defects in an HPHT synthetic 
diamond. 


MATERIALS AND METHODS 

GIA’s New York laboratory received an irradiated 
1.06 ct Fancy Deep brownish orange HPHT syn- 
thetic diamond of mixed type (figure 2) for a syn- 
thetic colored diamond grading report. Absorption 
features typical of both type IIb and type Ib dia- 
monds were observed in the specimen’s infrared ab- 
sorption spectrum (figure 3). The type IIb 
component, attributed to boron in the diamond lat- 
tice, was identified by absorptions at 2803 and 2930 
cm. The type Ib component, composed of isolated 
nitrogen in the form of C centers, was identified by 


Figure 2. This irradiated 1.06 ct Fancy Deep brownish 
orange HPHT-grown synthetic diamond of mixed type 
was examined in the study. Photo by Towfiq Ahmed. 
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Brazil 1.3 
Tanganyika 13 
French Equitorial Africa 0.7 
Venezuela 0.4 
British Guiana 0.2 


Small amounts were also produced by 
India, Borneo, Australia, and Rhodesia. 

Although Tanganyika’s production was 
not far in excess of the ptevious year, its 
195,274 carats in 1950 was more than 
twice the production of 1947. All of the 
Tanganyika mines are now owned by 
Williamson or Alamasi, Ltd. 

Thirty-four per cent of the 655,474 
carats recovered in Sierra Leone were gem 
quality diamonds, while French West Africa 
produced only seven per cent of gem 
quality. Production of the African Gold 
Coast alluvial fields showed a total of 15 
per cent gem quality stones. Diamonds from 
this district are small however, the largest 
ever found weighing four and one halt 
carats. Although production in Angola wa; 
considerably reduced during 1950, the pro- 
portion of gem stones increased slightly 
from 56 per cent to 57 per cent. Diamonds 
are produced in almost every state in Brazil 
but figures available are not considered 
reliable and the total of 200,000 carats 
reported is believed to be far less than 
actual carats produced. There was no activ- 
ity during 1950 at the Arkansas deposits 
in the United States but one 3.93 carat 
stone was found in Miami County, Indiana. 
Considerable publicity was given to dia- 
monds reportedly found in Vassan Town- 
ship of Quebec but there has been no 
substantiation of this claim. There was 
small activity in India with a diamondif- 
erous plug discovered near Panna. 

Total production of De Beers Consoli- 
dated Mines, Ltd. amounted to 846,096 
carats which is a decrease of 74,500 carats 
over the previous year, most of which is 
attributed to a decrease from the Kleinzee 
fields. Wesselton, Dutoitspan, and Jagers- 
fontein Mines were in full production on 
a single shift basis throughout 1950 while 


130 


development work only was carried out at 
Bultfontein. Systematic sampling of old 
tailings was also started and proved profit- 
able. The Premier main plant went into 
ptoduction in February 1950 and 669,232 
carats had been recovered by the end of 
the year. During the first two months an 
additional 21,098 carats were recovered in 
the pilot plant which was closed when the 
mine went into complete production. 

Not only was an increase shown in the 
production of the Consolidated Diamond 
Mines of South-West Africa, Ltd., a sub- 
sidiary of De Beers, but average size per 
stone increased from 1.07 carats to 1.26 
carats in 1950. 

CUTTING 

Due to the increased demand for gem dia- 
monds during 1950, cutting centers were 
busier than in previous years. Efforts were 
made to correct a disparity in working con- 
ditions and hours, with some progress re- 
ported. During 1950 working weeks of the 
principal cutting countries were as follows: 
United States 38, Netherlands 40, Israel 
47, and Germany 53. 1 

In the United States, during 1950, 30 
diamond cutting establishments were in op- 
peration. In Puerto Rica about 200 cutters 
were employed during the first half of the 
year and approximately 300 during the last 
six months. However, lack of suitable rough 
kept many cutters working only on a part 
time basis. 

The beginning of 1950 saw a satisfactory 
recovery being made in the cutting industry 
in Belgium. This country has about 1,400 
cutting factories and by the end of 1950 
about 11,800 of the 15,000 to 16,000 cut- 
ters in the country were employed. It is 
believed that others numbered among the 
unemployed may have been doing some 
cutting in their own homes. 

Unemployment in the Netherlands fell 
in 1950 although there were still only 
about 1,500 cutters employed as compared 
to the 6,000 who had been working prior 
to World War Il. Loss of prominence of 


GEMS & GEMOLOGY 


FTIR SPECTRUM 


20-4 0.15 


1350 1150 950 


ABSORBANCE 


0.5 4 


Figure 3. This FTIR 
spectrum showing both 
IIb and Ib (inset) peaks 
in the synthetic dia- 
mond sample. 
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infrared absorptions at 1130 and 1344 cm”. Dia- 
mondView images showed growth sectors corre- 
sponding to the {100} cubic, {111} octahedral, {110} 
dodecahedral, and {113} trapezohedral sectors (figure 
4). PL spectra collected using a Renishaw inVia 
Raman microscope with 488, 514, and 830 nm laser 
excitation wavelengths revealed several PL features, 
including well-known defects such as NV° at 575 
nm and NV- at 637 nm, as well as several lesser- 
known defects such as 550.5 nm (figure 5). The com- 
bination of well-defined growth sectors and 
abundant optical defects made this sample well 
suited for demonstrating the effectiveness of PL im- 
aging microscopy in mapping the distribution of op- 
tical defects in diamond. 

PL mapping was performed at GIA’s New York 
laboratory. Prior to mapping, the pavilion facets were 
coated with Pelco colloidal graphite to reduce the 
amount of light reflecting off the pavilion facet junc- 
tions and returning to the table. Additionally, the 
sample was mounted with the table level. Mapping 
was conducted using a Thermo Scientific DXRxi 
Raman imaging microscope with 455, 532, 633, and 
780 nm laser excitation wavelengths. The DXRxi is 
equipped with an Olympus optical microscope and 
an Andor Technology Newton 970 EMCCD. An 
Olympus 10x, 0.25 numerical aperture objective lens 
was used. 
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The DXRxi uses a continuously moving, variable- 
speed sample stage driven by a combination of linear 
magnetic motors and controlled by optical encoders. 
The stage movement is synchronized with the 


Figure 4. This DiamondView image of the synthetic 
diamond shows the {111}, {100}, {110}, and {113} 
growth sectors. For an overview of growth sector dis- 
tribution in HPHT synthetic diamond, please see fig- 
ure 5 in Welbourn et al. (1996). 


1mm 
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TABLE 1. Analytical conditions and Raman imaging microscope settings for each 


laser excitation wavelength. 


Laser wavelength (nm) 


455 532 633 780 
Grating (lines/mm) 1200 400 600 400 
Laser power (mW) 59 0.3 8 24 
Exposure time (ms) 1.67 1.67 1.67 8.33 
Pinhole aperture size (tim) 50 25 50 50 
Pixel size (um) 5 15 15 25 
EM gain Off Off Off Off 
Total spectra 61,005 60,270 59,535 21,756 
Collection time (min) 3.4 3.4 3:3 3.8 


EMCCD detector exposures so that the spectra are 
collected at the desired positions with repeatability 
within 100 nm (A. Rzhevskii, pers. comm., 2016). For 
each laser excitation, the sample was analyzed at liq- 
uid nitrogen temperature to produce sharp PL peaks. 
The combination of an EMCCD detector and a vari- 
able-speed, exposure-synchronized stage allowed the 
DXRxi to produce high-quality PL maps while main- 
taining the appropriate temperature and level of liquid 
nitrogen. Table 1 summarizes the analytical condi- 
tions used for each laser excitation. The data were 


PL SPECTRA 


488 nm PL laser excitation 
— Saturated 


processed using Thermo Scientific’s OMNICxi analy- 
sis software package, and baseline-corrected peak area 
profiles were used to produce the observed PL maps. 


RESULTS 

For each laser excitation wavelength, representative 
PL maps of the baseline-corrected peak area intensity 
are shown in figure 6. The maps are interpreted using 
a color scale. Warmer colors indicate a region that 
contains a greater intensity of a defect, while cooler 
colors represent lower intensities of that defect. The 
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Defect Intensity 


scale for each map depends on the defect’s minimum 
and maximum intensity. To fully interpret the map, 
the spatial distribution of the defect must be taken 
in combination with the PL spectra. Figure 7 shows 
the average spectra from the {100} and {111} growth 
sectors around points 1 and 2 in figure 6A. Table 2 
summarizes the peak area distribution per growth 
sector for a majority of the peaks observed in the 
DXRxi spectra. The data presented here are qualita- 
tive and are used for the purpose of demonstrating 
the technique. 

The PL map in figure 6A, collected using the 455 
nm laser, shows the peak area distribution of a band 
at 508.8 nm. The four growth sectors in the map— 
{100}, {111}, {110}, and {113}—correspond to those ob- 
served in the DiamondView image in figure 4. The 
peak area for the 508.8 nm band is greatest in the 
{100} sector, followed by {113} and {111}, respectively. 
The 508.8 band is undetectable in {110}. The same 
distribution is observed for the 470.1 nm peak. A 
band located at 506.1 nm displays a peak area distri- 
bution greatest in {113}; the band is also present in 
{110}, at approximately half the intensity in {113}. 
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Figure 6. Representative 
PL images of the base- 
line-corrected peak area 
intensity for each laser 
excitation wavelength. 
A: The peak area distri- 
bution of the 508.8 nm 
peak (455 nm excita- 
tion). Points 1 and 2 rep- 
resent the regions used 
for average spectra in 
figure 7. B: The peak 
area distribution of the 
574.9 nm peak (532 nm 
excitation). C: The peak 
area distribution of the 
637 nm peak (633 nm 
excitation). D: The peak 
area distribution of the 
815.1 nm peak (780 nm 
excitation). 


The remaining peaks listed in table 2 for the 455 nm 
laser were most intense in the {111} growth sector. 

The relative peak area distributions for the 532 nm 
laser are summarized in table 2. Figure 6B shows the 
peak area distribution for the 575 nm PL band caused 
by NV°. For NV°, the {100}, {111}, {110}, and {113} 
growth sectors are all visible and correspond with the 
DiamondView image (again, see figure 4). The NV° 
band has the greatest peak area in the {111} growth sec- 
tor, with the second-greatest intensity found in {100}. 
The NV? peak area is an order of magnitude lower in 
the {113} and {110} sectors than in {100}. The peak area 
distribution for NV- at 637 nm follows a similar dis- 
tribution. The peak area intensity of the NV- center is 
approximately two times greater in the {111} sector 
than in {100}. The peak area for the GR1 defect at 741 
nm was greatest in the {110} and {113} growth sectors; 
it was not present in the {111} and {100} sectors. Similar 
results for both NV- and GR1 were observed in PL 
maps obtained using the 633 nm laser. 

The peak area distribution for the NV~ center at 
637 nm collected using the 633 nm laser is shown in 
figure 6C. Peak area distributions for the NV- center 
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TABLE 2. Relative peak distribution per growth sector 
measured by the Raman imaging microscope using 
various laser excitation wavelengths. 


Laser Peak position (nm) Peak intensity? per growth sector 


470.1 
489.4 
490.2 
490.9 
492.0 
503.2 
506.1 
508.8 
517.6 
537.8 


{100}>{113}>{111}>>{110} 
{111}2{100}>>{113} 
{111}>{100}>{113} 
{111}2{100}>{113} 
{111}2{100}>{113} 
{111}2{100}>{113}>>{110} 
{113}2{110} 
{100}>{113}>{111}>>{110} (fig. 6A) 
{111}>>{110} 

{111} 


455 nm 


550.7 
574.9 
636.9 
741.0 


{111}>{100} 
{111}>{100}>>{113}>{110} (fig. 6B) 
{111}>{100}>>{113}>{110} 
{110}>{113} 


532 nm 


637.0 
648.1 
662.5 
676.2 
681.1 
684.0 
718.2 
741.1 


{111}>{100}>{113}={110} (fig. 6C) 
{111} 

{100}>{111}>>{113} 
{100}={111}>>{113} 
{100}>{111}>{113} 

{110}>{113} 

{111}>{100}>{113} 
{110}>{113}>{100}>>{111} 


633 nm 


795.7 
815.1 
816.9 
823.8 
828.8 
833.0 
843.2 
845.0 
849.4 
853.5 
855.6 
859.6 
861.0 
864.7 
866.7 
873.4 
878.6 
884.6 
886.0 
889.1 
897.1 
898.6 
921.4 
931.7 
936.3 
939.4 {111} 
970.1 {111} 


{111} 
{110}>{113}>{100}>{111} (fig. 6D) 
{111} 
{110}>{113}>{100}={111} 
{110}>>{113} 
{110}>>{113} 
{110}>{100}>{113}>{111} 
{110}>{113}>{111}>{100} 
{111} 
{110}>{113}>>{100}={111} 
{110}>{113}>{111}>{100} 
{110}>>{113}>{100} 
{110}>>{111}>{113}>{100} 
{110}>{113}>{100}={111} 
{110}>{113}>{111} 
{110}>{113}>{111}>{100} 
{111}>{100}~{110}<{113} 
{111} 

{111} 

{110}>{113} 
{110}>{111}>{113}>{100} 
{110}>{113}>{100} 

{111} 

{110} 

{110} 


780 nm 


* Baseline-corrected peak area used for comparison 
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correlate with the four growth sectors visible in the 
DiamondView image (figure 4). The peak area inten- 
sity for the NV- center is greatest in the {111} growth 
sector, nearly double its intensity in {100} and two 
orders of magnitude greater than in the {110} and 
{113} sectors. At 633 nm excitation, the GR1 peak at 
741 nm was present in all four visible growth sectors. 
However, the GR1 intensity in {111} and {100} was 
less than half the GR1 intensity found in the {110} 
sector. 

Meanwhile, the 780 nm excitation revealed the 
most peaks of any laser used for this study (table 2). 
Figure 6D shows the peak area distribution for the 
815.1 nm peak. The four growth sectors seen in the 
DiamondView image (again, see figure 4) are visible 
in the PL image for the 815.1 nm peak area (figure 
6D). For the 815.1 nm peak, the {110} sector had the 
greatest peak area intensity, an order of magnitude 
greater than in {113}. The peak area intensity in both 
{111} and {100} was an order of magnitude less than 
in the {113} sector. Many of the peaks observed using 
the 780 nm laser and reported in table 2 were most 
intense in the {110} sector. 


DISCUSSION 

The data in this study and in previous studies (e.g., 
Johnson et al., 2015; Dieck et al., 2015; Ardon and 
Loudin, 2016; Johnson and Myagkaya, 2017) show a 
clear correlation between the growth features ob- 
served in PL maps with DiamondView images. The 
strong correlation demonstrates the effectiveness of 
PL mapping in resolving the spatial distribution of 
optical defects in diamond. The visibility of growth 
features in the PL maps is a function of both the 
peak’s intensity and its distribution. For example, in 
this study the 849.4 nm peak is only visible in the 
{111} growth sector (table 2). Accordingly, the re- 
maining growth sectors cannot be identified using 
the 849.4 nm peak intensity. Therefore, it is likely 
that the 849.4 nm peak is preferentially incorporated 
in the {111} octahedral growth sector. Using similar 
reasoning, at least 10 peaks from this study are pref- 
erentially incorporated in {111} and two peaks in 
{110} (table 2). 

The distribution of the 849.4 nm band also demon- 
strates the advantage of PL mapping over standard PL. 
If in a standard PL measurement the instrument op- 
erator unknowingly focused on the part of the table 
corresponding to the {110} sector, then the 849.4 nm 
peak would not be observed in the spectra. In the same 
instance, the intensity of the NV- (637 nm) and NV° 
(575 nm) centers would be lower and the intensity of 
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GR1 (741 nm) would be higher than if the spectra were 
collected in the {111} sector. This is important to note 
because, as stated in Eaton-Magafia and Breeding 
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940 960 


(2016), determining some diamond color treatments 
relies on the “presence and absence of particular PL 
peaks.” Therefore, PL mapping provides scientists 
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with a three-dimensional understanding of the dia- 
mond’s optical defects, its PL intensity, and its spatial 
distribution. 

Finally, to assess the effectiveness of the PL map- 
ping technique introduced in this study, we can com- 
pare our data to previous studies that have assigned 
optical defects to particular growth sectors. The con- 
cept of optical defects being incorporated in a specific 
growth sector is well documented (van Enckevort 
and Lochs, 1988; Collins et al., 1990; Lawson et al., 
1996; Welbourn et al., 1996; Zaitsev, 2001). For in- 
stance, the NV- center is preferentially incorporated 
in the {111} octahedral sector in HPHT synthetic di- 
amonds (van Enckevort and Lochs, 1988; Zaitsev, 
2.001). In agreement with the study presented by van 
Enckevort and Lochs (1988), our results show that 
the NV- center is most intense in the {111} octahedral 
growth sector (table 2). Furthermore, the GR1 inten- 
sity was greatest in the {110} growth sector (also in 
table 2). Comparing the distribution of GR1 to that 
of the NV- center, we see a nearly opposite distribu- 
tion of the two defects. This is expected because a 
vacancy introduced in the {111} growth sector can 
readily combine with the available N to form the ni- 


trogen vacancies (Burns et al., 1990). The correlation 
between our PL maps and the results from previous 
studies validates the effectiveness of using an 
EMCCD Raman imaging microscope for rapidly col- 
lecting PL maps. 


CONCLUSIONS 

Using a unique HPHT synthetic diamond of mixed 
type, our high-speed photoluminescence mapping 
technique produced images that reveal the intensity 
variations of PL features between growth sectors. 
The collected PL images, obtained in less than four 
minutes each, establish the usefulness of this 
method in understanding the preferential uptake of 
impurities and optical defects in diamond growth. 
We conclude that using an EMCCD Raman imaging 
microscope is an effective and efficient method for 
determining the distribution of optical centers in di- 
amond and producing PL maps. This technique will 
allow scientists to rapidly collect and analyze PL 
maps in order to better understand the nature and 
formation of optical defects in diamond and evalu- 
ate new criteria for identifying treated and synthetic 
diamonds. 
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AN UPDATE ON TOURMALINE FROM 
Luc YEN, VIETNAM 


Neguy Tuyet Nhung, Le Thi Thu Huong, Nguyen Thi Minh Thuyet, Tobias Hager, 
Nguyen Thi Le Quyen, and Tran Thi Duyen 


Vietnam’s Luc Yen district. In 2004, a body of 
granitic pegmatite containing tourmaline associ- 
ated with green feldspar was discovered. Several 
other sites, spreading over an area of more than 
100 km’, were later discovered in the area. Tour- 
maline from Luc Yen may be colorless, but it also 
is found in a variety of colors, including gray, 
pink, green, yellow, brown, and purple. Crystals 
can reach 20 cm in length and may weigh 2-3 
kg or more. Most of the material is of the elbaite 
species; liddicoatite and uvite are less common. 
Only a small percentage of the tourmaline is suit- 
able for faceting; the rest is carved or kept as min- 
eral specimens in situ for collectors. 


T ourmaline is a borosilicate mineral with the 
extremely complex structural formula 
XY,Z,(TO;)(BO3),V,W, where the most common 
ions (or vacancies} at each site are X = Na*, Ca”*, K+, 
and vacancy; Y = Fe?*, Mg”*, Mn+, Al**, Li*, Fe**, and 
Cr**, T= Sit, Al*, and B*, B= B**, V = OH and O?, 
and W = OH, F, and O*. Tourmaline’s composi- 
tional variability (which mostly occurs at the X, Y, 
Z, W, and V sites) creates a supergroup of minerals. 
Gem tourmaline is mined in many places in the 
world, but is mainly Brazil and Africa. In Vietnam, 
gem-quality tourmaline (figure 1) has been found 
with ruby, sapphire, and spinel in the Luc Yen placers 
since the late 1980s, when crystals were found in the 
weathering crust by local farmers and construction 
workers. The first pegmatite body containing colored 


See end of article for About the Authors and Acknowledgments. 
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tourmaline and green feldspar was found at Minh 
Tien commune and mined in 2004—2005; within a 
few years, other tourmaline-bearing pegmatite bodies 
were discovered in Khai Trung (2008-2009), Tan Lap 
(2009-2010), and An Phu (2011). All of the pegmatite 
bodies were mined in an unorganized fashion by lo- 
cals using rudimentary methods. So far, local author- 
ities have banned mining at all the pegmatite bodies, 
although mining from placers is still permitted (fig- 
ure 2). A number of published studies have confirmed 
the presence of gem tourmaline in Luc Yen (see 
Quoc, 1995; Nhung and Huong, 1996; Ngu, 2001; 
Nhung et al., 2005, 2010; Blauwet, 2007, 2011; Wil- 
son, 2007; Huong et al., 2012; Long et al., 2013). The 
material belongs to various species such as elbaite, 
liddicoatite, dravite, and rossmanite. This paper pre- 


Figure 1. This particolor tourmaline crystal, weighing 
1400 g and measuring approximately 9.5 x 9.0 x 8.0 
cm, was taken from a Luc Yen placer in 1994. Cour- 
tesy of Hoi An Gemstone Art Museum. 
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sents an overview of the characteristics of tourma- 
line from Luc Yen by combining the data published 
by other authors with the results of this study. 


LOCATION AND ACCESS 

The Luc Yen district of Yen Bai Province is located 
in northwest Vietnam, about 270 km from Hanoi. 
Luc Yen is most easily accessed by driving north 
from Hanoi along National Highway 2 and then 
Highway 70 and Route 152 crossing over the Chay 
River to Yen The, in the center of Luc Yen district 
(figure 3). It is possible to access the outcrops using a 
car or motorbike and then walking about 1-2 km. 
Highway CT05 connecting Hanoi, Yen Bai, and Lao 
Cai was completed in late 2014, making travel to Luc 
Yen more convenient. 


GEOLOGY 

The Luc Yen district covers an area of more than 800 
km/7. It is located on both sides of the Chay River and 
distributed in two geological structure zones within 
the boundary of the Chay River fault: the Red River 
zone in the southwest and the Lo Gam zone in the 
northeast (figure 4). 

Gem-quality tourmaline occurs in granitic peg- 
matite outcrops in the Lo Gam area. This area is com- 
posed of Proterozoic rocks, including two mica 
(biotite and muscovite)-quartz schist intercalated 
with mica (biotite or muscovite)-quartz schist, with 
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Figure 2. A farmer digs 
for tourmaline and 
other alluvial gem- 
stones in his rice field 
in Luc Yen’s An Phu 
commune. Photo by 
N.T. Nhung. 


marble lenses and quartzite of Thac Ba formation in 
the lower part. The upper part is An Phu formation 
composed of calcite marble, calcite-dolomite marble 


Figure 3. This map of northern Vietnam shows the 
province of Yen Bai outlined in magenta and the Luc 
Yen district outlined in red. Also shown are num- 
bered highways to Yen Bai. 
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the cutting industry of Amsterdam to Bel- 
gium is attributed to higher wages paid and 
stricter government controls. There are be- 
tween 60 to 70 factories active in Amster- 
dam. At Asscher’s as small as 30 stones to 
the carat are cut in full brilliant, and as 
many as 40 per carat with 18 facets. Square 
and fancy cut stones are cut as small as 10 
per carat. 

Israel showed an increase in exports 
during 1950 but the 1,600 cutters em- 
ployed are still far below the average of 
4,000 to 5,000 working immediately fol- 
lowing World War II. About 80 per cent 
of the rough diamonds allocated to Israel 
by the Diamond Trading Company is melee 
and the balance chips. 

Since 1940, when diamond cutting was 
introduced in England, at the time refugee 
cutters from Amsterdam and Antwerp came 
to that country, the industry has been 
steadily expanding and 1950 saw approxi- 
mately 700 men employed in and around 
London. Only larger sizes—ranging from 
one carat rough upwards—are cut in this 
country. 

1950 was a teasonably good year for the 
cutting industry in South Africa although 
there was lack of rough material. During 
the. year wages and the 40 hour week were 
standardized and 1,057 workers were em- 
ployed by 57 factories. 

In spite of efforts by Belgium and the 
Netherlands to boycott Germany, rough 
stones were still sent to Germany in 1950. 
This country continues to be the second 
largest cutting center of the world with 
about 6,000: cutters employed in 1950. 
Long hours and low wages are the rule in 
Germany’s cutting factories and only small 
single cut stones are manufactured. 

In India the industry has not been or- 
ganized to any extent and the major portion 
of cutting done is recutting old stones, or 
cutting stones recovered in Panna or Hy- 
berabad. 300 cutters are active. There is 
also a small amount of cutting done in 
British Guiana and Venezuela, but there 
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too only local stones are cut. 


INDUSTRIAL DIAMONDS 

Although there was an increase of ap- 
proximately 15 per cent in the production 
of industrial diamonds during 1950, the 
supply was still short of demand due to in- 
creased requirements of manufacturers en- 
gaged in defense work. This resulted also 
in a sharp rise in prices. Of the approxi- 
mately 12,500,000 carats of industrial dia- 
monds produced in 1950, 10,967,005. carats 
wete imported by the United States. 

IMPORTS BY U.S. 

Imports of gem quality diamonds in the 
United States during 1950 were the highest 
of any year since 1946 and about 147 per 
cent of those in 1949. Total imports of 
rough diamonds was 819,083 carats with 
an additional 60 per cent of that amount 
imported in cut, but unmounted stones. 


DIAMONDS IN FASHION 

Litele basic change was seen in fashions 
for diamond jewelry during 1950. The 
necklace was the most popular single item 
sold, while diamond wrist watches increased 
in popularity. More fancy. cut diamonds 
were used in 1950 than since the twenties 
but the bulk sold were mounted. with the 
standard brilliant, the emerald cut, and 
occasionally the marquise or baguette. 


RETAIL BUSINESS 

Diamonds were reported in adequate 
quantity throughout 1950 but fine quality 
and large sizes were in comparatively short 
supply. Due to the belief that there would 
be some relaxation of the excise tax law, 
diamond sales were low during the first 
half of 1950. With the advent of the 
Korean hostilities, all hope for reduction of 
this tax faded and sales picked up appreci- 
ably. The year ended with an overall in- 
crease, a part of which was no doubt due 
to a corresponding increase in the marriage 
rate after the outbreak of the Korean War. 
Based upon the canvas of a large number 
of jewelers by an independent and reputable 
(continued to page 134) 
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[49 Nui Con Voi formation: plagiogneiss, garnet-biotite, 
sillimanite schist, and amphibolite 


®& Unidentified © Town 
J Fault @® Pegmatite outcrop 
-~ River 


Ngoi Chi formation: quartz-sillimanite-biotite schist, amphibolite, 


Figure 4. Geological map of Luc Yen showing tourmaline-bearing pegmatite outcrops. Modified after Xuyen (2000) 


and Vinh (2005). 


containing ruby, sapphire and spinel. Quaternary sed- 
iments are on the top and include alluvium and dilu- 
vium (superficial deposits formed by flooding), 
gemstones are found in the loose sediments. The ex- 
posed magmatic blocks present the changing compo- 
sition from Paleozoic gabbro, syenite, and 
granosyenite (Nui Chua and Phia Ma complexes) to 


In Brief 


¢ Tourmaline has been known from Vietnam’s Luc Yen 
district since the 1980s, with pegmatite bodies first ex- 
ploited in the early 21st century. 

¢ Most tourmaline from this locality is elbaite, with 
minor amounts of liddicoatite and uvite. 

¢ Only a small percentage of the Luc Yen tourmaline is 
gem quality. The patterns and sizes, as well as the range 
of colors due to transition metals, make some speci- 
mens suitable for carving or collection. 


Triassic granite (Phia Bioc complex). Pegmatite veins 
are scattered throughout the area, mainly northwest 
to southeast, with fewer in the north-south direction. 
Some are said to be the last phase of above magmatic 
complexes (Xuyen, 2000), while others are of unde- 
termined age. A few pegmatites throughout Luc Yen 
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were found to contain gem-quality tourmaline, and 
the Minh Tien pegmatite formed 30.58 Ma (Nhung 
et al., 2007; Huong et al., 2016). Thus, gem-quality 
tourmaline-bearing pegmatites do not relate to Pale- 
ozoic and Triassic magmatic activities in this region 
but appeared simultaneously with the displacement 
of the Red River fault during the Tertiary period. 


MATERIALS AND METHODS 

The 152 tourmalines from Luc Yen in this study in- 
cluded 90 rough and 62 polished samples. The 90 
rough samples, including 30 in situ pegmatite pieces 
and 60 single crystals, were taken from pegmatite bod- 
ies and placers by the authors during different field vis- 
its in 2004, 2011, 2012, and 2013. Forty-four polished 
samples were purchased from local people, and the 
other 18 were loaned by local gem dealers. Refractive 
index (RI) was measured for 40 samples, and hydro- 
static specific gravity (SG) was measured with an elec- 
tronic balance for 62. samples. UV fluorescence for 40 
samples was analyzed using a standard 4-watt long- 
wave (365 nm) and short-wave (254 nm) UV lamp. In- 
ternal features were observed using a standard 
binocular gemological microscope; solid inclusions 
were identified in thin sections under a polarizing mi- 
croscope. Elemental composition of inclusions was 
analyzed with a JEOL JSM-7600 energy-dispersive 
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spectroscope (EDS) with an integrated Oxford ISIS mi- 
croanalyzer. These analyses were performed at the 
Hanoi University of Natural Science at Vietnam Na- 
tional University, the Gemmological Center of the 
Vietnam Gemstone Association, and the Institute of 
Geological Sciences, Vietnam Academy of Science and 
Technology in Hanoi. 

Quantitative chemical analyses were carried out 
at the Institute of Geosciences at Johannes Guten- 
berg University in Mainz, Germany. Analyses were 
performed on seven samples, including three mono- 
color (green, brown, and pink), three bicolor (light 
green and light pink; light pink and green; colorless 
and grayish blue), and one tricolor sample (orange, 
light yellow, and brown-green). In the four color- 
zoned samples, chemical analysis was conducted for 
each color zone, yielding a total of 12 data sets for the 
seven samples. The chemical analyses were carried 
out with electron microprobe for Si and laser abla- 
tion-inductively coupled plasma—mass spectroscopy 
(LA-ICP-MS) for all other elements. 

Electron microprobe analyses were performed with 
a JEOL JXA-8900RL instrument equipped with wave- 
length-dispersive spectrometers, using 20 kV acceler- 
ation voltage and 20 nA filament current. The 
measurements were calibrated with wollastonite as 
the standard for Si. LA-ICP-MS analysis for all ele- 
ments except Si and B (including Li, Be, Na, Mg, Al, P, 
K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Ga, Ge, Rb, Sr, Y, 
Zr, Nb, Mo, Cs, Ba, La, and Ta) was conducted using 
an Agilent 7500ce ICP-MS system in pulse counting 
mode. Ablation was achieved with a New Wave Re- 


search UP-213 Nd:YAG laser ablation system, using 
a pulse repetition rate of 10 Hz, an ablation time of 60 
seconds, a dwell time of 10 millisecond per isotope, 
and a 100 um crater diameter. On average, three laser 
spots were measured for each zone of the color-zoned 
samples. NIST 612 glass was used as a standard. B and 
H,O contents were calculated by CLASTOUR soft- 
ware (Yavuz, 2.002), which is used to identify varieties 
of tourmaline on the basis of the classification scheme 
proposed by Hawthorne and Henry (1999). 


MINERALOGICAL AND 

GEMOLOGICAL CHARACTERISTICS 

Crystal Morphology and Structure. Tourmaline from 
Luc Yen is found in the form of single crystals (figure 
5, left) or as multi-crystal aggregates (figure 5, center). 
Prismatic crystals usually show a combination of 
hexagonal and trigonal prisms terminated with a 
pyramid or pinacoid face (figure 5, left). Color-zoned 
crystals usually have more complex habits, with 
many prism faces combining to create multiple 
stripes parallel to the c-axis. Pink tourmaline crystals 
can form columnar aggregates (figure 5, center) or ra- 
diate from a central point (figure 5, right). Individual 
crystals can reach up to 20 cm in length (Long et al., 
2013). 

Lattice parameters of 14 different-colored Luc Yen 
tourmalines were determined (Nhung et al., 2005; 
2010) as follows: a = 15.824-15.994 A, c = 7.091- 
7.208 A, c/a = 0.445-0.453 A. Notably, three of the 
samples, which had a uniform dark green and dark 
brown color, gave the high value for the c lattice pa- 


Figure 5. Left: A color-zoned tourmaline crystal from the Minh Tien pegmatite, accompanied by mica. Courtesy of 
Viet Phuong Gemstone Company. Center: This 32 g purple-red tourmaline associated with green feldspar was found 
in the Minh Tien pegmatite. Right: Radial pink tourmaline crystals associated with violet lepidolite from the Khai 
Trung pegmatite. This specimen measures 17.0 x 10.5 x 5.0 cm. Photos by T.L. Quyen (left) and N.T. Nhung (center 
and right). 
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rameter (7.190-7.208 A) and the high c/a ratio (0.451- 
0.453) that are characteristic for dravite and uvite. 
The 11 remaining samples, including particolor and 
homogeneous colored stones, had the lower values 
(c = 7.091-7.130A, c/a = 0.445-0.448) characteristic 
of elbaite. 


Visual Appearance and Gemological Properties. Luc 
Yen tourmalines come in many colors, including 
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Figure 6. Luc Yen tour- 
malines come in many 
colors, including pink 
(A; 7.0-47.3 ct), green 
(B; 6.0-63.1 ct), yellow 
(C; 5.4-9.5 ct), and par- 
ticolor (D; 1.40-2.58 ct). 
All these colors were in- 
cluded in the study. 
Photos by N.T. Nhung. 


pink, green, yellow, orange, red, gray, brown, and 
black (figure 6), commonly with a mixing of hues 
(e.g., greenish yellow and brownish red) and a variety 
of tones and saturations. Many are particolor, with 
color zoning distributed along the c-axis (figure 6D) 
or from the center to the periphery (figure 7). Color- 
less zones are frequently found in particolor material. 
Sometimes the zoning creates fancy patterns, as seen 
in figure 8. The color distribution does not follow a 


Figure 7. This uncom- 
monly large Luc Yen 
tourmaline crystal, 
weighing 1200 g and 
measuring 12 x 10 x 10 
cm, is viewed from dif- 
ferent directions. These 
views show that the 
color zoning is distrib- 
uted from core to rim. 
Courtesy of Hoi An 
Gemstone Art Museum. 
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TABLE 1. Gemological properties of tourmaline from Luc Yen, Vietnam. 


Property 


Observations 


Data from the literature 
Huong et al. (2012) Laurs et al. (2002) 


Color 
(152 samples) 


Pleochroism 
(40 samples) 


Clarity 
(152 samples) 


Morpholo 
(50 Empl) 


Optical character 
(40 samples) 


Refractive index 
(40 samples) 


Birefringence 
(40 samples) 


Specific gravit 
(62 samples} i 


Hardness 
(50 samples) 


Luster 
(50 samples) 


Cleavage 
(50 samples) 


UV fluorescence 
(40 samples) 


Short-wave 


Long-wave 


Internal features 


Variety including UL eri yellow, orange, red, brown often with 
various hues, tones, and saturations, commonly in zones arranged 
parallel or perpendicularly to prism faces. Homogeneous colors 
mostly include pink, green, orange, brown, and black. 


Pink: pink to light pink; light pink to colorless 
Yellow: yellow to pale yellow 

Green: green to yellowish green 

Purple: purple to yellowish red 


Brown: brown to greenish yellow; brown to reddish brown 


Transparent to translucent and opaque crystals 
Prismatic crystals of trigonal symmetry 


Uniaxial negative 


Colorless: ny, = 1.638-1.640 
n, = 1.619-1.620 
Pink: ny, = 1.638-1.642 
n, = 1.620-1.622 
Yellow: ny, = 1.640-1.644 
n, = 1.623-1.625 
Green: ny = 1.635-1.645 
n, = 1.619-1.625 
Purple: ny = 1.642-1.645 
n, = 1.622-1.625 
Brown: n,, = 1.638-1.645 
n, = 1.622-1.626 
Brown ny, = 1.642-1.645 
uvite: n, = 1.622-1.628 
Green n,, = 1.638-1.642 
uvite: n, = 1.618-1.620 
Colorless: 0.019-0.020 
Pink: 0.018-0.020 
Yellow: 0.017-0.019 
Green: 0.016—0.020 
Purple: 0.018-0.020 
Brown: 0.018—0.020 


Brown uvite: 0.020-0.023 
Green uvite: 0.020-0.022 
Pink, purple-red, brownish red, colorless, gray-blue: 3.05-3.10 
3.11=3.02 
3.05-3.10 


Green, greenish yellow, yellow, orange: 


Brown, green uvite: 


7.0-7.5 
Vitreous 


Poor on {0001} or absent 


Greenish yellow, yellow, orange: greenish yellow 


Other colors: inert 


All colors: inert 


Fluid inclines fui inclusion, tube-form inclusion, and solid 


Pink, yellow, green, and reddish 
brown 


Pink: light pink to pink nr 
Yellow: yellowish to yellow 
Green: yellowish green to green 


Reddish brown: greenish yellow 
to brownish green 


Semitransparent to transparent nr 

nr nr 

nr nr 

Pink: Nn, = 1.638-1.639 Pink: Ny = 1.641 
n, = 1.619-1.621 n, = 1.623 

Yellow: Nn, = 1.642-1.646 Yellowish ny, = 1.640 
n, = 1.625-1.628 green: n, = 1.620 

Green: nN, = 1.635-1.640 Red: Nn, = 1.647 
ny = 1.621-1.625 ne = 1.625 

Reddish Ny = 1.638-1.644 

brown: n, = 1.624-1.626 

Pink: 0.018-0.019 Pink: 0.018 

Yellow: 0.017-0.018 Yellowish green: 0.020 

Green: 0.017-0.019 Red: 0.022 

Reddish brown: 0.016-0.020 

Pink: 3.05-3.08 nr 

Yellow: 3.17-3.19 

Green: 3.17-3.20 

Reddish brown: 3.06-3.08 

nr nr 

nr nr 

nr nr 


All colors: inert Pink to red: inert 


Pink, red, and yellowish green 


Yellowish green: weak yellow- 


green 
All colors: inert All colors: inert 


Fluid inclusion, apatite, diopside, 


Albite (2), spherical brown 


(40 samples) inclusions including albite, tourmaline, radioactive elements quartz particle 
containing inclusions (xenotime or monazite?) 
Abbreviation: nr = not reported 
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Figure 8. A cross-section of tourmaline from Luc Yen 
with a three-pointed star. The slice is approximately 5 
cm wide. Photo by T. Hager. 


predictable pattern; it may be black in the center and 
pink in the margin, but may also be red or green in 
the center and green or black in the periphery. No- 
tably, tourmaline from Minh Tien and An Phu has a 
wider range of color, while tourmaline from Khai 
Trung and Tan Lap is mainly pink or purple. 

Pleochroism was observed in all samples but was 
most intense in green, brown, and purple stones (see 
table 1). The material ranged from transparent to 
translucent to opaque for some black, brown, and 
green samples. RI measurements indicated values of 
n, = 1.618-1.628 and n, = 1.635-1.645, with a bire- 
fringence of 0.016-0.023. SG values ranged from 3.05 
to 3.20. Yellow and green tourmalines measured 
from 3.11 to 3.20, while pink, red, orange, brown, col- 
orless, grayish blue, and other green samples showed 
values from 3.05 to 3.10. These last green samples 
were uvite species. 


All of the tourmalines were inert to long-wave 
UV radiation. The pink, red, brown, and black sam- 
ples were inert to short-wave UV as well, though the 
green, yellow, and brownish yellow specimens fluo- 
resced yellowish green (see figure 9 and table 1). No 
phosphorescence was observed in any of the samples. 


Internal Features. Most of the Luc Yen tourmalines 
contained inclusions, such as the gas-filled mirror- 
like fractures described by Liddicoat (1990). Two- 
phase (gas +liquid) inclusions were the most 
common (figure 10, left). Growth tubes were also en- 
countered frequently (figure 10, right). A few pink 
tourmaline samples contained abundant small solid 
inclusions of albite and tourmaline (figure 11), with 
albite being more common. Albite inclusions often 
showed twinning under a polarizing microscope with 
crossed polarizers. Tourmaline inclusions had needle 
or rod forms (figure 11, right). In one faceted green 
tourmaline sample, we observed reddish brown gran- 
ular inclusions, presumed to be xenotime or mon- 
azite, surrounded by halo tension cracks that might 
have been caused by radioactive elements within the 
inclusions. Monazite inclusions were previously re- 
ported in a pale pink California tourmaline (see Gi- 
belin and Koivula, 1992). Apatite, quartz, and 
diopside were also found in Luc Yen tourmaline 
(Huong et al., 2012). 

Table 1 compares the gemological properties of 
Luc Yen tourmaline from this study with those pub- 
lished elsewhere in the literature. 


CHEMICAL COMPOSITION 

According to the classification of Hawthorne and 
Henry (1999), tourmaline-group minerals can be di- 
vided into three principal groups based on the domi- 


Figure 9. The yellowish green, yellow, and brownish yellow tourmaline from Luc Yen in daylight (left) and under 
short-wave UV light (right). The brownish yellow sample fluoresces weaker than the green and yellow ones. Pho- 


tos by N.T: Nhung. 
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Figure 10. Left: Two-phase (gas + liquid) inclusions link together to form a network of veins known as “trichites” 
(Gtbelin and Koivula, 1992). Right: Growth tubes are encountered frequently in Luc Yen tourmaline. The photos 
were taken under transmitted light. Photomicrographs by N.T.M. Thuyet; field of view 1.3 mm. 


nant occupants at the X-site: alkali tourmalines (Na 
or K), calcic tourmalines (Ca), and X-site-vacant tour- 
malines (vacancy). These groups are further divided 
initially based on the W-site occupancy, and then by 
the V-site, Y-site, and Z-site occupancies (actual or 
inferred). 

Chemical analyses of seven Luc Yen tourmaline 
samples ranging from nearly colorless to green, yel- 
low, orange, brown, pink, and grayish blue are shown 
together with data from the literature (Dirlam et al., 
2002; Wilson, 2007; Huong et al., 2012) in table 2 and 
presented in five ternary composition diagrams (fig- 
ure 12). The results reveal that all of the samples con- 
tained Li. The Li,O content was quite high (up to 
2.58 wt.% in the green zone of sample 2) and was 


lowest (0.006-0.002 wt.%} in two samples with ho- 
mogeneous color: sample 3 (brown) and sample 4 
(green). Five of the samples (1, 2, 5, 6, and 7) con- 
tained high amounts of Li and Na, and the ratio of 
(Na + K}/(Na + K + Ca) ranged from 0.56 to 0.94, in- 
dicating that all of them belonged to the elbaite 
species (alkaline group). One exception was the pink 
zone of sample 2, which showed a high amount of 
Ca with a (Na + K)/(Na + K + Ca) ratio of 0.48, indi- 
cating that the pink zone is liddicoatite, a calcium- 
tourmaline group member. The two specimens with 
the lowest Li concentrations (samples 3 and 4) were 
rich in Mg and Ca and therefore classified as uvite, 
also a calcium-rich tourmaline. Samples 5 and 7 con- 
tained notably high Mn (on average 5.17 and 6.49 


Figure 11. Abundant small solid inclusions in a pink tourmaline crystal from the Khai Trung pegmatite are seen in 
transmitted light (left) and in cross-polarized light (center). The small plates are albite, and the rod is a tourmaline 
inclusion (right). Photomicrographs by N.T. Nhung; field of view 4.2 mm. 
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TABLE 2. Chemical composition of tourmaline from Luc Yen, Vietnam. 


Location Minh Tien pegmatite Luc Yen placer Minh Tien pegmatite bonnie Minh Tien pegmatite 
Sample la 1b 2a 2b 3 4 5a 5b 6 7a 7b 
number* 

Color Light Light Light Green Brown Deep | Colorless — Grayish Pink Orange Light 
green pink pink green ue yellow 
Oxide (wt.%) 

SiO, 36.95 37,15 36.54 35.20 34.72 36.08 33.66 33.94 36.40 35.03 35.46 
TiO, 0.01 <0.01 <0.01 <0.01 0.80 0.40 <0.01 <0.01 <0.01 0.37 0.28 
Bj O3 cate 10.971 10.99 11.06 11.15 10.60 10.60 10.71 10.60 11.31 10.67 10.93 
Al,O, 37.47 38.08 39.61 40.82 31.70 28.48 37.71 37.76 42.65 37.78 37.07 
V,O, 0.00 <0.01 <0.01 <0.01 0.02 0.15 <0.01 <0.01 <0.01 0.01 <0.01 
Cr,O, <0.01 0.00 <0.01 <0.01 0.24 0.68 0.02 0.01 <0.01 0.02 <0.01 
FeO 0.40 0.21 0.06 0.77 0.10 0.01 0.18 0.02 <0.01 0.02 0.02 
MnO 0.58 0.40 0.17 0.33 <0.01 0.00 5:73: 4.62 0.30 6.57 6.47 
MgO <0.01 <0.01 0.00 0.03 11.83 13.75 0.01 <0.01 <0.01 <0.01 <0.01 
Li,O 2.48 2A7 2.29 2.58 <0.01 <0.01 1.99 1.71 2.30 1.21 2.27 
CaO 2.11 2.55 1.74 1.28 2.90 3.18 1.56 1.98 0.61 2.47 0.30 
Na,O 1.48 1.30 1:53 1.86 1.49 1.31 2.30 1.92 175 2.29 2.40 
K,O 0.02 0.03 0.01 0.03 0.04 0.01 0.05 0.05 0.01 0.03 0.05 
HO cate 3.27 2.99 3.17 3.63 3.53 3.02 3:15 2.73 3.25 2.74 3.59 

F 1.00 1.00 0.90 0.79 0.58 1321 1.33 1.43 0.63 0.57 0.68 
O=F 0.42 0.42 0.38 0.33 0.24 0.51 0.56 0.60 0.26 0.24 0.28 
Total 96.32 96.45 96.70 98.14 98.31 98.37 97.84 96.17 98.95 99.54 99.24 

Normalization on the basis of 31 (O, OH, F) 

Si(T) 6.000 6.000 5.916 5.578 5.748 5.94 5.541 5.704 5.677 5.82 5.66 
Al(T) 0.000 0.000 0.084 0.422 0.252 0.06 0.459 0.296 0.323 0.18 0.34 
Sum(T) 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 
Al(Z) 6.000 6.000 6.000 6.000 5.932 5.464 6.000 6.000 6.000 6.000 6.000 
Me(Z) 0.000 0.000 0.000 0.000 0.068 0.536 0.000 0.000 0.000 0.000 0.000 
V3*(Z) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
CAt(Z) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Sum(Z) 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 
Mg(Y) 0.001 0.000 0.000 0.007 2.851 2.838 0.003 0.001 0.001 0.000 0.001 
Fe?*(Y) 0.054 0.028 0.008 0.102 0.013 0.001 0.024 0.003 0.001 0.002 0.003 
Mn(Y) 0.08 0.056 0.024 0.045 0.001 0.000 0.799 0.657 0.040 0.926 0.875 
Al(Y) 1.237 1.483 1.473 1.201 0.000 0.000 0.857 1.183 1.518 A217; 0.633 
Ti(Y) 0.001 0.000 0.000 0.000 0.100 0.050 0.000 0.001 0.000 0.046 0.034 
Cr3*(Y) 0.000 0.000 0.001 0.000 0.032 0.088 0.002 0.001 0.000 0.002 0.000 
V3+(Y) 0.000 0.001 0.001 0.001 0.002 0.019 0.001 0.000 0.000 0.001 0.001 
Li(Y) 1.626 1.432 1.494 1.643 0.001 0.004 1.314 1.154 1.440 0.805 1.454 
Sum(Y) 2.999 3.000 3.001 2.999 3.000 3.000 3.000 3.000 3.000 2.999 3.001 
Ca(X) 0.368 0.449 0.302 0.218 0.514 0.561 0.276 0.356 0.102 0.044 0.052 
Na(X) 0.467 0.415 0.481 0.570 0.478 0.419 0.733 0.626 0.530 0.738 0.693 
K(X) 0.004 0.006 0.002 0.007 0.008 0.003 0.011 0.010 0.002 0.007 0.010 

X-vacancy 0.161 0.130 0.215 0.205 0.000 0.017 0.000 0.008 0.366 0.211 0.245 

Sum(X) 1.000 1.000 1.000 1.000 1.000 1.000 1.020 1.000 1.000 1.000 1.000 
F 0.516 0.520 0.396 0.396 0.303 0.630 0.692 0.760 0.308 0.299 0.341 
OH 3.161 3.160 3.180 3.201 3,232 3.123 3.103 3.080 3.231 3.234 3.220 
O 0.323 0.320 0.360 0.403 0.465 0.247 0.205 0.160 0.461 0.467 0.440 
(Na + K)/ 0.56 0.48 0.62 0.73 0.49 0.43 0.73 0.64 0.84 0.94 0.93 
(Na + K + Ca) 
Species Elbaite _Liddicoatite _ Elbaite Elbaite Uvite Uvite Elbaite Elbaite Elbaite Elbaite Elbaite 
*For samples 1-7, values represent the average of three points per sample or per color zone. All Fe is reported as FeO. bd!= below detection limit, nr=not reported 
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Minh Tien Luc Yen (Huong, 2012) Minh Tien (Wilson, 2007) Vietnam 


pegmatite (Dirlam, 2002) 
7G 8 9 10 11 12 13 14 15 16 17 18 
Brown- Pink Green Reddish Yellow Pink Yellow Gray Green Olive Pink Red 
green brown 
35.28 36.28 36.97 36.40 36.511 36.62 36.68 36.35 36.35 36.52 36.65 36.54 
0.52 bdl 0.25 0.38 0.20 0.03 0.01 bdl 0.14 0.26 bd 0.02 
10.95 11.01 10.84 10.93 11.03 10.97 11.01 10.75 10.85 10.82 11.04 10.95 
37.22 40.08 41.63 37.88 42.27 42.17 42.61 38.07 39.15 38.83 42.7 41.02 
0.02 bdl 0.12 bdl 0.05 bdl bdl bdl bdl 0.01 bd nr 
<0.01 bdl 0.26 bdl bdl nr nr nr nr nr nr nr 
0.04 0.02 0.03 3.2 0.11 0.13 0.15 0.57 4.88 3.4 bd 0.11 
6.44 0.09 0.01 0.37 bdl 0.46 0.02 6.08 0.53 2.18 0.02 1.46 
<0.01 0.02 0.02 bdl 0.03 bdl bdl bdl 0.03 0.04 bd 0.04 
2.19 2.18 1.92 2.03 2.12 1.95 1.98 1.46 1.53 2.64 1.53 2.04 
0.40 2625 0.47 0.95 0.48 0.65 0.33 1.32 0.16 0.94 1.93 2.04 
2.55 1.29 2.57 2.17 2.58 1.77 2.09 1.47 2.45 1.67 0.65 1.08 
0.04 0.01 bdl 0.02 bdl 0.02 0.03 0.02 0.04 0.02 0.01 0.02 
3.47 3.03 3.49 3.16 3.65 3.24 3.20 3.34 SAD 321 3.23 3.32 
0.95 0.9 0.14 0.93 0.05 1.16 1.17 0.85 1.32 a es 1.22 0.98 
0.40 0.38 0.06 0.39 0.02 0.49 0.49 0.36 0.55 0.47 0.51 0.41 


99.67 96.78 98.66 98.03 99.06 98.68 98.84 99.90 100.29 100.07 99.00 99.20 
Normalization on the basis of 31 (O, OH, F) 


5.64 5.889 5.88 5.904 5.754 5.802 5.791 5.881 5.843 5.598 5.902 5.801 
0.36 0.111 0.120 0.096 0.246 0.198 0.209 0.119 0.157 0.402 0.098 0.199 
6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 
6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 


0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 


6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000 
0.000 0.005 0.005 0.000 0.007 0.000 0.000 0.000 0.007 0.009 0.000 0.009 
0.006 0.003 0.004 0.434 0.014 0.017 0.02 0.077 0.656 0.436 0.000 0.015 
0.872 0.012 0.001 0.051 0.000 0.062 0.003 0.883 0.072 0.283 0.003 0.196 
0.652 1.557 1.684 1.145 1.605 1.675 1.719 1.14 1.259 0.613 2.006 1.475 
0.063 0.000 0.030 0.046 0.024 0.004 0.001 0.000 0.017 0.030 0.000 0.002 
0.000 0.000 0.015 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.002 0.000 0.015 0.000 0.006 0.000 0.000 0.000 0.000 0.001 0.000 0.000 
1.405 1.423 1.228 1.324 1.344 1.242 1.257 0.950 0.989 1.627 0.991 1.302 
3.000 3.000 2.982 3.000 3.000 3.000 3.000 3.050 3.000 42,999 3.000 2.999 
0.068 0.391 0.080 0.165 0.081 0.110 0.056 0.229 0.028 0.154 0.333 0.347 
0.790 0.406 0.792 0.682 0.788 0.544 0.640 0.461 0.763 0.496 0.203 0.332 
0.009 0.002 0.000 0.004 0.000 0.004 0.006 0.004 0.008 0.004 0.002 0.004 
0.134 0.201 0.127 0.148 0.131 0.342 0.298 0.306 0.201 0.345 0.462 0.317 
1.001 1.000 0.999 0.999 1.000 1.000 1.000 1.000 1.000 0.999 1.000 1.000 
0.480 0.462 0.070 0.477 0.025 0.581 0.584 0.435 0.671 0.538 0.621 0.492 
3.173 3.179 3.310 3.174 3.325 3.140 3.139 3.118 3.11 3.154 3.126 3.169 
0.347 0.359 0.620 0.349 0.65 0.279 0.277 0.377 0.219 0.308 0.252 0.339 
0.92 0.51 0.91 0.81 0.91 0.83 0.92 0.67 0.96 0.76 0.38 0.49 


Elbaite Elbaite Elbaite Elbaite Elbaite Elbaite Elbaite Elbaite Elbaite Elbaite  Rossmanite | Liddicoatite 
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Figure 12. These five ternary composition diagrams (A-E) indicate that most tourmalines from Luc Yen are part of 
the alkaline group (A, the X-site occupancy); all of them are hydroxyl] species (B, the W-site occupancy); all alka- 
line tourmaline samples are elbaite rich in Li (C, the Y-site occupancy). Two samples of calcic tourmaline are lid- 
dicoatite, and the other two are uvite (D, the Y-site occupancy). Only one sample of X-vacant tourmaline is 


rossmanite (E, the Y-site occupancy). 


wt.% MnO, respectively}. All samples were in the 
hydroxyl subclass. 


APPLICATIONS 

Only 5-10% of the Luc Yen tourmaline production 
is transparent enough to be faceted for jewelry (fig- 
ures 6 and 13). The rest is carved (figure 14), taking 
into consideration the color distribution during pro- 
cessing. Some of the material is large, with beautiful 
color and relatively high transparency. 

Tourmalines with beautiful color but significant 
fractures or small sizes are often kept in the host 
rock as mineral specimens (again, see figure 5, left). 
The tourmaline-bearing pegmatite blocks range 
from a few kilograms to several hundred kilograms 
and may contain green feldspar or pink-violet lepi- 
dolite (figure 15). 
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DISCUSSION 

The results of 23 chemical analyses—twelve from 
this study, four from Huong et al. (2012), six from 
Wilson (2007), and one from Dirlam et al. (2002)— 
are presented in table 2 and figure 12. Tourmaline 
from Luc Yen has many different colors that may be 
homogeneously or heterogeneously distributed in 
the crystals. Most of them were of the elbaite species, 
but a few were liddicoatite and uvite. Most of the el- 
baite and liddicoatite samples were multicolored. 
Color zoning may appear perpendicular to the c-axis, 
but in many cases, color zoning is parallel to the c- 
axis and prism faces, giving different color zones 
from core to rim. This color zoning distribution is 
typical for elbaite. A number of studies have con- 
firmed the presence of elbaite in Luc Yen (Nhung et 
al., 2005; Wilson, 2007; Huong et al., 2012). We also 
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Figure 13. The centerpiece of this ring is the 7.1 ct 
green uvite tourmaline from the secondary deposit at 
Minh Tien. Photo by N.T.L. Quyen, courtesy of 
Nguyen Huy Truong. 


recognized the presence of uvite and liddicoatite. Un- 
like liddicoatite, uvite has not been reported for wa- 


Figure 14. Carved from a cluster of multicolored Minh 
Tien tourmaline crystals, this Hue Palace statue 
weighs 2 kg and measures 18 x 10 x 8 cm. It was dis- 
played at the Hue Royal City Festival in April 2016. 
Courtesy of Hoi An Gemstone Art Museum. 
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Tourmaline 


Feldspar 


Lepidolite 


Figure 15. A block of pink tourmaline and violet lepi- 
dolite-bearing pegmatite from Khai Trung. This piece 
weighs approximately 300 kg and was sold to a for- 
eign dealer in 2016. Photo by N.T.L. Quyen. 


termelon tourmaline samples. In Dirlam et al. (2002) 
and Laurs et al. (2002), the authors examined the 
same sample, reportedly from Vietnam. Although no 
particular locality is indicated, we presume the sam- 
ple is from Luc Yen, where similar-looking water- 
melon tourmaline is abundant. The coexistence of 
elbaite and liddicoatite in one specimen reported by 
Laurs et al. (2002) is consistent with our study. The 
species of tourmaline from Luc Yen is determined by 
its chemical composition (Hawthorne and Henry, 
1999). The results of the present study and those 
from other researchers presented in classification di- 
agrams are quite similar. The difference is the pres- 
ence of rossmanite reported in Wilson (2007) and 
uvite in this study. According to the classification of 
Hawthorne and Henry (1999), sample 3’s (Na + 
K)/(Na + K + Ca} ratio of 0.49 indicates uvite with a 
high dravite component. This supports the likeli- 
hood of a dravite-containing uvite in Luc Yen. 
Although we did not detect rossmanite, one of our 
samples had a high proportion of vacancies (0.366) in 
the X-site. Thus, the presence of rossmanite in Luc 
Yen tourmaline is entirely possible (see Wilson, 
2007). Transition metal elements such as Fe, Cr, Ti, 
V, and Mn cause a rich diversity of color in tourma- 
line (see Fritsch and Rossman, 1987, 1988a, 1988b). 
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Thirty-Five Diplomas Awarded 
by the 


Gemological Institute of America 


Diplomas issued by the Gemological! Insti- 
tute of America since the last Gems and 
Gemology was published number eight in 
the Theory and Practice of Gemology, and 
twenty-seven in the Theory of Gemology 
only. 

Those who have completed all correspon- 
dence courses, as well as both resident 
courses of the Institute, and passed all 
necessary examinations which follow-en- 
titling them to the diploma in Theory and 
ptactice are: 

Frank Pace Hawk, Midland, Texas. 


Robert A. Kotlen, Providence, Rhode 
Island. 
A. W. Luciano, Amsterdam, New York 


Charles E. Manz, New 
Jersey. 
Charles J. Parsons, El Cajon, Calif. 


Fred J. Schoebel, Cleveland Heights, 
Ohio, 


George Sekiya, Chicago, IUlinois. 
Port Chester, 


Irvington, 


David Sunray, New 


York. 


Those who have successfully completed 
the theory of gemology as presented in the 
correspondence courses of the Institute and 
been awarded their theory diplomas are: 

Paul C. Alberts, Union, New Jersey. 


Percy L. Anderson, Grand Forks, 
North Dakota. 
Carl W. Appel, Allentown, Penn. 
Clarence M. Bradbury, Jr., Brooklyn, 
New York. 


John Donald, Tampa, Florida. 


Robert R. Donaldson, Topeka, Kan. 

Wesley R. Door, Kennewick, Wash- 
ington. 

Roy F. Dudenhoeffer, Greenville, Cin- 
cinnati, Ohio. 

Vinton O. Edwards, North Hollywood, 
California. 

Delbert A. Eisele, Lawrence, Kansas. 


Max Wm. Gersiek, Elmont, Long 
Island, New York. 
David Goldstein, Mattapan, Massa- 


chusetts. 

Joseph Peter Held, Queens Village, 
New York. 

Robert W. Johnson, Bakersfield, Cali- 
fornia. 

Frank T. Krisky, New York, New 
York. 

Milton Lyons, Washington, D. C. 

Lawrence G. Neima, Fargo, North 
Dakota. 

Galen Ogilvie, Pond Creek, Oklahoma 

Monroe Wilment Orenduff, Sherman, 
‘Texas. 

Richard R. Raihle, USS Cascade, New 
York, New York. 

Robert V. Ramsey, Belmont, North 
Carolina. 

Allan Robbins, Bayside, Long Island, 
New York. 

Richard S. Searles, Newport, Vermont. 

Arthur W. Versteeg, Portland, Oregon 

Everett Wakeman, Jr., Hollywood, 
California. 

W. Cameron Webb, Unionville, On- 
tario, Canada. 

Wilbur C. Willis, Springfield, Mo. 
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Tourmaline from Luc Yen has a wide variety of col- 
ors, and their relationship with the presence and con- 
centration of transition metal elements should be 
recognized. The green elbaite samples contained 
more iron (up to 4.88 wt.% FeO) than the pink el- 
baite (maximum 0.21 wt.%), which always con- 
tained more manganese than iron (see green samples 
la, 2b, 9, 15, and 16 and pink samples 1b, 2a, 6, 8, 12, 
17, and 18 in table 2). Orange and yellow elbaite 
(sample 7) had high manganese content (6.47 and 
6.57 wt.% MnO, respectively], similar to the Mn-rich 
tourmaline from Zambia (Laurs et al., 2007). How- 
ever, high amounts of manganese were also seen in 
colorless (sample 5a), grayish blue (sample 5b), and 
gray (sample 14) tourmaline. Green uvite (sample 4), 
in contrast to green elbaite, contained lower iron 
(0.01 wt.% FeO), higher chromium (0.68 wt.% 
Cr,O,), and higher vanadium (0.15 wt.% V,O,). 
Brown uvite (sample 3) contained the highest tita- 
nium (0.8 wt.% TiO,) among all tourmaline samples. 

Lepidolite and amazonite are found in association 
with elbaite, and rarely with liddicoatite-elbaite, in 
the Luc Yen pegmatites. These minerals contain 
many rare elements such as Li, Rb, Cs, Ta, and Nb. 
This suggests that gem tourmaline-bearing peg- 
matite from Luc Yen might be classified as “rare- 
element” using the classification by Cerny and Ercit 
(2005). The ages of feldspar (30.58 Ma) from the Minh 
Tien tourmaline-bearing pegmatite (Nhung et al., 
2.007) and of phlogopite (33.6 Ma} associated with 
ruby from Minh Tien and An Phu marble (Garnier et 
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al., 2002) show that these gemstones were formed by 
the Cenozoic magmatism related to the India-Eurasia 
collision in northern Vietnam. 

So far, gem-quality green uvite/dravite samples 
have only been collected from placers in Minh Tien 
and An Phu, and not from pegmatite host rocks. It is 
more likely they formed during a metasomatic 
process when pegmatites were injected into carbonate 
rocks. 


CONCLUSIONS 


The study results show that most tourmalines from 
Luc Yen are elbaite; only a small number are liddi- 
coatite and uvite (dravite). The presence of rossman- 
ite in Luc Yen is also possible, as we found some 
samples showing a high proportion of vacancies in 
the X-site. Elbaite and liddicoatite-elbaite have been 
found in alluvium as well as in pegmatite bodies, 
while the uvite/dravite has been found only in allu- 
vial placers. The transparent green uvite/dravite has 
been found in placers from Luc Yen, but its appear- 
ance is rare. Tourmalines from this area are rich in 
color but often contain two-phase (gas + liquid) in- 
clusions, growth tubes, and fractures. Therefore, 
transparent samples suitable for faceting or cutting 
are rare. Instead, there are a large number of samples 
with attractive colors and relatively high trans- 
parency that are large enough (up to ten centimeters 
in some cases) for carving. The gem tourmaline-bear- 
ing pegmatite bodies in various parts of Luc Yen in- 
dicate considerable potential. 
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CHARACTERIZATION OF MG AND FE CONTENTS 
IN NEPHRITE USING RAMAN SPECTROSCOPY 


Xiaoyan Feng, Yong Zhang, Taijin Lu, and Hui Zhang 


Nephrites with similar hues usually have different 
ranges of saturation and tone, and color determi- 
nation with the unaided eye can be problematic. 
The appearance of impurity ions such as Fe?* in- 
fluences the color of the material. Raman spec- 
troscopy of 99 nephrite samples of different 
colors from northwestern China and Taiwan iden- 
tified their main mineral as either tremolite or 
actinolite. When the Mg**/(Mg** + Fe?*) ratio was 
0.91 or higher, the mineral was tremolite; when 
the ratio was less than 0.91, the mineral was acti- 
nolite. The features in the M-OH stretching vibra- 
tion region (3700-3600 cm") are important 
fingerprints of nephrite’s composition. Using the 
relative intensity ratio method, the authors calcu- 
lated the Mg? and Fe** content and the ratio of 
Mg?*/(Mg** + Fe?*). In this study, the ratio was ap- 
proximately 1 for white nephrite, 0.98-1 for light 
green nephrite, 0.90-0.98 for bluish green 
nephrite, and lower than 0.91 for dark green 
nephrite. The calculation of relative intensity ra- 
tios could provide a standard for nephrite color 
determination and even the critical evaluation of 
whiteness. 


N ephrite, an amphibole-rich rock, comes in a va- 
riety of colors (figure 1). As noted by Zhang 
(2006), these hues are classified by the Chinese as 
baiyu (white), gingbaiyu (white with a slight bluish, 
greenish, or grayish tint), gingyu (bluish green or 
greenish blue), biyu (green to dark green), huangyu 
(yellow), and tangyu (brown). Distinguishing the tran- 
sitions between these color varieties is an important 
consideration in establishing a nephrite grading stan- 
dard. Traders once determined the color solely by vi- 
sual observation, but even a relatively accurate 


See end of article for About the Authors and Acknowledgments. 
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determination requires decades of experience. Major 
gemological laboratories still do not have a quantita- 
tive or semiquantitative boundary between colors. 
Since the value of fine white nephrite can be signifi- 
cantly higher than material in other hues, whiteness 
is the most important parameter in evaluating and 
classifying nephrite that ranges from white and gray 
to light green. The boundary between white and light 
grayish to bluish green nephrite is the hardest to iden- 
tify, and establishing this difference is the focus of our 
study. 

The amphibole group is comprised of double- 
chain silicates belonging to the monoclinic crystal 
system. The group’s general chemical formula is 
A, ,B,C[T,O,,], (OH, F, Cl),. The components of the 
formula are described as A, B, C, T, and OH, with T 
corresponding to the tetrahedral sites in the unit cell. 
There are four kinds of sites occupied by cations (fig- 


In Brief 


¢ Color determination of nephrite jade can be difficult 
due to ranges of tone and saturation, even within simi- 
lar hues. 

¢ Since white nephrite tends to be highly valued, estab- 
lishing a boundary between white and light-colored 
material is imperative. 

e Raman spectroscopy reveals the relative ratio between 
Mg?* and Fe** as it pertains to the whiteness of nephrite, 
providing a measurement for color determination. 


ure 2). These sites are C, a composite of five sites 
made up of two M1, two M2, and one M3 sites; and 
B, which is two M4 per formula unit. M1 and M3 
sites are usually occupied by the Mg”* and Fe** ions, 
and M2 sites by a trivalent or tetravalent form of 
cations with a smaller radius, such as Fe**. M4 sites 
are occupied by Ca?*, Na*, and K*, while A sites are 
occupied by OH and the remaining Na* and K* 
cations to balance the valence state. Cations and OH- 
that occupy M1, M3, and A sites form an ionic bond. 
Amphiboles are classified into four subgroups de- 
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Figure 1. The color varieties of nephrite. Photo courtesy of Beijing Boguan International Auction Co., Ltd. 


pending on the occupancy of the B sites: the Mg-Fe- 
Mn subgroup, the calcic subgroup, the Na-Ca sub- 
group, and the alkali subgroup (Bragg and 
Claringbull, 1965; Wang et al., 1982; Leake et al., 
1997). Tremolite and actinolite are in the calcic am- 
phibole subgroup. 

Nephrite is mainly composed of tremolite, 
Ca,Mg,[Si,O,,],,OH),, and a variable amount of acti- 
nolite, Ca, (Mg, Fe).[Si,O,,],(OH),. When the Mg*/ 
(Mg?*+ Fe") ratio is 0.91 or higher, the main mineral 
is tremolite; when the ratio is less than 0.91, it is acti- 
nolite (Bragg and Claringbull, 1965; Wang et al., 1982, 
Leake et al., 1997). 

Many researchers exploring the role of Fe and Mg 
cations in the coordination of tremolite using differ- 
ent spectroscopic methods have pointed out that 
higher Fe** content generally produces a deeper green 
color in tremolite (Liu, 1988; Li and Wu, 1999; Guo 
and Han, 2002; Lu et al., 2007). On the basis of pre- 
vious studies and our own Raman spectroscopic in- 
vestigation of the relative intensity ratio of the 
spectral features related to M-OH bands, we propose 
a new method to calculate the relative content of 
Mg and Fe in the M1 and M3 sites. This method has 
the potential to define boundaries for nephrite color 
determination and may allow for evaluation of 
whiteness. 


Notes & New TECHNIQUES 


MATERIALS AND METHODS 

Ninety-seven nephrite samples from China (Hetian 
in the Xinjiang Uygur Autonomous Region and Gol- 
mud in Qinghai Province) and two Taiwanese 
nephrites from Hualian were studied to form a 
nephrite jade grading standard. Of these, 15 samples 
showing a range of colors were selected for this 
study (table 1). One set of nephrite color standards 
was collected by the Xinjiang Uygur Autonomous 


Figure 2. The crystal structure of tremolite. Adapted 
from Li (2008). 


M1 site eM2site © MB8site M4 site @Asite OOH 
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TABLE 1. Chinese nephrite samples examined for color determination. 


Sample Locality Size (mm) Color Chinese term 

number LxWxH 

H-01 Xinjiang 30.2 x 20.1 x 9.6 White Baiyu 

H-02 Xinjiang 30.3 x 19.9 x 10.2 White Baiyu 

H-03 Xinjiang 30.1 x 20.2 x 10.2 White Baiyu 

H-04 Xinjiang 30.0 x 20.9 x 10.3 White with a slight greenish tint Qingbaiyu 

H-05 Xinjiang 29.7 x 20.0 x 10.2 Bluish green Qingyu oa 
H-06 Xinjiang 30.3 x 19.8 x 9.5 Dark green Biyu as 
H-07 Xinjiang 29.8 x 20.4 x 9.9 Dark green Biyu re 
H-08 Xinjiang 30.1 x 19.9 x 10.2 Dark green Biyu fe 
H-09 Xinjiang 23.0 x 21.4 x 5.3 Dark green Biyu “@ 
Q-01 Qinghai 24.5 x 3.1 White Baiyu 

Q-02 Qinghai 24.5 x 3.1 White with a slight grayish tint Qingbaiyu 

Q-03 Qinghai 24.6 x 3.1 Bluish green Qingyu & 
Q-04 Qinghai 24.7 x 3.1 Bluish green Qingyu q 
TY-01 Taiwan 9.0x 7.4 x 3.5 Brown-yellow Biyu é) 
TY-02 Taiwan 8.6 x 7.1 x 3.4 Brown-green Biyu ©) 


206 Notes & NEW TECHNIQUES 


Gems & GEMOLOGY 


SUMMER 2017 


TABLE 2. Main Raman bands of nephrite and their 
assignments in the 1200-100 cm! region. 


Band position (cnr!) Assignment 


1062 Si-O stretching vibration 

1031 Si-O stretching vibration 

932 Si-O stretching vibration 

741 Symmetric Si-O-Si stretching vibration 
675 Symmetric Si-O-Si stretching vibration 
530 Si-O-Si and O-Si-O bending 

516 Si-O-Si and O-Si-O bending 

437 Si-O-Si and O-Si-O bending 

418 Lattice vibrations 

396 Lattice vibrations 

372 Lattice vibrations 

353 Lattice vibrations 

252 Lattice vibrations 

225 Lattice vibrations 

179 Lattice vibrations 

124 Lattice vibrations 


Region Product Quality Supervision and Inspection 
Institute. 

The nephrite samples were cut into wafers of dif- 
ferent shapes. A Renishaw Raman 1000 spectrometer 
with a 514.5 nm laser was used at a power of 30-40 
mW. To observe both the Si-O and M-OH stretching 
vibrations, Raman data were acquired with a spectral 
resolution of 4 cm and a scanning time of 20 sec- 
onds in the 1200-100 cm"! and 3700-3600 cm"! 
ranges, respectively. Microprobe analyses were per- 
formed on a JEOL JXA-8800 electron microprobe an- 
alyzer at the Institute of Mineral Resources, Chinese 
Academy of Geological Sciences in Beijing. Analysis 
conditions were 20 kV accelerating voltage, 100 nA 
beam current, and a 5 pm beam. 


RESULTS AND DISCUSSION 


Raman Spectra. There are two regions of interest in 
nephrite’s Raman spectrum: 


1. The 1200-100 cm“ region: Si-O vibrations are 
located in this range, where nephrite and 
other minor minerals can be identified. The 
main nephrite bands are shown in table 2 
(Zou et al., 2002; Lu et al., 2007; Zhao and 
Gan, 2009). Our samples’ Raman spectra es- 
sentially match that of tremolite, indicating 
that this is the main mineral component of 
these nephrites (figure 3). 
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The main Raman peaks of tremolite-domi- 
nated nephrite are at 1062, 1031, 932, 741, 675, 
530, 516, 437, 418, 396, 372, 353, 252, 225, 179, 
and 124 cm" (Zou et al., 2002; Wang et al., 
2006). 

With higher Fe content, the tremolite compo- 
nent gradually decreases while actinolite in- 
creases; at the same time, the Raman peaks shift 
accordingly (Lu et al., 2007). Some Raman peaks 
found in white and dark green nephrite (for in- 
stance, the peak near 741 cm:!, which is split 
into double peaks at 748 and 738 cm in white 
nephrite and shifts to a single 743 cm peak in 
dark green nephrite) shift about 1-5 cm“, and 
their intensity diminishes or even disappears 
(again, see figure 3). 

2. The 3700-3600 cm"! region: M-OH stretching 
vibrations are observed in this range. There are 
one to three bands, depending on the presence 
of Fe* in the M1 and MB sites (Burns and 
Strens, 1966; Liu, 1988; Guo and Han, 2002; Lu 
et al., 2007). The number of peaks and their po- 
sition also depend on the amount of Fe** occu- 
pying these two sites (table 3 and figure 4). 

Raman spectra peak positions from M-OH 

stretching vibration in the nephrite samples are 
listed in table 4 and are summarized as follows: 


Figure 3. Raman spectra of white nephrite (red trace) 
and dark green nephrite (black trace). In both types 
of nephrite, the 748 cnt" peak (see inset A) along 
with the 530, 516, and 480 cnr peaks (inset B) shift 
about 1-5 cnr", and their intensity diminishes or 
even disappears due to the presence of Fe. 
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TABLE 3. M-OH stretching bands of nephrite and 
corresponding cations in the M1 and M3 sites. 


TABLE 4. Peaks from M-OH stretching vibration in 
nephrite. 


Fundamental peak maxima (cnv') 3675 3661 3645 Peak position (cn) Presence 
M1 Mg?* Mg?* Mg?* 3675 All samples 
Cation : 6 6 . 
coordinating with M1 Mg?* Mg?* Fe?* 3661 H-04, H-05, H-06, H-07, H-08, H-09, Q-02, 
OH- M3 Mg2* Fe2* Fe? Q-03, Q-04, TY-01, and TY-02 
3645 H-06, H-07, H-08, H-09, Q-03, Q-04, TY-01, 


Adapted from Burns and Strens (1966), Liu (1988), Guo and Han (2002), 
and Lu et al. (2007). 


1. The white samples (H-01, H-02, H-03, and Q- 
01) showed a clear 3675 cm peak but no 3661 
or 3645 cm"! peaks. This indicated very low Fe”* 
content at the M1 and M3 positions, almost all 
of which are occupied by Mg” ions. 

2. The slightly greenish white or grayish white 
nephrite samples (H-04 and Q-02) showed 
peaks at 3675 and 3661 cm". The presence of 
the 3661 cm! peak indicated a larger amount 
of Fe** ions, but the 3661 cm peak in these 
samples was very weak. 

3. The bluish green samples (H-05, Q-03, and Q- 
04) ranged from light bluish green to deep 
bluish green. Samples from Xinjiang had a 


RAMAN SPECTRA 


6000 - 


esata Baiyu (Xinjiang) JX 


and TY-02 


lighter color than those from Qinghai; these 
lighter-colored samples showed Raman peaks 
at 3675 and 3661 cm" but for the most part no 
3645 cm" peak. Both green samples from Qing- 
hai exhibited a 3645 cm: peak. The 3661 and 
3645 cm" peaks were more intense in the deep 
green nephrite, indicating that the green color 
varied with Fe” content (Lu et al., 2007). 

4. The dark green samples showed the 3675, 3661, 
and 3645 cm"! peaks. This indicated a high Fe* 
content, which caused the dark green color. 

5. Peaks corresponding to the Fe** ion of M-OH 
stretching bands, such as those at 3631, 3651, 
and 3604 cm! (Guo and Han, 2002), did not ap- 


Qingbaiyu (Xinjiang) 
5000 4 
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Figure 4. The M-OH 
stretching bands appear 
in the 3700-3600 cnr! 
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region in different 
nephrite colors. 
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pear in any of the samples. These samples prob- 
ably contained little or no Fe**, and Raman 
spectroscopy could not detect its presence. 


The Relative Intensity Ratio Method. We used the 
relative intensity ratio of the 3675, 3661, and 3645 
cm! peaks to calculate the relative content of Mg”* 
and Fe” and the ratio of Mg”*/(Mg?*+ Fe”*) in the M1 
and M3 sites, and to classify the color of nephrite ac- 
cording to the Mg”*/(Mg?* + Fe”*) ratio. 

Raman spectroscopy is a powerful tool for quanti- 
tative analysis (e.g., Pelletier, 2003). In a study of 
titanomagnetites, Zinin et al. (2011) used the relative 
intensity of the Raman peaks to calculate the Ti con- 
centration. In our study, the intensity of Raman spec- 
tra was related to sample composition. Based on the 
intensity of the spectral peaks, we could calculate the 
relative content of the corresponding cation. On the 
basis of previous studies, we used Raman spectroscopy 
to study the relative intensity ratio of the spectral peak 
in the M-OH bands and devised a new method to cal- 
culate the relative content of Mg and Fe in the M1 and 
M3 sites (figure 5). The color of each nephrite sample 
was differentiated according to this ratio. 

To calculate the relative Fe** and Mg”* occupying 
the M1 and M8 sites, we set the relative intensity of 
the 3675 cm" peak at 1 (I, = 1) and used this as a ref- 


RAMAN SPECTRUM 


3675.42 
| 


3662.99 
| 


INTENSITY 


3646.98 
| 


3635 


3695 3685 3675 3665 


RAMAN SHIFT (cn“') 


3655 3645 3625 


Figure 5. The relative intensities of the three main 
peaks in the M-OH stretching region are represented 
by the peak heights as I,, I,, and I, after baseline 
correction. 


erence for calculation. The relative intensity of 3661 
to 3675 cm” is I, (L/I, = 1,/1 =), while the relative 
intensity of 3645 to 3675 cm is I, (I,/I, = I,/1 = I,). 
Based on the relative amount of Mg” and Fe”* cations 
assigned to each peak position (again, see table 3), the 
relative amount of Mg”* occupying M1 and/or M3 
sites in a certain sample is calculated as I, + 21,/3 + 


1 2 
L/3, while the relative amount of Fe is calculated 


TABLE 5. Calculated relative amounts of Mg** and Fe?* in the M1 and M3 sites and the Mg?*/(Mg?* + Fe?*) ratio. 


Sample no. Nephrite type Mg?** (1+ 21,/3 + 1/3) Fe** (1/3 + 21/3) Meg?*/(Mg?* + Fe?*) 
H-01 White (Baiyu) 1 0 1 
H-02 White (Baiyu) 1 0 1 
H-03 White (Baiyu) 1 0 1 
H-04 White with a slight greenish tint (Qingbaiyu) 1 0 1 
H-05 Bluish green (Qingyu) 1.05 0.02 0.98 
H-06 Dark green (Biyu) 1.23 0.13 0.90 
H-07 Dark green (Biyu) 1.19 0.11 0.91 
H-08 Dark green (Biyu) 1.26 0.17 0.88 
H-09 Dark green (Biyu) 1.22 0.15 0.89 
Q-01 White (Baiyu) 1 0 1 
Q-02 White with a slight grayish tint (Qingbaiyu) 1.02 0.01 0.99 
Q-03 Bluish green (Qingyu) 1.22 0.14 0.90 
Q-04 Bluish green (Qingyu) V2 0.12 0.91 
TY-01 Brown-yellow (Biyu) 1.21 0.14 0.89 
TY-02 Brown-green (Biyu) 1.341 0.19 0.87 
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TABLE 6. Chemical composition of nephrite samples by electron microprobe analysis (wt.%). 


No. Na,O MgO SiO, AIO, K,O CaO PO, SO, FeQ MnO ZnO Cr,O, NiO TiO, Total 
H-01 0.132 24.940 57.244 0.067 0.138 13.316 0.027. bdl 0.048 0.021 0.040 bdl 0.012 0.019 96.004 
H-02 0.128 25.371 56.594 0.188 0.078 13.201 0.024 0.004 0.062 0.028 0.074 0.009 bdl 0.011 95.772 
H-03. 0.187 24.034 57.683 0.788 0.186 12.785 0.010 bdl 0.275  bdl 0.136 bdl 0.051 0.017 96.152 
H-04 0.159 24.271 57.794 0.472 0.102 12.480 0.044 bdl 0.474 0.076 bdl 0.007 0.026 0.002 95.907 
H-05 0.337 24.781 57.593 0.639 0.223 12.094 0.031 0.011 0.636 0.090 0.051 0.041 0.074  bdl 96.601 
H-06 0.178 23.028 55.798 0.276 0.094 13.131  bdl bdl 4.454 0.211 0.05 bdl 0.253. bdl = 97.473 
H-07. 0.147 22.809 55.921 0.381 0.019 13.065 0.021 bdl = 3.435. 0.172 bd 0.012 0.126 0.032 96.140 
H-08 0.239 22.446 56.115 0.534 0.140 13.108 0.033 0.002 4.154 0.117 — bd bdl bdl = =0.143. 97.031 
H-09 1.550 22.740 56.790 0.220 0.460 11.380 _ bdl bdl 4.360 0.050 bd bdl bdl bdl 97.550 
Q-01 0.085 23.844 58.576 0.124 0.068 13.826 0.044 bdl 0.074 0.035 0.198 bdl 0.004 0.017 96.895 
Q-02 0.074 23.692 58.546 0.211 0.043 13.844 0.007 bdl 0.386 0.060 bd bdl bdl 0.044 96.907 
Q-03 0.081 23.233 56.235 0.565 0.021 12.334 0.013 bdl 3.894 0.127 _ bdl bdl bdl bdl 96.503 
Q-04 0.113 23.173 56.298 0.526 0.021 12.920  bdl bdl = 3.725. 0.153 bd 0.024 0.069 bdl 97.022 
TY-01 0.080 19.180 59.900  bdl bdl 12.870 0.010 bdl 3.880 0.170 bd 0.010 0.030 0.020 96.240 
TY-02 0.030 21.300 57.270 0.170 0.010 12.590 0.020  bdl 4.900 0.320 bdl 0.030 0.110  bdl 96.750 


bdl: below detection limit 


as I,/3 + 21,/3. We calculated the relative amounts of 
Mg” and Fe”* in all samples and the Mg”*/(Mg”* + Fe") 
ratio. The results are summarized in table 5. 
According to table 5, the value of Mg?*/(Mg”* + 
Fe) varies in samples by color. White nephrite has a 
value of approximately 1, light green nephrite 0.98- 
1, bluish green nephrite 0.90-0.98, and dark green 


nephrite below 0.91. The lower the value of the 
Mg?*/(Mg?*+ Fe") ratio, the deeper the green color. 


Comparison with Electronic Microprobe Data. To 
confirm the reliability of the relative intensity ratio 
method, we analyzed the chemical component of 
these samples using electron microprobe. The results 


TABLE 7. Cation numbers of Mg** and Fe according to electron microprobe (wt.%) and the Mg*/(Mg?* + Fe) ratio. 


Sample no. Sample color Mg?* content Fe content Mg**/(Mg?* + Fe) 
H-01 White (Baiyu) 0.6186 0.000668 0.999 
H-02 White (Baiyu) 0.6292 0.000863 0.999 
H-03 White (Baiyu) 0.5961 0.00383 0.994 
H-04 White with a slight greenish tint (Qingbaiyu) 0.6020 0.00660 0.989 
H-05 Bluish green (Qingyu) 0.6146 0.00885 0.986 
H-06 Dark green (Biyu) 0.5711 0.0620 0.902 
H-07 Dark green (Biyu) 0.5657 0.0492 0.922 
H-08 Dark green (Biyu) 0.5567 0.0578 0.907 
H-09 Dark green (Biyu) 0.5640 0.0607 0.899 
Q-01 White (Baiyu) 0.5914 0.00103 0.998 
Q-02 White with a slight grayish tint (Qingbaiyu) 0.5876 0.00537 0.991 
Q-03 Bluish green (Qingyu) 0.5762 0.0542 0.914 
Q-04 Bluish green (Qingyu) 0.5747 0.0518 0.917 
TY-01 Brown-yellow (Biyu) 0.4757 0.0540 0.899 
TY-02 Brown-green (Biyu) 0.5283 0.0682 0.887 
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are shown in table 6. According to the data, the Fe 
and Mg” content and the Mg”*/(Mg** + Fe) ratio can 
be calculated, as shown in table 7. 

Comparing the Mg?*/(Mg”* + Fe") ratio obtained 
using the Raman relative intensity method with elec- 
tron microprobe results shows good agreement be- 
tween the two methods, but there is some variance. 
The variance may be caused by several factors, start- 
ing with the different nature of the two methods. Sec- 
ond, the Fe content measured by electron microprobe 
includes both Fe* and Fe”*, while the spectral features 
reflect only Fe**. In addition, the analyzing spot cannot 
be exactly the same, because the two instruments do 
not use the same magnification. Taking this into con- 
sideration, the difference of the ratio in these samples 
is less than 3%, an acceptable variance. 


CONCLUSIONS 


Raman spectroscopy can help distinguish the color 
varieties of nephrite (again, see figure 4 and table 5) 
using the relative ratio of Mg”* to Fe”* concentration. 
The Fe** concentration is lowest in white nephrite 
and highest in dark green nephrite. 

Since white nephrite (figure 6) tends to be highly 
valued, determining a boundary between white and 
light-colored nephrite is of importance to the trade. 
According to three relative peak intensity ratios in the 
M-OH stretching vibration bands, we can classify the 
color of nephrite to a certain degree. When the Raman 
spectrum only exhibits a 3675 cm! peak, the nephrite 
contains little Fe’. If the peak is more intense, the 
nephrite is whiter. The presence of a 3661 cm! peak 
is associated with a green tone; it is this peak that sep- 
arates white nephrite from slightly greenish white, 
bluish green, and dark green material. The Mg”*/(Mg”* 
+ Fe") ratio indicates the color of nephrite. The lower 
the ratio, the deeper the green color. When the relative 
intensity of the 3661 cm"! peak is stronger, the 
nephrite has a darker color. The 3645 cm: peak only 
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Figure 6. This 30 x 30 x 13 cm carving of high-quality 
Chinese nephrite from Hetian is shaped like a peach, 
symbolizing longevity. The design pattern comes from 
the Chinese fairy tale “Magu Xianshou.” Courtesy of 
Zhiguang You. 


appears in dark green and bluish green nephrite. Thus, 
the method of relative peak intensity ratio of 3675, 
3661, and 3645 cm” and the value of the relative in- 
tensity ratio are useful in evaluating nephrite color. 
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Gemological Vigests 


AGREEMENT EXPIRES 
BETWEEN WILLIAMSON AND 
DIAMOND TRADING CORPORATION 
Of extreme interest to the diamond trade 
is the expitation on December 31, 1951 of 
the agreement between Dr. J T. William- 
son and the Diamond Trading Corporation, 
Ltd., which has not been renewed. 


Because of the fine quality of the dia- 
monds recovered in Tanganyika, it is one of 
the most important diamond fields of the 
world—especially to the jewelry industry. 
Figures for 1948 and 1949 indicate that 
¢ 40_per cent of stones exported were of gem 
“quality. 

Although only 1.3 per cent of the world’s 
output of diamonds for 1950 came from Tan- 
ganyika, all production was from alluvial 
deposits and its future potential is tremen- 
dous when, and if, underground mining is 
introduced. 

The recently expired contract was signed 
by Williamson in 1948 and guaranteed ex- 
clusive sales to the Diamond Trading Cotr- 
poration, Ltd., during the life of the agree- 
ment. In turn, one tenth of the world’s total 
diamond sales were guaranteed to Tan- 
ganyika producers which now include only 
Williamson and Alamasi, Ltd., the J. H. 
Stanley White estate having been purchased 
by Williamson in June 1948. 

Agreements between independent produc- 
ers, Diamond Producers Association and the 
Diamond Trading Corporation assure the 
diamond property owner a market and at 
the same time regulate the release of dia- 
monds, thereby preventing sales at fantastic- 
ally high prices. during a scarcity, or dump- 
ing at equally low prices when the supply 
is exceptionally large. The Corporation is 
owned by De Beers, the Consolidated Mines 
of S-W Africa, and one of its subsidiaries. 


Approximately 95 per cent of the world’s 
rough diamonds are marketed by the Dia- 
mond Trading Company and Industrial Dia- 
monds, Ltd., for the Diamond Corporation. 
Diamond producers who have not signed 
with the syndicate include the mines of 
French West Africa, Brazil, Venezuela, and 
British Guiana. The companies or individ- 
uals operating in these territories assume 
their own marketing arrangements. 

The first diamond was found in Tan- 
ganyika about 1910, and production began 
in 1926. In 1940, after several years of 
searching for diamonds in the area, William- 
son was without funds, but in 1941 after 
years of perseverance and discouragements— 
he found an incredible diamond pipe at 
Mwadui by careful prospecting over 500 
square miles of arid Shinyanga plain. 

Operating with limited equipment and 
without adequate protection from thievery, 
he nevertheless increased production an- 
nually with 1949 inctease in value of ex- 
ports more than one half million pounds 
above that of the previous year. 1950 pro- 
duction in Tanganyika was 195,274 carats. 

Kay Swindler, G.LA. 


FIRST EXAMINATIONS IN 
SCIENCE OF GEMOLOGY 
GIVEN IN SOUTH AFRICA 


Although results of the first gemology 
examinations given in Johannesburg, South 
Aftica were rather disappointing to the 
instructor, the introduction of such a 
course is encouraging to the future of the 
industry and to be highly commended. 

During the year weekly lectures were 
given by Stanley Belcher, F.G.A., who, as 
a gem enthusiast, had been interested in 
the welfare of youths entering the manufac- 
turing jewelry industry for some time past. 
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INCLUSIONS IN NATURAL, SYNTHETIC, AND 


TREATED SAPPHIRE 


Nathan D. Renfro, John I. Koivula, Jonathan Muyal, Shane F. McClure, Kevin Schumacher, and James E. Shigley 


Figure 1. Sapphires from a variety of sources. Faceted stones (left to right): 6.36 ct pink/orange (padparadscha), 1.63 
ct pink, 4.76 ct violet, 5.43 ct violet purple, 3.03 ct blue, 2.12 ct blue, 8.06 ct yellow, 3.46 ct yellow, 2.00 ct orange, 
and 1.01 ct deep orange. Crystals (left to right): 9.88 ct pink, 17.80 ct violet, 30.07 ct purple, 42.13 ct blue, 10.84 ct 
yellow, and 5.86 ct yellow-orange. From the GIA Eduard J. Gtibelin Collection and Bill Larson, Pala International. 


Photo by Robert Weldon/GIA. 


his is the second chart in Ge#G’s series focused 
on micro-features often observed in natural, 
treated, and synthetic gems. Sapphire (figure 1) was 
chosen because of its enduring importance within 
the gem trade. Demand for this gem species has been 
the driving force behind the development of treat- 


See end of article for About the Authors. 
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ment techniques to improve natural stones and the 
continued production of inexpensive synthetics. 

Natural sapphires, which originate in certain ig- 
neous or metamorphic geologic environments are 
commonly treated to improve their color or clarity. 
The most common processes involve heat treatment 
to improve color. Synthetic sapphires have been pro- 
duced for more than a century, mostly by melt, flux, 
or hydrothermal solution methods (Hughes, 2017). 
All of these materials are widely encountered in the 
jewelry trade. 
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The most essential instrument in separating nat- 
ural stones from synthetics and treated specimens is 
the binocular microscope. The information gathered 
from a brief microscopic observation of an unknown 
gem is critical for accurate identification—and lim- 
ited only by the gemologist’s own knowledge. No 
better references exist for understanding the micro- 
scopic features of corundum than the three-volume 
Photoatlas of Inclusions in Gemstones by Eduard J. 
Gitibelin and John I. Koivula (1986, 2003, and 2005). 
Gemologists seeking to understand the many other 
aspects of gem sapphire, including physical proper- 
ties and information on the many different localities, 
should consult Ruby & Sapphire: A Gemologist’s 
Guide, by Richard W. Hughes (2017). This is consid- 
ered the premier reference on the subject. 

The selection of photomicrographs chosen for this 
chart represents the wide variety of inclusion scenes 
one might encounter in sapphire. Examples of inclu- 
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BiG SKY COUNTRY SAPPHIRE: 
VISITING MONTANA’S ALLUVIAL DEPOSITS 


Tao Hsu, Andrew Lucas, Robert E. Kane, Shane F. McClure, and Nathan D. Renfro 


Gane has been mined in the western U.S. state 
of Montana for more than a century and a half. 
Historically, gem-quality sapphires have been mined 
commercially in four main areas in southwestern 
Montana, shown in figure 1: the upper Missouri 
River gravel bars (1865), Dry Cottonwood Creek 
(1889), Rock Creek (1892), and Yogo Gulch (1895). 
Today, the first two areas remain quite active, while 
operations in Yogo Gulch and Dry Cottonwood 
Creek have been suspended for many years. To better 
understand the characteristics of Montana sapphire 
and record current mining and commercial activities, 
GIA sent a team to visit the placer deposits at the 
upper Missouri River and Rock Creek areas in Au- 
gust 2015. 

Since the latter half of the 19th century, Mon- 
tana’s history has been intertwined with gold, silver, 
and copper mining. Corundum was discovered dur- 
ing the course of gold mining activities in southwest- 
ern Montana. Before the 1940s, the state’s alluvial 
sapphire deposits were exploited mainly to supply 
the watch industry, but production fell dramatically 
with the use of synthetic sapphire in watch bearings 
(Emmett and Douthit, 1993). Among Montana’s sec- 
ondary deposits, Rock Creek (figure 2) is the only area 
mined specifically for sapphire from its discovery in 
1892 until World War II (Clabaugh, 1952). 

While Yogo Gulch is a primary deposit, the placer 
deposits at Rock Creek, Dry Cottonwood Creek, and 
the upper Missouri River near Helena have been a 
matter of speculation among researchers trying to 
work out the origin of these sapphire crystals. Re- 
search indicates that they were carried to the surface 
by volcanic activity, but their ultimate origin is still 
an open question, even after about 125 years of 
searching (e.g., Pratt, 1906; Clabaugh, 1952, Garland, 
2002; Berg and Dahy, 2002; Berg, 2014; Zwaan et al., 
2015). Due to the lack of significant sapphire-bearing 
host rock outcrops in these areas, the search and dis- 
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cussion continue. The glamour of the sapphires, the 
mysteries of their origin, the area’s mining history, 
and the natural beauty of Big Sky country are an in- 
triguing combination (figure 3). 


MISSOURI RIVER 

Gold miners first discovered Montana sapphire crys- 
tals in 1865, in the gravel bars along the upper Mis- 
souri River, about 15 miles northeast of Helena. 
Kunz (1894) reported that the sapphires were found 
by an “earnest and reliable prospector” named Ed R. 
Collins in 1865. Collins had some of the Eldorado Bar 
sapphires cut in New York by Tiffany & Co. and M. 
Fox & Co., as well as overseas, as part of an effort to 
locate a potential market. The first scientific refer- 
ence to these stones was in 1873, when Dr. J. 
Lawrence Smith described them in the American 
Journal of Science. Smith had some of the sapphires 
faceted and stated “my opinion is that this locality 
is a far more reliable source for this gem variety of 
corundum than any other in the United States that I 
have yet examined.” Today, seven different small- 
scale commercial operations are active in the Mis- 
souri River area, some of which mainly cater to 


Figure 1. Sapphire deposits are clustered in south- 
western Montana. Active mining operations are at 
alluvial deposits along the upper Missouri River and 
Rock Creek. Mining at Dry Cottonwood Creek and 
Yogo Gulch is suspended. 
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Figure 2. Among all of Montana’s secondary sapphire deposits, Rock Creek has been the most productive. Poten- 
tate Mining is actively operating on its property in this area. Photo courtesy of Potentate Mining. 


tourists. Some of the finer rough is sold to jewelers, 
gem dealers, and hobbyists who facet these gems. In 
addition, there are several other areas along the Mis- 
souri River where sapphires are mined by hobbyists, 
including McCune Bar and Gruell’s Bar. 


Figure 3. A selection of heat-treated Rock Creek sap- 
phires produced by Potentate Mining shows various 
shades of blue and green. The majority of alluvial 
sapphires from Montana have bluish and greenish 
pastel colors prior to heat treatment. Photo by Jeff 
Scovil, courtesy of Potentate Mining. 
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On October 8, 1942, President Roosevelt issued 
War Production Order L-208, which closed all gold 
mines in the United States. The order was designed 
to shift gold miners to commodities that were essen- 
tial to the war effort, such as copper, and to allow the 
shipment of mining equipment to U.S. allies, includ- 
ing the Soviet Union (Hammett, 1966). 

The Perry-Schroeder Mining Co. was given special 
permission to continue dredging gold on Eldorado Bar 
throughout the war, because its significant sapphire by- 
product had military applications (Ball, 1943). The var- 
ious non-gem uses included bearings for bombsights 
and torpedoes, as well as abrasives in grinding wheels. 
From 1940 to 1944, the Perry-Schroeder gold dredge on 
Eldorado Bar recovered approximately seven million 
carats of sapphires of all qualities, most of which were 
sold for industrial purposes (Clabaugh, 1952). 

During this trip, we visited the Eldorado Bar (figure 
4) and Spokane Bar deposits, which are active sapphire 
mining sites. Cass Thompson, owner of the Spokane 
Bar deposit and one of the six independently owned 
mines at Eldorado Bar, took the team on a boat tour 
of Hauser Lake, a reservoir on the Missouri River near 
Helena. The Missouri River flows from southeast to 
northwest in this portion of Montana. In addition to 
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other occurrences of known sapphire-bearing gravel, 
there are at least nine historical sapphire bars (geolog- 
ically known as strath terraces). These gravel bars, 
shown in figure 5, have long been known as American 
Bar, Eldorado Bar, Dana’s Bar, McCune Bar, Metropol- 
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Figure 4. Eldorado Bar 
is one of the sapphire- 
bearing gravel bars that 
have been mined for 
over 150 years. The op- 
eration is visible from 
the Missouri River. The 
small gravel mound in 
the foreground is a tail- 
ings pile left by previ- 
ous miners. Due to the 
higher river level 
caused by the 1910 re- 
construction of Hauser 
Dam, the lower part of 
the tailings pile is sub- 
merged. Photo by An- 
drew Lucas. 


itan Bar, Spokane Bar, French Bar, Gruell’s Bar, and 
Emerald Bar. Many of these deposits were exploited in 
the late 1800s and early 1900s, and remnants of the 
old mining activities can still be found. All of the sap- 
phire deposits are distributed along this approximately 
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Figure 5. Sapphires have 
been discovered in grav- 
els in many areas—some 
very recently—along this 
northwest-flowing section 
of the upper Missouri 
River. This map shows 
nine of the historic min- 
ing areas, seven of which 
are distributed between 
the Canyon Ferry Dam 
and the Hauser Dam. All 
nine occurrences of sap- 
phire-bearing gravel on 
this section of the river 
have also been mined for 
gold. Sapphires are very 
rarely found downstream 
from American Bar. Mod- 
ified by R. Kane from 
Berg (2015), with permis- 
sion, courtesy of the Mon- 
tana Bureau of Mines and 
Geology. 
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14-mile section of the original river. The deposits ex- 
tend downriver to the northwest from Canyon Ferry 
Dam to Hauser Dam—essentially all of Hauser 
Lake—in gravel bars on both sides of the river channel, 
as well as the riverbed itself. Sapphires are very rarely 
found northwest of American Bar. When each dam 
was built, the river level rose dramatically, so the 
lower layers of many previously exposed gravel bars 
have been submerged ever since. 

Rocks in this area include argillites of the Precam- 
brian Belt series, Paleozoic sedimentary rocks, Terti- 
ary lake sediments and volcanic materials, and 
Cretaceous or Tertiary intrusives (Clabaugh, 1952). 
Gravel layers sit directly above the Precambrian Belt 
series metasedimentary rocks (figure 6). The thick- 
ness of the gravel layers varies and at some localities 
is more than 40 feet. According to Thompson, some 
gravel bars have a very thick sapphire-bearing layer 
but are expensive to operate due to extremely thick 
overburden, as is the case at Dana’s Bar and some por- 
tions of Eldorado Bar. 

At Eldorado Bar, a mine run was prepared for GIA’s 
corundum collection. The team witnessed the entire 
day’s operation as approximately 100 cubic yards of 
gem-bearing gravel were run through the mechanized 
processing plant. This process started with gravel ex- 
traction in the morning, during which a complete 
rock profile was exposed (figure 7). Topsoil, overbur- 
den sediments, a volcanic ash layer, a gravel layer, and 
metasedimentary bedrock were observed from top to 
bottom in the mining pit. The overburden in this par- 
ticular area is about six feet deep, which makes it rel- 


Figure 6. From this angle, brownish Precambrian 
metasedimentary basement rocks on a portion of 
Spokane Bar are clearly visible. The sapphire-bear- 
ing gravel layers are situated directly above the 
basement rocks. Photo by Andrew Lucas. 
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Figure 7. A well-layered lithological profile was ex- 
posed at the Eldorado Bar mining site. The sapphire- 
bearing gravel layer lies between the volcanic ash unit 
and the brownish Precambrian basement rock. The 
grains and boulders within the gravel layer are very 
well sorted. The overburden of this deposit (including 
the volcanic ash and topsoil layers) is quite shallow 
and unconsolidated, making it easy to remove. Photo 
by Andrew Lucas. 


atively easy to remove. Other parts of Eldorado Bar 
have more than 100 feet of overburden, making these 
areas uneconomic to mine. 

Extracted gravels are then transported by front-end 
loader to a nearby screen separator to get rid of the 
larger rocks that might break the onsite washing fa- 
cilities. Materials are fed on a conveyor belt to a ro- 
tating trommel (figure 8). The trommel separates the 
gravel into different size fractions, diverting material 
over a certain size to the waste piles. At this point the 
remaining gravels are more likely to contain sap- 
phires. The heavy minerals in the ore, including sap- 
phires, are further concentrated using water, gravity 
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separation, and a series of screens and jigs, and sluices 
are used to process the remaining ore. 

Many of the sapphires are first removed by hand 
from the bottom of the mechanized processing plant 
jigs. All of the concentrate is combed through a second 
time, either on a light table or by hand jigging in water, 
and then flipped over onto a table. If this is expertly 
done, the minerals with the highest specific gravity— 
sapphires have an SG of 4.00—are concentrated on top 
in the center of the pile. The authors were informed 
that currently a small quantity of gold is found with 
the sapphire. Vast amounts of gold were sometimes 
recovered in the late 1800s when miners used the 
highly destructive method of hydraulicking, and in 
the early 1900s when the Perry-Schroeder dredge was 
operating (Lyden, 1948). Present-day miners will ex- 
tract the gold to pay for a portion of the mining costs. 

Sapphire crystals from the mines at Eldorado Bar 
generally have different shades of pastel colors, partic- 
ularly bluish green and greenish blue. Pink, purple, 
yellow, deep green, and the rare ruby are found spo- 
radically at this location. Some rather large stones 
have been recovered. One of the authors (RK) has ex- 
amined a gem-quality hexagonal tabular crystal 
weighing nearly 50 ct—it was mounted in a pendant, 
so the exact weight is unknown. 

At the end of our day at Eldorado, a total of 1,045 
carats of sapphire were recovered from the mine run, 
with the largest stone weighing 16.78 ct (figure 9). 
Also of note was a pink stone weighing 7.86 ct. All 
of these sapphires are now in the GIA corundum col- 
lection in Carlsbad, California. 

Today, many of the sapphires mined at the Mis- 
souri River deposits are sold—rough and cut—in their 
natural state. If the transparency is greatly decreased 
due to dense concentrations of exsolved rutile, they 
can be heated to change both their transparency and 
color (figures 10 and 11). Beautiful heat-treated faceted 
sapphires are produced from Missouri River material. 

The origin of sapphires found in the Missouri 
River gravel bars has been discussed since their dis- 
covery in the late 1800s. Pratt (1906) reported a dike 
containing greenish sapphires about three miles 
below the Canyon Ferry at French Bar in 1900. A sim- 
ilar rock had been described by Kunz (1890). This 
rock, called “trachyte rock” by Kunz, came from a 
dike near the river and above Eldorado Bar. Later, 
Clabaugh (1952) checked the reported dike location 
at French Bar and found a similar dike but no sap- 
phires. These reported dikes are still the only source 
rocks that have ever been proposed. Experts agree that 
a small outcropping above French Bar containing sap- 
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Figure 8. At Eldorado Bar, the washing plant is set up 
on the gravel bar. Sapphire-bearing gravels are fed 
through an oversized screen and a trommel, then 
sorted by a set of jigs and a sluice box for gold and 
very small sapphire recovery. The operation lies next 
to the river and some beautiful grassland. Photo by 
Andrew Lucas. 


phires in matrix could not have been responsible for 
the massive quantity of sapphires along the roughly 
14-mile stretch of present-day Hauser Lake—there 
must have been another source or sources. No new 
origin model has been proposed for the sapphires ex- 
tracted from the upper Missouri River deposits. 


Figure 9. Four of the best bluish and greenish sap- 
phires mined from Eldorado Bar on the day of the au- 
thors’ visit. All four show the material’s characteristic 
pastel color, and some clearly display a hexagonal 
crystal habit even though the surface is worn. The sec- 
ond sapphire from the left, the largest recovered that 
day, weighs 16.78 ct. Photo by Kevin Schumacher. 
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Figure 10. Various colors of heated Missouri River 
sapphires, ranging from 0.16 to 1.65 ct. Courtesy of 
American Sapphire Company, © Robert E. Kane. 


ROCK CREEK 

Sapphires were discovered at Rock Creek, popularly 
known as Gem Mountain, along its tributaries in 
1892. The American Gem Mining Syndicate was in- 
corporated in 1901 in the town of Philipsburg, with 
headquarters in St. Louis, Missouri. The company’s 
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top priority was to mine and market sapphires from 
several different gulches at the huge Rock Creek de- 
posit. While they also maintained sapphire cutting 
facilities, the bulk of their Rock Creek rough was 
shipped to the company’s factory in Geneva, Switzer- 
land. Most of it was consumed by the watch industry 
for bearings, with smaller amounts used as industrial 
bearings and as faceted stones set in jewelry. Large- 
scale mining took place at Rock Creek between 1906 
and 1923. 

Mining resumed for a brief time before World War 
II, until synthetic sapphire took over the watch com- 
ponent market. Since then, Rock Creek sapphires 
have been extracted solely for jewelry making and 
mining tourism, with most of the stones undergoing 
heat treatment. Large-scale mechanized mining and 
processing facilities have recently been installed, 
marking the start of a new era of Montana sapphire 
mining. 

Historically, sapphires were mined from Ana- 
conda Gulch and Sapphire Gulch, although many 
other gulches were also worked (figure 12). Similar 
to the upper Missouri River area, bedrock in this dis- 
trict is argillite of the Mesoproterozoic Belt Super- 
group, overlain by Eocene volcanic rocks from 
different eruptive events (Berg, 2014). According to 
Clabaugh (1952), intrusions of either Cretaceous or 
Tertiary age also occur in this area. The sapphires are 
found in loose sediments. Currently, two operations 
are active at Rock Creek: Potentate Mining and Gem 
Mountain Sapphire Mine. For this trip, the GIA team 
visited Potentate’s mining and washing operations 
and Gem Mountain's sapphire tourism and heat 
treatment facilities. 


Figure 11. This 32.02 ct crys- 
tal is one of the largest high- 
quality Montana gem 
sapphires ever recorded. It 
was discovered at Bruce 
Scharf’s Montana Blue Jewel 
mine at Eldorado Bar. The 
stone was heated to inten- 
sify its color. It shows strong 
pleochroism when viewed 
down the c-axis (left) and at 
a right angle to the c-axis 
(right). This consideration is 
especially important for 
gem cutters. Courtesy of 
American Sapphire Com- 
pany, © Robert E. Kane. 
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At Eureka Gulch, Dr. Keith Barron, geologist and 
owner of Potentate Mining, described the nature of 
the sapphire-bearing deposits. Unlike the river gravel 
layers at the upper Missouri River area, these sap- 
phire-bearing sediments lack the well-defined layer- 
ing pattern formed by river flows. Instead, gravels 
and boulders of different sizes are randomly mixed 
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(figure 13). Barron concluded that sapphires are 
buried in mudflows instead of riverbeds in the Gem 
Mountain area (Barron and Boyd, 2015). Since mud- 
flow is a rapid mass-wasting process, emplacement 
can cover both topographic lows and highs. After 
mudflow emplacement, the local topography is often 
shaped again by weathering and erosion to form gul- 


Figure 13. Dr. Keith Bar- 
ron, geologist and owner 
of Potentate Mining, 
shows the sapphire- and 
gold-bearing mudflow at 
Eureka Gulch. Compared 
to the well-sorted alluvial 
gravel layer at Eldorado 
Bar, the ore zones contain 
much finer-grained soils 
along with coarser gravel 
and boulders. Photo by 
Andrew Lucas. 
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Of the 17 who attended the weekly lec- 
tures, only seven appeared for the examina- 
tions, two of whom passed satisfactorily. 
Although disappointed in the results of 
his first efforts, Belcher (in an interview 
with a Diamond News representative) com- 
mented, “I wonder just how many of the 
employers themselves would come through 
such an examination with a hundred per 
cent pass.”” Three hours were allowed for 
completing the examination which follows: 


1. Give crystal system, hardness, specific 
gravity, refractive index, normal country of 
occurrence of the following stones: (a) 
Diamond, (b) Topaz, (c) Aquamarine, 
(d) Sapphire, (e) Citrine, (f) Emerald. 
State roughly any other interesting features 
of each stone. (20 marks) 


2. (a) Desctibe prominent differences 
between a natural gemstone, a synthetic gem- 
stone, and a paste (8 marks). (b) You 
are given three red stones, of the same color, 
cut, and weight. You are told one is a nat- 
ural, one a paste, and one a synthetic. De- 
scribe how you would sort them out (8 
matks). 


3, Write on a page or two all you know 
about pearls, their imitations, and methods 
of identification (16 marks). 


4, (a) Describe a refractometer (6 
marks). (b) State how you use it (5 
marks). (c) Describe another method of 
ascertaining a refractive index (5 marks). 


5. (a) Describe step by step how you 
would obtain the S.G. of a gemstone, of say 
20 carat size, by the hydrostatic method. 
(b) Describe how you would obtain the 
same result, by another method (16 marks). 

6. State the name and details of all 


types of “cut” of gemstones known to you. 
Describe any two “cuts” (16 marks). 
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DIAMOND PRODUCTION 
REPORTED NEGLIGIBLE 
IN AUSTRALIA 


Australian production. of diamonds to 
the end of 1949, according to the Diamond 
News, totaled 206,956. Diamonds were first 
discovered in Australia in 1867 and the 
most productive decade was from 1896 to 
1905 when the average yearly yield was 
15,369 carats. Between 1928 and 1937 the 
annual average had fallen to 281 carats, 
and in 1949 only five carats were found. 


DIAMOND INDUSTRY 

(continued from page 131) 

survey organization, average prices for one 
quarter and.one carat stones were some- 
what lower than in December 1949. Other 
sizes were about the same as the previous 
year. Jewelers contacted in this survey were 
located in 65 cities and were broken up 
into 57 per cent cash establishments, 38 
per cent credit stores, and five per cent 
department stores. According to the findings 
of this survey, diamond jewelry represented 
about one quarter of the total jewelry sales 
of the typical jeweler in 1950. Sixty-one 
per cent of 109 jewelers questioned said 
that engagement rings made up at least 
one half of their diamond sales. Stone sizes 
in rings tended to be a more important 
consideration than quality to the customer 
purchasing rings selling for less than $400. 
For higher priced rings, the quality was 
most important to the buyer. The most 
popular price for diamond engagement 
rings sold in 1950 was $167 exclusive of 
tax. About 25 per cent of wedding rings 
sold were set with diamonds and the popu- 
lar price for these was $79 exclusive of 
tax. 
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Figure 14. Dry screening/concentrating plant near 
Sapphire Gulch. Here, sapphires are mined on the hill 
slopes and benches rather than the stream beds. Cur- 
rently, Potentate recovers sapphires from the concen- 
trated +1/8 in. to-1 in. material. They are stockpiling 
the -1/8 in. undersized material. Photo by Andrew 
Lucas. 


lies and ridges. Today, sapphire-bearing mudflow de- 
posits are found both in gulches and hilltops in Po- 
tentate’s mining sites. For instance, Potentate set up 
their dry screening/concentrating operation on a hill- 
top (bench), and the bulk sampling pit has turned out 
to be quite productive (figure 14). 

Although sapphires have not yet been observed in 
situ in this area, aeromagnetic surveys of the Poten- 


Figure 15. Both sapphire and gold are recovered at Po- 
tentate’s washing plant at Eureka Gulch. The wash- 
ing plant has a feeder, an oversized screen, multiple 
conveyer belts, and two sets of jigs, along with a 
sluice box used mainly to recover gold and very small 
sapphires. Photo by Andrew Lucas. 
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tate property also reveal potentially sapphire-bearing 
igneous bodies beneath the surface. Potentate is 
mainly working on the Eureka Gulch deposit and 
bulk sampling the Sapphire Gulch deposit. The for- 
mer is primarily for gold mining, with sapphire as a 
by-product, while the latter is focused on sapphire. 

Sapphire Gulch material with a size range of 1/8 
inch to 1 inch also goes through the washing plant 
at Eureka Gulch (figure 15). Sapphire concentrates 
extracted from the jigs are then sorted by hand. The 
washing plant’s capacity is about 50-60 cubic yards 
(38-46 cubic meters) per hour. After observing the 
washing process, our team hand-picked sapphire 
from the jig. About 13-15% of the production had at- 
tractive natural colors of blue, greenish blue, yellow, 
or pink. Most of the remaining sapphires have green 
and brownish colors that react very well to heat 
treatment. 

Potentate’s first mining season at Rock Creek was 
in 2015, and was very successful. The 2016 mining 
season near Sapphire Gulch recovered about 220 kilo- 
grams of rough sapphire larger than 3.5 mm. Accord- 
ing to Potentate marketing director Warren Boyd, the 
mining operation recovered about 150 kilograms of 
rough sapphire under 3.5 mm, suitable for very small 
faceted gemstones and beads. Boyd added that Poten- 
tate’s objective is to become a major international 
rough sapphire supplier in the next few years. 

Gemstone cutters are important buyers of the 
rough sapphires mined by Potentate, with stones 
ranging from 2.5 to 6.0 mm best suited for precision 
cutting. In today’s market, these sapphires will com- 
mand a premium price if they are custom-faceted or 
sold in their natural, unheated state. Jeffrey Hapeman 
of Earth’s Treasury (Westtown, Pennsylvania) has 
faceted many Rock Creek sapphires, applying special 
cut styles such as “Helena Oval,” named after Mon- 
tana’s capital (figure 16). Rachel Abel of Americut 
Gems is working on heat treating and precision cut- 
ting sapphires purchased from Potentate. She uses ro- 
botic cutting systems to precisely facet stones 
ranging from 2.5 to 4.5 mm. The stones are faceted 
as modified round brilliants and to display the 
“hearts and arrows” effect seen in some diamonds. 

Gem Mountain Sapphire Mine is a diversified 
business, with a mining site at Rock Creek, a heat 
treatment facility, a gravel washing site for tourists, 
and a jewelry store in Philipsburg. The mining at this 
site is quite different from Potentate’s large-scale 
mechanized operation in the same area. Sapphire- 
bearing gravels are extracted and transported to the 
tourist washing site and to the jewelry store for sale. 
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As the authors witnessed, untreated rough sap- 
phires from Rock Creek generally have more satu- 
rated colors than those from the upper Missouri 
River, but pastel colors are still the most prevalent. 
Many of the heated stones have color zoning and a 
brightly colored center that corresponds to lighter or 
nearly colorless zones in the untreated crystals (figure 
17). Local miners call this bright center “yolk.” Kunz 
(1901) noted that Rock Creek sapphires are notable 
for small colored spots, which when properly cut and 
positioned can color the entire stone when looking 
down the table. He also observed that many fancy col- 
ors from this area are quite distinct compared to other 
sources, and that the pink stones in particular can be 
intensely brilliant. These descriptions matched our 
own observations (again, see figure 16). Many Rock 
Creek sapphire crystals show a clear hexagonal habit, 
similar to those from the Missouri River gravel bars. 

The origin of Rock Creek sapphires has drawn the 
attention of researchers, yet as of this writing, no in 
situ sapphires have been found. In the most recent 
study on Rock Creek sapphires (Zwaan et al., 2015), 
the inclusion studies and chemical composition 
analysis pointed to a plumasitic/metasomatic origin. 
Palke et al. (2015) performed a study on the glassy 
melt inclusions in sapphires from both Rock Creek 
and the Missouri River. The study showed abnormal 
two-phase inclusions consisting of a glassy solid and 
a gas. Chemical study indicates that the glassy solid 
phase is of dacitic to trachydacitic composition. This 
ongoing study could provide more information on 
the crystallization of these alluvial sapphires. Previ- 
ous research by Berg and Cooney (2006) on stones 
from the same area revealed two characteristic ma- 
terials attached to the surface: felsite and kaolinite. 
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Figure 16. These sapphires 
(0.49-4.19 ct) were mined 
by Potentate in 2015 and 
faceted by Jeffrey Hapeman 
of Earth’s Treasury. The 0.57 
ct pink stone in the front 
row (second from left) has 
outstanding brightness and 
saturation for this deposit. 
Some of the stones have the 
“Helena Oval” cut specially 
designed for Montana sap- 
phire. All of these sapphires 
are unheated. Photo by Jef- 
frey Hapeman, courtesy of 
Earth’s Treasury and Poten- 
tate Mining. 


The study speculated that surface features such as 
grooves and flats underneath the adhering felsite 
were from resorption (solution) of the sapphires 
when they were transported in the felsic magma. At- 
tached kaolinite formed from alteration of feldspars 
in the volcanic ash also indicates that the sapphires 
were derived from felsic volcanic rocks. 


HEAT TREATMENT OF ROCK CREEK SAPPHIRES 


While gemstones have been heated to enhance their 
quality for thousands of years, a well-controlled high- 


Figure 17. A group of heat-treated Rock Creek sap- 
phires under transmitted light. Some of the stones 
have an intense color, while most show colorless to 
light yellow color zoning. Locals call the yellow color 
concentration “yolk.” Courtesy of Potentate Mining. 
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Figure 18. Two scoops of sapphires picked from the jig 
at Potentate’s washing plant. Most of the stones have 
pale green and bluish hues. Heat treatment can en- 
hance the color of many stones and increase their 
market value. Photo by Andrew Lucas. 


temperature heating environment has only existed for 
the past 30-40 years. The authors were offered the op- 
portunity to record the entire process of heat treat- 
ment of Rock Creek sapphires at the Gem Mountain 
facility nearby. 

Rock Creek has had considerably higher sapphire 
production than the other alluvial deposits in Mon- 
tana over the years, and many people consider it the 
only alluvial deposit that can be economically 
mined on a large scale for sapphire alone. Emmett 
and Douthit (1993) reported that about 8% of Rock 
Creek sapphires can be marketed as gems, while 65— 
70% of the production is of pale greenish and bluish 
colors that are acceptable to the jewelry market (fig- 
ure 18). Since color is the most important value fac- 
tor for sapphires, enhancing the stones’ color became 
a priority. 

The electrical furnace (figure 19) and the method 
used are the same as those published in Emmett and 
Douthit (1993). Today, rough sapphires submitted to 


Figure 19. Chris Cooney of Gem Mountain Sapphire 
Mine operates the electrical furnace used to heat sap- 
phires. The metallic blue cylinder to the right of the 
control panel houses the sapphire-containing cru- 
cibles. Photo by Andrew Lucas. 


Gem Mountain for heat treatment are carefully docu- 
mented and go through two rounds of heating (figure 
20). The first round, called the “fancy burn,” is done 
under an oxidizing environment. After the fancy burn, 
the stones’ color is evaluated; the ones that did not 
gain satisfactory fancy colors such as yellow, orange, 
and pink will go to the second round of heating. The 
second round is the “blue burn,” done under a reduc- 
ing environment. When both rounds of treatment are 
complete, the stones are reevaluated. Cutting and 
manufacturing decisions can then be made. 
According to Chris Cooney, owner of Gem Moun- 
tain Sapphire Mine, about 30-40% of the stones gain 
a marketable bluish color after the “blue burn” (figure 
21). While heating itself risks damage to the stone, the 
most tedious but most critical step in heat treatment 
at Gem Mountain is the evaluation of the stones after 
each round (C. Cooney, pers. comm., 2015). Color zon- 
ing and color concentration at the center of many 
stones further complicate the evaluation process. 


Figure 20. Rough sapphires from Rock Creek before and after two rounds of heating. Left: The material before 
heating. Center: The same sapphires after the oxidizing “fancy burn.” Right: The same sapphires after the reducing 
“blue burn.” Photos courtesy of Gem Mountain Sapphire Mine. 
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Rough that was treated in an oxidizing environment 
(producing darker yellow, orange, and pink colors) will 
often have a dark central color concentration, while 
many of the stones heated in a reducing environment 
will have a colorless or very light yellow spot in the 
center. The concentrated color spots can brighten the 
entire stone, but sometimes they combine with the 
bodycolor of the stone, producing unpleasant results. 
Since many stones are also cut by contractors of Gem 
Mountain, this evaluation also plays an important role 
in the process. 

Cooney compares the heat treatment of sapphire to 
cooking, in that procedures are adjusted based on in- 
tuition and years of experience. Not all Montana sap- 
phire yields predictable or desirable results from heat 
treatment; the nature and chemical composition of the 
stone are critical, as are temperature-time profiles and 
the conditions inside the furnace (Kane, 2008). 

The heating service is not just for the tourists who 
extract their stones at Gem Mountain. Sapphires 
sourced elsewhere are also submitted for treatment. 
Over the years, Cooney has found that sapphires 
from certain sources achieve better results, while 
others hardly change color. 


MONTANA SAPPHIRE TOURISM 


Gem tourism is an essential component, in some 
cases the only one, of sapphire-related businesses in 
Montana (figure 22). The authors observed the tourist 
activities at both Gem Mountain and one of the 
upper Missouri River operations. 

The tourist bucket mining facility at Gem Moun- 
tain is about 16 miles southwest of Philipsburg. 
Gravels removed from the neighboring mining claim 
by mechanized mining methods are transported to 
this site, where domestic and international tourists 
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Figure 21. After the sec- 
ond round (the “blue 
burn” heating), about 
40% of the stones acquire 
an attractive blue color. 
Some stones do not 
change significantly after 
two rounds of heating. 
Photo by Andrew Lucas. 


can purchase sapphire-containing “gravel bags” of 
various sizes. They can either wash their gravels on- 
site (again, see figure 22) or take them home. Most 
of the sapphire mines, including Gem Mountain, will 
mail gravel bags to people who cannot visit in person. 
Sapphires found can also be evaluated by staff with 
years of experience. Visitors can choose to keep the 
stones as they are or have them heat-treated, faceted, 
or even mounted in jewelry by Gem Mountain’s 
staff. They are encouraged to have larger stones cut 
and mounted locally to help the local economy. The 
heat treatment and cutting and manufacturing serv- 
ices set this business apart. Tourists have fun treas- 
ure hunting, but also see the whole mine-to-market 
story happening for themselves. 


Figure 22. Visitors of all ages can be found sorting 
washed and concentrated gravel at Gem Mountain. 
This boy is carefully putting his just-found sapphire 
into a tube provided by the operator. Photo by An- 
drew Lucas. 
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Figure 23. A visitor at Gem Mountain showed the au- 
thors a beautiful pin mounted with natural fancy sap- 
phires she and her family had mined there over the 
years. Jewelry-making services are easily available in 
nearby Philipsburg. Photo by Kevin Schumacher. 


The authors asked several visitors at the washing 
site about their experiences at Gem Mountain. We 
were surprised to see them wearing jewelry mounted 
with sapphires found there over the years (figure 23). 
Through our conversations, we learned that many of 
the tourists have returned repeatedly over the last 
10-15 years. They come with family and friends in 
what has become an annual ritual for some. It is not 
uncommon to see a couple showing off an engage- 
ment ring with their own handpicked sapphire on so- 
cial media. 

At the upper Missouri River operations run by 
Spokane Bar Sapphire Mine, tourists can purchase 


Figure 24. Cass Thompson (far right) and his col- 
leagues harvest the concentrated mine run pur- 
chased by GIA. Sapphire-bearing concentrate is 
vacuumed from the jig and put into buckets for the 
clients to take home. Photo by Andrew Lucas. 
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gravel bags at the store and wash them on- or off-site. 
Besides gravel washing, mine owner Cass Thompson 
and other Montana sapphire miner operators also 
offer a special mine run service (figure 24). With ad- 
vance reservations, clients—who range from gem- 
stone wholesalers, to interested clients from outside 
the gem and jewelry industry—can purchase a certain 
number of dump truck loads (measured in cubic 
yards). These will be run through the commercial 
mechanized mining plant—which can take as long as 
eight hours for an 80-yard run—which concentrates 
the gem-bearing gravels along with non-sapphire ac- 
cessory minerals such as hematite and garnet. These 
customers come to see the mining process, and at the 
end of the day they pick up their concentrates from 
the jig and take them home to sort for fun. 


SUMMARY 
As one of the “Big Three” colored gemstones, sapphire 
has always been a focus of exploration and gemologi- 
cal education. The related history, geology, and busi- 
ness models are all of interest to those who trade in 
sapphire. Montana is one of the few major gemstone 
sources in the United States. Over the past 150 years, 
countless people have devoted themselves to prospect- 
ing and mining these sapphire sources. The success of 
these operations has often been difficult to achieve, 
but the passion for these sapphires has persisted. 
Today, the alluvial sapphire deposits are still ac- 
tively mined. Although small-scale mining still pre- 


Figure 25. A group of faceted Rock Creek sapphires 
and a piece of rough extracted from the jig during the 
authors’ visit to the Potentate operation. The largest 
faceted stone in this group is the 4.26 ct cushion cut. 
Photo by Andrew Lucas. 
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vails in these areas, Potentate Mining’s large mecha- 
nized operations with heavy investment could 
change the dynamic of sapphire mining in the Rock 
Creek area (figure 25). Meanwhile, sapphire tourism 
is quite important to the local economy. 

One thing the different operators have in common 
is their commitment to protecting the environment. 
The sapphire mining happens in harmony right next 
to agriculture land, and we were encouraged to see 
them taking responsibility for restoring the land. The 
miners follow state guidelines regarding water and land 
reclamation. For example, the Eldorado Bar and Poten- 
tate Mining pits are refilled after mining. Potentate also 
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plants trees after operations have ceased; water from 
their washing plants is filtered and restored to potable 
levels. 

As stakeholders in the local economy, the mines 
maintain good relationships with neighboring farms 
and businesses. Many miners are from the area and 
have worked on the sapphire fields for years, so they 
have an emotional connection to the land and the 
stones being extracted. Montana sapphire is a gem- 
stone that Americans are proud of. As Cass Thomp- 
son put it, “They love the idea of keeping the state 
of Montana just as beautiful as the sapphires they 
pull out.” 
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DIAMOND 

With Concentric Inclusions 

As a diamond grows, layer by layer, it 
may incorporate small pieces of the 
surrounding mantle rocks as mineral 
inclusions. The three-dimensional 
arrangement of inclusions in most di- 
amonds has the appearance of being 
somewhat random, with no dis- 
cernible pattern. However, GIA’s New 
York laboratory recently examined a 
noteworthy exception. 

A 2.34 ct Fancy Intense yellow- 
green type IaAB diamond was found to 
have abundant silicate inclusions with 
amore systematic pattern delineating 
growth layers (figure 1). Collectively, 
the inclusions outline concentric octa- 
hedral layers. The growth layers are 
made even more noticeable by a sort 
of optical graining that could be 
caused by layered distortions in the di- 
amond crystal from variations in ni- 
trogen concentration. Many of the 
individual inclusions have an elongate 
or flattened oblate shape that con- 
forms to the growth layering (figure 1, 
bottom). Thus, both the shape of indi- 
vidual inclusions and the collective 
distribution of multiple inclusions im- 
itate the geometry of concentric octa- 
hedral diamond growth. This kind of 
symmetrical, growth-outlining tex- 
ture is rarely observed in diamond. 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. This 2.34 ct Fancy Intense 
yellow-green diamond (top) contains 
abundant inclusions that outline 
concentric octahedral growth layers. 
Through the table, the layers resem- 
ble nested rhombuses (middle, field 
of view 3.54 mm). The inclusion 
shapes appear to be controlled by the 
layering, as seen through the pavilion 
(bottom, field of view 1.99 mm). 


The vibrant orange and green in- 
clusions were identified as almandine- 
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pyrope garnet and omphacitic clinopy- 
roxene, respectively. Such mineral in- 
clusions are distinctive of diamonds 
grown in an eclogite host rock, one of 
two common diamond rock types in 
the lithospheric mantle, the other 
being peridotite (S.B. Shirey and J.E. 
Shigley, “Recent advances in under- 
standing the geology of diamonds,” 
Winter 2013 GeG, pp. 188-222). Dia- 
monds like this one with eclogitic in- 
clusions are sometimes called E-type, 
while those with peridotitic inclu- 
sions are denoted as P-type. 

This is an interesting sample from 
a geological perspective. There are still 
many unanswered questions about ex- 
actly how diamonds form. Detailed 
analysis of this sample could provide 
valuable clues as each layer captures 
successive chemical snapshots of the 
diamond growth process. Of particular 
interest here is the question of how 
long it takes to make a diamond. It is 
possible that this diamond grew over 
the span of millions of years and the 
inclusions serve as an encrypted record 
of the process. 


Evan M. Smith and Wuyi Wang 


With Unusual Fluorescence 
Distribution 

The New York lab recently encoun- 
tered a round brilliant diamond, 
weighing just over 2 ct, that displayed 
little if any reaction to long-wave UV 
except for a small spot confined to 
the area around the culet (figure 2, 
left). This small area appeared to have 
medium fluorescence intensity. 
While the laboratory determination 
of fluorescence strength and color is 
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Figure 2. Left: The 2 ct round (second from right) displayed an unusual fluorescence reaction confined to the culet 
area. Right: When observed face-up, the small fluorescent area by the culet reflected throughout the stone and ap- 
peared more intense. 


performed in the table-down posi- 
tion, we noticed a very different ap- 
pearance when the diamond was 
observed through the crown (figure 2, 
right). Because of the location of the 
fluorescent area, it reflected evenly 
throughout the face-up position and 
appeared to have higher intensity, at 
approximately the strong/very strong 
boundary. 

DiamondView imaging revealed 
that the diamond was cut with its 
growth zonation parallel to the girdle. 
We speculate that the area of fluores- 
cence in the rough was larger and 
more centrally located, indicating that 
the earlier growth showed more blue 
fluorescence than the later growth, 
which was basically inert to UV radi- 
ation. With the given orientation and 
placement of the finished stone in the 
rough, a part of this fluorescent area 
remained at the culet in the cut stone, 
leading to this unusual feature. 


Absorption spectra in the infrared 
region confirmed this to be a type Ia 
diamond with a high concentration of 
aggregated nitrogen and spectral fea- 
tures typical of a natural diamond. 
The N83 defect was detected by the 
presence of moderate-intensity ab- 
sorption in the UV-Vis absorption 
spectrum, which is consistent with 
this type of diamond. The N3 defect is 
a well-known cause of blue fluores- 
cence in natural diamonds. Based on 
past experience, it should be pointed 
out that the area at the culet with 
medium-strength blue fluorescence 
does not necessarily have higher con- 
centrations of the N3 defect. The oc- 
currence of other impurities or lattice 
distortion could affect fluorescence in- 
tensity from the N3 defect as well. 

The effect of blue fluorescence on 
the appearance of D-to-Z diamonds 
has been debated for more than 25 
years. GIA conducted a study on this 


Figure 3. No visible difference in color appearance or transparency was 
noted when the fluorescent stone was flanked by nonfluorescent dia- 
monds of similar color in a color-grading environment. 
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subject in the 1990s (see T.M. Moses et 
al., “A contribution to understanding 
the effect of blue fluorescence on the 
appearance of diamonds,” Winter 1997 
GewG, pp. 244-259). The study showed 
that blue fluorescence had little to no 
impact on color appearance or trans- 
parency except in extremely rare ex- 
amples of “overblues.” With this in 
mind, the 2. ct round brilliant offered 
an interesting opportunity to revisit 
the earlier experiment’s face-up obser- 
vations. We compared the diamond, 
which was graded “H” color, with 
nonfluorescent diamonds—GIA color 
master stones—of similar color. As 
seen in figure 3, no visual difference 
was observed in the standard color- 
grading environment. This example 
supports the conclusion from the 1997 
article that the industry would be bet- 
ter served by considering each dia- 
mond on its own visual merits. 


John King and Wuyi Wang 


Cat’s-Eye KORNERUPINE 

A dark, translucent, yellowish green 
oval cabochon (figure 4) was recently 
submitted to the New York lab for 
identification. The 1.44 ct stone dis- 
played an intense chatoyancy. 

With a spot refractive index (RI) 
reading of 1.67 and a hydrostatic spe- 
cific gravity (SG) of 3.32, the stone was 
identified as kornerupine, a rare 
borosilicate mineral found in boron- 
rich volcanic and sedimentary rocks 
that have undergone metamorphism 
(http://rruff.info). Raman spectroscopy 
confirmed the identification. 

Cat’s-eye kornerupine is an ex- 
tremely rare gemstone. Its chatoyancy 
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Figure 4. This 1.44 ct yellowish 
green kornerupine displayed 
strong chatoyancy. 


is caused by rutile and graphite inclu- 
sions (H.N. Lazzarelli, Gemstones 
Identification: Blue Chart, 2010, 
www.gembluechart.com). However, 
we were unable to identify the needles 
in this stone using Raman spec- 
troscopy. Fiber-optic illuminated mag- 
nification exposed dense clusters of 
these needles, some displaying irides- 
cence (figure 5). This was GIA’s first 
encounter with this material in more 
than a decade. 


Akhil Sehgal and Daniel Girma 


Figure 5. A dense collection of 
needle inclusions was the cause 
of the chatoyancy. Field of view 
2.08 mm. 
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Natural Conch “Rosebud” PEARLS 
Non-nacreous conch pearls from 
Strombus gigas are known mainly for 
their very attractive pink color and 
distinctive shimmering appeal due to 
the characteristic flame structures on 
their surfaces. Although conch pearls 
are found in various tones of yellow, 
brown, and white, the most desirable 
hue is undoubtedly pink with an in- 
tense saturation. The flame struc- 
tures are due to “crosswise arrays of 
bundles of aragonite laths or fibers 
that may reflect or absorb the light 
that falls on the structure, letting it 
appear bright or dull” (H.A. Hanni, 
“Explaining the flame structure of 
non-nacreous pearls,” The Australian 
Gemmologist, Vol. 24, No. 4, 2010, 
pp. 85-88). 

In late 2016, GIA’s New York lab 
staff had the opportunity to study part 
of Susan Hendrickson’s conch pearl 
collection. Among the assortment of 
conch pearls of various sizes, colors, 
and shapes, a few “rosebud” speci- 
mens caught our attention (figure 6). 
The term “rosebud” is most com- 
monly used to describe characteristi- 
cally shaped freshwater nacreous 
pearls, but this is the first time GIA 
has examined conch pearls with such 


shapes (figure 7). The nine pink speci- 
mens had roundish outlines with a 
button-like appearance. But in keeping 
with the rosebud pearl form, they ex- 
hibited differences in the bumps or 
ridges on their surfaces. Some bumps 
were rounded and spread out, while 
others were jagged and tightly grouped. 
The authors could not locate any re- 
ports of rosebud conch pearls in the lit- 
erature, and the cause of these 
distinctive surface structures is un- 
known. One possible explanation is 
that when a pearl forms in a pearl sac 
positioned in a region of muscular ac- 
tivity rather than the mantle, it will 
not form in a smooth symmetrical 
shape (E. Fritsch and E.B. Misiorowski, 
“The history and gemology of Queen 
conch ‘pearls’,” Winter 1987 GwG, pp. 
208-221). 

All nine samples displayed typi- 
cal flame structures under magnifica- 
tion (figure 8). Some of them did not 
exhibit the flames on the bumpy sur- 
face, but only within the smoother 
areas. Microradiography revealed a 
tight internal structure with uneven 
outlines corresponding to the bumpy 
surfaces. The Raman spectra were 
characteristic of aragonite and clearly 
showed additional natural polyenic 


Figure 6. “Rosebud” conch pearls of various pink tones ranging from 0.93 
to 14.72 ct. 
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Figure 7. A shape comparison of a 4.90 ct American freshwater pearl ex- 
hibiting rosebud form (A) and three conch pearls, weighing 1.30, 0.66, and 
0.91 ct (B-D). 


pigment peaks, both as expected for 
pearls formed in Strombus gigas 
mollusks. 

There are records of attempts to 
cultivate conch pearls (H. Acosta- 
Salmon and M. Davis, “Inducing re- 
laxation in the queen conch Strombus 
gigas (L.) for cultured pearl produc- 
tion,” Aquaculture, Vol. 262, No. 1, 
2007, pp. 73-77; N. Sturman et al., 
“Cultured Queen conch pearls—A 
comparison to natural Queen conch 
pearls,” 32nd International Gemmo- 
logical Conference, Interlaken, Swit- 
zerland, 2011; Summer 2015 GNI, pp. 
201-202). No further news about the 
commercial production of cultured 
conch pearls has reached the market, 
however. As a result, conch pearls are 
still highly desirable and valued by 
the trade and specialty collectors. The 
opportunity to study such unique and 
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exciting examples of rosebud conch 
pearls allowed GIA to expand its un- 
derstanding of rosebud conch pearls 
for future reference. 


Joyce WingYan Ho and 
Emiko Yazawa 


Partially Hollow Tridacna 

Blister Pearls with Shells Attached 
GIA sees pearls of all types submitted 
to its global laboratories. Almost all of 
them are either loose or mounted in 
jewelry pieces; however, exceptions 
are occasionally encountered. The sub- 
mission of a blister pearl or blister still 
attached to its shell is such an example 
(Winter 2015 Lab Notes, pp. 432-434). 
In January 2017, the Bangkok labora- 
tory received an intact shell with a 
pearl attached near the adductor mus- 
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Figure 8. This 6.21 ct rosebud 
conch pearl shows characteristic 
flame structure at the surface. 
Fields of view 10.79 mm and 1.26 
mm (inset). 


cle area (figure 9, top). The item 
weighed 2.36 kg. The shell measured 
32.0 x 21.0 x 11.5 cm, while the pearl 
measured 52.0 x 47.5 mm. At the same 
time and by sheer coincidence, another 
shell with a similar appearance and a 
pearl attached to the same area (figure 
9, bottom) was submitted to the New 
York laboratory. This item weighed 
806.40 g and the shell measured 20.0 x 
13.5 x 9.5 cm, while the pearl meas- 
ured 80.0 x 50.0 mm. 

The exterior of the shell submit- 
ted to Bangkok exhibited a light 
brownish color and appeared roughly 
triangular in outline with a wavy pat- 
tern of thin ridges in rows, while the 
interior was white to cream with a 
porcelain-like surface. According to 
the client, the shell was found in 
2014 by fishermen off the coast of 
Kood Island, a district of Trat 
Province in eastern Thailand. The 
shell’s features are characteristic of 
Tridacna species mollusks, of which 
there are a number of varieties (U-E. 
Hernawan, “Taxonomy of Indonesian 
giant clams (Cardiidae, Tridacninae},” 
Biodiversitas, Vol. 13, No. 3, 2012, 
pp. 118-123). 

As figure 9 (top right) shows, a 
blister pearl of similar color is promi- 
nently attached to the surface. Obser- 
vation with a loupe and microscope 
confirmed that it was naturally at- 
tached and untreated. Microscopic ex- 
amination using a fiber-optic light 
source confirmed the presence of 
flame structure on some surface areas 
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Colorado Gem Trails by Richard M. 
Pearl. Published by Sage Books, Inc., Gol- 
den 4, Colorado. Price $2.50. Reviewed by 
Richard T. Liddicoat, Jr. 

Richard M. Pearl, C.G., second man to 
complete successfully the courses offered by 
the Gemological Institute, author of Popz- 
lar Gemology, Mineral Collectors Hand- 
book, and co-author of The Art of Gem 
Cutting, is now an assistant professor of 
geology at Colorado College. His latest book 
relating to gem materials has just been 
published by Sage Books, Inc., and is en- 
titled Colorado Gem Trails. 

In his preface the author states that in 
the past fifteen years he has received more 
than one thousand letters inquiring about 
gem localities in Colorado and that this 
book was written to provide for collectors 
a detailed guide to the important occur- 
rences in Colorado. 

In 125 pages, Mr. Pearl has described 
localities and the nature of specimens to be 
obtained in what seems to be entirely ade- 
quate detail, together with sketch maps 
collector to the important 
localities. There are mileage logs which would 


directing the 


seem to be just what the collector needs. 

One of the troubles facing collectors is 
that many gem mineral localities are given 
in reference notes only by county. Since 
counties in western states are often very 
large, it is difficult indeed to pinpoint the 
locality and to learn how best to reach it. 

It is our opinion that such a book would 
prove valuable for collectors in Colorado 
and that similar books for each of the 
western states would be welcomed by gem 
and mineral collectors. 

The author is to be congratulated on 
producing such a handy guide for the grow- 
ing number of gem and mineral collectors. 
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Handbook of Gem Identification by Rich- 
ard T. Liddicoat should need no introduction 
to readers of Gems and Gemology. With the 
publication of the first edition in 1947 gem- 
ologists and mineralogists were provided 
with a really usuable manual for the identi- 
fication of cut gemstones and their substi- 
tutes. It should by now be a standard part 
of the library of anyone concerned with 
gem identification. 

The new Third Edition is considerably 
enlarged. A section of more than forty pages 
in which all the important gemstones and 
most of the minor ones are quite adequately 
described has been added. The chapter 
dealing with synthetic gem materials has 
been revised and expanded to present new- 
est techniques for their recognition. 

The present edition, like its predecessors, 
is printed on a good grade of paper. This 
is especially significant in the excellent 
reproduction of some 117 illustrations, 
nearly half of which are photomicrographs 
showing characteristic inclusions and struc- 
tures which aid in identification. 

The slight advance in price over that of 
the original edition ($4.50) is indeed re- 
markable in the light of the present in- 


flation. Lynn Gardiner 


First published by Sylvan Press, London, 
in 1951, Your Jewellery by J. Leslie Auld 
is now available to American readers from 
Chas. A. Bennett Co., Inc., publishers, 
237 North Monroe Street, Peoria, Illinois. 

The book describes methods of fashion- 
ing jewelry as learned by the author both 
through experience and from personal study 
of methods used in widely separated count- 
ries of the world. Table and formulae, biblio- 
graphy, list of suppliers, an index, and 138 
diayrams are included in the book. 
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Figure 9. Two Tridacna species shells with blister pearls in the adductor 
muscle area. Top: The shell of the specimen submitted to GIA’s Bangkok 
lab weighs 2.36 kg and measures 32.0 x 21.0 x 11.5 cm. The blister pearl 
measures 52.0 x 47.5 mm (depth unmeasurable). Bottom: The shell of the 
New York sample weighs 806.40 g and measures 20.0 x 13.5 x 9.5 cm. The 
blister pearl measures 80.00 x 50.0 mm (depth unmeasurable). 


of the shell and pearl, confirming 
their non-nacreous or porcelaneous 
nature. The pearl’s flame structure 
was short and patchy, while that seen 
on the shell was sharper and more de- 
fined. While the pearl’s nomenclature 
may be the source of some debate, we 
considered it to be a blister pearl, 
rather than a blister, based on its ex- 
ternal appearance, position on the 
shell, and size (E. Strack, Pearls, 
Ruhle-Diebener-Verlag, Stuttgart, 
Germany, 2006, pp. 115-127). The 
shell and pearl were exposed to long- 
wave UV, with the shell showing a 
moderate to strong chalky blue reac- 
tion with yellowish orange patches 
near the lip area (figure 10, left), while 
the blister pearl exhibited a weak to 
moderate yellowish green color (fig- 
ure 10, right). This demonstrates how 
fluorescence in samples may vary 
from area to area. 

However, the most noteworthy 
feature of the Bangkok specimen was 
that when the shell was tilted or gen- 
tly rocked from side to side, a liquid 
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clearly moved within the blister pearl 
(figure 11, left). The liquid was not 
viscous and so was most likely water, 
rather than a thicker liquid such as 
oil. It is possible that seawater was 
trapped during the blister pearl’s for- 
mation or found its way into the 
“hollow” pearl at a later date. When 
fiber-optic light was used to illumi- 


nate the blister pearl, some of the 
light was transmitted and made the 
pearl appear translucent (figure 11, 
right). This, together with the trapped 
liquid, proved the pearl was at least 
partially hollow (see video at 
http://www.gia.edu/gems-gemology/ 
tridacna-blister-pearls). 

To see the extent of the Bangkok 
blister pearl’s void, we examined its in- 
ternal structure using a real-time X-ray 
(RTX) machine. Although it was only 
possible to examine the pearl in one 
orientation owing to its position and 
size, the blister pearl quickly revealed 
its partially hollow form (figure 12, 
left). The various shades of gray within 
the white near-oval feature (solid pearl 
surface) prove that the blister pearl’s 
interior is full of organic matter and/or 
air since the X-rays passed through 
with very little obstruction. While hol- 
low or partially hollow pearls—both 
nacreous and non-nacreous—are not 
new (N. Sturman, “Pearls with un- 
pleasant odors,” GIA Laboratory, 
Bangkok, 2009, www.giathai.net/pdf/ 
Pearls_with_unpleasant_odours.pdf), 
this is the first one GIA has encoun- 
tered with such visible trapped liquid. 
Although the solid shell attached to 
the pearl displayed similar gray 
shades, this coloring relates more to 
the sample’s thickness than anything 
else. A few small rounded, darker 
gray patches are voids caused by par- 
asites boring within the shell rather 
than by structures within the blister 
pearl. 


Figure 10. Exposure to long-wave UV produced a moderate to strong 
chalky blue reaction with yellowish orange patches in the shell of the 
Bangkok specimen (left) and a weak to moderate uneven chalky yellow- 
ish green reaction in the attached blister pearl (right). 
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Figure 11. The blister pearl on the Bangkok submission shows a distinct 
boundary delineating the two phases (liquid and air) within the hollow 
pearl. The liquid part appears as a darker area and the air as a lighter area 
(left). Fiber-optic illumination reveals the boundary from a different per- 


spective (right). 


Void-like structures in whole or 
blister pearls from Tridacna species 
mollusks are not unusual (S. Sing- 
bamroong et al., “Microradiographic 
structures of natural non-nacreous 
pearls reportedly from ‘Tridacna 
(clam) species,” Proceedings of the 
5th GIT International Gem and Jew- 
elry Conference, Pattaya, Thailand, 
pp. 200-222), and GIA has examined 
many voids in other non-nacreous 
pearls. The RTX results proved that 
the specimen described was a natural 
blister pearl attached to its shell. 

The shell submitted to GIA’s New 
York laboratory is also noteworthy, 
not only for the coincidental submis- 
sion, but also because the pearl was 


larger relative to its host’s size than 
the one examined in Bangkok. The 
baroque natural blister pearl attached 
to this rather more colorful shell was 
also partially hollow, although not to 
the degree of the Bangkok sample. As 
the RTX results in figure 12 (right) re- 
vealed, the partially hollow blister 
pearl had a complex internal structure 
and was less homogenous than the 
specimen submitted in Bangkok. Un- 
fortunately, no provenance was sup- 
plied with the New York sample, so 
there is no record of where it was 
found. 

Both GIA reports stated that the 
naturally attached feature on each 
shell was a natural blister pearl. Many 


Figure 12. RTX results for the Bangkok sample (left) revealed a hollow 
pearl with a near-oval white ring marking the solid outline of the pearl’s 
surface. Only parts of the New York pearl (right) were in the field of view 
at any one time due to its size. Neither appears to be entirely hollow; 
however, it was not possible to examine the pearls in other orientations 
due to their size and position on their hosts. 
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such specimens examined at GIA’s 
labs are submitted as loose examples 
that have already been removed from 
their hosts, so it was a welcome 
change to handle these two shells. In 
addition, a comment was included on 
each report informing the clients of the 
pearl’s partially hollow nature and, in 
the case of the Bangkok submission, 
the presence of a liquid. The size and 
appearance of the shells submitted 
proved they were not Tridacna gigas 
(giant clam), and the report referred to 
the hosts as Tridacna species only. 


Nanthaporn Somsa-ard, Areeya 
Manustrong, and Joyce Wing Yan Ho 


Atypical BEAD-CULTURED PEARLS 
With Unusual Nacre Growth 
Atypical bead-cultured pearls are, by 
definition, cultured with unconven- 
tional beads as opposed to the typical 
round, predominantly freshwater 
shell beads. Examples of such atypi- 
cal bead nuclei are irregularly shaped 
pieces of shell, ceramic, plastic, wax, 
coral beads, or even cultured or nat- 
ural pearls. 

Recently, GIA’s New York labora- 
tory received 10 loose undrilled pearls 
for identification. These samples ex- 
hibited a brownish bodycolor and 
measured from 7.17 x 6.92 x 6.42 mm 
to 12.25 x 9.72 x 9.28 mm (figure 13). 
Many were unusually lightweight for 
their size. Microradiographic exami- 
nation of seven of the pearls revealed 
atypical bead nuclei (figure 14). The X- 
ray transparencies of the bead nuclei 
allowed us to observe faint demarca- 
tions and drill holes with varying de- 
grees of clarity in the nuclei. 

These atypical bead nuclei permit- 
ted some unusual nacre growth to de- 
velop within the drill holes, as shown 
in figure 14C, where the nacre secre- 
tion flows into the drill hole. This in- 
teresting observation concerning 
nacre viscosity was also described in 
recent work on atypical bead cultur- 
ing experiments (K. Scarratt et al., 
“Atypical ‘beading’ in the production 
of cultured pearls from Australian 
Pinctada maxima,” GIA Research & 
News, Feb. 13, 2017). 
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Figure 13. The 10 loose pearls submitted for identification. Samples 1, 4, 
and § are conventional bead-cultured pearls, while the rest were cultured 
with atypical nuclei. Photo courtesy of Aloha Pearls. 


To better visualize the unusual 
nacre growth within the drill hole of 
the bead in one of the pearls, we used 
computed X-ray microtomography (p- 
CT) and subsequently reconstructed 
the pearl using computer software 
(figure 15). The reconstructed image 
displayed a surface indentation 
aligned with the bead’s drill hole 
(shown in orange in figure 15, left). 
Additional nacre growth (shown in 
green, figure 15, right) filled about half 
of the drill hole. The yellowish outer 
region in figure 15 (left) represents the 
outer nacre of the pearl. 

Although this is not the first time 
GIA has received pearls cultured 
using X-ray transparent bead nuclei 
(Fall 2011 Lab Notes, pp. 229-230), 
the unusual nacre growth pattern 
within some of the drill holes in this 
sample group is worthy of note. 
Three-dimensional rendering using 
computer software and -CT data sets 
also proved very useful in visualizing 
the internal structure, further demon- 
strating the technique’s worth as a 
powerful tool in pearl identification. 


Chunhui Zhou and Emiko Yazawa 


Punsiri Heat Treatment on 
Basalt-Related Blue SAPPHIRE 
Heat treatment is often applied to sap- 
phire to modify color or improve clar- 
ity. One known heat-treatment 
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technique is the Punsiri method, typ- 
ically applied to metamorphic or low- 
Fe blue sapphires. This treatment 
lightens the blue color by heating the 
stones in an oxidizing atmosphere to 
diffuse holes and aluminum vacancies 
into stones with low Ti levels (J.L. 


Emmett, lectures on corundum at 
GIA Bangkok, Aug. 28 and Dec. 4, 
2010). The main characteristic of Pun- 
siri heat treatment is distinct color 
zoning observable when the stone is 
immersed in methylene iodide. The 
stone will display a pale blue to near- 
colorless layer corresponding to the 
girdle outline that surrounds a deep 
blue core. 

Recently, GIA’s Bangkok labora- 
tory examined a 1.63 ct blue sapphire, 
identified by standard gemological 
testing (RI of 1.760-1.769 and an inert 
reaction under long- and short-wave 
UV radiation). Microscopic observa- 
tion revealed only a few inclusions, 
consisting of stringers and small 
healed fractures. We then immersed 
the stone in methylene iodide and ob- 
served Punsiri-type color zoning (fig- 
ure 16). Fourier-transform infrared 
(FTIR) spectroscopy is a common 
technique used in advanced gemolog- 
ical laboratories to determine whether 
a stone is heated or unheated. When 
the FTIR spectrum shows Punsiri fea- 


Figure 14. Microradiographs of seven pearls revealed atypical beads that 
were transparent to X-rays. The beads showed faint demarcations and 
drill holes of varying clarity. Unusual nacre growth that partially filled 
the drill hole of the bead of one pearl is seen in image C. 
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Figure 15. Left: A computed 3-D reconstruction of one of the atypical 
bead-cultured pearls. The orange area represents the transparent bead re- 
vealed by X-rays, with a drill hole partially filled by nacre growth shown 
by the whitish area (indicated by the arrow). A surface indentation to- 
ward the top also corresponds to the orientation of the bead’s drill hole. 
Right: Reconstruction of the internal bead only. The central pink area is 
the drill hole inside the bead nucleus. The green area represents the nacre 


growth that formed inside the drill hole. 


tures (e.g., multiband structures at 
3191, 3064, 2626, and 2412 cm, see 
chapter 4 of R.W. Hughes, Ruby and 
Sapphire: A Gemologist’s Guide, RWH 
Publishing, Bangkok, 2017), this is 
conclusive for heat-treated metamor- 
phic blue sapphire. However, when 
the FTIR spectrum does not show 
these features, it does not necessarily 
mean the stone has not been heat 
treated. Such was the case for this 
stone, which showed signs of heat 
treatment through its distinctive color 
zoning and near-colorless rim. 
UV-visible near-infrared (UV-Vis- 
NIR) spectroscopy revealed a broad 
band at about 880 nm, indicating a 


blue sapphire of basalt-related origin. 
Laser ablation-inductively coupled 
plasma-—mass spectrometry (LA-ICP- 
MS) showed no beryllium and limited 
amounts of other trace elements: 7 
ppma Ti, 860 ppma Fe, and 47 ppma 
Ga were detected. This is the first 
time we have observed Punsiri heat 
treatment on a basalt-related blue sap- 
phire. It was possible to perform the 
treatment on this sample due to the 
low amount of Ti, which allowed for 
faster diffusion. This report demon- 
strates the importance of the immer- 
sion technique in identifying heat 
treatment. 

Sudarat Saeseaw 


Figure 16. The 1.63 ct blue sapphire treated by the Punsiri method. Differ- 
ent views show a typical light blue to near-colorless outer layer when the 


stone is immersed in methylene iodide. 
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CVD SYNTHETIC DIAMOND 
Mimicking Natural Stone 

A 0.51 ct round brilliant (figure 17) 
was recently submitted to GIA’s Hong 
Kong laboratory for update service to 
verify the results from a diamond 
grading report issued in 2014. Investi- 
gation showed that its properties were 
much different from the diamond in 
the original report and that it was ac- 
tually a CVD synthetic diamond. 

The round brilliant submitted 
(5.18-5.20 x 3.11 mm) had H-equiva- 
lent color grade, much lower than the 
D color of the diamond submitted in 
2014 (5.07-5.09 x 3.15 mm). Its IF- 
equivalent clarity was better than the 
VVS, clarity of the original stone, 
however. Only pinpoints and blem- 
ishes observable with greater than 10x 
magnification were found in this 
specimen. A GIA report number in- 
scribed on the girdle was easily iden- 
tified as a fake (figure 18). A minor 
difference in weight was also ob- 
served: an “increase” from 0.50335 ct 
to 0.51444 ct. 

Infrared absorption spectroscopy 
identified the synthetic as type Ila 
and led to further spectroscopic test- 
ing. Photoluminescence (PL) spec- 
troscopy was performed at liquid 
nitrogen temperature, and spectra 


Figure 17. This 0.51 ct CVD syn- 
thetic diamond, submitted to 
GIA for update service, yielded 
some surprising results. 
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Figure 18. The GIA report num- 
ber of a natural diamond graded 
three years earlier was inscribed 
on the CVD synthetic diamond 
shown in figure 17. 


were collected with various excita- 
tion wavelengths. A very strong SiV- 
doublet observed at 736.6 and 736.9 
nm indicated a synthetic diamond. 
Under the short-wave UV radiation 
of the DiamondView, the sample 
showed green fluorescence but, in- 
terestingly, none of the obvious lay- 
ered growth structures that CVD 
synthetics usually display. All gemo- 
logical and spectroscopic features 
confirmed that the stone was CVD 
synthetic with post-growth HPHT 
annealing. This is another example 
of the importance of using a combi- 
nation of tests and data to identify a 
stone. GIA’s laboratories continue to 
develop and implement various 
measures to identify possible fraud. 


Billie Law 


Melee Diamond Parcel Containing 

Nearly One-Third CVD Synthetics 

In February 2017, a parcel containing 
323 colorless to near-colorless dia- 
mond melee was submitted to the 
Mumbai laboratory for screening and 
color sorting. The average weight of 
each round brilliant was 0.015 ct, 
with an average diameter of 1.5 mm. 
Of this parcel, GIA’s fully automated 
screening and sorting system con- 
firmed that 219 samples were natural, 
with the remaining 104 samples re- 
ferred for further testing. Detailed 
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Figure 19. These 101 CVD synthetic diamonds were mixed into a parcel 
of 323 diamond melee, representing 31.3% of the stones. 


analysis determined that three of the 
referred stones were natural, and the 
remaining 101 stones (31.3%) were 
CVD synthetics (figure 19). 

This result is especially remark- 
able due to the type of synthetic ob- 
served. While the undisclosed mixing 
of HPHT synthetic diamonds in 
melee has become a primary concern 
of the diamond trade, CVD synthetics 
have been very rare in this size group 
(Fall 2016 Lab Notes, p. 307). The syn- 
thetics were color graded using the 
GIA melee sorting device for research 
purposes. The majority of the CVD 
synthetics were G/H (74.3%) in color, 
though the D-F (20.8%) and I/J (4.9%) 
color ranges were also represented. 

Further analysis was conducted on 
these synthetics using FTIR and PL 
spectroscopy (the latter at liquid ni- 
trogen temperature) and Diamond- 
View imaging. Interestingly, the group 
included both as-grown (10.9%) and 
treated synthetics (89.1%), indicating 
that they may have been produced by 
different laboratories. The treated di- 
amonds showed evidence of anneal- 
ing at high temperatures for color 
improvement, probably under HPHT 
conditions. FTIR revealed that they 
were all type Ila, with only two sam- 
ples (1.9%) showing the CVD-specific 
NV? absorption peak at 3123 cm. 
Several impurity complexes common 
in CVD synthetic diamonds were de- 
tected by PL spectroscopy, including 
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NV (575 and 637 nm, 100%), the 
596/597 nm center (4.0%), SiV- 
(736/737 nm, 100%), the 883/884 nm 
Ni-related center (13.9%; see J.P. Goss 
et al., “The lattice location of Ni in di- 
amond: A theoretical study,” Journal 
of Physics: Condensed Matter, Vol. 
16, No. 25, 2004, pp. 4567-4578}, Siv® 
(946 nm, 29.7%), and H2 (986 nm, 
17.8%). The presence of SiV°- and the 
596/597 nm center were particularly 
indicative of CVD origin, as SiV°- 
centers are routinely found in CVD 
synthetics yet are comparatively rare 
in other diamond materials. The 
596/597 nm center has been observed 
only in CVD synthetics. 
DiamondView imaging further 
emphasized the variety of CVD syn- 
thetics included in this parcel. The 
fluorescence of the as-grown CVD 
synthetics ranged from orange to red 
to pink, as seen in figure 20 (top left), 
due to emissions from NV°- centers. 
The other samples showed the typical 
blue-green fluorescence associated 
with high-temperature annealed CVD 
synthetics (figure 20, top right). In an 
unusual finding, layered structures 
suggesting abrupt changes in growth 
conditions—which may include stop- 
ping and restarting growth—were 
seen in 35.6% of the CVD synthetic 
melee. These abrupt changes resulted 
in alterations to the impurity uptakes 
of the material, producing the layered 
structures. Layer thicknesses varied 
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Figure 20. DiamondView images of the 101 CVD synthetic diamonds 
showed a wide range of patterns and colors, indicative of their different 
growth and treatment histories. As-grown synthetics showed orange, 
pink, or red fluorescence (top left), while those treated by high-tempera- 
ture annealing fluoresced blue or green (top right). Slightly over a third 
(35.6%) of the synthetics showed layers indicative of changes in growth 
conditions (bottom left). Those with very high Si content were dominated 
by blue dislocation bundles (bottom right). 


but were generally about 200-500 pm, 
with samples often showing two or 
more layers intersecting their table 
facets (figure 20, bottom left). Such 
layers are regularly seen in large CVD 
synthetics (Winter 2015 Lab Notes, 
pp. 437-439), though they have not 
been reported for melee-sized goods. 
Striations and blue dislocation bun- 
dles (the latter visible in figure 20, 
bottom right) were common (45.5% 
and 19.8%, respectively); certain high- 
Si synthetic diamonds were domi- 
nated by these bundles. Green or blue 
phosphorescence was observed for 
84.2% of the CVD samples. 

The substantial undisclosed mix- 
ing of CVD synthetic diamonds in 
this parcel, approaching one-third of 
the stones, emphasizes the impor- 
tance of routine testing of melee to 
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identify HPHT and CVD synthetics. 
GIA’s automated melee screening and 
sorting device was able to success- 
fully separate the natural and CVD 
synthetic material, providing confi- 
dence in the stones’ origin and sup- 
porting transparency in the industry. 


Manisha Bhoir, Priyanka Dhawale, 
and Ulrika D’Haenens-Johansson 


CVD Synthetic Diamond 

Overgrowth on a Natural Diamond 
Nitrogen is the most abundant defect 
in natural diamonds. It can be ob- 
served as single substitutional atoms 
or in aggregate forms. Boron, on the 
other hand, is a rare impurity in natu- 
ral diamonds. It is very unusual to see 
both nitrogen and boron defects in a 
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single diamond. GIA’s New York lab- 
oratory recently encountered this in a 
0.33 ct diamond graded Fancy blue 
(figure 2.1). 

The infrared spectrum revealed 
something very unusual: a mixed type 
Ia and IIb diamond (figure 22). It also 
showed a platelet peak at 1367 cm" 
and a hydrogen peak at 3107 cm". 
Mixed type Ia and IIb diamond occurs 
very rarely in nature; one was previ- 
ously reported in Gems & Gemology 
(Spring 2009 Lab Notes, pp. 55-57). 
Nitrogen aggregation in this diamond 
was much higher, however. Diamond- 
View images showed bluish green flu- 
orescence in the face-up view and blue 
fluorescence in the face-down view 
(again, see figure 2.2). Detailed analysis 
using the DiamondView revealed a 
yellowish green fluorescence zone at 
the top of the crown with a sharp 
boundary in the crown facets (figure 
22). PL spectra collected from the table 
and at the boundary in the crown 
facets showed emissions from SiV-de- 
fects at 736.3 and 736.9 nm. 

Although SiV- defects can be ob- 
served in a natural diamond, the 
combination of SiV- defects, a sharp 
boundary, yellowish green fluores- 
cence, and phosphorescence sug- 


Figure 21. This 0.33 ct Fancy blue 
diamond was confirmed to be a 
composite of CVD synthetic type 
IIb diamond overgrowth on a 
natural type Ia substrate. 
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Figure 22. The mid-IR spectrum on the left revealed peaks for nitrogen ag- 
gregates and boron defects, along with a platelet peak at 1367 cnr and 
hydrogen peak at 3107 cm. DiamondView imaging showed bluish green 
fluorescence in the face-up view (top right) and blue fluorescence in the 
face-down view (center right). The yellowish green fluorescent top layer 
was visible in a DiamondView image (bottom right). 


gested that the top layer was CVD 
synthetic diamond. The bottom dia- 
mond showed blue fluorescence but 
no phosphorescence in the Diamond- 
View, consistent with natural type Ia 
diamond. A distinct boundary line was 
observed along the interface layer on 
the crown facets (figure 23). The pres- 
ence of the overgrowth layer was also 
clearly revealed through inspection 
with a variable pressure electron mi- 
croscope set up to detect both second- 
ary electron and _ panchromatic 
cathodoluminescence (CL) emission 
from the sample, providing topograph- 


ical and compositional information 
(again, see figure 23). A distinct inter- 
face was visible through the pavilion 
in reflected light using a fiber-optic 
light source. A cloud-like inclusion, 
trapped at the interface layer, was also 
observed, as well as a dark needle lo- 
cated at or near the interface (figure 
23). A small stress halo and a natural 
surface could be observed in the bot- 
tom diamond. The strain pattern 
throughout the pavilion was consis- 
tent with natural type Ia diamond. 
The quality of a CVD synthetic 
depends on the crystallographic ori- 


entation and temperature of the seed 
crystal or substrate during growth. 
CVD synthetic diamond films have 
been grown on natural diamond sub- 
strates since the early 1960s (W.G. 
Eversole, U.S. patents 3030187 and 
3030188, 1962). Methane and other 
carbon-containing gases were used, 
but graphite was deposited along 
with the CVD synthetic layers. In 
1993, CVD synthetic layers were suc- 
cessfully grown on natural type Ila 
and Ja diamond substrates (see B.G. 
Yacobi et al., “Preferential incorpora- 
tion of defects in monocrystalline di- 
amond films,” Diamond and Related 
Materials, Vol. 2, No. 2-4, 1993, pp. 
92-99). They applied a mixture of 
CH, and H, at 80 torr in a microwave 
plasma-assisted CVD system. Reac- 
tion between CH, and H, produced H 
atoms, which maintained an sp3- 
bonded surface and prevented graphi- 
tization. The temperature applied to 
the natural diamond substrate during 
the CVD growth process of the sam- 
ple we studied was relatively low, as 
suggested by the absence of single 
substitutional nitrogen atoms (N°). It 
is also in agreement with Yacobi 
(1993), who applied temperatures of 
880°C for CVD growth on type Ia 
{100} diamond substrates and 1200°C 
for type Ia {111} diamond substrates. 
Deposition of a boron-doped CVD 
synthetic film of <10 microns on a 
natural gem-quality diamond was re- 
ported in 2005 (Summer 2014 Lab 
Notes, p. 152); however, spectro- 


Figure 23. Left: A distinct boundary line indicating an interface (marked with arrows) was seen under the micro- 
scope. A dark needle inclusion is located at or near the interface (near the center of the image). Field of view 1.95 
mm. Center: An electron microscope image combining secondary electron and cathodoluminescence emissions 
reveals the presence of an overgrowth layer. Right: The CVD synthetic layer is approximately 80 microns thick. 
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scopic analysis did not show boron 
and SiV- defects. 

Based on the growth pattern of the 
natural diamond, it is clear that the 
type IIb CVD diamond was produced 
in or very close to {100} orientation. 
The natural diamond substrate 
showed no observable inclusions ex- 
cept for a very small stress halo. The 
thickness of the CVD overgrowth 
layer was approximately 80 microns 
(again, see figure 23). FTIR spec- 
troscopy is a bulk analysis, making it 
very hard to measure and separate IR 
spectra between a thin CVD layer on 
top and a thick diamond substrate. 
However, the fluorescence and phos- 
phorescence reactions suggest that 
the top synthetic layer contained 
boron (e.g., boron-doped CVD syn- 
thetic) and the bottom diamond con- 
tained nitrogen aggregates. The thin 
layer of type IIb CVD synthetic dia- 
mond on the top of this stone effec- 
tively introduced Fancy blue color 
when viewed from its table. 

This synthetic overgrowth on a 
natural diamond with a Fancy color 
grade is the first GIA has seen. Identi- 
fication of colored diamonds should 
be performed very carefully by look- 
ing for unusual characteristics, such 
as a straight boundary line associated 
with an interface plane, and fluores- 
cence zones with sharp edges in Dia- 


Figure 24. Among the 70 melee 
diamonds mounted in this ring, 
one was confirmed to be an 
HPHT synthetic diamond. 
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Figure 25. Set near the center marquise diamond, one melee diamond 
(left, in red circle) showed the blue fluorescence (center) and phosphores- 
cence (right) characteristic of HPHT synthetic diamond. 


mondView images. Examination of 
this fancy-color composite diamond 
indicated that similar challenges 
could exist for colorless and near-col- 
orless diamonds. 


Kyaw Soe Moe, Paul Johnson, 
Ulrika D’Haenens-Johansson, and 
Wuyi Wang 


HPHT SYNTHETIC DIAMOND 
Melee Found in Mounted Jewelry 
Separation of treated and synthetic 
diamond melee from natural dia- 
mond is challenging work. Diamond 
melee, which weigh less than 0.2 ct, 
are often submitted to gemological 
laboratories in parcels containing 
hundreds (or more) loose stones. 
GIA’s automatic screening device, in- 
troduced in 2016, can separate syn- 
thetic and treated diamond melee 
from natural diamond melee. Identi- 
fication becomes more challenging 
when the melee are mounted, due to 
their small size and the difficulty of 
accessing them. 

In late February 2017, GIA’s 
Hong Kong laboratory received a ring 
containing 70 melee in addition to a 
marquise-cut diamond center stone 
(figure 24). Using a prototype of GIA’s 
new screening device for mounted 
gems, 69 of the melee passed the test 
for natural diamond, and one was re- 
ferred as possible treated or synthetic 
diamond. The stone in question, 
which was set next to the center mar- 
quise diamond (figure 25, left), had no 
apparent inclusions. Infrared absorp- 
tion spectroscopy identified it as a 
type IIb diamond with an absorption 
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band at 2800 cnr", indicating the pres- 
ence of boron as a defect, forming a 
local vibration mode. Using PL spec- 
troscopy, a very strong doublet peak 
at 882/884 nm related to nickel impu- 
rity was recorded under laser excita- 
tion and low temperature. The NV- 
center was more prominent than the 
NV° center. Strong blue phosphores- 
cence was also detected (figure 25). 
These observations confirmed that 
this was an HPHT synthetic dia- 
mond, very similar to melee we have 
previously tested that were manufac- 
tured in China. 

How to screen jewelry items with 
mounted diamonds for quality con- 
trol is a concern in the industry. GIA’s 
robust instrument for rapid and accu- 
rate screening of small diamonds set 
in mountings will be available in late 
2017. 


Terry Poon and Wuyi Wang 
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Mysterious Iridescence in Aquamarine 


Iridescence is a common interference phenomenon seen in 
many minerals and gems. It occurs when light travels 
through a stone and interacts with a thin film that has a 
different refractive index (RI) than the host material, pro- 
ducing a rainbow effect. Iridescence caused by a layered 
structure occurs on or near the surface of many gems, in- 
cluding iris agate, “rainbow moonstone,” and the fossilized 
ammonite gem known as Ammolite. Iridescence can also 
indicate the presence of a fracture or cleavage (see Fall 2016 
Micro-World, pp. 312-313). 

An appealing 40.27 ct aquamarine crystal on calcite ma- 
trix owned by Lucas Fassari (Costa Mesa, California) fea- 
tured eye-visible, cloud-like stringer inclusions that 
extended from the base of the crystal parallel to the c-axis 
(figure 1). Inexplicably, examining the stone down through 
the c-axis with oblique fiber-optic illumination revealed a 
concealed iridescent, slightly three-dimensional “shimmer” 
that shifted colors as the light source moved (figure 2; see 
video at http://www.gia.edu/gems-gemology/iridescence- 
aquamarine). What was puzzling was that in the iridescent 
regions there seemed to be no evidence of a break, thin film, 
liquid inclusion, or other discernible feature that would 
cause these interference colors. We hypothesize that the 
cloud-like stringers could be creating dislocations, producing 
a structure capable of generating interference colors in the 
localized region just above the stringers. 


About the banner: Partially healed cleavage cracks in a topaz show thin- 
film interference colors with fiber-optic illumination. Photomicrograph by 
Nathan Renfro; field of view 2.69 mm. 

Editors’ note: Interested contributors should contact Nathan Rentro at 
nrentro@gia.edu and Jennifer-Lynn Archuleta at jennifer.archuleta@gia.edu 
for submission information. 
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Figure 1. This 40.27 ct aquamarine contains eye- 
visible parallel stringers that could be responsible 
for interference colors seen when the crystal is 
viewed along the c-axis with a fiber-optic light. 
Photo by Kevin Schumacher. 
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Figure 2. The surface of the aquamarine crystal contains a hidden iridescence that is only visible when the light 
source is at certain angles relative to the surface of the stone. The angle of the oblique fiber-optic illumination in 
the photo on the left does not make the iridescence visible. As this light is swept across the surface, changing the 
angle of illumination, colorful iridescent colors appear (center). The appearance of the phenomenon alters along 
with the angle of illumination (right). The large dark area in the right portion of each image is a reflective void. 


Photomicrographs by Nathan Renfro; field of view 4.8 mm. 


This aquamarine crystal is one of the most interesting 
the authors have encountered because of its unusual and 
unexplained iridescence. 


Nicole Ahline and Maryam Mastery Salimi 
GIA, Carlsbad 


Chlorapatite in Quartz 


We recently examined a 57.56 ct rock crystal quartz (figure 
3) that came from Luciana Barbosa (Gemological Center, 
Asheville, North Carolina). Said to be from Bahia, Brazil, 
the transparent and colorless rectangular step-cut gem 
measured 31.91 x 19.01 x 11.83 mm and hosted two rela- 
tively large translucent euhedral crystals. When examined 
under magnification, these inclusions appeared to be hexag- 


Figure 3. This 57.56 ct rock crystal quartz hosts two 
large euhedral chlorapatite crystals. Photo by Kevin 
Schumacher. 
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onal prisms, the larger one measuring approximately 7.0 
mm in length. Rotation of the microscope’s analyzer clearly 
displayed the crystals’ dichroism, which changed from blue 
to pale yellow (figure 4). Laser Raman microspectrometry 
was used to identify the inclusions as chlorapatite. This is 


Figure 4. The blue and pale yellow dichroic colors of a 
chlorapatite inclusion in quartz are clearly seen in 
these microscopic views. Photomicrographs by 
Nathan Renfro; field of view 14.16 mm. 
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Figure 5. Left: A 3.32 ct fancy-color diamond hosts a laser manufacturing remnant of unusual shape; here, it is 
seen with diffused fiber-optic illumination. Right: Rheinberg illumination accentuates the LMR’s resemblance to 
an evergreen tree. Photomicrographs by Jonathan Muyal; field of view 2.90 mm. 


the first time that we have encountered chlorapatite as an 
inclusion in quartz. 


John I. Koivula 
GIA, Carlsbad 


Christmas Tree-Shaped Internal Feature 
In Diamond 


A 3.32 ct Fancy yellow marquise diamond recently sub- 
mitted to GIA’s Carlsbad laboratory for color origin deter- 
mination was of particular interest for its large, eye-visible 
laser manufacturing remnant (LMR). This LMR extended 
along a relatively straight path from a star facet through 
the pavilion and featured lily pad stress fractures stacked 
in parallel along its length, a composition reminiscent of a 
Christmas tree preserved within the diamond. With its re- 
sulting “green foliage” against a dark blue night, the use of 
Rheinberg color contrast illumination technique (N. Ren- 
fro, “Digital photomicrography for gemologists,” Summer 
2015 GWG, pp. 144-159; Fall 2015 Micro-World, pp. 328- 
329) dramatically accentuated this already evocative scene 
(figure 5). 

Unlike the remnants of laser drilling used to remove 
small inclusions, LMRs are an unintended consequence of 
either carelessness or unpredictable laser optics. As such, 
they are graded as clarity characteristics that can reduce 
the overall quality and value of a diamond. LMRs can occur 
during the laser cutting of a diamond. They appear in a va- 
riety of shapes but often resemble the remnants of internal 
laser drilling (Fall 2013 Lab Notes, p. 174). 

Ironically, an accidental feature that might otherwise 
downgrade a diamond’s value can have a positive outcome. 
This unique and aesthetically pleasing internal feature has 
created an interesting collector’s gemstone, a perfect gift 
for the Christmas season! 


Jonathan Muyal and Troy Ardon 
GIA, Carlsbad 
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Cosalite in Quartz 


A search of the gemological literature shows that rock crys- 
tal quartz contains a wide variety of unusual and interest- 
ing inclusions. Many of those inclusions look alike, so 
careful analysis is necessary for a positive identification. 
We recently examined a 16.20 ct cushion-shaped rectangu- 
lar modified step-cut rock crystal from Kara-Oba, Betpaq- 
dala Plateau, Kazakhstan (figure 6), that was fashioned by 
Michael E. Gray (Coast-to-Coast Rare Stones, Mendocino, 
California). Measuring 18.15 x 13.24 x 10.60 mm, it hosted 
several opaque silvery gray stalks and needles that ap- 
peared to have an orthorhombic morphology (figure 7). A 
fragment cut from the original rough crystal was analyzed 
by laser Raman microspectrometry and yielded a possible 
identification as cosalite, a rare orthorhombic lead bismuth 
sulfide. This was subsequently confirmed by X-ray powder 


Figure 6. This 16.20 ct quartz contains an abundance 
of inclusions. Photo by Kevin Schumacher. 
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diffraction. The discovery of such a rare mineral as an in- 
clusion in this stone was a pleasant surprise. 


John I. Koivula 


Kyanite: A Rare Blue Guest in Diamond 


Few landscapes in the micro-world of minerals are as excit- 
ing as those encountered within diamonds, which can tell 
us much about the world from which this most precious of 
gems originates: the otherwise inaccessible deep earth (J.I. 
Koivula and E.A. Skalwold, “The microworld of diamonds: 
Images from the earth’s mantle,” Rocks & Minerals, Vol. 
89, No. 1, 2014, pp. 46-51). Of the minerals found as inclu- 
sions in diamonds, a few are very deeply colored, due to their 
strong saturation at any dimension (e.g., red chromium-con- 
taining pyrope or a vivid green diopside) or their relatively 
large size (e.g., olivine crystals that are less saturated with 
diminishing size, ultimately becoming colorless). While 
ruby is considered one of the rarest inclusions encountered 
in diamond, inclusions that are vivid blue hold a similar 
rank. When discovered in routine examination of a diamond 
gemstone, they elicit not just breathless appreciation for 
their exquisite hue, but also anticipation of what they might 
turn out to be. 

So it was with great interest that we examined an in- 
tensely saturated rounded blue inclusion within a 2.23 ct 
diamond (figure 8), a rarity greatly exceeding that of a flaw- 
less diamond gemstone. In this case, Raman analysis was 
used to non-destructively identify the crystal as kyanite, a 
mineral that occurs only in diamonds of eclogitic origin. 
This crystal is remarkable for its size (about 0.60 mm long), 
which in part accounts for its deep color; smaller crystals 
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Figure 7. Displaying an 
orthorhombic morphol- 
ogy, these inclusions 
were identified as cos- 
alite. Photomicrograph 
by Nathan Renfro; field 
of view 4.11 mm. 


range from pale blue to colorless. Such colored mineral in- 
clusions in diamonds should not be regarded as imperfec- 
tions, but rather as hallmarks of beauty and as windows 
into our planet's deepest secrets. At the very least, they are 
a compelling invitation from the micro-world to embark 
on a fascinating scientific adventure. 


Elise A. Skalwold 
Ithaca, New York 


Nathan Renfro and John I. Koivula 
GIA, Carlsbad 


Figure 8. A deep blue kyanite crystal inside a 2.28 ct 
diamond identifies its host as being of eclogitic ori- 
gin. Photomicrograph by Nathan Renfro; field of view 
2.18 mm. 
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Figure 9. The red color of the oil within the cavity of a ruby displays a remarkable contrast with the bodycolor of 
the gem. Unlike the flattened bubbles regularly encountered, a rounded bubble attests to the size of the cavity 
containing the oil. Photomicrograph by E. Billie Hughes; field of view approximately 2.5 mm. 


Oiled Ruby: A Remarkable Visual 


As laboratory gemologists working in Bangkok, we often 
encounter gems that have been treated with oil to mini- 
mize the appearance of fissures. Most of these stones come 
from Myanmar, where many vendors consider oiling an ac- 
cepted standard procedure to enhance their goods, particu- 
larly ruby and spinel (http://www.lotusgemology.com/ 
index.php/library/articles/315-lotus-gemology-lab-alert- 
for-oiled-gems). Furthermore, red oil is commonly used not 
only to improve clarity, but also to enhance the color of 
the stone (in Chanthaburi, Thailand, it is sold under the 
brand name “King Ruby Red Oil”). Often this treatment 
can be identified by flattened gas bubbles in the fissures or 
by droplets of oil seeping out of the fissures on the surface 
when the stone is gently warmed by microscope light or 
hot point. 

Figure 9 shows a small surface-reaching cavity filled 
with oil in an unheated 1.75 ct ruby from Myanmar. Un- 
like other examples we have seen, this remarkable gem 
contained enough of the filler to easily photograph the 
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striking red color of the oil itself within the cavity. With 
oblique fiber-optic lighting, a stunning image of this en- 
hancement in situ was made possible, turning even an oth- 
erwise commonplace forensic determination into an 
aesthetic exploration of the micro-world. 


E. Billie Hughes 
Lotus Gemology Laboratory 
Bangkok 


Sapphires With Unusual Radial “Eye” Structure 


The Luc Yen district in northern Vietnam produces some 
remarkable stone varieties, including ruby and red and 
cobalt-blue spinel. Recently, Geir Atle Gussids of 
BalderGems in Luc Yen procured some interesting sapphires 
from local gem traders. These stones exhibited a radial pat- 
tern often accompanied by concentric color zoning. This 
pattern is commonly seen in minerals that precipitate from 
fluids such as carbonates and cryptocrystalline silica vari- 
eties, but to our knowledge it has never been observed in 
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Figure 10. This 6.38 ct sapphire from Luc Yen, Viet- 
nam, shows a unique radiating aggregate habit. Photo 
by Robison McMurtry, courtesy of Lucas Fassari. 


corundum. All of Gussias’s samples were opaque and cut as 
cabochons to display this strange growth pattern. Due to 
their distinctive appearance, these gems have been called 
“eye sapphires” in the trade (see figure 10). 


Figure 11. This area of the sapphire has a mottled 
blue and white appearance and hosts unidentified 
black inclusions. Photomicrograph by Victoria Ray- 
naud; field of view 4.80 mm. 


The patterns exhibited different forms and sizes but 
were always a combination of blue and white, with a lower 
polish quality in the white areas. Raman spectroscopy con- 
firmed that both the white and blue areas were corundum, 
but the presence of diaspore was detected only in the 
whiter areas. Some areas also showed a mottled texture 
and small unidentified black inclusions (figure 11). Laser 
ablation-inductively coupled plasma—mass spectrometry 
(LA-ICP-MS) analysis of the sapphire in figure 10 revealed 
a low iron content, which excludes a basalt-related origin. 
Epigenetic yellow goethite was found in several fractures 
on the top of the cabochon. The presence of this mineral 
was evidence that the stone had not been heat treated (fig- 
ure 12): Goethite, an iron hydroxide mineral, alters to rust- 
colored hematite at relatively low temperatures (J.I. 
Koivula, “Useful visual clue indicating corundum heat 
treatment,” Fall 2013 GWG, pp. 160-161). Corundum heat 
treatments have been performed for centuries and are 
widely accepted in the trade, but this stone needed no extra 
enhancement beyond cutting and polishing to reveal its 
anomalous beauty. 

While the cause of this unusual radial aggregate struc- 
ture remains unknown, it is certainly a welcome novelty 
in the collector gem market. 


Wim Vertriest and Victoria Raynaud 
GIA, Bangkok 


Hollie McBride 
GIA, Carlsbad 


Quarterly Crystal: Molybdenite Phantoms in Quartz 


Quartz is the most abundant mineral found in the earth’s 
crust. When it forms as solid single crystals, it can serve 
as a transparent and durable host for a wide variety of 
mineral inclusions. The two crystals seen in figure 13 


Figure 12. This fracture with epigenetic yellow 
goethite staining indicates that the sapphire has not 
been subjected to heat treatment. Photomicrograph 
by Hollie McBride; field of view 4.79 mm. 
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Figure 13. Weighing 378.73 (left) and 294.05 ct (right), 
these two quartz crystals contain phantoms com- 
posed of an abundance of dark silvery gray to black 
hexagonal inclusions. Photo by Kevin Schumacher. 


came from collector Terry Szenics (Massapequa, New 
York), who found them in 2004 as part of a very small 
discovery at the Confianza mine in the Coquimbo region 
of Chile. 

At a glance, the inclusions in the two crystals looked 
as though they might be hematite, a common iron oxide. 
However, laser Raman microspectrometry identified 
them as molybdenite (figure 14), a hexagonal molybde- 


For More on Micro-World 


To watch the iridescent “shimmer” of the aquamarine 


featured in this section, visit https://www.gia.edu/ 
gems-gemology/iridescence-aquamarine, or scan the 
QR code to the right. 
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Figure 14. The hexagonal crystals in this phantom 
plane in quartz were identified through Raman analy- 
sis as molybdenite. Photomicrograph by Nathan Ren- 
fro; field of view 7.19 mm. 


num sulfide and a much more unusual inclusion than 
hematite. The inclusions were situated in the quartz crys- 
tals in the form of phantoms that developed through the 
deposition of the molybdenite on the surface of the 
quartz. The host then continued to grow, enveloping the 
molybdenite as inclusion planes tracing the form of the 
original quartz host. 

John I. Koivula 
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COLORED STONES AND ORGANIC MATERIALS 


Sapphires from northern Ethiopia. Since February 2017, ru- 
mors of a newly discovered sapphire deposit in northern 
Ethiopia have been circulating in the trade. In June, one of 
the authors (SB-L) visited the mining area, located in the 
country’s Tigray region. The city of Aksum (or Axum), 
about 35 km south of the Eritrean border, is used as a base 
for gem merchants. Mining and trading is concentrated 
around the town of Chila, about 25 km northwest of 
Aksum. Based on the literature, the alkali basalt field that 
produces the sapphire stretches into Eritrea, although no 
sapphires from that area have reached the market. Several 
sites are active, and about 5,000 miners were working the 
deposits. All of the deposits are secondary in nature and 
have yielded rounded crystals. The majority of the rough 
(figure 1) weighs 2-3 grams, but crystals over 50 g have 
been reported; the larger ones are usually cracked. Heat 
treatment experiments are being conducted in Chan- 
thaburi (Thailand) and Beruwala (Sri Lanka) to see how the 
material reacts. It is estimated that 5-10% of the sapphires 
do not require heat treatment. 

At the end of April, the first parcels started to arrive in 
Bangkok, and GIA was able to study selected samples do- 
nated by author SB-L. The color of the crystals ranged from 
dark to light blue, and many contained fine rutile particles. 
Some stones had a trapiche-like pattern. The stones occa- 
sionally exhibited a green or yellow color, sometimes com- 
bined with blue in bicolor sapphires. All of the sapphires 
studied by GIA showed strong blue-green pleochroism. 
The main inclusions were intersecting twinning planes 
(figure 2), along with crystals, fingerprints, tubules, and 
bands of rutile particles (figure 3). 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Trace-element analysis using laser ablation—inductively 
coupled plasma—mass spectrometry (LA-ICP-MS) was per- 
formed on two samples. On each stone we measured 12 
spots: six in a clean area and six in a particle-rich area. The 
clean areas from both stones showed very similar chemical 
composition, and the same was observed for the particle- 
rich areas. The compositional ranges of both stones, pre- 
sented in table 1, clearly show that the chemical 
concentrations are different between the clean and parti- 
cle-rich areas. None of the areas contained enough natural 
Be or Cr to detect with LA-ICP-MS. All samples showed a 
high Fe concentration. While Ti content was higher than 
Mg concentration in both areas, the particle-rich areas 
showed elevated levels of titanium (table 1). The UV-Vis- 
NIR spectrum shows a broad band around 860 nm, which 
is typical of basalt-related sapphires (figure 4). 


Figure 1. Rough sapphires from a new deposit near 
Chila, Ethiopia. Photo by Simon Bruce-Lockhart. 
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TABLE 1. Chemical composition (ppma) of Ethiopian 
sapphire, obtained by LA-ICP-MS°. 


4~Mg A7Tj SIV 57Fe 89Ga 
10-12 0.7-1.0 1362-1450 58-66 
15-43 0.6-0.8 1365-1588 57-64 


Clean area 8-9 


Particle-rich area 11-14 


*In total, 12 spots in clean areas and 12 in particle-rich areas were analyzed. 
Be and Cr were both below detection limit (0.2 and 0.4 ppma, respectively). 


Starting in May, many Sri Lankan dealers have traveled 
to Ethiopia to buy this material, causing steep price in- 
creases in local gem markets. All of the mining around 
Chila is artisanal, but large volumes of sapphire have been 
mined in a short time span. Time, and the results of the 
heat treatments, will show the viability of this deposit. 


Wim Vertriest, Vararut Weeramonkhonlert, 
and Victoria Raynaud 
GIA, Bangkok 


Simon Bruce-Lockhart 
Chanthaburi, Thailand 


New deposits of gem-quality common opal from Michoacan, 
Mexico. The principal gemological characteristic of precious 
opal is the play-of-color produced by the diffraction of white 
light from three-dimensionally stacked layers of microscopic 
spheres of silica. In comparison, so-called common opal does 
not show play-of-color but may be valued for its attractive 
bodycolors. Most play-of-color opals are opal-A (e.g., Aus- 
tralian and Brazilian sedimentary opal), which is amorphous 
in X-ray diffraction (XRD). Less-studied Mexican volcanic 
opals, both precious and common, are by contrast opal-CT 
(for “cristobalite-tridymite”). In these specimens, XRD 
shows diffraction peaks for highly disordered cristobalite 
with abundant tridymite stacking (M. Ostrooumov et al., 
“Spectres Raman des opales: aspect diagnostique et aide a la 
classification,” European Journal of Mineralogy, Vol. 11, No. 
5, 1999, pp. 899-908). Yet there have been few studies of 
gemological interest on the microstructure of common opals. 


Figure 2. An Ethiopian sapphire wafer with two pol- 
ished windows perpendicular to the c-axis under 
crossed polarizers shows two sets of twinning planes. 
Photo by Victoria Raynaud; field of view 13.4 mm. 


Recently, the author discovered new deposits of com- 
mon gem opal (figure 5) in the hills near Lake Cuitzeo, in 
Mexico’s Michoacan State. These opals were embedded in 
volcanic andesitic rocks. They were generally characterized 
by a medium to light orange to brown color, with no visible 
inclusions. While these new deposits are considered “com- 
mon opal” since the material does not show play-of color, 
some gemologists may also consider the specimens to be fire 
opal due to the orangy bodycolor. The samples were studied 
at the Institute of Earth Sciences at the University of Mi- 
choacan in Morelia. 

Standard gemological testing yielded refractive indices 
between 1.440 and 1.457 and hydrostatic specific gravities 
(SGs) ranging from 2.11 to 2.14. The material was inert to 
both long- and short-wave UV radiation. These properties 
suggested common opal, which we later confirmed with 
scanning electron microscopy (SEM), transmission electron 


Figure 3. Left: An unidentified crystal surrounded by a fingerprint. Many particles and fine wispy fingerprints can 
be seen throughout the stone in darkfield lighting. Center: Intersection tubules associated with different types of 
fingerprints, shown here in fiber-optic lighting, were always found in the twinning planes of the Ethiopian sap- 
phires. Right: Bands of particles seen with fiber-optic lighting. Photomicrographs by Victoria Raynaud; fields of 
view 1.20 mm (left), 3.60 mm (center), and 1.44 mm (right). 
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Figure 4. UV-Vis-NIR spectrum of the o-ray of a green- 
ish blue Ethiopian sapphire. Optical path length 1.13 
mm. 


microscopy (TEM), atomic force microscopy (AFM), 
Raman microprobe, and infrared spectroscopy. 

Previous research (E. Fritsch et al., “Mexican gem opals: 
Nano-and micro-structure, origin of colour, comparison 
with other common opals of gemmological significance,” 
Australian Gemmologist, Vol. 21, No. 6, 2002, pp. 230-233) 
has shown that Mexican opals with play-of-color exhibit a 
higher degree of organization. In these specimens, nanopar- 
ticles measuring about 10-50 nm in diameter form pseudo- 
spheres (lepispheres) of appropriate size to diffract visible 
light (about 200 nm) in a matrix of less acid-soluble silica 
particles. When examined with a scanning electron micro- 
scope, fresh broken surfaces show no particular organiza- 


Figure 5. Gem-quality common opal was recently dis- 
covered in Michoacan State in western central Mex- 
ico. The approximate size of this sample is 15.04 x 
7.68 x 5.57 cm. Photo by M. Ostrooumov. 
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Figure 6. SEM image of the heterogeneous nanostruc- 
ture of a common gem opal from the Cuitzeo area in 
Michoacan. The spheres are too small, irregularly 
sized, and disorganized to exhibit play-of-color. 


tion, but after etching with diluted hydrofluoric acid (10% 
vol. HF), the microscopic arrangement of spheres is revealed. 
There is a continuum of structures between opals with and 
without play-of color. In addition to the role of particle size, 
rounder spheres with a more organized structure display a 
more noticeable play-of-color with a wider range of colors. 

From SEM and AFM images, it is clear that these 
newly discovered common opals from Michoacan are built 
from a random aggregation of small, near-spherical grains, 
averaging 60 to 100 nm in size. (The software we used was 
ImageJ, an open-source image processing program designed 
to generate scientific multidimensional images.) The ap- 
parent diameter of some grains actually ranges from about 
120 to 130 nm (figures 6 and 7). The nanostructure of this 
common opal explains the absence of play-of-color. In this 
case, we can consider the following general explanations 
for the lack of play-of-color: 


1. The spheres do not have the same size (heteroge- 
neous structure). 


2. The spheres are not perfectly spherical. 
3. The spheres are the same size but not well organized. 


4. The spheres are too small (<150 nm) or too large 
(>300 nm) to diffract light. 


In some cases two or more of these conditions occur in the 
same sample. 

All Mexican volcanic CT-opals have similar Raman 
spectra characterized by a very strong general band (appar- 
ent maximum toward 325 cm"') that shows a complex 
structure with lines of weak to medium intensity (M. Os- 
trooumov et al., “Spectres Raman des opales: aspect diag- 
nostique et aide a la classification,” European Journal of 
Mineralogy, Vol. 11, No. 5, 1999, pp. 899-908). According 
to theoretical calculations, the normal modes in the 300- 
350 cmr range consist mainly of Si-O-Si bending vibrations 
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Figure 7. Distribution of particle sphere diameters in 
the nanostructure of the newly discovered Mexican 
volcanic opal. Most of the spheres are 60-100 nm, a 
size too small to diffract light. 


of ring atoms. Other principal bands in the Raman spectra 
of opal from these new deposits are found at about 800 and 
960 cnr, 1069-1086 cm, and 1600 and 3200 cmr!. These 
bands belong to a-tridymite, «-cristobalite, «-quartz, and 
groups of H,O and OH. 

Infrared absorption bands were observed between 4000 
and 400 cm, which is typical for all varieties of micro- and 
non-crystalline opals (C, CT, and A). The three strong bands 
near 1100, 790, and 480 cm~! are common to all silicates 
with tetrahedrally coordinated silicon (M. Ostrooumov, “A 
Raman, infrared and XRD analysis of the instability in vol- 
canic opal from Mexico,” Spectrochimica Acta, Part A, Vol. 
68, No. 4, 2007, pp. 1070-1076). Broadly speaking, in opal- 
CT only localized Si-O-Si stretching and bending vibrations 
remain. The distinction between opal-CT and opal-A re- 


quires careful inspection of the frequencies of the three 
strong Si-O bands. In particular, the band at 790 cm is al- 
ways at higher frequency in opal-A than in opal-CT. Broad 
absorption bands between 3700 and 2700 cm are due to 
fundamental O-H stretching vibrations. For example, a very 
broad band is present at around 3448-3458 cm, with a 
shoulder at about 3250 cm that is generally considered to 
be related to hydrogen-bonded molecules of water. 

Based on TEM results, we have been able to prove that 
the orange to brown bodycolor of Mexican common opal 
is due to nano-inclusions of an iron-containing material. It 
is probably related to hematite, which is often found asso- 
ciated with common opal in nodules. It typically appears 
as needles measuring 10 to 20 nm wide by 100 to 200 nm 
long, seen only with TEM. 


Mikhail Ostrooumov (ostroum@umich.mx) 
University of Michoacan, Institute of Earth Sciences 
Morelia, Michoacdén, Mexico 


Raspberry-red garnet with black core. Raspberry-red 
grossular garnet mineral specimens have been popular in 
the collector market since their discovery in 1994 in the 
Sierra de Cruces range in the State of Coahuila, Mexico. 
V.W. Lueth and R. Jones (“Red grossular from the Sierra de 
Cruces, Coahuila, Mexico,” Mineralogical Record, Vol. 
34, No. 6, 2003, p. 73) described the geological environ- 
ment where the garnet was discovered and the petrological 
composition of the garnet and matrix (figure 8). An inter- 
esting internal characteristic of this type of grossular crys- 
tal is its raspberry-red rim and black core with sharp color 
transition at the core-rim boundary. Lueth and Jones re- 
ported that the raspberry-red rim is composed mainly of 
grossular and the black core contains up to 4.5 wt.% tita- 
nium that can be used to calculate additional morimotoite 
and schorlomite garnet end-member species (table 2). No 
detailed chemical analysis of the black core was presented, 
however. To better understand the composition of this 
type of garnet, we prepared a thin section sliced from the 
middle of one garnet crystal (see the color-zoned image in 


TABLE 2. Cation site occupancies for garnet end members. 


Cation site 


End members Dodecahedral Octahedral Tetrahedral monte 
Schorlomite Schorlomite Ca, as Si, Fe3* 0}, 
Schorlomite-Al Ca, Ti, Si, Al, oO; 
Morimotoite Morimotoite Ca, Ti, Fe** Si, 05 
Morimotoite-Mg Ca, Ti, Mg Si, 0.5 
Morimotoite-Fe Fez Ti, Fe?* Si, 0.5 
Grandite Grossular Ca, Al, Si, 0; 
Andradite Ca, Fe? Si, 0.5 
Kimzeyite Kimzeyite Ca, Zi SiAl, O., 
Kimzeyite-Fe Ca, Zr, SiFe}* 0.5 
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Figure 8. A very fine 4.5 x 3.1 x 2.1 cm specimen of 
raspberry-red grossular from skarn deposits, with 
crystals approaching 1 cm. The matrix consists of cal- 
cite, quartz, wollastonite, and scapolite. Photo by 
Kevin Schumacher. 


the middle of figure 9) for detailed chemical analysis at 
GIA’s Carlsbad laboratory. 

The section’s chemical composition was obtained with 
a Thermo Fisher iCAP Q ICP-MS coupled with a New 
Wave Research UP-213 laser ablation unit. 2°Si was used as 
the internal standard. GSD-1G and GSE-1G were used as 


external standards. A line of 33 ablation spots was selected 
to cross the whole section from one outer rim to the oppo- 
site outer rim. The black core contained up to 27.91 mol.% 
morimotoite and up to 4.07 mol.% schorlomite (figure 9). 
The detailed composition of the black core of spot 7 to spot 
15 (the light blue vertical zone in figure 9) is listed in table 
3. The black core contained 4.10-5.04 wt.% TiO,, confirm- 
ing the analytical results reported by Lueth and Jones, and 
4.42-5.49 wt.% FeO,.,. It also contained 0.26-0.84 wt.% 
ZrO, that could be used to calculate a distinct kimzeyite 
garnet end-member species (tables 2 and 3; table 2 gives the 
composition and site occupancy of the end members). It is 
the first time a detailed chemical analysis of the black core 
of this type of raspberry-red garnet has been documented. 


Ziyin Sun and Nathan D. Renfro 
GIA, Carlsbad 


“Sango pearl” from Japan. A type of pink Japanese akoya 
cultured pearl, introduced about a decade ago and known 
as “Sango” pearl (figure 10), uses a pink coral nucleus anda 
Pinctada fucata mollusk. It is produced by Matsumoto 
Pearls, a Japanese pearl farming company based in Uwa- 
jima, Ehime Prefecture. Sango is the Japanese word for 
coral, and the species of pink coral used as the nucleus is 
likely a Corallium species, one of the precious corals har- 
vested off the Pacific coast of Japan, especially around 
southern Kochi Prefecture (N. Iwasaki et al., “Biology of 
Japanese Corallium and Paracorallium,” Proceedings of the 
First International Workshop on Corallium Science, Man- 
agement, and Trade, 2009, pp. 68-70). Matsumoto Pearls 
has successfully combined two beautiful organic gem ma- 
terials to produce these attractive pink-colored pearls. 

The coral nuclei in this study exhibited a pinkish orange 
color and measured 5.60-5.90 mm in diameter. Under mi- 
croscopic examination, white layer-like structures and band- 
ing as well as polyp-related cavities have sometimes been 


GARNET END-MEMBER PERCENTAGE VS. POSITION PROFILE 
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Figure 9. Garnet end- 
member percentage vs. 
position profile revealed 
that the black core of the 
garnet was rich in mori- 
motoite and schorlomite. 
The pink rim of the gar- 
net was composed al- 
most entirely of grossular 
with minor andradite. 
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TABLE 3. Chemical composition of grandite-morimotoite garnet spots by LA-ICP-MS. 


Number of spots spot 7 spot 8 spot 9 spot 10 spot 11 spot 12 spot 13 spot 14 spot 15 
wt.% oxides 
MgO 1.37 ah 1.37 1.38 1.32 1.28 1.23 1.23 1.30 
Al,O, 14.84 14.88 15.48 15.21 15.32 15.30 15.77 15.34 15.85 
SiO, 37.28 38.31 37.86 38.67 38.95 38.71 38.26 37.64 37.69 
CaO 34.89 35.99 35.29 34.94 34.20 35.11 35.39 35.23 35.55 
TiO, 5.04 4.28 4.80 4.57 4.80 A17 4.10 4.51 4.29 
V,O, 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
Cr,O, 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MnO 0.10 0.13 0.14 0.15 0.15 0.16 0.15 0.14 0.15 
FeO,,, 5.49 4.42 4.62 4.60 4.59 4.81 4.75 5.09 4.66 
ZrO, 0.84 0.73 0.35 0.40 0.57 0.37 0.26 0.71 0.42 
Total 99.89 99.90 99.93 99.93 99.92 99.93 99.93 99.91 99.93 
mol.% end members 
Kimzeyite 1.59 1.37 0.66 0.75 0.00 0.70 0.48 1:33 0.79 
Schorlomite-Al 3.78 0.59 3.37 0.10 0.00 0.07 2.27 3.08 4.07 
Morimotoite 15.21 11.36 12.62 20.55 27.91 18.14 12.15 12.90 7.33 
Morimotoite-Mg 6.56 12.08 8.35 5.64 0.00 5.80 6.97 7.05 9.27 
Goldmanite 0.05 0.05 0.06 0.06 0.06 0.05 0.05 0.06 0.06 
Uvarovite 0.05 0.03 0.00 0.00 0.01 0.00 0.00 0.01 0.00 
Spessartine 0.23 0.29 0.31 0.33 0.32 0.34 0.33 0.31 0.33 
Pyrope 3.08 0.33 2.48 3.41 3.66 2.98 2.38 2.37 1.89 
Almandine 0.00 0.00 0.00 0.00 0.52 0.00 0.00 0.00 0.00 
Grossular 59.13 65.13 63.47 64.50 65.28 65.36 66.02 62.75 64.82 
Andradite 10.19 8.59 8.57 4.56 0.00 6.44 9.22 10.01 11.33 
Remainder 0.06 0.06 0.06 0.05 1.19 0.06 0.07 0.06 0.05 
Total 99.93 99.88 99.95 99.95 98.95 99.94 99.94 99.93 99.94 


“The “remainder” in the end-member components is what is left over after assigning all the atoms to stoichiometric garnet formula. This value is related to 


analytical error in the chemical measurements. 


observed. The nuclei also exhibit a weak whitish and 
stronger whitish fluorescence under short-wave and long- 
wave UV, respectively. The coral bead’s Raman spectrum 


Figure 10. Sango pearls (left and center) and a coral 
bead nucleus (right), each approximately 6 mm in di- 
ameter. Photo by Y. Katsurada. 
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(figure 11, top) shows strong pigment peaks at 1129 and 1517 
cm and calcite peaks (e.g., 280 and 713 cm"), identifying 
them as Corallium species, as in S. Karampelas et al. (“Iden- 
tification of the endangered pink-to-red Stylaster corals by 
Raman spectroscopy,” Spring 2009 GWG, pp. 48-52). The 
full-range photoluminescence spectra closely match that of 
natural pink coral with natural pigment-related peaks, sim- 
ilar to those in C.P. Smith et al. (“Pink-to-red coral: A guide 
to determining origin of color,” Spring 2007 G&G, pp. 4-15). 
Visible-range reflectance spectra (figure 11, middle) reveal 
peaks at 468, 482, 590, and 666 nm, like those observed in 
the spectra of natural coral by C.P. Smith et al. (2007). 

Ten partially drilled Sango pearls examined for this note 
were of a similar size (5.60—6.00 mm) as the coral beads used 
as nuclei. No color concentrations were noted down the drill 
holes or anywhere on their nacreous surfaces using a loupe 
or microscope. The nacre thickness measured between 120 
and 400 microns (0.12-0.40 mm) under the microscope 
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Figure 11. Top: Raman spectra of a coral bead (black 
trace) and a Sango cultured pearl (pink trace) with pig- 
ment-related peaks at 1129 and 1517 cnr". The bead’s 
peaks are stronger at those wavelengths. Middle: Visible- 
NIR spectra of a coral bead (black trace) and two Sango 
cultured pearls showing the different reflectance values 
obtained. The dark pink trace represents thinner nacre 
(120 pm thick); the light pink trace is from nacre that is 
400 pm thick. Bottom: Plot of the relationship between 
nacre thickness and the differential reflectance of Sango 
pearls at 482 nm based on the average reflectance of the 


coral beads (differential reflectance = R singe pearts ~ Reora beads 
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Figure 12. RTX images of Sango cultured pearls show- 
ing clear demarcations between the larger coral bead 
nucleus and thinner nacre overgrowth. The pearl on 
the left has a thinner nacre than the one on the right. 


using a small table gauge. The different nacre thicknesses 
were also visible in real-time X-ray (RTX) images (figure 12). 
The pearls exhibited excellent luster, with almost no over- 
tone and very weak orient, and showed a weak yellow to 
greenish yellow fluorescence under long-wave and short- 
wave UV radiation, respectively. These observations indi- 
cated that the 10 samples’ pink coloration was natural, 
though it remained to be seen whether the pink color origi- 
nated from the pearls’ nacre or the underlying coral beads. 

Chemical analysis using an energy-dispersive X-ray flu- 
orescence (EDXRF) spectrometer revealed manganese levels 
of 0 to 28 ppmw and strontium levels of 1077 to 1719 
ppmw, indicating that the pearls formed in a saltwater en- 
vironment. A useful observation was that pearl color 
seemed to be related to nacre thicknesses: Thin nacre over- 
growth produced a more obvious pink tint, while thicker 
nacre resulted in a less saturated pink. Likewise, the Raman 
and visible-range reflectance spectra were also related to the 
nacre thickness. Raman spectra for pearls with thin nacre 
showed stronger pigment peaks at approximately 1129 and 
1517 cnr", similar in strength to those noted in the coral 
beads; only the aragonite-related peaks—and no pigment 
peaks—were noted in pearls with thicker nacre (see figure 
11, top). The visible-range spectra of the pearls possessing 
thin nacre also matched the coral beads more closely, albeit 
with a lower reflectance (figure 11, middle), while pearls 
with thicker nacre had higher reflectance, as would be ex- 
pected for lighter-colored pearls. By correlating the coral 
pigments with the maximum visible reflectance spectrum 
at 482 nm, the point of least reflectance (see figure 11, bot- 
tom], the relationship between nacre thickness and the vis- 
ible spectra of the pearls could be gauged. The intensity at 
482, nm indicates that the pink color of Sango pearls most 
likely originates from their coral nuclei. 

While Sango pearls are not the first cultured pearls to use 
atypical bead nuclei in the form of other gem materials (see 
K. Scarratt et al., “Atypical ‘beading’ in the production of cul- 
tured pearls from Australian Pinctada maxima,” GIA Re- 
search News, 2017, https://www.gia.edu/gia-news-research/ 
atypical-beading-production-cultured-pearls-australian- 
pinctada-maxima), this is the first time the author has an- 
alyzed the detailed color origin of Sango pearls with 
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Pinctada fucata mollusks as the host. The pearls are 
known to possess relatively thin nacre overgrowth, which 
has enabled the creation of the commercial type of akoya 
cultured pearl using a natural coral nucleus. GIA would 
classify Sango pearls as atypical bead-cultured pearls. 


Kazuko Saruwatari 
GIA, Tokyo 


Tektite with a large fluid inclusion. Tektites are a form of nat- 
ural glass related to extraterrestrial impact. When a meteorite 
hits Earth’s surface, the impact site is subjected to tremen- 
dous heat and pressure. This causes the rocks to instantly 
melt and quickly cool, creating a glass with a bulk composi- 
tion similar to that of the original host rock. Only the most 
volatile elements will be removed, because their gaseous 
phases escape easily. This is the case for fluids and gases such 
as water and carbon dioxide, as well as certain metals. This 
melting and cooling results in a silica-dominated glass called 
tektite that is often very dark green to black. 

Tektites are common in many parts of the world. The 
most famous type is probably moldavite, related to an im- 
pact in southern Germany. The world’s largest tektite area 
is the Australasian field, which covers Australia (aus- 
tralites), southeast Asia (indochinites), and most of the In- 
dian Ocean. It is related to a single impact 790,000 years 
ago, although the impact crater has not been identified. 

The gem mines in northern Vietnam around Thac Ba 
Lake, which are famous for ruby and spinel, also yield tek- 
tite from secondary deposits. Local dealer Geir Atle Gus- 
sias (BalderGems) procured a large tektite weighing 230.9 
g (figure 13) with a very large fluid inclusion. The inclusion 
contained a mix of gas and liquid, which could be seen 
under strong illumination (figure 14; see video at 
http://www.gia.edu/gems-gemology/tektite-inclusion). 
GIA’s Bangkok lab examined this unique piece by compar- 
ing it to six tektite samples collected in the mines during 
several field expeditions to Vietnam. 

We examined the specimen and performed density 
measurements as well as chemical analysis to determine 
whether it was a real tektite. The surface features and 
overall shape of the large piece were very similar to the 
reference samples, although the reference samples were 
much smaller. The overall color was black, but when 
strong light was transmitted through the sample, a brown 
color was observed. The SG of the reference samples 
ranged from 2.01 to 2.42. This range can be explained by 
differences in chemical composition, mainly iron concen- 
tration, and the amount of gas bubbles in the matrix, 
which lowers the SG. The SG of the Vietnamese sample 
was 1.84, indicating an unusual abundance of fluid and/or 
gaseous inclusions in the sample. Because this tektite was 
too large to analyze using LA-ICP-MS, its chemical com- 
position, along with those of the reference samples, was 
revealed with EDXREF. The large tektite had Fe, Sr, Rb, and 
Zr contents that are comparable to the other Vietnamese 
tektites. 
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Figure 13. A large tektite (230.9 g) from Luc Yen, Viet- 
nam, surrounded by six tektite samples from the GIA 
reference collection. Photo by Wim Vertriest. 


We then imaged the internal structure using real-time X- 
ray microradiography (RTX}, a technique commonly used in 
pearl analysis. Because the device has a small detector, we 
could not view the whole tektite in one image. The maxi- 
mum resolution of 4 ym should have been sufficient to pick 
up any artificial structures such as drill holes. The RTX im- 
ages show the irregular outline of the tektite’s surface and a 
large bubble with a smooth outline (figure 15). Several smaller 
negative inclusions are also visible as dark ovals. When the 
sample was moved under the RTX, the liquid-gas inclusion 
was Clearly seen because of the motion of the liquid. 

Since we did not find a drill hole or any signs of man- 
made glass, we assume that the liquid in the negative in- 
clusion is a natural phenomenon. Since glass is not porous, 
it seems most likely that the liquid was included during 
the tektite's formation. Although this could not be proven, 
this tektite remains a unique specimen. 


Wim Vertriest, Vararut Weeramonkhonlert, 
and Kwanreun Lawanwong 
GIA, Bangkok 


Figure 14. A close-up view of the tektite sample 
using very strong backlighting reveals a curved 
black line, which is the liquid-gas contact. Photo by 
Wim Vertriest. 
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Figure 15. This RTX image shows the tektite’s irregu- 
lar outline on the right side. The very large negative 
inclusion has a smooth outline. Several other smaller 
negative pockets can also be seen. 


SYNTHETICS AND SIMULANTS 


Dyed yellow beaded freshwater cultured pearls imitating 
South Sea cultured pearls. In the spring of 2017, the Gtibelin 
Gem Lab received a yellow pearl necklace for testing. The 
size and color of the specimens implied that they were 
South Sea cultured pearls. The high insurance value ap- 
peared to confirm this; however, there were some suspicious 
color patches that suggested the material had been dyed. 

Only a few months earlier, author LK visited the Hong 
Kong office of Grace Pearls, a large producer with a pearl 
farm and factory in China, to see their latest batch of fresh- 
water cultured pearls. Grace Pearls developed a proprietary 
method to grow large freshwater pearls with bead, marketed 
as “Edison” pearls. These occur in all the known colors of 
traditional freshwater pearls, typically white, orange, pink, 
and purple. To complement their color range, they also offer 
yellow and black treated pearls ranging from approximately 
12 to 18 mm. 

The goods we saw at Grace Pearls had a wide range of 
qualities and prices. The lowest price for a strand of Edison 
pearls was approximately US$100, while the highest-qual- 
ity yellow dyed pearls go for as much as US$2,000. Prices 
for top-quality white and pink natural-color pearls may 
reach up to US$40,000 per strand. 

The Gtbelin Gem Lab acquired from Grace Pearls a 
necklace of yellow dyed freshwater bead-cultured pearls to 
complement our extensive reference collection. The largest 
of these pearls measured nearly 17 mm. For study purposes, 
we deliberately chose a low-quality necklace showing color 
concentrations, slightly irregular colors from pearl to pearl, 
and slight blemishes on the surface (figure 16). 

The grafting process, which Grace Pearls considers a 
proprietary method, appears to be similar to that of “Kasu- 
migaura pearls” from Japan and “Ming pearls” from China, 
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Figure 16. Uneven color and blemishes on the surface 
of a low-quality dyed cultured freshwater pearl neck- 
lace obtained from Grace Pearls. Photo by Lore 
Kiefert. 


where the bead is drilled first and a tissue is partly inserted 
into the drill hole in order to introduce both tissue and 
bead at the same time during the implantation procedure 
(H.A. Hanni, “Ming pearls: A new type of cultured pearl 
from China,” Journal of the Gemmological Association of 
Hong Kong, Vol. 32, 2011, pp. 23-24). X-ray images clearly 
show drill holes in the beads of several of these cultured 
pearls, mostly in the smaller beads (figure 17), while larger 
beads, like the one in the center of figure 16, have only one 
drill hole. This may be due to a possible re-implantation 
into the pearl sac once the first pearl has been harvested. 
X-ray fluorescence (XRF) analysis gave Mn and Sr values 
consistent with those of freshwater pearls. 

Upon testing, the necklace submitted by the client 
showed identical properties: dark yellow color concentra- 
tions around drill holes and in cavities, uneven surfaces 
with various shades of yellow (figure 18, left; see also C. 


Figure 17. X-ray image of yellow dyed freshwater cul- 
tured pearls. The beads range from approximately 10 to 
15 mm in diameter, while nacre thickness varies from 
<0.2 to >5 mm. Some of the beads show an additional 
drill hole. Image by Pierre Hardy. 
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Zhou et al., “Update on the identification of dye treatment 
in yellow or ‘golden’ cultured pearls,” Winter 2012 GWG, 
pp. 284-291), X-rays showing an additional drill hole 
through the bead in some of the pearls (figure 18, right], 


Figure 19. A plot showing the theoretical distribution 
of MnO vs. SrO in freshwater and saltwater pearls 
(after W. Gutmannsbauer and H.A. Hanni, “Struc- 
tural and chemical investigations on shells and pearls 
of nacre forming salt- and fresh-water bivalve mol- 
luscs,” Journal of Gemmology, Vol. 24, No. 4, 1994, 
pp. 241-252). The red dots represent values for our ref- 
erence collection necklace, the yellow dots the values 
for the client-submitted necklace. 
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Figure 18. Left: Blemishes 
and dark color concentra- 
tions in cavities on the sur- 
face of dyed cultured 
freshwater pearls in a client- 
submitted necklace. Photo 
by Lore Kiefert. Right: An X- 
ray image of two pearls 
from the client necklace 
showing a clear bead. The 
left pearl displays an addi- 
tional drill hole in the bead. 
Image by Pierre Hardy. 


and the chemical composition of freshwater pearls (figure 
19). This demonstrates the importance of staying informed 
on new developments in the market. 


Lore Kiefert and Pierre Hardy 
Gtibelin Gem Lab 
Lucerne, Switzerland 


Colorful chatoyant glass. This year at the Tucson gem 
shows, this author encountered an interesting new product 
of chatoyant devitrified glass (glass that has converted to a 
crystalline material) marketed as “Starburst Stone.” This 
material (figure 20) closely resembles the chatoyant glass 
known as Victoria Stone, which was developed in Japan by 
Dr. Satoyasu limori in the 1950s and produced for almost 
40 years (http://victoriastone.sakura.ne.jp/JP-30-88-B.pdf). 

John Bennett, in partnership with Artur Birkner (both 
based in Perth, Western Australia), began developing Star- 
burst Stone in 2013, and this is the first year of commer- 


Figure 20. Starburst Stone is a colorful new devitrified 
glass, reminiscent of the product once marketed as 
Victoria Stone. Photo by Kevin Schumacher; courtesy 
of Australian Rough and Tumble. 
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cially available production (approximately 100 kilograms). 
This devitrified glass is made from a chemical mixture that 
is cooled at a rate to facilitate nucleation and growth of 
dense networks of elongate lath-like crystals, and each 
batch of glass is colored by the addition of certain metals. 
Darker blues are achieved by adding cobalt, lighter blue by 
adding copper, and green by adding chromium to the glass 
mixture. 

Standard gemological testing revealed properties con- 
sistent with manufactured glass. The RI was between 1.51 
and 1.52 and varied slightly between the different colors 
tested. The average SG, measured hydrostatically, was 
2.62. Raman analysis identified the devitrification product 
responsible for the chatoyancy as apatite, which was also 
responsible for the chatoyancy in the devitrified glass prod- 
uct known as Victoria stone. 

Dark and light blue, green, and golden Starburst Stones 
are being manufactured, with additional colors in develop- 
ment. This new ornamental glass showing chatoyancy is 
a welcome addition to the gem trade. Those interested in 
the material once sold as Victoria Stone will certainly ap- 
preciate this very similar phenomenal glass product. 


Nathan Renfro 
TREATMENTS 


Chalcedony beads coated with titanium nitride. Recently, 
RAG Gemological Laboratory in Turin received a necklace 
of unusual metallic appearance (figure 21). The beads showed 
irregular surfaces that were actually small geodes with shiny 
and well-shaped crystals. The cavities in the beads (figure 22) 
were reminiscent of the small quartz-lined holes that are 
often formed in agates and chalcedony. The necklace con- 
sisted of 29 beads ranging from 12.0 to 12.5 mm in diameter, 
with a total weight of 84 g. 

Some loose opaque beads provided by the necklace’s 
owner allowed us to measure the material’s density. The 
value of 2.60 g/cm? was in agreement with chalcedony. RI 
was not measurable on the beads due to their rough sur- 
face. No fluorescence reaction was observed under long- or 
short-wave UV. A sawed bead revealed that the inner part 
consisted of light gray chalcedony without zonation (figure 
23). Observation of the area near the drill holes showed dis- 
coloration and the true color of the underlying material. 
The coating on these grayish gold chalcedony beads in this 
necklace had an unusual composition. The unusual color 
and reflectivity of the external surface, clearly not inherent 
to chalcedony, warranted investigation. 

The chemical composition of the bead was confirmed 
by energy-dispersive spectroscopy (EDS) using a Cambridge 
Stereoscan 360 scanning electron microscope equipped 
with an Oxford Inca Energy 200 EDS and a Pentafet detec- 
tor for the determination of elements from boron to ura- 
nium. The results showed homogeneous composition on 
the sample surface, with titanium, oxygen, and silicon as 
major elements. No known compound of Ti and Si could 
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Figure 21. The beads in this necklace, ranging in diam- 
eter from 12.0 to 12.5 mm, have a submetallic luster 
and a gray tinge with goldish reflection. Small vugs 
lined with sparkling crystals are clearly visible in most 
of the beads. Photos by Raffaella Navone. 


explain the nature of the bead’s surface or the goldish gray 
metallic tinge. 

Low-acceleration voltage conditions in EDS analysis (4 
kV) allowed us to enhance the X-ray emission yield of 
lighter elements and reduce the penetration depth of the 
electron beam at around 100 nm into the bead’s surface. 
The EDS spectra at low acceleration voltage showed the 
presence of nitrogen and titanium, suggesting a coating of 
titanium nitride (TiN) on the beads. At low potential the 
electron beam could pass through the thin layer of TiN, so 
the oxygen and silicon peaks from the underlying silica 
were still visible in the spectra. We calculated the thick- 
ness of the coating by acquiring several EDS spectra at dif- 


Figure 22. SEM imaging shows the small, well-shaped 
quartz crystals within the cavities. The crystal in the 
lower middle clearly displays the classic “flute” ter- 
mination typical of quartz. Image by Emanuele Costa; 
field of view 1 mm. 
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Figure 23. This sawed cross-section clearly demon- 
strates the homogeneity and light gray color of the 
chalcedony that constitutes most of the bead. Photo 
by Emanuele Costa. 


ferent acceleration voltages (from 4 to 10 kV). The presence 
of the silicon peak even at 4 kV suggests that the electron 
beam could penetrate the layer and generate the signal 
through the TiN coat. The Casino software package eval- 
uated the corresponding excitation depth of the electron 
beam using a Monte Carlo simulation. The calculated 
maximum thickness in our samples was less than 200 nm. 

TiN is a very difficult material to analyze due to the pres- 
ence of nitrogen, which is not always revealed with standard 
gemological techniques. To confirm the presence of a TiN 
film coating, we performed micro-Raman investigations. 
Spectra were obtained using a micro/macro Horiba LabRAM 
HR 800 (UV-Vis-IR) equipped with an Olympus microscope. 
The backscattered Raman signal was collected with a 50x 
objective and the 632.8 nm line of a He-Ne laser. The spectra 
were collected with multiple and repeated acquisitions to 
improve the signal-to-noise ratio, but even with these pre- 
cautions the quality of the spectra is very poor due to the 
low intensity of Raman response from TiN. The Raman 
spectrum was recorded from 100 to 1200 cm. Spectral ma- 
nipulation such as baseline adjustment, smoothing, and nor- 
malization were performed using LabSpec 5 software. Band 
component analysis using the Fityk software package en- 
abled the type of fitting function to be selected and specific 
parameters to be fixed or varied accordingly. 

The Raman spectrum of a deposited TiN film is shown 
in figure 24. The Raman spectrum of the TiN layer can be 
fitted with Gaussian-Lorentzian peaks at 260, 330, 418, and 
584 cmr!. The spectrum is the same as those of TiN films 
reported, also with very poor quality, in the literature (Y.H. 
Cheng et al., “Substrate bias dependence of Raman spectra 
for TiN films deposited by filtered cathodic vacuum arc,” 
Journal of Applied Physics, Vol. 92, 2002, pp. 1845-1849). 
Slight variations in peak position, shape, and relative inten- 
sity can be influenced by thickness (C.C. Chen et al., 
“Raman spectra of titanium nitride thin films,” Chinese 
Journal of Physics, Vol. 32, No. 2, 1994, pp. 205-210), treat- 
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ment time, and deposition temperature of TiN films 
(R.R.M. de Sousa et al., “Cathodic cage plasma deposition 
of TiN and TiO, thin films on silicon substrates,” Journal 
of Vacuum Science & Technology A, Vacuum, Surfaces and 
Films, Vol. 33, No. 4, p. 041502), as well as substrate bias. 

The TiN films also contained a small quantity of crys- 
talline phase of TiO, (i.e., brookite) that was identified in 
the bead coating using Raman spectroscopy. There was a 
close match between the collected spectrum and that of 
brookite available in the RRUFF database (RO50363). The 
association of TiN and TiO, films is well known and 
widely studied (de Sousa et al., 2015). 

TiN deposition is widely used for the coating of small 
mechanical parts or tools, giving them a higher resistance 
to corrosion and scratching. Therefore, TiN films are es- 
sential for applications such as wear-resistant coatings, dif- 
fusion barriers, and optical coatings. The coating typically 
produces a golden hue, but other colors are also possible. 
Even though TiN films are common in industrial applica- 
tions, this may be the first time such a coating has been 
reported in gemology. 


Emanuele Costa and Erica Bittarello 
Department of Earth Sciences, University of Turin 


Raffaella Navone 
RAG Gemological Laboratory, Turin 


Figure 24. Raman spectrum of the TiN film in the 
100-800 cm! region. The Raman bands are related to 
transverse acoustic (at 260 cnr"), longitudinal 
acoustic (330 cm-), second-order acoustic (418 cnr"), 
and transverse optical (584 cm) modes of TiN, re- 
spectively (Cheng et al., 2002). The poor quality of the 
spectrum, despite a long collection time and en- 
hanced sensitivity, is due to the faint response of the 
TiN to Raman investigation (as well as to the ex- 
treme thinness of the coating); it is comparable to the 
reported spectra available in the literature. 
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Tri-color-change holmium-doped synthetic CZ. Colored 
yttria-stabilized synthetic cubic zirconia (CZ) has been an 
attractive diamond substitute since the late 1970s (R.T. 
Liddicoat and J.I. Koivula, “Synthetic cubic stabilized zir- 
conia,” Summer 1978 GwG, pp. 58-60). The different col- 
ors seen in synthetic CZ are caused by the introduction of 
specific transition metal elements and rare earth elements 
(K. Nassau, “Cubic zirconia: an update,” Spring 1981 
Gwe, pp. 9-19). At this year’s Tucson Gem and Mineral 
Show, the authors obtained an interesting synthetic CZ 
rough that exhibited an unusual color-change behavior (fig- 
ure 25). Unlike traditional color-change stones such as 
alexandrite, color-change corundum, and color-change gar- 
net, this material did not exhibit different colors when il- 
lumination alternated between incandescent light and 
daylight conditions (approximated by CIE standard illumi- 
nants A and D65, respectively). Surprisingly, it showed 
three distinct hues in daylight/incandescent light (yellow- 
ish green), in fluorescent lighting corresponding to CIE 
standard illuminant F9 (green-blue}, and in CIE standard il- 
luminant F10 (purplish violet). One wafer with 3.32 mm 
thickness was polished and analyzed to understand this 
color-change phenomenon. 

The wafer’s chemical composition was obtained using a 
Thermo Fisher iCAP Q ICP-MS coupled with a New Wave 
Research UP-213 laser ablation unit. LA-ICP-MS analyses 
were performed in the same spot where the spectroscopic 
data was collected. Based on its calculated chemical formula 
Of Zp 5) Yo 4sE1Op op Hf, 9, O, 79 (the formula is nonstoichiomet- 
ric and calculated by forcing cations to 1 atom per formula), 
the wafer was a holmium-doped yttria-stabilized CZ (S. Gut- 
zov et al., “High temperature optical spectroscopy of cubic 
holmium doped zirconia, Zr, ,,Y,,H0),,O; 99," Physical 
Chemistry Chemical Physics, Vol. 9, No, 4, 2007, pp. 491— 
496). Holmium was the only detected chromophore, at a 
concentration of about 7780 ppma. 

Visible spectra were collected with a Hitachi U-2910 
spectrometer with a 1 nm spectral resolution at a scan 
speed of 400 nm/min. The wafer’s spectrum matched the 
holmium-doped CZ spectrum reported by Gutzov et al. 
(2007). The unusual color change under different illumi- 
nants can be qualitatively understood by examining figure 
26. The violet and orange emission peaks of the F10 illu- 
minant are not absorbed by Ho-doped CZ; however, there 
is significant absorption by holmium of the green emission 
peak for the F10 illuminant. This selective absorption of 
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Figure 25. This 68 ct syn- 
thetic CZ shows three 
distinct hues in CIE 
standard illuminant F10 
(left), CIE standard illu- 
minant F9 (center), and 
CIE standard illuminant 
D65 (right). Photos by 
Robison McMurtry. 


the F10 emissions creates a purplish violet color (figure 26, 
top). The F9 illuminant has more of a broadband emission, 


Figure 26, The UV-Vis-NIR absorption spectrum of 
holmium-doped synthetic CZ is shown with the rel- 
ative power distribution curves of CIE illuminant 
F10 (top), CIE illuminant F9 (middle), and CIE illu- 
minant D65 (bottom). 
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Colorimetric Parameters of Synthetic CZ in the CIELab 1976 Color Circle 


CZ with 10 mm light path 
length in CIE standard 105° 
illuminant D65 


b* = 50, 90° yellow 
iis 


-a* = -50, 
180° 
bluish green 


195° 


CZ with 10 mm light path 
length in CIE standard 


illuminant F9 285° 


255° 
-b* = -50, 270° blue 


which is unaffected by the strong but narrow absorption 
by holmium of green light at 540 nm. This results in a 
blue-green color under F9 illumination (figure 26, middle). 
The D65 illuminant is essentially a broadband emission 
roughly corresponding to a black body irradiator at 6500 K. 
Under D65 illumination, a yellowish green color is pro- 
duced because of the strong absorption of blue light by 
holmium (figure 26, bottom). 

The wafer’s visible absorption spectrum was reflection- 
corrected by subtracting the absorbance value at 850 nm, 
where no chromophoric absorption is expected, from values 
for every other data point along the rest of the spectrum. The 
reflection-loss-corrected visible spectrum can then be used 
to quantitatively calculate the color of this material at a wide 
range of path lengths and under different lighting conditions 
(Z. Sun et al., “Vanadium- and chromium-bearing pink py- 
rope garnet: Characterization and quantitative colorimetric 
analysis,” Winter 2015 GWG, pp. 348-369). There are large 
differences in the CIE L*, a*, b* color coordinates between 
D65, F10, and F9 (figure 27). One way to judge the quality of 
a color-change stone is to plot the color pair in the CIE 1976 
color circle. Well-defined color-change pairings show a large 
hue angle difference, a small chroma difference, and high 
chroma values. The color coordinates of the material with a 
10 mm light path length in D65, F9, and F10 were plotted in 
the CIE 1976 color circle shown in figure 2.7; calculated color 
panels for the illuminants were also placed alongside the 
faceted material (see online at http://www.gia.edu/gems- 
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Figure 27. In the CIELab 
1976 color circle, the color 
of holmium-doped syn- 
thetic CZ with 10 mm light 
path length changes from 
45° yellowish green in CIE stan- 

dard illuminant D65 to 

blue-green in CIE standard 

illuminant F9 to purplish 
15° violet in CIE standard illu- 
minant F10. The hue angle 
differences are 148.61° be- 
tween D65 and F10, 34.96° 
between D65 and F9, and 
113.65° between F10 and 
F9, The chroma differences 
are 4.73 between D65 and 
F10, 15.52 between D65 
and F9, and 10.79 between 
F10 and F9. In contrast, the 
hue angle difference and 
chroma difference between 
D65 and A are 3.37° and 
5.79, respectively. 
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gemology/summer-2017-gemnews-holmium-synthetic-cz). 
The fact that the material shows three distinct hues in three 
different white lights makes it unique. 


Ziyin Sun and Nathan Renfro 


Aaron C. Palke 
University of Queensland and Queensland Museum 
Brisbane, Australia 


ERRATA 


1.The cover description on the Spring 2017 masthead page 
was incorrect. The cover photo actually shows a rose-cut 
diamond brooch, or “stomacher,” from France that con- 
tains over 10 carats of diamonds set in silver over gold. It 
has a 1.90 ct center stone and three side stones totaling 
5.05 ct. The photo is by Robert Weldon, courtesy of Lang 
Antique & Estate Jewelry (San Francisco, California). 


2. In the Spring 2017 Gem News International section, the 
cultured pearl market update (pp. 124-126) showed a 
necklace featuring baroque South Sea cultured pearls (fig- 
ure 23), which the caption described as “keshi.” We would 
like to clarify that these are baroque, beaded (bead-cul- 
tured) pearls and cannot be true keshi pearls, which are 
pearls produced by a loose tissue piece, or in a pearl sac 
that previously held a bead or cultured pearl. We are grate- 
ful to Prof. Henry A. Hanni for this observation. 
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Treated 


This treated blue sapphire shows “smoke ring” decorated dislocations, a 
result of beryllium diffusion. Field of view 1.26 mm. 


Cobalt-doped lead glass is used to bind colorless corundum in this 
manufactured product. Blue color concentrations from the cobalt glass 
and gas bubbles are visible in the microscope. Field of view 7.84 mm. 


A whitish altered mineral crystal and discoid tension crack with a 
healed fringe are proof of heat treatment in this metamorphic blue sap- 
phire. Field of view 2.12 mm. 
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“Internal diffusion” occurs when rutile needles dissolve into the crystal 
lattice during heat treatment. Titanium from the rutile pairs with iron in 
the sapphire, increasing the blue color. Field of view 3.00 mm. 


In this false-color image obtained using differential interference contrast 
microscopy, the surface of the sapphire shows obvious melt damage on 
the facet surfaces, proving heat treatment. Field of view 1.23 mm. 


A negative crystal filled with carbonate and analcime minerals shows 
colorful thin-film interference in this untreated sapphire from Yogo 
Gulch, Montana. Field of view 1.28 mm. 


Exsolution mineral needles of rutile and ilmenite are responsible for the 
golden silk chevron pattern in this star sapphire from Australia. Field of 
view 2.58 mm. 
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Exsolution rutile, shown in a Sri Lankan sapphire, often displays thin-film 


iridescence under oblique fiber-optic illumination. This “silk” can form 
elongate needles, arrowheads, and other shapes. Field of view 1.29 mm. 
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This Australian sapphire has a large crack filled with epigenetic iron 
oxide staining. Oblique fiber-optic illumination reveals colorful interfer- 
ence colors and agate-like banding. Field of view 1.43 mm. 


Tourmaline crystal inclusions are unique to Kashmir sapphires. When 
present, they are highly indicative of Kashmir origin. Field of view 4.69 
mm. 


MICRO-FEATURES OF SAPPHIRE 


Natural 


Exsolved rutile needles that are crystallographically aligned in the host 
Burmese sapphire cause the six-rayed star phenomenon displayed when 
the stone is viewed using a point light source. Field of view 1.90 mm. 
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Protogenetic carbonate crystals are often present in sapphires that form 
in carbonate-rich rocks such as marble, as seen in this sapphire from 
Madagascar. Field of view 2.90 mm. 


This Kashmir sapphire shows characteristic patterned clouds of tiny in- 
clusions. These sapphires also contain clouds of nanoparticles that re- 
sult in their highly prized velvety appearance. Field of view 1.90 mm. 


Negative crystals are a common inclusion in sapphires from metamorphic 
source rocks, such as this Sri Lankan specimen. They often contain a car- 
bon dioxide fluid, graphite, and diaspore crystals. Field of view 2.62 mm. 


ips ioe 


Ly 


When partially healed cracks reach the surface of a sapphire, iron-rich 


fluids can deposit epigenetic matter such as limonite in the open spaces, 
as in this Thai sapphire. Field of view 1.42 mm. 
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A mica crystal shows colorful interference colors in this sapphire from 
Sri Lanka, observed under plane-polarized light. Field of view 1.99 mm. 
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This sapphire from Montana shows an intricate pattern of dissolution 
along twinning planes when viewed using differential interference con- 
trast microscopy. Field of view 1.44 mm. 


The kyanite inclusions in this Tanzanian sapphire are a rare sight. High- 
order birefringent colors make for a dramatic inclusion scene when ob- 
served using cross-polarized light. Field of view 3.00 mm. 


Bright red pyrochlore crystals are often found in sapphires from Pailin, 


Cambodia. They sometimes occur as comet-tail inclusions trailed by 
light-scattering dislocations. Field of view 1.72 mm. 
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Brownish orange pyrope-almandine-grossular garnets are occasionally 


found in sapphires from Yogo Gulch and can help confirm this highly 
prized geographic origin. Field of view 2.04 mm. 
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Elongate exsolution silk (i.e., tiny rutile needles) sometimes occurs in 
sapphires such as this unheated stone from Sri Lanka. Field of view 2.00 
mm. 


a s = 
ZA yee _ 
“Fingerprints” are arrays of tiny fluid or multiphase inclusions that re- 
sult from the thermal healing of cracks in the growth environment, as 
in this Sri Lankan purple sapphire. Field of view 3.74 mm. 


Complex growth patterns known as “graining” are often observed in 
sapphires. They are particularly evident in some sapphires from Mada- 
gascar, such as the example shown here. Field of view 4.00 mm. 


Partially healed cracks occasionally display vibrant interference colors 
resulting from thin-film interference, as in this Sri Lankan sapphire. 
Field of view 5.00 mm. 


The lamprophyre dike that brought Yogo sapphires to the earth’s surface 
partially dissolved the crystals’ surface. Differential interference contrast mic- 
roscopy shows crystallographic patterns and trigons. Field of view 1.44 mm. 


Synthetic 


This platinum crystal inclusion in a synthetic sapphire shows a charac- 
teristic tapered morphology. This feature is diagnostic of flux growth, as 
in this Chatham synthetic sapphire. Field of view 1.72 mm. 
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Plato-Sandmeier lines are resolved using cross-polarized light when 
viewed along the optic axis. They appear as shadowy subparallel stria- 
tions in flame-fusion pink synthetic sapphire. Field of view 8.68 mm. 


Minute pinpoint gas bubbles are arranged as near-parallel layers in this 
Czochralski-grown or “pulled” synthetic sapphire, as seen using modi- 
fied Rheinberg illumination. Field of view 3.00 mm. 


Curved color banding is diagnostic for flame-fusion material, as in this 
blue synthetic sapphire. Field of view 4.11 mm. 


Hydrothermally grown sapphire is a rare synthetic gem material. 
Observed microscopically, it displays a diagnostic chevron or roiled 
growth structure, as seen in this yellow example. Field of view 3.00 mm. 


Published in conjunction with Nathan D. Renfro, John |. Koivula, Jonathan Muyal, Shane F. McClure, Kevin Schumacher, and James E. Shigley (2017), 
“Inclusions in Natural, Synthetic, and Treated Sapphire,” Gems & Gemology, Vol. 53, No. 2, pp. 2138-214. Photomicrographs by Nathan D. Renfro, 
John |. Koivula, Jonathan Muyal, and Shane F. McClure. 


This chart contains a selection of photomicrographs of natural, synthetic, and treated sapphires. It is by no means 
comprehensive. The images show the visual appearance of numerous features a gemologist might observe when 
viewing sapphires with a microscope. 
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Many Reconstructed Rubies” 
Found To Be 


Synthetic Corundum 


by 


LESTER B. BENSON, C.G., F.G.A. 
Director G.LA. Laboratory, Los Angeles 


Recently a number of stones have ap- By standard U. S. definition, reconstruct- 
peared on the market that were thought to ed stones were made of fragments of gen- 
be reconstructed ruby. Although the exact uine stones sintered together under intense 
process used for the commercial production heat with or without pressure. By the 
of synthetic corundum has been known for method of manufacture necessary to fit such 
many years, the degree to which synthetic a definition, the ruby fragments would have 


material may overlap in appearance the re- to form a mosiac joined by fused sections 
constructed stone is given little attention that may or may not have assumed a crystal 
in present text books. In fact, little infor- structure upon cooling. Natural character- 


mation has been published concerning the istics would be expected in the unmelted 
exact method used to produce reconstructed portions of the ruby fragments. 
ruby. Only a few such rubies have been re- 


. . — ported in gemological literature which 
This also applies to the characteristics of : F . ae 
combine in any way the characteristics 


synthetic stones that were produced during of natural material and material that 
the period of transition which led to the had been melted. One of these was 
commercial production of synthetic ruby by the one reported by Anderson!. This had 
the Verneuil process. Failure to record the characteristics of a synthetic ruby but 
obviously had been grown from a natural 
seed crystal. A re-examination of the char- 
acteristics of so-called reconstructed rubies 
reported in recent years—together with 
stones offered recently to the G.I.A. as re- 
constructed — suggests a need of a revalu- 
ation of the whole reconstructed problem. 


characteristics of these early stones is due 
largely to the fact that suitable equipment 
for photomicrographs (that could reveal 
and record the characteristics of cut gem- 
stones to full advantage) was not available 
at that time. Although it has been implied 
that large quantities of reconstructed stones 
were produced, securing such material for 


study has always proved extremely difficult. 1. B. W. Anderson: Reconstructed Rubies, Gems 


& Gemology, Summer 19-49, Page 187. 
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EDITORIAL 


A Review of HPHT Synthetic Diamonds 
Grown for Jewelry Use 


Our Fall issue serves up a wealth of topics, including HPHT synthetic diamonds, historical 
saltwater pearls from the New World, the photoluminescence (PL) spectra of emeralds, synthetic 
star corundum, and the Colombian emerald mine-to-market industry. 


In our lead article, Drs. Sally Eaton-Magafia, James Shigley, and Christopher M. Breeding present a 
comprehensive study of several thousand HPHT-grown synthetic diamonds using data gathered by 
GIA between 2007 and 2016. Their study charts a transition from predominately orange-yellow 
goods to today’s more diverse — . : 
produces, where Ghioned PHT synthetic diamonds—including blue and 
blue and colorless synthetics. colorless gems exceeding 10 carats along with mass- 
exceeding 10 carats and mass-produced melee—are now a marketplace reality.” 
produced HPHT melee 

grown exclusively for jewelry use are now a marketplace reality. We trust that this survey—which includes a review of 
current identification criteria for HPHT-grown synthetics—will prove immensely valuable for industry professionals. 


The second paper is a collaboration between researchers at GIA and the Giibelin Gem Lab. Lead author Chunhui 
Zhou and his team detail 85 natural saltwater pearls reportedly recovered from Caribbean waters between the 
fifteenth and seventeenth centuries. The team’s analyses verified these fascinating pearls’ natural saltwater origin, and 
'4C isotope radiocarbon dating supports their attested age. 


In the first of this issue’s two emerald papers, researchers led by Dr. D. Brian Thompson of the University of North 
Alabama investigate the PL spectra of 48 samples from Colombia, Afghanistan, and Zambia. Their research strongly 
indicates that variations in trace element concentration within emeralds from these localities correlate with 
differences in the strength and position of peaks detected in their PL spectra, which could be very promising for 
determining geographic source. 


In our fourth paper, Dr. Karl Schmetzer, Prof. H. Albert Gilg, and Dr. Heinz-Jiirgen Bernhardt delve into the 
characteristics of synthetic star corundum produced in Germany up to the 1970s by Wiede’s Carbidwerk. Grown by 
a variation of the Verneuil method followed by controlled annealing to exsolve the rutile needles, these synthetic 
gems are visually—and gemologically—distinct from the production of other manufacturers. 


Next, Tomasz Powolny and Dr. Magdalena Dumaniska-Slowik reexamine spotted “dalmatian jasper,’ a popular 
decorative gem material. Based on their analysis of its composition and gemological characteristics, which do not 
meet the definition of jasper, the authors recommend use of the term “dalmatian stone.” 


In our final article, Darwin Fortaleché, chief gemologist at Centro de Desarrollo Tecnoldgico de la Esmeralda 
Colombiana (CDTEC), and his GIA coauthors provide a comprehensive field report on current mining and the 
state of the Colombian emerald industry. They cite increased investment by multinational companies, the country’s 
largely untapped emerald reserves, and the initiation of chain-of-custody systems as hopeful signs for the future. 


Our Lab Notes section features an entry ona large, high-quality diamond from Brazilian kimberlite. Topics in our 
Micro-World section include hematite roses and a “flower-in-the-rain” inclusion within a Sri Lankan sapphire, while 
our Gem News International section spotlights blue-green pyrope-spessartine with high vanadium content and two 
potential new sources of Nigerian sapphire. 


Please enjoy the Fall Ge>G! 


Oot 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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a AMOS ARTICLES 


OBSERVATIONS ON HPHT-GROWN 
SYNTHETIC DIAMONDS: A REVIEW 


Sally Eaton-Magaiia, James E. Shigley, and Christopher M. Breeding 


This article presents statistical data and distinctive features for several thousand HPHT-grown synthetic 
diamonds examined by GIA from 2007 through 2016. This study, the first comprehensive summary 
published on such a large number and wide variety of samples, describes the reliable means of iden- 
tifying them, with a focus on material currently marketed for jewelry use. The color of HPHT synthetic 
diamonds analyzed by GIA has shifted noticeably during this time—in the early years, orange-yellow, 
yellow, and yellow-orange samples comprised the overwhelming majority, while colorless and blue 
samples are much more prevalent today. HPHT synthetics are making inroads into the large diamond 
market, with cut stones larger than 10 carats, as well as the colorless melee market, where small HPHT 
synthetics are being mass-produced in China. HPHT synthetics can be identified by their distinctive 
fluorescence patterns using the DiamondView luminescence imaging instrument, the lack of “strain” 
(anomalous birefringence) when viewed through crossed polarizers, and to a lesser extent by the de- 
tection of various features in photoluminescence (PL) spectroscopy. This material may also display mag- 
netism and a short-wave fluorescence and phosphorescence reaction that are inconsistent with similarly 


colored natural diamonds. 


sure, high-temperature (HPHT) process have 

been commercially available since the mid- 
1990s. This article presents statistical information 
and distinctive identification features based on a re- 
view of data gathered by GIA, principally at the New 
York and Carlsbad laboratories, for several thousand 
HPHT-grown synthetic diamonds. This study in- 
cludes all HPHT synthetic diamonds submitted to 
GIA between 2007 (the year GIA started issuing Syn- 
thetic Diamond Grading Reports) and 2016. No sum- 
mary has been published on such a large number of 
HPHT synthetic samples. We describe here the diag- 
nostic means of identification, with an emphasis on 
the goods currently being sold for jewelry use. Box A 
details some of the most important identification cri- 
teria that may be used by gemologists. 

Of this sample set, 12% were colorless to near- 
colorless (D-J), 12% blue, 13% yellow, 4% pink to 
red, and 54% yellowish orange to orangy yellow (e.g., 
figure 1). The remaining 5% showed other colors, in- 


Gate gem diamonds grown by the high-pres- 


See end of article for About the Authors. 
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cluding green-yellow and brown-orange. This set rep- 
resents both as-grown and treated colors. While some 
samples were purchased by GIA on the market or 
from manufacturers, or were loaned or donated to us 
by manufacturers for study purposes, most were sub- 


In Brief 


Colors, sizes, and other properties of HPHT synthetic 
diamonds submitted to GIA's laboratory have changed 
over the past decade. 


Advances in growth techniques have led to more very 
large (>2 ct) and very small (<0.05 ct) colorless syn- 
thetic diamonds in the trade. 


Identification methods for HPHT synthetics have re- 
mained consistent and reliable. 


HPHT synthetic diamonds have become more 
prevalent, and their market share will likely continue 
to expand. 


mitted to GIA in polished form for identification or 
grading reports. To the best of our knowledge, this 
sample set is representative of the gem-quality 
HPHT synthetic material available in the trade. 


Gems & GEMOLOGY FALL 2017 


Figure 1. This collection of HPHT synthetics shows the major color products. The background is a DiamondView 
image with a cross-shaped fluorescence pattern, a well-known diagnostic feature of HPHT synthetics. 


The evolution of HPHT synthetics has been de- 
tailed in previous G&G articles (Shigley et al., 2002, 
2004; D’Haenens-Johannsson et al., 2014, 2015) and 
Lab Notes entries (e.g., Ardon and Batin, 2017; John- 
son et al., 2017) that include diamonds within this 
dataset. Whereas earlier studies examined small 
batches of material from specific manufacturers 
(which were likely grown using a similar recipe or 
HPHT pressure equipment), the goal of the present 
study is to investigate trends in the distinctive fea- 
tures seen among HPHT synthetic diamonds from 
multiple sources over the past ten years. 

During the decade covered in this review, the col- 
ors of HPHT synthetics have shifted from predomi- 
nantly yellow and orange to colorless and blue. The 
early years (2007-2008) likely represent the colors 
manufactured during the prior decade. The high 
number of submissions in those early years repre- 
sents material that had already been available in the 
trade—for example, synthetics in the yellow, green, 
pink, and blue color ranges discussed by Shigley et 
al. (2004). There has also been a dramatic expansion 
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in the size ranges. This includes polished gems 
greater than 10 carats (although production is still 
limited), as well as a significant increase in the out- 
put of HPHT synthetic melee, whose volume and 
small stone size present particular identification 
problems for the jewelry trade. 


HPHT SYNTHETIC DIAMOND GROWTH 

High-pressure, high-temperature diamond growth 
was first announced by the General Electric Com- 
pany (GE) in 1955, and today most HPHT synthesis 
has its origins in the temperature gradient method 
first developed in 1959 (Bovenkerk et al., 1959). Yet 
it was only during the 1990s that these products at- 
tained sufficient size and gem quality to present sig- 
nificant concerns to the jewelry industry (Shigley et 
al., 1997). High-pressure reactor chamber design and 
control of diamond growth parameters have ad- 
vanced considerably in recent years. The consistent 
production of larger as well as colorless HPHT syn- 
thetics is now possible, and several HPHT synthetic 
crystals can be grown simultaneously within the 
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Box A: IDENTIFICATION CRITERIA FOR THE GEMOLOGIST 


While HPHT synthetic diamonds can show several dis- 
tinctive visual features that aid a gemologist in identifi- 
cation, few features will unambiguously confirm that a 
diamond is not an HPHT-grown synthetic. Therefore, a 
negative result does not exclude HPHT synthetic origin. 
For example, while magnetism is a strong indicator of 
HPHT growth, a lack of magnetism does not exclude the 
possibility. Reliable conclusions regarding natural or 
synthetic origin should be made from a combination of 
gemological and spectroscopic data, and the origin is 
probably best determined by a gemological laboratory. 
The features mentioned below have all been described 
and illustrated in the published literature. 


Strain. The lack of observable strain (anomalous bire- 
fringence) when a diamond is viewed with polarized 
light does provide a strong indication of HPHT growth 
(figure A-1). Natural diamonds are typically subjected to 
varying stresses during their long growth and transport 
history. In contrast, HPHT synthetic diamonds are 
grown in a uniform high-pressure field. Yet the presence 


of birefringence does not eliminate synthetic origin, as 
CVD-grown diamonds commonly show strain and 
HPHT-grown diamonds rarely do (Ardon and Batin, 
2017). 


Magnetism and Metallic Inclusions. HPHT synthetics 
span the clarity scale, but those examined by GIA trend 
toward higher clarity grades (see “Analysis of Quality 
Grading Factors,” figure 6). Due to the flux-metal chem- 
istry necessary for HPHT growth, any observable features, 
such as metallic inclusions (see figure 8), are usually evi- 
dence of a distinctive growth environment. Such metallic 
inclusions are rarely observed in natural diamonds (Smith 
et al., 2016). Occasionally, metallic inclusions are present 
in sufficient concentration in a synthetic diamond to pro- 
duce a detectable magnetic reaction. The absence of these 
metallic inclusions, or the absence of a magnetic response, 
does not exclude HPHT synthetic origin, as research has 
shown that the magnetic attraction was consistently de- 
tected only in the SH clarity range (D’Haenens-Johansson 
et al., 2014). A diamond dealer once related to us the prac- 


Figure A-1. Viewed in crossed polarizers, natural diamonds (left) and CVD synthetics (middle) display higher- 
order interference colors than those generally seen in HPHT synthetics, which tend to display uniform, feature- 
less birefringence (right). Shown in these photos are a 3.49 ct D-color natural diamond (left), a 2.51 ct H-color 
CVD synthetic (middle), and a 0.46 ct D-color HPHT synthetic (right). 


press (D’Haenens-Johansson et al., 2015). In general, 
HPHT growth proceeds at temperatures and pres- 
sures designed to approximate the conditions of nat- 
ural diamond growth. Within the earth, diamonds 
generally form at pressures of 5.5-8.0 GPa (55,000- 
80,000 atmospheres) and temperatures of 1000- 
1400°C, corresponding to depths of 140-240 km 
(Shirey and Shigley, 2013). 

In HPHT growth, a carbon source such as graphite 
or diamond powder is placed in the reactor chamber 
along with other ingredients to facilitate diamond 
growth atop a diamond seed. A molten metal catalyst 
(usually containing a mixture of Fe, Ni, Co, or other 
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elements) allows growth to proceed at a lower temper- 
ature. This also reduces the technological complexity 
and some of the expense required to grow diamond 
under HPHT conditions. HPHT growth occurs at pres- 
sures of 5-6 GPa (roughly equivalent to the pressure 
exerted by a commercial jet airplane if balanced on the 
tip of a person’s finger) and at temperatures of 1300- 
1600°C. As with CVD diamond growth, HPHT growth 
proceeds by creating a temperature gradient in which 
the carbon source is at a slightly higher temperature 
than the diamond growth seed. This causes the carbon 
atoms to diffuse through the molten flux toward the 
slightly colder section of the chamber to form a syn- 
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tice of sweeping a magnet over a parcel of diamonds as a 
method for detecting synthetics. While this might have 
been considered adequate in prior decades, it is no longer 
a reliable test. 


Color Zoning. Due to their growth methods, fancy-color 
HPHT-grown synthetics often have color zoning related 
to the arrangement of internal growth sectors, and the 
concentration of color-causing impurities like nitrogen 
or boron in some select sectors. The presence of such 
growth zoning patterns, particularly in diamonds with 
yellow, yellow-orange, or blue coloration, would 
strongly suggest an HPHT origin. Geometric patterns of 
color zoning are rarely seen in natural diamonds. Some 
natural diamonds with dark-colored zones are due to 
high concentration of graphitic inclusions (Hain- 
schwang et al., 2014; Eaton-Magana et al., 2016) rather 
than the variable incorporation of color centers as seen 
in HPHT synthetics. 


Fluorescence. HPHT synthetic diamonds generally show 
a stronger fluorescence reaction to short-wave UV than 
to long-wave UV. This trend is observed for both fancy- 
color (Shigley et al., 2002, 2004) and colorless material 
(D’Haenens-Johansson et al., 2015). Interestingly, this ob- 
servation appears to correlate with type Ib diamond, as 
King et al. (2005) reported that among the very few nat- 
ural diamonds that show a similar reaction, almost all 
were type Ib. The predominant fluorescence colors are 
green to yellow to orange. Additionally, the vast majority 
of HPHT synthetics in the “colorless” range exhibit no 
detectable fluorescence to long-wave UV. 


Phosphorescence. As phosphorescence is often quite 
weak, the reaction is best observed in a darkened room. 
The observed duration can persist from less than a second 
to a few tens of seconds. Blue and colorless HPHT-grown 
synthetics often show light blue phosphorescence, with 
the luminescence spectral band centered at 500 nm. In 


thetic diamond crystal on the seed. Most early gem- 
quality HPHT synthetics were fancy color, since color- 
causing impurities, such as nitrogen (yellow) or boron 
(blue), were often prevalent within the growth system. 
Recent progress in growth technology has allowed for 
better control of impurity contents, resulting in the 
creation of colorless crystals (e.g., figure 2). 


ANALYSIS OF EXISTING DATA 

We will summarize quality factors, basic gemological 
properties, ultraviolet fluorescence reactions, and key 
spectral features based on information gathered when 
these several thousand HPHT-grown samples were 
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this color range, orange phosphorescence at 575 nm is oc- 
casionally observed in HPHT synthetics but is thought 
to be exclusive to this material (Watanabe et al., 1997, 
Eaton-Magana and Lu, 2011). The 500 nm phosphores- 
cence band due, in part, to the presence of boron is com- 
monly observed in both type I[b natural diamonds and 
CVD synthetics, but the phosphorescence is generally 
less intense. 


Diamond Type. Colorless samples that are UV transpar- 
ent or show no detectable nitrogen in their FTIR absorp- 
tion spectra—meaning they are type II—should always 
be sent to a gemological laboratory for testing, as these 
might have been subjected to HPHT processing or could 
be CVD or HPHT synthetic diamonds. 


Inscription. Major HPHT synthetic manufacturers often 
inscribe the origin on the girdle (e.g., “Lab Grown” or 
other wording). However, the lack of an inscription does 
not necessarily indicate a natural stone, as diamonds can 
be recut or a manufacturer might not inscribe the syn- 
thetic origin. 


Advanced Testing. Gem testing laboratories should 
maintain a full complement of gemological, imaging, 
and spectroscopic instrumentation, including a Dia- 
mondView imaging microscope, an FTIR absorption 
spectrometer, and a photoluminescence (PL) spectrome- 
ter equipped with several lasers. Additionally, these lab- 
oratories must have access to HPHT synthetics that are 
representative of products available in the trade and 
maintain a database of their properties. They must be 
constantly vigilant for emerging trends that deviate from 
standard detection criteria for natural, treated, or syn- 
thetic diamonds. Gem labs must also operate under the 
assumption that today’s reliable criteria may not be ap- 
plicable in the future, which would require alternative 
methods to ensure that identification keeps pace with 
the manufacturers’ growth technology. 


examined by GIA between 2007 and 2016. In some 
instances, GIA did not collect all data types on a par- 
ticular HPHT synthetic sample for various reasons: 
time constraints, the lack of certain instrument ca- 
pabilities at the time of examination, or the need to 
limit the analysis to the grading service requirements 
requested by the submitting client. In the following 
discussion, therefore, we will indicate the percentage 
of total submissions for which that data was col- 
lected. Nonetheless, the information reported here 
represents the most substantial database of observa- 
tions published to date on gem-quality HPHT syn- 
thetic diamonds. 
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Figure 2. This selection of colorless HPHT synthetic 
crystals (0.50-0.69 ct) was grown by Jinan Zhongwu 
New Materials Company Ltd. of Shandong, China. 


We noted no significant differences in character- 
istics between the HPHT synthetic samples sourced 
directly from the manufacturers and those submitted 
by GIA laboratory clients. The information presented 
here is strictly limited to HPHT synthetics examined 
by GIA, which might not represent all of the goods 
available within the gem trade and certainly not 
those crystals grown for technological or industrial 
applications. 


ANALYSIS OF QUALITY GRADING FACTORS 
Color. Since 2007, there has been a pronounced shift 
in the color of the HPHT synthetics submitted for 
grading. In the early years of GIA’s Synthetic Diamond 
Grading Report, the overwhelming majority were 
orangy yellow to yellowish orange (in this article, this 
color range is shortened to “yellow-orange”; e.g., fig- 
ure 3). The proportion of HPHT synthetics with pink 
coloration has remained generally constant at around 
3-8%. During the early years, blue samples were not 
submitted in large numbers. Since then, the blue and 
yellow hues have shown some fluctuations in annual 
percentage but exhibited no distinct trends. Colorless 
to near-colorless synthetics have shown a dramatic in- 
crease, now reaching 43% of the HPHT synthetics 
submitted to GIA in 2016. While the proportion of yel- 
low-orange HPHT synthetics that have been submit- 
ted (and likely manufactured) has decreased in recent 
years, they still comprise a clear majority of the HPHT 
synthetics submitted to GIA from 2007 through 2016 
(figure 3, right). 

Among the colorless to light yellow (D-Z) HPHT 
synthetics, the vast majority (72%) were in the color- 
less (D-F) range, while 26% were in the near-colorless 
(G_J) range, and the remainder had lower color grades. 
In contrast, most D-Z CVD synthetics examined by 
GIA were in the near-colorless range: 21% D-F, 67% 
G_J, and 10% K-N (Eaton-Magania and Shigley, 2016). 


Figure 3. Left: The color distribution of HPHT synthetic diamonds analyzed by GIA, separated by year. Right: The 
overall distribution of HPHT synthetics submitted to GIA by bodycolor. Yellow-orange HPHT synthetics repre- 
sented the vast majority of submissions during the early years and constitute a majority of all HPHT synthetics 
seen at GIA since 2007. In recent years, client submissions of yellow-orange HPHT synthetics have been eclipsed by 
blue and colorless samples. The percentage shown in red represents the portion of samples submitted for which 


data are available. 
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CARAT WEIGHT DISTRIBUTION OF HPHT SYNTHETICS (100%) 


Figure 4. From 2007 
through 2016, most of 
the HPHT synthetic di- 
amonds analyzed by 
GIA were in the 0.2-0.5 
and 1.0-1.5 ct range. 
The data here are di- 
vided into 0.1 ct incre- 
ments. The percentage 
shown in red represents 
the portion of samples 
for which data are 
available. 


PERCENTAGE OF HPHT SYNTHETICS IN WEIGHT RANGE 


10) 0.5 1 


2.5 3 
CARAT WEIGHT 


3.5 


Most colors of HPHT synthetics are believed to 
be as-grown (i.e., due to impurities) rather than the 
product of post-growth treatment processing. In con- 
trast, CVD synthetics are often subjected to post- 
growth treatment. Most near-colorless CVD 
synthetics are subsequently HPHT treated (to re- 
move any brown coloration), while the pink samples 
(the other major CVD product) undergo irradiation 
and annealing (Eaton-Magafia and Shigley, 2016). 

The colors of “yellow-orange” and yellow HPHT 
synthetics are due to the presence of isolated nitro- 
gen incorporated during the growth process (Shigley 
et al., 2002); however, the additional use of “nitro- 
gen-getters” such as aluminum in the growth system 
can reduce the incorporation of nitrogen (Sumiya and 
Satoh, 1996). Almost all “orange” HPHT synthetics 
included a yellow component, while some contained 
a brown or pink modifier; very few were pure orange. 

“Pink” HPHT synthetics (including purple-pink, 
red, and brown-red) owe their color to post-growth 
treatment by irradiation and low-temperature an- 
nealing. This procedure creates nitrogen-vacancy 
(NV) optical centers, which are also the source of 
color in treated pink diamonds, treated CVD synthet- 
ics, and the rare natural and untreated Golconda 
pinks. 

Blue HPHT synthetics result from the presence of 
boron within the growth chamber. Colorless HPHT 
synthetics are reportedly sold as-grown without post- 
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growth color modification (D’Haenens-Johansson et 
al., 2014), and they often contain small amounts of 
boron, which does not alter their color (but does im- 
part luminescence). 

Other less common colors include yellow-green 
to green samples. Green coloration has a number of 
origins in HPHT synthetics, including the presence 
of yellow zones (due to nitrogen) and blue zones (due 
to boron) that visually combine to give a greenish ap- 
pearance (Shigley et al., 2004), laboratory irradiation 
after growth (Shigley et al., 2004), and high quantities 
of nickel impurities (Johnson et al., 2017). 


Carat Weight. Faceted HPHT synthetics in the 1.00- 
1.50 ct range were the most common, representing 
34% of those examined by GIA (figure 4). While 
HPHT synthetics larger than four carats have been 
newsworthy during the last few years, relatively few 
have been submitted, presumably due to very lim- 
ited production. Additionally, the carat range distri- 
bution has not varied considerably from 2.007 to 
2016. Production of colorless melee has increased 
greatly in recent years (W. Wang, pers. comm., 2016), 
but so far no fancy-color synthetics of any size have 
been submitted to GIA in large numbers. With the 
announcement in late 2016 of a colorless melee sort- 
ing service, GIA has seen more of these very small 
synthetic diamonds; for more on HPHT synthetic 
melee, see box B. 
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Although experiments on the srecon- 
struction or synthesis of rubies began 
in the early 1800's, apparently it was 
not until approximately 1882 that a 
few stones appeared on the marker labeled 
“reconstructed.”” According to an uncon- 
firmed report these were thought to have 
been made by a priest in a small town in 
Switzerland, and the report stated that the 
stones were produced by binding together 
small particles, or chips, of genuine ruby by 
fusing small particles of quartz. Obviously, 
a strict definition would not permit such 
stones to be considered reconstructed but, 
instead, merely silica bonded rubies. At any 
rate, these stones supposedly duplicated the 
appearance of fair quality rubies and were 
sold at relatively high prices. 

The essential identifying characteristics 
of such stones would be variable hardness 
due to the amorphous and soft nature of 
the bonding agent, in contrast to the corun- 
dum fragments and a lack of extinction 
characteristic of a doubly refractive crystal 
when rotated in the polariscope. This would 
result from the random crystallographic 
orientation of the silica bonded fragments. 
However, if such stones were ever made on 
a commercial basis they could not have 
gained much importance since none have 
been encountered, or at least reported. 

In 1877 the first synthetic corundum was 
produced, but it was not of gem quality. 
Gem quality material, according to one re- 
port, did not appear on the market until 
about 1886. If this is correct, they were un- 
doubtedly confused by some jewelers with 
the first so-called “reconsructed” stones, and 
sold as such. 

Between 1880 and 1890 a Swiss engineer 
was supposed to have produced true recon- 
structed rubies from ruby sand on a com- 
basis. These were referred to as 
“Geneva” rubies and the boules were stated 
to have been about the size and shape of 
a shoe button. (A similar description is 
applied to the first synthetic boules pro- 
duced by Verneuil.) 


mercial 


Whether all of these “Geneva” rubies 
were made by fusing together ruby powder 
only, or whether they were just bonded 
fragments, is unknown. The definition re- 
ferred to earlier would cover bonded frag- 
ments only. However, we are led to believe 
that these stones were made from powdered 
natural rubies with the addition of chromic 
oxide in the later stones to improve their 
color. 

Actually, since the possibility of pro- 
ducing synthetics had been made known in 
1886, there seems little likelihood that any 
great amount of time was devoted to the 
production of reconstructed ruby when gem 
quality natural ruby, even in small sizes, 
is relatively scarce and costly. This indicates 
the possibility that much of the so-called 
ruby produced prior to 
1900 was, in reality, synthetic. 

For some reason, the characteristics which 
have been associated with synthetic corun- 
dum in the majority of gemological pub- 


“reconstructed” 


lications are those common only to boules 
formed by the Verneuil 
know it today. The implication 3s 
rubies produced prior to the Verneuil an 


process as we 
that 
nouncement were reconstructed. However. 
investigations to date have not verified this. 
On the contrary, there is strong evidene 
indicating that rubies were made by ac- 
cretion of molten material, grown into a 
single crystal long before the Verneuil pro- 
cess was announced. 

From study of material that fits the des- 
cription given to “reconstructed” stones at 
that time, it seems evident that such ac- 
cretion can form a 
though the deposition is interrupted or un- 
even over the surface. The existence of a 
structure which is divided several 
(Figure 1)each containing symmet- 
tical and closely spaced curved striae, but 


single crystal even 


into 
areas 


with the general orientation of the striae in 
each area differing from that of the adjoin- 
ing area, is not necessarily indicative of re- 
constructed stones. 

On the contrary, such stones could have 
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Box B: HPHT SYNTHETIC DIAMOND MELEE 


The market for near-colorless melee diamond (i.e., less 
than 0.05 ct) has traditionally been dominated by natural 
stones. However, dramatic improvements in HPHT 
growth technology and techniques in the past two or 
three years have had a profound effect on how jewelers 
must examine their stocks of melee-sized diamonds. 
HPHT synthetic diamond melee growth is quickly be- 
coming a large industry in China (figure B-1, left). Facto- 
ries full of HPHT presses can be found in the Chinese 
city of Zhengzhou, where companies can each produce 
more than 1,000 carats of near-colorless synthetic dia- 
monds per day (W. Wang, pers. comm., 2016). After 
faceting, most of the synthetic melee weighs between 
0.005 and 0.03 ct, with colors ranging from D to N and 
widely variable clarities (figure B-1, right). 

The melee is grown as tiny, near-colorless individual 
crystals using even smaller yellow HPHT synthetic dia- 
mond seed crystals. Most of the rough is sold with the 
seed crystals still attached (figure B-2). Larger HPHT syn- 
thetic diamonds are grown upward from the {100} cubic 
face of the seed crystal and have the cuboctahedral crys- 
tal form we have come to expect from HPHT-grown di- 
amonds. While most of the HPHT synthetic melee 
crystals are also grown from a {100} oriented seed, it is 
notable that several were grown from both {111} octahe- 
dral and {110} dodecahedral seed crystal faces as well (fig- 
ure B-2). The crystals grown from {111} and {110} oriented 
seeds show a different form and external characteristics 
that might not be immediately associated with HPHT 
synthetics. 


Since 2015, many of the previous records for carat 
weights of polished synthetic diamonds have been 
shattered (Deljanin et al., 2015; Wang and Poon, 
2016). The Russian company New Diamond Tech- 
nology has provided several colorless to near-color- 
less diamonds to GIA greater than five carats, along 
with several blue samples. This advancement has 
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Near-colorless HPHT-grown melee share most of the 
key characteristics used to identify larger HPHT-grown 
synthetics, but their very small size often obscures visual 
features and makes spectroscopy difficult. All of the 
near-colorless synthetic melee known today are type II 
diamonds with no measurable nitrogen impurities. Some 
are type Ila, but in many cases trace boron impurities can 
be detected with FTIR analysis, classifying them as type 
IIb. The type Ila samples may also contain traces of 
boron that are below the detection level of most FTIR 
instruments. Although their fluorescence reaction to 
long-wave UV is usually very weak orange or not visible 
at all, the presence of boron gives rise to a very useful 
phosphorescence. When exposed to very high-energy 
short-wave UV, such as that of the DiamondView, all 
HPHT-grown melee diamonds will show some phospho- 
rescence (usually blue) after the UV source has been 
turned off (figure B-3). Many of these synthetic melee 
contain metallic inclusions that are difficult to observe 
under the microscope in such small diamonds. In some 
cases, however, they are readily attracted to a magnet. 
Additionally, photoluminescence (PL) analysis reveals 
high concentrations of nickel-related defects in most 
HPHT synthetic melee and variable amounts of silicon- 
related defects in some of them (D’Haenens-Johansson 
et al., 2014). These PL features rarely occur in natural di- 
amond melee. Finally, DiamondView imaging reveals 
the individual growth zones typical of HPHT-grown syn- 
thetic diamonds, though the extremely small size of the 
melee often makes it difficult to clearly discern the pat- 


Figure B-1. Left: This as- 
sortment of 10 carats of 
near-colorless, HPHT- 
grown synthetic melee di- 
amond crystals is typical 
of the material now being 
produced in China. Right: 
Most of the melee crystals 
are faceted into tiny 
round brilliants such as 
these, weighing about 
0.01 ct each. Photos by 
Wuyi Wang. 


generated excitement as well as concern in the jewel- 
ry trade. 


Cut. The majority of the faceted HPHT synthetics 
analyzed were round brilliants (51%). Other com- 
mon styles included square (19%) and rectangle 
(18%), with and without cut corners (figure 5, top). 
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Dodecahedron 


terns. In many cases, the patterns are slightly atypical, 
likely representing the growth using different faces of the 
seed crystal as described previously (figure B-4). 

With the ever-expanding production of near-color- 
less, melee-sized HPHT-grown synthetic diamonds, the 
industry must be more vigilant than ever in understand- 
ing these tiny goods that are used to adorn jewelry. While 


Figure B-3. Following exposure to a high-energy short- 
wave UV source, HPHT-grown synthetic melee dia- 
monds tend to phosphoresce blue when the UV light 
is turned off. This effect is due to trace concentrations 
of boron impurities. Photo by Wuyi Wang. 


Figure B-2. Although 
most often grown from 
the {100} cubic face of 
the seed crystal (left), 
some of the synthetic 
melee were grown from 
{110} dodecahedral (cen- 
ter) and {111} octahedral 
(right) seed faces, giving 
rise to crystal forms and 
growth striations not 
typically associated with 
synthetic diamonds. 
Photos by Ulrika D’Hae- 
nens-Johansson. 
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we have also examined some CVD-grown melee, most 
synthetic melee appears to be grown by HPHT methods. 
Many gemological laboratories now offer low-cost melee 
testing services to help with identification. 


Figure B-4. Left: DiamondView fluorescence images 
reveal normal cuboctahedral growth patterns in 
most of the melee, though they are often difficult to 
observe in such small sizes. Right: Some of the 
melee show different patterns that may result from 
growth from atypical seed crystal faces. Photos by 
Christopher M. Breeding. 


Manufacturers appear to have chosen the round bril- 
liant cut because of the popularity of this style, even 
though a “fancy” shape would have retained slightly 
more weight from the original crystal. 

Since GIA only assigns cut grades for D-Z color 
round brilliants, only a small percentage of the 
HPHT synthetics were eligible for such an assess- 
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ment. Among these, 44% received a Very Good cut 
grade, with 30% Excellent and 24% Good (figure 5, 
bottom). 


Clarity. The HPHT synthetics span nearly the entire 
clarity scale, but most received grades in the VS,/VS, 
range (figure 6). This is slightly lower than the clarity 
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range observed for CVD synthetics, most of which 
were in the VVS,/VS, range, and slightly higher than 
the VS,/SI, range observed for colorless to near-col- 
orless natural diamonds (Eaton-Magania and Shigley, 
2016]. As GIA generally examines only the material 
that has been released by HPHT manufacturers as 
worthy of cutting, the samples likely represent what 
is available within the trade but might not account 
for the entire manufacturing output. 

The clarity distribution is shifted toward higher 
grades among colorless synthetic diamonds than 
among fancy-color samples. This may be due to the 
different chemistry in the HPHT presses that create 
colorless material, or more likely the fact that most 
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colorless goods date from recent years (figure 3, left) 
and represent improvements in the control of dia- 
mond crystallization. 

Clarity grading of diamonds often involves the de- 
termination of the “grade-setting” clarity feature. 
This is the visual characteristic seen at 10x magnifi- 
cation that determines the clarity grade. For example, 
a diamond might have a large feather and a few sparse 
pinpoints. While both would be listed as inclusions, 
the feather would be considered the “grade setter.” A 
number of different grade-setting clarity characteris- 
tics were found in these HPHT synthetics (figure 7). 

The most common grade-setting inclusions for 
HPHT synthetic diamonds were identified by labora- 


Gems & GEMOLOGY FALL 2017 


CLARITY DISTRIBUTION OF 
HPHT SYNTHETICS (75%) 


Colorless to near-colorless 
™© Fancy-color 


| | l Ee = 
& & sh fk & 


IF VVS, VVS, VS, VS, 


30% + 
25% 4 
20% 4 
15% 4 


0% , 


10% 4 
5% > 


3 


Figure 6. The clarity grade distributions are shown for 
colorless to near-colorless (D-]) HPHT synthetics (a 
plurality with VS, clarity) and those within the fancy 
color range (a plurality with VS, clarity). The percent- 
age shown in red represents the portion of samples for 
which data are available. 


tory graders as “crystals.”! The other most common 
features were feathers, pinpoints, and clouds. These 
inclusions were mentioned in previous articles 
(Shigley et al., 2002, 2004; D’Haenens-Johansson et al., 
2014, 2015). Many of these features also contained ra- 
dial fractures surrounding larger inclusions; fractures 
that reached the surface are plotted as feathers. 
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ANALYSIS OF OTHER 

GEMOLOGICAL PROPERTIES 

Long-Wave and Short-Wave Fluorescence. While it 
should not be considered conclusive evidence, the 
observation of ultraviolet fluorescence with a stan- 
dard long-wave/short-wave UV unit has been an im- 
portant and practical means of distinguishing natural 
diamonds from HPHT-grown synthetics. The deter- 
mination is based on differences in fluorescence col- 
ors, intensities, and patterns (and in some cases the 
occurrence of persistent phosphorescence). If a fluo- 
rescence reaction is observed in an HPHT synthetic, 
the reaction to short-wave UV radiation is often 
stronger than to long-wave UV radiation (or the re- 
action to long-wave is altogether absent). For HPHT 
synthetics in our dataset that had both long- and 
short-wave fluorescence reactions, 11% showed a 
stronger long-wave UV reaction, 32% had equal-in- 
tensity fluorescence reactions, and 58% had a 
stronger short-wave reaction. 

The bar graphs in figure 9 (top) illustrate the in- 
tensity of fluorescence reactions to long-wave and 
short-wave ultraviolet radiation from a standard 
gemological UV lamp. Most HPHT synthetics dis- 
played no fluorescence reaction to long-wave UV 


‘Actually metal flux, as shown in figure 8, and noted as flux (or 
more recently as “growth remnants”) on grading reports, but plotted 
in similar fashion as natural crystals. 


Figure 7. The distribution 
of grade-setting clarity 
characteristics is shown 
for HPHT synthetic dia- 
monds. A “crystal” is de- 
fined as solid material, 
larger than a pinpoint, 
contained within the dia- 
mond. A feather is an in- 
ternal fracture visible at 
10x magnification. A 
cloud is a cluster of pin- 
points (tiny crystals that 
appear as specks at 10x 
magnification). A needle is 
a thin crystal observed 
with 10x magnification. 
On grading reports, these 
characteristics generally 
— = a are plotted according to 
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surface 


“Crystal” Pinpoint Cavity Chip 


Review OF HPHT SYNTHETIC DIAMONDS 


Dee ede these designations, but re- 
ferred collectively as 
“growth remnants.” 


Needle Knot 
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(across all colors, 74%), while a significantly lower 
percentage (38%) had no reaction to short-wave UV. 
While the observed fluorescence intensity was gen- 
erally greater in response to short-wave rather than 
long-wave UV, the distribution of fluorescence color 
was quite similar (figure 9, bottom). 


Fancy-Color Material. Among pink to red HPHT 
synthetics, where the color origin and the fluores- 
cence color are due to the presence of the NV defect 
centers acquired during post-growth treatment, the 
majority showed moderate to strong fluorescence, 
typically with orange or red colors. Only 15% had no 
reaction to long-wave UV, and all pink HPHT syn- 
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Figure 8. While some 
HPHT synthetic inclu- 
sions appear transpar- 
ent, most appear to be 
pieces of dark solidified 
metal flux. A variety of 
shapes are possible, in- 
cluding thin rods and 
irregular shapes, and 
some are associated 
with feathers. These 
metallic inclusions can 
create a magnetic at- 
traction. Photos by 
Sally Eaton-Magania 
and Troy Ardon. 


thetics exhibited an observable reaction to short- 
wave UV. In comparison, 16% of the natural pink di- 
amonds had no reaction to long-wave UV, and 31% 
had no reaction to short-wave UV (King et al., 2002). 
Among those natural diamonds with observed fluo- 
rescence, the vast majority gave a blue reaction, 
while the remainder showed yellow or rarely orange 
fluorescence. Only a very small percentage (<1%) of 
natural pink diamonds derive their color from NV 
centers, and it is this small percentage that showed 
orange rather than blue fluorescence. 

Among yellow to yellow-orange material, the per- 
centage of HPHT synthetics showing a fluorescence 
reaction to long-wave UV was lower than for short- 
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Figure 9. Fancy-color and colorless HPHT synthetics had distinctly different fluorescence reactions to long-wave 
and short-wave UV. Most of the HPHT synthetics showed no reaction to long-wave UV, while a majority showed 
an observable reaction to short-wave UV. The percentages shown in red represent the portion of samples for which 
data are available. The plots of fluorescence color only include those samples that had a reaction. 


wave. The observed fluorescence colors were typi- 
cally green to orange. This color range was distinctly 
different from those observed in natural diamonds, 
in which the most common color of long-wave fluo- 
rescence was blue (92.%; King et al., 2005). 
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Colorless Material. Only 2% of colorless HPHT syn- 
thetics showed a fluorescence reaction to long-wave 
UV. This is a far lower percentage than observed 
among natural diamonds. Moses et al. (1997) reported 
that 35% of natural diamonds in the same color 
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range had detectable long-wave fluorescence, and 
that 99% of the fluorescence reactions were blue due 
to the N3 optical defect combined with “band A” lu- 
minescence (Zaitsev, 2003). By contrast, the small 
percentage of HPHT synthetic diamonds with de- 
tectable long-wave fluorescence emitted orange and 
yellow colors. 

Meanwhile, a much higher percentage (88%) of 
colorless HPHT synthetics showed a fluorescence re- 
action to short-wave UV (figure 9]. This reaction is 
consistent with fancy-color HPHT synthetics 
(Shigley et al., 2004) and prior observations of color- 
less HPHT synthetics (D’Haenens-Johansson et al., 
2.014), and opposite the expected reaction for natural 
diamonds (Shigley et al., 1993). 


Short-Wave UV Phosphorescence. HPHT synthet- 
ics in the blue and colorless color ranges often 
show observable light blue phosphorescence (e.g., 
D’/Haenens-Johansson et al., 2014, 2015) due to 
boron impurities (Watanabe et al., 1997). Treated 
and natural blue type IIb diamonds often showed 
blue phosphorescence as well, though typically 
weaker (natural type I[b diamonds can also show 
red phosphorescence; Eaton-Magania and Lu, 2011). 
Among the other HPHT synthetic diamond colors, 
the majority did not exhibit observable phospho- 
rescence. For example, only one of the yellow-or- 
ange samples showed phosphorescence (weak 
orange). 


Diamond View Imaging. For the past two decades, 
the DiamondView fluorescence imaging instrument 
has been an important diamond identification tool 
for major gemological laboratories. The design of 
the sample holder allows diamonds to be positioned 
and examined in various orientations, and the fluo- 
rescence reactions can be observed in real time. The 
very short wavelength (~225 nm) and high intensity 
of the UV excitation source creates fluorescence 
just beneath facet surfaces, producing a distinct re- 
action. Although most HPHT synthetics show no 
reaction to a standard long-wave UV light source 
and many are inert to short-wave UV, all dia- 
monds—including all HPHT synthetics—show 
some observable reaction to the high-intensity, 
high-energy UV source. 

Differences in UV fluorescence colors and patterns 
provide the basis for DiamondView analysis (Wel- 
bourn et al., 1996). Because of their unique growth en- 
vironment, HPHT synthetics exhibit distinctive 
fluorescence reactions under the DiamondView. 
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Growth Features. The growth features of HPHT syn- 
thetics are created largely by the prevailing growth 
chemistry and process conditions that have existed 
for several decades. In order to lower the temperature 
and pressure necessary for HPHT growth, as well as 
the associated expense, manufacturers use a metal 
catalyst (see “HPHT Synthetic Diamond Growth” 
above]. At these lower temperatures, octahedral 
growth (as seen in natural diamond crystals) is not 
observed (Welbourn et al., 1996). Instead, cuboctahe- 
dral growth predominates (at even lower tempera- 
tures, cube growth would occur). The vast majority 
of distinctive growth features seen in HPHT synthet- 
ics are due to this cuboctahedral arrangement of in- 
ternal growth sectors, as well as accompanying 
variations that can occur with different metal cata- 
lysts (Welbourn et al., 1996). 

The two as-grown HPHT synthetic crystals in fig- 
ure 10 demonstrate the characteristic external crystal 
morphology. Their corresponding DiamondView flu- 
orescence images show the different fluorescence re- 
actions along these growth faces. The impurities and 
defects created in HPHT synthetics can vary greatly 
depending on the growth face, and these variations 


Figure 10. As-grown HPHT crystals show a cubocta- 
hedral growth morphology that is quite distinct from 
both natural and CVD-grown diamonds. These 
higher-order growth faces, such as (113), incorporate 
defects at different concentrations, leading to distinc- 
tive fluorescence colors and patterning that arise 
from the arrangement of internal growth sectors. The 
distinctive fluorescence reactions in the Diamond- 
View images on the right remain after polishing, 
proof of HPHT growth. Photos and images by Sally 
Eaton-Magania (top row) and GIA staff (bottom row). 
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Figure 11. Due to the variety of growth conditions and optical defects among the various colors of HPHT syn- 
thetic diamonds—grown with low accidental amounts or deliberately high amounts of nitrogen and/or boron— 
these samples exhibit a wide variety of DiamondView fluorescence reactions. The distinct internal growth 
structure seen with the DiamondView is generally diagnostic of HPHT synthesis. Most colorless HPHT synthetics 
have low but detectable amounts of boron, and DiamondView imaging shows similar colors and phosphores- 
cence properties as blue HPHT synthetics. The percentage shown in red represents the portion of samples for 


which data are available. 


are revealed by the different fluorescence colors. 
Once an HPHT synthetic is polished, the as-grown 
morphology can no longer be easily observed unless 
there is noticeable color zoning. However, the differ- 
ences in defect chemistry within these growth faces 
are preserved even in colorless material, with the flu- 
orescence reaction and pattern revealed quite clearly 
by DiamondView imaging. 


Fluorescence Color. With the DiamondView, a wide 
variety of fluorescence colors can be observed in 
HPHT synthetics. HPHT synthetics often exhibit 
more than one fluorescence color (e.g., green and 
greenish blue in figure 10, top); examples of the fluo- 
rescence colors are shown in figure 11. 

Fancy-color diamonds generally show a contrast 
in fluorescence color between the various growth 
planes. Often the planes reveal two distinct fluores- 
cence colors, or a combination of regions with and 
without fluorescence. The green fluorescence is as- 
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cribed to H3 defects, while the orange to red fluores- 
cence originates from NV centers. The origins of the 
other fluorescence colors are less understood by sci- 
entists. A comparison of these fluorescence colors 
against other known spectral features did not indi- 
cate any compelling correlations. 

With colorless HPHT synthetics, the contrast in 
fluorescence color between growth sectors is much 
more subtle (D’Haenens-Johansson et al., 2014) and 
can be difficult for a gemologist to detect even 
while rotating the sample in the DiamondView. For 
colorless diamonds in particular, the gemologist 
must be especially vigilant when looking for 
growth features in the DiamondView. This reduc- 
tion in color contrast is due to fewer defects and 
color-causing impurities in colorless as compared 
to fancy-color HPHT synthetics. Therefore, the 
concentration differences of defects between the 
growth sectors that create the fluorescence will not 
be as apparent. 


Gems & GEMOLOGY FaLL 2017 275 


SHORT-WAVE FL 


DIAMONDVIEW 


DiamondView Reaction Compared with Short- 
Wave and Long-Wave UV Fluorescence. Figure 12 
shows the fluorescence reaction observed for two 
fancy-color HPHT synthetics. The series in figure 12 
(top) clearly indicates the hourglass growth zoning 
indicative of HPHT synthetic growth when illumi- 
nated by the deep ultraviolet (~225 nm) illumination 
of the DiamondView. Using short-wave UV, the 
hourglass pattern is still visible, but not as distinct. 
While the HPHT synthetic exhibits some reaction to 
long-wave UV, there is no observable pattern. 

Far more common among HPHT synthetics is the 
sample in figure 12. (bottom), in which the Diamond- 
View shows a reaction that is distinctive of HPHT 
synthetics while the short-wave and long-wave UV 
fluorescence pattern are not at all diagnostic of 
HPHT growth. The superior detail and pattern con- 
trast of DiamondView imaging has made the instru- 
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LONG-WAVE FL 


Figure 12. These images 
show the differences in 
detail and color contrast 
when two HPHT synthet- 
ics are illuminated by the 
DiamondView instru- 
ment (deep ultraviolet il- 
lumination at ~225 nm), 
short-wave UV (254 nm), 
and long-wave UV (365 
nm). The top series, of a 
0.32 ct Fancy Deep pink, 
shows the ideal case in 
which HPHT synthetic 
features are observable 
with short-wave UV. The 
bottom series, of a 0.59 ct 
Fancy Vivid orangy yel- 
low, represents a far more 
common observation. Be- 
sides a difference in fluo- 
rescence (FL) intensity 
between short-wave and 
long-wave UV, there is no 
evidence of HPHT growth 
patterns. For the short- 
wave and long-wave UV 
images, purple reflections 
of the UV source are ob- 
served in addition to the 
diamonds’ fluorescence. 


ment indispensable in gemological laboratories, as 
the quality of data cannot be matched using short- 
wave or long-wave UV lamps. Published reports on 
synthetic diamonds often include fluorescence reac- 
tions observed with the DiamondView, so the gemol- 
ogist should understand that such reactions are less 
intense and less obvious using a standard long- 
wave/short-wave UV lamp. 


SPECTROSCOPIC PROPERTIES 

While HPHT samples have more diagnostic gemo- 
logical properties than CVD samples (such as color 
zoning, lack of strain, and magnetism; see box A), the 
absence of these properties does not conclusively 
identify a diamond as natural. Spectroscopic tech- 
niques are essential to verify the growth origin of all 
diamonds. Among the samples identified as potential 
HPHT synthetics, a combination of features in 
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Fourier-transform infrared absorption (FTIR), visi- 
ble/near-infrared (Vis-NIR) absorption, and photolu- 
minescence (PL) spectroscopy will confirm the 
determination. Therefore, positive detection of 
HPHT synthetics is best accomplished by a major 
gemological laboratory that maintains a database of 
known natural, treated, and synthetic diamonds and 
sees a sufficient quantity of goods to spot emerging 
trends. 


Infrared (IR) Absorption Spectroscopy. In colorless di- 
amonds, IR absorption spectroscopy is most useful 
in separating type Ia, which represents the vast ma- 
jority of natural diamonds, from diamonds that do 
not contain aggregated nitrogen (Breeding and 
Shigley, 2009). This is the basis of GIA’s Diamond- 
Check instrument. This distinction is important in 
colorless diamonds, as only those without detectable 
ageregated nitrogen are identified as potentially 
treated or synthetic. 

Among fancy-color HPHT synthetics, either with 
as-grown yellow-to-green or treated pink colors, IR 
absorption spectra display the 1344 cm” peak. This 
feature indicates the presence of single substitutional 
nitrogen (i.e., type Ib diamond) and shows that the di- 
amond is potentially quite young in geologic terms. 
While some natural diamonds can also be type Ib, this 
peak is a good indicator of potential HPHT synthetic 
origin, as young diamonds contain only isolated ni- 
trogen. In natural stones, over the millions of years 
that diamonds reside at higher temperatures in the 
earth, these isolated nitrogen atoms randomly mi- 
grate within the diamond lattice (figure 13) and in- 
evitably find another nitrogen defect to form what are 
called nitrogen aggregates. The A aggregate (a pair of 
substitutional nitrogen atoms in adjacent lattice sites) 
can also combine to form the B aggregate (four nitro- 
gen atoms surrounding a vacant atom position in the 
lattice). While this aggregation process can be dupli- 
cated to some extent in the laboratory using high 
temperature instead of millions of years, there are dif- 
ferences. For example, the isolated nitrogen indicated 
by the 1344 cm! peak will never be completely elim- 
inated using high-temperature treatment, and this 
feature will still be detected by IR spectroscopy (Do- 
brinets et al., 2013). Among natural diamonds, the ag- 
gregation process over long periods of geologic time 
removes nearly all isolated nitrogen so that the dis- 
tinct infrared spectral feature cannot be detected in 
most natural diamonds. 

Many of our HPHT synthetic samples showed, 
based on their infrared spectra, a pure type Ib charac- 
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Figure 13. Isolated nitrogen (C defects) decrease as 
they are converted into aggregated nitrogen (A and B 
centers) while at temperatures of 800-1400°C within 
the earth. After Dobrinets et al. (2013), figure 9.2, p. 
235. In contrast, young diamonds such as HPHT syn- 
thetics have very low nitrogen aggregation. 


ter (i.e., only isolated nitrogen), while others exhib- 
ited a combination of type IaA (due to heating, which 
created some aggregated nitrogen) and type Ib (figure 
14). Whether the manufacturers are creating A aggre- 
gates by maintaining the chamber at high tempera- 
ture during the growth process or by subjecting the 
diamonds to post-growth treatment to enhance ni- 
trogen aggregation is not entirely clear. 

Blue HPHT synthetics (along with a majority of 
colorless HPHT samples) were type IIb, indicating 
either intentional doping or accidental contamina- 
tion with boron in the growth chamber. Figure 15 
shows the distribution of diamond types among 
HPHT synthetics based on bodycolor. Those with 
yellow color were predominantly type Ib or a com- 
bination of type Ib and type IaA. The blue synthet- 
ics were exclusively type Ib. Colorless HPHT 
synthetics were type Ila or, more commonly, type 
IIb (where the amount of boron was insufficient to 
produce any blue coloration). The post-growth 
treated pinks were type Ila or type Ib, but with very 
low nitrogen concentrations. 

As mentioned previously when discussing color 
differences in the DiamondView imaging and with 
color zoning, defect incorporation among the various 
internal growth sectors of HPHT synthetics can be 
quite variable. Therefore, boron and isolated nitrogen 
concentrations are not uniformly distributed 
throughout. IR absorption spectroscopy on faceted 
stones generally samples most of the volume of the 
crystal or cut stone, and the resulting spectra reflect 
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been produced by fusing alumina powder, 
but with haphazard and changing orienta- 
tion of the boule in relation to the direction 
from which the powder was deposited. In 
this latter instance, the uneven surface 
growth will result in low angle to even 
high angle intersection of the growth lines 
at the points where each of these areas are 
grown together. This is not encountered in 
a boule grown with the assistance of a 
mechanical apparatus that provides con- 
stant orientation of the boule and even dis- 
tribution of Al.0; powder on the growing 
surface. This is accomplished in the modern 
Verneuil oven. 


Se 


Figure 1 
Stones produced by sintering natural 
fragments would possess very irregular 


striation, particuarly for the adjoining areas 
of the fragments. Obviously, there would be 
little advantage in powdering grains of 
natural ruby to obtain the powder necessary 
to produce a well-formed boule when the 
resultant stone, in appearance, could be 
duplicated commercially prepared 
powder at a much lower cost. It should be 
noted that intersecting striae do not indicate 
a structure composed of several individual 
portions, each with a different crystallo- 
graphic orientation. Instead, intersecting 
striae generally indicate the direction of 


with 


growth only for each of the given portions. 

The latest group of “reconstructed” 
rubies submitted for examination were on 
the average of one half to three fourths 
carats in weight and possessed numerous 
erratic gaseous inclusions and pronounced 
curved (ie, all the 
characteristics often associated with so-called 
reconstructed stones). Many of the gaseous 
inclusions are developed into elongated and 
angular forms similar to the gaseous inclu- 


intersecting striae 


sions seen often in natural stones. 

Further investigation revealed, however, 
that these were nothing more than stones 
that were cut from the bottom tip of syn- 
thetic boules. It is generally assumed that 
this portion of a synthetic boule is discard- 
ed as waste. However, in an attempt to 
secure a quantity of these tips for examin- 
ation, it was learned that many cutters in 
this country have channeled these boule tips 
cutters — particularly in the 
Orient — and have obtained prices for this 
material in excess of that usually received 
for flawless synthetic corundum. Apparent- 
ly a large quantity of this material has been 
cut and returned to the trade, presumably 
as natural ruby. Since they are highly flaw- 
ed to the unaided eye, they could easily 
pass undetected in a parcel of natural 
stones. 


to foreign 


The presence of intersecting curved striae 
is easily accounted for when considering the 
nature of the seed material used to start 
the boule. The majority of the stones that 
have been examined at the G.I.A. labora- 
tory were taken from boules that had been 
started from oriented colorless rods — obvi- 
ously, then, of fairly recent manufacture. A 
typical side view of the relationship of the 
growth lines in the rod to the surrounding 
material, and the corresponding area from 
which these stones were cut, is illustrated 
in Frenre 2. 

Depending on the exact nature of the 
seed. and the orientation of the cut stone in 
relation to the original boule, the striation 
in these stones may appear through the 
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Figure 14. Infrared spectra for 
two HPHT synthetics. The 
black trace is the IR spec- 
trum of an HPHT synthetic 
with type IaA (1280 cnr) + 
type Ib components (1344 
cnr), It is a 0.34 ct Fancy 
brown-red with 220 ppma of 
isolated nitrogen and 60 
ppma of nitrogen A aggre- 
gates. The red trace is an IR 
spectrum of a Fancy light 
greenish yellow HPHT syn- 
thetic with type IIb (95 ppb 
uncompensated boron; 2800 
cnr’) + type Ib (2 ppm iso- 
lated nitrogen; 1344 cm’) 
components. These spectra 
show the range in diamond 
types and nitrogen concentra- 
tion in HPHT synthetics. The 
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an average concentration across the bulk of the dia- 
mond. With that caveat in mind, the electrically un- 
compensated boron concentration detected by IR 
absorption (B°) and the isolated nitrogen concentra- 
tion (Ns) were calculated from 160 randomly chosen 
type IIb HPHT synthetics and 180 type Ib (or type IaA 
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+ type Ib) HPHT synthetics. The concentration for B° 
was calculated from a method after Collins and 
Williams (1971) and Fisher et al. (2009), or alterna- 
tively Collins (2010). Ns was calculated from a proce- 
dure described by Kiflawi (1994). These concentration 
values are shown in figure 16. 


Figure 15. HPHT synthetics 
span four diamond type 
combinations: type Ila, type 
IIb, type Ib, and mixed type 
IaA + Ib. Those with yellow 
coloration were predomi- 
nantly type Ib or mixed type 
IaA + Ib. Colorless dia- 
monds were either type Ila 
or had a comparatively low 
boron concentration and 
were type IIb. All blue dia- 
monds were type IIb. Pink 
to red synthetics get their 
color from post-growth 
treatment; while most were 


= o = oo ae) o 
& 2 is ce £ a 
o © D SG ° aa 
a fo) 7 O56 ic 

5 3 fe < 

® 2 =6 = 

9 £ aes 

> 
BODYCOLOR 


278 = Review of HPHT SyntTHETIC DIAMONDS 


type Ib, the nitrogen concen- 
tration was low (see figure 
16, right). The percentage 
shown in red represents the 
portion of samples for which 
data were used. 


Colorless 
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Figure 16. Absolute concentrations for uncompensated boron concentration in type IIb synthetics (left; provided as 
ppb, parts per billion) and isolated nitrogen concentration in type Ib synthetics (right; provided as ppm, parts per 
million) were calculated. Increasing the boron concentration in type IIb synthetics predictably increased the depth 
of color, with Fancy Deep blue synthetics having the highest values. Among the type Ib diamonds, the depth of 
yellow to orange color increased with nitrogen concentration. 


The measured boron concentrations spanned a 
wide range of values. Figure 16 (left) shows the calcu- 
lated values for the uncompensated boron concentra- 
tion, B°, in colorless HPHT synthetics and in 
fancy-color blues as the tone increases left to right, 
from Very Light up to Fancy Deep. In several cases for 
the Fancy Vivid and Fancy Deep samples, the boron- 
related feature at 2800 cm" in the IR spectrum was 
saturated (i.e., the peak height was beyond the vertical 
scale of the graph) and could not be calculated with 
this method and an alternate correlation was per- 
formed using the feature at 1290 cm (Collins, 2010). 
The D-F colorless HPHT synthetics had the lowest 
boron concentrations, with the Very Light to Fancy 
Light blue samples encompassing a slightly higher 
range. The highest measured concentration was 4627 
ppb, which is comparable to a value calculated for a 
natural type IIb diamond with very high boron (John- 
son and Wang, 2015). 

Figure 16 (right) shows the spread of values for the 
isolated nitrogen concentration for type Ib HPHT 
synthetics of various colors. The pinks and green-yel- 
lows had the lowest nitrogen concentrations, fol- 
lowed by yellow, yellow-orange, and brownish 
yellow-orange samples. In the early years of produc- 
tion in the 1980s and 1990s, most HPHT synthetics 
were yellow-orange, likely due to a high nitrogen 
concentration, which growers were not able to re- 
duce or eliminate as effectively at the time. As the 
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incorporation of isolated nitrogen became better con- 
trolled over the years, the orange coloration was re- 
duced. Therefore, the manufacturers could more 
consistently produce HPHT synthetics with lower 
quantities of nitrogen, allowing a wider variety of 
colors and the production of more saleable stones. 
For example, the pink synthetics look more appeal- 
ing when starting with an HPHT synthetic that has 
low, rather than high, concentrations of nitrogen 
(Shigley et al., 2004). 


Vis-NIR Spectroscopy. For many of the fancy-color 
HPHT synthetics, the broadband absorptions ob- 
served in the visible/near-infrared spectra resemble 
those of their natural diamond counterparts. This 
similarity illustrates the need for multiple spectro- 
scopic techniques and gemological observations to 
confirm an identification result. Spectra for blue and 
most yellow to yellow-orange HPHT samples are in- 
distinguishable from natural diamond spectra. The 
Vis-NIR spectra of pink to red diamonds indicate the 
treatment history of irradiation and annealing that 
created the pink color rather than the synthetic ori- 
gin (figure 17). For most colors of HPHT synthetics, 
a small percentage of the samples showed spectral 
peaks associated with the metal catalyst, mostly 
nickel (figure 17; Zaitsev, 2003). 

Yellow-orange HPHT synthetics comprise a ma- 
jority of the samples examined by GIA to date. These 
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ViIS-NIR ABSORPTION SPECTRUM FEATURES IN HPHT SYNTHETICS (54%) 


Figure 17. The major fea- 
tures seen in the Vis-NIR 
absorption spectra are 
shown for HPHT synthet- 
ics, grouped by color. 
These peaks were as- 
cribed to nickel incorpo- 
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include samples with color grades in order of increas- 
ing orange contribution: orangy yellow, orange-yel- 
low, yellow-orange, and yellowish orange. To 
examine whether the differences in color grade be- 
tween these “yellow-orange” HPHT synthetics and 
the pure yellow samples could be detected in the Vis- 
NIR spectra, we plotted 25 randomly selected yellow 
HPHT synthetics and 25 yellowish orange HPHT 
synthetics (figure 18). In these spectra, there was lit- 
tle difference in the absorption between the yellow 
and the yellowish orange synthetics at wavelengths 
greater than 600 nm. Below 600 nm, however, the 
onset of increased absorption occurs at longer wave- 
lengths in yellowish orange synthetics. In other 
words, the portion of the graph showing increased ab- 
sorption is shifted toward longer wavelength values 
for the yellowish orange samples, pushing the trans- 
mission window closer to the orange region. This ab- 
sorption increase at longer wavelengths among the 
yellowish orange samples is due to greater nitrogen 
absorption within the UV range and consistent with 
IR calculations for the isolated nitrogen shown in fig- 
ure 16 (up to 100 ppm N in yellow samples, and up 
to 200 ppm N in yellow-orange samples). As the 
HPHT synthetic process improved and less nitrogen 
was incorporated, the nitrogen-related absorption de- 
creased as well. 


Photoluminescence (PL) Spectroscopy. PL spec- 
troscopy is a very sensitive analytical technique that 
can detect light emission from optical defects at 
much lower concentrations than absorption spec- 
troscopy. The PL method, where spectral features are 
excited by incident laser light of specific wavelengths, 
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is therefore capable of detecting optical centers in di- 
amond when Vis-NIR and IR absorption cannot. PL 
spectroscopy is a vital technique for gemological lab- 
oratories in determining diamond origin and color ori- 
gin, and HPHT synthetics are no exception. 

PL spectra features for HPHT synthetics were pre- 
dominantly nitrogen (H3, NV°, NV-, and H2) and 
nickel defect-related (658, 696, 794, and 883/884 nm; 
Zaitsev, 2003; figure 19). While nickel was present in 


Figure 18. The Vis-NIR spectra of 25 yellow and 25 
yellowish orange synthetics are compared to show a 
shift in the nitrogen-related absorption edge at ~520 
nm, the cause of their color differences. This shift to 
higher wavelengths is caused by a higher isolated ni- 
trogen concentration in the yellowish orange HPHT 
synthetics. 


VIS-NIR ABSORPTION SPECTRA OF YELLOW 
AND YELLOWISH ORANGE HPHT SYNTHETICS 
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Figure 19. These PL spec- 
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a notable percentage of the synthetics—the 794 nm _it was not found in all synthetics and is not a reliable 
peak was detected in 83% of the tested yellow-orange indicator (figure 20). It is occasionally observed in the 
HPHT synthetics, while the 883/884 nm doublet was _ luminescence spectra of natural diamonds (Lang et al., 
present in 30% of the colorless and 8% of the blues— 2004; Eaton-Magania et al., 2016). Not surprisingly, the 


Figure 20. The major features seen in the PL spectra of HPHT synthetics, grouped by color. These peaks were either 
ascribed to nickel incorporation due to the catalyst, nitrogen-related defects due to a high concentration of nitro- 
gen, or post-growth treatment that increased these specific nitrogen complexes. A sizeable portion of the blue and 
colorless synthetics were featureless, besides their intrinsic diamond peaks, using 488, 514, or 830 nm laser excita- 
tion. The percentage value shown in red represents the portion of samples for which data were used. 


PL FEATURES IN HPHT SYNTHETICS BY COLOR (12%) 
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Figure 21. This plot shows 
the distribution of CVD 
and HPHT synthetics 
among all diamonds sub- 
mitted to GIA for grading. 
Compared to natural dia- 
monds, the percentage of 
synthetic diamonds over- 
all is very small. The 
higher percentages in 
2007-2008 are due to the 
introduction of the GIA 
Synthetic Diamond Grad- 
ing Report in early 2007. 
During this period, GIA 
received submissions of 
synthetic diamonds that 
had been manufactured 
over the course of many 


| CVD synthetic 
@ HPHT synthetic 


2007 2008 2009 2010 2011 2012 


YEAR 


HPHT synthetics with yellow coloration (including 
yellow, yellow-orange, and yellow-brown) had high 
percentages of nitrogen-related defects. Pink synthet- 
ics, while generally having a lower nitrogen concen- 
tration than the yellow synthetics, undergo 
post-growth coloration treatment that increases the 
concentration of these nitrogen-related PL defects. 

There were also some spectral peaks we were un- 
able to identify (e.g., 536, 707, 712, 912, and 953 nm; 
not shown), which could also correspond to nitrogen 
or nickel-related defects or be related to other metal 
catalysts or other impurities within the source mate- 
rials. Also present in samples of various colors was 
the silicon-related defect, SiV- (737 nm; D’Haenens- 
Johansson et al., 2011). A significant portion of the 
type IIb diamonds (37%) were entirely featureless by 
PL spectroscopy (figure 20). Several PL features, such 
as 3H and peaks at 648.2 and 776.4 nm, are regularly 
detected in natural type IIb diamonds, yet these peaks 
are not observed in type IIb HPHT synthetics due to 
the features’ low thermal stability (Eaton-Magafia and 
Ardon, 2016). 


FUTURE 

Figure 21 shows the percentages of CVD and HPHT 
synthetics out of the total annual intake of D-Z and 
fancy-color diamonds submitted to GIA’s laboratory. 
The overall percentages are quite small—around 
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2013 


2014 2015 2016 yedrs. 


0.01% in most years. The volume of synthetics was 
highest in 2007-2008, the first two years after the in- 
troduction of GIA’s Synthetic Diamond Grading Re- 
port, as many years of prior synthetic production 
were submitted. As mentioned in the Eaton-Magana 
and Shigley (2016) survey of CVD synthetics, we ex- 
pect that the number of HPHT synthetic diamonds 
submitted will continue to increase, especially at the 
extreme ends of the weight scale—both melee-sized 
and greater than 4 carats. Improvements in growth 
processes are making it easier to grow a large quan- 
tity of colorless melee synthetics, or to maintain 
growth over a long enough period to produce larger 
crystals. 

We predict that in the coming years most HPHT 
synthetics will be blue or colorless, with fancy pink 
and fancy yellow colors available but to a lesser ex- 
tent. Yellow-orange will still be submitted to GIA 
but in small numbers. There is already an abundance 
of yellow-orange HPHT synthetics, and these will be 
an important part of the market for many years. 
Other interesting products have recently been seen 
in GIA laboratories, such as an attractive Fancy Deep 
green HPHT synthetic colored by massive amounts 
of nickel impurities (Johnson et al., 2017). Quality 
factors such as carat weight, cut grade of round bril- 
liants, and clarity will likely continue to improve 
over the coming years. 
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CONCLUSION 

Today the HPHT growth process is used to produce 
colorless or fancy-color synthetic diamonds with 
high clarity. In recent years, extremes in carat 
weight—both melee (again, see box B) and larger sizes 
greater than four carats—have attracted the most at- 
tention and made the greatest strides. As growth 
processes continue to improve, clarity will likely im- 
prove, color zoning within fancy-color diamonds will 
become less noticeable, and the resulting synthetics 
will likely be visually less distinguishable from pol- 
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This year, hundreds of readers participated in the is & Gemology Challenge. Entries arrived from 
around the world as readers tested their gemologi Owledge by answering questions listed in the Spring 
2017 issue. Those who earned a score of 75% or better received a GIA Certificate of Completion recogniz- 
ing their achievement. The participants who scored a perfect 100% are listed below. 


a6 Challggeeavinuers 


Caang a) United States 
Diane Gauthier Robert Campbell 


Janusz Meier Kenneth Fogelberg 


Czech Remit Thais Anne Lumpp-Lamkie 
Jaroslay Jiranek Lisa A. Marsh-Vetter 
Krystyna Samek Tim Richardson 
7 Geraldine M. Vest 
pee oye, Ryan Waddell 

hi a , Colleen Walsh 

ss Malaysia . Flora Walters 

ba? Arnold Cheong rs Thomas Wendt 
Sipili 
Patricia Mufioz Soriano 
United Ki 


Francesca 


tant 


> a . 
“ te See pages 110-111 of the Spring 2017 issue for the questions. 
+* 1 (d), 2 (a), 3 (c), 4 (b), 5 (d), 6 (a), 7 (d), 8 (c), 9 (A), 10 (b), 11 (b), 12 (b), 13 (b), 14 (c), 15 (a), 
~ 16 (a), 17 (b), 18 (c), 19 (d), 20 (a), 21 (b), 22 (*), 23 (d), 24 (c), 25 (c) 
_ * Question withdrawn 


- 
+ 


CHALLENGE WINNERS Gems & GEMOLOGY FALL 2017 285 


FEAT 


lal ARTICLES 


SALTWATER PEARLS FROM THE PRE- TO 
EARLY COLUMBIAN ERA: A GEMOLOGICAL 
AND RADIOCARBON DATING STUDY 


Chunhui Zhou, Gregory Hodgins, Todd Lange, Kazuko Saruwatari, Nicholas Sturman, 


Lore Kiefert, and Klaus Schollenbruch 


Natural pearls were recovered and treasured by the indigenous peoples of the Americas long before 
Columbus's voyages reached the New World. The once-abundant oyster beds of the Caribbean islands 
off the coast of Venezuela were heavily exploited during Spanish colonization, as pearls were harvested 
and shipped back to the Old World. A total of 85 saltwater natural pearls reportedly from the pre- to 
early Columbian era (late fifteenth to early seventeenth century) and found in Central and South America 
were examined for this study. Gemological and advanced analyses confirmed they were natural saltwater 
specimens, most likely originating from a Pinctada species. In addition, '*C isotope radiocarbon dating 
of material from the samples supported the claimed age of these pearls. 


of the Americas for millennia (Donkin, 1998). 

These beautiful gems were commonly associ- 
ated with spiritual power, social rank, and feminine 
fertility (Saunders, 1999). Pearls were found in the 
palaces of Montezuma and were prized by the later 
inhabitants of Mexico and Peru (Kunz and Stevenson, 
1908). The discovery of the New World by Christo- 
pher Columbus in 1492 and subsequent Spanish col- 
onization radically changed the lives of the natives. 
Many were enslaved by colonists in pursuit of gems 
such as pearls, one of the most sought-after commer- 
cial products of the period. 

The New World’s most productive sources of 
pearls in the early 1500s were the oyster beds near 
the Venezuelan islands of Margarita, Cubagua, and 
Coche, and to a lesser extent in the waters off the 
Colombian coast and the Gulf of California in Mex- 
ico (Mackenzie et al., 2003; Southgate and Lucas, 
2011, see figure 1). Within a few decades of the New 
World’s discovery, the production of natural pearls 
peaked as a consequence of heavy demand in the Old 
World. These treasures were shipped to Spain and 
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used in jewelry and ornamentation for the nobility 
and the Church. During the Renaissance period, 
pearls and pearl jewelry became extremely popular 
in Europe due to the influx of significant quantities 
of saltwater pearls from the newly discovered Amer- 
icas (Dirlam et al., 1985). Even today, famous histor- 
ical pearls such as La Peregrina or the Hanoverian 


In Brief 


e Large amounts of natural pearls were harvested off the 
coast of Venezuela during the early 16th century and 
shipped back to the Old World, causing depletion of 
the oyster beds. 


¢ The gemological properties of the pearls reportedly 
from this region and era were studied by GIA and the 
Gubelin Gem Lab. These pearls were confirmed to 
have natural saltwater origin. 


'4C isotope radiocarbon dating of material from the 
samples using accelerator mass spectrometry sup- 
ported the claimed age of these pearls. 


pearls owned by Queen Elizabeth I are still in fine 
condition. Archival records and auction house sales 
prove that “old pearls” have survived through the 
centuries. Yet the Spanish failed to understand the 
importance of conservation and sustainable harvest- 
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ing (Romero, 2003). Production fell sharply by the 
mid-1500s due to the scarcity of oysters and as a re- 
sult of indigenous rebellions (Romero et al., 1999). 

There were attempts to revive pearl harvesting in 
the 1600s, and a few intermittent fishing activities 
also took place in the eighteenth and nineteenth cen- 
turies, but on a much smaller scale. One can still see 
the pearling traditions reflected in the coat of arms 
for Nueva Esparta, the Venezuelan state that com- 
prises the islands of Margarita, Coche, and Cubagua. 
Shown in figure 2, the emblem depicts a strand of 
natural pearls. Such pearls are seen in numerous jew- 
elry pieces from this period, as well as in paintings 
depicting women of all classes wearing multi-strand 
pearl and coral bracelets, necklaces, and earrings 
(Pierce and Frick, 2015). 

Establishing the ages of such historical pearls re- 
quires advanced analytical techniques in addition 
to routine gemological testing. Radiocarbon (!*C) 
dating is a method for determining the age of an ob- 
ject containing organic material. Three isotopes of 
carbon occur naturally: C and C (both stable) and 
4C (unstable or radioactive). These isotopes exist in 
equilibrium and enter into plants and animals 
through biological food chains until their death. 
The amount of '*C will then slowly decay with a 
half-life of 5,568 years (the Libby standard). The re- 
maining concentrations of '*C may be detected 
using accelerator mass spectrometry (AMS), making 
it possible to calculate the sample’s age. However, 
there is a difference between radiocarbon dating of 
a terrestrial sample and a sample from a marine en- 
vironment due to the delay in exchange rates be- 
tween atmospheric CO, and ocean bicarbonates, 
and the dilution effect caused by the mixing of sur- 
face waters with the very old upwelled deep waters. 
A global marine reservoir correction using the Int- 
Cal Marine13 calibration data set is commonly ap- 
plied for marine samples. In addition, local marine 
reservoir corrections (delta R) can be applied if the 
samples are of known geographic origin. Radiocar- 
bon dating has been widely used in many fields, in- 
cluding history, oceanography, geology, archaeology, 
and materials science (Taylor et al., 2013), so its im- 
portance in determining the approximate age of 
samples is well established. 

The present study focuses on a group of pearls re- 
portedly from the pre- to early Columbian era. They 
were purportedly collected in Central or South 
America, most likely off the island of Cubagua, al- 
though their history and exact origin are not clear. 
The pearls appeared to be old, judging from their ex- 
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Caribbean Sea 


Figure 1. Heavy exploitation of pearls occurred during 
Spanish colonization near the Venezuelan islands of 
Margarita, Cubagua, and Coche. 


ternal form and the worn condition of their nacreous 
surfaces (figure 3). Gemological examination at GIA 
and age dating at the University of Arizona and the 


Figure 2. The history of pearl harvesting in the 
Venezuelan state of Nueva Esparta (which comprises 
Margarita, Coche, and Cubagua) is reflected in its 
coat of arms. 
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table as intersecting striae, oval-shaped 
striae, or completely circular and tiyhtly 
curved striae. Furthermore, depending on 
the color,or lack of color, of the “seed,” 


these stones sometimes display rather patchy 


color distribution. 


Figure 2 


Figure 3 pictures a cross section of a 
boule tip showing the concentration of 
bubbles and curved striae present in the 
rod, and a similar concentration of bubbles 
and striae to the right, showing the general 
pattern of growth of the boule from the 
rod. 


Figure 3 


Figure 4 shows a different boule tip in 
which the top of the rod seed is well out- 
lined. The surrounding boule is lacking in 
both bubbles and noticeable striae. 


Figure 4 


Figure 5 shows half of another boule tip, 
with the direction of observation being 
made parallel to the rod seed. In this par- 
ticular case the rod is visible as a colorless, 
flawless center surrounded by the highly 
flawed and striated red synthetic corundum. 


Figure 5 


PE. 


Figure 6 


Figure 6 reveals another characteristic — 
highly concentrated and elongated bubbles 
spreading out in a fan-shape from the cen- 
ter of the rod. It should be noted that in 
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Figure 3. These natural pearls, reportedly from the 
pre- to early Columbian era, represent some of the 85 
samples examined in the study. They were discovered 
already drilled but were only recently strung as a 
necklace. The center blister pearl (31.41 x 16.86 x 
10.25 mm) consists of multiple small pearls that 
formed as an aggregate. Photo by Sood Oil (Judy) 
Chia. 


University of Tokyo confirmed that these were salt- 
water natural pearls from the pre- to early Colum- 
bian era. Meanwhile, the Gibelin Gem Lab 
conducted an independent study on pearls from the 
same supplier that were said to be from the same ge- 
ographic source. Their results are included in this 
joint study in order to identify the nature and origin 
of these intriguing gems. 


MATERIALS AND METHODS 
A total of 75 baroque to semi-baroque pearls ranging 
from 3.46 x 2.80 x 2.17 mm to 31.41 x 16.86 x 10.25 
mm were examined in the study conducted by GIA. 
According to the supplier, these are part of a large col- 
lection of natural specimens reportedly from Central 
or South America, most likely the waters off 
Cubagua. It is presumed that they were later found 
buried underground, although the exact origins were 
not clear to the supplier. Shell powder taken from 
one blister pearl in this group was used in *C radio- 
carbon dating experiments (figure 4). One small pearl 
weighing 0.74 ct was also sacrificed for an additional 
4C radiocarbon dating experiment. 

The pearls were examined with a standard gemo- 
logical microscope, and photomicrographs were ob- 
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tained using a Nikon SMZ1500 stereomicroscope. In- 
ternal structures were examined using a MatriX-Fo- 
calSpot Verifier HR FSX-090 2D real-time X-ray 
microradiography (RTX) unit (45 kV and 0.18 mA ex- 
citation). XRF reactions were observed using a MatriX- 
FocalSpot Verifier PF-100 X-ray fluorescence unit (100 
kV and 3.2 mA excitation) equipped with a Canon EOS 
REBEL T4i DSLR camera (5-second exposure, F5.0, ISO 
12800). The chemical composition of 11 loose samples 
was obtained with a Thermo Scientific ARL Quant’x 
energy-dispersive X-ray fluorescence (EDXRF) spec- 
trometer. Conditions varied depending on the element 
of interest: low Za—8 kV voltage, no filter, 50 sec live 
time; low Zc—12, kV voltage, aluminum filter, 200 sec 
live time; mid Zc—28 kV voltage, Pd thick filter, 100 
sec live time; high Zb—50 KV voltage, Cu thick filter, 
50 sec live time. 

Radiocarbon dating experiments were carried out 
at the University of Arizona’s Accelerator Mass Spec- 
trometry Laboratory in Tucson. Shell powder (40 mg} 
from one blister pearl was ultrasonically cleaned for 
one hour in several changes of type 1 deionized water 
(>18 MQ). Carbon was isolated by acid hydrolysis 
using 85% phosphoric acid under vacuum. The car- 
bon dioxide was cryogenically purified and quantified 
manometrically in a known volume. Stable isotope 
measurements (8'°C) were made offline on an aliquot 
of sample gas using a VG Isotech dual-inlet stable-iso- 
tope mass spectrometer. The carbon stable isotope 
value was measured against an internal laboratory 
standard referenced to VPDB, to a precision of +0.1%bo. 
Graphitization was carried out using Zn and Fe by the 


Figure 4. Some of the pearl samples studied by GIA. 
Powders taken from the shell attached to a blister 
pearl on the far left were used in carbon dating experi- 
ments. Photo by Chunhui Zhou. 


Gems & GEMOLOGY FALL 2017 


method reported by Slota et al. (1987), and AMS 
measurements were carried out using an NEC 2.5 
MeV Pelletron accelerator mass spectrometer. The 
measurement standards were NIST SRM 4990B and 
4990C. The measurements were background-sub- 
tracted and corrected for isotope fractionation. The 
radiocarbon measurements were calibrated to calen- 
dar age ranges using the Marinel3 database and 
OxCal 4.2.4 software, with a local marine reservoir 
correction (delta R). The local marine reservoir cor- 
rection was estimated by assuming that the true ori- 
gin of the shell was off the coast of Cubagua Island. A 
marine reservoir correction database (http://calib.org/ 
calib) was queried, and a local marine reservoir value 
was calculated as the mean delta R from the five 
nearest reference samples. 

Additional radiocarbon dating experiments were 
performed at the University of Tokyo’s University 
Museum on the shell powders from the same blister 
pearl sample (67.8 mg) and the sawn half of a small 
natural pearl sample (54.5 mg; see figure 5). Both 
samples were pretreated with weak hydrochloric 
acid (0.1 M) to clean their surfaces. After the acid 
pretreatment, they were pulverized using an agate 
mortar for carbon purification and graphitization. 
Each pulverized sample was encapsulated in vac- 
uum vessels with anhydrous phosphoric acid (100%) 
and reacted at 70°C (Wachter and Hayes, 1985). CO, 
gas reaction products were purified using a vacuum 
line and transferred into the reaction tube contain- 
ing pure Fe powder. After filling the reaction tube 
with hydrogen gas (2.2 times an equivalent molar 
amount of carbon}, the reaction tubes were heated 
to 650°C for six hours (Kitagawa et al., 1993). In 
order to calculate the conventional !*C age (before 
present, or BP), the 8'°C value for the correction of 
isotope fractionation was measured simultaneously 
(Stuiver and Polach, 1977). 
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Figure 5. A small natural pearl used in an AMS exper- 
iment for this study. Photo by Masumi Saito. 


Ten additional pearls, reportedly from the same 
supplier, were tested independently by the Gtibelin 
Gem Lab in Lucerne, Switzerland. The Gtibelin lab 
used RTX to examine the growth structures and 
EDXRE chemical analysis to determine the saltwater 
or freshwater origin. Furthermore, five of these sam- 
ples were radiocarbon dated at an independent insti- 
tute in Switzerland. 


RESULTS 

General Observations. Although the pearl samples 
were of various shapes and sizes, their external ap- 
pearances were similar (figures 3-6). Fifty-three of 
them were drilled and strung as a strand necklace, 
and the rest were undrilled. The drilled pearls were 
reportedly drilled before their discovery and only re- 
cently strung. The drill hole outlines did appear 
“handmade,” with primitive jagged edges as opposed 
to the even and round drill holes created by modern 
drilling machines. Most of the pearls showed white 
or off-white (cream) bodycolors, while reddish or 
brownish stains could be found on the surfaces of a 
few. Microscopic examination revealed overlapping 


Figure 6. Ten of the un- 
drilled natural pearls 
examined by GIA. 
These samples range in 
size from 6.65 x 6.50 x 
5.10 mm to 8.20 x 7.84 
x 5.92 mm. Photo by 
Sood Oil (Judy) Chia. 
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Figure 7. Some of the pearls displayed various signs of 
aging, including (A) reddish and brownish surface 
stains, (B) surface to subsurface cracks, (C) worn 
nacre, and (D) damaged and peeled nacre. Photos by 
Chunhui Zhou. 


aragonite platelets typically seen in nacreous pearls, 
as well as evidence of aging, including delicate chalky 
outer surfaces, worn and peeled layers, and surface 
cracks in some cases (figure 7). However, many of the 
samples still displayed good surface conditions, a high 
luster, and a strong orient from underlying nacreous 
layers, reflecting their once-fine quality (figure 8). Ad- 
ditionally, one of the undrilled pearls and the large 
center pearl in the strand were found to be blister 
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pearls, consisting of multiple small pearls that formed 
into an aggregate with a cut shell base (again, see fig- 
ures 3 and 4). These strongly resembled pearls be- 
lieved to be from the Venezuelan islands that were 
recovered from a colonial-era Spanish shipwreck off 
the coast of Florida (Koivula et al., 1992). 


Internal Structures. The pearls in this study exhibited 
various natural internal structures revealed by RTX, 
in keeping with many other natural samples tested by 
GIA. Some had a relatively tight internal structure 
with only a few faint growth arcs. Twin pearls or 
pearls with three or more segments were also com- 
mon in this group, with either natural concentric 
growth rings or tight structure in each segment sepa- 
rated by boundary or fold features. Other structures 
observed included natural concentric growth rings 
and/or dark organic-rich centers with natural growth 
arcs (figure 9). The central blister pearl in the strand 
had a very interesting appearance and structure. It was 
an aggregation of many smaller pearls, and its base 
was flat, likely the result of being cut from a host shell. 
Its internal structure correlated with its external ap- 
pearance, with numerous small growth centers sepa- 
rated by boundary/fold lines. The centers of these 
small growth units usually contained conchiolin-rich 
materials that displayed dark areas observed via mi- 
croradiography (figure 10, left). Similar multiple 
growth structures were observed in the loose blister 
pearl from which powder was taken for carbon dating 
(figure 10, right). On the whole, the internal structures 
proved these were natural pearls that formed without 
human interference (CIBJO, 2016). 


Figure 8. Additional 
natural pearls from the 
same supplier showing 
relatively good surface 
condition and quality. 
These samples were not 
tested for this study. 
Photo courtesy of Peter 
Balogh. 
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Figure 9. Various natural internal growth structures 
were observed in the group of pearls studied by GIA. 
Representative RTX images of structures are shown. 
A: A clear natural concentric structure with a dark 
core. B: A tight structure showing minimal features. 
C: A dark “collapsed” core with an organic-rich area 
around it. D: A twin pearl showing a clear dark 
boundary between the two segments of the specimen. 


X-ray Luminescence and EDXRF Spectrometry. X- 
ray luminescence is used to separate saltwater from 
freshwater pearls owing to the latter’s higher concen- 
trations of manganese (Mn; Hanni et al., 2005, Kess- 
rapong et al., 2017). Freshwater pearls may show 
obvious greenish yellow fluorescence under X-ray ex- 
citation, while saltwater natural pearls are usually 
inert. Even the freshwater nuclei used in saltwater 
bead-cultured pearls may be detected, depending on 
the thickness of their nacre. All the samples tested 
in this study lacked luminescence under X-ray expo- 
sure, indicating that they formed in a saltwater en- 


Figure 10. Left: A large natural blister pearl consisting 
of numerous smaller “seed” pearl aggregates. Virtu- 
ally every “seed” pearl reveals its own organic-rich 
nucleus/core. Right: Internal structure of another 
loose blister pearl showing similar multiple nuclei 
growth. 
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vironment. EDXRF qualitative analysis detected 
only calcium (Ca) as the major element and stron- 
tium (Sr) as a trace element in the majority of sam- 
ples. Very low quantities of Mn were detected, 
further confirming a saltwater origin. The results are 
consistent with earlier studies on Mn and Sr concen- 
trations of saltwater pearls from bivalve mollusks 
(Gutmannsbauer and Hanni, 1994), and the Sr/Mn 
concentration ratios are generally very high com- 
pared to typical freshwater counterparts, similar to 
previous studies (Karampelas and Kiefert, 2012). 
However, pearls discolored by reddish and brownish 
stains were found to possess high levels of iron (Fe) 
on their surfaces. These stains may have been due to 
the various storage and environmental conditions 
the pearls were exposed to throughout their long his- 
tory, where rust (iron oxide) or other forms of oxidiz- 
ing contamination found their way onto, and 
partially into, the surfaces. 


4C Radiocarbon Dating. The radiocarbon dating re- 
sult of the shell powders from a blister pearl sample 
tested at the University of Arizona is shown in figure 
11. The uncalibrated '*C age was measured to be 776 
years (+/— 25 years) BP. Using the Marine13 database 
and OxCal 4.2.4 software with a local marine reser- 
voir correction (delta R), the calibrated calendar age 
ranges were measured to be between the years 1472 
to 1537 (68% probability) and 1455 to 1615 (95% 
probability). 

Additional experiments were conducted at the 
University of Tokyo on a sample of the same shell 
powder from the blister pearl and one additional 
pearl sample. The uncalibrated age of the shell pow- 
der was 713 years (+/— 16 years) BP, and the uncali- 
brated age of the pearl sample was measured to be 
719 years (+/— 14 years) BP. Using the same database 
and software as the University of Arizona, the Uni- 
versity of Tokyo measured calibrated calendar ages 
ranging from 1519 to 1616 (68% probability) and 
1491 to 1648 (95% probability) for the shell powder 
(figure 12), and from 1508 to 1615 (68% probability) 
and 1487 to 1644 (95% probability) for the pearl sam- 
ple (figure 13). One thing to point out is that due to 
discontinuous regions of the calibration curve, not 
all dates in the radiocarbon age range are equally 
likely. A better probabilistic method is to take the 
original normal distribution of radiocarbon age 
ranges and use it to generate a histogram showing the 
relative probabilities for calendar ages. Local marine 
reservoir correction for the Caribbean Sea (Wagner et 
al., 2009) was also included in the University of 
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Figure 11. Radiocarbon dating results (both uncali- 
brated and calibrated '*C age) of the shell powder 
from a blister pearl sample tested by the University 
of Arizona. The blue band is the calibration curve, 
while the peaks in red represent the uncalibrated 
4C age and the peak in gray the calendar age range 
distributions. 


Tokyo measurements. Whenever possible, it is im- 
portant to know the geographic location of samples 
under investigation, as the final data may be affected 
(from a few years to a few hundred years) by the lack 
of such valuable information. In summary, the radio- 
carbon dating results from both laboratories sug- 
gested that these samples were from the 
pre-Columbian or, more likely, early Columbian era, 
when natural pearl resources in Central and South 
America were heavily exploited by Spain. 


Figure 12. The University of Tokyo’s radiocarbon dat- 
ing results (both uncalibrated and calibrated “C age) 
of the shell powder from the same blister pearl sample. 
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Figure 13. Radiocarbon dating results (both uncali- 
brated and calibrated *C age) of an additional pearl 
sample tested by the University of Tokyo. 


Additional Results Obtained by the Giibelin Gem 
Lab. Independent testing at the Giibelin Gem Lab of 
10 loose pearls, reportedly from the same supplier, 
supported these results. X-ray microradiography re- 
vealed natural growth structures, and EDXRF chem- 
ical analysis confirmed the saltwater origin (figure 
14). Some of these pearls exhibited a ceramic or clay- 
like residual layer on their surface. This material 
may have originated from the vessel in which the 
pearls were stored for several centuries, perhaps a 
clay jar or clay pot (figure 15). Furthermore, five of 
the samples were radiocarbon dated at an independ- 
ent institute in Switzerland, and their results re- 
vealed various date ranges (figure 16), with local 
marine reservoir adjusted for waters off the coast of 
Venezuela: 


(1) 1504 to 1587 (68% probability) and 1490 to 
1635 (95% probability) 

(2) 1468 to 1513 (68%) and 1451 to 1539 (95%) 
(3) 1591 to 1667 (68%) and 1547 to 1677 (95%) 
(4) 1534 to 1618 (68%) and 1508 to 1648 (95%) 
(5) 1543 to 1626 (68%) and 1517 to 1654 (95%) 


The results confirmed that these pearls were from 
the pre- to early Columbian era. 


DISCUSSION 

The radiocarbon dating of pearls that formed be- 
tween the mid-nineteenth century and very recently 
has been reported previously. The results were found 
to be useful in providing additional valuable infor- 
mation on the age, provenance, and/or identification 
of those pearls (Krzemnicki and Hajdas, 2013). Test- 
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Figure 14. In most cases, the chemical analysis of 
pearls can easily distinguish between freshwater and 
saltwater origin. This is achieved by determining the 
ratio of the trace elements Mn and Sr, which are pres- 
ent within saltwater and freshwater pearls to varying 
degrees. EDXRF chemical analysis performed by the 
Gtibelin Gem Lab concurred with the results ob- 
tained by GIA and confirmed a saltwater origin. 
Three of the 10 samples had Mn concentrations 
below 10 ppm and are not shown in this graph. 


ing in this study at different AMS facilities con- 
firmed that the samples were from the pre- to early 
Columbian era. Local marine reservoir corrections 
were applied to the results obtained from each insti- 
tution with the assumption that the pearls originated 
from the waters of the Caribbean Sea, as claimed by 
the supplier. Results from the different laboratories 
determined the approximate ages within fairly con- 
sistent time frames. 


Figure 15. Ceramic or claylike material was found on 
the surface of some samples tested by the Gtibelin 
Gem Lab. This material may have come from the ves- 
sel in which the pearls were stored for centuries. 
Photo by Klaus Schollenbruch. 


It is interesting to note that radiocarbon dating re- 
sults indicate that the pearls appear to be of various 
ages, with some possibly preceding 1541. That was 
the year a hurricane and a possible tsunami destroyed 
the town of Nueva Cadiz on Cubagua (O’Loughlin 
and Lander, 2003), suggesting that the pearls may 
have been hidden in Cubagua, if the client’s claims 
are true, after the hurricane struck. Finally, it is 
worth mentioning that the variation in the results 
obtained from the different laboratories is common 
in radiocarbon dating experiments, as was shown in 
the famous case involving the Shroud of Turin 
(Damon et al., 1989]. The slight differences between 
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AMS laboratories may arise at several points, likely 
stemming from differences in cleaning protocols. 

To summarize, both gemological and advanced 
chemical analyses confirmed that these were natural 
saltwater pearls, probably from a Pinctada species 
mollusk—e.g., Pinctada imbricata, which were har- 
vested en masse during the Spanish colonization— 
if the reported geographic origin of the pearls is 
accurate. 


CONCLUSION 


This joint study has demonstrated that radiocarbon 
dating may play a pivotal role in determining the age 
of pearls—and possibly supporting the provenance 
determination—and distinguishing between natural 
and cultured pearls. This technique requires a small 
amount of sample powder (as low as 5 mg] to be ex- 
tracted and analyzed and may have limitations with 
pearls of unknown geographic origin. Freshwater 
pearls may pose additional challenges due to the un- 
derlying geology of the watershed (limestone, for ex- 
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ample). Pearls formed after 1955 also have atomic 
bomb-derived radiocarbon levels that make obtain- 
ing accurate results even more challenging. 

The pearls and shell powders from which the 
samples in this study were taken were reportedly 
found off the Caribbean islands near Venezuela and 
were believed to be from the pre- to early Columbian 
era. Routine gemological studies confirmed they 
were natural saltwater pearls that probably formed 
in a Pinctada mollusk genus. Radiocarbon dating ex- 
periments conducted by three different institutions 
were in agreement with the claimed ages of the sam- 
ples (within acceptable tolerances) and indicated that 
the pearls originated from a period when European 
colonists had just discovered the Americas (the late 
fifteenth to seventeenth centuries). The fact that 
these were not shipped back to Europe suggests that 
they belonged to Native Americans or colonists liv- 
ing in the region. Given their age, it is remarkable 
how well preserved these pearls are after spending 
centuries in unknown conditions. 
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PHOTOLUMINESCENCE SPECTRA OF 
EMERALDS FROM COLOMBIA, 
AFGHANISTAN, AND ZAMBIA 


D. Brian Thompson, Christian J. Bayens, Matthew B. Morgan, Taylor J. Myrick, and Nealey E. Sims 


Laser-excited photoluminescence spectra were collected from 48 emeralds originating from Colombia, 
Afghanistan, and Zambia. Photoluminescence in emerald arises from trace chromium impurities, and 
its spectrum displays two narrow R lines overlaid upon a broadband signal. In the collected spectra, 
peak positions of these R lines varied across a small range of wavelengths; the origin-dependent nature 
of these variations may be helpful in identifying the geographic source of unknown samples. Compar- 
isons between R-line peak wavelengths and corresponding trace element concentrations of samples re- 
vealed strong correlations between peak shifts of the R, line and increases in magnesium and sodium 
concentrations, and between peak shifts of the R, line and increases in lithium and sodium concentra- 
tions. These correlations suggest that substitution defects of magnesium for aluminum with sodium im- 
purities may be responsible for the R, line peak shifts, and similar defects of lithium for beryllium with 
sodium impurities may be responsible for the R, line peak shifts. Finally, a comparison between photo- 
luminescence count rates and chromium and iron concentrations showed that count rates decrease ex- 
ponentially with increasing iron concentration. 


structure, peaking at about 715 nm, that results from 

(Be,Al,Si,O,,), whose green color arises from a Stokes-shifted reversal of the electron transition 
trace impurities of chromium and/or vanadium. 

While pure beryl is colorless, the trace amounts of Cr 


and V ions absorb light in the red and blue-violet re- 


Fi, (figure 1) is a gem variety of beryl 


Figure 1. Emerald crystals from Colombia (top right), 


gion of the visible spectrum to produce emerald’s 
green color (Schwarz and Schmetzer, 2002). Emeralds 
may also contain trace amounts of iron; this chro- 
mophore ion, also responsible for colors seen in the 
heliodor and aquamarine varieties of beryl (Nassau, 
1978), may add a yellow or blue tint. 

Some of the visible light energy absorbed by emer- 
ald’s Cr ions can reappear as red photoluminescence 
(Nassau, 1978). This photoluminescence (PL) is usu- 
ally not bright enough to be seen under normal light- 
ing conditions. Illuminating an emerald with green 
monochromatic laser light produces a PL reaction 
that can be observed when the excitation light is 
blocked by a color filter (figure 2). Laser-excited PL 
spectra of emerald (figure 3) contain a broadband 
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Afghanistan (bottom right), and Zambia (left). Each 
emerald’s hexagonal prismatic crystal habit has been 
enhanced by polishing flat the two hexagonal end 
faces (perpendicular to the crystal’s c-axis) and two or 
more prism sides (parallel to the c-axis). Photo by 
D.B. Thompson. 
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Figure 2. With a green laser beam illuminating it from 
the left, and a color filter positioned in front to re- 
move green light, an emerald crystal (center) is seen 
to emit red photoluminescence. Photo by D.B. 
Thompson. 


that produces emerald’s red absorption band (Lai, 
1987). Superimposed upon this structure are two nar- 
row lines that arise from electronic decay of a doublet 
metastable state, known as R lines (Wood, 1965). 
These R lines also appear in emerald absorption spec- 
tra, where the longer-wavelength line (denoted R,) 
peaks at around 683 nm and the shorter-wavelength 
line (R,) peaks at around 680 nm (Wood, 1965). 


In Brief 


e The R lines appearing in PL spectra of emeralds speci- 
mens from Colombia, Afghanistan, and Zambia show 
peak shifts that depend upon geographic source. 

¢ Comparisons between emerald specimens’ R-line peak 
wavelengths and their atomic impurity concentrations 
suggest which trace elements are responsible for the 
observed peak shifts. 

e An emerald’s PL emission intensity increases with 
atomic chromium concentration and decreases expo- 
nentially with atomic iron concentration. 

e R-line peak measurements show promise as an aid in 
determining the geographic origin of emeralds. 


Moroz et al. (2000) collected PL spectra from nat- 
ural emeralds from nine deposits, as well as from a 
synthetic emerald. In their PL spectra, the peak posi- 
tions of the R lines of emeralds from schist-host de- 
posits showed moderate shifts in wavelength 
compared to those lines from emeralds originating 
from other types of deposits. The authors suggested 
that these wavelength shifts might be caused by Mg 
or Fe ions substituting at Al sites, based on the prin- 
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ciple that these impurities occur at higher concentra- 
tions in schist-origin emeralds. 

Recently, Thompson et al. (2014) collected PL 
spectra of natural emeralds from 11 different locali- 
ties and synthetic emeralds from four different 
sources. The results confirmed observations made by 
Moroz et al. (2000): R, lines of synthetic emeralds 
peak at the shortest wavelengths, while in natural 
non-schist emeralds this line peaks at the same or 
longer wavelengths. In schist-origin emeralds the 
line peaks at an even longer wavelength, with peak 
positions spread across a range on the order of 1.0 
nm. By comparison, the spread of R, lines of most 
emeralds fell within a 0.2 nm range, though some 
schist-origin emeralds had R, lines shifted up to 0.3 
nm outside this range toward shorter wavelengths. 

Thompson et al. (2014) compared their natural 
emeralds’ R,-line wavelengths to chemical composi- 
tion measurements of a different set of emeralds with 
the same origin, and observed correlation between 
R,-line wavelengths and SiO, weight concentrations. 
The authors suggested that R, line shifts might arise 
from impurity substitutions at Si crystal sites in 


Figure 3. Photoluminescence (PL) spectra of emerald 
samples from the selected countries of origin were 
collected with the polarization axis of the excitation 
laser light aligned perpendicular to the crystal’s c- 
axis. The black trace is from the Colombian sample 
shown in figure 1, the red trace from the Afghan sam- 
ple, and the blue trace from the Zambian sample. 
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neatly all cases where elongated bubbles are 
found in synthetics they are laying perpen- 
dicular to the growth lines. This is also 
shown in Figures 3, 4 and 5. This charac- 
teristic would not be expected in a stone 
composed of sintered fragments, or one 
grown by melting fragments together. 


Figures 7 and 8 show two different views 
of a stone cut from this material to show 
intersecting striae as well as the typical 
bubbles. Since a synthetic boule could just 


Figure 7 


as easily be started from a natural seed or a 
fragment of another synthetic boule, the 
characteristics shown here do not necessarily 
cover all that could be expected from stones 
made in this manner. 


A second type of material presented to 
this laboratory as reconstructed ruby con- 
sisted of small “shoe button-shaped” boules 
of about three eighths inch in diameter. One 
of these boules is shown beside a typical 
modern synthetic boule in Figure 9. They 
had been taken from a larger group of 
similar boules that had been in a jeweler’s 
stock for many years, and were referred to 
on the “reconstructed rubies.” 
The surface of these boules exhibit small, 
slightly raised circular areas which indicate 
that the boule was built up by a succession 
of deposits at different parts of the surface 


invoice as 


However, a cross section indicates a fairly 
even placement of striae beginning from 
the nucleus and accumulating to the outer 


edge. A small button on the bottom of the 
boule had been fused over and, as such, did 
not indicate that it had been attached to 


Figure 8 


anything during the growing process. Con- 
sidering the nature of the striations which 
are indicated in Figure 11, the boule could 


Figure 9 


have been attached during the initial grow- 
ing formation but if so the bottom portion 
was fused over and rounded upon com- 
pletion of the boule. The seed or nucleus 
from which these were started was obvious- 
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emerald. This speculation was incorrect, as an earlier 
X-ray diffraction study of beryl (Aurisicchio et al., 
1988) found no evidence for substitution defects oc- 
curring at Si crystal sites in any type of natural or 
synthetic beryl. Schmetzer and Bernhardt (1994), and 
more recently Schmetzer (2015), showed that the 
minor reductions in Si weight concentrations in 
emerald could arise from an accrual of substitutions 
at Al crystal sites. 

While Aurisicchio et al. (1988) found no ion sub- 
stitutions at Si tetrahedral sites in beryl, they exam- 
ined the other beryl crystal cation sites and did find 
that two types of substitutions can occur at Al octa- 
hedral sites. One is isovalent substitution, where the 
Al ion is replaced by another trivalent cation. Using 
Schmetzer’s (2015) notation, this substitution can be 
written as 


Al <> Me** (Me* = V, Cr, Mn, Fe, etc.) 


The other type is an aliovalent substitution, where 
the Al ion is replaced by a divalent cation. This sub- 
stitution is accompanied by an alkali ion to provide 
charge compensation, where the alkali ion occupies 
an interstitial site within the beryl’s open channels 
parallel to the c-axis (Goldman et al., 1978). This sub- 
stitution can be written as 


Al <> Me** + Met (Me** = Mg, Mn, Fe, etc., and 
Met = Li, Na, K, Cs, etc.} 


Only a single substitution is possible at the tetrahe- 
dral site, the aliovalent substitution: 


Be** < Li* + Me* (Me* = Li, Na, K, Cs, etc.) 


Here the Be ion is replaced by a Li ion, accompanied 
by another alkali ion occupying an open channel site 
to provide charge compensation. While Aurisicchio 
et al. found that this substitution is common in some 
varieties of beryl, they did not observe significant oc- 
currence of this substitution in emerald. 

Saeseaw et al. (2014) performed microscopic, spec- 
troscopic, and trace element analysis of emeralds with 
three-phase inclusions. Here we examine their sam- 
ples from Colombia, Afghanistan, and Zambia. These 
samples are of interest because of the different geolo- 
gies in which they formed. Colombian emeralds 
formed through hydrothermal processes in sedimen- 
tary shale, whereas Zambian emeralds are found in 
metamorphic phlogopite schists. The Afghan emeralds 
are hosted in metamorphic-metasomatic phlogopite 


298 = PHOTOLUMINESCENCE SPECTRA OF EMERALDS 


TABLE 1. Chemical composition of emerald samples 
(ppma), as measured by LA-ICP-MS. 


Colombia Afghanistan Zambia 
“Li 90-345 225-596 1280-2323 
(173) (301) (1704) 
Be 91,359-118,638 96,325-120,710 90,388-122,046 
(108,826) (107,886) (106,214) 
2Na 1037-6730 4621-10,646 11,482-14,262 
(3382) (8053) (13,365) 
*4Mg 1021-6076 3683-10,070 9804—13,946 
(3034) (7299) (11,762) 
7Al 57,790-75,526  53,057-70,257  48,171-62,381 
(66,762) (62,230) (55,249) 
Si 
normalized (206,897) (206,897) (206,897) 
value 
3K 0-13 63-612 172-300 
(3) 316) (243) 
Sc 2-83 27-880 6-41 
(30) 225) (19) 
aN 116-1731 93-1264 30-72 
(618) 488) (42) 
3Cr 83-677 79-1432 357-1427 
(295) 651) (924) 
Fe 69-723 380-3153 2252-3834 
(219) (1439) (3069) 
Ws 1-2 3-12 0-207 
(1) (7) (149) 


Analyses were performed at GIA’s Bangkok lab. Data are reported in minimum 
and maximum values, with average concentration in parentheses, and assume 
ideal oxygen concentration of 535,782 ppma. Alkali and transition metals with 
less than 25 ppma for all samples are not included in the table. 


schists subjected to strong hydrothermal processes 
(Groat et al., 2008; Giuliani et al., 2012). In short, 
Afghan emerald formed in a process similar to that 
which formed Colombian emeralds, but within host 
material similar to Zambian emeralds. As a result, the 
Colombian and Zambian emeralds exhibit distinctly 
different concentrations of several trace impurities, 
while impurity concentrations in Afghan emeralds 
bridge these two extremes (Saeseaw et al., 2014). 

This study expands upon the work of Thompson 
et al. (2014) and presents R-line peak wavelength re- 
sults derived from PL spectra of 48 Colombian, 
Afghan, and Zambian emerald samples prepared by 
GIA’s laboratory in Bangkok; most of these samples 
were also used in Saeseaw et al. (2014). The present 
study demonstrates that the accumulation of R-line 
peak wavelength data from samples of known origin 
can provide evidence for or against various geographic 
origins. The peak wavelength data are compared with 
the samples’ trace impurity concentrations to iden- 
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tify which trace impurities might be responsible for 
shifting R-line peak wavelengths. The study con- 
cludes with a comparison between Cr and Fe con- 
centrations and broadband PL emission intensity to 
quantify the role each element plays in emerald 
photoluminescence. 


MATERIALS AND METHODS 

We collected PL spectra from 48 emerald samples on 
loan from GIA’s Bangkok laboratory. Twenty of the 
samples were from the Coscuez and Muzo mines in 
the Boyaca region of Colombia, separated by about 
10 km; 16 samples from two mines, Kameer Safeed 
and Koskanda, in the Khendj area of Afghanistan’s 
Panjsher region, separated by less than 1 km; and 12 
samples from the Kagem mine in the Kafubu area of 


Zambia. Forty-five of these samples were used in the 
work by Saeseaw et al. (2014), while one Afghan sam- 
ple and two Zambian samples were used for the first 
time in this report. As outlined by Saeseaw et al. 
(2014), GIA altered its emeralds from their original 
rough form by polishing one or two flat surfaces per- 
pendicular to each crystal’s c-axis; some also have 
flat surfaces polished parallel to the c-axis. A special- 
ized tool designed to locate the c-axis of a specimen 
(Thomas, 2009) was used to align the samples for pol- 
ishing these flat surfaces. 

As Saeseaw et al. (2014) describe, GIA’s Bangkok 
laboratory determined the chemical composition of 
each emerald sample using laser ablation—induc- 
tively coupled plasma—mass spectrometry (LA-ICP- 
MS). For quantitative analysis, the spectrometer was 


Figure 4. The experimental setup showing laser output (bottom left) and the optical fiber with collimating lens (top 
left) facing the beam path. The other end of the optical fiber connects to a CCD spectrometer (not shown). An 
emerald sample sits upon the suction cup of a vacuum pen. The pen itself is held in a rotation mount (upper right), 
which is attached to an XYZ translation stage (partially visible). With the crystal oriented as shown, the laser 
beam will cross its polished end face at normal incidence. The inset shows the laser’s circular beam spot (in blue) 
positioned at the edge of the crystal face closest to the collection lens. The beam itself is parallel to the crystal’s c- 
axis, and the beam’s polarization axis E is perpendicular to the c-axis. This is the typical orientation used to col- 
lect Eic photoluminescence spectra. Photo by D.B. Thompson. 
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calibrated using NIST 610 and 612 glasses with 
known concentrations of elements. Along with pro- 
viding the emerald samples, GIA also supplied their 
chemical composition measurements (table 1). 

The experimental setup for collecting PL spectra 
(figure 4) has been described previously (Thompson 
et al., 2014). A continuous-wave diode pumped solid 
state (DPSS) laser (Laserglow LRS-532-TM-100-10) 
emits a 100 mW, 532, nm beam with horizontal po- 
larization. Then a 0.5 mm diameter optical fiber with 
a 25° field-of-view collimating lens, mounted perpen- 
dicular to the laser beam, collects PL emission at 
room temperature from an emerald sample placed 
within the overlap region between the laser beam 
and collection lens field of view. The PL emission 
collected by the fiber enters a charge-coupled device 
(CCD) spectrometer (Ocean Optics USB4000) with a 
custom grating that disperses light over the 580-740 
nm wavelength range; this spectrometer has full 
width at half maximum (FWHM) resolution of 0.20 
nm, and the average width of each spectrometer 
channel is 0.045 nm. Discrete line emissions from 
argon and neon spectral lamps were used to calibrate 
the spectrometer’s wavelength scale. 

For this study, one change was made to the previ- 
ous setup: A vacuum pen (Dazor SPK-100-VPEN] was 
used to position the emeralds. The pen’s pulley system 
allows complete rotation of the sample about an axis 
through the stone. The pen itself is held in another ro- 
tation mount to allow rotation of the sample about a 
second, orthogonal axis. In turn, the rotation mount 
is attached to an XYZ translation stage with at least 
13 mm of travel in three orthogonal directions. This 
assembly provides fine control for positioning a sam- 
ple so that the laser beam can intersect any point 
along its surface (not obscured by the pen’s vacuum 
suction cup) at any incident angle. 

Emerald is optically uniaxial, and PL emission 
spectra collected when the excitation laser beam’s 
polarization axis is perpendicular to the crystal’s c- 
axis (E1c) differ from those collected with the 
beam’s polarization axis parallel to the c-axis (E!c). 
Both R, and R, peak positions change, as does the 
R,/R, peak height ratio, as described in box A. Emer- 
alds from different localities show the largest quan- 
titative variations for these peak parameters when 
the spectra are collected with E Lc beam-crystal axes 
orientation. Therefore, the current study only con- 
siders spectra collected with E 1c beam-crystal axes 
orientation. ! 

To collect a PL spectrum with ELc orientation, 
the sample itself is positioned so that the excitation 
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laser beam enters a flat surface polished perpendicu- 
lar to the crystal’s c-axis at normal incidence. With 
this orientation, the excitation laser beam’s polariza- 
tion axis is also perpendicular to the crystal’s c-axis. 
The sample is always positioned so that the beam 
overlaps the emerald edge closest to the optical 
fiber’s collection lens (again, see figure 4). This sam- 
pling position was chosen to minimize PL emission 
traveling through unilluminated emerald before en- 
tering the fiber. 

To construct each sample’s PL spectrum, 100 ac- 
cumulated scans were averaged; each scan’s typical 
integration time was one second. In a similar manner, 
with the laser shuttered, a “dark” spectrum was pro- 
duced. The final PL spectrum was created by sub- 
tracting the so-called dark spectrum from the sample 
spectrum. Doing so reduced counting noise arising 
from thermal motion of electrons in the spectrome- 
ter’s CCD. 

These emerald PL spectra (e.g., figure 3) exhibit 
local minima on either side of the R lines. To isolate 
the R-line contribution in each PL spectrum, a base- 
line is subtracted from the data. The line’s endpoints 
at 678.5 and 688.5 nm were selected to coincide with 
these local minima. The resulting spectra (e.g., figure 
5) are referred to as R-line spectra. 

The R-line spectra in figure 5 each show two lines 
with width and peak separation at least an order of 
magnitude larger than the spectrometer’s resolution. 
Besides the two peaks, no other fine structure appears 
in the spectra. After creating an R-line spectrum, peak- 
finding software (O’Haver, 2014) was used to extract 
R, and R, peak wavelengths and corresponding count 
rates, which were used to determine an R,/R, peak 
height ratio. The R, and R, peak wavelengths reported 
here are means of values extracted from four separate 
spectral measurements. The resulting uncertainty in 
peak position is +0.02 nm, as given by the four meas- 
urements’ standard deviation of the mean. 

The first step in analyzing the R-line datasets was 
to examine how R-line peak wavelength distribu- 
tions vary with sample origins. This is done by per- 
forming independent sample t tests on R-line peak 


'GIAss laboratory in Bangkok prepared the samples used here with c- 
axes aligned perpendicular to polished crystal faces, so that arranging 
a crystal for collection of ELc PL spectra (e.g., figure 4) was straight- 
forward. An Ec PL spectrum can also be collected from a cut emer- 
ald even when its c-axis is not aligned perfectly perpendicular to its 
table facet; the strong variation of R,/R, peak height ratio described in 
box A can be employed systematically to locate an ELc alignment 
through the table of any cut emerald sample. 
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Figure 5. R-line spectra of emerald samples resulting 
from the baseline subtraction of PL spectra in figure 
3. R, is defined as the line at the center of the peak at 
the longer wavelength, and R, is defined as the line at 
the center of the peak of the shorter wavelength. 


wavelength values from samples with two different 
geographic origins (Crow et al., 1960). The Discus- 
sion section contains examples of how a random 
sample’s measured R-line wavelength can be com- 
pared with measured distributions to either support 
or reject possible origins. 

We then determined whether a linear relation ex- 
ists between R-line peak wavelengths and concentra- 
tions of a particular trace element by calculating the 
coefficient of determination r? between the two 
datasets. In linear regression analysis of two vari- 
ables, the coefficient of determination represents the 
fraction of variance of one dataset that is predictable 
from a “best-fit” linear relation with the other 
dataset (Crow et al., 1960). The coefficient of deter- 
mination can range between O and 1, and two 
datasets are identified as strongly correlated when 
the coefficient of determination between them has a 
value r? > 0.64. 

An issue arises from comparing R-line peak wave- 
lengths extracted from the PL spectra to the trace ele- 
ment concentrations measured by LA-ICP-MS. In 
particular, the laser-illuminated volume in a sample 
that produces PL may not coincide with the surface 
spots where laser ablation was applied for mass spec- 
trometry. This is a concern because trace element con- 
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centrations in natural emerald crystals can, and gen- 
erally do, vary throughout the samples (Schmetzer, 
1994; Schmetzer and Bernhardt, 1994). As a result, the 
LA-ICP-MS spot measurements of trace element con- 
centrations may not perfectly match average concen- 
trations within the bulk PL emission volume. This 
can reduce coefficients of determination between R- 
line parameters and trace element concentrations, 
leading to outliers in the resulting scatterplots. 

In this report, scatterplots are presented for the R- 
line peak wavelength vs. trace element concentration 
datasets that demonstrate the highest coefficients of 
determination (i.e., strongest correlation). Next, linear 
regression is used to find each scatterplot’s “best-fit” 
trend line, where the slope of this line corresponds to 
the pairwise variation of the dataset, and where its in- 
tercept identifies the R-line’s peak wavelength for zero 
concentration of the trace element. 


RESULTS 

Examining R-line spectra extracted from the emer- 
alds’ PL spectra (figure 5), we see that the Colombian 
sample’s R, line peaks at the shortest wavelength, 
the Afghan sample’s line at a longer wavelength, and 
the Zambian sample’s line at the longest wavelength. 
A plot of the mean R, peak wavelength of samples 
from each origin (figure 6) shows that this origin- 
based peak shift holds true on average. An overlap 
between Afghan and Colombian samples, seen in fig- 
ure 6, results from a single anomalous R, peak wave- 
length value in each origin’s dataset. 

To compare R, peak wavelength distributions be- 
tween Colombian and Afghan samples, we per- 
formed an independent sample t test. The t test uses 
the following values from each geographic sample's 
wavelength distribution: number of samples (N), 
mean wavelength value (M), and the standard devia- 
tion (SD) of these values. The t test produces a t 
value, t(df), where df represents the degrees of free- 
dom. One then uses the t value to determine frac- 
tional probability (p) that the two populations share 
the same mean value, and to determine the 95% con- 
fidence interval (95% CI) for the difference between 
their mean values. The results show extremely sig- 
nificant differences in the distributions for the 
Colombian (N = 20, M = 683.777 nm, SD = 0.060 nm) 
and Afghan samples (N = 16, M = 684.013 nm, SD = 
0.084 nm); t(34) = 9.88, p < 0.0001, and 95% CI[0.188 
nm, 0.285 nm]. The low p value between this pair of 
sample datasets suggests that the measured differ- 
ence between their mean peak wavelengths probably 
does not arise from an accident of sampling. 
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Box A: VARIATIONS OF R-LINE PARAMETERS WITH THE ORIENTATION ANGLE BETWEEN 
EMERALD C-AXIS AND LASER BEAM POLARIZATION 


Moroz et al. (2000) collected PL spectra from emerald 
samples with the excitation laser beam’s polarization 
axis parallel to the crystal’s c-axis (Ellc) and with the 
beam’s polarization axis perpendicular to the c-axis 
(E Lc). Comparing an emerald’s E|l c orientation PL spec- 
trum to its Ec orientation spectrum, the RK, and R, peak 
positions and relative peak intensities both differ. 
Thompson et al. (2014) rotated a rough emerald sam- 
ple with hexagonal prismatic crystal habit in a laser 


Figure A-1. Examples of emerald orientations used to 
collect PL spectra at different angles between the crys- 
tal’s c-axis and the laser beam’s polarization axis. The 
top row shows the crystal’s c-axis oriented parallel with 
the laser beam’s horizontal polarization axis, creating 
the E\lc orientation. With the fiber-optic collection lens 
located to the left of the sample, the laser illuminates 
the bottom left edge of the emerald. The middle row 
shows the crystal’s c-axis at a 50° angle from the 
beam’s polarization axis. The same edge region of the 
crystal is illuminated by laser light. The bottom row 
shows the crystal’s c-axis perpendicular to the beam’s 
polarization axis, creating an E 1c orientation. Once 
again, the same edge region of the crystal is illumi- 
nated. Photos by D.B. Thompson. 
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ANGULAR VARIATION OF R, PEAK 
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Figure A-2. The angular variation of R, peak wavelengths 
extracted from R-line spectra of emerald crystals from the 
three geographic origins. 


beam from an E|Ic orientation to E Lc orientation while 
collecting PL spectra at 10° intervals. From these spec- 
tra, they extracted angular distributions of R, and R, 
peak positions and R,/R, peak height ratios. These an- 
gular distributions showed that the R,/R, peak height 
ratios varied smoothly from a minimum value around 
1 when Ellc to a maximum value around 3 when E Lc. 
They also showed that the R, and R, peak positions were 
relatively constant at angles around the E 1c orienta- 
tion, but varied rapidly at angles midway between E_Lc 
and Ellc orientations. 

As noted in the text, we extracted R, and R, peak po- 
sitions from E 1 c PL spectra of emeralds to compare with 
their impurity concentrations. To verify the consistency 
of these peak position values even under slightly imper- 
fect orientation of the sample’s c-axis relative to the exci- 
tation beam’s polarization direction, here we reproduce 
the procedure outlined by Thompson et al. (2014) for col- 
lecting angular distributions of these parameters. The pro- 
cedure was carried out using a hexagonal prismatic crystal 
sample from each of the three geographic origins (again, 
see figure 1). The c-axis of these samples lay parallel to the 
prism’s central axis and perpendicular to the end faces. 

Initially, each sample’s c-axis was aligned parallel to 
the laser light’s horizontal polarization axis and perpendi- 
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cular to the laser beam propagation direction itself to cre- 
ate the Ellc orientation. Then the sample’s c-axis could 
be rotated to create any angle between it and the laser’s 
polarization axis, including the E | c orientation (see figure 
A-1). For each sample, the procedure involves collecting 
12 PL spectra at 10° intervals, ranging from 10° below Ellc 
to 10° above the E 1 c orientation. As described in the text, 
we isolated the R-line contribution from each spectrum 
to create an R-line spectrum, from which we extracted R, 
and R, peak positions and count rates. 

Plotting each sample's R, peak positions on an angu- 
lar scale (figure A-2), it is readily apparent that the peak 
wavelengths of samples from the three different geo- 
graphic regions exhibit a much wider spread in the EL c 
orientation than the Ellc orientation. For all three sam- 
ples, the value of the R, peak wavelength is constant for 
angles between E and c-axes from E 1c to 70°. Below that 
angular range, the peak wavelength varies continuously 
through to the Ellc orientation. 

A plot of each sample’s R, peak positions on an an- 
gular scale (figure A-3) shows that the Colombian and 
Afghan samples have nearly the same set of peak wave- 
length values across the angular range, while the Zam- 
bian sample’s peak positions occur at consistently lower 
wavelengths. As with the R, line, the value of the R, 


Figure A-3. The angular variation of R, peak wavelengths 
extracted from R-line spectra of emerald crystals from the 
three geographic origins. 
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Figure A-4. The angular variation of R,/R, peak height 
ratios extracted from R-line spectra of emerald crystals 
from the three geographic origins. 


peak wavelength for all three samples remains relatively 
constant up to 20° away from the E 1 c orientation. 

Finally, a plot of each sample’s R,/R, peak height 
ratio on an angular scale (figure A-4) shows that this ratio 
varies across the entire angular range from E | c orienta- 
tion to Ellc orientation. For all three samples, the max- 
imum value of this ratio occurs at the ELc orientation 
and the minimum value occurs at the Ellc orientation. 

These comparisons of R-line spectral parameters at 
different angles explain why the present study concen- 
trates on peak wavelengths extracted from E 1c spectra. 
The primary reason is that the Ec orientation leads to 
the widest spread in R, peak positions. Nearly as impor- 
tant from a measurement perspective is that a slight mis- 
alignment away from this orientation will not alter the 
values of these peak wavelengths. Similarly, the R, peak 
position measurements at the Elc orientation are 
slightly more resistant to small misalignment. 

In contrast to R-line peak wavelengths, values for the 
R,/R, peak height ratios are sensitive to the angle be- 
tween the crystal’s c-axis and the excitation beam’s po- 
larization. While this sensitivity makes the R,/R, peak 
height ratio a useful check of angular alignment, here we 
need not consider this peak parameter any further. 
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Figure 6. Mean values of R, peak positions extracted 
from the R-line spectra of emerald samples from three 
regions. The black diamond corresponds to the mean 
value of 20 Colombian samples, the red circle to the 
mean value of 16 Afghan samples, and the blue square 
to the mean value of 12 Zambian samples. The error 
bars identify maximum and minimum wavelength val- 
ues recorded for samples from each region. 


An independent sample t test was also performed 
between Afghan and Zambian samples. Similarly, 
there were extremely significant differences in the 
distributions for the Afghan (N = 16, M = 684.013 nm, 
SD = 0.084 nm) and Zambian samples (N = 12, M = 
684.214 nm, SD = 0.046 nm}, t(26} = 7.46, p < 0.0001, 
95% CI [0.145 nm, 0.255 nm]. Once again, the low p 
value between this pair of sample datasets indicates 
that the measured difference between peak wave- 
lengths probably does not arise from an accident of 
sampling. 

Comparing the R, peak wavelengths dataset with 
each trace element concentration dataset (table 1) 
provided by GIA, the Mg and Na concentration 
datasets have very strong correlations with the R, 
peak wavelengths dataset. Each concentration 
dataset has the same coefficient of determination 
with the wavelengths dataset, namely r? = 0.83. By 
contrast, comparisons between the R, peak wave- 
lengths dataset and all other trace element concen- 
tration datasets yield values for coefficients of 
determinations below 0.64. 

A plot of all samples’ R, peak wavelength vs. Mg 
concentration (figure 7) illustrates the first correla- 
tion. For this case, the best-fit trend line resulting 
from linear regression predicts a minimum R, peak 
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wavelength (with no Mg concentration) of 683.65 nm 
and a peak shift of 0.048 nm per 1000 ppma increase 
in Mg concentration. The scatterplot also outlines 
the trend line’s 95% confidence band, where a new 
data point collected from a random sample is pre- 
dicted to fall within this band 19 times out of 20 (Na- 
trella, 2013). 

Very similar correlation is seen in a plot of all 
samples’ R, peak wavelength vs. Na concentration 
(figure 8). The trend line here predicts nearly the 
same minimum R, peak wavelength (with no Na 
concentration) of 683.66 nm and a peak shift of 0.041 
nm per 1000 ppma increase in Na concentration. The 
scatterplot also shows this trend line’s 95% contfi- 
dence band. 

Returning to the R-line spectra (figure 5), the 
Colombian and Afghan samples’ R, lines peak at 
similar wavelengths, while the Zambian sample’s 
line is shifted to a shorter wavelength. A plot of the 
mean R, peak wavelength of samples from each ori- 
gin (figure 9) shows that Colombian and Afghan sam- 
ples’ mean peak positions are overlapped by the 
extreme values in their distributions. In contrast, the 
mean peak position of Zambian samples is shifted to 


Figure 7. A plot of each sample’s R, peak wavelength 
vs. Mg concentration. The coefficient of determina- 
tion between these two datasets is r? = 0.83. The solid 
black trend line has a slope of 0.049 nm/1000 ppma 
and an intercept at 683.65 nm. The two dashed green 
lines outline the 95% confidence band for predictions 
using the best-fit trend line. 
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R, PEAK WAVELENGTH VS. 
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Figure 8. A plot of each sample’s R, peak wavelength 
vs. Na concentration. The coefficient of determina- 
tion between these two datasets is r? = 0.83. The solid 
black trend line has a slope of 0.041 nm/1000 ppma 
and an intercept at 683.66 nm. The two dashed green 
lines outline the 95% confidence band for predictions 
using the best-fit trend line. 


a shorter wavelength and is not overlapped by the 
other samples’ distributions. 

To compare R, peak wavelength distributions be- 
tween Afghan and Zambian samples, independent 
sample t tests were performed. The results show ex- 
tremely significant differences in the distributions 
for the Afghan (N = 16, M = 680.699 nm, SD = 0.042 
nm) and Zambian samples (N = 12, M = 680.461 nm, 
SD = 0.041 nm], t(26} = 15.00, p < 0.0001, 95% CI 
[0.205 nm, 0.270 nm]. Here, the p value for the 
Afghan and Zambian samples indicates little proba- 
bility that they share the same mean value for R, 
peak wavelength. 

An independent sample t test was also performed 
between Colombian and Afghan samples. The re- 
sults show no significant differences in the distribu- 
tions for the Colombian (N = 20, M = 680.712 nm, 
SD = 0.047 nm) and Afghan samples (N = 16, M = 
680.699 nm, SD = 0.042, nm); t(34) = 0.87, p = 0.39, 
95% CI [0.017 nm, 0.044 nm]. This high p value for 
the Colombian and Afghan samples indicates signif- 
icant probability that they may share the same mean 
value for R, peak wavelength. 

When the R, peak wavelengths dataset is com- 
pared with each trace element concentration dataset, 
Li ion concentration (table 1) has the strongest corre- 
lation, with coefficient of determination r? = 0.79. The 
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Na ion concentration dataset also shows strong corre- 
lation with R, peak wavelengths, with coefficient of 
determination r? = 0.68. The coefficients of determi- 
nation between the R, peak wavelengths dataset and 
all other trace element concentration datasets have 
values well below 0.64. A plot of R, peak wavelength 
vs. Li concentration (figure 10) illustrates their corre- 
lation. Here the best-fit trend line predicts a maxi- 
mum R, peak wavelength (with no Li concentration) 
of 680.74 nm and a peak shift of -0.154 nm per 1000 
ppma increase in Li concentration. The scatterplot 
also shows this trend line’s 95% confidence band. 
Examining the full set of PL emission spectra 
(again, see figure 3), it is apparent that even though 
the narrow R lines’ structure varies from one loca- 
tion to another, the overall shape of the broadband 
structure is roughly similar. As the PL emission 
arises from Cr substituting at Al sites in the beryl 
crystal, we first consider if the peak count rate of 
this broadband structure (located at about 715 nm) 
might be directly proportional to the emerald sam- 
ple’s Cr concentration. A plot of all samples’ broad- 
band peak count rates vs. Cr concentration (figure 
11) shows no evidence that they are directly propor- 


Figure 9. Mean values of R, peak positions extracted 
from the R-line spectra of emerald samples from the 
selected countries. The black diamond corresponds to 
the mean value of 20 Colombian samples, the red cir- 
cle to 16 Afghan samples, and the blue square to 12 
Zambian samples. The error bars identify maximum 
and minimum wavelength values recorded for each 
region. 
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R, PEAK WAVELENGTH VS. 
Li CONCENTRATION 
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Figure 10. A plot of each sample’s R, peak wavelength 
vs. Li concentration. The coefficient of determination 
between these two datasets is 1° = 0.79. The solid 
black trend line has a slope of -0.154 nm/1000 ppma 
and an intercept at 680.74 nm. The two dashed green 
lines outline the 95% confidence band for predictions 
using the best-fit trend line. 


tional. In this plot, most Colombian samples have 
low Cr concentrations and high count rates. Then 
there were Zambian samples that had high Cr con- 
centrations and very low count rates, and Afghan 
samples appear all over the plot. Granted, the peak 
count rate does also depend upon the PL collection 
efficiency of the instrument. But with the lumines- 
cence collection volume (defined by the overlap of 
light beam, emerald, and optical fiber field of view) 
confined along one edge of the emerald, and with an 
effort to position the emerald edge to maximize 
these count rates, we do not expect much variation 
in collection efficiency. 

As mentioned earlier, Fe ions can also substitute 
at Al cation sites in the beryl crystal, and it is well 
known that Fe dissipates PL emission by Cr (Nassau, 
1978). A plot of all samples’ broadband peak count 
rates vs. Fe concentration (figure 12) shows that 
count rates drop exponentially with increasing Fe 
concentration. Thus, the high Fe concentration in 
Zambian emeralds explains the low values of their 
observed count rates. 

Following these examinations, we attempted to 
construct an empirical model where peak count rate 
was proportional to Cr concentration and decayed ex- 
ponentially with increasing Fe concentration. In testing 
this model against our data, we found that peak count 
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rate was better predicted when it was proportional to 
the square root of Cr concentration. The empirical for- 
mula we found that best predicts count rate I is 


_ [Fe] 
I=Ay[Cr]-10 7 


where [Cr] and [Fe] are chromium and iron atomic 
concentrations, respectively (see box B). The empirical 
parameter B in the exponent is the Fe concentration 
that reduces Cr photoluminescence count rate by a 
factor of ten, while the parameter A represents the 
instrument’s collection efficiency. Rewriting equa- 
tion 1 as a linear function of iron concentration [Fe] 


log(I/[Cz]] = -[Fe]/B+log(A) 


(equation 1) 


(equation 2) 


suggests plotting the common logarithm of each 
sample’s I/\[Cr] ratio vs. iron concentration (figure 
13). This pair of datasets has a coefficient of determi- 
nation r? = 0.85. Linear regression establishes values 
for the empirical parameters. The best-fit value for A 
is 1400, but this parameter is not much use beyond 
our experiment since it would have to be refitted for a 
different setup. The best-fit value for B is 2200 ppma 
Fe. This B parameter is independent of experimental 
setup, and it quantifies the low count rates observed 


Figure 11. A plot of each sample’s PL count rate at the 
715 nm peak of broadband emission vs. chromium 
concentration. Colombian samples with low Cr con- 
centrations exhibit high count rates, while Zambian 
samples with high Cr concentrations exhibit low 
count rates. 
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PL COUNT RATE VS. 
Fe CONCENTRATION 
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Figure 12. A plot of each sample’s PL count rate at the 
715 nm peak of broadband emission vs. iron concen- 
tration. Colombian samples with low Fe concentra- 
tions exhibit high count rates, while Zambian samples 
with high Fe concentrations exhibit low count rates. 
The general trend appears to be an exponential decay 
of count rate as Fe concentration increases. 


from Zambian samples. In figure 13, all Zambian sam- 
ples have Fe concentrations above the 2200 ppma con- 
centration, reducing PL emission by a factor of ten; 
several samples have Fe concentrations above 3300 
ppma concentration, reducing emission by a factor of 
30. With the empirical parameters determined from 
regression, the empirical formula predicts count rates 
in our setup within a factor of two of all samples’ ob- 
served count rates except for two Afghan samples. The 
formula underestimates count rates of these two sam- 
ples by about a factor of six. 


DISCUSSION 

Using an R-line Wavelength Measurement to Reject 
a Possible Origin. R-line peak wavelength values ex- 
tracted from the PL spectra of emeralds exhibit distri- 
butions that tend to be localized according to 
geographic origin. Here we consider how one might 
use these distributions as an aid to origin identifica- 
tion. Assuming each origin’s measured distribution of 
R-line peak wavelengths represents that population’s 
true normal probability distribution’, we consider an 
R-line peak wavelength extracted from a random sam- 
ple’s PL spectrum. If the random sample’s origin is 
completely unknown, and its origin might not be any 
of the three considered here, how can knowledge of 
the sample’s R-line peak wavelength be used to reject 
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Figure 13. Dividing PL count rates of each sample’s 
broadband peak emission I by the square root of its 
chromium concentration [Cr], and taking the com- 
mon logarithm, with the results plotted versus each 
sample’s iron concentration [Fe]. These datasets 
have coefficient of determination r? = 0.85. Our 
model prediction suggests the data should follow a 
trend line given by equation 2 in the text, which 
contains empirical parameters A and B. The solid 
black trend line is a plot of equation 2 using the 
best-fit values for these parameters, A = 1400 and B 
= 2200 ppma Fe. The two dashed green lines outline 
the 95% confidence band for predictions using the 
best-fit trend line. 


one or more of these as possible origin assignments? 
Answering this question requires setting a signif- 
icance threshold. If a comparison of the sample’s R- 
line measurement with an origin population’s 
distribution has a p value that is less than the chosen 
significance threshold, then that population is re- 
jected as a possible sample origin. Here the p value 
is the probability of measuring an R-line peak wave- 
length from a population’s sample that is equal to or 
more extreme than what was actually measured 
(Kahn, 2016]. Given the uncertainties in the mean 
values and standard deviations of distributions pre- 


?One can use the number of measured samples (N) from the population 
to quantify how far the measured distribution may deviate from the pop- 
ulation’s true probability distribution by determining uncertainties in the 
measured distribution’s mean and standard deviation (Natrella, 2013). 
The 95% Cl uncertainties in mean values of R, peak wavelengths range 
from +0.028 nm for Colombian samples to +0.045 nm for Afghan sam- 
ples; the same 95% Cl uncertainties in standard deviations range from 
+0.018 nm for Colombian samples to 0.034 nm for Afghan samples. 
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ly a piece of corundum formed previously 
by the same method. 


Figure 10 


Although these boules correspond exactly 
to the description of some of the first re- 
constructed boules, they display absolutely 
no inclusions which in any way resemble or 
indicate that natural ruby was used. Also, 
since they were obviously grown from 
powder using a piece of similar material as 
a seed and possess striae, bubbles, and 
slightly uneven color banding resembling 
closely the characteristics to be found in the 
boule tips, it is concluded that these are 
nothing more than synthetic boules grown 
prior to the commercial application of the 
modern Verneuil process. 


Figure 11 


Figure 12 shows a different focus on the 
same cross section revealing the numerous 
bubbles also present in the seed area. 


In conclusion, it may be said that the 
presence of any great quantity of truly re 
constructed rubies in the trade is still rather 
doubtful, and that the majority of stones 
which have been so identified are probably 
synthetics of early manufacture. Obviously, 


Figure 12 


ruby fragments which are bonded with 
quartz fragments that in turn would be- 
come amorphous upon solidification, would 
show characteristics quite unlike anything 
described above, and could be identified by 
hardness tests and lack of continuity in 
crystallographic orientation of the frag- 
ments. Also, aly stone composed of sintered 
natural fragments will not display curved 
growth lines for the individual fragments 
as such lines can only result from artificial 
growth in which the material is completely 
melted and grown by accumulation. 


Of course, as pointed out in previous 
publications’, of natural 
tuby, while in a viscous state, could develop 
swirl lines which could be irregular and 
even intersecting, but there would be 
nothing in this type of growth to cause the 
development of elongated gas bubbles that 
would be perpendicular to the swirl lines. 
This is a characteristic of many stones 
which have been identified as reconstructed. 
Of course, this is not meant to imply that 
no reconstructed boules have been found. 
On the contrary, a few such boules have 

(Continued on page 166) 


a molten mass 


1. Gems & Gemology, Summer 1949, pages 184- 
190, 
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Box B: TESTING THE EMPIRICAL FORMULA RELATING PL INTENSITY TO 


CR AND FE CONCENTRATIONS 


To test the empirical formula represented by equations 1 
and 2, we extracted broadband peak intensities from PL 
spectra collected from an additional nine natural emerald 
samples with different origins. These samples also were 
provided by GIA’s Bangkok laboratory, and they were 
similarly altered with polished faces perpendicular to 
their c-axes. The laboratory also provided chemical con- 
centrations of each sample, which were measured using 
LA-ICP-MS. Three of the samples were from the Chivor 
mine in Colombia, and another three from the Davdar 
emerald mines in China; these six samples were used in 
the report by Saeseaw et al. (2014). The last three samples 


3.6 4s @ Colombia 
a @ China 
4 ae = Pakistan 


LOG (I/[Cr]"”) 


0 1,000 
Fe CONCENTRATION (ppma) 


2,000 3,000 


sented here, one might choose to set the significance 
threshold at an extreme value of 0.0001. 

The rejection criterion can be simplified by using 
az score. The z score between a measured value x and 
a population with mean M and standard deviation SD 
is given by z = |x— M|/SD, and it identifies how many 
standard deviations away from the mean the value x 
falls (Natrella, 2013). The range of probability values 
p<0.0001 corresponds to az score range of values z > 
3.70 (Abramowitz and Stegun, 1972). If the z score be- 
tween a random sample’s R-line peak wavelength 
measurement and an origin population’s peak wave- 
length distribution is greater than 3.70, then that pop- 
ulation is rejected as a possible sample origin. 
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were collected by GIA from the Swat Valley region of 
Pakistan but were not used in the Saeseaw report. 

The results of this test appear in a scatterplot (figure 
B-1) showing the common logarithm of each test sam- 
ple’s I/\[Cr] ratio vs. its Fe concentration. The test data 
shows general agreement with the corresponding trend 
line plot of equation 2 (using best-fit values of parameters 
listed in figure 13), with all data points located within 
the trend line’s 95% confidence band. In addition, the 
empirical formula written as equation 1 predicts count 
rates for all test samples within a factor of two of their 
observed count rates. 


Figure B-1. Dividing PL count rates 
of each test sample’s broadband 
peak emission I by the square root 
of its chromium concentration [Cr], 
and taking the common logarithm, 
with the results plotted versus each 
test sample’s iron concentration 
[Fe]. The black diamonds represent 
data from Colombian samples, the 
violet squares Pakistani samples, 
and the orange circles Chinese sam- 
ples. The gray triangles reproduce 
the datasets presented in figure 13. 
The solid black trend Iine is a plot 
of the best-fit form of equation 2 to 
those datasets, and the dashed 
green lines form the boundaries of 
the equation’s 95% confidence 
band. 


As an example, consider an extreme R, peak 
wavelength value that appeared in our Colombian 
dataset. The R, peak wavelengths of most Colom- 
bian samples cluster around the reported mean value 
M = 683.777 nm with standard deviation SD = 0.060 
nm. But as shown in figures 7 and 8, one sample 
known to be of Colombian origin has an R, peak 
wavelength value x = 683.946 nm. Of the 20 Colom- 
bian samples reported here and six other examples 
reported by Thompson et al. (2014), this value is by 
far the most extreme recorded for a Colombian sam- 
ple. The z score between this sample’s R, peak wave- 
length and the Colombian distribution is z = 2.817, 
so it does not meet the threshold for rejection. 
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However, the z score between that sample’s R, 
peak wavelength and the Afghan distribution is only 
z= 0.798, well below the rejection criterion. If the ori- 
gin of this sample was truly unknown, we could not 
reject either Colombia or Afghanistan. In contrast, 
the z score between the sample’s R, peak wavelength 
and the Zambian distribution is z = 5.826, which ex- 
ceeds the threshold for rejection. Therefore, Zambia 
can be rejected as a possible origin. 

As another example, could a sample with R, peak 
wavelength equal to x = 684.000 nm possibly be from 
Colombia? The z score between this R, peak wave- 
length and the Colombian distribution is z = 3.717, 
which exceeds the minimum z value for rejection. 
We therefore would reject Colombia as a possible ori- 
gin for any sample with R, peak value at or above this 
wavelength. 


Identifying a Mechanism Responsible for Shifts in 
R,-Line Peak Wavelengths. We propose that the trace 
element dataset producing the highest coefficient of 
determination with a particular R-line dataset is 
most likely the impurity substitution responsible for 
shifting the R-line’s peak wavelength. When two or 
more trace element datasets produce similar high 
values of r? with the R-line’s dataset, we must con- 
sider how each may be involved with the R-line’s 
peak shift. 

As noted earlier, the shift in R, peak wavelength 
with increasing Mg and Na impurity concentrations 
shows very strong correlations, with the same coef- 
ficient of determination for both concentration 
datasets, r? = 0.83. These strong correlations suggest 
that the R, peak shift arises primarily from the alio- 
valent substitution of Mg at Al octahedral crystal 
sites, with charge balance provided by Na occupying 
an open channel site: Al** <> Mg”* + Na*. 

Comparing the Mg and Na ion concentration 
datasets reveals that the presence of one ion corre- 
lates very strongly with the presence of the other, 
with a coefficient of determination r? = 0.99 between 
the two datasets. Yet a plot of Mg vs. Na concentra- 
tion (figure 14) does not exhibit a one-to-one match, 
where each Mg ion would be accompanied by exactly 
one Na ion. In fact, the trend line resulting from lin- 
ear regression reveals a slight excess of Na ions, 
where 10 Mg ions are matched by 11 Na ions. This 
10% difference between Na and Mg ion concentra- 
tions may arise from a matrix effect in the LA-ICP- 
MS measurements (Sylvester, 2008). The efficiency 
with which different ions are ablated from the NIST 
glass matrix used for calibration may differ slightly 
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Figure 14. A plot of each sample’s sodium vs. magne- 
sium concentration. The coefficient of determination 
between these two datasets is r? = 0.99. The black 
trend line has a slope of 1114 ppma Na/1000 ppma 
Msg. For comparison, the gray line has unit slope. 


from the efficiency of ions released by ablation from 
beryl matrix. If an excess of Na ions does not origi- 
nate from a matrix effect, however, these ions may 
contribute to the R, peak shift, as described below. 


Identifying a Mechanism Responsible for Shifts in 
R,-Line Peak Wavelengths. As noted in the Results 
section, the R, peak wavelengths dataset exhibits 
strong correlation with the Li ion concentration 
dataset, with coefficient of determination r? = 0.79. 
The lack of correlation between R, peak positions 
and divalent and trivalent cation concentrations sug- 
gests that substitution at Al crystal sites is not re- 
sponsible for the R, peak shift. Conversely, Li is the 
only cation that substitutes at the tetrahedral Be 
crystal site in beryl (Aurisicchio et al., 1988). To 
maintain charge balance, an accompanying alkali ion 
also must occupy an interstitial site. Besides Li con- 
centrations, only the Na concentration dataset 
shows any significant correlation with the R, peak 
wavelengths dataset, with coefficient of determina- 
tion r? = 0.68. 

As described above, most Na atoms appear to be 
paired with Mg atoms. In attempting to isolate the 
“excess Na” concentration (comprised of those Na 
ions not paired with Mg) by subtracting Mg concen- 
trations from corresponding Na concentrations, the 
resulting excess Na concentration dataset shows 
slightly stronger correlation with R, peak positions 
than does the full Na dataset, with coefficient of de- 
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EXCESS Na VS. Li CONCENTRATION 
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Figure 15. A plot of each sample’s “excess Na” (the 
difference between sodium and magnesium concen- 
trations) vs. lithium concentration. The coefficient of 
determination between these two datasets is r? = 
0.66. The black trend line has a slope of 970 ppma 
Na/1000 ppma Mg and an intercept of 330 ppma ex- 
cess Na. 


termination r? = 0.72. Adding the excess Na concen- 
trations to corresponding Li concentrations creates 
even stronger correlation with R, peak positions, with 
coefficient of determination r? = 0.83. This coefficient 
of determination is higher than that achieved using 
the Li dataset by itself. 

Comparing the Li and excess Na ion concentration 
datasets gives a coefficient of determination r? = 0.66, 
just barely exceeding the strong correlation threshold. 
A scatterplot of Li concentrations vs. excess Na con- 
centration (figure 15), along with a best-fit trend line, 
demonstrates the correlation. The scatterplot does ex- 
hibit many outliers, including examples where sub- 
tracting a sample’s Mg concentration from the 
corresponding Na concentration produces a slightly 
negative value. Overall, there appear to be several in- 
stances where there is not enough excess Na to match 
up with Li. 

The strong correlation between samples’ R, peak 
wavelengths and Li impurity concentrations suggests 
that the R, peak shift arises primarily from Li ions sub- 
stituting at the tetragonal Be crystal sites. Interpreting 
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correlations of excess Na impurity concentrations 
with the R, peak shift and with Li concentrations sug- 
gests that when Na ions are available, they may pro- 
vide charge balance for the substitution. When Na 
ions are not available, we propose that the charge bal- 
ance may be maintained by an additional Li ion occu- 
pying an open channel site: Be** <> Li* + Na’, Li*. 


CONCLUSIONS 


We have collected photoluminescence spectra of 
emerald samples from Colombia, Afghanistan, and 
Zambia. Extracting peak wavelengths of R lines ap- 
pearing in emerald’s Ec PL spectrum, we observed 
that values tend to be distributed according to geo- 
graphic origin. With knowledge of localized distribu- 
tions from a given origin, an R-line measurement of 
a random sample can provide evidence for or against 
the possibility of that origin. 

Emerald samples from these three different ori- 
gins were selected because they displayed distinctly 
different trace element impurity concentrations. 
Comparing peak positions of their R lines with cor- 
responding concentrations of impurity ions, we have 
identified strong correlations between R-line peak 
shifts and increasing concentrations of specific im- 
purities. In particular, the R-line peak wavelengths 
can also be used to estimate concentrations of three 
non-chromophore impurities in emerald: magne- 
sium, sodium, and lithium. This assessment can sup- 
plement measurements of these impurities using 
other chemical composition analysis techniques, 
such as X-ray fluorescence, electron microprobe 
analysis, and LA-ICP-MS. The correlations also sug- 
gest likely mechanisms responsible for the R-line 
peak shifts. 

Finally, comparing peak intensities of the broad- 
band structure appearing in PL spectra with corre- 
sponding concentrations of chromium and iron 
impurities led to identification of an empirical for- 
mula where photoluminescence count rate increases 
with the square root of chromium concentration and 
decreases exponentially with increasing iron con- 
centration. While it has long been known that iron 
impurities tend to quench chromium photo- 
luminescence in gemstones, here we have quantified 
this effect. 
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method, developed in the mid-1950s, in the form of almost spherical to 
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elliptical boules. After crystal growth, rutile needles were exsolved by annealing at temperatures ranging 
from 1100°C to 1500°C. Notably, such needles were somewhat shorter than those generally produced 
in asteriated material from other Verneuil manufacturers, particularly Linde in the United States, giving 
the cabochons a slightly different visual appearance. Furthermore, the production process using oriented 
seeds and a variable temperature-time protocol resulted in samples consisting of up to three growth 
zones. Such properties may aid in identifying Wiede’s synthetics produced up to the end of the 1970s. 


for the production and/or improvement of as- 

terism in corundum were described in patent 
documents assigned to Linde Air Products Company 
or to the Linde division of Union Carbide and Carbon 
Corporation in the United States. The first patent ap- 
plication was filed in August 1947 and published in 
November 1949 by Burdick and Glenn. In principle, 
the creation of asteriated synthetic corundum was 
based on a two-step process comprising (1) the produc- 
tion of titanium-bearing corundum crystals and (2) the 
formation of rutile precipitates. The precipitates were 
responsible for scattering and reflecting incident light 
and thereby forming the three intersecting light bands 
of a six-rayed star. The first asteriated rubies and sap- 
phires were grown by the Verneuil technique, with the 
addition of a titanium-bearing compound as a compo- 
nent of the nutrient powder (Burdick and Glenn, 
1949). The patent mentioned that the alumina powder 
from which the crystals were grown should contain at 
least 0.1% and not more than 0.3% TiO,. Without fur- 
ther dopants, colorless star sapphires were obtained, 
by including chromium oxide or iron oxide, rubies or 
blue sapphires could be produced. 


[ec the 1940s and 1950s, various processes 
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The disadvantage of this basic process was that 
the resultant needle-like precipitates were confined 
to the skin of the Verneuil boules, thus restricting 
the size and number of asteriated cabochons that 
could be cut. Cabochons cut from the interior of the 
boules might not exhibit asterism, and blue sapphires 
could also show colorless zones in growth sectors 
without titanium. Furthermore, cabochons cut with 
the titanium-bearing skin in the center of the final 
cabochon might not display asterism on the sides to- 
ward the base (Burdick and Jones, 1954). 

To overcome these disadvantages and grow rubies 
and sapphires with more complete stars—and without 
colorless zones in blue sapphires—it was necessary to 
have a more homogeneous distribution of titanium in 
the corundum crystals. Obtaining such an improved 
distribution was accomplished by growing the 
Verneuil boules under fluctuating thermal conditions. 
In practice, this fluctuation was achieved by alter- 
nately increasing and decreasing the rate of oxygen fed 
to the oxygen-hydrogen flame of the Verneuil burner. 
The process mentioned was patented in United States 
by Linde (Burdick and Jones, 1954}, and a series of in- 
ternational applications were also filed (e.g., in Ger- 
many, Great Britain, France, and Switzerland). As 
represented schematically in the patent by Burdick 
and Jones, the sapphire and ruby boules grown under 
such conditions showed—in the direction of crystal 
growth—layers with high titanium contents in all 
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Figure 1. Synthetic asteriated blue sapphire from the 
historical production of Wiede’s Carbidwerk, 
Freyung, Germany. The sample weighs 2.63 ct and 
measures 8.9 x 6.8 mm. Fiber-optic illumination. 
Photo by K. Schmetzer. 


zones, alternating with layers where titanium was re- 
stricted to the rim of the boules. Again, the concen- 
tration of titanium oxide within the alumina powder 
used for crystal growth was stated to be in the range 
of 0.1 to 0.3 wt.% TiO,,. 

As a consequence of the protections against pos- 
sible infringement afforded by the patent filings, other 
producers who wished to use the Verneuil process for 
growing gem-quality asteriated rubies and sapphires 
had to develop techniques different from that de- 
scribed in the Burdick and Jones patent. In particular, 
German researchers were successful in independently 
developing such a method. Synthetic asteriated 
corundum of German production began reaching the 
market in increasing quantities in the second half of 
the 1950s, and the material was described as contrast- 
ing with the Linde stones in both visual appearance 
and gemological properties (Breebaart, 1957). 

The German synthetic star rubies and sapphires 
(figure 1) were grown by Wiede’s Carbidwerk of 
Freyung, Bavaria, a family-owned company that had 
been creating rubies, sapphires, and variously colored 
spinels since about 1913 (Schmetzer et al., 2015). The 
technical differences between the German and Amer- 
ican production processes were divulged in German 
patents DE 1 002 300 and DE 1 007 753 by Ancot and 
Eppler, both filed in February 1955 and then pub- 
lished in August and October 1957, respectively. De- 
scriptions of the new asteriated gem corundum were 
also provided in gemological publications by Eppler 
(1957/1958, 1958 a,b). While these mentioned that a 
slower growth process was used in Germany, the em- 
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phasis was on contrasts in the gemological properties 
and visual appearance of the star rubies and sapphires 
produced by Linde and at Wiede’s. The publications 
did not refer to the underlying patents or production 
methods that resulted in such differences between 
the two companies’ materials. 

The synthetic star rubies and sapphires produced 
by Wiede’s Carbidwerk have similarly been men- 
tioned in gemological textbooks covering asteriated 
corundum (e.g., Nassau, 1980; Hughes, 1997, 2017), 
but, again, details of the technology were neither 
given nor associated with properties of the samples. 
The present paper thus focuses on further closing the 
gap in the gemological literature regarding historical 
production processes for synthetic gem materials. 


TECHNICAL INFORMATION DISCLOSED IN 
PATENT DOCUMENTS 

The methods described by Ancot and Eppler (1957 
a,b) in the patents cited above and assigned to 
Wiede’s Carbidwerk were applied for the production 
of asteriated rubies and sapphires from the mid-1950s 
to the end of the 1970s. Later production methods for 
asteriated corundum at Wiede’s no longer employed 
these specific techniques, primarily for economic 
reasons (H. Schulz, pers. comm., 2014). 


In Brief 


e Inthe 1950s, Wiede’s Carbidwerk of Freyung, Germany, 
developed a proprietary, patented variant of the Verneuil 
method for growing asteriated synthetic corundum. 


Synthetic star rubies and sapphires were produced 
using this process from the mid-1950s to the late 1970s 
and were sold commercially, with the United States as 
one of the primary markets. 


e The process employed oriented seeds and applied a 
variable time-temperature protocol, yielding elliptical 
to almost spherical boules with several distinct growth 
zones. 


Samples produced in the 1960s and 1970s have prop- 
erties that differ slightly from those of asteriated corun- 
dum manufactured in the late 1950s and described in 
earlier research. 


Both patent documents indicated that a better dis- 
tribution of titanium throughout the complete 
Verneuil-grown corundum crystal was achieved if the 
TiO, content within the Al,O, nutrient powder was 
increased beyond the 0.1% to 0.3% range described in 
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Figure 2. Synthetic asteriated corundum produced by Wiede’s Carbidwerk. Left: Rough, almost spherical to ellipti- 
cal boules of synthetic blue star sapphire and synthetic star ruby. The blue sapphire weighs 9.94 ct and measures 
10.9 x 10.0 mm; the ruby (one of the samples split at the center and shown from both sides in figure 3) weighs 
11.57 ct and measures 14.8 x 12.4 mm. Right: Three synthetic blue star sapphire cabochons and one synthetic star 
ruby cabochon in direct sunlight. The ruby weighs 8.92 ct and measures 13.2 x 11.0 mm; the sapphire at the bot- 
tom left weighs 3.67 ct and measures 9.1 mm in diameter. Photos by K. Schmetzer. 


the patents assigned to Linde. Specifically, Ancot and 
Eppler quoted a percentage of up to 0.52% TiO,. The 
titanium oxide was preferably added in the form of 
anatase. Without other modifications to the growth 
method, however, the titanium-enriched synthetic 
material so obtained was highly fragile. To overcome 
that problem, the melting time for production of the 
corundum boules was increased by at least a factor of 
two, or better yet by a factor of six. This, in turn, could 
be accomplished by decreasing the rate of powder fed 
per time unit to the growing surface of the crystal in 
the Verneuil burner. 

In the temperature-time protocol applied for crys- 
tal growth, the temperature of the Verneuil flame was 
progressively increased during the initial phase of the 
production period by altering the oxygen-hydrogen 
ratio. The mixture of gases started at an O,:H, ratio of 
40:100 and was slowly changed to a ratio of 49:100 by 
the end of this first stage in the growth process. After 
the maximum O,°:H, ratio had been reached, further 
growth of the ruby or sapphire crystal during a second 
phase was performed while sustaining the high flame 
temperature at a constant level. 

The resulting rough product did not take the typi- 
cal form of a cylindrical boule; rather, the product was 
an almost spherical or elliptical corundum crystal (fig- 
ure 2, left). The corundum sphere had relatively low 
internal tension, thus eliminating the normal stress- 
induced need for splitting cylindrical boules along 
their longitudinal axis. Rutile precipitates, which were 
obtained by exsolution in a subsequent heat-treat- 
ment step between 1100 and 1500°C using the classi- 
cal annealing process described in the patents assigned 


314 = SYNTHETIC STAR CORUNDUM BY WIEDE’S CARBIDWERK 


to Linde (see above}, were in general equally distrib- 
uted throughout the ruby or sapphire spheres. 

As an example, the production time (melting time) 
for a spherical corundum crystal of 13 mm in diameter 
has been quoted at 166 minutes. During the first phase 
of production, while the mixture of gases was being 
progressively altered, a spherical boule with a diame- 
ter of 10 mm could be obtained in a period of 85 min- 
utes. During the second stage, performed while the 
high flame temperature was maintained, the diame- 
ter could be increased from 10 to 13 mm over a pe- 
riod of 81 minutes. In typical practice, only a single 
asteriated cabochon would be cut from such a heat- 
treated, rutile-bearing spherical to elliptical ruby or 
sapphire crystal (H. Schulz, pers. comm., 2014). 


MATERIALS AND METHODS 

To prevent any potential confusion with synthetic 
asteriated gem materials manufactured by Linde or 
any other producer, the present study started with 
samples obtained directly from Wiede’s Carbidwerk. 
One synthetic blue sapphire boule, one sapphire 
cabochon, and one ruby cabochon were furnished by 
the producer in Freyung. All three samples had un- 
questionably been manufactured by the general 
method described in the patents cited above. Four 
Wiede’s synthetic ruby boules from the Mineralogi- 
sche Staatssammlung (Bavarian State Collection for 
Mineralogy), Munich, were made available as well. 
These samples most likely had been donated by Ep- 
pler, who also served as a professor teaching miner- 
alogy and gemology at the University of Munich. 
One additional ruby and three sapphire cabochons 
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Figure 3. Four boules of synthetic asteriated ruby from Wiede’s production. The samples were split at the center to 
show the internal structure, enabling comparison of the almost spherical outer surface (left) with the central split 
surface (right). The c-axis of the samples is indicated. The weights of the synthetic rubies range from 10.29 to 12.29 
ct; the sample at the lower left measures 14.8 x 12.4 mm. Photos by K. Schmetzer. 


with similar properties were provided from two pri- 
vate collections in Germany and Austria. In sum- 
mary, we were able to examine one sapphire and four 
ruby boules and four sapphire and two ruby cabo- 
chons (figure 2). 

All samples were inspected visually and micro- 
scopically, especially in immersion. For maximum 
visibility in evaluating growth zoning and the sizes 
of rutile needles, one slab was sawn from the base of 
the blue asteriated cabochon obtained directly from 
the producer (figure 1) and then polished. To resolve 
acicular inclusions, this slice and the bases and 
domes of all six cabochons were also examined at 
higher magnification (up to 1000x) than normally ap- 
plied in gemology, in reflected and transmitted light, 
using a Leitz Ortholux II Pol-BK or a Leica DM LM 


polarizing microscope. Because the needles observed 
optically were of different sizes and extremely small 
in one sample, micro-Raman spectroscopy of four 
ruby and sapphire cabochons was performed with a 
focused as well as a defocused primary laser beam 
using a Horiba XploRA confocal Raman microscope 
with a 532 nm laser. 


VISUAL APPEARANCE AND 

MICROSCOPIC FEATURES 

The external shape of the five rough samples showed 
that crystal growth had initiated at a small colorless 
shaft and then gradually widened to larger diameters. 
The resulting synthetic ruby or sapphire crystals ex- 
hibited slightly flattened to slightly elongated (ellip- 
tical) or almost spherical forms (figures 3 and 4). As 


Figure 4. Details of the outer surface of a synthetic asteriated ruby (left) and a synthetic asteriated blue sapphire 
(right) from Wiede’s. The ruby (10.29 ct, 14.2 x 12.2 mm) is slightly flattened along the c-axis of the crystal, while 
the blue sapphire (9.94 ct, 10.9 x 10.0 mm) is slightly elongated. Because the ruby crystal has been split at the cen- 
ter, the internal growth zoning with sequential curved growth layers can be seen in detail (center). The c-axis runs 
north-south in all figures. Photos by K. Schmetzer. 


SYNTHETIC STAR CORUNDUM BY WIEDE’S CARBIDWERK 


Gems & GEMOLOGY Fall 2017 315 


proven by the pleochroism of the crystals, the c-axis 
of the samples was parallel to the direction of crystal 
growth. Internal growth zoning in the form of se- 
quential curved layers was observed (figure 4, center), 
especially in some of the ruby crystals that had been 
split in half (figure 3). These split boules offered a 
clear visual demonstration of the shell-like internal 
structure. 

With regard to coloration and diaphaneity, three of 
the four sapphires and both rubies showed a distinct 
zoning when viewed toward the base of the cabo- 
chons, with a clear blue or red center and a somewhat 
milky bluish or reddish rim (figure 5). Such zoning was 
apparent when an almost spherical ruby or sapphire 
boule had been cut at or close to the largest diameter 
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Figure 5. The bases of as- 
teriated synthetic sapphire 
(left) and ruby (right) 
cabochons from Wiede’s 
show a clear blue or red 
center and a somewhat 
milky bluish or reddish 
rim. The sapphire meas- 
ures 7.2 mm in diameter; 
the ruby measures 13.2 x 
11.0 mm. Photos by K. 
Schmetzer. 


of the crystal (again, see figure 4, left and center). A 
“W”" had been inscribed by sandblasting on the back 
of one of the cabochons to designate the producer (fig- 
ure 5, right), a practice used for some of Wiede’s aste- 
riated stones (H. Schulz, pers. comm., 2014). 
Conversely, any similarly clear central areas, if ex- 
tant, were obscured in the rough samples. The rough 
crystals were principally opaque, appearing slightly 
translucent at best, due to a high concentration of gas 
bubbles. This was particularly evident throughout the 
larger, core regions of the crystals, with only the out- 
ermost layers of certain ruby samples showing slightly 
higher transparency than the central portions (again, 
see figure 3). For cut samples, in contrast to the rough 
material, three of the four examined sapphire cabo- 


Figure 6. Blue asteriated 
synthetic sapphires (A—C) 
and one ruby (D) showing 
shell-like structures with 
different concentrations of 
gas bubbles in the center 
and at the rim. A: Sapphire 
cabochon, viewed perpendi- 
cular to the c-axis, measur- 
ing 8.9 x 4.2 mm; B: Another 
sapphire cabochon, viewed 
perpendicular to the c-axis, 
field of view 3.4 x 2.5 mm; 
C: A slab sawn from the 
base of the sapphire cabo- 
chon in figure 6A, viewed 
about 30° to the c-axis, field 
of view 4.0 x 3.0 mm; D: A 
ruby cabochon, viewed per- 
pendicular to the c-axis, 
field of view 3.8 x 2.9 mm. 
Immersion, transmitted 
light. Photomicrographs by 
K. Schmetzer. 
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Figure 7. Gas bubbles are concentrated in various layers forming a shell-like structure around the center of the 
host (left). At higher magnification (center and right), the bubbles appear almost round. Left and center: Transmit- 
ted light, field of view 1.0 x 0.75 mm (left) and 100 x 75 zm (center). Right: Reflected light (in which rutile needles 
are also resolved), field of view 92 x 69 pm. Photomicrographs by H.-J. Bernhardt. 


chons and one ruby showed an outermost layer with 
higher transparency than observed for the main body 
of the samples. This was best seen in immersion (fig- 
ure 6, A and B), which clearly revealed a shell-like, lay- 
ered structure, with different layers containing 
different concentrations of gas bubbles (figures 6, B-D 
and 7, left). At higher magnification, the gas bubbles 
appeared nearly round (figure 7, center and right). 

In addition, the samples showed irregularly 
shaped grain boundaries that crossed the arms of the 
six-rayed star (figure 8, left]. These grain boundaries 
(also designated as low-angle grain boundaries) could 
likewise be seen in immersion in transmitted light, 


together with prismatic glide planes (figure 8, right), 
the latter of which are referred to as “Plato” stria- 
tions in the gemological literature. Higher magnifi- 
cation revealed that the grain boundaries (figure 9, 
left) were related to internal stress (figure 9, center) 
and that prismatic glide planes were mostly devel- 
oped at the rim of the sample, forming angles of 120° 
with each other (figure 9, right). The nature of glide 
planes is discussed briefly in box A. 


RUTILE NEEDLES 


In the synthetic blue sapphires and rubies produced 
by Wiede’s Carbidwerk, three series of needle-like 


Figure 8. Grain boundaries of the Verneuil-grown synthetic blue star sapphire as observed on the surface in re- 
flected light and fiber-optic illumination (left) and in transmitted light in immersion with crossed polarizers 
(right). In reflected light, the grain boundaries are seen to cut across the arms of the star; in transmitted light, glide 
planes (Plato striations) are observed in addition to the grain boundaries, especially at the rim of the sample. Field 
of view 4.6 x 3.4 mm (left) and 9.2 x 6.9 mm (right). Photomicrographs by K. Schmetzer. 
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b.1A. Founder Retires 


Alter Twenty-one Years 


EDITOR’S NOTES: Readers are referred to the 
Summer 1951 issue of GEMS & GEMOLOGY 
where on pages 35 through 48 appears a 
complete history of the Gemological Insti- 
tute of America from the time of its incep- 
tion, coupled with an outline of Robert M. 
Shipley’s contribution to the industry 
through the establishment of the Institute. 


After more than a score of years devoted 
to the advancement of gemological training 
on the North American continent, Robert 
M. Shipley retired on March 31, 1952, from 
his directorship of the Gemological Institute 
of America, founded by him in 1931, 

Operated as a partnership by Robert and 
Beatrice Shipley for twelve years, the Gemo- 
logical Institute of America was presented 
to the trade by them in 1942, and incor- 
porated as a non-profit educational institu- 
tion the following year. Since that time the 


founder has continued to serve as Executive 
Director. 

“Without the many jewelers and numer- 
ous educators who helped in the develop- 
ment of the gemological profession, there 
could not have been a successful industry- 
controlled school for the jeweler,’ Robert 
Shipley commented on the eve of his retire- 
ment. 

He expressed appreciation to many individ- 
uals, and especially commented on the in- 
debtedness of all in the trade to the Retail 
Jewelers Research Group which was one of 
the first organizations to back the training 
program for 
Group’s members served on the Institute’s 
first Board of Governors and many of these 
men, with others, have been active through 
the years in the direction of G.I.A.’s oper- 


jewelers. A number of the 


ation and the formation of its policies. 
Some of these same men still serve on the 
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Box A: ORIENTATION OF RUTILE NEEDLES AND THE NATURE OF 


PLATO LINES IN SYNTHETIC CORUNDUM 


Plato lines are a characteristic feature of Verneuil-grown 
synthetic corundum. The observed pattern, in most 
cases consisting of two or even three series of intersect- 
ing structural planes, is best seen under crossed polariz- 
ers in a direction of view parallel to the optic axis of the 
ruby or sapphire (Plato, 1952, 1952/1953; Miiller, 1952). 
In gemological textbooks, the description of Plato lines 
in synthetic corundum is occasionally associated with 
twinning, repeated twinning, or glide twinning parallel 
to hexagonal prism faces (Hughes, 1997, 2017). Simi- 
larly, Eppler (1964 a,b) identified the pattern as polysyn- 
thetic twinning parallel to the first-order hexagonal 
prism m {1010}. In doing so, he cited a previous, more 
detailed publication in Deutsche Goldschmiede- 
Zeitung. Unfortunately, the date of this prior work was 
given erroneously as 1956 in Eppler (1964a), requiring 
reference to Eppler (1964b), in German, to ascertain the 
correct 1959 date. 

In that earlier publication, Eppler (1959) recounted 
investigations of Plato striations in synthetic asteriated 
Verneuil-grown corundum. He offered details of etching 
patterns seen in synthetic corundum and described ex- 
periments to examine the orientation of rutile precipi- 
tates and Plato lines. He observed that the elongation of 
the exsolved rutile needles was parallel to the planes of 
the Plato pattern and, further, concluded that the rutile 
needles and the planes of the Plato pattern were parallel 
to the first-order hexagonal prism m {1010}. This conclu- 
sion was based on Eppler’s awareness of the fact that the 
second-order hexagonal prism a {1120} in the crystal 
class of corundum is parallel to a mirror plane, and thus 
a cannot be considered a twin plane (figure A-1). 

In contrast, it is generally known to gemologists that 
rutile needles in natural asteriated and non-asteriated 
rubies or sapphires are located in planes parallel to the 
basal pinacoid (0001) and oriented parallel to growth 
planes representing the second-order hexagonal prism 
faces a {1120} of the host (Weibel, 1985; Hughes, 1997, 
2017). In cross sections parallel to the basal pinacoid, 
growth zoning parallel to the second-order hexagonal 
prism a {1120} appears visually identical to growth zon- 
ing parallel to second-order hexagonal dipyramids—e.g., 
n {2243}, w {1121}, v {4483}, or z {2241}. Natural corun- 
dum from certain occurrences, such as basaltic sapphires 
from Australia, Madagascar, or Thailand, show mostly 
hexagonal dipyramids and no hexagonal prism faces. 
Consequently, in cross sections perpendicular to the c- 


precipitates, forming angles of 60° with each other, 
were visible at high magnification (figure 10, A-C). 
Knee-shaped and V-shaped twins were seen occasion- 


318 SYNTHETIC STAR CORUNDUM BY WIEDE’S CARBIDWERK 


a aa 
[1010] 


[1120] 


Figure A-1. Schematic representation of crystal faces 
(top) and crystallographic directions (bottom) in the 
crystal class of corundum, D,,, with a view parallel to 
the c-axis. Symmetry elements depicted include the 
three-fold axis seen in the center and the mirror planes 
represented by white lines (two-fold axes are not given 
for simplicity). The first-order hexagonal prism {1010} is 
indicated by the symbol m and the second-order hexag- 
onal prism {1120} by the symbol a. The second-order 
prism faces a are parallel to mirror planes and parallel to 
the <1010> directions. 


axis, rutile needles appear either parallel to traces of the 
second-order hexagonal prism or parallel to traces of any 
of the hexagonal dipyramids. 


ally. Raman spectroscopy of the four Wiede’s cabo- 
chons examined—which, as noted previously, was 
performed with both focused and defocused laser 
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Figure A-2. Schematic representation of prismatic (left) 
and basal (right) glide planes in corundum. First-order 
hexagonal prism faces {1010} are indicated by the symbol 
m, second-order hexagonal prism faces {1120} by the 
symbol a, and basal faces (0001) by the symbol c. Glide 
planes (yellow) are parallel to a or c planes, and the glide 
directions are shown by arrows. 


The same orientation of inclusions holds true for 
synthetic corundum that contains three series of elon- 
gated rutile or TiO, particles on planes parallel to the 
basal face (0001) of the host crystal. The orientation of 
these needles, which are also frequently twinned, is typ- 
ically identified (for instance by electron diffraction) as 
being parallel to the <1010> direction of the host, which 
is parallel to the second-order hexagonal prism a {1120} 
(Bratton, 1971; Busovne et al., 1979; Philips et al., 1980; 
Moon and Philips, 1991, Viti and Ferrari, 2006; He et al., 
2011). Relevant orientations of crystal planes and crys- 
tallographic directions are depicted in figure A-1. 

Although Hughes (1997, pp. 156-158, and 2017, p. 
270) would appear to mention one exception to the fore- 
going well-established orientation scheme for rutile or 
other TiO, precipitates in synthetic corundum, he cited 
in support Takubo et al. (1980). That study, in turn, char- 
acterized the orientation of rutile needles as parallel to the 
<1010> direction of the host. The implication is thus that 


beams because of the small thickness of some nee- 
dles—yielded the lines of the corundum host, to- 
gether with the strongest lines for rutile. Fixing the 
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Hughes (1997, 2017) mistakenly conflated crystallo- 
graphic directions and crystal faces (again, see figure A-1). 

Corundum specimens that were deformed by the ap- 
plication of stress show various slip systems. The main 
types of plastic deformation are described in the litera- 
ture as basal and prismatic slip, caused by basal glide 
planes parallel to the basal pinacoid c (0001) and by pris- 
matic glide planes parallel to the second-order hexagonal 
prism a {1120} (figure A-2). Occasionally, the presence of 
a rhombohedral slip system is discussed as well (Sche- 
uplein and Gibbs, 1960; Stephens and Alford, 1964; 
Klassen-Neklyudova et al., 1970; Gooch and Groves, 
1972, 1973; Snow and Heuer, 1973; Bilde-Sorensen et al., 
1976, 1996; Kotchik and Tressler, 1980). More specifi- 
cally, basal and prismatic glide systems are characterized 
by the glide plane and the glide direction: 


basal slip system: glide plane c (0001), 
glide direction <1120> 


prismatic slip system: glide plane a {1 120}, 
glide direction <1010> 


Basal and rhombohedral glide systems may also be 
confined to rhombohedral or basal twinning (Heuer, 
1966; Wang and Mikkola, 1992; Lagerlof et al., 1994). 
However, due to the fact that the second-order hexagonal 
prism in corundum (crystal class D,,) is parallel to a mir- 
ror plane, this glide plane is not considered a twin plane. 
Conversely, the first-order hexagonal prism m {1010} is 
not parallel to a mirror plane. As a consequence, a plane 
parallel to the first-order hexagonal prism may exist as a 
twin plane in corundum, as described for flux-grown 
Chatham synthetic sapphire (Schmetzer, 1987; Kiefert 
and Schmetzer, 1988). 

In summary, we conclude that rutile or other TiO, 
needles in natural or synthetic corundum are located in 
the basal plane and form three series of oriented particles 
parallel to the second-order hexagonal prism a {1120}, 
which is equivalent to the three <1010> directions. The 
second-order hexagonal prism constitutes one of the prin- 
cipal systems of plastic deformation in corundum but is 
not considered a twin plane, due to the presence of mirror 
planes parallel to this face in the applicable crystal class. 
Plato lines seen in Verneuil-grown synthetic corundum 
thus represent glide planes resulting from plastic defor- 
mation caused by internal stress. Consequently, the term 
“glide twinning” is erroneous and should not be used. 


sample under investigation and observing it at differ- 
ent magnifications, we determined that the elonga- 
tion of the rutile needles was parallel to the prismatic 
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Figure 9. Grain boundaries as observed in transmitted light (left) are related to internal stress, which is best seen 


under crossed polarizers (center). Glide planes (Plato striations) are visible at the rim of the sample under identical 
illumination (right). Field of view 1.0 x 0.75 mm (left and center) and 1.5 x 1.1 mm (right). Photomicrographs by 


H.-]. Bernhardt. 


glide planes (Plato striations). This indicated that 
both the rutile precipitates and the glide planes were 
oriented parallel to the second-order hexagonal prism 
(for further details, see again box A). 

Rutile needles exsolved in Verneuil-grown syn- 
thetic star corundum crystals in the form of cylin- 
drical boules, such as the Linde material and 
samples from other producers, have been shown to 
exhibit varying lengths, up to a maximum of about 
50 pm (Schmetzer et al., 2015). For the six Wiede’s 
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stars studied here, the needle lengths were also vari- 
able in each sample, as depicted in figure 10. How- 
ever, a maximum of approximately 15 pm was 
reached for one synthetic sapphire (figure 10A; see 
also figure 1), and maximal lengths between 35 and 
45 um were observed for the other three sapphire 
cabochons and the two synthetic rubies (figure 10, 
B and C; see also figure 2, right). The thickness (di- 
ameter) of the rutile needles for all six samples was 
found to be in the range of 0.3 to 0.4 pm. The needle 


Figure 10. Rutile needles in 
two asteriated blue sap- 
phires (A and B) and one 
ruby (C) produced at 
Wiede’s Carbidwerk, and 
in a Linde synthetic star 
sapphire (D). In A, the nee- 
dles’ maximum length is 
about 15 ym, but needles 
with a maximum length be- 
tween 35 and 45 pm were 
exsolved in the other sap- 
phire and ruby samples (B 
and C). These larger needles 
are only slightly shorter or 
even in the range of rutile 
precipitates often seen in 
asteriated Linde synthetic 
sapphires (D). The thick- 
ness of the rutile needles is 
consistent for all samples. 
Reflected light, oil immer- 
sion; field of view (in A—D) 
92 x 69 zm. Photomicro- 
graphs by H.-J. Bernhardt. 
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dimensions were always identical at the bases and 
domes of the cabochons. 

At these dimensions, the rutile needles in one 
blue sapphire were shorter than those observed in 
any of the other three blue sapphires and the two 
rubies from Wiede’s production. The rutile needles 
in this one sample were also noticeably shorter than 
the rutile precipitates observed, in general, in vari- 
ous types of Linde synthetic rubies and sapphires or 
in similar samples from other producers (figure 
10D). For the other five samples from Wiede’s pro- 
duction, the rutile needles were only moderately 
shorter than those in Linde samples, or even occa- 
sionally in the same range. In terms of thickness, 
the needles in the Wiede’s cabochons were consis- 
tent with those in samples from Linde and other 
producers. 


DISCUSSION AND CONCLUSIONS 

The process developed and applied at Wiede’s Car- 
bidwerk for the production of synthetic asteriated ru- 
bies and sapphires was invented by Ancot and Eppler 
in the mid-1950s and used at the company until the 
end of the 1970s. The samples examined for the pres- 
ent paper likely originated from the 1960s and 1970s, 
thus representing production later than the first gen- 
eration described by Eppler (1957/1958, 1958 a,b). 
Nonetheless, the general principles set forth in the 
two German patents by Ancot and Eppler (1957a,b) 
remained valid for the later generations, despite con- 
tinuous incremental refinements in growth tech- 
niques throughout the 1960s and 1970s (C. Schulz 
and H. Schulz, pers. comm., 2.016). The present study 
has revealed additional details regarding the nature 
of the methods employed for growth of these mate- 
rials, augmented by insight from the producer, as de- 
scribed below. 

Oriented seeds of synthetic sapphire were seen as 
small colorless shafts in all rough ruby and sapphire 
crystals grown by Wiede’s. As confirmed by the pro- 
ducer, without such oriented seeds, the orientation 
of the synthetic ruby and sapphire crystals would be- 
come unpredictable, and, for preparation of asteriated 
ruby and sapphire cabochons, the center of the star 
and cabochon dome would need to be found sepa- 
rately for each crystal. 

The use of oriented seeds for growing synthetic 
corundum was first described in a German patent by 
R. Thilenius (1941) and later in British and U.S. 
patent documents by M.H. Barnes (1946, 1953) as- 
signed to Linde Air Products Company or Union Car- 
bide and Carbon Corporation (of which Linde had 
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Figure 11. For the production of synthetic asteriated 
rubies and sapphires by Linde, an oriented seed crys- 
tal of synthetic corundum (A) embedded in a ceramic 
foot (B) was used. After Barnes (1953). 


become a division). These patents explained that a 
small piece or seed of corundum was embedded in a 
ceramic foot (figure 11). Next, 


the top of the seed is then brought to the melting point 
in the flame and the growing of the crystalline body is 
begun by admitting powdered gem material to the 
burner from the container, and accumulating the fused 
material on the fused top of the starting crystal or seed 
which thus becomes an integral part of the growing body 
and forms a single crystal therewith (Barnes, 1946, 1953). 


An analogous technique was applied—in gen- 
eral—by Linde for the commercial production of as- 
teriated rubies and sapphires (see the detailed 
description in the patent by Burdick and Jones, 
1954). 

The Ancot and Eppler patents dealing with 
Wiede’s methodology stated that crystal growth 
started at a lower temperature with an O,:H, ratio 
of 40:100 and was slowly raised during the growth 
process to a higher temperature and a ratio of 49:100. 
During the initial stages of crystallization and 
growth of an oriented corundum single crystal, the 
flame temperature at the melting point needed to be 
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somewhat lower to avoid melting the seed. For sub- 
sequent stages, a higher temperature was required to 
obtain a homogeneous film of melt over the entire 
surface of the growing crystal (C. Schulz and H. 
Schulz, pers. comm., 2016). Such details demon- 
strate how the general principles described by Ancot 
and Eppler continued to be used for growing the el- 
liptical or almost spherical corundum crystals, while 
simultaneously showing that the particular temper- 
ature-time protocol given in the Ancot and Eppler 
patent documents could be modified to a certain de- 
gree based upon practical experience. Slightly differ- 
ent temperature-time protocols would also 
presumably have been applied for growing rubies 
versus sapphires. 

The asteriated ruby and sapphire cabochons ex- 
amined for the present study reflected the just-de- 
scribed process of seeded growth at varying 
temperatures. This resulted in up to three discernible 
growth regions. The clear blue or red area in the cen- 
ter of the cabochons, which was previously noted 
only by Breebaart (1957), represented the zone of the 
growing crystal around the oriented seed. In this 
more transparent area, no exsolved rutile needles 
were observed microscopically in the current study. 
Within the two other growth zones (i.e., within the 
less transparent main body of the crystal and the 
more transparent outer layer or layers), high concen- 
trations of rutile needles were present. However, it 
should be mentioned that the outermost, more trans- 
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Figure 12. Comparison of 
asteriated rubies and sap- 
phires produced by Wiede’s 
in the 1960s and 1970s (top 
row), a synthetic asteriated 
ruby produced recently by 
Hrand Djevahirdjian SA 
(Djeva) in Switzerland 
(bottom row, left), and two 
samples grown by Linde in 
the United States in the 
1960s or 1970s (bottom 
row, center and right). The 
blue sapphire in the top 
row, center, contains 
shorter rutile needles than 
the other samples. The 
ruby in the top row, left, 
weighs 8.92 ct and meas- 
ures 13.2 x 11.0 mm. Dif- 
fused daylight and 
fiber-optic illumination. 
Photo by K. Schmetzer. 


parent layer could be thinner or completely absent, 
again as a consequence of the particular temperature- 
time protocol used. Fashioning could also lead to 
variations in the zoned appearance. For example, if 
only the upper half of the spherical boule were used 
to produce an asteriated cabochon, any transparent 
regions below would be removed. 

Compared to the rutile needles seen in asteriated 
corundum manufactured by Linde or other Verneuil 
producers, those examined in the Wiede’s cabochons 
were generally somewhat shorter in the two rubies 
and three of the sapphires and distinctly shorter in 
the fourth sapphire. Eppler (1957/1958, 1958 a,b) had 
stressed the reduced length of the needles in the 
Wiede’s stones, but perhaps more than would apply 
to the material considered in the present study. The 
increased needle thickness he noted in Wiede’s syn- 
thetics was not observed in the present study. 
Furthermore, the material examined here contained 
round gas bubbles, which also contrasted with Ep- 
pler’s descriptions. Another comment by Eppler that 
might warrant clarification based on later work is 
his mention of an absence of Plato striations in the 
Linde material. Such striations were occasionally 
found in a recent reexamination of Linde samples 
(Schmetzer et al., 2015), and hence their presence or 
absence in a particular stone offers little evidence of 
the manufacturer. Overall, the difference between 
Eppler’s observations and ours suggests that the on- 
going incremental changes in the manufacturing 
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process used by Wiede’s Carbidwerk from the 1950s 
through the 1970s also caused somewhat varied mi- 
croscopic properties and visual appearances. 

Eppler (1957/1958, 1958 a,b) concluded that the 
different dimensions of the rutile precipitates within 
the host corundum cabochons led to moderately 
broader arms for the six-rayed stars developed in the 
Wiede’s synthetics than those normally observed in 
Linde samples. In addition, he suggested that the 
broader, less sharp arms tended to result in a more 
natural-looking gemstone from Wiede’s, as opposed 
to the typical Linde stars. However, while these ob- 
servations by Eppler might apply to part of Wiede’s 
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TRUE COLORS OF “DALMATIAN JASPER” 


Tomasz Powolny and Magdalena Dumanska-Stowik 


) prove ‘consists domina 
of feldspars (mesoperthite), quartz, alkali amphi- 
boles, and lesser amounts of hematite and epidote. 
Black spots found in the examined rock’s mass 
were recognized as arfvedsonite. The authors rec- 
ommend the use of the term “dalmatian stone” 
rather than “dalmatian jasper,” since the material 
does not meet the gemological definition of jasper. 


asper (from the ancient Greek for “spotted stone”) 

has a variety of colors, patterns, and textures that 
make it a very popular gemstone worn in jewelry and 
sought after by collectors and geologists. Unfortu- 
nately, the term “jasper” has become commercial- 
ized and misused by many sellers. In addition, the 
nomenclature and classification of jaspers are not 
well coordinated in gemology and petrology (Kostov, 
2010). Manutchehr-Danai (2010) considered jasper a 
dense, translucent to opaque impure variety of chal- 
cedony or chert. G6tze (2010) defined it as a mixture 
of microcrystalline silica with iron oxide and illite, 
while Kievlenko (1980) classified it as a metamorphic 
or metasomatic material. Hence, the jasper group is 
characterized by sedimentary, metamorphic, or ig- 
neous rocks. Examples include, respectively, radio- 
larites such as mookaite jasper (Campos-Venuti, 
2012), quartzites such as Sioux Falls jasper (Dietrich, 
2009), and rhyolites such as orbicular jasper and pic- 
ture jasper (Zaba, 2010; Polk, 2012). In general, all 
jasper types have specific physical, chemical, and aes- 
thetic properties that make them a valuable material 
for jewelry. Except for silica, most also contain some 
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Notes & New TECHNIQUES 


admixtures such as iron oxides/hydroxides, feldspars, 
and epidotes (Zaba, 2010). 

In some cases, more detailed mineralogical and 
petrological studies are necessary to determine the 
particular type of material. “Dalmatian jasper,” also 
known as “dalmatian stone,” is a misnomer if we 
consider the gemological definition of jasper or even 
other spotted stones mentioned in the literature 
(some of which were presented in the previous para- 
graph). Dalmatian stone consists of a white to grayish 
rock mass devoid of larger phenocrysts, with small 


In Brief 


e Dalmatian stone is a magmatic (possibly extrusive) per- 
alkaline rock of uncertain provenance, mostly com- 
posed of quartz and feldspars. 

e Alkali amphiboles (arfvedsonite), which crystallized at 
the late stage of magma evolution, are responsible for 
the spotted appearance of the stone. 

In light of the gemological definition of jasper, the term 
“dalmatian stone” should be used instead of “dalmat- 
ian jasper.” 


crystals of quartz visible to the unaided eye. The rock 
mass strongly contrasts with the black to greenish 
spherical assemblages of minerals that are responsi- 
ble for the unique dalmatian pattern. The diameter 
of these black spots usually does not exceed 4 mm. 
The surface of the rock is sometimes covered by red 
to brown iron oxide/hydroxide minerals. 

Published information on dalmatian stone and 
its mineralogical composition is quite meager. 
Based only on microscopic observations, Bruder 
(2006) recognized dalmatian stone as an aplite, con- 
sisting predominantly of quartz, feldspars (albite 
and microcline), and Fe-riebeckite. On the other 
hand, Campos-Venuti (2012) considered it a variety 
of devitrified rhyolite and classified it as “rhyolitic 
jasper.” In contrast, some informational websites on 
various gemstones (e.g., www.healing-crystals-for- 
you.com/dalmatian-jasper.html) indicate that the 
black spots in dalmatian stone are composed of 
tourmaline-group minerals. Moreover, the source of 
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Figure 1. Dalmatian stone samples examined in this study reveal a spotted appearance connected with the pres- 
ence of alkali amphiboles disseminated through feldspar-quartz matrices. Left: A rough block-shaped specimen 
measuring 1.5 x 1.5 x 1 cm. Right: A polished bracelet (1 cm bead diameter) alongside a pendant measuring 3 cm 
in length. Photos by Tomasz Powolny. 


this gemstone has not yet been specified (Dietrich, 
2009). 

The aim of this work is to determine the detailed 
mineralogical composition of dalmatian stone, clas- 
sify it properly, and discuss potential locations of the 
rock’s outcrops proposed by distributors of the mate- 
rial. To accomplish this we applied microscopic ob- 
servations in transmitted light, scanning electron 
microscopy, Raman microspectroscopy, and chemi- 
cal analysis. 


MATERIALS AND METHODS 

Three samples of dalmatian stone, including a rough 
sample, bracelet, and pendant from an unknown lo- 
cality, were purchased during the International Exhi- 
bition and Trade Fair of Minerals, Fossils, and 
Jewellery at the Krakow University of Economics in 
Poland. All samples were marked by high hardness 
and could take a polish. They revealed a spotted tex- 
ture typical of dalmatian stone (black spots within 
white to grayish rock matrix} and were poorly altered 
by weathering processes. The raw specimen was 
block-shaped (1.5 x 1.5 x 1 cm) and had a rugged sur- 
face (figure 1, left). The bracelet consisted of polished 
beads with waxy luster measuring 1 cm in diameter, 
while the pendant had an oval shape and measured 
about 3 cm in length (figure 1, right). These samples 
were analyzed using polarizing microscopy, scanning 
electron microscopy, Raman microspectroscopy, and 
chemical analysis via inductively coupled plasma— 
emission spectrometry (ICP-ES) and inductively cou- 
pled plasma—mass spectrometry (ICP-MS). 
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A thin section of the dalmatian stone rough was 
examined with an Olympus BX51 polarizing micro- 
scope with a magnification range from 40x to 400x. 
Photos were taken using an Olympus DP12 digital 
camera with Analysis software. Backscattered elec- 
tron (BSE) images of the polished section were ob- 
tained using an FEI Quanta 200 FEG scanning 
electron microscope equipped with an energy-disper- 
sive spectroscopy (EDS) detector. The system was op- 
erated at 25 kV accelerating voltage in a high-vacuum 
mode. 

Raman spectra of black spots seen with the un- 
aided eye were recorded using a Thermo Scientific 
DXR Raman microscope equipped with 100x, 50x, 
and 10x magnification objectives, operated in confo- 
cal mode and in a backscatter geometry. The samples 
were excited with a 532, nm laser. The laser focus di- 
ameter was approximately 1-2 um. Acquisition time 
was 20 seconds. Almost no sample preparation was 
performed. The polished section of dalmatian stone 
was cleaned carefully with distilled water and ace- 
tone before measurements were made to ensure that 
it was not contaminated. The spectra were acquired 
up to 2500 cm"! using Omnic Specta software. Phase 
identification was performed by CrystalSleuth soft- 
ware in conjunction with the RRUFF database 
(http://rruff.info). The assignment of particular 
Raman-active bands was made using data for alkali 
amphiboles (especially riebeckite) published by 
Apopei and Buzgar (2010). 

The whole-rock analyses were performed at Bu- 
reau Veritas Minerals Laboratories Ltd. in Vancouver, 
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Canada. The abundances of major oxides and trace 
elements were determined using ICP-ES and ICP- 
MS. The sample was melted and dissolved by 
lithium borate flux. The results of representative 
whole-rock analyses are presented in table 1. 


RESULTS 

Microscopic Characteristics. Dalmatian stone is de- 
scribed as homogeneous, massive, and unfoliated 
rock. The rock matrix of the sample examined in this 
study consisted predominantly of quartz, feldspars 
(mostly mesoperthite), and subordinate alkali amphi- 
boles (arfvedsonite). Epidote-group minerals as well 
as hematite and goethite formed the secondary 
phases. 

Quartz crystals in the thin section reached sizes 
up to 0.3 mm (figure 2). These crystals appeared to 
be sharp-edged because they were often partially 
overgrown with smaller feldspar crystals. At the con- 
tact with alkali amphiboles, some of the quartz crys- 
tals exhibited an oval shape. 
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=" Figure 2. A thin section 
of dalmatian stone 
under magnification. A 
and B: Feldspar partially 
enclosed in larger quartz 
crystals, viewed be- 
tween crossed polariz- 
ers. C: Backscattered 
electron (BSE) image of 
mesoperthitic feldspar, 
quartz, and interstitial 
arfvedsonite. D: Feld- 
spar mesoperthites, 
viewed between crossed 
polarizers. E: Epidote- 
group minerals, viewed 
between crossed polariz- 
ers. F: Interstitial alkali 
amphiboles in aphyric 
rock, Photomicrographs 
by Tomasz Powolny. 
Note: Arf = arfvedsonite, 
Qz = quartz, Hem = 
hematite, Fsp = feldspar, 
Kfs = K-feldspar (ortho- 
clase), Ab = albite, and 
Ep = epidote. 


Feldspars were represented mostly by meso- 
perthites (intergrowths of K-feldspar with Na- 
feldspar) up to 0.2 mm in size (figures 2C and 2D). 
Their crystals were pigmented with hematite and 
poorly altered. Some were partially enclosed between 
larger quartz crystals (figures 2A and 2B). Locally, 
feldspar crystals exhibited Carlsbad twinning and 
were bent and dislocated, likely resulting from the 
deformation of magmatic rock components that 
were not completely solidified. 

Alkali amphiboles were represented by anhedral 
crystals that filled the interstitial spaces between 
quartz and feldspars (figures 2C and 2F). They usually 
formed radial-like aggregates. Typical pleochroic col- 
ors (X = greenish blue, Y = brownish green, Z = black) 
identified the alkali amphiboles as arfvedsonite. 
They were partially altered into iron oxides or hy- 
droxides (hematite and goethite) due to weathering 
processes. 

Minerals from the epidote group formed small 
crystals or granular aggregates up to 0.05 mm (figure 
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school’s governing body. 

In recognition of the great service which 
they have rendered to the entire industry, 
Robert and Beatrice Shipley were honor 
guests at the annual banquet of the Retail 
Jewelers Research Group held May 14 at 
the Lakeshore Club, Chicago. 


O. C. Homann, C. B. Brown Company, 
Omaha, presiding as toastmaster, introduced 
Percy K. Loud, Wright, Kay & Company, 
Detroit. who presented the Shipleys with a 
bound book of letters expressing apprecia- 
tion to them from industry leaders in all 
patts of the world. He also presented them 
with three beautiful sterling silver trays 
from members of the Group. 

“The greatest rewatd that can be earned 
by a man who has lived his three score 
years,” said Loud, in making the presenta- 
tions, “is the respect and admiration of 
his associates. The man who has left the 
world a little better than he found it, has 
won the very highest honor that the world 
can bestow in the recognition by persons 
in his own industry.” 


cot. Josephson, 
Jewelers, Moline, Ulinois, Chairman of the 
Group, spoke of the closeness of association 


Josephson, Jr., C. I. 


of members of his group with the Gemc- 
logical Institute of America. “I view with 
pride,” he said, “the fact that the Jewelers 
Research Group was one of the first in the 
trade to recognize the value of an educa- 
tional program for jewelers. Through the 
years many of us have served on its govern- 
ing board and have watched it grow into 
one of the most influential tnstruments in 
the industry for advancement of the jewel- 
er.” 

Others to honor the Shipleys for their 
accomplishments in raising the standards 
of the industry uncal the trained jeweler 
of today has attained a professional status, 
was the American Gem Society which was 
founded by Robert M. Shipley and_ early 
graduates of the G.LA. in 1934. 

As a concrete expression of the regard 
and gratitude of members of the A.G.S., H. 


Paul Juergens, Juergens & Andersen, Chi- 
cago, presented, on their behalf, an exquisite 
jadeite carving mounted on a base of lapis 
lazuli. The significance of the pine tree 
of jade and the stork on the base is inter- 
preted in the Orient as symbolizing longev- 
ity, and a withdrawal from worldly cares. 


On April 14, employees and staff mem- 
bers of the Gemological Institute honored 
Robert and Beatrice Shipley at a dinner in 
Beverly Hills. 


Richard T. Liddicoat, Jr., who succeeded 
Robert M. Shipley as G.I.A. Director, read 
messages from earlier associates of the Instt- 
tute who could not be present due to dis- 
tance. He voiced the sentiments of the entire 
staff when he said, “Our purpose in gather- 
ing here this evening is to collectively and 
individually express our appreciation for the 
privilege of having been associated with 
you. The results of your intensive efforts 
during the past two decades are evident in 
all divisions of the industry today. Vhe in- 
estimable value of the trade institution 
which you have created will live on to in- 
fluence the industry through generations to 
come.” 


In passing on the responsibilities of the 
G.LA. management and acknowledging the 
staff, Shipley 
“Your gift means much to me. It 1s the 
happiest thing that has happened to me tor 
years past. Your signatures on it will keep 
you in my life for years to come. There 


gift from the responded, 


is, however, an even greater gift that you 
can give me, and that is to continue to 
teach G.LA. students not only ethics but 
culture, and a bit of philosophy. During the 
last few years your developments in the 
presentation of the science of gemology have 
been outstanding and gratifying. But give 
our students more than the means by which 
to make more money and gain prestige 
through the scientific ability to test gem- 
stones and grade diamonds. Give them 
something to make their lives happier — 
more beautiful. 
Give them something to live by.” 


and their surroundings 
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TABLE 1. Whole-rock major and trace-element analysis of dalmatian stone. 


Major element (wt.%) 


Trace element (ppmw) 


SiO, 73.66 Be 
TiO, 0.21 Rb 
ALO, 10.74 Sr 
FeO? 4.09 Cs 
MnO 0.07 Ba 
MgO 0.08 Vv 
CaO 0.48 Co 
Na,O 4.40 Ni 
K,O 4.65 Cu 
P.O, 0.01 Zn 
LOI 1.10 Y 
Total 99.49 

Pl¢ 1.14 


16.00 Zr 2072.10 Nd 153.50 
374.30 Nb 156.50 Sm 30.17 
42.30 Hf 53.40 Eu 0.38 
7.60 Ta 9.40 Gd 28.76 
144.00 Th 36.60 Tb 4.90 
17.00 U 14.20 Dy 30.63 
0.50 Pb 15.60 Ho 5.99 
2.10 Ga 41.90 Er 19:33 
1.70 La 176.50 Tm 2.88 
48.00 Ce 361.40 Yb 18.92 
163.70 Pr 42.95 Lu 2.88 


“FeO,,, = total Fe as Fe,O, 
’bdl = below detection limit 
“LOI = loss on ignition 


4P| = peralkaline index (Na,O + K,O/Al,O,) 


2E). They were pale green and exhibited second-order 
interference colors (blue, yellow, and pink) within a 
single crystal. 


Raman Spectroscopy of Alkali Amphiboles. The 
Raman spectra of mafic minerals revealed the pres- 
ence of arfvedsonite and poorly crystalline hematite 
(figure 3). The most distinct band of arfvedsonite is 
located at 675 cm™ and may be ascribed to V,/V,(sym- 


RAMAN SPECTRUM 


90 Arf - arfvedsonite pall 


_| Hem - hematite Art 


RELATIVE INTENSITY (CPS) 


metric stretching vibrations) of the Si-O,-Si bridges 
(Apopei and Buzgar, 2010). Arfvedsonite has a rela- 
tively complex chemical composition, and concen- 
trations of K, Mg, Mn, or Fe in its structure may have 
a huge influence on peak location or intensity. Most 
of the Raman spectra recorded in this study exhibited 
high fluorescence related to the significant amounts 
of Fe in the structure of alkali amphiboles. Location 
and assignment of the bands are listed in table 2. 


Figure 3. A photomicro- 
graph of the black spot 
in the dalmatian stone 
and its Raman spec- 
trum in the 1500-100 
cm range (excitation 
point marked by a yel- 
low cross) revealed the 
presence of arfved- 
sonite and poorly crys- 


RAMAN SHIFT (cm) 
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talline hematite. 
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TABLE 2. Raman band positions (cm~') and their assignments for arfvedsonite in the 


1500-100 cm spectral region. 


Present study Lafuente et al. (2015) 


Assignment 


163 170 
190 199 
211 204 
248 240 
314 317 
367 Soy 
417 418 
541 533 
563 558 
675 675 
712 721 
899 879 
969 981 
1071 1094 


Lattice mode 


Deformation modes of Si,O,, 


v, of Si-O, -Si (v,) 
v, of O-Si-O 
v,, of O-Si-O 
v,, of Si-O,-Si 


v, = symmetric stretching 

v,, = asymmetric stretching 

M-O = vibration modes from the interactions between the cation and oxygen 
O, = bridging oxygen 

O = non-bridging oxygen 


The broad peak located at 1324 cm” is diagnostic 
for disordered hematite and should be assigned to a 
second-order 2LO mode with 2E, symmetry due to 
defects in the hematite lattice (Marshall and Mar- 
shall, 2013). Hematite bands at 225, 247, 412, 498, 
and 613 cm", which are specific to this mineral ac- 
cording to Legodi and de Waal (2007), overlap with 
arfvedsonite bands. Consequently, they are hard to 
distinguish. In addition, the intensity of the arfved- 
sonite peaks in these spectral regions is quite ampli- 
fied. The location and assignment of particular bands 
of hematite are listed in table 3. The presence of this 
mineral in the measured sample probably originated 
from the weathering of arfvedsonite. 


Geochemistry. The major chemical constituent of the 
rock in this study was silica (73.66 wt.% SiO,). The 
amount of Al,O, was relatively low at almost 11 
wt.% (table 1). The rock was slightly enriched in al- 
kalis: Na,O (4.40 wt.%) and K,O (4.65 wt.%). In con- 
trast, it was depleted in MgO and CaO, their contents 
did not exceed 0.5 wt.% (table 1). The analyzed sam- 
ple was enriched in light rare-earth elements (LREEs): 
[La/Sm],>1, [Sm/Yb],>1, and [La/Yb], =6.69. It con- 
tained relatively high amounts of high-field-strength 
elements (HFSE) such as zirconium and niobium 
(2072.1 ppm and 156.5 ppm, respectively). The calcu- 
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lated peralkaline index (Na,O+K,O/AI,O, molecular 
ratio) for this rock was 1.14. The normative compo- 
sition, calculated using a common algorithm to esti- 
mate the standard mineral assemblages for igneous 
rocks, revealed the presence of quartz (30.26 wt.%), 
plagioclase (29.67 wt.%; anorthite content 0 wt.%), 
orthoclase (2.7.91 wt.%), acmite (6.94 wt.%)}, diopside 
(2.11 wt.%), hypersthene (2.07 wt.%J), zircon (0.42 
wt.%), ilmenite (0.4 wt.%}, sodium metasilicate (0.04 
wt.%)}, and apatite (0.02 wt.%). 


DISCUSSION AND CONCLUSIONS 

Our dalmatian stone sample had a specific mineral 
assemblage that included quartz, feldspar mesop- 
erthites, and alkali amphiboles (arfvedsonite). It con- 
tained acmite in its normative composition and had 
a peralkaline index higher than 1. As a result, we 
classify dalmatian stone as a peralkaline rock. Tex- 
tural features were not distinctive enough to deter- 
mine whether the rock had an intrusive or extrusive 
origin. The dalmatian stone specimen examined in 
our work may represent peralkaline microgranite or 
aplite as well as peralkaline rhyolite, since the com- 
position of these rocks may be identical. Intrusive 
origin is supported by the fact that the samples ex- 
amined in this study do not exhibit the porphyric 
texture or the glassy or cryptocrystalline groundmass 
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TABLE 3. Raman band positions and their 
assignments for poorly crystalline hematite in the 
1500-100 cm spectral region. 


Present study Previous studies* Assignment 
(cm) (cm) 
211 225 A, 
248 247 E, 
290 293 E. 
410 412 E. 
495 498 ai 
607 613 E. 
1324 1320 2E 


“Sources: Legodi and de Waal (2007); Marshall and Marshall (2013) 
E, = Fe-O symmetric bending 

A,, = Fe-O symmetric stretching 

2E, = 2LO mode 


that together would indicate a relatively fast cooling. 
On the other hand, quartz crystals may be treated as 
phenocrysts because they are slightly larger than 
other crystals, which could support an extrusive ori- 
gin. Moreover, interstitial arfvedsonite, in the same 
form as in our photomicrographs, has been reported 
in comenditic rhyolite (see www.alexstrekeisen.it/ 
english/vulc/comendite.php). 

Peralkaline rocks are generally abundant in conti- 
nental rift settings (Mbowou et al., 2012; Shao et al., 
2015). They are considered end members of the sodic 
(Atlantic) magma differentiation series (Majerowicz 
and Wierzchotowski, 1990). The most distinct feature 
of these rocks is depletion of Al,O, and enrichment 
in Na,O and K,O. The depletion of Al at the late stage 
of melt crystallization is compensated by Fe. As a re- 
sult, Fe-bearing alkali amphiboles (e.g., riebeckite and 
arfvedsonite) could have crystallized at that time. The 
relatively small amounts of Al in peralkaline rocks 
probably originate from the “plagioclase effect” that 
happened with removal of Ca-rich plagioclase 
(CaAL,Si,O,) at an early stage of magma evolution. 
Such Ca-rich plagioclases have twice as much alu- 
mina as alkali feldspars, so their crystallization de- 
pletes Al from magma and causes the relative 
enrichment of Na and K (Mbowou et al., 2012; Shao 
et al., 2015). The primitive mantle rare-earth element 
(REE) pattern of dalmatian stone (figure 4) is similar 
to that reported in peralkaline rocks (e.g., Mbowou et 
al., 2012) and reveals the strong depletion of europium 
(also known as a negative europium anomaly). This 
is due to the fact that plagioclases, which were not 
found in this study, tend to be enriched in europium. 

The microscopic and chemical analyses were 
used to determine not only the classification of dal- 
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matian stone but also its petrogenesis. Feldspar and 
quartz probably represent the earliest generations of 
minerals. The nucleation of alkali amphiboles oc- 
curred at the late stage of dalmatian stone’s crystal- 
lization, forming as anhedral crystals filling the 
interstitial space between quartz and feldspars. 
Sodium plagioclases do not occur as individual, dis- 
crete crystals but form exsolution lamellae in K- 
feldspars. Thus, dalmatian stone may be classified as 
hypersolvus rock, which contains a single feldspar 
(sometimes with exsolution lamellae) and forms 
under low H,O pressures and relatively high temper- 
atures (e.g., Klein and Philpotts, 2013). Epidote-group 
minerals probably formed during the post-magmatic 
stage. They also could have crystallized from fluids 
originating from surrounding rocks (Vlach, 2012). 
The provenance of the rock from this study and 
Dietrich (2009) remains unknown. One possible 
source of dalmatian stone indicated by gemstone 
dealers is the Mexican state of Chihuahua. This 
seems very probable because of the occurrence of 
Burro Mesa riebeckite rhyolite at Big Bend National 
Park in the neighboring U.S. state of Texas (reported 
by Maxwell et al., 1967). These rocks were described 
as highly siliceous, medium-grained gray rhyolite 
with quartz phenocrysts in a riebeckite matrix. 


Figure 4. A primitive-mantle-normalized rare-earth 
element (REE) diagram for dalmatian stone. From 
McDonough and Sun (1995). 
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Nevertheless, further investigations are necessary to 
prove this hypothesis. It should also be mentioned 
that dalmatian stone may resemble Capo Bianco 
aplite from the Mediterranean island of Elba. This 
rock consists of characteristic black tourmaline nod- 
ules that contrast strongly with its white ground- 
mass (see Perugini and Poli, 2007). 

Dalmatian stone has a unique pattern, but its min- 
eral composition can be identified with advanced and 
non-destructive methods such as Raman spectroscopy 
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or SEM-EDS. As discussed above, “dalmatian jasper” 
should be considered a trade name for peralkaline rock 
(microgranite, aplite, or rhyolite). Eventually, it may 
be classified—together with such rocks as orbicular 
jasper or picture jasper—in a group of so-called jasper- 
like intrusive or effusive rocks with feldspar-quartz 
composition (see Putolova et al., 1989). To distinguish 
dalmatian stone from jaspers and jasper-like rocks, it 
is necessary to make macroscopic observations sup- 
ported by Raman microspectroscopy. 
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THE COLOMBIAN EMERALD INDUSTRY: 
WINDS OF CHANGE 
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Figure 1. Colombian emerald-producing areas such as Muzo have a long tradition of independent mining. The 
hope of finding the stone that will change their lives is a strong motivator for miners, but bringing them into a for- 


mal system is challenging. Photo by Andrew Lucas. 


C olombia is synonymous with fine emerald, and 
production is believed to date back well over a 
thousand years. Over the centuries the beautiful ver- 
dant gemstone, which emerges from areas that are 
also a lush green, has been linked to violence and 
human exploitation. Nevertheless, the desire of the 
Colombian people to mine for this treasure and strike 
it rich has endured, with enough dreams coming true 
to drive their passion. 

In recent years, industry changes have accelerated, 
perhaps more profoundly than ever before. While gov- 
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ernment ownership and regulation, criminal activity, 
and violence have affected production over the years, 
the industry’s greatest opportunities may still be 
ahead. Multinational companies are investing heavily 
in Colombian emerald mining, which has led to mod- 
ernization. The government’s position on emerald 
mining has also improved dramatically in this period. 
Calls for transparency and traceability have led to 
branding and a revamping of the industry's image. The 
loose system of independent miners (figure 1) is seeing 
efforts at formalization. These landmark changes are 
occurring at a time when most of the country’s emer- 
ald reserves have yet to be mined. 

In October 2.015, a joint GIA and Colombian team 
met at the First International Emerald Symposium in 
Bogota to interview industry leaders and government 
officials. Many topics involving industry change were 
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discussed at the symposium. Afterward, the team 
traveled to Colombia’s major mines and visited deal- 
ers and cutters in Bogota to document the current 
state of the mine-to-market industry. We were also 
able to collect rough emerald samples for the GIA lab- 
oratory’s country-of-origin reference collection. 


HISTORY 
Volumes have been written about the history of 
Colombian emeralds. Our history section is therefore 
a brief overview of a fascinating and well-documented 
topic. 

Before the arrival of the Spanish in 1499, emeralds 
were mined by the indigenous people of what is today 


FIELD REPORT 


Figure 2. Colombian 
emeralds were prized 
by the Spanish during 
their colonization of 
the New World. These 
stones and jewelry 
were lost at sea en 
route to Spain. Photo 
by Shane F. McClure. 


Boyaca Province. Archaeologists estimate that natives 
were mining and trading Colombian emeralds as early 
as 1000 Bc (Sinkankas, 1981). When the Spanish ar- 
rived, they quickly took over the mining areas and 
forced the indigenous people into slavery, extracting 
emerald for European royalty and aristocrats (figure 2) 
as well as Mogul rulers in India. The inhumane treat- 
ment of the natives led Philip II of Spain (r. 1598-1621) 
to issue a decree protecting them, but the tribes had 
already suffered greatly by then (Keller, 1981). 

Mines that had been Spanish royal property fell 
under Colombian government control after independ- 
ence in 1810. Still, many independent miners—called 
guaqueros—continued to dig for emerald. By 1979 
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Figure 3. Regional map of the major tectonic domains 
and structural features of Colombian emerald zones. 
WC = Western Cordillera, CC = Central Cordillera, 
EC = Eastern Cordillera. Reproduced from Mora et al. 
(2008). 


two companies, Tecminas in Muzo and Esmeracol 
S.A. in Coscuez, had begun privatized mining. Rela- 
tions between the two groups became strained. Ele- 
ments of the Colombian drug cartels tried to infiltrate 
the industry in the 1980s, leading to the Green War, 
in which thousands lost their lives. A peace treaty 
was signed in 1990, mediated by the Catholic 
Church. Instrumental in the treaty was the legendary 
Victor Carranza, known as the “Emerald Czar” and 
considered the most influential figure in the emerald 
industry at that time (Angarita and Angarita, 2013). 
The last five years have seen more foreign invest- 
ment and multinational companies entering the 
Colombian mining industry, stronger efforts at for- 
malization, greater transparency, stricter enforcement 
of traceability, less violence, and new branding efforts 
to create a marketable image for today’s consumer. 


GEOLOGY 

As noted by Giuliani et al. (2015), emerald can form in 
a variety of geological settings but is mainly found in 
three types of deposits: (1) magmatic-metasomatic, (2] 
sedimentary-metasomatic, and (3) metamorphic-meta- 
somatic. According to worldwide production data from 
2005, about 65% of global production came from 
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magmatic-metasomatic occurrences, while about 28% 
was from sedimentary-metasomatic deposits and 7% 
from metamorphic-metasomatic types (Giuliani et al., 
2015). Colombia’s emerald deposits are the sedimen- 
tary-metasomatic type. 

Northwestern Colombia is at the intersection of 
three major tectonic domains: the South American 
plate in the east and south, the Caribbean plate in 
the north, and the Cocos and Nazca oceanic plates 
in the west (figure 3). The Colombian Andes are the 
most distinguishing surface features resulting from 
the interactions between the three domains through- 
out geological history. Since the end of the Creta- 
ceous period about 70 million years ago, the 
convergence of the Nazca-Cocos oceanic plate with 
the South American continental plate has played the 
most important role in shaping the region’s topogra- 
phy (Colletta et al., 1990). 

From the Tierra del Fuego archipelago to Ecuador, 
the Andes consist of a single narrow mountain belt, 
but in Colombia the northernmost Andes split into 
three branches to form a trident-shaped topographic 
feature (figure 3). These three mountain ranges are the 
Western, Central, and Eastern Cordilleras; the last is 
also referred to as the Cordillera Oriental. The three 
cordilleras are geologically distinct and came into ex- 
istence at different times (Irving, 1975]. The Western 
Cordillera consists mainly of Upper Cretaceous ophi- 
olitic rocks, while the Central Cordillera is composed 
of Precambrian and Paleozoic basement rocks in- 
truded by Mesozoic plutons. The Eastern Cordillera 
is characterized by a thick folded Mesozoic and Ter- 
tiary sedimentary sequence overlying the Precam- 
brian and Paleozoic basements (Colletta et al., 1990). 
The convergence of the Nazca-Cocos plate with the 
South American plate has been absorbed partly by the 
subduction along the Colombian-Equatorian trench 
and partly by the uplift of the Eastern Cordillera. 

All Colombian emerald deposits are located in the 
Eastern Cordillera. Today, the western zone of the 
Eastern Cordillera is defined by a series of west-vergent 
thrusts and the eastern zone by a group of east-vergent 
thrusts (figure 4). The whole mountain range is 
bounded by the Magdalena River Valley to the west 
and the Llanos Basin to the east. During the Middle 
Miocene (peak at approximately 15 million years 
ago), the active convergent plate movements gener- 
ated a great amount of shortening in the Eastern 
Cordillera region and caused uplift. This scenario is 
the geologically well-known Andean phase. Worth 
noting is that the Colombian emeralds formed before 
the Andean phase. 
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Figure 4. Cross-section of the Eastern Cordillera. The thrust faults along the western and eastern zones together 
show a typical “flower structure” formed by the east-west shortening. Adapted from Mora et al. (2008). 


In Colombia, emeralds are recovered predomi- 
nantly from Early Cretaceous shales. The shales were 
some of the topmost infill of a marine foreland basin 
of the Central Cordillera that began in the Jurassic 
and matured in the Late Cretaceous. Later, the inver- 
sion of this basin before and during the Andean phase 
generated the relatively high topography of the East- 
ern Cordillera and some of the local structures for 
emerald crystallization (Colletta et al., 1990; Bran- 
quet et al., 1999). 


Previous research and field surveys defined two 
belts of emerald deposits along the two boundaries 
of the Eastern Cordillera (figure 5). The western belt 
includes deposits such as La Glorieta~Yacopi, Muzo, 
Coscuez, La Pita, and Pefias Blancas; along the east- 
ern belt are Gachala, Chivor, and Macanal (Branquet 
et al., 1999). The emerald mineralization is associ- 
ated with hydrothermal fluid circulation and there- 
fore highly controlled by the structural development 
within each belt. In both belts, emerald is found 
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Figure 5. Simplified ge- 
ological map of Colom- 
bia’s Eastern Cordillera 
and the distribution of 
major emerald deposits 
along its western and 
eastern flanks. Notice 
the major salt bodies 
exposed northeast of 
Bogota. Adapted from 
Pignatelli et al. (2015) 
and Giuliani et al. 
(2015). 
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within shales of Lower Cretaceous age. Although 
emerald formed under similar geochemical condi- 
tions on both sides, the eastern belt mineralization 
occurred about 65 million years ago in an extensional 
environment, while western belt mineralization oc- 
curred about 33 million years ago in a compressive 
environment (Branquet et al., 1999). 

In the western belt, emerald mineralization oc- 
curred when the hydrothermal brine intruded into 
the organic-rich black shale. The hot brine formed 
when heated fluid dissolved the evaporites. The salt 
domes north of Bogota are the surface breakouts of 
the evaporites below the emerald-bearing black 
shales (figure 5). During the inversion of the basin, 
some of the lower strata, such as the salt layers, were 
squeezed out and became exposed on the surface. 
The hot brine either traveled upward through the 
faults and other structural weaknesses within the 
black shale or broke its way through. 

Western belt deposits are highly controlled by 
tear faults perpendicular to the thrust front (Bran- 
quet et al., 1999, Giuliani et al., 2015). Tear faults 
are deeply rooted steep offsets within rocks that 
have a very strong strike-slip component and often 
form to accommodate the different migration rates 
of the thrust fault. The almost vertical tear faults 
provided ideal conduits for the hydrothermal brine 
to travel through and intrude the surrounding rock 
(Branquet et al., 1999). During this process, the brine 
picked up the necessary components to form emer- 
ald from the surrounding shale (Pignatelli et al., 
2015). When the temperature decreased and certain 
chemical components reached the saturation point, 
emerald began to crystallize within the brine veins, 
along with other minerals such as calcite, quartz, al- 
bite, and pyrite. 

The western emerald belt is located at the core 
of the Villeta anticlinorium (again, see figure 5). Its 
general stratigraphy includes, from bottom to top, 
basal décollement (possibly where the evaporites 
are located), Valanginian-Hauterivian dolomitic 
limestones, Hauterivian calcareous black shales, 
Hauterivian siliceous black shales, and Barremian- 
Aptian mudstone (Branquet et al., 1999). Emeralds 
formed within either the hydrothermal breccia or 
the carbonate-pyrite veins in the dolomitic lime- 
stones and the calcareous black shales (Branquet et 
al., 1999). In individual deposits, emeralds are ex- 
tracted along compressional structures such as 
thrust faults. 

Emeralds formed much earlier in the eastern 
zone. The present topography and structures are the 
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result of the Andean phase uplift (again, see figure 4). 
The shortening during the uplift is accommodated 
by many thrusts and folds, so the structures before 
the Andean phase are overprinted. Yet the structures 
within some of the important emerald deposits indi- 
cate an extensional environment. Conjugate normal 
faults, extensional fractures, and rollovers are some 
of the features that show the local stress field at the 
time the emeralds crystallized. All of these struc- 
tures were derived from a main mineralized brec- 
ciated level (figure 6), and it appears that the 
initiation and development of these structures are 
coeval with hydrothermal fluid circulation and emer- 
ald formation (Branquet et al., 1999, 2015). Since the 
extension occurred under the regional compressional 
environment and was very limited, the cause is still 
not clear. 


THE EXPEDITION 

The 2015 expedition had three main purposes: to 
present at the International Emerald Symposium in 
Bogota; to document the Colombian emerald mine- 
to-market industry, including the tremendous 
changes taking place; and to collect rough emerald 
samples for the GIA laboratory’s country-of-origin 
database reference collection. We also renewed rela- 
tionships with the Colombian industry and created 
new ones. 

Andrew Lucas led the industry documentation 
project; Jonathan Muyal headed sample collection; 
and videographer Pedro Padua filmed the video inter- 
views, industry activities, and the sample collection 
process. Field guide and Colombian gemologist Dar- 
win Fortaleché handled logistics, provided guidance 
and insightful commentary, and recorded GPS coor- 
dinates of active tunnels, mine camps, and mine 
markets. Our resourceful driver, Miguel Gonzalez, 
who was also involved in emerald mining and trad- 
ing, provided input and helped guide the expedition. 

We were able to document all the major mining 
operations in one trip through the lush green land- 
scape of the Colombian Andes (figure 7). In Bogota 
we observed the emerald cutting and trading sectors. 
More than 44 hours of video and 10,000 photos were 
captured, including in-depth interviews in the field 
with miners, cutters, traders, industry leaders, and 
government officials. 

For GIA’s reference collection we collected 1,243 
rough emeralds weighing a total of 995 carats. Many 
of these specimens were obtained directly from min- 
ers in the field. Authors JM and AL also mined some 
deposits themselves, digging into the calcite veins 
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Figure 6. A cross-section of the Chivor mine, located in the eastern zone. The main breccia level is parallel to the 
sedimentary strata; in this mine, emerald is located in structures extending from this brecciated level. Reproduced 


from Giuliani et al. (2015). 


with jackhammers and hand picks to retrieve the 
samples (figures 8 and 9). 

We arrived in Bogota on October 12, 2015, to at- 
tend the three-day symposium. There the GIA team 
gave presentations, finalized the expedition plan, and 
interviewed officials about recent changes. The fol- 
lowing two days were spent documenting emerald 
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cutting and trading in Bogota and meeting with 
Colombian industry members. 

Early on October 18 we left Bogota for Chivor. 
Our route took us first to the eastern belt mines of 
Chivor and Gachala and then to the western belt 
mines of the Coscuez, Muzo, and La Pita areas. We 
stayed at mine camps and at hotels in nearby towns. 


Figure 7. En route to 
mining areas along the 
Rio Minero and Rio 
Itoco in the Colombian 
Andes was some of the 
most beautiful terrain 
the authors had ever 
seen. Photo by Andrew 
Lucas. 
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* This pendant head from Tlaxiaxo, Oaxaca, is French-green jadeite streak- 
ed and mottled with gray. It is one fourth inch thick and one and five six- 


teenths inches high. 
Jade 


in Mexico 


by 


DR. RAYMOND J. BARBER 
Curator of Mineralogy and Petrology, Los Angeles County Museum 


It will take countrymen to rediscover the 
rock deposits of Mexican jade. But before 
they will bother to search, they must be 
assured that they can sell the right kind of 
stone as soon as it is found. 


The urge for discovery of minerals is 
economic. When the people who roam the 
hills realize that there is a ready market for 


a special type of rock they will become 
alert to the possibility of gain. That is what 
inspires prospectors to pick and shovel, and 
causes the goatherd to keep his eyes open 
for bright green stones when he is crossing 
a stream. 


In every town of southern Mexico today 
there is someone known to be interested in 


SPRING 1952 


Figure 8. Two of the authors collected emerald directly from the deposits using hydraulic jackhammers to reach 
the emerald-bearing areas and then hand picks to remove the crystals from the host rock. Photos by Jonathan 


Muyal (left) and Andrew Lucas (right). 


The town of Muzo was used as a base to explore the 
active mines and markets in the western belt mines. 
The pace was brisk and usually involved driving at 
night so we could see the maximum number of 
mines and markets in our allotted time. By Novem- 
ber 1, we were back in Bogota to prepare the legal ex- 
port of the emerald rough samples with licensed 
export brokers and board our return flights. Our ex- 
pedition was short, given the goal of visiting all the 
important mining areas in Colombia and document- 
ing cutting and trading, but in the end we were able 
to cover the entire mine-to-market industry. 


EASTERN EMERALD BELT MINES 


The production of the eastern belt (table 1) does not 
match the volume and total value of the western 
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belt, but it still has significant production and can 
produce high-quality material. These mines are pri- 
marily located in the Chivor and Gachala areas, 
which are not as developed as those in the Muzo dis- 
trict. The emeralds tend to be more bluish and not 
quite as saturated as those from the western belt, but 
they can have higher clarity and are often prized by 
Chinese buyers looking for the clean, bright material 
sought after in that market. 


Chivor. Upon arrival in the Chivor area, we went to 
El] Manantial, owned by Uvaldo Montenegro. El 
Manantial had been in continuous production for 
more than six years. Its name, Spanish for “the 
spring,” refers to the constant flow of water from the 
mine due to the groundwater in the mountain. The 
tunnel is pitched at an incline where possible so the 


Figure 9. A sampling of 
the rough emeralds ob- 
tained for GIA’s coun- 
try-of-origin reference 
collection. These sam- 
ples, ranging from 0.445 
to 6.397 ct, came from 
Coscuez. Photo by 
Kevin Schumacher. 
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TABLE 1. Colombian emerald mine locations, eastern belt. 


District Mine GPS Coordinates Mine GPS Coordinates 
Gachala Bocamina Tesoro 04°42.945' N, 073°26.926' W Capulina 04°43.274' N, 073°26.583' W 
Bocamina Tesoro 2 04°42.942' N, 073°26.955' W El Toro 3 04°43.309' N, 073°26.580' W 
Bocamina El Diamante 04°42.899' N, 073°26.888' W El Toro 04°43.254' N, 073°26.477' W 
El Diamante (mine camp) 04°42.901' N, 073°26.883' W El Higueron 04°43.613' N, 073°26.404' W 
Bocamina El Diamante 2 04°42.982' N, 073°26.836' W Matecania (old) 04°43.609' N, 073°26.341'W 
La Estrella 04°43.026' N, 073°26.805' W Matecafia 04°43.434' N, 073°26.286' W 
El Toro (mine camp) 04°43.280' N, 073°26.703' W La Suerte 04°43.749' N, 073°26.216' W 
El Toro 1 04°43.278' N, 073°26.701' W Bocamina Diamante La 04°43.614' N, 073°26.098' W 

Gotera 
El Toro 2 04°43.342' N, 073°26.655' W La Gotera 04°43.615' N, 073°26.098' W 
Chivor El Amarillal 04°51.139' N, 073°23.118' W San José 1 04°51.128' N, 073°22.900' W 
Acuario Exito 04°51.181' N, 073°23.123' W San José 2 04°51.104' N, 073°22.892' W 
San Judas 04°51.188' N, 073°23.123' W La Catedral 04°51.121' N, 073°22.895' W 
Mirador 1 04°51.177' N, 073°23.094' W Admin San Pedro 04°51.242' N, 073°22.791' W 
(mine camp) 
Mirador 2 04°51.212' N, 073°22.995' W Las Cabafias (mine camp) —_04°51.364' N, 073°22.820' W 
San Gregorio 04°51.192' N, 073°22.956' W Colifror (mine camp) 04°51.083' N, 073°22.655' W 
Milenio 1 04°51.158' N, 073°22.937' W El Manantial 04°51.242' N, 073°22.463' W 
Milenio 2 04°51.148' N, 073°22.924' W Dixon 04°51.409' N, 073°22.510' W 
El Porvenir 04°51.138' N, 073°22.913'W 


Note: The term bocamina refers to the tunnel or shaft opening. 


water can run out. Miners had hit a major pocket just 
four months earlier and were enjoying a small pro- 
duction when we arrived. The emeralds from this 
tunnel had a classic Chivor appearance: slightly 
bluish but often very clean and bright. 

The area being worked and producing new mate- 
rial was the Scorpion section. El] Manantial’s maze- 
like tunnels are more than 1.7 km long, though some 
are depleted. One vertical shaft that led to a produc- 
tive tunnel was nearly filled with water and had to 
be pumped after every five hours of mining (figure 
10), a process that takes two hours. One of El Man- 
antial’s tunnels connects to another important 
Chivor mine, San Gregorio. 

We proceeded to a productive zone where they 
had advanced the tunnel by blasting and removing 
rock to access an area containing emeralds. Reaching 
it required walking through the tunnel for nearly two 
kilometers, with water coming over the tops of our 
boots, to a divide where the contact zone between 
the black shale and the calcite vein contained emer- 
alds. The walls of the tunnel were very wet black 
shale, and the miners chased the white calcite veins 
to hit emerald production zones. There were also nu- 
merous areas of yellowish calcite along with quartz, 
pyrite, and even some stalactites overhead. 
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Lighting was furnished primarily by our head- 
lamps and flashlights. Although ventilation tubes ex- 
tended through the tunnel, the farther in we went, 


Figure 10. Flooding is a constant struggle in many of 
Colombia’s mining tunnels. Shafts can rapidly fill 
with water, and the tunnels often have streams of 
water running through them. Photo by Andrew 
Lucas. 
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Figure 11. A variety of hand tools, including knives, 
were used at El Manantial to carefully remove emer- 
ald crystals from the productive zone. The tool cho- 
sen depended on how deeply the crystal was 
embedded in the rock and whether the miner felt it 
could be removed without damage. Photo by 
Andrew Lucas. 


the more difficult it was to breathe. After document- 
ing the miners extracting emeralds with hand tools, 
authors JM and AL took turns extracting emeralds 
with a rock hammer directly from a calcite vein for 
GIA’s reference collection (figure 11). Next, we wit- 
nessed further drilling into the wall face. The miners 
placed explosives in the drill holes and blasted farther 
into the calcite vein. During the drilling into the 
black shale, black dust consumed the area until vis- 
ibility was down to a few inches. 

At the mine camp and dining area, workers of- 
fered rough emeralds from El Manantial and other 
mines in the Chivor area for sale. After buying rough 
samples for GIA’s reference collection, we traveled 
to Mr. Montenegro’s base camp, Las Cabanas. Here 
we set up our base to explore Chivor and interviewed 
Mr. Montenegro against the beautiful backdrop of 
the mountains. 

Mr. Montenegro’s father, Pedro Pablo, started 
working in Chivor in 1965, first as a cook and then as 
a miner. After finding some profitable emeralds, he 
took his share of the proceeds and began buying stones 
at the mines and selling to dealers from Bogota. As his 
profits and expertise grew, he expanded operations to 
establish an office in Bogota and began cutting and 
selling the finished stones himself. Changes to min- 
ing regulations in 1991 paved the way for further pri- 
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vatization of Colombian emerald mining. This led 
the Montenegros to venture into their own mining 
concessions in 1993. 

To lessen investment burden and risk, most 
Colombian mining operations involve partnerships. 
Mr. Montenegro works in five concessions in the 
Chivor area totaling 140 hectares, with interests in 
another three concessions being developed. He is cur- 
rently working 15 tunnels on the five existing con- 
cessions—including the San Pedro, San Gregorio, El 
Manantial, Oriente, Piedra Chulo, Quebra Negra, 
and Guali mines—with about 15 miners in each. In 
all, about 50 tunnels in the Chivor area were in op- 
eration, and Mr. Montenegro said there were about 
15 concessions with working tunnels. 

While Mr. Montenegro works with partners, he 
owns the concessions or mining licenses. In Colom- 
bian emerald mining, an association generally con- 
sists of the license owner, who holds 50 percent of the 
utility, and the partners, who pay for expansion and 
operations and take 50 percent of the production. 
This can be deducted from exploration and investiga- 
tion operations as well as other work, all based on 
agreement with the investors. Mr. Montenegro owns 
the mining license at El Manantial and brought in in- 
vestors to cover operating expenses in some of the 
productive tunnels. He said he takes 50 percent of the 
profits, and the rest goes to the investors and miners. 

The miners employed by Mr. Montenegro, like 
many others in Colombian emerald mines, prefer to 
take a percentage of the profits rather than just a 
salary. The miners often receive a base salary with 
social security benefits as well as food and housing, 
but their main incentive is the profit share and the 
ability to keep and sell some of the production them- 
selves. In this sense, they have the same incentive as 
the owners to find emeralds. 

On the new concessions, Mr. Montenegro was 
waiting for environmental assessments before min- 
ing and looking for investors. For each of these con- 
cessions, he had commissioned an advanced 
geological study to approach the mine planning in a 
more modern way. He was also considering more 
mechanization than is typically found in Colombian 
tunnel mining, which is closer to artisanal mining. 
With the geological mapping and mine planning, as 
well as more modern and larger-scale operations, he 
predicted that the production currently obtained in 
a year would be achieved in a month. Since emeralds 
from Chivor tend to be bright and clean, qualities in 
high demand in China, he had been traveling there 
to meet with investors. 


Gems & GEMOLOGY FALL 2017 


Mr. Montenegro said that he is able to stay com- 
petitive by mining the stones and taking them 
through the entire wholesale value chain of treat- 
ment, cutting, and sales on the global market. Be- 
cause the emeralds are not changing hands, he is able 
to avoid markups. There is also the advantage of being 
able to provide complete chain of custody. This as- 
sures buyers of the legality of their purchase and pro- 
vides a documented supply chain, including the type 
of filler used during treatment. 

After our first day at El Manantial, we visited nu- 
merous operating tunnels and documented the San 
Gregorio mine, owned by the SOESCOL Company, 
of which Mr. Montenegro is a controlling shareholder, 
and the Dixon and Tesoro mines, owned by the San 
Francisco Company. We also observed small-scale 
processing outside the tunnel operations in the 
Chivor area (figure 12). 

The Dixon mine has been active for more than 30 
years. A Canadian company owned the mine from 
1995 to 1998, but for the last 10 years the San Fran- 
cisco Company and controlling shareholder Hernando 
Sanchez have operated it. The last major emerald 
pocket was found in 2001, but since then smaller 
pockets have been found regularly, keeping the mine 
profitable (G. Lopez, pers. comm., 2015). At San Gre- 
gorio, the situation was similar. In December 2014 
and January 2015, pockets were found that produced 
kilos of emerald rough averaging US$12,000 per carat. 

At Dixon and Tesoro, the San Francisco Company 
employs 14 miners permanently, and another seven 
are on call for when a pocket is discovered. Miners 
work from 7 a.m. to 4 p.m. for 20 days straight and 
then have 10 days off. Dixon mine manager Giovanni 
Lopez, who has worked there for 22 years, summed 
up the miners’ outlook. While they make a living 
from the production of small pockets over the years, 
they are not just looking for a monthly income: They 
are seeking the big payday. Mr. Lopez said that if he 
hit a large pocket and became rich, he would invest 
in other businesses for secure income and continue 
to mine for another large pocket, for the sheer adren- 
aline rush of searching for treasure. 

In Colombian emerald mining, explosives are a 
necessity. Water-gel explosives authorized for emer- 
ald mining must be purchased from the Colombian 
military weapons manufacturer Indumil and kept in 
a secure area according to strict guidelines. The 
Chivor area has a military presence, and the explo- 
sives storage area at each mining operation is guarded 
by private security. Miners handling the explosives 
must be certified by the government. 
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Figure 12. Small-scale processing outside the Chivor 
tunnels included removing ore from the tunnels and 
sifting through bags of material in the hope of finding 
emerald crystals. Photo by Andrew Lucas. 


At Tesoro we saw typical Colombian drilling and 
explosives techniques (figure 13). One of the most 
difficult assessments was how quickly to advance 
through the rock to a productive zone without blast- 
ing into a pocket and destroying emerald crystals. 
The drill hole locations also had to be carefully 
planned to prevent damage to the emeralds. 

The miners drilled approximately one-inch- 
diameter holes into the mine wall, with the hole’s 
length determined by how far they wanted to ad- 
vance. The detonator was inserted into the explo- 
sives, which were loaded into the drill holes with the 
fuse sticking out of the hole. A separate fuse was 
used to light them all. We had about a minute to 
reach a safe area of the tunnel. After the blast, the 
wall was inspected for signs of an emerald pocket. 
Once the rubble was cleared away, the process was 
repeated. The decision of when to blast is a compli- 
cated one, as it must balance the need to reach emer- 
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Figure 13. Hoping to reach an emerald-bearing pocket, the miners stuffed explosives into holes they had drilled 
and lit a fuse that subsequently lit all the fuses. Photos by Pedro Padua. 


ald-bearing pockets with the risk of destroying valu- 
able material. 


Gachala. Upon arriving in Gachala from Chivor, our 
first stop was the company Mina La Emilia. We were 
met at the Diamante mine camp by principal owners 
Camilo Sanchez, Benito Mendez, and his son Chris- 
tian Mendez, who is also chief operating officer of 
Mensal Emeralds. We immediately began examining 
emerald rough from their tunnels and others in the 
area. We also met a Chinese buyer, known to author 
AL, who was buying emerald rough. The buyer was 
looking for the clean, bright material the Gachala 
and Chivor areas are known for. 

The next day we had an in-depth look at El Dia- 
mante, La Estrella, and El Tesoro, all mined by Mina 
La Emilia. In Colombia, the name of the concession is 
often shared by one of its tunnels, in this case the La 
Emilia tunnel. When dealers refer to the mine an emer- 
ald comes from, they might use the concession name 
or the tunnel name. The La Emilia concession had four 
active tunnels at the time of our visit. 

El] Diamante is over 20 years old and begins as a 
vertical shaft with an elevator that goes down 48 me- 
ters to reach a tunnel leading to a second internal ver- 
tical shaft. Here we descended by a harness, called Ja 
cincha, that was lowered with a winch. The second 
shaft led to subsequent tunnels and other internal ver- 
tical shafts. The productive zones were in the tunnels 
on the first level we reached by elevator. 

As we proceeded, we witnessed a common sight 
in Colombian emerald mine tunnels: the use of 
wooden braces for structural integrity. The mining 
areas had an abundance of groundwater, which 
added weight to the braces and rotted the wood. As 
we proceeded through El Diamante, we saw numer- 
ous wooden braces fracturing. Additional braces had 
to be built, and in one extreme case the tunnel’s en- 
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tire wooden brace structure system had to be re- 
placed. Often a fractured brace had a new one right 
next to it. 

In following the productive diggings, El Dia- 
mante’s leadership used a more systematic and thor- 
ough exploration methodology. They initially explore 
through 1,800 meters of a level, following the miner- 
alization, and analyze every 50, 70, or 100 meters, de- 
pending on the geology. If they reach 100 meters 
without indicators of a productive zone, they look for 
an opposing face. If nothing is found in the opposing 
face, they make a transverse tunnel, leaving a 25- 
meter space parallel to the first one, and go back for 
further exploration. Once they reach the end of the 
concession area, they stop, move up or down 10 me- 
ters, and repeat the process. 

The pocket we reached was being worked with a 
jackhammer to advance along the calcite vein. They 
had not yet reached an emerald pocket where crys- 
tals could be retrieved by hand, but they were close 
enough that they did not want to blast into the pro- 
ductive zone. 

Next we visited La Estrella, a ramp-style tunnel 
mine that was less than a year old. While El Dia- 
mante had a good history of production, La Estrella 
had not seen significant production by the time of 
our visit. Nevertheless, there were promising geolog- 
ical indicators that it would be a major producer in 
the near future. We walked through the tunnels to a 
zone being worked by the head geologist, who was 
digging out the calcite vein with hand picks. He 
thought that they just needed to go deeper into this 
zone to reach a massive emerald pocket. 

While waiting to enter La Estrella, we spoke with 
the Mendezes. The elder Mendez had been in the 
emerald business more than 50 years. He was now 
82,, though one would never know it by the way he 
moved along the trails and through the mines. He 
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started out dealing in emeralds at Pefias Blancas, 
Coscuez, and Muzo and then got into mining. During 
the 1980s and 1990s, he found that mining and doing 
business in Gachala was safer than in the Muzo and 
Coscuez areas. He also preferred the cooler climate 
and made the transition to Gachala over 20 years ago, 
first in open-pit mining and then tunnel mining. 

The family has other concessions elsewhere in 
Gachala and in Muzo. All of the production is taken 
to Bogota, where the partners hold an auction among 
themselves. The winning partners may sell the rough 
to cutters in Bogota or cut it themselves and sell the 
stones to global buyers. If the Mendez family wins the 
auction, they cut and sell the production. They use 
independent cutters in Bogota, chosen according to 
the type of stone and their cutting expertise. 

Meanwhile, Christian Mendez is seeking to ex- 
pand the business on the global market. Their global 
customers range from retail jewelers to jewelry man- 
ufacturers and other wholesale dealers. China is the 
most important customer, with another strong mar- 
ket in the United Arab Emirates. The U.S. market 
accepts all qualities from the Mendez family, while 
the Chinese market prefers fine color and very high 
clarity and brightness, or very large stones of a more 
modest quality. The UAE is a diversified market for 
them, as the wealthy and the royal family want the 
best and largest stones, while some retail jewelers 
there seek mid-level commercial goods. 

The family wants to move up the value chain and 
eventually sell finished emerald jewelry to retail cus- 
tomers. Christian Mendez spoke of the industry’s fu- 
ture with regard to foreign mining companies. He 
noted that the country could benefit from mining in- 
vestment, increased production, job creation, and 
more tax revenue. At the same time, he sees local 
Colombian traders and cutters struggling to survive 
as access to emerald rough has become restricted. 

El Tesoro was the third tunnel we visited at La 
Emilia. It began as a vertical shaft, like El Diamante, 
but used only a winch-lowered harness system. The 
harness lowered us to the first level, where a tunnel 
led to another vertical shaft with wooden ladders to 
tunnels where the productive zones were. 

Our last morning in Gachala was spent visiting 
three more tunnel mines—E]l Toro 1, 2, and 3—for a 
total of six mines we saw in the district that were ei- 
ther in production or being worked to reach produc- 
tive zones. Reaching these mines required some 
hiking through the mountains. El Toro 1 was about 
a year old and had yet to produce emerald. There 
were no strong indicators in the tunnel for the min- 


FIELD REPORT 


ers to follow. El Toro 2 had been worked on and off 
for about seven months. The area we visited had 
been worked for four months. The tunnel was 102 
meters long, with some indications that emeralds 
might be found. It had no wooden beam supports and 
could continue being worked without supports for a 
time. El Toro 3 had the most activity of the three El 
Toro mines in Gachala. 


Eastern Belt Mine Markets. The eastern emerald belt 
did not have the large organized mine markets we 
would later see in the western emerald belt at 
Coscuez and Muzo. Miners sold emeralds outside the 
gate, at the mine camp, and even in the dining areas. 
Miners and dealers in the town of Chivor sold emer- 
ald rough in homes and offices and in the street. 
More material was available in Chivor, but there was 
definite interest from buyers in Gachala. Author JM 
was able to buy numerous rough samples for the GIA 
reference collection directly from the miners, includ- 
ing their latest production. 


WESTERN EMERALD BELT MINES 

Colombia’s most productive mines lie in the western 
emerald belt (table 2). These include the Muzo (figure 
14), Coscuez, and Maripi areas, especially along the 
Rio Minero and Rio Itoco. We visited numerous tun- 
nels in these areas, from small operations to large 
commercial enterprises. We also witnessed firsthand 
the relationship between small independent miners 
and large-scale operations. The mine markets in this 
region were also an important source for sample col- 
lection. While the landscape still shows the effects 
from years of large-scale open-pit mining, all the ac- 
tivity today is tunnel mining. 


Coscuez. After spending the night in Pauna, we drove 
to the Coscuez area. We visited the El Chacaro mine 
market and then the La Paz tunnel, owned by Esmer- 
acol S.A. (Hernando Sanchez, named earlier as a con- 
trolling shareholder of the San Francisco Company, is 
also a controlling shareholder of Esmeracol.) We spent 
the rest of the day at the La Paz tunnel observing the 
mining process, including extraction, washing, and 
trading outside the mine and at the mine camp. 

Mine manager Fabian Rodriguez guided our visit 
through the La Paz tunnel. He comes from a family 
of emerald miners and has managed operations there 
for six years. Mr. Rodriguez said that La Paz was 
founded approximately 25 years ago with the peace 
agreement that ended the Green War (the tunnel’s 
name means “peace”). 
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TABLE 2. Colombian emerald mine locations, western belt. 


District Mine GPS Coordinates Mine GPS Coordinates 
Muzo La Playa (market) 05°32.000' N, 074°08.542' W Bocamina Old Mine 05°32.294' N, 074°08.799' W 
Millonarios (mine camp) 05°31.992' N, 074°08.897' W Oldmine (mine camp) 05°32.304' N, 074°08.771' W 
Bocamina Millonarios 05°32.001' N, 074°08.951' W Palo Blanco 05°32.337' N, 074°08.965' W 
Fortaleza (mine camp) 05°32.033' N, 074°08.776' W Catedral 05°32.472' N, 074°08.837' W 
Bocamina Aguardiente 05°32.134' N, 074°09.042' W Puerto Arturo 05°32.523' N, 074°08.892' W 

Viejo 
Bocamina El Amarillal 05°32.254' N, 074°08.703' W Retorno 05°32.560' N, 074°09.069' W 
Bocamina Futuro 05°32.263' N, 074°08.682' W Tequendama 05°32.667' N, 074°08.864' W 
El Amarillal (mine camp) 05°32.269' N, 074°08.700' W Morro 05°32.842' N, 074°08.908' W 
Mina Real (mine camp) 05°32.288' N, 074°08.755' W Pavas Santo Domingo 05°32.925' N, 074°09.834' W 
Maripi Polveros 05°34.981' N, 074°05.595' W Totumos 05°35.594' N, 074°05.367! W 
Espanoles 05°35.191' N, 074°05.507' W Cunas 05°35.823' N, 074°05.210! W 
Espafioles (mine camp) 05°35.198' N, 074°05.507' W Consorcio 05°36.085' N, 074°05.305' W 
Caselata 05°35.337' N, 074°05.393' W La Pita 05°36.717' N, 074°05.254' W 
Bonanza 05°35.354' N, 074°35.568' W Puerto Gringo 05°36.313' N, 074°04.988' W 
Coscuez Abuela Superior 05°37.706' N, 074°08.474' W Bocamina Tentacion 05°37.813' N, 074°09.446' W 
Abuela Inferior 05°37.710' N, 074°08.483' W Gemacol 05°37.938' N, 074°07.940' W 
Bocamina Millonarios 05°37.706' N, 074°09.443' W Bocamina Itoco 05°37.846' N, 074°09.345' W 
Bocamina Futuro 05°37.750' N, 074°09.358' W Bocamina Bonanza 05°37.886' N, 074°09.423' W 
Mina La Abuela (mine 05°37.809' N, 074°08.552' W Bocamina Morrallero 05°37.912' N, 074°09.432' W 
camp) 

Bocamina Diamante 05°37.750' N, 074°09.384' W Muches 05°38.098' N, 074°09.324' W 
Bocamina Matera 05°37.771' N, 074°09.371' W El Chacaro (market) 05°38.094' N, 074°09.458' W 
Bocamina Fortuna 05°37.772' N, 074°09.475' W Jerusalén 05°38.140' N, 074°08.938' W 
Esmeracol S.A. 05°37.779' N, 074°09.600' W Bocamina La Paz 05°38.595' N, 074°09.120' W 
Esmeracol (mine camp) 05°37.781' N, 074°09.599' W La Paz Coscuez (mine 05°38.600' N, 074°09.064' W 


camp) 


Note: The term bocamina refers to the tunnel or shaft opening. 


As we entered La Paz, we saw cart after cart being 
pushed through to the exit. Open carts containing 
only shale were removed from the tunnel as the min- 
ers blasted forward. Closed and locked carts con- 
tained emerald-bearing shale. Meanwhile, water 
constantly flowed out of the tunnel. 

We walked 1,650 meters to the first elevator, 
which went down 48 meters to a second elevator. 
This took us down another 35 meters to another 
shaft and elevator, which descended another 48 me- 
ters to a tunnel leading to a productive zone. Several 
tunnels were being worked at the different levels. 
The material was bagged in white sacks, placed in 
the carts, and rolled to the elevators to be sent to the 
top tunnel and wheeled out of the mine. Unloaded 
empty carts being pushed back to the working areas 
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constantly passed loaded carts, with just enough 
room for both. 

Between La Paz’s second and third shafts are two 
tunnels designed for air circulation and another ver- 
tical shaft, referred to as a “chimney,” to remove con- 
taminated air. The heat (with temperatures often 
over 40°C, or 104°F) and 99 percent humidity were 
draining and often rendered our cameras inoperable. 
Black shale dust is always in the air, and even masks 
and respirators do not keep it out of the miners’ 
lungs. Outside the tunnel their faces were covered in 
the black shale (figure 15), reminiscent of coal miners 
from a century ago. 

Once the carts exited the tunnels, they were 
pushed to a simple brick shed, where the ore was 
washed by hand with traditional net-like screens. 
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This method was used at many emerald mines 
throughout Colombia. One miner would shovel ore 
into the net while two others held it at opposite ends. 
A fourth miner would control water flow from a pipe 
as the two holding the net washed the ore vigorously. 

Most of the production was taken to Bogota, but 
some was given to miners who would sell it just out- 
side the mine gate (figure 16), at the mine camp din- 
ing area, or at the El Chacaro market. At the gate, near 
the small washing building, locals would wait to re- 
ceive ore for washing. Allowing locals to wash the 
tailings is a tradition at Colombian emerald mines. 

The miners work eight hours a day, five days a 
week. At the time of our visit there was some emer- 
ald production, but nothing “important” according 
to Mr. Rodriguez. Even so, 98 miners were working 
in the La Paz tunnel, and the total staff was 105. 

After driving back through the El Chacaro mine 
market, we spent the night at the small but very 
lively town of Otanche, which had people in the 
streets and soccer games in the park. The next day 
we visited three more active mines in the Coscuez 
area: Pavimentado, Bonanza, and Terraza, all owned 
by Esmeracol S.A. We interviewed mine manager 
Andres Murcia and proceeded to the tunnels, starting 
with Pavimentado. 

After walking through the roughly 1,200-meter 
tunnel, we had to crawl into a productive zone where 
the miners were extracting emerald from a wide cal- 
cite vein. The heat and humidity reached the point 
where the camera lens was continuously steamed up 
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Figure 14. The mining 
area around the town 
of Muzo is world 
renowned for its emer- 
alds. Photo by Andrew 
Lucas. 


and had to be wiped free of condensation just before 
taking a photo. We were able to see emeralds in the 
calcite veins being extracted by hammer and chisel. 
Once all the visible emeralds were removed, the 
miners drilled holes around the pocket and placed ex- 
plosives to blast farther into the vein (figure 17). 

As in the Tesoro tunnel in the eastern belt, the 
fuses had to be cut long enough to allow time for 
everyone to crawl out of the pocket to a safe distance 
from the blast. After returning to examine the 


Figure 15. At La Paz, the miners emerged from the 
tunnels covered with black shale and drenched in 
sweat. Photo by Andrew Lucas. 
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Figure 16. Buyers wait outside the gate at La Paz for 
miners and locals to bring their share of emerald 
rough for sale. Photo by Andrew Lucas. 


pocket, the miners drilled to remove more calcite, 
and more emeralds became visible for extraction 
with hammer and chisel. 

Bonanza and Terraza were the hottest and most 
humid tunnels we visited. Steam poured out of the 
entrances, and the cameras fogged up immediately. 
Both were smaller operations than Pavimentado. Af- 
terward, we drove back through the El Chacaro mar- 
ket and then on to Muzo. 


Muzo. Upon arriving in Muzo we went to the street 
market and examined the rough emeralds offered for 
sale. The first tunnel we visited was El Amarillal, 
operated by Mina Real Limitada, where we inter- 
viewed mining engineer Carlos Diaz. The company 
has 12 tunnels on the concession. A few years ear- 
lier, Mina Real commissioned a geological study to 
determine the possible productive zones and look 
for geological faults. When zones with potential are 


identified, the mine operators focus on those specific 
zones and determine the exploration method that 
will not cause damage to the tunnels. Exploration 
methods are different for each mine, depending on 
its economic potential. Mines with greater potential 
are more mechanized and have more workers (C. 
Diaz, pers. comm., 2015). 

E] Amarillal had been worked for seven years at 
the time of our visit. The main tunnel is 1,000 meters 
long, with numerous vertical shafts in exploration or 
reaching productive zones. When the miners reach a 
fault, they find kaolinite and carbonate, minerals as- 
sociated with emeralds (C. Diaz, pers. comm., 2015). 
But even then there is no guarantee the zone will be 
productive. El Amarillal has 400-meter-long seg- 
ments that have been unproductive, though the min- 
ers might pass close to the emeralds while following 
geological indicators. Emeralds form primarily in the 
veins but can also be found in the kaolinite that is in 
contact with the veins, or in a bordering zone. Success 
is uncertain, so two or three different areas must be 
explored. 

To begin, miners break the hard rock with explo- 
sives. Compressed air and jackhammers are used to 
perforate blast holes between 1.2 and 8.0 meters apart, 
in which the explosives are placed. The person han- 
dling the explosives has completed an army certifica- 
tion course. He activates the detonation, which breaks 
the rocks, and workers with shovels fill wagons with 
gravel and take them to trucks for removal. 

Another system applies when there is production. 
A manager from the company (wearing a white hel- 
met) and a partner (wearing a red helmet) take con- 
trol of the pocket. They put a large quantity of 
emeralds in a sealed locker and carry it out to a wash- 
ing location. The emeralds are counted and weighed, 
then sorted and placed in other sealed containers. 


Figure 17. At Pavimentado, miners removed emerald-bearing pieces of calcite veins with hand tools and by 
drilling into the rock face, before placing explosives in the drill holes to advance the tunnel. Photos by Andrew 
Lucas. 
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These stones are set aside and offered for sale at a 
meeting of partners and investors. 

The company has about 60 workers, including 
controllers, delegates, and mine workers. El Amarillal 
itself employs about 40 people, half of them mine 
workers. (In this zone there are also about 200 gua- 
queros working along the river.) Each work area has a 
budget for salaries and worker assistance, and the ad- 
ministrative staff is also salaried. Workers receive as- 
sistance with their monthly expenses. When 
production occurs, the workers receive a portion of 
the rough mined daily or a share of the profits from 
its sale. 

Before tunnel mining began, the company used 
mechanized surface mining. Although many emer- 
ald-bearing veins were unearthed using this method, 
the environmental impact on the landscape was se- 
vere. The area has seen good production at the tunnel 
mines, not only at El Amarillal but also at the neigh- 
boring company’s property. Guaqueros have also 
found valuable emeralds in the river. When it was an 
open-pit operation there was more independent min- 
ing activity, especially at the river. Mr. Diaz ac- 
knowledged that the operation would be more 
efficient with modern equipment, but this requires 
a substantial investment, typically from a foreign 
company. 

Mina Real is now about a third of the way into a 
30-year contract for the concession from the national 
mining agency, and they are transitioning from the 
exploration phase to extraction. They expect to see 
results because they have reached the productive 
zone with two decades still under contract. The con- 
cession was once owned by Victor Carranza, who 
gave it back to the state before it was purchased by 
Mina Real Limitada. 

The company’s emerald sales initially take place 
among the same 14 partners, consisting of companies 
or independent merchants who make offers to mine 
representatives. Among those partners are some 
emerald exporters. From 2011 to 2015, the mine pro- 
duced 380,000 carats in emerald rough worth 
US$700 million. 

With lighting and ventilation tubes throughout, 
El Amarillal’s main tunnel was typical of Colombia’s 
better-operated tunnels. It was hundreds of meters 
long, branching into other tunnels and shafts. There 
was plenty of activity, with drilling and blasting and 
emeralds being extracted and wheeled out in carts. 
We also observed the battle with groundwater as a 
miner attempted to dig in a shaft that was constantly 
filling up. 
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Rio Itoco. We had the opportunity to document two 
very different activities along the Rio Itoco, a tribu- 
tary of the Rio Minero: small-scale mining along the 
riverbank, and the washing of a large-scale mining 
operation’s tailings and ore by thousands of locals. 

The small-scale operations were along the river, 
especially where open-pit operations once existed. 
The miners used water hoses and picks to break up 
the soil and would either place the material in wheel- 
barrows for washing by the river or run it through a 
makeshift sluice (figure 18). Several hundred inde- 
pendent miners were working the area near the Rio 
Itoco mine market (“La Playa”) and El Amarillal. The 
mining and washing was done in groups, often con- 
sisting of family members. At one operation an exca- 
vator was used to move material faster. This was the 
only use of mechanization we saw by these small- 
scale miners along the river. 

We were also present on two mornings when Min- 
eria Texas Colombia (MTC) trucks brought tailings 
and unwashed ore to the riverbanks and dumped them 
for the locals to wash. It was a captivating sight: a line 
of trucks coming down the hill from the MTC mining 
area in regular intervals to drive across the shallow area 
of the river, slowly raising their hydraulic beds to pour 
out the tailings without ever coming to a stop. The lo- 
cals crowded around the passing trucks, and the tail- 
ings were spread out to minimize the crush of people. 

At first glance, the scene appeared to be a frantic 
race to scoop up and bag the tailings (figure 19). Upon 
closer observation, it became clear that there was or- 
ganization (figure 20). Distinct groups were working 
together, most likely families and neighbors. The 
stronger members of the groups would wrestle their 
way to the tailings and bag the material. They would 
carry these bags to the river for washing with net-like 
screens while the rest continued to gather as much 
of the remaining tailings as they could. 

Women were involved in the operation at all 
stages, from scooping up the tailings to washing 
them. Virtually everyone was covered in black shale. 
Meanwhile, numerous buyers waited nearby to make 
offers. They were easily identified by their clean 
clothes and the traditional white towel, used to wipe 
the emerald rough before examination, draped 
around their necks. If the locals did not immediately 
receive the price they wanted from the buyers by the 
river, they would simply walk up the hill to the La 
Playa market to find a better offer. 


Mineria Texas Colombia. We spent a full day at the 
MTC emerald mine, part of Muzo Emerald Colom- 
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buying ancient carved images. So, when a 
farmer turns one up while plowing his 
field, he knows he can sell it to the patron 
in town. The townsmen in turn keep these 
idols and bright stone carvings for the 
periodic visit of a dealer, who will buy 
them at a profit. Thus, the antiquities find 
their way to the city curio shops, where the 
tourists will pay big prices for them. 


Actually of marble, this oyster- 


gray “chalchihuitl’” (Aztec word 
for green stone), idol was found 
at Yanhuitlan, Oaxaca. It is one 
and three eighths inches high and 
five eighths inch thick. 


There are not enough of these genuine 
artifacts, though; so, naturally, the lapi- 
daries supply imitations. Furthermore, the 
stores have found that the average tourist is 
interested in 


not especially archeology. 


Cleverly carved pieces for feminine adorn- 
ment, or utilities for the home, are popular; 
and these are now made abundantly of 
green glass. When a casual visitor from 
north of the Border asks the salesman, “Is 
this desk set really jade?”, the answer will 
be, “Yes, Mexican jade.” And that is a pity 
because, instead of pushing a rank imita- 
tion, he could be offering true jade if only 
some natural found from 
which the lapidaries could obtain a regular 
supply. 

Tt will be remembered that two minerals 
are rightly entitled to be called ‘jade’: 
nephrite, a lime-magnesia amphibole; and 
jadeite, a soda-alumina pyroxene. Both 
occur in colors from white to deep green, 
depending upon the amount of iron pres- 
ent. Both are suitable for intricate carvings. 
Some nephrite artifacts are found in Mexi- 
co, but the ancient lapidaries used mostly 
jadeite. Either stone would now be accept- 
able for renewal of the art. Jadeite, how- 


deposit were 


ever, is the more valuable of the two min- 
erals, and therefore more sought after. It 
is harder, heavier, and more brilliant than 
nephrite, besides being much more rare in 
the world. At present the only known de- 
posits of natural jadeite suitable for gem 
cutting are in northern Burma, and it ts 
from there that Chinese obtain all of their 
raw rock. Some small discoveries of mineral 
recognized as jadeite have been made in 
California, but the stones are not of gem 
quality. 

Great numbers of jadeite carvings have 
been found in southern Mexico ever since 
the Spanish Conquest, but there have been 
no discoveries of any local deposits from 
which the stones might have been quarried. 
This fact, together with the similarity of 
some pieces to the oriental jades, has led 
many that the 
rough mineral was imported from Asia. 
Some even have thought that the carving 
itself had been done in China. 

Indeed, elaborate theories were put for- 
ward some years ago in attempts to ration- 


archeologists to believe 


GEMS & GEMOLOGY 


bia. Mine manager Carlos Contreras Cafiizo, a native 
of Mexico, had a background in gold mining using 
modern methods. He compared the two types of 
mining. 

“With gold you are looking for veins, and you can 
count on a fairly predictable range of how many 
grams per ton will be extracted. This can be readily 
mapped through core sampling and geological stud- 
ies. With emeralds you follow indicator minerals and 
find more pockets than a relatively even distribution. 
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Figure 18. Independent 
miners on the banks of 
the Rio Itoco use high- 
pressure water hoses to 
remove the shale, 
which will be washed 
in sluices or taken by 
wheelbarrow for wash- 
ing. Photos by Andrew 
Lucas. 


So with both gold and emerald, the more earth you 
mine, the more material you can extract. 

“But with emeralds it is far harder to predict the 
amount per ton, if not impossible, and far harder to 
predict when you will find them. The other factor is 
that the gold extracted from a mine has predomi- 
nantly the same value. However, emeralds extracted 
can vary tremendously in value, and they cannot pre- 
dict where the higher-value material is.” 

Predicting where to find the higher-value emer- 


Figure 19. As MTC 
trucks drove by the Rio 
Itoco just outside the 
concession and emp- 
tied the ore, dozens of 
people gathered around 
to secure their share of 
the tailings. Photo by 
Andrew Lucas. 
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Figure 20. The apparent chaos at Rio Itoco proved to be an organized system with intense competition for the ore 
dumped by the trucks. The strongest team members carried bags of ore to the river for the others to wash. Photos 
by Andrew Lucas. 


alds is a challenge even for a large, sophisticated min- 
ing operation like MTC. Mr. Canizo said it was “fifty 
percent knowledge and hard work, fifty percent luck, 
and God bless you.” 

In 2009 MTC was a partner in the Muzo mines, 
including the famous Puerto Arturo mine. Mr. 
Canizo had envisioned creating ramps connecting 
the different levels to a central ramp for the vehi- 
cles, transporting miners via the same shafts used 
for ore and machinery. At that time MTC was op- 
erating Puerto Arturo in a partnership with Co- 
exminas, a Colombian company that had controlled 
the mine since 1977. One of the three principal part- 
ners of Coexminas was Victor Carranza, the “Emer- 
ald Czar.” Production was split fifty-fifty between 
the two companies. Part of the deal was a clause 
stipulating that MTC create 3,200 meters in tun- 
nels or forfeit the arrangement, which limited the 
mining methodology Mr. Cafizo could pursue. 
After Mr. Carranza’s death in April 2013, MTC ac- 
quired the mine and began implementing a ramp 
and new methodology. 

MTC extracts emeralds in a manner similar to 
that of other Colombian tunnels, using drills and 
jackhammers to reach the emeralds and then hand 
picks to extract them. They also use a similar wash- 
ing process of screens, water, and human muscle. 
MTC is working six mines or galleries: Palo Blanco, 
Puerto Arturo, Tequendama, Catedral, Pablo 
Sanchez, and Matefique (using contractors at the lat- 
ter two). The main mines in production are Puerto 
Arturo, Catedral, and Tequendama. 

Puerto Arturo is the deepest shaft, currently at 152 
meters, while Tequendama is about 85 meters deep 
and Catedral has two shafts, one 20 meters and the 
second 60 meters. When Mr. Cafizo took over as 
mine manager, all the shafts were independent from 
one other. Now they are connected by tunnels, and 
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the goal is to have a ramp intersect the tunnels cur- 
rently in production. The La Rampa tunnel is spiral 
shaped, extending about 400 meters underground to 
connect all the tunnels. La Rampa is MTC’s testing 
ground for geological research and optimized extrac- 
tion techniques. 

Production from the pockets can be dramatic. In 
May 2015, MTC recovered 152,000 carats from one 
area, including large stones weighing up to 1,200 
carats. The total yield for 2014 was over 240,000 
carats, and by the time of our visit in November 2015 
they had produced 384,000 carats for the year (C.C. 
Canizo, pers. comm., 2015). 

After the ore has been washed, the emeralds are 
separated into four qualities: precious (large sizes, 
high quality, intense color), chispero (small sizes, 
high quality, intense color), crystal with tone (good 
form, light to medium tone), and morralla (poor qual- 
ity). The rough stones are placed in envelopes labeled 
with the weight, basic quality classification, and tun- 
nel of origin and then picked up for transport to 
Colombia Texas Transformadora (CTT), a cutting fa- 
cility in Bogota’s free trade zone. 

Muzo Emerald Colombia has invested more than 
$50 million in modernizing the MTC mine, includ- 
ing ramps to connect the tunnels. The mine employs 
more than 800 people (figure 2.1), many of them from 
the nearby communities. They also support area 
schools and a health clinic that serves more than 
1,000 local people (Burgess, 2015). 


Maripi. As with Muzo, mining operations in the 
Maripi area have changed substantially in recent 
years. In 2011, two of the authors (DF and AL) visited 
mines in this area along the Rio Minero, including 
La Pita, Cunas, Totumos, Polveros, Los Espajfioles, 
Bonanza, and Consorcio, which was not in operation 
during this visit. 
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Figure 21. MTC employs hundreds of men and 
women from the local communities. Photo by 
Andrew Lucas. 


In the Maripi area we began at Polveros and Los 
Espanoles, documenting mining activities at the lat- 
ter and interviewing mine manager Fabian Arango. 
Los Espanoles has been worked for about 30 years, but 
the operation has been more professional in its 
methodology since 2011. There is usually a workforce 
of 15 miners at the tunnel. We saw a continuous flow 
of carts between the mine and a shed where the ma- 
terial was washed with net-like screens (figure 22). 
The tunnel branched off into others, with the one on 
our left containing a working productive zone. There 
was also a 60-meter vertical shaft leading to tunnels 
with productive zones, but the groundwater seeping 
in at the lower level had to be pumped out constantly. 

The productive zone runs at a 45-degree angle to 
the vertical shaft and is about 500 meters wide, with 


the most productive area about 100 meters wide. 
This productive zone extends to the La Pita, Cunas, 
and Consorcio mines in Maripi (F. Arango, pers. 
comm., 2015). This high-potential zone is very ex- 
pensive to work because of the groundwater filling 
the tunnels and shaft. 

After an important production, mine manage- 
ment will call the partners, who distribute goods 
to the shareholders. Mine management and the 
partners seal the emeralds and take them to Bogota, 
where they choose the stones to be cut and those 
to be kept as rough specimens. But first the miners 
are allowed to go through the rough, and with man- 
agement they determine what percentage and qual- 
ities they will be given to sell on their own. The 
production percentage they receive is in addition to 
their salary compensation package, which includes 
social security and bonuses. The last important 
yield was in December 2014, from the production 


zones in the tunnels that extend from the vertical 
shaft. 


La Pita. At La Pita we took a detailed tour and inter- 
viewed mine manager Javier Puerto, who had 20 
years of emerald geology, prospecting, and mining ex- 
perience. Operated by Zuliana de Esmeraldas, La Pita 
opened in 1995. The first significant production 
came in 1999, when miners found an emerald-bear- 
ing pocket. Mr. Puerto began working for the com- 
pany that same year, when the tunnel was already 
1,200 meters long. The concession is about 39 
hectares. Mr. Puerto said that since his arrival, the 
mine had been worked consistently. He pointed out 
that the deposit is all one mineralized strip extending 


Figure 22. At Los Espafioles, miners pushed carts of ore through narrow tunnels to an open shed where the ore was 
washed for emerald. Photos by Andrew Lucas. 
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from Polveros, Totumo, Cunas, Consorcio, and La 
Pita up to Puerto Gringo. 

We entered the mine through the main tunnel and 
proceeded 625 meters inside to the first vertical shaft, 
which was 35 meters deep. At 700 meters we encoun- 
tered the second shaft, which was 42 meters deep. A 
hundred meters farther was a 44-meter shaft. Two ad- 
ditional shafts, both much shallower, were filled with 
water and not being worked at the time. When an 
area is not being worked, the acidic water corrodes 
the wooden structure and rusts the metal in just a few 
months. We went to all the levels, with the fifth level 
110 meters below the main tunnel floor. On each 
level we visited all the productive tunnels and most 
of those under exploration. The current mine extends 
from 120 meters below the mine floor to 30 meters 
above it. 

La Pita has several emergency exits in case of 
flooding, including an exit to the north by Puerto 
Gringo, and a ventilation chimney. An extractor is 
used to pump air into the tunnel and down every 
shaft, up through the working areas, and then out 
through the chimneys. As a result, the air in the tun- 
nel and shafts is remarkably fresh and free of the gases 
that can build up in a mine: sulfuric acid, carbon 
monoxide, carbon dioxide, and even nitrogen oxide, 
a byproduct of explosives. Pipes bring in electricity 
from the surface, and an internal control station re- 
duces the energy lost from carrying it over a distance. 

The company hires people from the region to en- 
sure as much benefit to the local community as pos- 
sible. They employ about 120 people per shift, in 
two groups—from 6 a.m. to 2, p.m. and from 2 p.m. 
to 10 p.m. 

Mr. Puerto noted that emerald deposits are geo- 
logically very different from other types of deposits. 
Most other mineral mining is geometric: Miners 
advance to find a layer of certain thickness, width, 
and length, which means constant production can 
be managed by week, month, and year. With emer- 
ald mining, the production zones are variable and 
output is never constant. Companies might spend 
two or three years preparing a mine, or they might 
recover emerald after just 15 days of operations. 
Every time miners go deeper into a Colombian 
emerald tunnel, the water level rises and extraction 
becomes more difficult. Exploration for new veins 
and pockets through horizontal levels often contin- 
ues for one or two years until they find the veins. 
A single vein might be searched for a day, a week, 
a month, or longer. In many veins, no emeralds are 
ever found. 
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According to Zuliana de Esmeraldas’s geological 
surveys, only 8% to 10% of the La Pita deposit has 
been exploited thus far. They plan to improve the 
transport system to increase production. For now 
they use the same carts (figure 23) found throughout 
Colombian emerald tunnels. They plan to install a 
mechanized system with inclined automated tracks 
for transporting the material. To manage the ground- 
water as they go deeper, they will drill vertically into 
the shafts and pump out the water (J. Puerto, pers. 
comm., 2015). 

Mr. Puerto pointed out the importance of rock 
type and structure identification in emerald mining. 
In the sedimentary-type deposits, structures such as 
faults are especially important for emerald crystalliza- 
tion. In the western belt, almost all the emeralds were 
formed within compressional structures such as re- 
verse and tear faults. The faults cross-cut the organic- 
rich calcareous shale, providing the space while the 
shale and hydrothermal fluids supplied the necessary 
ingredients for emerald mineralization. At the tun- 
nel, geologists and miners follow the two major par- 
allel faults of Rio Minero and La Pita. The La Pita 
fault is a reverse fault, a typical structure developed 
in a compressional environment. Calcareous shale, 
the major component of the Muzo formation, is the 
target host rock for miners. After locating the host 
rock and structures, prospectors look for indicator 
minerals to trace the emeralds. 


Figure 23. The La Pita operation uses elevators to 
bring up material from lower depths and carts to 
transport it through the tunnels. Photo by Andrew 
Lucas. 
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Zuliana de Esmeraldas has a two-stage distribu- 
tion protocol. There are about 18 partners, and each 
visits in person or sends a delegate. The company ex- 
tracts the emeralds, taking care not to break the crys- 
tals, and puts them in bags in the presence of the 
partners. The bags are sealed and locked ina safe, and 
a partner or delegate keeps the key. Once enough pro- 
duction has accumulated for the partners to sell, they 
wash and weigh the emeralds and put them in a se- 
curity bag. The company’s shareholders remove the 
emeralds in everyone’s presence. They check the sig- 
natures, make sure all procedures have been fol- 
lowed, and schedule an auction. Outside merchants 
sometimes come to the auction and deal with people 
they know or buy the emeralds themselves. 

Mr. Puerto pointed out three major production pe- 
riods for La Pita, starting in the southern sector in 
1999. They built shafts, did prospecting and geologi- 
cal exploration, and moved to the northern area, 
where they had good years in 2001 and 2002. In 2007 
and 2008, they had a large production at the floor 
level, followed by considerable yield in 2010 and 
2014. La Pita’s production since 1999 is estimated at 
over $1 billion in rough emerald value. 


Cunas. The Cunas mine, owned by Esmeraldas Santa 
Rosa S.A., has become one of the most important pro- 
ducers along the Rio Minero. The Cunas mine camp 
is located above the tunnel, and the route to the mine 
was heavily guarded. The tunnel extended several 
hundred meters to a shaft where a working productive 
zone was active. It was a typical tunnel-style Colom- 
bian emerald mine but very different from La Pita, es- 
pecially in terms of temperature and air quality. While 
Cunas also had ventilation tubes and mechanical 
pumps for circulation, it was much hotter and more 
humid, reminiscent of the Pavimentado and Bonanza 
mines at Coscuez. Water rushing through the mine 
sometimes reached our boot tops, and the air had to 
be monitored for the buildup of dangerous gases. Ore 
was carted out of the mine, and emerald-bearing ma- 
terial was identified as it was removed from the rock 
face, bagged and sealed, and taken to a vault. 


Consorcio. The Consorcio mine was closed at the 
time of our visit. When author AL visited in 2005, it 
was one of Colombia’s most productive mines. 
Prominas de Zulia, now Zuliana de Esmeraldas and 
also the owner of La Pita, was Consorcio’s first owner 
when it was discovered in 1999. Initial production 
was impressive, and by 2001 Victor Carranza was a 
partner. The company formed subsequently was 
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Consorcio Minero, with 50% belonging to Esmeral- 
das Santa Rosa (owner of the Cunas mine) and 50% 
to Zuliana de Esmeraldas. Estimated production 
value between 2001 and 2008 was about $1 billion (J. 
Puerto, pers. comm., 2015). A robbery in 2008 led Mr. 
Carranza to file for bankruptcy, ultimately canceling 
the agreement between Esmeraldas Santa Rosa and 
Zuliana de Esmeraldas, and the mine was still closed 
in 2015 due to ongoing litigation. 


Western Belt Mine Markets. As with Chivor, the 
miners in the western belt usually have rough emer- 
alds for sale at lunchtime or the end of the day. Larger 
mines often allow locals to wash their tailings and 
keep the emeralds they find. However, there are some 
very structured mine markets in the western belt. 
The largest are the La Playa market on the banks of 
the Rio Itoco, the El Chacaro market at Coscuez, and 
the La Pita mine market in the Maripi area. 

The El Chacaro market was very busy, with miners 
and dealers offering a wide variety of rough qualities 
and sizes for sale. When author AL visited in 2005, it 
was not uncommon to see miners and dealers carrying 
guns. This time no guns were visible, and there was 
more trading. The market also offered restaurants, 
bars, and gambling. When miners and dealers saw a 
potential buyer, they would put down their drinks or 
walk away from the gambling table to show their 
emeralds. There was a bustle of activity in the street, 
with the mountains and mines as a backdrop. Author 
JM obtained many emerald samples from miners here. 

Also in the Muzo area, we visited the La Playa 
market, on a hill overlooking the Rio Itoco and the 
Mineria Texas Colombia mining area. Here many in- 
dependent miners and dealers were selling emerald 
rough. Midmorning activity was brisk, especially 
after MTC trucks had dumped their tailings by the 
river and thousands of locals washed through them. 
After the major trading, miners relaxed at the 
makeshift bars in the small market (figure 24). One 
of the most striking scenes was a husband and wife 
covered in black shale, examining a rough emerald 
crystal from the MTC tailings. 

In addition to the mine markets in the western 
belt, the town of Muzo is one giant emerald market, 
with several blocks of activity and miners and deal- 
ers offering rough for sale in the streets, shops, and 
restaurants (figure 25). At peak times, dealers and 
buyers stood shoulder to shoulder. A local election 
was also taking place, and many people were out in 
the streets supporting candidates. No guns were seen 
in Muzo, either, which was not the case in 2005. 
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Figure 24, After a hard morning of washing shale for 
emeralds, miners enjoy a beer at the La Playa market 
while offering their finds for sale. Photo by Andrew 
Lucas. 


CUTTING AND TRADING IN BOGOTA 

In 2014, the Colombian emerald industry exported 
more than two million carats, valued at $147 mil- 
lion, mostly to the U.S. and Asia (Angarita, 2015). For 
a complete picture of the industry, we returned to Bo- 
gota. Our first stop was the Centro de Desarrollo Tec- 
nolégico de la Esmeralda Colombiana (CDTEC), a 
gemological laboratory and research center. We then 
visited dealers and cutters in the Emerald Trade Cen- 
ter and street dealers outside the center. 

Former general director Dr. Carlos Julio Cedeno 
gave us a tour of CDTEC, a nonprofit organization es- 
tablished in 2.008 that is partly owned by the Colom- 
bian government and partly by the major trade 
associations, among them Fedesmeraldas. CDTEC’s 
mission is to provide research, identification, and cer- 
tification of gemstones, primarily emeralds. Their 


laboratory reports identify the material and type of 
enhancement and certify Colombian origin. They are 
also involved in testing a natural filler material (de- 
veloped by the trade associations) that is durable and 
can be removed and refilled, as well as research on the 
origin of Colombian emerald through chemical fin- 
gerprinting. CDTEC analyzes about 70% of the high- 
end goods leaving the country (G. Angarita, pers. 
comm., 2017). 

The Emerald Trade Center, built in 1963 and ren- 
ovated in 1992, is a fourteen-story building that 
houses about 40 jewelry stores. It also has office space 
for dealers, cutters, treatment facilities, and services 
such as money exchanges, brokers, and shipping. We 
visited the offices of The Best Emeralds, where we saw 
three cutters faceting and preforming emeralds rang- 
ing in weight from 3 to 20 ct. We were fortunate to be 
there while their master cutter sawed and preformed 
a 700 ct piece of rough (figure 26) into numerous 
stones, some weighing over 50 ct after faceting. In Bo- 
gota we also experienced firsthand the legal export 
process as we prepared our reference sample collection 
for shipping. 

Outside the Emerald Trade Center, the street deal- 
ers were very busy on both days we visited. The num- 
ber of dealers and the trading volume seemed 
significantly higher than in 2005. Most of the trading 
was between local dealers looking to fill orders, but 
there were also some foreign buyers. Cell phones were 
an integral part of the street business, with dealers 
constantly on the phone quoting offers to their sup- 
pliers or checking interest from potential buyers. 

In Bogota’s free trade zone we visited Colombia 
Texas Transformadora (CTT), owned by Muzo Emer- 


Figure 25. Amid the frenzied street market activity in Muzo, author Darwin Fortaleché negotiated our rough emer- 
ald purchases. Photos by Andrew Lucas. 
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Figure 26. At The Best Emeralds, we followed the sawing and cutting of a 700 ct piece of rough and documented 
the decisions made from start to finish to achieve maximum weight and value. Photos by Andrew Lucas. 


ald Colombia, where the rough from the MTC mine 
in Muzo is sorted and cut. The cutters had years of 
experience, and the facility was divided into sections 
for further quality sorting, planning and marking the 
rough, sawing, and preforming. Details regarding the 
tunnel of origin and date of mining are transferred to 
the cut stone. A certification of origin and traceabil- 
ity is provided for each cut stone, documenting the 
date, place, and time of extraction and its journey 
through the manufacturing process. The report also 
comes with photos from each step, the weight from 
rough to final stone, and a declaration of the filler 
material (normally cedarwood oil). Since 2011 CTT 
has received the Quality Systems Management ISO 
9001:2008 certification granted by Bureau Veritas, 
with accreditation from the U.S. ANSI-ASQ Na- 
tional Accreditation Board (ANAB) and the United 
Kingdom Accreditation Service (UKAS). The Bogota 
facility also works with cutting workshops in New 
York, Hong Kong, and Paris. 


A CHANGING INDUSTRY 
As we documented the mine operations and inter- 
viewed the miners, management, and owners, we 
saw how the industry has evolved. Most of the 
changes we witnessed were also discussed during the 
Bogota Emerald Symposium. 

According to the Ministry of Mines, 63% of all 
Colombian mining activity is informal (figure 27), 
and as a result the country does not receive the 
proper tax revenue (Ulloa, 2015). One of the govern- 
ment’s main focuses for mining is organization and 
formalization. It has adopted five pillars and a “three- 
door approach” to bring as many guaqueros as possi- 
ble into the legal mining system. 

The five pillars of the mining policy are: 


1. Information: Improve the accuracy and trust- 
worthiness of national mining resources through 
an improved mining census. Increase joint col- 
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laboration and communication between agen- 
cies such as the Ministry of Mines, the National 
Mining Agency, the National Hydrocarbons 
Agency, the Mining and Energy Planning Unit, 
and the Geological Service. Create reliable trace- 
ability through the Unique Register of Mineral 
Traders (RUCOM) certification to register 
Colombia’s mineral marketers with ANM. 
RUCOM certification requires detailed informa- 
tion on where and when the minerals were 
mined. If marketers do not have this certifica- 
tion or cannot document the provenance, the 
minerals may be seized. 


2. Legal security: Legal and technical guidelines 
for mining depend on the classification of an 
operation as small, medium, or large. The real- 
ities of these different size categories require 
customized environmental guidelines and tech- 
nical assistance. 


3. Infrastructure: Identify and develop infrastruc- 
ture needs for the mining community, particu- 
larly transportation to and from the mines. 


4. Trust: Develop genuine trust between mining 
communities, mining companies, and the gov- 
ernment through improved communication. 

5. Competitive conditions: Strengthen partner- 
ships and cooperation with companies in each 
sector. Promote Organisation for Economic Co- 
operation and Development (OECD) guidelines 
for multinational companies to maximize ben- 
efits to communities and the country. Provide 
capital to small- and medium-scale mining 
companies through a microcredit program from 
Banco Agrario and the Ministry of Mines (Un- 
ninayar, 2015). 


The three-door approach provides options for for- 
malizing small-scale independent mining that is not 
operating legally: 
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Figure 27. Formalizing mining in a way that balances 
the needs of independent miners with other factors— 
large private companies, foreign investment, tax rev- 
enue, environmental protection, and transparency—is 
one of the biggest challenges facing Colombia and 
many other colored stone producers. Photo by An- 
drew Lucas. 


1. Formalization: The government uses public 
and private partnerships, regulation, and trace- 
ability policies, while providing technical assis- 
tance and legitimate financial support through 
banks to these miners. 


2. Reconversion: If informal mining is being car- 
ried out in areas where mining is not allowed 
or not viable, the government works with other 
organizations to provide alternatives for work 
in other sectors. 


3. Law enforcement and judicial action: If miners 
carrying out illegal operations do not wish to 
work in the formal system or be converted to 
other industries, or if they are involved in crim- 
inal activity, the government will vigorously 
pursue judicial action (Unninayar, 2015). 
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All exploration and mining concessions are 
granted by the government through the National 
Mining Agency. Of Colombia’s commercial mining 
operations—which include gold, platinum, coal, 
limestone, and other materials—the 359 emerald con- 
cessions represent 3.6% of the total number. (Grana- 
dos, 2015). The emerald concessions cover 
approximately 88,000 hectares, less than 0.1% of 
Colombia’s total area. About 10% of them are cur- 
rently in operation. Total mining royalties for 2012 
through 2014 were $4.6 million. While the industry’s 
overall size and revenue are small on a national level, 
the impact on local mining communities is signifi- 
cant (Granados, 2015). 

In 2015 there were 178 registered emerald traders 
under RUCOM, and as of 2017 there are 5,150 (G. An- 
garita, pers. comm., 2017). The National Mining 
Agency received 400 new applications for emerald 
mining concessions from domestic and international 
companies in 2015. Multinational companies such as 
MTC are investing or have shown interest in invest- 
ing in the industry and revitalizing it with modern 
technology and mining methods. These companies 
have stressed best business practices and corporate 
social responsibility as part of their branding cam- 
paigns, leading to further dividends in these areas for 
domestic companies. This has influenced Colombian 
companies to modernize and formalize to become 
more competitive. Colombia is one of 52 countries 
that have implemented the Extractive Industries 
Transparency Initiative (EIT), an international stan- 
dard of mining governance and accountability. 

When author AL visited the country in 2005, 
many miners were not paid a salary but were allowed 
to take some production in an arrangement that was 
not entirely structured. Miners at different locations, 
including some of the larger operations, noted that 
taking too much could be a fatal misstep. At the for- 
mal operations we visited during this trip, all of the 
miners reported that they received a salary, social se- 
curity, and medical benefits, along with a share of the 
production. Gone was the sight of dealers and miners 
armed with guns at the mine markets. 

This is not to say that there are no longer issues 
of grave consequence. Robbery and theft still occur 
along the supply chain, as they do in most countries 
that produce colored gemstones. In May 2015, more 
than 1,000 people took over the MTC mine for over 
two days and extracted emeralds from a newly dis- 
covered pocket. Police eventually gained control, but 
only after a significant loss. MTC’s director believed 
the raid was conducted by a large, well-armed, and 
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Box A: THE NEw GENERATION 


Gabriel Angarita (figure A-1) has been president of the 
Colombian Association of Emerald Exporters (ACODES) 
since 2009 and also serves on the board of CDTEC, the 
gemological laboratory in Bogota. Mr. Angarita, whose 
father has been in the industry for more than 40 years, 
has been around emeralds as long as he can remember. 
The Angarita family is involved in buying rough directly 
from the mines, dealing the rough domestically, and cut- 
ting and selling the stones on the international market 
through their office in Bogota. (The Best Emeralds, pro- 
filed in the “Cutting and Trading in Bogota” section, is 
one of their interests.} 

Today, most of Mr. Angarita’s time is spent working 
on behalf of ACODES. His role as president of the asso- 
ciation initially took up about two hours per week, but 
today it is a full-time endeavor. The association, founded 
in 1979 to improve Colombian emerald exports, now 
pursues a wide range of objectives. 

Mr. Angarita’s first major challenge was to bring the 
Colombian companies together to work in an organized 
manner. Dealers initially objected to representing 
Colombia together at trade shows—they thought their 
customers might be “stolen’”—but after a couple of years 
they found that this type of collaboration actually in- 
creased customer interest. 

The branding of Colombian emeralds has been an- 
other challenge for Mr. Angarita. First he had to convince 
the industry of the need to create a brand. He has worked 
to create pavilions at international shows, increase sup- 
ply chain transparency and integrity of transactions, en- 
sure full disclosure (including treatments), and educate 
the international trade and consumers about efforts to 
eliminate violence and crime. By assuring the integrity 
and “cleanness” of the product, he hopes to create a 
brand image like the one maintained by Colombian cof- 
fee since the 1980s. 

ACODES promotes the Colombian emerald brand 
through efforts such as the “Mother Gems” campaign 
linking the love of one’s mother and Mother Nature 
with the lush green of the Colombian landscape and 
its emeralds. Working with CDTEC, the association 
seeks to assure customers of the consistent use of 
proper nomenclature, disclosure, and country of origin 
for Colombian emeralds. ACODES is also collaborat- 
ing with CDTEC to develop a filler material for clarity 


organized criminal group (Burgess, 2015). A facility 
for military troops was being constructed near the 
mine during our visit. 

The move to larger, well-funded mining compa- 
nies in Colombia and other countries is an in- 
evitable and beneficial development. The balance 
that should exist between small-scale miners, local 
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Figure A-1. Gabriel Angarita, president of ACODES, 
is part of the younger generation that is bringing inno- 
vation to the industry and helping create a global 
brand image for Colombian emeralds. Photo by An- 
drew Lucas. 


enhancement that is completely natural, durable, and 
removable. 

Mr. Angarita said the biggest changes he has seen in 
his career are the dramatic reduction of violence in the 
mining areas and the increase in transparency. Although 
violence and criminal influence have hurt the industry 
in the past, he said this has led to strict regulations and 
improvements in transparency. The next generation of 
industry leaders is working to further improve the indus- 
try’s image and dispel lingering misconceptions. He also 
wants to see greater benefit to the country, specifically 
in the mining communities, from the involvement of 
multinational companies. While he supports the benefits 
of increased tax revenue, employment, and technology, 
he also wants to see development in education at the 
community level. 

Mr. Angarita envisions a transfer of knowledge be- 
yond the emerald industry that will better prepare com- 
munities and the next generation to compete in the 
global economy. Ultimately, he says, the richness of 
Colombia’s emerald resources should enrich the minds 
of the people. 


communities, and multinational companies is 
often difficult to achieve. But this balance is essen- 
tial to ensure a consistent and transparent supply 
chain, ethical practices, and a positive image of the 
industry. 

In 2015 Gemfields acquired a 70% interest in 
Coscuez mining and 20,000 hectares in the Muzo 
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and Quipama districts for emerald mining (Gilbert- 
son, 2015). Gemfields has since pulled back from op- 
erations in Colombia to focus their efforts in Africa. 

The Colombian government welcomes and sup- 
ports foreign investment and participation in the in- 
dustry (Angel, 2015), which brings formalization, tax 
revenue, transparency, best business practices, brand- 
ing, environmental standards, modern methodology 
and technology, and employment. Many members of 
the Colombian emerald trade also welcome foreign 
investment, as they believe it encourages their own 
development (U. Montenegro, pers. comm., 2015). 
But others feel that foreign involvement in the 
Colombian emerald industry should not come at the 
expense of local businesses, as that would not truly 
lead to employment and beneficiation. The new gen- 
eration of Colombian emerald industry leaders look 
to bring the country into the modern business world 
while preserving local traditions (see box A). 


CONCLUSION 

The opportunities for the Colombian emerald indus- 
try are strong. Colombian emerald is already the stan- 
dard that emeralds from all other sources are 
measured against. National geological studies indicate 
that only 20% of the country’s emerald reserves have 
been exploited (figure 28). New systems of formaliza- 
tion, tracking, and exporting are being incorporated to 
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ensure greater transparency. Violence has declined, 
and security at mining locations has improved. 

Multinational companies are making an invest- 
ment that seems to guarantee increased production, 
even as local mining operations are modernizing. 
The Colombian emerald industry has already 
achieved significant beneficiation by developing a 
cutting industry that handles the majority of domes- 
tic production and meets the highest international 
standards. Indeed, Bogota’s cutters are considered the 
global experts on cutting Colombian emerald. This 
cutting industry was built from within, something 
many African countries hope to achieve. A new gen- 
eration of industry leaders looks to improve the 
branding of these emeralds and increase global mar- 
ket share. 

These opportunities come with challenges. The 
image of Colombia as a land of violence and drugs 
often carries over to emerald and must be overcome. 
The relationship between new foreign mining and 
local miners is still delicate at times. The interests 
and rights of both parties must be protected, and for- 
malization of the mining sector should come with a 
fair system to include independent miners. None of 
these challenges is insurmountable, and the industry 
has the potential to reach unprecedented heights. For 
Colombian emeralds, the momentum for change 
seems irreversible. 


Figure 28. With an esti- 
mated 80% of Colom- 
bia’s emerald deposits 
still in the ground, and 
an industry conscious 
of foreign investment 
and opportunity for 
local communities, the 
future looks bright. If 
these efforts succeed, 
the hard work of emer- 
ald mining will lead to 
greater production and 
prosperity in the long 
term. Photo by Andrew 
Lucas. 
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alize the idea of a complete culture having 
been transplanted from China into Mexico. 
By careful comparison of chemical and op- 
tical analyses, however, it has been shown 
that the typical Mexican jadeite differs ap- 
preciably from that mined in Burma. The 
Burmese stones ate almost pure soda-jadeite, 
while nearly all of those from Middle 


* Highly polished, deep dull yel- 
low-green No. 2 jadeite was used 
for this pendant foot found at 
Cholula, Puebla. Five eighths inch 
high and one eighth inch thick. 


America show replacement of parts of the 
soda and silica by lime and magnesia, 
enough to be defined as diopside-jadeite. 
The Mexican mineral, therefore, is truly 
jadeite, but of such distinct character that 
it could not have originated in the Orient. 
Many of the Mexican pieces were carved 
from below the best 
quality, yet there are enough of the very 
finest to have justified their use in the 
highest art. 


stone somewhat 


Authentic jade carvings, representative of 
all the well-recognized ancient Mexican 
cultures, have been reported as far north as 
Sonora, and southerly into Panama. Most 
of them have been unearthed in the excava- 
tion of temples and tombs, but many have 
been washed out of loose earth by the rain. 

The greatest number have been found in 
the States of Guerrero, Oaxaca, Chiapas, 
Vera Cruz, and Tabasco. This wide distri- 
bution does not mean, however, that the 
original rock occurred in so many places, 
but only that jade was held in the highest 
esteem by all the early peoples of Mexico — 
the Maya, Mixtec, Zapotec, Olmec, Toltec, 
and Aztec. The great quantities of jade 
artifacts that have been discovered in Maya 


¢ The amulet head of highly pol- 
ished Artemesia-green jadeite was 
found at Tanhuitlan, Oaxaca and 
is five eighths inch high by three 
eighths inch thick. 


ruins, for example, dating back as far as 
96 B. C. probably were brought there 
from the mountains of Oaxaca on the west, 
or of Guatemala on the south, to be carved 


SPRING 1952 


ABOUT THE AUTHORS 

Mr. Fortaleché is chief gemologist at Centro de Desarrollo Tec- 
noldgico de la Esmeralda Colombiana (CDTEC). Mr. Lucas is 
manager of field gemology for education, Mr. Muyal is a staff 
gemologist, Dr. Hsu is technical editor of Gems & Gemology, and 
Mr. Padua is a video producer, at GIA in Carlsbad, California. 


ACKNOWLEDGMENTS 

The authors greatly appreciate the assistance of the individuals 
and organizations that made this expedition possible: Jean- 
Claude Michelou, editor-in-chief of lnColor; Luis Gabriel Angarita, 


REFERENCES 


Angarita L.G. (2015) ACODES and industry efforts to brand 
Colombian emerald. Presentation at the First International 
Emerald Symposium, Bogota. 

Angarita L.G., Angarita M. (2013) Carranza: The myth and the in- 
dustry. InColor, No. 23, Summer, pp. 20-24. 

Angel S. (2015) Colombia’s mining outlook. Presentation at the 
First International Emerald Symposium, Bogota. 

Branquet Y., Laumonier B., Cheilletz A., Giuliani G. (1999) Emer- 
alds in the Eastern Cordillera of Colombia: Two tectonic settings 
for one mineralization. Geology, Vol. 27, No. 7, pp. 597-600, 
http://dx.doi.org/10.1130/0091-7613(1999)027%3C0597:EIT- 
ECO%3E2.3.CO;2 

Branquet Y., Giuliani G., Cheilletz A., Laumonier B. (2015) 
Colombian emeralds and evaporites: Tectono-stratigraphic sig- 
nificance of a regional emerald-bearing evaporitic breccia level. 
13th SGA Biennial Meeting, Nancy, France, Proceedings Vol. 
4, pp. 1291-1294. 

Burgess C. (2015) Mineria Texas Colombia’s policies on trans- 
parency. Presentation at the First International Emerald Sym- 
posium, Bogota. 

Colletta B., Hebrard F., Letouzey J., Werner P., Rudkiewicz J.L. 
(1990) Tectonic style and crustal structure of the Eastern 
Cordillera (Colombia) from a balanced cross-section. In J. 
Letouzey, Ed., Petroleum and Tectonics in Mobile Belts. Edi- 
tions Technip, Paris, pp. 81-100. 

Gilbertson S. (2015) Gemfields’s social responsibility and trans- 
parency programs. Presentation at the First International Emer- 


For More on Colombian Emeralds 


To watch videos of Colombia's emerald mining areas 


and the cutting and trading industry in Bogota, go to 
www.gia.edu/gems-gemology/fall-2017-colombian- 
emerald-industry or scan the QR code to the right. 


president of ACODES; Oscar Baquero, president of Fedesmeral- 
das; Fabian Arango, mine manager of Los Espanoles; and Javier 
Puerto, mine manager of La Pita. Chivor district: Uvaldo Mon- 
tenegro, owner of the El Manantial mine; Hernando Sanchez, 
controlling shareholder of the San Francisco Company. Gachala 
district: William Bermudez, manager at Mina La Emilia; Camilo 
Sanchez, principal owner of Mina La Emilia; and Giovanni Lopez, 
manager of the Dixon mine. Muzo district: Charles Burgess, di- 
rector of MTC; Carlos Contreras Canizo, mine manager at MTC; 
and Carlos Diaz, mine engineer at El Amarillal. Special thanks to 
our driver, Miguel Gonzalez. 


ald Symposium, Bogota. 

Giuliani G., Branquet Y., Fallick A.E., Groat L.A., Marshall D. 
(2015) Emerald deposits around the world, their similarities and 
differences. InColor, Special Issue, pp. 56-69. 

Granados J.G. (2015) National Mining Agency and formalization 
of the emerald industry. Presentation at the First International 
Emerald Symposium, Bogota. 

Irving E.M. (1975) Structural evolution of the northernmost 
Andes, Colombia. Geological Survey Professional Paper 846. 

Keller P.C. (1981) Emeralds of Colombia. G&G, Vol. 17, No. 2, pp. 
80-92, http://dx.doi.org/10.5741/GEMS.17.2.80 

Mora A., Parra M., Strecker M.R., Sobel E.R., Hooghiemstra H., 
Torres V., Jaramillo J.V. (2008) Climatic forcing of asymmetric 
orogenic evolution in the Eastern Cordillera of Colombia. Ge- 
ological Society of America Bulletin, Vol. 120, No. 7-8, pp. 930- 
949, http://dx.doi.org/10.1130/B26186.1 

Pignatelli I., Giuliani G., Ohnenstetter D., Agrosi G., Mathieu S., 
Morlot C., Branquet Y. (2015) Colombian trapiche emeralds: Re- 
cent advances in understanding their formation. G&G, Vol. 51, 
No. 3, pp. 222-259, http://dx.doi.org/10.5741/GEMS.51.3.222 

Sinkankas J. (1981) Emerald and Other Beryls. Chilton Book 
Company, Radnor, PA. 

Ulloa M.I. (2015) Colombia’s ministry of mines and transparency 
and control of gem commerce. Presentation at the First Inter- 
national Emerald Symposium, Bogota. 

Unninayar C. (2015) Colombia holds the First International Emer- 
ald Symposium. InColor, Special Issue, pp. 6-15. 


358 FieLD REPORT 


Gems & GEMOLOGY FALL 2017 


Editors 


Thomas M. Moses | Shane F. McClure 


Large, High-Quality DIAMOND 
From Brazilian Kimberlite 
Diamonds were first discovered in al- 
luvial secondary deposits of Brazil by 
gold miners circa 1725. Brazil became 
the world’s premier diamond source 
for more than a century, until dia- 
monds were located in South Africa. 
Meanwhile, the search for primary 
sources continued. More than 1,100 
kimberlite pipes have been discovered 
in Brazil, most of them concentrated 
near alluvial deposits. So far, only five 
have been tested using current explo- 
ration technology. The Bratina kimber- 
lites in Bahia State were found in the 
early 1990s, but it was not until 2005 
that modern sampling techniques re- 
vealed their potential. In 2014, the Li- 
pari Mining Company developed an 
open-pit mine on one of the Bratina 
kimberlite pipes, the first primary de- 
posit diamond mine in South America. 
Recently, the New York labora- 
tory analyzed a 50.8 ct (10.10 g) near- 
colorless crystal of high quality 
submitted by Lipari. The rough was 
analyzed both before and _ after 
faceting as part of GIA’s new “Mine 
to Market” service, which docu- 
ments a diamond’s journey from 
rough crystal to final faceted gem- 
stone. The rough had a dodecahedral 
habit, resulting from resorption into 
mantle fluids post-growth. GIA deter- 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. Left: A Brazilian kimberlite yielded a 50.8 ct rough type Ia dia- 
mond with a dodecahedral habit, the result of resorption. Right: This 20.1 
ct round brilliant with I color was cut from the Brazilian rough. 


mined it to be type Ia (bearing nitro- 
gen aggregates). It was relatively 
clean, with no large mineral inclu- 
sions or fractures, indicating that it 
could be faceted into a high-clarity 
gem diamond. From this rough crys- 
tal, a 20.1 ct round brilliant cut dia- 
mond with I color and VS, clarity 
(figure 1) was produced and resubmit- 
ted as the second stage of the Mine to 
Market service. DiamondView im- 
ages documented the growth struc- 
ture of this crystal, allowing 
comparison of the rough to the final 
faceted gemstone. 

Mid-FTIR spectra taken from both 
the rough and the faceted stone (figure 
2, left) confirmed it to be type Ia, with 
a moderate concentration of hydro- 
gen; the two spectra overlay each 
other very closely. Also collected 
were UV-visible absorption spectra. 
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Typical cape spectra were observed, 
including the peaks at 415 and 478 
nm that are common for a diamond of 
this color (figure 2, right). Under 
cross-polarized light, strong “tatami” 
strain patterns (figure 3) indicated 
strong plastic deformation during and 
after growth. These — geological 
processes can limit the ability of such 
large crystals to survive transport to 
the earth’s surface, adding to the rar- 
ity of this impressive diamond. 
Although the round brilliant was 
of high clarity, a small colorless euhe- 
dral crystal was observed under the 
table facet. The morphology of this 
crystal identified it as a garnet, and 
Raman analysis using 514 nm laser 
excitation confirmed it as pyrope gar- 
net (Mg-, Al-rich) (figure 4). 
DiamondView images of both the 
rough crystal and the final faceted gem 
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Figure 2. Mid-infrared and UV-visible spectra of the rough diamond crystal (blue trace) and finished round bril- 
liant (red trace) showed that it was a type Ia cape diamond. The spectra are offset for clarity. 


revealed similar growth patterns, 
along with the strong blue fluores- 
cence typical for type Ia diamond (fig- 
ure 5). These observations further 
confirmed that the stone was cut from 
the notable 50.8 ct rough crystal. 

Lipari is currently exploring 20 
other primary kimberlite sources in 
Brazil, and similarly impressive dia- 
monds may be forthcoming. 


Paul Johnson, Heather Smith, and 
John King 


EMERALD with Mobile Inclusion 

Multiphase inclusions are key indica- 
tors when identifying emeralds and 
determining their origin. Gemologists 


Figure 3. Tatami strain patterns, 
typical for a type Ia diamond, in- 
dicate that the crystal experi- 
enced plastic deformation during 
and possibly after growth. 
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look for the jagged three-phase inclu- 
sions in stones of Colombian origin or 
blocky two-phase inclusions in Brazil- 
ian or Zambian emerald. These multi- 
phase inclusions typically require 
higher magnification and consider- 
able maneuvering of the emerald to 
get a precise view. 


Recently, the Carlsbad laboratory 
received a 9.02 g rough emerald from 
Lucas Fassari (Costa Mesa, California). 
The rough had an eye-visible mobile 
inclusion (figure 6) consisting of a CO, 
gas bubble and salt crystals suspended 
in a fluid. The emerald was identified 
using a handheld spectroscope and op- 


Figure 4. The Raman spectrum obtained from the diamond’s crystal inclu- 
sion identifies it as a pyrope garnet (Mg-, Al-rich). Inset: The well-formed 
crystal is approximately 20 microns in diameter. 
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Figure 5. Identical growth structures and fluorescence patterns in 
DiamondView imaging confirm that the original 50.8 ct rough diamond 
crystal (left) yielded the finished 20.1 ct diamond (right). 


tical properties. It was determined to 
be of Colombian origin by its jagged 
three-phase inclusions and crystals 
that had characteristics of pyrite and 
calcite. The mobile inclusion was 
quite large in relation to the rough 
emerald, which measured 28.76 x 
14.82 x 12.83 mm, including its cal- 
cite and shale matrix. The CO, bubble 
measured approximately 4 x 3 mm. 
Mobile inclusions of this size are 
captivating to observe, and to see one in 


Figure 6. This 9.02 g rough emer- 
ald contains a prominent eye- 
visible mobile inclusion. 
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an emerald adds more allure to the piece 
(see video at http://www.gia.edu/gems- 
gemology/fall-2017-labnotes-emerald- 
mobile-inclusion). Cutting this speci- 
men into a faceted gemstone would 
lose what makes this rough emerald 
unique. 


Nicole Ahline 


Ethiopian Precious OPAL with a 
Dyed Brown Bodycolor 
Brown opal exhibiting play-of-color 
has been previously reported (M.L. 
Johnson et al., “Opal from Shewa 
Province, Ethiopia,” Summer 1996 
GwG, pp. 112-120) and can occasion- 
ally be found in the marketplace as 
“chocolate opal.” 

Recently, a 17.15 ct semi-transpar- 
ent oval cabochon with brown body- 


color and strong play-of-color (figure 7, 
left) was submitted to the Carlsbad 
laboratory for identification services. 
Basic gemological observation and 
properties confirmed that the stone 
was opal. The spot refractive index was 
1.41. The opal displayed hydrophane 
behavior by absorbing water, which 
was easily observed during micro- 
scopic examination (Fall 2013 Lab 
Notes, pp. 175-176). 

While this specimen’s properties 
were consistent with Ethiopian opal 
with a natural brown bodycolor, it was 
necessary to confirm that the color 
was not the result of dye, since this 
was hydrophane-type material (N. 
Renfro and S.F. McClure, “Dyed purple 
hydrophane opal,” Winter 2011 GwWG, 
pp. 260-270). Meticulous examination 
showed that the brown color con- 
formed to the surface, indicating that 
it was in fact the result of dyeing after 
the stone had been fashioned. The un- 
even bodycolor was difficult to detect 
because of the stone’s transparency 
and strong play-of-color. Careful mi- 
croscopic examination with strong 
transmitted and diffused white light- 
ing revealed very subtle color concen- 
trations in pits and uneven blotchy 
brown patches on the surface (figure 8}, 
which confirmed that the brown color 
was artificially induced. Interestingly, 
the back of the stone was almost white 
in the center and brown along the edge 


Figure 7. A 17.15 ct brown dyed precious opal from Ethiopia (left). The 
back of the stone was almost white, which suggests that it had been re- 
polished after dyeing (right). 
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(see figure 7, right), showing clear sur- 
face-conformal brown color. This sug- 
gests that the back of the stone was 
repolished after dyeing, which would 
have removed the dark brown rind in 
the process. 

On the brown side, the opal 
showed an unusual chalky greenish 
yellow color when examined under 
long-wave UV light, possibly due to 
the dye. Advanced gemological analy- 
sis with Raman spectroscopy revealed 
a natural opal spectrum that was free 
of any peaks pertaining to foreign sub- 
stances. Energy-dispersive X-ray fluo- 
rescence (EDXRF) did not detect 
manganese, which is the cause of 
brown color in Ethiopian opal. 

Although dyed opal is often easy 
to identify, this brown dye looked nat- 
ural, and the color of the stone did not 
change after hydrophane testing. 
While the dye was difficult to detect 
on the top surface of this stone, its 
back fortunately appeared to have 
been repolished, offering additional 
evidence of dye. When examining 
opal, it is important to consider care- 
fully whether it could be dyed, espe- 
cially if it is hydrophane material 
with a color that occurs naturally. 


Jonathan Muyal 


Unusual Bodycolors of Precious Opal 
Two faceted loose stones with un- 
usual bodycolors (figure 9) were re- 
cently submitted to the Carlsbad 
laboratory for an identification report. 


Figure 8. Uneven color is ob- 
served with the help of strong 
transmitted and diffused lighting; 
the blotchy darker brownish area 
is the result of dyeing. Field of 
view 3.57 mm. 
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Figure 9. Both of these precious opals show an unusual and attractive 
bodycolor. The opal on the left is a 6.71 ct transparent pink cushion 
brilliant. On the right is a 2.37 ct transparent orange round brilliant. 


The first, a 2.37 ct transparent round 
brilliant, showed a weak to moderate 
play-of-color with irregular color 
patches and brushstrokes. It exhibited 
an attractive orange bodycolor (simi- 
lar to the hue of some padparadscha 
sapphires) and a light degree of hazi- 
ness. Careful microscopic examina- 
tion revealed turbid orangy clouds and 
waves of coarse particles. The larger 
specimen, a 6.71 ct transparent cush- 
ion brilliant, also displayed a weak to 
moderate play-of-color but more of a 
pink bodycolor. A similarly hazy ap- 
pearance from clouds of orangy red 
particles and tiny black inclusions 
was also observed (figure 10). 

Standard gemological properties 
were consistent with opal. The orange 
and pink stones both had a specific 
gravity of 2.03, with refractive indices 
of 1.442 and 1.445, respectively. Both 
were inert to long-wave and short- 
wave UV light. No indication of clar- 
ity enhancement, color treatment, or 
dye was observed in either. The two 
stones were therefore identified as 
natural opal with natural color. 

A single drop of water placed on 
the surface of each stone was ob- 
served under direct transmitted light 
with the microscope in brightfield 
mode. The opals showed no indica- 
tion of porosity and did not absorb the 
water, suggesting they were not hy- 
drophane material (Fall 2013 Lab 
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Notes, pp. 175-176). Crazing was not 
seen in either opal. 

Advanced gemological testing 
with EDXRF showed properties con- 
sistent with natural opal (SiO,- nH,O)}, 
but also the presence of Fe, most 
likely from the clouds of particles. 

While the exact cause of these 
pink and orange bodycolors is un- 
known, the minute inclusions might 
be influencing the perceived color. 

Our gemological observations 
confirmed the natural origin. How- 
ever, further study on additional sam- 
ples would be required to better 
understand the cause of color in these 
unique opals. They were reported to 
be from Mexico, but the author could 
find no reference consistent with this 
material. 


Jonathan Muyal 


Figure 10. The pink opal con- 
tained clouds of tiny orangy red 
particles. Field of view 2.88 mm. 
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Natural Freshwater “Fish” PEARL 
The increased availability of freshwa- 
ter cultured pearls in the market has 
brought their natural counterparts to 
the attention of collectors and the 
trade. Most natural freshwater pearls 
have been obtained from European wa- 
ters and in the United States from 
rivers in the Mississippi Valley. A nat- 
ural pearl occurs without human inter- 
vention and takes on the characteristic 
color and surface properties of the mol- 
lusk in which it forms. Freshwater 
pearls, whether cultured or natural, are 
attractive due to a wide variety of dis- 
tinctive shapes, hues, and overtones. 
The New York lab recently examined 
a unique fish-shaped brownish orange 
pearl measuring 21.34 x 6.28 x 2.81 
mm and weighing 2.12 ct (figure 11). 

The entire nacreous surface was 
composed of overlapping platelets. We 
observed no indications of work, such 
as polishing, that is sometimes per- 
formed to improve a pearl’s appearance. 
One end was wider and more rounded, 
which bore an uncanny likeness to a 
fish’s head, with an “eye” and 
“mouth” also discernible. The lustrous 
orient along the body narrowed to a 
rounded point, resembling iridescent 
fish scales on a tail. Natural pearls are 
often baroque, and American freshwa- 
ter pearls in particular are often found 
as elongated “wing” pearls (jJ.L. 
Sweaney and J.R. Latendresse, “Fresh- 
water pearls of North America,” Fall 
1984 Ge&G, pp. 125-140]. EDXRE 
chemical analysis and observation of 
X-ray fluorescence showed higher lev- 
els of manganese, proving that the 
pearl formed in a freshwater mussel. 
No indications of treatment such as 
dyeing or coating were detected under 
magnification or using advanced ana- 
lytical procedures. Real-time microra- 
diography and X-ray computed 
microtomography (y-CT) analysis re- 
vealed clear natural growth structures 
that conformed to the pearl’s shape. 3D 
rendering of the p-CT data (figure 12) 
showed a remarkable likeness to a 
small fish swimming. 

Although this is not the first pearl 
GIA has examined that bears a resem- 
blance to a living creature (see Fall 
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Figure 11. A 2.12 ct natural freshwater pearl with the form of a fish. 


2015 Lab Notes, pp. 319-320), it is 
nonetheless an extraordinary and rare 
formation that mirrors the form of a 
fish in surprising detail. 


Sally Chan and Emiko Yazawa 


Elements in Synthetic Overgrowth 
On Flux-Heated RUBY and 
Beryllium-Diffused Sapphire 

Heat treatment of rubies and sap- 
phires at high temperatures some- 


times leaves redeposition caused by 
the partial dissolution of the corun- 
dum in the crucible; this is referred to 
as synthetic overgrowth (Fall 2002 
GNI, pp. 255-256). GIA’s Tokyo labo- 
ratory recently had the opportunity to 
test a red oval mixed cut weighing 
2.00 ct and an orange round mixed cut 
weighing 0.89 ct, both of which 
showed signs of synthetic overgrowth 
after testing. 

Standard gemological testing and 
advanced testing including chemical 


Figure 12. 3D software rendering of X-ray p!-CT data revealed the pearl’s 


uncanny likeness to a fish. 
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Figure 13. Synthetic overgrowth 
on the surface of a heated 
Burmese ruby. Field of view 1.50 
mmm. 


analyses revealed that the red oval was 
a heated ruby of Burmese origin with 
moderate flux residues in fissures. The 
orange round was identified as a beryl- 
lium-diffused sapphire. Both stones 
had synthetic overgrowth around the 
girdles and/or cavities (figures 13 and 
14) that could be confirmed by differ- 
ent reactions under cross-polarized 
light. We tested the overgrowths with 
laser ablation-inductively coupled 
plasma-—mass spectrometry (LA-ICP- 
MS) with calibration using NIST 612 
and 610 standards. 

The chemical compositions of these 
synthetic overgrowths were different 
from those of corundum; they also var- 
ied between the samples. Sodium (9980 
ppmw), calcium (40,100 ppmw}, magne- 


Figure 14. Synthetic overgrowth 
on an orange beryllium-diffused 
sapphire. Field of view 1.60 mm. 


sisted heat treatment with or without 
diffusion, material from the surface of 
the corundum as well as the alumina 
crucible and inclusions will dissolve to 
some degree into the molten flux. On 
cooling, the flux becomes supersatu- 
rated in alumina and crystallizes out 
onto the nearest convenient surface, 
often on the stones themselves (J.L. 
Emmett et al., “Beryllium diffusion of 
ruby and sapphire,” Summer 2003 
GwG, pp. 84-135). Uncommon ele- 
ments for corundum such as sodium, 


calcium, and silicon obtained from the 
overgrowth on heated ruby in high con- 
centration indicate that the overgrowth 
was mainly derived from fluxes. These 
elements are comparatively insignifi- 
cant for the overgrowth on beryllium- 
diffused sapphire. On the contrary, 
extraordinarily high beryllium in the 
overgrowth on Be-diffused sapphire in- 
dicates deposition of this additional el- 
ement in the treatment. Other 
elements, such as magnesium and zir- 
conium (detected at moderate to high 
levels), and metals such as nickel, cop- 
per, zinc, and lead (detected from both 
overgrowths at lower levels) may be 
from the inclusions or the flux. 
LA-ICP-MS results (table 1) also in- 
dicate that the ruby could be misiden- 
tified as Be-diffused since the 
overgrowth contains a certain amount 
of beryllium, a possible by-product of 
the furnace. It is important for gemol- 
ogists to check other elements such as 
magnesium, silicon, and calcium in 
order to confirm that LA-ICP-MS was 
performed on the overgrowth. 


Yusuke Katsurada 


TABLE 1. Elements in heated ruby and Be-diffused sapphire and their syn- 
thetic overgrowths detected by LA-ICP-MS (avg. concentration in ppmw?). 


Heated ruby 


Be-diffused sapphire 


sium (84,400 ppmw], and silicon (23,400 Element Stone Overgrowth Stone Overgrowth 
ppmw) were extremely high in the over- Be bdl 5.00 8.86 36,650° 
growth on the flux-heated ruby; beryl- B bdl 59.0 bdl bdl 
lium (36,650 ppmw) was extremely 
high and silicon (909 ppmw) very high Na bdl 9980 bdl 10.6 
in the overgrowth on the beryllium-dif- Mg 10.5 84,400 61.1 328 
pene ela loge 1). ae was Sj bdl 23,400 bdl 909 
tect t t 

ihe oe aie hs RAIA K bdl 1790 bdl bdl 
(59 ppmw). Aluminum was not quanti- 
fied since it was used as an internal Ca bdl 40,100 bdl bdl 
standard. However, the high aluminum Ni bdl 104 0.42 6.20 
signal indicated that the overgrowth Cu 71 50.1 bdl 8.34 
contained corundum and/or alumina- 
related material. Zn bdl 64.0 bdl 12.7 

Flux is used for artificial heat treat- Zr 0.04 27.6 bdl 296 

ment of rubies, and there are many Pb bdl 93.7 bdl 0.15 


types of fluxes such as oxides, borates, 
silicates, molybdates, and fluorides, as 
well as various combinations of mate- 
rials (J.L. Emmett, “Fluxes and the heat 
treatment of ruby and sapphire,” Fall 
1999 GwG, pp. 90-92). During flux-as- 


2 All detection limits are below 4 ppmw except for Si (heated ruby: 113.5 for stone, 104.1 for over- 
growth; Be-diffused sapphire: 93.3 for stone, 80.0 for overgrowth) and Ca (heated ruby: 16.95 for 
stone, 15.79 for overgrowth; Be-diffused sapphire: 16.95 for stone, 15.79 for overgrowth). 

° bdl: below detection limit 

«These values were linearly extrapolated with pulse-analog linear dynamic range measurement of the 
instrument. 
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Figure 15. This 1.76 ct synthetic diamond was submitted with a fake GIA 
inscription (partially redacted for privacy) of an actual GIA report number 


for a natural diamond. 


SYNTHETIC DIAMOND 
Fraudulently Inscribed to Match 
Natural Diamond Report 
Improvements in diamond growth 
technology and methods have led to a 
noticeable increase in colorless syn- 
thetic gem diamonds in recent years. 
Concerns in the diamond industry 
focus on laboratory-grown diamonds 
not being properly disclosed or even 
being sold as natural stones. Through 
careful examination and analysis, 
gemological laboratories can separate 
natural from synthetic diamonds. Oc- 
casionally, however, fraud is involved 
in attempting to conceal a gem’s iden- 
tity. The Carlsbad laboratory wit- 
nessed such an attempt. 

On this occasion, a round brilliant 
cut (figure 15, left) was submitted for 
an updated diamond grading report. 
Its girdle was inscribed with an actual 
GIA report number issued in 2015 
(figure 15, right). The older report was 
for a natural, untreated diamond and 
contained the following grading infor- 
mation: 1.74 ct, round brilliant cut, D 
color, Excellent cut grade, and VVS, 
clarity. Upon grading, the new sub- 
mission was described as a 1.76 ct 
round brilliant cut with F color, Ex- 
cellent cut grade, and VS, clarity. 
Moreover, our screening processes de- 
termined that the newly submitted 
sample needed additional testing to 
determine its origin. This examina- 
tion revealed it to be an HPHT-grown 
synthetic diamond. Synthetic cuboc- 
tahedral growth structure and phos- 
phorescence were clearly visible in 
DiamondView imaging (figure 16). 

Aside from the observed discrepan- 
cies in weight (1.74 vs. 1.76 ct}, color 
(D vs. F), and clarity (VVS, vs. VS,), 
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FTIR spectra clearly showed that these 
were not the same diamond. The nat- 
ural diamond from the original report 
was type Ia with aggregated nitrogen 
impurities, while the new one was 
type Ib with boron impurities (figure 
17). Careful examination of the report 
number inscribed on the synthetic di- 
amond revealed a font different from 
the one used by GIA, proving that it 
was not an authentic inscription. 
While most synthetic diamonds 
that come to the laboratory are prop- 
erly disclosed, some are submitted out 
of concern that a stone presented as 
natural might be synthetic. Rarely do 
we encounter the type of blatant fraud 
described here. It is important for the 
industry and public to exercise cau- 
tion, because these types of misleading 


= 


synthetic growth 
structure 


Figure 16. DiamondView imaging 
showed the synthetic growth 
structure and blue phosphores- 
cence typical of HPHT-grown 
synthetic diamonds. 


practices do occur. We believe the sub- 
mitting client noticed inconsistencies 
with the GIA report information and 
sent it to the lab for an updated report. 
If any doubt exists or some aspect of a 
diamond (such as an inscription) seems 
odd, the stone should be sent to a 
gemological laboratory for verification. 


Christopher M. Breeding and 
Troy Ardon 


Screening of Mounted Melee Using 
The GIA iD100 

As previously reported in the GWG 
Lab Notes section (Fall 2016, p. 307), 
significant amounts of melee-size 


Figure 17. FTIR absorption spectra revealed that the synthetic diamond 
was type IIb, whereas the fraudulently inscribed report number referred 
to a natural type Ia diamond. The spectra are offset for clarity. 
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synthetic diamonds, both HPHT- and 
CVD-grown, are being manufactured 
for the jewelry industry. Over the past 
year, we have seen more instances of 
synthetics incorporated into finished 
jewelry pieces (e.g., Fall 2017 Lab 
Notes, p. 239). 

Recently in GIA's New York lab- 
oratory, we examined a diamond 
ring with 100 colorless melee side 
stones, each about 0.5 mm in diam- 
eter (figure 18). Using the new GIA 
iD100 screening device, we were 
able to screen these melee. The de- 
vice uses sophisticated spectroscopy 
technology to distinguish natural di- 
amonds—either loose or mounted— 
from synthetics and simulants. The 
operator simply points the probe at a 
diamond, and the result is given 
within two seconds. Out of the 100 
melee from this ring, one stone was 
referred by the GIA iD100 for further 
testing (figure 19). 

Upon further examination, the 
stone was determined to be a type Ila 
diamond (no detectable nitrogen im- 
purity). Examination in the De Beers 
DiamondView instrument revealed 
strong phosphorescence to short-wave 
UV radiation, typical for HPHT- 
grown synthetic diamonds (figure 20). 
Further examination using photolu- 
minescence (PL) spectroscopy de- 
tected a very weak silicon impurity 
and a very high concentration of 
nickel, often a catalyst used to grow 
HPHT synthetic diamonds. 

This ring offered an excellent ex- 
ample of how the GIA iD100 can 


Figure 18. A diamond ring with 
100 melee side stones incorpo- 
rated into the setting. 
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Figure 19. One stone, about 0.5 mm in diameter, was referred by the GIA 
iD 100 for further testing. The inset photo shows a prototype of the iD 100. 


quickly screen very small mounted 
diamonds and accurately detect any 
synthetics or even simulants. 


Paul Johnson and 
Stephanie Persaud 


Flux-Grown Pink SYNTHETIC 
SAPPHIRE with Unusual Crystal 
Inclusions 

The Carlsbad laboratory recently re- 
ceived a saturated pink cushion mixed 
cut, mounted in a ring, that measured 
14.02, x 10.35 x 6.24 mm (figure 21). 
Standard gemological testing yielded a 
refractive index of 1.760-1.768 and a 
weak ruby spectrum using a handheld 


spectroscope, properties consistent 
with pink sapphire. The stone dis- 
played a strong orange fluorescence 
under long-wave UV and an odd 
chalky orangy yellow fluorescence 
under short-wave UV. While orange 
fluorescence is not unusual in pink 
sapphires, the intensity and the chalky 
yellow reaction were suspicious. 
Microscopic examination  re- 
vealed a single hexagonal, dark reflec- 
tive platelet (figure 22); numerous 
transparent, colorless tabular to 
rounded doubly refractive crystals 
(figure 23) that showed interference 
colors under crossed polarizers; and a 
small fingerprint composed of elon- 
gated tubules. Observation in immer- 


Figure 20. The referred melee displayed strong phosphorescence to short- 
wave UV radiation, as is typical of HPHT-grown synthetic diamonds. 
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Figure 21. This pink stone 
proved to be a flux-grown syn- 
thetic sapphire with unusual 
crystal inclusions. 


sion showed some weak, straight or- 
ange and pink zoning. This inclusion 
scene could easily be mistaken for 
natural as the transparent crystals 
bore a certain resemblance to zircon, 
a common inclusion in natural sap- 
phires and particularly pink sapphires 
from Madagascar. The dark reflective 
platelet, which was presumably plat- 
inum, and odd fluorescence prompted 
further investigation. 

The synthetic nature of the sap- 
phire was confirmed using LA-ICP- 
MS. High amounts of Pt were 
detected, which would support a flux 
synthetic growth process. Small 
amounts of Fe and Be were present; 
Ga, Ti, and V were not detected. This 


For More on Lab Notes 


Figure 22. This dark reflective 
platinum platelet observed in the 
pink synthetic sapphire is a com- 
mon inclusion in flux-grown syn- 
thetic corundum. Field of view 
1.82 mm. 


chemical profile also supports syn- 
thetic sapphire. 

Transparent crystals of possible 
chrysoberyl (BeAl,O,) have been pre- 


Figure 23. The abundance of 
transparent crystals and crystal 
clusters could easily be mistaken 
for a natural inclusion scene in a 
pink sapphire from Madagascar. 
Field of view 1.79 mm. 


To watch video of the mobile inclusion in emerald (pp. 


361-362), go to https://www.gia.edu/gems- 
gemology/fall-2017-labnotes-emerald-mobile-inclusion, 
or scan the QR code to the right. 


viously cited in flux-grown synthetic 
corundum (R.E. Kane, “The gemolog- 
ical properties of Chatham flux-grown 
synthetic orange sapphire and syn- 
thetic blue sapphire,” Fall 1982 GWG, 
pp. 140-153). In that case, Chatham 
stated that heavy concentrations of 
beryllium were added to the original 
aluminum oxide formula, which 
would explain the presence of those 
crystals. In our pink sapphire, none of 
the crystals reached the surface, so we 
were unable to identify them with 
Raman spectroscopy. Small amounts 
of beryllium were detected, so chryso- 
beryl could be a possibility in this case 
as well. 

The presence of these natural- 
looking crystals combined with the 
general lack of other inclusions for a 
stone of this size, particularly diag- 
nostic flux fingerprints, could make 
correct identification very difficult 
for gemologists without access to ad- 
vanced instrumentation. This is one 
case where advanced testing in a 
well-equipped gemological laboratory 
was necessary to make a conclusive 
identification. 


Claire Ito 


PHOTO CREDITS 
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for use in religious ceremonies. This seems 
to be certain, because in Yucatan there are 
for the most part only limestone and 
alluvial rocks, which would not be favorable 
for occurrence of jade. So the Maya must 
have obtained the either 
from their southern neighbors or from the 
Zapotec and Mixtec miners. 


rough — stones 


* Found at Taxco, Guerrero, this 
Empire-green jadeite bead is highly 
polished. Three fourths inch long 
and three eighths inch thick. 


All over Middle America there was im- 
plicit belief in the beneficial effects of jade 
amulets. Magic and divine influences were 
ascribed to them for protection against 
disease and for relief of pain. Upon the 
death of a rich man, a piece of jade was 
placed in his mouth to function as a heart, 
and jade images were buried with him to 
assist on his journey to the Beyond. 

The Toltecs carried their veneration of 
jade so far as to believe that their most 


powerful ruler, Topiltzin, incarnation of 
the god Quetzalcoatl, was begotten by a 
jewel of fine green jade that his mother had 
cherished in her bosom. 

The Aztecs, after their conquest of all 
the older nations of central Mexico, re- 
quired the subject tribes to contribute jade 
regularly as the price of survival. Accounts 
of it were kept in the Tribute Rolls that 
still exist, showing the type of stone cary- 
ings and the names of towns that supplied 
them. 

In those ancient times, thercforc, there 
was great demand for jade in all parts of 
central and southern Mexico, and unques- 
tionably the Indians knew where to find 
the rough stones. They may not have locat- 
ed the ledge rocks, but did find broken off 
pieces as boulders and smaller pebbles that 
had been washed down by the mountain 
streams, 
rivers. Many of the carved pieces, in fact, 
show plainly that their 
fluenced by the size and shape of the orizin- 


and even into the beds of the 


form was in 


al stone. Two boulders of rough jade one 
weighing 200 pounds —have been discov 
ered in excavated ruins of Mayan temples, 
where they had been taken in preparation 
for carving. Also it is reported that recently 
a pebble of jade was found by an archcol- 
ogist in the bed of a river that flows out of 
the high mountains of eastern Oaxaca. 

A natural question often asked is, “Why. 
if jadeite is native, have no quarries of the 
original mineral been found in Mexico?” 
As suggested at the beginning, the reason 
is economic. The gathering of jade boulders 
had been profitable for the miners during 
the flourishing days of the Golden Age in 
the Valley of Mexico. But the prosperity 
and peace that had come to the country by 
fusion of the northern Toltec strength with 
the Olmec and Mixtec cultures, was ended 
suddenly by the Aztec invasion. The people 
who formerly had been allowed to profit 
from their labor were forced to give up all 
their precious stones as tribute to the fierce 

(Continued on page 166) 
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NOTE ON CVD SYNTHETIC OVERGROWTH 
Iread with interest the Summer 2017 G#G Lab Note titled “CVD 
synthetic diamond overgrowth on a natural diamond” (pp. 237— 
239). The concluding paragraph states, “This synthetic overgrowth 
on a natural diamond with a Fancy color grade is the first GIA has 
seen.” However, a Gem News entry published in the Summer 1991 
Ge G presented color photos of a synthetic bluish gray CVD dia- 
mond overgrowth over one rough and two faceted natural near-col- 
orless type Ia diamonds (Koivula and Kammerling, 1991). This Gem 
News item was more recently reproduced in the G&G In Review: 
Synthetic Diamonds compilation book, published in 2005. 

The treated gems were documented at the time by myself and 
other GIA researchers. A scientific article (Fritsch and Phelps, 1993) 
detailed the work first mentioned in the 1991 Gem News item. It 
already cautioned the jewelry industry about the availability of such 
a product and its possible misidentification. The highly doped boron 
film (approximately 220 ppm B, hence the dark color) was about 0.1 
microns thick and deposited by the hot filament method. To every- 
one’s surprise, the crystallographic orientation of the natural type 
Ia substrate had no noticeable influence on the quality of the type 
IIb CVD film. The film could be detected by abrasions on facet 
edges, infrared spectroscopy (absence of the boron acceptor center), 
and UV-visible spectroscopy (presence of the N3 center). Of course, 
no detailed low-temperature photoluminescence was done, as this 
became common practice on diamonds only around 1999, with the 
onset on HPHT-treated diamonds. Neither is there a clear influence 
of the type IIb layer on the infrared spectrum, in part due to its thin- 
ness and the difference in efficiency with today’s infrared detectors. 

The three samples were left with GIA Research. I would en- 
courage the authors of the Lab Note to run a full characterization 
with more up-to-date methods. It is of interest that the stones 
were submitted to GIA as client stones and followed the normal 
procedure for blue diamonds at the time, yet this treatment went 
undetected. 

This work predates by two years Yacobi et al. (1993), which the 
Summer 2017 Lab Note suggests was the first to report deposition 
of CVD synthetic diamonds on natural type Ia substrates, although 
not faceted, so less relevant to gemologists’ concerns. (Yacobi’s ar- 
ticle, incidentally, was published in the same issue of Diamond and 
Related Materials as the Fritsch and Phelps article.) The recent Lab 
Note also states, “Deposition of a boron-doped CVD synthetic film 
of <10 microns on a natural gem-quality diamond was reported in 
2005,” whereas this had already been published almost 15 years 
prior, in 1991. Furthermore, in contrast with the 2005 article cited, 
spectroscopic data was presented in the 1998 article. 

Emmanuel Fritsch 
University of Nantes, CNRS, Team 6502 
Institut des Materiaux Jean Rouxel (IMN), Nantes, France 
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REPLY 

We thank Prof. Fritsch for reading our Summer 2017 Lab Note and 
writing this letter to Gems e) Gemology. In it we mentioned that 
this synthetic overgrowth diamond was the first GIA had seen, and 
several factors support this statement. It showed sharp boron peaks 
at 2455 and 2800 cnr, and nitrogen aggregates and platelet peaks 
in the 1000-1500 cm region (see figure 1 at www.gia.edu/gems- 
gemology/fall-2017-letters-CVD-synthetic-overgrowth). Therefore, 
we classified it as mixed type Ia and Ib. In their 1993 Diamond and 
Related Materials article, Fritsch and Phelps coated natural, near- 
colorless type Ia diamonds by depositing boron-doped CVD film. 
They extrapolated the boron concentration of their coated diamonds 
using electrical conductivity rather than calculating it from the IR 
spectrum, which did not show any boron peaks. According to dia- 
mond type classification (Breeding and Shigley, 2009), the IR spec- 
trum indicates a type Ia diamond, not a mixed type. The diamond 
we reported on in the last issue is the first CVD-coated mixed-type 
diamond detected at GIA using FTIR. 

CVD-coated diamonds previously reported in GG were not 
client diamonds (see Fritsch and Phelps, 1993, Eaton-Magana, 
2014). The CVD layer was deposited on natural diamonds for re- 
search purposes. In contrast, our diamond was submitted by a 
client, suggesting CVD-coated natural diamonds have already 
reached the market. The color has also been improved. Previous 
CVD-coated diamonds were dark bluish gray (Koivula and Kam- 
merling, 1991, see figure 2 at www.gia.edu/gems-gemology/fall- 
2017-letters-CVD-synthetic-overgrowth) and an initially gray color 
that altered to Fancy Dark brownish yellowish gray after nine years 
of wear (Magamia, 2014; figure 2, center), whereas ours was graded 
as Fancy blue (figure 2, right). This was also the first undisclosed 
client-submitted CVD-coated diamond with blue color identified 
by GIA. The lack of disclosure and the Fancy blue color grade have 
significant consequences for the trade. Consequently, our note was 
translated to Chinese and Japanese on GIA’s website. 

The Lab Notes section is intended for new findings at GIA lab- 
oratories, especially among client-submitted stones. Unlike re- 
search papers, the entries are meant to be short. We try to choose 
only the most appropriate references. Fritsch and Phelps (1993) de- 
scribed the deposition method of the CVD layer and characterized 
the CVD-coated diamonds using spectroscopy and gemological 
methods. That same year, Yacobi et al. (1993) published a paper 
about growing CVD films on type Ia natural diamonds. They de- 
posited the CVD film on the (001) and (111) planes at various tem- 
peratures. They discussed preferential incorporation of defects at 
different crystallographic planes using cathodoluminescence and 
Raman spectroscopy. Although Fritsch and Phelps (1993) is an im- 
portant study, we felt that Yacobi et al. was a more comprehensive 
reference for our lab note. 

Our team respects Prof. Fritsch’s invaluable contributions to 
gemology, and we thank him for taking time to comment. 


Kyaw Soe Moe 
GIA, New York 
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Unusual Cloud in Diamond 


GIA’s laboratories issue clarity grades for many diamonds 
for the gem trade. So when we observe a diamond with 
clarity characteristics we have not encountered before, we 
generally consider those features to be rather rare and 
worth documenting for future reference. 

Recently, just such a diamond was examined in the 
Carlsbad lab. It was a 0.62 ct round brilliant with very good 
polish and symmetry and a very light brown bodycolor. 
The diamond exhibited a faint light blue fluorescence to 
long-wave radiation and an inert reaction upon exposure 
to short-wave UV. 

The gem’s I, clarity grade resulted from a delicate cloud 
of cruciform dislocations (figure 1), forming numerous 
small interlinked cross-like patterns in the diamond host, 
which were visible face-up through the table facet. The 
shape and orientation of the overall cloud suggests that the 
cube face of the original diamond crystal was parallel to 
the table facet of the faceted diamond. 

We regularly encounter cloud clarity features in dia- 
monds, but this fascinating geometric network was a “first 
encounter” for us. 


John I. Koivula 
GIA, Carlsbad 


Hematite in Quartz: 
“A Rose by Any Other Name” 


Careful exploration of the micro-world can often reveal ex- 
traordinary crystal formations, even in relatively inexpen- 


About the banner: Lattice-like exsolution products of hematite and il- 
menite show iridescent colors with oblique fiber-optic lighting in an Aus- 
tralian orthoclase feldspar known in the trade as “rainbow lattice 
sunstone.” Photomicrograph by Nathan Rentro; field of view 7.20 mm. 
Editors’ note: Interested contributors should contact Nathan Rentro at 
nrentro@gia.edu and Jennifer-Lynn Archuleta at jennifer.archuleta@gia.edu 
for submission information. 
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Figure 1. This delicate interlinked cross-like cloud 
pattern found in a 0.62 ct diamond has never been en- 
countered in GIA’s laboratories. Photomicrograph by 
Nathan Renfro; field of view 2.40 mm. 


sive, somewhat ordinary jewelry. The silver pendant shown 
in figure 2, measuring 31.50 x 17.00 x 10.00 mm, was pur- 
chased by author CF in 1996 from a Brazilian dealer at the 


Figure 2. A plain quartz silver pendant measuring 
31.50 x 17.00 x 10.00 mm encapsulates extraordinary 
inclusions of complex hematite crystals. Photo by 
Conny Forsberg. 


f 
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Figure 3. One of the quartz cabochon’s perfect “rose” 
habit inclusions exhibits fine, well-crystallized thin 
platelets of hematite. Transmitted and oblique halo- 
gen fiber-optic lighting. Photomicrograph by Conny 
Forsberg; field of view 5.00 mm. 


Pueblo Show in Tucson, Arizona. It stood out among many 
others for its aesthetic swarm of crystal inclusions (later 
identified by their color and morphology as hematite), while 
their host was confirmed to be quartz using standard gemo- 
logical techniques, including refractive index and optical 
testing. Several of the included crystals exhibited a complex 
habit known to mineral collectors as a “hematite rose’”— 
an aggregate of crystal platelets arranged very much like the 
blooms of its botanical namesake. One of these inclusions 
was oriented in such a way that it lent itself to easy obser- 
vation and photomicrography; this is not always the case 
with jewelry pieces whose construction may obscure the 
internal view or make lighting the inclusions tricky. A 
halogen light source with dual fiber-optic wands was used 
to successfully illuminate the rose from an oblique angle 
and to bounce light off the microscope plate in order to pro- 
vide transmitted lighting (figure 3). 

While quartz is a silicate, hematite is an iron oxide; both 
crystalize in the trigonal system. The surfaces of the fine, 
well-crystallized platelets of hematite exhibit triangular 
growth steps revealing this mineral’s underlying symmetry. 
These very thin plates reveal a deep red color in transmitted 
light. Quartz has a large thermal expansion coefficient, 
larger than that of hematite. Therefore, we would not expect 
cooling from the formation conditions to create a thin gap 
between the quartz and the hematite capable of producing 
thin-film interference colors, which are indeed absent here. 
Freely grown macro-specimens command hefty prices in the 
mineral-collecting world; however, an observant inclusion- 
ist may obtain one very frugally. This hematite crystal for- 
mation is as lovely as any rose and a fitting bloom for any 
gemologist’s micro-world garden. 


Conny Forsberg 
Swedish Gem AB 
Kisa, Sweden 


Elise A. Skalwold and William A. Bassett 
Ithaca, New York 
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Silvery Rutile “Tufts” in Quartz 


Recently, author JG discovered a deposit of rock crystal 
quartz in El Dorado County in east-central California. To 
date, more than 1,000 quartz crystals have been recov- 
ered from a single pocket in this deposit. Almost 50 per- 
cent of those crystals contained interesting silvery gray 
tufts of the titanium dioxide mineral rutile (figure 4), 
which was identified using Raman spectroscopy. Rutile 
in quartz typically occurs as golden needles, but it can 
occasionally be found as reddish brown, green, or silvery 
gray needles. 

While the cause of the star-like needle arrangement in 
these particular clusters is not known, it is possible that 
the gray rutile is overgrown on a core crystal of anatase, 
which is a polymorph of rutile and might influence the 
morphology of the cluster. Tufts of golden rutile with a 
similar morphology have been observed overgrown on blue 
core crystals of anatase by author NR, which may explain 
the morphology in this sample; however, it was not possi- 
ble to confirm this. A similar occurrence of gray rutile 
overgrowth is known to occur in the material sold as “‘plat- 
inum quartz” from Currelo in Minas Gerais, Brazil, where 
it is overgrown on the other rutile polymorph, brookite (see 
EJ. Gtibelin and J.I. Koivula, Photoatlas of Inclusions in 
Gemstones, Vol. 2, Opinio Verlag, Basel, Switzerland, 2005, 
p. 588). 

While production volume of quartz with these silvery 
rutile inclusions remains uncertain, this deposit has al- 
ready provided interesting and beautiful additions to the 
micro-world. 

Nathan Renfro 

GIA, Carlsbad 
Jobadiah Giles 

Risky Venture Minerals 
Placerville, California 


Figure 4. Quartz crystals containing stellate tufts of 
silvery gray rutile were recently discovered in east- 
central California. Photomicrograph by Nathan Ren- 
fro; field of view 9.48 mm. 
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“Flower in the Rain” Inclusion in 
Sri Lankan Sapphire 


The island of Sri Lanka is famous for gems but is also no- 
table for its enormous biodiversity. It therefore seemed fit- 
ting that when these authors encountered a fascinating 
inclusion reminiscent of a beautiful flower within a Sri 
Lankan sapphire, it would embody these themes. 

This 3.64 ct blue sapphire specimen from Elahera ex- 
hibited an interesting growth blockage resulting in an elon- 
gate tube capped by a rosette-like thin-film fluid inclusion. 
To further enhance the inclusion scene, Rheinberg illumi- 
nation (Fall 2015 Micro-World, pp. 328-329) using blue and 
yellow filters provided additional contrast. This lighting 
technique transformed the inclusion scene into an easily 
imagined, vibrantly colored flower caught in a rainstorm, 
something one might encounter while visiting the tropical 
island nation (figure 5). 

Growth blockages occur when a foreign mineral grain 
or particle interrupts the growth of a crystal (Spring 2010 
Lab Notes, pp. 55-56). As the crystal continues to grow, an 
elongate void is typically produced, which may extend to 
the surface or be capped off, as seen in this sapphire. Even 
though a growth blockage is not diagnostic of Sri Lankan 
origin in sapphire, this inclusion scene is an appropriate 
symbolic representation of the “resplendent isle.” 


Jonathan Muyal and Nathan Renfro 
GIA, Carlsbad 


Growth Tube Cluster in Sapphire 


Growth tubes are a typical inclusion in corundum and 
often seen during examination in the laboratory. While 
commonplace, a stunning cluster such as the one seen in 
figure 6 calls out to the photomicrographer. At the surface 
these tubes are cut through and some black debris has be- 


MicrRo-WoRLD 


Figure 5. Reminiscent 
of a flower in a rain- 
storm, this inclusion 
scene has been dramat- 
ically enhanced using 
modified Rheinberg il- 
lumination to accentu- 
ate a growth blockage 
and thin-film rosette 
within a sapphire from 
Elahera, Sri Lanka. 
Photomicrograph by 
Jonathan Muyal; field 
of view 1.34 mm. 


Figure 6. Surface-reaching growth tubes within a sap- 
phire exhibit unaltered yellowish staining, an indica- 
tion that the stone has probably not been heated. 
Combined with other observations, this suggests a 
possible Madagascar origin. Photomicrograph by E. 
Billie Hughes; horizontal field of view 1.4 mm. 
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come lodged inside the ends, while deeper within the stone 
they still display a fiery glow, reminiscent of rockets 
launching into the sky. 

Not only do these tubes spark the imagination, but 
they can actually tell us a lot about the identity of their 
sapphire host. The limonitic staining found deeper in the 
tubes is a yellowish orange, suggesting that they have not 
been altered by heat treatment. These stains often turn a 
darker reddish or brownish color in heat-treated stones (JL. 
Koivula, “Useful visual clue indicating corundum heat 
treatment,” Fall 2013 GWG, pp. 160-161). 

Furthermore, we have observed in the past several 
months that these prominent growth tubes are a common 


Figure 7. This 247.02 ct bright yellow fluorite partial 
crystal, which measures 40.04 mm tall, hosts two 
large concretions of bone-white barite. Photo by 
Kevin Schumacher. 
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Figure 8. The largest of the two barite inclusions has a 
prominent purple spot on the top of its dome, which 
is easily seen against the white background provided 
by the inclusion. Photomicrograph by Nathan Renfro; 
field of view 13.71 mm. 


feature in Madagascar sapphire. While the tubes can be 
found in corundum from other origins, they seem particu- 
larly common in the Madagascar material that has been 
entering the Bangkok market in greater numbers recently. 
When taken into account along with other features, they 
provide a clue to the origin of these sapphires. Thus, what 
initially appeared to be a mundane inclusion is both visu- 
ally impressive and gemologically significant, as it provides 
hints to the origins and treatments of corundum. 
E. Billie Hughes 
Lotus Gemology Laboratory 
Bangkok 


Quarterly Crystal: Barite in Fluorite 

Although gemologists deal primarily with fashioned gem- 
stones, some crystal specimens are far too attractive as in- 
tact objects to be used as cutting rough. This is particularly 
true if they contain eye-visible inclusions like those seen 
in the 247.02 ct transparent yellow fluorite partial crystal 
shown in figure 7. 

At 40.04 mm in its longest dimension, this specimen 
invites exploration of its inclusions, which were identified 
as barite using laser Raman microspectrometry. The larger 
of the two barites measures 7.0 mm in diameter and has a 
microscopically prominent rectangular purple spot on the 
apex of its dome (figure 8), which clearly stands out against 
the stark white background provided by the barite inclu- 
sion. Although the cause of the spot is unclear, the con- 
trasting assemblage of colors adds to this specimen’s value 
as an aesthetic collector piece. 


John I. Koivula 
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COLORED STONES AND ORGANIC MATERIALS 


Blue-green pyrope-spessartine garnet with high vanadium. 
A unique type of blue-green garnet has entered the market 
through New Era Gems (Grass Valley, California). The gar- 
nets reportedly come from a deposit near the border of Tan- 
zania and Kenya. GIA’s Carlsbad laboratory obtained a small 
parcel of blue-green rough material and two faceted stones 
(figure 1, top) for examination. Unlike traditional blue-green 
garnets that exhibit a color change from purplish or orange 
red in incandescent light to bluish or yellowish green in day- 
light, these essentially remained blue in the lighting condi- 
tions we tested (CIE standard illuminants D65, A, F10, and 
F9, and a cool LED light with a 7500K color temperature). 
They showed only a weak color change from violet or blue 
in incandescent light (figure 1, bottom) to green or blue- 
green in daylight (again, see figure 1, top). We chose two 
samples from the New Era parcel, one with a classic violet 
to blue-green color change (garnet 1) and one piece of this 
new material with a weak color change from blue to blue- 
green (garnet 2). These were polished into wafers and ana- 
lyzed to understand their chemical composition and color 
behavior. 

Standard gemological testing revealed a refractive index 
(RI) of 1.760 to 1.765 and a hydrostatic specific gravity (SG) 
of 3.83 to 3.88. Fluorescence was inert to long- and short- 
wave UV light. No pleochroism was seen with the dichro- 
scope. Using a handheld spectroscope, we observed 
absorption lines in the blue and violet section and a very 
broad absorption band centered around 590 nm wavelength. 
These properties are consistent with garnet. 

Laser ablation—inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) composition analyses were per- 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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formed using a Thermo Fisher iCAP Q ICP-MS coupled 
with a New Wave Research UP-213 laser ablation unit. 
USGS reference glasses GSD-1G and GSE-1G were used 
as external standards and ”°Si as the internal standard. The 
analyses were performed in the same region where the 
spectroscopic data was collected (table 1 at www.gia.edu/ 
gems-gemology/fall-2017-gemnews-pyrope-spessartine- 
garnet). The garnets were predominantly composed of 


Figure 1. Top: Twenty rough and two faceted garnets 
photographed under a light source with 6000K color 
temperature (a daylight-equivalent light simulator). 
Bottom: The same stones under a light source with 
3100K color temperature (an incandescent light simu- 
lator). The 0.288 ct faceted stone measures 4.14 x 3.20 
x 2.66 mm, while the 0.221 ct stone below it measures 
4.01 x 3.09 x 2.10 mm. Photos by Kevin Schumacher. 
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Garnet 1 Garnet 2 


Thickness 0.353 mm Thickness 0.366 mm 
A D65 A D65 


Figure 2. Top row: Photos of two garnets under incan- 
descent light (A) and fluorescent light (daylight-equiv- 
alent light simulator D65). Bottom row: Calculated 
color panels under CIE A and CIE D6 illumination. 


equal amounts of pyrope and spessartine. The main differ- 
ence was the higher concentration of V,O, in garnet 2 (2.3 
wt.%) than in garnet 1 (1.6 wt.%). Based on the classifica- 
tion system from Stockton and Manson (Winter 1985 
GwaG, pp. 205-218), the material represented by these two 
garnets is pyrope-spessartine. Vanadium and manganese 
are known to be the main cause of color change in pyrope- 
spessartine, yet garnet 2 contained a much higher vana- 
dium component than any of the color-change 
pyrope-spessartine ranges (0.13-1.65 wt.% V,O,) reported 
by Schmetzer et al. (“Color-change garnets from Madagas- 
car: Variation of chemical, spectroscopic and colorimetric 
properties,” Journal of Gemmology, Vol. 31, No. 5-8, 
2009, pp. 258-259). To the authors’ knowledge, gem-qual- 
ity garnet with this chemical composition has never been 
reported. 


UV-Vis-NIR spectra were collected with a Hitachi U- 
2910 spectrometer with a 1 nm spectral resolution at a scan 
speed of 400 nm/min. The spectra were reflection-corrected 
using a method previously described by the authors ("Vana- 
dium- and chromium-bearing pink pyrope garnet: Charac- 
terization and quantitative colorimetric analysis,” Winter 
2015 GWG, pp. 348-369). The reflection-loss-corrected vis- 
ible spectra were used to quantitatively calculate the ma- 
terial’s color at a wide range of path lengths and under 
different lighting conditions. Calculated color panels of the 
two garnets under incandescent light (CIE A illumination) 
and daylight-equivalent lighting (CIE D65 illumination) are 
shown in figure 2. The two garnets were also photographed 
under incandescent light (equivalent to CIE A) and fluores- 
cent light (equivalent to CIE D65) for comparison. The close 
match between our photos and the calculated color panels 
confirmed the accuracy of our calculation. Figure 3 shows 
the possible color exhibited by two representative garnets 
with different path lengths (defined by the stone’s thick- 
ness) and the approximate corresponding carat weight of a 
well-proportioned round brilliant; for details of this calcu- 
lation, see Sun et al. (2015). The high-vanadium garnet is 
bluer in incandescent light than the lower-vanadium gar- 
net. Both become very dark at about 0.7 ct, which means 
the optimal color occurs in smaller sizes. 

To understand why the garnets stayed essentially blue 
in the lighting conditions tested, we can examine the vis- 
ible absorption spectra. The calculated reflection-loss-cor- 
rected absorption spectra of garnets 1 and 2 at 5 mm path 
length are shown in figure 4. V** produces the large absorp- 
tion band centered at about 585 nm. This band strongly ab- 
sorbs orange and yellow light and a smaller portion of the 
red part of the visible spectrum. At low concentrations of 
vanadium, this absorption band produces two transmission 


Figure 3. The color panels of two garnets under CIE A and CIE D65 illumination are quantitatively reproduced. 
The garnets’ colors are shown at different path lengths of light (defined by the thickness of the wafer) and carat 
weights. For each sample, the top and bottom rows represent the color under incandescent light (A) and daylight- 
equivalent light (D65), respectively. 
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Figure 4. The calculated 
reflection-loss-corrected 
visible absorption spec- 
tra of garnets 1 and 2 
with 5 mm path length; 
transmission window A 
is centered at 490 nm, 
while transmission win- 
dow B is between 650 
and 700 nm. Absorption 
bands at 410, 422, and 
430 nm are caused by 
Mn**, and a wide ab- 
sorption band between 
550 and 650 nm is 
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windows, one in the blue part of the spectrum (figure 4, 
window A) and one in the red (figure 4, window B). This is 
the cause of the color change in low-vanadium pyrope- 
spessartine, as incandescent illumination highlights the 
red transmission window and daylight illumination high- 
lights the blue-green window. As the concentration of 
vanadium increases, the red transmission window is pref- 
erentially closed and the color in both incandescent and 
daylight illumination is determined solely by the blue- 
green transmission window A. The concentration of V** 
relative to other chromophores (Mn**, Fe**, and Cr**) is the 
fundamental reason why these higher-vanadium pyrope- 
spessartines remain blue under any lighting condition. 


Ziyin Sun, Nathan D. Renfro, and Aaron C. Palke 
GIA, Carlsbad 


La Lechuga monstrance. The gold monstrance of the 
church of San Ignacio de Bogota, with almost 1,490 Colom- 
bian emeralds, is one of the most remarkable examples of 
baroque artistry in devotional objects (figure 5). With its 
abundance of fine-color emeralds, the artifact was dubbed 
La Lechuga (Spanish for “lettuce”). It is now on a brief Eu- 
ropean tour until January 3, 2018. 

In 1700, the first year of Philip V’s reign, Spanish gold- 
smith José Galaz went to the territory of Nueva Granada to 
create a unique monstrance for the Jesuit church of San Igna- 
cio de Bogota. From 1700 to 1707, he used solid gold, enamel, 
and fine gem materials to create what became one of the 
most magnificent baroque monstrances ever produced. The 
approximately 80-cm-tall artifact is embellished with dia- 
mond, ruby, sapphire, amethyst, citrine, and baroque white 
natural pearl, along with the fine-quality Colombian emer- 
alds. Further research might shed light on the provenance of 
these emeralds, which are possibly from the Muzo, Chivor, 
and Coscuez mines. Most have exquisite color and clarity, 
and the profusion of these gemstones in the circular aura 
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caused mainly by V*. 


makes it distinctively green. An interesting feature is the use 
of pearls in the gold lunette, the container where the host for 


Figure 5. La Lechuga, a gold devotional artifact made 
for the church of San Ignacio de Bogota, features 
nearly 1,490 Colombian emeralds. © Museo de Arte 
del Banco de la Republica. 
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the Eucharist is kept. Normally these lunettes have a cres- 
cent shape and are set with diamonds or no gems at all. 

This monstrance was purchased by the Banco de la 
Reptblica de Colombia in 1985 and is now part of its Museo 
de Arte Miguel Urrutia collection. As one of Colombia's 
most important treasures, it almost never leaves the coun- 
try. An exception was made in 2015 when it went to the 
Museo del Prado in Madrid, and in 2017 it has been on pub- 
lic display at the Museu Nacional de Arte Antiga in Lisbon 
(June 21-September 13) followed by an exhibition at the 
Louvre in Paris (until January 3, 2018). This tour offers a 
unique opportunity for visitors outside Colombia to experi- 
ence this outstanding Iberian baroque monstrance and its 
important gemological content. 


Rui Galopim de Carvalho 
Portugal Gemas, Lisbon 


The “Montana Queen” sapphire. In September 2016, while 
viewing a selection of large Montana sapphires mined by 
Potentate Mining at their new operation at Rock Creek, 
one stone stood out. It possessed a beautiful medium blue- 
green color and a hexagonal crystal form with a blue rim 
and golden center (figure 6). It weighed 31.98 ct (6.40 g) and 
appeared to be free of major internal defects. Sapphires this 
large make up less than 0.25% of Rock Creek’s production, 
and they are typically fractured or otherwise included. 
Most Rock Creek sapphires have frosted or etched sur- 
faces, apparently as a result of partial resorption in the host 
rock. To assess the quality of this sapphire before cutting, a 
window was polished, allowing a view of the interior of the 
crystal; this removed just over one carat, as a surface crack 
was also ground away. The window revealed that the center 
gold spot was composed of golden rutile needles that could 
be cleared by heating. A mostly rehealed parting plane and 
a few crystal inclusions were also visible. We decided to 
heat the stone to dissolve the silk, hoping that the parting 
plane and internal inclusions would not fracture during the 
process. The heating, performed by Dale Siegford (The Sap- 


Figure 6. The 31.98 ct (6.40 g) rough sapphire crystal 
as it was mined. Photo by Jeffrey R. Hapeman. 


phire Gallery, Philipsburg, Montana), dissolved all the silk 
and changed the rough’s color to a deeper, more uniform 
blue (figure 7). Most importantly, none of the inclusions 
spread or formed larger fractures. 

While size is always a cutting consideration, color is also 
a determining factor in the value of the finished gemstone. 
The pleochroism of sapphire crystals means that orientation 
is critical for the best presentation of color. This sapphire 
had a rich blue c-axis just slightly tinted with green, while 
the a-b axis was a medium shade of green. Fortunately, the 
crystal was shaped such that the best orientation for both 
color and size were the same—the table could be positioned 
directly on the c-axis. Our goal was to feature the stone’s 
natural hexagonal shape, increasing yield and preserving the 
crystal’s beauty. GemCad and GemRay were used to work 
through a series of designs, optimizing them for a combina- 
tion of light return and scintillation. The intent was to use 
facets large enough to create broad flashes of color while 
concealing the minor inclusions. With a gem this rare there 
is no room for error, so the final design was test-cut on a 
smaller Rock Creek sapphire to validate the modeling. 

Once we were satisfied with the result on the test stone, 
the cutting of the large gem began on the pavilion. Because 
the natural shape of the gem matched the final outline, only 
minor preforming was required; the rough gem weighed 
30.84 ct when attached to the dop. There was a crack near 
one side of the gem, so it was dopped slightly off-center to 
ensure it would be removed in the cutting process. The gem 
was faceted in three steps: The facets were cut with a 600- 
grit sintered lap, followed by a pre-polish with 8,000-mesh 
diamond and an ultrafine polish using 100,000-mesh poly- 
crystalline synthetic diamond. After completing the pavil- 
ion, the gem was transferred to a new dop and the process 
was repeated to cut the crown (figure 8). 

The finished gem weighed 12.62 ct, fora yield of 39.5% 
from the original rough (figure 9). The authors are aware of 
only two larger faceted Montana sapphires, one with sim- 
ilar quality. Neither of those stones is blue—one is purple 


Figure 7. The rough sapphire after heating, with a 
window polished to view the interior. Photo by Jeffrey 
R. Hapeman. 
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and the other green—making this perhaps the largest 

faceted blue Montana sapphire, slightly larger than the 

famed 12.58 ct Big Sky sapphire. Due to its size, rarity, and 
beauty, this gem was named the “Montana Queen.” 

Jeffrey R. Hapeman 

Earth’s Treasury, Westtown, Pennsylvania 


Keith M. Barron and Warren F. Boyd 
Potentate Mining, Philipsburg, Montana 


Update on Mozambique ruby mining and trading. Less than 
10 years after discoveries inside the Niassa Reserve in 2008 
and near Montepuez in 2009, rubies from northern Mozam- 
bique have taken a significant place in the trade. During the 
first few years, production came exclusively from unli- 
censed miners known as garimpeiros, who sold their pro- 
duction mainly to Thai, Sri Lankan, Tanzanian, and West 
African traders. The stones were smuggled to cutting and 
trading centers such as Thailand. The situation changed 
when Gemfields, which acquired mining licenses near 
Montepuez in 2011 and began operations in 2012, held its 
first rough ruby auction in Singapore in June 2014. 

Since 2015, three factors have affected that dynamic, 
starting with an efficient low-temperature heat treatment 
technique developed in Sri Lanka and brought to Mozam- 
bique. As the treatment is very difficult to detect without 


Figure 9. The finished 12.62 ct Montana Queen sap- 
phire. Photo by Jeffrey R. Hapeman. 
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Figure 8. The sapphire 
during the cutting 
process. The polished 
pavilion is shown on 
the left and the rough- 
cut crown on the right. 
Photos by Jeffrey R. 
Hapeman. 


lab instrumentation on faceted stones and even more so on 
rough, the challenge for dealers buying stones from 
garimpeiros was to avoid paying unheated ruby prices for 
stones that had been already heated. Many buyers purchased 
heated rough in Montepuez only to find out later in Thai- 
land about their costly mistake. Within a few months, con- 
fidence in the stones from that network deteriorated and 
dealers found out that the only safe options for unheated ru- 
bies were to buy directly from Gemfields or to get reliable 
laboratory testing on any stones obtained elsewhere. The 
situation became difficult for those willing to take their 
chances buying illegally in Mozambique. 

In early 2016, another significant change took place 
when the Mozambican government changed its policy on 
garimpeiros. Before 2016 the garimpeiros were, legally 
speaking, “informal” small-scale miners. The only legal 
issue was that they had no license. The police were only al- 
lowed to confiscate their mining equipment and question 
them before releasing them. But in 2016, mining for gem- 
stones or gold without a license became a crime punishable 
by three years in jail. In February 2017 the government, 
which was facing major fiscal problems, changed tactics: In- 
stead of taking legal action against garimpeiros, they would 
target buyers hiding in the towns. Several police operations 
were launched in Cabo Delgado, and many foreign buyers 
(mainly Tanzanian, Thai, Sri Lankan, and West African) 
were arrested, fined, and expelled. Rubies quickly became 
more scarce in the Thai markets. This probably explains 
why Gemfields had its most successful ruby auction ever in 
June 2017, recording more than US$54 million in sales. 

Finally, as previously reported (W. Vertriest and V. Par- 
dieu, “Update on gemstone mining in northern Mozam- 
bique,” Winter 2016 GWG, pp. 404409), two new mining 
companies, Mustang Resources and then Mozambican Ruby 
(formerly known as Metals of Africa), began operations near 
Napula village, north of the road linking Montepuez to 
Pemba in areas neighboring Gemfields. As these companies 
have not yet sold any production, their impact is still un- 
known. 

In June 2017, the author visited northern Mozambique 
(figure 10) for the sixth consecutive year to collect reference 
samples. This time it was for Danat, the newly formed 
Bahrain Institute for Pearls & Gemstones. The team was 
composed of jewelry designer Erica Courtney; Dr. Cedric Si- 
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The Synthesis 


of Quartz 


by 


DR. ROBERT M. GARRELS 


Department of Geology, Northwestern University 


After more than five years of intensive 
work by a number of investigators sponsor- 
ed by the Signal Corps Engineering Labor- 
atories, large crystals of quartz have been 
successfully synthesized. This event is not 
in itself of tremendous significance to gem- 
but The 
method employed approximately duplicates 
natural conditions of quartz growth; the re- 
sult is that synthetic material is very hard 
to distinguish from the natural. The para- 
liel to the situation in terms of natural 
versus 


ologists, its implications are. 


synthetic emeralds is obvious; 
knowledge of the conditions of quartz 
growth undoubtedly gives us much insight 
into those of emeralds. Even more impor- 
tant, perhaps, is the implication that the 
knowledge gained during the quartz work 
can be applied to the synthesis of a variety 
of gem materials. 

Quartz is grown in high temperature — 
high pressure water solutions, as opposed to 
the dry fusion used for corundum and 
spinel. The chief barrier to formation of 
quartz from a fusion is the crystallographic 
changes that occur during heating or cool- 
ing. If quartz is heated, it undergoes a num- 
ber of changes in crystal structure with in- 
creasing temperature. Conversely, if it is 


cooled from the liquid, it goes back through 
the same changes. Such solid state struc- 
tural changes tend to disrupt any single 
crystals grown at the higher temperatures. 
There are still other difficulties in growing 
quartz from fusions, but fundamentally the 
difficulty is that the presence of different 
structures high 
makes production of clear crystalline mater- 


crystal at temperatures 
ial stable at room temperature impossible. 
Consequently, quartz must be grown within 
the range of stability of the low temperature 


form — at temperatures less than 575°C. 


This restriction meant finding a solvent 
in which silica was at least slightly soluble 
at temperatures less than 575° C., so that 
source material could be dissolved and re- 
grown into large single crystals. The solvent 
used by nature seemed to be water with 
various amounts of dissolved salts, so it was 
the most obvious choice. Other solvents 
have been tried, but none has been suitable. 


Experiments soon showed that although 


silica could be dissolved in considerable 


quantities near room temperature, in several 
types of concentrated water solutions, it 


* The material in this article has come from the 


Signal Corps Engineering Laboratories projects 
on quartz synthesis. 
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Figure 10. The main ruby mining areas of northern 
Mozambique. Those labeled in red are worked by 
Gemfields, and those in yellow by Mustang Re- 
sources. Green, pink, and blue areas are worked by 
garimpeiros; the green areas show where they are al- 
lowed to mine. Pink and blue represent sites inside 
MRM and Mozambican Ruby, respectively. 


monet, a geologist with extensive experience in East African 
gem deposits; and a photographer and videographer. 
Unlike previous years, we visited the area at an early 
stage of the dry season, which extends from June to Novem- 
ber. The land was still green, and upon arriving we were 
struck by the lack of activity at the main garimpeiro villages 
on the road between Pemba and Montepuez. While in pre- 
vious years we could see thousands of people and hundreds 
of shops at Nanupiu and Namahumbire, this time there 
were maybe a few hundred people in the streets and most 
of the shops were closed. It seemed that most of the 
garimpeiros had moved to other parts of the country. 


Figure 11. An aerial view of MRM’s new ruby washing 
plant, which uses dense media separation. Photo 
courtesy of Gemfields. 
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MRM (Montepuez Ruby Mining): Our visit to the MRM 
mine, owned by Gemfields and its local partner Mwiriti 
Limitada, took place during the record-breaking ruby auc- 
tion in Singapore and a few days after Pallinghurst, Gem- 
fields’ main shareholder, attempted a takeover. We also saw 
representatives from the Chinese conglomerate Fosun, 
which was also looking to acquire Gemfields. The mine staff 
was thrilled by the results of the Singapore auction but un- 
certain about Gemfields’ future. Afterward we learned that 
Pallinghurst was successful in the takeover. Gemfields was 
delisted from the London Stock Exchange on July 28, and a 
few days later Gemfields CEO Ian Harebottle announced his 
resignation. He was replaced by Sean Gilbertson. 

Besides the excitement about the auction and the legit- 
imate questions about the future of Gemfields, we ob- 
served some interesting changes at MRM. First, MRM 
continued to improve its mining and sorting capacity. Fig- 
ure 11 shows a dense media separation (DMS) plant that 
became operational in December 2016, replacing the pre- 
vious system of pulsating jigs. The results were said to be 
very encouraging, particularly regarding small material. Be- 
fore, all material under 3 mm was rejected and stockpiled. 
With the new DMS plant, rubies under 3 mm can be col- 
lected very efficiently, and MRM’s washing capacity has 
increased from 80 to about 150 tons per hour in ideal con- 
ditions. The sorting house scheduled to go next to the new 
DMS plant in 2017 will not be completed before summer 
2018. Visiting the existing sorting house, we saw few im- 
provements in rough processing efficiency. The author was 
able to once again select samples from recent production. 
These were mainly high-clarity, attractive rubies from the 
classic Mugloto/Machamba area, which has produced most 
of the stones auctioned by Gemfields since 2014. 

Exploration continues, meanwhile, and mining is being 
planned for new areas east and west of the current pits at 
Mugloto/Machamba (producing secondary-type, iron-rich 
material with high clarity) or Maninge Nice (producing pri- 
mary-type stones with moderate iron content and more in- 
clusions and fractures). Glass, a secondary deposit south of 
Maninge Nice, was not bringing as much as expected, as it 
had been extensively worked by garimpeiros since 2009. 

In summer 2017, the MRM mine employed 450 people. 
Including security and contractors, that number is more than 
1,100 employees. Concrete houses have replaced the cargo 
containers once used as living quarters, and life there is now 
much more comfortable. Since the construction of the main 
camp, MRM has been able to focus on corporate social re- 
sponsibility, and we could see significant results that have 
improved MRM’s image in local communities. The company 
has built schools at Namahumbire and Nseve. We saw two 
chicken farms that appeared to be sustainable, and six farm- 
ing associations created and supported by Gemfields. At 
Nseve, we visited a farming pilot program that could become 
very successful, as the area was fertile during Portuguese 
colonial times when the nearby reservoir was built. Agricul- 
ture disappeared after the civil war, which destroyed the local 
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communities and the economy. MRM is also financing a mo- 
bile health clinic, enabling government doctors to visit dif- 
ferent villages each day to serve those with little access to 
health care. Finally, we could see that Gemfields was con- 
tinuing to support conservation and community develop- 
ment in the Niassa Reserve with the “Niassa Lion” project. 


Mustang Resources: In 2016, the author reported on the 
emergence of Mustang Resources, which acquired mining 
licenses in 2015. At the time they were focused on explo- 
ration and camp infrastructure. Mustang has been quite ac- 
tive, and the operation now employs about 130 people. A 
modern washing plant using rotary plants (figure 12) is in 
place. Jigs (the small “Bushman jig” version used for 
prospecting) and a small sorting house have been built. 
Mustang decided to concentrate on LPO1, a promising area 
in the south of the concession where gem-rich gravels 
could be found at less than one meter depth. Operating at 
such shallow depth is inexpensive, as there is little over- 
burden to be removed. The area had been discovered by 
garimpeiros (figure 13), and we saw mining from both Mus- 
tang and local villagers. 

The stones are similar to those found in Glass or around 
Nacaca village (an area open for garimpeiros to the east of 
the Gemfields concession). This means that these are 
mainly secondary-type rubies that spent millions of years in 
gravels and show some abrasion. They have a fine pink to 
deep red color and are quite clean with rare fractures, but 
they tend to be smaller and their color is brighter than the 
production at Mugloto/Machamba, which has a higher iron 
content. We saw several fine clean rough stones up to 10 
carats, but most of the production was under 1 carat. 

We were informed that Mustang planned to have its 
first rough ruby auction at the end of November 2017 in 
Mauritius, as several tens of kilos had already been mined. 
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Figure 12. Mustang Resources’ new washing plant 
consists of two rotary pans equipped with trammel 
screens and log washers. Its current capacity is about 
600 tons per day. Photo by Vincent Pardieu. 


Mozambican Ruby Lda.: While significant changes were 
visible in areas worked by Mustang and MRM, the same 
could not be said for Mozambican Ruby Lda. The project 
was Clearly still in an early stage, with only a few employees 
and very basic equipment. The exploration program has 
nevertheless advanced considerably since last year, and 
more equipment is expected to arrive this year. The project 
is led by a small private company with a rather cautious ap- 
proach. We visited the different pits mined by garimpeiros 
during the author’s previous visit in 2016. The two pits at 
Castro were flooded and mainly being used by garimpeiros 
as a water reserve for washing the gravel they collected 
around the pit. The area seems to have great potential. 
Our visit to the Montepuez area showed the evolution 
of ruby mining by MRM, Mustang, and Mozambican Ruby 
Lda., as well as by the garimpeiros. It now seems that the 


Figure 13. A garimpeiro 
working near the LPO1 
pit inside Mustang Re- 
sources’ concession 
near Napula village ex- 
cavates the ruby-rich 
gravel under the top- 
soil. Photo by Vincent 
Pardieu. 
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legally operating mining companies are gaining the upper 
hand over the garimpeiros and the foreign buyers who 
smuggle stones to trading centers in Tanzania, Sri Lanka, 
and Thailand. It will be interesting to see what happens 
with Gemfields under Pallinghurst’s full control and the 
impact of forthcoming production from Mustang. 


Vincent Pardieu 
VP Consulting SPC, Bahrain 


Multi-color-zoned quartz from Brazil. Quartz very often 
crystallizes in zones during formation, when chemical or 
physical conditions change. An interesting example of 
strong zoning caused by variable iron content came re- 
cently from Bahia State in Brazil. No rough specimens 
were seen by the author, but several dozen flat cabochons 
up to about 4 cm long (figure 14) were available for study. 

The quartz crystallized in five stages, each with a dif- 
ferent type of iron. If there is any Fe in the original solution, 
it acts as a chromophore and produces citrine or amethyst; 
a higher Fe content will cause separate iron minerals to 
form. The oldest generation (1) is represented by parallel 
crystals of yellow citrine with small amethyst sectors, 
which can be described as ametrine. Their surface was cov- 
ered by a thin quartz layer (2) with tiny goethite needles. 
The next generation (3) was a red layer, consistently about 
3 mm thick, with fine agate-like zoning. The color was 
probably caused by very finely dispersed hematite, an iden- 
tification based on typical color and microgranular texture. 
The next zone (4) was rich in pyrite, which formed fibers 
perpendicular to the older red layer, but pyrite can also form 
in this layer as tiny cubic crystals. After crystallization of 
the pyrite, the last pale purple amethyst layer (5) was filled 
with bundles of brown goethite needles up to about 3 mm, 
which also grew perpendicular to the original surface. 

The inclusions in these attractive specimens can ex- 
plain their complicated formation, with iron found in 
quartz structure (amethyst and citrine), in sulfide (pyrite), 
or in oxide (goethite and hematite). 


Jaroslav Hyrs1 (hyrsI@hotmail.com) 
Prague 


Yellow, green, and blue sapphires reportedly from Antang 
and Gombe, Nigeria. GIA’s Tokyo laboratory borrowed 19 
sapphires (figure 15) from gem dealer Ambrose & Co. in 
Kofu, Japan. The samples consisted of eight blue, one bluish 
green, eight yellow, and one greenish yellow/blue bicolor 
sapphires, all faceted. They were reportedly from Antang 
and Gombe in northern Nigeria (figure 16). Mambilla, in 
the southeastern part of the country, is the only well- 
known Nigerian sapphire source (V. Pardieu et al., “Blue 
sapphires from the Mambilla Plateau, Taraba State, Nige- 
ria,” 2014, www.gia.edu/doc/Nigeria_Mambilla_Sapphire_ 
US.pdf; Spring 2017 GNI, pp.134-135), and the two new 
sources are not well documented. 

Sapphires from both Antang and Gombe are basalt re- 
lated. The mines are located in a basement complex and 
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Figure 14. Cabochons of strongly zoned Brazilian 
quartz, measuring up to 4 cm long. The five described 
zones are numbered. Photo by Jaroslav Hyrsl. 


on Cretaceous/Tertiary sedimentary rocks near volcanic 
rocks. The sapphires are mined in alluvial deposits or un- 
consolidated sediments. According to the dealer, the blue 
sapphires were from Antang and the yellow sapphires and 
bicolor sapphire from Gombe. Brume Jeroh, the supplier in 
Nigeria, mentioned that Antang produces blue, green, yel- 
low, and parti-color sapphires, while Gombe produces 
mainly yellow sapphires and a few blues. He also noted 
that stones from these sources may have been mixed to- 
gether at the market in the city of Jos. 

The samples’ standard gemological properties are listed 
in table 1 at http://www.gia.edu/gems-gemology/fall-2017- 
gemnews-sapphires-nigeria. Refractive index and specific 
gravity values were all within the range of corundum. Rep- 
resentative inclusions observed in these sapphires are shown 
in figures 17 and 18. Quantitative analysis of trace elements 
was carried out with LA-ICP-MS, and the results are sum- 
marized in table 2 (http://www.gia.edu/gems-gemology/fall- 
2017-gemnews-sapphires-nigeria] and figure 19. 

The yellow sapphires and the greenish yellow part of the 
bicolor sapphire showed a typically high Fe, and their Mg 
concentration is greater than Ti except for one sample (N08; 


Figure 15. These sapphires (0.64-8.27 ct) are from An- 
tang and Gombe, in northern Nigeria. Photo by Shun- 


suke Nagai. 
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Figure 16. Map of Nigerian sapphire sources. Sap- 
phires from the new deposits at Antang and Gombe 
have potentially high quality. 


again, see table 2 at http://www.gia.edu/gems-gemology/ 
fall-2017-gemnews-sapphires-nigeria). As shown in figure 
19, the high Fe (approximately 2000 ppma) and medium 
V (approximately 0.50-2.00 ppma) of all the yellow sap- 
phires (NO1 to NO9) and the greenish yellow part of the bi- 


Figure 17. Inclusions in sapphires from Gombe: 
healed fissures with hazy edges (A), irregular particles 
and short needles (B), wavy graining (C), and flake- 
like particles (D). Photomicrographs in darkfield illu- 
mination (A—C) and diffused brightfield illumination 
(D) by Shunsuke Nagai. Fields of view 1.95 mm (A), 
2.15 mm (B), 2.80 mm (C), and 2.80 mm (D). 


color sapphire (N10Y) showed the same trend as those of 
a bluish green sapphire (N11) and one blue sapphire (N12). 
The greenish yellow part of the bicolor sapphire (N10Y) 
matches other yellow sapphires in all elements, and the 
blue part of the bicolor (N10B) overlaps with N11 and 
N12. The titanium levels are significantly different be- 
tween the two parts of N10. This matters, as the titanium 
is necessary for blue coloration in sapphire with iron. N11 
and N12 show different trends from other blue sapphires 
(from N13 to N19) for V, Fe, and Ga. This suggests that 
these two samples originated from a different locality. 
Given that these two samples’ trace element composition 
is close to that of the blue part of the bicolor sapphire 
(N10B) and different from the rest of the blue sapphires, 
we considered them to be from Gombe (again, see table 1). 
In addition, inclusions exhibited in figure 18 in N13-N19 
were not seen in N11 and N12, and these two samples had 
similar features to each other, as shown in figure 17. 
Greenish blue and blue sapphires (N11 and N12) and the 
blue part of the bicolor sapphire (N10B) from Gombe show 
high Fe (approximately 2000 ppma) and medium V (ap- 
proximately 1.50-2.00 ppma). Blue sapphires from Antang 
(from N13 to N19) show lower Fe (approximately 800- 
1500 ppma) and high V (approximately 4.50 ppma). 
Although sapphires from these two new Nigerian 
sources are limited in quantity and color range, they are 
potentially high quality. The importance of the sources is 


Figure 18. Inclusions in sapphires from Antang: zircon 
crystals (A), reflective thin films with hexagonal pat- 
terns (B), bands of minute particles and short needles 
(C), and angular banding and perpendicularly ori- 
ented particles (D). Photomicrographs in darkfield il- 
lumination by Yusuke Katsurada (A—-C) and 
Shunsuke Nagai (D). Fields of view 2.80 mm (A), 1.00 
mum (B), 4.00 mm (C), and 4.30 mm (D). 
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TRACE ELEMENTS IN NIGERIAN SAPPHIRES 


31.25 4 
© e 
e 
Real oo N? Ne 
s 
= 
a ~~ me 
& 1.255 on 
> 
N4+0B: | = 
0.25 4 - N10Y 
® Blue sapphire from Antang 
e Blue sapphire from Gombe 
© Yellow sapphire from Gombe 
0.05 t 
400 4000 
Fe (ppma) 


Ga (ppma) 


200 4 
N10Y 
100 4 a | N+ 
e * ¥ 
o NI2—T7 “gpfes) | p 
. ° ee 
or © 
e e 
Ni0oB @ © 
e Blue sapphire from Antang 
e Blue sapphire from Gombe 
oA e Yellow sapphire from Gombe 
T 
400 4000 
Fe (ppma) 


Figure 19. LA-ICP-MS quantitative analysis allowed the separation of blue sapphires from Antang and yellow sap- 
phires in some trace elements (e.g., Fe vs. V and Fe vs. Ga). The two parts (N10Y and N10B) of the bicolor sapphire 
show a Close trend. The bluish green sapphire (N11) and blue sapphire (N12) are considered to be from Gombe. Re- 


sults are not averaged. 


not yet known, and more field data and advanced testing 
data such as quantitative analyses of trace elements are 
needed. Despite the different trends in some trace elements 
between the localities, as this study revealed, they still 
overlap with trace elements of different magmatic origins 
including Mambilla (data not shown). Since characteristic 
inclusions are not always present in basalt-related sap- 
phires and trace elements cannot always be separated, ori- 
gin determination of these sapphires remains challenging. 
Interpretation of trace element data such as discriminant 
analyses and the building of a rich database are necessary. 
Yusuke Katsurada 

GIA, Tokyo 


SYNTHETICS AND SIMULANTS 
A melee-size CVD synthetic diamond in pearl and dia- 


mond jewelry. Since 2012, CVD synthetic diamonds have 
been tested and identified by NGTC labs in China, typi- 


Figure 20. A pair of pearl and diamond earrings set 
with about 200 natural melee diamonds and one 
CVD synthetic melee. Photo by Jun Su. 
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cally in sizes above 0.20 ct. Since 2015, a large number of 
melee-size colorless and near-colorless synthetic diamonds 
have been detected in daily screenings at NGTC labs. 
Melee-size HPHT synthetics are accurately screened and 
identified at NGTC labs using new devices, some of them 
developed by NGTC. Melee-size CVD synthetic diamonds 
were reported by GIA’s Mumbai lab earlier this year (A. 
Krawitz, “GIA finds significant undisclosed synthetics,” 
Diamonds.net, March 7, 2017). 

In March 2017, NGTC’s Beijing lab received 24 pieces of 
pearl and diamond jewelry (including the earrings seen in fig- 
ure 20) from a domestic client, who claimed they were im- 
ported. Synthetic melee diamonds were identified in 14 of 
the 24 pieces. Most of the synthetic specimens were HPHT 
grown, but one was a melee-size CVD synthetic. The near- 
colorless CVD round brilliant circled in figure 21 was 
mounted in a pearl earring with about 200 natural melee di- 
amonds. The estimated weight of this CVD melee is 0.01 ct. 
No obvious inclusions were found under 10x magnification. 


Figure 21. A CVD synthetic diamond (circled in red) 
was mounted in an earring along with very similar- 
looking natural melee diamonds. Photo by Shi Tang. 
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Figure 22. Left: The CVD-grown melee diamond (red 
arrow) shows green fluorescence in DiamondView imag- 
ing, while the natural melee below it exhibits blue fluo- 
rescence. Right: The DiamondView reveals the green 
phosphorescence of the synthetic melee, while the natural 
stone displays no phosphorescence. Images by Shi Tang. 


Using NGTC’s GV5000 rapid screening instrument, 
the UV luminescence of a group of diamonds can be ob- 
served at the same time. Unlike colorless to near-color- 
less HPHT synthetic melee, which normally displays 
strong phosphorescence, the CVD phosphorescence reac- 
tion tends to be weak or inert. The GV5000 provides 
broadband UV excitation, in which colorless to near-col- 
orless HPHT synthetics display strong greenish blue 
phosphorescence for about 3-60 seconds. Colorless to 
near-colorless CVD synthetics normally emit weak phos- 
phorescence that lasts less than 3 seconds, while natural 
diamonds very rarely show phosphorescence with 
medium to weak intensity for 1 to 2, seconds. Also, the 
fluorescence color under the GV5000 is mostly blue- 
white for natural diamonds, strong greenish blue for 
HPHT synthetics, and bluish green or green or orange to 


PL SPECTRUM 


red for CVD synthetics (colorless to near-colorless). We 
noticed the green fluorescence and weak green phospho- 
rescence of this melee and conducted further testing. The 
green fluorescence and phosphorescence were more pro- 
nounced in the DiamondView (figure 22), but the layered 
growth structure of CVD synthetics was still not seen due 
to the specimen’s small size. 

An absorption spectrum collected by micro-FTIR iden- 
tified it as a type Ila synthetic diamond, with no N-related 
absorption. A weak 270 nm absorption band related to iso- 
lated nitrogen was detected in the UV-Vis spectrum. With 
532 nm laser excitation at liquid nitrogen temperature, the 
PL spectrum showed strong SiV- center double peaks at 
736.6 and 736.9 nm (figure 23), consistent with CVD syn- 
thetic. A clear 978 nm emission also appeared in the PL 
spectrum with 785 nm laser excitation, the assignment of 
this emission is unknown. The green fluorescence was at- 
tributed to an H3 center, which means the specimen was 
HPHT-treated after growth. 

This is the first time NGTC has identified a melee-size 
CVD synthetic diamond mounted alongside natural 
stones. This development is concerning, considering the 
challenge it would pose for gem laboratories. CVD syn- 
thetic screening requires more time and effort than HPHT 
synthetic screening, since the rapid methods of phospho- 
rescence observation currently used would no longer be 
reliable. Therefore, new screening techniques and instru- 
ments are needed. 


Shi Tang (tangs@ngtc.com.cn), Jun Su, Taijin Lu, 
Zhonghua Song, and Jie Ke 
NGTC, Beijing 


Figure 23. The melee- 
size CVD synthetic dia- 
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Unusual inclusions in green synthetic sapphire. A 5.00 ct 
green square step cut (figure 24, left) was submitted as a 
synthetic sapphire to the laboratory of the State Gemmo- 
logical Center of Ukraine. Standard gemological testing 
gave an RI of 1.763-1.768, with a uniaxial negative optic 
sign and a birefringence of 0.005, as well as a hydrostatic 
SG of 3.94. The sample was inert to short- and long-wave 
UV radiation. Pleochroism was moderate green to yellow- 
ish green. Energy-dispersive X-ray fluorescence (EDXRF) 
spectroscopy showed only small amounts of Co (0.07 wt.% 
Co,O, and CoO). Microscopic examination revealed abun- 
dant gas bubbles, including some along curved lines. From 
these observations we inferred that the Verneuil or 
Czochralski method was used to create this stone. These 
green synthetic sapphires are quite rare. There were also 
straight lines of bubbles in multiple directions (figure 24, 
right), which are extremely unusual in Verneuil- or 
Czochralski-grown synthetic sapphire. 
Turii Gaievskyi and Igor Iemelianov 
State Gemmological Center of Ukraine, Kiev 


TREATMENTS 


Impregnated amazonite. A type of high-quality translucent 
blue amazonite feldspar (figure 25) has recently appeared in 
the jewelry market. Its vivid blue color and unusually high 
translucency are rarely seen in untreated mineral speci- 
mens and rough materials. A rough piece of this material 
and five beads with different quality grades were obtained 
for detailed examination at GIA’s Carlsbad laboratory. 

To induce the blue-green color in amazonite (KAISi,O,), 
the potassium feldspar must contain structurally bound 
water in addition to lead, and then undergo irradiation (A.M. 
Hofmeister and G.R. Rossman, “A spectroscopic study of ir- 
radiation coloring of amazonite: structurally hydrous, Pb- 
bearing feldspar,” American Mineralogist, Vol. 70, 1985, pp. 
794-804). 

FTIR spectroscopy revealed resin impregnation. A thin 
section cut from the middle of the rough (center of figure 26) 
was prepared to investigate the depth of impregnation and 
the origin of the vivid blue color. By performing FTIR in the 
middle of the section, we confirmed that the impregnation 
completely penetrated the material. Chemical analysis was 
obtained with a Thermo Fisher iCAP Q ICP-MS coupled 
with a New Wave Research UP-213 nm laser ablation unit. 
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Figure 24. This 5.00 ct 
green synthetic sap- 
phire showed clouds of 
bubbles along different 
directions (right, field 
of view 4.35 mm). Pho- 
tos by Iurii Gaievskyi. 


A line of 27 ablation spots crossed the whole section. Analy- 
sis revealed a microcline feldspar composition with a very 
minor albite component (figure 26). Pb concentration was 
irregularly distributed from one rim to the other, eliminating 
the possibility of Pb diffusion treatment (figure 26, violet 
data set). The concentration range of Pb was 11.7-44.6 ppma, 
or 120-432 ppmw. Albite portions contained higher Sr (red 
data set) and no Rb (blue data set) or Cs (green data set). In 
contrast, microcline portions contained higher Rb and Cs, 
and almost no Sr. 

To test their chemical stability, the five beads were im- 
mersed in water, reagent alcohol, and then acetone for an 
hour apiece (figure 27, B-D). The quality of the beads in- 
creases gradually from left to right in figure 27. Neither 
water nor reagent alcohol affected the beads’ appearance (fig- 
ure 27, B-C). Many whitish fractures became evident on the 
surface of the smallest, third-largest, and largest beads after 
immersion in acetone for an hour (figure 27D). Their trans- 
parency diminished significantly, and they took on an un- 
sightly mottled appearance. In contrast, the second-smallest 
and second-largest beads seemed largely unaffected. After 24 


Figure 25. In this high-quality translucent amazonite 
bracelet, the average bead diameter is 12 mm. Photo 
by Kevin Schumacher. 
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Figure 26. The amazonite’s 
concentration vs. position 
profile revealed that it was 
mainly composed of micro- 
cline with minor albite. 
Spots laser-ablated from al- 
bite regions contain higher 
Sr and no Rb and Cs, while 
spots laser-ablated from 
microcline regions contain 
higher Rb and Cs and al- 
most no Sr. The Pb concen- 
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hours of immersion in acetone, more whitish fractures be- 
came visible in the smallest, third-largest, and largest beads, 
revealing the true quality of the original material used for 
impregnation (figure 27E). Very minor whitish fractures 


Figure 27. Amazonite beads without any post-treat- 
ment (A) and after immersion in water for an hour 
(B), reagent alcohol for an hour (C), acetone for an 
hour (D), and acetone for 24 hours (E). In all five 
rows, the bead quality increases gradually from left to 
right. Photos by Kevin Schumacher. 
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mm). Photomicrograph by 
Jonathan Muyal. 


were observed in the highest-quality bead (figure 27E, far 
right). During normal wear, consumers should avoid expo- 
sure to solvents that contain large portions of acetone, such 
as nail polish remover. 


Ziyin Sun and Nathan D. Renfro 


CONFERENCE REPORT 


75th Swiss Gemmological Society Conference and European 
Gemmological Symposium. The 75th Swiss Gemmological 
Society (SGS) Conference and 6th European Gemmological 
Conference (EGC) were held together in Zermatt, Switzer- 
land, June 30-July 1, 2017. Set at the Grand Hotel Zermat- 
terhof, the conference featured 24 renowned speakers 
delivering a diverse, high-quality program. 

Following the welcome address from SGS president Hans 
Pfister, the first presentation was from Klemens Link (Gii- 
belin Gem Lab, Lucerne, Switzerland) on a new system for 
age determination of emeralds using LA-ICP-MS. This sys- 
tem provides useful geographic origin information for the 
gemstone’s owner and high-quality data for scientific re- 
search. Ulrich Henn (German Gemmological Association, 
Idar-Oberstein) surveyed gems from central Namibia, start- 
ing with the discovery by German tin miners of tourmaline 
in Usakos in the early twentieth century. Bernhard Berger 
(Cartier, Paris) gave a 170-year history of Cartier, with special 
reference to the 1,800 pieces in the Cartier Collection. Alan 
Hart (Gem-A, London) delivered an illuminating talk on the 
Koh-i-Noor diamond from the British Crown Jewels, includ- 
ing its original cutting style prior to recutting in 1852. 

Martin Rapaport (Rapaport, New York) was in typical en- 
ergetic form for his keynote lecture on the state of the dia- 
mond industry, in which he highlighted the role of the 
gemologist. He suggested that gemologists create great value 
for the trade and should charge twice as much for their serv- 
ices, drawing applause. Vincent Pardieu (VP Consulting SPC, 
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Bahrain) presented on gemstones from East Africa. The chal- 
lenge and opportunity for the future, he said, would be to bal- 
ance gem discoveries and conservation, especially with new 
finds in and around Africa's national parks. Thomas Hain- 
schwang (GGTL Laboratories, Balzers, Liechtenstein) spoke 
on GGTLs initiative to characterize treated diamonds. The 
aim is to create the most complete data set of natural-color 
versus treated-color diamonds. Alan Hodgkinson (Scottish 
Gemmological Association, Edinburgh) pondered the under- 
appreciation of zircon, quoting Basil Anderson’s description 
of them as “the most mysterious of gemstones.” Henry 
Hanni (GemExpert GmbH, Basel, Switzerland) presented 
“sannan skarn,” an ornamental gemstone from Pakistan that 
resembles maw-sit-sit and was introduced at the September 
2016 Hong Kong show. Guillaume Chautru (Piaget, Geneva) 
spoke on the importance of gemological testing from a jew- 
elry and watch manufacturer’s point of view. Michael 
Krzemnicki (SSEF, Basel) detailed SSEF’s inclusion research 
and new laser ablation-inductively coupled plasma-time of 
flight-mass spectrometry (LA-ICP-TOF-MS] capability. 
Michael Hiigi, scientific committee chairman of SGS, pre- 
sented the gems of Switzerland, especially the quartz that 
became works of art in the hands of European lapidaries from 
the 14th century onward. The guest of honor at the gala din- 
ner, former Swiss president Adolf Ogi, gave an amusing talk 
on his career in politics. 

The next morning, Hanco Zwaan (Netherlands Gem- 
mological Laboratory, Leiden) discussed the characteriza- 
tion and formation of Sri Lankan metamorphic sapphires. 
Andrey Katrusha (New Diamond Technology, Russia) de- 
tailed the impressive results NDT has achieved in only 
three years of commercially producing large gem-quality 
synthetic diamonds. Raquel Alonso-Perez (Harvard Mu- 
seum, Cambridge, Massachusetts) offered insights into the 
new emerald deposit in eastern Madagascar, based on her 
fieldwork there in September 2016. Bruce Bridges (Bridges 
Tsavorite, Kenya) looked back on 50 years of tsavorite with 
a video from the famous Scorpion mine and a moving trib- 
ute to his father, Campbell Bridges. Wuyi Wang (GIA, New 
York) updated the conference on synthetic gem-quality di- 
amond and its identification, detailing GIA’s research into 
this area. Daniel Nyfeler (Gtibelin Gem Lab, Lucerne) ad- 
dressed gemstone traceability and GGL’s work to increase 
transparency in the colored stone supply chain. 

Helen Molesworth (Giibelin Academy, Lucerne, 
Switzerland and Hong Kong) offered a historical perspective 
on the gem market using record auction prices and compar- 
ing values at different periods using a soldier’s annual salary 
as a benchmark. Emeralds again came under the microscope 
in Laurent Cartier’s (SSEF, Basel) talk detailing their history 
from ancient Egypt to modern Ethiopia. We were treated to 
the photography of Jeff Scovil (Phoenix, Arizona), who 
showed how he captures minerals, gems, and jewelry. Joseph 
Taylor (PT Cendana Indopearls, Indonesia) demonstrated 
how the Balinese philosophy of Tri Hita Karana is applied 
to his company’s pearl farm in Indonesia. Willy Bieri (GRS, 
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Figure 28. Differential interference contrast lighting 
reveals surface growth marks on Brazilian beryl. 
Photomicrograph by Jonathan Muyal; field of view 
0.72 mm. 


Meggen, Switzerland) spoke on the identification of the new 
sapphires being mined near Ambatondrazaka, Madagascar, 
and their differentiation from Kashmir sapphires. Thomas 
Hainschwang delivered a talk by Franck Notari (GGTL Lab- 
oratories, Geneva) on polycrystalline boehmite needles in 
corundum, and his proposal to rename these “Rose’s chan- 
nels” in homage to Gustav Rose, a nineteenth-century Ger- 
man mineralogist. 

The next morning, following a trip on the famed Gorner- 
grat Railway, a geological master class was held at an eleva- 
tion of 3,100 meters. Kurt Bucher (University of Freiburg, 
Germany) detailed the geology of the Zermatt region. 

The SGS 2018 Annual Meeting will take place May 7- 
8 in Lugano, Switzerland. 

Edward Johnson 
London 


ANNOUNCEMENTS 


Jonathan Muyal wins Royal Microscopical Society award. 
GIA Carlsbad staff gemologist and G&G contributor 
Jonathan Muyal took second place in the Light Microscopy— 
Physical Sciences division of the Royal Microscopical 
Society’s biennial Scientific Imaging Competition. The 
award-winning image (figure 28) shows natural surface 
growth marks on Brazilian beryl. Mr. Muyal used differen- 
tial interference contrast lighting to create the image. 


James Shigley receives AGS Lifetime Achievement Award. 
Dr. James E. Shigley, GIA’s distinguished research fellow, re- 
ceived the American Gem Society’s Lifetime Achievement 
Award at the AGS Circle of Distinction dinner on July 25, 
2017 in New York. Since joining GIA in 1982, Dr. Shigley 
has made countless contributions to the field. He has lec- 
tured extensively on gems and gem identification, authored 
or coauthored more than 60 Gems e) Gemology articles, and 
edited the GWG In Review book series. 
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could net be reprecipitated to form large 
crystals. Instead it reappeared as a gelatin- 
ous essentially amorphous mass. Suitable 
growth conditions could only be realized at 
temperatures far above the ordinary boiling 
point of water. Equipment capable of with- 
standing very high pressures was necessary. 

Gradually two distinct approaches to the 
growth problem evolved. One can be called 
the constant temperature method, the other 
the temperature gradient method. 


CONSTANT TEMPERATURE 
METHOD 


In the constant temperature method some 
form of silica more soluble than quartz is 
heated to a water solution. The solution be- 
comes saturated with the material used. Be- 
cause quartz is less soluble than the form of 
silica used (such as silica glass), the solu- 
tion is supersaturated with respect to quartz. 
A quartz plate or fragment in contact with 
such a solution will grow until the excess 
dissolved silica is removed. 

The experimental difficulties involved 
were appalling. Ir was found that tempera- 
tures of the order of 400° C. were neces- 
sary. At that temperature the vapor pressure 
of water is approximately two and one half 
tons per square inch. Special steel bombs 
were constructed to withstand such pres- 
sures. Under these conditions water has an 
incredible ability to sneak around gaskets 
and fittings. Much time was consumed in 
developing gasket materials that would not 
leak or be attacked by the solutions, in 
learning the best way to make steam-tight 
connections. 

Further difficulties arose from the chem- 
ical factors. When quartz plate was sealed 
into the bomb, along with more soluble 
nutrient material, both seed plate and 
nutrient dissolved if the solution used were 
too effective a solvent. One very effective 
device to minimize this effect was to sus- 
pend the quartz seed well above the level 
of the water when the bomb was filled at 
room temperature. Then, as the bomb was 


heated, the seed plate remained uncorroded 
in the steam above the liquid, while the 
nutrient material dissolved and saturated 
the solution. Then, at about 375° C., the 
critical temperature of water was reached, 
and the solution all turned to steam. This 
steam, however, had a density near that of 
the solution, and was an effective medium 
for growth. Before this ‘‘flashing over” of 
the bulk of the solution into steam, the 
seed plate was in steam of low density, and 
neither corroded nor grew. Afterwards 
growth ensued. By protecting the seed plate 
in this manner, it was found possible to get 
growth on the seed plate, and some small 
crystals were formed. Another difficulty 
emerged, however; the nutrient material 
converted to quartz in place, without dis- 
solving, moving, and reprecipitating on the 
seed plate. As soon as it became quartz, its 
solubility became the same as that of the 
seed, and growth stopped, for the whole 
principle of growth depended on a con- 
tinuous supply of silica from a source more 
soluble than quartz. 


TEMPERATURE GRADIENT 
METHOD 


In the temperature gradient method use 
is made of the increase in quartz solubility 
in water solutions as temperature is increas- 
ed. In principle, growth of large crystals 
should be easy; in practice, the mechanical 
difficulties to be surmounted were greater 
than in the constant temperature method. 
Quartz is dissolved at a higher temperature, 
then the saturated solution is cooled and 
placed in contact with a quartz seed plate. 
The solution is supersaturated at the lower 
temperature, so that the seed grows until 
the solution is just saturated at the lower 
temperature. This is the method that had 
already been used to grow very large single 
crystals of several compounds, such as dihy- 
drogen phosphate. For them, however, solu- 
tions below the boiling point could be used 
in essentially open containers. For quartz 
growth the temperatures for this method, 
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The World's Biggest Diamonds: 
Windows into the Earths Deep Mantle 


For geoscientists and gemologists alike, the origins of large, high-clarity, and relatively pure 
diamonds, like the Cullinan and the 812.77 ct Constellation on the cover of this issue, have long 
been an enigma. In a December 2016 Science article, a team of researchers led by GIA’s Dr. Evan 
Smith provided important insights into how these rare and extraordinary gems form deep in the 
earth’s mantle. That article presented evidence that such Cullinan-like, nitrogen-poor “CLIPPIR” 
diamonds contain high-pressure mineral inclusions that are only stable at depths of 360-750 km 
(approximately 225-465 miles). By contrast, the bulk of gem-quality diamonds form in the base of 
continental tectonic plates at depths of 150-200 km (95 to 125 miles). Inclusion-bearing CLIPPIR 
diamonds constitute only 1 in 10,000 of those : : ; 
submitted to GIA’s laboratories, The inclusions  _Vatural diamonds are science’ best tools 


these big diamonds carry—iron-nickel metal for understanding the depths of the earth. 
with minor sulfur and carbon—truly are a - . 

window into the earth’s deeper mantle. In our lead paper, Evan Smith and Wuyi Wang partner with 

Steven B. Shirey of the Carnegie Institution for Science to build on the landmark Science article. They provide more 

detail on the key features of these remarkable diamonds as well as data on additional samples. 


Our second paper, by Robert Weldon, Cathleen Jonathan, and Rose Tozer of GIA’s Richard T. Liddicoat Library, 
explores the astonishing work of a multigenerational family of gem carvers: the Drehers of Idar-Oberstein, Germany. 
The authors focus on the contemporary craft of Gerd Dreher and his son, Patrick, artisans with an unerring ability to 
channel the spirit of the animals they model from high-quality rough gem minerals and richly patterned agates. 


In our third paper, Laura Otter, Oluwatoosin Agbaje, Le Thi-Thu Huong, Tobias Hager, and Dorrit Jacob present the 
first gemological characterization of Australian akoya cultured pearls using Raman, photoluminescence, FTIR, and 
UV-Vis spectroscopy. Unlike many other akoyas, these Australian examples are marketed without any post-harvest 
treatments involving dyes or bleaches. 


Next, Jennifer Stone-Sundberg, Timothy Thomas, Ziyin Sun, Yunbin Guan, Zachary Cole, Randy Equall, and John 
Emmett introduce a set of new reference standards designed to improve the quality of trace element analysis in ruby 
and sapphire. These standards use corundum substrates rather than the typical silicate glasses produced by the 
National Institutes of Standards and Technology (NIST). This important paper documents the development of 
corundum sets with precisely known levels of beryllium, magnesium, titanium, silicon, vanadium, chromium, iron, 
and gallium using secondary ion mass spectrometry (SIMS). 


Stefanos Karampelas, Abeer Tawfeeq Al-Alawi, and Ali Al-Attawi provide a comparison of real-time X-ray micro- 
radiography (RTX) units fitted with different detectors. Their analysis demonstrates the superior resolving power of a 
flat panel detector (FPD) over an image intensifier (II) for interpreting fine detail in a pearl’s internal growth structure. 


And to complement our emerald and sapphire charts from Winter 2016 and Summer 2017, we present a new one 
featuring some characteristic internal features of natural, treated, and synthetic ruby. This chart 
is from GIA’s team of inclusion specialists, led by Nathan Renfro and John Koivula. 


As always, there’s something for every gemological taste in our Lab Notes, Gem News 
International, and Micro-World sections. 


Finally, I encourage you to join us for the 2018 GIA Symposium, October 7-9 in Carlsbad, 
California. This promises to be an unforgettable learning and networking event. You can 
register to attend or submit an abstract for an oral or poster presentation at 
symposium.gia.edu. 


The Constellation diamond, with a maximum width 
of 64 mm, is shown beside a 1 ct round brilliant. 
Photo by Jian Xin (Jae) Liao. 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 


EDITORIAL Gems & GEMOLOGY WINTER 2017 387 


a AOS ARTICLES 


THE VERY DEEP ORIGIN OF THE 
WokrLb’s BIGGEST DIAMONDS 


Evan M. Smith, Steven B. Shirey, and Wuyi Wang 


Large and relatively pure diamonds like the historic 3,106 ct Cullinan, found in South Africa in 1905, 
have long been regarded as unusual based on their physical characteristics. For example, they often ex- 
hibit exceptional color and clarity, while routinely qualifying as type Ila, a rare designation of chemical 
purity. A new research discovery about these Cullinan-like diamonds is that they contain heretofore un- 
known, deeply derived inclusions that originate below the continental mantle keel and are thus known 
as “superdeep” diamonds (Smith et al., 2016). Originating from a depth between 360 and 750 km, they 
reveal information about the conditions within the convecting mantle, beneath the earth’s rigid tectonic 
plates. Here we review the previously published findings, compare the Cullinan-like diamonds to the 
more abundant lithospheric diamond population, and offer evidence from some additional diamond 
samples that further verifies their superdeep origin. Cullinan-like diamonds contain minute and rare sil- 
icate and iron-rich metallic inclusions surrounded by a fluid jacket composed of methane and hydrogen. 
The inclusion compositions suggest that this deep mantle environment contains small pockets of oxy- 
gen-deficient metallic liquid out of which the diamonds crystallized. This new and unexpected obser- 
vation made on the world’s most expensive diamonds is important for understanding the chemical 
reactions between mineral assemblages in the deep earth. It shows that deep regions of the mantle con- 
tain metallic iron, as opposed to the shallower, more oxidized mantle rocks actively participating in 


plate tectonics and its associated volcanism. 


iamonds, besides being the most valuable 
[) gemstones for jewelry, are some of the most 
scientifically valuable samples of the deep 

earth. Interpretation of their included minerals and 
crystallization history provides a snapshot of other- 
wise inaccessible geological processes from more 
than 100 kilometers underground and often from bil- 
lions of years in the past (e.g., Shirey and Shigley, 
2013). No other mineral sample can provide informa- 
tion for research from such depths and from so long 
ago. Until recently, exceptional gem diamonds such 
as the famous Cullinan or Lesotho Promise, with a 
set of physical characteristics that distinguish them 
from other kinds of diamonds, were enigmatic and 
had an unknown origin (Bowen et al., 2009; Gurney 
and Helmstaedt, 2012; Moore, 2014). How did they 
form? Certainly not like 99% of other gem dia- 


See end of article for About the Authors and Acknowledgments. 
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monds. New research carried out in the last two 
years at GIA, the Carnegie Institution for Science, 
and the University of Padua reveals that these Culli- 
nan-like diamonds form in a geologically special way, 
involving metallic liquid and originating from ex- 
treme depths in Earth’s mantle well below that of 
other gem diamonds (Smith et al., 2016). 


RECOGNITION OF A NEW DIAMOND VARIETY 
As a family, these diamonds tend to be large, inclu- 
sion-poor, and relatively pure (usually type Ila), and 
in their rough state they are irregularly shaped and 
significantly resorbed (figure 1) (Bowen et al., 2009; 
Gurney and Helmstaedt, 2012; Moore, 2014; Smith 
et al., 2016). These characteristics are combined in 
the acronym “CLIPPIR” (Cullinan-like, Large, Inclu- 
sion-Poor, Pure, Irregular, and Resorbed). Figure 2 
shows a broad dataset of assorted diamonds, where 
the CLIPPIR population displays these characteris- 
tics. Among larger diamonds, there is a striking in- 
crease in the prevalence of D color grades and the 
proportion of type Ila diamonds, chiefly due to their 
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Figure 1. Rough CLIPPIR diamonds have physical features akin to the historic Cullinan diamond, which forms the 
“C” of the CLIPPIR acronym. The size distribution for this variety of diamond is skewed toward large sizes, with 
the examples shown here ranging from 14 to 91 carats. In rough form, CLIPPIR diamonds are irregularly shaped 
rather than well-formed crystals and sometimes appear to be broken fragments of once larger diamonds. Photo by 
Robert Weldon/GIA; courtesy of Gem Diamonds Ltd. 


lack of nitrogen. As expected, these larger type Ila di- 
amonds have very few inclusions and consequently 
high clarity grades. 

Historically, it has been difficult to study these di- 
amonds because of their rarity and high value as 
gemstones; they simply cannot be purchased for in- 
depth analysis on a research budget. It is only 
through the research program of GIA, where thou- 
sands of high-quality gem diamonds were available 
to be examined by non-destructive methods such as 
Raman spectroscopy and X-ray diffraction, that their 
common inclusion paragenesis and hence their ori- 
gin was revealed. Here we review in more detail the 
key features of diamonds reported by Smith et al. 
(2016) as well as some additional CLIPPIR samples 
examined since. 

An important key to the origin of these diamonds 
lies in the special inclusions they contain, composed 
of iron-nickel metal with minor sulfur and carbon. 
At the ambient pressure and temperature under 
which the CLIPPIR diamonds formed, these inclu- 
sions were metallic liquids. But now, under surface 
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conditions, they have cooled and crystallized to a dis- 
tinctive, rarely seen mineral assemblage. This assem- 
blage includes the rare mineral cohenite, an iron-rich 
carbide with the formula (Fe,Ni},C, and the relatively 
common iron sulfide mineral pyrrhotite. 

Metallic iron-nickel alloy is thought to be created 
and stabilized in parts of the deep mantle (Frost et al., 
2004; Rohrbach et al., 2007). Although the normal 
amount of metal in these regions of the mantle is 
likely about 1% or less, it is expected to regulate and 
limit the local activity of oxygen (Frost et al., 2004). 
Oxygen availability is a key planetary parameter re- 
sulting from the earth’s large-scale geologic evolution 
(Rohrbach and Schmidt, 2011). It controls, along with 
temperature and pressure, the basic mineral compo- 
sition of the planet’s interior, how this varies with 
depth, and the composition of melts generated. At 
the pressure and temperature conditions near and at 
Earth’s surface, rocks almost never contain metallic 
iron. Also, these shallower rocks are affected by mag- 
matism associated with plate tectonics and by inter- 
action with Earth’s atmosphere and hydrosphere, 
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Figure 2. Systematic deviations of properties suggest that CLIPPIR diamonds become more prevalent among larger- 
sized diamonds. Left: Diamonds over 5 carats show an increasing incidence of D color grades in a random sample 
of 4.2 million diamonds graded by GIA; shown is the ratio of D color (colorless) to E color (not quite perfectly color- 
less) grades awarded. Center: In a similar dataset of 3.5 million samples, the proportion of type Ila diamonds (nitro- 
gen-deficient, high-purity) also increases dramatically when considering only the larger diamonds. Right: Among a 
set of large diamonds, all over 15 carats, those qualifying as type Ila have markedly higher clarity and dominate the 


flawless grade category. (GIA clarity abbreviations: FL = flawless, IF = internally flawless, VVS 
= slightly included 1/2, and I 


included 1/2, VS. = very slightly included 1/2, SI 


1/2 


which occur at relatively oxidizing conditions. These 
conditions completely mask the ambient conditions 
in the earth’s deep interior, which can be revealed in 
the mineralogy of CLIPPIR inclusions. It is coinci- 
dental but agreeably fitting that the world’s most 
valuable diamonds as gemstones have now taken on 
exceptional scientific value. 


NITROGEN AND THE DISTINCTION BETWEEN 
TYPE IIA AND CLIPPIR DIAMONDS 

Nitrogen is all around us every day, making up 78% 
of the air we breathe and forming an essential ele- 
ment for life on Earth. Nitrogen behavior inside the 
earth, especially in minerals and fluids deep in the 
mantle, is less understood, but nitrogen is thought 
to be recycled into the mantle by plate tectonic ac- 
tivity. In the mantle, it is an ingredient in the dia- 
mond-forming fluids for the most common 
diamonds, known as type I. As such it is the most 
abundant trace element in diamond, where it sub- 
stitutes for carbon atoms in the crystal structure. 
Since the advent of studies to understand the geo- 
logical conditions for diamond growth and forma- 
tion, diamonds have become one of the important 
tools that can help geologists trace the deep cycling 
and behavior of nitrogen. 
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1p = very very slightly 
= included 1/2/3) 
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The nitrogen content of diamond can vary greatly 
for several reasons, including variable supply of nitro- 
gen in diamond-forming fluids, variable partitioning 
into the diamond, and variable partitioning into a 
competing nitrogen-bearing phase. Diamonds with 
no appreciable nitrogen-related absorption in the 800- 
1400 cm" range in infrared spectroscopy are classi- 
cally defined as type Ila (Wilks and Wilks, 1994). Note 
that the abundance of nitrogen in diamond is a con- 
tinuous range without a sharp division. The continu- 
ous range means that the 5-20 ppm nitrogen 
concentration threshold that marks the boundary in 
classification between type Ila (nitrogen-deficient) and 
type I (nitrogen-bearing) has no basis in mineralogy 
but rather is based on analytical sensitivity. Analyti- 
cal sensitivity has shifted to lower thresholds over 
time, as instrumentation has improved. 

The type Ila designation of chemical purity is usu- 
ally regarded as a desirable gemological trait that is 
associated with high clarity and color, and it has 
proven convenient for scientific classification of dia- 
mond (see review by Breeding and Shigley, 2009). 
With one exception, the CLIPPIR diamonds of this 
study are type Ila. The relationship between CLIPPIR 
and type IIa diamonds likely applies to larger unstud- 
ied populations, as shown by the disproportionate 
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number of large, high-quality diamonds that are type 
Ila (figure 2). It is important to bear in mind, however, 
that not all type Ia diamonds are classified as CLIP- 
PIR, and vice versa. Some lithospheric diamonds 
from peridotitic and eclogitic host rocks, for exam- 
ple, can also have very low nitrogen concentrations 
and be considered type IIa (e.g., Stachel and Harris, 
2009; Gurney et al., 2010; Moore, 2014). 


SOLIDIFIED IRON-NICKEL METAL: 

A NEWLY RECOGNIZED INCLUSION TYPE 
Although inclusions are scarce in CLIPPIR dia- 
monds, with the right approach they can be sought 
and studied. By leveraging a high-volume diamond 
grading service like that of GIA to find prospective 
samples for examination, it was possible to cull out 
enough of the rare inclusion-bearing CLIPPIR dia- 
monds to look at their features as a group. In the past, 
the only reported inclusions in CLIPPIR diamonds 
were flat black inclusions with round boundaries, 
previously assumed to be flecks of graphite (Bowen 
et al., 2009; Moore, 2014). Rarely, some inclusions 
have been suspected to be sulfides, as they can re- 
semble common pyrrhotite and pentlandite inclu- 
sions in lithospheric diamonds (Bowen, pers. comm., 


In Brief 


¢ Unusually large and pure diamonds like the 3,106 ct 
Cullinan have a special geological origin, much deeper 
in the earth’s mantle than most other gem diamonds. 


e Many of the world’s biggest high-clarity, D-color dia- 
monds belong to this special variety known as CLIPPIR 
diamonds. 


¢ Newly recognized iron-rich metallic inclusions in these 
diamonds provide insight into the makeup of the deep 
earth. 

There is still much to be learned from the study of dia- 
monds, which are an invaluable “window” into the un- 
seen world deep beneath our feet. 


2013, in Moore, 2014). However, a search of the lit- 
erature reveals that the only consistently reported in- 
clusion is visually identified graphite. In fact, the 
Cullinan diamond itself was described as having a 
small round, black inclusion in the center, which 
was intentionally bisected with the first cleave of the 
rough diamond by Joseph Asscher in 1908 (Crookes, 
1909). Of course, the finished Cullinan gemstones 
are essentially flawless and free of inclusions (Scar- 
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ratt and Shor, 2006). What few inclusions are to be 
found in rough CLIPPIR diamonds are usually elim- 
inated during cutting and polishing, making the 
search for inclusions all the more difficult among 
polished goods. 

Our recent study (Smith et al., 2016), comprising a 
targeted subset from hundreds of thousands of faceted 
diamonds as well as a small number of offcuts 
trimmed from rough diamonds during cutting and 
faceting, documented 53 inclusion-bearing CLIPPIR di- 
amonds that establish a specific inclusion assemblage 
that deviates from known lithospheric or sublithos- 
pheric suites. Thirty additional faceted stones have 
since been studied and now yield observations on a 
total of 83 diamonds, summarized in table 1 (see also 
data supplement at www.gia.edu/gems-gemology/ 
winter-2017-worlds-biggest-diamonds,; for methods, 
see Smith et al., 2016]. Past visual descriptions of in- 
clusions in these types of diamonds mention flat, 
black features, interpreted as graphite. Our work has 
shown that these are graphitic rosette fractures that 
surround and sometimes conceal a much smaller 
non-graphitic inclusion (figure 3) somewhat reminis- 
cent of sulfide inclusions. 

In the center of the black fractures, the inclusion 
nucleus itself is different from that of a typical sulfide 
inclusion. In contrast to lithospheric diamonds, 
where black fracture rosettes are typically associated 
with sulfide inclusions, CLIPPIR diamonds have 
black fractures surrounding many inclusions, such 
that even silicates can have a superficial resemblance 
to “common” sulfide inclusions (figure 4A; see also 
figures $2 and S3 in Smith et al., 2016). The fractures 
are likely due to the higher stresses that build up 
around most superdeep inclusions when they are ex- 
humed from the mantle. 

The most common inclusion identified in CLIPPIR 
diamonds is a metallic iron-nickel-carbon-sulfur mix- 
ture. While most of these inclusions can only be stud- 
ied remotely through the diamond by Raman 
spectroscopy, all inclusions that can be examined di- 
rectly by other microanalytical techniques such as 
scanning electron microscopy (SEM], electron micro- 
probe analysis, and/or X-ray diffraction (XRD) are sim- 
ilar metallic Fe-Ni-C-S mixtures. In our experience, 
these metallic inclusions differ from sulfide inclusions, 
which also have metallic luster but are smoother, more 
equant cuboctahedral shapes, isolated rather than 
grouped, and far less magnetic. The sulfide inclusions 
sometimes have brassy colors and identifiable sulfide 
mineral Raman features, and they have not yet been 
found to have coexisting fluid. In contrast, the Fe-Ni- 
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C-S metallic inclusions often have step-faced surfaces, 
strong magnetism, and elongate and irregular shapes, 
grouping into chains, and routinely possess a coexist- 
ing fluid phase (again, see figure 3). 

Specifically, these inclusions are accompanied by 
a thin, invisible fluid layer of methane (CH,) and 
lesser hydrogen (H,) trapped at the interface between 
the solid inclusion and surrounding diamond (figure 
5). Detailed analysis of the inclusions reveals that 
they are made up of cohenite ((Fe, Ni),C), interstitial 
Fe-Ni alloy, segregations of Fe-sulfide, and minor oc- 
casional Fe-Cr oxide, Fe-oxide (likely wiistite}, and Fe- 
phosphate (Smith et al., 2016). We interpret the minor 
oxides as evidence of small amounts of oxygen even 
in these relatively oxygen-poor conditions, because 
all the inclusions examined were carefully selected 
from unaltered diamonds that had no surface-reach- 
ing fractures. This assemblage of minerals is inter- 


preted to have crystallized during transport to the sur- 
face from the molten metallic liquid that was trapped 
during diamond growth at depth. The metal contains 
very limited amounts of oxygen, which indicates that 
CLIPPIR diamonds form under reducing conditions 
in the mantle. Metallic Fe-Ni-C-S melt inclusions 
such as these have not been described previously, al- 
though rare, isolated occurrences of native iron, iron- 
nickel alloy, and iron carbide inclusions have been 
found in other diamonds (Sharp, 1966; Jacob et al., 
2004; Kaminsky and Wirth, 2011; Mikhail et al., 
2014). Coincidentally, the German mineralogist Emil 
Cohen, for whom cohenite is named, might have en- 
countered one of these Fe-Ni-C-S melt inclusions in 
an 80 ct rough diamond in South Africa 140 years ago, 
though he described the inclusion as “specular iron” 
or hematite based on color, luster, and form (“Iron in 
diamonds,” 1877). 


Figure 3. Examples of the typical appearance of metallic Fe-Ni-C-S inclusions in CLIPPIR diamonds. A: Two paral- 
lel <111> oriented chains (field of view 2.34 mm). B: Backlit inclusion chain (field of view 1.42 mm). C: Elongate 
metallic inclusion with a round black fracture of {111} orientation that obliquely cuts the <111> elongation direc- 
tion of the inclusion (field of view 1.42 mm). D: A less elongate metallic inclusion with a small irregular tail on 
the lower left (field of view 1.42 mm). Photos by Evan M. Smith. 
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TABLE 1. Summary of inclusions observed in 83 CLIPPIR diamonds. 


No. of Largest in group Inclusion assemblage Inclusion properties Mineralogy 
diamonds 
60 30.13 ct Metallic Fe-Ni-C-S (inferred to Magnetic, silver/black color, opaque, Cohenite (Fe,Ni),C + Fe-Ni 
be primary melt inclusions) grouped in <111> chains, CH, fluid alloy + pyrrhotite + minor 
jacket (22 also had detectable H, in phases 
Raman); associated with healed 
cracks; alters to red-brown (hematite). 
15 32.88 ct Calcium silicate phases with Colorless, transparent, often with CaSiO,-walstromite + larnite 
original perovskite structure droplet-like satellite inclusions (B-Ca,SiO,) + CaSi,O.-titanite + 
inferred (CaPv) defining lobes of localized healed wollastonite + perovskite 
cracks; one diamond had inclusions (CaTiO,) 
with CH, + H, fluid jackets but no 
indication of metal. 
4 10.21 ct CaPv + metal Colorless, transparent, with opaque, CaSiO,-walstromite + larnite 
magnetic, metallic-luster droplet-like (B-Ca,SiO,) + CaSi,O.-titanite + 
satellite inclusions with detectable Fe-Ni-C-S phases 
CH,,; note that the silicate and metal 
co-occur rather than appearing as 
discrete separate inclusions. 
2 10.21 ct Majoritic garnet + metal Pale orange, transparent, with opaque, Low-Cr majoritic garnet + Fe- 
magnetic metallic phase partly Ni-C-S phases + retrograde 
occupying inclusion space, with clinopyroxene, plagioclase, 
detectable CH,; note that the garnet and olivine 
metal co-occur rather than appearing as 
discrete separate inclusions. 
1 4.41 ct CaPv + majoritic garnet + metal Pale orange, transparent garnet Majoritic garnet with metallic 
inclusions with distinct metallic component + CaSiO,- 
opaque regions exhibiting strong walstromite 
magnetism, with detectable CH,; one 
colorless, transparent calcium silicate. 
1 10.17 ct CaPv + majoritic garnet Two colorless transparent calcium CaSiO,-walstromite + majoritic 


silicate inclusions; one pale orange, 


garnet 
transparent garnet inclusion. 


Combines results from 53 diamonds in Smith et al. (2016) and 30 additional diamonds (see supplement at www.gia.edu/gems-gemology/winter-20 1 7-worlds- 
biggest-diamonds). Average diamond mass is 6.1 ct, with 13 of them >10 ct. Note that most recorded masses are for the cut diamond and original mass of rough is 


unknown (also see data $1 in Smith et al., 2016). 


The metallic inclusions (figures 3 and 5) have a 
silvery metallic luster with variable coating of patchy 
black graphite (as identified with Raman spec- 
troscopy—a technique that can help identify miner- 
als using a focused laser). They are bound by 
sharp-edged, flat cuboctahedral faces as well as com- 
plex stepped faces, and are often elongate in one di- 
mension corresponding to a <l11> vector with 
respect to the host diamond crystal. Inclusions near 
the surface of the diamond are noticeably magnetic 
when brought near a small rare-earth magnet sus- 
pended from a thread. Magnetism can be helpful for 
recognizing these inclusions but is not definitive 
since some other kinds of inclusions can be mag- 
netic, such as sulfides or the metallic flux trapped in 
HPHT (high-pressure, high-temperature) synthetic 
diamonds. Raman spectroscopy, while of limited use- 
fulness in identifying these inclusions since they are 
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dominated by metals and carbides (both of which are 
inactive or weakly active in Raman], is good at re- 
vealing sulfides, which yield distinctive Raman 
peaks. We therefore take the general lack of Raman 
response from the inclusions with metallic luster as 
additional evidence that they are multi-phase metal- 
lic assemblages in which iron sulfide is a partial com- 
ponent rather than wholly sulfide mineral 
inclusions, which would have a distinctive Raman 
response. 

Taken together, the metallic inclusions’ consis- 
tent shape, texture, grouping, magnetism, lack of 
clear Raman response, and other features justify ex- 
tending the microprobe and XRD results (Smith et 
al., 2016) to the majority of inclusions in the faceted 
samples that have been studied. It is unlikely that 
some of the metallic inclusions were misidentified 
sulfide inclusions. Furthermore, it is important to 
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Figure 4. Raman spectra representative of the silicates in CLIPPIR diamonds. Spectra are offset vertically to avoid 
overlap. A: The principal silicate phase CaSiO,-walstromite is accompanied by Ca,SiO,, and CaSi,O, in a small 
colorless inclusion with a large graphitic fracture in a 32.88 ct D-color type Ila diamond. The middle spectrum 
shows CaSiO,-walstromite alone, with peak positions noticeably shifted due to high remnant pressure inside the 
inclusion, on the order of several gigapascals (Anzolini et al., 2017). B: This CaSiO,-walstromite inclusion in a 
10.21 ct light pinkish brown type Ila diamond is a good example of the main part of the inclusion being accompa- 
nied by many smaller satellite inclusions, presumably from inclusion rupture/expansion during inversion from 
CaPv. C: Majoritic garnet in the bottom spectrum was observed in a 10.17 ct D-color type Ila diamond. Note this 
10.17 ct sample contained both majorite and CaSiO,-walstromite, and the bottom two spectra were actually both 
collected from this diamond. Photomicrographs by Evan M. Smith, face-up diamond photos by Jian Xin (Jae) Liao. 


note that sulfide (pyrrhotite) appears to have been ex- 
solved from the Fe-Ni-C-S mixture, suggesting that 
the original metallic liquid would have dissolved any 
sulfide minerals in this geologic environment, mak- 
ing it unlikely that discrete sulfide mineral grains 
would be available to be trapped as inclusions. 

The fluid jacket with hydrogen and methane sur- 
rounding these inclusions is detectable with Raman 
spectroscopy, although the fluid is not uniformly dis- 
tributed over the inclusion interface (figure 5). 
Methane (CH,) is most easily detected and has a peak 
at 2918 cm, while hydrogen (H,) is generally less 
abundant but has its main peak at 4156 cm (Smith 
et al., 2016). Peaks may be shifted by a few wavenum- 
bers due to residual pressure inside the inclusions 
(Frezzotti et al., 2012). Methane is present at the in- 
clusion-diamond interface in all metallic and most 
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silicate inclusion assemblages in every CLIPPIR dia- 
mond and is often accompanied by hydrogen. The 
fluid is not thought to have existed as a free fluid 
phase while the diamond grew. Rather, it is inter- 
preted to have formed as a result of hydrogen atoms 
exsolving out of the metallic liquid, and perhaps to 
some extent the silicates as well, forming CH, and H, 
by reacting with the surrounding diamond (Smith and 
Wang, 2016). 


SILICATE INCLUSIONS IN CLIPPIR DIAMONDS: 
EVIDENCE FOR DEEP ORIGIN 

The second most abundant inclusion is a mix of cal- 
cium silicates interpreted as retrogressed CaSiO,-per- 
ovskite (CaPv), a perovskite-structured high-pressure 
mineral stable at depths beyond about 360 km (see 
box A and Brenker et al., 2005). The most common 
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as fot the constant temperature method, 
were 350-400° C. 

There was one major limitation in this 
method that had to be observed. If the solu- 
tion saturated at the higher temperature 
were cooled too much, spontaneous nucle- 
ation took place; that is, quartz crystals ap- 
peared throughout the solution, and Little 
Under 
proper conditions no new crystals appeared 


growth took place on the seed. 


spontaneously, all silica in the supersatur- 
ated solution reappeared as quartz on the 
seed plate. Consequently, the problem be- 
came one of saturating solution with quartz 
at a higher temperature and then moving it 
to a new location at a carefully controlled 
lower temperature with operating condi- 
tions of two and one half to five tons per 
square inch pressure and a temperature of 
350-450° C, 

The Brush Development Company de- 
signed a satisfactory device by using two 
large pipes, connected to each other by two 
cross pipes, one near each end. One larger 
pipe was loaded with pure but irregular 
fragments of quartz. In the other was 
mounted one of more quartz seed plates. 
Then enough sodium carbonate water solu- 
tion was added so that the system would 
be filled with liquid at the high tempera- 
tures of the run, after the liquid had ex- 
panded. Each pipe was jacketed with insula- 
tion, and heated electrically in such a way 
that the side containing the quartz frag- 
ments was hotter than the side containing 
the seed plates. The sodium carbonate solu- 
tion became saturated with quartz through- 
out the system, but because of the higher 
temperature on the “feed” side reached a 
higher concentration there. By rocking the 
whole system mechanically the hotter satur- 
ated solution can be moved through the 
cross pipes to the seeds, where it cools and 
precipitates quartz on the seed plate; the 
cooler solution moves through the other 
pipes at the same time to the hotter cham- 
bet where it becomes saturated with feed 
material. This solves the problem of trans- 


portation of hot saturated solution to an 
environment containing seeds at a lower 
temperature. 

The problem has also been solved by the 
Bell Telephone Laboratories’ by using a 
single chambered container. There circula- 
tion of solution is controlled by tempera- 
ture gradient in an elongated bomb. 


PROPERTIES OF SYNTHETIC 
QUARTZ 


It was found early in the work that the 
crystallographic seed 
plate was of great importance in getting 
good growth of quartz. In general, the faces 
of a crystal represent directions of slowest 


orientation of the 


growth, whereas edges or corners grow 
faster. In quartz the greatest rate of growth 
takes place parallel to the C axis. Eventually 
a way was found to cut seed plates so that 
a maximum rate of good growth could be 
obtained. 

The synthetic material is, in general, un- 
twinned, unstrained, and free from all but 
very minute inclusions. These inclusions are 
two-phase — gas and liquid. This reflects, 
of course, the fact that liquid has contracted 
more than the solid quartz, leaving a bubble 
of water vapor with liquid. Solid inclusions 
are rare. There is no appreciable difference 
in density between natural and synthetic 
materials. It appears possible to grow color- 
ed material quite readily. 


CONCLUSION 


The successful growth of synthetic quartz 
has resulted from the development of 
crystal techniques in high temperature — 
high pressure water solutions. Such an en- 
vironment is similar to that in which quartz 
grows in nature. Consequently, there are no 
easily discernible differences between syn- 
thetic and natural material. The methods 
that have led to success in quartz growth 
undoutedly are applicable to a variety of 
other gem materials. 


1. Dr. Albert C. Walker: Laboratory Synthesis of 
True Quartz Crystals. Gems & Gemology, Win- 
ter 1950-51, Page 359. 


SPRING 1952 
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Box A: POST-ENTRAPMENT RECRYSTALLIZATION OF INCLUSIONS 


Diamond excels at preserving trapped inclusions by 
virtue of its physical strength and chemical inertness. 
Even if they are protected and isolated, however, some 
inclusions may nevertheless recrystallize in response to 
the ambient temperature and pressure, especially when 
a diamond is transported to surface. This is true of the 
metallic Fe-Ni-C-S inclusions in CLIPPIR diamonds, 
which are thought to be trapped as a homogenous melt 
but later unmix into multiple phases (figure A-1). Tex- 
tures within these metallic inclusions are essentially ig- 
neous, reflective of solidification and crystallization 
processes. 

In addition to the crystallization of trapped melt in- 
clusions, solid mineral phases can also undergo post- 
entrapment changes. Some minerals are only stable deep 
in the earth, at elevated pressure and temperature, and 
become unstable under conditions at the earth’s surface. 
This is an important concept for inclusions in diamond 
because it explains how mineral inclusions can change 
after being trapped in a diamond. A mineral inclusion 
trapped very deep in the earth can undergo retrogression 
or inversion on its way to surface, meaning the inclu- 
sions we observe might be the breakdown products of 
some original high-pressure phase. When minerals break 
down, they are said to have undergone retrogression if 
the breakdown results in multiple phases, or inversion 
if the result is a single mineral phase. For example, the 
high-pressure mineral CaSiO,-perovskite could undergo 
retrogression to produce two complementary minerals, 
larnite (6-Ca,SiO,) and CaSi,O,-titanite, or inversion to 
produce a single mineral, CasiO, aan etait. In either 
case the bulk composition remains unchanged. Often, 


breakdown product of CaPv is CaSiO,-walstromite 
(figure 4). Other calcium silicate phases encountered 
are larnite (B-Ca,SiO,), CaSi,O,-titanite, and, less 
commonly, wollastonite (Casio, j, All four phases are 
sometimes found together metastably|4 in a single in- 
clusion. If the inclusion contains sufficient titanium, 
it can be present as perovskite (CaTiO,). Although it 
is still unclear, there may be two possible CaSi,O, 
polymorphs in retrogressed high-pressure calcium 
silicate inclusions, corresponding to monoclinic and 
triclinic structures that have been observed in high- 
pressure experimental products (e.g., Kubo et al., 
1997). Two different sets of Raman features have 
been interpreted as CaSi,O,-titanite. One signature 
encountered, as in figure 4, resembles monoclinic ti- 
tanite (CaTiSiO,) with its prominent 890 cm” band 
(see also database S3 in Smith et al., 2016). Another 
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Fe-sulfide (pyrrhotite) 
Fe-Ni metal alloy 


cohenite (Fe-carbide) 


Figure A-1. An exposed polished metallic Fe-Ni-C-S in- 
clusion. This inclusion was originally a homogeneous 
molten metal, but as it cooled and solidified the mix- 
ture crystallized into three separate phases: cohenite, Fe- 
Ni alloy, and Fe-sulfide. It is shown here as an 
energy-dispersive X-ray elemental map from an electron 
microscope, with the three phases colored according to 
where iron, nickel, and sulfur are more strongly concen- 
trated. Fe (red) is concentrated in cohenite, Ni (blue) in 
Fe-Ni alloy, and S (yellow) in Fe-sulfide. The host dia- 
mond is a 2.14 ct offcut from a larger type Ila diamond 
from the Letseng mine, Lesotho (sample Letseng_889, in- 
clusion F). For methods, see Smith et al. (2016). 


high-pressure phases are known mainly from experimen- 
tal work and are referred to by their crystal structure. For 
example, the mineral perovskite (CaTiO,) has a closely 
packed cubic crystal structure that is emulated by cal- 
cium silicate at high pressures, and this phase is called 
“perovskite” (broadly) or CaSiO,-perovskite. 


Raman signature corresponding to a synthetic 
CaSi,O, sample (figure 2 in Nasdala et al., 2003) has 
also been observed in CaPv inclusions (Nasdala et al., 
2003; Anzolini et al., 2016; Smith et al., 2016). 

The CaPyv inclusions are colorless and transpar- 
ent, with surface textures ranging from flat-faced, 
sharp cuboctahedra to more ragged-looking irregular 
surfaces, especially for larger inclusions. Some inclu- 
sions have small opaque portions that are magnetic, 
interpreted as traces of metallic liquid trapped along 
with the silicate inclusion. Many CaPv inclusions 
possess small droplet-like satellite inclusions, all of 
the same mineralogy, grouped in one or more tabular 
lobes that appear to have been introduced from the 
main inclusion outward along localized cracks (figure 
4B). The satellite inclusions are interpreted as the 
byproduct of pressure buildup sufficient to rupture 
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Figure 5. Metallic Fe-Ni-C-S inclusions with a representative Raman spectrum. All three CLIPPIR diamonds 
shown are type Ila. The faceted diamonds (left and center) are D-color and Fancy yellow-brown, respectively. The 
rightmost sample is a more heavily included offcut trimmed from an even larger, potentially D-color diamond. 

The Raman spectrum shows the typical lack of diagnostic mineral peaks (within the 100-1200 cm range) coupled 
with methane (CH,,) and molecular hydrogen (H,). Diamond Raman features are marked “D.” Face-up faceted di- 
amond photos (16.36 ct and 30.13 ct) by Jian Xin (Jae) Liao; other photos by Evan M. Smith. 


the surrounding diamond, followed by injection of 
inclusion material out into the crack. A large volume 
increase of about 30% is estimated to accompany the 
inversion from CaPv to CaSiO,-walstromite (An- 
zolini et al., 2016). The cracks have healed, and the 
diamond between individual satellite inclusions is 
optically continuous. Although this initial crack is 
healed, the main inclusion and sometimes even the 
satellite inclusions are each surrounded by a 
graphitic black fracture (figure 4B), an indication of 
further inclusion expansion during exhumation from 
the mantle by the erupting kimberlite. As a diamond 
is transported to the surface, the confining pressure 
acting on it gradually decreases and there is less pres- 
sure pushing in on its inclusions. In this situation, 
some inclusions push out against the diamond host, 
potentially causing a buildup of elastic strain and 
brittle rupturing around the inclusions. It is also pos- 
sible that the surrounding diamond can deform plas- 
tically, thereby reducing the tendency for brittle 
failure. Such inclusions demonstrate the complex 
histories of brittle, elastic, and plastic deformation 
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the host diamond can endure in response to inclu- 
sion pressure during ascent to surface. 

An additional inclusion phase found was low- 
chrome majoritic garnet, a high-pressure form of gar- 
net containing excess silica (figure 4C). The garnets 
are a pale orange color, again surrounded by large 
graphitic fractures, and sometimes have a coexisting 
magnetic, metallic component. The garnet provides 
a convenient maximum depth of derivation, since it 
is not stable deeper than about 750 km (Wijbrans et 
al., 2016). Silicate inclusion phases therefore bracket 
the depth between 360 and 750 km, overlapping the 
region of the mantle known as the mantle transition 
zone, which marks the transition between the upper 
mantle and lower mantle. 

Examples of former CaSiO,-perovskite (CaPv) and 
majoritic garnet inclusions coexisting with a metal- 
lic component and CH,+H, demonstrate a close as- 
sociation between the metal-only inclusions and the 
silicate-dominated inclusions and confirm that they 
are derived from a common, very oxygen-poor setting 
in the mantle. The best-studied example, since it 
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could be polished and examined in cross section with 
electron microscopy, is in one of the large diamond 
offcut samples from the LetSeng mine in Lesotho. In 
it, two majoritic garnets were observed, each trapped 
with a Fe-Ni-C-S metallic component alongside the 
garnet (fig S4 in Smith et al., 2016). The metallic ac- 
companiments were a mixture of iron-carbide, Fe-Ni 
alloy, and Fe-sulfide, similar to the metallic inclu- 
sions seen in other diamonds containing no silicates. 
Again, CH, was present. 

The silicate inclusions found in CLIPPIR dia- 
monds are comparable to inclusions that have been 
described before in other sublithospheric diamonds 
(see summaries by Stachel et al., 2005; Kaminsky, 
2012; Harte and Hudson, 2013). Here, these silicate 
inclusions are consistent with a mafic (eclogitic) host 
rock affiliation in the sublithospheric mantle. In the 
CLIPPIR diamond suite, however, the inclusion as- 
semblages are somewhat different because they are 
associated with metal and the reduced volatiles 
methane and hydrogen. 


CRYSTALLOGRAPHIC ORIENTATION OF 

METALLIC INCLUSIONS IN CLIPPIR DIAMONDS 
In addition to their surprising metallic nature, the 
most common inclusions in CLIPPIR diamonds also 
have a spatial distribution that is striking. The metal- 
lic inclusions are often spatially grouped in one or 
more chains, all parallel to a single <111> vector (fig- 
ure 6}. This is a line oriented perpendicular to an oc- 
tahedral {111} plane. Individual chains can waver 
slightly, with jogs and discontinuities, but can reach 
several millimeters in length. When multiple metal- 
lic inclusion chains are present, they are often parallel 
and define a pervasive linear fabric with no tendency 
to radiate from the center or otherwise align to any 
obvious diamond growth pattern. Instead the chains 
define a lineation within the diamond. The uniform, 
parallel, and crystallographically controlled orienta- 
tion of the chains suggests they are like an over- 
printed fabric established after diamond growth. 
Cathodoluminescence or UV luminescence imaging 
sometimes reveals bright curviplanar features where 
the linear extension of an internal chain pierces the 
diamond surface. Figure 6 shows an example of these 
features extending radially from the point where an 
inclusion chain vector meets the polished surface. 
These otherwise invisible features are interpreted as 
healed cracks with roughly {110} orientation, of 
which there are three potential {110} plane orienta- 
tions that intersect along the chain-defining <111> 
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Figure 6. Metallic inclusions in CLIPPIR diamonds often 
occur in linear chains. A: Long, discontinuous inclusion 
chain in a 2.05 ct D-color type Ia diamond. B: Sketch 
showing a volume of diamond with multiple parallel 
<111> inclusion chains. Healed cracks of imperfect {110} 
orientation (blue) can be seen on the surface, at points 
where chain-defining vectors exit the diamond. C: Dia- 
mondView UV luminescence image revealing healed 
cracks related to a subsurface metallic inclusion in a 
15.25 ct D-color type Ila diamond. Also visible are web- 
like dislocation networks. D: The same area shown in vis- 
ible light, with blue traces drawn over the invisible healed 
cracks and the <111> vector extending from the inclusion, 
circled where the vector pierces the diamond surface. E: 
DiamondView image showing a <111> inclusion chain 
just below the surface, within the plane of the page, and 
two related healed cracks of {110} orientation running par- 
allel to the inclusions. Two sets of finely spaced {111} slip 
traces are also seen, overprinting and cross-cutting the 
<111> vector and healed cracks. Photos by Evan M. Smith. 
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Box B: DIAMOND DEFORMATION AS A WAY TO MAKE <111> CHAINS 


Metallic inclusions in CLIPPIR diamonds frequently 
occur as chains of a few inclusions, aligned in a <111> 
crystallographic orientation (figures 3A, 3B, and 6). These 
chains are challenging to explain, but here we consider 
that they may be a consequence of diamond deformation 
in the mantle. At the elevated temperatures in the 
earth’s mantle, diamond can deform plastically, though 
it can still develop cracks under high stress. If the 3-D 
stress is non-uniform and causes plastic deformation 
within the diamond, there will be a concentration of 
stress at the liquid metallic inclusions, where dislocation 
movement is interrupted and the inclusion itself is a 
strengthless fluid. Under these conditions, cracks might 
develop locally at the inclusion site. Given that the 
geometry of a <111> vector can be produced by the in- 
tersection of two or three {110} planes, the next step is 
to consider whether or not the diamond could crack on 
a {110} plane in a systematic way. In fact, brittle failure 
on {110} planes has been experimentally produced in di- 
amond at elevated temperatures, concurrent with plastic 
deformation on {111} planes (Brookes et al., 1999). In this 
deformation experiment, the {110} cracks were parallel 
to the compressional axis. 

Bulk plastic deformation of the diamond may have 
led to stress concentration and brittle failure localized at 
the metallic melt inclusions. The single <111> vector ex- 
pressed by the chains could correspond to the direction 
of maximum compressive stress, resolved to the dia- 
mond lattice. At the inclusion site, {110} cracks can de- 
velop parallel to the compressional axis, like those 
observed by Brookes et al. in their deformation experi- 
ment. It would be possible to develop two or three sym- 
metrically equivalent {110} cracks, such that the 
intersection of the cracks defines a short-lived dilatant 
<111> channel along which metallic melt inclusions can 


vector (see box B). The observations suggest that pri- 
mary metallic melt inclusions were rearranged into 
chains during deformation of the host diamond at 
depth in the mantle. The significance is difficult to 
interpret without more detailed knowledge of the de- 
formation behavior of diamond in the mantle, but 
likely speculation would relate diamond deformation 
to the pervasive deformation of mantle host rock 
that accompanies mantle convection. 


METAL IN THE MANTLE: WHAT DOES IT MEAN? 


Much of our knowledge of the earth comes from 
studying rocks near its surface, yet the deeper interior 
remains wholly inaccessible. While the continuous 
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redistribute. In other words, the chains may be a redis- 
tribution of primary liquid metallic Fe-Ni-C-S inclu- 
sions, along a strain-controlled <111> direction, during 
brittle-plastic deformation of the diamond in the mantle. 
Redistribution of melt inclusions provides immediate 
local stress relief conducive to crack closure and healing. 
In two diamonds, the metallic inclusions have been ob- 
served as a planar group arranged in a {110} orientation, 
interpreted as a rare case of metallic liquid redistributed 
into a single planar {110} crack rather than the linear in- 
tersection of two or more cracks. Compared to the solid 
silicate inclusions, the metallic inclusions may be prone 
to this deformation-induced redistribution simply be- 
cause they were in a liquid state. Inclusions containing 
both Fe-Ni-C-S metal and silicate trapped together do 
not exhibit the linear spatial distribution, possibly be- 
cause the solid silicate portion strengthened the inclu- 
sion. It is very unlikely that the metallic liquid could 
have originated outside the diamond and penetrated into 
fine, parallel <111> channels. The graphitic {111} frac- 
tures currently visible around the Fe-Ni-C-S inclusions 
postdate this deformation. 

The interpreted scenario of melt inclusion redistrib- 
ution suggests these diamonds were deformed deep 
enough that the metallic inclusions were still liquid and 
had not unmixed. Development of the {110} healed 
cracks in the diamond likely predates the development 
of dislocation networks because dislocation networks 
appear to conform to the cracks rather than being cross- 
cut by them. These two observations suggest that the de- 
velopment of <111> chains may have occurred in a 
discrete deformation episode at depth in the sublithos- 
pheric mantle. This deformation could be related to 
mantle convection and deep plate tectonic processes, or 
some other physical mechanism. 


action of plate tectonics and the magmatism caused 
by it allows geologists to relate plate deformation and 
volcanism to Earth’s deeper interior, magmas react, 
crystallize, and degas on their way to the surface, 
which changes their composition. The inevitably 
modified magmas make it difficult to discern the true 
nature of solid deeper mantle except by inference. It 
is well known that the increase in temperature and 
pressure with depth in the earth causes some minerals 
to break down and new minerals to form that are only 
stable at the more extreme pressure and temperature 
conditions. When considering the deep interior of the 
earth, this effect is fundamental. High-pressure exper- 
iments are used by scientists in the field of mineral 
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/ Diamond-bearing kimberlite eruption Amount Oxygen 
of metal fugacity 
(wt.%) (AIW) 


Figure 7. Cross section of the uppermost 1,000 km of the earth (center) illustrating the origin of CLIPPIR dia- 
monds, shown as large blue diamond symbols. Smaller black diamond symbols indicate other varieties of dia- 
mond formed mainly in the continental lithosphere. Oceanic lithosphere subducted into the mantle provides the 
rocks necessary to explain the CaPv and majoritic garnet inclusions. CLIPPIR diamonds are thought to grow from 
liquid metal. Following growth, they may be carried upward with thermally or chemically buoyant upwelling 
mantle material and entrained in a kimberlite eruption to the surface. Profiles at the right show how the amount 
of metal in the mantle is expected to increase with depth starting from 250 km down, reaching up to approxi- 
mately 1 wt.% below 660 km and buffering oxygen fugacity to reducing conditions (AIW, log units relative to the 
iron-wiistite buffer). Profiles after Rohrbach and Schmidt (2011). 


physics to predict what kinds of mineral assemblages 
will occur even within the lower mantle. One impor- 
tant prediction to come out of these considerations of 
mineral physics is the idea that there is a depth, 
around 250 km, below which metallic iron might be- 
come one of the stable phases within deep mantle 
rocks (Frost et al., 2004). This prediction for metallic 
iron is fundamental to understanding the basic prop- 
erties of the mantle. We know that at the bottom of 
the mantle it is in direct contact with the iron-nickel 
metal of the core, whereas at the top of the mantle, 
iron metal is not even stable during mantle melting. 
What happens, mineralogically speaking, in between? 

The mechanism thought to be responsible is the 
progressive increase in the capacity for silicate miner- 
als to host Fe** (iron with a 3+ oxidation state) relative 
to Fe** at high pressures (Ballhaus, 1995; Frost et al., 
2004). The preference for Fe** in certain minerals 
under extreme pressure induces a disproportionation 
reaction, whereby valence electrons in the existing 
Fe” atoms are redistributed according to the reaction 
3Fe** — 2Fe* + Fe°. The Fe* is partitioned into the sil- 
icates, but the Fe° separates into its own metallic 
phase. Iron disproportionation is thought to generate 
up to about 1 wt.% metal in the lower mantle (Frost 
et al., 2004; Rohrbach et al., 2007). Nickel, carbon, sul- 
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fur, and other elements are expected to dissolve into 
this metallic phase. This prediction is based on exper- 
iments (Bell et al., 1976; Ballhaus, 1995; Frost et al., 
2.004; Rohrbach et al., 2007; Rohrbach and Schmidt, 
2011) but has never before been verified by actual ob- 
servation of mineral grains. 

The Fe-Ni-C-S melt inclusions in CLIPPIR dia- 
monds are interpreted to be samples of such a metal- 
lic liquid, thereby confirming the fundamental 
process of Fe** disproportionation at depth (Smith et 
al., 2016) and providing evidence for a metallic liquid 
mechanism for diamond formation. This is the rea- 
son why CLIPPIR diamonds are so significant for 
earth science. The metal has large-scale implications 
for the behavior and evolution of the mantle over ge- 
ologic time because it will influence the storage and 
cycling of the many elements that dissolve into it, 
such as oxygen, carbon, nitrogen, and hydrogen. The 
tendency for metallic iron to react with oxygen is ex- 
pected to regulate or buffer the oxygen fugacity (the 
chemical availability of oxygen in the mantle) and 
maintain reducing conditions in the ambient mantle 
below about 250 km depth (figure 7). The projected 
low oxygen fugacity below 250 km, shown in figure 
7, is a direct consequence of Fe” disproportionation 
(Rohrbach and Schmidt, 2011). 
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GEOLOGICAL ORIGIN OF CLIPPIR DIAMONDS 
The consistent association of the mineral assem- 
blages found in CLIPPIR diamonds with metal and 
methane, and its limitation to the CLIPPIR category, 
indicate that these diamonds form in a unique way. 
The CaPv and majoritic garnet inclusions, as well as 
the light carbon isotopes of the diamonds them- 
selves, imply an association with subducted eclogite 
at extreme depths, likely within 360-750 km in the 
convecting mantle (Smith et al., 2016). This is much 
deeper than other gem diamonds, nearly all of which 
contain much more nitrogen (type I} and form in the 
lowermost parts of thick, old continental lithosphere 
at depths of 150-200 km. This extreme depth is, 
however, within the range of other rare “superdeep” 
diamonds in the sublithospheric mantle (figure 7). 

The source of the carbon that crystallized into di- 
amond is also important. Carbon has two stable iso- 
topes, °C and ?C, whose ratio varies according to the 
source, such as ambient mantle carbon or subducted, 
organic carbon. Variably light carbon isotopes in 
CLIPPIR diamonds, having '8C/?C ratios lower than 
the convecting mantle (Smith et al., 2016), suggest 
derivation from organic carbon (e.g., Kirkley et al., 
1991; McCandless and Gurney, 1997), which implies 
the carbon was originally sourced at Earth’s surface 
and then subducted. 

CLIPPIR diamonds, as described above, appear to 
grow in close association with metallic liquid in the 
sublithospheric mantle. In this deep environment, the 
metallic Fe-Ni-C-S melt inclusions are hypothesized 
to represent small retained traces of the actual growth 
medium (Smith et al., 2016). Experiments and routine 
HPHT synthetic diamond growth processes show that 
iron-nickel mixtures are effective media at elevated 
temperatures and pressures, similar to the conditions 
in the deeper mantle. Diamond growth from metallic 
liquid could help explain the large size of CLIPPIR di- 
amonds and their near-complete lack of nitrogen. In- 
terestingly, the CH, + H, fluid jackets surrounding 
inclusions in natural CLIPPIR diamonds are a feature 
also seen in metal/carbide inclusions in HPHT syn- 
thetic diamonds (Smith and Wang, 2016), further sup- 
porting their interpretation as primary melt 
inclusions. Natural CLIPPIR diamonds may have 
crystallized inside small pockets of molten metallic 
liquid in Earth’s deep mantle (figure 7). Small droplets 
of this metallic liquid would have occasionally been 
trapped within the diamonds as they grew, preserving 
the inclusion assemblages that we now sample. 

As shown in figure 7, the eclogitic host rocks re- 
sponsible for the silicate inclusions in CLIPPIR dia- 
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monds likely represent a basaltic crustal layer of the 
oceanic lithosphere that was subducted into the 
deeper underlying mantle. Below a depth of approxi- 
mately 250 km, iron disproportionation can lead to 
metal saturation in mantle rocks. Both eclogite and 
the surrounding peridotite, including the mantle por- 
tion of the oceanic lithosphere, have the potential to 
generate metal by disproportionation. The source of 
the metal can be constrained by its bulk composition, 
roughly estimated as Fey 61-075 Nig 10-013 0.15-0.209005-0.12 
based on the measured composition and relative 
cross-sectional area of cohenite, Fe-Ni alloy, and Fe- 
sulfide exposed in four polished inclusions (Smith et 
al., 2016). The modest Ni/(Ni+Fe) ratio (<0.2) is lower 
than the 0.3—-0.5 range proposed for metal composi- 
tions precipitating in upper mantle peridotites 
(Rohrbach et al., 2014). Combined with the notion 
that the metallic liquid should be nearly immobile, 
tending to become trapped as disconnected droplets 
in the intergranular spaces of silicate mantle rocks 
(Rohrbach and Schmidt, 2011; Rohrbach et al., 2014), 
it is tempting to infer that the metal was generated 
locally, within the eclogitic host rocks where the di- 
amonds grew. However, the observed Ni/S and 
Ni/(Ni+Fe) ratios in the inclusions are significantly 
higher than expected for equilibrium with eclogite 
(e.g., Ni/S=0.3 and Ni/(Ni+Fe)=0.02 reported for a 
metallic inclusion found in eclogitic garnet [Jacob et 
al., 2004]). To explain this discrepancy, the metal 
could have formed in equilibrium with peridotite 
(e.g., Zhang et al., 2016) and subsequently migrated 
into the eclogite before diamond crystallization oc- 
curred, but this scenario would imply significant 
metal precipitation, segregation, and liquid metal mo- 
bility in order for large diamonds to ultimately crys- 
tallize. If metal in the mantle is typically distributed 
along grain boundaries in silicates at low abundances 
of around 1%, then segregation and mobilization of 
the liquid metal may rely on deformation of sur- 
rounding rocks. However, other rock types or local- 
ized irregular rock compositions within the proposed 
growth setting of subducted oceanic lithosphere 
could also play a role in the metal and diamond for- 
mation. Further inclusion analyses and experimental 
constraints are needed to clarify the exact provenance 
of the metal. 

Metallic iron has already been suggested to play a 
role in the formation of other types of superdeep dia- 
monds, by its proposed ability to reduce subducted 
carbonate species (CO,”) to diamond (C), also called 
“redox freezing” (Rohrbach and Schmidt, 2011). It is 
not clear how or even if carbonate would be involved 
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in CLIPPIR diamond growth since an oxygen-deficient 
mantle region is a prerequisite for metallic inclusions. 
But the expected high calcium content of carbonate 
might be one explanation for the abundance of CaPv 
inclusions as a reaction byproduct (Walter et al., 2008; 
Bulanova et al., 2010; Harte and Richardson, 2012, 
Thomson et al., 2016). Alternatively, other forms of 
subducted carbon such as abiogenic, organic carbon 
could be involved where carbonate does not play a sig- 
nificant role. The main point here is that metallic Fe- 
Ni-C-S inclusions clearly show that the metallic 
iron-rich phase plays the key role for CLIPPIR su- 
perdeep diamond formation. 

Once formed, CLIPPIR diamonds, like other sub- 
lithospheric diamonds, require some mechanism to 
transport them upward to be sampled by kimberlite 
magmatism and brought to surface where they are 
mined. The mechanism is uncertain but may involve 
thermochemically buoyant, ascending solid mantle 
that is part of the general upwelling associated with 
mantle convection (figure 7) prior to being entrained 
in erupting kimberlite. The dynamic action of the 
mantle may be cryptically recorded in the crystal 
strain in CLIPPIR diamonds. There is a remarkably 
strong association between CLIPPIR diamonds and 
dislocation networks (De Corte et al., 2006) that can 
be better understood in light of the present study. This 
web-like feature, rare in other diamonds, is visible in 
cathodoluminescence or UV fluorescence imaging in 
almost all 83 CLIPPIR samples examined (e.g., figure 
6C). The network is interpreted as a dislocation struc- 
ture arising from plastic deformation followed by re- 
covery (Hanley et al., 1977). The high temperatures 
afforded by a sublithospheric origin as well as the min- 
imal nitrogen contents in CLIPPIR diamonds are con- 
ducive to the development of dislocation networks. 
These diamonds have witnessed severe conditions in 
the deep mantle—a likely consequence of mantle con- 
vection. Earth’s mantle convects in the solid form, in- 
troducing strain on the scale of the mineral lattice at 
extremely high pressure. Despite their often exquisite 
gem quality, these diamonds have an internal struc- 
ture that preserves evidence of this strain and their 
journey from the deep mantle to the surface. 


CONCLUSIONS 

It has long been recognized that a curiously high pro- 
portion of large, gem-quality diamonds are type Ila, 
an otherwise rare designation. But now we have 
learned that these special gems, termed CLIPPIR di- 
amonds, actually form in a unique way, in a different 
part of the mantle compared to other kinds of dia- 
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monds. Many inclusion-free, nitrogen-deficient dia- 
monds, especially those with dislocation networks, 
are expected to belong to the CLIPPIR category (fig- 
ure 2). The “superdeep” (i.e., sublithospheric) origin 
of CLIPPIR diamonds, which leaves them free of in- 
clusions associated with shallower, lithospheric 
mantle diamond host rocks, helps explain why ex- 
ploration geologists and miners have never been able 
to correlate these diamonds with traditional indica- 
tor minerals (Bowen et al., 2009; Gurney and Helm- 
staedt, 2012). The rarity and extraordinary value that 
have made research study prohibitive over the years 
also contributes to this fact. Indicator minerals such 
as chrome-rich pyrope and ilmenite, the fragments 
of diamond host rocks from the lithospheric mantle 
keels of Archean continents, are useful for finding 
lithospheric diamonds. CLIPPIR diamonds, however, 
originate deeper in the mantle, far below the litho- 
sphere where these indicator minerals are not stable 
and cannot be included. Finding CLIPPIR diamonds 
is all the more difficult. Predicting their ore grade, 
even in promising mines, requires large bulk sam- 
pling and carries great uncertainty. 

Large and pure diamonds are nevertheless a 
highly sought prize. Prior to the study by Smith et al. 
(2016), there was no accepted model describing how 
these large type Ila diamonds form in nature. We can 
now appreciate that these exceptional diamonds are 
coincidentally some of the most scientifically valu- 
able samples of our planet’s interior. They are a win- 
dow into the deep convecting mantle, providing a 
glimpse through the shroud of Earth’s tectonic plates 
and surface magmatism. 

Previous experiments and theory have predicted 
for many years that parts of the deep mantle below 
about 250 km contain small amounts of metallic 
iron and have limited available oxygen. Now, the 
metallic inclusions and their surrounding methane 
and hydrogen jackets in CLIPPIR diamonds provide 
physical evidence to support this prediction. This is 
a key observation for our understanding of planet 
Earth, having broad implications for its geologic evo- 
lution through time, such as the behavior and cycling 
of carbon and hydrogen, which are the primary fluxes 
for rock melting and the generation of new crust. 
Confirming the existence of metallic iron containing 
nickel, carbon, sulfur, and other elements as a dis- 
crete liquid also impacts our understanding of the 
seismic velocity and thermal and electrical conduc- 
tivity of the mantle, as well as the way it deforms 
and flows. This result is a sign that there is still much 
to be learned from diamonds and their inclusions. 
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GEM VIRTUOSOS: THE DREHERS AND 
THEIR EXTRAORDINARY CARVINGS 


Robert Weldon, Cathleen Jonathan, and Rose Tozer 


The German towns of Idar and Oberstein (now Idar-Oberstein) have a rich history of gem cutting and 
carving, notably in agate. The profession continues to be passed on from one generation to the next, as 
it has been for over five centuries. One of these families, the Drehers, has worked with gem materials 
for 13 generations. Gerd Dreher apprenticed gem carving with his father starting in 1955, while Gerd’s 
son, Patrick, began his apprenticeship in 1988. While they carve individually, occasionally they work 
together as a team. The family creates fine carvings from agates and from single crystals of high-quality 
rough gem minerals. These unique pieces are extraordinarily detailed and utilize natural color zoning 


to achieve a remarkably lifelike effect. 


the father-and-son team of Gerd and Patrick 

Dreher are remarkably lifelike. Agate toads ap- 
pear bumpy, glistening, and slippery. Brimming with 
personality, their eyes appear to follow the viewer 
around the room. A carved tiger lily emerges from 
banded agate (figure 1) as a velvety, dappled flower, 
its petals enticingly curling inward. And on the backs 
of these petals, details of the flower’s physiognomy 
are scrupulously maintained. Much like the gem ma- 
terials from which they are carved, these works are 
one-of-a-kind creations. 

Decades of experience between the two imparts 
virtuosity to their work, as well as a sense of humor 
often depicted in the subjects. Today, Gerd is globally 
acknowledged as a master of the craft, while Patrick 
has emerged from the younger generation, adding 
new carving techniques to the family repertoire. This 
enhances the formidable range of skills that have 
been passed down through the Dreher family for 13 
generations. 

Following in the path of their ancestors, the 
Drehers’ ability to render the anatomy of flora and 
fauna in astonishing detail demands an intimate 
knowledge of their subject matter, not to mention a 
deep understanding of the characteristics and attrib- 


\Jiseta from any direction, the gem carvings by 
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utes of the gem materials they carve. The Drehers 
study rough gem material, sometimes for years. From 
these observations they conceive a three-dimen- 
sional outcome and then set to work bringing the 
stone to life (figure 2). A growing collection of dia- 
mond-sintered tools, and a thorough understanding 
of how to use them, underpins their closely guarded 
lapidary techniques. 


IDAR-OBERSTEIN’S GEM INDUSTRY 

An understanding of the environment that gave rise 
to the Dreher dynasty—as well as hundreds of other 
celebrated practitioners of the lapidary arts—is essen- 
tial to appreciating their story. Idar and Oberstein (fig- 
ure 3), two picturesque German towns separated by 
the Nahe River in the state of Rhineland-Palatinate, 
were united in 1933 to form Idar-Oberstein. 

This area in southwestern Germany, nestled in the 
Hunsrtick mountain range, became famous for its 
agate and quartz deposits, as well as its residents’ ex- 
pertise in gem-related professions such as mining and 
cutting and more recently goldsmithing. Idar lore sug- 
gests that agate nodules and quartzes, such as chal- 
cedony, jasper, carnelian, and petrified wood, were 
discovered by farmers as they plowed their fields cen- 
turies ago (figure 4). Agate mining and cutting flour- 
ished there for at least five hundred years. Some believe 
the Romans who conquered the region used Idar’s 
agates more than two thousand years ago. A cameo 
found at Hidera, a Roman settlement in the mountains 
above present-day Idar, suggests this ancient glyptic 
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UOccurrence— 


Mining and Recovery 


of Diamonds 


by 


A. ROYDEN HARRISON 


Consulting Engineer, Anglo-American Corporation of South Africa, Ltd. 


This paper deals with occurrence, mining 
and recovery of diamonds but, like every- 
thing connected with diamonds, even these 
aspects are not without color or romance. 


HISTORICAL DATA 


Until diamonds were discovered in Bor- 
neo about 600 A. D. the diamond mines 
from India were the only source. Fields in 
Brazil were discovered early in the 18th 
century and Brazil soon became a major 
producer. The Indian fields were nearing 
exhaustion, and production from Borneo 
and Brazil had already waned considerably, 
when rich river diggings — followed by rich 
“pipes” — 
— from 


were discovered in South Africa 
1869 onwards. Other smaller de- 
posits in the 19th century were discovered 
in Australia and British Guiana. 


The 20th auspiciously 
with the discovery of the Premier Mine, 
near Pretoria — largest of all diamond pipes 
—in 1902. In 1906 a series of extensive 


century started 


alluvial deposits were found in the Belgian 
Congo, which were found to extend into 
Angola. In 1908 the first marine alluvial 
deposits were discovered neat Luderitz on 
the South-West African coast. Following the 


discovery of alluvial deposits on the Gold 
Coast in 1919, similar deposits were found 
in Sierra Leone and later in French West 
Africa. 
1926 further rich alluvial fields were found 
in the interior of South Africa. In 1927 ex- 


Africa and French Equatorial In 


tensive marine deposits were found on the 
Namaqualand coast and were proved to 
persist northwards beyond the Orange 
South-West Africa. The first 


small diamond deposits found in Tangan- 


River into 
yika, in 1928, were followed by the much 
publicized discovery of the rich Shinyanga 
deposit in 1940. 

The the United 
States of America and Russia are of little 


diamond deposits in 


more than academic interest. 

Roughly 98 per cent of the present world 
output of about 15 million carats per year 
is produced in Africa, South Africa is not 
only the Jargest producer of gem diamonds, 
but produces industrial stones of finest 
quality. The Belgian Congo leads in indus- 
trial diamonds. The demarcation between 
industrial and gem diamonds varies, de- 
pending on demand and market conditions. 
In 1950, 
reached 12 million carats equivalent to 79 


per cent of all diamonds recovered. 


industrial diamond production 


154 


Figure 1. This Gerd Dreher lily carving (2005) is from a single piece of Brazilian agate and measures 11.0 cm in 
length. His skills are on exhibit through his use of the material and his technique, such as the curled petals that 
demonstrate a wealth of detail even on their undersides. The leaf, stamen, and enameled pistil accents are 
crafted from 18K gold and set with diamonds. Patrick Dreher’s citrine mouse (2015), 6.0 cm in length, shows at- 
tention to the animal’s stance and demeanor as well as fine detail in the carving of the fur. Photo by Robert 
Weldon/GIA, courtesy of the William F. Larson family. 


use of its agates (Rapp, 2002). Other scholars dispute worked with gem materials from the area, and by the 
the Roman connection, but there is agreement that the fourteenth century the region’s agate cutting industry 
deposits were mined during the Middle Ages. Cutters — was established (Ball, 1931). Traditionally, the gem cut- 
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Figure 2. Natural bands of color in a single piece of 
jasper were used to accentuate Gerd Dreher’s 1993 
carving of an orangy red toad sitting on a green leaf 
(left). The small cross section to the right shows how 
he used the gem’s natural color banding to create the 
effect. The finished piece measures 10.20 cm in 
length. Photo by Robert Weldon/GIA, courtesy of 
Leslie Hindman Auction House. 


ting trade has been centered in Idar, with jewelry man- 
ufacturing and related professions evolving in neigh- 


boring Oberstein and other hamlets (Frazier, 1978). 


Figure 4. This agate with an amethyst-lined cavity ex- 
hibits banding that is typical of the Hunsrtick deposit 
near Idar-Oberstein. The slice measures 27.94 cm in 
length. Photo by Robert Weldon/GIA, courtesy of 
Friedrich August Becker Edelsteine. 


In the early days of the agate cutting industry in 
Idar, water from nearby rivers—the Nahe, the Idar- 
bach, and others—provided energy used to turn mas- 
sive sandstone wheels for cutting (Frazier, 1978). 
Large wheels, up to three meters in diameter, were 
used to shape the agate’s exterior. Cutters from the 
area developed a technique in which they lay stom- 


Figure 3. Left: The town of Oberstein as it looked in the late 1700s. The picturesque Schloss Oberstein (the castle 
at the top of the hill) and Felsenkirche (the church built into the wall of the mountain) have changed little since 
this engraving was made. Colorized by Robert Weldon, from Collini (1776), courtesy of the Richard T. Liddicoat 
Library and Information Center. Right: Oberstein, as photographed in late 2015, bears a remarkable similarity to 
the sketch from nearly 250 years ago. Photo by Robert Weldon/GIA. 
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ach-down on a wooden bench. This position, with 
their feet pressed against the floor, or against a block 
of wood nailed to the floor, gave them the necessary 
leverage to push the gem material against the rotat- 
ing wheel and cut it (figure 5). The first record of a 
water mill used to grind stone was in 1454 (Gerdt, 
2017). A Grinder’s Guild document dating back to 
1609 bears witness to the profession, including 
strong advice to its members: “No stranger must ac- 
quire the trade of a grinder, but the craft must be 
handed down from father to son” (Hadley, 1984). 

It was long, difficult work that demanded phys- 
ical strength. Smaller wheels were used to refine the 
interior—to hollow out preform bowls, for example. 
Accounts passed down through the Dreher family 


In Brief 


e Idar and Oberstein, two German towns united in 1933, 
have an agate carving tradition that dates back to the 
Middle Ages. 

e The Dreher family has been involved in the agate 
trade near Idar-Oberstein for 13 generations. The 
modern Dreher family, believed to have carved ani- 
mal figures for Fabergé in the 19th century, has pro- 
duced three-dimensional carvings for five generations. 

¢ Modern carving tools allow for much greater detail in 
hardstone carving. 

e The Drehers’ superb library of animal images taken 
from various angles and studies of live animals gives 
their carvings exceptional detail and realism. 


note that agate cutters rose at 4:00 a.m. and went to 
the water mills in Vollmersbach to await their turn 
at the wheel. Much of the work had to be done 
around farming obligations since cutting alone 
could not support the tradesmen. Throughout the 
small artisan workshops of Idar, family secrets 
learned at the cutting wheel were passed down 
through generations. Gem carving techniques and 
individual styles evolved with specific creative re- 
finements and specialties that in many cases could 
be attributed to different carvers or their families 
(Dreher, 1979). 

Gem cutters later developed foot-powered devices 
to cut the agates, which was followed by the advent 
of electric-powered engines to turn the spindles. 
These refinements allowed cutters to sit upright 
rather than lying on their stomachs. One technique 
did not change: While in many other parts of the 
world the gem material is held stationary and the 


GEM CARVINGS OF THE DREHER FAMILY 


| Wt i 


Figure 5. Top: This engraving from a 1776 book by 
Colosimo Collini, who explored the agate mining re- 
gions of southern Germany, shows a water mill 
cross-section in Oberstein along the Nahe River. The 
river current rotates the water wheel, which turns a 
geared axis. The gears turn the large sandstone 
wheels used to grind and form agate. Bottom: An- 
other engraving illustrates in detail the arduous cut- 
ting process practiced by the German agate cutters, 
who used their bodies and the wheel to work the ob- 
ject. Courtesy of the Richard T. Liddicoat Library 
and Information Center. 


craftsman moves a flexible tool around it to form the 
desired shape, Idar’s cutters have always held the 
gem rough, as steadily as they can, in two hands. 
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Figure 6. Gerd Dreher shapes the preform of the jasper 
toad seen in figure 2. Gerd and Patrick Dreher both 
use a fixed-spindle technique while holding the gem 
material in their hands, a carving technique that has 
been used in Idar-Oberstein for centuries. Courtesy of 
the Dreher family. 


This practice continues today. The gem is moved 
around a fixed spindle, progressively grinding down 
the material. A wide variety of diamond tools are 
mounted on these spindles, depending on the effect 
that is needed, and the speed can range from 3,000 to 
11,000 revolutions per minute (rpm). According to 
Patrick Dreher, both the spindles and the diamond 
tools are manufactured in Idar-Oberstein to each cut- 
ter’s specifications. Gradually, the process reveals the 
carver’s vision (figure 6). 

A dramatic change in the supply of agate and 
quartz occurred in the early nineteenth century. The 
Hunsrtick deposit was nearing depletion following 
centuries of exploitation. The resulting decline in 
centuries-old mining traditions could have spelled 
the end of Idar’s cutting trade. Fortunately, between 
the 1820s and 1850s, German explorers and farmers 
homesteading in southern Brazil found new and 
vastly richer sources for agate and quartz along the 
border with Uruguay. The agate and quartz were dis- 
covered the same way they had been in Idar centuries 
before: by plowing the fields. Starting in 1825, ship- 
ments of the rough gem material made their way to 
Idar. The quantity and quality of the Brazilian agate 
surpassed anything that had been known from the 
Hunsrtick deposit. According to a Scientific Ameri- 
can report from the time, up to 300 tons of agate 
were shipped each year to Idar and Oberstein, where 
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some 6,000 people were employed in the trade 
(“Where agates come from,” 1882). Other Brazilian 
gems such as quartz, tourmaline, topaz, and beryl 
were eventually imported, greatly expanding the 
town’s offerings. The variety and availability of gem 
materials brought new opportunities and challenges 
for the cutting center. 

Germany exported much of its new material to 
French artists in the mid-1800s, during the waning 
days of Romanticism. Paris was a magnet for artists 
of all disciplines, including fine art stonecutters and 
gem engravers. The new Brazilian agate spurred a re- 
vival of gem engraving and carving, enabling cutters 
to create cameos, intaglios, and seals using its multi- 
colored layers for relief (Lindemann, 2017). 

Young craftsmen from Idar began flocking to 
Paris, learning refined engraving and cameo carving 
techniques from Parisian masters. The start of the 
Franco-Prussian War in 1870, however, hastened the 
Germans’ return to their native land. These artists, 
who now had abundant raw imported material at 
home, were soon able to surpass the skills they had 
learned in France. With the sudden influx of skilled 
carvers, Idar’s renaissance as a gem center was well 
on its way. Many artists formed engravers’ guilds 
upon their return, with more than 230 members in 
Idar and Oberstein (Pauly, 2012). The guilds helped 
train apprentices and enabled members to hone their 
cutting and carving skills. They also established a 
stable pricing structure for products. These develop- 
ments cemented Idar-Oberstein’s modern role as a 
center for agate cutting and engraving. The new 
skills acquired in Paris also prepared the cutters for 
the development of three-dimensional carving. 


THE DREHER DYNASTY 

Accounts suggest that one of the most admired cut- 
ters and engravers in nearby Vollmersbach during the 
late 1800s was Wilhelm Dreher (1840-1900). His 
meticulous work was widely commissioned both in 
Germany and internationally. An agate bowl of Wil- 
helm’s, weighing 43 kilograms, was sent to French 
emperor Napoleon III (Dreher, 1979). Other items 
were sent to British royalty. One of Wilhelm’s sons, 
possibly Karl (1861-1943), produced a lapis lazuli 
bowl for Emperor Nicholas II of Russia in the early 
1900s. While the whereabouts of the bowl are un- 
known today, its sale was documented in the Dreher 
family history (Dreher, 1979). Karl Dreher’s work, and 
that of other German artists at the time, marked the 
beginning of Idar’s three-dimensional gem-carving 
tradition. 
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Figure 7. Three generations of Drehers (clockwise 
from top): Hermann Dreher (1886-1960), Karl Dreher 
(1861-1943), and a young Paul Dreher (1910-1968). 
Courtesy of the Dreher family. 


The Dreher lineage has been traced back to 1620, 
but the family believes their ancestors began work- 
ing with gems from the region much earlier. Some 
details were recorded in birth, marriage, and death 
certificates. Dreher activities were also gleaned from 
property ownership records, particularly with regard 
to lapidary mills the family bought, owned, or sold 
over time. 

Unfortunately, many Idar and Oberstein records 
before 1620 were destroyed during the Thirty Years’ 
War (1618-1648), a religious conflict in central Eu- 
rope. This period witnessed considerable devastation 
of churches and the loss of parish records. Destruc- 
tion of records was repeated in both World Wars, 
leading to ambiguities about the provenance of some 
important unsigned works of art, where the crafts- 
men cannot be verified with certainty. This was true 
for the Drehers and many other notable agate cutting 
families in Idar. 
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Wilhelm’s son Karl was the first in the modern 
line of Drehers (figure 7) who developed skills as 
gemstone carvers, instead of simply cutters. As a 
young man he trained under a master carver who had 
returned from Paris, learning how to carve cameos, 
monograms, and other ornaments. These skills 
greatly expanded the Drehers’ repertoire as they 
began to add engraving and carving to their skills. 
With the increased exposure to international carving 
styles and art movements, the family’s worldview 
began to expand as well. 

Meanwhile, Karl Wild, a contemporary of Karl 
Dreher who was related to the Dreher family, saw 
opportunities outside of Idar and traveled to Russia, 
acquiring the nickname “Russ-Karl.” There he not 
only sold finished carvings and objects of art by Karl 
Dreher and others from Idar but also took orders and 
brought back raw materials (such as Russian lapis 
lazuli) to be carved. The lapis lazuli bowl mentioned 
earlier is one such piece. 


THE DREHERS DURING THE ERA OF FABERGE 
The Dreher family, like many others in Idar, relied 
primarily on a series of brokers to sell their work. 
One notable gem dealer was Moritz Stern, who 
brought specific orders to Idar from abroad. These or- 
ders were placed with the town’s best carvers. 
Among those who recognized Idar’s lapidary talent, 
and who would soon use Stern’s services, was Carl 
Fabergé, who developed an appreciation for hard- 
stone cutting while traveling through Florence, Dres- 
den, and Idar in the late 1880s (von Habsburg, 1988). 
Fabergé was also influenced by Japanese netsuke! 
carvings, amassing a collection of some 500 pieces. 
These were popular items from sixteenth-century 
Japanese clothing. 

As a result of these influences, lapidary orders 
coming into Idar at the turn of the twentieth century 
included specific requests from Fabergé in St. Peters- 
burg. Fabergé developed small plaster models of an- 
imals, which were supplied to the gem cutters and 
replicated in stone (Adams, 1988). These works were 
either assembled pieces or objects made from a sin- 
gle piece of stone. After the finished pieces were re- 
turned to Fabergé, his workmasters would apply 
embellishments such as gold legs and feet (Wild, 
1981). Patrick Dreher credits these Fabergé orders 


‘Netsuke refers to a toggle or button adorned with a miniature carv- 
ing, often depicting animals, made from ivory, wood, lacquer, bone, 
or metal. 
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Figure 8. Fabergé representatives provided plaster models, such as the toad on the left, as a sample for German 
carvers in the Idar region to reproduce in agate. The Drehers have kept this plaster model for generations. Photo by 
Patrick Dreher, courtesy of the Dreher family. Right: Gerd Dreher’s multicolored jasper toad (1985), measuring 6.5 
cm in height, was carved from the family’s Fabergé plaster keepsake. Photo by Robert Weldon/GIA, courtesy of 


the William F. Larson family. 


with changing the family’s focus from the simple 
cutting of agates toward carving in more artistic 
forms. Karl Dreher’s son, Hermann (1886-1960), is 
one of the artists who provided carvings purchased 
by Fabergé. The Drehers say these works were faith- 
fully carved from plaster models provided by Fabergé 
craftsmen (figure 8, left; Ovchinnikov, 2017). Al- 
though these models were considered worthless 
after the hardstone work was done (figure 8, right], 
and most were lost to time and history, the family 
managed to keep one such model. 

This period marks the earliest shift to three-di- 
mensional gem carvings. The Dreher family main- 
tains only two such early carvings in its possession: 


Figure 9. This rock crystal quartz bowl by Hermann 
Dreher, ca. 1910, is one of the oldest items in the fam- 
ily’s possession. Photo by Robert Weldon/GIA, cour- 
tesy of the Dreher family. 
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the rock crystal bowl seen in figure 9, and the figure 
of a gem carver with a bowl in figure 10. 


Figure 10. Paul Dreher’s figure of a gem carver holding 
a bowl (1935) is another of the earlier pieces in the 
Dreher collection. Photo by Robert Weldon/GIA, 
courtesy of the Dreher family. 
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Even with family members brokering some of the 
business, the hardstone carvings went unsigned and 
were subsumed under the Fabergé name. The vener- 
able Russian firm relied to some extent on outside 
vendors for a variety of goods they could not manu- 
facture themselves. The items supplied had to be of 
the highest caliber and craftsmanship, reflecting ex- 
pertise simply not found in Russia at the time. 

German lapidary craft is acknowledged in the 
Fabergé literature. References indicate that the first 
carved hardstone animals likely came from Idar. In 
Fabergé, Dr. Géza von Habsburg writes: “Fabergé 
took up the search for hardstone carving outside of 
Russia... [H]is journey led him to Idar-Oberstein, a 
little town specialized in the cutting and engraving 
of Brazilian agate.” Von Habsburg singles out the 
German carver Alfred Heine, working for the Wolff 
Company, who “produced stone animals for 
Fabergé.” He goes on to say that “Fabergé’s numer- 
ous commissions brought about a new flowering for 
the old stone cutting center” (von Habsburg, 1988). 
This is also acknowledged by Russian experts. “It is 
a well-known fact that the Idar-Oberstein masters 
made large quantities of carvings for Fabergé,” said 
Galina Gabriel, a member of the International As- 
sociation of Art Critics and the Russian Union of 
Artists who spoke at the 2015 International Fabergé 
Conference in St. Petersburg. 

After 1908, Fabergé acquired the Woerffel factory 
in St. Petersburg to handle the firm’s lapidary needs. 
Orders for the carved animals, commissioned through 
Fabergé and originally carved in Idar, consequently 
slowed in Germany. After World War I (1914-1918), 
such carvings came to an abrupt halt. Widespread so- 
cial unrest in Russia culminated in the 1917 Russian 
Revolution and the execution of Emperor Nicholas II 
and his family in July 1918. Fabergé lost all of its 
wealthy Russian patrons. The firm was nationalized, 
closing its doors in November 1918 (Snowman, 1962; 
Faber, 2008). The destruction of records in both Ger- 
many and Russia left a gap in the full understanding 
of Idar carvers’ links to Fabergé. Nonetheless, the 
seeds had been sown for the growth of some of the 
world’s greatest three-dimensional gem carvers. 


MASTER CARVERS: FROM FATHER TO SON 

Having learned the trade from his father, Hermann, 
Paul Dreher (1910-1968; figure 11) was third in a line 
of carving masters. The absence of influence from 
Fabergé or any other major buyer provided Paul with 
greater creative latitude, allowing him to render an- 
imal sculptures with rich variations. A delicate, life- 
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studio. Courtesy of the Dreher family. 


like deer and a large, sinuous puma are two Paul 
Dreher carvings owned by the family (figures 12 and 
13). In homage to his innovations, the firm today 


Figure 12. Viewed from any angle, this Paul Dreher 
doe (1957) is remarkably lifelike. These realistic 
pieces marked a new design direction in animal carv- 
ings for the Dreher family. Photo by Robert 
Weldon/GIA, courtesy of the Dreher family. 
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Figure 13. This puma by Paul Dreher (1965) shows ex- 
quisite overall form and beauty in its smoothness, but 
without the nuanced details that diamond-sintered 
tools would later allow. It measures 32.5 cm in length. 
Photo by Robert Weldon/GIA, courtesy of the Dreher 
family and the Deutsches Edelsteinmuseum. 


bears the name Paul Dreher Edelsteine und Gravuren 
(Paul Dreher Precious Stones and Engraving). 

Aside from his large, single-stone carvings, Paul 
Dreher also experimented with combinations of sev- 
eral carved gem materials in composite sculptures. 
These animal figures became very popular and were 
of such exceptional quality that they were some- 
times misidentified as Fabergé pieces. According to 
Gerd Dreher (2012), “We were rather surprised to see 
two original carvings made by my father in the sec- 
ond edition (1962) of the book The Art of Carl 
Fabergé by A. Kenneth Snowman.” The mistake is 
somewhat understandable: Unsigned pieces by the 
Drehers, and others in Idar-Oberstein, continued to 
be sold through brokers or dealers. The style once in- 
spired by Fabergé had endured for decades, long after 
the legendary company had ceased to exist. 

Why did the pieces go unsigned? The brokers had 
the luxury of travel and fluency in languages used in 
international commerce. They often presented the 
pieces as a shared Idar-Oberstein quality brand. Based 
in Idar-Oberstein and abroad, these brokers sold the 
carvings internationally or in some cases passed 
them along as examples of their own work (P. Dreher, 
pers. comm., 2017). This was considered normal 
business practice. There were positive and negative 
effects of this business model. On one hand, carving 
families in Idar-Oberstein did not have to concern 
themselves with marketing and sales. They could 
concentrate on producing the work and take the time 
to develop new skills. The obvious drawbacks, how- 
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Figure 14. “Love Birds” (1979) was created during 
Gerd Dreher’s early years, when he carved various 
stones and composited them to form a whole sculp- 
ture. The birds are carved from aventurine quartz, 
black agate, and yellow jasper with obsidian tail 
feathers. They are perched on a base of preserved pet- 
tified wood. The piece measures 25.40 cm tall. Photo 
by Robert Weldon/GIA, courtesy of Leslie Hindman 
Auction House. 


ever, were that the carvers did not receive recogni- 
tion, build a reputation, or understand their own 
market. This business arrangement lasted well into 
the career of Gerd Dreher. The unfortunate result 
was that the Dreher name was not widely recognized 
outside of Idar-Oberstein. 

Gerd Dreher, born in 1939, was trained by his fa- 
ther starting at the age of 16, in the time-honored local 
tradition of passing these skills from father to son (see 
“Tdar-Oberstein’s Gem Industry” section above). Be- 
tween the 1960s and 1980s, Gerd followed a path sim- 
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ilar to that of his father, carving various gem materials, 
often in ways that could be composited to create ani- 
mal figures such as the one in figure 14. 

After Gerd Dreher took over the family business, 
he realized the need to change how his carvings were 
brought to market. He finally began to sign Dreher 
animal carvings in the 1970s, and collectors quickly 
seized upon the crisp logo they saw etched along the 
edges of the artwork. Dreher carvings began to 
emerge from relative obscurity. 

He observed that his artwork would benefit from 
carving single pieces of gem material—demonstrat- 
ing what can be done with a single gem—albeit with 
accents, or an occasional quartz base to help a carv- 
ing stand upright. Accents include gold fins for fish, 
feathered crests for birds, and tails for various ani- 
mals. These accents are carved in wax and then cast 
in gold. Eyes are also added features, and they are 
sufficiently unique as to require particular attention. 
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Figure 15. “Red Baron” 
(Gerd Dreher, 2015) is a 
mostly rubellite tour- 
maline toad that gradu- 
ally transitions to green 
tourmaline toward the 
base. The toad meas- 
ures 7.10 cm in height 
and weighs 280 g (1,400 
ct). Photo by Robert 
Weldon/GIA, courtesy 
of the William F. Lar- 
son family. 


They are made from small translucent to opaque 
sections of agate, or black agates cut as cabochons. 
The translucent areas are lined internally with gold 
leaf. This results in the shimmering appearance seen 
in an amphibian’s eye (figure 15) or the brilliant, dark 
stare of a mouse. Both appear startlingly similar to 
real eyes. 

By 1980, much finer diamond-sintered tools be- 
came available. “It allowed us to carve mammals, 
reptiles, and amphibious creatures with much finer 
detail than before,” Patrick Dreher recalls. These 
tools could also cut faster. But as Gerd Dreher cau- 
tioned his son, who was an apprentice by then, “The 
tools are not meant for us to produce faster. We will 
only use them to produce better.” Elaborate carving 
techniques they continue to master show refined, in- 
dividual detail in fur, where even single strands can 
be identified (see box A). Varying degrees of carving 
depth create selected areas of translucency or opacity, 
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Box A: THE DREHERS AND THE GEM CARVING PROCESS 


Idar-Oberstein’s artists exert far more control over the 
shape, symmetry, details, and final polish of finished work 
than they did fifty years ago, thanks largely to modern di- 
amond-sintered tools. The speed of cutting (the revolu- 
tions per minute of the spindle) has also increased. 
However, the Drehers prefer to use today’s tools to in- 
crease the quality and fine detail of the work, rather than 
to improve turnaround time. The family has maintained 
their proprietary secrets, but they continue to use the tra- 
ditional technique of holding the gem material against a 
spindle to grind away gem material. The following images 
and short descriptions provide a step-by-step progression 
resulting in a final carved object of art. 


e An agate nodule (figure A-1) is carefully chosen and 
sliced using a diamond saw into an angular, blocked 
shape, from which the subject size and dimensions 
are determined. The Drehers sometimes sketch the 
animal onto the flat surfaces of the agate using a 
pencil or marker. This helps them to visualize the 
finished carving and determine how the material’s 
color zoning will define the animal’s characteristics 


Figure A-1. The first step in carving is to saw the agate 
nodule, revealing the interior banding and zones of 
color. Photo by Robert Weldon/GIA, courtesy of the 
Dreher family. 
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and personality. Gerd and Patrick Dreher use color 
zoning in a single block of agate to determine how 
the animal will be posed. Both the agate and dozens 
of photos of the subject—in this case, a mouse—are 
studied to ensure anatomical correctness. 


In the second photo, Gerd Dreher has defined the 
three-dimensional object (a mouse), including the 
outlines of its tail and ears. All of the aspects of the 
creature’s demeanor, stance, and position have been 
carved into the agate (figure A-2). The Drehers use 
4-6 cm diamond-sintered tools at this stage, spin- 
ning at 8,000-9,000 revolutions per minute (rpm), 
with continuous water drip for cooling and cleaning. 
Patrick Dreher explains, ‘This step is one of the 
most difficult states, because you have to cut away 
a lot of material; but you can’t cut too much because 
you cannot get it back if there is a mistake.” This 
stage is also critical for observation: The artist must 
frequently pull away from the grinding to assess the 
material, sketch new drawings, study color separa- 
tions, and correct any mistakes. In agates, the color 


Figure A-2. Once the concept for a mouse subject is con- 
ceived, large sections of the agate are removed in the ini- 
tial carving stage. Photo by Robert Weldon/GIA, courtesy 
of the Dreher family. 
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OCCURRENCES OF DIAMOND 
Diamonds occur either in alluvial de- 
posits, or in ‘pipes’ and fissures filled with 
basic volcanic material, now largely altered 
to serpentine and known as blue ground or 
kimberlite. Alluvial deposits originally de- 
rived their diamonds from pipes and fis- 
sures, the upper portions of which were 
denuded through erosion in the passage of 
time, and the eroded material redeposited 
in river beds and flood planes. In some 
cases diamondiferous material was trans- 
ported to the sea by ancient river systems, 
and the diamonds were redeposited by wave 
action on beaches, which were subsequently 
elevated and covered with wind-blown sand. 

Numerous pipes and fissures of kimber- 
lite have been discovered in South Africa 
and elsewhere in Africa, but relatively few 
contain diamonds, and even fewer contain 
economic quantities. 
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* Kimberlite fissure crossing El- 
ands R Valley in South Africa. 


Of the rich alluvial deposits in Central, 
West, and East Africa, the source of the 
diamonds has been discovered in only two 


cases. In many cases, the source may never 
be discovered. 
INDIAN FIELDS 

Probably the oldest known diamond field 
still operating is in Central India, at Panna, 
in the State of Vindhya Pradesh. Some 
small mines use most primitive methods to 
recover diamonds from narrow conglom- 
erate beds overlain by up to 70 feet of over- 
burden. 

To reach the conglomerate, a circular ex- 
cavation, 150 feet in diameter at the sur- 
face and sloping inwards, is made by hand, 
the debris being carried to the surface in 
baskets, on the heads of women and chil- 
dren, via a peripheral spiral stairway cut 
into the side of the excavation. On top of 
the conglomerate, radiating tunnels, four 
by three feet, are driven for a distance of 
15 to 20 feet from the sides of the open- 
cast, and interconnected for ventilation. The 
conglomerate is broken up by moil, and by 
wood or dung fires. Mined-out areas are 
supported with sandstone blocks carried 
from the surface. Lighting is by a cotton 
wick in an open saucer of oil, and water 
is baled to the surface in small lifts by 
baskets or raised by a series of wooden 
Persian wheels fitted with calabashes. On 
broken 
fine with hammers, washed by hand to re- 


the surface, the conglomerate is 
move the slime, and then dried and hand- 
sorted for diamonds, without any reduction 
by concentration whatsoever. The average 
yield is approximately 10 carats per 100 
loads.! 

Each little mine is leased by one or two 
families, every member of which, from 
six years upwards, spends mornings in 
wheat fields and afternoons in the mine. 
Only men and older boys may work in the 
tunnels, while women, girls, and younger 
boys carry the broken rock to the surface. 
The mouths of tunnels are draped with 
Hindu prayer symbols and, lest the yield be 
decreased, shoes are not worn in the work- 
ings, which are regarded as a temple. The 
ted and green shales in the sides of the ex- 
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borders are sometimes hard to see, which may re- 
quire a redesigned mouse if color patterns are off. 


e At this stage, the mouse has much finer character- 
istics, with translucent ears and more pronounced 
facial characteristics and tail (figure A-3). The 
Drehers generally use smaller diamond-sintered 
tools at this stage, varying from 5 mm to 2 cm. Dif- 
ferent steps in carving require an assortment of tools 
and shapes as the carver exerts variable speeds (be- 
tween 8,000 and 14,000 rpm) with a continuous 
water drip. The carver determines the thickness and 
fineness of the piece by varying the applied pressure. 
At this stage, the object, which must now have the 
animal’s correct proportions, begins to appear life- 
like. 


Gerd Dreher finishes this mouse (figure A-4) by 
carving extremely detailed strands of fur, defining 
the translucency and delicacy of the ears, adding 
small dimples denoting the mouse’s whiskers, and 
fashioning the characteristics of the rock the mouse 


is standing on (consider that the mouse and rock on 
which he stands are all one piece). At least three de- 
grees of polishing occur: pre-polish, fine polish, and 
high polish. Additionally, some sandblasting takes 
place on the rock portion for a different degree of 
texture. These polishing details are performed with 
small brushes and diamond powder (grits not dis- 
closed). The powder is mixed with oils to create 
slurry, which can easily be cleaned with water. 
Dreher leaves small divots in the carving in which 
to place the animal’s eyes, which are carved from 
black agate and prepared separately, then glued into 
place (figure A-4). Other accents may be added at 
this time as well, such as a gold tail or gold-feathered 
crests. Paraffin is never used to finish off the carv- 
ings, ensuring they will last for generations with 
proper care and handling. Both carvers serve as each 
other’s quality control, Patrick Dreher adds. “It is 
always great to have a new pair of eyes look at some- 
thing. But this I know is true: If my father says it is 
finished, it is finished!” 


Figure A-4. The final step is to carve minute details in- 
cluding fur, dimples, and muscles, and to polish the fin- 
ished product. Photo by Robert Weldon/GIA, courtesy of 
the Dreher family. 


Figure A-3. Smaller tools are used for additional defini- 
tion and detail. Photo by Robert Weldon/GIA, courtesy of 
the Dreher family. 
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Figure 16. Gerd Dreher’s evocative, softly undulating 
carved agate (2004) emulates coral. With delicately 
carved translucent agate fins, the fish appears to swim 
through the coral. The piece measures 25 cm high and 
weighs 1,960.8 g (9,804 ct). Photo by Robert Weldon/ 
GIA, courtesy of the William F. Larson family. 


which often evoke comparisons with actual animals. 
Ears on a mouse or rabbit are strikingly thin and 
translucent, yet they still exhibit the detailed dimples 
and folds seen in a live animal. Advancements in the 
quality of the tools, merged with a deep understand- 
ing of the subject’s appearance, imbue the creatures 
with stunning personalities (figures 16 and 17). Art 
critic Galina Gabriel considers the present generation 
of Drehers consummate masters, and Gerd specifi- 
cally the “world’s most prestigious gemstone carver” 
(Gabriel, 2015; Gabriel, 2017). 


THE DREHER PHILOSOPHY 

Neatly categorized shoeboxes line the walls of the 
tiny Dreher studio, packed with photographs and 
sketches of fauna in various poses. Some are copied 
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from books or magazines for reference. The photo- 
graphs also feature animals that are live-captured by 
the Drehers to act as models for the carvers. It is the 
Drehers’ impressive collection of images and 
sketches that gives the family a depth of understand- 
ing about their subjects that few other carvers enjoy. 
Patrick Dreher recalls that on one occasion he was 
looking for a “preening” mouse. He could not pho- 
tograph the desired pose in a captured mouse until a 
tiny bit of strawberry jam was strategically smeared 
on a small patch of the mouse’s fur. It had the in- 
tended effect: The mouse soon went to work clean- 
ing himself. The photographs, which are taken from 
multiple angles, help the Drehers interpret and in- 


Figure 17. This Gerd Dreher chameleon (2000), meas- 
uring 12.4 cm tall and weighing 2,390 ct, was carved 
from a single crystal of gem-quality Brazilian green 
beryl. Photo by Robert Weldon/GIA, courtesy of Sil- 
verhorn Jewelers. 
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Figure 18. A startled mouse (1997) assesses his op- 
tions from inside an upturned mushroom. Carved by 
Gerd Dreher from smoky quartz, it measures 12.4 cm 
wide. Photo by Robert Weldon/GIA, courtesy of 
Leslie Hindman Auction House. 


corporate three dimensions into the finished object. 
These live animals fulfill their role as models, result- 
ing in carvings such as the startled mouse (figure 18). 
After that, they are carefully released back into the 
wild, unaware that their likenesses are sought by col- 
lectors around the world. 


GEM CARVINGS OF THE DREHER FAMILY 


The Drehers carve a variety of rough gem mate- 
rial ranging from 5 to 9 on the Mohs hardness scale, 
though their stated preference is always agate. They 
appreciate agate’s toughness but also its wide-rang- 
ing color variations, which guarantee distinctive 
works of art. Carving into the layers of color zoning 
in agate provides the “canvas” and opportunity for 
three-dimensionality. Dreher carvings also appear 
regularly in rock crystal quartz, ruby-in-zoisite, 
beryl, topaz, rhodonite, obsidian, and tourmaline, 
among other gem materials. Here, too, the Drehers 
use color zoning in single crystals to their advantage, 
or to reveal a story in the carving. 

Collectors generally supply the raw material in 
crystal form or as rough chunks. It is always valuable 
and often extremely rare. One notable example is a 
toad (figure 19) carved from a single piece of Brazilian 
tourmaline crystal provided by California gem min- 
eral collector William Larson. 

“This piece came to us in colors of black, red, 
green, and black again,” Patrick Dreher recalls. “As 
we began to remove the black material, we saw a thin 
layer of blue we hadn’t seen before. This increased the 
value and became the head of the toad. The pink and 
red colors that emerged became the body of the toad, 
and the green color became the feet. This ‘Queen of 
the Toads’ is the most valuable piece we have ever 
carved.” 

Patrick, born in 1970, apprenticed with his father, 
in keeping with the family’s tradition. “My father is 


Figure 19. This parti- 
colored tourmaline 
(2013) revealed its rich 
colors as it was being 
cut. Gerd Dreher did 
not know at the outset 
that the toad’s head 
would be blue. It meas- 
ures 10.8 cm tall and 
weighs 1,226 g (6,130 
ct). Photo by Robert 
Weldon/GIA, courtesy 
of the William F. Lar- 
son family. 
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the best teacher I could possibly get,” he says. Both 
work together at their home-based studio. “It’s not 
like a traditional job where you go home after work. 
I’m home already. And my boss is also my father!” 
Patrick explains that he was exposed to the craft as a 
toddler, with ample opportunities to absorb his fa- 
ther’s carving methods. Actual hands-on work began 
by the age of 18. In 1997, Gerd and Patrick traveled 
to Rio Grande do Sul, Brazil’s southernmost state, 
and brought back 3.5 tons of handpicked agate rough, 
which they continue to work with to this day. 

The 1980s and ’90s also provided incredible new 
gemstone finds, such as large beryl crystals from 
Ukraine that were available after the fall of the Soviet 
Union. Gem materials were also emerging from Brazil 
and from newer sources such as Afghanistan, East 
Africa, and Madagascar. This gemstone windfall dove- 
tailed nicely into the family’s growth, with two 
decades of some of the finest, largest, single-crystal 
gem materials that had been found in the twentieth 
century. A young bird’s nest lavishly carved from an 
enormous hexagonal Ukrainian green heliodor (figure 
20) exemplifies the era. Sensitive to the beauty of the 
geometric etched pits on the crystal, Gerd Dreher left 
one face of the beryl intact with the gem’s natural sur- 
face. Similarly, a mouse carved from African ruby and 
zoisite (figure 21) illustrates the massive ornamental 
materials beginning to emerge from Africa at the time. 

Patrick says that he and his father consistently 
carve 12-20 new works every year, each of which 
may take 300-400 hours to complete. Father and son 
work both independently and collaboratively on 
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Figure 20. Gerd 
Dreher’s “Three Young 
Birds” (2006), a carving 
in Ukrainian heliodor, 
incorporates part of the 
natural beryl face in 
the base. The accents 
are 18K gold. The piece 
measures 11.5 cm tall 
and weighs 922 g (4,610 
ct). Photo by Robert 
Weldon/GIA, courtesy 
of Silverhorn Jewelers. 


pieces and continue to find new collectors to supply 
them with exceptional gem material. 


Figure 21. Gerd Dreher’s ruby-in-zoisite mouse (1993), 
carved from a single piece of rough, has sapphire 
cabochon eyes and an 18K gold tail. It measures 6.8 
cm tall and weighs 246 g (1,230 ct). Photo by Robert 
Weldon/GIA, courtesy of Silverhorn Jewelers. 
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Quality of the Rough: The rough gem material must be ex- 
traordinary and rare, such as larger agates with unusual 
color banding and strength of color. This allows for the de- 
velopment of a themed finished carving. In transparent 
gems, the material is often crystalline and devoid of any ob- 
vious inclusions, resulting in clean, luminous carvings. 


Quality of the Carving: The carving must maintain lifelike 
proportions throughout, and symmetry from all viewing 
angles should be comparable to an actual animal’s appear- 
ance (figure B-1). 

Details: Dreher carvings are studies in minute detail. How 
are these details rendered? Does the fur of a bear overlap? 
Are the ears of a mouse fine and translucent? 


Use of Material: The Drehers sometimes spend years look- 
ing at a rough gemstone before starting to carve it. Con- 
siderable thought, planning, and execution go into the use 
of the gem’s color zoning to convey lifelike features, or to 
distinguish an animal from its environment. 


Uniqueness: Dreher carvings are always original works of 
art. Though some poses might be similar, no two carvings 
are identical; there is always variation because they are 
carved in different materials and at different times. 


Signatures: Contemporary work is signed by Patrick or 
Gerd Dreher. In figure B-2, “GD” is Gerd Dreher and “PD” 
is Patrick Dreher. 

Composite Works: Some Gerd Dreher carvings are compos- 
ites of various gem materials. This generally dates a piece 
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Figure B-1. Gerd 
Dreher’s “Tree Frog” 
(2002) was carved from 
chrysoprase and metic- 
ulously worked so that 
the frog’s feet would 
curve to grasp the gold 
accents. The base of the 
carving is rock crystal 
quartz; the stem of the 
pond reed is 18K gold. 
The combined artwork 
weighs 1,032 g. Photo 
by Robert Weldon/GIA, 
courtesy of the 
Deutsches Edelstein- 
museum. 


before the 1980s, expressing the material, the know-how, 
the demand, and the tools that were available at the time. 


Single-Gem Carvings: Large single-crystal carvings reflect 
the company’s change in artistic direction and philosophy 
in the 1980s. Single-gem carvings reveal not only the rarity 
of the gem material but also the Drehers’ ability to render 
a complete three-dimensional carving from it. 


Accents: Gold accents, such as tails and feathers, carved 
eyes and quartz bases, are used in both composite and 
single-gem carvings (figure B-1). 


Figure B-2. Unlike their Idar-Oberstein prede- 
cessors, the Drehers started signing their con- 
temporary work in 1975. The signature on the 
left is that of Gerd Dreher, while Patrick 
Dreher’s initials are seen on the right. Photos 
by Robert Weldon/GIA. 
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Figure 22. This hippopotamus in citrine (2015) shows 
Patrick Dreher’s mastery in rendering the animal, 
which exhibits a highly polished, glistening surface. 
It measures 12.0 cm long and weighs 526 g (2,630 ct). 
Photo by Robert Weldon/GIA, courtesy of the 
William F. Larson family. 


Patrick’s own mastery of the craft was realized in 
a dramatic fashion when, after decades of apprentice- 
ship, he detailed a plan to carve a rounded but com- 
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pletely smooth and glassy hippopotamus out of citrine 
quartz. “It cannot and should not be done—you'll be 
wasting material,” his father chided. Nevertheless, 
Patrick was steadfast in his resolve, and his father ul- 
timately agreed the piece was masterful (figure 22). 

Patrick has since carved a number of important 
pieces, including a starfish from a strawberry quartz 
specimen that in its rough state had concealed a se- 
cret. It was not until he began the removal of un- 
wanted or damaged sections that the strawberry 
quartz revealed pale amethyst and colorless rock 
crystal quartz in the layers beneath. The color varia- 
tions in the amethyst became a coral reef on an ocean 
floor of rock crystal (figure 23). 

Inside their home studio, the Drehers take turns 
at the spindle. A collection of diamond-sintered 
tools, in different sizes and numbering in the hun- 
dreds, await their turn at the workstation. These 
tools, and the skilled use of them, bring out ex- 
tremely fine detail. With a few exceptions, it is this 
detail that defines the present era. In his day, Paul 
Dreher carved unique large items like the puma and 
deer, in which the personality came to life in the 
carvings’ well-defined but smooth, soft surfaces, re- 
flecting a mastery that was limited only by his tools. 
Today’s carvings have generally lost that smoothness 


Figure 23. Patrick 
Dreher’s strawberry 
quartz starfish (2014), 
carved from a crystal 
similar to the one 
shown on the right, re- 
vealed layers of 
amethyst and rock crys- 
tal as he carved into the 
stone. The “straw- 
berry” portion of the 
single piece became the 
shiny starfish, resting 
upon an amethyst 
coral. The rock crystal 
quartz section was 
carved as the ocean 
floor. The starfish meas- 
ures 13.6 cm tall and 
weighs 1,279.50 g 
(6,397.50 ct). Photo by 
Robert Weldon/GIA, 
courtesy of the William 
F. Larson family. 
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in favor of extraordinary detail, attention to realism, 
and quality (see box B). 


CONCLUSIONS 


For centuries, the German towns of Idar and Ober- 
stein have been known for agate cutting. Joined as 
one town before World War II, the region developed 
into a cutting and carving center for colored gem- 
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Figure 24. Gerd and 
Patrick Dreher in their 
studio. Courtesy of the 
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Akoya cultured pearls have been produced on the eastern shoreline of Australia since approximately 
1999 using Pinctada imbricata fucata mollusks native to New South Wales. Unlike many of their Japan- 
ese counterparts, Australian akoya cultured pearls are harvested after 18 months of growth and marketed 
without any post-harvest treatments involving dyes or bleaches. This study presents the first gemological 
and mineralogical characterization of Australian akoya cultured pearls using Raman, photolumines- 
cence, FTIR, and UV-Vis specular reflectance spectroscopy. Raman and FTIR spectroscopy identified 
the major mineral phase aragonite as well as some organic compounds. While Raman spectroscopy re- 
vealed polyene-related pigments with bands occurring at 1134 and 1532 cnr, FTIR spectroscopy 
showed sulfate- and polysaccharide-associated groups occurring at around 1200 and 1115 cm|, re- 
spectively. UV-Vis spectroscopy revealed broad spectral features that provide insight into the distinct 
bodycolors and enable discrimination from some non-akoya saltwater cultured pearls from P margari- 
tifera, P maxima, and P. mazatlanica bivalves, while separation from other untreated akoya pearls is not 
possible. Production processes are examined to better understand the modern, sustainable, and envi- 
ronmentally friendly pearl farming operations in Australia. 


een used to produce akoya cultured pearls, dat- 
ing back to the pioneering work in the early 
1900s by Japanese entrepreneur Kokichi Mikimoto 
(Strack, 2006). This bivalve is distributed widely 
across Asia and also occurs on the eastern coast of 
Australia (Gifford et al., 2004), where it is used to pro- 
duce untreated and sometimes vibrantly colored cul- 
tured pearls (figure 1). With Pinctada imbricata 
fucata populations readily available on New South 
Wales’s Central Coast region between Sydney and 
the city of Lake Macquarie, a local enterprise called 
Broken Bay Pearls with expertise in farming of edible 
Sydney rock oysters (Saccostrea glomerata) has been 
culturing akoya pearls since 2008 (figure 2). The cli- 
mate in New South Wales is ideally suited for pearl 
culturing using Pinctada imbricata fucata. It is lo- 
cated approximately the same distance from the 
equator as the southern Japanese pearl farms, and its 
very similar seasonal variations of water temperature 
optimize nacre quality during the cultivation process 
(Strack, 2006; Gilbert et al., 2017). 


iE Pinctada imbricata fucata mollusk has long 
b 
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AUSTRALIAN AKOYA CULTURED PEARLS 


Australia was originally known for its large-scale 
production of silver- and gold-colored natural and 
cultured South Sea pearls from Pinctada maxima 
(Scarratt et al., 2012 and references therein), which 
are valued for their large sizes of up to 20 mm in di- 


Figure 1. A bracelet showing naturally colored blue, 
cream, yellow, and silver akoya cultured pearls from 
Broken Bay Pearls. Photo courtesy of Broken Bay 
Pearls Pty Ltd. 
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Figure 2. The map of Australia (A) indicates the location of the Broken Bay Pearls farm near Woy Woy in New 


South Wales, on the southeastern shoreline (B). The akoya pearl farming operation near Woy Woy (C) and some of 
the long-line systems for juvenile Pinctada imbricata fucata that are held nearby (D). For scale, the wooden jetty 


shown in C and D is 1.5 meters wide. Photos by Laura Otter. 


ameter (Strack, 2006). Australian akoya cultured 
pearls have yet to receive comparable attention in 
the gemological community. This study aims to 
characterize the occurrence of akoya cultured pearls 
in eastern Australia and presents what is believed to 
be the first thorough gemological and mineralogical 
characterization through Raman, photolumines- 
cence (PL), ultraviolet-visible (UV-Vis), and Fourier- 
transform infrared (FTIR) spectroscopic analysis. 


Hatchery and Spat Production. For about a decade, 
the hatchery facilities located at NSW Fisheries, Port 
Stephens Fisheries Institute (PSFI) have supplied Bro- 
ken Bay Pearls with young Pinctada imbricata fu- 
cata. Broodstock are collected from both the farm 
and in the wild and selected based on nacre color and 
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shell shape. Priority is given to stock with more con- 
vex shells, which allow for larger nuclei to be im- 
planted during seeding. These parents are brought to 
the hatchery, where spawning is induced by increas- 
ing water temperatures by about 4°C. Eggs and sperm 
are mixed in 1,000-liter tanks. They are kept at 24— 
26°C until they develop into larvae (figures 3A and 
3B) after 20-24 hours; water temperature, feeding 
protocols, and stock density are regulated as needed 
(O’Connor et al., 2003). The larval cycle takes ap- 
proximately three weeks before they are ready to set- 
tle from the water column and attach to a substrate 
such as mesh screens or bags. 

After settlement, these spat are retained until 
reaching approximately 1.5 mm in size, whereupon 
they are transferred from the hatchery in Port 
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cavation and the bright red saris of the 
women, complete the colorful scene. 

Until the Central took 
office, royalty from the mines was paid to 
the reigning Maharajah of Panna, who was 


Government 


also entitled to retain the larger diamonds. 
The Maharajah’s predecessors assembled a 
necklace of 52 perfect, uncut, octahedral 
stones, varying in size, up to 25 carats of 
a total of 325 carats beautifully set in gold. 


MOST MODERN MINE TODAY 


The Premier Mine is the largest and the 
most modern diamond mine. Four million 
tons ate treated per year, for a production 
of more than one million carats of dia- 
monds, of which 80 per cent are industrial. 
The mine is an elliptical kimberlite pipe, 
3000 feet long by 1500 feet wide, surround- 
ed by felsite (a red micro-granite). It had 
been worked about 610 feet deep by open- 
cast methods. Jt was closed in 1932, as a 
result of the depression. 


An underground mining system was in- 
troduced when the mine reopened in 1950. 
A cut, 200 feet deep, was taken across the 
full length of the pipe, originally 24 feet 
wide. Benching in steps from sublevels, at 
vertical and horizontal intervals of 50 feet, 
is now performed. Long-up holes, arranged 
fanwise, are drilled with rotary machines, 
from the sublevels, and this will continue 


in steps to the periphery of the pipe. 

Broken ground is drawn off through 
cones at the bottom of the slot, and passes 
through finger raises, grizzleys and an ore- 
pass system, to the 890 foot collecting level, 
where the ground is transferred by eight 
ton self-tipping cars, into another orepass 
system feeding the main haulage on the 
1060 foot level. 


On the 1060 foot haulage level, the 
ground is loaded through compressed air- 
operated loading boxes into trains of 180 
cubic feet trucks drawn to the main shaft, 


® Blasting operation in the enormous crater of the Premier Diamond 
Mine in 1927. Here the 3106 carat Cullinan Diamond was found. 
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Stephens to the pearl farm near Woy Woy (figure 2). 
Here, they are placed in 0.5 mm mesh bags (figure 3C) 
attached to several parallel long-line systems about 
200 meters in length and situated at a depth of 4 me- 
ters below the low tide water level. As the juvenile 
Pinctada imbricata fucata bivalves grow, they are 
progressively transferred to larger mesh bags or cages 
that are cleaned regularly to ensure good water flow. 

Broken Bay Pearls is currently the only akoya 
pearl farm on the New South Wales coastline. Sev- 
eral small islands act as a barrier between the open 
ocean and the farm, creating a well-protected bay 
that is ideally suited for pearl farming. This area 
within the estuary provides stable salinity, nutrient 
availability, and high levels of dissolved oxygen, 
which are key factors for the long-term development 
and cultivation of a healthy stock. 


Seeding and Maintaining of Australian Akoya Pearl 
Oysters. The juvenile pearl oysters are maintained on 
the farm until they are approximately two years old 
with shell heights of about 7 cm. Similar to other 
farms, the mollusks are cleaned with high-pressure 
cleaners every two to four weeks (Gifford et al., 2004). 

It is common practice to condition the pearl oys- 
ters for several weeks before seeding by reducing their 
physiological fitness. At Broken Bay this is achieved 
by stocking the mollusks at high density within bar- 
nacle-overgrown wicker baskets that restrict water 
flow and food availability. Other farms, such as those 
in Southeast Asia, cover the mollusks with fabric to 
achieve the same effect (Hanni, 2007). Either way, 
they respond to food shortage by ceasing gamete pro- 
duction that would otherwise interfere with the seed- 
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ing process (Hanni, 2007). This conditioning strategy 
allows the seeders at Broken Bay Pearls to process the 
animals without having to apply relaxant drugs to im- 
mobilize them (Acosta-Salmén et al., 2005). 

The bivalves are seeded in the austral summer 
month of February using only shells of suitable size 
(shell height larger than 7 cm) and fitness. This en- 
sures acceptance of the bead, fast recovery from sur- 


In Brief 


e Gem-quality akoya bead cultured pearls have been 
produced on Australia’s eastern shoreline since 1999, 
with environmentally friendly strategies to achieve sus- 
tainable farming. 


e Awide variety of colors occur naturally besides the tra- 
ditional white and silver. These cultured pearls are mar- 
keted without the application of bleaches or dyes. 


e Australian retailers have embraced these akoya cul- 
tured pearls as locally manufactured jewelry becomes 
increasingly popular in the country. 


e This work suggests that colored akoya cultured pearls 
produced by P. imbricata fucata can be differentiated 
from pearls from other species such as P margaritifera, 
P maxima, and P. mazatlanica using UV-Vis spec- 
troscopy. 


gery, and a greater chance for successful pearl growth. 
The production of cultured pearls requires two types 
of mollusk broodstock. Donor mollusks are selected 
for nacre color and quality and are sacrificed in the 
seeding process to extract the mantle tissue graft that 
is later inserted with the bead. The host animals, on 


Figure 3. Australian Pinc- 
tada imbricata fucata lar- 
vae, shown here at an 
age of about 25 hours (A) 
with approximately 200 
uum shell size, are reared 
in 1,000-liter polyethyl- 
ene tanks at the nursery 
(B). After 24 days, the 
larvae mature to spat 
with approximately 1.5 
mm shell lengths. They 
are transferred to long- 
line systems and kept in 
0.5 mm nylon mesh bags 
(C). Photos by Wayne A. 
O’Connor. 
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the other hand, are selected for fitness and health to 
enable optimal proliferation of the tissue graft into a 
nacre-producing pearl sac (Hanni, 2012). The two 
Australian seeders at Broken Bay Pearls were trained 
by Japanese specialists who also visit regularly during 
harvests. Each year they insert several thousand 
beads—exact numbers remain confidential—to- 
gether with tissue grafts. Two beads are inserted per 
mollusk. 

Tissue grafts are prepared following the Japanese 
method. First, the outermost part of the mantle lobe 
is removed from the donor (figure 4A) and the outer 
epithelial tissue is carefully separated from the 
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Figure 4. These photos 
show the steps involved 
in the seeding of Aus- 
tralian akoya pearls. A: 
The outermost part of 
the mantle lobe is cut 
from a donor mollusk. 
B:; The outer epithelial 
tissue is separated from 
the darker marginal 
mantle part using a 
scalpel. C: The outer 
epithelial tissue is cut 
into small, approxi- 
mately 2 x 2 mm tissue 
grafts (saibo). D: An in- 
cision is carefully made 
in the gonad, while the 
bivalve is affixed to an 
oyster stand. E: The 6 

~ mm beads are manu- 
factured from Ameri- 
can freshwater mussel 
shells. F: Tissue and 
bead are inserted into 
the gonad. Photos by 
Laura Otter. 


darker marginal mantle tissue (figure 4B). Then the 
outer epithelial tissue is cut into approximately 2 x 
2.mm pieces, known as the saibo or graft (figure 4C). 
The gonad in the donor mollusk is opened (figure 
4D), and each tissue graft is carefully inserted into 
the mollusk together with a 6 mm bead manufac- 
tured from American freshwater mussel shells (figure 
4E). Graft and bead are carefully placed in contact 
with each other (figure 4F). Since the gonad tissue it- 
self is unable to produce pearls, the bead must be ac- 
companied by the mantle tissue graft. Following the 
seeding process, the graft proliferates to form a pearl 
sac, fully enclosing the bead (Hanni, 2012) and pro- 
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TABLE 1. Characteristics of natural-color cultured pearls from Pinctada imbricata fucata bivalves 


from eastern Australia. 


Photo? Sample no. Diameter (mm) Weight (ct) Bodycolor? Hue? Overtone? 
*) BBPO1 7:3 3.01 Light yellow Green Yellow 
*) BBPO2 6.7 2.20 Light yellow Orange Gold 
*) BBPO3 7.0 2.51 Dark yellow Orange Green 
(*) BBPO4 6.9 2.48 Dark yellow Orange Gold, orange 
@ BBPO5 6.9 2.50 Orange Brown Pink 
@ BBPO6 7.5 3.03 Pinkish orange Green Pink 
*) BBPO7 7.4 2.90 Silver Blue Blue, pink 
(*) BBPO8 6.8 2.31 White Silver Pink 
@ BBPO9 72 2.66 White Cream Pink 
i) BBP10 7.0 2.49 Silver Green Blue 
‘*) BBP13 7.9 3.56 Green Silver Pink 
>) BBP14 7.7 x 8.2 3.65 Green Silver Blue 
@ BBP11° 6.7 2.00 Dark blue Green Silver, blue 
o BBP12 7.2 2.48 Silver (darker than BBPO7 Green Blue, pink 


“Images not to scale. Bead sizes are 6 mm for all specimens shown. 


and BBP10) 


»Bodycolor, hue, and overtone were determined by visual examination. Bodycolor descriptions follow the GIA scheme (https://www.gia.edu/pear!-description), 
but extending the scheme was necessary to incorporate the large range of color in these samples. 
©Color was found to vary from blue on one side to silver with only a blue hue and overtone on the other. All spectroscopic measurements were taken from the 


blue side. 


ducing calcium carbonate, causing the deposition of 
nacre onto the bead (Jacob et al., 2011). Hence, the 
relative position between tissue graft and bead as 
well as the position within the pearl sac determine 
the eventual shape of the pearl: In the ideal case, 
when tissue graft and bead are in tight contact, a 
round pearl is formed. Near-round, semi-baroque, or 
baroque pearls are formed by an irregular contact be- 
tween bead and graft that results in cavities or even 
loose beads (Hanni, 2012, Otter et al., 2014). 


Harvesting and General Farming Procedures of Aus- 
tralian Akoya Cultured Pearls. After seeding, the 
Pinctada bivalves are returned to the long-line sys- 
tems in bags or cages, where their food supply is no 
longer restricted. Their metabolic activity increases, 
and the production of nacre needed for shell growth 
and pearl development returns to normal. Hence, the 
bulk of pearl growth occurs during the austral sum- 
mer months (December to February), when the ani- 
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mals have an increased metabolism and food is abun- 
dant. In contrast, a finer and therefore more lustrous 
outermost layer of nacre is deposited in austral winter 
(June to August), when colder temperatures slow 
down metabolic and biomineralizing processes 
(Gilbert et al., 2017). 

Bead rejection rates are approximately 10%, which 
is relatively low compared to farms in the Federated 
States of Micronesia (28%) or southwest India (14%), 
while recent rejection rates from Japan were not avail- 
able in the literature (Kripa et al., 2007 and references 
therein; Cartier et al., 2012). Broken Bay Pearls gen- 
erally allows a longer cultivation time of 18 months 
to achieve a thicker nacre, compared to the standard 
6-12 months in Japan (Strack, 2006). The longer cul- 
tivation time results in a nacre layer around the bead 
measuring approximately 0.8 mm, estimated from 
pearls used in this study (see bead sizes and diameter 
measurements in table 1) as well as verification meas- 
urements on a cross section of a low-quality pearl. 
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Figure 5. The steps in- 
volved in the process of 
harvesting Australian 
akoya pearls. A: Bi- 
valves are removed 
from their cages. B: The 
separator Cleans the 
pearls from the tissues. 
| C: Separated pearls are 
collected by opening a 
valve at the bottom of 
the machine. D: Wooden 
revolving drums are 
used to wash the pearls 
in a saltwater solution. 
E: A selection of the 
day’s harvest with the 
range of colors dis- 
played at the front. Pho- 
tos by Laura Otter. 


This is high compared to Japanese akoya, whose nacre 
thickness averages only 0.2 mm in the northern is- 
lands and rarely exceeds 0.3 mm in the warmer wa- 
ters of the southern islands (Strack, 2006). 


428 AUSTRALIAN AKoYA CULTURED PEARLS 


The pearls are harvested in the austral winter 
months of June and July. Following the Japanese 
akoya culturing tradition, pearl oysters at Broken Bay 
Pearls are generally not seeded a second time but are 
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removed from their cages (figure 5A) and sacrificed 
by cutting through the adductor muscle. A motor- 
ized separator (figure 5B) reduces the soft tissues to 
small pieces while the relatively heavy pearls collect 
at the bottom of the machine and are extracted by 
opening a valve (figure 5C). Adhesive organic re- 
mains are removed by using a suspension of salt in 
freshwater (figure 5D), while walnut shells are used 
to buff the pearls, a common practice in Japan. The 
pearls are spread out on cloth for air drying in sun- 
light (figure 5E), which could be understood as a min- 
imal maeshori! luster enhancement, depending on 
how strictly this is defined. However, it is empha- 
sized here that no color- or luster-improving sub- 
stances or processes are otherwise applied—e.g., 
dyes, bleaches, or alcohol, which are traditionally 
used for Japanese akoya (Gervis and Sims, 1992). 
After drying, the pearls are graded for quality, color, 
luster, shape, and size. 


Figure 6. This silver pendant features a round 7.5 
mum silver akoya pearl from Broken Bay. The silver 
disk is etched with a pattern resembling the reflec- 
tion of the moon on the rippling ocean. Photo cour- 
tesy of AngelRock Jewellers. 
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Figure 7. Naturally white cultured pearls from Broken 
Bay: two necklaces, a pair of stud earrings, and three 
loose pearls. Photo courtesy of Percy Marks Jewellers. 


The farm in Broken Bay produces several thou- 
sand pearls per year, and about 50% are of gem qual- 
ity. The average size ranges from 6.5 to 8 mm and in 
very rare cases up to 10 mm. Keshi pearls also occur 
as a result of the seeding process, as the fragile ep- 
ithelial cells of the mantle tissue can be injured or 
separated and develop into small pearl sacs that pro- 
duce an additional though unintended small pearl 
(Hanni, 2006). Broken Bay pearls are cultured in a 
wide range of colors. Bodycolors include the tradi- 
tional akoya silver and white (figures 6 and 7, respec- 
tively], though light and dark yellows appear almost 
as frequently and blues are also occasionally seen 
(again, see figure 1). Intense orange bodycolors (as in 
BBPO5 and BBPO6, table 1) occur very rarely. Over- 
tones range from orange, pink, silver, white, silver- 
green, and cream through yellow to gold. 

The two seeders at Broken Bay have noticed a dif- 
ference in the respective proportions of silver to 
white, yellow, and blue bodycolors they produced 
(figure 8). After tracing back and comparing their in- 


'Maeshori treatment aims to enhance a pearl’s luster. This can involve 
different chemical (e.g., alcohol or salty solutions) or physical (e.g., 
heating and cooling) treatments. It is traditionally applied to Japanese 
akoya cultured pearls, often in combination with dyes or bleaches. 
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dividually seeded bivalves, which had been color 
coded on their cages, the seeders concluded that 
while cutting and preparing the tissue grafts, they 
each favored slightly different colored tissue pieces, 
thus influencing the harvested colors. 

It is understood that modern pearl farming yields 
many positive consequences for the local ecosystem. 
The exceptionally high filtering capabilities of the 
Pinctada species, up to 25 liters per gram of dried tis- 
sue each day, effectively remove heavy metals, organic 
pollutants, and nutrient overloads from coastal envi- 
ronments (Gifford et al., 2004). Hence, pearl farming 
reduces turbidity and eutrophication—i.e., the excess 
supply of nutrients coupled with high biomass loads. 
Turbidity is reduced by the long-line systems, with 
their many large cages that act as a barrier for near- 
surface currents. Eutrophication is reduced by the high 
filter-feeding capacities of the bivalves. Furthermore, 
the timber-free long-line systems prevent entangle- 
ment of dolphins and other marine species. Following 
these environmentally friendly principles, Broken Bay 
Pearls has been successful in supplying a wide range 
of Australian wholesalers and jewelers each year. 


MATERIALS AND METHODS 

The lead author attended Broken Bay’s annual pearl 
harvest in June 2016 to obtain pearls for this study. 
The mollusks were brought to the farm by boat and 
taken from the nets and opened by hand. After ex- 
traction from the separator, the pearls were spread 
out on a cloth and examined. The author visually de- 
termined a wide range of bodycolors, including yel- 
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Figure 8. Broken Bay’s 
two seeders tag their own 
cages of freshly seeded bi- 
valves to track the pro- 
portions of bodycolors 
produced. The proportion 
of white, yellow, and blue 
bodycolors is seen to vary 
between the seeders, and 
this is attributed to slight 
variations in the selec- 
tion of appropriate tissue 
graft. The red line shows 
the overall abundance of 
each bodycolor as an av- 
erage of both seeders. 
Photo by Laura Otter. 


— Average 


low, silver, white, cream, orange, blue, and light sil- 
ver-green of various shades and intensities (again, see 
figure 5E). A total of 14 saltwater cultured pearls 
were selected as representative of each bodycolor 
group for the present study. The pearls were found to 
be mostly round (samples BBPO1 to BBP13) to semi- 
round (BBP14) in shape. They measured 6.7-8.2 mm 
in diameter with an average of 7.2 mm, while their 
weight varied from 2.0 to 3.7 ct (table 1). 

Raman spectra of each pearl were collected at 
room temperature using a Horiba Jobin Yvon 
LabRAM HR Evolution confocal spectrometer with 
473 nm laser excitation. All Raman spectra were 
recorded in the 100-2000 cm"! range using a spectral 
acquisition time of 12 seconds and four accumula- 
tions. A grating with 1800 grooves/mm was used 
with a slit width of 100 um to ensure a high spectral 
resolution of approximately 0.8 cm-!. PL spectra 
were collected using the same instrument, although 
measurement conditions were adjusted to a spectral 
acquisition time of eight seconds and five accumu- 
lations per cycle, with 532 nm excitation wave- 
length. Data were collected in the 537-710 nm range 
using a grating with 600 grooves/mm to achieve 
higher intensities at a spectral resolution of approx- 
imately 2 cm™. 

Mid-FTIR spectra were recorded with a Thermo 
Scientific Nicolet iN10 infrared microscope using a 
149 x 149 ppm aperture and an acquisition time of five 
seconds per spectrum. All data were collected with 
16 scans per spectrum in the range of 675-3970 cm 
using a liquid-nitrogen-cooled MCT-A detector sys- 
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tem and a spectral resolution of 4 cm. A background 
spectrum was collected in air before each sample 
spectrum. Raman, PL, and FTIR data were collected 
at Macquarie University’s Department of Earth and 
Planetary Sciences in Sydney. 

UV-Vis spectra were recorded 16 times per sample 
in the 380-800 nm range using a Leica Orthoplan mi- 
croscope in combination with a Leica MPV-SP UV- 
Vis spectrophotometer at Johannes Gutenberg 
University in Mainz, Germany. Microscope-based 
UV-Vis data acquisition is generally performed with- 
out the use of an integrated sphere accessory, which 
made it necessary to collect all spectra in specular re- 
flection mode with well-defined incident and re- 
flected light angles (2° in this study). Specular 
reflection mode uses a thin plate of polished alu- 
minum as reference material, since it has higher re- 
flectance properties than BaSO, or Spectralon, which 
are only used when data collection is performed in 
diffuse reflection mode. All spectra were collected 
using 32x magnification by focusing on the surface 
of each pearl. Some individual samples (namely 
BBPO5, BBPO7, BBP11, and BBP12) yielded reflectance 
values greater than 100%, which made it necessary 
to focus slightly subsurface. 


RAMAN SPECTRA 
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RESULTS AND DISCUSSION 

Raman Spectrometry. Figure 9 presents seven repre- 
sentative Raman spectra of Australian akoya cultured 
pearls across the range of bodycolors as outlined in 
table 1 (yellow, orange, silver, white, green, and blue). 
The most prominent peaks are assigned to aragonite 
(black lines), the crystalline calcium carbonate poly- 
morph generally associated with lustrous pearls of the 
Pteriidae family (e.g., Jacob et al., 2011; Wehrmeister 
et al., 2011; Hanni, 2012). Among these, the highest- 
intensity band was observed at 1085 cm, as well as 
a doublet with peak centers at 701 and 705 cm", 
which are assigned to v, (symmetric stretching) and 
v, (in-plane bending) modes of the carbonate anion 
(CO,”) in aragonite (e.g., Urmos et al., 1991). The 
small peak at 1462 cm” is identified as v, (in-plane 
asymmetric stretching); due to its low intensity, this 
peak is not observed equally well in all pearls. In ad- 
dition, aragonite lattice modes were observed be- 
tween 170 and 300 cm" (Urmos et al., 1991). All 
pearls showed virtually identical peak centers, inten- 
sities, and backgrounds except for the darkest one 
(BBP11), which had a slightly increased background 
(again, see figure 9). This is due to a stronger contri- 
bution of luminescence in the background signal, pos- 


Figure 9. Raman spectra 
of seven Broken Bay 
akoya cultured pearls 
from Pinctada imbricata 
fucata normalized to the 
highest-intensity peak at 
1085 cnr! and offset for 
clarity. The selection 
shows a cross section of 
bodycolors ranging from 
light yellow (BBPO1, 
BBPO3), orange (BBP06), 
white (BBPO8), silver 
(BBPO9), and dark blue 
(BBP11) to green 
(BBP14). The spectra 
show identical bands for 
aragonite (black lines), 
while two remaining 
peaks are attributed to 
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sibly related to pigments contributing to the pearl’s 
dark blue color. 

Peaks of weaker intensity (figure 9, red lines) cor- 
responded to distinct bands of pigments (polyenes) 
consistent with previously published values (e.g., 
Karampelas et al., 2007; Soldati et al., 2008; Karam- 
pelas et al., 2009; Bersani and Lottici, 2010). These 
include peaks at 1134 and 1532 cm that belong to 
the stretching modes of the C-C single bond (v,) and 
C=C double bond (v,) in the polyene chain biomole- 
cule, respectively. Samples with darker bodycolors 
such as dark blue (BBP11), orange (BBPO6), and dark 
yellow (BBPO3) displayed the highest intensities for 
both pigment-related peaks, while green (BBP14), 
white (BBP09), and light yellow and yellow (BBPO1) 
pearls exhibited much lower intensities. For the 
white specimen BBPO8, the peaks were undetectable. 


Photoluminescence Spectrometry. All PL spectra 
showed virtually identical features in the yellow to 
red region at 585, 610, 625, and 685 nm (figure 10). 
Sharp peaks in the spectra resulted from the Raman 
effect and occurred independently of the PL bands. 
These included features in the 538-540 nm region 
(vibrational properties of the aragonite lattice modes], 
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as well as discrete peaks, caused by vibrational 
modes of the carbonate ion, at 552 nm (in-plane 
bending, v,), 565 nm (symmetric stretching, v,), 577 
nm (in-plane asymmetric stretching, v,), and 630 nm 
(caused by v, + v,; Xu and Poduska, 2014). The four 
PL bands had positions similar to those previously 
published for cultured pearls from Pinctada maxima, 
Pinctada margaritifera, Pinctada mazatlanica, and 
Pteria sterna, at 620, 650, and 680 nm; however, the 
weak band at 585 nm has not been described for 
these species (Miyoshi et al., 1987; Kiefert et al., 
2004; Karampelas et al., 2011; Karampelas, 2012). It 
should be noted that all bands appear less defined for 
the akoya pearls than for those produced by Pinctada 
maxima, Pinctada margaritifera, and Pteria sterna. 
PL features in pearls are generally thought to result 
from organic compounds within the nacre composite 
material (Karampelas et al., 2007). This is consistent 
with our observation that the relative PL intensity 
correlated with color intensity in the specimens and 
stronger pigment-related Raman bands (figure 9). 


Mid-FTIR Spectrometry. The most prominent features 
observed in the spectra of cultured pearls from Aus- 
tralian Pinctada imbricata fucata were caused by the 


Figure 10. Uncorrected 
photoluminescence (PL) 


BBP11 
BBPO6 
BBP14 
BBP01 
BBPO3 
BBPO9 
BBPO8 


685 


T T T T T 
540 560 580 600 620 640 


WAVELENGTH (nm) 


432 AUSTRALIAN AKOYA CULTURED PEARLS 


Gems & GEMOLOGY 


spectra of the seven 
akoya cultured pearls 
whose Raman spectra 
are shown in figure 9. 
Spectra are offset for 
clarity while maintain- 
ing their original order 
of relative PL intensi- 
ties. All spectra show 
identical features at 
585, 610, 625, and 685 
nm, with varying 
amounts of lumines- 
cence that correlate 
with the color intensity 
of the samples. Peaks in 
the 538-540 nm region 
as well as at 552, 565, 
577, and 630 nm origi- 
nate from the Raman 
effect of aragonite. 
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Figure 11. Left: The mid-FTIR spectrum of an orange sample from Broken Bay Pearls (BBP05) shows bands at 700, 
712, 877, 1447, 1474, and 1792 cnr" that are characteristic for aragonite and were found in all other samples. 
However, this sample also shows several weak peaks in the 1000-1350 cm region (red box in A). Right: Enlarge- 
ment of this region reveals several small peaks at around 1200 and 1115 cnr’ that are assigned to sulfate and 
polysaccharide groups of the organic component. The weak band at 1080 cnt results from stretching vibrations 


of the carbonate. 


intrinsic vibrational modes of the aragonite crystal lat- 
tice (figure 11, left), namely y,, and v,, at 700 and 712 
cm (internal modes}, y, at 877 cm (out-of-plane 
bending mode), and y, at 1447 cm (in-plane asymmet- 
ric stretching). Strong absorption bands in the 1600- 
1400 cm! range resulted from several closely spaced 
peaks at 1570, 1525, 1488, 1474, and 1440 cm (An- 
dersen and Brecevic, 1991; Xu and Poduska, 2014). The 
highest-intensity band at 1474 cm was previously 
found to result from a combination of the lattice mode 
peaks at 220, 263, 290, and 700 cm (Andersen and 
Brecevic, 1991; Xu and Poduska, 2014). A weak band 
at 1792 cm was caused by a combination of the v, and 
v,, modes, while v, (symmetric stretching vibration) 
was observed in figure 11, right (an enlargement of the 
red box in figure 11, left). Three other bands in figure 
11 (right) can be attributed to different organic com- 
pounds in nacre: Broad bands at around 1200 and 1115 
cm likely resulted from S-O of sulfate and C-O of 
polysaccharide groups, respectively (Marxen et al., 
1998). The peak at 1080 cm! is assigned to the sym- 
metric stretching vibration (v,) of CO}. 


UV-Vis Spectrometry. The pearls were grouped into 
different UV-Vis spectra with similar characteristics. 
For better readability, overlapping spectra were offset 
by adding or subtracting each measured intensity 
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value with a fixed offset value expressed as a percent- 
age relative to the original measured intensity (figure 
12). The specimens shown in figure 12A consist of 
two pearls of a rather cooler shade of yellow, which 
might result from green hues and/or overtones 
(BBPO1 and BBPO3), plus silver (BBP10) and green 
(BBP14) samples. They are characterized by a slight 
spectral trough in the blue-green to yellow region be- 
tween 450 and 600 nm (except for BBPO1} and have a 
sharp drop in relative intensity from approximately 
645 nm onward. The light yellow specimen BBPO1 
(table 1) has the brightest bodycolor, which correlates 
with the highest relative intensity. Of the two pearls 
in figure 12B, one has a light silver bodycolor with a 
blue hue and overtone (BBPO7) and the other a dark 
blue (BBP11) bodycolor with green, blue, and silver 
hues and overtones (hues and overtones determined 
by visual observation]. The spectrum of the dark blue 
pearl (BBP11) shows two distinct troughs at 425-530 
nm (blue to green region) and 550-625 nm (green to 
orange region), while the silver specimen (BBPO7) has 
a trough at 425-625 nm. Both pearls display a sharp 
drop in reflectance at 625 nm. A lower intensity over 
the full spectral range is responsible for the dark color 
of BBP11; specimen BBPO7 shows a similar pattern, 
but at an overall higher relative intensity that corre- 
sponds to its brighter color. Figure 12C shows spectra 
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Figure 12. UV-Vis specular reflectance spectra of 14 Australian akoya samples normalized to the reflectance yield 
of a polished aluminum plate. Some spectra are offset for clarity, with offset values provided in the legends. 


for the pearls with orange bodycolor (BBPO5 and 
BBPO6) as well as for a green specimen with warm 
pink and silver hues and overtones (BBP13). These 
specimens exhibit distinct absorption features be- 
tween 400 and 475 nm and between 600 and 800 nm 
that correspond to the blue region and the orange to 
red region, respectively. At 800 nm, relative intensi- 
ties drop to below 55%. Lastly, figure 12D shows 
spectra for pearls that exhibit white (BBPO8 and 
BBPO9), dark silver (BBP12), and yellow bodycolors 
(BBPO2 and BBP04). Note that the pearls with yellow 
bodycolor from figure 12D have orange and golden 
hues and overtones, while the other yellow speci- 
mens in figure 12A show green and yellow hues and 
overtones. Their spectra lack distinct absorption fea- 
tures and differ only in relative intensity. 
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Altogether, each pearl’s bodycolor is strongly de- 
pendent on its specific absorption features and rela- 
tive intensities, which are produced by different 
combinations of pigments present in the organic 
compound of the nacre (Soldati et al., 2008; Karam- 
pelas et al., 2009; Karampelas, 2012). The bodycolor 
was found to correlate with the overall relative in- 
tensity of the PL spectra (figure 10), where the dark 
blue specimen (BBP11) exhibited the highest relative 
PL intensity, while the yellow, white, and silver sam- 
ples had the lowest. 

Although the pearls from this study show a wide 
variety of spectral features, they can be differentiated 
from untreated pearls of some other species: Gray, 
yellow, and black pearls from Pinctada margaritifera 
as well as gray, yellow, and green pearls from Pinc- 
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* Early picture of the Kimberley Mine showing first 


whim in 1874. 


some 1200 feet from the periphery of the 
pipe. The cars are automatically tipped at a 
ramp at the main orepass grizzley, from 
which plus eight inch oversize material is 
fed to an underground jaw crusher. The 
minus six inch product joins the grizzley 
undersize at the shaft loading box system. 

Hoisting two 12-ton skips from a depth 
of 1350 feet, a single 2500 hp. Ward- 
Leonard hoist, operating 20 hours per day, 
raises 12,800 tons per day for treatment on 
the surface; lifting time 52 seconds. 

The treatment plant uses most recent 
technical developments such as heavy media 
separation and vibrating grease tables. 

From the surface ground storage bin, 
belt conveyors feed the crushing section, 
where the ground is reduced in closed cir- 
cuit to minus one and one fourth inch. 
This product is then washed and screened 
to extract 10 mesh (1 mm.) material to be 
treated separately in jigs. 


The oversize material is fed into 16 foot 
diameter cones, with a mixture of water and 
ferro-silicon as separating media. This 
media has a specific gravity of 2.95 and 
the diamonds (s. g. 3.5), together with 
heavy minerals, sink to the bottom of the 
cones, while lighter material is floated off. 
The float product is screened and the plus 
three eighths inch fraction extracted and re- 
crushed to minus three eighths inch. The 
minus 10 mesh material from this operation 
is removed and fed to Denver jigs, while 
the plus 10 mesh rejoins the main feed to 
the cones. 

Both the sink and the float products are 
washed to remove ferro-silicon, which is re- 
covered by magnetic separators. After 
washing, the concentrates (i.e. the sink pro- 
duct) from the cones, are conveyed to the 
recovery section, where they are joined by 
those from the jig section. The concen- 
trates are screened into three sizes and 
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tada mazatlanica show a distinct trough at 700 nm 
that is not present in any of the akoya pearls from this 
study. In those pearls, the feature is associated with 
the presence of pigments (Miyoshi et al., 1987; Elen, 
2002; Karampelas et al., 2011; Cartier et al., 2012). 
Further, dark gray pearls from both Pinctada margar- 
itifera and Pinctada mazatlanica show an absorption 
feature at 405 nm that is known to result from uro- 
porphyrin pigments (Homkrajae, 2016, and reference 
therein). Yellow pearls from Pinctada maxima show 
a broad trough from 310 to 510 nm, with individual 
absorption features centered at 360 and 430 nm. This 
distinguishes them from the Pinctada imbricata fu- 
cata pearls from this study, which also show various 
absorption features at higher and lower wavelengths 
(table 2). While discrimination between naturally col- 
ored pearls across different saltwater species appears 
promising, naturally colored white akoya pearls re- 
main indistinguishable from untreated white pearls 
produced by other mollusks, due to the absence of 
characteristic spectral features. Also, the discrimina- 
tion of naturally colored akoya cultured pearls pro- 
duced in eastern Australia from others of different 


geographic origin is considered beyond the capability 
of this method. 


CONCLUSIONS 

We have presented a description and characterization 
of akoya cultured pearls from the Central Coast re- 
gion of New South Wales in eastern Australia. Apart 
from the absence of bleaching or dyeing procedures, 
the pearls are cultured following the Japanese tradi- 
tion. Their natural variety of bodycolors ranges from 
lighter and darker golden yellows to different shades 
and intensities of orange and blue to the classic silver 
and white. These colorful akoya pearls can be used 
to create modern, nature-inspired jewelry (see figures 
1 and 6) as well as classic pieces (figure 7). 

Raman and FTIR spectroscopy verified the main 
mineral phase as aragonite (figures 9 and 11), and pig- 
ment-related Raman bands were observed at 1135 
and 1530 cm!. These belong to stretching modes of 
the C-C single bond and C=C double bond of the 
polyene chain biomolecules. These peaks were found 
to have the highest intensities for samples with 
darker bodycolors, such as dark blue, orange, and yel- 


TABLE 2. Summary of color and corresponding absorption centers of untreated cultured pearls from P. fucata, 


P. margaritifera, and P. maxima. 


Absorption centers in specific range (nm) 


Mollusk species Pearl bodycolor References 
350-450 450-550 550-650 650-800 
P. imbricata Silver None None ~550° 775 This study 
fucata Yellow (cool hue and overtone) None None ~550° Ca? 
Yellow (warm hue and overtone) None None None C.a. 
White None None None C.a. 
Orange 430 None None ~720° 
Green ~430? None ~550* ~7208 
Silver with strong blue overtone None 513 None c.a 
Dark blue None 510 580 ~7508 
P. margaritifera White and silver None None None None Elen (2002) 
Gray None 460, 495 None 700 Karampelas (2012) 
Yellow None None None 700 Elen (2002) 
Black 405 495 None 700 
P. maxima Yellow 360, 430 495 None None Elen (2002) 
Gray None 460, 495 None None Karampelas (2012) 
P. mazatlanica Dark gray 405 None None 700 
Yellow to green ~358° ~4232 None 700 Homkrajae (2016) 
White and silver None None None None 


“Approximate peak center due to a very broad or indistinct feature 


°c.a. = continuous absorption 
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low (figure 9, red lines). The pearls showed four 
rather indistinct PL bands in the yellow to red region 
of the electromagnetic spectrum (figure 10), which 
were similar to the band positions observed for Pinc- 
tada maxima, Pinctada margaritifera, Pinctada 
mazatlanica, and Pteria sterna bivalves (though not 
as prominent). FTIR spectroscopy of an intense or- 
ange pearl revealed the presence of sulfates and poly- 
saccharides representative of organic compounds 
(figure 11). Lastly, UV-Vis specular reflectance spec- 
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KEY TRACE ELEMENTS IN RUBY AND SAPPHIRE 
UsING MATRIX-MATCHED STANDARDS 


Jennifer Stone-Sundberg, Timothy Thomas, Ziyin Sun, Yunbin Guan, Zachary Cole, Randy Equall, and John L. Emmett 


To improve the accuracy and efficiency of trace 
element analysis in ruby and sapphire, standards 
sets containing matrix-matched corundum with 
targeted levels of beryllium, magnesium, silicon, 
titanium, vanadium, chromium, iron, and gal- 
lium were created. Ultra-high-purity corundum 
was also incorporated as a “true matrix zero.” To 
our knowledge, these sets contain the most ac- 
curate standards for the key trace elements in 
corundum today. The standards were designed to 
cover the optimal range of the main trace ele- 
ments typically characterized in natural ruby and 
sapphire. Additionally, we were able to accu- 
rately quantify silicon in corundum by success- 
fully resolving the 78Si” peak from the ?7Al'H™ 
peak using the superior mass resolving power of 
secondary ion mass spectrometry (SIMS) as com- 
pared to laser ablation—inductively coupled 
plasma—quadrupole mass spectrometry (LA-ICP- 
QMS). 


o correctly assign geographic origin (Emori and 

Kitawaki, 2015; Sutherland et al., 2015), forma- 
tion history (Peucat et al., 2007), and color mecha- 
nisms (Emmett et al., 2003) in ruby and all colors of 
sapphire, accurate key trace element data is an essen- 
tial component. As magnesium, titanium, vanadium, 
chromium, iron, and gallium are found in all natural 
sapphire in varying amounts, these trace elements 
are identified as the key trace elements for natural 
corundum. Additionally, beryllium is significant to 
quantify, as the presence of this trace element can in- 
dicate treatment. The various quantitative trace ele- 
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ment detection techniques used today for analyzing 
mineral species—electron microprobe, X-ray fluores- 
cence (XRF), secondary ion mass spectrometry 
(SIMS), laser-induced breakdown spectroscopy (LIBS), 
and laser ablation—inductively coupled plasma—mass 
spectrometry (LA-ICP-MS)—require standards for 
each trace element of interest. Essentially, these so- 
phisticated and expensive instruments that allow us 
to quantify the trace elements in gems can only be 
as accurate as the standards used. With gemological 
laboratories issuing origin reports for ruby, sapphire, 
and other gems, it is essential to have a high level of 
certainty associated with the quantitative determi- 
nation of trace element chemistry. The standard’s 
“matrix,” the material that it is comprised of, mat- 
ters a great deal: Matching both the composition and 
structure of the standard to those of the sample being 
analyzed will yield the most accurate results 
(Sylvester, 2008). For example, trace levels of vana- 
dium in ruby (or any of the colors of sapphire) are 
most accurately quantified by comparing against a 
piece of single-crystal corundum with a known level 
of vanadium in it as opposed to some other material 
containing vanadium, such as silicate glass. 
However, commonly used standards such as 
those produced by the National Institute of Standards 
and Technology (NIST) are generally not available in 
matrix-specific forms, so silicate glasses such as NIST 
Standard Reference Materials (SRM) 610 and 612 are 
frequently applied. As the silicate glass matrix differs 
significantly from the crystalline alumina matrix of 
sapphires and rubies in both composition and struc- 
ture, what is known as a “matrix effect” can occur. 
This effect leads to inaccuracy for many of the key 
trace elements characterized. A potential outcome of 
calibrating an instrument with a matrix different 
from the sample to be measured is the enhancement 
or suppression of trace element levels detected 
(Strasheim and Brandt, 1967). Furthermore, NIST 
SRM 610 and 612 glasses are not certified for many 
of the trace elements they are being used for, as is the 
case for corundum, and both have been shown to 
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demonstrate variability (Pearce et al., 1997). Of the 
key trace elements normally analyzed in corundum, 
these glasses are only certified for iron and chromium 
(certificates of analysis from NIST are available at 
https://nemo.nist.gov/srmors/certificates/view_ 
certGIF.cfm?certificate=610 and https://nemo.nist. 
gov/srmors/certificates/view_certGIE.cfm? certificate 
=612). Another drawback to the NIST glasses for 


In Brief 


e New corundum standards have been developed for 
improved accuracy and efficiency in trace element 
quantification using LA-ICP-MS. 


e A true matrix-matched zero was introduced to further 
minimize matrix effects. 


e The GIA research collection was used to establish 
meaningful target levels of the trace elements of interest 
for the standards. 


corundum: Aluminum is present at low concentra- 
tions (around 1 wt.%) in the NIST glasses but is a 
major element in corundum (around 52.9 wt.%). The 
projection from low concentration to high concen- 
tration from the standards to unknowns can intro- 
duce significant error—projections work best when 
similar concentrations are compared between stan- 
dard and unknown. 
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3 ' Figure 1. One of GIA’s 
— new LA-ICP-MS corun- 
© «© dum calibration stan- 
dards sets (set number 
1); the epoxy disk con- 
taining the set is 1.5 
inches in diameter. NIST 
SRM 610 and 612 glass 
standards are included 
to account for trace and 
non-trace elements, such 
as those found in inclu- 
sions, that were not in- 
corporated into the 
4 synthetic sapphire crys- 
tals grown for standards. 
Photo by Jennifer Stone- 
Sundberg. 


“e+. 


Due to concerns regarding composition and struc- 
ture matrix effects, GIA decided years ago to generate 
corundum standards for its LA-ICP-MS instruments 
(Wang et al., 2006). After a decade of use for both pro- 
duction and research applications, new standards sets 
have been created to further improve accuracy (dis- 
cussed in the Background section) and efficiency. To 
optimize the new standards sets for regular labora- 
tory use, each individual set contains a minimum 
number of standards (in our case, four pieces of 
corundum and NIST SRM 610 and 612 glasses em- 
bedded in epoxy—see figure 1), reasonably capturing 
the range of interest for each key trace element to be 
quantified. As there is a need to characterize many 
samples routinely for origin reporting, efficiency is 
paramount. We reduced calibration time by combin- 
ing as many trace elements as possible into single 
standards. We accomplished this by growing “multi- 
doped” synthetic corundum crystals. Instead of hav- 
ing only one or two of the trace elements of interest 
in a single standard, we worked with FLIR's crystal 
growth group, Scientific Materials of Bozeman, Mon- 
tana, to produce highly uniform Czochralski-grown 
single crystals of corundum containing up to six in- 
tentionally doped trace elements (figure 2). To incor- 
porate beryllium into the standards, slices from one 
of these custom-grown crystals were diffused with 
beryllium for 100 hours at 1800°C in pure oxygen, 
generating one standard in which seven trace ele- 
ments can be calibrated at the same time. Beyond re- 
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ducing instrument calibration time, this approach of 
fewer individual measurements in the calibration 
cycle also enhances accuracy, precision, and repeata- 
bility, as there is less chance for instrument signal 
drift, and therefore more accurate conversion of in- 
strument signal into trace element concentrations. 

Even with this approach, it was impossible to in- 
corporate all of the trace elements of interest into the 
synthetically grown crystals at levels that best rep- 
resented what is found in natural corundum. As we 
were unable to produce a standard for mid-range to 
higher iron levels and moderate silicon concentra- 
tions with Czochralski growth, we selected a series 
of natural sapphires from Yogo Gulch, Montana. 


BACKGROUND 

Original and Next-Generation Corundum Standards 
Sets. The first corundum standards sets GIA created 
for its LA-ICP-MS instruments focused on accuracy 
by using matrix-matched standards. These sets con- 
sisted of seven different corundum standards: one 
high-iron natural sapphire and six synthetically 
grown sapphire crystals with either one or two inten- 
tionally doped trace elements each. A need for in- 
creased accuracy, better targeting of trace element 
levels in natural ruby and sapphire, and enhanced ef- 
ficiency led to the development of the current gen- 
eration of standards sets. To this end, we focused on 
the following criteria while minimizing uncertainty: 


1. Using corundum that clearly displays highly 
uniform levels of the trace elements of interest 
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Figure 2. Crystal boules 
grown by Scientific Ma- 
terials for multi-doped 
corundum standards: 
sample 02-1032 (top) 
and sample 07-0687 
(bottom). Both crystals 
were doped with Mg, Ti, 
V, Cr, and Ga in differ- 
ent amounts; only 02- 
1032 was successfully 
doped with Fe. Crystal 
02-1032 is 40 mm in di- 
ameter by 150 mm in 
length at diameter, and 
crystal 07-0687 is 30 
mm in diameter by 150 
mum in length at diame- 
ter. Photos courtesy of 
Scientific Materials. 


2. Capturing the appropriate ranges of the trace el- 
ements in our standards by matching them to 
levels occurring naturally in sapphire and ruby 

3. Developing a high-purity blank sample to 
represent the absence of trace elements in 
corundum 

4. Using the most accurate methods available for 
corundum as the basis of our calibration work 


Uniformity of Trace Elements in the Standards. For 
a standard to produce accurate and reproducible re- 
sults, it must be extremely homogenous (even more 
so for a spot method such as LA-ICP-MS than for a 
bulk method). Czochralski-grown synthetic crystals 
of corundum and other matrices are known for their 
exceptional crystal quality, including highly uniform 
distributions of trace elements. Demand in the 1960s 
for ruby crystals suitable for lasers led to the refine- 
ment of the Czochralski technique for the produc- 
tion of commercial solid-state lasers (Harris, 2004). 
For this reason, we chose the Czochralski technique 
as our growth method. As mentioned above, produc- 
ing Czochralski-grown corundum with mid-range to 
high levels of iron and moderate levels of silicon was 
not practical, so we sourced extremely uniform Yogo 
sapphire crystals (shown in figure 3) from Eric Braun- 
wart of Columbia Gem House (Vancouver, Washing- 
ton). Surprisingly, we found with SIMS that in 
addition to iron, several of the other key trace ele- 
ments of interest for corundum—including Mg, Si, 
Ti, and Ga—were as uniformly distributed in the nat- 
ural Yogo sapphires as they were in the Czochralski- 
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grown material. We have confirmed that silicon and 
nickel are also present in Yogo sapphires in amounts 
up to 26 and 12 ppma, respectively, and are likewise 
homogenously distributed. 


Targeting the Trace Element Levels in the Standards. 
To best determine the concentrations of trace ele- 
ments in unknown samples, it is optimal to have 
standards that contain similar to somewhat higher 
levels of the same trace elements. We attempted to 
create standards with concentrations at the 50th per- 
centile or higher of the key trace elements found in 
natural sapphire and ruby based on data from the GIA 
research collection. GIA has been gathering and cat- 
aloging natural ruby and sapphire from identified 
sources worldwide as part of its reference collection 
effort. The purpose of this collection is to carefully 
document material from each accessible source and 
to produce detailed information on the inclusions and 
trace element chemistry by location (Chapin et al., 
2015; Pardieu and Vertriest, 2016). This collection 
contains over a thousand samples and is one that GIA 
adds to each time its field gemologists visit a unique 
mining area of commercial interest or significance. 
The collection includes basalt-related sapphire, meta- 
morphic sapphire, marble-hosted ruby, high-iron 
ruby, and additional types of corundum beyond these 


Figure 3. One of the slices of Yogo sapphire selected 
for its uniformity of blue color. The slice weighs 0.117 
grams and measures approximately 5.8 x 7.6 x 0.9 
mm. The small dots are laser ablation spots. Photo by 
John L. Emmett. 
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TABLE 1. Key trace elements in natural corundum 
from GIA‘s reference collection. 


Levels of natural occurrence (ppma) 


Sapphire Ruby 
Trace 50th 75th 50th 75th 
element _ percentile percentile percentile percentile 
Mg 50 75 40 100 
Ti 55 100 50 85 
Vv 5 10 15 100 
Cr 2 5 900 1300 
Fe 210 620 325 845 
Ga 20 25 10 15 


four categories. The samples measured include gem 
and non-gem quality, and for the key trace elements, 
the data was quantified using the original corundum 
standards sets. For our purposes, we are limiting the 
discussion to these key trace elements that are found 
in the corundum matrix, and not those found in in- 
clusions. 

Using data from the GIA reference collection, we 
considered the entire range of each key trace element 
detected, with the 50th and 75th percentiles pre- 
sented in table 1. It is worth noting that the highest 
levels detected can be considerably higher than the 
75th percentile levels reported. For beryllium, where 
we were interested in detecting diffusion treatment 
(Emmett et al., 2003), we targeted around 60 ppma, a 
level sufficient to distinguish between diffused sam- 
ples (where the surface of the gem can show signifi- 
cant beryllium levels) and undiffused samples (with 
beryllium levels that are undetectable or very low, 
such as 1-2. ppma). 


Introduction of a Matrix-Matched Zero. The new 
standards sets address accuracy in part by incorpo- 
rating a true matrix-matched “zero’”—a piece of 
ultra-high-purity sapphire containing essentially no 
detectable trace elements. Using this approach of 
defining the zero signal point for each of the trace el- 
ements as the pure matrix instead of a background 
of solely helium gas minimizes matrix effects, as in- 
terferences will be eliminated and the zero point of 
the calibration line will now be far more accurate 
(Lin et al., 2016). Standard undoped colorless sapphire 
and high-purity alumina powders used commercially 
still contain several ppmw of various trace elements 
such as chromium, titanium, magnesium, and iron. 
For example, high-purity alumina with a 5N desig- 
nation (meaning “five nines,” or 99.999 % purity) still 
contains up to 10 ppmw combined trace elemental 
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Starting Material 


Step 1 lon implant wafers: one sapphire wafer 
P each for Be, Mg, Si, Ti, V, Cr, Fe, and Ga 
eA *B eC) PARE EEe 
Step 2 °F @E °D)) SieereeD 
®G °H ®! °G °H ® 


The four sapphire pieces to be calibrated: high-purity baseline, two multi-doped 


Czochralski-grown, and natural Yogo sapphire 


Calibration Method Standard 


Rutherford backscat- 
tering spectrometry 
(RBS) for quantifying 

——» Ti, V, Cr, Fe, and Ga 
(consensus SIMS 
results for Be, Mg, 
and Si) 


The ion implants are 
now ready to use as 
~~ calibration standards 
for secondary ion mass 
spectrometry (SIMS) 


SIMS for Be, Mg, 
Si, Ti, V, Cr, Fe, 
and Ga levels and 
point-to-point 
variation 


LA-ICP-MS calibration 
standards sets 
assembled 


Figure 4. The process outline used to create the new corundum calibration standards. 


impurities. For our purposes, it was important to ob- 
tain undoped sapphire of significantly higher pu- 
rity—ideally 6N or better. To accomplish this, the 
most refined single-crystal sapphire known to us was 
acquired from Chandra Khattak of the former Crystal 
Systems Corporation (sold to GT Advanced Tech- 
nologies in 2010). The single-crystal sapphire was 
material that had been recrystallized multiple times 
using the heat exchanger method (HEM) to further 
reduce the impurity levels found in the original alu- 
minum oxide raw material (Khattak and Schmid, 
2001). 


Ensuring Accuracy. As mentioned earlier, the accu- 
racy of the measurements obtained from standards- 
dependent quantitative analytical techniques employed 
by many research laboratories is limited by the ade- 
quacy of the standards used. To improve the accuracy 
of the new standards sets over the original sets, many 
steps were taken to develop a highly accurate calibra- 
tion methodology with minimal combined uncer- 
tainty (figure 4). We sought a method based on first 
principles for determining the levels of the trace ele- 
ments of interest in our standards. In other words, we 
wanted a way of determining trace element levels in 
corundum that did not require referencing the levels 
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of those same trace elements in some other standard 
(i.e., anoncircular method). This led us to an approach 
used by the geology community in which individual 
ion implant doses verified by Rutherford backscatter- 
ing spectrometry (RBS) are used to calibrate the SIMS 
apparatus prior to measuring final samples (Burnett 
et al., 2015). As the concentrations of the ion implants 
arrived at from the voltage and current settings are 
accurate to only about 30% (Burnett et al., 2015)—an 
unacceptable level of uncertainty for our purposes— 
the actual dosing levels achieved for each ion-im- 
planted wafer were determined through multiple RBS 
characterizations (or for the lighter isotopes °Be, “Mg, 
and *8Si where this was not practical, through a 
method described below). RBS is a nondestructive 
first-principles (standardless) quantitative analytical 
technique that is capable of 1% absolute accuracy 
(Colaux and Jeynes, 2014). SIMS was chosen as our 
technique for performing the ultimate calibration 
work on the final corundum standards, as it is a pre- 
cise technique with fine mass-resolving power capa- 
ble of quantifying all of the elements of interest to us. 

As trace elements are not distributed with ab- 
solute uniformity in synthetic sapphire, and each nat- 
ural Yogo sapphire slice will have its own 
composition, nine points on all individual pieces for 
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each standards set were characterized by SIMS (see 
figure 4). Simply put, the same standard type in each 
standards set has its own unique set of values. This 
is quite a departure from the SRM NIST 610 and 612 
glasses, where most researchers refer to published ta- 
bles for the concentrations of the trace elements (cer- 
tified and uncertified) contained within any piece of 
a particular series of NIST glass, of which there are 
thousands of pieces worldwide (Pearce et al., 1997). 
For example, the chromium level in a Czochralski- 
grown corundum crystal is nearly uniform from top 
to bottom, but its distribution coefficient will result 
in pieces from the bottom of the crystal having levels 
slightly lower than those from the top. To label the 
entire crystal as having a single chromium concen- 
tration would result in inaccuracy. As SIMS can easily 
quantify not only differences between the top and 
bottom of the crystal, but also point-to-point differ- 
ences across areas less than one square millimeter, 
we made sure to quantify the levels of chromium (and 
all of the other trace elements) individually for each 
separate standard piece from each source. These char- 
acterized standards were now ready to be assembled 
into finished sets for GIA’s LA-ICP-MS instruments. 

To most accurately report data based on our new 
corundum standards, it is necessary to calculate the 
total uncertainty in the final values for each trace el- 
ement in each standard, factoring in all measurement 
and instrument errors and uncertainties. We accounted 
for all of the sources of errors and uncertainties to the 
best of our ability and combined them via the root sum 
of the squares method following the NIST-referenced 
INC-1 (1980) recommendation reached by the Work- 
ing Group on the Statement of Uncertainties, ap- 
proved by both the International Committee for 
Weights and Measures (CIPM) and the International 
Bureau of Weights and Measures (BIPM). 


MATERIALS AND METHODS 


Crystals for Standards. Crystal Growth. As men- 
tioned, we selected the Czochralski method, known 
for producing crystals of high quality with uniform 
doping of trace elements, to grow synthetic sapphire 
crystals containing the key trace elements for our 
standards. After many crystal growth runs to best un- 
derstand the doping characteristics of each trace ele- 
ment of interest, two final crystals were grown by 
Scientific Materials to provide material to be used in 
our standards sets. These two samples were both 
doped with the trace elements Mg, Ti, V, Cr, Fe, and 
Ga. Crystal 02-1032. had lower concentrations of Mg, 
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Ti, and Cr and higher concentrations of V, Fe, and Ga; 
crystal 07-0687 had lower concentrations of V, Fe, 
and Ga and higher concentrations of Mg, Ti, and Cr 
(figure 2, top and bottom, respectively). Pieces from 
crystal 02-1032 were subsequently diffused with Be 
for a period of 100 hours at 1800°C in pure oxygen to 
provide a standard for this trace element. From each 
of the two boules, seven polished slices measuring 8 
x 10 x 2 mm were fabricated by Scientific Materials. 
These seven pieces from each boule constitute only 
a small fraction of the total available material for the 
two boules. 

Both crystals were grown directly from the melt 
at approximately 2050°C and pulled from iridium 
crucibles using seeds at an orientation 60° off the c- 
axis (the growth direction was perpendicular to the 
n-plane, to facilitate growth of more defect-free ma- 
terial). The raw materials used were 5N purity pow- 
ders of Al,O, and dopant metal oxides. After the 
powders were loaded into iridium crucibles, the crys- 
tals were grown in a nitrogen atmosphere containing 
3,000 ppmw oxygen. The crystals were pulled at an 
extraction rate of 0.015 inches (0.38 mm) per hour. 
The final size of crystal 02-1032 was 40 mm in diam- 
eter by 150 mm in length at diameter. The final size 
of crystal 07-0687 was 30 mm in diameter by 150 
mm in length at diameter. 

Magnesium, titanium, and vanadium were “well- 
behaved ions” under the growth conditions used, in 
that they did not exhibit vaporization and their in- 
corporation into the crystals was predictable based 
on our knowledge of their distribution coefficients. 
For chromium, iron, and gallium, some vaporization 
was noted and they were less predictably incorpo- 
rated into the grown crystals under the conditions 
used. Therefore, maintaining well-controlled growth 
conditions to reduce variability was critical. 


Ultra-High-Purity Corundum. The ultra-high-purity 
corundum was obtained from the former Crystal Sys- 
tems, which employed the HEM technique for pro- 
ducing UV-grade sapphire. To enhance the purity of 
the material, the sapphire was recrystallized multiple 
times (C. Khattak, pers. comm., 2003). Ultimately, 
we determined a combined total ppma level of less 
than 0.5 for the key trace elements in this material. 
Seven finished pieces were fabricated from this ma- 
terial by Scientific Materials. 


Yogo Sapphire. Several polished slices of highly uni- 
form light blue Yogo sapphire crystals were carefully 
selected by Eric Braunwart of Columbia Gem House. 
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TABLE 2. Consensus SIMS and RBS results in the ion-implanted corundum wafers. 


Isotope Implanter target Average of measured Combined uncertainty for % combined uncertainty for 
dose (at/cm?) fluence (at/cm?) mean and measurements mean and measurements 
"Be 1.00 x 10! 1.22 x 10" 3.55 x 10 2.90% 
*4Mg 1.00 x 10" 1.00 x 10" 4.60 x 10"? 4.60% 
28S) 1.00 x 10" 1,32: 10" 8.45 x 10% 6.40% 
Tj 1.00 x 10" 1.03 x 10" 7.06 x 10% 6.85% 
SV 1.00 x 10" 1.09 x 10" 5.46 x 10% 5.03% 
Ch 1.00 x 10° 1.12 x 10" 5.00 x 10" 4.46% 
ere 1.00 x 10" 1.10 x 10" 5.68 x 10% 5.15% 
Ga 1.00 x 10" 1.05 x 10" 5.29 x 10% 5.02% 


We obtained seven for our standards sets. Yogo sap- 
phires are known for mid-range to high iron content 
and exceptional color uniformity (Mychaluk, 1995; 
Emmett et al., 2017), which we expected would cor- 
respond to trace element uniformity (figure 3). 


Standards Characterization. Our pursuit of accuracy 
led us to create the standards sets using a two-step 
approach: First, create highly controlled and measur- 
able standards (ion implants) to calibrate extremely 
precise instrumentation (SIMS), and then use the 
standardized SIMS to calibrate selected corundum 
pieces to be incorporated into final product standards 
sets (see figure 4). The steps taken to create the SIMS 
calibration standards and then the final product 
corundum calibration standards for GIA’s LA-ICP- 
MS instruments are listed below. 


Ion Implant Standards Creation. The first step was 
to create a separate calibration standard for each trace 
element of interest in a corundum matrix. This was 
accomplished at INNOViON Corporation (San Jose, 
California) using ion implantation, a method that al- 
lows one to precisely control the concentration (dose} 
and depth profile of a specific amount of a trace ele- 
ment to be placed into a matrix (Ryssel and Ruge, 
1986). Single isotopes of Be, *Mg, 78Si, Ti, °'V, Cr, 
5°Fe, and Ga were implanted separately into their 
own two-inch-diameter high-purity corundum wafer 
on top of a four-inch-diameter silicon wafer (except 
in the cases of “Mg and **Si, in which their two-inch- 
diameter corundum wafers were placed on top of 
four-inch-diameter gallium arsenide wafers). The 
four-inch silicon or gallium arsenide wafers func- 
tioned as witness samples for the ion implantation 
process. The target dose (or “fluence”} for each iso- 
tope was 1.00 x 10% at/cm? (except **Mg, which tar- 
geted a 1.00 x 10" at/cm? dose). The implant energy 


444 Notes & NEw TECHNIQUES 


used for our wafers was 200 KeV for all isotopes ex- 
cept °Be, which used an energy of 100 KeV. For all 
wafers, the tilt angle between the ion beam and the 
wafer surface normal was 7°. 


Verification of the Ion Implant Dosing. For the key 
trace elements that are significantly heavier than the 
matrix elements aluminum and oxygen (Ti, V, Cr, Fe, 
and Ga], RBS was used to determine the actual dos- 
ing. The RBS technique can determine the concen- 
trations with depth of isotopes in a matrix of lighter 
elements by bombarding a sample with a beam of 
high-energy particles and measuring the number and 
energy of backscattered ions (Verma, 2007). For those 
key trace elements that are close in mass or lighter 
than aluminum and oxygen (Be, Mg, Si}, the ion im- 
plant dosing had to be verified by a consensus-dosing 
approach using comparisons to well-characterized 
existing implants. 

The implant doses of the heavier isotopes “Ti, °'V, 
Cr, “Fe, and Ga were characterized by RBS at 
Evans Analytical Group (EAG) in Sunnyvale, Cali- 
fornia; the Ion Beam Laboratory at the University at 
Albany, State University of New York (SUNY); and 
the Tandetron Accelerator Laboratory of the Univer- 
sity of Western Ontario (UWO) in London, Ontario. 
For all measurements, a He™ ion beam with energy 
between 2, and 3 MeV was used. 

To characterize the ion implant standards lighter 
than or close in mass to Al (*Be, “Mg, and 7*Si), EAG 
determined “consensus doses” (doses based on sev- 
eral verifications) using SIMS and their multiple ref- 
erence standards for Be in Si, and Mg and Siin GaAs. 
When these lighter ions were implanted in their sap- 
phire substrates, they were simultaneously im- 
planted into larger-diameter “witness” substrates of 
silicon or gallium arsenide that the sapphire sub- 
strates were placed on top of. These witness samples 
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passed over vibrating grease tables, to which 
only the unwettable diamonds adhere. The 
capacity of the table is 40x that of usual 
side-shaking tables. Electrostatic separation 
extracts small diamonds. 


In the previous working, diamond ex- 
traction was by rotary pans which were 
subsequently replaced by jigs. The yield was 
17 carats per 100 loads. The yield with the 
present plan is much_ higher. 
methods have reduced native labor by 57 
per cent and European labor by 11 per cent 
for the same tonnage. 


The new 


PIPES IN KIMBERLEY AREA 


In the Northern Cape and the Western 
Free State, there are many kimberlite pipes 
and fissures. Substantial quantities of dia- 
monds have, at times, been recovered from 
fissure workings, but their output was 


small compared with that from the pipes. 
The pipes in this area have yielded the 
bulk of the £350,000,000 worth of dia- 
monds produced in the Union to date. 


The more important pipes are: The Kim- 
berley Mine (The Big Hole), De Beers 
Mine, Bultfontein, Dutottspan, Wesselton, 
Koffiefontein and Jagersfontein Mines. Of 
these, only Jagersfontein, Dutottspan, Bult- 
fontein and Wesselton are working now. 
On all mines, the practical limit to open- 
cast working has been reached, and present 
operations are underground. The mining 
system is, in general, the same. 


Sublevels are from 25 to 50 feet apart 
and on each level a slot, or chamber, 10 to 
14 feet in width, and extending vertically 
to the level above, is cut from one side of 
the pipe to the other. When such a slot, or 


® View of the Kimberley Diamond Mine, the “Big Hole,” when it 
was partially filled with water prior to being reopened in 1950 when 
opencast methods were discarded for underground mining. 
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Box A: SIMS RSF AND TRACE ELEMENT CONCENTRATION DETERMINATION 


With the RBS “dose” or “fluence” values W (units of 
atoms/cm2), SIMS RSF values—the conversion factors 
between SIMS data for a particular element in a sample 
and its concentration—can be determined in the follow- 
ing way. 

We first sputter the ion implant standards with SIMS 
to collect the counts of the implanted ion and matrix ion. 
This implanted ion, or “ion of interest,” is also referred to 
as the “secondary ion of interest.” We express the ion count- 
ing rate of the implanted isotope as Ix),, which is also the 
current of the implanted isotope. Similarly, the ion count- 
ing rate of the matrix isotope—in the case of a corundum 
matrix this would be 7’Al'"—is expressed as Im),, which is 
also the current of the matrix isotope. The RSF (units of 
atoms/cm‘) can be determined using the relationship 

RSF = /filtx},/ Tim),]dx 
where dx is the depth profile in angstroms and is deter- 
mined by the product of the sputtering rate (S) in 
angstroms per second and the time interval in seconds 
recorded during the SIMS analysis: 


dx = Sdt 


were then measured with SIMS and directly com- 
pared to the existing reference standards produced 
and used by EAG. These standards served as calibra- 
tors for the SIMS to determine the doses in our wit- 
ness samples. For Be, Mg, and Si, EAG had three, 
four, and five existing standards, respectively. We as- 
sumed that the doses in the witness samples were 
identical to those in the actual sapphire substrates, 
which was shown to be true for the heavier implants 
for titanium, vanadium, chromium, iron, and gal- 
lium that each had silicon witness samples under 
them during the implantation process. 


Calibration of the SIMS and Characterization of the 
Final Standards. SIMS is a highly sensitive and pre- 
cise quantification technique for elements from Be 
to U (Benninghoven et al., 1987). The technique pro- 
duces elemental depth profiles by sputtering samples 
with a primary beam of either oxygen or cesium ions 
and then analyzing the secondary ions formed with 
a mass spectrometer. Once the doses in the ion im- 
plant standards were accurately characterized, these 
standards were measured with SIMS under a con- 
trolled set of conditions to determine “relative sen- 
sitivity factors,” or RSF values, for each trace 
element of interest to be characterized in corundum 
(Laufer et al., 2011). The RSF simply converts the 
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The sputtering rate is the ratio of the simulated peak 
depth to the peak time in seconds: 


S = Peak depth/Peak time 


We attempted peak depth determination by both 
physical measurements and calculation with “Stopping 
and Ranges of Ions in Matter’’ (SRIM). Because of the 
small non-flat-bottom craters in sapphire, large uncer- 
tainties exist in physical depth measurements. The peak 
depths are currently calculated with SRIM, before more 
accurate depth measurements can be achieved. 

Once the RSF values for each trace element in the 
matrix have been determined, the atomic concentra- 
tions—n(x]}—of these trace elements in other samples 
can be determined using the product of the RSF with the 
ratio of the secondary ion counting rates: 


n(x) = RSF x (I[x),]/(I[m),) 


where I(x), is the secondary ion counting rate, or current 
of the trace element isotope in a sample, and I(m), is the 
secondary ion counting rate, or current of the matrix iso- 
tope—in our case, ?’Al’. 


SIMS signal for a particular trace element in a defined 
matrix under defined conditions into concentrations 
(see box A for a more detailed description). Our de- 
termined RSF values were then applied to data col- 
lected on the pieces of corundum that are now in our 
corundum standards sets under the same controlled 
set of operating conditions to accurately quantify 
these same trace elements. The RSF values for each 
trace element were determined from a series of two 
to four spots on the appropriate ion implant standard, 
verified in two separate measurement sessions on 
nonconsecutive days. The concentration values with 
combined uncertainties for each piece of corundum 
incorporated into the standards sets were obtained 
with SIMS based on averaging nine spots per piece. 


SIMS Instrument Description and Operating Condi- 
tions. The CAMECA IMS 7f-GEO at Caltech 
(Pasadena, California) is a magnetic sector type SIMS 
instrument with dedicated options for geoscience ap- 
plications. Modified from the CAMECA IMS 7f-Auto, 
it is equipped with double secondary Faraday cups for 
high-precision stable isotope analysis. The primary 
column consists of a duoplasmatron source; a mi- 
crobeam Cs ionization source; a primary beam mass 
filter; fully automated slits and apertures; ion optics 
(lenses, stigmators, and double deflectors) for primary 


Gems & GEMOLOGY WinteR 2017 445 


SIMS MASS SCAN 


1000 + 


28S j* 27 Al! H* 


= ro) 
o ro) 
i i 


INTENSITY (CPS) 


0.1 
27.970 


T T T T 1 
27.980 27.985 27.990 27.995 28.000 


ATOMIC MASS UNITS 


T 
27.975 


INTENSITY (x1000 CPS) 


LA-ICP-MS MASS SCAN 


27 AI'H+ 
14N 14, 
ee N™“N 


235i" 


0 T T T 
27.55 27.65 26.15 27.85 


ATOMIC MASS UNITS 


T T 
27.95 28.05 28.15 28.25 28.35 


Figure 5. Left: ?’AV-H’ interference to *Si° for sapphire using SIMS. At a mass resolving power (MRP) of 3,000, the 
27AI'H" interference (mass of 27.98936 amu) to *8Si° (mass of 27.97692 amu) can be separated, allowing accurate 
quantification of Siin corundum. During SIMS measurements, the magnetic field is set to collect signals only 
from the center of the *8Si’ peak. Right: For comparison, the LA-ICP-MS instrument described in the Materials and 
Methods section cannot resolve the ?’Al'H' interference to *°Si’ for sapphire (or even the further away “N“N‘ inter- 
ference). This mass scan shows that the peak width of 7°Si is 0.7 amu (vs. around 0.01 amu for SIMS), which means 
that the peak includes the combination of '*4N'N' (mass of 28.00615 amu), *Si", and ?’AIl'H’. 


beam focusing and rastering; and a high-accuracy pri- 
mary Faraday cup combined with a fast beam blank- 
ing system for monitoring the primary beam intensity 
during measurements. The secondary ion optics are 
continuously adjustable from —10 to + 10 kV, with a 
continuously adjustable imaged field and a dynamic 
transfer system that optimizes transmission for an an- 
alyzed area up to 500 x 500 pm. The Nier-Johnson 
double-focusing mass spectrometer has fully ad- 
justable position and width on automated entrance 
and exit slits, automated contrast and field apertures, 
a spherical electrostatic analyzer for energy filtering, 
an automated continuously adjustable energy slit, and 
a laminated electromagnet (120 mm radius) for fast 
peak switching. The detection system consists of an 
electron multiplier, double Faraday cups, and a micro- 
channel plate assembly. 

RSF values for the elements of interest in corun- 
dum were determined through SIMS depth profiling 
of the implant standards. Because sapphire is an insu- 
lator and depth resolution is not a concern for this 
task, an O- primary beam, which can minimize sam- 
ple charging during measurement, was used to acquire 
depth profiles of the implant standards. Matched ana- 
lytical conditions were then used to determine the el- 
ement concentrations of the non-implant samples. 
Specifically, the O- primary beam current has a poten- 
tial of -13 KeV, a current of approximately 15 nA, and 
a size of about 15 um. Positive secondary ions of 8.5 
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KeV were generated by the primary beam, rastering an 
area of 50 x 50 um? on sample surfaces. To avoid crater 
edge effects, a field aperture was inserted on the sec- 
ondary ion path so that only the signals from the cen- 
ter 20 um? area were detected. The positive secondary 
ions collected were °Be, “Mg, ?’Al, 78Si, “Ti (samples), 
‘STi (implants), °!V, Cr, Fe, °Ga (implants), and 1Ga 
(samples). All secondary ions except ?”Al were meas- 
ured with an electron multiplier (EM). ?”Al was meas- 
ured with a Faraday cup because of its high intensity. 
The reason for measuring “Ti instead of “Ti on sam- 
ples is to avoid possible unresolvable interference 
from *Ca (0.187% natural abundance of all Ca), 
whereas the isotopic abundance of *Ca is only 
0.004%. The reason for measuring ’'Ga instead of °Ga 
on samples is to avoid possible unresolvable interfer- 
ences from *FeC, *’Fe?C, and “Cr!°O, as Fe and Cr 
are both potentially present in the samples. Because 
of the high “*Ti fluence of the implant standard, the 
possible “*Ca interference has no significant contribu- 
tion to its “Ti depth profiling results. The mass spec- 
trometer of the SIMS was set at a mass resolving 
power (MRP) of 3,000 for all the measurements, which 
is sufficient to resolve all possible interferences to the 
masses of interest, especially the ?”Al'H’ interference 
(mass = 27.98936 unified atomic mass units, or amu) 
to Si" (mass = 2.7.97692. amu) with an MRP of 2,251, 
which is significant due to the abundant Al in sap- 
phire (as shown in figure 5). The lowest concentrations 
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in ppma we could detect with confidence for the key 
trace elements were 0.0003 for Be, 0.0002 for Mg, 0.2 
for Si, 0.007 for Ti, 0.007 for V, 0.003 for Cr, 0.0006 for 
Fe, and 0.0005 for Ga. 


Testing Standards and Samples with LA-ICP-MS. To 
examine the differences in using NIST glasses versus 
our new corundum standards for LA-ICP-MS calibra- 
tion, we used a Thermo Fisher Scientific iCAP Qc 
ICP-MS and a New Wave Research UP-213 laser ab- 
lation unit with a frequency-quintupled Nd:YAG 
laser running at 4 ns pulse width. Ablation was 
achieved using a 55-m-diameter circular laser spot, 
a fluence (energy density) of approximately 10 J/cm”, 
and a 15 Hz repetition rate. The internal standard 
used was ?’Al with a value of 529,200 ppmw calcu- 
lated and rounded from pure corundum. The dwell 
time of each laser spot was 40 seconds. The lowest 
concentrations in ppma we can detect with confi- 
dence by LA-ICP-QMS are 0.5 for Be, 0.1 for Mg, 0.5 
for Ti, 0.05 for V, 0.2 for Cr, 3.5 for Fe, and 0.01 for Ga. 


RESULTS AND DISCUSSION 

Verification of the SIMS Calibration Standards. A 
summary of the consensus SIMS results from EAG 
for the actual doses of °Be, “Mg, and *8Si as well as 
the RBS results from the three labs (EAG, SUNY, and 
UWO)} for the actual doses of *Ti, *'V, Cr, *‘Fe, and 
Ga in corundum are given in table 2. All values are 
presented with their combined uncertainties in terms 
of actual values and as a percentage of the determined 
doses. It is clear that verifying the ion-implanted 
doses was important in that the actual doses varied 


TABLE 3. RSF values for SIMS in corundum. 


Isotope RSF (atoms/cm?) %RSD 
Be 1.99 x 10 2.42% 
“Mg 3.12. x 10” 1.30% 
28Si 2.87 x 10% 2.05% 
ae Tit 5.08 x 10” 1.10% 
aN) 8.73 x 10” 3.60% 
Cr 5.87 x 10” 1.99% 
*oFe 8.37 x 10% 0.94% 
Ga 5.31 x 10” 5.76% 


from the target doses from as little as zero to as much 
as 32%. The combined standard uncertainties at this 
point contain the uncertainties in the measured flu- 
ence values with each RBS measurement (or consen- 
sus SIMS measurement} and in calculating the mean 
values from the multiple RBS measurements for each 
fluence. 


Determined RSF Values for SIMS. The RSF values 
with their relative standard deviations (RSD) are 
given in table 3. These values allow us to accurately 
calculate the actual concentrations of the key trace 
elements in our final standards originating from the 
custom-grown multi-doped crystals, the Yogo sap- 
phire slices, and the ultra-high-purity blank sapphire. 


Measured Values for the Final Corundum Calibra- 
tion Standards. Using our RSF values, we calibrated 
the SIMS apparatus and determined the concentra- 
tions of the key trace elements in our new corundum 
standards based on nine separate points each. The 


TABLE 4. Range of ppma values within the seven calibrated pieces of each 
crystal standard type with nine-point RSD value ranges from SIMS. 


Trace element 02-1032-01 to 07 


07-0687-01 to 07 


Yogo-01 to 07 


Be 56-71 2-10% — — 
Meg 24-26 14% 75-82 1-2% 
Si = = = _ 

Ti 40-44 1-3% 106-115 1-4% 
Vv 39-43 1-3% 7-8 1-3% 
Cr 84-88 1% or less 599-621 1-2% 
Fe 34-36 1-8% (2-3) (1-6%) 
Ga 84-91 14% 2-4 2-4% 


(85-104) (1-7%) 
22-26 1-5% 
(76-104) (1-8%) 
(3=12) (1-12%) 
(3-26) (4-93 %) 
1200-1410 1-2% 
12-14 2-3% 


“—¥ indicates level too low to calibrate, and “()” indicates that the trace element in the particular standard is not 
being used for calibration purposes. Gray cells indicate RSD ranges unacceptable for calibration purposes. Note that 
all of the trace elements in the Yogo sapphire are remarkably uniform except for chromium and vanadium. 
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ranges for each key trace element by crystal type 
with relative standard deviation ranges in the new 
standards sets are presented in table 4. These can be 
compared to the targeted ranges of values in table 1. 
The homogeneity achieved in the crystal growth and 
naturally present in the Yogo sapphires are demon- 
strated by the low RSD values accompanying the 
concentration ranges for those trace elements used 
for calibration purposes. Looking at the range of val- 
ues by trace element within a standard type under- 
scores the significance of individually calibrating 
each piece from the same source. 

Table 5 presents the final data with total com- 
bined uncertainty (includes all measurement uncer- 
tainties from all steps) for the first standards set 
imaged in figure 1. As mentioned, high uniformity 
of the trace elements within the crystals is necessary 
to improve accuracy and reproducibility while min- 
imizing uncertainty. For each standard, we used 
SIMS to collect nine uniformly distributed spots 
across the entire surface. We found that the relative 
standard deviations representing the point-to-point 
variations in the calibrated levels of trace elements 
within our standards ranged from less than 0.5% to 
no more than 10%. The highest variation was in the 
diffused beryllium in the 02-1032 crystal pieces. The 
lowest variations were in the chromium in the syn- 
thetically grown crystals and in the iron in the Yogo 
sapphire slices (all 2% or less). 


Preliminary Comparison of LA-ICP-MS Data Using 
the New Standards Versus NIST SRM 610 and 612 
Glasses. To grasp the significance of matrix effects for 
key trace element reporting in corundum using NIST 


SRM 610 and 612 glasses, we compared values deter- 
mined for one of our standards sets (set 7), first using 
our RSF values with SIMS and then with LA-ICP-MS 
using a different corundum standards set (set 1), and 
finally with LA-ICP-MS using NIST SRM 610 and 612 
glasses separately. Additionally, we used the new 
corundum standards set 1 separately from NIST SRM 
610 and 612 glasses to measure a series of other sam- 
ples using LA-ICP-MS. We were not able to measure 
this set of samples on SIMS but plan to do so with ad- 
ditional samples in the future. As shown in table 6, 
using the new standards calibrated by SIMS in the LA- 
ICP-MS instrument provided agreement within less 
than 10% of SIMS for standards set 7. Looking at cal- 
ibrating the LA-ICP-MS with NIST 610 and 612 as 
compared to the matrix-matched standards, trends in 
differences between the measured samples for each 
trace element can be seen. For Be, Ti, V, Fe, and Ga, 
NIST SRM 610 and 612 glasses produce values con- 
sistently lower than the corundum standards. For Mg, 
NIST SRM 610 and 612 glasses produce values higher 
than the corundum standards. For Cr, the trend is not 
so clear, but the differences are within less than 10% 
of each other. 


Accurate Quantitative Reporting of Silicon in Sap- 
phire Using SIMS. Using SIMS with an MRP of 
3,000, we were able to completely separate the 
>7Al'H’ interference from **Si* (a mass scan around 
>8Si, collected on a sapphire with 22 ppma Si, at a 
chamber vacuum level of approximately 2. x 10° torr; 
see figure 5), allowing us to accurately quantify Si 
concentration in corundum. The quantitative report- 
ing of silicon in sapphire is a problem for many of the 


TABLE 5. Trace element concentration values (in ppma) with total combined uncertainty in 
corundum calibration standards set number 1 (see figure 1). 


Trace element 02-1032-01 Uncertainty 07-0687-01 Uncertainty Yogo-07 Uncertainty 
Be 68.5 44% — _ — 

Mg 25.3 5.1% 76.0 4.8% — — 

Si _ _ — 23.9 7.6% 

Ti 44.4 7.6% 111 7.2% = — 

Vv 42.5 6.3% 7.41 6.3% — — 

Cr 87.6 5.0% 599 5.2% = = 

Fe 36.8 5.4% — — 1240 5.5% 
Ga 86.3 7.7% 3.32 8.6% 12.4 8.0% 


“—" indicates a trace element that was not present or not being used for calibration purposes within a standard. 


448 Notes & NEw TECHNIQUES 


GEMS & GEMOLOGY WINTER 2017 


TABLE 6. Comparison of LA-ICP-MS quantitative ppma data using matrix-matched 
corundum standards and NIST SRM 610 and 612 glass standards. 


LA-ICP-MS 


Sample Trace element SIMS set 1—new eae res 
standards 

02-1032-07 Be 56 56 48 44 
77524 Be 69 46 46 
02-1032-07 Mg 25 25 26 30 
07-0687-07 Mg 76 77 81 95 
Yogo-01 Mg 104 107 113 133 
67293 Mg 7.6 8.0 9.6 
02-1032-07 Ti 43 46 42 43 
07-0687-07 Ti 106 110 101 103 
76965 Ti 69 64 60 
67923 Ti 44 4.0 3.8 
02-1032-07 Vv 41 43 38 38 
07-0687-07 Vv 7.2 7.9 6.7 6.7 
69501 Vv 106 91 94 
02-1032-07 Cr 86 86 84 83 
07-0687-07 Cr 614 619 585 577 

67925 Cr 1324 1384 1403 
02-1032-07 Fe 36 33 29 14 
Yogo-01 Fe 1353 1359 1142 552 
67295 Fe 37 24 10 

SD1 Fe 4039 2992 1177 
02-1032-07 Ga 91 88 83 86 
07-0687-07 Ga 3.8 30 3.3 3.4 
Yogo-01 Ga 12 12 11 11 
SD1 Ga 38 36 38 

67292 Ga 312 272 306 


Nine spots were used in both instruments. 


LA-ICP-MS instruments used in gemological labs 
today, as they may not be capable of removing inter- 
ferences and background from the isotope of interest, 
consequently yielding erroneously high results (Shen, 
2010; Emmett et al., 2017). Using other techniques 
such as electron microprobe and XRF is not practical, 
as the detection limits for Si in corundum are orders 
of magnitude too high. LIBS with an intensified 
charge-coupled device (CCD) combined with a Cz- 
erny-Turner spectrometer might be more suitable 
than electron microprobe and XRF, but the limits of 
detection again for Si in corundum appear to be well 
above the 1 ppma range we are interested in. 
Consider that the MRP for separating **Si* (mass of 
27.97693 amu and ?’Al'H™ (mass of 27.98936 amu) is 
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2,251. The MRP of the instrument for a particular 
mass is the ratio of the isotopic mass of interest to the 
peak width at half maximum. To determine the mass 
resolution required to separate a particular isotope 
from a close-in-mass interference, we take the mass 
of the isotope of interest and divide by the absolute 
value of the difference between that isotopic mass and 
the mass of the interference of concern. Here, for 7°Si" 
and ?’Al'H’, the MRP is: 27.97693/(|27.97693 — 
27.98936]} = 2,251. The MRP of quadrupole mass spec- 
trometers used in many laboratories at atomic mass 
28 is around 40 at normal resolution and tops out 
around 90 at high resolution. The required 2,251 MRP 
far exceeds the capability of these commercial “desk- 
top” ICP-QMS used in a number of gemological labo- 
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ratories. One could consider trying to determine the 
Si trace element concentration using the ?°Si isotope 
(mass of 28.97649 amu), which has a much lower nat- 
ural abundance (4.7% abundance vs. 92.2% abun- 
dance for ?8Si). However, the signal from such a 
low-abundance trace element would be very difficult 
to quantify and distinguish from traces of Si that 
might be present due to quartz elements in the torch 
assembly. Even if one could correct for these possible 
problems, there are still close-in-mass interferences 
such as **SiH and “N-N (28.98475 and 29.00318 amu, 
respectively) that require finer MRP (3,508 and 1,085, 
respectively) than the quadrupole detector is capable 
of. We decided to test measuring trace levels of silicon 
in corundum using a magnetic sector field ICP-MS 
paired with a 193 nm LA unit. This work is still on- 
going, but signal intensity for our spot size of choice 
is proving to be an issue for either 7’Si or **Si at the 
medium mass resolution option (4,000-—5,000 MRP) 
to quantify the levels of silicon we found in our Yogo 
sapphire samples using SIMS (22-26 ppma). 

For further context, the use of the high-purity 
“blank” sapphire containing essentially no trace el- 
ements allows the LA-ICP-MS operator to see at 
what masses erroneous quantities of trace elements 
may be detected. Where there is an inexplicable sig- 
nal compared to what is expected for the matrix 
alone, one can assume the signal originates from 
sources including interferences from plasma prod- 
ucts, other contaminants, and residual atmospheric 
components. In an alumina substrate, where Si con- 
centration is very low, the dominant peak at mass 28 
is ?’7Al'H", which varies accordingly with the H con- 
tents (vacuum level) available during measurements. 

To illustrate this further, we measured our ultra- 
high-purity synthetic sapphire blank using the laser 
ablation-inductively coupled plasma—quadrupole 
mass spectrometer (LA-ICP-QMS) calibrated with 
NIST SRM 610. We found erroneous and highly vary- 
ing levels of both 7*Si and ”Si in our high-purity 
blank of 1136 + 333 ppma and 1062 + 182 ppma, re- 
spectively (using SIMS, the **Si level was below 1 
ppma)}. This could help to explain in part the high 
levels of Si in corundum reported in previous litera- 
ture using LA-ICP-MS and NIST SRM 610 or NIST 
SRM 612 standards (Peretti and Gunther, 2002; 
Peretti et al., 2003; Sutherland et al., 2015). After run- 
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ning a full mass scan from beryllium to uranium on 
the high-purity blank standard, also using NIST SRM 
610 as a standard, we found that several trace ele- 
ments beyond **Si and ?°Si would similarly be re- 
ported at erroneously high levels. These included !'B 
(around 50 ppmw}), “Ca (around 350 ppmw), *Ti 
(around 2 ppmw), °°°’Fe (up to 18 ppmw}, °’Zn 
(around 50 ppmw), °°Mo (around 0.4 ppmw, though 
this trace level may be contamination from the HEM 
crystal growth process), and 1!61!1718:20Sn (around 0.5 
to 2.5 ppmw). 


CONCLUSIONS 

The need for improved accuracy and efficiency led 
GIA to develop new corundum standards sets for its 
LA-ICP-MS instruments. These sets: 


1. Minimized the number of individual standards 

2. Incorporated a true “zero” to represent the ma- 
trix background 

3. Covered trace element levels that best repre- 
sent the ranges found in natural ruby and sap- 
phire of the key trace elements Mg, Ti, V, Cr, 
Fe, and Ga 

4. Contained individual pieces that were cali- 
brated using a highly controlled process based 
on, to the best of our knowledge, the most ac- 
curate methods technologically available today 


Additionally, we were able to calibrate silicon in 
corundum standards, and with our determined SIMS 
RSF value for silicon in sapphire we were able to ac- 
curately characterize trace levels of this significant 
trace element using the high mass resolving power 
of SIMS. 

These new standards sets were tailored to ensure 
high reproducibility, minimal calibration time, and 
less chance of instrument signal drift with fewer in- 
dividual measurements in the calibration cycle. The 
creation of these standards was a lengthy and com- 
plex endeavor, incorporating custom crystal growth, 
creation of ion implant standards, and utilization of 
RBS and SIMS measurement techniques. We con- 
sider the end product well worth the effort, as these 
new standards allow us to more accurately study 
corundum chemistry for the purposes of both basic 
research and geographic origin reporting. 
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REAL- TIME MICRORADIOGRAPHY OF PEARLS: 
A COMPARISON BETWEEN DETECTORS 


Stefanos Karampelas, Abeer Tawfeeq Al-Alawi, and Ali Al-Attawi 


Over the past ten years, gemological laboratories 
have been replacing film-based microradiogra- 
phy with real-time X-ray microradiography (RTX). 
This paper compares the output quality and res- 
olution provided by two RTX units fitted with dif- 
ferent detectors: an image intensifier (Il) and a flat 
panel detector (FPD) using the same type of X- 
ray generating tube. Although the II is faster and 
less expensive, the images acquired with the FPD 
show greater detail of the pearl’s internal growth 
structures, making interpretation and consequent 
conclusions easier to validate. 


ince the early 20th century, gemological laborato- 

ries have been using film-based microradiography 
to reveal minute structures that separate natural from 
cultured pearls, sometimes alongside other methods 
such as Laue diffraction and endoscopy (e.g., Gali- 
bourg and Ryziger, 192.7; Anderson, 1932; Alexander, 
1941; Webster, 1954; Farn, 1980; Hanni, 1983; Poirot 
and Gonthier, 1998; Scarratt et al., 2000; Sturman, 
2009). Today, real-time X-ray microradiography (RTX) 
is the foremost testing method for carrying out this 
vital work. It can also be paired with the more time- 
consuming X-ray computed microtomography for 
challenging identifications and research purposes 
(Karampelas et al., 2010; Krzemnicki et al., 2010). 

With film-based microradiography, pearls are 
sometimes placed in direct contact with a high-reso- 
lution film cassette or immersed in a scatter-reduc- 
ing liquid (e.g., lead nitrate solution or carbon 
tetrachloride, both of which are hazardous). X-ray 
scattering may also be reduced by simply surround- 
ing individual pearls with a thin lead sheet or film. 
Regardless of the technique, a darkroom and a series 
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of chemicals are necessary for film processing. It 
takes approximately 20 minutes to select the film 
and secure the pearls to the film cassette. At the 
same time, the exposure must be determined assum- 
ing an average-sized sample and keeping in mind that 
pearls in a strand are often graduated in size and that 
spheres require longer exposure times through the 
centers than the edges. Next, the film must be devel- 
oped, fixed, and dried. All told, it is a time-consuming 
process. 

The last 20 years have seen RTX steadily replace 
film-based radiography in the medical sector, and over 
the last decade most gemological laboratories have 
followed this trend by partially or fully adopting RTX. 
This method has several important advantages. No 
hazardous liquids are needed, and it gives immediate 
or nearly immediate results, which are easier to store 
and share among a team of technicians or in publica- 
tions and presentations. RTX microradiography also 
requires a lower total amount of radiation than film- 
based microradiography, though similar X-ray gener- 
ating tubes may be used without a need to reduce 
X-ray scattering. Some gemological laboratories ini- 
tially employed RTX units with image intensifier (II) 
technology generally associated with digital cameras 
to acquire RTX microradiographs. More recent units 
have employed flat panel detectors (FPD), which can 
be of larger dimension with high resolution. However, 
FPD costs approximately US$25,000, about 40% 
more than II units and cameras. 

An Il is a vacuum tube device that converts invis- 
ible X-rays transmitted through the sample into visi- 
ble light by a cesium iodide (CsI) scintillator. The 
visible light is then converted into electrons at the 
photoelectric surface and emitted inside the vacuum 
tube. The emitted electrons are accelerated and fo- 
cused by electrodes, which act as an electron lens, 
onto the output screen and converted into bright vis- 
ible light that is captured by a digital camera (figure 
1, left; Ide et al., 2015). On the other hand, an FPD is 
a thin, flat solid sensor where invisible X-rays trans- 
mitted through the sample are converted into visible 
light, also by a CsI scintillator. The visible light is 
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Figure 1. Structures and principles of operation for an II (left) and an FPD (right). Modified after Ide et al. (2015). 


converted into an electric charge stored in each photo- 
diode (PD). The signals are read by a thin-film tran- 
sistor (TFT) switch provided for each pixel and 
amplified by a low-noise amplifier, undergoing ana- 
log-digital conversion to become digital video signals 
(figure 1, right; Ide et al., 2015). 

The quality of the RTX microradiographs depends 
on the system’s resolution (usually given in line pairs 
per millimeter, or LP/mm), the magnification, and 
the exported image size. The images are processed 
and initially viewed with software linked to the in- 
strument or, more commonly, third-party software 
such as Fiji (ImageJ) or Adobe Photoshop. To view the 
microradiographs, a relatively large high-resolution 
screen (>20 inch) should be used. For this study, RTX 
microradiographs were acquired for the same set of 
samples (figure 2. and table 1) using the two different 
systems described above. 
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MATERIALS AND METHODS 

Two undrilled and two drilled samples of various 
sizes from different mollusks were selected for this 
study (figure 2 and table 1): one natural saltwater 
pearl, one bead-cultured saltwater pearl, one non- 
bead-cultured freshwater pearl, and one non-bead- 
cultured saltwater pearl. 

Microradiographs were acquired at the Bahrain In- 
stitute for Pearls and Gemstones (DANAT) using two 
RTX units: a FocalSpot (San Diego, California) Veri- 
fier HR FSX-090 and a Pacific X-Ray Imaging (PXI, 
San Diego, California) GenX-90. The electronics and 
imaging systems of both units were provided by PXI. 
Microradiographic images were collected in the same 
direction for each sample. Both instruments have the 
same tube type, a Thermo Scientific PXS5-928 with 
a spot size of <9 microns. The FocalSpot unit has a 
Toshiba E5877J-P1 image intensifier (two-inch and 


Figure 2. The four sam- 
ples from this study. 
Left to right: three cul- 
tured pearls (sample 
numbers 19, 21, and 8) 
and a natural pearl 
(sample number 1). The 
largest sample is 15.65 
mm tall. Photo by 
Ghadeer Abdali, © 
DANAT. 
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TABLE 1. General characteristics of saltwater pearl samples. 


Sample no. Type Mollusk Size Shape 

1 Natural saltwater Pinctada radiata 5.69-5.75 x 5.00 mm Button? 

8 Bead-cultured saltwater Pinctada fucata 5.14 x 5.23 x 5.50 mm Oval? 
19 Non-bead-cultured saltwater Pinctada maxima 11.63 x 12.37 x 15.65 mm Baroque* 
21 Non-bead-cultured freshwater Hyriopsis species 10.29-10.86 mm Near-round’ 
@Undrilled 

’Drilled 


four-inch options) with >40 LP/mm resolution at high 
magnification and a camera with 0.5 MB resolution. 
Due to the instrument’s size and the X-ray tube col- 
limator to minimize distortion, the maximum sensi- 


In Brief 


¢ Most gemological laboratories have been replacing 
film radiography with real-time X-ray microradiogra- 
phy (RTX) to separate natural and cultured pearls. 

e A comparison of RTX units with image intensifier (II) 
and flat panel detector (FPD) technology shows that the 
first is more economical and produces faster results. 

e An FPD yields images with less noise and greater detail 
of a pearl’s internal structures, making it more suitable 
for their characterization. 


tive area is 33 x 33 mm?” (with some areas at the 
corners not active, as an II initial field of view is 
round). The PXI unit has a Perkin Elmer Dexela 1512 
flat panel detector with >40 LP/mm resolution at high 
magnification, a pixel size of 75 microns, 3072 x 1944 
resolution, and a sensitive area of 33 x 33 mm?, re- 
duced from 49 x 56 mm? due to the X-ray tube filter. 
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The maximum frame averaging used to decrease 
noise was 256 frames for the II and 128 frames for the 
FPD. X-radiation of 70-90 kV accelerating voltage and 
70-90 pA current were used in both instruments with 
an exposure time of 100-250 milliseconds per frame. 
The acquisition times for each microradiographic 
image were approximately 10 seconds for the II and 
100 seconds for the FPD. The images were exported 
as TIF files, with a maximum resolution of 300 KB/8- 
bit grayscale and 6 MB/16-bit grayscale, respectively. 
For each sample, microradiographs were taken from 
three directions perpendicular to each other. The im- 
ages were manipulated with Fiji (ImageJ) version 1.0 
using Java 6, an open-source software. 


RESULTS AND DISCUSSIONS 


Selected radiographs of all four samples are shown in 
figures 3-6. Microradiographs acquired with the FPD 
are provided on the left, while images collected using 
the II system are on the right. All images are 
grayscale; lighter tones indicate materials with higher 
density such as calcium carbonate (usually aragonite 
for most gem-quality pearls, as in this study), while 
darker tones represent lower-density materials (usu- 
ally organic matter, cracks, or cavities/voids). To view 


Figure 3. Microradio- 
graphs of sample 8, a 
bead-cultured saltwater 
pearl from Pinctada fu- 
cata, produced with an 
FPD (left) and an II 
(right). The diameter of 
the bead is about 4.5 
mm. 
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e The rushing waters of the Kasai River in the Belgian 
Congo. 


chamber line, has been completed, another 
is cut parallel to it, leaving a pillar six to 10 
feet wide between the two. This crushes 
fairly quickly due to the weight of broken 
ground above. 

Unlike the kimberlite at Premier Mine, 
Kimberley blue ground crumbles with 
prolonged exposure to air and disintegrates 
more rapidly in contact with water. All 
drilling of blue ground in the Kimberley 
Mines, including long diamond drill holes, 
is done ‘dry’ with dust extraction. 

Loading of the broken ground is done by 
hand from tunnels at 22 feet 6 inch centers, 
running at right angles to the chamber line, 
into trucks, which are hand-trammed to ore- 
passes, usually in country rock. The broken 
ground from a number of levels is brought 
to a collecting level below where endless 
rope haulages, or conveyor belts, bring the 
rock to the main shaft bin. The main hoist- 
ing shaft is set well back from the pipe in 
the country rock. Hoisting is at the rate of 
6,000 loads (4,800 tons) per eight hour 
shift. On the surface, the blue ground 
passes over a grizzley, from which the over- 


size proceeds via sorting belts to crushers 
set at three inches. The crushed product 
joins the grizzley undersize and is taken 
to the central washing plant. The blue 
ground is crushed to minus one inch and 
fed directly into primary rotary pans, with 
revolving radial rakes. Mud puddle sepa- 
rates diamonds and heavy minerals from 
lighter kimberlite gangue. 

Tailings from the pans go to rolls set at 
three eights inch and then to secondary or 
fine pans, through a three eighths inch 
screen, the oversize being returned to the 
coarse pans. Tailings from the fine pans are 
brought to the dump by belt conveyor with 
flingers. This replaces the used endless rope 


haulages and has saved much labor. 

Concentrates from both the fine and 
coarse pans are taken in trucks to the puls- 
ator, where further concentration is in puls- 
ating jigs. The final concentrate is passed 
over sideshaking grease tables. In the future, 
pan concentrates will be dealt with in a 
small heavy media separation plant, and 
concentrates will go to vibrating grease 
tables. 
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the raw original images, visit www.gia.edu/gems- 
gemology/winter-2017-microradiography-pearls and 
see supplementary items S3-S6. Figure 3 presents the 
microradiographs of a bead-cultured saltwater pearl 
from Pinctada fucata. The implanted bead, which 
presents no structure and is almost centered, is 
clearly indicated by a dark growth line running inside 
the edge of the sample and roughly parallel with this 
edge in both microradiographs. This line, made up 
mostly of organic material, separates the bead from 
the nacre overgrowth (Scarratt et al., 2000). The mi- 
croradiographs acquired with an II appear less clear 
than those produced with the FPD, which allow the 
growth line surrounding the bead to be clearly 
viewed. This feature appears less clear in the II along 
several parts of the growth line. 

Figure 4 presents the magnified microradiographs 
of the central part of a non-bead-cultured saltwater 
pearl from Pinctada maxima. A large irregular dark 
gray area that allows this sample to be identified is 
clearly observed in both microradiographs (Krzem- 
nicki et al., 2010). However, the microradiograph ac- 
quired with an FPD reveals additional information in 
the form of light lines within the dark gray center and 
growth lines around it. 


Notes & New TECHNIQUES 


Figure 4. Microradio- 
graphs of the center of 
sample 19 (a non-bead- 
cultured saltwater pearl 
from Pinctada maxima), 
produced with an FPD 
(left) and an II (right); 
fields of view approxi- 
mately 7 mm. 


Figure 5 presents magnified microradiographs of 
the central part of a natural saltwater pearl from Pinc- 
tada radiata. Both images reveal an “onion-like” 
structure with a darker color and a dark spot in the 
center, a characteristic of natural pearls (Scarratt et al., 
2000; Karampelas et al., 2010; Krzemnicki et al., 2010). 
Additionally, some dark areas and lines are observed 
toward the outer part of the sample. In the microradi- 
ograph acquired with the II, the dark center and the 
various growth lines are barely visible. It is very noisy, 
and thus further information cannot be revealed. In 
the microradiograph produced with an FPD, several 
additional lines are observed as well as some radial 
structures in the darker part of the sample. These 
structures, which likely result from the radial calcite, 
appear darker due to the enrichment of organic matter 
that is observed in the center of some natural pearls 
(Krzemnicki et al., 2010). 

In figure 6, ring-like growth structures are recorded 
in the microradiographs acquired with FPD, as well as 
a weak, elaborate dark gray area in the center that rep- 
resents a likely “twisted” cavity-related structure ob- 
served in some non-bead freshwater cultured pearls 
(Scarratt et al., 2000; Sturman, 2009). In the microra- 
diographs acquired with II, fewer and less distinct 


Figure 5. Microradio- 
graphs of sample 1 (a 
natural saltwater pearl 
from Pinctada radiata), 
produced with an FPD 
(left) and an II (right); 
fields of view approxi- 
mately 3.5 mm. 
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growth structures are observed and in the center only 
a “hair-like” line is barely recorded. Generally, micro- 
radiographs of our samples acquired with an II give 
less distinct images with more noise than those ac- 
quired with an FPD; this observation is consistent 
with previous publications (Baba et al., 2002, 2004). 


CONCLUSIONS 


RTX microradiography is widely used today by 
gemological laboratories to separate natural and cul- 
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Figure 6. Microradio- 
graphs of sample 21 (a 
non-bead-cultured 
freshwater pearl from 
Hyriopsis species), pro- 
duced with an FPD 
(left) and an II (right); 
fields of view approxi- 
mately 9 mm. 


tured pearls. Both II and FPD detectors are used for 
this purpose. An II detector produces faster results 
than an FPD, and at present the overall cost of an II- 
based unit is less. On the other hand, FPD images are 
less noisy and provide greater detail of the internal 
structures in both natural and cultured pearls, mak- 
ing them more suitable for pearl identification. How- 
ever, an II could be appropriate for other industries, 
where the balance between cost and performance is 
important or when quick response is essential. 
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INCLUSIONS IN NATURAL, SYNTHETIC, AND 


TREATED RUBY 


Nathan D. Renfro, John I. Koivula, Jonathan Muyal, Shane F. McClure, Kevin Schumacher, and James E. Shigley 


Figure 1. These rubies, a 16.68 mm rough and a 2.72 ct cushion cut, are from Myanmar. Photo by Robert Weldon/ 


GIA, courtesy of the William F. Larson collection. 


Sorbie the charts for the micro-features of emer- 
ald and sapphire—published in Winter 2016 and 
Summer 2017, respectively—this chart on ruby 
rounds out Ge#G’s series on inclusions in the “Big 
Three” colored stones. Rubies (figure 1) have long 
been one of the top gems in the trade, commanding 
premium prices. Historically, their popularity has 


See end of article for About the Authors. 
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been critical to the development of color and clarity 
treatments (including heating and dyeing, and now 
more recently introduced processes} and synthetic 
gems. In the early 1900s, over five million carats of 
synthetic ruby were produced annually by the flame- 
fusion, or Verneuil, method (Hughes, 2017). 
Innovative new treatments have also played a 
major role in satisfying the continued demand for 
ruby. In the early 1990s, gemological laboratories saw 
the introduction of chromium-diffused rubies (Mc- 
Clure et al., 1993). In the early 2000s, lead-glass filling 
of low-quality rubies reached international markets 
and became one of the most widespread—and most 
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problematic—treatments in the gem trade (McClure 
et al., 2006). Also encountered in the early 2000s was 
beryllium diffusion of ruby, which made it possible 
to produce pleasing red colors from stones with strong 
brown or dark tones that would not respond to tradi- 
tional heat treatment (Emmett et al., 2003). Rubies 
from Songea, Tanzania, for example, were dramati- 
cally improved with beryllium diffusion. 

Demand has also been met by several new ruby 
deposits in the last decade. Mozambique has become 
the leading producer of gem-quality rubies since the 
discovery in Montepuez in 2009. More than two mil- 
lion carats of rough from Mozambique were offered 
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Cat’s-Eye ALEXANDRITE with 
Unique Inclusion Pattern 
Chatoyancy is an optical effect caused 
by light reflecting off dense concentra- 
tions of parallel needles or hollow 
tubes in cabochon-cut gem materials. 
To maximize chatoyancy, the base of 
the cabochon should be cut parallel to 
the inclusions to produce an even ef- 
fect across the dome. In some cases, 
the parallel inclusions are not distrib- 
uted throughout the stone and are only 
in zones or narrow bands. In such cases 
the cutter must orient the needles 
with care to produce a cat’s-eye. 

A chatoyant cabochon, weighing 
21.22 ct and measuring 17.75 x 17.50 
x 6.77 mm, was recently submitted to 
GIA’s Tokyo laboratory for identifica- 
tion service. This stone displayed a 
change of color (figure 1) from brown- 
ish green in fluorescent light to brown- 
ish purple in incandescent light. 
Standard gemological testing resulted 
ina spot refractive index (RI) reading of 
1.75, a specific gravity (SG) of 3.74, and 
strong trichroism. In addition to these 
properties, heterogeneous needle-like 
inclusions and infrared and Raman 
spectroscopy revealed that the stone 
was natural chrysoberyl. 

What is notable about this stone is 
that all the needle-like inclusions that 
cause the chatoyancy are confined to 
a narrow layer at the very bottom of 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. This alexandrite cabochon appears brownish green in fluorescent 
light (left) and brownish purple in incandescent light (right). The cabo- 
chon shows chatoyancy under both forms of illumination due to light re- 
flection from the shallow plane of dense fine parallel needles. 


the cabochon (figure 2). The rest of the 
stone is nearly free of inclusions. The 
cutter obviously knew to orient what 
must have been a narrow layer of nee- 
dles at the bottom of the cabochon so 
that the dome would form a complete 
cat’s-eye. Some synthetic or imitation 


Figure 2. A side view of the cabo- 
chon, immersed in water, show- 
ing the localized inclusions near 
the base. Field of view 1.6 cm. 
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stones have an engraved foil backing 
or an engraved base to produce a cat’s- 
eye or star in much the same way. 
Raman spectroscopic analysis indi- 
cated that the needle-like inclusions 
were rutile (figure 3). While the 
boundary between the included and 


Figure 3. Iridescent minute paral- 
lel needles and particles in the 
alexandrite cabochon. Field of 
view 2.0 mm. 
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Figure 4. A 2.67 ct oval-cut diamond with uneven “lizard skin” surface texture. Close-up views of the pavilion 
with reflected light show how the textured pattern continues across facet junctions. Fields of view 3.56 mm (cen- 
ter) and 1.29 mm (right). 


inclusion-free areas looks sharp, the 
stone is not assembled. 


Makoto Miura and Yusuke Katsurada 


Lizard Skin on Deformed 
DIAMOND 


Facets that are nearly parallel to a di- 
amond’s octahedral crystal plane 
often develop a wavy, rippled appear- 
ance called “lizard skin” during polish- 
ing (e.g., J. Koivula, The MicroWorld 
of Diamonds, Gemworld Interna- 
tional, Northbrook, Illinois, 2000, p. 
63). The term is also used more 
broadly to describe any bumpy, uneven 
surface texture that develops on pol- 
ished diamond facets. It is often attrib- 
uted to polishing off-grain. Recently, 
GIA’s New York lab encountered a 
2.67 ct type Ila diamond (figure 4, left) 
with especially prominent lizard skin 
texture on multiple facets (figure 4, 
center and right). In this case, the tex- 
ture appears to have developed due to 
a preexisting deformation fabric or 
structure inherent to the diamond it- 
self, rather than merely as a conse- 
quence of poor polishing technique. 
The surface texture has a pattern 
to it, with small bumps appearing to 
line up in corridors. Some corridors 
clearly continue from one facet to the 
next (figure 4, right). The continuity 
across facets suggests that this texture 
is the surface expression of irregulari- 
ties that actually extend into the vol- 
ume of the diamond itself. At high 
magnification with crossed polarizing 
filters, the lizard skin can be seen to 
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conform to the shape and texture of 
the strain pattern within the dia- 
mond—that is, the pattern of bumps 
and depressions matches up where 
the intricate internal dark/light pat- 
tern of tatami birefringence meets the 
polished surface. This connection 
supports the idea that the surface tex- 
ture is a reflection of underlying crys- 
tal imperfections. 

Unusual hydrogen- and methane- 
bearing metallic inclusions in this di- 
amond suggest it originated from 
extreme depths of about 360-750 km 
in the earth’s mantle (E.M. Smith et 
al., “Large gem diamonds from metal- 
lic liquid in Earth’s deep mantle,” Sci- 
ence, Vol. 354, No. 6318, 2016, pp. 
1403-1405). In this high-temperature 
environment, deformation and anneal- 
ing over a long period of time may 
have given the diamond a mosaic crys- 
tal structure. This natural phenome- 
non occurs when heat allows the 
crystal to undergo recovery, a process 
of dislocation reorganization that di- 
vides the distorted grain into a mosaic 
of smaller, undistorted subgrains with- 
out new crystal growth. The subgrains, 
measuring about 10-30 microns, are 
like bricks in a wall; while the wall 
may be slightly curved, the individual 
bricks are not distorted. These distor- 
tions become localized as subgrain 
boundaries rather than spreading con- 
tinuously through the crystal. As a re- 
sult, the subgrains will be oriented in 
slightly different directions. 

Because polishing is so strongly de- 
pendent on crystal orientation, if a sin- 
gle facet consists of a mosaic of 
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subgrains with varying orientation, 
polishing will be uneven. The result- 
ing surface may develop a pattern of 
bumps and depressions that mimics 
the size and shape of underlying sub- 
grains and, in turn, reflects the dia- 
mond’s natural deformation history. 
Samples like this one are interesting 
for scientists because little is known 
about the geological conditions that 
lead to the various deformation-related 
features seen in natural diamonds. 


Evan M. Smith and Paul Johnson 


Gota de Aceite in a Zambian 
EMERALD 


Gota de aceite (Spanish for “drop of 
oil”), a rare phenomenon that occurs 
in the finest emeralds, is typically as- 
sociated with Colombian origin (R. 
Ringsrud, “Gota de aceite: Nomen- 
clature for the finest Colombian 
emeralds,” Fall 2008 GwG, pp. 242- 
245). The phenomenon creates a 
roiled effect caused by irregularity in 
the emerald’s internal crystal struc- 
ture. During the gemstone’s crystal- 
lization the growth conditions are 
altered, giving rise to rapid columnar 
growth. When looking down the 
emerald’s c-axis, the outline of the 
columns can be seen. This sometimes 
has the appearance of drops of oil, giv- 
ing rise to the name. The columns 
typically have a slightly different 
trace element composition from that 
of the host emerald. This heterogene- 
ity in trace element chemistry will 
cause a minor change in the refractive 
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index of the columns, allowing the 
structure to be visible. 

The Carlsbad laboratory recently 
received a 2.10 ct emerald for origin 
determination. The stone had blocky 
multiphase inclusions and ilmenite 
scattered throughout, along with 
mica platelets and a very subtle blue 
flash effect associated with some 
small feathers. At a certain angle, a 
muted gota de aceite effect was also 
visible (figure 5). The UV-Vis spec- 
trum shows a distinct Fe** broad band 
at approximately 900 nm. Inductively 
coupled plasma—mass spectrometry 
(ICP-MS) confirmed the stone’s rela- 
tively high iron content and indicated 
a chemical composition consistent 
with Zambian origin. 

The gota de aceite seen in this 
Zambian emerald was not exactly the 
same as the phenomenon found in 
Colombian emeralds. Dendritic il- 
menite, an iron-rich mineral, was 
fully enclosed in the columnar struc- 
ture. We believe the epigenetic il- 
menite exsolved the increased iron 
content, as Zambian emeralds con- 
tain a larger amount of iron than their 
Colombian counterparts (J.C. Zwaan 
et al., “Emeralds from the Kafubu 
area, Zambia,” Summer 2005 GWG, 
pp. 116-148). 

Until now, gota de aceite has 
only been documented in Colom- 
bian emeralds and has been an aid in 
origin determination. Still, this is 
not the first time that an inclusion 
indicative of a particular origin has 
been found elsewhere. Jagged three- 
phase inclusions, traditionally seen 


Figure 5. A muted gota de aceite 
effect, with epigenetic ilmenite, 
in an emerald from Zambia. 
Field of view 1.26 mm. 
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in Colombian emeralds, have also 
been documented in emeralds from 
certain mines in Afghanistan, China, 
and Zambia (S. Saeseaw et al., 
“Three-phase inclusions in emerald 
and their impact on origin determina- 
tion,” Summer 2014 GWG, pp. 114— 
132). This emerald shows that 
inclusions may not always provide 
conclusive proof of origin, but they 
can still provide useful information. 


Nicole Ahline 


Dyed QUARTZITE Imitation of 
Ruby-in-Zoisite 

The New York laboratory recently re- 
ceived a bracelet composed of translu- 
cent multicolored beads that closely 
resembled ruby-in-zoisite. Standard 
gemological testing of one of the 
round beads (measuring 8.33 x 8.17 
mm) revealed an RI of 1.55 for both 
the purple and green areas (instead of 
approximately 1.76 or 1.69 for ruby 
and zoisite, respectively) and very 
weak red to inert fluorescence in long- 
wave and short-wave ultraviolet light, 
respectively. Microscopic observation 
revealed fissures and a translucent ag- 
gregated/grainy structure, both of 


Figure 6. Green to dark green and 
pinkish purple to dark purple dye 
concentrations were observed in 
the fissures and structure of this 
quartzite, which resembled ruby- 
in-zoisite. Field of view 9.61 mm. 


which contained green to dark green 
and pinkish purple to dark purple dye 
concentrations (figure 6). 

Although most of the translucent 
green and purple aggregate material we 
encounter for identification is ruby-in- 
zoisite, the gemological features of this 
bead were inconsistent with our ex- 
pectations. Raman spectra were col- 
lected to confirm the identity. Spectra 
from both the purple and green areas 
matched quartz (figure 7). Since the 
material was an aggregate, we con- 
cluded that it was dyed quartzite. 

The Lab Notes section has docu- 
mented many cases of dyed quartzite 


Figure 7. Raman spectra collected from the sample’s purple and green areas 
indicated quartz rather than ruby and zoisite. Spectra are offset for clarity. 
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imitating jadeite, ruby, lapis lazuli, 
and sugilite (Spring 1986, pp. 49-50; 
Summer 1991, pp. 122-123; Summer 
1995, pp. 125-126; Summer 1998, pp. 
131-132; Spring 2001, pp. 62-63; and 
Fall 2003, pp. 219-220). But this is the 
first example we have seen of 
quartzite being used to imitate ruby- 
in-zoisite. This dyed quartzite pro- 
vides an intriguing example for 
consumers to be aware of when pur- 
chasing ruby-in-zoisite. 


HyeJin Jang-Green 


SYNTHETIC MOISSANITE 
Imitating Rough Diamond 
The Carlsbad laboratory recently ex- 
amined a very light green 9.71 ct spec- 
imen (figure 8), measuring 11.79 x 
9.69 x 11.61 mm, that was submitted 
as a rough diamond. The sample re- 
sembled a diamond octahedron, with 
surface growth features and a bright 
vitreous to subadamantine luster. 
Closer examination of its habit and 
surface features, along with gemolog- 
ical and advanced testing results, re- 
vealed it to be a synthetic moissanite. 
The specimen was not a true octa- 
hedron, as is typical of a diamond 
crystal, but a rectangular bipyramid 
with 10 faces (eight triangular and 
two hexagonal side pinacoids on the 
girdle). The surface was dimpled, and 


Figure 8. A very light green 9.71 
ct synthetic moissanite crystal, 
submitted to the Carlsbad labo- 
ratory as a rough diamond. Field 
of view approximately 14 mm. 
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Figure 9. Sub-hexagonal etch pits in synthetic moissanite are observed 
using differential interference contrast. Field of view approximately 1.44 


mm. 


two of the faces had deep striations re- 
sembling growth features in a rough 
diamond. Irregularly shaped and sub- 
hexagonal etch pits (figure 9), along 
with some dark brown residue, were 
also found on the surface. Due to the 
uneven surface, observation of inter- 
nal features was limited to some 
small scattered pinpoint inclusions 
and a few etch tubes (figure 10). The 
surface also made it difficult to see 
any doubling effect or a doubly refrac- 
tive reaction in the polariscope. 
Viewed in plane-polarized light, how- 
ever, a large twinning plane crossed 
the crystal diagonally, bluish green on 
one side and colorless on the other. 
This dichroism served as proof of the 
stone’s doubly refractive nature, as op- 
posed to singly refractive diamond. 
Standard gemological properties of 
the stone offered further evidence of 
its true identity, including an over- 
the-limit refractive index reading, a 
hydrostatic SG of 3.23, very weak yel- 
low fluorescence in both long-wave 
and short-wave UV, and a uniaxial 
optic figure. These properties and ad- 
vanced testing results, including 
Fourier-transform infrared (FTIR) and 
Raman spectrometry, identified the 
specimen as synthetic moissanite. It 
is important to note that although 
natural moissanite exists, it is ex- 
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tremely rare and gem-quality material 
has never been found. Natural 
Moissanite commonly occurs in frag- 
mented pieces and in much smaller 
sizes (the largest known specimen 
measured 4.1 mm), often with a 
creamy white or red matrix (Summer 
2014 GNI, pp. 160-161). That was not 
the case for this 9.71 ct synthetic 
moissanite. 

Gemological and advanced test- 
ing are indispensable tools for reveal- 
ing the true identity of gems, 
especially simulants and imitations 
with an appearance that can easily 
deceive the general public. While 
there is no evidence that this speci- 
men was deliberately deceptive, 


Figure 10. Etch tubes extended 
from surface etch pits and ended 
at the twinning plane. Field of 
view approximately 2.30 mm. 
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Figure 11. A thin layer of syn- 
thetic ruby overgrowth with flux 
particles is distinct from the nat- 
ural sapphire seed visible in the 
upper right of the image. Field of 
view 1.99 mm. 


gemological knowledge is important 
in preventing accidental and inten- 
tional acts of fraud and preserving the 
integrity of the trade. 


Rebecca Tsang 


Two Unusual Natural Sapphires 
With SYNTHETIC RUBY 
Overgrowth 

The New York laboratory recently re- 
ceived two loose red oval mixed cuts 
for identification. Standard gemologi- 
cal testing yielded refractive indices 
slightly higher than expected for 
corundum: 1.778-1.788 and 1.776- 
1.787, while a typical RI for corun- 
dum is 1.762-1.770. Elevated RIs for 
chromium-diffused corundum have 
been reported and may be attributed 
to higher Cr,O, concentration at the 


Figure 12. A fuzzy heat-altered 
crystal inclusion commonly re- 
ferred to as a “snowball” is sur- 
rounded by a discoid fracture, 
proving the natural origin of the 
corundum seed. Field of view 
1.26 mm. 


TABLE 1. Trace elements in two synthetic ruby overgrowth samples, 
detected by LA-ICP-MS (avg. concentration in ppmw’). 


Element Concentration in overgrowth Standard deviation 
Cr 32,866 1342 
Fe 1231 101.4 
Ga 47.6 2.40 
Mg 4.92 1.69 
Mn 4.55 0.31 
Mo bdl? — 
Ni 34.9 49.5 
Ti 19.06 6.94 
Pt 4.03 4.07 
Zr 0.41 0.71 


* Six spots examined in total. 


’bdl: below detection limit. Detection limit was 0.013 ppmw for both samples. 


surface (S.F. McClure et al., “Update 
on diffusion-treated corundum: Red 
and other colors,” Spring 1993 GWG, 
pp. 16-28). To the unaided eye, the 
stones appeared to be chromium dif- 
fused, displaying red color concentra- 
tion at the facet junctions, but their 
synthetic component became appar- 
ent upon further observation. 
Microscopic examination revealed 
that planes of minute particles demar- 
cated a thin layer, approximately 0.3 
mm thick, of synthetic overgrowth 
from a natural sapphire core (figure 
11). The presence of intact silk and 
heat-altered crystal inclusions con- 
firmed the seeds to be natural (figure 
12). A series of shallow flux-finger- 


Figure 13. Reflective silk inclu- 
sions in the natural sapphire seed 
are visible behind a coarse flux 
fingerprint in the synthetic ruby 
overgrowth, which was cut 
through during the fashioning 
process. Field of view 3.57 mm. 


prints cracking the surface suggested 
a flux growth process (figure 13). Por- 
tions of the near-colorless core could 
be seen in areas where the overgrowth 
was cut away during polishing (figure 
14). These windows showed a sharp 
boundary without “bleeding” of the 
saturated red overgrowth into the 
near-colorless seed, which is typically 
observed in chromium-diffused corun- 
dum (McClure et al., 1993). The win- 
dows into the near-colorless seed also 
indicate that most or all of the red 
color is concentrated in the synthetic 
ruby overgrowth. 

The overall appearance of the two 
stones was similar to the now-rare 
Lechleitner synthetic overgrowth 


Figure 14. A portion of the near- 
colorless corundum seed is re- 
vealed in an area where the 
synthetic ruby overgrowth was 
cut away during fashioning. Field 
of view 10.85 mm. 
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Figure 15. A thin layer of synthetic emerald deposited on a near-colorless 
beryl! seed, a type of synthetic emerald first marketed by Johann Lechleit- 
ner in the early 1960s. Field of view 3.57 mm. 


emeralds, which are composed of a 
near-colorless beryl seed with syn- 
thetic emerald overgrowth. A sample 
with this type of synthetic emerald 
overgrowth was coincidentally sub- 
mitted to the Carlsbad laboratory for 
identification around the same time 
(figure 15). In addition to emeralds, 
Lechleitner also experimented with 
ruby overgrowth on both synthetic 
and natural corundum seeds (K. 
Schmetzer and H. Bank, “Lechleitner 
synthetic rubies with natural seed and 
synthetic overgrowth,” Journal of 
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Gemmology, 1988, Vol. 21, No. 2, p. 
95-101), with the most commonly 
documented versions containing syn- 
thetic seeds (EJ. Giibelin and J.I. 
Koivula, Photoatlas of Inclusions in 
Gemstones, Vol. 2, Opinio Verlag, 
Basel, Switzerland, 2005, p. 352; Fall 
2014 Lab Notes, pp. 2422.43). 
Advanced testing on the syn- 
thetic ruby overgrowth layer using 
laser ablation-inductively coupled 
plasma-—mass spectrometry (LA-ICP- 
MS} revealed the presence of Cr, Fe, 
Ga, Mn, Mg, Ni, Ti, Pt, and Zr (table 
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1). These results, specifically the 
presence of platinum, are consistent 
with previously reported synthetic 
ruby overgrowth (S. Saeseaw et al., 
“Analysis of synthetic ruby over- 
growth on corundum,” GIA News 
from Research, June 10, 2015). 
Molybdenum was reported in the pri- 
mary examination of Lechleitner 
overgrowth rubies (Schmetzer and 
Bank, 1988), and its absence here sug- 
gests alternative growth conditions 
for these samples. 

Although this is not the first re- 
port of synthetic ruby overgrowth on 
natural sapphire seeds (Schmetzer and 
Bank, 1988; C.P. Smith, “Diffusion 
ruby proves to be synthetic ruby over- 
growth on natural corundum,” Fall 
2002. GWG, pp. 240-248), it marks the 
first time the New York and Carlsbad 
laboratories have had them submitted 
for identification. The resurfacing of 
these vintage overgrowth synthetics 
shows that once a material is in the 
trade, it is here to stay. 


Tyler Smith and Hollie McBride 
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(petroleum 


Periodically, the 
jelly), and the diamonds adhering to it, are 
scraped off the tables. The grease is boiled 
off and the larger concentrates are hand 
sorted, while finer diamonds are recovered 
by electrostatic separation. 


grease 


BELGIAN CONGO 


In the Belgian Congo some 10 million 
carats are annually recovered from alluvial 
sources. 

Here, diamonds were first discovered in 
gravels and in the valleys and sides of the 
lower reaches of tributaries of the Kasai 
River. About 600,000 carats are produced 
annually by numerous small mines operat- 
ing. Some 30 per cent of the diamonds re- 
covered are of ‘sand’ size and gems repre- 
sent about half of the production. The 
Kasai field is an extension of the Angola 
deposits; geology and methods of mining 
and treatment are similar. 

The bulk of the production comes from 
the later-discovered Bakwanga deposits be- 
tween the Kanshi and Bushimaie rivers, 
some 700 miles northeast of Elisabethville. 
Diamond occurs in extensive deposits of 
gravels overlying dolomite and sandstone. 
Prospecting has recently revealed kimberlite 
masses. 

In large scale operations several million 
cubic meters of overburden are annually 
removed, or mined and treated for obtain- 


* The Bushimaie Valley 
where the bulk of Bel- 
gian Congo diamonds are 
recovered. 


ing nearly 10 million carats of diamonds, 
about 98 per cent being industrial. 


At present, operations are carried out by 
mining and treating in a number of sepa- 
rate sections, but complete mechanization 
and centralization is intended. Gravels are 
loaded onto conveyors and transported to a 
log washing plant. The washed gravels will 
then be treated in a heavy media separation 
plant and the concentrates processed in a 
recovery section for diamond extraction, A 
large hydroelectric power scheme, now un- 
der construction, will provide the necessary 
power. 


ANGOLA DEPOSITS 

The Angola deposits are in the northeast 
corner of the territory, and extend into the 
Congo as far as the south bank of the Kasai 
River. The diamondiferous gravels occur in 
the valleys and on the sides of present-day 
streams and are largely derived from gravels 
deposited by an ancient drainage system 
that no longer exists. Remnants of the an- 
cient gravels still occur beneath thick de- 
posits of Kalahari sands on some of the 
present-day hilltops and are worked for 
diamonds. Three types of deposits are ex- 
ploited, ice. hillside, 
gravels. 

Overburden varies considerably, depend- 
ing on the type of deposit which, in the 


valley, and terrace 


case of terrace, is up to 120 feet thick. 
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Aragonite Spheres in Ethiopian Opal 


Recently, the authors examined an 88.51 ct pear-shaped 
white precious opal that displayed typical digit patterns and 
hydrophane behavior (see Fall 2013 Lab Notes, pp. 175- 
176). These properties were consistent with opal from the 
Wollo mining area in Ethiopia (see B. Rondeau et al., “Play- 
of-color opal from Wegel Tena, Wollo Province, Ethiopia,” 
Summer 2010 G#G, pp. 90-105). The stone also showed 
weak whitish blue fluorescence in long-wave UV and was 
inert to short-wave UV. No phosphorescence was observed. 

In addition to its attractive digit pattern with spectral 
play-of-color, this opal hosted a number of unusual inclu- 
sions: opaque black octahedrons and translucent spheres. 
When viewed with a fiber-optic light, the opaque black oc- 
tahedrons appeared a dark brassy metallic yellow (figure 1). 
Raman analysis identified them as pyrite, which has been 


Figure 1. This Ethiopian opal contained an interest- 
ing inclusion scene consisting of a string of octahe- 
dral pyrite crystals and aragonite spheres. 
Photomicrograph by Charuwan Khowpong; field of 
view 1.40 mm. 
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Figure 2. A single pyrite crystal is seen among spheres 
and clusters of translucent aragonite inclusions, both 
of which were identified by Raman spectroscopy. 
Oblique fiber-optic illumination. Photomicrograph by 
Charuwan Khowpong; field of view 1.05 mm. 


previously reported in Ethiopian opal (N. Renfro and S.F. 
McClure, “Dyed purple hydrophane opal,” Winter 2011 
Gw@G, pp. 260-270). Of particular interest is that the 
translucent spherical inclusions (figure 2), which formed 
as isolated spheres and clusters, were identified by Raman 


About the banner: Moaified Rheinberg illumination highlights the crystallo- 
graphically aligned tension cracks in this topaz crystal. Photomicrograph by 
Nathan Rentro; field of view 10.29 mm. Specimen courtesy of John S. White. 
Editors’ note: Interested contributors should contact Nathan Renfro at 
nrenfro@gia.edu and Jennifer-Lynn Archuleta at jennifer.archuleta@gia.edu 
for submission information. 
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analysis as aragonite. The presence of aragonite spheres in 
opal is quite uncommon and has not been previously re- 
ported in precious opal from Ethiopia. 


Ratima Suthiyuth and Charuwan Khowpong 
GIA, Bangkok 


Remarkable Twinned Calcite Inclusion in 
Mogok Ruby 


The Mogok Stone Tract in Myanmar (formerly Burma) is 
one of the world’s most famous sources of ruby, which 
often forms there in a calcite-marble host. Calcite may 
occur as an inclusion inside the ruby, as in the example in 
figure 3. In this stone, the calcite is easy to spot between 
crossed polarizers, which reveal polysynthetic twinning 
planes that “crisscross” the crystal. While calcite is a com- 
mon inclusion in ruby, this is the clearest example of cal- 
cite twinning this author has seen. Surrounding the calcite 
crystal is a dense, angular nest of exsolved rutile silk as 
short needles, a typical scene in rubies from this locality. 


E. Billie Hughes 
Lotus Gemology, Bangkok 


New Phenomenal Feldspar from North Carolina 
With Iridescent Inclusions 


Several varieties of aventurescent feldspar are well known 
in the gem trade. Of these, one of the most remarkable is 
orthoclase from the Hart’s Range area in Australia. This 
unique material showcases exsolution platelets of 
hematite and ilmenite that display thin-film interference 
colors along the interface between the exsolution product 
and the feldspar host. Because of its array of colors and the 
crosshatch pattern of exsolution platelets, the material’s 
trade name is “rainbow lattice sunstone.” 

The authors recently examined samples of potassium 
feldspar from a relatively obscure source (figure 4) that dis- 


Figure 3. Viewed between crossed polarizers, an in- 
cluded calcite crystal within an unheated Burmese 
ruby displays dramatic twinning planes. Photomicro- 
graph by E. Billie Hughes; field of view 3.90 mm. 


played a phenomenon remarkably similar to Australian 
rainbow lattice sunstone. This new material is reported to 
be from the Statesville area of North Carolina and contains 
brown and black exsolution platelets of hematite and il- 
menite showing thin-film interference colors along the in- 
terface with the host feldspar. This deposit was first 
reported by George Frederick Kunz (Gems and Precious 
Stones of North America, The Scientific Publishing Co., 
New York, 1890, p. 164). Chemical analysis of the feldspar 
was performed using laser ablation—inductively coupled 
plasma—mass spectrometry (LA-ICP-MS)}, and the results 
were consistent with potassium feldspar. 

Local prospector Ryan Underwood first found samples 
of this material as loose crystal fragments and traced them 
back to their source rock, a metamorphic biotite gneiss. 
The crystals are brittle, apparently as a result of metamor- 
phic stresses, and tend to cleave during cutting. As such, 
material suitable for cutting is rare and finished stones tend 


Figure 4. Brown and black exsolution platelets of hematite and ilmenite in feldspar (left) show colorful thin-film inter- 
ference colors in oblique fiber-optic illumination (right). Photomicrographs by Nathan Renfro; fields of view 3.55 mm. 


Micro-WorRLD 


WINTER 2017 467 


Gems & GEMOLOGY 


to be small (though some large multicrystalline specimens 
up to 30 cm in diameter have been recovered). Base colors 
include blue-gray, tan, and a pink color apparently induced 
by additional fine hematite inclusions. 


Stephen Challener 
Raleigh, North Carolina 


Nathan Renfro and Ziyin Sun 
GIA, Carlsbad 


Complex Yellow Fluid Inclusions in 
Red Burmese Spinel 


Spinel has found new popularity and is now recognized as 
a birthstone for August. Some of the most desirable stones 
come from Myanmar, as they exhibit a pure red color with 
a light tone, accompanied by extremely high fluorescence 
under long-wave UV. Red Burmese spinel can also be found 
with a dark tone and much weaker fluorescence. The main 
localities that produce the highly fluorescent spinel are 
Namya in northern Myanmar and Man Sin in the Mogok 
Valley (V. Pardieu, “Hunting for ‘Jedi’ spinels in Mogok,” 
Spring 2014 GWG, pp. 46-57). Clean stones are rare, as the 
majority have inclusions consisting of colorless carbonate 
crystals and complex multiphase negative crystals. These 
complex negative crystals contain a sulfur-rich yellow liq- 
uid, opaque metal sulfides, transparent carbonate daughter 
crystals, diaspore fibers, and a gas bubble. This unique yel- 
low complex fluid inclusion (figure 5) is only known to 
occur in Burmese spinel and therefore serves as a good in- 
dicator of this origin. 


Wim Vertriest 
GIA, Bangkok 


Victoria Raynaud 
DANAT, Manama, Bahrain 
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Figure 5. This octahe- 
dral-shaped negative 
crystal in a Burmese 
red spinel is filled with 
colorless carbonate 
crystals, yellow sulfur- 
rich liquid, opaque sul- 
fide crystals, and 
diaspore fibers. Photo- 
micrograph by Victoria 
Raynaud; field of view 
1.20 mm. 


Tourmaline Crystals on Burmese Ruby 


During a GIA field expedition to Mogok, Myanmar, a tiny 
but interesting sample was acquired. This 0.552 ct ruby 
was purchased from local Kanase miners who process the 
tailings of the larger mines in the Kyatpyin Valley, just 
west of the town of Mogok. The ruby is associated with 
pure white calcite and bluish green tourmaline (figure 6). 
Many rubies form in marble, especially in the deposits 
related to the Himalayan orogeny (Afghanistan, Tajikistan, 
Myanmar, and Vietnam), so calcite as an inclusion or as- 
sociated mineral with these gems is common. While tour- 
maline in combination with ruby is not unheard of, it is a 
relatively unusual combination. LA-ICP-MS chemical 
analysis showed that the tourmaline was a Na-Mg-rich 
dravite. Tourmalines are of great interest to geologists be- 


Figure 6. Bluish green tourmaline crystals and white 
calcite on a Burmese ruby. Photo by Charuwan 
Khowpong; field of view 2.48 mm. 
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cause their isotopic and trace element composition are po- 
tentially strong indicators of the formation environment 
of the tourmaline and the associated minerals, in this case 
ruby. 


Wim Vertriest and Charuwan Khowpong 
GIA, Bangkok 


Vesuvianite in Burmese Ruby 


It is a pleasant surprise when a gemologist encounters a vi- 
brantly colored crystal in a gemstone, as most gems are ei- 
ther inclusion free or contain inclusions that are weakly 
colored due to their small size. When the authors discov- 
ered a vibrant yellowish green crystal in a Burmese ruby 
(figure 7), it was a very welcome sight. Green crystals in 
corundum are not common but do occur occasionally. 
Green spinel and pargasite both occur in gem corundum. 
The former, a singly refractive mineral, was ruled out im- 
mediately because this inclusion behaved as a doubly re- 
fractive mineral when examined between crossed 
polarizers. Doubly refractive pargasite remained a possibil- 
ity. The surprise came when Raman microspectrometry 
identified the yellowish green crystal as vesuvianite, also 
known as idocrase. To the authors’ knowledge, this is the 
first time vesuvianite has been reported as an inclusion in 
ruby. 


Nathan Renfro and John Koivula 
GIA, Carlsbad 


Wollastonite Blizzard Within Glass 


A collection of lovely faceted blue beads was presented to 
author EAS during an annual meeting of inclusion special- 
ists at the 2017 Tucson shows. While most specimens of in- 
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Figure 7. This vibrant 
yellowish green crystal 
in a faceted ruby from 
Myanmar was identi- 
fied as vesuvianite. 
Photomicrograph by 
Nathan Renfro; field of 
view 1.20 mm. 


terest highlighted in these meetings are of extraordinary nat- 
urally occurring minerals and gem materials—some of 
which have appeared in this column—these rather ordinary 
beads were intriguing for the veritable blizzard of translu- 
cent colorless needles and short euhedral crystals that filled 
each one. They created a beautiful optical effect, especially 
when illuminated from below (figure 8). Upon acquisition, 
the original owner had been told these were Russian syn- 
thetic quartz, and indeed their age and azure color suggested 
such an origin. It came as a surprise when standard gemo- 
logical testing (RI of 1.518, SG of 2.47, and the absence of 
birefringence) identified the beads as glass, making the in- 
ternal scene even more intriguing for its natural appearance. 
Raman spectroscopy at GIA’s Carlsbad laboratory identified 
the beads as manufactured glass, and the majority of the nee- 


Figure 8. Faceted manufactured glass beads measur- 
ing approximately 8 mm in diameter. Photo by Robi- 
son McMurtry. 
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dles as the calcium silicate mineral wollastonite (figure 9). 
Additionally, relatively small blocky crystals scattered 
among the needles were conclusively identified as diopside 
(see Summer 2010 Lab Notes, p. 144). 

Inclusions in glass such as wollastonite and diopside 
are indicators of devitrification, a process by which various 
components of the glass’s composition crystallize out 
when subjected to high temperatures and/or changes in 
temperature. The process varies according to the type of 
glass. This may also happen in natural glasses, as with ob- 
sidian, resulting in the attractive lapidary material known 
as snowflake obsidian, which sports white blooms of 
cristobalite crystals on a black background. Devitrified 
glass is also sometimes used to imitate natural gems, as 
seen in manufactured “meta-jade.” The beautiful blue 
inner world of these beads makes them a welcome addition 
to one’s library of inclusions. 


Elise A. Skalwold 
Ithaca, New York 


Nathan Renfro 


Quarterly Crystal: Shattuckite in Quartz 


For our “Quarterly Crystal” in the Micro-World column, we 
are always searching for unusual crystal specimens that con- 
tain interesting mineral inclusions and other micro-features 
worthy of description. This quarter's offering is an inter- 
grown cluster of quartz crystals that play host to a rich blue 
deposition of the orthorhombic copper silicate mineral shat- 
tuckite, which typically forms aggregates of spherulitic to 
circular masses composed of acicular crystals (figure 10). The 
41.27 mm long quartz crystal grouping (figure 11) came from 
the Kandesei mine in the Kunene region of Namibia and was 
acquired from Jordi Fabre (Fabre Minerals, Barcelona). 
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Figure 9. Transmitted 
light reveals a blizzard 
of transparent wollas- 
tonite needles within 
the glass host, an indi- 
cation of devitrifica- 
tion. Interspersed 
among the needles are 
blocky crystals of diop- 
side. Photomicrograph 
by Nathan Renfro; field 
of view 2.03 mm. 


The inclusions were situated in the quartz crystals in 
the form of phantoms that developed through the deposi- 
tion of the shattuckite on the surface. Laser Raman mi- 
crospectrometry identified the phantom layers as 
shattuckite. As the quartz continued to grow, the shattuck- 
ite was captured as inclusion phantom planes tracing the 
form of the original quartz host. 

Named for the type locality—the Shattuck mine in 
Bisbee, Arizona—shattuckite is a medium to deep blue 
mineral with a silky luster. A secondary mineral in oxi- 
dized copper deposits, shattuckite is often found together 
with ajoite, chrysocolla, and malachite, in addition to 
quartz. 


John Koivula 


Figure 10. As an inclusion in quartz, shattuckite typi- 
cally forms aggregates of circular to spherulitic 
masses composed of acicular crystals. Photomicro- 
graph by Nathan Renfro; field of view 3.55 mm. 
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Figure 11. Measuring 41.27 mm and weighing 164.63 ct, this quartz crystal cluster contains a phan- 
tom composed of an abundance of deep blue radial concretions of shattuckite, forming a rich blue 
felted mat. Photo by Kevin Schumacher. 
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COLORED STONES AND ORGANIC MATERIALS 


Preliminary observations on facet-grade ruby from Longido, 
Tanzania. With rubies discovered about 100 years ago, the 
Longido district of Tanzania is one of the longest-known 
occurrences in Africa. The deposit is famous for its “ruby- 
in-zoisite,” consisting of large red corundum crystals in a 
striking green zoisite matrix, often speckled with black 
amphibole spots. The majority is used for carving, but oc- 
casionally facet-quality material is discovered (D. Dirlam 
et al., “Gem wealth of Tanzania,” Summer 1992 GwG, pp. 
80-102). 

For this study, 16 transparent rubies (figure 1) were col- 
lected during a July 2016 field expedition. The stones were 
acquired at the Mundarara mine in Longido and from a 
dealer in a nearby trading post. Most of the rough material 
ranged from | to 3 ct, although one heavily fractured piece 
weighed about 7 ct. Colors ranged from red to purplish red, 


Figure 1. Sixteen samples of facet-quality ruby 
(0.8-7.1 ct) from Longido, Tanzania. Photo by Sa- 
sithorn Engniwat. 


@@ewe- 4 


aoa BS © 


1cm 


472 Gem NEWS INTERNATIONAL 


bh 


Figure 2. Internal features of ruby from Longido, Tan- 
zania. A: A group of irregular thin films; field of view 
1.6 mm. B: An array of reflective platelets with nee- 
dles; field of view 0.9 mm. C: Short and long needles 
together with thin films; bands of fine reflective parti- 
cles are also seen. Field of view 2.0 mm. D: Angular 
internal growth; field of view 4.0 mm. Photomicro- 
graphs by Boodsakorn Kongsomart. 


very similar to the color of high-quality Mozambican ruby. 
Fluorescence was medium red under long-wave UV and 
weak red under short-wave UV. 

The inclusion scenes (figure 2) had features similar to 
those of rubies from Mozambique: short needles, particle 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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TABLE 1. Trace element concentrations in rubies from East African deposits. 


Source Trace element (ppma) 
Country Mine Cr Fe Ga Mg Vv 
min-max min-max min-max min-max min-max 
(avg., SD) (avg., SD) (avg., SD) (avg., SD) (avg., SD) 
Tanzania Longido, 1604-5059 62-544 6-10 7-42 3=25 
facet-grade (3300, 791) (403, 80) 7,1) (13, 7) 5, 4) 
(n=16) 
Longido, 1839-6235 350-868 5-8 9-130 2-4 
carving-grade (3760, 1185) (565, 151) 6, 0) (32, 31) 3, 0) 
(n=5) 
Winza, 161-1094 405-1596 4-11 0-118 0-1 
acet-grade (583, 295) (816, 276) 6, 1) (22,21) 1, 0) 
(n=14) 
Mozambique Montepuez, Mugloto, 506-1737 851-2034 5-12 11-50 2-7 
acet-grade (1167, 318) (1534, 243) 9, 1) (24, 10) 4,1) 
(n=14) 
Montepuez, Maninge Nice, 1886-4941 261-402 6-9 19-47 1-6 
acet-grade (2868, 813) (331, 30) 7; \) (31, 8) 3, 
(n=5) 
Madagascar Didy, 33-2698 533-1274 3-17 0-67 2-17 
acet-grade (440, 498) (856, 198) 8, 4) (13, 14) 5,4) 
(n=21 
Andilamena, 53-1569 559-1559 7-21 19-53 4-29 
acet-grade (403, 377) (1009, 253) (14, 4) (36, 7) (18, 7) 
(n=14 
Zahamena, 135-3922 284-1994 10-30 13-61 10-100 
acet-grade (1196, 874) (912, 249) (16, 4) (35, 8) U7, 1) 
(n=66 
Malawi Chimwadzulu, 269-1816 953-2760 5-15 10-39 1-10 
acet-grade (648, 377) (1697, 497) (8, 3) (21, 6) (5, 2) 
(n=18 


n = number of samples analyzed. On each sample, a minimum of three spots were measured. All the samples were facet grade except those from Longido, 


Tanzania, which included both facet and carving grades. 


banding, and reflective platelets (V. Pardieu et al., “Ru- 
bies from the Montepuez area, Mozambique,” GIA News 
from Research, Oct. 1, 2013). The most common inclu- 
sions were thin films (figure 2A), a combination of nee- 
dles and reflective platelets (figure 2B), and particle 
banding (figure 2C). In addition, dense particulate planar 
clouds were arranged mostly parallel to each other and 
associated with short and long needles (again, see figure 
2C). Internal growth zones (figure 2D) and twinning fea- 
tures were also found. Several types of crystals were iden- 
tified by Raman spectroscopy, including amphibole, 
mica, and feldspar. Undetermined opaque metallic inclu- 
sions were also observed. 

Various advanced analytical techniques were used to 
characterize the properties of the studied rubies. Fourier- 
transform infrared (FTIR) spectroscopy revealed strong ab- 
sorption features consistent with boehmite in all samples. 
Other minerals that are normally present in ruby, such as di- 
aspore or kaolinite, were not detected in the studied rubies. 

The trace element concentrations of these rubies were 
analyzed with laser ablation-inductively coupled plasma— 
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mass spectrometry (LA-ICP-MS) and compared to ruby 
from other East African sources (table 1). The rubies from 
Longido were extremely rich in Cr and fairly low in Fe 
compared to other African sources. The only East African 
deposit producing ruby with similar concentrations of 
chromophores is Maninge Nice in Mozambique, but the 
facet-grade material from Longido has lower magnesium 
content on average. Other deposits can be separated from 
Longido based on other trace elements (again, see table 1), 
although minor overlap cannot be excluded. 

While Longido is traditionally known for large ruby-in- 
zoisite specimens, facet-grade rough is also produced and 
can yield attractive gemstones. Chemical analysis revealed 
an extremely high chromium concentration in both facet- 
and carving-grade ruby. While the internal features of the 
rubies from Longido are quite similar to those of other 
African deposits, trace element composition can aid in pos- 
itively identifying their origin. 

Boodsakorn Kongsomart, Wim Vertriest, and 
Vararut Weeramonkhonlert 
GIA, Bangkok 
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Figure 3. A selection from Campbell Bridges’s tsavorite collection, displayed at the 2017 AGTA Tucson Gem 
Fair. This collection includes some of the most important pieces found in the past half century. Photo by 


Robert Weldon/GIA, courtesy of the Bridges family. 


Celebrating 50 years of tsavorite. The year 2017 marked 
the 50th anniversary of Campbell Bridges’s discovery of 
tsavorite. At the 2017 AGTA Tucson Gem Fair, the Smith- 
sonian Institution hosted a selection of historical pieces 
from Bridges’s personal collection to commemorate his 
life’s work (figure 3). 

Starting in the front row and proceeding from left to 
right, we begin with two crystals that are some of the first 
tsavorites Bridges discovered, near Komolo, Tanzania, in 
1967. These are among the first samples that were ana- 
lyzed to identify this new gemstone. 

Next, the tsavorite in matrix represents the 1970 dis- 
covery in Taita, Kenya, at Bridges’s GG3 mine. Also repre- 
sented from this location is a lovely tsavorite “thumbnail” 
unearthed in 1971. Some years prior, Bridges was engaged 
by Tiffany & Co. as a consultant. He was the first to bring 
tanzanite to the United States, and was credited with the 
discovery of tsavorite in Tiffany ads introducing the gem 
to the public in 1974 (figure 4). 

The three large tsavorite rough samples weighing more 
than 5 grams each were found in 1980 at a source Bridges 
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christened the Scorpion mine. The vibrant yet rich pure 
green to bluish green hue became a well-known character- 
istic of material from this mine. Over the following four 
decades, the Scorpion mine would prove to be the world’s 
most prolific producer of fine tsavorite. 

The next six rough pieces, weighing 5 to 25 grams, 
were recovered in 1992 from the famed Bonanza tunnel 
at the Scorpion mine. The Bonanza tunnel is the richest 
tsavorite-bearing reef zone at Scorpion and has yielded 
some of the finest pockets the world has seen. The “sad- 
dle reef structure,” a series of recumbent folds, is the 
characteristic geological feature identified by Bridges at 
the Scorpion mine. This distinctive structure has led to 
the mine’s rich and consistent production throughout its 
history. 

Rounding out the Scorpion mine material in the top left 
corner is an extremely rare terminated euhedral tsavorite 
crystal in matrix. As tsavorite occurs under very high pres- 
sures and temperatures, it is often highly fractured in rough 
form, making such an unblemished and well-formed spec- 
imen a remarkable occurrence. 
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There is an abundance of water throughout 
the area and, wherever practicable, over- 
burden is removed by sluicing. 

Gravels, one to four feet thick are mined 
by hand or excavator, and then transported 
to individual washing plants by endless 
rope haulage, or dump truck. Some 30 
mines are usually operated at a time, each 
complete with a washing plant, in which 
two stages of concentration by rotary pans 
are followed by further concentration in 
from these plants are 
brought to a central recovery section where 
the diamonds are extracted by grease tables. 
The average size of the diamonds is 5.36 
stones per carat and the grade of the 
gravels, which varies considerably, averages 
0.71 ct./cub.m. or 17 carats per 100 loads. 

In both Angola and Congo, Africans are 
trained in the skilled trades and operate all 
heavy machinery. Vast sums have been 
spent on welfare and education of the 
African over a considerable number of years 
with excellent results. 


jigs. Concentrates 


TANGANYIKA TERRITORY 

In Tanganyika, at Shinyanga, about 100 
miles due south of Lake Victoria, diamon- 
diferous gravels, three to six feet thick, ex- 
ist over a large area, underlain by granite. 
Below the gravels, in one area, either one 
large or several small, kimberlite pipes 
have been found, but their payability has 
not yet been established. 

At present gravels which are covered 
with two to three feet of overburden are 
mined. The removed by 
Carryall scraper and the gravels are loaded 


overburden is 


* The native African shown here 
Operates a grease table at the Tshi- 
kapa central plant in the Belgian 
Congo. 


SPRING 1952 


. 


by excavators into 15-ton Diesel trucks and 
brought to the treatment plants. 

There are two plants— a heavy media 
separation plant and a rotary pan plant, the 
concentrates from which are added to the 
feed of the heavy media plant. The concen- 
trates 
washed and screened and then hand sorted. 
The gravel is, said to yield 20 carats per 
100 loads. 


from the heavy media plant are 


SIERRA LEONE DEPOSITS 

In Sierra Leone, diamondiferous gravels 
occur in minor tributaries of rivers in an 
area some 300 miles inland from Freetown. 
The gravels are lateritic and overlie granite. 
They vary from two to five feet thick and 
are covered by two to 20 feet of over- 
burden. 

Several deposits are usually worked at a 
time, each being complete with a separate 
washing plant. Overburden is generally re- 
moved by excavator and deposited into 
mined-out areas. The gravels are then 
loaded by the same machine into small cars 
and transported the washing plant, 
which is similar to those used in Angola. 

Concentrates from all plants are sent to 
a central recovery plant where the diamonds 
are extracted on shaking grease tables. 
Some 66 per cent of the diamonds from 
these fields are of gem quality. The 
diamonds are small, running three to five 
stones per carat. The gravels yield 2.0 to 
2.5 carats per cubic yard, or 62.5 to 79 
carats per 100 loads. An occasional large 
gem diamond is found on these fields. 

(To be continued next issue) 


to 


In the top right corner, we have a tsavorite nodule in 
matrix that opens a window into the gem’s formation and 
its associated minerals. This nodule was extracted in its 
entirety from the Bonanza reef three decades ago and kept 
intact. 

On display (again, see figure 3) are tsavorite, surrounded 
in the matrix by tanzanite, calcite, pyrite, quartz, and 
graphite. Tsavorite and tanzanite can occasionally occur 
together, though their formation is separated by approxi- 
mately 100 million years. Tsavorite forms under prograde 
metamorphism and tanzanite under retrograde metamor- 
phism. 

Keeping guard on this tsavorite bounty are the name- 
sakes of the Scorpion mine. These pewter scorpions were 
directly cast from actual scorpions that patrolled the mine. 
Needless to say, it’s advisable to check your shoes in the 
morning... Also on display is one of Campbell Bridges’s 
earliest business cards, from 1967. 

In the top row are four extraordinarily fine, loupe-clean 
faceted gemstones. None of these were ever on public dis- 
play before the Tucson exhibit. The first is a lovely 25.10 
ct “mint” green grossular garnet, unearthed in 1971 from 
Bridges’s GG2 mine in Taita, Kenya. Interestingly, this 
color of mint green garnet has been found at all of the 
Bridges mines in Tanzania and Kenya over the decades. A 
strike may yield both richly colored high-chromium and 
vanadium-colored saturated tsavorite, as well as the far 
lighter, mint green garnet within the same pocket. This va- 
riety is most prevalent in Merelani, Tanzania, but also oc- 
curs near Komolo, Tanzania, as well as in Taita. While such 
material came from all three locations in the early years, 
it simply was not marketable back then. It was not until 
the 2000s that a real market for these garnets developed. 
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Figure 4. In this 1973 
photo, Campbell 
Bridges (right) dis- 
cusses tsavorite with 
Henry B. Platt, former 
president of Tiffany # 
Co. Photo courtesy of 
the Bridges family. 


Next is an exceptional 31.27 ct oval from Merelani 
with a vivid blue-green color. This tsavorite retains fantas- 
tic brilliance even in low lighting, while maintaining a suf- 
ficient level of saturation under strong lighting. 

Last but certainly not least are two tsavorite cushions. 
As to their origin, the Bridges family wishes to preserve an 
element of mystery. The 33.55 ct square cushion on the 
right is a loupe-clean gem exhibiting an exceptional blue- 
green color that is well saturated yet extraordinarily vivid. 
After a lifetime of dealing with tsavorite, the author con- 
siders this one of the finest examples ever produced be- 
tween 10 and 50 carats. 

The largest of the four faceted gemstones in this dis- 
play is a 58.52 ct cushion. It is another loupe-clean exam- 
ple representing the pinnacle of what is possible in 
tsavorite. It also exhibits a strong blue-green color that 
glows in any lighting environment. This is the finest tsa- 
vorite above 50 ct observed by this author. Given its one- 
of-a-kind nature, the Bridges family felt it most appropriate 
to name the gem the “Golden Jubilee” in honor of tsa- 
vorite’s 50th anniversary. 

As tsavorite and the legacy of Campbell Bridges cele- 
brate 50 years, the Bridges family wishes to thank the 
Smithsonian and the colored gemstone community for 
their support throughout the years. 


Bruce Bridges 
Bridges Tsavorite, Nairobi 


New azurite-malachite mixture from Peru. Green mala- 
chite, Cu,(CO,)(OH),, is very popular as an ornamental 
stone, with huge quantities coming every year from de- 
posits in the Katanga Province of the Democratic Republic 
of Congo. Blue azurite has a similar chemical composi- 
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Figure 5. This polished vein of azurite with malachite 
and chrysocolla mined from Cochapata measures 8.5 
cm wide. Photo by J. Hyrsi. 


tion, Cu,(CO,),(OH),, but is much more rare. Cabochons 
of pure azurite are usually quite dark and not very attrac- 
tive. A blend of the two is much more appealing for jew- 
elry, but this combination is seldom found. Attractive 
azurite-malachite mixtures are known mainly from old 
finds in Bisbee and Morenci, both in the US. state of Ari- 
zona. There was also a find of malachite-azurite-gypsum 
mixture from Peru’s Moquegua region in 2012 (J. Hyr&l, 
“Malachite-azurite from Peru,” Journal of Gemmology, 
Vol. 34, No. 7, 2015, p. 564). 

Another new azurite-malachite mixture appeared in 
2016 and was originally described as from Puno, in south- 
eastern Peru. In fact, it is from Cochapata, in the Cotabam- 
bas Province about 50 km southwest of Cuzco, situated in 
high mountains. According to a dealer who visited the lo- 


Figure 6. These azurite-malachite cabochons, fash- 
ioned from Cochapata material, measure up to 31 
mum. Photo by J. Hyrs1. 
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Figure 7. A cross-section of a 25-mm-wide malachite 
double stalactite from Cochapata. The stalactite on 
the right shows malachite with an azurite center. 
Photo by J. Hyrsl. 


cality, there are several outcrops of oxidized copper veins 
on a steep hill exploited by artisanal miners. The veins are 
up to about 20 cm wide, but the parts most useful for cut- 
ting are usually only a few centimeters wide. Several tons 
of the rough have already been sold in Lima to foreign deal- 
ers, with the largest piece weighing 80 kg. 

Deep blue azurite is the main mineral found today in 
Cochapata, accompanied by light green malachite and, less 
commonly, light blue chrysocolla (figure 5). The most at- 
tractive specimens have malachite with a banded struc- 
ture, but some possess a brecciated structure (figure 6). The 
rarest samples are stalactites of malachite up to 5 cm in 
length. Some were sliced perpendicular to the elongated 
growth direction to prepare very attractive stones with an 
agate-like structure (figure 7). 


Jaroslav Hyrsl (hyrsI@hotmail.com) 
Prague 


DIAMONDS 


Two natural type Ila diamonds with strong phosphores- 
cence and Ni-related defects. Strong phosphorescence under 
UV excitation is rarely seen in natural diamond and nor- 
mally limited to hydrogen-rich type Ia or type IaA/Ib 
chameleons and type IIb diamonds (T. Hainschwang et al., 
“A gemological study of a collection of chameleon dia- 
monds,” Spring 2005 GwG, pp. 20-35; S. Eaton-Magana 
and R. Lu, “Phosphorescence in type Ib diamonds,” Dia- 
mond and Related Materials, Vol. 20, No. 7, 2011, pp. 983— 
989). When seen in other diamond types, an even rarer 
occurrence, it is shorter and less intense. Recently, the Na- 
tional Gemstone Testing Center (NGTC) in Beijing encoun- 
tered two natural diamonds that showed extraordinarily 
strong blue phosphorescence and uncommon fluorescence 
colors under the DiamondView. 
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The diamonds weighed 0.18 and 0.30 ct and were both 
graded as E color. Both were type Ila, with neither nitrogen 
absorption between 1100 and 1400 cm nor boron-related 
absorption in their infrared spectra. Magnification and ex- 
amination with a standard UV lamp showed no abnormal 
phenomena for natural type Ila diamonds. Instead of the 
deep blue fluorescence and inert phosphorescence that nat- 
ural type Ila diamonds typically show in DiamondView 
imaging, the 0.18 ct diamond emitted unevenly distributed 
grayish blue fluorescence and strong blue phosphorescence, 
similar to that of a colorless HPHT synthetic diamond. 
The 0.30 ct diamond displayed vivid red fluorescence and 
strong blue phosphorescence, which is unusual for a natu- 
ral colorless to near-colorless diamond (figure 8). Red fluo- 
rescence is rare in natural type Ila diamond and seldom 
reported (Summer 2016 Lab Notes, pp. 189-190). 


PL SPECTRA 
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Figure 8. DiamondView 
images of two unusual 
diamonds (0.18 and 0.30 
ct, respectively). Left: 
Unevenly distributed 
grayish blue fluorescence 
and strong blue phospho- 
rescence. Right: Vivid red 
fluorescence, strong blue 
phosphorescence, and a 
dislocation network can 
be seen in the table. Im- 
ages by Shi Tang. 


Photoluminescence (PL) spectra collected with 532 nm 
laser excitation at liquid nitrogen temperature revealed 
something even more interesting. Along with the GR1 
center emission at 741 nm typically seen in natural type 
Ila diamonds, the 883.0/884.7 nm doublet that is related 
to nickel impurity appeared in both samples’ PL spectra 
(figure 9). This doublet, often referred to as the “1.40 eV 
center,” is frequently seen in the {111} growth sectors of 
HPHT synthetic diamonds produced using Ni-based sol- 
vents/catalysts. Ni-related defects are more often seen in 
natural chameleon and greenish yellow diamonds (W. 
Wang et al., “Natural type Ia diamond with green-yellow 
color due to Ni-related defects,” Fall 2007 GWG, pp. 240- 
243; Summer 2014 Lab Notes, pp. 151-152) but seldom 
found in colorless to near-colorless natural diamonds (e.g., 
Spring 2017 Lab Notes, pp. 95-96). For natural diamonds 


— 0.30 ct sample 
— 0.18 ct sample 


Figure 9. PL spectra of 
the two samples with 
532 nm laser excitation. 
Both showed weak Ni- 
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Figure 10. The PL spec- 
trum of the 0.30 ct sam- 
ple emitted with a 532 
nm laser, at higher exci- 
tation energy. The NV° 
center peak is saturated, 
and emissions at 648 and 
776 nm are clearly seen. 


Ni-related 
883.0/884.7 nm 


WAVELENGTH (nm) 


with such strong phosphorescence, the presence of Ni-re- 
lated emissions is unusual. 

The PL spectrum of the 0.30 ct sample also presented 
an extremely strong NV center at 575 nm, compared to the 
diamond emission at 572 nm, which explained the reddish 
fluorescence in the DiamondView image. In each sample’s 
PL spectrum, the relative intensity of NV° (575 nm) is sig- 
nificantly stronger than that of NV- (637 nm). 

Furthermore, when we exposed the 0.30 ct sample to 
higher-energy excitation with the 532 nm laser to reveal 
more subtle features, the PL spectrum showed moderately 
strong emissions at 648/649 nm and 776 nm (figure 10). 
According to previous research, PL peaks at 648.2 and 
776.4 nm are associated with boron in phosphorescing type 
Ib natural diamonds (Eaton-Magana and Lu, 2011). Later 
studies ascribed the 648.2 nm defect to a boron-interstitial 
complex, while the 776.4 nm peak was assigned to a B-V 
complex (S. Eaton-Magana and T. Ardon, “Temperature ef- 
fects on luminescence centers in natural type IIb dia- 
monds,” Diamond and Related Materials, Vol. 69, 2016, 
pp. 86-95). These emissions may partly explain the strong 
phosphorescence of the 0.30 ct sample. Since they were not 
detected in the 0.18 ct sample, which also exhibited strong 
phosphorescence—the same is true of other phosphores- 
cent natural Ila diamonds the authors have encountered 
before—this cannot be the full explanation. 

Despite the synthetic-like luminescence color in Dia- 
mondView imaging and the Ni-related emissions in the PL 
spectra, the samples’ Fourier-transform infrared (FTIR) 
spectra, UV-visible spectra, PL spectra, features observed 
under the crossed polarizing microscope, and UV reaction 
indicated that they are not of synthetic origin. These two 
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samples demonstrated the diversity of luminescence and 
spectral features found in natural diamond. Their identifi- 
cation also highlights the importance of a comprehensive 
understanding of diamond origin. 


Shi Tang (tangs@ngtc.com.cn), Zhonghua Song, 
Taijin Lu, Jun Su, and Yongwang Ma 
NGTC, Beijing 


Interesting growth structure in black diamond. The color 
of most black diamonds is attributed to graphite micro- 
inclusions or metallic inclusions (S.V. Titkov et al., “An 


Figure 11. This 1.03 ct opaque round brilliant cut 
with a striking pattern of micro-inclusions was iden- 
tified as a black diamond. Photo by Yujie Li. 
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Figure 12. The “double cross” pattern seen in the 
black diamond. This pattern showed that the small 
inclusions were restricted to certain sectors, indicat- 
ing that the diamond crystallized through two sepa- 
rate processes. Photo by Yujie Li; field of view 
approximately 4 mm. 


investigation into the cause of color in natural black dia- 
monds from Siberia,” Fall 2003 G#G, pp. 200-209), and it 
is rare to see dense clouds of micro-inclusions producing a 


Figure 13. The pattern as seen in the DiamondView. 
The well-developed cuboid growth sectors exhibited 
yellowish green fluorescence, while the poorly devel- 
oped octahedral growth sectors were inert to the 
short-wave UV light. The DiamondView also re- 
vealed a mixed-habit growth structure. 
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black appearance (see Spring 2007 Lab Notes, pp. 52-53). 
Since November 2016, the National Gemstone Testing 
Center (NGTC) in Shanghai has routinely received large 
quantities of polished black diamonds. One such stone, a 
1.03 ct opaque round brilliant (figure 11) that we believed 
to have been heat treated, had a striking pattern of micro- 
inclusions we had never seen before. 

Microscopic observation revealed a “double cross” pat- 
tern arising from an abundance of pinpoint-like gray inclu- 
sions restricted to certain sectors of the diamond (figure 12). 
The outer black cross was oriented in the same direction as 
the inner pale cross. The inclusions’ crystalline forms were 
too small to resolve at 40x magnification. These small in- 
clusions absorbed a large proportion of the light entering the 
diamond, causing the black appearance. The FTIR absorp- 
tion spectrum confirmed the diamond was type IaAB and 
H-rich, with nitrogen-related absorption from 1000 to 1500 
cnr, a graphite-related peak at 1582 cm, and H-related IR 
peaks at 1405, 2785, 3050, 3107, 3154, 3236, 4169, and 4496 
cm. We confirmed that the pinpoint-like inclusions were 
graphitized hydrogen clouds (see P. Johnson et al., “Hydro- 
gen rich treated black diamonds,” poster presentation at Ge- 
ological Society of America 2016 annual meeting). 

When observed in the high-energy short-wave UV ra- 
diation of the DiamondView (figure 13), the bulk of this 
black diamond displayed moderate yellowish green fluo- 
rescence. Four small areas were basically inert to UV radi- 
ation; these also corresponded to the dark cross. 

The unique double cross pattern and the DiamondView 
image revealed an interesting growth structure. The dia- 
mond apparently underwent two distinct phases of growth, 
with each phase forming a cross developing from separate 
mixed-habit growth with contemporaneous cuboid and oc- 
tahedral sectors. The well-developed cuboid growth sectors 
contained regions with cloud-like light scattering that 
caused the black parts; very poorly developed octahedral 
growth sectors with a small amount of inclusions formed 
the light cross. The cuboid growth sectors exhibited yel- 
lowish green fluorescence, while the inclusion-poor octa- 
hedral sectors were inert to the short-wave UV light. 

The interesting pattern of inclusions and distinctive 
growth features of black diamonds such as this one needs 
more attention. 

Contributors’ note: This study was supported in part by 
the National Natural Science Foundation of China (grants 
41473030 and 41272086). 


Yujie Li, Hui Xu, Taijin Lu, Zhikun Hu, 
and Xinming Wang 
NGTC, Shanghai 


The Foxfire diamond, revisited. The largest gem-quality 
rough diamond found in Canada, reported earlier in Gems 
# Gemology (Summer 2016 GNI, pp. 188-189), has re- 
vealed remarkable responses to excitation with long- and 
mid-wave UV light. This 187.63 ct diamond (figure 14) 
was extracted from the Diavik mine in the Canadian Arc- 
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Figure 14. The 187.63 ct Foxfire rough diamond. 
Photo by Jeffrey Post. 


tic in the spring of 2015. Aptly named for the aurora bore- 
alis, the “Foxfire” displays unusual fluorescence and phos- 
phorescence behavior upon exposure to ultraviolet light. 
As previously reported, this type Ia diamond has a high 
concentration of nitrogen impurities, a weak hydrogen-re- 
lated absorption at 3107 cm, and typical “cape” absorp- 
tion lines. 

Exposing this stone to the near-band-gap ultraviolet light 
of the DiamondView instrument (about 210 nm) and short- 
wave UV (253.7 nm) results in only very weak fluorescence 
and phosphorescence, as reported earlier. However, exposure 
to mid- and long-wave UV (313 nm and 365.0 nm, respec- 
tively) produces extremely strong blue fluorescence and 
strong, long-lived orangish phosphorescence (figure 15). 

Another surprising result of exposing the Foxfire dia- 
mond to UV light is a noticeable color change from very 
pale yellow to a light brown color (figure 16). Fortunately, 


the diamond reverts to its original color in a matter of min- 
utes in ambient room lighting. 

We further examined the spectral characteristics of the 
UV-excited phosphorescence emission with the spectrome- 
ter previously used to study phosphorescence from the Hope 
and other colored diamonds (S. Eaton-Magania et al., “Fluo- 
rescence spectra of colored diamonds using a rapid, mobile 
spectrometer,” Winter 2007 GWG, pp. 332-351, S. Eaton- 
Magana et al., “Using phosphorescence as a fingerprint for 
the Hope and other blue diamonds,” Geology, Vol. 36, No. 
1, 2008, pp. 83-86]. In the present experiments, the UV light 
sources employed were mineralogical short-, mid-, and long- 
wave UV lamps. Figure 17 displays the spectral emission be- 
tween 350 and 1000 nm (approximately 10 nm resolution) 
as a function of time after turning off the UV light. The most 
intense emission resulted from long- and mid-wave UV ex- 
citation, while phosphorescence excited by short-wave UV 
was extremely weak. 

The spectra of the “orange” phosphorescence reported 
above are unusual and distinct from those of other natural 
and lab-grown phosphorescent diamonds we have exam- 
ined. We speculate that the primary mechanism for phos- 
phorescence in diamonds is light emission resulting from 
recombination of electrons trapped at ionized donors and 
holes trapped at ionized acceptors that are in close proximity 
to one another. The long time delay results from the thermal 
movement of the trapped electrons or holes to retrap close 
enough to one another (PJ. Dean et al., “Intrinsic and extrin- 
sic recombination radiation from natural and synthetic alu- 
minum-doped diamond,” Physical Review, Vol. 140, No. 
1A, 1965, p. A352-A386; B. Dischler et al., “Diamond lumi- 
nescence: Resolved donor-acceptor pair recombination 
lines,” Diamond and Related Materials, Vol. 3, 1994, pp. 
825-830). In the case of the Foxfire, we cannot identify as 
yet the nature of either the acceptors or donors involved. 

Similarly, the phenomenon of the observed color change 
from light yellow to light brown with UV excitation and the 


Figure 15. Left: The Foxfire diamond, photographed in daylight-equivalent lighting. Center: The fluorescence ex- 
hibited in a darkened room while the diamond was exposed to long-wave UV. Right: The phosphorescence shown 
in a darkened room immediately after extinguishing long-wave UV excitation. Photos by Jeffrey Post. 
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reversal to light yellow has no detailed explanation yet. Such 
color changes, or sometimes a lightening of color, are often 
observed in natural diamonds. It is speculated that these are 
due to charge transfer between various defects (donor or ac- 
ceptor states) within diamond. Diamond is inherently an in- 
sulator where electric charges move very slowly and their 
motion depends on the nature of the defects present, the 
temperature of the diamond, and its exposure to light. For 
an interesting discussion, see K.S. Byrne et al., “Chameleon 
diamonds: Thermal processes governing luminescence and 
a model for the color change,” Diamond and Related Ma- 
terials, Vol. 81, 2018, pp. 45-53. 


James E. Butler and Jeffrey E. Post 
Smithsonian Institution, 

National Museum of Natural History 
Washington, DC 

Wuyi Wang 

GIA, New York 


TREATMENTS 


Coated beryl imitating emerald. Two major issues related 
to emerald are origin determination and the presence and 


Figure 16. The Foxfire 
under ambient room 
lighting, before (left) 
and just after exposure 
to long-wave UV light 
(right). Photos by Jef- 
frey Post. 


quantity of fillers. An emerald’s value depends in part on 
the quality of the stone and treatments applied, so exami- 
nation with a gemological microscope is an essential part 
of any analysis. 

A pair of earrings (figure 18, top) weighing a total of 84.06 
grams was submitted to the Lai Tai-An Gem Lab for identi- 
fication. The earrings consisted of numerous green drilled 
briolettes with a vitreous luster. The client, who claimed 
they were natural emeralds, granted permission to remove 
one piece to aid in identification. Testing gave a spot RI of 
1.57, an SG of 2.67, and an inert reaction to both short-wave 
and long-wave UV, consistent with beryl. Microscopic ob- 
servation revealed liquid, crystal, and two-phase inclusions 
(figure 18, bottom). Infrared and Raman spectroscopy indi- 
cated that the loose stone, along with the similar stones still 
in the earrings, were beryl. Epoxy peaks at 3056, 3037, 2964, 
2931, and 2872 cm were obtained by FTIR spectroscopy 
(figure 19). However, the green color was unusual in that it 
appeared to be concentrated on the surface, which was con- 
firmed by additional testing. 

Magnification with diffused illumination clearly 
showed concentrated patches of green color with “color- 
less” boundaries (figure 20, left), as often seen in diffusion- 


Figure 17. Phosphorescence emission vs. time after extinguishing long-wave (left), mid-wave (center), and short- 


wave UV excitation (right). 
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Figure 18. Top: The drilled green briolettes mounted in 
the pair of earrings submitted for identification. Bottom: 
Fluid inclusions, crystals, and two-phase inclusions 
proved the stones’ natural origin; field of view 2.6 mm. 
Photos by Lai Tai-An Gem Lab. 


treated stones such as corundum. Further observation by 
scanning electron microscopy (SEM) indicated a coating on 
the faceted surface (figure 20, right). DiamondView imag- 
ing revealed the fluorescence reaction of the underlying 


Figure 20. Left: Magnification with diffused illumina- 
tion clearly showed the concentrated green areas of 
the coating and the boundaries of the underlying host 
beryl. Photomicrograph by Lai Tai-An Gem Lab; field 
of view 4.4 mm. Right: An SEM image from the speci- 
men. The area labeled A shows the coated layer on 
the surface, while B shows facet boundaries without 
coating. 
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Figure 19. FTIR spectroscopy showed epoxy peaks at 
3056, 3037, 2964, 2931, and 2872 cnr". 


host beryl where the coating had been worn away at the 
facet junctions: When exposed to the ultra-short-wave UV 
of the DiamondView, the “colorless” areas reacted with a 
strong orange fluorescence (figure 21). UV-Vis-NIR spectra 
revealed differences between the test stone and a reference 
emerald. While emerald normally exhibits Cr**-associated 
main absorption bands at approximately 620 and 430 nm, 
the examined samples showed strong absorption bands at 
approximately 680 and 360 nm, as well as weaker bands at 
620 and 430 nm (figure 22} 

Coatings have been applied to various gemstones for 
decades, and most of the time they are easy to identify. Al- 
though this identification was not particularly challenging, 
it does show the importance of thoroughly examining jew- 
elry in case treated stones have been incorporated into the 
design. 

Larry Tai-An Lai (service@laitaian.com.tw) 
Lai Tai-An Gem Laboratory, Taipei 


Filled pearl with surface features. Pearl cultivation has 
been carried out for more than a century, with newer tech- 


Figure 21. DiamondView imaging showed where 
the coating had been worn away at the facet junc- 
tions. The colorless areas reacted with a strong 
orange fluorescence after exposure to the short-wave 
UV radiation. 
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Figure 22. UV-Vis-NIR spectra show the differences 
between a reference emerald, which exhibits signifi- 
cant Cr**-associated main absorption bands at ap- 
proximately 620 and 430 nm only (red trace), and the 
examined sample, which contains absorption bands 
at approximately 680 and 360 nm in addition to the 
620 and 430 nm bands (green trace). 


niques supplying the trade with larger and more consis- 
tently round freshwater and saltwater pearls. While natural 
pearls are seldom perfectly round, their rarity makes them 
desirable nevertheless. The Lai Tai-An Gem Lab recently 
had the chance to examine a specimen that was purchased 
by the client as a “natural white pearl” (figure 23) while 
traveling in the Philippines. 


Figure 23. This 20.60 ct specimen was purchased by 
the client as a “natural white pearl.” Photo by Lai 
Tai-An Gem Lab. 
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Figure 24. Two fillings displayed a coarse appearance 
and lower luster that differed from the rest of the pearl. 
Photomicrographs by Lai Tai-An Gem Lab; fields of 
view 11.5 mm (left) and 8.6 mm (right). 


The white baroque pearl measured 20.0 x 19.0 x 13.3 
mm and weighed 20.60 ct, with an SG of 2.60. It exhibited 
pink overtone. Long-wave UV produced a strong chalky 
blue reaction. Magnification revealed the typical overlap- 
ping platelet structure expected for nacreous pearls, but 
two abnormal surface features were also observed. These 
two areas displayed a coarse appearance and lower luster 
that differed from the rest of the pearl (figure 24). 

We further analyzed the abnormal surface features to 
gather more data for future reference. DiamondView im- 
aging showed a noticeable difference between the nacreous 
areas and the filled portions (figure 25). Raman analysis of 
the surface features revealed epoxy peaks at 635, 1108, and 
1604 cnr! and aragonite peaks at 1084 and 701 cm (figure 


Figure 25. The two filled portions of the pearl, shown 
in visible light (left images) and the DiamondView 
(right images). The DiamondView reaction showed a 
noticeable difference between the nacreous areas and 
the filled portions of the pearl. 
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Figure 26. Raman analy- 
sis of the pearl revealed 
epoxy peaks at 635, 
1108, and 1604 cnr! and 
aragonite peaks at 701 
and 1084 cnr*. 
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26). These were consistent with results from FTIR re- 
flectance spectrometry that showed calcium carbonate in 
the form of aragonite, with peaks at approximately 878 and 
1484 cm". 

X-radiography (figure 27) proved this was a bead-cul- 
tured pearl with a pre-drilled nucleus typically used in 
freshwater pearl cultivation. The filling was very shallow 
due to the presence of mother-of-pearl (not visible). Energy- 
dispersive X-ray fluorescence (EDXRF) analysis detected 


Figure 27. X-radiography proved this was a bead-cul- 
tured pearl. The filling was very shallow due to the 
presence of mother-of-pearl (not visible). Image by Lai 
Tai-An Gem Lab. 
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higher levels of manganese, confirming the pearl’s fresh- 
water origin. The result came as a surprise to the client, 
who was expecting confirmation of a natural pearl. Such 
coatings and fillings, which we have seen before, show the 
importance of obtaining a reliable laboratory report when 
purchasing such a large pearl. 


Larry Tai-An Lai (service@laitaian.com.tw) 
Lai Tai-An Gem Laboratory, Taipei 


Update on dyed hydrophane opal. Dyed purple opals first 
appeared in the gem trade in 2011 (N. Renfro and S.F. Mc- 
Clure, “Dyed purple hydrophane opal,” Winter 2011 G&G, 
pp. 260-270). Recently, the authors became aware of sim- 
ilar material with vibrant blue and pink bodycolors (figure 
28). From 2015 to 2017, a jewelry designer reportedly pur- 
chased over 500 carats of vivid pink and blue opals from a 
dealer she met at a small regional gem show in California. 
The dealer did not disclose that the material was dyed and 
claimed that these intense colors were from a new opal dis- 
covery in Mexico. This kind of misrepresentation could 
damage consumer confidence in all opals. 

In July 2017, author EB received the two opals in figure 
28 for examination. After determining that they were 
likely color treated, he sent both samples to GIA’s Carlsbad 
lab for further testing. With permission from the owner, 
each opal was cut in half to obtain a control sample and a 
test sample. The test samples (one blue and one pink) were 
soaked in acetone and hydrogen peroxide solutions to de- 
termine if their colors were stable. These two opals were 
carefully examined and, like the dyed purple material from 
2011, were consistent with hydrophane opal from Ethiopia 
that had been dyed. Both stones displayed a “digit pattern” 
play of color (B. Rondeau et al., “On the origin of digit pat- 
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Richard 7. Liddicoat, Jr. 
Appointed Uirector 
of GLA. 


Appointment of Richard T. Liddicoat, 
Jr., as Director of the Gemological Institute 
of America, to succeed Robert M. Shipley, 
founder, has been announced by G.I.A.’s 
Chairman of the Board, John S. Kennard. 

The new director joined the Institute 
staff in 1940 as Assistant Director of Edu- 
cation. After serving in the U. S. Navy for 
three years, he returned to the G.I.A. as 
Director of Education early in 1946. In 
1948, when Robert M. Shipley announced 
his intentions to retire, he appointed 
Richard Liddicoat Assistant Director of the 
G.IL.A. and delegated to him general admin- 
istrative duties. At the same time he was 
made actively responsible for the develop- 
ment, advancement, and successful operanon 
of the educational and research departments 
of the Institute. 

In January 1949 Liddicoat’s responsibil- 
ities were further extended when the G.I.A. 
Operating Committee asked him to direct 
the expansion of the Institute’s branch and 
laboratory in New York. When the Gem 
Trade Laboratory was turned over to the 
G.LA. in September of the same year, it 
became Liddicoat’s responsibility to integrate 
the facilities of the two laboratories. He re- 
turned to Los Angeles in February 1950 to 
continue his administrative duties and to 
direct the acceleration of the continuous 
program of modernization and expansion of 
the courses of the Institute. 

In his future direction and operation of 
the G.1.A., Director Liddicoat is fortunate 
to have the assistance of capable department 
heads, all of whom have worked closely with 
him during the last few years of the Insti- 
tute’s expansion and progress. 


Richard T. Liddicoat, Jr. 


Richard T. Liddicoat, Jr. received his 
bachelor’s degree in geology and his mas- 
ter’s in mineralogy from the University of 
Michigan where he was also Assistant in 
Mineralogy for three years before coming to 
the G.LA. The new director of the Gemo- 
logical Institute is well known to readers of 
GEMS & GEMOLOGY through his techni- 
cal articles which have appeared in this pub- 
lication, as well as through his annual pre- 
sentation of the educational sessions of con- 
claves of the American Gem Society. His 
sincere interest and understanding of the 
problems of students and other jewelers, 
coupled with his many years working with 
the retiring director, have well equipped 
him to direct the future activities of the 
Gemological Institute. 
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Figure 28. These two opals (21.75 and 15.12 ct) were 
represented as natural-color blue and pink opal from 
Mexico. Photo by Robison McMurtry. 


terns in gem opal,” Fall 2013 GwG, pp. 138-146). They 
also showed small spots of saturated color at the surface, 
consistent with dye (figure 29). 

Both stones were soaked in acetone to collect some of 
the dye material for color spectroscopic analysis. The ace- 
tone with residual dye was measured and artificially con- 
centrated by a factor of 20 by multiplying the very low 
absorption values measured. The measurements produced 
a spectrum consistent with an organic dye, characterized 
by broad band absorption features in both the pink and blue 
samples (figure 30). The absorption measurements were 


then converted to transmission spectra using GRAMS/AI 
spectroscopy software by Thermo Fisher Scientific. Color 
space coordinates were calculated from the transmission 
spectra and plotted as a color swatch. The hues produced 
were consistent with the bodycolor of each opal, confirm- 
ing that the spectra represent the organic dye component 
(figure 30, inset). 

The two samples were further tested to see if they 
could be restored to their original non-dyed state. As re- 
ported by Renfro and McClure (2011), soaking dyed purple 
opal in a solution of hydrogen peroxide removed the purple 
color. These new pink and blue samples were sliced in half 
and one piece of each sample was soaked in 3% hydrogen 
peroxide for up to two weeks. Their color saturation was 
significantly reduced, with the blue half turning white and 
the saturated pink half becoming very light pink (figure 31). 
It is possible that more time in the solution would have 
further reduced the pink color. Note that even though the 
samples lost their color, the dye molecules were not re- 
moved. But the hydrogen peroxide had oxidatively decom- 
posed the dye into different molecules that did not absorb 
visible light and therefore could no longer impart color on 
the opals. Soaking dyed stones in hydrogen peroxide may 
be an effective way to remove the observed color in dyed 
opals, returning them to their natural appearance. In our 
experience, however, there is a risk of cracking when any 
hydrophane opal is immersed in a liquid. 

Acetone allowed the removal of enough dye for spec- 
troscopic analysis, proving that the coloring agent is an or- 
ganic dye. While soaking the opals in acetone did not seem 
to greatly affect their color, soaking them in a hydrogen 
peroxide solution for several weeks removed the artificial 
color almost entirely. Upon further examination, we deter- 
mined that they were originally hydrophane opals with a 
white bodycolor, likely from Ethiopia, that were color 
treated using an organic dye. These findings reaffirm the 


Figure 29. Both the blue and pink opal showed dye color concentrations around pits and scratches on the surface, 
consistent with hydrophane opal that has been artificially dyed. Photomicrographs by Nathan Renfro; fields of 


view 2.34 mm (left) and 1.99 mm (right). 
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importance of treatment disclosure in the trade. A few un- 
scrupulous industry members could compromise the rep- 
utation of dealers selling natural opal as well as those 
properly disclosing treated material to their customers. 


Edward Boehm 
RareSource, Chattanooga, Tennessee 


Nathan Renfro 
GIA, Carlsbad 


Figure 31. The blue and pink opals were confirmed to 
be dyed hydrophane opal, likely from Ethiopia. Half 
of each stone has been bleached using 3% hydrogen 
peroxide solution. Photo by Robison McMurtry. 
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Figure 30. The absorp- 
tion spectra of the dyes 
were collected by first 
soaking the opals in 
acetone to remove 
some of the dye mate- 
rial. Color swatches 
were then calculated 
from measurements of 
the dye molecules sus- 
pended in acetone to 
produce the color 
swatches for reference 
(inset). These swatches 
were consistent with 
the observed bodycolor 
of each opal. 
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CONFERENCE REPORTS 


GSA 2017 annual meeting. The Geological Society of 
America (GSA) held its annual meeting October 22-25 in 
Seattle. For the fifth year, GIA hosted technical sessions 
on gemological research in the 21st century. More than 30 
researchers, students, and gem experts from multiple in- 
stitutions shared their most recent research results (figure 
32). 

Invited speaker Evan Smith (GIA, New York) presented 
the diamond inclusion suite study he carried out over the 
past two years. Following his paper published in Science on 
type Ia Cullinan-like, large, inclusion-poor, pure, irregular, 
resorbed (CLIPPIR) diamonds, Dr. Smith investigated in 
situ mineral phases in more than 20 extremely rare type IIb 
diamonds selected from GIA’s day-to-day grading opera- 
tions. The identified inclusions indicated that type IIb dia- 
monds can originate from the lower mantle, at depths 
beyond 660 km. This surprising result refuted the well-ac- 
cepted view that almost all superdeep diamonds are small 
and not of gem quality. Nancy McMillan (New Mexico 
State University) talked about the diamond provenance 
study she performed with Catherine McManus (Materialyt- 
ics, Killeen, Texas). To ease consumer concerns about con- 
flict diamonds, they conducted multivariate analysis of 
laser-induced breakdown spectroscopy (LIBS) on diamonds 
from various origins as well as synthetic diamonds. The in- 
formation provided by LIBS on trace element composition 
and the electronic structure of atoms in diamonds aided in 
provenance determination. Through infrared (IR) mapping, 
Sally Eaton-Magania (GIA, Carlsbad) and her colleague Troy 
Ardon documented the spatial changes of the optical defect 
center B° (uncompensated boron) in two type IIb diamond 
samples: One specimen was irradiated along an edge and 
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then annealed, while the other was only annealed. The ir- 
radiated diamond showed an obvious gradient in B° across 
the specimen itself and larger gradient changes during an- 
nealing compared to the other sample. These were caused 
by changes in compensating defects, which were then plot- 
ted by photoluminescence (PL) mapping. 

The following three presenters from the University of 
Alberta shared their intriguing diamond formation research. 
Mandy Krebs offered trace element data of fluids trapped in 
gem-quality diamonds and compared them to those in fi- 
brous diamonds that have been extensively studied. The re- 
sults showed clear similarities in trace element patterns in 
both categories, which indicates that fibrous diamonds and 
gem diamonds may share a common origin. Rebecca Stone 
reported on diamond growth in saline fluid. She and her col- 
leagues carefully documented diamond growth features 
under different salinities using a mixed KCI-NaCl brine sys- 
tem within the diamond stability field. Their series of ex- 
periments showed that Na-rich brine is a better medium 
for diamond growth than K-rich or Na+K mixed brines. 
Robert Luth discussed the partial melting mechanism fa- 
cilitating diamond formation. He noted that the amount of 
diamond formed during this process depends on the lithol- 
ogy being melted and the composition of the fluid. The ori- 
gin of the C-bearing fluid was also explored. 

Following the diamond research presentations, invited 
speaker Darrell Henry (Louisiana State University) started 
the colored stone session with a talk on gem tourmaline. 
He pointed out that tourmaline is a very sensitive mineral 
that can incorporate and retain chemical and textural fin- 
gerprints from its environment. Paraiba, Paraiba-like, liddi- 
coatite, and “chrome” tourmaline were used to illustrate 
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Figure 32. Presenters, 
session advocates, and 
senior executives from 
GIA at GSA’s annual 
meeting in Seattle. 
Photo by Tao Hsu. 


“4 Challenges 


Oppor tunities. 


this mineral’s incredible scientific value. Aaron Palke (GIA, 
Carlsbad) discussed his recent findings on demantoid gar- 
net’s coloration mechanism. The existing theory attributes 
the brown coloration of this gem to intervalence charge 
transfer between Fe” and Ti* or Fe**. Dr. Palke challenged 
this interpretation based on recent spectroscopic results 
showing insufficient Fe? in demantoid to justify this mech- 
anism. Philippe Belley (University of British Columbia) ad- 
dressed the challenges of modeling spinel deposits. His 
potential solutions are based on detailed petrographic and 
geochemical studies on 14 samples from exceptionally well- 
exposed in situ spinel occurrences on Baffin Island in 
Nunavut, Canada. Donald Lake (University of British Co- 
lumbia) compared two beryl occurrences in northern 
Canada with Colombian emerald deposits. He pointed out 
that in terms of formation environment, these potential 
emerald deposits are the first “Colombian-type” sources 
outside Colombia. Rachelle Turnier (University of Wiscon- 
sin—Madison) presented her study on oxygen isotope frac- 
tionation factors in corundum. Oxygen isotope ratios are 
important to understanding corundum genesis and origin 
determination. This study empirically calibrated the calcite- 
corundum oxygen isotope fractionation factor from the 
metamorphosed karst-bauxite deposits at Naxos, Greece. 
GIA’s Jennifer Stone-Sundberg closed this portion of the ses- 
sion with a presentation on matrix-matched corundum 
standards development. She explained the importance of 
these newly developed standards in accurately determining 
trace element concentration and elaborated on the advan- 
tages of these standards over other commonly used products. 

This year’s poster session attracted 18 presenters, triple 
the number from last year (figure 33). Daniel Howell (Uni- 
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versity of Padua) presented new applications of DiaMap 
software in automated and semi-automated mapping of 
single substitutional defects (N and B) and micro-inclusion- 
bearing diamonds. Paul Johnson (GIA, New York) reported 
the first observation of nickel as the cause of the green 
color of an HPHT synthetic diamond. Nickel is commonly 
used in the metal flux that produces HPHT synthetic dia- 
mond, but it rarely contributes to diamond coloration. 
Tyler Sundell (Missouri State University) evaluated the vi- 
ability of in situ 8'*C measurement in diamonds using 
time-of-flight secondary ion mass spectrometry (ToF- 
SIMS). Tingting Gu (GIA, New York) shared her study on 
micro- and nano-inclusions containing both N and Fe in 
type IaB diamonds. Kyaw Soe Moe (GIA, New York) pre- 
sented the identification features of irradiated and annealed 
pink diamonds using IR spectroscopy and DiamondView 
imaging. Elizabeth Levy (Louisiana State University) ex- 
plained how to directly measure Fe? and Fe** concentra- 
tion in tourmaline crystals using synchrotron-based X-ray 
absorption near-edge spectroscopy (KANES). Cole Mount 
(New Mexico State University) found that using multivari- 
ate analysis of LIBS spectra of tourmaline can remove the 
negative influence of chemical zoning on host lithology de- 
termination. Ulrika D’Haenens-Johansson (GIA, New 
York) gave her insights on the 812 ct Constellation and two 
other large rough diamonds. FTIR and morphology obser- 
vations indicate that the three could possibly be pieces 
from the same rough. Christopher M. Breeding (GIA, Carls- 
bad) described the first ever co-occurrence of magnesite, 
olivine, graphite, and silicon-vacancy defects in natural di- 
amonds and explored the unusual conditions under which 
these diamonds formed. Karen Smit (GIA, New York) dis- 
cussed the formation of peridotitic diamonds through iso- 
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chemical cooling and eclogitic diamonds through redox 
buffering. George Harlow (American Museum of Natural 
History, New York) and Rachelle Turnier discovered that 
syenite-hosted sapphires from six different sources show a 
wide range of 6'O values, which indicates scavenging of 
sapphire from multiple reservoirs. Troy Ardon (GIA, Carls- 
bad) used IR mapping, cathodoluminescence (CL) imaging, 
and hyperspectral mapping to correlate various optical and 
infrared point defects in diamonds with strong brown col- 
oration. Susanne Schmidt (University of Geneva) outlined 
U-Pb geochronology work done on zircon inclusions in Sri 
Lankan sapphires. This study was performed by her former 
graduate student Emilie Elmaleh. Ziyin Sun (GIA, Carls- 
bad) investigated the role of chromophore vanadium in col- 
oration of pyrope-spessartine garnet, using samples 
without a color-change phenomenon. Eric Brinza (Univer- 
sity of Wisconsin-Eau Claire) described an IR spectroscopic 
study on hydrothermal quartz crystal. Different hydroxyl 
species concentrations vary both vertically and horizon- 
tally through the crystal. Kyle Tollefson, also of the Uni- 
versity of Wisconsin—-Eau Claire, presented IR and visible 
spectroscopic study on coloration of watermelon tourma- 
line. The results showed that the chromophore was incor- 
porated during crystal growth and could reflect changes in 
the growth environment. Dona Dirlam and her coauthors 
from GIA’s Richard T. Liddicoat Gemological Library and 
Information Center (Carlsbad, California) chronicled the 
legendary John Sinkankas, whose collection of books and 
other publications was acquired by GIA in 1988 to form 
the basis of its world-renowned gemological library. 


Tao Hsu, James E. Shigley, and Dona Dirlam 
GIA, Carlsbad 


Figure 33. The GSA an- 
nual meeting’s gemolog- 
ical research poster 
session featured 18 pre- 
senters from all over the 
world. Photo by Cathy 
Jonathan. 
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World of Gems Conference. The Gemworld International 


team, headed by Richard Drucker, hosted the fifth World 
of Gems Conference September 23-24 at the Loews Hotel 
in Chicago. The event was bookended by optional classes, 
making it an ideal opportunity for attendees to learn about 
new topics from a diverse group of international speakers 
(figure 34) and brush up on their practical gemology skills. 
Between presentations, the conference held its first-ever 
poster session. The posters included interactive discus- 
sions on jet and the identification of light blue stones using 
the polariscope and the conoscope, hosted by Sarah Cald- 
well Steele (Ebor Jetworks, Whitby, United Kingdom) and 
Kerry Gregory (Gemmology Rocks, Weavering, United 
Kingdom], respectively. 

Invited speaker Emmanuel Fritsch (University of 
Nantes, France) opened with a talk about the identification 
of melee synthetic diamonds. He noted that while the ma- 
jority of specimens are not hard to identify, near-colorless 
HPHT-treated synthetic melee may still be challenging. 
Dr. Fritsch also provided a brief history of synthetic dia- 
mond production and the current state of the industry, as 
well as basic and advanced methods of separating synthetic 
from natural. Isotropy and anomalous double refraction— 
otherwise known as strain—were covered in some detail, 
as he considered these very useful identification aids. Jon 
Phillips (Corona Jewellery Co., Toronto) reviewed world 
diamond production and the output of mines such as Jwa- 
neng in Botswana, which accounts for 15% of total global 
production. Meanwhile, Canada’s five operating mines 
rank among the top 19 producers. One key takeaway from 
his talk was that De Beers plans to invest US$140 million 
on a marketing campaign aimed at women buying dia- 
mond jewelry for themselves. This should not be ignored 
by jewelers. Mr. Phillips also reflected on the threat of syn- 
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Figure 34. A gathering 
of the presenters at the 
fifth World of Gems 
Conference, held in 
Chicago in September 
2017. Photo by Scott 
Drucker. 


thetic melee in the market. This author (GIA, Bangkok) re- 
viewed the different types of pearls (nacreous and non- 
nacreous) seen in the market and the various mollusks that 
produce them. The presentation detailed the surface struc- 
tures of a wide selection of non-nacreous pearls and con- 
cluded with a summary of the more frequently 
encountered treatments. Roland Schluessel (Pillar & Stone 
International, San Francisco) provided a comprehensive 
look at Burmese jadeite and defined the various types, in- 
cluding the term fei cui (kingfisher) for the vivid green va- 
riety. He examined cultural aspects and discussed factors 
such as grain size and orientation, which relate to trans- 
parency and overall quality. Mr. Schluessel also provided 
insight into the different colors and patterns, as well as the 
differences between omphacite and jadeite. Cigdem Liile 
and Stuart Robertson (Gemworld International, Glenview, 
Illinois) reported on various gem treatments that provide 
enough supply to satisfy market demand. Frequently en- 
countered treatments and the pricing of untreated vs. 
treated material were reviewed. Diamond was offered as 
an example of a gem where treatments markedly affect the 
end value, while tanzanite shows little if any price differ- 
ence between natural and treated material. A very lively 
presentation from Kerry Gregory about the daily happen- 
ings in the pawnbroking world rounded out day one. Ms. 
Gregory discussed some of her experiences saving valuable 
pieces that would have otherwise been destroyed due to 
lack of resources, training, and time. She also provided in- 
sight into her use of simple yet valuable gemological meth- 
ods (such as the polariscope and conoscope) in identifying 
light blue stones removed from items destined for the melt. 

J.C. (Hanco) Zwaan (Netherlands Gemmological Lab- 
oratory, Leiden) started the second day with a comprehen- 
sive look at the geological formation and gemological 
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characteristics of metamorphic sapphires from Sri Lanka 
and to a lesser extent Montana. The search for a primary 
sapphire deposit in Sri Lanka and the discovery at Well- 
awaya (which Dr. Zwaan was involved with) were illus- 
trated. Subsequent discussions on the use of chemical 
plotting in the separation of Sri Lankan and Montana mate- 
rial, from one another and from other sources, showed that 
it is beneficial but care is still needed with some cases that 
may overlap. Cigdem Liile followed with a solo talk about 
the various natural and “non-natural” black gem materials 
and the limitations encountered when testing such materi- 
als. She covered black diamonds in some detail, outlining 
the differences between the rare naturally colored stones and 
heated or irradiated specimens. Al Gilbertson (GIA, Carls- 
bad) reported on the status of GIA’s fancy-cut diamond grad- 
ing project and showed the challenges faced when producing 
a system that takes all variables into consideration and sat- 
isfies all opinions. This was reinforced after receiving feed- 
back from 440 participants in six global locations who were 
asked to look at various fancy cuts and answer a series of 
questions. Alan Bronstein (Aurora Gems, New York) took 
attendees on a journey through the colorful world of fancy- 
color diamonds, looking at the subtleties of the main colors 
available: yellow, orange, pink, red, green, and blue. Mr. 
Bronstein was clearly in favor of retaining the original cut 
of a diamond and not re-cutting it. Chameleon diamonds 
were also briefly covered. “Beauty trumps rarity” was Mr. 
Bronstein’s motto. Richard Drucker brought the presenta- 
tions to a close with a look at some challenges that affect 
the pricing of gemstones. From the small print in pricing 
guides that might not be fully understood by users to gemo- 
logical reports that raise doubts or cause confusion in ap- 
praisers’ minds, it became very apparent that the valuation 
of some colored stones needed careful thought. 

The conference ended with a Q&A session in which 
Mr. Drucker opened the floor to all attendees. Topics such 
as correct nomenclature and disclosure, brand name coop- 


eration with items submitted for valuation, and color dia- 
mond grading consistency were covered. 


Nicholas Sturman 
GIA, Bangkok 


IN MEMORIAM 


Peter J. Dunn (1942-2017). Distinguished mineralogist and 
author Pete Dunn died November 8 at the age of 74. He is 
best known for the 134 new mineral descriptions he wrote 
over the course of his long career. 

Dr. Dunn received his master’s degree and PhD in min- 
eralogy/geology from the University of Delaware in 
Newark. Before joining the Smithsonian Institution’s Na- 
tional Museum of Natural History in 1972, he served in the 
U.S. Air Force and worked at Boston University as a curator 
in the geology department. In addition to characterizing 
new minerals, Dr. Dunn published a nine-volume mono- 
graph and more than 70 papers on the Franklin-Sterling Hill 
mining district in New Jersey in a number of scientific pub- 
lications. In 1987, a member of the clinopyroxene subgroup 
from the Franklin mining district was named “petedun- 
nite” in his honor. A prolific contributor to G#G through- 
out the 1970s, Dr. Dunn served on the journal’s editorial 
review board from its inception in 1981 until 1987. Upon 
his retirement from the National Museum of Natural His- 
tory in 2008, he volunteered at the museum’s information 


desk until his death. 


ERRATA 


1. In the Fall 2017 Lab Note on screening of mounted 
melee using the GIA iD100 (pp. 366-367), a citation 
directed readers to p. 239 of the Fall 2017 Lab Notes 
section. The correct issue is Summer 2017, p. 239. 

2. Also in the Fall 2017 Lab Notes section, the inset 
photo in figure 4 was taken by Kyaw Soe Moe. 
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Visit G&G online (www.gia.edu/gems-gemology) to explore free multimedia 
content. Scan the QR codes below with your smartphone or tablet, or use the 
links below. 


2017 Dr. Edward J. Gubelin Most Valuable Article Award: Cast 
your vote for the three most important articles from 2017, and 
enter a drawing to win a one-year print subscription to Gems & 
Gemology. www.gia.edu/most-valuable-article-201 7 


The Dreher Family's Extraordinary Carvings: Interviews and 
photo galleries capture the lifelike detail and painstaking process 
followed by Gerd and Patrick Dreher, the two most recent 
standard-bearers of a German carving dynasty. www.gia.edu/ 
gems-gemology/winter-2017-gem-virtuosos 


Colombia’s Emerald Industry: Videos reveal Colombia's emerald 
mining areas and the cutting and trading industry in Bogota. 
www.gia.edu/gems-gemology/fall-2017-colombian-emerald- 
industry 


The Lomonosov Diamond Deposit: The geology, production, and 
evaluation process at Russia's Lomonosov deposit are examined 
in videos taken at the source. www.gia.edu/gems-gemology/ 
summer-2017-lomonosov-deposit 


Brazilian Diamonds: Slideshows and videos document this histor- 
ical diamond source, where large-scale production is expected to 
resume. www.gia.edu/gems-gemology/spring-2017-brazilian- 
diamonds 


2017 Tucson Gem Shows: Watch exclusive videos from our 
annual coverage of the gem shows, featuring interviews and 
insider insight. www.gia.edu/gems-gemology/spring-201 7- 
gemnews-tucson-overview 


MICRO-FEATURES OF RUBY 
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A hexagonal cloud results from heat treating this Burmese ruby from A rare inclusion of iolite (cordierite) is seen in this ruby from Greenland. Rounded protogenetic crystals of orange spinel are extremely rare in Rainbow-colored thin-film interference colors are seen along a partially Delicately patterned, crystallographically oriented thin-film inclusions 
Mong Hsu. Field of view 2.97 mm. Field of view 1.42 mm. Burmese ruby. Field of view 3.45 mm. healed fracture in this ruby from Thailand. Field of view 1.10 mm. are found in a ruby from Vietnam. Field of view 2.02 mm. 


A blue and orange “flash effect” is prominent in this lead-glass-filled A very rare crystal inclusion of vibrant yellowish green vesuvianite is Dark, transparent amphibole crystals are commonly found in Mozam- Metal sulfide crystals are sometimes observed in rubies from Mozam- The intersection of twinning planes can provide a conduit for epigenetic 
ruby. Field of view 2.90 mm. seen in this Burmese ruby. Field of view 1.99 mm. bique rubies, such as the one shown here. Field of view 2.62 mm. bique. Field of view 1.42 mm. solutions containing iron compounds to enter the interior of some rubies, 
as seen in this example from Mozambique. Field of view 4.35 mm. 
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Internal diffusion of titanium around a rutile crystal in a beryllium- A rare orangy brown crystal of sphalerite floats in its host, a ruby from Iridescent exsolution rutile is oriented in three directions in this Burmese A field of reflective thin films is indicative of this ruby’s Thai origin. Field Thin platy inclusions of chromite can be found in ruby from Mozam- 
diffused ruby. Field of view 1.03 mm. Myanmar. Field of view 1.03 mm. ruby. This “silk” is responsible for creating asterism in gem-quality ruby. of view 4.10 mm. bique. Field of view 1.44 mm. 
Field of view 1.99 mm. 


Heat treating ruby in the presence of flux can help to heal cracks. It can This black, blocky crystal with tension cracks, found in a Burmese ruby, Protogenetic carbonate inclusions are commonly seen in rubies that form The aluminum hydroxide mineral boehmite, seen in this ruby from Inclusions of amphibole crystals and mica in a ruby from Mozambique 
also leave flux residue trapped inside, as seen in this Burmese ruby. was identified as uraninite. Field of view 1.03 mm. in marble, as this example from Afghanistan shows. Field of view 1.26 Greenland, is often found in corundum. Field of view 1.42 mm. show birefringent colors when examined in polarized light. Field of 
Field of view 3.10 mm. mm. view 1.76 mm. 
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Heating of a Thai ruby caused this inclusion to rupture, providing evi- Cross-polarized light reveals an otherwise hidden ruby crystal in a Thai Carbon dioxide fluid trapped in angular negative crystals in this ruby This partially healed, iridescent fingerprint in a Thai ruby shows an un- Very rare inclusions of blue lazurite are a welcome surprise in this Burmese 
dence of treatment. Field of view 2.15 mm. ruby host. Field of view 3.90 mm. from Tajikistan proves that the stone has not been heat treated. Field of usual and irregular curved pattern. Field of view 1.10 mm. ruby. Field of view 3.46 mm. 
view 0.288 mm. 


This chart contains a selection of photomicrographs of natural, synthetic, and treated rubies. It is by no means com- Published in conjunction with Nathan D. Renfro, John |. Koivula, Jonathan Muyal, Shane F. McClure, Kevin Schumacher, and James E. Shigley (2017), 
prehensive. The images show the visual appearance of numerous features a gemologist might observe when viewing “Inclusions in Natural, Synthetic, and Treated Ruby,” Gems & Gemology, Vol. 53, No. 4, pp. 457-458. Photomicrographs by Nathan D. Renfro, © 2017 Gemological Institute of America 
rubies with a microscope. John |. Koivula, and Jonathan Muyal. 


Synthetic 


Chevron-shaped graining is diagnostic of the hydrothermal growth 
method used to produce this Tairus synthetic ruby. Field of view 1.22 mm. 


Crystallographically aligned yellowish flux residue reveals the synthetic 
origin of this Ramaura flux-grown ruby. Field of view 4.74 mm. 


Curved striae are diagnostic of this flame-fusion synthetic ruby. The 
striae are accompanied by several gas bubbles that further reinforce the 
synthetic origin. Field of view 3.59 mm. 


Platinum crystals are a common feature in Chatham flux-grown syn- 
thetic ruby. Field of view 1.70 mm. 


Reflective stringers of exsolution flux particles in Kashan flux-grown syn- 
thetic ruby are best seen using a fiber-optic illuminator. These oriented 
particles are diagnostic of Kashan synthetics. Field of view 1.78 mm. 
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DR. EDWARD H. KRAUS 
REELECTED TO PRESIDENCY 
OF GEMOLOGICAL INSTITUTE 


At the March 28 meeting of the G.LA. 
Boatd in Chicago, Dr. Edward H. Kraus, 
University of Michigan, Dean Emeritus of 
the College of Literature, Science and the 
Arts, was elected president of the Gemo- 
logical Institute of America for the seventh 
consecutive year. 

Long recognized internationally as an 
authority in the field of crystallography and 
Precious stones, Dr. Kraus was one of the 
first scientists to give wholehearted support 
to the Gemological Institute in its early 
years. He came to the University of Michi- 
gan in 1904 and in 1916 introduced a 
course in gemstones, continuing to present 
the course until 1933 when the class was 


Dean Edward H. Kraus 


emological UVigests 


taken over by his associate, Dr. C. B. Slaw- 
son. 

At the Chicago meeting, Charles Peacock 
IE, C. D. Peacock, Inc., Chicago, was elected 
Vice President — an office which has been 
vacant for several years. Fred J. Cannon, 
Slaudt-Cannon Agency Company, Los An- 
geles, continues as Secretary-Treasurer, and 
Dorothy M. Smith as Executive Secretary. 
As reported elsewhere, Richard T. Liddi- 
coat, Jr. was appointed Director of the 
G.I.A. to succeed Robert M. Shipley who 
retired March 31. 


DANA’S MANUAL OF MINERAL- 
OGY. 16th edition. Revised by Cornelius S. 
Hurlbut, Jr, John Wiley & Sons, Ine. 
$6.00. 

Dana's Manual of Mineralogy must be 
one of the oldest texts in use in any scien- 
tific field today, since the first edition was 
published in 1848. This is a revision of the 
15th edition which was published in 1941. 

The growing number of hobbyist mineral 
collectors and the host of amateur Japidaries 
who are interested in learning more of the 
science of mineralogy should find Dana’s 
Manual of Mineralogy a text which covers 
the field of mineral identification in as 
basic a manner as is available to them. 

While crystallography may remain some- 
what hazy to the reader because of the diffi- 
culty of translating words into a three- 
dimensional picture, the lucid style of this 
text makes much of the remainder of the 
subject matter clear to the reader. The 
chapter on chemical mineralogy which has 
been rewritten largely from the last edition 
is particularly well done, especially the sec- 
tion on crystal chemistry. The entire book 
has been reset in a cleaner, more legible 


Richard T. Liddicoat, Jr. 


type face. 


SPRING 1952 


163 


EMS & 
EMOLOGY 


Spring 2018 
VOLUME 54, No. 14 


EDITORIAL 
1 The Beauty of Natural Green Diamonds 
Duncan Pay 


FEATURE ARTICLES 
2 Natural-Color Green Diamonds: A Beautiful Conundrum 
Christopher M. Breeding, Sally Eaton-Magania, and James E. Shigley 
Characterizes diamonds with exceptionally rare natural green color, based on GIA’s exten- 
sive database of samples. 


28 Iridescence in Metamorphic “Rainbow” Hematite 
Xiayang Lin, Peter J. Heaney, and Jeffrey E. Post 
Analyzes the substructures that cause the intense iridescence observed in “rainbow” 
hematite from Minas Gerais, Brazil. 


40 DNA Techniques Applied to the Identification of Pinctada Fucata Pearls 
From Uwajima, Ehime Prefecture, Japan 
Kazuko Saruwatari, Michio Suzuki, Chunhui Zhou, Promlikit Kessrapong, 
and Nicholas Sturman 
Shows how genetic material extracted from small amounts of pearl powder can be a useful 
indicator of this akoya cultured pearl species. 


REGULAR FEATURES 


52 The Dr. Edward J. Giibelin Most Valuable Article Award 
54 2018 Gems & Gemology Challenge 


56 Lab Notes 
Fracture-filled diamond with “rainbow” flash effect ¢ HPHT-processed diamond fraudu- 
lently represented as untreated ¢ Cat’s-eye demantoid and brown andradite with horsetail 
inclusions ¢ Unusual orange pyrope-spessartine-grossular garnet ¢ New plastic opal imita- 
tion from Kyocera ¢ Natural blister pearl from pearlfish within Pinctada maxima shell 
¢ Five CVD synthetics over three carats ¢ Fancy Deep brown-orange CVD synthetic 


pg. 59 


66 Ge&G Micro-World 
Beryl crystal in fluorite e Diamond with extraordinary etch channels e Omphacite and 
chromite “bimineralic” inclusion in diamond ¢ Agate-like banding in opal ¢ Dendritic inclu- 
sion in Cambodian sapphire ¢ Green crystals in yellow sapphires ¢ Celestial inclusion scene 
in sapphire ¢ Pink tourmaline in spodumene host ¢ Quarterly crystal: Cr-diopside in 
diamond 


74 Gem News International 
Tucson 2018 ¢ Gem-cutting family from Idar-Oberstein ¢ Updates on Namibian and 
Russian demantoid, Brazilian and Colombian emerald © Liddicoatite exhibit e Mexican 
and Australian opal outlook ¢ Indonesian opal ¢ Cultured pearl update * Secondary gem 
market ¢ Oregon sunstone ¢ Kenyan tsavorite mining e Arkansas turquoise * Vibrant 
colors on display ¢ Michael Dyber on carving ¢ Rex Guo on recutting * Jewelry designs by 
Erica Courtney, Paula Crevoshay ¢ Responsible practices ¢ Supply chain transparency 
¢ Buccellati design award ¢ Aquamarine from Pakistan ¢ Phenakite from the Urals ¢ Fresh- 
water pearls from Texas ¢ Very small akoya ¢ Irradiated, annealed blue type Ia diamond 

pg. 92 ¢ Microscope upgrade kit ¢ International Diamond School ¢ Gem-A photography award 


Editorial Staff 
Editor-in-Chief 
Duncan Pay 
dpay@gia.edu 
Managing Editor 
Stuart D. Overlin 
soverlin@gia.edu 


Editor 
Jennifer-Lynn Archuleta 


Technical Editors 
Tao Z. Hsu 
ao.hsu@gia.edu 


Jennifer Stone-Sundberg 
jstone@gia.edu 


Production Staff 


Creative Director 
Faizah Bhatti 


Production and 
Multimedia Specialist 
Juan Zanahuria 


jennifer.archuleta@gia.edu 


Editors, Lab Notes 
Thomas M. Moses 
Shane F. McClure 


Editors, Micro-World 
Nathan Renfro 

Elise A. Skalwold 
John |. Koivula 


Editors, Gem News 
Emmanuel Fritsch 
G 
C 


agan Choudhary 
ristopher M. Breeding 


Editorial Assistants 
Brooke Goedert 
Erin Hogarth 


= 


Photographer 
Robert Weldon 


Photo/Video Producer 
Kevin Schumacher 


Editorial Review Board 


Ahmadjan Abduriyim 
Tokyo, Japan 


Timothy Adams 
San Diego, California 


Edward W. Boehm 


Chattanooga, Tennessee 


James E. Butler 
Washington, DC 


Alan T. Collins 
London, UK 


John L. Emmett 


Brush Prairie, Washington 


Emmanuel Fritsch 
Nantes, France 


Eloise Gaillou 
Paris, France 


Gaston Giuliani 
Nancy, France 


Jaroslav Hyrsl 


A.J.A. (Bram) Janse 
Perth, Australia 


E. Alan Jobbins 
Caterham, UK 


Mary L. Johnson 


San Diego, California 


Anthony R. Kampf 


Los Angeles, California 


Robert E. Kane 
Helena, Montana 


Stefanos Karampelas 
Manama, Bahrain 


Lore Kiefert 
Lucerne, Switzerland 


Ren Lu 
Wuhan, China 


Thomas M. Moses 
New York, New York 


Aaron Palke 


Contributing Editors 
James E. Shigley 

Andy Lucas 

Donna Beaton 


Editor-in-Chief Emeritus 


Alice S. Keller 


Customer Service 
Martha Erickson 
(760) 603-4502 
gandg@gia.edu 


Video Production 
Larry Lavitt 

Pedro Padua 

Nancy Powers 
Albert Salvato 

Betsy Winans 


Nathan Renfro 
Carlsbad, California 


Benjamin Rondeau 
Nantes, France 


George R. Rossman 
Pasadena, California 


Andy Shen 
Wuhan, China 


Guanghai Shi 
Beijing, China 
James E. Shigley 


Carlsbad, California 


Elisabeth Strack 


Hamburg, Germany 


Fanus Viljoen 
Johannesburg, South Africa 


Wuyi Wang 
New York, New York 


Christopher M. Welbourn 


EMS & 
EMOLOGY, 


gia.edu/gems-gemology 


Subscriptions 

Copies of the current issue may be purchased for 
$29.95 plus shipping. Subscriptions are $79.99 for one 
year (4 issues) in the U.S. and $99.99 elsewhere. Cana- 
dian subscribers should add GST. Discounts are avail- 
able for renewals, group subscriptions, GIA alumni, 
and current GIA students. To purchase print subscrip- 
tions, visit store.gia.edu or contact Customer Service. 
For institutional rates, contact Customer Service. 


Database Coverage 

GwG is abstracted in Thomson Reuters products 
(Current Contents: Physical, Chemical & Earth Sci- 
ences and Science Citation Index—Expanded, includ- 
ing the Web of Knowledge) and other databases. For 
a complete list of sources abstracting Gw#G, go to 
gia.edu/gems-gemology, and click on “Publication 
Information.” 


Manuscript Submissions 

Gems & Gemology, a peer-reviewed journal, welcomes 
the submission of articles on all aspects of the field. 
Please see the Author Guidelines at gia.edu/gems- 
gemology or contact the Managing Editor. Letters 
on articles published in GWG are also welcome. 
Please note that Field Reports, Lab Notes, Gem News 
International, Micro-World, and Charts are not peer- 
reviewed sections but do undergo technical and edito- 
rial review. 


Copyright and Reprint Permission 

Abstracting is permitted with credit to the source. 
Libraries are permitted to photocopy beyond the lim- 
its of U.S. copyright law for private use of patrons. 
Instructors are permitted to reproduce isolated arti- 
cles and photographs/images owned by G#G for 
noncommercial classroom use without fee. Use of 
photographs/images under copyright by external par- 
ties is prohibited without the express permission of 
the photographer or owner of the image, as listed in 
the credits. For other copying, reprint, or republica- 
tion permission, please contact the Managing Editor. 


Gems & Gemology is published quarterly by the 
Gemological Institute of America, a nonprofit educa- 
tional organization for the gem and jewelry industry. 


Postmaster: Return undeliverable copies of Gems & 
Gemology to GIA, The Robert Mouawad Campus, 
5345 Armada Drive, Carlsbad, CA 92008. 


Our Canadian goods and service registration number 
is 126142892RT. 


Any opinions expressed in signed articles are under- 
stood to be opinions of the authors and not of the 
publisher. 


Prague, Czech Republic Carlsbad, California Reading, UK 
About the Cover 
Colored by atomic-level defect arrangments, natural-color green diamonds are among the rarest gemstones found on id 
Earth. The cover photo showcases diamonds that display a range of green hues. The diamonds in the rings (clockwise 
from top) are a 4.17 ct Fancy Vivid yellowish green, a 10.18 ct Fancy Intense yellow-green, and a 3.88 ct Fancy Vivid 
green, respectively. The unmounted diamonds in the top row are a 1.42 ct Fancy Vivid bluish green, a 1.01 ct Fancy FSC 
Vivid yellowish green, and a 2.06 ct Fancy Vivid green-blue. In the bottom row are a 0.55 ct Fancy Vivid green and a _ 


0.55 ct Fancy Vivid bluish green. Photo by Robert Weldon/GIA, courtesy of Optimum Diamonds. Paper han 
Printing is by L+L Printers, Carlsbad, CA. 


GIA World Headquarters The Robert Mouawad Campus 5345 Armada Drive Carlsbad, CA 92008 USA 


© 2018 Gemological Institute of America 


All rights reserved. 


responsible sources 


FSC* C006300 


ISSN 0016-626X 


EDITORIAL 


The Beauty of Natural Green Diamonds 


Naturally colored green diamonds are among the most rare and enigmatic of gems, and 
those with saturated hues—like the stunning examples on our spring issue cover—are 
highly coveted. Their color origin remains extremely challenging for gemological laborato- 
ries to determine. 


In our lead paper, Drs. Christopher Breeding, Sally Eaton-Magafia, and James Shigley 

review these extraordinary gems, identifying four distinct causes of their green colors— 
radiation damage defects, luminescence from H3 defects, and absorptions by hydrogen- 

and nickel-related defects— 

and discuss the difficulties of “Determining origin of color in green diamonds 
separating these gems from js q yajor challenge for gemological laboratories.” 
those colored by manmade 

irradiation treatments. Using data and observations based on thousands of samples from GIA’s research 

database, the authors offer an unrivaled gemological characterization of these remarkable gems. We're 

delighted to present this article, which is the first in a series on colored diamonds by the same authors. 


Our second paper, by Xiayang Lin, Peter Heaney, and Jeffrey Post, investigates the cause of iridescence in 
metamorphic “rainbow” hematite from Brazil. The authors use electron microscopy, atomic force microscopy, 
and X-ray diffraction to identify the repeating microstructures responsible for the material's intense 
iridescence: oriented arrays of spindle-shaped hematite nanocrystals that form diffraction grating. 


In our final feature article, pearl specialists Kazuko Saruwatari, Michio Suzuki, Chunhui Zhou, Promlikit 
Kessraprong, and Nicholas Sturman apply DNA identification techniques to determine mollusk species by 
sampling tiny amounts of pearl powder. Their study—using akoya pearls from Ehime Prefecture, Japan—was 
able to amplify genetic material from this powder and successfully match it with the same gene in mantle tissue 
from the local Pinctada fucata oyster. 


Among the standout topics in our spring issue Lab Notes are entries on CVD synthetic diamonds above three 
carats, a new Kyocera plastic imitation opal, and a real curio: an extraordinary natural blister “pearl” that 
formed around a pearlfish. Please explore the inner world of gems with our Micro-World column—this issue 
we feature a type IIa natural diamond with extraordinary etch channels, an opal with agate-like bands, anda 
pink tourmaline with spodumene inclusions. 


In addition to aquamarine from Pakistan’s Shigar Valley and natural freshwater pearls from Texas, our GNI 
section showcases the 2018 Tucson gem shows. It summarizes market trends from this year’s show and includes 
entries on leading jewelry designers, gem artists, and materials such as Russian and Namibian demantoid 
garnet, fine opal, Oregon sunstone, and turquoise from Arkansas. 


Congratulations to the winners of our Dr. Edward J. Giibelin Most Valuable Article Award, announced in this 
issue. We offer a big “thank you’ to all of the readers who voted. Don’t forget to take this year’s G¢e>G 
Challenge, our annual multiple-choice quiz. 


Lastly, please join us for the 2018 GIA Symposium, which takes place October 7-9 in Carlsbad, California. 
We encourage you to register to attend or submit an abstract for an oral or poster presentation at 
symposium.gia.edu. 


Dot 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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SNM ARTICLES 


NATURAL-COLOR GREEN DIAMONDS: 
A BEAUTIFUL CONUNDRUM 


Christopher M. Breeding, Sally Eaton-Magafia, and James E. Shigley 


Among fancy-color diamonds, natural-color green stones with saturated hues are some of the rarest and most 
sought after. These diamonds are colored either by simple structural defects produced by radiation exposure or 
by more complex defects involving nitrogen, hydrogen, or nickel impurities. Most of the world’s current pro- 
duction of fine natural green diamonds comes from South America or Africa. Laboratory irradiation treatments 
have been used commercially since the late 1940s to create green color in diamond and closely mimic the 
effects of natural radiation exposure, causing tremendous difficulty in gemological identification. Compounding 
that problem is a distinct paucity of published information on these diamonds due to their rarity. Four different 
coloring mechanisms—absorption by GR1 defects due to radiation damage, green luminescence from H3 de- 
fects, and absorptions caused by hydrogen- and nickel-related defects—can be identified in green diamonds. 
Careful microscopic observation, gemological testing, and spectroscopy performed at GIA over the last decade 
allows an unprecedented characterization of these beautiful natural stones. By leveraging GIA’s vast database 
of diamond information, we have compiled data representative of tens of thousands of samples to offer a look 
at natural green diamonds that has never before been possible. 


valued of gemstones due to their beauty and rar- 

ity. Interestingly, the rarest of diamond colors 
correlate with the three most popular choices for fa- 
vorite color, in general—green, blue, and pink to red. 
The unique set of conditions in nature that produce 
the structural imperfections (defects in the lattice of 
carbon atoms; see Shigley and Breeding, 2013) respon- 
sible for the most vibrant hues of green, blue, and 
pink/red diamonds are so uncommon that many peo- 
ple are not even aware these stones exist. Over the last 
ten years, diamonds with these natural color compo- 
nents comprised less than 0.4% of all diamonds sub- 
mitted to GIA’s laboratories worldwide (including 
both fancy-color and those on the D~Z scale). Pure 
hues of green, blue, or red are even rarer, accounting 
for less than 0.07% of all diamonds examined. 

Many articles published over the last 20 years in 
the scientific and gemological literature have looked 
at specific properties of colored diamonds, quality 
grading characteristics, or particular treatments. Few 


Frrstoetr diamonds are among the most highly 


See end of article for About the Authors and Acknowledgments. 
Gems & GemoLocy, Vol. 54, No. 1, pp. 2-27, 
http://dx.doi.org/10.5741/GEMS.54.1.2 
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2 NATURAL-COLOR GREEN DIAMONDS 


researchers, however, have had the opportunity to ex- 
amine large quantities of similarly colored natural di- 
amonds and report on their distinctive characteristics. 
Colored diamonds are extremely rare and, conse- 
quently, highly valued. This value factor means that 
laboratory reports are requested for most colored dia- 


In Brief 


Among natural-color diamonds, those that have a pure 
green hue are rare and often highly valued. 


While many green diamonds owe their color to natural 
radiation exposure, three other color causes are often 
observed. 


These four categories of green diamonds exhibit some 
distinctive gemological properties and spectral features. 


Separation of some natural- and treated-color green 
diamonds continues to present a challenge for gem- 
testing laboratories. 


monds prior to being sold. As the creator of the dia- 
mond color grading system and the largest provider 
of these grading reports, GIA is uniquely positioned 
to examine more colored diamonds than anyone else 
in the world. 


Gems & GEMOLOGY SPRING 2018 


Over the last ten years, scientists at GIA have ex- 
amined more than half a million natural, fancy-color 
diamonds and systematically documented their 
gemological and spectroscopic properties. Through a 
series of articles, we will discuss the major hue 
groups of natural-color diamonds in detail that has 
never before been revealed from such a large sam- 
pling of stones. The series will include gemological 
observations, spectroscopy, and statistical compila- 
tions from colored diamonds examined over the last 
decade at GIA. For more information on data collec- 
tion methods, please see supplemental table 1 at 
https://www.gia.edu/gems-gemology/spring-2018- 
natural-color-green-diamonds-beautiful-conundrum. 


NATURAL-COLOR GREEN DIAMONDS 


Figure 1. Natural-color 
green diamonds such 
as these rough (0.85- 
1.07 ct) and faceted 
(0.68-1.66 ct) stones 
submitted to GIA by 
clients or for scientific 
study are extremely 
rare and generally 
found in South Amer- 
ica or Africa. Photos by 
various GIA staff. 


This first article looks at green diamonds, a beau- 
tiful yet enigmatic hue (figure 1). During the last 
decade, GIA has examined well over 50,000 natural- 
color diamonds with a green hue component, includ- 
ing more than 9,000 with a pure green hue. While 
there are a few different causes of green color, the 
most common cause—accounting for nearly half of 
the natural green diamonds submitted to GIA—is ex- 
posure to radioactive minerals and fluids in the 
earth’s crust. Over thousands to millions of years, ra- 
diation produced by the decay of isotopes of elements 
such as uranium and thorium (present in minerals or 
dissolved in geological fluids) physically damages the 
diamond structure by removing carbon atoms to cre- 
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TABLE 1. Categories of green diamond. 


Cause of green color 


Defect responsible 


Most common colors 


Geological formation Key gemological observations 


Radiation damage 


GR1 


Green to blue-green 


Green to 
yellow-green 


Green luminescence H3 


H-related absorption Unknown H-related Gray-green to 


brownish green 


Yellow-green to 
green-yellow 


Ni-related absorption Unknown Ni-related 


Green and/or brown spots or 
stains in fractures; color zones 


Exposure to radiation 
(minerals or fluids) 


Localized or dispersed green 
fluorescence with focused lighting 


Natural annealing 


Crystallization in mantle Fine particulate clouds, often 


patterned 


Crystallization in mantle No distinctive features 


ate vacant atomic positions (Meyer et al., 1965; 
Vance and Milledge, 1972; Mendelssohn et al., 1979; 
Raal and Robinson, 1981; Titkov et al., 1995; Nasdala 
et al., 2013). These vacancies (sometimes in combi- 
nation with other defects) cause the diamond to ab- 
sorb the blue and red parts of incident visible light, 
allowing primarily green light to be seen when one 
observes the stone. This natural irradiation process, 
however, is easily replicated in a laboratory with 
electrons, neutrons, or gamma rays, and many green 
diamonds in the trade have been the product of arti- 
ficial irradiation treatments (where the radiation ex- 
posure times are rapid and controllable) since the late 
1940s (Ehrmann, 1950). 

The similarity of the natural and laboratory irradi- 
ation processes has made it very difficult in many 
cases for gemologists and laboratories to separate nat- 
ural- and treated-color green diamonds. Indeed, there 
have been fewer publications about green diamonds 
than any other color. The purpose of this article is to 
provide a detailed account of the gemological and 
spectroscopic characteristics of natural green dia- 
monds colored by several different mechanisms in 
order to help the trade better understand these gems. 


CAUSE OF COLOR 

Green color in gem diamonds can span a wide range 
of color descriptions. For the purposes of this article, 
we include all natural fancy-color diamonds that dis- 
play a primary green color component under stan- 
dard grading conditions. In the GIA fancy-color 
grading system, this includes stones with a pure 
green color as well as a dominant green color mixed 
with blue, brown, gray, or yellow. Of the green dia- 
monds seen at GIA over the last decade, most have 
been yellow-green or pure green, followed by those 
with gray or brown modifiers and blue components. 
These different color groupings correlate, to some ex- 
tent, to four significant atomic-level defect arrange- 


4 NATURAL-COLOR GREEN DIAMONDS 


ments in natural diamond: GR1, H3, hydrogen, and 
nickel defects (figures 2. and 3). Table 1 summarizes 
the characteristics of these four groups. 


GR1 (General Radiation 1). GR1 defects are empty 
lattice positions in the diamond structure and serve 
as the most common mechanism for green color in 
gem diamonds (Shigley and Fritsch, 1990; Collins, 
2001; Shigley and Breeding, 2013). Irradiation, both 
natural and laboratory-induced, provides sufficient 
energy to displace carbon atoms from their normal 
positions in the diamond lattice, leaving vacancies 
(figure 4; see Koptil and Zinchuk, 2000). The dis- 
placed carbon atoms then become what scientists 
call interstitials: atoms that are out of their normal 
place and “stuck” between other carbon atoms. GR1 
vacancies (figure 2A) cause the diamond to absorb 
light in the red part of the visible spectrum (zero 
phonon line!, or ZPL, at 741 nm), with associated 
broad absorption extending from approximately 550 
to 750 nm. 

Depending on the amount of vacancies and the 
other impurities and defects present, green dia- 
monds colored by GR1 typically have pure green or 
blue-green hues (figure 3); irradiation of a light yel- 
low diamond produces a greener color, while irradi- 
ation of a colorless diamond causes a bluer color. 
Most naturally irradiated diamonds have shallow 
green “skins” or spots on the crystal surface that 
produce most of the green appearance (Vance and 
Milledge, 1972; Vance et al., 1973; Kane, 1979b; 
Fritsch and Shigley, 1991; Roskin, 2000; Eaton-Ma- 
gana and Moe, 2016). Upon faceting, these shallow 
areas of radiation damage are typically removed and 
the apparently green rough diamond shows little to 


‘See Luo and Breeding (2011) for diagram and description of the zero 
phonon line. 
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Figure 2. The four main causes of green color in diamond are GR1, H8, H-related, and Ni-related defects. Each 
absorbs light differently to produce a green color. H8 defects emit green luminescence, seen as the dip in the spec- 


trum below the red dashed line, to cause visible green color. 


no color as a finished cut stone (figure 5, bottom 
row). In some cases, irradiation brings about a 
deeper green bodycolor that is retained by the dia- 
mond after fashioning (figure 5, top row). Vacancies 
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become mobile at temperatures above 600°C and 
start to move around and create new defects in the 
diamond lattice that can change the stone’s color 
(Collins et al., 2000; Collins, 2001; Eaton-Magafia 
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Figure 3. Different causes of color in green diamonds produce slightly different hue ranges, depending on the other 


impurities and defects present. 


and Moe, 2016). During jewelry repair processes, 
when heating green diamonds colored by this mech- 
anism, jewelers must take great care to avoid de- 
stroying the GR1 defects and losing the green color. 
Heat generated from the friction of polishing can 
have a similar effect. 

The remaining three causes produce less-satu- 
rated pure green colors, or green hues with yellow or 
gray modifiers (figure 3). 


Nitrogen-Related Defects: H3. Two nitrogen atoms 
adjacent to a vacancy in the diamond lattice com- 
prise the H3 defect, the second most common mech- 
anism for green color in diamond (figure 2B; see 
Collins, 2001; Breeding and Shigley, 2009; Shigley 
and Breeding, 2013). This uncharged defect is usually 
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produced when diamonds containing pairs of nitro- 
gen impurity atoms (A-centers) are exposed to radia- 
tion and subsequent heating above 600°C, either at 
depth in the earth or in a laboratory (Collins, 2001; 
Zaitsev, 2003). The vacancies introduced by radiation 
damage are mobilized during the heating, and they 
combine with the paired nitrogen impurities to cre- 
ate H3. Unlike GR1, H3 produces green color 
through emission of light (luminescence), rather than 
absorption (Collins, 2001; Shigley and Breeding, 
2013). H3 absorbs light in the blue part of the visible 
spectrum (ZPL at 503.2 nm, with associated broad 
absorption from 420 to 500 nm], generating a yellow 
bodycolor in diamond. When H3 absorbs visible 
light, it simultaneously emits green fluorescence. 
High concentrations of nitrogen in the A form se- 
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Radiation 


©) 


verely quench the H3 fluorescence (Collins, 2001, 
Luo and Breeding, 2013), but occasionally a diamond 
with abundant H3 defects and a low concentration 
of nitrogen will emit sufficient fluorescence to bring 
about a combined yellow-green appearance (figures 
2B and 3) (Collins, 2001; Luo and Breeding, 2013). H3 
defects are very stable to temperatures exceeding 


2000°C. 


Rough 


—_z——— 


Blocked 
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©) 
©) 


eo 


Figure 4. When the car- 
bon atoms that make up 
the diamond lattice are 
exposed to high-energy 
radiation, they can be 
displaced from their 
lattice positions to create 
vacancies. The displaced 
carbon atoms are called 
interstitials. 


Hydrogen-Related Defects. The presence of hydrogen 
defects in the diamond structure has been known and 
studied for decades, but very little is known about 
how H impurities affect color (figure 2C). The best- 
known hydrogen-related defect in natural diamond is 
the 3107 cm infrared (IR) absorption (Wang and 
Mayerson, 2002; Goss et al., 2014). This feature is at- 
tributed to three nitrogen atoms adjacent to a vacancy 


ae Faceted 
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Figure 5. A green dia- 
mond’s color may be 
confined to the surface 
or penetrate deeper into 
the stone. Upon pre- 
forming and faceting, 
the final product may 
be green or colorless, 
depending on the depth 
of the green coloration. 
The representative 
samples shown here are 
for illustrative purposes 
and should not be con- 
sidered a progression of 
the same stone. 
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(N3 defect) that hosts an H atom (Goss et al., 2014), 
showing the intimate association of hydrogen and ni- 
trogen impurities in diamond. Several other infrared 
absorption peaks are thought to be associated with 
this defect, including those at 1405, 2786, 3235, and 
4498 cm-'. Unfortunately, the intensity of these IR 
absorptions does not directly correlate with color- 
causing absorptions seen in the visible to near-in- 
frared part of the spectrum. Two primary broad 
absorption bands spanning the 620-860 nm range 
(centered at approximately 730 and 835 nm], com- 
bined with nitrogen absorption at the blue end of the 
spectrum, often produce a green color component in 
H-rich diamonds (figure 2C). The nature of these 
broad bands is unclear, as they do not occur in all di- 
amonds showing high concentrations of 3107 cm de- 
fects, but they also do not occur in diamonds without 
H-related defects. It is possible that the broad absorp- 
tions are related to clouds of hitherto unidentified fine 
particles (or tiny fluid inclusions) that are relatively 
common in H-rich diamonds. Green stones colored 
by H-related defects commonly have brown or gray 
modifiers (figure 3). While the 3107 cm! defect is 
known to withstand temperatures above 2000°C 
(Goss et al., 2014 and references therein), the stability 
of the color-producing H-related defects is unknown. 


Nickel-Related Defects. Nickel is an uncommon im- 
purity in natural diamonds, considering the large size 
of the nickel atom that must be accommodated in 
the tightly packed array of carbon atoms in the dia- 
mond lattice. Concentrations of defects related to 
nickel impurities high enough to produce a green 
color are less common than other causes, accounting 
for less than 1% of all green diamonds seen at GIA 
over the last decade. Many Ni defects are known 
from natural and synthetic diamonds (based on ob- 
served features in spectra), with the most prominent 
one in natural diamonds consisting of a complex 
arrangement of nickel atoms (possibly charged inter- 
stitials) and vacancies (1.4 eV center; ZPL doublet at 
883 and 885 nm; Zaitsev, 2003; Dischler, 2012). Ni 
defects occur concurrently with nitrogen impurities 
or other defects in diamond, and the visible absorp- 
tions that give rise to green color in these rare stones 
reflect that pairing. Aggregated N, isolated N, or va- 
cancy-cluster defects may absorb the blue end of the 
spectrum, and color-affecting Ni absorption occurs 
as a broad asymmetrical band from approximately 
620 to 710 nm, centered near 690 nm (figure 2D, see 
Wang et al., 2007; Ardon, 2013). Typically, the nitro- 
gen-related absorption is stronger than that of Ni, 
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producing an overall yellow-green bodycolor (figure 
3). The origin of the color-causing Ni band is not 
known, but it is very similar in structure to the ab- 
sorption sidebands associated with other defects such 
as N3 and H3. The thermal stability of the broad Ni- 
related absorption at 685 nm is not known, but stud- 
ies of synthetic Ni-bearing diamonds suggest it could 
be stable to temperatures of 2000°C or higher (Zait- 
sev, 2003). 


OCCURRENCE AND FORMATION 

Green diamonds have been reported from both kim- 
berlite-hosted and secondary alluvial sediments in 
nearly every country that produces diamonds, but 
some localities consistently produce more of these 
valuable stones. Green diamonds colored by H3, hy- 
drogen, or nickel defects occur in many localities. For 
decades the largest producers of green diamonds col- 
ored by GR1 defects have been alluvial deposits in 
Brazil, Guyana, Venezuela, Zimbabwe, the Central 
African Republic, and India (Draper, 1951; Themelis, 
1987; Coenraads et al., 1994; Chaves et al., 1996; 
Chaves et al., 2001). 

The largest and most famous green diamond is 
the 41 ct Dresden Green (figure 6), sourced from the 
Golconda mines in India sometime before its earli- 
est historical record in 1722 (Hough, 1913; Rosch, 
1957; Bosshart, 1989, 1994, Kane et al., 1990; Astric 
et al., 1994; Morel, 1994). Several other famous green 
diamonds have been sold in recent years, including 
the 5.51 ct blue-green Ocean Dream (mined in the 
Central African Republic), the 25 ct Gruosi Green 
(South Africa and never graded by GIA), and the 5.03 
ct Aurora Green (Brazil), which sold at auction in 
2016 for more than US $3.3 million per carat (De- 
Marco, 2016). 

Recent mining in South America has yielded a 
number of green diamonds from Brazil and Guyana 
(figure 7). Most show extensive surficial radiation 
damage with variable amounts of internal GR1-re- 
lated green coloration. Another recent source is Zim- 
babwe. Rough diamonds from the Marange region of 
Zimbabwe (figure 7) are well known to have very 
dark green or brown coatings of radiation-damaged 
areas and often show internal green coloration as 
well (Breeding, 2011). Stones from this source are dis- 
tinctive in that they also contain high concentrations 
of hydrogen defects that can enhance the green color 
from GRI defects (e.g., a combination of figure 2A 
and figure 2C contributes to green color). Production 
from Zimbabwe has been very high in the last 
decade, but controversy engulfs these goods, as the 
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JOHN S. KENNARD SUCCEEDS 
H. PAUL JUERGENS AS 
CHAIRMAN OF G.LA. BOARD 


John S. Kennard, Boston, was elected 
chairman of the Board of Governors of the 
Gemological Institute of America to succeed 
H. Paul Juergens, Chicago, at the 1952 
spring meeting of the Board. Juergens, who 
is retiring as Chairman after serving four 
years in that position, will continue as a 
regular member of the Board. 

Active in affairs of the Gemological In- 
stitute for many years, John S. Kennard re- 
ceived his Certified Gemologist title in 
1937, and has served on the G.I.A. Board 
since 1943. President of Kennard & Comp- 
any, Inc., he has been associated with the 
firm, established by his father in 1906, for 
the past 26 years. 

Always interested in any group whose 
activities would benefit the industry, he has 
been associated with many industry organi- 
zations. For three years he was a Director 
of the Massachusetts and Rhode Island 
American National Retail Jewelers Associ- 
ation. He is currently a director of the Bos- 
ton Jewelers Club and has been since 1938, 
serving as President during 1945-46. 

One of the earliest students of the G.LA., 
H. Paul Juergens enrolled when he had al- 
ready been in the jewelry business for 37 
yeats. He received the third Certified Gem- 
ologist title ever awarded. He has been one 
of the most enthusiastic boosters of gemo- 
logical training in the industry and has 
not only encouraged young men in the trade 
to study the G.I.A. courses but has assisted 
them in finding positions or establishing 
businesses of their own. 

In 1935, at the organizational meeting 
of the Metropolitan Guild in Chicago, Juer- 
gens was elected president of the group 
and has served in that capacity ever since. 


John S. Kennard 


As President, he headed the Central Di- 
vision of the American Gem Society Con- 
claves until the regional meetings were 
combined into one annual assembly. At one 
time Secretary of the G.I.A. Examinations 
Board, he was also the first Vice President 
of the Gemological Institute afters its incor- 
poration in 1943. 

There is perhaps no more beloved in- 
dividual in the jewelry industry than Paul 
Juergens. He has that sare gift of making 
and holding friendships wherever he goes. 
Not only has the G.J.A. benefited from his 
untiring efforts on behalf of its progress 
and expansion, but the entire injustry from 
his interest and the high standards of ethics 
which he preaches and lives. 

Carleton G. Broer, President of The 
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Dresden Green 


Aurora Green 


United States and other countries still have an em- 
bargo on the import of Zimbabwe diamonds due to 
human rights concerns (Miller, 2011). 

The formation mechanism for green diamonds in 
the earth varies significantly depending on the de- 
fects responsible for the color. Stones colored by hy- 
drogen- or nickel-related defects incorporate these 
impurities, along with nitrogen, when they crystal- 
lize in the earth’s mantle. Long residence times at 
high temperatures and pressures contribute to the 
final arrangement of the complex defects that pro- 
duce green color in these diamonds, but their inher- 
ent color centers are imparted at “birth.” Diamonds 
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Figure 6. Several famous 
large diamonds have 
green color in varying 
hues. Left to right: the 
5.03 ct Aurora Green, 
the 41 ct Dresden 
Green, and the 5.51 ct 
Ocean Dream. The 
Aurora Green photo is 
courtesy of Christie’s. 
The Dresden Green 
photo is by Shane F. 
McClure, and the 
Ocean Dream photo is 
by Jian Xin (Jae) Liao. 


Ocean Dream 


a 


colored by H3 defects have a somewhat more com- 
plex history. Nitrogen impurities, incorporated dur- 
ing crystal growth, aggregate into A-centers over 
millions to billions of years at elevated temperatures 
deep in the earth. Vacancies associated with H3 de- 
fects are most commonly created by plastic deforma- 
tion as the diamonds are violently transported via 
erupting kimberlite magmas to shallower depths in 
the earth. The H3 defects are then created by mobi- 
lization of the vacancies to combine with A-centers 
as the diamonds reside at elevated temperatures. In 
most scenarios, the color centers in H3-based green 
diamonds form during magma transport (Fisher, 
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Figure 7. Modern production of green diamonds has come from mines in Guyana and Brazil (left) as well as 
Zimbabwe (right). The dark brown to greenish “skins” seen on the surfaces of the rough diamonds are due to 


radiation damage. 


2009). The final, and largest, category of green dia- 
monds—those colored by GR1 defects—are generally 
thought to obtain their color due to late-stage inter- 
actions with radioactive minerals or fluids in the 
earth’s crust over thousands to millions of years. 
Areas of radiation damage in these diamonds range 
from green to brownish spots caused by direct con- 
tact with radioactive minerals (most likely uraninite] 
to zones of green- to brown-colored “skin” on the 
surface or within surface-reaching fractures caused 
by radioactive fluids (figure 8; see Vance and 
Milledge, 1972; Vance et al., 1973; Mendelssohn et 
al., 1979). The shallow nature (approximately 20 um 
thick) of the green spots and zones indicates that the 
radiation damage is primarily caused by alpha parti- 
cles (see box A for radiation types and sources}, most 
likely from uranium decay (Vance et al., 1973; Nas- 
dala et al., 2013). These spots have been experimen- 
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tally shown to rapidly turn from green to brown at 
temperatures of 550-600°C (Nasdala et al., 2013; 
Eaton-Magania and Moe, 2.016), indicating that dia- 
monds with green radiation damage must have 
resided at depths less than about 24 km (assuming 
average geothermal gradient of 25°C/km). 

Some green diamonds, however, show color zones 
that penetrate much deeper than 20 um, sometimes 
even throughout the stones. In these cases, it is likely 
that some form of beta particle decay (or possibly 
gamma radiation) is contributing to the irradiation 
(box A}. Some beta decay occurs as part of the same 
U-Th-Pb decay chain that is likely responsible for the 
stain-producing alpha damage described above. The 
overall doses of beta particles possible from these 
later parts of the decay chain are unknown and the 
subject of ongoing research. Another viable source 
for beta decay in the earth’s crust with a half-life on 
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the order of millions of years appears to be potassium 
(*°K), but its natural abundance is very low (box A), 
leaving the complete story of radiation-related green 
color zoning unclear—in part because so few dia- 
monds with green bodycolor have been available for 
scientific study. 


GEMOLOGICAL OBSERVATIONS 

Green diamonds have many interesting natural fea- 
tures that can be observed using a gemological mi- 
croscope. These properties are quite variable, 
however, depending on the nature of the green color. 
In this section, we will review the major observa- 
tions on green diamonds colored by each group of de- 
fects. Keep in mind that it is not uncommon for color 
to be affected by more than one of these color causes 
simultaneously. For example, many hydrogen-rich 
diamonds from Zimbabwe also show signs of radia- 
tion damage. 
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Radioactive mineral grains adjacent to diamond 
cause green or brown spots on rough stone 
surfaces. 
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Primarily Colored by GR1. The most distinctive and 
important gemological features of green diamonds 
colored by radiation damage are surficial radiation 
spots or coatings (commonly referred to as “stains” 
if localized and “skin” if generally distributed) and 
internal color zonation (figure 9, A-E}. Radiation 
stains occur as either green or brown patches of color 
on the surface of a rough diamond or within frac- 
tures. The radiation damage initially has a forest 
green color (often very dark green, depending on the 
dosage of the exposure) and then turns olive green at 
temperatures between 500 and 600°C and a reddish 
brown to dark brown at higher temperatures (Vance 
et al., 1973; Nasdala et al., 2013; Eaton-Magafia and 
Moe, 2016). Some experiments have shown that the 
brown stains disappear at temperatures above 
1400°C (Eaton-Magafia and Moe, 2016). Radiation 
stains are thought to be a product of alpha particle 
bombardment, and structural damage increases to- 


Diamond in Conglomerate 


Figure 8. In the earth, 
diamonds may be 
exposed to radiation 
emitted from tiny 
radioactive mineral 
grains adjacent to the 
stones or through inter- 
action with radioactive 
fluids. The radiation 
produces either isolated 
circular radiation 
“stains” (often from 
adjacent minerals in the 
kimberlite host rock, 
left) or radioactive flu- 
ids (usually in alluvial 
environments) that sur- 
round a stone and pene- 
trate into fractures. 
Photo on the top left 
courtesy of William F. 
Larson. Photo on the 
top right by Robison 
McMurtry. 


Radioactive fluids surrounding diamond cause thin 
green “skin” around rough stone in alluvial settings. 
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Box A: SUMMARY OF RADIOACTIVE DECAY 


Radioactivity primarily occurs by three mechanisms: 
alpha decay, beta decay, and gamma emission (figure A- 
1, top left). Alpha decay involves the expulsion of an 
alpha particle (two protons and two neutrons—equiva- 
lent to a helium atom nucleus) as the parent isotope de- 
cays to the daughter. Alpha particles are relatively large 
and slow, causing them to have low penetration depths 
(stopped by a sheet of paper, skin, or even air; figure A-1, 
top right). In natural-color green diamonds, alpha parti- 
cles produce very thin green spots or skins on the stone’s 
surface due to their shallow penetration depth. Beta decay 
involves ejection of a beta particle (an electron) as parent 
converts to daughter. Beta particles are small, high-en- 
ergy, and high-speed, with moderate penetration depths 
(stopped by a sheet of aluminum). This type of radiation 
produces internal color zones in diamond at varying 
depths and is the most common type of radiation used 
for diamond treatment. In gamma emission, a parent iso- 
tope in an excited nuclear state decays to a daughter iso- 
tope by release of gamma rays. These extremely small 
forms of electromagnetic radiation are the fastest, high- 
est-energy, and most penetrative radioactive decay prod- 
uct. They can fully penetrate a large gem diamond to 
impart uniform coloration and require a sheet of lead to 
stop their progress. 
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As shown in figure A-1 (bottom), the most likely 
sources of alpha decay in the earth are the radioactive iso- 
topes of uranium (7*°U and *°U) and thorium (??°Th). Radi- 
ogenic thorium is three times more abundant than 
uranium in the earth’s crust, but its decay is very slow, 
with a half-life (the time it takes for half of the parent iso- 
tope to decay to the daughter) of 14 billion years. 8U is 
the most abundant radiogenic uranium isotope and has a 
half-life of 4.5 billion years, making it a more feasible 
source of radiation damage for diamond. Most uranium is 
found in the minerals uraninite and zircon. The best 
sources of beta decay to create green bodycolor in diamond 
include late-stage radiogenic decay within the uranium- 
lead decay chain and potassium. “°K, the only significant 
radiogenic isotope of potassium, has a similar abundance 
in the earth’s crust and a much shorter half-life of 1.3 bil- 
lion years (figure A-1, bottom). “°K is hosted in common 
crustal minerals such as micas and feldspars. Because these 
radioactive isotopes are extremely scarce in the earth’s 
mantle, most green diamonds are thought to obtain their 
color from radiation exposure in alluvial deposits, where 
crustal minerals are more abundant, rather than in their 
kimberlite host rocks. In addition, the elevated tempera- 
tures of the mantle cause vacancies in the diamond lattice 
to be extremely mobile, and thus unstable. 


Figure A-1. Radioactive 
« decay usually involves 
emission of alpha or beta 
particles or gamma rays. 
Q Each type of radiation has 
a different penetration 
depth in diamond, with 
alpha particles only af- 
fecting the surface and 
gamma rays penetrating 
throughout. Isotopes of 
| uranium, thorium, and 
potassium are the most 
likely to affect diamonds 
in natural settings. These 
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Common mineral 


238) Alpha 4.5 0.022 1.787 Zircon, uraninite | isotopes vary in abun- 
235U Alpha 0.7 0.0002 0.011 Zircon, uraninite dance in the earth. 
Th Alpha 14.0 0.083 5.999 a es 
40K Beta 13 0.031 1.800 sca 
Abundances from wikipedia.org 
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Figure 9. Radiation stains in diamond (A-E) occur initially as green spots that may turn brown with exposure to 
heat above 500°C (Vance et al., 1973; Nasdala et al., 2013; Eaton-Magana and Moe, 2016). The stains are caused 
by alpha decay and occur as spots or thin coatings on the surface (A, C, and E). Green color usually penetrates 
only a few micrometers deep (A). Natural indentations or fractures allow radioactive fluids to penetrate and 
leave stains within the features (B). Occasionally, radioactive fluids between grain boundaries of adjacent 
minerals preserve their positions as green spotted patterns (D). H3-colored green diamonds (F) usually show 
yellow bodycolor with green luminescence. H-rich diamonds often have distinctively patterned clouds of 
microinclusions (G). Photomicrographs by various GIA staff. 


ward the center of the area. While the stains can 
occur in any shape or size, depending on the dia- 
mond’s surface exposure to radioactive material, 
most take the form of circular spots that likely rep- 
resent halos extending from multiple point sources 
(figures 8 and 9A, 9C, and 9E). Damage to the atomic 
lattice by alpha particles causes a slight volume ex- 
pansion in the diamond and an elevated surface at 
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the locus of the stain (Nasdala et al., 2013). The green 
or brown color penetrates to depths of usually not 
much more than 20 um (0.02 mm], creating a shal- 
low zone of green color adjacent to the stain(s) (figure 
9, A-B; Nasdala et al., 2013; Eaton-Magafia and Moe, 
2016). 

When many stains are concentrated together, a 
rough diamond may be covered with large patches of 
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green zones. Similarly, very thin skins of relatively 
uniform green color may coat the surfaces and frac- 
tures (figure 9, C and E). These more pervasive areas 
of radiation damage probably represent radioactive 
fluids (rather than point sources of particles of ra- 
dioactive minerals) surrounding a diamond and pen- 
etrating into the fractures and crevices (figures 8 and 
9B). Patterns of green staining often mimic grain 
boundaries of minerals that would have surrounded 
the diamond, suggesting that radioactive fluids were 
also present between mineral grains in some ancient 
alluvial environments (figure 9D; see also Mennell, 
1915; Guo et al., 1986). Green color zones that extend 
deeper must be related to beta or gamma radiation 
(or possibly neutron bombardment). While these 
zones do occur in some natural diamonds, they are 
much less common and therefore must represent 
some unusual radiation exposure conditions. For ex- 
ample, the color of the 41 ct Dresden Green was de- 
scribed by Kane et al. (1990) as “evenly distributed 
throughout the gem,” despite its large size (29.75 x 
19.88 x 10.29 mm). This may represent a diffused 
green color that penetrated uniformly because the di- 
amond was surrounded by radioactive fluids. 
Sometimes a complex history of residency in the 
earth can be gleaned from radiation stain patterns. A 
number of examples have been observed where green 
and brown radiation spots with identical shapes are 
offset from each other in one direction, sometimes 
with three or more instances of the same radiation 
spot along the same trajectory (figure 10). Due to the 
dynamics of how the spots change color with tem- 
perature, we know that the farthest brown spot was 
oldest and that the stone subsequently moved one or 
more times due to some tectonic or compaction 
process while the radiation source remained present. 
Heating episodes exceeding 500°C must have accom- 


14 NATURAL-COLOR GREEN DIAMONDS 


Figure 10. The occur- 
rence of brown and green 
spots of the same size 
and shape, but shifted in 
position, strongly sug- 
gests multiple stages of 
radiation exposure, heat- 
ing, and movement of 
the diamond relative to 
the adjacent radioactive 
minerals producing 
alpha particles that 
cause the damage. 
Photomicrographs by 
C.M. Breeding. 


panied the shifting process to cause the spot color 
changes, followed by a cooling and subsequent re-ir- 
radiation of a new spot (Vance et al., 1973). The 
change in diamond position relative to its environ- 
ment, combined with the unchanged spot shape, sug- 
gests that these spots were adjacent to radioactive 
mineral grains rather than fluid pockets. 


Colored by H3. As mentioned earlier, H3 defects pri- 
marily cause yellow bodycolor in diamond, with the 
green component caused by a strong undertone from 
a luminescence reaction to visible light. Using a 
fiber-optic or other strongly focused light source, 
green luminescence (sometimes referred to as “trans- 
mission”) with a watery appearance is usually seen 
in green diamonds colored by H3 defects (figure 9F; 
see also Kane, 1979a). Although the green color may 
be uniform in the stone, the structure of H3 as a 
combination of A-centers with vacancies means that 
if nitrogen aggregate pairs and vacancies are irregu- 
larly distributed, the luminescence will show a sim- 
ilar pattern. For example, diamonds with grain lines 
caused by plastic deformation sometimes have 
higher concentrations of A-centers along the graining 
(Massi et al., 2005) and higher amounts of vacancies 
available (Fisher, 2009). Consequently, fluorescence 
from H3 defects in these diamonds can often be seen 
as an alternating banded pattern between green and 
nonfluorescent regions. 


H-Related Green Color. Unlike the two previous 
groups, direct evidence of the defects related to green 
color in H-rich diamonds is typically not visible with 
a microscope. Some features, however, do occur pri- 
marily in diamonds with a high concentration of hy- 
drogen defects. The most common features of these 
stones are milky particulate clouds that have sharp, 
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angular boundaries with relatively non-included re- 
gions. Sometimes these clouds outline a six-rayed 
star pattern that is well known in hydrogen-rich 
stones (figure 9G; see also Wang and Mayerson, 2.002; 
Rondeau et al., 2004). When viewed under UV light, 
H-rich diamonds often fluoresce yellow as well. 


Ni-Related Green Color. Gemological observations 
from Ni-rich green diamonds are generally not dis- 
tinctive. Some have been reported to show a uniform 
weak green luminescence to visible light, similar to 
that from H3, but it has not been directly linked to 
the Ni impurities. 


LABORATORY GRADING 

Stones weighing up to 2.0 ct comprised 82% of GIA’s 
intake of natural green diamonds, with those be- 
tween 1.0 and 2.0 ct accounting for nearly 40% of 
that amount (figure 11). Rounds were most prevalent 
(36%), followed by cushions (26%), cut-cornered rec- 
tangles (12%), and pears (9%) (figure 11). Color grade 
distribution, as mentioned earlier, included 54% yel- 
low-green, 28% pure green, and 12% blue-green, 
with the remainder having gray or brown under- 
tones (figure 12). Many green diamonds are colored 
by a combination of defects, making it difficult to 
assign specific percentages to each cause of color. As 
an estimate, we used a random sample of 250 natu- 
ral green diamonds colored by the four main defects 


to determine that 34% were colored by GR1, 21% 
by H3, 16% by hydrogen defects, and 1% by nickel 
defects, while the remainder included some combi- 
nation of these color centers (figure 12). No dis- 
cernible trends were observed from clarity grades. 


ABSORPTION SPECTROSCOPY 

Absorption spectroscopy measurements are nonde- 
structive and provide a detailed look at a diamond’s 
atomic structure by passing light of different wave- 
lengths through the stone and measuring what wave- 
lengths (energies) are absorbed by the impurities and 
defects present. IR absorption gives information 
about the impurities in the diamond lattice, while 
ultraviolet-visible (UV-Vis) absorption reveals the 
color-producing defects. Each group of green color de- 
fects has unique spectroscopic features. 


IR Absorption. Details of the major impurity present 
(nitrogen or boron], as well as the configuration of the 
atoms of those impurities relative to the rest of the 
carbon lattice in diamond (diamond type}, are quickly 
and directly measured from IR spectroscopy. In addi- 
tion, information about other impurities such as hy- 
drogen can be inferred through evaluation of IR 
features created by complex defects involving those 
atoms. Infrared spectra are typically collected with the 
stone kept at room temperature conditions (Anderson, 
1943a, 1943b, 1943c; Collins, 2001; Zaitsev 2003). 


Figure 11. Most of the natural green diamonds submitted to GIA during the last decade have weighed 1-2 ct or 
less. Fewer than 5% are larger than 4 carats. Rounds were the predominant shape, followed by cushion, cut-cor- 


nered rectangle, and pear shapes. 
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COLOR DISTRIBUTION 


Green + blue: 12% 


Green: 28% 


Green + yellow: 54% 


CAUSE OF GREEN COLOR* 


Ni: 1% 


H3: 21% 


GR1: 62% 


*Based on random sample of 250 green diamonds colored by these defects. 


Figure 12. Natural green diamonds submitted to GIA labs over the last decade have been dominated by green + 
yellow and pure green hues, followed by green + blue color combinations and stones with grayish or brownish 
undertones. The cause of green color was largely GR1, followed by H3, H, and Ni, with many stones showing 


combinations of these defects. 


Green diamonds colored by H3, H, and Ni defects 
are all type Ia (containing N impurities). Those with 
significant H3 defects usually contain low to moder- 
ate concentrations of nitrogen, typically both as A- 
centers (pairs) and B-centers (4N+V) along with 
associated platelet defects (figure 13; see also Woods, 
1986 for platelet defect description). Higher-nitrogen 
diamonds tend to show very little to no green color 
from H3 luminescence, even when H3 concentrations 
are high, because the high levels of A-centers tend to 
quench the green fluorescence, leaving only the yel- 
low bodycolor due to absorption of H3 (Collins, 2001; 
Luo and Breeding, 2013). Low concentrations of H-re- 
lated defects seen at 4496, 3107, and 1405 cm“ are not 
uncommon. Green diamonds that owe their color to 
H-related defects have very high concentrations of 
both H-related defects (4496, 4167, 3236, 3107, 2812, 
2785, and 1405 cm-) and N impurities in the form of 
A- and B-centers, as well as platelets (1360-1370 cm- 
') and related peaks at approximately 1435, 1498, 1525, 
and 1549 cm that shift depending on the A/B center 
ratio. The concentrations of aggregated N impurities 
in these stones are so high as to saturate most IR spec- 
trometer detectors (i.e., the peaks extend beyond the 
upper edge of the infrared spectrum). Green stones col- 
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ored primarily by Ni-related defects contain very low 
amounts of nitrogen impurities, predominantly as A- 
centers (with only occasional traces of B-centers). In 
many cases, IR spectra also reveal traces of C-centers 
(i.e., single, substitutional nitrogen) as well as a series 
of peaks including 3137, 3143, 3180, 3187, 3202, 3242, 
3257, and 3272 cm that are ascribed to H + C-center 
defects. Relatively low but variable amounts of the H- 
related defects seen in H3 diamonds are also present. 

Diamonds colored green by GR1 defects from nat- 
ural radiation span the gamut from high-nitrogen 
type Ia stones to type Ila diamonds with no measure- 
able nitrogen impurities (figure 13). Likewise, the H 
content varies widely. The reason for this lack of cor- 
relation is the secondary nature of the radiation dam- 
age. Any diamond can be exposed to radioactive 
minerals or fluids after its formation to develop GR1 
defects and possibly a green color. The preexisting 
impurities and other defects will determine whether 
the green stone resulting from radiation damage has 
a yellow, gray, or brown undertone, but the green 
color is entirely introduced secondarily from the orig- 
inal condition of the diamond. One radiation-related 
defect that occurs as a weak peak in the IR spectrum 
of some intensely green type Ia natural diamonds is 
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Figure 13. IR absorption spectra from three of the four groups of green diamond defects show generally consistent 
patterns of nitrogen concentration and aggregation (type Ia). Due to the post-growth nature of radiation damage, 
GR1-colored diamonds (upper left) tend to span the entire range from type Ia (blue line) to high-nitrogen type Ia 


stones (red line). 


Hla, an interstitial nitrogen defect at 1450 cm (Zait- 
sev, 2003; Dischler, 2012). 


UV-Vis-NIR Absorption. Ultraviolet/visible/near-in- 
frared spectroscopy measures the color center absorp- 
tions that produce the color we see in a diamond. 
Although most primary impurity absorptions occur 
in the IR region, many complex defects (and even 
some very simple ones) absorb light in the visible 
part of the spectrum to produce color. These spectra 
are typically collected at liquid nitrogen temperature 
(approximately 77 K) to observe narrow peaks from 
temperature-sensitive defects (Collins, 2001; Shigley 
and Breeding, 2013). 

In the “Causes of Color” section, we discussed 
the main visible absorption features responsible for 
color in green diamonds containing GR1, H3, H-re- 
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lated, and Ni-related defects. Here we will detail the 
less prominent features that tell us more about the 
nature of the coloring mechanism and how it relates 
to the color we see. For diamonds colored by H3 or 
Ni defects alone, UV-Vis-NIR spectra tend to be rel- 
atively consistent from stone to stone because both 
of these defect centers intrinsically coexist with ag- 
gregated nitrogen, which always absorbs light toward 
the blue end of the spectrum and commonly occurs 
with N3 defects (3N+V) at 415 nm (figure 14). The 
same is generally true of H-rich diamonds, except 
that these stones often have accompanying absorp- 
tions related to H at 615 nm and more distinctive 
“cape” absorptions related to nitrogen at 478 nm 
(N2). Additionally, H-rich green diamonds often have 
a broad band centered at around 530 nm (figure 14). 
The combination of this 530 nm band with the N- 
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VIS-NIR SPECTRA 
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Figure 14. Visible 
absorption spectra from 
each of the four green 
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and H-related visible absorptions causes the lower 
absorbance part of the spectrum between 500 and 
600 nm to be elevated, resulting in the gray under- 
tone that is common in H-rich green diamonds. 
Radiation damage in diamond produces a number 
of defect centers in Vis-NIR spectra in addition to the 
primary GR1 color center (figure 14). The four most 
common of these defects occur at 496 (H4), 503.5 
(3H), 594, and 667 nm. Natural diamonds remain 
buried in the near-surface region of the earth for vari- 
able amounts of time even after they are exposed to 
radioactive minerals or fluids. Depending on the 
depth of residency, green diamonds are commonly 
exposed to elevated temperatures of a few hundred 
degrees Celsius that cause a natural annealing effect 
(Vance et al., 1973). The 667 nm, 594 nm, and 3H de- 
fects can all occur from radiation damage alone, 
without annealing, and are often seen in stones with 
green radiation stains. The 667 nm center consists of 
a carbon interstitial that anneals out at 400-500°C 
(Zaitsev, 2003). The 594 nm center (known to gemol- 
ogists as the 595 line) is a defect of uncertain struc- 
ture, possibly consisting of nitrogen atoms and 
vacancies or interstitials (Collins, 1999; Zaitsev, 
2003). It anneals out at approximately 1000°C. The 
3H defect is a split carbon interstitial that increases 
in intensity with annealing and remains stable to at 
least 600°C (Zaitsev, 2003). The H4 defect at 496 nm 
is more complex, consisting of four N atoms and two 
vacancies, and generally forms with radiation dam- 
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color mechanisms illus- 
trate how different 
absorptions—and 
luminescence in the 
case of H38—can produce 
green color. In each 
case, absorption below 
450 nm due to nitrogen 
is important for green 
coloration. 


age and subsequent annealing to temperatures above 
600°C. H4 is very stable and withstands tempera- 
tures of at least 1400°C (Collins, 1997; Zaitsev, 2003). 

It is important to remember that radiation dam- 
age can also occur simultaneously with any of the 
other defects that cause green color. It is not uncom- 
mon to see H-rich or H3 diamonds with GR1 defects 
(figure 12, right). We have even observed the occa- 
sional Ni-rich diamond with GR1. The combination 
of multiple causes of green color can dramatically in- 
tensify the overall green appearance but often makes 
identification more difficult, as we will discuss later. 


LUMINESCENCE SPECTROSCOPY 

AND IMAGING 

Luminescence spectroscopy measures the light emit- 
ted by a diamond in response to stimulation by an- 
other source of light, such as a laser or UV lamp. 
Photoluminescence (PL) uses lasers of different wave- 
lengths to produce emission spectra that reveal the de- 
fects present in a stone. DiamondView imaging 
exposes diamonds to very high-energy UV light (<230 
nm) to stimulate fluorescence that can be imaged with 
great detail (Welbourn et al., 1996). Both techniques 
are nondestructive and provide important information 
about the structure of natural green diamonds. 


PL Spectroscopy. PL analysis is one of the most use- 
ful and sensitive techniques for defect characteriza- 
tion in diamond. Defects occurring at concentrations 
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Gemological Vigests 


Broer-Freeman Company, Toledo, will serve 
as Vice-Chairman of the G.I.A. Board, suc- 
ceeding J. Lovell Baker, Montreal, Vice 
President and Director of H. Birks & Sons, 
Ltd. 

Newly elected members of the Board 
of the G.LA. include Leo J. Vogt, Hess & 
Culbertson, St. Louis; Fred Herz, R. Herz 
& Bro. Inc., Reno; Robert Bromberg, Brom- 
berg & Company, Inc., Birmingham; and 
Charles Peacock III, C. D. Peacock, Inc., 
Chicago. 

Retiring board members are Glynn 
Cremer, La Cross, Wisconsin; Earl E. Jones, 
Jones Bros. Jewelers, Pekin, Illinois; and 
Ernest J. Meyer, Meyer’s, Grand Island, 
Nebraska. The late Edward F. Herschede 
was also a member of the G.I.A. Board at 
the time of his death last September. 


DR. R. P. G. GRAHAM RETIRES 
FROM G.LA. ADVISORY BOARD 

Dr. Richard P. D. Graham, Professor 
Emeritus of Mineralogy at McGill Univers- 
ity, Montreal, has resigned as a member of 
the Educational Advisory Board of the Gem- 
ological Institute of America. 

During the years he has been a member 
of this advisory body, Dr. Graham has been 
most helpful as a consultant to the G.LA. 
He is well known as the author of numerous 
papers on mineralogical, crystallographic, 
and geological subjects, and is associated 
with many important organizations in those 
fields. 

A Fellow of the Royal Society of Canada, 
Dr. Graham is also a Past President of its 
Section 1V which covers Geological Sciences. 
He is a member of the Mineralogical So- 
ciety (London); Member of the Mineralogi- 
cal Society of America; Member, Canadian 
Institute of Mining and Metallurgy; Fellow, 
Society of Xi; and Honorary Member, Royal 


Geological Society of Cornwall, England. 

Dr. Graham, who was born in County 
Kildare, Ireland, studied at Oxford Univers- 
ity, England, and received his bachelor’s 
degree in 1904. He joined the staff ac Mc- 
Gill the following year and received both 
his Master and Doctor of Sciences degrees 
from that University. 

Since his retirement from the professor- 
ship at McGill, Dr. Graham is still active 
in the writing field, retaining the position 
of Technical Editor of Canadian Mining and 
Metallurgical Bulletin, a monthly publica- 
tion of the Canadian Institute of Mining and 
Metallurgy. He is also editor of English 
Geological Reports released by the Depart- 
ment of Mines of the Province of Quebec. 


THIRTY-TWO FELLOWSHIPS 
ANNOUNCED FOR 1951 BY 
AUSTRALIAN ASSOCIATION 

Announcement of results of the 1951 
Australian examination for Fellowship in 
the Gemmological Association of Australia 
has been received from Jack S. Taylor, 
F.G.A.A., Federal Secretary, of Sydney. 

Thirty-two members qualified for Fellow- 
ship in the five states represented with the 
Australian prize going to P. Grove-Jones of 
South Australia. The first three positions 
were filled by Alan F. Wilson, West Aus- 
tralian Branch; P. Grove-Jones, South Aus- 
tralian Branch; and P. E. Playford, West 
Australian Branch. 

Best students in each state represented 
were: Miss M. E. Cameron, New South 
Wales; T. Koller, Victoria; Alan F. Wilson, 
West Australia; Mrs. R. Herdsman, Queens- 
land; and P. Grove-Jones, South Australia. 

The Gemmological Association celebrated 
its sixth anniversary on October 25, 1951, 
and now shows a total of 261 of its mem- 
bers who have qualified for fellowship. 
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Figure 15. PL spectra of H3-colored green diamonds 
reveal that H3, H2, and NV defects and a 535.8 nm 
peak are the main features. Intrinsic diamond Raman 
lines have been removed for clarity. 


as low as the ppb (parts per billion) level can easily 
be detected (Breeding et al., 2010; Eaton-Magafia and 
Breeding, 2016). Like UV-Vis-NIR absorption, PL 
measurements of green diamonds are usually focused 
in the visible range of the electromagnetic spectrum 
and need to be collected at low temperatures (around 
77 K) to resolve many spectral peaks. There are hun- 
dreds of PL peaks that might occur in diamond, and 
some are activated only by certain laser excitation 
wavelengths since each laser excites luminescence 
features from diamond in a particular limited range 
of wavelengths. It would be impossible to character- 
ize every feature—and little is known about many of 
them—so we have chosen to report representative PL 
features that are associated with each group of green 
diamonds. 

Green diamonds colored by H3 defects show rel- 
atively few prominent PL features. The main peaks 
are H3 (503.2), 535.8, 575 (NV°), 637 (NV-}, 741 (GR1], 
and 986 nm (H2) (figure 15). H2 has the same struc- 
ture as H3 (N-V-N) but carries a negative electrical 
charge. Negatively charged defects indicate the pres- 
ence of trace amounts of single substitutional nitro- 
gen impurities serving as electron donors (Collins et 
al., 2000; Collins, 2001). The nature of the 535.8 nm 
feature is unknown, and PL-detectable trace amounts 
of GR1 are common in many natural diamonds. H- 
rich green diamonds also contain very few notable 
PL features. Peaks at 694, 700, 716, 787, and 793 nm 
are usually encountered with occasional H3 defects 
(503.2, nm; figure 16). Interestingly, most of these de- 
fects (694, 700, 787, and 793 nm) have previously 
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Figure 16. PL spectra from H-rich green diamonds 
mainly show features attributed to Ni (and possibly 
H). No features were observed with 830 nm laser exci- 
tation (not shown). Intrinsic diamond Raman lines 
have been removed for clarity. 


been assigned to complex Ni-N defects (Bokii et al., 
1986; Zaitsev, 2003). From our observations, at least 
two of them, 700 and 793 nm, correlate with A-ag- 
gregate concentrations in high-H diamonds. It is pos- 
sible that these H-rich stones are also high in Ni 
content but, due to natural annealing and trapping of 
the Ni impurities by more-abundant aggregated ni- 
trogen, no longer show the 883/885 nm Ni defect. If 
so, they represent a more N-rich, mature form of Ni- 
related green diamond. Ni-colored green diamonds 
show many of the same PL features, including the 
700, 787, and 793 nm peaks discussed above that are 
attributed to Ni-N complexes. Yet these stones also 
show many other narrow PL features, among which 
the most consistent and prominent are 603 and 668 
nm along with the very strong and well-known Ni 
doublet at 883/885 nm described earlier (figure 17; 
see also Zaitsev, 2003; Wang et al., 2007). Little is 
known about the 603 nm PL feature, but the one at 
668 nm has been attributed to a Ni defect (Zaitsev, 
2003). 

PL spectra collected from diamonds colored by 
GRI can vary considerably due to irregular distribu- 
tions of radiation damage across a stone’s surface and 
interior. PL features related to radiation damage are 
also dramatically affected by heating, even to rela- 
tively low temperatures of a few hundred degrees. In 
order to represent the PL defects of natural radiation 
damage, the features below are from Brazilian green 
diamonds with abundant green radiation stains 
(meaning they have not been heated to 550-600°C). 
Similar stones from other localities show the same 
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features. The strongest PL peaks in these green dia- 
monds are stable defects at 741 and 744 nm (GR1), 
503.2 nm (H3), 637 nm (NV-}, and 986 nm (H2). 
Weaker, much less stable features at 526, 587.9, 
647.2, and 722.5 nm are all related to interstitial 
atoms produced by radiation damage (figure 18). The 
526 nm feature has been assigned as nitrogen bound 
to carbon interstitials, and the one at 587.9 nm is 
thought to be an interstitial nitrogen atom (Zaitsev, 
2003). Little has been reported in the literature about 
the 647.2 and 722.5 nm defects, but ongoing work by 
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one of the authors (CMB) has shown that these two 
are related to each other and likely represent inter- 
stitial N atoms. The 647.2 and 722.5 nm PL features 
are completely destroyed by heating to 500°C, and 
thus do not occur in natural green diamonds with ra- 
diation stains that have turned brown. 


Diamond View. While photoluminescence records a 
semi-quantitative spectrum of the light emitted from 
a diamond at a single spot, DiamondView imaging 
records the qualitative fluorescence pattern produced 
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H3 


H-related 


Ni-related 


GR1 


over the entire instrument field of view to reveal spa- 
tial variations in luminescence. These patterns can 
be used to separate natural from laboratory-grown di- 
amonds, but also to interpret some of the stone’s im- 
purity incorporation and growth history. The 
DiamondView uses ultra-short-wave UV light (<230 
nm) to excite fluorescence from diamonds at room 
temperature (Welbourn et al., 1996). During UV ex- 
posure, the diamond can be rotated to observe fluo- 
rescence patterns in several directions. 
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Figure 19. Diamond- 
View fluorescence im- 
ages from each group 
show relatively few dif- 
ferences. H3 diamonds 
mainly show weak to 
strong isolated green 
fluorescence, while 
GR1 diamonds with 
stains display inert 
areas due to quenching 
of fluorescence by 
strong radiation dam- 
age. H- and Ni-related 
diamonds mainly show 
patterned blue fluores- 
cence. 


Daylight 


In green diamonds colored by H3 defects, the 
most obvious feature shown in the images is green 
fluorescence from H3 (figure 19), which often follows 
particular growth zones or plastic deformation struc- 
tures. Blue fluorescence from N3 defects is also usu- 
ally visible. The ratio of green to blue fluorescence 
in the images directly correlates with the total con- 
centration of H3 defects. H-rich diamonds typically 
show weaker overall fluorescence that is almost al- 
ways blue from N3 defects. Irregular patterns reflect 


Gems & GEMOLOGY SPRING 2018 21 


VIS-NIR SPECTRA 


Treated color 


==> 


ABSORBANCE 


Figure 20. Naturally ir- 
radiated and laboratory- 
irradiated green 
diamonds show very 
similar spectra because 
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cuboid growth, which is often apparent with H dia- 
monds. Isolated green H3 luminescence occurs occa- 
sionally at the boundaries between growth zones. Ni 
diamonds usually contain multiple zones of contrast- 
ing fluorescence colors. Blue from N3 is almost al- 
ways present along with inert zones and/or regions 
that fluoresce yellowish green (figure 19). The green 
may be from a Ni-related defect, as there are typically 
few or no H3 defects seen in these stones. The Dia- 
mondView images from green diamonds colored by 
GRI are extremely variable because they primarily 
reflect the defects present in the stones prior to nat- 
ural irradiation. The observations suggest that high 
levels of radiation damage tend to quench fluores- 
cence, resulting in areas with radiation staining that 
appear inert in DiamondView images (figure 19). 


IDENTIFICATION CONCERNS 

Identification of colored diamonds is a two-step 
process involving determination of genesis (grown in 
the earth versus a laboratory) and color origin (a prod- 
uct of natural processes versus treatment). In the case 
of green diamonds, the first step is relatively easy, but 
the color origin determination is often problematic. 
While all the diamonds discussed in this article were 
identified by GIA as having natural color, green dia- 
monds in general are the single largest group of dia- 
monds that receive “Undetermined” color origin 
reports from gemological laboratories. Laboratory ir- 
radiation using an electron beam takes only a few 
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minutes and can be performed commercially at low 
cost. This treatment has been performed regularly 
since the 1950s to create green diamonds, so nearly 
every green stone in the trade must be regarded with 
suspicion. Other treatment methods such as embed- 
ding diamonds in radioactive compounds, cyclotron 
and linear accelerators, and gamma ray exposure in 
nuclear reactors have been employed less frequently 
to achieve a green color. 

As might be expected with the similar processes 
in nature and the laboratory, the absorption and lu- 
minescence spectra from natural- and treated-color 
green diamonds are virtually identical in many cases 
(figure 20). Furthermore, almost any kind of diamond 
can be subjected to irradiation (in nature or the labo- 
ratory) to produce a green hue. This means that the 
preexisting defects, and thus the resulting radiation- 
related defects, can vary as much as natural hetero- 
geneity in diamond itself. In the absence of obvious 
color zoning related to laboratory treatment (green 
culet and a cyclotron “umbrella” pattern), all green 
diamonds should be sent to a gemological laboratory. 

At GIA, we continue to conduct our own irradia- 
tion treatment experiments and to examine known 
natural-color green diamonds from around the world 
to refine our identification criteria and reduce the 
number of “Undetermined” reports issued each year. 
As with all instances of gem testing, the identifica- 
tion of natural- versus treated-color in diamond is 
based on a variety of features. These identification 
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Box B: CHAMELEON DIAMONDS 


Among green diamonds, chameleon diamonds are a fasci- 
nating curiosity. They do not directly owe their green color 
to any of the four major defects discussed in this article. In 
fact, they span a wide range of color, from predominantly 
yellow to green hues. What makes these stones particu- 
larly interesting is that when heated or left in the dark for 
an extended period of time (days to weeks), they temporar- 
ily lose their green color and change to yellow or orangy 
hues (figure B-1, top) through energetic shifts in the broad 
visible absorption bands that cause their color. Within a 
few seconds to several minutes of being removed from 
darkness or allowed to cool after heating, chameleon dia- 
monds regain their greenish color. The nature of the color 
change remains unclear, but these unique diamonds have 
a cherished niche among collectors (Fritsch et al., 1995; 
Hainschwang et al., 2005; Fritsch et al., 2007). 

Over the last decade, a few thousand chameleon dia- 
monds have been documented within GIA’s laboratories; 
the vast majority had a stable color that included a green 
contribution (figure B-1, bottom left). Nearly half were 
grayish yellow-green, and only about 1% had pure green 
hues; 83% of the chameleons seen at GIA had gray or 
brown color components as well. Chameleon diamonds 
were generally smaller than other natural green dia- 
monds (e.g., figure 11), with most weighing less than 1.0 
ct (figure B-1, bottom right). 
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UV fluorescence was a distinctive feature among the 
chameleon diamonds. Of these, 74% showed yellow flu- 
orescence and another 18% exhibited orange or orangy 
yellow fluorescence in response to long-wave UV expo- 
sure. The intensity of the long-wave fluorescence was pre- 
dominantly strong (92%). Under short-wave UV 
illumination, 86% showed yellow fluorescence and an- 
other 13% exhibited orange or orangy yellow fluores- 
cence. The intensity of the short-wave UV fluorescence 
was predominantly medium (85%). Additionally, all the 
chameleon diamonds exhibited short-wave UV phospho- 
rescence that was usually weak in intensity (54%) and yel- 
low in color (96%). 

GIA laboratory reports include a special comment in- 
dicating the unique color-change property of a chameleon 
diamond. To receive this comment on a report, a diamond 
must have a green color component (either primary or sec- 
ondary), it must display phosphorescence to short-wave 
UV light, and it must change color from greenish to yel- 
low or orange upon gentle heating or removal from light. 
Tremendous caution must be taken when heating green 
diamonds, as those colored by GR1 defects may perma- 
nently lose some or all of their green color. While 
chameleon diamonds cross the boundary between green 
and yellow stones, they remain an interesting oddity that 
accentuates the novelty of green diamonds. 
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Figure B-1. Chameleon 
diamonds (top) change 
from a greenish color to 
a yellow or orange hue 
when heated or kept in 
the dark. Of the 
chameleon diamonds 
seen at GIA over the 
last decade (bottom), 
most have stable colors 
of grayish yellow-green 
and brownish greenish 
yellow and less than 
0.5 ct in size. Photos by 
C.M. Breeding. 
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Figure 21. While the vast majority of green diamonds fall into the four categories described in this article, a few 
very unusual stones with green hues are type IIb, type Ib, or chameleon stones. These very rare diamonds have dis- 
tinctive spectroscopic features that make them relatively easy to spot. 


criteria are considered proprietary information to 
protect the integrity of GIA’s grading report service. 
To support our conclusion on color origin, dealers 
sometimes bring an important rough green diamond 
for us to examine before manufacturing and then 
during several stages of the process. This allows us 
to study the progression of the color appearance of 
the cut stone, and to confirm that it originated from 
the starting piece of rough. 


UNUSUAL EXAMPLES 


We have discussed the four major causes of green 
color in gem diamonds. These are responsible for 
some 95% of the naturally green diamonds seen at 
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GIA’s laboratories in the last decade. As with any- 
thing natural, there are a few unusual diamonds with 
green color components that do not fall within the 
aforementioned groups. These include type IIb and 
Ib stones as well as chameleon diamonds (figure 21 
and box B). Type IIb diamonds are typically blue due 
to boron impurities that absorb light from the in- 
frared all the way through the visible spectrum, with 
the absorption higher at the red end of the spectrum 
than the blue end. In a few extremely rare cases, a 
type IIb diamond also has strong absorption from 400 
to 500 nm, resulting in a green hue (Crowningshield, 
1965; Scarratt, 1989). The cause of the higher-energy 
absorption is unclear, but it might be elevated trace 
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Figure 22. Natural-color green diamonds such as these beautiful gems span a range of colors. From left to right: 
Fancy Vivid green-blue (2.06 ct), Fancy Vivid yellow-green (1.01 ct), Fancy Dark gray-greenish yellow (3.08 ct), and 
Fancy Intense yellow-green (2.01 ct). Each of the four main color-causing mechanisms usually produces slightly 
different green hues. Photo by Robert Weldon/GIA, courtesy of Optimum Diamonds. 


concentrations of nitrogen impurities that are 
masked in the IR by the excessive boron. Type Ib di- 
amonds contain single substitutional nitrogen impu- 
rities that absorb strongly in the UV to blue part of 
the spectrum, generating a strong yellow color. If a 
type Ib diamond is plastically deformed and has 
enough vacancies to increase the NV- (637 nm) defect 
concentration significantly enough to absorb light in 
the red region, the stone has a greenish hue (usually 
also grayish or brown from the plastic deformation 
vacancy cluster absorption, causing a rise to higher 
energies). The last and perhaps most abundant and 
interesting oddity is the chameleon diamond (box B). 
Chameleons are type IaA diamonds (usually with 
moderate N content) that exhibit broad 480 nm (un- 
known structure) and 700 nm (H- or Ni- related) 
bands in the visible spectrum that often give rise to 
a greenish hue (usually brownish or grayish and 
termed “brackish”). These popular color-changing 
collectors’ stones occupy their own niche in the dia- 
mond trade. 


CONCLUSIONS 


Natural-color green diamonds (figure 22) are rare and 
beautiful, with a variety of defects that can be re- 
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sponsible for their color. Today, most are discovered 
in South American or African mines. The main 
causes of green color in gem diamonds, either as the 
sole mechanism or in combination, are vacancies 
produced by radiation damage (GR1), H3 defects, H- 
related defects, or Ni impurities. Each of these gives 
rise to a slightly different green hue. GR1-colored 
green diamonds are most abundant, followed by 
those colored by H3 green luminescence. H- and Ni- 
related green stones are less common. Each group of 
green color centers displays gemological clues as 
well as absorption and luminescence spectra that aid 
in their identification. Both GR1 and H3 defects can 
be easily induced in diamond by laboratory irradia- 
tion and annealing, a process that has been applied 
since the 1950s. GIA has made significant progress 
in determining the origin of color of green diamonds 
since the 1950s and ’60s, when the vast majority 
were described as undetermined. Today, most green 
diamonds have a definitive origin determination. 
Due to the similarities between natural radiation 
damage and laboratory treatment effects, color ori- 
gin determinations of green diamonds are not always 
possible and have turned these rare and exquisite 
gemstones into the beautiful conundrum they are. 
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IRIDESCENCE IN METAMORPHIC 
“RAINBOW” HEMATITE 


Xiayang Lin, Peter J. Heaney, and Jeffrey E. Post 


The authors investigated “rainbow” hematite from Minas Gerais, Brazil, using electron microscopy, atomic force 


microscopy, and synchrotron X-ray diffraction to determine the cause of its intense wide-angle iridescence. The 


study revealed that the interference is produced by a highly periodic microstructure consisting of spindle-shaped 


hematite nanocrystals containing minor Al and P impurities. The nanorods are 200-300 nm in length and 50- 


60 nm in width. They are arranged in three orientations at 120° angles with respect to each other and stacked 


layer by layer to form the bulk crystal. The distances between adjacent parallel spindle-shaped particles within 


the same layer fall in the range of 280-400 nm, generating a diffraction grating for visible light. The organized 


substructure is apparent on all freshly fractured surfaces, suggesting that it represents more than an exterior 


surface coating. The authors propose that this periodic substructure results from arrested crystal growth by the 


oriented aggregation of hematite nanorods. 


iridescence are described as “rainbow 

hematite” and “turgite” (figure 1). The latter 
term originated with the German mineralogist 
Rudolph Hermann, who coined it in 1844 to describe 
iron hydroxide specimens found near the Turginsk 
River in the Ural Mountains (Hermann, 1844). “Tur- 
gite” was discredited as a distinct mineral name in 
the 1920s, however, based on thermogravimetric 
(Posnjak and Merwin, 1919) and X-ray diffraction 
(Bohm, 1928; Palache et al., 1944) studies that iden- 
tified such specimens as mixtures of microcrystalline 
hematite (Fe,O,) and either goethite (FeOOH) or 
amorphous Fe hydroxide. Nevertheless, “turgite” has 
been retained by the mineral collecting and gem 
community as a catch-all term for naturally irides- 
cent iron (hydr)oxide minerals. 

Mineral dealer Rock Currier (1940-2015) was 
largely responsible for introducing rainbow hematite 
to the U.S. market. According to notes he published 
on Mindat.org, Currier first visited an outcrop of 
what he called “color rock” from the Andrade mine 
in Jodo Monlevade, Minas Gerais, Brazil, in 1991 (fig- 
ure 2; Currier, 2012). Shortly after, he shipped a 
truckload of 55-gallon barrels filled with an esti- 


] fice specimens that frequently display 
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mated 15 tons of the material to the United States. 
Initially he attempted to sell the rainbow hematite 
“by the barrel for $3 per pound without very much 
luck.” At a subsequent Tucson Gem and Mineral 
Show, however, he “arrived to find some guy had 
rented a big billboard and was selling the stuff as the 
latest and greatest metaphysical jewelry item. One 
guy was backing little pieces of the stuff with obsid- 
ian and selling earrings...for $90 a pair.” Fortunately, 
Currier had kept enough of the rainbow hematite to 


In Brief 


e lridescent hematite schists from Brazil were ana- 
lyzed by high-resolution imaging and spectroscopy 
techniques. 

¢ Rainbow colors arise from the interference of light 
waves reflecting off arrays of spindle-shaped hematite 
nanocrystals. 

e These nanocrystals assembled through “oriented 
aggregation” as controlled by hematite’s threefold 
symmetry. 


select higher-grade samples, and he saw brisk sales 
of individual pieces. 

Bulk samples of this Brazilian rainbow hematite 
are still sold at major mineral and gem shows, but 
our discussions with dealers indicate a growing 
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Jade in Mexico 


(Continued from page 150) 


and bloody victors. Those miners who were 
able to cover up their diggings did so, and 
ceased all further development of the min- 
eral deposits. 


Then came the Spanish invaders under 
Hernan Cortez, who easily persuaded the 
oppressed tribes to help them attack the 
hated Aztecs. But once the power of Monte- 
zuma's empire was overthrown, the perfide- 
ous adventurers turned on the Indians, 
and persecuted them more cruelly than ever 
the Aztecs had done. Before his betrayal 
and fall from power, Montezuma had offer- 
ed jewels of jade to Cortez, and was aston- 
ished to find that such gifts would be 
appreciated only for the gold mountings. 
He said that to his people one piece of fine 
jade was worth as much as two whole loads 
of gold. The Spaniards wanted only the 
precious metals, and drove all miners to 
work as slaves for production of gold and 
silver. Jade, therefore, ceased to have any 
value; there were no longer any buyers; and 
the stoneworkers had to go into metal min- 
ing or farming. 

There was one Spanish priest, Fr. Ber- 
nardino de Sahagun, who befriended the 
Indians, and spent much of his time in 
writing an account of all he saw and trying 
to learn everything about this new country. 
So he asked the Indians how and where to 
find jade. But his interest was only scien- 
tific, and did not indicate any chance for 
renewal of the once profitable trade. He 
was given, therefore, only an imaginative 
story of ‘green magic.” He was told that if 
one were to stand at a convenient place 
just before dawn, and look toward the ris- 
ing sun, the appearance of a vapor like a 
delicate little smoke would show where to 
dig for precious stones. Also, wherever the 
herbage kept continually green there would 
be found a boulder containing jade, because 
that always emits a cool and damp exhal- 


ation. Perhaps the family secrets of actual 
places and methods were purposely hidden 
in fantastic tradition, or the reality of jade 
sources actually had been forgotten. 


The sturdy Zapotec and Mixtec Indians 
of Oaxaca were never conquered either by 
the Aztecs or the Spaniards, and actually 
have not been subjugated to this day. They 
mistrust representatives of government, and 
keep their affairs to themselves. It is re- 
ported that there is a cave in the back 
hills of the Mixteca where many jade idols 
are hidden, and closely guarded day and 
night against intrusion by strangers. That 
general region, also, is known to be geo- 
logically favorable for the occurrence of 
natural jade deposits. If those Indians could 
be persuaded to believe in some honest 
agent, who could protect them from govern- 
ment domination, and assure them of fair 
treatment in the lapidary trade, they might 
start prospecting. Then, in case they were 
to find old or new quarries of prime jade, 
there might thus be started a revival of 
that ancient American art. 


Reconstructed Huhies 
(Continued from page 144) 


been reported in which some of the natural 
ruby from which they were grown is still 
intact. 

However, none of the stones submitted 
to this laboratory as reconstructed have dis- 
played characteristics that would indicate 
natural origin. Since it is now known that 
the characteristics of the reconstructed stone 
as outlined in present gemologica! text. are 
to be found in synthetic stones, it seems 
only reasonable that — to avoid further con- 
fusion regarding stones cut from boule ups 
and similar appearing synthetics — the use 
of the term “reconstructed” should be con- 
fined only to stones which consist of sin- 
tered natural fragments and which, in turn, 
display inclusions characteristic of natural 
rubies. 
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Figure 1. Rainbow hematite from the Andrade mine in Jodo Monlevade, Minas Gerais, Brazil. Photo © 


Rock Currier, Mindat.org. 


scarcity. Currier attempted to purchase more mate- 
rial from the mine, but apparently the major seam of 
rainbow hematite at Andrade underlies the primary 
mine haul road, and excavation would have destabi- 
lized this conduit to the open pit. Nevertheless, ex- 
quisite pieces of rainbow hematite jewelry are still 
sold online, with accent stones such as amethyst, ap- 
atite, sapphire, tourmaline, and tsavorite (figure 3). 
Moreover, rainbow hematite plays an important role 
in the local culture. Villages neighboring the city of 
Belo Horizonte traditionally sprinkle the streets with 
truckloads of powdered material for festivals, creat- 
ing an effect that Currier (2012) likened to “standing 
in a pile of peacock feathers.” 

To our knowledge, Ma and Rossman (2003a,b) have 
performed the only scientific investigation into the 
cause of iridescence in rainbow hematite, analyzing 
specimens from Brazil, Mexico, Italy, and several sites 
in the United States. Their results are also briefly high- 
lighted in Nadin (2007). Using field-emission scanning 
electron microscopy (FESEM], Ma and Rossman 
(2003b) reported that their rainbow hematite speci- 
mens were coated with a “thin film” of rod-shaped 
nanocrystals, each measuring 5 to 35 nm in thickness 
and hundreds of nm in length. These nanocrystals 
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were oriented in three directions, at 120° angles with 
respect to each other, and formed a grid-like network. 


Figure 2. Rock Currier (left) and colleague survey a 
seam of rainbow hematite at the Andrade mine. 
Photo © Rock Currier, Mindat.org. 
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Figure 3. Left: An 18K gold pendant featuring rainbow 
hematite from Minas Gerais, Brazil, accented with 
amethyst and apatite. Right: Rainbow Rapture ring in 
18K gold with tourmaline, sapphire, and tsavorite. 
Designs by Judith Anderson. Photos by The Jewelry 
Experts, Bijoux Extraordinaire, Ltd. 


The nanocrystals were too small to determine precise 
chemical compositions, but energy-dispersive spec- 
troscopy (EDS) revealed high concentrations of Al and 
P in a ratio that varied from 2.2 to 3.8. Ma and Ross- 
man (2003b) noted that “the minute crystals have 
failed to produce either an X-ray powder diffraction 
pattern, an electron back-scatter diffraction pattern, 
ora Raman spectrum.” The study interpreted the rod- 
like nanocrystals as a new mineral, but a full charac- 
terization was not possible with the resolution of the 
instrumentation. 

Over the 15 years since these results were pub- 
lished online, more sophisticated analytical tech- 
niques have become available. For the present study, 
we sought to determine whether iridescence in rain- 
bow hematite arises from thin-film effects involving 
Al phosphate phases, as earlier researchers hypothe- 
sized, or whether a different mechanism is involved. 
Rainbow effects in minerals are commonly attributed 
to nanoscale coatings, as in bornite (Buckley and 
Woods, 1983; Vaughan et al., 1987) and fire obsidian 
(Ma et al., 2001, 2007). Yet many gem materials (e.g., 
opal, labradorite, iris agate, and iris quartz) contain 
modular substructures that create a diffraction grating 
for visible light and generate rainbow effects (Darragh 
et al., 1966; Miura and Tomisako, 1978; Heaney and 
Davis, 1995; Lin and Heaney, 2017). These substruc- 
tures often yield insights into exotic crystal growth 
processes that can inspire pathways for the self-assem- 
bly of synthetic materials. For the present investiga- 
tion, we examined rainbow hematite from the 
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Andrade mine using a combination of light optical mi- 
croscopy, X-ray diffraction (KRD) and Rietveld analy- 
sis, FESEM, and atomic force microscopy (AFM). 


MATERIALS AND METHODS 

Specimen Description. We purchased the iridescent 
hematite samples used in this study at the 2014 Tuc- 
son Gem and Mineral Show from Cinderhill Gems 
(Meadow Vista, California), who traced the material 
to Rock Currier’s bulk shipment from Brazil in the 
1990s. The specimens we studied appeared identical 
in macroscopic physical character to those described 
by Currier (2012). As noted below, the microstruc- 
tures matched the descriptions for Andrade hematite 
in Rosiére et al. (2001) and Ma and Rossman (2003b). 
Thus, we concluded that the rainbow hematite in 
this study indeed derives from the Andrade mine. 

The Andrade iron ore deposit is located in the 
eastern high-strain domain of the Quadrilatero Fer- 
rifero district (figure 4) in the southern part of the Sao 
Francisco Craton of Brazil (de Almeida, 1977). The 
Quadrildtero Ferrifero (or “Iron Quadrangle”) is so 
called because the Paleoproterozoic metasediments 
in the Minas Supergroup exhibit a rectangular 
arrangement of synclines (Rosiére et al., 2001; 
Rosiére and Chemale, 2008). The Caraca, Itabira, 
Piracicaba, and Sabara groups are four sequences of 
the Minas Supergroup rocks (Dorr, 1969; Mendes et 
al., 2017; see figure 5). The iron ore deposits are lo- 
cated within metamorphosed banded-iron forma- 
tions in the Caué Formation of the Itabira Group; the 
Andrade mine is in a contact-metamorphic zone 
within this formation. The rainbow hematite occurs 
as iridescent, specular seams oriented parallel to bed- 
ding. The material is brittle and fractures into lath- 
like splinters, but the crystals within the laths have 
a granoblastic texture, a term used to describe 
equigranular minerals without sharp crystal faces in 
metamorphic rocks. Rosiére et al. (2001) attribute 
these textures to post-tectonic deformation and re- 
crystallization. 

The Andrade rainbow hematite seam occurs 
within a banded-iron formation (BIF) in the Itabira 
Group (again, see figure 5), which has lent its name 
to a broad class of metamorphic rocks called 
itabirites. These are hematitic (rather than mica) 
schists that formed when the original jasper bands in 
the BIF recrystallized into distinct layers of macro- 
scopic quartz and hematite (or sometimes mag- 
netite). The hematite schists, from which we infer 
the rainbow hematite derives, are intergrown within 
itabirites (Barbour, 1973). 
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Figure 4. (A) Geologic map of the Quadrilatero Ferrifero in the southern portion of the Sdo Francisco Craton (SFC), 
Brazil. Iridescent hematite derives from the Andrade mine, denoted toward the upper right as MAN. WLSD: West- 
ern Low-Strain Domain; EHSD: Eastern High-Strain Domain. IS: Itabira Syncline. From Mendes et al. (2017), as 


modified from Dorr (1969). 


Scanning Electron Microscopy and Energy-Dispersive 
Spectroscopy. SEM and EDS were used to characterize 
surface topography and compositional information 
for the specimen. As iridescence was evident even 
from freshly fractured surfaces of the Andrade speci- 
men, we removed a flake from one of our specimens 
and affixed the flake to an SEM mount using carbon 
fiber tape so that the flat iridescent surface was par- 
allel to the surface of the SEM mount. We used an FEI 
Nova NanoSEM 600 field emission scanning electron 
microscope, outfitted with an Oxford Instruments X- 
Max (Model 51-XMX1105) silicon drift detector used 
for EDS analysis, in the Materials Characterization 
Laboratory (MCL) at Pennsylvania State University 
to examine the iridescent hematite. Nanoscale sec- 
ondary electron images were obtained at an accelera- 
tion voltage of 5 kV and a current of 9 pA. EDS data 
were processed using the Oxford Instruments 
NanoAnalysis AZtec software (version 2.4). We chose 
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three different accelerating voltages (20, 10, and 5 kV) 
to acquire spectra for the same sites. 


Atomic Force Microscopy. To obtain high-resolution 
surface topography, we used a Bruker Icon I AFM 
(MCL, Pennsylvania State University) in PeakForce 
Tapping (PFT) mode with the ScanAsyst image opti- 
mization technique. In PFT mode, the cantilever is 
brought in and out of contact with the surface. PFT 
algorithms can precisely control the instantaneous 
force interaction, allowing the use of reduced forces in 
the imaging process. In this way, both fragile probes 
and samples can be protected without compromising 
image resolution. ScanAsyst automatically adjusts the 
appropriate parameters (such as set points, feedback 
grains, and scan rates) during the scan and continu- 
ously monitors image quality. The AFM probe for this 
analysis was a Bruker ScanAsyst-Air probe, which has 
a silicon tip on a nitride lever. The front angle of the 
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tip was 15° and the back angle was 25°. For AFM im- 
aging, the peak force set point ranged from 1 to 4 nN 
and the scan rate was 1 to 0.5 Hz, with 512 data points 
per line in each scan. NanoScope Analysis software 
(version 1.50) was used to process the AFM data. 


X-Ray Diffraction. Hematite was powdered in an 
agate mortar and pestle under acetone. Upon drying, 
the powder was loaded into a 0.7 ID polyimide capil- 
lary for X-ray diffraction. Synchrotron X-ray diffrac- 
tion data were collected at the GeoSoilEnviroCARS 
(GSECARS) 13-BM-C beamline at the Advanced Pho- 
ton Source (APS), Argonne National Laboratory (Ar- 
gonne, Illinois). The X-ray wavelength was 0.8315(4} 
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A, and the detector-sample distance was 100.469(1) 
mm. XRD data were collected with a MAR165 CCD 
camera. The diffraction pattern was integrated into in- 
tensity vs. 20 plots using the Fit2D program with a po- 
larization factor of 0.99 (Hammersley et al., 1996). 


Structure Refinement. Rietveld refinement is a tech- 
nique for determining atomic structures by compar- 
ing the misfit between an observed powder X-ray 
diffraction pattern and a diffraction pattern calcu- 
lated on the basis of a model crystal structure (Ri- 
etveld, 1969). Factors such as unit-cell parameters 
and atom positions are allowed to refine until the 
misfit between the observed and calculated patterns 
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is minimized. Because we suspected that the atomic 
structure of the iridescent hematite from the An- 
drade mine might deviate from ideal hematite, we 
applied Rietveld analysis of the synchrotron XRD 
data to refine the crystal structure. The Rietveld soft- 
ware employed was the EXPGUI interface (Toby, 
2001) of the general structure analysis system (GSAS} 
(Larson and Von Dreele, 1994). To obtain instrumen- 
tal broadening parameters, we refined the structure 
of a LaB, standard using starting parameters from 
Ning and Flemming (2005). For the hematite refine- 
ment, we incorporated the peak profile parameters 
refined for LaB,, and the initial structure parameters 
for hematite came from Blake et al. (1966). Using a 
20 range of 11.5° to 37.5° (d,,, = 4.1 A to 1.3 A), we 
refined the background using a cosine Fourier series 
polynomial with eight profile terms. After the scale 
factor, background, unit-cell parameter, zero posi- 
tion, and additional profile terms had converged, the 
atom positions and the Fe occupancy were refined. 


RESULTS 


Reflected Light Microscopy. Viewed using reflected 
light optical microscopy at low magnification, the 
rainbow hematite sample appeared as a composite of 
gray hematite platelets with a strong silvery luster, 
and the platelets varied in diameter from 150 to 250 
pm (figure 6). The lenticular to equidimensional tex- 
ture was consistent with the mosaic granoblastic fab- 
ric reported by Rosiére et al. (2001). Even when the 
iridescent Andrade hematite was freshly fractured, 
all surfaces exhibited intense rainbow colors (figure 
6), leading us to interpret the iridescence as a bulk 
character, or at least as a pervasive character, rather 
than as the result of a single surface coating. 


250 um 


Figure 6. Reflected light microscope image of irides- 
cent hematite revealing the granoblastic texture and 
strong iridescence of a freshly fractured surface. Photo 
by Xiayang Lin. 


Scanning Electron Microscopy and Atomic Force Mi- 
croscopy. When the iridescent surfaces of the An- 
drade hematite platelets from a freshly fractured 
surface were analyzed at low magnification using 
SEM, the surface appeared flat and smooth (figure 7). 
As first described by Ma and Rossman (2003a), how- 
ever, sub-micron resolution revealed spindle- and 
rod-shaped nanocrystals arranged with threefold 
symmetry. The spindle-shaped particles were 200- 
300 nm in length and 50-60 nm in width. These ori- 
ented nanoparticles were reproducibly observable on 
freshly fractured surfaces, where they occurred as 
stacked sheets. 


Figure 7. FESEM images of a freshly fractured iridescent hematite surface, shown with increasing magnification 
from left to right, reveal that the granoblastic texture of a single hematite grain (left) comprises individual 


nanocrystals oriented at 120° angles (center and right). 
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Figure 8. AFM images of iridescent hematite from the Andrade mine at low (A) and high (B) magnifications. 
The scale bar to the right of each image denotes the height relative to a zero-plane on the surface, with lighter 
colors representing higher elevations. (C) 3D reconstruction of the image in (B) as calculated by NanoScope 
Analysis software. 


The threefold trellis network generated by the 
hematite nanoparticles was illustrated even more 
clearly by AFM imaging of fracture surfaces (figure 8). 
In particular, the scanning probe technique allowed 
for a three-dimensional reconstruction of the hematite 
surface (figure 8C), revealing a ridge-and-valley struc- 
ture at the nanometer scale along three directions. 
Moreover, these images exposed a high concentration 
of nanopores approximately 10 nm in length. 


Chemical Composition. We measured the elemental 
composition of the iridescent surface using EDS from 
a fractured face with nanoSEM (figure 9). Consistent 
with the results reported by Ma and Rossman (2003b}, 
our EDS measurements detected Al and P in addition 
to Fe and O. Al is known to substitute for Fe in natural 
hematite (Tardy and Nahon, 1985; Cornell and Schw- 


ertmann, 2003, p. 51). Moreover, synthetic hematite 
with variable concentrations of substitutional Al has 
been studied extensively (Schwertmann et al., 1979, 
De Grave et al., 1985; Stanjek and Schwertmann, 
1992, Gialanella et al., 2010; Liu et al., 2011). Like- 
wise, P has been reported as a common impurity 
within natural hematite. Indeed, dephosphorization of 
iron ores to improve the efficiency of iron extraction 
is a global focus in the mining industry (Li et al., 2014; 
Lovel et al., 2015), including the Itabira deposits (Bar- 
bour, 1973). P-containing hematite also can be synthe- 
sized, and studies have revealed that P preferentially 
attaches to the prismatic (100) and (110) faces of 
hematite rather than the (001) and (104) basal faces 
(Colombo et al., 1994; Torrent et al., 1994, Galvez et 
al., 1999), inducing particle morphologies to change 
from rhombohedral to spindle-shaped. 
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Consequently, we calculated a formula for the iri- 
descent hematite from the Andrade mine using the 
data in table 3 and assuming the presence of Al and P 
as impurities. Our EDS results yielded a formula of 
Fe, . Al,53P 59303, When normalized to three oxygen 
atoms. The absence of charge balance may indicate 
the P is not incorporated within the structure (see 
below), and it also may arise from the semi-quantita- 
tive nature of EDS when performed on a fractured 
rather than polished surface. Nevertheless, the ratio 
of Fe to Al suggests occupancies of 89% for Fe and 
11% for Al, in good agreement with the results of our 
Rietveld analysis of XRD data, as described below. 


XRD and Rietveld Refinement. Our X-ray diffraction 
analysis indicated that the Andrade mine hematites 
were phase pure within the detection limits of syn- 
chrotron diffraction (optimally about 0.1 wt.%). The 
final Rietveld refinement results based on our syn- 
chrotron XRD are presented in figure 10, and the 
unit-cell and refinement parameters are presented in 
table 1. Atom positions and occupancies are included 
in table 2. 

Although the match between the calculated and 
observed patterns was excellent, we noted a discrep- 
ancy between our refined structure and ideal stoi- 
chiometric hematite. When we refined the structure 
using only Fe in the octahedral site, the occupancy 
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Figure 10. The close corre- 
spondence between the 
observed and calculated 
XRD patterns in this Riet- 
veld refinement of irides- 
cent hematite from the 
Andrade mine indicates a 
strong match between our 
model structure and the 
actual atomic structure. 
The black crosses repre- 
sent the observed data. 
The red line is the calcu- 
lated pattern based on the 
final refined structure. 
The green line models the 
background intensity. The 
blue line represents the 
difference between the ob- 
served and calculated pat- 
terns. The pink vertical 
lines mark the X-ray dif- 
fraction peaks of 
hematite. 
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converged to 93.9(4)% rather than 100%. Since our 
EDS results revealed the presence of Al, we postu- 
lated that Al was incorporated into the crystal struc- 
ture of hematite rather than in the distinct phosphate 
phase suggested by Ma and Rossman (2003a). To test 
this hypothesis, we included Al on the same crystal- 
lographic site as Fe, with the constraint that the oc- 
cupancies for Al and Fe would sum to 100%. 

The accuracy of a Rietveld refinement is gauged 
using several goodness-of-fit (GOF) measurements. 
These include a factor that compares observed and 
calculated waveforms of the diffracted X-rays (R,,.,,.) 
as well as factors that compare intensities of ob- 


TABLE 1. Final Rietveld refinement parameters for 
iridescent hematite. 


Space group R3c Refinement parameters 
Unit cell No. of diffraction points 1,062 

a (A) 5.0500(2) No. of reflections 29 

b (A) 5.0500(2) Diffraction range (20) 11.5-37.5 
c (A) 13.7903(6) | No. of variables 16 

a (°) 90 R(F’) 0.1136 

B (°) 90 Rwp 0.0079 
y(°) 120 x 0.2020 
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TABLE 2. Atomic coordinates and occupancy of 
iridescent hematite after Rietveld refinement. 


Atom x y Z Occupancy U.. 

Fe 0 0 0.35530(6) 0.879(7) 0.004 
Al 0 0 0.35530(6) 0.121(7) 0.004 
O 0.2996(5) 0 0.25 1 0.004 


served and calculated diffraction data as a function 
of scattering angle (x? and R_ |. The partial substitu- 
tion of Al for Fe improved the GOF by all of these 
measures, with R,,,,. decreasing from 0.1369 to 
0.1136. Other GOF parameters indicated an excellent 
match between the calculated and observed diffrac- 
tion patterns when Al substitution was allowed, 
with the final x? = 0.2020 and R,,, = 0.0079. Our final 
Rietveld refinement of the Andrade hematite yielded 
an occupancy for Fe of 87.9(7)%, with Al occupying 
the remaining 12.1(7)% of the sites. That value com- 
pares very well with the 11% occupancy for Al cal- 
culated from the EDS data. 

Our efforts to incorporate P into the crystal struc- 
ture did not yield a satisfactory structure refinement, 
which was not surprising since our EDS data sug- 
gested much lower concentrations of P than Al, con- 
sistent with the analyses of Ma and Rossman 
(2003b). Thus, P occurs as a minor impurity, either 
interstitially within the hematite structure, as a sub- 
stitute for octahedral Fe, or perhaps as atoms at- 
tached to the surfaces of individual nanocrystals. 


DISCUSSION 

A Natural Diffraction Grating of Hematite Nanocrys- 
tals. Modulated structures with periodicities on the 
order of the wavelength of visible light (380-700 nm) 
can lead to diffraction effects if the structures are 
physically displaced relative to each other (such as 
ridges on a crystal surface] or if the nanostructure 
boundaries exhibit a change in refractive index (as 
with the alternating Na- and Ca-rich layers that char- 
acterize labradorite; reviewed in Lin and Heaney, 
2017). Our observations indicate that the iridescence 
in metamorphic specular hematite from the Andrade 
mine results from the interference of visible light rays 
reflected from the stacked nanorods that constitute 
the bulk minerals. Consequently, the iridescence 
should not be attributed to a thin film of Al phos- 
phate, as previously suggested by Ma and Rossman 
(2003a). Instead, the diffraction behavior is analogous 
to that generated by the modulated substructure in 
opal. Whereas opal consists of transparent, amor- 
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phous nanospheres that are closely packed to form a 
“photonic crystal” (Gaillou et al., 2008), the nanorods 
in iridescent hematite are crystalline, opaque, and pri- 
marily reflective of visible light. 

The individual particles in the rainbow hematite 
were less than 100 nm wide, approaching the 
Rayleigh scattering domain (less than one-tenth the 
wavelength of light) and thus seemingly too small to 
diffract visible light. However, the average distances 
observed between parallel nanorods within the same 
layer were consistently in the range of 280-400 nm, 
the same order of magnitude as the wavelength of 
visible light. Consequently, the grating traced by the 
hematite nanoparticles was of a dimension suitable 
for scattering visible light. 

Our inspection of many fragments of rainbow 
hematite revealed that the diffraction colors were in- 
dependent of the angle of incidence. In other words, 
unlike play-of-color opal, which changes color as the 
sample is tilted with respect to the light source, the 
blue, green, and red patches of Andrade mine 
hematite did not change color as the specimens were 
rotated. This phenomenon is well known in biologi- 
cal materials with structural rather than pigmented 
coloration (e.g., the wings of the Morpho butterfly), 
and it appears to violate basic laws of light interfer- 
ence from periodic structures. For example, Bragg’s 
law (A. = 2d sin 8) explicitly states that the wavelength 
of light (A) is dependent on the spacing of the periodic 
substructure (d) and the incident light angle (6). The 
apparent paradox embodied in this wide-angle dif- 
fraction behavior has been attributed to the combi- 
nation of regular lamellar nanostructures (which 
create a strong interference effect) and irregular 
lamellar ridge heights (which diffuse the diffraction) 
(Kinoshita et al., 2002; Song et al., 2014). The hematitic 
substructures seen in figure 8C reveal regular lamel- 
lar features with variable topography, perhaps ac- 
counting for the angle-independent iridescence. 


TABLE 3. EDS analysis using elemental K-lines for 
iridescent hematite. 


Element Wt.% Wt.% sigma Atomic % 
O 30.78 0.21 59.23 + 0.2 
Al 4.01 0.06 4.58 + 0.1 
P 0.54 0.04 0.54 + 0.1 
Fe 64.67 0.24 35.65 + 0.2 
Total 100 100 
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Ordered Substructures from Oriented Aggregation. 
The periodic substructure of specular hematite from 
the Andrade mine consists of nanorods oriented at 
120° angles with respect to each other and stacked 
layer by layer. This texture strongly suggests crystal 
growth by oriented aggregation of nanohematite 
(Niederberger and Célfen, 2006). In this crystal 
growth mechanism, individual primary crystallites 
nucleate and grow to a specific length, followed by 
the assembly of mineral grains in a crystallographi- 
cally controlled fashion (Penn and Banfield, 1998; 
Banfield et al., 2000). Hematite has a particular ten- 
dency to form through aggregation-based processes. 
Oriented aggregation of pseudocubic, ellipsoidal, and 
disc-shaped crystals has been described in a variety 
of hematite synthesis studies (Sugimoto et al., 1993; 
Ocafa et al., 1995; Niederberger et al., 2002). 

We propose that the iridescent hematite found at 
the Andrade mine formed in two stages (figure 11). 
During the first stage, ultrafine crystallites grew as 
spindle-shaped rather than rhombohedral nanoparti- 
cles. The rod-like morphology may have resulted 
from the incorporation of Al and/or P within the 
crystal structure (Schwertmann et al., 1979; Barron 
et al., 1988; Reeves and Mann, 1991; Stanjek and 
Schwertmann, 1992; Sugimoto et al., 1993, 1998, 
Colombo et al., 1994; Galvez et al., 1999). It has been 
suggested that these ions poison surface sites and in- 
duce the growth of non-equant crystals. 

In the second stage of growth, the nanorods as- 
sembled such that their crystallographic c-axes were 


Figure 11. Our model for the formation of the texture 
observed in iridescent hematite from the Andrade 
mine. Rod-like nanocrystals of hematite grow to a 
critical size and population density before assembling 
with crystallographic control to generate the three- 
fold trellis network observed. 
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Figure 12. “Flying Free,” designed by Llyn Strelau, 
features Brazilian rainbow hematite and mixed col- 
ored garnets set in yellow gold and platinum. The 
brooch received an AGTA Spectrum Award in 1995. 
Photo courtesy of Jewels by Design. 


parallel. Because hematite has trigonal (threefold) 
symmetry along the c-axis, two crystals can align in 
one of three orientations with equivalent energetics 
of attachment (energy of structural assembly), giving 
rise to the threefold rotational orientations seen in 
figures 7 and 8. This interpretation suggests that the 
particles are elongated perpendicular to the c-axis, 
in contrast to an earlier finding that ellipsoidal 
hematite is lengthened along the c-axis (Colombo et 
al., 1994). Whereas most crystals that form by ori- 
ented aggregation eventually fill all spaces, the iri- 
descent hematite from the Andrade mine records an 
arrested growth, with significant retention of void 
space. Researchers have attributed the occurrence of 
hematite in the Caué Formation to the hydrother- 
mal recrystallization of magnetite (Rosiére and Rios, 
2004). The density of hematite (5.26 gm/cm/) is 
greater than that of magnetite (5.18 gm/cm?). Thus, 
the replacement of magnetite by hematite will gen- 
erate porosity if the volume of the rock unit is un- 
changed (Putnis, 2002). 

Ma and Rossman (2003a) deserve credit for their 
initial SEM observations of the periodic surface tex- 
tures, and their online images reveal very similar 
microstructures in specimens from other localities. 
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In particular, iridescent hematite specimens from 
the El Salvador mine in Mexico (labeled GRR 1960), 
Quartz Mountain, Oregon (GRR 2380), and Alaska 
(CIT 11952) exhibit stacked, oriented aggregates of 
what we propose are hematite nanocrystals. We 
conclude that the hydrothermal recrystallization of 
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DNA TECHNIQUES APPLIED TO THE 
IDENTIFICATION OF PINCTADA FUCATA 
PEARLS FROM UwajJIMA, 

EHIME PREFECTURE, JAPAN 


Kazuko Saruwatari, Michio Suzuki, Chunhui Zhou, Promlikit Kessrapong, and Nicholas Sturman 


The genetic material deoxyribonucleic acid (DNA) is a useful indicator in identifying pearl species, provided 


the extraction and amplification of a targeted component is possible from amounts of pearl powder small enough 


to render the technique essentially nondestructive. This study builds on similar work carried out by Meyer et al. 


(2013) but focuses on akoya cultured pearls from Uwajima in Ehime Prefecture, Japan. Here, we also target the 
16S rRNA genes, the mitochondrial component of DNA to code 16S rRNA (ribosomal ribonucleic acid). We 
successfully amplified the 16S rRNA gene from the mantle tissues of donor and host pearl oysters and from 5- 


10 mg of pearl powder samples. The results indicate a match with the Pinctada fucata 16S rRNA gene. 


odern pearl identification—including the 
Marre of pearl and any treatment applied—is 

performed by applying almost exclusively 
nondestructive methods. These include macro to mi- 
croscopic observations, spectroscopy, chemical 
analysis, fluorescence, and various forms of X-ray im- 
aging (Scarratt, 2011). Surface inspection differenti- 
ates nacreous from non-nacreous pearls, while 
chemical analyses using X-ray fluorescence and lu- 
minescence can distinguish between saltwater and 
freshwater pearls (e.g., Hanni, 2000; Hanni et al., 
2.005; Kessrapong et al., 2017). Internal inspection 
using X-radiography, which was introduced to gemol- 
ogy in the 1930s (Dirlam and Weldon, 2013), has 
evolved into high-tech X-ray computed microtomog- 
raphy (u-CT). This technology enables more consis- 
tent separation of natural, non-bead-cultured, and 
bead-cultured pearls (e.g., Sturman, 2009; Karam- 
pelas et al., 2010). 

One of the ongoing challenges is to identify the 
saltwater mollusk species producing white, cream, 
or silver nacreous pearls, since these can form in all 
Pinctada species as well as some other species, and 
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can have similar appearances. As pearls are formed 
by mollusks, a direct identification method would be 
to find biological evidence such as DNA indicators. 
(For boldfaced terms, please refer to the glossary on 
pp. 48-49.) 


In Brief 


e DNA technique was applied to identify saltwater mol- 
lusk species of akoya pearl from Uwajima, Ehime, 
Japan. 

¢ 16S rRNA genes, which are DNA components in mito- 
chondria, were successfully extracted from the tissue of 
two mollusks and from 5-10 mg of powder from four 
pearl samples. 

e All amplified nucleotide sequences of the 16S rRNA 
genes matched with those of Pinctada fucata. 


DNA studies emerged in the biological sciences 
(e.g., Toro, 1998; Masaoka and Kobayashi, 2004; 
Freier et al., 2008) after the development during the 
1980s of the polymerase chain reaction (PCR) 
method of duplicating gene fragments (see figure 
1A). A number of studies on pearl oysters of the 
Pinctada species (e.g., Masaoka and Kobayashi, 
2006; Témkin, 2010; Masaoka et al., 2016) have in- 
vestigated their nuclear and mitochondrial riboso- 
mal ribonucleic acid (rRNA) and the internal 
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Experimental steps : , PCR Method 
DNA extraction and purification Double-stranded ji HTTHTIHIIII| INENEAOAUUUUUHTL 
DNAtemplate | Mini, 
3 5 Min 
Denaturation (98°C) \7 —_~30 seconds ; aunt) 
LULU Two ae DNA ee 40 wi” 
3 5' Suauee ~ HTT 
: r e | | 
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Figure 1. Experimental flow and their images. A: The polymerase chain reaction (PCR) process 
of denaturation, annealing, and extension. B: The gel electrophoresis step of the polymerase 
chain reaction (PCR) process is captured here. Four plastic 1.5 pL PCR tubes, which possibly 
contain amplified target DNA samples, are aligned in the orange container in the middle. The 
yellow box on the left is a gel electrophoresis well set, with translucent agarose gel at the lower 
well wall. The researcher is trying to remove 1 pL of loading dye to confirm the mobility of 
DNA during electrophoresis, and will mix it with 1 pL of PCR product for a total of 2 uL of 
mixture in the agarose gel for electrophoresis. Photo by K. Saruwatari. C: Schematic figure of 
the Sanger method. The figure on the left indicates DNA fragments with fluorescent-labeled 
dideoxynucleotides. The figure on the right is the electropherogram indicating DNA sequence 
after detecting the fluorescence-labeled dideoxynucleotides using capillary electrophoresis. 
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Box A: History OF PEARL CULTURING AT UWAJIMA 


Uwajima, in Ehime Prefecture, is Japan’s main pearl cul- _ for Ehime, 6,650 kg for Nagasaki, and 4,375 kg for Mie 
turing area, followed by Mie and Nagasaki prefectures (Ministry of Agriculture, Forestry, and Fisheries, n.d.). 
(figure A-1, A and B). The 2014 production was 7,724 kg The pearl farms in Uwajima are located along the coast- 


Figure A-1. A: Map of 
Japan showing the 
three main prefectures 
for cultured pearl pro- 
duction: Ehime, Mie, 
and Nagasaki. B: Ex- 

tA panded view of Ehime 
(in pink) showing the 
location of Uwajima 
and the Uwa-sea region 
(shaded in blue) along 
the southwestern coast. 
C: View of the Uwa- 
jima coast, where the 
floating pearl rafts are 
140,000 visible. Photo by K. 
Saruwatari. D: A com- 
parison of Ehime’s pearl 
production from 1964 
to 2014 with overall 
Japanese production 
during those years. 
Uwajima’s pearl pro- 
duction from 1989 to 
2014 is also shown. 
Sources: Ehime Prefec- 
tural Government Plan- 
ning Promotion 
Division (n.d.) and 
Ministry of Agriculture, 
Forestry and Fisheries 
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transcribed spacer (ITS) regions of nuclear rRNA According to these studies, pearl oysters can be 
genes while discussing the phylogeny and identifi- classified into three groups—{1) P. maxima, (2) P. 
cation of the species. margaritifera, and (3) akoya-type—that have differ- 
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line (figure A-1, C), continuing to the south of Ainan. 
The coastline between the two cities, referred to as 
Uwa-sea, is known to produce wild akoya oysters. The 
city has ranked first in Japanese production of akoya 
bead-cultured pearls in both volume and value for sev- 
eral recent years, according to municipal statistics (fig- 
ure A-1, D; see also Ministry of Agriculture, Forestry, 
and Fisheries, n.d.). Most culturing pearl farms in the 
waters off Uwajima and the surrounding area were es- 
tablished around 1948 (Ehime Prefectural Lifelong 
Learning Center, 1984 a,b), though the oldest oyster 
harvesting business listed in Ainan historical records 
began in 1907. 

Since 1957, the prefecture government’s policy has 
been to separate akoya oyster hatcheries and pearl cul- 
turing businesses, while permitting only local fish- 
eries to rear mollusks. In 1967, Ehime ranked second 
in Japanese pearl production (after Mie Prefecture, 
where Kokichi Mikimoto first cultured pearls). But 
due to a recession that began that same year, cultured 
pearl export prices went into a decline that continued 
until 1971. To overcome the challenging economic sit- 
uation, pearl-related parties such as farmers and 
traders attempted to impose controls, remove low- 
quality pearls from production, reduce storage of over- 
produced pearls, and apply other measures, but this 
did not prevent many small businesses across Japan 
from going bankrupt. However, small businesses in 
the region around Uwajima were able to survive be- 
cause the production of medium-size (7 mm) pearls 
was less severely affected. This was due to several fac- 
tors, including the relatively short culturing periods; 
local sourcing of better-quality, less-expensive host 
akoya oysters; and the area’s favorable fishery condi- 
tions. By 1972, the Japanese pearl industry had recov- 
ered and stabilized. 

Ehime Prefecture ranked first nationwide in pearl 
production and income from 1974 until 1996, when a 
virus decimated the akoya oysters (Morizane et al., 
2001). The Uwa-sea region was unable to escape the ef- 
fect of the outbreak, resulting in a drastic decrease in 
akoya production to a mere 20% of the previous high. 
Since steps were taken to hybridize Japanese with Chi- 
nese/Vietnamese akoya oysters that would be resistant 
to infection, production has recovered (Morizane, 2012) 
and Ehime has been the top-producing prefecture since 
2009 (Ehime Prefectural Government Planning Promo- 
tion Division, n.d.). 


ent nuclear 28S rRNA and mitochondrial 16S rRNA 
genes. Akoya-type oysters include P. fucata (Indo-Pa- 
cific region), P. radiata (eastern Indian Ocean to Red 
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Sea}, and P. imbricata (western Atlantic region), that 
have the same nuclear 28S rRNA gene but different 
mitochondrial 16S rRNA genes (Masaoka et al., 
2016). Thus, DNA investigation has demonstrated 
that the members of the akoya pearl oyster group are 
genetically very closely related species but distinct 
genealogical units, suggesting subspecies-level dif- 
ferences (Témkin, 2010). Témkin also pointed out 
that it might be meaningful to treat the three indi- 
vidual akoya populations as evolutionary significant 
units, because they originated from three different 
geographic regions. 16S rRNA genes differ in all five 
of the most abundant pearl oysters (P. maxima, P. 
margaritifera, P. fucata, P. imbricata, and P. radiata), 
making them very useful DNA markers to identify 
the Pinctada species or subspecies. 

The targeted component of the DNA, the 16S 
rRNA gene, is the component necessary to code the 
16S rRNA, essential in the process of biological pro- 
tein synthesis. Because the cells of higher-order an- 
imals are known to have many copies, the DNA 
regions have the advantage of developing sensitive 
PCR-based identification methods (Masaoka and 
Kobayashi, 2005). Furthermore, 16S rRNA genes are 
conserved within a Pinctada species but contain suf- 
ficient variation between species to produce species- 
specific sequences (Masaoka and Kobayashi, 2004, 
2.005). These sequences have been registered in Gen- 
Bank, the genetic sequence database of the National 
Institutes of Health’s National Center for Biotech- 
nology Information (NCBI). 

Using a micro-drilling method, Meyer et al. (2013) 
succeeded in extracting nuclear and mitochondrial 
DNA samples and identifying the pearl oyster 
species as P. margaritifera, P. maxima, or P. radiata. 
For the present study, akoya cultured pearl oysters 
were sampled during harvesting (hamaage) in Uwa- 
jima, in Japan’s Ehime Prefecture, with the purpose 
of extracting DNA and the mitochondrial 16S rRNA 
gene from minute amounts of pearl powder and tis- 
sues of P. fucata. (For the history of pearl culturing 
in Uwajima, see box A.) Our goal was to conclusively 
identify the species and use that as a reference for de- 
termining the whole targeted DNA sequence. The 
Japanese akoya pearl oysters P. martensii and P. fu- 
cata martensii have been distinguished from P. fu- 
cata based on the classical biological classification 
such as shell morphologies in most cases (e.g., 
Hayami, 2000; Masaoka and Kobayashi, 2004). How- 
ever, their genetic properties are very similar, with 
the same 16S rRNA genes, indicating that P. fucata 
and P. martensii are genetically much closer to other 
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TABLE 1. List of DNA samples and results. 


Sample PCR using Ex-Taq? Nested PCR PCRusing KOD’ PCR data in figure 3 Sequence result 
using Ex-Taq? (P. fucata matching) 

Donor oyster 4 Mantle tissue ° - - (a) 524 bp (100% 
Host oyster 14 Mantle tissue ° - - (b) 524 bp (100% 
Pearl 12 cream 9.33 mg (0.046 ct) x x fo) (d) 524 bp (100% 
Pearl 14 cream 7.37 mg (0.037 ct) x ° x (c) 524 bp (100% 
Pearl 19 cream 6.03 mg (0.030 ct) Xx ° (e) 524 bp (100% 
Pearl 20 cream? —5.27 mg (0.026 ct) x ° (f) 350 bp (100% 


“Only forward sequence data was obtained for pearl no. 20, resulting in a matching sequence molecular weight of 350 bp in total 820 bp (see supplementary figure S-1 
at https://www.gia.edu/gems-gemology/spring-20 18-DNA-identitication-pinctada-fucata-pearls-data-supplement). © and X indicate PCR success and failure respectively. 


bAn enzyme 
“bp = base pairs 


akoya-type species such as P. radiata and P. imbri- 
cata (Masaoka and Kobayashi, 2004; Wada and 
Témkin, 2008). This study treats P. martensii as a 
subspecies of P. fucata, as their 16S rRNA genes have 
the same DNA sequence alignments. 


MATERIALS AND METHODS 

The shells sampled for this project were collected 
from live pearl oysters in January 2016 at Uwajima 
(see the harvesting details in figure 2). Thirty-seven 
pearl oysters, consisting of 28 host oysters used to 
grow pearls and nine donor oysters bred for tissue 
grafting, were collected after they were confirmed to 
be alive and immediately transported to the Univer- 
sity of Tokyo. The shells were dissected, and both the 
mantle and pearl samples were frozen and stored at 
-80°C until analysis was possible. For DNA extrac- 
tion experiments, the mantle tissue of a host oyster 
and a donor oyster were selected together with four 
pearls (see table 1). 

Our strategy was to use a simple direct sequence 
method consisting of three experimental steps: (1) 
DNA extraction and subsequent purification, (2) am- 
plification and detection, and (3) sequencing. For the 
first steps of DNA extraction and purification, 16S 
rRNA gene extraction from mantle tissues was per- 
formed using a general phenol-chloroform extraction 
process (see Suzuki et al., 2004), whereas 16S rRNA 
genes were obtained from pearl powder samples using 
a method similar to that described in Meyer et al. 
(2013). The second step of DNA amplification con- 
sists of the PCR and nested PCR methods (figure 1A). 
The PCR method consists of three repeating 
processes: denaturation, annealing, and extension 
using the PCR machine. Denaturation is separating 
the targeted DNA double strands, called “DNA tem- 
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plates,” into two single strands. Annealing is a con- 
necting process of the single DNA strands with for- 
ward or reverse primers, which are artificially aligned 
short nucleotides (about 10-15 nucleotides). Exten- 
sion is extending the double chain of the single DNA 
strands with available nucleotides, called deoxynu- 
cleotides (see figure 1B). These three processes are re- 
peated for 30-40 cycles, and targeted DNA (the 16S 
rRNA gene) should be amplified exponentially. The 
nested PCR method is known to improve PCR sensi- 
tivity for specific DNA amplification and is often 
used for complementary DNA cloning (e.g., Suzuki 
et al., 2004; Liu et al., 2007), as well as to recover an- 
cient DNA (e.g., Salo et al., 1994; Yang et al., 1997). 
Meyer et al. (2013) also applied the nested PCR 
method after drilling pearl samples to obtain as little 
as 10 mg of powder and succeeded in amplifying nu- 
clear ITS2 regions (refer to glossary for the definition 
of ITS). The determination of whether DNA was am- 
plified was performed using a gel electrophoresis 
method (figure 1B). Negatively charged DNA mole- 
cules migrate though the gel when an electric field is 
applied and are separated based on their size. Thus 
this method produces the quantity and approximate 
molecule size of amplified DNA necessary for the 
third step of sequencing. We applied the Sanger 
method to determine the nucleotide arrangement (fig- 
ure 1C), added fluorescent-labeled dideoxynucleotides 
to amplify the DNA template, and subsequently gen- 
erated DNA fragments as the dideoxynucleotides ter- 
minated the DNA extension process (figure 1C, left). 
The DNA fragments were separated by capillary elec- 
trophoresis on the basis of the size, producing the 
electropherogram as the final sequence result (figure 
1C, right). The detailed DNA extraction to detection 
methods are described in box B. 
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RESULTS AND DISCUSSION 


Figure 3 shows the PCR and nested PCR products of 
the 16S rRNA gene obtained from the gel elec- 
trophoresis process. All the bands appeared at ap- 


DNA IDENTIFICATION OF JAPANESE PINCTADA FUCATA PEARLS 


Figure 2. Between No- 
vember and January of 
each year, pearls are har- 
vested at Uwajima from 
akoya shells operated on 
either six months prior 
(classified by the Japan- 
ese as tonen-mono) or 18 
months prior (koshi- 
mono). A: An Uwajima 
pearl farmer’s work hut. 
B-F: Various scenes from 
harvesting in a shed on 
one of the floating rafts. 
B: Oysters are removed 
from a net on the floor to 
separate the living mol- 
lusks from the dead 
ones. C: After the shells 
are opened on a table, 
the adductor muscles 
are removed and the 
other soft tissues are sep- 
arated. D: The liquefied 
soft tissues containing 
the bead-cultured pearls 
are collected in a blue 
plastic bucket. E: The re- 
maining organic matter 
containing smaller 
“keshi” pearls is poured 
into a separator to re- 
move the keshi pearls. F: 
The bead-cultured pearls 
are placed into a wooden 
box for cleaning and 
subsequent inspection. 
Photos by K. Saruwatari. 


proximately 500 base pairs (bp) of molecular weight 
markers, and the resulting forward and reverse se- 
quences mostly matched with 524 bp of P. fucata 
(see table 1 and supplementary figure S-1 at 
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Box B: PEARL DNA EXTRACTION TO DETECTION—EXPERIMENTAL DETAILS 


To prepare the samples for testing, we cleaned the 
pearls in 4% sodium hypochlorite solution for 20 
minutes with no obvious change of appearance, and 
then peeled the nacreous layers using a drill to obtain 
minute samples of pearl powder (5.27-9.33 mg, or 
0.026-0.047 ct; see table 1 and figure B-1). The pearls 
were severely damaged since they were only in the 
mollusks for around six months (tonen-mono) and 
possessed very thin nacreous overgrowths. The effect 
of the bead nucleus is considered insignificant be- 
cause the nuclei are mostly produced from Missis- 
sippi River mussels—i.e., Fusconia flava, Potamilis 
alatus, and Quadrula quadrula—belonging to the 
Unionidae family (Dirlam and Weldon, 2013). 

The 16S rRNA genes of the three Mississippi 
River mussels mentioned above are registered in 
GenBank; their homologies (shared ancestries) with 
the 16S rRNA gene of P. fucata are only 52-53%. 
This indicates that the PCR primers for Pinctada 
species will not amplify the 16S rRNA genes present 
within bead nuclei. 

The powder samples from each pearl were dis- 
solved in 500 microliters (uL) of 0.5 M EDTA (pH 8) 
and vigorously vortexed for two minutes and subse- 
quently incubated overnight at 56°C in a water bath 
in accordance with the procedures of Meyer et al. 
(2013). For DNA extraction we used the commercial 
FastDNA SPIN Kit for Soil (MP Biomedicals) in ac- 
cordance with the manufacturer’s recommendations, 
with two exceptions: 


1) Rather than using the Lysing Matrix E tubes 
provided in the kit, the 978 pL sodium phos- 
phate buffer was added directly to the mi- 
crofuge tube of pearl-EDTA solution. 

2) Instead of performing the fourth step of ho- 
mogenization with the FastPrep instrument, 
the samples were vortexed vigorously for two 
minutes. 


The extracted DNA samples underwent PCR am- 
plification using a Takara TP600 PCR Thermal Cy- 


www.gia.edu/gems-gemology/spring-2018-DNA- 
identification-pinctada-fucata-pearls-data-supple- 
ment). For one pearl sample (no. 20) we only 
obtained the forward sequence with 820 bp in total. 
However, the part of the sequence with 350 bp is 
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cler Dice Gradient). PCR was carried out with a mix- 
ture of 0.25-0.50 pL of DNA template, 0.05 pL 
Takara Bio’s Ex-Taq PCR enzyme, 1 pL of PCR en- 
zyme buffer, 1 pL of dNTP mixture (2.5 mM}, 0.5 pL 
of each forward and reverse primer (10 mM; forward 
5'-CGCCTGGTTGATTAAAAACATTGCTGC-3' 
and reverse: 5'-CCGGTTTGAACTCAGATCAC- 
GTA-3'} according to Meyer et al. (2013), and 7 wL of 
Milli-Q water. The total amount was 10.30-10.55 pL 
for the PCR process. The PCR cycle involved a pre- 
reaction step at 96°C for three minutes, followed by 
35 cycles of denaturation at 96°C for 30 seconds, an- 
nealing at 55°C for 30 seconds, and elongation at 
72°C for 30 seconds. Nested PCR followed the same 
procedure as the first PCR process but used inner 


primers (forward: 5'-AAAAACATTGCTGCAC- 
GGA-3' and reverse: 5'-ACTCAGATCACGTA- 
GGGCTT-3’). 


Initial attempts at amplifying DNA from three 
pearl samples using the Ex-Taq enzyme did not suc- 
ceed; another attempt, using a different PCR en- 
zyme, KOD FX Neo (Toyobo Co., Ltd.), was 
successful (see table 1). PCR using KOD FX Neo en- 
zyme was carried out with a mixture of 0.5 pL of 
DNA template, 0.5 pL of PCR enzyme, KOD FX 
Neo, 12.5 pL of PCR enzyme buffer, 5 uL of dNTP 
mixture (2 mM], 0.5 wL of each forward and reverse 
primer, and 5.5 pL of Milli-Q water. The total 
amount was 25 pL for the PCR process. After detect- 
ing the amplified DNA using the gel electrophoresis 
method, the amplified DNA samples were concen- 
trated by ethanol precipitation and diluted using 10 
pL distilled water. The samples were then divided 
into two 5 pL batches. The forward and reverse se- 
quencing were prepared by adding 0.5 uL of primer 
(10 mM) to each batch and diluting that into 13 pL 
for the next sequencing process. While all the sam- 
ples were prepared by authors KS and MS, the 16S 
rRNA sequencing was outsourced to the Japan Food 
Analysis and Biotechnology Company (FASMAC), 
where the Sanger sequencing method was applied. 


perfectly matched within the part of the 524 bp 
range expected for P. fucata and not with sequences 
of the other Pinctada species on record, including P. 
radiata and P. imbricata (see supplementary figure 
S-2, at https://www.gia.edu/gems-gemology/spring- 
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Before 


2018-DNA-identification-pinctada-fucata-pearls- 
data-supplement). Thus, all the 16S rRNA gene sam- 
ples obtained matched P. fucata. 

In this study, it was possible to extract DNA from 
5 to 10 mg of pearl powder, but the pearls were se- 
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Figure B-1. The akoya 
pearl samples used in 
this study. The photos 
on the left show the 
specimens in plastic 
bags (along with the 
host oysters) before the 
powder samples were 
obtained. Photos by K. 
Saruwatari. The photos 
on the right, taken after 
the powder samples 
were obtained, show se- 
verely damaged pearls 
and exposed inner nu- 
clei. Photos by S. Nagai. 


verely damaged in the process (see figure B-1, right 
column). To apply the DNA methods effectively 
within the pearl industry, further improvements to 
the extraction step are clearly needed. Reducing the 
sample size required to approximately 0.01 mg 
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MW (b) MW (c) MW ) (f) MW 


1100 bp 
500 bp 


Figure 3. Experimental results of the gel electrophore- 
sis process; letters (a)-(f) correspond with those in 
table 1. MW (molecular weight) markers for (a) and 
(d) were obtained from two separate gels during each 
electrophoresis experiment. The sequence data results 
are given in table 1. Photo by K. Saruwatari 


would be one such improvement. This would equate 
to the approximate amount ablated during laser ab- 
lation-inductively coupled plasma—mass_ spec- 
troscopy (LA-ICP-MS) chemical measurements 
(Hanni and Cartier, 2013). DNA amplification using 
PCR was improved by (1) the application of the 
nested PCR method and (2) the use of two different 
types of PCR polymerase: Taq-type and KOD-type 
(summarized in table 1). 

A powder sample was obtained from pearl sample 
no. 14 to successfully amplify the 16S rRNA using 
the nested PCR method with a Taq-type polymerase 
similar to that applied by Meyer et al. (2013). The 
DNA of the other three pearl samples was amplified 
using only the first (non-nested) PCR with a KOD- 


GLOSSARY 

Base pair (bp): A pairing of the molecules that comprise 
DNA, specifically an adenine (A)/thymine (T) or guanine 
(G)/cytosine (C) pair. 

Deoxyribonucleic acid (DNA): The hereditary material in 


humans and almost all other organisms. Most DNA is lo- 
cated in the cell nucleus, but a small amount can also be 
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type polymerase. The advantage of KOD-type poly- 
merase is that it has 3'~5' exonuclease activity 
(Morikawa et al., 1994), which is an active process 
mechanism of “proofreading” the polymerase chain 
reaction. The Taq polymerase does not have this 
proofreading activity. At present it is not known why 
different polymerase activities for the pearl samples 
occurred, but they may help amplify 16S rRNA genes 
in various pearl powder samples. 

Future research needs to address the effects of any 
treatments, such as maeshori or bleaching, on DNA 
extraction. Although the species and distinction of 
the akoya-type pearl oysters are still under discus- 
sion, the draft genome of P. fucata has been provided 
by Takeuchi et al. (2012) and ongoing DNA studies 
will continue. Future results will aid in species iden- 
tification and may also provide evidence of the geo- 
graphic region where pearls formed, benefiting the 
pearl industry in matters of traceability. 


CONCLUSIONS 

The 16S rRNA genes extracted from the mantle tis- 
sues of one donor shell and one host shell fully 
matched the complete sequence of P. fucata. The 16S 
rRNA genes extracted from the powder of the nacre- 
ous layers of four bead-cultured pearl samples were 
also found to match the sequence of P. fucata. Thus, 
the pearl oysters and pearl samples obtained in Janu- 
ary 2016 from Uwajima were categorically identified 
as originating from P. fucata species. From a method- 
ology perspective, it was possible to identify the P. 
fucata 16S rRNA gene from only 5 to 10 mg of pearl 
powder sample weight, compared to the 10 to 100 mg 
quantity previously reported by Meyer et al. (2013). 
This reduced sampling is important when analyzing 
pearls of historical significance and value. 


found in the mitochondria. Complementary DNA is DNA 
synthesized by reverse transcription reaction of messenger 
RNA. 


Dideoxynucleotide: A type of nucleotide that terminates 
the DNA extension process, as it does not contain the OH- 
(hydroxyl) groups needed for extending DNA chains. 
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Electropherogram: Diagram produced by electrophoresis. 


Exonuclease activity: An activity of an enzyme to hy- 
drolyze a DNA chain sequentially from the end of a 
polynucleotide molecule. 


Evolutionary significant unit: A population of subspecies 
organisms that is considered distinct for conservation 
purposes. Proposed by Ryder (1986). 


Gene: The basic physical and functional unit of heredity. 
A “gene” is encoded by DNA and usually acts as a tem- 
plate to make a protein. 


Internal transcribed spacer (ITS): The gene regions be- 
tween nuclear rRNA genes. 


Koshi-mono: The Japanese term for akoya cultured 
pearls removed from mollusks 12 months or more after 
seeding. 


Mitochondrion: An organelle in cells that have a nu- 
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cleus, as in plants and animals. 


Organelle: Small, specialized structures in cells that op- 
erate like organs by carrying out specific tasks. 


Polymeric: Referring to an aggregate of monomers or 
combined molecules. 


Protein: A molecule consisting of amino acids that car- 
ries out functions related to an organism’s biology. 


Phylogeny: The history of the evolution of a species. 


Ribonucleic acid (RNA): A polymeric molecule involved 
in various biological roles for coding, decoding, regula- 
tion, and expression of genes. 16S rRNA (16S ribosomal 
RNA) is a component of ribosomal RNA, and its gene is 
coded in mitochondria. 


Tonen-mono: The Japanese term for akoya cultured 
pearls removed from the mollusks within a year of 
seeding. 
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Gems & Gemology is pleased to announce the winners of this year’s Dr. Edward J. Giibelin 
Most Valuable Article Award, as voted by the journal’s readers. We extend our sincerest thanks to 
all the subscribers who participated in the voting. 


The first-place article was “Big Sky Country Sapphire: Visiting Montana’s Alluvial Deposits” 
(Summer 2017), which documents a visit to the upper Missouri River and Rock Creek sapphire min- 
ing areas. Receiving second place was “The Colombian Emerald Industry: Winds of Change” (Fall 
2017), a first-hand look at Colombia’s emerald mines and the cutting and trading industry in Bogota. 
Third place was awarded to “Characterization of Mg and Fe Contents in Nephrite Using Raman 
Spectroscopy” (Summer 2017), an evaluation of the usefulness of Raman spectroscopy in distinguish- 
ing the color varieties of nephrite based on the relative ratio of Mg to Fe concentrations. 


The authors of these three articles will share cash prizes of $2,000, $1,000, and $500, respectively. 
Following are brief biographies of the winning authors. 


irst Place 


BiG SKY COUNTRY SAPPHIRE: VISITING MONTANA’S 
ALLUVIAL DEPOSITS 
SUMMER 2017 


Tao Hsu, Andrew Lucas, Robert E. Kane, Shane F. McClure, and 
Nathan D. Renfro 


Tao Hsu is manager of global professional development, gemology; 
technical editor of Gems & Gemology; and a contributor to the 
Research and News section of GIA’s website. Dr. Hsu, who received 
her PhD in geology from the University of Southern California, is based 
at GIA in Carlsbad, California. Andrew Lucas is a field gemologist in 
GIA’s content strategy department in Carlsbad. Mr. Lucas researches 
and documents the entire mine-to-market gem and jewelry industry for 
GIA education. He also presents seminars on colored stones and dia- 
monds. Robert Kane is president and CEO of Fine Gems International 
in Helena, Montana. Shane McClure is director of identification serv- 
ices at GIA in Carlsbad. He is well known for his many articles and lec- 
tures on gem identification. He is also co-editor of G&G’s Lab Notes 
section. Nathan Renfro is the manager of the gem identification 
department and microscopist in the inclusion research department at 
GIA in Carlsbad. 
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Pedro Padua 
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Thank you to all the readers who voted. In addition to our win- : 
ning authors, we congratulate Adam Hitchin of Shropshire, UK, 
whose name was randomly drawn from the entries to win a one- 


year subscription to G&G. 
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EMOLOGY. 


CHALLENGE 


The following 25 questions are from the four 2017 issues of G&G. Refer to 
the articles in those issues to find the single best answer for each question. 


Mark your choice on the response card provided in this issue or visit 
gia.edu/gems-gemology to take the Challenge online. Entries must be 
received no later than Friday, August 10, 2018. All entries will be acknowl- 
edged with an e-mail, so please remember to include your name and e-mail 


address (and write clearly). 


Score 75% or better, and you will receive a certificate of completion (PDF 
file). Earn a perfect score, and your name also will be listed in the Fall 2018 


issue of GEMS &) GEMOLOGY. 


1. With regard to diamonds, the 
term “Old Mine” refers to 
A. diamonds of bluish white color 
from old diggings in Brazil. 
B. a cutting style. 
C. None of the above 
D. Both A and B 


2. Which of the following is true 
about Russian diamonds from the 
Lomonosov mine? 

A. They come from Europe’s first 
diamond mine. 

B. 50-60% of the diamonds 
mined are at or near gem 
quality. 

C. They have been in the market- 
place for more than half a cen- 
tury. 

D. The largest diamond found to 
date was a gem-quality 106 ct 
stone. 


3. Synthetic star sapphires produced 
by Wiede’s Carbidwerk 

A. in many cases have shorter ru- 
tile needles than those found 
in Linde stars. 

B. were not grown by the 
Verneuil method. 

C. are always indistinguishable 
from Linde stars. 

D. were grown using exactly the 
same process used for Linde 
stars. 
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4. CLIPPIR diamonds 

A. do not contain hydrogen. 

B. tend to contain magnetic in- 
clusions. 

C. contain mainly sulfide and 
oxide inclusions. 

D. form under oxidizing condi- 
tions in the mantle. 


5. All of the following statements 
about blue jadeite from Japan are 
true except: 

A. It can be found in both Tottori 
Prefecture and Niigata Prefec- 
ture. 

B. Ti**-Fe’* charge transfer pairs 
produce its blue color. 

C. Only Japan produces blue 
jadeite. 

D. It contains high TiO, levels. 


6. Which of the following is true 
about white nephrite? 

A. It can be much more valuable 
than the other colors of 
nephrite. 

B. It shows strong peaks at 3661 
and 3645 cnr! with Raman. 

C. It contains more Fe** than 
green nephrite. 

D. It is referred to as biyu. 


7. HPHT-grown synthetic diamonds 
A. are only produced in yellow to 
orange-yellow hues. 
B. are only used for melee. 
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C. Both A and B 
D. None of the above 


8. Unlike gem carvers in other 
regions, Idar’s craftsmen 
A. hold the rough steady in two 
hands against the cutting 
wheel. 
B. fashion only local material. 
C. have never ventured else- 
where to learn new tech- 
niques. 
D. None of the above 


9. Vivid blue to green copper- 
bearing tourmalines are 
A. only found in Paraiba State in 
northeastern Brazil. 
B. found in Brazil, Mozambique, 
and Nigeria. 
C. classified in the liddicoatite 
species. 
D. vivid in color due to man- 
ganese., 


10. Which characteristic of conven- 
tional diamond and carbonado is 
the most comparable? 

A. Habit or shape of the rough 
B. Composition of inclusions 
C. X-ray diffraction data 

D. Toughness 


11. The R-lines observed in photolu- 
minescence (PL) spectroscopy of 
emerald 
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A. are in the red region of the visi- 
ble spectrum. 

B. appear in absorption spectra 
for emerald as well. 

C. result from the electronic 
decay of a doublet metastable 
state. 

D. All of the above 


12. Which is true regarding Australian 
akoya cultured pearls? 

A. The ratio of blue to yellow 
bodycolor produced is related 
to the individual seeders. 

B. Bead rejection rates are com- 
parable to farms in India and 
Micronesia. 

C. Most of the pearl growth hap- 
pens from June to August. 

D. Their nacre is less thick than 
that of Japanese cultured 
pearls. 


13. The presence of silicon in 
sapphire containing titanium (Ti), 
iron (Fe), and magnesium (Mg) 
will 

A. result in an absence of blue 
color as Ti pairs with Mg. 

B. permit or augment a blue color 
by pairing with Mg. 

C. impact color if chromium is 
present. 

D. have no impact on the color. 


14. PL mapping of optical defects in 
diamond 

A. provides no additional infor- 
mation over standard PL meas- 
urements. 

B. is well correlated to growth 
features imaged with 
DiamondView. 

C. cannot identify diamond syn- 
thetics. 

D. can be done at room tempera- 
ture. 


15. The difference between dalmatian 
jasper and dalmatian stone is 
A. none. 
B. the composition of the host 
rock. 
C. the diameter of the spots does 
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not exceed 4 mm in dalmatian 
jasper. 
D. the color of the spots. 


16.A flat panel detector (FPD) used 
with real-time X-ray microradiog- 
raphy has the following 
advantage over an image intensi- 
fier (II) detector: 

A. Images produced by the FPD 
have far less noise. 

B. No hazardous liquids are 
needed. 

C. It is approximately 40% less 
expensive. 

D. Images are produced much 
faster. 


17. Pink diamonds from the 
Lomonosov mine 

A. most likely owe their color to 
deformation. 

B. have a similar color origin to 
Argyle diamonds. 

C. occur in a Proterozoic oro- 
genic setting. 

D. All of the above 


18. The color of by-product synthetic 
zincite from zinc oxide 
processing is 

A. not distinctly correlated to the 
chemical composition man- 
ganese. 

B. due to a single sharp absorp- 
tion at 480 nm. 

C. solely due to the chromophore 
manganese. 

D. clearly attributable to iron. 


19. Alluvial sapphire from Montana 
A. is never heat-treated. 
B. was used for bearings for tor- 
pedoes during World War II. 
C. is no longer actively mined. 
D. only comes in pastel bluish 
green to greenish blue. 


20. Tourmaline from Luc Yen, 
Vietnam, is known for 
A. specimens of liddicoatite and 
uvite. 
B. high transparency and facet- 
able quality. 
C. color variety and large sizes 
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suitable for carving. 

D. electric blues and greens, rival- 
ing the best Paraiba tourma- 
lines from Brazil. 


21.An estimated ___% of Colombia's 
emeralds have been mined to 
date. 
A. 20 
Bs 50) 
C. 70 
D.90 


22.A challenge for radiocarbon 
dating of pearls arises from 

A. samples impacted by atomic 
bomb activity. 

B. marine pearls of unknown ori- 
gin. 

C. the geology of the watershed. 

D. All of the above 


23. The Czochralski crystal growth 
method was chosen for GIA’s new 
corundum standards because 

A. with this method, it is easy to 
incorporate ideal amounts of 
iron, chromium, and titanium 
into corundum. 

B. this method produces uni- 
formly “doped” crystals with 
low variation in the trace ele- 
ments of interest. 

C. it is a very quick and economi- 
cal method of crystal growth. 

D. None of the above 


24. “Superdeep” diamonds generally 
differ from lithospheric diamonds 
in what way? 

A. Diamond type 

B. The compositions of their in- 
clusions 

C. The shape of the rough 

D. All of the above 


25. What causes the iridescence in 
quartz from the Deccan Traps of 
India? 

A. Surface grooves paired with an 
underlying lamellar structure 

B. The presence of silica spheres 

C. Dominant r {101} faces 

D. Thin-film effects 
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Editors 


Thomas M. Moses | Shane F. McClure 


DIAMOND 

Fracture-Filled Diamond with 
“Rainbow” Flash Effect 

A loose diamond submitted for a dia- 
mond grading report is evaluated and 
given a grade on a scale relative to 
each value factor. Clarity, defined as a 
diamond's relative freedom from in- 
clusions or blemishes, is graded on a 
scale of Flawless (least included) to I, 
(most included). The most common 
inclusions in diamond are crystals, 
which are contained entirely within 
the stone, and fractures—also known 
as feathers—which are surface reach- 
ing. Various clarity treatments exist to 
mask or remove undesirable inclu- 
sions because high-clarity diamonds 
are considered more valuable. Some 
diamond clarity treatments are per- 
manent, while others are not and may 
change drastically in appearance with 
time or improper care. For this reason, 
GIA does not issue grading reports for 
diamonds that have been treated with 
unstable, non-permanent treatments. 
Acceptable treatments such as laser 
drilling and internal laser drilling are 
always clearly disclosed on grading re- 
ports. 

One such unstable treatment is 
fracture filling. Large, deep fractures in 
a diamond will often appear white or 
reflective due to the difference in the 


Editors’ note: All items were written by staff 
members of GIA laboratories. 


Gems & GemoLocy, Vol. 54, No. 1, pp. 56-64. 


© 2018 Gemological Institute of America 


56 LaB Notes 


Figure 1. Large fractures in this diamond are exposed in high relief before 
treatment (left). After the fractures are filled, the same stone has a much 
improved apparent clarity (right). 


refractive index of the diamond and 
the air within the fracture. In an effort 
to disguise this, a substance with a re- 
fractive index similar to diamond's, 
such as highly refractive lead glass, is 
introduced into surface-reaching frac- 
tures to reduce the interference of air 
(figure 1). Several telltale signs, such 
as the flash effect, typically reveal the 
presence of a filled fracture. The clas- 
sic flash effect displays a vivid pink 
color in darkfield illumination and a 
complementary green color in bright- 


field illumination (figure 2). In a differ- 
ent orientation in brightfield lighting, 
a filled fracture can also appear bright 
blue. 

A 1.21 ct near-colorless square 
modified brilliant diamond was re- 
cently submitted to GIA’s Carlsbad 
laboratory for a diamond grading re- 
port (figure 3). It was rejected for grad- 
ing after examination revealed a large 
filled fracture. Interestingly, the flash 
effect looked noticeably different 
from the classic appearance described 


Figure 2. The classic flash effect appearance: a pink flash in darkfield 
lighting (left) and a complementary green flash in brightfield lighting 
(right). 
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Figure 3. A face-up view of the 
near-colorless 1.21 ct fracture-filled 
square modified brilliant cut. 


above. Rather than flashing a single 
color in darkfield lighting and a single 
complementary color in brightfield 
lighting, this filled fracture flashed 
multiple colors in darkfield and mul- 
tiple complementary colors in bright- 
field (figure 4). The unusual effect 
may be due to a difference in ingredi- 
ents used to manufacture the filling 
material. To the untrained eye, it 
could easily be mistaken for the nat- 
ural iridescence very commonly seen 
in unfilled fractures. However, such 
iridescence typically appears when 
the viewing angle is nearly perpendi- 
cular to the fracture, while the flash 


Figure 5. In addition to a “rain- 
bow” flash effect, this filled frac- 
ture displays a dendritic pattern 
(and its mirror reflection) at the 
opening of the fracture. This pat- 
tern occurs as a result of incom- 
plete fracture filling. Field of view 
1.83 mm. 


Las Notes 


Figure 4. When viewed nearly parallel to the plane of the fracture, this 
filled fracture exhibits a multicolored “rainbow” flash effect in both dark- 
field illumination (left) and brightfield illumination (right), as opposed to 
a classic single-color flash effect. Field of view 2.21 mm. 


effect is most visible when the view- 
ing angle is nearly parallel to the 
plane of the fracture. In addition to 
the “rainbow” flash effect, this filled 
fracture showed a dendritic pattern at 
the fracture opening that is caused by 
air pockets in the filling substance 
(figure 5). This pattern is characteris- 
tic of incomplete fracture filling (J.1. 
Koivula, The MicroWorld of Dia- 
monds, Gemworld International, 
Inc., Northbrook, Illinois, 2000, pp. 
106-108) and provides further evi- 
dence of the treatment. 


Hollie McBride 


HPHT-Processed Diamond Fraudu- 
lently Represented as Untreated 
The Hong Kong lab recently encoun- 


tered another instance of fraud: A nat- 
ural but HPHT-treated round brilliant 


diamond (figure 6, left) weighing more 
than 6 carats submitted for verifica- 
tion service was found to be inconsis- 
tent with the claimed GIA report 
issued a few months prior for an un- 
treated diamond. Moreover, the GIA 
report number and another inscrip- 
tion on the girdle, both supposedly 
laser-inscribed by GIA (figure 6, right), 
looked convincing but were also 
found to be fraudulent. 

The HPHT-processed round bril- 
liant was believed to have been care- 
fully selected to match the original 
diamond—its color grade (F) matched, 
and only minor differences were ob- 
served in carat weight and measure- 
ments. The HPHT-processed diamond 
weighed 6.30402 ct and measured 
11.73-11.82 x 7.32 mm, whereas the 
original one weighed slightly less 
(6.30216 ct), and measured 11.72- 
11.83 x 7.32 mm. Furthermore, the IF 


Figure 6. This 6.30 ct round brilliant diamond (left) with a fraudulent in- 
scription of a GIA report number (right) from a similar-looking diamond 
was confirmed to have been HPHT processed for color improvement. 
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clarity of the HPHT-treated stone was 
an improvement over the VVS, clarity 
of the natural stone. 

Despite all the efforts put into 
those convincing features and meas- 
urements, spectroscopic testing easily 
revealed the stone’s true identity. In- 
frared absorption spectroscopy showed 
the HPHT-processed diamond was 
type Ila, but the original diamond was 
type Ia. Photoluminescence (PL) spec- 
tra were collected at liquid nitrogen 
temperature with various excitation 
wavelengths. The slight reversal in the 
ratio between the 575 and 637 nm 
peaks (NV centers), together with 
other spectroscopic features, con- 
firmed the stone had gone through an 
HPHT treatment process for color im- 
provement. A strain pattern observed 
under cross-polarized light ruled out 
the possibility of a synthetic diamond. 

This case should raise awareness 
among the industry and the public 
that, although rarely encountered in 
larger stones, this kind of fraud does 
exist. Verification services at GIA con- 
firm that an item is exactly the same 
as the one described on a previous re- 
port and has not been recut or 
treated—or, as in this case, replaced 
with a similar-looking stone. This pro- 
vides a simple way to check for any 
type of fraudulent activity if there is 
doubt about the origin of a diamond. 


Billie Law 


GARNET 


Cat’s-Eye Demantoid and Brown 
Andradite with Horsetail Inclusions 
Two garnets were recently submitted 
to the Tokyo lab for identification. 
One was a green cabochon weighing 
2.51 ct; the other was an orangy 
brown round brilliant weighing 2.47 
ct. Both had a refractive index (RI) 
over the limits of the refractometer 
and a hydrostatic specific gravity (SG) 
of 3.84. To confirm the identification, 
we used Raman spectroscopy. Both 
stones matched the andradite garnet 
group from the reference database. 
The ideal chemical formula of andra- 
dite is Ca,Fe,Si,O,,. The most impor- 
tant feature in both garnets was their 


58 LaB Notes 


Figure 7. This 2.51 ct green demantoid with chatoyancy (left) contained 
well-aligned fibers of horsetail inclusions (right, field of view 1.10 mm). 


horsetail inclusions. The presence of 
horsetail inclusions, which are 
thought to consist of chrysotile fibers 
branching out and radiating toward 
the surface from a small chromite 
nodule, has been regarded as diagnos- 
tic for natural demantoid. 

The 2.51 ct stone was a rare cat’s- 
eye demantoid (figure 7). Demantoid 
garnet is by definition the green-col- 
ored andradite caused by chromium 
substitution. Chatoyancy is usually 
caused by closely spaced bands of 
long, thin parallel needles or fibers in 
the correct orientation, with a pol- 
ished rounded surface such as a cabo- 


chon to reflect the light off the paral- 
lel inclusions. In this stone, the cha- 
toyancy was due to the fibers of the 
horsetail inclusions. The radiating 
fibers were not parallel straight lines 
but parallel curves, so the “eye” was 
slightly curved. 

The 2.47 ct stone was an andradite 
garnet with classic horsetails (figure 8). 
The dominant bodycolor was brown. 
The gemological properties and chem- 
istry were classified as andradite in the 
garnet solid solution, but it was poorer 
in calcium and richer in iron and sili- 
con than the ideal andradite composi- 
tion. The brownish cast was due to 


Figure 8. This 2.47 ct orangy brown andradite (left) contained radiating 
horsetail inclusions regarded as exclusive to demantoid (right, field of 


view 1.60 mm). 


of 
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iron. On occasion we encounter stones 
with a strong yellow component that 
still have enough green to qualify as 
demantoid. However, this stone had 
no green in it and therefore was just 
andradite, not demantoid. 

Consequently, the horsetail inclu- 
sions cannot be considered exclusively 
diagnostic for demantoid. They may 
also be found in non-green andradite. 
These two identifications—“cat’s-eye 
demantoid” and normal “andradite” 
in spite of horsetail inclusions—were 
issued for the first time in GIA’s col- 
ored stone report records. 


Taku Okada and Philip G. York 


Unusual Orange Pyrope- 
Spessartine-Grossular Garnet 


GIA’s New York laboratory recently ex- 
amined an orange pear-shaped faceted 
stone (figure 9). Standard gemological 
testing revealed an RI of 1.771 anda hy- 
drostatic SG of 3.89. The fluorescence 
reaction was inert to long-wave and 
short-wave UV light. The stone did not 
show any pleochroism when viewed 
with a dichroscope. Using a handheld 
spectroscope, absorption bands located 
at 410 and 430 nm in the blue and vio- 
let sections were clearly observed. All 
of these gemological properties are con- 


sistent with pyrope-spessartine garnet 
based on the classification system from 
Stockton and Manson (“A proposed 
new classification for gem-quality gar- 
nets,” Winter 1985 GWG, pp. 205- 
218). 

Besides standard gemological test- 
ing, all garnets submitted to GIA labo- 
ratories are routinely analyzed by 
energy-dispersive X-ray fluorescence 
(EDXRF) spectroscopy (see column 4 of 
the supplementary table available at 
https://www.gia.edu/gems-gemology/ 
spring-2018-labnotes-unusual-orange- 
pyrope-spessartine-grossular-garnet). 
EDXRF results showed that the stone 
was predominantly composed of 15.37 
mol.% pyrope, 53.70 mol.% spessar- 
tine, and—surprisingly—25.39 mol.% 
grossular. Unlike normal pyrope-spes- 
sartine garnet submitted to GIA that 
contains a small amount of grossular 
(less than 10 mol.%), this garnet had a 
much higher grossular component that 
had never been reported before in gem- 
quality garnets, to our knowledge. 
(Note that “malaia/malaya” is a trade 
name for yellowish, reddish, or pinkish 
orange pyrope-spessartine garnets that 
can potentially contain 2-94% spes- 
sartine, 0-83% pyrope, 2-78 % alman- 
dine, 0-24% grossular, and 0-4% 
andradite. The garnet we examined 
falls into this concentration range.) 


Figure 9. The unique composition of this 7.97 ct orange pear-shaped gar- 
net was revealed as pyrope-spessartine-grossular. 
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To validate the accuracy of the 
chemistry, we performed laser abla- 
tion-inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) analysis 
using a Thermo Fisher iCAP Qc ICP- 
MS coupled with a New Wave Re- 
search UP-213 laser ablation unit to 
obtain an additional set of chemical 
composition. USGS glass standard 
GSD-1G and GSE-1G were used as ex- 
ternal standards. ?°Si was used as inter- 
nal standard. The LA-ICP-MS results 
showed good agreement with the 
EDXRF results (see columns 1-3 of the 
supplementary table at https:// 
www.gia.edu/gems-gemology/spring- 
2018-labnotes-unusual-orange-pyrope- 
spessartine-grossular-garnet). 

Garnets are a group of isometric 
nesosilicates with the general chemi- 
cal formula X,Y,Z,O,,. Natural rock- 
forming silicate garnets are commonly 
divided into the pyralspite (pyrope, 
almandine, and spessartine) and 
ugrandite (uvarovite, grossular, and an- 
dradite) groups. In pyralspite, Al** 
occupies the Y-site and the X-site 
may contain Mg”, Fe”*, or Mn; 
these garnets are composed predomi- 
nantly of pyrope (Mg,AlSi,O,,], 
almandine (Fe*,Al,Si,O,,), and spes- 
sartine (Mn,AI,Si,O,,) end members. 
Stockton and Manson (1985) pre- 
sented a ternary plot (figure 10) to 
gemologically classify the pyralspite 
garnet species, and this showed the 
correlation among refractive index, 
visible spectroscopic observation, and 
chemistry. They determined that py- 
rope-spessartine should have an RI be- 
tween 1.740 and 1.780 along with 
clear 410 and 430 nm absorption 
bands. We concluded that the orange 
pear-shaped garnet should be classi- 
fied gemologically as pyrope-spessar- 
tine garnet. 

To understand why this garnet 
with a high grossular component still 
shows the same gemological proper- 
ties of normal pyrope-spessartine, we 
plotted the orange garnet chemistry 
in this ternary plot by combining py- 
rope with a grossular component. 
The orange spot representing the or- 
ange garnet appeared in the pyrope- 
spessartine region, because the 
refractive index of pure pyrope (1.714) 
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(Pyrope + Grossular)-Spessartine-Almandine Ternary Diagram 


stone be called pyrope-spessartine- 
grossular. This case demonstrates 
that sophisticated chemical analysis 
of garnet should be practiced rou- 
tinely in gemological laboratories to 
make sure unique garnets are not 
misidentified. 


Almandine 


@ Orange garnet 


Pamela Cevallos and Ziyin Sun 
480, 504, 520 and 573 nm 
bands become indistinct 
and appear to merge in 
this range 


New Plastic IMITATION OPAL 
From Kyocera 

Recently, the Carlsbad laboratory ex- 
amined an interesting new gem mate- 
rial manufactured by the Japanese 
company Kyocera that displayed a 
play-of-color phenomenon. In the 
trade, this material may be sold as an 
“opal-like product,” because of the 
play-of-color phenomenon observed 
(figure 11, left). 

Standard gemological testing re- 
vealed a hydrostatic SG of 1.35. The 
refractive index was measured as 1.49. 
According to GIA, an imitation is de- 
fined as a natural or manmade mate- 
rial that mimics the appearance of, 
and is used as a substitute for, another 
gem material. Likewise, a synthetic 
gem is defined by GIA as a laboratory- 


Spessartine 


Pyrope + grossular Spessartine 


Figure 10. (Pyrope + grossular)-spessartine-almandine ternary diagram 
with data points based on molecular percentages for pyralspite garnet 
(modified after Stockton and Manson, 1985). The orange spot is the aver- 
age of three sets of LA-ICP-MS data (table 1, columns 1-3). Refractive 
index and spectral boundaries are used to distinguish among the six pro- 
posed garnet species labeled in the diagram. 


is close to and functions almost the 
same as the RI of pure grossular 
(1.734) in contributing to the com- 
bined refractive index. Since there is 


not a specific gemological species 
name for this orange garnet with 
higher grossular than pyrope compo- 
nent, the authors suggest that the 


grown gem material with virtually 
the same chemical and physical prop- 
erties as a natural gem. Because the 
gemological properties for this new 


Figure 11. This new plastic opal imitation (left) shows a very pleasing play-of-color that does not have the classic 
“snakeskin” columnar structure one would expect to see in traditional polymer-impregnated synthetic opal pro- 
duced by Kyocera (right). The largest sample of plastic imitation opal in the left photo weighs 227 grams, and the 
largest sample of synthetic opal in the right photo weighs 65 grams. The rectangular black block in the photo on 
the left is 9.7 cm in length. 
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Figure 12. The infrared absorption spectrum of the new plastic imitation 
opal (red trace) was very similar to that of traditional plastic-impregnated 
synthetic opal (blue trace) except that the polymer feature at ~1734 cm" 


was about five times as strong. 


material are out of range for natural 
opal (SG of 2.00 and RI between 1.37 
and 1.47), it is best described as an im- 
itation opal. 

Further testing revealed that this 
material readily burns with a hot 
point and produces a strong acrid odor 
indicating that a significant amount of 
plastic is present. Additionally, ad- 
vanced testing using EDXRF revealed 
the presence of silicon. Fourier-trans- 
form infrared (FTIR) testing revealed a 
spectrum that was quite similar to tra- 
ditional polymer-impregnated syn- 
thetic opal (figure 11, right) except for 


a polymer peak that was nearly five 
times as strong (figure 12). These tests 
indicate that this material is com- 
posed of both plastic resin and silicon. 
When exposed to ultraviolet light, 
samples with a white bodycolor fluo- 
resced a weak blue to short-wave and 
medium blue to long-wave UV. Sam- 
ples with a black bodycolor fluoresced 
a weak orange to short-wave UV and 
were inert to long-wave UV. 
Microscopic examination revealed 
some interesting features. The pattern 
in the play-of-color was random and 
unlike traditional synthetic opal did 
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Figure 14. Randomly oriented 
patches of play-of-color are uni- 
formly distributed throughout 
this new plastic opal imitation. 
The imitation looks the same 
from all different angles. Field of 
view 13 mm. 


not display any “snakeskin” 
“chicken wire” pattern (figure 13, 
left), but instead showed colored 
polygonal patches about 2 mm in size 
uniformly distributed throughout (fig- 
ure 14). Nor did the plastic imitation 
opal display the columnar structure 
one would expect to see in synthetic 
opal (figure 13, right). 

Visually, this new material is a 
very good imitation of natural opal. 
Gemologically, it is easy to separate 
from natural opal due to the compar- 
atively high refractive index and low 
specific gravity. There are other pos- 


or 


Figure 13. Traditional synthetic opal shows a “chicken wire” or “snakeskin” pattern (left) and a columnar struc- 
ture (right) that are diagnostic of synthetic origin. The new plastic opal imitation does not show these features. 
Fields of view 7.20 mm (left) and 14.40 mm (right). 
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Figure 15. A natural blister that took the form of a pearlfish on the inner 
surface of one Pinctada maxima valve. Courtesy of ECIJA. 


sible decorative applications for this 
plastic opal imitation material due to 
the large sizes that can be produced. 
This attractive material is a welcome 
addition to the gem trade and is easy 
to separate from natural opal with 
standard gemological testing. 


Nathan Renfro and James E. Shigley 


Natural Blister from Entombment 
of a Pearlfish Within a Pinctada 
Maxima SHELL 
Pearlfish are marine fish of the Cara- 
pidae family that live symbiotically 
inside various invertebrate hosts. Oc- 
casionally, the remains of these fishes 
may be found completely covered by 
mother-of-pearl on the inner surfaces 
of some bivalve mollusks (J. Ballard, 
“The pearlfish,” African Wildlife, Vol. 
45, No. 1, 1991, pp. 16-19). The New 
York laboratory recently had the op- 
portunity to examine a unique Pinc- 
tada maxima shell with a clear blister 
that took the form of a fish (figure 15). 
The shell dimensions were approxi- 
mately 21 x 19 cm, and the entombed 
fish measured approximately 10 cm 
in length. 

The P. maxima bivalve’s soft in- 
ternal body organs are enclosed and 
protected by the outer shell that is se- 
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creted by the mantle to form the 
beautiful inner nacreous mother-of- 
pearl layers and the pearls that are fa- 
miliar to most (P.C. Southgate and J.S. 
Lucas, The Pearl Oyster, Elsevier, Ox- 
ford, UK, 2008, pp. 57-58). The hard 
surface of the oyster shell and the 
nooks within the shells provide places 
where a host of small animals such as 
pea crabs, shrimp, and fish can live. 
Pearl gemologists from GIA in 
Bangkok observed these within nu- 
merous P. maxima mollusks during a 
2013 field expedition 80 miles off the 
coast of Broome, Western Australia. 
The shape and size of an example 


Figure 16. An example of a living 
pearlfish with a slender, elongated 
shape and translucent body, 
found residing inside a P. maxima 
shell during a 2013 GIA field ex- 
pedition to Broome, Australia. 


recorded from the trip (figure 16) 
closely resembles the one examined 
by the lab. 

There is a delicate harmony and 
balance between the mollusk and fish 
in their cohabitation. The pearlfish has 
been known to settle in the oyster 
shell for shelter and live in symbiosis 
without either one harming the other 
(E. Parmentier and P. Vandewalle, 
“Morphological adaptations of Pearl- 
fish (Carapidae) to their various habi- 
tats,” in A.L. Val and B.G. Kapoor, Eds., 
Fish Adaptations, Science Publishers, 
Enfield, New Hampshire, 2003, pp. 
261-276). When the pearlfish eventu- 
ally dies, the oyster cannot eject the or- 
ganism and its self-healing mechanism 


Figure 17. Microradiographic image of the pearlfish on the shell revealing 
the preserved details from head to tail beneath the nacre. 
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Figure 18. This 3.52 ct sample was 
the largest of a selection of re- 
cently submitted CVD synthetics. 


kicks into action. The mollusk begins 
to deposit layers of nacre over the irri- 
tant to ease the likely discomfort ex- 
perienced. The organism decomposes 
over time and the skeletal remains are 
left encased underneath the nacre to 
form a “blister” (GIA and CIBJO defi- 
nition) on the inner surface of the 
shell. 

The microradiographic images ob- 
tained for this sample examined by 
the New York laboratory show the 
fish’s skeletal remains very clearly 
(figure 17). This extraordinary speci- 
men is another prime example of 
Mother Nature’s fascinating manifes- 
tations and was something out of the 
ordinary for everyone who handled 
and examined it in the laboratory. 


Sally Chan and Emiko Yawaza 


SYNTHETIC DIAMOND 

Five CVD Synthetics Greater Than 
Three Carats 

The quality and carat weight of CVD 
synthetic gem diamonds has increased 
dramatically over the last ten years (S. 
Eaton-Magania and J.E. Shigley, “Ob- 
servations on CVD-grown synthetic 
diamonds: A review,” Fall 2016 GWG, 
pp. 222-245). Very recently a 6 ct 
round CVD synthetic was reported 
(“US lab creates 6ct. CVD synthetic,” 
Rapaport News, Feb. 1, 2018). How- 
ever, we still only occasionally receive 


Las Notes 


TABLE 1. Summary of equivalent quality factors in 


five CVD synthetic diamonds. 


Weight (ct) Color Clarity Shape Cut grade 
3.02 F VS, Cushion n/a 
3.12 G VS, Round Excellent 
3.26 H VS, Round Excellent 
3.37 H VS, Cushion n/a 
3.52 J Sl Round Excellent 


CVD synthetic diamonds for grading 
reports, and very rarely do these sub- 
missions weigh more than three 
carats. In fact, GIA graded its first CVD 
synthetic over three carats not long 
ago, in October 2015 (Winter 2015 Lab 
Notes, pp. 437-439), and as of January 
2018 had only examined a total of 
eight. So it was quite interesting when, 
in late January 2018, we received five 
CVD synthetics simultaneously (four 
known to be from the same client) that 
were all above three carats. The qual- 
ity factors for these five samples sub- 
mitted for synthetic diamond grading 
reports are presented in table 1, and the 
largest of the five is shown in figure 18. 

As table 1 shows, four of the five 
were in the near-colorless range and 
the smallest one was in the colorless 
range. Four had clarity grades equiva- 
lent to VS, or VS,, while the largest 
was equivalent to SI. All three round 
brilliants received Excellent cut 
grades. These results are consistent 
with a recent survey (Eaton-Magania 
and Shigley, 2016), which found that 
a majority of D-to-Z CVD synthetics 
are in the near-colorless range (67%) 
and that a slight majority have clarity 
grades equivalent to VVS,-VS.. 

In keeping with standard GIA pro- 
cedure, we performed IR absorption 
and PL spectroscopy on all five sam- 
ples. As expected for CVD synthetics, 
all were identified as type Ila, showed 
pronounced silicon-related peaks in 
their PL spectra, and displayed stria- 
tions in DiamondView imaging that 
are characteristic for CVD synthetics. 
All except the 3.52 ct sample also 
showed nickel-related peaks at 
883/884 nm in their PL spectra with 
830 nm excitation. We expect that 
submissions of CVD synthetics in 
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this weight range and beyond will be- 
come more common in the next few 
years. 


Sally Eaton-Magana 


Fancy Deep Brown-Orange 

CVD Synthetic Diamond 

A0.56 ct diamond (figure 19) was color 
graded as Fancy Deep brown-orange. 
The diamond was found to be a CVD- 
grown synthetic that had been irradi- 
ated and annealed, perhaps multiple 
times. DiamondView imaging (figure 
20) showed the telltale striations of the 
CVD growth process, and the PL spec- 
trum showed the SiV- (736/737 nm 
doublet) commonly found in CVD 
synthetics. The Vis-NIR spectrum (fig- 
ure 2.1) showed a GR1 defect (the neu- 


Figure 19. A face-up image 
showing the deep brown-orange 
bodycolor of a CVD-grown syn- 
thetic that has been irradiated 
and annealed. 
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Figure 20. A DiamondView 
image reveals the characteristic 
growth striations of a CVD- 
grown synthetic diamond. 


tral vacancy center) and a peak at 594 
nm that is commonly seen in dia- 
monds that have been irradiated and 
annealed. This is in contrast to the 
normal irradiated and annealed CVD 
synthetic diamonds that show features 
related to nitrogen vacancies. The PL 
spectrum shows the NV° (575 nm) and 
NV- (637 nm) peaks in relatively high 
concentrations compared to the dia- 
mond Raman line. In the infrared spec- 
trum, a clear band at 1130 cm! and a 
peak at 1344 cm indicate the pres- 
ence of single substitutional nitrogen. 

CVD-grown synthetic diamonds 
have been known to be irradiated 
(Fall 2014 Lab Notes, pp. 240-241; 
Fall 2015 Lab Notes, pp. 320-321) and 
also irradiated and annealed (J. 
Shigley et al., “Lab-grown colored dia- 
monds from Chatham Created Gems,” 
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Figure 21. The visible-NIR spectrum of the irradiated and annealed CVD 
synthetic shows the GR1 and 594 nm defects. 


Summer 2004 GWG, pp. 128-145). 
The irradiation and annealing per- 
formed on CVD synthetics is gener- 
ally done on those with isolated 
nitrogen and produces a pink to red 
bodycolor. This color is caused by ni- 
trogen-vacancy centers created when 
the vacancies produced by irradiation 
combine with the isolated nitrogen 
during the annealing process. In this 
case, the diamond showed a brown- 
orange bodycolor due to the combina- 
tion of the isolated nitrogen and 
irradiation features. The stone in 
question contained isolated nitrogen, 
so it is possible that the intent was to 
create a pink to red color, but the 
treatment did not produce the ex- 


pected results. Brown-orange color as 
a result of treatment has not been 
seen in a CVD synthetic diamond be- 
fore, so the intentions of the treat- 
ment are as yet unknown. 


Troy Ardon and Nicole Ahline 
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Beryl Crystal in Fluorite 


Recently, the authors examined a purple fluorite specimen 
that contained an elongate hexagonal rod-shaped crystal 
(figure 1). The crystal host had been collected by Chris 
Lehmann (Lehmann Minerals, Benton, California) in the 
Birch Creek area of the White Mountains in Inyo County, 
California. This area was host to volcanic activity that re- 
sulted in granitic dikes cutting across dolomite and other 
sedimentary rock types. The most abundant minerals 
found in the area are quartz, calcic oligoclase, microcline, 
biotite, and muscovite. Smaller amounts of apatite, zircon, 
tourmaline, magnetite, epidote, purple fluorite, and beryl 
have also been reported (C.A. Nelson and A.G. Sylvester, 
“Wall rock decarbonation and forcible emplacement of 
Birch Creek Pluton, southern White Mountains, Califor- 
nia,” Geological Society of America Bulletin, Vol. 82, No. 
10, 1971, pp. 2891-2904). While the morphology of the 
prismatic inclusion hinted at its identity, the hexagonal 
crystal was conclusively identified as beryl by laser Raman 
spectrometry. Also present in the fluorite were numerous 
veils of fluid inclusions and prominent color zoning (again, 
see figure 1). This exciting discovery was the authors’ first 
encounter with beryl as an inclusion in fluorite. 


Ian Nicastro 
San Diego, California 


Nathan Renfro 
GIA, Carlsbad 


About the banner: This thin wafer of agatized fossil dinosaur bone from 
Utah was photographed using diffuse reflected light and transmitted light 
in conjunction with a blue filter for contrast. Photomicrograph by Nathan 
Rentro; field of view 9.6 mm. 

Editors’ note: Interested contributors should contact Nathan Rentro at 
nrentro@gia.edu and Jennifer-Lynn Archuleta at jennifer.archuleta@gia.edu 
for submission information. 
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Figure 1. A colorless prismatic beryl crystal within a 
fluorite specimen from the White Mountains in Inyo 
County, California. Photomicrograph by Nathan Ren- 
fro; field of view 8.60 mm. 


Type Ila Diamond with Extraordinary 
Etch Channels 


Etch channels are rare inclusions in natural diamonds, 
both type I and type II (see T. Lu et al., “Observation of etch 
channels in several natural diamonds,” Diamond and Re- 
lated Materials, Vol. 10, No. 1, 2001, pp. 68-75). Recently, 
the Laboratoire Francais de Gemmologie received a 1.77 ct 
round brilliant-cut diamond containing numerous large 
etch channels, a feature appreciated by inclusion collec- 
tors. The gem had K color and I, clarity due to the etch 
channels and their reflectors (figure 2). Infrared absorption 
spectroscopy revealed a type Ila diamond. 

Dissolution etch channels in diamond are rare but can 
have various forms (M. Philippe and E. Fritsch, “Dissolved 
dislocation: Inclusions not always easy to identify, part I,” 
Revue de Gemmologie, Vol. 200, 2017, pp. 11-22, in 
French). They are due to the dissolution of dislocations in- 


GEMS & GEMOLOGY SPRING 2018 


Figure 2. A rare 1.77 ct type Ila diamond with signifi- 
cant etch channels caused by dissolution along dislo- 
cations. Photo by Aurélien Delaunay. 


side the crystal. These dislocations might be growth dislo- 
cations or caused by later deformation. One type of etch 
channel in diamond consists of regular and parallel lines 
related to diamond's crystallographic structure. The other 
type, the kind exhibited in this diamond, is a worm-like 
ribbon due to crystallographic defects. All of the dissolu- 
tion etch channels have rhombic openings at the surface 
of the diamond (figure 3); a few have a pyramidal termina- 


Figure 3. Etch channels with rhombic openings at the 
surface of the diamond. Photomicrograph by Aurélien 
Delaunay; field of view 2.22 mm. 
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tion and restart in another direction (figure 4). This is a rare 
occurrence and confirms that dissolution can be stopped— 
or slowed—by defects in the crystal structure. In addition, 
the dissolution can start in an easier direction, such as a 
dislocation. 

Etch channels are rarely observed in cut gem dia- 
monds. But when gemologists observe a specimen like 
this one, it is always a pleasure for the eyes and a curiosity 
of nature. 


Aurélien Delaunay 
Laboratoire Francais de Gemmologie, Paris 


Emmanuel Fritsch 
University of Nantes, France 


Omphacite and Chromite: 
A “Bimineralic Inclusion” in Diamond 


The micro-world of diamonds is fascinating not only to 
gemologists interested in inclusions but also to mineral 
physicists who study the deep earth, arguably one of the 
last frontiers and one not yet accessible to us. Diamond in- 
clusions offer a window into that world and help us piece 
together its nature to unravel the mysteries of the earth’s 
very formation (J.I. Koivula and E.A. Skalwold, “The mi- 
croworld of diamonds: Images from the earth’s mantle,” 
Rocks & Minerals, Vol. 89, No. 1, 2014, pp. 46-51). Some- 
times even relatively common inclusions in diamond pres- 
ent an uncommon sight. 

In this case, two minerals identified by Raman micro- 
spectroscopy, omphacite and chromite, are in such close 
association that they appear joined (figure 5). Such a 
“bimineralic inclusion” poses the question of how they 
might have ended up that way: Was it just fate or attrac- 


Figure 4. Rare etch channel with a pyramidal termina- 
tion in a 1.77 ct type Ha diamond. Note the lateral 
continuation of the dissolution. Photomicrograph by 
Aurélien Delaunay; field of view 1.39 mm. 
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Figure 5. Sometimes a clue to the identity of an in- 
clusion is its color. Diffuse transmitted lighting re- 
veals the colors of the omphacite (left) and chromite 
(right) crystals composing a “bimineralic inclusion” 
in a 90-point diamond. Photomicrograph by Nathan 
Renfro; field of view 0.95 mm. 


tion? There is even the possibility that they were a single 
mineral at the time of inclusion into the diamond but sep- 
arated when pressure and temperature dropped as the dia- 
mond found its way to the earth’s surface. Future detailed 
chemical analysis of this pair may yield valuable informa- 
tion about the earth’s interior, including the compositions, 
pressures, and temperatures of the host rocks in which the 
diamonds formed. 

Many gemologists are familiar with so-called carbon 
spots in diamonds. Often these are actually chromite crys- 
tals—not carbon at all, but rather a chromium-rich iron 
oxide mineral of the spinel group. If thin enough, these 
may appear dark red-brown to yellowish brown in trans- 
mitted light, as seen in this specimen. Chromite is classi- 
fied in both the peridotitic and eclogitic inclusion suites 
found in diamonds. By contrast, the omphacite crystal next 
to it is a monoclinic pyroxene mineral (clinopyroxene) that 
is typically pale to dark grayish green or grayish blue in 
transmitted light and considered a member of the eclogitic 
suite of inclusions found in diamonds. This inclusion spec- 
imen is not only worthy of the photomicrographer’s 
artistry but also a very valuable portion of the earth’s inte- 
rior puzzle, which is slowly being put together one piece 
at a time. 


Elise A. Skalwold and William A. Bassett 
Ithaca, New York 


Nathan Renfro 


Opal with Agate-Like Banding 

Recently, author SC purchased an interesting Ethiopian 
opal (figure 6) that displayed a most unusual growth struc- 
ture. A portion of the orangy brown opal displayed a small 
patch of wavy “varve” banding much like one would ex- 
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Figure 6. This opal from the Shewa region of 
Ethiopia, weighing just over 10 ct, shows areas of 
agate-like banding. Photo by Diego Sanchez and 
Robison McMurtry. 


pect to see in an agate (figure 7). The banded area was com- 
posed of layers of translucent dark brown material alter- 
nating with lighter opaque material. It was also evident 
that the dark layers were much harder than the lighter lay- 
ers, which had significant undercutting on the polished 
surface. These lighter areas also showed play-of-color, 
which made it obvious that they were precious opal layers. 
The dark areas did not show play-of-color, leaving it un- 
known if they were also opal or perhaps chalcedony, con- 
sistent with their banded pattern. It was also interesting to 
note that the lighter areas readily absorbed water and be- 
came transparent, an indication of hydrophane opal. 

To test the composition of the various layers, we pol- 
ished a flat surface on the back of the stone in order to accu- 


Figure 7. Prominent agate-like banding was seen in 
the opal. Photomicrograph by Nathan Renfro; field of 
view 8.22 mm. 
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Figure 8. Left: A crack running diagonally across the banding exhibits an offset shifting indicative of a strike-slip 
type of “microfault.” Right: A second area in this stone also shows “micro-faulting” with movement along the 
banding and no movement across the photonic crystal, indicating that opalization of the chalcedony was a sec- 
ondary process. Photomicrographs by Diego Sanchez and Robison McMurtry; fields of view 2.50 mm (left) and 
2.62 mm (right). 


rately measure the refractive index (RI). Two measurements 
were resolvable with the refractometer, at 1.43 and 1.47. Fur- 
ther testing revealed an extremely low specific gravity meas- 
urement of 1.42, (compared to a typical SG of about 2.00 for 
opal), implying that the hydrophane areas were very porous. 
Further testing by Raman spectrometry was unable to detect 
the presence of quartz in either the light or dark brown 
bands, a finding consistent with the RI measurements. 

Careful microscopic observation yielded some interest- 
ing conclusions. A few small healed cracks in this stone 
were naturally repaired with opal infilling. Some of these 
cracks showed a lateral offset as they cut across the band- 
ing (figure 8, left). We also observed that the fractures that 
showed an offset in the banding showed no offset in the 
“photonic crystal” (B. Rondeau et al., “On the origin of 
digit patterns in gem opal,” Fall 2013 GwG, pp. 138-146], 
or in the single play-of-color patches (figure 8, right). These 
observations are important in revealing the order of events 
that took place to produce such a specimen. First, the dep- 
osition of chalcedony had to occur in order to produce the 
crenulated (wavy) banded pattern. Second, stress cracks 
were introduced into the agate and then laterally shifted, 
creating several “micro-faults.” These micro-faults were 
subsequently “healed” with a secondary deposit of opal. 
This secondary opal deposition also replaced the chal- 
cedony while preserving the original agate-like banding, 
which was apparent since there was no offset along the 
micro-faults in the patches of play-of-color. 

This is one of the most unusual opals the authors have 
encountered to date. The microscopic observations tell an 
interesting story about the formation of a unique gem. 


Nathan Renfro 


Stephen Challener 
Raleigh, North Carolina 
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Dendritic Inclusions in Cambodian Sapphire 


A 0.66 ct piece of blue sapphire rough from the Bo Tang Su 
mining area of Cambodia’s Pailin region displayed den- 
dritic inclusions, commonly found in quartz and chal- 
cedony but rarely seen in corundum. 

These epigenetic inclusions occur as a dendritic pattern 
trapped along surface-reaching fractures and show higher 
luster than the host under reflected light. Viewed in fiber- 
optic light, they appear black along the fracture and the 
trapped unknown fluid phases (figure 9). Raman spec- 
troscopy identified the inclusions as a compound of man- 
ganese oxide-hydroxides. The presence of these dendritic 


Figure 9. Fiber-optic illumination reveals dendritic 
inclusions of a manganese oxide-hydroxide com- 
pound trapped within a fracture. Photomicrograph by 
Charuwan Khowpong; field of view 1.05 mm. 
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Figure 10. The dendritic inclusions were trapped in a 
triangular fracture. Photomicrograph by Charuwan 
Khowpong; field of view 1.75 mm. 


inclusions, seen trapped in a triangular fracture in figure 
10, is quite unusual in sapphire from Cambodia. 


Charuwan Khowpong 
GIA, Bangkok 


Green Crystals in Yellow Sapphires 


Two yellow sapphires recently examined by the authors 
each contained a green crystal inclusion. Upon analysis, 
however, the two inclusions turned out to be very different 
minerals. 
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Figure 12. A beautiful euhedral pargasite crystal dis- 
playing its monoclinic nature in yellow sapphire. 
Photomicrograph by Nathan Renfro; field of view 
1.43 mm. 


A yellow sapphire of Sri Lankan origin hosted a saturated 
bluish green crystal inclusion. Optically it was singly refrac- 
tive, and Raman spectroscopy proved it to be a spinel crystal 
(figure 11). Spinel inclusions of this color have been docu- 
mented in yellow sapphires before (EJ. Giibelin and J.I. 
Koivula, Photoatlas of Inclusions in Gemstones, Vol. 1, ABC 
Edition, Zurich, 1986, pp. 353-354), but this crystal was re- 
markably large and completely enclosed in the stone. 

The second yellow sapphire contained a green semi- 
transparent crystal that, unlike the previous inclusion, was 
doubly refractive and more rectangular in shape (figure 12), 


Figure 11. A bluish 
green spinel crystal 
found in a Sri Lankan 
yellow sapphire. Pho- 
tomicrograph by Tyler 
Smith; field of view 
1.76 mm. 
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Figure 13. This inclusion scene features an apparent 
iron sulfide crystal against a midnight blue backdrop. 
It is reminiscent of the night sky, echoing the surface 
appearance of the star sapphire host. Photomicrograph 
by E. Billie Hughes; field of view 2.15 mm. 


with sublinear striations and a smaller secondary crystal 
on the opposite side. With the aid of Raman spectroscopy, 
the brownish green crystal was identified as pargasite, a 
metamorphic calcium-dominated amphibole mineral as- 
sociated with spinel and corundum deposits (J.W. Anthony 
et al., Handbook of Mineralogy, Vol. 2, Mineral Data Pub- 
lishing, Tucson, Arizona, 1995). As an inclusion, pargasite 
has been previously documented in corundum—more fre- 
quently in rubies from Myanmar, Pakistan, and Tanzania, 
and in blue sapphires from Kashmir (E.J. Gtibelin and J.I. 
Koivula, Photoatlas of Inclusions in Gemstones, Vol. 3, 
Opinio Verlag, Basel, Switzerland, 2008). The fact that the 
host sapphire was yellow makes this inclusion a fascinat- 
ing discovery for the authors. 


Nicole Ahline 
GIA, Carlsbad 


Tyler Smith 
GIA, New York 


Six-Rayed Star in Sapphire from Myanmar 


Gems are renowned for their outward beauty, but their in- 
ternal world can be just as striking. Lotus Gemology re- 
cently came across a Burmese sapphire, cut as a cabochon 
and measuring 8.92 x 7.10 x 4.75 mm, that displayed a six- 
rayed star. Once we examined it under the microscope, we 
were surprised to find that this celestial theme carried 
through to the inclusion scene inside (figure 13). 

The long, undissolved rutile silk needles that form the 
six-rayed star are evident in angular zones. We could also 
see other inclusions typical of unheated sapphire, such as 
the tiny negative crystals forming a “fingerprint” at the top 
of the image. What was most interesting about this piece 
was the large, irregularly shaped crystal with a metallic ap- 
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pearance hovering close to the surface of the cabochon 
dome, which we believe is an iron sulfide crystal based on 
its appearance. This highly reflective crystal seems to float 
across a midnight blue backdrop, reminiscent of an aster- 
oid floating in space and making for a fitting inclusion in a 
star sapphire. 


E. Billie Hughes 
Lotus Gemology, Bangkok 


Pink Tourmaline in Spodumene 


The pegmatitic mineral spodumene commonly exhibits 
fluid inclusions as well as muscovite-mica, feldspar, and clay 
mineral inclusions (EJ. Gtibelin and J.I. Koivula, Photoatlas 
of Inclusions in Gemstones, Vol. 1, ABC Edition, Zurich, 
1986). A colorless 7.85 ct emerald-cut spodumene, purport- 
edly from Afghanistan, was of particular interest for the eye- 
visible pink tourmaline crystal inclusion (figure 14) under 


Figure 14. Appearing as if suspended in water, a pink 
tourmaline inclusion in spodumene is illuminated by 
diffuse and fiber-optic illumination. Photomicrograph 
by Jonathan Muyal; field of view 7.19 mm. 
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the table facet. The mineral inclusion’s identity was con- 
firmed by Raman microspectrometry analysis. 

Although green tourmaline inclusions in spodumene 
have been documented (E.J. Gtibelin and J.I. Koivula, Pho- 
toatlas of Inclusions in Gemstones, Vol. 3, Opinio Publish- 
ers, Basel, Switzerland, 2008, p. 642), very few references are 
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Figure 15. Diffuse and 
fiber-optic illumination 
reveal the fine stria- 
tions common to tour- 
maline along the length 
and the shallow trian- 
gular etch markings 
typical of spodumene 
along the interface, as 
well as vivid iridescent 
colors. Photomicro- 
graph by Jonathan 
Muyal; field of view 
1.26 mm. 


found in the literature, and pink tourmaline in spodumene 
remains a rare occurrence. The transparent inclusion 
showed a well-formed trigonal prismatic crystal habit with 
fine vertical striations along its length (parallel to the c-axis). 
It exhibited a hemimorphic nature, with a flat termination 
on one end and a low pyramidal termination on the other. 
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Figure 16. Measuring 7.59 mm in largest dimension 
and weighing 1.84 ct, this partially etched diamond 
octahedron contains a bright green inclusion of 
chromium diopside. Photo by Robison McMurtry. 


Abundant uneven wavy fractures, more or less perpendicu- 
lar to the c-axis, were also visible within the crystal. 

Of interest were some triangular etch marks common 
to spodumene. Although at first they appeared to be on the 
inclusion’s surface, they were actually on the spodumene 
interface. Additionally, the interface space exhibited vibrant 
iridescent colors when illuminated with oblique fiber-optic 
illumination (figure 15). This special guest inclusion thus 
gives the impression of having been “dressed and embel- 
lished” by its host spodumene and is displayed in its best 
attire. 

Such a large tourmaline inclusion specimen in spo- 
dumene also provides valuable mineralogical information 
for the gemologist. The syngenetic inclusion and the host 
reflect their common pegmatitic geological genesis. The 
lithium-bearing granitic pegmatitic occurrence of spo- 
dumene strongly suggests that the inclusion is a lithia 
tourmaline variety, with lithium and aluminum substitut- 
ing for iron and magnesium. 

While spodumene is not known and prized for its in- 
clusions, the beautifully highlighted pink tourmaline in- 
clusion makes this gem a rare collector specimen. 


Jonathan Muyal 
GIA, Carlsbad 
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Figure 17. Rich green transparent crystals of 
chromium diopside are very uncommon inclusions in 
diamond. The example shown here has a typical 
rounded, etched habit. Photomicrograph by Nathan 
Renfro; field of view 1.80 mm. 


Quarterly Crystal: Cr-Diopside in Diamond 


Brightly colored mineral inclusions in diamonds are rare. 
Some examples of these rarities are dark blue kyanite, yel- 
lowish orange almandine-pyrope, and deep purplish red py- 
rope garnet. This year’s first Quarterly Crystal offering 
expands on this bright inclusion theme with a transparent 
colorless partially etched octahedron from the Kimberley 
mine in South Africa. Shown in figure 16, the diamond 
measures 7.59 x 6.59 x 4.79 mm and weighs 1.84 ct. 

Situated along the edge of one of the octahedral planes, 
the diamond crystal plays host to a bright green transparent 
elongated mineral inclusion. Laser Raman microspectro- 
metry was used to identify this included crystal as diop- 
side, and the bright green color results from a trace amount 
of chromium. 

As a diamond inclusion, chromium diopside is a 
medium to deep green transparent mineral with a vitreous 
luster. As shown in figure 17, it typically forms as rounded 
protogenetic mineral grains. Geologically, the presence of a 
Cr-diopside inclusion in a diamond is an indicator that the 
host diamond formed in a rock type known as peridotite. 


John I. Koivula 
GIA, Carlsbad 
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Every February the gem and mineral world descends on 
Tucson, transforming the downtown convention center 
and a great many of the city’s hotels into a fascinating col- 
lage of traders bearing goods from all over the planet (fig- 
ures | and 2). 

Many of the exhibitors we spoke with described 2018 
as the strongest year since 2008. Although traffic wasn’t 
especially heavy at the AGTA and GJX shows, most deal- 
ers there enjoyed brisk sales and healthy demand for high- 
quality goods. Some of the same trends from last year were 
evident. Customers still sought out one-of-a-kind pearls 
and colored gemstone pieces, and the secondary market in 
the U.S. for exceptional pieces remained highly signifi- 
cant. There was a continuing focus on untreated material 
and ethically sourced gemstones, a subject articulated for 
us by Jean Claude Michelou of the International Colored 
Gemstone Association and officials from the Responsible 
Jewellery Council. Market realities such as very strong 
price competition for newly mined gem rough were men- 
tioned as a major challenge by many dealers and cutters. 

In addition to strong demand for high-end gems, many 
dealers at AGTA and GJX reported a surge in more moder- 
ately priced goods. Meanwhile, dealers at other locations 
told us the commercial end of the market remained soft. 

Pantone’s color of the year for 2018, a shade of purple 
called Ultra Violet, was well represented at the shows. A 
couple of dealers had exceptional examples of purple silli- 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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manite. Many dealers posted strong sales of pastel-colored 
spinel—in pink and lavender hues—in suites and sets as 
customers found the scarcity and high prices of red spinel 
prohibitive. In a similar vein, Margit Thorndal of Madagas- 
car Imports reported strong demand for purple-lavender 
spinel and purple sapphire from Madagascar, as well as teal 
hues of unheated Montana sapphire. 

We noted that electric blues, teals, hot pinks, hot yel- 
low greens, and pastel-colored gems were quite popular. 
Bill Larson of Pala International pointed to this trend and 
showed us a number of spectacular examples from his in- 
ventory. Fine blue zircon from Cambodia was prominent, 
as was attractive sphene from Zimbabwe and Madagascar. 

Dave Bindra of B&B Fine Gems said his company was 
very active in scouring the secondary markets for old jew- 
elry items and gemstones that have been out of circulation 


Figure 1. Although traffic at the AGTA show was 
lighter than in some previous years, demand was 
brisk and most traders were satisfied with their 2018 
business. Photo by Kevin Schumacher. 
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Figure 2. Customers in Tucson sought out unique goods, a trend that carried over from last year’s shows. Photos by 
Kevin Schumacher. 


for decades. This year’s standouts were two incredible red 
beryls from Utah (a 3 ct emerald cut and a 4 ct round bril- 
liant), a 61.92 ct Imperial topaz (figure 3), and a fine selec- 
tion of Kashmir sapphires, which were very sought after 
this year. Fran Mastoloni of Mastoloni Pearls updated us 
on current trends in the cultured pearl market and showed 
examples of unique pieces. 

Dealers specializing in domestic gems reported strong 
demand. John Woodmark of Desert Sun Mining & Gems 
told us the market for Oregon sunstone was the strongest 
he had seen since the andesine controversy challenged sup- 
pliers of the natural Oregon gem a decade ago. As a result, 
the company has scaled up its mining activities and built 
new relationships with gem cutters to improve supply to 
its clients. 

As always, the Tucson shows were a rich source for the 
latest on global colored stone supply. Conversations with 


Figure 3. Dave Bindra of B&B Gems showed us a se- 
lection of standout gems from the secondary market, 
including this 61.92 ct Imperial topaz. Photo by Kevin 
Schumacher. 


Imperial Topaz 
61.92 cts AGL-N 
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Luis Gabriel Angarita and Edwin Molina revealed insights 
on the mining and branding of Colombian emerald. 
Marcelo Ribeiro shared details on mining and cutting at 
the Belmont emerald mine in Brazil. Alexey Burlakov of- 
fered his perspective on Russian demantoid production, 
while Stephan Reif did the same for demantoid from the 
Green Dragon mine in Namibia. Miriam Kamau shared in- 
formation on her Kenyan tsavorite mining operation and 
offered her own inspirational success story. From Jurgen 
Schtitz of Emil Weis Opals we learned about the cutting of 
opal, both play-of-color and nonphenomenal, from sources 
around the world. Alexander Arnoldi explained Arnoldi In- 
ternational’s strategy in sourcing and cutting high-quality 
aquamarine and tourmaline. We also saw examples of gem 
production from unexpected sources: Indonesian opal and 
turquoise from the state of Arkansas. 

Tucson is also a destination for many leading gem 
artists and jewelry designers. Award-winning carver 
Michael Dyber explained the inspiration behind some 
fantastic one-of-a-kind pieces bearing his signature opti- 
cal disks. At the intersection of science and art, Rex Guo 
discussed his approach to recutting gems to optimize 
light performance and beauty. And designers Paula 
Crevoshay and Erica Courtney showed us striking and 
innovative new pieces with unexpected and fascinating 
gem combinations. 


Duncan Pay 
GIA, Carlsbad 


COLORED STONES AND ORGANIC MATERIALS 


Multi-generation cutting family from Idar-Oberstein. Idar- 
Oberstein, Germany is a historic agate locality that became 
famous over the last century as a colored stone trading and 
cutting center. In recent decades, though, much of the lap- 
idary activity has moved from Idar-Oberstein to cutting 
centers in Asia such as Jaipur and Bangkok. The remaining 
businesses in Idar are focusing on highly specialized mar- 


Gems & GEMOLOGY SPRING 2018 75 


Figure 4. Aquamarine has long been Arnoldi Interna- 
tional’s signature stone. Photo by Kevin Schumacher. 


ket segments, such as precision cutting and unusual stone 
varieties. Alexander Arnoldi explained to us the strategy 
of Arnoldi International and provided an update on some 
new high-quality materials. 

The cutting business was founded in 1919, making 
Alexander Arnoldi a fourth-generation gemstone dealer 
and cutter. They process all the goods in-house, from rough 
sorting to final polishing. Lapidary work is still based on 
the traditional techniques of Idar-Oberstein, where the 
wheel is turned with the dominant right hand, leaving the 
left hand free to hold the stone. Laps are motor-driven 
today, but the stone is still held with the left hand. Accord- 
ing to Arnoldi, it takes more than five years to master cut- 
ting and learn all the facet placements and correct angles 
for the different styles and materials. 

The company focuses on flawless stones, a challenging 
segment of the gemstone industry. Prices for these goods 
have exploded, but supply is extremely low and competi- 
tion at the source is very high. Finding extremely high- 
quality rough that yields large clean stones is one of the 
main challenges they face in the current market. Nowa- 
days, most rough suppliers bring their goods to Bangkok 
and Jaipur instead of Germany. This forces companies such 
as Arnoldi to go source their own material on site—for in- 
stance, copper-bearing tourmaline from Mozambique. 

Idar-Oberstein’s first main product more than 500 years 
ago was agate, polished using hard sandstones found nearby. 
When Germany’s population began moving abroad in the 
early nineteenth century, Idar’s network became more 
global and gained access to the Brazilian deposits, which pro- 
duced many quartz varieties. The German cutters became 
very adept at cutting and polishing the materials sourced in 
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Figure 5. More recently, Arnoldi International has 
begun working with tourmaline from the Democratic 
Republic of Congo. Photo by Kevin Schumacher. 


Brazil. Arnoldi focused on aquamarine (figure 4), a stone that 
remains their strong suit in 2018. Originally they worked 
with goods from South America, including the fabled Santa 
Maria deposit in Minas Gerais, Brazil. Much of the rough is 
now sourced in Central and East Africa, which produces 
deep blue material similar to Santa Maria aquamarine. 

Another stone they are focusing on is tourmaline, in- 
cluding Paraiba, rubellite, and bicolor stones. In December 
2017, they traveled to Central Africa to source the new 
tourmalines from the Democratic Republic of Congo (fig- 
ure 5). This material comes in different shades of green, 
often in the same crystal. Pink crystals are occasionally 
found. Supply is highly irregular, and quality varies greatly. 

Arnoldi International is putting their focus on high- 
quality, flawless goods and excellent cutting standards. 
This allows them to supply high-end vendors who often 
ask for unique, customized cutting styles. 


Wim Vertriest 
GIA, Bangkok 


Update on the Green Dragon demantoid mine in Namibia. 
According to Stephan Reif, Namibia’s Green Dragon mine 
is the largest continuously operating demantoid deposit. 
Green Dragon has a complete mine-to-market approach, 
handling everything from mining, ore processing, sorting, 
cutting, and grading to wholesale. They mainly supply the 
European market through Vienna and the Asian market 
through Hong Kong. 

The mine was discovered in a remote part of southern 
Namibia in the 1990s and has been producing since the 
mid-2000s. In 2017, Green Dragon received a 25-year min- 
ing license for the deposit, offering stability as an incentive 
to invest in the mine. In the near future, mining will be 
scaled up and production will increase. This will provide a 
more consistent and attractive supply for buyers in the 
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Figure 6. Namibian demantoid retrieved from the 
Green Dragon mine and preserved in its host rock. 
Photo by Albert Salvato. 


trade. As part of the 25-year mining lease, Green Dragon 
has committed to supporting the local communities. 

Namibian demantoid mining is highly mechanized, 
using heavy equipment to extract the green garnets from 
their host rock (see figure 6). Monthly production varies 
between 15 and 20 kg. Of that, a little over 10% is consid- 
ered gem quality and goes for faceting. 

Color ranges from yellowish green to bluish green, and 
some darker brownish greens are also found. Demand for 
certain colors varies, but at the moment the yellowish 
“golden” colors are in highest demand by designers. For 
Reif, the ideal Namibian demantoid is a slightly bluish 
green gem full of fire and brilliance. 

The combination of lighter color and very high disper- 
sion sets Namibian demantoid apart from other green gar- 
nets. These properties also depend on the quality of cutting 
and polishing (figure 7), something Green Dragon has fo- 
cused on in recent years by having their in-house lapidaries 
and quality control perform to a higher standard. Because 
clarity, color, and calibration standards are so tight, the 
yield is only around 9%. 

Most of the production is in melee and small calibrated 
sizes, with fine singles being extremely rare. Fine-quality 
melee is in very high demand in Europe at the moment, 
especially in the 4.0-6.5 mm range. In recent years, the de- 
mand for very small melee (1-2 mm) has increased sub- 
stantially. Larger exceptional pieces typically go to Asia. 


Wim Vertriest 
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Figure 7. The cutting and polishing of Namibian de- 
mantoid should emphasize the material’s lighter 
color and high dispersion. Photo by Albert Salvato. 


Update on Russian demantoid production. Russian deman- 
toids (figure 8) are renowned in the gem community for 
their pure, vivid colors and spectacular inclusions. Alexey 
Burlakov, founder of Tsarina Jewels, shared some insights 
on the current production of Russian demantoids and 
emeralds. Tsarina Jewels is based out of Bangkok and was 
co-founded with his father, Dr. Evgeny Burlakov, curator 
of the Ural Geological Museum in Yekaterinburg. 
According to Burlakov, there are currently two mines 
in the Urals producing demantoid in commercial quanti- 
ties: Korkodin and Poldnevaya. They are about 7 km apart, 
located in the same geological massif that also hosts nu- 
merous gold and platinum mineralizations. Although the 
two mines are very close to each other, the material is very 
different. The Korkodin mine is characterized by a darker 
color, often with a brownish tint that can be removed by 


Figure 8. Russian demantoids are well known for 
their pure colors and remarkable inclusions. Photo by 
Kevin Schumacher. 
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heat treatment. Poldnevaya produces material of lighter, 
more “open” colors without the secondary brown. Because 
they are naturally a pure green, these demantoids do not 
require heating to optimize the color. 

A third known deposit is Nizhny, located in the Tagil 
region about 200 km north of the other two mines. This 
was the original deposit where Russian demantoid was dis- 
covered, but it is currently inactive. The material from this 
mine typically has a lighter color with a slightly bluish 
tint, setting it apart from the other two. 

Russian demantoid comes in a wide range of colors, 
covering all shades of green. Much of the material has a 
brown color that can become dominant. The finest color 
is considered a pure, vibrant green with no secondary hues. 
It is estimated that around 80% of the Poldnevaya mine 
production has a secondary yellow color, while 15% is 
apple green and around 5% top vibrant green. 

A typical feature of Russian demantoids is the horsetail 
inclusion, a radiating pattern of asbestos fibers. Fully devel- 
oped horsetails are still rare. This inclusion has been found 
in demantoids from other localities as well, but none of 
these deposits match the importance of Russia’s. 

The main markets for Russian demantoid are the 
United States, China, and France. The French market de- 
mands smaller melee-sized stones, while Chinese and U.S. 
customers opt for stones over 1 ct. Prices of Russian de- 
mantoid have increased, especially for larger sizes. This is 
due to the limited production. It is estimated that the Pold- 
nevaya mine produces between 300 and 1,000 carats of 
gem-quality material per month. This means that only a 
few stones over 3 ct are produced on a yearly basis. 

Other important gemstones from the Ural Mountains 
are emeralds and alexandrites. The Urals produced large vol- 
umes of emerald in the beginning of the 20th century. Dur- 
ing the Soviet era, the mines were reopened for beryllium 
mining. In recent years, emerald mining has started again. 
New production and specimens have already reached the 
market. The Russian emeralds are generally lighter green 
but clean compared to other deposits. Alexandrite is not 
being mined, but a Russian government corporation is ac- 
tively developing and expanding the alexandrite/emerald 
mines in the Urals. 


Wim Vertriest 


Fortieth anniversary of the Belmont mine. This year marks 
the 40th anniversary of the Belmont emerald mine. Direc- 
tor Marcelo Ribeiro updated us on mining and cutting ac- 
tivities in Brazil and shared his thoughts on today’s 
dynamically changing market. 

As in 2017, mining activities are still focused on under- 
ground mining below the original Belmont open-pit site and 
the newly developed Canaan mine about 2, km away. In the 
near term, underground mining will continue to dominate 
emerald production. Ribeiro shared some new geological 
study findings related to multiple deposits in the Belmont 
area. Detailed geological analysis proved that over the past 
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Figure 9. This 13 ct emerald represents some of the 
finest production material from Belmont’s under- 
ground tunnel. Photo by Kevin Schumacher. 


40 years, only about one-fifth of the deposit within the Bel- 
mont property has been mined. Some exciting mineralogi- 
cal study results from a mining site nearby hint at even 
deeper extension of the emerald-bearing rocks. Belmont has 
better wall rock stability than some other famous emerald 
sources around the globe. This makes underground mining 
an ideal option in the foreseeable future. 

Currently, all rough emerald with a value of more than 
$20 per carat is faceted by Belmont’s own cutters, while 
everything else is transported to Jaipur, India, for process- 
ing. The cutting facility at the Belmont mine now handles 
1,500 to 2,000 carats of emerald per month. Ribeiro visited 
the factories in Jaipur in late 2017 and is very satisfied with 
the quality of goods produced from the rough he exports to 
India. In terms of adding value to the medium- to low-qual- 
ity rough stones, cutters in Jaipur have more experience 
and expertise. According to Ribeiro, the company’s sales 
jumped about 15% each of the past three years. A 13 ct top- 
quality emerald recovered in 2017 from the underground 
mine at the original site (figure 9) and a 15.01 ct stone from 
the Canaan mine (figure 10) were brought in by Ribeiro. 
The stone from Canaan showed a very special color remi- 
niscent of the electric bluish green color of some copper- 
bearing tourmalines. This stone also displayed quite strong 
green and blue pleochroism. Ribeiro informed us that this 
is a very rare color and only a very limited amount of rough 
can potentially produce stones of this color. 

Belmont has exhibited in Tucson for the past 17 years, 
and Ribeiro pointed out that the way of doing business has 
changed dramatically in recent years. The booth at the GJX 
show once generated about 80% of the company’s sales. 
Now, 80% of the sales happen online. Ribeiro used to stay 
at the booth to sell stones, but nowadays he needs to spend 
most of his time walking around the show to talk to dif- 
ferent people. When asked about the role of middlemen in 
the current and future marketplace, Ribeiro shared his 
opinion. When he first got into the trade, he envisioned 
that one day middlemen would be removed from the pic- 
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TWU NEW GEMSTONES 
Taatffeite and Sinhalite 


by 


B. W. ANDERSON, B.Sc., F.G.A. 


An interval of nearly 40 years separated 
the discovery of benitoite (1907) and the 
arrival of the next gem mineral, brazilianite, 
in 1945. It is thus rather remarkable that 
in the short’period since then two more en- 
tirely new gem species have been added to 
the list. 

A curious: feature of these later discov- 
eries was that each new mineral was found 
in the state of an already faceted gem, so 
that in both cases there was the strange 
necessity of carrying out all the determina- 
tive work, including X-ray and chemical 
analysis, on cut gemstones, or on minute 
fragments removed from these. In the case 
of taaffeite, as will be recounted below, this 
was a particularly tricky operation, as for 
several years the only stone available in the 
whole world was one small specimen weigh- 
ing 1.419 carats. 

Without further preamble Jet me proceed 
to describe in turn these two newcomers to 
the ranks of precious stones, and the manner 
in which they came to light. 


TAAFFEITE 


The name (pronounced “tarfite’) given 
to this mineral, with its curious spelling, is 
derived from the family name of the gem- 
ologist who first drew attention to it. Count 
Edward Charles Richard Taaffe was born in 
Bohemia in 1898, and was descended from 
an old Catholic Irish family for many years 
exiled from their land. Best known to the 
outside world was his grandfather, Count 


Eduard Taaffe, eleventh Viscount Taaffe and 
Baron of Ballymote, who was a distin- 
guished Austrian statesman. 


Taaffe, now resident in Dublin, has for 
many years been a keen gemologist. I knew 
him first as a correspondent student of the 
Gemmological Association during the War, 
when I was an instructor. I used to enjoy 
his original, racy replies to the set questions, 
and soon became aware that, despite his 
paucity of apparatus and lack of academic 
scientific training, he was a gemologist of 
quite unusual skill. The very lack of appa- 
ratus probably helped to develop his faculty 
for acute observation with the Bausch and 
Lomb Greenough binocular microscope 
which was (and probably still is) his main 
testing instrument. 


One day in October 1945 Count Taaffe 
called on Mr. Robert Dobbie, a jeweler 
friend, for the purpose of buying some of 
the stones broken from old jewelry, which 
were stowed away in various “junk boxes.” 
The searching and sorting took several days, 
and each day 100 or so stones were taken 
home. These were a very mixed bag. Blue 
zircons, opals, garnets, citrines, amethysts, 
spinels, a few Siam rubies, and poor quality 
emeralds and sapphires. 

At home, Taaffe thoroughly cleaned the 
stones (an important factor with him as a 
preliminary inspection) roughly 
sorted them according to color. The stone 
which eventually became known as taaffeite 
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Figure 10. This 15.01 ct emerald from the Canaan 
mine had an unusual color, and many customers at 
the show thought it was a Paraiba tourmaline. Photo 
by Kevin Schumacher. 


ture and he would market his stones directly to end con- 
sumers. With the industry experiencing dramatic changes 
these days, he has started to feel that middlemen will re- 
main but must change their mindset to adapt to new ways 
of doing business. 

The logistics network within the United States allows 
very fast, safe, and economically viable transportation of 
gemstones between dealers and jewelers. Overseas suppli- 
ers like Belmont do not have access to the same services, 
which makes it necessary to have an intermediary located 
in the States who can handle shipping, receiving, and se- 
curing stones between the supplier and the buyers. This 
person also works as a sales representative to connect the 
supplier and the buyers. Ribeiro pointed out that unlike 
the traditional middleman, this person does not do busi- 
ness by trying to hide the supplier from the buyers and vice 
versa. In fact, this representative should ideally make the 
supply chain even more transparent by letting the two ends 
easily see and connect with each other to build more solid 
trust, connections, and inventory in between. 

For the past 40 years, the Belmont mine has practiced 
community building and empowered people through gem- 
stone mining. Ribeiro feels that this is already embedded 
in the DNA of the company and will continue to guide 
their good work. He hopes that gemstone purchasing will 
remind younger buyers of the benefits these stones bring 
to the local people and their next generation. 


Tao Hsu and Andrew Lucas 
GIA, Carlsbad 


Colombian emerald industry: The new generation. Follow- 
ing author AL's 2015 visit to Colombian emerald mines 
and cutting operations, we again had the opportunity to in- 
terview two representatives from this important source 
country. As part of the new generation of the Colombian 
emerald industry, both shared with us their experience and 
vision for the industry. 
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Luis Gabriel Angarita, director of the CDTEC gem lab- 
oratory in Bogota, comes from a family that has been heav- 
ily involved in the industry for over 40 years. Since 2009, 
Angarita has been working on branding Colombian emer- 
ald. He recently resigned as president of the Association of 
Colombian Emerald Exporters and is working full-time for 
the gem lab. Angarita updated us on the large production 
coming from the Chivor mines. He said that while the pro- 
duction has been low for over 20 years, the quality of ex- 
tracted stones is quite high. 

Even though Angarita no longer heads the exporters as- 
sociation, promoting Colombian emerald as a brand is still 
at the top of his list of priorities. He sees several challenges 
in branding the Colombian emerald. First, the Colombian 
emerald industry lacks a well-accepted standard. This 
causes inconsistency between different players and makes 
it extremely hard to face the global market as a unified en- 
tity. Effectively educating consumers is another obstacle 
in branding. Angarita admitted that the Chinese market 
has the greatest potential for emerald. However, most Chi- 
nese consumers only want emeralds with no oiling. Goods 
with moderate oiling are almost unsellable. This misun- 
derstanding of emerald value factors hinders the stone’s 
promotion. Inconsistent description among major gem lab- 
oratories further complicates the situation. Angarita also 
shared some information about a new emerald treatment 
being developed in Colombia. Finally, he informed us that 
the second World Emerald Symposium will be held in Bo- 
gota in October 2018. 

Edwin Molina, a fourth-generation Colombian emerald 
miner, serves on the board of directors of the Cunas mine 
in Santa Rosa. He also became president of APRECOL (the 
Association of Emerald Producers of Colombia) in 2017. 
Molina’s family has played a critical role in emerald mining 
in the Muzo area, and he was partially responsible for the 
transaction that formed today’s Muzo International. The 
family later switched its interest to the Cunas mine, which 
has been a joint venture with foreign investors since 2009 
and is now one of the biggest in the area. According to 
Molina, production from Cunas is quite large. Although the 
mine typically lacks the very high-end stones with large 
sizes like those from Muzo, the quality is very stable. Com- 
pared to other operations in Muzo, Cunas is more control- 
lable because its entrance is located far from the extraction 
points. There are three emerald-bearing zones in the mining 
concession, and so far only one is being worked on. There- 
fore, Cunas still has plenty of potential. 

Molina also related his experience during this profound 
transformation from a family business to a formal mining 
corporation. He admitted that at the beginning of this jour- 
ney, building trust with the investors was a challenge due 
to lack of supporting data from previous miners and opera- 
tions. When he became involved, a new emphasis was put 
on formalizing the operation through environmental protec- 
tion, infrastructure construction, and mining community 
building. Molina informed us that the mine would focus on 
increasing production by working on more extraction points 
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within the 0.6 km? concession. This is very important be- 
cause foreign investment will dry up if the mine has no pro- 
duction for a prolonged period, as has happened before in the 
Muzo area. Another important factor in attracting and keep- 
ing foreign investors is the security of the mine and produc- 
tion. With the support of the national police, a local police 
department will soon be formed to help with security. 
Molina has always believed that the only thing investors 
need to worry about is the production of a mine. As a miner 
and businessman who grew up in the United States and 
went back to his motherland of Colombia, Molina wants 
local miners to go out and see the world. Putting the indus- 
try in a global framework will enable them to adapt to a new 
environment and seize new opportunities. 

During the interviews, both Angarita and Molina ex- 
pressed confidence in the future of the Colombian emerald 
industry and optimism about global demand for this 
“Mother Gem” of Colombia. 


Tao Hsu and Andrew Lucas 


Zoning In on Liddicoatite exhibit. The calcium-rich 
lithium tourmaline liddicoatite was first recognized as a 
new mineral species in 1977. It was named by research 
staff at the Smithsonian Institution after GIA’s then-presi- 
dent, Richard T. Liddicoat (1918-2002). In honor of Mr. Lid- 
dicoat’s centennial birthday, the GIA Museum hosted an 
exhibit titled Zoning in on Liddicoatite at the Tucson Gem 
and Mineral Show, February 8-11. With highlights from 
Mr. Liddicoat’s career alongside crystals and polished crys- 
tal slices showing spectacular color zonation (figure 11), 
the exhibit was a fitting tribute to GIA’s own “Father of 
Modern Gemology.” 


Jennifer-Lynn Archuleta 
GIA, Carlsbad 


Outlook on opals from Mexico and Australia. Emil Weis 
Opals (Idar-Oberstein, Germany) opened its doors in 1905, 
making it the oldest opal cutting company in the world. 
Idar-Oberstein was the only global gem cutting center at 
the time, and opal buyers from all major gem markets had 
to send rough there for cutting. Emil Weis catered to this 
niche market early on and has since branched into min- 
ing; the company now owns mines in Australia and Mex- 
ico. We sat down with Jtirgen Schiitz, part of the founding 
family at Emil Weis, to discuss their activities in the opal 
market. 

Currently the company is cutting 50 different types of 
opal from all over the world, the majority of it from Aus- 
tralia and Mexico. Emil Weis sells more nonphenomenal 
opal from these countries than it does play-of-color opal. 
The Mexican boulder opals they had on display were such 
an example. These specimens are cut to include both opal 
and rhyolite matrix, which some jewelry designers like to 
use in their pieces. According to Schtitz, the nonphenom- 
enal “fire” opal from Mexico (figure 12) is the only opal 
mined in quantity that is clear enough for faceting. It 
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Figure 11. At the 64th annual Tucson Gem and Min- 
eral Show, the GIA Museum hosted Zoning in on Lid- 
dicoatite in honor of Richard T. Liddicoat’s 100th 


birthday. Photo by McKenzie Santimer. 


ranges from colorless to a dark red that is comparable with 
ruby. This type of material is available in large quantities 
and can even be calibrated. 

Schtitz then discussed the shortage of and demand for 
Australian black opals (see figure 13). In the past, Japanese 
demand for black opals drove prices up, but when Japan’s 
economy slowed in the early 1990s, prices fell and produc- 
tion slowed. However, recent rumors that Chinese mar- 
kets are interested in black opal have doubled prices. 
Schtitz showed us a rare black opal suite from Lightning 
Ridge, Australia, which took years to collect. Emil Weis 


Figure 12. Mexican fire opal is clear enough to be 
faceted, and ranges from colorless to dark red. Photo 
by Kevin Schumacher. 
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Figure 13. Jtirgen Schtitz discussed the current supply 
and demand dynamics of Australian black opal. 
Photo by Kevin Schumacher. 


has had this suite for about 10 years; today, it would be im- 
possible to assemble this combination of black opals due 
to low production. 

Production of Australian boulder opal (figure 14) is 
quite low. This is partially due to weather conditions, but 
Schiitz noted that the boulder opal belt of Queensland is 
about 3,000 km long and 800 km wide, with only about 25 
people mining it. This means that medium- to high-quality 
material is not produced in quantity. Schtitz himself has 
connections with some of the older Queensland miners 
who have held on to parcels. Over the past two years he 
has been able to buy a parcel at a time from them. As a re- 
sult, Emil Weis has a huge stockpile of boulder opal to cut, 
but does so sparingly. 


Figure 14. According to Schiitz, the lack of active 
miners along the Queensland opal belt has led to a 
shortage of Australian boulder opal. Photo by Albert 
Salvato. 


Schtitz noted that the supply of South Australian light 
opals is also severely constrained. When Ethiopian opal 
came on the market at one-tenth of the price, the demand 
for Australian opal slowed. By the time buyers regained in- 
terest in South Australian opal, the mining population had 
dropped from several thousand to about 20 in less than a 
decade. In fact, Schtitz said, Australian opal mining has tra- 
ditionally been such a difficult way of life that many young 
people are opting for more stable jobs, leaving large gaps in 
the mining industry. He thinks that it may take another 
generation or two before mining once again hits its stride 
Down Under. 


Duncan Pay and Jennifer-Lynn Archuleta 
GIA, Carlsbad 


Opal from West Java, Indonesia. At the AGTA show, Rare 
Earth Mining Co. (Trumbull, Connecticut) displayed an 
unexpected material: Indonesian opal reportedly from West 
Java. Two cabochons (figure 15) yielded a refractive index 
of 1.45 and a specific gravity of 2.13, consistent with opal. 
Energy-dispersive X-ray fluorescence (EDXRF) analysis re- 
vealed the presence of copper. 

According to Rare Earth’s Curt Heher, the material was 
first seen in the spring of 2017. While the opal comes in a 
wide range of colors, including browns and blues, the green- 
ish blues were of particular interest. Rare Earth displayed 
cabochons where this was the primary hue, with the acces- 
sory colors distributed in an aesthetically pleasing manner. 


Jennifer-Lynn Archuleta and Nathan Renfro 
GIA, Carlsbad 


Cultured pearl update. We had the opportunity to speak 
with Fran Mastoloni (Mastoloni Pearls, New York) at the 
AGTA show and hear his thoughts on the current status 
of the cultured pearl market. 


Figure 15. These cabochons, weighing 6.94 ct and 3.79 
ct, were among the Indonesian opals at Rare Earth’s 
AGTA booth. Photo by Robison McMurtry. 
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Figure 16. The pearl market has seen a rise in popularity in pieces with unusual color (left) and size combinations 


(right). Photos by Kevin Schumacher. 


According to Mastoloni, pearls continue to do very well. 
His company had one of its best fourth quarters in recent 
history, and he believes that has much to do with the pearl 
cycle. He noted that pearls tend to be in fashion in seven- 
year periods. Mastoloni believes this is the second year of a 
seven-year trend. Last year pearls were making a resurgence, 
but instead of classic white pearls they were selling unique 
and fashionable pieces, such as the cocktail necklaces of 
white South Sea, gold Philippine, and silvery Tahitian pearls 
seen in figure 16, left. Mastoloni explained that customers 
are enjoying the organic shapes and colors of these different 
varieties and how versatile such necklaces and pieces can 
be. This trend has continued into 2018, but they are selling 
these unusual combinations to designers and major manu- 
facturers rather than individual stores. These clients are in- 
corporating Tahitian or keshi pearls or stations into 
necklaces, as well as Mastoloni’s colored pearl palette, with 
their own design elements. Mastoloni also noted a greater 
use of keshi pearls as stations, with one designer planning 
to use a bezel-set light sapphire between the stations to cre- 
ate something different, fun, and marketable. 

Fine pearls continue to sell, though with a twist. Mas- 
toloni’s top sellers include white South Sea, Indonesian, and 
Australian pearls in classic styles such as long necklaces, 
but with a more organic appearance. The price point is very 
important, Mastoloni said, because a number of customers 
self-purchase for work or to satisfy their own tastes. In fact, 
he has found that self-purchasing of pearls has become more 
popular than gift giving. Pearls are versatile and can be worn 
anywhere, he said, because they communicate that the 
wearer is confident but not ostentatious. 

Mastoloni showed us two graduated Japanese akoya 
necklaces that appear to date from the 1970s or ’80s. The 
pearls measure 7.5 x 10.5 mm and are perfectly matched, 
with no imperfections and a nacre coating that is just not 
seen anymore; he has three other strands that are slightly 
smaller. These sizes are “almost unheard of” in akoyas and 
make for an unusual addition to a collection. He also 
showed his “cloud” necklace (figure 16, right), one of his 
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most popular, created from Chinese tissue-nucleated 
pearls. Chinese pearls are sold by weight, and the cultiva- 
tors are using larger nuclei to create larger pearls. Since 
pearls are no longer grown in the sizes used in this neck- 
lace, this material is unlikely to be found on the market 
despite its popularity. 

Duncan Pay and Jennifer-Lynn Archuleta 


Finds from the secondary market. During the AGTA show, 
Dave Bindra of B&B Fine Gems (Los Angeles) showed us 
some noteworthy pieces from a gem collection he acquired 
last year and shared his thoughts about the state of the col- 
ored stone market. 

Bindra noted that B&B is very active in searching the 
secondary markets for unique material. Last year, they 
came into a significant collection from a client. Several of 
the items had previously been in B&B’s stock, though the 
collection contains stones from all over the world. Among 
them are two incredible red beryls from Utah: a 3.01 ct 
emerald cut and a 4.08 ct round brilliant (figure 17) that is 
the world’s largest round red beryl. Bindra considers these 
two of the most important red beryls on the market. Red 
beryl from Utah has been well out of production in these 
sizes for decades. 

Another highlight was a 61.92 ct Imperial topaz of un- 
known provenance and free of heat treatment (again, see 
figure 3). The very rich sherry color in unheated Imperial 
topaz is extremely rare. That, plus the clarity and size, 
makes for an impressive stone of museum quality. 

Also on display was a collection of 2-3 ct Kashmir sap- 
phires, material that Bindra said customers are seeking, 
particularly in the Southeast Asian market. Kashmir sap- 
phires have been out of production and even circulation for 
many years and are often found only at estate sales. Other 
remarkable stones from the collection included a 76.50 ct 
sphene with coloring reminiscent of a Christmas tree and 
a sugarloaf-cut 38.46 ct tanzanite (figure 18). 

Bindra sees unprecedented demand for colored gem- 
stones, particularly the high-end and unusual, making 
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Red Beryl 
4.08 cts AGL 


this an exciting time for those who deal in the rare and 
esoteric. There are a number of factors at play, including 
the influx of new consumers domestically and abroad, 
particularly in Southeast Asia, though the Chinese mar- 
ket is less active than in previous years. Record-breaking 
auction prices are also driving up the value of colored 
gems. Bindra cited commercial-quality Mozambique ruby 
as an example; the very finest specimens from that coun- 
try still command top prices. The highest-quality 
Mozambique rubies exhibit a subtle fluorescence, giving 
them a glow reminiscent of Burmese material. B&B has 
sold some of the extraordinary pieces that were featured 
in previous G&G Tucson reports. Bindra believes that 
many Americans have generated new wealth and view 
colored gemstones in the same way they see other tangi- 
ble and collectible assets, such as luxury cars and fine art. 
This has been a great boon to the market. As Bindra 
noted, “The time for color is now.” 


Duncan Pay and Jennifer-Lynn Archuleta 


Figure 18. Also part of a collection purchased from a 
client was this 38.46 sugarloaf-cut tanzanite. Photo 
by Albert Salvato. 


Tanzanite 
38.46 cts 
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Figure 17. Two of B&B's 
most spectacular finds 
on the secondary mar- 
ket were these two red 
beryls from Utah, which 
has been out of produc- 
tion for decades. Photo 
by Kevin Schumacher. 


Red Beryl 


3.01 ets AGL 


Ponderosa sunstone update. John Woodmark, president of 
Desert Sun Mining & Gems (Depoe Bay, Oregon), provided 
an update on the Ponderosa mine. According to Woodmark, 
the mine is Oregon’s most prolific sunstone source, produc- 
ing about 95% of all material currently on the market. He 
explained that the mine’s operations have changed to com- 
pensate for the characteristically short May-to-October 
mining season at the Ponderosa, which is at an elevation of 
6,000 feet. In September 2015, Woodmark contracted with 
a sand and gravel company to bring a much larger excavator 
on site along with a high-capacity screen. This allowed the 
operators to stockpile a large enough volume of concentrate 
to sustain production through the entire following season. 

In years past, even though the miners had access to the 
site as soon as the snow cleared in mid-May, they had to 
wait for the ground to dry out before they could mine. Now 
they can process the prior year’s stockpiled concentrate 
through a wet trammel—which removes some of the vol- 
canic crust on the rough feldspar—and pickers can start 
work immediately. The new process ensures more produc- 
tion: During the five-month 2017 season, Ponderosa pro- 
duced 4,400 kg of rough labradorite feldspar. 

In September 2017, the combination of the bigger exca- 
vator and the high-capacity screen produced approximately 
5,000 cubic yards of concentrate in just under a month. 
Woodmark estimated that the concentrate contains 5 kg of 
Oregon sunstone per cubic yard, and the new process has 
dramatically increased production of Ponderosa sunstone. 

Another development has been extensive test digging to 
determine gem potential over Desert Sun’s existing 60-acre 
claim. Woodmark explained that these test digs located a 
promising area of approximately one quarter of an acre, 
which has been developed into an open pit about 50 feet 
deep. Woodmark’s miners are finding larger stones as they 
go deeper, including one that weighed approximately 1,800 
ct (figure 19). In addition, many of these larger gems are 
red/green dichroic stones, along with approximately 18 kg 
of extremely rare fine red and orangy red material (figure 20). 

Woodmark has streamlined the company’s operations 
in other ways. He now contracts with a cutting house in 
India that grades the rough gems into categories. This frees 
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Figure 19. A new test pit on Desert Sun’s Ponderosa 
claim has produced much Iarger rough, with a high 
proportion of large dichroic stones. The largest recov- 
ered so far was approximately 1,800 ct. Photo by 
Kevin Schumacher. 


Woodmark’s team from having to grade and allows them 
to focus on mining and production. It also allows the cut- 
ting company to respond more quickly to customers’ re- 
quests for a particular color or grade of finished gems. 
According to Woodmark, this development helps manu- 
facturers use sunstone more effectively. He mentioned that 
sales have increased year-on-year since the andesine con- 
troversy earlier in the decade as trust in the natural-color 
Oregon gem has increased. He noted that 2017 was the 
company’s most successful year to date. 

Woodmark noted that sustained production has been a 
major factor in this renewed confidence. He also told us 
that recent interest in North American gemstones, espe- 
cially among TV merchandisers, has driven sales. He says 
that when clients see the quality of an untreated red Ore- 


Figure 20. Oregon sunstone retains its rich orangy red 
hues even in smaller sizes. Photo by Kevin Schu- 
macher. 
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Figure 21. Desert Sun hires Native American 
teenagers from the local community to separate sun- 
stone from ore. Photo by Duncan Pay. 


gon sunstone and compare the pricing for a one-carat stone 
to that of an equivalent-color ruby or spinel, they realize 
the $150-per-carat price tag is an absolute bargain. 

Woodmark added that consumer concern about the in- 
tegrity of the gem supply chain has fostered interest in do- 
mestic gems. People are looking for gems that can be 
followed “from the dirt to the finger.” 

Desert Sun Mining & Gems hires local Native Ameri- 
can teenagers to help pick the sunstones from the 
processed ore (figure 21), which helps the local community. 
Woodmark explained that each picker can typically pro- 
duce between 10 and 11 kg per day, but some might pick 
as much as 17 kg. He mentioned that the company had re- 
cently raised the pickers’ hourly wage by 20%, citing the 
community unemployment rate of 87%. He told us, 
“They’re always available...and they’re good kids.” 

Woodmark told us the operation had recently hosted a 
PhD geoscience student from Washington State University 
who was studying the volcanism of the area. The student 
determined that the flow that hosts the sunstone at Pon- 
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derosa is approximately 18 million years old, and that the 
mine sits atop a vent, which is why those searching for 
similar deposits nearby have yet to find anything. As 
Woodmark said, “It just came up, and we’re right on it.” 
He added that the deposit “looks inexhaustible. From the 
bores that we’ve done, we have over a trillion carats.” 


Duncan Pay 


Interview with a Kenyan miner and dealer. Miriam 
Kamau, owner of Mimo Gems Traders Ltd. in Nairobi, 
transformed from an office assistant to a dealer and miner 
to a representative of her country on the international stage 
of the colored gemstone trade. Her career has not only 
changed her life but also inspired many women in Kenya 
to pursue their dreams in the gem and jewelry industry. 
Born and raised in Nairobi, she entered the trade work- 
ing for an American gem dealer in her hometown. In the 
beginning, she greeted the clients and took care of errands 
for her boss. She gradually realized the big fortune these 
small stones can carry as she passed the stones and money 
between the dealer and his clients. Kamau started to pay 
more attention to trading activities in the office and ask 
more questions. Luckily enough, her boss generously 
shared his knowledge of the gems he dealt and did not 
mind her interacting with his clientele and even doing 
business with them. When he was away and the rest of the 
office staff was gone for the day, Kamau visited the mining 
area to talk to the clients, generally women, who brought 
stones to the office. She learned a lot from these female 
miners. She also realized she needed to go back to school 
for a formal education on gemstones. This led her to enroll 
in courses in Nairobi and Johannesburg to systematically 
study diamond and colored gemstone identification. 
After returning to Kenya, Kamau started her own gem 
business in Nairobi, buying from the miners and selling 


wholesale and retail. During this time, she got to know 
many important people in the industry, including the late 
Campbell Bridges. Finally, an opportunity came to repre- 
sent a Kenyan woman dealer who exported stones to Thai- 
land. Kamau, who wanted to travel overseas, did not let 
this opportunity go. This trip opened her eyes to the world 
outside of Africa. Her trade contacts then introduced her 
to the International Colored Gemstone Association, and 
she became the ICA ambassador to Kenya. In that role, she 
gained the trust of Kenyan local miners to represent their 
interests. 

As she seeks to bring added value to the local miners, 
her own business has expanded. She now has her own tsa- 
vorite mine in Kenya. She informed us that the mine’s op- 
eration tunnel is about 90 feet deep, and the first 
extractions have been quite exciting (figure 22, left). 

Kamau admits that when she started her own business, 
she experienced prejudice in the Kenyan trade, which has 
traditionally been dominated by men. Only very recently 
did Kenya begin to grant mining licenses to women, which 
allowed her to own an operation. While it is often consid- 
ered unsafe for women to work in remote mining areas in 
Africa, Kamau readily adapted to the bush life and built a 
thriving business. She now works with her brother and 
other male miners in the mining operation. 

As more women in Kenya learn about Miriam Kamau, 
many of them ask her for career advice. Kamau is now a 
key member of a Kenyan association dedicated to empow- 
ering women in mining. Kamau helped organize the first 
gem and jewelry show devoted to Kenyan women in the 
trade. The second show will take place in July 2018. 
Kamau is very optimistic about Kenya’s future as a gem 
trading hub in Africa. She says the government is very sup- 
portive, and she sees a lot of positive changes happening in 
the mining sector. Kamau also brought with her some 


Figure 22. Left: These faceted tsavorites were extracted from Miriam Kamau’s mining operation in northern Kenya. 
Right: Kamau also brought Kenyan red spinel to Tucson. Photos by Kevin Schumacher. 
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spinel (figure 22, right) and fancy sapphire from the same 
area where she mines tsavorite. 


Tao Hsu and Andrew Lucas 


Turquoise from western Arkansas. At their AGTA booth, 
Avant Mining (Jessieville, Arkansas) displayed an unex- 
pected material: turquoise from Polk County, Arkansas. 
According to owner James Zigras, this is the only gem- 
quality turquoise deposit in the U.S. located outside the 
Southwest. Calibrated goods and specimens ranging from 
blue-green to greenish blue were on view (figure 23). Also 
at the booth was a 245 lb. boulder unearthed in 1982 and 
polished in 2018 by Michael Beck (Copper Canyon Lap- 
idary & Jewelry, Sedona, Arizona). The boulder, shown in 
figure 24, is the largest known American turquoise nugget. 

The source was first mined from 1978 to 1986 under a 
previous owner, but the material was likely sold as South- 
western turquoise. During these years, there was too much 
competition in the market for stabilized turquoise, and ac- 
tivity eventually ceased. In 2017, Zigras bought the previ- 
ous owner's estate, which included two tons of turquoise 
rough, and restaked a claim on the original mining site. He 
expected the source to yield planerite and was surprised to 
find that the material was close to ideal for the turquoise 
end member of the planerite-turquoise solid solution se- 
ries. In January 2018, a test trench was worked for seven 
days. In that time, the deposit produced approximately 
1,000 lbs. of turquoise and an old mine shaft was uncov- 
ered. Veins are located about 10 feet below the surface (see 


Figure 23. Recent production from a reactivated 
turquoise deposit in Polk County, Arkansas. The 
beads shown here measure up to 25 mm in diameter, 
while the largest cab weighs 30 ct. Photo by Robert 
Weldon/GIA. 
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Figure 24. This 245 lb. boulder of turquoise, removed 
from the Polk County deposit in 1982, is the largest 
known American turquoise nugget. Photo by Robert 
Weldon/GIA. 


video at https://www.gia.edu/gems-gemology/spring-2018- 
gemnews-turquoise-from-western-arkansas). Quartz crys- 
tals and wavellite are also found in the deposit. 

Zigras indicated that the turquoise is impregnated but 
not dyed. Independent testing at GIA confirmed impregna- 
tion; no evidence of dye was detected on the samples. Zi- 
gras plans to submit the material for Zachery treatment, a 
process designed to improve the polish and color of 
turquoise. It will be interesting to see this source’s output 
in the coming years. 


Jennifer-Lynn Archuleta and Nathan Renfro 
GIA, Carlsbad 


Unheated and unusual colors. Margit Thorndal of Madagascar 
Imports, Ltd. (Laurel, Montana) was one of several AGTA 
vendors carrying small stones in today’s hottest colors. 
Thorndal showed two of her most popular stones from Mada- 
gascar: lavender spinel from the Bekily region and purple sap- 
phire from Ilakaka (figure 25). Both materials are unheated 
and represent unique colors, particularly the lavender spinel. 
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Figure 25. Madagascar Imports exhibited an array of small unheated stones, including 3.3 mm round brilliant 
lavender spinel from the Bekily region (left), and 2.5 mm round brilliant purple sapphire from Iakaka (right). Pho- 


tos by Jennifer Stone-Sundberg. 


Thorndal indicated that buyers appreciate the un- 
heated and nontypical colors. Along with purple stones 
from Madagascar, she has been doing very well with pink 
and orange Malaya garnet from the Bekily region and 
bright yellow-green demantoid. The rough from Madagas- 
car is all precision cut by hand into melee at a single fa- 
cility in Bangkok. The finished stones are used by 
designers creating one-of-a-kind pieces, jewelers perform- 
ing custom work, and manufacturers producing higher- 
end goods. She also showed a suite of 21 unheated Iakaka 
sapphires totaling 22 carats that displayed attractive pas- 
tel hues (figure 26). 

Another item that has been doing very well for Mada- 
gascar Imports is unheated Montana sapphire, particularly 
in teal hues, a sentiment echoed at many other AGTA 
booths. There is strong demand for American gemstones, 
particularly untreated ones. 

Jennifer Stone-Sundberg 
Portland, Oregon 
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Vibrantly colored gems. Pala International (Fallbrook, Cal- 
ifornia) reported a very strong AGTA show, a common 
sentiment among vendors there. This was clearly evident 
to us, as many buyers were actively looking at and pur- 
chasing items while we were at the booth. Popular colors 
on display at Pala matched what we saw elsewhere at the 
show: electric blues, teals, hot pinks, hot yellow-greens, 
and pastels. 

When asked what was new, Bill Larson showed us a 
suite of spectacular sphenes mined in 2017 from Zim- 
babwe, ranging in size from about 5 to 40 ct (figure 27, left). 
The response to this material was very positive, and one 
of the pieces had already sold on the first day of the show. 
Larson also showed us two exceptionally fine purple silli- 
manites (figure 27, right). 

Electric blue stones were popular throughout the show, 
either loose or in jewelry items. At the Pala booth we no- 
ticed many examples such as blue zircon and chrysocolla 
(figure 28), as well as Paraiba tourmaline and neon apatite. 


Figure 26. Suite of 21 
unheated Ilakaka sap- 
phires, approximately 1 
ct each. Photo by Jen- 
nifer Stone-Sundberg. 
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Figure 27. Left: A 24.96 ct cushion-cut sphene from Zimbabwe. Right: Two exceptionally fine sillimanite gems: a 
10.39 ct baguette from Sri Lanka and a 4.81 ct cushion cut from Myanmar. Photos by Kevin Schumacher. 


Also popular were electric pinks in the forms of rhodo- 
chrosite, pezzottaite, sapphire, and spinel. 

Non-nacreous pearls were also to be found in both the 
AGTA and GJX shows, such as the large round Melo pearl 
offered by Pala (figure 29). 


Jennifer Stone-Sundberg and Kevin Schumacher 


CUTS AND CUTTING 


Michael Dyber’s innovative gem carving. Michael Dyber 
(Rumney, New Hampshire) discussed how 30 years as a 
gem artist have influenced his techniques and informed 
the creation of his optically stunning carvings (figure 30). 
He believes his method is a gift, one from the heart, and 
knows that his approach would not suit everyone’s style. 
Dyber prefers to pay premium prices for flawless mate- 
rial, as flaws that cannot be removed during preforming af- 
fect the polished piece’s entire appearance. He finds sourcing 
rough to be a challenge and buys select pieces rather than 
lots of material. He also makes his own tools in his studio. 
When starting a piece, he chooses the rough by intuition and 
begins preforming the stone on a large grinding wheel by re- 
moving sharp edges and letting the lines and sides join to- 
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gether naturally. After preforming, he sits at the wheel with 
his handmade diamond tools and looks for inspiration in the 
piece, which he might find in the shape or an inclusion. 

“So instead of trying to force a design into the stone,” 
Dyber explains, “what I end up doing is sitting and looking 
at it and deciding, ‘Let’s start here,’ and not having to think 
about where it’s going to go. By doing this, and having this 
open-minded, I’m not confined.” Dyber works with the 
stone in three dimensions—from the front, back, and 
sides—without any dopping or affixing to a surface. He 
holds the stone throughout, even during the four-hour 
process of drilling each one-millimeter hole into a piece 
(figure 31); this allows for a more continuous workflow. He 
noted that the pre-polish is the most important step of all. 
Carving can be finished quickly, but the pre-polish requires 
a great deal of patience or else the scratches will remain in 
the piece for good. Over the past three decades, he has man- 
aged to reduce pre-polishing from six steps to three. While 
the work is time consuming, Dyber finds his work emo- 
tionally satisfying, because he gets to see the potential of 
the rough transform into the finished piece. 

In the future, Dyber wants to keep refining his tech- 
niques so that his pieces stay simple without losing their 
dynamic. “That’s the excitement of the work, what drives 


Figure 28. Electric blues 
were seen, including a 
36.11 ct blue zircon 
from Cambodia (left) 
and a 23.90 ct chryso- 
colla mined in the 
1950s from the Old 
Globe mine in Miami, 
Arizona (right). Photos 
by Kevin Schumacher. 
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was put in the little box containing violet 
and lilac stones. Each stone was scrutinized 
under the microscope on white paper, with 
illumination from above provided by an 
adjustable table lamp with metal reflector. 
The specimen in question, which looked like 
a pale mauve spinel, puzzled him by show- 
ing small, but quite distinct, “doubling” of 
scratches and dust particles at the back of 
the stone. This was a remarkably acute piece 
of observation considering the power of the 
microscope was only 21x the stone less than 
one and one half carats, and the birefrin- 
gence (as later established) less than .005. 

Next followed density tests. The stone 
sank in methylene iodide, and no Clerici 
solution was available, so hydrostatic de- 
terminations were made with a pocket bal- 
ance in which the tassel had to be held by 
hand while the weighing was in progress. 
The average of ten determinations was 3.62. 
As our final figure obtained in the labora- 
tory proved to be 3.613, this also was evi- 
dence of good work under difficult condi- 
tions. No refractometer was available, but 
the low relief in methylene iodide showed 
that the refractive index must be near that 
of spinel. There remained the puzzle of the 
double refraction, which was confirmed by a 
test between crossed nicols, which showed 
normal extinction at 90°. Finally Count 
Taaffe decided to send the stone to me at 
the Laboratory, stating the results of his 
tests, and asking “could anomalous double 
refractions be so strong?’’. 

I have given the above rather full ac- 
count of the exact circumstances of Taaffe’s 
discovery (derived from the even fuller rec- 
ord which he kindly sent me when the 
paper’ was eventually written) because it 
seems to me of both human and scientific 
interest. The rest of the story can be told 
more briefly. 

When we examined Taaffe’s stone, we 
measured its indices as 1.717 and 1.721 
(see later for more accurate data) and 
found that it gave a clear uniaxial inter- 
ference figure through the table facet. Trial 
with a quarter-wave mica plate showed the 


stone to be optically negative. Taaffe’s den- 
sity estimate was found to be substantially 
correct, and the hardness was near that of 
spinel. The stone was a very pale mauve 
and the absorption spectrum was weak in 
consequence. Such bands as could be seen 
and measured, however, bore a strong re- 
semblance to those typical of blue spinel. No 
fluorescence was visible under the ultravio- 
let light, but X-rays induced in the mineral 
quite a bright green luminescence--spinel of 
a similar color behaving in a like manner. 

Thus, though its optical properties made 
it seem impossible that the stone could be 
spinel, we felt that there must be a close 
relationship between the two. Subsequent 
findings proved the correctness of this prog- 
nostication. 

Count Taaffe generously permitted the re- 
moval of part of the stone for the X-ray 
and chemical work which necessarily fol- 
lowed. This was carried out at the skillful 
hands of Dr. Claringbull and Dr. Hey in the 
Mineral Department of the British Museum 
(Natural History). The mineral was found 
to be truly hexagonal in symmetry and gave 
a spectogram proving the presence of beryl- 
lium in addition to the expected magnesium 
and aluminum. 

For various reasons there was a long de- 
lay before the required quantitative chemical 
analysis could be compieted. In the mean- 
time (October 1949) a second specimen of 
the mineral was found by C. J. Payne while 
carrying out a routine laboratory test on a 
case of 100 mixed colored stones submitted 
by a Hatton Garden merchant in the ordi- 
nary way of business. 

This collection consisted mainly of green 
sapphires, though a Ceylon kornerupine was 
a pleasant enough early “‘find.”” There were 
also a number of small pale-colored spinels 
with refractive index 1.715. One stone, how- 
ever, had an index near 1.720—enough dif- 
ference to make an experienced gemologist 
sit up and take notice. 

The birefringence was not clearly ascer- 
tainable on the refractometer available—our 
best instruments being at a Gemmological 
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Figure 29. A large Melo pearl from Vietnam (43.40 ct). 
Photo by Kevin Schumacher. 


me on. Just changing something I’ve done for years and see- 
ing how it turns out. Sometimes it’s that simple.” 


Duncan Pay and Jennifer-Lynn Archuleta 


Rex Guo: The science and art of recutting fine gemstones. 
Deciding how to cut a gemstone is inevitably one of the 
most difficult decisions when transforming a piece of 
rough into a fine faceted gem. The three main factors to 
consider are final carat weight, color, and light performance 
(a general term describing the brilliance and scintillation 
of a faceted stone). In most cases, optimizing one of these 
factors comes only by sacrificing something else. This is 
especially true for light performance, which often suffers 
at the expense of carat weight. The colored stone market 
has historically demanded that cutters produce goods with 
the highest possible weight in the finished stone. This 


Figure 30. For 30 years, Michael Dyber has designed 
and fashioned gems, such as this aquamarine, in 
ways that please the eye and amaze the connoisseur. 
Photo by Albert Salvato. 


often leads to cuts that are not designed to optimize light 
performance. In recent years, however, there has been an 
increasing demand in the high-end colored stone market 
for precision cuts and optimized light performance. This 
year at Tucson we had the chance to sit down with Rex 
Guo, whose Singapore-based Sutra Gems focuses on sourc- 
ing and systematically recutting faceted stones to unlock 
their inner beauty. 

Guo is a self-taught gem cutter who came into this pro- 
fession after spending 20 years working with computer 
graphics and video editing software. In 2015, he decided to 
take a sabbatical from software to pursue his passion for 
gemstones. The seed of his passion was planted during 
childhood, when he discovered an amethyst geode among 
a pile of sand in his schoolyard. This inspiration stuck with 
him and was fueled by years of formal engineering studies, 
which now serve as the backbone of his lapidary art. This 
technical foundation led to his realization in 2016 that op- 
timizing the interaction of light with a faceted gemstone 
was exactly the sort of problem he had been working on 
for 20 years in 3D graphics software. Guo’s mathematical 
mentor, the late Professor Timothy “Geometeer” Poston, 
was the inspiration for one of his latest creations, currently 
featured in the Somewhere In The Rainbow exhibit at the 
University of Arizona Gem and Mineral Museum. The 
Geometeer (figure 32), dedicated to Poston, is a precision- 
cut synthetic ruby in an innovative hybrid brilliant-Por- 
tuguese cut designed with Guo’s proprietary gem design 
and optical simulation software, Axiom. 

While Guo enjoys the privilege of cutting from fine gem 
rough, about 80% of his work is in recuts. Given the ever- 
increasing price of rough material, recutting provides an op- 
portunity to work with very fine material that would 
otherwise be difficult to obtain. He starts with excruciat- 


Figure 31. Each hole Dyber drills into a gem, as in this 
Brazilian green beryl, can take up to four hours to 
complete. Photo by Albert Salvato. 
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Figure 32. The Geometeer, a synthetic ruby cut in a 
hybrid Portuguese-brilliant design, is dedicated to 
Rex Guo’s mathematics professor and mentor, Dr. 
Timothy Poston. Photo by Rex Guo. 


ingly accurate measurements of the geometry of the original 
faceted stone. Every angle of every facet must be recorded 
for input into Axiom. This software allows him to experi- 
ment with many possible recut designs to see how changing 
any single facet will affect the appearance of the final stone. 
Guo works very closely with his clients in this stage of the 
process to ensure they are getting what they want out of the 
recut. There are multiple paths that can be taken. The stone 
can be recut with an emphasis on saving weight, or a bolder 
design can be chosen with better light performance to bring 
out the stone’s inner beauty, but with more significant 
weight loss. At this point Guo finds he has to walk a fine 
line between presenting himself as a master craftsman and 
as a scientist. While diagrams from his software are useful 
to show clients various options, he avoids coming across as 
overly technical so as not to detract from the emotional and 
romantic aspect of his craft. He quips, “Machines and soft- 
ware don’t understand beauty—humans do.” 


Figure 33. Guo’s light performance-optimized un- 
heated blue sapphire. Photo by Rex Guo. 
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Guo is very much on a journey through the world of 
gemstone faceting. He started with round patterns, as most 
cutters do. Once he understood rounds, he moved on to op- 
timizing trilliant and oval cuts. In the future, he plans to 
experiment with squares, rectangles, and more. The light 
performance-optimized cuts in which he specializes are 
best exhibited in high-RI materials. For this reason, he has 
set a minimum refractive index of 1.72 for stones he works 
with, a playing field that includes spinel, zircon, garnet, 
ruby, and sapphire (figure 33). Test cuts are often used be- 
fore recutting important stones. 

Spinels are one of his favorite stones to cut. The high 
Rl and rich color of fine spinel produce stones that are “just 
divine.” Zircons are another favorite, as they have a much 
higher RI than most other natural stones. With such a cor- 
nucopia of gem materials in front of him, Rex Guo’s lap- 
idary journey has just begun. 


Aaron C. Palke 
GIA, Carlsbad 


Wim Vertriest 


JEWELRY DESIGN 


Designs from Erica Courtney. Erica Courtney has been 
adorning Hollywood stars for the red carpet for decades. 
Her eye for color and bringing out a stone’s beauty are im- 
mediately apparent. In talking to her at the AGTA show, 
we discovered that she is the only jeweler in her family. 
She was introduced to jewelry making at the age of 11 
through a Catholic Youth Organization class. This multi- 
ple AGTA Spectrum Award winner has always done things 
her own way, not following trends when choosing stones 
or creating designs. In fact, she confided that she does not 
plan what stones she will purchase, but lets the gems pick 
her. She likened the jewelry design process to a movie 
going through her head—designs start forming and keep 
changing until she settles on the final one. 

Courtney's work pulls the viewer in to study meticu- 
lous details—the more you look, the more you see. Her at- 
tention to detail does not stop at the outward-facing front 
of her pieces. You need to turn the pieces around in all di- 
rections to appreciate the designs that spill over the edges 
and cover the sides and backs of her work. Returning to 
her point about the gems picking her, she stated that once 
a gem seduces you, “if you buy for love, you can’t make a 
mistake.” This is evident in the centerpiece stones in four 
of her creations. The Victoria pendant (figure 34, left) con- 
tains a 114.56 ct colorless topaz accented with a Tanzanian 
spinel from Mahenge and surrounded by more spinel plus 
rubellite, Mandarin garnets, and diamonds in an intricate 
gallery work. In the Autumn pendant (figure 34, right), a 
47.16 ct Malaya zircon is surrounded by Tanzanian peach 
spinel, topaz, yellow sapphire, and diamonds. The Etoile 
ring’s green African Paraiba-type tourmaline is flanked by 
blue Brazilian Paraiba tourmalines and diamonds (figure 
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Figure 34. Left: Erica Courtney’s Victoria pendant showcases a 114.56 ct colorless topaz with a 2.76 ct Mahenge 
spinel set above it, surrounded by 86 Mahenge spinels, 20 rubellites, 10 Mandarin garnets, and 558 diamonds. 
Right: The Autumn pendant contains a 47.16 ct Malaya zircon accented with 3.91 carats of Tanzanian peach 
spinel, 7.00 carats of peach topaz, 1.31 carats of yellow sapphire, and 1.68 carats of diamond. Photos by Kevin 


Schumacher. 


35, left), while the Imperial earrings (figure 35, right) con- 
tain perfectly color-matched Mandarin garnets flanked by 
pink spinel and diamonds. She confided that the electric 
orange and pink in the Imperial earrings was her favorite 
color combination of these four pieces. 

Courtney’s desire to understand the entire gem cycle 
from unmined rough to polished stones set in finished jew- 
elry has taken her backpacking across far-flung locations. 
She described the experience as giving her an appreciation 
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of how difficult it is to find real gems. She also took notice 
of the passion of the miners, each wanting to be “the one 
to have found it.” 


Jennifer Stone-Sundberg and Andrew Lucas 


Preview of Nature Art Science with Paula Crevoshay. 
Paula Crevoshay described 2018 as an “opulent year” and 
showed us several new pieces that celebrate nature. Her 
remarkable use of color draws in and enchants the viewer. 


Figure 35. Left: Court- 
ney’s Etoile ring has a 
7.71 ct Paraiba-type 
tourmaline accented 
with 12 Paraiba tour- 
malines and 370 dia- 
monds, all set in 18K 
yellow gold. Right: The 
Imperial earrings fea- 
ture a pair of Mandarin 
garnets (21.25 total 
carat weight) accented 
with 1.87 carats of pink 
spinel and 0.71 carats 
of diamond in 18K yel- 
low gold. Photos by 
Kevin Schumacher. 
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Figure 36. Left: Paula Crevoshay’s Siberian tigress Baianai incorporates aquamarine eyes with black diamond 
pupils, 286 white diamonds, 168 cognac diamonds, and a 1.05 ct pink Oregon opal in 18K gold. Right: The “Morn- 
ing Glory” brooch contains 272 Yogo sapphires, 90 purple sapphires, 45 pink sapphires (2.75 carats), and a 2.92 ct 
central moonstone, all in 18K gold. Photos by Kevin Schumacher. 


She is working on a museum exhibition concept entitled 
Nature Art Science, with the intent of capturing how art 
is inspired by nature and how science is essential in the 
execution of art. Her work illustrates this concept, as the 
lifelike flora and fauna creations maximize the use of 
color and light while being solidly engineered and highly 
versatile. 

Crevoshay displayed several realistic pieces depicting en- 
dangered animals, including the Siberian tigress Baianai (fig- 
ure 36, left), whose mesmerizing eyes are composed of 
aquamarine with black diamond pupils. Baianai’s nose is a 
hand-carved pink Oregon opal, and the rest of the 18K yellow 
gold jewel contains 286 white and 168 cognac diamonds. 


The hardware is engineered to allow the piece to be worn in 
many different ways. There are lush new flowers from 
Crevoshay such as the Morning Glory brooch (figure 36, 
right), which draws the observer into its center with an adu- 
larescent moonstone surrounded by a sea of 272 blue Yogo 
sapphires. The hue shifts toward purple and pink with the 
use of 90 lavender and 45 fuchsia sapphires from the tips of 
the petals to the center. 

Crevoshay’s first cuff of 2018 (figure 37, left) is titled 
Moon Glow and features moonstones as well as blue zir- 
con, iolite, and blue sapphire. She likened it to “painting 
with light.” Another piece that spoke to this concept was 
a pendant containing a large and exceptionally fine 30.64 


Figure 37. Left: Crevoshay’s Moon Glow cuff contains 72.28 carats of moonstone, 36.68 carats of blue zircon, 8.58 
carats of iolite, and 3.47 carats of blue sapphire in 18K gold. Right: The Gelila pendant features a 30.64 ct 
Ethiopian opal surrounded by blue zircon, pink tourmaline, tsavorite, apatite, ruby, and diamond melee. Photos 
by Albert Salvato. 
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ct Ethiopian opal (figure 37, right). The flanking of the 
opal’s intense play-of-color hues with like-colored sur- 
rounding stones such as blue zircon, pink tourmaline, tsa- 
vorite garnet, apatite, and ruby made for a stunning and 
very aesthetically pleasing piece. Both works showcased 
many of the most popular hues we observed throughout 
the AGTA show. 

Talking with the artist, we learned that her father was 
an engineer, an exposure that led her to design all of her 
own mechanisms (such as hinged bales), allowing the 
pieces to be worn in many ways, such as a pendant or 
brooch. From an artistic standpoint, Crevoshay has drawn 
inspiration from Schlumberger, Fabergé, and Lalique. Their 
influence is evident in her designs that are simultaneously 
intricate and fluid, while focusing on the use of light with 
the color of the incorporated materials. From the mesmer- 
izing and magnificent details such as the hand-carved Ore- 
gon pink opal nose of her tigress to side stones mimicking 
the play-of-color of a precious opal, it is easy to understand 
why her work has attracted such a following. 


Jennifer Stone-Sundberg and Andrew Lucas 


RESPONSIBLE PRACTICES 


Update from the Responsible Jewellery Council. The Re- 
sponsible Jewellery Council (RJC) has announced plans to 
include colored stones and silver in the next revision cycle 
for its Code of Practices, which RJC members are certified 
against. The organization has begun updating its existing 
standards, a process that takes place every five years. These 
plans dovetailed with the release of the United Nations’ 
2030 Agenda for Sustainable Development, which outlines 
17 goals and 169 targets for member nations to meet. The 
author sat down with Edward Johnson and Anne-Marie 
Fleury of the RJC during the 2018 Tucson gem shows to dis- 
cuss the status of these efforts. 

The first round of public consultation, which focused on 
the scope of changes to the standard, took place in 2017. As 
of February 2018, RJC’s Code of Practices were under review 
prior to a second public consultation phase, which targets 
industry and non-industry stakeholders, of proposed changes 
to the Code. These consultation phases are in line with 
RJC’s annual auditing of their standard-setting approach, as- 
surance framework, and measuring impacts program. 

Like previous versions, the revised Code will certify 
business practices rather than products. The certification 
will cover all the important social, environmental, and 
health and safety issues in the jewelry supply chain. RJC’s 
priorities for change, which must work for businesses of 
all sizes, involve several areas, including: 


e Due diligence for responsible sourcing: RJC recognizes 
that traceability does not automatically translate to 
sustainability. As a standard for alignment with the 
Organisation for Economic Co-operation and Devel- 
opment, RJC encourages companies to adopt a due 
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diligence approach to managing risks in their supply 
chain. Traceability remains a powerful tool for making 
responsible sourcing claims and is a voluntary certifi- 
cation option. 


e Gender equality: RJC endorses best practices that 
promote diversity, including gender equality. To this 
end, it is partnering with Business for Social Respon- 
sibility (BSR), a nonprofit organization dedicated to 
sustainable business practices, to develop better guid- 
ance on gender equality in the gem and jewelry sec- 
tor. Topics to be covered include working conditions, 
facilities, and approaches to family leave. 

e Updating requirements on responsible mining: Many 
of the most challenging issues in the industry occur 
at the mining stage, and RJC continues to evolve its 
responsible mining provisions to address these chal- 
lenges. 

e Reducing audit duplication: As it continues to work 
with jewelry industry members of all sizes, RJC con- 
tinues to harmonize with and cross-recognize other 
industry initiatives already in place from other or- 
ganizations so that businesses do not have to dupli- 
cate efforts at their own cost. 


The consultation phase of the Code of Practices re- 
view is scheduled to run from April to July 2018. An- 
nouncements about the process can be found at 
https://www.responsiblejewellery.com/standards-develop- 
ment/code-of-practices-review-2/. 


Jennifer-Lynn Archuleta 


Supply chain transparency and beneficiation. As the in- 
dustry sees technology become more involved in daily 
gem trading and responsible sourcing has become a hot 
topic, Jean Claude Michelou, the editor-in-chief of InColor 
and a veteran of the industry, shared his perspective about 
supply chain transparency, beneficiation in source coun- 
tries, and recent development of a Nigerian sapphire min- 
ing project. 

While the diamond industry is already applying the 
blockchain concept, Michelou believes it is also the fu- 
ture of the colored stone counterpart. Blockchain and 
cryptocurrency both have the potential to increase the 
transparency of the colored stone supply chain by digi- 
tally recording all trading activities between different par- 
ties involved in the gem trade. He pointed out why 
miners, dealers, big brands, and consumers all need more 
transparency. The big jewelry brands especially need 
transparency to reinforce brand image and consumer con- 
fidence. Therefore, he expects the real changes will start 
with these companies, and gradually other players will be 
drawn in. 

Michelou also sees the impending shortening of the 
supply chain, especially as new technologies such as mo- 
bile devices become readily available even in the very re- 
mote mining areas. Even though many do not welcome 
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Figure 38. Swat Valley emerald yields fine precision- 
cut stones in small sizes. Photo by Albert Salvato. 


the disappearance of the middleman between the supplier 
and the end consumers, it is unavoidable if no extra value 
can be added other than sharing the margin with both 
ends. 

For the past decade, Michelou has taken part in several 
beneficiation projects initiated by multiple organizations. 
One project he is highly involved with is in the Swat Valley 
emerald deposits of Pakistan. Before he joined this project, 
a partnership between the local miners and a foreign com- 
pany worked quite well for a three-year period. The com- 
pany bought all the finished stones that were cut and 
faceted by local cutters. When this partnership stopped for 
unknown reasons, Michelou was contacted by locals who 
knew of his expertise. 

There are three mines in Swat Valley. The one that this 
project is working on has about 80 to 100 individual tun- 
nels. Trained local women, usually the wives of miners, 
can handle 1.5-3.0 ct round brilliant cuts very well. Mich- 
elou became the liaison between them and a luxury jew- 
elry brand in Europe that offered these women training and 
paid them a $500 per month salary. If these rough emeralds 
were transported to Jaipur for faceting, the cost would in 
fact be lower. However, the luxury brands are willing to 
pay more to guarantee a transparent supply chain since it 
enhances their brand image for consumers who care about 
where the stones are from. It also improves their reputation 
with the local people. Even though many rough stones are 
still exported to other countries for further processing, at 
least a portion of them stay in Pakistan for services that 
benefit the community through employment and added 
value to the resource (figure 38). 

Finally, Michelou talked about his involvement in a 
Nigerian sapphire mining venture. Although the project 
was delayed for eight months, it will be a large-scale oper- 
ation with two washing plants. The first plant will have a 
washing capacity of 50 tons per hour. From his time spent 
in Nigeria and Pakistan, Michelou has rich experience 
working with the people at the source. He said that under- 
standing the local culture is very important for any com- 
pany or individual wanting to start a gem mining or trading 
enterprise in these source countries. His personal experi- 
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ence has told him that trying to adapt the local people to 
the Western way of doing business is a challenge, espe- 
cially at the beginning stage of the collaboration. One must 
gradually prove to the locals that a different approach can 
produce results that will benefit them tremendously, and 
this will help to change their mindset. 


Tao Hsu and Andrew Lucas 


ANNOUNCEMENTS 


Gianmaria Buccellati Foundation Award for Excellence in 
Jewelry Design. The first annual Gianmaria Buccellati 
Foundation Award for Excellence in Jewelry Design was pre- 
sented on February 2, 2018, to GIA graduate Catherine 
Zheng (figure 39). The competition, open to students who 
successfully completed the GIA Jewelry Design course in 
2017, recognizes artistic excellence in jewelry design. Zheng 
received the award for her rendering of an Art Deco—inspired 
pendant necklace. Zheng, who studied at GIA in Carlsbad, 
was one of 12 finalists from seven campuses whose hand- 
rendered designs were judged by a committee comprised of 
jewelry design, manufacturing, retail, and media experts. 
The finalists’ designs were on display and the recipient of 
the award was announced at the annual GIA alumni party 
held during the AGTA Gem Fair in Tucson. 

The Gianmaria Buccellati Foundation sponsored the 
award as a way to inspire beginning jewelry designers and 
honor the work of the renowned jewelry design house’s 
founder, Gianmaria Buccellati. The 2018 competition is 
under way and open to students in GIA’s Jewelry Design 
course who meet the eligibility requirements. 


Figure 39. Gianmaria Buccellati Foundation Award 
winner Catherine Zheng (center), with GIA president 
and CEO Susan Jacques and Gianmaria Buccellati 
Foundation chief officer of North American strategies 
Larry French. Photo by Kevin Schumacher. 
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A: Bicolor tourmaline frog carving by Daniela Becker. 
Photo by Robert Weldon/GIA, courtesy of William Lar- 
son. B: Bicolor beryl from Ukraine. Photo by Robert Wel- 
don/GIA, courtesy of Quarts Samocveti. C: Emeralds 
from Zarajet, Afghanistan, 23.43 ct and 4.46 ct. Photo by 
Robert Weldon/GIA, courtesy of Himalayan Gems and 
Jewelry. D: 54.07 ct carved moonstone. Photo by Emily 
Lane, courtesy of K@K International. E: Ethiopian sap- 
phire. Photo by Emily Lane, courtesy of Michael Couch. 


F: Rough bicolor topaz, 1.907 kg, from Ukraine's 
Volyn deposit. Photo by Robert Weldon/GIA, cour- 
tesy of Quarts Samocveti. G: Lavender jade carving. 
Photo by Emily Lane, courtesy of Mason-Kay. 

H: 7.72 ct black opal from Lightning Ridge, Australia. 
Photo by Robert Weldon, courtesy of Bear Essentials. 
I; 34.22 ct cushion-cut peacock sapphire from Sri 
Lanka. Photo by Robert Weldon/GIA, courtesy of 
Crown Color. J: Green and ice jade ring. Photo by 
Emily Lane, courtesy of Mason-Kay. 


K: 10.8 ct emerald-cut bicolor sapphire. Photo by Robert Weldon/GIA, courtesy of Mayer and Watt. L: Gold-in-quartz 
from the Red Bank mine in California. Photo by Robert Weldon/GIA, courtesy of Stonetrust. M: 15.69 ct emerald-cut 
thodochrosite from Colorado’s Climax mine. Photo by Robert Weldon/GIA, courtesy of Beija Flor Gems. N: The beryl 
variety vorobyevite, from Badakhshan Province, Afghanistan. Photo by Robert Weldon/GIA, courtesy of Stonetrust. O: 
“Tarugo” rubellite measuring 85 cm and weighing 82 kg (180 Ibs.) from the Jonas mine in Minas Gerais, Brazil. Beside it 
are Richard Freeman (left) and James Elliott (right). Photo by Robert Weldon/GIA, courtesy of E.F. Watermelon and Co. 


REGULAR FEATURES 


COLORED STONES AND ORGANIC MATERIALS 


Aquamarine from Pakistan. In recent decades, a steady sup- 
ply of aquamarine has come from northern Pakistan, an in- 
creasingly important mining locality. The aquamarine was 
mined mostly from the Gilgit-Baltistan region, including 
the Shigar Valley, as well as the Hunza and Braldu Valleys 
(figure 40). The aquamarine occurs in zoned pegmatites 
formed by hydrothermal fluids in the cavities or veins 
(M.H. Agheem et al., “Shigar Valley gemstones, their chem- 
ical composition and origin, Skardu, Gilgit-Baltistan, Pak- 
istan,” Arabian Journal of Geosciences, Vol. 7, No. 9, 2014, 
pp. 3801-3814). 

Most aquamarines from northern Pakistan show a long 
hexagonal prism habit and can reach up to a dozen cen- 
timeters in length (figure 41). Albite, muscovite, and tour- 
maline (schorl) are commonly associated as matrix, and 
most of these are collected as mineral specimens. Parts of 
them are gem quality and suitable for jewelry use. 

Aquamarine samples from the Shigar Valley were ob- 
tained from local merchants who deal with Pakistani ma- 
terial. The samples displayed colors ranging from pale 
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greenish blue and pale blue to nearly colorless, with a 
translucent to transparent appearance. The samples meas- 
ured 1-2 cm in length and 0.5—-1 cm in diameter. To explore 
the gemological and other properties of these samples, six 
of them (figure 42) were investigated by standard gemolog- 
ical methods as well as spectroscopic and chemical analy- 
ses at China University of Geosciences (Wuhan). 

The following gemological properties were recorded: 
RI—n, = 1.574-1.580, n, = 1.569-1.575; birefringence— 
0.005-0.006; SG—2.60-2.72; UV fluorescence—weak 
bluish white to both long- and short-wave UV. The mod- 
erate to weak dichroism observed was a relatively satu- 
rated blue or greenish blue along the e-ray and very pale 
blue, greenish blue, or near-colorless along the o-ray. 

Microscopic observation revealed abundant 20-300 pm 
inclusions, either two-phase (fluid, gas) or three-phase (one 
or two types of fluid, solid, gas) with various shapes. The 
irregularly shaped multiphase inclusions often gathered to- 
gether to form a complex “fingerprint” network distributed 
along healed fissure planes (figure 43, top row). In addition, 
two-phase inclusions with elongated shapes parallel to the 
c-axis, and with hexagonal outer profiles perpendicular to 
the c-axis, were consistent with the crystalline symmetry 
of beryl (figure 43, bottom row). 

These two kinds of multiphase inclusions formed by 
different crystallization processes. When the beryl crystal- 
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Figure 40. Map of the 
Gilgit-Baltistan region 
in northern Pakistan 
showing the main 
aquamarine deposits of 
the Hunza, Braldu, and 
Shigar Valleys. 
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Exhibition being held in the Goldsmiths’ 
Hall, a mile or more away. However, with 
a polarizing microscope, Payne obtained a 
uniaxial negative interference figure of a 
size indicating a small birefringence, and he 
realized with mounting excitement that at 
long last a second “‘taaffeite’ (already our 
pet name for the mineral in the Lab.) had 
been found. 

When at Jast Dr. Hey was able to carry 
out the delicate process of a complete quan- 
titative microanalysis—for which he had only 
12 milligrams all told to work with for 
both the preliminary and final runs—the 
mineral proved to be a beryllium magnesium 
aluminate, intermediate in composition be- 
tween spinel and chrysoberyl. Hence the re- 
lation to the spinel group so strongly indi- 
cated by its properties, was confirmed. What 
in the cubic mineral spinel is the direction 
of a trigonal axis in taaffeite has become 
hexagonal. The comparable direction in the 
orthorhombic chrysoberyl is pseudohexag- 
onal in symmetry. 

The properties of the two taaffeites are 
summarized below. At present, these remain 
the only specimens known to the writer, 
despite a continuing search by many com- 
petent gemologists among spinels of ‘likely’ 
color. The original locality of the stones is 
unknown but suspected for various reasons 
to be the gem gravels of Ceylon, which for 
us has been a happy hunting ground. 

The refractive indices quoted below are 
measured in sodium light on a Zeiss Abbe- 
Pulfrich refractometer. Density measure- 
ments involved the finding of blue spinel 
pebbles of fair size which exactly matched 
the rise and fall of each when suspended 
in Clerici solution. These spinel indicators 
were large enough to yield reliable values by 
subsequent hydrostatic weighing in ethylene 
dibromide. 

Quantitative hardness figures were ob- 
tained for us by Dr. W. Stern, using a 
microindentation method. 

PROPERTIES OF TAAFFEITE 
(1) Stone discovered by Count Taaffe in 
1945. Pale mauve, weighing originally 


1.419 carats; present weight 0.56 carat. 

(2) Stone discovered by C. J. Payne in 
1949. Now in collection of B. W. 
Anderson. Even paler than (1) weigh- 
ing 0.87 carat. 


RIL. Bi. S.G. H 
(1) 1.7230-1.7182  .00475 3.613. 8 
(2) 1.7208-1.7167.  .00412, 3.608 


The dispersion of stone (1) was obtained 
on a table spectrometer by the minimum 
deviation method, and found to be approxi- 
mately 0.019 for the B- G range, compared 
with 0.0205 for spinel of similar tint. 

SINHALITE 

The sinhalite story goes a long way back. 
For years many museums, private collectors, 
and dealers in colored stones have had in 
their collections specimens of this unrecog- 
nized species. The stones vary in color from 
pale yellowish to very dark brown. At their 
best they are golden or greenish brown. 
When these had not been scientifically tested 
they passed, plausibly enough, as chrys- 
oberyl, zircon, tourmaline, or beryl. When 
tested, their density, refractive indices, and 
birefringence fitted closely enough to the 
values to be expected for intermediate mem- 
bers of the forsterite-fayalite series to enable 
them to pass as an iron-rich variety of oli- 
vine—i.e., as “brown peridot.” Only the low 
value of the optic axial angle as reflected 
in the proximity of the value of the inter- 
mediate refractive index, (Beta) to the 
maximum (Gamma) should have 
aroused suspicion in an acute observer. One 
such was Dr. A. F. Hallimond, who made 
an entry in a register of the Geological 
Survey concerning one of these stones origi- 
nally entered as chrysoberyl which, on the 
basis of his examination, 
“chrysolite’” with the significant remark 
“This stone is to be further examined’’—but 
apparently it wasn’t. This was in 1912. 

In my own collection in the Laboratory 


index 


he altered to 


there were a number of sinhalites, dating 
back twenty years or so—some obtained by 
gift, and some by purchase. They interested 
me greatly—I was always hoping to find ex- 
amples which would fill the gap between the 
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lized out of a hydrothermal fluid, some of the fluid was 
trapped. With dropping temperature during mineralization, 
beryl was re-deposited and a gaseous phase was released 
from the fluid, gradually forming single multiphase inclu- 
sions whose shape conformed to beryl’s hexagonal symme- 
try. But the formation of multiphase “fingerprint-like” 
inclusions with irregular shape occurred later. Fluid was 
embedded in the fracture of the beryl crystal. Due to the 
solution and re-deposition of beryl from fluid on the frac- 
ture surfaces, a small amount of liquid and released gas 
were gathered and closed off, just like “fingerprint” or den- 
dritic growth networks along healed fissure planes. For a 
detailed description of these processes, please refer to E. 
Roedder, “Ancient fluids in crystals,” Scientific American, 
Vol. 207, No. 4, 1962, pp. 38-47. 
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Figure 41. The aquama- 
rine crystal on feldspar 
from the Shigar Valley 
in Pakistan measures 
17 cm tall. Photo by Joe 
Budd, courtesy of 
Arkenstone. 


Large amounts of multiphase inclusions could lead to a 
misty, translucent, and uneven appearance, such as the 
aquamarine crystal in figure 41, with a misty translucence 
toward the bedrock end. Generally, these characteristics can 
also be seen in aquamarine from other deposits in Brazil, the 
United States, South Africa, and China (D. Belakovskiy et 
al., Beryl and Its Color Varieties: Aquamarine, Heliodor, 
Morganite, Goshenite, Emerald, and Red Beryl, Lapis Inter- 
national LLC, East Hampton, Connecticut, 2005). 

Multiphase and mineral inclusions were identified by 
Raman spectroscopy with 532 nm laser excitation. The 
gaseous phase was identified as a mixture of CO, anda small 
amount of methane (CH, ), and the fluid inclusion consisted 
of water with dissolved CO, or liquid CO,. Solid phases in- 
side the multiphase inclusions were identified as solid sulfur 
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Figure 42. Six rough and 
two faceted aqua- 
marines from Shigar 
Valley. The rough sam- 
ples range from about 5 
to 10 ct. The round bril- 
liant cut weighs 3.82 ct, 
the square cut 7.91 ct. 
Photo by Yang Hu. 


and orpiment. Along with columnar tourmaline, white al- Chemical analysis on aquamarine samples by laser ab- 
bite, and flaky muscovite, other mineral inclusions such as _lation-inductively coupled plasma—mass spectrometry 
orange-red almandine, brown tantalite, and yellow argento- | (LA-ICP-MS) showed the following ranges for alkali ele- 
jarosite [AgFe,(SO,),(OH),] were identified by Raman. ments: Li 70-1240 ppmw, Na 830-3970 ppmw, K 54-453 


Figure 43. Multiphase 
inclusions in aqua- 
marines from Shigar 
Valley. Top: Abundant 
two-phase and multi- 

| phase inclusions with 

| irregular shape showing 
complex “fingerprint” 
networks. Bottom left: 
An elongated two-phase 
inclusion parallel to the 
c-axis. Bottom right: 
The same inclusion 
(shown in the bottom 
left image) viewed 
down the c-axis, pre- 
senting a perfect circu- 
lar gas bubble and 
hexagonal outer profile 
consistent with the 
crystalline symmetry of 
beryl. Photomicrographs 
by Yang Hu. 
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ppmw, Rb 10-64 ppmw, and Cs 310-3220 ppmw. The 
amount of total alkali content including Li, Na, K, Rb, and 
Cs ranged from 1296 to 6033 ppmw. As alkali ions (mainly 
for Na) were associated with “type II” water molecules in 
structural channels (D.L. Wood and K. Nassau, “The char- 
acterization of beryl and emerald by visible and infrared 
absorption spectroscopy,” American Mineralogist, Vol. 53, 
No. 5, 1968, pp. 777-800), the relatively low Na content 
was in agreement with the low peak intensity of “type II” 
H,O revealed by Raman and IR spectroscopy. The low con- 
centration of alkali content and lack of “type II” water in 
our aquamarine samples were similar to that in aquama- 
rine from Italy and Vietnam (R. Bocchio et al., “Aquama- 
rine from the Masino-Bregaglia Massif, Central Alps, 
Italy,” Fall 2009 GWG, pp. 204-207; L.T.-T. Huong et al., 
“ Aquamarine from the Thuong Xuan District, Thanh Hoa 
Province, Vietnam,” Spring 2011 GwG, pp. 42-48). The 
chromophore Fe, responsible for blue color, was the richest 
among all transition elements between 1350 and 5080 
ppmw; the samples showed the typical iron absorption at 
375, 425, 620, and 820 nm in UV-Vis-NIR spectra. Transi- 
tion elements V and Mn were present at 1-33 ppmw and 
17-56 ppmw, respectively, and the bluish white fluores- 
cence mentioned above may originate from Mn” or VO, 
centers (M. Gaft et al., Modern Luminescence Spec- 
troscopy of Minerals and Materials, 2005, Springer Berlin, 
pp. 97-99). Chemical and spectral characteristic suggested 
the Pakistani samples were low-alkali aquamarine colored 
by Fe ions rather than irradiation (i.e., Maxixe beryl). 


Yang Hu and Ren Lu 
Gemmological Institute 
China University of Geosciences, Wuhan 


Color origin of phenakites from the Ural emerald mines. 
Phenakite (Be,SiO,) was first discovered at Russia’s Ural 
emerald mines, and was chemically identified in 1833. The 
mineral is widely distributed in beryllium deposits, but 
crystals of gem quality or large size are rare. At the Ural 
mines, however, there are large transparent crystals that 
can be used in jewelry. Jewelry-grade phenakite is generally 
colorless or yellowish brown (figure 44; see M.P. Popov et 
al., “Features of phenakite mineralization from the Ural 
emerald mines,” Bulletin of the Ural Branch of the RMS, 
No. 13, 2016, pp. 105-111). The main mineral inclusions 
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Figure 44. Phenakite 
with beryl in mica (left) 
and yellow phenakite 
(right). Photos by 
Mikhail Popov; fields of 
view 5 cm. 


are chlorite, talc, phlogopite, actinolite, and ilmenite; fluid 
inclusions with a gas-liquid composition also occur. 

The color origin of phenakite using optical absorption 
spectroscopy has not been studied in detail. Many authors 
agree that the coloration is associated with electron-hole 
centers (see A.S. Marfunin, Spectroscopy, Luminescence 
and Radiation Centers in Minerals, 1975, Nedra, Moscow). 
This is indicated by the disappearance of color when 
phenakite is exposed to either ultraviolet radiation or high 
temperatures. According to one theory of absorption, this 
is related to the oxygen vacancies that have captured elec- 
trons (again, see Marfunin, 1975). Other researchers believe 
that the absorption features are associated with bridging 
electronic centers such as Al-O-Al, which are formed by 
isomorphous replacement of silicon by aluminum ions in 
the crystal lattice, in amounts up to 0.5% (see A.N. 
Platonov, Nature of Coloring of Minerals, 1976, Naukova 
Dumka, Kiev). 

To determine the color origin of yellow-brown 
phenakites, we obtained optical absorption spectra of col- 
orless and yellow-brown phenakite from the Mariinsky de- 
posit. These spectra were collected in the 185-700 nm 
wavelength range, at room temperature, on a specialized 
Shimadzu UV-3600 spectrophotometer. A broad absorption 
band was noted in the 225-325 nm range of the yellow- 
brown phenakite spectrum, with a maximum at 268 nm. 
Absorption in the ultraviolet range of the optical spectrum 
was not detected in transparent colorless phenakites (figure 
45). 

To study electron-hole centers and to reveal color cen- 
ters in phenakite, crystals were examined using electron 
paramagnetic resonance (EPR). EPR is an informative 
method for studying dissymmetry of crystals, the role of 
the symmetry elements of the spatial group, and the dis- 
tribution of impurity ions and point defects in the bulk of 
the crystal. Dissymmetry of crystals, as a result of the un- 
even distribution of point defects in the process of crystal 
growth, is a widespread phenomenon (see G.R. Bulka et al., 
“Dissymmetrization of crystals: Theory and experiment,” 
Physics and Chemistry of Minerals, Vol. 6, 1980, pp. 283- 
293; R.A. Khasanov et al., “Derivation of the conditions 
for equivalent positions in crystals: The dissymmetrization 
of barite by electron spin resonance,” Crystallography Re- 
ports, Vol. 57, No. 5, 2012, pp. 751-757; J.M. Hughes et al., 
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Figure 45. Absorption spectra of colorless phenakites 
(blue trace) and yellow-brown phenakites (black trace). 


“Dissymmetrization in tourmaline: the atomic arrange- 
ment of sectorally zoned triclinic Ni-bearing dravite,” The 
Canadian Mineralogist, Vol. 49, 2011, pp. 29-40). We used 
an Adani CMS8400 spectrometer (frequency v=9, 4 GHz) 
at room temperature to perform EPR on our samples. Dur- 
ing an experiment on the EPR spectra of the impurity rad- 
ical [PO,]* phenakite of deposits in Volynskii (see A.I. 
Novozhilov et al., “Electron paramagnetic resonance in ir- 
radiated phenakite Be,SiO,,” Journal of Structural Chem- 
istry, Vol. 11, 1970, pp. 393-396), we found a difference in 
intensity of the lines of three magnetically nonequivalent 
centers for the impurity radical. The paramagnetic center 
[PO,]* was only detected in the yellow-brown crystals (fig- 
ure 46), and active centers were absent in colorless speci- 
mens. From this we concluded that the origin of the 
yellow-brown color of phenakite is associated with a para- 
magnetic complex [PO,]|* that produces absorption bands 


Figure 46. Phosphorus ions replace silicon ions in a 
tetrahedral structure to form a [PO,,]* complex in yel- 
low-brown phenakites. This complex is paramagnetic 
and gives several signals in the range of 320-340 mT. 
Splitting of the hyperfine structure of the signal oc- 
curs; lines 1, 2, and 3 appear and indicate the exis- 
tence of the [PO,]* radical. When the crystal rotates 
along its c-axis, it changes the intensity of these lines. 
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in the ultraviolet region, which in turn leads to the forma- 
tion of this color in the mineral. 

These results can be used in gemological identification 
of phenakites from the Ural emerald mines. 

This study was performed in the context of the Russian 
Government Program of Competitive Growth of Kazan 
Federal University, “Paleogeodynamics and evolution of 
structural-material complexes in the formation of the con- 
tinental-type crust ...,” theme no. 0393-2016-0019. 


Anatoliy G. Nikolaev and Nazym M. Nizamutdinov 
Kazan (Volga Region) Federal University 
Kazan, Russia 


Michael P. Popov 

Ural State Mining University 

Institute of Geology and Geochemistry 
Yekaterinburg, Russia 


Freshwater natural pearls from the Concho River, Texas. 
Throughout history, natural pearls have been found in 
many species of freshwater mollusk in North American 
lakes and rivers. They are most abundant within the Mis- 
sissippi River drainage basin, which provides the perfect 
habitat for these animals because of the large watershed 
areas with their underlying limestone substrata (J.L. 
Sweaney and J.R. Latendresse, “Freshwater pearls of North 
America,” Fall 1984 GwG, pp. 125-140). Lesser-known 
sources of natural freshwater pearls are the Colorado River 
and Brazos River and their tributaries in the state of Texas. 
However, the best samples are sometimes found in a 
species named Tampico Pearlymussel (Cyrtonaias tampi- 
coensis) that inhabits the Concho River in West Texas. 

The mollusk is distributed from northeastern Mexico 
into the Concho, Colorado, and Brazos Rivers of central 
Texas and has been collected by licensed harvesters. Mus- 
sel harvesting is restricted to hand collection only, and 
there is a legal minimum shell size requirement. In addi- 
tion, several areas in Texas have been designated mussel 
sanctuaries in order to provide protection and species con- 
servation (R.G. Howells, “The Tampico pearlymussel 
(Cyrtonaias tampicoensis), shades of the Old West,” 
http://www.conchologistsofamerica.org/articles/1996/the- 
tampico-pearlymussel.html). Pearlers find mussels by wad- 
ing into water that is three to four feet deep and feeling for 
the shells with their toes. Rattlesnakes on the banks and 
water moccasins and snapping turtles in the murky water 
(J. Morthland, “Irregular radiance: The rare beauty of 
Conch River pearls,” Texas Highways, April 2015) pose 
risks to these adventurers searching for gems. 

GIA’s New York laboratory recently received nine loose 
pearls from Stone Group Laboratories (Jefferson City, Mis- 
souri) for a joint study. The pearls ranged in size from 2.95 
x 2.45 mm to 14.76 x 13.55 x 13.13 mm. Reportedly recov- 
ered from Tampico pearlymussel shells taken from the 
Concho River, they exhibited colors ranging from purplish 
pink to orangy pink. Some of the samples also possessed 
varying degrees of a brownish hue (figure 47). Most of the 
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Figure 47. Nine “Concho” pearls examined in this 
study together with a Tampico pearlymussel shell. 
The shell measures approximately 12 x 8 cm. Pearls 
range from 0.12 to 16.59 cts. Photo by Sood Oil 
(Judy) Chia. 


small pearls in the group exhibited a dull chalky appear- 
ance, with some broken or cracked areas of the nacreous 
surface. The largest pearl in the group (16.59 ct) showed 
good nacre condition, a high luster, and noticeable orient 
on its surface. 

The internal structures of the pearls were analyzed by 
real-time microradiography, and the majority revealed typ- 
ical concentric natural growth arcs (figure 48). Dark or- 
ganic-rich centers were also seen in some of the pearls, as 
well as internal fissures, cracks, or growth boundaries. 
There were no indications of bead nuclei or non-bead cul- 


Figure 49. Raman spectrum of a “Concho” pearl 
showing polyacetylenic pigment-related peaks at 
1130 and 1516 cnr and peaks at 1086, 704, and 701 
cnr! (the latter two a doublet) of structural calcium 
carbonate in the form of aragonite. 
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Figure 48. The pearls’ internal structures showed typi- 
cal natural concentric growth arcs, while some also 
exhibited dark organic-rich centers and natural inter- 
nal cracks. 


tured features (irregular linear or void structures). Addi- 
tional advanced techniques such as X-ray fluorescence im- 
aging and energy-dispersive X-ray fluorescence (EDXRF) 
spectrometry revealed noticeable X-ray luminescence and 
high manganese content, confirming the pearls’ freshwater 
origin. Furthermore, Raman spectroscopic analysis of all 
the pearls detected polyacetylenic compounds (figure 49); 
these are natural pigments responsible for the colors of 
many freshwater and some saltwater pearls. 

The study provided GIA with a rare opportunity to 
study this unique group of freshwater natural pearls origi- 
nating from the southwestern United States. Both gemo- 
logical and analytical data were consistent with their 
claimed natural and freshwater origin. Pearls produced 
from this locality often possess beautiful fancy pink, purple, 
or lavender colors (Summer 1989 GNI, p. 115; Fall 2005 Lab 
Notes, pp. 259-260), as demonstrated by these examples. 


Chunhui Zhou and Emiko Yazawa 
GIA, New York 


Bear Williams 
Stone Group Laboratories, Jefferson City, Missouri 


Very small akoya cultured pearls. Akoya cultured pearls 
are produced by the Pinctada genus, specifically Pinctada 
fucata (martensii). The mollusk and closely related species 
are found in the seas off Japan, China, South Korea, and 
Australia, as well as in the Mediterranean and Arabian 
Gulf and in the waters of other countries between the 
Tropic of Cancer and the Tropic of Capricorn such as Viet- 
nam and India. 

Akoya pearl farming was first established in the Mie 
Prefecture in Japan by Kokichi Mikimoto more than a cen- 
tury ago and still exists there to this day. Other suitable lo- 
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cations in Japan such as the waters off the islands of 
Shikoku and Kyushu, as well as pearl farms in other parts 
of the world such as Bai Tu Long and Ha Long Bays in the 
north of Vietnam and in the waters along the southern 
coast of China from Leizhou peninsula to the border of Viet- 
nam also produce cultured akoya pearls. The round nuclei 
are commonly fashioned from freshwater shell imported 
from the USA (T. Hsu et al., “Freshwater pearling in Ten- 
nessee,” 2016, https://www.gia.edu/gia-news-research/ 
freshwater-pearling-tennessee). The technicians who insert 
the nuclei usually surgically maneuver one or two bead nu- 
clei, ranging from 1.5 to 1.7 mm, into position within the 
gonad using a piece of mantle tissue from a donor mollusk 
to produce the bead-cultured pearls. Akoya mollusks are 
typically left in the water for 10 to 14 months. The best 
harvesting time is in the winter season, when cooler tem- 
peratures ensure the mollusks produce nacre slowly and 
more tightly, yielding the highest luster possible in akoya 
pearls before any processing is applied. Akoya bead-cul- 
tured pearls are typically round and range from 2 to 11 mm 
in diameter, with the most common sizes between 6 and 
8 mm. 

During the formation of bead-cultured pearls, the acci- 
dental formation of some non-bead cultured pearls (NBC), 
sometimes referred to as “keshi” pearls, may also take 
place. Those produced by the akoya mollusk are generally 
very small (the word “keshi” translates in Japanese to 
“poppy seed”). 

GIA’s Bangkok laboratory examined a short strand of 
what were supposedly the smallest commercially pro- 
duced akoya bead-cultured pearls available today, together 
with a selection of randomly picked NBC pearls from the 
same origin (figure 50), all loaned by Orient Pearl Com- 
pany. The pearls and the shell reportedly came from Viet- 
nam, and the author was informed that the shell used to 
culture the pearls was Pinctada fucata (martensii). The 
graduated strand, consisting of 42 very small bead-cul- 
tured pearls, weighed 4.68 ct total, and the pearls ranged 
from 1.90 to 3.17 mm. Also examined were nine tiny shell 
bead nuclei between 1.59 and 1.74 mm and weighing 0.30 
carats total, as well as 67 loose akoya NBC pearls, ranging 
from 0.80 mm in diameter to 2.82 x 1.91 x 1.75 mm and 
weighing 2.31 carats total. The akoya bead-cultured pearls 
in the strand were round and near-round with a predomi- 
nantly cream color. The NBC pearls were mostly baroque 
and predominantly white, with some cream and light gray 
samples. 

Although observation down the drill holes with a loupe 
indicated bead-cultured pearls, real-time X-ray microradiog- 
raphy (RTX) proved this beyond any doubt. A clear bead nu- 
cleus was visible in each pearl (figure 51). Characteristic 
small voids and/or organic features seen in many bead-cul- 
tured pearls were present in some cases between the shell 
bead nucleus and nacre overgrowth. Banded structure 
within the beads and/or differences in radio-opacity between 
the shell bead nuclei and nacre were other characteristic fea- 
tures of bead-cultured pearls noted when the pearls were ex- 
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Figure 50. The graduated strand of small akoya bead- 
cultured pearls with nine tiny shell bead nuclei and 
loose akoya NBC pearls next to a Pinctada fucata 
(martensii) akoya shell. Photo by Nuttapol Kitdee. 


amined at higher magnification. Measurements of five ran- 
domly selected pearls revealed nacre thicknesses from 0.20 
to 0.41 mm, within the usual commercially accepted range 
(0.15-0.50 mm) expected for akoya bead-cultured pearls. The 
majority of the larger pearls showed very good nacre thick- 
ness, and none of them were below the minimum standard 
that might lead to durability concerns. 


Figure 51. RTX analysis revealed the round shell bead 
nuclei used in the production of the bead-cultured 
pearls in the strand. A typical-size (7.70 mm) akoya 
bead-cultured pearl is shown in the center for com- 
parison. Image by Promlikit Kessrapong. 
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Figure 52. RTX analysis of tiny loose akoya NBC 
pearls revealed void-like structures in most of them. 
Image by Promlikit Kessrapong. 


RTX analysis of the loose NBC pearls revealed typical 
void-like structures expected for akoya NBC pearls in most 
of the samples (H.A. Hanni, “A short review of the use of 
‘keshi’ as a term to describe pearls.” Journal of Gemmol- 
ogy, 2006, Vol. 30, pp. 51-58; N. Sturman, “The microra- 
diographic structures of non-bead cultured pearls,” 2009, 
https://www.gia.edu/gia-news-research-NR112009). Those 
with less-defined structures needed further RTX analysis 
in additional directions to find sufficient evidence of their 
claimed origin (figure 52). 


Figure 53. RTX analysis of some of the smallest 
pearls, claimed to be NBC, revealed structures more 
consistent with natural pearls. Image by Kwanreun 
Lawanwong. 
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After additional RTX analysis in other directions, some 
of the more questionable structures showed features that 
were clear enough to consider as NBC. Most of the small- 
est pearls from the group revealed structures that were not 
consistent with those commonly seen in NBC pearls. 
Their “meaty” structures, central rounded dark organic 
features, and/or boundary or fold lines (seen in multi-nu- 
clei/part pearls such as twins or aggregates) are in fact more 
typical of natural saltwater pearls (figure 53). Advanced 
analysis such as X-ray computed microtomography (y-CT) 
may be required in these difficult cases, but owing to their 
very small sizes, obtaining clearer imagery is impractical. 
In this case, the lab gemologists did not find enough evi- 
dence to identify these pearls as non-bead cultured. Since 
most pearls are submitted without any information and 
laboratory gemologists have to go by what they see, such 
pearls would likely be considered natural, even if they are 
not such by definition. This clearly shows the challenges 
faced by gemologists carrying out pearl identification on 
some client-submitted items. 


Areeya Manustrong 
GIA, Bangkok 


TREATMENTS 


Irradiated and annealed blue type Ia diamond. Many dia- 
monds are subjected to artificial radiation, usually with 
subsequent annealing to create attractive colors. Most 
blue diamonds in the market are treated by artificial irra- 
diation, yet irradiated blue diamonds with a multi-step 
treatment process are rarely seen in the lab. The National 
Center of Supervision and Inspection on Quality of Gold 
and Silver Products (Nanjing, China) recently examined 
such an example. 

The 0.36 ct round brilliant, graded as fancy deep green- 
blue (figure 54), had natural mineral inclusions under the 
table and a fracture near the girdle. The DiamondView image 
showed a ring-like natural growth pattern (figure 55). The in- 
frared spectrum revealed the diamond was type IaAB, with 
absorptions at 1282 cm and 1175 cm (A-aggregated nitro- 
gen and B-aggregated nitrogen, respectively), the spectrum 
also revealed a radiation-related peak at 1450 cm (figure 56). 
The Hla center reflected by the 1450 cm band, involving a 
single nitrogen atom and two equivalent carbon atoms, was 
formed by irradiation and annealing above 300°C for dia- 
monds with aggregated nitrogen (type Ia) (I. Kiflawi et al., 
“Nitrogen interstitials in diamond,” Physical Review B, Vol. 
54, No. 23, 1996, pp. 16719-16726). The UV-Vis-NIR absorp- 
tion spectrum showed absorption from a GR1 defect at 741.2 
nm and revealed weak absorptions from a defect of uncertain 
structure (594.4 nm), H3 (503.2 nm), and H4 (496.2, nm) cen- 
ters (figure 57). The GR1 center, believed to be a neutral va- 
cancy (V°) defect, is a typical radiation-induced defect; the 
vacancies begin to move at 500°C and the GR1 center begins 
to decrease until it disappears, at around 800°C (A.T. Collins, 
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Figure 54. This 0.36 ct Fancy Deep green-blue dia- 
mond is a multi-step treated diamond. Photo by Wen- 
ging Huang. 


“Investigating artificially coloured diamonds,” Nature, Vol. 
273, No. 5664, 1978, pp. 654-655). The 595 nm center is also 
a typical radiation-induced center, which appears at temper- 
atures above 300°C after radiation (Collins et al., 1978). The 
presence of the H3 and H4 centers was confirmed with pho- 
toluminescence (PL) spectroscopy (figure 58). The combina- 
tion of all the above defects, especially the strong Hla center, 


Figure 56. The FTIR spectrum of the 0.36 ct irradiated 
diamond revealed the sample was type IaAB, with 
absorptions at 1282 cm (A-aggregated nitrogen) and 
1175 cnr" (B-aggregated nitrogen). The H1a absorption 
at 1450 cnr", associated with irradiation and subse- 
quent heating, was also detected. In addition, the 
spectra showed peaks at 1405, 1096, and 1010 cnr", 
all of which are usually seen in type Ia diamond. 
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Figure 55. The DiamondView image showed a charac- 
teristic ring-like natural growth pattern. Image by 
Wengqing Huang. 


indicates that the diamond was subjected to irradiation fol- 
lowed by annealing. 

Natural near-colorless type Ia diamonds are known to 
be artificially irradiated to introduce blue to green color by 
displacing carbon atoms in the lattice to create vacancies. 
Annealing could be used to change the lattice defect con- 
figuration, especially GR1, to achieve a purer blue (C.M. 
Breeding, “A spectroscopic look at green and blue gem di- 
amonds colored by artificial irradiation treatment,” pres- 
entation at Geological Society of American 2014 annual 
meeting). After annealing above 500°C, the vacancies start 


Figure 57. The UV-Vis-NIR spectrum of the 0.36 ct irradi- 
ated diamond, collected at liquid nitrogen temperature, 
showed a clear GR1 center defect at 741.2 nm, and weak 
absorption lines at 594.4 nm, 503.2 nm, and 496.2 nm. 
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Figure 58. The PL spectrum of the sample excited 
with a 405 nm laser showed weak emissions at 496.2 
nm (the H4 center) and 503.2 nm (the H3 center). A 
peak at 491.7 nm was also detected. 


to migrate, and can be captured by nitrogen centers to cre- 
ate the Hla center (B. Dischler, Handbook of Spectral 
Lines in Diamond, Volume 1: Tables and Interpretations, 
Springer-Verlag, Berlin, 2012, pp. 315-316). To the best of 
our knowledge, this is the first diamond examined in 
China that has been irradiated and annealed to introduce 
a blue color. 


Wenqing Huang, Xuguang Jin, and Wei Cai 
National Center of Supervision and Inspection on 
Quality of Gold and Silver Products 

Nanjing, China 


Guanghai Shi 

State Key Laboratory of Geological Processes and 
Mineral Resources 

China University of Geosciences, Beijing 


INSTRUMENTS 


Universal Microscope Upgrade Kit. Israel-based GemoAid 
recently released the Universal Microscope Upgrade Kit 
(figure 59). Designed by gemologist Guy Borenstein, it of- 
fers a variety of accessories that maximize the use of a stan- 
dard gemological microscope when observing unknown 
gems. The kit includes four mounting rings and two ex- 
tension rods, which should be compatible with almost any 
microscope that has transmitted light capabilities. Also in- 
cluded are two polarizing filters, a blue filter, a yellow fil- 
ter, a diffuser plate, and an immersion cell. The product, 
which retails for US$130, also includes a one-year warranty 
from the date of purchase. 

The combination of components allows the micro- 
scope to act as a polariscope for making critical optical ob- 
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servations of gemstones and their inclusions. The colored 
filters and diffuser plate can also facilitate observation of 
subtle color zoning features such as curved color bands in 
yellow flame-fusion sapphires, which would be diagnostic 
of their manmade origin and difficult to resolve without a 
blue filter. 

The unit examined by the author was found to be a lit- 
tle loose where the metal rod attaches to the mounting 
ring. The author also found the immersion cell to be too 
tall, making it difficult to manipulate small stones with 
tweezers—which is quite critical in immersion mi- 
croscopy—but certainly the larger cell will accommodate 
larger stones and perhaps rough crystals. 

Overall, the quality and price of the upgrade kit are well 
matched. It is of great value to the serious gemologist. 


Nathan Renfro 
GIA, Carlsbad 


CONFERENCE REPORTS 


Fourth International Diamond School. At the end of January 
2018, some 92, attendees and 18 teachers gathered once again 
in the picturesque northern Italian town of Brixen-Bres- 
sanone for the fourth International Diamond School (IDS), 
themed “Diamonds: Geology, Gemology, and Exploration.” 

As in previous years, the school was underwritten by 
the Gemological Institute of America (GIA) in addition to 
the Deep Carbon Observatory (DCO), the Society of Italian 
Mineralogical (SIMP), and the University of Padua. Profes- 


Figure 59. GemoAid’s new Universal Microscope Up- 
grade Kit converts a gemological microscope into a 
polariscope, while the colored filters and diffuser 
plate are useful in observing subtle color zoning fea- 
tures. Photo by Kevin Schumacher. 
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Figure 60. During the Fourth International Diamond 
School, Pierre Cartigny delivers a presentation on sta- 
ble isotopes with support from organizer Fabrizio 
Nestola. Photo by Marco Cuman. 


sor Fabrizio Nestola (University of Padua) served as local 
organizer extraordinaire and was assisted on the organizing 
committee by four of the presenters: Matteo Alvaro, Gra- 
ham Pearson, Steven Shirey, and Wuyi Wang. 

The academic activities took place in a well-appointed 
auditorium owned by the University of Padua, while meals 
and social activities were held in the sixteenth-century 
Hotel Elephant—so named because the original building 
saw the arrival of an elephant from Ceylon—a gift to the 
Austrian royal family that caused a sensation and inspired 
artists and poets. 

For the first three days, the school provided a general 
overview of the recent advances in diamond research, fo- 
cusing specifically on the geology, exploration, and gemol- 
ogy of diamond from leading scientists in their fields. A 
brief summary of their talks follows. 

Jeffrey Harris (University of Glasgow, UK) gave a very 
interesting overview of the history of gem diamonds from 
the sixth century (AD) onward. The modern era, leading di- 
rectly to today’s active mines, began in the 1870s in South 
Africa with the discovery of rich placer deposits. This period 
was followed by recognition of kimberlite as the diamond 
host rock and the battle between Barnato and Rhodes for su- 
premacy over the kimberlite pipes in the Kimberly area. 

John Armstrong (Karowe Mine, Lucara Diamond, 
Botswana) is the world’s expert on how to extract (and not 
break!) very large diamonds. He outlined automated meth- 
ods such as X-ray transmission to detect low-nitrogen 
stones and crushing methods that use the host kimberlite 
itself to minimize breakage. 

Herman Griitter and Jennifer Pell (Peregrine Diamonds, 
Vancouver) spoke via Skype about microdiamond size fre- 
quency distributions (SFDs) and their practical use in 
macrograde forecasting to predict whether it will be eco- 
nomically worthwhile to mine a kimberlite. Each large 
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sample of diamondiferous kimberlite dissolved by caustic 
fusion has its own microdiamond distribution in a plot of 
diamond grade (diamonds per ton) versus diamond size 
(carat weight). This negative correlation can be shown to 
merge with the same macrodiamond distribution for 
mines, which becomes the basis for the forecast. The chal- 
lenge is that not all localities follow this relationship. 

In a second Skype talk, Griitter spoke about pyroxene 
thermobarometry and a xenocryst-based approach. Using 
single clinopyroxenes from concentrates and indicator 
minerals, exploration major tectonothermal events in the 
mantle lithosphere are revealed. Because it takes some 800 
million years for the lithosphere to equilibrate thermally, 
large clinopyroxene data sets can reveal heretofore un- 
known C-O-H flux fronts and mantle plumes. 

Bruce Kjarsgaard (Geological Survey of Canada) dis- 
cussed experimental constraints on kimberlite origin, as- 
cent, and eruption. His talk focused on kimberlite 
mineralogy and isotopic compositions for kimberlite origin 
and experimental petrology for ascent and eruption. One 
of the basic questions still unanswered is whether kimber- 
lite magmas are initially carbonatitic melts or some form 
of transitional melt. 

Nikolay Sobolev (V.S. Sobolev Institute of Geology and 
Mineralogy, Novosibirsk, Russia) spoke about inclusions 
in Siberian diamonds and their polycrystalline aggregates 
and specific features of orogenic diamonds from Kaza- 
khstan. His talk offered a useful review of inclusion types. 

Making and stabilizing the deep diamond-bearing roots 
of the continents was the subject of a cutting-edge review 
by D. Graham Pearson (University of Alberta, Canada). 
Rheology turns out to be more important than buoyancy 
in preserving continental roots, and this stiffness makes 
them essentially plume-erosion proof. Lateral compression 
serves as a means to accumulate residues of any origin and 
form thick depleted lithosphere of more depleted compo- 
sition. The process also accounts for late Archean intra- 
crustal differentiation. A good modern analog to Archean 
craton formation may be seen in the new continent of 
Zealandia. 

Thomas Stachel (University of Alberta) covered the en- 
tire subject of diamond formation in the earth’s mantle. The 
newest thinking on diamond formation places less empha- 
sis on solid-solid reactions or host-rock buffering and more 
emphasis on the diamond-forming fluids themselves. Crit- 
ical factors include temperature change, reduction of CO,, 
and presence of organic species including methane. 

Oded Navon (The Hebrew University of Jerusalem) ad- 
dressed diamond-forming fluids. He made the important 
points that there is a huge diversity of diamond-forming flu- 
ids by major and trace element composition and that the gem 
fluids are little different from those for fibrous diamonds. 

Steven Shirey provided a framework with which to cat- 
egorize diamond ages that can be used to establish mean- 
ingful age uncertainties with his talk. Since diamond ages 
rely on mineral inclusions for dating, debate over the years 
has been focused on whether these inclusions are protoge- 
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3.34 density of green olivines and the 3.46 
upwards found in these brown or yellowish 
stones. I never did, and I now know why. 

My colleague, C. J. Payne, had made ac- 
curate measurements of all three refractive 
indices of green peridot from all available 
sources (St. John’s Island, Congo, Arizona, 
Hawaii) and found them remarkably con- 
sistent and all optically positive. He was 
puzzled by the strongly negative character 
of the brown ‘olivines’ measured. 

Another point which worried us was the 
very pale color of some of these high-density 
stones, which seemed hardly consistent with 
the color to be expected in an iron-rich 
olivine. However, we did nothing; we had 
grown up with these stones and did not 
seriously question them. The moral to be 
drawn here (well instanced in the history 
of taaffeite recounted above) is “never let 
anomalies pass by without investigating their 
cause, however slight they may seem.” 

To Dr. George Switzer, of the U. S. 
National Museum, goes credit for proving 
quite definitely that some, at least, of these 
brown gemstones could not be classed as 
olivine. In June 1950 he took a scraping 
from the girdle of a typical specimen in his 
Museum's collection and obtained an X-ray 
powder photograph from this small sample 
which showed spacings quite obviously dif- 
ferent from those of olivine. It so chanced 
that Mr. Kenneth Parkinson, gemologist and 
dealer in collectors’ stones, had brought back 
several cut specimens of “brown peridot” 
from a recent visit to Ceylon, and offered 
some of them for sale. Switzer applied for 
one of these in order to continue his studies, 
and, on hearing that I had forestalled him in 
the purchase, wrote to me early in 1951 
asking for particulars of the stone for com- 
parison with that he had tested. Data on 
this and similar specimens in our possession 
were duly sent to him, together with the 
tentative offer of one of the smaller speci- 
mens for analysis, should this prove neces- 
sary. 

Not long afterwards, Dr. Foshag (also 
of the U. S. National Museum) paid a visit 


to this country. While inspecting the Min- 
eral Gallery in the British Museum (Na- 
tural History) in South Kensington he 
remarked to Dr. Claringbull, who was show- 
ing him around, that a brown gemstone in 
the collection which was labeled “olivine” 
might have been incorrectly determined. 
Thus challenged, Dr. Claringbull lost no 
time in investigating this possibility quickly 
and thoroughly. He had plenty of material 
at hand both in the Museum and outside it, 
though all of it was in the form of cut 
gemstones. 

Mr. Robert Webster happened to have a 
pale yellowish broken specimen of the min- 
eral in question, and with pieces taken from 
this, both X-ray and chemical analysis were 
possible. As in the case of taaffeite, the 
final analysis 
carried out by Dr. M. H. Hey on a micro- 
scale. Preliminary spectrum analysis showed 
the presence of magnesium, aluminum, and 


quantitative chemical was 


boron, but xo silicon. The full analysis 
proved the mineral to be in essentials a 
borate of magnesium and aluminum, with 
the ideal formula MgAlBO.. Two per cent 
of iron was also present in the specimen 
analyzed. 

The mineral is orthorhombic (crystal class 
not yet determined) and its structure has 
much in common with that of peridot—a 
fact reflected in the similarity between their 
absorption spectra—a similarity, incidentally, 
which had helped to lull our suspicions in 
the past. The name sinhalite was chosen in 
reference to the native name for Ceylon, the 
only locality so far known for its occurrence. 

The color of sinhalite varies from pale 
straw yellow, through golden brown and 
greenish brown, to dark brown. The best 
stones are extremely attractive, and resemble 
chrysoberyl closely in their appearance, 
though the luster is not so bright. The min- 
eral is obviously not uncommon. A score of 
specimens graced the table when the paper 
was read before the Mineralogical Society in 
London’, and many more have come to light 
since then. They are often quite large, several 
being more than 20 carats in weight: the 
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netic (existing before encapsulation) or syngenetic (simul- 
taneous growth of the diamond and the inclusion). It is 
clear that many inclusions are mineralogically protoge- 
netic while being geologically syngenetic. 

Matteo Alvaro (University of Pavia, Italy) detailed new 
approaches to in-situ crystallographic study of mineral in- 
clusions in diamond. Interestingly, mechanical re-orienta- 
tion is a feature of the encapsulation of many silicate 
inclusions. 

Pierre Cartigny (Institut de Physique du Globe de Paris; 
figure 60) discussed stable isotopes and diamonds in a talk 
that argued for massive carbon recycling into the mantle 
and considered the fractionation effects that occur between 
C, N, and the various kinds of fluids and sources from 
which well-studied diamond suites have come. 

Diamond gemology and advanced technologies to re- 
place visual observations were discussed by Wuyi Wang 
(GIA, New York). The talk covered GIA’s research role in 
the $80 billion diamond trade and its assessment of color, 
cut, clarity, and carat weight. Dr. Wang also discussed 
GIA’s internships and fellowships for research scientists. 

Christopher M. Breeding (GIA, Carlsbad, California) 
covered the ever growing field of diamond defects and the 
identification of color treatment. While sophisticated ana- 
lytical techniques allow GIA to associate color and treat- 
ment with lattice-scale mechanisms in diamond, each 
color requires considerable research analysis to pin down 
its defect mechanism. 

Ulrika D’Haenens-Johansson (GIA, New York) ad- 
dressed the synthesis of manmade gem diamonds and 
their detection. Diamonds grown by the two main meth- 
ods—high-pressure, high-temperature (HPHT) growth and 
chemical vapor deposition (CVD)—currently can be de- 
tected chiefly from their isotopic composition and the N 
content of their starting compounds. 

In her review of advances in in-situ isotope measure- 
ment in diamond and their inclusions, Emilie Thomassot 
(CNRS, Nancy, France) went over many of the theoretical 
and practical considerations affecting the accuracy and pre- 
cision of ion microprobe measurements for stable isotopes, 
especially sulfur. 

Steven Reddy (Western Australian School of Mines at 
Curtin University) described an exciting new direction in 
his talk on atom probe microscopy and its potential appli- 
cations to diamond research. With this instrument, the an- 
alytical specimen is prepared in the shape of a needle and 
atoms from it are directed into a time-of-flight (TOF) mass 
spectrometer. One can retrieve the exact position of the 
atoms in the structure and even measure their isotopic 
composition. The potential is there to look at very tiny in- 
clusions in diamond in this manner. 

Dan Howell (University of Padua, Italy) covered the 
major uncertainties of Fourier-transform infrared (FTIR) 
studies of diamonds and how to overcome them. This basic 
technique, applicable nondestructively to any diamond, re- 
mains one of the most important ways to characterize spe- 
cific diamonds and their integrated thermal history. 


Gem News INTERNATIONAL 


Figure 61. International Diamond School attendees 
discuss recent research. Photo by Marco Cuman. 


Following the tradition of previous years, the Interna- 
tional Diamond School went beyond these formal lectures 
(figure 61) to include practical sessions focused on micro- 
scopic observations of a complete inclusion-bearing dia- 
mond collection on the fourth day. The collection was 
made available to the IDS by Professor Jeffrey Harris, with 
microscopes provided by Zeiss and a micro-Raman spec- 
trometer provided by Horiba Scientific. 

The fifth day was devoted to 15-minute talks by stu- 
dents and early-career researchers providing the latest 
snapshot of their most recent work. 

The Fourth International Diamond School was a fantas- 
tic opportunity to learn, exchange ideas, and inspire career 
choices. GIA’s financial support reduced costs for students, 
and its sharing of expertise in diamond spectroscopy, dia- 
mond treatment, substitution and defect mechanisms, and 
grading gave the IDS an invaluable industry connection. 
GIA researchers were active participants throughout the 
week and inspired the students with their practical experi- 
ence in the real world of gem diamonds. 

The organizers and supporters were especially pleased 
with the diversity this year. The school had 110 partici- 
pants from 13 different countries (Canada, Italy, Germany, 
France, the UK, Austria, the Netherlands, the United 
States, Russia, Israel, South Africa, Ireland, and Australia). 
There was a nearly even mix of undergraduate students, 
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Figure 62. This inclusion scene showing a growth 
blockage and thin-film rosette within a Sri Lankan 
sapphire was enhanced by modified Rheinberg illu- 
mination to resemble a flower in a rainstorm. The 
image won the Internal and Overall categories in 
Gem-A’s annual photography competition and earned 
Jonathan Muyal the Photographer of the Year award. 
Field of view 1.34 mm. 


Ph.D. students, academic seniors, and industry figures. 
There was also a nearly equal gender balance, with 45 
women and 47 men. 


Steven Shirey 


Carnegie Institution for Science 
Washington, DC 


ANNOUNCEMENTS 


Gerd Dreher (1939-2018). The gem world mourns the 
loss of master carver Gerd Dreher of Idar-Oberstein, Ger- 
many. Dreher was legendary for his lifelike and meticu- 
lously detailed carvings of flora and fauna. Dreher and 
his family, which has worked with gem materials for 13 
generations, were profiled in the Winter 2017 issue (pp. 
404-422). 


For More Coverage of Tucson 2018 


Watch exclusive videos from the gem shows, featuring 
interviews and insider insight, visit www.gia.edu/ 
gems-gemology/spring-2018-gemnews-tucson- 
overview or scan the QR code on the right. 


Figure 63. Muyal also won Gem-A’s Humanity in 
Gems category with this photo of a miner after fin- 
ishing for the day at a sapphire deposit near Ilakaka, 
Madagascar. 


Jonathan Muyal named Gem-A’s Photographer of the 
Year. Thanks to a stunning photomicrograph revealing 
the inclusion scene of a Sri Lankan sapphire, Carlsbad 
staff gemologist and G#G contributor Jonathan Muyal 
has been named Gem-A’s 2017 Gemstone Photographer 
of the Year. The winning shot—which also took top hon- 
ors in the competition’s Internal category, dedicated to 
photomicrography—shows a growth blockage resulting in 
an elongate tube terminating in a rosette-like thin-film 
fluid inclusion. By applying modified Rheinberg illumi- 
nation with blue and yellow filters, Muyal achieved the 
appearance of a flower caught in a rainstorm (figure 62). 
The image was the subject of a Fall 2017 Micro-World 
entry (p. 371). 

Muyal was also the winner of the Humanity in Gems 
category, which focuses on scenes of people mining, deal- 
ing, or otherwise working with gemstones. Muyal’s photo 
shows a Malagasy miner who has finished a day’s work at 
a sapphire deposit near Ilakaka (figure 63). 

The Photographer of the Year competition is open to 
all Gem-A members and students. 
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2018 GIA Symposium 
Research Irack 


GIA’ is accepting abstract submissions for oral 
and poster presentations through June 1. 
Visit symposium.gia.edu and click on Research. 


New Challenges. Creating Opportunities. 
October 7 — 9, 2018 « Carlsbad, California 


Travel Grants Available for Eligible Presenters. 
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Researchers and scientists respected across the industry and 

from around the world will present their latest findings. Topics 
include: Colored Stones and Pearls, Diamond Geology, Diamond 
Identification, Gem Characterization, Gem Localities and Formations, 
General Gemology and Jewelry, and New Technologies and 
Techniques. 
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Harvard Business School professors lead an exploration 
into Authentic Leadership, Customer Centricity and Disruptive 
Innovation utilizing the famed HBS case-study method. 


An engaging and unforgettable learning experience that translates 
the unique insights of a symphony orchestra conductor into lessons 
on leadership and collaboration. 


Symposium will close with Futurescape Forum — a landmark event that will change how you think about the 
industry's trajectory. An interactive dialogue moderated by David Ager of Harvard Business School, industry 
leaders will deliberate their unfiltered predictions on the horizon for the gem and Jewelry industry. 
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EDITORIAL 


Summer Reading: Diamond Research, 
Yogo Sapphire, and Byzantine Garnet 


Characterization of diamond—both natural and synthetic—is a common thread for three of our 
Summer issue’s six papers. This large issue also contains a synthetic diamond chart and our new 
regular feature “Diamonds from the Deep,’ which aims to demonstrate the value of the natural 
gem to science and our understanding of the earth’s depths. 


However, we have much more besides diamond to offer, including Byzantine garnets, Yogo 
sapphires—which grace the cover—and cultured freshwater pearls from Japan’s Lake 
Kasumigaura. 


First, lead authors Sally Eaton-Magafia, Christopher M. Breeding, and James E. Shigley review 
the science of naturally colored blue diamonds, which are among nature’s rarest and most 


valuable gems. This is the secondin “Naturally colored blue diamonds are among 


their series of papers focused on natural-color diamonds. 5 A laa 4 
Although boron impurities are top of mind for most ATA ES THOSE EPO AIG CHALE LEME eae 


people, the authors detail other causes of blue color in diamond, including radiation-induced defects and complex 
defects involving hydrogen. 


Our second paper, by Karen V. Smit, Elina Myagkaya, Stephanie Persaud, and Wuyi Wang, turns the focus to Fancy 
Dark brown-black diamonds from Zimbabwe's Marange deposits. Their dark appearance is caused by a combination 
of tiny, methane-associated graphite inclusions, graphite needles, and brown radiation stains resulting from the 
diamonds billion-year contact with radioactive minerals in the Umkondo conglomerate. 


In our third paper, H. Albert Gilg, Karl Schmetzer, and Ulrich Schiissler tell a fascinating story. Using contemporary 
nondestructive analytical methods, they trace a Byzantine garnet intaglio back to its geographical source in 
Telangana State, India. The study reveals much about the ancient trading of Indian garnet. 


Our fourth article, by Ahmadjan Abduriyim, profiles Japanese freshwater pearls, first cultivated in Lake Biwa, and 
then in Lake Kasumigaura, where most farms relocated in 1962. Although the production is limited, “Kasumiga 
pearls” are very attractive, displaying a variety of hues and very good luster. 


Sapphires from Montana’s Yogo Gulch are renowned for their vibrant untreated blue color and high clarity. In our 
fifth article, Nathan D. Renfro, Aaron C. Palke, and Richard B. Berg offer a complete gemological characterization 
of these unique American gemstones. 


Next, Sally Eaton-Magajfia and Christopher M. Breeding present a new chart on the growth and characteristics of 
HPHT and CVD synthetic diamonds, including information on recent advances in technology that enable produc- 
tion of larger, higher-quality synthetics and colorless melee. 


I'd also like to draw your attention to our three regular sections. Lab Notes includes entries on advances in the size 
and quality of synthetic diamonds. Gem News International has something for everyone: a green-blue Maxixe-type 
beryl, the trace element characteristics of “golden sheen” sapphire, and Ethiopian color-change garnets. G&G Micro- 
World includes a mushroom preserved in copal, microlite crystals in topaz, and a wurtzite phantom in quartz. This 
issue also presents a new regular column by Karen V. Smit and Steven B. Shirey on the value of natural diamond to 
science. In their inaugural entry, the authors examine how diamonds help researchers solve the enigma of water’s 
presence in the earth’s depths. 


Finally, we'd like to remind everyone that we're fast approaching the last chance to register for the GLA Symposium, 
so please go to symposium.gia.edu if you haven’t already. 


Enjoy our summer edition! G 0) 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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SNPS ARTICLES 


NATURAL-COLOR BLUE, GRAY, AND VIOLET 
DIAMONDS: ALLURE OF THE DEEP 


Sally Eaton-Magania, Christopher M. Breeding, and James E. Shigley 


Natural-color blue diamonds are among the rarest and most valuable gemstones. Gray and violet diamonds are 
also included here, as these diamonds can coexist on a color continuum with blue diamonds. More so than 
most other fancy colors, many diamonds in this color range are sourced from specific locations—the Cullinan 
mine in South Africa and the Argyle mine in Australia. Although blue color is often associated with boron 
impurities, the color of diamonds in this range (including gray and violet) also originates from simple structural 
defects produced by radiation exposure or from more complex defects involving hydrogen. These different 
mechanisms can be characterized by absorption and luminescence spectroscopy. A fourth mechanism—micro- 
inclusions of grayish clouds or tiny graphite particles in gray diamonds—can be distinguished through 
microscopy. In this article, we summarize prior research as well as collected data such as color and carat weight 
on more than 15,000 naturally colored blue/gray/violet diamonds from the GIA database (along with an analysis 
of spectroscopic data on a subset of 500 randomly selected samples) to provide an unprecedented description 
of these beautiful gemstones. 


iamond in its pure form would be an uncom- 
[zee material to study scientifically: a 
perfectly assembled carbon crystal with no 
color, no structural imperfections or defects at the 
atomic lattice level, and no inclusions. But no dia- 
mond is perfect, and it is these structural imperfec- 
tions that can create beautiful colors and provide 
evidence of the growth history of the diamond. Na- 
ture has gifted us with diamonds that span the entire 
color spectrum. In this second in a series of articles 
about color in natural diamonds (see Breeding et al., 
2018 for a discussion of the green color range), we 
will summarize the causes of blue/gray/violet hues 
(figure 1), and supplement information in the pub- 
lished literature by providing a compilation of results 
drawn from the GIA database. 

Among fancy-color diamonds, there is greater 
awareness of blue diamonds because of the prominent 
display of the Hope diamond at the Smithsonian In- 
stitution in Washington, DC—there is no correspon- 
ding public stage for other large colored diamonds. 
This year, 2018, marks the sixtieth anniversary—the 
diamond anniversary—of the Hope’s permanent ex- 


See end of article for About the Authors and Acknowledgments. 
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hibition at the Smithsonian. Several other historical 
blue diamonds are also steeped in legend and royalty 
(see, e.g., Gaillou et al., 2010). Additionally, recently 
discovered stones (e.g., Gaillou et al., 2014) capture 
princely sums at auctions today (see box A). For ex- 
ample, the 12.03 ct Blue Moon of Josephine sold for 
$48.5 million in 2015 (setting a world record of over 
$4 million per carat; Sotheby’s, 2015). 


In Brief 


Almost all blue/gray/violet diamonds owe their color to 
four different mechanisms. 


The majority of diamonds with unmodified blue color 
description and deep color saturation are type IIb with 
their color due to boron impurities. 


Most finds of type IIb diamonds are from the Cullinan 
mine in South Africa, while many blue/gray/violet dia- 
monds due to hydrogen defects are sourced from the 
Argyle mine in Australia. 


These four causes of color among the blue/gray/violet 
diamonds show distinctive gemological properties and 
spectral features. 


During the last decade, GIA has examined over 
15,000 naturally colored blue/gray/violet diamonds, 
including more than 6,000 with unmodified blue 
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Figure 1. A few recently discovered blue diamonds are displayed alongside some legendary gems within the 
blue/gray/violet color range. Clockwise from upper left: the 30.62 ct Blue Heart diamond, photo by Chip Clark, 
© Smithsonian Institution; a 0.77 ct Fancy Dark gray-violet shield cut, photo by Robert Weldon/GIA; a 1.23 ct 
Fancy Dark gray diamond, GIA photo; the 45.52 ct Fancy Deep grayish blue Hope diamond and Fancy Deep blue 
31.06 ct Wittelsbach-Graff diamond, photo by Robert Weldon/GIA, courtesy of the Smithsonian Institution. 


color descriptions (figure 2). While there are a few dif- 
ferent causes of blue color in diamond, the most fa- 
miliar cause, accounting for more than half of the 
natural unmodified blue diamonds seen at GIA, is 
measurable quantities of boron accompanied by ex- 
tremely low levels of nitrogen. The Hope diamond, 
arguably the most famous colored diamond in the 
world, derives its color from 360 ppb of neutrally 
charged boron (Gaillou et al., 2010). 

Numerous aspects of gem-quality diamonds in this 
color range have previously been addressed. Type IIb 
diamonds were discussed by King et al. (1998], Eaton- 
Magania et al. (2008), and Gaillou et al. (2012), hydro- 
gen-defect blue/gray/violet diamonds were explored 
by Fritsch and Scarratt (1992), Iakoubovskii and Adri- 
aenssens (2002), Fritsch et al. (2007), and van der 
Bogert et al. (2009). The purpose of this article is to 
provide a detailed account of the gemological and 
spectroscopic characteristics of natural blue/gray/ 
violet diamonds colored by various mechanisms in 
order to help the trade better understand these beau- 
tiful and often extremely valuable gems. The descrip- 
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tion of these diamonds will begin with a discussion of 
their coloration. As a caveat, we wish to mention that 
in this series of articles, a good deal of discussion is 
based on the graded color description of the diamonds 
(for example, “blue” diamonds are separated from 
“sreen-blue” diamonds in later sections and in fig- 
ures}. In the description of color grades, we do not ex- 
plicitly address that it is more difficult for the eye to 
interpret subtle hue differences for very light-colored 
diamonds than it is for more saturated diamonds (King 
et al., 1994; King, 2006). Therefore, for the lightest 
color grades, fewer hue names are used and the color 
description spans a wider portion of the hue wheel. Of 
the 6,000+ diamonds with unmodified blue color de- 
scriptions in this study, 42% were from the lightest 
color grades (Faint, Very Light, Light; figure 3, right). 


CAUSES OF COLOR 

Blue/gray/violet color in gem diamonds can span a 
wide range in the GIA color description terminology 
(figure 2). For the purposes of this article, we include 
all natural fancy-color diamonds with blue, gray, or 
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largest so far seen was one of nearly 75 
carats. This was sent to the Laboratory as 
part of a routine test, in a packet marked 
“Jargoon.” 

In addition to the cut stones, one or two 
rough pebbles of sinhalite have been recov- 
ered from lapidaries’ samples of the Ceylon 
gem gravel by Dr. E. H. Rutland. 

Gemologists must be on their guard, how- 
ever, since pebbles of a true brown peridot 
exist in the Ceylon gravel, and these have a 
very similar appearance to sinhalite. Cut 
specimens of brown peridot also are not 
unknown—one such from the British Mu- 
seum collection was tested by Dr. Claring- 
bull in the confident expectation that it 
would turn out to be a sinhalite, but it gave 
a normal olivine powder pattern. 

The two minerals, however, are fairly 
easily separated even when the color is 
similar, since the brown peridot has proper- 
ties very similar to the ordinary green ex- 
amples and thus has lower refractive indices 
than sinhalite and density only slightly 
greater than that of methylene iodide. Of 
the few brown pertdots examined, none has 
been a very clear stone, whereas sinhalite 
is usually remarkably free from feathers or 
flaws. The inclusions so far seen have been 
for the most part negative crystals either 
needlelike or tabular, but not enough have 
been studied to warrant any statement on 
“typical” inclusions at this stage. 


The dichroism of sinhalite is distinctly 
stronger than in peridot, giving two shades 
of brown and a greenish ray (corresponding 
to the Beta index). Where the stone is cut 
with this latter ray in evidence a greenish 
cast is imparted to the gem. 


Pale yellow sinhalite...00.000.0...- 1.6667 
Brown simbalite ccc. en 1.6691 

--- 1.6708 
St. John's 1s. peridot .. 1.6541 
Burma green peridot - 1.6525 
Brown Ceylon peridot .... - 1.6562 


The birefringence is a little larger than in 
peridot—quite large enough to give a vety 
distinct doubling of back facet edges when 
viewed with a lens through the crown of 
the stone. This distinguishes it at once 
from chrysoberyl and (to the practiced eye) 
from tourmaline. Zircon shows even greater 
doubling, but in this shade of brown is 
hardly dichroic at all. 

On the refractometer the sinhalite indices 
are too high for peridot and the bire- 
fringence too strong for diopside. With 
loose stones, a trial in methylene iodide is 
useful. Sinhalite sinks rapidly, distinguish- 
ing it from tourmaline, diopside, beryl, or 
true brown peridot, though on this test 
alone confusion might arise with chrysoberyl. 


PROPERTIES OF SINHALITE 


Composition: Magnesium aluminum bo- 
(MgAIBO,) ; Crystal System: Ottho- 
rhombic; Hardness: 6Yy; Color: Pale yellow 


rate 


to dark brown, greenish brown; Pleochro- 
ism: Distinct. Pale brown, greenish brown, 
darker brown. 

Dispersion for sinhalite is approximately 
0.017 for the B- G range. Absorption bands 
are mainly in the blue, centered at 4930, 
4750, 4630, and 4520A with general ab- 
sorption of the violet. Peridot has a very 
similar spectrum, but lacks the 4630 band, 
and on the other hand shows (on photo- 
graphs) bands at 3970 and 3850A, which 
are missing in sinhalite. 

The refractive indices given below were 
obtained by C. J. Payne on an Abbe-Pulfrich 
refractometer in sodium light. The density 
determinations were made by the writer by 
hydrostatic weighing in ethylene dibromide. 


R.I. Bi. S.G. 
1.6966 1.7048 0381 3.47 
1.6988 1.7069 0378 3.48 
1.7000 1.7081 0373 3.49 
1.6721 1.6900 0359 3.347 
1.6659 1.6870 0345 3.330 
1.6719 1.6920 .0368 3.35 


1Anderson, Payne, and Claringbull, ‘‘Taaffeite, a new Beryllium Mineral, found as a Cut Gemstone,” 


Mineralogical Magazine, London, December, 1951. 
?Claringb 


ull and Hey, ‘‘Sinhalite, a New Mineral,"’ ibid., June, 1952. 
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Box A: VALUATION OF BLUE DIAMONDS 


The record-setting auction prices of blue diamonds over 
the last few years have attracted considerable attention. 
While blue diamonds are rare enough to be extremely 
valuable, they are still abundant enough to create and 
sustain a market. Additionally, many older blue dia- 
monds have been recently recut. Public awareness of 
fancy-color diamonds has grown considerably in the past 
several decades due to high-profile auction sales and 
media attention. But the market value of larger, more in- 
tensely colored blue diamonds means they are generally 
available only to the wealthiest consumers. 

Figure A-1 shows a compilation of sale prices for blue 
diamonds since 1940—including several noteworthy 
blue diamonds—and those sold at auction in the last few 
decades. The chart shows the sale price (in price per 
carat), and all diamonds are adjusted to 2018 U.S. dollars 


using the Consumer Price Index conversion. From 1940 
to 1990, only a handful of blue diamonds had data avail- 
able, but we see a clear increase in the value of blue dia- 
monds, particularly in the last few decades. 

There are several reasons for the increased awareness 
of colored diamonds among the public. These include 
media attention associated with celebrities wearing col- 
ored diamonds, Argyle’s marketing campaign in the 1990s 
to create awareness of “champagne” and “cognac” dia- 
monds, and improved cutting styles that enhance the face- 
up appearance of colored diamonds, thus creating a more 
marketable product (Shor, 2005). The high volume of 
treated diamonds in recent years have provided lower-cost 
options for the majority of the buying public. As long as 
color treatment is disclosed, these products have a viable 
place in the gem market. 


Figure A-1. This chart chronicles the sale prices for several notable blue diamonds over the last 80 years. The 
data show the price per carat and normalizes the prices over the time period by adjusting each to May 2018 US 
dollars using the Consumer Price Index (CPI) conversion. The data show a clear increase in valuation of blue di- 
amonds by several orders of magnitude. The full table of blue diamonds used to produce this chart can be found 
at https://www.gia.edu/doc/S U18-natural-color-blue-gray-and-violet-diamonds-table.pdf. From left to right: The 
30.62 ct Blue Heart diamond, photo by Chip Clark © Smithsonian Institution; a 6.04 ct Fancy Vivid blue dia- 
mond, courtesy of Sotheby's Hong Kong; the 10.95 ct Bulgari Blue, courtesy of Christie's Images Ltd.; the 13.22 
ct Winston Blue, courtesy of Christie’s; the 31.06 ct Wittelsbach-Graff, photo by Robert Weldon/GIA, courtesy of 
the Smithsonian Institution; the 14.62 ct Oppenheimer Blue, courtesy of Christie's. 


PRICES PER CARAT OF NOTABLE BLUE DIAMONDS SINCE 1940 
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Figure 2. Diamonds with varying hues are shown to represent the color ranges within each of the four causes of color. 


violet as the dominant color (i.e., the final name in 
the color description). Of the full dataset of 15,000+ 
blue/gray/violet diamonds seen at GIA over the last 
decade, most were unmodified blue (37.8%) or gray 
(33.1%). Next in abundance were those of gray-blue 
to blue-gray coloration, followed by green-blue dia- 
monds. The lowest percentages belonged to those 
with violet coloration (figure 3, left). Below we chron- 
icle the main causes of color; three are due to the 
presence of structural defects and one due to the pres- 
ence of micro-inclusions. Representative diamonds 
and visible/near-infrared (Vis-NIR) spectra for these 
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four causes of color are shown in figures 2 and 4, re- 
spectively. 


Boron. Natural type IIb diamonds were studied in the 
1950s and ’60s (Dean, 1965), and aluminum was orig- 
inally identified as the impurity responsible for the 
color (e.g., Crowther et al., 1967). Ultimately, boron 
was unambiguously identified as the natural dopant 
causing the observed color and semi-conductivity 
(Collins and Williams, 1971). 

Type IIb diamonds are identified by a characteris- 
tic infrared absorption feature at 2800 cm"!. The area 
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DISTRIBUTION OF HUE AND SATURATION OF BLUE/GRAY/VIOLET DIAMONDS 


Gray-violet to 


violet-gray (3.8%) 
Blue-gray 
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Violet (0.1%) 


Violet-blue to 
blue-violet 
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Gray-blue a 
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Blue (37.8%) 
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Figure 3. Left: Hue distribution of 15,000+ blue/gray/violet diamonds graded at GIA in the last decade. Unmodi- 
fied gray and blue diamonds dominated within this color range, while comparatively few diamonds with a violet 
hue description were submitted. Right: Saturation distribution of blue/gray/violet diamonds. A majority of the un- 
modified blue diamonds (54%) are in the Faint to Fancy light color range. 


under this absorption peak can also be used to calcu- 
late the uncompensated boron concentration (Fisher 
et al., 2009; Collins, 2010), which is the total boron 
concentration minus any donors such as nitrogen. 
Compensation occurs when electrical acceptors 
(such as boron in diamond) and electrical donors 
(such as nitrogen) cancel out each other's electrical 
charge. It is this uncompensated boron absorption 
peak centered at 2800 cm" in the infrared region that 
creates the gradually decreasing absorption gradient 
that extends into the near-infrared and red areas of 
the visible spectrum and creates the blue coloration 
(figure 4A and figure 5). In addition to the absorption 
that boron creates in the red region of the visible 
spectrum, plastic deformation-related defects of un- 
certain structure produce absorption at wavelengths 
less than 500 nm that can add a gray component 
(Collins et al., 2000). However, higher boron concen- 
tration is generally associated with a higher absorp- 
tion gradient and a stronger blue color (see, e.g., box 
A in King et al., 1998 and figure 5). Boron content 
will not create blue color if sufficient competing de- 
fects are also present within the diamond. The ne- 
cessity of both the presence of boron and the absence 
of detectable nitrogen—among other donors such as 
irradiation-related defects—creates the (extremely 
rare) geological conditions that produce natural type 
IIb diamonds. 


Hydrogen. The observed color in hydrogen-defect di- 
amonds results from the contributions of two broad 
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absorption bands creating transmission windows in 
the blue and red regions of the absorption spectrum 
(figure 4B; Fritsch et al., 2007; van der Bogert et al., 
2.009). Two primary broad absorption bands span the 
range of 500-760 nm (and generally centered at 


Figure 4. Representative Vis-NIR absorption spectra 
for the four major causes of color in blue/gray/violet 
diamonds. The spectra are offset vertically for clarity. 
For the first three mechanisms, the spectra are repre- 
sentative of the responsible color centers. For the 
fourth mechanism (colored by inclusions), this figure 
shows the spectral features common to most natural 
type Ia diamonds, namely N2 and N3. 
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around 530 and 720 nm, though the central positions 
can vary between diamonds; see figure 4B}, along 
with a characteristic “hydrogen band” at 835 nm. 
The relative intensity of these two bands creates 
transmission windows (blue or red) that determine if 
the resultant color appears more blue or violet (Fritsch 
et al., 2007; van der Bogert et al., 2009). 

The cause of these broad bands, along with the 
commonly observed narrow feature at 551 nm, is un- 
known. The possible relationship between the band 
at approximately 530 nm in blue/gray/violet dia- 
monds and the 550 nm band in pink diamonds is also 
still a matter of scientific debate (Iakoubovskii and 
Adriaenssens, 2002; van der Bogert et al., 2009) de- 
spite the close proximity in wavelength position and 
comparable band width, and the fact that diamonds 
of both colors are predominantly sourced from Aus- 
tralia’s Argyle mine. Van der Bogert et al. (2009) de- 
termined that the band at approximately 530 nm is 
likely a composite of several independent peaks, and 
that there are several other gemological distinctions 
between pink and blue/gray/violet diamonds. 

The best-known hydrogen-related defect in natu- 
ral diamond is the 3107 cm infrared absorption—re- 
cently attributed to a hydrogen atom associated with 
three nitrogen atoms and a vacancy (i.e., a vacant car- 
bon atom position in the lattice; Goss et al., 2014). 
While the 3107 cm peak in the infrared region has 
been correlated with the hydrogen-related band at 835 
nm, the precise mechanism causing the visible col- 
oration is still unknown (Fritsch et al., 2007). There 
are certainly other as yet unidentified structural de- 
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fects involved with the diamond coloration. The pres- 
ence of hydrogen defects in the diamond structure has 
been known and studied for decades, but very little is 
known about how the hydrogen impurities affect di- 
amond color. Nevertheless, high hydrogen concentra- 
tions have been determined as a necessary condition 
for the diamonds in this color range (Iakoubovskii and 
Adriaenssens, 2002). 

In Breeding et al. (2018), we discussed hydrogen 
defects that occasionally create a green color compo- 
nent. Figure 6 shows a distinction between hydro- 
gen-related spectra obtained for green diamonds 
(upper set} and those for violet-gray diamonds (lower 
set). Both have a pronounced band at approximately 
835 nm. This hydrogen band occurs in both green 
and blue/gray/violet diamonds containing high quan- 
tities of hydrogen, and it was described by Fritsch et 
al. (2007) as a triple band including absorptions at 
829, 837, and 844 nm. However, the green diamonds 
have much less pronounced bands at 530 and 720 
nm, along with more pronounced “cape” features 
(e.g., N2 at 477.6 nm and N3 peaks at 415.2 nm). In 
green diamonds, the greater absorption at low wave- 
lengths (below 500 nm), plus a comparatively minor 
contribution from the 530 and 720 nm bands, shifts 
the transmission window into the green region of the 
visible spectrum. 

The two absorption bands in these diamonds cre- 
ate two transmission windows (again, see figure 6). 
This can result in a color shift under two different 
light sources. This phenomenon is most associated 
with alexandrite, and occasionally seen in natural di- 


Figure 5. These IR ab- 
sorption spectra of three 
type IIb diamonds (top: 
Fancy Deep blue; mid- 
dle: Fancy Light blue; 
bottom: Faint blue) are 
representative of the 
range of peak intensi- 
ties at 2800 cnr! and 
the corresponding un- 
compensated boron 
concentrations that en- 
compass the majority of 
natural blue diamonds. 
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amonds (Liu et al., 1998) and treated diamonds (Eaton- 
Magania, 2016). Many of these hydrogen-defect dia- 
monds receive color grades within the gray-to-blue 
range when viewed in the GIA color-grading environ- 
ment (King et al., 1994), but they can often appear vi- 
olet under other light sources (see figures 2, and 7). 
Although very few diamonds receive a color grade 
with a violet component (again, see figure 3, left), there 
are likely many more diamonds with this cause of 
color in which violet can be observed under incandes- 
cent lighting conditions. 


GR1. As discussed extensively in Breeding et al. 
(2018), GR1 (general radiation 1) defects are empty or 
vacant lattice positions in the diamond structure, 
and they serve as the most common mechanism for 
green to green-blue color in gem diamonds (Shigley 
and Fritsch, 1990; Collins, 2001; Shigley and Breed- 
ing, 2013). Vacancies are created when radiation 
(both natural and laboratory-induced) provides suffi- 
cient energy to displace carbon atoms from their nor- 
mal positions in the diamond lattice. GR1 vacancies 
cause the diamond to absorb light in the red part of 
the visible spectrum (zero phonon line [ZPL] at 741 
nm with associated broad absorption extending from 
approximately 550 to 750 nm; see figure 4C). 

Figure 8 compares the Vis-NIR absorption spectra 
of a blue, a green-blue, and a green diamond. Gener- 
ally, green diamonds have a greater absorption at 
lower wavelengths in the UV to blue region of the 
spectrum (below 500 nm), which shifts the transmis- 
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Figure 6. A comparison of 
Vis-NIR absorption spectra 
of diamonds colored by 
hydrogen-related defects 
highlights the differences 
within two color families— 
grayish yellowish green 
diamonds (Breeding et al., 
2018) and violet-gray dia- 
monds (this study). Violet- 
gray diamonds show much 
stronger absorption bands 
at ~530 nm and ~720 nm 
and exhibit fewer cape- 
related features than their 
greenish counterparts. See 
also Fritsch et al. (2007). 
Spectra are offset vertically 
for clarity, and the trans- 
mission windows are 
indicated with brackets. 
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sion window into the green portion of the visible 
spectrum. This increased absorption is mostly asso- 
ciated with nitrogen-related defects such as N2. and 
N3 (Breeding et al., 2018). As naturally irradiated di- 
amonds often have high quantities of these nitrogen- 
related defects, most of them are green. Green-blue 


Figure 7. This 0.13 ct Fancy Light gray-blue diamond 
(top) and 0.33 ct Fancy grayish blue diamond (bot- 
tom) are colored by hydrogen defects and show a dif- 
ferent color appearance with different light sources. 
Color grading occurs under daylight conditions (left), 
whereas incandescent lighting produces a more violet 
color (right). 
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to blue diamonds often have lower nitrogen-related 
absorption in the UV to blue region (top two spectra 
in figure 8), and many are type Ila. 

As with green diamonds, jewelers must take great 
care during jewelry repair processes when heating 
blue diamonds colored by this mechanism in order 
to avoid destroying the GR1 defects and losing the 
blue color. 


Inclusions. The micro-inclusions and cloud-like fea- 
tures that cause gray color in diamonds (e.g., figure 9A 
and 9B}! should not be confused with the micro-inclu- 
sions often seen in Fancy white diamonds (which are 
almost always type IaB). The micro-inclusions in 
Fancy white diamonds provide an opalescent appear- 
ance (Moses and Reinitz, 2000; Gu and Wang, 2017). 
In contrast, these gray diamonds colored by in- 
ternal features are typically type IaA+B (determined 
as type IaA, IaAB, or IaB) or saturated (where the ag- 
gregated nitrogen absorption is greater than the de- 
tection limits of infrared spectroscopy, generally 
greater than 500 ppm) type Ia. The observed particle 
clouds appear whitish to grayish. Except for nitrogen 
impurities, the Vis-NIR spectrum contains a de- 
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Figure 8. Comparison of 

Vis-NIR absorption spec- 

tra between a green dia- 

mond colored by GR1 

defects (Breeding et al., 
GR1 2018) and its green-blue 
and blue counterparts. 
The most pronounced and 
consistent difference is 
that the green-blue to 
blue diamonds colored by 
GR1 have less-pro- 
nounced cape peaks, thus 
allowing a shift in the 
transmission window 
from the green into the 
blue range. Spectra are 
offset vertically for clar- 
ity, and the transmission 
windows are indicated 
with brackets. 


Green ay 


creasing absorption gradient toward higher wave- 
lengths (figure 4D). These clouds are sometimes 
termed “hydrogen clouds” due to the elevated inten- 
sity of the 3107 cm! infrared peak within these 
areas. However, there is little similarity between 
these so-called hydrogen-cloud gray diamonds and 
the hydrogen-related blue-to-violet diamonds dis- 
cussed previously. 

Far more likely is that these gray diamonds are 
similar to the mixed-habit type IaAB diamonds con- 
taining gray/colorless zoning (the term “mixed 
habit” refers to standard {111} growth accompanied 
by growth of approximately {100} orientation). These 
diamonds have been studied extensively due to their 
simultaneously grown cuboid and octahedral sectors 
(e.g., Smit et al., 2016). Within the cuboid sectors are 
many micro-inclusions that have been identified as 
graphite (Smit et al., 2016, Eaton-Magania et al., 
2016], and those sectors often have a grayish appear- 
ance. Analysis of the micro-inclusions within pol- 
ished flat-plate samples indicated that the individual 
inclusions are quite small—no more than 1 pm. 
When those samples were heated to 1200°C, they 
were still gray, but the graphitic inclusions were en- 


‘Since a variety of hues can appear “gray” at very low color saturation, these diamonds have a variety of subtle color sensations and can appear, 
for example, as either more bluish or more yellowish and still be graded as the color gray (King et al., 1994, King, 2006). Many of the diamonds 
that derive their color from inclusions also show a typical cape spectrum (e.g., figure 4D), which can often impart a yellowish (or warm) appear- 
ance to these gray diamonds. In contrast, many gray diamonds due to boron impurities will have a bluish (or cool) appearance. The color sensa- 
tion is not sufficient to affect the color grade but can lead to variations in appearance among diamonds with the same color description. 
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larged to 3-4 um and appeared dark in the micro- 
scope (Eaton-Magania et al., 2016). This indicates that 
both the small gray micro-inclusions and the larger, 
darker micro-inclusions impart a gray bodycolor. 
Photomicrographs obtained from flat plates of a nat- 
ural mixed-habit diamond show grayish clouds and 
graphitic inclusions (figure 9, C-E), and a natural di- 
amond shows noticeable graphitic inclusions (figure 
9F). Although the micro-inclusions in several mixed- 
habit research diamonds have been identified as 
graphite (e.g., Smit et al., 2016], and likely a good 
number of the gray diamonds colored by inclusions 
are due to graphite micro-inclusions, we should not 
presume that all micro-inclusion and cloud observa- 
tions within this color category are due to graphite. 


OCCURRENCE AND FORMATION 

The formation mechanism for blue/gray/violet dia- 
monds in the earth varies significantly depending on 
the defects responsible for the color. Stones colored 
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Figure 9. Micro-inclusions 
resembling clouds are an ex- 
ample in which atomic-scale 
defects are not responsible 
for color in gem diamonds. 
These clouds can appear 
whitish, light gray, or dark 
gray under the microscope 
(A; field of view 5.1 mm). 
Larger inclusions can also 
impart a gray color (B; FOV 
2.9 mm). The color of the 
micro-inclusions—along 
with their density and abun- 
dance—contributes to the 
graded hue and the modifier 
(i.e., Faint to Fancy Dark). 
Portions of a flat plate 
shown in figure 9C (FOV 
5.25 mm) are magnified to 
show graphite inclusions 
within a gray cloud (D; FOV 
900 jam) and the boundary 
between a gray clouded re- 
gion and an inclusion-free 
colorless region (E; FOV 286 
uum). Also shown (F; FOV 
665 yim) are graphite inclu- 
sions oriented along the 
[111] direction. This pho- 
tomicrograph was collected 
from the dark gray portion 
of the diamond in the inset. 


by micro-inclusions or by hydrogen- or boron-related 
defects incorporate these impurities, along with any 
nitrogen impurities, when they crystallized deep in 
Earth’s mantle. Long residence times at high temper- 
atures and pressures contribute to the final arrange- 
ment of structural defects within the diamonds. 
The precise formation mechanism that leads to 
type IIb diamond—measurable boron concentrations 
accompanied by extremely low nitrogen levels—is 
still a matter requiring further study. It is unclear 
what distinguishes the Cullinan mine from other 
mines and makes it a reliable source for type IIb dia- 
monds; however, recent evidence demonstrates that 
these are “superdeep” diamonds originating at sub- 
lithospheric mantle depths (> 600 km) and that the 
boron is likely sourced from subducted oceanic lith- 
osphere (Smith et al., 2018). Similarly, the blue/gray/ 
violet diamonds colored by hydrogen defects are al- 
most exclusively from the Argyle mine. Diamonds 
colored by GR1 defects are generally thought to ob- 
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tain their color from late-stage interactions with ra- 
dioactive minerals or fluids in the earth’s crust over 
thousands to millions of years (see Breeding et al., 
2018, and references therein). Since elevated temper- 
atures will change their color, this natural irradiation 
likely occurred in the earth’s crust, relatively close 
to the surface. 

The blue/gray/violet diamonds colored by hydro- 
gen-related defects, as well as the gray diamonds col- 
ored by inclusions, likely underwent more rapid 
growth than typical diamond growth, with processes 
similar to the cuboid growth observed in mixed-habit 
diamonds (Fritsch et al., 2007; Smit et al., 2016). This 
faster growth rate would allow the growing dia- 
monds to trap impurity atoms, such as hydrogen and 
nickel, at much higher concentrations (see the “Lu- 
minescence” section below; Fritsch et al., 2007). Sim- 
ilarly, this fast growth model applies to the gray 
diamonds colored by inclusions, as it allows the dia- 
mond to trap high quantities of mineral and fluid in- 
clusions (Smit et al., 2016). 


LABORATORY GRADING 

Stones weighing up to 1.0 ct comprised 63% of the 
15,000+ natural blue/gray/violet diamonds examined 
at GIA (see figure 10). Noticeable spikes in quantity 
are observed near important carat-weight thresholds 
(e.g., 0.5, 1.0, 1.5, and 2.0 ct). This chart shows that 
faceting and polishing decisions may maximize the 
face-up color and appearance, but weight thresholds 
are often important considerations as well. The dia- 
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Figure 10. The weight distri- 
bution of the 15,000+ natu- 
ral-color blue/gray/violet 
diamonds graded by GIA in 


BH Violet-gray 

Ml Green-blue the last decade. The his- 

M™ Gray-blue togram is divided into 0.1 

M@ Gray carat increments between 0 
mM Blue and 5 ct. Also shown are 


the remaining 4% of graded 
diamonds larger than ct. 
The histogram also shows 
the distribution of the dif- 
ferent diamond colors. For 
example, the violet-gray di- 
amonds are mostly repre- 
sented at the lower weights 
and are much less prevalent 
in larger diamonds, which 
is consistent with prior ob- 
servations (e.g., van der 
Bogert et al., 2009). 


monds in figure 10 are shown according to their gen- 
eral color groups. The data indicate that the dia- 
monds with gray-violet, green-blue, and gray-blue 
hues are much more prevalent below 1 carat than at 
higher weights. Above a carat, most are blue or gray. 

Although fancy-color diamonds are often fash- 
ioned as fancy shapes to enhance their face-up color, 
round brilliants represent a plurality (44%) of the 
15,000+ diamonds (figure 11, left), followed by pears 
(16%), rectangles (9%), and cushions (8%). The ma- 
jority of diamonds with pale color (i.e., Faint to Fancy 
Light) are faceted as rounds (figure 11, right), whereas 
fancy shapes are dominated by the deeper colors 
(Fancy to Fancy Dark). Those faceted as round bril- 
liants were likely interpreted as D to Z material dur- 
ing the pre-faceting steps. 

To determine the distribution of the four major 
causes of color, we further analyzed the Vis-NIR and 
infrared (IR) absorption spectra of a representative 
sampling of 500 natural blue/gray/violet diamonds 
(randomly selected from the 15,000+ in our GIA data- 
base) and identified the cause of color for each. This 
subset of data was used to generate figures 12 and 13. 
For this subset, we observed that 177 (35%) of natural 
blue/gray/violet diamonds were colored by boron and 
132 (27%) by the GR1 defect, 152 (30%) by hydrogen 
defects, and 37 (7%) by inclusions (figure 12, top). We 
also determined the boron concentration of the 177 
type IIb diamonds (Fisher et al., 2009; Collins, 2010), 
and the nitrogen aggregate concentration in 48 un- 
saturated type IaA+B diamonds (Boyd et al., 1994, 
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Figure 11. Left: The overall shape distribution of the 15,000+ diamonds graded by GIA in the last decade that fell 
within the blue/gray/violet color range. Right: The shape distribution can vary dramatically with the tone of the 
diamond. Many of those with paler colors (such as Faint or Very Light) are faceted as rounds. 


1995). Two other diamonds were colored by the 480 
nm band and will be discussed in the “Unusual Ex- 
amples” section. 

The data become more illustrative when sepa- 
rated out into color groups. For example, the green- 
blue color grade is populated exclusively with 
diamonds colored by GR1, while inclusion-related 
defects are found solely within the gray color region. 
The blue-gray to gray-blue region is populated almost 
evenly with type IIb (boron) and hydrogen-defect di- 
amonds, with a small minority colored by GR1 de- 
fects. The violet category is dominated by H defects 
but also contains a low amount of type IIb diamonds. 


Figure 12. Natural blue/gray/violet diamonds submit- 
ted to GIA over the last decade are predominantly 
colored by four mechanisms. When the randomly se- 
lected subset of 500 diamonds are analyzed and di- 
vided by hue (top), clear distinctions emerge. 
Green-blue diamonds are comprised solely of dia- 
monds with color due to GR1 defects, while inclu- 
sion-related defects reside only within the gray 
category. Diamonds with a violet component are al- 
most exclusively due to hydrogen-related defects, and 
over half of the unmodified blue diamonds are type 
IIb. When the diamonds are segregated by tone (bot- 
tom), H- and GR1-related defects predominate within 
the more faintly colored diamonds while the type IIb 
diamonds comprise the majority of the more satu- 
rated stones. Also shown along the x-axis are the 
number of samples within each category. 


122 NatuRAL-CoLor BLUE DIAMONDS 


The blue category—the most valuable hue within 
this range—has a majority of diamonds colored by 
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Figure 13. The four dominant causes of color for natu- 
ral blue/gray/violet diamonds submitted to GIA 
show Clear distinctions when separated by diamond 
type. Among the subset of 500 diamonds, type Ila di- 
amonds in this color range have GR1 defects as the 
cause of color while, unsurprisingly, all type IIb dia- 
monds are due to boron. Diamonds with nitrogen ag- 
gregates that are at sufficiently low concentration so 
as not to saturate the IR spectra (termed IaA+B) are 
mostly colored by GR1-related defects. Saturated 
type Ia spectra are largely associated with H-related 
diamonds. Also shown along the x-axis are the num- 
ber of samples from each category. 


boron, with 37% due to GR1 defects (although these 
generally have low color saturation). 

Figure 12. (bottom) shows the distribution of these 
color centers based on the color saturation from Faint 
to Fancy Deep. Diamonds colored by GRI or H de- 
fects are usually found among the lighter hues, while 
type Ib diamonds dominate among the more satu- 
rated color descriptions. The GR1-defect diamonds 
with Intense or Vivid color grades were all green-blue 
and not an unmodified blue color. 

Figure 12 also illustrates the perceived dominance 
of type IIb diamonds within the blue/gray/violet 
color range. They frequently have an unmodified 
blue color description and more often have intense 
color than any of the other groups. This combination 
of saturated color and attractive blue hue commands 
the highest value, especially at the higher weights in 
which other colors in this range are not well repre- 
sented. With the exception of a handful of violet di- 
amonds offered at the Argyle mine’s annual tender 
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(e.g., King et al., 2014; Rio Tinto, 2017), the most fa- 
mous and notable of the blue/gray/violet diamonds 
are type IIb. 


GEMOLOGICAL OBSERVATIONS 
Blue/gray/violet natural diamonds have numerous in- 
teresting features that can be observed with standard 
gemological equipment. These properties, however, 
are quite variable depending on the cause of the color. 
In this section, we review the major observations from 
diamonds colored by each group of defects. 


Colored by Boron. Type IIb diamonds often show vis- 
ible phosphorescence (figure 14A). The most famous 
example is probably the vibrant red phosphorescence 
displayed by the Hope diamond (Eaton-Magajia et al., 
2008) which can be observed for up to one minute. 
Regardless of the observed color of phosphorescence, 
natural type IIb diamonds generally have two well- 
defined phosphorescence emission bands (figure 148], 
centered at 500 nm (blue phosphorescence) and 660 
nm (red). Natural diamonds that show only the 500 
nm band are predominantly an unmodified blue, 
while those type IIb diamonds with gray or violet 
components typically show the 660 nm band (Eaton- 
Magania and Lu, 2011; figure 14C). 

The generally accepted mechanism for phospho- 
rescence in type IIb diamonds is “donor-acceptor pair 
recombination” (DAPR), which is reviewed in depth 
by Dean (1965). In this mechanism, “holes” bound 
to acceptor atoms and electrons bound to donor 
atoms are activated by energy from the ultraviolet 
source, and they subsequently recombine and emit 
light equivalent to their energy difference (plus an 
electrostatic correction). Boron has been positively 
identified as the acceptor in the mechanism (Collins 
and Williams, 1971). Since gray coloration is largely 
caused by defects related to plastic deformation, it is 
highly likely that the donor corresponding to the 660 
nm band is also influenced by plastic deformation, 
while the donor responsible for the 500 nm phospho- 
rescence band is not (Eaton-Magania and Lu, 2011). 


Colored by Hydrogen-Related Defects. As with green 
diamonds colored by hydrogen defects (Breeding et al., 
2018), diamonds in the blue color range also often 
contain whitish particle clouds with sharp boundaries 
and relatively non-included regions. As these clouds 
can create gray color on their own, their presence can 
influence the grayish coloration of these diamonds. 
However, the color contribution of inclusions in 
these diamonds has not been fully evaluated. 
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Jewelry is more than the gift of senti- 
ment, and it has long since outgrown its 
early label of a “luxury item’ available to 
only a privileged few. Through the civilized 
ages it has been an integral part of dress 
and the wise jeweler is quick to keep abreast 
of fashion trends and to profit from them. 

In recent years there has been a gradually 
increasing interest in pieces of antique jewel- 
ry, or jewelry patterned after antique design. 
In line with this trend, a selection of scarab 
jewelry was introduced at the recent trade 
shows by several jewelry manufacturers. 
Through the use of many varieties of crypto- 
crystalline quartz, these colorful bracelets, 
necklaces, earrings, and pendants—reminis- 
cent of the ancient days of the Pharaohs and 
the splendor which once was Rome's — 
could, if properly presented, become an im- 
portant accessory item. In one of the wealth- 
ier communities on the West Coast, there 
has also been an increasing demand by men 
for large intaglio cuff links fashioned of 
sard. 

A familiarity with the interesting history 
of carved and engraved gems—one of the 


oldest arts practiced by man—should prove 
a useful sales tool for the retail jeweler and 
we hope in our discussion of its evolution 
through 6,000 years of history to provide 
information which may be advantageously 
used. 

HISTORY OF GEM ENGRAVING 

The earliest forerunner of the carved or 
engraved gemstone had a much more utili- 
tarian use than as a means of personal 
adornment, although it was often beautifully 
and elaborately designed. It was introduced 
as a means of affixing a signature when 
the art of writing was the accomplishment 
of only a very few, 

First of the engraved gemstone 
was in all probability the cylinder which 
was individually designed for the owner and 
was used not only to sign important papers 
by impressing the intaglio inscription into 
wax or clay, but also to seal doors of private 
property. To the deeply superstitious and 
religious inhabitants of these ancient lands, 
unlawful violation of any sealed property 
would bring eternal damnation to the soul. 
For this reason, the sealed possession was as 
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Figure 14. A: A 0.66 ct 
Fancy Intense blue dia- 
mond showing red 
phosphorescence and a 
0.28 ct Fancy Light 
blue diamond showing 
blue phosphorescence. 
B: Phosphorescence 
spectra showing the 
decay over 40 seconds 
of the 500 nm band 
(blue phosphorescence) 
and the 660 nm band 
(red phosphorescence). 
The plot shows that the 
blue phosphorescence 
decreases much more 
quickly than the red 
phosphorescence. C: A 
histogram showing the 
distribution of phos- 
phorescence reactions 
for the type IIb dia- 
monds, separated by 
bodycolor. 
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When viewed under UV light, many hydrogen- 
rich diamonds fluoresce yellow. This observation has 
been consistent for many different colors of diamond, 
including “chameleon” and green H-defect diamonds 
(Fritsch et al., 2007; van der Bogert et al., 2009; Breed- 
ing et al., 2018). The same observation was true for 
the 152 blue/gray/violet diamonds colored by hydro- 
gen that were examined for this study—93 (61%) flu- 
oresced yellow under long-wave UV, and 137 (90%) 
did so under short-wave UV. 


Colored by GR1. The most distinctive gemological 
feature of blue diamonds colored by radiation damage 
is surficial radiation spots and internal color zona- 
tion. Radiation stains occur as either green or brown 
patches of color on the surface of a rough diamond 
or within fractures. Polishers will often preserve a 
portion of these radiation stains after faceting, par- 
ticularly in the girdle area (again, see figure 11), to 
provide confirmation that the GR1 defect originated 
from natural radiation and not laboratory irradiation. 
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Although the bodycolor is green-blue to blue, the 
radiation stains are colored green and turn brown if 
heated above 550-G600°C (Nasdala et al., 2013; Eaton- 
Magania and Moe, 2016). Radiation stains in these di- 
amonds still appear green (figure 15, left) even when 
the bodycolor appears blue. In the green radiation 
stains, optical absorption spectra show GR1-related 
absorption at high wavelengths and vacancy cluster— 
related general absorption at lower wavelengths 
(Nasdala et al., 2013), thus creating a transmission 
window within the green area. For brown radiation 
stains, the color is determined solely by the vacancy 
cluster absorption, as the heating brought about de- 
pletion of the GR1 absorption. At low wavelengths, 
therefore, the absorption within the radiation stains 
and the absorption within the bulk of the diamond 
(nitrogen “cape” absorption; figure 8) are brought 
about by separate causes. If the cape absorption is not 
present, then the bulk of the diamond appears blue 
while the radiation stain appears green. 
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Figure 15. This 0.30 ct Fancy green-blue diamond (left) and 1.18 ct Fancy Light green-blue diamond (right), both 


colored by GR1 defects, show several green and brown radiation stains. 


Colored by Inclusions. Gray diamonds colored by in- 
ternal inclusions have few indicators regarding cause 
of color within their absorption spectra, so micro- 
scopic observation of cloud-like features or graphitic 
inclusions is essential for these stones. As there are 
several possible origins for gray color in diamond, a 
Vis-NIR spectrum with common features (e.g., figure 
4D) in conjunction with the presence of cloud-like 
inclusions establishes the inclusions as the cause of 
the gray color. Due to the abundance of color-causing 
inclusions, these diamonds also have very low clarity 
grades—typically the Included clarity grades (I, toI,). 


ABSORPTION SPECTROSCOPY 

Absorption spectroscopy measurements are nonde- 
structive and provide a detailed glimpse of a diamond's 
atomic structure by passing light of different wave- 
lengths through the stone and measuring what wave- 
lengths (energies) are absorbed by the impurities and 
defects present. IR absorption gives information about 
the impurities present in the diamond lattice, while 
optical absorption reveals the color-producing defects. 
All of the atomic defect groups of blue/gray/violet di- 
amonds have unique spectroscopy features. Standard 
testing conditions and instrumentation are applied to 
all diamonds submitted to GIA. These methods have 
been detailed in other publications (e.g., D’Haenens- 
Johansson et al., 2015) and summarized for this series 
of articles in Breeding et al. (2018). 


IR Absorption. Details of the major impurities pres- 
ent, as well as their configuration relative to the rest 
of the carbon lattice in diamond (diamond type}, are 
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directly and quickly determined by IR spectroscopy 
(Breeding and Shigley, 2009). 

For diamonds in this color range, the cause of 
color can sometimes be inferred from the diamond 
type (figure 13). Type Ila diamonds are generally col- 
ored by irradiation; type IIb, by definition, contain 
boron impurities. H-defect diamonds in this color 
range require high concentrations of hydrogen and 
therefore generally high nitrogen (Iakoubovskii and 
Adriaenssens, 2002). Most H-defect diamonds stud- 
ied here were saturated type Ia diamonds. 


Boron. The uncompensated boron concentration for 
177 type Ib diamonds was determined from the IR 
spectra. The values ranged from 25 ppb for a Faint 
blue diamond up to 1500 ppb for a Fancy Vivid blue. 
Type IIb diamonds with lower boron concentrations 
would likely receive a grade in the D to F range (King 
et al., 2008). The range of uncompensated boron con- 
centrations was greatest for unmodified blue type IIb 
diamonds (several with values above 500 ppb), while 
gray type IIb diamonds spanned a much narrower 
range (only up to 400 ppb) and gray-blue and blue- 
gray were at intermediate ranges. 

The highest value (1500 ppb) and median value 
(300 ppb) were, unsurprisingly, lower than the highest 
value and median value observed in HPHT synthetic 
diamonds (4630 ppb and 650 ppb, respectively; Eaton- 
Magana et al., 2017b), as manufacturers are able to de- 
liberately introduce large quantities of boron into the 
growth chamber. Of the 177 type IIb diamonds exam- 
ined from the 500 diamond subset, 36% had a color 
grade of Intense, Vivid, Dark, or Deep. Of the type IIb 


Gems & GEMOLOGY Summer 2018 125 


HPHT synthetics examined in Eaton-Magana et al. 
(2017b], 85% had color grades in that range. 


Hydrogen Defects. Most of the diamonds colored by 
hydrogen-related defects had very high concentra- 
tions of nitrogen aggregates—the nitrogen-related 
peaks were saturated within the IR absorption spec- 
tra. Generally, there were more than 500 ppm of total 
nitrogen aggregates for these samples. The diamonds 
with saturated IR spectra are termed here as “type 
Ia,” as the spectra do not permit us to further specify 
A orB aggregates. Therefore, relative concentrations 
(A or B) and total concentrations could not be deter- 
mined. Diamonds that are termed “type IaA+B” have 
a sufficiently low concentration of nitrogen aggre- 
gates to allow us to evaluate specific aggregates and 
concentrations. A small percentage (3%) of diamonds 
colored by H defects were in this category, and most 
of these were type IaA>B. 


GR1. Diamonds colored by GRI varied greatly in ni- 
trogen concentration from type Ila (no measurable 
nitrogen) up through a measurable total nitrogen 
concentration of several hundred ppm; none of those 
surveyed from the subset of 500 diamonds were sat- 
urated type Ia. About one-third (41 of 132) of the di- 
amonds colored by GR1 were type Ia. Of these, 74% 
were blue (the remaining were green-blue or a few 
gray). Among the type IaA+B diamonds, most were 
green-blue (58%). Nitrogen concentrations were cal- 
culated for the IaA+B diamonds colored by GR1, and 
little correlation with bodycolor was noted; however, 
the highest total nitrogen concentrations were noted 
for the green-blue diamonds with Fancy Vivid to 
Fancy Deep color grades. Most of the diamonds were 
type IaAB with A<B, and most had a total nitrogen 
concentration ranging from 100 to 300 ppm. 


Inclusions. The diamonds colored by inclusions 
spanned all nitrogen aggregation combinations (type 
IaA, IaAB, or IaB). In contrast, Fancy white diamonds 
are almost always type IaB. 


Optical Absorption. Visible/near-infrared spectroscopy 
measures the color center absorptions that produce 
the color we see in a diamond. In the “Causes of 
Color” section, we discussed the primary visible ab- 
sorption features responsible for color in these dia- 
monds due to boron, GR1, and hydrogen-related 
defects. 

The optical absorption spectra for diamonds col- 
ored by boron or inclusions generally have minimal 
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usefulness (figures 4A and 4D). Type IIb diamonds 
show only a slope of decreasing absorption from the 
IR to UV regions, while diamonds colored by inclu- 
sions will typically just show cape-related features 
(e.g., N2 and N3), which do not explain the gray col- 
oration. In these cases, the optical absorption spectra 
serve to eliminate other potential causes of color and 
to provide confirmation of separate gemological ob- 
servations (e.g., IR absorption, PL spectra, and phos- 
phorescence for type Ilb diamonds, as well as 
microscopy for inclusion-related diamond color). 


Hydrogen Defects. For H-rich diamonds, several 
peaks are commonly observed in addition to the 
major absorption bands discussed earlier. Most of the 
unmodified gray diamonds in this category (70%) 
showed N2/N3 peaks, even in those with pro- 
nounced bands at around 530 and 720 nm; however, 
N2/N3 peaks were seen in very few diamonds with 
a blue or violet color (figure 4B and figure 6). The 551 
nm feature was seen in most diamonds with blue or 
violet coloration (94%], and in very few gray dia- 
monds (13%). A few diamonds also showed a narrow 
peak at about 594 nm and weak peaks at 503, 615, 
620, 631, and 671 nm. 


GR1. Radiation damage in diamond produces a num- 
ber of defect centers in optical spectra in addition to 
the primary GR1 color center. The most commonly 
observed defects occur at 595 and 667 nm. The 595 
nm center is a defect of uncertain structure consist- 
ing of nitrogen atoms and vacancies and is no longer 
detected after annealing above 1000°C (figure 4C). 
The 667 nm center consists of a carbon interstitial (a 
term used for an atom within the crystal structure 
that is not positioned at a standard lattice position; 
Green, 2013; Breeding et al., 2018) that anneals out 
at 400-500°C (Zaitsev, 2003). 


PHOTOLUMINESCENCE SPECTROSCOPY 
Photoluminescence (PL) spectroscopy is one of the 
most sensitive and useful techniques for defect char- 
acterization in diamond. This method uses lasers of 
different wavelengths to produce emission spectra 
that reveal the defects present in a stone. Defects oc- 
curring at concentrations as low as the ppb level can 
easily be detected using this method (Eaton-Magana 
and Breeding, 2016). 


Boron. The PL spectra of type IIb diamonds have 
peaks that are generally not detected in diamonds 
without boron. These include features at 648.2 nm 
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PL SPECTRA 


Figure 16. PL spectra 
from type IIb diamonds 
(top) and hydrogen-rich 
(bottom) blue/gray/ 
violet diamonds aid in 
identification. Among 


type IIb diamonds (top), 
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the 3H, 648.2 nm, GR1, 
and 776.4 nm peaks are 
common, while nitrogen- 
related peaks (such as 
NV°) are less often 
observed. Among H-de- 
fect diamonds (bottom), 
nickel-related peaks 
dominate the PL spec- 
tra. Intrinsic diamond 
Raman lines have been 
removed for clarity. 
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(identified as boron-interstitial; Green, 2013) and 
776.4 nm (tentatively assigned as a boron-vacancy 
complex; Eaton-Magania and Ardon, 2016). Addition- 
ally, nearly all natural type IIb diamonds have the in- 
terstitial-related 3H peak (ZPL at 503.5 nm). 
Nitrogen-related defects are only rarely observed, and 
generally only as NV° at 575 nm (figure 16, top). 


Hydrogen Defects. The PL spectra for diamonds col- 
ored by hydrogen defects generally show a high 
number of nickel-related peaks (figure 16, bottom) 
Iakoubovskii and Adriaenssens, 2002, Fritsch et al., 
2007; van der Bogert et al., 2009). Similar Ni-related 
PL spectra are commonly seen in chameleon dia- 
monds (Hainschwang et al., 2005) and mixed-habit di- 
amonds (Lang et al., 2004; Yelisseyev and Kanda, 
2.007; Eaton-Magafia et al., 2017a). The nickel-related 
peaks occur at 523.4, 603, 694, 700, 926, and 948 nm; 
those with greatest intensity occur at 700 and 926 
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nm. Although these peaks are ascribed to nickel—and 
some, such as the 926 nm peak, are proposed as Ni- 
N defects (e.g., Hainschwang et al., 2005)—the spe- 
cific composition, charge state, and interrelationships 
between the various detected peaks are currently un- 
known. 


GR1. PL spectra collected from diamonds colored by 
GRI can be quite variable due to irregular distribu- 
tions of radiation damage across a stone’s surface and 
interior. PL features related to radiation damage are 
also dramatically affected by heating, even to rela- 
tively low temperatures of a few hundred degrees 
(Eaton-Magana and Moe, 2016). The strongest PL 
peaks in these green-blue to blue diamonds are va- 
cancy-related defects such as GR1 (ZPL at 741.2 nm), 
interstitial-related peaks such as 3H (503.5 nm), and 
nitrogen-related defects such as H4 (495.9 nm), H3 
(503.2 nm), NV° (575 nm), and NV- (637 nm). 
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Inclusions. PL spectra of gray diamonds colored by 
inclusions can vary depending on whether or not the 
spectra were collected from an included region. Typ- 
ically, most PL centers are found to have higher in- 
tensity in the gray, inclusion-rich sectors than in the 
colorless, inclusion-poor sectors (Eaton-Magania et 
al., 2017a). These include nitrogen- and/or vacancy- 
related centers such as $3, H3, 612.4 nm, GR1, and 
H2, along with the nickel-related centers with peaks 
at 523.4, 603, 694, 700, 926, and 948 nm. Although 
these latter peaks are correlated with nickel, the spe- 
cific compositions are currently unknown. In con- 
trast, the NV- (637 nm) center is stronger in colorless, 
inclusion-poor sectors. 


IDENTIFICATION CONCERNS 

Boron. Type IIb diamonds may be subjected to 
HPHT treatment to reduce the grayish component 
(comparable to HPHT treatment that reduces the 
brownish component in type Ila diamonds; Fisher et 
al., 2009). Blue HPHT synthetic diamonds are com- 
monly produced at large sizes (Moe et al., 2016). 
However, there are very few difficulties separating 
natural-color blue diamonds from type IIb treated or 
synthetic diamonds, and they are reliably distin- 
guished based on DiamondView imaging and/or PL 
spectroscopy. 


GR1. Like their green counterparts, blue diamonds 
colored by GR1 receive a higher than standard inci- 
dence of “Undetermined” color origin reports from 
gemological laboratories. As with green diamonds 
colored by GRI1, the presence of radiation stains is 
helpful in establishing a natural origin for irradiated 
blue diamonds. 


Hydrogen Defects. There is no known method of 
treatment to mimic H-related defects in natural dia- 
monds in this color range. The hydrogen-related peak 
at 3107 cm in the IR region has been correlated with 
the optical absorption defects causing these colors. 
While the 3107 cm" peak can be increased with an- 
nealing or introduced in synthetic diamonds, those 
laboratory processes do not create the associated ab- 
sorption of the hydrogen band at 835 nm in optical 
absorption spectroscopy or the other features seen in 
these blue/gray/violet diamonds. 


Inclusions. There is no known method of treatment 
to mimic the micro-inclusions in natural diamonds 
in this color range. Heating of mixed-habit type IaAB 
diamonds containing micro-inclusions of graphite 
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causes these inclusions to enlarge; the diamonds be- 
come darker gray and ultimately black. The graphite 
inclusions in such heated black diamonds often have 
a distinctive hexagonal morphology (Eaton-Magana 
et al., 2017a). Low-quality CVD synthetic diamonds 
can have graphitic inclusions along with pinpoint in- 
clusions resembling clouds; additionally, many have 
a gray color grade (Eaton-Magana and Shigley, 2016). 
But CVD synthetics in this color range are always 
type Ila with distinctive DiamondView features and 
PL spectra. 

In the last few years, GIA’s laboratory has seen a 
much higher quantity of these diamonds. When we 
examined 500 of the blue/gray/violet diamonds in 
greater detail, 37 of them owed their color to inclu- 
sions. Of these, 31 were submitted between 2013 and 
2016, with the remaining six submitted from 2008 
to 2012. 


UNUSUAL EXAMPLES 
Less than 1% of the diamonds in the blue/gray/violet 
range attributed their color to a weak 480 nm band. 
All of these diamonds were gray. Typically, diamonds 
with a 480 nm band show chameleon behavior or a 
yellow-orange coloration. A majority of chameleon 
diamonds have gray as a color modifier (Breeding et 
al., 2018). These few gray diamonds are likely on the 
extremely low end of color saturation for chameleons, 
and they have insufficient visible absorption features 
to present any color besides gray. As with the gray di- 
amonds colored by inclusions, these gray chameleon 
diamonds also tend toward warmer tones instead of 
the cooler, bluish tones of gray type IIb diamonds. 
Generally, diamonds that show a 480 nm band in 
their optical absorption spectra have strong yellow 
fluorescence to both long- and short-wave UV radia- 
tion and weak yellow phosphorescence to short- 
wave UV. The gray diamonds with a 480 nm band 
studied here did as well. Very little is known about 
the defect causing this band. 


OUTLOOK 

In this article we have discussed the four major 
causes of blue/gray/violet color in gem diamonds. 
Based on the results obtained for the randomly se- 
lected subset of 500 diamonds from the 15,000+ dia- 
monds in this color range, these four groups comprise 
over 99% of the natural-color blue diamonds seen at 
GIA’s laboratories in the last decade. As with all nat- 
ural diamonds, these gems act as messengers from 
deep within the earth. The type IIb diamonds in par- 
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ticular, which include several with large size and sat- 
urated hue, have captivated royalty and other gem 
connoisseurs for centuries. 

Although many famous and historical blue dia- 
monds were once found in India, today most type IIb 
diamonds are sourced from South Africa’s Cullinan 
mine, and most hydrogen-defect diamonds come 
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BLACK DIAMONDS FROM MARANGE 
(ZIMBABWE): A RESULT OF NATURAL 
IRRADIATION AND GRAPHITE INCLUSIONS 


Karen V. Smit, Elina Myagkaya, Stephanie Persaud, and Wuyi Wang 


This study investigates the color origin of 40 natural Fancy Dark brown-black round brilliant diamonds from the 
Marange alluvial deposits in eastern Zimbabwe. Visual observations show that the dark appearance of the 
Marange diamonds is due to a combination of graphite micro-inclusions (associated with methane), graphite 
needles, and dark brown radiation stains that occur along internal fractures. The GR1 (V°) defect, typically 
formed during natural and artificial irradiation, is observed in the optical spectra of 43% of the diamonds, al- 
though its intensity is too low to significantly impact the bodycolor. Natural irradiation in these diamonds is 
likely related to their billion-year residence in the Umkondo conglomerate, which is known to contain radioac- 
tive minerals such as zircon. Aside from radiation staining, irradiation-damaged diamond appears non-lumines- 
cent in DiamondView images and shows a weaker, broader diamond peak (at 1332 cm~') in Raman spectroscopy. 
Brown coloration of the radiation stains is due to heating of the diamonds during later regional metamorphism, 


which also facilitated the formation of the H3 (NVN°) and NiN complexes. 


have either natural or treated color origin. 

Natural black diamonds are usually colored 
by inclusions of sulfides, graphite, magnetite, 
hematite, or iron-bearing inclusions (e.g., Titkov et 
al., 2003). A rare natural diamond (of undisclosed ge- 
ographic origin) colored by abundant brown radiation 
stains has previously been examined by GIA’s Carls- 
bad laboratory (Ardon, 2013). Treated black dia- 
monds are often those that are heavily fractured 
naturally and then treated at low-pressure and high- 
temperature (LPHT) conditions to graphitize the frac- 
tures and turn them black (Hall and Moses, 2.001, 
Notari, 2002). Artificial irradiation can also produce 
dark colors that appear black (Collins, 1982, 
Kitawaki, 2007). 

The Marange locality in eastern Zimbabwe is well 
known for producing diamonds that contain both oc- 
tahedral and cuboid sectors (mixed-habit diamonds) 
where the cuboid sectors are visible to the eye due to 


[ eres with Fancy black color grades can 
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abundant micro-inclusions of graphite (Rakovan et al., 
2014; Smit et al., 2016). These micro-inclusions, in- 
formally known in the gem trade as “clouds,” give the 
diamonds a brown-gray appearance that lowers their 
value. Heat treatment of these lower-quality graphite- 
containing Marange diamonds has the potential to in- 
troduce gem-quality treated black diamonds into the 
market. In natural diamonds, these graphite micro-in- 
clusions are around 1 um in diameter; during heating 
above 1200°C, they become larger. After annealing at 
1700°C, the grain size increases to 11-16 pm, causing 
the cuboid sectors to appear opaque black (Eaton-Ma- 
gafia et al., 2017). The challenge for gem laboratories 
is to confidently distinguish these treated black dia- 
monds from naturally occurring black diamonds. 

Here our goal was to document a suite of un- 
treated Marange diamonds, all with Fancy Dark 
brown to Fancy black GIA color grades, so that their 
characteristics could be distinguished from any sus- 
pected treated black diamonds. When viewing the 
samples, however, it became clear that the appear- 
ance of the these dark Marange diamonds was due 
not only to graphite clouds but also to abundant 
graphite needles and dark brown radiation stains oc- 
curring within surface-reaching fractures. 
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Figure 1. Geological map of 
Zimbabwe, northern South 
Africa, and eastern 
Botswana that shows the 
Kaapvaal and Zimbabwe 
cratons and their bounding 
mobile belts. Image taken 
from Smit et al. (2016), 
which is adapted from 
Hanson et al. (2011) and 
McCourt et al. (2004). Kim- 
berlite localities (indicated 
here as diamonds) from 
Moore et al. (2009) and 
Google Maps. Marange al- 
luvial diamonds occur in 
eastern Zimbabwe in sedi- 
ments that were reworked 
from the basal conglomer- 
ate of the ~1.1 Ga 
Umkondo Group (UG; 
Hanson et al., 2004; Moore 
et al., 2009, and references 
therein). The 2.7-2.6 Ga 
Limpopo Belt is divided 
into the CZ (Central Zone), 
NMZ (Northern Marginal 
Zone), and SMZ (Southern 
Marginal Zone). MB is the 
2.1-1.8 Ga Magondi Belt 
(Stowe, 1989; Jacobs et al, 
2008), and MoB is the 0.55 
Ga Mozambique Belt. 
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MARANGE ALLUVIAL DIAMOND LOCALITY 
Primary diamond deposits are always found in asso- 
ciation with extremely old portions of the earth’s 
crust known as cratons (e.g., Clifford, 1966). The 
combined Kaapvaal and Zimbabwe cratons in 
Botswana, South Africa, and Zimbabwe host many of 
the world’s famous diamond mines. For example, the 
Kimberley mines on the southwestern Kaapvaal 
craton are famous as the type locality for kimberlite, 
the primary source rock for diamonds. Also, the 
Karowe mine in central Botswana is an exciting new 
source for super-large colorless diamonds near the 
western margin of the Zimbabwe craton (www.lucara 
diamond.com). 

The Marange alluvial diamonds occur on the Zim- 
babwe craton near the Zimbabwe-Mozambique bor- 
der. The Zimbabwe craton comprises 3.6 to 3.5 Ga 
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basement granite-greenstone terranes (Wilson, 1990, 
and references therein), although an older Paleo- 
archean heritage is suggested by ~3.9 Ga detrital zir- 
cons (Dodson et al., 1988; Zeh et al., 2014) and 3.97 to 
3.75 Ga chromites from ultramafic intrusions (Nagler 
et al., 1997). The Zimbabwe craton amalgamated with 
the Kaapvaal craton to the south, through successive 
terrane accretions that included the Central Zone of 
the Limpopo Mobile Belt between 2.70 and 2.61 Ga 
(figure 1; Zeh et al., 2009, 2013). 

The Marange diamonds were discovered by De 
Beers in 2001 in >1.1 Ga Umkondo Group conglom- 
erates near the eastern edge of the Zimbabwe craton 
(figure 1; Hanson et al., 2004; Moore et al., 2009). 
These conglomerates were deposited into the 
Umkondo Foreland Basin, through fluvial erosion of 
diamondiferous kimberlites in the more westerly 
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safely protected as it would be with the 
modern locks of today. 

The first form of engraving and carving 
was intaglio and was introduced by the 
Sumerians in the Tigres-Euphrates Valley of 
Southern Mesopotamia about 3300 B.C. 
This method of affixing the signature was 
quickly copied by neighboring nations in 
Asia Minor and for 3,000 years seals were 
used in Babylon (modern Iraq), Syria, 
Hatti, (the Hittites), Assyria, and Persia 
(iran). Cylinder seals remained popular 
until about the 4th century B.C. and several 
thousands still exist in collections today. The 
use of the cylinder seal also spread to Egypt 
but its popularity lasted only a short time 
and it was replaced by the sacred scarab seal. 


ENGRAVED GEMS IN EGYPT 


The scarab originated as an amulet-seal 
which was called Kheper after the creator— 
the sun god Khepera—whose symbol was the 
common beetle (kheper). It was of deep 
religious significance to the sun-worshipping 
Egyptians of the early dynasties. Personal 


* Ancient Egyptian cylinder seal. 


symbols for signature to be impressed in 
wax or clay were inscribed on the broad 
oval base of the carved sacred scarab. For 
about 2,000 years each of seven million 
Egyptians had one or more of these scarabs, 
so it is understandable that a great many 
of them are still in existence. 

As their predecessors, the cylinder seals, 
scarabs were cut intaglio and were drilled 
with a hole for hanging on a cord or 
thong, or for a swivel for mounting in a 


ring. These early ring-type seals were not 
worn on the hands, however. 

From the 9th to the close of the 12th 
dynasty (about 2,000 B.C.) scarabs came 
into general vogue and reached their apex 
of popularity and perfection. Amethyst 
scarabs were common articles of jewelry in 
the Middle Kingdom. Others were fashioned 
in glazed steatite, obsidian, and crystal. 
When the harder stones were used, the 
scarab was often mounted in a band of gold, 
electrum, or silver with the metals also 
forming the base on which the inscription 
was engraved. 


* Clay impression of ancient seal. 


Scaraboids, whose backs were cameolike 
negro heads. or animal forms, instead of the 
regular beetic form of the sacred scarab, 
have been found among relics of the Middle 
Kingdom of Egypt. The base inscriptions of 
these are similar to the scarab seal. 

Although, for some unknown reason, the 
scarab seal disappeared in Egypt about the 
6th century B.C., through the trade routes 
Its use spread to other countries and it re- 
mained the basic gem form until about two 
centuries later. Between 3,000 and 900 B.C. 
when culture flourished in the Mediterra- 
nean Islands, this form of seal was adopted 
by the inhabitants of Crete and Cyprus, as 
well as by the peoples on the mainland of 
the Western World. 

EARLY GREEK ENGRAVING 

Lacking religious importance to the early 
Greeks, the scarab form was nevertheless at 
first used by them in making signets or seals 
and they often imitated Egyptian models in 
blue pottery, glass, and the soft stones. 
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parts of the Zimbabwe craton, and have been locally 
weathered to much softer Quaternary sediments 
(Moore et al., 2009). The primary source kimberlites 
for the Marange diamonds have not been found and, 
due to a lack of studies focusing on mineral inclu- 
sions from these diamonds, their age and source para- 
genesis (eclogitic vs. peridotitic) is unknown. 

Diamonds from Marange first entered the market 
in 2006, and early artisanal mining focused on the 
softer Quaternary sediments. Mining has since been 
mechanized, and several mining companies have op- 
erated in the Marange fields—including Anjin Invest- 
ments, Diamond Mining Company, Gye Nyame 
Resources, Jinan Mining, Kusena Diamonds, Marange 
Resources, and Mbada Diamonds. In 2016, many of 
these operations were acquired by the government- 
controlled Zimbabwe Consolidated Diamond Com- 
pany (ZCDC). 

Marange diamonds are typically large (5-7 ct 
apiece; figure 2) and abundant (with grades ranging 
between 1 and >30 carats per ton), which means they 
were discovered in situ in the conglomerate during 
exploration field work (M. de Wit, pers. comm., 
2016). A unique characteristic of Marange diamonds 
is their thin, non-transparent coating (figure 2). 


134 ~~ Btack DIAMONDS FROM ZIMBABWE 


Figure 2. Rough Marange 
diamonds previously ex- 
amined at GIA. These 
are not the same rough 
from which the black 
diamonds in this study 
were cut, but are shown 
as examples of typical 
rough Marange diamond 
morphologies. These dia- 
monds are generally 
large (5-7 ct each), with 
resorbed morphologies 
and non-transparent 
coatings. Rather than 
arising from fibrous 
growth, these coatings 
are thought to be the re- 
sult of radiation damage 
combined with metamor- 
phic heating (Moore et 
al., 2009, and references 
therein). Photos by Wuyi 
Wang. 
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Rather than arising from fibrous growth, this coating 
is thought to be the result of radiation damage com- 
bined with metamorphic heating (Moore et al., 2009, 
and references therein). 


METHODS 

Optical Absorption Spectroscopy. Optical absorption 
spectra were collected using an Ocean Optics 
HR4000 spectrometer equipped with a charge-cou- 
pled device (CCD) array, a 10 um entrance slit, and 
300 lines/mm grating. The resulting spectral resolu- 
tion is 1.4 nm. Spectra were collected between 380 
and 980 nm while the diamonds were cooled to liq- 
uid nitrogen temperatures (77 K). Integration time for 
each spectrum was 0.5 seconds with 30 accumula- 
tions. 


Fourier-Transform Infrared (FTIR) Spectroscopy. 
FTIR absorption spectra were collected over the 400- 
6000 cm! range using a Thermo Nicolet Nexus 6700 
spectrometer furnished with KBr and quartz beam 
splitters and a diffuse-reflectance infrared Fourier- 
transform (DRIFT) accessory. Spectra were collected 
with a resolution of 1 cm7! and over 32 scans. During 
analyses, the instrument and sample chambers were 
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Figure 3. Table-up images of the 40 natural Fancy Dark brown to Fancy black Marange diamonds from this study. 
The diamonds range between 0.39 and 3.11 ct, and between 4.47 and 8.75 mm in diameter (see table 1). All the 
diamonds have a dark appearance due to graphite needles and abundant radiation stains, except for four with 
dark clouds comprised of micron-sized inclusions of graphite. Photos by Jian Xin (Jae) Liao. 


continuously purged with dry air to minimize atmos- 
pheric contamination. 


DiamondView Imaging. Images of the internal 
growth zoning were obtained using an International 
Institute of Diamond Grading and Research (IIDGR) 
DiamondView instrument, which uses broadband ul- 
traviolet radiation (filtered for 4 < 230 nm) to induce 
luminescence in diamond (Welbourn et al., 1996). In- 
tegration time, aperture size, and gain settings were 
all adjusted between samples to obtain optimal 
brightness and contrast for each image. 


Photoluminescence (PL) Spectroscopy. Photolumi- 
nescence spectra were collected using a Renishaw 
InVia Raman confocal microspectrometer equipped 
with a CCD detector. PL spectra were taken using 
three different laser excitation wavelengths: 488 nm 
(Ar-ion laser), 632.8 nm (He-Ne laser), and 830 nm 
(diode laser). All diamonds were cooled to 77 K by di- 
rect immersion in liquid nitrogen to improve the in- 
tensity and sharpness of any observed peaks. Spectra 
were recorded over the ranges of 490 to 650 nm (488 
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nm excitation], 635 to 850 nm (632.8 nm excitation), 
and 837 to 1000 nm (830 nm excitation). Integration 
times for all spectra were 10 seconds, with 1 accu- 
mulation. Spectra were collected on a RenCam air- 
cooled CCD detector after passing through a 
spectrometer using an 1800 lines/mm grating (488 
and 633 nm excitation) and a 1200 lines/mm grating 
(830 nm excitation). 


RESULTS 

Sample Characteristics. This study is based on 40 
natural round brilliant diamonds from the Marange 
mining operations in Zimbabwe (figure 3). The dia- 
monds all received Fancy Dark brown to Fancy black 
color grades from GIA, and they ranged between 0.39 
and 3.11 ct (table 1). These samples were obtained 
from the trade and had undergone no heat or irradia- 
tion treatments. The overwhelming majority (36 out 
of 40 samples) were heavily fractured and contained 
numerous dark graphitic needle-like inclusions. 
These diamonds had various degrees of brown radia- 
tion stains that were localized along the surface- 
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TABLE 1. Physical and spectroscopic characteristics of the 40 natural brown-black Marange diamonds 


analyzed in this study. 


Sample 
no. 


76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 


136 


Dimensions 
(mm) 


4.47-4.49 x 3.03 
5.99-6.00 x 3.69 
5.96-5.97 x 3.71 
6.15-6.17 x 4.03 
6.06—6.08 x 4.17 
6.18-6.20 x 4.02 
6.24-6.27 x 4.01 
6.13-6.16 x 4.12 
6.31-6.36 x 4.17 
6.10-6.13 x 4.06 
6.14-6.17 x 4.14 
6.23-6.26 x 4.11 
6.06—6.10 x 4.19 
6.46-6.50 x 4.06 
6.32-6.34 x 4.16 
6.34-6.37 x 4.04 
6.32-6.34 x 4.08 
6.55-6.58 x 4.07 
6.53-6.54 x 3.98 
6.35-6.42 x 4.08 
6.32-6.33 x 4.25 
6.43-—6.46 x 4.07 
6.41-6.45 x 4.10 
6.25-6.26 x 4.29 
6.33-6.36 x 4.28 
6.41-6.42 x 4.27 
6.35-6.41 x 4.26 
6.58-6.60 x 4.28 
6.51-6.55 x 4.29 
6.62—6.64 x 4.40 
6.58-6.62 x 4.27 
6.46-6.49 x 4.50 
6.67-6.68 x 4.55 
6.72-6.73 x 4.53 
7.16-7.21 x 4.26 
7.02—7.03 x 4.57 
7.00—7.04 x 4.70 
7.45-7.48 x 4.62 
8.20-8.26 x 5.21 
8.71-8.75 x 6.07 


Weight 
(carat) 
0.39 
0.83 
0.85 
0.99 
1.00 
1.00 
1.00 
1.01 
1.09 
1.03 
1.03 
1.03 
1.05 
1.06 
1.06 
1.06 
1.07 
1.10 
1.09 
1.09 
1.10 
1.12 
1.11 
1.12 
1.12 
1.14 
1.14 
1.18 
1.19 
1.27 
1.26 
1.27 


3050cm™" GRIin  GRq in ' ; 700.5 Ni 926 nm Ni 

Givcolorgade CHipenk optical 63am PL 4esamPL e30nmPL ,Pmkin, Prati, 
Fancy black x x x 
Fancy black x x x 
Fancy Dark brown x x x x x 
Fancy black x x x x 
Fancy black x x x 
Fancy black x x x x 
Fancy black x x x x x 
Fancy Dark brown x x x x 
Fancy Dark brown x x x x x x 
Fancy black x x x 
Fancy Dark brown x x x x x x 
Fancy Dark gray x x x x x 
Fancy black x x x x 
Fancy black x x x x 
Fancy black x x rs x 
Fancy black x x x 
Fancy black x x 
Fancy black x x x 
Fancy black x x x x 
Fancy black x x x x 
Fancy black x x x x 
Fancy black x x x x x 
Fancy black x x x x x 
Fancy black x x x x x x 
Fancy black x x x x x x 
Fancy black x x x 
Fancy black x x x x 
Fancy black x x x x 
Fancy black x x x 
Fancy black x x x x x 
Fancy black x x x x x 
Fancy black x x x x 
Fancy black x x x x 
Fancy black x x x 
Fancy black x x x x x 
Fancy black x x x x x x 
Fancy black x x x x x 
Fancy black x x x x 
Fancy black x x x x x 
Fancy black x x x x x 
Number 17 20 35 8 33 40 

Percentage 42.5 50 87.5 20 82.5 100 
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Figure 4. Optical absorp- 
tion spectra (77 K) of all 
the samples in the suite. 
Weak GR1 (V° at 741 nm) 
was observed in 43% of 
the samples. Two samples 
with the highest-intensity 
GR1 are 84 (maroon spec- 
trum) and 114 (teal spec- 
trum). GR1 was 
accompanied by the 594 
nm peak associated with 
annealing after irradiation 
(Collins et al., 1986). All 
samples have an absorp- 
tion continuum with an 
increasing slope toward 
the ultraviolet. This may 
be intrinsic in part and due 
to vacancy Clusters, but 
analytical artifacts cannot 
be ruled out (see text for 


600 700 
WAVELENGTH (nm) 


reaching fractures. The original bodycolor of the di- 
amonds was obscured by the presence of fractures, 
dark inclusions, and radiation stains. Four samples 
(77, 78, 83, and 104; see figure 3) were not heavily 
fractured and instead contained clouds of dark pin- 
point (or micro-) inclusions. 


Origin of Dark Appearance and Color. Any defects 
that are present in the visible spectrum (390 to 700 
nm) and in sufficient concentration to be detected by 
optical absorption spectroscopy can influence the 
bodycolor of a diamond. 

The optical absorption spectra for all the samples 
had a slight absorption continuum with an increas- 
ing slope toward the ultraviolet (figure 4). Brown di- 
amonds typically have such an absorption slope, 
which is attributed to vacancy clusters formed along 
deformation lamellae (Fisher et al., 2009). However, 
the spectra for this study were obtained on faceted 
diamonds, and the instrument’s integrating sphere 
made accurate baseline subtraction a challenge. This 
means that while we cannot discount that there 
may be an intrinsic absorption continuum in some 
samples, any observed slope may also be an analyt- 
ical artifact. 

Very weak GRI1 (741 nm) was visible in 17 out of 
the 40 diamonds (43%) (figure 4). The two diamonds 
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further details). 


with the highest-intensity GR1 in optical absorption 
were samples 84 and 114 (maroon and teal in figure 
4). GR1 is the neutral vacancy defect (V°), produced 
during both natural and artificial irradiation (Clark 
et al., 1956). Where GR1 is present in the optical ab- 
sorption spectra, the 594 nm peak is also seen (figure 


In Brief 


e The Marange alluvial deposits in Zimbabwe produce 
many naturally irradiated diamonds. 

e The abundance of brown radiation stains combined 
with the intense fracturing impart a dark bodycolor to 
the diamond. 

e Some Marange diamonds are colored by “clouds” of 
graphite micro-inclusions that are restricted to cuboid 
growth sectors. 


4), indicating that natural annealing and associated va- 
cancy migration occurred (Collins et al., 1986). These 
features are most likely related to the brown radiation 
stains visible on the surface of the diamonds. Typi- 
cally, these stains do not penetrate deep into the dia- 
mond (<30 um; see Crookes, 1904; Wagner, 1914; Lind 
and Barwell, 1923). With optical absorption spec- 
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troscopy, the entire thickness of the diamond is sam- 
pled, so the signal from irradiation-related defects is 
diluted. This may explain why the peak intensities of 
GRI1 and 594 nm are low, whereas there are abundant 
radiation spots visible on the surface and along frac- 
tures. The dark appearance of the diamonds is there- 
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Figure 5. The appear- 
ance of these two dia- 
monds is dominated by 
black graphitic needles, 
with very few brown ra- 
diation stains. These 
graphite needles are all 
significantly larger than 
the micron-sized 
graphite inclusions 
forming the dark clouds 
in figure 9. Photos by 
Karen Smit. 


fore related to the combined presence of dark mineral 
inclusions and abundant brown radiation stains. 

The majority of samples were colored by graphite 
needles (figure 5) along with brown radiation stains 
occurring along surface-reaching internal fractures 
(figures 6 and 7). Marange diamonds have previously 


Figure 6. Images of two 
diamonds that are only 
lightly colored by 
brown radiation stains 
along internal frac- 
tures, but also contain 
abundant graphite nee- 
dles. These graphite 
needles are all signifi- 
cantly larger than the 
micron-sized graphite 
inclusions forming the 
dark clouds in figure 9. 
Photos by Karen Smit. 
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been described with both green and brown radiation 
stains (Breeding and Wang, 2014; Eaton-Magania et 
al., 2017; and unpublished GIA data). In all 40 sam- 
ples described for this study, however, only brown ra- 
diation stains were observed (figure 8). 

Four of the diamonds were not colored by 
graphite needles or brown radiation stains. Instead, 
their dark appearance was due to clouds of graphitic 
micro-inclusions (figures 3 and 9), similar to 
Marange diamond samples described in Smit et al. 
(2016) and Eaton-Magania et al. (2017). These clouds 
appear to correlate with growth zones within the di- 


Figure 7. These two dia- 
monds have the dark- 
est appearance due to 
abundant brown radia- 
tion stains, combined 
with graphite needles. 
These graphite needles 
are all significantly 
larger than the micron- 
sized graphite inclu- 
sions forming the dark 
gray to black clouds in 
figure 9. Photos by 
Karen Smit. 


amonds (figures 9 and 10). These four samples did 
appear to have a brown bodycolor that might have 
been due to the absorption continuum seen in the 
optical absorption spectra (again, see figure 4) and 
was likely related to vacancy clusters formed in the 
diamond lattice through deformation (Fisher et al., 
2009). 


Nitrogen and Other Defects Observed in FTIR Spec- 
tra. Due to high amounts of nitrogen, the nitrogen 
concentration and nitrogen aggregation characteristics 
of the Marange diamonds in this study could not be 


Figure 8. Individual brown radiation stains visible within fractures. This feature is most consistent with natu- 
ral radioactive fluids infiltrating the diamond along the fractures, and it would not be produced by artificial 


irradiation. Photos by Karen Smit. 
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quantified. Previously, FTIR mapping across thin (0.5 
mm) Marange diamond plates has allowed for quan- 
tification of nitrogen in the one phonon region. Smit 
et al. (2016) reported FTIR-determined nitrogen con- 
centrations between 971 ppma and 2628 ppma, all 
with less than 30% of nitrogen occurring as B centers 
(N,V, where V is a vacancy). All 40 diamonds in this 
current study had strong VN,H peaks (Goss et al., 
2014) at 3107 cm”! (stretching mode) and 1405 cm"! 
(bending mode}, as well as many other hydrogen-re- 
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Figure 9. Images of the 
four diamonds that 
contain clouds of 
micron-sized inclusions 
of graphite that impart 
a dark appearance to 
the diamonds. Graphite 
in Marange diamonds 
has previously been 
found to occur in asso- 
ciation with methane 
fluid inclusions (Smit 
et al., 2016). Also visi- 
ble in sample 78 are 
radiation stains along 
the fractures in the dia- 
mond. Photos by Karen 
Smit. 


lated defects in the 3050-3311 cm! region (figure 11). 
A small 3050 cm"! peak seen in 17 of the 40 diamonds 
(42.5%) is indicative of methane (Benedetti et al., 
1999, Teinturier et al., 2002; see figure 11). 

Previous studies have noted the spatial association 
of methane and graphite micro-inclusions exclusively 
in the cuboid sectors of Marange diamonds (e.g., Smit 
et al., 2016). All diamonds in this study that contain 
methane peaks in FTIR also contain graphitic micro- 
inclusions (figure 9 and table 1). Based on our previous 
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Figure 10. DiamondView 
and visible-light images of 
two diamonds that are col- 
ored exclusively by clouds 
comprised of micron-sized 
inclusions of graphite 
(causing the dark appear- 
ance). These diamonds dis- 
play cuboctahedral growth, 
with graphite micro-inclu- 
sions (clouds) that occur 
only within the cuboid sec- 
tors. Graphite in Marange 
diamonds is associated 
with methane fluid inclu- 
sions (Smit et al., 2016) as 
well as Ni-N defects that 
luminesce a green-yellow 
color with UV excitation 
(Rondeau et al., 2004; Lang 
et al., 2004; Howell et al., 
2013; Rakovan et al., 2014). 
Photos and images by 
Karen Smit. 


work on Marange diamonds, graphite is reasonably as- _ the other hydrogen-related FTIR features are all con- 
sumed to occur in the cuboid sectors. Additionally, sistent with previously described Marange diamonds 
high nitrogen contents, the presence of methane, and _ (Smit et al., 2016; Eaton-Magana et al., 2017). 
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(77 K) taken with a 633 
nm laser excitation 
source. In all spectra, 
the diamond Raman 
peak (R) is normalized 
to an intensity of 1 so 
that the intensities of 
PL peaks in different 
samples are compara- 
ble. GR1 (741 nm) is 
observed in 50% of the 
633 nm PL spectra 
compared to 43% of op- 
tical absorption spec- 
tra, due to the 
enhanced sensitivity of 
the PL technique. Also 
shown are peaks re- 
lated to NiN, at 700.5, 


WAVELENGTH (nm) 


Defects Observed in PL Spectra. Defects that are only 
detectable by PL spectroscopy and not present in suf- 
ficient quantities to be detected through optical ab- 
sorption spectroscopy have no influence on the 
bodycolor of diamonds. Nevertheless, these defects 
can provide important information on the diamonds’ 
geological history. 


Nickel-Related Defects. Nickel-related defects were 
observed in all 40 samples in this suite (again, see table 
1). Previous studies of Marange and other mixed-habit 
diamonds have shown that these Ni-related defects 
only occur in the cuboid sectors (Lang et al., 2004; Ron- 
deau et al., 2004; Howell et al., 2013; Smit et al., 2016). 
In this study, PL spectra were collected randomly, and 
as such are representative of the bulk diamond, so sec- 
tor-dependent Ni incorporation was not evaluated. 
However, the observation of Ni-related defects in all 
40 samples suggests at least some cuboid growth in all 
of the samples. Peaks at 700.5, 788, and 793 nm (ob- 
served using 633 nm laser excitation) as well as 926 
nm (830 nm laser excitation) relate to NiN, complexes 
that can form during high-temperature annealing (Iak- 
oubvskii and Adriaenssens, 2002; Hainschwang et al., 
2005; Yelisseyev and Kanda, 2007; Dischler, 2012; see 
figures 12 and 13). These NiN, complexes (where x = 
1-4) have a basic structure as Ni* in a divacancy inter- 
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r— 788, and 793 nm. 


stitial position with six carbon neighbors (NE4 EPR 
center correlating with 1.4 eV/883 nm optical center; 
Nazaré et al., 1991; Collins, 2000; Lang et al., 2004). 
When N substitutes for the carbon atoms that sur- 
round Ni, the NE1—NE8 EPR centers are created (e.g., 
NE] = NiN, and NE8 = NiN,; Nadolinny et al., 1999; 
Johnston and Mainwood, 2.003). 


Defects Related to Irradiation and Annealing. Since 
PL spectroscopy is more sensitive than optical ab- 
sorption spectroscopy, GR1 (V°} was observed in 50% 
of the 633 nm PL spectra compared to 43 % of the op- 
tical absorption spectra (figure 12 and table 1). H3— 
NVN°? at 503.2 nm—occurred in 35 out of the 40 
Marange diamonds we analyzed for this study (figure 
14). H3 can form through high-temperature anneal- 
ing of diamonds and forms when vacancies migrate 
through the diamond lattice and become trapped at 
A centers (N pairs). H2 is the negative charge state of 
H3—NVN- at 986 nm—and can form by accepting 
an electron from isolated substitutional nitrogen 
(N?). Weak H2 was observed in only eight diamonds 
in this suite (20%; see figure 13 and table 1). Al- 
though Marange diamonds are type IaAB and do not 
have sufficient N? to be detected through FTIR spec- 
troscopy, natural diamonds are known to contain 
trace amounts of N@ that could contribute to H2 for- 
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The gem cutters of the ancient Greek 
civilization did not borrow or copy and a 
sign of powerful folklore is found running 
through the decorations used by them. Ani- 
mals predominate among designs on these 
ancient seals, with birds, fishes, trees, ships, 
vases, buildings, and geometric decorations 
also used. The cult element is also evident 
in this early art, with ceremonial dances and 
sacrificial scenes common. Gods and heroes 
were often used and humans in combat, 
riding in chariots, or in hunting scenes 
were good subject matter. 

With the decay of Mycenaean culture, 
came the Dark Ages of Greece which extend 
down to the 7th century B.C. 

Oriental forms began to appear on the 
seals or cylinders created during this time. 
Flat stones were often used with a bored 
handle. Rough cone shapes, or a flattened 
hemisphere shape were adopted. This prob- 
ably developed later into the scaraboid form 
of the seal whose back showed only the 
cabochon. As the demand for rings in- 
creased in the 6th century, this hump was 
planed off and the flat ring stone—to be 
mounted in a frame of metal or to form the 
bezel of a ring or pendant—was developed. 
Geometrical designs were used, as were also 
a few animals and rudely drawn men. 


ART OF THE IONIAN GREEKS 


In the 7th century B.C. the immigrant 
Greeks of Ionia, which was a portion of the 
West Coast of Asia Minor, introduced a 
new Greek art. This tribe, which had a 
name for considerable 
wealth, were generally original in fashion- 
ing their seals although they were receptive 
to foreign ideas. Animals were popular as 
subject matter, as were the tales of myth- 
ology. 

It is from this period that the mythical 
story of Prometheus had its origination. 
Pliny states that, “according to the fables 
of the poets,” Prometheus was the first man 
to put a small piece of stone (from the 
rock to which he was chained in the Cau- 
casus) into a piece of iron, and “placing it 


effeminacy and 


on his finger, had not only a ring, but also 
a gem-set ring.” Pliny further credits this 
tale of Prometheus’ ring as starting the 
fashion of wearing gem-set rings. 


The Ionians were subdued by the Per- 
sians in the middle of the 6th century B.C. 


From the 7th to the 6th century B.C., the 
art of gem engraving grew rapidly. The 
wheel was now used for cutting harder 
stones and carnelian, chalcedony, banded 
agate, and sardonyx were commonly known. 
Less common were green jasper and rock 
crystal. 


During the period from 600 to 480 
B.C.—known as Archaic Greek—the subjects 
began to show more motion and had lost 
much of their stiff Egyptian form. The 
scope of Archaic subjects was large. Heroes 
and gods in action were used as were natural 
animal forms with the Sphinx most com- 
mon. Figures, though not portraits, were 
often seen, and there was a whole cycle of 
demons and the lower gods. 


There were few inscriptions on the gems 
of this period. One which reads “I am the 
seal of Thyrsis; open me not,” is the most 
pretentious. Several authentic artists’ signa- 
tures have been found from this period. It 
is in this period that the noted gem en- 
graver, Theodorus of Samos (560-522 B.C.) 
is believed to have lived. It is Theodorus who 
is credited with engraving the famous gem 
of Polycrates which was thrown into the 
sea and recovered from the belly of the 
fish. This is, of course, only one of the 
many variants of the ring-fish stories. Several 
writers have claimed that the ring of Po- 
lycrates was an emerald. Pliny, although he 
questions that the ring deposited in the 
temple of Concord by the Empress Augusta 
is Polycrates’ ring, describes it as a sar- 
donyx. 

As the demand for seals increased Solon 
(638-556 B.C.), who had seen the evils of 
seal counterfeiting while traveling in Egypt, 
sponsored a law forbidding an artist to 
keep copies of signets he had cut. 
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Features Observed in DiamondView Images. The 
DiamondView uses a UV source to excite lumines- 
cent defects in the diamond lattice. Similar to 
cathodoluminescence, growth zones within diamond 
are visible if they contain different concentrations of 
defects that may produce different color responses. 
DiamondView images of the Marange diamonds are 
dominated by blue and yellowish green lumines- 
cence, where blue luminescence can be related to 
both “Band A” and/or the N3 (VN,] center (van Wyk, 
1982; Collins, 1992; Welbourn et al., 1996) and the 
yellowish green luminescence could be due to H3 
(NVN?°) and/or the NiN-related defects observed in 
PL spectra (e.g., Welbourn et al., 1989, 1996). 
Cuboctahedral (mixed-habit) growth sectors were 
visible in some samples and most obvious in the dia- 
monds colored exclusively by clouds of graphitic 
micro-inclusions (figures 9 and 10). Following obser- 
vations on a different suite of Marange diamonds, as 
well as mixed-habit diamonds from other localities 
(Lang et al., 2004; Rondeau et al., 2004; Howell et al., 
2013), cuboid sectors always contain the graphite 
clouds and Ni-related defects, whereas the octahedral 
sectors are free of any inclusions and Ni-related de- 
fects (Smit et al., 2016). Based on the close spatial as- 
sociation of graphite and methane in other Marange 
diamonds, the cuboid sectors containing graphite 
clouds in this study can also reasonably be expected 
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Figure 15. Diamond- 
View and visible light 
images of two dia- 
monds that show radia- 
tion stains within 
fractures in the dia- 
mond. Non-luminescent 
regions in the Diamond- 
View images are associ- 
ated with extensive 
radiation damage along 
fractures in the dia- 
monds. Photos and im- 
ages by Karen Smit. 


to contain methane (as identified through bulk FTIR 
analyses; figure 11). 

Areas of irradiation damage on the Marange dia- 
monds showed no luminescence and appeared darker 
than the bulk of the stone (figure 15), features that 
were also observed in diamonds from the Grib mine 
(Arkhangelsk region, Baltic shield; Rubanova et al., 
2009). These non-luminescent areas generally corre- 
late with brown radiation stains that occur both in 
fractures and on the surface, although this is not al- 
ways the case. 


DISCUSSION 

Effect of Irradiation on Marange Diamonds. Alpha 
particles (He ions) produced during **U, ?°U, and 
32Th decay result in radiation damage when they im- 
pact a diamond. These alpha particles have short pen- 
etration depths, so any damage is typically less than 
30 ym into the diamond and results in green col- 
oration (Crookes, 1904; Wagner, 1914, Lind and Bar- 
well, 1923). Where this radiation damage and 
associated vacancy formation (V°/GR1) are localized, 
green radiation stains (or spots) occur (Eaton-Magana 
and Moe, 2016). 

Diamonds with lower nitrogen content may be 
more likely to be damaged by radiation, as vacancy 
concentration has been shown to correlate with ni- 
trogen content (Kiflawi et al., 2007). All 40 Marange 


Gems & GEMOLOGY SUMMER 2018 


diamonds had high nitrogen contents, so any corre- 
lation between nitrogen content and vacancy con- 
centration within this suite is unlikely. 

Abundant radiation stains on the surfaces and 
within fractures indicate that the Marange diamonds 
were exposed to a radioactive source, likely during 
their >1 billion-year residency at the earth’s surface. 
In natural diamonds, green radiation stains result 
when the diamond surface is in contact with miner- 
als rich in uranium and thorium, such as uraninite 
(UO,), for around 10 million years (Vance and 
Milledge, 1972). Zircons (ZrSiO,) contain only trace 
amounts of uranium and would need to be in contact 
with diamond for significantly longer, around one 
billion years, to cause significant radiation damage 
to the diamond lattice (Nasdala et al., 2013). 

Brown color in the radiation stains (figures 6 and 
7) further indicates that these diamonds were heated 
to at least 600°C during their surface residency. 
Green radiation stains start changing to an olive 
color at 500-550°C and turn brown when heated to 
600°C in the laboratory (Vance et al., 1973; Nasdala 
et al., 2013; Eaton-Magana and Moe, 2016). Color 
change of the radiation stains from green to brown 
at 600°C is associated with loss of GR1, although the 
diamond lattice is expected to remain disordered and 
damaged (Nasdala et al., 2013). 


Origin of Radiation and Metamorphism in the 
Marange Alluvial Deposit. Marange diamonds occur 
in Mesoproterozoic (>1.1 Ga) basal conglomerates of 
the Umkondo Group that comprise compositionally 
mature quartz pebble and cobble conglomerate (de 
Wit and Ward, 2014). The conglomerate also contains 
zircon and gold (de Wit and Ward, 2014). Given the 
long residency time of these diamonds at the surface, 
irradiation could have originated from either the 
Meso- to Paleoarchean basement gneisses of the 
Zimbabwe craton or from radioactive minerals (such 
as zircon) in the host Umkondo conglomerate. Al- 
though zircon contains significantly less uranium 
than uraninite, the billion-year residency of the dia- 
monds in the conglomerate would be sufficient to 
cause green radiation stains (e.g., Nasdala et al., 
2013). The Umkondo Group experienced greenschist 
to amphibolite facies metamorphism (Goodwin, 
1996|—likely related to tectonic activity in the 0.55 
Ga Mozambique Belt (see location in figure 1)— 
which would provide the requisite temperatures to 
change these green radiation spots to brown (Vance 
et al., 1973). Heating during metamorphism likely 
also facilitated the formation of the 594 nm and H3 


BLACK DIAMONDS FROM ZIMBABWE 


(NVN?°) defects through vacancy migration, as well 
as formation of the NiN complexes (Lawson and 
Kanda, 1993). 


Other Natural Diamonds with Abundant Radiation 
Stains. Apart from Marange, natural diamonds from 
many other localities show abundant radiation dam- 
age. Diamonds from the 2.8-2.9 Ga Central Rand 
Group of the Witwatersrand Basin (Kaapvaal craton, 
South Africa) show both green and brown radiation 
stains (Williams, 1932). Radiation damage to form the 
initially green radiation stains is consistent with these 
diamonds’ occurrence in uraninite-rich conglomerate 
(Gittus, 1963; Raal and Robinson, 1980). Later heating 
events in the crust must have raised the temperatures 
to at least 600°C for these green stains to turn brown 
(Vance et al., 1973). These events could be related to 
either large-scale Bushveld magmatism at 2.1 Ga (see 
location on figure 1) or Karoo magmatism at the time 
of Gondwana breakup (~180 Ma). 

Similarly, the majority of Guaniamo placer dia- 
monds that occur in the alluvium of the Quebrada 
Grande River (Venezuela) have green radiation stains 
on their surface (Kaminsky et al., 2000; Schulze and 
Nasdala, 2016). The primary source for these dia- 
monds are ~700 Ma kimberlite sills in the area 
(Kaminsky et al., 2000, 2004), and the lack of abun- 
dant brown radiation stains indicates there were no 
significant events that heated the crust more than 
600°C. The source of radiation is still unknown, and 
radioactive grains could be related to Archean crust 
that is a potential source for monazite and zircon, or 
otherwise to the Guaniamo kimberlites that contain 
radioactive pyrochlore (Sharygin et al., 2009). 


SUMMARY AND CONCLUSIONS 

Although there are other occurrences of diamonds 
with natural radiation damage, the Marange locality 
may be unique in its high proportion of diamonds 
with abundant brown radiation stains that give them 
an almost black appearance. This could be due to 
their long residency (>1 Ga) in crustal conglomerates 
that contain highly radioactive minerals, followed by 
high-temperature metamorphism associated with 
the Mozambique belt (Goodwin, 1996). 

Natural diamonds with Fancy black color grades 
and abundant radiation stains (such as the Marange 
samples studied here) are relatively easy to distin- 
guish from any heat-treated or irradiated diamonds 
with similar color grades. Low-clarity diamonds that 
are highly fractured, such as the ones studied here, are 
not expected to survive HPHT treatment. However, 
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these fractured diamonds can be treated at LPHT con- 
ditions to graphitize the fractures and turn them into 
more valuable black diamonds (Hall and Moses, 2001; 
Notari, 2002). Such treatment would cause abundant 
graphitization along internal fractures, which is not 
visible in these Marange diamonds. Artificial irradia- 
tion is not expected to produce the radiation staining 
seen along the fractures, as this feature is most con- 
sistent with natural radioactive fluids infiltrating the 
fractures (figures 6 and 7). 

Radiation stains and graphite needles are not the 
only cause of the dark appearance. A subset of the 
Marange diamonds contain abundant clouds of 
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AN EARLY BYZANTINE ENGRAVED 
ALMANDINE FROM THE GARIBPET 
DEPOSIT, TELANGANA STATE, INDIA: 
EVIDENCE FOR GARNET TRADE ALONG 
THE ANCIENT MARITIME SILK ROAD 


H. Albert Gilg, Karl Schmetzer, and Ulrich Schissler 


An Early Byzantine almandine garnet engraved with a Christian motif and dated to the late sixth to eighth century 
offers insight into trade practices in antiquity. The gemstone was characterized by a combination of nondestructive 
analytical methods including electron microprobe, portable X-ray fluorescence, Raman spectroscopy, and optical 
microscopy. The chemical composition and zoning, in combination with the inclusion assemblage and the distinct 
distribution of inclusions between an inclusion-rich core and an inclusion-poor rim, indicated that the sample 
most likely originated from the large Garibpet deposit in Telangana State, India. The Byzantine intaglio thus fur- 
nishes evidence of garnet transport from the eastern Indian coast to the Mediterranean world during Early Medieval 
times. In so doing, it supports the interpretation of a sixth-century text by the Greek merchant and traveler Cosmas 
Indicopleustes, which describes the export of “alabandenum,” a reference to garnet, from harbors on the southeast 
Indian shore along the ancient Maritime Silk Road. This idea is further buttressed by considering that garnet from 
the Garibpet deposit was used for bead production at the archaeological site of Arikamedu, one of the historical 
ports on the Coromandel Coast in southeast India. Conversely, a comparison with properties of the two predom- 
inant types of almandine used in Merovingian cloisonné jewelry shows that the characteristic mineralogical features 
and therefore the sources of these garnets set in Early Medieval jewelry were different. 


pyrope-almandine, and almandine composi- 

tions were highly esteemed and frequently em- 
ployed for gemstone purposes in Hellenistic and 
Early Roman Imperial times, from about 300 BCE to 
200 cE (e.g., Spier, 1989; Zwierlein-Diehl, 2007; 
Adams, 2011; Thoresen, 2017). With regard to fash- 
ioning, engraved gems were prominent during this 
era but became much rarer during Late Roman Im- 
perial times of the third and fourth century cz (figure 
1), signaling a decline in the art of gem engraving 
(e.g., Entwistle and Adams, 2011). 


R:: to purple garnets of predominantly pyrope, 
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An apparent resurgence in the use of engraved 
gemstones occurred in the middle of the fifth century 
(Spier, 2007, 2011), and the period from the fifth to the 
seventh century saw developments spread across mul- 
tiple localities and cultures. Depending on the focus 
and context, this period may be variously referred to 
as Early Byzantine, Early Medieval, or Merovingian, 
among others. Spier (2011), for instance, suggested the 
existence of a prolific garnet workshop associated with 
the Early Byzantine imperial court in Constantinople 
that specialized in engraving the hard red stone, as 
well as sapphire, during the fifth to the seventh cen- 
tury. The Early Byzantine garnets might thus serve to 
suggest a revival in the Hellenistic to Early Roman Im- 
perial tradition of gem engraving. The earliest and 
finest examples displayed beautiful portraits, for ex- 
ample of Theodosius II, while the quality of later ob- 
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Early Medieval 


Greek and Imperial Roman Merovingian 


Early Byzantine 
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300 300 700 
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Figure 1. This schematic timeline shows the use of 
garnets in different eras within the so-called garnet 
millennium, from 300 BCE to 700 CE. 


jects embellished with doves, eagles, dolphins, and re- 
ligious images or symbols varied substantially. No- 
tably, Early Byzantine engraved garnet seal stones 
comprised a significant proportion of Early Christian 
gems (Spier, 2007). 

Garnets also played a significant role in Early Me- 
dieval (including Merovingian) cloisonné jewelry of 
the fifth to seventh century (e.g., Arrhenius, 1985; Cal- 
ligaro et al., 2002; Gilg et al., 2010; Adams, 2014). 
Largely contemporaneous use of garnet during these 
centuries can likewise be seen with seal stones in pre- 
Islamic Persia and Central Asia (Adams, 2011; Adams 
et al., 2011; Ritter, 2017) and with transparent red 
beads produced for the Indo-Pacific trade network in 
the first millennium cE (Francis, 2002; Carter, 2012, 
2.013, 2016; Borell, 2017; Schmetzer et al., 2017). Evi- 
dence further suggests that manufacture of cloisonné 
jewelry may have begun with the use of non-engraved 
flat ring stones as garnet inlays for polychrome jewelry 
in the Black Sea region (Adams, 2011, 2014). 

More than 4,000 individual garnets from Early Me- 
dieval cloisonné jewelry have been analyzed chemi- 
cally, with the resultant data indicating classification 
into at least six garnet types, clusters, or groups with 
generally distinct features: three of almandine, two of 
pyrope, and one of intermediate pyrope-almandine 
with more variable chemical and inclusion character- 
istics (Quast and Schtissler, 2000; Calligaro et al., 
2.002,, 2006-2007; Mannerstrand and Lundqvist, 2003; 
Périn and Calligaro, 2007; Mathis et al., 2008; Gilg et 
al., 2010; Horvath and Bend6, 2011, Gilg and Gast, 
2012; Gast et al., 2013; Smit et al., 2014; Bugoi et al., 
2.016; Périn and Calligaro, 2016). In contrast, less than 
40 full chemical analyses of Hellenistic, Etruscan, and 
Roman garnets, mostly intaglios and cameos along 
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with a few beads, have been published to date; these 
data were summarized by Thoresen and Schmetzer 
(2013). A portion of these stones demonstrated com- 
positions that overlapped with some types found in 
Early Medieval cloisonné jewelry, but others reflected 
different chemistries, in particular a Ca- and Mn-rich, 
Mg-poor almandine (a fourth type or cluster of alman- 
dine), and likely derived from sources not used to sup- 
ply the Medieval examples. Garnets from the Early 
Byzantine seal stones have not yet been analyzed or 
assigned to specific garnet types or clusters. 

More recently, a detailed study on garnet beads 
from the Arikamedu archaeological site in Tamil 
Nadu State, India, identified a new (fifth) type of al- 
mandine used in antiquity (figure 2). The archaeolog- 
ical context of that site is described in detail by 
Schmetzer et al. (2017). The garnets were character- 
ized by a distinct chemical composition with a con- 
spicuous chemical zoning and a zonal distribution of 
inclusions. These features were shown to correspond 
with those of almandines from the alluvial Garibpet 
deposit in Telangana State, India (Schmetzer et al., 
2017). The Garibpet locality was first described by 
Voysey (1833), and Bauer (1896) similarly mentioned 
it as a secondary occurrence of better-quality gem 
garnets in India. Production figures were then re- 
ported by Mirza (1937), covering a period from 1910 
to 1929. In the current era, the prolific nature of the 


In Brief 


e Anengraved almandine garnet, dated to the late sixth 
to eighth century by art historians through comparison 
of its stepped-cross motif with Byzantine coinage, pro- 
vides insight into trading practices in antiquity. 


¢ Chemical composition and inclusion characteristics in- 
dicate that the gemstone originated from the Garibpet 
deposit in India. Garibpet has also been shown to have 
supplied the rough material for bead production at 
Arikamedu, an early port and trade center on the 
southeast Indian coast. 


A sixth-century Greek text describing export of “ala- 
bandenum’” from the port of Caber, near Arikamedu, 
has been interpreted as a contemporaneous reference 
to shipping of almandine from the Coromandel Coast. 


e The Byzantine gem serves as tangible evidence of gar- 


net trade between India and the Mediterranean world 
along the Maritime Silk Road. 


deposit has continued to be recognized, with litera- 
ture describing a garnet-bearing schist that “consti- 
tutes an entire hill at Garibpet, in the Khammam 
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Arabian Sea 


district” of Telangana State (Phani, 2014). Taken to- 
gether, such references thus chronicle centuries of 
ongoing use of garnets from the deposit. 

An extensive historical role can likewise be docu- 
mented for Arikamedu, an important port, bead pro- 
duction site, and trading center along the Indian 
Ocean during the first millennium cE (Wheeler et al., 
1946; Casal, 1949; Begley et al., 1996, 2004; Francis, 
2.004). Some have even equated Arikamedu with the 
harbor of Podouke (Poduké) mentioned in the Periplus 
Maris Erythraei, a sailing guide for merchants written 
by an anonymous author in the first century CE 
(Raman, 1991). Another important ancient harbor on 
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Bay of Bengal 


Figure 2. This map of 
southern India shows 
the locations of Garibpet 
and Arikamedu on the 
subcontinent, together 
with the ancient harbor 
of Kaveripattinam. 


the Indian east coast (the Coromandel Coast), south 
of Arikamedu, was Kaveripattinam (Rao, 1991a,b; 
Gaur and Sundaresh, 2006; Sundaresh and Gaur, 
2011). The Kaveripattinam port has been associated 
with the Kaberis Emporium cited by Ptolemy (Raman, 
1991) and with a locality referred to as “Caber” by the 
Greek traveler and merchant Cosmas Indicopleustes 
in his mid-sixth century CE text known as Christian 
Topography (Banaji, 2015; an English translation is 
available from Winstedt, 1909, and a modern edition 
with commentary from Schneider, 2011). It has been 
speculated that the text mentioning “Caber, which ex- 
ports alabandenum” refers to shipment of almandine 
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Figure 3. Early Byzantine garnet intaglio with a 
stepped-cross motif, dated from the late sixth to eighth 
century CE. The stone measures 10.1 x 6.1 mm and 

weighs 1.95 ct. Reflected light. Photo by K. Schmetzer. 


garnet (Roth, 1980; Kessler, 2001) on the ancient Mar- 
itime Silk Road (see Ptak, 2007). 

To date, interpretation of the above-cited sixth- 
century text has remained obscure, principally be- 
cause no direct evidence of Garibpet garnets being 
used in the Mediterranean world during the fifth to 
seventh or even eighth century cE has been reported. 
With the aim of probing this question, the present 
study of an Early Byzantine garnet intaglio (figure 3) 
was undertaken. Chemical composition and inclu- 
sion characteristics were examined using non- 
destructive methods. Properties from this sample 
were then compared with those of rough garnets 
from the Garibpet secondary deposit and fashioned 
almandines from Merovingian cloisonné jewelry. 


MATERIAL AND METHODS 

The subject intaglio has been maintained in a private 
collection (Christian Schmidt, Munich, inventory 
number 2847} and is said to be from Israel. The sam- 
ple was previously described by Spier (2011) as cata- 
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logue addition No. 58, plate 37. It came to the atten- 
tion of author HAG while investigating a series of 
engraved historical garnets from various collections. 
After a preliminary examination of the sample’s in- 
clusion pattern that revealed features typical of gar- 
nets from the Garibpet deposit, a more detailed study 
followed. As all analyses of the engraved gemstone 
had to be performed by nondestructive methods, 
only portable X-ray fluorescence (p-XRF) and electron 
microprobe analysis were employed for determining 
the major, minor, and trace-element contents. Appli- 
cation of micro-destructive techniques, such as laser 
ablation-inductively coupled plasma—mass _ spec- 
trometry (LA-ICP-MS], was not possible. 

Chemical analysis was initially achieved with a 
handheld Niton XL3t XRF analyzer by Thermo 
Fisher Scientific, which was equipped with a silver 
anode and a helium purging system. The analysis 
was performed in the bulk mode (“mining mode”) 
with a collection time of 120 s, using four different 
settings for acceleration voltage and beam current. 
The analytical spot size of the primary X-ray beam 
was in the range of 4 x 3 mm, with the beam directed 
toward the inclusion-poor side of the gem. The data 
provided by the automated software were calibrated 
using a set of approximately 30 gem-quality garnets 
that had previously been analyzed by electron micro- 
probe, particle-induced X-ray emission (PIXE), and 
LA-ICP-MS, normalized to 100 wt.%. The detection 
limits were ~1 wt.% for MgO; ~100 ppm for Ti, Cr, 
and V, ~50 ppm for Zn; and ~25 ppm for Zr and Y. 

Electron microprobe analysis was carried out on 
a JEOL JXA 8800L microprobe with wavelength- 
dispersive channels. Analytical conditions were as 
follows: 15 kV accelerating voltage, 20 nA beam cur- 
rent, 1 ym beam diameter, and counting times of 20 
s for peak positions and 20 s for background. Natural 
and synthetic silicate and oxide mineral standards or 
pure element standards supplied by Cameca were 
used for calibration (i.e., andradite for Si and Ca, 
hematite for Fe, Cr,O, for Cr, corundum for Al, 
Mn TiO, for Mn and Ti, and MgO for Mg). Ka radia- 
tion was utilized in the process. Matrix correction 
was performed by a ZAF procedure. Under these con- 
ditions, the detection limit was ~0.05 wt.% for most 
elements, and the analytical precision was better 
than 1% relative for all major elements. The propor- 
tion of end members was calculated from the chem- 
ical analyses using the methods of Locock (2008). 

Optical investigations and documentation were 
performed with a Schneider immersion microscope 
with Zeiss optics, a Leica DM LM polarizing micro- 
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Figure 4. The Early 
Byzantine garnet in- 
taglio displays an in- 
clusion-rich core, 
slightly decentered to 
the right side of the 
stepped cross, and a 
more transparent rim. 
Three areas analyzed 
by electron microprobe 
are marked C (core), R 
(rim), and I (intermedi- 
ate zone). Transmitted 
light. Photo by H.A. 
Gilg. 


scope with transmitted and reflected light sources, 
and an Olympus stereomicroscope, the latter two 
both equipped with an Olympus DP25 digital camera 
and Olympus Stream Motion software. Selected min- 
eral phases were identified by micro-Raman spec- 
troscopy using a Horiba Jobin Yvon XploRA PLUS 
confocal Raman microscope. The spectrometer was 
equipped with a frequency-doubled Nd:YAG laser 
(532 nm, with a maximum power of 22.5 mW) and 
an Olympus LMPLFLN 100x long-working-distance 
objective with a numerical aperture of 0.9. 


PROPERTIES OF THE ENGRAVED ALMANDINE 
AND COMPARISON WITH GARNETS FROM 
THE GARIBPET DEPOSIT 


Visual Appearance. The historical garnet (figure 3) 
was red and had been fashioned as an oval, strongly 
convex cabochon with a concave back. The cabochon 
measured 10.1 x 6.1 mm, with a height of 4.4 mm 
from the base to the tip of the dome, and weighed 1.95 
ct. The gemstone depicted a simple cross with three 
steps, and the presence of specific grooves indicated 
that the design had been engraved using a wheel. This 
stepped-cross motif—probably depicting the bejew- 
eled cross of Theodosius II at Golgotha—first appeared 
in Byzantine coinage at the end of the sixth century, 
in solidi of Roman Emperor Tiberius II Constantine, 
but the design was also common in the seventh and 
eighth centuries (Brubaker and Haldon, 2001; 
Brubaker, 2012). Accordingly, gemstones engraved 
with this motif can be dated to the period from the 
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late sixth to the eighth century (Spier, 2011). The main 
usage of garnets in this period, however, is related to 
the sixth and seventh century, with a decline in the 
second half of the seventh and a rapid decline in the 
eighth century (J. Spier, pers. comm., 2018). 

The garnet showed a slightly decentered inclusion- 
rich area (core) that was surrounded by an inclusion- 
poor, more transparent zone (rim). A small fracture 
with brownish secondary staining was also seen (fig- 
ures 3 and 4). 


Chemical Composition. Three areas on the convex 
side of the intaglio were examined chemically via 
electron microprobe, with several point analyses in 
each area. Analysis positions are indicated in figure 
4. These included the central part of the inclusion- 
rich core (C); the inner part of the more transparent, 
inclusion-poor rim (R); and an intermediate area (I) lo- 
cated between the core and the rim. Due to the un- 
even form of the cabochon, a separate mounting of 
the garnet was necessary for each sequence. Analyses 
of a given area that totaled between 98 and 101 wt.% 
oxides signaled acceptable analytical results, despite 
the difficult measurement geometry of the curved sur- 
face. Analyses below 98 wt.% oxides, stemming either 
from the uneven surface or from inclusions struck by 
the electron beam, were rejected. The results are sum- 
marized in table 1 and compared with chemical prop- 
erties of garnets from Garibpet and from Merovingian 
cloisonné jewelry (see below) in table 2. 

The electron microprobe analyses revealed that the 
engraved gem was a member of the pyrope-almandine 
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ETRUSCAN SCARABS 

The finest Etruscan (northern Italy) seals 
of the 6th and Sth centuries B.C. are in 
the form of the scarab. During the early 
part of this period the seals used by the 
Etruscans were undoubtedly made by Greek 
artists. By the 5th century B.C., however, 
they had learned to make their own seals. 
Generally, the intaglio of the seal was poor 
but the scarab was worked out by them 
with great care. The stone most commonly 
used by the Etruscans was the carnelian. 
Banded agate and sardonyx were not un- 
common. The Etruscan was mostly an imi- 
tator and he filled the entire available space 
on the seal with carving. 

The Etruscans seem to have had a special 
taste for scenes of violence—fighting, blood- 
shed, and death. Pictures were largely used 
as subject matter and most of them showed 
action. Although the designs may have been 
drawn from the hero element, it is possible 
that they depicted domestic scenes in the 
life of the owner. The myth of Prometheus 
bound on the rock was often pictured. In- 
scriptions were common. 

In the 4th century, style lost all trace of 
severity and inscriptions are generally 
lacking. 

Forgeries during the early 19th century 
were especially directed toward these Etrus- 
can scarabs. 

PURE GREEK GEMS 

The best period of pure Greek art was 
from 480 to 400 B.C., but, unfortunately, 
few examples from this period exist today. 
The school of Attic art shows a much higher 
artistic merit, with more subtle accuracy in 


¢ Impressions of ancient seals. 


interpreting the subject matter. The scarab 
now begins to fall into the background and 
the scaraboid is adopted as the growing 
style for seals. 

Seals are of considerable size and thick- 
ness with the curvature on the back apt to 
be pronounced. Several — produced around 
the time of Alexander the Great — show a 
convex face and back. 

Stones which were set solid in rings have 
also been found from around the period of 
400 B.C. From that date on, ring stones 
outnumber the scaraboid forms. A few cylin- 
der seals have been found from the period 
between 450 and 400 B.C. 

In Asia Minor and the islands, particu- 
larly, chalcedony predominated as the popu- 
lar material used. Next came carnelian, 
banded agate, and sardonyx, with some rock 
crystal. Sard and lapis lazuli were rarely 
used, while glass pastes were abundant. 

In the period between 450 and 400, when 
the best engraved gems ever known were 
produced, there was perfect freedom of ar- 
tistic style, plus breadth and largeness of 
conception with pure beauty expressed. Fore- 
shortening was now attempted by the artists. 

Gods, demons, and heroes were replaced 
by purely human subjects. Portraits on gems 
first appeared in the Sth century, but only 
two or three authentic ones survive today. 
Symbolic designs were now rarely used. 
Gems bearing inscriptions increased in this 
period. 

Xenophon the Greek states (400-401 
B.C.) that rings sét with an intaglio were 
worn by many of his fellow soldiers. At 
that time, in Greece, ring wearing other 


TABLE 1. Chemical properties of the Early Byzantine engraved gemstone from this study. 


Sample Position, Position, portable X-ray 
electron microprobe analyses fluorescence analysis 
Major and minor element content, compositional ranges (oxides in wt.%) 

Details Core, Intermediate Zone, Rim, Rim, 

3 analyses 9 analyses 5 analyses 1 analysis 
SiO, 34.96-36.06 35.03-36.50 35.80-36.51 35 +2 
TiO, 0.01—0.02 0.00-0.04 0.00—0.05 <0.1 
AL,O, 20.92-21.67 20.73-21.85 21.26-21.85 20+2 
Cr,O, 0.02-0.06 0.00-0.04 0.01-0.07 <0.1 
Fe,O,* 2.57-4.08 1.57-3.03 1.31-2.46 
MnO 1.30-1.35 1.20-1.33 1.13-1.22 1.3+0.3 
MgO 2.48-2.63 2.49-2.69 2.56-2.67 <3 
CaO 0.68—0.69 0.66-0.70 0.61-0.65 0:9 +:03 
FeO* 35.20-36.20 35.71-36.90 36.22-36.87 
FeO, 37.98-38.62 37.69-38.55 38.05-38.60 4547 

Molecular percentages of end members (ranges, in mol.%)** 
Almandine 80.07-81.49 81.03-82.18 81.49-82.41 
Pyrope 10.12-10.48 10.31-10.72 10.29-10.64 
Spessartine 3.03-3.12 2.74-3.01 2.59-2.70 
Grossular 1.75-1.92 1.53-1.94 1.44-1.80 
Andradite 0.20-1.51 0.10-0.24 0.21-0.44 
Trace-element content (ppm) 

Y 312 
Zn 111 
Zr <25 
Vv <100 
Cr <100 
Ti <100 


* Fe,O, and FeO calculated from stoichiometry 


** Using the scheme of Locock (2008), the calculated remainder is between 2.4 and 3.8%. 


solid solution series, with almandine between 80.1 
and 82.2 mol.% and relatively low pyrope between 
10.1 and 10.7 mol.%. Minor percentages of spessar- 
tine between 2.6 and 3.1 mol.% and of grossular be- 
tween 1.4 and 1.9 mol.% were also found (table 1). 
Ti and Cr were below the detection limit of the elec- 
tron microprobe. The chemical composition was 
within the compositional field for garnets from 
Garibpet (table 2 and figure 5). 

The intaglio was chemically zoned, with slightly 
elevated Mn and thus higher spessartine percentages 
in the core than in the rim (figure 5, right). A similar 
Mn zoning was characteristic of Garibpet almandines. 
A weak zoning of Ca, also observed in some of the 
Garibpet garnets, was apparent in the engraved gem- 
stone, with slightly higher values in the core and in the 


154 — ENGRAVED BYZANTINE ALMANDINE FROM INDIA 


intermediate zone than in the rim (figure 5, left). These 
data on major element zoning were indicative of pro- 
grade metamorphic growth (see, e.g., Spear, 1993). 
X-ray fluorescence analysis provided meaningful 
results only for the inclusion-poor rim of the en- 
graved garnet. The data confirmed the average major 
elemental composition as determined by electron 
microprobe, especially the low Ca and moderate Mn, 
but showed considerable uncertainties with respect 
to Mg, Si, Al, and Fe due to the unfavorable geometry 
during analysis. The XRF analysis also demonstrated 
high concentrations of Y (~300 ppm) and Zn (~100 
ppm), while Zr, V, Cr, and Ti were below the detec- 
tion limit of the instrument (table 1]. Due to the large 
spot size and the abundance of inclusions in the core, 
it was not possible to detect any trace-element zon- 
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Figure 5. Binary plots showing the chemical composition of the engraved Byzantine garnet and samples from 


Garibpet as MgO, CaO, and MnO weight percentages. 


ing. The high Y and Zn contents and low Zr, V, Cr, 
and Ti concentrations of the engraved gem were fully 
consistent with the values reported for Garibpet gar- 
nets on the basis of LA-ICP-MS data (table 2). 


Microscopic Characteristics. Characteristic inclu- 
sions observed in the engraved gem, as well as those 
seen in garnets from the Garibpet deposit and de- 
tailed by Schmetzer et al. (2017), are presented in fig- 
ures 6 and 8; an overview is provided in table 3. 

The gem displayed conspicuous zoning with an 
inclusion-poor, transparent rim and an inclusion-rich 
translucent core that was slightly decentered to the 
right side of the oval (figures 3, 4, and 6A). The 
translucent core encapsulated a variety of minerals, 
some of which were opaque and hindered the visibil- 
ity of the core zone and occasionally the identifica- 
tion of the minerals. 

Four types of inclusions proved dominant. A par- 
ticularly characteristic inclusion feature was the 
presence of aggregates of curved colorless sillimanite 
fibers at the border between the inclusion-rich core 
and the inclusion-poor rim (figure 8E). The other 
three dominant inclusion types were seen principally 
within the core, as described below. 

Opaque, mostly anhedral elongate crystals (figure 
6C) were a prominent core feature and were in part 
aligned following a schistosity. These irregularly 
shaped minerals with rounded surfaces were identi- 
fied as ilmenite by their Raman spectrum. Some 
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Raman spectroscopic measurements also yielded 
bands characteristic of rutile (444 and 607 cm“), in- 
dicating rutile overgrowth on the ilmenite. 

Another common core inclusion was a transpar- 
ent, colorless, isometric to slightly elongate or irreg- 
ularly shaped mineral that showed a maximum size 
of up to several hundred um (figure 6E). The crystals 
were identified as quartz by a typical Raman spec- 
trum with a main band at approximately 464 cm”. 
Quartz also occurred rarely in the inclusion-poor 
rim. 

Other common inclusions in the core were long- 
prismatic, partially segmented apatite crystals with 
rounded edges that could reach a length of more than 
200 pm. Included within these crystals were abun- 
dant opaque flakes (figure 6G). The small euhedral 
flakes, approximately 10 pm in diameter, were iden- 
tified by Raman spectroscopy as graphite (figure 7). 
The prominent G band at 1580 cm in the first-order 
region and the second-order bands between 2.400 and 
3300 cm"! were very sharp, while the D1 band was 
poorly developed, thus signaling high-temperature 
growth conditions of at least 600°C (Wopenka and 
Pasteris, 1993; Beyssac et al., 2002). 

Notably, the four dominant features just de- 
scribed matched those found in Garibpet garnets (see 
Schmetzer et al., 2017). The sillimanite fibers be- 
tween the core and rim were the signature inclusion 
feature observed in Garibpet garnets and in beads 
from Arikamedu (Schmetzer et al., 2017), with an 
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TABLE 2. Comparison of chemical features in the Early Byzantine engraved gemstone, garnets from the Garibpet 
deposit, and Cluster A and B almandines from Merovingian cloisonné jewelry. 


Sample 


Engraved gem 


Garibpet 


Cluster A [Type II] 


Cluster B [Type I] 


Major and minor 


Mean values with standard deviation [ranges], in wt.% 


elements 
Analytical technique, -, ee EMPA, n = 283 EMPA, n = 85? 
number of analyses a We EMPA, = 329 PIXE, n= 1755 PIXE, n= 491° 
SiO, 35.82 + 0.48 36.05 + 0.34 37.78 + 1.04 37.26'40.55 
[34.96-36.51] [34.743 6.84] [34.19-39.62 35.77-38.61 
37.52 + 0.66 36.83 + 0.48 
[36.09-39.84 36.00-37.98 
Al,O, 21.43 + 0.35 21.54 + 0.22 21.62 + 0.64 21.14 + 0.37 
[20.73-21.85] [20.55-22.24] 19.14-22.73 20.36-22.31 
21.65 + 0.44 21.28 + 0.33 
[20.36-23.35 20.28-22.36 
MnO 1.25 + 0.07 1.44 + 0.45 1.26 + 0.76 0.30 + 0.24 
[1.16-1.35] [0.50-2.58] 0.13-3.17 0.00-1.10 
1.50 + 0.85 0.25 + 0.22 
0.00-4.42 [0.00-1.28 
MgO 2.59 + 0:07 2.72 £0.15 6.83 + 1.00 4.71 + 0.67 
[2.48-2.69] [2.37-2.99] 5.05—8.87 [3.29-6.26 
6.49 + 0.74 4.69 + 0.66 
4.46-9.07 [3.04—6.53 
CaO 0.66 + 0.02 0.59 + 0.07 1.46 + 0.21 0.63 + 0.16 
[0.61—0.69] [0.47-0.73] 0.96-2.01 0.32-1.03 
1.30 + 0.20 0.63 + 0.15 
0.72-2.01 [0.32-1.03 
FeO,,., 38.22 + 0.26 37.72 £0.52 31.00 + 1.02 36.11 + 1.00 
[37.69-38.62] [36.30-39.21] [28.41-31.94] [33.49-37.75] 
31.24 + 1.39) 36.10 + 1.13 
[26.52-35.63] [32.98-38.35] 
Trace elements Mean values with standard deviation [ranges], in ppm 
Analytical technique, ai ao ees [ ‘ 
nileee at aslyses p-XRF, n= 1 LA-ICP-MS, n= 31 PIXE, n= 175 PIXE, n = 491 
Y 312 213 +70 534 + 325 57 +56 
[45-401] [57-1478] [0-416] 
Zn V1 107 +15 34431 14 +30 
[77-129] [0-369] [0-432] 
Zr <50 4+2 26 + 96 747 
[1-11] [0-1084] [0-34] 
Vv <100 28+6 72 + 30 10+14 
[17-44] [0-159] [0-86] 
Cr <100 55 + 42 444 +165 7+15 
[25-255] [101-995] [0-121] 
Ti <150 389 1262475 74 + 43 
[18-55] [0-441] [0-257] 
Chemical zoning Yes Yes Yes Not described 
[Mn,Ca]' [Mn,Ca,Zn]? [y}* 


'This study 
2Schmetzer et al. (2017) 


Quast and Schiissler (2000) 
*Calligaro et al. (2006-2007) 


°Gilg et al. (2010) 
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identical distribution and shape (figures 6B, 8F). The 
ilmenite, quartz, and long-prismatic graphite-bearing 
apatite were also typical for Garibpet stones (figure 
6D, FE, H; Schmetzer et al., 2017). 


ENGRAVED BYZANTINE ALMANDINE FROM INDIA 


Garibpet Garnet 


Figure 6. Comparison of 
inclusions in the Early 
Byzantine engraved 
gem (left) with garnets 
from the Garibpet de- 
posit (right). A and B: 
Inclusion-rich core and 
inclusion-poor rim with 
sillimanite fibers at the 
boundary. C and D: Ir- 
regularly shaped il- 
menite. E and F: 
Subrounded quartz 
crystals. G and H: 
Large long-prismatic 
apatite crystal (a) with 
characteristic graphite 
inclusions, along with 
short-prismatic zircon 
(z) and monazite (m) 
crystals. Photomicro- 
graphs by H.A. Gilg. 


Turning to less dominant but still frequent inclu- 
sions in the engraved gemstone core, two types 
should be mentioned. One consisted of very small, 
transparent short-prismatic zircon crystals that 
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TABLE 3. Comparison of inclusion characteristics in the Early Byzantine engraved gemstone, garnets from the Garibpet 
deposit, and Cluster A and B almandines from Merovingian cloisonné jewelry. 


Engraved gem 


Sample (this study) 


Inclusions 


Garibpet (Schmetzer 


et al., 2017) Cluster A [Type II]! Cluster B [Type I]' 


Frequency 


IImenite 4p 


Quartz Pores 
Biotite + 


Chlorite in fluid inclusions 


Apatite, euhedral, inclusion-rich +44 
Apatite, anhedral, green 

Rutile, needle network, coarse 

Rutile, needle network, patchy + 


Rutile, short prismatic a 


Sillimanite bundles at core-rim boundary +44 
Sillimanite, individual coarse needles 


Monazite aide 


Zircon ++ 
Uraninite 

Graphite in apatite +44 
Graphite in monazite ++ 


Graphite S 


Goethite in fractures + 


+ + ++ 


+++ dominant, ++ frequently present, + occasionally observed 


'Gilg et al. (2010), Horvath and Bend6 (2011), Gilg and Hommrichhausen, unpublished research 


caused tension cracks in the host garnet (figure 6G). 
Another was found as irregularly shaped monazite 
crystals less than 50 pm in diameter and surrounded 
by distinctive brownish halos related to radiation 
damage. The monazites often contained opaque 


RAMAN SPECTRUM 


1580 


COUNTS (ARB. UNITS) 


graphite and quartz inclusions as well (figures 6G, 
8A). Both zircon and monazite, which are radioac- 
tive minerals, were also common in Garibpet gar- 
nets and displayed similar habits in that material 
(figures 6H, 8B). 


Figure 7. Raman speéc- 
trum of a graphite in- 
clusion (red) and the 
host garnet (black) in 
the core of the engraved 
gem. The inset shows 
the size and shape of 


2715 the graphite, appearing 


as a bright crystal in 
the center, in reflected 
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Less frequently, a three-dimensional network of 
very thin rutile needles (“silk”) was irregularly dis- 
tributed in a patchy manner within the core zone of 
the engraved garnet (figure 8C). Such distribution of 
rutile needles was similar to a feature observed in 
about 10-15% of the Garibpet garnets (figure 8D). 

A rare brown platy crystal approximately 150 pm 
in length was attached to an ilmenite crystal in the 
engraved Byzantine garnet (figure 9, top). It resem- 
bled short prismatic rutile crystals found overgrown 
on ilmenite in some Garibpet garnets (see figure 26D 
in Schmetzer et al., 2017), but the mineral was iden- 
tified here as biotite on the basis of its Raman spec- 
trum, with an OH-stretching band at about 3664 cm! 
(figure 9A; Wang et al., 2015). Meanwhile, with some 
further study of inclusion characteristics, biotite 
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Garibpet Garnet 


Figure 8. Comparison of 
additional inclusions in 
the Early Byzantine en- 
graved gem (left) with 
garnets from Garibpet 
(right). A and B: Mon- 
azite with graphite and 
quartz inclusions. C 
and D: Patchy network 
of oriented rutile nee- 

* dles. E and F; Silliman- 
ite fibers at the 
boundary between the 
inclusion-rich core and 
the inclusion-poor rim. 
Photomicrographs by 
H.A. Gilg. 


flakes have also been identified in samples from both 
Garibpet and Arikamedu (figure 9, bottom). Biotite 
is considered a less common accessory inclusion 
mineral found in Garibpet materials. 

In the inclusion-poor rim of the engraved garnet, 
only a few quartz and zircon crystals and a brownish 
goethite-bearing fracture were observed (figure 4). 


COMPARISON WITH CALCIUM-POOR 
ALMANDINES USED IN CLOISONNE JEWELRY 


In contrast to the broad equivalence between the 
chemical and inclusion features of the Early Byzan- 
tine engraved garnet and garnets from the Garibpet 
deposit, comparison with the two dominant Ca-poor 
almandine types in Merovingian cloisonné jewelry 
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RAMAN SPECTRUM 


Figure 9. Top: Raman 
spectrum of a brownish 
biotite inclusion (red) 
and the host garnet 
(black) in the core of 
the engraved gem. The 
inset shows the size 
and shape of the biotite 
crystal, which is at- 
tached to an opaque il- 
menite flake; the tip of 
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the arrow shows the 
analysis spot. Bottom: 
Raman spectrum of a 
brownish biotite inclu- 
sion (red, the three 
peaks marked with an 
asterisk (*) are related 
to the host garnet) in a 
garnet from Garibpet, 
India. The inset shows 
the size and shape of 
the biotite crystal, 
which is attached to an 
opaque ilmenite. 
Photomicrographs by 
HLA. Gilg. 
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(Cluster A and Cluster B of Gilg et al., 2010, which 
are identical to Type II and Type I, respectively, of 
Calligaro et al., 2002) revealed substantially greater 
divergence. Again, tables 2 and 3 summarize these 
results. 


Chemical Composition. As explained above, the 
composition of the Early Byzantine gemstone over- 
lapped for all elements with the Ca-poor garnets from 
the Garibpet deposit. Conversely, considerably lower 
almandine and higher pyrope contents were measured 
for the two Ca-poor almandine types (Cluster A and 
Cluster B) in cloisonné jewelry (figures 10 and 11). 
Moreover, the high MnO, Y, and Zn levels found in 
the intaglio demonstrated inconsistency with Cluster 
B garnets, while the lower CaO, low Cr, and high Zn 
were incompatible with Cluster A garnets. 


160 = ENGRAVED BYZANTINE ALMANDINE FROM INDIA 


The low Ca content of the engraved gem further 
excluded any meaningful similarity with Ca-rich al- 
mandines, such as the Cluster C garnets observed in 
Scandinavian Early Medieval cloisonné jewelry (Lé6f- 
gren, 1973; Mannerstrand and Lundqvist, 2003; Gilg 
and Hyr8l, 2014) or the Ca- and Mn-rich almandines 
commonly encountered among Hellenistic or Early 
Roman engraved gems (Gilg and Gast, 2012; Thore- 
sen and Schmetzer, 2013). 


Microscopic Characteristics. A zonal arrangement of 
inclusions with an inclusion-rich core and an inclu- 
sion-poor rim has not been reported for either of the 
two Ca-poor Merovingian almandine types. Likewise, 
bundles of sillimanite fibers at a boundary between 
the core and rim portions have not been observed in 
either Cluster A or Cluster B garnets. Coarse silliman- 
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ite needles, however, have been described for Cluster 
A almandines (figure 12C), but they were located 
within rather than bordering inclusion-rich zones, and 
none have been seen in Cluster B almandines (Calli- 
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Figure 10. Triangular dia- 
gram of the chemical 
composition in molecular 
percentages (mol.%) of 
the core (red diamonds) 
and the rim (yellow dia- 
monds) of the Early 
Byzantine garnet intaglio, 
in comparison with rough 
from the Garibpet deposit 
(brown circles, data from 
Schmetzer et al., 2017) 
and Cluster A and B al- 
mandines from Early Me- 
dieval cloisonné jewelry 
(blue squares and green 
triangles, respectively; 
data from Quast and 
Schiissler, 2000, and Gilg 
et al., 2010). Alm = 
almandine, Pyr = pyrope, 
Spe = spessartine, Gro = 
grossular. 


garo et al., 2006-2007; Horvath and Bendé, 2011; Gast 


et al., 2013). 


Two other dominant inclusions found in both the 
engraved garnet and the Garibpet material, ilmenite 


Figure 11. Binary plots comparing the chemical composition of the garnet intaglio, with Garibpet rough and Clus- 
ter A and B almandines as MgO, CaO, and MnO weight percentages. 
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Cluster A 


and quartz, have been reported with similar habits in 
Cluster A garnets (figure 12.A) but have not been seen 
in Cluster B samples (Calligaro et al., 2002, 2006- 
2007; Gilg et al., 2010). 

Apatite has been identified as a dominant inclu- 
sion in Cluster B garnets but has proven extremely 
rare in Cluster A samples (Calligaro et al., 2002, 
2006-2007; Gilg et al., 2010). Nonetheless, apatite 
crystals in Cluster B garnets (figure 12B) have shown 
a characteristic greenish color, xenomorphic shape, 
and lack of graphite inclusions (Gilg et al., 2010), an 
appearance distinct from that of apatite in the en- 
graved gem and the Garibpet garnets. 

Monazite and zircon inclusions have been noted in 
all different types of almandines discussed in this 
paper. A three-dimensional network of rutile inclu- 
sions (figure 12A,C) has only very rarely been observed 
in Cluster B garnets but has occurred commonly in 
Cluster A garnets (Calligaro et al., 2002, 2006-2007; 
Gilg et al., 2010; Gast et al., 2013). Brownish biotite 
inclusions have so far only been detected in Cluster A 
garnets by scanning electron microscopy (Horvath and 
Bendé, 2011). Uraninite inclusions have been reported 
as a typical feature only of Cluster B garnets (figure 
12D, Calligaro et al., 2002, 2006-2007). 

Although certain mineral inclusion features of 
the engraved gem can be observed in either of the 
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Cluster B 


Figure 12. Characteristic 
inclusions in Ca-poor al- 
mandines from 
Merovingian jewelry of 
Cluster A (left) and 
Cluster B (right). A: Ir- 
regularly shaped il- 
menite and acicular 
rutile network. 

B: Greenish xenomor- 
phic apatite. C: Curved 
sillimanite needles 
(arrow) and rutile net- 
work. D: Black uraninite 
inclusion with brown ra- 
diation halo, along with 
colorless crystals of apa- 
tite (largest grain) and 
zircon (small grains 
with tension cracks). 
Photomicrographs by N. 
Hommrichhausen (A 

_ and C) and H.A. Gilg (B 
_ and D). 


two Ca-poor almandine types in Merovingian jew- 
elry, on balance the combination of features is quite 
distinctive and consistent only with garnets from the 
Garibpet deposit. In particular, the sillimanite fibers 
at the border between an inclusion-rich core and an 
inclusion-poor rim and the long-prismatic graphite- 
bearing apatite crystals can be considered the most 
distinguishing inclusion characteristics. 


DISCUSSION AND CONCLUSIONS 

Schmetzer et al. (2017) proposed that assignment of 
garnet samples from a historical context to a specific 
garnet type or cluster used in antiquity should ideally 
be based on a series of criteria. For instance: 


1. Major element chemical composition, includ- 
ing proportions of garnet end members 


2. Chemical zoning for major and minor elements 
within the crystals from core to rim 


. Trace-element contents 

Zoning of trace elements from core to rim 
. General inclusion assemblage 

. Appearance of individual inclusions 


. Distribution and zoning of inclusions 


It was emphasized that a detailed correlation of sev- 
eral features, rather than merely one or two, should 
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be considered a prerequisite for assigning a sample to 
an established garnet type or cluster. 

Here, the present study has demonstrated that the 
engraved gemstone and samples from the Garibpet 
deposit are consistent with respect to six of the seven 
criteria just mentioned, namely 1-3 and 5-7. Exam- 
ining trace-element zoning in the gem was not pos- 
sible due to experimental restrictions. 

Only one inclusion characteristic was not entirely 
congruent: the absence of thick acicular sillimanite 
needles in the engraved gemstone. The thick acicular 
sillimanite needles were observed only in about 10% 
of Garibpet garnets, however. This is understandable, 
since garnets from different areas of the large deposit, 
mined during different historical eras, might also 
show a degree of variability. 

Thus, being unaware of any other known deposit 
with garnets showing the characteristic features de- 
scribed for the Garibpet material, the authors con- 
clude that the Early Byzantine garnet engraved with 
a Christian motif originated from this secondary de- 
posit. Garnets from the Garibpet deposit were used 
extensively for the historical bead-making industry 
of Arikamedu, in Tamil Nadu State. The bead en- 
terprise flourished from the second century BCE at 
least until the end of the first millennium cE and 
probably even to the early seventeenth century (Be- 
gley et al., 2004; Francis, 2002, 2004; Schmetzer et 
al., 2017). The examined spherical and faceted bi- 
cone garnet beads from the Arikamedu archaeolog- 
ical site had diameters of less than 5.5 mm, in 
contrast to the 11 mm length of the engraved gem- 
stone. Nonetheless, rough fragments from Arika- 
medu reaching 11 mm in size were observed during 
the 2017 investigation, and material even exceeding 
that size was found at the Garibpet deposit (Schmet- 
zer et al., 2017). 

Accordingly, the present study can be considered 
to offer the first strong, tangible evidence of garnet 
trading from the eastern coast of India to the 
Mediterranean realm, including the Byzantine Em- 
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pire, in the late sixth to eighth century CE, even as 
use of garnet for cloisonné jewelry in central Europe 
declined (for details see Schmetzer et al., 2017, p. 
599). When such evidence is combined with the re- 
cent work demonstrating use of Garibpet material 
for bead-making at Arikamedu, the shipment of gar- 
net rough or beads from Arikamedu or nearby har- 
bors on the Coromandel Coast can logically be 
assumed. Doing so is also consistent with prior in- 
terpretation of the sixth-century text by Cosmas In- 
dicopleustes regarding export of “alabandenum” to 
the Mediterranean region from a port named 
“Caber,” as referring to garnets shipped from Kaveri- 
pattinam, close to Arikamedu. Hence, the idea that 
garnets were transported and traded from Indian 
ports along the so-called Maritime Silk Road, which 
connected China with the Western world, becomes 
a supportable proposition. 

It should be noted, however, that the vast major- 
ity of almandine garnets that were used for Merovin- 
gian cloisonné jewelry and supposedly derived from 
an Indian source (Greiff, 1998; Quast and Schiissler, 
2000; Calligaro et al., 2002, 2006-2007; Gilg et al., 
2010; Périn and Calligaro, 2016) must have origi- 
nated from different localities and likely were not 
traded from the Coromandel Coast. 

Lastly, as a practical point, this study further 
demonstrates that chemical analysis of ancient gar- 
nets using a portable X-ray fluorescence instrument 
with helium flow mode, in combination with micro- 
scopic investigations, can be sufficient to assign a 
gemstone to a known almandine type or cluster, de- 
spite the relatively low precision of the XRF tech- 
nique for some major elements, (e.g., Fe, Si, Al, and 
Mg). Specifically, the capability of the device to 
measure important minor elements including Mn, 
Ca, and to a lesser extent Mg, as well as the charac- 
teristic trace elements Y, Cr, and Zn, provides ade- 
quate data. Thus, this research may encourage other 
scientists to augment the information compiled to 
date on historical gemstones and their trading. 
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than that of a signet was considered effemi- 
nate. 

Although Pyrogoteles was the only artist 
permitted to engrave the portrait of Alex- 
ander, no signed portrait of the great gen- 
eral has ever been recovered. This is proba- 
bly due to the fact that no one would dare 
place his name on the image of the divine 
Alexander. 

HELLENISTIC PERIOD 

In Greece proper, ring stones with the 
picture side strongly convex became the 
characteristic form during the Hellenistic 
Period (300 to 100 B.C.). Although it does 
not predominate, chalcedony was commonly 
used. The fashionable stones at this time 
were the Syrian garnet or hyacinth. For 
the first time, beryl appears in an engraved 
ringstone. Amethyst again came into favor 
and topaz was used in the very finest work. 
Peridot rarely 
while carnelian, agate, and sardonyx re- 


and aquamarine occurred 
mained common among the materials used 
by the gem engravers. Pastes were now used 
in various colors—green, yellow, brownish, 
and sometimes violet. 

Usually only one figure was used on the 
gemstone. Gods were still used as subject 
matter but heroes were rare and large num- 
bers of portraits were now used as signets. 
Faces were generally beardless and the bust 
form was characteristic of these early por- 
trait seals. Commonest form of inscription 
from this period was the name of the 
owner. 

MIDDLE ITALIAN GEMS 

The Romans probably began to use sig- 
nets as early as the middle of the 3rd 
century B.C. Rising Roman influence soon 
demanded the gem form as we know it today 
and the scarab seal passed from popularity. 

Pictures from hero sagas, warriors, and 
minor deities were used. Cult pictures and 
magical subjects were also popular. The 
purely national theme of Remus and Romu- 
lus with the wolf has frequently been 
forged. 

Ancient tradition, heroism, and deep re- 
ligious feeling indicate the early ideals of 


the Roman Republic. Later, scenes or de- 
vices commemorative of personal or family 
history and conquest appear. Sulla’s signet 
of the captured and bound King Jugurtha 
is a fine example. 

It is believed that most historical scenes 
from this period may be regarded as 
forgeries. 

Soon luck-bringing symbols on rings be- 
gan to be used, most of the inscriptions on 
them referring to the owner’s name. 

Dark sards were most popular. Glass 
pastes were used, gray chalcedony and car- 
nelian were not rare, and amethyst was oc- 
casionally engraved. 

In the last century before the Christian 
era, the Etruscan and Greek influenced sig- 
nets of the early Roman period began to 
blend. Subject matter was now taken from 
paintings. Representations of students, phil- 
osophers, and similar subjects increased. The 
deep religious feeling expressed earlier ret- 
rograded into desire for pleasure, alternating 
with periods of depression and gloom. To- 
ward the end of the period portraiture had 
made big strides and a distinct Italian style 
was evident. 

GREEK-ROMAN GEMS 

It is from the period of the Early Roman 
Empire that we have most of the gems exist- 
ing today. Not only was the wearing of 
rings a passion with the Romans of this 
time, but a mania for collecting gems also 
swept the land. 

The most common stone used for engrav- 
ing was the carnelian, but for the best work 
of the gem engravers such stones as garnet, 
aquamarine, beryl, topaz, peridot, and — 
more rarely —emerald and sapphire were 
used. Endless portraits appear at this time 
but after the time of Augustus the quality 
of this work is greatly inferior. 

GREEKS INTRODUCE CAMEOS 

It was the Greeks who introduced the 
cameo cut, with satyrlike heads replacing the 
sacred beetle of the Egyptians. 

The cameo is commonly a gem engraved 
from two differently colored layers, espe- 
cially from onyx, the upper layer being used 
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Although today’s global freshwater cultured pearl market is mostly dominated by Chinese products, Japanese 
freshwater pearl cultivation started in 1935. Lake Biwa in Shiga Prefecture supplied pearls in a wide variety of 


colors to the domestic and international markets until 1982. Due to water pollution and the depletion of Hyri- 


opsis schlegelii, some of the pearl farms relocated to Lake Kasumigaura in Ibaraki Prefecture starting in 1962. 


Today the annual production of large nucleated cultured pearls at Lake Kasumigaura is below 40 kg, a small 


portion of which are supplied to the international market. This report investigates “Kasumiga pearl” culturing 
and describes the quality and production volume. UV-visible spectroscopy, fluorescence testing, and chemical 
analysis were performed on pearls in six different colors collected from the Hyriopsis schlegelii x Hyriopsis 


cumingii hybrid mollusk farmed at Kasumigaura. 


using the akoya oyster in the early twentieth 

century, there has been a consumer demand for 
pearls in a variety of colors, shapes, and sizes. Fresh- 
water pearl culturing in Japan began in 1935, with 
commercial production of nucleated (beaded) pearls 
at Lake Biwa, Japan’s largest lake. These were pro- 
duced using Hyriopsis schlegelii mollusks grown in 
Lake Biwa. After World War II, cultivation was shifted 
from beaded pearls to non-nucleated pearls. The an- 
nual production of freshwater pearls in Japan peaked 
at seven tons per year between 1970 and 1980 (“Sta- 
tistics of fishery and cultivation,” 2000), at the same 
time Chinese freshwater pearls were entering the 
market. 

In 1962, with natural resources of Hyriopsis 
schlegelii in Lake Biwa facing depletion, some Japan- 
ese freshwater pearl farmers started moving to the 
Lake Kasumigaura region in Ibaraki Prefecture to set 
up a new cultivation base (figure 1). With the need 
for stronger pearl-producing oysters, Hyriopsis 
schlegelii and Hyriopsis cumingii were crossbred to 
produce a Hyriopsis hybrid (figure 2). This oyster can 


ince the initial success of culturing round pearls 
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grow larger and more lustrous nucleated cultured 
pearls in various colors (figure 3). Current annual pro- 
duction of freshwater cultured pearls in Lake Kasum- 
igaura—Japan’s second-largest lake—remains low, at 
less than 40 kg, but these “Kasumiga pearls” are 
quite popular among buyers from Europe and the 
United States. This report examines current Japanese 
freshwater pearl culturing and the characteristics of 
the pearls produced at Lake Kasumigaura. 


Figure 1. This map shows the location of the fresh- 
water nucleated pearl culture farm in Lake Kasumi- 
gaura, Japan’s second-largest lake, located 60 km 
northeast of Tokyo. 
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In Japan, freshwater pearl culturing started during the 
Meiji era (1904-1912) with Tatsuhei Mise using 
Cristaria plicata at Lake Kasumigaura followed by 
Tokujiro Koshida’s experiments with Margaritifera 
laevis at Chitose River in Hokkaido, but both trials 


In Brief 


¢ Commercial freshwater pearl cultivation started at Lake 
Biwa in 1935. Between 1970 and 1980, seven tons of 
non-nucleated pearls were produced each year using 
Hyriopsis schegelii mollusks. 

¢ In 1962, a Hyriopsis hybrid mollusk was developed by 
crossbreeding Hyriopsis schegelii and Hyriopsis 
cumingii. Since then, a variety of colored nucleated 


Figure 2. Several pearl culturing farms in Lake Kasumi- pearls have been cultured at Lake Kasumigaura, though 
gaura use a Hyriopsis schegelii x Hyriopsis cumingii hy- in limited quantity. 

brid that was developed in 1962. An 8.0-8.5 mm ¢ Cream, yellow, pink, purple, orange and golden with 
freshwater shell bead nucleus is seeded to the gonad of orient are the major colors, and these are sold in the 
the mussel and cultivated 3.5 to 4 years to produce United States and Europe without bleaching or dyeing. 
large pearls up to 15 mm in diameter. The shell shown ¢ The six color categories showed different Raman spec- 
here measures 220 x 160 cm, and the pearl is 14 mm tral features. “Kasumiga pearls” produced by the Hyri- 
round. Photo by Ahmadjan Abduriyim. opsis hybrid can be differentiated from Chinese 


nucleated freshwater pearls from the same species 
through the use of trace-element analysis. 


HISTORY OF FRESHWATER PEARL CULTURING 


IN JAPAN ended in failure. Masao Fujita tried a number of ex- 
Lake Biwa. Freshwater pearl culturing dates as far periments in and around Lake Biwa and succeeded 
back as the thirteenth century, when pearls bearing in commercial freshwater pearl cultivation using 
Buddhist images and hemispherical pearls were pro-  Hyriopsis schlegelii in 1935. His breakthrough was 
duced from Cristaria plicata in China (Ward, 1985). interrupted by World War II, and with the resump- 


Figure 3. Left: A high-luster round Kasumiga pearl necklace showing various hues of pink, purple, orange, light yel- 
low, and cream. The pearls have diameters of 14 to 16 mm. Right: Recently harvested nucleated pearls from the 
Hyriopsis hybrid. The sizes (excluding the undergrown pearl specimen) range from 11 to 17 mm. Photos by Tet- 
suya Chikayama (left) and Ahmadjan Abduriyim (right). 
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tion of culturing operations came a shift from nucle- 
ated to non-nucleated pearls, which eventually 
formed the foundation for modern freshwater pearl 
cultivation (Wada, 1974; Akamatsu et al., 2001). 

Due to war, the first year of recorded production 
at Lake Biwa was 1955. In that year, the Japan Min- 
istry of Agriculture, Forestry, and Fisheries reported 
0.1 tons of freshwater cultured pearls. This figure in- 
creased to between six and seven tons during the 
1970s, with exports going mainly to the Middle East 
and India (Toyama, 1991). More than 99% consisted 
of non-nucleated pearls, and less than 1% were 
beaded pearls. Farmers in Lake Biwa successfully pro- 
duced different shapes (figure 4) such as “dragon,” 
cross, triangle, long stick, or triplet, in addition to 
conventional round or baroque shapes (Wada, 1999). 
In addition, large nucleated pearls over 10 mm in di- 
ameter were cultured in very limited quantities. A 
wide variety of colors such as pink, purple, orange, 
brown, and blue, which were not possible by the tra- 
ditional culturing method using Hyriopsis schlegelii, 
were achieved by grafting a piece of Anodonta calipy- 
gos kobelt mantle tissue into Hyriopsis schlegelii. 

In the 1970s, freshwater non-nucleated pearl cul- 
turing began along the Chang Jiang River in central 
mainland China, utilizing its favorable natural envi- 
ronment and abundant freshwater mussel resources. 
About 13 tons were exported to Japan in 1980, based 
on statistics published by the Japanese Ministry of 
Finance. This greatly surpassed the total amount 
being produced in Japan (about seven tons per year), 
and Chinese annual production volume has grown 
larger every year, reportedly surpassing 1,000 tons 
(Akamatsu et al., 2001). 
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Figure 4. These Biwa 
pearls show a good lus- 
ter and unusual color 
and shape. The Hyriop- 
sis schlegelii mollusk 
was used to culture non- 
nucleated freshwater 
cultured pearls in Lake 
Biwa since 1935. Photo 
by Satoshi Furuya. 


Meanwhile, pearl culturing at Lake Biwa went 
into steep decline. Natural resources of Hyriopsis 
schlegelii were overharvested to depletion, and there 
has been no stable supply since around 1982, despite 
the development of an artificial seed oyster produc- 
tion technique in 1975. The adverse effects of in- 
breeding, water pollution, and ecosystem change are 
some of the causes of poor growth of the artificial 
seed oysters (Toyama, 1991; Strack, 2006). 


Lake Kasumigaura. Kazuhisa Yanase began pioneer- 
ing work to cultivate 10 mm nucleated freshwater 
pearls at Kasumigaura in 1946. He personally tested 
the water, cultivated the mussels, and conducted a 
variety of studies, making it his life’s work to harvest 
pearls with wonderful color, shape, and size. In 1962, 
after the pearl cultivation in Lake Biwa was in de- 
cline, 10 small pearl farms moved to Lake Kasumi- 
gaura and started to culture the non-nucleated 
freshwater pearls (called Kasumiga keshi pearls) by 
using an artificial seedling Hyriopsis schlegelii mus- 
sel in a laboratory setting. The yearly production 
would eventually increase from a few hundred kilo- 
grams in the 1970s to more than 750 kg in the 1980s. 

Also in 1962, a few pearl farmers challenged 
themselves to produce high-quality bead-cultured 
pearls over 10 mm to rival South Sea pearls and, later, 
to compete with mass-produced Chinese freshwater 
pearls, an effort which began in the late 1960s. After 
a thorough investigation of potential for pearl farm- 
ing, their experiments proved successful in culturing 
spherical beaded pearls by using a new Hyriopsis hy- 
brid, produced by crossbreeding Hyriopsis schlegelii 
and Hyriopsis cumingii. Initial production was only 
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Figure 5. From the 1970s into the 1990s, more than 10 farms cultured the Kasumiga freshwater pearls at the estu- 
aries of the Onogawa, Sonobe, and Shintone Rivers, which empty into Lake Kasumigaura. The photos show the 
same location of the Toda Pearl farm at the Onogawa River, as seen in 1980 (left) and 2018 (right). Photos by 
Ryuichi Toda (left) and Ahmadjan Abduriyim (right). 


a few dozen grams per year. To minimize the risk of 
environmental damage to the mussels, the farms 
were located at estuaries of the Shintone, Sonobe, 
and Onogawa Rivers, which empty into Lake Ka- 
sumigaura (figure 5). The culturing of non-nucleated 
pearls stopped at Lake Kasumigaura at the end of the 
1980s and shifted to solely nucleated culturing in 
1991. From that year until 2013, average yearly pro- 
duction was 40-50 kg. Since 2013, production has de- 
creased, with annual yields of less than 40 kg (R. 
Toda, pers. comm., 2017). 

Only beaded pearls are currently produced at Lake 
Kasumigaura. A small mantle tissue, usually in- 
serted into a drill hole in the bead nucleus, is inserted 
in each mussel, forming a sac in which a pearl starts 
to grow. The nacre thickness of pearls that have been 
cultured for longer periods (3.5-4 years) reaches 3 
mm, which is much thicker than the nacre of akoya 
cultured pearls. The size of Kasumiga pearls typically 
ranges from 11 to 15 mm. 

One of the characteristic features seen in Kasumiga 
pearls produced by the hybrid mollusk is their col- 
oration. The variety of bodycolors includes white, 
pink, purple, yellow, purple-red, orange, and brown 
with an iridescence (Komatsu et al., 1989) that is fre- 
quently referred to as “rainbow.” Bodycolor prefer- 
ences for these products differ between countries, and 
pink and purple colors command higher prices. In the 
U.S. and Europe, Kasumiga pearl is highly valued for 
its luster, variety of colors, and size, and the supply 
cannot keep up with demand. 

Unfortunately, only a few pearl farms are active 
at Lake Kasumigaura (R. Toda, pers. comm., 2017), 
and the pearl farmers who operate there today do not 
appear to have any successors. But the Kasumiga 
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pearl, a source of Japanese pride, will surely be able 
to once again thrive if the farms are able to foster suc- 
cessors and environmental protection measures are 
adopted, optimally with the government's assistance. 


PEARL CULTURING PROCESS AT 

LAKE KASUMIGAURA 

Preparing the Donor Mantle. The farmers at Kasu- 
migaura grow Hyriopsis cumingii x Hyriopsis 
schlegelii hybrid larvae in specially constructed pools 
for two years to protect them from any possible dis- 
eases or threats (figure 6). A scalpel is inserted into the 


Figure 6. At Lake Kasumigaura, mollusk larvae are 
grown in specially constructed pools for two years 
to protect them from disease. Photo by Ahmadjan 
Abduriyim. 
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ventral margin of the donor shell of Hyriopsis hybrid, 
and the anterior and posterior adductor muscles are 
removed to open the shell wide. Next, a long slice of 
mantle is cut along the pallial line using scissors. The 
margins are trimmed to remove pallial mantle and 
shape it into ribbons 3 to 4 mm wide, which are fur- 
ther cut into 4 x 4 mm squares (figure 7). Another 
method of preparing the piece, called “stripping,” was 
developed specifically for pearl culturing using Hyri- 
opsis schlegelii. This method involves stripping either 
outer tissue that is in contact with the shell (“rear 
stripping”) or inner tissue that is deeper within the 
mussel (“front stripping” from the slice of mantle or 
directly from the pallial mantle). The mantle obtained 
by front stripping is thinner compared to rear strip- 
ping. A pearl cultured through front stripping grows 
faster, but the surface of the pearl shows a wrinkled 
appearance. Therefore, the Kasumiga pearl farms now 
prepare pieces mainly through rear stripping to pro- 
duce pink pearls with good luster, even though they 
tend to take longer to grow. 


Operation. Operating on freshwater cultured pearls 
does not require the preparation that is usually per- 
formed in saltwater pearl culturing using akoya oys- 
ters, such as high-pressure waterjet cleaning to 
remove any extraneous material from the surface. 
The shells for freshwater pearl culturing are simply 
washed to remove the mud from the surface the day 
before the operation. A nucleation operation to cul- 
ture spherical pearls over 10 mm in diameter is per- 
formed by inserting a piece of mantle tissue and bead 
nucleus (from a U.S. freshwater mollusk of the An- 
odonta species, 8-8.5 mm in diameter) into a gonad 
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Figure 7. A piece of tis- 
sue, measuring about 4 
x 4mm, is cut from the 
outer part of the mantle 
lobe of a one-year-old 
Hyriopsis hybrid donor 
mollusk to produce 
pink-colored pearls. 
Photo by Yosuke 
Sasaki. 


that is either connected to the bottom of a digestive 
diverticulum or attached below a pericardial cavity. 
As the insertion area is not visible, the operator uses 
a bead that is drilled through. A metal pin is pushed 
through the bead with a piece of the mantle placed 
on the tip, to maintain a close contact between the 
mantle and the bead (figure 8). The operations gener- 
ally take place in the winter season between October 
and March. They are suspended between May and 


Figure 8. The bead nucleus is drilled. A metal pin is 
pushed through the hole and a mantle “piece” is 
placed on the end to maintain a close contact be- 
tween the piece and nucleus during the insertion 
process. Photo by Yosuke Sasaki. 
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September, when the water temperature exceeds 
20°C or during the fertile phase, as these conditions 
may result in higher mortality of the mollusks. Re- 
cently, however, the mortality rate has been lowered 
by using antibiotics during the procedure, enabling 
nucleation throughout the year for some farmers. 


Growing Pearl Mussels. After the operation, the 
shells are hung for a couple of days to recover, and 
then they are placed in a layered net-cage and trans- 
ferred to the pearl farm. The cage may have two or 
three layers, in which shells are neatly placed in 
groups of two to four with their hinges facing down 
(figure 9). The net-cages are hung from horizontal 
bamboo sticks at two-meter intervals between 70 
and 100 cm below the water surface. The culturing 
period lasts about three to four years in general. 
Pearls grow between April and December, when 
water temperature is above 15°C. Harvesting starts 
gradually in the summer, in July or August, and en- 
ters the peak season in October and November, when 
the pearls show the most lustrous color. 


SAMPLES AND ANALYTICAL METHODS 
For this study, the author extracted 25 bead-cultured 
freshwater pearls directly from Hyriopsis hybrid 
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Figure 9. During cultivation, two to four shells are 
placed into two layered cage nets and suspended in 
the water at 70 cm to 1 meter depths. Photo by Ah- 
madjan Abduriyim. 


shells at the Toda Shinju company’s pearl farm at 
Lake Kasumigaura (see table 1). The pearls ranged 
from round to baroque shapes with a width of 9.5— 
19.6 mm anda weight of 6.0-20.5 ct (figure 10). The 


Figure 10. Representa- 
tive Kasumiga pearls 
from this study show a 
color range of cream, 
light yellow, pink, pur- 
ple, orange, and golden 
with orient, in sizes 
ranging from 9.5 to 19.6 
mm and with round 
and baroque shapes. 
They were produced 
after a culturing period 
of two to four years. 
Photos by Tetsuya 
Chikayama. 
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TABLE 1. Characteristics of freshwater nucleated cultured pearls and shells from Lake Kasumigaura, Japan. 


Sample no. Shape Color Weight Overtone Diameter (mm) LWUV/SWUV reaction LA-ICP-MS : X- 
(ct) radiography 
KSM-W-001 Round Cream 6.08 None 9.48 x 9.41 Weak chalky green-blue/ x x 
Very weak green-blue 
KSM-W-002 Round Cream 6.67 Pink 9.70 x 9.60 Weak chalky green-blue/ x - 
Very weak green-blue 
KSM-W-003 Baroque Cream 7.74 None 11.69 x 9.98 Weak chalky green-blue/ x - 
Very weak green-blue 
KSM-W-004 Baroque Cream 11.33 None 12.65 x 12.07 Weak chalky green-blue/ x - 
Very weak green-blue 
KSM-MW-005 Semi-round Light yellow OI? None 11.30 x 10.55 Weak chalky green-blue/ x - 
Very weak green-blue 
KSM-MW-006 Semi-round Light yellow 12.71 None 12.39 x 12.10 Weak chalky green-blue/ x - 
Very weak green-blue 
KSM-MW-007 Baroque _Light yellow 11.64 None 13.34 x 11.75 Weak chalky green-blue/ x x 
Very weak green-blue 
KSM-MY-008 Round Light yellow 14.86 None 12.89 x 12.79 Weak chalky green-blue/ x - 
Very weak green-blue 
KSM-Pink-009 Semi-round Pink 8.52 Yellow 10.89 x 10.13 Very weak chalky green/ x - 
Very very weak chalky green 
KSM-Pink-010 Baroque Pink 12.02. Yellow 12.24 x 11.04 Very weak chalky green/ x - 
Very very weak chalky green 
KSM-Pink-011 Baroque Pink 13.47. Yellow 13.23 x 11.48 Very weak chalky green/ x - 
Very very weak chalky green 
KSM-Pink-012 Baroque Pink 15.43 Yellow 13.65 x 12.06 Very weak chalky bluish green/ - - 
Very very weak chalky bluish green 
KSM-Pink-013 Semi-round Pink 22.19 None 15.43 x 14.28 Very weak chalky bluish green/ - x 
Very very weak chalky bluish green 
KSM-Ora-014 Round Orange 2g? None = 12.34 x 12.08 Inert x x 
KSM-Pur-015 Baroque Purple 10.02 Pink 12.20 x 10.75 Very weak chalky green/ x - 
Very very weak chalky green 
KSM-pPur-016 = Round — Pinkish purple — 12.07 Pink = 12.23 x 12.03 Very weak chalky green/ x - 
Very very weak chalky green 
KSM-Pur-017 — Semi-round Purple 14.24 None 13.27 x 12.15 Weak chalky green/ x x 
Very weak chalky green 
KSM-Pur-018 Round Purple 14.92 None — 13.03 x 12.80 Very weak chalky green/ - - 
Very very weak chalky green 
KSM-Pur-TD — Semi-round Purple 12.30 None 12.49 x 11.46 Very weak chalky green/ - - 
Very very weak chalky green 
KSM-GY-019 Baroque Goldenwith 11.83 Pink 13.76 x 10.62 Very weak chalky green/ - - 
orient Very very weak chalky green 
KSM-GY-020 Baroque Goldenwith 12.92 Pink 14.89 x 12.09 Inert/Very very weak chalky x - 
orient green 
KSM-GY-021 Baroque Goldenwith 15.55 Purple 18.42 x 12.33 Inert/Very very weak chalky x x 
orient green 
KSM-GY-022 Baroque Goldenwith 20.52 Purple 19.64 x 14.37 Inert/Very very weak chalky x x 
orient green 
KSM-GY-023 Baroque Golden with 7.44 Purple 10.26 x 10.10 Inert/Very very weak chalky - - 
orient green 
KSM-Ora- Semi-round Light orange 20.20 None 15.48 x 14.40 Weak chalky green blue/ x - 
half-024 Very weak green blue 
KSM-SHELL-001 Section Yellow 819 Purple 190 x 135 Inert x - 
(one side) 
KSM-SHELL-002 Section Cream 859 Pink 195 x 135 Very weak chalky blue/Inert x - 
(one side) 
KSM-SHELL-003 Section Purple 916 Pink 205 x 152 Inert x - 
(one side) 
172 —CutturED PEARLS FROM LAKE KASUMIGAURA Gems & GEMOLOGY SumMeR 2018 


Figure 11. Three shells from Lake Kasumigaura were sliced for chemical composition analysis. The variable 
color and luster of the mother-of-pearl strongly influence the color of the pearl during cultivation. Photo by 


Ahmadjan Abduriyim. 


bodycolors of the Kasumiga pearls included white, 
cream, light yellow, pink, purple, orange, and golden 
with orient. Three shells of the Hyriopsis hybrid 
from which the pearl samples were extracted were 
selected and sliced into sections for chemical com- 
position analysis (figure 11). Chinese samples (figure 
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12) were also studied for comparison of chemical 
properties. These consisted of a Hyriopsis hybrid 
shell and 15 nucleated cultured pearls with 10 mm 
diameters, collected from the Zhong Shui Pearl Re- 
search Institute. These pearls were cultivated at Lake 
Taihu in Hubei Province. 


Figure 12. The Chinese 
freshwater nucleated 
cultured pearls in this 
strand from Lake 
Taihu, also cultured by 
the Hyriopsis schegelii 
x Hyriopsis cumingii 
hybrid, are 10 mm in 
diameter and show a 
color range and luster 
similar to Kasumiga 
pearls. Photo by Ah- 
madjan Abduriyim. 
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for the figure while the lower layer serves 
as a background for the design. The cameo 
is actually a miniature bas-relief sculpture 
and, unlike the intaglio, cannot be used to 
give an impression in relief. They were 
created, accordingly, largely for ornamenta- 
tion purposes. 

Early cameos in low relief first appeared 
on the “plaque,” or a flattened oblong gem, 
which was drilled for hanging on a thong. 
This form remained popular to Roman 
times. 

Early cameos were large because the ar- 
tisans could not work effectively in the small 
spaces now made possible by modern power 
tools and, except on cylinders, only a limited 
number of figures were cut. Statuelike poses, 
usually in repose, were favored with the 
face of the cameo usually convex since the 
ancients hated angles. Uniformity of shape— 
oval or round—was rare in gems from the 
classic periods. Designs were deeply cut 
with irregularities showing on the back of 
the gemstone. 

By the 3rd century B.C. cameos had be- 
come relatively common since Indian layer 
stones were then available to Greek lapi- 
daries. 


* Ancient Egyptian scarab. 


ENGRAVED GEMS IN ROMAN TIMES 

Characteristic gems of this period were 
cut by Greeks as a rule, but were influenced 
by the Romans. Seneca is the first Roman 
to speak of cameos (to be specific a ring set 
with the head of Tiberius), intaglios having 
preceded them by thousands of years. Came- 
os were never as popular in Rome as intag- 
lios which were not only beautiful but also 
had their practical use as signets. Later, 
however, cameos became popular for por- 
traiture with some Roman cameos as large 
as 10 to 12 inches square. Some of these 
are still in fine collections today. 

From the time of the great Roman gen- 
eral the Elder Africanus (237-183 B.C.), 
the use of engraved gems (intaglio) spread 
among the Romans. This was in part due 
to the fine sardonyxs and other quartz gems 
which had just become available in quan- 
tity from India. 

By the time of Julius Caesar, the use of 
engraved gems was a passion, and the Ro- 
man general himself was an enthusiastic 
collector. Upon the conquest of King Mith- 
ridates by Pompey (66 B.C.), the use of 
pearls and precious stones became general 
and gem engraving flourished in Rome. 
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Figure 13. The surface nacreous structure of Kasumiga pearls. A: Cream-colored pearls show a rough, thick growth 
feature of aragonite platelets. B—C: Thin, parallel platelets can be seen in pink and purple pearls. D: A prismatic 
layer and brownish yellow pigment covered the nacreous layer of a golden pearl with orient. Photos by Ahmadjan 


Abduriyim; field of view 400 jam. 


The 25 pearls and three shells from Lake Kasumi- 
gaura were observed visually and microscopically for 
their surface growth structure and color. Their fluo- 
rescence reactions were recorded under 4-watt long- 
wave and short-wave ultraviolet light from a System 
Eickhorst MultiSpec UV-AC lamp. UV-Vis-NIR spec- 
troscopy was performed on the surface of each sam- 
ple using a Shimadzu UV-2.600 spectrophotometer in 
diffuse reflection mode, with a resolution of 1 nm, in 
the 200-1000 nm range. The internal structure of the 
pearls was observed using a Faxitron CS-100 2D real- 
time X-ray microradiography (RTX) unit (90 kV and 
100 mA X-ray excitation). 

Raman spectra were obtained by a Horiba Jobin 
Yvon XploRA Plus Raman microscope equipped 
with a 532 nm Nd:YAG laser. The laser beam was fo- 
cused through the 300 pm aperture with a 10x objec- 
tive lens. The measurements were recorded on 
LabSpecé6 software using a grating of 1800 gr/mm and 
spectral resolution of +2.5 to 3.5 cm™ between 100 
and 1800 cm"!. The instrument was calibrated with 
a Si 520 nm reference. 

Semiquantitative chemical analysis was performed 
using a Shimadzu EDX-8000 energy-dispersive spec- 
trometer (EDS) equipped with an X-ray microprobe. 
Trace elements were measured by means of laser ab- 
lation—-inductively coupled plasma—mass spectrome- 
try (LA-ICP-MS) analysis using a Thermo Scientific 
iCAP RQ quadrupole ICP-MS with a ESI UP 213 Nd- 
YAG laser, a repetition rate of 7 Hz, an energy density 
of 10 J/cm?, and a spot diameter of 40 um. The carrier 
gas was a mixture of helium and argon. All of the iso- 
tope ratio signals were detected, and an analytical pre- 
cision (relative standard deviation 1 sigma) within 
10% was achieved for all trace elements except P, 
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which fell within 20%. Three to eight spots on each 
pearl sample and section of sliced shell were ablated, 
and the averaged data were calibrated. Microanalytical 
carbonate standards MACS-1 and MACS-3 pressed- 
powder pellets and NIST glass 610 were used as exter- 
nal standards. 


RESULTS AND DISCUSSION 

Shape and Size. Cultured pearls from Lake Kasumi- 
gaura are produced in various shapes including 
round, semi-round, oval, and baroque, usually with 
very good luster. The most common shapes are 
round and semi-round. Larger pearls over 16 mm 
have been successfully produced, but the size typi- 
cally ranges between 11 and 15 mm. 


Hue and Surface Structure. Cream pearls show weak 
luster and overtone, with irregular, interrupted, or dis- 
torted growth layers of aragonite crystals that are ob- 
served under magnification. In the studied samples, 
they were formed of layers of thick aragonite crystal 
platelets and a few black or brown organic sediments 
on the surface (figure 13A). Pink pearls are well pro- 
duced by the Hyriopsis hybrid, showing strong luster 
and smooth surface reflection. They have compactly 
arranged layers of aragonite single crystals (figure 13B). 
The intensity of the pink color is determined by (1) 
the content of pale pigment inside the conchiolin that 
is a protein consisting of nacre, (2) the thickness of the 
aragonite single crystals, and (3) the overtone produced 
from the way the aragonite platelets are layered. The 
volume of pigment secreted differs according to the 
age of the shell and the water temperature, and it 
tends to increase when mussels are strong and 
healthy. Control of the shell’s physiology during cul- 
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Figure 14. Pink Kasumiga pearls are shown before (left) and after (right) a fading test in these calibrated photos. 
The pearls were placed under a 100W tungsten lamp at less than 100°C for 30 minutes. The pink color has faded 


very slightly. Photos by Tetsuya Chikayama. 


turing is the key factor to the thickness and quality of 
the aragonite crystal layers (Komatsu et al., 1989). 

Some pink pearls are vulnerable to heat (Komatsu 
et al., 1989], and their color may fade slightly after 
one hour of exposure to strong incandescent light and 
heat at about 100°C (see figure 14, calibrated images 
before and after). Purple pearl samples showed a more 
violetish hue than the pink material, but with a 
somewhat lower luster. They contained smoothly 
piled growth layers of aragonite crystals with no in- 
terstitial extraneous substance (figure 13C). 

Orange samples showed a very bright yellowish or- 
ange and sometimes orange color. Observation of the 


Columnar nacre growth structure 
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cross-section revealed the sheet-laminated aragonite 
platelets and layers of yellow-brown pigment that had 
grown into the compact concentric structure (figure 
15). In the inner part of the pearl, where the bead nu- 
cleus was removed to observe the initial growth struc- 
ture on the nacre surface, an organic substance 
produced during the initial growth phase and a colum- 
nar nacre were observed. The nacre displayed four cy- 
cles of growth layers divided by white boundaries until 
it reached the pearl surface. This indicates a four-year 
culturing period, with growth interrupted in cold sea- 
sons and resuming in warmer seasons (again, see fig- 
ure 15). Their color did not fade with exposure to heat. 


Figure 15. A light orange 
pearl (sample KSM-Ora- 
half-024) was cut in half 
and its bead nucleus was 
removed. The sheet nacre- 
ous layers show four differ- 
ent boundaries (marked by 
red arrows), indicating a 
growth period of four years 
(red arrow). The inner part 
of the nacreous layer close 
to the bead nucleus shows 
a columnar growth struc- 
ture of aragonite (con- 
firmed by 705 and 1085 
cnt peaks in the Raman 
spectrum). Blue circles in- 
dicate the LA-ICP-MS 
analysis spots. Photo by 
Ahmadjan Abduriyim. 
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UV-VIS-NIR SPECTRA 
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Figure 16. These UV- 
Vis-NIR reflectance 
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It was learned that golden pearls with orient were 
actually pink-purple pearls covered with thin yellow- 
brown organic prismatic layers, just several dozen 
microns thick, across the surface (figure 13D). The 
golden color with orient (rainbow-like iridescence) 
seen on the surface is supposedly produced from an 
overtone mixture of laminated pink-purple aragonite 
crystals, an overlaid organic layer formed by abun- 
dant secretion from the shells in the growth period 
just before harvesting, and prismatic aragonite layers. 
In general, golden pearls with orient are characterized 
by very strong orient. 


UV Fluorescence. Cream to light yellow pearl sam- 
ples showed weak chalky green-blue fluorescence 
under long-wave UV light, whereas pink-purple 
pearls and golden pearls with orient showed weak 
chalky green fluorescence. Under short-wave UV 
light, the reaction became much weaker. The fluo- 
rescence appeared evenly distributed when the pearls 
were evenly colored. Orange pearls showed almost 
no fluorescence under both short-wave and long- 
wave UV. 


UV-Vis-NIR Reflection Spectroscopy. The reflection 
spectra of pearls in each color are shown in figure 16. 
Cream pearls showed no distinct absorption except 
for a vague absorption band around 484 nm, while 
the absorption center was shifted to 498 nm in the 
light yellow pearls and appeared as a weak but broad 
absorption band. On the other hand, the purplish 
pink pearls colored by pigment contained in the 
nacre showed a large absorption band centered at 
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nm in the orange to 
near-infrared range. 


around 506 nm, which became intense as the color 
became more saturated, with an increase in absorp- 
tion between 415 and 820 nm. Study of the pearls 
with strong purple color revealed that general absorp- 
tion between 415 and 820 nm appeared greater and 
the absorption band centered at 526 nm became 
stronger. Orange pearls showed a stronger absorption 
band near 498 nm, similar to light yellow pearls. The 
strong yellow pearls displaying rainbow iridescence 
that are rarely produced from the Hyriopsis hybrid 
showed two characteristic absorption regions. One 
was between the ultraviolet and the visible range at 
320-460 nm with a maximum at 373 nm, and the 
other was in the visible range at 580-820 nm with a 
maximum at 640 nm. 

As noted above, these reflection spectra showed an 
absorption band centered around 484-526 nm, indi- 
cating a feature characteristic to orange, pink, and pur- 
ple pearls cultured from Hyriopsis hybrid mollusks. 
The absorption intensity increased with color satura- 
tion. In contrast, golden pearls with orient showed a 
different type of spectrum. Its golden yellow bodycolor 
with strong rainbow iridescent layers was supposedly 
produced by the absorptions in the blue and red re- 
gions between the UV and the visible range. Also, 
these pearls showed thick yellow-brown organic lay- 
ers and prismatic layers that were formed close to the 
pearl surface, whereas the orange, pink, and purple 
pearls may be colored by pigment contained in their 
nacre. The author will continue to test a large number 
of samples to draw a detailed conclusion of the color- 
ing pigment in pearls from Lake Kasumigaura. 
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Figure 17. Microradiographic images of undrilled shell-nucleated cultured pearls from Lake Kasumigaura. A drill 
hole seen within the bead nucleus of the round and semi-round pearls showed the thickness of the nacre, ranging 
from approximately 2 to 3 mm (A-C). The baroque-shaped pearl (D) had an approximately 8.7-mm-thick nacre in 


its long axis. Photos by Kwanreun Lawanwong. 


Microradiography. X-ray images of an orange round 
(sample KSM-Ora-014), a pink near-round (KCM- 
Pink-013), a purple near-round (KCM-Pur-017, show- 
ing circular growth structure], and a rainbow golden 
baroque (KSM-GY-022) cultured pearl from Lake Ka- 
sumigaura are shown in figure 17. All the samples 
tested with X-ray were confirmed to contain a drilled 
bead, and the organic layer distributed along the 
boundary between the bead and nacre was very thin. 
The pearls shown in images A, B, and C had a similar 
nacre thickness, typically averaging 2, to 3 mm. Near- 
round pearls tended to grow a thicker nacre on one 


side, 1 mm on the thinner side and 5.6 mm on the 
thicker side. The thickest nacre observed in the 
baroque pearls reached approximately 8.7 mm. In the 
nacreous growth layer of all the pearl samples, three 
boundaries of organic layers were confirmed, reveal- 
ing a culturing period of three years or more. 


Raman Spectrum. Raman spectra of pearls with the 
six representative colors (cream, light yellow, pink, 
purple, orange, and golden with orient) are shown in 
figure 18. Each spectrum displays a series of peaks re- 
lated to the aragonite crystal lattice at 138, 148, 187, 


Figure 18. Raman spectra of six colors of Kasumiga pearl showed aragonite-associated peaks at 138, 148, 187, 210, 
268, and 280 cm; a doublet peak at 701 and 705 cm; a weak single peak at 1462 cm; a strong aragonite peak at 
1085 cnr"; and polyene-related peaks at 1017, 1132, 1295, and 1522 cnr, 


RAMAN SPECTRA 


— Cream 
1085 ~~ Light yellow 
— Pink 
— Purple 
— Orange 
‘ — Golden with orient 
S 
= 44g 210 701 705 1132 1522 
Z ~ i1gg}187/ 268 280 | | 
aaa a 
4295 
= eee z K 1017 beri 
we o—| aN 
T T T T T T T T 
100 300 500 700 900 1100 1300 1500 1700 


RAMAN SHIFT (cm~) 


CULTURED PEARLS FROM LAKE KASUMIGAURA 


Gems & GEMOLOGY SUMMER 2018 177 


210, 268, and 280 cm!; a strong peak at 1085 cm"! 
that indicates symmetric stretching of (CO,”); a dou- 
blet at 701 and 705 cm from plane stretching; and a 
weak peak at 1462 cm. Peaks related to the pigment 
(polyene, an organic compound) were confirmed at 
1017, 1295, 1132, and 1522 cm (Karampelas et al., 
2007; Sturman et al., 2014). The peaks at 1132 (C-C 
single-bond stretching vibration) and 1522, cm (C=C 
double-bond stretching vibration) tended to be 
weaker in cream and light yellow pearls and stronger 
in pink, orange, or purple pearls. The peaks at 1017 
and 1295 cm! did not appear in the paler pearls with 
cream and light yellow color. The spectrum back- 
ground in the golden pearls with orient was generally 
high, with weaker main peaks at 1085 and 701 cm"! 
that indicated an aragonite crystal, confirmation that 
the outermost nacreous growth layers on these iri- 
descent pearls were prismatic layers formed of arag- 
onite, not calcite. A pigment-related peak at 1522 
cm! was also clearly observed. 


Chemical Composition. X-ray fluorescence analysis 
can nondestructively measure a pearl’s composition 
of major and trace elements to assist in the determi- 
nation of some mollusk species and the culturing en- 
vironment. This semiquantitative technique is also 
advantageous in identifying the composition of a his- 
torical or highly valuable pearl that cannot be sub- 
jected to destructive tests. In X-ray fluorescence 
analysis of the 25 pearl samples, CaO was detected 
as the main component, but organic components and 
water cannot be detected by this technique. A small 
amount of Na was detected, with an Na,O content 
of 1.50-5.90 wt.%. Trace elements Mn, Fe, and Sr 
were detected, with MnO = 0.06-0.40 wt.%, Fe,O, = 
bdl-0.02 wt.%, and SrO = 0.10-0.14 wt.%. The ele- 
ments Mg and K showed values close to the detec- 
tion limit of the EDX-8000 spectrometer (detection 
limits: MgO = 0.067 wt.%, K,O = 0.016 wt.%, and 
Fe,O, = 0.014 wt.%, respectively). Among these ele- 
ments, Mn showed higher content in freshwater than 
saltwater pearls, whereas Sr tended to have higher 
concentration in saltwater pearls, consistent with 
previous studies (Wada and Fujinuki, 1976). The 
chemical composition results from energy-dispersive 
X-ray fluorescence (EDXRF) analysis indicate a 
slightly lower concentration compared with the re- 
sults from LA-ICP-MS analysis, based on the differ- 
ent reference standards used in this study. 

To investigate trace-element distribution using 
LA-ICP-MS, we ablated the surface of all 25 pearls, 
the section of one pearl, and the section of three 
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Hyriopsis hybrid shells with a laser spot 40 pm in di- 
ameter, collecting analytical data on three to eight 
spots on each sample. The average of each detected 
trace element is shown in table 2. 

From the LA-ICP-MS analysis on the pearls in 
each color and the shell from Lake Kasumigaura, 
minor and trace amounts of 18 elements in total (’Li, 
UB Na, “Mg, 27Al, 3!P, °K, 49Sc, 4’Ti, Mn, 57Fe, °Co, 
OONi, °Cu, Zn, °Ga, *8Sr, and '8’Ba) were consis- 
tently detected. In all the pearls tested, Na, Mn, Sr, 
and Fe showed rather high concentrations, ranging 
from 3100 to 9700 ppmw (avg. 7363 ppmw) for Na, 
790-5800 ppmw (avg. 1146 ppmw) for Mn, 800-1540 
ppmw (avg. 836 ppmw) for Sr, and 920-1290 ppmw 
(avg. 702 ppmw) for Fe. P was detected as another el- 
ement of high content, between 147 and 870 ppmw. 
Other elements such as Mg, Al, and K showed low 
concentrations, between 6 and 432 ppmw. B, Ti, and 
Zn were below 22. ppmw, while Li, Sc, Co, Ni, Cu, 
and Ga were below 10 ppmw. Interestingly, Al and 
Ti were only detected in the outer layer (the pris- 
matic growth area) of shell. In the analysis on the 
cross-section of a nacreous pearl (sample KSM-Ora- 
024), the nacre from the pearl’s surface to the inner 
side of the columnar nacre layer close to the bead nu- 
cleus showed no distinct element partition gradient 
except the enrichment of Na, Mg, and Fe in the 
columnar aragonite layer close to the bead nucleus 
area. Pearls produced from the Hyriopsis hybrid in 
Lake Kasumigaura contain less Li, Na, Mg, and Sr 
but much more Mn than the Japanese saltwater 
akoya cultured pearls from Ehime and Nagasaki Pre- 
fectures, showing the characteristic feature of fresh- 
water species (past study data by the author). From 
these analysis results, there was no consistent rela- 
tionship between the color of the pearls and the type 
and amount of transition metal elements. Thus it is 
reasonable to think the principal cause of color of the 
nacre, in the pearls or the shells, is organic pigment. 

A bivalve shell is generally composed of three lay- 
ers of ostracum (outer, middle, and inner). These are 
divided into tissue structures that include prismatic, 
columnar, nacreous, foliated, crossed lamellar, and 
complex crossed lamellar structure (Boggild, 1930; 
Kobayashi, 1971; Barthelat et al., 2009). The mollusk 
shell of the Hyriopsis hybrid from Lake Kasumigaura 
consists of an outer shell layer with prismatic struc- 
ture and middle and inner shell layers with nacreous 
structure. As shown in the Raman analysis above, 
however, the Hyriopsis hybrid shell consists of pris- 
matic and nacreous structures, both made of aragonite 
(figure 19). The shell of the Japanese akoya oyster con- 
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Figure 19. The shell of the Hyriopsis hybrid from 
Lake Kasumigaura consists of an outer shell layer 
with prismatic structure and a middle and inner 
shell layers with nacreous structure. Photo by 
Ahmadjan Abduriyim. 


sists of a prismatic structure made of calcite and a 
nacreous structure made of aragonite (Nakahara, 1994, 
Wada, 1999; Liu and Li, 2015). The trace-element par- 
tition of the Hyriopsis hybrid shell from Lake Kasum- 
igaura revealed high Na and Fe contents and the trace 
elements Al, Ti, Co, Ni, Cu, and Zn in the outer shell 
layer (prismatic structure) and high Mn in the nacre- 
ous structure. To find out the relationship between 
the ostracum of a shell and the trace-element con- 
tents, the factors in the secretion function in a tissue 
or in ostracum that control the content of trace ele- 
ments should be analyzed in the future. The content 
of trace elements such as B, Mg, and P seemed to be 
somewhat lower in the shell than in the pearls. 

Large amounts of Chinese freshwater bead-cultured 
pearls showing Kasumiga-like colors have recently 
been supplied to the global market. We analyzed 15 
beaded freshwater pearls in each color (cream, light yel- 
low, pink, purple, and orange) and the cross-section of 
a Hyriopsis hybrid shell from Hubei to compare the 
features of trace elements. 

LA-ICP-MS analysis detected distinctly higher 
amounts of Ba and Ga in the Chinese pearls of all six 
colors and in the shell. The content ranges of other 
metallic elements such as B, Mg, K, Mn, Fe, Sr, Co, 
Ni, Cu, and Zn were similar to those of Kasumiga 
pearls. The analyzed chemical data were plotted on 
the chemical fingerprint diagram in figure 20 using a 
combination of the trace elements Ba and Ga to dif- 
ferentiate the freshwater pearls and shells of the 
Hyriopsis hybrid from both Japan and China. Ba and 
Ga values for the freshwater pearls and the Hyriopsis 
hybrid shell from Kasumigaura were concentrated in 
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the lower region and clearly distinguished from the 
Chinese counterparts from Lake Taihu without over- 
lap. Despite the use of the same species of Hyriopsis 
hybrid oysters in both countries, they showed differ- 
ent concentrations of heavy metal ions (Ba**, Ga**) in 
both the pearls and the shells, presumably in direct 
proportion to that of the aquatic habitat, as those 
ions are contained in extracellular fluid in the man- 
tle. The application of this diagram to freshwater 
pearls and shells from China or other countries is 
subject to validation in future studies. 


Future Outlook for the Kasumiga Pearl Industry. 
Since the late 1980s, the mass production and inex- 
pensive price of Chinese freshwater cultured pearls 
has transformed the Japanese pearl industry. Although 
it is almost impossible to compete with China in the 
present circumstances, a few farmers are dedicating 
their efforts to improving culturing techniques, grow- 
ing shells with great care, and strictly monitoring 
water quality, prioritizing quality over mass produc- 
tion. Kasumiga pearls started attracting attention from 
Europe and the United States in the 1990s but are 
scarcely sold in Japan’s domestic market. Improve- 
ments in the quality of the pearls, as well as stronger 
marketing and branding, are critical to eliminating 
cheap Kasumiga products and maintaining a higher 
price point. 


Figure 20. LA-ICP-MS analysis on 25 pearls and 
three shells from Lake Kasumigaura, along with 15 
pearls and one shell from Lake Taihu in China, plot- 
ted according to Ga vs. Ba. There is clear separation 
of both samples from the two locations. Kasumiga 
pearls and shells had lower Ga and Ba contents 
overall, while these elements were enriched in Chi- 
nese pearls and shell. 
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TABLE 2. Chemical composition (in ppmw) of trace elements of freshwater pearls and shells from Lake 
Kasumigaura (Japan) and Lake Taihu (China), analyzed by LA-ICP-MS. 


Lake Kasumigaura, 


Japan: Pearl Sample “Li "RB ?Na ™Mg “Al 'P 9K 6 8Sc CT Mn SO Fe =O C0 NT Cu Zn Ga Sr Ba 
Cream KSM-W-001 0.09 17.08 3555 43.09 bdl 463 28492 0.18 bdl 2510 1111 0.415 2.02 0.687 bdl 0.86 1172 45.93 
KSM-W-002 0.11 17.7 3696 1481 bdl 466 44157 0.212 bdl 777 1105 0.381 1.73 2464 bdl 0.56 1175 24.94 
KSM-W-003 0.09 16.15 4149 1257 bdl 686 37.816 0.146 bdl 1079 1254 0.439 1.99 4.577 11.4 0.74 1131 31.47 
KSM-W-004 0.07 14.55 3188 84.14 bdl 531 62.453 0.161 bdl 4156 1112 0.414 1.81 0.922 16 1.02 1201 49.81 
KSM-MW-006 0.13 15.41 3487 84.24 bdl 680 62.176 0.182 bdl 5671 1103 0.365 1.91 1.99 044 1.06 1045 51.45 
KSM-MW-007 0.07 14.03 3697 77.91 bdl 562 40.634 bdl obdl 2158 1093 0.439 216 0.822 233 0.69 1083 38.1 
KSM-MY-008 0.09 143 3463 78.56 bdl 689 36.484 0.129 bdl 5551 1120 0.467 1.96 1.876 268 1.1 1090 487 
Pink KSM-Pink-009 0.07 15.28 3873 26.94 bdl 455 41.937 0.13 bdl 1014 1026 0.393 1.71 0.482 bdl 054 816 30.19 
KSM-Pink-010 0.06 12.68 3574 96.37 bdl 581 29.377 bdl obdl 1919 994 0.363 1.83 0.652 bdl 0.83 1080 42.37 
KSM-Pink-011 0.09 129 3845 86.37 bdl 593 44.679 0.125 bdl 1318 979 0.363 1.7 0.708 bdl 0.79 1163 44.27 
KSM-Pink-012 0.05 13.83 3198 85.52 bdl 505 29.224 bdl obdl 1695 898 0.316 1.56 0.492 bdl 0.74 974 39.42 
KSM-Pink-013 0.12 13.16 3977 91.76 bdl 623 40.78 bdl bdl 1401 980 0.363 1.95 0.853 bdl 0.97 1179 46.08 
Orange KSM-Ora-014 0.07 12.97 4191 63.18 bdl 558 35.091 bdl bdl 1725 1011 0.428 218 0.568 bdl 07 1245 32.57 
Purple KSM-Pur-015 0.1 15.56 4047 90.35 bdi 840 4978 0.1 bdl 3155 1170 043 235 1.004 637 0.81 1457 40.92 
KSM-pPur-016 0.09 15.34 3648 86.06 bdl 791 3317 bdl obdl 3098 1069 0.383 2.02 0.855 5.83 0.74 1338 38.29 
KSM-Pur-017 01 14.85 4139 1388 bdl 715 75.731 bdl bdl 4357 1098 0.403 228 1.467 668 1.22 1436 58.83 
KSM-Pur-018 bdl 21.07 7436 158.8 bdl 802 24.305 bdl bdl 1091 913 0.323 1.89 1.059 685 1.27 1129 52.82 
KSM-Pur-TD bdl 17.73 8731 1463 bdl 750 20.116 bdl bdi 9134 858 0.221 16 1.055 7.81 0.99 1058 46.04 
Golden with orient +KSM-GY-019 0.06 143 5164 5861 bdl 310 18732 bdl bdl 821.8 563 bdl 0.92 0.653 11.5 084 775 43.02 
KSM-GY-020 0.09 13.88 3696 2423 bdl 872 24169 bdl bdl 3176 1042 0.391 1.94 1083 193 1.3 1459 686 
KSM-GY-021 bdl §=611.5 4108 53.79 bdl 330 36.186 bdl bdl 636 544 bd O08 0908 348 0.84 560 46.91 
KSM-GY-022 0.09 12.44 3575 165.2 bdl 814 42906 bdl bdl 2483 1036 0.418 2.07 14.34 0.78 1.57 1461 73.25 
KSM-GY-023 bdl 16.3 4260 71.93 bdl 317 32.398 bdl bdl 1911 520 bdl 082 1.362 9.95 0.75 662 47.05 
Light orange Outer part of bdl 17.22 7024 175.1 bdl 392 13.423 0.438 bdl 1401 603 0.258 117 0.756 108 1.33 1000 72.01 
KSM-Ora-half-024  nacreous layer of 
pearl, spot 1 
Near the inner 0.08 13.24 6953 1754 bdl 376 45.249 0.266 bdl 3782 579 0.203 0.96 0.847 14.2 064 780 33.35 
layer, spot 2 
Near the inner bdl 11.05 7023 128.6 bdl 300 49.173 bdl bdl 2933 542 014 114 0.719 593 0.52 695 26.26 
layer, spot 3 
Near the inner bdl 12.06 6974 53.61 bdl 229 70.857 bdl bdl 391.8 550 0.175 1.12 0.781 7.34 049 659 23.06 
layer, spot 4 
Near the inner bdl 14.12 8420 118.8 bdl 257 30.94 bdl bdl 361.3 638 0.24 1.11 0646 816 048 710 22.06 
layer, spot 5 
Near the inner bdl 16.73 8926 1746 bdl 342 63969 0.21 bdl 3028 627 0.246 1.21 0869 123 1.35 996 55.41 
layer, spot 6 
Near the inner bdl 15.61 9528 361.5 bdl 237 31.584 0.432 bdl 5193 654 0177 1.35 077 15 0.75 876 39.66 
layer, spot 7 
Inner partofthe 0.11 17.43 9800 432.7 bdl 245 60.375 0.498 bdl 423 735 0.268 1.33 0.825 7.94 0.98 941 42.42 
layer (near bead, 
spot 8) 
Lake Kasumigaura, sample “i "BR @Na #Mg ZA OP OKO 8Se TM Fe «CONT CU Zn Ga Gr Ba 


Japan: Shell 


KSM-SHELL-001 Outer partofshell 0.24 5.815 12872 47.5 28.25 267 62.625 bdl 135 3952 810 0.335 212 5.078 9.91 0.49 883 32.42 
Cut surface position spot 1 (prismatic) 


Spot 2 bdl 4.525 9144 2767 13.2 155 7746 bdl 4.34 9721 625 0.191 1.27 1.249 4 0.56 722 29.22 
Spot 3 bdl 4.244 7279 12.26 bdl 147 28.027  bdl bd 797.3 474 016 1.07 0.252 025 1.32 556 65.81 
Inner part of shell, bd! 3.365 6143 33.01 bdl 191 92.327  bdl bdl 1574 403 0.14 0.81 0.226  bdl 0.3 731 22.94 
spot 4 
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Lake Kasum 


igaura, 


Japan: Shell Sample “Li "B Na “Mg Al = *'P 93K 6 8ScCO TC Mn SO Fe = C0 NT Cu Zn Ga Sr SS Ba 
KSM-SHELL-002 Outer partofshell bdl 3.096 9891 42.07 10.2 385 25.178  bdl 12 4279 801 bdl 1.69 2695 204 0.58 563 18.79 
Cut surface position spot 1 (prismatic) 
Spot 2 0.05 4.157 6744 4012 bdl 375 44.251 bdl obdl 517.2 689 0.104 097 0.507 398 0.23 475 114 
Spot 3 0.13 4.456 6751 60.67 bdl 372 72.393 bdl obdl 610.4 707 bdl 1.09 0.424 483 0.28 490 146 
Spot 4 0.1 4.831 6358 81.53 bdl 366 74.44 bdl bdl 6775 727 bdl 1.23 0.345 1.84 062 632 23.13 
Spot 5 0.08 5.001 6747 45.03 bdl 371 91.306 bdl obdl 9499 693 bdl 1.64 0311 433 03 514 19.85 
Spot 6 0.09 5.391 5143 34.76 bdl 368 83.539 bdl bdl 7051 594 bdl 0.64 4.424 86.2 03 577 19.04 
Spot 7 0.09 5.502 4844 27.95 bdl 367 107.76 bdl obdl 780.2 516 bdl obdl 0.126 435 036 617 21.15 
Inner part of shell, 0.11 5.389 4436 43.82 bdl 368 11864 bdl bdl 1240 501° bdl 085 9511 02 0.24 632 22.39 
spot 8 
KSM-SHELL-003 Outer partofshell 0.06 3.44 13519 73.72 139.6 410 10413 bdl 218 1065 894 052 32 7.756 142 1.02 1096 53.14 
Cut surface position spot 1 (prismatic) 
Spot 2 0.05 10.25 9069 87.25 bdi 258 30.605 bdl 583 1165 703 0.217 1.61 1.202 0.92 0.75 1092 37.03 
Spot 3 bdl §=11.57 8097 35.83 bdl 197 75.058 0.332 bdl 1192 631 0.179 1.36 0.266 068 0.41 746 22.43 
Spot 4 0.05 7.965 7943 27.97 bdl 211 39.239 bdl obdl 1435 571 0.201 0.92 0.391 bdl 0.35 823 21.99 
Inner part of shell, bdl 9.947 7154 21.84 bdl 206 70.981 bdl bdl 1641 592 0193 1.61 0537 065 0.73 961 36.01 
spot 5 
sae Sample "Li "BRB Na Mg “Al 3Ip 3K 6 Sc TEC SC Mn SOFe = Co NT Cu Zn Ga Sr SS Ba 
Pink CN-FW-P1 bd §=14.71 7050 131.1 bdl 433 41.481 bdl bdl 1693 1137 0.563 1.89 1.037 3.87 11.9 1108 768 
Cream CN-FW-P2 0.27 11.88 6381 150.3 bdl 472 39.228 bdl bdl 2390 1098 0.519 1.98 1.594 1.71 424 802 271.2 
Light yellow CN-FW-P3 bd = =613.6 6757 72.75 bd 346 109.53 bdl bdl 1144 #1132 0.477 1.9 0.418 1.36 625 1042 365.6 
Pink CN-FW-P4 bdl 12.58 6379 63.22 bdl 397 30.397 bdl bdl 1316 1019 0.456 1.71 1.617 4.71 386 812 2168 
Cream CN-FW-P5 bdl §=610.8 5765 1223 bdl 442 41.533 bdl dl 2034 997 0.426 1.59 0.864 098 3.17 806 217.1 
Light yellow CN-FW-P6 0.05 10.89 5758 1487 bdi 419 81.917 bdl bdl 2386 1034 0.474 1.82 1.639 1.36 5.51 967 299.3 
Purple CN-FW-P7 bdl 16.76 6523 60.73 bdl 601 61.337 bdl bdl 1250 1197 0.554 228 1.416 061 597 795 3324 
Cream CN-FW-P8 bd! =13.81 5978 1228 bdl 583 39.319 bdl bdl 2889 1054 045 1.66 0.563 393 131 1151 819.1 
Light yellow CN-FW-P9 bdl 13.52 6992 143.5 bdl 387 55.757 bdl bdl 4333 1107 0.408 1.68 0.652 563 36.1 1318 2314 
Purplish pink CN-FW-P10 0.21 1249 8411 111 bdl 453 85.281 bdl obdl 393.7 1187 0.441 1.73 087 542 545 767 307.5 
Cream CN-FW-P11 bdl 15.94 7359 236.9 bdl 588 102.86 bdl bdl 2653 1167 0.513 2.07 1.288 3.76 131 1112 777 
Light yellow CN-FW-P12 bdl 12.06 5943 108.9 bdl 405 130.33 bdi bdi 2959 979 0.381 1.76 1.566 bdl 9.72 1025 630.6 
Purple CN-FW-P13 bdl 10.45 6528 96.14 bdl 439 48.445 bdil bdi 2063 908 0.396 1.57 0.814 3.22 185 883 1094 
Cream CN-FW-P14 bdl 12.26 6930 131.4 bdl 457 76.369 bdl bdi 2136 1102 0.456 1.64 0.602 1.67 11.7 1104 735.9 
Orange CN-FW-P15 bd §=11.24 6335 116.5 bdl 391 29.85 bdl bdl 2388 956 0.379 1.84 112 0.21 818 1001 552.9 
a Sample "Li "BRB Na Mg Al 3p 3K 6 Sc TE SC Mn S=OFe = Co NT 8Cu ZnS Ga Sr SS Ba 
China-SHELL-001  Outerpartofshell, bdl 1264 8841 116.8 10.31 198 159.33 bdl bdl 2731 612 0.394 481 5613 107 673 862 459.7 
Cut surface position spot 1 (prismatic) 
Spot 2 0.11 4.768 8203 35.81 29.72 195 57.733 bdl obdl 1029 572 0.171 1.08 1.588 3.34 489 514 2749 
Spot 3 0.1 4.543 7499 17.38 bdl 122 55.342 bdl obdl 5884 479 0.191 1.16 0.993 632 206 463 115.6 
Spot 4 bdl 5.235 5815 26.38 bdl 144 67.59 bdl bdi 814 744 0.144 076 0.774 3.58 203 745 135 
Spot 5 bdl 2.767 5354 38.84 bdl 165 96.771 bdl bdl 5291 315 0.104 073 0.726 0.21 3.23 837 225.5 
Inner part of shell, 0.08 387 7186 2057 bdl 112 77.982 bdi bdl 2190 432 013 083 046 bdl 279 711 150.7 
spot 6 
Detection limits 0.05 1.95 973 046 403 32 324 O1 3415 033 278 O1 052 029 02 O01 036 O01 
bdl=below detection limit 
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CONCLUSIONS 

The production of nucleated freshwater cultured 
pearls from Lake Kasumigaura has subsided in recent 
years, but large Kasumiga pearls with thick nacre and 
strong luster in pink or purple colors are highly val- 
ued in the international market. In this study, the au- 
thor visited the Toda Shinju pearl farm at the Ono 
River, which empties into Lake Kasumigaura, to har- 
vest pearls and shells directly and analyze them. The 
pearls were analyzed by means of absorption and 
Raman spectroscopy, observation of internal struc- 
ture, and quantitative compositional analysis for 
major and trace elements. 

The freshwater nucleated cultured pearls collected 
from Hyriopsis hybrid shells were divided into six 
groups of representative colors: cream, light yellow, 
pink, purple, orange, and golden with orient. The 
nacreous growth layer in the cream and light yellow 
pearls showed thick layers of aragonite platelets and 
laminated irregularity with low tone, and a vague ab- 
sorption band between 480 and 500 nm in the visible 
region of the UV-Vis-NIR reflectance spectrum. Pink, 
purple, and orange pearls demonstrated the nacre’s 
very fine crystalline structure with neat lamination 
and very good luster. They showed a strong absorption 
center in the range between 480 and 530 nm, which 
increased in intensity as the color tone and saturation 
of the pearl became stronger, marking the character- 
istic increment in a wider range between 415 and 820 
nm. The surface of the golden pearls with orient was 
covered with a thin prismatic layer of aragonite that 
was rich in yellow-brown organic substance, and these 
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pearls were characterized by strong orient. They 
showed two absorption regions in the visible range, 
one at 320-460 nm centered at 373 nm and the other 
at 580-820 nm centered at 640 nm. Raman spec- 
troscopy detected a pigment contained in the nacre. 

Kasumiga pearls generally do not undergo treat- 
ments such as bleaching and dyeing, and the samples 
showed very weak chalky green-blue fluorescence or 
no reaction under UV irradiation, providing proof of 
natural color. 

Semiquantitative analysis of the Kasumiga pearls 
detected a main component of CaO, followed in de- 
scending order by Na, Mn, Sr, and Fe. LA-ICP-MS 
analysis detected 18 minor and trace elements, of 
which Na, Mn, Sr, and Fe were in the highest con- 
centration (over 1000 ppmw). P, Mg, Al, and K were 
in the second-highest group (several hundred to sev- 
eral dozen ppmw). B, Ti, and Zn were under 22 
ppmw, while Li, Sc, Co, Ni, Cu, and Ga were de- 
tected in trace amounts (under 10 ppmw). Al and Ti 
were only distributed in the prismatic aragonite 
growth layer on the outer part of the mollusk shell. 
All the metallic elements detected were confirmed 
to be unrelated to the color of the pearls. 

In Lake Taihu, China, large volumes of freshwater 
beaded cultured pearls using Hyriopsis hybrid shells 
of the same species used at Lake Kasumigaura have 
been produced for the international market. Chemi- 
cal analysis by LA-ICP-MS demonstrated that chem- 
ical fingerprinting using the Ba to Ga ratio was 
effective in distinguishing freshwater nucleated 
pearls from these two countries. 
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e Engraved base of ancient scarab. 


Pliny describes in detail some of the sig- 
nets used in the Roman period. Augustus, 
he tells us, had successively in his lifetime 
three signets—a Sphinx, a portrait of Alex- 
ander the Great, and his own. The latter 1s 
said to have been an excellent likeness 
of the emperor which, according to Pliny, 
later emperors used as a seal. This seal is 
said to have been engraved by Dioscurides, 
the famed gem engraver of Rome. It is be- 
lieved that it was the signet by Pyrogoteles, 
with the bust of Alexander engraved upon it, 
that Augustus—when prostrated with fever 
(23. B.C.) — handed to Marcus Vipanius 
Agrippa as a sign that he should succeed 
him as emperor. 

Pliny also tells us that Maecenas’ signet 
was a frog and that those who received 
papers sealed with this signet were always 
terrified for they knew without breaking the 
seal that it meant duties or taxes levied 
against them. When away from Rome (dur- 
ing the civil wars which he waged against 
M. Antonius) Augustus always left a dupli- 
cate seal with Maecenas so he could act as 
the Emperor’s representative (sort of an old- 
time power of attorney). 

During the reign of Claudius (41-54 
A.D.) no one was permitted to wear a ring 


bearing the likeness of the Emperor. This 
order, however, was rescinded by Vespasian 
(ruled 69-79 A.D.). 

Large Roman cameos reflect the later im- 
perial taste for the elaborate and showy. 
With the decline of the empire, and the 
adoption of cheap ostentation which had 
replaced its earlier splendor, the quality of 
engraved gems deteriorated and the art 
passed into unimportance although the art 
of gem engraving did not wholly die. Truly, 
the history of Rome can be read on the 
designs of her engraved gems. 

FAMOUS ANCIENT 
GEM ENGRAVERS 

Gem engravers were called dactylioglyph 
from two Greek words meaning “to engrave 
finger rings.” The first Greek gem engraver 
known as a personality was Mnearchus, the 
father of Pythagoras, who was engraving 
gems at Samos before 570 B.C. According to 
Herodotus, Theodorus of Samos, architect 
and sculptor, was one of the earliest gem 
engravers known. 

Pliny says Alexander the Great expressly 
forbade all others to engrave his image in 
precious stones except Pyrogoteles who was 
doubtless the leading gem engraver of his 
time and the only one, Pliny claims, who 
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GEMOLOGICAL CHARACTERIZATION OF 
SAPPHIRES FROM YOGO GULCH, MONTANA 


Nathan D. Renfro, Aaron C. Palke, and Richard B. Berg 


Yogo Gulch in central Montana is one of the most important gem deposits in the United States. Although very 
little material has been recovered there in recent years, it has produced several million carats of rough sapphire 
over the course of its history (Voynick, 2001). These stones, known for their vibrant untreated blue color and 
high clarity, have always commanded a price premium, especially in sizes larger than 0.75 ct. This paper offers 
a thorough gemological characterization of Yogo sapphire, which may be unfamiliar to many gemologists. For- 
tunately, Yogo sapphires are unique and experienced gemologists can easily separate them from gem corundum 
of different geographic origins throughout the world, making it possible to determine the provenance of impor- 


tant stones from this deposit. 


ver more than 120 years, mines in Yogo 
(est Montana, have produced millions of 

carats of rough sapphire. Much of that has 
yielded very small finished stones, and faceted stones 
over 1 ct are highly prized (figure 1). The largest 
known Yogo sapphire crystal was found in 1910 and 
weighed 19 ct (Howard, 1962a) The shape of Yogo 
rough is often in the form of flat tabular crystals that 
offer a very low yield. Large stones over 1 ct are al- 
most exclusively collector stones, with the prove- 
nance having a significant impact on value. While 
there are other significant sources of gem-quality sap- 
phire in Montana—including Rock Creek, Missouri 
River, and Dry Cottonwood Creek—Yogo sapphires 
are unique among these and other sapphire deposits 
worldwide (figure 2). Virtually all of the material pro- 
duced has a desirable even blue to violet or purple 
color, often with higher clarity than sapphires from 
other deposits (Yaras, 1969) (figure 3). Yogo sapphires 
do not require heat treatment, offering a virtual guar- 
antee of their untreated nature. They also possess a 
unique trace-element chemistry and an inclusion 
suite that makes them easily recognizable to the ex- 
perienced gemologist. 


See end of article for About the Author and Acknowledgments. 
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HISTORY 

In 1895, the Yogo sapphire deposit was accidentally 
discovered by a gold prospector named Jake Hoover. 
Hoover sought financial backing from two friends— 
local banker S.S. Hobson and Dr. Jim Bouvet, a vet- 
erinarian from Chicago—and the three formed a 
mining partnership. While recovering gold from his 


In Brief 


e Sapphires from Yogo Gulch are generally small, and 
finished stones larger 1 ct are rare. 


Yogo sapphires range in hue from blue to purple with 
purple stones representing about 3% of total produc- 
tion. They do not require heat treating and are often rel- 
atively free of inclusions. 


A unique chemistry profile and inclusion suite makes it 
possible to separate them from sapphires from other 
deposits. 


sluice, Hoover found many shiny blue pebbles and 
sent them to Dr. George Kunz of Tiffany & Co. in 
New York for identification. These were confirmed 
to be sapphires, and a cigar box full of the blue peb- 
bles was purchased by Tiffany for $3,750. In contrast, 
Hoover only recovered $700 in gold that season (ap- 
proximately 35 troy ounces; Woodward and Hanley, 
2013). Since the sapphires proved to be more prof- 
itable than the gold, Hoover and his partners focused 
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their attention on mining for sapphires at Yogo 
Gulch. In 1896, James Ettien discovered a sapphire- 
bearing weathered dike (for boldfaced terms, please 
refer to the Glossary) and staked a mining claim on 
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Figure 1. This suite con- 
tains more than 36 
carats of Yogo sap- 
phires. Courtesy of 
RareSource. Photo by 
Robert Weldon/GIA. 


it (Howard, 1962b). This claim was purchased in late 
1896 by Hoover and his associates for $2,450. 

In 1897, the death of Jim Bouvet brought the in- 
troduction of two new partners, Matthew Dunn and 
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George A. Wells, and the foursome formed the New 
Mine Sapphire Syndicate (Voynick, 2001). Other 
claims in the area began to appear as news of the sap- 
phire deposit spread. John Burke and Pat Sweeny 
staked a claim further west on Yogo Creek that 
would later be known as the American mine (Wood- 
ward and Hanley, 2013). 

The following year saw the arrival of a group of 
London gem merchants, as Johnson, Walker, and Tol- 
hurst Ltd. acquired the majority interest in the New 
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Figure 2. The major 
gem sapphire deposits 
in the state of Montana. 
The sapphire deposit at 
Yogo Gulch is the only 
primary deposit in 
Montana. 


Mine Sapphire Syndicate. Annual production in- 
creased to more than 400,000 carats before 1900, 
with approximately a quarter of that production 
being gem quality. The remainder found a market for 
industrial use as abrasives or watch bearings (figure 
4). By 1901, the London group had acquired the re- 
maining share of the New Mine Sapphire Syndicate 
from Hoover’s partners (Woodward and Hanley, 
2013). This mine at the eastern end of the deposit 
would become known as the English mine. Charles 


Figure 3. This suite of 
rough and cut Yogo sap- 
phires shows the wide 
range of blue to violet 
or purple hues and light 
to dark saturation com- 
binations that can be 
found in Yogo sap- 
phires. The largest 
faceted stone is a 1.44 
ct cushion cut. Photo 
by Kevin Schumacher, 
courtesy of Bill Vance. 
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Figure 4. Many of the “industrial-grade” Yogo sap- 

phires that were too thin to cut as gemstones were 

used for watch bearings and abrasives. The natural 
sapphire bearing in this American Waltham Watch 

Co. movement, which measures 1.28 mm in diame- 

ter, is likely not from the Yogo deposit. Photomicro- 
graph by Nathan Renfro. 


Gadsden (figure 5), another Englishman who would 
become a significant figure in Yogo’s history, arrived 
in 1902 and supervised the English mine until it 
closed in 1929. 


Mining claims on the western end of the dike 
that were staked by Burke and Sweeny were pur- 
chased by the American Sapphire Company of New 
York, which began operations in 1905. This became 
known as the American mine (figure 6). Within a 
few years, the company reorganized as the Yogo 
American Sapphire Company and was ultimately 
acquired by the New Mine Sapphire Syndicate in 
1914 at Gadsden’s recommendation. Even though 
the mine was not reopened at that time, Gadsden re- 
washed the dump piles from the American mine, re- 
covering most of the purchase price of $80,000 
(Howard, 1962b). 

World War I would halt the production of Yogo 
sapphires, as miners were needed to extract metals 
to support the war effort. By 1921, activity at Yogo 
had returned to pre-war levels, but this early produc- 
tive period in Yogo sapphire mining was about to 
end. After a flood in 1923 destroyed much of the Eng- 
lish mine operation’s infrastructure, production de- 
clined significantly. This natural disaster and 
competition from synthetic sapphires were deva- 
stating for sapphire mining at Yogo Gulch. In 1927, 
the last year of production from this era, the deposit 
yielded a reported $4,850 of sapphire (Woodward and 


Figure 5. Left: Charles Gadsden and his wife Margaret managed the English mine from 1902 until its closure in 
1929. Photo courtesy of Stephen Droullard. Right: A plaque installed at the “tollgate” in Yogo Gulch marks the 
Gadsdens’ significance in the history of the Yogo deposit. Photo by Nathan Renfro. 
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Hanley, 2013). The English mine had a successful 
and profitable run and even uncovered a 19 ct rough 
stone, still the largest Yogo sapphire ever recorded. 
That stone was cut into four gems, the largest of 
which weighed 8.5 ct (Howard, 1962.a). Nevertheless, 
the mine was officially closed in 1929 (Howard, 
1962b). 

The New Mine Sapphire Syndicate struggled to 
find a buyer for a number of years, but in 1949 a 
group of investors led by Thomas P. Sidwell began 
lengthy negotiations to purchase the mine. This 
group formed the Yogo Sapphire Mining Corporation 
(which was eventually reorganized in 1956, once 
again as the New Mine Sapphire Syndicate} and pur- 
chased the mine for $65,000. After somewhat unsuc- 
cessful attempts at mining and with financial and 
legal problems mounting, the mine was purchased in 
1965 by Siskon Inc., a Nevada-based construction 
firm, for $75,000. Siskon then leased the property to 
Arnold Baron, who had some success cutting and 
selling sapphires but ran into problems mining the 
dike, which turned out to be more complex than pre- 
viously thought (Voynick, 2001). After two years, 
when Baron decided that the mining cost was pro- 
hibitive and chose not to purchase the property, 
Siskon put it up for sale. The property was reportedly 
purchased for $585,000 (Voynick, 2001) by a group of 
Californians including Herman Yaras and Ray Von 
Felden, who formed Sapphire Village Inc. This deal 
was comprised of 1,780 acres along the sapphire-bear- 
ing dike and included the old British and American 
mines and the surrounding land (Leiper, 1969). In ad- 
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Figure 6. The Yogo dike 
system. The thick line 
demarcates the Yogo 
dike. Geological forma- 
tions shown on the 
map are the Mississip- 
pian-age Madison For- 
mation (Mm), the 
Kibbey Formation 
(Mk), and the Otter 
Formation (Mo), all be- 
longing to the Madison 
Group. Modified from 
Dahy (1991) and My- 
chaluk (1995). 
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dition to developing the mine, the new owners cre- 
ated Sapphire Village, in which a portion of the prop- 
erty was subdivided into small lots, up to one-third 
of an acre in size, that had rights to excavate a lim- 
ited amount of rock from an area of virgin dike 
(Leiper, 1969). By 1973, Chikara Kunisaki formed the 
Sapphire International Corporation, which bought 
the assets of Sapphire Village Inc. and began one of 
the most serious mining efforts on the Yogo dike 
since the English mine (Voynick, 2001). At a cost of 
nearly $5 million, he installed a 3,000-foot tunnel in 
the old American mine that became known as the 
“Kunisaki Tunnel.” In the fall of 1976, operations at 
Sapphire International ceased with another failed at- 
tempt at profitably mining Yogo sapphires. In 1977, 
another player entered the Yogo sapphire game. Vic- 
tor di Suvero leased the Kunisaki property under the 
name Sapphire-Yogo Mines, Inc. Di Suvero also 
started a marketing and distribution company, Sap- 
phire Trading Co., Inc., which in 1978 began what 
was slated to be an extensive marketing campaign 
aimed at bringing Yogo sapphires into the spotlight 
(“The $1 million sapphire campaign,” 1978). Unable 
to make the payments and with funding running out, 
Di Suvero relinquished the lease in 1979 (Voynick, 
2001). 

The next turn in the Yogo tale saw the sale of the 
Kunisaki property in 1980 to mining engineer Harry 
Bullock for $6 million and the formation of Ameri- 
can Yogo Sapphire, Ltd. In 1982, the company 
changed its name to Intergem, Ltd., and began mar- 
keting Yogo sapphires as “Royal American Sap- 
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phires,” guaranteeing them to be free of the heat 
treatment that was relatively common among sap- 
phires from other deposits. By 1984, Intergem’s mar- 
keting campaign seemed to be working, with sales 
that year of over $3 million. But in 1985, Intergem 
was no longer able to make their payments to Sap- 
phire International, which had become Roncor Inc., 
and in 1986 the property was once again under the 
ownership of Chikara Kunisaki (Voynick, 2001). 

In the late 1980s, consulting geologist and gemol- 
ogist Delmer Brown had brought the Yogo sapphire 
deposit to the attention of AMAX Exploration Inc. 
president William Lodder (Voynick, 2.001), who began 
a 22-month lease-purchase agreement with Roncor in 
March 1993. After nearly two years of mining and ex- 
ploration, AMAX determined it was not cost effective 
to purchase the mine from Roncor for the approxi- 
mately $10 million asking price, and retired from 
mining the Yogo dike in 1995 (Voynick, 2001). After 
Roncor took over the Yogo property again, Silver 
Standard Resources and an associated company 
named Pacific Sapphire Company Ltd. entered a lease 
deal with Roncor, but they were not successful. Their 
funds ran out and their lease option with Roncor ex- 
pired in 2001 (Woodward and Hanley, 2013). 

On the heels of Intergem, Lanny Perry and Chuck 
Ridgeway, both of whom had worked for Sapphire In- 
ternational in the 1970s, were out prospecting when 
they discovered a new exposure of sapphire-bearing 
dike. By 1985 they went commercial with their min- 
ing claims and formed Vortex Mining with additional 
partners Pete Ecker and Paul Davis Jr. By 1987 Vortex 
Mining began underground operations, with a shaft 
that reached a depth of 280 feet (Woodward and Han- 
ley, 2013). 

Although Roncor conducted some small-scale 
mining, even uncovering an 11 ct crystal in the sum- 
mer of 1992 (Voynick, 1995), Vortex Mining operated 
the only active commercial mine in the late 1990s, 
producing 45,000 carats of cuttable rough per year 
(Voynick, 2001). Operations expanded, and a com- 
pany called Small Mine Development (SMD) part- 
nered with the Vortex mine, establishing a joint 
venture known as Yogo Creek Mining. SMD added a 
3,000-foot spiral decline reaching 475 feet and in- 
stalled a wash plant capable of processing 100 tons of 
ore per day (Woodward and Hanley, 2013). This wash 
plant was later removed after Yogo Creek Sapphire 
Mining closed its operations in November 2004, once 
mining became uneconomical (Laurs, 2.005). 

By 2005, another deal was struck with Lanny 
Perry, who reacquired ownership of the Vortex mine. 
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Perry had been acquainted with a miner named Mike 
Roberts while working in Alaska, and Roberts be- 
came interested in the Vortex property. He traded his 
Alaska gold mine to Perry in 2008 and set up Roberts 
Yogo Company (Kane and Hughes, 2012). Roberts 
successfully operated the mine until 2012, when he 
was killed in an accident at the Vortex mine (Nixon, 
2016). 

The current chapter in Yogo’s long history brings 
in a longtime jeweler and friend of Mike Roberts’. 
Don Baide, owner of the Gem Gallery in Bozeman, 
Montana, bought the mine from Roberts’ wife in 
2017 (Branstrator, 2017) and is operating as Yogo 
Mining LLC. Once the property is brought into com- 
pliance, mining operations can resume at the Vortex 
mine. Only time will tell what else is in store for the 
Yogo sapphire deposit. 


LOCATION AND GEOLOGY 

Around 350 million years ago (Ma), the part of Mon- 
tana that would someday produce some of the 
world’s finest sapphires was a warm, shallow sea. Mi- 
croscopic organisms lived and died in this primordial 
pool, and their remains filtered down and littered the 
ocean floor. Their inanimate husks accumulated and 
eventually solidified into limestone. This rock be- 
came the Mission Canyon Formation of the Missis- 
sippian-age Madison Group. This formation is 
around 275 meters thick in central Montana and 
forms many of the scenic features at Yogo Gulch. 
Around 50 Ma the warm, ancient seas in Montana 
had long since dried up and another geological act 
was set to begin. Far below the surface, something 
was stirring in the earth’s mantle, which had started 
to melt in places, producing magmas that rose to the 
surface and erupted in a fiery turmoil. This hadean 
activity produced numerous volcanic formations 
throughout Montana that form the Central Montana 
Alkalic Province. Among these volcanic formations, 
at a place that would come to be known as Yogo 
Gulch, was an unassuming dike that intruded into 
Mississippian-aged limestone and shales of the Madi- 
son Group in Judith Basin County, about 75 km 
southwest of the city of Lewiston. This is the geolog- 
ical story of how this small dike, in a remote location 
in central Montana, came to produce legendary blue 
sapphires. 

The Yogo dike was emplaced at 48.2 Ma (Gau- 
thier, 1995) and occurs in multiple discrete segments 
for a total length of about 10 kilometers. These mul- 
tiple segments suggest multiple intrusion events as 
well as possible later-stage faulting. The dike ranges 
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from <1 meter to about 6 meters wide (figure 7). Sap- 
phires occur in low concentration (0-70 ct/ton; My- 
chaluk, 1995) in the Yogo dike itself, where current 
mining efforts are focused. Descriptions of the dike’s 
geology here are based on the authors’ firsthand obser- 
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Figure 7. This under- 
ground image of the 
Yogo dike, as seen from 
the Vortex mine, shows 
it to be approximately 
30 cm thick. Photo by 
Nathan Renfro. 


vations at the mine as well as previous studies (Brown- 
low and Komorowski, 1988; Dahy, 1988, 1991; My- 
chaluk, 1992, 1995; Gauthier, 1995). 

The dike rock is classified as a type of lampro- 
phyre, a term that describes a group of ultrapotassic 
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volcanic rocks composed primarily of large crystals 
of mica and/or amphibole. The Yogo lamprophyre is 
more properly called a ouachatite, a specific type of 
lamprophyre that is predominantly composed of phe- 
nocrysts (large crystals) of mica and clinopyroxene 
set within a groundmass of fine-grained mica and 
clinopyroxene with minor analcime, calcite, corun- 
dum, and other trace accessory minerals. Also occur- 
ring in the lamprophyre are light-colored globular 
structures sometimes called leucocratic ocelli, which 
range in size up to about 1 cm and consist of carbon- 
ates (calcite and dolomite) along with analcime 
and/or zeolite minerals. In addition to the leucocratic 
ocelli, lamprophyric magma will occasionally pick 
up foreign bits of rock along their ascent to the 
earth’s surface. These foreign rocks are called xeno- 


Figure 8. This sample of lamprophyre from Yogo 
Gulch contains a small sapphire crystal about 4mm 
in length and several leucocratic ocelli. Photo by Ro- 
bison McMurtry; courtesy of Katie McPherson, Mon- 
tana Yogo and Agate. 
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liths (figure 8). While such xenoliths are rare, the 
most common ones in the Yogo dike are composed 
of plagioclase feldspar, clinopyroxene, and pyrope-al- 
mandine-grossular garnet. Importantly, Dahy (1988, 
1991) reported the finding of a corundum-bearing pla- 
gioclase/clinopyroxene xenolith, which suggests that 
Yogo sapphires were derived from a similar source as 
garnet/clinopyroxene/feldspar xenoliths. 

In November 2017, two of the authors (NR and 
AP) had the opportunity to visit the Vortex mine, 
which had been recently purchased by Don Baide. Ex- 
tensive underground workings in this portion of the 
Yogo dike were largely developed by Small Mine De- 
velopment, LLC in 2000 (Woodward and Hanley, 
2013) and were later worked by Mike Roberts when 
he owned Vortex. At the Vortex mine, the dike ranges 
up to about 12 inches (30 cm) in thickness. The rest 
of the dike, owned by the Roncor Corporation, is 
much wider. The contact with the country rock lime- 
stone is generally sharp, but the dike was seen to 
pinch and swell and cut off in many places, and occa- 
sionally it was clearly offset by later faulting. The 
Yogo dike is a fairly tough and competent rock, so the 
most profitable ore being pursued at the Vortex mine 
is the portion of the dike that has been altered and 
broken down to allow sapphires to be recovered more 
easily. This alteration may have occurred due to in- 
teraction of the magma with karstic groundwater dur- 
ing its intrusion into the Mission Canyon limestone. 
In many places the dike is completely unaltered and 
cohesive and appears dark gray to black. In other 
areas, the dike is so heavily altered that it is easily 
broken apart and appears orange, likely due to second- 
ary production of iron (oxy)hydroxides. In these sec- 
tions the dike rock has a clayey consistency, 
suggesting that the original minerals in the lampro- 
phyre have been broken down by interaction with cir- 
culating fluids and largely turned into clay minerals. 


Genesis of Yogo Sapphires. One of the most promi- 
nent features of rough Yogo sapphires is the etched 
appearance of the crystal surfaces (figure 9). This has 
long been recognized as evidence that the sapphires 
were out of equilibrium with the lamprophyre that 
transported them to the surface. In other words, the 
sapphires are foreign crystals, or xenocrysts, and did 
not crystallize directly from the lamprophyre. This 
means, unfortunately, that the sapphires have been 
removed from the rocks in which they originally 
formed, and so geologists have mostly had to search 
for clues within the sapphires themselves to under- 
stand their formation conditions. 
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Figure 9. The surfaces of rough Yogo sapphires often show an etched appearance, as seen here using differential in- 
terference contrast microscopy, suggesting they were not in equilibrium with the lamprophyre that transported 
them to the earth’s surface. Photomicrographs by Nathan Renfro (left and right) and Aaron Palke (center). Fields of 


view 0.95 mm (left), 0.48 mm (center), and 0.48 mm (right). 


Several hypotheses have been advanced to explain 
the genesis of Yogo sapphires. Meyer and Mitchell 
(1988), Mychaluk (1992), and Gauthier (1995) favored 
the hypothesis that the sapphires are xenocrysts that 
originated in Al-rich metamorphic rocks and were 
sampled by the lamprophyre as it made its way to the 
earth’s surface. Alternatively, Clabaugh (1952) sug- 
gested that the sapphires formed by metamorphism of 
Al-rich rocks by the hot lamprophyre as they were 
picked up and brought to the surface. While the sap- 
phires have mostly been separated from their original 
host rocks, Dahy (1988, 1991) discovered a rare sap- 
phire crystal in a plagioclase-pyroxene xenolith. This 
xenolith is similar to the garnet-plagioclase-pyroxene 
xenoliths studied by Gauthier (1995) and used for ge- 
othermobarometry measurements that indicated for- 
mation at 1.22.0 GPa (~40-70 km depth) and around 
811-857°C. Cade and Groat (2006) found garnet inclu- 
sions in the sapphires to be consistent with group II 
mantle eclogites. However, the common occurrence 
of plagioclase feldspar inclusions in Yogo sapphires is 
inconsistent with an origin in mantle eclogites. Fi- 
nally, Dahy (1991) suggested that Yogo sapphires 
formed through a peritectic melting reaction when the 
Yogo lamprophyre pooled at the base of the crust and 
partially melted Al-rich pelitic rocks. 

A recent study by Palke et al. (2016) pointed out 
the similarity between the light-colored globular 
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structures (“leucocratic ocelli”; figures 8 and 10) in 
the Yogo lamprophyre and the negative-crystal- 
shaped inclusions found in the Yogo sapphires (see 
“Inclusions” section below). Both are composed pre- 
dominantly of analcime and calcite. Based on their 
analysis, Palke et al. (2016) proposed that Yogo sap- 
phires crystallized when the lamprophyre intruded 
into the earth’s lower crust and partially melted a 
preexisting aluminum-rich rock there, forming 
corundum through a peritectic melting reaction. 
This is similar to the model of Dahy (1991), except 
that Palke et al. (2016) suggested the protolith was 
an anorthosite or troctolite rather than a pelitic rock. 
In this model, the analcime-calcite inclusions in the 
sapphires are actually considered to be carbonatite 
melt inclusions, and they are interpreted to have the 
same origin as the leucocratic ocelli in the lampro- 
phyre. Both features are believed to have originally 
been a single carbonatite melt produced when the 
lamprophyre partially melted carbonated and hy- 
drated lower crustal anorthosites, troctolites, or 
some other plagioclase feldspar-rich rock (Palke et 
al., 2016). In this model, the Yogo sapphires may not 
have crystallized directly from the magma that trans- 
ported them to the surface, but the lamprophyre is 
directly responsible for their formation, as it served 
as a heat source for the partial melting event that led 
to the formation of these sapphires. The important 
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Figure 10. Leucocratic ocelli, shown in plane-polarized light (left) and cross-polarized light (right), are composed 
primarily of calcite near the core and analcime near the rim. Photomicrographs by Aaron Palke; field of view 


2.88 mm. 


distinction of this model is that while the Yogo sap- 
phires can be considered xenocrysts in the lampro- 
phyre, they were not accidentally incorporated since 
their genesis was intimately linked to the passage of 
the lamprophyre through the earth’s crust. 

One important aspect of this model is that, given 
the frequency of both silicate and carbonatite melt in- 
clusions—in other words, inclusions of magma— 
Yogo sapphires can be considered igneous sapphires. 
As Palke et al. (2016) pointed out, this is at odds with 
their generally “metamorphic” trace-element signa- 
tures according to most of the commonly used corun- 
dum trace-element classification schemes. Other 
studies have also shown that such trace-element clas- 
sification schemes often produce inconsistent results 
(e.g., Palke et al., 2017). It seems such classification 
should be used cautiously. 


MATERIALS AND METHODS 

For this study, a large number of rough and faceted 
Yogo sapphires from a variety of sources were exam- 
ined. The largest rough sample weighed over 8 ct, 
while most weighed well under 1 ct. Numerous sam- 
ples from the GIA Museum collection were used for 
trace-element chemistry measurements and UV fluo- 
rescence observation. Samples containing prominent 
inclusions were sourced from private collections. Also 
examined was a sample of Yogo sapphire in place in 
its host rock. 

Standard gemological instruments were used to 
measure refractive index, birefringence, specific grav- 
ity, pleochroism, and visible absorption spectra. A 
standard combination long-wave (365 nm) and short- 
wave (254 nm) ultraviolet lamp was used for fluores- 
cence observations. Microscopic observation was 
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performed using a Nikon Eclipse LV100 compound 
microscope with an observed magnification of up to 
1000x and differential interference contrast capabil- 
ities, outfitted with a Nikon DS-Ri2 camera for 
recording images. Also used were a Nikon SMZ25 
stereomicroscope equipped with dual fiber-optic il- 
luminators, darkfield and brightfield illumination, 
polarizing filters, and a Nikon DS-Ri2 camera with 
an observed magnification of up to 157.5x. 

For spectroscopic measurements, we carefully se- 
lected a 4 mm Yogo sapphire that was free of inclu- 
sions and obvious color zoning. The sample was then 
fabricated into an optically oriented wafer with two 
polished sides oriented parallel to the optic axis. This 
sample preparation allowed polarized spectra meas- 
urements on both the ordinary and extraordinary 
rays (Thomas et al., 2014). Inclusions were identified 
using a Renishaw InVia Raman system with a 514 
nm laser. Infrared absorption spectra were collected 
with a Thermo Nicolet 6700 FTIR spectrometer. Po- 
larized UV-Vis-NIR absorption spectra were collected 
using a Perkin Elmer Lambda 950 spectrometer. 
Raman mapping of the 694 nm “R-line” was per- 
formed using a Thermo DXR2xi Raman imaging mi- 
croscope with a 532 nm laser. Laser ablation— 
inductively coupled plasma—mass spectrometry (LA- 
ICP-MS) analyses were conducted on a Thermo Sci- 
entific iCap-Q ICP-MS with plasma RF power of 
1400 W coupled with a New Wave Research UP-213 
laser ablation unit with a frequency-quintupled 
Nd:YAG laser (213 nm wavelength with 4 ns pulse 
width). Laser conditions consisted of a 55 ym diam- 
eter spot size, a fluence of 10+1 J/cm”, and a 15 Hz 
repetition rate using internally developed corundum 
standards (Stone-Sundberg et al., 2018). 
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could engrave the emerald. Although we 
have a number of fine gem portraits of 
Alexander, we cannot say that any one of 
them is the work of Pyrogoteles since he 
signed none of his masterpieces. It is inter- 
esting to note that Pyrogoteles used tools 
similar to those in use today. 

Dioscurides was the foremost gem en- 
graver of the Augustan age, a cutter of both 
cameos and intaglios. However, the gem 
portraits of Augustus which are supposed to 
be signed by Dioscurides are evident 
forgeries, but we have a number of other 
engraved gems signed by him which are 
authentic. Carnelian and amethyst were his 
favorite materials. Born a Greek, Dioscurides 
is believed to have come to Rome from 
Aegae in Cilicia, Asia Minor. His three sons 
were also gem engravers. 

MATERIALS USED 

All stones known to the ancient world 
were used for engraving although the softer 
stones were preferred such as hematite, 
jasper, chalcedony, quartz, and lapis lazuli. 
Because of its comparative softness, and 


because the layers of color often lend them- 
selves to attractive design, chalcedony was 
probably the most universally used for en- 
graving, as it is today. 

Greek and Roman literature, even with 
such students and recorders as Theoprastus 
(died 27 B.C.) and Pliny (died 79 A.D.) do 
not help much in correctly listing all stones 
used by the ancients. Until a comparatively 
recent time wholly unrelated stones were 
grouped together by color, or through rough 
estimates of hardness. Only since the publi- 
cation of Herbert and Lou Hoover’s transla- 
tion of Agricola’s De re metallica and Dr. 
Sydney Ball’s Roman Book on Precious 
Stones, have modern mineralogists had much 
of a key to the identity of stones mentioned 
by early recorders of gemstone history. The 
many ancient carved gemstones still in exis- 
tence have also given a good indication of 
materials most generally used. 

In the Mesopotamian area before the 2nd 
millenium, hematite was most commonly 
used with jaspers and chalcedonies favored 
Jater. The Assyrians preferred rock crystal, 
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RESULTS AND DISCUSSION 
Gemological Properties. In general, sapphires from ge- 
ologically similar deposits show overlapping proper- 
ties, often making it difficult to determine the precise 
geographic origin. For example, a sapphire from 
Madagascar and a sapphire from Kashmir, India, can 
have a similar appearance, physical properties, chem- 
istry, and inclusions. There can be significant overlap 
in the gemological characteristics between Sri 
Lankan and Burmese sapphires, often making geo- 
graphic origin determination of such stones difficult 
if not impossible. Yogo sapphires, however, are unlike 
any other. Their inclusions and trace-element chem- 
istry are distinct enough that when either is consis- 
tent with known Yogo sapphire reference data, a 
given stone is almost certainly from the Yogo deposit. 
Yogo sapphires generally have light to dark blue 
colors and are generally flattened tabular crystals that 
yield small faceted stones. Violet to purple hues and 
color-change stones (blue to violet or purple) are occa- 
sionally encountered, but these account for less than 
3% of production (see, e.g., figure 13) (Mychaluk, 
1995). Most faceted Yogo sapphires are less than 1 ct, 
and faceted stones over 2, ct are extremely rare. 
Typical refractive index measurements for Yogo 
sapphires range between 1.760 and 1.771, with a bire- 
fringence of 0.008—0.009, and specific gravity aver- 
ages 3.99-4.00. All of these properties are consistent 
with gem corundum from other sources. 


Inclusions/Microscopic Observations. For the 
gemologist, microscopic examination may be the 
most powerful tool to confirm that a sapphire is from 


the Yogo deposit. While sapphires from this deposit 
are generally eye clean, when inclusions are present, 
they are often diagnostic of this geographic origin. 
Unlike many other blue sapphires, Yogo sapphires 
are nearly always free of needle-like, oriented rutile 
inclusions known as “silk.” However, it is extremely 
rare (but not impossible) for a Yogo sapphire to ex- 
hibit small patches of rutile silk in the form of small 
acicular needles, flakes, and particles, which are 
often called “rutile dust” by gemologists. In the au- 
thors’ observations of hundreds of Yogo sapphires, 
only one was found to have silk, and only then in a 
very small amount (figure 11). This stone was re- 
ported to have been mined at the Vortex mine, and 
chemical analysis confirmed its origin. 

The most common types of inclusions are thin- 
film decrepitation halos, also be referred to as “stress 
halos,” surrounding solid protogenetic inclusions of 
rutile, feldspar, apatite, garnet, metal sulfides, and 
rarely monazite (figure 12 A-H). The protogenetic ru- 
tile crystals are often rounded and black to reddish 
orange in color. They can also occur as elongated 
lathe-like brownish green protogenetic crystals. Py- 
rope-almandine-grossular garnets are also distinctive 
inclusions, because of their unusual chemistry, that 
can be encountered in Yogo sapphires. They generally 
appear brownish orange and can range from quite pale 
to very saturated in color depending on their size. 

Other common inclusions are distinctive whitish 
negative crystals filled with a polycrystalline mix- 
ture of carbonate minerals and analcime (figure 12, I 
and J). Giibelin and Koivula (2008) were the first to 
report and identify these inclusions in Yogo sapphire. 


Figure 11. Silk is almost never encountered in Yogo sapphires but is a possibility, as this extremely rare example 
from the Vortex mine shows. Photomicrographs by Nathan Renfro, courtesy of James Rambut. Fields of view: 1.75 
mm (left) and 1.26 mm (right). 
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Figure 12. Protogenetic crystals 
of pyrope-almandine-grossular 
garnet vary in color from dark 
brownish orange (A) to light 
brown (B), depending on their 
size and resulting optical den- 
sity. Rounded, protogenetic, 
transparent, colorless crystals 
in Yogo sapphires are often apa- 
tite (C) or feldspar (D). Rutile 
crystals can be seen as elon- 
gated rods with a dark brown- 
ish green color (E) and as black 
opaque rounded crystals with 
tension cracks and healed 
fringes that result from the ig- 
neous growth environment (F) 
and not from heat treatment. 
Other inclusions that may be 
encountered are iron sulfides, 
which often have a black 
opaque decrepitation halo (G), 
and rarely yellowish monazite 
(H). Negative crystals filled 
with analcime and calcite are 
shown in darkfield illumina- 
tion (I) and reflected light dis- 
playing thin-film interference 
colors (J). Glassy melt inclu- 
sions with contraction bubbles 
are occasionally seen in Yogo 
sapphires (K), consistent with 
their igneous origin. Yogo sap- 
phires are also occasionally 
twinned and contain intersec- 
tion tubules (L). Photomicro- 
graphs by Nathan Renfro (A-], 
L) and Aaron Palke (KR). 
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Figure 13. The blue Yogo tablet on the left shows a 
uniform color, while the purple Yogo tablet on the 


right shows diffuse angular purple color zoning. Photo 
by Nathan Renfro (scale is in mm). 


These features have been interpreted as originally 
trapped within the sapphires as blebs of carbonatite 
melt that later crystallized after entrapment into 
analcime and carbonate minerals. Glassy silicate 
melt inclusions (figure 12K) are also relatively com- 
mon and an indicator of the igneous origin of Yogo 
sapphires (Palke et al., 2016). The observer may oc- 
casionally find pronounced lamellar twinning with 
intersection tubules (figure 12L). 

Many blue sapphires from other deposits around 
the world show some degree of color zoning when 
examined with diffuse transmitted light. Another 
defining characteristic of blue Yogo sapphires is their 
distinct lack of color zoning. Violet to purple Yogo 
sapphires, however, may show a minimal amount of 
color zoning (figure 13). 

When examined using long-wave UV light, blue 
Yogo sapphires typically show no reaction or a weak 


red fluorescence due to trace amounts of chromium, 
while violet to purple stones generally show a 
medium red fluorescence reaction due to higher lev- 
els of chromium (figure 14). 


Spectra. Yogo sapphires have a typical UV-Vis-NIR 
spectrum with moderate to high iron and an absorp- 
tion band at 580 nm, caused by the Fe?*-Ti* interva- 
lence charge transfer, that is responsible for the blue 
color (Hughes et al., 2017) (figure 15). 

The mid-infrared absorption spectrum offers a po- 
tentially diagnostic clue to Yogo origin. Yogo sap- 
phires often, but not always, show a weak absorption 
peak at a wavenumber of approximately 3220 cm"! 
(figure 16). In the authors’ experience, this feature 
may be present in sapphires from other Montana de- 
posits (Rock Creek, Missouri River, and Dry Cotton- 
wood Creek], but it is generally uncommon in 
sapphires from sources outside of Montana. This fea- 
ture may serve as an important indicator of Montana 
origin and may be useful in identifying Yogo Gulch 
as the origin. 


Chemistry. Yogo sapphires have a distinct trace-ele- 
ment signature that can provide an additional means 
of distinguishing them. LA-ICP-MS trace-element 
measurements indicated ranges of 73-146 ppma Mg, 
77-131 ppma Ti, 3-19 ppma V, 3-470 ppma Cr, 1060- 
3110 ppma Fe, and 11-21 ppma Ga. These values gen- 
erally overlap with the ranges reported by Peucat et 
al. (2007) and Palke et al. (2016), although our meas- 
urements indicate slightly lower average Mg values 
and slightly higher than average Ti and Fe. This dif- 
ference is due to the use of internally developed 
corundum standards in this study, as opposed to the 


Figure 14. This parcel of Yogo sapphires shows a wide variation in UV fluorescence. Purple to violet stones gener- 
ally fluoresce stronger than blue stones. Photos by Nathan Renfro (scale is in mm). 
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UV-VIS-NIR ABSORPTION SPECTRUM 


ABSORPTION COEFFICIENT (cm-') 


Figure 15. The polarized 
UV-Vis-NIR spectrum 
of a blue Yogo sapphire 
shows strong iron-re- 
lated absorption at 377, 
388, and 450 nm in 
both the ordinary (red 
trace) and extraordi- 
nary (blue trace) rays, 
while the cause of color 
results from the Fe?*- 
Ti* intervalence charge 
transfer band in the or- 
dinary ray (red trace) at 
580 nm. Note the ab- 
sence of a strong ab- 


— Ordinary ray 
— Extraordinary ray 
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NIST glass standards used in most other studies 
(Stone-Sundberg et al., 2018). The ranges and averages 
of trace-element concentrations for Yogo sapphires 
are reported in table 1, which also contains trace-ele- 
ment concentrations for a variety of economic de- 
posits. The full analytical results for each individual 
analysis can be found in supplementary table S1 
(https://www.gia.edu/doc/SU18-characterization- 
of-sapphires-from-yogo-table.pdf). 

However, Yogo sapphires have a unique trace-el- 
ement signature and in almost all cases can be easily 


IR ABSORPTION SPECTRUM 


0.10 4 


O09 


0.08 4 


0.07 5 


0.06 4 


0.05 4 


ABSORPTION COEFFICIENT (cm) 


0.04 T T T 


sorption band around 
870 nm, which typi- 
cally indicates igneous 
origin for sapphires. 


distinguished using appropriate trace-element plots 
(figure 17). Specifically, Yogo sapphires can be sepa- 
rated by their generally higher concentrations of Mg 
and Ti. While some Sri Lankan sapphires analyzed 
here overlap with Yogo sapphires at their lower range 
of Mg and Ti concentrations, Yogo material always 
has much higher concentrations of Fe (figure 17). 
While this represents only a small sampling of sap- 
phires from worldwide deposits, the unusual trace el- 
ement signature of Yogo sapphires should allow clear 
identification by LA-ICP-MS measurements. In fact, 


Figure 16. Sapphires 
from Montana, includ- 
ing both Yogo and the 
secondary deposits at 
the Missouri River, Dry 
Cottonwood Creek, 
and Rock Creek, often 
show a unique absorp- 
tion feature at approxi- 
mately 3220 cm. 
While this feature is 
not exclusively diag- 
nostic for Yogo sap- 
phire, it is highly 
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TABLE 1. Comparison of trace-element compositions of sapphires from Yogo Gulch and other deposits*. 


No. of samples: 


No. of analyses MG ” cs ie se 

Yogo Gulch 20:60 99 9 56 1440 14 
(73-146) (77-131) (3-19) (3-470) (1060-3110) (11-21) 

Montana secondary 19:57 32 3 10 1715 14 
deposits (Rock Creek (18-51) (10-61) (1-6) (1-39) (978-2750) (11-18) 

and Missouri River) 

Umba, Tanzania 17:54 32 11 54 1560 17 
(11-98) (12-148) (5-32) (2-158) (676-3580) (4-30) 

Sri Lanka (locality 19:54 47 18 27 539 21 
unknown) (2-116) (5—1060) (1-143) (3-89) (44-1250) (4-53) 

Inverell, Australia 9:27 6 5 7 2003 51 
(2-15) (15-160) (2-11) (1-39) (754-4650) (38-69) 


*Reported in ppma. Averages are shown first with the full range given next in parentheses. Full analytical results are available in supplementary table $1 


(https://www.gia.edu/doc/SU 18-characterization-of-sapphires-from-yogo-table. pdf). 


the corundum locality that might have the most con- 
sistently similar trace-element chemistry is the 
Thai/Cambodian ruby mines. This is, of course, ex- 
cepting chromium, which is consistently enriched in 
Thai/Cambodian rubies (although some Yogo sap- 
phires do have similar levels of Cr). The similarities 
in trace-element chemistry, rough crystal morphology, 
and inclusions have led to speculation that Yogo sap- 
phires and Thai/Cambodian rubies might have formed 
through very similar geological processes (Hughes et 
al., 2017; Palke et al., 2018). In addition to the subset 
of ordinary corundum trace elements reported in table 


1, Co and Ni have also been found in Yogo sapphires 
(Z. Sun, pers. comm., 2017). Co and Ni were found in 
our samples from below the detection limit to 0.16 
ppma and 0.81-16.3 ppma, respectively. Additionally, 
Emmett et al. (2017) performed a detailed colorimetric 
analysis of Yogo sapphires using highly accurate SIMS 
data. Those authors showed that Si is ubiquitously 
found in Yogo sapphires. Their study also showed that 
the Yogo sapphires’ rich cornflower blue color can 
only be explained by their incorporation of Si**, which 
couples with much of the Mg” present, leaving 
enough Ti** to couple with Fe”*. This produces blue 


@ Yogo 
BB Alluvial Montana 
A Australia (Inverell) 


Figure 17. Plot of Mg vs. 
Fe (in ppma) of Yogo 


A Sri Lanka sapphires compared to 
@ Umba a select group of other 
© economically impor- 
tant sapphires. This 
@ generally covers the 


range of sapphire trace- 
element chemistry. 
Yogo sapphires have a 
unique chemical signa- 
ture that can be used in 
addition to inclusions 
A to positively identify 
their origin. 
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Figure 18. Raman photoluminescence mapping pro- 
duced this image, which shows the relative distribu- 
tion of chromium in a Yogo sapphire viewed 
perpendicular to the c-axis. Chromium is concen- 
trated in the outer portion of the crystal and is not 
particularly homogeneous throughout. Field of view 
approximately 4 mm. 


coloration due to the Fe**-Ti* intervalence charge 
transfer. 


Raman Mapping. Even though one of the character- 
istic features of Yogo sapphires is a lack of blue color 
zoning, violet to purple stones may show visible 
color zoning due to an uneven distribution of 
chromium. The heterogeneous distribution of Cr 
was further explored in one of the blue samples from 
this study using photoluminescence mapping of the 
694 R-line. The Raman imaging microscope was 
used to map the relative chromium distribution in 
the sample used to collect the UV-Vis-NIR spectrum. 
This sample was an oriented wafer with two win- 
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Figure 19: The flat tabular shape of the Yogo rough 
often dictates the production of stones under 1 ct in 
weight. Photo by Robison McMurtry. 


dows polished parallel to each other and parallel to 
the optic axis (figure 18). 


CONCLUSIONS 

While Yogo sapphires (figure 19) may not be as well- 
known as those from other deposits such as Sri 
Lanka and Myanmar (formerly Burma), they are truly 
unique among gem corundum. They can be readily 
recognized by their inclusions and trace-element 


Figure 20. With activi- 
ties resuming at Yogo 
Gulch, the industry 
may see more contem- 
porary jewelry designs 
using the deposit’s sap- 
phires. The suite shown 
here incorporates the 
blue material that 
made Yogo famous, 
along with the purple 
stones that remain a 
rarity. The center stone 
of the ring weighs 1.36 
ct. Photo by Kevin 
Schumacher, courtesy 
of Bill Vance. 
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chemistry. Because they do not require heat treat- 
ment to improve their color, the origin alone offers 
the consumer reasonable confidence that their stone 
has not been heat treated or otherwise artificially al- 
tered. While the Yogo sapphire deposit has been 
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GLOSSARY 


Anorthosite: A rock composed dominantly of plagioclase 
feldspar (>90%). 


Analcime: A hydrated sodium aluminum silicate with the 
chemical formula NaA1Si,O.H,O. 


Carbonatite: A magma composed mostly of molten carbon- 
ate minerals. 


Clinopyroxene: A monoclinic chain silicate, the most com- 
mon species of which is diopside (CaMgSi,O,). 


Decrepitation halo: A small fracture concentrically cen- 
tered on an inclusion formed when the inclusion expanded 
against and fractured the host mineral, likely due to decom- 
pression or heating. 


Dike: A (sub)volcanic formation formed by the intrusion 
and solidification of magma into preexisting rock in a nar- 
row, (sub}vertical sheet. 


Eclogite: A rock composed dominantly of pyrope-almandine 
garnet and Na-rich clinopyroxene. Eclogites are generally 
noted for their lack of plagioclase feldspar and typically form 
through metamorphism of mafic rocks at very high pres- 
sures, usually in the earth’s mantle or in very thick sections 
of the crust. 


Etching: Dissolution that occurs on the surface of a crystal 
when it is out of equilibrium and becomes soluble within 
its host rock. 


Intersection tubules: Hollow tubes formed in the corun- 
dum at the intersections of twinning planes. In corundum, 
these tubules often contain the aluminum hydroxide min- 


eral boehmite. 
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known for more than a century, mining efforts have 
often been met with failure. And since the deposit is 
quite large, time will tell how much of an impact 
Yogo sapphires will have on the gem trade and jew- 
elry design (figure 20) in the future. 


phire necklace photographed in figure 1. A sample of Yogo sap- 
phire in place in its host rock was sourced from Katie McPherson, 
who owns a small claim on the Yogo dike. Gem dealer and 
gemologist Bill Vance provided numerous samples of rough and 
cut stones for examination. Will Heierman from the Corundu- 
minium website also provided many Yogo sapphires for trace ele- 
ment and inclusion analysis. The authors also are appreciative for 
the helpful comments and discussion from Don Baide, John Em- 
mett, Richard Hughes, Robert Kane, and Ziyin Sun, which signifi- 
cantly improved the manuscript. 


Lamprophyre: An ultrapotassic volcanic rock composed pri- 
marily of large crystals of mica and/or amphibole. 


Leucocratic ocelli: Light-colored globular structures often 
found in lamprophyres and other similar volcanic rocks. 
They are generally composed of calcite and analcime with 
traces of other minerals. 


Limestone: A sedimentary rock dominantly composed of 
calcium carbonate (CaCO,). Limestones generally form 
through the gradual accumulation of the skeletal remains 
of marine organisms onto the seafloor over time. 


Mantle: The layer of the earth below the crust from about 
35 to 3,000 km deep. The mantle is compositionally distinct 
from the earth’s crust, with the mantle more Mg- and Fe- 
rich and Si-depleted and the crust enriched in Si, Na, and K. 


Monazite: A light rare earth phosphate with the general for- 
mula (Ce,La,Nd)PO,,. 


Negative crystal: A void with the morphology and crystal- 
lographic alignment of the host sapphire that can be filled 
with foreign included material. Solids, liquids, and gases 
may all be present in negative crystals. 


Ouachatite: Pronounced “wash-e-tite,” this is a specific 
type of lamprophyre, predominantly composed of phe- 
nocrysts (large crystals) of mica and clinopyroxene set 
within a groundmass of fine-grained mica and clinopyrox- 
ene with minor analcime, calcite, corundum, and other 
trace accessory minerals 


Pelitic rock: Rocks formed through the accumulation and 
solidification of mud or silt. 
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Peritectic melting: A melting reaction in which one of the 
solid crystalline phases will break down into a liquid com- 
ponent and an entirely different crystalline phase. This is in 
contrast to “ordinary” melting reactions in which single 
crystalline phases melt directly into a liquid phase. 


Protogenetic: Referring to an inclusion whose formation 
significantly predates that of the host mineral. 


Rutile: Titanium oxide, TiO,. Notably, Yogo sapphires are 
nearly always free of needle-like, oriented rutile (“silk”). 


Shale: A sedimentary rock formed by the accumulation and 
solidification of mud. Shales are largely composed of clays, 
quartz, and other minerals. 


REFERENCES 


Branstrator B. (2017) Montana retailer acquires, reopens Yogo sap- 
phire mine. National Jeweler, www.nationaljeweler.com/ 
diamonds-gems/supply/5758-montana-retailer-acquires-re- 
opens-yogo-sapphire-mine 

Brownlow A.H., Komorowski J.-C. (1988) Geology and origin of the 
Yogo sapphire deposit, Montana. Economic Geology, Vol. 83, 
No. 4, pp. 875-880, http://dx.doi.org/10.2113/gsecongeo.83.4.875 

Cade A., Groat L.A. (2006) Garnet inclusions in Yogo sapphires. 
Ge, Vol. 42, No. 3, p. 106. 

Clabaugh S.E. (1952) Corundum deposits of Montana. U.S. Geolog- 
ical Survey Bulletin 983 (https://pubs.er.usgs.gov/publication/ 
b983). 

Dahy J.P. (1988) The geology and igneous rocks of the Yogo sap- 
phire deposit and the surrounding srea, Little Belt Mountains, 
Judith Basin County, Montana. Master’s thesis, Montana Col- 
lege of Mineral Science and Technology. 

(1991) Geology and igneous rocks of the Yogo sapphire de- 
posit, Little Belt Mountains, Montana. In D.W. Baker and R.B. 
Berg, Eds., Guidebook of the Central Montana Alkalic 
Province. Montana Bureau of Mines and Geology Special Pub- 
lication 100, pp. 45-54. 

Emmett J., Stone-Sundberg J., Guan Y., Sun Z. (2017) The role of 
silicon in the color of gem corundum. G&G, Vol. 53, No. 1, pp. 
42-47, http://dx.doi.org/10.5741/GEMS.53.1.42 

Gauthier G. (1995) Mineralogy, geochemistry, and geochronology 
of the Yogo dike sapphire deposit, Montana. Master’s thesis, 
University of British Columbia. 

Gtbelin EJ., Koivula J.I. (2008) Photoatlas of Inclusions in Gem- 
stones, Vol. 3. Opinio Publishers, Basel, Switzerland, pp. 228- 
229. 

Howard D.L. (1962a) No ghosts at Yogo! (part 1). Lapidary Journal, 
Vol. 16, No. 1, pp. 65-77. 

(1962b) No ghosts at Yogo! (part 2). Lapidary Journal, Vol. 
16, No. 2, pp. 228-241. 

Hughes R., Manorotkul W., Hughes B. (2017) Ruby and Sapphire: 
A Gemologist’s Guide. RWH Publishing/Lotus Publishing, 
Bangkok. 

Kane R., Hughes R. (2012) In Memoriam: Mike Roberts of the 
Roberts Yogo sapphire mine. www.ruby-sapphire.com/mike- 
roberts-yogo-sapphire.htm 

Laurs B. (2005) Gem News International: Historic U.S. sapphire 
and benitoite mines close. G&G, Vol. 41, No. 3, p. 276. 

Leiper H. (1969) “Five miles of sapphires”: Famous Yogo Montana 
sapphire mine to be reopened. Lapidary Journal, Vol. 22, No. 


CHARACTERIZATION OF YOGO SAPPHIRES 


Troctolite: A rock composed predominantly of plagio- 
clase feldspar, with lesser amounts of olivine and minor 
pyroxene. 


Xenocryst: A single crystal picked up by a magma during 
its ascent to the earth’s surface. Xenocrysts are generally out 
of equilibrium with the surrounding magma and show signs 
of corrosion or etching on their surfaces. 


Xenolith: A rock picked up by a magma during its ascent to 
the earth’s surface. Such rocks are foreign to the igneous 
rocks in which they are found. Xenoliths are useful to geol- 
ogists trying to understand the composition of the deep 
earth. 


10, pp. 1278-1286. 

Meyer H.O.A., Mitchell R.H. (1988) Sapphire-bearing ultramafic 
lamprophyre from Yogo, Montana: a ouachitite. Canadian 
Mineralogist, Vol. 26, pp. 81-88. 

Mychaluk K.A. (1992) Geology of the Vortex mine, Utica, Mon- 
tana. Bachelor’s thesis, University of Calgary. 

(1995) The Yogo sapphire deposit. G#/G, Vol. 31, No. 1, pp. 
28-41, http://dx.doi.org/10.5741/GEMS.31.1.28 

Nixon L. (2016) All that glitters is not gold. Montana Magazine, 
No. 259, pp. 48-53. 

The $1 million sapphire campaign (1978) Jewelers’ Circular Key- 
stone, Vol. 149, No. 10, p. 111. 

Palke A.C., Renfro N.D., Berg R.B. (2016) Origin of sapphires from 
a lamprophyre dike at Yogo Gulch, Montana, USA: Clues from 
their melt inclusions. Lithos, Vol. 260, pp. 339-343, 
http://dx.doi.org/10.1016/j.lithos.2016.06.004 

Palke A.C., Wong J., Verdel C., Avila J.N. (2018) A common ori- 
gin for Thai/Cambodian rubies and blue and violet sapphires 
from Yogo Gulch, Montana, USA? American Mineralogist, in 
press. 

Peucat J.E., Raffault P., Fritsch E., Bouhnik-Le Coz M., Simonet 
C., Lasnier B. (2007) Ga/Mg ratio as a new geochemical tool to 
differentiate magmatic from metamorphic blue sapphires. 
Lithos, Vol. 98, No. 1-4, pp. 261-274, http://dx.doi.org/ 
10.1016/j.lithos.2007.05.001 

Stone-Sundberg J., Thomas T., Sun Z., Guan Y., Cole Z., Equall R., 
Emmett J. (2018) Accurate reporting of key trace elements in 
ruby and sapphire using matrix-matched standards. GWG, Vol. 
53, No. 4, pp. 438-451, http://dx.doi.org/10.5741/GEMS. 
53.4.438 

Thomas T., Rossman G.R., Sandstrom M. (2014) Device and 
method of optically orienting biaxial crystals for sample prepa- 
ration. Review of Scientific Instruments, Vol. 85, No. 9, 
093105, http://dx.doi.org/10.1063/1.4894555 

Voynick S.M. (1995) Yogo sapphires: A 1995 update. Rock and 
Gem, Vol. 25, pp. 50-81. 

(2001) Yogo: The Great American Sapphire. Mountain 
Press Publishing Company, Missoula, MT. 

Woodward L.A., Hanley J.D. (2013) Yogo Sapphire Mine, Montana: 
History of a World-Class Gem Deposit. Running Wolf Press, 
Lewistown, MT. 

Yaras H. (1969) Precious Yogo sapphires will again gleam among 
the world’s precious jewels. Lapidary Journal, Vol. 23, No. 1, 
pp. 178-180. 


Gems & GEMOLOGY Summer 2018 201 


CHART 


FEATURES OF SYNTHETIC DIAMONDS 


Sally Eaton-Magana and Christopher M. Breeding 


CVD Synthetics 


HPHT Synthetics 


CVD- and HPHT-grown synthetic diamonds occur in a variety of colors depending on the growth conditions and 
post-growth treatments. While their final faceted appearances may be similar, the crystals produced from the two 
techniques are usually quite different. 


n the last few years, the influx of synthetic dia- 

monds into the market has sparked tremendous 
interest in the laboratory growth of this beautiful 
and fascinating gemstone. The chart provided here 
offers a summary and reference guide for the growth 
parameters and characteristics of both rough and 
faceted samples grown by the two major methods of 


See end of article for About the Authors. 
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synthetic diamond production: high-pressure, high- 
temperature (HPHT) growth and chemical vapor 
deposition (CVD) growth. It also provides the major 
gemological and spectroscopic features used to iden- 
tify these lab-grown diamonds. The last few years 
have seen numerous advancements in synthetics: 
the rapid evolution in CVD technology, the ability 
to produce 10+ carat HPHT synthetics, and the pro- 
liferation of HPHT-grown colorless melee diamonds. 

The far left column of the chart focuses on features 
of melee-sized lab-grown diamonds (those less than 
0.2 ct}, while the far right column presents photos and 
photomicrographs of large (greater than 5 ct) faceted 
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synthetics. The top two rows are assigned to HPHT 
synthetics and linked by the blue background. The 
third and fourth rows discuss CVD synthetics and 
are distinguished by the dark blue background. The 
bottom row concentrates on fancy-color synthetic 
diamonds, both CVD- and HPHT-grown. Fancy-color 
synthetics can be either as-grown or have color due 
to post-growth treatments. 

The center portion of the chart focuses on 
growth methods and gemological traits. Important 
methods of identification include strain observation 
through crossed polarizers, fluorescence imaging 
with high-energy UV, and observation of distinctive 
inclusions. 

The panels depicting long-wave and short-wave 
fluorescence and phosphorescence of synthetics 
show that the phosphorescence response can be quite 
subtle to not discernible at all. They also demon- 
strate that the response is more pronounced with 
short-wave UV than long-wave. For example, the 
phosphorescence response in HPHT synthetics to 
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short-wave UV can vary from pronounced to unde- 
tectable, indicating that this observation is not al- 
ways reliable for determining synthetic origin. 

Similarly, the observation of strain through 
crossed polarizers is often useful to identify HPHT 
synthetics, as the vast majority do not show birefrin- 
gence (although at least one exception has been en- 
countered; Summer 2016 Lab Notes, pp. 417-418). 
This is quite distinct from the strain patterns seen in 
CVD synthetics and naturals. 

Although this chart cannot be comprehensive and 
cover all aspects of HPHT and CVD synthetics, or 
fully qualify where exceptions exist, we hope it 
serves as a useful reference for the reader. The chart 
is intended to be representative of synthetic diamond 
materials and technology currently encountered in 
the market and in gemological laboratories. As syn- 
thesis technology continues to evolve, it is likely 
that some features will shift in the coming years. For 
more information on synthetic diamonds, please see 
the suggested reading list below. 


Dr. Eaton-Magana and Dr. Breeding are senior research scientists at GIA in Carlsbad, California. 
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Large Faceted Gem-Quality 
AFGHANITE 

Afghanite is a blue mineral named in 
1968 after its discovery in Badakh- 
shan Province, Afghanistan. It is 
often found in association with lapis 
lazuli and sodalite (R.V. Gaines et 
al., Dana’s New Mineralogy, John 
Wiley & Sons, New York, 1997, p. 
1634). It has a chemical formula of 
(Na,Ca,K),(Si,Al),,O,,(SO,,CI,CO,),-H, 
O (Gaines et al., 1997). Since 2003, 
there have been only a few mentions 
in the literature of gem-quality 
afghanite (Winter 2003 GNI, pp. 326— 
327, Spring 2008 GNI, pp. 79-80; Fall 
2011 GNI, p. 235; Spring 2015 GNI, p. 
83), with no reports of finished faceted 
stones larger than 1.5 ct. Five gem- 
quality samples ranging in size from 
2.87 to 7.25 ct have been reported; 
however, all five were cabochons and 
contained numerous inclusions of 
lazurite (Winter 2003 GNI, pp. 326- 
327). 

For these reasons, the 1.91 ct trans- 
parent faceted oval brilliant afghanite 
recently submitted to the Carlsbad lab 
for an identification report was truly 
exceptional (figure 1). The only inclu- 
sions in the stone were minor frac- 
tures. To date, it is the largest 
facet-grade afghanite on record in the 
GIA gem identification department. 
Standard gemological testing revealed 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. An exceptionally large 
and clean 1.91 ct faceted oval 
brilliant afghanite was recently 
submitted to GIA’s Carlsbad lab. 


that the stone was doubly refractive 
and uniaxial, with an RI of 1.522 to 
1.530 and a specific gravity (SG) of 
2.52. These results are consistent with 
the published properties of afghanite 
(Gaines et al., 1997). Additionally, an 
early report on gem-quality afghanite 
notes that “an interesting feature of 
afghanite that should prove useful in 
its identification is its strong, bright 
orange fluorescence to long-wave UV 
radiation,” a property that this re- 
markable stone exhibited (Winter 
2003 GNI, p. 326-327). Further confir- 
mation of the stone’s identity was ob- 
tained by using Raman spectroscopy, 
which yielded a spectrum that 
matched that of known afghanite 
samples. 


Hollie McBride 
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BERYL and Glass Assemblage 
Imitating Emerald 


Assemblages of various materials 
have long been used as imitations of 
precious stones, with records dating 
back to Pliny the Elder’s Natural His- 
tory (79 AD). Assembled stones com- 
monly consist of two or more pieces 
of materials joined together in a par- 
allel, layered fashion. Natural gem 
materials, such as spinel or garnet, are 
often used for the crown for the dual 
benefit of their durability and natural 
inclusions. The pavilion is typically 
composed of attractively colored, in- 
expensive materials such as glass or 
synthetic sapphire. 

A unique assembled 3.35 ct imita- 
tion emerald composed of five glass 
segments surrounding a rectangular 
beryl core (figure 2) was submitted to 
the New York lab. Microscopic obser- 
vation revealed multiple nonparallel 
cement planes in the pavilion (figure 3, 
left). The crown was shown to be sep- 
arated from the pavilion in a single 
piece, whereas the pavilion was com- 
posed of four asymmetrical exterior 
segments surrounding a sub-rectilinear 
pyramidal core. The core material con- 
tained inclusions typical of natural 
beryl, such as dark dendritic flakes (fig- 
ure 3, right) and fingerprints. Large gas 
bubbles and internal chips were ob- 
served within the cement layers that 
accumulated at the beryl core’s cor- 
ners. Standard gemological testing pro- 
duced consistent RIs of 1.61 on both 
the crown and the four segments that 
made up the pavilion, an SG of 2.99, 
and weak white fluorescence in the ce- 
ment planes in long- and short-wave 
UV light. Under cross-polarized light, 
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Figure 3. Left: All four glass sections of the pavilion assemblage are visible 
in reflected light. The small triangular segment is a protrusion from the 
opposite side. Field of view 3.57 mm. Right: Metallic dendritic films sup- 
porting the natural provenance of the beryl core. Also visible are planar 
bubbles within the cement layer. Field of view 2.90 mm. 


Figure 2. Face-up, the assemblage 
displayed natural inclusions un- 
derneath the table. Large bubbles 
are also visible at the corners of 
the beryl core, a warning sign for 
the observant viewer. 


the outer material was singly refractive 
and displayed interference patterns 
along the interior join planes (figure 4). 
When immersed, the coloration was 
shown to be derived from the sur- 
rounding sections and joined by a col- 
orless cement. This was further 
supported by ultraviolet/visible/near- 
infrared (UV-Vis-NIR) spectroscopy, 
which yielded a spectrum similar to 
manufactured green glass samples 
from our database. Raman microscopy 
of the crown and four pavilion seg- 
ments produced amorphous spectra 
typical of glass. In addition to amor- 


Figure 4. Face-up view under 
cross-polarized light displaying 
the inert reaction of the outer 
material and interference planes 
outlining the beryl core. Field of 
view 14.52 mm. 
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phous mounds, beryl peaks were de- 
tected in the core material, confirming 
prior suspicions. 

Interestingly, the four glass seg- 
ments in the pavilion assemblage are 
interlocked in a fashion that reveals a 
possible explanation of how the stone 


a result of the iterant cutting, the first 
segment shares five sides that are par- 
allel to the faces of the beryl core (four 
pyramidal faces and one basal). The 
number of faces parallel to the core 
decreases by one for each added glass 
segment. The asymmetry of the seg- 


was manufactured. Based on visual 
observations, it appears the pavilion 
was constructed by a laborious multi- 
step cut-and-glue process (figure 5). As 


ments, parallel faces, and precise an- 
gles that match the sides of the core 
support the proposed model of or- 
dered assembly. 


Figure 5. Diagram showing the proposed model of the complex assembly 
of the composite stone. Final faceting is shown for simplicity. A: The first 
glass segment (green) is attached to the beryl core (gray). B: Both the core 
and the first segment are cut to make a flat surface for the second seg- 
ment. C: The second segment (teal) is attached. D: The segments are 
again cut. E: The third segment (blue) is attached. F: The assemblage is 
shown rotated 180° for clarity. All current pieces are cut to create the sur- 
face for the final piece. G: The fourth and final segment (purple) is at- 
tached. H: Omitted for simplicity, the assembled pavilion would likely be 
polished flat to make room for the crown. Lastly, the crown (pink) is at- 
tached. The diagram was generated using Onshape CAD software. 
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Figure 6. This 17.09 ct HPHT-treated blue diamond (left) has ragged-looking graphitization around an inclusion 
(center, field of view 0.76 mm) and high-order interference colors when viewed with crossed-polarizing filters 


(right, field of view 7.19 mm). 


The authors were not able to find 
any records of this type of assembled 
stone, and it was the first time one 
has been submitted to GIA’s New 
York or Carlsbad laboratories. Since 
all exposed surfaces were glass, it is 
assumed that the stone was fabricated 
relatively recently due to the sharp 
facet junctions and lack of wear. It is 
intriguing that an antiquated tech- 
nique is updated in modern times, 
serving as a cautionary tale of the in- 
genuity counterfeiters employ. 


Tyler Smith and Augusto Castillo 


Large HPHT-Treated Blue Type IIb 
DIAMOND 


Over the past two decades, high-pres- 
sure, high-temperature (HPHT) treat- 
ment has emerged as a prominent 
technology for changing the color of 
diamonds. It is best known for remov- 
ing brown coloration from natural 
type Ila material to yield colorless or, 
rarely, pink diamonds. Similarly, 
HPHT treatment can be used to re- 
duce the brown color component of 
gray or brownish natural type IIb 
(boron-bearing) diamonds, thereby in- 
creasing the underlying blue color. 
Improvements to equipment and 
methods continue to push the capa- 
bilities of HPHT processing. 

GIA’s New York lab recently en- 
countered a notably large HPHT- 
treated Fancy Intense blue oval-cut 
diamond (figure 6, left). At 17.09 ct, 
this is the largest HPHT-treated blue 
diamond graded by GIA to date. For 
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comparison, the average size of most 
submitted HPHT-processed blue dia- 
monds lies in the 1 to 5 ct range. 
HPHT treatment can be challenging to 
detect with standard gemological 
tools, but in this case the ragged-look- 
ing graphitization around an inclusion 
and the appearance of moderate to 
high-order interference colors under 
crossed polarizers were helpful clues 
(figure 6, center and right). Advanced 
testing methods (e.g., infrared spec- 
troscopy and photoluminescence spec- 
troscopy) confirmed that the stone was 
HPHT treated. 

Additionally, this diamond had a 
striking blue color zonation (figure 7, 
left) that is thought to be unrelated to 
HPHT treatment. A region of strong 
blue color is separated from an almost 
colorless region by a sharp division 
with octahedral plane {111} orienta- 
tion. Color zonation is not uncommon 


in natural type Ib diamonds, though it 
is seldom so sharp and planar (J.M. 
King et al., “Characterizing natural- 
color type IIb blue diamonds,” Winter 
1998 GwG, pp. 246-268). The stronger 
blue region likely contains more un- 
compensated boron. It also exhibits 
more intense greenish blue fluores- 
cence/phosphorescence in Diamond- 
View images (figure 7, right). The color 
boundary might reflect a change in de- 
fect incorporation during diamond 
growth. 


Evan M. Smith, Paul Johnson, and 
Kyaw Soe Moe 


One Natural Melee Diamond 
Found in Large Batch of HPHT 
Synthetic Melee 

Over the last decade, the production 
methods used to create synthetic dia- 


Figure 7. Color zonation (left) becomes more noticeable when viewed 
through the pavilion. The stronger blue-colored region corresponds with 
bright greenish blue fluorescence in the DiamondView (right, field of view 
5.8 mm). Note that the DiamondView image is taken from the opposite 


side of the diamond. 
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Figure 8. Out of a parcel of 1,102 diamond melee received at GIA’s New 
York lab for testing, 1,092 were identified as HPHT synthetic melee. 


mond melee have improved substan- 
tially, along with the quality of the 
specimens themselves. The increase in 
the amount of synthetic melee sub- 
mitted—both disclosed and undis- 
closed—to GIA’s laboratories for 
identification has exponentially in- 
creased since GIA began offering its 
Melee Analysis Service in 2016. 
Parcels of melee are often submitted 
with a mixture of naturals and syn- 
thetics. Typically, a few synthetics are 
detected in batches of natural melee 
diamonds, known in the trade as “‘salt- 
ing” (e.g., S. Eaton-Magana and J.E. 
Shigley, “Observations on CVD-grown 
synthetic diamonds: A review,” Fall 
2016 G&G, pp. 222-245). 

GIA’s New York laboratory re- 
ceived a batch of 1,102 melee dia- 
monds with a total weight of 9.67 
carats for the melee analysis service. 


The tested melee ranged from 0.98 to 
1.52 mm in diameter. Preliminary 
testing using GIA’s fully automated 
screening device referred 1,093 for fur- 
ther testing, while nine were found to 
be outside of the service criteria. Fur- 
ther analysis using detailed spectro- 
scopic analysis confirmed 1,092 (figure 
8) out of the 1,093 to be HPHT syn- 
thetics. Fourier-transform infrared 
(FTIR) absorption spectroscopy per- 
formed on the referred melee revealed 
an absorption band at approximately 
2800 cm! from trace boron in the dia- 
mond lattice, classifying these melees 
as type IIb (boron-bearing), typical of 
HPHT synthetic diamonds. Due to 
the relatively high concentrations of 
boron, these melee diamonds showed 
a clear blue hue, which is very differ- 
ent from most of the melee diamonds 
we have tested. 


Figure 9. This diamond shows characteristic growth patterns of HPHT- 
grown material. 
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Further examination using photolu- 
minescence (PL) spectroscopy showed 
no detectable peaks of nickel, often a 
catalyst used to grow HPHT synthetic 
diamonds (e.g., Spring 2017 Lab Notes, 
pp. 95-96). These spectra were in fact 
atypical of HPHT synthetic diamonds. 
Distinctive HPHT growth patterns 
were observed in the DiamondView 
(figure 9) along with strong phospho- 
rescence following exposure to short- 
wave UV radiation (figure 10). 

One sample out of 1,093 was con- 
firmed as a natural diamond. Infrared 
absorption spectroscopy indicated 
this stone was type Ia, with a hydro- 
gen peak at 3107 cm. DiamondView 
imaging displayed a typical blue fluo- 
rescence and no detectable phospho- 
rescence, both typical for a natural 
type Ia diamond. 

It is interesting to note that only 
one natural was found in this parcel of 
melee. This has been the largest per- 
centage of undisclosed synthetic 
melee that GIA has seen. The major- 
ity of the HPHT synthetic melee had 
no detectable traces of Ni, demon- 
strating the importance of advanced 
testing to identify these melees. 

Stephanie Persaud, Wuyi Wang, 
Paul Johnson, and 
Ivana Petriska Balov 


Figure 10. These HPHT-grown 
synthetic diamond melee, from 
the parcel of 1,102 specimens, 
display strong phosphorescence 
following exposure to short-wave 
UV radiation. 
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A Repaired Diamond 

A 1.38 ct marquise-cut diamond (fig- 
ure 11) was submitted to the Carlsbad 
lab for colored diamond grading serv- 
ices. It was initially noted that large 
fractures and a large cavity were pres- 
ent on the table. Careful examination 
of the stone with a gemological micro- 
scope revealed that it had previously 
broken in half and been repaired with 
an unknown adhesive. The first clue 
was a large fracture from the crown to 
the pavilion that showed a sizeable 
gap present throughout the stone. 
Furthermore, the facets the fracture 
passed through all showed slight to 
moderate misalignment, which can- 
not happen during polishing (figure 
12). Finally, large trapped air bubbles 
could be seen in the fracture when 
viewed at an angle. These clues proved 
that the diamond had broken and been 
put back together again, though not 
perfectly. Polish lines on the pavilion 
facets showed a pattern that would 
line up if not for the fracture separat- 
ing them, demonstrating that the 
breakage occurred after the diamond 
had been at least partially polished. 
Beyond that, it is impossible to tell 
when the damage occurred. 


Figure 11. A face-up photo of the 
repaired diamond. 
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Figure 12. A bezel facet of the re- 
paired diamond as seen in re- 
flected light. The wide fracture 
can be seen cutting across the 
facet, and the upper edge of the 
facet does not form a straight 
line. Field of view 3.3 mm. 


Diamonds have been adhered to- 
gether with glue to form a diamond- 
diamond doublet (E. Barrie and E. Bier- 
mans, “A different type of deception: 
‘Diamond-diamond’ doublet,” HRD 
Antwerp, 2014, www.hrdantwerp. 
com/en/news/a-different-type-of- 
deception-diamond-diamond-doublet), 
but a broken diamond that has been 
repaired was not something previ- 
ously reported by GIA. The fracture in 
the item was not a flat, straight sur- 
face but very irregular, indicating that 
it was not two separate diamonds 
glued together to make a larger dia- 
mond, but rather a repair. Since the 


item was simply two pieces of dia- 
mond joined together, it was not eligi- 
ble to receive a diamond grading 
report. None of the 4Cs apply to a 
composite such as this (e.g., the carat 
weight of the item was actually the 
sum of the weights of two diamonds 
plus the weight of the adhesive). The 
decision to repair a diamond in this 
manner is unusual. Careful gemologi- 
cal examination will, however, reveal 
the repair work done. 


Troy Ardon 


A Cat’s-Eye Rock Consisting of 
JADEITE and Amphibole 


The Hong Kong laboratory recently 
examined a translucent variegated 
green bead exhibiting chatoyancy (fig- 
ure 13). The 1.42 ct bead, measuring 
approximately 5.62, mm in diameter, 
displayed two different shades of green 
on opposite sides. A distinct cat’s-eye 
band was readily visible across the 
darker green region with fiber-optic il- 
lumination, whereas no chatoyancy 
was observed in the lighter green re- 
gion on the reverse side. 

Microscopic observation revealed 
that the darker green side consisted of 
parallel fibrous crystals (figure 14, 
left). Light reflecting off these oriented 
crystals produced a chatoyant band 
perpendicular to the length of the 


Figure 13. This 1.42 ct translucent variegated green bead displays a dis- 
tinct chatoyant band on the darker green side (left). No chatoyancy was 
observed on the lighter green side (right). 
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Figure 14. Left: Parallel fibrous amphibole crystals were the cause of cha- 
toyancy in this green bead; field of view 11.34 mm. Right: Tight interlock- 
ing grains were visible in the lighter green jadeite region; field of view 3.80 
mm. Both observed with fiber-optic illumination. 


crystals. On the lighter green side, 
tight interlocking grains were ob- 
served (figure 14, right). Raman spec- 
troscopy detected the presence of 
richterite, an amphibole with the gen- 
eral formula Na,CaMg,Si,O,,(OH),, in 
the darker green region and jadeite in 
the lighter green region. 

While it is not unusual to en- 
counter a rock consisting of jadeite 
and amphibole (G. Shi, “Mineralogy 
of jadeitite and related rocks from 
Myanmar: a review with new data,” 


European Journal of Mineralogy, Vol. 
24, No. 2, 2012, pp. 345-370), it is fas- 
cinating to see such a rock being fash- 
ioned into an attractive variegated 
green bead exhibiting chatoyancy. 


Bona Hiu Yan Chow 


Two Natural “Horse Conch” 
PEARLS 


GIA’s Hong Kong laboratory recently 
examined two strongly saturated red- 


Figure 15. Two natural “horse conch” pearls and the shell from which 


they were reportedly extracted. 
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dish orange non-nacreous pearls 
weighing 126.20 ct and 4.89 ct, and 
measuring 40.80 x 23.70 x 20.96 mm 
and 10.53 x 8.55 x 7.68 mm, respec- 
tively. The client who submitted the 
pearls also provided the shell from 
which they were reportedly extracted 
(figure 15). While such information 
must be treated with a degree of cau- 
tion, our client also stated that the 
shell and pearls were handed to him 
by a fisherman who claimed to have 
found them in the waters off Isla Mu- 
jeres, near Cancun, Mexico. The shell 
measured approximately 47 x 24 x 24 
cm and appeared pinkish orange with 
an orangy brown periostracum. Its 
large size, characteristic shape, pink- 
ish orange color, and fine slender 
flame structures enabled us to identify 
it as a member of the Triplofusus 
genus, most likely Triplofusus papil- 
losus or Triplofusus giganteus, some- 
times referred to as Pleuroploca 
gigantea (E. Strack, Pearls, Rihle- 
Diebener-Verlag GmbH & Co., 
Stuttgart, Germany, 2006, p. 108; Fall 
1994 Lab Notes, p. 195). These are all 
names that have been used to describe 
the Florida horse conch, though differ- 
ences of opinion on the correct 
nomenclature applicable exist (D.P. 
Berschauer, “What's in a name — the 
Florida horse conch,” The Festivus, 
Vol. 49, 2017, pp. 110-116). The 
Triplofusus genus is part of the Fasci- 
olariidae subfamily which is a very di- 
verse group of marine gastropods. The 
parallel line patterned Pleuroploca tra- 
pezium is another member of the Fas- 
ciolariidae subfamily said to produce 
unusual horse conch pearls (H. Bari 
and D. Lam, Pearls, Skira Editore 
S.p.A, Milan, 2009, pp. 70-73). 

The larger of the two pearls dis- 
played an uneven coloration with 
some lighter areas blending into a 
more saturated reddish orange. The 
smaller pearl was more homogeneous 
in appearance. The flame structures 
appeared spiky on the smaller pearl 
but were fine and elongated on the 
larger pearl (figure 16). Real-time mi- 
croradiography revealed small void- 
like features in the center of the 
smaller pearl and toward the tapered 
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Figure 16. Short spiky flame structure on the 4.89 ct pearl (left, field of 
view 3.74 mm), and fine, elongated flame structure on the 126.20 ct pearl 
(right, field of view 2.83 mm). 


end of the larger pearl. Such voids are 
not uncommon in the pearls of a 
number of porcelaneous pearl-produc- 
ing mollusks. GIA has recorded simi- 
lar features in examples from species 
of Tridacna/Hippopus, Strombus 
gigas, Cassis, and Melo. While the 
flame structures bore some similari- 
ties to those seen in Strombus gigas 
(conch) pearls, their strong reddish or- 
ange color and internal structures 
aligned more closely with horse 


conch pearls. Raman spectroscopy 
using 514 nm laser excitation de- 
tected aragonite peaks at 702, 706, 
and 1086 cm!, as well as peaks at 
1130 and 1520 cm‘ attributed to nat- 
urally occurring polyenic pigments re- 
sponsible for the strong reddish orange 
color. The natural coloration was fur- 
ther supported by the presence of nu- 
merous polyenic-related peaks in the 
PL spectrum (figure 17) collected with 
the same laser excitation. 


Figure 17. The PL spectrum of the 4.89 ct horse conch pearl displayed nu- 
merous peaks associated with naturally occurring polyenic pigments. 
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Although GIA handles a wide 
range of pearls originating from differ- 
ent mollusk species, horse conch 
pearls are among the rarest examined. 
It was, therefore, very rewarding to 
handle the 126.20 ct pearl and its 
smaller partner together with the 
shell from which they reportedly 
originated. 


Bona Hiu Yan Chow 


Unique Star SAPPHIRE with 
Transparent Core 

GIA’s Tokyo laboratory recently ex- 
amined a 34 ct oval cabochon of 
unique appearance. This cabochon 
consisted of a transparent yellow 
pseudohexagonal core in an opaque 
metallic-looking area (figure 18). Spot 
RIs on both areas were 1.76, and SG 
was 4.04. This appearance of a trans- 
parent yellow window with an opaque 
metallic surrounding area is reminis- 
cent of pallasitic peridot, an olivine 
nodule enclosed in nickel-ion alloy of 
stony-iron meteorites (see J. Sin- 
kankas et al., “Peridot as an interplan- 
etary gemstone,” Spring 1992 GWG, 
pp. 43-51). However, no surface dis- 
continuity between these two parts 
can be found with close observation 
under reflected light. Furthermore, 
this metallic-looking area exhibited 


Figure 18. This 34 ct sapphire 
cabochon has a yellow pseudo- 
hexagonal window surrounded 
by metallic-looking material that 
displays asterism. 
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Figure 19. The sapphire’s yellow 
core includes negative crystals 

and healed fissures (left) and the 
metallic-looking part (right) has 
dense needles. Field of view 3.38 


mm. 


six-rayed asterism. Under the micro- 
scope, negative crystals in a plane and 
healed fissures were found in the 
transparent area; densely packed nee- 
dle-like inclusions, some crystals, and 
stained fissures were seen in the 
opaque area (figure 19). In addition to 
the microscopic observations, ad- 
vanced testing of the yellow part re- 
vealed that this specimen was a 
natural corundum. The metallic ap- 
pearance and asterism were caused by 
the strong reflection from the dense 
needle-like inclusions (figure 19), 
some of which were flat. These nee- 
dles were identified as hematite and il- 
menite by Raman spectroscopy. The 
slightly elevated SG of this specimen 
might have been caused by the abun- 
dance of these inclusions, since the 
SGs of both hematite and ilmenite are 
higher than that of corundum. 

As previously documented (e.g. 
T.N. Bui et al., “From exsolution to 
‘gold sheen’: A new variety of corun- 
dum,” Journal of Gemmology, Vol. 
34, No. 8, 2015, pp. 678-691; N. 
Narudeesombat et al., “Golden sheen 
and non-sheen sapphires from 
Kenya,” Gem and Jewelry Institute of 
Thailand, July-August 2016, pp. 282— 
288; Winter 2016 Lab Notes, pp. 413- 
414), sapphires with golden shimmer 
caused by hematite needles are 
known as “golden sheen” or “Za- 
wadi” sapphires in the trade. As with 
rutile needles in common star sap- 
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phires, hematite needles intersecting 
at 60 degrees can cause six-rayed as- 
terism. Golden sheen sapphires some- 
times have densely included parts, 
but such a distinct zoning of transpar- 
ent and densely included parts has not 
been documented. This unique ap- 
pearance may indicate a certain crys- 
tallizing condition of sapphires. 


Yusuke Katsurada 


Cabochons Fashioned from the 

SHELL of Crassostrea Virginica 

Crassostrea virginica, the so-called 
Eastern or American oyster, is a com- 
mercial seafood widely distributed 
along the east coast of the United 
States to the Gulf of Mexico (“Indian 
River Lagoon Species Inventory,” 
Smithsonian Marine Station at Fort 
Pierce, 2008, https://www.sms.si.edu/ 
irlspec/Crassostrea_virginica.htm). 
Connecticut, Virginia, and Mississippi 
have all designated the Eastern oyster 


as their official state shell, and cabo- 
chons cut from this bivalve are the of- 
ficial state gemstone of Louisiana 
(http://legis.la.gov/Legis/Law.aspx?d= 
103557). These specimens are mar- 
keted under the trade name La- 
Pearlite. 

The Carlsbad laboratory received 
ten LaPearlite cabochons together 
with a shell for examination (figure 
20). The cabochons exhibited low 
domes and flat bases and ranged from 
1.65 to 6.12 ct. They measured from 
6.85 x 6.60 x 3.80 mm to 14.40 x 10.30 
x 5.30 mm and possessed non-nacre- 
ous surfaces, with the majority dis- 
playing a natural brownish yellow 
banded structure typical of shell for- 
mation. Microscopic examination re- 
vealed that the main white surface 
and subsurface structure varied from 
a patchwork of nondirectional cells or 
segments to a broad mottled appear- 
ance within individual specimens, as 
well as from specimen to specimen. 


Figure 20. The ten cabochon-cut gems examined are shown alongside the 
valves of C. virginica (Eastern or American oyster). The interior and exte- 
rior valves shown belong to one oyster. Samples courtesy of Anne Dale. 
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agate, and carnelian after the 14th century 
B.C. In Egypt, scarabs of amethyst domi- 
nated the 12th dynasty; green feldspar, 
green basalt and jasper the 13th; carnelian 
and glass the 18th; red and green jasper and 
rock crystal the 19th; and lapis lazuli, the 
20th. 


Among the Greeks, the cryptocrystalline 
quartz varieties — sard, plasma, jasper, and 
agate — were favored. During the Hellenis- 
tic period of the 3rd century B.C., sardonyx 
(where layers could be given a polychrome 
effect) and glass pastes were favorite 
materials. Rock crystal and amethyst were 
most 
varieties. At times, Greek gem cutters also 
used harder stones like garnet and beryl. 


frequently used of the crystalline 


Roman lapidaries preferred sard, plasma, 
jasper, amethyst, garnet, aquamarine, topaz, 
lapis lazuli, and sardonyx for fashioning 


cameos. 


Because of their hardness ruby, sapphire, 
and diamond were seldom used for carving 
although a few intaglios fashioned of these 
materials have been found. The emerald was 


perhaps so seldom used because of its hard- 


ness, and the fact that it fractured easily. 
SHELL CAMEOS 

Cameos carved from pink conch shells, or 
from shells of various pearl-bearing mol- 
Juscs and other marine fish, have been used 
for centuries. Some of the shell cameos of 
the 19th century represent some of the finest 
gemstone engraving known. Since cameos 
carved from the pink conch shell are almost 
invariably carved of a solid color, they are 
sometimes mistaken for pink coral cameos. 
Pink shell cameos have a tendency to fade to 
white, or a very light pink, and some have 
probably been dyed to restore the pink color. 
Shell cameos with a brown background are 
usually considered more desirable. Obvi- 
ously, shell cameos are less expensive than 
those carved from gemstones, but they are 
also less durable. 

Various other matertals have been used 
at times for carving and engraving. Amber, 
because of its softness and easy working, has 
been carved by gem cutters of many early 
civilizations. Coral cameos have also enjoyed 
intermittent popularity but are seen infre- 
quently in the trade today. 

(To be continued) 


e Another view of shell cameo shown on cover. 
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Figure 21. Left: A 3.09 ct cabochon showed various surface structures con- 
sisting of a non-directional patchwork of cells near the center to a broad 
mottled appearance in the outer area, together with natural brownish lay- 
ers of shell formation. Right: Higher magnification of another cabochon’s 
surface revealed a distinct patchwork structure. Both samples displayed a 
whitish sheen on the surface when illuminated with a fiber-optic light. 
Fields of view 11.90 mm (left) and 5.24 mm (right). 


These structures exhibited a reflective 
whitish sheen when illuminated by a 
fiber-optic light or other bright oblique 
lighting, creating a shimmery phe- 
nomenon (figure 21). A similar patch- 
work pattern has been noted on 
scallop pearls and shells of the Pec- 
tinidae family (K. Scarratt and H.A. 
Hanni, “Pearl from the lion’s paw scal- 
lop,” Journal of Gemmology, Vol. 29, 
No. 4, 2004, pp. 193-203). Under long- 
wave UV radiation (365 nm), the white 
portions of all the cabochons and the 
shell were inert, while the yellow por- 
tions showed a weak to moderate yel- 
low fluorescence, and the shell’s dark 
purple adductor muscle scar exhibited 
a weak red fluorescence. 

Raman spectroscopic analysis 
with a 514 nm argon-ion laser subse- 
quently verified that the white and 
yellow portions of the cabochons and 
shell were calcite with peaks at 280, 
712, 1085, and 1437 cm. No peaks in- 
dicating the possible presence of pig- 
ments were detected in the yellow 
areas. Moreover, Raman spectra col- 
lected on the shell’s dark purple ad- 
ductor muscle scar produced aragonite 
peaks at 703 and 1085 cm along with 
several relatively weak broad pigment- 
related bands (figure 22). PL spectra 
collected with 514 nm laser excitation 
on the same areas showed clear triple 
bands at approximately 620, 650, and 
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680 nm (figure 23). The PL spectra and 
fluorescence reaction indicate the pur- 
ple color is associated with the pig- 
ment porphyrin (Y. Iwahashi and S. 
Akamatsu, “Porphyrin pigment in 
black-lip pearls and its application to 
pearl identification,” Fisheries Sci- 
ence, Vol. 60, No. 1, 1994, pp. 69-71; 


L.H. Arma et al., “Red fluorescence 
lamellas in calcite prismatic layer of 
Pinctada vulgaris shell (Mollus, bi- 
valvia),” Optical Materials Express, 
Vol. 4, No. 9, 2014, pp. 1813-1823). 
None of the studied cabochons 
showed purple areas to examine for 
comparison. Interestingly, the Raman 
spectra obtained from the white and 
purple areas of the same mollusk that 
were previously referenced in the lit- 
erature (K. Scarratt et al., “A note on 
a pearl attached to the interior of 
Crassostrea virginica (Gmelin, 1791) 
(an edible oyster, common names, 
American or Eastern oyster),” Journal 
of Gemmology, Vol. 30, No. 1/2, 
2006, pp. 43-50) differed slightly from 
the findings in this work. The sam- 
ples in this submission were also an- 
alyzed by energy-dispersive X-ray 
fluorescence (EDXRF) chemical 
analysis and showed low levels of 
manganese (Mn), confirming their 
saltwater environment. 

As with all shell mollusks, C. vir- 
ginica is capable of producing pearls. 
However, the cabochons in this study 
provided useful gemological and spec- 
troscopic information for future refer- 


Figure 22. Raman spectra collected using 514 nm laser excitation on the 
white and purple areas of the interior of the C. virginica valve. The white 
area shows calcite peaks at 280, 712, 1085, and 1437 cm, and the purple 
area shows aragonite peaks at 703 and 1085 cnr", along with several 


broad pigment-related bands. 
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Figure 23. A PL spectrum collected using 514 nm laser excitation on a pur- 
ple area on the interior of a C. virginica valve displays clear triple bands 
at approximately 620, 650, and 680 nm related to the porphyrin pigment. 


ence that can no doubt assist with 
identifying the composition of pearls 
produced by the mollusk (C.P. Idyll, 
“The pearls of Margarita,” Americas, 
Vol. 19, No. 8, 1967, pp. 8-14). Al- 
though the samples could be mis- 
taken for agate at first glance, owing 
to their distinctive banding, it would 
soon be apparent that they were 
pieces of fashioned shell. The samples 
demonstrate how creative work can 
turn nature’s beauty into an attractive 
gemological material. 


Artitaya Homkrajae 


Three Irradiated CVD SYNTHETIC 
DIAMONDS 

While laboratory-irradiated diamonds 
are often submitted for grading re- 
ports, irradiated synthetics with a 
green-to-blue color are still a rare oc- 
currence. Before the submissions de- 
scribed here, GIA’s laboratory had 
examined only three irradiated CVD 
synthetics (Fall 2014 Lab Notes, pp. 
240-241; Fall 2015 Lab Notes, pp. 
320-321) and two irradiated HPHT 
synthetics. So it was interesting when 
the Carlsbad laboratory received three 


Figure 25. All three irradiated 
CVD synthetics displayed very 
weak fluorescence in the 
DiamondView, as seen in the 
1.14 ct sample shown here. All 
showed the characteristic stria- 
tions of CVD growth. 


irradiated CVD synthetics, apparently 
from the same client. 

All three synthetics showed very 
similar features in terms of color 
(equivalent to Fancy Deep green-blue; 
figure 24), clarity (equivalent to VVS,]), 
and weight (1.12 ct, 1.14 ct, and 1.34 
ct), along with comparable features 
detected by fluorescence imaging (fig- 
ure 25) and spectroscopy (figure 26). 

The Vis-NIR and IR absorption 
spectroscopy and the PL spectroscopy 
were nearly identical among the three 
specimens, indicating that they were 
probably grown and treated under sim- 
ilar if not identical conditions. The IR 


Figure 24. These 1.12 ct, 1.14 ct, and 1.34 ct laboratory-irradiated CVD synthetic diamonds all have similar ap- 
pearance, with color grades equivalent to Fancy Deep green-blue. 
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Figure 26. Radiation-related features dominate the CVD synthetic dia- 
monds’ Vis-NIR absorption spectra when collected at liquid nitrogen tem- 
perature. Features include the GR1 at 741.2 nm, the 595 nm center at 
594.2 nm, the TR12 center at 469.9 nm, a radiation-related peak at 464.3 


nm, and the GR2 at 429 nm. 


absorption spectra showed very weak 
3107 cm and 1344 cm peaks. Based 
on the integrated area of the 1344 cm! 
peaks (I. Kiflawi et al., “Infrared absorp- 
tion by the single nitrogen and A defect 
centres in diamond,” Philosophical 
Magazine B, Vol. 69, No. 6, 1994, pp. 
1141-1147), we determined the single 
N concentration as about 0.4-0.5 ppm 
for all three samples. The Vis-NIR ab- 
sorption spectra showed typical fea- 
tures for irradiated diamonds: the TR12 
(a radiation-related feature tentatively 
ascribed to a divacancy/di-interstitial 
defect at 469.9 nm), the 595 nm center, 
and GRI1 [V9] at 741.2 nm (figure 26). PL 
spectra showed a weak SiV- doublet at 
736.6 and 736.9 nm along with a very 
strong GR1 center. PL spectroscopy 
also indicated the presence of the H2 
peak at 986.2 nm and the lack of the 
596/597 nm doublet that is normally 
seen in as-grown CVD synthetics and 
generally disappears with post-growth 
treatment. This combination, along 
with the 3107 cm" peak in the IR spec- 
tra, suggests these diamonds were 
HPHT treated before irradiation. 
Owing to their extreme rarity and 
individuality, creating a set of match- 
ing natural-color diamonds can be 
quite challenging. In contrast, syn- 
thetic diamonds can demonstrate uni- 
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formity in features and appearance 
due to the manufacturer’s ability to 
control the growth conditions, defect 
concentrations, and the subsequent 
treatment parameters. 


Sally Eaton-Magania 


Large Pinkish Orange 
CVD Synthetic Diamond 


Natural diamonds with intense pink- 
orange color are very rare, particularly 
in large sizes. GIA’s New York lab re- 
cently tested a pinkish orange CVD 
synthetic diamond, submitted by 
Unique Lab Grown Diamond Inc. in 
New York, that showed some out- 
standing gemological features. 

This square cut weighed 5.01 ct 
(9.45 x 9.10 x 6.05 mm) and was color 
graded as Fancy Intense pinkish or- 
ange (figure 27). The color was distrib- 
uted evenly throughout. A few small 
feathers and pinpoints were observ- 
able under the microscope at about 
20x magnification, and the clarity was 
equivalent to SI,. Infrared absorption 
spectroscopy revealed this was a type 
Ila diamond, with nitrogen concentra- 
tion below the instrument's detection 
limit. A clear and sharp peak detected 
at 3123 cm" is a well-known specific 
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feature of CVD synthetic diamond. 
The absorption spectrum in the UV- 
Vis region indicated that the observed 
bodycolor was caused by a very strong 
and broad absorption band around 520 
nm (figure 28). This band can be intro- 
duced to a CVD diamond during its 
growth. It creates a color effect similar 
to the one from the ~550 nm band in 
natural pink diamonds. There is no 
report of the ~520 nm band being in- 
troduced to a CVD synthetic diamond 
after its initial growth. In PL spec- 
troscopy, clear emissions at 737 nm 
from SiV- and 503 nm from the H3 de- 
fect were recorded. In addition, strong 
emissions at 575 and 637 nm from 
NV centers were detected. As a result, 
this synthetic diamond showed strong 
orange-red fluorescence in Diamond- 
View imaging. Unlike other large 
CVD-grown diamonds, this dia- 
mond’s fluorescence images hardly re- 
vealed the multiple growth layers 
responsible for its significant thick- 
ness. Instead, the multiple growth 
layers with subtle boundaries could 
only be detected in high-resolution 
cathodoluminescence (CL) images. 
Based on all spectroscopic fea- 
tures, we believe that this CVD syn- 
thetic diamond was not treated by 


Figure 27. This CVD-grown dia- 
mond, weighing 5.01 ct and 
Fancy Intense pinkish orange in 
color, stands out among all CVD 
synthetics GIA has tested so far. 
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Figure 28. The UV-Vis spectrum of this CVD synthetic revealed that its in- 
tense pinkish orange bodycolor was caused by a strong and broad absorp- 


tion band around 520 nm. 


HPHT annealing after its growth for 
color improvement, though heating 
to a moderate temperature could not 
be entirely ruled out. The combina- 
tion of size, color, and clarity made 
this the most remarkable CVD syn- 
thetic diamond GIA has tested so far. 


Wuyi Wang and Tom Moses 


15 Carat HPHT 

Synthetic Diamond 

The Carlsbad laboratory recently ex- 
amined an HPHT synthetic diamond 
that is now the largest faceted lab- 
grown diamond examined by GIA. 
The specimen was a cushion modi- 
fied brilliant weighing 15.32 ct, with 
grades equivalent to I, clarity and H 
color (figure 29). The largest previ- 
ously reported fully faceted synthetic 
diamonds were a 10.02 ct emerald- 
cut HPHT-grown (equivalent to E- 
color; Summer 2016 Lab Notes, pp. 
195-196) and a 10.08 ct emerald-cut 
HPHT-grown diamond (equivalent to 
Fancy Deep blue; Winter 2016 Lab 
Notes, p. 416). The 15.32 ct synthetic 
contained large metallic flux inclu- 
sions (figure 30) as well as numerous 
fractures. Examination under crossed 
polarizers revealed no strain patterns, 
except for small strain fields around 
the metallic flux inclusions. 
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The infrared absorption spectrum 
showed no detectable boron or nitro- 
gen, indicating that the sample was 
type Ila. DiamondView imaging did 
reveal blue phosphorescence, which is 
characteristic of boron impurities (fig- 
ure 31, right), but any boron present 
was below the detection level of the 
FTIR spectrometer. PL spectroscopy 


Figure 29. This 15.32 ct cushion 
modified brilliant, with grades 
equivalent to H color and I, clar- 
ity, is the largest HPHT synthetic 
diamond graded by GIA. 
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Figure 30. The metallic flux in- 
clusions present in the synthetic 
diamond. Several rod-shaped 
structures can be seen, as well as 
an inclusion with a trapezoidal 
shape. Field of view 4.79 mm. 


taken with the 514 nm laser revealed 
the presence of the negative silicon 
vacancy defect at 737 nm; the neutral 
nitrogen-vacancy center was also seen 
at 575 nm. The nickel-related doublet 
at 882/884 nm was seen in the 830 
nm PL spectrum. EDXRF revealed the 
presence of iron and cobalt which, to- 
gether with the nickel feature in the 
PL, gives insight into the flux mixture 
used to grow this specimen. 

Due to their growth method, 
HPHT synthetics generally show 
very distinct growth patterns when 
examined in the DiamondView. 
While they can show dramatic differ- 
ences in fluorescence color, these are 
generally seen within angular zones 
that radiate from the center and ex- 
tend through the volume of the spec- 
imen. In contrast, CVD synthetic 
diamonds are grown as layers. The 
start/stop events of the CVD reactor 
result in distinct changes in diamond 
chemistry that are visible in Dia- 
mondView fluorescence images; the 
changes in fluorescence color are usu- 
ally parallel due to the layered 
growth. Therefore, it was quite inter- 
esting to see DiamondView fluores- 
cence patterns in which the pavilion 
section toward the culet far more 
closely resembles the layers seen in 
CVD growth than the cross-pattern 
color zoning often seen in HPHT syn- 
thetics (figure 31). The fluorescence 
zoning commonly found in HPHT- 
grown material can be seen towards 
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Figure 31. Left: This DiamondView fluorescence image of the HPHT- 
grown diamond's pavilion shows a combination of apparent layered 
growth, along with the more common cross-pattern morphology seen in 
HPHT synthetics. The area of the pavilion shown here also indicates the 
region of PL mapping. The red arrow indicates the regions that showed a 
high concentration of nickel, silicon, and NV center defects compared to 
the remainder of the mapped region. Above this more heavily doped layer 
is the metal rod inclusion also seen in figure 30. Right: The patterning in 
the corresponding phosphorescence image closely resembles the fluores- 
cence image. A thin layer of material showing orange (~580 nm) phospho- 
rescence is indicated by the white arrow. 


the girdle section of this sample. PL 
mapping at liquid nitrogen tempera- 
tures was used to verify the Dia- 
mondView observations and detect 
the distribution of defects through 
the synthetic diamond (for more on 
the PL mapping collection technique 
see L.C. Loudin, “Photolumines- 
cence mapping of optical defects in 
HPHT synthetic diamond,” Summer 
2017 G&G, pp. 180-189). We mapped 
the PL spectra of the region shown in 
figure 31 using 532, 633, and 785 nm 
laser excitations. One of the layers 
(red arrow in figure 31) in particular 
showed greatly elevated concentra- 


218 Las Notes 


tions of nickel (as the 883/884 nm 
doublet; average concentration in this 
area was 5x greater than the average 
intensity of the doublet in other por- 
tions of the mapped pavilion), silicon 
(as the SiV- defect at 737 nm; 10x 
greater), and NV centers (NV° at 575 
nm [2x greater] and NV- at 637 nm 
[2.5x greater]). This particular layer 
also showed orange phosphorescence 
in the DiamondView, assumed to be 
centered at approximately 580 nm 
(U.E.S. D’Haenens-Johansson et al., 
“Large colorless HPHT synthetic dia- 
monds from New Diamond Technol- 
ogy,” Fall 2015 G&G, pp. 260-279), in 
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addition to the more common blue 
phosphorescence. 

The specific growth process that 
creates the apparent layers in this 
HPHT synthetic is unknown, but it 
may be a necessary condition to grow 
synthetic material in such large sizes. 
The manufacturer may use succes- 
sively larger seeds in separate growth 
runs or alter the pressure or tempera- 
ture conditions within a single growth 
experiment. It should be noted that 
this growth feature, while layered in 
appearance, is quite different from 
CVD growth layers, which have sharp 
boundaries and are often differently 
colored. The chemistry collected on 
the layered portion was consistent 
with HPHT growth and not CVD 
growth; the chemistry was also con- 
sistent between the layered portion 
and the cross-patterned portion of 
growth. Therefore, a CVD seed was 
not used to grow this specimen. Simi- 
lar layers were observed in the Dia- 
mondView images of the 10.08 ct blue 
HPHT synthetic (unpublished data). 
However, the size of this most current 
specimen demonstrates that the 
growth technologies and processes are 
continuing to improve and continuing 
to impress. 


Troy Ardon and 
Sally Eaton-Magania 
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Diamonds Help Solve the Enigma of Earth’s Deep Water 


Water is carried down into Earth at subduction zones by 
the process of plate tectonics. Much of the water escapes 
close behind the subduction zone, promoting melting of 
the mantle and giving rise to the volcanic chains in the Pa- 
cific Ocean basin known as the Ring of Fire, and many 
other volcanoes elsewhere. But can water be carried even 
further into the mantle? How would we even know? Why 
is it important, and what are the effects of such deep water 
storage? Diamonds can give us the answers to these ques- 
tions. Recent discoveries of water-containing mineral in- 
clusions and even free water held at high pressures in 
diamonds tell us that water is carried into Earth’s deep in- 
terior—perhaps as deep as 700 km. 


Why Do Earth Scientists Want to Know the Water 
Content at Great Depths? 


Water, Water Everywhere... Everyone can see how abun- 
dant water is at Earth’s surface from our oceans. But be- 
cause water can fit into mineral structures at high pressure 
and the volume of Earth’s mantle is so large, there could 
be at least another ocean’s worth of water stored in the 
minerals of the mantle. To know precisely how much 
water and in what form it was stored would help scientists 
understand where the water for our oceans came from, 
how much water returns to the mantle through plate tec- 
tonics, and how the stored water affects the properties of 
the mantle. 

Water in the deep earth is not always a free fluid phase, 
and many minerals instead have water incorporated in the 
crystal structure as hydrogen bonded to oxygen. Common 
mantle minerals such as majorite, bridgmanite, Mg-Al 
spinel, and olivine (and its high-pressure equivalents wad- 
sleyite and ringwoodite), are “nominally anhydrous,” but 
experiments show that they have the capacity to carry and 
host water in such a form in their structures. 

Once in the mantle, water has many important ef- 
fects on the properties of the mantle. Water affects the 
temperature at which the mantle begins to melt, along 
with its physical properties such as viscosity and density. 
In turn, these properties influence the strength of the 
mantle rock (its resistance to being deformed). It there- 
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fore becomes important for our understanding of the mo- 
bility and melting of mantle rock in the deep Earth to 
know how much water is down there. Water-rich flu- 
ids—i.e., water solutions wherein a variety of elements, 
compounds, and gases may be dissolved—are also a very 
effective way to transport other elements between differ- 
ent parts of Earth. Specifically, subduction fluids can 
transfer elements from the surface to diamond-stable 
portions of Earth and may even be a critical ingredient 
for growing diamonds. 


How Is Water Distributed, and How Does It Get into the 
Deep Earth? The mantle transition zone (410-660 km) is 
thought to be a major sink for water in the mantle (Smyth, 
1987). The two key minerals that make up the transition 
zone, wadsleyite and ringwoodite, have been shown exper- 
imentally to host an abundance of water, up to about 3.3 
wt.% and 2.2 wt.% H,O, respectively (Kohlstedt et al., 
1996). Seismic images show that oceanic slabs—containing 
the water that was not released at shallower levels—are re- 
cycled into the mantle by subduction and can sit within 
the transition zone (van der Hilst et al., 1997). So both a 
delivery and storage mechanism for water exists for the 
mantle transition zone. 

The water content in the lower mantle (below 660 km) 
is likely not as high as it is in the transition zone. Experi- 
ments show that the minerals in the lower mantle do not 
have a high water-carrying capacity (Inoue et al., 2010; 
Schmandt et al., 2014). When some oceanic slabs are sub- 
ducted past the transition zone and into the lower mantle, 
it is expected that any water would be released upward into 
the overlying mantle. However, a lower mantle diamond 
from the Juina area of Brazil was found to contain brucite 
(Mg(OH),) in association with ferropericlase ((Mg,Fe]O) 
(Palot et al., 2016). Water in the brucite structure likely 
originated as a H,O-bearing fluid film around the ferroper- 
iclase inclusion. This diamond preserved an inclusion that 
indicates that some water transport beyond the transition 
zone is possible. 


Evidence for Mantle Water from Minerals Found in 
Superdeep Diamonds 

Water as a Solidified Fluid: Samples of High-Pressure Ice. 
Direct observations of water-rich fluids in superdeep dia- 
monds (see box A) are rare and have only been reported in 
two studies. At atmospheric pressure, H,O occurs as a liq- 
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uid, but at higher pressures (and relatively cool tempera- 
tures compared to mantle temperatures), H,O occurs as two 
different forms of ice, known as Ice VI and Ice VII (figure 1). 

Ice VI was found in fibrous diamonds from the Demo- 
cratic Republic of the Congo with a remnant pressure of 
1.9 GPa (Kagi et al., 2000), where 1 GPa is 1 gigapascal or 
10,000 times atmospheric pressure. Ice VII was found in 
diamonds from Orapa (Botswana), Shandong (China), and 
Namaqualand (South Africa) at pressures ranging from 7 
GPa to 28 GPa, which is equivalent to 220 to 880 km 
(Tschauner et al., 2018). Amazingly, once these water-rich 
fluids are trapped as inclusions in diamond, they retain 
some high pressure even after eruption to the earth’s sur- 
face. As the diamond cools down to ambient conditions 
(25°C, 100 kPa), the trapped H,O recrystallizes as Ice VI or 
Ice VII (figure 1). 

Hydrous fluids have previously been found trapped as 
thin films around shallower lithospheric diamonds (again, 
see box A; Nimis et al., 2016). But the presence of Ice VI 
in superdeep diamonds confirms the presence of a free fluid 
phase at pressures corresponding to the transition zone and 
lower mantle. As discussed with the finding of hydrous 
ringwoodite (below), these H,O-rich fluids could represent 
the fluid-rich diamond-forming environment, or they could 
be indicative of the ambient water content of the deep 
Earth. A likely scenario is that H,O-rich fluids are intro- 
duced into the deep Earth through subduction, consistent 
with the compositions of many superdeep diamonds that 
indicate an affinity with subducted oceanic slabs. This sug- 
gests that these fluid-rich regions of the transition zone 
occur locally around subducted slabs. Only further work 
on other superdeep inclusion-bearing diamonds from 
worldwide localities will show if this is the case, or how 
widespread such water contents are. But the highly diverse 
nature of the host diamonds that have been studied already 
suggests that these ices may be much more common than 
thought—we just need to look more carefully. 


Water Isn’t Always a Free Fluid Phase: Examples of Mineral- 
Hosted Water. Ringwoodite is a high-pressure form of 
olivine (Mg,SiO,) that occurs in the lower half of the man- 
tle transition zone, where it comprises around 60% of the 
total mineralogy. We know this from experimental work 
that simulates the high-pressure conditions deep within 
Earth. Until 2014, ringwoodite had only been found in 
highly shocked meteorites. This is because at surface pres- 
sures, ringwoodite—even when confined to its diamond 
host—is notoriously unstable and reverts to olivine at 
lower pressure. 

Unchanged ringwoodite from deep in Earth was found 
for the first time as a 30 um inclusion trapped within a di- 
amond from Juina, Brazil (figure 2; see also Pearson et al., 
2014). Even more remarkable was that this tiny ringwood- 
ite grain was able to provide the first direct measurement 
of the water content of the most common mineral in the 
mantle transition zone. Water content was measured 
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Figure 1. Phase diagram showing the stability fields of 
H,O as liquid and ice at high pressures (modified 
from Lobban et al., 1998). Superdeep diamonds form 
at temperatures between 1300 and 1500°C (beyond 
scale of diagram) where H,O occurs as a liquid. As 
the diamond cools at the earth’s surface, H,O trapped 
within the diamond retains its original high pressure 
and recrystallizes as the high-pressure form of solid 
H,O known as Ice VII. 


using nondestructive infrared spectroscopy (IR) while the 
inclusion was still trapped at high remnant pressure 
within the diamond. When the scientists attempted to re- 
move the inclusion from the diamond for additional meas- 
urements, it self-destructed by exploding! 

By comparing the intensity of the water peaks in the IR 
spectrum with those from synthetic ringwoodite with 
known amounts of water, the natural ringwoodite inclu- 
sion was estimated to contain around 1.4 wt.% H,O. This 
value could represent either a locally water-enriched por- 
tion of the mantle transition zone, perhaps associated with 
the fluids that formed the diamonds, or the water content 
of the mantle transition zone as a whole. It is interesting 
to note that if this water content is applied to the whole 
mantle transition zone, the total water content would be 
approximately 2.5 times the volume of water in Earth’s 
oceans (Nestola and Smyth, 2015). 


The Tip of the Iceberg: Much Further Work Is Needed. Wad- 
sleyite, another potential water carrier, has not yet been ob- 
served as an inclusion in diamond. This is the high-pressure 
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Figure 2. Ringwoodite is the high-pressure form of the mineral olivine (Mg,SiO,) that occurs between 520 and 660 
km below the surface of the earth in the transition zone. The first terrestrial observation of this mineral was in a 
diamond from Juina, Brazil (top left). Water content in this 30 pm inclusion (bottom left) is around 1.4 wt.%, indi- 
cating that the global transition zone could contain at least 2.5 times the amount of water as Earth’s oceans. The 
majority of diamonds come from the cratonic lithosphere (indicated here as yellow diamonds). Superdeep dia- 
monds (indicated here as white and blue diamonds) are rarer and originate from greater depths, often from the 
transition zone, which extends between 410 and 660 km. 


phase of olivine that is found between 410 and 520 km, just 
slightly shallower than ringwoodite (figure 2). Finding wad- 
sleyite, along with more occurrences of ringwoodite, and an- 


alyzing their water contents will give a better understanding 
of the mantle transition zone’s average water-carrying ca- 
pacity. Expectations are that wadsleyite will carry at least 


Box A: DIAMOND IN THE EARTH’S MANTLE 


Natural Diamond Formation. Natural diamonds typi- 
cally form 150-200 km below the surface of the earth. 
Diamond formation does not occur everywhere at these 
depths, but only below the oldest continents that have 
been stable for billions of years; these areas are known 
as cratons. This is because these old cratons all have 
thick continental roots with cool temperature profiles 
conducive to diamond formation. Diamonds that form 
within these continental roots are known as lithospheric 
diamonds and are carried up to the surface of the earth 
by rare volcanic eruptions known as kimberlites. Other 
diamonds form much deeper in the earth, below these 
continental roots. So-called superdeep diamonds form 
at depths greater than 200 km in areas of the mantle 
known as the transition zone (410 to 660 km below the 
earth’s surface) and lower mantle (> 660 km). After for- 
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mation they are transported to shallower depths in the 
mantle, likely through mantle convection cells, and then 
also brought to the surface by kimberlite eruptions. 


Inclusions in Superdeep Diamonds Are Direct Samples of 
the Deep Earth. Diamonds often trap tiny pieces of their 
surrounding rocks as they grow. These trapped inclusions 
are the only direct samples we have to study the composi- 
tion of the deep earth. In the absence of mineral inclusions 
in diamond, the way to study the earth’s composition at 
depth is through experimental work: subjecting minerals 
to high pressures in the lab to see what their properties are. 
This experimental work has given us a good understanding 
of the mineral phase transitions in the deep earth, but in- 
clusion-bearing diamond remains an unparalleled tool to 
uncover the earth’s properties at depth. 
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as much water as ringwoodite. Will water in these minerals 
turn out to be ubiquitous? Is the earth even wetter than we 
thought? 

Further evidence for water in mineral inclusions in 
many more superdeep diamonds must be sought. An easy 
way to start is through nondestructive infrared spec- 
troscopy of diamonds and their inclusions, specifically 
looking for water and ice peaks (see Kagi et al., 2000 for ex- 
ample spectra). Even some lithospheric diamonds are 
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Some Unusual 


Composite 


Stones 


by 


ROBERT WEBSTER, F.G.A. 


Maybe doublets are not so very important. 
But from experience of routine testing and 
teaching, it is generally the slightly unusual 
rather than the rare stone which will ‘‘trip- 
up" the student, and even at times the 
expert. Knowledge as to what may be en- 
countered in this ever-expanding science of 
ours must always be of value. This, then, is 
my simple apology for penning these few 
words. 

Recently there came into the writer's 
hands several stones which merit descrip- 
tion and comment. These stones, seven in 
number, were found in a stone dealer’s stock. 
They were in a stoné packet simply and un- 
expressively labeled ‘‘doublets.”’ 

On examination, one stone was found to 
be a simple garnet top and glass base doub- 
let made with the colored glass to represent 
a peridot. This stone gave a refractive index 
for the garnet top of 1.795 and for the 
glass base, 1.64. There was the usual layer 
of bubbles in one plane at the layer of 
fusion between the garnet and glass, a large 
bubble in the glass base, and a patch of 
crossed needles in the garnet top. Beyond 
these few notes the stone requires no further 
comment. The other six stones, however, 
were found to belong to two different types 
of composite stones. 

Three of these stones consisted of a crown 
of rock crystal cemented to a base of colored 


glass, and were of interest mainly through 
their color and appearance. The stones were 
oval in outline, cut with a_ brilliant-cut 
crown, and a zircon-cut base. They were 
respectively sapphire blue, purple, and yel- 
low in color and cach weighed a little less 
than five carats. In all these stones the 
crown gave the refractive indices for quartz 
and the glass base a value of 1.51. 

The blue stone had a density of 2.61, 
exhibited the typical absorption spectrum of 
cobalt and showed clearly the colorless 
crown and colored base when the stone was 
immersed in a cup of water. Under low- 
power magnification there was no bubble 
layer at the junction of the two parts but 
a few large bubbles were seen in the glass 
base. When irradiated with long-wave ultra- 
violet light, the characteristic fluorescence 
of the cement layer was clearly seen as a 
bright line around the girdle of the stone. 

The purple stone had a density of 2.56, 
showed a faint cobalt absorption spectrum 
with a fainter band in the blue. Bubbles and 
swirl marks (so common in purple colored 
glasses) were seen in the base. Similarly to 
the blue stone, the cement layer showed up 
strongly under ultraviolet light. The mant- 
fest danger, with this stone is that, in haste, 
measurement of refractive index might lead 
to an identification as an amethyst-—a stone 
which this ‘fake’ so closely resembled. 
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Mushroom in Copal 


Copal is widely popular among gem collectors due to its 
eclectic inclusion scenes. As a fossilized tree resin, copal 
can contain a wide range of flora, fauna, and inorganic ma- 
terials. It is not uncommon to find spiders, termites, leaves, 
and petals inside this resinous gem. In a 19.83 ct brownish 
orangy yellow copal, the author recently observed a re- 
markably well-preserved mushroom that was easily seen 
with the naked eye and had a cap that was just over 5.5 
mm in diameter. Stalks of broken mushrooms, miscella- 
neous plant materials, and gas bubbles were also found in 
this specimen. Interestingly, copal was also used for many 
years by some indigenous peoples in Mexico and Central 
America as incense for ceremonial purposes such as the sa- 
cred mushroom ceremony. The mushroom inclusion in 
this copal, reportedly from Mexico, may have a more sig- 
nificant meaning for the people of Mesoamerica that goes 
beyond a gemological standpoint (figure 1). 


Rebecca Tsang 
GIA, Carlsbad 


Gilalite Altered to Cuprite in Quartz 


In 2004, gem-quality quartz that contained blue to green 
inclusions of the hydrated copper silicate mineral gilalite 
was found in Paraiba, Brazil. This material was sold as 


About the banner: The surface of a synthetic rock crystal quartz is shown 
in contrasting color using modified Rheinberg contrast. Three colored fil- 
ters highlight different crystallographically oriented sets of crystal faces. 
Photomicrograph by Nathan Rentro; field of view 12.50 mm. 

Editors’ note: Interested contributors should contact Nathan Renfro at 
nrentro@gia.edu and Jennifer-Lynn Archuleta at jennifer.archuleta@gia.edu 
for submission information. 
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Figure 1. This copal from Mexico contained a 
remarkably well-preserved eye-visible mushroom in- 
clusion. Photomicrograph by Nathan Renfro; field of 
view 9.59 mm. 


“Medusa quartz,” so named for the medusa phase of a jel- 
lyfish, which has an umbrella-like shape similar to these 
brightly colored inclusions. One specimen of this material 
contained an unusual red inclusion with the same um- 
brella shape (figure 2). This red inclusion revealed a sur- 
face-reaching crack. Microscopic examination showed a 
granular texture in the red areas. Raman analysis identi- 
fied the red mineral as the copper oxide cuprite. It was ap- 
parent that the gilalite had been altered by secondary 
fluids that entered the crack. Neighboring gilalite inclu- 
sions were pristine and unaltered. The underside of the 
umbrella-like structure also revealed a blue ring, indicat- 
ing that the inclusion had not completely altered (figure 
3). The high-contrast blue and red colors seen in this par- 
ticular sample of Medusa quartz make it a most intriguing 
inclusion specimen. 


Nathan Renfro and John I. Koivula 
GIA, Carlsbad 
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Figure 2. This quartz from Paraiba, Brazil, contains in- 
clusions of the hydrated copper silicate mineral gilalite, 
with one inclusion altered to the red copper oxide min- 
eral cuprite due to a crack that allowed secondary flu- 
ids to attack and alter the inclusion. Photomicrograph 
by Nathan Renfro; field of view 5.49 mm. 


Uncommon Parallel Color Zoning in a 
Chameleon Diamond 
As their name suggests, chameleon diamonds are a kind of 
thermo- and photosensitive colored diamond that change hue 
with gentle heating or when left in darkness for an extended 
period of time. A diamond must meet the following criteria 
to qualify for chameleon testing at GIA: a green or greenish 
component in the bodycolor, yellow or orange fluorescence 
under both long-wave and short-wave UV light, and persistent 
yellow phosphorescence following exposure to short-wave 
UV light. After heating or an extended stay in darkness, the 
green component of the stone disappears and gives way to a 
yellowish orange hue. The mechanism responsible for this 
change is not well understood. 

The infrared spectrum of chameleon diamonds typi- 
cally shows them to be type Ia with moderate nitrogen con- 
centration. The dominant feature in the visible-light 


Figure 4. Parallel bands of green color in the 1.06 ct 
chameleon diamond at room temperature. Photo- 
micrograph by Nathan Renfro; field of view 3.21 mm. 


Figure 3. The red cuprite inclusion shows a blue ring 
of gilalite where there was incomplete alteration to 
cuprite. Also note the granular structure of the 
cuprite. Photomicrograph by Nathan Renfro; field of 
view 2.41 mm. 


spectrum is a broad absorption band centered at 480 nm. 
Viewed face-up, most diamonds appear to have an even 
bodycolor to the unaided eye, but magnification reveals 
that the vast majority of diamonds with the 480 nm band 
defect show distinct color zoning with an amorphous dis- 
tribution of color. 

GIA’s Carlsbad laboratory recently graded a Fancy Light 
grayish greenish yellow 1.06 ct round brilliant chameleon 
diamond that displayed this typical color zoning, but in a 
very distinctive pattern. Rather than the usual formless 
color distribution, the green color in this diamond was 
neatly confined to parallel bands (figure 4). The color- 
change effect caused by heating was correspondingly lim- 
ited to these bands (figure 5). It is worth noting that the 
characteristic chameleon fluorescence and phosphores- 
cence of this diamond were likewise confined to parallel 
zones as revealed by DiamondView imaging (figure 6). Al- 


Figure 5. The green color changed to yellowish orange 
after about 15 seconds of gentle heating. Photomicro- 
graph by Nathan Renfro; field of view 3.21 mm. 
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Figure 6. DiamondView images showing characteristic chameleon fluorescence (left) and phosphorescence (right) 


zoned in parallel bands. Images by Hollie McBride. 


though parallel features are not rare in diamonds due to the 
inherent planes of weakness within their crystal structure, 
it is uncommon to see this pattern in chameleon stones. 
We took the opportunity to capture video of the chameleon 
effect in this distinctive stone while heating it in real time, 
something GIA has not previously endeavored. View the 
video at www.gia.edu/gems-gemology/summer-2018-mi- 
croworld-uncommon-parallel-color-zoning-in-a-chameleon- 
diamond. 


Hollie McBride 
GIA, Carlsbad 


Merelaniite Inclusions in Tanzanite 


Tanzanite, the blue to violet transparent variety of the min- 
eral zoisite, was discovered in Tanzania around 1967. Since 
tanzanite seldom contains significant inclusions, the au- 
thors were surprised to examine a tanzanite cabochon that 
contained myriad dense whisker-like inclusions. The 
whiskers were cylindrical in shape, typically gently curved 
along their length, and displayed a metallic luster. At first 
glance, the whiskers were interpreted to be composed of 
graphite, as it is one of the more common opaque black 
mineral inclusions found in tanzanite. However, the elon- 
gate, curvilinear morphology suggested they were likely 
something else. 

Merelaniite, a new molybdenum-essential member of 
the cylindrite group, was recently identified by coauthor 
JAJ and colleagues and approved in 2016 by the Commis- 
sion of New Minerals, Nomenclature and Classification 
(CNMNC) of the International Mineralogical Association 
(IMA). The new mineral is sporadically found in specimens 
from the tanzanite mines near Merelani, Tanzania. It can 
be associated with a wide variety of minerals from the 
Merelani mines and has also been noted as being enclosed 
in calcite, quartz, chabazite, fluorapatite, prehnite, and 
zoisite. All the specimens identified so far have been ob- 
tained from secondary mineral markets, and the exact geo- 
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logical location of any specimen known to contain mere- 
laniite is so far undocumented and unknown. Merelaniite 
occurs individually and in clusters as dark gray metallic 
whiskers of circular cross-section. The whiskers are com- 
posed of crystal lamellae that are tightly rolled in a “scroll- 
like” manner similar in appearance to the related mineral 
cylindrite (J.A. Jaszezak et al., ““Merelaniite, Mo,Pb,VSbS,. ., 
a new molybdenum-essential member of the cylindrite 
group, from the Merelani tanzanite deposit, Lelatema 
Mountains, Manyara region, Tanzania,” Minerals, 2016, 
Vol. 6, No. 4, 115). 

This tanzanite cabochon sample revealed similar 
whisker-like inclusions accompanied by growth blockages, 
dark platy crystals, and fractures. The whiskers varied in 
diameter and length, and tended to branch out intermit- 
tently. The length was generally over a millimeter (figure 
7). Growth blockages were fluid filled and also contained 


Figure 7. Merelaniite whisker inclusions in the tan- 
zanite cabochon. Photomicrograph by Augusto 
Castillo; field of view 3.57 mm. 
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Figure 8. A growth blockage results from the suspen- 
sion of zoisite growth when the crystal is interrupted 
by a foreign body. In this case, the foreign body is a 
merelaniite whisker. Photomicrograph by Tyler 
Smith; field of view 1.99 mm. 


dark solids (figure 8). The presence of intact liquid inclu- 
sions was a strong indicator that this tanzanite had not un- 
dergone heat treatment. Small granular crystals were 
observed in between fractures associated with the whisker 
inclusions. Raman spectroscopy confirmed these opaque 
whisker-like inclusions to be merelaniite, and platelets 
that were associated with the whiskers might be unwound 
layers of merelaniite. 

Coincidentally, two unusual specimens of tanzanite 
crystals containing merelaniite whiskers were found by 
one of the coauthors (JAJ) among a gem and mineral 


dealer’s stock at one of the mineral shows held in Tucson, 
Arizona, in February 2018. Also relatively unusual is that 
these crystals were still on matrix composed primarily of 
calcite and graphite (figure 9). 

The occurrence of merelaniite in tanzanite is very rare. 
This is the first time GIA has identified this new mineral 
in gem-quality tanzanite. 

Augusto Castillo and Tyler Smith 
GIA, New York 


John A. Jaszczak (jaszczak@mtu.edu) 
Michigan Technological University 
Houghton, Michigan 


Microlite Crystals in Topaz from Pakistan 

Microlite, NaCaTa,O,(OH), is a typical mineral of highly 
developed lithium pegmatites, known from many locali- 
ties worldwide. It always forms yellow to orange octahe- 
dral crystals. It was already known as inclusions in quartz 
from Pakistan (J. Hyr8l and G. Niedermayr, “Einschltisse 
im ‘Allerweltsmineral’ quarz,” Mineralien-Welt, Vol. 18, 
No. 2, 2007, pp. 44-55), but much more beautiful are mi- 
crolite inclusions in topaz (figure 10), examples of which 
were sold in Tucson in January 2018. Shigar Valley in 
northern Pakistan was reported as the locality. Both min- 
erals were confirmed by Raman spectroscopy. 

Topaz forms loose, very light brown crystals up to 
about 2 cm, and microlite forms sharp transparent orange 
octahedrons in sizes up to about 1.5 mm. The inclusions 
grew both on the surface and inside the topaz crystals (fig- 
ure 11). Several topaz crystals were faceted, and the stones 


Figure 9. A merelaniite-included tanzanite crystal (2.2 cm tall, left) on a matrix of calcite and graphite. The calcite 
also contains merelaniite inclusions. The close-up field of view (right) is 6.55 mm wide. Photos by J.A. Jaszczak. 
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Figure 10. A 16 mm topaz crystal and an 8.69 ct 
faceted topaz, both with microlite inclusions, from 
Pakistan. Photo by J. Hyrs1. 


host some of the most aesthetically pleasing inclusions 
found during the several last years. 


Jaroslav Hyrsl 
Prague 


Perettiite-(Y) and Tusionite Inclusions in 
Phenakite from Myanmar 


Every year about 100 new minerals are described, but few 
have been discovered as inclusions in gemstones (e.g., 
carmichaelite in chrome pyrope from Arizona and proto- 
enstatite in labradorite from Oregon). In 2015, a new min- 
eral—perettiite-(Y]|—was described as inclusions in phenakite 
crystals from pegmatites by Khetchel village in the Molo area 


Figure 11. A microlite crystal, measuring 1 mm 
across, in a topaz from Pakistan. Photo by J. Hyrsl. 


near Momeik, about 100 km northeast of Mogok (R.M. 
Danisi et al., “Perettiite-(Y), Y3*Mn?*Fe™[Si,B,O,,], a new 
mineral from Momeik, Myanmar,” European Journal of 
Mineralogy, Vol. 27, No. 6, pp. 793-803). It was named 
after Swiss gemologist Adolf Peretti, head of the GemRe- 
search Swisslab, who found the first specimens. 
Perettiite-(Y) has a very unusual composition, 
Y,Mn, Fe[Si,B,O,,]. It forms strongly tapered yellow needles 
up to several millimeters long; only very rarely do they 
form beautiful bundles (figure 12, left). Several other inclu- 
sions were also found in phenakite from the same locality, 
including the very rare tin borate tusionite, which forms 
groups of mica-like yellow plates (figure 12, right). 
Phenakite itself is also unusual, because it often forms 


Figure 12. Left: Perettiite-(Y) bundle in phenakite from Khetchel, Myanmar; image width 3.8 mm. Right: Tusionite 
plates in phenakite from Khetchel; image width 2.5 mm. Photomicrographs by P. Skacha. 
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Figure 13. Phenakite twin, measuring 1.35 cm high, 
with a “drill bit” termination and perettiite-(Y) inclu- 
sions. Photo by J. Hyrsl. From the author’s collection. 


twins with very strange “drill bit” termination (figure 13). 
Unfortunately, perettiite-(Y) and tusionite inclusions (fig- 
ure 14) are extremely rare, found in just a few pieces in a 
thousand phenakite crystals, so cut stones will remain a 
valuable collector's rarity (figure 14). 


Jaroslav Hyrsl 


A Horse-Shaped Inclusion in Pink Sapphire from 
Mozambique 


Recently, GIA’s Bangkok lab received a 0.58 ct pink sap- 
phire with a unique inclusion. Microscopic observation re- 
vealed needles, platelets, and particles, all of which are 
common inclusions found in Mozambican ruby and pink 
sapphire. The most interesting inclusion was found near 
the stone’s girdle. The crystal, which resembled a horse, 
was identified as phlogopite (figure 15). The most common 
mineral inclusions in Mozambican rubies are crystals of 
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Figure 14. Phenakite with tusionite (left) and peretti- 
ite-(Y) inclusions (right). The specimen on the left 
weighs 1.77 ct, and the one on the right weighs 2.31 
ct. Photo by J. Hyrsl. From the author’s collection. 


amphibole and mica (V. Pardieu et al., “Rubies from the 
Montepuez area (Mozambique),” 2013, www.gia.edu/gia- 
rubies-from-montepuez-area; V. Pardieu et al., “GIA lab 
reports on low-temperature heat treatment of Mozam- 
bique ruby,” 2015, www.gia.edu/gia-news-research-low- 
temperature-heat-treatment-mozambique-ruby). Most of 
the mica inclusions are margarite or muscovite, typically 
with a lighter color and pseudohexagonal shape. Phlogopite 
is another end member of the mica series, but with a very 
different chemical composition from muscovite. To our 
knowledge, phlogopite mica has not been reported in 
Mozambican rubies or pink sapphires. 


Charuwan Khowpong 
GIA, Bangkok 


Figure 15. The horse-shaped inclusion of phlogopite 
mica identified by Raman analysis. Photomicrograph 
by Charuwan Khowpong; field of view 2.40 mm. 
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Figure 16. Fine needles create a six-rayed star in an 
untreated spinel. Photomicrograph by E. Billie 
Hughes; specimen courtesy of Global Spinel Gems. 


Star Spinel with Four and Six Rays 


Lotus Gemology receives submissions of star stones on a 
regular basis, so when we first saw the specimen shown 
here, it appeared to be one among many of our usual stones 
to test. Upon closer examination, however, we realized it 
was not a star sapphire, but something much more rarely 
seen: star spinel. 

Upon first glance at the cabochon’s dome, the stone dis- 
plays one six-rayed star (figure 16), similar to what we see 
in star corundum. But if we look on the sides of the stone, 
we can also see a four-rayed star (figure 17). These stars are 
both created from numerous dense, short needle-like par- 
ticles. Once we examined a small polished area on the 
cabochon’s base, we found that there are actually two dis- 


Figure 17. When viewed in a different position, the 
spinel also displays a four-rayed star. Photomicro- 
graph by E. Billie Hughes; specimen courtesy of 
Global Spinel Gems. 
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Figure 18. In the center of the image we can see larger 
reflective platelet inclusions in the untreated star 
spinel, On the right-hand side, we see much finer 
dense needles that form both six-rayed and four-rayed 
asterism. Photomicrograph by E. Billie Hughes; speci- 
men courtesy of Global Spinel Gems. 


tinct types of exsolution products in the stone. On the right 
side of figure 18, we can see the tiny, dense needles and 
particles that form both types of stars. In the center of the 
image we can see much larger, less densely dispersed 
platelets that resemble confetti. 


E. Billie Hughes 
Lotus Gemology, Bangkok 


Wollastonite in Devitrified Glass, 
Imitating Horsetail Inclusions in Demantoid Garnet 


A 13.12 ct transparent yellowish green gemstone with a 
beautiful internal scene was examined by the author. The 
specimen exhibited numerous elongated colorless crystals 
radiating from the center (figure 19), much like the horse- 
tail inclusions of chrysotile that one would expect to find 
in Russian demantoid garnets. Standard gemological test- 
ing yielded surprising results: a single refractive index of 
1.520, specific gravity of 2.50, and medium chalky green 
fluorescence under short-wave UV light. The specimen 
was inert to long-wave UV light. These properties indi- 
cated that the yellowish green cabochon stone was glass, 
whereas the masses of needle-like crystals (figure 20) were 
identified as calcium silicate wollastonite by Raman spec- 
troscopy. Wollastonite inclusions have been reported as an 
indicator of the devitrification process (Winter 2017 Micro- 
World, pp. 469-470). 

Other advanced techniques, including energy-dispersive 
X-ray fluorescence (EDXRF) and Fourier-transform infrared 
(FTIR) and Raman spectroscopy, were also carried out to 
confirm the cabochon’s identity. FTIR and Raman spec- 
troscopy showed a distinct and characteristic pattern of ar- 
tificial glass. The nonquantitative EDXRF offers no 
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Figure 19. A yellowish green glass with numerous 
wollastonite needles radiating from the center, simi- 
lar to the horsetail inclusions found in demantoid 
garnets. Photomicrograph by Ungkhana Atikarn- 
sakul; field of view 14.4 mm. 


additional value, as the elements detected are also present 
in demantoid garnets. 

Although this is not the first time that wollastonite in- 
clusions have been found in devitrified glasses, they 
formed in an interesting pattern in this yellowish green 
gemstone. 


Ungkhana Atikarnsakul 
GIA, Bangkok 


Quarterly Crystal: Wurtzite Phantom in Quartz 

Transparent colorless rock crystal quartz is a strong, durable 
mineral that makes a favorable host for a wide variety of 
inclusions (see the three-volume Photoatlas of Inclusions 


Figure 20. Close-up view of the wollastonite crystals. 
Photomicrograph by Ungkhana Atikarnsakul, field of 
view 4.8 mm. 
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Figure 21. Measuring 86.38 mm and weighing 1,140 
ct, this quartz crystal from British Columbia contains 
a three-sided phantom composed of an abundance of 
opaque black wurtzite inclusions. Photo by Robison 
McMurtry. 


in Gemstones for examples). The geographic source of the 
crystal pictured in figure 21 is British Columbia, Canada. 
At 1,140 ct and 86.38 mm in length, this large example of 
rock crystal plays host to several near-surface opaque black 
hexagonal to trigonal crystals as large as 5.0 mm. 
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Figure 22. The crystals in this phantom plane in quartz were identified by Raman analysis as wurtzite. Photo- 


micrograph by Nathan Renfro; field of view 19.2 mm. 


As shown in figure 22, the micromorphology of the nu- 
merous inclusions, forming a three-sided phantom, sug- 
gests that they might be the zinc iron sulfide wurtzite. 
Laser Raman microspectrometry confirmed the identifica- 
tion of the inclusions as wurtzite. The euhedral inclusions 
were situated in the quartz crystal in the form of direc- 
tional phantoms that developed through the directional 
deposition of the wurtzite on three consecutive surfaces of 


the quartz, which then continued to grow, enveloping the 
wurtzite as inclusion planes tracing the form of the original 
quartz host. From what we can determine, this is the first 
time that wurtzite has been found as an inclusion in any 
gem material. Because of wurtzite’s relationship to spha- 
lerite, some inclusions previously identified as sphalerite 
may actually be wurtzite. 

John I. Koivula 


To see video of the chameleon effect in a Fancy Light grayish 


greenish yellow diamond, as featured in this section, please visit 
www.gia.edu/gems-gemology/summer-2018-microworld- 
uncommon-parallel-color-zoning-in-a-chameleon-diamond 
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COLORED STONES AND ORGANIC MATERIALS 


Discovery of color-change chrome grossular garnets from 
Ethiopia. Ethiopia has become a significant producer of 
opal, sapphire, and emerald in recent years. In addition, re- 
ports of gem-quality green garnets have started to emerge 
(B. Williams et al., “Tsavorite reportedly from Ethiopia,” 
Journal of Gemmology, Vol. 35, No. 8, 2017, pp. 702-704). 

Todd Wacks (Tucson Todd’s Gems, Tucson, Arizona, 
and Vista, California) recently submitted three rough and 
one faceted garnet (figure 1, stones 1, 2, 3, and 4) to GIA in 
Carlsbad for scientific examination. He purchased the gar- 
nets from Inna Gem, which reported that the garnet mine 
is located near the town of Wbi and the new Dubuluk 
emerald deposit (Spring 2017 GNI, pp. 114-116). The 
stones showed obvious color change from yellow-green 
under daylight-equivalent lighting to orange-brown under 
incandescent illumination. This is similar to the color- 
change behavior reported for some color-change garnets 
from Sri Lanka (Spring 2017 GNI, pp. 137-138). 

Standard gemological testing revealed a refractive index 
(RI) of 1.740 on the faceted stone. Hydrostatic specific grav- 
ity (SG) of all garnets in this study ranged from 3.62 to 3.68. 
Fluorescence was inert to long-wave and short-wave UV 
light. Rotating the stones 360° between a pair of crossed 
polarizing filters revealed an anomalous double refraction. 
Using a handheld spectroscope, faint absorption bands at 
480-490 and 570-590 nm were observed. Microscopic ex- 
amination showed fingerprints composed of two-phase in- 
clusions, iron-stained and cloudy fractures, long thin etch 
channels, unidentified transparent crystals, and zoned 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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greenish brownish yellow areas. These properties are con- 
sistent with grossular (grossular-andradite) garnets (I. 
Adamo et al., “Tsavorite and other grossulars from Itrafo, 
Madagascar,” Fall 2012 GWG, pp. 178-187; M.L. Johnson 
et al., “Gem-quality grossular-andradite: A new garnet 
from Mali,” Fall 1995 GwG, pp. 152-166.). 

Laser ablation-inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) analyses were performed to obtain 
the chemical composition of these garnets using a Thermo 
Fisher iCAP Qc ICP-MS coupled with an ESL NWR213 nm 
laser ablation unit. USGS glass standards GSD-1G and GSE- 
1G and NIST glass standard 610 were used as external stan- 
dards. ?°Si was used as an internal standard. The analyses 
were performed in the same region where spectroscopic data 
was collected for stones 3, 4 (Ethiopian garnets), 5 (non- 
Ethiopian tsavorite), and 6 (non-Ethiopian demantoid) (see 
www.gia.edu/gems-gemology/summer-2018-gemnews-dis- 
covery-of-color-change-chrome-grossular-garnets-from- 
ethiopia). The Ethiopian garnets are predominantly 
composed of 87.24-91.60% grossular, 6.03-8.19% andradite, 
1.04—2..80% spessartine, 1.29-0.55% uvarovite, 0.71-0.82.% 
pyrope, and 0.03-0.05% goldmanite (again, see stones 1-4 
at the link provided above). The dominant chromophore is 
Cr** at about 0.19-0.43 wt.%, with an almost negligible con- 
tribution from V**. This contrasts significantly with most 
tsavorite grossular garnets, whose color is dominantly de- 
rived from V** with a lesser contribution from Cr** (Adamo 
et al., 2012). 

UV-Vis-NIR spectra (figure 2) were collected and cor- 
rected for reflection loss. These spectra were then used to 
quantitatively calculate the color of the garnets at a wide 
range of path lengths and under different lighting condi- 
tions. In addition to two of the Ethiopian grossular garnets, 
UV-Vis spectra were also collected on the non-Ethiopian 
tsavorite (stone 5) and the non-Ethiopian demantoid (stone 
6) for comparison. The chemistry of stones 5 and 6 is also 
reported online; see the link above. The calculated color 
panels of stones 3-6 under daylight-equivalent lighting 
(CIE D65 illumination) and incandescent light (CIE A il- 
lumination) are shown in figure 3, which shows the pos- 
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The yellow stone had an appearance very 
much like the yellow synthetic spinel which 
exhibits such a strong yellow-green fluo- 
rescence under ultraviolet light. Indeed, this 
doublet also showed a strong and similar 
colored glow. However, examination of this 
fluorescent light with a hand spectroscope 
showed that the fluorescence spectrum was 
discrete (banded or fluted) which indicated 
a uranium coloration of the glass. The glow 
was sufficiently intense to illuminate the 
whole stone and mask the glow from the 
cement layer. As in the case of the other two 
stones, the glass base showed swirl marks 
and gas bubbles and no layer of bubbles was 
seen in the plane of joining of the rock 
crystal and glass. The density was found to 
be 2.55. 

All these three stones, when immersed 
table facet down in a cell of liquid, were 
found to at 90° 
examined between crossed nicols. 


show extinction when 


The remaining three stones were found 
to consist of two picces of rock crystal with 
a colored layer between them. In other 
words, they were similar to the well-known 
soudé emeralds (which in American par- 
lance are generally called tr7plets). The first 
of these stones was essentially a soudé 
emerald of the modern type which owes its 
green color to a thin layer of material of un- 
known composition which has, maybe, been 
sintered to the two slabs of rock crystal from 
which the complete stone has been cut. The 
density of this emerald-cut specimen weigh- 
ing 4.38 carats was found to be 2.77, a 
value higher than might be expected, but 
about the usual values found for the mod- 
ern sondeés. It is conjectured that this high 
density may be due to the fact that an or- 
gano-metallic dye (possibly containing cop- 
per) may be employed to color the ‘‘frit”’ 
used in “soldering” the two pieces of quartz. 
The stone was found to show green through 
the emerald color filter and was inert under 
ultraviolet light. 


The second specimen, an oblong cushion- 
shaped stone weighing 7.45 carats, was un- 


usual in that its appearance in daylight re- 
sembled a synthetic fancy corundum which 
1s made to imitate alexandrite. Indeed, this 
slaty-green color with reddish reflection 
turned to purple when seen under artificial 
light—exactly like the synthetic ‘‘alexandrite- 
like” corundum. The absorption spectrum 
of the stone showed the cobalt lines strongly 
and a very intense band in the blue-violet, 
with a weak line in the blue. The density 
was found to be 2.62, a value which com- 
pares favorably with the values of the old 
type soudeés which owed their green color 
to a gelatine (?) film (which often went 
“bad,” turning to a yellow color). It may 
be useful to mention that this old type of 
soudé often showed ted through the emerald 
filter. When irradiated with long-wave ultra- 
violet light, the stone appeared to glow with 
a purplish haze, but it could be seen that 
it was the cement layer which was fluo- 
rescing and that the glow was diffusing 
through the colorless crown and base. 

The last 


mixed-cut, 


of these stones was an oval 
sapphire-blue weighing 
4.27 carats. This stone also showed a color 


stone 


change in artificia) light, becoming a purple 
color. The absorption spectrum in this case 
was again the three bands due to cobalt, 
but no lines were seen in the blue part of 
the spectrum. The density was 2.62, the 
same as for the ‘‘alexandrite’ and, likewise, 
no bubble layer was observed in either of 
these two color-change stones. 

When examined between crossed nicols 
with the table facet down, there was no ex- 
tinction on rotation of the stage but a more 
or less continuous /ight field. However, 
when the stone was turned sideways and 
similarly viewed, so that both the crown 
and pavilion were in the field at the same 
time, on rotating the stage tt was seen that 
cach separate part extinguished at different 
angles, but each at every 90°. This proved 
that the two pieces of rock crystal did not 
have the same optical orientation. 

In conclusion, the writer's thanks are due 
to Messrs. George Lindley and Company 
(London) Ltd. for presenting the specimens. 
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Figure 1. Left: Three rough garnets (left to right, stones 2, 3, and 4) and one faceted garnet photographed in an LED 


light source with 6000K color temperature (a daylight-equivalent light simulator). Right: The same stones pho- 
tographed in an LED light source with 3100K color temperature (an incandescent light simulator). The 2.705 ct 
faceted stone measures 8.08 x 7.18 x 5.49 mm. Photos by Kevin Schumacher. 


sible colors these four garnets would exhibit with different 
path lengths (defined by stone thickness) and the approx- 
imate corresponding carat weight of a well-proportioned 
round brilliant (for details of this calculation, see Z. Sun 
et al., “Vanadium- and chromium -bearing pink pyrope 
garnet: Characterization and quantitative colorimetric 
analysis,” Winter 2015 G&G, pp. 348-369). Ethiopian 
grossular stone 4 showed a stronger color change and a 
higher chromium component than Ethiopian grossular 


VISIBLE SPECTRA 


2.55 


cr 
431 


wm 
°o 
| 


ABSORBANCE —> 


--- Stone 3 (Ethiopian grossular), 5 mm path length 
HOS — Stone 4 (Ethiopian grossular), 5 mm path length 
— Stone 5 (Tsavorite), 0.5 mm path length 

--- Stone 6 (Demantoid), 0.5 mm path length 


stone 3. Stone 6 showed a more yellowish green than 
stone 5 due to the demantoid’s higher Fe component, 
which absorbs more blue light than in tsavorite (again, see 
figure 2). 

One way to judge the quality of a color-change stone is 
to plot the color panel pair in the CIE 1976 color circle. Good 
color-change pairings show a large hue angle difference, a 
small chroma difference, and large chroma values (Z. Sun et 
al., “How to facet gem-quality chrysoberyl: Clues from the 


Figure 2. The calculated visible ab- 
sorption spectra (corrected for reflec- 
tion loss) of garnets 3, 4, 5, and 6 
with various path lengths. Transmis- 
sion window A is centered at 545 
nm. Transmission window B is be- 
tween 620 and 650 nm; transmis- 
sion window C is centered at 520 
nm. In Ethiopian grossular stones 3 
and 4, the absorption bands at 431 
and 599 nm are caused by Cr**. In 
stone 5 (non-Ethiopian tsavorite) the 
absorption bands at 428 and 611 
nm are caused by V*. In stone 6 
(non-Ethiopian demantoid) the ab- 
sorption bands at 431 and 627 nm 
are caused by Cr** (Adamo et al., 
2009). The human eye is not color 
sensitive above 650 nm or below 
420 nm wavelength (gray color zon- 
ing in the graph). The transmission 


WAVELENGTH (nm) 


234 Gem NEWS INTERNATIONAL 


Gems & GEMOLOGY 


in these ranges cannot contribute to 
the color seen. Please note that the 
y-axis units are in true absorbance 
and not absorbance coefficients. 
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Stone 3 
1mm 2mm 3mm 4mm 5mm 6mm 7mm 8mm 9mm 10 mm 
0.002 ct 0.019 ct 0.063 ct 0.147 ct 0.285 ct 0.489 ct 0.773 ct 1.149 ct 1.630 ct 2.228 ct 
Stone 4 
1mm 2mm 3mm 4mm 5mm 6mm 7mm 8mm 9mm 10 mm 
0.002 ct 0.019 ct 0.063 ct 0.147 ct 0.285 ct 0.489 ct 0.773 ct 1.149 ct 1.630 ct 2.228 ct 
Stone 5 
Tsavorite ] 
0.2 mm 0.4mm 0.6 mm 0.8 mm 1mm 1.2mm 1.4mm 1.6mm 1.8mm 2mm 
0.00002 ct 0.0002ct  0.0005ct 0.0012ct 0.0024ct 0.0041ct 0.0065ct 0.0097ct 0.0137ct 0.0188 ct 
Stone 6 
Demantoid 
0.2 mm 0.4 mm 0.6 mm 0.8 mm 1mm 1.2mm 1.4mm 1.6mm 1.8mm 2mm 
0.00002 ct 0.0002ct 0.0005ct 0.0012ct 0.0024ct 0.0041ct 0.0065ct 0.0097ct 0.0137ct 0.0188ct 


Figure 3. The color panels of four garnets (stones 3, 4, 5, and 6) under CIE A (incandescent) and CIE D65 (daylight- 
equivalent) illumination are quantitatively reproduced. The garnets’ colors are shown at different light path lengths 
(defined by stone thickness). For each sample, the top and bottom rows represent the color under incandescent light 
(A) and daylight-equivalent light (D65), respectively. For calculation methods, please see Sun et al. (2017). 


relationship between color and pleochroism, with spectro- 
scopic analysis and colorimetric parameters,” American 
Mineralogist, Vol. 102, No. 8, 2017, pp. 1747-1758). The 
color coordinates of the four stones in daylight-equivalent 
(D65) and incandescent (A) illumination were plotted in the 
CIE 1976 color circle (see the link above). Ethiopian grossu- 
lar stone 4 had the largest hue angle difference among the 
four stones and a relatively small chroma difference. The 
non-Ethiopian tsavorite and demantoid both had a very 
small hue angle difference that was close to zero but with 
large chroma difference. 
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One interesting observation is that the Cr** absorption 
band shifted significantly from 627 in demantoid (stone 6) 
to 599 in the Ethiopian grossulars (stones 3 and 4; all stone 
samples contained little V). This shift opens a transmission 
window B in the red region shown in figure 2. To our 
knowledge, color-change behavior has not been reported in 
tsavorite or demantoid. This is because the absorption 
bands of V* at the 610 region in tsavorites (green grossular] 
or of Cr*+ at the 627 nm region are dominated by Cr** in 
demantoids and prevent the transmission of red light in 
these stones. In other words, there is no transmission win- 
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TABLE 1. Vanadium and chromium concentration of 
grossular garnets, obtained by LA-ICP-MS. 


Ethiopian grossular from this study 
Oxide (wt.%) 


V,O, 
Cr,O, 


0.01-0.02 
0.19-0.43 


dow in the red for tsavorite or demantoid. However, these 
Ethiopian grossulars have little V*+, and the Cr** absorption 
is shifted away from the red region, which allows for sig- 
nificant transmission of red light through these stones. 
This creates a transmission window that produces signifi- 
cantly different color for the Ethiopian grossular in incan- 
descent illumination versus daylight. To the authors’ 
knowledge this was the first group of color-change gem- 
quality chrome grossular garnet reported. 


Ziyin Sun, Aaron C. Palke, Nathan D. Renfro, 
Heidi Breitzmann, Dylan Hand, and Jonathan Muyal 
GIA, Carlsbad 


Green-blue Maxixe-type beryl. Recently, a transparent 
greenish blue pear-shaped mixed-cut sample (figure 4) was 
submitted for identification to the Gem Testing Laboratory 
in Jaipur. The 54.21 ct specimen (40.00 x 20.14 x 12.63 
mm) was relatively clean to the unaided eye. Its RI of 
1.582-1.590, birefringence of 0.008 with a uniaxial negative 
optic sign, and hydrostatic SG of 2.71 suggested a beryl, 
which was later confirmed with Fourier-transform infrared 
(FTIR) and Raman spectroscopy. The specimen’s natural 
origin was established by zones of fine growth tubes, planes 
of dendritic platelets (usually ilmenite, although not iden- 
tified here) oriented along the basal plane, and birefringent 
crystals. 

Identification of the stone as beryl was straightforward, 
but its unusual color and striking dichroism invited further 
study. It displayed deep blue and yellow as the two principal 
colors (figure 5); the deep saturated blue resembled the color 


Figure 4. This 54.21 ct green-blue specimen was identi- 
fied as Maxixe-type beryl. Photo by Gagan Choudhary. 


of top-quality sapphires. Such strong dichroism was remi- 
niscent of Maxixe-type beryls, although their dichroic colors 
are usually deep blue and colorless. Careful examination of 
the specimen showed a deep saturated blue o-ray and a yel- 
low e-ray. Maxixe-type beryls are known to display deep 
blue color absorption along the o-ray direction (R. Webster, 
Gems, 5th ed., Butterworth-Heinemann, London, 1994, pp. 
124-127) and colorless along the e-ray direction. An opposite 
pattern of deep blue (e-ray) and pale greenish blue (o-ray) ab- 
sorptions was reported previously in an aquamarine by this 
author (Fall 2014 GNI, pp. 244-245). 

Further analysis with UV-Vis-NIR spectroscopy con- 
firmed the cause of color. Polarized spectra (figure 6) re- 
vealed a series of bands between 500 and 700 nm along 
the o-ray direction, but only a broad absorption feature at 
~690 nm along the e-ray; these features are typically as- 
sociated with the radiation-induced color centers ob- 
served in Maxixe-type beryl (see I. Adamo et al., 
“Aquamarine, Maxixe-type beryl, and hydrothermal syn- 


Figure 5. The Maxixe-type beryl in figure 4 displayed an intense dichroism, with a deep saturated blue o-ray (left) 
and a yellow e-ray (right). A combination of these blue and yellow components resulted in a greenish face-up ap- 


pearance. Photos by Gagan Choudhary. 
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Figure 6. Polarized Vis-NIR spectra of the green-blue 
Maxixe-type beryl displayed a series of bands be- 
tween 500 and 700 nm (o-ray) that are associated 
with radiation-induced color centers. 


thetic blue beryl: Analysis and identification,” Fall 2008 
GeG, pp. 214-226). 

Gemological properties along with absorption spectra 
and the pleochroic color directions were sufficient to es- 
tablish the identity of this submitted specimen as Maxixe- 
type beryl. This was the first time we had encountered a 
green-blue Maxixe-type beryl, although there exists a pre- 
vious report of such a beryl (see K. Nassau et al., “The deep 
blue Maxixe-type color center in beryl,” American Miner- 
alogist, Vol. 61, 1976, pp. 100-107). On the basis of 
pleochroic colors, it can be deduced that the greenish face- 
up appearance of this specimen was due to the overlap of 
blue and yellow color components. The supplier of the 
specimen informed us that the specimen is reportedly from 
Mozambique. 

Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory, Jaipur, India 


Figure 7. Left to right: 16.73 ct, 14.50 ct, 17.03 ct, and 
27.75 ct trapiche-like amethysts. The four cabochons 
were cut with the base perpendicular to the c-axis 
(optic axis). Photo by Diego Sanchez. 


Trapiche-like amethyst from Brazil. Minerals such as 
corundum, beryl, tourmaline, and quartz, which belong to 
either the trigonal or the hexagonal crystal system, can 
show a trapiche-like texture with a hexagonal core and six 
extended arms when viewed down the c-axis. Four 
trapiche-like amethyst cabochons (figure 7) were submitted 
to GIA’s Carlsbad laboratory by L. Allen Brown (All That 
Glitters, Methuen, Massachusetts) for scientific examina- 
tion. Each was characterized by a hexagonal black core and 
six brownish arms with pale purple color zoning in be- 
tween. Magnification revealed that the black core was 
composed of dense metallic dendritic inclusions (figure 8, 
left). The brown color of the arms was caused by numerous 
tufts of tiny inclusions (figure 8, right), some of which re- 
sembled either brushes or bullets. 

Raman spectra were collected with a Renishaw inVia 
Raman microscope system. The confocal capabilities of the 


Figure 8. Left: Metallic dendritic inclusions compose the hexagonal black core in the amethysts; field of view 19.27 
mm. Right: Brownish and yellowish brush-like and bullet-like fibrous inclusions in the trapiche-like arms; field of 


view 2.34 mm. Photomicrographs by Jonathan Muyal. 
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Figure 9. A 12-rayed black star sapphire, weighing 3.6 
ct, with one set of golden rays and another set of silver 
rays producing two different-colored stars. Photo by 
Simon Bruce-Lockhart. 


system allowed inclusions beneath the surface to be ana- 
lyzed. The black core was identified as an FeS, (iron sulfide) 
mineral, likely pyrite. The brownish tiny inclusions in 
arms could not be identified but were likely goethite (EJ. 
Gitibelin and J.I. Koivula, Photoatlas of Inclusions in Gem- 
stones, Vol. 2, Opinio Verlag, Basel, Switzerland, p. 558) 
based on appearance and occurrence in quartz matrix. 

The texture of trapiche-like amethysts is often caused 
only by the distribution of color-inducing elements (K. 
Schmetzer and B. Williams, “Gem-quality amethyst from 
Rwanda: Optical and microscopic properties,” Journal of 
Gemmology, Vol. 36, No. 1, 2018, pp. 26-36). The fact that 
the texture was caused by two sets of distinctly colored in- 
clusions makes these four gemstones unique. 


Ziyin Sun, Jonathan Muyal, and Dylan Hand 


Twelve-rayed star sapphire from Thailand. The Thai city 
of Chanthaburi is a well-known international trading hub 
for colored gemstones but was once an important corun- 
dum mining center. In recent decades, mining activity in 
the area has decreased, but there are still several smaller- 
scale operations active. The 3.6 ct 12-rayed black star sap- 
phire shown in figure 9 was mined in 2017 in Bang Kha 
Cha (or Bang Kaja), a mining locality near Chanthaburi. 

Thailand’s gemstone deposits typically produce blue, 
green, and yellow sapphires (and combinations of these col- 
ors). The deposits in eastern Thailand also produce a pecu- 
liar sapphire variety: black star sapphire. This variety is 
found in other basalt-related deposits like Australia, but 
they rarely match the size, quality, and abundance that the 
Thai stones are famous for. 

The black color is due to a very high concentration of 
Fe-rich particles, identified as hematite and ilmenite. This 
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high density of particles completely masks the bodycolor 
of the stone. When strongly illuminated from the back, 
glimpses of the bluish green bodycolor in this gem can be 
seen. If the platy, Fe-rich particles are oriented in the cor- 
rect way, they result in a six-rayed star pattern. This star 
is often yellowish golden in color. 

Another common inclusion in corundum is rutile nee- 
dles. When they are abundant and correctly oriented in the 
crystal, this might also result in a six-rayed pattern, often 
with a whitish silvery color. In some cases, both of these 
patterns overlap, creating a 12-rayed star with one set of 
golden-yellow rays and one set of silver-white rays. The 
stone in figure 9 is an excellent example of this phenome- 
non, displaying well-centered, sharp asterism with two dif- 
ferent-colored stars. 


Wim Vertriest 
GIA, Bangkok 


Simon Bruce-Lockhart 
Chanthaburi, Thailand 


Update on trace-element chemical characteristics of golden 
sheen sapphire. GIA’s Tokyo laboratory recently examined 
23 sapphires displaying a “golden sheen” effect, reportedly 
from Kenya (e.g., T.N. Bui et al., “From exsolution to ‘gold 
sheen’: A new variety of corundum,” Journal of Gemmol- 
ogy, Vol. 34, No. 8, 2015, pp. 678-691). Bui et al. (2015) 
were the first to describe gemological characteristics of 
golden sheen sapphires from Kenya; updated characteris- 
tics of inclusions, UV-Vis-NIR spectra, and chemistry of 
golden sheen material was published the following year (N. 
Narudeesombat et al., “Golden sheen and non-sheen sap- 
phires from Kenya,” The Gem and Jewelry Institute of 
Thailand, July-August 2016, pp. 282-288; Winter 2016 Lab 
Notes, pp. 413-414). Here we update the gemological and 
chemical characteristics of the recently examined material, 
and compare the information with various sapphire 
sources including other golden sheen sapphire data previ- 
ously documented. 

We examined 15 cabochons, three faceted, and five 
rough stones (figure 10). The samples were semi-transparent 
to opaque, with a blue and yellow bodycolor and weight 
range of 1.75 to 34.00 ct. The cabochons displayed a “golden 
sheen” effect and/or golden six-ray asterism. For the pol- 
ished samples, standard gemological testing revealed RI val- 
ues of 1.760 to 1.770 and hydrostatic SG values of 
3.98-4.01, except for one densely included stone with an 
SG of 4.04 (see Lab Notes this issue, pp. 212-213). These 
SG values suggested that they were all corundum. The 
rough stones showed SG values of 3.82-4.01 and the Raman 
signatures of corundum. 

The inclusions were similar to those in other golden 
sheen sapphires described by Bui et al. (2015) and Narudee- 
sombat et al. (2016). Characteristics included dense clouds 
composed of brownish needles and platelets displaying a 
golden sheen effect. Raman analysis identified the needles 
as ilmenite and hematite, although their Raman signals 
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were weak because of their thinness. Some showed six-ray 
asterism caused by reflection from dense clouds of oriented 
needles. Inclusion-free zones like the center stone and 
rough stones in figure 1 contained mineral crystals and 
healed fissures with negative crystals (see Lab Notes, pp. 
212-213). Various euhedral to subhedral mineral inclusions 
(figure 11) were confirmed as hematite, diaspore, and zir- 
con. Hematite was found as needles and euhedral crystals; 
these euhedral hematite crystals coexisted with goethite 
(figure 11B). Some carbonate minerals such as siderite 
(FeCO,) and dawsonite [NaAlCO,(OH),]| were found as ir- 
regular inclusions with a vein-like appearance, although 
their primary or secondary origin was unknown (figure 
11C, D). Additionally, magnetite and mica (paragonite and 
muscovite series) were identified. 

Quantitative LA-ICP-MS analysis of trace elements on 
the 23 samples—90 spots in total—is summarized in table 
1 and figure 12. Six of the samples had both blue and yel- 
low bodycolors, and only one had a single yellow bodycolor 
(again, see figure 10). The other 16 contained numerous in- 
clusions and fractures, and were not clear in color distri- 
bution. Chemical analyses were conducted on three spots 


Figure 10. Eighteen of 
the 23 golden sheen 
sapphires examined for 
their trace-element 
chemical characteris- 
tics. The largest stone 
weighs 34 ct. Photo by 
Shunsuke Nagai. 


for each blue, yellow, and included zone. The blue zones 
had high Fe content ranging 2630 to 3486 ppma and low to 
medium V content of 0.13 to 0.37 ppma. Their Ti concen- 
tration was higher than their Mg content. Ga/Mg ratios for 
the blue zones varied from 3.50 to 25.35. The yellow zones 
showed similar Fe, V, and Ga contents as the blue zones, 
with high Fe (2923 to 3846 ppma), low to medium V (0.13 
to 0.40 ppma), and Ga/Mg ratios of 7.78 to 10.06. Included 
zones also showed similar concentrations of all elements 
as the blue and yellow zones, although some spots tended 
to be slightly high in Fe, Ti, Al, and Ga. Enrichment in 
these elements probably indicates compositions of dense 
inclusion phases, because most of the inclusion phases 
were Fe-Ti oxides such as hematite and ilmenite, as docu- 
mented by Bui et al. (2015) and Narudeesombat et al. 
(2016). G&G previously published that other trace ele- 
ments, such as Zr, Nb, Ta, W, Th, and U, were enriched in 
the included zones of some golden sheen sapphires (again, 
see Winter 2016 Lab Notes, pp. 413-414). Only Ta and U 
were detected in our samples. Elements such as Na and K 
that can be considered to be related to inclusions were also 
detected in some spots on included zones. 


TABLE 1. Average and range of trace-element concentration of gold sheen sapphires (in ppma). 


Sample Mg Ti Cr Fe Ga Ga/Mg ratio 
Blue zone 5.88 13.13 0.24 bdl 3258 37.67 10.06 
(6 samples, 18 spots) (1.70-9.29) (11.00-19.51) (0.13-0.37) (2841-3486) (31.88-45.04) (3.50-25.35) 
Yellow zone 8.00 19.38 0.26 bdl 3404 39.83 9.08 
(7 samples, 21 spots) (1.95-15.99) (9.26-40.22) (0.13-0.40) (2923-3846) (34.32-46.31) (2.65-22.90) 
Included zone 8.49 21.56 0.10 bdl 3477 39.92 7.78 
(17 samples, 51 spots) (1.95-23.24) (3.63-52.5) (bdl-0.56) (2630-4552) (31.78-53.23) (2.29-24.89) 


Detection limits: 0.049 for Mg, 0.335 for Ti, 0.035 for V, 0.409 for Cr, 5.28 for Fe, and 0.010 for Ga. bdl: below detection limit. 
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Figure 11. Photomicrographs (left) and Raman spectra (right) of micro-inclusions in golden sheen 
sapphires: zircon inclusion with intersecting needles (A), hematite and goethite inclusion (B), dias- 
pore and siderite inclusion (C), and dawsonite inclusion (D). Darkfield illumination (A, C, and D) 
and reflected light (B). Photomicrographs by Makoto Miura; fields of view 1 mm (A), 0.06 mm (B), 
and 0.8 mm (C and D). 
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Figure 12. This ternary diagram shows the relation- 
ships between Fe, Mg, and Ti in golden sheen sap- 
phires. Note that most of samples have similar Fe, 
Mg, and Ti content. Some of the yellow and included 
zones are rich in Mg and Ti. 


While golden sheen sapphires are reportedly mined in 
northeastern Kenya, there is no other published chemical 
data available from this region. We compared our chemical 
characteristics with those of other samples documented in 
the Winter 2016 Lab Notes entry; metamorphic sapphires 
from Sri Lanka, Myanmar, and Madagascar; and basalt-re- 
lated sapphires from Thailand, Australia, Nigeria, Kenya, 
and Cambodia (figure 13). Compositional data for meta- 
morphic and basalt-related sapphires are from previously 
published articles (J.J. Peucat et al., “Ga/Mg ratio as a new 
geochemical tool to differentiate magmatic from metamor- 
phic blue sapphires,” Lithos, Vol. 98, 2007, pp. 262-274; V. 
Pardieu et al., “Sapphires from the gem rush Bemainty 
area, Ambatondrazaka (Madagascar),” GIA News from Re- 
search, Feb. 24, 2017; W. Soonthorntantikul et al., “An in- 
depth gemological study of blue sapphires from the Baw 
Mar mine (Mogok, Myanmar),” GIA News from Research, 
Feb. 24, 2017; Fall 2017 GNI, pp. 380-382). As shown in 
figure 13, the samples in this study were similar to other 
golden sheen sapphires in Fe, Ga, and V contents. The Fe 
concentration and high Ga/Mg ratio (table 1) were far from 
those of metamorphic sapphires but close to those of some 
basalt-related sapphires. Kenya, where golden sheen sap- 
phires may occur, has two known types of sapphire de- 
posits; one is associated with alkali basalts from the 
Gregory Rift, an eastern branch of the African Rift Valley, 
and the other is associated with syenite (Peucat et al., 
2007). Both types of sapphire showed a high Fe concentra- 
tion and Ga/Mg ratio, which are similar to the chemical 
data in this study. 

The similarities in inclusions and trace-element com- 
position between our samples and other golden sheen sap- 
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phires indicate that they possibly come from the same ori- 
gin. A wide variety of inclusions observed in golden sheen 
sapphires suggests the specific condition during the forma- 
tion processes. The presence of hematite inclusions espe- 
cially implied formation in a highly oxidized environment. 
Further gemological studies are required to construct the 
database for origin determination. 


Makoto Miura, Yusuke Katsurada, and 
Kazuko Saruwatari 
GIA, Tokyo 


DIAMONDS 


D-color natural Ia diamond with walstromite inclusion. 
Nondestructive testing methods such as Raman, photolu- 
minescence (PL), and infrared spectroscopy have been 


Figure 13. Log plots of chemical variations of Fe vs. 
Ga contents (expressed in ppma) in golden sheen sap- 
phires. Only blue sapphire data was plotted. 
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widely applied to identify diamond and its inclusions. The 
NV°- (nitrogen-vacancy) and V° (vacancy) centers are used 
as a probe to confirm whether the color of a type Ia dia- 
mond is natural or caused by high-pressure, high tempera- 
ture (HPHT) treatment or irradiation (Fall 2016 Lab Notes, 
pp. 299-301; D. Fisher et al., “The vacancy as a probe of 
the strain in type Ila diamonds,” Diamond and Related 
Materials, Vol. 15, No. 10, 2006, pp. 1636-1642). 

Recently, the National Gemstone Testing Center 
(NGTC) laboratory in Shenzhen received a 3.0 ct diamond 
for identification. The stone was a standard round brilliant 
cut with D color, SI, clarity, and a diameter of 9.2 mm. 
When exposed to DiamondView imaging, the diamond ex- 
hibited medium blue fluorescence. It was identified as type 
Ila because no nitrogen- or boron-related absorptions were 
detected in the 800-1400 cm range and at 2802 cm. Ni- 
trogen-vacancy centers NV° (575 nm) and NV- (637 nm) 
were not detected, either. 

Magnification revealed some mineral inclusions and 
fan-shaped fractures (figure 14). Part of the fissure was filled 
with black material. We identified the inclusion in figure 
14 as CaSiO,-walstromite and confirmed that the black 
fracture contained graphite using a Renishaw inVia micro- 
Raman confocal microscope equipped with a green solid 
laser (532 nm) focused through a 50x short-working-dis- 
tance objective (figure 15). As the most abundant Ca-bear- 
ing mineral inclusion found in super-deep diamonds, 
CaSiO,-walstromite is believed to derive from CaSiO,-per- 


RAMAN SPECTRA 


Figure 14. A CaSiO,-walstromite inclusion (100 jum) 
in a 3.0 ct diamond with fan-shaped black fractures. 
Graphite (less than 10 um) was identified in the 
black fracture. Photomicrograph by Ying Ma. 


ovskite. Perovskite-structure minerals are predominant in 
the earth’s lower mantle more than 600 km below the sur- 
face. The presence of CaSiO,-walstromite and Ca-silicate 
inclusions is a strong indication of superdeep origin (C. An- 
zolini et al., “Depth of formation of superdeep diamonds: 
Raman barometry of CaSiO,-walstromite inclusions,” 
American Mineralogist, Vol. 103, No. 1, 2018, pp. 69-74). 


Figure 15. In these 
Raman spectra, the 


D blue line represents a 


reference spectrum for 
CaSiO,-walstromite 
(Smith et al., 2016, sup- 
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to diamond. 
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Figure 16. In this DiamondView image of the 3.0 ct 
diamond, the black arrow indicates the site of dislo- 
cation networks. Image by Ying Ma. 


The 3.0 ct diamond was similar to CLIPPIR (Cullinan- 
like, Large, Inclusion-Poor, Pure, Irregular, and Resorbed) 
diamonds (E.M. Smith et al., “Large gem diamonds from 
metallic liquid in Earth’s deep mantle,” Science, Vol. 354, 
No. 6318, pp. 1403-1405). Many CLIPPIR diamonds are of 
top color grades and type Ila, originating from a depth be- 
tween 360 and 750 km. Dislocation networks, a relatively 
common feature in type Ila diamonds, were also found (fig- 
ure 16). Dislocation networks in diamond are interpreted 
to be equivalent to the polygonized structure of disloca- 
tions in other minerals that have been deformed and sub- 
sequently annealed (H. Kanda et al. “Change in 
cathodoluminescence spectra and images of type II high- 
pressure synthetic diamond produced with high pressure 
and temperature treatment,” Diamond and Related Ma- 
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terials, Vol. 14, No. 11-12, 2005, pp. 1928-1931, K. De 
Corte et al., “Overview of dislocation networks in natural 
type Ila diamonds,” Fall 2006 GWG, pp. 122-123). High- 
temperature experimental treatment of synthetic type II 
diamond can also reproduce dislocation structures (H. 
Kanda et al., 2005; D. Fisher et al., “Brown colour in natu- 
ral diamond and interaction between the brown related and 
other colour-inducing defects,” Journal of Physics: Con- 
densed Matter, Vol. 21, No. 36, 2009, 364213). 

CLIPPIR diamonds sometimes exhibit infrared absorp- 
tion at 3107 cnr"; this is a nitrogen-bearing (VN,H) defect 
(J.P. Goss et al., “Identification of the structure of the 3107 
cm? H-related defect in diamond,” Journal of Physics: 
Condensed Matter, Vol. 26, No. 14, 2014, 145801). This di- 
amond has no clear signature of infrared absorption at 3107 
cm or NV centers (PL: 575 and 637 nm). We believe that 
the cause of this is an extremely low level of nitrogen, 
below the detection limits of the instrument (figures 17 
and 18). The lack of nitrogen in type Ila diamond is associ- 
ated with less color in the diamond. This diamond has a 
strong V°-GRI center (741, 745 nm) and no NV°-(575 nm) 
and V° (637 nm) centers (figure 18). 

The CaSiO,-walstromite inclusion in this 3.0 ct dia- 
mond indicates a natural diamond from a very deep origin. 

Ying Ma, Huihuang Li, Xiaoxia Zhu, Ting Ding, 
Taijin Lu, and Zhili Qiu 

National Gemstone Testing Center (NGTC) 
Shenzhen, China 


RESPONSIBLE PRACTICES 


Gemstones and Sustainable Development Knowledge Hub. 
In 2016, the Tiffany & Co. Foundation awarded the Univer- 
sity of Delaware (UD) $350,000 over the course of two years 
to promote responsible practices in the colored gemstone 


Figure 17. The dia- 
mond’s infrared spec- 
trum shows no 
detectable nitrogen- 
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UCCURHENCE- 
Mining and Hecovery 


of 
DIAMUNUS 


Part Il 


by 


A. ROYDEN HARRISON 


EDITOR'S NOTE: This ix the second in- 
stallment of a paper read af the Diamond 
Drilling Symposium, April 21 to 23, 1952. 
under the auspices of the Chemical, Metal- 
lurgical & Mining Society of South Africa, 
Johannesburg. Photographs which were used 
in Part 1 were not selected by the author but 
were from the photographic files of the 
Gemological Institute, Apology is hereby 
made for the incorrect captioning of the 
illustration on page 158 of the Spring Issue 
of GEMS & GEMOLOGY. Operations at 
the “Big Hole’ ceased in 1903 and the 


mine has never been reopened. 


GOLD COAST ACTIVITY 


The diamond deposits of the Gold Coast 
consist of shallow gravels in beds and flats 
of streams, about 65 miles northwest of 
Accra. About eight miles are worked at a 
time. The gravels are from two to five feet 
thick and are covered by two to ten feet of 


clay or sand overburden. The formations in 
this area are steeply dipping, metamor- 
phosed, igneous and sedimertary rocks of 
pre-Cambrian age, with intrusive granites 
nearby. 

Overburden is removed almost entirely 
by excavator and deposited in mined-out 
sections. The gravel is loaded by excavator 
into one-ton trucks and brought to the 
washing plants. These are similar to those 
in Angola and Sierra Leone. 

The average size of the diamonds is 20 
to 22 stones per carat. Gravels yield 2.5 
to 3 carats per cubic m. or 60 to 75 carats 
per 100 loads. 

Other diamond deposits on the Gold 
Coast are worked by African leaseholders. 
Production from these sources increased 
considerably during 1951. Size of diamonds 
and the gem content is similar to that ob- 
tained in the area just described. 

On Sierra Leone and Gold Coast con- 
cessions the working system is to have a 
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PL SPECTRA 


Figure 18. The diamond 
has a strong V°-GR1 
center (741, 745 nm) 
and a weak (NVN)° 
center (503 nm). The 


700 NV? (575 nm) and NV- 
centers (637 nm) were 
not detected at liquid 
nitrogen temperature at 
either 325 nm (top) or 
473 nm (bottom) laser 
excitation. The desig- 
nation of the 505, 524, 
668, 694, and 706 nm 
bands is unknown. 
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supply chain. Out of this grew the Gemstones and Sustain- 
able Development Knowledge Hub, a collaboration between 


Figure 19. Gem cutters in Jaipur were issued masks, 
provided by AGTA, as part of the safety measures put 
in place after the Hub's assessment. Photo courtesy of 
Lynda Lawson. 
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UD, the University of Queensland, and the University of 
Lausanne. The Hub’s goals are to perform research and to 
connect with initiatives identified by industry, academic, 
and mining communities as essential to the supply chain. 
The Hub’s website, www.sustainablegemstones.org, is an 
excellent resource for those interested in learning about and 
buying sustainable and ethical stones. The areas addressed 
by the Hub are colored stone mining and geology, processing 
and manufacturing (including cutting), gender analysis of 
supply chains, and economic development impact. 

As of June 2018, the Hub had launched two projects. 
The pilot project, initiated in Jaipur, India, in early 2018, 
is a study of the health issues associated with gemstone 
manufacturing and their solutions. This effort is in part- 
nership with the American Gem Trade Association 
(AGTA) and Workplace Health Without Borders (WHWB). 
As part of this program, dust and silica were monitored and 
cost-effective best practices for improving conditions were 
evaluated. From these observations, educational materials 
on silica exposure prevention and other safety precautions, 
such as the distribution of face masks (figure 19), were cre- 
ated. Noise levels have also been measured, and informa- 
tion on hearing loss, along with disposable hearing 
protection, has been disseminated. Future steps will in- 
volve measuring whether the methods that have been im- 
plemented (e.g., wetting to minimize dust and wet 
mopping of cutting shops) are adequate or if further meas- 
ures must be taken. 
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Figure 20. The women miners in Madagascar use the 
gem testing kit, which includes tweezers, a bowl, a 
loupe, a dichroscope, and a scoop. Photo courtesy of 
Lynda Lawson. 


The second project is a continuation of the work per- 
formed by Lynda Lawson, one of the Hub’s research asso- 
ciates, and focuses on miner education in Madagascar. 
Women miners in the region of Atsimo-Andrefana were 
taught field gemology essentials and provided with tools 
for identification (figure 20), even learning to make and use 
a simple dichroscope. The women were also taught basic 
lapidary skills, allowing them to make their own jewelry 
for sale. In the most recent training, the miners have been 
taught to identify characteristics of stones that are easily 
confused, such as topaz and quartz; women who had taken 
previous courses acted as peer coaches. The women have 
maintained their skills and tools, and the project has been 
extended through the end of 2018. Future steps will include 
working with the women to find more profitable markets 
for the small stones they find (primarily pink, purple, and 
orange sapphires). 

An additional Hub grant was awarded to “Minerals and 
Society,” an interdisciplinary graduate certificate program 
due to launch at UD in 2020. The program, which will be 
offered online and on campus, will be designed for members 
of the jewelry industry along with geologists, economists, 
and government employees. The program’s signature project 
will be the Jewelry Development Index (JDI), a project first 
developed at the 2017 Jewelry Industry Summit in Tucson, 
Arizona. The JDI’s goal is to measure the gem and jewelry 
industry’s impact on the economic and social well-being of 
the countries in which they operate while establishing 
replicable examples of responsible activity and transparency. 
UD will begin to develop the JDI in the fall of 2018. 
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For more information on these programs, please go to 
www.gia.edu/gems-gemology/summer-2018-gemnews- 
gemstones-and-sustainable-development-knowledge-hub. 


Jennifer-Lynn Archuleta and Aaron Palke 
GIA, Carlsbad 


Gemstone Guidebook Project. Selecting Gem Rough: A 
Guide for Artisanal Miners was researched, photographed, 
written, and produced by GIA and distributed in Tanzania 
through a joint venture between GIA and the nongovern- 
mental organization Pact. It is an educational tool to help 
artisanal and small-scale miners understand the value of 
rough gem material. The pilot program was launched in 
four villages in the Tanga/Umba area of northern Tanzania 
in the first half of 2017. The sites were selected by Pact 
staff, who also helped deliver the content and monitor the 
impact of the training. The region produces a variety of gar- 
nets (figure 21), sapphire, tourmaline, and zircon. 


Figure 21. A miner in northern Tanzania examines 
rhodolite rough from a local deposit. Photo by Robert 
Weldon/GIA. 
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The guidebooks, written in Swahili and showing differ- 
ent types of gem rough found in the area, were distributed 
to the Tanzanian miners along with small white trays. 
These trays are used to sort gem rough in reflected or trans- 
mitted light (figure 22), which allows stones of higher qual- 
ity to be separated. 

The pilot program reached approximately 200 miners. 
Participants were surveyed afterward on the effectiveness 
of the training, and many reported a better understanding 
of gem quality. Women miners in particular said the train- 
ing gave them a greater sense of financial independence, 
indicating that they might be more likely to sell rough on 
their own rather than rely on men. Using the responses to 
the survey, Pact calculated that for every $1 invested in the 
program there was a $12 social return on investment. 

In their impact report, GIA and Pact identified areas 
that might benefit from this resource. GIA has decided to 
proceed with the project, with plans to include a number 
of gem localities throughout Tanzania. This expansion is 
expected to take place in late 2018 and in 2019. 


Jennifer-Lynn Archuleta 


SYNTHETICS AND SIMULANTS 


Observation of etched surface micro-features on HPHT 
synthetic diamonds using laser confocal microscopy. 
China is the world’s largest HPHT synthetic diamond pro- 
ducer, with an annual output of more than 3,000 tons of 
rough industrial diamonds. The production technology of 
HPHT synthetic diamond is quite mature, and most Chi- 
nese HPHT synthetic diamonds use the hexahedral static 
pressure method. The diamond crystals grow out of high- 
purity graphite through a high-temperature and high-pres- 
sure process, and then the superfluous graphite is removed 
by acid cleaning (Z. Song et al., “Identification character- 
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Figure 22. Gemologist 
Marvin Wambua (right) 
shows women miners 
how to use the white 
tray to sort gem rough. 
Photo by Robert Wel- 
don/GIA. 


istics of large near-colourless HPHT synthetic diamond 
from China,” Journal of Gems and Gemmology, Vol. 18, 
No. 3, 2016, pp. 1-8). 

Acid cleaning of HPHT synthetic diamond is usually 
done with 90% H,SO, and 10% HNO,. This process can 
remove graphite and metal impurities that remain on the 
diamond surface and in crevices (L. Yin et al., “Micromech- 
anism of the artificial diamond’s growth,” Journal of Syn- 
thetic Crystals, Vol. 29, No. 4, 2000, pp. 386-387). During 
the growth process, the metal catalyst and graphite are in 
close contact with diamond and continuously participate 
in crystal growth. 

To the best of our knowledge, no research has been 
done on the surface characteristics of HPHT synthetic di- 
amonds after acid cleaning, which can reveal the growth 
features of HPHT diamond. In this study, 39 HPHT syn- 
thetic diamonds produced in China were observed using 
laser confocal microscopy (LCM). The laser confocal mi- 
croscopy measures the surface topography of the sample 
moving focused laser spots over the sample with a gal- 
vanometer scanner. The strongest-intensity scanning 
points in each vertical scan layer are recorded and used to 
construct the 3-D topography through a pixel-by-pixel 
method (W.-C. Liu et al., “A self-designed laser scanning 
differential confocal microscopy with a novel vertical scan 
algorithm for fast image scanning,” IFAC-PapersOnLine, 
2017, Vol. 50, No. 1, 2017, pp. 3221-3226). Therefore, the 
laser confocal microscope can overcome the problem of 
depth of field and observe the surface characteristics of ma- 
terials clearly. 

The characteristics of the structure after acid cleaning 
are observed on the surface of an HPHT synthetic diamond 
and on the inside of the crystal. An HPHT synthetic dia- 
mond was cut into thin slices and then washed by acid, ex- 
posing its internal structure (figure 23). Metal catalysts and 
a small amount of graphite remain in diamond crystals 
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Figure 23. Laser confocal microscopy (LCM) shows 
traces of metallic catalyst and step-like growth 
marks in an HPHT synthetic diamond’s interior. 
Photo by Xuxu Wu. 


during growth, leaving holes in the interior. Due to the 
lack of raw material for growth in the hole, a step-like 
structure was left in the space that was not fully filled with 
crystallized diamond. 

The fine structure of the step-like growth can be ex- 
pressed by using the 3D scanning function of the laser con- 
focal microscope. The images built in the three-dimensional 
coordinate system can show the depth and spatial relation- 
ship of the microstructures (figure 24). The irregularly 
etched structures, the depth of voids left by metal catalysts, 
range from 5 to 17 pm. 

After acid cleaning, HPHT synthetic diamonds will dis- 
play step-like irregular pits and lines on the surface (figure 
25). The triangular growth structures of HPHT synthetic 


Figure 24. 3D scanning of micro-features by LCM 
shows the depth change and relative spatial relation. 
Image by Xuxu Wu. 


17.838 pm 


212.395 pm 


283.285 
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Figure 25. Step-like irregular pits and lines on the 
surface of the HPHT synthetic diamond. The inset 
shows a simulation of the sample’s stacked triangu- 
lar growth structure. Photo by Xuxu Wu. 


diamonds are stacked on the surface with slight displace- 
ment. Rectilinear line marks on the surface of HPHT syn- 
thetic diamonds (figure 26) are also very common, and may 
be traces of the displacements that develop between small 


Figure 26. The surface of this HPHT synthetic dia- 
mond presents several groups of parallel lines. Photo 
by Xuxu Wu. 
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Figure 27. Two white jade bracelets weighing 62.305 g 
(left) and 69.422 g (right) with dark color patches sim- 
ilar to the natural skin of some nephrite pebbles. 
Photo by Jianjun Li. 


crystals due to compression during the growth process. 

Characteristic patterns observed on the surface of 
HPHT synthetic diamonds are related to metal catalysts 
and diamond particles, revealing the order of growth of syn- 
thetic diamonds. The step-like structure with the same 
angle is very common. The etched microstructure caused 
by metal catalysts usually displays irregular patterns. The 
several groups of parallel straight lines could be caused by 
the displacement and friction between a large number of 
tiny diamonds in the growth chamber. LCM is very reliable 
at revealing surface micro-features on HPHT synthetic di- 
amonds, and it should be more widely applied to gemolog- 
ical research. 

Contributors’ note: This study was partially supported 
by the National Natural Science Foundation of China 
(grants 41473030 and 41272086). 


Xuxu Wu, Taijin Lu, Shi Tang, Jian Zhang, 
Zhonghua Song, Hua Chen, and Jie Ke 
NGTC, Beijing 

Mingyue He 

China University of Geosciences, Beijing 


TREATMENTS 


Nephrite bracelet with filled cavity. Nephrite, also called 
tremolite, is treasured by the Chinese for its fine texture 
and superior toughness. White nephrite pebbles with some 
areas of orange or brown skin are called zi yu. Mutton-fat 
nephrite jade with a natural dark brown, brown, and/or 
brown-yellow oxide skin is rare and considered premium 
quality. This skin forms due to natural weathering, and the 
pebble is polished within river currents. In China, nephrite 
enthusiasts often aspire to own mutton-fat zi yu jewelry. 
White jade that is artificially polished into pebbles and par- 
tially dyed is often seen in China as an imitation of mut- 
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Figure 28. Many gas bubbles and spherical pores 
formed from burst bubbles can be seen in the brown 
and black areas. Photo by fianjun Li; field of view 13 
mm. 


ton-fat jade with brown and/or orange skin. Therefore, 
many traders treat the white primary ore into dyed brown- 
orange pebbles by artificially dyeing the material. A great 
deal of white jade with partially dyed color is marketed as 
mutton-fat zi yu in the Chinese market. 

Recently, China’s National Gold & Diamond Testing 
Center (NGDTC) laboratory received from a client two 
bracelets with filled cavities that mimicked mutton-fat 
nephrite with dark brown skin. This treatment process is 
quite different from the traditional surface staining. 

Shown in figure 27 are two bracelets weighing 62.305 
and 69.422, g. The white portions were pure with very fine 
texture. The deep brown parts, which resembled the black 
skin on some nephrite, were distributed along large fis- 
sures, and the sharp color boundaries were accompanied 
by brown and yellow materials. The black material pene- 
trated the body of the 62.305 g bracelet (figure 28). 

Standard gemological tests were carried out to identify 
the two bracelets and the deep brown and orange-yellow 
parts. With the owner's permission, a dark brown portion 
was sampled with a knife to obtain small scrapings, which 
were mixed with KBr powder to form a tablet. Next, in- 
frared spectra were collected using a Nicolet Nexus 470 in- 
frared spectrometer with a resolution of 8 cm"! and 64 
scans per sample. 

With a PIKE Technologies UpIR diffuse reflection ac- 
cessory, reflectance infrared spectra were collected on the 
white parts of the bracelets. The instrument resolution and 
scan count were the same as those described above. The 
reflection spectrum was corrected using the Kramers-Kro- 
nig method. 

The sample’s spot RI was 1.61; the SG ranged between 
2.95 and 2.96, consistent with nephrite. The white body of 
the bracelets presented very weak blue-white fluorescence 
under a 5-watt long-wave UV lamp (365 nm) and was inert 
under short-wave UV (254 nm). Because of a poor surface 
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polish, the refractive index of the brown-black part could 
not be measured. The dark parts showed no fluorescence. 

Under the gemological microscope, the white bodies 
presented a cryptocrystalline texture, with some obscure 
white areas. Dark brown patches on the bracelets appeared 
compact, with a slightly weak luster and grainy texture. 
The dark patches on the inner wall of one bracelet con- 
tained many spherical pores and gas bubbles of different 
sizes (again, see figure 28). This feature is common in glass 
or plastic imitation gemstones, but has never been found 
in nephrite. Spherical pores are formed from bubbles close 
to the surface that burst during the polishing process. The 
brown or dark brown dendritic pattern often found in frac- 
tures of natural nephrite (Z. Yin et al., “Nephrite jade from 
Guangxi Province, China,” Fall 2014 GwG, pp. 228-235) 
was not observed. Magnification showed that the orange- 
yellow and dark brown patches were artificially filled. 

One of the authors reported on a “filled nephrite” in 
2005 (J. Li, “The identification of impregnated nephrite,” 
Australian Gemmologist, Vol. 22, No. 7, pp. 310-317). 
After careful testing, a serious mistake in that report has 
subsequently been identified: the direct transmission FTIR 
spectra with absorption bands or peaks between 3060 and 
2850 cm! were incorrectly attributed to the epoxy resin 
filler. The nephrite in that report was not actually filled at 
all. Until now, the authors have not found a nephrite that 
has been bleached and filled with polymer like the B- 
jadeite jade. The author of the earlier study and a coauthor 
of the present study (JL) no longer believe that direct trans- 
mission infrared spectroscopy detects the treatment of 
nephrite jade. The author tried to collect direct transmis- 
sion infrared spectra through the deep brown patches of the 
two bangles, but experiments show that these areas ab- 
sorbed the mid-infrared light completely. 

As shown in figure 29, there was significant difference 
between the infrared spectra of the white body (collected 
using reflection mode) and the brown patches (collected with 
KBr powder). These clearly represent two different materials. 

The infrared spectrum (red line in figure 29, right) from 
the white body of the bracelets has a fingerprint similar to 
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that of Italian nephrite (see I. Adamo and R. Bocchio, 
“Nephrite jade from Val Malenco, Italy: Review and up- 
date,” Summer 2013 GWG, pp. 98-106), except that the 
sample does not exhibit the absorption peak of carbonate- 
associated minerals. This verifies that the white part of the 
sample is tremolite. 

To identify the material in the dark brown part col- 
lected with KBr powder (blue line in figure 29, right), we 
searched databases containing hundreds of spectra libraries 
purchased by NGDTC using Thermo Scientific OMNIC 
9.2, software. Materials with higher degrees of matching in- 
cluded allspice, cellophane, and even opium. This suggests 
that the dark brown material may be organic. Further ad- 
vanced testing would be required to conclusively identify 
the dark brown material. 

In the 4000-2000 cm! range, the white part shows a 
spectrum peak of 3674 cm“, attributed to the stretching vi- 
bration of the -OH groups in tremolite; the dark brown part 
shows a strong absorption band centered at 3429 cm" be- 
tween 3700 and 3100 cnr. This band is usually associated 
with hydroxyl groups in the polymer in organic matter. The 
2924 and 2854 cm" peaks are often attributed to the -CH,- 
groups, which often appear in the spectra of organic-filled 
gems (e.g., E. Fritsch et al., “Identification of bleached and 
polymer-impregnated jadeite,” Fall 1992 GwG, pp. 176- 
187; M.L. Johnson et al., “On the identification of various 
emerald filling substances,” Summer 1999 GwG, pp. 82- 
107). Contamination from human fingerprints or body oils 
can also lead to absorption peaks within the 3000-2800 
cm! range, but the absorption is generally weaker. The 
spectrum of the white part of the sample has a very weak 
absorption in this region, probably due to human body fat 
contamination or wax residue left after polishing. 

This evidence indicates that the dark brown and orange 
parts of the samples are fillers. But this filling is obviously 
different from that in B-jade, where polymer is flooded be- 
tween the grain boundaries. The filling in these two 
nephrite bracelets looks more like that in single-crystal 
gems. Therefore, we propose that the nephrite used in 
these bracelets had severe pits or cavities, and fillers were 
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used to fill them and make the surface look smooth. The 
authors want to alert the trade and consumers to this new 
treatment, whose detection requires access to gemological 
instruments. Therefore, bringing your nephrite jewelry to 
a gem laboratory can help avoid unnecessary loss. 


Jianjun Li and Guihua Li 
National Gold # Diamond Testing Center 
Shandong Province, China 


Haixia Chen 
Gemstone and Materials Technology Institute 
Hebei Geoscience University, China 


Separating glass-filled rubies using the DiamondView. The 
treatment of gemstones using various filler materials is not 
new. In the case of corundum, silica glass was often ob- 
served filling rubies from approximately 1980 to the early 
2000s, when it was largely replaced by high-lead-content 
glass in early 2004 (S.F. McClure et al., “Identification and 
durability of lead glass-filled rubies,” Spring 2006 GWG, 
pp. 22-34) which has since become the mainstream artifi- 
cial filler in corundum. The Lai Tai-An Gem Lab in Taipei 
recently examined a pair of rubies (figure 30) that were 
quickly determined to be glass filled with the assistance of 
DiamondView imaging. In our experience, the Diamond- 
View detects the presence of glass, although it does not dis- 
tinguish between different types of glasses. This note 
shows how the DiamondView can be used to observe the 
presence and, perhaps more importantly, the degree of fill- 
ing in rubies. 

The two heart-shaped cabochons weighed 6.81 and 6.89 
ct and measured approximately 10.78 x 13.55 x 5.39 mm 
and 11.36 x 13.10 x 5.47 mm, respectively. Each semitrans- 
parent stone exhibited a purplish red color and fluoresced 
a strong red to long-wave ultraviolet radiation while ex- 
hibiting a weak red reaction to short-wave ultraviolet irra- 
diation. Standard gemological testing showed spot RIs of 
1.76, and SGs of 3.94 and 3.93, respectively, which were 
lower than regular values and raised suspicion that the 
stones were filled, while advanced analysis by energy-dis- 
persive X-ray fluorescence (EDXRF) and FTIR spectroscopy 
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Figure 30. A pair of rubies that were determined to be 
glass filled, partly with the assistance of Diamond- 
View imaging. Photo by Lai Tai-An Gem Lab. 


and Raman microscopy revealed data consistent with ruby. 
Magnification with a gemological microscope revealed nat- 
ural fluid and fingerprint inclusions, but some evidence of 
a filler was also observed in the fractures. 

Under the DiamondView’s visible light settings, some 
surface-reaching filler features and filled “cavities” were 
also revealed. Notable differences in the surface reflectance 
between the filling material and surrounding corundum 
(figure 31) were clearly evident. After exposure to the Dia- 
mondView’s short-wave UV radiation, the treated nature 
of both rubies was even more apparent as the reaction not 
only showed the obvious cavities but the extent of the filler 
(in blue) running throughout the stones (figure 32). The 
6.81 ct ruby revealed an even greater degree of filling than 
its twin, especially on the base where a greater concentra- 
tion of filling material was noted. 

As the DiamondView results prove, filler materials 
penetrate or remain on the fractures of the treated material 
(ruby in this case) under certain treatment conditions. 
Hence, some filling treatments may be revealed more 
clearly when exposed to the ultra-short-wave energy of the 
DiamondView. Chemical analysis of a filled area using 
EDXRF detected Si and Ba as the major elements. Minute 


Figure 31. Notable dif- 
ferences in the re- 
flectance of the glass 
filling and corundum 
host were seen in the 
DiamondView’s visible 
light mode. 
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levels of Pb were also obtained. The results proved the filler 
was a glass composed of these elements, which were not 
detected when other filler-free areas were analyzed. 

Artificial glass is frequently used as a filling material 
in gemstones. The variable chemical compositions of these 
different glasses help improve the appearance (lower visi- 
bility of fractures) of the host after treatment. While the 
vast majority of glasses and other fillers, both organic and 
inorganic, can be detected with a loupe or microscope, the 
DiamondView is a useful identification aid should the need 
arise. 


Larry Tai-An Lai (service@laitaian.com.tw) 
Lai Tai-An Gem Laboratory, Taipei 


Strong fluorescence in B-jade impregnated with wax. Fine- 
quality jadeite jade is known for its high value in the mar- 
ket. “A,” “B,” and “C” jade are classifications applied to 
jadeite that relate to various states of enhancement. How- 
ever, many in the market may not understand the real 


4 Figure 32. In contrast to 
me figure 31, the Diamond- 
§ View’s operational 
mode clearly revealed 
the glass-filled cavities 
as well as the extent of 
the glass (shown in 
blue) running through- 
out the rubies. 


meaning of the terms. A-jade shows no indications of hav- 
ing undergone modification through the impregnation 
with colorless or near-colorless wax, resin, or any other 
agent. When the material has been treated through bleach- 
ing and the impregnation with colorless or near-colorless 
wax, resin, or any other agent, it is described as B-jade. 
When it shows indications of having fissures or fractures 
filled with a color agent, it is defined as C-jade. B and C 
areas may exist in the same specimen; this is described as 
B+C-jade. A bangle submitted to the Lai Tai-An Gem Lab- 
oratory (figure 33, left) illustrates the common misconcep- 
tion that B jade is only impregnated by resin. In fact, 
wax-impregnated jadeite jade is also defined as B-jade. 
The client who submitted the bangle believed it was 
resin-impregnated jadeite owing to its suspiciously strong 
fluorescence reaction. The item possessed an uneven green 
and white color with a greasy luster and weighed 277.14 
ct. It measured approximately 76 mm with a thickness of 
9-10 mm. An RI reading of 1.66 was obtained from five 


Figure 33. Left: The wax-impregnated jadeite jade bangle submitted for identification. Right: The bangle exhibited 
strong bluish fluorescence under long-wave UV radiation. Photos by Lai Tai-An Gem Lab. 
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Figure 34. Microscopic observation revealed obvious 
acid etching marks, coarse pits, and cobweb-like sur- 
face fissures. Photo by Lai Tai-An Gem Lab; field of 
view 4.6 mm. 


random spots on the bangle, and an SG of 3.34 was also 
recorded. The most interesting feature was an unusually 
strong reaction under long-wave UV (figure 33, right), in- 
dicating it was probably treated and should be examined 
with more care. This material was determined to be jadeite 
jade when subsequently tested by FTIR spectroscopy, but 
the FTIR results also revealed some features other than the 
jadeite-related peaks. 

FTIR analysis confirmed that the jadeite bangle was 
heavily impregnated with wax. The absorption peaks at 
2850, 2920, and 2965 cm! differed from those expected in 
resin-impregnated material—which usually exhibits peaks 
at 3061 and 3040 cm™!—and they were intense and sharp 
enough to indicate that a significant quantity of wax had 
been applied. Microscopic examination revealed obvious 
acid etching marks, coarse pits, and cobweb-like surface 
fissures (figure 34). Wax residues were also found within 
pits and fissures when poked. Additional unseen wax was 
apparently within the structure according to the wax pat- 
tern revealed by FTIR analysis, typical for wax-impreg- 
nated B-type jadeite, which clearly explains the strong 
reaction under long-wave UV. 

While the term B-jade is meant to be applied to wax- 
and/or resin-impregnated material (Laboratory Manual 
Harmonisation Committee Information Sheet #11, 
http://www.lmhc-gemology.org/pdfs/IS11_20111215.pdf), 
many traders misleadingly describe B-type jadeite jade as 
resin-impregnated only. This leads the unsuspecting buyer 
to believe that wax-impregnated jadeite jade is A-jade. This 
case clearly shows that those dealing in jadeite should be 
aware of the differences between resin- and wax-impreg- 
nated materials, even though both are considered B-jade, 
and understand that confusion may arise if items are not 
carefully checked. 


Larry Tai-An Lai 
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CONFERENCE REPORTS 


IAC conference on responsible gold. Gold: Vortex, Virtues, 
and Values was hosted by Initiatives in Art and Culture 
(IAC) at Bohemian National Hall in New York City, April 
12-13. Now in its eighth year, the conference has become 
an annual industry gathering for those looking to evaluate 
the market, discover exceptional work, and discuss key 
gold-related issues. 

Mark Hanna (Richline Group) opened the conference, 
stating that it is the leading gold event in the United States 
and introducing IAC founder Lisa Koenigsberg, who dis- 
cussed the importance of bringing together people from 
various backgrounds. “Gold is the substance that can rivet 
our attention because the reality is the thing we ascribe 
value to in a social compact. Everyone in this room agrees 
that this has value.” 

In the kickoff presentation, Jeffrey Christian (CPM 
Group) presented graphs showing that interest rates and 
gold prices are not correlated but indicated that surplus 
labor will become a problem due to computer-assisted 
manufacturing. Christian recommended gold as a way to 
diversify investment portfolios. In assessing international 
gold investment demand, he concluded that Indian gold in- 
vestment is in long-term decline and that Chinese gold in- 
vestment, while down from 2013, is ultimately rising. 

Next was the update from Washington, DC. Tiffany 
Stevens (Jewelers Vigilance Committee) addressed the status 
of Federal Trade Commission (FTC) guides, which are 
meant to champion consumers and protect them from un- 
fair competition. Once the guides are issued, the JVC will 
translate them for the industry. Highlighting hot topics, 
Stevens addressed service applications of precious metals, 
advertising and disclosure, and anti-money laundering ef- 
forts. Susan Thea Posnock (Jewelers of America) discussed 
the importance of advocacy, touching upon hearings on sales 
tax fairness that could reflect the changing marketplace. 
Elizabeth Orlando (U.S. Department of State) discussed her 
team’s work with conflict minerals and diamonds, particu- 
larly regarding the Kimberley Process and the Dodd-Frank 
Act. Mark Hanna observed that the requirement for new 
FTC members to review regulations has slowed down the 
overall process. Linus Drogs (AU Enterprises) addressed reg- 
ulations that dictate what can and cannot be marked “Made 
in the USA” domestically versus globally. 

Andrea Hill (Hill Management Group) reframed the use 
of technology in business. Hill emphasized the importance 
of marketing coherently across platforms and offering cus- 
tomers help with the decision-making process. She noted 
that consumers generally shop online and buy in-store. 
Making the experience seamless over the phone and ap- 
proaching marketing from the standpoint of consumer de- 
sire are key. 

Next, Brandee Dallow (Fine Girl Luxury Brand Building 
& Communications) had a sit-down with jewelry designer 
Alexandra Mor, who is working with Balinese artisans to 
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promote the tagua nut as a luxury alternative to elephant 
ivory. Taking innovation to the next level, Mor has created 
a material out of tagua that can be 3D printed to solve the 
problem of the nut’s limiting size. 

Independent consultant Christina Miller moderated a 
session on sustainable jewelry. Miller laid out international 
commitments regarding responsible sourcing, celebrating 
the progress made and hoping “to push the needle further” 
during the gold conference. Monica Stephenson 
(idazzle.com and Anza Gems) spoke on the importance of 
reinvesting in source communities. Wing Yau (WWAKE) 
discussed sourcing in Colombia, where she has visited 
model mines. Blair Lauren Brown (VERTE Essentials) 
talked about the 120-year legacy of the Alaskan gold nugget 
jewelry she works in and how it supports local mining. 
Stewart Grice (Hoover & Strong) noted that the company 
imports from Peru, Colombia, and Mongolia, bringing gold 
to the U.S. and either selling it as 24K or karating the ma- 
terials for use. The premium on fair-mined products goes 
back directly to the local communities. Third-generation 
retailer Robert Goodman (Robert Goodman Jewelers) dis- 
cussed his commitment to bringing in designers dedicated 
to sustainability. Nina Farran (Fashionkind) came to the 
table with a style slant. Fashionkind, which stands for 
“fashion in humankind,” began as a blog before launching 
a retail platform. The group also spoke of industry collec- 
tives driving down prices in sustainable sourcing as con- 
sumer education drives the demand for sustainable 
products. 

After the sustainability panel, Toby Pomeroy was pre- 
sented with IAC’s inaugural award for Leadership and Re- 
sponsible Practice in Jewelry. The award recognizes a 
transformational contribution to the worldwide gem and 
jewelry industry. A leader in the responsible sourcing 
movement, Pomeroy also founded the Mercury Free Min- 
ing Challenge, which seeks to discover a safe replacement 
for mercury. 

Next, Jean-Jacques Grimaud (SolidWorks Sell) delivered 
a presentation on optimizing the consumer experience 
through personalization. Technology keeps the customer 
fully engaged with the product, while brands are able to 
maintain control of design integrity. Grimaud demonstrated 
a sample personalized software for ring design that is acces- 
sible from a computer, tablet, or phone—all on the cloud. 

Thursday’s closing panel on blockchain technology was 
jointly presented by Mark Hanna, Marla Beck Hedworth 
(UL), and Catherine Malkova (IBM). The overview of 
blockchain technology included provenance assured by the 
blockchain ledger, permissions to ensure visibility and se- 
curity, consensus by all parties to verify transactions, im- 
mutability, smart contracts, and finality once an operation 
is completed. Trustchain is proposed to be a consortium 
permissioned private blockchain, focused on the prove- 
nance of a diamond engagement ring from the diamond 
and gold mines, tracking the full supply chain from the 
mine to the end consumer. 
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In the evening, IAC hosted “A Rising Tide: Women in 
the Jewelry Industry.” Hedda Schupak (Centurion) moder- 
ated the discussion, and panelists included: designer Wendy 
Brandes, Brandee Dallow, Jenny Luker (Platinum Guild In- 
ternational), and Barbara Palumbo (Adornmentality.com 
and WhatsOnHerWrist.com). A variety of topics were ad- 
dressed, including: women’s involvement in political move- 
ments and willingness to perform unpaid labor to promote 
change, the increase of more women working independently 
due to lack of upward mobility in corporate settings, mini- 
mal presence of women on industry boards for products di- 
recting marketing towards women, and more. 

Day two started with “Moda Operandi: A New Business 
Model for Jewelry.” Mickey Alam Khan (Mobile Marketer) 
interviewed Deborah Nicodemus (Moda Operandi). The 
company’s online luxury business model is currently based 
on three channels: trunk shows, boutique business, and the 
showroom. Of the three models, only the boutique carries 
inventory. 

A panel moderated by Rob Bates (JCK) that included 
David Bouffard, Toby Pomeroy, Christina Miller, Tiffany 
Stevens, and Elizabeth Orlando opened by discussing is- 
sues related to gold. Orlando detailed the smuggling of ar- 
tisanally mined gold, money laundering problems, gold’s 
use to support armed groups and cartels, and labor prob- 
lems such as the U.S. interest in eliminating forced labor, 
mercury use, deforestation, and wildlife trafficking. Bouf- 
fard spoke on Signet’s efforts to identify the sources of its 
gold. After years of coordination and tracking from banks 
to refineries, Signet now knows where 99% of its gold 
comes from. The company is on the ground to make sure 
gold that comes from the legitimate supply chain and that 
workers are paid fair wages, helping promote a responsible 
cycle. Stevens described how the JVC office helps the in- 
dustry combat money laundering. Pomeroy noted that his 
group is raising a million-dollar prize for a safe alternative 
to mercury in gold mining. Miller spoke about the Initia- 
tive for Responsible Mining Assurance and its work on 
large-scale mining standards. Five sectors form the current 
setup: mining companies, purchasing companies, labor 
unions, NGOs, and mining-affected communities. She 
concluded by reminding the audience that we rely on min- 
ing every day, so as an industry we need to advocate for it 
to be done responsibly. 

Leo and Ginnie de Vroomen, the husband-and-wife de- 
signers behind the de Vroomen brand, presented selec- 
tions from their stunning body of work, including the 
step-by-step making of a gold repoussé bangle. They use 
brightly colored gemstones and enamel and a variety of 
traditional metalsmithing techniques to create sculptural 
forms. 

Enameler Jane Short detailed her more than 40 years of 
enameling. Her enamel is focused on the interplay of color 
or self-expression. Short presented examples of enamel 
throughout history, explaining technique and chronicling 
the creation of an enamel on silver beaker. 
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qualified mining engineer in charge of 
each section, consisting of a Diesel power 
plant, washing plant, and mine. Usually 
no other European is employed on a section, 
except for training purposes. All foremen, 
mechanics, and artisans are skilled and 
trained Africans, who are also trained as 
surveyors. The ratio of Europeans to Afri- 
cans is about one to 100. 


FRENCH WEST AFRICA 


The deposits of French West and Equa- 
torial Africa are all alluvial. They are simi- 
lar to one or other of the deposits already 
described and are mined by the same 
opencast methods. The deposits vary con- 
siderably in respect of grade and also in the 
quality and percentage of gem diamonds. 


ALLUVIAL DEPOSITS IN 
SOUTH AFRICA 


The alluvial deposits of the Union of 
South Africa may be classified as those of 
the interior, and the marine beach or ter- 
race deposits on the West Coast. 

Interior deposits extend from the vicinity 
of Premier Mine, through the Western 
Transvaal, to the Orange River in the 
Northern Cape. Some occur along existing 
rivers, but the majority are in the channels 
and flood plains of ancient river systems. 
In some cases there is no overburden, in 
others a considerable thickness. Generally 
speaking, the gravels are shallow and not 
thick, but in the Western Transvaal pay- 
able gravels have been found persisting to 
considerable depth in sink holes in the dol- 
omites. 

After removal of the overburden, if any, 
the gravels are mined, usually by hand, and 
concentrated in a small rotary washing pan, 
similar to, but smaller than, those in use at 
most of the pipe mines. Concentrates from 
the washing pan are gravitated by hand in 
sieves without further concentration and 
are then hand-sorted. Production from 
these deposits reached its peak in the late 
1920’s, but has waned steadily to about 
100,000 carats per year. 


Marine beach deposits stretch from the 
Orange River southwards for some 200 
miles and northwards into South-West 
Africa for an even greater distance. 
Diamonds may have been carried down 
from the interior by ancient river systems 
to the sea, and were redeposited by wave 
action on beaches subsequently elevated to 
their present position. 

South of the Orange River the best- 
known workings are the Government-oper- 
ated State Alluvial Diggings. Here, very 
rich deposits were discovered some 80 feet 
above sea level in a terraced beach, in which 
the ‘goatshorn oyster’ (Ostrea prismatica) 
is present. Sand overburden and semice- 
mented calcareous limestone immediately 
above the diamondiferous gravels is 100 
feet deep in places. 


The overburden is removed by mechan- 
ical excavators and disposed of in a barren 
area. The diamondiferous gravel is removed 
by hand or excavator and brought to a cen- 
tral treatment plant and concentrated in 
jigs. The concentrates ate gravitated me- 
chanically in sieves and then hand-sorted. 

At Kleinzee, some 100 miles south of the 
State Alluvial Diggings, operations are on 
a smaller scale. The overburden seldom ex- 
ceeds 15 feet and is usually mined together 
with the gravels, which are concentrated in 


rotary pans, then gravitated and hand-sort- 
ed. 


SOUTH-WEST AFRICA 


Kimberlite pipes discovered in South- 
West Africa have proved barren, thus 
diamond mining is confined to coastal al- 
luvial deposits, which may be a continu- 
ation of deposits south of the Orange River. 

The diamond size decreases fairly rapidly 
proceeding north from the Orange River, 
perhaps due to the two and one half knot 
northerly drift of the Benguela current. 
Like the deposits to the south of the Orange 
River, the diamond quality is consistently 
good, averaging 95 per cent to 98 per cent 
gem. The average thickness of sand over- 
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Next, designer Jen Townsend, Renée Zettle-Sterling (So- 
ciety of North American Goldsmiths), and Lin Stanionis 
(University of Kansas) spoke on casting. Townsend and 
Zettle-Sterling are co-authors of the new book CAST: Art 
and Objects Made Using Humanity’s Most Transforma- 
tional Process, which covers jewelry, architecture, and 
everyday objects made by casting. They described how life 
events influenced their designs and later inspired them to 
write the book to combat the stigma associated with the 
process. The pages feature exceptional cast work, from an- 
cient jewelry to computer-aided design. Stanionis related 
how casting is a part of her jewelry design process. She ex- 
plained her dedication to expressing human experience. Her 
pieces use organic forms such as rattlesnake vertebrae, 
bones, cracked eggshells, and leaves. She and her husband 
also excavate fossils and incorporate elements such as di- 
nosaur bones, memorializing links to the past. 

Andrea Hill returned to moderate “Industrial Revolu- 
tion 4.0: Cultivating and Perpetuating Old World Skills.” 
Patricia Madeja (Pratt Institute) noted that our country 
must do more to appreciate makers. Ted Doudak (RIVA 
Precision Manufacturing) added that there are rules for sup- 
ply and demand—we should see where the demand is, un- 
derstand what crafts need to be filled, and encourage those. 
He also emphasized the importance of valuing artisans by 
compensating them well and acknowledging their accom- 
plishments. Rich Youmans (MJSA), Katrin Zimmermann 
(Ex Ovo), and designer goldsmith Ann Cahoon rallied 
around education and the importance of teaching and ap- 
prenticeships outside the family. 
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Figure 35. Barbara 
Palumbo, Monica 
Stephenson, and Sarah 
Yood participate in the 
panel “Who’s Got the 
Power? Influencers, 
Ethics, and the Regula- 
tions of Social Media.” 
Photo by Alice Cather- 
ine Young. 


“Who's Got the Power? Influencers, Ethics, and the Reg- 
ulations of Social Media” ended the conference with a fol- 
low-up panel from last year. Sarah Yood (Jewelers Vigilance 
Committee), Barbara Palumbo, Wendy Brandes, and Monica 
Stephenson (figure 35) interacted with the audience, under 
the moderation of Peggy Jo Donahue. Yood explained that 
the FTC is monitoring social media channels, and action 
can be taken if material connections between influencers 
and products are not clearly disclosed. She urged the audi- 
ence to review the FTC endorsement guides and a new Fre- 
quently Asked Questions section on their website regarding 
the endorsement guides. Other topics included early disclo- 
sure of sponsorship on posts, pitching, and the purchasing 
of fake followers. Stephenson added, “Generosity, plus vul- 
nerability, plus accountability, plus candor, equals trust.” 
The panel also took up the issue of followers, and how the 
question of how many followers an influencer had was usu- 
ally brought up before getting to know the influencer. The 
use of fake and purchased followers has also become ram- 
pant. 

The excitement around the annual IAC conference was 
palpable. Attendees anticipated a spectrum of calls to ac- 
tion after the gathering. The networking opportunities and 
the chance to appreciate gold among like-minded col- 
leagues made for an enjoyable and enlightening experience. 
To learn more about the conference and other upcoming 
IAC events, visit www.artinitiatives.com. 


Olga Gonzalez 
New York 
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FEATURES OF SYNTHETIC DIAMONDS 


High-pressure, high-temperature (HPHT) growth occurs when ‘y > 
a source of carbon (typically graphite) is mixed with a metallic 
solvent-catalyst in a capsule with diamond seeds. 


Pressure: ~5-6 GPa (5-6 x 10° Pa) 
Temperature: ~1300-1600°C y \” 


ee 


Long-wave Long-wave Short-wave Short-wave PHOTOLUMINESCENCE SPECTRUM 
fluorescence phosphorescence fluorescence phosphorescence 
Diamond 
100000 + Raman 
>= 80000 4 
_ 
a 
~ Z sooo0 4 
Roy IS 
— Zz newin Nickel-related peaks 
il (882/884 nm) 
20000 + 
I 
\ 7 
: 2 7 dX 
T T T T T T 
880 890 900 910 920 930 
WAVELENGTH (nm) 


CVD Synthetics 


= yo = 
~~ ry 4 Antenna 
PPP PrwPrwry*y** 
pe pp 7 Py PPro 2.45 GHz 
PO LO EE OO y d microwaves 
PPR rrr rr rrr - 
PPP Rear Ley TY 
POPPE 
PPP OOP Fe 


Hacoum lado Chemical vapor deposition (CVD) growth occurs layer by 
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Many small CVD synthetic diamonds can be grown in each run by placing When grown, a CVD synthetic diamond is often surrounded by a layer of CVD synthetic diamond is grown on a thin plate of single-crystal diamond substrate. The CVD growth process occurs in a vacuum chamber filled with a mixture of Inclusions in CVD synthetic diamonds are rare but usually occur as small dark 
multiple seed plates in the reactor chamber. These small crystals can each be black non-diamond carbon. A core is usually cut from the center of the tabular gases (hydrogen and methane: H, and CH,). These gases are broken down using a high-temperature plasma, and the released carbon atoms are deposited as particles or crystals that are generally non-diamond carbon. 
cut to a melee-sized gem. © Fraunhofer IAF. crystal; this core is then faceted to create the gem. diamond on the seed plates. This technique was invented in 1952 by William G. Eversole, and GIA first documented gem CVD synthetics in 2003. 
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Growth of large CVD synthetics requires large substrate plates. Mosaic growth 
(left) can “tile” thin plates together to create larger substrates.’ lon bombardment 
of carbon on iridium has been used to grow sizable CVD diamond plates (right).? 
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Faceted CVD synthetic diamond melee like these are often 0.01 to 0.03 ct and Birefringence (or strain) seen in CVD synthetic diamonds often shows striated High-energy fluorescence imaging reveals striations, multiple growth layers, Near-colorless CVD synthetics may show weak blue to green fluorescence and, Photoluminescence spectroscopy of CVD synthetic diamonds usually shows 
near colorless. patterns similar to those in natural stones. and colors uncommon among natural diamonds. rarely, very weak phosphorescence. Also shown are UV source reflections. distinctive features due to silicon-related impurities. 


This 5.19 ct near-colorless type Ila CVD synthetic diamond is one of the largest 
faceted CVD synthetics seen at GIA. 


'Tallaire A., Achard J., Silva F., Brinza O., Gicquel A. (2013) Growth of large size diamond single crystals by plasma assisted chemical vapour deposition: Recent achievements and remaining challenges. Comptes Rendus Physique, Vol. 14, pp. 169-184. 
*Schreck M., Gsell S., Brescia R., Fischer M. (2017) lon bombardment induced buried lateral growth: the key mechanism for the synthesis of single crystal diamond wafers. Nature Scientific Reports, Vol. 7, No. 44462. 


This chart contains a selection of gemological features of synthetic diamonds. It is intended for reference and not comprehensive. | Published in conjunction with Sally Eaton-Magafia and Christopher M. Breeding (2018), “Features of Synthetic Diamonds,” Gems & Gemology, Vol. 54, No. 2 | © 2018 Gemological Institute of America 
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GIAs 2018 symposium: Up and Away! 


ince GIA’ first International Gemological Symposium in 1982, this event has served as a 

platform for advancing knowledge in the research and business sides of gemology. For three 

days, October 7-9, we celebrated the centennial of the incomparable Richard T. Liddicoat 
by hosting GIAS sixth Symposium. Nearly 800 attendees from 36 countries gathered in Carlsbad, 
California, including more than 100 presenters and panelists. 


We've prepared this special Symposium Proceedings volume of Ge*G to capture the insights and 
the spirit of this unforgettable event. Scenes from all three days and nights are shown in the photo 


montage on pages 289-293. 


The Symposium experience began with a powerful opening 
session featuring The Music Paradigm. Audience members 
found themselves seated within a live symphony orchestra as 
maestro Roger Nierenberg offered dynamic lessons on leadership and teamwork. This 
performance was followed by an opening gala at GIA World Headquarters. On display at the 
campus were some extraordinary new exhibits assembled by the GIA Museum. This gala was 
the first of three evening social events for rekindling old friendships and creating new ones. 


In the Symposium research track, 37 speaker presentations and 68 poster sessions covered 
seven important themes: colored stones and pearls, diamond geology, diamond identification, 
gem characterization, gem localities and formation, general gemology and jewelry, and new 
technologies and techniques. In the speaker abstracts on pages 256-288 and the poster 

at hada : iam “Technological DiS aanmigns, eranaag consumer 
tive research summarized. An index of all the presenters appears in tastes, and sustainability concerns continue to 

the back of the issue. reshape the gem and jewelry landscape...” 


In a parallel program, classes taught by three professors from the Harvard Business School explored real-life case studies on 
authentic leadership, customer centricity, and disruptive innovation. Participants gained a deep understanding of these strategic 
concepts through classroom sessions and discussion groups. 


The Symposium’s closing session, the Futurescape Forum, brought together six of the industry’s most influential leaders to 
forecast what lies ahead as technological breakthroughs, changing consumer tastes, and sustainability concerns continue to 
reshape the gem and jewelry landscape. You'll want to read pages 348-349 for a recap of this lively and thought-provoking 


panel discussion. 


This event would not have been possible without the thousands of hours of planning by the Symposium steering committee 
and the dedicated efforts of dozens of GIA volunteers, all of whom are recognized on the front and back inside covers of this 
issue. I am especially grateful to Kathryn Kimmel, GIA’s senior vice president and chief marketing officer, for once again 
chairing the Symposium and bringing to it her own signature style. 


To all those who came to Carlsbad to attend the Symposium, we simply cannot thank you enough for being part of this event. 
We hope that you came away from it informed and inspired to embrace the future of our great industry. 


co _M. Joey 


Susan M. Jacques 
President and CEO, Gemological Institute of America 
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Colored Stones and Pearls 


Tourmaline: A Gemstone’s Guide to Geologic Evolution of the 


Earth’s Crust 


Barbara L. Dutrow 
Louisiana State University, Baton Rouge 


Tourmaline is recognized as an important gemstone and a stun- 
ning collector's item, and each crystal contains geochemical fin- 
gerprints that can elucidate an astonishing array of geological 
processes. Through field, experimental, analytical, and theoretical 
studies, the rich chemical signature encapsulated in tourmaline is 
being unraveled and revealed. Because of its widely varying chem- 
istry, tourmaline is particularly adept at recording the host-rock 
environment in which it grew, be it a melt, a marble, or a former 
subduction zone. In addition, it can record the thermal and baric 
conditions ofits growth, acting as a geothermometer or geobarom- 
eter. A crystal that exhibits sector zoning can provide the complete 
temperature history of its growth, serving as a single-mineral ther- 
mometer. Other tourmaline compositions may reveal the absolute 
age of a geologic event that produced tourmaline formation. 
Tourmaline also excels at recording the evolution of the fluids 
with which it interacts. Its essential ingredient is boron (B), a fluid- 
mobile element. Thus, tourmaline is nature’s boron recorder. Tour- 
maline formation and growth reflects the availability of boron to the 
rock system. Fluids can be sourced internally from the melt or from 
the breakdown of other B-bearing minerals, or fluids with boron can 
infiltrate the rock system from external sources. In each case, tour- 
maline preserves signatures of these events in the form of new growth, 
dissolution of preexisting tourmaline with growth ofa new tourma- 
line composition (tourmaline cannibalizing itself to form anew), or 
replacement of another mineral. Tourmaline species may hint at fluid 
compositions. For example, species ranging from oxy-dravite to 
povondraite are typically found in saline, oxidizing environments 
and are indicators of these fluids in the geologic past. The deep green 
chrome (Cr) tourmalines reflect an unusual environment enriched 
in both Cr and B. Similarly, tourmaline compositions may reflect 
specific components of the fluid phase and, in some cases, provide 
quantitative estimates of fluid compositions (figure 1). Fitting data 
to tourmaline—fluid partitioning experiments permits calculation of 
the sodium (Na) concentrations in the coexisting fluid phase, and 
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suggests that the alkali species of tourmaline—elbaite, dravite, and 
schorl—form in fluids with greater than 0.30 mol/L Na, whereas the 
vacancy-dominant species, foitite and oxy-foitite, are stable in fluids 
with less than 0.25 mol/L Na. Once formed, tourmaline resists attack 
by corrosive acidic fluids. 

Combining these features, tourmaline is a mineral containing 
unparalleled information on the environment in which it grew and 
the geologic processes responsible for it. An advantage of tourmaline 
as a geologic record keeper is that once these signals are incorporated, 
they are retained throughout the “lifetime” of the grain due to its 
slow volume diffusion. In some extraordinary cases, a single tour- 
maline grain can record its complete “life cycle? from its original 
crystallization from a cooling magma deep within the crust through 
the rock’s uplift, cooling, and partial destruction during erosion to 


Figure 1. A single tourmaline fiber contains three distinct chemical 
zones, each recording the fluid composition at the time of growth. Be- 
tween zones, fluids dissolved preexisting tourmaline to provide compo- 
nents for the new species in equilibrium. This overall compositional 
trend mimics the fractionation trend in a pegmatite. 


Generation-2 
Schorl 


Generation-2 
Foitites 


Generation-3 
Fluor-elbaite 
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deposition and reburial followed by heating and regrowth in a new 
geologic environment. The oldest known tourmaline dates back 
about 3.7 billion years, and it retains the chemical growth zones from 
its formation in early Earth, thus elucidating the presence of boron- 
bearing fluids and continental crust during that time. 

The totality of this embedded geologic history is the result of 
tourmaline’s flexible crystal structure, which incorporates a sub- 
stantial number of chemical elements and isotopes, across a wide 
array of sizes and valence states, and in quantities from major to 
trace amounts. Such variable chemistry not only produces a kalei- 
doscope of colored gemstones but also permits tourmaline to be 
stable over nearly all pressure and temperature conditions found 
in Earth’s crust, and to develop in all major rock types, from so- 
lidified igneous melts and pegmatites to metamorphic and sedi- 
mentary rocks, This chemical variability classifies tourmaline as a 


mineral supergroup, currently consisting of 33 different species, 
each with a different and unique story. 

Telling tourmaline’s story typically requires chemical compo- 
sitions to be obtained. New methods involving laser ablation—in- 
ductively coupled plasma—mass spectrometry (LA-ICP-MS) and 
infrared and Raman spectroscopy, along with well-established 
techniques such as electron microprobe analysis, provide such in- 
formation to gemologists and geologists. For tourmaline, a mineral 
with one of the most exquisite arrays of color, geologists tease apart 
the complex clues it harbors, and gemologists can use these to tell 
the story of each gemstone. The widespread occurrence of the 
tourmaline minerals and their ability to imprint, record, and retain 
information make them a valuable tool for investigating Earth’s 
geological processes. Tourmaline is the ultimate keeper of geologic 
information, a geologic DVD. 


“Boehmite Needles” in Corundum Are Rose Channels 


Franck Notari', Emmanuel Fritsch? (presenter), Candice Caplan’, and Thomas Hainschwang' 
'GGTL-Laboratories Switzerland, Geneva, and Balzers, Liechtenstein 
7Institut des Matériaux Jean Rouxel and University of Nantes, France 


Crystallographically oriented, linear inclusions in corundum are 
often referred to as “boehmite needles” or “polycrystalline 
boehmite” (boehmite is the orthorhombic aluminum hydroxide y- 
AIOOH). These inclusions are oriented along the edges of the 
rhombohedral faces and form angles of about 90°. They are always 
found at the intersection of twin lamellae, formed by twinning along 
the rhombohedral faces. They contain apparently polycrystalline 
material tentatively identified (at least in some cases) as boehmite. 
These are common in natural corundum and sometimes used as a 
criterion to separate natural from synthetic corundum. 

Boehmite can be recognized through its infrared absorp- 
tion. The great majority of the “needle”-containing gem corun- 
dum showed no boehmite infrared absorption, thus leading us 
to believe that these inclusions have a different origin. Micro- 
scopic observation reveals three aspects: some are lath- or rib- 


bon-shaped, others are clearly negative crystals, and sometimes 
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they appear as dotted lines. At the outcrop of the feature on the 
gem’s surface there is most commonly a void that can be fol- 
lowed into the gem, so the “needle” is essentially empty. This 
feature was also documented in a flux-grown synthetic ruby 
with no boehmite infrared signal. These channels are favored 
during titanium diffusion and take on color first, as diffusion 
is much faster in the empty space. 

It is known that in a small number of materials—some metals, 
calcite, and diamond—hollow channels may form at the intersec- 
tion of twin lamellae, caused by deformation twinning. This was 
discovered by Gustav Rose (1868) in calcite, and thus the features 
are called “Rose channels” (figure 1). We believe that “bochmite nee- 
dles” are in fact Rose channels. Even when very small, these channels 
would explain the optical relief observed, without a change in chem- 
istry or infrared absorption. They fit the crystallographic nature of 
the structures observed. 


Figure 1. Left: Rose channels at 
the intersection of twin lamel- 
lae in a 7.17 ct color-change 
sapphire from East Africa, 
viewed in partially polarized 
light. Right: Detail of the same 
zone in reflected light, illustra- 
ting the fact that these channels 
are empty. Photos by Franck 
Notari; fields of view approxi- 
mately 5.66 mm (left) and 
2.83 mm (right). 
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burden is about 25 feet but sometimes up 
to 70 feet. Diamonds occur in well-defined 
horizons at various elevations above sea 
level. 

Terraces are determined by prospecting 
trenches, which are put down to bedrock, 
the overburden is removed by rotary bucket 
excavators, together with mobile stacking 
conveyors. The gravels are excavated and 
loaded into one cubic m. trucks by mechan- 
ical excavators, or by hand. At present, 
about six million tons of gravel and sand 
are handled each year. 

Here, as in the deposits south of the 
Orange River, richest diamond concentra- 
tions are usually found in gullies, potholes, 
and crevices in the bedrock. This is, there- 
fore, swept clean. Some 35 per cent of pro- 
duction is picked up in this final sweeping 
Operation. 

Gravel trucks are brought to field screen- 
ing plants, where about 80 per cent of the 
gravel is screened out as undersize sand 
and pumped to the sea. The remaining 20 
per cent is brought to a heavy media sepa- 
ration plant. 

About 97 per cent of the feed is floated 
off and the remaining three per cent, i.e. 
concentrates, is washed for the recovery of 
ferro-silicon, and then passed to tube mills. 
These remove softer fractions, such as schist 
and marine shells, and the clean concen- 
trates are then classified into several sizes. 
All plus 6 mm. concentrates pass over con- 


tinuous grease belts, while the smaller sizes 
are concentrated further in an electrostatic 
separator. Hand-picking of diamonds from 
the concentrates in either case is simple. 


Here, as on most alluvial fields, the 
diamonds are not water-repellent because 
they are coated with a microscopic film of 
salts which renders their surface hydro- 
phylic, and it is therefore necessary to con- 
dition the diamonds by immersion and 
light milling in a dilute solution of whale 
acid, or fish oil, and caustic soda. This en- 
ables them to adhere to a greasy surface. 
This treatment should be carried on only 
long enough to condition the diamonds, 
otherwise the gangue will also become 
water-repellent and adhere to the grease. 
The electrostatic and the continuous mov- 
ing grease belt processes were developed 
by Diamond Research Laboratory in Johan- 
nesburg. 

The popular belief that diamonds could 
easily be picked up on the beaches of the 
South-West African and Namaqualand 
coasts by any individual, if only he were 
permitted to enter the field, is readily dis- 
pelled by the fact that for every one part of 
diamonds recovered 45 million parts of 
overburden and gravel must be removed or 
treated, i.e. ten tons of material are handled 
to recover one carat of diamonds. Compared 
with other diamond mines, the yield is ex- 
tremely low. 

1. (1 load == 1,600 lb. or 0.8 short ton). 


RELATIVE YIELD OF DIAMOND MINES 


Locale Yield Quoted 


Panna 10 ct. per 100 loads 


Premier 17 ct. per 100 loads 
Angola 0.71 ct. per cub. m. 
Tanganyika 20 ct. per 100 loads 


Sierra Leone 

Gold Coast 

South-West 
Africa 


2 to 2.5 per cub. yard 
2.5 to 3 ct. per cub. m. 


7.9 ct. per 100 loads 


Yield per 
100 Loads 


1 Part Diamond in 
X Million Parts 


10 36.3 
17 21.3 
32.16 11.3 
20 18.1 
118.52 to 148.15 3.1to 2.4 
113.23 to 135.87 3.2 to 2.7 
45.9 


100 loads 160,000 Ib. 160,000 x 453.6 x 5 362,880,000 ct. 
100 loads 1,600 cub. ft. 45.29 cub. m. 59.26 cub. yards 
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Gemstones and Photoluminescence 


Claudio C. Milisenda 
DSEF German Gem Lab, Idar-Oberstein 


Laser- and ultraviolet-excited luminescence spectroscopy and im- 
aging are important techniques for gemstone testing, as they are 
among the most sensitive spectroscopic methods (see Hain- 
schwang et al., 2013). They are able to identify optically active 
crystallographic defects such as vacancies and substitutions that 
are present in such small amounts that they cannot be detected by 
any other analytical method. Photoluminescence (PL) analysis be- 
came particularly important in the last decade for the separation 
of natural from synthetic diamonds and the detection of treat- 
ments. Today the availability of specially designed and reasonably 
priced portable equipment enables the rapid i situ identification 
of mounted and unmounted natural diamonds. 

Although PL spectroscopy is most commonly used for dia- 
mond identification, it can also be applied to colored stones. Some 
stones exhibit unique luminescence patterns, which can be used 
to identify the material. Other examples are the separation of nat- 
ural from synthetic spinel and the detection of heat-treated spinel. 
Since chromium is a typical PL-causing trace element, it is also 
possible to separate chromium-colored gems such as ruby and 
jadeite from their artificially colored counterparts. The color au- 
thenticity of specific types of corals and pearls can also be deter- 
mined. 

The rare earth elements (REE) are among the main substituting 
luminescence centers in Ca*-bearing minerals (Gaft et al., 2005). 
Recently, REE photoluminescence has been observed in cuprian 
liddicoatite tourmalines from Mozambique (Milisenda and Miiller, 
2017). When excited by a 785 nm laser, the stones showed a series 
of bands at 861, 869, 878, 894, and 1053 nm, consistent with the 
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PL spectra of other calcium-rich minerals (Chen and Stimets, 2014). 
LA-ICP-MS analysis confirmed the REE enrichment in this type 
of tourmaline compared to cuprian elbaites from Brazil and Nigeria. 
Asaresult, photoluminescence can be used as a further criterion for 
origin determination of Paraiba-type tourmalines. 

We have extended our research on other calcium-rich gems, 
including various grossular garnet varieties such as hessonite and 
tsavorite (figure 1), uvarovite garnet, apatite, titanite, and scheelite, 
as well as a number of high-refractive-index glasses and color- 
change glasses, respectively. 


Figure 1. 785 nm laser-induced REE photoluminescence spectra of 
tsavorite and hessonite garnets. Spectra are offset for clarity. 
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spectroscopy and microscopy applied to study gem materials: a case study 
of C centre containing diamonds. Mineralogy and Petrology, Vol. 107, No. 
3, pp. 393-413, https://doi.org/10.1007/s00710-013-0273-7 

Milisenda C.C., Miiller S. (2017) REE photoluminescence in Paraiba type tour- 
maline from Mozambique. 35th International Gemmological Conference, 


Windhoek, Namibia, pp. 71-73. 


An Overview of Asteriated Gems: From Common Star Sapphire to 
Rare Star Aquamarine to One-of-a-Kind Star Zircon 


Martin P. Steinbach 
Steinbach-—Gems with a Star, Idar-Oberstein, Germany 


Rays of angel’s hair in a star-like shape, beams of light hovering 
over the surface of a gem—gems with stars have fascinated people 
of all cultures, continents, and religions since ancient times. 
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Asteriated gems have been known for more than 2,000 years, 
starting with Periegetes’ description of “Asterios” in the first cen- 
tury BCE. Other historical names were asteria, asterius, astrion, 
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astrodamas, and astriotes. From Pliny the Elder (first century CE) 
to the Middle Ages, to De Boodt (1609) and Brueckmann (1783), 
asterism was known only in corundum and some feldspar varieties. 

Currently, about 60 different gem varieties display asterism, 
whereas 15 gemstone varieties show a “trapiche” star. The well- 
known commercial examples include star ruby, sapphire, quartz, al- 
mandine garnet, moonstone (orthoclase feldspar), and the 
four-rayed black star diopside from India. Rare or less well-known 
varieties include star aquamarine, beryl, bronzite, calcite, chrysoberyl 
(A.G.S. Research Service, 1937), enstatite, hypersthene, kyanite, 
peridot, scheelite, scapolite, spinel, and sunstone (oligoclase 
feldspar). The extremely rare one-of-a-kind stars consist of star 
alexandrite, amazonite (Steinbach, 2016), cordierite, apatite, “star 
diamond; ekanite, emerald (Liddicoat, 1977), kornerupine, kunzite, 
labradorite, opal, parisite, prehnite, rhodochrosite (figure 1), 
thodonite, rutile, serandite, fibrolite (sillimanite), spessartine, taaf- 
feite, tanzanite, topaz, tourmaline, and zircon. 

Some of the 60 different star stones introduced in this colorful 
presentation can also show double stars; 12-, 18-, or 24-rayed stars; 
a network of stars; and trapiche varieties. 
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Figure 1. This 15.51 ct star rhodochrosite is from the Sweet Home 
mine in the state of Colorado. Photo by Martin P. Steinbach. 


One new source of star rose quartz (China) and two new 
sources of almandine star garnet (China and Russia) will also be 
presented. 


Steinbach M.P. (2016) Asterism—Gems with a Star. MPS Publishing and 
Media, Idar-Oberstein, Germany, 896 pp. 


Quantitative Identification of Green Nephrite from Five Major Origins 


In Asia and North America 


Zemin Luo, Andy H. Shen, and Meihua Chen 
China University of Geosciences, Wuhan 


Green nephrite (serpentine-related) has been generating substan- 
tial interest in the gem market. The primary sources are China, 
Russia, and Canada. Preliminary observations of mineral impu- 
rities and chemical components can help separate some dolomite- 
related nephrite from serpentine-related material. We have 
developed a novel classifier that can automatically identify the 
geological origin of random green nephrite samples on the market 
with 95% prediction accuracy. The technique behind this classi- 


fier is based on a trace-element database for green nephrite and a 
machine learning algorithm. 

The green nephrite database was built from 34 samples from 
five major geological origins (Manasi and Hetian in Xinjiang, 
China; Taiwan; British Columbia, Canada; and Siberia, Russia; 
representative samples are shown in figure 1). Trace-element in- 
formation was collected by LA-ICP-MS with an average of six 
points on each sample. The following classification models were 


Figure 1. Representative green nephrite samples from the five serpentine-related deposits in Asia and North America: Manasi (A), Hetian (B), 


Taiwan (C), British Columbia (D), and Siberia (E). 
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FEATURE IMPORTANCE BY RANDOM FOREST 
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Figure 2. The 10 most important trace elements for green nephrite 
classification, ranked in descending order, analyzed by the random 
forest algorithm. 


tested: neural network (multilayer perceptron), random forest, lo- 
gistic regression, naive Bayes, and support vector machine. The 
random forest model gives the best performance on both training 
sets and cross-validation sets, with over 90% accuracy (table 1). 
The random forest model also identified the 10 most important 
trace elements for green nephrite classification as Sr, Ba, Zn, U, Ti, 
LREE, Cd, Rb, Mn, and K (figure 2). The geological information 
about this trace-element “fingerprint” needs further investigation. 

We used linear discriminant analysis (LDA) to visually demon- 
strate the obvious separation of Siberian and Manasi green 
nephrites from the other origins (figure 3). This result is consistent 
with our optic and spectra characterization results. Green nephrite 
from the Manasi mine usually presents a heterogeneous grayish yel- 
low green color, which is quite different from that of other origins. 
The absence of garnet inclusions in Siberian green nephrite— 
which distinguishes it from material from the other localities— 
can be confirmed by Raman spectroscopy. Samples from all origins 
have been characterized by photomicrography, micro-infrared 
spectra, and Raman spectra. We can therefore integrate the spectra 


GREEN NEPHRITE SCATTER PLOT WITH LDA 
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Figure 3. This scatter plot illustrates how an LDA algorithm was 
used to separate green nephrite. It shows clear separation of Manasi 
and Siberian nephrite from the other three origins (Hetian, British 
Columbia, and Taiwan), which show obvious overlap. 


TABLE 1. Classification accuracies (%) of the training set 
and the cross-validation set for the five green nephrite 
samples using various machine learning algorithms. 


Model Score_train Score_CV 
Random forest 100.0 95.4 
Neural network 99.8 92.2 
Support vector machine 100.0 85.8 
Logistic regression 95.3 83.2 
Naive Bayes 88.2 82.6 


and trace-element features into our classification model in the next 
step. We believe that the research method proved in this work is 
also applicable for other gemstones. It can also be a useful tool to 
study ancient green nephrite origins. 


Radiocarbon Measurements on Pearls: 
Principles, Complexities, and Possibilities 


Gregory Hodgins 


University of Arizona Accelerator Mass Spectrometry Laboratory, Tucson 


Radiocarbon dating is a method for determining the age of organic 
remains formed in the past 45,000 years. Also known as carbon- 
14 or MC (figure 1), radiocarbon is a naturally occurring radioac- 
tive isotope of carbon with a half-life of 5,730 years. It is 
continuously formed in the earth’s upper atmosphere and makes 
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its way into the biosphere via photosynthetic uptake and the food 
chain. Several radiocarbon dates for pearls have recently appeared 
in the scientific literature. Mollusks take up radiocarbon during 
life and incorporate it into shell and pearl carbonate. The aim of 
this presentation will be to describe the method, identification 
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complexities, and challenges inherent in dating pearls based upon 
radiocarbon measurement so that we may plot a path for future 
research. 

There are two variants of the dating method. The first is con- 
ventional radiocarbon dating, which applies to organisms that 
lived before 1955 CE. The second involves the detection of an- 
thropogenic radiocarbon in organisms living between 1955 CE 
and the present. There are biological, environmental, and experi- 
mental complexities in the radiocarbon dating of pearls, and the 
method will not work in all circumstances. However, some of these 
complexities—coupled with historic changes in when, where, and 
how pearls have been produced—mean radiocarbon measurement 
can provide information unavailable by other means. 
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Figure 1. The author stands beside the terminus of the accelerator 


mass spectrometer radiocarbon beam line. Photo by Gretchen Gibbs. 


Unconventional Techniques in Pearl Testing: 


Their Potential and Limitations 


Chunhui Zhou 
GIA, New York 


Current routine pearl testing involves the application of various basic 
and advanced gemological techniques. These include the use of the 
gemological microscope, ultraviolet (UV) luminescence, microra- 
diography, computed X-ray microtomography, optical X-ray lumi- 
nescence, energy-dispersive X-ray fluorescence spectrometry 
(EDXREF), ultraviolet-visible (UV-Vis) spectroscopy, and Raman 
spectroscopy. While the majority of pearls may be identified using 
these existing conventional techniques, in certain cases identification 
challenges remain. 

This talk will discuss the potential and limitations of various un- 
conventional techniques that have been applied to pearl testing over 
recent years. Some of these techniques have been explored by GIA 
and resulted in meaningful benefits to the trade, and others refer- 
enced in the literature will also be briefly covered. Examples of these 
techniques include radiocarbon age dating, deoxyribonucleic acid 
(DNA) bar coding, in-depth trace-element geochemistry and iso- 
tope analysis, and 3D reconstruction of internal structures. It is im- 
portant for gemological and research institutions to continue 
developing novel techniques for pearl testing in order to achieve the 
accurate separation between natural and cultured pearls, principally 
non-bead cultured, as well as other aspects of identification that 
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might assist in reaching this accurate analysis (eg., species determi- 
nation, geographical origin determination, and treatment identifi- 
cation). Despite decades of pearl testing experience, some challenges 
remain within laboratories, and the application of additional un- 
conventional methods could resolve some of these issues. 


Figure 1. The application of unconventional pearl testing methods 
could be useful in separating difficult pearl samples, such as various 


types of freshwater pearls shown here. Photo by Diego Sanchez. 


techniques applied to the identification of Pinctada | fucata pearls from Uwa- 
jima, Ehime Prefecture, Japan. GeG, Vol. 54, No. 1, pp. 40-50, 
http://dx.doi.org/10.5741/GEMS.54.1.40 
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What Is Cobalt Spinel? Unraveling the Causes of Color in Blue Spinels 


Aaron C. Palke and Ziyin Sun 
GIA, Carlsbad, California 


Cobalt is known to produce vibrant blue color in both natural and 
synthetic spinel. In the 1980s and ’90s, Vietnam started producing 
blue spinel with very high concentrations of cobalt and bright, sat- 
urated color rivaling that seen in synthetic material. Iron can also 
cause blue coloration in spinel, although this is typically a duller 
grayish or greenish blue. So when isa blue spinel worthy of carry- 
ing the “cobalt spinel” moniker? With high-sensitivity analytical 
methods such as LA-ICP-MS, cobalt can be detected in most 
spinel, even at the sub-ppm level. But sub-ppm concentrations of 
cobalt do not impact the color ofa faceted spinel. In addition, the 
saturation and quality of blue color will depend on the concentra- 
tion of iron and its valence state (e.g., Fe** vs. Fe**). 

In this contribution we will explore the color space of blue 
spinel and outline the various contributions to their coloration. 
Using UV-Vis spectrometry and LA-ICP-MS on blue spinel from 
Vietnam, Sri Lanka, Madagascar, and Tanzania, we have isolated 
three unique and consistent chromophores (see figure 1). Cobalt 
in its divalent form (Co**) has multiple absorption bands between 
~510 and 660 nm and produces a bright blue color. Two broad 
absorption bands at ~650 and 920 nm are related to Fe** substi- 
tuting for Al** in octahedral coordination. Finally, another set of 
at least three absorption bands occurs at ~500—620 nm and over- 
laps those from Co**, Comparison with other Fe-related absorp- 
tion bands and consideration of the crystal chemistry of spinel 
suggest that these bands may be related to Fe** in the tetrahedral 
site in the spinel structure. This last absorption feature creates a 
grayish pink coloration, and in combination with Co” it can be 


Diamond Identification 


Canary Yellow Diamonds 


Wuyi Wang! and Terry Poon? 
'GIA, New York 
2GIA, Hong Kong 


Isolated nitrogen is one of the major defects in producing yellow 
color in natural diamonds. In regular type Ib yellow diamonds, 
isolated nitrogen is normally the dominant form, with limited ag- 
gregations in A centers (nitrogen pairs). Type Ib diamonds nor- 
mally experienced strong plastic deformations. In addition to 
vacancy clusters, many other optic centers were introduced during 
annealing over their long geological history, such as GR1, NV, and 
H3 centers. Diamonds from the Zimmi area of West Africa are a 


262 — SIXTH INTERNATIONAL GEMOLOGICAL SYMPOSIUM 


responsible for blue to violet color change in some spinel. There 
is clearly a significant interplay between these three chromophores, 
and a full understanding of the causes of color in blue spinel can 
only be attained by consideration of all three contributions. 


Figure 1. UV-Vis spectra of the individual contributions from three 
chromophores in blue spinel, octahedral ferrous iron (“'Fe**), octahe- 
dral cobalt ("'Co**), and tetrahedral ferric iron (""Fe**). At the top 
is the full spectrum of a blue spinel from Tanzania, followed by the 
sum of the three individual components (SUM). UV-Vis spectra of 
all blue spinels in this study could be recreated with varying contri- 
butions from the three spectra at the bottom. 
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typical example (Smit et al., 2016). Asa result, clear brownish and 
greenish hues are common among these diamonds, so most do not 
possess true “canary” yellow color. Here we studied more than 
2,000 diamonds with real canary yellow color. Their color origin 
and relationship with type Ib diamonds were explored. 

Sizes of the studied diamonds ranged from 0.01 to about 1.0 
ct. They showed pure yellow color, with grades of Fancy Intense 
or Fancy Vivid yellow. Infrared absorption analysis showed that 
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they were all type IaA with very high nitrogen concentrations, 
but a very weak absorption from isolated nitrogen at 1344 cm"! 
was detected in all samples. Concentration of isolated nitrogen 
was estimated at ~2-3 ppm. This isolated nitrogen created 
smooth absorption in the ultraviolet-visible (UV-Vis) region, in- 
creasing gradually to the high-energy side. No other defects were 
detected using UV-Vis absorption spectroscopy, which explained 
the pure yellow color we observed. Fluorescence imaging revealed 
multiple nucleation centers with dominant green color, which 
was attributed to the $3 defects confirmed through photolumi- 
nescence analysis. Compared with natural type Ib diamonds, an 
outstanding feature of the studied samples is the absence of plastic 
deformation. For this reason, other vacancy-related defects were 
not introduced to these diamond lattices over the geological pe- 
riod after their formation. 

Sulfide inclusions are common in type Ib diamonds, but they 
were not observed in these canary stones. Instead, some calcite in- 
clusions were observed. All the observations from this study indi- 
cated that the canary diamond samples were formed in a different 
geological environment than type Ib diamonds. 


REFERENCE 
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Figure 1. The canary yellow diamonds from this study showed much 
lower concentrations of isolated nitrogen than regular type Ib yellow 
diamonds, which usually show brownish and greenish hues linked to 
plastic deformation. Photo by Sood Oil (Judy) Chia. 


sulphide inclusions in Zimmi diamonds. Precambrian Research, Vol. 286, 
pp. 152-166, http://dx.doi.org/10.1016/j.precamres.2016.09.022 


Addressing the Challenges of Detecting Synthetic Diamonds 


David Fisher 
De Beers Technologies, Maidenhead, United Kingdom 


The dream of growing synthetic diamonds existed for many cen- 
turies before it was achieved in the 1950s. The development of 
techniques to identify synthetic diamonds and enable their reliable 
separation from natural diamonds has not had the luxury of cen- 
turies to work with. Since the early reports on the characteristics 
of laboratory-grown stones, scientists have been working steadily 
to establish and improve the means of detection. For many years 
the De Beers Group has been developing equipment for rapidly 
screening and testing for potential synthetic and treated diamonds 
as part ofa strategy aimed at maintaining consumer confidence in 
natural untreated diamonds. This work has been underpinned by 
extensive research into defects in natural and synthetic diamond, 
either conducted within De Beers’ own facilities or through finan- 
cial and practical support of research in external institutions. 
Key to any detection technique for synthetic diamonds is a fun- 
damental understanding of the differences between them and nat- 
ural diamonds. This could take the form of differences in the atomic 
impurity centers or differences in the spatial distributions of these 
centers brought about by very significant distinctions in the growth 
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environments. The former was used in the development of the Dia- 
mondSure instrument that, among other things, detects variance 
differences in the absorption spectra due to the presence or absence 
of the N3 feature. This absorption is from a nitrogen-related defect 
that is usually only produced in nitrogen-containing diamonds by 
extended periods at relatively high temperatures—that is, conditions 
generally experienced by natural diamonds. Growth-related differ- 
ences in impurity distributions can be very accurately imaged using 
the DiamondView instrument. Short-wave ultraviolet (UV) light 
is used to excite luminescence from a very thin layer of diamond 
near the surface to give images free from the blurring encountered 
with more common longer-wavelength excitation sources. Dia- 
mondView has, since its launch, provided the benchmark for the 
detection of synthetic diamonds. 

A number of approaches involving absorption features have 
been developed, including the use of almost complete absorption 
in the ultraviolet region of the spectrum to indicate that a diamond 
is not synthetic. The UV absorption is produced by the A center 
(two adjacent nitrogen atoms) and is rarely encountered in as- 
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grown synthetic diamonds. The main form of nitrogen in syn- 
thetic diamonds is a single substitutional nitrogen atom that ab- 
sorbs in both the ultraviolet and visible regions to produce yellow 
color. The combination of UV absorption and no strong yellow 
color is therefore restricted to natural diamond. However, treat- 
ment of nitrogen-containing synthetic diamonds is capable of gen- 
erating A centers, but generally does not produce a colorless stone. 
This effect accounts for the careful color ranges often applied to 
instruments relying on UV absorption for screening. This also 
highlights one of the limitations of absorption spectroscopy: 
When smaller stones are tested, the amount of absorption de- 
creases and the technique becomes less reliable. In recent years we 
have seen a shift to smaller sizes (below 0.01 ct) in the synthetic 
diamonds being offered for sale to the jewelry market, and screen- 
ing techniques have had to evolve to address this situation and the 
limitations of absorption-based approaches. 

‘Testing melee-sized diamonds, as well as introducing technical 
challenges around the measurement technique, has also led to the 
introduction of greater automation. In 2014 the De Beers Group 
introduced the first automated melee screening instrument 
(AMS1), which combined the measurement technique from Dia- 
mondSure with automated feeding and dispensing of stones in the 
range of 0.20 to 0.01 ct. While this instrument was well received 
and effectively addressed concerns around synthetic melee-sized 
stones in the trade at the time, there soon came calls for improve- 
ments—a faster instrument capable of measuring smaller stones, no 
restrictions on cut, and a lower referral rate for natural diamonds. 
These requirements proved impossible to meet with the limitations 
imposed by absorption measurements, and a new technique based 
on time-resolved spectroscopy was developed. This resulted in the 
AMS2 instrument, launched in March 2017. The AMS2 processes 
stones at a speed of one stone per second, 10 times faster than the 
AMS1. It measures round brilliants down to 0.003 ct (0.9 mm dia- 
meter) and can be used on other cuts for stones of 0.01 ct and above. 
The measurement technique itself has been incorporated into the 
SYNT Hdetect (figure 1, left), an instrument launched in Septem- 
ber 2017 that allows manual observation of the time-resolved emis- 
sion. Besides providing the same testing capability as AMS2 (figure 
1, right) for loose stones, various holders allow testing of mounted 
stones in a wide range of configurations. The benefit of this ap- 
proach is that stones tested loose using AMS2 will generate a 
broadly consistent result when mounted on SYNTHdetect. 

Changes in growth processes for synthetic diamonds have also 
led to the gradual introduction of new characteristics. High- 
pressure, high-temperature (HPHT) synthetics have tended to be 
fairly consistent in their growth-related luminescence patterns, while 
significant variations in the features associated with chemical vapor 
deposition (CVD) synthetics have been observed. These continue 
to be well documented and have led to the gradual evolution of the 
Diamond View instrument and the way in which it is used. 
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Figure 1. The De Beers Group instruments SYNTHdetect (left) 
and AMS2 (right) provide screening capability for melee-size dia- 
monds as small as 0.3 points. Photo courtesy of Danny Bowler © De 
Beers Group. 


Post-growth treatment of synthetic diamonds can be applied 
for a number of reasons: improvement in the color, modification 
of the atomic defects to make the stones look more like a natural 
diamond, and removal of a characteristic that could be used to 
identify a synthetic diamond. The motivation for the latter two 
treatments can only be described as fraudulent. The challenge in 
developing detection instruments and techniques is to ensure that 
they are as robust as possible in the face of such challenges. Treat- 
ment techniques will rarely have any effect on the growth patterns 
associated with synthetic diamonds, and it is therefore very diffi- 
cult to treat synthetics in a way that would make them unde- 
tectable using the Diamond View. Screening instruments tend to 
be based on a single technique, and it is important that the ap- 
proach adopted not be vulnerable to simpler forms of treatment. 
This has been of primary concern to the De Beers Group in the 
development of our own screening instruments. It has also been 
necessary in certain cases to withhold detailed information about 
detection techniques where disclosure of this would lead to un- 
dermining of the detection technique itself. 

The De Beers Group continues to invest heavily in growth and 
treatment research in order to develop the next generation of in- 
struments and techniques that will assist the trade in maintaining 
detection capability to support consumer confidence. The Group 
is uniquely placed in the industry to address these challenges due 
to its collaboration with Element Six (world leaders in synthesis 
of diamond for industrial and technical applications) and its in- 
depth knowledge of the properties of natural diamonds with 
known provenance from its own mines. 
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Diamond at the Diffraction Limit: 


Optical Characterization of Synthetic Diamond 


Phil L. Diggle'?, Ulrika F.S. D’Haenens-Johansson®, Wuyi Wang?, and Mark E. Newton!” 
‘Department of Physics, University of Warwick, Coventry, United Kingdom 
7EPSRC Centre for Doctoral Training in Diamond Science and Technology, Warwick, United Kingdom 


3GIA, New York 


Diamond, known for its splendor in exquisite jewelry, has been 
synthesized since the 1950s. In the last six decades, the perfec- 
tion of laboratory-grown single-crystal diamond has vastly im- 
proved through the research and development of two main 
synthesis techniques. One replicates Earth’s natural process, 
where the diamond is grown in the laboratory under conditions 
of diamond stability at high temperature and high pressure 
(HPHT). The other technique relies on the dissociation of 
methane (or other carbon-containing source gas) and hydrogen 
and the subsequent deposition of diamond at low pressures 


from the gaseous phase in a process known as chemical vapor 
deposition (CVD). In the latter case, diamond is not the stable 
form of carbon, but the kinetics in the CVD process are such 
that diamond wins out. Large gem-quality synthetic diamonds 
are now possible, anda 6 ct CVD (2018) anda 15.32 ct HPHT 
(2018) have been reported. 


It is of course possible to differentiate laboratory-grown from 
natural diamond based on how extended and point defects are in- 
corporated into the crystal. Furthermore, treated diamond can be 
identified utilizing knowledge of how defects are produced and 
how they migrate and aggregate in both natural and synthetic dia- 
mond samples. Room-temperature confocal photoluminescence 
microscopy can be used to image the emission of light from defects 
in diamond with a spatial resolution limited only by the diffraction 
limit; a lateral spatial resolution approaching 300 nm is routinely 
achieved (figure 1). It is possible with this tool to identify point de- 
fects with concentrations less than 1 part per trillion (10! cm"). 

This talk will outline the experimental setup, how this tool has 
been used to identify the decoration of dislocations with point de- 
fects in CVD lab-grown diamond, and how different mechanisms 
for defect incorporation operate at growth sector boundaries in 
HPHT synthetic diamond. 


Figure 1. Left: DiamondView 
fluorescence imaging shows dis- 
location networks in a natural 
type Ila diamond. Right: A 
room-temperature confocal 
photoluminescence image 
taken with 488 nm excitation 
shows H3 defects following a 
dislocation network pattern 
within the diamond. Some of 
the fluorescent spots are single 
FB centers. 


Fluorescence in Diamond: New Insights 


Ans Anthonis, John Chapman, Stefan Smans, Marleen Bouman, and Katrien De Corte 


HRD Antwerp, Belgium 


The effect of fluorescence on the appearance of diamonds has 
been a subject of debate for many years (Moses et al., 1997). In 
the trade, fluorescence is generally perceived as an undesirable 
characteristic. Nearly 80% of diamonds graded at HRD Antwerp 
receive a “nil” fluorescence grade, while the remainder are graded 
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as “slight” “medium, and “strong,” their value decreasing with 
level of fluorescence. 

To understand how fluorescence might change diamond ap- 
pearance, a selection of 160 round brilliant-cut diamonds were in- 
vestigated in detail. This study focused on the effect of 
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fluorescence on diamond color. The aim was to determine under 
what lighting conditions the color of a diamond could change and 
the magnitude of that effect. We also investigated a smaller selec- 
tion of diamonds with multiple spectroscopic absorption tech- 
niques to study the origin of their fluorescence. 

The lighting arrangement we used combined the UV from 
light-emitting diode (LED) lamps with the light from a daylight- 
equivalent (grading) fluorescent lamp that had its UV component 
filtered out. With controlled UV output and after calibrations, it 
was possible to simulate different illuminations, including out- 
doors, indoors near a window, office lighting, and grading envi- 
ronments. The grading environment provided the reference color. 
Diamonds were presented in both table-down and table-up ori- 
entations, with the degree of effect determined by visual compar- 
ison with nonfluorescent master stones. For each color, both 
experienced diamond graders and nonprofessionals examined the 
possible effect of fluorescence on color appearance. 

It was found that the UV level in office lighting was insignifi- 
cant and did not produce any observable effect even with “very 
strong” fluorescence. However, with daylight from either outdoors 
or indoors, near a window, the relative strength of UV was signif- 
icant, sufficient to create a positive color change. For samples with 
a “very strong” fluorescence, the results are shown in figure 1. For 
each color, ranging from D toJ, the color shift caused by exposure 
to different UV levels—represented by the different lighting con- 
ditions—is illustrated. 


REFERENCE 


Moses T.M., Reinitz I.M., Johnson M.L., King J.M., Shigley J.E. (1997) A con- 


tribution to understanding the effect of blue fluorescence on the appearance 


Figure 1. For samples with “very strong” fluorescence, the observed 
color in different lighting conditions (outdoor, indoor, and office) is 
shown. These samples were graded through the pavilion (table- 
down). Note that in an outdoor environment, J colors can appear as 
D colors. 
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of diamonds. G&G, Vol. 33, No. 4, pp. 244-259, http://dx.doi.org/ 
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Fluorescence, Phosphorescence, Thermoluminescence, and 
Charge Transfer in Synthetic Diamond 


Jiahui (Gloria) Zhao'’, B.G. Breeze", B.L. Green’, Phil L. Diggle!?, and Mark E. Newton'? 
‘Department of Physics, University of Warwick, Coventry, United Kingdom 

7EPSRC Centre for Doctoral Training in Diamond Science and Technology, Warwick, United Kingdom 
3Spectroscopy Research Technology Platform, University of Warwick, Coventry, United Kingdom 


Photoluminescence (PL) and phosphorescence underpin many of 
the discrimination techniques used to separate natural from syn- 
thetic diamond. PL is at the heart of many new quantum technolo- 
gies based on color centers in lab-grown diamonds. In HPHT 
synthetic diamond, the phosphorescence observed is explained in 
terms of donor-acceptor pair recombination. The thermal activation 
of electrons to neutral boron acceptors shows that boron plays a key 
role in the phosphorescence process. However, there are a number 
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of things we struggle to explain. For example, the phosphorescence 
peak positions are not fully explained, and there is no conclusive 
link between the emission and charge transfer involving the substi- 
tutional nitrogen donor. 

Secondly, the origin of the phosphorescence observed in some 
synthetic diamond samples grown by the CVD process is unclear. 
Although we now have evidence for unintentional boron impurity 
incorporation at stop-start growth boundaries in some CVD syn- 
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thetic samples, it is possible that some of the observed phospho- 
rescence does not involve boron impurities. 

In this paper we report on the results of combined fluores- 
cence, phosphorescence, thermoluminescence, and quantitative 


charge transfer investigations undertaken on both HPHT and 
CVD synthetic diamond, with the objective of identifying which 
defects are involved in the fluorescence and phosphorescence 
processes. 


LPHT-Treated Pink CVD Synthetic Diamond 


Hiroshi Kitawaki, Kentaro Emori, Mio Hisanaga, Masahiro Yamamoto, and Makoto Okano 


Central Gem Laboratory, Tokyo 


Pink diamond is extremely popular among fancy-color diamonds, 
which has prompted numerous attempts to produce pink dia- 
mond artificially. Pink CVD synthetic diamonds appeared on the 
gem market around 2010. Their color was produced by a multi- 
step process combining post-growth HPHT treatment to remove 
the brown hue and subsequent electron irradiation, followed by 
low-temperature annealing. Pink CVD synthetic diamonds 
treated only with low pressure and high temperature (LPHT), 
without additional post-growth irradiation, have also been re- 
ported but are rarely seen on the market. 

Recently, a loose pink stone (figure 1) was submitted to the 
Central Gem Laboratory in Tokyo for grading purposes. Our ex- 
amination revealed that this 0.192 ct brilliant-cut marquise was a 
CVD synthetic diamond that had been LPHT treated. 

Visually, this diamond could not be distinguished from natu- 
ral diamonds with similar color. However, three characteristics of 
CVD origin were detected: 

1. C-H related absorption peaks between 3200 and 2800 cm", 

located with infrared spectroscopy 

2. A luminescence peak at 737 nm, detected with photolumi- 

nescence (PL) spectroscopy 


3. A trace of lamellar pattern seen in the DiamondView 


However, irradiation-related peaks such as at 1450 cm™ 


(H1a), 741.1 nm (GR1), 594.3 nm, or 393.5 nm (ND1) that are 
seen in the pink CVD diamonds treated with common multi-step 
processes were not detected. 

The presence of four peaks at 3123, 2901, 2870, and 2812 cm™ 
between 3200 and 2800 cm"! suggests this stone was LPHT 
treated; the following observations indicate that it was not HPHT 
treated: 


e The 3123 cm™ peak presumably derived from NVH° dis- 
appears after a normal HPHT treatment. 

e The 2901, 2870, and 2812 cm! peaks are known to shift 
toward higher wavenumbers as the annealing temperature 
rises. Our own HPHT treatment experiments on CVD- 
grown diamonds proved that the 2902 and 2871 cm"! 
peaks detected after 1600°C annealing shifted to 2907 and 
2873 cm“ after 2300°C annealing. The peak shift of 2901, 
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2870, and 2812 cm is also related to the pressure during 
the annealing, as these peaks shifted to 2902, 2871, and 
2819 cm”! at the higher pressure of 7 GPa compared to 
2900, 2868, and 2813 cm” at the ambient pressure under 
the same annealing temperature of 1600°C. 

e Absorption peaks at 7917 and 7804 cm”! in the infrared 
region and at 667 and 684 nm in the visible range were also 
detected, which coincide with the features seen in LPHT- 
treated stones. From the combination of the intensity ratios 
of optical centers such as H3 and NV centers that were de- 
tected with PL measurement, this sample is presumed to 
have been treated with LPHT annealing at about 1500- 
1700°C as a post-growth process. 


In recent years, CVD synthetic diamonds have been produced 
in a wider range of colors due to progress in the crystal growth 
techniques and post-growth treatments. Although HPHT treat- 
ment has been employed mainly to improve the color in a dia- 
mond, LPHT annealing may become widespread as the technique 
is further developed. Gemologists need to have deep knowledge 
about the optical defects in such LPHT-treated specimens. 


Figure 1. LPHT-treated brownish pink CVD synthetic diamond 
weighing 0.192 ct. Photo by Hiroshi Kitawaki. 
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WEIGHT ESTIMATIUN 
of 
CABUCHUNS 


with Accompanying Chart 


and Formula with Derivation 


JAMES SMALL 


Tables for estimation of the weight of 
common styles of faceted stones have been 
available to jewelers and appraisers for 
many years. For some time the author has 
felt that such tables for weight estimation 
of cabochons would, likewise, prove useful. 
This article contains a formula by which the 
carat weight of cabochon-cut gemstones may 
be estimated with a surprisingly low proba- 
ble error. It is applicable to low, medium, 
high, and double cabochons and, with modi- 
fication, to hollow cabochons. The formula 
utilizes the principal measurements of the 
stone in millimeters, and the specific gravity 
of the material from which the cabochon is 
formed. Measurements may be made with 
any millimeter scale such as the Boley 
gauge; dial millimeter micrometer, such as 
the Leveridge Gauge; or a millimeter screw 
micrometer. 

In the formula, the abbreviations used 
include L for length; W’ for width; D for 


depth; SG for specific gravity; and C for 
the estimated carat weight of the cabochon. 
The formula may be stated as follows: 

C=LxWxD-x .0026x SG 

To illustrate the use of the formula, the 
following example is given: A medium 
cabochon of amethyst quartz was measured 
and the following dimensions determined: 
L=10.4mm; W = 5.3mm; D= 4.0 mm; 
SG of quartz = 2.65. Substituting these 
values in the formula we get: 

C = 104 x 5.3 x 4.0 x .0026 x 2.65 or 
C = 1.52 carats. 

By using this formula it is a simple matter 
to estimate closely the weight of a stone 
which will fit into a mounting of certain 
dimensions. As an example of the variation 
of weight between cabochons of various 
species which would fit into a mounting of 
the following dimensions: 15 mm x 10 mm, 
and which would accommodate a stone 5.1 
mm deep. A simple system could be set up 
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Recent Developments in Detection and Gemology in China, 


Particularly for Chinese Synthetic Diamonds 
Jie Ke, Taijin Lu (presenter), Yan Lan, Zhonghua Song, Shi Tang, Jian Zhang, and Hua Chen 


National Gemstone Testing Center (NGTC), Beijing 


China is the world’s largest producer of HPHT-grown industrial 
diamonds. Its 2016 production of about 20 billion carats accounted 
for 98% of the global supply. Since the beginning of 2015, melee- 
sized colorless HPHT synthetic diamonds have been tested at the 
National Gemstone Testing Centet’s (NGTC) Shenzhen and Bei- 
jing laboratories in parcels submitted by different clients, which 
means that colorless HPHT synthetic diamonds have entered the 
Chinese jewelry market and may be mistaken for natural diamonds. 

CVD synthesis technology has grown rapidly in recent years. 
Large colorless and colored (blue, pink) CVD-grown diamonds 
have been entering the market, and a few have been fraudulently 
sold as natural diamonds. 

China has independently developed gem-grade HPHT syn- 
thetic diamond production technology since 2002, and can grow 
gem-grade type Ib, Ia, and IIb and high-nitrogen-content syn- 
thetic diamonds in volume, depending on market needs. Gem- 
grade type Ib, Ha, and Ib HPHT synthetic diamonds have been 
grown using the temperature gradient method, under a cubic 


press at high pressure (e.g., 5.4 GPa) and high temperature 


Figure 1. DiamondView fluorescence image of the hybrid natural 
and CVD-grown diamond. Photo by Shi Tang. 
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TABLE 1. Technology and products of some Chinese 
CVD synthetic diamond companies. 


Hebei Plasma 


Ningbo Crysdiam Shanghai Zhengshi 


Company f Diamond 
Industrial Technology ‘Teehinolosy, Technology 
Products Crystal size: 9 x 9 x Crystal size: 11 x — Crystal size: 12 x 


and quality 4 mm. 11 x 1-3 mm. 
Mass production of 
diamonds larger than industrial 


1 ct; type Ila and IIb; production. 


12x 3 mm, mainly 
Scientific research, 1.0-6.0 ct. 

Mass production 
available. Type Ila 


colorless to near- and IIb. 
colorless, pink, and 
blue. 

Growth Microwave plasma DC arc plasma jet ~MPCVD 


technology chemical vapor CVD 
deposition (MPCVD) 


(1300-1600°C). Driven by a specific temperature gradient, the 
carbon source from high-purity graphite (>99.9%) located at the 
high-temperature zone can diffuse into the seed crystals in the 
cubic press, resulting in the crystallization of synthetic diamonds. 
Chinese production of melee-sized colorless to near-colorless 
HPHT synthetic diamonds accounts for about 90% of the global 
output. 

Gem-grade type Ila and IIb CVD synthetic diamonds are 
grown using the microwave plasma chemical vapor deposition 
(MPCVD) and direct current (DC) arc plasma methods. Faceted 
colorless CVD diamonds can be grown in sizes up to 6 ct by at 
least two Chinese companies (table 1). 

After testing and analyzing thousands of natural and synthetic 
diamonds collected directly from the Chinese companies, NGTC 
independently developed the GV5000, PLS000, DS5000, and 
ADD6000 instruments for rapidly screening and identifying the 
diamonds based on the gemological characteristics obtained. 

Besides HPHT and CVD synthetic diamonds, a thickly lay- 
ered hybrid diamond consisting of both natural and CVD mate- 
rial was identified at the NGTC Beijing laboratory (figure 1). 
The identification features and properties of regrown CVD syn- 
thetic diamonds using natural type Ia diamond crystals as seeds 
will be reported. 

The current status and features of colored stones examined 
at NGTC laboratories, including several cases studies, will be 
discussed. 
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Summary of CVD Lab-Grown Diamonds Seen at the GIA Laboratory 


Sally Eaton-Magana 
GIA, Carlsbad, California 


While chemical vapor deposition (CVD) diamond growth tech- 
nology has progressed significantly in recent years, with improve- 
ments in crystal size and quality, the use of these goods in the 
jewelry trade is still limited. Not all CVD-grown gem diamonds 
are submitted to GIA for grading reports, and they only account 
for about 0.01% of GIA’s annual diamond intake (both D-Z 
equivalents and fancy color; Eaton-Magafia and Shigley, 2016). 
The CVD process involves diamond growth at moderate temper- 
atures (700—1300°C) but very low pressures of less than 1 atmos- 
phere in a vacuum chamber (e.g., Angus and Hayman, 1988; Nad 
et al., 2015). This presentation summarizes the quality factors and 
other characteristics of the CVD-grown material submitted to 
GIA (eg., figure 1) and discusses new research and products. 
Today the CVD process is used to produce high-color (as well 
as fancy-color) and high-clarity type II diamonds up to several 
carats in size. The majority of the CVD material seen at GIA con- 
sists of near-colorless (G—N equivalent) with colorless (D—F equiv- 
alent) and various “pink” hues. Additionally, CVD material is 
constantly setting new size milestones, with the announcement of 
an approximately 6 ct round brilliant earlier this year (Davis, 2018). 
However, the attainable sizes among CVD products are dwarfed 
by those from the HPHT process, with 15.32 ct as the current 
record for a faceted gem (Ardon and Eaton-Magania, 2018). 


Figure 1. Spectra and fluorescence images of all D-N equivalent 
CVD-grown diamonds seen at GIA from 2007 to 2018 were ana- 
Lyzed. The vast majority (74%) show features consistent with post- 
growth HPHT treatment. The percentage of as-grown CVD 
products increases as the equivalent color progresses from the colorless 
range (D-F) to near-colorless (G—J) to faint brown (K-N). 
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One particular challenge for gemologists (albeit very rarely en- 
countered) comes from the lab-grown/natural hybrids (figure 2) 
that have been submitted to and documented by gemological lab- 
oratories (e.g., Moe et al., 2017; Tang et al. 2018). In these speci- 
mens, the grower places a zatural diamond into the CVD reactor 
as the seed plate, with both components retained in the faceted 
gem. Ifthe manufacturer is using a colorless natural type Ia diamond 
as a seed plate for near-colorless CVD growth, the hybrid cannot 
undergo any post-growth HPHT treatment, as this would radically 
alter the natural seed by turning the natural diamond yellow. If the 
manufacturer is creatinga CVD overgrowth layer on a faceted nat- 
ural diamond, the intent is to either add weight to a diamond that 
may be near a weight boundary or to achieve a color change, typi- 
cally to blue. These hybrid products also make it more difficult to 
infer a diamond’s history based solely on its diamond type. 

The CVD process has also created some unique gems that have 
not been duplicated among natural, treated, or HPHT-grown dia- 
monds. These include CVD-grown diamonds with a high concen- 
tration of silicon impurities, which create a pink to blue color shift. 
In those samples, a temporary effect was activated by UV exposure, 
which precipitated a charge transfer between negative and neutral 
silicon-vacancy centers (D’Haenens-Johansson et al., 2015). 

Also recently seen are type IIb CVD goods. Some that were 
submitted by clients had a low boron concentration (3 ppb, with 
G-equivalent color and 1.05 carat weight). Meanwhile, some re- 
search samples produced by a manufacturer in China and fash- 
ioned as flat plates had dark bluish coloration and very high boron 


Figure 2. This 0.33 ct CVD-grown/natural diamond composite 
with a color equivalent to Fancy blue was previously described (Moe 
et al, 2017). DiamondView illumination clearly shows the inter- 
face between the lab-grown and natural components. 


Natural 
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concentration (2500 ppb and higher). Also among that suite of 
flat-plate CVD samples was one with a black color caused by ex- 
tremely high amounts of nitrogen-vacancy centers. 
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Diamond Geology 


Although new CVD products are continually being manufac- 
tured and introduced to the trade, the laboratory-grown diamonds 
examined to date by GIA can be readily identified. 
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Modern Advances in the Understanding of Diamond Formation \(\ 


D. Graham Pearson 
University of Alberta, Edmonton, Canada 


For the past 50 years, the majority of diamond research has fo- 
cused on diamonds derived from the lithospheric mantle root un- 
derpinning ancient continents. While lithospheric diamonds are 
currently thought to form the mainstay of the world’s economic 
production, the continental mantle lithosphere reservoir com- 
prises only ~2.5% of the total volume of Earth. Earth’s upper man- 
tle and transition zone, extending from beneath the lithosphere 
to a depth of 670 km, occupy a volume approximately 10 times 
larger. 

Diamonds from these deeper parts of the earth—“superdeep 
diamonds” —are more abundant than previously thought. They 
appear to dominate the high-value large diamond population 
that comes to market. Recent measurements of the carbon and 
nitrogen isotope composition of superdeep diamonds from 
Brazil and southern Africa, using iz situ ion probe techniques, 
show that they document the deep recycling of volatile elements 
(C, N, O) from the surface of the earth to great depths, at least 
as deep as the uppermost lower mantle. The recycled crust sig- 
natures in these superdeep diamonds suggest their formation in 
regions of subducting oceanic plates, either in the convecting 
upper mantle or the transition zone plus lower mantle. It is likely 
that the deep subduction processes involved in forming these di- 
amonds also transport surficial hydrogen into the deep mantle. 
This notion is supported by the observation of a high-pressure 
olivine polymorph—ringwoodite—with close to saturation lev- 
els of water. Hence, superdeep diamonds document a newly rec- 
ognized, voluminous “diamond factory” in the deep earth, likely 
producing diamonds right up to the present day. Such diamonds 
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also provide uniquely powerful views of how crustal material is 
recycled into the deep earth to replenish the mantle’s inventory 
of volatile elements. 

The increasing recognition of superdeep diamonds in terms of 
their contribution to the diamond economy opens new horizons 
in diamond exploration. Models are heavily influenced by the 
search for diamonds associated with highly depleted peridotite 
(dunites and harzburgites). Such harzburgitic diamonds were 
formed in the Archean eon (>2.5 Ga) within lithospheric mantle 
of similar age. It is currently unclear what the association is between 
these ancient lithospheric diamonds and large, high-value dia- 
monds, but it is likely a weak one. In contrast, the strong association 
between superdeep diamonds and these larger stones opens up a 
new paradigm because the available age constraints for superdeep 
diamonds indicate that they are much younger than the ancient 
lithospheric diamonds. Their younger age means that superdeep 
diamonds may be formed in non-Archean mantle, or mantle that 
has been strongly overprinted by post-Archean events that would 
otherwise be deemed unfavorable for the preservation of ancient 
lithospheric diamonds. 

An additional factor in the search for new diamond deposits 
is the increasing recognition that major diamond deposits can form 
in lithospheric mantle that is younger than—or experienced major 
thermal disruption since—the canonical 2.5 billion years usually 
thought to be most favorable for diamond production. 

This talk will explore these new dimensions in terms of the 
potential for discovering new diamond sources in “unconven- 
tional” settings. 
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Diamond Precipitation from High-Density CHO Fluids 


Thomas Stachel’, Robert W. Luth’, and Oded Navon? 
‘University of Alberta, Edmonton, Canada 
“Hebrew University, Jerusalem 


Through research on inclusions in diamonds over the past 50 
years, a detailed picture has emerged of the mineralogical and 
chemical composition of diamond substrates in Earth’s mantle and 
of the pressure-temperature conditions during diamond forma- 
tion. The exact diamond-forming processes, however, are still a 
subject of debate. 

One approach to constrain diamond-forming processes is 
through model calculations that aim to obtain the speciation and 
the carbon content of carbon-hydrogen-oxygen (CHO) fluids at 
particular O/(O+H) ratios and pressure-temperature conditions 
(using GFluid of Zhang and Duan, 2010, or other thermodynamic 
models of fluids). The predictions of such model calculations can 
then be tested against carbon and nitrogen stable isotopes and ni- 
trogen content fractionation models, based on in situ analyses 
across homogenously grown diamond growth layers. Based on this 
approach, Luth and Stachel (2014) proposed that diamond pre- 
cipitation occurs predominantly from cooling or ascending CHO 
fluids, composed of water with minor amounts of CO, and CH, 
(which in response to decreasing temperature may react to form 
diamond: CO,+ CH, > 2C + 2H,O). 

The second approach focuses on constraining the diamond- 
forming medium by studying submicrometer fluid inclusions in 
fibrous-clouded and, more recently, gem diamonds. Such studies 
established the presence of four compositional end members of 
inclusions: hydrous-saline, hydrous-silicic, high-Mg carbonatitic, 
and low-Mg carbonatitic (e.g., Navon et al., 1988; Weiss et al., 
2009). Although these fluid inclusions only depict the state of the 
diamond-forming medium after formation, they nevertheless pro- 
vide unique insights into the major and trace-element composition 
of such fluids that otherwise could not be obtained. 

The apparent dichotomy between the two approaches—models 
for pure CHO fluids and actual observation of impure fluids (so- 
called high-density fluids) in clouded and fibrous diamonds—trelates 
to the observation that in high-pressure and high-temperature ex- 
periments close to the melting temperature of mantle rocks, hydrous 
fluids contain 10-50% dissolved solid components (e.g., Kessel et 
al., 2015). Although at this stage the impurity content in natural 
CHO fluids cannot be included in numerical models, the findings 
for clouded and fibrous diamonds are not in conflict with the iso- 
chemical diamond precipitation model. Specifically, the fact that 
observed high-density inclusions are often carbonate bearing is not 
in conflict with the relatively reducing redox conditions associated 
with the O/(O+H) ratios of modeled diamond-forming CHO flu- 
ids. The model for the minimum redox stability of carbonate- 
bearing melts of Stagno and Frost (2010) permits fluid carbonate 
contents of up to about 30% at such redox conditions. 
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Although additional data need to be obtained to build a 
thermodynamic model for CHO fluids with dissolved silicates 
and to better characterize the major and trace-element compo- 
sition of high-density CHO fluids in equilibrium with typical 
diamond substrates (the rock types peridotite and eclogite), we 
already see sufficient evidence to suggest that the two approaches 
described above are converging to a unified model of isochemical 
diamond precipitation from cooling or ascending high-density 


CHO fluids. 


Figure 1. This illustration depicts the isochemical precipitation of di- 
amond in Earth’s lithospheric mantle. Top: Intrusion of magma 

(AT to peridotitic wall rock is about +200°C) leads to release of hot 
CHO fluids from the crystallizing melt. As it infiltrates the peri- 
dotitic wall rock, the cooling fluid isochemically precipitates dia- 
mond. Bottom: After crystallization of the melt is completed, the 
intrusion is surrounded by an aureole of diamond, with tempera- 
ture, volume, fluid content, and redox state of the melt all influenc- 
ing the amount of diamond precipitated. 


Lithospheric 


mantle (peridotite) Intrusion of hot magma 
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How to Obtain and Interpret Diamond Ages 


Steven B. Shirey' and D. Graham Pearson? 
‘Carnegie Institution for Science, Washington, DC 
?University of Alberta, Edmonton, Canada 


Diamond ages are obtained from radiogenic isotopic analysis 
(Rb-Sr, Sm-Nd, Re-Os, and Ar-Ar) of mineral inclusions (garnet, 
pyroxene, and sulfide). As diamonds are xenocrysts that cannot 
be dated directly, the ages obtained on mineral inclusions provide 
a unique set of interpretive challenges to assure accuracy and ac- 
count for preexisting history. A primary source of 
geological/mineralogical uncertainty on diamond ages is any 
process affecting protogenetic mineral inclusions before encap- 
sulation in the diamond, especially ifit occurred long before di- 
amond formation. In practical application, the isotopic systems 
discussed above also carry with them inherent systemic uncer- 


tainties. Isotopic equilibrium is the essential condition required 
for the generation of a statistically robust isochron. Thus, 
isochron ages from multiple diamonds will record a valid and ac- 
curate age when the diamond-forming fluid promotes a large de- 
gree of isotopic equilibrium across grain scales, even for 
preexisting (“protogenetic”) minerals. This clearly can and does 
occur. Furthermore, it can be analytically tested for, and has mul- 
tiple analogues in the field of dating metamorphic rocks. In cases 
where an age might be suspect, an age will be valid if its regression 
uncertainties can encompass a known and plausible geological 
event (especially one for which an association exists between that 


Figure 1. Left: Re-Os isotopic compositions for 10 sulfides from three Zimmi diamonds all fall along 650 Ma age arrays. Each diamond had multiple sul- 
fides that lay on arrays of identical age, giving unequivocal evidence for the age and showing that these diamonds formed in the same episode of diamond 
formation. Right: Plane polarized light image of a typical sulfide inclusion in a polished Zimmi diamond plate. Note that this diamond only contains one 
inclusion, whereas analyses of three to four inclusions per diamond are shown in the plot on the left. From Smit et al. (2016), used with permission. 
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event and the source of diamond-forming fluids) and petroge- 
netic links can be established between inclusions on the isochron. 
Diamonds can be dated in six basic ways: 

1. model ages 

2. radiogenic daughter Os ages (common-Os-free) 

3. single-diamond mineral isochrons 

4. core to rim ages 

5. multiple single-diamond isochron/array ages 

6. composite isochron/ array ages 
Model ages (1) are produced by the intersection between the evo- 
lution line for the inclusion and a reference reservoir such as the 
mantle. The most accurate single-diamond age is determined on a 
diamond with multiple inclusions (3). In this case an internal 
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isochron can be obtained that not only establishes equilibrium 
among the multiple grains but also unequivocally dates the time of 
diamond growth. With extreme luck in obtaining the right dia- 
mond, concentric diamond growth zones visible in UV fluorescence 
or cathodoluminescence can sometimes be shown to constrain in- 
clusions to occur in the core of the diamond and in the exterior at 
the rim. These single grains can be extracted to give a minimum 
growth time (4) for the diamond. In optimal situations, multiple in- 
clusions are present within single growth zones, in single diamonds, 
allowing internal isochrons to be constructed for individual growth 
zones in single diamonds. If enough diamonds with inclusions can 
be obtained for study, valid ages for diamond populations can be 
obtained on multiple single-diamond ages that agree (5) or on com- 
posited, mineralogically similar inclusions to give an average age (6). 
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The Lesedi La Rona and the Constellation— 
The Puzzle of the Large Rough Diamonds from Karowe 


Ulrika F.S. D’'Haenens-Johansson 
GIA, New York 


In November 2015, Lucara Diamond’ operation at the Karowe mine 
in Botswana gained notoriety due to the extraction ofa series of large 
colorless diamonds, including the 1,109 ct Lesedi La Rona and the 
812 ct Constellation. The Lesedi La Rona marks the largest gem di- 
amond recovered since the Cullinan (3,106 ct) in 1905. The Con- 
stellation, considered to be the seventh-largest recorded diamond, 
attained the highest price ever paid for a rough, selling for $63.1 mil- 
lion ($77,649 per carat). Additionally, three other significant colorless 
diamonds were recovered during the same period, weighing 374, 296, 
and 183 ct. Due to the similarity in their external characteristics— 
which include cleavage faces—as well as their extraction locations 
and dates, it was suspected that these stones might have originated 
from a larger rough that had broken. Lucara demonstrated that the 
374 ct diamond and the Lesedi La Rona fit together, yet a large cleav- 
age plane is still unaccounted for. GIA was able to study several rough 
and/or faceted pieces of these five diamonds using a range of spec- 
troscopic and imaging techniques to gain insight into the presence 
and distribution of point defects in these diamonds. 

Diamonds are commonly classified according to their nitrogen 
content measured by Fourier-transform infrared (FTIR) spec- 
troscopy: Type I diamonds contain nitrogen in either isolated (Ib) 
or aggregated (IaAB) forms, while type II diamonds do not contain 
detectable nitrogen concentrations (IIa) but may contain boron 
(IIb). Analysis of faceted stones cut from the Lesedi La Rona indi- 
cates that the rough is a mixed-type diamond, containing both type 
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Ila and pure type IaB regions. These types of diamonds, though ex- 
ceedingly unusual, have been observed at GIA and reported by De- 
launay and Fritsch (2017). The Constellation and the 374, 296, and 
183 ct diamonds were determined to be type IaB, containing 20 + 
4 ppm B-aggregates (N,V), in agreement with the concentration 
for the type IaB pieces of the Lesedi La Rona. Pure type IaB dia- 
monds such as these are actually quite rare, accounting for only 1.2% 
ofarandom suite of 5,060 large (> 10 ct) D-to-Z diamonds submit- 
ted to GIA, whereas 24.6% were type II. Photoluminescence spectra 
further confirmed analogous defect content for the five large 
Karowe diamonds, with emissions from H4 (N,V,°, 496 nm), H3 
(NVN®,503 nm), 505 nm, NV- (637 nm), and GR1 (V°,74] nm) 
defects showing similar relative intensities and peak widths. Even 
for diamonds of the same type, parallel defect content and charac- 
teristics across such a variety of defects is unlikely for unrelated 
stones. 

The external morphologies of the diamonds showed primary 
octahedral, resorbed, and fractured faces, with the Constellation 
and the 296 ct diamond featuring fractures containing metallic in- 
clusions and secondary iron oxide staining. Deep UV fluorescence 
(< 230 nm) imaging elucidated the internal growth structures of the 
samples. For the Constellation and the 374, 296, and 183 ct dia- 
monds, at least two growth zones with differing blue fluorescence 
intensities were observed within single pieces. 

Combined with the spectroscopic data, these results provide 


Gems & GEMOLOGY FALL 2018 273 


I SPEAKER PRESENTATIONS 


compelling evidence that the Lesedi La Rona, the Constellation, 
and the 374, 296, and 183 ct diamonds from Karowe had com- 
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Gem Characterization 


The Formation of Natural Type IIa and IIb Diamonds 


Evan M. Smith and Wuyi Wang 
GIA, New York 


Many of the world’s largest and most valuable gem diamonds ex- 
hibit an unusual set of physical characteristics. For example, in ad- 
dition to their conspicuously low nitrogen concentrations, 
diamonds such as the 3,106 ct Cullinan (type IIa) and the Hope 
(type IIb, boron bearing) tend to have very few or no inclusions, 
and in their rough state they are found as irregular shapes rather 
than as sharp octahedral crystals. It has long been suspected that 
type IIa and IIb diamonds form in a different way than most other 
diamonds. 

Over the past two years, systematic investigation of both type 
Ta and IIb diamonds at GIA has revealed that they sometimes con- 
tain rare inclusions from unique geological origins. Examination of 
more than 130 inclusion-bearing samples has established recurring 
sets of inclusions that clearly show many of these diamonds originate 
in the sublithospheric mantle, much deeper in the earth than more 
common diamonds from the cratonic lithosphere. We now recog- 
nize that type [a diamonds, or more specifically, diamonds with 
characteristics akin to the historic Cullinan diamond (dubbed 
CLIPPIR diamonds), are distinguished by the occurrence of iron- 
rich metallic inclusions. Less frequently, CLIPPIR diamonds also 
contain inclusions of majoritic garnet and former CaSiO, perovskite 
that constrain the depth of formation to within 360-750 km. The 
inclusions suggest that CLIPPIR diamonds belong to a unique par- 
agenesis with an intimate link to metallic iron in the deep mantle 
(Smith et al., 2016, 2017). Similarly, findings from type IIb dia- 
monds also place them in a “superdeep” sublithospheric mantle set- 
ting, with inclusions of former CaSiO, perovskite and other 
high-pressure minerals, although the iron-rich metallic inclusions 
are generally absent (Smith et al., 2018). Altogether, these findings 
show that high-quality type II gem diamonds are predominantly 
sourced from the sublithospheric mantle, a surprising result that has 
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refuted the notion that all superdeep diamonds are small and non- 
gem quality. Valuable information about the composition and be- 
havior of the deep mantle is cryptically recorded in these diamonds. 
CLIPPIR diamonds (figure 1) confirm that the deep mantle con- 
tains metallic iron, while type IIb diamonds suggest that boron and 
perhaps water can be carried from the earth’s surface down into the 
lower mantle by plate tectonic processes. In addition to being gem- 
stones of great beauty, diamonds carry tremendous scientific value 
in their unique ability to convey information about the interior of 
our planet. 


Figure 1. Measuring about 7 cm across, this 404.2 ct rough from 
Angola’ Lulo mine is a good example of the irregular shape and 
surface texture associated with CLIPPIR diamonds. The unusual 
characteristics of diamonds like this one are the result of formation 


in a unique geological setting. Once cut, this rough yielded a 163.4 
ct flawless D-color diamond. Photo by Jian Xin (Jae) Liao. 
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Colored Diamonds: The Rarity and Beauty of Imperfection 


Christopher M. Breeding 
GIA, Carlsbad, California 


Diamond is often romanticized as a symbol of purity and perfection, 
with values that exceed all other gemstones. However, even the most 
flawless and colorless natural diamonds have atomic-level imperfec- 
tions. Somewhat ironically, the rarest and most valuable gem dia- 
mondsare those that contain abundant impurities or certain atomic 
defects that produce beautiful fancy colors such as red, blue, or 
green—stones that can sell for millions of dollars per carat. 

Atomic defects can consist of impurities such as nitrogen or 
boron that substitute for carbon atoms in the diamond atomic struc- 
ture (resulting in classifications such as type la, type Ib, type Ia, and 
type IIb) or missing or misaligned carbon atoms. Some defects are 
created during diamond growth, while others are generated over 
millions to billions of years as the diamond sits deep in the earth at 
high temperatures and pressures. Defects may be created when the 
diamond is rapidly transported to the earth’s surface or by interaction 
with radioactive fluids very near the earth’s surface. Each defect se- 
lectively absorbs different wavelengths of light to produce eye-visible 
colors. Absorptions from these color-producing defects (or color 
centers) are detected and identified using the gemological spectro- 
scope or more sensitive absorption spectrometers such as Fourier- 
transform infrared (FTIR) or ultraviolet/visible/near-infrared 
(UV-Vis-NIR; figure 1). Some defects not only absorb light but also 
produce their own luminescence, called fluorescence. For example, 
the same defect that produces “cape” yellow diamonds also generates 
blue fluorescence when exposed to ultraviolet light. In some cases, 
the fluorescence generated by defects can be strong enough to affect 
the color of gem diamonds. 


Figure 1. Visible-NIR spectra reveal the absorptions and correspon- 
ding atomic defects responsible for the color in gem diamonds. 


VIS-NIR SPECTRA 


N3/N2 


550 nm band 


ABSORBANCE — 


400 500 600 700 800 900 
WAVELENGTH (nm) 


SIXTH INTERNATIONAL GEMOLOGICAL SYMPOSIUM 


TABLE 1. Most common causes of color in gem diamond. 


Color Cause of color (defect structure) | When imparted 
Yellow N3/N2 “cape” (3NV) Residence at high T and P 
Isolated nitrogen “C centers” (N) Growth 
H3 absorption (2NV°) Residence at high T and P 
Hydrogen (unknown) Growth 
480 nm band (unknown) Growth? (unknown origin) 
Brown Vacancy clusters (multiple V) Tee teenence at high 
an 
Isolated nitrogen “C centers” (N) Growth 
H3 absorption (2NV°) + 550nm __ Residence at high T and P 
band (unknown) 
Hydrogen (unknown) Growth 
Orange H3 absorption (2NV°)+550nm __ Transport/residence at high 
band (unknown) T and P 
480 nm band (unknown) Growth? (unknown origin) 
Isolated nitrogen “C centers” (N) Growth 
Red/Pink Plastic deformation—550 nm Transport/residence at high 
band (unknown) TandP 
Nitrogen-vacancy (NV°, NV-) Residence at high T and P 
Violet/Purple Hydrogen (unknown) Growth 
Plastic deformation—550 nm Transport/residence at high 
band (unknown) T and P 
Green Radiation damage—GR1 (V°) lest aa fluids—low T 
an 
H3 fluorescence (2NV°) Residence at high T and P 
Hydrogen (unknown) Growth 
Nickel (Unknown) Growth 
Blue Boron (B) Growth 


Radiation damage—GA1 (V°) 


Hydrogen (unknown) 


Radioactive fluids—low T 
and P 


Growth 


With the exception of most natural white and black dia- 


monds, where the color is a product of inclusions, colored dia- 
monds owe their hues to either a single type of defect or a 
combination of several color centers. More than one type of defect 
can produce a particular color, however. Table 1 provides a list of 
the most common causes of color in diamond. 

Subtle differences in atomic defects can drastically affect a dia- 
mond’ color. For example, isolated atoms of nitrogen impurities 
usually produce strong yellow color (“canary” yellow diamonds). If 
those individual nitrogen atoms occur together in pairs, no color is 
generated and the diamond is colorless. Ifinstead the individual ni- 
trogen atoms occur adjacent to missing carbon atoms (vacancies), 
the color tends to be pink to red. Rearrangement of diamond defects 
is the foundation of using treatments to change the color of dia- 
mond. Identification of treatments and separation of natural and 
synthetic diamond requires a thorough understanding of the 
atomic-level imperfections that give rise to diamond color and value. 
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Evaluating the Color and Nature of Diamonds Via EPR Spectroscopy 


Haim Cohen’ and Sharon Ruthstein? 


‘Ariel University and Ben-Gurion University of the Negev, Israel 


?Bar-llan University, Israel 


Diamond characterization is carried out via a wide variety of 
gemological and chemical analyses. An important analytical tool 
for this purpose is spectroscopic characterization utilizing both 
absorption and emission measurements. The main techniques are 
UV-visible and infrared spectroscopy, though Raman as well as 
cathodoluminescence spectroscopy are also used. 

We have used electron paramagnetic resonance (EPR) spec- 
troscopy to compare the properties of treated colored diamonds 
to the pretreated stones. The colors studied were blue, orange, 
yellow, green, and pink. The EPR technique determines radicals 
(atoms with unpaired electrons) and is very sensitive, capable of 
measuring concentrations as lowas ~1 x 107" radicals/cm*. The 
results, shown in table 1, indicate that all the carbon radicals de- 
termined are affected by adjacent nitrogen atoms, with the spectra 
showing a hyperfine structure attributed to the presence of nitro- 
gen. The highest concentration of radicals and hyperfine struc- 
tures is observed in pink and orange treated diamonds. The 
results concerning nitrogen concentration were correlated with 


TABLE 1. Distribution of radical concentration in treated 
colored diamonds. 


Blue 40% N 60% C ae 
Orange 2% N 98% C ae 
Yellow 8% N 92% C ® 
Green 2% N 98% C PE 
Pink 1.8% N 98.2% C ae 


the infrared spectra, which determine the absorption peaks of the 
diamonds as well as those of the nitrogen contamination in their 
crystal structure. 


Quantitative Absorption Spectrum Reconstruction for Polished Diamond 


Roman Serov (presented by Sergey Sivovolenko) 
OctoNus Software, Moscow 


Natural diamonds generally exhibit a very wide range of spectra. 
In polished stones, absorption along with proportions and size de- 
fine perceived diamond color and thus beauty. 

In rough diamonds, the quantitative absorption spectrum (the 
“reference spectrum” in the context of this article) can be measured 
using an optical spectrometer through a set of parallel windows 
polished on a stone, so the diamond can be considered a plane- 
parallel plate with known thickness. 

Polished diamonds lack the parallel facets that might allow 
plane-parallel plate measurement. That is why polished diamond 
colorimetry uses one of two approaches that have certain limita- 
tions for objective color estimation: 


e Qualitative spectrum assessment with an integrating sphere. 
Suppose three diamonds are polished from a yellow rough 
with even coloration: around (with short ray paths), acush- 
ion (with high color uniformity and long ray paths), and a 
“bow tie” marquise (with both long and short ray path areas). 
The spectra captured from these three stones by an integrat- 
ing sphere will be completely different because the ray paths 
are very different. However, the quantitative absorption spec- 
trum will be the same for all three stones, since they are cut 
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from the same evenly colored rough. Therefore, spectrum 
assessment with an integrating sphere has very limited accu- 
racy and is practical for qualitative estimations only. 

e Analysis of multiple images of a diamond made by color 
RGB camera. This method has low spectral resolution de- 
fined by digital camera color rendering. The camera has a 
smaller color gamut than the human eye, so most fancy- 
color diamonds are outside the color-capturing range of a 
digital camera. 


However, quantitative absorption data is very valuable for: 


e Color prediction and optimization for a new diamond 
after a recut process 

e Objective color assessment and description of a polished 
diamond 


This paper presents a new technology based on spectral light- 
emitting diodes (LEDs) and high-quality ray tracing, which to- 
gether allow the reconstruction of a quantitative absorption 
spectrum for a polished diamond. The approach can be used for any 
transparent polished diamond. The recent technology prototype 
hasa resolution of 20-60 nm, which is practical for color assessment. 
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Figure 1. Top: Photorealistic 
diamond images generated 
from the reconstructed absorp- 
tion spectrum (A), the refer- 
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structed absorption spectra. 
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Figure 1 (top) presents three photorealistic diamond images: A is 
based on the reconstructed absorption spectrum collected from a 
polished diamond, B uses the reference spectrum collected in the 
rough stage through a pair of parallel windows, and C uses the ay- 
eraged reference spectrum. Figure 1 (bottom) shows both measured 


Gem Localities 


Scientific Study of Colored Gem Deposits and 


Modern Fingerprinting Methods 


Lee Groat 
University of British Columbia, Vancouver, Canada 


Most colored gemstones form near the earth’s surface in a wide 
range of different environments; for example, they can crystallize 
from igneous magmas or hydrothermal solutions, or via the re- 
crystallization of preexisting minerals during metamorphism. The 
specific environment determines the types of gem minerals that 
form, as well as their physical and chemical properties. Field studies 
of colored gem deposits provide the basis for the scientific under- 
standing of natural gemstone formation and, in turn, the basis for 
criteria for gem identification. 

Gem deposits are of scientific interest because they represent 
unusual geologic and geochemical conditions; for example, 
emeralds are rare because they require beryllium and chromium 
(and/or vanadium), which generally travel in very different geo- 
chemical circles. Scientists study gem deposits by collecting rock 
and mineral samples in the field, mapping geological formations 
and structures, documenting the environment in which the gems 
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quantitative absorption and reconstructed absorption spectra. 

This technology has the potential to ensure very close to ob- 
jective color estimation for near-colorless and fancy-color polished 
diamonds. The reconstructed spectrum resolution can be en- 
hanced to 10-15 nm in future devices. 


occur, and examining the collected samples back in the labora- 
tory. Such examination yields information on the chemical, tem- 
perature, and pressure conditions of gem formation, the 
associated minerals (often found as distinctive inclusions in the 
gems themselves), and the age of the deposit. Determining the 
origin of a gem deposit usually requires a small amount of very 
specific data. The results are published in publicly available peer- 
reviewed publications. Such field studies provide clues that can 
be used to explore for similar types of gem deposits. Challenges 
include the remoteness of locations that have not been previously 
studied by geologists, the small size of deposits that precludes 
study by large mining companies, and the rarity of the gems 
themselves. 

There is much left to do in gem deposit research. For example, 
despite its growing popularity as a gemstone, there are few studies 
of gem spinel deposits, especially cobalt-blue spinel (figure 1), for 
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which only one deposit has been studied. To date we know little 
about what factors control spinel genesis and color. 

Recently there has been another reason to study gem deposits: 
gem fingerprinting, in which modern methods are used to obtain 
characteristic information. This information is then compared to 
information obtained from stones from known localities to esti- 
mate where a stone with no locality information originated. 

Modern fingerprinting methods analyze the chemistry of the 
stones (using electron probe microanalysis, isotopic analysis, laser 
ablation—inductively coupled plasma—mass spectrometry) and/or 
their solid and fluid inclusions. We know that the chemistry of the 
stones must reflect the chemistry of the host rock environment; 
for example, the chromophore in emerald from Lened in Canada 
is vanadium, and not the typical chromium, because there are no 
chromium-bearing rocks in the area. With respect to solid inclu- 
sions, rubies from Aappaluttog in Greenland have phlogopite 
mica inclusions because they recrystallized in a rock at pressures 
and temperatures where phlogopite is the stable potassium-bearing 
phase. An example of diagnostic fluid inclusions is the three-phase 
variety seen in Colombian emeralds (and now also observed else- 
where). New is the use of ICP-MS on fluid inclusions to define 
part of the fluid assemblage from which the stones were formed; 
this tells us about the environment of formation, but also may as- 
sist in defining a fingerprint for the stone. 

Where scientific studies require only very specific data, the 
more data available from stones of known origin, and the more 
representative those stones are of the full range of compositions 


Figure 1. Cobalt-blue gem spinel from Baffin Island, Nunavut, 
Canada. Photo by Lee Groat. 


and inclusions found in a specific deposit or country of origin, the 
more accurate the estimation should be. Unfortunately, these data 
are generally not made public, so every lab doing fingerprinting is 
essentially working independently, and there is no way to know 
how accurate their data and the resulting country- or deposit-of- 
origin estimates are. We also note that a serious problem in origin 
determination is that some of the best gemstones will be lacking 
diagnostic inclusions altogether, which then restricts the tools and 
observations can be used. 


Gem Pegmatites of Ukraine, Russia, Afghanistan, and Pakistan: 
An Update on Recent World-Class Finds 


Peter Lyckberg 
National Museum of Natural History, Luxembourg 


Soviet-era exploration and mining of some 1,900 chamber peg- 
matites on the western endo-contact of the 1.7 Ga Korosten Plu- 
ton in Ukraine for piezo quartz left an underground mine with 
110 km tunnels reached by six shafts. Since 1995, increasingly in- 
tensified study of old pockets and documentation by Vsevolod 
Chournousenko, chief geologist of Volhyn Kvarts (Quartz) 
Samotsvety Company, has revealed new targets. Work on these 
targets has produced gem-quality beryl and topaz, the latter in 
record-size crystals up to 230 and 325 kg. Topaz occurred in 
around 10% of mined pockets. 

For the first time in the history of the huge deposit, the “Peter’s 
Dream Pocket” was found and exploited from January 2013 
through January 2014. It contained bicolor topaz still iz situ growing 
on cleavelandite, associated with zinnwaldite and smoky quartz. The 
largest topaz, at 325 kg, was named dedushka (grandfather). The 
Skorkina pocket in the mine was also called “Vsevolod’s Pocket” after 


278 — SIXTH INTERNATIONAL GEMOLOGICAL SYMPOSIUM 


the extraordinary chief geologist who found the topaz mineraliza- 
tion, which yielded a record amount of gem topaz crystals. These 
came from a depth of 6 to 15 m under the floor, where previous So- 
viet quartz mining efforts had missed them. The largest of these, the 
cognac-colored “Sergei” (named after the mine owner), weighs 230 
kg and is the largest of its kind. Gem-quality bicolor topaz in large 
sizes, found particularly in shaft 3 and in open pits in the south and 
north end of the pegmatite field, is unique to this mine. Extraordi- 
nary heliodor crystals were mined in Soviet times, and a smaller 
quantity mined later yielded faceted stones up to 2,500 ct. A recently 
mined deep cognac-colored cut topaz weighed 9,000 ct. Natural 
blue and bicolor topaz (figure 1) have been cut to unique stones, 
also of large sizes. The color spectrum of topaz and beryl from these 
pegmatites is amazing, 

Lyckberg et al. (2009) noted that gem beryl occurs in only 2% 
of the approximately 1,900 chamber pegmatites that were mined. 
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Pegmatite 521 at 90 m depth, accessed from shaft 2, produced over 
two tons of gem beryl. Over one ton was exploited in 1982 and in 
1992, over the course of five days, five miners excavated 900 kg ina 
green clay zone. Ninety percent of these specimens were of gem qual- 
ity. In the same pegmatite, a second pocket produced 100 tons of 
quartz in the 1980s. During the spring of 2018, exploration of this 
pocket yielded a giant quartz crystal measuring 1.5 m in diameter. 
The pocket was found to also contain topaz pseudomorphs. 

In neighboring Russia, gem aquamarine was produced in 2017 
at Sherlova Mountain and sold to China, while in the Ural Moun- 
tains only small quantities for collectors were found. Here the last 
Russian underground gem pegmatite mine, the Kazionnitsa, closed 
in 1993. In the Malkhansk Mountains, tourmaline-rich lithium peg- 
matites with quality rubellite crystals were recovered during 2012- 
2018 at the Sosedka pegmatite. They were a deep red to purplish 
red color in crystals up to 35 cm in matrix, while gem-quality spec- 
imens measured up to 10-15 cm. Many of these crystals are remi- 
niscent of the rubellite from the Jonas mine in Brazil, although the 
cranberry red color is not quite as intense. Several other pegmatite 
veins started to produce again, primarily green tourmaline. 

The Hindu Kush pegmatites of Afghanistan discovered at Kala 
and Paprok villages in 1959 and 1969 have again yielded large quan- 
tities of gem tourmaline in a rainbow of colors. The huge Mawi and 
Kanakana pegmatites both produced large quantities of gem kun- 
zite, gem indicolite, and rare morganites. Gem-quality pollucite and 
other rare species such as manganotantalite were found at Paprok 
and in the Pech Valley. Kanakana and several other pegmatites pro- 
duced large morganites with aquamarine cores in crystals up to 25 
cm in diameter growing on lepidolite and cleavelandite. The peg- 
matite field of Waygal produced perhaps the finest single 7 kg kun- 
zite crystal of any find, a flawless 55 cm twinned deep purple crystal 
with blue 10 cm termination ina pocket with 10 kg other gem-qual- 
ity crystals. 

The Karakorum Mountains of Pakistan have continued to pro- 
duce large quantities ofaquamarine and champagne-colored topaz. 
Please note that beryl and topaz in these very young 4 to 12 Ma peg- 
matites have not yet been exposed to radiation from K40 in the 
feldspars or from U/Th-containing minerals during this short time 
span. Thus, deeply colored yellow heliodor, blue topaz, and deep or- 
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Figure 1. This naturally bicolor topaz, measuring 15 cm across, has 


eye-visible white fluorite inclusions. It was mined from pegmatite 
253 (open pit) in 2017. Photo by Albert Russ, courtesy of Volhyn 
Kvarts (Quartz) Samotsvety Company. 


ange topaz are not to be expected here, simply because they have not 
had achance to attain those colors (Unpublished data by the author, 
1997). Those colors are typical for pegmatites one or two magni- 
tudes older. 

Gem-quality rare species mined include large colorless to light 
lilac gem pollucite (10-40 cm), amblygonite, manganotantalite, var- 
ious microlites, triplite, green hydroxylherderite, beryllonite in cog- 
wheel crystals up to 35 cm, and vayrynenite in orange-red gem 
crystals up to 22 cm long. The area around Shengus and Bulochi, 
by the Indus River between Nanga Parbat and Haramosh Peak, is 
the main producer of the rarer species. Since 1985, known hy- 
drothermal mica-lined fissures at Chumar Bakhoor (Unpublished 
data by the author, 1988; Lyckberg et al., 2013) have been a major 
source of matrix aquamarine specimens, large crystals for carvings, 
and much cabochon and bead material, as well as large pink and 
green gem-quality fluorite, some of which have been faceted. 


matites of the Hindukush-Karakorum mountain ranges. Some observations 
on formation, inner structures, rare and gem crystals in these oldest and 
youngest pocket carrying gem pegmatites on Earth. In Contributions to the 
6th International Symposium on Granitic Pegmatites, pp. 81-83, 
http://pegmatology.uno.edu/news_files/PEG2013_Abstract_Volume.pdf 
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A Multidisciplinary Approach Toward Examining the 


Sources of Emeralds 


Raquel Alonso-Perez', Adriana Heimann-Rios?, James M.D. Day’, Daniel X. Gray?, Antonio Lanzirotti*, 


Darby D. Dyar®, and J.C. “Hanco” Zwaan® 

'Harvard University, Cambridge, Massachusetts 

“East Carolina University, Greenville, North Carolina 
°Scripps Institution of Oceanography, La Jolla, California 
“The University of Chicago, Argonne, Illinois 

’Mount Holyoke College, South Hadley, Massachusetts 


6Naturalis Biodiversity Center (National Museum of Natural History), Leiden, The Netherlands 


Modern analytical capabilities now allow the combination of non- 
destructive geochemical and structural studies of emeralds, in addi- 
tion to detailed studies of their inclusions, to enhance our knowledge 
of their genesis. Here we present a combination of (1) X-ray absorp- 
tion near-edge structure (XANES), to determine local coordination 
environment and oxidation state of the main emerald chromophores 
Fe, V, and Cr; (2) Raman spectroscopy, with special emphasis on 
the correlation between H,O molecules and alkali site occupancy; 
and (3) inductively coupled plasma—mass spectrometry (solution- 
ICP-MS) to examine the role of major, minor, and trace elements 
during emerald formation. Our aim is to develop a systematic ap- 
proach to characterizing emeralds by identifying key geochemical 
and structural features that enable provenance and geological origin 
of emerald deposits to be determined. 

In this study, we analyzed 31 emeralds from the Mineralogical 
& Geological Museum, Harvard University. Preliminary 
XANES results indicate that chromium is present as Cr**, al- 
though crystal orientation dependence and beryl crystal struc- 
tural behaviors need to be assessed in detail. Raman spectroscopy 
results of the OH-stretching vibrations at higher frequencies 
(3500-3700 cm), corresponding to H,O type I and type I, re- 


spectively, display an orientation dependence. For a given orien- 


1000 


tation, there is an increase in intensity of the OH-stretching vi- 
bration, and therefore H,O concentration, from Colombian to 
Zambian emeralds. A strong correlation of peak shape and posi- 
tion of the OH-stretching vibration with three major geochem- 
ical indices is also observed. Vanadium concentrations correlate 
positively with Ge, Rb, Cs, and Lu, and they can be used to dis- 
tinguish three emerald groups based on their geochemistry: (1) 
Colombia; (2) South Africa, Nigeria, and Egypt; and (3) Brazil, 
Madagascar, and Zambia. Whereas a smooth transition occurs 
from group 2 to group 3, group 1 Colombian emeralds are highly 
distinctive. The distinctiveness of Colombian emerald indicates 
the potential for using trace-element abundances to examine ge- 
ological formation (see figure 1). For example, ratios such as 
Ga/Rb versus Hf/Ta are also characteristic of each different emer- 
ald formation. The combination of XANES, Raman spec- 
troscopy, and ICP-MS studies offers significant utility for not 
only refining the crystal structure of emeralds but also defining 
markers for different sources. 
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The Proof of Provenance 


Klemens Link 
Gubelin Gem Lab, Lucerne, Switzerland 


Consumers now demand more transparency on the provenance of 
the goods and services they purchase, an expectation that also applies 
to luxury products such as gemstones. Yet the gemstone trade has a 
reputation of being opaque. The Giibelin Gem Lab has kicked off 
a long-term initiative dedicated to closing this gap. Under the label 
Provenance Proof, technologies are developed that allow gemstones 
to be traced back to specific mines in order to provide more trans- 
parency throughout the chain of custody. The Provenance Proof 
initiative is independent of the traditional lab work, and all tech- 
nologies are made available to the entire industry. 

The first technology developed under the Provenance Proof 
initiative is referred to as the Emerald Paternity Test. The Giibelin 
Gem Lab has developed a physical tracer using nanolabels to suit 
the needs of the gemstone industry. These nanolabels are based 
on DNA fragments encapsulated in silica; with a diameter of 100 
nm, they are invisible even to the most powerful optical micro- 


scope. The identity of the mine and the miner, the exact location, 
the time period, and possibly further information are encoded into 
the DNA. The use of such labels allows the miner to tap the full 
potential of storytelling about specific provenance, including the 
possibility of independent proof of this source. 

The nanotracers allow the tracing ofa gemstone from the end 
consumer back to the original mine. Nevertheless, the other steps 
along the value chain remain nontransparent. To shed light on the 
entire value chain, we developed a digital logbook that allows the 
user to document all steps and transactions linked to a particular 
gemstone on its way from the mine to the end consumer. The 
backbone of this logbook is a hyperledger-based, community- 
controlled blockchain that is open to the entire industry and ac- 
cessible with a smartphone. All data is securely encrypted and 
decentralized and only available to the holder or custodian of a 
specific gemstone. 


General Gemology and Jewelry 
Gemstones and Sustainable Livelihoods: From Mines to Markets &® 


Saleem H. Ali 


Gemstones and Sustainable Development Knowledge Hub, University of Delaware, Newark 


Colored gemstone supply chains are highly fragmented. The large 
variety of gemstones found in the trade, each with different mining 
and manufacturing issues and production cycles, adds to this com- 
plexity. Yet this fragmentation also creates opportunities for diffuse 
positive impacts in livelihood formation across the supply chain. 
Gemstones are predominantly mined through artisanal and small- 
scale mining (ASM) operations, and many of those who mine the 
stones remain in poverty. Furthermore, the mining is often under- 
taken without any mechanism for environmental remediation that 
can sustain livelihoods beyond the mining phase. In a sector that 
ranges over 50 producing countries, with a multitude of cultures, 
environments, and minerals, much research remains to be done 
on how sustainability can be improved and catalyzed between 
mines and markets. The benefits that could flow from the sale and 
beneficiation of colored gemstones remain elusive and often ac- 
crue in favor of corrupt interests that could also exacerbate security 
concerns in fragile states. This sector is a neglected area for research 
and training and has also largely eluded international mechanisms 
for accountability such as the United Nations—mandated Kim- 
berley Process for diamonds. 
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The gemstone industry can play a vital role in sustaining liveli- 
hoods and national economies following the cessation of mining. 
Thailand, formerly a gemstone mining nation, has succeeded in 
transforming its industrial sector to become the major interna- 
tional hub for the processing (treatment, cutting, and polishing) 
and trading of gemstones within a few decades. Thailand had a 
long tradition in gemstone manufacturing and has successfully 
moved up the gemstone supply chain. The country has achieved 
this transformation by transmitting know-how, fostering innova- 
tion in gemstone refinement, and embodying proactive gover- 
nance structures. Case lessons like these must be understood and 
adapted to other geographies as far as realistically possible. The 
beneficiation of gemstones in their country of origin is a great chal- 
lenge facing countries across the globe, but especially in Africa. 
Despite the value and the beauty of the stones, those who mine 
them and those in the first steps of the value chain often live in 
poverty. There are encouraging developments—for example, Tan- 
zania has successfully created a gemstone cutting and jewelry-mak- 
ing hub, and the Ethiopian opal sector has had some promising 
developments in cutting and polishing. 
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Thus, from mines to markets, colored gemstones provide im- 
portant opportunities for contributing to development and thereby 
improving the brand and value of the sector for consumers. How- 
ever, an integrated mechanism for linking business imperatives with 
social development dimensions of the sector is essential. This pres- 


entation will summarize some of the key research lessons gleaned 
through the Gemstones and Sustainable Development Knowledge 
Hub established in 2017 and the nascent educational program that 
is being developed through a network of international university 
partners on “Minerals, Materials and Society.” 


Challenges of a Twenty-First Century Gem Trader 


Edward Boehm 
RareSource, Chattanooga, Tennessee 


The gem trade looks much different than it did at the end of the last 
century. Previously the focus was on disclosure of synthetics and 
treatments, but in the last two decades it has evolved to include 
greater concern for sustainability, environmental conservation, and 
transparency in ethical sourcing. Country of origin has always played 
an important role in high-end gems, and this trend continues today, 
but the added element of traceability is changing the impact and im- 
portance of third-party verification. The country-of-origin pedigree 
associated with fine-quality gems from sources such as Myanmar 
(figure 1) and Kashmir has historically translated into desirability 


and higher value. However, today’s concerned consumer views a 


Figure 1..A gem miner holds a traditional brass plate of corundum, 


spinel, and peridot rough and crystals from Mogok, Myanmar. 
Photo by Edward Boehm. 
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country mired in sociopolitical conflict, war, genocide, or terrorism 
as an undesirable source, potentially leading to boycott by not only 
consumers but also NGOs and large or publicly traded jewelry com- 
panies. These challenges, while daunting, should also be viewed as 
opportunities for the entire gem trade. 

Reputable gem dealers focus on finding quality gems sourced 
from reliable producers while competing for the best prices. Eth- 
ical sourcing is a main focus for many dealers, but recent sustain- 
ability and transparency requirements from larger retail chains are 
adding layers of responsibility that gem traders and gem trade or- 
ganizations are working diligently to address. The American Gem 
Trade Association (AGTA), the International Colored Gemstone 
Association (ICA), and the World Jewellery Confederation 
(CIBJO) have been leaders in clear communication and disclosure 
to the consumer. Despite the demands of additional transparency, 
they face these challenges as opportunities to differentiate them- 
selves by addressing the issues with positive and active policies. 
Membership in one of these organizations focused on ethical 
sourcing provides trade professionals with identifiable goals and 
guidelines to adhere to. 

Modern tools to help gem traders adapt to these principles are 
becoming more available as demand increases. Professionals no 
longer have to rely only on their own gemological knowledge and 
contacts. Laboratory reports and now nanotechnology and 
blockchain tracking all provide potential third-party options for 
identifying and tracing the flow of gem material. Gemological lab- 
oratory reports and recent technological breakthroughs provide 
avenues for addressing some of the issues facing the trade, but they 
are not foolproof panaceas for the issues at hand. It will also take 
active good faith initiatives that involve the entire supply chain, 
from miners to retailers. As these technologies evolve and others 
are discovered, the trade will have even more ways to provide ac- 
curate information and confidence to consumers. 
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San Diego Gemstones and Gem Localities 


William Larson 
Pala International, Fallbrook, California 


For over 125 years, San Diego County has produced famous gem- 
stone treasures. This talk will explore the history and famous lo- 
calities from the original finds of the nineteenth century, as well 
as the connection to Chinese Empress Dowager Cixi (1835- 
1908). Her enthusiasm for San Diego gems led to an estimated 90 
tons of tourmaline shipped to China before 1910 and the “type” 
locality finds of kunzite (figure 1) and morganite. 

Of special interest, this presentation will detail the revival of 
San Diego gem mining starting in the 1950s and continuing to 
this day by looking at the three most important districts: Ramona 
for spessartine garnet and topaz; Mesa Grande for tourmaline; 
and Pala for tourmaline, morganite, and kunzite. 

The author has been directly involved with 16 gem mining 
projects in San Diego County since the 1960s and has locally 
mined 36,000 feet of underground tunnel, resulting in many suc- 
cessful finds. The talk will also delve into current and future chal- 
lenges for gem mining in San Diego County and elsewhere, 
including high mining costs—involving governmental, environ- 
mental, and safety regulations—and land-use restrictions. Possible 
bright spots for future gem mining localities include geophysical 
exploration techniques and underground radar, new mining tech- 
niques, and advances in explosives. 


GIA’s Field Gemology Program: 


Figure 1. This 40.34 ct pink-lavender kunzite is from Pala, Califor- 
nia. Photo by Mia Dixon/Pala International. 


aa 


A Modern Approach to Origin Determination 


Wim Vertriest 
GIA, Bangkok 


Nowadays, origin determination is an undeniable part of gemol- 
ogy. For many high-end colored gemstones, country of origin is 
considered an important aspect that can significantly influence 
price. GIA realized early on that delivering trustworthy scientific 
studies on gemstone origin is a complex affair. It requires advanced 
technology, well-trained scientists, years of experience, and above 
all dependable reference samples. 

Since the establishment of its field gemology department in 
2008, GIA has built and maintained a reliable reference collec- 
tion. The best way to collect samples is to cut out all interme- 
diaries, thus removing any misinformation, and visit the mining 
areas in person to collect gemstones at the source, or as close to 
itas possible. GIA gemologists have observed and documented 
many of the most important ruby, sapphire, and emerald mining 
areas over the last decade (figure 1). Over 90 expeditions, over 
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20,000 reference samples—more than one million carats—have 
been collected. 

The samples collected are integrated into GIA’s colored stone 
reference collection. Each sample is accompanied by information 
detailing its sourcing, such as collection date, gem species, known 
treatment, previous owner details, GPS coordinates of mining 
and/or buying locations, and purchase price. All the data is subse- 
quently available in an internal database that is accessible to GIA 
gemologists globally. When data (eg, inclusion photos, trace ele- 
ment chemistry, and spectra) are collected on the samples, they are 
added to the database. This becomes an important resource to GIA 
colored stone gemologists in every location. In a video on scientific 
research collections, Sir David Attenborough noted: 


a research library associated with collections is almost of greater im- 
portance than the objects themselves. Unless you know where it came 
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from exactly, and when it came from exactly, you are missing a lot of 
very, very important information. That information can not only 
come from the object itself, but from the circumstances, documen- 
tation, that should accompany every scientifically collected specimen. 
(“Sir David Attenborough on Museum Collections - 360? American 
Museum of Natural History, posted August 31, 2017) 


While in the field, GIA team members also document the 
local situation. This covers mining techniques, trading activity, 
traditional jewelry making, gemstone history, and local gem cut- 
ting. Videos, photos, and interviews are then used to create arti- 
cles and supplement course content for GIA’s educational 
programs. In this way, the information gathered during field ex- 
peditions becomes an invaluable resource to multiple depart- 
ments within GIA and serves as a historical record of gem mining 
sites around the globe. 


Figure 1. Greenland ruby samples in matrix collected for GIA’ field 
gemology program. Photo by Wim Vertriest. 


Closing the Knowledge Gap Across the Supply Chain: 
A Case Study of GIA and Pact’s Field Collaboration in Tanzania 


Cristina Villegas 
Mines to Markets Program, Pact, Washington, DC 


For years, field gemologists and international development experts 
across disciplines have noted that colored stone supply chains are 
lopsided in terms of stakeholder knowledge about stone types, 
quality and grading, handling know-how, and what happens after 
the stone leaves the mine and its journey begins in the global jew- 
elry supply chain. Those who mine the stones—typically at great 
personal risk—are usually the most likely to know the least about 
them. One stone can change a life if it is of especially high quality, 
while others may be “tourist grade” (local parlance for lower-value 
stones). Many artisanal and small-scale miners (ASM) simply do 
not realize the difference. 

In 2017, the Gemological Institute of America and Pact, an 
international nonprofit social development organization with a 
specialty in developing and delivering ASM economic and social 
programs, joined forces to test a simple idea: Can a simple guide- 
book make a difference, and how? 

The project, originally conceived by GIA distinguished re- 
search fellow Dr. James Shigley, is part of the Institute’s mission- 
driven effort to share information and skills throughout the gem 


Figure 1. Miriam S. Mshana, an artisanal sapphire miner, is chair- 
woman of the Tanga chapter of the Tanzanian Women Miners Associa- 
tion (TAWOMA), a field partner that facilitated access to the remote 
mining sites. TAWOMA comprises more than 3,000 women working 
across the mining sector producing gold, colored gemstones, diamonds, 
and industrial materials. The Tanga chapter alone has 600 members. 
Photo by Cristina Villegas. 
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and jewelry industry supply chain and with the public. An area in 
‘Tanzania’ Umba Valley was identified, and the program rolled out 
in 2017 with the Tanga chapter of the Tanzania Women Miners 
Association (TAWOMA,; figure 1). The results were fascinating 
and validated the need for the guidebook. Of particular note: For 
every $1 the project invested in artisanal and small-scale miners, 
there was a $12 social return on the investment. Both male and fe- 
male miners commented that they believe these changes they have 
experienced will last for more than five years. 

This presentation will focus on how the project was imple- 
mented, monitored, and measured, and will engage the audience 
to help identify answers to these questions: 


New Technologies and Techniques 
Synthetic CVD Diamond—30 Years On 


Daniel J. Twitchen 


e How can the gemological research sector, and other 
parts of the jewelry supply chain, help advance local eco- 
nomic and social development agendas in sub-Saharan 
Africa? 


e What other knowledge could be imparted in a context of 
low literacy? Are there other ways that learning programs 
could be structured to maximize impact in a given 
province? In other words, how can we improve in the fu- 
ture and also inspire others to act? 


In reporting on her June 2018 trip to the region, the author 
will provide an update on the 2017 project participants. 


® 


Element Six, Global Innovation Centre, Harwell, Oxford, United Kingdom 


Element Six first started its chemical vapor deposition (CVD) syn- 
thetic diamond program in 1988. Thirty years on, this talk will 
review notable high and low points, flagging some lessons learned. 

Volume synthesis of diamond by CVD (figure 1) has not only 
contributed to reducing the cost of the material but also enabled 
the superlative properties of diamond to be more fully utilized. It 
has long been recognized that, aside from its extreme hardness, 
diamond is a remarkable material with many properties—optical, 
thermal, electrochemical, chemical, and electronic—that outclass 
competing materials. When combined, these properties offer the 
designer an engineering material with tremendous potential to cre- 
ate solutions that can shift performance to new levels or enable 
completely new approaches to challenging problems. 

Components routinely fabricated using CVD synthetic dia- 
mond now span tweeters for loudspeakers, radiation detectors and 
sensors, optical components for lasers, windows for radio fre- 
quency and microwave transmission, blades and cutting tools, and 
electrodes for electrochemical sensing, ozone generation, and di- 
rect oxidation of organic matter. 

Lightbox, a new De Beers company, has recently announced 
jewelry using white, blue, and pink lab-grown CVD diamonds. 
As crystal growers and materials scientists know, intrinsic undoped 
diamond is colorless in the visible range, but its absorption prop- 
erties can be modified by defects, often referred to as “color cen- 
ters,’ formed either during the CVD growth process or through 
post-growth treatments such as irradiation and annealing. This 
presentation briefly summarizes some of the tools used to engineer 
CVD diamond. For example, controlling the nitrogen level (yel- 
low CVD) to obtain particular thermal and optical properties, 
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Figure 1. Single-crystal CVD diamond. Courtesy of Element Six. 
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doping with boron (blue) to make electrically conducting dia- 
mond used to produce ozone for sanitization and for thermal 
management in telecommunications, and growing in nitrogen-va- 
cancy centers (pink) to make magnetic sensors. 

The diverse applications of diamond that harness its excep- 
tional properties and the impact of color centers touch our lives 
in unexpected ways: Diamond is used to create the high-quality 
mirror finish on your smartphone and to produce the 170 miles 
of copper wiring in the aircraft that takes you on vacation, and it 


is also enables new higher-power lasers used in welding our cars 
together. It is even used in the quality control of food and in phar- 
maceutical manufacturing. 

In summary, there has been considerable progress in the fab- 
rication and commercialization of CVD-grown diamond over the 
last 10 years by a number of producers. This progress, coupled with 
the broad range of applications, shows that perhaps a new age of 
industrial diamond has truly begun—the age of CVD synthetic 


diamond. 


Beyond Gemstones: The Medical, Industrial, Scientific, and 
Computational Applications of Lab Diamonds 


Jason Payne 
Ada Diamonds, San Francisco 


Many gemologists know that there are important technological 
applications for laboratory-grown diamonds; however, it is less un- 
derstood how broad the nongemological uses really are or why di- 
amond is the ideal material for each use. This presentation will 
review modern industrial applications of laboratory-grown dia- 
monds, including surgical tools, tumor detection, orthopedic im- 
plants, water purification, industrial tooling, compound refractive 
energy focusing, Fresnel lenses, high-pressure anvils (figure 1), 
sound reproduction, deep space communication, high-power elec- 
tronics, quantum computing, long-term data storage, AC/DC 
conversion, and electrical vehicle efficiency. 

These applications are rooted in the less frequently discussed 
gemological properties of diamonds that make it a “supermaterial.” 
The biological, thermal, mechanical, optical, acoustic, and elec- 
trochemical properties of diamond will be introduced. Specific 
properties discussed will include thermal conductivity, Young’s 
modulus, breakdown field, band gap, and saturated electron drift 
velocity. Furthermore, the utility of diamond defects such as ni- 
trogen vacancies and boron will be explored. 

In addition to discussions about functional monocrystal dia- 
monds, two unnatural forms of functional diamond will be dis- 
cussed: polycrystalline diamond (PCD) and diamond-like carbon 
(DLC). Many of the functional diamonds discussed, including 
PCD and DLC, will be available for hands-on examination as part 
of the presentation. 
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Figure 1. Laboratory-grown diamond anvils, capable of generating 
1 terapascal of pressure, enable high-pressure experiments for 
physics, chemistry, materials science, and industry. Photo courtesy of 
New Diamond Technology. 
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Big-Data Analysis and Insights in the Online Gem and Jewelry Trade 


Menahem Sevdermish and Guy Borenstein 
Gemewizard, Ramat Gan, Israel 


Big-data analytics is the process of collecting, organizing, and ana- 
lyzing large volumes of data to reveal hidden patterns and unfamil- 
iar correlations, identify market trends, and extract other useful 
information that might otherwise be invisible—even for the data 
manager. 

Big-data analytics is seldom used within the gem and jewelry 
trade. The gem and jewelry sector is kept with general fixed in- 
quiries that block the category from characterizing its inventory 
and users, and by that, identifying new opportunities. 

Another challenge is that in most online marketplaces, the 
“What You See Is What You Get” experience is hindered by two 
main factors: improper disclosure and misrepresentation of images 
(eg., digitally enhanced photos). 

The research and development team of Gemewizard has de- 
vised and digitized a fully automatic big-data analysis system for 
large-scale gem and jewelry marketplaces, based on color and con- 
textual search engine and image analysis (figure 1). This system 
generates unique market analytics and a fraud detection and pre- 
vention service. 

Since 2016, the Gemewizard team has had the opportunity 
to examine the validity of the system using vast amounts of data 
from a world-leading online retail marketplace. The information 
gathered from this survey, together with additional volumes of in- 
formation collected from the Internet, provided some important 
insights regarding the online gem and jewelry trade. Some of these 
insights, which we consider fruitful and eye-opening for any mar- 
ketplace or e-tailer, will be revealed. 

The gem-related information contains insights regarding com- 
mon fraudulent activities and practices for 128 varieties, species, 
and series of merchandisable gems. The gathered data includes 
anomalies in attributes such as: 


e Gem type: Mineralogical, gemological, and trade names, 
as well as misnomers. Analysis includes accepted word 


combinations (e.g., “ruby” and “zoisite”) versus problematic 
ones (e.g. “diamond” and “moissanite”). 

e Color (eg,, “yellow emerald”) 

e Synthetic wording and nicknames (e.g,, “heating with light 
elements”) 

e Treatment wording, ranked and analyzed according to 
severity (e.g., “heating” versus “diffusion” in ruby) 


The trade-related information provides powerful forecasting 
tools for the marketplace administrator. These include sales and 
trends history, defined by attributes such as type, color, geography, 
seasonality, and price, and the ability to identify tendencies (eg., 
“Prices of untreated ruby gems between 2 and 3 carats are on the 
rise in Europe...”) and pricing opportunities (eg., “Currently, there 
is a high demand for pale-colored Paraiba tourmaline gems in Far 
East markets”). 


Figure 1. The system algorithm crawls the HTML pages of gem 
websites for big data. For each gem, it condenses the item page to its 
attribute components and records useful data. The collected data is 
then compared against the entire database to identify insights and 
peculiarities. 
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Diamond Impression: The Key to Sustainable Competitiveness 


Sergey Sivovolenko', Roman Serov’, and Janak Mistry? (presenter) 


'OctoNus Finland Oy, Tampere, Finland 
2OctoNus Software, Moscow 
3Lexus SoftMac, Surat, India 


People are impressed with the uniqueness of diamond, which in- 
corporates factors such as brilliance and fire. When the trade com- 
moditized the category through the Four Cs, it was partly due to 
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the technical inability to promote diamond's impressive optical ef- 
fects, including optical illusions. This common trade practice in- 
hibited diamond’s competitiveness against other goods in the 
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in which L x W x D could be determined 
and the product multiplied by the $.G.s of 
the various species being considered as pos- 
sible replacement stones. If amber, quartz, 
tourmaline, jadeite, or sapphire were con- 
sidered as replacement stones for this par- 
ticular mounting, a table similar to the one 
at bottom of page 192 could be set up. 

This formula lends itself nicely to solu- 
tion by graph or chart. It was set up so 
that the only step necessary was the multi- 
plication of the dimensions of the stone. 
Its weight may then be readily determined 
from the chart, depending upon the S.G. of 
the stone in question. An example of the 
solution of a problem using a chart rather 
than a formula follows: What is the carat 
weight of a quartz cabochon in which L = 
10 mm, W = 7 mm, D = 6 mm? We pro- 
ceed as follows: (See chart page 192.) 

Lx Wx D = 420. At 420 on the Lx W 
x D line (the horizontal line) of the chart 
erect a perpendicular line to a point which 
would correspond to 8.G. 2.65. This point 
will be 65/100 of the distance between S.G. 
2.0 and S.G. 3.0. At this point, draw a line 
parallel to the horizontal lines until it inter- 
sects the carat weight column on the left 
side of the chart. Read your answer at this 
point. This problem is solved graphically 
(see dotted line) on the printed chart and 
the correct answer is 2.90 carats. 

A modification of this chart would be one 
in which S.G. lines of particular species 
were placed in one chart rather than S.G.s 
1.0, 2.0, 3.0, 4.0, and 5.0. For example, a 
chart could be made showing S.G. lines for 
(2.65), tourmaline (3.06), topaz 
(3.53), and corundum (4.0). Such a chart 
would speed the solution of the problem 
and eliminate errors in interpolation. The 
user could design a chart for those species 


quartz 


in which he was particularly interested. 


DERIVATION OF THE FORMULA 

For gemologists interested in the manner 
in which this formula was worked out, the 
derivation is as follows: 


Since a cabochon has the symmetry of a portion 
of an ellipsoid, the volume of a cabochon should 


LOW CABOCHON 


FI6. 1 


be equal to the volume of a section of an 
ellipsoid. 
Where a, b, and c are the lengths of semtaxis, 


the volume of an ellipsoid is expressed as: Vol- 


ume 3 In terms of our equation, 
L Ww D 
a —; b = —; and ¢c = —. Substitution 
2 2 
Volume (ellipsoid) 447 L W D g@@LlLWD 
x x— = 
2 2 2 6 


If a cabochon ts considered an ellipsoid sawed 
through the’center, L and W remain the same, 
but D becomes one half of the ellipsoid depth. 
Thus, the volume of each cabochon would be 
one half that of the ellipsoid. 


(aa 


A 8 


MEDIUM CABOCHON 


FIG.2 


In solving the problem by the above formula, 
the answer will be in terms of cubic millimeters. 
For our purpose, the formula should give us an 
answer in terms of weight rather than a space 
measurement of volume. Therefore, the formula 
must be adjusted so that the answer will be in 
carat weight instead of cubic millimeters. 

By definition: 1 carat == 1/5 gram => 200 milli- 
grams. Assume that the material comprising the 
cabochon is water (S.G. = 1.0). Since 1 cubic 
centimeter of water weighs 1 gram, then: 1 cubic 


centimeter >»: 1000 cubic millimeters == 1 gram 

= 1000 milligrams :*= 5 carats or: 1 cubic milli- 
1 

meter = 1 milligram — - carats, or: 1 cubic 
H 200 


millimeter == .- ---— carats. 
200 ; 
Our formula then must be modified by multi- 
plying by 1. C (when S.G. = 1) = a L WD 
200 6 
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luxury sector. But from now on, emerging technology will allow 
demonstration of diamond’s magic ona large scale with fine details. 

Modern algorithmic craftsmanship creates the category of 
high-vibrancy diamonds, referred to here as Hi-Vi: exceptional 
diamonds with superior consumer benefits such as brilliance, 
fire, table color, symmetry, and spread, compared to others of 
the same shape, size, and pavilion color. The triple excellent 
round, which took centuries for the industry to craft, was the 
first Hi-Vi diamond. 

Diamond vibrancy is a combination of optical effects and il- 
lusions. For example, brilliance, fire, scintillation, and spread de- 
pend on both objective parameters such as cut design and stone 
size, as well as subjective aspects of human vision, such as space- 
temporal sensitivity and stereo perception. Figure 1A demon- 
strates the scintillating grid illusion: The intersections seem to 
flicker white and black, generating additional brightness and con- 
trast when the observer’s glance wanders. Distortion of pattern 
ruins this effect (figure 1B). Certain patterns produce higher per- 
ceived brightness. This example is a 2D effect; more astonishing 
optical illusions result from human stereo vision. 

The phenomenon of diamond brilliance has a similar ori- 
gin—human vision peculiarity—as the scintillating grid illusion 


Figure 1. A scintillation grid 
(A), a scintillation grid with a 
wavy pattern (B), and squares 
covered by round brilliant-cut 
diamonds in different sizes (C). 


described above. The impact of optical illusions on both Hi-Vi 
diamond patterns and jewelry designs (e.g., melee) are to be 
considered, so Hi-Vi optimization is made for not just single 
diamond cuts, but also for each diamond jewelry piece as a 
whole. 

Figure 1C shows squares with round brilliant-cut (RBC) pat- 
terns that differ only in size. The integral colored and colorless 
areas are exactly the same, while the perceptions of fire and bril- 
liance in each image are quite different. It is impossible to maxi- 
mize two performance parameters (both fire and brilliance, for 
example) simultaneously. The consumer’s final choice should be 
based on subjective preferences and rely on performance bench- 
marks. 

Hi-Vi diamonds should be demonstrated with an optical 
performance digital “loupe? which allows even inexperienced 
buyers to easily appreciate the performance difference at the 
highest levels of brilliance, fire, and scintillation. The “loupe” is 
critically important for mass marketing of relatively small dia- 
monds. For sustainable market development, diamond impres- 
siveness and vibrancy born of masterly designed optical illusions 
and visual effects is the selling proposition to craft, demonstrate, 
and explain. 


For online access to all issues of Gems & GEmo_Loey from 1934 to the present, visit: 
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Colored Stones and Pearls 


3D Reconstruction of the Internal Structures of Pearls 


Emiko Yazawa and Chunhui Zhou 
GIA, New York 


Pearl testing involves a variety of tools and techniques, most no- 
tably X-ray imaging. GIA applies both real-time X-ray microra- 
diography (RIX) and computed X-ray microtomography 
(u-CT) to reveal the internal structures of pearls and draw con- 
clusions on their identity. These images help gemologists deter- 
mine whether a pearl is natural, bead-cultured, non-bead cultured 
(NBC), and so forth. The identification of some pearls remains 
challenging for even the most well-equipped laboratories. Re- 
searchers sometimes find surprises hidden within—a piece of 
shell or some other interesting object that is difficult to visualize 


with two-dimensional images. 


Here, we present a range of interesting internal three-dimen- 
sional structures (figure 1), using specialized software and p-CT 
slice images for the reconstruction. These include unusual internal 
growth features such as bivalve and gastropod shells, foraminifera, 
flower-shaped bead nuclei, and plastic bead nuclei, as well as non- 
bead-cultured features such as voids and linear structures. This 
powerful research tool makes it possible to virtually explore, ma- 
nipulate, extract, and reconstruct specific areas inside a pearl for 
analysis. It also gives the operator the ability to enhance the existing 
u-CT data to view the details more clearly, thus revealing the fasci- 
nating world within pearls that gemologists routinely encounter. 


Figure 1. 3D reconstructions of 
the internal structures of two 
bead-cultured pearls with 
atypical nuclei. Left: A flower- 
shaped bead nucleus. Right: A 
small gastropod shell used as 


a nucleus. 


Atypical “Bead”-Cultured Pinctada Maxima Peatr|s 
Nucleated with Freshwater Non-Bead-Cultured Pearls 


Promlikit Kessrapong and Kwanreun Lawanwong 
GIA, Bangkok 


At present, most of the freshwater shell bead nuclei used in the 
cultured pearl industry originate from mussels from the Missis- 
sippi River in the United States. However, shell beads are not the 
only material used as nuclei in the culturing process. Cultured 
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freshwater pearls have also been used as nuclei to produce atypical 

bead-cultured (aBC) South Sea pearls (Scarratt et al., 2017). 
GIA researchers sourced several aBC samples from Orient Pearl 

Ltd. in Bangkok. Two samples were selected, one “golden” and one 
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white (figure 1), both showing an unmistakable saltwater appear- 
ance. Standard testing methods as well as macro photography, mi- 
croradiography, X-ray luminescence (Hanniet al., 2005; Kessrapong 
etal. 2017), Raman and photoluminescence (PL) spectroscopy and 
ultraviolet-visible spectrophotometry (UV-Vis) were applied to the 
samples prior to cutting them in half: After they were sawn, further 
data was collected through photomicrography, X-ray fluorescence 
(XRF) images, and laser ablation—inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) analysis. 

As expected, the results of the examination confirmed their 
aBC nature. While their appearance, baroque shapes, and white 
to strong yellow (golden) colors indicated they were typical salt- 
water Pinctada maxima pearls, their internal structures revealed 
clear boundaries where the outlines of freshwater NBC pearl nu- 
clei could be seen in the microradiographs. Raman, PL, and UV- 
Vis spectra for the golden sample indicated it formed within a R 
maxima mollusk. Also, in keeping with their freshwater NBC nu- 
clei structure, a weak to moderate fluorescence was observed, 
which would not be the case to such a degree if they were entirely 
saltwater in origin. The golden pearl showed a yellow-orange flu- 
orescence to X-ray luminescence, while the white sample exhibited 
a yellow-green reaction, similar to the result one would expect to 
see in cultured saltwater pearls incorporating freshwater mussel 
shell nuclei. 
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Figure 1. Photographs of the 
“golden” (left) and white 
(right) atypical bead-cultured 
pearls. Photos by Kwanreun 
Lawanwong. 


Examining the halves, we observed more detail: the demarca- 
tion between the two parts (nuclei and surrounding nacre over- 
growth), small void/linear features (proving the NBC origin of 
the nuclei), the different colors/structures between the saltwater 
and freshwater nacre components, and some other indications of 
their cultured origin (i¢., small voids within the demarcation 
zones). The X-ray luminescence reactions were similar to those 
seen in the whole samples, only more intense since the inner fresh- 
water nuclei were now directly exposed to the X-rays and not 
masked by the saltwater nacre that covered them prior to cutting. 
LA-ICP-MS analysis clearly revealed the nature of the outer salt- 
water layers and inner freshwater pearls, through significant dif 
ferences in the concentrations of Sr and Mn among other 
elements. The Mn levels in the center were higher while the Sr lev- 
els were lower compared to the overgrowth layers, where the op- 
posite was true, as expected in saltwater material. 

Although cutting the pearls in half was a nice way to reveal the 
features in more detail, it is worth noting that gemologists do not 
need to go to such extremes to prove the identities of such pearls 
in laboratory conditions. Standard testing methods permit the 
straightforward identification of aBC pearls. Cutting them in half 
is a useful exercise to carry out for scientific examination of their 
structures and to allow more detailed analysis that would not oth- 
erwise be possible. 


Scarratt K., Sturman N., Tawfeeq A., Bracher P., Bracher M., Homkrajae A., 
Manustrong A., Somsa-ard N., Zhou C. (2017) Atypical “beading” in the 
production of cultured pearls from Australian Pinctada maxima. GIA Re- 
search & News, Feb. 13, https://www.gia.edu/gia-news-research/atypical- 
beading-production-cultured-pearls-australian-pinctada-maxima 


Chinese Freshwater Cultured Pearl Industry at a Crossroads 


Qishen Zhou and Ren Lu 


Gemmological Institute, China University of Geosciences, Wuhan 


During the past 15 years, China has made tremendous progress in 
the quality and output of freshwater cultured pearls (see figure 1). 
Innovative technologies have facilitated a variety of colors and high- 
quality nacre within a shorter culturing cycle. Large-scale culturing 
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has boosted the annual output to a high of 2,200 tons, and China 
has become an undisputed freshwater pearl empire. 

However, the expanded production has been accompanied by 
considerable damage to the environment. With a more forceful im- 
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plementation of the Chinese government’s environmental policy, 
there have been many strict bans in the main producing areas of 
freshwater cultured pearls during the past three years. The pearl 
culturing area decreased from approximately 250 km? in 2005 to 
100 km?in 2016, and output has also dropped from a peak annual 
output of over 2,200 tons to less than 1,300 tons in 2017. Produc- 
tion is predicted to decline by about 50 percent in the next year or 
two. 
The number of Chinese lakes with Grade [V-V water quality 
(Grade IV water is used in general industrial and recreational water 
areas and Grade V water is employed in agricultural and general 
landscape water areas; see New York Water Quality Standards, 
2016) increased from 16.67% in 2000 to 58.5% in 2016. It is worth 
emphasizing that about 20% ofall lakes are still Grade V. At the same 
time, water eutrophication has become acommon phenomenon. It 
is caused by the discharge of excess nutrients (mainly nitrogen and 
phosphorus), resulting in abnormal reproduction and growth of var- 
ious aquatic organisms and plants. Since 2003, the proportion of 
eutrophic lakes and reservoirs in China has increased from 50% to 
an average of 77.93%, while the proportion of eutrophic reservoirs 
alone has nearly doubled from 15.05% to 28.8%. Among the lakes 
monitored by the government in 2013 and 2015, many of the eu- 
trophic lakes are also leading areas for pearl culturing. 

As a result of the Chinese government’ strict environmental 
regulations, the extensive feeding model with massive fertilization 
is no longer permitted. The government has carried out the forced 
demolitions of some pearl culturing areas during the past three 
years, and the three largest freshwater pearl-culturing provinces/ 
regions also have implemented strict bans on cultured pearls. 
Meanwhile, the central and eastern provinces such as Hubei and 
Zhejiang began compulsory demolition of freshwater pearl cul- 
turing in 2017, which caused a dramatic decline in pearl output. 

This has been a major setback for freshwater pearl farmers, 
aquaculture companies, and pearl workers. The Chinese govern- 
ment at all levels has subsidized the farmers who have suffered 
from demolition, though most are still reported to have suffered 
serious losses because of culturing bans. 

At the same time, the new environmentally friendly and stan- 
dardized aquaculture models will usher in a new era for Chinese 
freshwater cultured pearls. The Chinese Academy of Agricultural 


Sciences and various enterprises have developed many new culturing 
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Figure 1. Tea set decorated with Chinese freshwater pearls from the 
2016 G20 Summit held in Hangzhou, China. Courtesy of 
Angeperle Corp. 


methods. For example, fish-clam mixed cultivation has been shown 
to improve water quality and increase output value, and the three- 
part aquaculture model of fish, clam, and poultry can balance eco- 
logical concerns and generate considerable income. Environmentally 
friendly aquaculture will become the new standard for freshwater 
cultured pearls, and it will take about 5 to 10 years to adopt auto- 
mated aquaculture technology across mainland China. 

To summarize, wholesale and retail prices of Chinese freshwa- 
ter pearls will fluctuate significantly in the next two to five years 
based on the freshwater pearl culturing cycle. China's freshwater 
cultured pearl industry has formed a complete and relatively ma- 
ture supply chain over the past decade. It is still facing new chal- 
lenges, new development opportunities, and critical decisions for 
a sustainable industry under the government’s new policy and the 
promotion of new aquaculture technologies. At the same time, 
the increasing demand for high-quality freshwater cultured pearls 
in China and around the world is prompting the upgrade and 
transformation of the product. 


New York Water Quality Standards (2016) https://www.epa.gov/sites/pro- 
duction/files/2014-12/documents/nywqs-section 1.pdf 
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Comparison of Laser Ablation and Solution ICP-MS 


Analyses of Emeralds 


Ruan Hattingh', Raquel Alonso-Perez?, Aaron C. Palke?, Lee Groat’, and James M.D. Day’ (presenter) 


'Scripps Institution of Oceanography, La Jolla, California 
“Harvard University, Cambridge, Massachusetts 

SGIA, Carlsbad, California 

“University of British Columbia, Vancouver, Canada 


Geochemical studies of emeralds can confirm their provenance 
and improve our understanding of deposit origin. LA-ICP-MS 
is a minimally destructive and relatively high-throughput tech- 
nique that allows determination of more than 30 major, minor, 
and trace elements simultaneously using small spot sizes (20-100 
um). A reliable and consistent LA-ICP-MS protocol requires 
good standardization, including the use of matrix-matched stan- 
dard reference materials. Here we provide a robust assessment of 
the quality of LA-ICP-MS analysis of emeralds, utilizing a set of 
natural and synthetic gem-quality emeralds housed within the 
Mineralogical and Geological Museum at Harvard University. 
Our goals were to identify large emeralds as potential standard 
reference materials and to examine the robustness of certain trace 
elements in emeralds for provenance and for petrogenetic models 
of their origin. 

In this study, we have analyzed more than 45 emeralds using 
both LA-ICP-MS and solution ICP-MS techniques. For solution 
ICP-MS, between 5 and 10 mg of individual emeralds was di- 
gested in HF-HNO, prior to analysis of Be by standard addition 
and all other elements by comparisons with standard reference ma- 
terials spanning a range of major-, minor-, and trace-element com- 
positions (see also the oral presentation by R. Alonso-Perez from 
this conference, p. 280). Some emeralds that we analyzed con- 
tained small inclusions, but the majority were inclusion-free. For 
comparison, portions of the same emeralds were also measured by 
LA-ICP-MS using 100 ym spot sizes on a New Wave Research 
UP213 (213 nm) laser ablation (LA) system coupled to a Ther- 
moScientific iCAPgq ICP-MS. In general, we found excellent 
agreement for major-, minor-, and trace-element data between the 
solution ICP-MS and LA-ICP-MS techniques (figure 1), finding 
reliable results by LA-ICP-MS for Li, Be, Na, Mg, Al, Si, K, Sc, 
Ti, V, Cr, Fe, Ni, Zn, Ga, Rb, Cs, and Pb. Less reliable results were 


generated for Sr and the rare earth elements, due to the generally 
low abundances of these elements in emeralds. During this study, 
we identified natural emeralds as potential standard reference ma- 
terials for future inter-laboratory LA-ICP-MS comparison, as well 
as a synthetic emerald (Harvard ID 109678) that is enriched in 
the key elements outlined above and in Mo. 


Figure 1. Comparison of selected trace-element abundances in emer- 
alds measured using both solution- and laser-ablation ICP-MS. 


PdOCOOIPOOHERPIOO 


LA-ICP-MS (ug g~) 


SOLUTION ICP-MS (pg g") 


Fluid Effervescence: A New Process for Natural Color Variation 


In Gems 
Dan Marshall 


Simon Fraser University, Burnaby, British Columbia, Canada 


The emeralds from the Emmaville-Torrington deposit in Australia 
are commonly zoned (figure 1) and display alternating bands of 
emerald green and colorless growth zones within individual crys- 
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tals at the millimeter scale. The zoning is seen optically but can be 
observed via imaging techniques such as backscattered electron 
and cathodoluminescence, and detected chemically via electron 
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However, the material in the cabochon is not 
water, but a gem material. Specific Gravity has 
been defined as the weight of a substance com- 
pared to the weight of an equal volume of water. 
We can further modify one formula by multiply- 
ing it by the $.G. of the gem material. 

qLlLWwopD qgLWwDxsoG. 
x S$.G. = : 
1200 1200 

The answer then will be in terms of carat 
weight for a specific gem material. 

Since gr == 3.1416, the formula can be simpli- 
fied by changing the fraction gr to 3.1416 and 


3.1416 1200 1200 
solving. ~ 


1200 

The formula can now be restated in this final 
form: C =Lx W x D x .0026 x S.G. 

In the derivation of this formula, it was as- 
sumed that a cabochon is a section of an ellipsoid 
and, therefore, the formula should be satisfactory 
for all types of cabochons. 


A 


HIGH CABOCHON 


If ellipsoid A in Figure I were sawed in half, 
each half would be a cabochon. B in Figure | 
represents a low cabochon of this type. 

If ellipsoid A in Figure 2 were sawed in half, 
each half would be a cabochon. B in Figure 2 
represents a medium cabochon of this type. 

If ellipsoid A in Figure 3 were sawed in half 
(through its shorter medial axis as shown), each 
half would be a cabochon. B in Figure 3 repre- 
sents a high cabochon of this type. 

A double cabochon is really two cabochons in 
which L and W are equal. Thus the weight of a 
double cabochon may be determined by this 
formula, for the weight is proportional to the 
depth. 

0026 x S.G.n + Ln x Wa x Dn x .0026 x 
§.Guas. But: Ca -- Cr C; La La; Wa 
Wa; and the $.G. is the same for both parts 
(S.G.a4 = §.G.n). Substituting: C = L W_Da x 
.0026 x 8.G. + LW Ds x .0026 x S.G. Factor- 
ing: C= Da + Du (LW x .0026 x $.G.) But: 
Da + Du =D (the total depth of the cabo- 
chon). Therefore: C =: J. W D x .0026 x S.G. 

The formula can be used in its present form 
for double cabochons with no modifcations. 

Example. A special case in which the double 
cabochon is developed until it becomes a sphere. 
As in the previous example consider this as two 
cabochons (in this case-each cabochon will be a 
hemisphere). Ca = La x Wa x Da x .0026 x 
S.G.a; Cp == La x Wa Da x .0026 x S.Gin. 
Add: Ca + Cw = La x Wa x Da x .0026 x 
S.G.a + Ln x Wn x Dn x .0026 x $.G.n. But: 
Ca + Cn = C: La = Le; Wa = Wu; S.Gi0 


Ss 
=$.Gn;Da=Dn = 
depth of sphere). 2 


(that is, 14 the total 


—s> + OD - OD 


+ 6 = 


COUBLE CABOCHON 


The formula is valid for the usual type of 
double cabochon, as well as for the special case 
of a sphere, and is valid for any intermediate 
case. 

A hollow cabochon can be said to be a large 
cabochon with a smaller cabochon hollowed from 
it. Cabochon A — Cabochon B == Cabochon C. 
The solution of this problem is a little more in- 
volved. To solve this type of problem, assume 
that the external Cabochon A has been reduced 
by the weight of a smaller solid Cabochon B. 
Therefore, solve by formula for Cabochon A 
using the external dimensions of the cabochon.--- 
(the ID measurement here will be from the 
crown to the girdle line.) For Cabochon B, the 
internal measurements will have to be used. In 
this case, the D measurement will be the D 
measurement of cabochon A minus the thickness 
of Cabochon A. 

After solving, the carat weight of A minus the 
carat weight of B will equal the carat weight of 
the hollow cabochon. 

Satisfactory results were obtained by compar- 
ing the results of weighing stones on a diamond 
balance with those results obtained after measur- 
ing stones and comparing their weight by the 
formula. The error was less than ten per cent. 
A few stones did exceed this percentage, but they 
were badly nicked on the girdle. The formula 
worked equally well for all types of cabochons. 


HOLLOW CABOCHON 


FIG.5 


While examining a box of cabochons labeled 
‘‘amethyst,’’ one stone caused a little difficulty. 
The diamond balance weight of this stone was 
found to be 3.79 carats. Wher computed by 
formula the computed weight was found to be 
4.62 carats, an error of 20 per cent. All weigh- 
ings, measurements, and calculations were re- 
checked and the same carat weights and errors 
presented themselves. This error was inconsistent 
with that of other stones previously run so it was 
assumed that the error lay other than in the 
formula. The stone in question was tested and 
determined to be tourmaline and not amethyst as 
labeled. When computed, using the S.G. of 
tourmaline, the stone was found to have a weight 
within the allowable percentage of error. 
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Figure 1. Internal features of a zoned emerald crystal from the Em- 
maville-Torrington deposit. Photomicrograph by Dan Marshall. 


microprobe analyses. Additionally, there is a correlation between 
the presence of a population of primary vapor-rich fluid inclusions 
within the clear growth zones (figure 2) and a second population 
of highly saline three-phase (liquid + vapor + halite) fluid inclu- 
sions in the darker or colored growth zones. 

The two fluid inclusion populations appear to represent con- 
jugate sets ofa boiling or effervescent system, with the three-phase 
fluid inclusions having an average salinity of approximately 33 
wt.% NaCl equivalent. This population undergoes total homog- 
enization into the liquid and probably represents fluids trapped 
in the liquid system of a two-phase (effervescent) system. The 
vapor-rich population of fluid inclusions (again, see figure 2) have 


Figure 2. Enlarged area of the photomicrograph of the primary fluid 
inclusions from figure 1 showing alternating colored and clear areas 
in the zoned emerald crystal. The clear zones correspond to growth 
zones dominated by primary vapor-rich fluid inclusions. The field of 
view is approximately 650 microns. Photomicrograph by Dan Mar- 
shall. 


an average salinity of approximately 6 wt.% NaCl equivalent and 
homogenize into the vapor phase at higher temperatures. 

The correlation of color versus clear growth zones—corre- 
sponding to high-salinity liquid-dominant and vapor-dominant 
low-salinity primary fluid inclusions, respectively—indicates that 
the color banding within the Emmaville-Torrington emerald is re- 
lated to emerald precipitation in the liquid or vapor portion ofan 
effervescing fluid system. Other emerald deposits worldwide dis- 
play similar growth banding, as do some other deposits of gem 
topaz and gem varieties of quartz. 


The Heat Treatment of Basalt-Related Blue Sapphires 


Wasura Soonthorntantikul, Ungkhana Atikarnsakul, Charuwan Khowpong, and Sudarat Saeseaw 


GIA, Bangkok 


Heat treatment is the most common method used to improve the 
color and/or clarity of corundum. Basalt-related blue sapphires typ- 
ically have an unattractive dark blue color due to their high iron 
content, and low-temperature heat treatment can be applied to 
lighten this material (Nassau, 1981; Hughes et al, 2017). The main 
factors that influence the changes in corundum are the tempera- 
tures employed, the conditions in which they are heated, and the 
duration of the treatment process. However, it is difficult to distin- 
guish between naturally heated and heat-treated blue sapphires 
from basalt-related deposits using only standard gemological testing 
and microscopic examination. In this study, basalt-related blue sap- 
phires from various locations (Thailand, Cambodia, Australia, and 
Nigeria) were heat treated at low temperatures, ranging from 700 
to 1050°C, for durations of 1.75, 7, and 28 hours in air (oxidizing 
atmosphere). The changes in color appearance, UV fluorescence, 
internal features, and spectroscopic properties were investigated. 
The results indicated a negligible change ora slight lighten- 


ing of the blue color after treatment at 700°C, while an obvious 
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lightening of the blue color resulted from heating at 900°C and 
1050°C (figure 1). Some solid inclusions, iron stains, and par- 
tially healed fractures showed signs of alteration during the heat- 
ing experiments, while needles and minute particles did not 
show any signs of change. Unheated samples were inert to short- 
wave ultraviolet (UV) radiation. After heating, most basalt-related 
blue sapphires remained inert under short-wave UV, but a few 
samples exhibited a very weak chalky green fluorescence. Fourier- 
transform infrared (FTIR) spectra obtained from the samples 
varied considerably, with differences between the peak intensities 
recorded before each heat treatment process and also after each 
unique temperature and time treatment combination. In most 
cases, unheated blue sapphires from basalt-related deposits re- 
vealed the characteristic 3309 cm7! series of peaks in the FTIR 
spectrum (the intensity of 3232 cm™! being much lower than 
that of 3309 cm"). After heating at 700°C and 900°C, the in- 
tensity of the 3309 cm“! peak decreased and the 3232 cm”! peak 
increased, respectively. However, some samples that initially 
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Figure 1. Color-calibrated photos of basalt-related blue sapphires be- 
fore (top) and after heating at 10S0°C for 28 hours (bottom). Pho- 
tos by Sasithorn Engniwat. 


showed a relatively intense 3232 cm“! peak in the series before 
treatment exhibited a more intense 3309 cm"! peak anda less in- 
tense 3232 cm” peak post-treatment. After heating at 1050°C 
for 1.75 hours, we recorded a decrease in the intensity of the 
3309 cm” peak and an increase in the 3232 cm peak, to the 
point where they were of almost comparable intensity. When 
subsequently heated for 7 and 28 hours, the intensity of 3309 
cm’ peak increased and that of the 3232 cm"! peak decreased 
(figure 2). The ultraviolet/visible/near-infrared (UV-Vis-NIR) 
spectra obtained from the samples heated at 900°C and 1050°C 
for 1.75, 7, and 28 hours showed a reduction in the height/in- 
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Figure 2. FTIR spectra of the sample before and after heating at 
10S0°C for up to 28 hours. 


tensity of the broad band centered at 580 nm related to an Fe**- 
Ti* intervalence charge transfer. This reduction is the root cause 
of the lighter color after heat treatment. 

The results of this study show that even with advanced data, 
it is very challenging to separate basalt-related stones that have 
been heated from those that have not undergone any post-mining 
heat treatment, owing to the variable results associated with the 
experimental temperatures and durations used. Inclusion studies 
may provide sufficient evidence in some cases, but even when com- 
paring the inclusions scene before and after treatment, separation 
often remains challenging. 


Nassau K. (1981) Heat treating ruby and sapphire: Technical aspects. G&G, 
Vol. 17, No. 3, pp. 121-131, http://dx.doi.org/10.5741/GEMS.17.3.121 
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“Low-Temperature” Heat Treatment of Mozambican Ruby 


Sudarat Saeseaw, Charuwan Khowpong, and Ungkhana Atikarnsakul 


GIA, Bangkok 


Mozambique is one of the most important sources of ruby today, 
with the Montepuez mine producing material ranging from light 
to dark purplish red. To improve their color, Montepuez rubies 
are heated at low temperatures to remove the purplish compo- 
nent—caused by blue color zoning—and create a more attractive 
and desirable red color. For this study, 47 samples were selected 
for heat treatment in air (oxidizing environment) at different tem- 
peratures and varying durations. The samples were heated to 600, 
700, 800, and 900°C for 2 hours and 40 minutes, 8 hours, or 24 
hours. The results showed no significant change to the blue color 
zoning when heated to 600 or 700°C over any of the time frames 
chosen; however, the blue component was reduced when heated 
to a minimum of 800°C for 2 hours and 40 minutes (figure 1). 
Observing any changes to inclusions can be challenging when 
examining material subjected to lower-temperature heating, since 


Figure 1. Color-calibrated photos of a Montepuez ruby before 
(left) and after (right) heat treatment at 800°C for 8 hours. The 
stone’s blue color component clearly decreased after heating. Photos 
by Sasithorn Engniwat. 
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Pearl Classification: GIA’s Approach 


Joyce Wing Yan Ho and Sally Chan Shih 
GIA, New York 


Pearls form in a wide variety of sizes, shapes, and colors. Asa result, 
they are among the most popular materials in the jewelry industry. 


Their unique appearance and the affordability of many types of 
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there is less chance inclusions will be affected (Pardieu, 2015). In- 
clusions in Mozambican rubies are limited to needles, platelets, 
and other fine particles. When any alteration takes place, the evi- 
dence is very subtle. During treatment, spots can form on these 
platelets (figure 2), although this is not always the case. When crys- 
talline inclusions are present, it is easier to identify heat treatment 
because fractures often develop around them, especially in larger 
crystals. Some gems contain fractures with associated iron staining 
or fingerprints, and their appearance may change drastically during 
treatment (Sripoonjan, 2016). Inclusion studies are not always 
conclusive, however, and advanced techniques such as FTIR spec- 
troscopy are needed to assist in detecting low-temperature heat 
treatment. The presence of the 3309, 3232, and/or 3185 cm"! 
peak(s) appears related to heat treatment, since they were only ob- 
served in heated stones. 


Figure 2. Mozambican ruby with spotted platelets that indicate 
heat treatment. Brightfield and fiber-optic illumination. Photo by 
Charuwan Khowpong; field of view 1.0 mm. 


Sripoonjan T., Wanthanachaisaeng B., Leelawatanasuk T. (2016) Phase trans- 
formation of epigenetic iron staining: indication of low-temperature heat 
treatment in Mozambique ruby. Journal of Gemmology, Vol. 35, No. 2, pp. 
156-161. 


cultured pearls on the market have allowed them to gain a greater 
audience. Throughout the ages, pearls have been associated with 
class, grace, and beauty by many cultures. Such a diverse range of 
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pearl types has meant that a way of grading or classifying them was 
required, and as a consequence, a number of different grading sys- 
tems have been developed. The differences make the comparison 
of grades between systems difficult to align, and agreeing on a uni- 
versal grading system has remained one of the many challenges fac- 
ing the pearl industry. 

GIA created the “7 Pearl Value Factors” (figure 1) for the 
same reason it developed the 4Cs of diamond quality: to es- 
tablish a standard terminology for describing quality using lan- 
guage everyone can understand. Each value factor is important 
in determining a pearl’s overall quality. This poster reviews 
each value factor, starting with size and then looking at shape, 
color, luster, surface, nacre quality, and matching. GIA has de- 
veloped a modernized color scale for all types of pearls (salt- 
water and freshwater) and physical master sets to ensure a pearl 
is graded with a degree of consistency. Every GIA laboratory 
worldwide uses the same grading system to produce consistent 
results. Adopting GIA’s standard pearl classification terminol- 
ogy throughout the gem and jewelry industry would foster im- 
proved communication within the trade and, by default, bridge 
the communication gap between buyers and sellers through 
easily understandable terminology. 


A Pearl Identification Challenge 


Figure 1. Color is one of GLA’ 7 Pearl Value Factors. This hue circle 
depicts generalized color distribution by pearl type. 
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Pearl testing in laboratory conditions usually follows a set routine. 
The pearls are examined to obtain a preliminary idea of their type 
and identification, and then a series of steps (e.g,, trace-element geo- 
chemical analysis, optical X-ray luminescence, microradiography, 
and X-ray computed microtomography) are undertaken to confirm 
the initial examination. With experienced gemologists it is possible, 
in many cases, to reach the same conclusion that was arrived at after 
the initial examination. However, all experienced gemologists have 
encountered situations—whether handling pearls or other gems— 
where the final result does not match the initial opinion. 

This poster illustrates the trace-element characteristics of 
pearls in general, but focuses on two nacreous pearl samples in 
particular that revealed “atypical” properties not encountered in 
any pearls tested previously by GIA gemologists. On initial ex- 
amination, the pearls did not show clear indications of being ei- 
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ther freshwater or saltwater. Nor was it clear whether they were 
likely to be natural or cultured. In most cases, these two questions 
would be resolved very quickly after some of the initial examina- 
tion procedures were completed. This was not the case with these 
two examples, however, since the energy-dispersive X-ray fluo- 
rescence (EDXREF) results conflicted with the optical X-ray lu- 
minescence observations. This led to additional LA-ICP-MS 
analysis, a procedure not often required in routine pearl testing. 
The situation appeared even more perplexing after RIX work 
revealed inconclusive structures, which led to additional analysis 
using u-CT. The pearls were so unusual in a number of ways, es- 
pecially with regard to their trace-element chemistry, that we de- 
cided to seek a second opinion on this aspect in particular. Hence, 
the pearls were sent to the Max Planck Institute for Chemistry 
(MPIC) in Mainz, Germany. 
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The results of the work by GIA and MPIC showed that the 
pearls consisted of layer-like zones with distinct trace-element sig- 
natures associated with both saltwater and freshwater environ- 
ments, as confirmed by the spot analysis undertaken by three 
different LA-ICP-MS units in three different locations operated 
by three different groups of scientists. While the pearls were in 
Germany, the opportunity was also taken to perform u-CT analy- 
sis on both samples. The results were in keeping with those ob- 
tained by GIA, though the interpretation of the structures was 


not straightforward and together with the trace-element chem- 
istry led to various questions about the producing mollusk and 
the origin/type. 

In summary, the pearls were found to be a mixture of saltwater 
and freshwater layers. While the pearls are likely non-bead cultured, 
their true identity remains a puzzle owing to their complex chem- 
istry and questions raised concerning the producing mollusks. To 
our knowledge, these pearls with mixed trace-element patterns are 
the first of their type recorded in the literature. 


The Study of ‘Tanzanite’s Gemological and Color Characteristics 


Jinding Yu and Ren Lu 


Gemmological Institute, China University of Geosciences, Wuhan 


Tanzanite was discovered in the Merelani Hills in the Arusha re- 
gion of northeastern Tanzania during the 1960s. It first became 
popular with a promotional campaign by Tiffany & Co. in the 
late 1960s. The fact that there is only one deposit in the world fur- 
ther raised its value. Never before had a newly discovered gemstone 
gained so much success within such a short time. 

Natural, unheated blue tanzanite is rare and known for its 
trichroic colors: bluish violet, violetish blue, and yellow-green. To 
best realize the hidden beauty, natural tanzanite, often showing a 
brown hue, is heated to achieve a predominantly blue coloration 
before reaching the market. It has been previously reported that 


L*=50 


heated tanzanite will convert from trichroic to dichroic, but there 
have been few details and virtually no quantitative UV-Vis absorp- 
tion coefficient data to support that claim. 

Tanzanite exhibits metachromatism, a color change, when il 
luminated by cold and warm light sources. In addition, tanzanite 
also exhibits the Usambara effect. The only form of zoisite to have 
its Usambara effect studied until now was epidote. If these two 
color phenomena are also recognized, it will raise tanzanite’s status 
and value. 

For this study we chose several brown zoisites, a violet tanzanite, 
a pink zoisite and a green zoisite from Merelani, anda green zoisite 


Figure 1. Colorimetric param- 
eters for three axes of an un- 
heated and a heated tanzanite 
sample are shown in CIELAB 
color space under standard A 
illuminant (left) and standard 
D65 illuminant (right). See 
Liu et al. (1999), Schmetzer 
et al. (2009), and Sun et al. 
(2015). 
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from Afghanistan. We conducted a systematic and quantitative 
analysis of the tanzanite sample using XRF and LA-ICP-M§, as well 
as FTIR, Raman, and UV-Vis spectroscopy. We attempted to quan- 
titatively analyze the tanzanite’s color before and after heating. 
The results showed that tanzanite changed from trichroic to 
nearly—but not completely—dichroic after heating. The differ- 
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ence between these two types of blue was eye visible but also indi- 
cated by the spectrum and the photos. The study revealed tanzan- 
ite’s color-change quantitative data and the method for taking 
photos of its color-change effect. We also found that the brown 
zoisite displayed the Usambara effect. Lastly, we concluded that 
the tanzanite’s blue level is probably related to vanadium. 
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Sun Z., Palke A.C., Renfro N. (2015) Vanadium- and chromium-bearing pink 
pyrope garnet: Characterization and quantitative colorimetric analysis. 
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Complex Charge Transfer in Chameleon Diamonds: 
A Model of the Color-Change Process 


James E. Butler'?, Keal S. Byrne?, Wuyi Wang’, and Jeffrey E. Post? 


‘Cubic Carbon Ceramics, Washington, DC 


“Department of Mineral Sciences, Smithsonian Institution, Washington, DC 


3GIA, New York 


A group of natural diamonds known as chameleon diamonds 
change color from green to yellow based on their exposure to light 
and heat. These diamonds also emit long-lived phosphorescence 
after UV excitation. We have observed the optical response of these 
diamonds to optical and thermal excitation and developed a model 


to explain the observed phenomena. A principal element of the 
model is the proposal of an acceptor state (figure 1), which should 
be observable in the near-infrared (NIR) region. Subsequently, we 
have observed the NIR absorption to this acceptor state, supporting 
our model of charge-transfer processes in these diamonds. 


Figure 1. A schematic of the model for each color state of a chameleon diamond based on absorption from valence band states to the proposed ac- 
ceptor state being blocked by full compensation (the “yellow” state) or incomplete compensation when exposed to room lighting (the “green” state). 
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Melee Diamonds: Metal Defects and Treated Color 


Shoko Odake 
GIA, Tokyo 


Gem-quality laboratory-grown diamonds are manufactured in 
large quantities. With frequent reports of the mixing of melee- 
sized synthetic diamonds with natural stones, demand for melee 
diamond screening is increasing. During melee diamond screening 
at GIA’s Tokyo lab, two notable types of samples with uncommon 
characteristics have been found. 


1. Natural melee diamonds with silicon and nickel defects. 
Luminescence peaks derived from Si- and Ni-related de- 
fects are often observed in colorless melee grown by the 
HPHT method. The silicon-related defect, once consid- 
ered proof of CVD-grown diamond, is now known to exist 
naturally as well (Breeding and Wang, 2008). Several col- 
orless melee diamonds having both silicon- and nickel-re- 
lated emissions have been found in GIA’ Tokyo lab; olivine 
inclusions were found in one of these samples. Spectro- 
scopic and gemological features confirmed that the samples 
were grown in nature. 

2. Irradiated laboratory-grown diamond melee found among 
irradiated natural melee diamonds. Several thousand 


Nitrogen in CVD-Grown Diamond 


Alexander M. Zaitsev'?, Kyaw Soe Moe’, and Wuyi Wang? 
‘College of Staten Island, City University of New York 
2GIA, New York 


In diamond grown by the CVD method, nitrogen behaves dif 
ferently than it does in natural and HPHT-grown diamond. The 
most striking peculiarities are low efficiency of doping, formation 
of unique optical centers over a wide spectral range from the ul- 
traviolet (UV) to the IR regions, and formation of unusual de- 
fects related to aggregated nitrogen. In order to gain a better 
insight into this problem, several nitrogen-doped specimens 
grown in GIA’s CVD diamond lab and a few commercial yellow 
CVD-grown diamonds have been studied in their as-grown (as- 
received) state and after electron irradiation and annealing at tem- 
peratures up to 1900°C (low-pressure, high-temperature 
treatment). 

We found that the brightest pink color of electron-irradiated 
nitrogen-doped CVD-grown diamond is produced by the NV- 
center after annealing at temperatures of about 1000°C. Annealing 
at temperatures over 1600°C destroys the irradiation-induced pink 
color (figure 1). 

The most prominent optical centers in the IR spectral region 
(figure 2, left) produced absorptions at 2828, 2874, 2906, 2949, 
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greenish blue melee diamonds have been submitted by var- 
ious clients to the Tokyo lab for testing. Each diamond's 
color was attributed to a strong GR1 defect caused by ir- 
radiation treatment. Fourier-transform infrared (FTIR), 
photoluminescence (PL), and DiamondView analysis re- 
vealed that most of them were irradiated natural dia- 
monds. Eight were irradiated CVD-grown diamonds, and 
one was an irradiated HPHT-grown specimen. The in- 
frared spectrum of all the CVD samples showed a peak at 
3123 cm'!, while their PL spectrum showed a doublet 
peak at 596/597 nm. Those peaks are specific to as-grown 
CVD diamonds, as annealing removes the peaks. From 
their spectra, these CVD specimens were considered irra- 
diated without pre-annealing. 
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3031, 3107, 3123, and 3310 cm”! (latter two not shown). These 
are ascribed to nitrogen-hydrogen complexes. Two characteristic 


Figure 1. The distribution of color in commercial nitrogen-doped 
CVD-grown diamond after electron irradiation and subsequent an- 


nealing at temperatures of 860°C (left) and 1900°C (right). 


1900°C in H, 


in vacuum 
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Figure 2. These spectra show specific nitrogen-hydrogen absorption features in the two-phonon spectral range (left) and absorption of modified nitrogen 


A-aggregates (right) in nitrogen-doped CVD-grown diamond. 


absorption features at 1293 and 1341 cm™ (figure 2, right) are 
unique to CVD diamond. They are tentatively ascribed to a mod- 
ified form of nitrogen A-aggregates. 

In the visible and NIR spectral ranges, characteristic nitrogen- 
related centers have zero-phonon lines (ZPLs) at 457, 462, 489, 
498, 647, 722.5, 852.5, 865.5, 868.5, 908, 921.5, and 924.5 nm. 


The 489 nm feature is a major color center of electron-irradiated, 


nitrogen-doped CVD-grown diamond. This center, together with 
the GRI center, is responsible for the green color in this material. 

An assumption is made that N atoms may form clusters in 
highly nitrogen-doped CVD-grown diamonds. These clusters 
may result in broad-band luminescence at wavelengths of 360, 390, 
535, and 720 nm and a strong broadening of the ZPLs of many 
optical centers. 


Steps in Screening and ID of Laboratory-Grown Diamonds with 


Synthetic Diamond ID Kit 


Branko Deljanin' and John Chapman? 
'CGL-GRS Swiss Canadian Gemlab, Vancouver, Canada 
2Gemetrix, Perth, Western Australia 


Laboratory-grown diamonds are created using either high-pressure, 
high-temperature (HPHT) or chemical vapor deposition (CVD). 
With the influx of manmade diamonds on the market over the past 
few years, instrument producers and labs have launched screening 
and detection instruments to help dealers and jewelers spot HPHT- 
or CVD-grown specimens. 

Most standard instruments are inaccurate testers or just type 
I and type II screening devices that do not give a definite answer 
about diamond genesis. Over the last four annual Mediterranean 
Gemmological and Jewellery Conferences and more than 30 
workshops given in 17 countries, we have assembled a portable 
new Synthetic Diamond Identification Kit. The kit comprises two 
portable instruments and two booklets: 


e APL inspector (mini UV lamp with magnifier) to in- 
spect laboratory-grown, treated, and natural diamonds 
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using long- and short-wave fluorescence and phospho- 
rescence 


e A2017 handbook with images and explanation of long- 
and short-wave reactions of diamonds of all types 


e Amini foldable polariscope with portable light to sepa- 
rate natural diamonds using characteristic birefringence 


patterns from HPHT and CVD diamonds 


e A2010 handbook with images and explanations of cross- 
polarized filter reactions of diamonds of all types 


The combination of this kit with professional training could 
identify all HPHT-grown diamonds and most CVD-grown dia- 
monds on the market, loose or mounted. Also available are melee 
and jewelry inspectors consisting of larger UV lamps with magnifiers 
designed for identification of small loose or mounted diamonds. 
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Figure 1. This chart illustrates the steps in the screening and identification of lab-grown diamonds. 


Different diamond types and subtypes can exhibit different 
birefringence under cross-polarized filters. A clear majority of nat- 
ural diamonds exhibit some degree of internal strain, with type II 
natural diamonds showing a weak “tatami” pattern. HPHT- 
grown diamonds are free of such strain, and CVD-grown dia- 
monds show mostly coarse columnar patterns. 

Most natural diamonds have a strong reaction to long-wave UV; 
this reaction is usually weaker (mostly blue) at shorter wavelengths. 
Laboratory-grown diamonds generally exhibit more intense fluo- 
rescence with short-wave UV compared to long-wave UV, with a 


Diamond Geology 


chalky coloring tinged with green or yellow. Most HPHT-grown 
diamonds also phosphoresce. Ifa diamond is free of inclusions, flu- 
orescence is a reliable screening test to flag suspicious stones that 
should be further checked under cross-polarized filters (figure 1). 

In the case of some rare near-colorless clean CVD-grown di- 
amonds that do not show fluorescence or have a birefringence pat- 
tern that is coarse but resembling tatami in type Ia and weak 
patterns in natural Ia diamonds, additional tests using advanced 
spectroscopy and strong short-wave UV light to observe growth 
patterns are needed to confirm diamond genesis. 


Evidence of Subducted Altered Oceanic Crust into Deep Mantle 


From Inclusions of Type IaB Diamonds 
Tingting Gu', John Valley”, Kouki Kitajima’, Michael Spicuzza?, John Fournelle’, Richard Stern°, 


Hiroaki Ohfuji*, and Wuyi Wang! 
'GIA, New York 


7Department of Geoscience, University of Wisconsin, Madison 
3Canadian Centre for Isotopic Microanalysis (CCIM), Department of Earth and Atmospheric Sciences, 


University of Alberta, Edmonton 


“Geodynamics Research Center (GRC), Ehime University, Matsuyama, Japan 


Nitrogen is one of the most common impurities in diamond, and 
its aggregation styles have been used as criteria for diamond classifi- 
cation. Pure type JaB diamonds (with 100% nitrogen in B aggrega- 
tion) are rather rare among natural diamonds. The occurrence of 
the B center is generally associated with high temperature and along 
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residence time of the host diamond, which would potentially pro- 
vide information on the earth’s deep interior. Seawater circulation is 
the unique process that shapes the surface of our planet and poten- 
tially has a profound effect on its interior due to slab subduction. 
In about 50 type IaB diamonds with detectable micro-inclusions 
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submitted to GIA for screening, we found that more than 70% of 
them contained a typical mineral assemblage from the sublithos- 
phere. Jeffbenite (TAPP), majorite garnet, enstatite, and ferroperi- 
clase have been observed, which could be retrograde products of 
former bridgmanite. CaSiO,-walstromite with larnite and titanite 
is the dominant phase present in approximately 40% ofall diamond 
samples. Direct evidence from oxygen isotope ratios measured by 
secondary ion mass spectrometry, or SIMS, (5'O,,.. oy, in the range 
+10.7 to +12.5%o) of CaSiO.,-walstromite with coexisting larnite 
and titanite that retrograde from CaSiO,-perovskite suggest that 
hydrothermally altered oceanic basalt can subduct to depths of >410 
km in the transition zone. Incorporation of materials from sub- 
ducted altered oceanic crust into the deep mantle produced dia- 
mond inclusions that have both lower mantle and subduction 


signatures. Ca(Si,Al)O,-perovskite was observed with a high con- 
centration of rare earth elements (>5 wt.%) that could be enriched 
under P-T conditions in the lower mantle. Evidence from ringwood- 
ite with a hydroxide bond, coexisting tuite and apatite, precipitates 
ofan NH, phase, and cohenite with trace amounts of Cl imply that 
the subducted brines can potentially introduce hydrous fluid to the 
bottom of the transition zone. In the diamonds with subducted ma- 
terials, the increasing carbon isotope ratio from the core to the rim 
region detected by SIMS (83C from —5.5%o to -4%o) suggests that 
an oxidized carbonate-dominated fluid was associated with recycling 
of the subducted hydrous material. The deep subduction played an 
important role in balancing redox exchange with the reduced lower 
mantle indicated by precipitated iron nanoparticles and coexisting 
hydrocarbons and carbonate phases. 


Origin of Rare Fancy Yellow Diamonds from Zimmi (West Africa) 


Karen V. Smit', Ulrika F.S. D'Haenens-Johansson’, Daniel Howell’, Lorne C. Loudin', and Wuyi Wang! 


'GIA, New York 


?Department of Geoscience, University of Padua, Italy, and Diamond Durability Laboratory, New York 


‘Type Ib diamonds from Zimmi, Sierra Leone, have 500 My mantle 
residency times whose origin is best explained by rapid tectonic ex- 
humation after continental collision to shallower depths in the man- 
tle prior to kimberlite eruption (Smit et al., 2016). Here we present 
spectroscopic data for a new suite of Zimmi sulfide-bearing type Ib 
diamonds that allow us to evaluate the link between their rare Fancy 
yellow colors, the distribution of their spectroscopic features, and 
their unusual geological history. Cathodoluminesence (CL) imaging 
revealed irregular patterns with abundant deformation lamellae, as- 
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sociated with the diamonds tectonic exhumation (Smit et al., 2018). 
Vacancies formed during deformation were subsequently naturally 
annealed to form vacancy clusters, NV"~ centers, and H3 (NVN°). 
The brownish yellow to greenish yellow colors observed in Zimmi 
type Ib diamonds result from visible absorption by a combination 
of isolated nitrogen and deformation-related vacancy clusters (Smit 
etal, 2018). Color-forming centers and other spectroscopic features 
can all be attributed to the unique geological history of Zimmi type 
Ib diamonds and their rapid exhumation after formation. 


Smit K.V., D’Haenens-Johansson U.E.S., Howell D., Loudin L.C., Wang W. 
(2018) Deformation-related spectroscopic features in natural type Ib-IaA 
diamonds from Zimmi (West African craton). Mineralogy and Petrology, 
pp. 1-15, http://dx.doi.org/10.1007/s00710-018-0587-6 


Type Ib—Dominant Mixed-Type Diamond with Cuboctahedral 
Growth Structure: A Rare Diamond Formation 


Kyaw Soe Moe and Paul Johnson 
GIA, New York 


Type Ib—dominant mixed-type diamonds (Ib-IaA) can be formed 
by multiple growth events (‘Titkov et al., 2015; Smit et al., 2018). 
In this study, we report on a 0.41 ct Fancy Dark brown gem- 
quality diamond that formed in a single growth event. It is a type 
Ib-IaA with a C defect (single-substitutional nitrogen atom) con- 
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centration up to 21 ppm. The Fourier-transform infrared (FTIR) 
peaks of the H1a and H 1b defects (figure 1, left) suggest that this 
diamond was irradiated and annealed to achieve a Fancy color 
grade. The cuboctahedral structure can be observed in the Dia- 
mond View images (figure 1, right), which show reddish orange 
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TWO NEW HONORARY MEMBERS 
ADDED TO EDUCATIONAL 
ADVISORY BOARD OF G.LA. 

Recently elected as honorary members 
of the Educational Advisory Board of the 
Gemological Institute of America were 
Prof. Dr. K. Schlossmacher of Idar-Ober- 
stein, Germany, and Dr. Roland S. Young, 
Johannesburg, South Africa. 

Dr. Young has, since 1947, been Di- 
rector of Research of the Diamond Re- 
search Laboratory in Johannesburg. Read- 
ers of Gems & Gemology will recall his 
article «n the work of this laboratory in 
the Fall 1950 issue. He has contributed a 
number of papers to technical publica- 
tions and is the author of the American 
Chemical Society's monograph on “‘'Co- 
balt.” 


Wa 


Dr. Prof. K. Schlossmacher 


Dr. Schlossmacher, an outstanding min- 
eralogist, is well known to gemologists 
throughout the world for his Revision of 
Max Bauer's Edelsteinkunde (1932). From 


Dr. Roland S. Young 


1926, until the close of World War H, 
he was professor of mineralogy at the 
University of Konigsburg. At the sug- 
gestion of the Association of German 
Jewelers, he founded the Gemological In- 
stitute of Germany many years ago. He 
has been particularly interested in syn- 
thetics and has conducted many scientific 
research projects in past years. In 1948 
he was appointed Director of the Gemo- 
logical Institute of Idar-Oberstein, which 
post he now holds, and where he is at- 
tempting to rebuild the gem industry in 
Germany and to continue his work in the 
interest of gemological science. He is also 
currently working on a revised edition of 
Edelstemmkunde by Bauer, under whom he 
studied. 
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Figure 1. Left: The stone’ FTIR spectrum revealed that it is a type Ib-IaA diamond with nitrogen defects, “C” single nitrogen atoms and an ‘A 


» 


pair of nitrogen atoms. Right: DiamondView images show cuboctahedral growth structure containing a {100} sector with reddish orange fluores- 


cence and a {111} sector with green fluorescence. Distinct fluorescence zoning following growth structure is caused by NV centers in {100} sectors 


and H3 defects in {111} sectors, which were created during the irradiation and annealing processes. 


fluorescence in the {100} sector caused by NV centers and green 
fluorescence in the {111} sector caused by H3 defects. Irradiation 
treatment helps us to see the cuboctahedral structure. However, 
the presence of an amber center suggests that it did not undergo 
HPHT treatment. 

Cuboctahedral growth structure can be usually observed in 
HPHT diamonds that are grown in a laboratory with a fast 
growth rate (i.e., less than one week per carat) under P-T condi- 
tions of 5-6 GPa and 1300-1500°C. A natural diamond that 
grows rapidly in a single growth event would also possess mixed 
cuboid and octahedral forms. 
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Time and temperature are critical in the aggregation of nitro- 
gen atoms in diamond. Nitrogen atoms are initially incorporated 
as single atoms during diamond formation. Our sample was rich 
in C defects associated with A defects (a pair of nitrogen atoms). 
This suggests that the process of nitrogen aggregation was inter- 
rupted by the diamond’s ascent to shallower depths in the mantle 
at lower temperatures by rapid tectonic exhumation (Smit et al., 
2018). The cuboctahedral growth structure of this diamond in- 
dicated that, prior to ascending to shallower depths of the mantle, 
it grew in a few days in the diamond stability field (i.c., 150-200 
km in depth within the earth) in a single growth event. 


Titkov S.V., Shiryaev A.A., Zudina N.N., Zudin N.G., Solodova Y.P. (2015) 
Defects in cubic diamonds from the placers in the northeastern Siberian plat- 
form: Results of IR microspectrometry. Russian Geology and Geophysics, Vol. 
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3161 cm Infrared Feature in Synthetic Sapphires 


Gagan Choudhary and Sandeep Vijay 
Gem Testing Laboratory, Jaipur, India 


The 3161 cm™ mid-infrared (IR) spectral feature (figure 1) is an 
important tool in the identification of unheated sapphires, espe- 
cially in material from low-iron metamorphic environments such 
as Sri Lanka. This feature is a series of bands, composed of a strong 
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peak at ~3161 cm”! and smaller side bands at ~3075, 3240, and 
3355 cm“. A few researchers have attributed these features to OH 
groups involved in charge compensation with Si**, while some have 
assigned them to structurally bonded OH, associated with Mg”*. 


Gems & GEMOLOGY FALL 2018 


The 3161 cm” series is more commonly observed in natural-color 
yellow sapphires than any other color of corundum; occasionally it 
is encountered in blues and pinks. These authors, however, have 
encountered a strong feature at ~3161 cm in a few specimens of 
yellow synthetic sapphire grown by the flame-fusion (Verneuil) 
process. Their synthetic origin was determined on the basis of in- 
clusion study, which revealed the presence of clouds of minute gas 
bubbles, along with some bomb-shaped gas bubbles, typically as- 
sociated with corundum or spinel grown by the flame-fusion 
process. Milky zones of fine pinpoints and a “plato” effect were 
also present. 

The 3161 cm! mid-IR feature in these synthetic yellow sap- 
phires displayed side bands at approximately 3220 and 3277 cm", 
as opposed to 3240 and 3355 cm in natural sapphires. 
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Figure 1. The 3161 cm series mid-IR feature, assigned to structurally 
bonded OH and associated with Mg**, displays side bands at ~3352 
and 3240 cm" in natural sapphires and at ~3277 and 3220 cm“ in 
synthetic material. Natural sapphires also displayed CO,-related 
bands at ~2456 and 2418 cm". 


Agate Analysis by Raman, XRF, and Hyperspectral Imaging 


Spectroscopy for Provenance 


Aaron Celestian', Arlen Heginbotham?, Rebecca Greenberger?, Bethany Ehlmann?, Bibek Samanta’, 


Alyssa Morgan’, and Sergey Mamedov? 
‘Natural History Museum of Los Angeles County 
J, Paul Getty Museum, Los Angeles 

3California Institute of Technology, Pasadena 
“University of Southern California, Los Angeles 
SHoriba Scientific, Edison, New Jersey 


The Getty Institute in Los Angeles recently acquired the Borghese- 
Windsor Cabinet (figure 1, left), a piece of furniture extensively 
decorated with agate, lapis lazuli, and other stones. The cabinet is 
thought to have been built around 1620 for Camillo Borghese 
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(later Pope Paul V). It was traditionally thought that all agate gem- 
stones acquired during the sixteenth and seventeenth centuries were 
sourced from the Nahe River Valley near Idar-Oberstein, Germany. 
While Brazilian agate began to be imported into Germany by the 


Figure 1. Left: The Borghese- 
Windsor Cabinet on display at 
the Getty Center, being im- 
aged by the hyperspectral ana- 
Lyzer (center, on tripod). 
Right: This Brazilian agate 
from Rio Grande do Sul is part 
of the NHMLA collection. 
Transect A-A is where the 
Raman map was collected. 
Photos by Arlen Heginbotham 
(left) and Aaron Celestian 
(right). 
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1800s, it is possible that some was imported in the eighteenth cen- 
tury or earlier. A primary research goal was to determine if the 
agates in the Borghese-Windsor Cabinet are of a single origin, or if 
they have more than one geologic provenance. 

Both quartz and moganite will crystallize together as agate 
forms, but moganite is not stable at Earth’s surface and will convert 
to quartz over tens of millions of years (Heaney, 1995; Gislason et 
al., 1997; Moxon and Rios, 2004). Thus, older agate contains less 
moganite. Agate from Idar-Oberstein is Permian in age (around 
280 million years old), while agate from the Brazilian state of Rio 
Grande do Sul generally formed during the Cretaceous (around 
120 million years ago). Itis thought that Rio Grande do Sul would 
have been a primary source of material exported to Europe because 
it is one of Brazil’s oldest and largest agate producers. 

When examining the cryptocrystalline parts of agate from com- 
parative collections, Brazilian agates from the collection of the Nat- 
ural History Museum of Los Angeles County (NHMLA; figure 1, 
right) had 8% or higher moganite concentration, whereas the Idar- 
Oberstein agate (on loan from the Smithsonian National Museum 
of Natural History) had less than 2% moganite. The moganite dis- 
tribution in the agate is heterogeneous, likely due to different growth 
stages and changing geological conditions during agate formation. 
Using the Raman maps, we were able to isolate the areas that con- 
tained moganite + quartz and measure the ratios in those specific 
bands (figure 2). This narrow-band approach to determining quartz 
to moganite ratio, when compared to broad-brand and whole-sam- 
ple approaches, was shown to be more reproducible in distinguish- 
ing Brazilian from German agates. 

These same agates from the Brazilian and German localities 
were then taken to Caltech to collect hyperspectral imaging data 
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Figure 2. Raman analyses of two Brazilian agates (blue) and two 
German agates (red) in the diagnostic region between 400 and 550 
cm show the strongest peaks for quartz at 463 cm™ and moganite 
at 501 cm. These data were taken from narrow-band analysis 
(summing all spectra in the narrow agate bands that contained 
quartz + moganite). Each band was used as a separate analysis. 
Note the strong moganite presence in the Brazilian agates. 


(ona custom-built Headwall Photonics co-boresighted visible/near- 
infrared and shortwave infrared sensor). Imaging data were com- 
pared to the NHMLA laboratory Raman and X-ray fluorescence 
analyses, and correlation analysis of combined datasets from the 
three different experimental procedures allowed us to establish a 
unique characterization pattern for the different localities. 
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Beryllium Heat Treatment of Blue Sapphire from Sri Lanka 


Sutas Singbamroong'’, Panjawan Thanasutthipitak', Thawatchai Somjaineuk’, and Nazar Ahmed? 
‘Department of Geological Science, Chiang Mai University, Thailand 

*Dubai Central Laboratory Department, Dubai, United Arab Emirates 

SChanthaburi Gem and Jewelry Manufacturer Association, Chanthaburi, Thailand 


Since at least 2000, corundum has been subjected to a beryllium 
(Be) heat treatment technique in Chanthabuti, Thailand. For this 
study, samples of transparent to translucent milky-white to yellow, 
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purple to violet, and light to medium blue sapphires from Sri 
Lanka (metamorphic origin) were heat treated with Be in three 
types of furnaces (gas, electric, and fuel) at various temperatures 
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and in both oxidizing and reducing atmospheres. The technique 
of Thai gem heating specialist Thawatchai Somjaineuk was used 
to intensify blue color, improve clarity, and distribute uneven color. 
Somjaineuk’s technique has been used to enhance Sri Lankan 
corundum with a milky/silky appearance since 2004, and supplies 
approximately 50 kg of beryllium-treated blue sapphire per year 
to the gem market. 

The samples were studied after each step of heating for basic 
gemological properties, spectroscopic properties using ultra- 
violet/visible/near-infrared (UV-Vis-NIR) and Fourier-trans- 
form infrared (FTIR) absorption spectroscopy, and chemical 
composition using laser ablation—inductively coupled plasma- 
mass spectrometry (LA-ICP-MS). The corundum samples were 
first heated in a traditional O,/LPG mixed-gas furnace to about 
1500°C for two hours in an oxidizing atmosphere. The white to 
yellow and light to medium blue sapphires turned colorless, 
whereas the purple to violet sapphires became pink. The second 
step of heating was performed with Be in an electric furnace at 
about 1700°C for 48 hours in an oxidizing atmosphere. After 
this process, the milky/silky colorless sapphires became a more 
transparent yellow, while the pink sapphires turned orange-pink. 
These stones were enhanced in the final step by reheating in a 
fuel furnace at about 1700°C for 72 hours in a reducing atmos- 
phere. All samples became blue with light to strong saturation 
and tone. 

The combination of the color appearance, the absorption 
spectra analyzed after oxidation with Be and reduction heating 
(figure 1), and the chemical data suggest that Be and/or Mg 
trapped-hole yellow color centers—created during oxidation heat- 
ing with Be—were made inactive after reduction heating. The blue 
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Figure 1. UV-Vis spectra of a violet sapphire before treatment (A), 
after a first heating in a reducing atmosphere (B), after a second 
heating with beryllium in an oxidizing atmosphere (C), and after a 
third heating in a reducing atmosphere (D). 


coloration is mainly caused by strong broad absorption bands of 
Fe**/Ti** intervalence charge transfer (IVCT) mechanism with- 
out Fe**/Fe** IVCT. However, chemical data were analyzed for 
those samples and showed relatively high Mg and Be concentra- 
tions in comparison with the Ti composition, which does not fit 
well with the model that indicates [Ti**] > [Mg’* + Be**] causes 
blue coloration. This heating technique is still not well under- 
stood. Further experiments and analyses are being carried out to 
confirm the role of beryllium in blue sapphires. 


Gemological and Spectroscopic Characteristics of Australian Sapphires 


Yafen Xu and Jingru Di 


Gemmological Institute, China University of Geosciences, Wuhan 


Although Australia has assumed a major role in the production of 
sapphire, research on this material has not been comprehensive. This 
study aims to analyze the gemology and spectroscopy of Australian 
sapphires and provide a theoretical basis for their treatment. 
Under the optical microscope and other conventional in- 
struments, hexagonal color zones were blue and yellow. Healing 
fissures and inclusions were extremely common. Raman spec- 
troscopy showed that the inclusions were two-phase: CO, and 
H,O with sapphire, rutile, zircon, diaspore, and amphibole, 
among others. Sulfur on the healing fissures indicated that S 
was filled during transportation. The IR spectra of the Aus- 
tralian sapphires typically revealed a 3310 cm™! absorption peak 
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(figure 1, left). This absorption feature is related to structural 
OH groups within the sapphire and revealed that these samples 
grew in reducing conditions. LA-ICP-MS indicated that the 
Cr/Ga ratio was less than 1 and the Fe/Ti ratio was generally 
10-100 (figure 1, right), the typical ratio of magmatic sapphire. 
The iron content was between 3230 and 9431 ppm. Color var- 
ied with the content of Fe, Ti, Si, and Mg. UV-Vis absorption 
peaks (figure 2) at 377, 387, and 450 nm were caused by the d- 
d electronic transition of Fe** and Fe**-Fe** in the region with 
less Ti; the absorption band centered at 559 nm in the yellow- 
green region indicated the charge transfer of Fe**-Ti**>Fe3+- 
Ti>* and higher Ti content in this area. Fe**-Fe** charge transfer 
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Figure 1. The absorption band of 3310 cm” in IR spectra (left) and the Cr/Ga versus Fe/Ti ratios (right) indicate that the Australian sapphires 


are magmatic and grew in a reducing environment. 
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Figure 2. The UV-Vis spectra of the color zones in sapphire A-4 (left) and A-2 (right) are different because of different chromogenic ions (pairs). 


often occurs together with Fe?*-Ti** > Fe**-Ti** charge transfer 
and causes the wide absorption band at 700-800 nm centered 
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A Grading Method of Jadeite Jade Transparency Based on 


Digital Image Analysis 


Danlu Cui 


Gemmological Institute, China University of Geosciences, Wuhan 


In the jadeite jade market, transparency is an important feature 
judged by experienced practitioners observing with the unaided 
eye under reflected light. However, this method is easily influenced 
by subjective factors. 

This research simulates human observation of characteristics 
that could help in judging jadeite transparency through certain vi- 
sual information features. This approach could allow gemologists 
to evaluate transparency rapidly while effectively avoiding subjec- 
tive factors, especially under the same test conditions used to judge 
jadeite jade color. 

Some promising research results have been obtained, through 
comparing the lightness value of each image pixel in jadeite jade 
pictures and then using the maximum between-class variance 
method (OSTU) to obtain a binarization threshold. Thus, the 
image data is classified into a relatively bright area and a relatively 
dark area. When a beam of light is directed across an oval-cut 
jadeite jade with different degrees of transparency, different results 
are obtained from the images. 


1. In oval-cut jadeite jade with a high degree of transparency, 
a beam of light arrives at the underside and then converges 
in the other side of its curved surface, forming a relatively 


bright area. 


2. In oval-cut jadeite jade with a medium degree of trans- 
parency, a beam of light is divided into two parts—one part 
reflected at the point of incidence or absorbed during the 
light transmission, and the other part arriving at the under- 
side and then converging in the other side of its curved sur- 
face. Therefore, the brightness of the whole image is even. 


3. In oval-cut jadeite jade with a low degree of transparency, 
most of the light is reflected at the point of incidence or ab- 
sorbed. Little light reaches the underside, and therefore a rel- 
atively dark area forms at the other side of the curved surface. 


Based on these three characters, oval-cut jadeite jade with 
different degrees of transparency can be judged objectively and 
automatically. 


Inclusion Characteristics of Wax-Like Amber 


After Hydrothermal Treatment 


Yamei Wang'” and Yan Li' (presenter) 


'Gemmological Institute, China University of Geosciences, Wuhan 
?Gem Testing Center of China University of Geosciences, Wuhan 


Amber products can be hydrothermally treated (figure 1) in order 
to improve the transparency of the material. In this process, an abun- 
dance of tiny nano- or micro-sized bubbles penetrate the amber in 
the presence of an aqueous solution (with some catalyst) through 
controlling the temperature and pressure and selecting an inert at- 
mosphere environment (figure 2). After the treatment, the inner 
layer of the weathered skin of rough amber material will generate a 
layer with various thickness of a yellowish white or greenish yellow 
“hydrothermally treated skin” or a corrugated crust containing pores. 
The finished amber shows residues with white hydrothermally 
treated spots of various sizes, which may enter into the amber’s inte- 


Figure 1. Variations in the appearance of amber samples before 
and after hydrothermal treatment: sample 1, sample 2, and 
sample 3. Note that there was no weight change in the amber be- 
fore and after hydrothermal treatment. Photos by Yamei Wang. 
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Figure 2. A: Sketch of the pres- 
sure furnace used for hy- 
drothermal treatment. B: 
Evaporation of H,O steam on 
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rior or remain on the finished surface. The treated wax-like amber 
displays abundant gas-liquid inclusions with small and dense flat or 
disc-shaped bubbles accompanied by tiny stress fracture patterns. 
The bubbles are uneven in size and densely distributed, forming a 
cloud-like effect. Because the infrared spectra data of the experimen- 


tal samples before and after the treatment showed little difference, 
identification required the support of statistical FTIR data. A series 
of comprehensive tests are needed to identify hydrothermally treated 
amber, including the diagnostic evidence of the crust-like skin con- 
taining spots. 


Interesting Inclusions in Peridot from Jilin, China 


Zhiging Zhang, Min Ye, and Andy H. Shen 
Center for Innovative Gem Testing Technology 


Gemmological Institute, China University of Geosciences, Wuhan 


Recently we received 50 gem-quality rough peridot from the 
Yigisong Nanshan olivine ore district, a new mineral occurrence 
in Dunhua City in China’s Jilin Province. These peridot crystals 
exhibit a yellowish green hue, rather high transparency, and some 
visible inclusions. Study of the inclusions showed interesting re- 
sults (figure 1 left, A-D). 

For precise observation and accurate testing, the crystals were 
windowed and doubly polished. Comprehensive microscopic and 
Raman spectroscopic analysis indicated the following typical in- 
clusions: “lily pads,’ round transparent inclusions, strongly colored 
minerals with or without healed secondary fractures, green crystals 
of enstatite and diopside, and a rare dark mineral inclusion of 
lizardite, identified by Raman spectroscopy and by referencing the 
RRUFF database (figure 1, right). Further gemological research 
is being carried out on these samples, and more data will be pub- 


lished in a full article. 


Figure 1. Left: “Lily pad” indusions with patterns of decrepitation halos are 
typical in peridot (A). Deep-colored minerals are exposed on the host's surface 
with brownish impregnation, or appear ochre with a columnar, schistose form 

(B). Blocky and schistose green diopside appears on or near the surface (C). 
Brownish green enstatite is discernible (D). Right: The spectrum of mineral A 
matched diopside, B matched lizardite, and C matched enstatite. Double or 
triple peaks near 823 and 855 cm™ occur in the peridot, not the inclusions. 
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IR Absorption Spectrum of Type Ib HPHT-Created Diamonds as an 
Indicator of Their Growth Conditions 


Viktor Vins', Alexander Yelisseyev?, Dmitry Bagryantsev', and Alex Grizenko? 


'Velman, Ltd., Novosibirsk, Russia 


*Sobolev Institute of Geology and Mineralogy SB RAS, Novosibirsk, Russia 


3Lucent Diamonds, Inc., Los Angeles 


Donor nitrogen atoms are the simplest crystal lattice defect, and 
their one-phonon absorption spectrum is well studied. The spec- 
trum shows two main features: a main band at 1130 cm! and a 
narrow peak at 1344 cm7!. The absorption intensity and exact po- 
sition of these two peaks give information about diamond growth 
conditions and crystal lattice perfection. In particular, our results 
showed that a decrease in growth rate corresponded to a decrease 
in the p,,55/l4,3,,absorption intensity ratio. The ratio decreased 
from 2 to 1.5 in samples grown in the Fe-Ni-C system and from 
1.64 to 0.95 in samples grown in the Fe-Co-C system. Since the 
1 30/ My344 Fatio is sensitive to growth conditions, it could serve as 
a criterion for diamond quality, showing the content of impurity 
defects as well as the amount of internal tensile stress. 

Studying isotopically modified diamonds is also informative. For 
example, if the carbon part of the growth system was 50% ”C 
graphite and 50% '3C graphite, an isotopic shift at 1344 cm! was 
observed, while the main band at 1130 cm did not shift. The sam- 
ples containing '°N isotope, conversely, revealed a 15 cm shift to- 
ward long wavelengths of the 1130 cm! band, whereas the 1344 
cm! peak remained at its frequency. It can be concluded that the 


1130 cm band is associated with the resonant vibrations of the N- 
C bond, while the 1344 cm peak is related not to the donor nitro- 
gen atom but to local vibrations of the carbon atom, which is bonded 
to the unpaired electron of the impurity nitrogen. The position of 
the Raman peak on the spectra taken at different points of the sample 
with 47% C showed that the biggest shift of the diamond peak (v 
= 1312.8 cm) was seen in parts of the crystal immediately adjacent 
to the seed region. The Raman peak varied from 1321.1 to 1322.5 
cm in other parts of the sample, which corresponds to 25 + 27% 
of BC. The full width half maximum (FWHM) of the Raman peak 
was the largest (7.8 cm") at v = 1312.8 cm“. In all other points it 
ranged from 6.2 to 7.4 cm". In addition to an unusually high 
Uy 19/ H4y344iNtensity ratio, which in “traditional” nickel-containing di- 
amond ranges from 1.5 to 2.0, this indicates that isotopically modi- 
fied diamonds have a rather imperfect crystal lattice. This could be 
caused by internal stress resulting from the incorporation of an iso- 
tope with a larger atomic size than that of ?C. 

This work was supported by grant 16-05-00873a from the Russ- 
ian Foundation for Basic Research and by the state assignment project 
0330-2016-0006. 


Laue X-Ray Backscatter Spot Patterns: A Novel Way of Identifying 


Various Gemological Crystals 


Hollis Milroy and Sandra Hektor 
University of Toronto 


Although Laue X-ray backscatter imaging of crystals dates back 
to the 1920s, the application of this technique to the study of 
gemology is very much a new concept. This study investigates the 
use of Laue backscatter spot patterns (also called Laue-grams) to 
positively identify several gem crystals of varying crystal structure 
and atomic complexity. Approximately 50 exposures were taken 
using a tungsten filament running at 2000 W (50 kV x 20 mA), 
with the resulting Laue backscatter images captured on medical 
X-ray film. Using a high-resolution scanner, the spot patterns from 


Figure 1. Laue backscatter spot patterns for two single-crystal samples. 
A: Yellow tint lab-grown single crystal diamond. B: Single-crystal 
tungsten in [110] orientation. Photos by Hollis Milroy. 
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the developed film were compared to computer-generated models, 
which agreed with the film images to a high degree of accuracy. 

Exposure times and crystal orientations relative to the X-ray 
beam axis were varied. Control exposures were run to ensure back- 
ground effects (e.g,, from the sample holder) did not contribute at 
all to the spot patterns. 

The advantage of the noninvasive and nondestructive Laue 
backscatter method is that material can be identified from any 


orientation of the crystal. This is helpful when gemstones are em- 
bedded in jewelry or other materials such as rocks. Furthermore, 
anomalies from crystal impurities will appear on the film propor- 
tionately: The spot pattern of the predominant material will ap- 
pear most visible and thus always easily determinable. For 
instance, the small impurities that produce different-hued gem- 
stones will not affect the produced spot pattern from the under- 
lying crystal structure. 


Multifunction Spectrometer for Color Grading and Identification of 


Diamonds and Gemstones 


Yan Liu 
Liu Research Laboratories, South El Monte, California 


A multifunction dual integrating sphere spectrometer has been 
developed for color grading and identification of diamonds and 
gemstones. The spectrometer has nine functions: spectral re- 
flectance measurement, spectral transmittance measurement, color 
measurement, UV fluorescence measurement, photoluminescence 
(PL) measurement, color grading of gemstones, color grading of 
colored diamonds, color grading of jadeite, and grading of alexan- 
drite effect. The color grading by artificial intelligence and the fine 
spectral measurement of PL at room temperature are particularly 
useful for gemological laboratories and the jewelry industry. The 
artificial intelligence for color grading includes a neural network 


anda fuzzy logic algorithm. The PL measurement is calibrated by 


a NIST-traceable lamp to measure the relative spectral distribution 
of photoluminescence, and a mathematic algorithm is developed 
to obtain a fine PL spectrum at room temperature. In addition, 
the photoluminescence measurement can amplify a weak spec- 
trum up to 1,000 times for gemological research and identification 
purposes. The function for color grading of jadeite has adjust- 
ments for color area percentage and shape curve for accurate color 
grading of carved pieces. The grading of alexandrite effect is cal- 
culated under five standard CIE illuminants: A, D65, F3, F7, and 
F11. The spectrometer can be used to perform most tasks of color 
grading, spectroscopic identification, and research in advanced 
gemological laboratories. 


Nephrite from Luodian, Guizhou Province of China 


Quanli Chen’, Xianyu Liu':?, Haitao Wang’, Wenjing Zhu’, Sujie Ai’, and Zuowei Yin' 
'Gemmological Institute, China University of Geosciences, Wuhan 

?College of Jewelry, Shanghai Jian Qiao University, Shanghai 

3School of Jewelry, Guangzhou College of South China University of Technology, Guangzhou 


In recent years, a new variety of nephrite has been discovered in 
Luodian County in Guizhou Province, China (figure 1). It lacks 
greasy luster but possesses a distinctive “porcelain” luster and a fine 
texture. The white samples tend to show a more or less gray hue. 

Samples with a white to bluish white colors were studied via 
X-ray fluorescence (XRF), X-ray diffraction (XRD), ICP-MS, 
and FTIR. The results reveal that Luodian nephrite (figure 2), 
whose SG ranges from 2.77 to 2.90 and is slightly lower than that 
of Hetian nephrite, is mainly composed of tremolite, and parts of 
the samples contain a small amount of quartz. The chemical con- 
stituents of Luodian nephrite are SiO, (56.75-59.01 wt.%), MgO 
(23.69-25.03 wt.%), and CaO (11.25-12.00 wt.%, lower than 
the standard value of tremolite). 
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Among the trace elements of Luodian nephrite, Ti, V, Cr, Mn, 
and Co show higher relative mass fraction, with Ti ranking top 
(relative mass fraction: 2.05-4.52 x 10-*). The content of these 
elements is exceptionally low in Hetian white nephrite, which may 
shed some light on the gray hue of Luodian nephrite. Light rare 
earth elements are relatively concentrated, and Eu shows both pos- 
itive and (more frequently) negative anomalies. Compared with 
Hetian white nephrite, the total content of rare earth elements of 
Luodian nephrite is higher, especially the elements La, Nd, Sm, 
Tb, and Er, indicating that the ore-forming environment is differ- 
ent between the two localities. 

Observing the microstructure characteristics using scanning 
electron microscopy (SEM) revealed that the tremolite in Luo- 
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Figure 1. Map showing the location of the Luodian nephrite deposit. 


dian nephrite has a mainly fibrous crystalline structure, and the 
various microstructure features of the aggregate are based on the 
different aggregation modes of fibrous tremolite. Therefore, the 


“Raindrop” Turquoise from China 
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Figure 2. These nephrite pieces are from Luodian County in 
Guizhou Province, China. Photos by Quanli Chen. 


fibrotic range, geometric size, form combination, interaction of 
the tremolite, and tightness of polymerization are the basis of 
quality in Luodian nephrite. 


Ling Liu, Mingxing Yang, Yan Li, Yalun Ku, Jia Liu, and Zenmin Luo 
Gemmological Institute, China University of Geosciences, Wuhan 


Recently, a new type of turquoise with randomly distributed spots 
(figure 1A) from Hubei Province, China—where there are abun- 
dant gem-quality turquoise mines—has become popular with jew- 
elry consumers and collectors. The material is called “raindrop 
turquoise” because of the unique inclusions with blue, blue-green 
or (rarely) yellow color. The raindrop-like inclusions and the sub- 
strate always display a similar hue, but the color of the raindrop- 


like inclusions is much deeper, and their transparency and hardness 
are higher. 

It appears that so-called raindrop turquoise has not been well 
studied. Several typical specimens from the jewelry market were sys- 
tematically investigated for their mineral compositions and spectral 
characteristics using micro-XRD, micro-FTIR, Raman, and elec- 
tron microprobe analysis. The raindrop inclusions (figure 1B) were 


Figure 1. A: The circle-shaped inclusions were unevenly distributed in this piece of raindrop turquoise. Photo by Yalun Ku. B: Inclusions seen in 
one of the samples from this report. The sample measures 21 x 18 x 6 mm. C: Backscattered electron imaging of the sample shown in figure 1B 
revealed that the gray area between the raindrop and the substrate is distinct. D: A lighter and narrower (~10 um) line observed in the vein of 
the sample is pure carbon-fluorapatite. 


Carbon-fluorapatite 
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Digested by Richard T. Liddicoat, Jr., 
from an article appearing in April 1952 edi- 
tion of the government publication, Mineral 
Trade Notes, written by Thomas Murdock, 
U.S. Consul, Elizabethuille, Belgian Congo. 

The only diamond producing company 
operating in Angola is the Companhia de 
Diamantes de Angola (better known as Dia- 
mang). This company replaced, in 1917, the 
original company formed to exploit Angolan 
deposits. Originally, the Belgian company, 
“Forminiere’” (well known for its mining 
of Belgian Congo mineral wealth), together 
with Guggenheim and Ryan interests of the 
U.S.A., were important stockholders but the 
company is now said to be 80 per cent 
Portuguese owned. 

The deposits in Angola are an extension 
of those in Tschikapa area of the Belgian 
Congo. They are on the other side of the 
Kasai River which forms a boundary be- 
tween Angola and the Belgian Congo. Since 
the first diamond was found in the region 
on November 4, 1907, Angola has produced 
more than 15 million carats of diamonds. 
In the decade from 1941 to 1950, average 
production was approximately 775,000 carats 
annually—an average of about seven per cent 
of the world’s total output during that 
period. Diamang concessions cover an area 
of approximately 14,000 square kilometers 
in a region 7° to 9° South Latitude, and 20° 
to 22° East Longitude. The deposits are 
along the tributaries of the Kasai River flow- 
ing north. The Tschikapa and Luachimo 
Valley deposits have been worked for many 
years and are practically exhausted. At the 
present time most of the 38 mines are lo- 
cated at Chiumbi and Luembe basins. 

Apparently all of the diamonds were once 
in the upper portions of the Karroo forma- 
tion which is Carboniferous to Jurassic in 
age. Since the ptpe mines of the Union of 
South Africa are of later than the Jurassic, 


the diamonds in the Karroo formation had 
an earlier primary source. The discovery of 
chrome-diopside in the gravels—a common 
constituent of kimberlite—has led to the be- 
lief that the primary source for these allu- 
vial diamonds was kimberlite. 

Beds found in Angolan valleys are gen- 
erally of three types and are to be found in 
most valleys in the following order: The 
lower deposit is gravel which is covered by 
a sand which, in turn, is overlaid by mud. 
Terrace gravels are quite thick, often ex- 
ceeding 10 meters. These older gravels con- 
tain more angular fragments than do the 
valley gravels and, in a number of them, im- 
plements of an ancient Civilization have been 
found. The fact that, with certain exceptions 
and short reversals of trend, the diamonds 
get smaller from south to north and that 
there is a gentle slope to the north, has led 
to a belief held in Angola that the diamonds 
were derived from a single primary source, 
the age of which is suggested by the posi- 
tion of the diamond-bearing beds found in 
place near the top of the Karroo formation. 

Through the 1944 operations the produc- 
tion amounted to .22 carats per cu. meter, 
removed. The 
gravel itself produced .79 carats per meter 
in 1945 but has dropped off slowly, but 
steadily, to .52 carats per cu. meter in 1950. 
The prospecting completed in three recent 
years (1947 through 1949) has indicated, 
by sampling, a diamond content of 1.01, 
1.12, and .82 carats per cu. meter for the 
average of the prospecting operations in those 
three years. The quality of stones produced 
compares to that of South-West Africa, but 
the stones are smaller, averaging four and 
one half to the carat. Production consists 
largely of what the author calls “water 
white” stones with a fairly high percentage 
of fancy colors. 

Most of the crystals are octahedra, but a 
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mainly composed of turquoise and fluorapatite, while the substrate 
was mainly turquoise. The Raman spectra of the raindrop inclusions 
showed the characteristic peaks of turquoise, with strong and sharp 
peaks at 965-968 cm” caused by PO,** of fluorapatite. In addition, 
a weak shoulder at 1070 cm" was observed in some samples because 
of CO,” replacing PO? (Awonusi et al., 2007). The micro-FTIR 
spectra of the raindrop inclusions showed double weak peaks near 
1460 cm! and 1430 cm", resulting from the asymmetric stretching 
vibration of CO,” (Fleet, 2009). The backscattered electron images 
(figure 1C) showed that the gray between the raindrop and the sub- 


strate was distinct, indicating the difference in their mutual mineral 
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phases. Some raindrop inclusions kept the perfect hexagonal shapes 
of apatite (again, see figure 1C). In addition, a lighter and narrower 
line (~10 ym) was also observed in the vein of the sample (figure 
1D). The chemical compositions of the raindrops and veins were 
ALO,, P,O,, CaO, CuO, FeO,, and F, while the narrow line mainly 
consisted of P,O., CaO, and F. 

From the X-ray diffraction (XRD) and Raman results, the rain- 
drop and vein inclusions are mixed with turquoise and fluorapatite, 
while the lighter and narrower line is pure carbon-fluorapatite. 
Hence, the deeper color of raindrop-like inclusions can be attributed 
to the mixture of turquoise and fluorapatite/carbon-fluorapatite. 


Fleet M.E. (2009) Infrared spectra of carbonate apatites: v,-region bands. Bio- 
materials, Vol. 30, No. 8, pp. 1473-1481, http://dx.doi.org/10.1016/j.bio- 
materials.2008.12.007 


Tianhuang Stone—The Most Valuable Seal Stone in China 
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Tianhuang stone, from the village of Shoushan in Fujian 
Province, is the most precious Chinese seal stone. It has a pro- 
found cultural heritage in China and is quite expensive. There- 
fore, systematic research on the identifying gemological and 
mineralogical characteristics of Tianhuang stone has important 
value implications. Tianhuang stone mainly has a yellow color, 
though it can sometimes be white, red, or black. Most Tianhuang 
stones have weathered skins, red cracks, and “turnip” inclusion 
veins. 

According to X-ray diffraction and FTIR results, Tian- 
huang stone can be divided into three types: dickitic, nacritic, 
and illitic. Dickitic-type Tianhuang stone can be further divided 
into ordered dickitic and disordered dickitic. Illitic-type Tian- 
huang stone is usually composed of 2M, illite and a small 
amount of 1M illite. 

The weathered skin and matrix have the same mineral com- 
position. LA-ICP-MS results suggest that iron content is higher 
in the skin than in the matrix. These findings, along with total 
iron analyses, indicate that the yellow color of Tianhuang stone 
is caused by Fe** ions in the crystal structure of dickite, nacrite, 
or illite. Red cracks are caused by iron minerals that entered 
along the cracks. The iron minerals display three forms: thick 
film-state, short needles, and film or fine granular, as observed 
by scanning electron microscopy (SEM). The “turnip” vein is a 
kind of fine, white spiderweb inclusion in Tianhuang stone, 
which has no obvious boundary between matrix and vein. SEM, 
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energy-dispersive spectrometry (EDS), and laser Raman mi- 
crospectrometry results show that turnip vein is composed of 
svanbergite. 


Figure 1. A: This 58 g yellow Tianhuang seal stone was sold at a 
Chinese auction from 2017. B: Weathered skin on the surface of a 
Tianhuang stone. C: Fine and white “turnip” veins. D: Red cracks 


extending into a Tianhuang stone from its surface. 


Gems & GEMOLOGY FALL 2018 


POSTER PRESENTATIONS Ill 


Unusual “Vorobyevite” Beryl from Afghanistan 


Yang Hu and Ren Lu 


Gemmological Institute, China University of Geosciences, Wuhan 


Beryl is an important gem species that includes goshenite, aqua- 
marine, emerald, heliodor, morganite, and red beryl varieties. An 
unusual blue beryl sold as “vorobyevite” or “rosterite” is sometimes 
seen on the market. This crystal has a special hexagonal tabular 
morphology, sometimes concave, convex, or fibrous-like on basal 
pinacoids. The material is mined from the Deo Darrah, Khash, 
and Kuran Wa Munjan districts in Badakhshan Province, 
Afghanistan. It most likely formed in granitic pegmatite, as evi- 
denced by the associated dark blue tourmaline and spherical mus- 
covite aggregates (figure 1, left). Characteristics of an Afghan 
vorobyevite sample and the use of the term are discussed here. 
This sample was pale blue with a yellow hue in the center. Par- 
allel intergrowth and a hexagonal growth texture were shown ona 
two-sided basal face. Dichroism was medium, appearing pale blue 
along the ordinary (0-) ray and blue along the extraordinary (e-) 
ray. The fluorescence response was inert to both long-wave and 
short-wave UV. The sample had a refractive index (RI) of 1.570- 
1.575 anda specific gravity (SG) of 2.53. Abundant two-phase in- 
clusions with various shapes were observed (figure 1, right). All of 
these gemological properties were in agreement with aquamarine. 
LA-ICP-MS analysis showed that alkali content in the form 
of Naand Cs (Cs,O 0.03-0.04 wt.%, and Na,O 0.07-0.08 wt.%) 
was relatively low according to our chemical database of all beryl 
varieties, classified as “low-alkali” beryl in agreement with the dom- 
inance of type I water in structural channels revealed by Raman 
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and IR spectra. In addition, Ge Sn, Nb, and Ta were relatively rich 
compared with aquamarine from other origins. Due to few sub- 
stitutions in the Al octahedral and Be tetrahedral crystal site, this 
Afghan sample was identified as “normal beryl.” UV-Vis-NIR 
spectroscopy showed absorptions of Fe ions (FeO 0.56—-0.60 
wt.%) at 372, 425, 600, and 820 nm, and the blue color was stable 
under sunlight. Therefore, the blue color was attributed to Fe ions 
rather than natural or artificial irradiation. A yellowish area in the 
center of the sample indicated that the blue color was natural. 

The term “vorobyevite” was first applied to colorless to yel- 
lowish rose beryl containing large amounts of lithium and cesium 
(Cs,O 3.04 wt.% and Li,O 1.43 wt.%) from Lipovka, Russia 
(Yakubovich et al., 2009). The term “rosterite” designated a cesium 
beryl of colorless or pink color from Elba, Italy, almost synony- 
mous with “vorobyevite” (Hanni and Krzemnicki, 2003). But nei- 
ther term is officially accepted by the International Mineralogical 
Association or normally used for a beryl variety. Based on gemo- 
logical, spectroscopic, and chemical characteristics, we confirmed 
this Afghani vorobyevite belonged to the beryl species, specifically 
the low-alkali aquamarine variety. However, similar tabular beryls 
from Mogok (Myanmar) and Sichuan (China) with a pale blue to 
dark blue color (see figure 1, left) were identified as “alkali-rich” 
aquamarine in our study. Although the tabular morphology in this 
Afghan sample was quite uncommon, tabular morphology is not 
a criterion for identifying vorobyevite or rosterite. 


Figure 1. Left: A 16.5 x 13.2 x 7.5 
mm vorobyevite with tourmaline 
and muscovite aggregate from 
Afghanistan, a 31.3 x 25.2 x 7.3 
mm pale blue Chinese aquamarine, 
and a 22.1 x 15.5 x 7.8mm dark 
blue Burmese aquamarine. Right: A 
two-phase inclusion hosting a round 
bubble in the vorobyevite. Field of 
view 0.37 mm. Photos by Yang Hu. 


metals in beryl and their role in the formation of derivative structural mo- 
tifs: Comparative crystal chemistry of vorobyevite and pezzottaite. Crystal- 
lography Reports, Vol. 54, No. 3, pp. 399-412, http://dx.doi.org/ 
10.1134/S1063774509030067 
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Young Blue Sapphires from Muling, China 


Yimiao Liu and Ren Lu 


Gemmological Institute, China University of Geosciences, Wuhan 


The area around Muling, a small town located in northeastern 
China, produces attractive corundum in a wide variety of color, 
clarity, and sizes (Liu and Lu, 2016), along with gem-quality py- 
rope, zircon, and black spinel. Some of its facet-quality sapphires 
(figure 1) are comparable to those from the finest sapphire local- 
ities in the world. 

Sapphire from Muling is mostly extracted from alluvial (or sec- 
ondary) deposits. Information on genesis, general formation en- 
vironment, and deposit type is still incomplete and being 
researched to support efficient exploration. 

Muling is distributed along the northern section of the Dun- 
hua-Mishan Fault, which is a lithospheric extension between the 
Xing-Meng orogenic belt and the Pacific subduction zone (Ling 
et al., 2017). The volcanic eruptions of the Dunhua-Mishan 
graben began at about 44.9 Ma and ended about 5,140 years be- 
fore the present (Wang et al., 2001). Gemstones were found in the 
placer derived from Miocene (5.3-23 Ma) basalt, which is re- 
garded as the gem carrier. The corundum-bearing layers underlie 
a few meters of soft sandy clay and fertile topsoil. 

This study arose from a preliminary examination of 14 faceted 
and 74 rough corundum from the Muling deposits. During exam- 
ination of the internal characteristics, we found zircon inclusions 
in three blue sapphires. As one of the best geochronometers, zircon 
provided an initial estimate of the formation age through U-Pb 
dating methods. 

Zircon inclusions were identified by laser Raman spectroscopy. 
Euhedral crystals with no evidence of surface corrosion or oxida- 
tion could indicate that the zircon inclusions within the host sap- 
phire were syngenetic and nearly unaffected by radiation (called 
“high” zircon in gemology). Therefore, the ages obtained on zir- 
con inclusions are in equilibrium with the initial formation time 
of the host sapphire. 

U-Pb dating analyses of zircon inclusions were conducted 
using LA-ICP-MS at the State Key Laboratory of Geological 
Processes and Mineral Resources, China University of Geo- 
sciences, Wuhan. Due to the small size of the target inclusions (ap- 
proximately 150 um x 50 um) and unavoidable interference from 
common lead, only some subsets of information could be pre- 
served for the age calculation. The analyses of zircon inclusions 
gave *Pb/?8U ages ranging from 8 to 10 Ma (ie., Miocene). 
Being completely enclosed within the host sapphires, the trans- 
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parent euhedral zircons were protected throughout their history 
from interaction with permeating fluids. Thus, the obtained ages 
correspond to the formational ages of these sapphires. Combined 
with the geologic settings, this time period would have allowed 
numerous volcanic events to deliver the corundum as xenocrystal 
from the source to the top. The formation condition of Muling 
sapphires might be associated with the Miocene volcanic events. 

The U-Pb ages of zircon inclusions (along with a full range of 
trace elements within zircon) can also provide distinctive prove- 
nance characteristics, because the formation ages of sapphires from 
various well-known deposits are different. Although the sapphires 
from Muling are much older than the oldest human civilization, 
they are among the youngest sapphire deposits known to date (e.g., 
Madagascar, Sri Lanka, Myanmar, and North America). There- 
fore, the U-Pb age of zircon inclusions is an efficient indicator in 
separating similar-looking sapphires from various deposits. 

Once more age information on sapphires is collected, a totally 
new system of provenance identification will be established. It is 
also helpful for further understanding the genesis of gemstones 
and instructing people on the rational utilization of resources. 


Figure 1. This 0.53 ct natural, untreated blue sapphire from Mul- 
ing, China, shows desirable blue color and saturation. Photo by 


Yimiao Liu. 


China. GerG, Vol. 52, No. 1, pp. 98-100. 

Wang X.K., Qiu SW, Song C.C., Kulakoy A., Tashchi S., Myasnikov E. (2001) 
Cenozoic volcanism and geothermal resources in northeast China. Chinese 
Geographical Science, Vol. 11, No. 2, pp. 150-154, http://dx.doi.org/ 
10.1007/s11769-001-0035-z 
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Gem Localities 


Blue Sapphires from Mogok, Myanmar 


Ungkhana Atikarnsakul, Wim Vertriest, and Wasura Soonthorntantikul 


GIA, Bangkok 


Myanmar (formerly Burma) has been one of the most important 
producers of high-quality blue sapphires for centuries. The gem- 
stones are mined from various parts of the Mogok Stone Tract and 
show some variation according to their specific origin within the 
tract. It is widely known within the gemological community that 
separating metamorphic sapphires from Myanmar, Sri Lanka, 
Madagascar, and other geologically similar sources still poses some 
challenges. In this study, 69 untreated samples from four distinct 
sapphire mining areas in Mogok were examined (figure 1). 

The aim of this research was to characterize the gemological 
properties, inclusions, spectroscopic features (FTIR, UV-Vis-NIR, 
and Raman), and chemistry of Burmese blue sapphires in order to 
assist with country-of-origin determination. The samples exhibited 
colors ranging from blue to violetish blue. Standard gemological 
properties recorded were consistent with most natural blue sap- 
phires: refractive index (RI) of n, = 1.769-1.770 and n, = 1.760- 
1.762, birefringence of 0.008-0.009, and hydrostatic specific gravity 
(SG) of 3.81-4.04. The samples were inert under short-wave ultra- 
violet (UV) radiation. The majority were also inert under long-wave 
UV radiation, although some violetish blue samples displayed a 
weak red reaction. Under magnification, lamellar twinning, silk, 
particle bands, negative crystals, variously shaped thin films, 
brownish platelets of ilmenite, iridescent fluid inclusions, and var- 
ious minerals (such as crystals of zircon, feldspar, mica, green 
chromite, and nepheline) were typically observed. The Fourier- 
transform infrared (FTIR) spectra revealed the presence of min- 
erals such as boehmite, kaolinite, and diaspore, and/or a single very 
weak peak at 3309 cm. Ultraviolet/visible/near-infrared (UV-Vis- 
NIR) spectroscopy revealed the typical patterns seen in metamor- 
phic blue sapphires, including three absorption peaks at 377, 388, 
and 450 nm related to Fe** ions and one absorption band centered 
at 580 nm in the ordinary (0-) ray and at 700 nm in the extraordi- 
nary (e-) ray of Fe’*-Ti* pairs. 

One of the most interesting results to come from the study 
was the slight variation observed in the chemical signatures be- 
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tween sapphires from the different areas in Mogok and other 
metamorphic blue sapphire sources, revealed by laser ablation— 
inductively coupled plasma—mass spectrometry (LA-ICP-MS) 
analysis. In cases where few or no inclusions were present to assist 
with origin determination, plotting Fe versus V provided useful 
supporting data by which to separate Mogok sapphires from Sri 
Lankan and Madagascan sapphires. The moderate to high Fe con- 
tent (up to 2300 ppma) of these sapphires from certain areas of 
Mogok sets them apart from other sources with lower Fe. This 
study proved that a combination of various analytical techniques 
and interpretation of the subsequent data, especially that obtained 
from LA-ICP-MS, FTIR, UV-Vis-NIR, and microscopic obser- 
vation, should be taken into account when providing opinions on 
the country of origin for Burmese blue sapphires. 


Figure 1. The four mine locations in the vicinity of Mogok from 
which the samples in this study were sourced. Inset: A map of Myan- 
mar showing Mandalay and Mogok. 
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An in-depth gemological study of blue sapphires from the Baw Mar mine 
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Geographic Origin Determination of Ruby and Sapphire Using 


St-Pb Isotopes 


Mandy Y. Krebs'?, D. Graham Pearson’, Andrew J. Fagan’, and Chiranjeeb Sakar? 


'GIA, New York 
“University of Alberta, Edmonton, Canada 
-Hummingbird Geological Services, Vancouver, Canada 


The geographic origin of gemstones has emerged as one of the 
major factors affecting their sale on the international market, in 
large part due to the prestige attributed to certain origins (e.g., ru- 
bies from Myanmar or sapphires from Kashmir), but also because 
of political and ethical reasons (trade bans and fair trade). This 
provides a strong motivation to establish accurate scientific meth- 
ods to identify the provenance of high-end colored gemstones 
such as ruby and sapphire. 

Methods used to determine ruby provenance include the ob- 
servation of inclusions and gemological features, trace element 
analysis, and oxygen isotope analysis. All these have proven useful 
in distinguishing corundum from different geological settings, but 
none of these methods are yet able to reliably distinguish between 
gems from different geographic regions that share a similar geo- 
logical setting (Groat and Giuliani, 2014). So far, no unique fin- 
gerprint exists and geographic origin remains a challenge, 
especially for high-clarity stones, emphasizing the need for a more 
powerful tool. 
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Using a novel offline laser ablation technique followed by col- 
umn chromatography and thermal ionization mass spectrometry 
(TIMS), we were able to precisely measure radiogenic isotope 
compositions in ruby for the first time. We demonstrate, using ru- 
bies from three different localities and two different deposit types, 
that radiogenic isotopes offer a potentially powerful means of 
provenance discrimination even for geologically similar deposits 
(Krebs et al., 2016). 

Here we present Sr and Pb isotope data for gem corundum 
from several localities of geologically similar deposits: rubies from 
amphibole-related (Mozambique, Greenland, Madagascar, and 
Tanzania) and marble-related deposits (Myanmar, Vietnam, 
Afghanistan, and Tanzania) and metamorphic blue sapphires 
(Myanmar, Sri Lanka, and Madagascar). This data will be evalu- 
ated with regard to its usefulness in determining the geographic 
origin of both ruby and sapphire, and the method's usefulness for 
the development of a unique fingerprint for the country-of-origin 
determination will be discussed. 


using Sr-Pb isotopes and trace elements and dating ruby crystallisation using 
Pb-Pb geochronology: a new approach. Geological Society of America Meet- 
ing Abstracts with Programs, Vol. 48, No. 7, https://gsa.confex.com/ 
gsa/2016AM/webprogram/Paper285603.html 


Golden Sheen Sapphire and Syenite /Monzonite—Hosted Sapphire 


From Kenya 


Yusuke Katsurada, Makoto Miura, and Kazuko Saruwatari 


GIA, Tokyo 


Golden sheen sapphire (GSS) has recently become popular in the 
gemstone market. This material was recovered from undisclosed 
deposits in a remote locality in northeastern Kenya near the So- 
mali border. Its unique shimmering effect is created by hematite 
and ilmenite inclusions, and chromophores of its blue and yellow 
bodycolors have been studied in some publications. We compared 
the trace-element concentrations of these GSS with published data 
for blue sapphires from other localities and found similar compo- 
sitions in sapphires from Garba Tula, central Kenya (Miura et al., 
2018). The Garba Tula sapphire mine is known as a primary de- 
posit of syenite/monzonite dikes within migmatites and gneisses 
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in the Mozambique belt. The purpose of this study is to clarify the 
relationship between these localities by comparing GSS with 
Garba Tula sapphires. 

In addition to the 23 GSS samples documented by Miura et 
al. (2018), we obtained six blue and five yellow cabochons from 
the same supplier. These 11 samples were reportedly from the 
same deposit. Being less included, they were more suitable for com- 
paring trace-element concentrations. We also obtained more than 
60 rough samples from Garba Tula from another reliable source. 
These samples were mainly blue with some yellows, and some were 
heavily included with hematite/ilmenite needles. The included 
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samples were similar to GSS in their characteristic mineral inclu- 
sions such as hematite, ilmenite, magnetite, zircon, mica, and car- 
bonate minerals. From the Garba Tula samples, pieces with fewer 
inclusions were randomly selected for quantitative analysis with 
LA-ICP-MS. 

The 11 less-included GSS samples and the included GSS had 
similar trends in their key elements. Less-included samples also 
showed a Mg-Ti ratio corresponding with coloring theory: a 
higher ratio in yellows and a lower ratio in blues. The blue sap- 
phires from Garba Tula had a wider range of elements but over- 
lapped with GSS in all key elements for both blue and yellow 
bodycolors. The similarity of inclusions and trace-element trends 
indicates that the geological background of GSS is strongly related 
to that of Garba Tula sapphires. Garba Tula is located in the up- 
slope area of a drainage basin of the Juba and Shabelle Rivers, 
which flow into the Indian Ocean. Bimodal seasonal precipitation 


and poor vegetation coverage can cause severe weathering and ero- 
sion, and the weathered corundum-hosting rocks are sometimes 
washed and transported downstream. Topographic features sug- 
gest that materials with high specific gravity such as corundum 
might be deposited close to the Somali border, where meandering 
channels are predominant in the sub-basin of the Lag Dera sea- 
sonal river, a branch of the Juba and Shabelle Rivers. This is a useful 
example of combining chemical analyses and inclusion studies 
with geomorphological interpretation to approach origin deter- 
mination of gemstones whose placer deposit locality is unknown. 
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Magmatic Sapphire from Yogo Gulch, Montana, and from 
Bingham Canyon, Utah: Some Surprising Commonalities 


Jeffrey D. Keith', Aaron C. Palke?, and James E. Shigley? 


‘Brigham Young University, Provo, Utah 
GIA, Carlsbad, California 


Recent LA-ICP-MS analysis performed on sapphire crystals from 
Bingham Canyon, Utah (figure 1, left), found broad similarities with 
sapphire from Yogo Gulch, Montana (figure 1, right). Bingham 
Canyon sapphire occurs in at least nine different volcanic units that 
are approximately the same age as the Cu-Au-Mo mineralization 
(which occurred 39 Ma). These volcanic units are small-volume 
block-and-ash flow eruptions that comprise the flanks ofa large in- 
ferred stratovolcano. Sapphire does not occur in older or younger 
magmatic events unrelated to Cu mineralization. Bingham Canyon 
and Yogo Gulch sapphires have broadly similar chemistry in terms 
of Mg, Fe, and Ga. V and Cr contents are moderately higher in Bing- 
ham Canyon sapphire. However, one important distinction is that 
the Ti enrichments (as well as Nb and Zr) found in the Bingham 
Canyon sapphires suggest the presence of significant Ti-rich micro- 
inclusions, which is not typically seen in Yogo sapphires. Broad sim- 
ilarities are not unexpected considering that they are both related to 
matfic/potassic Eocene magmatism in the western United States. 
Sapphire at Bingham Canyon occurred after primitive magma tran- 
sected Proterozoic mica-rich lithospheric mantle and melted Al-rich 
rocks such as phlogopite-bearing veins. At Yogo, phlogopite is also 
a fundamental mineral in the lamprophyric dike that hosts the sap- 
phire. Modeling suggests that primitive mafic magma ponded at the 
base of the crust and melted Al-rich Proterozoic metapelites. 

At Bingham, sapphire crystals (50-500 um) are two orders of 
magnitude smaller than those at Yogo, but they are uniformly dis- 
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tributed in most of the intrusive and volcanic units that comprise 
the stratovolcano. The question of origin remains for both Bing- 
ham Canyon and Yogo sapphires: Are they xenocrysts in the tra- 
ditional sense, or are they intimately related to formation of each 
magma? 


Figure 1. Side-by-side example comparing the morphology of sap- 
phires from Bingham Canyon (left) and Yogo Gulch (right). Photos 
by Aaron Palke. 
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Tourmaline-Sapphire-Phlogopite Rocks of the Badakhshan Province of 
Northeastern Afghanistan: Insights into a Favorable Environment for 


Blue Sapphire Development 


Darrell Henry’, Barbara L. Dutrow’, and Ziyin Sun? 


‘Department of Geology and Geophysics, Louisiana State University, Baton Rouge 


GIA, Carlsbad, California 


The sapphire-bearing metamorphic rocks found in the Badakhshan 
Province of northeastern Afghanistan provide insights into the 
chemical and mineralogical environments that favor development 
of the blue sapphire variety of corundum. These rocks comprise a 
matrix of randomly oriented pale brown to pale green phlogopite 
with porphyroblasts of dark blue tourmaline and blue to colorless 
sapphire. Minor amounts of green spinel, feldspar, and apatite have 
also been noted as coexisting phases in these rocks. The tourmalines 
are prismatic. The phlogopite exhibits minor alteration to 
clinochlore. The sapphires display a range of color intensities from 
colorless to dark blue, and some show color variation in different 
sectors. As expected, no quartz occurs in the samples. 
Backscattered electron imaging and electron microprobe analy- 
sis of a representative sample reveal the intriguing textures and min- 
eral chemistry of the tourmaline and phlogopite. The tourmalines 
commonly display oscillatory zoning in the interior of the grains, 
with patchy zoning on the outer portion that mimics the texture of 
the matrix phlogopite. Analytical data collected along traverses 
across a tourmaline porphyroblast establish that they are Ca-rich 
dravite (X,,, = 0.92-0.97) with an average core zone formula of 
(Na, Ca, ) (Mg, 79 Fey osAdo 67) (Alog) (Sigs!) 7018) (BO,), 


0.60 ~0.32.90.07: 5.93 0.07 


(OH,,,,) (OH, .,0,5F,;>) and an outer zone formula of (Na, 


390.25" 0.12 64 
C8 sacssin) MBit rca) lay) (Shea Miles.) (BO), (OH) 
(OH) 0 434F 997)» A narrow overgrowth of magnesio-foitite occurs 
at the outer margin of the grain. The tourmaline core zone has a 


more intense blue color and is notably more enriched in Fe. The 


phlogopites are extremely magnesian (X= 0.94-0.96) and exhibit 


arange of comp ositions Bs aes anesiar- nae CMB oa saa 
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and phlogopite have unusually low Ti contents of near or below 
electron microprobe detection limits of ~150 ppmw. The blue 
coloration of the tourmaline is presumed to be related to interac- 
tions of Fe** and Fe** in the absence of appreciable Ti, similar to 
that in blue-colored elbaites. LA-ICP-MS data on the tourmaline 
confirm the unusually low Ti (262 ppmw) and V (27 ppmw) con- 
tents of the tourmaline, but other trace elements are relatively en- 
riched, including Sr (240 ppmw), Ga (21 ppmw), Ce (10 ppmw), 
and La (5 ppmw). The blue coloration in sapphire is considered 
the result of interactions of Fe?*-Fe** and Fe?*-Ti* intervalence 
charge transfer. 

The unusually K-, Mg-, Al-rich and Si-, Ti-poor bulk compo- 
sition of the sapphire-bearing rock is consistent with a metaso- 
matic modification of a precursor rock composition. It is likely 
that boron-bearing fluids fluxed the rock system. The oscillatory 
zoning in tourmaline suggests the former presence of dynamic flu- 
ids during initial tourmaline growth. Patchy zoning on the outer 
portions suggests that the tourmalines overgrew and replaced ma- 
trix micas. A metamorphic overprint on rocks with these unusual 
bulk compositions and mineral assemblages is commensurate with 
the development of sapphire. 


Trends in World Colored Gemstone Production, 2006-2016 


Thomas Yager 
U.S. Geological Survey, Reston, Virginia 


The US. Geological Survey (USGS) publishes world production 
figures for more than 80 mineral commodities annually. Colored 
stone production, unlike that of diamond, is inherently difficult 
to estimate because of the fragmentary and commonly informal 
nature of the industry, the lack of government oversight in many 
of the source countries, and the wide quality variations for each 
gem material. For these reasons, world production figures for col- 
ored stones were not published by the USGS until 2008, when 
production of emerald, ruby, sapphire, and tanzanite between 
1995 and 2005 were estimated. Based on government data, com- 
pany reports, and a review of the colored stone mining literature, 
the agency has estimated global production of amethyst, emerald, 
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lapis lazuli, ruby, sapphire, spinel, tanzanite, and tourmaline for 
the years 2006-2016. 

From 1995 to 2005, Colombia was the world’s leading emer- 
ald supplier, accounting for about half of global production by vol- 
ume. Because of the long-term decline in Colombia’s production 
and the increased production at Zambia's Kagem mine, Zambia 
subsequently became the world’s leading producer. In Brazil, min- 
ing continued in Bahia and Minas Gerais states and ended in 
Goids. Russia's Malyshev mine accounted for a substantial share 
of world production before shutting down in 2008. Ethiopia, 
which previously produced emeralds intermittently, emerged as a 
potentially large-scale source in late 2016. 
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Ruby production in Myanmar (formerly Burma) continued 
the long-term decline that began in the late 1990s. Madagascar’s 
ruby production also declined sharply between 2006 and 2016. 
In Kenya, production of mostly low-grade ruby gradually in- 
creased. Mozambique emerged as a new source of gem-quality 
ruby, and large-scale mining operations started at Montepuez. 

Sapphire mining declined in Cameroon and China. Madagas- 
car’s output fell with the depletion of near-surface deposits at 
Takaka and Sakaraha, as well as the 2008 ban on rough gem ex- 
ports, before increasing because of new discoveries. Mozambique 
became a source of sapphire with the discovery of new deposits at 
Montepuez. Production also increased in Kenya. 

Rio Grande do Sul State in Brazil appears to produce a substan- 
tial majority of the world’s amethyst (table 1). Uruguay’s production 
was estimated to have nearly tripled between 2006 and 2016. In Bo- 
livia, Tanzania, and Zambia, production peaked in 2009. 
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TABLE 1. World amethyst production (in metric tons). 


2006 2008 2011 2014 2016 
Bolivia 176 228 480 189 152 
Brazil 3,800 4,200 4,710 10,977. = 4,800 
Tanzania 75 107 45 29 30 
Uruguay 468 520 1,000 1,400 1,300 
Zambia 1,100 880 870 756 965 
Other 40 40 120 140 140 
Total? 5,700 6,000 7,200 13,500 7,400 


“Estimated; data are rounded to no more than three significant digits. 
Sources: U.S. Geological Survey Minerals Yearbook, company reports, and un- 
published data. 


In Kenya and Mozambique, tourmaline production peaked in 
2013. The Democratic Republic of the Congo, Namibia, and 


Rwanda also emerged as sources of tourmaline in recent years. 


General Gemology and Jewelry 
Advances in Hydrocarbon Gemology: The Jet Group 


Sarah Caldwell Steele 
Whitby Museum, Whitby, United Kingdom 


In mainland Europe, we first witness the utilization of gem-quality 
hydrocarbons for beads and amulets in the Upper Paleolithic. This 
was the period during which our hominid ancestors first developed 
complex language, culture, and art, laying the foundation for modern 
human civilizations. In the Americas, such artifacts are seen as early 
as 13,000 years ago. In the British Isles, Whitby jet (figure 1), arguably 
the highest-quality gem hydrocarbon in terms of stability, luster, 
workability and other attributes, first appears in the Early Neolithic. 
Almost certainly utilized for shamanic ritual, the jet groups unique 
gemological properties make it quite literally a “magic” material. Dur- 
ing the Medieval Era, these same attributes brought it to the attention 
of the alchemists as a potential candidate for the philosopher’s stone. 

Despite this illustrious history, very little gemological research 
has been carried out on this culturally important material, and 
myth and folklore tend to prevail over hard geological facts. 
Adding to the problem, confusion in the nomenclature of gem hy- 
drocarbons has given rise to a situation in which several struc- 
turally and chemically unrelated materials are often termed “jet.” 

Exhibiting the phenomenon of reflectance impedance, jet has 
erroneously been described as a lignite—a low-grade coal deficient 
in hydrogen. In reality, jet forms a complex group of hydrocarbons, 
observed to be natural polymers with varying stability and dura- 
bility, that are believed to reflect the level of crosslinking between 
polymeric chains. They are certainly far from the chemically ho- 
mogenous and structurally amorphous materials previously de- 
scribed in the gemological literature. 
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Figure 1. Victorian Whitby jet beads, with rough, cored, soft, brittle, 
and hard Whitby jet. Photo by Sarah Caldwell Steele. 


Indigenous jet-working communities are still found in the 
Americas, Europe, and Asia. Yet a lack of gemological research has 
led toa situation where trading standards authorities cannot prevent 
the commercialization of foreign materials and simulants sold fraud- 
ulently as indigenous jet. Time is running out: The world’s gemol- 
ogists must embrace the latest research to mitigate the threat to those 
communities maintaining one of civilization’s oldest gem trades. 
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Color Origin of Gem Diaspore: Correlation to Corundum 


Che Shen 


Gemmological Institute, China University of Geosciences, Wuhan 


Gem-quality diaspore, commercially known as “Zultanite;’ occu- 
pies an important position in the gem market due to its unique 
optical phenomena, rarity, and color-change phenomenon. The 
material’s value depends on these factors. A clear understanding 
of color origin offers considerable benefits for gemological testing, 
cutting, and even valuation of diaspore. This study uses ultravio- 
let-visible (UV-Vis) spectra and laser ablation—inductively coupled 
plasma—mass spectrometry (LA-ICP-MS) to examine the color 
origin of color-change diaspore and to compare it with corundum. 
Diaspore and corundum have a similar chemical composition and 
crystal structure. The crystal structure of diaspore is connected by 
AIO,(OH), octahedra, whereas the corundum crystal structure 
is connected by AlO 2 octahedra (Hill, 1979; Lewis et al., 1982). 
Both types of crystals are composed solely of octahedral units. Due 
to their closely related crystallographic structure, chemical com- 
position, and spectroscopic (UV-Vis) properties, we may speculate 
that there is a close color correlation between diaspore and corun- 
dum. Consequently, this study adopts an analogy to address the 
color origin of diaspore by quantitatively analyzing diaspore from 
two geographic origins—Myanmar (formerly Burma) and 
Turkey—and comparing them with high-quality natural and syn- 
thetic corundum. The research aims to use the color correlation 
between diaspore and corundum to confirm the former’s color 
origin. 

Table 1 shows the chemical composition (expressed in ppma) 
of two diaspore samples from Turkey (Dia-006, Dia-008) and two 
from Myanmar (Dia-Bur-001, Dia-Bur-002). We concluded that 
the Burmese samples contained more Cr, while the Fe content was 
higher in the Turkish diaspore. However, the V content of the 
Burmese samples was higher than that of the Turkish material, es- 
pecially Dia-Bur-002 (358 ppma). 

We compared the spectra of corundum collected from the o- 
ray with those of diaspore collected from the orientation of polarized 
light parallel with the a-axis (figure 1). In addition, all the UV-Vis 
spectra are calculated based on the Lambert-Beer law. The author 
used this method to acquire spectra in certain chromophore con- 


Figure 1. The UV-Vis spectra of diaspore (Burmese and Turkish) and 
corundum exhibit closely matched absorption features. The color circles, cal- 
culated under standard illuminants D6S and A, demonstrate coloration for 
diaspore and corundum with uniform chromophore (Cr**, [Fe*-T'**], and 
V>*) concentrations for a S mm path length. The color swatches of Fe** are 
only calculated under DSS light. Since the diaspore’ color swatches below 
the spectra of chromophore [Fe?*-Ti** ] do not show a clear color change, we 
calculated the colors, which are shown in the spectra at a higher concentra- 


tion of Fe-Ti pairs (250 ppma) for a S mm path length. 
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centrations and path lengths. The results are convenient for com- 
parison. In color-change diaspore, Cr**, [Fe**-Ti**], and V** may all 
play a role in causing the color-change effect. The chromophore ef- 
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TABLE 1. Chemical composition of diaspore by LA-ICP-MS (in ppma). 


Sample Dia-006 Dia-008 Dia-Bur-001 Dia-Bur-002 
tad Para | 

Si 982 948 1053 1057 

Ti 110 185 220 418 

Vv 6 4 44 359 

Cr 36 32 2166 2081 

Fe 1169 548 4 1 


fectiveness of Cr*+, Fe**, [Fe?*-Ti‘*], and V** differs between dias- 
pore and corundum. According to the calculation, the chromophore 
effectiveness of Cr**, Fe**, and [Fe**-Ti**] in corundum is about 5— 
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Education as a Tool for Development in East African 


Gem-Mining Regions 


Marvin Wambua', Norbert Massay’, Robert Weldon’, Pedro Padua’, and Dona M. Dirlam? 


‘Amor Gems Ltd., Nairobi 
*Pact, Washington, DC 
3GIA, Carlsbad, California 


In 2014, GIA distinguished research fellow Dr. James Shigley con- 
ceived an idea to help artisanal miners in some of the poorest gem- 
producing regions of East Africa. Dr. Shigley and Dona Dirlam and 
Robert Weldon of GIA’ Richard T. Liddicoat Library and Infor- 
mation Center, with GIA executive support, developed a plan fora 
guidebook for artisanal miners. The goal was to provide miners with 
very modest but valuable gemological concepts, empowering them 
to negotiate better prices for the rough material they sell. 

Over the course of a year, the authors photographed numerous 
collections of rough material, mineral specimens, and cut stones. 
The authors conferred with members of the gem trade who are fa- 
miliar with distant gem localities. They also received invaluable ad- 
vice from Brad Brooks-Rubin, formerly of the US. State 
Department. The result of these efforts was a mainly pictorial book- 
let to accommodate all levels of literacy. Its few words were translated 
into Swahili. Selecting Gem Rough: A Guide for Artisanal Miners was 
printed on waterproof paper and made durable to withstand the rig- 
ors of mining activity. A resilient translucent plastic tray was de- 
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Figure 1..A miner from the corundum-rich region of Tunduru, 
Tanzania, examines the guide created for artisanal miners. Photo 


by Robert Weldon/GLA. 
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Gemological Uigests 


fair number of dodecahedra are also found. 

Proved reserves of the Angola Diamond 
Fields are not disclosed but general belief 
indicates about 10 million carats, with ex- 
pected reserves of several times that figure. 
Otherwise, present plans for the construc- 
tion of a heavy media separation plant and 
a 6M HP hydroelectric plant would not have 
been made. The equipment used presently in 
Diamang operations includes eleven me- 
chanical excavators used mostly for stripping 
overburden. These have made possible the 
removal of thicker overburden and increased 
production potential. Mobile steam boilers 
which burn wood supply the power for field 
concentration units, gravel haulage by end- 
less rope, and for pumping water. The 
gravel is hauled in steel cars to field wash- 
ing plants. Jig concentrates are taken to the 
final plant in 31-liter flasks. 

Three different sets of grease tables are 
used for the various sizes of concentrates. 
The jig concentrates are trammed to a single 
entrance in a small flat car and emptied into 
a rotary trommel which separates the con- 
centrates in sizes of 1+ to 3mm, 3+ to 
5mm, and greater than 5mm. The largest 
material is handled in a locked-in space 
where European employees 
monds from the grease table which consists 
of two 4-tray sections. The materials which 
go over the table are cleaned and dried and 
then go to magnetic separators. Magnetic 
materials are rejected and nonmagnetic are 


remove dia- 


passed over the grease tables once more. 
The rejected material is ground to 100 mesh 
and flushed down the drain. 

It 1s reported that a normal day’s run is 
4.2 cu. meters of jig concentrates which 
average about 500 carats per cu. meter, so 
the recovery is approximately 2,000 carats 
per day. Field concentrating units have a 
ratio of concentration of about 1 to 1,000. 


Figures given in the article indicate that the 
product is at least 30 per cent industrial 
quality. In all probability, the figure is much 
higher than this. 

After the diamonds have been removed 
from the grease tables they are sent to Tschi- 
kapa by automobile and thence to Leopold- 
ville and London by air. There are no export 
duties on the stones and average net profit 
per carat during the period of 1946 through 
1950 was approximately 100 escudos’. Esti- 
mated sale price of the stones is 324 escu- 
dos, indicating a production cost of approxi- 
mately 224 escudos per carat. 

The entire production is delivered to the 
Diamond Corporation in London with the 
gemstones marketed by Diamond Trading 
Company and the industrial diamonds by 
Industrial Distributors, Ltd. At the present 
time five per cent of the net profits go to 
the legal reserve fund, ten per cent to 
shareholders (among whom the government 
is represented with a five per cent holding), 
and ten per cent to “managing bodies’’ such 
as the board of directors, Anglo-American 
Corporation, selling agents, etc. After these 
distributions the balance is divided equally 
between the colonial government and the 
shareholders. 

The consular officer who reported on the 
Diamang operation in Angola was very fa- 
vorably impressed, stating that it is ‘“‘with- 
out doubt Angola’s outstanding industrial 
enterprise.’’ With plans calling for construc- 
tion of the heavy media separation plant 
and power plant necessary for its operation, 
plus additional 
considers a production double the present 
700,000 carats per year quite possible and 
an annual 2,000,000 carat output within 
the next few years not beyond the realm 
of possibility. 


excavators, the reviewer 


1 American evaluation of an escudo is approxi- 
mately three and one half cents. 
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signed to hold the booklet, and to evaluate and sort rough. Using 
the tray with transmitted light, miners could understand rough color 
zoning and determine gem integrity and clarity. 

Because of the East African material represented, mining lo- 
cations in Tanzania were the first to receive the booklet. GIA part- 
nered with Pact, a US.-based nongovernmental organization 
(NGO), to identify Tanzanian regions where the book could be 
deployed as a pilot project. Pact’s plan incorporated government 
support of the project, and they identified the Tanzania Women 
Miners Association (TAWOMA), with mining projects east of 
‘Tanga, as an excellent group to participate in the pilot program. 


Enameling Chinese Cultural Relics 
Shangjia Wen and Ren Lu 


In 2017, a GIA team and GIA East Africa consultant and 
alumnus, Marvin Wambua, met with Pact’s Tanzania branch rep- 
resentative, Norbert Massay, to start the pilot project. Some 80 
miners received the education and the booklets. Two subsequent 
trips to different regions were conducted. A Pact report concluded 
that a 12% social return on investment (SROI) had been achieved. 
During the course of the study, the miners acknowledged an edu- 
cational benefit that would last them a lifetime, with key concepts 
of gemstone value that could be passed on to other miners. Addi- 
tional mining areas in central and southern Tanzania received 
training in 2018. 


Gemmological Institute, China University of Geosciences, Wuhan 


Jing-Tai-Lan, popularized in China more than 500 years ago and 
synonymous with cloisonné enamel, is characterized by opaque 
enamel materials on bronze, one of several classic enamel techniques 
dating back to the thirteenth century BCE. Furthermore, Chinese 
Jing-Tai-Lan is readily recognizable by its iconic set of colors— 
cinnabar red, malachite blue-green, pararealgar orange-yellow, and 
white—as well as traditional cultural patterns and religious reflec- 
tions (figure 1). This particular style is deeply rooted in Chinese cul- 
ture and has remained virtually unchanged over time. Yet the 
traditional combination of colors and patterns unique to Jing-Tai- 
Lan are not the best fit for a new generation of consumers. 

Over centuries, various enamel techniques have been devel- 
oped and used to create lasting artworks from many cultures of 
the world. In addition to cloisonné enamel, there are several 
other classic enamel techniques. Champlevé, which dates back 
to the twelfth century, features engraved or struck recessed areas 
subsequently filled with vitreous enamel. Some historic examples 
are religious plaques and emblems. Painted enamel (Limoges 
enamel) originated in the fifteenth century in southwestern 
France and is well known for its portraits and scenes on vessels. 
Piqué a jour enamel, which probably originated in the sixth cen- 
tury, has metal wires or cells filled with transparent vitreous 
enamel. This technique was used in some of the most iconic Art 
Nouveau pieces such as jewelry depicting delicate butterfly or 
dragonfly wings, Tiffany lamps, and luxurious vases. Today, these 
classic techniques and the overlap between them, along with 
choices of precious base metals and a full spectrum of opaque, 
semitransparent, and transparent enamel materials, have pro- 
vided artists and jewelers worldwide with tools for unbounded 
creativity. 

Contemporary Chinese consumers are increasingly searching 
for expressive styles and colors and diversified cultural reflections 
that suit their personal preferences and lifestyles. The 500-year- 
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old historic Jing-Tai-Lan technique needs to evolve for the twenty- 
first century. 


Figure 1. A classic Jing-Tai-Lan (cloisonné enamel) vase from the 


Ming Dynasty, sixteenth century. Courtesy of Sotheby’. 
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The authors are exploring the full potential of classic enameling 
techniques in revitalizing traditional Chinese cultural icons and his- 
toric relics. Our efforts are focused on fusing contemporary jewelry 


making with widely identifiable and readily acceptable Chinese el- 
ements drawn from cultural heritage and folk art, with the aim of 
enriching enamel jewelry for contemporary Chinese lifestyles. 


The Evolving Supply Chain—How Greater Awareness of the Value of 
Mineral Resources Spawned a Movement to Restrict Their Outflow 


From Producing Nations 


Stuart Robertson 
Gemworld International, Inc., Glenview, Illinois 


Traditionally, the colored stone industry has depended ona frag- 
mented distribution channel of small-scale operators to transport 
gems through the multiple levels of the marketplace. In recent 
decades, producing nations, especially in Africa, have increasingly 
questioned the equity of a system in which the least economic 
benefit of the resource is retained by producers, while the vast 
majority of benefit is achieved by those closest to the retail con- 
sumer. Governmental regulations enacted to counter this per- 
ceived inequity have had a number of unintended consequences, 
such as forcing otherwise honest small-scale laborers to operate 
outside of the law just so that they can compete in the market. 


This presentation examines changes in Tanzania’s gem 
market to illustrate the major challenges the gem industry 
faces in balancing the growing demand for supply chain trans- 
parency with a profitable finished product. As the traditional 
model for producing gem material faces increasing pressure, 
it is clear that the supply chain of the future will be signifi- 
cantly different. The emphasis on retaining value at the source 
is already influencing price and demand for certain popular 
gems. This move toward increased value capture by producing 
nations will inevitably reduce the size of the traditional whole- 
sale market. 


The Gem Collection at the Natural History Museum, London: 


A Collection of Collections 


Robin Hansen 
Natural History Museum, London 


Gemstones, gem rough, and worked objects have been collected 
alongside mineral specimens in the Natural History Museum 
(NHM), London—previously known as the British Museum 
(Natural History)—for more than 270 years, creating one of the 
world’s outstanding mineralogical collections. Some 5,000 of the 
185,000 specimens are gemstones or worked objects that consti- 
tute the Gem Collection. This collection grew by incorporating 
many smaller ones. The earliest gems are from Sir Hans Sloane, 
physician to the royal family in the late 18th century, whose vast 
collections formed the basis of what are known today as the British 
Library, the British Museum, and the NHM. Most notable were 
Lady and Sir A.H. Church’s gemstone rings (1915), Prof. 
Archibald Liversidge’s Australian gemstones (1927), Dr. A.C.D. 
Pain’s Burmese gemstones from Mogok (1973), and the collec- 
tions of T.B. Clarke-Thornhill (1934) and C.R. Mathews (1993). 
Gemstones from Edward Hopkins (between 1906-1933) in- 
cluded a 598 ct morganite from Madagascar. The largest addition 
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came from the merger of the British Geological Survey collection 
with that of the NHM in 1985, adding around 1,500 gems. High- 
lights included a pale blue 2,982 ct topaz from Brazil (the collec- 
tion’s largest cut gemstone), a 57 ct padparadscha sapphire from 
Sri Lanka, a 424 ct kunzite from Brazil, a rare 20 ct Burmese silli- 
manite, a 146 ct peridot from St. John’s Island in the Red Sea, and 
the impressive diamond-studded gold snuff box of Sir Roderick 
Murchison, gifted to him by Czar Alexander II. 

This historically important collection is a treasure trove of sci- 
entific, historical, and cultural knowledge. It serves as a reference for 
many of the developments and uses of different gem materials over 
time. Working alongside the mineral collection, the geological con- 
text is often preserved, adding significant scientific value. The col- 
lection is currently undergoing a re-curation program to enhance 
the data. Efforts to increase its accessibility and availability for fo- 
cused research within the gemological and mineralogical commu- 


nities will help to realize the Gem Collection’s full potential. 
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Gemology and Appraising: Similarities and Differences 


Susan Eisen 
Susan Eisen Fine Jewelry & Watches, El Paso, Texas 


There are many similarities between the science of gemology and 
the science of appraising. When done accurately, both involve the 
study of information on a university level and a continued dedi- 
cation to lifelong learning to stay aware of the constant changes 
happening. Both represent an amazing amount of enlightened 
knowledge occurring on a daily basis around the world. Both pro- 
fessions also require dedication to detail, the ability to do exhaus- 
tive research to come up with the correct answer, and a deep 
understanding and application of technology. Another similarity 


Gemstone Durability Chart 


Kennon Young 
Vermont Gem Lab, Burlington, Vermont 


One of the most commonly misunderstood traits of a gemstone 
is durability. Many people believe that durability is based strictly 
on a gemstone’s hardness. Hardness is a gemstone’s resistance to 
scratching, but it does not account for a gemstone’s resistance to 
breaking and cleaving. Resistance to breaking and cleaving, as used 
in this presentation, will be described as “toughness.” 

The chart to the right reflects common gemstones and their 
relative durability. Accounting for resistance to scratching, break- 
ing, and cleaving can allow us to better understand how durable 
gemstones are. 

The gemstones listed are mostly group names. Some species 
of these groups are noted at the bottom of the chart. 


is the need to use subjective and objective reasoning to determine 
the results. Since both are sciences, using intellectual truths and 
adapting them to solve the problem helps in determining the cor- 
rect results, 

Identifying a gemstone is just half the battle in the appraisal 
of gems. Once the identity is determined, other parameters must 
be considered to estimate a gem’s value. In gemology, identification 
of the material and its internal characteristics is only part of the 


conclusion. 


rcon 
Feldspar Opal 
Tanzanite 


Corundum: Ruby, sapphire of all colors 
Beryl: Heliodor, morganite 
Quartz: Amethyst, citrine, rock crystal 


Feldspar: Labradorite, moonstone 
Chrysoberyl: Alexandrite, cat’s-eye 


Good News and Bad News: Two Tales of Products of 


Endangered Species Used in Jewelry 


Charles Carmona! and Jo Ellen Cole? 
‘Guild Laboratories, Los Angeles 
?Cole Appraisal Services, Los Angeles 


Elephants as a species (figure 1, left) have been given a better 
chance to survive the twenty-first century and beyond thanks to 
the abolition of the legal ivory trade in China as of January 1, 2018. 
The world watched in horror as thriving populations of this ma- 
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jestic animal plummeted by 90% over the last 50 years, mostly due 
to poaching of their tusks for use in jewelry and decorative art. Eu- 
ropean export of ivory was banned in 2016, as were sales (with a 
few exceptions) in the US. 
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Figure 1. Left: With new ivory bans in place, elephants have a greater chance of survival. Photo by Muhammud Mahdi Karim. Right: Precious 


coral, a gift from the sea, is being harvested beyond sustainability. Photo courtesy of Lushome.com. 


Ivory markets still exist in Asia and other parts of the world, 
but with lower demand from the largest consumers, prices will 
drop and the slaughter will lessen. Only when legislation and ed- 
ucation reach this level in all markets will elephants and other 
sources of ivory be safe. 

That's the good news. Now the bad news. 

The various species of precious coral (figure 1, right) are not 
so fortunate, as they are still not listed as threatened by the Com- 
mittee on the International Trade in Endangered Species 
(CITES). Although some regions are restricting the harvesting of 
precious coral, in other areas there is no such concern. Divers are 
going deeper every year to take more coral for the demand created 
by the jewelry and decorative arts industries, which is far beyond 


its level of sustainability. Adding to that are the rising temperatures 
and acidification of the oceans due to climate change. At this rate, 
extinctions could occur in our lifetimes. 

Only a concerted effort on all fronts can save these corals. List- 
ing by CITES and research into coral farming are good starts, but 
ultimately it will require public education and research into alter- 
natives to taking coral from the sea. Coral is already a gift. Let it 
be an inspiration to create jewelry and art from materials that are 
not endangered. 

In response to the threats against coral, 2018 has been declared 
the third International Year of the Reef (www.iyor2018.org). Join 
The Ocean Agency, the Tiffany Foundation, Google, and many 


others to save this most precious resource for future generations. 


The History and Current Status of Colored Gemstone Grading 


Henry Ho and Barbara Wheat 
Asian Institute of Gemological Sciences, Bangkok 


Before color-grading systems were available on the market, people 
developed their own systems for judging color. The lead author 
has been involved in the gemstone business since he was a young 
child, helping his father sort and grade gemstones in his office. He 
has 55 years of experience in examining and judging color in gems 
and will share the history of colored gemstone grading in this 
poster. 

The history will cover the GIA color system, Gemval, the CIE 
system, the Munsell color wheel, GemDialogue, Gemewizard, the 
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‘Tanzanite Foundation grading system and the Miner’s System, and 
the ICSL System. References will be made to expert analysis in the 
field from notable industry leaders such as Joel Arem and Richard 
Drucker. 

The current status of color grading will be addressed from the 
lead author’s perspective based on his extensive experience with 
colored gemstones, as a gemological laboratory owner and in the 
trade, as well as his discussions with color experts from around the 
world. 
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The Human (Humane) Trail: Finding Relevance in Jewelry 


Along the Pathway of Transparency 


Brian Cook 
Nature’s Geometry, Tucson, Arizona/Bahia, Brazil 


Economic opportunity from the earth and sea comes into the 
hands of artisanal and small-scale miners (ASM) through hard 
labor and good luck. By 2017, approximately 40.5 million people 
were directly engaged in ASM mining, with five times that num- 
ber dependent on ASM mining asa route out of poverty (Fritz et 
al., 2018). The chain of custody of gemstones mined by ASM, ex- 
tracted from the earth and traveling as far as the red and green car- 
pets at the Cannes Film Festival (the latter of which features 
celebrities wearing sustainable couture and jewelry) is a long, 
mostly opaque road. Mine-to-market transparency is the key to 
increasing consumer trust in the gem and jewelry industry while 
relating the rich stories associated with the lands, the cultures, and 
proud people that are the cornerstone of our trade. 

Asan industry, we have the opportunity to bring more benefit 
to ASM communities. Opportunities to invest in microfinance, 
mining and reclamation improvement, processing, and value- 
added enterprises—especially in parallel economic development 
with practices such as regenerative agriculture/agroecology— 
would align our industry with areas identified by the United Na- 
tions in 2015 as their Sustainable Development Goals (n.d.). In 
doing so, we would reshape the portrayal of gem mining as having 
a negative impact on people and the environment. Mining gem- 
stones would be viewed as a way to bring economic benefit and 
environmental stewardship to potentially thousands of remote 
miners and their dependents. 

In a remote exotic biome deep in Brazil, a model is forming 
around a unique gem resource known as Bahia golden rutilated 
quartz (figure 1). This material is sourced from the Rio dos Reme- 
dios group in the Espinhaco supergroup, a 1.7-billion-year-old nar- 
row volcanic sequence with a range of unusual elements including 
yttrium, lanthanum, neodymium, titanium, iron, barium, and 
gold. The author and Kendra Cook have been associated with this 
mining community since 1983. In recent years, the author has 
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helped to formalize operations and register miners into coopera- 
tives. An initiative to implement sustainable economic, environ- 
mental, and cultural activities in this ASM community and 
connect it to our industry is underway, including the formation 
ofalocal NGO specifically to advance this initiative for the region. 
The aim is to create stories that add relevance to the jewelry in- 
dustry, while initiating sustainable and measurable benefits for our 
first tier suppliers and their communities. 


Figure 1. Natural golden rutilated quartz from the Rio Remedios 
group in Novo Horizonte, Bahia, Brazil. Photo by Brian Cook. 


igf-asm-global-trends.pdf 
United Nations (n.d.) Sustainable Development Knowledge Platform: Sustain- 
able Development Goals. https://sustainabledevelopment.un.org/sdgs 
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The Impact of Fluorescence on Current Marketability 


Richard B. Drucker 
Gemworld International, Inc., Glenview, Illinois 


According to GIA research conducted over a ten-year period and 
reported in Gems & Gemology (Moses et al., 1997), about 25— 
35% of all diamonds submitted to the GIA laboratory exhibited 
fluorescence. The listed range of fluorescence on a GIA grading 
report is zone, faint, medium, strong, and very strong. Blue was the 
most common fluorescence color, accounting for about 97% of all 
cases (Shigley, 2014). About 10% of the occurrences of blue fluo- 
rescence were rated as medium or stronger. Other possible colors 
include yellow, green, orange, white, and red, with yellow a distant 
second. However, the GIA laboratory only lists the color when 
the fluorescence is medium or stronger, so data on the frequency 
of other colors is minimal. 

Past research has found that in almost every case, any degree 
of fluorescence is a deterrent to market value. Prior to the late 
1970s and early 1980s, some diamonds with fluorescence traded 
for a premium, but it was perhaps the investment craze and the 
demand for no fluorescence that started the initial deductions for 
fluorescence (Drucker, 2014). Over the years, the negative percep- 
tions persisted and discounts became greater. Current research 
shows that the pricing deduction on average could be anywhere 
from a few percentage points for faint fluorescence to 30% for very 
strong. This study analyzed more than 89,000 diamonds to deter- 
mine the approximate distribution of fluorescence strengths and 
colors for diamonds in the most popular carat weights and grades. 
The analysis also determined approximate discounts to the whole- 
sale selling prices associated with these fluorescence categories, an- 
alyzing more than 76,000 diamonds. 

Results of the study showed that 33.5% of the diamonds in 
this sampling did exhibit fluorescence, similar to results of the pre- 
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tribution to understanding the effect of blue fluorescence on the appearance 


Average Discount for Fluorescence (GIA Only), 
Excellent Cut, 1.00 to 1.19 ct 


D-F IF/VVS VS SELL, 

Faint -7% -9% -6% 
Medium -17% -14% -10% 
Strong -19% -18% -11% 
Very Strong —20% -31% -15% 
G-H IF/VVS Vs SIH, 

Faint -8% —5% 4% 
Medium -10% -8% -7% 
Strong -12% -11% -8% 
Very Strong —24% -16% 7% 
I-K IF/VVS VS SIH, 

Faint 2% —2% 3% 
Medium 6% -7% 4% 
Strong -6% -8% -8% 


Very Strong -17% 


vious GIA research. Where the GIA research had about 10% of 
those fluorescing medium or stronger, this study indicated 15% at 
medium or stronger (of those that fluoresced). In the GIA study, 
97% of those that exhibited fluorescence fluoresced blue, whereas 
in this study 99% were blue. 

The chart shows the discounts, calculated from this study, that 
are currently associated with fluorescent diamonds on the market. 
These percentage discounts have continued to be greater than in 
years past when similar research was conducted by this author. 
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10.5741/GEMS.33.4.244 
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Impacts and Expectations for the Fourth Industrial Revolution in 


Gemstone Faceting 


Lee W. Haynes 
LWH, Berkeley, California 


As the world enters the Fourth Industrial Revolution, powered by 
computer and robotic technologies, the nineteenth- and twenti- 
eth-century manufacturing practices within the gemstone industry 
are being transformed. From computer numerical control (CNC) 
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machining to high-resolution scanning and faceting optimization 
tools, yield and brilliance have increased substantially, and automa- 
tion is projected to grow as more material is processed. These issues 
do not come without challenges and risks, and the economic model 
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of low-cost labor to high-skill processing is a slow progression. In 
reviewing current automation processes and future technologies, 
there is a shift to enhance human capabilities with complementary 
automation processes. This shift is driven by many factors, from 
ease of implementation to material-dependent variables. Although 


there is progress in automation, there are challenges that constrain 
full automation. Asa result, we will continue to see a need for con- 
tinuing manual and human-driven processing for the next genera- 
tion as full automation is adopted slowly based on labor force skill 
sets and capital return on investment (ROI) for new technology. 


The Importance of Precious Metal Marks: Past, Present, and Future 


Danusia Niklewicz, William Whetstone, and Lindy Matula 


Hallmark Research Institute, San Francisco 


Today there is a lack of understanding of the various types of marks 
that can be found on precious metals. This presentation seeks to 
enlighten the observer about the changing variety of marks and to 
better understand their importance. 

When looking at the marks on precious metal jewelry, it is im- 
portant to make the distinction between hallmarks and maker's 
marks. They each serve as a guarantee of quality. Maker’s marks 
are applied by the actual maker or sponsor, retailer, and/or im- 
porter, and are generally referred to as a responsibility mark. These 
are guarantees that, by law, require that the fineness marked on the 
item actually state the metal’s true fineness. 

Hallmarks (figure 1) are applied by a nationally authorized 
assay office to an item that has been submitted by the manufac- 
turer or sponsor for scientific testing to verify the precious metal’s 
actual purity or fineness. Depending on the country and their hall- 
marking methodology, assay office hallmarks identify not only a 
metal’s composition but also the country of origin, the city of assay, 
the year or time period when the item was struck, and the approx- 
imate weight or length of that item. Hallmarks can be compared 
to an independent laboratory grading report ona gemstone or di- 
amond: Both provide trusted testing and unbiased reporting of 
the facts about the item. While a diamond may have the report 
number inscribed on the stone’s girdle, a hallmark reports the test 
results by being struck into the mounting itself. 

Not all countries in the world hallmark, but most European, 
Middle Eastern, North African, and some Asian countries have 
legislated compulsory hallmarking as a strong measure for con- 
sumer protection against the under-karating of precious metals so 
often found in non-hallmarking countries. 

In the United States, the 1906 Gold and Silver Stamping Act, 
along with its 1961, 1970 and 1976 amendments, has clearly stated 
that any item with a fineness stamp (e.g., 18K, 950Pt, Sterling, 
etc.) must also be stamped with a federally registered maker’s or 
responsibility mark, referred to as a trademark. While manufac- 
turers and retailers are required to register their marks as trade- 
marks before applying a fineness mark on any precious metal item, 
the laws unfortunately are seldom enforced. Thus, many small 
companies, artisans, and importers do not register their trademark 
names or marks. Consequently, there are limited resources avail- 
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able for identifying modern U.S. maker’s marks, especially from 
the second half of the twentieth century. 

As global foreign trade streamlines, so does the need for easier 
trading between hallmarking countries. Previously, when import- 
ing items between hallmarking countries, the item’s hallmarks had 
to be re-verified bya second assaying and hallmarking before being 
allowed for sale. In 1972, the Hallmarking Convention members 
signed a treaty to uphold consistent standards between member 
assay offices. Today, their strength comes from the unity of the 21 
contracting member nations, all using the same agreed-upon 
Common Control Marks (CCM) as proof of compliance. These 
common marks are recognized by each member nation and also 
accepted by many countries globally. For more information, see 
wwwzhallmarkingconvention.org. 

Introduced in 1988, Fairtrade and its certification mark have 
become internationally recognized proof that a product has met 
the required standards for responsible sourcing. With respect to 
an item of gold and associated precious metals, a Fairtrade stamp 
indicates that the metal, from ground to market, has followed ver- 


Figure 1. This hallmark says in Arabic that the ring was marked in 


Damascus, Syria, and the metal is 18K gold. Photo by Danusia 
Niklewicz, Hallmark Research Institute. 
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ifiably traced fair and economic practices. As Fairtrade Interna- 
tional notes, “Gold certified to Fairtrade Standards provides small- 
scale miners and their communities in developing countries the 
opportunity for better living and working conditions. Fairtrade 
also certifies Ecological (ECO) gold, which is mined under strin- 
gent ecological restoration practices, without the use of chemicals.” 
It is expected that the FAIRTRADE mark will become more 
prevalent on items of precious metal in the future. For more in- 
formation, see www.fairtrade.net/products/gold.html. 

Offshore hallmarking originated from the concept that hall- 
marking at the source could streamline the hallmarking regulations 
of the importing country. By setting up assay offices in countries 


that produce and export precious metal jewelry items but do not 
have the required hallmarking facilities—Indonesia, Thailand, and 
China, for example—the required hallmarking laws of the desti- 
nation country can be fulfilled. This expedites the marking needs 
of the manufacturer/exporter by offering hallmarking services 
nearby. 

Including offshore hallmarking services in Asia, Europe, Cen- 
tral Asia, the Middle East, North Africa, and the Far East, hall- 
marking now influences nearly 60% of the world’s population. 
Currently, with no nations in the Americas hallmarking, they are 
missing out on the best proven method of real consumer protec- 
tion in the trade of jewelry and other precious metal items. 


Jewelry Development Impact Index at the University of Delaware 


Patricia Syvrud and Saleem H. Ali 


Minerals, Materials and Society Program, University of Delaware, Newark 


At present, the international jewelry industry lacks any measure 
or standard of how the sourcing and manufacture of jewelry and 
its components impacts developing countries. Because of its global 
complexity and fragmented nature, the jewelry industry supply 
chain calls for study and monitoring to enable countries and com- 
Panies to exert a more positive influence, particularly in emerging 
economies. 

After discussions at the Jewelry Industry Summit in Tucson, 
Arizona, in January 2017, multiple stakeholders within industry, 
government, and the academic community came together to pro- 
pose the creation of a comprehensive, ongoing Jewelry Develop- 
ment Impact (JDI) index. The University of Delaware (UD) 
invited the JDI to become the signature project of a new interdis- 
ciplinary, graduate-level academic project, “Minerals, Materials 
and Society,’ under the leadership of Dr. Saleem H. Ali. A grant 
was awarded by Tiffany & Co. Foundation to create The Gem- 
stone and Sustainable Development Knowledge Hub (GemHub: 
http://sustainablegemstones.org), which will serve as a research 
arm within the Minerals, Materials and Society program at UD. 
GIA distinguished research fellow Dr. James Shigley sits on the 
GemHub Advisory Board, and senior research scientist Aaron 
Palke is an affiliated scholar and research partner. 


The JDIis conceived as a relative country score that will meas- 
ure the degree to which the jewelry and gemstone industries im- 
pact the economic and social well-being of each country in which 
they function. Created within the framework of the United Na- 
tions indicators of human security, the JDI will also capture ex- 
amples of responsible sourcing and transparency initiatives that 
can be replicated, creating a “Roadmap to Responsibility” to assist 
with the implementation of the UN Sustainable Development 
Goals, the Organisation for Economic Co-operation and Devel- 
opment’s (OECD's) Due Diligence Guidelines and environmen- 
tal, social, and supply chain audits. As an initial step to the 
conceptualization of the JDI, academic research in the format of 
comparative case studies was conducted by graduate students at 
American University’s School of International Service in the fall 
of 2017 and spring of 2018. Elizabeth Orlando, Foreign Service 
Officer with the U.S. Department of State Office of Threat Fi- 
nance Countermeasures, serves as special advisor to this project. 

The results of the initial academic research will serve as a basis 
for the creation of a robust methodology for the JDI. The coun- 
tries and products presented in this poster are: gold in Peru and 
diamonds in Botswana (fall 2017) and rubies in Myanmar and 
lapis lazuli in Afghanistan (spring 2018). 


The New Economics of Diamond Mining 


Russell Shor 
GIA, Carlsbad, California 


The discovery of diamonds larger than 50 carats used to be a rare 
occurrence, but in the past decade many such specimens have been 
found. The majority of these come from low-yielding “boutique” 
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mines, which have been developed only recently. In addition, many 
existing mines have changed their diamond recovery processes to 
preserve larger crystals. 
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Two factors have brought about these changes: 


e A vast increase in the number of high-net-worth indi- 
viduals around the world, particularly in the Middle 
East, Russia, and China. These people and the dealers 
who work with them have become very active buyers of 
large diamonds, both privately and in the major auctions 
conducted by Sotheby’s, Christie’s, and others. As a re- 
sult, the per-carat price differential between commer- 
cial-size diamonds and those over 10 carats increased 
nearly fourfold during the previous decade. Such price 
increases enabled these low-yielding boutique mines to 
become profitable. 

e The development of new technologies to help identify 
larger crystals before they enter the recovery process. Im- 
proved X-ray technology can identify large crystals, fancy 
colors and stones without fluorescence that once might 
have been missed. In addition, the speed of X-ray identifi- 


cation has improved to the point where such units can be 
deployed prior to the crushing process, which previously 
destroyed or damaged many large rough diamonds. 


The result is that discoveries of diamonds over 100 carats, a 
rare occurrence 20 years ago, have become relatively common- 
place. Some of the largest diamonds ever discovered, including an 
1,109 ct giant (1,111 ct before cleaning) from Botswana's Karowe 
mine and a 910 ct stone from the LetSeng mine in Lesotho, have 
been found in the last ten years. 

The case study will be Let’eng, which reopened in 2006. Its 
ore grade is about 1.5% that of the benchmark of one carat of di- 
amonds per ton of ore. But the per-carat average price of LetSeng’s 
production ranges between $1,800 and $2,100, compared to the 
industry average of $118 per carat. Rio Tinto and De Beers mined 
it unprofitably during the 1970s before closing the operation in 
1982. Rising prices for large diamonds in the 2000s have allowed 
the new owners to open and operate it profitably. 


A Rare Nearly Pure End-Member Grossular Garnet with 


Color-Change Effect 


Supparat Promwongnan and Apitchaya Buathong 
Gem and Jewelry Institute of Thailand, Bangkok 


Most color-change garnets (figure 1) in the gem market are interme- 
diate in composition or solid-solution between pyrope and spessartine 
end members, with a trace of vanadium or vanadium-plus-chromium 
responsible for their color-change phenomenon. Some chromium- 
rich pyrope and grossular-andradite solid-solution with color-change 
effect have also been reported. In this study, two new color-change 
grossular garnets were examined at the Gem and Jewelry Institute of 
Thailand Gem Testing Laboratory (GIT-GTL). Their UV-Vis spec- 
tra (figure 2) and chemical compositions revealed a rare, almost pure 
end-member grossular with chromium plus iron as the significant 
color-causing elements. 


Figure 1. The distinct color-change effect of two grossular garnets. The 
13.18 ct stone (left sample) appears yellowish green with a daylight- 
equivalent source and brownish red using an incandescent light source. 
The 6.73 ct stone (right sample) is strong green with daylight-equivalent 
illumination and purplish brownish red using incandescent light. Photos 
by Supparat Promwongnan. 
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Figure 2. Visible absorption spectra of the color-change grossular gar- 
nets with typical absorption bands around 432 nm (due to Cr** plus 
Fe**) and 600 nm (Cr**). GIT’ tsavorite spectrum shows absorption 
bands at ~430 and 620 nm toward the red region (due to V**), while 
GIT’ color-change pyrope-spessartine spectrum shows bands at ~573 
and 415 nm (due to V** and/or Cr**) with small bumps at 408 and 
422 nm in the violet region (due to Mn**). Spectra are offset for clarity. 


Gems & GEMOLOGY FALL 2018 


POSTER PRESENTATIONS Ill 


Rolling Around in the Light—A Spherical Exploration of Gem Optics 


Sylvia Gumpesberger 
University of Toronto 


Optical mineralogy theory has been thoroughly covered in many 
excellent gemology texts and journal articles, yet newcomers long 
to bridge the gap between theory and meaningful firsthand wit- 
ness to the concepts that are so vital to the testing and characteri- 
zation of faceted gems. The author investigated a variety of 
polished, transparent, single-crystal mineral spheres (including 
isotropic, uniaxial, and biaxial) using white light and polarizing 
filters to illuminate directional optics such as pleochroism, optic 
figures (interference figures), and their interrelationships through 
simple, accessible methods. 

The spherically polished form of these transparent specimens 
(figure 1) eliminated the need for an external interference 
sphere/conoscope, avoiding much of the visual impediment of 
facet edges and their often confusing color reflections while al- 
lowing accurate approximation of angles for easily and successfully 
navigating and locating light effects. 

Using transmitted light and a calcite or London-style dichro- 
scope, it was evident that the greatest color separation of the ordi- 
nary (o-) and extraordinary (e-) rays in dichroic uniaxial minerals 
is at 90 degrees to the optic axis and that this axis, indicated by the 
optic figure seen through crossed polars and appearing at two op- 
posite ends of the sphere, exhibited no pleochroism through the 
dichroscope. Further to this, it was clear from using the dichro- 
scope that the e-ray departed in color from the o-ray in increments 
as the angle of the rays departed from the optic axis to the maxi- 
mum color divergence or maximum differential absorption at 90 
degrees to the optic axis. 

Among other observations was the extinction effect. This was 
seen clearly down the c-axis in transparent tourmaline spheres, ev- 
ident to the unaided eye in certain orientations when spheres were 
rolled slowly over diffused, transmitted light. The extinction di- 
rection was then confirmed by observing uniaxial optic figures in 
the same extinguished locations at opposite ends of the sphere 
when viewed under crossed polars. Note: In uniaxial minerals like 
corundum, the unpolarized optic axis direction and c-axis are the 
same direction, though conceptually different. 

Biaxial gem spheres exhibited four typical biaxial interference 
figures that were easily located, and the 2V angle could be approx- 
imated. A dichroscope confirmed that the optic axis directions 
of biaxial gems also exhibited minimal pleochroism. Strong di- 
rectional color could be seen in trichroic biaxial minerals such as 
the spodumene variety of kunzite and synthetic chrysoberyl, even 
unaided. A dichroscope separated the differentially absorbed 
wavelengths at angles other than the optic axes. 
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Rolling double refractive spheres slightly off the optic axis di- 
rection when viewed under crossed polars provided an insightful 
view into the variety of shadow pattern variations of conoscopic 
interference patterns sometimes seen through a petrographic mi- 
croscope, when viewing polished thin sections containing crystal 
grains positioned with the optic axis slightly off-perpendicular to 
the thin section plane. 

An instructional set of polished transparent gem spheres in a 
gemology classroom or lab can be very effective in engaging stu- 
dents in playful exploration, facilitating helpful observations that 
students can photograph for their notes, and builds skills and con- 
fidence prior to tackling high academic theory or testing small 
faceted gems. Further exploration could include the observation 
of directional spectra. 

Of note to lapidaries, the preferable direction of color in syn- 
thetic ruby, though somewhat subjective, was observed down the 
optic axis of the sphere. Any angle of double refraction in this spec- 
imen exhibited some degree of differential absorption, a necessary 
consideration when choosing the relative angle of the table facet. 
Pleochroic spheres reveal the importance of considering direction- 


ality in cut design. 


Figure 1. Synthetic ruby sphere viewed without filters. Photo by 
Sylvia Gumpesberger. 
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THE STORY OF WATCHES, 6y T. Cam- 
eron Cuss, McGibbon & Kee Ltd., London 
publishers, Philosophical Library, Inc., 15 
East 40th Street, New York 16, American 
publishers, 172 pages plus index. Price 
$7.50. Reviewed by Joseph A. Phillips. 

This unique book should be read by every- 
one connected with watch retailing or re- 
pairing. Mr. Cuss has done a superb job of 
gathering together al! of the important his- 
torical developments related to portable 
timepieces down to the present day mass 
produced watch. While doing this the au- 
thor displays a sense of humor which often 
characterizes a person who has had to face 
the public from behind a watch repair coun- 
ter and it is evident that his sympathies are 
with all watchmakers whose art is so sel- 
dom appreciated by the layman. The author 
is the head of a London watchmaking firm 
founded in 1788 and reveals a background 
rich in horological experience by his more 
than adequate coverage of this intriguing 
subject. 

Some of the chapters are confined to such 
specialized subjects as “The Escapement,” 
“Fashion in Cases,” etc., making it a valu- 
able reference book. The illustrations are 
adequate and are well reproduced. 

The author's clearcut style of writing 

should make the subject interesting even to 
laymen who have never removed the back 
from a watch, and the many, many bits of 
interesting information about the watch- 
making artists of the past should prove 
valuable to every watch salesman and watch- 
maker in the jewelry trade. Included is a 
bibliography of previous books which the 
author considers good sources of informa- 
tion for those persons interested in further 
reading on the subject. 
INDIAN SILVERSMITHING, by W. Ben 
Hunt, Bruce Publishing Company, 157 pp. 
including 48 plates of sketches, 70 photo- 
graphs and, in addition, four color plates. 
Price $4.75. Reviewed by James Small. 

W. Ben Hunt’s background as a profes- 
sional commercial artist, craftsman, lecturer, 
author of many books on crafts, well-known 


Boy Scout leader and advisor, and contribu- 
tor on handicraft projects to professional 
and scouting magazines qualifies him to au- 
thor a book of this type. He has used his 
experience and knowledge to the fullest ad- 
vantage in the presentation of this book on 
Indian craftsmanship in silver. 

The subject matter is presented in a 
pleasant, easily followed style. The tools 
necessary for the work are well described. 
Simple tools, such as the Indians themselves 
use, are discussed as is the fabrication of 
simple tools from available scrap materials. 

Techniques of silver craftsmanship are 
given in a logical manner so that the reader 
can progress from the simple to more com- 
plex work by doing examples of each type 
of work as a project. 

Navajo and Pueblo motifs are discussed 
as well as shown in excellent photographs 
and drawings from Mr. Hunt’s sketch book. 
These were made from outstanding ex- 
amples of Indian jewelry in museums, pri- 
vate collections, and pieces Mr. Hunt saw 
on reservations and elsewhere during the 
time spent with the Indian craftsmen while 
learning their craft from them. Jewelry 
described is both ethnic and functional. 

The few pages on turquoise and its substi- 
tutes are not entirely accurate from a gemo- 
logical standpoint. the Indian 
method of fashioning turquoise as cabochons 
is interesting and enlightening—for a fine 
cabochon can be made with the most basic 
equipment. 

The book is directed to those people who 
are attracted to silver work and simple 
cabochon stonesetting as a hobby. It is also 
directed to those who appreciate Indian 
jewelry and desire to duplicate it. With 
this book as a foundation, the hobbyist 
should be able to design and make these 
pieces described as well as new pieces using 
the Indian motif and symbolism. 

Characteristics of Indian-made jewelry as 
opposed to mass produced jewelry of simi- 
lar nature are mentioned, These hints might 
prove valuable to the retailer who plans to 
carry such merchandise. 


However, 
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Science Has a Place on the Selling Floor 


Maureen Moses 
Adventure Gemstones, San Diego, California 


Gemology, geoscience, and mineralogy—the sciences that help us 
understand gemstones—are the primary ways to comprehend 
gemstone rarity relative to the composition of the planet. Addi- 
tionally, history and anthropology provide context to the value of 
gemstones, offering perspective on humans relationships with one 
of the most ancient luxury goods. Complete dismissal of the sci- 
ences can disproportionally weight the value of gemstones on their 
durability and beauty. This may result in an inadequate scope of 
selling points necessary for closing sales, especially for clients new 
to the high-end gem and jewelry industry. While there are clients 
who may find this information to be superfluous, preparation of 
talking points through gemology coursework and continuing ed- 
ucation can help build an arsenal of information useful to sales 
professionals. A problem still exists where recent scientific litera- 
ture is not disseminated in a meaningful way to the lay public, and 
the relevance of these discoveries remains masked by the authors’ 


technical language that is necessary to gain credibility within their 
own academic circles. 

To bring science to the selling floor, Adventure Gemstones 
provides an additional tool geared to address this professional 
shortcoming. By utilizing modern science communication prac- 
tices, the essence of these discoveries can be lifted and digested in 
a way that can be absorbed at the lay level, while furthering society's 
understanding of the geosciences. Talking points, which can now 
be disseminated through blog posts and social media, will give sales 
professionals a way to speak to the adventure of gem formation, 
discovery, and recovery. They can also provide positive anchors 
for potential buyers to continue to weigh during their buying de- 
cisions. Adventure Gemstones seeks to add training modules for 
sales staff, with in-person trainings at stores and professional 
events, to give further clarification of modern research, and to de- 
mocratize the science asa viable resource for the selling floor. 


Supplementary Techniques with Potential to Assist in 


Freshwater Pearl Identification 


Artitaya Homkrajae’, Chunhui Zhou?, Ziyin Sun', and Troy Blodgett? 


'GIA, Carlsbad, California 
2GIA, New York 
°GIA, Flagstaff, Arizona 


Real-time microradiography (RTX) and X-ray computed micro- 
tomography (u-CT) are the main techniques used by gemological 
laboratories to analyze a pearl’s internal structure in determining 
whether it is natural or cultured (non-bead cultured or bead cul- 
tured). Most freshwater non-bead-cultured (NBC) pearls contain 
characteristic twisted voids or elongated linear features toward 
their centers that easily separate them from their natural counter- 
parts. However, some pearls possess borderline or overlapping 
growth features and exhibit external appearances that do not read- 
ily assist in their identification. 

This presentation covers two supplementary techniques that 
offer some assistance in the identification of challenging freshwater 
pearls, specifically between American natural and Chinese NBC. 
Owing to its rich resource of approximately 300 Unio mussel species, 
North America has been an important source of natural freshwater 
pearls for centuries. For a number of reasons, however, mussel fish- 
ing is currently limited in the United States. Thus, most freshwater 
pearls in today’s market are NBC pearls produced in China. 

The first technique is trace-element analysis using LA-ICP- 
MS. We analyzed 74 natural pearls reportedly from various wild 
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Unio mussel species collected from North American lakes or rivers 
and_76 Chinese NBC pearls purchased from various sources. Since 
the pearls formed within different water environments, differences 
in chemical compositions and concentrations are to be expected. 
Linear discriminant analysis (LDA) was applied to the results ob- 
tained to provide additional helpful data. To enhance the study, 
we also included 75 American freshwater cultured pearls (both 
bead cultured and NBC) that were grown in very specific and 
well-defined conditions in Kentucky Lake, Tennessee. Therefore, 
their chemical compositions were likely to be more homogenous 
than those of the other sample base. 

The second technique is deoxyribonucleic acid (DNA) bar cod- 
ing. The work was first performed on five common pearl-producing 
species of American mussel collected directly from Kentucky Lake: 
pink heelsplitter, ebony, washboard, southern mapleleaf, and three- 
ridge mussels. Additional DNA bar coding experiments were con- 
ducted on various freshwater pearl samples, and the DNA sequences 
of eight samples from different origins (Hyriopsis species, Megalon- 
aias nervosa, and Potamilus species) have been successfully identified. 
If it can be proved that the DNA ofa specific pearl matches a native 
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Fusconaia ebena 
(Ebony) 


Amblema picata 
(Threeridge) 


Megalonaias nervosa 
(Washboard) 
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Lasmigona holstonia 
(Tennessee heelspliter) 


Piectomerus dombeyanus 
(Bankclimber) 


Figure 1. Five pearl-producing freshwater mollusk species collected directly from Kentucky Lake, Tennessee, for the DNA barcoding reference li- 


brary. Photo by Janet Topan and Diego Sanchez. 


US. mussel species, this would in theory suggest it is natural, since 
no commercial culturing exists in the United States today. Even 
though the washboard mussel was once predominantly used to cul- 
ture American pearls, most American NBC pearls contain unique 
internal structures that, combined with their characteristic external 
appearance, allow them to be separated from natural pearls. 
LA-ICP-MS and DNA techniques have the potential to help 


in determining the identity of freshwater pearls. Further studies 
on samples from various geographic locations and an even larger 
data set are needed for trace-element analysis. The DNA barcod- 
ing technique is conclusive in identifying mussel species, provided 
enough DNA can be extracted. However, the analysis requires a 
suitable sample size, and this may preclude its use on historical and 
valuable items. 


University of Arizona Gem and Mineral Museum and 


Endowed Chair in Gemology 


Zakaria Jibrin, Eric W. Fritz (presenter), and Robert T. Downs 


Department of Geosciences, University of Arizona, Tucson 


The University of Arizona Gem and Mineral Museum in Tucson 
supports and advances the study of gems and minerals through the 
quality and scope of its mineral collection and exhibits. The museum 


fosters an appreciation for the wonders of Earth and our solar system, 
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while serving the needs of students, faculty, and the general public. 
To further this mission, the university is building a state-of-the-art 
gem and mineral museum in Pima County’s historic courthouse (fig- 
ure 1) featuring a mineral evolution hall, the Arizona Mining & 


Figure 1. The historic Pima 
County courthouse will be the 
—ormanmamtmniergy —72¢w Lome of the University of 
ie Arizona’s Gem and Mineral 
wena 
ins s 


Museum. Courtesy of Pima 
County, Arizona. 
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Minerals Gallery, and a gem hall that includes a vault for special ex- 
hibits. The space will encompass approximately 11,700 square feet. 

The university's 40,000 specimens will be housed in the new 
facility. The museum is offering partnerships with organizations 
and entities related to gems and minerals. This Community Out- 
reach Education Group will have space for offices, public meetings, 
classrooms, and skill-building workshops. 

One of the more exciting aspects of the new museum will be its 
laboratory with a unique public viewing area where visitors can ob- 
serve scientists working on gem and mineral research. The lab will 
feature the latest technology for characterizing minerals and authen- 
ticating gemstones: Raman and infrared (IR) for vibrational spec- 
troscopy, X-ray diffraction (XRD) 
crystallographic and structural properties, and mass spectrometry for 


to characterize the 


chemical and isotope analysis of gemstones and minerals. 


An undergraduate program and a graduate program for 
master’s and PhD students emphasizing gemological research 
and skills, along with an endowed professorship, are made pos- 
sible through a collaboration with The RealReal luxury con- 
signment company. The Gemology Professor will be required 
to sustain a world-class research program, obtain grants, and 
publish in peer-reviewed journals. He or she will interact with 
the existing mineralogy program and share lab facilities such as 
the X-ray diffractometer, the Raman and IR spectrometers, the 
electron microprobe, the LA-ICP-MS instrument, and other 
advanced equipment. The professor will be able to choose his 
or her own research interests, but it is expected that they will 
integrate with the university’s RRUFF project and provide ex- 
panded outreach to the gem trade by adding to the gem data- 
base (rruff.info) that is freely available online. 


New Technologies and Techniques 


Beyond the Four Cs Basics Towards Core Diamond Values 


Alexander Mosyaikin' and Janak Mistry? 
'OctoNus Software, Moscow 
“Lexus SoftMac, Surat, India 


Diamond grading systems continuously evolve towards more pre- 
cise descriptions for relevant discussion and comparison. The basis 
consists of the Four Cs: carat weight, cut, clarity, and color. 
Nowadays, consumers often look for clues beyond the Four Cs. 
The important and unique polished diamond features for end users 
comprise the next level ofdiamond description. In figure 1 (left), the 


central four tiles represent the Four Cs graded by the labs: pavilion 
color, clarity grade, polishing and microsymmetry, and carat weight. 
The outer tiles are the advanced diamond descriptions based on the 
unique core diamond features such as brilliance, fire, and table color. 

These additional descriptions might provide critically impor- 
tant information for making decisions in cases of 


1.20 ct D SI, oval with strong fluorescence 
Long UV DiBox 2.0 lighting 


Identification, 
realistic 
charting 


Transparency 


Table color Fluorescence (milkiness) 


Color Clarity 


Material color Safety, 
spectrum rarity Pavilion color Clarity grade durability 


Beauty Size 


optical Polishing, 


Fire, brilliance, 


performance micro-symmetry Carat weight 


Cut pattern, 

craftmanship, 
Girdle shape, optical 
attractiveness symmetry 


Spread 
(perceived size) 
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The virtual facets’ brightness is 
proportional to the ray path 
length in diamond. 


DiBex2. 


Figure 1. Lefi: A diamond 
consumer characteristics chart 
in which the outer squares rep- 
resent characteristics beyond 
the Four Cs shown in the inner 
squares. Right: A diamond 
fluorescence image. 
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1. Diamonds with identical Four Cs grading reports but dif- 
ferences in beauty and value 


2. The design of jewelry pieces for balance in fire, brilliance, 
scintillation, and other factors 


3. Uncertainty about a grading report’s authenticity 


4. Comparing the optical performance of round and fancy 
cuts 


The DiBox 2.0 makes users fluent in a new tier of diamond 
language. It generates diamond photos (figure 1, right) and 
videos for professional testing and specific consumer environ- 
ments (eg. office, sunlight, nightclub). Controllable long-wave 
ultraviolet (UV) diodes, along with full-spectrum-visible light- 
emitting diodes (LEDs) create different lighting conditions (in- 
door, outdoor, lab, UV-free), revealing the impacts of UV 


fluorescence on diamond transparency and color. The selection 
of lighting conditions includes Fire, Office, ASET/Ideal Scope, 
Hearts & Arrows, Fluorescence in Long-Wave UV, White 
Dome Lighting, Darkfield, and Brightfield. The DiBox 2.0 
takes 3D videos, allowing virtual appreciation of diamonds re- 
motely in a way that is much closer to reality. DiBox 2.0 images, 
along with the precise Helium Polish scanner 3D model, can 
be used to simplify clarity plotting. 

The DiBox 2.0 also captures data for automatic assessment 
algorithms. Brilliance and Optical Symmetry beauty metrics are 
already available through the Cutwise web platform. These met- 
rics allow the user to compare optical performance of diamonds 
with different sizes and cuts (round and all fancies) using core 
consumer values, which form the higher tier of the diamond de- 
scription system. 


Creating Gems Using the Zirconia Sintering Process 


Etienne Perret 
Ceramique by Etienne Perret, Camden, Maine 


Whereas most of us are familiar with the hydrothermal and flux- 
melt solution methods for growing crystal forms of zirconia, these 
are not the only way to create gem forms from this material. Using 
the sintering process, zirconia powder can be baked at high tem- 
peratures to create three-dimensional objects. 

Sintered zirconia (figure 1), also known as zirconia ceramic, 
is used in many medical and industrial applications. Zirconia ce- 
ramics are now successfully used in the watch and jewelry indus- 
try. Its relatively low cost and high durability make it an ideal 
alternative to precious metals. A wide range of colors in addition 
to white and black can be achieved by adding trace elements to 
the zirconia powder before it is sintered. All these factors make 
zirconia ceramic an extremely interesting material to consider in 
the manufacture of jewelry. 


Figure 1. This necklace contains 29 oval beads of sintered black zir- 
conia measuring 12 x 17 mm apiece, with a diamond pavé clasp set 
in white gold. Photo by David Stewart Brown. 


Fluorescence Spectroscopy for Gemstone Screening and Identification 


Tsung-Han Tsai 
GIA, New York 


Gemologists are always looking for fast, accurate, and cost-efficient 
methods and tools to identify gem materials. Fluorescence spec- 
troscopy is a highly efficient way to detect a gemstone’s defects or 
impurities, while the characteristic fluorescence response can be 
used to identify the gemstone. Therefore, this rapid technology 
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has the potential to be used to separate natural diamonds from 
laboratory-grown diamonds and diamond simulants, detect multi- 
treated pink diamonds, and identify colored gemstones. This tech- 
nique can be applied to test both loose samples and mounted 
jewelry pieces. An experimental prototype has been built to test 
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the concept of using fluorescence spectroscopy under room tem- 
perature for gemstone screening. The device uses a UV LED as 
the light source. Optical short-pass and long-pass filters are in- 
stalled between the light source and the spectrometer to isolate 
the fluorescence from the excitation. Optical lenses are used to 
focus the UV source into the reflection fiber probe and then cou- 
ple the fluorescence into the spectrometer. The prototype uses a 
reflection fiber probe to enhance the flexibility of sample position- 
ing, allowing the user to easily target individual mounted or un- 
mounted gemstones. 

To test the performance of the prototype and the screening 
software, we measured more than 10,000 samples including nat- 
ural diamonds, diamond simulants, laboratory-grown diamonds, 
treated pink diamonds, and colored gemstones such as ruby, sap- 
phire, emerald, spinel, and zoisite to confirm the detection rate of 
this device. Figure 1 shows the fluorescence spectra of natural di- 
amond, multi-treated pink diamond, and various colored stones. 
The prototype detected 97% of natural diamond, and referred 
100% of diamond simulants and both HPHT and CVD labora- 
tory-grown diamonds for further testing. In pink diamond iden- 
tification, 99% of natural pink diamonds were detected, while 
multi-treated pink diamonds and pink laboratory-grown dia- 


From Screening to D-tection 


Marleen Bouman, Ellen Biermans, and Ans Anthonis 
HRD Antwerp 


Screening diamonds by type is a safe way to sort potentially lab- 
grown colorless diamonds from natural diamonds. Nevertheless, 
in many cases the referral rate is too high. Therefore, HRD 
Antwerp has introduced the use of D-tect, a new screening device 
that forms a perfect complement to the M-screen*. D-tect is a 
nonautomated device based on UV luminescence imaging and 
photoluminescence spectroscopy (PL) at room temperature and 
liquid nitrogen (LN) temperature. In combination with M- 
screen", this instrument offers the ultimate assurance of distin- 
guishing all laboratory-grown diamonds from natural ones. 

In this study, we investigated a parcel of 150 melee-sized 
CVD-grown diamonds, focusing on features that are challenging 
for up-to-date screening devices. D-tect checks the SiV- doublet 
and the 467 nm defect, defects typically seen in CVD laboratory- 


Figure 1. Example of a CVD synthetic diamond with purple fluorescence 
and no phosphorescence. D-tect’s PL spectra at room temperature do not 
reveal the SiV" doublet, but the 467 nm defect is already visible. PL 
measurements at LN temperatures reveal the SiV- doublet’s presence to- 
gether with the presence of the 467 nm defect. 
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Figure 1. Characteristic fluorescence spectra of natural diamond, 
multi-treated pink diamond, and the most common colored stones: 
corundum, emerald, spinel, and zoisite. 


monds were 100% referred. Finally, the device detected 93% of 
corundum, 97% of emerald, 93% of spinel, and 81% of zoisite. 
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grown diamonds. At LN temperatures, it is possible to see even 
the weakest SiV- doublet. This feature, in combination with the 
presence of the 467 nm defect, identified all of the CVD speci- 


mens, even those with uncharacteristic fluorescence colors. An ex- 
ample of a CVD-grown diamond with purple fluorescence and 
no phosphorescence is given in figure 1. 


Image Analysis Techniques Applied to Clarity Issues 


Troy Blodgett’ and Andrew Regan? 
'GIA, Flagstaff, Arizona 
2GIA, New York 


GIA research in clarity image analysis began around the year 2000 
with capturing high-resolution still images to explore whether 2D 
images could be used as an alternative to clarity plotting. GIA also 
examined the potential of using image analysis and inclusion- 
capture algorithms for predicting a clarity grade. Based on this 
early research, we developed the Imaging System for Automated 
Clarity (ISAC), which required an operator to select a region of 
interest encompassing an inclusion and choose the predicted result 
that best represented the inclusion so that the device could predict 
aclarity grade. Note that this application pertained mainly to di- 
amonds with single inclusions, although there was a supplemental 
entry field to adjust the predicted clarity grade if reflections or ad- 
ditional inclusions were reported. 

From the ISAC research ending in 2007, a number of patents 
were filed that same year. The ISAC designs were subsequently re- 
engineered for a production environment, leading to the imple- 
mentation of a device for producing images on the eReport in 
2012. Further experiments were run on high-resolution manually 
“stacked” composite images using textural analysis, which showed 
considerable promise. GIA has undertaken extensive testing of var- 
ious production-friendly imaging instruments (eg, Keyence Mi- 
croscope, Lexus-OctoNus Dibox, and Sarine Loupe) to see which 
ones could produce images suitable for automated clarity analysis. 
Artificial neural nets, a type of machine learning, were trained to 
recognize the shape and texture of inclusions. Examples of such 
plots are shown in figure 1. 

In addition to plotting features, neural nets have also learned 
to apply clarity factors such as relative size, number, relief, and 
position of inclusions to calculate a clarity grade. For predicting 
a grade, the artificial neural nets were trained on a portion of the 
crown-view images and the remaining images tested the clarity 
grade prediction. About 70% of the predicted grades matched 
the clarity grades provided by graders (evaluating the images) 
when IF—VVS ranges were lumped together and eG; and I,were 
clustered. Distinguishing IF and VVS grades likely requires more 
information from both the pavilion and girdle views. There were 
not enough I, and I, images available to treat those grade ranges 
as separate categories. GIA considers 3D information important 
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for clarity evaluation. Images of the crown tilted to varying de- 
grees were used to estimate inclusion depth. Results from the 2D 
clarity plot, inclusion depth information, and a 3D wireframe 
model can be combined to render a preliminary 3D clarity plot. 
Future research will be conducted to add more 3D information 
from the pavilion view to improve the accuracy of the 3D clarity 
plot and shed more light on the most challenging IF-VVS clarity 


range. 


Figure 1. These muted images show a comparison of hand-marked 
inclusion plots (left) and neural net-predicted results (right) 
counting inclusion reflections. In general, the predicted results 
matched the hand-marked plots, but a few discrepancies occurred 
in both examples. 


Hand-marked 


Neural net-predicted 
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Matrix-Matched Standards for Trace-Element Analysis in 


Ruby and Sapphire 


Jennifer L. Stone-Sundberg', Timothy Thomas?, Zachary Cole’, Yunbin Guan‘, Ziyin Sun’, 


Troy Ardon®, and John L. Emmett® 

'GIA, Portland, Oregon 

“Applied Materials, Hillsboro, Oregon 

3Scientific Materials Corporation, Bozeman, Montana 
“California Institute of Technology, Pasadena 

GIA, Carlsbad, California 

6Crystal Chemistry, Brush Prairie, Washington 


As reported recently (Stone-Sundberg et al., 2017), GIA has created 
sets of highly accurate matrix-matched corundum standards for laser 
ablation—inductively coupled plasma—mass spectrometry (LA-ICP- 
MS) analysis as an alternative to NIST glasses. These standards cover 
applicable ranges of the key trace elements found in natural ruby 
and sapphire: Be, Mg, Ti, V, Cr, Fe, and Ga. The concern with using 
non-matrix-matched standards to quantify trace elements in corun- 
dum is twofold: (1) Calibrating with a matrix differing in composi- 
tion and structure will result in dissimilar interferences and ablation 
characteristics, which will negatively impact the quantification 
process. (2) The differences in ratios of matrix elements and trace 
elements of interest between the non-matrix-matched standard and 
the samples will result in calibration errors. Possibly the most con- 
cerning issue for applying NIST glass standards to quantifying many 
trace elements in corundum is the fact that they simply are not cer- 
tified for most of the elements of interest. 

To ensure the highest accuracy possible, we created and char- 
acterized individual ion implant standards for each trace element 
of interest in corundum, calibrated a secondary ion mass spec- 
trometer (SIMS) with these implants, and then calibrated each in- 
dividual corundum standard piece using SIMS. We turned to 
Czochralski growth to produce large and highly uniform multi- 
doped crystals for these standards (figure 1). The standards sets 
include two multi-doped pieces of synthetic sapphire to capture 
relevant levels of Mg, Ti, V, Cr, Fe, and Ga; a highly uniform piece 
of Yogo sapphire to capture a greater level of Fe than we could gen- 
erate synthetically; and an ultra-high-purity synthetic sapphire 
“blank” with a combined total of less than 0.5 ppma of the key 
trace elements mentioned above. To incorporate Be, pieces from 
one of the multi-doped crystals were beryllium diffused for 100 
hours at 1800°C in pure oxygen. Each piece for the standards set 
was screened to ensure high homogeneity. 


REFERENCE 


Stone-Sundberg J., Thomas T., Sun Z., Guan Y., Cole Z., Equall R., Emmett 
J.L. (2017) Accurate reporting of key trace elements in ruby and sapphire 


344 = SIXTH INTERNATIONAL GEMOLOGICAL SYMPOSIUM 


GIA has been using these standards for more than a year in 
its colored stones laboratories and is working to make these stan- 
dards available outside of GIA. We have also been focusing on 
optimizing the LA-ICP-MS operating protocols throughout our 
labs to identify the best conditions for gemological applications. 
The adoption of these standards by other labs will help in creating 
industry-wide uniformity when it comes to reporting key trace- 
element data for ruby and sapphire. 


Figure 1. Crystal boules grown by Scientific Materials for multi- 
doped corundum standards: sample 02-1032 (top) and sample 07- 
0687 (bottom). Both crystals were doped with Mg, Ti, V, Cr, and 
Ga in different amounts; only 02-1032 was successfully doped with 
Fe. Crystal 02-1032 is 40 mm in diameter by 150 mm in length at 
diameter, and crystal 07-0687 is 30 mm in diameter by 150 mm in 
length at diameter. Photos courtesy of Scientific Materials. 


using matrix-matched standards. GeG, Vol. 53, No. 4, pp. 438-451, 
http://dx.doi.org/10.5741/GEMS.53.4.438 
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Novel Method of Diamond Color Grading by Raman Spectroscopy 


Joe C.C. Yuan’, Ju-Tsung Liu’, and Gavin D.S. Pan ° 
Taidiam Technology (Zhengzhou) Co., Ltd., China 
Taiwan Food and Drug Administration 

3 United ID Raman Lab, Taipei 


2 


A nondestructive and rapid diamond color-grading method is 
proposed based upon the 2030 cm” characteristic Raman peak. 
The intensity of this N-C bonding peak for natural untreated 
“cape” diamonds (type Ia, Ia) is strongly associated with the ob- 
served color. When the intensity of the 2030 cm" peak is nor- 
malized against that of the second-order diamond bond peak at 
2666 cm, this can be used as a basis for the color grading of cape 
diamonds, both loose and mounted. The characteristic Raman 
peak of diamond at 1332 cm"! corresponds to the vibration mode 
of the C-C bond. However, the C-N bond peak at 2030 cm"! 
(Nyquist et al, 1997; Dana et al., 2004) can reveal information re- 
lated to the diamond's color. The 1800-2800 cm spectral range 
clearly shows additional second-order Raman peaks at 2180, 2256, 
2336, 2462, 2490, and 2666 cm~!. The coexistence of the 2030 
cm! peak and second-order peaks in the overlaid spectrum was 
seen in all 50 type Ia diamonds examined in this study. 

To test this approach, we examined a set of eight certified 
GIA color master diamonds with grades of E, F, G, H, I,J, K, and 
L. We collected Raman data in the spectral range between 1600 
and 2800 cm” and normalized the 2666 cm" peak in each data 
set to 1,000 counts so that we could observe the variation in the 
2030 cm” peak relative to it. The normalized intensity of the 
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2030 cm peak clearly increased with increasing yellow tint. A 
linear relationship was observed when plotting normalized 2030 
cm! peak intensity versus color grade. 

The 2030 cm! Raman peak in nitrogen-containing type Ia 
and IIa cape diamonds is considered to be related to C-N bonding 
and is consistent with reports of other C-N bond vibration modes 
at 2030 cm", such as in Pb(SCN), (Nyquist et al., 1997; Dana et 
al., 2004). To date, the assignment of the 2030 cm™ peak as N-re- 
lated mode does need further research work, which is beyond the 
scope of this research. 

This 2030 cm” peak may be overlooked or undetectable by 
conventional Raman spectrometers due to its low intensity relative 
to the C-C bonding mode. The instrumentation used in our study 
has an exceptionally high sensitivity, with S/N > 10,000, supple- 
mented by Auto Baseline Software System, which allows us to de- 
tect and analyze this bond mode. 

This method for color grading cape diamonds is rapid and 
nondestructive, with no requirement for sample preparation. It 
may serve as a novel and semi-quantitative method complement- 
ing the conventional colorimetric method. It cannot be applied to 
HPHT-treated diamonds because the fragile C-N bond peak at 
2030 cm"! may be totally or partially destroyed by the treatment. 


Nyquist R.A., Putzig C.L., Leugers M.A. (1997) Handbook of Infrared and 
Raman Spectra of Inorganic Compounds and Organic Salts. Academic 
Press, San Diego, California, pp. 1-14. 


Quantitative Determination of Cr** and V** Contents in Rubies by 
Spectral Fitting of UV-Vis-NIR Spectra 


Tom Stephan'?, Tobias Hager?, Ulrich Henn', and Wolfgang Hofmeister” 


'German Gemmological Association, Idar-Oberstein 


?Center for Gemstone Research, Johannes Gutenberg-University, Mainz, Germany 


For this study, the ultraviolet/visible/near-infrared (UV-Vis-NIR) 
absorption spectra of various natural and synthetic rubies and sap- 
phires were mathematically decomposed into Gaussian and 
Lorenz curves. For this purpose, we used MagicPlot Pro curve fit- 
ting software. 

With the help of synthetic corundum samples that were colored 
respectively by Cr** or V**, we developed two models that allow a 
comparable and reproducible description of the UV-Vis-NIR spec- 
tra (see figure 1). The applicability of the models, the transferability 
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to the absorption spectra of natural rubies and sapphires, and the 
correlation with chemical analyses were successfully tested. 

The investigations showed that by the use of such models and 
knowledge of the samples’ thickness, it is possible to determine 
concentrations of coloring trace elements (in this case chromium 
and vanadium) quantitatively from the absorption spectra. Addi- 
tionally, the simultaneous application of Cr** and V*+ models is 
also possible, despite the superposition of the absorption bands of 
both chromophores. Therefore, the detection of vanadium in ru- 
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bies is made possible even at low concentrations. This allows first 
information on the samples origin. 


Additional information can be obtained from the absorption 
spectra, such as: 


1. Exact position and shape of the cutoff (absorption edge to- 
ward the UV region) 


2. The strength of the Tyndall effect, to estimate the concen- 
tration and size of the light-scattering inclusions 


3. Detection of underlying color causes 


The investigations are part of the first author’s ongoing PhD the- 
sis. The work’s aim is a model for each cause of color in corundum, 
which would allow a simultaneous quantification of the concentra- 
tion of the involved chromophores—as well as for mixed colors. We 
have also tested the applicability for faceted samples. The first results 
show that fitting is possible, with appropriate sample orientation. 

Additionally, comparable models for other gemstones incor- 
porating Cr** and V** (e.g., emerald, tourmaline, and garnet) will 
be developed and tested. 


Figure 1. The o-spectrum of a Verneuil synthetic ruby has been fitted 


using MagicPlot Pro curve fitting software. Curves Cr 1-Cr 5 are 
then used to define the Cr** model. 
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A Simplified Species Classification for Gem-Quality Tourmaline by 


LA-ICP-MS 


Ziyin Sun’, Aaron C. Palke', Christopher M. Breeding', and Barbara L. Dutrow? 


GIA, Carlsbad, California 


7Department of Geology and Geophysics, Louisiana State University, Baton Rouge 


In the trade, gems from the tourmaline species are often identi- 
fied by sight based on the typical colors of the various species 
rather than accurate chemical analyses. However, the same color 
can be exhibited by several different species. In other words, tour- 
maline color is not species specific. Electron microprobe analysis 
is the most widely accepted method to determine tourmaline 
species. Unfortunately, it is also expensive and time-consuming. 
Most gemological laboratories are not equipped for it and can- 
not justify the overhead costs associated with outsourcing this 
analysis. Therefore, the electron microprobe is not a practical 
everyday tool for a gemological laboratory. Here, we present a 
comprehensive method for using LA-ICP-MS analyses to accu- 
rately determine tourmaline species. The new method allows for 
inexpensive, clean, fast, and largely nondestructive analysis of 
tourmaline chemistry. With this method, we are able to produce 
LA-ICP-MS data for major and minor element concentrations 
in tourmaline that closely match values determined by electron 
microprobe (within +10% error). The ability to accurately meas- 
ure the range of chemical compositions found in gem tourmaline 
using LA-ICP-MS allows GIA to help the colored stone indus- 
try better understand the varieties of tourmaline being bought 


and sold. 


346 = SIXTH INTERNATIONAL GEMOLOGICAL SYMPOSIUM 


Figure 1. Much of the brown and yellow tourmaline on the market is sold 
as dravite or uvite but could just as easily be elbaite. These six tourma- 
Lines in various colors, ranging from 1.51 to 11.33 ct, are from Lundazi, 
Zambia. Photo by Robert Weldon/GLA, courtesy of Bjorn Anckar. 
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Swept-Source Optical Coherence Tomography for Imaging the 


Internal Structure of Pearls 


Nick DelRe’, Nate Kemp’, Joey Jabbour?, and Andres Zuluaga? 


‘Gemological Science International, New York 
?Axsun Technologies, Billerica, Massachusetts 


The popularity of pearls (figure 1, left) over the centuries led to 
their cultivation to meet marketplace demand. This has resulted 
in numerous pearls and pearl imitations that at times prove to be 
an identification challenge, even when using X-ray tomography. 
Some examples include the differentiation of certain kinds of nat- 
ural vs. cultured pearls. The difficulty is compounded because 
pearls must be tested nondestructively, a cornerstone of gemology. 

‘Traditionally, the internal structure of pearls has been examined 
by radiography. This imaging method uses X-rays (figure 1, center), 
which are at the higher-energy end of the electromagnetic spectrum. 
This technique generates two- and three-dimensional images. To 
get a clearer picture of the internal structure, 3D images are gener- 
ated by computed tomography (CT), where multiple 2D images 
from different angles undergo computer processing. The time to 
generate an image with good resolution can vary from seconds to 
several minutes. While passing through the pearl, a certain amount 
of X-ray radiation is absorbed (dependent on the pearl’s density and 
structural composition) as well as scattered. Although the radiation 
is not harmful, there may be a slight degree of ionization occurring 
when the X-rays are absorbed by the pearl. In addition, the operator 
must take safety measures while working with ionizing radiation. 

Here we present an alternate form of imaging that uses the lower- 
energy end of the electromagnetic spectrum, namely the near-in- 
frared region. Optical coherence tomography (OCT; figure 1, right) 
is a noninvasive, micron-resolution cross-sectional scanning of visu- 
ally translucent to opaque structures. It allows live 3D imaging of 
sample morphology without sample preparation or exposure to ion- 
izing radiation. OCT fills the imaging gap between ultrasound and 
MRI (deeper coverage and lower spatial resolution) on one end, and 
confocal microscopy (shallower coverage, higher spatial resolution) 
on the other. It can be likened to sonar or medical ultrasound, but 
using light waves instead of sound waves. OCT has proved very suc- 
cessful in ophthalmology and cardiology applications. 

In this technique, a beam of light (typically in the near-infrared 
spectrum) is used to scan the sample. Coherence refers to the fact 
that an interferometric, low-coherence technique is used for depth 
discrimination. ‘Tomography means cross-sectional imaging. To 


further explain the basic optical setup, the light is split between 
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TABLE 1. Specifications of the two Axsun SS-OCT pearl 
scanning systems. 


1060 nm 1310 nm 
Lateral resolution 16 microns 35 microns 
Axial resolution 4 microns in air 7 microns in air 
Scan depth 4.2 mm in air 6 mm in air 
FOV diameter 12 mm 27 mm 
Axial line rate 100 KHz 100 KHz 


DAQ sampling rate 500 Msamples/second 500 Msamples/second 


Note: Msamples = acquisition memory depth, which equals the number of 
samples that are stored with each acquisition. 


two arms, one for the sample and one for the reference mirror. The 
reflected beam from the sample and the reflected beam from the 
reference mirror interfere with each other. That interference rep- 
resents the intensity of the reflection from a specific depth in the 
sample. In classic time-domain OCT, scanning the position of the 
reference mirror in the interferometer allows the interference sig- 
nals from different depths to be acquired and processed, thus 
forming an axial line representing the intensity of reflections from 
each depth in the sample. In swept-source OCT, a laser source pro- 
duces a rapid sweep of wavelengths (colors). For each wavelength, 
an interference pattern is formed. This interference pattern can be 
processed with exquisite sensitivity, leading to exceptional rejec- 
tion of signals from depths outside the detection window. 

In the case of the 3D data presented here, a pair of galvanometer 
scanners were used to scan the light in two directions perpendicular 
to each other and both perpendicular to the depth direction (see 
the table for the scanning systems’ specifications). Although there 
have been attempts in the past 20 years to apply OCT technology 
for pearl examination, none have garnered sufficient interest. Part 
of this has to do with the cost-effectiveness of this technology for 
commercial use. In addition, the resulting imaging was still not suit- 
able for pearls, since the penetration depth and sensitivity from avail- 
able systems was insufficient. Our studies have demonstrated the 
exceptional performance of a compact and cost-effective advanced 
swept-source OCT system in delivering high-quality noninvasive 
3D images of pearls in real time. 


Figure 1. A freshwater tissue- 
nucleated cultured pearl, 
shown in visible light (left), in 
an X-radiograph (center), and 
an optical coherence tomogra- 


phy image (right). 
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he 2018 Symposium’s finale, the Futurescape Forum, 
i: together six industry leaders in a panel discussion 
moderated by Dr. David Ager, managing director of execu- 
tive development at the Harvard Business School. The panelists 
were Bruce Cleaver, CEO of the De Beers Group; Gina Drosos, 
CEO of Signet Jewelers; Jason Goldberger, CEO of Blue Nile; 
Andy Johnson, CEO of Diamond Cellar Holdings; Rahul 
Kadakia, international head of jewelry at Christie’s; and Kent 
Wong, managing director of Chow Tai Fook. 
The forum began with an industry forecast via video from 


Scott Galloway of the NYU Stern School of Business. The discus- 


sion centered around several key points: 


e Technologically driven changes in retailing and trading, 
and continued consolidation across the value chain. These 
market shifts include challenges from giants such as Ama- 
zon and an increase in manufacturers selling direct to con- 
sumers, bypassing traditional retail channels. 

e Evolving consumer tastes and desires, including concerns 
over gem sources and sustainable production 


e The need to appeal to a rapidly changing workforce 


e Disruption caused by laboratory-grown diamonds, both in 
the marketplace and in laboratory testing and identification 


Technical Challenges 
There was broad agreement that retailers must adapt to technol- 
ogy, not just in sales channels, but in ways it can help individualize 
each customer. 

Drosos explained that omni-channel retailing is a necessity 
because customers routinely cross channels in their shopping ex- 
perience, starting online and ending in the store. Online channels 
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can enhance the in-store experience by making it possible for cus- 
tomers to make appointments online—90% of such appoint- 
ments result in a sale, she noted. 

Wong said that 15% of Chow Tai Fook’s sales by volume are 
done online, but mainly in small gold items and in charms such as 
Hello Kitty and Disney characters. At the high end, Kadakia said 
that 90% of Christie’s auction business is still done by traditional 
bidding, but the remainder is online, mainly from younger clients 
buying pieces under $10,000. “This is how we target younger cus- 
tomers,’ he said. 


Bruce Cleaver of the De Beers Group listens as Signet Jewelers’ Gina 
Drosos explains the importance of omni-channel retailing. Photo by 
Denise Conrad/GIA. 
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A Changing Workforce 
The changing workforce was a key discussion point in the session. 
Businesses must adapt to a millennial workforce comprised of peo- 
ple who switch careers because they value diverse experiences and 
often do not want to stay with a company over the long term. 
Goldberger told the audience that organizations should not 
become too insular and that people with diverse backgrounds 
bring new thinking. He added, “The reality of today is that tech 
people move every two or three years, so we have a choice: Do we 
lose them entirely or benefit from their talent while they are here?” 
Cleaver noted that there are excellent opportunities to diversify 
the traditionally conservative diamond industry, while Wong said 
his company brings in gifted designers by offering them a plat- 
form to create and sell their designer pieces. “Talented people 
need that freedom,’ he pointed out. Johnson added that not 
everyone wants to switch careers, and businesses must adapt to 
workers who cannot be on hand full-time. 


Natural and Laboratory-Grown Diamonds 
Laboratory-grown diamonds occupied a great deal of discussion 
in the Futurescape Forum. Panelists agreed that while they have a 
place in the market, natural diamonds will still be the choice to cel- 
ebrate life’s landmark occasions. Kadakia was confident that natural 
diamonds will remain the consumer choice because they will always 
have value, while synthetics will not hold value over time. 
Goldberger noted that while today’s engagement ring buyers 
invariably prefer natural diamonds, we cannot take this for granted 
in the future. He cited the example of consumers who in the 1990s 
loved to browse bookstores but then deserted them for online 
channels. Cleaver said that synthetic diamonds place in the market 


was firmly in the “fun and fashion” side. 
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An audience member poses a 
question for the panel at the 
Futurescape Forum. Photo by 
Denise Conrad/GLA. 


Gemstone Sourcing and Production 

Cleaver also related the economic and political success of 
Botswana, once one of the world’s poorest nations. Diamond rev- 
enues, coupled with good governance, helped transform Botswana 
into one of Africa’s most prosperous countries. 

As Cleaver noted, “It’s a story not always told—the good that 
diamonds can do in employing people and development.” Drosos 
said customers are interested in knowing the origins of their dia- 
monds and that Signet is working to familiarize all employees with 
its corporate social policies regarding sourcing. 


Russell Shor 
GIA, Carlsbad, California 


Kent Wong discusses Chow Tai Fook'’s approach to attracting tal- 
ented designers while David Ager (left) and Rahul Kadakia (right) 
look on. Photo by Denise Conrad/GIA. 
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diamonds series. GIA researchers Sally Eaton-Magaiia, Troy Ardon, Karen Smit, Christopher 
Breeding, and James Shigley 
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detail the cause of their color. The authors provide an unprecedented gemological and 
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examining its reaction textures, chemical composition, and mineral inclusions and applying thermodynamic phase 
equilibria calculations. 
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NATURAL-COLOR PINK, PURPLE, 
RED, AND BROWN DIAMONDS: 
BAND OF MANY COLORS 


Sally Eaton-Magana, Troy Ardon, Karen V. Smit, Christopher M. Breeding, and James E. Shigley 


Among fancy-color diamonds, naturally pink to red stones are among the rarest and most valuable. The color 
origin for natural pink diamonds is due to either absorption from the as-yet-unidentified “550 nm” defect(s) 
that are correlated with shear stress and natural plastic deformation or, very rarely, the NV°~ centers (nitrogen 
combined with a vacancy). In this article we summarize prior research as well as the physical characteristics of 
more than 90,000 natural pink, orangy pink, red, purple, and brown diamonds from the internal GIA database. 
(Browns and purples are included here, as they coexist on a color continuum with pink diamonds.) We also 
present absorption and luminescence spectra on a representative subset of 1,000 diamonds to provide an un- 
paralleled gemological and spectroscopic description of these rare gemstones. For pink diamonds, the gemo- 
logical observations closely correlate with diamond type and the extent of nitrogen aggregation (i.e., type laA<B, 
type laA>B, and type Ila pinks show distinct characteristics). Since type laA<B diamonds are predominantly 
sourced from the Argyle mine, which is scheduled to close in the next few years, we distinguish the properties 
of these pink diamonds from the others studied. 


ish pink to pinkish brown, pink, red, purple, and un- 
materials. It represents the pinnacle for sev- modified brown diamonds. Although this article cov- 

eral material and physical properties. As a 
gem, however, it is the near-perfect examples—dia- 
monds attaining the D-Flawless distinction—and 
those with imperfections resulting in a vibrant or 
surprising color that create the most enduring im- 
pressions. Fancy-color natural diamonds are among 


|) meter is one of Earth’s most extraordinary 


In Brief 
¢ Almost all pink/purple/red/orangy pink diamonds owe 


the most highly valued gemstones due to their at- 
tractiveness and great rarity. The 18.96 ct Winston 
Pink Legacy, with a color grade of Fancy Vivid pink, 
recently made history by selling at over $50 million, 
its $2.6 million per carat price an all-time high for a 
pink diamond (Christie’s, 2018). 

This article is the third in a series of studies on 
natural colored diamonds: Breeding et al. (2018) dis- 
cussed the color origin of green diamonds, and Eaton- 
Magania et al. (2018) dealt with blue/gray/violet 
diamonds. Here we summarize the color origin of 
orangy pink, purplish pink to pinkish purple, brown- 


See end of article for About the Authors and Acknowledgments. 
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their color to the presence of an as-yet-unidentified 
550 nm absorption band. Minor differences in band 
characteristics along with the presence of other defects 
(such as N3 and H3) lead to differences in hue and 
saturation. 

e Among “pink” diamonds colored by the 550 nm band, 
distinctions in color distribution and observed strain 
can be correlated with their diamond type. 


A sizable percentage of the “pink” diamonds studied, 
particularly those with saturated colors, are consistent 
with material found at the Argyle mine, scheduled to 

close in 2020. 


ers a wide variety of color descriptions compared to, 
for example, the first article in the series, which was 
limited to natural diamonds with only green as the 
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Figure 1. The 34.65 ct Princie (center, photo courtesy of Christie’s) is a famous example of a pink diamond colored 
by NV centers. It is flanked by an array of natural brown, brown-pink, orangy pink, purple-pink, and pink dia- 
monds with the far more common cause of color—the 550 nm absorption band. These examples span the diverse 
color range of pinks submitted to GIA. The photos in this compilation are not imaged to scale. 


dominant description, the color descriptions are 
joined here, as the vast majority of them (which will 
be quantified below) contain the 550 nm band as a 
prevalent absorption feature. For the sake of simplic- 
ity, this broad range of color descriptions (e.g., figures 
1 and 2) will generally be shortened to “pink” in this 
article. 

Previously, several aspects of gem-quality “pink” 
diamonds have been addressed, such as their gemo- 
logical characteristics (e.g., King et al., 2002); their 
defects and associated spectroscopic features (e.g., 
Titkov et al., 2008; Deljanin et al., 2008; Fisher et al., 
2009; Gaillou et al., 2010; Stepanov et al., 2011; 
Byrne et al., 2012a,b; Titkov et al., 2012; Gaillou et 
al., 2012; Howell et al., 2015); and reports on notable 
“pink” diamonds (Smith and Bosshart, 2002; King et 
al., 2014). Here we review the published literature 
and supplement it by compiling results obtained 
from 90,000+ natural diamonds recorded in the GIA 
internal database. 

Our purpose is to provide a detailed account of the 
gemological and spectroscopic characteristics of natu- 
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ral “pink” diamonds, principally colored by an as-yet- 
unidentified “550 nm” absorption band, in order to 
help the trade better understand how these beautiful 
diamonds with extremely valuable colors originate. 


CAUSES OF COLOR 
All colored diamonds submitted to GIA are subject 
to a variety of spectroscopic analyses. The analytical 
techniques and specific details of the instrumenta- 
tion and methods used are summarized in Breeding 
et al. (2018; see supplementary table S-1 at 
https://www.gia.edu/gems-gemology/spring-2018- 
natural-color-green-diamonds-beautiful-conundrum). 
“Pink” color in diamonds spans a wide range in 
the GIA color description terminology (figure 2; King 
et al., 1994; King, 2006). In this article, we include all 
natural fancy-color diamonds with pink, purple, or 
red as the dominant hue (i.e., the final name in the 
color description) in addition to unmodified brown. 
Diamonds with yellow-brown or orange-brown color 
will be discussed in an upcoming article. In the full 
dataset of 90,000+ “pink” diamonds seen at GIA be- 
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Figure 2. These examples of diamonds with varying hues and color saturations represent the “pink” color ranges. 
Photos by GIA staff. The photos in this compilation are not imaged to scale. 


tween January 2008 and December 2.016, the highest 
percentage were unmodified pink (40%), followed by 
pinkish purple to purplish pink (28%), brownish pink 
to pinkish brown (17%), and orangy pink (10%); see 
the color distribution in figure 3. The rarest colors 
were unmodified brown (3%); purple with brown or 
gray modifiers (1%); unmodified red (0.5%); red with 
brown, purple, or orange modifiers (0.4%); and, least 
of all, unmodified purple (0.05%). 

In the description of color grades, it is more difficult 
for the eye to interpret subtle hue differences for very 
light-colored diamonds than it is for more saturated di- 
amonds (King et al., 1994; King, 2006). For the lightest 
color grades, therefore, fewer hue names are used and 
the color description spans a wider portion of the hue 
wheel. Among unmodified pink diamonds, 54% were 
Faint, Very Light, or Light in color (figure 3, right). 

Below we chronicle the main causes of color in the 
form of various structural defects, through which 
“pink” diamonds can be divided into different groups. 
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Various colors and representative visible-near infrared 
spectra are shown in figures 2, and 4, respectively. 


Colored Deformation Lamellae. In many brown, 
pink, and purple diamonds, the color is concentrated 
within parallel narrow bands (referred to as “brown 
graining,” “pink graining,” or glide planes, or alterna- 
tively as a more generalized term of colored lamellae). 
When manufactured as cut stones, these are typically 
oriented to minimize the face-up appearance of the 
lamellae, resulting in an apparent even color distribu- 
tion through the table facet. Since the lamellae are 
along the {111} plane, these pink diamonds are gener- 
ally oriented such that the table facet is {100} (J. Chap- 
man, pers. comm., 2.018). Microscopic observation of 
the lamellae is best accomplished looking through 
the pavilion facets of the diamond. 

These colored lamellae are caused by shear stress 
and natural plastic deformation (figure 5, A and B). 
Deformation to form these lamellae only occurs dur- 
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Figure 3. Color distribution of 90,000+ pink, purple, brown, orangy pink, and red diamonds graded at GIA between 
2008 and 2016. Left: Unmodified pink and purplish pink diamonds dominated within this color range, while dia- 
monds with a brown color description were submitted in lower quantities. Right: Saturation distribution of un- 
modified and modified pink diamonds. A majority of the unmodified pink samples (54%) are in the Faint to Light 


color range. 


ing a diamond's extended residency at high tempera- 
ture (>900°C; DeVries, 1975; Brookes and Daniel, 
2001), either in the mantle or during kimberlite erup- 
tion to the earth’s surface. These deformation lamel- 
lae have been attributed to slip/glide planes 
(dislocation movement) and to micro-twins (Mineeva 
et al., 2009: Gaillou et al., 2010; Titkov et al., 2012; 
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Howell et al., 2015). In many diamonds these defor- 
mation lamellae are closely associated with brown, 
pink, or purple color; these colors can also appear 
evenly through the entire diamond or irregularly as 
distinct patchy areas (figure 5, C and D). The struc- 
tural defects responsible for the different color contri- 
butions in pink, brown, and purple diamonds (i.e., the 
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Figure 5. A: These pink type IaA>B diamonds show the color concentrated within pink lamellae (identified as 
“slip/glide planes” by GIA), while the remainder of the diamond is comparatively colorless. B: These type 
IaA<B pink diamonds show more subtle concentrations of color compared to A—the red arrow indicates the 
best example of this graining. C: These type Ila pink diamonds show uniformly distributed color. D: An unusual 
example of a rough pink diamond with radiation stains and irregular or “patchy” distribution of color. 


“brown absorption continuum,” the 550 nm absorp- 
tion band, and NV centers) are discussed in later 
sections. 

Viewed with a microscope, the two types of 
lamellae appear distinct, and at GIA these are re- 
ferred to as either slip/glide planes or graining. They 
also appear to correspond with the ratio of A centers 
(nitrogen pairs) and B centers (four nitrogen atoms 
around a vacancy) in the diamond (Gaillou et al., 
2010). As diamonds reside in the mantle, or are ex- 
posed to higher temperatures, the A-aggregates de- 
crease as they combine to form B-aggregates (Taylor 
et al., 1990). “Pink” diamonds where A-aggregates 
outnumber B-aggregates (i.e., type IaA>B, such as 
some Siberian diamonds; Titkov et al., 2008) show 
colored lamellae that appear distinctly different 
from “pink” diamonds where B-aggregates are 
greater than A-aggregates (i.e., type IaA<B, such as 
Argyle diamonds; Howell et al., 2015). In type IaA>B 
“pink” diamonds (designated below as Group 2), the 
colored lamellae appear distinct and straight along 
the {111} planes, and the pink color is restricted to 
these colored lamellae (Gaillou et al., 2010). Be- 
tween these lamellae, the diamond is colorless (e.g., 
figure 5A). GIA often refers to these lamellae as 
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“slip/glide planes” to distinguish them from the 
other type of colored lamellae. In type IaA<B “pink” 
diamonds (designated below as Group 1; figure 5B), 
the pink color is not restricted to the lamellae and 
does not appear as straight lines. GIA commonly 
refers to this as “graining,” although these distinc- 
tions in terminology have not been defined within 
the gemological literature. 

In faceted diamonds, the colored lamellae of type 
IaA<B “pink” diamonds can appear more subtle than 
the apparent contrast in color within type IaA>B 
“pink” diamonds (compare figure 5A with 5B). Re- 
cent research (see box B) shows that these classifica- 
tions are not quite so distinct for diamonds that are 
low in nitrogen, and the visual distinction between 
colored “graining” and “slip/glide planes” becomes 
challenging. 

In contrast, the majority of type Ila “pink” dia- 
monds, and some pure type IaB diamonds, do not 
show visible evidence of colored lamellae (either as 
“sraining” or “slip/glide planes”), and the “pink” 
color is uniformly distributed. However, type Ila 
“pink” diamonds do occasionally exhibit graining (ap- 
pearing as colorless, brown, or pink) similar to that 
seen in type IaA<B diamonds. 
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Brown General Absorption. Brown color is quite 
common in natural diamonds, and a brownish tinge 
is reportedly observed in 98% of all as-mined dia- 
monds, whether or not they are deemed gem-quality 
(Dobrinets et al., 2013). While brown diamonds are 
abundant, most are either not faceted or not submit- 
ted for grading reports unless there is another con- 
tributing color such as pink, orange, or yellow or if 
they can be faceted in such a way as to receive a grade 
on the D-to-Z scale (King et al., 2008). As mentioned 
previously, only 3% of the 90,000+ samples studied 
here had an unmodified brown color. 

The vast majority of brown diamonds have their 
color ascribed to vacancy clusters (i.e., clusters of va- 
cant carbon-atom positions; see Hounsome et al., 
2006; Fisher et al., 2009) that are created through nat- 
ural plastic deformation. These clusters are generally 
thought to contain approximately 40-60 vacancies, 
and the dissociation (generally through high-pressure, 
high-temperature HPHT annealing) of these vacancy 
clusters leads to the removal of brown color. These 
vacancy clusters create a so-called brown absorption 
continuum (Fisher et al., 2009; Dobrinets et al., 2013) 
that causes a gradually increasing absorption across 
the visible spectrum toward lower wavelengths (fig- 
ure 4, spectrum D). This brown absorption contin- 
uum can coexist with other color centers (e.g., figure 
4, spectrum C). 

Brown coloration (by itself or in combination with 
other color centers) can also have other origins, in- 
cluding high concentrations of isolated substitutional 
nitrogen, CO,, and micro-inclusions (Hainschwang et 
al., 2008; Dobrinets et al., 2013). However, these are 
not as commonly observed as those diamonds with 
the brown absorption continuum. 


550 nm Visible Absorption Band. The most common 
cause of “pink” color is a broad absorption band cen- 
tered at around 550 nm (Orlov, 1977; figure 4, spec- 
trum B). The defect responsible for this visible 
absorption band has not yet been identified, but it 
has been correlated with plastic deformation (Gaillou 
et al., 2010; Howell et al., 2015). In conjunction with 
the 550 nm band is a smaller, narrower band within 
the UV range centered at ~390 nm (Fisher et al., 2009; 
Byrne et al., 2012a). 

In “pink” type Ia diamonds, nitrogen often creates 
other visible absorption features that are detected in 
the visible absorption spectra and can affect the ob- 
served color. The N3 defect (zero phonon line, or ZPL, 
at 415.2 nm) and the H3 defect (ZPL at 503.2 nm) 
along with their vibronic structure (sidebands) create 
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additional absorption at lower wavelengths (figure 4, 
spectrum A) that can alter the observed color. 


Nitrogen-Vacancy Centers. “Pink” diamonds natu- 
rally colored by NV° centers are extremely rare; 
however, these centers are almost exclusively the 
cause of color in treated and synthetic “pink” dia- 
monds. Absorption by the nitrogen-vacancy centers 
(the ZPL for the neutral NV center is at 575 nm, 
while the negative NV center is at 637 nm) along 
with their sidebands creates the absorption that pro- 
duces the pale, uniform “pink” color in these very 
rare type Ila diamonds (figure 4, spectrum E). They 
are often referred to as “Golconda pink” diamonds 
(Fritsch, 1998). The 34.65 ct Fancy Intense pink Prin- 
cie is a famous example of “Golconda pink,” and it 
sold for more than $39 million at auction in 2013 
(Christie’s, 2013). While the Princie originates from 
the historical mining region of Golconda in India, 
today the term “Golconda” is generally associated 
with this cause of color and not with any geographi- 
cal link to the ancient mining region. 


OCCURRENCE AND FORMATION 

The formation mechanism for “pink” diamonds in 
the earth varies significantly depending on the defects 
responsible for the color. Historical sources include 
India, Brazil, Indonesia (Borneo), and southern Africa. 
But before the Argyle mine in Australia opened in 
1983, there was no stable supply of “pink” diamonds, 
and many of those currently available come from Ar- 
gyle (figure 6; Hofer, 1985; Shigley et al., 2001; Shirey 
and Shigley, 2013). More recently, mines in the Siber- 
ian and Arkhangelsk regions of Russia have been doc- 
umented as producing pink to purple-pink diamonds 
(Titkov et al., 2008; Smit and Shor, 2017). Finding new 
deposits with “pink” diamond production is impor- 
tant to the trade, since the final year of planned oper- 
ation at the Argyle mine is 2020 (Shor, 2018). 


“Pink” Diamonds with 550 nm Absorption Band. 
Occurrence. Nitrogen content and the extent of ni- 
trogen aggregation in the atomic structure, and by in- 
ference the diamond's geographic origin, leads to very 
different observations of how “pink” color due to the 
550 nm band is distributed within the diamond. 
Sources for Group 1 “pink” diamonds (type IaA<B, 
with wavy graining) include the Argyle mine in Aus- 
tralia and alluvial deposits in Venezuela. Group 2 
“pink” diamonds (type IaA>B, slip/glide planes) are 
principally mined in southern Africa, Canada, and 
Russia (Howell et al., 2015). 
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Figure 6. The Argyle mine is well known as a source 
for pink diamonds, although these account for much 
less than 0.1% of the overall production. Photo © 
Rio Tinto. 


An abundance of locality data is available on type 
Ia “pinks” but not for type Ia “pink” diamonds. 
There are several observations of type Ila “pinks” that 
coincide with Argyle “pinks” such as color range, the 
presence of wavy graining in some type Ila diamonds, 
and some photoluminescence peaks that appear in 
type Ila, IaB, and IlaA<B “pinks.” However, reports re- 
garding the output of the Argyle mine largely exclude 
type Ila diamonds (J. Chapman, pers. comm., 2018). 
Type Ila pink-brown diamonds are known from local- 
ities that also yield so-called superdeep diamonds 
from >250 km in the earth’s mantle (Smith et al., 
2017). Pink-brown type Ila diamonds with superdeep 
mineral inclusions (i.e., minerals that are only stable, 
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or could only form, under high-pressure conditions) 
have been documented in GIA’s New York laboratory, 
but their geographic source location is unknown. One 
of the few superdeep Ila “pink” diamonds for which 
GIA does have locality information is a 23 ct rough 
pink type Ila diamond found at the Williamson mine 
(Tanzania) in November 2015 (Smith et al., 2017; 
Petra Diamonds, https://www.petradiamonds.com/ 
about-us/our-heritage). Fisher et al. (2009) also cited 
the Williamson mine as a source of type Ila pinks, 
though production numbers are unknown. The 
Williamson mine has also been a source of high- 
nitrogen type Ia “pink” diamonds (Gaillou et al., 2012). 

Although “pink” diamonds are known from sev- 
eral deposits around the world, they remain a very 
small percentage of the overall production from any 
particular deposit. The Argyle mine is well known 
as a source for “pink” diamonds, but these account 
for much less than 0.1% of the overall production, 
where 72% of the production is brown and 27% is 
colorless to yellow (Shigley et al., 2001, figure 6). At 
the Lomonosov deposit in northwestern Russia, only 
0.04% of production is fancy-color diamonds (purple, 
pink, violet, green, yellow, and brown; Smit and Shor, 
2017). Some parcels from the Mir deposit in Siberia 
contain 1-6% pink to purple diamonds, although no 
overall production data were available (Titkov et al., 
2008 and references therein). 


Formation. Pink-brown color is often associated with 
deformation lamellae in the diamond, and the geolog- 
ical process responsible for this deformation is often 
mountain building (Stachel et al., 2018). A geologically 
modern example of mountain building is the Hi- 
malayan range in Asia, which is increasing in eleva- 
tion due to collision between the Eurasian and Indian 
tectonic plates. The remnants of mountain ranges that 
developed during collisional processes millions to bil- 
lions of years ago, and have since been eroded away, 
are called “orogens.” During continental collision, 
rocks become highly deformed with such severe min- 
eral recrystallization that any diamonds and other 
minerals in the rock can take on a “flow” texture. 
The Argyle mine, the most famous supplier of oc- 
casional pink and red diamonds, occurs in one such 
area that experienced ancient continental collision, 
the Proterozoic Halls Creek orogen (1.8 Ga; Tyler and 
Page, 1996). Argyle diamonds formed in close asso- 
ciation with these collisional processes (Richardson 
et al., 1985), and after their formation resided near 
the base of the lithosphere (Stachel et al., 2018). It is 
in this high-temperature, high-deformation environ- 
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ment near the convecting mantle that the pink- 
brown-red color in these diamonds likely originated. 

The Lomonosov mine, which produces pink-pur- 
ple-brown diamonds, also lies within an area that ex- 
perienced ancient subduction and continental 
collision—around 1.9 billion years ago—and is 
known as the Lapland-Kola orogen (Daly et al., 2006). 
Although the Lomonosov diamonds have not been 
dated, it is very possible that they formed in associa- 
tion with subduction, or experienced deformation re- 
lated to the subduction-collision events, during their 
residence at depth in the lithospheric mantle (Smit 
and Shor, 2017). 

Diamonds’ presence within an orogenic belt does 
not necessarily imply high deformation that could re- 
sult in pink-brown colors. The Ellendale mine is in 
the King Leopold orogen, a geologic region that expe- 
rienced mountain building 545 million years ago along 
the southwest margin of the Kimberley craton in Aus- 
tralia. Although diamonds from this deposit are fa- 
mous for their fancy colors, they are yellow (not the 
pink-brown colors typically associated with deforma- 
tion] and the defects responsible for their yellow color 
are the very common “cape” absorption series (N3 
and N2 defects). Additionally, cathodoluminescence 
images of the internal growth features in these dia- 
monds are not dominated by deformation lamellae 
(Smit, 2008). Together, the bodycolor and lack of de- 
formation features suggest that the 1.4 billion-year- 
old Ellendale diamonds survived in the lithospheric 
mantle through the Proterozoic orogenic event (until 
their eruption at 20 Ma) without being significantly 
deformed, implying that the King Leopold orogenic 
event was limited to the earth’s crust. 


Pink Diamonds with NV Centers. Occurrence. Al- 
though pink diamonds colored by NV centers (i.e., 
“Golconda pinks”) are associated with the ancient di- 
amond mining and trading center of Golconda in India 
(now Hyderabad), there are no known reliable modern 
sources in this region. Natural diamonds with suffi- 
cient concentrations of NV°~ absorption to contribute 
to the pink color are extremely rare. The “Golconda 
pink” diamonds examined in GIA laboratories (0.6% 
of 1,000 randomly selected “pink” diamonds; see the 
Absorption Spectroscopy section for further details) do 
not have any geographic source information. 


Formation. The combination of geologic conditions 
necessary to create and preserve NV centers in nat- 
ural diamonds is exceedingly uncommon. NV°" cen- 
ters form when vacancies in the diamond lattice are 
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trapped next to isolated substitutional nitrogen. Al- 
though these defects are rarely preserved in nature, 
they are relatively easy to create in a laboratory. 
Three rare conditions are needed to produce natural 
“Golconda pink” diamonds. 

First, these diamonds need low nitrogen concen- 
trations such that when any nitrogen present in the 
lattice combines with vacancies upon eventual an- 
nealing, no infrared-active nitrogen is detected. This 
would classify the diamond as rare type Ila, which 
according to a recent survey make up only 1.3% of 
diamonds submitted to GIA for grading (out of 3.5 
million diamonds; Smith et al., 2017). 

Secondly, vacancies need to be present in the dia- 
mond lattice. Vacancies in the lattice are created ei- 
ther through irradiation or deformation. Radiation 
exposure is rare in the mantle, and typically only oc- 
curs once the diamond is erupted to the earth’s sur- 
face and has been in contact with crustal rocks or 
fluids that contain sufficient concentrations of ele- 
ments such as uranium, thorium, or potassium 
(Breeding et al., 2018). Since high temperatures above 
600°C are needed to combine vacancies with nitro- 
gen, it is more likely that deformation processes in 
the mantle are responsible for vacancy creation. For 
example, brown coloration due to vacancy cluster 
formation often originates from deformation of dia- 
mond in the mantle (Fisher et al., 2009). 

Thirdly, in order to preserve isolated nitrogen for 
annealing, and prevent any NV centers from anneal- 
ing further to form A and B nitrogen centers, the dia- 
monds must not have experienced high temperatures 
of greater than 900°C for more than a few million 
years (Smit et al., 2016, 2018). 

The exact geological environment in the deep 
earth where all these conditions are met is not clear. 
It is possible that some “Golconda pink” diamonds 
are superdeep, since type Ila diamonds often have a 
sublithospheric origin (depths >300 kim; Smith et al., 
2016, 2017), and these superdeep diamonds often ex- 
hibit deformation features. For example, brittle frac- 
tures along the {110} crystallographic planes as well 
as polygonized dislocation networks have been ob- 
served in deformed superdeep diamonds (Smith et al., 
2016, 2017). Deformation processes responsible for 
these features could be related to mantle convection 
or deep subduction processes. However, sublithos- 
pheric mantle temperatures are in excess of 1400°C, 
and it is not clear how isolated nitrogen and NV°- 
would survive at these temperatures without being 
annealed to more aggregated nitrogen, which is com- 
mon in superdeep nitrogen-bearing diamonds. 
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Stones weighing less than 1.0 ct comprised 83% of 
GIA intake of the 90,000+ natural “pink” diamonds 
in this study, and more than half (56%) weighed less 
than 0.5 ct (figure 7). This chart clearly shows that 
while the total number of “pink” diamonds appears 
to be quite large—compared to 15,000+ in the 
blue/gray/violet group (Eaton-Magafia et al., 2018) 
and 50,000+ in the green group (Breeding et al., 
2.018)—all colored diamonds submitted to GIA an- 
nually represent approximately 3% of overall intake. 
The vast majority are also quite small. Noticeable 
spikes in quantity are observed near important carat- 
weight thresholds (1.0, 1.5, 2.0, 3.0 ct, etc.), and many 
have a light color (figure 3, right). 

This chart also serves to illustrate that while cut- 
ters make faceting and polishing decisions to maxi- 
mize the face-up color and appearance, weight 
thresholds are often important considerations as 
well. Diamonds with purplish pink coloration are 
much more prevalent at weights below 1 carat, while 
those with brown coloration are much more preva- 
lent above 1 carat (figure 7), likely because it is only 
worthwhile to submit brown diamonds in larger 
sizes. 

Although colored diamonds are often fashioned 
as fancy shapes to enhance their face-up color, rounds 
represent a slight plurality (24%) of the 90,000+ 
“pink” diamonds (figure 8), followed by pears (20%}, 
rectangles (16%], and cushions (13%) and others. 
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While the fancy shapes are generally evenly distrib- 
uted across the range of weights and color satura- 
tions, the rounds are predominantly seen among the 
smaller and lighter-color diamonds. Of all fancy- 
color “pink” rounds, 90% are less than one carat and 
42.% are Faint, Very Light, or Light. 


ABSORPTION SPECTROSCOPY 
To investigate the distribution of the major causes of 
color, we studied the visible absorption and IR ab- 


Figure 8. The shape distribution of the 90,000+ “pink” 
diamonds graded by GIA from 2008 to 2016. 
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sorption spectra of 1,000 natural brown, pink, purple, 
and orangy pink diamonds. These were randomly se- 
lected as representative of the 90,000+ samples in our 
internal GIA database. This subset of data was used 
to generate the charts provided in figures 9-15. 

Absorption spectroscopy measurements are non- 
destructive and indicate the major defects and impu- 
rities within a diamond by passing light through the 
stone and measuring the wavelengths (energies) ab- 
sorbed by the impurities and defects present. Defects 
that cause absorption within the visible spectrum 
(between 400 and 700 nm) contribute to the body- 
color of the diamond. Other defects that are detected 
only through infrared (IR) absorption spectroscopy do 
not give information about the color-contributing de- 
fects but provide an indication of whether a diamond 
is natural, synthetic, or treated. 

For this 1,000-diamond subset, we observed that 
992, (99.2.%} contained the 550 nm band. Six were col- 
ored by NV° defects (0.6%); this percentage indicates 
the extreme rarity of “Golconda pink” diamonds even 
among this restricted population of “pink” diamonds. 
The remaining two of the 1,000 diamonds in this sub- 
set were unmodified brown diamonds that did not 
show an observable 550 nm band, while the other 
brown diamonds showed a slight 550 nm band that 
did not cause sufficient absorption to affect the color 
(figure 4, spectrum D). The majority of this section 
will focus on the optical and infrared absorption spec- 
tra of diamonds colored by the 550 nm absorption 
band, and the diamonds containing NV°" defects will 
be briefly discussed at the end. 


Vis-NIR Absorption Spectroscopy of 550 nm “Pink” 
Diamonds. As the vast majority of these diamonds 
were principally colored by the 550 nm band, we 
looked for subtle distinctions between the Vis-NIR 
absorption spectra to chronicle their differences. As 
such, the Vis-NIR absorption spectra of most dia- 
monds were distinguished by the presence or absence 
of the N3 and H3 centers, so we could gauge whether 
these had any effect on the resulting color grade. Fig- 
ure 9 shows the effect of these various Vis-NIR ab- 
sorption spectral features on the resulting hue and 
tone. Figure 9A indicates that the addition of N3 and 
H8 does not appear to correlate with the observed hue 
(that is, the proportion of diamonds with H3 and/or 
N3 does not significantly change between those with 
brown-pink, pink, and purple-pink designations). Un- 
modified purple and red diamonds deviate from this 
observation and are discussed in box A. Additionally, 
orange-pink diamonds showed a slightly higher per- 
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centage with H3/N3 centers; when these were pres- 
ent, the increased absorption of blue light shifted the 
perceived color to orange. However, the presence of 
N3 and H3 centers did have a dramatic effect on the 
tone of the color (figure 9B). In most cases, those dia- 
monds with faint colors only have a detectable 550 
nm band. For the majority of diamonds with a fancy 
or deeper tone, the 550 nm band is enhanced by the 
addition of the N3/H3 center (or the presence of both 
features). 

The spectra of 50 “pink” diamonds with the 550 
nm band were analyzed to determine the full width 
at half maximum (FWHM) of the band and the center 
wavelength, as minor variations in the peak width 
and position of this band can affect the color. The 
center wavelength of the absorption band is nomi- 
nally at ~550 nm, but performing peak fitting using 
a mixed Gaussian/Lorentzian equation shows that 
the center wavelength can vary from 545 nm to 565 
nm. Meanwhile, the width of the absorption band 
can vary from 60 nm to 100 nm. Fitting the 550 nm 
absorption bands from diamonds of various hues 
showed that the orangy pink to pink diamonds gen- 
erally had a lower center wavelength (545-550 nm} 
and a narrower width (60-80 nm) than purple-pink 
diamonds (555-560 nm and 70-100 nm, respec- 
tively]; for example, figure 9C compares the Vis-NIR 
absorption spectra of a purple and pinkish orange di- 
amond. The slight shift of the 550 nm band away 
from the orange to red portion of the visible spec- 
trum (for orangy pink diamonds) or away from the 
blue (for purple-pink to purple diamonds) can con- 
tribute to the transmission window that leads to the 
resulting bodycolor. A notable percentage of pink to 
purple-pink (~20%)} also show a series of oscillations 
overlaid on the 550 nm band at ~600 nm (figure 4, 
spectra B and C; box B). 


Fourier-Transform Infrared (FTIR) Absorption Spec- 
troscopy of 550 nm “Pink” Diamonds. Nitrogen Ag- 
gregation. Within the 1,000-diamond subset, 992 
contained the 550 nm band, as stated above. Of 
these, 243 (24%) were type Ila based on IR absorption 
spectra along with the six diamonds colored by NV°- 
centers (i.e., “Golconda pinks”), for a total of 249 
type Ila diamonds. The remaining 751 diamonds all 
contained aggregated nitrogen (figure 10A shows a 
variety of the IR spectra obtained for “pink” dia- 
monds along with the corresponding A and B nitro- 
gen aggregate concentrations, and figures 10B and 
10C show the overall distribution of diamond type 
along with the origin of color and color description). 
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Box A: PURPLE AND RED DIAMONDS 


Purple Diamonds. Unmodified purple diamonds are 
among the rarest of all natural diamonds (figure A-1, 
inset). Due to their extreme rarity, none were randomly 
chosen for the 1,000-diamond subset. Nevertheless, we 
summarize here the properties of ~50 submitted purple 
diamonds. Among these purple diamonds, 69% were 
less than | carat, and 91% were less than 2 carats. Ad- 
ditionally, 42% had a color grade of Vivid or Intense 
purple. 

Pinkish purple to purplish pink diamonds span 
across almost all diamond types, and about half contain 
sufficient quantities of H3 and/or N3 in their Vis-NIR 
absorption spectra to affect the color (figure 9A). In con- 
trast, the vast majority (98%) of the approximately 50 
unmodified purple diamonds did not show a significant 
H3 or N3 peak (figure A-1). In these samples, more blue 
light is then transmitted, giving rise to the purple tint. 
Additionally, as shown in figure 9C, the purple-pink to 
purple diamonds have the center of the ~550 nm band 
shifted slightly toward longer wavelengths, further in- 
creasing the blue light transmission. Additionally, the 
vast majority (96%) were either type IaA>B or IaA with 
total nitrogen greater than 150 ppm or showed a satu- 
rated type Ia spectrum, consistent with prior reports 
(Titkov et al., 2008). Among these, the color saturation 
(Very Light to Vivid) did not appear affected by nitrogen 
concentration. Instead, the color saturation appeared to 
be derived more from an increase in absorption of the 
550 nm band. 

The few samples deviating from the vast majority of 
purple diamonds were a Fancy purple low-nitrogen type 
IaA<B sample that had H3 and N3 centers, and a Light 
purple type Ila diamond. For the set of purple diamonds, 
33% showed no fluorescence to long-wave UV, 33% 
showed blue fluorescence (most were very weak to 


Figure A-1. These three Vis-NIR absorption spectra are 
from a 0.67 ct Light purple, a 0.83 ct Fancy purple, and a 
0.81 ct Fancy Vivid purple. The diamond shown in the 
inset was identified as type IaA with 250 ppm of nitrogen 
(Darley et al., 2011). 
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weak), and 33% showed yellow fluorescence (most were 
very weak to weak). 


Red Diamonds. Unmodified red diamonds are some of 
the most sought after gems (e.g., figure A-2, inset], and 
for decades it was uncertain whether any diamond would 
achieve this color description. To study these diamonds 
in more detail (as only five unmodified red and six with 
orange or purple modifiers were randomly selected for the 
1,000-diamond subset), we looked at the spectra of 100 
Fancy red diamonds colored by the 550 nm band. Unlike 
most hue groups, red diamonds do not show any distinc- 
tion in tone—a “light red” diamond would be designated 
as pink instead. Among these 100 diamonds, 80 were less 
than 1 carat and all were less than 2 carats. 

From examination of the Vis-NIR absorption spectra, 
all showed very similar spectra in that they were colored 
by the 550 nm band in combination with the H3 center 
and its sideband (figure A-2). 

Almost all of the Fancy red diamonds were type IaA<B 
(96), with the balance including a saturated type Ia, IaA, 
IaA>B, and IaB. Of the type IaA<B diamonds, most had 
low to moderate amounts of nitrogen (20-100 ppm total 
nitrogen), with a few showing very low (<10 ppm) or com- 
paratively high amounts of nitrogen (>150 ppm). 

For these 100 Fancy red diamonds, all showed fluo- 
rescence to long-wave UV and most (95) showed blue flu- 
orescence; the majority showed weak (30) or medium 
(53) intensity. Of these 100, the remaining five showed 
yellow fluorescence (weak to medium). 

As the vast majority of Fancy red diamonds are type 
IaA<B, a diamond type principally sourced from the Ar- 
gyle mine in Australia (e.g., Howell et al., 2015), this rare 
color will likely become even more so with the planned 
closing of the mine in a few years. 


Figure A-2. The Vis-NIR absorption spectra are from three 
Fancy red diamonds (from top: 1.01 ct, 0.48 ct, and 0.67 
ct) that show similar features. 
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Figure 9. Natural “p 


ink” diamonds submitted to GIA over the last decade are predominantly colored by the 550 


nm band. A: When a subset of 1,000 diamonds are analyzed by hue, they show minor differences in the 
presence/absence of H3/N3 centers, indicating that intensity differences in peak characteristics, and not the pres- 
ence/absence of these features, generally create the differences in hue. B: The addition of the N3 and/or H3 centers 
leads to an increase in overall absorption, creating more saturated colors. C: A comparison of the Vis-NIR absorp- 
tion spectra between a 0.22 ct Fancy Vivid purple and a 1.49 ct Fancy Deep pinkish orange diamond. While both 
have a ~550 nm absorption band, differences in this band and the presence of other centers lead to vastly different 
colors. The pinkish orange diamond shows pronounced H3 and N38 centers that are lacking in the purple diamond. 
For the pinkish orange diamond, the 550 nm band is centered at 548 nm with a width of 62 nm. For the purple dia- 
mond, the center is located at 556 nm and the peak width is much wider, 105 nm. The vertical line indicates the 


center point for each of these bands. 


Those 170 termed as type Ia (17%) had saturated ni- 
trogen concentrations in their IR absorption spectra, 
and the specific A and B nitrogen aggregates were too 
great to be resolved with our instrumentation and 
thus could not be calculated. The remaining 581 di- 
amonds had sufficiently low nitrogen to determine 
the aggregate concentrations (Boyd et al., 1994, 1995). 
Of those, 396 were type IaA<B (40%) followed by 125 
type IaA>B (13%), 31 pure type IaA (3%), and 29 pure 
type IaB (3%). 


NATURAL-COLOR PINK DIAMONDS 


Figure 10B shows that the type Ila “pink” dia- 
monds were overwhelmingly colored by the 550 nm 
band alone and generally did not include the addi- 
tional H3 and N3 centers. This is not surprising, as 
type Ila diamonds do not have sufficient nitrogen 
concentration to generate nitrogen-related defects 
that could be detected by visible absorption and af- 
fect the color. 

Among the diamonds with nitrogen aggregates, 
many were colored by H3 and/or N3 that appeared 
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Figure 10. A: Five representative IR spectra of “pink” diamonds show the variety of possible nitrogen concentra- 
tions and ratios of A/B aggregates. B: The distribution of diamond type for these 1,000 “pink” diamonds is distin- 
guished by features in their Vis-NIR absorption spectra. Type Ila and type IaA diamonds are almost always 
colored by the 550 nm band only. As more B centers develop, the percentage of diamonds with a contribution 
from H3 and/or N3 increases. Diamonds designated as type Ia have IR spectra with a saturated nitrogen region 
and very high nitrogen concentration; the A/B ratio of aggregates cannot be reliably determined in those cases. C: 
The distribution of the diamond type for these 1,000 “pink” diamonds and the color description. 


to impact the color saturation more than the hue, as 
indicated by comparing figure 9A and 9B. Among 
type IaA diamonds, very few showed either H3 or N3 
centers. In contrast, a majority of type IaA<B dia- 
monds had both the N3 and the H3 in addition to the 
550 nm band. 

The observation that diamonds with higher 
amounts of B-aggregates also showed a higher inci- 
dence of H3 and N38 centers is not surprising given 
the evolution of these various defects within dia- 
mond. A very young diamond will show only iso- 
lated nitrogen. As time progresses, these nitrogen 
atoms combine to create more and more complex de- 
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fects. The A-aggregates are composed of two nitrogen 
atoms; the H3 defect contains two nitrogen atoms 
plus a vacancy; the N3 defect includes three nitrogen 
atoms with a vacancy; and the B-aggregate includes 
four nitrogen atoms plus a vacancy. As the A-aggre- 
gate/B-aggregate ratio shifts toward higher amounts 
of B, other defects (such as H3 and N38) will be pro- 
duced as well (Dobrinets et al., 2013). 


Concentrations of A and B Nitrogen Aggregates. The 
ratio between A and B nitrogen aggregates can be 
used to assess the time and/or temperature of a dia- 
mond’s residence deep within the earth (Leahy and 
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Figure 11. The A and B nitrogen aggregates for 581 type IaAB diamonds are plotted against each other along with 
A/B concentrations for 62 known Argyle diamonds and a pair of known Siberian diamonds (most IR spectra of the 
known Siberian samples had saturated spectra, thus reducing number of plottable datapoints). Also shown is a di- 
agonal line designating where A- and B-aggregates are equal and a green slope line in the inset showing where the 


vast majority of data are clustered. 


Taylor, 1997). Even if the total nitrogen concentra- 
tion is different between diamonds, the transition 
from A-aggregates to B-aggregates increases at higher 
temperatures and longer timescales. If a population 
of diamonds has similar A-to-B ratios, they likely 
resided under similar time and temperature condi- 
tions, increasing the likelihood that they originated 
from the same source. 

As mentioned previously, 581 of the “pink” dia- 
monds from the 1,000-diamond subset had IR spectra 
from which the concentrations of A- and B-aggre- 
gates could be calculated (in atomic parts per million, 
or ppma; figure 11). These were calculated individu- 
ally by baseline correcting each spectrum, and then 
calculating A- and B-aggregates using a spreadsheet 
provided by Dr. David Fisher (DTC Research Center, 
Maidenhead, UK) using absorption coefficients from 
Boyd et al. (1994, 1995). The majority of the 581 dia- 
monds contained more aggregated nitrogen as B cen- 
ters (type IaA<B; figure 11). 

In the inset of figure 11, most of the datapoints are 
clustered near the green guide line (i.e., the calculated 
best-fit line for type IaA<B diamonds), indicating that 
A/B concentrations generally lie along that slope. Al- 
though the total nitrogen concentrations vary from a 
few ppm to a few hundred ppm, the conversion of A- 
aggregates to B-aggregates is roughly consistent for all 
values near the green slope line. This consistency 
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strongly suggests that all of these diamonds experi- 
enced similar time/temperature conditions within the 
earth and potentially from the same mine. The sheer 
quantity of diamonds plotted here (compared with 
those scattered among the rest of the graph) imply that 
they come from the most abundant source—the Ar- 
gyle mine—although they could also be from Namibia 
or Venezuela. Also plotted are the data of 67 dia- 
monds, unrelated to this study, that are known to be 
sourced from the Argyle mine (unpublished GIA data, 
2007). In contrast, pink to purple diamonds sourced 
from Siberia are predominantly type IaA>B, and two 
known Siberian samples with unsaturated IR spectra 
(Titkov et al., 2008) are also shown alongside the data 
from this study. This geographical distinction based 
on nitrogen aggregation has been documented before 
(Gaillou et al., 2010; Howell et al., 2015), and a good 
hypothesis of origin is possible, though not with any 
reliable certainty, as “pink” diamonds originate from 
very few sources. 

Although this plot cannot include type Ila or sat- 
urated type Ia diamonds, it is consistent with prior 
reports (e.g., Howell et al., 2015) that “pink” dia- 
monds clustered around the green slope line are 
mainly sourced from the Argyle mine, and these en- 
compass a significant percentage of “pink” diamonds 
submitted to GIA. If we assume that the type IaB and 
IaA<B diamonds are generally from the Argyle mine 
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Box B: PL FEATURES OF PINK Type IIA TO TyPE IAAB DIAMONDS 


Photoluminescence Band Associated with 550 nm Ab- 
sorption Band. As part of our identification procedure 
for pink diamonds, GIA routinely collects their PL spec- 
tra (e.g., using 514 nm excitation). One interesting and 
consistent feature in the PL spectra of these pink dia- 
monds is a wide emission band extending from ~600 to 
750 nm, with a series of smaller oscillations overlaid on 
the larger emission band (e.g., the black trace in figure 
B-1). This emission band is consistently seen in dia- 
monds colored by the 550 nm absorption band, the ab- 
sorption band often, but not always, shows similar 
oscillations at ~600 nm (e.g., the red trace in figure B-1; 
see also figure 4, B and C). The oscillations in the 550 
nm absorption band are most often detected in saturated 
pink to purple-pink diamonds. While this feature is only 
rarely detected in light pink diamonds with a weak 550 
nm absorption band, the 600-750 emission band may 
still be detected in their PL spectra. Although this emis- 
sion band appears qualitatively similar to the PL band 
associated with the 480 nm band (figure 21C), the two 
are dissimilar in overall band width and the spacing be- 
tween the oscillations. 

Additional interesting observations about this 600- 
750 emission band include: 


1. The spacing of the oscillations between the 550 
nm absorption band and the emission band show 
a pronounced similarity. 


2. After exposure to the high-energy UV of the 
DiamondView, the intensity of the emission band 
decreases and shows a bleaching behavior similar 
to that of the 550 nm absorption band. When the 
pink diamond returns to its stable color, so does 
the intensity of the emission band. 


. In diamonds with pink and brown graining, the in- 
tensity of the emission band is lower in the brown 
graining than in the pink graining. 

. This emission band is absent from diamonds that 
do not show a 550 nm absorption band. 


. This emission band is similar to one previously doc- 
umented by Gaillou et al. (2010), appearing only 
within photoluminescence spectra obtained from 
pink lamellae and absent from colorless portions. 


Photoluminescence Maps of Type Ila and Type IaAB Di- 
amonds. We wished to study this emission band in more 
detail, and therefore 455 and 532 nm photoluminescence 
maps were analyzed to examine several features in pink 
diamonds. These included H3, H4, the 600-750 nm 
emission band, and several other common features seen 
in PL spectra (e.g., figure 14). These results will be dis- 
cussed in an upcoming paper. 

Gaillou et al. (2010) performed PL spectra line scans 
across a series of flat plates containing pink lamellae. In 
addition to finding this 600-750 nm emission band 
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Figure B-1. The Vis-NIR 
absorption spectrum (red 
trace) for a purple-pink di- 
amond is shown along 
with its 514 nm PL spec- 
trum (black trace). Both 
spectra were collected at 
liquid nitrogen tempera- 
ture and show an interest- 
ing symmetry in the 
oscillations observed 
within the 550 nm absorp- 
tion band and the emis- 
sion band. 
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High-nitrogen type laA>B pink diamond 
with visible slip/glide planes 
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Figure B-2. Photoluminescence maps of the 600-750 nm emission band and H8 peak width show excellent agree- 
ment with the visual observation of pink color along deformation lamellae in this type IaA>B pink diamond. The 
intensity bars show the range of values. 


solely within the pink lamellae, they observed that the 
Raman width noticeably increased as well. They were 
unable to produce the PL maps that are possible with 
today’s technology, and they did not have type Ila pink 
diamonds available for comparison. 

As PL is a very sensitive method capable of collecting 
information on defects at the parts-per-billion (ppb) level, 
it can detect subtle variations in diamond far better than 
the eye can distinguish pink color. Additionally, we are un- 
able to perform visible absorption spatial mapping on these 
pink diamonds, so we cannot map the distribution of the 
550 nm band in pink diamonds. We can collect PL spectral 
maps at liquid nitrogen temperature, however. Based on 
the observations of this 600-750 nm emission band, it is 
monitored as a proxy of the 550 nm absorption band. 

Here we performed PL mapping on type Ila and type 
IaAB diamonds. In type IaAB pink diamonds, these data 
will show the spectral differences between the colored 
lamellae (either as graining or slip/glide planes), and also 
demonstrate that the PL spectra of type Ila diamonds are 
as spatially uniform as their pink color. We paid particular 
attention to low-nitrogen type Ia diamonds to examine 
the progression from the homogeneity of type Ila dia- 
monds to the color segregations seen in type Ia diamonds. 

For moderate-nitrogen type IaA<B diamonds (i.e., 
Group | pink diamonds; Gaillou et al., 2010), the distri- 


NATURAL-COLOR PINK DIAMONDS 


bution of the 600-750 nm emission band is consistent 
with its color distribution, with wavy-appearing concen- 
trations of color that are slightly more saturated than the 
surrounding diamond. For higher-nitrogen type IaA>B di- 
amonds (i.e., Group 2. pink diamonds) that have pro- 
nounced slip/glide planes, there is a distinct change in 
spectral properties within the pink slip/glide planes (fig- 
ure B-2); these changes include a pronounced increased 
in the 600-750 nm emission band, along with other fea- 
tures such as H3 peak width. In contrast, the PL mapping 
of type Ila diamonds showed that the spatial distribution 
of the 600-750 nm emission is nearly uniformly distrib- 
uted, as is the distribution of the pink color. 
Low-nitrogen “pink” diamonds generally show a 
mixture of spectral features, with some exhibiting a 
combination of traits seen in the uniform color distribu- 
tion of type Ila pinks, the irregular graining seen in type 
IaA<B pink diamonds (i.e., Group 1 diamonds; Gaillou 
et al., 2012), and the sharply defined, distinct, and paral- 
lel lamellae seen in type IaA>B (i.e., Group 2). Diamonds 
with low nitrogen concentrations generally show a com- 
bination of features seen in type Ila and Group 1 dia- 
monds such as a uniform pink color distribution, though 
there are some instances of visible pink graining or a uni- 
form distribution of the 600-750 nm emission band, as 
well as wavy graining when plotting the H3 peak width. 
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and the other types, including the saturated type Ia 
diamonds, are sourced from other mines, then 425 of 
the 992, diamonds with the 550 nm band, a total of 
at least 43%, originated from Argyle. 

The nitrogen aggregation results for these dia- 
monds, shown in figure 11, are also split according 
to the color description of the “pink” diamond. This 
indicates several interesting trends. Among the type 
IaA<B diamonds (i.e., the left side of the diagonal in 
figure 11), most purple-pink to pink-purple samples 
are congregated in the portion that indicates low ni- 
trogen. Also, the orangy pink diamonds are almost 
exclusively contained among the type IaA<B popula- 
tion, while a single orangy pink type IaA sample is 
represented elsewhere on the plot (see also figure 
10C). 

Among type IaA>B diamonds (i.e., the right side 
of the diagonal in figure 11), the nitrogen concentra- 
tions are higher, with many showing A-aggregate 
concentrations of 300 ppm or more. Also, many of 
the unmodified pink diamonds are nearly pure type 
IaA, while the purple-pink diamonds have a greater 
concentration of B-aggregates, consistent with previ- 
ous reports by Titkov et al. (2008). 


Effect of Total Nitrogen Concentration. To visualize 
the effect that nitrogen concentration had on color 
hue, tone, and spectral features (figure 12), we grouped 
the A<B and A>B data of all 581 “pink” diamonds 
shown in figure 11 by the total aggregate concentra- 
tion into five different ranges. The concentration 
range of each group was determined in order to create 
roughly equal groups. 

With increasing nitrogen, we generally saw a 
decrease in purple-pink to pink-purple diamonds 
(figure 12A); this is likely due to a greater absorp- 
tion of the H3 and N38 centers that reduced trans- 
mission of blue light. Additionally, among type 
IaA<B with increased nitrogen there was a greater 
proportion of unmodified brown diamonds. The 
other hues showed fluctuations with increasing ni- 
trogen, but no clear trends. Again, orangy pink dia- 
monds are essentially seen only among diamonds 
with A<B aggregates. 

Across the range of total nitrogen, type IaA<B di- 
amonds show more saturated colors (figure 12B) than 
type IaA>B that appears due to the higher incidence 
of the N3 and H3 centers (figure 12C and consistent 
with figure 9). For the highest range shown in figure 
12C (>250 ppm total nitrogen), more than 80% of the 
type IaA<B diamonds show one or both of these cen- 
ters. The additional absorption of the N3/H3 centers 
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increases the overall absorption in these diamonds, 
leading to more saturated colors. 


Other IR Features. Of the 1,000-diamond subset, half 
were randomly selected and surveyed for the pres- 
ence in their spectra of the N,VH defect (3107 cm"! 
center), the platelet feature, and “amber” centers. 

The 3107 cm"! peak was designated for many 
years as a “hydrogen-related defect,” and only re- 
cently was it ascribed to N,VH by Goss et al. (2014). 
N,VH was frequently observed in our sample suite, 
occurring in 74% of the “pink” diamonds surveyed. 
Of the diamonds without N,VH visible in the in- 
frared spectrum, 87% were type Ila. The saturated 
type Ia group contained 80% of the diamonds that 
were rated as having a strong 3107 cm! peak. The 
type IaA>B and IaA<B groups showed no significant 
difference in occurrence of the N,VH defect or in the 
strength distribution. 

The platelet feature is comprised of extended de- 
fects involving carbon interstitials (i.e., clusters of 
carbon atoms not in normal positions in the lattice} 
and nitrogen in thin layers thought to form as A-ag- 
gregates transition into B-aggregates (Humble, 1982, 
Speich et al., 2017]. The position of the peak can vary 
from 1358 to 1380 cm"! depending on the diameter 
of the platelet, where the lower wavenumber value 
corresponds to a higher platelet diameter (Speich et 
al., 2017). None of the type Ila and IaB stones in our 
dataset had a platelet peak present in the IR spec- 
trum, which is to be expected due to their lack of A 
centers (Humble, 1982). The IaA, IaA>B, IaA<B, and 
Ia groups all showed a platelet peak occurrence more 
than 50% of the time, with the Ia group having an 
occurrence of 96%. The strength of the platelet peak 
correlated best with the concentration of B-aggre- 
gated nitrogen, consistent with previous studies 
(Woods, 1986; Speich et al., 2017). The type Ia dia- 
monds had the highest average peak position (and 
therefore the smallest average platelet diameter) at 
1369 cm", and the IaA<B group had the lowest aver- 
age peak position (and therefore the largest average 
platelet diameter) at 1362 cm”. 

The “amber” centers are a series of broad bands 
related to diamonds with brown coloration and/or 
colored graining, occurring between 4000 to 4400 
cm-'. It has been suggested that the “amber” centers 
are defective A-aggregates formed along plastic de- 
formation planes (Massi et al., 2005). Two specific 
bands were surveyed for this study: the “amber” cen- 
ters at 4065 and 4165 cm". The 4065 cm! “amber” 
center has been observed to be stable up to 1700°C, 
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Figure 12. Type IaAB diamonds were split into two groups, IaA<B and IaA>B, and sorted based on total nitrogen 
concentration. A: The effect of total nitrogen concentration on hue. B: The effect of increasing nitrogen on the tone 
of the diamond. C: The effect of total nitrogen concentration on features present in Vis-NIR absorption spectra. 


while the 4165 cm! “amber” center can survive 
heating until 1900°C (Eaton-Magana et al., 2017). As 
these two features are stable to different tempera- 
tures, they are likely different centers. Previous re- 
ports have shown that the 4065 cm"! “amber” center 
is more prevalent in diamonds of type IaA>B (Gaillou 
et al., 2010). 

The IR spectra were categorized as having neither 
peak, one of these peaks, or both (figure 13). None of 
the type IaB stones and very few (14%) of the type Ila 
diamonds showed either the 4065 or the 4165 cm"! 
peak, consistent with the model of the “amber” cen- 
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ter being a defective A center (Massi et al., 2005). As 
the concentration of A-aggregates increased, the like- 
lihood of one or both “amber” peaks increased as 
well; the type Ia diamonds showed a high percentage 
of “amber” centers, likely corresponding to the high 
concentration of A-aggregates within them (although 
the saturated spectra do not allow us to accurately 
make that determination). 


Diamonds Colored by NV°- Centers. Only six of the 
1,000-diamond subset were colored by NV centers, 
thus rendering a very small sample size and provide 
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Figure 13. IR absorption 
peaks related to 
“amber” centers are 
plotted based on dia- 
mond type. The number 
of samples tested within 
each diamond type is 
shown in parentheses. 
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little more to illuminate beyond what has already 
been discussed in the Causes of Color section. As ex- 
pected, all six showed type Ila IR absorption spectra 
that were featureless except for intrinsic diamond 
features. In the Vis-NIR absorption spectra, the six 
diamonds (three orangy pink, two pink, and one 
brownish pink) had NV centers at 575 and 637 nm 
along with their accompanying sidebands, with the 
most prominent of those centered at ~520 and 620 
nm (figure 4, spectrum E). Of these, four had de- 
tectable GR1 peaks and four showed the 595 nm cen- 
ter commonly seen in irradiated diamonds (Breeding 
et al., 2018). The presence or absence of these radia- 
tion-related peaks did not correspond with the graded 
color. 


PHOTOLUMINESCENCE SPECTROSCOPY 
Photoluminescence (PL) uses lasers of different wave- 
lengths to produce emission spectra that reveal the 
optical defects present in a diamond. PL analysis is 
one of the most useful and sensitive techniques for 
defect characterization. Using PL spectroscopy, de- 
fects occurring at parts per billion (ppb) concentra- 
tions (and therefore not necessarily contributing to 
the diamond’s bodycolor) can easily be detected 
(Eaton-Magana and Breeding, 2016). 


Diamonds Containing the 550 nm Absorption Band. 
The PL spectra of diamonds colored by the 550 nm ab- 
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sorption band often show features that either contain 
vacancies or correlate with plastic deformation. For 
example, the 566 nm triplet is seen in pink to brown 
diamonds of both type Ia and Ila (i.e., those with and 
without colored graining,; GIA unpublished data). 

Common vacancy-related peaks include the H3 
(NVN? at 503.2 nm), H4 (NVN- at 496 nm), GR1 (V° 
at 741.2 nm), and NV centers (NV° at 575 nm, NV- 
at 637 nm; figure 14). The NV° centers are often 
present in diamonds containing the 550 nm band but 
not in sufficient concentrations to be detected in the 
Vis-NIR absorption spectra, and therefore they do not 
affect the color. Peaks at 657, 661, and 668 nm are 
often seen together in type Ila, IaA<B, and IaB “pink” 
diamonds; however, the defect structure of these 
peaks has not been identified. Box B further discusses 
the photoluminescence features within the graining 
and slip/glide planes that are observed in type IaAB 
diamonds. 

The peak width of the diamond Raman line is af- 
fected by the local strain environment, and an in- 
crease in crystallographic strain leads to a broadening 
of the peak width (Grimsditch et al., 1978). The dia- 
mond Raman line has been shown to increase in 
width on pink grain lines in type Ia diamonds, 
demonstrating that the pink lamellae lie in planes of 
plastic deformation (Gaillou et al., 2010). 

In contrast, type Ila “pink” diamonds rarely show 
colored lamellae and instead are evenly colored. In 
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Figure 14. A typical 514 
nm photoluminescence 
spectrum from a 550 
band pink type Ila dia- 
mond. The 566 nm 
triplet, NV°~ centers, 
657 nm peak, and GR1 
are all shown. The dia- 
mond Raman line at 
$52 nm is saturated. 
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type IIa diamonds showing a uniform pink col- 
oration, this relationship of strain versus pink color 
is not so easily visualized. Therefore, we plotted the 
GRI1 width (i.e., increasing strain) of 239 type Ila 
“pink” diamonds from the 1,000-diamond subset 
against pink color intensity (figure 15). This plot 
shows that in type Ila diamonds, an increase in strain 
(represented by the peak width of the GR1 center) 


Figure 15. Among type Ila “pink” diamonds, the color 
is generally uniform rather than concentrated within 
graining. We see that among type Ila “pinks,” an in- 
crease in GR1 full width at half maximum (function- 
ing as a proxy for the strain measurement) corresponds 
with more saturated pink color. The individual points 
are shown along with the average values. 
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corresponds to an increase in pink color saturation 
in type Ila diamonds, despite the lack of easily dis- 
tinguishable strained regions. 


Diamonds Colored by NV°- Centers. Diamonds col- 
ored by NV° centers (i.e., those with NV” centers 
in sufficient concentrations to be detected by Vis- 
NIR absorption spectroscopy) will have high-inten- 
sity NV? peaks in their PL spectra (figure 16). Due 
to this high intensity of the NV centers and their 
associated vibronic structures, it can be difficult to 
detect other peaks that may be present at lower PL 
intensities. A peak at 561 nm is commonly seen, but 


Figure 16. A typical 514 nm photoluminescence 
spectrum from a “Golconda pink” diamond. The 
NV centers (and their vibronic structure/side- 
bands) and the diamond Raman line (R) are the only 
features detected. 
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the structure of this defect is still unknown. Com- 
mon vacancy-related defects seen in diamonds with 
NV° centers include H3 (NVN°), H4 (4N-2V), and 
GRI (V9. 


GEMOLOGICAL OBSERVATIONS 

Physical Characteristics. Pink and brown color is 
often associated with plastic deformation lamellae 
(“graining” or “slip/glide planes”). These are often 
observed as visible lines on the polished surface of 
the diamond, known as surface graining, which re- 
sult from differential polishing rates along the defor- 
mation lamellae relative to the surrounding 
diamond. This leaves visible lines on the surface; un- 
like polishing features, these can cross multiple 
facets (figure 18, right). 

The graining usually has a hue similar to the dia- 
mond’s bodycolor, though in some cases diamond 
can exhibit both pink and brown graining (figure 
17A). Additionally, graining and slip/glide planes can 
appear more pronounced when the diamond is put 
between crossed polarizers to show the strain (i.e., 
anomalous birefringence; figure 17B). The disruption 
in the strain pattern apparent at a slip/glide plane 
provides further evidence that these planes are a dis- 
ruption of the diamond lattice (figure 17C). 

Trigons can be etched where deformation lamellae 
intersect the surface of a rough diamond (figure 18, 
left). Where two of these deformation lamellae inter- 
sect, it is common to see an etch channel or thin nee- 
dle-like structure (Wang et al., 2006). Diamonds are 
etched by fluids during their mantle residency or dur- 
ing kimberlite ascent (Fedortchouk et al., 2005; Fe- 
dortchouk and Zhang, 2011), and these fluids first 
exploit preexisting weaknesses in a diamond. Hollow 
channels known as Rose channels can also occur along 
intersecting twin lamellae (Schoor et al., 2016; figure 
18, right). First described by Gustav Rose in 1868, these 
are formed by the intersection of twin lamellae, where 
the twinning action can result in a straight, hollow 
channel with a prismatic opening (Rose, 1868). 


UV Fluorescence. 550 nm Band. Of the 992 “pink” 
diamonds colored by the 550 nm band that were ran- 
domly selected for detailed spectroscopic analyses, 
786 had observations of long-wave (365 nm excitation) 
and short-wave UV (254 nm excitation) reported in the 
database. Among those with fluorescence observa- 
tions, 571 (73%) showed blue fluorescence to long- 
wave excitation; 89 (11%) exhibited yellow 
fluorescence and 113 (14%) no fluorescence. Those 
with reported blue fluorescence generally showed 
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Figure 17. A: These two pink diamonds are rare exam- 
ples exhibiting both pink and brown graining. B: This 
diamond shows slip/glide planes that are readily 
viewed through crossed polarizers (right), indicating 
that the lattice has been strongly distorted due to 
plastic deformation. C: This 5.09 ct Fancy pink-purple 
sample with obvious slip/glide planes (left) will show, 
when viewed at the proper angle and with proper illu- 
mination (right), that light is reflected from plastic 
deformation lamellae, indicating a physical disconti- 
nuity or a damaged zone of the diamona’s lattice 
structure. Photomicrographs by GIA staff. 


medium (53%) to strong (25%) intensity and had a di- 
amond type of IaA<B (70%). Those with reported yel- 
low fluorescence to long-wave UV generally had very 
weak to weak intensity (88%) and were either satu- 
rated type Ia (42%) or IaA>B (36%). Those with fluo- 
rescence reported as none generally were either 
saturated type Ia (67%) or IaA>B (29%). 


NV° Centers. The rare “Golconda pink” diamonds 
(six out of the subset of 1,000 samples, or 0.6%) all 
showed yellow-orange-red fluorescence colors caused 
by NV centers. Although all colored diamonds 
should be submitted to a laboratory to determine the 
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Deformation 
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Figure 18. Left: Etching as trigons along plastic deformation lamellae in Light purplish pink type Ia diamonds, cap- 
tured in differential interference contrast lighting to help improve image contrast. Photomicrograph by Nathan 
Renfro; field of view 1.24 mm. Right: Hollow channels (called Rose channels and indicated by the red arrow) have 
developed at the intersections of deformation lamellae in a 0.98 ct Fancy brownish pink diamond. Photomicro- 


graph by Wuyi Wang; field of view 1.30 mm. 


origin of their color, any “pink” diamond with yel- 
low-orange-red fluorescence colors should be given 
special attention. 


Bleaching. Many type Ila diamonds, including those 
colored by the 550 nm band and “Golconda pink” di- 
amonds, change color after exposure to UV light. Al- 
though typically observed following exposure to the 
high-energy light of the DiamondView instrument 
(with wavelengths <225 nm}, bleaching can be ob- 
served following exposure to longer-wave UV but the 
effect is lessened at lower-energy, higher wavelengths 
(Fisher et al., 2009; Byrne et al., 2012b, 2014). After 
exposure to UV, “pink” diamonds can change color 
to yellow, brown, or near-colorless, and these 
changes are due to several charge-transfer processes 
that have been associated with the vacancy clusters 
present in brown diamonds (Byrne et al., 2014). 
Bleaching has also been observed during polishing of 
pink diamonds (Chapman, 2.014). 

The diamond’s color always reverts back to 
“pink,” though this can take anywhere from several 
minutes to more than a day depending on the color 
and intensity of the light (Byrne et al., 2014). Expo- 
sure to bright light (such as placing the diamond in 
a microscope light well) accelerates the process. As 
a precaution, GIA gemologists generally do not col- 
lect DiamondView images on “pink” diamonds un- 
less other data indicate potential treatment, and 
DiamondView images are always collected after color 
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grading. Any “pink” diamonds that require Diamond- 
View imaging are returned to their stable color before 
leaving the laboratory. 

Figure 19 shows the photos and spectra of a type 
Ila Fancy Intense pink diamond that was exposed to 


Figure 19. This 9.35 ct Fancy Intense pink type IIa di- 
amond showed a dramatic color change to Fancy In- 
tense brownish yellow following exposure to the 
high-energy UV of the DiamondView. The UV expo- 
sure caused a decrease in the ~390 and ~550 nm 
bands, and the original color was completely restored 
after 30 minutes of exposure to bright visible light. 
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high-energy UV in the DiamondView. Its color dra- 
matically and temporarily changed to Fancy Intense 
brownish yellow, which was accompanied by a de- 
crease in the 390 nm and 550 nm absorption bands, 
while the intensities of the other centers (e.g., N3, 
H3, and GR1) remain unchanged. 


IDENTIFICATION CONCERNS 

Type Ia “Pinks.” There is no known method of treat- 
ment to create the 550 nm absorption band in the 
laboratory. Except for the rare type IaB diamonds dis- 
cussed below, the majority of type Ia diamonds can- 
not be treated to appear pink. Additionally, the 
colored graining common in type Ia “pinks” cannot 
be artificially created. 


Type Ila and Type IaB “Pinks.” As with the high-pres- 
sure, high-temperature (HPHT) decolorizing treat- 
ment, type Ila and type IaB pinkish brown diamonds 
can be HPHT-treated to remove the brown compo- 
nent (Hainschwang et al., 2003; Fisher et al., 2009). If 
the 550 nm band is present in these diamonds, the 
pink color will be accentuated by HPHT treatment, 
as the brown color is reduced. Diamonds that are 
HPHT-treated to pink are generally subjected to lower 
temperatures (1700-1800°C) than those that are 
HPHT-treated to colorless (2000-2300°C; Fisher et al., 
2009; Dobrinets et al., 2013). As with colorless dia- 
monds, these “pink” diamonds should be assessed by 
photoluminescence spectroscopy, which shows emis- 
sion peaks that reliably distinguish between natural 
and treated diamonds. Additionally, a few “pink” 
CVD diamonds appear pink due to an absorption band 
at ~520 nm (Wang et al., 2007); therefore, careful as- 
sessment is needed to verify that the color-causing vis- 
ible absorption band in type Ila “pink” diamonds is 
centered at ~550 nm. The cause of the ~520 nm band 
in CVDs is also unknown. 


Type Ila “Golconda Pinks.” Any diamond colored by 
NV° centers must be examined extremely carefully. 
Both treated naturals and treated synthetics are al- 
tered to a pink color by generating NV°~ centers. 
Eaton-Magana and Shigley (2016) provide a compar- 
ison table contrasting the distinguishing characteris- 
tics of natural, treated, and synthetic “pink” 
diamonds that are colored by NV° centers. Natural 
“Golconda pink” diamonds typically have pale col- 
ors, while treated “pink” diamonds have much more 
saturated colors. Although the separation of syn- 
thetic diamonds is generally less complicated than 
the separation of treated diamonds, a full comple- 


374 —NatuRAL-CoLor PINK DIAMONDS 


ViS-NIR ABSORPTION SPECTRUM 


ABSORBANCE — 


T T T T T T T T 
500 550 600 650 700 750 800 850 


WAVELENGTH (nm) 


T T 
400 450 


PL SPECTRUM 


140000- 
120000- 
100000- 
80000- 
60000- 


40000- 


PL INTENSITY (COUNTS) 


20000- 


500 550 600 650 700 750 800 850 
WAVELENGTH (nm) 


Figure 20. This 5.71 ct Fancy red-brown diamond de- 
rives its color from the 480 nm band, as shown by its 
Vis-NIR absorption spectrum (top). The presence of 
the sometimes subtle 480 nm band is unambiguously 
identified by a distinctive emission band determined 
by PL spectroscopy (bottom), such as this spectrum 
collected with 488 nm excitation. 


ment of absorption, luminescence (such as mapping 
the spatial distribution of defects; D’Haenens-Johans- 
son et al., 2017], and gemological data should always 
be collected and carefully evaluated. 


UNUSUAL EXAMPLES 

Asmall number of brown-red to red-brown diamonds 
owe their color to a combination of a slight 550 nm 
band with a 480 nm band (figure 20). The defect re- 
sponsible for the ~480 nm absorption band also has 
a luminescence band centered at ~700 nm that is ex- 
tremely broad with a unique wavy shape (figure 20, 
bottom). The combination of these two broad bands 
(the 480 and 550 nm absorption bands) leads to 
strong absorption from the orange to blue color re- 
gions. This combination of absorption features not 
only induced the common brown color but also cre- 


GEMS & GEMOLOGY WINTER 2018 


Figure 21. These diamonds are from the 2016 Argyle Pink Tender in New York City. Left to right: 0.64 ct Fancy 
Deep pink oval, 0.75 ct Fancy Intense purplish pink trilliant, 0.91 ct Fancy Vivid purplish pink oval, 1.30 ct Fancy 
Intense pink heart, 1.35 ct Fancy Intense purplish pink cushion, 0.80 ct Fancy Vivid pink pear, and 0.45 ct Fancy 
Vivid purplish pink emerald cut. Photo by Robert Weldon; courtesy of Argyle Pink Diamonds. 


ated a “transparent window” in the red region. The 
result is a red-brown coloration. 


CONCLUSIONS 

Most colored diamonds receive the ingredients for 
color deep within the earth as they are created—ni- 
trogen, boron, nickel, and hydrogen impurities pro- 
duce yellow, yellowish green, violet, and blue colors, 
while abundant micro-inclusions can create white 
and black colors. After reaching the earth’s surface, 
diamonds can be exposed to radiation to create blue 
to green colors. However, the vast majority of natural 
“pink” diamonds colored by the 550 nm absorption 
band are produced through deformation processes 
deep within the earth. 

Many source locality reports have been written 
about type Ia “pink” diamonds from Australia and 
Russia (Iakoubovskii and Adriaenssens, 2002, 
Titkov et al., 2008, 2012; Gaillou et al., 2010, 2012; 
Howell et al., 2015), yet very little has been written 
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about type Ila “pinks,” and we could find no studies 
of a mine that regularly produces type Ila “pinks.” 
Therefore, one enduring question is the source lo- 
cality of the type Ila “pink” diamonds colored by 
the 550 nm absorption band. Of the 992, diamonds 
colored by the 550 nm band that were randomly se- 
lected and studied in detail, almost one-fourth (2.43) 
were type Ia. Although this is a comparatively high 
percentage, little has been written about their 
source localities (e.g., Fisher et al., 2009; Smith et 
al., 2017). 

Today, the Argyle mine produces a sizeable per- 
centage of the world’s “pink” diamonds (e.g., figure 
21), although pink to purple diamonds also come 
from countries such as Brazil, South Africa, and Rus- 
sia. Since the Argyle mine is set to close within the 
next few years, the supply of “pink” diamonds, par- 
ticularly those with saturated colors or those with 
red color descriptions, will decline unless the supply 
from other producers becomes more substantial. 


ACKNOWLEDGMENTS 

Discussions with GIA’s Dr. Evan Smith and John King contributed’ 
to some ideas presented here. John Chapman (Gemetrix, Perth, 
Australia) and Sergey Titkov provided helpful insight. 


Gems & GEMOLOGY WinteR 2018 375 


REFERENCES 


Boyd S.R., Kiflawi I., Woods G.S. (1994) The relationship between 
infrared absorption and the A defect concentration in diamond. 
Philosophical Magazine B, Vol. 69, No. 6, pp. 1149-1153, 
http://dx.doi.org/10.1080/01418639408240185 

(1995) Infrared absorption by the B nitrogen aggregation in 
diamond. Philosophical Magazine B, Vol. 72, No. 3, pp. 351- 
361. 

Breeding C.M., Eaton-Magana S.C., Shigley J.E. (2018) Natural 
color green diamonds: A beautiful conundrum. Gw#G, Vol. 54, 
No. 1, pp. 2-27, http://dx.doi.org/10.5741/GEMS.54.1.2 

Brookes E.J., Daniel R.D. (2001) Influence of nitrogen content on 
the mechanical properties of diamond. In M.H. Nazaré and A,J. 
Neves, Eds., Properties, Growth and Applications of Diamond, 
Vol. 26, pp. 142-148. 

Byrne K.S., Anstie J.D., Luiten A.N. (2012a) Infrared microspec- 
troscopy of natural Argyle pink diamond. Diamond and Re- 
lated Materials, Vol. 23, pp. 125-129, http://dx.doi.org/10.1016/ 
j.diamond.2012.01.032 

Byrne K.S., Anstie J.D., Chapman J.G., Luiten A.N. (2012b) Op- 
tically reversible photochromism in natural pink diamond. 
Diamond and Related Materials, Vol. 30, pp. 31-36, 
http://dx.doi.org/10.1016/j.diamond.2012.09.005 

Byrne K.S., Chapman J.G., Luiten A.N. (2014) Photochromic charge 
transfer processes in natural pink and brown diamonds. Journal 
of Physics: Condensed Matter, Vol. 26, No. 3, pp. 035501-1- 
035501-6, http://dx.doi.org/10.1088/0953-8984/26/3/035501 

Chapman J. (2014) Chromism in pink diamonds. Australian Gem- 
mologist, Vol. 25, No. 8, pp. 268-271. 

Christie’s (2013) https://www.christies.com/lotfinder/Lot/the- 
princie-diamond-5672735-details.aspx [Accessed June 2, 2018] 

(2018) ‘As good as it gets’ — The Pink Legacy diamond. 
Nov. 14, https://www.christies.com/features/The-Pink-Legacy- 
diamond-9398-3.aspx 

Daly J.S., Balagansky V.V., Timmerman M_J., Whitehouse M_J. 
(2006) The Lapland-Kola orogen: Palaeoproterozoic collision 
and accretion of the northern Fennoscandian lithosphere. Geo- 
logical Society, London, Memoirs, Vol. 32, No. 1, pp. 579-598, 
http://dx.doi.org/10.1144/GSL.MEM.2006.032.01.35 

Darley J., Johnson P., King J. (2011) Lab Notes: A rare fancy vivid 
purple diamond. G&G, Vol. 47, No. 4, p. 308. 

Deljanin B., Simic D., Zaitsev A., Chapman J., Dobrinets I., 
Widemann A., Del Re N., Middleton T., Deljanin E., De Ste- 
fano A. (2008) Characterization of pink diamonds of different 
origin: Natural (Argyle, non-Argyle), irradiated and annealed, 
treated with multi-process, coated and synthetic. Diamond 
and Related Materials, Vol. 17, No. 7/10, pp. 1169-1178, 
http://dx.doi.org/10.1016/j.diamond.2008.03.014 

DeVries R.C. (1975) Plastic deformation and “work-hardening” of 
diamond. Materials Research Bulletin, Vol. 10, No. 11, pp. 
1193-1199, http://dx.doi.org/10.1016/0025-5408(75]90026-4 

D’Haenens-Johansson U.ES., Loudin L., Myagkaya E., Persaud S. 
(2017) Photoluminescence defect mapping of impurity centers 
in “Golconda” pink and colorless type Ia natural diamonds 
and CVD synthetics. Diamond Conference, University of War- 
wick, July 10-13 (unpublished abstract). 

Dobrinets I.A., Vins V.G., Zaitsev A.M. (2013) HPHT-Treated Dia- 
monds: Diamonds Forever. Springer, Heidelberg. 

Eaton-Magania S.C., Breeding C.M. (2016) An introduction to pho- 
toluminescence spectroscopy for diamond and its applications 
in gemology. G&G, Vol. 52, No. 1, pp. 2-17, http://dx.doi.org/ 
10.5741/GEMS.52.1.2 

Eaton-Magania S.C., Shigley J.E. (2016) Observations on CVD- 
grown synthetic diamonds: A review. G&G, Vol. 52, No. 3, pp. 
222-245, http://dx.doi.org/10.5741/GEMS.52.3.222 

Eaton-Magania S.C., Ardon T., Zaitsev A.M. (2017) LPHT anneal- 
ing of brown-to-yellow type Ia diamonds. Diamond and Re- 
lated Materials, Vol. 77, pp. 159-170, http://dx.doi.org/ 


376 ~NatuRAL-COLoR PINK DIAMONDS 


10.1016/j.diamond.2017.06.008 

Eaton-Magana S.C., Breeding C.M., Shigley J-E. (2018) Natural- 
color blue, gray, and violet diamonds: Allure of the deep. G#G, 
Vol. 54, No. 2, pp. 112-131, http://dx.doi.org/10.5741/ 
GEMS.54.2..112 

Fedortchouk Y., Zhang Z. (2011) Diamond resorption: link to 
metasomatic events in the mantle or record of magmatic fluid 
in kimberlitic magma? The Canadian Mineralogist, Vol. 49, 
No. 3, pp. 707-719, http://dx.doi.org/10.3749/canmin.49.3.707 

Fedortchouk Y., Canil D., Carlson J.A. (2005) Dissolution forms 
in the Lac de Gras diamonds and their relationship to the tem- 
perature and redox state of kimberlite magma. Contributions 
to Mineralogy and Petrology, Vol. 150, No. 1, pp. 54-69, 
http://dx.doi.org/10.1007/s00410-005-0003-1 

Fisher D., Sibley S.J., Kelly C.J. (2009) Brown colour in natural di- 
amond and interaction between the brown related and other 
colour-inducing defects. Journal of Physics: Condensed Matter, 
Vol. 21, No. 36, Article 364213, 10 pp., http://dx.doi.org/ 
10.1088/0953-8984/21/36/364213 

Fritsch E. (1998) The nature of color in diamonds. In G. Harlow, 
Ed., The Nature of Diamonds. Cambridge University Press, 
Cambridge, UK, pp. 23-47. 

Gaillou E., Post J.E., Bassim N.D., Zaitsev A.M., Rose T., Fries 
M.D., Stroud R.M., Steele A., Butler J.E. (2010) Spectroscopic 
and microscopic characterizations of color lamellae in natural 
pink diamonds. Diamond and Related Materials, Vol. 19, No. 
10, pp. 1207-1220, http://dx.doi.org/10.1016/j.diamond.2010. 
06.015 

Gaillou E., Post J.E., Rose T., Butler J.E. (2012) Cathodolumines- 
cence of natural, plastically deformed pink diamonds. Micros- 
copy and Microanalysis, Vol. 18, No. 6, pp. 1292-1302, 
http://dx.doi.org/10.1017/$1431927612013542 

Goss J.P., Briddon P.R., Hill V., Jones R., Rayson M_J. (2014) Iden- 
tification of the structure of the 3107 cm"! H-related defect in 
diamond. Journal of Physics: Condensed Matter, Vol. 26, No. 
14, pp. 1-6, http://dx.doi.org/10.1088/0953-8984/26/14/145801 

Grimsditch M.H., Anastassakis E., Cardona M. (1978) Effect of 
uniaxial stress on the zone-center optical phonon of diamond. 
Physical Review B, Vol. 18, pp. 901-904, http://dx.doi.org/ 
10.1103/PhysRevB.18.901 

Hainschwang T., Katrusha A., Vollstaedt H. (2003) HPHT treat- 
ment of different classes of type I brown diamonds. Journal of 
Gemmology, Vol. 28, No. 5/6, pp. 261-273, http://dx.doi.org/ 
10.15506/JoG.2005.29.5.261 

Hainschwang T., Notari F.,, Fritsch E., Massi L., Rondeau B., Breed- 
ing C.M., Vollstaedt H. (2008) HPHT treatment of CO, contain- 
ing and CO,-related brown diamonds. Diamond and Related 
Materials, Vol. 17, No. 3, pp. 340-351, http://dx.doi.org/ 
10.1016/j.diamond.2008.01.02.2 

Hofer S.C. (1985) Pink diamonds from Australia. G#G, Vol. 21, 
No. 3, pp. 147-155, http://dx.doi.org/10.5741/GEMS.21.3.147 

Hounsome L.S., Jones R., Martineau P.M., Fisher D., Shaw MJ., 
Briddon P.R., Oberg S. (2006) Origin of brown coloration in di- 
amond. Physical Review B, Vol. 73, No. 12, article 125203, 
http://dx.doi.org/10.1103/PhysRevB.73.125203 

Howell D., Fisher D., Piazolo S., Griffin W.L., Sibley S.J. (2015) 
Pink color in type I diamonds: Is deformation twinning the 
cause? American Mineralogist, Vol. 100, No. 7, pp. 1518-1527, 
http://dx.doi.org/10.2138/am-2015-5044 

Humble P. (1982) The structure and mechanism of formation of 
platelets in natural type Ia diamond. Proceedings of the Royal 
Society of London A, Vol. 381, No. 1780, pp. 65-81, 
http://dx.doi.org/10.1098/rspa.1982.0059 

Iakoubovskii K., Adriaenssens G.J. (2002) Optical characterization 
of natural Argyle diamonds. Diamond and Related Materials, 
Vol. 11, No. 1, pp. 125-131, http://dx.doi.org/10.1016/S0925- 
9635(01)00533-7 


Gems & GEMOLOGY WINTER 2018 


King J.M. (2006) GIA Colored Diamonds Color Reference Charts. 
Gemological Institute of America, Carlsbad, California. 

King J.M., Moses T.M., Shigley J-E., Liu Y. (1994) Color grading 
of colored diamonds in the GIA Gem Trade Laboratory. 
Gwe, Vol. 30, No. 4, pp. 220-242, http://dx.doi.org/10.5741/ 
GEMS.30.4.220 

King J.M., Shigley J.E., Guhin S.S., Gelb T.H., Hall M. (2002) Char- 
acterization and grading of natural-color pink diamonds. 
GeG, Vol. 38, No. 2, pp. 128-147, http://dx.doi.org/10.5741/ 
GEMS.38.2.128 

King J.M., Geurts R.H., Gilbertson A.M., Shigley J.E. (2008) Color 
grading “D-to-Z” diamonds at the GIA laboratory. G#G, Vol. 
44, No. 4, pp. 296-321, http://dx.doi.org/10.5741/GEMS.44.4.296 

King J.M., Shigley J.E., Jannucci C. (2014) Exceptional pink to red 
diamonds: A celebration of the 30th Argyle diamond tender. 
GeG, Vol. 50, No. 4, pp. 268-279, http://dx.doi.org/10.5741/ 
GEMS.50.4.2.68 

Leahy K., Taylor W.R. (1997) The influence of the Glennie domain 
deep structure on the diamonds in Saskatchewan kimberlites. 
Geologiya i Geofizika, Vol. 38, No. 2, pp. 451-460. 

Massi L., Fritsch E., Collins A.T., Hainschwang T., Notari F. (2005) 
The “amber centres” and their relation to the brown colour. 
Diamond and Related Materials, Vol. 14, No. 10, pp. 1623- 
1629, http://dx.doi.org/10.1016/j.diamond.2005.05.003 

Mineeva R.M., Titkov S.V., Speransky A.V. (2009) Structural de- 
fects in natural plastically deformed diamonds: evidence from 
EPR spectroscopy. Geology of Ore Deposits, Vol. 51, No. 3, pp. 
233-242, http://dx.doi.org/10.1134/S1075701509030052 

Orlov LL. (1977) The Mineralogy of the Diamond. John Wiley & 
Sons, New York. 

Rose G. (1868) Uber Die Im Kalkspath Vorkommenden Hohlen 
Canale. Abhandlungen der K6niglichen Akademie der Wis- 
senschaften, Berlin, pp. 55-70. 

Schoor M., Boulliard J.C., Gaillou E., Hardouin Duparc O., Esteve 
1., Baptiste B., Rondeau B., Fritsch E. (2016) Plastic deformation 
in natural diamonds: Rose channels associated to mechanical 
twinning. Diamond and Related Materials, Vol. 66, pp. 102— 
106, http://dx.doi.org/10.1016/j.diamond.2016.04.004 

Shigley J.E., Chapman J., Ellison R.K. (2001) Discovery and mining 
of the Argyle diamond deposit, Australia. G#G, Vol. 37, No. 
1, pp. 26-41, http://dx.doi.org/10.5741/GEMS.37.1.26 

Shirey S.B., Shigley J.E. (2013) Recent advances in understanding 
the geology of diamonds. G#G, Vol. 49, No. 4, pp. 188-222, 
http://dx.doi.org/10.5741/GEMS.49.4.188 

Shor R. (2018) Is the swan song for Argyle pink diamonds close at 
hand? https://www.gia.edu/gia-news-research-swan-song-ar- 
gyle-pink-diamonds-close-hand [Accessed June 7, 2018] 

Smit K.V. (2008) Diamond formation in craton margin settings: 
Mesoproterozoic age of Ellendale peridotitic diamonds (West- 
ern Australia). Master’s thesis, University of Cape Town, South 
Africa. 

Smit K.V., Shor R. (2017) Geology and development of the 
Lomonosov diamond deposit, northwestern Russia. G&G, Vol. 
53, No. 2, pp. 144-167, http://dx.doi.org/10.5741/GEMS.53.2.144 

Smit K.V., Shirey S.B., Wang W. (2016) Type Ib diamond formation 
and preservation in the West African lithospheric mantle: Re- 
Os age constraints from sulphide inclusions in Zimmi dia- 
monds. Precambrian Research, Vol. 286, pp. 152-166, 


NATURAL-COLOR PINK DIAMONDS 


http://dx.doi.org/10.1016/j.precamres.2016.09.022 

Smit K.V., D’Haenens-Johansson U.ES., Howell D., Loudin L.C., 
Wang W. (2018) Deformation-related spectroscopic features in 
natural type Ib-IaA diamonds from Zimmi (West African cra- 
ton). Mineralogy and Petrology, https://doi-org/10.1007/ 
s00710-018-0587-6. 

Smith C.P., Bosshart G. (2002) Star of the South: A historic 128 ct 
diamond. G#G, Vol. 38, No. 1, pp. 54-64, http://dx.doi.org/ 
10.5741/GEMS.38.1.54 

Smith E.M., Shirey S.B., Nestola F., Bullock E.S., Wang J., Richard- 
son S.H., Wang W. (2016) Large gem diamonds from metallic 
liquid in Earth’s deep mantle. Science, Vol. 354, No. 6318, pp. 
1403-1405, http://dx.doi.org/10.1126/science.aal1303 

Smith E.M., Shirey S.B., Wang W. (2017) The very deep origin of 
the world’s biggest diamonds. G#G, Vol. 53, No. 4, pp. 388- 
403, http://dx.doi.org/10.5741/GEMS.53.4.388 

Speich L., Kohn S.C., Wirth R., Smith C.B. (2017) The relationship 
between platelet size and the B’ infrared peak of natural dia- 
monds revisited. Lithos, Vols. 278-281, pp. 419-426, 
http://dx.doi.org/10.1016/j.lithos.2017.02.010 

Stachel T., Harris J.W., Hunt L., Muehlenbachs K., Kobussen A., 
EIMF (2018) Argyle diamonds — how subduction along the Kim- 
berley Craton edge generated the world’s biggest diamond de- 
posit. Society of Economic Geologists, Inc. Special Publication 
20, pp. 145-167. 

Stepanov A.S., Korsakov A.V., Yuryeva O.P., Nadolinniy V.A., Per- 
raki M., De Gussem K., Vandenabeele P. (2011) Brown dia- 
monds from an eclogite xenolith from Udachnaya kimberlite, 
Yakutia, Russia. Spectrochimica Acta Part A, Vol. 80, No. 1, 
pp. 41-48, http://dx.doi.org/10.1016/j.saa.2011.01.006 

Taylor W.R., Jaques A.L., Ridd M. (1990) Nitrogen-defect aggrega- 
tion characteristics of some Australasian diamonds: Time- 
temperature constraints on the source regions of pipe and 
alluvial diamonds. American Mineralogist, Vol. 75, pp. 1290- 
1310. 

Titkov S.V., Shigley J.E., Breeding C.M., Mineeva R.M., Zudin N]J., 
Sergeev A.M. (2008) Natural-color purple diamonds from 
Siberia. G&G, Vol. 44, No. 1, pp. 56-64, http://dx.doi.org/ 
10.5741/GEMS.44.1.56 

Titkov S.V., Krivovichev S.V., Organova NI. (2012) Plastic defor- 
mation of natural diamonds by twinning: evidence from X-ray 
diffraction studies. Mineralogical Magazine, Vol. 76, No. 1, pp. 
143-149, http://dx.doi.org/10.1180/minmag.2012.076.1.143 

Tyler I.M., Page R.W. (1996) Palaeoproterozoic deformation, meta- 
morphism and igneous intrusion in the central zone of the 
Lamboo Complex, Halls Creek Orogen. In Geological Society 
of Australia Abstracts, Vol. 41, p. 450. 

Wang W., Cracco V., Moses T.M. (2006) Lab Notes: Pink diamond 
with etch channels at the intersection of glide planes. GWG, 
Vol. 42, No. 1, p. 56. 

Wang W., Hall M.S., Moe K.S., Tower J., Moses T.M. (2007) Lat- 
est-generation CVD-grown synthetic diamonds from Apollo 
Diamond Inc. GWG, Vol. 43, No. 4, pp. 294-812, 
http://dx.doi.org/10.5741/GEMS.43.4.294 

Woods GS. (1986) Platelets and the infrared-absorption of type-Ia 
diamonds. Proceedings of the Royal Society of London Series 
A, Vol. 407, No. 1832, pp. 219-238, http://dx.doi.org/ 
10.1098/rspa.1986.0094 


Gems & GEMOLOGY WINTER 2018 377 


FEAT 
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THE HISTORY AND RECONSTRUCTION OF 


THE AMBER ROOM 


Russell Shor 


The Amber Room was constructed for King Frederick | of Prussia in Danzig (modern-day Gdansk, Poland) be- 
tween 1701 and 1714. The amber panels making up the room were presented to Czar Peter | of Russia in 1716 
and eventually installed in the Catherine Palace near St. Petersburg. They remained there until the outbreak of 
World War II, when a German army unit looted the room. The Soviet government, which deemed the room a 


cultural treasure, mandated its reconstruction in 1979, beginning a 24-year process that culminated with its re- 


opening in 2003. This article offers a history of the original room drawn from the published writings of historians, 


accounts of the looting and subsequent disappearance of the amber panels, and detailed firsthand accounts of 


the reconstruction from those who participated in its planning, design, and execution. 


Te Amber Room (figure 1), located in the 
Catherine Palace in the Russian town of 
Pushkin (previously Tsarskoye Selo}, is consid- 
ered by many historians the pinnacle of amber crafts- 
manship. The chamber is a reconstruction of the first 
Amber Room, which was begun in 1701 by order of 
Frederick I of Prussia and was actually a series of 
large panels designed to be mounted onto walls 
within Berlin’s Charlottenburg Palace. The original 
project took 13 years to complete. Once it was fin- 
ished, Frederick’s son, William I, presented the amber 
panels to Peter the Great of Russia to commemorate 
a treaty between the two rulers against Charles XII 
of Sweden. The panels were installed in the Winter 
Palace in St. Petersburg and in 1755 moved to the 
Catherine Palace, where they remained for nearly 
200 years. 

In 1941, Nazi Germany invaded Russia. After sur- 
rounding St. Petersburg (called Leningrad between 
1924 and 1991), they occupied Pushkin. Just before 
the invaders reached the palace, its caretakers re- 
moved the smaller amber objects from the Amber 
Room and attempted to hide the panels behind wall- 
paper. The invading German officers, however, knew 
of the room and confiscated the panels before de- 
stroying most of the palace. After the war, the panels 
were never seen again. 
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In 1979, Russian craftsmen began the long process 
of recreating the Amber Room. This was extremely 
challenging because there was little documentation 
of the original room. Many of the amber working 
skills of the eighteenth-century craftsmen had been 
lost, and the materials used in adhesives and dyes 
were no longer known. With the work less than half 


In Brief 


¢ The original Amber Room panels were constructed in 
Prussia from 1701 to 1714, presented to Peter the 
Great of Russia, and installed in the Catherine Palace. 

¢ The panels were looted by the advancing German 
army in 1941 and are presumed lost. 

e Reconstruction began in 1979, but there was scant 
photographic evidence of the original room and little 
documentation of the materials and techniques used. 


e After 24 years of work, the craftsmen in the amber stu- 
dio achieved an accurate reconstruction of the room. 


completed, political changes nearly forced the pro- 
ject’s end. From initial research to the reopening of 
the room before heads of state in 2003, the recon- 
struction took 24 years to complete. 


BALTIC AMBER 
Baltic amber, or succinate, is fossilized resin from 
Pinus succinifera. This tree grew in abundance 
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Figure 1. Detail showing the upper portions of the reconstructed room, including the gilded sculptures and the imi- 
tation amber painting above the cornice. Photo courtesy of Amberif. 
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throughout Scandinavia and northern Europe more 
than 20 million years ago (Kosmowska-Ceranowicz, 
2009). The vast Baltic area deposits were formed 
when resin-bearing sediments flowed from Scandi- 
navia to the Sambia Peninsula (figure 2), transforming 
those resins over millions of years into amber. 
Streams and rivers and glaciers carried large amounts 
of amber throughout northern Europe as secondary 
deposits (Gaigalas and Salas, 2009). The primary de- 
posits of the southern Baltic region—particularly the 
Sambia Peninsula, where Kaliningrad, Russia, is sit- 
uated—are the world’s most prolific sources of amber 
and among the oldest gem deposits still in produc- 
tion, dating back to before recorded history. While 
there are no ancient accounts of amber mining, most 
of the material was probably collected on beaches fol- 
lowing storms—a method still used today by amateur 
collectors. Amber objects and carvings dating back to 
prehistoric times have been found in Great Britain 
(9000 BCE) and in the southern Baltic region (6000 
BCE) (Langenheim, 1990). 


THE AMBER ROADS 

Collection and trade of amber in the Baltic region for 
ornamental uses is believed to have begun some 6,000 
years ago, during the Neolithic period. Amber was re- 
garded as a valuable trading commodity for its deco- 


Figure 2. The southern Baltic region and Sambia 
Peninsula are the source of a vast amber deposit that 
has been producing since before recorded history. The 
most prolific area of the deposit is located near Kalin- 
ingrad. The city of Danzig (now Gdansk) on the west- 
ern portion of the map has been a center of amber 
craftsmanship for more than 1,000 years and was the 
home of the designers and builders of the original 
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rative qualities and for its use as fuel for fires. Amber 
trade routes extended from the Baltic through the con- 
tinent to southern Europe and the Arabian Peninsula; 
some routes dating back to the Neolithic have been 
documented (Butrimas and Jovaiga, 2013). Among the 
best documented were the amber trade routes extend- 
ing from the Baltic Sea to the Mediterranean. These 
were established around 3000 BCE, based on archeo- 
logical finds of beads and carvings in various locations 
in Eastern Europe (Mazurowski, 2011). In addition, a 
trove of 850 amber ornaments, estimated to have been 
created about 3000 BCE, were found in present-day 
Lithuania, and evidence of an amber carving enter- 
prise was discovered in what is now Latvia (Grimaldi, 
1996; Czebreszuk and Szmyt, 2013). 

Amber’s origins were known by the first century 
CE. Pliny the Elder, a contemporary of Roman Em- 
peror Nero (37-68 CE), wrote in Natural History that 
the material “is formed from the liquid that exudes 
from a type of pine tree” but noted it was generally 
useless except as an adornment for women (Clark, 
2010). The Roman historian Tacitus described the 
trading of Baltic amber with Germanic tribes that 
collected and bartered the material (Clark, 2010). 
Pliny noted the high value Romans placed on amber 
and wrote that Nero’s chief gladiator, Julian, dis- 
patched a mission to the north to bring back large 
quantities of it. Upon their return, the Romans used 
the amber to decorate the arena for gladiator games. 
Because it was believed to have protective qualities, 
the material was sewn into the nets separating the 
spectators from the wild animals in the area. 

Trade routes originated at the southern Baltic 
coast near the site where Danzig (now Gdansk, 
Poland) was founded. The best-known route was 
down the Vistula River and over land to the Danube, 
to the Roman port of Aquileia on the Adriatic Sea. 
This was generally known as the Amber Road. How- 
ever, archaeological evidence indicates many so- 
called Amber Roads that wound through Europe, all 
leading from Danzig or K6nigsberg (now Kaliningrad), 
about 120 km (75 miles) east from Danzig, to 
Aquileia, or ports on the Mediterranean as far west as 
Massalia (now Marseille; Clark, 2010). 

One of the most important amber trading centers 
was the Viking village of Truso, located near the 
modern-day city of Elblag in Poland. Excavations 
conducted over the past 120 years have found re- 
mains of amber workshops and objects from Viking 
and Celtic civilizations (Mazurowski, 2011). By the 
time Danzig, about approximately 60 km (37 miles} 
from Truso, was founded around 980, amber working 
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was a recognized skill among its inhabitants (City of 
Gdansk, 2017; see figure 3). 

Up to this point, most amber had been collected by 
Baltic tribes inhabiting the southern coastal areas and 
the Sambia Peninsula. After the religious order known 
as the Teutonic Knights returned from the Crusades in 
1211, the Duke of Masovia (which encompassed mod- 
ern-day Warsaw] enlisted their help in conquering the 
tribes. The Knights completed their conquest of the 
Balts in 1283 and in 1312 assumed a monopoly over 
the amber trade, even forbidding its collection on the 
beaches. Despite the restrictions, amber remained a 
widely traded commodity in the southern Baltic region 
in the Prussian states, especially between Danzig and 
other cities that were members of the Hanseatic 
League, a Baltic-centered trading alliance (Grimaldi, 
1996). Because of the Knights’ iron rule over trade in 
the region, craft guilds specializing in amber formed in 
cities outside their jurisdiction, even as far away as 
Bruges, Belgium, where craftsmen carved the material 
into rosaries (Grimaldi, 1996). 

By the end of the fifteenth century, the Knights’ 
centuries-long grip over amber mining and trade had 
weakened. In 1533, the Duke of Prussia granted con- 
trol over much of the raw amber supply to a syndicate 
of traders led by Paul Koehn von Jaski. This syndicate 
established workshops in Livorno, Italy, Vienna, 
Berlin, Paris, and Persia, and their monopoly endured 
until 1642, (Netzer, 1993). As supply increased and 
trade became freer, amber workers formed guilds. The 
first was in Danzig in 1477, followed by Stolp (now 
Stupsk) and Kolberg (now Kotobrzeg), both in 1480 
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Western route 

Central route 

Eastern route 

Trade along Baltic coast Figure 3. Amber has 
been collected and 
traded throughout 
Europe and as far as the 
Middle East for at least 
6,000 years. Archaeo- 
logical finds show a 
number of early trade 
routes from the Baltic 
to the Adriatic and 
Mediterranean Seas; 
these roads were highly 
developed by the time 
of ancient Greece and 
Rome. 


(Netzer, 1993). The Danzig guild produced mainly re- 
ligious items such as altars, shrines, and images of 
saints. The others created an array of amber goods: 
small furniture pieces, game boards, mythological fig- 
ures, lidded tankards, and decorative objects 
(Grimaldi, 1996). The Kénigsberg guild was founded 
much later (1641), when the elector of Brandenburg 
permitted it to set up in his residence (Netzer, 1993). 
Through the guilds, amber craftsmanship evolved 
to a high art in Prussia over the following two cen- 
turies. Workshops developed techniques beyond 
carving to create large furniture pieces, sculptures, 
and other commissions from the Brandenburg Court, 
which ruled the region from 1618 to 1701. By the end 
of the seventeenth century, many prominent amber 
craftsmen had assembled in Danzig and Konigsberg 
because the Brandenburg Court had begun commis- 
sioning major amber works as gifts to foreign rulers 
to seal diplomatic pacts (Netzer, 1993). One of the 
most renowned workshops in Danzig, where many 
such works were made, was operated by the head of 
the guild, Gottfried Turau, and his partner, Ernst 
Schacht. These men would figure prominently in the 
construction of the Amber Room (Grimaldi, 1996). 


THE ORIGINAL AMBER ROOM 

The idea of the Amber Room was first raised by 
Frederick II, elector of Brandenburg, then a princi- 
pality within the Holy Roman Empire and today a 
province that surrounds Berlin. Frederick III (later 
Frederick I of Prussia) inherited the title of elector 
in 1688 at the same time he was named Duke of 
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Prussia, which encompassed the southern Baltic 
coast and the Sambia Peninsula. During this period, 
Frederick commissioned three large mirror frames 
made from natural-color and dyed amber with ivory 
accents. The mirrors measured 142. x 120 cm, 156 x 
116 cm, and 156 x 116 cm at their outer dimensions, 
and each frame was 13 cm wide (Gierlowski, 2006a). 
These mirror frames would be incorporated into the 
Amber Room during its construction some 20 years 
later. 

Upon his elevation to King of Prussia in 1701, 
Frederick decided to commemorate his rule by cre- 
ating a room fully lined with amber in the Charlot- 
tenburg Palace in Berlin (figure 4). That room, he 
believed, would surpass the opulence of Louis XIV’s 
palace at Versailles (Gierlowski, 2006a). 

At that time, large stocks of uncut amber, includ- 
ing many very large pieces, had accumulated in ware- 
houses in Danzig, about 480 km (300 miles) east of 
Berlin. The excess supplies were a result of increased 
mining activities in the Sambia Peninsula and the 
Curonian Spit, a sand barrier separating Kénigsberg 
from the Baltic Sea (Grimaldi, 1996). 

To design the room, the monarch appointed An- 
dreas Schltiter, director of royal construction in 
Danzig and one of the architects of the City Palace 
in Berlin. He selected a cabinet room meant for Fred- 
erick I’s private audiences, located in a corner of the 
palace. The room measured more than 74.25 square 
meters and stood about 5 meters high from floor to 
ceiling (Gierlowski, 2006a). 

The plan was to create the appearance of amber 
walls through a series of large wood-backed mosaic 
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Figure 4. The Amber 
Room was designed for 
a chamber in the Char- 
lottenburg Palace in 
Berlin but was never 
housed there. Courtesy 
of Tsarskoye Selo 
Amber Workshop. 


panels, on which were glued amber slices of varied 
hues. The design called for 12 main panels measuring 
over 3.5 meters high, with most nearly 56 cm wide. 
Several narrower panels, each approximately 25 cm 
wide, were fitted near the corners and windows. Each 
panel was separated by mirrored pilasters decorated 
with candelabras and gilded wood carvings. Below 
the main panels were wainscot panels of equal width, 
approximately three feet high and separated from the 
main pieces by a chair rail, also made from assembled 
amber pieces, and supported by a plinth all the way 
around. The design called for the craftsmen to add 
bas-relief decorative elements such as frames, 
wreaths, and garlands to the amber mosaic panels. 
The completed panels would then be mounted on 
the walls. Other decorative elements carved from 
amber, including garlands, fruit clusters, and sculp- 
tured figures carved from wood and gilded with gold 
foil, would then be mounted on top of the panels. 
Mounted on the cornice around the room, just below 
the ceiling, was a series of carved amber pieces with 
rose, tulip, and other motifs, approximately 20 to 25 
cm high. The design called for the completed amber 
works to cover 80% of the wall surface (Gierlowski, 
2006a; Owen, 2009). 

In addition, there were to be large mirrors on each 
of the four walls surrounded by the amber frames 
manufactured in Dresden 25 years earlier. These mir- 
rors would be replaced by stone mosaics after the 
panels were relocated to the Catherine Palace. 

The task of executing the design fell to Gottfried 
Wolfram, who had worked in the Danish court as a 
master amber and ivory carver and was renowned for 
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his skill in executing intricate, artistic designs. In 
1701, Frederick IV of Denmark recommended Wolf- 
ram to Frederick I of Prussia to supervise the work 
(Hein, 1991). In constructing the panels, Wolfram 
first lined the oak panels with bronze foil, having dis- 
covered when making amber-covered furniture that 
the subtle expansion and contraction of wood due to 
temperature and humidity caused the amber to 
crack, fall off, or separate (Gierlowski, 2006a). The 
slightly reflective bronze backing also enhanced the 
color of the translucent amber. Wolfram’s workmen 
laid the large oak panels flat and fastened bronze foil 
to them using iron clasps. They prepared the pieces 
of amber by sawing them into strips, approximately 
5 mm thick, to be mounted in a mosaic onto the 
bronze foil (Gierlowski, 2006a). 

The adhesive was a mixture of pine resin and 
beeswax with a low melting point so craftsmen could 
easily remove or replace broken or ill-fitting slices. 
The amber carvings were assembled by mortise-and- 
tenon joints (similar to tongue and groove) and fixed 
to the panel by ivory pegs. The design elements on 
the main wall panels, cartouches, and cameos and 
the Dresden frames for the four mirrors were also 
made of amber and attached by either method. The 
frames also served as a structural element to 
strengthen the panels. 

After six years, Wolfram’s shop had completed one- 
fourth of the panels, frames, and carvings. In 1707, 
however, Schliiter fell out of favor with the court and 
was abruptly dismissed from his post, with the captain 
of the guards, Eosander von Goethe, appointed in his 
place. In turn, Goethe dismissed Wolfram over a pay- 
ment dispute and ordered the guards to remove the 
amber panels and carvings from his workshops—bar- 
ring Wolfram in the process—and transport everything 
to Charlottenburg. Wolfram spent a number of years 
trying to recover his workshop and payment, but he 
eventually fled to Copenhagen after being threatened 
with arrest (Hein, 1991; Gierlowski, 2006a). 

Schliiter also left Prussia for Saxony and eventu- 
ally moved to St. Petersburg at the invitation of Peter 
the Great. Goethe did not modify Schliiter’s original 
design and eventually hired Gottfried Turau and 
Ernst Schacht to complete the project. An inventory 
taken six years later, in 1713, indicated that the two 
craftsmen had completed a majority of the carvings, 
four of the 12 pilasters, and most of the panels that 
would cover about 95% of the walls in the room 
(Gierlowski, 2006a). 

The death of Frederick I in 1713 brought his suc- 
cessor to the Prussian throne. Frederick William I 
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disdained the extravagance the Amber Room repre- 
sented and promptly ordered all work on it to stop, 
with the materials packed up and deposited in the 
Berlin armory. The new monarch also halted pay- 
ments to Turau and Schacht (Gierlowski, 2006a). The 
panels and carvings remained hidden in the Berlin ar- 
mory until 1716, after a visit to the Prussian court 
by Czar Peter I. Frederick William I took the occa- 
sion to present the still-unfinished panels to the 
Russian monarch in exchange for a company of 40 
grenadiers, on November 17, 1716. The exchange 
sealed a valuable alliance of the two states to end 
Swedish occupation of large sections of Russia’s 
Baltic coast. 

The presentation of the amber panels to Peter I 
was not an impulsive decision. Prussian royalty had 
regarded amber as their national treasure for at least 
a century and had established a tradition of sealing 
diplomatic agreements with objects such as furniture 
pieces, chandeliers, and large mirror frames fash- 
ioned from the material. The panels for the Amber 
Room were the largest such gifts (Netzer, 1993). On 
January 13, 1717, workmen packed the pieces into 
eight large crates and dispatched them to St. Peters- 
burg. The journey proceeded by road through K6nigs- 
berg and Klaipeda (in modern-day Lithuania) and 
took nearly six months. A report from Alexander 
Menshikov, St. Petersburg’s first governor general, 
noted that “there was practically no damage to the 
amber cabinet” (Gierlowski, 2006a). 

After the shipment’s arrival in St. Petersburg, it 
was discovered that the amber panels, which had 
been designed for a specific cabinet room in the Char- 
lottenburg Palace, did not conform to any rooms in 
the Russian palace. Several panels remained unfin- 
ished, as did the mirrored pilasters, and no local 
craftsmen had the skills to complete them and 
mount the elements to the walls. Neither Peter I, 
who died in 1725, nor his wife Catherine (r. 1725-7) 
or grandson Peter II (r. 1727-30) made any decision 
about where to install the amber panels. 

After the death of Peter I, his daughter, Elizabeth, 
in 1730 ordered the large panels to be displayed in the 
St. Petersburg Summer Palace, where they remained 
propped against the walls in various function rooms 
for 13 years. In 1743, Elizabeth, who had taken the 
throne two years earlier, ordered her staff to transport 
the amber elements to the much larger third Winter 
Palace. She appointed Italian craftsman Alexander 
Martelli to oversee the mounting of the amber panels 
in a suitable room. Martelli, who served the Russian 
court as a monument conservator, also had some skill 
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INCLUSIONS In GEMSTUNES 
REVEALED as IMPURTANT 


IN 


IDENTIFICATIUN 


As early as the ist century of the Chris- 
tian era Pliny the Elder, great Roman his- 
torian, recognized the value of inclusions 
within gemstones as a means of identifica- 
tion. In the latter part of Book XX XVII of 
his Natural History of the World, is an ex- 
cellent summary of the methods of testing 
gems before and during his lifetime. Here 
he points out that glass imitations of pre- 
cious stones—widely used in Rome—contain 
more gas inclusions than the genuine and 
may serve in identifying the false from the 
real. 

Of the carbunculi (garnet, ruby, spinel, 
and other transparent red gems) he says, 
“One sees in false carbunculi certain small 
inclusions — that is, blisters and vesicules, 
which look like silver. 

“Smaragdi (principally emerald) have 
blemishes, but like humans each has its own 
particular flaw, varying with the country 
from which it ts derived.” He tells how if 
one shakes the enbygros (our enhydros—a 
nodule of chalcedony containing water) “a 
liquid is heard to move within, as when the 
yolk within an egg is shaken.” 

Pliny’s description of flaws, liquid and 
other inclusions, and iron-stained fractures 


in rock crystal is accurate when he says, “In 
the rough it contains iron rust spots or 
clouds, or is full of specks. In other in- 
stances there is within it, so to speak, a 
hidden diseased ulcer; or there may be in 
it a hard knot which is brittle and apt to 
break into small fragments. Again, it may 
contain grains of salt.” 

Remarkable conclusions these for one liv- 
ing in an age when all natural occurrences 
were attributed, for the most part, to the 
caprice of the gods. 

For more than 1600 years after his death 
(79 A.D.) books on precious stones were 
little more than copies of his work. In the 
dark Middle Ages, Pliny’s Natural History 
of the World was the foundation of all 
science. 

It was during the 19th century that min- 
eralogists began to realize that the internal 
arrangement of a gemstone bore some rela- 
tion to its identity. As early as 1823 an 
article was published in Edinburgh by Sir 
David Brewster, English physicist, describ- 
ing cavities and fluids found within certain 
gemstones. Although a few other scientists 
believed inclusions to have some importance 
in the identification of gem minerals, it was 
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in amber working and the techniques employed by 
the original Danzig craftsmen (Gierlowski, 2006a). 
Francesco Bartolomeo Rastrelli, senior court archi- 
tect, was appointed to redesign the amber elements 
to fit the new room, which was a much larger cere- 
monial hall. Other problems presented themselves. 
When Martelli’s workers could not replicate the in- 
tricate amber engravings and bas-relief on the remain- 
ing eight pilasters, Rastrelli replaced the amber 
elements with mirrors mounted in gilded frames to 
fill the remaining space. This solution created an- 
other problem. Russia had no glassmaker capable of 
making one-piece mirrors more than 3.65 meters in 
height. This delayed the project for nearly three years, 
until a French company delivered the mirrors in oak 
frames at the end of 1745. Martelli also replaced the 
mirrors in the Dresden frames with oil paintings by 
Dutch artist Johan van Groot (Gierlowski, 2006a). 
The Winter Palace room also required an additional 
amber window frame, so Martelli had to commission 
an amber workshop in K6nigsberg to create one. 
When the window frame arrived, two months before 
the mirrors, it was discovered that the makers had 
measured it incorrectly. It took another six weeks to 
correct the problem (Gierlowski, 2006a). 

The Amber Room was completed in late 1745 but 
was moved again and reassembled in other rooms 
within the Winter Palace several times before August 
1755, when Empress Elizabeth I ordered the entire 
room to be dismantled a final time and moved about 
24 km (15 miles) out of the city to Tsarskoye Selo, a 
royal preserve that held the newly constructed palace 
(also designed by Rastrelli) named for Elizabeth’s 
mother, Catherine I. 

The Catherine Palace was one of the largest in Eu- 
rope. The square chamber selected for the Amber 
Room was even more spacious than the Winter 
Palace site and nearly three times the size of the orig- 
inal Prussian cabinet room, despite the fact that one 
wall consisted mainly of three very large arched win- 
dows. The 12 amber panels covered 68.5 square me- 
ters and the other elements an additional 5.57 square 
meters. The wall space of the square room in the 
Catherine Palace, whose ceiling stood nearly twice 
as high as the original room, was approximately 216 
square meters. And no amber craftspeople who 
resided in the region possessed the skills to create ad- 
ditional panels. 

Rastrelli’s goal was to convey the impression that 
the three walls were composed almost entirely of 
amber. To occupy the additional space, Rastrelli 
added 18 mirrored pilasters to separate the amber 
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panels. To account for the ceiling height, he raised 
the amber panels onto a stone base and placed an 
elaborate gilded cornice above them. The decorations 
on the cornice were wreath patterns carved in relief, 
all coated with gold foil. Above the cornice, Rastrelli 
commissioned artist Ivan Belsky to paint a simulated 
amber mosaic on a 30 x 2.68 meter canvas. The can- 
vas was mounted over the three non-windowed walls 
to fill the space between the top of the cornice and 
the ceiling, creating the illusion that this upper por- 
tion was also lined with amber. He painted imitation 
amber panels to fit in the narrow strips between the 
double pilasters. Rastrelli also mounted gilded fig- 
ures, carved reliefs, and gilded bronze candelabras on 
top of the painting, further obscuring the facade. The 
wooden panels over the double doors were painted 
white and covered by gilded reliefs (Gierlowski, 
2006a). 

To replace the van Groot oil paintings from the 
Winter Palace amber panels, Rastrelli commissioned 
Florentine artist and printer Giuseppe Zocchi to cre- 
ate four mosaics depicting the five human senses 
(sight, hearing, touch, smell, and taste) that would be 
mounted in the same amber frames as the oil paint- 
ings. Craftsmen also created a parquet floor contain- 
ing 15 different varieties of wood, each a different 
shade, set in circular motifs (Gierlowski, 2006a). 

The basic design was completed in 1756, and Em- 
press Elizabeth began using the room for official 
functions. However, the many moves had damaged 
some of the original amber pieces, and she wanted to 
add amber furnishings to complement the room. 
Much work was needed before the panels would be 
completed to her satisfaction. 

In 1758 the empress appointed Friedrich Roggen- 
bucke, a noted amber craftsman in Kénigsberg, to 
serve as the room’s curator and to create amber-cov- 
ered tables, chests, and bureaus for it. Roggenbucke 
established an on-site workshop and brought in 
amber workers from his native city to train local 
workers, who were mostly recruited from nearby vil- 
lages. These craftsmen added an amber section over 
the middle door, replacing a wooden section, and set 
amber mosaic strips in the narrow sections between 
the mirrored pilasters and in other small spaces 
throughout the room (Owen, 2.009). 

Contemporary reports said that the staff worked 
long hours (for 12 rubles yearly) because continual 
repairs were necessary. The palace was not occupied 
and not heated during the cold Russian winters. 
When it was occupied, the heat from the 550 wall- 
mounted candles could make the room very warm. 
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The extreme changes of temperature and humidity 
created problems. The temperature-sensitive glue 
and the wood base expanded or contracted with the 
changes, causing some of the amber pieces to crack 
or fall off (Gierlowski, 2006a; Owen, 2.009; figure 5). 

Besides making continual repairs, the staff con- 
structed a number of amber furniture pieces and 
small objets to furnish the room. While there was no 
formal opening ceremony, researchers and historians 
agree that the main design and construction, other 
than conservation and repair, was completed in 1780, 
some 73 years after the project was begun (Gier- 
lowski, 2006a). 


THE LOOTING OF THE ROOM 

The Amber Room remained in the Catherine Palace 
relatively unchanged, except for restorations in 1833, 
1865, and 1890. After the Russian Revolution of 
1917, the palace was turned into a museum. The 
room remained intact, though not on public display. 
Conservation efforts were minimal. In 1937, the So- 
viet government renamed the town that surrounded 
the Tsarskoye Selo preserve to Pushkin. 
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Figure 5. The only 
known color photograph 
of the original Amber 
Room, taken in 
Tsarskoye Selo in 1937. 
This photograph helped 
researchers establish the 
design and color scheme 
of the reconstructed 
Amber Room. Photo 
courtesy of Amberif. 


With the invasion by three million German troops 
in the summer of 1941, Soviet officials began evacu- 
ating palace treasures east toward Siberia. As the Ger- 
mans advanced toward St. Petersburg, the curators of 
the Amber Room attempted to dissemble and evacu- 
ate the panels for safekeeping. But the years had made 
the amber very brittle, and the pieces crumbled easily, 
forcing the curators to abandon the effort. Instead, 
they covered the room with wallpaper veneer in an at- 
tempt to disguise the amber (Krylov, 1999). 

By September 1941, the German army had ad- 
vanced to the outskirts of Leningrad and occupied 
Pushkin and the Catherine Palace. The Amber Room 
was a priority for removal because it had been in- 
cluded in the Kummel Report, a list of German-made 
artworks to be “repatriated” to German soil (Owen, 
2009). The German army dismantled the room pan- 
els and decorations within 36 hours, packing it in 27 
crates, and shipped it by rail to Konigsberg, where it 
was reassembled and displayed in the city’s castle 
(Krylov, 1999). Two years later, museum director Dr. 
Alfred Rohde was ordered to dismantle the room 
again and crate it in the event that British or U.S. 
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bombers attacked the city. The room panels were last 
seen January 12, 1945, when Dr. Rohde wrote that 
the amber panels were being crated. “As soon as it is 
done, I shall evacuate the panels to Wechselberg near 
Rochlitz in Saxon” (Owen, 2009). By then the Allied 
air raids on K6nigsberg had already begun, though the 
castle had remained intact. The air raids eventually 
destroyed most of K6énigsberg Castle, leaving the 
outer walls and some battlements. In the spring of 
1945, Soviet troops advanced into the city and lev- 
eled the remainder of the castle. 

Immediately following the war, the Soviet govern- 
ment made finding the Amber Room a priority. It 
seized the territory of East Prussia as a Russian 
province (including Kénigsberg, renamed Kaliningrad 
in 1946), and soon afterward dispatched a group of in- 
vestigators to search the ruins of the castle. They lo- 
cated several items of furniture from the Catherine 
Palace in an intact tower and, the following year, dis- 
covered the ruins of three of Giuseppe Zocchi’s Flo- 
rentine mosaics from the room (Owen, 2.009; figure 6). 

While there have been numerous theories about 
the fate of the Amber Room, the only certainty is 
that it disappeared between the time of the German 


Figure 6. This photo, purportedly taken by a German 
soldier, shows the destruction of the Catherine Palace 
during the German siege of St. Petersburg in World 
War II. The panels from the Amber Room were seized 
by the German army at the beginning of the siege and 
transported to a castle in Konigsberg for display. They 
were never recovered after the war. Photo courtesy of 
REX/Shutterstock.com. 
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invasion in 1941 and the arrival of the Soviet troops 
in K6nigsberg in 1945. Erich Koch, the SS com- 
mander who had ordered the removal of the amber 
panels from the city, reportedly led a group of Russ- 
ian officials on a search during the 1950s but failed 
to find them. He died in 1986 without ever providing 
additional information (Grimaldi, 1996; Blumberg, 
2007). In 1967, the Soviet government formed a com- 
mission to systematically search known art reposi- 
tories in the USSR and Germany for the Amber 
Room panels. The commission continued the search 
until 1984, five years after the decision was made to 
recreate the room (Owen, 2.009). 

Most historians believe that the Amber Room was 
destroyed by Allied bombing raids on the castle after 
January 1945 or the subsequent Russian invasion and 
shelling of the city. One museum conservator, an 
amber expert, noted that the panels, if ever discov- 
ered, would be too deteriorated to be of any use today 
(Varoli, 2000). Since the war’s end, numerous parties 
have appeared from time to time claiming, without 
substantiation, to have found the missing amber pan- 
els. Most recently, in October 2017, a group of treas- 
ure hunters claimed to have located them behind the 
doors of a Polish bunker (Wight, 2016; “Amber Room: 
Priceless Russian treasure...”, 2017). 

While the room panels have never been found, 
some pieces of the original have surfaced over the 
years, most importantly one of the Zocchi mosaics, 
“Touch and Smell.” The ruins of the other three mo- 
saics were found in the destroyed Kénigsberg Castle 
in 1945, and this piece had been considered lost until 
then. It was offered for sale by Meinhardt Kaiser to 
an antiques dealer in Bremen, Germany, in 1997. 
The dealer alerted police, and Kaiser led them to a 
man named Rudi Wurst, whose father had been part 
of the SS unit that escorted the train carrying the 
Amber Room components from the Catherine 
Palace to Kénigsberg in 1941. Police believe that this 
piece had been long separated from the rest of the 
room’s treasures. Locating it helped the restorers 
achieve much greater historical accuracy in their 
recreation (National Geographic, 2004; Owen, 2009; 
A. Krylov, pers. comm., 2017). 


THE RECONSTRUCTION 

The end of World War II left the entire Catherine 
Palace in ruins. An exhibit of wartime photographs 
(Tsarskoye Selo State Museum, 2013) shows part of 
the palace ablaze and some interior images of the ru- 
ined structure. A photograph purported to be of the 
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Amber Room shows the walls completely stripped 
to bare brick, except for fragments of the paintings 
above the cornice. The roof is collapsed, leaving the 
room exposed to the elements. 

In the 1950s, the Soviet government embarked on 
a project to restore this and other historical sites de- 
stroyed and damaged during the war. Reconstruction 
took 25 years, and the Catherine Palace was re- 
opened to the public in the summer of 1980. The 
Amber Room, however, had only been minimally 
renovated. The imitation amber mosaic painting 
over the cornices had been redone, and the parquet 
floors, decorated ceilings, and mirrored pilasters were 
all restored as closely as possible to the original de- 
signs. The walls, however, remained unadorned 
(Zhuravlov, 2006). The empty walls were temporary; 
in April of the previous year, the Federal Council of 
Ministers had issued an order to begin reconstruction 
of the panels for the Amber Room (Gierlowski, 
2006a). The mandate was to recreate the room as 
closely as possible to the design completed in the 
eighteenth century. The challenge was formidable 
since very little documentation of the original room 
existed. Available resources included: 


e Eighty-six black-and-white photographs of the 
room, taken in the late 1930s for a planned 
restoration. 


e A single color slide of one section of the room, 
from 1937. The slide showed the southwest 
corner and included two of the mosaics, their 
frames, six mirrored pilasters, the statues, can- 
delabras, and the gilding around the cornice. 
The slide provided some information on how 
various colored pieces of amber were assembled 
on the walls in irregular but aesthetically pleas- 
ing patterns. 


e Seventy-six amber fragments found in the de- 
stroyed room. Some were pieces of wall deco- 
rations and chips from amber carvings. These 
gave researchers information on the thickness 
and hues of the amber pieces used on the walls. 


e A miniature chest assembled with amber, dat- 
ing from the time of the Amber Room con- 
struction, which survived in the Catherine 
Palace collection but was in very poor condi- 
tion (Krylov, 2006). While working on its 
restoration, the team found the signature of 
Gottfried Turau. Thus, the team had an oppor- 
tunity to study firsthand the techniques of one 
of the room’s creators (Gierlowski, 2006b). 
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e The curator of the Amber Room from 1916 to 
1941, Anatoly Kuchumov, who was still alive 
and able to help plan the reconstruction. 


Other than the amber itself and the oak frames 
and base, no one knew the composition of the other 
materials employed in the frames and adhesives (M. 
Trutanova, pers. comm., 2017). 

With so little to guide them, several years of re- 
search were necessary before the reconstruction could 
begin (M. Trutanova, pers. comm., 2017). The research 
team, assembled two years before the decision to 
begin the reconstruction, was composed of Alexander 
Krylov, Alexander Zhuravlov, and three other gradu- 
ates of the Mukhina Academy of Arts and Design at 
Leningrad State University (now St. Petersburg State 
University). They began by studying other amber ob- 
jects that had been removed from the Catherine 
Palace well before the German invasion, examining 
the few amber objects that had been removed from the 
palace and hidden in a Siberian bunker just prior to 
the invasion. In addition, the research team assembled 
all the documents on seventeenth- and eighteenth- 
century amber craft they could locate, including an 
original drawing by Andreas Schliiter from 1701 
(Krylov, 1999). They enlarged and enhanced the grainy 
1930s photographs to reveal shadings and grayscales 
that would offer clues to color patterns of the amber 
mosaics and details in the carvings (Owen, 2009). 

Each piece was cleaned thoroughly and photo- 
graphed on a white background. They were matched 
against similar pieces located in the photographs, 
which allowed the team to match the actual color in 
the reconstructed elements (Krylov, 2.006). 

The researchers tested what they had learned from 
restoring and reconstructing other amber objects such 
as furniture and sculptures that resided in the Her- 
mitage Museum and Pavlovsk Palace, both in St. Pe- 
tersburg, and the Oruzheynaya Palace in Moscow. 
Between 1979 and 1984, the team, which included 
Zhuravlov and Krylov, recreated a number of histori- 
cal pieces. Among these were a chessboard with 32 
carved figures, the original of which was made in Ger- 
many in the eighteenth century and housed at the 
Hermitage; a casket bearing a figure of the Greek god- 
dess Dione, also from the Hermitage, that was made 
in Danzig in the seventeenth century; a large cameo 
with a likeness of Empress Elizabeth from the Amber 
Room; and six amber obelisks from Pavlovsk (Zhu- 
ravlov, 2006). To test their techniques, they created a 
model panel of the Amber Room from simulated 
amber (Owen, 2009). 
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It took three years from the official approval be- 
fore the room reconstruction could begin in earnest. 
The Restavrator, the team that would perform all of 
the reconstruction work, was formed in 1982. 
Headed by Boris Igdalov and including Marina Tru- 
tanova, they commenced work in a studio in St. Pe- 
tersburg (Zhuravlov, 2006]. The distance between St. 
Petersburg and Pushkin would allow the work to be 
kept secret (Owen, 2009). 

Much research remained, however. First, the 
teams investigated the wood to use for the base- 
boards and the adhesives to hold the amber pieces 
in place. For the baseboards, the restoration team de- 
cided to use pressure-treated pine rather than the 
oak used in the original, because it would be less 
likely to absorb moisture or expand and contract 
with changes in temperature and humidity. The foil 
backing chosen for the amber was brass instead of 
bronze (M. Trutanova, pers. comm., 2017). 

To determine the makeup of the adhesive, the re- 
search team submitted several of the surviving 
pieces of amber to the Leningrad Institute of Crimi- 
nal Investigation. Through spectroscopic analysis, 
the Institute found that the adhesive consisted of 
40% beeswax and 60% dammar resin, a gum from 
the Dipterocarpaceae family of trees in India and 
East Asia that was used for ship caulking at the time 
the original room was constructed (Zhuravlov, 
2006). Determining the correct adhesive was more 
than a matter of historical accuracy. Permanent ad- 
hesives were not suitable because they would have 
prevented the replacement of amber pieces broken 
during the reconstruction process or in future repairs 
or restorations. In addition, permanent adhesives 
would likely crack over time (M. Trutanova, pers. 
comm., 2017). 

Using the crime lab’s findings as a guide, the re- 
construction team developed an adhesive from 
beeswax and a type of pine resin that melted at about 
140°F (60°C). This combination allowed workers to 
use a commercial hair dryer to apply or remove 
amber pieces. The research team tested this and 
other adhesives, subjecting them to heat (three hours 
at 40°C), cold (2.5 hours at -15°C), ultraviolet light 
(2.5 hours), and a high-moisture environment (14 
hours) (M. Trutanova, pers. comm., 2017; A. Zhu- 
ravlov-Nikiforova, pers. comm., 2017). Next was ac- 
quiring the amber. The research team estimated that 
the reconstruction would require 6,000 kg of “best- 
quality” amber. The wall areas measured 86.12 
square meters. The decorative objects and motifs 
would require an additional 122 square meters of ma- 
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terial. The average thickness of each piece of amber 
was planned at 5 mm, similar to the original (Zhu- 
ravlov, 2006). 

With the approval of the Soviet government, the 
reconstruction team was given access to the amber 
deposits in the Sambia Peninsula, which were then 
under state control. While the amount of amber re- 
quired for the reconstruction was substantial (6,000 
kg or 3 metric tons), production in the Samland re- 
gion was much higher, ranging between 595 and 744 
metric tons yearly from 1979 to 1988 (Kosmowska- 
Ceranowicz, 2006). 

With supplies assured by the Soviet government, 
the workshop team began researching dyes and treat- 
ments that would have been used in the eighteenth 
century to recreate the yellow to reddish orange pat- 
terns on the original walls. No one knew what ma- 
terials were used for the original dyes, so a team from 
the Leningrad Institute of Technology developed dyes 
that would not fade, change color, or fully absorb into 
the amber (Gierlowski, 2006b). While the ingredients 
used in the dyes are proprietary, the process involves 
immersing the amber into boiling water for 10 min- 
utes, with the appropriate dyes added afterward (M. 
Trutanova, pers. comm., 2017). However, a division 
developed among researchers between those who 
wanted to employ natural-color amber and those 
who wanted to dye the material to the darker shades 
it had assumed by the time the 1937 color slide was 
taken. Ultimately, the latter group prevailed (Gier- 
lowski, 2006a). 

Before dyeing, the amber to be mounted on the 
wall in mosaic patterns was sliced to 3 mm thick in- 
stead of the planned 5 mm—presumably a cost reduc- 
tion—and then fitted onto the wood panel without 
adhesive. The reconstruction team then numbered 
each piece and dyed them the appropriate colors (M. 
Trutanova, pers. comm., 2017). Not all of the recon- 
struction followed eighteenth-century techniques. 
Some of the amber was treated at high pressure and 
temperature to improve its translucency and match 
the colors from the original room. The material was 
placed in pressure chambers filled with nitrogen or 
argon, and then heated to 300°C. In other cases, 
pressed amber—material left over from carvings or 
cuttings, ground into powder, and pressed into the ap- 
propriate shapes before dyeing—was used in the re- 
construction (Gierlowski, 2006b). In all, 4.2 square 
meters of pressed amber was used in the wall panels. 

The amber mosaics lining the wall panels were 
only the beginning of the reconstruction. The ornate 
decorative motifs such as scrolls, wreaths, laurels 


Gems & GEMOLOGY WINTER 2018 


Figure 7. A corner section and end table showing the 
detail of the multi-hued recreated amber mosaics, the 
bas-relief employing darker shades of amber, and the 
table itself, which is also coated with amber. Photo 
courtesy of Amberif. 


(which used the darkest-colored pieces), floral bas-re- 
liefs, and objects such as grotesques and other sculp- 
tures were all made from carved amber. While the 
carving and assembly skills required were transferable 
from jewelry and sculpting crafts, they proved ex- 
tremely time-consuming (Krylov, 2006; figure 7). 
Working from the black-and-white photos, the work- 
shop recreated the destroyed Zocchi mosaics of the 
senses using jasper, malachite, quartz, chalcedony, 
and nephrite. 

The comparison with the recently discovered 
Zocchi mosaic in Bremen validated their reconstruc- 
tive work, which was nearly identical to the original. 
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The only exception was in the materials—the origi- 
nal contained various colored marble slices instead 
of the decorative stones used by the studio (Krylov, 
2006). The original mosaic is kept in storage at the 
palace but put on display for significant occasions (M. 
Trutanova, pers. comm., 2017; see figures 8-10). 
After the collapse of the Soviet Union in 1991, the 
Russian government could no longer fund the project, 
and work was nearly suspended with fewer than 40% 
of the panels completed (Varoni, 2000). The Restavra- 
tor studio, which numbered about 50 artisans, was 
liquidated, though some work continued. Up to that 
point, the government had spent the equivalent of 
US$7.85 million on the reconstruction—largely on 
salaries since the amber had been provided as a state 


Figure 8. A craftsman in the Tsarskoye Selo Amber 
Workshop completing a carving for the mosaic 
“Touch and Smell” from slices of jasper, malachite, 
quartz, chalcedony, and nephrite. Photo courtesy of 
Tsarskoye Selo Amber Workshop. 
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resource (A. Zhuravlov-Nikiforova, pers. comm., 
2017). The new market economy meant that instead 


Figure 10. Detail showing the Florentine mosaic 
“Sight,” one of four such recreated mosaics in the 
room. The frames are fashioned from carved and 
sliced pieces of amber of various hues. Photo courtesy 
of Amberif. 


390 — History OF THE AMBER ROOM 


Figure 9. Detail of the 
original “Touch and 
Smell” mosaic panel 
made from colored mar- 
ble pieces. The panel 
was apparently stolen by 
a German officer as the 
contents of the Amber 
Room were being evacu- 
ated from K6nigsberg 
Castle in 1941. It was 
discovered in Bremen, 
Germany, in 1997. Photo 
courtesy of Tsarskoye 
Selo Amber Workshop. 


of relying upon the Russian government for funding, 
the company had to raise funds from private sources 
(Gierlowski, 2006b). 

Through the intercession of Dr. Burkhart Gores, 
the director of the Prussian Palaces and Gardens 
Foundation, funding was obtained in 1999 from the 
German energy company Ruhrgas, which had exten- 
sive dealings in Russia (Owen, 2009). Ruhrgas agreed 
to provide an additional US$3.5 million to complete 
the reconstruction and ordered its completion by April 
2003. Ruhrgas chairman Friedrich Spath told the New 
York Times, “The Amber Room has enormous emo- 
tional significance for both Germany and Russia. And 
it is a leading symbol of a time when close German 
and Russian relations were a model for the world.” At 
that time, Ruhrgas was receiving one-third of its nat- 
ural gas supplies from Russia (Varoli, 2000). 

With new funding, the Restavrator reorganized 
into a corporation named the Tsarskoye Selo Amber 
Workshop to resume its work full time and complete 
it by the contracted deadline. The new company also 
began earning income by manufacturing and selling 
amber carvings, miniature chests, and chess sets that 
resembled historical pieces, and taking commissions 
to restore or reconstruct other amber pieces in mu- 
seums. This, along with the use of synthetics, raised 
objections from some members of the research team 
who felt they were acting against the Venice Charter 
of 1964, which forbids the use of contemporary tech- 
niques and materials and “conjecture” in recon- 
structing historical monuments (Gierlowski, 2006b; 
Owen, 2009). 
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Figure 11. Two sections of the reconstructed Amber Room wall showing the mirrored pilasters that separate the pan- 
els, the Florentine mosaics, and the intricate amber wreaths and clusters on and atop the cornice. Photo by Sergey 


Bogomyako/Shutterstock.com. 


The completed room used some 100,000 pieces of 
amber encompassing more than 150 square meters 
of wall space. While the design was as faithful as pos- 
sible, some who remembered the original Amber 
Room believed the reconstructed room was brighter, 
though others countered that the varnishes used on 
the amber surfaces in previous repair and restoration 
efforts had darkened over the years (Owen, 2009; see 
figures 11 and 12). 

In May 2003, as the city of St. Petersburg cele- 
brated its 300th anniversary, a summit of world lead- 
ers—including Russian President Vladimir Putin, 
German Chancellor Gerhard Schroeder, U.S. Presi- 
dent George W. Bush, French President Jacques 
Chirac, British Prime Minister Tony Blair, Italian 
Prime Minister Silvio Berlusconi, and Japanese Prime 
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Minister Junichiro Koizumi—formally opened the re- 
constructed Amber Room to the public. According to 
saint-petersburg.com, the tourist attraction receives 
about 7,000 daily visitors during the peak summer 
months. 

The Tsarskoye Selo Amber Workshop remains on 
site for ongoing maintenance because the tempera- 
ture-sensitive adhesives require constant attention. 
Amber itself is called a “living stone” that can react 
to relatively small changes in temperature and hu- 
midity. Inspectors check the room weekly (After the 
Amber Room, 2013). Other rooms in the Tsarskoye 
Selo complex are also undergoing reconstruction, in- 
cluding the church, the Agate Room, and the Cather- 
ine Palace Museum, as well as restoring amber 
artifacts in other Russian museums. In addition, the 
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Figure 12. A section of the wall of the reconstructed Amber Room. Photo courtesy of Amberif. 


studio continues to produce amber objects for sale to 
help offset the high costs of maintaining the Amber 
Room. 


CONCLUSIONS 

Although many articles have been written about the 
original Amber Room, few have documented its re- 
construction, and fewer still have offered detailed ac- 
counts of both the original and reconstructed rooms. 
Its reconstruction was fraught with a number of chal- 
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much later before the diagnostic importance 
of these characteristic features was given 
much serious consideration by mincralogists. 

Among contemporary gemologists, Prof. 
Dr. H. Michel of Vienna was one of the 
earlicst to appreciate the value of these 
identifying features from a gemological 
viewpoint. Other eminent gemologists and 
mineralogists of this century who have ac- 
knowledged the importance of inclusions not 
only to establish the stone’s identity, but 
also as an indication of its source of origin, 
include such well-known authorities as An- 
Andrews, Eppler, 
Smith, Spencer, Webster, Wild, and many 
others. 


derson, Schlossmacher 
: 


The development and introduction of 
dark-field illumination for microscopic ex- 
amination of gemstones by the Gemological 
Institute of America in 1937 was another 
step forward in this science since the new 
instrument enabled gemologists to examine 
internal characteristics with greater accuracy. 

Although many scientists had written oc- 
castonal articles revealing their investiga- 
tions into this new science, Dr. Edward J. 
Gubelin was the first to make an exhaustive 
study over a period of years and to present 
the results in book form. His Inclusions as 
a Means of Gemstone Identification, pub- 
lished by the Gemological Institute of 
America, will be on the book market Janu- 
ary 1, 1953. 

As the son of a jeweler family in Lucerne, 
Switzerland, he began his first gemological 
research as a youth when his father equipped 
a gemological laboratory for his use. After 
obtaining his doctorate in his native country 
—as well as studying under the well-known 
gemologists, Prof. Dr. K. Schlossmacher 
of Koenigsberg and Prof. Dr. H. Michel of 
Vienna—Dr. Gubelin the United 
States to spend some time in the firm's 
New York branch. While in this country 
he completed the courses of the Gemotogi- 


came to 


cal Institute and spent additional time in 
the Los Angeles Jaboratory of the Institute 
to obtain supervised laboratory practice and 


later did research in the identification of 


gemstones. During his stay in California his 
enthusiasm for the study of inclusions and 
the photomicrogriphy of gemstones was en- 
couraged by GIA founder Robert M. Shipley 
with the thought that the results of such 
research could eventually be incorporated in 
a book for the benefit of all gemologists. 

In acknowledgement of his contribution 
to the advancement of gemological science, 
Dr. Gubelin, in 1939, was named the first 
Research Member of the Institute. 
spring of the following year his first article 


In the 


on the subject of gemstone inclusions ap- 
peared in Gems G Gemology. In this article 
he described the differences existing between 
Burma and Siam rubies beyond the generally 
accepted color variations as recognized in 
the trade. 

In the next issue of this publication he 
discussed the means of accurate discrimina- 
tion between emeralds from the Ural Moun- 
tains and emeralds originating in Colombia. 
Although it was common knowledge that a 
difference in color existed between emeralds 
from the two sources, he observed that these 
at times difficult to 
recognize with the unaided eye, and present 


color variations are 


even greater problems to a beginner in the 
trade. During the period of his research in 
the photomicrography of gemstones, Dr. 
Gubclin endeavored to establish positive 
proof that internal markings could be used 
to prove ther identity. 

In analyzing a great number of emeralds— 
the sources of which he already knew—he 
found what he described as “an absolutely 
incontestable way to discriminate objectively 
between Russian and Colombian emeralds.” 

It was his observation that it is not the 
great mass of very visible inclusions or 
cracks within emeralds, but rather the subtle 
and most minute kind of Itguid inclusions, 
hold) the 


ongin. Colombian emeralds were found to 


which secret. of their source of 
contain scattered and irregular geoups of 
almost invisible liquid inclusions showing 
tail-like 


many of 


a remarkable form. These inclu- 


slots, which contain the three 


phases of matter-ie., liquid, solid and gas 
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THE COLOR ORIGIN OF GEM DIASPORE: 
CORRELATION TO CORUNDUM 


Che Shen and Ren Lu 


Color-change diaspore, known commercially as Zultanite, is sought by designers and consumers for its special 
optical characteristics, namely its color and color change. Understanding the color origin of gem-grade diaspore 
could provide a scientific basis to guide its gemological testing, cutting, and valuation. This study uses ultravio- 
let-visible (UV-Vis) spectra and laser ablation—-inductively coupled plasma—mass spectrometry (LA-ICP-MS) to 
examine the color origin of color-change diaspore and to compare it with corundum. As Raman spectra vibration 
intensities are closely related to crystal direction for diaspore, crystal orientation was determined through Raman 
spectroscopy. The color correlation between color-change diaspore and corundum confirmed the identity of 
each chromophore. In addition, the effectiveness of different chromophores such as Cr**, Fe**, Fe?*-Ti** pairs, 


and V>* between gem-quality diaspore and corundum is compared quantitatively. 


em-quality diaspore occupies an important 
( yposton in the gem market due to its rarity, 

striking pleochroism, and color-change phe- 
nomenon (figure 1). The material’s value depends on 
these factors. A clear understanding of color origin 
offers considerable benefits for gemological testing, 
cutting, and even valuation of gem diaspore. 

By replacing the major elements in definite struc- 
tural units through isomorphous substitution, trace 
elements play an important role in the color of gem- 
stones. The AlO, octahedra is a significant structural 
unit that produces color when different trace ele- 
ments substitute for Al. For example, Cr** substi- 
tutes for Al** in the AlO, octahedra in jadeite and 
spinel, causing green and red color (Lu, 2012; Malsy, 
2012), while the substitution of Fe** for Al** in sap- 
phire produces yellow color (Emmett et al., 2003). 

Diaspore and corundum have a similar chemical 
composition and crystal structure (see figure 2). Dias- 
pore, with the chemical formula AlO(OH], belongs to 
the orthorhombic space group 2/m 2/m 2/m (Hill, 
1979), corundum, with the chemical formula A1,O,, 
belongs to the trigonal space group 3 2./m (Lewis et al., 
1982). The crystal structure of diaspore consists of 
AlO,(OH), octahedra, whereas the corundum crystal 
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structure consists of AlO, octahedra (Hill, 1979; Lewis 
et al., 1982). Both types of crystals are composed solely 
of octahedral units. In addition, the diaspore structure 
is able to convert to corundum structure through de- 
hydration (Iwai et al., 1973). Due to their closely related 
crystallographic structure and chemical composition, 


In Brief 


¢ Gem-quality diaspore with an attractive color and re- 
markable color-change phenomenon is rare and often 
highly valued. 

¢ The AIO, octahedral structural unit, a very important 
structural unit related to gemstone color, is very similar 
between diaspore and corundum. 

¢ The structural similarity between diaspore and corun- 
dum helps us confirm the color origin of diaspore 
quantitatively. 


we may speculate that there is also a close color corre- 
lation. There are two other reasons for this hypothesis: 


1. Compared to other gemstones containing the 
AlO, octahedral structural unit, diaspore and 
corundum share the closest similarity in aver- 
age Al-O bond length, octahedral volume, and 
degree of distortion of octahedral sites (quanti- 
fied by determining the octahedral quadratic 
elongation). For specific data, refer to table 1. 
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Figure 1. This 24.60 ct color-change diaspore is shown under D65 illumination (left) and A illumination (right). 
Photos by Robert Weldon, courtesy of Zultanite Gems LLC. 


2. The structural similarity between corundum 
and diaspore was first referred to by Deflandre 
(1932). Both diaspore and corundum are con- 
nected by octahedral units, and both contain 
edge-shared octahedra. However, there are face- 
shared octahedra along the c-axis that only exist 
in corundum, and this is the main difference be- 
tween the two. Other related studies involving 
X-ray powder photography (Francombe and 
Rooksby, 1959), single-crystal X-ray techniques, 
scanning electron microscopy (SEM), and high- 
temperature optical microscopy (Iwai et al., 
1973) have confirmed a structural similarity be- 
tween the two gem materials. 


This intensely close relationship between corun- 
dum and diaspore with respect to the octahedral Al 
site and their overall structural similarity indicates 
that chromophores substituted into the Al site of both 
materials are expected to present similar UV-visible 
absorption features. Consequently, this study adopts 
an analogy to address the color origin of diaspore by 
quantitatively analyzing the trace-element chemistry 
in diaspore from two geographic origins—Myanmar 


(formerly Burma) and Turkey—and comparing them 
with high-quality natural and synthetic corundum. 
The research aims to use the color correlation be- 
tween diaspore and corundum to confirm the color 
origin of gem diaspore. 


MATERIALS AND METHODS 

Samples. Nine diaspore samples from Turkey were 
purchased from a gem dealer at the Beijing Interna- 
tional Jewelry Show in November 2016. Forty slices 
of diaspore were collected in the field from Mogok, 
Myanmar, by author RL. All samples were prepared 
as wafers. These wafers are perpendicular to the a- 
axis, b-axis, and c-axis, respectively. Photos of sam- 
ples are shown in table 2. 


Raman and Photoluminescence (PL) Spectroscopy. 
Raman and PL spectra were collected from the sam- 
ples with a Renishaw inVia Raman microscope sys- 
tem at the Gemstone Center of Hebei GEO 
University in China. Raman spectra were collected 
from 100 to 1400 cm using Nd-YAG laser excita- 
tion, producing highly polarized light at 532 nm 


TABLE 1. Crystallographic parameters of corundum, diaspore, and spinel. 


Average Odishadal Octahedral Deviation of average Al- —_ Deviation of octahedral Deviation of quadratic 
Gemstone distance of 83 quadratic O distance (% difference volume (% difference elongation (% difference 
A volume (A?) : 
Al-O (A) elongation from corundum) from corundum) from corundum) 
Corundum 1.9133 9.0754 1.0202 0 0) 0 
Diaspore 1.9154 9.1042 1.0203 0.10976 0.31734 9.8020 x 10° 
Spinel 1.9327 9.4955 1.0092 1.0140 4.6290 1.0782 


Note: The crystallographic parameters are from Lewis et al. (1982), Hill (1979), and Peterson et al. (1991). 


COLOR-CHANGE DIASPORE 


Gems & GEMOLOGY Winter 2018 395 


(1800 lines/mm grating, 10 s). The orientation of all 
samples was carefully controlled. The polarization 
direction of the injected laser was parallel to the a- 
axis, b-axis, and c-axis. The 600-800 nm spectral 
ranges for Raman photoluminescence analysis (under 
liquid nitrogen conditions) were excited by an Nd- 
YAG laser at 532 nm (1800 lines/mm grating, 10 s). 


LA-ICP-MS Analysis. For trace-element analysis, we 
used an Agilent 7900a ICP-MS coupled with a deep- 
UV laser at 193 nm excitation at the State Key Lab- 
oratory of Geological Processes and Mineral 
Resources, China University of Geosciences in 
Wuhan. NIST glass standard SRM 610 and USGS 
glass standards BHVO-2G, BIR-1G, and BCR-2G 
were used for external calibration. Ablation was 
achieved using a 44 ym diameter laser spot size, a 
fluence of around 5 J/cm?, and a 6 Hz repetition rate. 
The diaspore was initially standardized internally 
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Figure 2. These views of the 
crystal structure of diaspore 
(top) and corundum (bottom) 
illustrate the basic building 
blocks, AlO (OH), and AlO, 
octahedra, and their geomet- 
ric relationships. The crystal- 
lographic orientation is 
shown in the upper left corner 
projected down the c-axis. 
The blue spheres in the dias- 
pore’s crystal structure repre- 
sent the hydrogen atoms. The 
structure is characterized by 
edge-shared octahedral dou- 
ble-chains, which are ex- 
tended along the a-axis. The 
corner-linked octahedral lay- 
ers are connected along the a- 
axis. In addition, the 
OH-vector is approximately 
parallel to the a-axis. In the 
crystal structure of corun- 
dum, each octahedron is 
edge-shared, with three octa- 
hedra in the a-b plane. All oc- 
tahedra are face-shared, with 
one octahedron along the c- 
axis. The letters b, c, and t 
represent the different layers 
in corundum (bottom, center, 
and top). Based on Hill (1979) 
for diaspore and Lewis et al. 
(1982) for corundum. 


with ’’Al using a fixed internal standard method. We 
selected three spots on each sample for general chem- 
ical composition. 


UV-Vis Spectroscopy. Five diaspore samples (Dia-006- 
a, Dia-006-b, Dia-006-c, Dia-Bur-001, and Dia-Bur-002) 
were prepared as well-polished, oriented wafers with 
various thicknesses. UV-Vis spectra were collected 
with a Perkin-Elmer Lambda 650 UV-Vis spectropho- 
tometer equipped with mercury and tungsten light 
sources and photomultiplier tube (PMT) detectors in- 
stalled in an integrating sphere. The spectra were col- 
lected at the Gemological Institute, China University 
of Geosciences in Wuhan. Polarized spectra were col- 
lected in the 300-800 nm range with 1 nm spectral 
resolution at a scan speed of 267 nm/min. The spectral 
baseline was corrected by subtracting spectral offsets 
at or beyond 800 nm, where the chromophores’ fea- 
tures were insignificant or nonexistent. 
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TABLE 2. Trace-element composition of diaspore by LA-ICP-MS (in ppma), with 


standard deviation in parentheses. 


Dia-006 Dia-008 Dia-Bur-001 Dia-Bur-002 
Trace 
element, 
detection , =f —= 
limit 
Ti—9 110 (3) 185 (0.9) 220 (13) 418 (5) 
V—0.1 6 (0.2) 4 (1) 44 (2) 359 (2) 
Cr—1 36 (0.7) 32 (2) 2166 (58) 2081 (29) 
Fe—20 1169 (12) 548 (53) 4 (bdl) 1 (bdl) 


bdl = below detection limit 


RESULTS AND DISCUSSION 

Chemical Analysis. Table 2 shows the chemical 
composition (expressed in ppma}) of two diaspore 
samples from Turkey (Dia-006, Dia-008) and two 
from Myanmar (Dia-Bur-001, Dia-Bur-002). We con- 
cluded that the Burmese samples contained more Cr, 
while the Turkish diaspore had a higher Fe content. 
However, the V content of the Burmese samples was 
higher than that of the Turkish samples, especially 
in Dia-Bur-002 (358 ppma). 


Raman Spectroscopy. Unlike Turkish diaspore, 
Burmese material often occurs as thin crystals that 
are difficult to orient by crystal growth characteris- 
tics. However, Raman vibration is closely related to 
crystal direction (see http://rruff.info/diaspore/ 
display=default/RO60287). By comparing the Raman 
spectra of the diaspore from Myanmar with the ori- 


RAMAN SPECTRA 
447 cm Al-O 
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50000 — | 
0 


154 cm" rotation of two edge-shared 


AIO, octahedra around the c-axis 


INTENSITY (COUNTS) 


ented sample from Turkey, the Burmese diaspore 
could be oriented properly. Raman spectra of both the 
Burmese and Turkish diaspore were collected in the 
100-1400 cm" range. 

According to previous research by Ruan et al. 
(2001) and San Juan-Farfan et al. (2011), the band at 
154 cm! is assigned by the rotation of two edge- 
shared AlO, octahedra around the c-axis. The most 
intense peak, at 447 cm, is related to Al-O symmet- 
ric stretching modes, which means the different po- 
larization direction of the laser has little impact on 
this peak. Therefore, we normalized the peak inten- 
sity at 447 cm! and compared the intensity at 154 
cm. When the polarization direction of the injected 
laser is parallel to the c-axis, the intensity of the 154 
cm! peak is much stronger than those that run par- 
allel to the b-axis and a-axis (see note on figure 3). 
Based on figure 4, we can accurately diagnose the 


—Ella 
—Ellb 
—El[e : 
Figure 3. The Raman 


spectra of the Turkish 
diaspore, with the po- 
larization direction of 
the injected laser paral- 
lel to the c-axis (blue 
trace), the b-axis (or- 
ange trace), and the a- 
axis (green trace). 
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Figure 4. The Raman 
spectra of Burmese di- 
aspore with the polar- 
ization direction of the 
injected laser parallel 
to the short side, or a- 
axis (orange trace), and 
the c-axis (blue trace). 
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RAMAN SHIFT (cm) 


crystal orientation by Raman vibration (154 cm~). 
The Burmese diaspore wafers were manufactured 
perpendicular to the b-axis based on perfect cleavage 
along the {010} direction. Hence, we can consider the 
long side of the wafer parallel to the c-axis, and the 
short side parallel to the a-axis. 


UV-Vis and PL Spectroscopy of Cr3*. Corundum, a 
uniaxial crystal, shows dichroism. Its UV-Vis spectra 
are often collected from two orthogonal orientations 
with polarized light (o-ray and e-ray). As a biaxial 
crystal, diaspore shows trichroism, its UV-Vis spectra 
are collected from three orthogonal orientations with 
polarized light (E || a, E || b, and E || c). In gem cutting, 
the table of a ruby or sapphire is generally perpendi- 
cular to the c-axis. When the polarization direction 


UV-VIS SPECTRA 
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65 — Sapphire: O-ray—1000 ppma Fe 
— Dia-006: E || b—1000 ppma Fe 
— Dia-006: E || c—1000 ppma Fe 
— Dia-006: E || a—1000 ppma Fe 


1200 1400 


(E vector) is parallel to the a-axis, diaspore shows UV- 
visible absorption features similar to those of corun- 
dum (see figure 5). Our corundum samples included 
three synthetic sapphires—a Cr-bearing synthetic 
ruby, a Fe-Ti bearing synthetic blue sapphire, a V- 
bearing color-change sapphire—and one natural yel- 
low Fe-bearing sapphire from Garba Tula, Kenya. 

In order to make our initial comparisons between 
chromophores in corundum and diaspore, we have 
chosen to compare the spectra of corundum col- 
lected from the o-ray (R. Lu, previously unpublished 
data) with those of diaspore collected from the ori- 
entation of polarized light parallel to the a-axis. 
From LA-ICP-MS data, we know that the Cr content 
is significantly higher in Burmese samples than in 
Turkish samples. However, as the Fe content is near 


Figure 5. The three polar- 
izations of diaspore (E || a, 
E || b, Ell c) were collected 
to compare with the spec- 
tra of sapphire (o-ray). 
Peaks at 377 and 388 nm 
in sapphire and at 384 and 
398 nm in diaspore are at- 
tributed to Fe*. The height 
of sapphire’s 377 and 388 
nm peaks (384 and 398 nm 
in diaspore) is closely re- 
lated to directionality. In 
diaspore, the best match 
with the spectrum of 
an corundum (o-ray) is shown 
when the polarization d1- 
rection is parallel to the a- 
axis (E || a). 


700 
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Box A: SPECTRAL FITTING BASED ON THE BEER-LAMBERT LAW 


There are additive properties that exist in a UV-Vis spec- 
trum. A simple mathematical step will lead to the fol- 
lowing equation: 


A=A,+A,+...+A 
where: 


n 


e A is total absorbance of all absorbers 
e A,, A,,..., and A, are the absorbance of each ab- 
sorber n 


Figure A-1 illustrates how this is accomplished. 
According to the Beer-Lambert law, the absorption is 
proportional to the concentration of absorbers (chro- 
mophores) through which light passes. It can be expressed 
simply by the following mathematical expression: 


n 
A=l1 », £,C, 
i=l 


where: 
UV-VIS SPECTRA 
--- Violet sapphire (Cr: 1000 ppma; Fe?*-Ti**: 
© @ 60 ppma) O-ray; 1 mm thick 
3.0 4 2 . 4+ Tide. 
Violet sapphire Blue sapphire — Ruby (Cr 1000 ppma; Fe*-Ti**: 0 ppma) 
Lt: 36 a’: 33 b':-52-L*:58a":10b":-47 Otay; T mm thick 
2s —— Blue sapphire (Cr: 0 ppma; Fe®*-Ti**: 
@ 60 ppma) O-ray; 1 mm thick 
ae 
3 2.0 4 
< Ruby faa 
a=) L*:62a*%:49b*:-29 7 
= \ 
ie) 
n 
=) 
< 


e Ais absorbance 

e lis the path length of the light beam through the 
material sample 

¢ ¢, is the molar attenuation coefficient or absorp- 
tivity of the attenuating species i in the material 
sample 

¢ c,is the concentration (in ppma) of the attenuat- 
ing species i in the material sample 


Based on this law, if we have collected the absorption 
spectrum of a chromophore at a certain thickness, we 
can simulate absorption spectra of different concentra- 
tions and thicknesses within a certain range. Figure 6 
shows two spectra of Burmese diaspore. By subtracting 
the two spectra, we will essentially obtain only the V ab- 
sorption since the Cr concentrations are almost the 
same. Since we have the pure V** spectrum, it is easy to 
obtain the pure Cr** spectrum by subtracting the pure 
V* spectrum from the spectrum of Burmese diaspore. 


Figure A-1. The absorption of violet 
sapphire (violet dotted line) shown here 
represents the sum of the other two 
spectra: ruby (red line) and blue sap- 
phire (blue line). The color circles cal- 
culated under D55 illumination are 
demonstrated for all of the spectra. We 
may conclude that violet is a combina- 
tion of Cr* red with Fe?'-Ti* blue. As 
described above for the additive proper- 
ties, the absorption of violet sapphire 
(A) is calculated from two known sets: 
A, (the absorption of ruby) and A, (the 
absorption of blue sapphire). However, 
we could also use the difference (A—A,) 


= of any two spectra to show the remain- 


300 400 500 600 700 800 
WAVELENGTH (nm) 


zero in the Burmese samples, we disregarded the ab- 
sorption of Fe in the UV-Vis spectra of that material. 
The spectra of Dia-Bur-001 and Dia-Bur-002 are 
shown in figure 6. Although the Cr content of the 
two samples is almost the same (2166 and 2081 
ppma, respectively], there is a large difference in the 
absorption intensity. This difference is related to the 
absorption of vanadium. By subtracting the two 
spectra, we essentially obtain only V absorption, 
which can be subtracted from the other spectra to 
obtain the pure Cr spectrum (see box A). Based on 


COLOR-CHANGE DIASPORE 


lay ing absorption (A,). 


the author’s color analysis, chromium will cause a 
slight color-change phenomenon in diaspore (figure 
7). Additionally, we used the PL spectra (figure 8) to 
confirm that gem diaspore and ruby show compara- 
ble fluorescence spectra (694/693 nm for ruby and 
690/693 nm for diaspore). 


UV-Visible Spectroscopy of Fe** in Diaspore and Sap- 
phire. The UV-Vis spectrum of Turkish diaspore (fig- 
ure 9) shows features corresponding with those of 
Fe**-bearing yellowish sapphire from Garba Tula, 


Gems & GEMOLOGY WinteR 2018 399 


UV-VIS SPECTRA 
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Figure 6. The UV-visible spectra of the Burmese dias- 
pore samples show a large difference in absorption 
intensity. 


Kenya. In those sapphires, the peak at 388 nm is at- 
tributed to Fe**, while the peaks at 377 and 450 nm 
are attributed to Fe**-Fe* pairs (Ferguson and Field- 
ing, 1971, 1972; Krebs and Maisch, 1971). The spectra 
of diaspore show features very similar to those of 
Fe**-bearing sapphire. Hence, the peaks at 384 and 
448 nm are attributed to Fe**-Fe** pairs, and the peak 
at 398 nm is attributed to Fe*. 


UV-Visible Spectroscopy of Fe**-Ti* Pairing in Dias- 
pore and Sapphire. The UV-Vis spectra of the Turkish 
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Figure 8. The PL spectra of natural ruby and one of 
the Burmese diaspore samples show very similar 
characteristics based on table 1. The crystallographic 
parameters of diaspore are very close to those of ruby, 
but quite different from those of spinel. The PL spec- 
tra of spinel (data provided by Dr. Chengsi Wang) are 
considerably different from those of ruby and dias- 
pore. Therefore, we can also use PL spectra to demon- 
strate that the structural units of diaspore and ruby 
are very Closely related. 


diaspore show an obvious absorption band at around 
570 nm. Based on the LA-ICP-MS data, chromium and 
vanadium are very low in Turkish diaspore. In blue 
sapphire, the absorption at around 580 nm is attributed 


Figure 7. The calculated UV- 
visible spectra of diaspore 
and synthetic ruaby—both 
only containing Cr—have 
similar absorption regions 
but show much different in- 
tensities. The color circles 
above the spectra, calculated 
under D65 and A illumina- 
tion, demonstrate coloration 
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for diaspore and ruby with 
1000 ppma Cr concentra- 
tions for a 5 mm path length. 
(The spectra of 1000 ppma 
and 5 mm path length are 


ABSORPTION COEFFICIENT (cm) 


calculated rather than taken 
directly from the sample. A 
similar method is used in 
the analysis of the other 
chromophores.) According to 
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UV-VIS SPECTRA 
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Diaspore (L*: 90 a*: -4 b*: 16) 


Sapphire (L*: 98 a*: -7 b*: 29) 


Figure 9. The UV-visible 
spectra of Turkish diaspore 
and yellowish sapphire 
from Garba Tula, Kenya, 
exhibit closely matched ab- 
sorption features, especially 
when polarized light is par- 
allel to the a-axis. The color 
circles are calculated under 
D855 illumination, demon- 
strating the coloration for 
diaspore and sapphire with 
1000 ppma Fe concentra- 
tions fora 5 mm path 
length. According to the au- 
thor’s calculation, the chro- 
mophore effectiveness of 


O) 
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to an Fe?'-Ti* pairing (Emmett et al., 2003). It is possi- 
ble that the absorption at around 570 nm in diaspore 
is related to Fe?*-Ti* (see figure 10). In blue sapphire, 
the absorption of the Fe?*-Ti* pair does not cause the 
color-change effect because the absorption band ex- 
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Fe* in sapphire is about 1.6 
times higher (peak inten- 
sity) than in diaspore. 


tends to the near-infrared region, so the transmission 
rate of red areas and green areas is not relatively equal. 
But in diaspore, these transmission areas are fairly 
equal. The value of a* has changed from —3 to 1, which 
means the color will change from green to red. 


Figure 10. The UV-visible 
spectra of Turkish diaspore 
and blue synthetic sapphire 
(containing Fe?*-Ti* only). 
The two spectra have similar 
absorption regions but show 
much different absorption in- 
tensities. The color circles, 
calculated under D65 and A 
illumination, demonstrate 
the coloration for sapphire 
and diaspore with 50 ppma 
Fe**-Ti* pair concentrations 
for a 5 mm path length. Since 
the color swatches of dias- 
pore calculated using 50 
ppma concentration of Fe?*- 
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Ti* pairs do not show a clear 
color change, we must calcu- 
late the colors, which are 
shown in the spectra, at a 


higher concentration of Fe?*- 
Ti* pairs (250 ppma) for a 5 
mm path length. The chro- 


350 400 450 500 550 600 650 


WAVELENGTH (nm) 


COLOR-CHANGE DIASPORE 


mophore effectiveness of the 
Fe**-Ti* pair is about 50 
times higher (peak intensity) 
in sapphire. 
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Figure 11. The UV-visible 
spectra of diaspore (after 
calculation) and synthetic 
sapphire (containing V 
only). The two spectra 
show similar absorption 
regions but different ab- 
sorption intensities. The 
color circles are calculated 
under D654 and A illumina- 
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diaspore with 500 ppma V 
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r path length. According to 
the author’s calculation, 
the chromophore effective- 
ness of V* in diaspore is 


T 
580 


T T T T T T 
350 400 450 500 550 600 650 
WAVELENGTH (nm) 


Emmett et al. (2017) proposed that Si plays a role 
in the color chemistry of corundum. If corundum con- 
tains Ti, Si, Mg, and Fe, the Fe will pair with Si before 
Ti. If diaspore is similar to corundum, Fe will charge- 
compensate Si before Ti. However, the instruments 
used for LA-ICP-MS show significant interferences for 
the three silicon isotopes (Shen, 2010), and as a result 
the Si content is higher than the value shown. The au- 
thor does not take Si into consideration because of this 
instrumental error, and assumes that all of the Ti pairs 
with Fe. Therefore, the actual content of the Fe*-Ti* 
pair may be lower than the content determined 
through analysis. 


UV-Visible Spectroscopy of V in Diaspore and Sap- 
phire. In natural corundum, vanadium content is gen- 
erally very low. Synthetic sapphire, which has been 
manufactured with V, will show an obvious color- 
change effect. This type of synthetic sapphire is simi- 
lar to natural alexandrite. However, there is some V 
in natural diaspore from Myanmar, which plays an 
important role in color origin and color change. 

We compared the spectra of diaspore (containing 
V only; see box A) to pure vanadium-bearing syn- 
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about 2-7 times higher 
(peak intensity) than in 
sapphire. 
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thetic sapphire. They also show similar absorption 
characteristics in their UV-Vis spectra, as both peaks 
are at around 400 nm and 560 nm in diaspore and 
sapphire (see also figure 11). 


CONCLUSIONS 

In color-change diaspore, Cr**, V**, and Fe?*-Ti* pairs 
are the chromophores, and all of these contain an ab- 
sorption area at around 560-580 nm. These chro- 
mophores may all play a role in causing the 
color-change effect. Raman spectroscopy proved to 
be a powerful tool for determining the crystal orien- 
tation of the Burmese diaspore wafer, it is also useful 
to measure and compare the directional UV-Vis spec- 
tra of diaspore and corundum. Because of their struc- 
tural similarity, we can confirm the color correlation 
between corundum and diaspore and compare the ef- 
fectiveness of the chromophores. According to the 
calculation, the chromophore effectiveness of Cr*, 
Fe*, and Fe?*-Ti* in corundum is about 5-10, 1.6, and 
50 times higher, respectively, than in diaspore. How- 
ever, the chromophore effectiveness of V* in dias- 
pore is approximately 2-7 times higher than in 
corundum. 
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© Patch of hexagonally arranged fine ru- 
tile needles characteristic of Burma rubies. 


¢ Small single liquid drops composed of 


several nonmiscible liquids in a yellow 
Ceylon sapphire. 
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CORUNDUM WITH SPINEL CORONA FROM 
THE TAN HUONG—TRUC LAU AREA IN 
NORTHERN VIETNAM 


Nguyen Ngoc Khoi, Christoph A. Hauzenberger, Chakkaphan Sutthirat, Duong Anh Tuan, 
Tobias Hager, and Nguyen Van Nam 


Corundum deposits in the Tan Huong-Truc Lau area of Vietnam are hosted mainly in gneiss and partly in feldspathic 
pegmatoid and marble. Encountered here in both primary and secondary placer deposits is a considerable quantity of 
stones with a well-developed spinel corona following the morphology of the corundum core. The genesis of the observed 
spinel corona can be explained by their reaction textures, chemical composition, and mineral inclusions as well as by 
applying thermodynamic phase equilibria calculations. The following reactions were found to be responsible for the 
formation of the spinel corona around corundum in gneiss: 


biotite + corundum — spinel + K-feldspar + fluid, or 
garnet+ corundum — spinel + sillimanite 


For corundum-spinel associations in metacarbonate rocks, the relevant reaction is: 


dolomite + corundum — spinel + calcite + carbon dioxide 


Mineralogical and chemical studies have shown that the gem quality of ruby and sapphire grains from Tan Huong— 


Truc Lau deteriorated substantially after their formation due to this corona texture. 


are hosted not only in marble but also in partly 

migmatized gneiss. Gneiss-hosted corundum 
deposits are located mainly in the Tan Huong-Truc 
Lau area of the Day Nui Con Voi range in the Red 
River shear zone (RRSZ, figure 1). Here the partly 
migmatized gneiss contains gray, grayish white to 
bluish, and yellowish gray sapphires, while dark red 
to pinkish ruby occurs in the marble lenses interca- 
lated with gneiss and in the weathered feldspathic 
pegmatoid rocks (Khoi et al., 2011, 2016). The gemo- 
logical properties of corundum from the Tan Huong— 
Truc Lau area and the mineralogy, petrology, 
pressure-temperature (P-T) formation conditions, 
and genetic model of these gneiss-hosted deposits 
were reported by Khoi et al. (2011, 2016). 


( are host occurrences in northern Vietnam 
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One of the remarkable phenomena of these deposits 
is that in some secondary (alluvial and diluvial) and pri- 
mary deposits, the corundum is frequently surrounded 
by a well-developed spinel corona. This corona mainly 
follows the morphology of the corundum crystal. 
These encrusted stones have an unattractive yellowish 
gray or brownish gray to almost black appearance until 
the spinel corona is removed to occasionally uncover 
a gem-quality corundum core (figure 2). 

Several questions related to this mineral assem- 
blage arise. Why did the spinel corona form around 
the corundum core, and what reaction(s) occurred 
during the corundum — spinel transformation? What 
were the characteristics of the corundum before this 
transformation, and how was its quality affected 
afterward? What was the original host rock? These 
questions are of scientific and also economic impor- 
tance. According to the information from DOJI’s 
Truc Lau mine (Khoi et al., 2011), approximately 
30% of the corundum recovered from this type of de- 
posit has a spinel corona, which sometimes hides the 
gem-quality corundum core almost entirely. To an- 
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QUATERNARY 
|_| Sediments 


NEOGENE 
{)) Sediments 


PALEOGENE 
Tan Huong Complex: biotite granite, 
granosyenite, pegmatite 

TRIASSIC 


ie Nui Chua Complex: pyroxene gabbro, 
gabbrodiorite, hornblende diorite 
| 


NEOPROTEROZOIC-CAMBRIAN 
An Phu Formation: graphite-bearing marble, 
two-mica schist 


| Thac Ba Formation: quartz-mica schist, 
epidote-biotite-hornblende schist, marble 


PALEO-MESOPROTEROZOIC 
i Ngoi Chi Formation: quartz-biotite- 
sillimanite-garnet schist, amphibolite, marble 


Phia Bioc Complex: biotite granite, 
pegmatite, aplite 


Nui Voi Formation: biotite-sillimanite- 
garnet plagiogneiss, amphibole gneiss, 
amphibolite, diopside marble 


CORUNDUM DEPOSITS 
Khoan Thong—An Phu area (“old mines”) 


I Primary @ Secondary 
Tan Huong-Truc Lau area (“new mines”) 
©. Secondary 


Primary 


“ Fault = Road 


swer these questions, we have conducted a petro- 
graphic (macro- and microscopic) and chemical study 
of corundum with an associated spinel corona. This 
data set, together with available published P-T con- 
ditions of the host rocks (Khoi et al., 2016) and ther- 
modynamic phase equilibria calculations as well as 
inclusions in mineral phases, was used to explain the 
genesis of the spinel corona. 


VIETNAMESE CORUNDUM WITH SPINEL CORONA 


Figure 1. Simplified geo- 
logic map showing the 
locations and rock for- 
mations of the gneiss- 
hosted corundum 
occurrences in the Day 
Nui Con Voi range and 
marble-hosted occur- 
rences in the adjacent 
Lo Gam structural zone 
(modified after Xuyen, 
2000 and Vinh, 2005). 


GEOLOGICAL SETTINGS 

Corundum occurrences and deposits in northern Viet- 
nam’s Yen Bai Province are located in marble and in 
partly migmatized gneiss of the Red River shear zone. 
The more than 1,000 km NW-SE trending RRSZ fault 
zone is one of Southeast Asia’s most distinct geological 
discontinuities with a left-lateral shear sense. Along 
the shear zone, several suites of high-grade metamor- 


Figure 2. Some en- 
crusted stones have an 
unsightly yellowish 
gray or brownish gray 
appearance until the 
spinel corona is cut 
away to reveal a gem- 
quality corundum core 
with an appealing color 
and possibly a star ef- 
fect (right). Photos by 
N.N. Binh, DOJI Gold 
@& Gems Group. 
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phic rocks were exhumed (see figure 1) between 35 and 
17 million years ago (Leloup et al., 1995, 2001). 

The gneiss-hosted corundum deposits in Tan 
Huong-Truc Lau are located entirely within the Day 
Nui Con Voi range, which is composed of high-grade 
metamorphic rocks with sillimanite-biotite-garnet 
gneiss, mica schist, and amphibolite, all locally inter- 
calated with marble lenses. These rocks appear to 
have been intruded by granite, syenite, and pegmatite 
of the Tan Huong magmatic complex (again, see fig- 
ure 1). In contrast, the marble-hosted corundum de- 
posits in the nearby Lo Gam zone occur in a thick 
metasedimentary sequence, composed of marble and 
overlying sillimanite-biotite-garnet schist (Long et al., 
2004). These units, bounded by left-lateral faults, are 
intruded by granitic rocks and related pegmatite of 
Triassic age (Trinh and Vinh, 1997). 

“Ar/*Ar dating of biotite and phlogopite syn- 
genetic with corundum has yielded an Oligocene 
minimum age for the deposits in the Lo Gam tec- 
tonic zone and a Miocene minimum age for those in 
the Day Nui Con Voi range (Leloup et al., 2001; Gar- 
nier et al., 2002, 2008; Khoi et al., 2016). In the Tan 
Huong-Truc Lau area, corundum-hosting lithologies 
can have one of four variations: 


¢ Gneiss to partly migmatized gneiss containing 
gray, grayish white to bluish, and yellowish 
gray sapphire (figure 3, left). Examples include 
the Co Man outcrop at the Truc Lau valley and 
the Kinh La occurrence (Long et al., 2004; 
Thuyet, 2008; Nam, 2012; Khoi et al., 2016). 

¢ Weathered feldspathic (pegmatoid) rocks usu- 
ally found within gneiss, hosting dark red to 
pinkish ruby crystals. Occurrences include 
Slope 700 (figure 3, right) and kilometer markers 
13, 15, and 23 along National Road 70 (Nam, 
2012, Khoi et al., 2016). 


e Marble in lenses and boudins intercalated 
within gneiss, mica schist, and amphibolite, 
containing ruby and sapphire—for example, the 
Slope 700 outcrop (Bao Ai occurrence), the Tan 
Huong drill core (Long et al., 2004), and the 
Truc Lau mine. 


e Amphibolite transformed by metasomatism 
into biotite schist, bearing gray to dark gray 
sapphire—for example, the Km 15 occurrence 
(Long et al., 2004). 


The corundum-bearing host rocks in the Tan 
Huong—Truc Lau area appear to have originated from 
the metamorphism of fine-grained sediments of vari- 
able composition (Katz, 1972, 1986; Simandl and Par- 
adis, 1999; Khoi et al., 2010, 2011, 2016). For example, 
gneiss from the Co Man outcrop and the Kinh La oc- 
currence has a wide compositional range: 50-90% 
feldspar, up to 40% biotite, and up to 20% sillimanite. 
In addition, ruby-bearing feldspathic rocks (e.g., the 
Slope 700 outcrop) typically consist of K-feldspar and 
biotite (or vermiculite; again, see figure 3, right). Tem- 
peratures of 650—760°C and pressures of 5—7.6 kbar 
have been calculated for the metamorphism and 
corundum formation, which corresponds to upper am- 
phibolite to lower granulite facies (Khoi et al., 2016). 

The primary deposits and host rocks are usually 
deeply weathered, forming numerous secondary de- 
posits. The secondary (eluvial, diluvial, and alluvial) 
corundum deposits generally contain dark red ruby, 
pink sapphire, and red and brown spinel, as well as 
some garnet, trapiche-like bluish gray sapphire, sil- 
limanite, and quartz. Corundum samples with spinel 
corona have been found in different primary and sec- 
ondary deposits and occurrences in the Tan Huong-— 
Truc Lau area. For this study, specimens were taken 
from the Kinh La primary occurrence and the Truc 
Lau secondary (alluvial) deposit. 


Figure 3. Left: This sample 
of corundum-bearing gneiss 
from the Co Man outcrop 
contains mainly feldspar, 
biotite, sillimanite, and sap- 
phire crystals up to 3 cm 
long. Right: Weathered 
feldspathic rock from the 


Slope 700 outcrop typically 
consists of kaolinite (KIn), 
vermiculite (Vrm), and ruby 
(Crn). Photos by N.V. Nam. 
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The Kinh La (Km 13) occurrence is located 2 km 
southwest of the Tan Huong mine, at 21°48'55"N, 
104°52'12"E (again, see figure 1). The gem-bearing 
body is 0.1 to 1 m thick and 100 m long. The corun- 
dum ranges in color from black to bluish gray and 
from 0.1 to 5 cm in size (figure 4). 

The Truc Lau deposit, located at 22°02'05"N, 
104°40'46"E, occupies a large valley, about 5 km long, 
that contains eluvial and alluvial sediments (Khoi et 
al., 2011). The eluvium consists of three layers: top- 
soil (averaging 1 m thick); a gem-bearing layer (0.8-1 
m thick) containing corundum and spinel that is 
composed of pebble, gravel, and sand; and a deeply 
weathered gneiss layer (3 m thick) that typically con- 
tains ruby and sapphire. Compared to the eluvium, 
the alluvial deposits at Truc Lau are thicker (approx- 
imately 10 m thick]. Ruby, sapphire, and spinel are 
found within a gravel paleoplacer (1.2-5.0 m thick) 
that lies on bedrock and is buried below 0.5-3.5 m of 
Quaternary sediments and 0.5—1.5 m of topsoil (Khoi 
et al., 2011). 

Gem corundum here usually shows a tabular 
crystal form with deformed polysynthetic twinning 
along rhombohedral faces, and growth zones are typ- 
ically sharp. Colors range from pink to pinkish red, 
and color irregularities such as zoning and spots or 
patches are rare. Many stones, particularly the sap- 
phire, have low transparency due to abundant frac- 
turing and inclusions. Mineral inclusions such as 
ilmenite, magnetite, plagioclase, muscovite, biotite, 
apatite, zircon, and chlorite are found in corundum 
from the primary deposits. Among these, dark inclu- 
sions (e.g., biotite, ilmenite, and magnetite} are most 
common. Primary and secondary gas-liquid inclu- 
sions also occur frequently in this corundum. Com- 
mon mineral inclusions in corundum from the 
secondary deposits are rutile, ilmenite, zircon, ap- 
atite, plagioclase, calcite, boehmite, and mica (mar- 
garite and muscovite), nearly identical to those in 
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Figure 4. In this outcrop 
at the Kinh La occur- 
rence, several samples 
of primary corundum 
with spinel corona were 
collected for this study. 
Bt = biotite, Kfs = K- 
feldspar, Crn = corun- 
dum, Spl = spinel. 
Photos by N.N. Khoi. 


corundum from the primary deposits (Khoi et al., 
2011, 2013, 2016). 


MATERIALS AND METHODS 

For this study, we analyzed 53 samples of corundum 
with spinel corona: 18 from the Kinh La primary oc- 
currence and 35 from the Truc Lau placer deposits 
(figures 5-7). These samples were initially investi- 
gated using optical microscopy (gemological and 
petrological) and scanning electron microscopy 
(SEM). Mineral inclusions were identified with the 
help of Raman spectroscopy, SEM, and optical mi- 
croscopy. A quantitatively equipped SEM microscope 
was subsequently used to analyze mineral chemistry 
of both the corundum host and the spinel corona in 
several specimens. Laser ablation-inductively cou- 
pled plasma—mass spectrometry (LA-ICP-MS) was 
applied for trace-element analysis of these samples 
as well as other alluvial gem corundum from Truc 


Figure 5. Gray corundum coated by a black spinel 
(hercynite) layer, from the Kinh La primary occur- 
rence. Photo by N.V. Nam. 
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Lau for comparison and further discussion. Some of 
the chemistry data used in this study—such as trace- 
element composition of the corundum core and mi- 
croprobe analyses of the spinel corona and other 
coexisting minerals from the Kinh La primary occur- 
rence—were published previously (Khoi et al., 2013, 
2016). 

Major elements were determined by SEM analy- 
sis, using a JEOL 6310 unit equipped with a Link ISIS 
energy-dispersive X-ray (EDX) spectrometer and a 
Microspec wavelength-dispersive X-ray (WDX) spec- 
trometer at the NAWI Graz Geocenter, Department 
of Petrology and Geochemistry, Karl Franzens Uni- 
versity in Graz, Austria. Accelerating voltage was set 
to 15 kV and sample current to 6 nA on a probe cur- 
rent detector (PCD). The elements Al, Mg, and Zn 
were determined by EDX; Ti, Cr, and Fe were quan- 
tified by WDX. Detection limits were around 0.1 
wt.% for EDX and about 0.03 wt.% for WDX. For ad- 
ditional analyses we used a JEOL JXA-8100 electron 
probe microanalyzer (EPMA) at the Department of 
Geology, Chulalongkorn University in Bangkok. 

Trace elements were determined by LA-ICP-MS 
using an ESI NWR193 laser ablation unit coupled to 
an Agilent 7500 ICP-quadrupole MS at the NAWI 
Graz Central Lab for Water, Minerals and Rocks, Uni- 
versity of Graz and Graz University of Technology. 
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Figure 6. Left: Rough 
stones from the Truc 
Lau secondary deposit, 
some of which contain 
a spinel corona. Right: 
Twelve pieces of corun- 
dum with spinel corona 
were selected from the 
lot and used for this 
study. Photos by N.N. 
Khoi. 


Material was ablated using a 193 nm laser pulsed at 9 
Hz and a 75 um spot size corresponding to an energy 
of ~7 J/cm?. Helium was used as a carrier gas at ~0.8 
L/min flow, and data was acquired in time-resolved 
mode. NIST 610 and 612 glasses were routinely ana- 
lyzed for standardization and drift correction. The 
glass standard BCR-2 was analyzed as an unknown 
and could be reproduced to within a 10% relative 
error. Aluminum was used as an internal standard. 
Mineral abbreviations presented here follow Whitney 
and Evans (2010). 


MACROSCOPIC AND MICROSCOPIC STUDY 
Corundum with Spinel Corona from Primary De- 
posits. At Kinh La, corundum occurs in a sillimanite 
+ biotite + plagioclase + K-feldspar + ilmenite + gar- 
net + hercynite + magnetite migmatitic gneiss. The 
corundum crystals are often coated by hercynite-rich 
spinel (figures 5 and 8), with or without signs of cor- 
rosion. The corundum core in the samples is gray to 
dark gray, while the spinel rim is dark gray to black. 
The size of the corundum core frequently ranges 
from 10 to 30 mm, while the spinel corona has a 
thickness of a few millimeters to several centime- 
ters. As can be seen in figure 8, the thickness of the 
spinel corona increases at the expense of the corun- 
dum core. 


Figure 7. Spinel-coated 
ruby (left) and sapphire 
(right) crystals from the 
Truc Lau deposit. Pho- 
tos by N.N. Khoi. 
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Figure 8. Gray corundum coated by a dark spinel co- 
rona in sillimanite + biotite + plagioclase + K-feldspar 
+ ilmenite + garnet + hercynite + magnetite 
migmatitic gneiss. Sample H7005 from the Kinh La 
occurrence. Photo by N.N. Khoi. 


Under transmitted light, coarse twin lamellae and 
fractures are prominent in the corundum core. Fre- 
quently encountered in the corundum are ilmenite 
and magnetite inclusions (figure 9), as well as some 
zircon and apatite. 

Under transmitted light, the spinel corona is green 
to deep green in color (figure 10) and translucent. It oc- 
curs as coarse xenoblastic crystals that formed during 
metamorphic overprint and took their outlines from 
neighboring crystals. Common inclusions in the 
spinel are biotite and K-feldspar. K-feldspar and pla- 
gioclase (figure 10) usually account for 20-70% of the 
ground mass, occurring as aggregates of tabular sub- 
hedral to anhedral crystals together with corundum, 
biotite, and hercynite. Biotite, accounting for 10-90% 
of the samples, occurs as aggregates of brown millime- 
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ter-sized flakes or alternating with K-feldspar, plagio- 
clase, spinel, and corundum. 

Petrographic study of the samples also revealed 
other minerals, such as sillimanite, garnet, and quartz. 
The sillimanite usually has a long prismatic, needle- 
like shape. The garnet is subhedral to anhedral, 
strongly fractured, and millimeter- to centimeter-sized 
(figure 11). 


Corundum with Spinel Corona from Secondary De- 
posits. Figure 12 shows hand specimens of corundum 
with spinel corona collected from the Truc Lau sec- 
ondary deposit. The color of the corundum core shows 
much more variety than samples from primary de- 
posits, ranging from white to gray to pink, pinkish red, 
and dark red. The shape of the internal corundum is 
mostly irregular to subrounded, and the boundary of 
the surrounding spinel corona is marked by a sharp 
change in color. Signs of corrosion are apparent in 
some samples. Almost all of the internal corundum 


In Brief 


¢ Corundum deposits in northern Vietnam are hosted 
mainly in marble and gneiss. 


e An interesting phenomenon that occurs in some 
corundum found in the gneiss-hosted deposits is a rim 
or “corona” of spinel. 


¢ This spinel corona, which formed through metamor- 
phic reactions, causes a substantial deterioration of the 
gem quality of the ruby and sapphire. 


grains are fractured to some extent and range in size 
up to tens of millimeters, and in rarer cases up to hun- 


Figure 9. Ilmenite inclu- 
sions in corundum core 
from the Kinh La occur- 
rence, shown in cross- 
polarized light on the 
left and as a backscat- 
tered electron (BSE) 
image on the right. 
Photomicrographs by 
C.A. Hauzenberger. 


Corundum 
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Figure 10. Spinel (hercynite), biotite, and K-feldspar in 
sample H7005, migmatized corundum-bearing gneiss 
from the Kinh La occurrence, shown in parallel-polar- 
ized light. Photomicrograph by N.V. Nam; field of 
view 1.2 mm. 


dreds of millimeters. Some corundum grains show a 
distinct corona texture due to the presence of a spinel 
rim. The spinel corona has gray, dark gray to yellow, 
brown, and sometimes pink to grayish red color with 
a thickness ranging up to tens of millimeters. Grains 
have either comb-like (palisade) or xenoblastic texture. 

In general, four different types of corundum sam- 
ples with spinel corona from secondary deposits can 
be recognized (again, see figure 12): 


Type I: A nearly inclusion-free ruby crystal sur- 
rounded by a dense, nearly inclusion-free Mg- 
spinel (figure 12.A) 

Type II: A sapphire crystal surrounded by a thin, 
palisade-type Mg-spinel rim (figure 12B) 


Figure 11. Biotite and garnet in sample H7005 from 
the Kinh La occurrence, shown in cross-polarized 
light. Photomicrograph by N.V. Nam; field of view 
1.2 mm. 


Type III: A pink sapphire/ruby surrounded by a 
dark Mg-Fe-Al spinel phase (figure 12.C) 

Type IV: A sapphire surrounded by a hercynite- 
rich spinel (figure 12D) 


Inclusions were generally rare in all four types. In 
each type, corundum typically contains Al-hydroxide 
and subordinate rutile inclusions (figure 13A). In the 
type I sample, calcite and dolomite were found in the 
spinel rim (figure 13B) while a Ba-rich feldspar and pla- 
gioclase were found in the corundum. The spinel rim 
in type II samples was partially developed as a series 
of elongated grains growing perpendicular to the sap- 
phire surface and was either completely free of inclu- 
sions or showed only a few small calcite and dolomite 


Figure 12. Samples of corundum with spinel corona from the Truc Lau secondary deposit. Photos by C.A. 


Hauzenberger. 
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inclusions (figure 13C). In one type II sample, sap- 
phirine, fluorian pargasite, and fluorian phlogopite 
were identified in the spinel corona (figure 13D). Type 
III samples contain phlogopite and chlorite within the 
spinel corona (figure 13E). Type IV contains numerous 
ilmenite inclusions and a smaller number of apatite, 
monazite, and zircon inclusions (figure 13F). 


CHEMICAL COMPOSITION 

Corundum with Spinel Corona from Primary De- 
posits. The major element compositions of the corun- 
dum cores in samples from the Kinh La primary 
occurrence are shown in table 1, while trace-element 
contents by LA-ICP-MS analysis are from table 2.a in 
Khoi et al. (2016). In general, the corundum core 
showed high Fe content (5119 to 5717 ppm) and low 
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a, 
“oe Figure 13. BSE images of 
inclusions in corundum 
cores and spinel corona. 
A: Al-hydroxide in 
corundum. The spinel is 
an inclusion-free type I. 
B: Dolomite and calcite 
inclusions in type I 
spinel. C: Apatite, sap- 
phirine, F-phlogopite, 
and F-pargasite in the 
spinel corona of the type 
II sample. D: Palisade 
spinel rim around a sap- 
phire (type II sample). E: 
Phlogopite, chlorite, and 
sapphire within the 
spinel corona (type III 
sample). F: Sapphire sur- 
rounded by a hercynite- 
rich spinel containing 
inclusions of ilmenite 
and monazite (type IV 
sample). Images by C.A. 
Hauzenberger. 
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Ti and Cr content (16 to 81 and 55 to 62 ppm, respec- 
tively). Other elements such as Ga, Mg, and V were 
found in all samples, but with low content. 


TABLE 1. Major element composition? (wt.%) of 12 sam- 
ples of corundum core from the Kinh La primary deposit. 


Oxide Content 

Al,O, 99.15-99.36 (99.25) 
TiO, 0.12-0.21 (0.22) 
Cr,O, 0.00-0.09 (0.05) 
FeO 0.45-0.97 (0.25) 
Total 99.80-100.54 (100.10) 


“Analyzed by EPMA. Values are averaged from three to five analyses. Average 
oxide contents are shown in parentheses. 
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TABLE 2. Major element composition? (wt.%) of corundum cores from the Truc Lau secondary deposit. 


Sample TLM2 TLM3 TLM5 TLM6 TLM7 TLL5 
Al,O, 99.88 99.86 99.15 99.97 99.43 99.60 
TiO, 0.035 0.040 <0.03 <0.03 0.067 0.033 
Cr,O, 0.238 0.162 0.233 0.160 <0.03 0.090 
FeO <0.03 0.053 0.054 0.075 0.501 <0.03 
Total 100.15 100.11 99.44 100.21 100.00 99.73 


“Values are averaged from three to five analyses. 


Representative analyses of the spinel rim and 
other minerals encountered with corundum from 
the Kinh La primary occurrence were also presented 
in tables 3.a through 3.d of Khoi et al. (2016). Gener- 
ally, minerals of the samples from Kinh La are ex- 
tremely iron-rich. The spinel is nearly pure 
hercynite with very low V and no Cr and Zn con- 
tent. Garnet was observed in only one sample, with 
~80 mol.% almandine content, grossular and pyrope 
contents of ~10 mol.% each, and spessartine below 
5 mol.%. The biotite is nearly pure annite with 
some Tschermak substitution and up to 5 wt.% 
TiO,. The feldspathic matrix usually consists of pla- 
gioclase with X,, of ~0.75 and K-feldspar with albite 
content of about 25 to 30 mol.%. Magnetite and il- 
menite are frequently encountered, either as inclu- 
sions in corundum, spinel, and garnet or as single 
phases in the matrix. 


Corundum with Spinel Corona from Secondary De- 
posits. Tables 2 and 3 present the analyses of the 
corundum core. Ruby has relatively low Cr,O, val- 
ues. The TiO, concentrations are below the detection 
limit and the FeO values slightly above. The sapphire 
sample contained about 0.5 wt.% Fe,O, and very low 
Cr,O, and TiO, values. 

Spinel corona compositions are shown in table 4. 
The composition is of a nearly pure Al-Mg spinel 


TABLE 3. Trace-element composition* of corundum 
cores from the Truc Lau secondary deposit (ppma). 


Sample °Be *Mg Ti SV 8Cr Fe 7'Ga  '8Sn 
TLM2 ~=-<0.05 68.1 142 196 940 154 61.0 6.20 
TLM3 = <0.05 67.6 108 23.1 926 «30.2 31.1 0.21 
TLM5 = <0.05 394 466 288 1304 11.1 533 0.18 
TLM6 =-<0.05 57.6 82.3 349 1338 604 107 0.54 
TLM7 = <0.05 131 363 6.59 <1 2572.1 74.5 1.12 
TLL5 <0.05 82.6 126 248 674 837 44.2 0.20 


“Values are averaged from three to five analyses. 
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(sensu stricto), with only minor amounts of FeO 
(<0.7 wt.%, except the spinel corona around sapphire 
in one sample, with FeO = 1.27 wt.%), Cr,O,, and 
ZnO. 


GENESIS OF SPINEL CORONA AROUND 
CORUNDUM 

Corundum with Spinel Corona from Primary De- 
posits. In many unaltered corundum-bearing rocks 
from primary deposits, the corundum crystals were 
enclosed by a spinel corona (figures 5 and 8). Petro- 
graphic investigation and, to some extent, the chemi- 
cal composition of corundum grains with spinel 
corona from primary occurrences can be used to ex- 
plain the genesis of the spinel corona. The Mg-Fe-Al- 
rich spinel and the hercynite-rich spinel corona 
samples were formed in migmatitic SiO,-undersatu- 
rated and Fe-rich gneiss. The mineral assemblage is 
typically corundum surrounded by a hercynitic 
spinel—magnetite phase, Fe-rich biotite, plagioclase, K- 


Figure 14. Corundum + spinel + biotite + garnet min- 
eral assemblage from the Kinh La occurrence, shown 
in parallel-polarized light. Photomicrograph by N.V. 
Nam; field of view 1.2 mm. 


Gems & GEMOLOGY WINTER 2018 


TABLE 4. Major element composition? (wt.%) of spinel rims on corundum from the Truc Lau secondary deposit. 


Sample TLM2 TLM3 TLM5 TLM6 TLM7 TLL5 
Al,O, 69.47 70.59 70.09 70.46 69.58 70.00 
TiO, <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 
c,0, 0.208 0.114 0.266 0.130 <0.03 0.326 
FeO 0.353 0.654 0.050 0.667 1.272 0.255 
MgO 28.52 28.90 28.86 28.89 28.51 28.97 
ZnO 0.74 0.11 <0.1 <0.1 0.16 <0.1 
Total 99.29 100.37 99.26 100.14 99.52 99.55 


“Values are averaged from three to five analyses. 


feldspar (figures 10, 15, and 17). In some samples the 
corundum and spinel are surrounded by garnet (alman- 
dine + pyrope + grossular or almandine-rich garnet; fig- 
ures 14 and 16) and sillimanite (figure 16). 

The significant amounts of Fe and Mg contained 
in the spinel grains, along with textural observations, 
suggest that the spinel might have been formed by 
the reaction of corundum and Mg-Fe containing sil- 
icate mineral, biotite, and/or garnet. 

In the same calc-silicate rock were some portions 
with abundant biotite mica and some where it had 
been exhausted. Generally, corundum-bearing rocks 
were subjected to regional upper amphibolite to lower 
granulite facies metamorphism (about 650-760°C and 
5.0-7.6 kbar; Khoi et al., 2016). In spite of these con- 
ditions, the corundum could have been stable during 
metamorphism. During prograde metamorphism, 


Figure 15. Corundum with hercynite-rich spinel co- 
rona in a sample from the Kinh La primary occur- 
rence, shown in cross-polarized light. Photo- 
micrograph by N.V. Nam; field of view 1.2 mm. 
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however, the corundum-bearing assemblages reacted 
with biotite to form spinel. This reaction is depend- 
ent not only on pressure and temperature, but also on 
the composition of the fluid phase (ratio of H,O to 
CO,), and thus it may occur in one locality but not in 
another due to different fluid compositions. Observa- 
tions revealed that the outer edge of the corundum 
was eroded to varying degrees and became less hexag- 
onal, and the corundum core became thinner and 
thinner, while the spinel corona around the corun- 
dum crystal became thicker depending on the differ- 
ent stages of reaction (see figure 17, stages 1 to 4). 
Therefore, it is assumed that a reaction between 
corundum and biotite mica formed spinel as the 
major product along with K-feldspar: 


(1) Biotite 
K(Mg, Fe),[A1Si,O 


3 ~ 10- 


Corundum Spinel K-feldspar Fluid 
(OH), +3ALO0>+ 3(Mg, Fe)AI,O, + KAISi,O, + H,O 


Figure 16. Corundum + spinel + garnet + sillimanite 
assemblage in a sample from the Kinh La primary oc- 
currence (parallel-polarized light). Photomicrograph 
by N.V. Nam; field of view 1.2 mm. 
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--also revealed by the microscope, he found 
to be typical of emeralds from Colombia. 

Although it was noted that the three- 
phase inclusion was also a characteristic in 
Russian emeralds, the distribution, kind and 
shape of the solid inclusions in the Jatter 
group were entirely different. 

In the winter of 1940 he described results 
of additional research with Ceylon rubies, 
and outlined more fully their characteristic 
and distinguishing inclusions. He told of 
his discoveries that rubies from Ceylon con- 
tain solid, liquid, and gaseous inctusions 
which differentiate them markedly from 
other rubies. Not only did he examine many 
stones in order to substantiate his original 
belief concerning the significance of inclu- 
sions, but each of these important discoveries 
was photographed under the microscope to 
provide a record of his findings. 

One of Dr. Gubeclin’s main objectives was 
to make available to other gemologists these 
illustrations of his findings particularly in 
reference to synthetic materials. Because 
chemical and physical properties of both 
genuine and synthetic gemstones are identi- 
cal, the logical means of distinguishing be- 
tween them is by examination of inclusions. 

In the Summer 1942 issue of Gems & 
Gemology he reported his findings on Euro- 
pean synthetics. The long study and cxam- 
ination of synthetic corundum had resulted 
in numerous photomicrographs of typical 
inclusions which do not appear in the gen- 
uine. Results of his study of synthetic spinel 
were given at the same time. 

“The problem of classification of gem- 
stones in accordance with their sources of 
origin has always challenged my special 
interest and has prompted me to carry on 
extensive research in this matter,” he stated 
later that year. “In spite of the fact that 
opinions have been expressed to the effect 
that the differences in gemological proper- 
ties were insufficient and that, thercfore, no 
accurate and convincing method could be 
achieved; I would like to attempt to prove 
in this paper,’ he continued, ‘‘the existence 
of such distinctly discriminating properties 


which permit a definite identification.” 

As in a previous article on rubies, he 
described and pictured characteristics and 
typical inclusions in sapphires which re- 
vealed not only their identity but also would 
assist the gemologist in determining the 
origin of a given sapphire. In the winter of 
the same year, and again in the spring of 
1943, he continued to write on the subject 
and to give evidence of the accuracy of his 
findings by using photomicrographs. 

As more and more stones were scrupu- 
lously tested, this method was regarded as 
more efficient and reliable, and of sound 
value in identifying gemstones and proving 
their source of origin. 

Beginning in the summer of 1944, and 
continuing through the spring of the follow- 
ing year, a number of papers were prepared 
by Dr. Gubelin on “Gemstone Inclusions” 
which were largely a summary of important 
facts he had established during his years 
of research, although, at this time, he also 
revealed important new developments and 
corroborated observations made in the past. 

In an article appearing in 1945 he dis- 
cussed characteristic inclusions found in gar- 
nets. He called attention to the numerous 
errors made in identifying green demantoid 
and explained that absolutely typical and 
ever-recurring inclusions had consistently 
been observed. A knowledge of this means 
of identification would have precluded the 
many errors previously made in such identi- 
fications. He pointed out how hessonite, by 
a study of its inclusions, can be readily dis- 
tinguished from gems of similar appearance 
and color such as zircon, tourmaline, citrine, 
or brown imitations. In this series of articles 
on garnets he also showed how source of 
origin can be confirmed through the pres- 
ence of typical inclusions. 

All of this work has been compiled tn 
the new text Izclusions as a Means of Gem- 
stone Identification. Unlike the average text 
which has but a few illustrations, Inclusions 
as a Means of Gemstone Identification con- 
tains 258 photomicrographs of characteristic 
inclusions carefully selected from Dr. Gube- 
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Figure 17. Observed stages of spinel corona forma- 
tion around corundum grains. As can be seen, from 
stage 1 to stage 4 the spinel rim around the corun- 
dum crystal became progressively thicker, while the 
corundum core became thinner (until exhausted) and 
less perfectly hexagonal. Photo by N.N. Khoi. 


This reaction could have been continuous until 
all the mica was exhausted or the corundum grains 
were completely transformed into spinel (see figure 
17, stage 4). The reaction suggested on the basis of 
investigations of a hand specimen (figure 17) and a 
thin section (see figure 15) is illustrated in figure 18. 

The corundum-spinel reaction would have con- 
tinued until all the adjoining biotite was exhausted. 
This type of reaction is fluid dependent, and the 
chemical potential gradient in Al,O, is the main driv- 
ing force. As a result of this type of reaction, the qual- 
ity of corundum was significantly reduced for almost 
all of the samples in the study. 
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If garnet and sillimanite are present in the sam- 
ples, the following reaction can be proposed: 


(2) Garnet 
(Fe, Mg),Al,[SiO 


Sillimanite 


3Al0{AISiO,] 


Corundum Spinel 
+ 5Al0, — 3(Mg, FeJALO, + 


als 


The above reactions, alone or in combination, are 
responsible for the observed corundum-spinel tex- 
tural features. 


Corundum with Spinel Corona from Secondary De- 
posits. Since samples recovered from secondary de- 
posits are not enclosed in their original host rock, 
mineral compositions and inclusions must be used 
to determine the source and possible mineral reac- 
tion that led to the observed spinel-corundum tex- 
ture. The spinels in types I and II are pure Al-Mg 
spinels (see table 4) with calcite and dolomite inclu- 
sions (see figure 13B). The chemical composition 
points toward an Fe-poor host rock, either (a) ultra- 
mafic rock (containing some Fe) or (b) metacarbonate 
(marble). Based on the scarcity of ultrabasic rocks and 
the nearly Fe-free spinel composition, we conclude 
that this type of corundum with spinel corona most 
likely developed in a metacarbonate rock. Addition- 
ally, the calcite and dolomite inclusions in the spinel 
corona clearly point toward this host rock source. 
Corundum typically forms in metacarbonate rocks 
during prograde metamorphism from an originally 
sedimentary deposited Al-hydroxide phase such as 
diaspore and/or boehmite. With increasing tempera- 
ture, corundum could transform to spinel if dolomite 
is present by the following reaction (Hauzenberger et 
al., 2010, 2012; Hager et al., 2010): 


(3) Dolomite 


Carbon 
Spinel Calcite dioxide 
— 3MgAlO, + 3CaCO, + 3CO, 


Corundum 


3MgCa(CO,), + 3Al,0, 


Figure 18. Schematic 
illustration of the non- 
uniform enlargement of 
spinel corona due to 
the reaction of corun- 
dum and biotite. 
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Figure 19. T vs. X.,, diagram showing the phase relations and mineral reactions that formed the spinel corona. 
The arrows indicate the possible direction to overstep the reactions (T increase or change in fluid composition). 
Spl = spinel, Kfs = K-feldspar, Sil = sillimanite, Bt = biotite, Crn = corundum, Dsp = diaspore, Cal = calcite, and 


Dol = dolomite. 


Similar to the samples from primary sources, the 
outer edges of the corundum core were also eroded to 
different extents, suggesting a disequilibrium between 
the two phases. As a result, the spinel rim around the 
corundum crystal became thicker and the corundum 
core became less perfectly hexagonal, depending on 
the stage of this corundum-consuming reaction (see 
figure 12). The difference between the spinels of dif- 
ferent stages clearly indicates the role of the above hy- 
pothesized reaction, which led to the increase in the 
amount of spinel and thickening of the corona, witha 
simultaneous reduction in the amount of corundum. 

The spinel composition in types III and IV is a her- 
cynite-rich spinel to hercynite with phlogopite inclu- 
sions (see again, figure 13E). In this case the 
above-mentioned reaction (1) could also be hypothe- 
sized for corundum — spinel transformation. 

The three equations above describing reactions of 
corundum — spinel transformation were calculated 
ina T vs. X., diagram (figure 19). A T vs. X., diagram 
is used instead of a P-T diagram to demonstrate the 
importance of fluid composition for the stability of 
mineral assemblages and hence possible mineral reac- 
tions, especially in metacarbonate. The observed 
spinel corona textures are evidence that a reaction 
must have proceeded quickly. While changes in P and 
especially T are usually relatively slow, a change in 
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fluid composition can be accomplished very quickly 
and thus is the likely mechanism to produce the ob- 
served spinel corona. The spinel-forming reactions are 
strongly dependent on the mole fraction of CO, in the 
fluid phase (X,,.). A drop in X,,, below ~0.2 destabi- 
lizes corundum and dolomite, and spinel and calcite 
form at a temperature of about 600—700°C. A final 
late-stage H,O-rich fluid infiltration is recorded in dia- 
spore veins (confirmed by Raman spectroscopy) cross- 
cutting the corundum core as well as the spinel 
corona, as shown in figure 13A. As seen in figure 19, 
this event must have occurred below 450°C. 
Reaction textures in corundum and spinel have 
been studied to some extent elsewhere: by Schmet- 
zer et al. (1996) and Sunagawa et al. (1999) in 
trapiche ruby, by Das et al. (2014) in Indian ruby 
from alluvial deposits, and by Francis et al. (2002, 
2004) in Sri Lankan ruby and sapphire from marble. 
Samples of sapphire with spinel corona were also 
found rarely in pegmatite and nepheline syenite 
rocks at Mogok, Myanmar (Themelis, 2008). The hy- 
pothesized reaction (1) is essentially similar to the 
one proposed by Francis et al. (2002, 2004) for the 
corundum-spinel texture found in marble from Sri 
Lanka (Katz, 1986): 
(4) Phlogopite 
KMg,[AlSi,O 


3 ~ 10. 


Corundum Spinel K-feldspar Water 
OH), + 3Al0, — 3MgAl,O, + KAISi,O, + H,O 
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Figure 20. Cutting away the spinel coating revealed a 
high-quality internal ruby core. Photo by N.N. Khoi. 


Here, the Mg biotite end member phlogopite re- 
acted with corundum to form pure Mg spinel. 

As shown above, corundum occurrences and de- 
posits in northern Vietnam are hosted not only in 
marble of the Lo Gam structural zone, but also in 
partly migmatized gneiss of the Day Nui Con Voi 
range in the Red River shear zone (see again, figure 
1). It is interesting to note that until now corundum 
crystals with spinel corona were found only in the 
so-called gneiss-hosted deposits, both primary and 
secondary, in the Tan Huong-Truc Lau area (Khoi et 
al., 2011, 2016). 

Local gem dealers call the spinel-encrusted corun- 
dum “gamble merchandise” (hang mo bdt) or 
“coated merchandise” (hang boc), indicating the un- 
certainty of dealing with these goods. Cutting away 
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the spinel crust sometimes reveals gem-quality ruby 
inside (figure 20). 


CONCLUSIONS 


Corundum with a spinel corona is a noteworthy 
characteristic of both primary and secondary deposits 
of the Tan Huong-Truc Lau area in the Red River 
shear zone of northern Vietnam. Typically, corun- 
dum formed during regional prograde, upper amphi- 
bolite to lower granulite facies metamorphism 
(650-760°C and 5.0-7.6 kbar) from an originally sed- 
imentary deposited Al-hydroxide phase such as dias- 
pore and/or boehmite (bauxitic layers). 

During high-grade metamorphism, corundum re- 
acts with biotite, garnet, or dolomite at a certain stage 
to form spinel, producing the typical spinel corona. 
This transformation process can be explained by the 
following reactions: 


(a) biotite + corundum — spinel + K-feldspar + 
fluid (H,O) 

(b) corundum + garnet — spinel + sillimanite for 
calc-silicate gneissic rocks 

(c) corundum + dolomite — spinel + calcite + car- 
bon dioxide for metacarbonate rocks 


These reactions, either singularly or in combina- 
tion, might have given rise to the observed corundum- 
spinel textural features. The macroscopic reaction 
textures associated with corundum are important in 
the sense that they reveal how it was affected after for- 
mation. Because of volume change during the trans- 
formation of corundum to spinel, fracturing occurred 
in the involved phases, and these fractures were often 
filled with retrograde reaction products such as dias- 
pore. Hence, the gem quality deteriorated substan- 
tially after the formation of the corona. 
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THE GEMOLOGICAL CHARACTERISTICS OF PIP! 
PEARLS REPORTEDLY FROM PINCTADA MACULATA 


Nanthaporn Nilpetploy, Kwanreun Lawanwong, and Promlikit Kessrapong 


Pipi pearls originating from the bivalve mollusk Pinc- 
tada maculata are usually small natural pearls with a 
desirable and variable range of moderate to strong col- 
ors. This study details their characteristic features, in- 
cluding their internal structures and the spectroscopic 
data that may aid in their identification. The samples 
were examined by microradiography to reveal the 
range of internal structures found within these natural 
pearls. Spectroscopic studies were also employed using 
conventional gemological methods such as ultraviolet- 
visible (UV-Vis) reflectance, Raman, and photolumines- 
cence (PL) spectroscopy. The spectroscopic results 
showed some characteristic patterns such as a distinct 
absorption feature around 495 nm in the UV-Vis spec- 
tra and peaks at 1380 and 1540 cm“ in the Raman 
spectra. The spectral features show some similarities to 
other mollusk species within the same family but may 
still assist gemologists in separating, to some degree, 
Pinctada maculata species from their relatives. 


[: the Polynesian language, pipi means “small” or 
“tiny” and is used to refer to the small, predomi- 
nantly yellow or “golden” pearls that originate from 
the bivalve mollusk Pinctada maculata (Gould, 
1846]. As the smallest mollusk species in the Pinc- 
tada genus, Pinctada maculata rarely exceeds 5 cm 
when measured in the anterioposterior or dorsoven- 
tral positions. The mollusk lives in the Indo-Pacific 
Ocean, mostly around French Polynesia and the 
Cook Islands, where they are often found in associa- 
tion with the Pinctada margaritifera mollusk species 
(Strack, 2006). Pearls from Pinctada maculata often 
form in round to near-round shapes. As the name im- 
plies, the small shells produce small pearls that rarely 
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exceed 8 mm in diameter (Krzemnicki, 2014). Based 
on GIA’s experience, 6 mm or under is more typical 
of the species. 

Pipi pearls are known to occur as natural pearls 
rather than cultured and, compared with other Pinc- 
tada species, are deemed rare. One report recorded 
only one gem-quality pearl found from a total of 355 
mollusks (Passfield, 1997). In 1950, several cultured 
pearl experiments using Pinctada maculata repotrt- 
edly took place but were unsuccessful (Segura et al., 
2014). In the late 1990s, a few Pinctada maculata 
cultured blister pearls resulted from experiments in 
the waters off Penrhyn, an island in the northern 
atoll of the Cook Islands (Kessrapong et al., 2017). 
The nacre covering the bead nuclei did not fully over- 
grow the nuclei, however, and this attempt was not 
very successful. Some reports suggest that the Pinc- 
tada maculata mollusk is not abundant enough for 


In Brief 


¢ Pearls originating from the Pinctada maculata mollusk 
are rare and no known commercial cultured pear! pro- 
duction has been reported. 


Previous studies on pipi pearls were less comprehen- 
sive than this work and the results provide some infor- 
mation on the characteristics that may assist in the 
identification of pearls produced by the Pinctada mac- 
ulata mollusk. 

e The combination of the nature of a pearl's internal 
structure via microradiography and its spectroscopic 
results (ultraviolet visible (UV-Vis) reflectance, Raman, 
and photoluminescence (PL) spectroscopy) help indi- 
cate whether a pearl formed in a Pinctada maculata 
mollusk or another species. 


commercial exploitation. Local regulations also pro- 
tect them from being harvested by foreigners, further 
limiting the chances of cultured pearl production 
(Buscher, 1999). Given the limited documentation of 
Pinctada maculata cultured pearls, it is almost cer- 
tain that all pearls currently fished from the species 
are natural pearls. 
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Figure 1. Pinctada maculata pearls alongside a Pinctada maculata mollusk valve with an attached blister pearl. The 
pearls range from 2.20 mm to 6.49 x 4.83 x 4.49 mm, and the shell measures approximately 28.54 x 26.50 mm. 
Photo by Nuttapol Kitdee. 


The spectroscopic data of Pinctada maculata 
shells and pearls appear to show some characteristic 
features that would help with their identification. 
While some previous work on the spectra of Pinctada 
maculata pearls has been undertaken (Segura et al., 
2014), the results were inconclusive and could not 
specify the mollusk. The authors decided to pursue 
this study to record the characteristic features of re- 
ported Pinctada maculata pearls in order to share the 
data with the wider gemological community. 


MATERIALS AND METHODS 

GIA’s Bangkok laboratory received 31 pearl samples 
that were claimed to be natural Pipi pearls originat- 
ing from Pinctada maculata mollusks. One shell 
sample included an attached blister or blister pearl 
(figure 1). The pearls varied widely in color and ex- 
hibited a range of different tones. Colors within the 
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group included white, cream, yellow—some of 
strong saturation, referred to as “golden” in the trade 
(GIA Pearl Grading Color Reference Charts, 2000)— 
and yellow-orange to dark brown. Their sizes ranged 
from 2.22. x 2.20 mm to 6.49 x 4.83 x 4.49 mm, and 
their weights ranged from 0.06 to 1.00 ct. The shell 
measured approximately 28.54 x 26.50 mm and 
weighed 5.04 grams. As indicated by the measure- 
ments, some of the samples fell within the size range 
known in the trade as “seed pearls.” This term is 
usually applied to very small natural pearls between 
two and three millimeters when sieved (CIBJO, 
2.016). 

Real-time microradiography (RTX) analysis was 
performed on the samples in three orientations using 
a Pacific Industries (PXI) GenX 90 X-ray system with 
4 micron microfocus, 90 kV voltage, and 0.18 mA 
current X-ray source with an exposure time of 200- 
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350 milliseconds per frame, and a PerkinElmer 1512 
4"/2" dual-view flat panel detector with maximum 
128 frames average and 74.8 micropixel pitch with 
1944 x 1536 pixel resolution. Ultraviolet-visible (UV- 
Vis) spectra were obtained using an Agilent Cary 60 
spectrophotometer with a custom-made GIA inte- 
grated sphere diffuse reflectance accessory (DRA) in- 
corporating an 80 Hz xenon flash lamp source. 
Spectra were recorded in the 200-800 nm range with 
a data interval set at 1.0 nm and a 1.5 nm fixed spec- 
tral bandwidth and scan rate of 184.62 nm/min over 
a3.5 mm? area. Raman and photoluminescence (PL) 
spectra were collected using a Renishaw inVia Reflex 
micro-Raman spectrometer system with a 50x mag- 
nification Leica objective lens and a 514 nm argon- 
ion laser. A laser power of 50 mW was used directly 
on the samples, and the system was calibrated using 
the standard internal silicon 520 cm~ method. The 
Rayleigh radiation was blocked using edge filters. The 
laser was set at 100% power with three accumula- 
tions and an exposure time of 10 seconds with a grat- 
ing of 1800 grooves/mm. PL spectra were collected 
with the laser power set at 50% with one accumula- 
tion and an exposure time of 15 seconds with a grat- 
ing of 1200 grooves/mm. The fluorescence reactions 
of the pearls were observed under UV radiation using 
a GIA-designed long-wave UV unit with a 4-watt UV 
lamp emitting 365 nm radiation. A GIA binocular 
gemological microscope was used to observe surface 
structures, determine the nature of the color (namely 
natural or artificial deposition), and assist with the 
detection of any other potential treatments. 


RESULTS 

Internal Structures. Pearls are composed of CaCO, in 
the form of aragonite or calcite, conchiolin (an or- 
ganic component), and water, as well as other resid- 
ual substances (Southgate and Lucas, 2008). The 
radiopacity of the main CaCO, component and the 


Figure 2. Macro images of nine pearls (A-I, left column) 
weighing 0.11-0.97 ct. Photos by Sasithorn Engniwat. 
The RTX results for six pearls (A-F, right column) re- 
vealed natural internal structures, typical of many 
nacreous pearls, while the structures of the other three 
pearls (G-I, right column) showed some features that 
might raise suspicion, such as seed-like features (G-H, 
green arrows) and off-round cores. Radial structure is 
evident in the organic-rich area of pearl I, and the blue 
atrows indicate the twin cores, one of which is ovoid. 
Spectroscopic analysis was also carried out on pearls B, 
D, and G (labeled P593, P587, and P588, respectively). 
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other components differ—the former is denser, while 
the latter are more transparent—allowing the inter- 
nal structures to be viewed on the resulting images 
(Farn, 1986; Webster, 1994). 

Microradiography was carried out on all the Pinc- 
tada maculata pearl samples and revealed clear natu- 
ral pearl structures (Alexander, 1941; Farn, 1986; 
Taburiaux, 1986) in the majority. Growth arcs from 
the center toward the surface of the pearl, akin to the 
ring structure seen in onions or cross-sections of trees, 
together with faint organic-rich shadows positioned 
on the curves of some arcs, all typical of many natural 
pearls (figure 2, A-C), were present in most of the sam- 
ples, although it is the authors’ experience that some, 
such as pearl B, show a very faint structure (figure 2B, 
red arrow}, which is also typical of natural pearls. An- 
other commonly encountered structural feature of 
many natural pearls—a small dark radio-translucent, 
rounded organic-rich core—was also evident in the 
RTX results of many samples (figure 2, D-F). Another 
common feature in the way of a growth boundary was 
visible in the RTX results of pearl D (figure 2D, red 
arrow). Two organic-rich cores, one on each side of the 
boundary, were also visible. “Twins,” or pearls formed 
of aggregates of pearls, are not uncommon in natural 
pearls from a number of species (Krzemnicki et al., 
2010). 

The last three pearls (figure 2, G-I) revealed inter- 
nal structures with similarities to those that have 
been noted in pearls from Pinctada maxima and 
Pinctada radiata (Krzemnicki et al., 2010; Sturman 
et al., 2015) but differed from most of the other nat- 
ural samples in the group we examined. Only these 
three pearls from the group exhibited such organic- 
rich core structures. While the structures are likely 
natural, the minute whitish core in the center with 
some associated gaps between the concentric rings 
and the additional odd irregular white feature at the 
outer concentric rings or near the core of two of the 
pearls (figure 2, G-H, green arrows) raised some 
minor concerns about their identity (Sturman et al., 
2016). The remaining pearl showed a twin structure 
(figure 2I, blue arrows) consisting of concentric or- 
ganic-rich features with radial structures and a near- 
oval core in one part. While it is entirely possible for 
natural pearls such as this one to possess an unusu- 
ally shaped core, it is the authors’ experience that el- 
liptical, drop, or other elongated core features are 
more often associated with non-bead-cultured pearls. 

Among the group selected for examination was 
one blister/blister pearl! attached to the valve of a 
Pinctada maculata shell (figure 3A). In keeping with 
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many blisters/blister pearls, the preliminary observa- 
tions of the RTX results showed the internal structure 
of the pearl “superimposed” with the growth features 
and imperfections of its host shell (figure 3B). The im- 
perfections, found in the shells of most mollusk 
species, were present as veins or channels created by 
a living organism boring its way through the shell 
throughout its life. While it was unclear from initial 
observation whether this would be classified as a blis- 
ter or a blister pearl, more detailed RTX analysis soon 
revealed that it was solid and possessed clear concen- 
tric rings more characteristic of a blister pearl than a 
blister (figure 3C). 


Fluorescence Reactions. All the samples were exam- 
ined under long-wave ultraviolet (LWUV) radiation. 
Their reactions varied in relation to their color satu- 
ration. Most of the darker samples were inert, while 
the lighter-color pearls and lighter-color areas on 
some of the more saturated pearls showed a moder- 
ate to strong chalky bluish green reaction. These flu- 
orescence reactions are not diagnostic in any way and 
may be observed in pearls of similar saturations from 
other Pinctada species (Elen, 2001; Nilpetploy et al., 
2018). Their reactions are also in keeping with natu- 
rally colored pearls and do not indicate the presence 
of any color treatment (Elen, 2001; Zhou et al., 2012). 


Spectroscopic Results. Some of the Pinctada maculata 
pearl samples showing the most homogenous col- 
oration were also selected for UV-Vis, Raman, and PL 
spectroscopic examination. Many were too small (ap- 
proximately 3 mm or less) to examine with the exter- 
nal DRA of the UV-Vis and would have produced noisy 
spectra while potentially damaging the DRA’s inte- 
grated sphere. Owing to the instrument’s limitations 
and the generally smaller size of Pinctada maculata 
pearls, it was only possible to examine six samples 
with enough variation in their coloration with the UV- 
Vis spectrophotometer to show the results of the 
Raman and PL analyses. The spectral results directly 
corresponded with the color saturation and tone of the 
samples. The lighter samples showed higher re- 
flectance values while the darker and more saturated 
ones exhibited less reflectance in the UV-Vis spectra. 


'A blister is a structure that forms on the inside surface of a mollusk’s 
shell and has the appearance of a pearl but is not a pearl by defini- 
tion. A blister pearl forms in the body of a mollusk but for some rea- 
son moves to a position near the inside surface of a mollusk’s shell. 
Layers of nacre are subsequently secreted over the pearl so that it be- 
comes attached to the shell. 
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Figure 3. A blister pearl attached to its shell (A), measuring approximately 28.54 x 26.50 mm. Photo by Sasithorn 
Engniwat. RTX analysis revealed the shell with its blister/blister pearl (B), and when examined in more detail the 
blister pearl’s internal structure (C). 


The UV-Vis spectra of the six pearls displayed a 
diffuse reflectance decrease between 330 and 460 nm 
(figure 4, blue shaded area), and four showed a clear 
feature at 495 nm (figure 4, indicated by a red dotted 
line) and a reflectance maximum between 550 and 
720 nm (figure 4, green shaded area). Samples P590 
and P593 did not show the 495 nm feature but did re- 
veal a spectrum that differed from those of the other 
samples. In addition, a weaker feature around 445- 
455 nm was observed in P586 and P589. Other lightly 
colored pearl samples (white and light gray) were also 
examined. As expected, they did not exhibit any help- 
ful features, so their spectra are excluded. 

Raman spectra were collected for the same pearls 
(figure 5) in the same area tested when recording the 
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UV-Vis spectra, and as expected all showed the dou- 
blet peaks at 701, 704 cm attributed to the v, (in- 
plane bending), a prominent peak at 1086 cm"! 
attributed to the v, (symmetric stretching), and weak 
features at 1464 and 1574 cm! attributed to the v, 
(in-plane asymmetric stretching) of aragonite; the lat- 
ter peak was recorded by previous authors (Urmos et 
al., 1991; Buzgar and Apopei, 2009). Furthermore, the 
spectra exhibited two small features at 1380 and 
1540 cm! (figure 5, indicated by red dotted lines} 
most likely associated with pigments responsible for 
coloring the pearls. Samples P590 and P593 did not 
show any helpful features in their UV-Vis spectra (fig- 
ure 4); however, two weak features were observed in 
the Raman spectra (figure 5). Other lightly colored 


a ener Figure 4. UV-Vis spec- 


tra of six Pinctada mac- 
ulata samples. Four of 
the samples display a 
clear 495 nm feature 
(red dotted line). A dif- 
fuse reflectance de- 
crease is also visible 
between 330 and 460 
nm (blue shaded area), 
as well as a broad re- 
flectance band around 
550-720 nm (green 
shaded area). 
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Figure 5. Raman spectra of six Pinctada maculata samples showing the aragonite-related peaks at 701, 704, 1086, 
1464, and 1574 cnr", with two additional features at 1380 and 1540 cnr" (red dotted lines). The spectra were nort- 
malized and offset for clarity, each shifted upward by 30%. 


samples (white and light gray) were also tested, but The PL spectra of four samples exhibited three 
as with the UV-Vis work, they did not show any _ broad peaks at approximately 620, 650, and 680 nm 
helpful features either and therefore their spectra are (figure 6, indicated by red dotted lines). Additional 
excluded. peaks of varying intensity, most likely corresponding 
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Figure 6. PL spectra of 
six Pinctada maculata 
samples showing the 
three broad peaks at 
approximately 620, 650, 
and 680 nm (red dotted 
lines), as well as a series 
of peaks between 545 
and 565 nm (blue 
shaded area). The latter 
correspond to Raman 
peaks observed between 
1106 and 1756 cnr. 
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a 


® Genuinelike gas inclusions in a syn- 
thetic ruby. 40x 


e Synthetic ruby with cloud of very fine 
bubbles, some of which have combined 
into irregular, threadlike formations. 


FALL 1952. 


TABLE 1. Comparison of features used in the separation of Pinctada maculata pearls from other mollusks. 


Characteristic features 


- Ref 
Menus UV-Vis spectra (nm) Raman spectra (cn) PL spectra (nm) eee 
Pinctada maculata 330-460, 495 1380, 1540 ~620, 650, 680 This study 
Miyoshi et al. (1987); 
Iwahashi and Akamatsu 
Pinctada margaritifera 330-460 (only in yellow), | Bands between 1100 and ~620, 650, 680 (1994); Elen (2002); 
405, 495, 700 1800 Karampelas et al. (2011); 
Homkrajae (2016); 
Nilpetploy et al. (2018) 
PRaciacla amaxsilemjon 330-460 (only in yellow), 1380, 1540 (only in yellow) ~620, 650, 680 Homkrajae (2016) 
405, 700 
Miyoshi et al. (1987); 
Pteria penguin and 405, 495 Bands between 1100 and ~620, 650, 680 Iwahashi and Akamatsu 
Pteria sterna 1800 (1994); Kiefert et al. (2004) 
Pinctada maxima 495 ~620, 650, weak 680 Karampelas (2012) 
(moderate to dark colors) 
Elen (2001); Cartier and 
Pinctada maxima 330-460 1380, 1540 — Krzemnicki (2016); GIA 


(yellow color range) 


to Raman peaks between 1106 and 1756 cm, were 
also observed between 545 and 565 nm (figure 6, blue 
shaded area) in all the spectra. Even though the body- 
color of sample P590 was lighter than the others, it 
still exhibited three obvious features in the PL spec- 
tra, but the UV-Vis spectra obtained from it were not 
helpful. The three bands in samples P586 and P593 
were less prominent than noted in the other four 
pearls. As with the UV-Vis and Raman spectra col- 
lected from the white and light gray pearls, their lack 
of diagnostic features precluded their spectra from 
being included in this report. 

The representative spectra from all the spectral 
methods, together with observation through a gemo- 
logical microscope, did not reveal anything to indicate 
that the pearls were treated (i.e., color concentrations, 
veining, and patchiness via transmitted lighting}, thus 
proving the natural color origin of the samples exam- 
ined (Elen, 2001; Zhou et al., 2012). 


DISCUSSION 

The majority of pearl samples revealed natural struc- 
tures, including three (figure 2, G—I) that exhibited 
more pronounced structures than the others. The 
concentric rings within the organic-rich core struc- 
tures were very distinct and are similar to those of 
other natural pearls from Pinctada species examined 
in the laboratory. Such structures have, for example, 
been observed in both natural and non-bead-cultured 
Pinctada maxima pearls, with sufficient differences 
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reference pearls collected 
from Jewelmer farms 


between the two to separate them in most cases 
(Sturman et al., 2015). However, since the samples 
in this study reportedly formed in a different mollusk 
species and their other gemological features (appear- 
ance and spectra) differ, it is more likely that these 
pearls too are natural and are not the challenging 
non-bead-cultured pearls that have been misrepre- 
sented as natural. Nevertheless, since the samples 
were not found by the authors in situ within a spe- 
cific mollusk, other gemologists could disagree with 
the result based on their interpretation of the struc- 
tures. On the other hand, the natural blister pearl at- 
tached to the valve of a Pinctada maculata specimen 
was from the same source as the other samples, pro- 
viding a degree of assurance that their claimed origin 
is the same. The authors failed to find any published 
record of non-bead-cultured pearls from Pinctada 
maculata mollusks. Therefore, the data we obtained 
indicates that the samples in this study likely formed 
within Pinctada maculata mollusks. 

The spectroscopic work revealed features consis- 
tent with those observed for naturally colored pearls 
from various Pinctada species mollusks, including 
Pinctada maculata (table 1). The UV-Vis reflectance 
spectra results provide the most helpful features to 
indicate that the pearls possibly originated from 
Pinctada maculata, including a clear 495 nm feature 
in most of the samples. However, this feature has 
also been recorded in some naturally colored pearls 
from other mollusks such as Pinctada margaritifera 
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(Elen, 2002; Karampelas et al., 2011), Pteria penguin 
(Miyoshi et al., 1987; Iwahashi and Akamatsu, 
1994), and Pteria sterna (Kiefert et al., 2004), often 
in association with a feature at 405 nm that is re- 
portedly related to uroporphyrin protein (Iwahashi 
and Akamatsu, 1994). Moreover, previous research 
also reports that the 495 nm feature is present in 
moderate to dark Pinctada maxima cultured pearls 
covering a range of colors (Karampelas, 2012). 

While most Pinctada maculata samples display 
the 495 nm feature, they do not show other features 
at 405 and 700 nm. This could provide a way to sep- 
arate them from pearls that form in Pinctada mar- 
garitifera, Pinctada mazatlanica, Pteria penguin, and 
Pteria sterna mollusks. 

Furthermore, the diffuse reflectance decrease 
around 330-460 nm in most samples is similar to 
that seen in naturally colored yellow pearls from 
Pinctada maxima (Elen, 2001), Pinctada margari- 
tifera (Elen, 2002), and Pinctada mazatlanica (Hom- 
krajae, 2016). When comparing the UV-Vis spectra of 
yellow Pinctada maculata with Pinctada maxima, 
Pinctada margaritifera, and Pinctada mazatlanica 
pearls (figure 7), some similarities are evident be- 
tween some samples, yet differences that may allow 
separation also exist. The 495 nm feature (figure 7, 
indicated by a red dotted line) usually appears to be 
fairly pronounced in Pinctada maculata pearl. It is 
not present in Pinctada maxima or Pinctada mazat- 
lanica samples, while Pinctada margaritifera pearl 
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shows the feature to varying degrees depending on 
its color, tone, and saturation. Unlike the other mol- 
lusks, nearly all Pinctada margaritifera and Pinctada 
mazatlanica pearls show the 700 nm feature, which 
helps differentiate them from the other Pinctada 
species. 

The majority of Pinctada maculata samples show 
two features at 1380 and 1540 cm in their Raman 
spectra. Similar features have also have been 
recorded in naturally colored yellow Pinctada max- 
ima pearls (Cartier and Krzemnicki, 2016). Moreover, 
based on prior experience when compared with 
known naturally colored “golden” Pinctada maxima 
pearls sourced directly from Jewelmer’s pearl farms 
(internal GIA research, unpublished results), these 
features are typically present in pearls of both 
species, and in those of Pinctada mazatlanica with 
a yellow component, but they are not recorded in 
pearls of a yellow hue range from other mollusk 
species. The specific cause of these features is un- 
known, and their positions do not exactly match 
with other known color pigments recorded (Karam- 
pelas et al., 2009; Bergamonti et al., 2011; Zhou and 
Dzikowski, 2015; Cartier and Krzemnicki, 2016). 
While the features around 1540 cm™ show some sim- 
ilarity to the Raman peak recorded in freshwater 
pearls attributed to polyenic proteins (Soldati et al., 
2008), the pearls from this study are saltwater, and 
therefore the features’ relevance is questionable since 
the positions do not match exactly. 


Figure 7. Comparative 
UV-Vis spectra of four 
yellow Pinctada max- 
ima, Pinctada maculata, 
Pinctada mazatlanica, 
and Pinctada margari- 
tifera pearls showing 
some spectral features 
that help distinguish 
them from one another. 
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The three PL spectral features at approximately 
620, 650, and 680 nm have been recorded in naturally 
colored pearls, usually with moderate to darker tones 
and saturations, from Pinctada maxima (Karam- 
pelas, 2012), Pinctada margaritifera (Nilpetploy et 
al., 2018), Pinctada mazatlanica (Homkrajae, 2016), 
Pteria penguin (Miyoshi et al., 1987; Iwahashi and 
Akamatsu, 1994), and Pteria sterna (Kiefert et al., 
2004). The peak around 620 nm is reportedly associ- 
ated with the uroporphyrin protein (Iwahashi and 
Akamatsu, 1994). A Pinctada maculata blister pearl 
sample (again, see figure 3) was also subjected to 
spectroscopic analysis. The PL spectrum of the blis- 
ter pearl showed the same three features referred to 
above, indicating a natural coloration. The Raman 
results were not so helpful, probably because of the 
sample’s light color, while a useful UV-Vis spectrum 
could not be obtained owing to the limitation of the 
specimen’s shape. 


CONCLUSIONS 

Pipi pearls found in Pinctada maculata mollusks 
are almost always natural since successful cultiva- 
tion using this mollusk has never been docu- 
mented, and the authors are aware of no such 
commercial products in the market. Even though 
Pinctada maculata pearls are small, owing to the 
mollusk being the smallest member of the Pinctada 
genus, their color range is desirable enough to war- 
rant interest, and it is not inconceivable that future 
technology might permit commercial quantities of 
cultured pearls to be produced one day. Unfortu- 
nately, the mollusk’s population is limited in com- 
parison to economic species such as Pinctada 
maxima or Pinctada margaritifera mollusks. Pinc- 
tada maculata’s small size and limited geographical 
habitat may make investment in any culturing ven- 
ture unlikely. 

The internal structures found in this study did 
not reveal evidence of any culturing, and virtually 
every sample showed structures routinely observed 
within natural pearls from a wide variety of mol- 
lusks. It would not be possible to conclude that a 
pearl formed within a Pinctada maculata mollusk 
based only on its structure, but there could be 
strong indications that a pearl originated from the 
mollusk if its internal structure, external appear- 
ance, and spectral characteristics were all taken 
into account and met the relevant criteria. For ex- 
ample, pearl P587 (figure 2D) shows a distinct un- 
even yellow color that may be observed for either 
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Pinctada maculata or Pinctada maxima pearls; 
however, there are some brownish yellow areas and 
its size is also small, under 6 mm, which is more 
toward Pinctada maculata pearls. Moreover, its 
UV-Vis spectra (the presence of the 495 nm feature 
in particular), PL spectrum (a weak three-peak pat- 
tern), and small dark organic core (albeit a twin- 
core pearl with a boundary) all strongly suggest that 
it was recovered from a Pinctada maculata mol- 
lusk. Samples P606 and P609 (figure 2, E-F) also 
show small organic cores more typical of yellow to 
orange pearls that form in Pinctada maculata mol- 
lusks, but they were too small to obtain UV-Vis 
spectra. However, their PL spectra did show the 
three bands seen in other Pinctada maculata pearls 
of similar colors and not the pattern seen in com- 
parable Pinctada maxima pearls. Most natural 
Pinctada maculata pearls are colored and smaller 
than natural or non-bead-cultured Pinctada max- 
ima pearls, and this may assist to some extent in 
separating them. 

Although the spectroscopic results of some of 
the Pinctada maculata samples revealed character- 
istic features that help in some respects with their 
mollusk identification (e.g., sample P587), they also 
shared other features in common with other mol- 
lusk species such as Pinctada maxima, Pinctada 
margaritifera, Pteria penguin, and Pteria sterna. 
Therefore, no definitive information can be gleaned 
from the spectra of Pinctada maculata pearls that 
will guarantee their separation from other mollusk 
species, so other factors such as external appearance 
and internal structures must also be considered. 
Since mollusks of the Pinctada genus and Pteria 
genus are members of the Pteriidae family, it is not 
surprising that they share some common traits with 
respect to composition, appearance, and spectral 
characteristics. While some of these traits may not 
be precise matches, they still provide useful criteria 
with which to make a well-reasoned conclusion on 
the identity of the mollusk that produced a specific 
pearl. 

Further study of known Pinctada maculata pearls 
and their mollusks, ideally sourced directly from the 
ocean, would be the best option to enforce the find- 
ings provided by samples we believed to be from the 
same mollusk. In order to make the findings even 
more comprehensive, the full structural and spectro- 
scopic details of natural pearls from other known 
mollusks (e.g., Pinctada and Pteria species) ideally 
should be studied and compared. 


Gems & GEMOLOGY WINTER 2018 


ABOUT THE AUTHORS 

Ms. Nilpetploy (née Somsa-ard) is a staff gemologist, and Ms. 
Lawanwong and Mr. Kessrapong are analytics technicians, in 
pearl services at GIA in Bangkok. 


REFERENCES 


Alexander A.E. (1941) Natural and cultured pearl differentiation. 
GeG, Vol. 3, No. 12, pp. 184-187. 

Bergamonti L., Bersani D., Csermely D., Lottici PP. (2011) The na- 
ture of the pigments in corals and pearls: A contribution from 
Raman spectroscopy. Spectroscopy Letters, Vol. 44, No. 7-8, pp. 
453-458, http://dx.doi.org/10.1080/00387010.2011.610399 

Buscher E. (1999) Gem News: Natural pearls from the northern 
Cook Islands. G#G, Vol. 35, No. 2, pp. 147-148. 

Buzgar N., Apopei A. (2009) The Raman study of certain carbon- 
ates. Geologie. Tomul LV, No. 2, pp. 97-112. 

Cartier L-E., Krzemnicki M.S. (2016) Golden South Sea cultured 
pearls: cultivation steps & gemological investigations. The 
Journal of the Gemmological Association of Hong Kong, Vol. 
37, pp. 16-21. 

CIBJO International Jewellery Confederation (2016) The Pearl 
Book. CIBJO Pearl Commission, p. 41. 

Elen S. (2001) Spectral reflectance and fluorescence characteristic 
of natural-color and heat-treated “golden” South Sea cultured 
pearls. G&G, Vol. 37, No. 2, pp. 114-197, http://dx.doi.org/ 
10.5741/GEMS.37.2.114 

Elen S. (2002) Identification of yellow cultured pearls from the 
black-lipped oyster Pinctada margaritifera. G&G, Vol. 38, No. 
1, pp. 66-72, http://dx.doi.org/10.5741/GEMS.38.1.66 

Farn A.E. (1986) Pearls: Natural, Cultured and Imitation. Butter- 
worths Gem Books, United Kingdom. 

GIA Pearl Grading Color Reference Charts (2000) Gemological 
Institute of America, Carlsbad, CA. 

Gould A.A. (1846) On the shells collected by the United States Ex- 
ploring Expedition under the command of Charles Wiles. Pro- 
ceedings of the Boston Society of Natural History, Vol. 2, pp. 
141-145. 

Homkrajae A. (2016) Gem News International: Spectral charac- 
teristics of Pinctada mazatlanica and Pinctada margaritifera 
oyster species. G&G, Vol. 52, No. 2, pp. 207-208. 

Iwahashi Y., Akamatsu S. (1994) Porphyrin pigment in black-lip 
pearls and its application to pearl identification. Fisheries Sci- 
ence, Vol. 60, No. 1, pp. 69-71, http://dx.doi.org/10.2331/fish- 
sci.60.69 

Karampelas S. (2012) Spectral characteristics of natural-color salt- 
water cultured pearls from Pinctada maxima. GWG, Vol. 48, 
No. 3, pp. 193-197, http://dx.doi.org/10.5741/GEMS.48.3.193 

Karampelas S., Fritsch E., Mevellec J.-Y., Sklavounos S., Soldatos 
T. (2009) Role of polyenes in the coloration of cultured freshwa- 
ter pearls. European Journal of Mineralogy, Vol. 21, No. 1, pp. 
85-97, http://dx.doi.org/10.1127/0935-1221/2009/0021-1897 

Karampelas S., Fritsch E., Gauthier J.-P., Hainschwang T. (2011) 
UV-Vis-NIR reflectance spectroscopy of natural-color saltwater 
cultured pearls from Pinctada margaritifera. GWG, Vol. 47, 
No. 1, pp. 31-35, http://dx.doi.org/10.5741/GEMS.47.1.31 

Kessrapong P., Lawanwong K., Sturman N. (2017) Pinctada macu- 
lata (Pipi) bead-cultured blister pearls attached to their shells. Re- 
search News, https://www.gia.edu/gia-news-research/pinctada- 
maculata-bead-cultured-blister-pearls-shells. 

Kiefert L., Moreno D.M., Arizmendi E., Hanni H., Elen S. (2004) 
Cultured pearls from the Gulf of California, Mexico. G#G, 


Notes & NEw TECHNIQUES 


ACKNOWLEDGMENTS 

The authors would like to thank GIA colleagues in Bangkok, New 
York, and Carlsbad for their valuable assistance. Suggestions from 
two anonymous peer reviewers and Elisabeth Strack, the third peer 
reviewer, to improve the content are also greatly appreciated. 


Vol. 40, No. 1, pp. 26-38, http://dx.doi.org/10.5741/GEMS. 
40.1.26 

Krzemnicki M. (2014) Pipi pearls from the Pacific. Facette, No. 21, 
p. 20. 

Krzemnicki M., Friess S.D., Chalus P., Hanni H.A., Karampelas S. 
(2010) X-ray computed microtomography: Distinguishing nat- 
ural pearls from beaded and non-beaded cultured pearls. GWG, 
Vol. 46, No. 2, pp. 128-134, http://dx.doi.org/10.5741/GEMS. 
46.2.128 

Miyoshi T., Matsuda Y., Komatsu H. (1987) Fluorescence from 
pearls and shells of black lip oyster, Pinctada margaritifera, 
and its contribution to the distinction of mother oysters used 
in pearl culture. Japanese Journal of Applied Physics, Vol. 26, 
No. 7, pp. 1069-1072, http://dx.doi.org/10.1143/JJAP.26.1069 

Nilpetploy N., Lawanwong K., Kessrapong P. (2018) Non-bead-cul- 
tured pearls from Pinctada margaritifera. Research News, 
https://www.gia.edu/gia-news-research/non-bead-cultured- 
pearls-from-pinctada-margaritifera. 

Passfield K. (1997) Notes on ‘pipi’ pearl oyster, Pinctada maculata, 
fishing in Tongareva, Cook Islands, 1995. SPC Pearl Oyster 
Information Bulletin #10, August 1997, pp. 21. 

Segura O., Fritsch E., Touati D. (2014) Gem News International: 
Natural pipi pearls from Tahiti. GG, Vol. 50, No. 1, pp. 89-90. 

Soldati A.L., Jacob D.E., Wehrmeister U., Hager T., Hofmeister W. 
(2008) Micro-Raman spectroscopy of pigments contained in dif- 
ferent calcium carbonate polymorphs from freshwater cultured 
pearls. Journal of Raman Spectroscopy, Vol. 39, No. 4, pp. 525- 
536, http://dx.doi.org/10.1002/jrs.1873 

Southgate P.C., Lucas J.S. (2008) The Pearl Oyster. Elsevier, Ox- 
ford, United Kingdom, p. 279. 

Strack E. (2006) Pearls. Rithle-Diebener-Verlag, Stuttgart, Germany. 

Sturman N., Homkrajae A., Manustrong A., Somsa-ard N. (2015) 
X-ray computed microtomography (u-CT) structures of known 
natural and non-bead cultured Pinctada maxima pearls. Pro- 
ceedings of the 34th International Gemmological Conference 
IGC, Vilnius, Lithuania, pp. 121-124. 

Sturman N., Manustrong A., Pardieu V. (2016) The cultured pearls 
of Mergui with an emphasis on their internal structures. Pro- 
ceedings: The 5th GIT International Gem and Jewelry Confer- 
ence, Pattaya, Thailand, pp. 143-144. 

Taburiaux J. (1986) Pearls: Their Origin, Treatment and Identifi- 
cation. Chilton Book Co., Radnor, PA. 

Urmos J., Sharma S.K., Mackenzie E.T. (1991) Characterization of 
some biogenic carbonates with Raman spectroscopy. American 
Mineralogist, Vol. 76, pp. 641-646. 

Webster R. (1994) Gems: Their Sources, Descriptions and Identi- 
fication. 5th ed., rev. by P.G. Read, Butterworth-Heinemann, 
Oxford, United Kingdom. 

Zhou C., Homkrajae A., Ho J.W.Y., Hyatt A., Sturman N. (2012) 
Update on the identification of dye treatment in yellow or 
“golden” cultured pearls. G&G, Vol. 48, No. 4, pp. 284-291, 
http://dx.doi.org/10.5741/GEMS.48.4.284 

Zhou W., Dzikowski T. (2015) Species identification and treatment 
detection in dark coloured pearls. Swiss Geoscience Meeting 
2015, Basel, Switzerland, pp. 134-135. 


Gems & GEMOLOGY WINTER 2018 427 


CHARTS 


INCLUSIONS IN NATURAL, SYNTHETIC, AND 


TREATED DIAMOND 


Nathan D. Renfro, John |. Koivula, Jonathan Muyal, Shane F. McClure, Kevin Schumacher, and James E. Shigley 


Figure 1. Diamonds such as this 1.15 ct round brilliant are some of the most highly sought-after gem materials 
and may contain inclusions that give the gemologist clues about their origin or treatment status. Photo by 
Robert Weldon. 


chart in our series on the micro-features of 
gemstones. One of the most highly-sought 
gem materials, diamond—like emerald, sapphire, and 
ruby—iay be treated or grown in laboratory condi- 
tions. While many diamonds contain inclusions that 
are indicative of their origin or treatment status, 


[sis (figure 1) are the subject of the latest 
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many gem-quality diamonds are free of such diag- 
nostic characteristics and will require advanced 
gemological testing to determine whether they are 
mined, laboratory grown, or treated. For example, 
chromian garnet inclusions can indicate the diamond 
formed in a peridotitic environment, while om- 
phacite and kyanite would suggest an eclogitic envi- 
ronment. Other features that are notably diagnostic 
to the gemologist are so-called “flash-effect” colors 
that decorate lead glass-filled fractures and tapering 
tubes that indicate laser drilling. 

Gem-quality synthetic diamonds have been com- 
mercially available since 1986; however, recent im- 
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provements in growth methods are responsible for 
increases in both the size of finished stones and the 
quantity produced. Chemical vapor deposition 
(CVD) and high-pressure, high-temperature (HPHT) 
processes have had increasing impact in the dia- 
mond trade, with CVD stones reaching finished 
sizes of more than five carats (Eaton-Magana and 
Shigley, 2016) and a 15 ct HPHT-grown specimen re- 
cently reported (Ardon and Eaton-Magania, 2.018). 
Melee-size material is also becoming widely avail- 
able. As a result, GIA offers a melee screening serv- 
ice and has developed a consumer diamond 
screening device, the iD100, to separate natural and 
synthetic specimens. 
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Additional Reading 


For a list of references pertaining to inclusions in 


natural, synthetic, and treated diamond, go to 


www.gia.edu/gems-gemology/winter-201 8-suggested- 
reading-diamond-chart or scan the QR code on the right. 


Treatments intended to improve a diamond's clar- 
ity have been around since the late 1970s and include 
laser drilling and the filling of cracks with a lead 
glass; this glass reduces the impact of a crack’s ap- 
pearance on the stone (Koivula et al., 1989). Other 
treatments may improve or modify the bodycolor of 
a diamond. Irradiation and HPHT treatment can ac- 
complish this but often leave no microscopic evi- 
dence of the process. 

While the accompanying chart is not meant to be 
comprehensive, it aims to remind the gemologist of 
the microscopic evidence that one may encounter and 
what that evidence indicates regarding a diamond’s 
natural, treated, or synthetic origin. 
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Editors 


Thomas M. Moses | Shane F. McClure 


Natural DIAMOND Mistaken as 
HPHT Synthetic 

When a declared synthetic diamond is 
submitted to a GIA laboratory, it is not 
often that the diamond turns out to be 
natural. But this was the case recently 
when a D-color 2.23 ct round brilliant 
was submitted to the Carlsbad labora- 
tory for a synthetic diamond grading 
report (figure 1). Its infrared absorption 
spectrum established it as type IaA>B, 
with nitrogen aggregates around 80 
ppm, confirming a natural color origin. 
Since it was stated as synthetic, further 
analysis was performed. 

There are very few gemological in- 
dicators of lab-grown diamonds (S. 
Eaton-Magana and C.M. Breeding, 
“Features of synthetic diamonds,” 
Summer 2018 GWG, pp. 202-204). 
Yet one of the most reliable and easily 
seen observations is the lack of bire- 
fringence (or strain) patterns in HPHT 
synthetics when viewed between 
crossed polarizers. To our knowledge, 
visible strain in HPHT-grown syn- 
thetic diamonds has only been docu- 
mented in one rare case (Winter 2016 
Lab Notes, pp. 417-418). 

Although strain observations are 
rarely used by many in the trade, this 
natural diamond was perhaps pre- 
sumed to be synthetic due to its ap- 
parent lack of observable strain. When 
viewed under crossed polarizers, the 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. This D-color 2.23 ct 
natural diamond was originally 
submitted as a synthetic. 


strain was very difficult to discern 
(figure 2, left), and this apparent ab- 
sence was consistent with our obser- 
vations of HPHT synthetics. With 


extensive searching and careful posi- 
tioning, the strain was visible in a few 
scattered areas of the diamond. The 
observed strain was linear in appear- 
ance, consistent with type Ia natural 
diamonds (figure 2, right). 

With further investigation using 
a variety of techniques such as pho- 
toluminescence spectroscopy and 
DiamondView imaging, all tests con- 
firmed a natural origin. Additionally, 
microscopic observation revealed 
unidentified dark natural crystal in- 
clusions (figure 3), which might have 
been mistaken for metallic flux. 

Subsequently the client indicated 
that this stone was believed to be syn- 
thetic after examination by another 
party in the trade. However, several 
gemological and spectroscopic tests 
confirmed its natural origin. 

This diamond demonstrates why 
stones of uncertain origin should be 
submitted to a gemological laboratory 
for further testing. It also provides 
confirmation that occasional excep- 


Figure 2. An apparent lack of strain was observed throughout most of the 
stone, with strain visible only around inclusions (left). Such observations 
are common in HPHT synthetics and not generally seen in natural or 

CVD synthetic diamonds. With extensive searching and careful position- 
ing, linear strain was visible within small areas of the stone (right). Field 


of view 7.19 mm. 
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Figure 3. Microscopic examination shows discernible dark mineral inclu- 
sions that occur naturally in diamonds and could have been mistaken for 
metallic flux inclusions. Field of view 3.57 mm. 


tions exist for the general guidelines 
that help distinguish natural from lab- 
grown diamonds. In this case, the cor- 
rection worked to the client’s 
advantage. 


Garrett McElhenny and 
Sally Eaton-Magana 


Manufactured GOLD-IN-QUARTZ 
Jewelry 

Due to its desirability, gold is often 
imitated with minerals such as pyrite 
or with gold plating. Gold occurs in 
small quantities in many kinds of 
rocks throughout the world. It is typi- 
cally found in epithermal deposits 
where hydrothermal fluids deposit 
gold, along with pyrite and other sul- 
fides, into cracks and faults of rocks— 
commonly quartz-bearing rocks (J.W. 
Anthony et al., Handbook of Mineral- 
ogy, Vol. 1: Elements, Sulfides, Sulfos- 
alts, Mineral Data Publishing, Tucson, 
Arizona, 1990). Due to the aggregate 
structure of this material, the gold 
contained in natural gold-in-quartz is 
deposited irregularly, showing a more 
natural-looking sporadic veining sys- 
tem in the host quartz (figure 4). 

The Carlsbad lab was recently 
sent three jewelry pieces—two 
bracelets and a ring—for identifica- 
tion reports (figure 5). The ring and 
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one of the bracelets were set with nu- 
merous white stones cross-cut with 
yellow metallic veins. One bracelet 
had black stones cross-cut with sim- 
ilar yellow metallic veining. Standard 
gemological testing of both the white 
and black stones revealed properties 
consistent with quartz; these results 
were confirmed with Raman spec- 
troscopy. The Raman analysis of the 
black stones indicated the presence of 


amorphous carbon, which drew some 
suspicion. 

These jewelry pieces initially 
seemed to contain natural gold-in- 
quartz. Upon further inspection, the 
yellow metallic veining system ap- 
peared inorganic in the host quartz due 
to its very consistent appearance in all 
the stones. In the three pieces, the 
metallic veins had a spiderweb-like 
structure, and a colorless polymer was 
also present alongside the metallic 
veins (figure 6, left). The colorless poly- 
mer areas also showed undercutting, 
and the metallic veining had areas of 
incomplete filling (figure 6, center and 
right). These features were consistent 
with the manufactured gold-in-quartz 
products that were first introduced to 
the market at the 2005 Tucson shows 
(B. Laurs, “Manufactured gold/silver- 
in-quartz,” Spring 2005 GWG, pp. 63- 
64). This material was composed of 
polymer, quartz, and metallic veining 
similar to what was observed in the 
stones we examined. Even with the 
slight difference in the face-up appear- 
ance of the natural and manufactured 
gold-in-quartz, the manufacturer 
claims that the only way to clearly dis- 
tinguish this imitation material is 
with chemical analysis of the metal 
alloy. 


Figure 4. The gold veins in natural gold-in-quartz are irregular and show a 
natural nugget structure below the surface. Field of view 4.79 mm. 
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Figure 5. Manufactured gold-in-quartz, set in two bracelets and a ring that 
were submitted for identification reports. 


Laser ablation-inductively cou- 
pled plasma—mass spectrometry (LA- 
ICP-MS) analyses were performed on 
the yellow metallic veins in the white 
and black stones of each bracelet to 
further separate them from natural 
gold-in-quartz. Each ablation spot was 
drilled twice into the veins. The 
chemistry of the first spot was very 
similar for the stones in both 
bracelets. The vein was mainly com- 
posed of gold (Au) and silver (Ag) with 
traces of nickel (0.90-2.67 parts per 
million weight, ppmw) and copper 
(23.58-30.02 ppmw). The gold to sil- 
ver weight ratio LAC AB en was 
between 2.71 and 3.33. The chemistry 
of the second spot on the same posi- 
tion showed little gold or silver and a 
significant amount of silica, which in- 


dicated that the laser had passed 
through the yellow metallic layer and 
into the host quartz below. 

One natural gold-in-quartz cabo- 
chon obtained from the GIA Museum 
was analyzed for comparison. The 
veins found in the natural sample 
(again, see figure 4) were composed 
mainly of yellow metallic materials, 
with additional gray metallic miner- 
als. The same experimental proce- 
dures were applied to both the yellow 
and gray areas. The chemistry of the 
gray metallic areas identified them as 
an iron sulfide mineral. The chem- 
istry of the first spot on a yellow 
metallic area showed a large amount 
of gold and silver with traces of copper 
(215-257 ppmw). The gold and silver 
weight ratio VA sil SB case! was be- 


tween 7.84 and 8.04. It was evident 
that the concentration of gold in the 
yellow metallic veins in the natural 
gold-in-quartz was much higher than 
that of the yellow metallic veins in 
the white and black panels of the two 
bracelets. In addition, the natural 
veins had a higher copper concentra- 
tion than the two bracelets. 

The manufactured gold-in-quartz 
materials first reported in 2005 are 
still circulating in the market today. 
Consumers should be aware of this 
when purchasing pieces reported to 
contain gold-in-quartz. The telling in- 
dicator of manufactured gold-in- 
quartz is the consistent texture of its 
yellow metallic veins. The gold in the 
natural version is much more spo- 
radic and appears as chunky conglom- 
erated nuggets. 


Nicole Ahline and Ziyin Sun 


Freshwater PEARLS, Blister and 
Loose, with Their Host Shells 

GIA occasionally receives blister 
pearls attached to their host shells for 
identification (Winter 2015 Lab Notes, 
pp. 432-434, Summer 2017 Lab Notes, 
pp. 231-232), which can provide help- 
ful information on the overall growth 
conditions and the mollusk species. 
Recently the New York laboratory had 
an opportunity to study three freshwa- 
ter specimens: two blister pearls still 
attached to their shells, and one loose 
“wing” pearl that was reportedly 


Figure 6. Unnatural veins in manufactured gold-in-quartz. Left: This vein is filled with both polymer, which is not 
flush with the host quartz, and gold (field of view 4.79 mm). Center: A vein of polymer running alongside a vein of 
gold with undercutting visible at the boundary of the polymer vein and the host quartz (field of view 3.57 mm). 
Right: Polymer fills an incomplete gold vein; the rest of the vein is recessed below the host quartz (field of view 
7.19 mm). 
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Figure 7. Three freshwater pearls attached to their host shells. Left to 
right: A blister pearl measuring approximately 37.45 x 27.48 mm, a loose 
wing pearl measuring 35.82 x 9.37 x 5.94 mm and weighing 10.60 ct, and 
a blister pearl measuring approximately 23.60 x 19.49 mm. Specimens 
courtesy of Mississippi River Pearl Jewelry Co. LLC. 


found in the shell with which it was 
submitted (figure 7). 

While approximately 1,000 species 
of freshwater mussels have been iden- 
tified worldwide, the United States 
alone is said to host about 300 species, 
compared to 96 species in Africa, 60 in 
China, and 12 in Europe (Virginia De- 
partment of Game and Inland Fish- 
eries, 2018, https://www.dgif.virginia. 
gov/wildlife/freshwater-mussels/). 
The number of U.S. species shows 
the spectacular diversity of its fresh- 
water resources. Hence, it proves 
how difficult it can be to apply cor- 
rect zoological names to specific 
shells. However, experienced local 
fishermen who harvest the mussels 
are often the source of helpful 
information (T. Hsu et al., “Freshwa- 
ter pearling in Tennessee,” 2016, 
https://www.gia.edu/gia-news- 
research/freshwater-pearling-ten- 
nessee). The owner claimed that the 
loose wing-shaped pearl (figure 7, cen- 
ter) was found in a Potamilus purpu- 
ratus “Bluefer” mussel in a U.S. river. 
Bluefer mussels exhibit a pinkish pur- 
ple to deep purple nacre lining and 
can produce pearls of a similar color 
range. Energy-dispersive X-ray fluo- 
rescence (EDXRF}) spectrometry con- 
firmed that it originated from a 
freshwater environment, based on its 
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chemistry result of more than 1000 
ppmw manganese. Freshwater pearls 
usually show higher than 100 ppmw 
manganese content. Real-time X-ray 
microradiography (RTX) revealed a 
natural growth structure, while 
Raman spectroscopy detected arago- 
nite and polyenic peaks, the latter in- 
dicating the presence of natural 
coloring pigments (S. Karampelas et 
al., “Role of polyenes in the col- 
oration of cultured freshwater 
pearls,” European Journal of Mineral- 
ogy, Vol. 21, 2009, pp. 85-97). This 
specimen also displayed the charac- 
teristic elongated, flat, and slightly 
curved shape characteristic of wing 
pearls that, as the name implies, re- 
sembles the shape of a bird’s wing. 


Wing pearls commonly form in the 
hinge area within shells, and it was 
interesting to see a similar-sized cav- 
ity in the shell submitted with this 
pearl. 

The other two blister pearls were 
also claimed to have originated from 
a freshwater environment, and this 
was confirmed by their optical X-ray 
fluorescence reactions. Both speci- 
mens showed a strong yellowish 
green luminescence under X-ray exci- 
tation, a result that agrees with pearls 
from a freshwater environment due to 
their higher manganese content (H.A. 
Hanni et al., “X-ray luminescence, a 
valuable test in pearl identification,” 
The Journal of Gemmology, Vol 29, 
No. 5/6, 2005, pp. 325-329). Accord- 
ing to the owner, the smaller shell 
(figure 7, right), possibly a washboard 
mussel (Megalonaias nervosa), was 
found in a U.S. river, while the larger 
shell (figure 7, left) is likely a hybrid 
Hyriopsis mussel commonly used by 
cultured pearl farmers in China. Blis- 
ter pearls form when a whole pearl 
within the connective tissue breaks 
through the mantle due to its size 
and/or weight, or for some other rea- 
son, and presses against the nacreous 
inner surface of the shell, where sub- 
sequent nacre deposition fuses the 
pearl to the shell (E. Strack, Pearls, 
Ruhle-Diebener- Verlag, Stuttgart, Ger- 
many, 2006, p. 124). 

The size of these two blister pearls 
is impressive, and both protrude con- 
spicuously from the shell while still 
attached to their hosts (figure 8). The 
RTX results of the smaller blister 


Figure 8. Close-up images of the freshwater blister pearls from China (left) 
and the United States (right) attached to their hosts. 
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¢ Synthetic ruby showing a few gas bub- 
bles and almost perfectly straight growth 


striae. 75x 


¢ Large irregular cavities in genuine 
beryl, filled almost half and half with 
liquid and gas. 


Figure 9. The RTX structure of 
the large blister pearl (shown on 
the left in figures 7 and 8) re- 
vealed a void-like structure in 
which a near-oval feature is visi- 
ble (indicated by the arrow). 


pearl revealed concentric growth arcs 
proving its natural origin. However, 
the RTX results of the larger blister 
pearl revealed a void-like structure 
that may be found within natural and 
non-bead-cultured pearls, but a near- 
oval feature inside the void is uncom- 
mon in natural pearls (figure 9). GIA 
gemologists believe this oval feature 
was the triggering mechanism that 
likely resulted in the formation of the 
blister pearl. Whether this oval fea- 
ture is a by-product of pearl culturing 
or a natural formation is hard to prove 
without examining the blister pearl 
thoroughly in other orientations, 
which was precluded by its size and 
position. While the identification of 
some freshwater pearls remains chal- 
lenging, these known freshwater sam- 
ples together with their host shells 
serve as useful references for labora- 
tory gemologists. 


Joyce Wing Yan Ho 


A Rare RUBY from Montana 
The Carlsbad laboratory recently re- 
ceived a 1.70 ct purplish red octagonal 
modified brilliant-cut ruby measuring 
6.28 x 6.25 x 4.56 mm for an identifi- 
cation and origin report. Standard 
gemological testing gave a chromium 
spectrum indicating ruby and a hydro- 
static SG of 4.00. The stone displayed 
a weak red fluorescence in long-wave 
UV and no fluorescence under short- 
wave UV. 

Microscopic examination showed 
an interesting combination of inclu- 
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Figure 10. Inclusions in the 1.70 ct ruby from Montana. Left: Close-up of a 
glassy melt inclusion with an associated thin film showing geometric pat- 
terns; field of view 1.76 mm. Right: A melt inclusion with an iridescent 
thin film, partial hexagonal zone of particles, and short needles; field of 


view 3.81 mm. 


sions (figure 10). There were several 
glassy melt inclusions and small crys- 
tals with associated reflective thin 
films. The thin films often displayed 
hexagonal geometric patterns con- 
forming to the crystallographic orien- 
tation of the host ruby. These 
resembled the patterns commonly 
seen in rubies from Thailand and 
Cambodia and have also been docu- 
mented in Montana corundum (Fall 
2015 GWG Micro-World, pp. 329- 
330). A partial hexagonal zone of par- 


ticles and more loosely spaced unal- 
tered exsolved rutile needles was also 
present, a feature that would be very 
unusual in Thai/Cambodian rubies. A 
large intact colorless crystal as well as 
smaller white crystals were located 
deep within the stone, so we were un- 
able to conclusively identify them 
with Raman spectroscopy. This inclu- 
sion scene is consistent with un- 
heated corundum from Montana. 
LA-ICP-MS was used to determine 
the stone’s trace-element chemistry, 


Figure 11. The 1.70 ct Montana ruby alongside rough pink to purple corun- 
dum samples from the GIA reference collection. These reference samples, 
collected from Montana’s Eldorado Bar along the Missouri River and 
Wildcat Gulch, part of the Rock Creek deposit, were used to help deter- 


mine the country of origin. 
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and the results were compared to 
corundum samples from GIA’s colored 
stone reference collection. Trace ele- 
ment measurements indicated ranges 
of 15.1-17.2 ppma Mg, 14.7-16.9 
ppma Ti, 3.67-3.87 ppma V, 359-406 
ppma Cr, 1500-1580 ppma Fe, and 
14.6-14.7 ppma Ga. The chemistry 
matched well with reference stones 
GIA has collected from Montana’s 
secondary deposits (figure 11) but not 
our Thai/Cambodian ruby reference 
samples. In particular, Thai/Cambo- 
dian rubies tend to have higher Mg 
(often above 100 ppma), while this 
stone had much lower Mg levels. 
Montana’s secondary deposits pro- 
duce sapphires in a wide range of 
mostly pastel colors. Pink corundum 
tends to be rarer than blue or green, 
and those that possess the depth of 
color to be called ruby are quite rare, 
particularly without any treatments. 
The color, combined with the large 
size, makes the 1.70 ct ruby from 
Montana an exceptional specimen— 
this is only the second such report is- 
sued by the lab to date. With a 
combination of microscopic observa- 
tion, advanced testing methods, and 
GIA’s reference collection, we were 
able to confirm the country of origin. 


Claire Malaquias 


Large Pargasite Inclusion in 
Kashmir SAPPHIRE 
Kashmir sapphires are known to have 
occurred in kaolinized plagioclase 
feldspar pegmatites, found as pockets 
between metamorphic _ stratified 
beds/cliffs of the Himalayan Zanskar 
Range. These sapphires captured 
many cognate mineral inclusions— 
such as pargasite, plagioclase feldspar, 
tourmaline, and zircon—which de- 
marcate the pockets against the coun- 
try rock (E.J. Gtitbelin and J.I. Koivula, 
Photoatlas of Inclusions in Gem- 
stones, Vol. 3, Opinio Publishers, 
Basel, Switzerland, 2008, p. 194). 
Pargasite mineral inclusions (pris- 
matic or as long, fine needles) in blue 
sapphire are regarded as a strong indi- 
cator of Kashmir origin. (R. Schwieger, 
“Diagnostic features and heat treat- 
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ment of Kashmir sapphires,” Winter 
1990 GwG, pp. 267-280). 

Recently, a 14.06 ct octagonal-cut 
blue sapphire (figure 12) submitted to 
GIA’s Carlsbad laboratory for origin 
determination was of particular inter- 
est for its several unusually large, 
eye-visible pargasite crystal inclu- 
sions. Standard gemological proper- 
ties confirmed the host sapphire’s 
identity, and advanced analytical 
testing specified its metamorphic ge- 
ological origin. 

Microscopic examination revealed 
an inclusion scene reminiscent of 
“new Kashmir,” a term referring to 
Kashmir sapphires that have come 
into the market since the 2000s. The 
blue sapphire featured several negative 
crystals, black graphite inclusions, 
unidentified rounded and needle- 
shaped colorless crystal inclusions 
(probably slender zircon rods or parga- 
site), reflective thin films, and fluid 
fingerprints. 

Classic Kashmir sapphire fea- 
tures were also observed, such as 
“milky” turbid whitish broad bands, 
clouds, a parallel chromium-enriched 
zone (which glows red under long- 
wave UV illumination), ladder-like/ 
antenna-like stringers, and snowflake- 
like inclusions. 


Figure 12. This 14.06 ct octagonal 
blue Kashmir sapphire exhibits 
large, eye-visible inclusions of 
prismatic pargasite. 


The main inclusion features, the 
pargasite crystals (figure 13), were 
transparent with a brownish green 
bodycolor. Many of them were dou- 
bly terminated with a flat, columnar 
prismatic morphology with striations 
along their length, surrounded by 
halo- or rosette-like thin reflective 


Figure 13. A large prismatic pargasite mineral inclusion. Field of view 


7.19 mm. 
7 
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Figure 14. Unoriented Raman spectra with 514 nm excitation confirmed 
the pargasite mineral inclusion identity (blue spectrum), using the RRUFF 


database as a reference (red spectrum). 


films. The pargasite crystal’s surface 
pits and altered appearance suggested 
that these pargasite crystals were pro- 
togenetic inclusions present in the 
pegmatitic growth environment be- 
fore the sapphire began to form. 
Raman microspectrometry analysis 
(figure 14) confirmed the identity of 
several crystal inclusions as pargasite. 

The absence of 3309 peak series in 
IR spectroscopy and the microscopic 
observation of unaltered internal fea- 


tures supported an unheated call. The 
classic metamorphic UV-Vis absorp- 
tion spectra, the metamorphic-type 
low-Fe chemistry data collected with 
LA-ICP-MS, and the observed inclu- 
sion scene supported a Kashmir ori- 
gin conclusion. The issued GIA 
report identified the stone as a natu- 
ral sapphire from Kashmir with no in- 
dications of heating. 

Pargasite was once thought to be 
unique to Kashmir until it was found 


in sapphires from other countries. 
Nonetheless, pargasite inclusions are 
a strong indicator of Kashmir origin. 
With the support of advanced analyt- 
ical instrumentation (UV-Vis and LA- 
ICP-MS) in addition to careful 
examination of the overall internal 
features (milky bands, ladder-like 
stringers, and snowflakes), the pres- 
ence of pargasite inclusions can con- 
clusively determine a Kashmir origin. 


Jonathan Muyal 


SYNTHETIC DIAMONDS 

An Irradiated CVD Synthetic 
Melee Diamond Found in Irradi- 
ated Natural Melee Diamonds 
Mixing of synthetic melee diamonds 
with natural melee diamonds has been 
reported several times. Those exam- 
ples were colorless (Winter 2016 Lab 
Notes, pp. 416-417; Summer 2017 Lab 
Notes, pp. 236-237) and yellow (Win- 
ter 2014 Lab Notes, pp. 293-294). Re- 
cently, GIA’s Tokyo lab found a single 
irradiated green-blue CVD synthetic 
melee diamond in a parcel of similarly 
colored irradiated natural melee. 

The parcel of 300 uniformly green- 
blue round melee was submitted for 
identification (figure 15). Each dia- 
mond’s color was attributed to strong 


Figure 15. This group of 300 green-blue diamonds (1.97 carats total) was screened by GIA’s Tokyo laboratory. 
Among these, 299 were irradiated natural melee diamonds and the one on the right was an irradiated CVD syn- 


thetic melee diamond. 
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Figure 16. DiamondView imaging 
revealing weak linear striations 
in the pavilion of the irradiated 
CVD synthetic melee diamond. 


GRI by irradiation treatment. Infrared 
absorption spectroscopy, photolumi- 
nescence spectroscopy, and Diamond- 
View analysis confirmed that 299 of 
them were irradiated natural dia- 
monds and one of them was an irradi- 
ated CVD synthetic diamond. The 
CVD synthetic diamond weighed 
0.007 ct, with a diameter of 1.14 mm. 
DiamondView images of the syn- 
thetic showed very weak linear stria- 
tions in the pavilion (figure 16). Dark 
inclusions were observed under the 
microscope. The infrared spectrum 
showed a peak at 3123 cm, and the 
photoluminescence spectrum showed 
doublet peaks at 596/597 nm (figure 
17). These peaks are seen in CVD 
synthetic diamonds without post-an- 
nealing. The photoluminescence 
spectrum also showed a small, broad 
SiV- center defect at 737 nm next toa 
very strong GRI1 center at 741 nm (fig- 
ure 17). From the peak at 3123 cm 
and the 596/597 nm doublet peak, 
this diamond was concluded to be ir- 
radiated without pre-annealing. 
Irradiated CVD synthetic dia- 
monds are rarely seen at GIA, which 
had examined only six of them before 
this report (Fall 2014 Lab Notes, pp. 
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Figure 17. The photoluminescence spectrum of the green-blue CVD syn- 
thetic melee diamond at liquid nitrogen temperature shows a strong GR1 
peak. The SiV- center defect can be observed at around 736 nm. The dou- 
blet at 596/597 nm indicates that this diamond did not undergo anneal- 


ing after synthesis. 


240-241; Fall 2015 Lab Notes, pp. 320- 
321; Summer 2018 Lab Notes, pp. 215- 
216). Previously reported irradiated 
CVD synthetic diamonds were rela- 
tively large, from 0.43 to 1.34 ct. This 
is the first melee-sized irradiated CVD 
synthetic diamond examined by GIA. 


Shoko Odake 


Gemological Analysis of Lightbox 
CVD-Grown “White” Diamonds 
Lightbox, a De Beers company, has 
begun selling “white,” pink, and blue 
CVD laboratory-grown diamonds at a 
flat rate of $800 per carat. Through a 
third-party vendor, we recently had 
the opportunity to examine two such 
samples (0.24 and 0.26 ct) intended for 
setting in a pair of earrings. Both were 
near-colorless with color grades equiv- 
alent to G color and cut grades of Ex- 
cellent and Very Good, respectively. 
Both lab-grown diamonds had very 
few clarity characteristics. The 0.24 ct 
sample had a pinpoint in a bezel facet, 
and the 0.26 ct round (figure 18, left) 
had a feather in a star facet, both with 
VVS clarity. However, the grade-set- 
ting feature for both was the Lightbox 
logo, internally inscribed underneath 
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the table facet (figure 18, center). As a 
result of the Lightbox mark, the clar- 
ity grade for both was reduced to VS. 
The laser-inscribed internal feature is 
reportedly made using technology de- 
veloped by Opsydia (Gem and Jew- 
ellery Export Promotion Council, “De 
Beers to use Opsydia’s laser tech to in- 
scribe lab-grown diamonds in Light- 
box Jewelry,” https://www.gjepc.org/ 
news_detail.php?id=4075). It is com- 
posed of dual narrow lines ~2.5 mi- 
crons wide with a total area of 300 x 
300 microns, positioned about 200 mi- 
crons below the table surface. 
Spectroscopic analysis showed 
both samples had very similar fea- 
tures that were consistent with 
previously analyzed CVD products 
from other manufacturers. IR absorp- 
tion spectroscopy confirmed these 
samples as type Ila with no detectible 
single nitrogen at 1344 cm. Photo- 
luminescence (PL) spectra showed 
that both had the 596/597 nm doublet, 
indicating that they were as-grown 
and not subjected to post-growth 
HPHT processing (S. Eaton-Magafia 
and J.E. Shigley, “Observations on 
CVD-grown synthetic diamonds: A 
review,” Fall 2016 GWG, pp. 222- 
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Figure 18. The 0.26 ct near-colorless CVD-grown diamond (left) has an internal inscription showing the Lightbox 
logo, composed of dual narrow lines. The logo is easily detected with a microscope (center) and clearly visible in 
the DiamondView image (right), in which the red fluorescence is due to nitrogen-vacancy centers. Also seen in 
the DiamondView image are subtle striations, additional evidence of the CVD origin. The outer square of the 
Lightbox logo measures 300 microns on each side. 


245). Faceted, as-grown near-colorless 
CVD samples are less common since 
most manufacturers grow CVD lay- 
ers quickly, but with a brown color, 
knowing that they can be HPHT 
treated to improve color appearance 
after growth. Approximately 75% of 
the CVD material in this color range 
examined by GIA has been HPHT 


treated after growth (S. Eaton-Mag- 
ana, “Summary of CVD lab-grown di- 
amonds seen at the GIA laboratory,” 
Fall 2018 GwG, pp. 269-270). 
Through crossed polarizers, we ob- 
served very low birefringence com- 
pared with the majority of CVD-grown 
diamonds examined. Additionally, 
both samples showed very strong 


Figure 19. This 514 nm PL spectrum collected on the 0.26 ct sample at 
liquid nitrogen temperature shows strong nitrogen vacancy centers at 575 
and 637 nm and the 596/597 nm doublet, evidence of an as-grown CVD 


sample. 
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emission from nitrogen-vacancy cen- 
ters by PL spectroscopy (figure 19), as 
well as visible red fluorescence using 
DiamondView imaging (figure 18, 
right), but there was no detectable flu- 
orescence with long-wave UV. With 
careful DiamondView imaging, subtle 
CVD striations were visible through 
the table facet. In the DiamondView 
images, there were no apparent growth 
interfaces showing multiple growth 
events, and no apparent seed crystal 
remnants were observed. Also, PL 
spectroscopy of both samples showed 
very weak but detectable silicon-va- 
cancy centers at 736.6/736.9 nm. 

The Lightbox CVD lab-grown dia- 
monds, due to their price point and 
manufacturer, will likely be highly vis- 
ible in the trade. The pink and blue 
samples, as evidenced by De Beers’ lit- 
erature, have an appearance that is un- 
usual among natural-color diamonds 
and are unlikely to ever be perceived 
as a natural-color product. However, 
the colorless Lightbox samples are 
readily identifiable as CVD-grown di- 
amonds by spectroscopic techniques, 
DiamondView imaging, and their dis- 
tinctive internal inscription. 


Sally Eaton-Magana 


Cat’s-Eye Brazilian Paraiba 
TOURMALINE 
A vivid shade of tourmaline varying 
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Figure 20. This 0.51 ct Paraiba tourmaline from Brazil displays sharp 
chatoyancy. 


from “neon” blue to greenish blue, 
caused by copper and manganese, was 
discovered in Brazil in the 1980s. Rec- 
ognized as “Paraiba” tourmaline in 
the gem trade, it is still highly sought 
after, even though tourmalines ex- 
hibiting this “Paraiba” color are now 
more accessible from localities such 
as Nigeria and Mozambique. 
Recently, GIA’s Bangkok labora- 
tory received a vivid blue tourmaline 
with chatoyancy (figure 20), weigh- 
ing 0.51 ct and measuring 5.89 x 4.19 
x 2.46 mm. Standard gemological 
testing resulted in a spot refractive 
index reading of 1.64 and a specific 


gravity of 3.05. Microscopic exami- 
nation revealed diagnostic irregular 
two-phase inclusions, trichites, and 
acicular (needle-like) features. The 
sharp cat’s-eye effect was caused by 
an included layer of fine parallel 
growth tubes positioned just above 
the base of the cabochon. The phe- 
nomenon of chatoyancy enhances its 
rarity and value. 

LA-ICP-MS was used to perform 
an elemental analysis. The sample 
showed high Cu ranging from 7289 to 
10544 ppmw, as well as 9494-10441 
ppmw Mn, 114-133 ppmw Ga, 55-65 
ppmw Pb, 39-48 ppmw Fe, 14-20 


ppmw Zn, and 0.6-0.5 ppmw Sr. The 
very high concentration of Cu as well 
as the results for Ga (<250 ppmw), Pb 
(<100 ppmw), and Sr (<10 ppmw) sup- 
ported its Brazilian origin (J.E. Shigley 
et al., “An update on ‘Paraiba’ tour- 
maline from Brazil,” Winter 2001 
Ge&G, pp. 260-267; A. Abduriyim et 
al., “Paraiba-type copper-bearing tour- 
maline from Brazil, Nigeria, and 
Mozambique: Chemical fingerprint- 
ing by LA-ICP-MS,” Spring 2006 
Gwe, pp. 4-21, Z. Sun et al., “A sim- 
plified species classification for gem- 
quality tourmaline by LA-ICP-MS,” 
submitted for publication). Copper- 
bearing tourmaline of this color is 
typically referred to in the trade as 
“Paraiba” tourmaline. 

Cat’s-eye Paraiba tourmaline is not 
new, though fewer than 10 have been 
submitted to GIA laboratories. The 
combination of well-developed cha- 
toyancy, transparency, pleasing vivid 
blue color, and Brazilian origin make 
this a rare and noteworthy gemstone. 


Vararut Weeramongkhonlert 
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How Do Diamonds Form in the Deep Earth? 


Carbon is one of the most important elements on our 
planet, which led the Geological Society of London to 
name 2019 the Year of Carbon. Diamonds are a main host 
for carbon in the deep earth and also have a deeper origin 
than all other gemstones. Whereas ruby, sapphire, and 
emerald form in the earth’s crust, diamonds form many 
hundreds of kilometers deep in the earth’s mantle. Colored 
gemstones tell scientists about the crust; gem diamonds 
tell scientists about the mantle. This makes diamonds 
unique among gemstones: Not only do they have great 
beauty, but they can also help scientists understand carbon 
processes deep in the earth. Indeed, diamonds are some of 
the only direct samples we have of the earth’s mantle. 

But how do diamonds grow in the mantle? While Hol- 
lywood’s depiction of Superman squeezing coal captured 
the public’s imagination, in reality this does not work. Coal 
is a crustal compound and is not found at mantle pressures. 
Also, we now know that diamond does not prefer to form 
through direct conversion of solid carbon, even though the 
pressure and temperature conditions under which diamond 
forms have traditionally been studied experimentally as 
the reaction of graphite to diamond. 

Generally, two conditions are needed for diamond for- 
mation: Carbon must be present in a mantle fluid or melt 
in sufficient quantity, and the melt or fluid must become 
reduced enough so that oxygen does not combine with car- 
bon (see below). But do diamonds all grow by the same 
mechanism? What does their origin reveal about their 
growth medium and their mantle host rock? Surprisingly, 
diamonds do not all form in the same way, but rather they 
form in various environments and through varying mech- 
anisms. Through decades of study, we now understand that 
diamonds such as the rare blue Hope, the large colorless 
Cullinan, and the more common yellow “cape” diamonds 
all have very different origins within the deep earth. 


Diamonds Form from Fluids in the Mantle That Migrate 
Due to Plate Tectonics 


Diamond is a metasomatic mineral that forms during mi- 
gration of carbon-bearing fluids, which means that it forms 
from fluids and melts that move through the mantle. Dia- 
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monds can form in both peridotite and eclogite (box A) in 
the cratonic lithospheric mantle, as well as their higher- 
pressure equivalents in the much deeper transition zone 
and lower mantle (box B). Regardless of a diamond's forma- 
tion depth, many diamond fluids and melts appear to be re- 
lated to the recycling of surficial material into the deep 
earth or to deep melting processes when tectonic plates 
split apart, or rift, to form new oceans. Both processes occur 
as part of the geologic cycles that accompany plate tectonics 
or, in ancient times, some type of pre-plate tectonics. 
Since diamonds come from deep and otherwise inac- 
cessible regions, they can be used to study many larger- 
scale tectonic processes in earth that cannot be studied any 
other way. Diamonds reveal processes such as early craton 
development, craton growth and stabilization processes, 
tectonic processes that can modify and destroy the cratonic 
lithosphere, and deep subduction (box B) into the lower 
mantle that may reintroduce volatile elements into the 
deep earth. This makes the study of diamond source fluids, 
as well as inclusions in diamond, a powerful way (if not 
the only way) to study the deep earth cycles of many ele- 
ments such as carbon, nitrogen, boron, sulfur, and oxygen. 


How Do Lithospheric Diamonds Form? 


Lithospheric diamonds (box B) often contain detectable ni- 
trogen, implying that they crystallize from carbon- and ni- 
trogen-bearing (C-N-bearing) fluids. Through the study of 
diamonds from many different localities, we now know that 
there are subtle differences in the compositions of these C- 
N-bearing fluids and melts. These differences manifest as 
changes in the type of carbon and nitrogen compounds con- 
tained in these fluids. “Oxidized” hydrous fluids and melts 
can contain CO,, CO,, and N,, whereas more “reduced” hy- 
drous fluids contain CH,, NH,, and minor H,. 

Traditional models for diamond formation from fluids 
in the mantle invoke either carbonate (CO,) reduction or 
methane (CH,} oxidation to remove the elements bonded 
to carbon. Both these mechanisms require some oxygen 
exchange with the surrounding rocks—peridotite or eclog- 
ite (box A)—at the site of diamond precipitation so that el- 
emental carbon can be produced to crystallize diamond. 
Sometimes peridotite has a limited capacity to exchange 
oxygen, and we now know that cooling of hydrous fluids 
containing methane (CH,) and carbon dioxide (CO,) is an 
alternative way to precipitate diamonds in these rocks (fig- 
ure 1; Luth and Stachel, 2014; Smit et al., 2016; Stachel et 
al., 2017). 
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Box A: ROCK TYPES IN THE MANTLE 


Peridotite. Peridotite is the predominant rock type in the 
mantle. It contains the minerals orthopyroxene, clinopy- 
roxene, and olivine (figure A-1). Peridotite also contains 
an aluminous phase that can be either spinel or garnet, 
depending on depth. At the higher pressure conditions 
in the diamond stability field, the aluminous phase is al- 
ways garnet (figure A-1). Peridotite melts to form basalt 
at mid-ocean ridges and ocean islands. This melting re- 
moves the basaltic melt from peridotite, leaving the 
residual peridotite depleted in elements such as Ca, Al, 
and Fe. This is because the melt moves upward to dikes 
that eventually feed shallow magma chambers. Lherzo- 
lite, the most fertile peridotite, has not undergone sig- 
nificant melt depletion and will contain some 
combination of the minerals listed above. With high pro- 
portions of melt depletion, clinopyroxene is eventually 
exhausted in the residual peridotite, resulting in the 
clinopyroxene-free rock known as harzburgite. With 
around 40-50% melting, orthopyroxene is also ex- 
hausted and olivine dominates the peridotitic assem- 
blage. After these high degrees of melting where most of 
the Ca, Al, and Fe have been lost, the residual peridotite 
becomes the most depleted dunite. Importantly, both de- 
pleted harzburgite and dunite can be re-enriched by pass- 
ing melts that could reintroduce many of these minerals 
and convert depleted peridotite back to fertile lherzolite. 


Eclogite. Eclogite is another rock type in the lithospheric 
mantle, a bimineralic rock consisting of a sodium-rich 
clinopyroxene (known as omphacite) and garnet with py- 
rope (Mg-rich), grossular (Ca-rich), and almandine (Fe- 
rich) components (figures 3 and A-2). There are two main 
models for the origin of eclogites in the lithospheric 
mantle: as high-pressure mantle melts or as former 
oceanic crust that has been recycled back into the man- 


Unfortunately, gem-quality diamonds almost never 
contain any trapped source fluids that can directly indicate 
how they formed. However, there are so-called fibrous dia- 
monds (figure 2) that grow much more rapidly than gem- 
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Figure A-1. Red-purple 
garnet (with Cr-pyrope 
compositions) and bright 
green clinopyroxene (with 
Cr-diopside compositions) 
separated from a crushed 
peridotite rock. Photos by 
Karen Smit/University of 
Alberta. 


tle through subduction (Jacob, 2004). Despite their 
scarcity in the lithospheric mantle (estimated to be less 
than 1%), eclogites are often sampled by kimberlites and, 
due to their frequent recycled origin, can provide impor- 
tant insights into the role of subduction in the assembly 
of cratonic keels and recycling of surficial components 
into the deep earth. 


Figure A-2. Bimineralic eclogite containing pale green 
clinopyroxene and orange-red garnet (Victor mine, 
Canada). This eclogite rock was sawed into a thin section 
(30 pm thick) and polished so that it could transmit light 
and be studied under a microscope. Photo by Karen 
Smit/University of Alberta. 


quality diamonds, and even coat earlier gem diamond 
cores, allowing them to trap abundant fluids. Fibrous dia- 
monds from all over the world, including Canada, West 
Africa, Siberia, and South Africa, have compositions that 


Gems & GEMOLOGY WinteR 2018 441 


Box B: WHERE Do DIAMONDS FORM IN THE EARTH? 


Natural diamonds typically form 150-200 km below the 
surface of the earth. Diamond formation does not occur 
everywhere at these depths, but only below the oldest con- 
tinents that have been stable for billions of years; these 
areas are known as cratons (see figure 2 in Summer 2018 
Diamonds from the Deep). This is because these old cra- 
tons all have thick continental roots with cool temperature 
profiles conducive to diamond formation that geologists 
term “continental lithospheric mantle.” Diamonds that 
form within these continental roots are known as Iithos- 
pheric diamonds and are carried up to the surface of the 
earth by rare volcanic eruptions known as kimberlites. 
Other diamonds form much deeper in the earth, in 
sublithospheric regions of the mantle, below these conti- 
nental roots. So-called superdeep diamonds form at 


are different mixtures of three end-member fluid composi- 
tions: carbonate-like, silica-rich, or salty (e.g., Navon et al., 
1988; Izraeli et al., 2001, 2004; Schrauder and Navon, 1994; 
Smith et al., 2012; Weiss et al., 2013; Timmerman et al., 
2018). 

The origins of fibrous diamonds and their fluids are still 
debated. Some researchers argue that fibrous diamonds 
may be related to the kimberlite magmas that transport di- 
amonds to the surface. If so, fibrous diamonds could form 
right before the kimberlite eruption to the earth’s surface, 


depths much greater than 200 km, in areas of the mantle 
known as the transition zone (410 to 660 km below the 
earth’s surface) and lower mantle (> 660 km). After forma- 
tion they are transported to shallower depths in the man- 
tle, likely through mantle convection cells, and then also 
brought to the surface by kimberlite eruptions. Earth’s 
mantle convection associated with plate tectonics is re- 
sponsible for both the availability of fluids necessary to 
form diamonds and the return of diamonds to the surface. 
Ocean floor is thrust deep into the mantle by the process 
known as subduction and carries diamond-forming fluids 
in its seawater-altered minerals and rocks. Mantle con- 
vection return flow also causes hot mantle to rise to shal- 
lower levels and melt, generating the kimberlites that 
deliver diamonds to the surface. 


which would make them much younger than many gem- 
quality diamonds that may have resided in the mantle for 
millions to billions of years. One study, however, linked 
the full range of fluids in some fibrous diamonds from 
northern Canada to subducting oceanic lithosphere, con- 
cluding that the original subducting fluid was related to 
>200-million-year-old recycled sea water (Weiss et al., 
2015). This implies that some fibrous diamonds could have 
longer mantle residence times and are not necessarily al- 
ways related to kimberlite eruption. 


Figure 1. We now have evidence for a wider range of diamond source fluid compositions in both the lithosphere 
and sublithosphere that do not include any carbonate components. Both peridotitic and eclogitic diamonds from 
the lithosphere are now known to also precipitate from non-carbonate-bearing fluids. The Marange cuboctahedral 
diamonds formed from water-rich fluids that contain both methane and carbon dioxide (Smit et al., 2016), and 
the Zimmi eclogitic diamonds crystallized from water-rich fluids that are more reduced and contain significant 
methane (Smit et al., 2019), similar to fluids indicated for peridotitic diamonds from the Cullinan mine (Thomas- 
sot et al., 2007). Photos by Joshua Balduf and Karen Smit/GIA. 
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Figure 2. A fibrous cubic diamond (1.3 x 1.3 mm) from Wawa (Superior craton, Canada) that has been cut through 
the middle and polished into a double-sided plate (right). Fibrous diamonds such as this example typically con- 
tain a darker rim of fluid inclusions that have compositions ranging between carbonate-rich, saline-rich, and sil- 
ica-rich. Fluids similar to those in fibrous diamonds have been found along twin planes in gem-quality diamonds 
from Voorspoed and Venetia (Jablon and Navon, 2016). Photos by Evan Smith/University of British Columbia. 


Fluids similar to those in fibrous diamonds have been 
found along twin planes in rare gem-quality diamonds from 
South Africa, indicating that some gem-quality diamonds 
may have similar formation conditions to fibrous diamonds 
(Jablon and Navon, 2016). However, fluid inclusions in gem- 
quality diamonds are actually very rare, and source compo- 
sitions and the nature of reactants to make diamond must 
be inferred from the covariation of carbon isotope compo- 
sition and nitrogen content, either in individual diamonds 
or diamond suites (Deines, 1980; Stachel et al., 2009). These 
carbon isotope studies suggest that gem-quality diamonds 
may form through varying mechanisms, though they typi- 
cally involve hydrous carbon-bearing fluids that also con- 
tain oxygen and hydrogen (either as CO,, CO,, or CH,). 

Carbon isotope studies can infer whether a diamond 
source fluid is “oxidized” or “reduced” (see above) but do 
not reveal the fluid’s full elemental composition. Dia- 
monds are comprised mostly of carbon, and any other ele- 
ments present in the diamond are normally at incredibly 
low abundances that are difficult to measure. For this rea- 
son, trace element data for gem-quality diamonds are only 
now being realized with improvements in analytical sen- 
sitivity. But the available trace element data for gem-qual- 
ity diamonds do appear to show many compositional 
similarities to fluid-rich fibrous diamonds (Krebs et al., 
2019), further suggesting that fibrous and gem-quality dia- 
monds crystallize from similar types of mantle fluids. 


Sublithospheric Diamonds: 

The Product of Very Deep Subduction 

So-called superdeep diamonds that form in the sublithos- 
pheric mantle (box B) contain very little nitrogen and are 
relatively pure, making them nearly colorless (e.g., CLIP- 
PIR diamonds such as the Cullinan diamond and the Con- 
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stellation diamond from Karowe mine in Botswana; Smith 
et al., 2016). Some superdeep diamonds are plastically de- 
formed, making them pink or brown (e.g., diamonds from 
the Juina area in Brazil). Rarely, they can contain some 
boron imparting a blue color (e.g., the Hope diamond; 
Smith et al., 2018). Based on studies of inclusion-bearing 
superdeep diamonds, we now know that they cannot all 
form in the same environment and that they must crystal- 
lize from a wide variety of source fluids and melts that all 
relate to different aspects of very deep subduction (box B). 

Many superdeep diamonds, such as those from the Juina 
and Machado River areas in Brazil, preserve inclusion evi- 
dence for their crystallization from carbonate-rich fluids (fig- 
ure 3; Walter et al., 2008; Bulanova et al., 2010; Burnham et 
al., 2016; Thomson et al., 2016). These CO,-rich source flu- 
ids likely derive from oceanic lithosphere that was deeply 
subducted into the mantle transition zone (box B). CLIPPIR 
diamonds (figure 4) are now also known to crystallize from 
metallic melts in the deep earth that are associated instead 
with reduced carbon (CH,) and hydrogen (Smith et al., 2016). 
These diamonds have carbon isotopic compositions that are 
unlike those expected for the mantle, but rather indicate an 
ultimate source for the carbon in the oceanic lithosphere, as 
do other superdeep diamonds. The third kind of superdeep 
diamond, boron-containing blue diamonds, are also related 
to deeply subducted oceanic lithosphere (figure 4; Smith et 
al., 2018). In this case, however, the source for the boron- 
containing fluids is likely to be altered peridotite in the 
deeper portions of the subducted lithosphere. 


Our Fluid Understanding of How Diamonds Form: 
Future Studies of Diamond-Forming Fluids 

Our understanding of the fluids from which diamonds form 
is improving with advances in the sensitivity of analytical 


Gems & GEMOLOGY WinteR 2018 443 


* Wisplike liquid feather in synthetic 
emerald. 100x 


¢ Typical picture of masses of elongated, 
profile gas bubbles in synthetic spinel. 20x 


FALL 1952 “209 


Figure 3. Before 2016, the majority of diamonds were thought to crystallize from fluids and melts that contained 
carbonate. For example, the diamonds contained in Jericho eclogites (Slave craton, Canada; left) have covariations 
in carbon isotopic composition and nitrogen content that indicate carbonate-rich source fluids/melts (Smart et al., 
2011). Similarly, the trace element compositions of inclusions in Juina superdeep diamonds (right) also indicate 
their formation from carbonate-rich fluids or melts in the deep mantle (Walter et al., 2008; Bulanova et al., 2010; 
Thomson et al., 2016). Photos by Katie Smart/University of Alberta and Galina Bulanova/University of Bristol. 


techniques. Most diamonds are only comprised of carbon, ments in diamonds, we may be able to better understand 
with less than a few parts per million of nitrogen, boron, and __ the different origins for diamond source fluids. 

other trace elements. Many elements that scientists are in- Future work will also reveal how the different diamond- 
terested in detecting in diamond are currently not abletobe forming environments relate to each other. Our understand- 
measured accurately. With improved analytical techniques __ ing of the origin of lithospheric diamond source fluids is 
that can measure the very low concentrations of trace ele- better developed than it is for sublithospheric diamonds. 


Figure 4. Although some superdeep diamonds have been shown to crystallize from carbonate-rich melts (figure 
3), there are also some rare superdeep diamonds that crystallize from boron-rich fluids and reduced metallic 
melts, both variably associated with subducted oceanic lithosphere (Smith et al., 2016, 2018). On the left is a 
29.62 ct boron-containing rough blue diamond, and on the right is the 812.77 ct rough Constellation diamond, 
which contained metallic inclusions. Photos by Jian Xin (Jae) Liao/GIA. 
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This is because they contain much more nitrogen that can 
be studied along with carbon, and sometimes they are found 
still trapped within their peridotite or eclogite host rocks 
(figure 3). Since superdeep diamonds contain little or no ni- 
trogen, and are never found within their original superdeep 
mantle host rocks, they provide less information about the 
geological conditions by which they formed. We do know, 
however, that the carbonate-rich fluids, metallic melts, and 
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Rose in Demantoid from Madagascar 


Garnets have been known since antiquity. However, it 
was only during the late nineteenth century that the green 
variety demantoid—named for its “diamond-like” lus- 
ter—was discovered in the Ural Mountains of Russia. A 
few decades later, Fabergé and other jewelers helped de- 
mantoid gain more exposure and popularity. Today de- 
mantoid garnet is found in various deposits around the 
world, including Russia, Namibia, Italy, Iran, Afghanistan, 
and Madagascar. 

The authors recently examined a 0.33 ct round brilliant 
demantoid from Antetezambato, Madagascar—a skarn-re- 
lated deposit—that was of particular interest for a large in- 
clusion resembling a flower (figure 1). Further microscopic 
examination revealed the inclusion to be a growth block- 
age followed by a large etch tube. 

The observed shape immediately evokes a flower in re- 
pose. The subtle oblique illumination also reflects a shadow 
on the opposite facet, adding more three-dimensionality to 
this “still-life” image. Finally, the use of Rheinberg illumi- 
nation (Fall 2015 Micro-World, pp. 328-329) enhances the 
colors and gives the inclusion a suitable rose red color. 

Even though horsetail inclusions are the more heralded 
internal feature of demantoid, the beautiful flower inclusion 
in this demantoid specimen from Madagascar proves once 


About the banner: An iris agate from Nipomo, California, shows vibrant 
diffraction colors. Photomicrograph by Nathan Renfro; field of view 11.57 
mm. Courtesy of the John Koivula Inclusion Collection. 
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more that the exploration of the microscopic world in gem- 
stones will always reserve for us endless surprises. 


Jonathan Muyal 
GIA, Carlsbad 


Pierre-Yves Chatagnier 
Tsara International, Paris 


Lepidocrocite in Boulder Opal 


The term “boulder opal” is used to describe gem-quality 
opal that fills in the pore spaces and cracks of its ironstone 
host. When cut, some of that ironstone matrix is included 
in the finished stone, often to add structural support to del- 
icately thin veins of opal (R.W. Wise, “Queensland boulder 


Figure 1. A negative crystal growth blockage followed 
by an etch tube is observed in a faceted demantoid 
from Madagascar. The use of Rheinberg illumination 
gives the inclusion a red color reminiscent of a rose. 
Photomicrograph by Jonathan Muyal; field of view 
1.99 mm. 
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Figure 2. This boulder opal contains a layer of needle- 
like lepidocrocite inclusions along the interface be- 
tween the opal and the ironstone matrix. Photomicro- 
graph by Nathan Renfro, field of view 0.96 mm. 


opal,” Spring 1993 GWG, pp. 4-15). The authors recently 
examined a boulder opal, presumed to be from Australia, 
that showcased some interesting inclusions along the in- 
terface between the opal and ironstone matrix. Micro- 
scopic observation revealed a carpet of minute needle-like 
inclusions radiating outward from the ironstone into the 
surface opal layer (figure 2). Where some of the inclusions 
broke the surface, they showed a submetallic luster in re- 
flected light. In order to identify these unusual inclusions, 
we used Raman spectroscopy to analyze some of the sur- 
face-reaching needles. Raman spectroscopy and compari- 
son with the reference spectra from the RRUFF mineral 


database showed that these inclusions were the iron hy- 
droxide mineral lepidocrocite. Energy-dispersive X-ray flu- 
orescence testing revealed only the presence of iron, which 
was consistent with the Raman results. This is the first 
time the authors have encountered a lepidocrocite inclu- 
sion in boulder opal. 


Nathan Renfro 
GIA, Carlsbad 


Bona Hiu Yan Chow 
GIA, Hong Kong 


Prismatic Rutile in Quartz 


Rutile, a mineral composed mainly of titanium dioxide 
(TiO2), is acommon inclusion in quartz in the form of pro- 
fuse acicular hair-like crystals (E.J. Gtibelin and J.I. Koivula, 
Photoatlas of Inclusions in Gemstones, Vol. 1, ABC Edi- 
tion, Zurich, 1986). These golden needle inclusions are ap- 
preciated as a pleasing feature, giving their name to the 
variety known as rutilated quartz. 

However, prismatic single rutile crystal inclusions in 
quartz remain an underappreciated feature, often synony- 
mous with “flaws.” They are rarely showcased by the lap- 
idary. Nevertheless, we observed a 21.27 ct cushion-cut 
rock crystal quartz that displayed a large, well-formed ru- 
tile crystal inclusion (figure 3) under the table. 

The protogenetic inclusion showed a black-silver color 
with adamantine to submetallic luster, a well-formed 
tetragonal (“stubby”/blocky) prismatic crystal habit with 
fine striation along its length (parallel to the c-axis), and 
smooth pyramidal termination faces. Cyclical twinning 
such as twin knee/sharply angled twins on [011] and par- 
allel twinning crystal growth along the length were also 
observed (again, see figure 3). 


Figure 3. Left: Depending on the viewing angle, these two rutile crystals in rock crystal quartz seem to be touching 
each other. In the foreground is a black-silver prismatic crystal, and below on the right is a shadowed, fragmented 
piece, seen in diffuse/fiber-optic illumination. Right: The use of Rheinberg illumination gives warmer colors to the 
rutile crystals and the background. Photomicrographs by Jonathan Muyal, field of view 14.52 mm. 
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Very close below, in the background, was another rutile 
crystal inclusion, this one a fragmented piece. At first 
glance, it could be mistaken for part of the main crystal in- 
clusion described above. Nevertheless, this rutile fragment 
adds details to the overall visual composition. 

Rheinberg illumination (Fall 2015 Micro-World, pp. 
328-329) using blue and yellow filters provided additional 
contrast. Lighting technique is critical in photomicrogra- 
phy. Here it dramatically enhanced the inclusion scene, of- 
fering alternative vibrant colors for aesthetic purposes. 

This rock crystal quartz had preserved and beautifully 
highlighted a prismatic rutile crystal inclusion, like a col- 
lector mineral specimen in a display window. Such a large 
inclusion specimen also provides valuable mineralogical 
information for the gemologist. 


Jonathan Muyal and John I. Koivula 
GIA, Carlsbad 


Drill Hole in Heated Pink Sapphire 


While testing a faceted pink sapphire in our laboratory, we 
looked at its internal features and determined that it was 
a heat-treated stone from Myanmar. As we examined the 
surface of the 14.75 x 13.02 x 8.82 mm sapphire, we no- 
ticed an unusual feature: a large round drill hole extending 
from the surface into a crystal or negative crystal within 
the stone (figure 4). Note that this drill hole did not extend 
through the sapphire, as one might see in a bead. This 
stone was faceted, so it is unlikely that the person who 
drilled into the stone intended to create a bead. 

What seems more likely, given the placement of the 
drill hole, is that it was drilled to minimize the appearance 
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of the crystal that it reached. We suspect that the crystal 
was originally more opaque and of darker color or filled 
with a dark substance. It is possible that the drill hole was 
created so that the crystal could be cleaned out with acid, 
minimizing its appearance. We can only guess at the in- 
tentions of the treater, who might have gotten the idea 
from the laser drilling of diamonds. 

Although the exact process may remain a mystery, 
this inclusion indicates an unusual treatment in ruby and 
sapphire. 


E. Billie Hughes 
Lotus Gemology, Bangkok 


Sillimanite in Ruby 


Recently, the New York laboratory received for origin de- 
termination a ruby whose unusual lathe-like inclusions 
caught the authors’ eyes. The inclusions were long, pris- 
matic, and transparent, often accumulating in small bun- 
dles throughout the stone (figure 5). Luckily, a few needles 
broke the surface, allowing laser Raman spectroscopy to 
identify the mystery inclusions as sillimanite, an alumi- 
nosilicate mineral that forms in high-grade metamorphic 
rocks, including the amphibolite facies. With a chemical 
formula of Al,SiO,, sillimanite, a polymorph of andalusite 
and kyanite, is frequently found with ruby. 

Laser ablation—-inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) of the host ruby revealed a particu- 
larly high iron concentration of 7100-7410 ppmw. The 
combination of the elemental composition and inclusions 
indicates the stone is from an amphibolite host rock, a non- 
classic metamorphic formation (NCL). NCL ruby sources 


Figure 4. A drill hole in 
a heated pink sapphire 
from Myanmar, seen 
with diffuse brightfield 
and fiber-optic illumi- 
nation. Photomicro- 
graph by E. Billie 
Hughes; approximate 
field of view 5 mm. 
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include East African countries such as Mozambique, Mada- 
gascar, and Tanzania, as opposed to classic metamorphic 
sources such as Burma and Vietnam. 

Such a high density of these inclusions is rarely observed 
in stones submitted to GIA. Sillimanite itself is not a par- 
ticularly uncommon mineral, especially in amphibolite host 
rocks, so why has it been missing from previously analyzed 
East African rubies at GIA? Due to its preferred habit of 
densely packed needles, sillimanite in ruby likely affects 
transparency, potentially resulting in non-gem-quality 
translucent to opaque rubies. Such stones are not frequently 
submitted to GIA. It is refreshing to see less common min- 
eral inclusions in the lab, as they provide a greater under- 
standing of East African rubies. 


Virginia Schneider and Tyler Smith 
GIA, New York 


Gilson Cat’s-Eye Synthetic Emerald 


In the early 1960s, French ceramist and engineer Pierre 
Gilson succeeded in growing and producing flux synthetic 
emerald of commercially marketable quality. By the mid- 
1970s, it was reported that Gilson commanded 95% of 
the world market in synthetic emeralds (J. Sinkankas, 
Emerald and Other Beryls, Chilton Book Company, Rad- 
nor, Pennsylvania, 1981, p. 308). While the Gilson factory 
is no longer active, the material is still occasionally en- 
countered in the trade and in gemological laboratories. 
The authors recently examined one example, a 2.73 ct 
cabochon that was of particular interest for its chatoy- 
ancy (figure 6). 

Gilson synthetics are often grown from seed plates of 
slices of natural beryl positioned parallel to the c-axis. 
Microscopic examination of the specimen revealed veils 


Micro-WorRLD 


Figure 5. Bundles of 
fine sillimanite needles 
clash within their ruby 
host. Photomicrograph 
by Tyler Smith; field of 
view 1.76 mm. 


and wispy secondary flux fingerprint inclusions, as well as 
strain bands like graining aligned parallel to the c-axis, all 
common features of Gilson synthetic emerald. The numer- 
ous growth striae resulted from inner strain, caused by pe- 
riodic growth interruptions or slight changes in chemical 
composition when the growth tank was recharged 
(Sinkankas, 1981; R. Diehl, “Neues zum Thema ‘Syn- 
thetischer Smaragd’: Besuch bei Pierre Gilson,” Zeitschrift 
der Deutschen Gemmologischen Gesellschaft, Vol. 26, No. 
2, 1977, pp. 61-75). 


Figure 6. This 2.73 ct Gilson synthetic emerald cabo- 
chon displays a sharp “cat’s-eye” phenomenon. Photo 
by Kevin Schumacher. 
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Figure 7. The parallel arrangement of a network of primary flux inclusions is responsible for the cat’s-eye effect. 


Photomicrograph by Jonathan Muyal; field of view 2.77 mm. 


Also parallel to the c-axis (the basal pinacoid of the orig- 
inal crystal), we observed a plane of tubes (figure 7) that was 
responsible for the chatoyant effect. This plane of numerous 
elongated bubbles/cavities containing the primary flux— 
and possibly minute phenakite crystals—was located near 
the base of the cabochon. This oriented plane of primary 
flux tubes also appears to result from the variation of con- 
ditions during growth. 

The micro-world of flux-grown Gilson emerald has al- 
ready been captured extensively (EJ. Giibelin and J.I. 
Koivula, Photoatlas of Inclusions in Gemstones, Vol. 3, 
Opinio Publishers, Basel, Switzerland, 2008). But the in- 
terest of this specimen is its clever fashioning, with the 
plane of the coarse primary flux residue—which a lapidary 
would normally want to remove—oriented close to the 
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base and parallel to it, turning this into a chatoyant spec- 
imen. In fact, this is the first time a Gilson flux-grown 
cat’s-eye emerald has been encountered by the authors. 


Jonathan Muyal and Pierre-Yves Chatagnier 


Zircon Cluster in Ethiopian Sapphire 


Ethiopia is a known producer of opal, emerald, and com- 
mercial-grade sapphire. In March 2018, a GIA team col- 
lected a 1.911 ct blue sapphire from the Ch’ila mining area 
in the Tigray region. The inclusion scene shows a cluster 
of small transparent euhedral crystals with high relief. 
Raman spectroscopy identified the smaller crystals as zir- 
con, but the clusters also contain some larger rounded 
monazite crystals (figure 8). Zircon is a common inclusion 


Figure 8. A very dense 
cluster of euhedral zir- 
con associated with a 
larger rounded crystal 
of monazite, viewed 
under brightfield illu- 
mination. Photomicro- 
graph by Charuwan 
Khowpong; field of 
view 1.75 mm. 
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in blue sapphire, usually associated with metamorphic 
sources such as Myanmar, Sri Lanka, or Madagascar. Zir- 
con inclusions from those deposits typically have more 
rounded shapes (E.J. Gibelin and J.I. Koivula, Photoatlas 
of Inclusions in Gemstones, Vol. 3, Opinio Publishers, 
Basel, Switzerland, 2008, pp. 188-308). The sapphire de- 
posit in northern Ethiopia is related to alkali basalt, similar 
to the deposits in Australia, Nigeria, or Thailand. These 
sources rarely show clusters of euhedral zircon crystals. 
The presence of these zircon clusters might help to sepa- 
rate Ethiopian sapphire from other basalt-related sapphire 
sources. 


Charuwan Khowpong 
GIA Bangkok 


Quarterly Crystal: Bubble in Fluorite 


The very lightly etched green fluorite crystals that come 
from the Rogerley mine, located in Rogerley Quarry, 
Weardale, County Durham, England, are well known for 
the beautiful bright fluorescence they display. Rogerley 
mine fluorite is highly fluorescent, turning bright bluish 
white on exposure to long-wave ultraviolet radiation. 

The fluorescent fluorite from this locality will also take 
on a purplish color in sunlight. This effect, known as “day- 
light fluorescence,” appears to be unique to fluorite from 
the Weardale area. Research has shown that this intense 
fluorescence is due to an elevated rare-earth element (REE) 
content, including the elements cerium, lanthanum, 
neodymium, samarium, and yttrium. 

The Rogerley fluorite specimen shown in figure 9 
measures 17.68 x 17.38 x 13.50 mm and weighs 41.98 ct. 
What makes this specimen the subject of this issue’s 
“Quarterly Crystal” is the presence of an eye-visible pri- 
mary fluid inclusion with a moving gas phase. Along the 
interface, where the two growing crystals came together, 


Figure 9. This 41.98 ct cluster of transparent green flu- 
orite cubes contains a large primary two-phase fluid 
inclusion that was trapped between the cubes as they 
developed. Photo by Diego Sanchez. 


negative space was created. This form of primary fluid in- 
clusion hosts fluid remnants that were present when the 
fluorite was growing. When comparing the two photomi- 
crographs in figure 10, the movement of the gas phase can 
be clearly seen. Fluid inclusions like this are not at all com- 
mon in fluorite. 


John I. Koivula 
GIA, Carlsbad 


Figure 10. In this registered pair of images, the movement of the gas phase in the fluorite cluster can be easily seen. 
Photomicrographs by Nathan Renfro; horizontal field of view 6.54 mm. 
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COLORED STONES AND ORGANIC MATERIALS 


Natural emerald with inclusions along three directions. Re- 
cently, Guild Gem Laboratories received a 10.48 ct sugarloaf 
emerald (figure 1) for identification and origin determina- 
tion. The refractive index (approximately 1.58) and specific 
gravity (approximately 2.80) fell within the range for beryl, 
and Fourier-transform infrared (FTIR) testing confirmed it 
as natural emerald. Additionally, energy-dispersive X-ray flu- 
orescence (EDXRF) analysis revealed Fe, V, and Cr contents 
consistent with those in Zambian material. 

The stone showed interference colors when placed 
under a polariscope with the bottom facing up. With a 
conoscope, the optic axis of this emerald was determined 
to be perpendicular to the bottom. Using the microscope, 
we found thin platy inclusions arranged in three directions 
intersected with each other at 60/120 degree angles (figure 
2). Those inclusions were mainly dark brownish and trans- 
parent with well-formed rectangular shapes, some of 
which exhibited a light bodycolor resembling an unhealed 
fracture. Evenly distributed reflective light could be seen 
at certain angles. We deduced that those inclusions had rel- 
atively smooth surfaces, which means that their original 
crystal faces were not corroded during the emerald’s for- 
mation. Further observation revealed hexagonal inclusions 
in the basal plane. Owing to uneven development during 
their crystalline formation, several of them were nearly tri- 
angular in shape. Their sides were parallel to the direction 
of the platy inclusions (figure 3, top). We also found distinct 
growth lines near the bottom of the sugarloaf perpendicular 
to the c-axis. These platy inclusions appeared to be con- 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Figure 1. This 10.48 ct sugarloaf emerald from Zam- 
bia shows a vivid and highly saturated green color. 
Photo by Yizhi Zhao. 


centrated sparsely in a thin layer with a thickness around 
1.5-2.0 mm, as shown figure 3 (bottom). The sparseness of 


Figure 2. Platy inclusions in the emerald in three direc- 
tions, intersecting at 60/120 degree angles viewed along 
the c-axis. Photo by Yujie Gao; field of view 2.8 mm. 
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Figure 3. Top: The hexagonal inclusions in the basal 
plane are parallel to the orientation of the platy inclu- 
sion described in figure 2. Field of view 3.1 mm. Bottom: 
A thin layer exhibiting growth lines is perpendicular to 
the emerald’s c-axis. Photos by Yujie Gao. 


the oriented inclusions resulted in the absence of asterism 
or cat’s-eye phenomena. 

Considering the optic axis, we concluded that the platy 
inclusions grew along the hexagonal prismatic emerald 
faces, with the hexagonal platy inclusion parallel to the 
basal plane, as illustrated in figure 4. However, it is still 
unclear whether they were syngenetic or exsolution, since 
their well-preserved shapes showed little evidence of cor- 
rosion and there was insufficient evidence of exsolution. 


Yujie Gao (peter.gao@guildgemlab.com) and Kai Li 
Guild Gem Laboratories, Shenzhen 


Darwin Fortaleché 
Guild Gem Laboratories, Hong Kong 


DIAMONDS 


Nominal type IaB diamond with detectable uncompen- 
sated boron. In recent years, nominal type IaAB and Ila di- 
amonds with transient 2800 cm! FTIR absorption peaks 
arising from uncompensated boron produced under UV ra- 
diation have been reported (J. Li et al., “A diamond with a 
transient 2804 cm absorption peak,” Journal of Gemmol- 
ogy, Vol. 35, 2016, pp. 248-252; Winter 2016 Lab Notes, 
pp. 412-413). The National Center of Supervision and In- 
spection on Quality of Gold and Silver Products recently 
examined a type IaB diamond that exhibited instantaneous 
2803 cm! FTIR absorption shortly after exposure to an 
ultra-short-wave (< 230 nm) UV source. 
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Hexagonal prismatic crystal of emerald 


Basal plane 


c-axis 


Figure 4. Proposed illustration of hexagonal inclusions 
in the basal plane and platy inclusions along the pris- 
matic faces. Illustration by Yujie Gao. 


Under ultra-short-wave UV excitation, the 0.30 ct K-L 
diamond with faint brown color, mounted in an 18K gold 
prong setting (figure 5), showed strong blue fluorescence 
and strong greenish blue phosphorescence that lasted for 
approximately eight seconds (figure 6). Infrared absorption 
spectroscopy showed low concentrations of the hydrogen- 
related peak (3107 cm) and nitrogen impurities in the B 
aggregates at 1174 cm (figure 7), indicating a type IaB di- 
amond (C.M. Breeding and J.E. Shigley, “The ‘type’ classi- 


Figure 5. This 0.30 ct K-L diamond with faint brown 
color, mounted in an 18K gold prong setting, is a 
nominal type IaB diamond with detectable uncom- 
pensated boron. Photo by Wenqing Huang. 
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fication system of diamonds and its importance in gemol- 
ogy,” Summer 2009 GWG, pp. 96-111); prior to ultra-short- 
wave UV excitation, we were unable to detect the presence 
of the B center. No boron-related absorption was detected 
before UV radiation exposure, due to uncompensated B 
concentrations below the detection level of the FTIR spec- 
trometer. But shortly after ultra-short-wave UV exposure, 
the transient boron-related absorption peak was recorded 
at 2803 cm! (again, see figure 7). Nitrogen-related peaks 
were detected at 415.7, 428.5, 439.0, and 452.4 nm using 
photoluminescence (PL) spectroscopy (figure 8); the peak 
at 415.7 nm belongs to the zero-phonon line (ZPL), while 
the others belong to its associated phonon replicas (A.M. 


Figure 7. The FTIR spectra reveal low concentrations 
of the hydrogen peak (3107 cnr’) and nitrogen impuri- 
ties in the B aggregates (1174 cm) (blue line). Shortly 
after ultra-short-wave (< 230 nm) UV exposure, the 
transient boron-related absorption was recorded at 
2803 cm (red line). Spectra have been offset verti- 
cally for clarity. 
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Figure 6. DiamondView 
imaging shows blue flu- 
orescence (left) and 
greenish blue phospho- 
rescence (right) in the 
natural type IaB dia- 
mond. Images by Wen- 
ging Huang. 


Zaitsev, Optical Properties of Diamond: A Data Hand- 
book, Springer-Verlag, Berlin, 2000). PL and FTIR spectra 
confirmed the diamond’s natural origin. 

The generally accepted mechanism for interpreting the 
phosphorescence in type IIb diamonds is donor-acceptor 
pair recombination processes involving boron and other 
defects (P.J. Dean, “Bound excitons and donor-acceptor 
pairs in natural and synthetic diamond,” Physical Review, 
Vol. 139, 1965, pp. A588-A602). Boron is deemed as the 
acceptor in the model, where the donor is believed to be 
nitrogen related, either as isolated nitrogen, aggregated ni- 
trogen, or a plastic deformation—related defect (S. Eaton- 
Magana and R. Lu, “Phosphorescence of type IIb 
diamonds,” Diamond and Related Materials, Vol. 20, 
2011, pp. 983-989; E. Gaillou et al., “Boron in natural type 
IIb blue diamonds: Chemical and spectroscopic measure- 
ments,” American Mineralogist, Vol. 97, 2012, pp. 1-18). 


Figure 8. The photoluminescence spectrum of the 
sample excited at room temperature with a 405 nm 
laser reveals an N3 center with its zero-phonon line 
(ZPL) at 415.7 nm and its associated phonon replicas 
with peaks at 428.5, 439.0, and 452.4 nm. 
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When almost all of the boron impurities received electrons 
from donors, almost no uncompensated boron (B,}) was left 
behind, and therefore no boron-related absorption peaks 
were recorded. When the diamond was exposed to ultra- 
short-wave UV excitation, some of the compensated boron 
converted to an uncompensated state due to a charge 
transfer process between compensated boron and ionized 
donors, which could be recorded before the phosphores- 
cence decayed. This mechanism is also suitable for inter- 
preting the observed phenomenon of this specimen. 
Natural diamonds with long-lasting phosphorescence 
under UV excitation are typically type Ib or chameleon dia- 
monds (J.M. King et al., “Characterizing natural-color type 
Ib blue diamonds,” Winter 1998 GwG, pp. 246-268; T. 
Hainschwang et al., “A gemological study of a collection of 
chameleon diamonds,” Spring 2005 GwG, pp. 20-35). It is 
rare to find diamonds of other types, especially type IaB dia- 
monds, showing this phenomenon. Finding a detectable, if 
temporary, B, defect in a type IaB diamond is also unusual. 
Wenqing Huang, Yijing Liu, and Shujia Dong 
National Center of Supervision and Inspection on 
Quality of Gold and Silver Products 
Nanjing, China 
Dongjuan Chao 
Jiangsu Daocun Industrial Development Co. Ltd. 
Nanjing, China 


Guizhou Jade from Qinglong, China. A green-blue quartzite 
produced in the Qinglong antimony deposit, in southwest- 
ern Guizhou Province, is called Guizhou Jade in the trade. 
The source area is located in the middle of the Yunnan- 
Guizhou Plateau at 25°N latitude, rising 1,600 meters 
(5,250 ft) above sea level (figure 9). This material was dis- 
covered in the 1950s, when the antimony deposit was eco- 
nomically more important to the area. The accompanying 
blue quartzite was only commercially mined as a decorative 
material. Later, it was used as a gem material, and it has 
been popular in Chinese jade markets since about 2011 (fig- 
ure 10). 

In June 2018, the authors went to the source to inspect 
the antimony deposit and conduct exploration and collec- 
tion for Guizhou Jade in the mine. The host rocks are 
mainly pyroclastic (breccia) rocks, breccia clay rocks of the 
Dachang layer, and bio-limestones of the Maokou Forma- 
tion. The Dachang layer is the main ore-bearing layer of 
the antimony deposit, which is a set of pyroclastic and 
chemical deposits, and subjected to alteration to siliceous 
and clay rocks (J.C. Cao, “The dyeing mechanism and 
cause of Guicui,” Acta Mineralogica Sinica, No. 3, 1983, 
pp. 183-192). 

The authors observed that in the mine, this material 
has a close relationship with stibnite. It is mostly devel- 
oped in the interlayer fissures, fracture zones, and areas 
where brecciation has taken place. The material occurs as 
blocks and/or veins (figure 11). In the ores, there are cal- 
cite- and gypsum-filled cracks and voids. Green or white 
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Figure 9. Qinglong, the site of the Guizhou Jade de- 
posit, is located in southwestern China. 


clay minerals are often found in the micro-cracks or small 
holes in the gem material. 

Guizhou Jade is translucent to opaque, with a refractive 
index of about 1.54 (spot reading), a specific gravity of 2.62, 
and a Mohs hardness of 6.5-7. According to the infrared 


Figure 10. This Guizhou Jade ornament, typical in the 
Chinese jade markets, stands about 11 cm high. 
Photo by Yushan Dai. 
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Figure 11. Left: In the mine, Guizhou Jade is mostly developed in the interlaminar fissures and closely related to 
stibnite. Right: Guizhou Jade, which develops between layers of stibnite, is massive and can be seen in some small 
holes in the surface. Photos by Yushan Dai. 


spectrum, the main constituent mineral is quartz, and its 
infrared spectrum matches the a-quartz standard infrared 
spectrum, including several obvious absorption peaks at 
1172, 1124, 1085, 798, 781, 540, and 478 cm (figure 12). 
Quartzite is generally cryptocrystalline. Its colors range 
from light green-blue to dark green-blue. The most sought- 
after color is ocean blue, as shown in figure 10. 
UV-Vis-NIR absorption spectra (figure 13) of both sam- 
ples show an obvious 415 nm absorption band and a strong 
absorption band at 590-620 nm, located in the blue-green 
range of visible light. The absorption intensity of the light- 
colored sample is significantly lower than that of the deep- 
colored sample. The 415 nm absorption band is caused by 
‘A, >“T,, transition and *A,,>*T,, transition of Cr’*. The 
strong absorption band at 590 to 620 nm is caused by charge 
transfer between Fe?*>Ti* and ‘A, >“T,, transition of Cr* 


Figure 12. The infrared spectrum of a Guizhou Jade 
sample. 
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(J. Liu, “The color formation of common green quartz jade,” 
Ming Ri Feng Shang, No. 3, 2017, pp. 368-371). 

High-quality Guizhou Jade is rich in color and loved by 

collectors. It has been widely used in necklaces, bracelets, 

earrings, and other items. 

Yushan Dai and Xuemei He 

School of Gemmology, China University of Geosciences 

Beijing 


SYNTHETICS AND SIMULANTS 
Single HPHT synthetic diamond mixed in natural dia- 
mond ring. Recently, a ring with 195 mounted colorless 


and near-colorless stones (figure 14) was submitted to 
Dubai Central Laboratory for identification. The ring con- 


Figure 13. The UV-Vis-NIR spectra of both Guizhou 
Jades show a 415 nm absorption band and a strong 
absorption band at 590-620 nm. 
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Figure 14. The ring with 194 natural diamonds and 
one HPHT-grown specimen. Photo by Nazar Ahmed 
Ambalathveettil. 


tained round-brilliant-cut diamond melee arranged in 
rows. Testing with the DiamondSure instrument identified 
194 of them as natural diamond, and the remaining melee 
was referred for further testing. 

The sample’s setting in the ring restricted us to FTIR 
spectroscopy in reflection mode to determine its identity. 
Solid metallic inclusions were revealed under the micro- 
scope (figure 15). The specimen displayed strong yellow 
and moderate greenish yellow fluorescence under long- 
wave UV and short-wave UV, respectively (figure 16). The 
inclusions and fluorescence suggested HPHT-grown dia- 
mond, which generally shows a stronger fluorescence re- 
action to short-wave UV than to long-wave UV. The vast 
majority of HPHT synthetics in the “colorless” range ex- 
hibit no detectable fluorescence to long-wave UV (S. Eaton- 
Magania et al., “Observations on HPHT-grown synthetic 
diamonds: A review,” Fall 2017 GWG, pp. 262-284), but 
this one showed strong fluorescence under long-wave UV. 


Figure 15. These metallic flux inclusions that are as- 
sociated with feathers show high reflection in oblique 
light. Photo by Nazar Ahmed Ambalathveettil. 


The stone was further examined with DiamondView 
imaging and photoluminescence (PL) spectroscopy. Strong 
yellowish green fluorescence and blue phosphorescence 
were observed with the DiamondView, but the growth 
sector pattern typical of HPHT-grown diamond was not 
visible because of the stone’s size. PL spectroscopy showed 
nickel-related peaks at 882/884 nm. Based on these re- 
sults, we concluded that this was an HPHT laboratory- 
grown diamond. 

We later learned that the customer had given the ring 
to a jewelry repair shop to replace a broken diamond, 
which may account for the single lab-grown specimen. 
This is a good example of the need for vigilance in every 
stage of diamond jewelry making. 

Nazar Ahmed Ambalathveettil (nanezar@dm.gov.ae), 

Nahla Al Muhari, and Sutas Singbamroong 
Gemstone Unit, Dubai Central Laboratory 
United Arab Emirates 


Figure 16. The laboratory-grown diamond fluoresced yellow under long-wave UV (left) and greenish yellow under 
short-wave UV light (right). Photos by Nazar Ahmed Ambalathveettil. 
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Figure 17. This sapphire that was treated with heat and pressure contained small birefringent crystals (left) that 
were neatly invisible with unpolarized light, as seen in the brightfield image (right). Photomicrographs by Nathan 
Renfro; field of view 1.81 mm. 


TREATMENTS 


Microscopic observations of blue sapphires treated with 
heat and pressure. In recent months, sapphires treated 
under heat and pressure have been documented in the trade. 
This material is reported to be treated under pressure of 1 
kbar at temperatures between 1200 and 1800°C by HB Lab- 
oratory Co. Ltd. of Korea (H. Choi et al., “Sri Lankan sap- 
phire enhanced by heat with pressure,” The Journal of the 
Gemmological Association of Hong Kong, Vol. 39, 2018, 
pp. 16-25). This process is used to improve blue coloration 
and potentially heal any fractures within the stones. 

GIA acquired from Sri Lankan gem dealer Imam Faris of 
Imam Gems (Pvt) Ltd. six samples that were said to have 
been treated under the conditions mentioned above. The 
samples were examined using a standard gemological mi- 
croscope to look for any unusual features resulting from this 
type of treatment. Five of the six sapphires showed a feature 
that to our knowledge has not been reported before. Viewed 
in polarized light (figure 17, left), planes of small crystallites 
were observed as bright spots against a dark background 
when the host corundum was in the extinct position. But 
under unpolarized light (figure 17, right), the crystallites 
were either invisible or nearly so, and only visible from a 
low-relief interface between the crystallite and the host 
corundum. Due to the extremely low relief of these inclu- 
sions, the author speculates that these inclusions are corun- 
dum crystals that originated from fractures and were healed 
by recrystallization of the corundum. While it is certainly 
possible to have birefringent crystals of corundum in un- 
treated corundum, the consistent observation of the planes 
of birefringent crystals by the author suggests that this fea- 
ture could be a useful indicator for corundum treated with 
heat and pressure. These preliminary observations offer 
some interesting clues, but further research will be needed 
to fully characterize corundum treated with this technique. 


Nathan Renfro 
GIA, Carlsbad 
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Emeralds filled with epoxy resin: DiamondView observa- 
tions. Emeralds from all sources routinely contain surface- 
reaching fissures, and as a result are subjected to clarity 
enhancement processes (oiling or resin filling) to improve 
their appearance. The quantity and variety of emerald-fill- 
ing substances undoubtedly affects the final market value 
(M.L. Johnson et al., “On the identification of various 
emerald filling substances,” Summer 1999 GwG, pp. 82- 
107). Recently, the Lai Tai-An Gem Lab received a stone— 
reported as an emerald by the client—for identification 
services, with a request to focus on the degree of clarity en- 
hancement. DiamondView imaging allowed us to visually 
explain the degree of filling in a way the client was quickly 
able to understand. 

The transparent emerald-cut stone weighed 16.15 ct 
and measured 16.80 x 14.07 x 9.48 mm. It exhibited a light 
to medium green saturation and contained white hazy in- 
clusions that were visible to the eye (figure 18). Standard 


Figure 18. This 16.15 ct emerald was filled with epoxy 
resin. Photo by Lai Tai-An Gem Lab. 
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gemological testing revealed an RI of 1.570-1.575, an SG 
of approximately 2.66, and a weak yellowish green reaction 
under long-wave ultraviolet radiation. Magnification with a 
gemological microscope revealed fluid and three-phase in- 
clusions typical of natural emeralds. When turning the spec- 
imen, “blue flashes” characteristic of resin-filled material 
were seen within many of the fissures (figure 19). These re- 
sults confirmed that the stone was a natural, clarity-en- 
hanced emerald. Infrared spectrometry was subsequently 
performed to analyze the filling in more detail. Epoxy resin 
peaks at 3061, 3040, 2965, 2930, and 2870 cnr" (figure 20) 
confirmed the epoxy resin treatment of the stone, as indi- 
cated by the initial microscopy. 

Although it may not be difficult for experienced gemol- 
ogists to identify various emerald-filling substances using 
high-end equipment like Fourier-transform infrared (FTIR) 
or Raman spectroscopy, we wanted to check on the suit- 
ability of another tool to assist in identifying fillers and to 
help see the extent and degree of filling applied. We turned 
to the DiamondView and obtained some interesting im- 
ages for this clarity-enhanced emerald. 

The stone’s surface was first observed in different di- 
rections under the DiamondView’s visible light source 
until obvious surface-reaching fissures appeared. Subse- 
quent exposure to the unit’s ultra-short energy UV light 
clearly revealed the epoxy resin filler within the fissures as 
a series of blue lines extending over the entire surface 
against the beryl’s orange-fluorescing bodycolor. The more 
severe (quantity in relation to width and depth) the treated 
fissures were, the stronger the blue reaction (figure 21). The 
results of this simple test show how the DiamondView 
may be applied. Although the DiamondView cannot pre- 
cisely identify the fillers, it does provide a means of detec- 
tion that can be applied to a variety of gems. The option 
of ultra-short-wave radiation should be considered, as 


Figure 19. When viewed through a gemological micro- 
scope, “blue flashes” characteristic of resin-filled 
emeralds are clearly visible. Photo by Lai Tai-An 
Gem Lab; field of view 8.8 mm. 
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Figure 20. Characteristic epoxy resin peaks were de- 
tected at 3061, 3040, 2965, 2930, and 2870 cnr with 
FTIR spectrometry. 


there may be concerns about the color and structural dura- 
bility of host and fillers that have not been fully taken into 
account. 


Larry Tai-An Lai (service@laitaian.com.tw) 
Lai Tai-An Gem Laboratory, Taipei 


Coated pink synthetic moissanite. The French Gemmolog- 
ical Laboratory (LFG) recently received a 0.41 ct pink stone 
resembling a pink diamond (figure 22) for identification. The 
surface of the stone showed numerous patches (figure 23), 
casting doubts about the natural origin of its color. 


Figure 21. Surface-reaching fissures with greater con- 
centrations reveal a stronger blue reaction when 
observed in different directions under the Diamond- 
View’s visible light (left) and when exposed to the 
unit’s ultra-short-wave UV energy (right). 
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Figure 22. This 0.41 ct pink stone was revealed to be 
a coated synthetic moissanite. Photo by Aurélien 
Delaunay. 


Under the microscope, these flakes showed metallic 
luster. Furthermore, the pink color appeared concentrated 
at the surface. Some unevenness in the color was observed 
due to scratches of this film. When observed through the 
crown, the gem showed a clear doubling of its edges, indi- 
cating an anisotropic material. These observations con- 
firmed the client’s doubts that the gem was a pink 
diamond (figure 24). 

The sample was analyzed using infrared, UV-visible, 
and Raman spectrometers. All the spectra collected indi- 


Figure 23. Metallic flakes on the surface raised ques- 
tions about the origin of the pink color. Photomicro- 
graph by Aurélien Delaunay; field of view 
approximately 1.8 mm. 
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Figure 24. Doubling of the edges, observed near the 
crown in this synthetic moissanite. Photomicrograph 
by Aurélien Delaunay; field of view approximately 
3.4mm. 


cated a synthetic moissanite coated with a colored film. 
Chemical study of this film acquired with an EDXRF spec- 
trometer revealed that iron and titanium were responsible 
for the color of the calcium-rich film. 

This is the first example the LFG has seen of synthetic 
moissanite coated with a thin colored film. This type of 
treatment is not rare with topaz, quartz, diamond, or tan- 
zanite. Gemologists must remain vigilant because this 
treatment can be performed on all gems, natural or syn- 
thetic. 


Aurélien Delaunay 
Laboratoire Francais de Gemmologie (LFG) 
Paris 


Synthetic moissanite coated with diamond film imitating 
rough diamond. A transparent yellowish octahedral (saw- 
able) crystal (figure 25) weighing 5.35 ct was submitted as 
a rough diamond to the Far East Geological Institute (FEGI) 
for examination. 

The faces of the octahedron showed a stepped appear- 
ance, and the edges had parallel grooves and combinational 
surfaces. The faces and edges were smooth except for one 
face where mechanical damage was noticeable. Initially, the 
specimen was examined using conventional gemological in- 
struments. It was inert to long-wave UV (365 nm) and 
anisotropic. Thermal conductivity testing indicated dia- 
mond. Tests for electrical conductivity were not convincing, 
however: Some areas (mostly on the edges) corresponded to 
diamond, but others (on smooth faces and dimples) indicated 
synthetic moissanite. There were no inclusions associated 
with natural diamond. Only small parallel needle-like in- 
clusions, typical for synthetic moissanite, were found using 
a gemological microscope (figure 26). 
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Figure 25. This 5.35 ct sample, submitted as a rough 
diamond, was identified as synthetic moissanite 
coated with a diamond film. Photo by V. Pakhomova. 


X-ray tomography showed that the inner part of the sam- 
ple was distinguished by its X-ray density from the outer 
shell, which had a variable thickness from 19 to 115 microns 
(figure 2.7). Microprobe analysis with a JEOL JXA-8100 four- 


Figure 27. Three-dimensional X-ray tomography ren- 
dering of the reconstructed sample. The coloring of 
the image corresponds to the degree of X-ray perme- 
ability. The green color represents the SiC crystal, and 
the blue color represents the film. 
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Figure 26. Needle-like inclusions in the rough syn- 
thetic moissanite sample. Photo by V. Pakhomova. 


channel microanalyzer revealed the presence of up to 61 
wt.% silicon on some polished faces of the crystal, along 
with titanium in the composition of the surface layer (figure 
28 and table 1). Some polished faces showed a diamond 
chemical signature. 

Based on these results, we identified the sample as syn- 
thetic moissanite that had been covered with a thin dia- 
mond film. Based on the study by T. Teraji et al. (“Chemical 
vapor deposition of ?C isotopically enriched polycrystalline 
diamond,” Japanese Journal of Applied Physics, No. 51, 
090104, 2012, pp. 1-7), the diamond coating was likely ap- 
plied using polycrystalline diamonds. The top layer was 
made of a composite material consisting of metal matrix 
and nano-diamond particles. 

A diamond imitation such as synthetic moissanite 
coated with a thin diamond film is challenging to identify, 
since its luster and thermal properties correspond to dia- 
mond. Even with a very thin coating that did not exceed 
0.001 mm, the sample tested positive for diamond. This 


TABLE 1. Electron microprobe analysis of some parts of 
the surface of the “diamond” crystal. 


Spectrum Cc O Al Si Ti Total 
1 37.52 1.61 0.12 60.76 0) 100 
2 46.93 4.96 0.13 47.82 0.16 100 
3 37.88 0.59 0.10 61.28 0.15 100 
4 8.84 0 0.47 11.90 78.79 100 
5 40.74 0) 0.07 59.18 0 100 
6 41.18 1.25 0.08 57.46 0.04 100 
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Figure 28. A fragment of the synthetic moissanite crystal, viewed with the electron probe microanalyzer. The crys- 
tal was analyzed on the surface. Spectrum numbers correspond to the analysis numbers in table 1. 


application of thin diamond films onto non-diamond ma- 
terial could be an issue for gemologists in the future. 


This work was supported by the Russian Foundation for 
Basic Research (grant N 16-05-00283) and the Far Eastern 
Branch of the Russian Academy of Sciences (N 15-1-2-003). 


Vera A. Pakhomova, Dmitrii G. Fedoseev, Svetlana Y. 
Kultenko, Alexander A. Karabtsov, Vitaliia B. Tishkina, 
and Valentina A. Solyanik 

Far East Geological Institute (FEGI FEB RAS), Vladivostok 


Vladimir A. Kamynin 
Gokhran of Russia, Moscow 


CONFERENCE REPORTS 

SSS ee) 
GSA 2018 report. The Geological Society of America (GSA) 
annual meeting took place in Indianapolis November 4—7. 
GIA participated as both exhibitor and technical session 
holder. In total, 21 presenters reported new findings on a 
broad range of research topics. The GIA booth and the two 
technical sessions attracted a large audience with an inter- 
est in gemology (figure 29). 

The “Gemological Research in the 21st Century” tech- 
nical program included both poster and speaker sessions. 
Seven posters were presented on the second day of the con- 
ference (figure 30). Kyle Tollefson (Louisiana State Univer- 
sity) and Phillip Ihinger (University of Wisconsin-Eau 
Claire) reported their characterization study on watermelon 
tourmaline. Their spectroscopic measurements showed 
that the chromophores Fe and Mn correlate to green and 
pink colorations, as expected. The infrared spectroscopy 
and microprobe analyses showed similar trends of hydroxyl 
occupancy on the V site in this type of tourmaline. Nikita 
Kepezhinskas (University of Florida) presented the results 
of petrographic, geochemical, and isotopic analyses of 
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moissanite and diamond from the shoshonite dike in east- 
ern Finnmark, Norway. The shoshonite host of these min- 
erals is a type of Mg- and K-rich basaltic rock, which is 
indicative of a subduction-modified mantle source. This 
study proved that carbonate recycling into the lower mantle 
through subduction, followed by the formation of su- 
perdeep diamonds, moissanite, and other carbides, plays an 
important role in the global carbon cycle. Paul Johnson and 
Kyaw Soe Moe (GIA, New York) showed an unusual find of 
anatural diamond with a cuboctahedral growth habit. This 
diamond should alert gem labs to the fact that cuboctahe- 
dral growth does not occur just in HPHT synthetic dia- 
monds. This special diamond also indicated a potentially 
very interesting and uncommon growth history before it 
was lifted to the surface of the earth. Richard Berg (Montana 
Bureau of Mines and Geology) described significant mag- 
matic splitting of sapphire xenocrysts in basaltic trachyan- 
desite sill. Through extremely careful examination of in 
situ sapphires in their host rock and advanced instrument 
analyses such as SEM, XRD, and EDS, he was able to as- 
semble a sequence of what happened to the sapphires before 
emplacement into their current location. Ying Song (China 
University of Petroleum) introduced a newly designed and 
developed computer-vision based intelligent RI measuring 
system. This system aimed to enhance the clarity and effi- 
ciency of RI and other optical measurements. Classroom 
demonstration, rapid crystal identification, optic axis char- 
acterization, and crystal orientation determination are the 
four modes currently implemented in this instrument. 
Ziyin Sun and coauthors (GIA, Carlsbad) displayed their 
study on chromophore strength in pyralspite garnet. Since 
multiple color-causing elements work singularly or to- 
gether to color garnets, the authors isolated each of them 
and performed quantitative study by experimenting with 
various combinations of these chromophores’ UV-Vis-NIR 
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spectra under different lighting conditions. Aaron Palke and 
coauthors (GIA, Carlsbad) reported on a Montana sapphire 
study aiming to unravel its gemological mysteries. Based 
on their inclusion and geochemical study, the authors pro- 
posed a new model of sapphire formation through peritec- 
tic melting reactions during partial melting of an Al-rich 
protolith. 

This year’s speaker session attracted 14 presenters from 
multiple research institutes and universities (figure 31). 
Mike Breeding (GIA, Carlsbad) kicked off the session with 
an overview of colored diamonds formed at different depths 
within the earth. He elaborated on the defects that cause 
diamond's blue, pink, yellow, brown, and green colors. The 
audience was given a grand tour of colored diamond forma- 
tion, from the transition zone all the way to the surface of 
the earth. Next, Sally Eaton-Magafia (GIA, Carlsbad) pre- 
sented her photoluminescence study on pink diamonds 


Figure 29. Each year, the 
GIA booth at the GSA 
exhibition hall attracts 
participants from all 
over the world. Here, 
Paula Rucinski (left) 
and Dona Ditrlam 
(right) speak with a visi- 
tor to the booth. Photo 
by Cathy Jonathan. 


based on GIA’s uniquely large database. She explained the 
cause of pink color as a 550 nm absorption band and ex- 
plored the difference of pink coloration in various diamond 
types. She also showed some visual clues that can help to 
separate pink diamonds from different sources. Tyler Sun- 
dell (Missouri State University) talked about the feasibility 
of using time-of-flight secondary ion mass spectrometry 
(ToF-SIMS] to image diamonds, especially on their trace-el- 
ement composition and isotope analyses. Evaluation of this 
method focuses on its spatial resolution and analytical pre- 
cision. Results show that this method lacks the precision 
to quantify carbon isotope values. Karen Smit (GIA, New 
York) presented her research on natural black diamonds 
found in the billion-year-old Marange conglomerate (Zim- 
babwe). Diamonds from this source are full of fractures and 
can be easily treated to achieve a more valuable fancy black 
color grade, which makes identification challenging with- 


Magmatic Fragmentation of Sapphire Xenocrysts Hie aa 
near Helena, Montana 


in a Basaltic Trachyandesite Sill ~~ 


Rares ap 
Mortars B.rem 
omtare Teor Son ron sai nT tarot 
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Figure 30. Richard Berg 
from the Montana 
Bureau of Mines and 
Geology presented his 
poster on Montana sap- 
phires at the GSA an- 
nual meeting. Photo by 
Tao Hsu. 
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out characterization of the natural stones. Visual observa- 
tion of graphite grain size and the detection of methane as- 
sociated with the micro-inclusions are necessary to 
distinguish between natural and treated Marange dia- 
monds. Evan Smith (GIA, New York) delivered his research 
on carbonatitic melt inclusions he discovered in partially 
healed cracks within a CLIPPIR diamond (for more on these 
diamonds, see Winter 2017 G&G, pp. 388-403). The char- 
acterization of these inclusions is consistent with carbon- 
atitic melt, providing direct evidence of this melt’s 
existence at mantle depths. Russell Harmon (North Car- 
olina State University) evaluated the potential of handheld 
laser-induced breakdown spectroscopy (LIBS) to identify 
garnets associated with kimberlites, the host rock of most 
diamond deposits. This study aims to test whether this in- 
strument will help diamond exploration in the field. Initial 
results showed that it works very well on garnets from the 
South Africa kimberlite field but not as well on some other 
samples, especially those from extensive solid solution. Rod 
Smith (Geological Survey of Canada) presented field and lab 
research on the Banks Island region in the western Cana- 
dian Arctic, aiming to find promising diamond-bearing 
kimberlite. Based on newly found stream sediments and till 
samples, geothermometry data, and Lu-Hf geochronology 
results, the research group demonstrated the need to con- 
tinue the search for potential diamond-bearing kimberlite 
in this region and presented a potentially unknown kim- 
berlite glacial dispersal model. Tingting Gu (GIA, New 
York) talked about inclusion studies on type IaB diamonds. 
This study offered the first piece of evidence that hydrous 
phosphate can subduct to the depth of the transition zone. 
It also showed the first ringwoodite found in diamond, 
which proved that this diamond formed in the deep mantle. 

The second half of the speaker session started with 
Mandy Krebs (GIA, New York), who showed the applica- 
tion of Sr-Pb isotope data to colored gemstones’ country-of- 
origin determination. The analyses were done by thermal 
ionization mass spectrometry (TIMS) to precisely measure 
the Sr-Pb isotope compositions in gem corundum for the 
first time. The separation is promising for certain sources 
but less so for others. Rachelle Turnier (University of Wis- 
consin-Madison) used Raman spectroscopy to evaluate the 
depth of zircon inclusion formation. These zircons are in- 
clusions in corundum sourced from different deposits. Her 
study is based on an ideal linear upshift of Raman band of 
zircon with increasing pressure. However, many other fac- 
tors can influence this ideal situation, such as radiation 
damage, stress, and internal heterogeneity. With careful 
consideration of these influencing factors, using Raman as 
a zircon barometer can help to distinguish corundum from 
various sources. William Nachlas (Syracuse University) pre- 
sented the three different formation mechanisms for ruti- 
lated quartz. These include the overgrowth/entrapment 
mechanism, the precipitation mechanism, and the grain 
boundary migration mechanism, each with different rela- 
tive timing of quartz and rutile growth. All three mecha- 
nisms were reproduced with well-designed experiments. 
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Peter Heaney (Penn State University) explored the reason 
behind the striking iridescence displayed by some ochre- 
colored botryoidal goethite. Dr. Heaney applied focused ion 
beam (FIB) milling and scanning electron microscopy (SEM) 
to zoom in on the internal structure of this gem. With these 
powerful tools, some subsurface void layers were revealed 
to be responsible for the angle-independent iridescence. The 
origin of these voids remains a mystery. Barbara Dutrow 
(Louisiana State University) reported a geochemistry study 
on some uncommon tourmaline + corundum-bearing 
rocks from Afghanistan’s Badakhshan Province with ran- 
domly oriented phlogopites as the matrix. Major, minor, 
and trace elements were measured with electron micro- 
probe and laser ablation—inductively coupled plasma—mass 
spectrometry (LA-ICP-MS). The results indicate the in- 
volvement of boron-bearing fluids at the beginning of tour- 
maline growth and continuous infiltration of this fluid. The 
bulk composition of this rock is consistent with metaso- 
matism of a clay-containing metacarbonate rock with a 
metamorphic overprint. Chunhui Zhou (GIA, New York) 
gave the first-ever pearl presentation in this technical ses- 
sion. Three American freshwater cultured pearls were 
sliced open and their oxygen isotopes were analyzed using 
SIMS, aiming to reconstruct the ambient water tempera- 
ture when the nacre formed. This method is very useful in 
terms of growth cycle determination and can potentially 
shine a light on pearl origin determination. 
Tao Hsu 
GIA, Carlsbad 


Meeting of the International Mineralogical Association. 
The 22nd meeting of the International Mineralogical As- 
sociation (IMA), the first held in Australia and only the sec- 
ond in the Southern Hemisphere, took place in the 
Melbourne Convention and Exhibition Centre August 13— 
17, 2018. The meeting was hosted by the Geological Soci- 
ety of Australia. 

Two technical sessions on gems were presented to 
about 100 attendees. The August 13 session, “Sciences Be- 
hind Gemstone Treatments,” was chaired by Andy Shen 
(China University of Geosciences, Wuhan) and Pornsawat 
Wathanakul (Gem and Jewelry Institute of Thailand). The 
second day’s session, titled “Recent Advances in Our Un- 
derstanding of Gem Minerals” and led by Ian Graham 
(University of New South Wales, Australia), Lee Groat 
(University of British Columbia, Canada), and Gaston Giu- 
liani (University of Lorraine, France}, is detailed below. 

The session consisted of 18 oral presentations covering 
several gem topics. Frederick Sutherland (Australian Mu- 
seum, Sydney) opened with a keynote talk on the diversity 
in the geochemistry and inclusions of ruby from Myanmar 
and eastern Australia. He also discussed the ages of ruby 
formation through zircon ages and the P-T conditions 
through inclusion assemblages. 

The other talks concerned different types of gems from 
supergene minerals up to corundum and spinel, including 
mining discoveries and activities from ancient and modern 
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Figure 31. Presenters, guests, and advocates from the GSA poster and speaker sessions. Left to right: Peter Heaney, 
Dona Dirlam, Mandy Krebs, Richard Berg, Mike Breeding, Jim Shigley, Tingting Gu, Tyler Sundell, Rachelle Turnier, 
Nancy McMillan, Evan Smith, Chunhui Zhou, Barbara Dutrow, and Sally Eaton-Magana. Photo by Tao Hsu. 


ages. Ruslan Kostov (Sofia University of Mining and Geol- 
ogy, Bulgaria) presented the archeological mineralogy of the 
Balkans through prehistoric (7 to 5 million BCE) gem min- 
erals (nephrite, jadeite, talc, gabbros, jasper, and turquoise} 
and gold. Lee Groat revealed recent advances in colored 
gemstones in Canada, focusing on emerald from Yukon 
and blue spinel, sapphire, and scapolite from Baffin Island, 
as well as the use of different techniques such as drones for 
exploration. Peter Lyckberg (Luxembourg) offered a de- 
tailed state-of-the art presentation on the mining of gem 
pegmatites in Afghanistan and Pakistan, with amazing 
photos of aquamarine, kunzite, indicolite, and spessartine 
crystals from deposits in the High Karakoram range. Wim 
Vertriest (GIA, Bangkok) discussed the dynamics of gem- 
stone discoveries and the challenges for research on the 
basis of timing the life of a deposit and the market percep- 
tion of the gems’ quality. 

Different techniques for source determination of gems 
were also presented. Hao Wang (SSEF, Basel, Switzerland) 
related the advances in origin determination for gems 
using inductively coupled plasma time-of-flight (ICP-TOF) 
spectroscopy, with applications for blue sapphires and 
emeralds. Zhiqing Zhang (China University of Geo- 
sciences, Wuhan) used Fourier-transform infrared (FTIR) 
characteristics of amber from different areas of the world 
for origin determination. Allan Pring (Flinders University, 
Adelaide, Australia) related the use of multiple techniques 
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on 200 opal samples of various origins, showing their sim- 
ilarities and differences. Kemela Wijayanti (Padjadjaran 
University, Indonesia) combined petrographic analysis 
with scanning electron microscopy (SEM) and X-ray fluo- 
rescence (XRF) techniques to characterize green jasper 
from southern Java. Peter Downes (Western Australian 
Museum, Perth) applied multiple techniques on variscite 
and associated phosphate minerals from the Mt. Deverell 
deposits in the Gascoyne region of Western Australia. Isa- 
bella Pignatelli (University of Lorraine) reported on the use 
of electron microprobe analysis, SEM, and X-ray tomo- 
graphic images for characterizing trapiche ruby from Luc 
Yen in northern Vietnam. 

New studies combining fieldwork with mineralogy and 
geochemistry were presented for several types of gems. 
Philippe Belley (University of British Columbia) discussed 
advances in trace-element fingerprinting for blue spinel 
and new insights into the origin of cobalt-blue spinel from 
Baffin Island in Canada. This author gave an update on gem 
demantoid garnet from Madagascar’s Antetezambato de- 
posit, based on new field data, and geochemical analysis of 
the most important demantoid deposits worldwide. Simon 
Pecover (Pan Gem Resources) coupled tectonic, hydrody- 
namic, rheologic, and shear-induced crystallization 
processes in the formation of opal veins in Australia, show- 
ing that the genetic model for the formation of Australian 
opal is more complex than previously known. Ahmadjan 
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Abduriyim (Tokyo Gem Science) used the U/Pb method 
on zircon inclusions for determining the formation ages of 
sapphires from the New England fields in New South 
Wales. Kandy Wang (University of New South Wales) pre- 
sented data obtained on ruby from Paranesti, Greece, spec- 
ifying the geographic typing of ruby via oxygen isotopes 
and trace elements. Nick Raffan, also of the University of 
New South Wales, combined fieldwork with remote sens- 
ing, petrographic analysis, and SEM to decipher the source 
of sapphires near tertiary volcanic plugs and Devonian con- 
glomerates from Tomahawk Creek in central Queensland. 
Ian Graham related the presence of unusual alluvial sap- 
phires from Orosmayo in Argentina using a multi-analyt- 
ical approach to uncover their origin. 

This session was followed by an evening meeting at the 
Gemmological Association of Australia (GAA) House in 
Melbourne, under the direction of Margaret Blood, presi- 
dent of the GAA’s Victorian Division, and organized by 
Andy Shen and Pornsawat Wathanakul. The meeting was 
open to all researchers who participated in the two gem 
sessions of IMA and to Australian gemologists. The meet- 
ing consisted of three hour-long talks by this author on 
Colombian emeralds, Lee Groat on spinel and sapphire 
from Baffin Island, and Brendan Laurs (Journal of Gemmol- 
ogy) on pegmatites of Namibia. 


Gaston Giuliani 
University of Lorraine, France 


Chicago Responsible Jewelry Conference. Held October 2.1 
and 22, at Cinema Row, the Chicago Responsible Jewelry 
Conference drew 200 attendees who heard industry experts 
discuss safe, sustainable, ethical gem production and jew- 
elry design. 

Friday’s session opened with a keynote address by 
Mark Hanna (Richline Group). “Our vision is the creation 
and maintenance of a responsible, worldwide supply chain 
that promotes trust in the global fine jewelry industry,” 
Hanna announced. He discussed the ways blockchain 
technology is allowing for greater mine-to-market trans- 
parency. While there are communication and efficiency is- 
sues, as the various blockchains do not yet interact, 
open-source tracking does seem to be the wave of the fu- 
ture. Following Hanna’s presentation, Rolberto Alvarez of 
Colombia’s Mina Gualconda reported on the gold mine’s 
transformation from a manual operation with mercury ex- 
traction (1974-2001) to an environmentally conscious, 
Fairmined-branded enterprise, supporting 12 families and 
using zero mercury. 

Eric Braunwart (Columbia Gem House) moderated the 
first of several panels held during the conference. A group 
of gem cutters, representing four continents, discussed lo- 
cale-based challenges that included the costs of replacing 
broken equipment, a lack of cutting knowledge and expe- 
rience among locals, and recent restrictions on exporting 
rough from countries such as Tanzania. Panelists observed 


466 = Gem NEWS INTERNATIONAL 


that clients also want corporate social responsibility (CSR) 
efforts to extend to cutters and reiterated what has been 
said at similar gatherings: The art of cutting involves more 
than just faceting a stone. Often cutters say the stones 
“speak” to them, telling them where to begin and end. The 
storytelling that has become part of the jewelry industry’s 
outreach to customers should include tales of the cut as 
well. 

Day one ended with the work of sustainability consult- 
ants The Dragonfly Initiative (TDI), which has developed 
the Coloured Gemstone Working Group (CGWG) to sup- 
port the communities impacted by the colored gems sec- 
tor. TDI’s Sarah Caven posed the question: “Things are not 
perfect, and we can maybe never get perfection, but what 
can we do to improve transparency and do a better job in 
the supply chains?” She explained that the CGWG has cre- 
ated due diligence systems that are adaptable for every- 
thing from micro-businesses to large corporations, with 
commitments from 12 major luxury jewelry brands. With 
corporate partnerships, TDI has also launched artisanal and 
small-scale mining projects in Tanzania, Uganda, Kenya, 
and Brazil. Brian Cook (Nature’s Geometry) spoke of his 
work as a consultant for TDI, investigating the financial 
records and environmental reclamation efforts of alluvial 
mining sites in Brazil. He also provided updates on the ru- 
tilated golden quartz community he established in Brazil's 
Bahia State. 

The first day also featured the premiere of River of 
Gold, a documentary on illegal gold mining in the Amazon 
rainforest. The film shows the environmental devastation 
and human corruption that results from this form of gold 
exploitation. After the screening, sustainable jewelry con- 
sultant Christina Miller moderated a Q&A session with 
producer Sarah DuPont, joined by Susan Egan Keane (Nat- 
ural Resources Defense Council) and Nigel Pitman (The 
Field Museum). 

Day two opened with a panel in which jewelry designers 
described how they began working ethically sourced mate- 
rial. Moderated by jewelry designer and metalsmith Alexan- 
dra Hart, panelists told of humble beginnings in the 
responsible sourcing sphere; Helene Grassin (Paulette a Bi- 
cyclette) recalled sharing casting trees with other like- 
minded Parisian designers in order to afford the cost of 
ethically mined gold. The designers noted that their clien- 
tele know how to find them and were adamant about bal- 
ancing bad news with transparency: If the customer cannot 
be told honestly that their materials are ethically sourced, 
they will often select a different metal or gemstone. They 
shared a desire to reach out to independent ethical, envi- 
ronmentally responsible gem suppliers so that designers 
and suppliers could join together to create a remarkable 
story for clientele. As one panelist stated, “We are the pio- 
neers of creating these relationships.” 

Joanne Lebert (Impact) used a case study from the Dem- 
ocratic Republic of the Congo to explain how Impact be- 
lieves ASM activity should operate. Borrowing the 
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Reagan-era dictum “Trust, but verify” allows the gemstone 
or jewelry piece’s story to be told honestly and ethically. 
The Clinton campaign mantra “It’s the economy, stupid!” 
reminds us that producers along the supply chain should be 
seen as economic actors who have a stake—and a final im- 
pact—on the material. Finally, Lebert’s assertion that 
Obama focused on the good of the community as a whole 
reminds us that men and women in the mining and cutting 
sectors benefit differently from CSR efforts, a point exam- 
ined further by the next speaker. Glenn Lehrer (Colourful 
Life Foundation) discussed the importance of giving back 
to communities that produce and work in the gem and jew- 
elry industry. While the foundation is working in gem com- 
munities around the world, Lehrer focused on the schools 
it has opened for low-income children in Jaipur, India. 
Mothers of the children attending Colourful Life schools 
were provided with faceting training to prepare them for 
Jaipur’s workforce. He was surprised to learn that the 
women rejected at-home training and workshop equip- 
ment. Going to school and work was a form of dignity for 
them, whereas Western workers often prefer the conven- 
ience of working remotely. 

The last panel of the conference, moderated by Monica 
Stephenson (Anza Gems and iDazzle) focused on artisanal 
mining. Panelists recounted their personal experiences, 
challenges, and triumphs in the mining sector. Among the 
speakers was Salma Kundi, a tourmaline miner from Tanga, 
Tanzania, and secretary general of Tanzanian Women’s 
Mining Association (TAWOMA); her group was involved in 
the Pact/GIA guidebook project (see below). Where Kundi 
comes from, a miner pays for a concession and a license and 
exploits the deposit with assistance. A mining license costs 
about US$400, a high price for a woman, and that does not 
cover mining and food expenses. Membership in TAWOMA 
allows for collective mining, enabling women to pay for li- 
censes. Other challenges include a need to reach buyers be- 
yond their local markets. 

Robert Weldon spoke about GIA’s collaboration with 
Washington, DC-based NGO Pact to create and distribute 
arough gem guidebook among Tanzanian miners (Summer 
2018 GNI, pp. 245-246). Since early 2017, GIA and Pact 
have provided training with the Swahili-language guide- 
book, which is accompanied by a tray for sorting gemstones 
using reflected and transmitted light. Follow-up surveys re- 
vealed a $12 social return on investment for every $1 in- 
vested in the program. As of October 2018, the guidebook 
has reached approximately 1,000 Tanzanian miners. The 
final speaker of the day, Yianni Melas (The Gem Explorer), 
recounted his experiences as a human rights advocate for 
gem and jewelry laborers, including a recent 31-day hunger 
strike that made international headlines. 

Both days also featured a gem boutique, with informa- 
tion on ventures and gemstones available for sale. There 
were also optional lunch sessions that elaborated on topics 
that will affect the industry’s future, such as the Jewelry 
Development Index, the flagship project of the University 
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of Delaware’s “Mines, Minerals and Society” program, the 
Mercury-Free Mining Challenge; and TrustChain, a collab- 
oration between industry leaders and IBM to create a 
blockchain solution. As Mark Hanna said in opening the 
conference, “The challenge of our unknown future is so 
much more exciting than the stories of our accomplished 
past.” 

The 2019 Chicago Responsible Jewelry Conference is 
slated for Friday, October 25 and Saturday, October 26. 


Jennifer-Lynn Archuleta 
GIA, Carlsbad 


Second World Emerald Symposium. Hosted by Fedesmer- 
aldas (the Colombian Emerald Federation), Acodes (the 
Emerald Exporter Association), Aprecol (the Emerald Pro- 
ducers Association), Asocoemeral (the Emerald Dealers As- 
sociation), and Minminas (the Ministry of Mines), the 
second World Emerald Symposium was held in Bogota Oc- 
tober 12-14, 2018. 

The inaugural event in 2015 was themed “Be part of 
the change.” Three years later, the emphasis was on sus- 
tainability, blockchain, nanotechnology, and traceability. 
Does the community share the benefit from the compa- 
nies? The future of the emerald industry should develop 
with the local communities through education, improving 
health care and working conditions. These questions/key- 
words were among the important topics expressed during 
this second edition of the symposium. 

More than 60 Colombian and international speakers 
and panelists presented a wide variety of topics such as 
gemology, ethics, government, stakeholders, and market- 
ing before a large audience from around the world and rep- 
resenting all levels in the emerald industry. 

Day one began with opening talks by Colombian offi- 
cials, symposium organizers, and presidents of gem and 
jewelry associations (ICA, CIBJO, and AGTA). This was 
followed by geology and mining sessions. Gaston Giuliani 
(IRD, CRPG, Nancy, France) again offered an exciting talk 
on world emerald deposits in the 21st century, assessing 
current knowledge, types of deposit, and exploration. Lee 
Groat (University of British Columbia, Vancouver) spoke 
on emerald occurrences in Canada’s Yukon Territory and 
the challenges for exploration and exploitation. Gian Carlo 
Parodi (National Museum of Natural History, Paris) re- 
viewed the species and varieties of the beryl group and 
shared photos of various rare collector specimens such as 
stoppaniite and bazzite. 

In the afternoon session on gemology, Gabriel Angarita 
(CDTEC Gemlab, Bogota) introduced a new treatment for 
emeralds coming onto the market called “Naturalys.” He 
compared it to traditional oil treatment or resin and de- 
scribed its identification. Taijin Lu (NGTC, Beijing) dis- 
cussed the recently formed Chinese national standard on 
emerald grading. Vincent Pardieu (DANAT, Bahrain) spoke 
on emerald from Madagascar and presented a well-made 
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video from his most recent field expedition to Madagascar. 
Olivier Segura (L'Ecole des Arts Joailliers, Paris) presented 
the school, which is supported by Van Cleef & Arpels, and 
its rich variety of classes such as jewelry history, gouache 
techniques, setting, gemology, and more. 

Andy Lucas (Guild Gemlab, Shenzhen) talked about ed- 
ucating Chinese consumers on colored gemstones and 
China’s potential as a luxury jewelry market. He concluded 
by introducing the new education programs offered by the 
Guild Institute of Gemology. Alan Hart (Gem-A, London) 
reviewed the association’s heritage and long history. He 
also presented Gem-A resources such as its library, the 
Journal of Gemmology, and traditional education and 
alumni activities across the world. 

This first day ended with two panel discussions, with 
Ronald Ringsrud and Shane McClure moderating the 
first. Laurent Cartier (SSEF, Basel], Gagan Choudhary 
(GTL, Jaipur), Rodrigo Giraldo (RGLAB, Bogota), and Au- 
rélien Delaunay (LFG, Paris) discussed laboratory reports 
on emerald treatments and the difficulties in determining 
the degree of enhancement. Is it a subjective call? Is a 
finding of minor, moderate, or significant enhancement 
sufficient, or would the addition of more degrees of en- 
hancement on the reports be more accurate and benefit 
the industry? These were among the questions ex- 
changed. 

A second panel on gemology and origin (figure 32) was 
led by Shane McClure with panelists Kenneth Scarratt 
(DANAT), Taijin Lu (NGTC), and Claudio Milisenda 
(DSEF German Gem Lab). The group offered a frank dis- 
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cussion of many critical issues on country of origin deter- 
mination. They also shared the difficulties gem labs en- 
counter in building a reliable dataset to support country of 
origin determination. Potential solutions were also pro- 
posed. 

The second day emphasized stakeholders’ social respon- 
sibility, ethics, and marketing. The day began with speakers 
from mining companies. Assheton Carter (The Dragonfly 
Initiative), Rosie Perkins (FURA Gems), German Forero 
(Santa Rosa}, and Elena Basaglia (Gemfields) talked about 
their respective projects on sustainability and development 
of social programs to support local communities. Projects 
included modernizing the mines, developing schools, and 
implementing health care systems. Independent consultant 
Gerardo Vargas concluded the session by discussing the im- 
portance of appellation of origin for Colombian emeralds 
and how it would benefit and protect the market, increase 
value, develop the industry, and give recognition to Colom- 
bian emeralds. 

After the lunch break, the session continued with Prida 
Tiasuwan (Pranda Group) who offered insight on Thai- 
land’s gem and jewelry industry and its potential as a global 
gem and jewelry hub. Pointing at the duty-free, tax-free, 
and non-VAT trading system for gemstones, he talked 
about Thailand as a major center for colored stone educa- 
tion, cutting, manufacturing, and treatment. 

Zhao Xin Hua presented information on the Gemstone 
Association of China and shared data and statistics on the 
Chinese colored gem market. Liu Yi (GAGCC) talked 
about the gem and jewelry investment hub opportunities 


Figure 32. GIA’s Shane 
McClure led the discus- 
sion panel on country 
of origin. Joining him, 
from left to right, were 
Kenneth Scarratt, Tai- 
jin Lu, and Claudio 
Milisenda. Photo by 
Tao Hsu. 
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Figure 33. Left: A diamond sample from the Letseng mine in Lesotho that contains the newly recognized mineral 
crowningshieldite, in the area circled in red. Right: Electron microscopy reveals individual grains of crowningshield- 
ite in a fine-grained mixture with other minerals. Photos by Evan M. Smith (left) and Fabrizio Nestola (right). 


with China. Next, Laurent Cartier (Gemstones and Sus- 
tainable Development Knowledge Hub) explained the or- 
ganization’s work and discussed the challenges regarding 
artisanal mining, short-life deposits, stock management, 
and consideration of quality over origin. 

The last session was devoted to ethics and corporate so- 
cial responsibility. Cathlijne Klomp (LVMH) spoke about re- 
sponsible sourcing of colored gemstones as well as the 
challenges and opportunities for creating sustainable value. 
Next, Charles Chaussepied (Responsible Jewellery Council) 
explained the RJC’s history, role, and mission. This last ses- 
sion was by a panel discussion regarding certifications with 
Edwin Molina (APRECOL) and Charles Burgess (Muzo 
MTC]. 

Day three was a half-day exploration of history. Inde- 
pendent jewelry specialist Joanna Hardy spoke on the 
Colombian emerald pocket watch from the Cheapside 
Hoard, the emerald and diamond parure of Empress Marie- 
Louise of France, and many other important antique emer- 
ald jewels. Ronald Ringsrud followed with more 
storytelling about people, miners, and emerald adventures. 
Ioannis Alexandris (Gemolithos) covered the magnificent 
Old Mine emeralds, historical jewelry featuring Colombian 
emeralds, and record-breaking auction sales. Gerard Mar- 
tayan (Schlumberger) reviewed the rediscovery of the fas- 
cinating Chivor emerald mine. 
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Closing keynote addresses by Shri Pramon Agrawal 
(GJEPC), Carlos Amaya (governor of Boyac4), and Oscar Ba- 
quero (Fedesmeraldas) concluded the 2nd World Emerald 
Symposium. 

Jonathan Muyal and Tao Hsu 
GIA, Carlsbad 


ANNOUNCEMENT 


Crowningshieldite: A new mineral. GIA, in collaboration 
with researchers at the University of Padova, recently dis- 
covered crowningshieldite (figure 33), a new mineral 
named in honor of G. Robert Crowningshield (1919-2006), 
a pioneering researcher at GIA for more than 50 years. His 
many landmark contributions included the detection of 
irradiated diamonds, the initial report on General Elec- 
tric’s facet-quality synthetic diamonds, and the descrip- 
tion of “padparadscha” sapphire’s orangy pink to pinkish 
orange color. Crowningshieldite is a nickel sulfide mineral 
with a hexagonal crystal structure and can be regarded as 
the high-temperature polymorph of the mineral millerite. 
Discovered as an altered inclusion in two diamonds from 
the LetSeng mine in Lesotho, it was accepted as a mineral 
on September 18, 2018, by the International Mineralogical 
Association. 
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CONGRATULATIONS 


This year, hundreds of readers particit 2018 Gems & Gemology 
Challenge. Entries arrived from around’the world as readers tested their gemo- 
logical knowledge by answering questions listed in the Spring 2018 issue. Those 
who earned a score of 75% or better received a GIA Certificate of Completion 

| their achievement. The participants who scored a perfect 100% are 
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MICRO-FEATURES OF DIAMOND 


Treated Natural 


Synthetic 


" {ipl f tae 


[fr 7 
Lr f i tH} 


i | nia * | MPPM—Eee oe en o 
This cleavage crack shows a bright green “flash effect” when observed “Lizard skin” results from polishing a facet that lies nearly parallel to the This bright green chromian diopside crystal proves that the host dia- 
subparallel to the plane of the break against a bright background. This is octahedral face, which is the hardest crystal direction in diamond. Field mond is of peridotitic origin. Field of view 1.33 mm. 
diagnostic of clarity enhancement in diamonds. Field of view 3.20 mm. 


of view 0.72 mm. 
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Interlocking grains with different crystallographic orientations show 


An olivine crystal inclusion in diamond shows high-order birefringent 
undercutting in this polycrystalline diamond. Field of view 2.88 mm. 


De Beers’ line of CVD laboratory-grown diamonds can be easily recog- 
colors in cross-polarized light. Field of view 2.00 mm. 


nized by the 300 x 300 micron logo inscribed about 200 microns below 


the surface of the table facet. 
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This diamond has an octahedral hydrogen cloud in its core. The cloud 


This negative crystal resulted from partial dissolution and contains a loose This HPHT-grown yellow diamond contains large iron-nickel flux in- 
shows strong yellow fluorescence under long-wave ultraviolet light. stepped etching along the cube faces of a rough diamond crystal. Field diamond that rattles around in the cavity. It was stained green by radio- clusions. Graining and colorless zones are also present. Field of view 
Field of view 5.00 mm. of view 2.88 mm. active fluids that were present in the host rock. Field of view 4.36 mm. 2.30 mm. 
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The pavilion of this diamond was covered with an ultra-thin coating 
that is responsible for the stone’s pink color. The coating is heavily 
abraded along facet junctions. Field of view 1.92 mm. 


A diamond crystal inclusion in a diamond host is often nearly invisible, 


but cross-polarized light reveals significant strain between the inclusion 


This differential interference contrast image shows square-shaped 
and host. Field of view 1.36 mm. 


Due to the difficulty of detecting some treatments, such as HPHT 
processing, some gemological labs inscribe an indication of treat- 
ment on the stone’s girdle. Field of view 2.01 mm. 


- 
Rainbow graining, rarely seen in diamonds, results from planar structural The girdle may contain information showing that a diamond is man- 
defects that lead to the vibrant colors seen here. Field of view 1.90 mm. made, as seen here using differential interference contrast. Field of 
view 1.44 mm. 


Sometimes thought to be “carbon spots,” these chromite crystals reveal The dense light-scattering accumulations of particles known as hydro- 
their identity by showing orangy brown coloration on thin edges. Field gen clouds, which lie along phantom planes in this diamond, produce 
of view 2.10 mm. 


a “Maltese cross” pattern. Field of view 6.39 mm. 
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Sapphires, one of the rarest inclusions encountered in diamond, suggest 
an eclogitic origin. Field of view 0.99 mm. 
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The “umbrella effect” seen here results from cyclotron treatment along 


Bright purplish pink chromian garnets are a relatively common type of 
the culet area of a diamond and is diagnostic of artificial irradiation- colored inclusion in gem diamonds and indicate peridotitic origin. Field 


This unique diamond is host to numerous stellate clouds, which are rarely 


seen in such high density in a single stone. Field of view 0.72 mm. 
induced color. Field of view 3.50 mm. 


of view 1.99 mm. 
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Internal laser drilling is a technique used to open a cleavage crack near This rare bimineralic inclusion consists of a grayish green omphacite Deep green radiation staining on the surface of this diamond likely 
dark inclusions to allow bleaching solutions to enter. Instead of a typical crystal and a pyrope-almandine garnet. The presence of these minerals resulted from radioactive materials deposited by groundwater along the 
drill hole, this treatment is characterized by irregular, wormhole-like chan- indicates an eclogitic origin. Field of view 1.22 mm. interface of the diamond crystal and host rock. Field of view 2.40 mm. 
nels. Field of view 1.91 mm. 


This chart contains a selection of photomicrographs of natural, synthetic, and treated diamonds. It is by no means 
comprehensive. The images show the appearance of numerous features a gemologist might observe when viewing 
diamonds with a microscope. John |. Koivula, Jonathan Muyal, and Shane F. McClure. 


This network of cleavage cracks, seen in a pink diamond with polarized 
light, reveals weakness along octahedral planes. Field of view 0.61 mm. 


This bright blue kyanite crystal is a rare sight in a faceted diamond. The 
presence of kyanite suggests that this diamond is from an eclogitic envi- 
ronment. Field of view 2.18 mm. 


Some of the most recognizable features on the surface of rough dia- 
mond crystals are the triangular etch features, known as trigons, that lie 
on the octahedral faces. Field of view 1.20 mm. 


Thin etch tubes allowed radioactive material to enter the host diamond, caus- 
ing localized brown radiation halos. Field of view 1.03 mm. 


Published in conjunction with Nathan D. Renfro, John |. Koivula, Jonathan Muyal, Shane F. McClure, Kevin Schumacher, and James E. Shigley (2018), 
“Inclusions in Natural, Synthetic, and Treated Diamond,” Gems & Gemology, Vol. 54, No. 4, pp. 428-429. Photomicrographs by Nathan D. Renfro, 
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This flux-grown laboratory-grown diamond contains a large flux-filled 
negative crystal. Field of view 1.44 mm. 


Black carbon inclusions that stand out in high relief are occasionally 
seen in CVD-grown diamonds. Field of view 1.42 mm. 
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EDITORIAL 


1 Studies on Tourmaline, Sapphire, Cultured Pearl, and a Reliquary of Legend... 
Duncan Pay 


FEATURE ARTICLES 


2 A New Method for Determining Gem Tourmaline Species by LA-ICP-MS 
Ziyin Sun, Aaron C. Palke, Christopher M. Breeding, and Barbara L. Dutrow 


Presents a simplified but comprehensive classification of gem tourmaline species based on 
quantitative measurement of six common major elements. 


18 U-Pb Ages of Zircon Inclusions in Sapphires from Ratnapura and Balangoda 
(Sri Lanka) and Implications for Geographic Origin 
Emilie Elmaleh, Susanne Theodora Schmidt, Stefanos Karampelas, Klemens Link, 
Lore Kiefert, Annette Stissenberger, and André Paul 
Establishes a metamorphic origin for sapphire samples from these deposits, supported by their trace- 
element composition and inclusion characterization, including the age dating of zircon inclusions. 


30 = The Talisman of Charlemagne: New Historical and Gemological Discoveries 
Gerard Panczer, Geoffray Riondet, Lauriane Forest, Michael S. Krzemnicki, Davy Carole, 
and Florian Faure 


Reveals new details about this historical jewel and the results of its first gemological analysis. 


Notes & NEW TECHNIQUES 
47 _ Provenance Discrimination of Freshwater Pearls by LA-ICP-MS and 
Linear Discriminant Analysis (LDA) 
Artitaya Homkrajae, Ziyin Sun, Troy Blodgett, and Chunhui Zhou 
Investigates trace-element chemistry of freshwater natural pearls from North America and China 
with LA-ICP-MS and uses LDA to identify their origins. 


61  Pleochroism and Color Change in Faceted Alexandrite: Influence of Cut and 
Sample Orientation 
Karl Schmetzer 
Shows how alexandrite’s color and color change are affected by cut and the orientation of table facets. 


FIELD REPORTS 

72 Land of Origins: A Gemological Expedition to Ethiopia 
Wim Vertriest, Daniel Girma, Patcharee Wongrawang, Ungkhana Atikarnsakul, and 
Kevin Schumacher 


p. 135 Documents a visit to the sapphire, opal, and emerald mining and trading areas of Ethiopia. 
REGULAR FEATURES 
The Dr. Edward J. Giibelin Most Valuable Article Award 
2019 G&G Challenge 


Lab Notes 

Largest diamond discovered in North America ¢ Chatoyant quartz/tourmaline doublet ¢ Faceted gahnospinel ¢ Glass bangles resem- 
bling jade ¢ Faceted parisite ¢ Freshwater bead-cultured pearls with multiple features of interest ¢ Color-change Burmese sapphire 

¢ CVD layer on natural diamond ¢ Faint green HPHT synthetic diamonds ¢ Paraiba-like synthetic sapphire 


Diamonds from the Deep 
An exploration of diamond ages and what they reveal to scientists. 


G@G Micro-World 

Condor agate from Argentina ¢ “Double bubble” multiphase inclusion in beryl ¢ Native copper inclusions in Indonesian purple 
chalcedony ¢ Grandidierite inclusions in sapphires ¢ Lazurite in spinel ¢ Fossil insect in opal ¢ Trapiche-like ruby from the Batakundi 
mine in Kashmir ¢ Sapphire inclusion with rutile “silk” in Burmese star sapphire e Star-like growth in natural yellow sapphire 
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Gem News International 

Tucson 2019 ¢ Boulder opal mining ¢ Brazilian alexandrite ¢ Cat’s-eye nephrite from Washington ¢ Color-change pyrope garnet 

¢ Colombian emerald and Mozambican ruby ¢ Colored stone trends ¢ Granada Gallery ¢ Gray spinel ¢ Greenland ruby ¢ Hand-carved 
cameos ¢ Moonstone jewelry ¢ Oregon sunstone ° Potentate mine sapphire update ¢ “Rainbow lattice” feldspar ¢ Responsibly sourced 
gemstones ¢ The Chinese and Japanese gem markets ¢ Unusual and vibrant gems ¢ Jeff Hapeman on cutting ¢ Largest square cushion-cut 
tsavorite ¢ Cutting in Idar-Oberstein * Designs by Derek Katzenbach, Jeffrey Bilgore, Paula Crevoshay ¢ Responsible and sustainable 
practices ¢ Buccellati Award e Orange sapphire with gold sheen ¢ Colombian sapphire and trapiche emerald ¢ CIBJO responsible sourcing 
book ¢ Conference reports ¢ E. Alan Jobbins (1925-2019) 


lin’s extensive file of inclusion slides pro- 
duced over the long years of his research. 

The importance of this contribution to the 
jewelry industry can be comprehended only 
when one realizes that today the jeweler is 
confronted with an increasing problem in 
gem identification resulting from new or 
improved methods of gemstone synthesis 
and treatment, and that the easiest, and 
in some cases the only, methods of detecting 
a synthetic stone is by analyzing the melu- 
sions within the stone since there is a dis- 
tinct relationship between the type of in- 
clusion and the method by which the stone 
as. formicd. 

The excellent illustrations in this new 
book show the common characteristic inclu- 
sions of the various natural stones and 
synthetics, as well as the more unusual in- 
clusions in synthetics which closcly resemble 
those in the natural stone. 


No attempt has been made to include all 


of the inclusions and patterns of arrange- 
ment that are to be encountered in all gems 
since no two xems are exactly alike in this 
respect. Instead, Dr. Gubelin has devoted 
several chapters of the book to the basic 
types of inclusions that result from the 
different methods of formation. Coupling 
this information with the types of deposits 
in which the different gem species are found, 
enables one to better cvaluate the numerous 


inclusions that may be encountered but 


which are not specifically illustrated tn the 
book. 

Gemological students have often requested 
information concerning sources of photo- 
graphs of gemstones and procedures for 
photomicrography of inclusions, Unfortu- 
nately, some of the problems cacountered in 
microscopy such as the required depth of 
focus, working distance and illumination 
necessary to photograph inclusions are not 
only quite different from that required for 
photographing thin sections, but every stone 
-- depending upon the degree of trans- 
parency, size, style of cut and polish - re- 
quires a slightly diffcrent technique. Even 
when these problems are overcome, the task 
of acquiring a suitable cross section of the 
type of inclusions to be expected is, in itself, 
a tremendous task. By overcoming these 
numerous obstacles, Dr. Gubelin has made 
possible one of the most valuable text books 
to date in the ever-expanding science of 
gemstones. 

The book has been prepared with gencral 
text in cach chapter accompanied by a series 
of photomicrographs similar to those shown 
in the illustrations accompanying this article. 
Aside from the instructional value of this 
new book, what better means could be em- 
ployed by a jeweler to overcome the lay- 
man’s aversion to so-called imperfections in 


gems than by displaying a text which stresses 


the importance of inclusions ? 
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EDITORIAL 


Studies on Tourmaline, Sapphire, 
Cultured Pearl, and a Reliquary of Legend...... 


Spring is always a time of renewal. For our industry, early February marks the Tucson gem shows, 
the first big event of the season, where buyers are tempted with colored gems of every type and 
price. Similarly, there is truly something for everyone in our Spring 2019 edition. 


We begin with multicolored tourmalines; few gems encompass such a rich variety of colors. In our 
lead article, GIA’s Ziyin Sun, Aaron Palke, and Christopher Breeding join Louisiana State 


University’s Barbara Dutrow “4 sinyplitied classification system for tourmaline 
species using LA-ICP-MS...” 


species using laser ablation—inductively coupled plasma—mass spectrometry (LA-ICP-MS) analysis 


to present a simplified classifi- 
cation system for tourmaline 


of major trace elements. 


Our second study unites researchers based in Switzerland, Bahrain, and Scotland. Age dating of sulfide inclusions in 
diamonds using radiogenic decay systems is well known, but for gemologists, applying similar analyses to zircon inclu- 
sions in corundum is an emerging practice. Lead author Emilie Elmaleh tells us more about the age and origin of 
sapphires from two Sri Lankan alluvial deposits. 


Next, a team headed by Gerard Panczer of France’s Claude Bernard University Lyon 1 contributes the first scientific, 
gemological analysis of the fascinating Talisman of Charlemagne. This historical, bejeweled container of holy relics—or 
reliquary— is a rare masterpiece of the goldsmith’s art dating back to the ninth century. 


The authors of our fourth paper use a combination of LA-ICP-MS and multivariate analysis to compare the trace- 
element concentrations of two groups of cultured freshwater pearls (one from China, one from the United States) with 
natural pearls found in the US. This study, by Artitaya Homkrajae and her GIA team, provides the prospect of greater 
confidence identifying pearls of freshwater origin. 


In our fifth paper, regular contributor Karl Schmetzer investigates the color appearance of faceted alexandrite, where the 
quest for the best color change is complicated by this biaxial gem’s inherent pleochroism. Through direct observation of 
synthetic alexandrite samples, he documents the impact of the inevitable multiple internal reflections on placement of a 

faceted gem’s table facet and its perceived color change and pleochroism. 


Our final paper is a field report on Ethiopia, a new land of opportunity for colored gems. The 2016 discovery of fine 
emerald at Shakiso in the southern part of the country, coupled with the 2017 news of sapphires from northern Tigray 
Province, prompted a 2018 GIA field expedition. Led by field gemologist Wim Vertriest, the group documented 
mining and processing, measured social impact, and collected samples for GIA’ reference collection. 


Our regular columns also provide plenty of interest. Our Lab Notes section features the largest diamond ever discovered 
in North America, Burmese color-change sapphire, and a synthetic diamond containing a CVD layer grown on natural 
diamond. In Diamonds from the Deep, Karen Smit and Steven Shirey examine fundamental questions around the ages 
of natural diamonds and the lessons we can draw from this information, while Micro-World offers a glimpse into the 
internal world of condor agate from Argentina, grandidierite inclusions in sapphire, and a fossil insect in opal. Our Gem 
News International section has more than 30 pages covering the 2019 Tucson shows, blending market insights with a 
fascinating display of gems from around the world. 


As is customary, this issue contains the annual Ge~G Challenge (pages 89 and 90): We invite you to test your gemolog- 
ical knowledge and skills of recall in the 2019 quiz. Finally, congratulations to our 2018 Dr. Edward J. Giibelin Most 


Valuable Article Award winners: Please see page 29 for this announcement. 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 


Welcome to the 2019 Spring edition of Gems & Gemology! 
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NMOS ARTICLES 


A New METHOD FOR DETERMINING 
GEM TOURMALINE SPECIES BY LA-ICP-MS 


Ziyin Sun, Aaron C. Palke, Christopher M. Breeding, and Barbara L. Dutrow 


The gem world is rich with species of tourmaline such as the vivid greens of dravite, uvite, chromium-dravite, 
and vanadium-dravite; the pinks of elbaite and rossmanite; and the multicolored fluor-liddicoatite. To date, 
simple gemological tests to separate these various species, and many others of the tourmaline group, are lacking. 
Laser ablation-inductively coupled plasma—mass spectrometry (LA-ICP-MS) analysis is becoming a prevalent 
method to measure chemical composition in gemstones because it provides inexpensive, clean, fast, and largely 
nondestructive analyses. With adequate standards and calibration, this technique can quantitatively measure 
six common major elements in tourmaline (Na, Ca, Mg, Fe, Al, and Si) as well as trace elements (Cr, V). These 
data provide the basis for a simplified classification of gem tourmalines. 

Analyses of 14 tourmalines by both electron probe microanalysis (EPMA) and LA-ICP-MS for major and minor 
elements demonstrates that an LA-ICP-MS system with proper calibration, standardization, and normalization 
is capable of accurate measurements of six major elements in tourmalines, generally within +10% error. While 
some volatile elements such as H, Li, B, and F cannot be measured reliably by this technique, a data reduction 
scheme can be implemented to calculate those elements based on select assumptions of concentrations of other 
major elements. Thus, LA-ICP-MS analysis is ideal for some tourmaline species determination in a gemological 
laboratory setting. The ability to provide a simple tourmaline species classification will enhance GIA identifica- 


tion reports and provide additional tools for identification. 


stone since the late 1800s. The Chinese Dowa- 

ger Empress Tz’u Hsi was especially fond of 
pink tourmaline, which led to a dramatic increase in 
mining of the San Diego County pegmatites in the 
late nineteenth and early twentieth centuries (Fisher, 
2002). Tiffany & Co. gemologist George F. Kunz pop- 
ularized the stone when he wrote about the tourma- 
line deposits of Southern California (Kunz, 1905, 
Fisher, 2002). Many sources have produced gem-qual- 
ity tourmaline for the jewelry market, including the 
states of Maine (Simmons et al., 2005) and California 
(Fisher, 2011) in the U.S. as well as Brazil (Proctor, 
1985a,b; Koivula and Kammerling, 1989), Madagas- 
car (Dirlam et al., 2002), Afghanistan (Bowersox, 


[sone has been a much sought-after gem- 


See end of article for About the Authors and Acknowledgments. 
Gems & Gemotocy, Vol. 55, No. 1, pp. 2-17, 
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1985], Mozambique (Abduriyim and Kitawaki, 2005; 
Laurs et al., 2008), and Nigeria (Smith et al., 2001, 
Garba, 2003; Laurs, 2015; Olatunji and Jimoh, 2017). 

Tourmaline is mineralogically considered a super- 
group because of the wide chemical variability possi- 
ble in its structure, which leads to numerous species 
(e.g., Henry et al., 2011; Dutrow and Henry, 2011; 
Hawthorne and Dirlam, 2011). Tourmaline has an 
idealized chemical formula of XY,Z,(T,O, .)(BO,),V,W. 
The most common constituents are: "! X= Na'*, Ca**, 
K", G (vacancy), | Y= Fe?*, Mg", Al**, Lit; '1Z = Al*, 
Fe*, Mg”, 4] T= Si*, Al**, [3] B= B*, V=OH! and O7; 
and W = OHI, F, and O? (Hawthorne and Henry, 
1999, Henry et al., 2011). To date, 33 species have 
been described (table 1). Elbaite, the most common 
gem tourmaline species, also has the largest color 
range (red, pink, green, blue, orange, yellow, colorless, 
and bicolored; figures 1 and 2). Liddicoatite (figure 3) 
is another important species of gem-quality tourma- 
line (although the type specimen is fluor-liddicoatite). 
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Figure 1. Bicolored elbaite tourmalines (5-8 ct) from the Himalaya mine in Southern California are set with yellow 
diamonds, tsavorites, and red-purple elbaites. These custom-made earrings, ring, and pendant are a gift to the GIA 
Museum in memory of Nicholas Scott Golden. Photo by Orasa Weldon. 


Gem uvite is also known, commonly in shades of In the gem and jewelry trade, tourmaline species 
green, yellow, and brown (figure 4), as is an attractive | are commonly determined visually based on their 
orange gem dravite (figure 5). color rather than on accurate chemical analyses. 


Figure 2. Elbaite tour- 
malines, species deter- 
mined by LA-ICP-MS. 
Top row, left to right: 
41.90 ct blue elbaite, 
31.21 ct brownish or- 
ange elbaite, and 12.95 
ct green elbaite. Middle 
row, left to right: 2.12 
ct light blue cuprian el- 
baite, 8.15 ct red el- 
baite, 9.69 ct colorless 
elbaite, and 5.50 ct yel- 
low elbaite. Bottom 
row: a 3.28 ct deep blue 
cuprian elbaite. Photo 
by Orasa Weldon, 
stones courtesy of the 
GIA Museum. 
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TABLE 1. IMA-CMNMC-approved tourmaline species (as of December 2017) from Henry and Dutrow (2018). 


General formula (Xx) (Y,) (Z,) T,O,, (BO,), (V), (W) 
Alkali group (23 species) 
Subgroup 1 ARE Re Re, RO), (BO,), Om Sis 
Dravite Na Meg, Al, Si,O,, (BO,), (OH), (Oh) 
Fluor-dravite Na Mg, Al, Si,Oj, (BO,), (OH), (F) 
Schorl Na Fe, Al, SiO,, (BO,), (Oh), (OH) 
Fluor-schorl Na Fe, Al, Si,O,, (BO,), OH), (F) 
Tsilaisite Na Mn, Al, SiO, (BO,), Oh), (OH) 
Fluor-tsilaisite Na Mn, Al, 51.0:; (BO,), Oh), (F) 
Chromium-dravite Na Mg, Cr, SiO,, (BO,), (Oh), (OH) 
Subgroup 2 Rue Rua cies Ree ROOF (BO,), Sic Sis 
Elbaite Na Li, Al, Al, SiO, (BO,), OH), (OH) 
Fluor-elbaite Na Li, Al, , Al, S10: (BO,), Oh), (F) 
Subgroup 3 (Y-Z order/disorder) Rog ROE TO RRS RES IRAS ft RP RO (BO,), Sie Sa 
Oxy-dravite Na Al,Mg Al,Mg Si,O,, (BO,), Oh), (QO) 
Oxy-schorl Na Fe**,Al Al, SiO,, (BO,), Oh), (O) 
Povondraite Na Fes, Fe**.Mg, SiO, (BO,), Oh), (O) 
Bosiite Na Fe**, Al,Mg, SiO, , (BO,), OH), (O) 
Chromo-alumino-povondraite Na Cr, Al,Mg, SiO, (BO,), (OH), (O) 
Oxy-chromium dravite Na Ch, Cr,Mg, Si,O,, (BO,), OH), (O) 
Oxy-vanadium dravite Na Vv; V,Mg, Si,O,, (BO,), OH), (Q) 
Vanadio-oxy-chromium-dravite Na Vv, Cr,Mg, Si,O,, (BO,), OH), (O) 
Vanadio-oxy-dravite Na V; Al,Mg, SiO, (BO,), Oh), (O) 
Maruyamaite K MgAl, Al,Mg SiO, (BO,), Oh), (O) 
Oxy-vanadium-dravite Na Vv; V,Mg, SiO, 5 (BO,), OF), (OQ) 
Subgroup 4 R'* RR Rew Ke Oh (BO,), Si Sa 
Darrellhenryite Na LiAl, Al, Si,O,, (BO,), Oh), (O) 
Subgroup 5 R'* Re Re, RO). (BO,), Sa Sis 
Olenite Na Al, Al, SiO, (BO,), (O), (OH) 
Fluor-buergerite Na Fe**, Al, Si,O,, (BO,), (O), (F) 
Calcic group (6 species) 
Subgroup 1 R2+ Re RoR RO) (BO,), Sie Sie 
Uvite Ca Meg, Al.Mg SiO, (BO,), (OH), (OH) 
Fluor-uvite Ca Mg, Al,Mg Si,O,, (BO,), (OH), (F) 
Feruvite Ca Fe**, Al,Mg SiO, (BO,), (Oh), (OH) 
Subgroup 2 Reg Ruaee Row Oh (BO,), Sie Sis 
Fluor-liddicoatite Ca Li,Al Al, 51,05, (BO,), (OH), (F) 
Subgroup 3 Rea Re, Re, RO), (BO,), Sie S 
Lucchesiite Ca bers, Al, Si,O,, (BO,), (Oh), (O) 
Subgroup 4 Ke Res Rea PO), (BO,), Sie Sa 
Adachiite Ca Fe, Al, SiAlO,, (BO,), (OH), (OH) 
X-site vacant group (4 species) 

Subgroup 1 Re Roses Rew Rae (BO,), Sin Sis 
Magnesio-foitite Mg, Al Al, Si,O,, (BO,), (Oh), (OH) 
Foitite Fe**,Al Al, Si,O,, (BO,), (OH), (OH) 
Subgroup 2 RRS Re sO) (BO,), Sie Si 
Rossmanite LiAl, Al, SIOn, (BO,), (Oh), (OH) 
Subgroup 3 Rue Re, RO), (BO,), Si S* 
Oxy-foitite FeAl Al, Si,O,, (BO)), (OH), (O) 


*R is a generic designation of a cation of the indicated charge. 
**§ is a generic designation of an anion of the indicated charge. 
***X-site vacancy 
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Figure 3. Liddicoatite tourmaline, species determined 
by LA-ICP-MS. Top, left to right: 7.54 ct purple-red 
liddicoatite, 3.57 ct purple-red liddicoatite, and 4.60 
ct purple-red liddicoatite, all courtesy of the GIA Mu- 
seum. Bottom row, left and right: 3.80 and 4.14 ct 
pear-shaped greenish blue cuprian liddicoatite, cour- 
tesy of Hubert Gesser at Hubert Inc. Bottom row, cen- 
ter: 3.16 ct bluish green cuprian liddicoatite, courtesy 
of John R. Evans. Photo by Orasa Weldon. 


However, tourmaline color is not species-specific 
(Dutrow, 2018). For example, a green tourmaline can 
be a dravite, uvite, chromium-dravite, vanadium- 
dravite, a vanadio-oxy-chromium dravite, or another 


Figure 4. Uvite tourmaline, classified by LA-ICP-MS. 
Top row, left to right: 10.36 ct green uvite, 8.32 ct 
brownish orange uvite, and 13.31 ct green uvite. Bot- 
tom row, left to right: 4.87 ct green uvite, 5.63 ct green 
uvite, and 3.78 ct green uvite. Photo by Orasa Wel- 
don, stones courtesy of the GIA Museum. 


Figure 5. Dravite tourmaline, classified by LA-ICP- 
MS. Left to right: 0.33 ct orange dravite, 0.51 ct orange 
dravite, 0.69 ct orange dravite, and 0.68 ct orange 
dravite. Photo by Orasa Weldon, stones courtesy of 
the GIA Museum. 


species. Much of the brown and yellow tourmaline 
on the market is sold as dravite or uvite but could be 
elbaite. Many color-zoned tourmalines are labeled as 
elbaite or liddicoatite but may contain several differ- 
ent species. In many cases, it would be impossible 
for a person, even an experienced tourmaline dealer, 
to accurately distinguish different species with sim- 
ilar color hue and saturation, such as the red elbaite 
and red rossmanite in figure 6, the green elbaite and 


Figure 6. Left to right: 4.80 ct red elbaite, 8.15 ct red 
elbaite, and 2.76 ct red rossmanite, all classified by 
LA-ICP-MS. Photo by Orasa Weldon, stones courtesy 
of the GIA Museum. 
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Figure 7. A 4.83 ct green elbaite (left) and a 5.63 ct 
green uvite (right), species determined by LA-ICP-MS. 
Photo by Orasa Weldon, stones courtesy of the GIA 
Museum. 


green uvite in figure 7, and the cuprian (Cu-bearing] 
liddicoatite and cuprian elbaite in figure 8. Cuprian 
elbaite was discovered in the 1980s, whereas cuprian 
liddicoatite was only recently reported (Katsurada 
and Sun, 2017). While elbaite is the most common 
gem-quality tourmaline, non-elbaitic tourmalines 
can have added value due to their rarity and novelty. 
And, as noted in the section below, stones similar to 
tourmaline may be intermixed. These market factors 
point to a demand for gemological laboratories to 


Figure 8. Cuprian liddicoatite and cuprian elbaite, 
species determined by LA-ICP-MS. Top row, left and 
right: 3.80 ct and 4.14 ct greenish blue cuprian liddi- 
coatite, courtesy of Hubert Gesser at Hubert Inc. Top 
row, center: 3.16 ct bluish green cuprian liddicoatite, 
courtesy of John R. Evans. Bottom row from left to 
right: 2.59 ct and 2.12 ct greenish blue cuprian elbaite, 
courtesy of the GIA Museum. Photo by Orasa Weldon. 
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provide reliable tourmaline-species identification 
services. 

The classification of tourmaline species was prob- 
lematic until Hawthorne and Henry (1999) provided 
a systematic classification scheme. They modified 
the “50% rule” for ternary solid solutions and eased 
the determination of species by developing simple 
graphical representations. This classification scheme 
was further updated and refined by Henry et al. 
(2011), whose revised guidelines divided the super- 
group into primary and secondary groups. However, 
the proper use of this classification scheme demands 
a precise and accurate chemical analysis. 

A variety of analytical methods have been applied 
to measure tourmaline chemistry (e.g., Henry and 
Dutrow, 1990, 2001; Abduriyim et al., 2006; Tiepolo 
et al., 2006; Breeding and Shen, 2008; Okrusch et al., 
2016; McMillan et al., 2017; Marger et al., 2017; 
Shinjo et al., 2017). In fact, a preliminary method to 
use LA-ICP-MS data to analyze gem tourmaline was 


In Brief 


¢ Gem tourmaline species cannot be determined visually 
in the gem and jewelry trade based on their color and 
appearance. 

e With adequate standards and calibration, LA-ICP-MS 
can quantitatively measure six common major ele- 
ments in tourmaline (Na, Ca, Mg, Fe, Al, and Si), 
allowing for species classification. 

e LA-ICP-MS provides inexpensive, clean, fast, and 
largely nondestructive analyses for tourmaline species 
classification. Even large, complex jewelry pieces can 
be easily analyzed with good precision and accuracy. 


proposed by Breeding and Shen (2008). However, elec- 
tron probe microanalysis (EPMA) is the most widely 
accepted method to determine tourmaline species be- 
cause it is capable of accurately and precisely meas- 
uring major and minor element chemistry even 
though it cannot determine directly transition metal 
valence or H, Li, or B values. Unfortunately, EPMA is 
expensive and time consuming. Most gemological 
laboratories do not possess the instruments and can- 
not justify the cost of outsourcing this analysis. 
Therefore, EPMA is not a practical everyday tool for 
a gemological laboratory. LA-ICP-MS, on the other 
hand, is a common analytical tool in many gemolog- 
ical labs due to the ease of analysis and the minimal 
sample preparation required. 
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Here we present a comprehensive method for 
using LA-ICP-MS analyses to accurately determine 
most tourmaline species. With this method we pro- 
duce LA-ICP-MS data for major and minor element 
concentrations in tourmaline that closely match the 
values determined by EPMA. Consequently, it is pos- 
sible for a gemological laboratory equipped with an 
LA-ICP-MS system to provide accurate species deter- 
minations using a simplified classification that does 
not distinguish between fluor-, oxy-, or hydroxy- 
tourmaline species. Gemological laboratories such 
as GIA’s can now offer species identification for gem- 
quality tourmaline. 


MATERIALS AND METHODS 

Samples. To develop a method for species identifica- 
tion by LA-ICP-MS, samples from a variety of chem- 
ical compositions were selected. Eight tourmaline 
samples—GIA-T1, T2, T3, T4, T5, T6, T7, and T8 
(table 2, figure 9)—-were obtained from the GIA Mu- 
seum for this study. The samples were mounted in 
epoxy and polished (figure 9). Additionally, six sam- 
ples of various compositions were obtained for analy- 
sis by both EPMA and LA-ICP-MS (table 2, BD-S1 to 
BD-S6; figure 10). These samples were billets, ana- 
lyzed by LA-ICP-MS, from which the thin sections 
were made for the corresponding EPMA analyses. 


LA-ICP-MS. For this study we used a Thermo Fisher 
iCAP Qc ICP-MS, coupled with a New Wave Research 


| sf 
, 


eee tne 
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TABLE 2. Samples used for tourmaline species determination. 


Sample no. Description 

GIA*-T1 Light pink elbaite; unknown geographic origin 

GIA-T2 Orange dravite; unknown geographic origin 

GIA-T3 Brown dravite; unknown geographic origin 

GIA-T4 Gray dravite; unknown geographic origin 

GIA-T5 Orange dravite; unknown geographic origin 

GIA-T6 Watermelon elbaite; unknown geographic origin 

GIA-T7 Pink elbaite; unknown geographic origin 

GIA-T8 Black liddicoatite; unknown geographic origin 

BD'-S1 Black oxy-schorl in granitic rock; Czech Republic 

BD-S2 Dark bluish dravite coexisting with phlogopite and 
corundum; Badakhshan, Afghanistan 

BD-S3 Pink elbaite with gray fibers; Cruzeiro mine, Brazil (see 
Dutrow and Henry, 2000) 

BD-S4 Black schorl in quartz symplectite; Larsemann Hills, 
Antarctica (donated by Ed Grew) 

BD-S5 Cluster of small reddish brown uvite crystals; Brumado, 
Brazil 

BD-S6 Cluster of small light green uvite crystals; Brumado, 


Brazil 


@GIA samples obtained from the GIA Museum, Carlsbad 
’BD samples obtained from Barbara Dutrow 


UP-213 laser ablation unit with a frequency-quintu- 
pled Nd:YAG laser (213 nm wavelength) running at 4 
ns pulse width. Ablation was achieved using a 55 pm 
diameter laser spot size, a fluence (energy density) of 
approximately 10-12 J/cm?, and a 15 Hz repetition 
rate. Argon was used as nebulizer gas (0.73 L/min), 


Figure 9. Eight tourma- 
; \ line samples, GIA-T1 to 
‘ GIA-T8, used for this 
4 study (see table 2). The 
AS scale bar is in 1 mm in- 
© crements. Photo by 

} Aaron Palke. 
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Figure 10. Optical scans of sample chips used for both LA-ICP-MS and EPMA. A: Oxy-schorl (BD-S1) from the 
Czech Republic. B: Blue dravite (BD-S2) from Badakhshan, Afghanistan. C: Pink elbaite (BD-S3) from the Cruzeiro 
mine in Minas Gerais, Brazil. D: Schorl (BD-S4) from Larsemann Hills, Antarctica. E: Uvite (BD-S5) from Brumado, 
Brazil. F: Uvite (BD-S6) from Brumado, Brazil (see table 2). The red circle in each photo denotes the area selected 


for chemical analysis. Photos by Ziyin Sun. 


auxiliary gas (0.8 L/min), and cooling gas (14 L/min). 
Helium, used as part of a carrier gas, has a flow rate of 
0.8 L/min. Argon and helium gas flow, torch position, 
sampling depth, and lens voltage were optimized to 
achieve maximum sensitivity (counts per concentra- 
tion) and low oxide production rates (*?Th'*O/?”Th 
<1%). Ablated material was vaporized, atomized, and 
ionized by a plasma power of 1550 W. Data acquisition 
was performed in time-resolved mode. The dwell time 
of each isotope measured was 0.01 second except ?’Al 
and 78Si, which were measured for 0.005 second. Gas 
background was measured for 20 seconds, while the 
dwell time of each laser spot was 40 seconds. Only the 
second half (20-second ablation) of the laser profile was 
used to calculate concentration, which eliminates sur- 
face contamination. ”°Si was used as an internal stan- 
dard. GSD-1G, GSE-1G (U.S. Geological Survey), and 
NIST 610 were used as external standards. *Na, “Mg, 
-7Al, ?Si, *Ca, and °’Fe (the six major elements for 
species classification in gem tourmaline; see discus- 
sion below}, along with other isotopes of trace ele- 
ments, were selected for analyses. All isotopes were 
standardized using all three standards. Note that F, 
OH, and O cannot be analyzed by LA-ICP-MS and 
must be calculated. Internal standardization of data 
was initially processed by Qtegra software version 2.4 
before proceeding with our normalization method (see 
the “Calculation Method for LA-ICP-MS Raw Data” 
section below}. 
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A 10 pm diameter laser spot was used to mark four 
corners of a square area on the samples before per- 
forming EPMA analysis in the center of the area. After 
EPMA analysis, a 55 ym diameter laser spot was ap- 
plied in the center of the same area to obtain the LA- 
ICP-MS results, which ensured the same regions of 
the tourmalines were analyzed by both methods. 


EPMA. To obtain precise and accurate major and 
minor element chemistry for verification and valida- 
tion of the LA-ICP-MS approach, six tourmaline 
samples were quantitatively analyzed by wave- 
length-dispersive spectrometry. 

The samples in figures 9 and 11 (see Appendix 1 
at www.gia.edu/gems-gemology/spring-2019-new- 
method-identifying-gem-tourmaline-appendix-1) 
were analyzed at the California Institute of Technol- 
ogy on a JEOL JXA-8200 electron microprobe with 
an accelerating voltage of 15 kV and 20 nA current 
with a defocused beam of 10 micrometers. Standards 
employed were forsterite (Mg), fayalite (Fe), Mn 
olivine (Mn), phlogopite (F), albite (Na, Si), micro- 
cline (K), and anorthite (Ca). Analytical precision is 
estimated to be +1% relative for the major elements 
and +5% for the minor elements. Normalization pro- 
cedures followed those suggested for EPMA by Henry 
et al. (2011). For Li-rich samples, Li was estimated 
based on the method described by Pesquera et al. 
(2016]. 
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COMPARISON OF LA-ICP-MS AND EPMA ANALYSES 
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Figure 11. Comparison between LA-ICP-MS and EPMA analyses for Si, Al, Na, Ca, Fe, and Mg. In each plot, the 
black dashes represent the boundary of +10% error. Each colored dot represents a single analysis. The vertical axis 
represents the value obtained from EPMA, while the horizontal axis represents the value obtained from LA-ICP-MS. 
The closer the dot is to the solid black middle line, the better the agreement between EPMA and LA-ICP-MS data. 
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\ \ ith the decline of the once mighty 


Roman Empire, and its practice of wear- 
ing jewelry to the point of ostentation, the 
art of gem engraving gradually deterio- 
rated. When the Empire was divided early 
in the 5th century, commerce in engraved 
gems flourished to some extent in the 
eastern capitol. Any work appearing there 
was lacking in creative impulse, however, 
—a condition which continued until the 
tall of Constantinople in 1453. 

During these centuries some interest 
was shown in gem engraving in the East 
but subject matter was largely of religious 
inspiration and inscriptions generally re- 
placed the former artistic and imaginative 
carvings. The Mohammedan sect, whose 
teachings forbid the use or possession of 
any graven image, may have influenced the 
adoption of this new type seal. 

In Medieval Europe, original inhabi- 
tants of the provinces had been subjugated 
by barbaric tribes whose history included 
little evidence of artistic accomplish- 
ments. It ts possible, however, that they 
treasured to some degree any objects 
which had been valued by the more cul- 
tured natives, and that many engraved 
gemstones were worn, or kept, by them. 


AMULETS AND TALISMANS 

The use of amulets and talismanic ob- 
jects was a natural outgrowth of an age 
and people filled with superstitious and 
supernatural beliefs and engraved gem- 
stones were in demand, 

Although as far back as the Ist century, 
Pliny scoffed at the belief in benefits to 
be derived from wearing certain gems, 
yet similar beliefs have existed through 
the centuries—as the good Juck attributed 
to the wearing of a birthstone even today. 
No doubt even Hippocrates — father of 
medicine—was speaking with pure sarcasm 
when he remarked that he found the use 
of amulets for the cure of disease much 
more effective when used in combination 
with regular prescribed remedies. 

However, during the growth of the 
early Church and the gradual overrunning 
of the more advanced civilizations by bar- 
baric tribes, belief in the powers of gem- 
stones grew rather than diminished. Since 
most of these interpretations concerned 
engraved gems, it can be surmised that 
they were more in demand than any other 
type. 

The following are just a few of the 
magic working powers attributed to cer- 


FALL 1952 


213 


Although analyses could be further normalized to 
15 YZT cations, that method is not performed here 
because of the uncertainty in the LA-ICP-MS data for 
Li. 

The samples in figures 10 and 12 (see Appendix 
2 at www.gia.edu/gems-gemology/spring-2019-new- 
method-identifying-gem-tourmaline-appendix-2] 
were analyzed on the JEOL 8230 electron micro- 
probe at Louisiana State University. Analyses were 
conducted at an accelerating potential of 15 kV and 
5-15 nA using a 5-10 micrometer spot size. Several 
elements were analyzed but were present in trace 
amounts or below detection limits. Those are 
shown in the tables. Well-characterized natural 
minerals were used as standards, including an- 
dalusite (Al), diopside (Ca, Mg, Si), fayalite (Fe), 
chromite (Cr), kaersutite (Ti), rhodonite (Mn), 
willemite (Zn), albite (Na), sanidine (K), and apatite 
or fluor-phlogopite (F). Several well-characterized 
tourmalines served as secondary standards to en- 
sure consistency among analyses. Analytical preci- 
sion is estimated to be +1% relative for the major 
elements and +5% for the minor elements. Eight to 
twelve points were analyzed per sample to test for 
homogeneity and obtain a representative analysis 
(see Appendix 5 at www.gia.edu/gems-gemology/ 
spring-2019-new-method-identifying-gem-tourma- 
line-appendix-5). For unzoned crystals, the compo- 
sition reported is the average from the points for 
that sample. For zoned crystals, average chemical 
analyses represent each distinct zone. The number 
of analyses per sample are given in the tables (again, 
see Appendix 2). 


Calculation Method for LA-ICP-MS Raw Data. Tour- 
maline compositions are based on the calculation 
method from Henry et al. (2011) and Clark (2007), 
with modifications based on the additional limitations 
of LA-ICP-MS. LA-ICP-MS analysis for tourmaline 
provides an incomplete chemical characterization be- 
cause critical light elements (H and F) and the oxida- 
tion states of transition elements (e.g., Fe and Mn} 
cannot be determined. While Li can be measured by 
LA-ICP-MS, we were unable to produce good tourma- 
line stoichiometry with our data when directly meas- 
uring Li. This is likely due to significant differential 
fractionation of Li between the glass standards and 
tourmaline. Such differential fractionation is a known 
problem for volatile light elements such as Li 
(Gaboardi and Humayun, 2009). Calculating tourma- 
line species from LA-ICP-MS data requires the follow- 
ing assumptions: 
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1. Three boron cations per formula (i.e., no tetra- 
hedral B). 

2.. The sum of Y-, Z-, and T-sites equals 15 cations 
per formula. If Li is present, it is calculated to 
make up for site deficiency. 

3. The V- and W-sites are fully occupied by hy- 
droxyl groups, although additional data reduc- 
tion could produce the oxy species. 


4. Iron and manganese are divalent. 


Consequently, the fluor- and oxy-tourmaline 
species cannot be determined. Future work will char- 
acterize oxy species. A full and detailed description of 
the formula and procedures for the calculation 
method is presented in Appendix 3 (www.gia.edu/ 
gems-gemology/spring-2019-new-method-identifying- 
gem-tourmaline-appendix-3). 

For clarity, a brief overview of the calculation 
method is presented here. Before the LA-ICP-MS 
analysis is performed, the correct concentration of 
the internal standard 7°Si is unknown, and therefore 
the concentrations for the elements obtained ini- 
tially are not correct on an absolute ppm scale. How- 
ever, the concentrations of the various elements are 
all correct relative to each other because all ele- 
ments are referenced to the concentration of Si. All 
of the major elements except for Li and B are con- 
verted into atomic proportions to determine the sto- 
ichiometric tourmaline formulae. The assumptions 
described above provide sufficient constraints so 
that a simple set of mathematical formulae can be 
used to determine the number of each cation per for- 
mula unit (see Appendix 3). Once these data are de- 
termined, the elements can be assigned to each of 
the specific tourmaline crystallographic sites out- 
lined in Henry et al. (2011). Further, the total num- 
ber of each cation on each site will determine the 
species of the tourmaline analyzed in most in- 
stances. With disordering in the oxy-species tourma- 
lines, however, the exact formula is less certain. The 
more detailed and complete steps required for site 
assignments and species identification are provided 
online in Appendixes 4 and 5. 


RESULTS AND DISCUSSION 

Strengths of the Method. The method has three main 
strengths. First, Si is used as an internal standard 
(Okrusch et al., 2016). Elements with similar atomic 
masses are assumed to fractionate similarly. Conse- 
quently, the use of Si as an internal standard means 
short- and long-term fractionation is less problematic 
when measuring major elements with similar 
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Figure 12. Comparison of EPMA and LA-ICP-MS measurements for Si, Al, Na, Ca, Fe, and Mg. In each graph, the 
blue trace represents the value obtained from EPMA. Each error bar, representing standard deviations, is calcu- 
lated based on a large number of analyses (the number of analyses for each sample is shown in Appendix 5). The 
red trace represents the value obtained from LA-ICP-MS. Overlap of the red and blue solid lines shows better 
agreement between EPMA and LA-ICP-MS data. EPMA analyses for BD-S1 (schorl) were performed by both 


Henry and Levy. 
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masses (Na, Mg, Al, Ca, and Fe} in tourmaline (e.g., 
Chen, 1999). 

Second, three samples (GSD-1G, GSE-1G, and 
NIST 610) are used as external standards. It is opti- 
mal to select standards in which the elements being 
analyzed are at similar or higher concentrations than 
in the unknowns. The concentration ranges of Na, 
Mg, Al, Si, Ca, and Fe in GSD-1G and GSE-1G are 
similar to the concentration ranges of those elements 
in most tourmaline species. 

Third, the procedure uses an optimized normal- 
ization method to post-process data. Typically, the 
value used for the internal standard concentration is 
derived from an external measurement such as 
EPMA (method 1). In this study, an internal standard 
concentration for 7°Si is estimated and the data is 
renormalized to 100 wt.% to account for deviations 
from the initial Si value (method 2). A comparison be- 
tween methods 1 and 2 using the data from eight GIA 
stones (GIA-T1 to GIA-T8) demonstrates excellent re- 
sults. With method 1, the difference is within 3% rel- 
ative for Na, Mg, Al, Si, Ca, and Fe (2.27% for Na, 
2.91% for Mg, 2.27% for Al, 2.27% for Si, 2.27% for 
Ca, and 2.46% for Fe). These data further support the 
accuracy of our method. Not requiring a predeter- 
mined Si value from EPMA for internal standardiza- 
tion of LA-ICP-MS makes the method most suitable 
for tourmaline species determinations in gemological 
laboratories that are only equipped with LA-ICP-MS. 


Simplified Tourmaline Species Classification for LA- 
ICP-MS Processed Data. The species classification 
presented here is a simplified version of the one pre- 
sented in Henry et al. (2011), due to the limitations 
of LA-ICP-MS analysis. The inability to measure F 
or transition metal oxidation states by LA-ICP-MS 
does not allow determination of the V-site and W-site 
occupancy; we therefore cannot determine the fluor 
or oxy species. For example, fluor-elbaite would be 
elbaite in our simplified classification (table 1 and 
Appendix 3). Further, the assumption that all iron is 
divalent precludes determination of ferric iron-dom- 
inant species (table 1) such as povondraite and potas- 
sium-povondraite. Although olenite, tsilaisite, and 
adachiite can be determined by LA-ICP-MS, to the 
authors’ knowledge they have not been observed as 
gem-quality specimens. LA-ICP-MS measurements 
are not sufficiently precise (compared to EPMA 
analysis) to accurately separate hydroxyl- from oxy- 
tourmaline species. 

Consideration of these limitations provides the 
following 11 tourmaline species. If the data falls out- 
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side these simplified classification categories, the 
tourmaline is assigned to alkali subgroups 3, 4, and 
5, or calcic subgroups 3 and 4, or vacant subgroup 3 
(Henry et al., 2011; table 1). None of these tourma- 
line species are considered in our method, as they are 
rarely encountered as gem-quality specimens. This 
simplified tourmaline classification is also illustrated 
using ternary plots in box A. Vanadium-dravite was 
redefined by Bosi et al. (2013) as oxy-vanadium- 
dravite. The following formulae for the species are 
hypothetical: 


1. Dravite XNa*Mg,7Al,7Si,O, ,(BO,),(OH),(OH) 
2. Vanadium-dravite  *Na’Mg,7V,7Si,O1,,(BO,),(OH),(OH) 

3. Chromium-dravite | *Na’Mg,4Cr,Si,O,,(BO,),(OH),(OH) 

4. Schorl NaYFe*,ZAl,7Si,O,,(BO,);(OH),(OH) 
5. Elbaite *Na¥(Li, ,Al, ,JZAl,"Si,O,,(BO,),(OH),(OH) 
6. Uvite *Ca’Mg,7(MgAl.)"Si,O1 ,,(BO,),(OH),{OH] 
7. Feruvite XCa’Fe*,2(MgAl_)'Si,O, ,(BO,),(OH),(OH) 
8. Liddicoatite *Ca"(Li,Al]ZAI,7Si,O,,,(BO,),(OH),(OH) 
9. Foitite Xa¥(Fe*,AlJZA1_.7Si6,O, ,(BO,),(OH),(OH) 
10. Magnesio-foitite Xo¥(Mg, Al)#Al,7Si,O, ,(BO,),(OH),(OH) 


11. Rossmanite Xo¥(LiAl,)@Al,7Si,O,,(BO,),(OH),(OH) 
Comparison of LA-ICP-MS and EPMA Data. Eight 
gem-quality tourmaline rough samples, GIA-T1 to 
GIA-TS8 (see table 2 and figure 9) were tested initially. 
The agreement between EPMA and LA-ICP-MS 
analyses using the method described in this article 
was generally very good (figure 11). The error for 
major elements Si, Al, Na, Ca, Fe, and Mg was gener- 
ally within 5-10%. Al values were systematically 
higher by LA-ICP-MS, while Si was generally slightly 
lower by LA-ICP-MS than EPMA. LA-ICP-MS meas- 
urements of Fe were generally within 10% at higher 
concentrations, but the difference was greater at low 
concentrations due to lower precision of EPMA in 
this range (<0.2 wt.% oxide; see figure 11E). The full 
chemical composition of these eight tourmaline sam- 
ples is shown in Appendix 1. 

Six additional tourmaline samples (table 2, BD-S1 
to BD-S6; figure 10) were analyzed by both EPMA 
and LA-ICP-MS, with the results shown in figure 12. 
The difference between EPMA and LA-ICP-MS for 
Si, Al, Na, Ca, Fe, and Mg was within 3.5%, 7.5%, 
6%, 5.5%, 8.5%, and 10.5%, respectively. The more 
detailed data comparison (including other trace ele- 
ments) is shown in Appendix 2. 

Overall, the comparison of EPMA and LA-ICP- 
MS data demonstrates that LA-ICP-MS analysis can 
measure major and minor elements with sufficient 
accuracy to determine tourmaline species. 
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Box A: FLOWCHART OF THE SIMPLIFIED TOURMALINE SPECIES CLASSIFICATION 


The ternary plots shown in figure A-1 demonstrate 
how the nine tourmaline species described above are 
determined. Fluor or oxy species are not included in 
the flowchart. The Ca-Na-vacancy ternary plot estab- 
lishes the dominance of the X-site in tourmaline (top 
row), which is the first step of species classification. 
The Al-Cr-V ternary plot determines the dominance of 
the Z-site (middle row), which narrows down the re- 
sults and provides further discrimination. The Li-Fe- 


Mg ternary plot indicates the dominance of the Y-site 
and finally assigns the tourmaline to one of nine 
species (bottom row). 

Detailed species classification criteria are shown in 
Appendix 5. An updated set of Al-Cr-V and Al-Cr-Fe 
ternary diagrams to establish species was generated by 
Henry and Dutrow (2018) for sodic oxy-tourmalines 
that contain significant amounts of Cr, V, and Fe**. Fu- 
ture work will characterize oxy species by LA-ICP-MS. 
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Figure A-1. This flowchart illustrates the use of ternary plots to classify tourmaline species. Modified after Henry et 
al. (2011). 
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Box B: TOURMALINE ANALYSIS AT GIA 


From Client Stone to Certificate: GIA Procedures for Tour- 
maline Species Classification. A bicolored tourmaline ring 
(see figure 1) demonstrates how jewelry is handled and ana- 
lyzed at GIA laboratories. This same procedure was used to 
analyze the tourmalines in the bracelet shown in figure 13 
and to detect two imitation stones. 


Analytical Procedure. The bicolored tourmaline ring was 
wiped cleaned to remove liquid and dust. It was secured 
with BlueTac in an orientation allowing access to the stone’s 
girdle (figure B-1A) and placed inside the sample chamber 
(figure B-1B). The ring was carefully placed to make sure that 
no part of it extended above the top of the sample chamber 
(figure B-1B). The sample chamber was put back under the 
laser and purged for 20 minutes before ablating (figure B-1C 
to B-1E) to minimize the background signal and fractiona- 
tion. Three craters were ablated on the girdle of the stone 
(figure B-1F). The diameter of the round craters (laser spots) 
was approximately 55 pm, smaller in that of human hair— 
effectively invisible to the unaided eye and difficult to see 


with a 10x triplet loupe. The amount of tourmaline powder 
ablated from the three spots is minimal and does not result 
in any noticeable weight loss, demonstrating that the 
method is minimally destructive and does not affect the ap- 
pearance of the stone. The ablated material was then trans- 
ported via argon and helium carrier gases to the plasma to 
be ionized (figure B-1G). The gaseous ions were deflected to 
pass through a quadrupole mass analyzer to be separated ac- 
cording to their mass-to-charge ratio, until they finally 
reached the detector (figure B-1H). The LA-ICP-MS system 
used by GIA is shown in figure B-1I. 


Data Process and Species Classification. After analysis, the 
LA-ICP-MS data was renormalized to calculate site assign- 
ment, which was further used for species classification (Ap- 
pendixes 3 and 4). The data of each stone (table 3) was saved 
in GIA’s colored stone database for rechecking and placed 
in corresponding tourmaline ternary classification plots 
(e.g., figure B-2) to provide a good visual representation for 
gemologists. 


Three 55 ym (diameter) spots on the girdle 


Figure B-1. This flowchart shows how a tourmaline ring was analyzed by LA-ICP-MS at GIA. Photos by Ziyin Sun. 


Primary Tourmaline Groups -— X Site Al-Cr-V Subsystem -— Z Site Alkali Subgroup — Y Site 


Cat*(+Pb2*) Al 2Li'* 
0.00, 1.00 0.00 @ 1.00 q 0.00 a 1.00 - 


Calcic "Al dominant 
jominan’ : 
0.50 aes 0.50 0.50 Elbaite 0.50 
A oO 
X-vacant , Cr dominant V dominant Schorl Dravite 
group Alkali 
group 
1.00 0.00 1.00 0.00 1.00 0.00 
0.00 0.50 1.00 0.00 0.50 1.00 0.00 0.50 1.00 
X-site vacancy Na"*(+K't++Rb't+Cs") Cr+ Wee Y-site Fe** Y-site Mg* 


Figure B-2. Left: Ternary system for the primary tourmaline groups based on the dominant occupancy of the X-site. The tour- 
maline center stone on the ring belongs to the alkali primary group, the first step of species classification. Center: Ternary dia- 
gram for the Al-V-Cr subsystem for the dominant occupancy of the Z-site. Al* is the dominant trivalent cation on the Z-site. 
Right: Ternary dravite-schorl-elbaite subsystem based on the dominant occupancy of the Y-site. Lit is the dominant monova- 
lent cation on the Y-site. The species of tourmaline for both the red and the green color zoning in the ring is elbaite. 
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TABLE 3. Chemical composition and site distribution of the tourmaline ring by LA-ICP-MS. 


Red color zoning Green color zoning 
Spot name SP1 SP2 SP3 SP1 SP2 SP3 
Obtained and normalized from LA-ICP-MS? (ppmw) 
Li (calculated) 10326 10777 10929 10746 10512 10501 
B (calculated) 34645 34688 34666 34462 34424 34439 
Na 11032 10736 10632 11364 11530 11438 
Mg 0.84 0.40 0.37 95.12 100 99.93 
Al 220647 215788 214760 211493 213978 214202 
Si 177573 181361 181391 179520 177221 177407 
K 71.09 bdl 69.74 30.09 59.73 39.93 
Ca 9586 9886 10844 12311 12465 12270 
Ti 10.72 10.74 9.20 115 116 119 
Vv (0:23 0.21 0.26 0.54 0.48 0.72 
Cr bdl bdl bdl bdl bdl bdl 
Mn?* 1915 1924 2179 4977 5152 5002 
Fe?* 19:25 bdl 18.29 3420 3563 3359 
Cu 1.20 1.84 2.15 0.65 0.61 0.64 
Zn 1.39 0.99 1.64 122 119 125 
Rb bdl bdl 0.36 bdl bdl bdl 
Cs bdl bdl 0.57 bdl bdl bdl 
Ba bdl 0.04 bdl bdl bdl bdl 
Pb 65.57 64.31 73.46 66.81 63.47 66.76 
Atoms per formula unit, 27 O + 4 OH anions normalization 

B-site: B (total) 3.000 3.000 3.000 3.000 3.000 3.000 
B-site total 3.000 3.000 3.000 3.000 3.000 3.000 
T-site: Si (total) 5.919 6.038 6.042 6.016 5.945 5.949 
T-site: Al 0.081 0.000 0.000 0.000 0.055 0.051 
T-site total 6.000 6.038 6.042 6.016 6.000 6.000 
Z-site: Al 6.000 6.000 6.000 6.000 6.000 6.000 
Z-site: Cr 0.000 0.000 0.000 0.000 0.000 0.000 
Z-site: V3" 0.000 0.000 0.000 0.000 0.000 0.000 
Z-site: Mg?* 0.000 0.000 0.000 0.000 0.000 0.000 
Z-site total 6.000 6.000 6.000 6.000 6.000 6.000 
Y-site: Al 1.574 1.478 1.447 1.377 1.417 1.425 
Ti 0.000 0.000 0.000 0.002 0.002 0.002 
Y-site: V>* 0.000 0.000 0.000 0.000 0.000 0.000 
Y-site: Cr?* 0.000 0.000 0.000 0.000 0.000 0.000 
Fe** 0.000 0.000 0.000 0.058 0.060 0.057 
Mn?* 0.033 0.033 0.037 0.085 0.088 0.086 
Y-site: Mg?* 0.000 0.000 0.000 0.004 0.004 0.004 
Zn 0.000 0.000 0.000 0.002 0.002 0.002 
Cu 0.000 0.000 0.000 0.000 0.000 0.000 
Li 1.393 1.452 1.473 1.457 1.427 1.425 
Y-site total 3.000 2.962 2.958 2.984 3.000 3.000 
Ca 0.224 0.231 0.253 0.289 0.293 0.288 
Pb 0.000 0.000 0.000 0.000 0.000 0.000 
Ba 0.000 0.000 0.000 0.000 0.000 0.000 
Na 0.449 0.437 0.433 0.465 0.473 0.469 
K 0.002 0.000 0.002 0.001 0.001 0.001 
Rb 0.000 0.000 0.000 0.000 0.000 0.000 
Cs 0.000 0.000 0.000 0.000 0.000 0.000 
X-site vacancy 0.325 0.332 0.312 0.245 0.233 0.242 
X-site total 1.000 1.000 1.000 1.000 1.000 1.000 
V+W-site: OH 4.000 4.000 4.000 4.000 4.000 4.000 
Species Elbaite Elbaite Elbaite Elbaite Elbaite Elbaite 


“If normalized data is greater than or equal to 100 ppmw,, it is rounded to zero decimal places. If normalized data is less than 100 ppmw, it is rounded to two 
decimal places. bdl = below detection limit. 
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Figure 13. This rainbow-colored tourmaline bracelet was examined for identification and species classification at 
GIA’s Carlsbad laboratory. The tourmaline species ranged from red-pink elbaite and orange dravites to green-blue 
elbaites and violet-purple liddicoatites. Stones 12 and 13 were citrines that had been set between the two orange 


dravites. Photo by Robison McMurtry. 


CONCLUSIONS 

Comparing LA-ICP-MS data to highly precise and ac- 
curate EPMA data for major elements on our samples 
demonstrated that some tourmaline species can be 
determined solely by LA-ICP-MS. The new method 
described here (1) allows for inexpensive, clean, fast, 
and largely nondestructive analysis of tourmaline 
gemstones by LA-ICP-MS and (2) uses this data to de- 
termine a general species. The method is suitable for 
gemological laboratories equipped only with LA-ICP- 
MS. Many large complex jewelry pieces, such as the 
rainbow tourmaline bracelet in figure 13, mounted 
with 33 square step-cut stones, can be easily ana- 
lyzed with good precision and accuracy. As shown 
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U-PB AGES OF ZIRCON INCLUSIONS IN 
SAPPHIRES FROM RATNAPURA AND 
BALANGODA (SRI LANKA) AND 
IMPLICATIONS FOR GEOGRAPHIC ORIGIN 
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Five sapphires from the secondary placer deposits of Ratnapura and Balangoda in Sri Lanka were classified as 


being of metamorphic/metasomatic/non-basalt-related origin based on trace-element analysis (LA-ICP-MS) and 


inclusion characterization. Two sapphires—one from each deposit—contained suitable zircon inclusions that 
were dated using the LA-ICP-MS method. They yielded U-Pb ages of approximately 549 Ma. The results suggest 
that the zircon enclosed in the sapphires probably formed in a high-temperature event at the end of the Pre- 
cambrian granulite facies metamorphism of the ancient Gondwana continent and that this event coincides with 
the crystallization of the sapphires. The metamorphic character of these sapphires is confirmed from the trace- 
element composition as well as the solid- and liquid-phase inclusions. 


gemstones, and its geographic-geological origin 

significantly affects its value. Most gem-qual- 
ity sapphires are found in secondary placer deposits 
worldwide, and little is known about their crystal- 
lization in the geological environment. Although the 
geological context of gem-quality sapphires from sec- 
ondary deposits is unknown, studying their geo- 
chemistry and the type of inclusions in combination 
with dating zircon inclusions could increase our un- 
derstanding of their geological formation and geo- 
graphic origin. 

Zircon is probably the most powerful chronome- 
ter, since it can record peak temperature(s) but will 
generally survive post-cooling history (for a summary 
of zircon and its use as a geochronometer, see Han- 
char and Hoskin, 2003). Two independent clocks or 
radiogenic U-decay lines record the time elapsed 
starting with the crystallization of zircon. Compli- 
cations arise if the zircon inclusion is zoned, display- 
ing multiple growth events at different times. For 


B= sapphire is one of the most appreciated 


See end of article for About the Authors and Acknowledgments. 


Gems & GemoLocy, Vol. 55, No. 1, pp. 18-28, 
http://dx.doi.org/10.5741/GEMS.55.1.18 


© 2019 Gemological Institute of America 


18 AGE DATING OF ZIRCON INCLUSIONS IN SRI LANKAN SAPPHIRE 


example, a zircon in a granitic magma chamber may 
have grown continuously during magmatic crystal- 
lization pulses, as indicated by oscillatory zoning 
(fine growth bands best viewed with cathodolumi- 
nescence}, and then be eroded and washed into a sed- 
iment that is metamorphosed to high-grade 
metamorphic conditions. New zircon growth may 
occur around the former magmatic zircon under fa- 
vorable conditions. The new zircon may recrystallize 
homogenously, reflecting the metamorphic event of 
its formation. In the latter case, the U-Pb clock will 
be reset and the U-Pb dating of this inclusion in sap- 
phire will provide age information about the crystal- 
lization event of the sapphire. In the case of dating 
an inherited detrital zircon—normally in the center 
of the crystal—the maximum age of sapphire crys- 
tallization obtained may be close to the actual crys- 
tallization age or a considerable interval away. Zircon 
inclusions are often reported from gem-quality sap- 
phires (Coenraads et al., 1990; Sutherland et al., 
1998a, 1998b, 2008, 2015; Link, 2015; Zeug et al., 
2017). Zircon in sapphire has been dated in alkaline 
basalts of Australia’s Central Province by Coenraads 
et al. (1990); from the Mercaderes—-Rio Mayo area in 
southwest Colombia, related to northern Miocene 
Andean uplift and volcanism (Sutherland et al., 
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TABLE 1. Characteristic gemological parameters of sapphires from Ratnapura and Balangoda, Sri Lanka. 


Sample number Form Color Weight (ct) Dimensions (mm) UV reaction 
SASLRO16 iF Rough with two Light blue 1.323 8.72 x 2.8 x 5.28 SW: None 

f ~”y 
(Ratnapura) wig polished windows LW: Weak orange 
SASLRO17 Rough with two Light blue 1.235 7.86 x 2.36 x 6.66 SW: Weak yellowish 
(Ratnapura) polished windows (unpolished zone) 

LW: Very strong orange 

SASLRO19 Rough with two Very light blue 1.321 6.9 x 3.7 x 5.3 SW: Weak yellowish 
(Ratnapura) polished windows LW: Strong orange 
SASLRO50_01? Rough with two Milky white to 2.218 13.84 x 2.32 x 5.9 SW: Weak yellowish 
(Ratnapura) ; polished windows light purple-blue LW: Weak orange 
SASLAO1 Rough Violet to dark blue n.d n.d. n.d. 
(Balangoda) 


Samples in bold type contain dated zircon inclusions. 
'n.d. = not determined 


2008); from the New England sapphire fields in Aus- 
tralia (Abduriyim et al., 2012); from the Lava Plains 
area of northeast Australia, related to a complex in- 
terplay between initial metasomatized mantle in- 
volvement with infiltrations of felsic and mafic 
melts into the crustal levels (Sutherland et al., 2015), 
from the alkali basalt-related placers at Primorye in 
Russia (Akinin et al., 2017); and from Mogok and 
Madagascar (Link, 2015, 2016). 

This study reports on the gemological and geo- 
chemical characteristics of Sri Lankan sapphires from 
the secondary deposits of Balangoda and Ratnapura, 
as well as the results of U-Pb dating of zircon inclu- 
sions in establishing some characteristic parameters 
for sapphire from these deposits. The sapphires were 
characterized by a combination of classical gemolog- 
ical methods such as solid and fluid inclusion study, 
polarized ultraviolet/visible/near-infrared absorption 
(UV-Vis-NIR) spectroscopy, Fourier-transform in- 
frared (FTIR) spectroscopy, Raman spectroscopy, and 
geochemical methods such as laser ablation—induc- 
tively coupled plasma—mass spectrometry (LA-ICP- 
MS) for trace-element analysis and U-Pb dating. 


AGE DATING OF ZIRCON INCLUSIONS IN SRI LANKAN SAPPHIRE 


MATERIALS AND METHODS 

Five rough sapphires (table 1) from the secondary 
placer deposits of Ratnapura and Balangoda were se- 
lected from the Giibelin Reference Stone Collection 
at the Giibelin Gem Lab (GGL). Samples SASLRO16, 
SASLRO17, SASLRO19, and SASLAO1 were acquired 
by GGL at the Ratnapura gem market in May 2005, 
while SASLRO50_01 was purchased directly at the 
Marapona mine in the mining area of Ratnapura 
in February 2009. One sapphire from Balangoda 
(SASLAOI, violet to dark blue) and one from Ratna- 
pura (SASLRO50_01, milky white to light purple- 
blue) presented zircon inclusions (>30 um) suitable 
for U-Pb dating using LA-ICP-MS (table 1). 

The sapphires were studied using a standard 
gemological microscope at GGL, and their specific 
fluorescence characteristics were monitored in a dark 
room (using 3 W lamps emitting 365 nm long-wave 
and 254 nm short-wave UV]. Specific gravity was 
measured using the hydrostatic method. Mineral in- 
clusions were identified using a Renishaw Raman 
1000 spectrometer with an Ar’ laser and a wavelength 
of 514 nm (without the use of a polarizer), connected 
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e Egyptian bead and disc necklace with scarabs. 18th 
dynasty. Metropolitan Museum. 


tain engraved stones which our readers 
may find interesting—or amusing: 

If one possessed a jasper which showed 
the portrait of a man with serpents under 
his feet; a spear in one hand; and a shield 
in the other hand, or about his neck; he 
would have powers over his enemies. 

Power in business dealings would al- 
ways come to the man who wore a stone 
showing a man with wings. The same 
benefits could be had if the man wore a 
chrysolite on which was engraved a wo- 
man holding a bird in one hand, and a 
fish in the other. 

Loss of any possession was impossible 
if one owned a white stone engraved with 
the figure of a mermaid holding a mirror 
and an olive branch, mounted in gold. If 
one wished to become invisible at times, 
this same engraving was useful if cut on 
hyacinth. 

Peace was assured the person who 
owned a stone depicting a struggle be- 
tween a serpent and an archer. Conversely, 
if one wished to incite a quarrel, all one 
had to do was touch the chosen individual 
with a wax effigy of a scorpion and Sagit- 
tarius in combat, engraved on any kind 
of stone. If, instead, a reconciliation was 
desired, it was necessary to own a ring 


of any kind of stone, mounted in silver, 
on which was the figure of a combination 
ram and ox. 

Perhaps one of the very best amulets 
of all was the figure of Capricorn en- 
graved on carnelian, set in a ring of silver. 
Such a prized possession protected its 
owner against loss of money, harm to the 
person, any judgment against him by 
officers of the law, success in business, 
honor, friendships of many, defeat of any 
enemy in combat, and could break any 
spell which an evil wisher might cast 
upon the owner. 


GEMS OF THE MIDDLE AGES 
IN MEDIEVAL EUROPE 


We have seen how, since the days when 
engraved gems had reached their apex 
of popularity, they continued to be used 
for other purposes, Although the less 
durable mountings may have disappeared, 
it is possible that many of the ancient 
stones existed through 
centuries. 

During the Middle Ages in Europe, 
original intaglios were most frequently 
used in signets. To list only a few of 
these, Charlemagne is said to have used 
an ancient head of Marcus Aurelius as a 


the intervening 
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to a Leica DMLM optical microscope. The laser exci- 
tation used was from 10 to 15 mW, in confocal mode, 
with 20 to 50x magnification, from 200 to 2000 cm! 
(three cycles with an acquisition time from 10 to 30 
seconds). Rayleigh scattering was blocked by a holo- 
graphic notch filter, and the backscattered light was 
dispersed on an 1800 groove/mm holographic grating 
with a 50 micron slit width (approximately 1.5 cm! 
spectral resolution). The system was calibrated using 
a diamond and its single characteristic first-order 
band at 1331.8 cm", which designates its normal 
mode of vibration, usually referred to as LO=TO 
mode (longitudinal optical = transversal optical). LO 
and TO have the same frequency due to the high 
symmetry of the diamond lattice (Nasdala et al., 
2005). UV-Vis-NIR absorption spectra were collected 


In Brief 


e Sapphires from the secondary placer deposits of 
Balangoda and Ratnapura in Sri Lanka were gemologi- 
cally classified as being of metamorphic/metasomatic/ 
non-basalt-related origin. 

¢ Dated zircon inclusions yielded U-Pb ages of approxi- 
mately 549 Ma. The zircons probably formed in a high- 
temperature metamorphic event at the end of the 
Precambrian granulite facies metamorphism of the 
ancient continent of Gondwana. 

e The sapphires probably crystallized during or at the 
end of this granulite facies metamorphism and are 
younger than sapphires from Madagascar. 


in the range between 2.50 and 1000 nm using a Varian 
Cary 5000 UV-Vis-NIR spectrophotometer with dif- 
fraction grating polarizers. We used a data sampling 
interval and spectral bandwidth of 0.5 nm anda scan 
rate of 150 nm/min. FTIR absorption spectra were ac- 
quired from 6000 to 400 cm using a Varian 640 spec- 
trometer with a resolution of 4 cm! and 200 scans 
and a diffuse reflectance (DRIFT) accessory as the 
beam condenser. Trace-element analysis (Mg, Ti, V, 
Cr, Fe, and Ga) was performed on a Perkin Elmer 
ELAN DRC -e single collector quadrupole mass spec- 
trometer combined with a 193 nm ESI Excimer gas 
laser ablation system. A set of three single-spot analy- 
ses (120 am diameter) was collected on each sample 
using a laser frequency of 10 Hz, an ablation time of 
50 seconds, and a laser energy of 6.2 J/cm”. The mass 
spectrometer performance was optimized to maxi- 
mum intensities at U/Th ratios of ~1 and ThO/Th 
less than 0.3 using 16.25 liters per minute Ar plasma 
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gas, 0.88 L/min argon as nebulizer gas, and 1 L/min 
helium as sample gas. Multi-element NIST610 was 
used as the glass standard for external calibration; in- 
ternal calibration was done by normalizing to 100% 
cations of stoichiometric corundum. The data reduc- 
tion was carried out using an in-house spreadsheet 
following Longerich et al. (1996). 

Zircon inclusions were carefully localized and cut 
with a special saw using a fine cord as a cutting blade. 
This cutting method allowed us to obtain the largest 
possible surface of the zircon crystals. Sapphires were 
embedded into a special epoxy to avoid degassing 
under vacuum. The zircons reached up to 120 um in 
size. Cathodoluminescence images of zircon inclu- 
sions were obtained at the University of Geneva, 
with a JEOL JSM7001F scanning electron micro- 
scope. Acceleration voltage was 15 kV, probe current 
was 3.2 nA, and emission current was approximately 
90 yA. Cathodoluminescence imaging is a powerful 
tool in identifying multiple growth zones in zircon 
related to different crystallization pulses during mag- 
matic or metamorphic events. 

The Raman spectrum of the dated zircon 
SASLRO50_01 was obtained at the University of 
Geneva using a confocal LABRAM spectrometer 
equipped with a green 532.12 nm Nd-YAG laser cou- 
pled to a charge-coupled device (CCD) detector and 
an optical microscope (Olympus BX51, 100x objec- 
tive lens). The system was calibrated using a dia- 
mond and its single characteristic first-order band at 
1331.8 cm!. The parameters were: a spot diameter 
of 2.5 um, a depth resolution of 5 um, and a spatial 
resolution of <10 ym’. A laser power of 10 mW was 
used. The spectrum was acquired in the range from 
200 to 1700 cm"! in three cycles with an acquisition 
time of 30 seconds. 

U-Pb dating of zircon inclusions was carried out 
on an Element XR sector field ICP-MS (Thermo 
Fisher Scientific) interfaced to an UP 193-FX ArF 193 
nm excimer ablation system (New Wave Research] 
at the University of Lausanne. Two spot analyses (di- 
ameter <25 um) were carried out on one zircon in- 
clusion in sample SASLAOI from Balangoda, and 
three spots were measured on two zircon inclusions 
in SASLRO50_1 from Ratnapura. The zircon samples 
GJ1 (?°°Pb/?8U age 609.7 + 1.8 Ma; Jackson et al., 
2004) and PleSovice (?Pb/?*U age 337.13 + 1.8 Ma; 
Slama et al., 2008) were used as external and second- 
ary reference, respectively. The dwell time was 10 
ms for 7°’Pb, 8 ms for 2°°Pb, 8 ms for ?°U, and 5 ms 
for all other masses. Laser pulse duration was approx- 
imately 5 ns, with a repetition rate of five pulses per 
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second. The data reduction was done with LAM- 
TRACE, a Lotus 1-2-3 spreadsheet written by Simon 
Jackson of Macquarie University in Sydney. 


GEMOLOGICAL PROPERTIES AND 
SPECTROSCOPY 

Five rough to partially cut sapphires were selected 
from the Ratnapura and Balangoda deposits in Sri 
Lanka (figure 1A and table 1). They ranged in color 
from bluish white to blue and dark blue. Under 
short- and long-wave UV, they displayed a weak to 
strong reaction with yellow to orange colors. Their 
UV-Vis-NIR spectra showed a similar band distribu- 
tion. In a representative UV-Vis-NIR spectrum of the 
sapphire from Ratnapura (SASLRO50_01), the absorp- 
tion bands at 377, 380, and 450 nm (Ferguson and 
Fielding, 1971; Schwarz et al., 2000, 2008) are attrib- 
uted to Fe* (figure 2). In addition, the Cr** absorption 
band was present at 560 nm (Schwarz et al., 2008). 
This sample also showed the broad Fe**Ti* inter- 
valence charge transfer band between 570 and 700 
nm that is responsible for the blue color. We did not 
observe the pronounced band at around 800 nm, 
often attributed to the Fe*—Fe** intervalence charge 
transfer, ruling out a possible basalt-related origin 
(Schwarz et al., 2000; Kan-Nyunt et al., 2013; Em- 
mett et al., 2017). Bands due to artifacts are also ob- 
served around 550 nm as well as at 600 nm due to 
Wood’s anomaly, and at around 800 nm due to detec- 
tor change. 


Solid- and Liquid-Phase Inclusions. The Ratnapura 


samples contained abundant inclusions (figure 1}, and 
a summary is given in table 2 for both deposits. The 
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Figure 1. Sapphire 
SASLROSO_01 from 
Ratnapura (A) showed 
an abundance of inclu- 
sions such as CO, (B) 
and ilmenite (C). 


importance of mineral inclusions and their link to the 
genesis of sapphire deposits has been emphasized by 
many studies, such as De Maesschalck and Oen 
(1989), Beran and Rossman (2006), Palanza et al. 
(2008), and Khamloet et al. (2014). FTIR analysis of 
samples from Ratnapura revealed hematite, carbon- 


Figure 2. The UV-Vis-NIR absorption spectrum of sap- 
phire SASLRO50_01 from Ratnapura shows absorp- 
tion peaks characteristic for designated elements, the 
Fe* bands at 377/388 nm and 450 nm, and the ab- 
sorption band typical for Cr* at 560 nm and the Fe?*- 
Ti* intervalence charge transfer band (IVCT) 
between 570 and 700 nm. The two lines correspond to 
the fast ray (n,, in red) and the slow ray (n,, in blue) 
in corundum.The absorption coefficient o = 2.303 
A/d, where A is absorption and d is thickness in mm. 
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TABLE 2. Type of inclusions in Sri Lankan sapphire, as identified by FTIR and Raman spectroscopy. 


ee ee ee ee ee 
and Raman) 
Ratnapura Present Present Present Present Present Present Present Present Present Present 
Balangoda _ Present Not Present Not Not Present Not Not Present Not identified 
identified identified identified identified identified 


ate, kaolinite, boehmite, and CO, inclusions (figure 
1B), which confirm the observations of De Maess- 
chalck and Oen (1989) for Ratnapura. Zircon, apatite, 
spinel, ilmenite (figure 1C], and graphite were identi- 
fied by Raman spectroscopy. Spinel, ilmenite, and 
CO, inclusions point to a medium- to high-grade 
metamorphic host rock. According to Beran and Ross- 
man (2006), kaolinite-group minerals are the most 
common phases in turbid parts of corundum. Rako- 
tondrazafy et al. (2008) observed the occurrence of 
quartz-free, kaolinite-bearing rocks hosting veins of 
sapphire in Andilamena, Madagascar. The occurrence 
of kaolinite might be related to the mineral paragen- 
esis of the host rock, or it could reflect a late, low- 
temperature event after the formation of the sapphire. 


Raman Spectrum of Dated Zircon Inclusion. The 
Raman spectrum of the dated zircon inclusion 
SASLAO1 (Balangoda) in figure 3 indicates the main 
band positions for the molecular vibrational modes. 
The spectrum displays the typical v3 band near 1006 
cm, which is considered to reflect the anti-symmet- 
ric stretching of the SiO, group (Dawson et al., 1971). 


RAMAN SPECTRUM 


Its position near 1006 cm~! demonstrates the well- 
crystallized nature of this zircon crystal (Davies et al., 
2015). The v2, band at 440 and 356 cm is related to 
bending vibration around the SiO, groups (Dawson et 
al., 1971). The v1 band near 973 cm is caused by the 
Si-O symmetric stretching band (Dawson et al., 1971). 
Generally, all of these bands are quite sharp—the v2 
band at 356 cm* has a FWHM of 13.6, and the v3 band 
near 1006 cm has a FWHM of 8.8—which is charac- 
teristic for crystalline material (Davies et al., 2015). 


Trace-Element Chemistry. Trace-element geochem- 
istry, in particular the elements Fe, Ti, Ga, Cr, Mg, 
and V, is used for discriminating the geographic origin 
and/or type of sapphire deposit—i.e., metamorphic, 
non-basalt-related versus basalt-related (e.g., Suther- 
land et al., 1998a,b, 2002; Schwarz et al., 2000, 2008; 
Saminpanya et al., 2003; Abduriyim and Kitawaki, 
2006; Peucat et al., 2007; Giuliani et al., 2014). The 
results of the discriminating elements and ratios used 
in figure 4 are given in table 3. 

The Fe content of the sapphires from Ratnapura 
ranges from 286 to 1213 ppmw, Ga content from 20 


Figure 3. The Raman 
spectrum of a dated 
zircon inclusion in 
sample SASLAO1 from 
Balangoda shows 
bands characteristic 
for well-crystallized 
zircon. 


45,000 4 v2 
356 
® 35,000 4 
al v3 
z 1006 
ie} ee PP 
Y 25,000 
> 
= 225 
2 / 
204 

i v2 

15,000 4 
5 \ 440 vl 
= | 973 

\ 
5,000 4 let 
T T T T 
0 400 800 1200 1600 


RAMAN SHIFT (cm) 


22 AGE DATING OF ZIRCON INCLUSIONS IN SRI LANKAN SAPPHIRE 


Gems & GEMOLOGY SPRING 2019 


TRACE-ELEMENT DISCRIMINATION DIAGRAMS 
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Figure 4. Trace-element discrimination diagrams for magmatic and metamorphic sapphires with the location of 
the analyzed gemstones. A and B: Compositional fields according to Peucat et al. (2007). C: Compositional fields 
according to Abduriyim and Kitawaki (2006). D: Compositional fields according to Giuliani et al. (2014). 


to 99 ppmw, and Cr content from 2 to 102 ppmw. Ti 
shows a large variation from 92 to 253 ppmw, while 
V content measured between 14 and 70 ppmw. For the 
Balangoda sample, the following concentrations were 
obtained: 514 ppmw Fe, 110 ppmw Ga, 17 ppmw Cr, 
42, ppmw Ti, and 6 ppmw V. These values lie within 
the range reported by Abduriyim and Kitawaki (2006). 

The Ga/Mg ratio has been applied to classify 
metamorphic and magmatic deposits (Peucat et al., 
2007). The value is generally high for magmatic and 
basalt-hosted sapphires (10 or much higher) and low 
for metamorphic and metasomatic ones (10 or much 
lower). Sapphires from Ratnapura display Ga/Mg ra- 
tios of 0.18 to 0.84 (table 3), coinciding with the value 
of 0.6 reported for a blue sapphire from Ratnapura by 
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Peucat et al. (2007). The Ga/Mg value of the sapphire 
from Balangoda was determined to be 5.03 (table 3). 
Both values lie within the range indicated for meta- 
morphic sapphire. In figure 4A, Fe (ppmw) is plotted 
versus the Ga/Mg ratio and the field for metamor- 
phic sapphire occurrences is outlined. Values for both 
analyzed deposits are located well within the field 
defined by Peucat et al. (2007) for metamorphic sap- 
phires from Sri Lanka. In the Fe-(Ti x 10)-(Mg x 100) 
ternary diagram (figure 4B), the sapphires plot in the 
field for metamorphic sapphires, as well as in the 
area characteristic for Sri Lankan sapphires defined 
by Schwarz et al. (2008). In the Cr,O,/Ga,O, versus 
Fe,O,/TiO, diagram (Abduriyim and Kitawaki, 2006), 
three samples from Ratnapura plot within the com- 
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TABLE 3. Main discriminant elements (in ppmw) for Sri Lankan sapphires, as determined by ICP-MS analysis. 


Sample number Ti Vv Cr Fe Ga Mg Ga/Mg  Cr,O,/Ga,O, Fe,O,/TIO, TiO/Ga,O,  Fe,O,/Cr,O, 
SASLRO16 193 14 5 1213 20 114 0.18 0.27 4.84 11.86 205.4 
(Ratnapura) 

SASLRO17 253 70 102 673 99 149 0.67 1.12 2.05 3.17 5.8 
(Ratnapura) 

SASLRO19 92 16 2 286 46 55 0.84 0.04 2.4 2.45 163.5 
(Ratnapura) 

SASLRO50_01 197 24 37 692 84 129 0.66 0.48 2 2.89 16.3 
(Ratnapura) 

SASLAO1 42 6 17 514 110 22 5.03 0.17 9.4 0.48 26.6 
(Balangoda) 


positional field for a non-basalt-related origin and an- 
other plots outside the field. The Balangoda sample 
plots within the Ratnapura field (figure 4C). When 
the samples are displayed in the FeO + TiO, + Ga,O, 
versus FeO-Cr,O,-MgO-V,O, diagram (Giuliani et al., 
2014), they lie at the lower end of the field, charac- 
teristic for corundum in metasomatites (figure 4D). 


U-Pb Dating of Zircon Inclusions. In characterizing 
the Sri Lankan sapphires (Elmaleh, 2015), one sample 
from Ratnapura (SASLRO50_01, figure 5) and one from 
Balangoda (SASLAO1, figure 6) provided zircon inclu- 
sions ranging up to 120 pm in size that were suitable 
for dating with conventional LA-ICP-MS. Under the 
scanning electron microscope, the backscattered im- 
ages of the polished surface of sapphire SASLRO50_01 
(figure 5, A and B) are shown with its zircon inclusions 
observed in backscattered and cathodoluminescence 
mode (figure 5, C-F). The dated zircon inclusion in 
sapphire SASLAO1 is shown in figure 6 in the scanning 
electron microscope (left), under cathodolumines- 
cence (center), and with the craters of the LA-ICP-MS 
measurement (right). It showed sector zoning under 
cathodoluminescence and a small overgrowth along 
the rim that could not be dated due to its size of 10 
pm (figure 6, center). Radial cracks around zircon in- 
clusions were observed in the host sapphire of both 
deposits (figure 5, D and F). During cooling and decom- 
pression of the host rock, the zircon inclusion expands 
more rapidly than the enclosing sapphire crystal, re- 
sulting in stress along the wall and the formation of 
cracks in the host sapphire (Noguchi et al., 2013). 
Crack formation due to heating is considered very un- 
likely since the samples were purchased at the mine 
as rough sapphires and from reputable sources (at the 
mine or near the mine). In addition, the presence of 
inclusions such as kaolinite and boehmite, which de- 
grade at relatively low temperatures, is a strong indi- 
cation that the samples are unheated. In the concordia 
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diagram for the zircon inclusion in the Balangoda sap- 
phire (SASLAO1; see figure 7, left, and table 4 for re- 
sults of zircon dating}, the axes are defined by the 


Figure 5. Sapphire SASLROSO_01 viewed with SEM as 
backscattered image (COMB, left column) or under 
cathodoluminescence (CATHODO, right column). A 
and B: Polished surface with zircon inclusions, and a 
close-up of the zone with the zircons. C and E: Zir- 
cons as backscattered images. D and F: Zircons from 
images C and E under cathodoluminescence. Both 
zircons show sector zoning that is known from meta- 
morphic rocks and radial cracks emanating from the 
borders of the crystal into the sapphire. 
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Figure 6. Sapphire SASLAO1 from Balangoda contained a zircon inclusion, shown under SEM as backscattered 
image (left); under cathodoluminescence (center), displaying sector zoning that is typical in metamorphic rocks 
and a 10 ym overgrowth; and in reflected polarized light (right), with two ablation craters from ICP-MS analysis. 


ratios of the radiogenic daughter Pb isotopes (Pb and 
0’Pb) to their corresponding parent U isotopes (7°°U 
and 7U). At time zero, when the two U-Pb clocks 
were set or when the zircon formed, there was no ra- 
diogenic Pb in the zircon. Once the zircon was below 


a critical temperature, radiogenic Pb (?°°Pb and ?°’Pb} 
would accumulate due to the decay of *°U and *U. 
The ratios of ?°’Pb/?*U and 7Pb/?*U would increase 
with time, and by analyzing the appropriate isotopic 
ratios one can determine the age of the zircon inclu- 


Figure 7. Left: concordia diagram for the zircon inclusion in sapphire SASLAO1 from Balangoda. The two black el- 
lipsoids represent two individual laser spot ages, while the blue ellipsoid is the calculated average concordia age. 
The concordia is drawn as a band depicting the uranium decay constant uncertainty and includes small ellipsoids; 
each concordia age tick represents one million years with its respective uncertainty. Right: Mean weight diagram for 
the zircon in sapphire SASLROSO_01 from Ratnapura. The three red vertical bars represent individual ?°Pb/?*U ages 
in Ma with their associated uncertainty; the green horizontal line is the calculated mean age for the three values. 
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TABLE 4. Results of LA-ICP-MS and U-Pb dating for zircons in Sri Lankan sapphire. 


206Ph/238U) 207Ph/235U) 207 Ph/296 Ph 206Ph/238U 207 Ph/235U 207 Plh/26 Ph 
Sample number Ratio 107 (%) Ratio 10 (%) Ratio 10(%) Age (Ma) 20 (Ma) Age (Ma) 20 (Ma) Age (Ma) 20 (Ma) 
SASLAO1, sp 1 0.0883 0.59 0.7093 25 0.059 1.79) 545.3 6.1 544.3 21,0 568.0 78 
(Balangoda) 
SASLAO1, sp 2 0.0891 0.55 0.7299 1.6 OWS95 1,331 550.1 5.8 BYSOi3) 133333 584.0 58 
(Balangoda) 
SASLRO50_01, 0.0903 0.43 0.7184 1.05 0.0584 0.96 557.3 4.6 549.7 8.4 544.0 42 
sp 3 (Ratnapura) 
SASLRO50_01, 0.0909 0.49 0.7165 0.7 0.0581 0.73 561.1 5.2 548.6 (6.3) 532.0 32 
sp 4 (Ratnapura) 
SASLRO50_01, 0.0898 0.47 0.7172 0.7 0.0587 0.65 554.1 5.0 549.0 le 554.0 28 


sp 5 (Ratnapura) 


4gO= standard deviation 


sion using the established equation with the decay 
constant for the corresponding decay series (e.g., 
Harley and Kelly, 2007). Two analyses were obtained 
on the same zircon inclusion (figure 5, right, with the 
ablation craters of sample SASLAO1), and the Pb/U ra- 
tios (figure 7, left) correspond to a concordia age of 
547.7 + 5.7 Ma (table 4). 

A weighted mean diagram (figure 7, right) is used 
to determine the mean age from U-Pb analysis of the 
zircons in sapphire SASLRO50_01 from Ratnapura, 
since the analyses plot in the conventional concordia 
diagram above the concordia line. This may be related 
to an excess of radiogenic 7°Pb or a loss of 73°U. The 
younger range of uncertainty is then applied to approx- 
imate the crystallization age of zircon. In other words, 
the obtained age of 557 Ma should be reduced by the 
uncertainty of approximately 8.4 Ma, resulting in an 
age of approximately 549 Ma (table 4). 

In summary, the U-Pb zircon ages obtained for the 
sapphires from Ratnapura and Balangoda show a sim- 
ilar crystallization age of around 549 Ma and are there- 
fore probably related to the same metamorphic event 
(Elmaleh, 2015; Elmaleh et al., 2015a,b; Schmidt et al., 
2017). 


Geological Considerations: Time of Sapphire Crys- 
tallization. The Ratnapura and Balangoda deposits 
are located in the Highland Complex of Sri Lanka. 
The Highland Complex is part of an extensive Pre- 
cambrian granulite belt of the ancient Gondwana 
continent related to the Pan-African evolution and 
comprising the Kerala Khondalite Belt in southern 
India, Madagascar, Mozambique, and Tanzania as 
well as the Liitz-Holm Bay area in Antarctica (Baur 
et al., 1991; Dissanayake and Chandrajith, 1999). 
Baur et al. (1991) systematically analyzed zircons of 
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the Central Highland in the granulite facies forma- 
tion and concluded that localized charnockitization 
or the local influx of CO,-enriched fluids are respon- 
sible for the granulite facies metamorphism. The 
main phase of granulite facies metamorphism is 
bracketed between approximately 660 Ma and 550 
Ma and related to the Pan-African orogeny (Baur et 
al., 1991; Dissanayake and Chandrajith, 1999). In ad- 
dition, Baur et al. (1991) record in their zircon popu- 
lation a younger event at 547 + 35 Ma, which they 
assign to a high-grade regional metamorphic event at 
the end of the granulite facies metamorphism. In a 
zircon inclusion in a pink sapphire of Madagascar, 
Link (2015) reports an age of 652 + 41 Ma and relates 
it to the Pan-African tectonic-metamorphic event, 
which occurred within a time window of 730-550 
Ma (Black and Liegeois, 1993). This would indicate 
an earlier crystallization event of zircon in sapphire 
from Madagascar than from Sri Lanka, in line with 
the time windows for the regional high-grade meta- 
morphic events in the respective areas. 
Unfortunately, placer deposits do not provide suf- 
ficient information about the geological background. 
Nevertheless, the obtained ages for the zircons proba- 
bly correspond to this granulite facies event. Evidence 
for a granulite facies metamorphism and a possible 
charnockitization comes also from the homogeniza- 
tion temperatures from primary CO,-fluid inclusions 
in sapphire suggesting temperatures of >630°C and 
pressures of 5.5 kbar, as reported from Balangoda by 
De Maesschalck and Oen (1989). The zircon in our 
sample from Balangoda displayed a small overgrowth 
that could not be dated, but could reflect a metamor- 
phic event at the end of the granulite facies metamor- 
phism or a post-metamorphic or post-tectonic event, 
which would make it younger than the dated core. 
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The sapphires probably crystallized during or at the 
end of the granulite facies metamorphism. 


CONCLUSIONS 

The trace-element composition of the Sri Lankan 
sapphire samples, the presence of CO, inclusions, the 
radial cracks around the zircon inclusions, and the 
obtained zircon ages of approximately 549 Ma all 
support a metamorphic origin related to granulite fa- 
cies metamorphism or a later metamorphic or mag- 
matic event. The zircons probably crystallized during 
or at the end of the Precambrian granulite facies 
metamorphism of Gondwana related to the Pan- 
African evolution. They are younger than the zircons 
in sapphire from the Pan-African rocks of Madagas- 
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New HISTORICAL AND GEMOLOGICAL 


DISCOVERIES 


Gerard Panczer, Geoffray Riondet, Lauriane Forest, Michael S. Krzemnicki, Davy Carole, and Florian Faure 


The gem-bearing reliquary known as the Talisman of Charlemagne is closely associated with the history of Europe. 
Its legend follows such figures as Charlemagne, Napoleon I, Empress Josephine, Hortense de Beauharnais, Napoleon 
IIl, and Empress Eugénie. This study provides new historical information collected in France, Germany, and Switzer- 
land about the provenance of this exceptional jewel, which contains a large glass cabochon on the front, a large 
blue-gray sapphire on the back, and an assortment of colored stones and pearls. The first scientific gemological 
analysis of this historical piece, carried out on-site at the Palace of Tau Museum in Reims, France, has made it possible 
to identify the colored stones and offer insight into their possible geographic origins. Based on our data and com- 
parison with similar objects of the Carolingian period, we propose that the blue-gray sapphire is of Ceylonese (Sri 
Lankan) origin, that the garnets originate from India or Ceylon, and that most of the emeralds are from Egypt except 
for one from the Habachtal deposit of Austria. The estimated weight of the center sapphire is approximately 190 ct, 
making it one of the largest known sapphires as of the early seventeenth century. 


Te Talisman of Charlemagne is a sumptuous 
jewel that has passed through the centuries. At 
various times it has been said to contain frag- 
ments of the hair of the Virgin Mary and a remnant 
of the True Cross. It is therefore a reliquary, a con- 
tainer in which sacred relics are kept. Its globular 
shape resembles that of a pilgrim’s small bottle or eu- 
logy ampulla, which were filled with earth or liquid 
from a holy place (Gaborit-Chopin and Taburet, 1981, 
Scordia, 2012). The talisman’s romantic fate is inter- 
twined with many historical figures involved in its 
passage through Germany, France, and Switzerland. 
This first gemological characterization was con- 
ducted during two rounds of analysis, lasting one day 
each, in May 2017 and June 2018. 


HISTORICAL BACKGROUND 

Origin of the Talisman of Charlemagne. As the origin 
of the reliquary has been lost in the mists of time 
since the Carolingian period, it is difficult to specify 
the circumstances of its creation. Charlemagne died 
in the imperial capital of Aachen (known as Aix-la- 
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Chapelle in French) on February 28, 814 CE. Since 
the emperor did not leave specific instructions, his 
entourage decided to bury him in Aachen Cathedral 
(Minois, 2010). The talisman was believed to have 
been suspended from a necklace worn on Charle- 
magne’s body in his tomb, though it has not been 
possible to prove this. Eginhard (770-840 CE}, in his 
biography Vita Karoli Magni (The Life of Charle- 
magne), written shortly after the emperor’s death, 
does not mention the reliquary. While the talisman’s 
characteristics are slightly different from the works 
that can be dated with certainty to the reign of 
Charlemagne, considering the shape of the jewel and 
its typical Carolingian goldsmithery (gold buttons, 
palmettes, filigree, and repoussé work), the experts 
on this period, De Montesquiou-Fezensac (1962) and 
Gaborit-Chopin and Taburet (1981), attested with 
confidence a dating to the middle to late ninth cen- 
tury (i.e., just after the reign of Charlemagne, exclud- 
ing any forgery). 

The exhumation of Charlemagne conducted in 
the year 1000 by Otto III, the Holy Roman Emperor, 
was chronicled by Thietmar, bishop of Merseburg 
around 1012-1018: 

Ignoring the exact place where the bones of Emperor 


Charles lay, [Otto III] secretly broke the ornamental 
tiling of the church where they were supposed to be, 
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Figure 1. Details of two engravings, published by Gerhard Altzenbach (left, British Museum, Q5.375, 1664) and 


from Jacobus Harrewijn (right, 1711), both representing the treasury of Aachen Cathedral. A stylized Talisman of 
Charlemagne appears in the center, as number 15 (left engraving) and number 11 (right engraving). Represented on 
the right engraving: (4) a piece of the rope with which Jesus was bound, (5) a piece of the Holy Cross, (6) a statue of 
the Virgin Mary, (10) a portrait of the Virgin Mary according to St. Lucas, (11) hairs of the Virgin Mary, (12) the 
right arm of Charlemagne, (16) St. Charlemagne’s bust, (17) his hunting horn and sword, and (18) relics of the 


sanctuary. 


then dug until discovering them in a royal sarcophagus. 
He took for himself the golden cross that hung around 
the corpse’s neck and a part of his not yet putrefied 
clothes; after which he put everything back in place 
with the utmost respect. (Thietmar of Merseburg, 2001) 


This text is too imprecise to establish a link with 
the reliquary. The body of Charlemagne was ex- 
humed again in 1166 for his canonization by order of 
the Holy Roman Emperor Frederick Barbarossa 
(Gobry, 1997). Once again, no information was given 
about a reliquary. 

The list of relics of Aachen was mentioned in 
manuscripts written circa 1200, based on original 
documents from the ninth century. While the origi- 
nal documents have been lost, some elements of 
these secondary sources have been copied in more re- 
cent manuscripts deposited at the Berlin State Li- 
brary and the University of Bonn in Germany (Quix, 
1840; Schiffers, 1937). We find in particular the men- 
tion of the hair of the Virgin Mary. 

The booklet of the relics of Aachen (Mon- 
tesquiou-Fezensac, 1962), Heiltumsbtichlein in Ger- 
man, was produced circa 1520. Intended for the 
pilgrims, it is more accurate and does mention a reli- 
quary: Quoddam cleinodium, continens de capillis 
et lacte beatae Mariae Virginis (“A precious jewel, 
container of hairs and milk of the Saint Virgin 
Mary”). This brief description of the “precious jewel” 
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could correspond to the Charlemagne reliquary, dur- 
ing a period when the preserved relics were much 
more important than the reliquary itself. 

It was not until the seventeenth century that en- 
gravings of the reliquary began to appear. One of the 
first was by Abraham Hogenberg, in Noppius (1632), 
in which the talisman was shown with the other 
relics from the treasury of Aachen Cathedral. The en- 
graving is accompanied by the words Capilli B. vir- 
ginis Mariae: “the hair of the Virgin Mary.” Later 
engravings of the relics, especially by the engravers 
Gerhard Altzenbach (1664) and Jacobus Harrewijn 
(1771), were reproduced in various works during the 
seventeenth and eighteenth centuries. On all of these 
engravings the talisman is stylized, with a center 
stone surrounded alternately by four faceted stones 
and four cabochons (figure 1). Pearls, which appeared 
in later engravings between each stone pair, are not 
visible. Pollnitz (1736) also gave an illustrated repre- 
sentation. Subsequent descriptions are more precise, 
as in de Barjolé (1786), who notes: “The hair of the 
Blessed Virgin. They are enshrined in a Golden Reli- 
quary, lined with precious stones.” 


Early Nineteenth Century: From the Reliquary to the 
“Talisman of Charlemagne.” During the French Rev- 
olution (1789-1799), the relics from Aachen Cathe- 
dral were taken to the German city of Paderborn. 
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After the revolution, Aachen became the administra- 
tive headquarters of the Roer department in 1802 and 
acquired French status. Relics that had been dis- 
placed in 1794 were restored to Aachen Cathedral 
(Kleinclausz, 2005). Napoleon, crowned emperor on 
May 18, 1804, considered himself the heir to Charle- 
magne and decided to visit the tomb of his great pred- 
ecessor. Empress Josephine preceded him to Aachen 
in July 1804. In August, Marc-Antoine Berdolet, 
nominated bishop of Aachen by Napoleon two years 
earlier, offered the emperor the reliquary (Minois, 
2010). Newspapers of the time such as the Moniteur, 
the Gazette de France, and the Journal du Com- 
merce attest to this gift, as does a message written 


In Brief 


e The Talisman of Charlemagne is a sumptuous jewel 
covered in gemstones and dating to the middle to late 
ninth century, just after the reign of Charlemagne. 


e Using portable spectroscopy equipment, the authors 
characterized the 29 gemstones and propose that all 
but one of the almandine-pyrope garnets originated 
from southern India or Ceylon, while all but one of the 
emeralds were from Egypt and the sapphires were from 
Ceylon. 

e The substitution of the front center gemstone by the 
cobalt-doped glass cabochon probably occurred in the 
late eighteenth century and certainly before 1843. 

e The center sapphire has an estimated weight of 190 ct 
and can be considered the largest sapphire used in 
European jewelry during the Early to High Medieval 
period. 


by the bishop and addressed to the empress dated 

23rd Thermidor, year XII {i.e., August 11, 1804). An 

excerpt reveals the presence of 
asmall round reliquary made of pure gold adorned with 
stones, the bulb of which contains relics, and the large 
stones in the middle contain a small cross made of the 
wood from the holy cross. These two small reliquaries 
were found around the neck of St. Charlemagne when 
his body was exhumed from his sepulcher in 1166, and 
history tells us that Charlemagne was accustomed to 
wear these same relics during battles. (Lohmann, 1924) 


This message suggests that at the time the talis- 
man preserved several relics. 

From this point on, the relevant texts no longer 
mention the Virgin Mary’s hair in the reliquary. It is 
therefore possible that between 1801 and 1804 the 
bishop had removed all or part of the relic and re- 
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placed it with a small wooden cross consisting of two 
fragments—supposedly from the True Cross—fas- 
tened by a thread. An examination carried out in the 
1960s by Bernard Gomond, a specialist in ornamen- 
tal trimmings, identified the thread as raw Tussar 
silk from India, used between the late eighteenth and 
late nineteenth centuries. 

The rest of the reliquary’s history is much more 
precise. After her divorce from Napoleon, Josephine 
de Beauharnais remained its custodian (Ollivier, 
1897). The talisman was her personal property and 
not part of the crown jewels of France. At Josephine’s 
death in 1814, her daughter, Hortense de Beauhar- 
nais, inherited the talisman. Hortense’s memoirs, 
written during exile after the fall of the Empire, de- 
scribed the reliquary: 

My mother had gone to take the waters at Aachen.... 
The Emperor, on his arrival in the city, was received 
with the greatest enthusiasm. The city was grateful to 
him for having brought back the relics which, since 
Charlemagne, had made the glory of Aix-la-Chapelle. 
The chapter and the city believed they could not better 
prove their gratitude than to offer to the one whom 
they regarded as a new Charlemagne an object which 
had belonged to their glorious founder. It was a talis- 
man that Charlemagne always wore in combat and that 
was still found at his collar when his tomb was opened 
in the year.... I still possess all these objects. 


Besides being Napoleon’s stepdaughter, Hortense 
was also the emperor’s sister-in-law following her 
marriage to Louis Bonaparte, king of Holland (r. 
1806-1810). As such, she became the guardian of the 
Napoleonic legacy. 

At the Arenenberg estate on Lake Constance in 
Switzerland, Hortense received many visitors, in- 
cluding Alexandre Dumas pére (Baylac, 2016). In his 
1833 book Impressions de voyage en Suisse, which 
includes historical chronicles, a journey log, and eth- 
nological considerations, the great writer describes 
the reliquary. This is the first known use of the term 
talisman for this object: 


It is now the Talisman of Charlemagne; this talisman 
has quite a story; lend your ear. When the tomb in which 
the great Emperor had been buried was opened at 
Aachen, his skeleton was clothed in his Roman clothes, 
and his talisman, which made him victorious, was sus- 
pended from his neck. This talisman was a piece of the 
True Cross sent to him by the Empress. It was enclosed 
in an emerald, and this emerald was suspended by a 
chain to a large ring of gold. The citizens of Aix-la- 
Chapelle gave it to Napoleon when he entered their city, 
and Napoleon, in 1813, tied this chain round the neck 
of Queen Hortense, confessing to her that, the day of 
Austerlitz and of Wagram, he had carried it on his breast, 
as Charlemagne had done nine hundred years ago. 
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This romantic description of the talisman by 
Dumas contributed to its mystery and notoriety. 
Nineteenth-century texts on the origin of the talis- 
man must be regarded with caution, but these beliefs 
about the amulet were shared by the imperial family 
(Paléologue, 1928). 

The Napoleon Museum in the castle of Arenenberg 
preserves an 1834 portrait by Felix Cottreau of Queen 
Hortense “wearing” the reliquary as a cloak clasp (fig- 
ure 2). Instead of the chain we know today, the reliquary 
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Figure 2. Felix Cot- 
treau’s 1834 portrait of 
Hortense de Beauhar- 
nais, wearing the talis- 
man with the front side 
facing out. This scene 
put the spotlight on the 
talisman, which most 
certainly was never 
modified to be worn as 
a Cloak clasp. Courtesy 
of Napoleon Museum 
Thurgau. 


depicted on this painting is connected to several ele- 
ments, including two ovals adorned with gems and a 
cloak clasp, a clothing fastener commonly used in the 
eighteenth and nineteenth centuries in place of buttons. 
These elements are most certainly the fruits of the 
artist’s imagination, since no other representation or 
description of the talisman reports that it was modified 
to be worn as a cloak clasp, and since the present-day 
regular chain appears in the previous seventeenth and 
eighteenth centuries engravings (again, see figure 1). 


Gems & GEMOLOGY SPRING 2019 33 


The Talisman of Charlemagne from Napoleon III to 
Today. Queen Hortense passed down the Arenenberg 
estate and its possessions to her son Prince Louis 
Napoleon Bonaparte, the future Napoleon II. Sen- 
tenced to life imprisonment following his failed coup 
attempt in 1836, he was a prisoner at Fort de Ham in 
the Somme until 1846. After selling the Arenenberg 
castle in 1843, he also sought to sell precious objects 
such as the reliquary. In a letter to his first cousin, 
Prince Jerome Napoleon, he valued the reliquary at 
150,000 francs (Guériot, 1933), though the sale did not 
go through (Maison, 1991). A drawing of the reliquary 
signed by Prince Louis Napoleon (figure 3) dates from 
this period. The text above the drawing is a rewritten 
copy of the 1804 description by Berdolet, the Bishop 
of Aachen. Below the talisman is an updated charac- 
terization of the center stone as a “rough sapphire” 
with a “very light color,” as translated below: 
Talisman of Charlemagne, which antique dealers be- 
lieve was sent to Charlemagne by the Empress Irene [of 
Constantinople, 752-803 CE]. This talisman was given 
to the Emperor Napoleon at Aix la Chapelle by the 
Clergy as attested by the above copy of the Bishop's let- 


ter. The middle stone is a rough sapphire and has a very 
light color. 


A year later, an engraving of the reliquary appeared 
in the newspaper LT/Justration (“Talisman de Charle- 
magne,” 1844). The article contained inaccurate ru- 
mors that had been circulating since the beginning of 
the nineteenth century, namely that Charlemagne 
“constantly wore” the talisman and that the Abbasid 
caliph Harun al-Raschid had given it to him: 

The drawing above represents, in its natural size, an ob- 

ject of immense interest, both archeologically and reli- 

giously. It was the talisman that Charlemagne 
constantly wore on him, which was found hanging 
around his neck when his sepulcher was opened in 

1166, and which was given to Emperor Napoleon by 

the clergy of Aix-la-Chapelle on the 23rd Thermidor 

Year XII... At the end of the eighth century, there were 

only two great sovereigns in the world, Charlemagne 

and Haroun-al-Raschid... it was offered with the keys 
of the holy sepulcher. 


The exchange of diplomatic gifts with the East 
was a common practice in the Carolingian period. 
Charlemagne and the caliph are said to have ex- 
changed several ambassadors, but no archival source 
authenticates the gift of this jewel. Nevertheless, 
several newspapers reproduced this account and the 
engraving, including the Illustrated London News in 
1845 and The New Illustrated in 1866. A more com- 
plete article was written by Sir Martin Conway for 
The Antiquaries Journal in 1922. 
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Prince Louis Napoleon became Emperor Napoleon 
III and grew attached to the talisman, keeping it until 
his death in 1873. During the Second French Empire, 
from 1852. to 1870, it resided in his room in the Tui- 
leries Palace (Clouzot, 1925). A reliquary box was even 
made for it in 1855 by the Parisian goldsmith Fro- 
ment-Meurice. In 1866, Charles Clément, deputy cu- 
rator at the Louvre, appraised the reliquary at the 
emperor's request. His appraisal indicated that three 
stones were missing: one emerald and two pearls 
(Taralon, 1966). That same year, the note was repro- 
duced with engravings (realized from three photos 
taken in 1866 and provided by Napoleon III) by the 
German historian and archaeologist Ernst Aus’m 
Weerth (1866; see figure 4, bottom): 
This reliquary, preserved in the Treasury of Aachen, 
was offered by the city of Aix-la-Chapelle with other 
relics to Emperor Napoleon I during the coronation. He 
then presented it to Empress Josephine. At her death it 
passed to Queen Hortense, and now belongs to her 
[Josephine’s] grandson Napoleon [III]. Two large sap- 
phire cabochons, one oval and the other square, enclose 
a cross made of wood of the true cross; it is only seen 
on the side of the oval sapphire. It is invisible on the 
side of the rough cabochon. 


At the fall of the Second French Empire in 1870, 
the talisman’s pedigree remained unclear. Some be- 
lieve it was hidden in a subterranean passage con- 
necting the two houses of Baugrand, the crown 
jeweler, in Etretat (Lindon, 1949). According to the 
Duke of Alba, the empress handed the talisman to a 
Dr. Conneau, who hid it in a wall of his house. The 
doctor was later able to return it to the empress in 
England. Napoleon III was known to keep it in his 
bedroom while in exile (Anceau, 2008). A painting by 
George Goodwin Kilburne depicts this room, where 
the emperor met his death in 1873. The painting's 
precision makes it possible to identify certain details 
such as the reliquary box crafted in 1855 by Froment- 
Meurice. Empress Eugénie, the widow of Napoleon 
III, resisted the solicitations of Kaiser William II to 
return it to Aachen (Maison, 1991). Moved by the fire 
of the Cathedral of Reims during World War I, she 
donated it before her death to the Archbishop of 
Reims, Cardinal Lucon, on the advice of Dom 
Cabrol, Abbot of Farnborough (Taralon, 1966). In 
Paléologue (1928), she recounts this episode: 

This talisman, I held it as the apple of my eyes; I had it 

near my bed while I was giving birth to the Imperial 

Prince. But since 1879, since I no longer have a direct 

heir, a question arose for me, a question which troubled 


me very much: After my death, what would become of 
the relic? Many times, under one pretext or another, 
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Figure 3. A drawing be- 
lieved to be from 1843 
or 1844, showing the 
front of the reliquary, 
with a copy of the de- 
scription by Berdolet, 
—_— —.—. the Bishop of Aachen 
: (1804), and an inscrip- 
tion by Prince Louis 
Napoleon (later 
Napoleon III). Courtesy 
of Napoleon Museum 
Thurgau. 
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the Archbishop of Cologne and the Chapter of Aix-la- 


Chapelle had begged me to restore it to the Carolingian 
treasury: I had obstinately refused. Then, in my life- 
time, I thought of giving it to Pope Leo XIII, in memory 
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of Pope Leo III, by whom Charles was crowned em- 
peror, in the basilica of St. Peter, in front the tomb of 
the Apostles, Christmas night 800... But I have re- 
flected that sooner or later the people of Cologne and 
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Aix-la-Chapelle would obtain from an accommodating 
Pope the restitution of the jewel; for strictly, theologi- 
cally, there is no prescription for relics... So I was very 
perplexed when the war of 1914 broke out. The horror 
of the bombardment of Reims suddenly illuminated 
me. One fine morning I exclaimed: “It is at Reims that 
I shall leave the Talisman of Charlemagne, and it will 
be the punishment for the barbarians!” I had, beside 
me, the person most capable of advising me in this re- 
spect, the very erudite Abbé de Farnborough, Dom 
Cabrol. He studied the legal means to accomplish the 
donation and managed to find formulae such that in no 
event could the French government, the Archbishop of 
Reims or even the Holy See ever remove the Talisman 
from the reliquary of our kings. Cardinal Lugon having 
acquiesced in all the clauses, Dom Cabrol handed over 
to him last Sunday the famous pendant. 


The reliquary was turned over to Cardinal Lugon 
by Dom Cabrol on November 30, 1919, according to 
Daudet (1922) in L’inconnue. With the gift, the fol- 
lowing statement was issued: 

The formal wish of the Empress is to give to the Cathe- 
dral of Reims, in reparation for the outrages it suffered 
during the war 1914-1918, of this relic and the reli- 
quary which contains it, so that they remain forever 
the property of the church of Reims, with the duty for 
the Archbishop of Reims to take whatever measures he 
deems necessary to achieve this end. 


The empress died the following year in Madrid. 
In her will, she bequeathed 100,000 francs for the re- 
construction of the Cathedral of Reims. In 1927, the 
reliquary became the property of the Diocesan Asso- 
ciation of Reims. It was classified as a historical mon- 
ument in 1962 and deposited five years later in the 
treasury of the Palace of Tau in Reims, where it re- 
mains on permanent display. In 1964, the famous 
goldsmiths Lucien and Jean-Claude Toulouse re- 
stored the talisman under the supervision of Jean 
Taralon, General Inspector of Historical Monuments. 
During the restoration, two missing pearls and one 
emerald were replaced, as indicated by Taralon 
(1966). All known photos of the talisman taken 
thereafter, by Henri Graindorge (1964), Héléne Guil- 
lot (1964), Claude Francois Garnier (1965), and Louis 
André and Denis Cailleaux (1985), present the talis- 
man in its current form and with the same small 
chain (seen in figures 3 and 4). Unfortunately, the 
only photographs from before the restoration, taken 
in 1866 and circa 1915 by Henri Deneux, lack suffi- 
cient resolution to show the missing stones. 


METHODS OF ANALYSIS 

It is only rather recently that items of historical jew- 
elry have been analyzed on-site using spectroscopic 
methods that are portable and compact (Haberli, 2010, 


36 THE TALISMAN OF CHARLEMAGNE 


Barone et al., 2014; JerSek and Kramar, 2014; Reiche 
et al., 2014; Farges et al., 2015). Often these are the 
only analytical methods possible when cultural treas- 
ures cannot be moved from their location, such as a 
museum or historical site. The drawback is that the 
results are not as complete as those that could be ob- 
tained in the laboratory or on unset stones. 

For the Talisman of Charlemagne, we used con- 
ventional gemological tools: electronic balance, mi- 
croscope, polariscope, and ultraviolet lamp. Due to the 
stones’ size and position in the setting, their refractive 
indices could not be determined. To gain additional 
data, we further analyzed the talisman using portable 
spectroscopic techniques, namely Raman scattering 
and visible/near-infrared (Vis-NIR) optical absorption 
spectroscopy at room temperature. We used two com- 
pact Raman spectrometers (Ocean Optics QE 65000) 
with 532 and 785 nm laser excitation. The absorption 
spectrum in the visible to near-infrared range (400- 
1000 nm) was recorded with an Ocean Optics 
USB2000 spectrometer. A Niton XL3T GOLDD+ 
portable X-ray fluorescence (XRF) analyzer was used 
to estimate the chemical composition (elements heav- 
ier than Na) of the various gemstones using a 3 mm 
collimator. The predefined “mining” setup mode and 
the NISTG610 and 612 glass standards were used as ref- 
erences to control the calibration. It must be men- 
tioned that quantification of Mg by XRF can be 
challenging, as its detection limit is quite high. The 
average detection limits of the analyzed elements 
were: 6500 ppmw Mg, 2500 ppmw Al, 1500 ppmw Si, 
110 ppmw Ca, 100 ppmw Co, 85 ppmw Mn, 60 ppmw 
Ti, 45 ppmw Ba, 35 ppmw Cr, 35 ppmw Fe, 35 ppmw 
V, 20 ppmw Au, 10 ppmw Pb, 5 ppmw Y, 5 ppmw Ga, 
and 3 ppmw Rb. 


RESULTS OF THE ANALYSIS 

Macroscopic Observations. The talisman is a gold 
reliquary, in the form of a eulogy ampulla, composed 
of two circular parts joined together by a band of gold. 
It measures 6.5 cm wide, 7.3 cm tall, and 3.50 cm in 
thickness (the thickest point at the centers of the two 
center stones). The surface includes filigree and re- 
poussé work. Its total mass is 160.45 g (an estimated 
7 g from the chain). The front side is dominated by a 
large bluish cabochon surrounded by nine colored 
stones (numbered V1 to V9 in figure 4) alternating 
with eight pearls. This is the face most often seen in 
artistic representations of the talisman. It is also the 
face that reveals by magnifying effect through the 
cabochon the supposed fragments of the True Cross 
mounted in the shape of a cross. The reverse side 
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Figure 4. Left to right: Present-day photos of the front, back, and side of the talisman (top) compared with engrav- 
ings (bottom) from Ernst Aus’m Weerth (1866). V1, V3, V5, V7, V9, S1, 83, S7, S9, P1, and P9: pyrope-almandine 
garnet. S5: grossular garnet. V2, V4, V6, V8, S2, S4, S6, and S8: emerald. P2, P4, P6, and P8: sapphire. P3, P5, and 
P7: amethyst. A pearl is set between each colored gemstone. Photos by G. Panczer. 


shows a large bluish gray polished stone with a “sug- 
arloaf” shape, again surrounded by nine colored 
stones (S1 to S9 in figure 4) alternating with pearls. 
The side of the talisman is also set with nine colored 
stones, numbered P1 to P9. The small stones are 
mainly polished as cabochons and have various 
shapes such as oval, round, diamond, pear, or free- 
form. Only two stones are faceted: Dark red S1 on 
the back has four facets, while violet P3 on the side 
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has an oval table. Most of the green stones present 
polished natural prism faces. All the pearls have the 
peculiarity of being drilled. Their original setting 
consisted of a gold crimp pushed inside the drill hole. 
This is the case for all the pearls except the one be- 
tween P3 and P4, which presents a bezel setting and 
has a clearly visible drill hole. We presume that this 
is one of the two replacement pearls that were added 
with an emerald during the restoration of the talis- 


Gems & GEMOLOGY SPRING 2019 37 


man in 1964 (Taralon, 1966). The second replace- 
ment pearl is on the front of the talisman, located be- 
tween V8 and V9 (figure 4). It was missing on the 
photo presented in the report of Taralon (1966) and 
appears much whiter than the others. 


Microscopic Observations. Observation of the center 
cabochon on the front of the talisman revealed the 
presence of numerous bubbles, which are character- 
istic for artificial glass. In addition, the sacral relic 
was clearly visible when viewed in transmitted light 


Figure 6. A composite image from four magnified pho- 
tos of the large center sapphire (38 x 32 mm) on the 
back of the reliquary, seen through a trinocular mi- 
croscope in transmitted light. Photos by G. Panczer 
and M.S. Krzemnicki. 
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Figure 5. Reflected light 
(left) and transmitted 
light (right) reveal an 
abundance of bubbles 
in the glass cabochon. 
In both photos, the 
wooden cross and the 
silk thread are clearly 
visible. Photos by G. 
Panczetr. 


(figure 5). This relic consists of two fragments of 
wood tied together in the shape of a cross. The center 
stone on the back of the talisman (figure 6) contained 
numerous fissures (visible in brightfield illumination 
through the cabochon), unaltered healing fissures, 
and parallel tubes of fluid inclusions and brown in- 
clusions (possibly mica). No needles could be ob- 
served in the large center stone. The smaller colored 
stones set in the talisman are relatively opaque and 
did not reveal characteristic inclusions. The green 
stones have a characteristic hexagonal prismatic 
shape and fingerprint textures that indicate beryl. 


Spectroscopic Results. Sapphires. The gray to bluish 
stones (P2, P4, P6, and P8) were identified by Raman 
spectroscopy as corundum with various background 
fluorescence levels (P6 and P8). The polished center 
sapphire on the back of the talisman was also unam- 
biguously identified by its Raman spectrum as 
corundum. XRF analysis revealed weak amounts of 
Fe (565 ppm], Ti (116 ppm), and Ga (68 ppm}, while 
Cr was not detected (table 1). This center sapphire 
showed an absorption spectrum (figure 7) typical for 


TABLE 1. Trace-element concentration (XRF) of the 
talisman’s center sapphire and four small sapphires 
(average of P2, P4, P6, and P8). 


Center sapphire Small sapphires 


(aspots)— Gevisnon ANB (4) Gears 
Fe 565 66 817 220 
Ti 116 16 153 40 
Ga 68 6 64 14 
Cr bdl = bdl = 
Mg bdl = bdl = 
Vv bdl — bdl = 


bdl = below detection limit 
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TABLE 2. Trace-element concentrations (ppmw) of seven of the talisman’s eight emeralds compared to those of 
other beryls from early deposits (Habachtal, first to thirteenth century CE; Djebel Zabara, first century BCE to sixth 
century CE; Swat, first century BCE to third century CE; and Panjshir, thirteenth century BCE). 


Talisman of Habachtal Djebel Zabara Swat Panjshir 
Charlemagne (Austria) (Egypt) (Pakistan) (Afghanistan) 
F Calligaro et Aurisicchio  Calligaro et Aurisicchio § Calligaro et Aurisicchio Calligaro et Aurisicchio 

eouiKe This work “31, (3000) et al. (2018) al. (3000) et al. (2018) al. (3000) etal. (2018) al. (3000) _ et al. (2018) 
Number Standard 
of samples dev. us ° : ‘ ° ? ° 
Analytical XRF PIXE EPMA PIXE EPMA PIXE EPMA PIXE EPMA 
technique 
Fe 4518 (958) 4000 3316 4600 6024 6230 10390 2080 1632 
Cr 3689 (1672) 1390 945 2600 3224 5930 6635 2650 1458 
Vv 454 (324) 170 145 330 300 320 433 970 1774 
Ti 76 (75) 30 4 - 60 10 40 12 120 
Rb 10 (5) 18 nm. 24 14 6 3 30 33 


n.m. = not measured 


metamorphic sapphires (Smith, 2010), with a broad 
absorption band (550-700 nm) assigned to Fe**/Ti* 
intervalence charge transfer and a very small absorp- 
tion peak at 450 nm caused by the presence of some 
trivalent iron (Fe**). For comparison, figure 7 also 
shows a typical absorption spectrum for basaltic sap- 
phire from Le Puy-en-Velay in the Haute-Loire region 
of France, a potential source of sapphires for Euro- 
pean medieval jewelry. Its spectrum exhibits a very 
different absorption behavior, with a marked Fe** 
peak at 450 nm and a general increase in absorption 
toward the near-infrared range, a pattern very char- 


Figure 7. The absorption spectrum of the talisman’s 
center sapphire, obtained with diffuse reflectance, com- 
pared to that of a representative sapphire from Le Puy- 
en-Velay in the Haute-Loire region of France. Here, CT 
represents charge transfer. 
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acteristic for such basaltic sapphires (Fritsch and 
Mercer, 1993; Krzemnicki et al., 1996). Based on this, 
we conclude that the sapphire in this talisman is of 
metamorphic origin. Moreover, we did not observe a 
Cr** emission line at 693 nm. This was confirmed by 
the total absence of red fluorescence under long-wave 
UV illumination (365 nm). We could not record the 
absorption spectrum of the other sapphires because 
of their small size and their position in the setting. 
Their chemical composition was similar to that of 
the main center sapphire (table 1). 


Emeralds. The Raman spectra of the green beryls on 
the front (V2, V4, V6, and V8) and back (82, $4, S6, 
and S8) exhibited an intense background fluores- 
cence that did not allow the detection of character- 
istic vibration modes. XRF analyses were conducted 
on all beryls except V2 and 82, for which the setting 
was too close to the stone’s surface. The chemical re- 
sults corresponded to beryl, and a high average Cr 
content confirmed that they are emeralds (table 2). 


Garnets. Raman spectrometry is well suited for iden- 
tifying members of the garnet group (Pinet and 
Smith, 1994; Kolesov and Geiger, 1998). Most of the 
talisman’s small red stones (V and S, numbers 1, 3, 
5, 7, and 9) show characteristic spectra of the alman- 
dine-pyrope solid solution series (Fe,Mg),Al,(SiO,),, 
with a major Fe-rich almandine component (figure 
8). Only brownish red S5, on the back of the talis- 
man, appears to be an almandine-grossular garnet 
(figures 4 and 8) and V1 a Mg-rich pyrope-almandine. 
Beside those two garnets, XRF analyses confirm that 
the others presented an Alm,, ,,Py, ,,Gr, ,,Sp, ,com- 
positional range of the continuous series (table 3). 
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signet; Pepin duc d’Aquitaine, a portrait 
of Caligula; and Carloman (754 A.D.) a 
female bust with hair in a knot, which 
was probably a Diana. 

How the deeply religious leaders of the 
Church interpreted the pagan symbols en- 
graved on their signets is an interesting 
conjecture, It is intimated by some writers 
that they claimed winged figures were 
angels; any veiled female figure they re- 
garded as the Madonna; while an engrav- 
ing of the Egyptian Horus and Isis was 
considered the likenesses of Mary and the 
Infant Jesus. 

Although most engraved pieces used 
during this pertod were antiques set in 
new mountings, there is some evidence 
that the glyptic art was practiced to a 
limited extent. Most designs, however, 
were truly religious subjects such as one 
of 9th century workmanship now in the 
British Museum. 

Medieval writers also describe some of 
the gem minerals used for engraving but 
it is questionable if they are correctly 
named duc to the lack of mineralogical 
knowledge. There were a few pieces created 
at this time that are still in existence, how- 
ever, giving a clue to the gemstoncs used. 
One of these is a signet from the begin- 
ning of the 14th century, found in the 
tomb of Bitton, Bishop of Exeter, which 
has a hand with thumb and two fingers 
extended—as if in episcopal benediction— 
engraved on sapphire. 

The few examples, together with chron- 
icles of the period, prove that the art of 
engraving did not entirely disappear dur- 
ing the dark days of more than a thousand 
years dating from the fall of Rome. 


GEMS OF THE RENAISSANCE 


With the 15th century's lessening of 
strict church discipline and a change in 
cultural centers, came a new intellectual 
rebirth of love for all 
things beautiful, which was expressed in 


curiosity and a 


all forms of art during the period we 
call the Renaissance. 


in gold and 


mounted 
enamel badge of the Order of St. Michael. 
17th century. French. Metropolitan Mu- 


¢ Shell 


cameo 


SeHm. 


Since the use of engraved gems had 
never entirely lost its popularity even in 
the Dark Ages, it is not unusual that this 
form of artistic expression should have 
been revived. First attempts to produce 
engraved gemstones resulted largely in 
rather stiff forms reflecting the lack of 
imagination present in the passing period. 
Later, artisans developed a sense of per- 
sonal pride in their designs, but their 
ideas were generally borrowed from the 
classical ages. 

The cameo form was the most popular 
type of engraving and a greater variety 
of stones was used by engravers. They 
were especially interested in those stones 
which offered new color combinations. 
Some intaglios were produced for signets 
——many of them engraved on lapis lazuli— 
during the late Renaissance. 

With the beginning of the 17th cen- 
tury, there was a decline in the popularity 
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TABLE 3. Composition of garnets in the Talisman of Charlemagne, as determined by XRF analysis. 


Sa eee sp yee Cr (ppmw) Standard deviation Y (ppmw) Standard deviation 
S7 91 0 4 4 53 66 450 23 
V3 72 16 6 815 76 613 26 
$5 70 0) 3 27 216 60 6 5 
$3 55 33 2 10 bdl — 53 8 
S9 48 ayA 2 13 158 54 15 5 
S1 47 41 1 11 155 51 8 4 
V7 46 40 1 12 164 45 bdl —_ 
V5 46 42 2 11 369 48 8 4 
v9 41 47 2 10 bdl — 12 3 
V1 29 By) 1 16 402 43 67 7 


bdl = below detection limit 


Amethysts. The Raman spectra of the violet stones 
(P3, P5, and P7; not shown) identified them as 
amethyst quartz. 


Glass Cabochon. Under 785 nm excitation, the center 
cabochon on the front side reveals a broad intense lu- 
minescence band at a Raman shift of 1375 cm, which 
corresponds to an 880 nm fluorescence band (figure 9). 
When excited with a solid state 532 nm laser, its spec- 
trum was dominated by broad Raman bands and Q2 
and Q3 modes (again, see figure 9) characteristic of par- 
tially depolymerized sodic glass (Raffaélly et al., 2008). 


Figure 8. Raman spectra (785 nm excitation) of the 
representative pyrope-almandine garnet V1 (purple 
line) and the almandine-grossular garnet S5 (orange 
line) in the talisman. 
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The absorption spectrum of the glass cabochon 
showed characteristic absorption bands (542, 597, and 
644 nm) of divalent cobalt Co” (Lima et al., 2012) and 
a transmission domain at 480 nm, which explains the 
cabochon’s blue color (figure 10). As cobalt is a very 
strong chromophore and the cabochon’s color is not 
very saturated, it is not surprising that the Co concen- 
tration was below the detection limit of XRF while 
the chemical composition was 81 wt.% SiO,, 10 wt.% 
PbO, 7 wt.% K,O, and 2 wt.% CaO. Under long-wave 
UV illumination (365 nm}, it exhibited intense blue 
fluorescence, which could be caused by Bi** traces (Xu 
et al., 2012). 


Pearls. The pearls’ composition did not present any 
Mn and Ba traces; both were below the XRF limit of 
detection. 


Gold Setting and Chain. XRF analysis of the gold set- 
ting showed that the jewel is made of nearly pure gold: 
92.5 wt.% Au, 5 wt.% Ag, and 2.1 wt.% Cu, which 
corresponds to 22K gold. The chain composition is 
quite different: 77.1 wt.% Au, 20.8 wt.% Ag, and 1.1 
wt.% Cu, which corresponds to 18K gold. 


INTERPRETATIONS AND DISCUSSION 

Because the talisman’s gems have different cuts, we 
can speculate that they were recovered from various 
ornaments or jewels. The fact that the pearls all have 
drill holes corroborates this hypothesis. However, 
the very basic styles of the different cuts allow us to 
suggest, as Taralon (1966) and as Gaborit-Chopin and 
Taburet (1981) did, that the setting of these gem- 
stones is contemporaneous with the reliquary and 
thus probably from the ninth century (except for two 
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Figure 9. Under 532 nm 
laser excitation, the 
glass cabochon exhibits 
characteristic Raman 
bands of partially de- 
polymerized glass. 
Under 785 nm excita- 
tion, a strong fluores- 
cence conceals the 
Raman spectrum. Qn 
species are [SiO,] tetra- 
hedra with n bridging 
oxygen; Q2 has two 
non-bridging oxygen 
and Q3 has one non- 
bridging oxygen. 
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pearls and one emerald that were replaced during 
restoration in 1964). 

The gold setting of the talisman is composed of 
nearly pure gold, as it was worked during the Middle 
Ages and antiquity, while the chain corresponds to a 
more recent alloy. According to several authors 
(Taralon, 1966; Gaborit-Chopin and Taburet, 1981, 


Figure 10. The glass cabochon’s absorption spectrum 
shows the characteristic Co** bands at 542, 597, and 
644 nm. 
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Scordia, 2012), the gold cable-type chain with thick 
round links we know today was likely added during 
the nineteenth century. They claim that the change 
had been made before the 1843 or 1844 drawing 
signed by Prince Louis Napoleon and the newspaper 
article from L’I/lustration. Indeed, the different repre- 
sentations of the reliquary since this date shows a 
comparable chain. The painting by Felix Cottreau 
(1834) is not taken into account because its represen- 
tation of the reliquary was modified for artistic rea- 
sons. On the older engravings of the seventeenth and 
eighteenth centuries, a chain is also visible. If that 
model is not very different from the current model, 
we cannot prove with certainty that the chain has 
been changed. The reliquary could have originally 
been suspended from a leather or fabric cord (Taralon, 
1966; Scordia, 2012). 

Concerning the pearls, the absence of Mn and Ba 
traces indicates a marine origin. The fact that they 
are all drilled confirms they were recycled from an- 
tique jewels (earring or necklace), which was com- 
monplace. 


Assumptions About the Geologic Origin of the Col- 
ored Gemstones. Sapphires. For the center sapphire, 
the inclusions do not allow an unambiguous geo- 
graphical origin determination. But since the ab- 
sorption spectrum we obtained corresponds to that 
of a sapphire of metamorphic origin, and due to the 
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nature of some of its inclusions, notably the elon- 
gated parallel fluid tubes and the resorbed brownish 
mica flakes (Hughes, 2017), it is reasonable to sug- 
gest a Ceylonese origin. Furthermore, the negligible 
amount of Fe, Ti, Ga, and Cr (below the XRF detec- 
tion limit) and lack of fluorescence was consistent 
with the data of Halicki (2013) for Sri Lankan sap- 
phire. Similar grayish blue stones are known in Sri 
Lanka today and would usually be heat-treated to 
improve their color. A French origin can be ex- 
cluded, as sapphires from the Haute-Loire region are 
of magmatic (basaltic) origin (figure 7). A Ceylonese 
origin would also be consistent with other sapphires 
set in objects of the Carolingian period (700-1100 
CE], such as those of Charlemagne’s ninth-century 
ewer (Caplan and Notari, 2015), the Golden Taber- 
nacle (Superchi, 1988), and the eleventh-century 
Crown of Cunegonde (Giibelin, 1988). The sap- 
phires around the talisman as well as the large sap- 
phire are characterized by a similar gray-blue to 
blue-gray color. In the case of the smaller sapphires, 
however, the impossibility of performing optical ab- 
sorption spectroscopy means their origin remains 
unknown. 


Garnets. In attempting to identify the origin of the 
garnets, the authors referred to the classification of 
Gilg et al. (2010) and Schmetzer et al. (2017). These 


authors classified ancient Greek, Roman, and Early 
Medieval garnet-bearing jewels according to five 
main type clusters, based on their chemical compo- 
sition, and related to this the calculated percentages 
of the different pure end members of the pyralspite 
and ugrandite garnets as well as their chromium 
and yttrium content. Raman peak positions and 
chemical signatures (a major almandine component 
with relatively high Y concentration) indicate that 
almost all of the garnets set in the talisman corre- 
spond to cluster A (historical garnets originating 
from southern India or Sri Lanka in the Middle 
Ages) as described by Gilg et al. (2010) and Schmet- 
zer et al. (2017). We therefore assume they origi- 
nated from southern India or Ceylon. Garnet V1 
with its different chemical composition might be of 
a different origin, presumably corresponding to a Bo- 
hemian garnet (cluster E, chromium-rich pyrope}, a 
provenance also encountered in European jewelry 
of that period. 


Emeralds. The emeralds set on the talisman all pres- 
ent the same characteristic chemical signature, with 
an average of 0.68 wt.% Fe,O,, 0.57 wt.% Cr,O,, and 
0.07 wt.% V,O,, except for emerald S6 (figure 4) and 
its lower contents (0.58 wt.% Fe,O,, 0.18 wt.% 
Cr,O,, and 0.03 wt.% V,O,). These values can be 
compared with the data collected for emeralds from 


Timeline of the Talisman of Charlemagne 


742: Birth of Charlemagne 
(Charles the Great or Charles |), 
King of the Franks and ruler of 
the Carolingian Empire. 


801: According to legend, the 
talisman is a gift from Abbasid 
Caliph Harun al-Rashid to 
Charlemagne. 


January 28, 814: Charlemagne 
dies at the age of 72 in Aix-la- 
Chapelle. It is said that the 
talisman was suspended from 
his neck in his tomb. 


1000: First exhumation of Charle- 
magne’s body. No description of 
the talisman is mentioned. 


1166: Second exhumation on the 
occasion of his canonization by 
Antipope Paschal Ill. 


12th or 13th Century: A manu- 
script mentions a reliquary with a 
strand of hair of the Virgin Mary as 
part of the Aix-la-Chapelle treasury. 


17th Century: The first engravings 
of the stylized reliquary, with a cen- 
tral stone surrounded alternately by 
four faceted stones and four cabo- 
chons, appear with the other relics 
from the treasury of the Cathedral 
of Aachen. One of the oldest is 
made by Abraham Hogenberg in 
the book Aachener Chronik by Jo- 
hannes Noppius in 1682, accompa- 
nied by the words: Capilli B. virginis 
Mariae (the hair of the Virgin Mary). 
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August 1804: Marc-Antoine Berdolet, 


Bishop of Aix-la-Chapelle, gives the reli- 


quary to Josephine de Beauharnais, 
who precedes the arrival of 
Napoleon on an impe- 

rial visit. From this 

date there is no 

longer any mention 

of the Virgin 

Mary's hair in the 

reliquary. It is 

therefore possible 

that all or part of the 

relic were removed to 

add two pieces of wood 
presented as the True Cross of Christ. 
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December 1809: Josephine is 
divorced by Napoleon, but con- 
tinues to be the owner of the reli- 
quary. Therefore it is not part of 
the crown jewels of France. 


May 29, 1814: At the death of 
Josephine, her daughter, Hort- 
ense de Beauharnais, inherits the 
reliquary. It will stay with 
Napoleon’s stepdaughter for the 
rest of her life, even during her 
exile in Arenenberg on the shores 
of Lake Constance. 
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historical mines worldwide such as Habachtal, Aus- 
tria (first to thirteenth century CE); Swat, Pakistan 
(first century BCE to third century CE); Panjshir, 
Afghanistan (thirteenth century BCE); and Djebel 
Zabara, Egypt (first century BCE to sixth century CE); 
see Giuliani et al. (2000), Calligaro et al. (2000), Groat 
et al. (2014), and Aurisicchio et al. (2018). Table 2 
compares the results of XRF analyses from this study 
with the results of Calligaro et al. (2000) by proton- 
induced X-ray emission (PIXE) and of Aurisicchio et 
al. (2018) by electron probe microanalyzer (EPMA). 
We assumed that the potential presence of very tiny 
inclusions did not interfere with the emerald com- 
position results from the other studies. The compo- 
sition of the emeralds in the talisman does not appear 
to correspond to those of Habachtal, which have a 
much higher Cr and V concentration (table 2). The 
chemical values are comparable to those of Djebel 
Zabara, which have very similar Cr and V values. 
Compared with the talisman, emeralds from Pak- 
istan present a much higher amount of Cr, while 
those from Afghanistan much higher V. As an excep- 
tion, emerald S6 shows a chemical composition 
(4049 ppm Fe, 1201 ppm Cr, 189 ppm V, 15 ppm Rb, 
and Ti below the detection limit) similar to those of 
emeralds from Habachtal. This emerald could be the 
one that was replaced by Taralon during the restora- 
tion of 1964. Unfortunately, the three 1866 photos 


1832: In his book Impressions 
de voyage en Suisse, Alexan- 
dre Dumas mentions the reli- 

quary and calls it a “talisman.” Prince Louis Napoleon (later 


October 5, 1837: When Queen 
Hortense dies, she passes down 
he Arenenberg estate to her son, 


1844: An engraving of the reliquary 
appears in the newspaper L 'Iilustration. 


1855: A reliquary box is made for the 
talisman by Parisian goldsmith 


do not represent the back face of the talisman where 
this emerald is located. 

Our conclusion is consistent with Giuliani et al. 
(2000), who investigated emeralds set in jewelry prior 
to 1545 and found that they originated either from 
Habachtal or early Egyptian mines. The fact that the 
chemical signature of seven of our studied emeralds 
corresponded with Egyptian origin and one with Aus- 
trian provenance, suggests that the emeralds of the 
talisman were extracted much before the sixteenth 
century. Yet the basic fashioning of the emeralds, in 
the form of simply polished prismatic crystal frag- 
ments or as cabochons, is in our opinion a good indi- 
cation that these stones are at least contemporary 
with the reliquary (Gaborit-Chopin and Taburet, 
1981). We therefore assume that most of the emer- 
alds of the talisman originate from Egypt (except 
emerald S6, see above) and not from Austria, as often 
expected for historical emeralds of this age. 


Amethysts. The origin of the amethysts in the talis- 
man is unknown. A number of quartz deposits in the 
crystalline massifs of Saxony were already known 
and exploited by the Middle Ages (Scordia, 2012). At 
the same time, the recycling of even older (ancient) 
amethysts, originating from Egyptian mines such as 
those of Wadi el-Hudi, southeast of Aswan, could be 
a possibility in this context (Liszka, 2018). 


1919: Napoleon Ill’s widow, Empress 
Eugénie, moved by the fire of the 
Cathedral of Reims, donates the talis- 
man to the Archbishop of Reims. 


This is the first time the term is Napoleon Ill). F MUA 
roment-Meurice. 


used to describe it. . ; f “i 
1843: Prince Louis Napoleon, ¥ ‘ 


heavily indebted, sells the property 
of Arenenberg and seeks to sell 
he reliquary. The drawing of the 
reliquary signed by Prince Louis 
Napoleon could date from this 
period. 


1866: Charles Clément, deputy curator 
at the Louvre, appraises the reliquary 
accompanied by an engraving by the 
German historian and archaeologist 
Ernst Aus'm Weerth. 


1960s: First expert examination is car- 
ried out by Bernard Gomond. 


1962: The talisman is classified as a 
historical monument and deposited in 
the treasury of the Palace of Tau. 


1834: Felix Cottreau’s portrait, 
housed in the Napoleon 
Museum Thurgau, of Queen 
Hortense bearing the reliquary. 
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Characterization of the Center Sapphire. The basic 
polishing and fashioning of the large center sapphire 
strongly suggests that it is contemporaneous with the 
reliquary. It could, however, be a recycled stone from 
an antique jewel. The presence of unaltered inclu- 
sions indicates that no heat treatment was applied to 
improve its clarity and color. Its shape is slightly 
trapezoidal, broader at its base. Its dimensions are 41 
mm long x 25-29 mm wide. Its approximate depth 
can be estimated as 16 mm, since the total thickness 
of the sapphire and glass cabochon is 35 mm, and we 
can assume that the space between the two stones is 
less than 1.5 mm keeping the wooden cross relic fixed 
in place. Based on these measurements, we estimate 
the weight of the center sapphire as approximately 
190 ct (38 grams). To our knowledge, the center sap- 
phire of the Talisman of Charlemagne is the largest 
sapphire used in European jewelry during the Early to 
High Medieval period. For comparison, the historic 
Grand Sapphire of Louis XIV weighs 135 ct or 27 
grams (Farges et al., 2015). 


Possible Substitution with the Blue Glass Cabochon. 
As indicated earlier, various descriptions of the main 
center stones have been recorded. The 1844 newspaper 
article in L’lustration mentions two sapphires: “This 
talisman is a gold reliquary, round, encrusted on the 
surface with precious stones and whose middle is com- 
posed of two superimposed raw sapphires which con- 
tain a piece of the True Cross.” Charles Clément, 
deputy curator at the Louvre, also notes the presence 
of two sapphires, one “square cabochon. Big coarse 
cabochon weak stone of imperfect color” and one 
“oval cabochon. Big sapphire perfect in water and size, 
pale blue...” (Aus’m Weerth, 1866). Other descriptions, 
which are probably much less reliable, indicate gems 
other than sapphire. Lucien Daudet in L’inconnue 
(192.2) describes an aquamarine: “The relic known as 
the Talisman of Charlemagne is a piece of the True 
Cross enclosed in a great aquamarine.” Alexandre 
Dumas peré mentions an emerald as the major stone 
of the talisman in his 1833 book Impressions de voy- 
age en Suisse, as does Augustus C. Hamlin (1884). 
The substitution of a large gem by an oval glass 
cabochon is attested to by Taralon (1966), based on his 
description of the gold setting, his sketchings, and his 
own photographs taken during the talisman restora- 
tion and compared to 1866 photographs. The main ar- 
gument is that the glass cabochon does not match the 
shape of the bezel setting, which was similar to the 
shape on the back (see figure 4), and therefore was 
roughly forced into the talisman (Taralon, 1966; Scor- 
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dia, 2012). Furthermore, the perfect oval shape and 
polishing of the glass cabochon as well as its compo- 
sition (Co-doped lead glass with a high amount of 
potassium flux) are similar to that of blue potassium- 
rich smalt glass developed during the sixteenth cen- 
tury and generally used from the eighteenth century 
(Boon et al., 2001). Based on these factors, we can hy- 
pothesize that the glass cabochon was created during 
the eighteenth or nineteenth century. 

Several hypotheses of substitution are therefore 
possible. Taralon (1966) mentions a possible incident 
when the relics were relocated from Aachen to Pader- 
born during the French Revolution. However, com- 
parison between the present talisman with the 1834 
portrait of Queen Hortense (figure 2), the circa 1843 
drawing (figure 3), and the 1866 engravings (figure 4} 
indicates that the oval cabochon was already in place 
around 1843 and thus before 1866, with its present- 
day dimensions and appearance. Therefore, we believe 
that the 1844 indication of two superimposed raw sap- 
phires (“Talisman de Charlemagne,” 1844; Aus’m 
Weerth, 1866) is a mistake due to gemological confu- 
sion by nonspecialists who described the talisman 
from engravings and were seeking a sensational story. 
The substitution of the front center gemstone (which 
could have been another large sapphire) by the glass 
cabochon, therefore, probably occurred at the end of 
the eighteenth century and certainly before 1843. 


CONCLUSIONS 

This study combined gemological analysis carried 
out at the Palace of Tau in Reims with thorough his- 
torical research in order to unravel mysteries sur- 
rounding the Talisman of Charlemagne. Alexandre 
Dumas’s romantic description of the talisman in 
1833 contributed to its mystery and notoriety. 

The first engravings of the reliquary did not ap- 
pear until the seventeenth century. However, its typ- 
ical medieval goldsmithery strongly suggests a dating 
at least as early as the late ninth century. At the time 
it was part of the treasury of Aachen Cathedral and 
was said to contain hair from the Virgin Mary. The 
replacement of the hair with splinters allegedly from 
the True Cross probably occurred at the beginning of 
the nineteenth century and was very likely contem- 
poraneous with the setting of the glass cabochon. 
Only then did it become known as the Talisman of 
Charlemagne. It then passed through the hands of 
Napoleon I; Josephine de Beauharnais and her daugh- 
ter, Hortense de Beauharnais; and Napoleon III and 
his wife Empress Eugénie. The empress donated it to 
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the Archbishop of Reims, where it became a perma- 
nent exhibit at the Palace of Tau Museum in Reims. 

Gemological examination by the present authors 
has made it possible to propose the geographic origin 
of the colored stones. Most of the garnets appear to 
come from southern India or from Ceylon, except one 
garnet of presumably Bohemian origin. The large blue- 
gray sapphire in the center is assumed, based on its in- 
clusions and spectral features, to originate from 
Ceylon. The emeralds probably originate from Djebel 
Zabara, Egypt, except for one that is presumably from 
the Habachtal region of Austria. With this interpreta- 
tion of our data, we suggest that emeralds from Egypt 
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PROVENANCE DISCRIMINATION OF 
FRESHWATER PEARLS BY LA-ICP-MS AND 
LINEAR DISCRIMINANT ANALYsIS (LDA) 


Artitaya Homkrajae, Ziyin Sun, Troy Blodgett, and Chunhui Zhou 


This study investigates trace-element concentrations 
of 225 freshwater pearl samples using laser ablation— 
inductively coupled plasma—mass spectrometry (LA- 
ICP-MS) and subsequent statistical analysis using 
linear discriminant analysis (LDA). The samples con- 
sisted of three types: non-bead-cultured pearls (NBC) 
grown in China, natural pearls found in the United 
States, and cultured pearls (bead and non-bead) grown 
in the United States. By capturing variations in trace- 
element concentrations simultaneously through mul- 
tivariate analysis, these supplementary techniques 
assist in identifying freshwater pearl origins with a 
greater degree of confidence. 


Wa more than 300 native mussel species, the 
rivers and lakes of the United States have pro- 
duced countless prized natural freshwater pearls over 
the centuries (Haag, 2012). America’s rich freshwater 
pearling and shelling heritage has been recorded in 
the literature over the years. Natural pearls discov- 
ered in these waters have exhibited a wide range of 
shapes, colors, and surface characteristics (Kunz and 
Stevenson, 1908; Sweaney and Latendresse, 1984, 
Strack, 2006; Haag, 2012; Hsu et al., 2016). Overhar- 
vesting in the past by the shelling industry, dam con- 
struction, water pollution, siltation, and the 
introduction of non-native mussel species have dam- 
aged the habitat and shortened the lifespans of the 
indigenous mussels. Approximately 70% of the mus- 
sels are extinct, endangered, or of special concern 
(U.S. Fish & Wildlife Service, 2018). Wild mussels are 
still harvested under license in the states of Ken- 
tucky, Alabama, and Tennessee, and the shelling in- 
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dustry is heavily regulated (Watters et al., 2009; Hsu 
et al., 2016). Nevertheless, pearl production is cur- 
rently very limited in the United States. 

By contrast, the dominant source of freshwater cul- 
tured pearls—bead cultured and non-bead cultured 
(NBC)—is China, which developed NBC pearl culti- 
vation during the 1990s in order to satisfy global de- 
mand for high-quality, affordable pearls. There are 
thousands of freshwater pearling farms in China; 
Zhuji, in Zhejiang Province, accounts for 85% of the 
total production (China Gems, 2019). The rest of the 
culturing operations are mainly situated in the south- 
eastern part of China. Hyriopsis species mollusks are 
extensively used to culture Chinese freshwater pearls. 
The gemological characteristics of these pearls, as well 
as the culturing techniques applied, have been re- 
ported on previously (Scarratt et al., 2000; Akamatsu 
et al., 2001; Hua and Gu, 2002; Fiske and Shepherd, 
2007). Freshwater NBC pearls are intentionally cul- 
tured without a solid shell bead nucleus, using just a 
piece of mantle tissue (epithelial cells) from donor 
mussels transplanted into a living host mussel. The 
grafted tissue later develops into a pearl sac and se- 
cretes calcium carbonate (nacre) as well as organic 
matter and water to form a pearl. 

Real-time microradiography (RTX) and X-ray com- 
puted microtomography (u-CT) are efficient tech- 
niques used by gemological laboratories to analyze a 
pearl’s internal structure and determine whether it is 
natural or cultured (Karampelas et al., 2010, 2017; 
Krzemnicki et al., 2010). Most freshwater NBC pearls 
have distinct internal structures that can easily be 
identified by microradiography: twisted voids and 
elongated linear features in their center (Scarratt et 
al., 2000; Sturman, 2009). Nevertheless, some NBC 
pearls are challenging to accurately identify, as they 
contain small central growth features similar to those 
in some natural pearls. The identification can be fur- 
ther complicated if any drill holes are present or the 
pearls are mounted in jewelry, as these may cause the 
masking or removal of critical evidence. 
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Freshwater mussels are sedentary filter-feeders, 
and trace-element variability in such an organism 
can provide revealing information about their growth 
environment (Grabarkiewicz and Davis, 2008). The 
purpose of this study is to perform a preliminary in- 
vestigation of the trace-element concentrations of 
natural pearls from North America and NBC pearls 
from China using laser ablation-inductively coupled 
plasma-—mass spectrometry (LA-ICP-MS) and linear 
discriminant analysis (LDA) to separate these pearls 
by geographic origin, growth environment condi- 
tions, and mollusk species. LA-ICP-MS has become 
an important tool for gemstone identification due to 
its high spatial resolution, rapid and direct chemical 
analysis, and ultra-high sensitivity when measuring 
a wide range of elements (Abduriyim and Kitawaki, 
2006). LDA is a type of multivariate analysis that can 
distinguish one class of object from another by ap- 
plying weighted coefficients of multiple parame- 
ters—such as trace elements—to multiple functions 
representing each group such as USA-NAT, USA- 
CUL, and CH-NBC, potentially enhancing the bene- 
fits of the LA-ICP-MS analysis. This technique has 
already been applied to determine the country of ori- 
gin of various gemstones (Blodgett and Shen, 2011, 
Pornwilard et al., 2011; Shen et al., 2013; Giuliani et 
al., 2014; Luo et al., 2015). 

To augment the study, we also included a unique 
group of American freshwater cultured pearls. While 
not a major source for the pearl market, these serve as 
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Figure 1. Representa- 
tive freshwater pearl 
samples from the three 
sources studied: Ameri- 
can natural pearls (top 
left), Chinese cultured 
pearls (center), and 
American cultured 
pearls (top right). Photo 
by Diego Sanchez. 


interesting samples since they were grown in very spe- 
cific conditions in Kentucky Lake in the state of Ten- 
nessee. Washboard (Megalonaias nervosa) is a major 
mussel species used to culture American pearls. The 
culturing period takes three to five years, and the 
pearls were typically harvested in the autumn months 
of the year (Hsu et al., 2017). Thus their chemical 
compositions were expected to be more homogenous 
than those of the other sample bases. 


MATERIALS AND METHODS 

For LA-ICP-MS analysis, we selected 74 American 
natural (designated here as USA-NAT}], 75 American 
cultured (USA-CUL), and 76 Chinese NBC freshwa- 
ter pearls, all of various shapes, colors, and sizes (fig- 
ure 1). Each loose pearl was analyzed in two or three 
spots (table 1). The variability of trace-element con- 
centration in relation to the pearls’ color was not 
considered in this study. All the American pearls 
were purchased from the American Pearl Company, 
Inc. (Nashville, Tennessee) and were claimed to be 
known samples from their collections (Hsu et al., 
2017). These cultured pearls were reportedly grown 
in Kentucky Lake and harvested during different 
years. For the natural pearls reportedly collected from 
North American lakes and rivers, however, there is 
no exact record of the location, time, or mollusk 
species in which the pearls were formed. The Chi- 
nese pearls, mainly harvested from Hyriopsis mol- 
lusks, belong to the GIA research collection and were 
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TABLE 1. Freshwater pearls examined in this study. 


Wiehe Number of 
Sample Number a , spots tested 
range ‘Ce with LA-ICP-MS 
American natural pearls 74 0.43-8.82 207 
(USA-NAT) 
American cultured pearls 
(USA-CUL) 
¢ Non-bead cultured 61 0.26-4.35 168 
¢ Bead cultured 14 2.43-8.16 42 
Chinese non-bead- 76 1.39-5.65 213 
cultured pearls (CH-NBC) 
Total 225 630 


purchased from various sources over many years. 

To confirm each pearl’s identity before the chem- 
ical analysis, we examined their internal structures 
using RTX. The natural pearls showed a variety of 
structures that consisted mainly of concentric 
growth arcs following the pearl shape, with and with- 
out a dark organic spot in the center. Nine samples 
showed a questionable void structure that could be 
considered indicative of NBC pearl formation, 
though they resembled the other pearls in the group 
and most experienced pearl testers would consider 
their internal structures natural rather than NBC. 
The American NBC pearls revealed distinctive struc- 
tures expected for this type of pearl. The majority ex- 
hibited relatively large void structures, some of 
which also contained small granular features. Some 
of the void features tended to be long and thin, ap- 
pearing “linear” in form. The bead-cultured pearls 
showed bead nuclei with various shapes that related 
directly to their external appearance. The majority of 
the Chinese NBC samples had characteristic 
“twisted” void-like or elongated linear structures 
typical of freshwater NBC pearls. However, seven of 
them did not show any clear indication of a cultured 
origin because the evidence was entirely removed by 
the drilling process, leaving only the outer growth 
arcs, which are less diagnostic. 

A MatriX-FocalSpot Verifier PF-100 X-ray fluores- 
cence unit (100 kV and 3.2 mA excitation) equipped 
with a Canon EOS REBEL T4i DSLR camera (five- 
second exposure, F5.0, ISO 12800) was used to con- 
firm the pearls’ growth environment (either 
saltwater or freshwater) prior to advanced analysis. 
Most of the samples tested in the X-ray fluorescence 
unit showed moderate to strong greenish yellow flu- 
orescence when exposed to X-rays due to the pres- 
ence of trace amounts of manganese (Mn) (Hanni et 
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al., 2005; Kessrapong et al., 2017), confirming their 
freshwater origin. Moreover, some freshwater pearls 
also exhibited an orangy reaction, which is probably 
related to Mn** in calcite composition and has been 
reported in freshwater pearls (Habermann et al., 
2001; Dumariska-Stowik et al., 2008). 


LA-ICP-MS. A Thermo Fisher Scientific iCAP Qc 
ICP-MS, coupled with a New Wave Research UP-213 
laser ablation unit with a frequency-quintupled 
Nd:YAG laser (213 nm wavelength) running at 4 ns 
pulse width, was used for this study in GIA’s Carls- 
bad laboratory. Ablation was achieved using 255 um 
diameter laser spot size, a fluence (energy density) of 
approximately 10-12 J/cm?, and a 15 Hz repetition 
rate. “Ca was used as an internal standard, with a 
value of 400,400 ppmw calculated and rounded from 
pure calcium carbonate (CaCO,). U.S. Geological 
Survey (USGS) pressed powder pellet carbonate stan- 
dards (microanalytical reference materials MACS-1 
and MACS-3) were used as matrix-matched external 


In Brief 


¢ Pearl identification is still carried out primarily by ob- 
serving and interpreting the internal structural results 
obtained from various X-ray techniques. 

¢ Trace-element chemistry can be used to differentiate 
pearls formed in different environments. 

e Inthe absence of definitive structural indicators, the 
combination of LA-ICP-MS and LDA can assist in 
identifying freshwater pearls with a greater degree of 
confidence. 


standards to minimize errors caused by matrix ef- 
fects (Jochum et al., 2012). Argon was used as nebu- 
lizer gas (0.73 L/min), auxiliary gas (0.8 L/min), and 
cooling gas (14 L/min). Helium, used as part of the 
carrier gas, had a flow rate of 0.8 L/min. Argon and 
helium gas flow, torch position, sampling depth, and 
lens voltage were optimized for maximum sensitiv- 
ity (counts per concentration) and low oxide produc- 
tion rates (’ThO/??Th <1%). Ablated material was 
then vaporized, atomized, and ionized by a plasma 
powered at 1550 W. Twenty-three different isotopes 
of interest were selected (table 2). When ablating a 
calcium carbonate matrix, interferences in the forms 
of molecules and ions with multiple charges pro- 
duced by matrix compounds and a gas blank may 
produce inaccurate results (Jochum et al., 2012). 
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* Famous agate cameo, Apotheosis of Germanicus, which measures 30 cm 
by 26 cm. Bibliotheque Nationale, Paris. 
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Box A: CHOOSING AN APPROPRIATE STATISTICAL MODEL FOR 


PREDICTING UNKNOWN SAMPLES 


Selecting an appropriate prediction model may depend 
on many factors, such as the data type, the availability 
of training data, and the data distribution. For some data 
sets, no prior knowledge is available about the possible 
classes you wish to predict. When no training classes are 
available, cluster analysis which uses unsupervised 
learning can be applied (Hastie et al. 2008). Data can be 
continuous—as is the case for trace elements—or dis- 
crete, such as yes or no responses in a survey. Logistic 
regression is a good statistical tool for analyzing discrete 
data. For continuous data with known classes, there are 
a number of analytical tools available. LDA is a common 
statistical model and closely related to principle compo- 
nent analysis (PCA) and factor analysis. All look for lin- 
ear combinations of variables that best explain the data 
(Martinez and Kak, 2001). LDA specifically models the 
differences between the classes while PCA does not; 


Table 2. shows major interferences of each isotope re- 
lated to matrix and gas blank and indicates the min- 
imum required mass resolving power (MRP} 
necessary for a particular mass being analyzed to 
make a separation from the corresponding interfer- 
ences (table 2, column 6). The unit we used has two 
resolution modes: normal and high. Normal-resolu- 
tion mode has a peak width of 0.7 atomic mass units 
(amu), which results in a 57 MRP at atomic mass 40 
and a 429 MRP at atomic mass 300. High-resolution 
mode has a peak width of 0.3 amu, yielding a 133 
MRP at atomic mass 40 and a 1000 MRP at atomic 
mass 300. If a required MRP for the separation of iso- 
topes (table 2, column 6) is smaller than the MRP ap- 
plied by LA-ICP-MS (table 2, column 7), the 
interferences related to the isotopes can be resolved. 
It is obvious that the MRP required for the separation 
of elements cannot be achieved with either resolu- 
tion mode for almost all selected isotopes except 
Ni. As a result, the analysis of isotopes with high 
interference signals (table 2, column 5) as discrimi- 
nators must be carefully avoided. To optimize the 
signals, measurements were performed in high-reso- 
lution mode for “Ca and with normal resolution for 
other isotopes. 

Data acquisition was performed in time-resolved 
mode. Dwell time for each isotope was 0.01 second. 
The gas background was measured for 20 seconds, 
while the dwell time of each laser spot was 40 sec- 
onds. To eliminate surface contamination, only the 
second half (20-second ablation time) of the laser pro- 
file was used in the calculations. Data was processed 
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PCA is a better choice for distinguishing between classes 
when the class means are similar and there are large dif- 
ferences in variance. Quadratic discriminate analysis 
(QDA) can be used to draw nonlinear boundaries be- 
tween classes, but like any other nonlinear fit, the data 
density needs to be high enough to prevent overtuning 
the model to a data scattering where no solid relation- 
ships really exist. QDA is only viable in situations where 
the ratio of the sample size to the variable count is large 
(Hastie et al., 2008). Logistic regression does not have as 
many assumptions and restrictions as discriminant 
analysis and therefore tends to be more universal. How- 
ever, when discriminant analysis’ assumptions are met, 
the LDA model tends to perform better than logistic re- 
gression (Hastie et al., 2008). Regularized discriminant 
analysis (RDA) is best for sample distributions that are 
strongly ellipsoidal (Friedman, 1989). 


by Qtegra software. The LA-ICP-MS method was cre- 
ated to ensure the reproducibility of measurements 
and in order to be applicable for pearl identification 
submissions received by the laboratory. LA-ICP-MS 
is a quasi-nondestructive technique where the result- 
ing tiny laser ablation spots are rarely visible without 
magnification. Further consideration is given to the 
position of analysis, which is usually carried out in 
an inconspicuous place that does not affect the visual 
appearance of the pearls (near the drill hole, the ta- 
pered end of a drop, or the flat base of a button). The 
round crater (laser spot) measures approximately 55 
pm in diameter. The amount of nacre ablated from 
the two or three laser spots applied to each pearl is 
minimal and does not result in any noticeable weight 
loss. 


LDA Methods. There are many statistical methods 
available that can model data in order to make pre- 
dictions about unknown samples. Choosing the ap- 
propriate model depends on the type of data sought, 
whether or not information from training classes! is 
available, and the data’s distribution (see box A). In 
this study, LDA was appropriate for origin determi- 
nation of the three freshwater pearl types because the 
densities of the sample clusters with respect to vari- 
ous element concentrations have an approximately 
normal distribution. Cross-validation testing in- 


‘In this context, training classes are composed of samples sorted into 
specific categories that the statistical model is working to predict. 
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TABLE 2. Interferences of molecules and multiply charged ions on isotopes of interest. 


Atomic mass- Interference in Atomic mass- Interference in Required MRP Able to 
Isotope ionic charge calcium carbonate _ ionic charge ratio percentage of MRP to applied by resolve from 
ratio of isotope (stalagmite) of interference total counts separate LA-ICP-MS _ interference? 
7Li* 7.016004 TaN tt 7.001537 >10% 485 10 No 
"Bt 11.009305 Net 10.995693 1%-10% 809 16 No 
3Nat 22.989770 ee@au 22.976846 <1% 7279) 33 No 
Mgt 23.985042 “8Cat* 23.976267 >10% 2733 34 No 
aIRF 30.973762 'SNTEOt 30.995024 1%-10% 1457 44 No 
“NOt 31.002206 1%-10% 1089 44 No 
Zaks 38.963707 38Ar Ht 38.970557 1%-10% 5688 56 No 
Cat 42.958767 eek 42.955305 <1% 12409 143 No 
“Car 43.955481 40Ar+Het 43.964986 <1% 4624 63 No 
ECHO: 43.989830 <1% 1280 63 No 
PNUOs 46.989939 1%-10% 1230 67 No 
Ti 46.951764 ™NEOS HE 47 .000729 1%-10% 959 67 No 
BCUOVOIH 47.001900 1%-10% 936 67 No 
3Or* 52.940654 WATPCt 52.965738 >10% ALA 76 No 
CalCr 52.965946 >10% 2093 76 No 
35Mn* 54.938050 SAT ONG 54.962492 1%-10% 2248 78 No 
arer 56.935399 “Ca*O'r* 56.965331 >10% 1902 81 No 
Cor 58.933200 8Ca'*Ot 58.953682 >10% 2877 84 No 
*°Ca'8O'H* 58.969576 >10% 1620 84 No 
ONi* 59.930791 “Ca'tO* 59.9503 96 >10% 58 84 Yes 
Curt 62.929601 27AB Art 62.949084 1%-10% 3230 90 No 
23Na*Ar* 62.952153 1%-10% 2790 90 No 
eeZnir 65.926037 Interference-free - - = = a 
"Gat 68.925581 29S i*°Ar* 68.938878 >10% 5184 98 No 
B38Batt 68.952911 >10% 2522 98 No 
Be S ta 87.905614 DAN Toy 87.971284 <1% 1339) 126 No 
WAL YES 87.971341 <1% 1337 126 No 
Baye 88.905848 Interference-free - - = = 7 
°5Mot 94.905841 Interference-free - - = = 7 
iBag 136.905821 Interference-free - = = = = 
ekar 138.906348 Interference-free - - = = zi 
208Pb* 207.976636 Interference-free - - - - - 


Moditied after Jochum et al. (2012). 


Following the trial (test) work, these were considered the elements most likely to assist in separating the different types of freshwater pearls in this study. 


Rows highlighted in gray are the elements selected as “good discriminators.” 


*“Ca* was measured under high-resolution mode. Everything else was measured under normal resolution mode. °°Ni* was the only isotope LA-ICP-MS could 


resolve from interferences. 


volved removing each sample from the aforemen- 
tioned classes, training the LDA on the remaining 
samples, and then applying the LDA prediction on 
the removed sample. This robustness test yielded 
prediction rates only slightly lower than focusing the 
LDA with all available samples and then predicting 
to which class those same samples belong, indicating 
that the LDA method had sufficient training samples 
to maintain high prediction rates if additional pearls 
with the same origins were added. Pairwise analysis 
was applied, similar to the study by Luo et al. (2015), 
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because otherwise the discriminant functions will 
change as more classes are added. Elements useful 
for the separation of two classes may not be useful 
for a third or fourth class. The authors introduced a 
decision tree to allow for the additional sophistica- 
tion of classifying unknown samples as “undeter- 
mined” if there are contradictory results between 
pairwise tests or if unknown samples fall far from the 
clusters of known samples analyzed. However, no 
unknown samples were run in this experiment. In 
developing the LDA model, we collected multiple 
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spots of chemical analysis for each pearl. Each spot 
was treated as a separate sample unit. The number 
of pearls and associated spots for each type of pearl 
are shown in table 1. 

Pairwise LDA formulas were developed in which 
two functions are formulated: Each function com- 
putes a score for each pearl type. The higher score in- 
dicates a sample’s pearl type. When running a 
pairwise LDA, a cross-validation method is applied 
to test the robustness of the model, whereby each 
pearl sample is classified by the functions derived 
from every other pearl sample. To make a final pre- 
diction, we constructed a simple decision tree? that 
merged the pairwise results into a single final result. 
If two out of three pairwise tests yielded the same re- 
sult, then that “consensus” result became the final 
prediction. For example, if 1 vs. 2 = 2, and 1 vs.3 =1, 
and 2 vs. 3 = 2, then the predicted result would be 
“9.” TE no pearl types are selected twice, then the pre- 
diction becomes a fourth class: “undetermined.” 
Note that in this study, an “undetermined” result 
was considered an incorrect prediction. 


LA-ICP-MS AND LDA RESULTS 

Chemical data recorded for the 22 elements selected 
are shown in table 3. The three types of freshwater 
pearls showed similar Ca concentrations. Of the 
trace elements analyzed, Na, Mn, Sr, and Ba were 
found to be useful discriminators based on careful ex- 
amination of data with standard chemistry plots. 
3Na* and **Sr* had major interferences that were less 
than 1% of total counts, while *Mn* had major in- 
terferences between 1% and 10% of total counts and 
137Ba* had no major interference (see table 2, high- 
lighted gray). Li, Na, Mg, Mn, Sr, and Ba have been 
proven to be useful discriminators when identifying 
marine aragonites (otolith) (Veinott and Porter, 2005; 
Sturgeon et al., 2005; Lara et al., 2008). However, Li 
and Mg both had interferences greater than 10% of 
the total counts (see table 2) and thus could not be 
corrected sufficiently by subtracting only the gas 
blank. Therefore, they were not used in the method 
because of the limitations of the instrument. 

Seven of the USA-NAT samples contained Mn 
contents of less than 100 ppmw, which is unusual for 
freshwater pearls. Mn is generally above 100 ppmw 
in freshwater pearls and shells, but is low or even ab- 


°A decision tree is a flowchart tool where each starting node is a test 
on an attribute, each branch is an outcome of the test, and each leaf 
(or final node) is a class. 


52 Notes & NEw TECHNIQUES 


Mnx2 © USA-NAT 

400 @ USA-CUL 

@ CH-NBC 

© South Sea (Australia) 
® South Sea (Indonesia) 
™ South Sea 

4 Tahitian 

+ Questionable samples 


80 


Figure 2. This ternary diagram of the relative percent- 
ages of Ba, Mg, and Mn shows clear separation be- 
tween freshwater and saltwater pearls. All the 
questionable samples plotted alongside the freshwa- 
ter pearls, indicating a likely freshwater rather than 
saltwater origin. 


sent in saltwater material. The low Mn content of 
the seven samples suggests that they could be salt- 
water pearls. To verify the growth environment of 
these questionable samples, three extra spots were 
tested on each sample; the results are presented in 
table 4. All questionable samples contained low Sr 
(<1100 ppmw)}, low Na (<2100 ppmw)}, and high Ba 
(>30 ppmw), which is the opposite of the trace ele- 
ment results that were documented on known salt- 
water origin pearls from the Pinctada maxima 
mollusk (Scarratt et al., 2012; Sturman et al., 2016). 
A ternary diagram of Ba, Mg, and Mn (figure 2) was 
used to plot all studied freshwater and known salt- 
water pearls for better clarification. Moreover, addi- 
tional groups of South Sea and Tahitian pearls that 
were analyzed by the same method used for the 
freshwater pearls were included in the diagram for 
supporting information. All the questionable sam- 
ples plotted alongside the freshwater pearls, which 
showed that the samples likely have a freshwater 
rather than saltwater origin. 

A chemical plotting method was used to plot the 
chemistry. The nine categories listed in table 5 rep- 
resent different chemical ranges that were defined ac- 
cording to the concentrations of Sr and Ba. In order 
to reduce the overlapping areas among the three 
groups as much as possible, the boundaries of each 
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TABLE 3. LA-ICP-MS chemical composition ranges of American and Chinese freshwater pearls studied (in ppmw). 


USA-NAT USA-CUL CH-NBC 

Elements Maximum = Minimum Average Maximum = Minimum Average Maximum = Minimum Average 
Li 4.16 bdl 0.052 2.53 bdl 0.10 0.85 bdl 0.013 
B 10.8 bdl 3.93 14.4 1.51 4.03 14.2 1.09 4.50 
Na 2300 460 1710 2300 1050 1850 2870 879 2146 
Mg 908 12.1 50.0 376 22.2 38.0 108 7.82 33.4 
R 3260 bdl 251 693 bdl 230 315 bd 207 
K 162 bdl 9.49 518 bdl 8.04 64.6 bd 10.7 
Ca 422,000 384,000 407,000 427,000 359,000 407,000 441,000 324,000 403,000 
Ti bdl bdl bdl 58.8 bdl 0.48 1.23 bd 0.018 
Cr 24.7 bdl 0.13 5.38 bdl 0.048 2.24 bd 0.026 
Mn 2860 10.1 732 4080 667 1910 3330 185 856 
Fe 973 126 319 1120 231 290 456 254 356 
Co 0.50 bdl 0.13 0.43 bdl 0.11 0.81 0.082 0.16 
Ni 134 bdl 1.15 184 bdl 1.39 1.94 0.40 0.71 
Cu 8.52 bdl 0.71 9.77 bdl 0.32 0.73 bdl 0.25 
Zn 3.92 bdl 0.55 8.24 bdl 0.86 4.32 bdl 0.88 
Ga 22.6 1.20 5.03 45.5 3.29 13.0 17.4 0.44 5.67 
Sr 1280 150 382 707 346 505 986 238 470 
Y 0.13 bdl 0.004 0.52 bdl 0.009 0.12 bdl 0.004 
Mo 0.14 bdl 0.010 0.18 bdl 0.023 0.17 bdl 0.013 
Ba 441 23.8 111 1360 82.6 300 324 11.1 112 
La 0.25 bdl 0.006 0.93 bdl 0.010 0.29 bdl 0.009 
Pb 0.21 bdl 0.017 1.27 bdl 0.017 0.83 bdl 0.027 


Detection limits: Li (0.027-0.26), B (0.23-0.63), Na (0.73-40.5), Mg (0.015—0.096), P (2.83-27.2), K (1.40-1.02), Ca (15.7-75.4), Ti (0.13-0.36), Cr 
(0.16-0.59), Mn (0.10-1.04), Fe (1.26-3.37), Co (0.009-0.023), Ni (0.026-6.36), Cu (0.024-0.43), Zn (0.097—-0.56), Ga (0.013—-0.84), Sr (0.014-0.14), Y 
(0.001-0.003), Mo (0.004-0.027), Ba (0.005-0.14), La (0.001-0.031), Pb (0.004-0.16). 


bdl: below detection limit. 


If the value is larger than or equal to 1, we use three significant figures. For example, 3260, 908, 24.7, and 1.15. 
If the value is smaller than 1 and larger than or equal to 0.01, we use two significant figures. For example, 0.50 and 0.023. 
If the value is smaller than 0.01, we use one significant figure. For example, 0.006. 


All data in this article is presented by following the significant figure rule. 


category were determined based on the analytical 
data and authors’ experience. This method is modi- 
fied based on geographic origin plots for sapphires 
used internally by GIA (A. Palke, pers. comm., 2018). 
Mn-Na corresponding chemical plots were con- 
structed for each Ba-Sr category (figure 3). These cat- 
egories showed it was easy to separate the USA-CUL 
pearls from the USA-NAT and CH-NBC pearls. In 
the low Ba, low Sr category (figure 3A), all USA-CUL 
pearls were off the plot, which left only two groups 
(USA-NAT and CH-NBC). In the high Ba, high Sr cat- 
egory (figure 3B), the majority of USA-CUL pearls 
were in the plot, while a high proportion of pearls 
from the other two groups were off the plot. Aside 
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from these results, partial separation may also be 
made using the high Ba, medium Sr (figure 3H) and 
medium Ba, medium Sr (figure 31) categories. 

The Mn concentrations were high in all the USA- 
CUL samples, with none less than 650 ppmw. The 
USA-CUL samples all had Sr or Ba contents greater 
than 340 and 80 ppmw, respectively. These samples 
are easier to identify through the narrower range in 
trace elements, because they were farmed from a 
single location and mollusk species. The USA-NAT 
and CH-NBC both showed many overlapping trace 
elements, most likely because the natural pearls 
formed in many mussel species spread across a large 
geographic footprint in North America. In the case 
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of the Chinese pearls, the samples were obtained 
from different pearl dealers who no doubt acquired 
them from different culturing areas, also distributed 
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over a wide geographic area. Nonetheless, they did 
reveal a degree of separation when specific parame- 
ters were applied. Of the samples studied, only the 
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TABLE 4. LA-ICP-MS trace-element results (in ppmw) on questionable pearl samples. 


Sample Li B Na Mg K Mn Fe Zn Sr Ba 

NAT-EB2 SP1 bd 2.36 2070 47.7 362 8.28 90.3 262 2.40 172 54.7 
NAT-EB2 SP2 bd 2.90 2020 47.9 368 7.81 64.3 265 2.22 170 47.1 
NAT-EB2 SP3 bd 0.91 1980 32.2 240 8.70 54.1 329 133 144 43.9 
NAT-EB2 SP4 bd 0.72 1960 31.8 253: 7.55 48.9 330 1.31 151 48.6 
NAT-EB2 SP5 bd 0.79 1930 33.6 257 6.19 49.2 327 1.36 153 51.7 
NAT-USA5 SP1 bd 2.62 2060 133 243 15.6 42.1 291 0.93 332 70.2 
NAT-USA5 SP2 bd 2.65 1900 134 252 14.3 44.5 298 0.98 342 Love 
NAT-USA5 SP3 bd 2.36 2110 135 263 13.9 42.2 296 0.99 355 ToL 
NAT-USA5 SP4 bd 0.54 1850 96.4 19.8 24.7 328 0.61 333 78.1 
NAT-USA5 SP5 bd bdl 1780 103 11.3 26.6 330 0.66 319 72.3 
NAT-USA5 SP6 bd bdl 1800 112 10.9 28.0 328 0.56 300 66.8 
NAT-USA12 SP1 bd 4.19 1460 89.2 117 0.5 279 0.42 546 210 
NAT-USA12 SP2 bd 4.07 1470 73.0 162 eye 290 0.84 511 192 
NAT-USA12 SP3 bd 4.47 1370 56.0 99.2 21.4 10.1 288 0.47 780 303 
NAT-USA12 SP4 bd bdl 1900 773 225 7.03 260 331 0.26 277 56.9 
NAT-USA12 SP5 bd bdl 1930 176 230 bdl 260 327 0.51 274 60.1 
NAT-USA12 SP6 bd bdl 1910 105 230 bdl 223 332 bdl 2/2 56.5 
NAT-USA21 SP1 bd 3.35 1920 28.1 229 7.02 28.4 349 1.28 212: 27.9 
NAT-USA21 SP2 bd 3.22 1930 27.6 225 5.10 29.6 359 1.35 204 27.6 
NAT-USA21 SP3 bd 3.58 1910 24.1 216 4.04 BIL) 347 1.40 201 26.9 
NAT-USA21 SP4 bd 0.54 1910 29.6 270 9.36 11.4 334 3,32 230 31.4 
NAT-USA21 SP5 bd 0.42 1910 32.3 266 7.72 555 302 2.93 230 32.2 
NAT-USA21 SP6 bd 0.53 1940 30.4 262 8.20 18.0 329 2.92 237 33.2 
NAT-USA26 SP1 bd 4.97 1770 70.0 253 18.9 21.4 385 0.99 896 TEM 
NAT-USA26 SP2 bd 5.37 1800 67.9 262 19.8 15.33 378 0.95 944 84.0 
NAT-USA26 SP3 bd 4.87 1800 66.4 259 16.0 19.8 377 1.28 905 75.6 
NAT-USA26 SP4 bd 1373 2030 83.0 207 7.65 17.8 327 1.70 632 43.7 
NAT-USA26 SP5 bd 1.47 1990 84.5 207 6.64 A 329 1.64 623 44.3 
NAT-USA26 SP6 bd 1.54 2000 93.9 204 5.68 16.6 327 1.64 621 45.5 
NAT-ANP14 SP1 bd 8.11 1440 30.7 bdl T333 269 bdl 346 168 
NAT-ANP14 SP2 bd 5.92 1390 27.9 bdl 81.9 259 bdl 348 168 
NAT-ANP14 SP3 bd 7.09 1520 2539 bdl 62.8 264 bdl 341 190 
NAT-ANP14 SP4 bd bd 1620 31.8 273 14.5 68.6 313 0.24 346 121 

NAT-ANP14 SP5 bd bd 1630 30.3 274 13.5 7 lal 309 0.25 337 113 
NAT-ANP14 SP6 bd bd 1590 28.0 273 12.8 70.8 309 0.26 328 106 
NAT-HS2 SP1 bd 2.81 1840 OF.L 313 267 127 261 1.71 1000 79.4 
NAT-HS2 SP2 bd 2.53 1830 99.7 311 27.5 118 256 0.93 1020 75.8 
NAT-HS2 SP3 bd bd 1810 82.6 227 29.9 76.7 327 0.59 964 76.5 
NAT-HS2 SP4 bd bd 1850 97.4 234 18.3 70.9 329 0.36 1000 70.1 
NAT-HS2 SP5 bd 0.47 1780 104 254 21.2 Syl 8) 327 0.26 1020 93.7 


bdl = below detection limit 


USA-NAT samples (14%) had both Na contents of 
less than 2000 ppmw and Mn contents of less than 
320 ppmw. USA-NAT samples showed Sr concen- 
trations below 230 ppmw (9%) and Mn concentra- 
tions below 180 ppmw (10%). Only CH-NBC 
samples (31%) had Na concentrations over 2300 
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ppmw. None of the other sample groups showed 
these concentrations. 

In general, the American samples showed Na lev- 
els lower than 2000 ppmw (USA-NAT 85% and 
USA-CUL 73%), while 69% of Chinese samples 
were higher than this amount. For the USA-CUL 
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samples, 73% showed high Mn (>1000 ppmw) and Ba 
(>200 ppmw). Conversely, 82% of USA-NAT and 
75% of CH-NBC samples showed low Mn (<1500 
ppmw)] and Ba (<200 ppmw). Sr concentration was 
high (>400 ppmw) in 88% of the USA-CUL samples, 
low (<400 ppmw) in 68% of the USA-NAT samples, 
and medium (300 to 600 ppmw) in 77% of the CH- 
NBC samples. All the percentages reported are based 
on the numbers of samples studied, rather than the 
number of analyzed spots. 
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Figure 4. These three plots compare pairwise discrimi- 
nant scores between American natural and American 
cultured samples (4A), Chinese NBC and American 
cultured samples (4B), and Chinese NBC and Ameri- 
can natural samples (4C). For a pairwise LDA analy- 
sis, two discriminant functions are produced using a 
combination of the following elements: *?Na, °*°K, 
“Ca, Mn, *’Fe, and Sr. Applying the chemical con- 
centrations for each sample into each of the two func- 
tions produces two scores, one representing each 
group. For each sample in the pairwise plots, the x- 
axis represents the score for one group and the y-axis 
represents the score for the other. In general, the rela- 
tively higher score indicates to which group the sam- 
ple belongs. For example, samples from the CH-NBC 
group in figure 4B have a higher CH-NBC score in the 
y-axis direction relative to its USA-CUL score in the 
x-axis direction. The blue line separates the predic- 
tion of the two groups. The area above the blue line 
predicts that the sample belongs to the group on the 
y-axis; below the blue line predicts that the sample 
belongs to the group on the x-axis. 


The chemical characteristics of the freshwater 
pearl samples enabled a relatively well-defined sepa- 
ration to be carried out using the LDA application 
we developed. A combination of the following ele- 
ments was found to be most useful for the separation 
of the different groups: “Na, °K, “Ca, *°Mn, °’Fe, and 
88Sr. For a pairwise LDA model, two discriminant 
functions were constructed and predicted two scores, 
one for each group. In general, the higher score indi- 
cated to which group the sample belonged. A model 
that predicts 100% places all samples correctly into 
the known groups. For the pair USA-NAT vs. USA- 
CUL, the (non-cross-validated) discriminant scores are 
plotted in figure 4A with the overall trend for USA- 
NAT samples to have higher USA-NAT discriminant 
scores relative to USA-CUL scores and with USA- 
CUL samples showing the opposite trend. Although 
the separation between the two groups looks small, 
92.6% of the cross-validated grouped cases were cor- 
rectly predicted. Thus, the model is a very good pre- 
dictor, with the cross-validation test confirming the 
model’s statistical validity. For the USA-CUL vs. CH- 
NBC and USA-NAT vs. CH-NBC pairs, the cross-val- 
idated prediction rates were 87.7% and 87.6%, 
respectively (figures 4B and 4C). The percentage of all 
the samples correctly predicted by the final decision 
tree step into the three known groups was over 85%. 
There are a number of factors such as varying species, 
location, and environment that could be contributing 
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TABLE 5. Sample categories defined by Ba and Sr 
concentration ranges (in ppmw?). 


Corresponding 


Category Ba range Sr range plot 

Low Ba, Low Sr Ba<130 Sr<390 Figure 3A 
High Ba, High Sr Ba>190 Sr>490 Figure 3B 
Low Ba, High Sr Ba<130 Sr>490 Figure 3C 
High Ba, Low Sr Ba>190 Sr<390 Figure 3D 
Medium Ba, Low Sr 110<Ba<210 Sr<390 Figure 3E 
Medium Ba, High Sr 110<Ba<210 Sr>490 Figure 3F 
Low Ba, Medium Sr Ba<130 370<Sr<510 Figure 3G 
High Ba, Medium Sr Ba>190 370<Sr<510 Figure 3H 
Medium Ba, Medium Sr 110<Ba<210 370<Sr<510 Figure 31 


A 20 ppmw overlapping area was defined between each adjacent category 
to account for analytical error. 

Pearls showing chemistry within the overlapping areas were included in 
plots in figure 3. 


to the variance in sample chemistry, making the task 
of predicting these groups correctly more difficult. De- 
spite such potential sources of variance, the LDA em- 
pirically predicts much better than chance. So at least 
for the samples tested, there are tendencies in chem- 
istry that can be applied broadly to China, for exam- 
ple, that do not apply to the United States. 
Nevertheless, collections of samples that better rep- 
resent any important factors contributing to the vari- 


ance can lead to models that accommodate the influ- 
ence of those additional factors, thereby improving 
upon the current prediction rates. 

Lastly, the chemical plots comparing Sr and Na 
contents (figure 5) revealed a large number of USA- 
NAT and CH-NBC samples that exhibited challeng- 
ing internal growth structures and were difficult to 
identify with X-ray techniques, thus separating them 
from the other sample groups. All the measurement 
spots of the studied samples are displayed in the plot, 
and concentrations of Sr and Na of these specific 
samples are shown in table 6. The LDA method cor- 
rectly discriminated 60% and 70% of these challeng- 
ing USA-NAT and CH-NBC samples, respectively 
(again, see table 6, column 4). 


CONCLUSIONS 


From the findings of this preliminary study, we pro- 
pose that the combination of trace-element informa- 
tion provided by LA-ICP-MS and _ subsequent 
application of LDA has the potential to classify fresh- 
water pearls from different sources with relatively re- 
liable accuracy. This method can be a useful aid in 
identifying freshwater pearls exhibiting challenging 
internal growth structures. The samples studied here 
were not collected directly from the mollusks (but 
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TABLE 6. Na and Sr concentrations (in ppmw) of challenging American natural and Chinese NBC samples. 


USA-NAT CH-NBC 

Sample Na? Sr LDA? Sample Na? Sr LDA? 
NAT-TR1 SP1 1670 477 USA-NAT NBC-CH5 SP1 2510 848 CH-NBC 
NAT-TR1 SP2 1650 470 USA-NAT NBC-CH5 SP2 1940 866 CH-NBC 
NAT-TR3 SP1 2080 331 USA-CUL NBC-CH9 SP1 2070 432 CH-NBC 
NAT-TR3 SP2 2030 B33) USA-CUL NBC-CH9 SP2 2080 463 CH-NBC 
NAT-TR3._ SP3 2120 321 USA-CUL NBC-CH12 SP1 2610 359 CH-NBC 
NAT-TR4 SP1 1750 239 USA-NAT NBC-CH12 SP2 2470 379 CH-NBC 
NAT-TR4 SP2 1760 239 USA-NAT NBC-CH15 SP1 2480 409 USA-CUL 
NAT-TR4 SP3 1740 244 USA-NAT NBC-CH15 SP2 2320 426 USA-CUL 
NAT-MIX1 SP1 1550 418 USA-NAT NBC-CH16 SP1 2480 759 CH-NBC 
NAT-MIX1 SP2 1610 297 USA-NAT NBC-CH16 SP2 2500 763 CH-NBC 
NAT-USA1 SP1 2040 371 USA-CUL NBC-CH16 SP3 2450 757 CH-NBC 
NAT-USA1 SP2 1940 381 USA-CUL NBC-CH35 SP1 2290 484 CH-NBC 
NAT-USA2 SP1 2250 633 CH-NBC NBC-CH35 SP2 2320 490 CH-NBC 
NAT-USA2 SP2 2300 584 CH-NBC NBC-CH35 SP3 2360 463 CH-NBC 
NAT-USA17 SP1 1620 342 USA-NAT NBC-CHRB3 SP1 2190 607 CH-NBC 
NAT-USA17 SP2 1600 338 USA-NAT NBC-CHRB3 SP2 2160 691 USA-CUL 
NAT-USA17 SP3 1570 335 USA-NAT NBC-CHRB3 SP3 2040 689 USA-CUL 
NAT-USA18 SP1 1460 371 USA-NAT 

NAT-USA18 SP2 1380 401 USA-NAT 

NAT-USA18 SP3 1540 316 USA-NAT 

NAT-ANP04 SP1 1750 339 USA-NAT 

NAT-ANP04 SP2 1830 325 USA-NAT 

NAT-ANP04 SP3 1830 282 USA-NAT 


“Plotted in figure 5. 


’LDA-predicted results. Gray shading indicates challenging samples that were not correctly discriminated. 


were supplied by reliable sources), and we cannot 
pinpoint the exact locations within the sources. The 
trace-element variations nonetheless corresponded 
to the geographic location, water environment, and 
mollusk species in which the pearls formed, and the 
results confirmed a degree of variation among 
sources. 

To improve the usefulness of this technique to 
laboratory gemologists, we intend to study additional 
known samples from various geographic locations so 
that a large and dependable data set can be developed. 
The data may be further enhanced by narrowing 
down the recorded sources, as the results on the 
group of USA-CUL samples included in this work 
proves, by collecting pearls directly from specific lo- 
calities, harvest seasons, and mollusk species, 
whether they be natural pearls from Tennessee and 
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Colorado in the United States, Scotland, or Germany, 
or NBC pearls from China, Japan, Thailand, or Viet- 
nam, among other possibilities. 

Pearl identification is still carried out primarily 
by observing and interpreting the structural results 
obtained from various X-ray techniques, and our 
method can only be used to support those results. Yet 
in cases where all the structural evidence has been 
destroyed by the drilling process or where the struc- 
ture is so subjective that different opinions exist 
within the same laboratory, let alone between differ- 
ent laboratories, the combination of LA-ICP-MS and 
LDA may be the only way to reach a conclusion 
other than undeterminable. The only other possible 
aid to identification in the most challenging of cases 
is DNA testing, and this is another area of ongoing 
research for GIA and other institutes. 
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of gem engraving. Several writers claim 
the art had reached its apex of perfection 
by the time cf Lorenzo the Magnificent 
(1149-1492) who inherited many valuable 
antique gems from his father, which were 
edded to a fine collection left by Paul H. 

Writers of the period named, among 
others, a Leonardo da Milano as a pre- 
eminent cutter of intaglios. One writer 
believes this artist was the versatile Leo- 
nardo da Vinci who, it is definitely known, 
worked in gold and enamel. 

During the 18th century gem collecting 
became a mania with the rich. Catherine 
of Russia was one of the well-known col- 
lectors, and even George HI purchased a 
large collection to prove his appreciation 
of art. Josephine Boneparte was among 
the many who indulged in the vogue of 
covering themselves with gems. 

Artists of the 18th and 19th centuries 
did little than 
artists’ works and many fraudulent prac- 


more imitate previous 
tices were perpetrated to keep up with 
the demand for antiques by the collectors. 
Greater care was taken to give a genuine 
antique look to the forged gémstones. 
Gem cutters signed their work with Greck 
or Roman letters; some even signed the 
names of ancient artists in their efforts 
to capitalize on the demand for collector's 
items. Some of the imitations and forgeries 
originating during this period are still 
collectors of antique 


confusing today’s 


engrav ed gemstones. 


The uncovering of some of these frauds 
notably the Poniatowski Collection—re- 
sulted in a loss of interest in engraved 
gemstones and even those admittedly made 
by contemporary artists were no longer in 
demand. 


ENGRAVED GEMSTONES TODAY 


Although the intagho was developed 
first and has had, through many centuries, 
much greater popularity, the cameo is In 
greater demand today. In recent years en- 
geaved gemstones have usually been sold 
mounted in men’s rings. However, jewelry 
manufacturers have recently offered a new 
line of scarab jewelry for women which, 
with encouragement from the retail jewel- 
er, may result in another spurt of popu- 
larity for this type of gemstone. 

In the trade today carved and engraved 
gems are usually distinguished by such 
terms as stone cameo, shell cameo, coral 
cameo, etc., depending upon the materials 
from which they are fashioned. 

For instance, a stone cameo refers to 
one engraved on any naturally occurring 
mineral or rock. The ethical jeweler or 
gem dealer applies the term “imitation” 
to all engraved materials such as wax, 
glass, plastic, etc., and the term “synthetic” 
to those fashioned from synthetic mate- 
rials. 

Still another type of engraved gemstone, 
not previously described in this article, ts 
known as the assembled cameo. This ts not 


* Italian bracelet of the mid-19th century with a shell cameo set in gold. 


Metropolitan Museum. 
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PLEOCHROISM AND COLOR CHANGE IN 
FACETED ALEXANDRITE: INFLUENCE OF CUT AND 
SAMPLE ORIENTATION 


Karl Schmetzer 


The color appearance of faceted gemstones is a complex subject, and the challenges are increased if the material 
is biaxial and pleochroism is added to the considerations. For alexandrite in particular, the quest for a beautiful 
cut gem is further intensified by efforts to achieve the “best” color change. As an optically biaxial material, 
alexandrite possesses three different vibration directions X, Y, and Z. These are parallel to the three crystallo- 
graphic axes a, b, and c, each of which has a distinct pleochroic color. 


The present study seeks to evaluate the effect of various factors on color and color change using two groups of 
faceted synthetic alexandrites of comparable sizes and cuts with table facets oriented perpendicular to one of 
the three crystallographic axes. If the faceted gemstones are examined in transmitted light in immersion with a 
polarizer between the sample and the observer, the basic pleochroic colors can be separated and seen individ- 
ually. For the synthetic alexandrites, if the faceted gemstones are examined in reflected light, this study demon- 
strates that the mixing of the three colors X + Y + Z, caused by multiple reflections of light within the faceted 
stones, greatly diminishes the role of table facet orientation on the quality of color and color change in well- 
cut gems. Likewise, for other biaxial stones it is expected that the effects of pleochroism will also be reduced in 


faceted stones to some extent. 


lexandrite, the chromium-bearing variety of 
chrysoberyl, shows distinct pleochroism and a 
signature color change between daylight (or daylight- 
equivalent fluorescent light) and incandescent light, 
referred to as the alexandrite effect. A similar color 
change is also observed for other varieties of gem 
minerals such as garnet, sapphire, spinel, kyanite, 
fluorite, and diaspore (Bosshart et al., 1982; Giibelin 
and Schmetzer, 1982, Schmetzer et al., 2009). 
Chrysoberyl, belonging to the orthorhombic crys- 
tal system, is birefringent and optically biaxial. If un- 
polarized light enters a birefringent crystal, the beam 
is split into two polarized waves in all directions not 
parallel to an optic axis. These two waves leave the 
crystal in polarized form and can be separated, and 
seen individually, by rotating a polarizer (i.e., a polar- 
izing filter) located between the sample and the ob- 
server. The optically biaxial nature of chrysoberyl 
further means that the optical indicatrix has three 
different vibration directions X, Y, and Z, which are 


See end of article for About the Author and Acknowledgments. 
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parallel to the three crystallographic axes a, b, and c 
(Bloss, 1961; Wahlstrom, 1969; Kerr, 1977). In the 
three vibration directions, light can be differentially 
absorbed, and an absorption spectrum can be meas- 
ured for each direction. These three directions thus 
generate three basic pleochroic colors (Burns, 1993; 
Schmetzer and Bosshart, 2010; Schmetzer et al., 
2012, 2013; Sun et al., 2017; see also Devouard and 
Notari, 2009). 

In views parallel to one of the three a, b, or c! crys- 
tallographic axes in alexandrite, two vibration direc- 
tions and two of the three basic colors are always 
present simultaneously, i.e, X + Y, X+ Z, or Y+ Z 
(figure 1). Stated otherwise, the color seen with the 
unaided eye when looking parallel to any of the three 
crystallographic axes is always a mixture of two of 
the X, Y, and Z basic color components (Schmetzer 
and Bosshart, 2010; Schmetzer and Malsy, 2011). 

The specific colors observed (and the spectra pro- 
duced) are in turn dependent in large part on the con- 
centrations of color-causing trace elements and the 


'The present study refers to parameters based on the traditionally used 
morphological cell with a = 4.42, b = 9.33, c = 5.47 and X || a, Y|| b, 
Z || c. 
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Daylight 


without polarizer 


Incandescent light 


without polarizer 


with one polarizer between sample and observer 


with one polarizer between sample and observer 


Figure 1. Color of a syn- 
thetic Czochralski- 
grown alexandrite cube 
with edge lengths of 9.0 
to 9.2 mm, shown in 
daylight and incandes- 
cent light. In a view 
parallel to one of the 
crystallographic axes a, 
b, and c, the color is al- 
ways a mixture of two 
of the three basic com- 
ponents X, Y, and Z, 
which can be separated 
and observed individu- 
ally by using a polar- 
izer (polarizing filter) 
between the sample 
and the observer. 


All photos and draw- 
ings are by the author. 


path length of light through the crystal. Principal 
trace elements affecting color in alexandrite are 
chromium, vanadium, and iron. Variations in path 
length result in the optical phenomenon referred to 
in gemology as the Usambara effect, with color 
changing or shifting as the path length increases 
(Halvorsen and Jensen, 1997; Halvorsen, 2.006). 

The color impressions just described, based on vi- 
sual appearance and examination, have also been 
evaluated and verified through colorimetric measure- 
ment of natural alexandrite crystals, natural alexan- 
drite cubes, and synthetic alexandrite cubes with 
different trace-element contents (Schmetzer and 
Bosshart, 2010; Schmetzer and Malsy, 2011; Schmet- 
zer et al., 2012, 2013). For instance, colorimetric 
measurements using oriented cubes of synthetic 
alexandrite with edge lengths from 2 to 10 mm 
(Schmetzer et al., 2013) demonstrated that, regardless 
of size, for all three different orientations parallel to 
the a-, b-, and c-axes, changing between daylight and 
incandescent light resulted in a respective increase 
or decrease in blueness and redness (the alexandrite 
effect). With increasing cube size, a color shift was 
visible. The larger the cube, the redder the alexan- 
drite appeared in both daylight and incandescent 
light (the Usambara effect). 

The foregoing optical characteristics and phenom- 
ena have long spawned efforts to ascertain preferred 
orientations for fashioned alexandrites (and 
pleochroic materials more broadly). For alexandrite 
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in particular, the goal of gem cutters and merchants 
for decades has been the “best” color change, defined 
as a green or bluish green to blue-green color in day- 
light and a red-purple or reddish purple to purple 
color in incandescent light. Conventional wisdom 
among cutters has traditionally held that this favored 
color change is obtained if the table facet is oriented 
perpendicular to the b-axis (Fischer, 1954). In practi- 
cal terms, however, cutting in such a direction could 
prove problematic at times on account of the cyclic 
twinning commonly seen in natural alexandrites. 
The above-noted work with oriented crystals and 
cubes has also lent scientific support to the tradi- 
tional understanding, concluding on the basis of vi- 
sual inspection in transmitted light and colorimetric 
measurements that the “best” and most highly de- 
sired color change between daylight and incandes- 
cent light was observed in a direction of view parallel 
to the b-axis (Schmetzer and Bosshart, 2010; Schmet- 
zer and Malsy, 2011; Schmetzer et al., 2012). 
Hughes (2014) described pleochroism using a sim- 
plified theoretical model for light behavior in opti- 
cally biaxial faceted gemstones. That model was 
based upon a single light beam entering the crystal 
perpendicular to the table facet. If the table facet 
were oriented perpendicular to one of the crystallo- 
graphic axes, that beam would be split into two of 
the three basic components X, Y, and Z. If next re- 
flected from pavilion facets, the light beam would 
travel through the crystal in a direction parallel to 
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TABLE 1. Properties of synthetic alexandrites. 


Orientation Orientation F Weight Color observed through table facet 

prowdtnnetd Pe: of seed _ of table facet sas Sein (ct) in reflected light 
Daylight Incandescent light 

Flux growth by Creative 1 a (100) Step cut 8.7x7.8x7.8 5.11 Green Red-purple 
Crystals Inc. (San 2 b (010) b (010) Step cut 9.1 x 8.6 x 8.2 5.83 Intense blue-green __ Intense purple 
Ramon, California)? 3 c (001) Step cut 8.3x81x7.0 4.42 Green Red-purple 
HOC growth by V.V. 4 a(100) Oval mixed 8.0 x 6.0x 4.2 1.63 Blue-green Purple 
Gurov (Novosibirsk, 5 b (010) b (010) Oval mixed 8.1 x 6.1 x 4.2. 1.74 Blue-green Purple 
Russia)? 6 c(001) Oval mixed 8.1 x 6.0x 4.1 1.66 Blue-green Purple 


2See Schmetzer et al. (2012) 
’See Schmetzer et al. (2013) 


another of the three crystallographic axes and, con- 
sequently, would contain the third basic color com- 
ponent. After another reflection at the pavilion, the 
light leaving the faceted gemstone would be a mix- 
ture of all three components X, Y, and Z. 

Hughes (2014) further noted that, depending on 
the cut of the sample, the light path length could 
vary based on whether the beam entered the faceted 
gemstone near the center of the table facet or near 
the girdle. Hence, the mixture of light reflected from 
different pavilion facets would show different per- 
centages of X, Y, and Z, thereby generating different 
colors. Unfortunately, however, no faceted biaxial 
gemstones with known orientations were presented 
to support the theoretical model. 

More recently, Sun et al. (2017) both inspected vi- 
sually and measured colorimetrically a solely Cr- 
bearing Czochralski-grown synthetic alexandrite 
cuboid with edges between 2.65 and 3.18 mm and 
also calculated colorimetric data maps detailing 
color, chroma, chroma difference, hue angle differ- 
ence, and color difference for wafers in various ori- 
entations and with path lengths between 1 and 25 
mm. One point explicitly highlighted was that areas 
with large values for hue angle difference or color dif- 
ference did not necessarily show the “best” orienta- 
tion for the desired color change. 

Maps of colorimetric data were likewise calculated 
for faceted alexandrites. Based upon the general con- 
siderations of Hughes (2014) for optically biaxial gem- 
stones, Sun et al. computed parameters for color and 
color change for a hypothetical faceted stone with a 
10 mm light path length. Using preferred ranges for 
hue angle for daylight versus incandescent light and 
large chroma values for both light sources for alexan- 
drite, these authors tried to find the “best” orientation 
of the table facet or, in their own words, to “orient a 
stone along the ‘best’ direction.” It was concluded 
“that pleochroism in a faceted gemstone serves to 
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smear out the “best” direction for color change.” Fur- 
thermore, it was found “that stones cut with their 
table to culet direction oriented perpendicular to the 
b-axis show the best color change, while orientation 
parallel to the b-axis produces weaker color change” 
(Sun et al., 2017; Z. Sun pers. comm., 2018).? 

Again, however, no faceted stones were examined 
and compared with the results obtained by theoreti- 
cal calculations of colorimetric parameters. 

Thus, with regard to faceted alexandrites found in 
the trade, the current situation remains one where 
questions abound. Due to differences in trace-ele- 
ment content, sample orientation, size, and cut, nu- 
merous parameters exist that might influence color 
and color change. The present study therefore at- 
tempts to address queries involving the influence of 
these factors using carefully prepared samples of 
faceted material. 


SAMPLES 

The high value of facet-quality natural alexandrite 
material renders it nearly impossible to obtain suit- 
able rough for cutting several small samples with dif- 
ferent known orientations from the same large rough 
crystal. Hence, the present study was performed with 
synthetic gem material. Two groups of three samples 
each were cut from two synthetic crystals. An 
overview is provided in table 1. 

One group consisted of three samples cut from a 
flux-grown synthetic alexandrite produced by Creative 
Crystals Inc. in San Ramon, California (see Schmetzer 
et al., 2012). The crystal was grown with a seed ori- 
ented parallel to b (010), and square or almost square 


*Sun et al. (2017) presented results using the cell applied for crystal 
structure refinement in 1962 with a = 9.404, b = 5.476, c = 4.427 
and X || c, Y || a, Z || b. For comparison purposes, those results have 
been converted to correspond with the morphological cell used here. 
See again footnote 1. 


Gems & GEMOLOGY SPRING 2019 63 


Crown Crown 


Pavilion Pavilion 


Figure 2. Diagram showing the cuts of the two groups 
of synthetic alexandrites examined in this study. 
Three samples were faceted with a simple step cut 
(emerald cut) with a nearly square table and three 
rows of facets on both the crown and the pavilion 
(left). The other three samples were faceted with an 


oval brilliant cut on the crown and a mixed cut (bril- 
liant and step) on the pavilion (right). 


table facets were cut parallel to either a (100), b (010), 
or c (001). Simple step cuts (emerald cuts) were fash- 
ioned with a table facet, three rows of crown facets, 
and three rows of pavilion facets (figure 2). Sizes 
ranged from 8.3 x 8.1 x 7.0mm to 9.1 x 8.6 x 8.2mm. 

The other group comprised three synthetic 
alexandrites faceted from a crystal grown by the 
HOC technique in Novosibirsk, Russia, by V.V. 
Gurov (see Schmetzer et al., 2013). Starting with 
pieces sawn from the rough crystal, likewise pro- 
duced with a seed parallel to a (010), table facets were 
again oriented parallel to either a (100), b (010), or c 
(001). An oval brilliant cut was used for the crown, 
with a mixed cut of brilliant and step facets for the 
pavilion (figure 2). Sizes spanned from 8.0 x 6.0 x 4.2 
mm to 8.1 x 6.1 x 4.2 mm. 

Within each group, the identical cuts and similar 
dimensions enabled a direct comparison of the influ- 
ence of cut orientation upon color and color change. 


CHEMICAL PROPERTIES 

The flux method employed by Creative Crystals for 
the alexandrites examined here used a series of sev- 
eral sequential growth cycles. As a result, the 
amount of chromium and iron, the principal color- 
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causing trace elements in these samples, incorpo- 
rated in each growth layer was variable. Mean values 
ranged from 0.18 to 0.26 wt.% Cr,O, and from 0.86 
to 1.14 wt.% Fe,O,. Vanadium contents were approx- 
imately 0.01 wt.% V,O, (Schmetzer et al., 2012). 

The synthetic alexandrites grown by the HOC 
technique, in contrast, were more homogeneous in 
chemical composition, with chromium measuring 
from 0.30 to 0.43 wt.% Cr,O, and vanadium ranging 
from 0.07 to 0.14 wt.% V,O,. Iron levels were at 0.01 
wt.% Fe,O, or below (Schmetzer et al., 2013). 


VERIFICATION OF SAMPLE ORIENTATION 

The orientation of the table facets, which were cut 
according to morphological features of the rough gem 
alexandrites, was verified by ascertaining the posi- 
tions of the optic axes in each stone. The optic axes 
lie in the optic plane, which in chrysobery] is the ac- 
plane, and the c-axis is located exactly between the 
two optic axes (figure 3). The b-axis is perpendicular 


Figure 3. Schematic diagram demonstrating the orien- 
tation of the optic plane and the two optic axes rela- 
tive to the crystallographic axes a, b, and c in 
alexandrite. The optic plane with both optic axes is 
the ac-plane. The three basic vibration directions X, 

Y, and Z, which also represent the three basic color 
components, are oriented parallel to the a-, b-, and c- 
axes. In views parallel to one of the crystallographic 
axes, two basic vibrations and their color components 
are always present. 


a,b,c 
Crystallographic 


axis 

>o7 

Optic axis 
Optic plane 


a, b, i 
Crystal faces 


ph ars 
Pleochroic colors 


View ||a Y and Z 


View ||b X and Z 


View ||c X and Y 
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to the optic plane. Consequently, by viewing in a di- 
rection parallel to the optic plane and rotating a sam- 
ple about the b-axis, both optic axes may be brought 
parallel to the direction of view. 

In applying this information to the flux material 
grown by Creative Crystals, the task was aided by 
growth planes visible in immersion parallel to the 
seed (010) and, in one sample, additional growth 
planes parallel to the prism k (021) (figure 4). By 
using that insight (in conjunction with the observed 
pleochroism, see below}, it was possible with reason- 
able ease to find the b-axis of the crystals and to use 
that axis for rotation in the immersion microscope. 
In so doing, an interference pattern consisting of sev- 
eral rings would be obtained if an optic axis were 
slightly inclined to the direction of view. Tilting the 
faceted alexandrite toward a position in which the 
optic axis was parallel to the direction of view would 
then move the interference rings toward the center 


Figure 4. In faceted alexan- 
drites produced using the 
flux method by Creative 
Crystals Inc., growth planes 
parallel to the pinacoid b 
(010) and the prism k (021) 
are observed in the immer- 
sion microscope. The b-axis 
runs north-south in both ex- 
amples. These growth struc- 
tures aid in locating the 
positions of the b-axis and 
the optic plane. Viewed in 
immersion with polarized 
light, field of view 7.5 x 7.5 
mm. 


of the sample. The positions of both optic axes in 
the optic plane of the gemstone could thus be lo- 
cated, leading directly to the positions of the crys- 
tallographic axes a, b, and c and making apparent the 
orientation of the table facet relative to the crystal- 
lographic axes. The practical measurements were 
made by means of two- and three-axial sample hold- 
ers with attached dials to measure angles. For all 
three step-cut samples, the deviation of the table 
facets from the intended orientation was below 5°. 
The same procedure was applied for the three oval 
samples cut from a crystal grown by the HOC tech- 
nique. Because these crystals, in general, did not 
show distinct growth planes, finding the proper ori- 
entation for the sample in the immersion microscope 
with the b-axis as the rotation axis was somewhat 
more time consuming. However, after locating both 
optic axes through observation of interference pat- 
terns (figure 5), the positions of the three crystallo- 


Figure 5. Interference figures of an 8 x 6 mm faceted alexandrite grown by the HOC technique in Novosibirsk, 


Russia. In all three images, the optic axis is inclined to the direction of view. Tilting the crystal toward a position 
in which the angle between the optic axis and the direction of view is decreased (shown from left to right) moves 
the interference rings toward the center of the sample. Upon rotating the crystal about the b-axis, both optic axes 
can be observed. The locations of both optic axes determine the positions of the optic plane and of the a- and c- 
axes. With this information, the angle between the table facet and the relevant crystallographic axis can be veri- 
fied. Viewed in immersion with crossed polarizers. 
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Immersion, daylight, with one polarizer 
between sample and observer 
Flux growth, Creative Crystals 


Table a Table b Table c 


HOC growth, Novosibirsk 


Table b Table c 


Immersion, incandescent light, with one polarizer 
between sample and observer 
Flux growth, Creative Crystals 
Table a 


Table b Table c 


HOC growth, Novosibirsk 


Table a 


Table b Table c 


Figure 6. Pleochroism in faceted alexandrites cut with table facets perpendicular to the three crystallographic axes 
a, b, and c, in daylight (left) and incandescent light (right). The three basic colors of X, Y, and Z are observed by 
using a rotatable polarizer between the sample and the observer. The colors seen are nearly identical for all six 
alexandrite samples, regardless of differences in cuts and sizes. Use of immersion liquid reduces the influence of 
reflections from the facets. Field of view 7.5 x 7.5 mm (flux-grown samples) and 8 x 6 mm (HOC-grown samples). 


graphic axes were determined, and the inclination of 
the table facet to the relevant crystal axis was meas- 
ured. It was again found that the deviation of the 
table facets from the intended orientation was below 
5° for all three mixed-cut gemstones. 


COLOR BEHAVIOR OF FACETED GEMSTONES 
IN TRANSMITTED LIGHT 

As noted at the outset, unpolarized white light in 
birefringent chrysoberyl crystals is split into two po- 
larized waves, which can in turn be separated and 
seen individually by rotating a polarizer placed be- 
tween the sample and the observer. For purposes of 
evaluating this phenomenon in faceted alexandrites 
in transmitted light, the samples were observed in 
immersion. By doing so, reflection of light at the 
pavilion facets and the corresponding mixing of dif- 
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ferent color components could be largely avoided. 
The only minor side effect of the methodology was a 
slight shift in color toward yellow on account of the 
immersion liquid. 

All six oriented samples displayed the pleochroic 
behavior and colors commonly seen in alexandrites 
of similar size in both daylight and incandescent 
light, as follows (figure 6): 


Daylight: X || a = violet-purple, Y || b = yellow- 
orange, Z || c = intense blue-green 
Incandescent light: X || a = reddish purple, 

Y || b = orange, Z || c = green 


The results were consistent with the established 
orientation of the table facets of the six samples as 
described above. The colors of X, Y, and Z observed 
visually were almost identical for the different sam- 
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Immersion, daylight, without polarizer 
between sample and observer 


Flux growth, Creative Crystals 


Table a Table b Table c 


HOC growth, Novosibirsk 


Table a Table b Table c 


Immersion, incandescent light, without polarizer 
between sample and observer 


Flux growth, Creative Crystals 


Table a Table b Table c 


HOC growth, Novosibirsk 


Table a Table b Table c 


Figure 7. Pleochroism in faceted alexandrites cut with table facets perpendicular to the three crystallographic axes 
a, b, and c, in daylight (left) and incandescent light (right). The different colors are observed in views parallel to 
the crystallographic axes without using a polarizer. The colors seen are nearly identical for all six alexandrites, re- 
gardless of differences in cuts and sizes. Use of immersion liquid reduces the influence of reflections from the 
facets. Field of view approximately 7.5 x 7.5 mm (flux-grown samples) and 8 x 6 mm (HOC-grown samples). 


ples of each group (flux-grown and HOC-grown syn- 
thetic alexandrites), with no distinct differences. 
Likewise demonstrated was the effect of differences 
in light path length and stone thickness, insofar as a 
fading of the color from the center of the table (or the 
culet) to the girdle was seen, especially in the step- 
cut samples grown by Creative Crystals. 

Still in transmitted light but without a polarizer, 
two of the three basic colors previously separated 
by means of the filter were mixed in each direction 
of view. In all three directions, a color change be- 
tween daylight and incandescent light was per- 
ceived (figure 7): 


Daylight: view || a = green, view || b = blue-violet, 
view ||c = greenish yellow 

Incandescent light: view || a = red-purple, 

view || b = reddish purple, view || c = red-purple 


Again, no distinct differences were seen when 
comparing samples with the table facets in the same 
orientation, regardless of the cut. 

Thus, to summarize, in transmitted light and es- 
pecially in immersion, it was possible to observe dif- 
ferent colors in views parallel to one of the three 
crystallographic axes and, by means of a polarizer, to 
separate the three basic colors of X, Y, and Z. 
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COLOR BEHAVIOR OF FACETED GEMSTONES 
IN REFLECTED LIGHT 

Turning to the scenario in reflected light, the impres- 
sion was one of a mixture of all three color compo- 
nents. To evaluate the general underpinnings of this 
situation, the simplified model presented by Hughes 
(2014) for biaxial gemstones in general was applied 
to the synthetic alexandrites examined. 

With regard to the samples faceted with a rela- 
tively simple step cut (emerald cut), and by neglect- 
ing the refraction of light entering the crown facets 
and assuming a pavilion angle (the angle between the 
table and a pavilion facet) of 45°, a similarly simpli- 
fied model for the path of light could be drawn. An 
example is given in figure 8 for an alexandrite cut 
with the table facet perpendicular to the b-axis. Un- 
polarized white light entering the sample at (1) 
through the table and crown facets would travel 
along the b-axis and split in the sample into X and Z 
color components. After reflection at the pavilion, 
light would travel along the c-axis, with X and Y 
color components. After a further reflection at the 
opposite side of the pavilion, the light beam would 
again travel along the b-axis. Light leaving the sam- 
ple at (3) would thus contain X, Y, and Z color com- 
ponents. Reversing the scheme, light entering the 
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sample at (3) would traverse along analogous paths, 
leaving the sample at (1). Light paths are not shown 
for this example. 

If the starting point is shifted by 90°, light enter- 
ing the sample at (2) through the table and crown 
facts would travel along the b-axis and split in the 
sample into X and Z color components. After reflec- 
tion at the pavilion, the beam would travel along the 
a-axis, with Y and Z color components. Following a 
second reflection opposite, the beam would return to 
traveling along the b-axis. Upon exit at (4), the light 
would consist of two polarized waves with each 
wave showing X, Y, and Z color components. A re- 
versed scenario for light entering at (4) would display 
a similar route, leaving the sample at (2). Again, light 
paths are not shown for this example. 

Hence, application of the simplified model reveals 
that for each light path just described, the beam leav- 
ing the sample at the table or crown facets would 
have X, Y, and Z color components. If the simplifying 
assumptions are removed from the equation, light 
entering the alexandrite would be refracted at the 
crown facets, and the beam traveling through the 
sample would be reflected at facets with pavilion an- 
gles other than 45° (figure 9). For example, the three 
pavilion angles of the step-cut alexandrites examined 
here measured 62°, 54°, and 42°, respectively. The ac- 
tual behavior in the faceted step-cut alexandrites 
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Figure 8. Schematic repre- 
sentation of simplified light 
paths through a faceted bi- 
axial alexandrite cut with a 
table facet perpendicular to 
the b-axis. Views perpendi- 
cular to the table facet—i.e., 
parallel to the b-axis (cen- 
ter) and parallel to the table 
facet (right and left); a, b 
and c represent the direc- 
tions of the crystallographic 
axes. Light entering the 
crown at (1) is reflected at 
pavilion facets at (1) and (3), 
leaving the crown at (3). 
Light entering the crown at 
(2) is reflected at pavilion 
facets at (2) and (4), leaving 
the crown at (4). Light is ab- 
sorbed along the different 
light paths, and a complex 
mixture of the three basic 
color components X, Y, and 
Z exits the crown of the 
gemstone. 


would therefore entail a far more diverse collection 
of beams, path lengths, and oblique directions 
through the sample. Such oblique directions, in turn, 
would alter the absorptions and corresponding mix- 
tures of X, Y, and Z color components present in each 
beam exiting from the faceted gemstone. Asa result, 
the light leaving the sample would show a more 
complex mixture of X, Y, and Z components than 
calculated on the basis of the simplified model. 

Analogous theoretical considerations would per- 
tain for samples cut with the table facets in other di- 
rections (i.e., perpendicular to the a- and c-axes). 
Similarly pertinent, if the cut is more complicated, 
such as that of the three HOC alexandrites with an 
oval brilliant-cut crown and a mixed-cut pavilion, 
more reflections would be generated, with light pass- 
ing through the samples in an even greater number 
of different directions. 

The foregoing theories suggesting extensive color 
mixing were tested on a practical basis using the six 
faceted samples in both daylight and incandescent 
light. The alexandrites of the two groups were placed 
table-up on a grooved plastic stone tray, which made 
it possible to view all six simultaneously while the 
light of a single lamp was reflected from their table 
facets. As such, the color impression given by each 
of the samples was quite similar, notwithstanding 
the different cut orientations for the table facets. This 
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Crystallographic axis 


White light 


Figure 9. Schematic representation of light paths 
through a faceted biaxial alexandrite. Light is re- 
fracted at the crown facets and reflected from the 
pavilion facets. If the table facet is oriented perpendi- 
cular to a crystal axis, only the beam shown in red 
would consist of just two color components. All light 
beams inclined to this beam would be composed of 
all three color components X, Y, and Z. Therefore, 
light traveling through the faceted sample leaves the 
gemstone as a complex mixture of the X, Y, and Z 
color components. 


similarity thus corroborated the mixing of all three 
colors in faceted stones due to multiple reflections. 


More specifically, with respect to the three step- 
cut alexandrites, some minor differences in color 
could be discerned. In daylight, the sample cut with 
the table facet perpendicular to the b-axis was blue- 
green, while the other two were less blue, more 
green, or even slightly yellowish green (figure 10). In 
incandescent light, the sample with the table perpen- 
dicular to the b-axis was intense purple, while the 
two other two were less intensely colored, somewhat 
more reddish purple or red-purple. 

When using the stone tray arrangement, the colors 
of the three samples with a more complex cut and a 
greater number of crown and pavilion facets were 
equivalent to each other in daylight and incandescent 
light. No visual color differences were observed. More- 
over, if the alexandrites were placed on a glass plate, 
with several light sources illuminating them from dif- 
ferent directions through the table and crown facets, 
or if the alexandrites were observed in diffused day- 
light, the differences in visual impression for even the 
step-cut samples became almost indistinguishable. 

The divergence of the above results from the col- 
ors calculated by Sun et al. (2017) for alexandrites of 
various orientations are potentially explained by the 
simplifications employed for the model used there. 
In particular, the calculations neglected refraction of 
light at the crown facets, reflection of light from 
pavilion facets at angles of other than 45°, and espe- 
cially multiple reflections from light entering the 
stone at directions oblique to the table facet. As a 
consequence, oblique directions of travel were not 
taken into account, yet these contribute significantly 
to the lively appearance of a faceted gemstone. It 
would be interesting to see if an augmented, more 


Figure 10. The six examined alexandrites in daylight (left) and incandescent light (right). These images have 
been corrected to represent the colors perceived by the eye. The samples, faceted with tables perpendicular to 
the a-, b-, and c-axes, are positioned face-up on a grooved plastic tray and illuminated with a light source placed 
directly above. The step-cut stones in the top row are in the range of 8 to 9 mm; the oval samples in the bottom 
row are approximately 8 x 6 mm. 
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¢ Center badge of this gold and 
enamel necklace, containing pearls 
and rubies, believed to be Mariede 
Medici. French. 16th century. Met- 
ropolitan Museum of Art. 


= 


*® Pair of cameo earrings mounted 
in gold. Italy. 19th century. Metro- 
politan Museum of Art. . 
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complex model incorporating a more realistic group 
of reflections and light paths within the sample 
would yield a closer approximation of reality. 

In summary, the practical observations in the 
present study indicate that the cut and the orienta- 
tion of the table facets play some role in achieving 
the desired colors in daylight or incandescent light. 
Nonetheless, all three simple step-cut alexandrites 
showed the “desired” color change. For samples with 
a more complex cut, such as a brilliant or mixed cut 
with numerous reflecting pavilion facets, the orien- 
tation of the table facet in such alexandrites is an al- 
most negligible factor in determining color and color 
change. 


CONCLUSIONS 

Examination of two groups of faceted synthetic 
alexandrites with three known specific orientations 
of the table facets confirmed the general applicability 
of widely held tenets regarding color in the gemstone 
and also showed that as the cuts become more com- 
plex, such considerations have a diminishing effect 
on the actual appearance. In alexandrite, the three 
main color components of X, Y, and Z are quite dif- 
ferent, but their visual impact can depend heavily on 
the viewing scenario. 

When faceted samples are observed in transmitted 
light, with or without the use of a polarizer, distinct 
color differences dependent on the orientation of the 
table facets can be perceived. Conversely, in reflected 
light, the color differences become less discernible. 
More particularly, the differences are weaker in sam- 
ples with a simple step cut and nearly nonexistent 
with a complex cut. 

Thus, to summarize the progression in moving 
from basic cases to the more complicated (see also 
Schmetzer et al., 2013): 


¢ Cubes of different sizes viewed in transmitted 
light parallel to the a- and c-axes are green or 
even slightly yellowish green in daylight and 
red-purple or reddish purple in incandescent 
light. Cubes viewed parallel to the b-axis are 
more blue-green, blue, or even violet in day- 
light and more purple or purplish violet in in- 
candescent light. In other words, parallel to the 
a- and c- axes there is a stronger yellow compo- 
nent in daylight and a stronger red component 
in incandescent light, while parallel to the b- 
axis there is a stronger blue component in both 
daylight and incandescent light. 
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e Faceted alexandrites with a simple cut such as 
a step cut exhibit, when viewed in reflected 
light, behavior similar to that of the cubes, al- 
beit potentially weaker. Those with table facets 
perpendicular to the a- and c-axes are green or 
even slightly yellowish green in daylight and 
red-purple or reddish purple in incandescent 
light. Those with table facets perpendicular to 
the b-axis are more blue-green, blue, or even vi- 
olet in daylight and more purple or purplish vi- 
olet in incandescent light. The differences 
diminish with multiple light sources at a vari- 
ety of angles, or with diffused light. 

e Faceted alexandrites with a complex cut—such 
as a modern brilliant or mixed cut—display, 
when viewed in reflected light, almost no dis- 
cernible color difference dependent upon table 
facet orientation. 


The faceted samples studied here also demon- 
strated the interrelated effect of trace-element concen- 
tration and light path length. To wit, although the 
flux-grown alexandrites were larger than those grown 
by the HOC technique, the intensity of their colors 
was similar because the sum of color-inducing trace 
elements in the HOC material—primarily chromium 
and vanadium—was approximately double that in the 
flux material. The longer light path lengths in the 
three larger flux-grown samples (between 7.0 and 8.2 
mm from table to culet) broadly compensated for the 
higher concentration of chromium and vanadium in 
the smaller HOC-grown synthetic alexandrites (be- 
tween 4.1 and 4.2 mm from table to culet). Any influ- 
ence on coloration from the iron measured in the 
flux-grown samples was minimal. 

All six samples would be classified as showing 
the “desired” alexandrite color-change effect from 
daylight to incandescent light. In general, due to the 
mixing of colors by light traveling through the sam- 
ples in different directions, alexandrites with appro- 
priate sizes having the necessary amounts of 
color-causing trace elements, especially chromium 
or both chromium and vanadium, display good or at 
least acceptable color change regardless of cut orien- 
tation. For the synthetic alexandrite studied here, 
the risk of an unfavorable orientation of the table 
facet—again for stones of adequate sizes and concen- 
trations of trace elements—is negligible. For other 
biaxial stones, it is expected that the effects of 
pleochroism in faceted stones will be reduced to 
some extent. 
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Figure 1. The GIA field expedition team on the way to the Ethiopian opal mines near Wegel Tena. Photo by 


Wim Vertriest. 


Ithough Ethiopia is considered the cradle of 
ankind and the land of origins, gemstones 
never played a significant role in its long history and 
rich culture. Only in the last decade did Ethiopia 
emerge in the gem trade, with the discovery of large 
opal deposits near the town of Wegel Tena (Rondeau 
et al., 2010). When the first high-quality emeralds 
from Shakiso in southern Ethiopia reached the mar- 
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P es . 


ket in the fall of 2016, GIA’s Carlsbad and Bangkok 
labs conducted a joint preliminary study (Renfro et 
al., 2017). And in February 2017, GIA received news 
of a sapphire discovery near Aksum in northern 
Tigray Province (Vertriest et al., 2017). 

With all of this new material reaching the market, 
GIA collaborated with the Ethiopian Ministry of 
Mines, Petroleum and Natural Gas in Addis Ababa 
to set up an expedition to the sapphire, opal, and 
emerald sources. In March 2018, a team of four GIA 
gemologists and videographers traveled to Ethiopia 
to visit its gem sources. The first target was the sap- 
phire deposit in the north, followed by the opal 
mines in the central highlands. The last area visited 
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was near Shakiso to witness the developing emerald 
mines. During the expedition (figure 1), we docu- 
mented mining techniques, social impact, material 
processing, natural challenges, and limitations. We 
also collected samples at the mines and nearby mar- 
kets in accordance with GIA’s sampling protocols. 
These samples are now part of GIA’s reference col- 
lection and used for origin determination, research 
projects, and treatment experiments. 


INTRODUCTION 

Geography and Geology. Ethiopia is a landlocked 
country in northeast Africa that shares borders with 
Kenya, South Sudan, Sudan, Eritrea, Djibouti, and So- 
malia (figure 2). A land of extremes with fertile grass- 
lands, expansive deserts, tranquil lakes, and massive 
canyons, it hosts one of the sources of the Nile River 
but also the world’s hottest settlement (Dallol). The 
largest continuous mountain range in Africa, the 
Simien, contrasts sharply with the barren volcanic 
wasteland of the Danakil Depression in northeastern 
Ethiopia. The highest peak of the Simien, Ras 
Dashen, stands over 4,500 meters (14,763 ft) above 
sea level, while the lowest parts of the Danakil reach 
125 meters (410 ft) below. 


Figure 2. Map of 
Ethiopia indicating its 
main gem sources: sap- 
phire near the town of 
Aksum, opal in the cen- 
tral highlands sur- 
rounding Wegel Tena, 
and emeralds in the 
southern jungles near 
Shakiso. 


The geology of northeast Africa is dominated by 
two of Africa’s biggest geological structures: the 
African Rift Valley and the Mozambique Belt!. The 
African rift zone is a geologically young feature that 
is still active and responsible for massive basalt 
plateaus that make up most of Ethiopia’s highland. 
The zone is also responsible for the low-lying volcanic 
depression in Afar. The Mozambique Belt is the ex- 
posed root zone of an ancient mountain range (550 
Ma) that once formed the core of the Pangaea conti- 
nent. It has been subjected to immense stresses, pres- 
sures, and temperatures during its long and complex 
formation. 

Ethiopia’s population of more than 105 million 
makes it the second most populous nation in Africa. 
The two largest ethnic groups are Oromo (34.4%) and 
Amhara (27%). While the official national language 
is Amharic, states also designate working languages, 
such as Oromo and Tigrinya for the states of Oromia 
and Tigray, respectively. The capital is Addis Ababa, 
located in the central highlands, with more than 2.7 
million inhabitants. Ethiopia is regarded as one of 
Africa’s political centers, and it hosts many impor- 
tant organizations in its capital. The African Union, 
United Nations Economic Commission for Africa, 


'The Mozambique Belt is a suture zone that developed during the formation of the Gondwana supercontinent. Currently it stretches from central 
Mozambique up into the Arabian Peninsula. Most of the islands in the Indian Ocean (including Madagascar and Sri Lanka) and parts of southern 
India and eastern Antarctica are also part of the Mozambique Belt. Today it is exposed at the surface, but once it was covered by more than 10 
km of rocks, which caused it to reach high temperatures and be subjected to incredible pressures. These immense natural forces created many 
of today’s gemstone deposits in East Africa and Asia. It is believed that Mozambique’s rubies and most of Madagascar’s corundum are related to 
the Mozambique Belt. In Tanzania, it is linked to the ruby deposits in Longido and Winza, as well as the tanzanite deposits in Merelani. Kenya’s 
most famous gemstone, tsavorite, is also related to this geological feature. On the other side of the Indian Ocean, Sri Lanka’s sapphire wealth is 


attributed to the Mozambique Belt. 
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Organization of African Unity, and many others are 
all based in Addis Ababa (Ham and Carillet, 2017). 


Culture and Religion. Ethiopia is known as “the land 
of origins,” where many important archeological and 
paleontological milestones have been uncovered. 
The earliest human ancestors were discovered in the 
Afar Depression in northeastern Ethiopia, with Lucy 
(Australopithecus afarensis) the most famous of 
them all. She was long considered the first hominid, 
but more recent discoveries have unearthed even 
older skeletal remains (Ardipithecus, or Ardi) that 
may belong to another genus. 

Throughout history, Ethiopia has been an impor- 
tant territory in northeastern Africa. Ancient king- 
doms were based there, many of which dominated 
trade around the Horn of Africa and thus between 
Asia and Europe. Probably the most famous is the 
Kingdom of Aksum in northern Ethiopia, which is 
considered to have been the equal of Rome, Persia, 
and China around 2,000 years ago. Other notable 
kingdoms were based out of Gondar (post Middle 
Ages), which is known for the Royal Enclosure, 
sometimes referred to as “Ethiopia’s Camelot.” 

From about 1850 through World War II, Ethiopia 
was ruled by a line of emperors that ended with the 
most influential of all, Haile Selassie. Although 
Ethiopia has never been colonized, Italy occupied it 


Figure 3. Ethiopia’s rich cultural history was evident 
in every locality we visited, such as the Church of 
Saint George in Lalibela, where this priest guards the 
relics. Photo by Wim Vertriest. 
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from 1936 to 1941. After World War II, Haile Selassie 
returned to power and tried to lead the nation into 
modernity. This led to civil unrest, and in 1974 the 
Derg communist regime took power. During the 
regime, hundreds of thousands were deported or died 
from either hunger or the “Red Terror,” a late-1970s 
cleansing campaign against enemies of the regime. 
When communist rule ended in 1991, the Federal 
Democratic Republic of Ethiopia was installed. 

The majority of the country is traditionally 
Ethiopian Orthodox Christian. In 330 CE, King Ezana 
the Great declared Christianity the state religion, and 
the faith is deeply rooted in the culture. The epicenter 
of Ethiopian Orthodox worship is the Church of Our 
Lady Mary of Zion in Aksum. The original church 
was built in the fourth century CE and has been de- 
stroyed and rebuilt several times. Today, visitors can 
find the nearby Chapel of the Tablet, which is be- 
lieved to hold the Ark of the Covenant. Other impor- 
tant locations for the Ethiopian Orthodox faith are 
the Holy Trinity Cathedral in Addis Ababa, which 
houses the tomb of emperor Haile Selassie, and the 
rock-hewn churches in Lalibela (figure 3; see Ham 
and Carillet, 2017). 

Diversity is reflected in every aspect of Ethiopia, 
from its history to its people and languages to its 
landscapes. 


ETHIOPIAN SAPPHIRE 

Our field trip began at the sapphire deposits in 
Ethiopia’s northern Tigray Province, near the border 
with Eritrea, which were discovered in the last 
months of 2016. Rumors of the discovery reached the 
trade in early 2017, and the first stones were seen in 
the Asian markets of Chanthaburi (Thailand) and 
Beruwala (Sri Lanka) in April 2017. Since the initial 
discovery near Chila, sapphires have been found in 
many localities throughout Tigray Province. 


Background and History. The sapphires are mined in 
the vicinity of Aksum. This town was the capital of 
the ancient Aksumite kingdom, which erected in- 
triguing monuments known as stelae. These mono- 
liths, measuring up to 33 meters high, are closely 
associated with burial tombs of local elite and roy- 
alty. Aksum’s rich heritage makes it one of Ethiopia’s 
main tourist hubs, so access is convenient and ac- 
commodations are readily available. 

The sapphires are mined and traded north of the 
city, in the direction of the Eritrean border. The coun- 
tries have had a tense relationship since Eritrea re- 
gained its independence from Ethiopia in 1991. This 
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Figure 4. A family with goods packed on their camel travels on the road to the weekly market in Chila. Photo by 
Wim Vertriest. 


has caused many border disputes, often resulting in 
casualties, although steps toward peaceful resolution 
have been taken since mid-2018. At the time of our 
visit, it was nearly impossible for foreigners to travel 
north of Aksum toward the border, where the sap- 
phire fields are located. Numerous military check- 
points and watch posts are set up along the main 
roads north from Aksum. The GIA team was only 
able to visit the off-limits area with special permis- 
sion from the Ethiopian Ministry of Mines, Petro- 
leum and Natural Gas. Local authorities keep a close 
eye on every visitor, including Ethiopians from other 
parts of the country. 

The Tigray area is barren and sparsely vegetated. 
The protected valley where Aksum lies is fertile, but 
life in the wastelands toward the Eritrean border in 
the north is much tougher. Dusty, rocky roads wind 
through the badlands made up of granitic boulders, 
and only the occasional tree serves as a recognizable 
landmark. Since the area is remote and road access 
is limited, most transport is with beasts of burden 
such as camels and donkeys (figure 4). Despite the 
harsh and arid climate, people depend heavily on 
agriculture and their herds of animals. Rainfall is 
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scarce but intensely concentrated, which creates vi- 
olent periodic rivers. These high-energy water flows 
move boulders, rocks, and soil with enough power to 
wash away an entire fertile soil layer in one storm. 
Most people know this area as the region most af- 
fected during the great famine in the early 1980s. A 
perfect storm of extreme drought, raging civil war, and 
failed government policies amplified the devastation. 
Large international relief efforts were set up, most fa- 
mously the 1985 Live Aid concert in London. Longer- 
term plans supported by the United Nations Food and 
Agricultural Organization aimed to provide sustain- 
able and robust farming methods to increase local food 
production. This was done mainly by improving soil 
conditions through terracing and preserving farmlands. 


Trading. The sapphire mines are located near the 
town of Chila, 25 km northwest of Aksum. There are 
around 250 buildings in the town and numerous 
services for many people and smaller communities 
in the surrounding desert. During the local market 
every Saturday, crowds gather in the main street to 
buy and sell goods ranging from livestock to handi- 
crafts—and, since late 2016, Ethiopian sapphires. 
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Figure 5. Gem dealers gather in front of their offices 
during the weekly market in Chila. Photo by Wim 
Vertriest. 


Ethiopian dealers have set up offices in Chila, 
where they buy gems at the Saturday market (figure 
5). The trade there is limited to sapphire and the oc- 
casional red garnet. During our visit, more than 15 
offices were open in the town. It is illegal for foreign- 
ers to go to Chila and the mining areas, let alone buy 
gemstones near the mines. Local dealers take the 


goods to Addis Ababa, where foreign buyers can pur- 
chase and export the stones. Most of the foreign buy- 
ers are Sri Lankans and Thais, who will improve the 
stones’ appearance with heat treatment. 

Chila has benefited greatly from the gem trade. 
During our visit, we saw that many new buildings 
had been erected. Before the discovery, there was one 
small bank branch; there are now three banks with 
full branches in the village. The police station has 
also been upgraded, and law enforcement actively 
monitors the presence of sapphire buyers. Several for- 
eign buyers were arrested in 2017 for attempting to 
purchase in the village. 


Geology. We visited a mining site, Godefey, located a 
few kilometers north of the trading town. More than 
500 people were there searching for sapphires. Based 
on our initial observations, the geological makeup of 
the area is fairly straightforward. The basement 
(shown in figure 6) is made up of very resistant rocks 
that have experienced multiple episodes of metamor- 
phism, with numerous folding and vein-forming 
phases. When these rocks were exposed at the surface, 
they weathered down to a relatively flat surface 
(known to geologists as a peneplain). 

Later this flat land was covered in thick basalt 
flows (see figure 6). These basalt extrusions brought 
the sapphires to the surface and liberated them slowly 
while they eroded. The lava flows are still visible in 


Figure 6. A schematic 
cross-section of the 
Godefey mining area (in 
which the blue hexa- 
gons represent sapphire) 
shows the basalt flows, 
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Figure 7. Mining crews at Godefey sit next to their pits. The terraces on the hills are built to optimize agricultural 


yield. Photo by Wim Vertriest. 


the current topography, where all the plateaus are very 
flat and of uniform height. These plateaus are crosscut 
by multiple broad valleys, which started as “V” shapes 
eroding in the basalts. Once they reached the contact 
with the much harder basement, they started to widen 
to the broad valleys we see now. During weathering 
of the basalt, the main minerals such as pyroxene and 
olivine broke down very rapidly. This means that 
more-resistant minerals such as corundum, garnet, 
and zircon accumulated in the debris. These heavy 
minerals were then transported by water to the center 
of the valley and became concentrated in placer de- 
posits such as river bends or cavities in the basement. 


Mining. Most of the mines are situated in the center 
of the valley, near the exposed riverbeds. This is 
where the highest concentrations of minerals should 
be found. Some miners work higher up on the hill- 
side, and sapphires have reportedly been found on top 
of the basalt plateaus. This would indicate that the 
entire basalt plateau is sapphire bearing. In most 
places, the hills are terraced in an effort to limit soil 
erosion from heavy rainfall (figure 7). To protect their 
food sources, landowners do not allow mining on 
land set aside for crops. 
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All mining activity is artisanal, with minimal 
equipment. Crews of five to twelve people, including 
many entire families, operate together (figure 8). Using 
simple tools such as shovels and picks, the miners dig 


Figure 8. A family crew works together to extract sap- 
phires from a pit. Photo by Wim Vertriest. 
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Figure 9. Aerial view of mining pits in the Godefey 
area. Photo by Wim Vertriest. 


pits until they reach a gravelly layer. This layer is typ- 
ically deposited straight on the hard rock basement, at 
depths of one to three meters. Gem-bearing gravel is 
loosened and thrown to the surface or passed along in 
buckets. Miners dump the gravel onto the ground next 
to the pit, where it is searched by hand for sapphires. 

This is often a completely dry process, with no 
washing or concentration involved due to the lack of 
water. Only in rare cases is the water table cut and 
the pit flooded. We observed one crew using a diesel 
pump to remove the excess water, while the rest did 
this manually with buckets or an ingenious wooden 
pedal pump. The water is not stockpiled or used for 
washing purposes; at most it is poured over the gravel 
to clear some of the finer sand. 

Overall the mining techniques are very primi- 
tive, and we believe this leads to a much lower yield. 


Only large stones (>1 ct) with obvious colors are 
picked out. Smaller goods, stones covered in dust or 
mud, and other potentially valuable specimens are 
all discarded. Yet it would be difficult to improve the 
situation under the circumstances. The area’s re- 
moteness makes it challenging to bring in heavier 
equipment, and fuel supply is irregular. Water is 
even more scarce (see figure 9}, and there are no 
nearby bodies of water where communal washing ef- 
forts could be set up. The river is only seasonal, cre- 
ated by flash floods, making it hard to capture the 
water. The current mining is very strenuous and em- 
ploys many hands, which means that many locals 
receive some portion of their income from sapphire 
mining. 


PROPERTIES OF ETHIOPIAN SAPPHIRE 


Visual Characteristics. The gemstones found in 
northern Ethiopia are mainly blue sapphires. Since 
they are related to alkali basalt extrusions, they show 
characteristics very similar to sapphires from other 
magmatic deposits, such as those in Australia, Thai- 
land, or Nigeria. These deposits are called BGY sap- 
phire deposits because they predominantly yield 
blue, green, and yellow colors (figure 10). They also 
routinely produce black sapphires, whose dark body- 
color is caused by their high content of iron-rich in- 
clusions. The majority of Ethiopian sapphires are 
blue, with a few pure (dark) yellows. Often one finds 
stones containing different colors as subtle color 
zones, or even as full parti-colors. Black bands may 
occur, caused by high concentrations of particles in 
certain zones. The locals describe these as “zebra 
sapphires.” Fully black sapphires and star sapphires 
have not been observed. 


Figure 10. Left: High-quality blue sapphires from northern Ethiopia. Right: A lower-grade parcel of sapphires with 


fancy-color specimens mixed in. Photos by Wim Vertriest. 
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Figure 11. Left: Lamellar twinning with intersecting growth tubules under fiber-optic illumination; field of view 
3.6 mm. Center: Cluster of zircon; field of view 1.8 mm. Right: Angular band of minute particles under fiber-optic 
illumination; field of view 3.6 mm. Photomicrographs by Charuwan Khowpong. 


The color of the blue sapphires ranges from dark 
greenish blue to a pleasing light blue. Dichroism is 
often very strong. In the milkier stones with fine ru- 
tile clouds, a yellowish cast is often observed when 
put to the torch. This is due to the Tyndall effect, the 
scattering of light when it interacts with the small 
particles. The sapphires are very large, with rough 
stones ranging from 1 ct to more than 100 ct. 


Inclusions. Ethiopian sapphires are characterized by 
a variety of inclusions similar to those observed in 
sapphires from other basalt-related sources. Most no- 
table are twinning planes (figure 11, left), in which 
two nonparallel sets are common. These planes show 
growth tubules that intersect. It is often easier to spot 
the tubules than the twinning planes unless the 
stone is being evaluated between crossed polarizers. 
These tubules are sometimes associated with small 
fingerprints. 

Crystal inclusions vary: opaque ferrocolumbite 
crystals, large feldspar and monazite crystals, and 
small but well-formed zircon crystals. The zircon in- 
clusions are often found in clusters (figure 11, center). 
Larger solitary inclusions often form comet tails 
(trails of fine particles/dislocations). One sample 
showed interesting inclusions of corundum crystals 
within the sapphire. 

By far the most common inclusions are particles, 
and two distinct varieties are found in Ethiopian 
sapphires. The first is a classic rutile particle, seen 
as clouds, needles, or streamers or in hexagonal 
bands. These bands (figure 11, right) often contain a 
second type of particle as well. These are more iron- 
rich, and their composition ranges between il- 
menite and hematite. Their appearance is distinct, 
and they are often more concentrated. The iron-rich 
particles have a golden brown reflection compared 
to the silvery white appearance of the classic tita- 
nium-rich silk. 
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Spectroscopy. Ultraviolet/visible/near-infrared (UV- 
Vis-NIR) spectra show a typical pattern for basalt-re- 
lated blue sapphire: bands due to Fe** and Fe?*-Ti** 
pairs that create the blue color. These chromophores 
are very strongly dependent on orientation, explain- 
ing the obvious dichroism in these stones. The broad 
band outside the visible range at 880 nm is typical 
for basalt-related blue sapphires. 


Trace-Element Chemistry. We analyzed 50 sapphires 
from Tigray using laser ablation—-inductively coupled 
plasma—mass spectrometry (LA-ICP-MS) to deter- 
mine their trace-element concentrations. We ana- 
lyzed three to fifteen points on each sample, often in 
different zones of the stone. This gave us a total of 
718 data points, of which 194 were in blue zones 
without visible particles, 193 in zones with visible 
particles, and 331 in zones with very distinct parti- 
cles, such as dense milky clouds or iron-rich silk. 

Table 1 provides some insight into the chemical 
analyses of these samples. Beryllium was detected in 
several stones, in both clean and visibly included 
areas. Higher concentrations were found in the heav- 
ily included zones. Other elements such as niobium, 
tantalum, tungsten, and zircon followed similar 
trends. Titanium was clearly enriched in the most 
included zones but was also present at lower quanti- 
ties in non-included zones. All of these elements 
probably exist in particles of various sizes that might 
be too small to observe with a conventional micro- 
scope. Only one heavily included sample showed the 
presence of chromium, probably due to particles as 
well. Iron concentrations were always very high, 
with an absolute minimum of 750 ppma and a max- 
imum near 5000 ppma. 


ETHIOPIAN OPAL 
Background and History. Opal has been recovered 
from Ethiopia’s Wollo region since the 1990s, al- 
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carved from one piece but consists of two 
or more cemented layers of genuine mate- 
tials, or a combination of genuine and 
imitation materials. Such stones are seen 
infrequently and were, perhaps, produced 
in order to salvage worth-while layers 
of broken cameos. 

The majority of scarab-type engravings 
are produced in Germany today, using the 
many varieties of cryptocrystalline quartz. 
The jeweler should never accept any which 
are crudely carved, or infertor in any 
other way. The finer examples he can sell 
on their own merits of beauty and dura- 
bility at a cost considerably less than must 
be paid for many genuine gemstones. Per- 
sons with fitthle or no appreciation for 
diamonds or other precious stones — as 
well as those financially unable to own 
them — may buy an exquisitely worked 
cameo or intaglio when it is presented by 
the jeweler as a miniature work of art. 

Although a large portion of valuable 
antique carved gems are in museums or 
private collections, there are undoubtedly 
many still in circulation. Some may have 
been kept as family hetrlooms and, per- 
haps, regarded as worthless other than for 
their sentimental value. Still others have 
been removed from mountings in order to 
salvage gold in the jewelry. There is a 
distinct possibtlity that if a sufficient num- 
ber of retail jewelers could be interested 
stock of 


carved and engraved gems, the desire for 


in accumulating a these old 


collecting them might be revived. 


HOW TO JUDGE ENGRAVED GEMS 


In examining an engraved gem of con- 
temporary manufacture, the jeweler should 
consider both craftsmanship and design. 
Finely cut stones will reveal, even under 
magnihcation, exacting detail in cutting. 
In the case of portrait styles, even the 
features and hair will show this careful 
attention to detail On infertor gems, the 
opposite will be true and faulty modeling 
of objects may even be visible to the un- 
aided eye, 


Since an engraved or carved gemstone 
of an early period is more esteemed than 
those now produced, it 1s also necessary 
for the jeweler to be able to recognize 
characteristics which may prove, or dis- 
prove, its antiquity. 

Unfortunately, there is no sure method 
of recognizing the true antique from the 
modern forgery cut by an expert, but there 
are a few distinguishing features which 
judging such 
stones, little dependence can be placed on 


give some assistance. In 
the amount of wear shown, Those ancient 
carvings still in existence were cut on the 
more durable materials and should have 
worn well despite their age. 

Tt is only rarely that a mounting will 
furnish a clue to the age of an engraved 
gem either since there aré many fine speci- 
mens which have been placed in modern 
settings. It is possible that a genuine 19th 
century mounting could contain the work 
or Greek 


could be one of the many forgeries ap- 


of a Roman artisan. Too, it 
pearing during that century. 

thicker 
modern intaglios and—with the exception 


Ancient seals were than our 
of cylinders — only a limited number of 


figures were used. Designs were sunk 
deeply into the stone by the engravers, 

There was little uniformity of shape in 
the gemstones engraved in classical peri- 
ods. The ancients hated angles and the 
face on an engraved gem was usually con- 
vex, with irvegularities appearing on the 
back. Any uniform scratches should be 
regarded with suspicion, however. 

The style and spirit of the ancients ts 
often missed even by the most clever 
imitator and some detail will be lacking 
in costume, hairdress, or symbolic objects. 
The symbols of the gods, and portraits of 
their deities, were uniform to the ancients 
whereas the forger may try to dramatize 
these forms. 

In judging its antiquity, beware of the 
signed gemstone. It was rare for the artist 
to sign his handiwork since most carly in- 


taglios were used as signets and the owner 
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though production volume and quality were initially 
very low (Koivula and Fritsch, 1994). In 2008, pro- 
duction increased when deposits of white precious 
opal were found near Wegel Tena (Rondeau et al., 
2009). In 2013, a deposit of black opals was found 30 
km away (Kiefert et al., 2014). During the past 
decade, Ethiopian opals have reached the market in 
large quantities. Most of the material is processed in 
Jaipur and serves the Indian market. 

The opal deposits occur in a remote area of 
Ethiopia, between the towns of Dessie and Lalibela. 
The terrain consists of high plateaus (approximately 


3,000 meters) crosscut by wide, steep valleys about 
1,000 meters deep (figure 12). The fertile highlands 
are well suited for agriculture. Teff, the native grain 
and the staple of the Ethiopian diet, is grown here. 
The yearly precipitation is only 20% less than that 
of Seattle, Washington, but 95% of this rain falls in 
the span of a few weeks. These huge volumes of 
water move across the valleys with enormous power, 
cutting them deeper every year. When the riverbed 
is completely dry, the base of a valley is strewn with 
house-sized boulders that are transported by the sea- 
sonal torrents. 


TABLE 1. Concentrations (in ppma) of selected trace elements in Ethiopian sapphires (718 analyses total). 


"Be Mg 47Tj SIV/ 53Cr 57Fe 59Ga 907 Fr 3Nb 178Hf 181T9 182\A/ 2322Th 
Blue zones? 
(194 analyses) 
% of samples 17% 100% 100% 100% 0% 100% 100% 11% 26% 8% 28% 7% 13% 
above detection 
limit 
Average 4 5 57 4 — 1291 47 0.0109 1.5826 0.0018 2.1317 0.1013 0.0059 
Max 17 24 852 12. bdilt 3797, 119 ~=—-0.0492,- 13.8718 =: 0.0048 _-—s- 114.9883 0.2884 0.0316 
Min 1 1 4 bdl 748 28 0.0009 0.0014 0.0003 0.0007. 0.0017 ~—-0.0001 
Standard 5 4 137 2 — 485 17, 0.0107. 2.9783 0.0013 4.2765 0.1237 0.0087 
deviation 
Particles? 
(193 analyses) 
% of samples 15% 99% 100% 100% 0% 100% 100% 10% 28% 5% 41% 3% 13% 
above detection 
limit 
Average 4 6 47 6 — 1326 41 0.0464 3.9063 0.0158 1.2840 0.0529 0.0468 
Max 70 20 371 15 bdl 3907 80 0.6371 161.984 0.1200 67.8419 0.1852 1.0018 
Min 1 0 12 bdl = 752 26 0.0015 0.0014 0.0006 0.0004 0.0021 0.0000 
Standard 13 46 — 637 11 0.1423 22.1774 0.0354 7.8879 0.0733 0.1945 
deviation 
Heavy particles‘ 
(331 analyses) 
% of samples 12% 100% 100% 100% 2% 100% 100% 14% 30% 7% 47% 10% 11% 
above detection 
limit 
Average 13 6 125 2 1264 43 0.1166 5.1534 0.0483 2.0515 0.0576 = =0.1125 
Max 91 27 1486 17 4 4966 114 1.0686 73.5294 0.2513 42.4857 0.3039 0.4605 
Min 0 1 16 0) 1 803 27 0.0007. 0.0014 = 0.0007 0.0004 0.0016 0.0003 
Standard 22 4 211 4 1 597 16 0.2424 13.0648 0.0708 6.2452 0.0813 0.1435 
deviation 
Detection limit 0.19 0.18 0.59 0.04 0.45 0.77 0.02 0.0007 = 0.0009 ~=—_-0.0001 0.0001 0.0001 0.0013 
“Blue zones: blue bodycolor without visible particles 
’Particles: blue bodycolor with fine particles 
“Heavy particles: blue or greenish bodycolor with many large and irregular particles, usually with a higher Fe component 
“bdl: below detection limit 
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This topography makes travel very difficult since 
the canyons take several hours to cross even with all- 
terrain vehicles. The direct distance between Lalibela 
and Wegel Tena is around 50 km. Because we had to 
cross the Bashilo canyon, the trip took nearly seven 
hours. Yet the views were magnificent as we wound 
down the canyon on dusty roads. Indigenous wildlife 
such as ibex, birds of prey, and gelada monkeys inhabit 
the cliffs and valleys, often foraging in the fields near 
the plateau edge. This perilous journey requires a very 
skilled driver and a vehicle in excellent condition. 


Geology. The geology of the opal mining areas is 
dominated by stacked horizontal layers of volcanic 
origin. The sequence is over 3,000 meters thick and 
consists of alternating layers of varying composition 
ranging from basalt to rhyolite. Some of the individ- 
ual layers are more than 100 meters thick. These 
were deposited during extreme volcanic events re- 
lated to opening of the East African rift zone about 
30 million years ago. Opal mineralization is re- 
stricted to a single thin layer with a rhyolite (silica- 
saturated) composition. No other opal-bearing layers 
have been found to date. 

Traditionally, Ethiopian opal has been considered 
a volcanic opal, similar to Mexican opal. Australian 
opal is believed to have a sedimentary origin. How- 
ever, recent studies suggest that Ethiopian opal has a 
strong sedimentary component. According to Ron- 
deau et al. (2012), these opals might have formed in 
soil conditions (pedogenic). This is based on micro- 
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Figure 12. Cross-section 
of a valley where 
Ethiopian opal is 
mined. The opal-bear- 
ing layers indicated on 
the photo are marked 
in brown in the inset. 
The arrow points to the 
Sunrise mine. Photo by 


q Wim Vertriest. 


Opal-bearing layers 


scopic observations of plant fossils in the opals, as well 
as several features that are typical for soils: desiccation 
cracks, presence of clay minerals, and grain sorting. 

It is assumed that Ethiopian opal formed during a 
calmer period, without new volcanic deposits, where 
soils could develop and support plant life. During this 
period, volcanic glass would disintegrate and dissolve 
in fluids, and feldspar would be altered to clay. The 
silica-enriched fluids deposited the opal in voids 
throughout the soil horizon. They often preserved 
the soil textures, which we see today as inclusions 
or opal textures (Rondeau et al., 2012). 


Mining. Because the opal is found in a single thin 
horizontal layer, all of the mines are located at the 
same level in the valleys. The opal-bearing layers are 
about 350 m below the top plateau. The only way to 
reach it is by trails. No animals other than goats and 
sheep can traverse the steep paths. This means that 
the miners must carry down all supplies and equip- 
ment, and all opal-bearing rocks must be carried up. 

Crews of 10 to 20 miners work together to extract 
the opal. First, they dig a narrow tunnel into the hor- 
izontal layer and remove the host rock and opal with 
simple hand tools (figure 13). The tunnels can reach 
lengths of more than 70 meters and are sometimes 
only 40 centimeters wide. It is relatively easy to carve 
through the rocks since they are fairly soft and not 
well solidified. There is no need for explosives in 
these mines. While the temperatures inside the tun- 
nels are relatively cool, the humidity is high and oxy- 
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Figure 13. An opal miner works in the tunnel using 
simple hand tools. Photo by Wim Vertriest. 


gen levels are more depleted, which makes the work 
very difficult. Miners only remove opal-bearing rocks, 
since the others are not profitable. Once the opal- 
bearing rocks are loosened, miners carry them by 
hand toward the exit for further processing. 
According to a mining association representative, 
more than 20 tunnels are active in the valley, and 
each produces 50-100 kg of opal on a weekly basis. 


PROPERTIES OF ETHIOPIAN OPAL 


Ethiopian opal has been mined in various qualities. 
Bodycolors include white, chocolate brown, reddish 


Figure 15. Parcel of mixed Ethiopian opals. Photo by 
Wim Vertriest. 


brown, black, and even colorless (figures 14 and 15). 
Sizes range from small grains to massive chunks, and 
pieces over 500 grams are routinely found. 

The majority of Ethiopian opal is hydrophane, 
which means it absorbs water. This may affect the 
appearance of the stone, causing play-of-color, trans- 
parency, or crazing. There are different degrees of 
porosity, so not every type of Ethiopian opal reacts 
in the same way. While some of these effects are re- 
versible through dyeing and impregnation, the 
processes and exact parameters are not yet fully un- 
derstood. This has led to many controversies about 
the stability and treatment of Ethiopian opals. 

All types of opal—precious or common, stable or 
requiring treatment—are found together in the same 
layer and the same tunnels. 


Figure 14. Large rough pieces of transparent precious opal (left) and brown precious opal (right). Photos by Wim 


Vertriest. 
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ETHIOPIAN EMERALD 


Background and History. News of Ethiopian emerald 
first reached the trade in 2011-2012, when a few 
smaller pieces (< 2 ct; see figure 16) reached the mar- 
ket (Cevallos et al., 2012). According to Farooq 
Hashmi (Intimate Gems, New York), they were 
mined near Dubuluk. Since the initial discovery, 
Gemfields acquired an emerald mining license in 
southern Ethiopia near the town of Web and started 
developing this in 2017 (Pardieu and Barriere-Doleac, 
2018). In late 2016, the first emeralds from the Shak- 
iso area started reaching international markets, with 
parcels showing up at GIA’s labs in Bangkok and 
Carlsbad, California (Renfro et al., 2017). 

Shakiso is a trading town in southern Ethiopia, 
located on a large highway that links Addis Ababa 
with northern Kenya. The city is used for trade be- 
cause access is convenient and some accommoda- 
tions are available. 

The area around Shakiso looks very different from 
the opal and sapphire mining areas. Because it is 
closer to the equator and at medium elevation (be- 
tween 1,600 and 2,000 meters), precipitation is more 
evenly spread throughout the year and dense vegeta- 
tion covers the hills. During the trip from Hawassa 
to Shakiso, we drove for a few hours through the 
Great African Rift past Lake Hawassa before climb- 
ing out of the valley into the green highlands. Cloudy 
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Figure 16. Ethiopian 
emeralds from the 
Hallo mine (left to 
right): a 2.00 ct square 
emerald cut, a 9.72 ct 
cabochon, and a 4.12 
ct modified cushion 
cut. Photo by Robert 
Weldon/GIA, courtesy 
of Mayer & Watt. 


skies and misty conditions provided a setting that 
was nothing like the arid, sunny conditions near the 
opal and sapphire mines. Dense forests alternated 
with grassy bogs in the shallower areas near creeks. 
This continuous humidity, combined with tropical 
temperatures and abundant vegetation, increases the 
weathering rate of outcropping rocks, making it very 
challenging to study geology in the area. 

Secondary deposits where resistant minerals are 
concentrated are very common, but most of them are 
gold and coltan minerals, not gemstones. The area 
has a long tradition of mining, and many deposits of 
gold and tantalum have been mined artisanally for 
years. Some very large tantalum mines also operate 
in the region, as do several smaller cooperatives. In 
2014, the Kenticha mine contributed 3% of the 
world’s supply of tantalum (Yager, 2014). 

The mines are located around the small mining 
village of Kenticha, more than 60 km from Shakiso, 
and the drive took over five hours. Recent rainfall 
had turned the dirt roads into muddy tracks, causing 
even the most rugged four-wheel-drive trucks to slip 
and slide all the way from Shakiso to Kenticha. 


Trading. Emeralds near Kenticha were discovered in 
2016 by local diggers looking for other precious min- 
erals. This triggered a rush of miners, and an artisanal 
mining community formed in the first months of 
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2017. Because the area has been mined extensively 
for gold and tantalum, many residents have experi- 
ence in mineral extraction and trading. They quickly 
set up new professional structures or adapted old 
ones. Many miners have grouped themselves into co- 
operatives. This allows them to step away from the 
unlicensed artisanal arrangement into one that is 
more regulated, where everyone still has a voice. 

The cooperative we visited, Bua Obsa, had been 
mining gold and tantalum for more than 15 years, 
but it has grown from 15 members to more than 300 
since the emerald discovery. All the members are ac- 
tive in the mining operation, either as support staff 
or mining personnel. While they had a clearly defined 
organization with people trained in finance, law, ex- 
port procedures, and management, they needed to de- 
velop the specific skills required to run a colored 
stone mining and trading operation. The Bua Obsa 
cooperative quickly realized its shortcomings and 
partnered with foreign-trained experts. During our 
visit we met an experienced mining foreman from 
the Zambian emerald mines and a highly trained ge- 
ologist with an academic career at the University of 
Addis Ababa. 

This partnership approach allowed Bua Obsa to 
expand the mine quickly and in a controlled way. In- 
stead of learning the hard way, through trial and 
error, they partnered with existing knowledge. At the 
time of our visit, more than seven cooperatives were 
working in the area, as well as many active small- 
scale or individual mines. This changed in the second 
half of 2018, when Bua Obsa became the dominant 
cooperative in the area. It now represents the lion’s 
share of the miners. Local dealers buy the material 
near the mines and bring it to Shakiso, the main trad- 
ing hub for emeralds mined by the small-scale arti- 
sanal miners. From there, the material goes to Addis 
Ababa, where it is presented to international clients. 
Larger cooperatives such as Bua Obsa have mining 
and export licenses and are able to export directly to 
foreign customers/wholesalers. 

Because the cooperatives are formed by the local 
community, there is very strong local support for the 
emerald mining. During the artisanal rush, miners 
flocked to the small village of Kenticha, expanding it 
greatly. After the rush, many of them left to try their 
luck elsewhere. Kenticha is now inhabited by about 
1,000 people, mostly natives of the surrounding area. 


Emeralds from God’s Hand. Large companies have 
been mining and exploring the Kenticha area for gold 
and tantalum since the 1980s, often neglecting local 
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communities. Now that the cooperatives have dis- 
covered this new emerald resource in one of the most 
extensively explored areas of Ethiopia, the situation 
is much different. The Bua Obsa cooperative consid- 
ers this a gift from God. The wealth generated by 
these emeralds will directly contribute to the local 
communities. Within one year, the cooperative had 
already built roads, medical outposts, and churches 
with the profits from emerald mining. 


Geology. The local geology is very well known due to 
the exploration for gold and tantalum. The presence 
of tantalum in particular provides interesting insights 
into the emeralds’ geology. Tantalum mineralization 
is related to pegmatites, which are also the source for 
beryl. The pegmatites are related to granite intrusions. 
These molten rocks intruded right after the formation 
of the East African orogenic belt. The host rock con- 
sists of numerous mafic units, ranging from mafic 
schists to ultramafic serpentinite bodies. These can 
have magmatic origins (ophiolites) or a metasedimen- 
tary origin (pelitic schists, graphite schists, and mar- 
bles) (Ktister et al., 2009; Tadesse, 2001). These host 
rocks are part of the Mozambique Belt, which is re- 
lated to many other East African gem deposits. 

When the pegmatites intruded, a reaction zone 
formed between the intrusion and the host rock. 
This zone consists predominantly of dark mica (bi- 
otite) but also hosts minerals that are a blend of both 
rock types. The best example is emerald, which is a 
beryl (pegmatite-influenced) with chromium trace el- 
ements (influenced by the host rock). 

We could clearly see the dark mafic host rocks and 
one white pegmatite intrusion. The pegmatite ranges 
in thickness from five meters to a couple of centime- 
ters. According to the mine geologist, two types of 
emeralds are found. One is found in the pegmatite and 
is much lighter and of lower quality. This is due to the 
abundance of silica and virtual absence of chromium 
in the pegmatite. The other type is found in the reac- 
tion zone, where chromium is abundant and there is 
a lot of space to grow in between the mica crystals. He 
also told us that there are multiple pegmatite intru- 
sions close to each other and that all of them are emer- 
ald bearing. A couple of meters south of the mining 
pit, a pegmatite intrusion reaches the surface. 


Mining. According to the local people, early emerald 
mining was strictly artisanal. Initial discoveries were 
made where the pegmatites reached the surface, but 
the mining quickly moved to deeper ground. Small 
crews would sink shafts vertically until they reached 
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Figure 17. Ethiopian emeralds, in the rough and faceted (8.03 ct, no fracture filling). The rough stones are from 
the GIA reference collection, and the faceted emerald is courtesy of Jeffery Bergman (Primagem). Photo by Wim 


Vertriest. 


the emerald-bearing rocks. This was all done using 
hand tools, sometimes digging 20 meters deep (Schol- 
lenbruch et al., 2017). More than 10,000 miners were 
active in the small area at its peak in spring 2017. 
With the formation of the cooperatives, mining 
became more professional. The Bua Obsa cooperative 
is currently working a large open-pit mine, exposing 
all the rocks and selectively extracting emeralds. The 
pit was about 25 meters deep and 50 by 50 meters 
long at the time of our visit. It is located on top of 
the hill where the emeralds were originally discov- 
ered. Overburden is carefully stripped away, and safe 
routes are created to descend into the mine. Wall sta- 
bility is also monitored. This results in periods where 
the mine is not productive, but these steps are re- 
quired to develop the mine and ensure safety. Bua 
Obsa uses large equipment, including bulldozers and 
excavators; emerald picking, sorting, and washing is 
still done manually. This larger-scale mining requires 
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coordination and experience, which is why they have 
hired a foreman who worked in the Zambian emer- 
ald mines for more than 20 years. 


PROPERTIES OF ETHIOPIAN EMERALD 

Visual Characteristics. The Ethiopian emeralds have 
a wide range of qualities and sizes. Material with 
lighter colors is usually cleaner, but clean deep green 
crystals have been found (figure 17). While most of 
the emeralds are fairly small, large crystals have been 
recovered, some weighing more than 600 grams. 
Crystals are often (sub-) euhedral with clean termina- 
tions. The roots are commonly more included. Rough 
emeralds are coated in mica, which is sometimes 
speckled throughout the entire stone. Color zoning is 
regularly seen. Some stones have a cloudy whitish ap- 
pearance, probably due to an abundance of fine quartz 
inclusions. As with emeralds from all localities, some 
material requires enhancement by fracture filling. 
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Figure 18. Left: Blocky, irregular two- and three-phase inclusions. Diffused illumination; field of view 0.8 mm. 
Center: Elongated three-phase inclusions with separated gas phases. Diffused illumination; field of view 0.7 mm. 
Right: Brownish phlogopite mica crystals surrounded by planes of thin films. Fiber-optic illumination; field of 
view 2.0 mm. Photomicrographs by Ungkhana Atikarnsakul. 


Standard Gemological Properties. The Ethiopian 
emeralds had an average density of 2.72 g/cm’, ranging 
from 2.68 to 2.76 g/cm’. Refractive index ranged from 
1.580 to 1.590, with an average birefringence of 0.008. 
None of our samples showed any reaction under long- 
wave or short-wave UV light or in the Chelsea filter. 


Inclusions. The inclusions in Ethiopian emerald can 
be divided into three groups. The first consists of var- 
iously shaped fluid inclusions that are often blocky 
(figure 18, left). Depending on the viewing angle, they 
appear more irregular or elongated (figure 18, center). 
It is estimated that the gas phase takes up 40-50% of 
the crystal’s volume at room temperature. Some in- 
clusions exhibit two separate gas phases at room tem- 
perature but quickly homogenize when they are held 
over the well light in the microscope. This indicates a 
large CO, component in the inclusion. In some elon- 
gated two-phase inclusions, the tip is tapered, resem- 
bling a nailhead spicule inclusion. Under high 
magnification, small crystals can be seen within the 
fluid inclusions. Fingerprints with more rounded, 
smaller secondary fluid inclusions are very common. 

Growth patterns such as color zoning, hexagonal 
growth zones, or even roiled growth features are fre- 
quently observed. New generations of emerald form- 


ing are often associated with these growth zones. 
Common crystal inclusions in the emerald are 
brownish mica identified by Raman spectroscopy as 
biotite and phlogopite, which form in various sizes 
and shapes. A phlogopite mica plate was often found 
together with a granular flake of iridescent thin films 
(figure 18 right). Colorless quartz crystal can also be 
observed in Ethiopian emerald. Rarer inclusions, 
identified as calcite, talc, bertrandite, magnetite 
spinel, and chlorite, are found in some samples. 


Spectroscopy. UV-Vis-NIR spectroscopy showed two 
broad bands related to Cr**, at around 430 and 600 
nm for the ordinary ray (o-ray) and 420 and 630 nm 
for the extraordinary ray (e-ray). Fe causes the narrow 
band around 372 nm related to Fe** and the strong 
broad band around 810 nm related to Fe**, which is 
most clearly expressed in the o-ray spectrum. 

No spectroscopic features indicate that V** con- 
tributes significantly to the color of these stones. 


Trace-Element Chemistry. We selected 25 samples 
for trace-element analysis using LA-ICP-MS (table 
2) and analyzed three to eight spots per sample, re- 
sulting in 134 total measurements. Ethiopian emer- 
alds are characterized by a relatively high content of 


TABLE 2. LA-ICP-MS trace-element concentrations in Ethiopian emeralds (ppmw). 


“Li 2Na 4Mg 39K 2SC a 53Cr 57Fe Ni 567 Ga 55Rb 133Cs 
Min 183 7830 9140 99 31 75 95 1970 2) 21 14 15 151 
Max 446 16700 16800 889 111 129 3760 5320 21 146 25 166 544 
Avg. 309 11175 12690 310 74 103 1441 3890 11 53 20 57 355 
Stand. dev. 59 1760 1215 98 19 10 1045 463 4 15 2 17 79 
Det. limit 0.42 21.54 0.59 11.09 0.87 0.28 4.50 21.12 0.77 1.17 0.21 0.15 0.05 
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DISTRIBUTION OF Cr CONCENTRATIONS 
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Cr CONCENTRATION (ppmw) 


alkaline ions (Li, Na, K, Rb, and Cs}. Vanadium is 
found in the emerald but does not influence the 
color. It is noteworthy that Cr and Fe values show a 
large range and the Cr values have a very large stan- 
dard deviation. Cr values ranged from 95 ppmw to 
more than 3700 ppmw. Examining this data more 
closely, we see two groups of emeralds with different 
Cr concentrations, as shown in figure 19, that are 
under 1800 ppmw and over 2500 ppmw. These 
groups seem to be defined only by their Cr values 
and not by other chemical concentrations of triva- 
lent ions such as Fe and V. This difference can be re- 
lated to initial geological observations. According to 
the mine’s geologist, emeralds are found in two dif- 
ferent rock types: in the pegmatite and in the reac- 
tion zone. This geological model would explain the 
difference in color and in Cr content, where the 
emeralds from the reaction zone are richer in 
chromium and have a deeper color than the beryl 
formed in the pegmatite. 

Since emerald inclusions are very similar for most 
pegmatite-related emerald deposits, trace-element 
analysis is a critical technique for origin determina- 
tion. Emeralds from Zambia, Russia, Brazil, Pakistan, 
and Madagascar can be separated from Ethiopian ma- 
terial based on chemical composition, although some 
overlap can occur. 


CONCLUSIONS 

Ethiopia has an incredibly rich history spanning sev- 
eral millennia, but gemstones were not a part of this 
history until a decade ago. Opal was the first Ethiopian 
gemstone that rose to fame, emerging from the north- 
ern province of Wollo in large volume and various 
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Figure 19. The distribu- 
tion of Cr concentra- 
tions (ppmw) clearly 
shows that there are 
two types of Ethiopian 
emerald: one that is 
Cr-rich and one with 
lower Cr concentra- 
tions. This is probably 
closely related to their 
formation mechanism. 


(3000-3200) 
(200-3400) 
(400-3600) 
(8600-3800) 
(8800-4000) 
(4000-4200) 


qualities. This colorful gemstone has faced scrutiny 
over its stability. Our visit to the mining area granted 
us insight into the grueling work to retrieve opal from 
the hard rock tunnels in the highlands. 

The Ethiopian sapphire fields of Tigray Province, 
also in the northern part of the country, have only 
recently been discovered and are being worked in 
very rudimentary fashion. The secondary deposits 
supply dark to light blue sapphires that often require 
heat treatment. Few qualify as high-end material, but 
they are finding a strong market as commercial 
grade. The area has no sapphire mining history, but 
the local miners are learning quickly. The future will 
tell whether more sapphire-bearing areas will be dis- 
covered and mining processes can be improved. Both 
are equally important to sustain Ethiopia as a sap- 
phire-producing region. 

At the moment, Ethiopia’s most sought-after 
gemstones are the emeralds from the southern part 
of the country. Since their discovery in the Shakiso 
area in late 2016, the growth of the deposit has been 
remarkable. The mining quickly shifted from a 
chaotic artisanal rush to a well-organized larger-scale 
operation aiming to cover the entire mine-to-market 
line. The emeralds can reach impressive sizes, and 
high-quality material has gone on the market. Based 
on their inclusions, these could be confused with 
emeralds from other pegmatite-related sources such 
as Zambia, Brazil, or Russia, but trace-element 
chemistry can often separate Ethiopian origin. 

Since 2017, Ethiopia has proven to be one of the 
most interesting gem-producing countries, with large 
reserves of sapphire and emerald coming onto the 
market. During our expedition we could see that the 
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local gemstone industry was still in its infancy but 
growing at breathtaking speed. Ethiopian dealers, ex- 
porters, and governments are gathering knowledge 


about new deposits, other gem varieties, and gem- 
stone manufacturing to make the most of these im- 
mense gemstone resources. 
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The 550 nm absorption band in 
pink diamonds results from 
which defect? 

A. One that has not been identified 

B. The NV center 

C. GR1 

D.N3 


Which of the following 
statements about DNA testing of 
pearls is false? 

A. It is minimally destructive. 

B. A minute amount of pear! 
powder is required. 

C. It involves extraction, amplifi- 
cation, and sequencing of the 
DNA. 

D. This type of testing is not cur- 
rently performed in gemologi- 
cal laboratories. 


G&G CHALLENGE 


. Amber production from primary 


deposits in Russia dates back to 
A. 1700. 
B. 3000 CE. 
C. 37-68 CE. 
D. before recorded history. 


Radiation damage in natural 
green diamonds 
A. is the most common cause of 
the green color. 
B. tends to quench fluorescence. 
C. creates vacancies. 
D. All of the above 


. Almandine garnets from the 


Garibpet deposit in India 
A. are generally inclusion-free. 
B. have no chemical zoning. 
C. contain sillimanite fibers. 
D. are calcium-rich. 
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. Where is rainbow hematite found? 


A. United States 
B. Brazil 

C. Italy 

D. All of the above 


. The chromophores in color- 


change diaspore include all of 
the following except: 

irs Ci 

Bae 

(C,(Co 

D. Fe**-Ti** pairs 


. Most fancy red diamonds show 
fluorescence to long-wave 


UV. 
A. orange 
B. yellow 
C. green 
D. blue 
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A FAMOUS CAMEO 


Christus—An Agate Cameo in the Kunsthistorischen 
Museum of Vienna 


* Famous cameo of head of Christ carved in agate. Formerly in Kawst- 
historischen Museum, Vienna. 


ALL 1952 


9. The trace-element chemistry of 
Yogo sapphires most closely 
matches that of ruby from which 
origin? 

A. Sri Lanka 

B. Kashmir 

C. Madagascar 

D. Thailand/Cambodia 


10. The pearls currently produced in 
Lake Kasumiguara 
A. have thinner nacre than akoya 
pearls. 
B. are all brown or yellow. 
C. are between 5 and 10 mm in 
size. 
D. are all beaded. 


11. Black diamonds from the 
Marange deposits in Zimbabwe 

A. show no evidence of natural ir- 
radiation. 

B. are typically less than 1 ct in 
size. 

C. were discovered by De Beers. 

D. contain only cuboid sectors. 


12. Pipi pearls 
A. are from Australia. 
B. are almost all cultured. 
C. are generally over 1 cm in dia- 
meter. 
D. are typically yellow or golden 
in color. 


13. The iridescence of rainbow 
hematite 

A. is dependent upon the alu- 
minum and phosphorous im- 
purities. 

B. changes color with respect to 
the light source. 

C. is present due to stacked sheets 
of nanorods. 

D. All of the above 


14. Which statement about Lake 
Kasumiguara pearls is false? 
A. Culturing usually takes 3-4 
years. 
B. The pearls grow the fastest in 
the winter. 
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C. The bead nuclei are from the 
United States. 

D.A metal pin is used in the cul- 
turing process. 


15. Pearls from Pinctada maculata 
mollusks 

A. are easy to distinguish from 
other mollusk species using 
spectroscopy. 

B. are commonly cultured. 

C. do not come in a desirable 
range of colors. 

D. are generally less than 6 mm. 


16.A boron-containing blue 
diamond will display distinctive 
A. IR absorption features. 
B. PL spectroscopy features. 
C. visible phosphorescence. 
D. All of the above 


17. The ancient term is 
thought to have been used to 
refer to garnet. 

A. upala 

B. adamas 

C. smargados 

D. alabandenum 


18. Diaspore and corundum share 
which properties? 

A. Both are composed strictly of 
AIO, octahedra. 

B. Both contain edge-shared octa- 
hedra. 

C. Both contain face-shared octa- 
hedra. 

D. They are both uniaxial. 


19. Natural black diamonds 

A. are hard to distinguish from di- 
amonds that have been irradi- 
ated or heat-treated. 

B. generally receive high clarity 
grades. 

C. can have brown radiation 
stains. 

D. are rarely larger than 0.50 ct. 


20. Which statement about blue Yogo 
sapphire is false? 
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A. The color is dependent upon 
silicon. 

B. They generally have a tabular 
habit. 

C. They exhibit color zoning. 

D. They have high clarity. 


21. Natural violet diamonds 

A. generally owe their color to hy- 
drogen defects. 

B. have been found in the Argyle 
mine. 

C. tend to show a gray compo- 
nent. 

D. All of the above 


22.Nickel in natural green diamond 

A. works with other defects that 
absorb the blue end of the 
spectrum to create a green 
color. 

B. is the major defect associated 
with producing a green color. 

C. causes color through emission 
of light. 

D. Both B and C 


23. The adhesives used to hold amber 
pieces in place in the original 
amber room 

A. contained a substance used in 
ship caulking. 

B. were considered permanent. 

C. were resistant to melting. 

D. would crack over time. 


24. What minerals can react with 
corundum to form a spinel 
coating? 

A. Dolomite 

B. Garnet 

C. Biotite 

D. All of the above 


25.Which of the following pearls is 

expected to have the thinnest 
nacreous layer? 

A. Koshi-mono 

B. Tonen-mono 

C. Natural pearl formed over a 

period of three years 
D. None of the above 


To take the Challenge online Oj 
please scan the QR codeto 4 
the right. 
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Editors 


Thomas M. Moses | Shane F. McClure 


The Largest DIAMOND Ever 
Discovered in North America 

In October 2018, a diamond weighing 
a remarkable 552.7 ct was recovered 
from the Diavik mine in Canada. This 
is by far the largest known gem dia- 
mond found to date in North Amer- 
ica. It is nearly three times larger than 
the 187.63 ct Diavik Foxfire which 
was unearthed from the same mine in 
August 2015, and about twice the size 
of a 271 ct white diamond mined 
from the Victor mine in Canada. 
GIA’s New York laboratory had the 
opportunity to examine this notable 
diamond in late January 2019, before 
it went on public display at Phillips 
auction house in New York. 

This large diamond (54.5 x 34.9 x 
31.8 mm) has a striking yellow body- 
color and a rounded irregular ovoid 
shape (figure 1). The markedly 
rounded overall shape is due to strong 
resorption of the crystal surface, leav- 
ing a coarse surface texture of com- 
plex terraces and hillocks. Negative 
trigons were sparsely distributed. A 
fracture oriented perpendicular to the 
length divides a portion of the dia- 
mond, about a quarter of the way in 
from the smaller end (the left side in 
figure 1). In and around the fracture 
there are a few small black inclusions, 
possibly graphitic or sulfide. At high 
magnification, a portion of the frac- 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. This 552.7 ct yellow diamond (54.5 x 34.9 x 31.8 mm) from the 
Diavik mine in Canada is by far the largest diamond found to date in 
North America. 


ture is slightly resorbed, suggesting 
that at least part of the fracture devel- 
oped during ascent in the kimberlite. 
Patches of surface abrasion up to 7 
mm across, but limited to a very shal- 
low depth, are spread widely over the 
surface. According to a statement by 
Dominion, these markings are 
thought to be the result of abrasion 
during the recovery process, and the 
fact that the diamond remains unbro- 
ken is remarkable. 

Infrared absorption spectroscopy 
reveals that the diamond is type Ia, 
with a very high concentration of ag- 
gregated nitrogen. A very weak ab- 
sorption at 3107 cm from the N3VH 
lattice defect was also recorded. UV- 
visible absorption spectroscopy re- 
veals strong absorption from N3 (415 
nm) and N2 (478 nm}, a typical fea- 
ture of “cape” diamonds. No other ab- 


Gems & GEMOLOGY 


sorption features were detected in the 
UV-Vis spectrum, consistent with the 
pure yellow bodycolor visible to the 
eye. Under long-wave UV radiation, 
this diamond has strong blue fluores- 
cence and weak but long-lasting yel- 
low phosphorescence. Moderate 
whitish blue fluorescence and very 
weak orange phosphorescence were 
observed under short-wave UV radia- 
tion. All these gemological and spec- 
troscopic features are very similar to 
those observed in the Diavik Foxfire. 
Photoluminescence analysis at liquid 
nitrogen temperature with varying 
laser excitations from the UV to the 
infrared region revealed additional 
features of a typical “cape” diamond. 
Main emission peaks included very 
strong N3 at 415 nm and weak H3 at 
503 nm. In addition, weak emissions 
at 489, 535, 604, 612, 640, 700, 741, 
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Figure 2. This 4.86 ct cabochon 
displays unusual yellowish cha- 
toyancy against a predominantly 
purple bodycolor. 


787, and 910 nm were recorded. No 
emission from H4 (496 nm) or H2 
(986 nm) was observed. 

This diamond has a combination 
of size, color, and top gem quality that 
is extremely rare. It will be exciting to 
see this special diamond crafted into 
polished form. The Diavik mine is 
jointly owned by mining companies 
Rio Tinto and Dominion Diamond 
Mines. 


Wuyi Wang and Evan M. Smith 


Chatoyant Quartz/Tourmaline 
DOUBLET 


Doublets are assemblages of two dif- 
ferent materials, often joined with 
cement. Historically they were com- 
posed of inexpensive materials used to 
imitate precious stones. Recently new 
combinations have been reported, 
such as a beryl/topaz doublet (Winter 
2014 GNI, pp. 306-307), synthetic sap- 
phire/synthetic spinel doublets (Win- 
ter 2016 Lab Notes, pp. 418-419), anda 
beryl/glass complex assemblage (Sum- 
mer 2018 Lab Notes, pp. 206-208). 
GIA’s Tokyo laboratory had the 
chance to examine a unique doublet. 
The 4.86 ct purplish cabochon, meas- 
uring 11.07 x 10.00 x 5.94 mm, ap- 
peared to display chatoyancy with a 
yellowish sheen (figure 2). The hydro- 
static specific gravity (SG) and spot re- 
fractive index (RI) readings were 2.66 
and 1.54, respectively. Assembled fea- 
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Figure 3. Viewed from the side, 
the assemblage was obvious. 
Trapped bubbles in the cemented 
plane can also be seen. 


tures with a cemented plane were 
easily recognized when viewed from 
the side, as shown in figure 3. Stan- 
dard gemological testing, microscopic 
observation, and infrared spectra re- 
vealed that the cabochon segment 
was a natural amethyst. There were 
no parallel inclusions that might 
have caused chatoyancy in this seg- 
ment. On the other hand, the semi- 
transparent yellowish base had 


parallel striations and tube-like inclu- 
sions throughout (figure 4). Raman 
spectroscopy identified the base as 
tourmaline. 

Parallel inclusions located near the 
bottom of a cabochon can create a cha- 
toyant phenomenon (Winter 2017 Lab 
Notes, pp. 459-460). This assembled 
item displayed a similar effect due to 
the flat tourmaline base with parallel 
structures. When light was reflected 
through the amethyst by the tourma- 
line base, the parallel striations and 
tube-like inclusions in the tourmaline 
created the band of reflected light that 
appeared on the cabochon. Transpar- 
ent amethyst and semitransparent yel- 
low tourmaline are an uncommon 
combination. This doublet is an ex- 
ample that assemblages are not always 
aimed to imitate precious stones but 
can be creative artworks. 


Yusuke Katsurada 


Large Faceted GAHNOSPINEL 

Gahnospinel is a rare dark greenish 
blue gemstone that belongs to the 
spinel group. Its properties result from 


Figure 4. Cavities on the base show the parallel striations and columnar 
or tube-like inclusions. Field of view 1.88 mm. 
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Figure 5. This 11.34 ct gahno- 
spinel was the largest identified 
by GIA. 


being part of a solid solution series 
with the end members gahnite 
(ZnAl,O,) and spinel (MgAlL,O,). Be- 
cause of the high amount of zinc in 
the mineral, the RI and SG shift from 
lower values for the spinel end mem- 
ber to higher values as the amount of 
Zn substituting for Mg increases, 
which may lead to confusion when 
trying to identify it. Spinel has an SG 
of 3.06 and an RI of 1.718, while gah- 
nite has an SG of 4.55 and an RI of 
1.800. As a combination of the two, 
gahnospinel’s SG can fall anywhere in 
between. 

An 11.34 ct transparent faceted 
oval mixed cut (figure 5) was recently 
submitted to the Carlsbad lab for an 
identification report. Despite the 


stone’s large size, the only inclusions 
were tiny crystals. To date, this is the 
largest gahnospinel seen at any GIA 
laboratory worldwide. The previous 
stones submitted were 1.95 ct and 
below. 

Standard gemological testing re- 
vealed an RI of 1.754 and an SG of 
4.10. These results are not typical for 
spinel. Inductively coupled plasma-— 
mass spectrometry (ICP-MS) data re- 
vealed a very high zinc content and 
the stoichiometry of the sample was 
calculated to be the following: 
(Mg, agsMp ag5F Op 43)0-PIS(AL, gyoStp oa) 
2.0530,. The atomic mass of zinc is 
65.38, far greater than the 24.31 
atomic mass of Mg. As the amount of 
zinc substitution for Mg in gah- 
nospinel increases, it tends to have a 
higher RI and specific gravity than 
spinel. This variety of spinel may 
bring identification challenges with- 
out advanced testing techniques to 
identify the presence of Zn. 


Jessa Rizzo 


GLASS Bangles 

Recently, the Carlsbad laboratory was 
sent two bangles for identification: a 
343.94 ct translucent white bangle 
and a 355.52 ct translucent mottled 
light purplish gray and green bangle 
(figure 6). The white bangle could 
have easily been given a sight identi- 


Figure 7. An elongated gas bubble 
seen below the surface of the white 
bangle. Field of view 3.57 mm. 


fication of nephrite due to its color 
and dullness. But its RI of about 1.500 
eliminated the possibility of nephrite, 
which has an RI of 1.62. Further ob- 
servation showed an even color and 
no natural inclusions. Gas bubbles of 
various sizes could be seen just below 
the surface (figure 7). The RI in com- 
bination with the gas bubbles indi- 
cated that this bangle was a 
manufactured product. 

The mottled bangle had a color 
very similar to that of jadeite. An RI 
of 1.610, rather than the typical 
jadeite RI of 1.66, indicated that this 
piece was also not what it appeared to 
be. Gas bubbles were identified 
throughout the bangle (figure 8), fur- 
ther confirming that this was a man- 
ufactured product. Strings of gas 
bubbles were observed without mag- 


Figure 6. The 343.94 ct translucent white bangle on the left and the 355.52 ct translucent mottled purplish gray 
and green bangle on the right were carved from manmade glass. 
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Figure 8. Gas bubbles of various 
sizes could easily be seen 
throughout the mottled purplish 
gray and green bangle. Field of 
view 3.57 mm. 


nification, an arrangement that could 
have easily been mistaken for a natu- 
ral jadeite structure (figure 9). 

These gemological properties and 
observations identified these bangles 
as manmade glass and not the 
nephrite and jadeite they resembled. 
With nephrite and jadeite having such 
a rich cultural history, it is common 
for imitations to show up on the mar- 
ket. Items like these demonstrate the 
need to always be cautious when pur- 
chasing jewelry. 


Nicole Ahline 


Rare Faceted PARISITE 

Recently the Carlsbad laboratory re- 
ceived a 1.33 ct transparent brownish 
orange pear brilliant for identification 
service (figure 10). Standard gemolog- 
ical testing revealed a refractive index 
from 1.670-1.750 with a birefringence 
of 0.080 and an SG (obtained hydro- 
statically) of 4.40. There was no fluo- 
rescence observed with exposure to 
long- or short-wave UV light. The 
stone also appeared doubly refractive 
when examined with polarized light. 
Microscopic examination with a 
fiber-optic light source showed strong 
doubling, two-phase fingerprints with 
trapped liquid and gas, and crystal in- 
clusions. Raman and mid-IR spec- 
troscopy conclusively identified the 
stone as parisite-Ce. The Raman spec- 
trum displayed the strongest vibra- 
tional band at 1083 cm, and 
subsequent peaks at 1740, 1567, 1431, 
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Figure 9. Clusters of gas bubbles 
with a string-like structure in the 
mottled purplish gray and green 
bangle. Field of view 3.57 mm. 


741, 398, and 269 cm", which posi- 
tively identified the mineral. The mid- 
IR spectrum revealed areas of rare 
earth element (REE) absorption. En- 
ergy-dispersive X-ray fluorescence 
(EDXRF) analysis detected Ce, La, and 
Ca, supporting this identification. 
Parasite is one of the rare-earth 
carbonite minerals found in the bast- 
nasite group, with a chemical formula 
of Ca(Ce,La,Nd),(CO,),F,. Parisite 
crystals are found in carbonatites, 
granite pegmatites, alkaline syenites, 
and hydrothermal deposits associated 
with these environments. Normally 
the crystals of parisite are too small 
and cloudy to produce decent gem- 
stones. They are usually found as 
mineral inclusions in emerald from 


Figure 10. This 1.33 ct brownish 
orange pear-shaped brilliant cut 
is the first faceted parisite GIA 
has examined. 


the Muzo mine in Colombia and in 
quartz from Zagi Mountain, Pakistan. 
This is the first time a faceted parisite 
gem has been examined by GIA. 


Maxwell Hain 


Freshwater Bead-Cultured PEARLS 
with Multiple Features of Interest 
GIA’s Hong Kong laboratory recently 
examined a necklace consisting of 24 
white baroque-shaped nacreous pearls 
ranging in size from 21.92 x 15.24 mm 


Figure 11. Eleven of the 24 pearls in this necklace exhibited a shape like a 
dumbbell or peanut shell, which corresponded with the internal twin 
bead structure revealed by subsequent microradiography. 
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Figure 12. A small whitish non-nacreous region was observed on one pearl under white light (left). The optical X- 
ray fluorescence image (right) revealed a strong green fluorescence reaction, as expected for freshwater pearls. An 
atypical reddish orange reaction was observed on the whitish non-nacreous portion. 


to 24.95 x 15.12 mm (figure 11). Their 
external appearance, high luster, and 
strong orient hinted at a freshwater 
origin. Detailed examination revealed 
additional features of interest. 

While their appearance was in- 
dicative of freshwater pearls, energy- 
dispersive X-ray fluorescence analysis 
was performed on a random selection 
to confirm their formation environ- 
ment. The high manganese concen- 
trations of 751-1728 ppm were 
consistent with freshwater pearls. In 
keeping with the reactions seen in 
freshwater pearls with such levels of 
Mn, the samples exhibited strong 


green fluorescence when exposed to 
X-rays. However, one in particular 
displayed moderate to strong reddish 
orange fluorescence on some areas of 
its surface (figure 12), associated with 
whitish non-nacreous regions on the 
pearl. Similar reddish fluorescence re- 
actions had previously been observed 
around damaged areas of nacre on 
pearls examined in GIA’s New York 
laboratory (Summer 2013 Lab Notes, 
pp. 113-114). The exact reason for 
this reaction, which GIA gemologists 
have seen in cultured and natural 
freshwater pearls from time to time, 
is unknown. 


Eleven of these pearls had a shape 
resembling a dumbbell or peanut 
shell, indicating the possible presence 
of two nuclei in each. Real-time 
microradiography confirmed the pres- 
ence of two round bead nuclei in 
these pearls (figure 13). The remaining 
13 contained only a single round bead, 
consistent with the majority of bead- 
cultured pearls on the market. In ad- 
dition, a network of tubules was 
observed within most of the bead nu- 
clei. Such tubules resembled those ob- 
served in saltwater shells, which 
result from the burrowing actions of 
parasites. Thus, the bead nuclei were 


Figure 13. Microradiographs revealed two round bead nuclei in one of the dumbbell-like pearls (left) and a net- 
work of tubules in the beads, resembling the parasite tubes commonly associated with saltwater shells (right). X- 
ray contrast permits the observation of structures near the surface and nearer the center of the pearls. 
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Figure 14. Artificial material was observed filling and masking surface blemishes on some of the pearls in the 
necklace. Fields of view 5.68 mm (left) and 3.74 mm (right). 


likely fashioned from saltwater shells 
rather than the usual freshwater nu- 
clei employed. Nonetheless, it was 
impossible to determine the nature of 
the shell beads without destructive 
testing. Microradiography examina- 
tion proved the bead nuclei were not 
pre-drilled, a characteristic often ob- 
served in freshwater nuclei used to 
culture freshwater pearls (H.A. Hanni, 
“Ming pearls: A new type of cultured 
pearl from China,” Journal of the 
Gemmological Association of Hong 
Kong, Vol. 32, 2011, pp. 23-25) and 
typically encountered by GIA during 
testing. While pearls cultured with 
two bead nuclei are relatively uncom- 
mon, their existence has been ac- 
knowledged in the literature (Fall 
1993 Lab Notes, pp. 202-203). The 
twin bead structure clearly influenced 
the appearance of these pearls and re- 
sulted in some pleasing baroque 
shapes. 

Finally, upon closer examination, 
a “glittery” grainy material was ob- 
served on the pits and blemishes of 
several pearls (figure 14). This resem- 
bled the essence d’orient applied on 
the surface of some imitation pearls. 
Raman analysis of this material 
yielded a number of peaks (e.g., 634— 
639 cm7! and 1604 cm) that matched, 
to some degree, the peaks of the filling 
material described in an earlier refer- 
ence (Winter 2017 GNI, pp. 482-484). 
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While the GIA laboratory exam- 
ines pearl strands on a daily basis, we 
seldom encounter one submission 
possessing several interesting features 
such as the twin bead structure, red- 
dish orange optical X-ray fluores- 
cence, and filled surface blemishes. It 
is important for gemologists to always 
stay alert to the surprises they might 
find when examining pearls. 


Bona Hiu Yan Chow 


Low-Fe, High-V Color-Change 
Burmese SAPPHIRE 


A color-change sapphire was recently 
submitted to the GIA lab in Carlsbad 


for an origin determination report. 
The 5.68 ct transparent cushion 
mixed cut displayed a strong color 
change from grayish violet in fluores- 
cent light to purple-pink in incandes- 
cent light (figure 15). Color-change 
sapphires generally range from blue 
to violet in daylight-equivalent (fluo- 
rescent) light and from purplish pink 
to pinkish purple in incandescent 
light. Stones displaying a strong 
color-change phenomenon are highly 
desirable. 

Standard gemological testing 
proved that this stone was corundum 
with an RI of 1.760 to 1.768. Its weak 
ruby spectrum displayed absorption 
lines in the red area between 660 and 


Figure 15. This 5.68 ct cushion mixed-cut sapphire showed a strong color 
change from grayish violet in fluorescent light to purple-pink in incandes- 


cent light. 


Gems & GEMOLOGY 


SPRING 2019 


Figure 16. A: Exsolved rutile as reflective platelets, arrowheads, particles, 
and needles in sapphire; field of view 6.42 mm. B: Loose white particle 
clouds arranged in a geometric pattern and in stacked planes; field of 
view 38.80 mm. C: Twinning lamellae are commonly observed in Burmese 
sapphires; field of view 4.79 mm. D: Boehmite needles or tubules often 
occur with polysynthetic twinning; field of view 4.79 mm. E: Reflective 
fingerprints with iridescence in sapphire; field of view 1.37 mm. 


695 nm, a broad absorption in the 
green-yellow area between 500 and 
600 nm, and two fine lines in the blue 
area between 460 and 480 nm. It fluo- 
resced a strong patchy orange color 
under long-wave UV and a weaker or- 
ange under short-wave UV. Micro- 
scopic examination revealed exsolved 
rutile as reflective platelets, arrow- 
heads, particles, and needles (figure 
16A); loose white particle clouds 
arranged in geometric and stacked 
patterns (figure 16B); a series of twin- 
ning lamellae (figure 16C); boehmite 
needles or tubules (figure 16D); and 
reflective fingerprints with irides- 
cence (figure 16E). No evidence of 
heat treatment was observed. The 
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stone showed diffused pinkish purple 
zoning in immersion. This inclusion 
scene is common in but not limited 
to sapphires from Sri Lanka, Madagas- 
car, and Myanmar (formerly Burma). 

To help with the country of origin 
determination, we collected laser ab- 
lation-inductively coupled plasma-— 
mass spectrometry (LA-ICP-MS) 
chemistry. The results showed very 
low concentrations of iron, 11-13 
ppma, and an unusually high vana- 
dium at 300 ppma. 

Several years ago a parcel of color- 
change sapphires was documented at 
GIA’s laboratory in Bangkok. That 
material, which had the same un- 
usual chemistry of low Fe and high V, 
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was from Myanmar. The chemistry 
profile of our client-submitted stone 
was consistent with that of the re- 
search stones previously documented 
from Myanmar. 

This is the first time the Carlsbad 
lab has encountered a color-change 
sapphire with such a unique chem- 
istry profile. LA-ICP-MS again proved 
to be a useful tool for gemstone origin 
determination, especially when the 
inclusion scenes of different localities 
overlapped. 


Rebecca Tsang 


SYNTHETIC DIAMOND 

CVD Layer Grown on Natural 
Diamond 

A 0.64 ct Fancy grayish greenish blue 
cushion modified brilliant (figure 17) 
was recently found to be a composite 
of synthetically grown and natural di- 
amond. During testing, the infrared 
spectrum showed both strong absorp- 
tion of nitrogen and the absorption of 
uncompensated boron, features char- 
acteristic of type Ia and type IIb dia- 
monds, respectively (figure 18). The 
UV-Vis-NIR spectrum showed “cape” 
peaks, which are nitrogen-related de- 


Figure 17. Face-up image of the 
natural diamond with CVD syn- 
thetic diamond overgrowth. The 
blue color is due to the boron- 
doped CVD layer. 
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Figure 18. The infrared spectrum shows both nitrogen- and boron-related 
defects. This combination of defects is very unusual in natural diamonds 


and a cause for concern. 


fects, but also a sloping absorption 
into the red portion of the spectrum 
caused by uncompensated boron. It is 
very unusual for boron- and nitrogen- 
related defects to be seen together in 
natural diamonds, though an example 
has been seen before (Spring 2009 Lab 
Notes, pp. 55-57). Mixed-type dia- 
monds always call for additional 
scrutiny. 

The DiamondView fluorescence 
image taken on the pavilion showed a 
blue hue, caused by luminescence 
from the N3 defect, and natural 
growth features. The image taken on 
the crown showed a greenish blue 
color common to boron-bearing dia- 
monds and the dislocation patterns 
characteristic of CVD-grown dia- 
monds. In the image taken from the 
side, a layer can be seen between the 
natural substrate and the CVD-grown 
addition (figure 19). These two dis- 
tinct fluorescence patterns—the 
greenish blue from the CVD layer and 
the darker blue from the naturally 
grown layer—prove that a layer of 
CVD synthetic diamond was grown 
on a natural substrate. A wireframe 
model generated from a non-contact 
optical measurement device was up- 
loaded to the DiamCalc diamond 
modeling program. Using the fluores- 
cence images as a guide, we obtained 
a 3D section that represented only the 
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CVD layer. From this, we calculated 
an approximate layer weight of 0.10 ct 
and a thickness of approximately 200 
microns. A similar diamond previ- 
ously reported was also a type IIb 
CVD layer grown on a natural Ia sub- 
strate (Summer 2017 Lab Notes, pp. 
237-239). That composite was Fancy 
blue, weighed 0.33 ct, and had a CVD 
layer that was 80 microns thick. 
When viewed through a micro- 
scope, small pinpoint-like polish fea- 
tures were observed from facet to 
facet along with a faint line resem- 


bling surface graining. These polish 
features were visible along the entire 
area of this division and correlated 
with the separation plane seen in the 
fluorescence images. Examination 
with an electrical conductivity tester 
showed that the crown was conduc- 
tive but not the pavilion. This is con- 
sistent with a type IIb crown and type 
Ia pavilion. 

In immersion, the CVD layer was 
grayish blue whereas the natural sub- 
strate had a yellowish bodycolor (fig- 
ure 20). The blue color in the CVD 
layer is from the uncompensated 
boron, and the yellowish color in the 
substrate is due to the “cape lines” in 
the visible spectrum. The final color, 
Fancy grayish greenish blue, is caused 
by the gray and blue components 
from the CVD layer and the yellow 
from the substrate. The resulting 
color was likely the main motivation 
for growing the CVD layer on top of 
the natural diamond, though the extra 
weight gained could also be a factor. 
Viewing under crossed polarizers in 
immersion revealed dislocation bun- 
dles that started at or near the inter- 
face and grew upward and outward 
(figure 21). This proves that it was a 
thick CVD layer and not a coating of 
CVD overgrowth. 

In CVD-grown diamonds, there is 
some indication in PL spectra that the 
diamond has been grown in a labora- 


Figure 19. A DiamondView image showing the separation plane. 
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Figure 20. In immersion, the blue color of the CVD layer is clearly visible. 


tory—usually the presence of the sili- 
con doublet peak at 736.5 and 736.9 
nm or the 596/597 nm defect. Numer- 
ous PL spectra were collected in stan- 
dard and confocal mode on both the 
crown and pavilion of the diamond in 
search of any indication of this syn- 
thetic overgrowth. In this case, neither 
of these CVD features were evident, 
likely due to the thinness of the layer. 

With the second of these compos- 
ites seen at GIA, this could be a new 
type of product entering the market. 
Natural diamonds with synthetic di- 
amond grown on the surface require 
extra scrutiny due to the presence of 


natural-looking features, both spec- 
troscopic and gemological. Careful in- 
spection still reveals the presence of 
synthetic indicators, which expose 
the true nature of the diamond. 


Troy Ardon and Garrett McElhenny 


Faint Green HPHT Synthetic 
Diamonds 

The Carlsbad lab recently received 25 
diamonds for grading reports that all 
proved to be undisclosed HPHT syn- 
thetics, ranging in weight from 0.46 to 
0.52 ct. Of these, nine were equiva- 


Figure 21. Dislocation bundles in the CVD layer are visible under crossed 
polarizers in methylene iodide. Field of view 1.90 mm. 


Las Notes 


Gems & GEMOLOGY 


lent to the colorless to near-colorless 
range, eight equivalent to Faint yel- 
low-green, seven equivalent to Faint 
green (e.g., figure 22), and one equiva- 
lent to Very Light green. We found 
that the green coloration was due to 
high concentrations of nickel. Nickel 
is acommon impurity in HPHT syn- 
thetics, but rarely in amounts signifi- 
cant enough to affect the color. 

Previously, GIA gemologists de- 
scribed an HPHT synthetic diamond 
whose color was equivalent to Fancy 
Deep yellowish green due to massive 
amounts of nickel creating an absorp- 
tion band at ~685 nm (Spring 2017 
Lab Notes, pp. 96-98). They showed 
that the optically active nickel impu- 
rities were preferentially incorporated 
into the {111} growth sectors, as de- 
tected by the PL spectral maps and ob- 
servable color zoning. 

Among this set of 25 HPHT syn- 
thetic diamonds, none showed the 
SiV- defect at 737 nm with 633 nm PL 
excitation while 16 showed detectible 
amounts of uncompensated boron at 
2800 cnr in their IR absorption spec- 
tra. In this suite, five showed the 685 
nm absorption band generally associ- 
ated with strong nickel impurities 
while the others showed a broader, 


Figure 22. This 0.50 ct HPHT syn- 
thetic diamond, color equivalent 
to Faint Green, owed its color to 
nickel impurities. 
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did not wish another’s name on his per- 
sonal seal. In the rare instances when a 
gem carried the signature of the artist, 
or his identifying mark, it was cut in a 
spot where it would not be seen when the 
stone was mounted. 

There is no patina acquired by ancient 
gems other than the dulling of the internal 
polish in the deeper cuts. Even this can 
be duplicated by the clever forger. 

It is not necessary to pay high prices 
tor engraved gems even if they are genu- 
ine antiques. There are far too many fine 
antique gems, scarabs, and cylinders to 
have them classified as extremely rare. 
High prices only encourage forgery. When 
originals may be purchased for less than 
most people realize, it makes the task of 
producing a fine copy too time-consuming 
and costly for the forger. 

The more you know of the past, its art, 
its history, its belief and its spirit, the 
less chance will the expert, willful forger 
have to deceive the jeweler or collector. 
Several comprehensive books have been 
written on the subject. If it is not possible 
to visit museums owning ancient engraved 
gemstones, catalogs showing reproduc- 
tions of these gems may sometimes be 
obtained. Some of the very fine collections 
in this country are in the Museum of Fine 
Arts, Boston, and the Metropolitan Mu- 
seum, New York. 


ANCIENT TOOLS 
SIMILAR TO MODERN 


Careful study of the many gems found in 
various stages of completion by trained 
archaeological students gives a clear picture 
of methods used by ancient engravers. 

In prehistoric times a hand drill, and later 
a bow-driven point of soft metal such as 
copper impregnated with abrasive, was used. 
Mesopotamian lapidaries in the 4th millent- 
um B. C. used tools which were, in princi- 
ple, very like the tools of today. Both 
Theophrastus and Pliny describe methods 
used to engrave gemstones which are sur- 
prisingly modern. 


The earliest lapidary tool was any sharp, 
hard stone like quartz, corundum, and later 
white sapphire. Pliny also describes dia- 
mond splinters, set in iron, as a tool of the 
engravers, 

An abrasive paste was made of emery or 
corundum dust mixed with oil or water and 
soft copper — or even wood — to rub away 
the stone. Pliny states that most of the 
abrasives came from the Isle of Naxos. 
Frequently, the roughing out was done by 
an apprentice or assistant, while the master 
artist completed the work requiring skill, 
individuality, and experience. 

Polishing was done as today, with metal- 
lic oxides and soft wood or — for flat sur- 
faces — by a cloth dusted with ochreous 
earth or hematite. Glass cameo work in two 
colors was done by dipping cobalt blue 
glass into molten white glass which fused 
on a thin white coating. This was then 
worked away and the figures cut, leaving a 
blue background. 

Today the electric drill is the most im- 
portant tool used in engraving gems. These 
drills are fabricated of a high quality steel. 
After being charged with diamond dust or 
carborundum powder, the drill is placed in 
the collet chuck of a tool similar to a lathe. 
The material to be worked is either held 
in the hand or cemented to a short dop 
stick and the engraving accomplished by 
manipulating the stone against the rapidly 
revolving drill. 

In order to insure accuracy in the finished 
product, it is usually customary to sketch 
the outline of the proposed design or figure 
upon the surface of the gem with a diamond 
stylus or other suitable instrument. Work 
done by the drill is characterized by rounded 
grooves or lines and especially by “hole” 
where the drill has stopped momentarily. 
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Figure 23. This 0.52 ct Faint yellow-green HPHT synthetic diamond also 
showed pronounced metal flux inclusions, further proof of its lab-grown 
origin. This view shows the pavilion facets, with the girdle at the top of 


the photo. Field of view 1.76 mm. 


less pronounced absorption band 
ranging from 650 to 800 nm. The 
quantity of uncompensated boron 
was relatively low, with most con- 
taining 0.2-5.6 ppb and one near-col- 
orless sample containing 18 ppb. 


Uncompensated boron is also a com- 
mon impurity in HPHT synthetics, as 
it is incorporated during the growth 
process; these low concentrations did 
not contribute to the coloration. Ad- 
ditionally, several showed distinctive 


metal flux inclusions, also indicative 
of HPHT growth (e.g., figure 23). 
Having such a large dataset of sim- 
ilar but unusually colored HPHT syn- 
thetic diamonds in the laboratory 
simultaneously also allowed us to per- 
form additional analyses to compare 
them. Photoluminescence (PL) maps 
using 785 nm excitation were col- 
lected on the table facet of eight sam- 
ples, spanning across the various 
graded colors (figure 24). As expected, 
the nickel peaks showed the highest 
concentration within the {111} sectors. 
From each of the collected maps, we 
could identify the {111} sectors and de- 
termine the average PL intensity of the 
nickel-related 883/884 nm_ peaks. 
When these were plotted according to 
their equivalent color, the peak inten- 
sity was seen to generally increase as 
the color grade went from the colorless 
to near-colorless range to Very Light 
green. Nevertheless, the nickel-related 
defect at 883/884 nm is not believed to 
be the same nickel-related defect cre- 
ating visible absorption. A similar PL 
map, not shown, was collected on the 
Fancy Deep-equivalent yellow-green 
HPHT synthetic diamond (again, see 


Figure 24. Left: This PL map, collected with 785 nm excitation, shows that the highest amounts of nickel are con- 
centrated within {111} growth sectors of this 0.52 ct Faint yellow-green HPHT synthetic diamond. This false-color 
map shows the area of the 883/884 nm doublet normalized with the diamond Raman peak. Right: The average PL 
intensity of the nickel-related 883/884 nm peak within the {111} sectors increases as the equivalent color increases 


from colorless to Very Light green. 
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Figure 25. This 7.78 ct round brilliant and 4.90 ct cushion brilliant dis- 
played a blue-green and green-blue color, respectively, that are reminis- 


cent of Paratba tourmaline. 


Spring 2017 Lab Notes, pp. 96-98); the 
nickel intensity in that case was ap- 
proximately 10x greater than the Faint 
green samples studied here. 

As laboratory-grown diamond man- 
ufacturers continue to experiment with 
their recipes and the process further 
evolves, we will likely see greater quan- 
tities and a wider variety of color 
ranges. 


Sally Eaton-Magana 


Paraiba-Like SYNTHETIC SAPPHIRE 
Recently GIA’s Carlsbad laboratory 
received for identification two gem- 
stones weighing 7.78 and 4.90 ct (fig- 


ure 2.5) that showed a neon green-blue 
to blue-green color similar to that of 
Paraiba tourmaline. Standard gemo- 
logical testing yielded an RI of 1.76- 
1.77 and an SG of 4.00, consistent 
with corundum. Microscopic exami- 
nation revealed curved color banding 
(figure 26) when viewed with diffused 
light and immersed in methylene io- 
dide. Plato lines were observed when 
examining the stones parallel to the 
optic axis using cross-polarized light. 
Curved color banding and Plato lines 
are the two most important pieces of 
evidence to separate natural from 
flame-fusion synthetic sapphire using 
standard gemological testing. Also ob- 
served were wavy, finely textured 


Figure 27. Blue color zones in the Paratba-like synthetic sapphires showed 
wispy clouds when observed with fiber-optic illumination. Field of view 
4.95 mm. 
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Figure 26. Subtly curved color 
zoning was seen in this vibrant 
blue-green synthetic sapphire, 
confirming its flame-fusion ort- 
gin. Field of view 5.33 mm. 


clouds associated with the blue color 
zones (figure 27). Pink emission 
caused by the presence of trace-ele- 
ment magnesium was seen only with 
fiber-optic light. This stone does not 
react to fluorescent light. 

Trace-element chemistry meas- 
ured by LA-ICP-MS showed the pres- 
ence of cobalt (105-158 ppmw, with 
detection limit at 0.652 ppmw), 
which is presumably responsible for 
the vibrant color, and magnesium 
(0.52-1.05 ppmw, with detection 
limit at 0.044 ppmw). Other trace el- 
ements such as Ni, Fe, Cr, and Ti 
were under the detection limits. 

This is the first time GIA’s Carls- 
bad lab has examined flame-fusion 
synthetic sapphire with a color simi- 
lar to Paraiba tourmaline. 


Forozan Zandi 
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How Old Are Diamonds? Are They Forever? 


Age Is Important 


The age of something is fundamental. Humans, animals, 
wine, cars, and antiques are viewed and understood in the 
context of their age. So it is with rocks and minerals. A ge- 
ologist needs to know the age of rocks to construct the ge- 
ologic history of an area. In the field, relative ages can be 
determined by cross-cutting relationships (the younger 
rock “cuts” across the older rock) or superposition (the 
younger rock overlies the older rock). To determine the ab- 
solute ages of rocks and minerals such as diamond, scien- 
tists measure naturally occurring radioactively decaying 
elements. Absolute ages are free of any knowledge of rela- 
tive age relations to any other geological material. This is 
known as the science of geochronology. 

Early diamond hunters in South Africa cared little 
about absolute age because diamonds were found as allu- 
vial material in riverbeds and beaches, and only where they 
could be found mattered. Once diamonds were discovered 
to be hosted in kimberlite, absolute diamond ages became 
important in exploring for more diamonds, as well as an- 
swering the key questions about how they form: 


e Are diamonds the same age as the rock (kimberlite) 
in which they are found? 


e Did they crystallize from the kimberlite or were 
they picked up from country rock during volcanic 
eruption? 

e What are the ages of kimberlites? What are the ages 
of the diamonds? 

e Can one mine have diamonds with multiple ages? 


e Are diamond-forming events a result of specific 
larger-scale geologic processes? 


A benefit of this quest has been to show that the oldest 
mineral sample you can obtain and wear as jewelry is a di- 
amond that is often three billion years or older—this is al- 
most three-fourths of the earth’s age. This attribute will 
never be matched in any synthetic diamond. 


Radioactive Decay and Mineral Age 


The most robust way to determine the absolute age of any 
mineral or rock is through radiogenic isotope analyses. 
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Long-lived radioactively decaying elements such as ura- 
nium, samarium, rhenium, and rubidium have one or 
more isotopes that spontaneously decay (known as a “‘par- 
ent”) to the isotope of another element (or “daughter’) at 
a constant average rate (box A). Modern mass spectrome- 
ters can measure infinitesimally small differences in the 
parent and daughter isotopes that have been trapped in 
minerals by measuring isotopic ratios. From this data and 
by knowing the isotopic decay rate, the mineral’s age can 
be calculated. 

The assumption for isotopic dating is that each mineral 
behaves as a tiny closed system. The mineral starts with a 
known quantity of the parent and the accumulation of the 
daughter is measurable because original amounts of the 
daughter isotope are insignificant, and what accumulates 
cannot escape from the mineral structure. What occurs in 
nature is the equivalent of an hourglass where the mineral 
is the glass and the decaying parent and accumulating 
daughter are the sand. The neck in the glass that controls 
the rate at which the sand passes is the radioactive decay 
rate. As long as the mineral has remained a closed system 
from the time of its formation to its analysis in the lab 
today, an absolute age of the crystal is obtained. 

In theory all minerals could be dated this way, but in 
practice only a small number of minerals can actually be 
dated. Limitations are due to low abundances of radioac- 
tive elements in a mineral’s structure, a decay rate of the 
parent isotope that is too slow, poor retention of the daugh- 
ter isotope under certain geological conditions, and inade- 
quate analytical sensitivity. 


If Diamonds Cannot Be Dated Directly, 
How Can They Be Dated at All? 


Although diamond is composed primarily of carbon, it can- 
not be carbon-dated since the half-life of carbon is too short 
(atmospheric “C decays to '‘N with a half-life of only 5,700 
years) to be useful for any geological material such as dia- 
mond that typically has ages on the order of millions to 
billions of years. Diamonds also do not contain sufficient 
amounts of any of the radioactive elements mentioned in 
box A. Instead, geochronologists use mineral inclusions 
such as iron sulfide, clinopyroxene, and garnet that are 
trapped within the diamond and contain sufficient Re-Os, 
Rb-Sr, and Sm-Nd to determine diamond ages. The sim- 
plest assumption is that the obtained age indicates how 
long the inclusion was trapped in the diamond, and there- 
fore gives the time of diamond formation. 
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Box A: ISOTOPES AND RADIOACTIVE DECAY 


Decay type Radiation emitted Model 
6 amy 2 
Alpha decay 7 O Ps, sy 
Parent Daughter — Alpha 
particle 
Beta decay x p y ‘4 
Parent Daughter Beta 
particle 
» @ @- 
Gamma oY ‘ wy 
eiiueetion} Parent (excited Daughter Gamma 
nuclear state) ray 
Moditied from scienceabc.com 


Figure A-1. Three differ- 
ent types of radioactive 
decay, and the atomic 
models for their radia- 
tion (from Breeding et 
al., 2018). 


Paper Aluminum — Lead 


To understand basic radioactive decay, some atomic- 
level definitions are necessary. Each element of the peri- 
odic table is composed of atoms that have the same 
number of protons in the nucleus and electrons in a shell 
surrounding the nucleus. However, the number of neu- 
trons in the nucleus may vary, and when it does, it will 
be a different isotope of the same element. In other 
words, an isotope of an element is simply the same ele- 
ment with a different number of neutrons. Radioactive 
decay is a nuclear process that affects the number of pro- 
tons and neutrons and thus forces us to think in terms 
of isotopes. 

As shown in figure A-1, there are three types of dif- 
ferent natural radioactive decays: alpha (a), beta (B), and 
gamma (y). For dating of geological materials, we are con- 
cerned only with alpha and beta—both of which involve 
the change of an isotope of one element, the parent iso- 
tope, into an isotope of another element, the daughter 
isotope. 

Radioactive decay of parent to daughter isotopes (fig- 
ure A-2) occurs randomly, but for many atoms the aver- 
age decay rates over time are very constant. This 
constant, known as a decay constant, can be measured 
and is specific for each decay scheme. The half-life refers 
to the time it takes for half the amount of parent isotope 


It should be apparent now that ages cannot be deter- 
mined for diamonds that do not contain large enough or any 
mineral inclusions—in other words, the vast majority of 
gem-quality diamonds. Among members of the gem trade, 
mineral inclusions trapped within diamonds are not nor- 
mally considered a desirable feature. However, these rare 
mineral inclusions are extremely valuable scientifically as 
they are the only direct samples that geologists have to study 
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to decay to its daughter isotope and is an inverse func- 
tion of the decay constant. Isotope systems with very 
long half-lives such as uranium-lead, samarium- 
neodymium, lutetium-hafnium, rubidium-strontium, 
and rhenium-osmium are employed for geological mate- 
rials that can have ages anywhere from 4.6 billion years 
ago (the age of the earth) to the present day. 


Figure A-2. Common parent-daughter isotope systems 
that have sufficiently long half-lives to be used for dating 
of geological materials. The age of the earth was deter- 
mined using the U-Pb isotope system. The majority of 
worldwide diamonds are dated by measuring Re-Os iso- 
topes in sulfide inclusions. 


Radioactive “Parent” “Daughter” Half-life 
Isotope Isotope 


an) 206Ph 4.5 billion years 
oan”) 2°7Pb 710 million years 
“™7Sm Nd 106 billion years 
"lu Vert 37 billion years 
®’Rb USE 49 billion years 
Re 87Os 42 billion years 


Earth at depth; inclusions in some diamonds have been doc- 
umented to originate from more than 660 km depths. And 
inclusions are the only way to determine a diamond age! 
Unfortunately, diamond dating is a destructive tech- 
nique. Mineral inclusions have to be broken out of the di- 
amond so that they can be characterized, dissolved, and 
analyzed for their isotopic composition. It is not possible 
to obtain a diamond formation age from a single inclusion. 
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From an isochron diagram (box B), it should be clear that 
isotopic compositions for multiple inclusions are needed, 
from which a slope is determined and an age calculated. 
Most often, multiple inclusions of a similar paragenesis (or 
host rock type) are analyzed to find a formation age for a 
suite of diamonds from the same locality. Occasionally, 
scientists get lucky and are able to obtain multiple inclu- 
sions from a single diamond. In this case, the diamond’s 
formation age can be obtained or even a long-lived growth 
history may be revealed. 

Once the mineral has been released from its diamond 
host, parent and daughter elements must be removed from 
the mineral and purified. Since minerals are solid, removal 
and purification of the parent and daughter elements first 
requires dissolving the mineral in very strong acid solutions 
(such as mixtures of chromic, sulfuric, hydrochloric, nitric, 
and hydrofluoric acids). Once the mineral is dissolved, 
miniaturized purification methods—using essentially the 
same type of polystyrene resin beads that are found in 


Box B: THE ISOCHRON DIAGRAM 


A graphical method of evaluating the data produced by 
the mass spectrometer is needed to determine an age. 
In this example of an isochron diagram (figure B-1), the 
analyses of three different minerals (blue circles) have 
been plotted. The x-axis on the diagram displays the 
ratio of the radioactively decaying isotope to a non-de- 
caying, stable isotope of the daughter. A ratio is neces- 
sary on this diagram because mass spectrometers 
measure ratios well and we need to know how much 
parent isotope is available for decay relative to the 
daughter. The minerals with higher amounts of parent 
plot further to the right. The higher the content of par- 
ent, the more daughter is produced. These minerals plot 
at a higher position on the y-axis, which is the ratio of 
the radiogenic daughter to the same stable daughter iso- 
tope as on the x-axis. 

Radioactive decay (red dashed arrows) is a transfor- 
mation of a single parent isotope of one element to a sin- 
gle daughter isotope of another element. This radioactive 
decay process preserves the slope relationship that will 
be generated by different amounts of parent (relative to 
daughter) in the different minerals. By using the slope of 
a line fitted through the minerals (blue line) and the in- 
dependently determined decay rate (accepted by the sci- 
entific community as a constant}, the true or absolute 
age may be calculated. 

In principle this may seem complicated, but in real- 
ity the calculation is quite simple. The chief difficulties 
are preparing the samples in the chemistry lab for analy- 
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household water filters—are applied to separate out ex- 
tremely pure parent and daughter elements. But since ele- 
ments are a combination of both radioactive isotopes and 
so-called stable isotopes that do not decay, a further step is 
needed to separate out the radioactive isotopes for analyses. 
To separate and measure them, we turn to the mass spec- 
trometer (box C). In this final step, the dried-down salt of 
the element of interest is placed onto a metallic filament 
that is then placed into the mass spectrometer to be slowly 
heated and ionized. The ions are accelerated through a 
curved magnetic field, and each isotope is then counted sep- 
arately in a specialized detector. The detectors in a modern 
mass spectrometer are sensitive enough to count each and 
every ion that passes through its magnetic field. 


The History of Diamond Age Determination 


The first diamond ages were determined by Professor 
Stephen Richardson of the University of Cape Town when 


@ Mineral measured today 
Mineral in the past 
*., Radioactive decay 


Daughter isotope (radiogenically derived) 
Stable daughter isotope 


Parent isotope (radioactively decaying) 
Stable daughter isotope 


Figure B-1. The isochron diagram shown in this figure is a 
typical graphical way of expressing the calculation of ab- 
solute age. Minerals measured at present in the mass 
spectrometer fall on a line whose slope correlates directly 
with age. 


sis and understanding the geological relationship be- 
tween different minerals. For illustration purposes only, 
the “original” positions of the minerals are shown at the 
time they (re)crystallized (gray circles). 
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he was a graduate student working at the Massachusetts 
Institute of Technology in the early 1980s. Using samples 
from the Kimberley mines in South Africa (figure 1; 
Richardson et al., 1984), single grains of garnet or clinopy- 
roxene from gem-quality monocrystalline diamonds 
needed to be grouped together with other identical 
grains—each broken from its own diamond host—for just 
one chemical analysis. Grain grouping had to be done to 
obtain sufficient Sm, Nd, Rb, and Sr to analyze. This tech- 
nique was cutting-edge during its time, and the resulting 
study definitively showed that diamonds are much older 
than their host kimberlite. Some of the Kimberley dia- 
monds were more than three billion years old, lending 
truth to the De Beers slogan “A diamond is forever.” 
Richardson and coauthors subsequently provided age con- 
straints for many diamond suites from South Africa, 
Botswana, Australia, and Russia (e.g., Richardson, 1986; 
Richardson et al., 1990; Richardson and Harris, 1997) and 
demonstrated that there were multiple generations of di- 
amond between one and two billion years ago in the 
southern African mantle. 

In the mid-1990s, Professor Graham Pearson and Dr. 
Steven Shirey working at the Carnegie Institution for Sci- 
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Figure 1. Orange-red- 
purple garnet and green 
clinopyroxene minerals 
included in diamond 
can be broken out, dis- 
solved, and analyzed 
for their samarium- 
neodymium (Sm-Nd) 
and rubidium-stron- 
tium (Rb-Sr) isotopes to 
yield ages for diamond 
formation. Minerals 
such as these provided 
the first-ever ages for 
diamonds, proving that 
diamonds are forever 
and much, much older 
than their host kimber- 
lite (Richardson et al., 
1984). Photos by Karen 
Smit. 


1000 pm 


ence miniaturized and modified the Re-Os analytical 
methods used on whole-rock samples so that single sulfide 
inclusions (typically between 2 and 10 ug but also larger, 
up to 30 ug; figure 2) could be analyzed rather than having 
to group all the inclusions together. Since the initial Re- 
Os study on Koffiefontein sulfide-bearing diamonds (Pear- 
son et al., 1998), this technique has become the most 
widely used method to determine global diamond ages 
(e.g., Richardson et al., 2001; Westerlund et al., 2006; 
Aulbach et al., 2008; Richardson and Shirey, 2008; Aulbach 
et al., 2009; Smit et al., 2010; Wiggers de Vries et al., 2013; 
Smit et al., 2016; Aulbach et al., 2018). 

Recent analytical advancements (namely even more 
sensitive and accurate detectors in mass spectrometry) 
have made it possible to measure Sm, Nd, Rb, and Sr at the 
extremely low concentrations in which they occur in sin- 
gle garnet and clinopyroxene inclusions. Researchers work- 
ing with Professor Gareth Davies at the Vrije University in 
Amsterdam have now started using this technique to study 
diamond ages from Botswana and South Africa (Timmer- 
man et al., 2017; Koornneef et al., 2017). This technique 
will certainly become as widely used as the Re-Os isotope 
system in sulfide inclusions, and for diamond suites where 
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both silicates and sulfides occur, the two techniques can 
be used in conjunction. 

A new method emerging from work at the Australian 
National University that shows promise in this evolving 
field is the dating of fluid-rich fibrous diamonds using the 
U-Th/He isotope system. In this system, trapped micro- 
fluids contain sufficient *°°?3°U and ?Th that decay over 
time to ‘He (Timmerman et al., 2019). Where mineral in- 
clusions are used to date monocrystalline gem-quality di- 
amonds, fluid inclusions can be used to date a separate 
suite of fibrous diamonds and give important constraints 
on whether they formed in association with kimberlite 
eruption. 


The Relationship of Mineral Inclusions 
To the Diamond 


A long-standing requirement for diamond dating has been 
that the inclusions and the diamond co-crystallized from 
the same diamond-source fluid. In other words, that there 
is a syngenetic relationship between diamond and inclu- 
sion, as opposed to the diamond incorporating a preexisting 
mineral grain. The assumption of a syngenetic relation- 
ship has traditionally been based on textures observed in 
diamond inclusions that show that the diamond’s cuboc- 
tahedral morphology has been imposed (e.g., Harris, 1968; 
Harris and Gurney, 1979). Epitaxial crystallographic rela- 
tionships between inclusions and diamond (e.g., Mitchell 
and Giardini, 1953) can also be a key indicator of this syn- 
genetic link. 


=I 
100 pm 
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However, there is now increasing evidence that inclu- 
sions in diamonds can also be preexisting rather than syn- 
genetic (Thomassot et al., 2009; Smit et al., 2016; Milani 
et al., 2016; Nestola et al., 2017)—a fact that explains some 
long-standing compositional features of inclusions. In fact, 
some inclusions could have a syngenetic interface with di- 
amond even if crystallographic evidence suggests the in- 
clusion was preexisting (Agrosi et al., 2016). 

In practice, a lack of syngenecity is not necessarily a 
problem for dating studies based on inclusions, since the 
isotopes in these older minerals are often re-equilibrated, 
or reset, at the time of diamond growth so that they still 
yield diamond formation ages (e.g., Smit et al., 2016; Smit 
et al., 2019). Even if isotopic equilibration did not take 
place, the errors on diamond ages are often sufficiently 
large (typically on the order of >100-200 Ma or sometimes 
greater; Westerlund et al., 2006; Aulbach et al., 2008, 2009; 
Smit et al., 2010) that if an inclusion was preexisting, it 
might still have formed within error of the determined age. 
While such large errors may seem horribly imprecise, they 
are more than adequate for diamond geology and in fact 
represent huge advances: separating out different diamond- 
forming events, relating the diamond-forming events to ge- 
ological processes, and correlating diamond-forming events 
between different mines. 


What Have Diamond Ages Taught Us? 


From isotope studies of inclusions in diamonds, we now 
know that diamonds have formed nearly throughout 


Figure 2. Sulfide inclu- 
sions in diamonds have 
a silver-gray appear- 
ance and are normally 
surrounded by graphi- 
tized (blackish) frac- 
tures. Analyses of 
rhenium-osmium iso- 
topes in sulfide inclu- 
sions like these have 
become the most 
widely used method to 
determine diamond 
ages. Photos by Karen 
Smit/GIA. 


SPRING 2019 


Gems & GEMOLOGY 


Box C: THE MASS SPECTROMETER 


Electromagnet = 


Path of ions inside 
mass spectrometer 


One-foot ruler (for scale) 


Ne 


Electronics cabinet 


Figure C-1. The Thermo Scientific Triton Plus mass spectrometer used at the Carnegie Institution for Science. 


Photo by Steven Shirey. 


The mass spectrometer is the final analytical stage for 
determining an absolute age. Mass spectrometers like 
the one shown in figure C-1 are found all over the world 
and used chiefly in the nuclear industry and geology. 
The dried-down salt of the element of interest (e.g. 
lead, osmium, or strontium) is placed onto a metallic 
filament and heated to produce ions in the ion source at 
position 1. High voltage of around 10,000 volts acceler- 
ates the ions through the magnetic field created by the 
electromagnet at position 2. The magnetic field forces 
the ions into a curved trajectory; the lighter isotopes 
curve more (inside curve) and the heavier isotopes curve 
less (outside curve). In this way, the different isotopes 
can be separated (as shown by the diverging ion paths) 


Earth’s history (figure 3). The oldest dated examples, the 
3.5-3.3 billion-year-old Diavik and Ekati diamonds, were 
forming prior to the rise of oxygen in the earth’s atmos- 
phere (2.5 to 2.3 billion years ago). All diamonds that have 
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and detected individually at position 3. Although only 
two paths are shown for clarity, this mass spectrometer 
can produce and detect up to nine different isotope 
beams separately. Other mass spectrometers can pro- 
duce and detect more than 16 isotope beams at one 
time! 

Below the table surface is an electronics cabinet con- 
taining pumps, power supplies, circuit boards, an on- 
board data acquisition computer, and motor drives. Not 
shown is the instrument control computer that allows 
the scientist to control the progress of the measurement. 
Up to 21 samples can be loaded into the mass spectrom- 
eter at one time, and modern internet connectivity al- 
lows operation from any location. 


been dated so far were formed even before the dinosaurs 
went extinct 65 million years ago. We have no reason to 
believe that diamonds are not still forming right now deep 
in the earth’s mantle. However, since they form so deep 
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Jagersfontein 


Age of the earth Acasta rocks in Kimberley Cullinan Venetia Ellendale Zimmi diamonds Koffiefontein 
4.56 Ga NWT, Canada diamonds diamonds diamonds 650 Ma diamonds 
(billion years ago) 4.02 Ga 2.9 Ga 2 Ga 1.4 Ga (million years ago) 90 Ma 
Oldest rocks — Ekati/Diavik Oxygenated Argyle Victor Opening of the End of the 
in Quebec, diamonds atmosphere diamonds deinen Atlantic Ocean dinosaurs 
Canada 3.5-3.3.Ga si 2.5-2.3 Ga 1.6 Ga 720 Ma 200 Ma 65 Ma 
4.3-4.1 Ga 4 
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Figure 3. Isotopic age dating of mineral inclusions shows us that diamonds have been forming through much of 

Earth’s history. The oldest diamonds that have been studied were forming around a billion years before our atmos- 
phere became oxygenated and life arose on Earth. This timeline is not a complete compilation of all diamond ages, 
but only shows some localities that illustrate the full range of ages. Many localities have multiple diamond forma- 


tion events. 


and do not survive the oxidizing conditions of common 
basaltic volcanism, we cannot access them until rare kim- 
berlite eruptions bring them to the surface. 

Aside from simply knowing a diamond's age for curios- 
ity’s sake, diamond ages have proven to be extremely valu- 
able tools for geologists studying the deep earth. Diamond 
ages have told us that diamonds are much, much older than 
kimberlites. They did not crystallize in the kimberlite but 
are only passengers riding a volcanic eruption to the surface. 

Diamond ages have changed our thinking about the as- 
sociation of diamonds with ancient continental mantle 
keels. Contrary to traditional thinking, diamond ages have 
shown that they can also form in active tectonic regions 
around cratons. Incorporation of such areas has expanded di- 


REFERENCES 


Agrosi G., Nestola E, Tempesta G., Bruno M., Scandale E., Harris 
J.W. (2016) X-ray topographic study of a diamond from 
Udachnaya: Implications for the genetic nature of inclusions. 
Lithos, Vols. 248-251, pp. 153-159, http://dx.doi.org/10.1016/ 
j.lithos.2016.01.028 

Aulbach S., Shirey S.B., Stachel T., Creighton S., Muehlenbachs 
K., Harris J.W. (2008) Diamond formation episodes at the south- 
ern margin of the Kaapvaal Craton: Re-Os systematics of sul- 
fide inclusions from the Jagersfontein mine. Contributions to 
Mineralogy and Petrology, Vol. 157, No. 4, pp. 525-540, 
http://dx.doi.org/10.1007/s00410-008-0350-9 

Aulbach S., Stachel T., Creaser R.A., Heaman L.M., Shirey S.B., 
Muehlenbachs K., Eichenberg D., Harris J.W. (2009) Sulphide 
survival and diamond genesis during formation and evolution 
of Archaean subcontinental lithosphere: A comparison be- 


108 DIAMONDS FROM THE DEEP 
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Oriented Lines 
in 
Synthetic Corundum 


by 
DR. W. PLATO, Frankfurt, Germany 


Dr. W. Plato, Frankfurt, Germany, studied the base (0001), or parallel to the optic 
and specialized in inorganic chemistry. He axis parallel to the prism (1010), or at 
was a sindent of the renowned German certain angles inclined to the optic axis 
chemist, Prof. Dr. Ruff, and received bis parallel to the rhombohedral planes). Most 
doctorate in 1904. He is a member of the frequent of these are the planes (1011), 
Organization of German Chemists, and was (2242), and 4483)*. 
for many years associated with the 1. G. In synthetic stones the color bands are 
Farbenindustries. He is well known on the — parallel to the top of the boule. They are 
continent for his private work and research not in a definite crystallographic direction, 
on the mineral analysis of gemstones. The — since the optic axis in the boule is inde- 
article which follows is a translation from — pendent from the layers of accumulation. 
one which originally appeared in the Ger- It may be perpendicular, horizontal, or 
man publication, EDELSTEINE UND _ inclined. In natural stones, bands may be 
SCHMUCK., caused by twins. Often repeated twinning 

lines lie parallel to one rhombohedral plane. 
In synthetic stones, twinning lines can be 
found too, but they are rare.* 
L. order to distinguish between natural Synthetic corundum, however, shows other 
and synthetic corundum, we use — besides lines which do have a definite crystallo- 
other characteristics—the color bands often graphic direction, about which nothing can 
present in the gem mineral.* be found in the literature to date. 

Bands which are straight in one direction, When examining the stone under the 
or which mect at certain angles, have been = microscope, these lines can be seen only at 
said to be especially characteristic of natural a certain limited orientation of the stone. 
corundum observed under the microscope. It is not easy to detect them. These lines 
In synthetic corundum these bands are more in synthetics resemble closely the color 
or less curved, often not very pronounced, bands of natural stones. Consequently, a 
occurring as striae curved, but not inter- stone being examined may be erroncously 
secting. The bands correspond to the zonal — regarded as natural corundum. The bands 
layers which develop during the process of | may provide, however, a key to the detection 
accumulation of the boule influenced by ex- of synthetic stones, especially if other means 
ternal conditions. (inclusions, etc.) for distinguishing natural 

In natural corundum the color bands lie and synthetic corundum cannot be found. 
in certain crystallographic directions, either The zonal layers corresponding to the above 
perpendicular to the optic axis (parallel to | mentioned lines are parallel to the optic 
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Condor Agate from Argentina 


“Condor” agates from the Mendoza region of Argentina are 
sought after by collectors for their vibrant colors and sharp 
banding. This variety of agate is named after the impressive 
Andean condor, which calls this mountainous region 
home. One such stone (figure 1) was recently examined for 
photomicrography. It displayed intense orange and yellow 
bands, likely colored by fine hematitic and limonitic con- 
centrations. The banding ended abruptly at an opaque gray 
mineral interface that demarcated the transparent core. 
Contained within this lake were ghostly oolitic concre- 
tions, some of which enclosed their own hematite parti- 
cles. Chalcedony is available in a dizzying selection of 
varieties and is a constant source of inspiring specimens. 


Tyler Smith 
GIA, New York 


“Double Bubble” Multiphase Inclusion in Beryl 


Beryl often hosts multiphase inclusions consisting of all 
possible combinations of solid, liquid, or gas inclusions. 
These remnants of the growth environment become 
trapped within negative crystals during formation. The 
fluid is trapped as a homogenous liquid that separates into 


About the banner: An agate from Minas Gerais, Brazil, contains an escape- 
tube structure that has been polished through to reveal a yellow chal- 
cedony interior. Photomicrograph by Nathan Rentro; field of view 23.99 
mm. Courtesy of the John Koivula Inclusion Collection. 


Editors’ note: Interested contributors should contact Nathan Rentro at 
nrenfro@gia.edu and Jennifer-Lynn Archuleta at jennifer.archuleta@gia.edu 
for submission information. 
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Figure 1. Core of a “condor” agate containing faint 
hemispheres of fibrous, white chalcedony. Photomicro- 
graph by Tyler Smith; field of view 14.52 mm. 


component phases during cooling. Jagged three-phase in- 
clusions commonly found in Colombian emeralds are per- 
haps the most well-known multiphase inclusions in beryl. 
A 64.10 ct pale green rough beryl submitted by L. Allen 
Brown (All That Glitters, Methuen, Massachusetts) con- 
tained a plethora of prismatic three-phase negative crystals 
with a notable suite of gas bubbles, several species of ex- 
tremely small daughter crystals, and an aqueous solution 
(figure 2). At room temperature, the gas phases were out of 
equilibrium with each other, which gave rise to a “double 
bubble” nested appearance: a gas bubble within a second, 
larger gas bubble. Over the course of about a minute, the 
gentle heat of the microscope well light warmed the smaller 
gas bubble enough to completely homogenize with the 
larger bubble so that only one bubble remained (figure 3). 


Hollie McBride 
GIA, Carlsbad 
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Figure 2. A 64.10 ct pale green rough beryl crystal con- 
taining noteworthy multiphase inclusions. Photo by 
Robison McMurtry. 


Native Copper Inclusions in Indonesian 
Purple Chalcedony 


As a gem material, chalcedony can contain an array of in- 
teresting structures and mineral inclusions. This was par- 
ticularly evident in one example recently examined by the 
authors. Purchased by author SC from gemstone dealer 
John Garsow (John E. Garsow Gems & Minerals, Murrieta, 
California), this vibrant purple chalcedony reportedly from 
Indonesia contained several small clusters of what appeared 
to be native copper (figure 4). This suspicion was confirmed 
by energy-dispersive X-ray fluorescence (EDXRF) testing. 
While the origin of the purple color is not clear, it certainly 
does not appear to be related to copper. In purple areas that 
were devoid of copper inclusions, no copper was detected 
by EDXRE. We did detect iron, which may be related to the 
purple color. 


Figure 4. This purple chalcedony from Indonesia con- 
tained interesting inclusions of native copper. Photo- 
micrograph by Nathan Renfro; field of view 5.74 mm. 


While native copper inclusions have been previously 
reported in chalcedony (B.M. Laurs and N.D. Renfro, 
“Chrysocolla chalcedony with native copper inclusions,” 
Journal of Gemmology, Vol. 36, No. 2, 2018, p. 92), this is 
the first time the authors have examined purple chal- 
cedony from Indonesia with native copper inclusions. 


Nathan Renfro 
GIA, Carlsbad 


Stephen Challener 
Raleigh, North Carolina 


Grandidierite Inclusions in Sapphires 


Recently the authors independently encountered an inclu- 
sion that has not been previously reported in sapphire. Both 
stones contained colorless crystals that were identified by 
Raman analysis as the mineral grandidierite. The sapphire 


Figure 3. Photo series of a prismatic multiphase inclusion displaying a “double bubble” of gas within gas at room 
temperature (left). The smaller bubble shrinks by about half after approximately 45 seconds of exposure to the mi- 
croscope well light (center) and completely homogenizes after about a minute (right). Photomicrographs by Hollie 


McBride; field of view 2.34 mm. 
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Figure 5. Lath-like mineral inclusions of grandidierite 
were seen in this sapphire at GIA’s Carlsbad labora- 
tory. Photomicrograph by Nathan Renfro; field of view 
2.61 mm. 


examined by author MH in Carlsbad, California, contained 
colorless lath-like inclusions (figure 5). The sapphire exam- 
ined by author EBH in Bangkok contained a colorless crys- 
tal that reached the surface of the sapphire host and 
displayed a duller luster in reflected light, and birefringent 
interference colors when examined using cross-polarized 
light (figure 6). Both observations are consistent with what 
one would expect for grandidierite. 

Grandidierite, named after French naturalist Alfred 
Grandidier (1836-1921), is an extremely rare orthorhombic 
Mg-Fe aluminous borosilicate with the formula 
(Mg,Fe)AL(BO,}(SiO,)O,. The mineral is described as bluish 
green to greenish blue; the blue color increases with Fe 
content. It is transparent to translucent with a pale yellow 
to colorless, greenish blue, and blue trichroism. Since its 
discovery, grandidierite has been found as a rare accessory 
mineral in aluminous boron-rich pegmatite; in aplite, 
gneiss, and crystalline rock associated with charnockite; 


Figure 7. This light gray spinel from Mogok, Myanmar, 
contains a vibrant blue inclusion of lazurite. Photomi- 
crograph by Nathan Renfro; field of view 1.59 mm. 
Courtesy of Mark Smith, Thai Lanka Trading Ltd. 


and in rock subjected to local high-temperature, low-pres- 
sure metamorphism (contact aureoles and xenoliths). To 
the authors’ knowledge, these are the first observations of 
grandidierite as an inclusion in sapphire. 


Maxwell Hain 
GIA, Carlsbad 


E. Billie Hughes 
Lotus Gemology, Bangkok 


Lazurite in Spinel 


Spinel is often inclusion free but occasionally showcases 
unusual inclusions. This was the case with a 1.02 ct light 
gray Burmese spinel from Mogok, courtesy of Mark Smith 
(Thai Lanka Trading Ltd., Bangkok), that was recently ex- 
amined by the authors. A striking vibrant blue inclusion 
reached the surface of the pavilion, making Raman analy- 
sis straightforward (figure 7). The identity of the blue in- 


Figure 6. A colorless grandidierite crystal was seen in a sapphire examined by author EBH at Lotus Gemology in 
Bangkok (left). In reflected light, the grandidierite inclusion showed a duller luster than the sapphire host (center) 
and cross-polarized light revealed birefringent interference colors (right). Photomicrographs by E. Billie Hughes; 
field of view 1.7 mm. 


112 = Micro-WorLb 


SPRING 2019 


Gems & GEMOLOGY 


clusion was confirmed to be lazurite. The mineral has pre- 
viously been found as an inclusion in Burmese ruby (Spring 
2012 Lab Notes, pp. 51-52), but this is the first instance of 
a lazurite inclusion in spinel that we are aware of. 


Nathan Renfro 


John I. Koivula 
GIA, Carlsbad 


Fossil Insect in Opal 


The authors recently examined a most unusual opal. The 
mottled brown polished free-form stone appeared to con- 
tain a trapped insect, which one might expect to find in 
fossil amber or copal (figure 8). However, noticeable play- 
of-color made it obvious that the host material for the in- 
sect was precious opal, which was further confirmed by 
standard gemological testing. Its refractive index of 1.45, 
weak white long-wave fluorescence, and Raman spectrum 
were all consistent with natural opal. No microscopic ev- 
idence of any type of treatment was detected. 

Play-of-color was strongest in the darker brown por- 
tions toward the base but also appeared in shallow fissures 
around the insect’s appendages. The insect broke the sur- 
face, resulting in some of its legs and underside being cut 
through during polishing (figure 9, left). An apparent set of 
mouth parts was clearly observed, but the position of some 
pits on the surface partially obscured the view. Fine hairs, 
or setae, were found along the legs (figure 9, center). The 
setae closest to the surface were surrounded by a grainy 
white material that resembled desiccated opal. A slightly 
contorted abdomen was observed alongside a pair of rear 
legs (figure 9, right). 

Precious opal formation is not fully understood, but 
several mechanisms have been proposed (B.Y. Lynne et al., 
“Diagenesis of 1900-year-old siliceous sinter (opal-A to 
quartz) at Opal Mound, Roosevelt Hot Springs, Utah, 
U.S.A.,” Sedimentary Geology, Vol. 179, Nos. 3-4, 2005, 
pp. 249-278; B. Pewkliang et al., “The formation of pre- 


Figure 8. A polished free-form opal encapsulating an in- 
sect. Play-of-color is shown at the bottom. Photo by Jian 
Xin (Jae) Liao. Stone courtesy of Brian Berger. 


cious opal: Clues from the opalization of bone,” The Cana- 
dian Mineralogist, Vol. 46, No. 1, 2008, pp. 139-149). One 
possible explanation is that low-pH groundwater perco- 
lated through the soil, accruing colloidal silica into a sil- 
ica-rich fluid. This gel then underwent polymerization 
within cavities and voids to form microspheres of opal-A. 
One could imagine a scenario where the insect was en- 
trapped by an intrusion of this gel, rapidly enveloping the 
insect and allowing it to avoid decomposition. 


Figure 9. An unidentified insect encapsulated in opal. Left: A head and mouth are visible along with several legs cov- 
ered in fine hair-like structures, or setae. The leg in the foreground was partially cut through during polishing. Field of 
view 6.39 mm. Center: Setae branching from an appendage; field of view 2.57 mm. Right: The thorax of the insect is 
visible, though partially contorted. A grainy white layer coats and partially obscures the surface-reaching appendages 
and abdomen. Field of view 11.50 mm. Photomicrographs by Nathan Renfro (left and center) and Tyler Smith (right). 
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While fossilized organic matter in the form of roots and 
twigs has been found in precious opal—most notably in 
Virgin Valley, Nevada, and Wollo, Ethiopia—this is the first 
confirmed case of an opal-encased insect that the authors 
have examined. We were not able to find any other 
recorded findings, although there have been rumors of 
them. It is our hope that more specimens are discovered so 
we can more thoroughly study these exceptional rarities. 


Tyler Smith and Nathan Renfro 


Trapiche-Like Ruby from the Batakundi Mine, 
Kashmir 


Recently, the author examined a 5.26 ct faceted transparent 
oval ruby that showed a well-formed fixed six-rayed pat- 
tern under the table of the stone. Chemical analysis and 
gemological observation of internal features determined 
the origin of this stone to be the Batakundi mining area of 
Kashmir. 

The six rays were oriented perpendicular to the sides of 
the hexagonal growth structure (figure 10). Each arm con- 
sisted of numerous minute particles mixed with needle- 
like inclusions and small thin films. The center of the star 
contained a group of colorless and black mineral inclusions 
that were identified by Raman spectroscopy as feldspar and 
graphite. Near the core, two black crystals with high luster 
were identified by Raman spectroscopy as rutile. They 
were also associated with a string of fine particles spreading 
out to form a comet tail pattern. 

The pattern of this ruby from the Batakundi mine re- 
sembles that of a trapiche-type sapphire from Tasmania 
(Winter 2016 GNI, pp. 430-431). Trapiche-like minerals are 
quite different from true trapiche rubies, which have six 
arms that run from a core to the six corners of the hexago- 


114 Micro-WorLp 


Figure 10. Each leg of 
the trapiche-like struc- 
ture in this ruby from 
the Batakundi mine in 
Kashmir is aligned per- 
pendicular to hexago- 
nal growth. The center 
of the star consists of a 
hexagonal group of col- 
orless feldspar crystals 
and black graphite 
platelets. Black rutile 
crystals with associ- 
ated comet tails are 
seen near the core of 
the trapiche-like pat- 
tern. Photomicrograph 
by Patcharee Won- 
grawang; field of view 
4.80 mm. 


nal growth structure and show clear boundaries of six crys- 
tallographic sectors. The most renowned of the true 
trapiche ruby can be found in certain areas such as Mong 
Hsu, Myanmar (G. Giuliani and I. Pignatelli, ““Trapiche’ vs 
‘trapiche-like’ textures in minerals,” InColor, Vol. 31, 2016, 
pp. 45-46). 

Although trapiche-like corundum specimens are not 
unheard of, it is unusual to find them well developed in 
high-quality ruby. This trapiche-like ruby from the 
Batakundi area shows a beautiful inclusion scene of a fixed 
six-rayed star standing out against the pleasing bodycolor 
and transparency. 


Patcharee Wongrawang 
GIA, Bangkok 


Sapphire Inclusion with Rutile “Silk” in a 
Burmese Star Sapphire 


GIA’s Hong Kong laboratory recently examined a remark- 
able sapphire inclusion inside a Burmese star sapphire. Pos- 
sessing the same refractive index as its host, the sapphire 
guest displays extremely low relief and is nearly invisible 
under transmitted light. Nevertheless, its outline became 
distinctive under cross-polarized illumination, showing 
strong interference colors (figure 11, left). Closer examina- 
tion using fiber-optic illumination revealed a group of ori- 
ented rutile “silk” in this sapphire inclusion (figure 11, 
right). Although exsolved rutile needles are a common in- 
clusion in Burmese sapphire, it is interesting to see two 
sets of dense silk exsolved from both the star sapphire host 
and a protogenetic sapphire inclusion, each aligned with 
the basal plane of its own host. 


Xiaodan Jia and Mei Mei Sit 
GIA, Hong Kong 
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Figure 11. A guest crystal located at the back of the star sapphire stands out under cross-polarized illumination, ex- 
hibiting concentric rings of interference colors when viewed along its optic axis (left). Examination with fiber-optic 
light revealed a group of needle-like rutile inclusions oriented along the basal plane of the sapphire inclusion (right). 


Photomicrographs by Xiaodan Jia; field of view 3.83 mm. 


Star-Like Growth in Natural Yellow Sapphire 


Internal growth structures (commonly referred to as grain- 
ing) observed in transparent gemstones often reflect a 
gem’s crystallography. Graining can assist in distinguishing 
natural from synthetic gem materials. For example, a syn- 
thetic flame-fusion corundum commonly shows curved 
growth lines, while natural and flux-grown corundum usu- 
ally shows straight, angular, or hexagonal growth patterns. 

Recently, the author examined an 8.01 ct faceted yel- 
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low stone that had gemological properties consistent with 
sapphire. The most distinctive feature found in this stone 
was internal graining displaying as six-rayed stars (figure 
12). It is interesting to note that the angle of each ray was 
60 degrees, consistent with corundum’s trigonal crystal 
structure. This is the first time the author has encountered 
a star-like graining pattern in natural sapphire. 


Ungkhana Atikarnsakul 
GIA, Bangkok 


Figure 12. A group of 
six-rayed stars in a 
faceted yellow sapphire. 
Photomicrograph by 
Ungkhana Atikarn- 
sakul; field of view 1.5 
mm. 
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Figure 13. Numerous bright yellow crystals dominate the interior of this 74.31 ct barite cluster from Nevada. Photo 
by Nathan Renfro. 
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Quarterly Crystal: Orpiment in Barite 


The 74.31 ct crystal cluster of transparent to translucent 
colorless barite columns shown in figure 13 measures 
37.89 x 20.83 x 15.27 mm. It plays host to numerous small 
yellow crystals and radial sprays, which together give the 
cluster a light yellow color. The barite specimen is from 
the Regent mine in the Rawhide District of Mineral 
County, Nevada. The Regent mine was known to produce 
barite crystals with yellow orpiment inclusions in the mid- 
1990s. The pure yellow bodycolor of these numerous in- 
clusions suggested they might be orpiment. Laser Raman 
microspectrometry was able to confirm our suspicions. Fo- 
cused EDXRF analysis was used in an attempt to examine 
the chemical makeup of the inclusions, since orpiment 
contains arsenic as a main constituent. The EDXREF analy- 
sis showed the presence of arsenic. Based on chemistry, we 
determined that the yellow inclusions shown in figure 14 
are indeed the arsenic sulfide mineral orpiment. 


John I. Koivula 


Figure 14. A combination of Raman and EDXREF analy- 
sis identified the inclusions as orpiment, a yellow ar- 
senic sulfide. Photomicrograph by Nathan Renfro; field 
of view 3.83 mm. 


For online access to all issues of Gems & GEmoLoey from 1934 to the present, visit: 
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TUCSON 2019 


The 2019 gem shows came to Tucson with a wealth of ma- 
terial, both new and old, as eager buyers descended on ex- 
hibitors to take in the latest trends. While traffic was not 
as heavy as in recent years, several vendors noticed an in- 
flux of young people looking for natural, untreated gem- 
stones. Spectacular color in gems and stunning jewelry 
designs were on view, while many pointed to sustainable 
and ethical practices as a major consideration in their col- 
ored gemstone and jewelry purchases. 

The Asian market has slowed, according to Edward 
Boehm of RareSource (Chattanooga, Tennessee), and as a 
result, gems that have been popular in Asia, particularly 
China, are starting to gain traction in the United States. 
Boehm indicated that the growth of the Asian market is 
still driving production in African countries, particularly 
Nigeria, and Americans are the primary consumer of this 
increased production. Improving exchange rates have also 
worked in the American market's favor. Dave Bindra (B&B 
Fine Gems, Los Angeles) said that while higher-end gem- 
stones are still difficult to come by, they are as much in de- 
mand as ever. Commercial-grade gems, Bindra noted, have 
become more accessible. Like Boehm, he attributes this in 
large part to activity in the Chinese market in recent years. 
Shahin Aboosalih of SR Trading’s Hong Kong office talked 
to us about material that remains popular in the Chinese 
and Japanese markets (pp. 136-138). 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Opal, particularly black opal, has seen a resurgence 
among high-end jewelers. Boehm believes there could be a 
growing appreciation for the gem due to the discovery of 
opal in Ethiopia, which has brought opal to different price 
points and different audiences in the past decade. Rod Grif- 
fin (Rod Griffin Boulder Opals) discussed his experiences in 
Australian opal mining and the new technology he is using 
to exploit deposits once thought to be depleted (pp. 122-123). 

Color, of course, continues to reign, and dealers are see- 
ing what Boehm called “an increased appreciation for the 
unusual.” Beyond the classic “Big Three,” vendors stocked 
gemstones such as sphene, grandidierite, and various colors 
of sapphire. Color-change stones seen in previous shows, 
such as pyrope garnet and alexandrites, were also on dis- 
play and drawing new attention. Cutters, he noted, are 
making strides in recognizing and using to different effect 
specific phenomena in gemstones, such as the trichroism 
of tanzanite. Spinel remains the most popular “new” gem, 
according to Boehm, especially in nontraditional colors 
such as lavender and violet, which would have been cut 
too dark (or not at all) in the past. Gray spinel in particular 
made a splash at this year’s show, with several exhibitors 
stocking the material in a variety of cuts. 

Brian Cook of Nature’s Geometry (Tucson) noticed a 
cross-pollination between the mineral and jewelry indus- 
tries, with more designers and jewelers using raw euhedral 
stones to create unique looks. He also noted that several 
new mineral shows, developed out of dealers’ collectives 
rather than sponsored by one promoter, have come to the 
city and seem to be here to stay. The popularity of the 
Granada Gallery (pp. 128-129), which prides itself on its 
dedication to “fine natural design,” is one such indicator. 

American gemstones were also in heavy rotation at the 
shows. Eric Braunwart of Columbia Gem House, who has 
long stocked American production in his inventory, said 
that sales of these products were good. Designer Derek 
Katzenbach discussed his use of American gemstones such 
as Maine tourmaline (pp. 143-144). And among the mate- 
rial seen was Montana sapphire, nephrite from Washington 
State, Oregon sunstone, and hyalite opals from Oregon. 
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Buyers browse the selection of goods available at the 2019 AGTA GemFair in Tucson. Photo courtesy of AGTA. 


Bindra noted that many of his company’s rare gems 
came out of the ground 20-30 years ago, and that he relies 
heavily on the secondary market to procure such material. 
In this way, he is able to provide his clients with the high- 
end material they have come to expect. This sentiment 
was echoed by Jared Holstein of Perpetuum Jewels (pp. 
146-147), a wholesaler working with antique diamonds 
and colored stones in historical cuts for the bridal market. 
Holstein also finds the secondary market to be a good way 
to source gemstones in an ethical and environmentally 
sustainable fashion. 

Responsibly sourced material continues to be heavily 
sought after. Braunwart said this might have been his most 
successful show in his 41 years at Tucson (pp. 135-136). 
He credits this in large part to his commitment to provid- 
ing fair trade, responsibly sourced gemstones. Susi Smither, 


who founded The Rock Hound specifically to create an eth- 
ical jewelry line (pp. 149-150), delighted in showing us her 
Molten Muzo collection, which used responsibly sourced 
Colombian emeralds and recycled gold. And gem dealer 
and jewelry designer Roger Dery told us about Gem 
Legacy, the nonprofit he founded to benefit East African 
mining communities (pp. 147-148). 
We hope you enjoy our coverage of the 2019 Tucson 
gem shows! 
Jennifer-Lynn Archuleta 
GIA, Carlsbad 


The following contributed to this report: Erin Hogarth, Tao 
Hsu, Jonathan Muyal, Lisa Neely, Aaron Palke, Duncan 
Pay, Albert Salvato, Kevin Schumacher, Jennifer Stone- 
Sundberg, Wim Vertriest, and Robert Weldon. 


Left: Opals like “The Chief,” a 14.41 ct Australian black specimen, were in demand this year. Photo by Kevin Schu- 

macher, courtesy of 100% Natural Ltd. Center: Fancy-color sapphires, including this 50.08 ct color-change gem, were 
also popular. Photo by Robert Weldon/GIA, courtesy of Edward Boehm. Right: The secondary market is an excellent 
source for material, such as this 115.13 ct golden sapphire. Photo by Kevin Schumacher, courtesy of B&B Fine Gems. 
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axis. To find them, the direction of the optic 
axis is first determined in convergent po- 
then be 


turned so that the optic axis lies in) the 


larized light. The stenc should 
optic axis of the polarizing microscope, 
ie, the black cross of the optic axis is 
centercd in the field of viston. The use of 
parallel polatized light will reveal the lines 
at a certain position of rotation of the stage. 
Single, double or triple systems of straight 
lines can be seen, the second or third systems 
of which are at angles of 60° or 120° to 
the first. These lines are shadows of. ir- 
resular form (similar to the striped. effect 
seen in glass bent by pressing) and. result 
from the “tabby extinction” caused by ten- 
sion. 

At points of intersection of these lines 
rays which are similar to those around in- 
clusions of garnets may be visible. Using 
unpolarized Light, the straight lines can be 
scen at every Position of rotation. Using the 
polarizer (or analyzer) alone, the lines are 
sharp if the plane of vibration of the po- 
arizer is parallel to the lines; at a right 
angle they are not visible. The lines have 
no fixed position ino relation to the color 
bands of accumulation of the boule. The 
atter can be parallel or inclined to them, 
often at angles of 90° or 60". The described 
ines and the color bands are absolutely 
without regular relationship. 


Shadows of the lines scem to be caused 


by tension existing in synthetic stones, so 
they are most noticcable where tension is 
greatest. Since tension or strain affects the 
interference figure, areas of strain may be 
located by observing the change of the 
cross of the optie axis. In the center of the 
boule there is a neutral zone with a normal 
interference figure. At the edges the cross 
epens more or less according to the direc- 
tion of pressure inside of the stone which is 
also related to the zonal layers of accumu- 
lation, Of the many stones examined, nearly 
all showed one or more systems of tines, 
or at deast stagle lines. They were seen 
well 


equally mall varictics of synthetic 


corundum, rubies, sapphires, blue and other- 


wise colored, and in white sapphires. 
Besides these lines, the white sapphires 
showed fine straight lines in a direction 
perpendicular to the optic axis. These lines 
are similar to the bands of accumulation of 
the boules. They appear in ordinary light, 
when deeply screened by a cylindrical dia- 
phragm of 1 mm. While they are sometimes 
very distinct, usually they are only slightly 
visible. They disappear completely with a 


slight rotation of the stone. Therefore, they 


can be found only by systematically adjust- 
ing the stone. 

The lines of natural corundum, caused by 
the layers in the direction of the optic axis, 
may be distinguished easily from the lines 
in synthetic stones. In natural stones, the 
tines are normally dark between “crossed 
Nicols’; can be seen when looking through 
one Nicol only, or in unpolarized light; 
and they do not show the characteristic 
signs of the synthetic stones (shadows, etc.). 
Consequently, the Vorrented lines” are us¢- 
ful in determining synthetic corundum, Vhis 
is particularly truc with yellow, or Tightly 
colored stones in those instances where the 
color bands of accumulation (curved striac) 
cannot be found, 

' Bauer-Schlossmacher, Edelsteivkunde, 1942. p. 
780; Eppler, Félelsteive iond Schmucksteine, 2 
Aullage, 193-4. p. 337; Michel, Die kaasthicben 


Edelstein, Y92G. p. 2123 Schtossmacher, Praxis 
der Edelsteihestimmung, VT. p. 80. 

* The position of the layers here described had 
been determined by use of the great three-circular 
rotating apparatus of Klein (S.B.A. 5,94, 1895) 
referring to the optic anis. 

* Bauer-Schlossmacher, I, c. Page 781; Michel, 
lc. pl 224. 
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2019 Tucson Photo Gallery 


A: 8.50 ct black opal and diamond necklace. Photo by 
Emily Lane, courtesy of Lightning Ridge Collection by 
John Ford. B: Gold butterfly with Tanzanian sapphires, 
spinels, and garnets, accompanied by loose purple 
spinel, pink spinel, and yellow sapphire. Photo by 
Robert Weldon/GIA, courtesy of Akiva Gil Co. C: 8.61 
ct unheated purple sapphire and diamond ring. Photo by 
Emily Lane, courtesy of Jardin Jewels by Beacab. D: 
33.36 ct Colombian emerald. Photo by Kevin Schu- 
macher, courtesy of Karin Tremonti. E: Victorian spider 
pin with ruby, old mine cut diamonds, and natural pearl. 
Photo by Robert Weldon/GIA, courtesy of Pioneer Gems. 


F; Burmese lavender jadeite cabochon ring and bead 
strand. Photo by Emily Lane, courtesy of Jade by Niko- 
lai. G: Burmese white jadeite baby fu lion cuff. Photo 
by Emily Lane, courtesy of Jade by Nikolai. H: 661 ct 
unheated aquamarine and diamond necklace. Photo 
by Emily Lane, courtesy of Jardin Jewels by Beacab. I: 
640 ct kunzite faceted by Victor Tuzlukov in his signa- 
ture “Lotus” cut, containing 108 facets. Photo by 
Robert Weldon/GIA, courtesy of Victor Tuzlukov. J: 
Vintage oval-cut and engraved Imperial topaz, 41.30 
ct. Photo by Robert Weldon/GIA, courtesy of Fei. 


COLORED STONES AND ORGANIC MATERIALS 


Boulder opal mining with Rod Griffin. At the AGTA show, 
Rod Griffin (Rod Griffin Boulder Opals, Silverado, Califor- 
nia, and Queensland, Australia) told us that the world mar- 
ket for all types of opals continues to be strong, but 
Australia’s opal industry is shrinking due to the costs, chal- 
lenges, and changing regulations of mining. He also cited 
recent flooding in Queensland as a challenge; opal mining 
in Australia has traditionally been difficult due to severe 
weather and rugged terrain. At the 2018 show, we heard 
that production of Australian boulder opal (figure 1) was 
low, with fewer than 30 people mining it in Queensland. 

Griffin began mining opal in 1960 with a borrowed 
jackhammer and a lighting plant, in Andamooka, South 
Australia, 600 km (~372 miles) north of Adelaide. His 
methods have evolved considerably in the decades since. 
Along with standard equipment such as bulldozers, drills, 
and excavators, he recently began using gamma-ray logging 
for prospecting, and he will add drone magnetometer sur- 
veys and subsurface radar this year. 

Mining is in Griffin’s blood. His great-great grandfather 
worked in South Australia’s Burra copper mines in the 
1800s. Griffin’s own introduction to mining was at his 
uncle’s opal operation in northern South Australia. His 
uncle, who began with six camels and a scraper, eventually 
had one of the first bulldozers used in opal mining. 

Griffin’s first find, at Andamooka, was black opal ma- 
trix in the bulldozer ramps. In 1970 he found more, in the 
17 Mile Field in Coober Pedy. In 1976 he sold $400 (~$1,800 
in 2019) worth of white Coober Pedy opal and boulder opal, 
bought a squareback Volkswagen, and traveled around the 


Figure 1. The Elusive mine in Koroit, Queensland, is 
known for boulder opal with the light pattern of color 
seen here. This stone fits in two hands (its weight is 
unknown). Photo by Kevin Schumacher, courtesy of 
Rod Griffin Boulder Opals. 
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Figure 2. This 245 ct boulder opal came from an open 
cut in the Elusive mine. The flame-like pattern is 
unique to Elusive. Photo by Kevin Schumacher, cour- 
tesy of Rod Griffin Boulder Opals. 


United States selling opal. He first exhibited in Tucson in 
1977, at the Pueblo Inn (now the Riverpark Inn). “From 
that day on, I’ve been working all my life in opal,” he said. 

Since then Griffin has mined in New South Wales— 
where he was the first to bring a tumbling machine to 
White Cliffs and to use a drill in the Sheepyard field at 
Lightning Ridge—and South West Queensland, where he 
and a friend found success using an excavator for the first 
time. His current operations are in South West Queensland, 
where he owns the 40-acre Elusive mine in Koroit and will 
be prospecting west of Quilpie this year. 

People thought Griffin was crazy when he bought the 
Elusive mine in 2013-it was said to be depleted after more 
than a hundred years of mining. But he found opal 22 feet 
below ground and has been finding it at 22 to 25 feet for the 
last several years. The mine is known for boulder opal with 
the light pattern of color seen in figure 1. Elusive also pro- 
duces boulder opals with a flame-like pattern (figure 2), 
which Griffin said is unique to this mine. He added that be- 
cause the stones were found at a shallow depth and the area 
is dry, they are stable and will not craze or crack. 

In 2017 Griffin worked with two geologists to explore 
the Elusive mine using gamma-ray logging, which measures 
naturally occurring radiation in the ground to determine the 
potential presence of opal. According to Senior and Chad- 
derton, microscopic lattices of silica spheres that produce 
precious opal’s play-of-color contain radioactive elements 
(“Natural gamma radioactivity and exploration for precious 
opal in Australia,” The Australian Gemmologist, No. 23, 
2007, pp. 160-176). Gamma-ray logging of drill holes and 
open-cut mines has detected slightly higher radioactivity 
around opal deposits and led to new discoveries of opal in 
Queensland and New South Wales. At Elusive, it was deter- 
mined that at the current rate of mining, at least seven years’ 
worth of reserves remains. Later in 2017, in several areas of 
the mine that had previously been explored without success, 
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gamma-ray logging led to the detection of 1,230 opalized 
specimens, 30 of which were gem quality. 

Griffin said this year he will use gamma-ray logging in 
prospecting 200 miles west of Quilpie; he will also use drones 
and subsurface radar for the first time. The drones will be fit- 
ted with magnetometers and flown a few feet above ground 
to measure magnetism and locate ironstone anomalies. Sub- 
surface radar will determine the composition below the 
ground. Regulatory agency permitting has been secured for 
the property, and an indigenous land use agreement is in 
place. But Griffin said there has been a delay in the 
landowner acknowledging a standing agreement with the 
miners; he has seen more challenges in obtaining the agree- 
ment of all involved parties in recent years. 

“There are easier ways to make money,” Griffin said. 
“But I actually feel that I’m in heaven at the moment, 
doing what I want to do, because I think I found my peace 
in life.” 

Duncan Pay and Erin Hogarth 
GIA, Carlsbad 


Brazilian alexandrite update. Gil International’s booth at 
the AGTA show featured something out of the ordinary: a 
display case with lighting selected to reveal the color 
change of their Brazilian alexandrites, from blue-green in 
daylight to reddish purple in incandescent light. Goel “Gil” 
Gul built the case himself, and he said it has drawn traffic 
to the booth over the years. Based in New York, Gil Inter- 
national began exhibiting in Tucson 30 years ago; 2019 was 
their 19th year at the AGTA show. 

Gil International specializes in natural Brazilian 
alexandrite (figure 3), which exhibits a strong color change. 
Alexandrite was first found in Russia’s Ural Mountains in 
the 1830s. It wasn’t until the discovery of Brazilian sources 
in the late 1980s, most notably Lavra de Hematita (also 
called Nova Era or Itabira), that greater quantities became 
available, though alexandrite is still considered rare. 

Alexandrite has been in greater demand over the last 15 
years, Gul said, but business has been slow the last two. In 
the past decade, his sales to a company that caters to cruise 
ships have been particularly strong. He attributes this to 
people “always looking for something unusual” and having 
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more time to look at jewelry while on vacation. When Gul 
entered the industry, aquamarine, tourmaline, and zircon 
were big. Sapphire has always been very strong, he said, but 
ruby has come down in the last five years. The demand for 
stones rises and falls over the decades based on jewelry 
house promotion, he said, citing Tiffany & Co.’s marketing 
campaign after the discovery of tanzanite in 1967. He added 
that more people are buying brown diamonds, previously 
considered undesirable, because of Le Vian’s branding and 
heavy advertising of “chocolate diamonds.” 

Gul said that every source has different color; for exam- 
ple, Sri Lankan alexandrite is typically an olive green in day- 
light, while Brazilian stones are more blue-green. He 
acknowledged that only laboratory testing can definitively 
determine country of origin, but he can often make an ed- 
ucated guess based on color. He noted that alexandrites 
from India are sometimes reported as Brazilian, but he can 
tell that they are from India because the color change is not 
as strong and the green tends to be lighter. 

Born in Afghanistan and educated in Israel and New 
York, Gul worked in accounting for a decade before being 
introduced to the gem and jewelry industry by his four older 
brothers. They were already selling ruby and sapphire, so 
they sent him to Brazil. On his first trip to Teofilo Otoni, 
Minas Gerais, in 1990, Gul bought emerald. He saw some 
alexandrite but didn’t buy any until his next visit. He later 
found out that the stones were from Lavra de Hematita. 

“You buy one stone, but you’ve got three stones,” he 
said, referring to alexandrite’s color change. “I felt I could 
improve my life with this stone.” 

Gul bought alexandrite from a broker in Teofilo Otoni 
for several years and contacted the miner directly about 15 
years ago. The miner didn’t sell the rough; he had the stones 
cut in Hong Kong and Thailand, so he controlled the pro- 
duction entirely. Gul began to buy directly from him in 
Hong Kong. 

Gul found that unlike many in the industry, the miner 
did not like to bargain. So he accepted the miner’s prices, 
and as Gul bought more stones, the miner gave him better 
deals. As Gil International became stronger in alexandrite, 
Gul and the miner became good friends. Gul has bought 
almost all of his alexandrite from him. 


Figure 3. This pair of 
Brazilian alexandrites 
(2.41 ct and 6.7 mm 
each) is photographed 
in daylight (left) and 
incandescent light 
(right). Photos by Kevin 
Schumacher, courtesy 
of Gil International. 
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“The way to make a better business is to find a relation- 
ship with the miner,” Gul said. “If you have a good relation- 
ship, he can trust you; you can trust him. Sometimes even 
big companies with big money try to bargain, so they don’t 
find a relationship with the miner and can’t buy from him.” 

Gul spoke of turning down the miner’s repeated offers 
to buy goods on memo—including an offer of $12 million 
of goods in 2010, when the miner closed seven stores in 
Greece after the 2008 market crash. “I buy what I can,” he 
said. “And he feels that I’m different [than other dealers] 
and gives me a chance to do more business.” 

Erin Hogarth 


Cat’s-eye nephrite jade from Washington State. Washing- 
ton Jade (Edmonds, Washington) made its Tucson debut at 
the AGTA show with nephrite jade from Washington 
State. They offered a selection of cabochons with and with- 
out chatoyancy, along with carvings and rough collectors’ 
stones. The cat’s-eye nephrite (figure 4) was the most pop- 
ular by a wide margin, according to Washington Jade’s 
Nathaniel Cook. Rod Cook, his father and business part- 
ner, said that according to many at the show the chatoy- 
ancy was reminiscent of the Siberian nephrite that 
dominates the mid- to high-end Chinese nephrite market. 
Cat’s-eye nephrite is found only in Washington and Rus- 
sia; a deposit in Taiwan has been mostly depleted. While 
nephrite has been found in northwest Washington since the 
early 1900s, formal production was limited to an operation 
west of Darrington, near Everett, that ended in the 1970s. 
Chatoyant nephrite was documented there in 1974. Since 
then there has been an artisanal “gray market” for nephrite, 
with people collecting illegally from streams and state lands, 
but no formal production. This changed in 2012 when 
Washington Jade began staking claims. Most of their pro- 
duction comes from a deposit northwest of Darrington. 


Figure 4. This 1.71 ct cat’s-eye nephrite marquise (11 
x 5.5 mm) was mined in Washington State. Photo 
courtesy of Washington Jade. 
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Figure 5. View from inside the “jade cave” on one of 
Washington Jade’s mining claims. The ceiling appears 
to be a vein of chatoyant nephrite. Near the opening 
is another vein, the first couple feet of which provided 
the rough for many of the stones at the AGTA show. 
Photo courtesy of Washington Jade. 


Washington Jade uses innovative small-footprint min- 
ing methods instead of more invasive traditional methods. 
To identify a jade seam, they use pattern recognition to 
look at geologic models of the area, along with biological 
indicators such as tree species and lichen growth. Magnetic 
and conductivity surveys are used to locate the high-grade 
portion of the seam. With these methods they can develop 
a 3D model of the subsurface and focus on the high-grade 
deposits, in contrast to the traditional model of core 
drilling, digging up an area with heavy equipment, and tak- 
ing out all the jade to be sorted by grade. They take only 
the high-value materials, leaving the rest in the ground. 
Rod Cook said they backfill and replace the plants after ex- 
tracting the jade, leaving a very small footprint. 

British Columbia is the leading supplier of nephrite, but 
Washington’s deposits, part of the same geological forma- 
tion, have yet to be developed. The domestic jade market is 
much smaller than the Asian market, where jade has been 
part of Chinese culture for thousands of years. Nathaniel 
Cook said the nephrite market overall has tightened re- 
cently and prices have come down after steady growth the 
past two decades, but people were still surprised by what 
they saw as a low price point for the cat’s-eye material. 

Rod Cook said there has been an explosion of artisanal 
jewelers using nephrite. The cat’s-eye nephrite is popular 
with them, though market acceptance is still in the early 
stage. He noted that Washington Jade’s output is large 
enough to meet domestic demand and could be scaled up 
to the level needed for a jeweler with a few hundred stores. 
He sees a trend toward jewelry with “less bling” and said 
that millennials seem to prefer carved material over faceted. 

The Cooks also discovered a “jade cave” (figure 5) in a 
200-foot canyon cut by a stream. The jade exposed there in- 
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forms their geologic models by allowing them to see what 
a similar structure looks like deep in the ground. The cave 
formed when a piece of the main chatoyant seam broke 
loose, slid down the hill, and fell into the stream along one 
side, creating a tunnel underneath. During the spring melt, 
water flowed through and created a hydraulic plume, which 
washed away the overburden on one side and revealed a 2- 
foot-wide seam of chatoyant jade traveling up into the 
mountains. Rod Cook estimates there are 30 to 100 tons of 
chatoyant jade in the cave’s immediate vicinity, and they 
have confirmed outcrops of the main nephrite lode contain- 
ing the chatoyant seam for 1,500 feet over two of their 23 
claims. Based on their discoveries so far, he estimates that 
the main lode is 150 to 300 feet wide and “goes for miles.” 
See more about Washington Jade’s mining methods and 
cat’s-eye nephrite jade at https://www.gia.edu/gems- 
gemology/spring-2019-gemnews-cats-eye-nephrite-from- 

washington. 
Erin Hogarth 


Color-change pink pyrope garnet update. Jewels from the 
Woods (Blanco, Texas) displayed color-change pink pyrope 
garnets (figure 6) at the AGTA show. Their color changes 
from purple in daylight-equivalent light to pink in incandes- 
cent light. This was the first time there had been such a large 
selection of the stones at AGTA, according to independent 
gem cutter Desmond Chan, who was assisting Jewels from 
the Woods. He said the material had been very well received. 

The stone had been slow to come onto the market, 
Chan said, because not much rough was available, and the 
deposit—believed to be in Morogoro, Tanzania—has been 
depleted. The garnets are said to have been mined in 1988. 
Initially assumed to be rhodolite, they were put in a safe de- 
posit box until 2014, when they were acquired by cutters 
Meg Berry, Todd Wacks, and Jason Doubrava. Wacks (Tuc- 
son Todd’s Gems, Tucson and Vista, California) was the 


Figure 6. This 20.00 ct oval color-change pyrope gar- 
net was cut by Victor Tuzlukov. Photo by Kevin Schu- 
macher, courtesy of Jewels from the Woods. 
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first to detect the color change, and he introduced the gar- 
nets in 2015 at the Riverpark Inn (Pueblo) show (Spring 
2015 GNI, pp. 88-89). GIA performed a gemological study 
of the material (Z. Sun et al., “Vanadium- and chromium- 
bearing pink pyrope garnet,” Winter 2015 GwG, Vol. 51, 
No. 4, p. 348-369). One interesting finding was that two of 
the larger stones had the strongest color change. 

Garnets have been “on fire” the last four or five years, 
according to Doubrava (Jason Doubrava Gems & Minerals, 
Poway, California). He said the public is more aware of gar- 
nets and more appreciative of their varied colors than in 
the past. “These just absolutely glow,” he said of the color- 
change pink pyrope garnets at the booth. 

Erin Hogarth 


Colombian emeralds and Mozambican rubies from Fura 
Gems. We had the opportunity to talk with Rupak Sen, 
vice president of sales and marketing for Fura Gems in 
Dubai. Founded in January 2017, Fura holds mining assets 
in Colombia (emerald) and Mozambique (ruby). 

In Colombia, Fura Gems owns and operates the iconic 
Coscuez mine (D. Fortaleché et al., “The Colombian emer- 
ald industry: Winds of change,” Fall 2017 G&G, pp. 332- 
358). During its long history, this mine has produced some 
of the finest gem-quality emeralds, such as the 1750 ct 
Guinness emerald crystal. In the 1970s, Coscuez accounted 
for nearly 90% of the world’s emerald production, but min- 
ing virtually halted during the civil war in the 1980s. In the 
1990s, artisanal mining picked up and small licenses were 
issued by the government. Each license consisted of one 
tunnel, and many were dug. The approach was very basic, 
with no scientific exploration or use of engineering to con- 
struct the tunnels. People knew that emeralds were associ- 
ated with white calcite veins, but they had no way of 
knowing how rich or extensive these veins would be. In the 
2000s, Hernando Sanchez acquired and combined all of the 
small licenses. He has partnered with Fura Gems, which is 
doing large-scale studies and surveys at Coscuez. 

Since work began at the mine in January 2018, Fura has 
sought to improve the existing infrastructure. The company 
has done test sampling by washing 3,000 metric tons of 
emerald-bearing rock, retrieving about 6 carats of gem-grade 
emerald per ton (figure 7). These numbers will likely drop 
to 2-3 carats/ton once the mine is in production, since much 
more rock has to be processed. According to recent resource 
estimations, around 60 million carats are still unrecovered, 
representing 30 years of mining. If the mines are expanded 
deeper underground, those numbers could double or even 
triple, although geologic exploration is still underway via a 
drilling program to determine the deposit’s depth. 

Around 300 people are employed at the site, mainly in 
bulk sampling; 280 of them are from the local community. 
They have experience with most aspects of emeralds, in- 
cluding grading and local geology, but they lack knowledge 
of modern mining techniques and safety measures. Large 
companies such as Fura are able to instruct their employ- 
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ees on these matters, which they focused on in the months 
prior to the production stage. Workers also receive formal 
contracts and monthly wages rather than being given a part 
of the production as their wages. 

Fura also focuses on social responsibility, including gen- 
der issues and environmental reclamation. Fura will be 
opening a women-only washing plant, where emeralds will 
be handpicked from the processed host rock. They also un- 
derstand that while mining is an important part of the com- 
munity, the entire community cannot work in the mine. 
Fura has looked at alternative employment opportunities, 
such as a bakery and a sewing workshop to create uniforms 
and mining gear. While Colombia has strict environmental 
regulations that must be addressed every time a license is 
renewed, Sen says that Fura goes beyond what is required, 
since environmental issues are becoming more important 
for shareholders. These efforts are part of the larger concept 
of responsible mining: respect for the environment, safety, 
employees, and local communities. One example is setting 
up a football academy as an after-school activity for kids. 

Emeralds will be presorted at the mine and taken to 
company headquarters in Dubai for final sorting and grading 
before auction. The plan is to bring these rough emeralds to 
auction in summer 2019 and invite 25-30 companies from 
Colombia, New York, Hong Kong, and Jaipur. Fura plans to 
hold two or three auctions per year and will sell only rough. 
This will provide a regular flow of emerald to the market 
while allowing for continuous upgrading of the mine and 
expansion of community programs. 

Fura also has interests in Mozambique, where they 
own the largest ruby mining licenses in terms of area. De- 
mand for rubies is huge and growing, so a consistent ruby 
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Figure 7. Colombia’s 
Coscuez mine, worked 
by Fura Gems since 
early 2018, produced 
the stunning emerald 
rough shown here. 
These specimens range 
in weight from 0.089 to 
1.279 g (0.445 to 6.397 
ct). Photo by Kevin 
Schumacher. 


supply is highly valued. According to Sen, Myanmar pro- 
duced about US$1 billion of rough rubies per year at its 
peak. This has slowed to around US$120 million annually, 
leaving an enormous demand for other producers to satisfy. 

Since rubies were discovered in Montepuez only a 
decade ago, the deposit is still developing. The rubies are 
found there in very shallow gravel layers (figure 8); mining 
is very easy compared to Colombian emerald extraction. 
Fura has experience with this deposit and the material, as 
they helped develop the area’s largest ruby mine. They have 
also acquired Mustang Resources’ ruby licenses and assets 


Figure 8. These rough rubies were collected from Fura 
Gems' claims near Montepuez, Mozambique. Photo 


courtesy of Fura Gems. 
4 
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and produced there for more than a year. Sen feels that ille- 
gal mining is no longer a major problem, which will make 
it easier to work with the local population. 

Fura is exploring the huge license with a drilling cam- 
paign to locate the ruby deposits, the extent of which will 
be determined by more detailed surveys. Once the deposits 
are identified, bulk sampling will establish the grade. Bulk 
sampling was scheduled to start in March 2019. They are 
aiming for a workforce of 400 to 500 by the end of 2019, con- 
sisting of 90% local people. Fura is working on social initia- 
tives in Mozambique but did not disclose specifics because 
the company is still identifying the communities’ needs. 

Fura hopes to bring the first rough rubies to auction by 
the end of 2019, in a system similar to their planned emerald 
auctions. Using this system, a company can learn the pricing 
of these highly specialized goods and find out which type of 
buyer prefers certain material. This will allow for better pres- 
entation of goods at later auctions (e.g., creating matching 
sets of rough in the same lot}. They also want to set up a ruby 
treatment facility in Dubai, where rubies can be enhanced 
by heating prior to auction for clients who do not have these 
skills. Most of the buyers are expected to be from Thailand, 
with others from India, Sri Lanka, and Hong Kong. 

Sen sees changes in the jewelry market. The 1990s 
were heavily focused on gold, with diamonds taking the 
main focus in the 2000s. He believes we are entering the 
“decade of color,” and consumers will move toward col- 
ored stones. Since retail margins on colored stones are also 
higher than on diamonds and gold, retailers are motivated 
to work with them, further increasing demand. Of course, 
this does not mean that emeralds and rubies will replace 
diamonds, only that they will complement each other. 
Fura Gems sees as its biggest competitor other luxury in- 
dustries such as high-end designer fashion and accessories. 
Creating and advertising more attractive products in the 
jewelry range, Sen said, will be critical to keep customers. 


Wim Vertriest 
GIA, Bangkok 


Conversation with Color Source Gems. Rough emerald crys- 
tals in a black host rock (figure 9) at the Color Source Gems 
booth stood out against the AGTA show’s variety of cut 
stones and jewelry. Moshe Chalchinsky, president of New 
York-based Color Source, first admired the specimen on a 
supplier’s desk during a buying trip to Brazil. Later, upon re- 
ceiving the shipment of emeralds he had purchased, he was 
surprised to find the rough among them. For more than 30 
years, it has accompanied him to every show. “It’s like a mas- 
cot, a good luck charm,” said Rachel Chalchinsky, his wife 
and the company’s executive vice president. Although many 
have wanted to buy the emerald, it is not for sale. 

While the emerald rough is their mascot, Color Source 
Gems has traditionally specialized in ruby, sapphire, and 
emerald (cut stones and jewelry). Moshe said that the cur- 
rent trend is more affordable gems, so they are branching 
out into tsavorite, spinel, and rhodolite. This year spinel 
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Figure 9. Moshe Chalchinsky of Color Source Gems 
acquired this emerald rough in matrix in Nova Era, 
Brazil, in the 1980s. Since then it has accompanied 
him to every trade show. Photo by Kevin Schu- 
macher, courtesy of Color Source Gems. 


was very popular—especially gray spinel, according to 
Rachel—and visitors were particularly drawn to the grape- 
like purple of their rhodolite garnets. Large pieces are harder 
to move, Moshe said. On a recent trip to Sri Lanka and 
Bangkok, he bought stones mostly between | and 5 carats. 

Rachel said the gemstones they look for—clean, well 
cut, and well defined, with beautiful, consistent color— 
have become less available and more expensive. They stick 
to classic jewelry designs such as three-stone rings and ten- 
nis bracelets. Moshe said the market has changed because 
jewelry is often sold on memo now, which is not easy to 
compete with. They have begun focusing more on stones; 
two of their sons have joined the business and are also more 
interested in stones than jewelry. 
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Figure 10. The trend toward parti-color and fancy- 
color sapphires is exemplified by this 4.08 ct speci- 
men. Photo courtesy of Color Source Gems. 


Rachel sees social media, primarily Instagram, as a 
major force in the demand for colored stones. Instagram in- 
fluencers, she said, are increasing the desire for stones peo- 
ple may not have been aware of, like Malaya garnet. People 
want something different now, a little out of the box, ac- 
cording to Moshe. Rachel noted that there’s a big trend to- 
ward parti-color and fancy-color sapphires (figure 10) 
because they are different from traditional sapphire. 

While Rachel is the fourth generation of a family in the 
industry, Moshe was new to the trade 35 years ago. After 
coming to the United States from Israel, he studied mar- 
keting and then sold insurance. He played soccer with peo- 
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ple in the jewelry industry, one of whom invited Moshe to 
work for him. “I was running on 47th Street, up and down, 
knocking on doors,” he said. In the mid-1980s, he founded 
MCR Gems (renamed Color Source Gems in 2015). Moshe 
first came to Tucson more than 20 years ago. 

Asked what's important to him from day to day, Moshe 
said, “It’s about service....and trust. And I always treat my 
suppliers the right way.” Rachel added that Color Source 
has had some of the same suppliers for over 30 years. 

“We can’t say no to anybody,” one of Moshe’s sons told 
him recently. “If it exists, tell them ‘T’ll find it for you.’” 

Erin Hogarth 


The Granada Gallery. Housed in a 1908 vintage Arts and 
Crafts building on Granada Avenue in Tucson, the Granada 
Gallery is replete with what its owners call “items of geo- 
logic relevance,” or rare mineral and fossil specimens. 
These are carefully lit and displayed to accentuate their 
beauty and often combined with faceted and carved gem 
materials, one-of-a-kind objets d’art, and finished jewelry. 
For the visitor, this earth-to-jewel experience accentuates 
the jewelry industry’s rich history. 

“We want to further an exchange of ideas between 
artists, scientists, curators, and collectors,” explained Rtidi- 
ger Pohl, who owns and curates the traveling gallery along 
with Alison Magovern. The gallery’s Tucson space has been 
open during the gem and mineral shows since 2013. 

The Granada Gallery collaborates with global artists and 
collectors, “sparked by happy coincidences, shared visions, 
and the passion for creating something unique,” the owners 
said. This year’s exhibit included a collection of Paraiba-type 
tourmalines from Mozambique (figure 11) and a stunning 


Figure 11. Paraiba-type 
tourmalines from 
Mozambique. Left to 
right: a 29.34 ct oval, a 
3.01 ct pear set in a rose 
gold ring, a 51.62 ct 
oval, and a 65.17 ct tril- 
lion cut. They were dis- 
played with a 224.6 g 
gold nugget from Victo- 
ria, Australia. Photo by 
Robert Weldon/GIA, 
courtesy of the Granada 
Gallery. 
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Figure 12. Pezzottaite is carved into a coiled dragon 
by Patrick Dreher. The pezzottaite crystal measures 
9.6 x 4.7 x 2.1 cm, while the carved pezzottaite is 
201.03 ct. Photo by Robert Weldon/GIA, courtesy of 
the Granada Gallery. 


dragon—carved from the rare mineral pezzottaite, found in 
a single deposit in Madagascar—by Patrick Dreher (figure 
12). Pakistani aquamarine was on display in rough and 
mounted forms (figure 13). And a year-long collaboration 
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Figure 14. “Chanting of the Stars” was created by the 
Kreis family of Idar-Oberstein. The “chanting” refers 
to the sound of a comet entering the earth’s atmos- 
phere. The rutilated quartz comet's impact with earth 
is denoted by the smoky quartz carving. Photo by 
Robert Weldon/GIA, courtesy of the Granada Gallery. 


with the Kreis family of Idar-Oberstein, Germany, resulted 
in their “Chanting of the Stars” piece (figure 14). 


Robert Weldon 
GIA, Carlsbad 


Figure 13. Left: Jochen 
Leén’s aquamarine and 
gold bracelet is displayed 
with a 6.1 x 9.1 x 8.5 cm 
(369.2 g) aquamarine 
crystal from Pakistan. 
Right: This 3436 g aqua- 
marine from the Pohl 
collection measures 5.0 x 
9.4 x 7.5 cm, and is also 
from Pakistan. Aside 
from its quartz over- 
growth, the crystal ex- 
hibits phantom growth 
features and iridescence. 
Photos by Robert Wel- 
don/GIA, courtesy of the 
Granada Gallery. 


SPRING 2019 129 


Gemological Uigests 


AUSTRALIAN ASSOCIATION 
BECOMES CORPORATION 
On the first day of May, 1952 the Gem- 
mological Association of Australia was in- 
corporated as an association “not for gain,” 
and limited by guarantee. 


Functions and purposes as outlined con- 
form to the original intention of the found- 
ers of the Australian Association in 1945, 


Appheation for articles of incorporation 
were signcd by Jack C. Taylor, Arthur A. 
Wirth, Rudolph V. Marks, all of Sydney; 
Reginald M. Titey, Mossman; Malcolm J. 
O'Hara, Geoffrey A. 
Tombs, Randwick. 


Kings Cross; and 


The number of members with which the 
association proposes to be registered is 200 
but provision is made in the articles to per- 
mit the Federal Scerctary to register an tn- 
crease of members from time to time. All 
members of the original association may 
retain Classifications previously held if they 
become members of the corporation within 


a stipulated time. 


Six classes of membership are outlined. 
These include the title of Fellow which re- 
quires the successful) completion of theo- 
retical and practical cxaminations in gem- 
ology. Other classes of membership estab- 
lished are Honorary Fellow, Ordinary Mem- 
ber, Life Member, Honorary Member, and 
Honorary Life Member. Provision is made 
in the articles for state branches m New 
South Wiles, Victoria, Queensland, South 
Australia, and Western) Australia. Others 


may be added at a later date if desired. 


Vhe Gemmological Association of Aus- 
tralia was established October 25, 1945 and 
when the results of 1951 examinations were 
announced, 261 of its members had earned 
the title of Follow. 


LOS ANGELES COLLECTOR 
OWNS LARGE SPECIMEN 
OF NEW GEM MINERAL 


The 158 carat sinhalite pictured here was 
recently examined in the Los Angeles Lab- 
oratory of the Gemological Institute of 
America. This light yctlowish brown gem 
—-flawless and beautifully cut—is part of the 
well-known collection of Wm. E. Phillips, 
Los Angeles. 

Properties of the stone were found to be 
as follow: Color: light brownish yellow ; 
Ro f.: 1.661-1.695-1.700 (biaxial negative) ; 
Birefringence: 039. S.G.; 3.48, Pleochro- 
ism; strong, very light greenish yellow and 
brownish orange. (Close examination of 
the photograph will show the pronounced 
doubling of facets resulting from the strong 


birefringence.) 


The stone was originally purchased as a 
tourmaline but was singled out as a new 
mineral about two years ago by Dr. George 
Switzer of the Smithsonian Institution. Com- 
however, and subsequent 


plete analysis, 


nanung of the new mineral was completed 


‘in London onty this year. 


For those readers unfamiliar with the re- 
port of the discovery of sinhalite- as well as 
Taaffeite- 


Anderson's 


that of another new mineral, 


called to BL W. 
urticle in the Summer 1952 tissue of Gens 


attention 1s 


and Gemology. 
Lester B. Benson 


FALL 1952 


Gray spinel: A new trend in colored stones. In recent years, 
the colored stone world has seen a growing appetite for un- 
usual colors. Ruby, sapphire, and emerald with strong sat- 
uration but not overly dark tones have always been the 
mainstay of the colored stone market. But now there is 
stronger demand for stones in nontraditional colors that 
might have been difficult to move a decade or two ago. Es- 
pecially notable is the growing popularity of lighter-toned, 
lower-saturation pastel stones such as garnets from East 
Africa or Montana sapphires. 

Gray spinels were one of the obvious new trends at the 
Tucson shows this year. It was not hard to find exhibitors 
showing off their gray spinel, and everyone who had them 
commented on how quickly they were selling. The story is 
remarkable in that the colored stone market has accepted a 
gemstone that by definition has an unsaturated color—a 
gray color, no less. Most gray spinel has a minor blue or vi- 
olet secondary color component. It is relatively rare to find 
a spinel with a perfectly neutral gray color. These stones 
have the most value, which increases as the depth of the 
gray increases. Most of the specimens on display in Tucson 
were under a carat. Stones larger than a few carats were rel- 
atively rare, but we were able to document some with ex- 
ceptional color, such as the 5.42 ct bluish gray spinel cut by 
Clay Zava in figure 15 or the slightly bluish gray matched 
pair (10.34 carats total) from Nomad’s in figure 16. 

Gray spinel’s success is due in large part to strong mar- 
keting. Of particular note is the influence of social media 
in bringing this material to the market. In the last year or 
so, these spinels became quite popular in gemstone circles 
on Facebook and Instagram. In our interview with cutter 
Jeff Hapeman (pp. 140-141), he noted how social media has 
fundamentally altered the industry by allowing gem dealers 
to satisfy more eclectic desires and by giving consumers 
power to find and purchase novel and unusual stones that 
were traditionally unavailable. As we continue to witness 
the disruptive power of social media in the industry, gray 


Figure 15. Spinel with nearly perfectly neutral gray 
color with only a slightly bluish tinge, 5.42 ct. Photo 
by Robert Weldon/GIA, courtesy of Zava Mastercuts. 
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Figure 16. Matched pair of slightly bluish gray spinels 
with a combined weight of 10.34 carats. Photo by 
Robert Weldon/GIA, courtesy of Nomad’s. 


spinel will not be the last story we hear of a once unmar- 

ketable color being embraced by the colored stone world. 
Aaron C. Palke 
GIA, Carlsbad 


Greenland ruby update. Greenland Ruby has been mining 
ruby and pink sapphire in southwestern Greenland since 
mid-2017. The mine is located near the town of Aappalut- 
tog, about 150 km (93 mi) from the country’s capital, Nuuk. 
During the AGTA show, we had the opportunity to talk to 
Hayley Henning, Greenland Ruby’s vice president of sales 
and marketing. She offered updates on the development of 
the mine and the market for their gemstones. Over the last 
year, the company has refined their extraction techniques. 
The deposit is challenging to work, and the miners improve 
their skills and knowledge by mining daily. The main diffi- 
culty in working this deposit is its isolated location. The 
remote area, though close to the coast, is covered in ice and 
snow most the year. And for most of the year, the only way 
to reach the mine is by helicopter. 

Local residents make up the majority of Greenland 
Ruby’s staff. Around 40 people work and live on-site. The 
mine is highly mechanized, and heavy equipment and blast- 
ing are used to retrieve gems. The on-site sorting house is 
also very sophisticated. Because of this high degree of mech- 
anization, most of the staff operates the equipment, whereas 
other colored stone mines often rely heavily on manual 
labor. Once material is mined and sorted at the plant where 
ruby is separated from host rock, the ruby concentrate is 
sent to Nuuk to be cleaned with hydrofluoric acid and sorted 
by color, clarity, and size. Most of the goods require treat- 
ment, which takes place in Chanthaburi, Thailand. Cutting 
is done in Chanthaburi and India, and then the material is 
sorted in Bangkok, based on the characteristics of the fin- 
ished rubies. In order to apply the highest safety, environ- 
mental, human rights, and security standards at the mine 
and the treatment and cutting plants, Greenland Ruby 
works within this closed system. They feel this is the only 
way to guarantee the quality and disclosure of the product, 
and it is their main argument for not selling rough. 
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Greenland Ruby is experimenting with various cutting 
styles but sees the greatest potential in cabochons. They 
can produce a consistent supply of large, fine-colored cabo- 
chons. Faceted goods are much rarer. The quality of their 
gems varies, though most of the goods are lower-end. The 
material ranges in color from light pink to deep red. 

In December 2018, the first collection with Greenlandic 
rubies was launched by Hartmann’s Jewellery, a luxury 
brand based in Copenhagen. This strategic decision arose 
from the longstanding connection between Denmark and 
Greenland. The collection sold out in a matter of weeks. 
Hartmann’s clientele was drawn to the combination of the 
traditional ruby with an exciting new source that speaks to 
the imagination. Another aspect that appeals to consumers 
is the transparent supply chain. Greenlandic rubies are con- 
trolled by one company from the moment they leave the 
ground until the gemstones are finished. This ensures a 
level of traceability that is rarely seen in the colored stone 
industry. 

Greenland Ruby works with preferred partners rather 
than selling goods directly to the public. These partners are 
jewelry brands that want access to a reliable supplier oper- 
ating with a transparent supply chain, something many 
clients currently demand. 

The Pink Polar Bear Foundation is Greenland Ruby’s cor- 
porate social responsibility project, which is involved in var- 
ious research in the Arctic region covering the impact of 
climate change on local communities and wildlife. The 
foundation is currently educating locals and supporting the 
local community. 

The mine currently has a projected life of 10 years. At 
least two other ruby deposits have been identified and 
studied, though many more can be found in southwestern 
Greenland. 

Wim Vertriest 
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Hand-carved cameos from Italy. Vincenzo Imposimato 
(Naples) brought his hand-carved shell cameos and his 
carving tools to the GJX show to demonstrate the making 
of these exquisite pieces. 

This was Imposimato’s sixth visit to Tucson. As a child, 
he was fascinated by the shell carvings he watched his 
grandfather make at home. He has also been passionate 
about drawing since his early childhood, so a career in 
cameo carving was a natural choice. 

Imposimato mainly uses two types of helmet shell. One 
has a dark brownish background color and originates from 
the Caribbean Sea; the other, with lighter orangy or reddish 
background, is from the coast of Madagascar. Consumers 
prefer the darker background because it displays the carved 
image in greater contrast (figure 17). The Caribbean shell 
also has a more curved shape, allowing greater complexity 
in its carving, while the African shell tends to be flat. The 
Caribbean shell is more expensive, so consumers pay more 
for these finished cameos. 

With a shell in hand, carvers have two possible plans: 
They can either make a whole-shell cameo or a small piece 
with different shapes. The general process for both types 
includes a rough shaping by machine and then detailed 
carving by hand. For whole-shell cameos, carvers need to 
hold the shell very gently. Since the shell is empty, carvers 
must pay extra attention when applying force to avoid 
damage. As for small cameos, the shell needs to be sliced 
into small pieces and then shaped by machine. Carvers 
then attach the small piece to one end of a wood stick with 
fish glue. Fine hand carving is done by holding the stick 
next to a hard surface (figure 18). 

Detailed carving by hand is done with the bulino, a tra- 
ditional tool for carving and engraving. There are bulinos 
of different sizes and shapes for different carving purposes. 
For shell cameos, carvers remove the top whitish layer to 


Figure 17. Shells har- 
vested from the 
Caribbean have a dark 
brownish background 
color (left), while shells 
from Africa—especially 
Madagascar—show a 
much lighter back- 
ground color (right). 
Photos by Vincenzo 
Imposimato. 
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Figure 18. A carver holds the stick attached to the 
small cameo piece next to a hard surface, which pro- 
vides support. Photo by Kevin Schumacher. 


form a carving against the contrasting background color. 
The character or theme depicted depends on the shell’s nat- 
ural condition. Factors such as the curvature of the piece, 
the thickness of the white surface layer, and the color con- 
trast will determine what can be carved. A whole-shell 
cameo typically takes about two months to finish, while a 
small piece takes a few days. 

Japan was once the biggest market for these hand- 
crafted shell cameos. Imposimato first visited Japan in 1993 
to show local consumers how to make cameos. After that, 
he was invited back more than 20 times. However, the 


market has slowed down over the past five years, perhaps 
due to changing styles. Women used to wear woolen coats 
that were perfectly paired with cameos. Now that they 
have more fashion options, many choose other accessories. 
Even at their height of popularity, cameos were typically 
purchased by women over the age of 30. Imposimato feels 
that the themes carved onto cameos need to be updated to 
appeal to young consumers and expand the market share. 
Whereas cameos carved by machines tend to be flat, 
handmade versions tend to keep the natural curvature of 
the materials used. While manufactured cameos of all dif- 
ferent types of materials are readily available these days, 
handcrafted shell cameos still hold a unique position in the 
fine jewelry world. 
Tao Hsu 
GIA, Carlsbad 


Moonstone jewelry. Blue moonstone, an orthoclase species 
of the feldspar group, is composed of two feldspar minerals, 
albite and orthoclase, that stack in alternating layers. Adu- 
larescence, the optical phenomenon resulting from the scat- 
tering of light as it interacts with these two different feldspar 
layers, occurs below the stone’s surface. When the stone is 
moved, the glow produced by the scattered light appears to 
float like the moon in the sky. Rainbow moonstone, which 
shows flashes of multiple colors including blue, is also part 
of the feldspar group but falls under the labradorite species. 

Exceptional blue and rainbow moonstone were both 
prevalent at this year’s Tucson shows, and top designers had 
fashioned beautiful pieces with them. Paula Crevoshay cre- 
ated a bracelet with 121 moonstones flanked by 495 tiny 
blue sapphires (figure 19) that was as flexible and soft as a 
piece of fabric, allowing it to artfully showcase the move- 


Figure 19. Paula Crevoshay’s “Moon Dance” bracelet contains 121 moonstones totaling 133.19 carats and 495 sap- 
phires totaling 38.61 carats, set in 18K gold. Photo by Kevin Schumacher. 
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Figure 20. Erica Courtney’s moonstone pendant and 
earrings. The mandala flower cross pendant features 20 
carats of moonstones with Paraiba-type tourmaline ac- 
cents. The chain contains 3.02 carats of diamonds. The 
double-drop moonstone earrings also have Paraiba-type 
tourmaline accents. Photo by Robert Weldon/GIA. 


ment of the adularescent glow. Erica Courtney, winner of 
three 2019 AGTA Spectrum Awards, exhibited a stunning 
moonstone necklace and pair of earrings, both featuring 
African Paraiba-type tourmalines (figure 20). The intense 
adularescence of the moonstones in these jewelry pieces is 
truly captivating. 
Jennifer Stone-Sundberg 
GIA, New York 


Ponderosa sunstone update. John Woodmark, president of 
Desert Sun Mining and Gems (Depoe Bay, Oregon), updated 
us on the Ponderosa mine, which he calls the most produc- 
tive source of Oregon sunstone (figure 21). Demand has in- 
creased annually over their 17 years of production, he said. 
With the larger excavator and high-capacity screen they 
brought on in 2015, they now mine about 4,300 kg (4.8 tons} 
of sunstone rough per year, up from about 2,000 kg (2.2 
tons) in 2014. About 3% of this material is facet grade. Pon- 
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Figure 21. Two Oregon sunstones weighing 7.07 and 
2.48 ct. The stone on the right, faceted by Larry 
Woods, has a very rare deep red color. Photo by 
Robert Weldon/GIA, courtesy of John Woodmark, 
Desert Sun Mining. 


derosa now produces 4,000 to 5,000 cubic yards of concen- 
trate in seven days—more than enough to process in one 
season (which only lasts five or six months due to snow at 
the high elevation). Desert Sun was once limited to mining 
at about 50 feet deep, but the excavator has allowed them 
to go a few hundred feet deep into the source. Woodmark 
said the sunstones at that depth are larger and less fractured, 
and there are some excellent red stones of good size. 

Woodmark said demand is especially strong from Amer- 
ican and European customers age 45 and under because 
they want natural, untreated gemstones such as sunstone, 
opal, and jade. They also love Oregon sunstone’s schiller ef- 
fect, a sparkle caused by reflective copper platelets that 
makes the stone “different from what their friends have.” 
Desert Sun will be using social media this year for the first 
time to reach customers looking for unique gemstones. 

Jewelers are excited about Oregon sunstone because of 
the potential high markup, according to Woodmark. He 
noted that sunstone isn’t competing with diamond, ruby, 
sapphire, and emerald, for which a jeweler might see a 10% 
or 15% profit margin. Oregon sunstone can yield a triple 
or quadruple markup, yet it is still relatively affordable: 
Woodmark said the yellow sunstones sell for about $30 per 
carat while the reds can go for $300 to $4,000 per carat. 
Sunstone’s affordability, profit margin, and appeal to young 
consumers make it attractive to jewelers. 

Woodmark said the jewelry industry’s demand for cali- 
brated sunstones continues to grow, and Desert Sun now 
receives significant orders from large companies. A typical 
order might be a thousand 5 mm rounds of orange sunstone. 
Every color sells well, he told us, but it is difficult to get a 
specific band of color in natural, untreated gemstones, so 
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they are trying to grade more consistently. Desert Sun has 
seven colors, each graded with and without schiller, so over- 
all there are 14. He tries to educate jewelers, manufacturers, 
and designers on the fact that color in natural stones is more 
variable—and that many have unique color—to encourage 
them to use more than one color in their pieces. 
Woodmark sees a bright future for Oregon sunstone as 
more consumers become aware of it. He acknowledged that 
there will come a time when he and Bruce Moore, Desert 
Sun’s executive vice president, will have to step away from 
the deposit. “We're barely scratching the surface of what 
people could do with this mine,” he said. Desert Sun only 
exhibits at the AGTA show in Tucson, but Woodmark said 
if someone were to take over the mine, they could do 10 
shows a year across the United States. At that point, he said, 
sunstone would “take off.” 
Duncan Pay and Erin Hogarth 


Potentate’s Montana sapphire mine: An interview with War- 
ren Boyd. The history of the American West is told in stories 
of frontiersmen seeking fortune in gold and other precious 
metals. It was serendipity when these intrepid adventurers 
arrived in western Montana and discovered strange, shiny 
pebbles—sapphires—while looking for gold. Little did they 
know the gem wealth they had uncovered with the sap- 
phires, which were simply a nuisance to the gold miners at 
first. More than 100 years later, this legacy of mining is car- 
ried on by several small-scale miners across Montana, and 
with the arrival of Potentate Mining at the Rock Creek sap- 
phire deposit. We had the chance to sit down in Tucson with 
Potentate’s director of marketing, Warren Boyd, for an up- 
date on their mining activities and their plans to find a place 
for Montana sapphires in the market. 

Sapphire mining can be challenging in the rugged Mon- 
tana terrain. Harsh winters limit the mining season to 
about six months a year, and even then water shortages can 
make mining difficult. The year 2017 saw extreme wildfires 
that forced the mine to be evacuated several times. Despite 
these challenges, 2018 was Potentate’s third year at full pro- 
duction, yielding more than 100 kg of rough sapphire each 
mining season. In 2018, the mine commissioned a new pro- 
cessing facility with a larger throughput, which will allow 
Potentate to process more gravel and produce more sap- 
phires each year. The facility features a gold recovery circuit 
to recover the fine gold that is produced along with the sap- 
phires. Potentate has also devoted significant resources to 
protect the beautiful wild areas in which they mine, and a 
strict rehabilitation program is in place. They are only al- 
lowed to disturb five acres at a time, and after rehabilitation 
there will be little evidence of their mining activities. A 
water clarifier has also been implemented to purify their 
processing waters. This is important to protect the pristine 
trout fishing streams in the area. 

The sapphires come in a range of colors (figure 22), from 
fine deep blues to fancy yellows, oranges, and pinks, and 
there are very rare Montana rubies. Some stones come out 
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Figure 22. Rough Montana sapphires in a range of col- 
ors. Photo by Albert Salvato, courtesy of Potentate 
Mining. 


of the ground with a fine natural color, but the bulk of the 
production requires heat treatment to bring out these col- 
ors. Less than 1% of the sapphires recovered will end up as 
faceted stones in the 2-6 ct range, with most of the produc- 
tion cutting stones from 0.25 to 0.99 ct. Some extremely 
large stones have been produced, however. In the last min- 
ing season, Potentate recovered a 64.14 ct rough sapphire, 
the largest gem-quality sapphire ever found in Montana. 

Potentate first exhibited at the Tucson shows in 2018, 
with a booth in the AGTA GemFair. With mining activities 
proceeding at full speed, Potentate’s focus now is to create 
market awareness of their commercial-scale production of 
sapphires, which represents a reliable supply of stones. 
Their big challenge is not finding a market for their rare 
large stones, but moving large quantities of small and mid- 
sized stones. Potentate is building relationships with jew- 
elry manufacturers that have the capacity to find a market 
for Montana sapphires in the 0.5 ct range. The main mar- 
kets are in the United States and Canada, but Boyd has seen 
interest growing internationally as well. Social media has 
been an important tool for Potentate, and they have started 
exporting stones to clients in India, Hong Kong, Sri Lanka, 
and Europe. Montana sapphires have even found a substan- 
tial market in sapphire-producing countries such as Aus- 
tralia, where consumers might be looking for their unique 
pastel colors that are different from those sourced domesti- 
cally. With their significant investments in mining infra- 
structure and a clear strategy for getting stones to the 
market, Potentate Mining could make a substantial impact 
in the story of Montana sapphires. 

For a bird’s-eye view of the Potentate mining site, visit 
https://www.gia.edu/gems-gemology/spring-2019-gem- 
news-potentate-mine-warren-boyd. 

Aaron C. Palke 
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Figure 23. These “rainbow lattice” specimens, a 4.14 
g rough stone and a 2.18 ct kite-shaped cabochon, are 
from Harts Range in central Australia. Photo by 
Robert Weldon/GIA, courtesy of Rainbow Lattice. 


“Rainbow lattice” from Australia. One of the most striking 
materials encountered in the Riverpark Inn (Pueblo) Gem 
Show was “rainbow lattice.” This rare phenomenal gem is 
a variety of feldspar exhibiting aventurescence from exsolu- 
tion hematite crystals and a rainbow lattice effect from ori- 
ented exsolution magnetite crystals. Supply is extremely 
limited, and the only source is the tiny Utnerrengatye mine 
in Harts Range, Northern Territory, Australia. Rainbow lat- 
tice was discovered in 1985 and acknowledged as a new gem 
material in 1989. One of the original discoverers, Darren 
Arthur, showed us all-new material he mined in 2018 and 
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subsequently sorted and cut (figure 23). With its scarcity and 
unique appearance, rainbow lattice is a must for any serious 
rare gem collection. 


Jennifer Stone-Sundberg 


Sourcing stones with Columbia Gem House. Eric Braun- 
wart (Columbia Gem House, Vancouver, Washington) 
spoke to us on how the industry has evolved since he 
opened his doors in 1976. Columbia Gem House has been 
a pioneer in the responsible sourcing of gemstones. 
Braunwart traces his commitment to ethically sourced 
gems, those that he can track and trace and align with the 
company’s fair trade protocols, to a project he worked on 
with the World Bank in Madagascar about 20 years ago. His 
involvement with this project led him to set up fair trade 
standards for his own business—no small feat, as there 
were no such procedures for the gem and jewelry industry 
at the time. To create policies, Braunwart and his staff 
turned to industries such as food and agriculture. The com- 
pany has remained open to public feedback; this is how 
Braunwart became passionate about prevention of silicosis 
in cutting communities. They have collaborated with dif- 
ferent entities to create projects to benefit miners and their 
communities (read about one such project in J.-L. 
Archuleta, “The color of responsibility: Ethical issues and 
solutions in colored gemstones,” Summer 2016 G&G, pp. 
144-160). The company continues to seek out projects in 
regions where they can make a difference by setting up 
schools, medical facilities, and other community needs. 
Growing up in the American West led to Braunwart’s in- 
terest in the region’s nontraditional gem materials, such as 
agates, garnets, and petrified wood. Even though his busi- 
ness was involved in more traditional gem materials, he was 
drawn to the chalcedony, variscite, and turquoise that were 
not featured in classic jewelry. Today, Columbia Gem House 
sources and cuts about 150 different varieties of gemstones. 
American gemstones, such as the faceted blue hyalite opal 
from Oregon (figure 24, left), are one of their specialties. 
Much of their current business comes from small designers 


Figure 24. Left: These 
trillion-cut blue hyalite 
opals from Oregon, 
weighing about 2.25 ct 
each, are reminiscent of 
moonstone. Right: Five 
Montana sapphires, 
ranging from 0.60 to 
1.20 ct, showcase Co- 
lumbia Gem House’s 
“GeoCut,” which fol- 
lows the crystal’s natu- 
ral shape. Photo by 
Robert Weldon/GIA. 
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Figure 25. This 21.33 ct blue and green unheated sap- 
phire is from Tanzania. Photo by Robert Weldon/GIA. 


rather than large corporate interests. They have run their 
cutting facility in China for 35 years, with a trusted team 
that can quickly respond to orders. 

While the company was in business before millennials 
were even born, this generation has clearly influenced the 
company’s sales; many of this year’s buyers in Tucson were 
people in their twenties representing small designer firms 
making modest purchases. Braunwart has been able to cap- 
italize on social media (particularly Instagram) to make de- 
cisions on materials, colors, and cuts, allowing followers to 
vote on what types of material to promote. He believes that 
social media will continue to drive consumers toward eth- 
ical and sustainable choices in jewelry, with the full impact 
being felt within the next five years. 

The 2019 AGTA show brought many new and estab- 
lished buyers to the Columbia Gem House booth. In fact, 
Braunwart said that this Tucson show, the company’s 41st, 
was their most successful ever. He attributes that to a grow- 
ing interest in sustainably and ethically mined gemstones. 
Popular items included small baguettes in a variety of col- 
ors and materials, unheated Montana sapphire, Cortez 
pearls, and fossilized coral from Utah. The company’s 
“GeoCut,” a simple cut that follows the natural shape of 
the crystal, is used in materials such as Montana sapphire 
(figure 24, right). One remarkable stone from outside the 
United States was a 21.33 ct unheated sapphire from Tan- 
zania showing distinct blue and green colors (figure 2.5). 

Jennifer-Lynn Archuleta and Jennifer Stone-Sundberg 


Thoughts on the Chinese and Japanese gem markets. At 
the Tucson shows, Shahin Aboosalih, director of SR Trad- 
ing, spoke to us about his path to the gemstone and jewelry 
industry and his company’s gemstone business in Japan 
and China. 

Shahin, as he prefers to be called, comes from four gen- 
erations of Sri Lankan gem merchants, but initially he took 
another career path. He spent seven years in the Sri Lankan 
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banking industry and then decided to go to school in Japan 
to study the language, with no intention of entering the 
gem industry. In fact, his father always encouraged him to 
pursue a career outside the gem business. In 1993, after 
completing his Japanese language studies and gaining ex- 
perience in computer graphics, Shahin returned to Sri 
Lanka and joined Dilmah, a major tea exporting company, 
as a packaging designer. In 1996, he was offered an oppor- 
tunity to work in Kofu, Japan, by STS Gems Japan Ltd., an 
Indian multinational colored gemstone and jewelry com- 
pany. This was his stepping stone to the world of gems. “At 
that time, I didn’t know what a tanzanite or sapphire was, 
even though my family had huge knowledge in corundum 
from Sri Lanka for several generations,” he explained. 

When Shahin started in the industry during the 1990s, 
Japan’s economy was in recession, yet fine gemstones like 
Paraiba tourmaline (figure 26) were still in demand. As the 
recession continued, gemstones that were once rare and 
more difficult to source—such as fine blue star sapphires, 
emeralds, and Paraiba tourmaline—kept momentum and 
held their prices. 

Sunil Agrawal, CEO of STS and one of Shahin’s early 
mentors in Japan, taught him everything “from scratch.” 
The company sent Shahin to Jaipur, India, for several 
months to learn colored stone identification. Then he trav- 
eled to Brazil, India, South Africa, Thailand, and Sri Lanka 
to find new material to meet the heavy demand from his 
Japanese clients for a wide range of stones, including fine 
corundum, spinel, tourmaline of all kinds, and aquamarine. 
He also learned finer cutting techniques in Sri Lanka from 
his father-in-law, Naji Sammoon (founder and chairman of 


Figure 26. Paraiba tourmaline, such as this 3.71 ct 
pear-shaped stone, was popular in Japan when Shahin 
entered the gem trade. Photo courtesy of SR Trading. 


” Paraibahitiike 
3-71 cts GIA 
DPUAZ/CZ/P 
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Figure 27. This rare blue-green beryl from Madagas- 

car, weighing 10.19 ct, contains iron, chromium, and 
vanadium. Photo by Kevin Schumacher, courtesy of 
SR Trading. 


Sapphire Cutters (Pvt) Ltd. in Colombo). He used these 
skills, along with his computer graphics background, to per- 
fect gem cuts and meet the high standards for faceted stones 
in the Japanese market. "The trade is looking for nice ma- 
terial, precision, and perfection,” Shahin said. 

At the height of the global recession in 2008, Shahin 
became managing director of SR Trading, his older 
brother's company. Japanese clients were looking for un- 
usual and rare material that had become more popular in 
recent years, including grandidierite and benitoite. In 2012, 
Shahin transitioned to the Chinese market. His brother 
Ruzaik Aboosalih runs the business in Japan, specializing 
in padparadscha sapphire, Paraiba tourmaline, and other 
rare stones. Shahin sees great opportunity in China and 
Hong Kong. He has developed a very strong client base 
along with Cindy Xin Hao, who started out as his Chinese 
translator and has become a gem expert and managing part- 
ner of the Chinese business. 

Shahin thinks of China as a “young” market with con- 
sumers who are curious to see variety, more so than their 
traditional Japanese, European, and American counter- 
parts. Here he targets almost every colored gemstone. His 
Chinese clients look for a wide variety of colored stones: 
corundum, emerald, and aquamarine and other beryls (see 
figure 27), as well as precious opal and tourmaline in its 
many colors. This gives Shahin opportunities to look for 
more stone varieties every day. Despite this market's de- 
mand for a wide variety of gem material, gemological edu- 
cation is relatively new in China. Therefore, Shahin and 
Cindy conduct mini-seminars to groups of 10-15 people to 
teach them about gemology and the supply, demand, and 
value of colored stones. They also conduct gem mining and 
leisure tours in Sri Lanka for small groups from China. 
They educate the tourists about the process, from mining 
and cutting to the finished product. 
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Figure 28. A 2.95 ct grandidierite from Madagascar. 
Photo courtesy of SR Trading. 


Shahin said that historically some of the finest corun- 
dum has come from Sri Lanka, but currently most sap- 
phire is sourced from Madagascar. For other colored 
stones—such as grandidierite (figure 28), spinel, and 
Paraiba and other tourmalines—the main producers are 
mainly Brazil, Tanzania, Kenya, Congo, and India. Shahin 
buys stones from Hong Kong and Bangkok as well; such 
gems include spinel, rubies, mint-green garnets, and tan- 
zanite (figure 29). Most of the time he buys faceted mate- 


Figure 29. A 22.6 ct precision cushion-cut deep blue 
tanzanite. Photo by Kevin Schumacher, courtesy of 
SR Trading. 
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Figure 30. A pink 173.22 ct fluorite, measuring 35 x 33 
mum, from Uri, Switzerland. This stone is representa- 
tive of minerals discovered by strahlers, mineral 
hunters from the Swiss Alps. Photo by Kevin Schu- 
macher, courtesy of Gravier # Gemmes. 


rial, but as a perfectionist, he will recut 90% of his stones 
in Sri Lanka. He purchases all his stones, and they all un- 
dergo his personal inspection and quality control. His pas- 
sion for his stones is what makes them easy to sell, 
because they are all very special to him. “T love them all,” 
he said. 

Shahin sees plenty of opportunity for those who can 
bring value-added merchandise to the market. The global 
industry is looking for attractive, ethical, value-added gems. 
While it can be a struggle to find quality material—be it 
corundum, Paraiba tourmaline, spinel, or any other colored 
stone—it is worth it to work hard and be patient enough to 
find the right opportunity and source. Shahin notes, “With 
the experience and connections and what I’ve learned in 
the past 20 years, it helps to meet the right people and prod- 
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uct to satisfy the demand. This demand will continue, and 
Isee that as an opportunity to make business in the future.” 
Jonathan Muyal 

GIA, Carlsbad 


Unusual faceted gemstones. Denis Gravier of Gravier & 
Gemmes (Poncin, France) exclusively sells rare and un- 
usual faceted stones, such as the pink fluorite from 
Switzerland shown in figure 30. During the GJX show, he 
shared insights about the market for such gems. 

Gravier developed a passion for colored stones and min- 
erals while growing up in the French countryside. He stud- 
ied mineralogy, crystallography, and petrology before 
traveling to the Republic of the Congo, Pakistan, Mexico, 
the former Yugoslavia, and Morocco a few decades ago to 
collect mineral specimens. He also learned gemstone cut- 
ting techniques. With the knowledge and experience he 
gained, he decided to open a company specializing in 
faceted stones of unusual varieties. Some of these gems, he 
explained, are rarely if ever used in jewelry. The challenge 
is finding them, but after decades of traveling and visiting 
the mines, he knows many people in the trade. Now the 
stones come to him during major shows, so it is no longer 
necessary to go to the sources. He still travels occasionally 
to Sri Lanka and Madagascar, where he buys rough that he 
will have cut in France or overseas. Gravier says Tucson 
“is a great show...you can almost see all that is available 
in the world at that time during the show.” In Tucson he 
meets with clients from the U.S., Japan and other parts of 
Asia, and European countries. 

In terms of novelty and rarity, Madagascar offers the 
largest variety and supply. New gemstones are always 
emerging, Gravier explained. Among his stones from Mada- 
gascar were the dumortierite and green sphene in figure 31. 

He also described the market for unusual faceted gems. 
Collectors, not the jewelry industry, are the clientele for rare 
stones in France and around Europe, which is dominated by 


Figure 31. Unusual 
stones from Madagas- 
car. Left: A 0.51 ct du- 
mortierite (5.4 x 4.5 
mm). This mineral, 
commonly known as an 
inclusion, is now avail- 
able in very limited 
quantities as a gem. 
Right: A 19.65 ct round- 
cut green sphene. Photos 
by Kevin Schumacher, 
courtesy of Gravier # 
Gemmes. 
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Figure 32. A 1.21 ct intense yellow legrandite, a rare 
zinc arsenate mineral from Mexico. Since the last dis- 
covery of this mineral in the 1970s, it has appeared on 
the market only sporadically. Photo by Kevin Schu- 
macher, courtesy of Gravier # Gemmes. 


the “Big Three” and diamond. Faceted legrandite (figure 32), 
grandidierite, and dumortierite, for example, are generally 
not used in jewelry pieces. On the other hand, in Asia, espe- 
cially Japan, people are attracted by rarity and there is a de- 
mand for “exotic” quality material, even in small sizes, for 
use in jewelry. Gravier feels that more people there have a 
general knowledge of and interest in gemology and colored 
stones. The Chinese market is becoming increasingly im- 
portant for his business. One benefit of the rare stone market 
is that treatments are not common among these gems, mak- 
ing it a good source for people seeking untreated material. 

Even though there is growing competition, with goods 
at all price points available on the Internet and aggressive 
marketing through the web and social media activity, 
Gravier chooses not to sell on the Internet. He invests in 
improving the quality and variety of his stock, relying on 
his long-term relationships with clients and suppliers. 

Gravier sees a rising interest in rare stones. He believes 
he is helping to create more appreciation for a wide range 
of colored stone varieties. He hunts for rare treasures and, 
as an ambassador for unusual stones, gives them a chance 
for public exposure and recognition. 

Jonathan Muyal 


A variety of colored stones from Mayer & Watt. Mother- 
and-son team Laurie and Geoffrey Watt (Mayer & Watt, 
Maysville, Kentucky) noted that while there were plenty 
of customers at the AGTA show this year, the formula for 
success was a wide selection of materials and competitive 
pricing. Their booth had a selection of what was hot this 
year: the highly sought-after gray zircon, as well as pink 
and blue zircon; fancy colors of Montana sapphire; 
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from Myanmar. Photo courtesy of Mayer & Watt. 


Ethiopian emerald from Shakiso; electric pink spinel from 
the Mahenge deposit in Tanzania; and a wide variety of gar- 
net colors, such as true purple garnet from Mozambique. 
Gray spinel was one of the most popular stones this year 
for a wide variety of jewelry applications, including engage- 
ment rings. Mayer & Watt had one of the best selections 
of actual achromatic gray spinel, with no stray hues of 
blue, green, or purple (figure 33). The true purple garnet of- 
fered by Mayer & Watt and a handful of other vendors at 
AGTA and GJX comes from a single small source discov- 
ered in 2015 in Mozambique (figure 34). This garnet lacks 
a pinkish cast, unlike less expensive pinkish purple mate- 
rial coming from Tanzania. 

Jennifer Stone-Sundberg 


Figure 34. This purple garnet from Mozambique is a 
1.25 ct hexagon measuring 6.1 mm. Photo courtesy of 
Mayer & Watt. 
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Gemological Uigests 


GERMAN SCIENTISTS TRY 
TO SYNTHETIZE DIAMONDS 


In recent months many publications have 
carried the exciting announcement that a 
group of German scientists have been able 
to synthetize diamonds. No verification from 
an authoritative source has, however, been 
received by the Gemological Institute. We 
believe the following account by Prof. Dr. 
Schlossmacher, head of the Gemological In- 
stitute of Idar-Oberstein, which recently 
appeared in Zeitschrift der Deutschengesell- 
schaft reveals as much as is, at least at the 
present, being released to the public. 

“Through the German press a short time 
ago, a report was made of a press con- 
ference in the Commerce Department of 
Germany, in which the production of syn- 
thetic diamonds in Germany was discussed. 
From this report it is seen that the Minister 
of Commerce is very much interested in this 
project and that a number of German fin- 
ancicrs made this research possible through 
their financial aid. 

“The leader of this organization is Herr 
Dr. H. Meincke, in Bonn. Fantastic figures 
of the production possibilities were named, 
and it was said that they were only interested 
in the production of industrial diamonds. 
Further developments were to wait. If this 
is to be taken seriously it is only because 
a forceful, influencial group is behind it. 

“There were charges and countercharges 
of sensational reports in illustrated maga- 
zines which gave this research a very doubt- 
ful aspect as to the probability of this pro- 
duction of synthetic diamonds. Therefore, 
the people responsible for this research re- 
quested an official and authoritative exam- 
ination of the method of production. The 
results will have to wait, as it is too early 
to get a clear picture of this through the 
reports of the uncontrolled press.” 


FINE 160 CARAT DIAMOND 
FOUND NEAR ORANGE RIVER 
IN SOUTH-WEST AFRICA 


Recently the G.I.A.’s Gem Trade Labora- 
tory in New York was asked to examine a 
nearly-completed large pear-shaped pende- 
loque diamond cut from the famous 160 
carat ‘La Belle Helene.’’ After examination, 
the diamond was described by the staff as 
containing no flaws which could not be re- 
moved during the finishing process. 

Of exceptionally fine color, the crystal was 
found in March, 1952, near the mouth of 
the Orange River in South-West Africa. The 
rough crystal was purchased by Rome Gold- 
muntz, noted diamond dealer of Antwerp, 
Belgium, for 80,000 pounds sterling. Named 
for Goldmuntz’ wife, the stone was brought 
by his brother to R. & L. Goldmuntz, Inc., 
the firm’s New York branch. 

In the accompanying photograph the “La 
Belle Helene’ is shown in rough crystal 
form beside an engagement ring with a 
brilliant cut diamond of slightly less than 
one and one quarter carats. 


* The “La Belle Helene” in rough 
crystal form. 
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CUTS ANDCUTTING 


Jeff Hapeman: Stories from a gem cutter. Jeff Hapeman of 
Earth’s Treasury (Westtown, Pennsylvania) loves a gem- 
stone with a good story. Whether it’s the story of a young 
couple buying one of his Montana sapphires for an engage- 
ment ring or the amethyst he dug out of the ground on an 
Amish farm in rural Pennsylvania, Hapeman feels that 
every gemstone needs a story. His own story starts with a 
boy reading old rock and mineral magazines, staring in fas- 
cination at the new find of blue-cap tourmalines coming 
out of Pala, California, in the early 1970s. These images 
were fresh in Hapeman’s mind when he took a break from 
his career in finance technology in Southern California to 
work at the Oceanview pegmatite mine. One of the miners 
thought he might have the talent for cutting stones and 
pushed him to take up faceting. 

Since cutting his first gemstone in 2013, Hapeman has 
developed his own style, creating designs he describes as 
“somewhat modern and somewhat classic at the same 
time.” The modern elements are seen in the elegant but 
slightly angular and geometric appearance of many of the 
stones he cuts. At the same time, Hapeman claims there is 
a simplicity to his designs, even though “simple” is cer- 
tainly not a term that comes to mind when you see his 
work. His designs are often born out of necessity as he fits 
the cut to work with a piece of rough that would not work 
with his previous designs. One of his more recognizable de- 
signs is the Helena cut, named in honor of Montana’s state 
capital. Rough Montana sapphires are often found in flat- 
tened, slightly oval shapes. Ovals are among the least re- 
warding stones for many lapidary artists. Even when 
skillfully executed, the results can be boring. And yet, 
through a fine balance between rigorous mathematical mod- 
eling and his own gut feeling and intuition, Hapeman has 
managed to produce a visually interesting oval cut that is 
well suited for Montana sapphires, deepening the color of 
these typically pastel-hued gemstones (figure 35). 

Montana sapphires have become particularly important 
in Hapeman’s career. He became involved with the Poten- 
tate Mining operation at Rock Creek (p. 134) as they were 
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Figure 35. Left: This 
4.37 ct unheated bi- 
color sapphire from the 
Potentate mine in Mon- 
tana features Jeff Hape- 
man’s signature Helena 
cut. Courtesy of Jeffrey 
R. Hapeman, Earth’s 
Treasury. Right: A 4.57 
ct heated blue sapphire 
from Potentate. Photo 
by Kevin Schumacher. 


developing their mine. Montana sapphires can be trickier 
to cut than blue sapphires from Asia and Africa. While they 
often have exceptional clarity, fine cutting can greatly ben- 
efit Montana sapphires due to their sometimes lighter pas- 
tel colors and pleochroism. Early on, Hapeman cut many 
Montana sapphires in order to demonstrate this to Poten- 
tate Mining. Since then he has become one of the most 
prominent cutters working with Potentate’s production, 
and he often collaborates with them to cut and market 
some of their larger and finer stones. 

When sourcing material, Hapeman seeks out the un- 
usual. His involvement with Potentate gave him the op- 
portunity to cut several exceptionally rare Montana rubies 
from the Rock Creek deposit (figure 36). Unlike some lap- 
idary artists, he actually likes cutting round brilliants, as 
he appreciates the beauty and symmetry of a perfectly ex- 
ecuted cut. He especially seeks out materials with high lus- 


Figure 36. A collection of eight Montana rubies from 
Rock Creek, mined by Potentate, ranging in weight 

from 0.172 to 0.578 ct. Photo by Kevin Schumacher, 

courtesy of Jeffrey R. Hapeman, Earth’s Treasury. 
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Figure 37. This rare faceted scheelite weighs 6.08 ct. 
Photo by Kevin Schumacher, courtesy of Jeffrey R. 
Hapeman, Earth’s Treasury. 


ter and dispersion for his experiments with round bril- 
liants, such as the scheelite from China in figure 37. 
Hapeman also discussed the use of social media in the 
gem and jewelry industry. Social media has helped cutters 
like him who deal largely in nontraditional stones by allow- 
ing them to reach clients with eclectic tastes. It has pro- 
foundly reshaped the gem industry by giving more control 
to end consumers to purchase exactly what they want. 
Hapeman said that those in the gem and jewelry trade who 
can harness social media will gain a competitive edge. This 
is especially true for the younger generation of cutters and 
designers, who are using social media to find a market for 
gems and jewelry that could have been hard to move 10 or 
20 years ago. 
Aaron C. Palke 


Largest square cushion-cut tsavorite. At the AGTA show, 
Bridges Tsavorite unveiled the largest known square cush- 
ion-cut tsavorite, weighing 116.76 ct (figure 38). The 283.74 
ct rough stone was mined by the company in Merelani, 
Tanzania, in September 2017. Bangkok-based gem cutter 
Victor Tuzlukov cut the stone at Bridges Tsavorite’s Ari- 
zona office over the course of a month in 2018. 

The tsavorite could be a once-in-a-lifetime stone, said 
Bruce Bridges, the company’s CEO and son of the late 
Campbell Bridges. Despite seeing most of the finest tsa- 
vorites in the world above 20 carats, he had never seen one 
comparable to this size in a square cushion cut. The 
square cushion and round cuts are the rarest shapes for 
tsavorite because the rough typically lends itself to other 
shapes. 

Size and cut were not the only factors contributing to 
this tsavorite’s rarity. The rough was extremely clean for 
its size. It had several very well-terminated euhedral faces, 
unusual for tsavorite, which typically has more fragmented 
face formation. The tsavorite also has the distinction of 
being the largest gemstone cut in the United States. 

Bridges said that the public is much more concerned 
about ethical sourcing than in the past and wants to know 
where a gemstone came from; in keeping with Bridges 
Tsavorite’s mine-to-market tradition, the stone’s process 
from mining to finished product was completely docu- 
mented. “My father would be very happy that we’re doing 
this and that we're carrying on his legacy,” he said. 

In March 2018, a GIA team traveled to Arizona to doc- 
ument the cutting of the stone. Find out more about this 
rare tsavorite, and how Victor Tuzlukov approaches the 
cutting process, at https://www.gia.edu/gems-gemology/ 
spring-2019-gemnews-largest-square-cushion-cut-tsavorite. 

Duncan Pay and Erin Hogarth 


Figure 38. This 283.74 ct rough tsavorite (left) was mined in Merelani, Tanzania, by Bridges Tsavorite and yielded 
a 116.76 ct square cushion cut (right). Photos by Robert Weldon/GIA, courtesy of Bruce Bridges. 


Gem News INTERNATIONAL 


Gems & GEMOLOGY SPRING 2019 141 


Figure 39. This cuprian tourmaline from Mozambique 
measures 37 x 26.5 mm and weighs 109.62 ct. Photo 
by Kevin Schumacher, courtesy of Wild & Petsch. 


Wild & Petsch: Sourcing rough and cutting in Idar-Ober- 
stein. Wild & Petsch (Idar-Oberstein, Germany) was formed 
when two established companies, headed by brothers-in-law 
Alexander Wild and Thomas Petsch, joined forces. The roots 
of the merged company go back to 1901. Today the firm is 
still sourcing rough and faceting stones in their 15-cutter 
workshop in Idar-Oberstein. Over the last few years they 
have increased their quality levels, embracing the slogan 
“Nothing leaves our offices that is not perfect.” While most 
of their work involves freeform hand faceting, machine-as- 
sisted techniques are used during preforming to achieve op- 
timal results. They supply other businesses mainly through 
trade shows and an international network of distributors. 

According to Alexander Wild, high-quality material is not 
limited to facet-grade rough. Wild & Petsch produces faceted 
stones, cabochons, and beads, but all must be of the highest 
quality. To guarantee high standards of their craftsmanship, 
the firm has started an apprenticeship program. During this 
three-year period, enrollees learn high-level lapidary skills in 
the company’s professional workshop while attending 
school. After this period, they are certified as gem cutters, 
and after a few more years they can receive the distinction 
of Master Gem Cutter. The region has seen a renewed inter- 
est in lapidary work among young men and women. 

All the material cut in the workshop is sourced by Wild 
& Petsch. They travel to the producing areas and buy as 
close to the mines as possible. In some cases, this means 
buying at the source, which requires a strong relationship 
with the mine owners. Wild & Petsch has such relation- 
ships with tourmaline miners in East Africa. Elsewhere, 
they collect stones in the local markets (e.g., Arusha, Tan- 
zania) where material from a wide area comes together. 

Wild said the rough trade has not changed much in the 
last few decades. As new sources are found, it remains ex- 
tremely important to maintain contact with the source and 
the end client to strike the best deals. Flexibility is key, as 
they must be able to check out new finds right away. For 
example, the majority of beryl is sourced from Africa, but 
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in the mid-1990s the most amazing materials came from 
Ukraine and other former Soviet states. Without an exten- 
sive international network that covers nontraditional min- 
ing areas, such opportunities would be missed. 

The biggest change in recent years is likely the speed 
at which information travels. Today a single social media 
post about a new find can alert the whole world, but simply 
having that information is not sufficient. Rough buying is 
clearly more complex than traveling to mining areas with 
sufficient funds. Being able to judge parcels quickly in 
terms of quality and value—and having the confidence to 
invest in the material—requires years of experience. This 
is not a skill that can be learned in school. In this area, es- 
tablished companies like Wild & Petsch have an enormous 
advantage. 

For Wild & Petsch, the most exciting material in the 
last five years has been Mozambican cuprian tourmaline 
(figure 39), which satisfies a market demand created by the 
original Paraiba tourmalines from Brazil. Another exciting 
find is green non-cuprian tourmaline from Mozambique 
(figure 40), with its fresh, minty colors and blue-green 
tones. Apart from tourmaline, the company works with a 
wide range of colored gemstones, including different beryls, 
fine tanzanite, and African garnets. 

Wild acknowledged that regional trends strongly impact 
rough buying and finished goods sales, using the interest in 
bicolor tourmaline from Asia about 10 years ago as an ex- 
ample. Many dealers had those stones in stock for decades 
already, with prices established. Clients paid a premium for 
these tourmalines, and everyone was happy to sell their old 
stock for an additional profit; this also raised prices at the 
source. This unusual market behavior did not last, and 
prices quickly collapsed. As a result, many people are now 
sitting on very expensive rough material that does not con- 
form to current market prices. Even though those trends 


Figure 40. A non-cuprian green tourmaline from 
Mozambique, weighing 37.01 ct and measuring 22 x 
17.5 mm. Photo by Kevin Schumacher, courtesy of 
Wild & Petsch. 
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Figure 41. Katzenbach’s “Colors of Maine” kaleido- 
scope features 71.74 carats of Maine tourmaline and 
66.05 carats of Maine quartz between three lenses. 
Photo by Brian Moghadam, courtesy of AGTA. 


impact the trade on different levels, Alexander Wild stands 
by the motto “Good taste is international.” 

Responsible practices have become increasingly impor- 
tant in the gem trade, and Wild & Petsch is working on its 
own set of standards to provide to customers. Wild said that 
his larger clients have already requested such information. 
He noted, “This is a rocky road with many challenges and 
obstacles. We will have to take a realistic approach and ac- 
knowledge that there will be limits to what we can do and 
not everything is within reach. Unfortunately, you can’t 
control the world.” Wild does believe that everyone in the 
trade should see how they can apply responsible practices 
in sorting, cutting, manufacturing, and exporting. 

Wim Vertriest 


JEWELRY DESIGN 


Derek Katzenbach: Faceter, gem artist, custom jeweler. 
Derek Katzenbach, winner of multiple AGTA Spectrum 
Awards, was once a marine biology student visiting a local 
gem show. Until then, the thought of working in a creative 
industry had never crossed his mind. He spent much of his 
savings at that show, leaving with a bag full of stones but 
no idea what to do with them. He decided to take jewelry 
manufacturing classes and learn more as an apprentice in a 
jewelry store. The owner convinced Katzenbach to attend 
GIA, where he completed the Graduate Gemologist and 
Graduate Jeweler programs. There he honed his skills and 
learned new techniques. 

He also saw a lot of gems, triggering an interest in lap- 
idary and how brilliance and scintillation can influence ap- 
pearance. A friend taught Katzenbach the basics of faceting, 
and he kept practicing and experimenting with different pat- 
terns. He started working with concave faceting, inspired by 
the work of Dalan Hargrave and Richard Homer. Eventually 
he spent a week with them to refine his technique. After 
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Figure 42. Katzenbach created this top, which uses 
18K gold, sapphire, alexandrite, tourmaline, tsavorite, 
and other garnets, to resemble a “spinning rainbow.” 
Photo by Derek Katzenbach. 


graduating from GIA, he went back to work at the same 
store for five years before starting his own business. 

In his experience, gem cutters and metalworkers look 
at stones very differently. Having a background in both 
fields gave him a unique advantage in pushing boundaries 
and experimenting even further. 

One of Katzenbach’s most celebrated pieces is a kalei- 
doscope, shown in figure 41, called “Colors of Maine.” For 
this he chose Maine tourmaline (the official gem of his 
home state) and Maine quartz. Most of the gems in the 
kaleidoscope come from Plumbago Mountain, where about 
a ton of gem tourmaline was recovered between 1972 and 
1974. The green tourmalines are from the Havey mine. 
Apart from the cutting of melee and very small stones, 
Katzenbach did most of the work himself. 

“Colors of Maine” won first place in the Objects of Art 
category at the 2017 AGTA Spectrum Awards. Afterward, 
the piece was bought and donated to GIA, where it is on 
display at the Carlsbad campus with other Maine tourma- 
lines. Creating the kaleidoscope sparked Katzenbach’s in- 
terest in objets d’art. He had always been fascinated by 
such pieces but found most of them boring and restricted 
because you cannot touch them. Katzenbach wanted to do 
something different. This gave him the idea to create a 
spinning top (figure 42) reminiscent of a rainbow. He used 
a variety of gemstones—including sapphire, alexandrite, 
tourmaline, tsavorite, and other garnets—to create this 
18K gold toy that no one can resist spinning. The top can 
be seen in motion at https://www.gia.edu/gems-gemology/ 
spring-2019-gemnews-derek-katzenbach. 

Katzenbach also creates traditional jewelry. He has al- 
ways been drawn to a mix of modern pieces with micro- 
pavé and the lacy textures of Victorian and Edwardian 
jewelry, but he loves to add color to them. He works mostly 
with locally sourced Maine minerals, which he finds 
through miners, collectors, and even museums. Tourmaline 
(figure 43) is the most common, but he also uses garnet, 
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Figure 43. This 7.48 ct cuprian tourmaline uses what 
Katzenbach calls his “fantasy cut.” Photo by Kevin 
Schumacher. 


aquamarine, smoky quartz, and rare minerals. He occasion- 
ally sources internationally, but his favorite gems are Ore- 
gon sunstone and Montana sapphire. 

Katzenbach would like to get back into engraving, 
something he enjoyed during his time as a gemology stu- 
dent. He feels that many great gemstone and jewelry 
artists, including carvers, metalsmiths, and gem setters, 
are embracing each other’s work and actively looking for 
collaborations. This will inevitably lead to new and excit- 
ing jewelry creations in the coming years. 

Wim Vertriest 


Jeffrey Bilgore gems and jewelry designs. Jeffrey Bilgore is 
both a prominent gem dealer and an award-winning jew- 
elry designer, and at his AGTA booth we found examples 
of exotic gems and exquisite jewelry. Among these was one 
of the most notable cobalt spinel gems we have encoun- 
tered (figure 44). Displayed between two similarly sized 
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Figure 44. This exceptional 10.02 ct 15.4 x 12.0 mm 
cushion-cut dark blue cobalt spinel is unheated. 
Photo by Robert Weldon/GIA, courtesy of Jeffrey Bil- 
gore and John Bachman. 


blue sapphires, the unheated spinel was almost indistin- 
guishable from them. A stunning fire opal and Russian de- 
mantoid garnet pin with tsavorite garnets and yellow 
diamonds (figure 45) also caught our attention, a testament 
to the artistry of Bilgore’s work. 


Jennifer Stone-Sundberg 


New designs from Paula Crevoshay. Paula Crevoshay con- 
tinues to delight with whimsical designs and masterful con- 
trol of color and light. At the AGTA show, she introduced 
several new pieces in her collection of threatened and ex- 
tinct species, such as the charming penguin shown in figure 
46. Crevoshay currently has a one-woman exhibition at the 
Natural History Museum of Los Angeles County entitled 
Art of the Jewel: The Crevoshay Collection, which explores 
her exhaustive process for creating jewels depicting nature 
all the way back to the uncut gem materials. A collabora- 
tion with lapidary intarsia master Nicolai Medvedev 


Figure 45. A fire opal 
and Russian demantoid 
garnet pin designed and 
produced by Jeffrey Bil- 
gore. The piece contains 
five carved fire opal 
leaves (18.74 carats 
total), four demantoid 
garnets (0.40 carats 
total), seven tsavorite 
garnets (0.17 carats 
total), a 0.20 ct pear- 
shaped Fancy Intense 
yellow diamond, and 
five additional yellow 
round diamonds (0.03 
carats total), set in plat- 
inum. Photo by Robert 
Weldon/GIA. 
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Figure 46. Paula Crevoshay’s “Penguin” pendant fea- 
tures 120 white moonstones, 10.09 carats total. It also 
contains 152 black diamonds with a total weight of 
4.22 carats, 14 yellow diamonds (0.43 carats total), 
and eight orange opals (0.27 carats total), set in 18K 
gold. Photo by Robert Weldon/GIA. 


yielded the breathtaking “Garden of Delight” mystery box 
(figure 47), replete with a blue columbine on top, gold in- 
sects on each corner, mating hummingbirds that arise when 
the box is opened, and a delicate string of ladybugs making 
their way up the hinge. Another piece that demonstrates 
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Figure 48. Crevoshay’s “Anemone” features a 10.86 ct 
center sphene surrounded by 16 opals with a total 
weight of 5.37 carats: four pears, four marquise cuts, and 
eight rounds. The outer layer contains blue zircon, sap- 
phire, tsavorite, and apatite. Photo by Robert 
Weldon/GIA. 


Crevoshay’s artistry is the “Anemone” pendant/brooch, 
which mixes greens and blues from a variety of gems, in- 
cluding sphene, opal, zircon, sapphire, garnet, and apatite 
(figure 48). 

Jennifer Stone-Sundberg 


Figure 47. The “Garden of 
Delight” mystery box 
(165 x 188 mm) contains 
lapis lazuli, opal, sugilite, 
malachite, turquoise, azu- 
rite-malachite, 
rhodochrosite stalactites, 
and maw-sit-sit. The 
hummingbirds and 
branch inside the box fea- 
ture amethyst, spinel, sap- 
phire, tsavorite, opal, and 
black diamond. The re- 
movable columbine 
brooch on the lid is set 
with 13.89 carats of Yogo 
sapphire along with yel- 
low sapphire and dia- 
mond in 18K yellow and 
white gold. Photos by 
Robert Weldon/GIA. 
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Figure 49. This 2 ct Old European cut diamond has a 
color grade of N and a clarity grade of VS,. The 
faceted girdle is not original to the stone; originally 
this would have had a bruted girdle. Photo by Albert 
Salvato, courtesy of Perpetuum Jewels. 


RESPONSIBLE PRACTICES 


Recycled gemstones from Perpetuum Jewels. The Tucson 
shows were busy for Perpetuum Jewels (New York and San 
Francisco], a wholesaler specializing in post-consumer re- 
cycled diamonds and colored stones in original, antique 
cuts. They also work with mine-to-market gemstones and 
estate jewelry. Co-founder Jared Holstein spoke to us about 
the importance of recycled gems to the industry (figure 49). 

Perpetuum works mainly with designers and jewelry 
stores in the bridal market. The company originally sought 
to provide alternatives to newly mined material, focusing 
on stones cut before 1940. They are active on social media 
and with organizations such as the Women’s Jewelry As- 
sociation and Ethical Metalsmiths, which drives traffic 
their way. Holstein and his partner, Jay Moncada, enjoy 
working with antique stones because each one is different. 
Rather than achieving a “mathematical ideal of what a 
stone should look like,” each is cut to different proportions 
and has a history and character all of its own. Holstein 
teaches his clients the progression from the first point cut 
(with eight facets) to today’s multifaceted cuts. While they 
have a good deal of stock for center stones, they also have 
antique melee for eternity bands and other pieces. 

Their clients seek the smallest possible environmental 
footprint—as Holstein points out, “Diamonds are the ulti- 
mate recyclable material, because they are so hard,” allow- 
ing them to be used in jewelry again and again—or choose, 
for other reasons, to avoid newly mined gems. Many simply 
love the appearance and mystique of large antique-cut dia- 
monds. The oldest one in stock was a Peruzzi-cut diamond 
with a double-cut bottom and a triple-cut top; the diamond 
came from a Victorian ring that it clearly predated. Dia- 
mond’s hardness allows a long journey through many cuts 
and several mountings. Holstein explained, “I like to think 
that there is probably a modern brilliant, which was a tran- 
sitional cut, which was an Old European cut, which was an 
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Figure 50. This 3.74 ct unheated sapphire was re- 
moved from a vintage 1960s platinum pendant. The 
sapphire was refaceted by Jean-Noel Soni of Top 
Notch Faceting. Photo by Albert Salvato, courtesy of 
Perpetuum Jewels. 


old cushion, which was a Peruzzi, which was a Mazarin, 
which was a table cut, and which was a point cut.” 

With the emergence of the “alternative bridal market,” 
Holstein and Moncada see designers choosing to work with 
colored stones instead of diamonds. In these cases, they 
work with a large supply of corundum. While they carry 
fine classic and antique blue sapphire (figure 50), their clien- 
tele gravitates toward softer blues, teals, and greens (figure 
51); Montana and Australian bi- and parti-color sapphire are 
also popular. Holstein would like to see a move toward 
spinel and garnets by their bridal clients. 

Perpetuum is the only company to achieve the SCS Re- 
cycled Gemstone Standard, a third-party certification for 
100% post-consumer recycled diamonds and gemstones. The 
SCS annually audits all aspects of a business to ensure it is a 
responsible source before awarding this certification. A com- 
pany must prove, for instance, that its environmental foot- 
print decreases every year while recycled inventory increases 
annually. The latter has become difficult for Perpetuum, as 


Figure 51. This 1.28 ct blue-green sapphire is from 
Montana’s Eldorado Bar deposit. Photo by Kevin 
Schumacher, courtesy of Perpetuum Jewels. 
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Figure 52. Sourcing gem rough from East Africa led 

Roger Dery to seek ways to benefit the communities. 
These pink and green tourmalines are from the Dem- 
ocratic Republic of the Congo. Photo by Rachel Dery. 


they now carry recently mined Montana and Australian sap- 
phire to meet their clients’ needs. Doing so has lowered their 
level of recycled gemstones to below 100%. 

Holstein said he has never been able to separate the 
jewelry pieces he loves from the issues endemic to the in- 
dustry. He has always been aware that the makings are 
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“from someone else’s backyard.” He considers it his re- 
sponsibility to engage in ethical, environmentally sustain- 
able and responsible practices because they are better for 
the communities that mine and cut the metals and stones 
that help him make a living; this is at the core of his busi- 
ness practices. Perpetuum’s booth in Tucson allows him 
to meet with new and existing clients and educate them 
on these matters that are close to his heart. 

Jennifer-Lynn Archuleta 


Gem Legacy: A nonprofit for East African communities. 
The launch party for Gem Legacy, a nonprofit organization 
benefiting East African mining communities, was held in 
Tucson on February 8. This author sat down with founder 
Roger Dery (Roger Dery Gem Design, Royal Oak, Michi- 
gan) to discuss the organization’s mission and projects. 
Dery entered the trade in 1981, supplying gems from 
Brazil, India, and East African countries to jewelry stores in 
the Midwest before becoming a cutter. He took his first trip 
to Africa in 2008, visiting a dozen mines in Madagascar over 
17 days and purchasing rough from the communities (see 
figure 52). Over the course of several more trips, also visit- 
ing mines and gem dealers in Tanzania and Kenya, Dery re- 
alized that he did not just want to purchase goods and leave, 
nor did he want to conflict with local customs. Through 
2017, he and his fellow travelers brought food to mining vil- 
lages to build trust and contribute to each community. 
After consulting with his wife and daughter about the 
best way to contribute to these communities, in 2018 Dery 
formed Gem Legacy, a nonprofit that supports specific proj- 
ects in the areas of education, vocational training, and en- 
trepreneurship. Gem Legacy has provided three sessions of 
gemological training in Malawi (in conjunction with the 
country’s Ministry of Mines), paid school fees for orphans 
in Malawi (figure 53), provided beds to orphaned children 


Figure 53. Through the 
work of Gem Legacy, 
orphans in the Mwatate 
Children’s Home in 
Mwatate, Kenya, had 
their school fees cov- 
ered. Photo by Rachel 
Dery. 
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in Kenya, and delivered equipment to women miners in 
southern Kenya. They are now raising funds to update the 
machines at Tanzania’s Arusha Gem Faceting School. 
There are many ways to give through Gem Legacy. Re- 
tailers may choose to stock souvenirs made in communi- 
ties that benefit from the nonprofit and donate all proceeds 
back to the communities. Other options include event 
hosting and donating a percentage from sales of a given col- 
lection. Gem Legacy also encourages pajama, toy, and book 
drives; grassroots fundraising through platforms such as Go- 
FundMe,; and direct donations to the nonprofit itself. For 
more on Gem Legacy, go to https://www.gemlegacy.org. 


Jennifer-Lynn Archuleta 


Jewelry Development Impact Index. The Jewelry Develop- 
ment Impact Index (JDI), one of the initiatives from the sec- 
ond Jewelry Industry Summit in January 2017, has become 
the flagship project of the Minerals, Materials and Society 
(MMS) program at the University of Delaware. Patricia 
Syvrud, development manager of MMS, discussed the pro- 
gram, which she calls a “road map to responsibility.” 

The index is a work in progress; it has been part of the 
MMS curriculum since the fall 2018 semester. Rather than 
comparing products from various areas, the index analyzes 
the impact of sourcing on a given country. Graduate stu- 
dents are given two countries and asked to compare them 
using the seven UN Indicators of Human Security as a 
framework. From there, they devise a methodology for 
measurement. In fall 2018, students looking at sapphire 
mining in Madagascar and platinum mining in South Africa 
drafted a binary quantitative approach that created scores 
and rankings based on answers to closed-ended questions. 
Such questions included “Is this country a signatory to the 
Extractive Industries Transparency Initiative?” (Zero points 
are assessed for a yes, one point for a no.) After the total risk 
has been calculated on a scale from 0 to 10 for each cate- 
gory, recommendations for risk reduction are proposed. The 
fall 2018 assessment is being used and enhanced by the 
spring 2019 students. At the same time, students in the uni- 
versity’s Energy and Environmental Policy program are de- 
veloping a methodology to compile existing indices in order 
to help MMS students leverage this published knowledge. 

Syvrud, who has worked in many areas of the gem and 
jewelry industry, became involved with the JDI on a volun- 
teer basis. She advised the U.S. Department of State on how 
to measure a gemstone supply chain’s impact on the welfare 
of a country, particularly since the sale of gemstones might 
fund terrorism and other illegal activities. It was decided 
that the best way to collect and compile this information 
was through academic research and case studies. During this 
time Syvrud met Dr. Saleem Ali, who had received a grant 
to create the Gemstones and Sustainable Development 
Knowledge Hub (GemHub; see Summer 2018 GNI, pp. 243- 
245). Shortly thereafter, Ali was awarded a grant from the 
Unidel Foundation to create an interdisciplinary program at 
the University of Delaware to study all extractable mineral 
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resources and the science, politics, and socioeconomics sur- 
rounding them. He and Syvrud identified the JDI as the proj- 
ect that would anchor the MMS program and the graduate 
certificate that students would earn upon completion. 
Response to the JDI has been positive. The Organisa- 
tion for Economic Co-operation and Development, among 
others, has taken notice, and invited the MMS program to 
participate in their responsible minerals forum in April 
2019. Syvrud is hopeful that the JDI can help members of 
the industry understand and answer questions about sup- 
ply chains; it will also help companies understand and ad- 
here to the numerous supply chain certifications and 
standards to become more transparent themselves. 


Jennifer-Lynn Archuleta 


Reinvesting in Cartagena: Jewelry School of the Caribbean. 
Alfredo Diaz (Caribe Jewelry, Cartagena, Colombia) spoke 
to the authors about the Jewelry School of the Caribbean 
(FEJOCAR), a nonprofit organization that teaches at-risk 
youth the art of jewelry making. 

Working as a tour guide in his native Colombia, Diaz 
was frequently asked by tourists where to buy jewelry. He 
and his brothers opened a small jewelry repair workshop in 
1983, catering to both tourists and locals. They expanded 
into selling their own small jewelry pieces, often featuring 
Colombian emerald. They sold through other businesses at 
first but eventually began selling pieces directly to the pub- 
lic. As they made more money, the brothers realized it was 
important to generate more employment in Cartagena. In 
2009 they formed FEJOCAR and began outreach to poverty- 
stricken areas of the city, focusing on young people from 
neighborhoods with heavy gang and criminal activity. 

The school accepts 75 students per year. Once enrolled, 
the students may choose between the jewelry design, man- 
ufacturing, gemstone polishing, and goldsmithing tracks. 
Caribe hires the most promising students for their own 
business. The education at FEJOCAR involves knowledge 
of jewelry techniques and training in software so that the 
students can use CAD/CAM and create prototypes. The 
gem polishing and jewelry design programs take four to six 
months to complete, while the jewelry manufacturing and 
goldsmithing tracks take one year. 

The Diaz brothers faced challenges at the outset of the 
program. Some found it hard to believe that the brothers 
would trust their new employees, some of whom had crim- 
inal backgrounds. In fact, Diaz said, trust is essential to their 
working relationships. Employees appreciate this trust and 
respond in kind. While investigating student absences, they 
found out that many did not have the money for transporta- 
tion or meals, so they started providing transportation fees 
and breakfast and lunch on-site. Today, FEJOCAR provides 
30 full scholarships to help students in need enroll and com- 
plete their programs. Of the 120 employees at Caribe Jew- 
elry’s stores, about 40 were recipients of scholarships. 

About 60% of their students are women, a dramatic 
shift from when the program began, at the start, all of the 
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goldsmithing students were men. Diaz also intends to set 
up home workshops for employees who are mothers, to re- 
duce their need for childcare while maintaining produc- 
tion. They have plans for one employee to polish emeralds 
at home; the other will have a goldsmithing station. 

Emeralds are very important to Colombia and to Caribe 
Jewelry; to that end, the Diazes have set up the Emerald 
Museum at their store on Bocagrande Calle in Cartagena. 
The highlight of the museum is “Petra,” the largest emer- 
ald in matrix ever to emerge from Colombia. They also 
have space dedicated to other varieties of beryl, including 
heliodor, aquamarine, red beryl, and goshenite. 

The success of the school led the Diazes to move to a 
larger building to accommodate their students; they have 
also been able to increase their in-house production. Diaz 
said their long-term goal is to produce 90% of their own jew- 
elry and buy 10% of their goods from wholesalers; at this 
point they produce 60% of their own pieces (up from last 
year’s 30%). One of the benefits of local craftsmanship is the 
ability to maintain a distinctive look that incorporates pre- 
Columbian indigenous imagery, separating it from Chinese 
or European designs. Another is the interaction between em- 
ployees and tourists. The school offers a class for tourists 
wherein each visitor is paired with a FEJOCAR student. Vis- 
itors tour the museum before sitting down to make a piece 
of jewelry and getting to know a Cartagena local, a wonder- 
ful experience for both tourist and student. The Diaz broth- 
ers look forward to expanding their business, the school, and 
their students’ horizons in the years to come. 

To watch video of the FEJOCAR students, go to 
https://www.gia.edu/gems-gemology/spring-2019-gem- 
news-jewelry-school-of-caribbean-cartagena. 

Jennifer-Lynn Archuleta 


The Rock Hound: Muzo emeralds and ethical practices. At 
the JCK Tucson show, Susi Smither (The Rock Hound, 
London) displayed pieces that showcase her love of gem- 
stones and her passion for color. Combining technical 
knowledge with aesthetics to create unique lines, Smither 
refers to her business as “the gemologist jeweler,” and re- 
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Figure 54. The centerpiece of the Molten Muzo collec- 

tion, the “Candelabra” necklace features 20.63 carats 
of responsibly sourced Colombian emeralds. Photo by 
Kevin Schumacher, courtesy of The Rock Hound. 


ceives a number of commissions from gemologists. She of- 
fers jewelry at multiple price points, ranging from $400 to 
$11,000. A major point of pride for Smither is Molten 
Muzo, a five-piece fine jewelry collection launched in De- 
cember 2.018. One of 25 international jewelry designers se- 
lected by Muzo Emerald Colombia for collaboration, 
Smither combined ethically sourced emeralds in tumbled 
form with Fairtrade 18K yellow gold. The “Candelabra” 
necklace, the collection’s lead piece, is shown in figure 54. 
The collection also features two pairs of earrings and two 
rings, one of which is shown in figure 55. Smither allows 
the emeralds to steal the show; the gold “dripping” from 
the gemstones complements, rather than overtakes, the 
simplicity of the tumbled stones. 

The daughter of mineral collectors, Smither entered the 
industry as a jewelry designer and maker about 10 years ago. 


Figure 55. Left: The “Drip” 
earrings from the Molten 
Muzo collection use 16.22 
carats total of emerald, 
catching the light as the 
wearer moves. Photo cour- 
tesy of The Rock Hound. 
Right: An inner world is vis- 
ible in this 11.05 ct emer- 
ald, from one of two rings in 
the collection. Photo by 
Kevin Schumacher, courtesy 
of The Rock Hound. 
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DE BEERS ANNOUNCE 
THE REOPENING OF 
BULTFONTEIN MINE 


According to a report in the Diamond 
News, directors of De Beers Consolidated 
Mines, Ltd., that Bult- 
fontein Mine in Kimberley will be reopened 
December 1, 1952. Throughout 1950 and 
1951 development work was carried out in 


have announced 


preparation for lowering the hoisting {evel 
from the 1600-foot level to the 2200-foot 
level 

Bultfontein was closed July 1, 1949. The 
mine has always been a producer of pre- 
dominatcly medium size stones and statistics 
show that out of every 100,000 carats re- 
11 are large crystals, these 
averaging 134.2 carats. From 1888 until its 
1949, it produced a total of 
17,412,7951% 

In accordance with the company’s policy 


covercd only 


closing, in 


carats. 


of maintaining production from two mines 
in Kimberley, and with reference to the 
needs of the diamond market, Dutoitspan— 
which reopened July 1, 1949 — will close 
simultancously with the reopening of Bult- 
fontein. 

Dutoitspan has long been a good pro- 
ducer of fine white cleavages, large yellows, 
and large silver capes, although total carats 
recovered fas been considerably tess than 
from Bultfontein during a similar period. 
Dutoitspan has produced many large stones, 
notably three large bye-water octahedrons 
x00, 23441, and 126 carats re- 
covered in February 1944. In the past, the 


worhiag 


mune has shown an average of 61 large 


stones of 137.9 carats average for every 
100,000) mined. 

In addition to the Bultfontetn Mine, the 
Wesselton and Jagersfontein Mines will 
now be in operation in the Kimberley area 
by De Beers Consolidated Mines, Ltd. 


THOUSAND YEAR OLD 
PEARL DISCOVERED IN 
YUCATAN EXCAVATION 


In a communication from Alberto L. Ruz, 
Merida, Yucatan, a description is given of 
a pearl found in a Mayan pyramid during 
recent excavations in Yucatan. 

Recovered during the exploration of the 
inner staircase of the Temple of Inscriptions 
in Palenque, the pearl, according to Sr. Ruz, 
is in the shape of a teardrop, drilled at the 
end for suspension It measures 13 mm long 
by 8 mm in diameter with its state of pres- 
ervation good as far as luster is concerned, 
since it still presents an appearance of 
mother-of-pearl. It has, however, been 
cracked and separated into two pieces at the 
point of its greatest diameter, making it 
possible to estimate the nucleus of its orig- 
inal formation. 

“T cannot say,” Sr. Ruz says, “if it came 
from salt water or not since an X-ray ex- 
amination has not been made. I believe that 
the relatively good state of preservation is 
due to the pearl’s having been protected 
from air and dampness inside the powdered 
painting in which it was found inside a 
shell.” 

Regarding the date of deposit, Sr. Ruz 
estimates that it was concealed approximately 
1,000 years ago, assuming that it must have 
been done at the end of the 9th or begin- 
ning of the 10th century. 

The pearl is now on display at the Exposi- 
tion of Objects from Palenque in the Na- 
tional Museum of Anthropology (Calle de 
aa Moneda No. 13, Mexico, D. F.) and 
will be preserved later in the same museum. 

More recent announcements tell of addi- 
tional recoveries at the scene of excavation 
in Yucatan which include beautiful pieces 
of jade and a pearl even larger than the one 
here reported. 
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Figure 56. Pieces from The Rock Hound’s Chromanteg line. Left: This pendant features a 6.48 ct Brazilian heliodor 
in an 18K recycled white gold setting and an 18K yellow gold chain. The pendant’s blue color comes from a signa- 
ture ceramic coating. Right: The rings in this line also use the ceramic coating. The ring on the left uses 18K recy- 
cled white gold and is set with a 9.95 ct Afghani peridot. The ring on the right has a 2.38 ct Tanzanian spessartine 
set in 18K recycled yellow gold. Photos by Kevin Schumacher, courtesy of The Rock Hound. 


As she took on more commissioned work, she earned her 
FGA diploma from Gem-A, immersing herself in the world 
of “science and beauty.” During a field trip to Sri Lanka with 
the Scottish Gemmological Association in 2012, she was 
struck by the disparity between the luxuriously appointed 
jewelry shops of Hatton Garden and Bond Street and the 
gritty, often dangerous reality of mining. Thus, at the core 
of Smither’s brand are her ethical practices. The Rock 
Hound has been a Fairtrade licensee since its inception in 
2015, using only recycled gold and Fairtrade Gold from Peru. 
Smither noted that the industry has evolved even since 
The Rock Hound began. Last year she found a casting house 
in the UK that creates three different alloys of 18K gold three 
times a week, opening the doors for a fully Fairtrade Gold 
collection called RockStars, inspired by the shape of a natural 
tourmaline crystal. To ensure the integrity of her supply 
chain, she works with artisanal lapidaries who go into the 
field to work with mining communities. Stones sourced in 
this way are used in her Chromanteg line, which sets colored 
gemstones in ceramic-coated recycled 18K gold (figure 56). 
Smither’s commitment to responsible standards ex- 
tends to her packaging, made from the perch leather that 
is a byproduct of the fishing industry. She has sometimes 
had to choose from a limited selection of materials due to 
her commitment to responsible sourcing. As a result she 
would design once she procured her materials rather than 
designing solely with good in mind. However, she feels 
that as a young designer starting out, she was better posi- 
tioned to put sustainable practices in place. Trying to re- 
place longstanding protocols would have been far more 
difficult for an established business. As this type of sourc- 
ing becomes more widespread, she feels that she can ex- 
pand the design side of The Rock Hound—these days, 
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Smither is “dreaming bigger.” She is eager to create new 
lines for the next wave of consumers who are equally pas- 
sionate about sustainable jewelry. 

Jennifer-Lynn Archuleta 


CONFERENCE REPORTS 


Accredited Gemologists Association (AGA) conference. 
The AGA conference, held February 6 in Tucson, was at- 
tended by 138 participants from 11 countries. The program 
was diverse and engaging, as evidenced by the audience 
questions after each presentation. During the break, partic- 
ipants were invited to a hands-on demonstration of tradi- 
tional gemological and advanced spectroscopy equipment. 

The first talk was by Jeffery Bergman of Primagem, who 
detailed the mine-to-market effort for emeralds from the 
Shakiso mine in southern Ethiopia. He described some of the 
material as similar to Muzo’s in color, and some as having a 
“Paraiba-like glow.” To ensure that the finest material can 
receive grades of “no clarity enhancement,” mineral oil is 
never used on the rough. For material that warrants clarity 
enhancement, only high-grade cedarwood oil is used. A va- 
riety of inclusions have been identified, most commonly bi- 
otite mica. Other inclusions are growth tubes, blocky two- 
and three-phase inclusions, horsetails, dendritic magnesium 
oxide, chromite, and tourmaline. Color zoning in this mate- 
rial can be very strong. 

Gina Latendresse of the American Pearl Company gave 
a fascinating overview of natural pearls from the Western 
Hemisphere. She described the vast quantities collected by 
Native Americans from the coast of Venezuela that made 
their way to Spain in the 1500s, establishing the New 
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World as a source. She then covered the pearl rush between 
1850 and 1900 in New Jersey and the Tennessee Valley fol- 
lowing the discovery of many impressive specimens. David 
Howell found the largest American freshwater pearl, 400 
grains (100 ct) in size, in New Jersey in 1857. Shortly after, 
an attractive 93 grain (13 ct) pink pearl was found nearby 
and sold to Charles Tiffany. Unable to find a U.S. customer, 
he sold it to Empress Eugenie, resulting in the name 
“Queen Pearl.” By 1901, the lakes and rivers in the Ten- 
nessee Valley had developed pearl fisheries, with produc- 
tion peaking in 1904. Latendresse introduced U.S. natural 
pearls of many shapes and colors originating from a variety 
of mollusk species. 

Claudio Milisenda presented an overview of tourma- 
line, including Idar-Oberstein’s efforts to promote the ma- 
terial, localities, and the roles of chemistry and heat 
treatment in tourmaline color. He walked the audience 
through the varieties verdalite, indicolite, chrome tourma- 
line, rubellite, red tourmaline, canary tourmaline, and 
Paraiba tourmaline. The talk also reviewed various tour- 
maline treatments and imitations encountered today. 

To complement the Gtibelin Gem Lab’s launch of 
“Provenance Proof Blockchain” by Giibelin Labs at Tucson 
this year, managing director Daniel Nyfeler gave a presen- 
tation on the traceability of gemstones. The talk addressed 
the lack of transparency in the gemstone supply chain and 
Gtibelin’s solutions for this issue. Reasons cited for the 
lack of transparency included the mines’ remoteness and 
restricted access, the informal nature of mining, frequent 
changes of custody, trading based on relationships and 
trust, a complex and fragmented value chain, and the lack 
of an established method for traceability. The problems 
arising from this lack of transparency include unreliable 
information provided to consumers (gem labs try to fill this 
gap with provenance determination), the dilemma for eth- 
ically conscious consumers—particularly millennials— 
who are willing to pay for sustainably sourced products, 
and the lack of independent audits within the industry. 
Stakeholders who would benefit from greater transparency 
are governments (for legal and tax purposes), insurance 
agencies, financial institutions, and consumers. 

Two solutions that would work in tandem were pre- 
sented: a physical tracer embedded in the stone at the mine, 
and a digital tracker. The physical tracer would involve Gi- 
belin embedding 100 nm silica spheres that hold synthetic 
DNA programmed to include information such as the mine 
location. These permanently implanted spheres, which re- 
quire openings of at least 400 nm, are designed to survive all 
cutting and cleaning processes. Gtibelin would have the abil- 
ity to later extract the DNA, sequence it, and verify the 
stone’s origin. This tracer is designed for emerald, and the 
present design would not survive the more physically pun- 
ishing corundum processing. The digital tracker, mean- 
while, would allow a stone to be tagged all the way back to 
the mine using blockchain so that each time the stone 
changed hands, a logbook entry would be made, allowing 
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for permanent storage of encrypted information at each step 
of the journey from mine to market. The Provenance Proof 
Blockchain system was released February 8 at the AGTA 
show. It is free and open to the industry for all gemstone 
types. The benefits touted for this tracking included new ay- 
enues of storytelling for retailers, reduced costs as gem re- 
ports would not be needed, and less inflated prices as 
non-value transactions would be eliminated. And with the 
ability to audit the supply chain, more aspects of the busi- 
ness could be properly insured. Following the presentation, 
a spirited question-and-answer session touched on privacy 
for dealers and consumers, the impact on artisanal miners, 
the logistics of implanting the encapsulated DNA, and re- 
sistance from gem dealers over security concerns. 

The last scheduled talk, an overview of the new FTC 
rules, was canceled due to the recent U.S. government shut- 
down. A substitute talk graciously given by Jon Phillips 
(Corona Jewellery Company, Ltd.) covered Canadian dia- 
monds. He noted Canada’s place as the world’s second-lead- 
ing producer of diamonds and reported on the significant 
mines, the types of material coming from them, and notable 
stones found. The Ekati mine has both surface and under- 
ground components, and has produced numerous vivid and 
intense yellows as well as pinks and colorless. Within the 
mine, 53-million-year-old wood that had been perfectly pre- 
served in the oxygen-free environment was found and 
brought to the surface. The Renard mine was plagued by the 
hardness of the kimberlite, making diamond separation ex- 
tremely difficult. De Beers is showcasing its “Future Smart” 
mining process with the Chidliak project in Nunavut, Baffin 
Island, where there are no roads, environmental impact is 
minimal, and power is supplied by wind energy. Notable 
stones from the Diavik mine include the 177.71 ct Vega, the 
24.82, ct Capella, the Fancy Vivid yellow 30.54 ct Arctic Sun, 
and a recently discovered 552.74 ct yellow diamond that is 
likely the largest diamond ever found in North America. 

Following the conference, the AGA presented its 20th 
annual Bonanno Awards. For the first time, three categories 
were recognized in the same year: education, gemological 
instrumentation, and gemological research. The award for 
gemological education went to Donna Hawrelko, a gemol- 
ogy and jewelry educator at Vancouver Community Col- 
lege. Hawrelko’s 27 years of teaching has touched 
thousands of individuals, and she was key in developing the 
educational program offered by the Canadian Gemmologi- 
cal Association. The award for gemological instrumenta- 
tion was given to the cofounders of Magilabs, Alberto 
Scarani and Mikko Astrém. Scarani and Astr6m have made 
advanced spectroscopy accessible and affordable to a wide 
range of gemologists by developing portable tools such as 
the GemmoRaman system. These allow appraisers and 
gemologists access to technology that was recently avail- 
able only through major laboratories. The award for gemo- 
logical research went to Karl Schmetzer, a renowned 
researcher and author, for his more than 50 years of gemo- 
logical and mineralogical work documented in over 400 
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publications, two books, and 12 new mineral discoveries. 
Dr. Schmetzer has shared his research with the community 
and strived to improve professional standards in the indus- 
try through work with CIBJO and other organizations. 


Jennifer Stone-Sundberg 


2019 Jewelry Industry Summit. The third Jewelry Industry 
Summit, held in Tucson February 2-3, revealed the suc- 
cessful implementation of several initiatives mapped out 
since the conference’s inception in 2016. 

Opening remarks by summit chair Cecilia Gardner and 
AGTA’s Doug Hucker were followed by a session on min- 
ing communities. In a presentation on sustainable mining, 
Assheton Stewart Carter (The Dragonfly Initiative) dis- 
cussed incentivizing improvements while managing envi- 
ronmental, social, and governance risks and needs at 
artisanal and small-scale mines. He explained how the Drag- 
onfly Initiative creates partnerships with other organizations 
that can provide research, funding, and other assistance on 
the local level. This was followed by the Dragonfly Initia- 
tive’s Vivien Johnston, Fiona Wellington of Myne, and 
Mahumood Alam Mahsud (Fine Cut Lapidary)—all by video 
chat—describing their efforts to create an emerald cutting 
and polishing center to employ and empower Pakistani 
women. Tom Cushman (Richfield Investor Services) re- 
counted issues with sourcing gold in Madagascar, while 
Toby Pomeroy provided insights into the Mercury Free Min- 
ing Challenge, a quest to create a safe and effective alterna- 
tive to the use of mercury by artisanal and small-scale gold 
miners. The Initiative for Responsible Mining Assurance, or 
IRMA, an organization dedicated to creating and sharing fi- 
nancial value for mines that achieve best practices, was in- 
troduced by consultant Christina Miller and Lara Kortizke 
of IRMA. Two breakout sessions occupied much of the first 
afternoon: one on creating an industry-accepted glossary (see 
www.gia.edu/gems-gemology/spring-2019-gemnews- 
jewelry-summit-glossary-initiative), and the other on build- 
ing a business with responsible sourcing principles. This was 
followed by a lively discussion on the benefits and draw- 
backs of blockchain between Mike Pace (Connected Jew- 
elry), Robin Gambhir (Fair Trade Jewellery Co.), Carrie 
George (Everledger), and Mark Hanna (Richline). 

Day two provided a synopsis of the Jewelry Develop- 
ment Impact Index by Patricia Syvrud of the University of 
Delaware's Minerals, Materials and Society program (p. 148), 
as well as a discussion with Doug Hucker and Patricia 
Syvrud on the silicosis abatement program sponsored by 
GemHub, AGTA, and the Minerals, Materials and Society 
program. Steven Benson (CIBJO) reported on the release of 
CIBJO’s Blue Book on the responsible sourcing of gemstones 
and precious metals (p. 158), available as a free download 
from www.cibjo.org. Brian Cook (Nature’s Geometry) pro- 
vided an update on the Bahia Brazil Golden Initiative, a co- 
operative of rutilated quartz miners in the Chapada 
Diamantina region of Bahia State, Brazil. Patricia Syvrud 
spoke with Charles Lawson (Lawson Gems International) 
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on the outcomes from four years of gem and jewelry training 
for women sapphire miners in Sakaraha, Madagascar. The 
day ended with a screening of the gold mining documentary 
River of Gold, with a speaker panel consisting of producer 
Sarah duPont, Torry Hoover (Hoover and Strong), Toby 
Pomeroy, and Tom Cushman. 

Jennifer-Lynn Archuleta 


ANNOUNCEMENTS 


Second annual Buccellati Award winner. Ching-Hui Weng, 
a 2018 graduate of GIA’s Jewelry Design program in Taiwan, 
received the second annual Gianmaria Buccellati Founda- 
tion Award for Excellence in Jewelry Design. One of 18 fi- 
nalists from GIA’s seven schools, her winning design was a 
bird brooch (figure 57) featuring white and yellow gold, 
white and yellow diamonds, opal, aquamarine, lapis lazuli, 
black chalcedony, and coral. “My inspiration for this piece 
is the Urocissa caerulea, a blue bird that represents Tai- 
wan,” said Weng. “The gemstones in this piece illustrate 
the bird’s fierce temperament and flight.” 

Weng will travel to Italy to meet Mrs. Buccellati and 
view part of the foundation’s collection. She will also re- 
ceive a plaque recognizing her achievement. 

“We are pleased to congratulate Ms. Ching-Hui Weng, 
and look forward to welcoming her to Italy. Together with 
GIA, we hope to continue to encourage and support the 
dreams of young jewelry designers throughout the world,” 
said Larry French, chief officer of North America strategies 
for the Gianmaria Buccellati Foundation. “We know Gian- 
maria would have been proud to have his name on an event 
that celebrates, so beautifully, the art of jewelry design, the 
art that he loved so much.” 

Submissions were presented as original, hand-rendered 
designs. Following several phases of judging, they were fi- 
nally evaluated by a panel of industry experts. Weng was 
announced as the winner at the annual GIA alumni event 
held during the AGTA Gem Fair in Tucson. 

The Gianmaria Buccellati Foundation sponsors the 
award to inspire beginning designers and honor the house’s 
founder. The 2019 award is now open to GIA Jewelry De- 
sign students who meet the eligibility requirements. 


REGULAR FEATURES 


COLORED STONES AND ORGANIC MATERIALS 


Unique orange sapphire with golden sheen effect report- 
edly from Kenya. Golden sheen sapphires from Kenya have 
been reported in this journal and elsewhere (e.g., T.N. Bui 
et al., “From exsolution to ‘gold sheen’: A new variety of 
corundum,” Journal of Gemmology, Vol. 34, No. 8, 2015, 
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pp. 678-691; N. Narudeesombat et al., “Golden sheen and 
non-sheen sapphires from Kenya,” The Gem and Jewelry 
Institute of Thailand, July-August 2016, pp. 282-288). 
Those sapphires, however, were the cabochon-quality blue- 
green-yellow stones that exhibited a shimmering golden 
effect caused by the light reflection from hematite platelets 
and needle-like inclusions. No faceted transparent stones 
have been mentioned in the previous literature. Recently 
the Gem and Jewelry Institute of Thailand’s Gem Testing 
Laboratory in Bangkok encountered a faceted orange sap- 
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Figure 57. Ching-Hui 
Weng’s design, which 
won the second annual 
Buccellati Award, was 
inspired by the Uro- 
cissa caerulea bird, 
which is representative 
of her native Taiwan. 
The finished piece fea- 
tures white and yellow 
gold, white and yellow 
diamonds, opal, aqua- 
marine, lapis lazuli, 
black chalcedony, and 
coral. 


phire with an attractive golden sheen effect that was re- 
portedly from Kenya. 

The sample was a transparent, 4.34 ct faceted mixed- 
cut stone of orange hue with attractive golden sheen effect 
almost throughout the crown facets (figure 58). Standard 
gemological testing revealed a refractive index (RI) of 1.765 
to 1.775, a birefringence of 0.01 with a uniaxial negative 
optic sign, and a hydrostatic specific gravity (SG) of 3.98. 
The stone exhibited brownish orange and greenish yellow 
pleochroism and was inert to both long- and short-wave 
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Figure 58. This 4.34 ct transparent oval-cut orange 
sapphire displayed an attractive golden sheen effect. 
Photo by Tasnara Sripoonjan. 


UV radiation. Microscopic observation revealed abundant 
metallic hematite platelets and rutile needles (figure 59, 
left), confirmed by Raman spectroscopy, that were situated 
along the basal pinacoid face. A cluster of zircon crystals, 
as suggested by its crystal morphology, could also be found 
in the specimen (figure 59, right). 

In previous studies, the golden sheen sapphires from 
Kenya were translucent to opaque, with yellow and blue 
bodycolor (Bui et al., 2015; Narudeesombat et al., 2016). 
They contained abundant internal features, such as ex- 
solved intergrowth Fe-Ti oxide phases of hematite platelets 
and short ilmenite needles that gave the sheen effect, as 
well as inclusions of goethite, boehmite, and diaspore nee- 
dles. They also had large surface-reaching cracks. The 
stone in this investigation is orange, transparent, and with- 
out surface-reaching cracks, though it also possesses a sig- 
nificant number of hematite platelets that are in part 
responsible for its golden sheen effect. 


V, 


154 Gem News INTERNATIONAL 
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Figure 60. UV-Vis spectra of the orange golden sheen 
sapphire showing Fe**- and Cr**-related absorption 
peaks and bands. 


The polarized ultraviolet-visible (UV-Vis) spectra of the 
specimen displayed predominantly Fe**-related absorption 
bands at 378, 388, and 450 nm that are responsible for its 
yellow hue (e.g., J. Ferguson and PE. Fielding, “The origins 
of the colours of natural yellow, blue and green sapphires,” 
Australian Journal of Chemistry, Vol. 25, No. 7, 1972, pp. 
1371-1385), whereas the absorption band at around 557 nm 
(also at ~410 nm) is caused by a Cr** transition contributing 
to the reddish hue (figure 60). As such, the stone coloration 
appears orange. R-line luminescence of Cr** near 693 nm also 
appears in the spectra. When compared to the more common 
non-sheen counterparts, the UV-Vis spectra yield only Fe**- 
and Fe-Ti-related absorptions (Narudeesombat et al., 2016). 

The energy-dispersive X-ray fluorescence (EDXRF) re- 
sults of the orange sapphire showed very high content of 
Fe,O, (1.94 wt.%) with moderate content of Cr,O, (0.05 
wt.%) and TiO, (0.04 wt.%). Ga,O, and V,O, were equal at 
about 0.01 wt.%. This result (particularly the iron content) 


Figure 59. Internal fea- 
tures of the orange 
golden sheen sapphire: 
abundant metallic 
hematite platelets and 
rutile needles (left) and 
a cluster of zircon crys- 
tals (right). Photomicro- 
graphs by Saengthip 
Saengbuangamlam; 
field of view 3.00 mm. 
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TABLE 1. Comparison of chemical composition of 
orange golden sheen sapphire with golden sheen and 
non-sheen sapphires, analyzed by EDXRF. 


Golden sheen Non-sheen 


ee Boke oan (Narudeesombat (Narudeesombat 
et al., 2016) et al., 2016) 
TiO, 0.04 0.01-0.02 0.02-0.07 
CeO; 0.05 0.00-0.01 0.01-0.03 
Fe,O, 1.94 1.00-1.50 1.19-1.58 
V,0, 0.01 0.00-0.01 0.01-0.04 
Ga,O, 0.01 0.02-0.05 0.02-0.04 


is somewhat similar to those of the common golden sheen 
and non-sheen stones from Kenya in the previous work 
(table 1), which also suggests a similar magmatic source. 
Nonetheless, the Cr,O, content in this orange sapphire is 
particularly distinctive, since such an oxide is almost un- 
detectable in most golden sheen sapphires. 

While Kenya is known to supply large amounts of 
golden sheen sapphires, some rare orange sapphires with 
sheen effect such as this one are also being supplied to the 
market. Sheen effect makes the stone distinctive compared 
to common orange sapphire from other sources, for exam- 
ple, from Songea in Tanzania (cf., originating from a meta- 
morphic source and having somewhat lower iron content). 
However, the owner informed us that this specimen might 
eventually be subjected to heat treatment at a relatively low 
temperature to remove some silk-like inclusions and make 
it more transparent. Nevertheless, careful examination 
yielded no indication that this stone was heated. Its unique 
characteristics—heavily included hematite platelets and ru- 
tile needles that give rise to the golden sheen effect plus its 
high iron content—suggest a Kenyan origin. 

Tasnara Sripoonjan (stasnara@git.or.th), Saengthip 
Saengbuangamlam, and Marisa Maneekrajangsaeng 
The Gem and Jewelry Institute of Thailand, Bangkok 


Sapphires from Colombia. Colombian sapphires were first 
reported in GWG nearly 35 years ago and are still circulat- 
ing in the market today (see P.C. Keller et al., “Sapphire 
from the Mercaderes—Rio Mayo area, Cauca, Colombia,” 
Spring 1985 G&G, pp. 20-25). The deposit is located in 
southern Colombia in the Cauca Valley, in the small town 
of Mercaderes. This location is notorious for being politi- 
cally unstable and dangerous. This deposit continues to 
produce in small quantities, with most material extracted 
from riverbeds using picks and shovels. Independent min- 
ers collect year-round and go to Bogota to sell the material. 
Vanessa Van Horssen (Carlsbad, California) recently pur- 
chased several unheated Colombian sapphires and learned 
about the active mines from a third-generation miner in 
Bogota. She loaned GIA’s Carlsbad laboratory five samples 
(figure 61) for scientific examination. 

Colombian sapphires occur in a variety of colors, such 
as blue, pink, and violet, and there have been past reports of 
color-change sapphire from this deposit. The five samples 
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Figure 61. Five unheated Colombian sapphires, rang- 
ing from 0.41 to 3.65 ct. Photo by Diego Sanchez. 


consisted of a 0.41 ct pink faceted pear, a 0.92 ct color- 
change (blue to violet) faceted oval, a 1.66 ct pink rough, a 
2.26 ct blue faceted octagon, and a 3.65 ct blue rough. All 
five had gemological characteristics consistent with corun- 
dum. They exhibited a refractive index of 1.762 to 1.770 and 
a specific gravity of around 4. Laser ablation—inductively 
coupled plasma—mass spectrometry (LA-ICP-MS) was per- 
formed to identify their chemical compositions. A high con- 
centration of Fe ranging from 1515 to 1749 ppma suggested 
a magmatic source. Infrared spectroscopy showed no indi- 
cations of treatment. 

The internal features (figure 62) were color zoning, par- 
ticle clouds, angular milky clouds, and twinning. The sap- 


Figure 62. Zircon crystals scattered throughout angu- 
lar milky clouds were more prominent in these sap- 
phires compared to other high-Fe sapphires. Photo- 
micrograph by Jessa Rizzo; field of view 4.7 mm. 
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phires contained transparent colorless and red crystals that 
showed no sign of heat treatment. Using Raman spec- 
troscopy, the inclusions were identified as unaltered zircon 
and rutile crystals, consistent with the inclusions reported 
in Keller et al. (1985). Sapphires transported to the surface 
by hot magma tend to show characteristics similar to those 
of artificially heated sapphires, such as tension fractures 
around crystals and altered fingerprints. The suite of inclu- 
sions in these high-temperature-formed sapphires con- 
firmed that no heat treatment was performed. 

These stones provided useful data for ongoing origin de- 
termination studies. Although Colombian sapphires are 
rare, they are on the market, and the deposit continues to 
show great promise. 


Jessa Rizzo 
GIA, Carlsbad 


Trapiche emerald from Colombia. Colombian trapiche 
emeralds, in general, consist of a transparent or nontrans- 
parent tapered core and six transparent prismatic growth 
sectors, which are separated by nontransparent boundaries. 
These boundaries form the arms of a six-rayed fixed star 
and radiate from a central point or a central area within the 
conical core. The tapered core is also designated a basal or 
pinacoidal growth sector. The boundaries consist of emer- 
ald, various minerals (e.g., calcite and albite), and trapped 
fluid phases. 

In the gem trade, trapiche emeralds are mostly cut as 
slices or cabochons with an orientation perpendicular to 
the sixfold axis of the emerald to show the hexagonal 
growth pattern of the gemstone and especially to display 
the six-rayed fixed star. The conical shape of the core is de- 
rived from the different diameters of the core on both sides 
of such a cabochon. Slices of trapiche emeralds with an ori- 
entation parallel to the c-axis clearly show a tapered core, 
representing the basal growth sector, and a rim on both 
sides of the core formed by two prismatic growth sectors. 
However, because rough trapiche emerald specimens are 
mostly broken on both ends, the complete trapiche pattern 
parallel to the c-axis is not observed, and even textbooks 
dealing with Colombian emeralds show only sketches or 
photos of crystal fragments. 

Recently, a complete outline of a trapiche emerald pat- 
tern consisting of two pinacoidal (basal) and six prismatic 
growth sectors was presented by I. Pignatelli et al. 
(“Colombian trapiche emeralds: Recent advances in under- 
standing their formation,” Fall 2015 GwG, pp. 222-259), 
but only fragments of trapiche crystals sliced parallel to the 
c-axis were available for that study. Consequently, the pres- 
ent author took the opportunity to examine the pattern in 
a transparent sample which, on a first view, seemed to be 
a complete or almost complete trapiche emerald crystal. 
The emerald was submitted by collector Georg Sellmaier 
(Kranzberg, Germany), who purchased the sample about 10 
years ago from a local dealer while traveling in the Muzo 
area of Colombia. 
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Figure 63. Colombian emerald crystal with prismatic 
habit; in the orientation shown, the sample measures 
15.4 x 5.2 mm. A: View perpendicular to one of the six 
prism faces, transmitted light. B: Schematic drawing 
of the crystal in the same orientation. Three prism 
faces m are observed. In a view through the central 
face (green), a cross formed by four boundaries is seen 
(red lines); in a view through the two adjacent faces 
(blue), two boundaries are observed (black lines). 
Photo by K. Schmetzer. 


The 3.49 ct emerald crystal (figure 63A) shows a pris- 
matic habit with six elongated prism faces m (1010) and is 
terminated on one end by a basal pinacoid c (0001) and six 
small hexagonal dipyramids p (1012). Most likely, at the sec- 
ond termination of the crystal a facet approximately in the 
direction of a basal pinacoid was cut because the sample was 
slightly broken or did not show a plane face. The length of 
the crystal is 15.4 mm, while the diameter between the 
prism faces is 4.6 mm and the diameter between the crystal 
edges is 5.2 mm. Its pleochroism is blue-green parallel to the 
c-axis and yellow-green perpendicular to the c-axis. 

In an orientation where the crystal is resting on one of 
the six prism faces [i.e., in a view perpendicular to this 
face), three different prisms are seen. In a view through the 
central prism, a cross in the form of an X was observed, 
with a pattern described as part of such a cross seen also in 
views through the two other adjacent prism faces (again, 
see figure 63A). A schematic drawing of this situation is 
presented in figure 63B. In the immersion microscope, 
upon rotation of the emerald crystal along its hexagonal 
axis, in each view parallel to two of the six prism faces (i.e., 
rotated by 30° versus the view perpendicular to a prism as 
described above and depicted in figure 63), a pattern con- 
sisting of a sharp cross is seen, with a vertical line dividing 
the cross into two parts (figure 64, A and B). The schematic 
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drawing in figure 64C reflects this situation. In a view 
oblique to the c-axis, a tapered cone formed by six plane 
boundaries is seen at both ends of the crystal (figure 65). In 
a view parallel to the c-axis, due to the length of the crystal 
and the various layers covered with inclusions present 
throughout the crystal, the sample is only translucent, but 
a pattern of a six-rayed fixed star is observed. 
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Figure 64. A and B: View 
in immersion through the 
emerald crystal in two ori- 
entations related by a ro- 
tation of 60° along the 
c-axis; two prism faces are 
parallel to the direction of 
view. The pattern observed 
consists of a cross subdi- 
vided by a vertical line. C: 
Diagram of the crystal; a 
view through each of two 
prism faces m (blue and 
green) shows two bound- 
aries (red lines). These 
boundaries form an X, also 
subdivided by a vertical 
boundary (yellow line). 
Photos by K. Schmetzer. 


It is evident that the various lines forming crosses in 
the form of an X are the traces of plane boundaries between 
the two pinacoidal and the six prismatic growth sectors. 
The vertical lines that subdivide these crosses in the sec- 
ond orientation described here represent boundaries be- 
tween the six prismatic growth sectors (see figures 63B, 
64C, and 66A). The cone-shaped outline of each pinacoidal 
growth sector is formed by boundaries between the tapered 
core and six prismatic growth sectors (figure 66B). The dif- 
ferent patterns depend only upon the orientation of the 
crystal in the direction of view and the orientation of the 
various boundaries between the six prismatic and two 
basal growth sectors within the emerald. 

The crystal described represents an almost complete 
emerald with prismatic habit and trapiche pattern. In the 
present case, the trapiche pattern is similar to an hourglass 
structure. However, the trapiche emerald shows numerous 
inclusions that are trapped at the boundaries between dif- 
ferent growth sectors, forming thin layers. As described in 
the literature, these layers between the individual emerald 
growth sectors consist of a mixture of emerald with other 
minerals and fluid phases trapped in cavities. In contrast 
to most trapiche emeralds from Colombia, the layers in the 
emerald described in this paper are thinner and translucent, 
which allows an observation of the complete three-dimen- 
sional trapiche pattern, especially in views perpendicular 
to the c-axis. This observation is consistent with the con- 
clusion made by several authors about the cone-shaped 


Figure 65. View in immersion of the emerald crystal 
in a direction oblique to the c-axis. A tapered central 
core is seen, formed by six plane boundaries between 
a basal and six prismatic growth sectors; the diame- 
ter of the crystal in this view measures 5.2 mm. Photo 
by K. Schmetzer. 
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cores of trapiche emeralds and confirms the three-dimen- 

sional model of the trapiche pattern presented by Pignatelli 
et al. (2015). 

Karl Schmetzer 

Petershausen, Germany 


RESPONSIBLE PRACTICES 


CIBJO Blue Book and “Do’s and Don’ts” guide on respon- 
sible sourcing. The World Jewellery Confederation (CIBJO) 
released the first edition of the Responsible Sourcing Book 
in January 2019. The latest in CIBJO’s series of Blue Books, 
it provides a framework and guidance for due diligence re- 
lated to the responsible sourcing of gemstones and precious 
metals in the jewelry sector. In March, the organization 
also approved a simplified “Do’s and Don'ts” guide. 

The new Blue Book is the result of a yearlong effort, 
during which a responsible sourcing commission was 
formed and a policy document introduced at CIBJO’s 2018 
congress in Bogota. The book, which was thoroughly re- 
viewed by external members of the trade, advises all in- 
dustry members to have a responsible sourcing policy in 
place and to perform due diligence on their supply chains 
“to the best of their ability.” It also recommends that in- 
dustry members check for and mitigate risks related to 
human rights, labor practices, or criminal activity. The 
Blue Book aligns with the OECD’s Due Diligence Guid- 
ance for Responsible Supply Chains of Minerals from Con- 
flict-Affected and High-Risk Areas, and it requires 
compliance with both the Kimberley Process Certification 
Scheme and the United Nations Guiding Principles on 
Business and Human Rights. 

The “Do’s and Don’ts” document, at 11 pages, does not 
replace the Blue Book released in January. It is intended as 
a reference tool for business owners and their staff to en- 
sure best practices and promote consumer confidence. As 
of March 2019, the simplified guide can be downloaded in 
English, Arabic, Dutch, French, Hebrew, Italian, and Por- 
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Figure 66. A: The patterns 
seen through the prism faces 
in different orientations of 
the emerald crystal are 
formed by boundaries be- 
tween six different prismatic 
growth sectors (red, only 
three growth sectors are 
shown) and the two pina- 
coidal growth sectors, and 
boundaries between adja- 
cent prismatic growth sec- 
tors (yellow). B: The outline 
of the tapered core is formed 
by the boundaries between 
six prismatic growth sectors 
(red) and two pinacoidal 
growth sectors. 


tuguese. Additional language versions are being prepared. 
Both the Blue Book and the “Do’s and Don'ts” docu- 
ment are available, free of charge, at www.cibjo.org. 
Jennifer-Lynn Archuleta 
GIA, Carlsbad 


CONFERENCE REPORTS 


“The Ethics of Jewelry” at MetFridays. “The Ethics of 
Jewelry” panel (figure 67) was held on January 25, in con- 
junction with the New York Metropolitan Museum of 
Art’s temporary exhibit, “Jewelry: The Body Transformed,” 
which ran from November 2018 to February 2019. The ex- 
hibit featured an array of headdresses and ear ornaments, 
brooches and belts, and necklaces and rings, along with 
sculptures, paintings, prints, and photographs that amplify 
the many stories of transformation that jewelry tells. The 
230 objects were drawn almost exclusively from the Met’s 
own collection and displayed the museum’s jewelry arti- 
facts from ancient to contemporary times. “The Ethics of 
Jewelry” panel was part of the museum’s MetFridays 
evening series of concerts, classes, and presentations open 
to the public. The purpose was to discuss timely issues fac- 
ing the world of jewelry today, including urgent questions 
about mined, lab-produced, and sustainable materials. 

Panelists were Monique Péan, a New York-based jew- 
elry designer who prides herself on using sustainable ma- 
terials in her one-of-a-kind pieces that are sourced globally 
through fair trade initiatives; Karen Smit, a GIA research 
scientist who holds a PhD in diamond geology; and Patricia 
Syvrud, program development manager for the Minerals, 
Materials and Society program at the University of 
Delaware, and immediate past executive director of the 
World Diamond Council. The panel was moderated by Ben 
Smithee, CEO and founder of The Smithee Group, a digital 
strategy, content, and advertising firm. 

The panel opened with introductions, where each 
speaker described a bit of his or her background and rele- 
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Figure 67. Left to right: “Ethics of Jewelry” panelists Monique Péan, Karen Smit, and Patricia Syvrud joined mod- 
erator Ben Smithee at the New York Metropolitan Museum of Art. Photo by Stephen G. Strickland. 


vance to the event. Péan shared her travels to the far 
reaches of the globe, where she gets the inspiration and 
many unusual materials for her pieces, such as pyritized 
dinosaur bone, Peruvian opaline, and Scandinavian mete- 
orite. Smit gave a scientific overview of natural versus syn- 
thetic diamonds, and Syvrud shared the progress of the 
Minerals, Materials and Society education and training 
program and related research projects (see p. 148). 
Smithee asked the panelists for clarification of some 
terms that are frequently used but little understood when 
speaking of “ethical jewelry,” such as “responsible sourc- 
ing,” “sustainability,” and “conflict-free” diamonds and 
gold. Although the terms “ethical jewelry” and “responsi- 
ble sourcing” can mean different things to different people, 
the term “sustainability” has a globally recognized defini- 
tion that basically means “meeting the needs of today 
without compromising the needs of future generations.” 
The current definition of the term “conflict diamonds” is 
also globally recognized, according to a United Nations res- 
olution, to mean “Diamonds that originate from areas con- 
trolled by forces or factions opposed to legitimate and 
internationally recognized governments...’’ However, this 
definition does not address the human rights issues of ar- 
tisanal and small-scale mining. The conversation then 
moved to a comparison of responsibly sourced gold vs. 
gemstones and how technology such as blockchain can be 
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integrated into supply chains to enhance transparency and 
sustainability in the jewelry sector. 

The session concluded with a focus on the artisanal and 
small-scale mining (ASM) that takes place in the diamond, 
colored gemstone, and gold mining sectors. Although chal- 
lenges related to human rights and environmental and social 
impacts remain, the benefits from ASM to local stakehold- 
ers and communities should be more widely shared. 

Patricia Syvrud 
University of Delaware, Newark 
Minerals, Materials and Society Program 


IN MEMORIAM 


E. Alan Jobbins (1923-2019). Alan, as he was known to his 
friends and colleagues, passed away February 2 at the age 
of 95. He was internationally respected for his lasting 
achievements in the fields of mineralogy and gemology. He 
started down his lifelong career path at the age of 13, when 
his geography professor showed him some attractive crys- 
tal specimens of the mineral mimetite from the Cumber- 
land area of England. This immediately sparked his interest 
and led to a lifetime devoted to mineralogical and gemo- 
logical studies, and his career appointment from 1950 to 
1983 as curator of minerals and gemstones at the Institute 
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of Geological Sciences in London. There he was responsi- 
ble for organizing the extensive gemstone and mineral col- 
lection and exhibitions. 

Over his 33 years at the museum, Alan conducted nu- 
merous important gemological and mineralogical research 
projects, such as a major study of East African garnets, re- 
search into the characteristics of syn- 
thetic opals, the discovery and 
description of the mineral magnesio- 
axinite, and the geological field study 
of the meteorite in Barwell Parish, 
England. 

Alan’s work took him on many as- 
signments for the United Nations and 
the British government. These in- 
cluded gemological and geological sur- 
veys of gem deposits in Brazil, 
Cambodia, Guyana, India, and Sri 
Lanka for the United Nations and the 
British Overseas Development Ad- 
ministration. 

In the late 1960s, Alan set up a 
mineralogical and gemological train- 
ing and research laboratory in Burma, 
guiding that country’s first gemolo- 
gists to FGA diplomas. Some students 
went on to obtain doctorates at Eng- 
lish universities. Alan led a study of 
Pailin ruby and sapphire deposits in 


(now London Metropolitan University), 20 years as chief 
examiner for the Gemmological Association of Great 
Britain (now Gem-A) gemology examinations, and eight 
years as editor of The Journal of Gemmology (1985-1993). 
He was also president of Gem-A from 2004 to 2008, and 
vice president from 2009 until his death. 

Alan held various posts throughout 
his career, including executive mem- 
ber of the International Gemmological 
Conference (IGC) and past president of 
the Society of Jewellery Historians. He 
was also part of the team that con- 
ducted the first comprehensive gemo- 
logical examination of the British 
Crown Jewels from 1986 to 1989, 
which led to the publication of an im- 
portant illustrated catalogue. Among 
Alan’s major literary contributions 
were very thorough revisions of B.W. 
Anderson’s Gem Testing and Robert 
Webster’s Gemmologists’ Com- 
pendium. 

In 1984, Alan became a founding 
member of the ICA (International Col- 
ored Gemstone Association). In 2005 
the Accredited Gemologists Associa- 
tion (AGA) awarded him its sixth an- 
nual Antonio C. Bonanno Award for 
Excellence in Gemology. He served as 


Cambodia, resulting in a detailed 

monograph and important recommendations for improved 
recovery methods. He also spearheaded an assessment of 
diamond and opal deposits in Piaui State, Brazil, and a sur- 
vey of the Sri Lankan gemstone industry in which he rec- 
ommended improved mining methods and cutting 
techniques. 

In 1988 and 1989, he initiated gemological training 
with new laboratory facilities at the China University of 
Geosciences in Wuhan. In the UK, his record includes 32 
years as a gemological lecturer at the Sir John Cass College 
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a member of GWG’s editorial review 
board from 1994 on. 

In addition to gemology and mineralogy, our dear friend 
Alan was an avid bird-watcher, an explorer of churches and 
cathedrals, and a wine aficionado. He was a devoted and 
loving husband to his wife, Mary. In his honor I will carry 
the moniker he bestowed upon me many years ago, 
“Young Buzzard.” Alan passed away peacefully with Mary 
by his side. Rest in peace, dear friend. 

John I. Koivula 
GIA, Carlsbad 
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EDITORIAL 


Dive Into Summer: Mozambique Ruby, 
Madagascar Sapphire, and Black Nephrite 
From China, Plus an Opal Inclusions Chart 


With 2019 already past the halfway mark, we are very pleased to present our Summer edition. 
Inside you'll find new insights into a variety of gem materials. 


The issue leads with a review of the past decade of ruby from Mozambique. Since 2009, 
Mozambique has become the world’s leading supplier of ruby, transforming the market in the 
process. GIA has been visiting these deposits since the initial discoveries, and now Wim 
Vertriest and Sudarat Saeseaw from the Bangkok laboratory add a new chapter to this story 
with an overview of production and distribution, as well as a comprehensive gemological 
characterization and a discussion of the most common treatment processes applied to material 
from this important locality. 


Next, Billie Hughes from 947¢e 2009, Mozambique has become the worlds 


Lotus Gemology and Rosey Perkins with Fura leading supplier of ruby, transforming the market 
Gems present the results of low-temperature in the process. » 

heat treatment experiments on sapphire from 
Madagascar. Increasing numbers of these stones are being heated to relatively low temperatures (below 1350°C) to 
lighten their color. The authors show the changes in these goods, providing a means of separating unheated and 
heated Madagascar sapphire. 


Moving from Africa to Asia, the issue continues with a study of black nephrite from a deposit in southern China. 
Qian Zhong, a PhD student of mineralogy at Tongji University in Shanghai, leads a team of professors from that 
university in characterizing 12 nephrite samples from the Guangxi region. 


In the fourth article, Jean-Pierre Gauthier from the Gemological Research Center of Nantes and his coauthors 
characterize “flame structure” in 37 pearls from bivalves of the Tridacnidae family. Careful observation revealed 
evidence of rotation during growth, a feature also seen in numerous pearls from Pinctada margaritifera. 


The next article, also on pearls, presents an unusual identification challenge that confronted researchers at the Max 
Planck Institute for Chemistry, Johannes Gutenberg University, and GIA’s New York and Bangkok laboratories. 
‘Two pearls were examined by the team of authors, who were unable to positively identify their origin (natural or 
cultured), their growth environment (freshwater versus saltwater), or the mollusk that produced the pearls. 


In our last article, Nathan Renfro and coauthors present an opal inclusions chart, the fifth in their series on micro- 
features in gemstones. Laminated versions of all of these large, colorful wall charts are also available at store.gia.edu. 


Highlights from the Lab Notes column include a rough diamond with a coating of fake green “radiation stains, a 
study on the separation of kornerupine and prismatine, and the first report of a color-change spessartine garnet 
examined by GIA. Gem News International features brief but thorough studies on the gemological characteristics of 
jadeite from the Polar Urals of Russia, more than 800 natural freshwater pearls from the Mississippi River system, 
and rubies from the Rock Creek deposit in Montana. As always, Micro-World reveals a fascinating gallery of inclu- 
sion scenes, while the Diamonds from the Deep section (now a year old) outlines the basic geological and practical 
features of kimberlites, the earth’s diamond delivery system. 


We hope you enjoy the Summer 2019 edition of Gems & Gemology! 


Oot e 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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SNPS ARTICLES 


A DECADE OF RUBY FROM MOZAMBIQUE: 


A REVIEW 


Wim Vertriest and Sudarat Saeseaw 


In less than a decade, Mozambique has become the world’s most productive source for gem-quality ruby. Since 
the discovery in 2009, GIA has followed these deposits from the front lines, collecting data in the field and in 
the laboratory. The development of the deposit in Montepuez has been extremely interesting, with different 
players involved and different types of material unearthed. This article provides a summary and overview of the 
current knowledge about Mozambican ruby, including the history of mining and the market impact, as well as 
a comprehensive gemological characterization and discussion of the most common treatments applied to the 


stones. Much of the information in this article is based on the authors’ observations in the field and market as 
well as several publications (Pardieu et al., 2009, 2013, 2015; Saeseaw et al., 2018). 


ozambique lies in southeastern Africa, with 
Mer city of Maputo as its capital. It shares 

borders with Tanzania to the north, Malawi 
and Zambia to the northwest, Zimbabwe to the west, 
and Swaziland and South Africa to the south. In the 
east, Mozambique is separated from Madagascar by 
the Mozambique Channel, which is part of the In- 
dian Ocean. Many of these countries are known pro- 
ducers of gem corundum. Mozambique joined this 
club of ruby sources only in the last decade, a mere 
fraction of its long history. 

Around 2,000 years ago, Bantu tribes settled in 
what is now Mozambique. In the eleventh century, 
traders from the northern shores arrived and set up 
trading posts. These were mainly Arab, Persian, and 
Somali merchants who merged their own customs 
with those of the local Bantu, leading to the develop- 
ment of the Swahili culture along the eastern coast of 
Africa. 

In 1498, Vasco da Gama was the first European to 
arrive in Mozambique, en route to India. He encoun- 
tered the Arab merchant ruler Mussa Bin Bique, 
whose name was given to the area. Vasco da Gama’s 
arrival started the Portuguese influence in the East 
African country, which lasted until Mozambique 
gained independence in 1975. This independence 
sparked a civil war that tore the country apart until 
the mid-1990s, when its first elections with multiple 
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parties were held. Since these elections, the country 
has been relatively stable, although insurgent groups 
are still active. 

The country’s population of more than 29 million 
is largely Christian, with a significant number who 
follow Islam or traditional animistic beliefs. Por- 
tuguese remains the official language, though many 


In Brief 


Mozambique entered the ruby market in 2009 and 
quickly became one of the most important producers 
on a global level. 


Small-scale artisanal miners and large companies have 
both played an important role in the rise and develop- 
ment of the Mozambican ruby mines and market. 


The Montepuez deposits produce rubies with different 
appearances. Two main types can be distinguished: 
“Maninge Nice’”—type and Mugloto-type. 


Mozambican rubies are routinely treated, depending 
on the starting material. The goal is to improve either 
the color or the clarity. 


people still speak local languages. Since the early 
2000s, Mozambique has seen some of the world’s 
largest gains in GDP, but it is still among the poorest 
and least developed countries. Most of the popula- 
tion and economic power are in the southern 
provinces. 

Mozambique’s economy is heavily focused on 
mineral resources and agriculture. More than 80% 
of the population is involved in agriculture. 
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Shrimp, timber, cashews, coconuts, tea, and to- 
bacco are some of the main exports. Tourism is de- 
veloping rapidly but remains small compared to 
other industries. 

The mining sector includes building stones and 
granulates (marble and granite), industrial minerals 
(bentonite and sand), and metallic ores (gold, tita- 
nium, beryllium, tantalum, and bauxite). The coun- 
try is also an important coal producer. Newly 
discovered offshore gas fields in northern Mozam- 
bique are generating considerable interest, though de- 
velopment is hindered by falling prices for oil and 
natural gas. 


HISTORY OF RUBY IN MOZAMBIQUE 
Mozambique holds large reserves of gemstones. 
Aquamarine and morganite are mined in Zambezia 
Province, while copper-bearing tourmaline is found 
at the Alto Ligonha field in Nampula Province 
(Rondeau and Delaunay, 2007; Laurs et al., 2008). 
Garnets and tourmaline varieties are found 
throughout the country, though most of the pro- 
duction is focused in the western and northern re- 
gions (Shigley et al., 2010; Sangsawong et al., 2016). 
The area around Ocua in Nampula produced pink 
spinel for a period in 2016 (Vertriest and Pardieu, 
2016). 


RuBY FROM MOZAMBIQUE: A REVIEW 


Figure 1. This photo 
shows a variety of ru- 
bies from various areas 
in northern Mozam- 
bique (Niassa and 
Montepuez) that were 
mined in 2009-2010. It 
includes untreated and 
heated stones, weighing 
between 1.07 and 4.62 
ct. Photo by Robert 
Weldon/GIA. Courtesy 
of Tommy Wu, Shire 
Trading Ltd. 


Early Discoveries. Corundum has been documented 
in Mozambique ever since Europeans first colonized 
the land. Although it was not discovered at the time, 
the presence of gem ruby (see figure 1) was suggested 
by the high volumes of Cr-bearing corundum 
(Lachelt, 2004). 

The earliest mention of Mozambican ruby in the 
gemological literature came in 1991, when Gems & 
Gemology reported cabochon-grade rough samples at 
the Tucson gem shows. It was described as similar to 
some Tanzanian material (Koivula and Kammerling, 
1991). 


Ruby from Northwest Mozambique. The first con- 
firmed sources of gem-quality ruby were found in 
northern Mozambique in the Niassa National Re- 
serve in 2008. Near Ruambeze, in Cabo Delgado 
Province, cabochon-grade rubies were reportedly 
discovered in the early 1990s, according to officials 
from the Lichinga mining office. This deposit re- 
portedly produced the cabochon-grade material re- 
ported in GWG in 1991. The material was heavily 
fractured and often contained considerable iron 
staining, obscuring the bodycolor (figure 2). Mining 
never really took off in this area due to the remote 
location and the mediocre quality (Pardieu et al., 
2009a,b). 
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The first facet-grade ruby was mined near the vil- 
lage of M’sawize, also located in the Niassa National 
Reserve. Artisanal miners worked a deposit about 40 
km east of the village. It is assumed that this deposit 
was discovered in September 2008, when it began to 
attract large crowds of artisanal miners and buyers 
(Pardieu et al., 2009a,b). The deposit was closed to 
artisanal miners in 2009, but some mining licenses 
were granted to war veterans who attempted to fur- 
ther develop this deposit (V. Pardieu, pers. comm., 
2019). According to some people, rubies from Niassa 
were already locally known for several years but had 
been overshadowed by the Winza deposit in Tanza- 
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Figure 2. Rubies report- 
edly from the Ruam- 
beze deposit obtained 
from a gem dealer in 
Lichinga. Photo by J.B. 
Senoble, September 
2009. 


nia and Andilamena in Madagascar (Pardieu et al., 
2009a,b). 

The material ranges from pink to dark red, and 
faceted stones over 10 carats are produced (figure 3). 
However, the majority of this material would still re- 
quire enhancement to solve clarity issues related to 
the fractures. This could be done by glass filling or 
flux healing. 

Production in M’sawize was mostly abandoned in 
July and August 2009 due to the onset of the dry sea- 
son and law enforcement efforts to control the illegal 
mining operations. Fortunately, another ruby deposit 
emerged. 


Figure 3. Ruby associ- 
ated with feldspar and 
amphibole, found at the 
mining site in M’sawize, 
November 2009. Photo 
by Vincent Pardieu/GIA. 
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Discovery Near Montepuez. In April 2009, rubies 
were discovered near the city of Montepuez in Cabo 
Delgado Province. This city is linked to the coastal 
city of Pemba by Road 242, the main transportation 
route in Cabo Delgado. 

Unlike the other two deposits in northern 
Mozambique (M’sawize and Ruambeze}, Montepuez 
is not located in a national reserve. This meant that 
there was potential for legal mining claims and 
larger-scale development. The initial production seen 
from the areas around Montepuez was more in- 
tensely colored and clearer than the material from 
Niassa, but its flatter shape resulted in lower yield 
after cutting. 

At the time of the discovery, two deposits were 
known. The first was near the town of Namahaca, 
just north of the main road, where lower-quality ma- 
terial was found. The other was about 8 km south- 
east of the town of Namahumbire. This deposit 
yielded higher-quality ruby, with more facet-grade 
material available (Pardieu and Chauviré, 2012). 

It is estimated that thousands of people started 
working this deposit in June or July 2009 without 
proper permits. Most of the miners were based out 
of the local villages. So were the “bush traders” who 
serve as middlemen between the miners and inter- 
national buyers. These foreign buyers, located in 
Montepuez or Pemba, are mostly Thai, Tanzanian, 
and West African and have experience in the colored 
gemstone trade (Pardieu et al., 2013; Hsu et al., 2014). 

This activity created new concerns for the gov- 
ernment, though it was reluctant to take strong (and 
unpopular) measures since elections were coming up 
later that year. By November 2009, the artisanal 
mining situation had stabilized. The government 
had decided that artisanal, unlicensed mining would 
be tolerated in the area around Namahaca (“Areas 
Designadas”). The company that owned hunting 
rights on the ruby-bearing land (Mwiriti Limitada) 
was the first one to acquire several official mining 
licenses around Namahumbire (Pardieu et al., 
2009a,b). 

By 2010, material from the Montepuez deposit 
was widely available in the Asian market in all qual- 
ity ranges. Fine untreated faceted stones were sold, 
as well as low-grade glass-filled cabochons and all 
qualities in between. Mwiriti officially had the min- 
ing license near Namahumbire but was unable to 
control and exploit the deposit at this stage. All of 
the production that reached the market in this period 
was taken out of the ground by artisanal miners 
known as garimpeiros, whose numbers kept grow- 
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Figure 4. Map indicating the main ruby mining areas 
around Montepuez. 


ing. It is estimated that by the end of 2010, tens of 
thousands of them were working the ruby deposits 
around Montepuez (Pardieu et al., 2013). 

With the rapid influx of miners, the working area 
was expanded and numerous other places with ruby 
were discovered in the following years. The most im- 
portant ruby mining areas (figure 4) during this early 
period were: 


e Maninge Nice (discovered in 2009): This area 
probably relates to the original Namahumbire 
discovery and translates to “good quality.” 
Nova Mina and Central were often described 
as separate deposits in the older literature, but 
they are most likely a part of what is now con- 
sidered Maninge Nice. This is a primary de- 
posit, associated with an immature secondary 
deposit. 

e Glass (2010): This area is named after the glass- 
like appearance of the finest stones found here. 
The deposit is very close to Maninge Nice, and 
the rubies share many similarities, but Glass is 
clearly a more mature secondary deposit with 
rounded rough rubies. 

e Nacaca (2012): This secondary deposit is about 
25 km southeast of Namahumbire, and a vari- 
ety of material is found here. This area is east 
and downstream of all the other deposits. 

¢ Ntorro (2012) and Mugloto (2014): This mature 
secondary deposit produces a lower volume than 
the others, but the rubies are of much higher 
quality. 

Maninge Nice, Glass, and Mugloto-Ntorro are all 

located in the concession held by Mwiriti. Most of 
the Nacaca deposit is outside of the concession and 
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has been allocated to artisanal miners as Areas Des- 
ignadas, similar to the area around Namahaca. 

In June 2011, Mwiriti (25%) signed a joint ven- 
ture agreement with Gemfields (75%), and Mon- 
tepuez Ruby Mining (MRM) was formed to exploit 
the deposits near Namahumbire. After a year of 
mine development, MRM took its first rubies out of 
the ground in late 2012 (Lucas and Pardieu, 2014). 
The establishment of MRM drastically changed the 
dynamics of the Montepuez deposit. Unlicensed 
miners were restricted to certain areas while MRM 
developed the concession at an industrial scale. The 
large-scale development of MRM attracted other in- 
vestors, and in 2016 several other mining groups 
started showing interest in the ruby deposits around 
Montepuez. The second company to commercially 
produce rubies was Mustang Resources, which 
worked on ruby mining concessions west and north- 
west of Namahumbire around the village of Napula 
(Lucas and Hsu, 2017; Pardieu, 2017). In late 2017, 
the newly formed Fura Gems acquired several ex- 
ploration licenses north of Namahumbire. In mid- 
2018, Mustang Resources and Fura Gems merged 
their ruby assets, which are now handled by Fura. 

Although the lion’s share of ruby-bearing land is 
officially under control of large groups that obtained 
the legal mining/exploitation rights, unlicensed arti- 
sanal miners are still prevalent. The areas are simply 
too large to secure entirely. This has led to conflicts 
between private security forces, police forces, and ar- 
tisanal miners (Hsu et al., 2014). Journalists have 
made claims of human rights abuses, both by police 
forces and private security firms, since 2015, most 
notably in a television documentary produced by Al 
Jazeera (Valoi and Macrae, 2015). In January 2019, 
Gemfields paid US$7.8 million to settle human 
rights abuses brought against it by the local commu- 
nity (Gemfields, 2019). 

Over the years, a delicate balance was struck be- 
tween the unlicensed miners and the license owners 
with regard to the ruby-bearing grounds. Although 
the mining rights belong to the license holder, unli- 
censed miners are often tolerated on parts of the con- 
cession. For example, Ntorro and Glass were worked 
by garimpeiros for years before the license owner 
started developing large-scale mining operations at 
these deposits. 

At the time of this writing, there are two major 
players in the Montepuez ruby mining area: MRM and 
the artisanal mining community. The artisanal min- 
ing community around Montepuez has faced many 
challenges since the rubies were first discovered. For 
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a while, they were able to work in the Areas Desig- 
nadas around Namahaca and Nacaca, but these areas 
were later incorporated into larger mining licenses. 
Mining without a license was also not considered a 
major criminal offense until February 2016, which 
meant that garimpeiros who were caught could not be 
prosecuted. Mining without a license is now punish- 
able by law, and the miners face considerable jail time 
and fines if caught (Vertriest and Pardieu, 2016). These 
factors, combined with the more established security 
of larger companies, have caused the supply from 
garimpeiros to drop considerably. In the early days 
(pre-2014), they accounted for nearly 100% of Mozam- 
bican ruby production; now it is far less. 

It is important to note that only companies with 
a mining license are allowed to export gemstones out 
of Mozambique. This means that all rubies on the 
market that were mined by unlicensed miners left 
the country illegally. 


MOZAMBIQUE RUBIES IN THE MARKET 
Mozambican Ruby Trading. The first material from 
the Niassa deposits came to the international market 
through Tanzania. Before the discovery of Mozambi- 
can ruby, many buyers on the African mainland were 
based in Tanzania and Kenya. These international 
merchants had cash available and were knowledge- 
able about exporting procedures, so they were the 
first to see new goods. Since the initial material from 
Niassa was not of the highest grade, few merchants 
felt the need to pay attention to Mozambique. How- 
ever, when the supply from Winza, Tanzania, began 
to decline, buyers started looking for other sources 
of ruby (Pardieu et al., 2009a,b). 

By late 2009, the Montepuez deposit was starting 
to reveal its potential, and many merchants moved to 
Mozambique to establish a presence in Pemba or 
Montepuez. While the color of the material was very 
desirable, it often required treatment such as glass fill- 
ing or heating with flux to address the abundant frac- 
tures. The Thai trading centers have a wealth of 
experience in enhancing ruby, with regard to both 
color (heat treatment is often required to optimize 
Thai and Cambodian ruby) and clarity (heating with 
flux to heal fractures, often done on Mong Hsu rubies, 
and glass filling, perfected on low-grade rubies from 
Madagascar). So nearly all production went to Thai- 
land to be treated, cut, and sold in the trading centers 
of Bangkok and Chanthaburi. By the end of 2009, 
Mozambican ruby was flooding the Thai market. 

In 2012, an important discovery was made in the 
Montepuez mining area, when rubies with a different 
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appearance were found. This was in an area called 
Ntorro. These stones had a more orangy bodycolor 
than the early Montepuez production, with subtle 
bluish color zones, bulky shapes, and a cleaner ap- 
pearance overall. Furthermore, these rubies did not 
have abundant fractures and did not require clarity 
enhancement by heating with flux or glass filling. 
They do benefit from heat treatment to optimize the 
color, an area in which the Sri Lankans have great ex- 
perience. Since the discovery of this type of material, 
Sri Lankan traders have also started buying material 
in the local market. 

Mugloto-Ntorro produces a much lower volume 
than the others, but the value is much higher. This 
area has produced many important stones, including 
some of the most famous Mozambican rubies sold to 
date: the Dragon Eye rubies, the Rhino ruby, and the 
Rose of Mozambique. 

In June 2014, Gemfields hosted the first auction 
of rough ruby from its mine near Montepuez (Lucas 
and Pardieu, 2014). This event, held in Singapore, 
represented the first legitimate public sale of Mozam- 
bican ruby since its discovery. The sale presented 
material from the Mugloto and Maninge Nice areas 
within MRM’s concession. Some of the material was 
disclosed as treated, but the majority was guaranteed 
to be untreated. At the inaugural auction, 2.03 mil- 
lion carats were offered, of which 1.82 million carats 
were sold. 

The material at these auctions is put in pre- 
graded lots, where goods of similar quality and color 
are offered together (Shor and Weldon, 2015). The 
impact of Mozambican ruby became very clear 
when a well-known dealer said, “Before the 
Mozambique discovery, it would take several years 
to collect a full suite of color-matched rubies of 
equivalent quality. Now I can buy a full suite, and 
in six months a new one will be auctioned.” 

So far Gemfields has organized 12 ruby auctions, 
which have generated over US$500 million in rev- 
enue for nearly 10 million carats of rough ruby. 

In October 2017, Mustang Resources held an auc- 
tion in Mauritius that offered 22 lots of ruby and pink 
sapphire. Only eight of the lots were sold, generating 
US$550,000 (Pardieu, 2018). After the auction, they 
started selling the material through a sales office in 
Thailand (“Mustang Resources realizes maiden ruby 
sales...,” 2018). 

Apart from these auctions and some private sales 
by the mining companies, most of Mozambique’s ru- 
bies have reached the market through unlicensed 
channels. 
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Presence in the Market. For centuries, the world’s ruby 
supply was dominated by two sources: modern-day Sri 
Lanka and Myanmar (specifically Mogok). From the 
late 1800s until the 1990s, the border area of what is 
now Thailand and Cambodia also produced high-qual- 
ity gems, although this deposit only became dominant 
in the 1960s, when the Burmese regime closed itself, 
and its ruby resources, from the rest of the world. 
Other historical sources such as Afghanistan have 
never produced comparable volumes or qualities. 

Only in the last decades have other competitive 
sources appeared. These often showed great potential 
but lacked the volume (e.g., Winza, Morogoro, 
Vatomandry, or Luc Yen) or the facet-grade quality 
(e.g., Mangare) to cause a major shift in the global 
ruby trade. The most important new deposit in this 
period was Mong Hsu, Myanmar. This was the major 
source for rubies in terms of volume since its discov- 
ery in the early 1990s until the emergence of the 
Montepuez deposit (Hughes et al., 2017). 

The Montepuez deposit has made ruby more ac- 
cessible than ever before. Mozambique has joined an 
elite club of ruby producers and impacted the gem- 
stone trade in ways never imagined before (Hughes, 
2015). Mozambique offers everything from huge un- 
heated stones with top color to sub-millimeter pink- 
ish treated melee. This has increased the availability 
of ruby in all quality ranges and sizes. 

We have to remember that gemstones are not per- 
ishable goods, and almost every stone that has en- 
tered the trade is still out there. A deposit such as 
Mogok has more than a thousand years’ head start, 
yet nowadays the booths in major tradeshows offer 
the same volume of Burmese and Mozambican gems. 
The balance even shifts toward Mozambique. 


GEOLOGY 

The geology of northern Mozambique is very com- 
plex and not well understood. The area is sparsely in- 
habited, and very few geologic surveys have ever 
been carried out. 

The large-scale geology is dominated by features 
related to the East African orogeny. The most impor- 
tant structure is the Mozambique Belt, a suture zone 
that developed during the formation of the Gond- 
wana supercontinent. Currently it stretches from 
central Mozambique up into the Arabian Peninsula. 
Most of the islands in the Indian Ocean (including 
Madagascar and Sri Lanka) as well as parts of south- 
ern India and eastern Antarctica also belong to the 
Mozambique Belt. Though now exposed at the sur- 
face, it was once covered by more than 10 km of 
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rocks, which caused it to reach high temperatures and 
subjected it to large pressures (Lachelt, 2004; 
Grantham et al., 2008; Bingen et al., 2009). 

The primary ruby deposits are hosted in the Mon- 
tepuez complex. This wedge-shaped group of rocks 
deformed at high metamorphic conditions. Its main 
rock types are orthogneisses with various composi- 
tions (granitic to amphibolitic) and paragneisses in- 
cluding quartzite, meta-arkose, marble, and biotite 
gneiss. The age of these rocks is Meso- to Neopro- 
terozoic (1.6-1.1 Ga). Numerous younger intrusions 
of granite, granodiorite, and tonalite can be found 
throughout the complex (Boyd et al., 2010). 

During different orogenic phases, the Montepuez 
complex has been subjected to intense tectonism, re- 
sulting in a very complex structural framework. The 
rock units are tightly folded and cut by several shear 
zones that mainly trend northeast to southwest. This 
took place during the Mozambican orogeny (1100- 
850 Ma) and the East African orogeny (800-650 Ma). 
Another tectonic event altered these rocks around 
538 Ma, when thrust faults, folds, and shear zones 
developed as a part of Pan-African mountain-building 
processes (Lachelt, 2004). 

The geology on a more local scale is not well 
known, since outcrops are very scarce. Most of the 
bedrock is covered by up to 20 meters of soil. Due to 
the climate in northern Mozambique, rocks weather 
very quickly, and thus the top layers of the bedrock 
are intensely altered. This makes it very challenging 
to study the geology in outcrops or even in shallow 
drill holes. 
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Based on observations during field visits, the ruby 
mineralization is closely related to rocks rich in am- 
phibole, mica, and feldspar. This is the reason we 
classify the Montepuez ruby find as an amphibole- 
related deposit (Hsu et al., 2014). Other studies men- 
tion the presence of kyanite and siderite associated 
with the amphibole-rich host rock of the rubies 
(Hanni and Krzemnicki, 2009). 


DEPOSITS 


Rubies are found in two types of environments 
around Montepuez: primary and secondary. The sec- 
ondary deposits consist of more concentrated layers 
of gravel in which the host rock has been broken down 
and the more resistant material has been concen- 
trated. There are several ways this could have hap- 
pened: (1) the host rock weathered and the remaining 
stones were not transported (eluvial deposit); (2) the 
stones were transported by mass movement (collu- 
vial), or (3) the stones were transported by water (allu- 
vial). The earliest interpretations stated that the large 
secondary deposits in Mugloto-Ntorro were alluvial 
and caused by some sort of flash flood that was later 
reworked by river systems (Chapin et al., 2014; Hsu 
et al., 2014). However, field observations by the author 
and by one of the leading authorities on geological ex- 
ploration in East Africa (Simonet, 2018) do not match 
this theory. In an alluvial system, rounded pebbles, 
well-sorted sediments, and various grain sizes would 
be found. The secondary deposits near Montepuez are 
unsorted and form one continuous layer of gravel that 
has sharp boundaries (figure 5). According to Simonet, 


Figure 5. At the Mu- 
gloto pit, operated by 
MRM, a gravel layer 
containing rubies and 
quartz boulders in the 
secondary deposits is 
clearly visible. A tunnel 
that was supported by 
wooden structures is an 
indication that arti- 
sanal miners used to 
work in this area. Photo 
by Wim Vertriest. 
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this is consistent with the “weathering down” of rock 
masses. During this process, the rocks weather and 
erosion products get carried away. The most resistant 
material (garnet, corundum, and quartz boulders) is 
left behind and ultimately concentrated in one layer. 
This material has not been significantly transported 
by rivers or any other means. 

Smaller-scale alluvial deposits are also present 
around Montepuez, where rivers and creeks have car- 
ried material of the different ruby-hosting rocks and 
dropped them in recent river sediments. 

Primary deposits are those in which ruby is still 
found in its original host rock. In the case of the 
Mozambican ruby deposits, the original host rock is 
so strongly weathered as to be nearly unrecogniz- 
able. Most of the minerals are turned to clays and 
other alteration products. People working in the 
mine describe the host rock as “rotten” (figure 6). 
The primary deposit of Maninge Nice is overlain by 
a secondary deposit derived from it. This higher- 
grade deposit was probably the first discovered in 
Montepuez. 

Because the primary deposits are so weathered, 
they are in a way easier to mine than the secondary 
deposits. This is counterintuitive, since we associate 
primary deposits with hard rock mining, tunnels, and 
blasting. However, the rock has been turned to clay, 
which is considerably easier to mine when it is dry. 
Pieces of dried clay can be crumbled between your 
fingers, turning everything except the rubies to dust. 
This makes excavation with excavators very simple, 
as opposed to the secondary deposits where large 
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Figure 6. The primary deposit in Maninge Nice con- 
tains extremely weathered amphibole-rich rock in 
which rubies are literally falling out of their host 
rock, Photo by Wim Vertriest. 


quartz boulders make excavation more difficult. The 
situation reverses during the intense rainy seasons, 
with the clay turning into a sticky mass. Even the 
heaviest equipment cannot combat such conditions, 
and thus mining of the primary deposit only takes 
place for half of the year. 


MINING 


Artisanal miners usually work with very simple 
tools. Using shovels and picks, they dig into the earth 
to reach the gravel layers in the large secondary de- 
posits (figure 7). Sometimes they support their shafts 


Figure 7. A group of 
garimpeiros at their 
workings in the bush 
near Montepuez. Photo 
by Vincent Pardieu/ 
GIA, September 2014. 
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and short tunnels with wooden structures, but in 
most cases they do not. Ruby-bearing gravel is taken 
from these pits and transported to a washing place. 
Using simple instruments such as washing pans or 
crude grids, they screen the material for rubies. In the 
early years of the deposits’ development, several ac- 
cidents happened due to poor mining conditions in 
artisanal workings. In the last three to four years, the 
number of garimpeiros has decreased and there have 
been fewer reports of accidents. 

A similar process is followed at other alluvial de- 
posits where rubies are found in recent gravels, often 
reaching the surface. This requires less work since 
no pit needs to be dug, but the ruby concentration is 
often a bit lower. These mining sites tend to be much 
smaller and localized, diminishing the chances of 
finding high-quality ruby. 

The large-scale operations by major companies 
use industrial setups with excavators and dump 
trucks to move overburden and ruby-rich gravel. 
They build up a stockpile, mining material they can 
process later. This is because the rainy season makes 
it very difficult to extract the gravel for about half the 
year. The washing operations run year-round, using 
different techniques (figure 8). 

Gemfields has opted for a series of screens and 
gravitational jigs to sort and concentrate the ruby. 
Mustang worked with rotary pans, where minerals 
are also concentrated based on their density. In 2017, 
Gemfields added dense media separation (DMS) tech- 
niques to pre-concentrate the gravels and optimize 
the efficiency of their jigs (Pardieu, 2017). 
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Figure 8. Large-scale 
mining in the Mugloto 
area. Photo by Wim 
Vertriest, July 2016. 


These techniques all require large amounts of 
water, so serious investments have been made to guar- 
antee clean water supply, either in the form of artifi- 
cial lakes, water treatment plants, or a combination 
of both. 

The large companies also have extensive explo- 
ration programs that use a combination of core 
drilling, auger drilling, and geophysical analysis to 
determine the extent of ruby-bearing areas (Hsu et 
al., 2014). 


GEMOLOGICAL ANALYSIS 

Standard Gemological Properties and Appearance. 
Mozambican rubies generally have purplish red to 
red colors; some stones have an orange tint. Color in- 
tensities cover the spectrum from pale pink sap- 
phires to deep red rubies. Standard gemological 
properties are consistent with gem corundum: a re- 
fractive index between 1.760 and 1.768 (+/- 0.001), a 
birefringence of 0.008-0.009, and a specific gravity 
average of 3.98-4.00. Fluorescence can be strong to 
medium red under long-wave UV radiation and 
medium to weak red under short-wave UV. 

Based on their appearance, we can classify 
Mozambique’s rubies in two major types. These types 
are named after the locality where they are most 
dominant, but they are by no means exclusive to 
these areas. Some Mozambican rubies share charac- 
teristics of both types, but these are considered rare. 

The first type is named after Maninge Nice (figure 
9). This material represents the first rubies mined 
around Montepuez in 2009. They show a strong flu- 
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Figure 9. Typical Maninge Nice-type rubies with a 
deep red color and strong UV reaction. Their flat 
hexagonal shape is typical of stones from a primary 
deposit. The coin shown as a reference has a diameter 
of 25 mm. Photo by Vincent Pardieu/GIA. 


orescence reaction to long-wave UV exposure and 
have a variable color intensity ranging from pink to 
deep red. They tend to be associated with primary de- 
posits. This means that the flat hexagonal crystal 
shape is often preserved. 

The second type is called Mugloto (figure 10) and 
has been mined since 2012. The first Mugloto-type 
material was mined in Ntorro by artisanal miners, 
but since its discovery and large-scale exploitation in 
2014, the nearby Mugloto area has been the main 
source for this type of material. Its fluorescence re- 
action to UV exposure is weaker, and its bodycolor 
appears to have a subtle orangy tint. Some Mugloto- 
type stones have bluish color zones. The material 
often has a bulkier shape since it is only found in 
weathered deposits. 


Figure 11. Bands of silk, often visible in a hexagonal 
configuration at 120° angles, are a common inclusion 
in Mozambican rubies. Photo by C. Khowpong; field 
of view 2.50 mm. Fiber-optic illumination. 
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Figure 10. Typical Mugloto-type rubies with a nice red 
color. The blocky shapes are typical of a secondary 
deposit. These stones weigh around 1 gram each. 
Photo by Vincent Pardieu/GIA. 


Microscopic Observations. The most common inclu- 
sions are particles (McClure and Koivula, 2009; Par- 
dieu et al., 2009a,b; Hanni and Krzemnicki, 2009; 
Pardieu et al., 2013, 2015; Saeseaw et al., 2018). In 
many cases, these oriented needles and particles appear 
in bands following the corundum growth structure (fig- 
ure 11). These full hexagonal outlines are commonly 
seen in Maninge Nice-type rubies. Mugloto-type ru- 
bies seldom show the full hexagonal outline but often 
have straight or angular bands of particles. 

Particles can have various shapes, but irregular 
and arrowhead forms are often seen. Finer particles 
and platelets can be challenging to observe without 
fiber-optic illumination under the correct angle (fig- 
ures 12-14). Some of the needles and smaller parti- 
cles are similar to rutile particles frequently found in 


Figure 12. Reflective particles and platelets are very 
common but take some practice to observe with a 
fiber-optic light. Photo by B. Kongsomart; field of 
view 1.35 mm. Fiber-optic illumination. 
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Figure 13. A Mozambican ruby appears clean when 
viewed in brightfield illumination. Photo by GIA; 
field of view 12.3 mm. 


other rubies, but the nature of the finer platelets is 
still unclear. Tubes, associated with twin planes, are 
also frequently observed (figure 15) (GIT Gem Test- 
ing Laboratory, 2009; Pardieu et al., 2013). 

A variety of mineral inclusions are observed in 
Mozambican rubies. Rounded greenish amphibole 
crystals are often found in sub-spherical shapes (fig- 
ure 16) but can be seen as elongated rods (figure 17). 
Pseudohexagonal mica platelets (figures 18 and 19) 
appear frosty and are often associated with fringes, 
indicating an alteration of the mica during the geo- 
logical history of the ruby. Around these crystals, a 
planar feature of flat fluid “rosette” inclusions is 


Figure 15. Intersecting tubes associated with twin 
planes are frequently seen in Mozambican rubies. 
Photo by Jonathan Muyal; field of view 2.65 mm. 

Darkfield illumination. 
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Figure 14. The ruby from figure 13 shows a variety of 
particles and platelets when a fiber-optic light is 
shined through it at the correct angle. Photo by GIA; 
field of view 12.3 mm. 


often seen. Opaque cubic crystals are common in 
rough crystals but not in faceted stones because they 
contrast very strongly with the reddish background 
color of the rubies (figure 20). On top of that, these 
black inclusions react very poorly to heat treatment, 
even at lower temperatures. These crystals have been 
identified as chalcopyrite (Pardieu et al., 2013). 

Both types of Mozambican ruby have the same in- 
clusions, but their abundance varies. We noticed that 
Mugloto rubies somehow contained fewer mineral 
crystals than rubies from Maninge Nice. Maninge 


Figure 16. These two greenish amphibole crystals, 
identified by Raman spectroscopy, represent the most 
common crystal inclusion in Mozambican ruby. The 
smallest shows the typical rounded, elongated shape, 
while the larger crystal has a more irregular shape. 
Photo by C. Khowpong; field of view 1.42 mm. Bright- 
field illumination. 
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Figure 17. In some cases, amphibole occurs as elon- 
gated rod-like crystals. Photo by C. Khowpong; field 
of view 1.41 mm. Darkfield illumination. 


Nice rubies also have more fractures, which can be 
explained by their occurrence in a primary or near- 
primary deposit. 

FTIR and UV-Vis-NIR spectroscopic analyses and 
LA-ICP-MS chemical analyses were done at GIA lab- 
oratories following GIA’s internal procedures. These 
methodologies are outlined in full detail in Saeseaw 
et al. (2018). 


Infrared Spectroscopy. Infrared spectroscopy analyzes 
the absorption in the infrared spectrum by a gem. 
Most instruments measure a range from 7500 to 370 
cm!, but most useful is the functional group from 
4000 to 1000 cm". 


Figure 19. A cluster of crystals following the hexago- 
nal growth pattern of corundum is observed at the 
core of this ruby. Photo by C. Khowpong; field of view 
2.85 mm. Darkfield illumination. 


Figure 18. Pseudohexagonal mica with fringes (small 
expansion fractures) and a rosette pattern are a com- 
mon sight in Mozambican rubies. Photo by C. Khow- 
pong; field of view 1.12 mm. Darkfield illumination. 


This technique is best known from emerald 
analysis, where Fourier-transform infrared (FTIR) 
spectroscopy is used to identify fracture-filling ma- 
terial. In corundum, it can provide indications of 
heat treatment (Smith, 1995; Hughes et al., 2017). 
Very often FTIR spectra of untreated rubies show 
the presence of other mineral contaminants lining 
fractures or twin planes. Other peaks in the spec- 
trum are commonly related to the presence of OH 
groups in the corundum lattice (Beran and Ross- 
man, 2006). 


Figure 20. Opaque black-red crystals, presumably 
chalcopyrite, are common in rough rubies from Mon- 
tepuez. They are rarer in finished stones because of 
their high contrast with the host material. Photo by 
C. Khowpong; field of view 1.00 mm. Fiber-optic illu- 
mination. 
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TABLE 1. FTIR spectrum types most commonly encountered in Mozambican rubies. 


Number of samples Spectrum A Spectrum B Spectrum C Spectrum D Other minerals Total 
Mugloto-type 97 17 42 17 2 175 
Maninge Nice-type 55 9 19 6 16 105 


Most FTIR spectra from Mozambican rubies can 
be grouped in one of four categories (table 1 and fig- 
ure 2.1): 


e Spectrum A is characterized by a single peak at 
3309 cm". 

e Spectrum B shows the presence of boehmite, 
an aluminum oxide hydroxide, through a group 
of distinct bands in the 3600-2500 cm" region. 


e Spectrum C shows the presence of the clay 
mineral kaolinite, characterized by absorption 
peaks at ~3695, 3650, and 3620 cm"!. 

e Spectrum D has a peak at ~3161 cm", accom- 
panied by peaks at 3240 and 2420 cm". 


In some cases, these four patterns are obscured by 
peaks related to other mineral inclusion species. These 
are more common in Maninge Nice-type rubies. 


Figure 21. Four different FTIR spectrum types seen in Mozambique rubies. 
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Figure 22. Comparison 
of ordinary UV-Vis- 
NIR spectra from GIA 
samples 1702 (1.163 
mm, Maninge Nice- 
type), 0826 (2.808 mm, 
Mugloto-type), and 
0957 (1.960 mm, 
Mugloto-type). 
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UV-Vis-NIR Spectroscopy. Based on the different ap- 
pearances of the two ruby types from Mozambique, 
a difference in their UV-Vis-NIR spectra is expected. 
To study these spectra, three samples were fabricated 
with windows perpendicular to the c-axis (see table 
2). All the spectra are dominated by absorption due 
to chromium, characterized by bands around 410 and 
560 nm (figure 22). 

Maninge Nice sample no. 1702. shows a low shoul- 
der at 330 nm, which is believed to be caused by pairs 
of trivalent iron. The Mugloto sample (no. 0826) also 
has this feature, but it is much stronger, so much so 
that it does not appear as a shoulder but as a cutoff. 
This is indicative of a much higher iron content, 
which also causes features at 377, 388, and 450 nm 
(Ferguson and Fielding, 1971, 1972). The third spec- 
trum is from Mugloto sample no. 0957, which shows 
a subtle blue component. It differs from the other Mu- 
gloto sample by a minor shift of the 560 nm band and 
a slight increase of absorption over 600 nm, alterations 
caused by the presence of an Fe”*-Ti* charge transfer. 

Many Mugloto-type stones show this subtle color 
alteration, which can be removed by heat treatment 
(Pardieu et al., 2015; Sripoonjan et al., 2016; Saeseaw 
et al., 2018). 


Treatments. Gems are often treated to improve their 
appearance, and Mozambican ruby is no exception. 
These gems commonly receive treatment to enhance 
their clarity and color. We distinguish two types of 
Mozambican ruby, which each have their own char- 
acteristics that can be improved by treatment. The 
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most common treatments of Mozambican rubies are 
discussed below. 


Flux Healing of Maninge Nice-Type Ruby. As dis- 
cussed before, Maninge Nice-type rubies have a fine 
color but naturally occur as flat crystals with abun- 
dant fractures. These fractures will drastically reduce 
the durability of the gems. Heat treatment with the 
addition of flux (figure 23) can help heal the fractures 
and prevent the stones from breaking along these 
weak zones (Hanni, 1997-1998; Hughes and Galib- 
ert, 1998; Emmett, 1999; Pardieu et al., 2010). In this 
process, the stone is coated in a flux (usually borax) 
before heating. During heating, the flux will melt and 
flow into fissures. Fluxes have the capacity to lower 
the melting point of solid materials. This means that 
corundum will start to melt where the flux is in con- 
tact with the corundum (i.e., in the fractures and on 
the surface). Upon cooling, the molten compounds 
start to recrystallize, effectively closing the fracture. 
During this process, droplets of flux become trapped 
in the healed fissure, which we observe as finger- 
prints (figure 24). Where this fingerprint reaches the 
surface of a cut stone, a line of small cavities is often 
visible (Hanni, 1997-1998). 

These flux-healed fractures often differ in appear- 
ance from natural fingerprints and can be recog- 
nized by their thicker droplets and more weblike 
configuration. 

Since this process is associated with heating at 
high temperatures, crystals often become altered 
and/or form expansion fractures. 
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TABLE 2. Summary of trace-element concentrations in Mozambican ruby samples (in ppma) using LA-ICP-MS.# 


GIA sample no. 1702 


(Pink, 1.163 mm) Spot number -4Mg Set SIN 3Cr 34Fe Ga 
1 22 bdl 2 714 551 7 
2 23 33 2 671 573 8 
3 20 16 2 682 617 8 
4 25 24 3 875 665 7 
5 23 bdl 2 678 584 8 
6 16 17 2 682 548 iz. 
7 19 27 2 714 591 8 
a ia Spot number 4Mg VTi Vv Cr ore Ga 
1 28 17 4 639 1504 9 
2 27 16 4 635 1501 9 
3 28 17 4 655 1493 9 
4 32 17 4 635 1490 9 
S 37 18 4 706 1519 9 
6 50 18 4 749 1523 9 
7 35 17 4 718 1515 10 
8 39 17 4 745 1555 9 
Pane eo ca Spot number 24Mg 477i sy 83Cr 57Fe Ga 
1 12 14 4 788 1501 10 
2 12 13 7 804 1563 10 
3 12 16 5 824 1566 10 
4 12 13 4 800 1566 10 
5 12 13 + 796 1479 10 
6 12 14 4 776 1493 10 
7 12 14 4 796 1512 10 
8 11 18 4 769 1457 10 
Detection limit 0.12 0.3 0.03 0.37 3 0.01 


All measurements were taken inside the circles indicated, which correspond to the area that was analyzed during UV-Vis-NIR spectroscopy (see figure 22). 


Sometimes the fractures are simply filled with a 
glass that has a high lead content. In this case, the 
fractures are not healed and the glass can be easily 
removed with acids to expose the fractures again. De- 
pending on the type of glass used, this process can be 
done at temperatures below 1000°C, which does not 
alter most inclusions. However, the glass filling is 
very characteristic, containing an abundance of bub- 
bles, and it often has a characteristic colored flash 
under the microscope (figure 25). The lower durabil- 
ity of the glass also creates a luster difference with 
the corundum host (Pardieu, 2005; McClure et al., 
2006; Pardieu et al., 2010; Scarratt, 2012). 
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Both of these treatments are associated with ele- 
vated temperatures that can alter natural inclusions 
as well. One of the most obvious telltale signs is ex- 
pansion fractures around crystals. The opaque black 
inclusions commonly seen in Maninge Nice-type ru- 
bies are very susceptible to this and often appear as 
black discs after heat treatment (figure 26). 


Low-Temperature Heat Treatment of Mugloto-Type 
Ruby. Rubies from Mugloto that have a dark color or 
strong blue color patches will be heat treated without 
any added chemicals to lighten their color (figure 2.7). 
In recent years, heat treaters have become very 
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A. Before heat treatment 


Ruby with a fracture zone 


D. After possible devitrification 


B. During heating process 


C. After cooling 


E. After cleaning by surface-etching 


Ruby (corundum) 
Recrystallized ruby (synthetic ruby) 


Low-viscose glass melt 


Solidified glass 


Devitrified glass (glass exsolutions) 


Onna 


Trapped flux 


Figure 23. These images (from Hdnni, 1997-1998) show the process of heat treatment with flux. During heating 
(step B), the flux flows into the fractures. When the temperature is raised further, the corundum near the fracture 
starts to melt. After cooling (step C), the mix of molten flux and corundum recrystallizes and “heals” the fracture. 
Bubbles of flux are trapped in the healing corundum, forming fingerprints. 


skilled at this process, ever lowering the tempera- 
tures. These temperatures are low enough that inclu- 
sions are not severely altered. Below temperatures of 


Figure 24. Flux-healed fracture in a ruby that was 
heated with borax flux. Photo by C. Khowpong; field 
of view 1.75 mm. Darkfield illumination. 


1200°C, even rutile silk is not dissolved into the lat- 
tice. GIA has conducted several studies of Mozam- 


Figure 25. Glass-filled fractures with bubbles and 
blue flashes are the most obvious features in this 
glass-filled ruby, but natural inclusions such as bands 
of silk can also be seen. Photo by C. Khowpong; field 
of view 4.60 mm. Darkfield illumination. 
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Figure 26. This opaque black inclusion expanded dur- 
ing heat treatment, creating a fracture around it. The 
molten crystal flowed into the fracture and solidified 
upon cooling, creating an opaque black disc. This is 
sometimes referred to as “bleeding out” of a crystal. 
Photo by C. Khowpong; field of view 1.20 mm. Dark- 
field illumination. 


bican ruby treatment to determine the extent and de- 
tectability of heating at lower temperatures (Pardieu 
et al., 2015; Saeseaw et al., 2018). An initial experi- 
ment was done under unknown conditions by a pro- 
fessional offering his services to the trade; all 
follow-up experiments were carried out by GIA 
under known circumstances. Temperatures varied 
from 600°C to 900°C and heating times from 160 
minutes to 24 hours. During all these experiments, 
the stones were fully documented before and after 
treatment, and some were treated multiple times. 
Identification of low-temperature heat treatment re- 


quires inclusion study and FTIR spectroscopy (Par- 
dieu et al., 2015; Saeseaw et al., 2018). 

The reaction of crystal inclusions to heat treat- 
ment is unpredictable. In some cases, the crystals 
caused expansion fractures, while others did not 
change even when heated at more extreme condi- 
tions. Platelets can start to develop bright spots 
when heated at temperatures over 700°C (figure 28). 
It is important to note that this is not always seen 
after treatment, so the absence of spotted platelets 
does not conclusively indicate the absence of treat- 
ment. The platelets never showed alteration at 
600°C, but under the conditions of this experiment 
the stone’s color was not altered (Saeseaw et al., 
2018). Fractures with iron staining showed a change 
from yellowish to brownish red, even when heated 
at low temperatures (Sripoonjan et al., 2016). How- 
ever, these features are not commonly seen in 
faceted stones. 

When the inclusion scene does not provide con- 
clusive evidence of treatment, infrared spectroscopy 
can offer an indication of heating. In the majority of 
cases, minerals with an OH group such as boehmite 
and kaolinite are affected by heat treatment, so their 
presence in the FTIR spectrum indicates the absence 
of heating. By far the most common feature seen in 
the Mozambican rubies is a peak at 3309 cm. Upon 
heating, the intensity of this peak always dimin- 
ishes. When the peak before heating is strong 
enough, peaks at 3232 and 3185 cm” are formed (fig- 
ure 29) (Pardieu et al., 2015; Saeseaw et al., 2018). 
Often called the 3309 series, this has only been ob- 
served in Mozambican rubies after heat treatment. 
Rubies with a weaker 3309 peak will not develop a 


Figure 27. Left: An untreated Mugloto-type ruby clearly showing blue zones when viewed perpendicular to the c- 
axis. Right: The stone after heat treatment for 160 minutes at 800°C. Photos by S. Engniwat. 
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Figure 28. Left: Platelets in an unheated Mozambican ruby. Right: The platelets developed a spotted appearance 
after heat treatment at 900°C for 160 minutes. Photos by GIA; field of view 1.30 mm. Fiber-optic illumination. 


3309 series after heating, so the absence of this series 
is not conclusive evidence of the absence of treat- 
ment (figure 30) (Saeseaw et al., 2018). 


Distinguishing Rubies from Mozambique. Based on 
gemological data, Mozambican rubies can often be 
clearly distinguished. Many other ruby sources have 
a very different geological history, such as the mar- 
ble-hosted deposits (e.g., Mogok and Mong Hsu in 
Myanmar, Luc Yen in Vietnam, and Jegdalek in 
Afghanistan) or the basalt-hosted deposits (Thailand- 


Figure 29. FTIR spectrum of a Mozambican ruby 
showing a strong 3309 cn peak in its unheated state 
(blue trace). The other spectrum (red trace) was taken 
after heating at 800°C for 160 minutes and clearly 
shows the development of 3232 and 3185 cnr peaks 
and a decrease in 3309 cm peak intensity. 
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Cambodia). These have very different inclusion 
scenes, allowing for a clear separation. Rubies from 
both of these geological origins usually have a more 
extreme reaction under UV light than Mozambican 
rubies, with marble-hosted rubies often being more 
fluorescent, especially under short-wave UV, and 
basalt-related stones being almost inert. 

With rubies from other amphibole-related de- 
posits such as those found in northeastern Madagas- 
car (Didy, Andilamena, Zahamena, and Vatomandry) 
and Tanzania (Longido and Winza), the separation is 


Figure 30. The FTIR spectrum of a Mozambican ruby 
(blue trace) shows a weak 3309 cm peak in its un- 
heated state. The red trace, obtained after heating at 
800°C for 160 minutes, shows a decrease in peak in- 
tensity but no formation of a 3309 series. 
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Figure 31. Trace- 
element chemistry plot 
of V vs. Mg (ppma, 
measured by LA-ICP- 
MS) following GIA pro- 
tocols outlined in 
Saeseaw et al. (2018) for 
rubies from Mozam- 
bique, Madagascar, and 
Tanzania. 


more challenging. All show a slightly similar inclu- 
sion scene and share the same gemological charac- 
teristics such as color intensity and UV reaction. 

Trace-element chemistry can provide indications 
for origin discrimination between the East African 
ruby deposits in Mozambique, Madagascar, and Tan- 
zania (figure 31). Vanadium content is often lower in 
rubies from the Winza deposit in Tanzania and 
higher in those from Madagascar, although some de- 
posits yield V concentrations that overlap with 
Mozambican rubies. 


CONCLUSIONS 

GIA has been privileged to follow this discovery from 
the start and document its growth during the last 
decade. This work has shown that there are two va- 
rieties of Mozambican ruby: (1) Maninge Nice-type, 
characterized by strong color and fluorescence, a flat- 
ter shape, and abundant inclusions, and (2) Mugloto- 
type, with its weaker UV reaction but cleaner and 
bulkier stones. 

In ten years, treatments of Mozambican rubies 
have evolved considerably, from copying existing 
recipes that worked with similar material, such as 
flux healing and glass filling, to adapting procedures 
of low-temperature heat treatment to specific 
Mozambican stones. 

The first decade of Mozambican rubies from Mon- 
tepuez was characterized by chaotic development and 
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plenty of opportunities (figures 32 and 33). New de- 
posits were found, large crowds of garimpeiros dug up 
rubies, and foreign buyers operated from the shadows, 
all while a formal framework was being developed. 
Initially this caused a series of conflicts in the heat of 
the rush. The arrival of large companies disrupted the 
first equilibrium between miners, buyers, and local 
authorities. By now, a delicate balance has been 


Figure 32. The 40.23 ct Rhino ruby was sold at a 
December 2014 Gemfields auction in Singapore. 
Photo by Robert Weldon. 


__ 
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Figure 33. In terms of value, fine Mugloto-type rubies are the most important stones being mined in the Monte- 
puez area. Their desirable color, high clarity, and blocky shape often yield attractive stones that are in high 


demand. Photo by Vincent Pardieu/GIA. 


reestablished. At the moment, both MRM and the ar- 
tisanal miners contribute significant amounts of ruby 
to the trade although the amount of ruby mined by 
the garimpeiros is decreasing. 

Looking back on our initial experiences with 
Mozambican rubies, it is safe to say that this discov- 
ery will have a long-lasting impact on the ruby trade 
and perhaps the colored stone trade as a whole. Never 
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have so many rubies, in such a wide range of sizes and 
qualities, come out of the ground and into the market. 
Ruby is becoming more accessible than ever. This is 
disrupting the established market practices of secrecy 
and low transparency, creating some resistance from 
conservative (or nostalgic) dealers. However the Mon- 
tepuez deposits evolve, this is already proving to be 
one of the most exciting ruby sources ever discovered. 
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MADAGASCAR SAPPHIRE: LOW- TEMPERATURE 
HEAT TREATMENT EXPERIMENTS 


E. Billie Hughes and Rosey Perkins 


Madagascar has become one of the world’s top sources of fine blue sapphire in recent times. In addition to 


beautiful untreated material, increasing numbers of treated stones have appeared in the market. Some have 


been heated to relatively low temperatures, below 1350°C, to lighten their color. To help separate unheated 


and heated Madagascar sapphire, the authors performed experiments to document the changes they undergo 


with low-temperature heat treatment in air, which is an oxidizing atmosphere. 


from noted Australian gemologist Terry Cold- 

ham. In Bangkok he ran into a friend with a 
parcel of Madagascar sapphire. Mr. Coldham’s friend 
said he was going “to the burner,” hoping to 
“sweeten” the color with a low-temperature treat- 
ment that would lighten the hue. He indicated that 
the temperatures they were using were likely below 
1000°C. This coincided with the sapphire rush at Be- 
mainty (Perkins, 2016) that produced high-quality 
blue sapphires (figure 1), ranging from lighter colors 
with a lower iron content to much deeper blues with 
a higher iron content (Pardieu et al., 2017). 

The abundance of blue sapphires from Madagas- 
car being tested at Lotus Gemology in Bangkok, 
along with rumors of lower-temperature heat treat- 
ment (see “Defining ‘Low’ Temperature” below}, 
suggested the need for further study and heat treat- 
ment experiments on this material. Our aim was to 
record the characteristics of Madagascar sapphires 
and to detect this type of heat treatment. 


Te study was sparked by a 2017 comment 


GEOLOGY 

Approximately 750-500 million years ago, Madagas- 
car was a part of the Gondwana supercontinent, 
sandwiched between what are now East Africa, 
southern India, and Sri Lanka. Today this region, 
known as the Mozambique (Pan-African) Orogenic 
Belt, is home to some of the world’s richest corun- 
dum deposits (Hughes et al., 2017). Many regions 


See end of article for About the Authors and Acknowledgments. 
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that were a part of this belt are now the world’s top 
producers of ruby and sapphire (see figure 2, left). 

The majority of sapphire in Madagascar is meta- 
morphic (though basalt-related sapphire is found in 
the far north) and recovered from secondary deposits 
(figure 2, right). It is not certain when these sapphires 
would have formed, but the literature suggests that 
they are likely 650-560 million years old (Kréner et 
al., 1999; Link, 2015). 

Because of Madagascar’s proximity to modern-day 
Sri Lanka at the time when sapphires were forming 
within the earth, it is understandable that there 
would be an overlap between sapphires from these 
two origins in terms of colors and internal features, 
sometimes making them difficult to separate. 


In Brief 


e Madagascar blue sapphire is of significant commercial 
importance and is gaining a reputation for producing 
high-quality material. 


Untreated and heated specimens can be separated 
with FTIR spectroscopy, microscopy, and observation 
of short-wave UV fluorescence. 

e In heated samples, UV-Vis-NIR spectroscopy is not 
always a reliable way to separate metamorphic and 
magmatic blue sapphire. 


The island of Madagascar, one of the most biodi- 
verse in the world, offers an incredible wealth of 
gems. Some estimate that potentially 90% of the land 
is gem-bearing (Hughes, 2006). Most of the important 
ruby and sapphire finds are concentrated toward the 
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Figure 1. Sapphires from Madagascar: a beautiful 3.29 ct untreated faceted stone and an assortment of rough in the 
background. Madagascar has produced many high-quality stones in the last few years and is quickly gaining a rep- 
utation for fine sapphires equal to any on the planet. Photo by Wimon Manorotkul, courtesy of Neil Doohan. 


eastern part of the island. Significant gem rushes at 
primary-type deposits near Andrebabe, Andilamena, 
and Didy lie on the boundary between the Antana- 
narivo and Tsaratanana units (Rakotondrazafy et al., 
2.008; Pardieu et al., 2017). In the south there has been 
notable production of both blue and fancy-color sap- 
phire, with mining and trading concentrated around 
the town of Ilakaka (figure 3). 


EXPERIMENTS AND RESULTS 

Samples. Twelve untreated Madagascar blue sapphire 
samples selected from parcels from three locations 
were prepared for the heating experiments. Samples 1— 
4 were collected by Rosey Perkins in 2017 in Bemainty, 
Madagascar. Samples 5-8 were purchased by a team 
from Lotus Gemology on a 2016 trip to Ilakaka, Mada- 
gascar. Samples 9-12 were obtained in Bangkok from 
a lot of rough Andranondambo sapphire from Simon 
Dussart of Asia Lounges and Isaac Stern. All stones 
were examined before heating and showed character- 
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istics consistent with untreated Madagascar sapphire 
(Peretti and Peretti, 2017; Krzemnicki et al., 2017). 


Sample Preparation. Four samples were selected from 
each of the three parcels from Bemainty, Ilakaka, and 
Andranondambo, according to their color and inclu- 
sions. Preference was given to those of darker color 
with characteristic inclusions, and several showed 
color zoning. Darker samples were chosen because we 
were particularly interested in seeing what tempera- 
tures would lighten overly dark material. Then all 12 
samples were polished into wafers measuring approx- 
imately 2-5 mm in thickness. The stones were acid 
cleaned in a mixture of 50% hydrochloric and 50% 
hydrofluoric acid for approximately 48 hours before 
being heated. After the final round of heating, the sam- 
ples were repolished slightly to eliminate surface dam- 
age that occurred as a result of heat treatment. 


Heating. After acid cleaning, we examined and 
recorded data on the 12 stones. Then we heated 
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GONDWANA 


@ Modern city 
+ Ruby/Sapphire mine 
[| LAND mass 


| Region of high metamorphism 
(750-500 million years ago) 


Figure 2. Left: This map of Gondwanaland illustrates 
how close Sri Lanka and Madagascar were to each 
other when their sapphire deposits were forming. This 
proximity may account for the similarities between 
much of the blue sapphire from the two origins. Right: 
Map of Madagascar, including the most notable corun- 
dum localities. Ilakaka, Bemainty, and Andranon- 
dambo, the sources of samples used in this experiment, 
are highlighted in red. Maps by Richard Hughes. 


them in air, which is an oxidizing atmosphere, to 
800°C, 900°C, 1000°C, and 1100°C for eight hours 
at each temperature with a Vulcan 3-550 oven (figure 
4). They were further heated in air to 1300°C and 
1500°C by John L. Emmett with a Lindberg 51333 
oven. The stones were placed on corundum felt 
while being heated. 


Defining “Low” Temperature. While some dealers that 
we spoke to defined low-temperature treatment as 
below 1000°C, for research purposes we define it 
slightly differently. High-temperature treatment in- 
volves the dissolution of secondary-phase micro- 
crystals, while low-temperature treatment does not. 
The most common of these microcrystals in corun- 
dum is rutile silk. Rutile dissolution can occur around 
1200-1350°C, which we use to define the approximate 
boundary between low- and high-temperature treat- 
ments (Hughes et al., 2017). Because of this, we focused 
our experiments on four “lower’”-temperature rounds 
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Ruby and Sapphire in Madagascar 
Gem locality 
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of heat ranging from 800 to 1100°C, one “intermedi- 
ate” round at 1300°C, which we can consider a border- 
line area, and one “high” round at 1500°C for contrast. 


EDXRFE. Energy-dispersive X-ray fluorescence 
(EDXRF) bulk analysis was performed using a Skyray 
EDX GOOOB. We obtained chemical composition on 
all samples before heating (table 1). The detection 
limits were 1-3 ppmw (0.5—1 ppma) for Ti, 3-7 ppmw 
(1-3 ppma) for V, 3-7 ppmw (1-3 ppma) for Cr, 14 
ppmw (5 ppma) for Fe, and 1-4 ppmw (1 ppma) for Ga. 
Dr. Andreas Burkhardt calibrated the corundum pro- 
cedure with natural and synthetic corundum stan- 
dards analyzed with laser ablation—inductively 
coupled plasma—mass spectrometry (LA-ICP-MS] and 
electron microprobe (EMPA) at the University of Bern 
and the University of Basel, Switzerland. The most 
interesting feature was the wide range of iron (Fe) lev- 
els, ranging from sample 10 at 243 ppma to sample 2 
at 2465 ppma. 
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Simple Immersion Techniques 


to Determine the Hefractive 


Index of 


Faceted Gemstones 


by 


B. W. ANDERSON, B. Sc., F.G.A. 


London Gemmological Laboratory 


A tehoueh the direct reading forms of 
refractometer provide by far the most con- 
venient and accurate means of measuring the 
refractive indices of faceted gemstones, gem- 
ologists have become increasingly aware of 
the value and occasional indispensability of 
immersion methods which have for so many 
years been standard practice among mineral- 
ogists. Descriptions of these methods are thus 
to be found, not only in mineralogical text 
books, but also in recent works on gemology 
such as those by Herbert Smith, Webster, 
Anderson, Liddicoat, and Walton. 

In most of the recommended techniques 
having any pretense to accuracy, the micro- 
scope is considered an essential accessory, 
and—if unequivocal results are to be obtained 
-considerable practice and skill are required. 
One advantage of the methods described be- 
low is that no microscope --- nor indeed ex- 
pensive apparatus of any kind — is needed. 
-Another advantage is the ease with which 
the effects can be observed and correctly in- 
terpreted. Lastly, a photographic record can 
be made where desired, without the use of a 
camera or other special equipment. 


Actually, three procedures will be de- 
scribed: two visual and one photographic, but 
all are essentially the same, for the first, all 
that is required is a flat-bottomed glass im- 
mersion cell and a few standard liquids. Al- 
though the latter are given in works of 
reference, a list of some of the most useful 
is given below for the convenience of readers, 
together with the approximate refractive in- 
dex of each. The exact index will depend 
upon the purity of the samples and also upon 
the temperature at which they are used ; thus, 
only two place of decimals are given except 
in those cases where an intermediate figure 
seems to give a truer average value. 


WINTER 1953 


Carbon tetrachloride 1.46 
Toluene 1.50 
Chlorobenzene . 1.525 
Ethylene dibromide 1.54 
Bromobenzene 1.56 
Bromoform 1.59 
Iodobenzene 1.62 
Bromonaphthalene 1.66 
lodonaphthalene 1.705 
Methylene iodide 1.745 
231 


Macro Photography. Photos were taken with a 
Canon EOS 6D camera with a 65 mm lens clamped 
to a copy stand. Samples were placed on a light box 
powered by an XD-300 (xenon) light source. Photos 
were recorded before any heating and after each 
eight-hour round of heating at each temperature 
(figure 5). 


Figure 4. E. Billie Hughes removes the samples from 
the Vulcan 3-550 oven after a heating session. Photo 
by Rosey Perkins. 
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Figure 3. Miners move 
gem-bearing gravel 
near Ilakaka. Most of 
the sapphire production 
in Madagascar is by 
small-scale miners 
working with artisanal 
tools. Photo by E. Billie 
Hughes. 


Most of the samples started to show significant 
reductions in color after they were heated to around 
900-1000°C (again, see figure 5). When temperatures 
rose to 1300-1500°C, the colors began to deepen 
again to medium to dark blues. 

Sample 1, unlike the others tested, had a strong 
pink zone in addition to blue color zoning. This pink 


TABLE 1. EDXRF chemical analysis of Madagascar sapphires 
prior to low-temperature heat treatment. 


Sample Concentration in ppmw (ppma in parentheses) 

no. Ti Vv Cr Fe Ga 

1 90 (38) 15 (5) 396(155) = 1764 (644) 57 (17) 
2 206 (88) bdl 48 (19) 6752 (2465) — 86 (25) 
3 154 (66) 9 (3) bdl 5060 (1847) 26 (8) 
4 107 (46) 8 (3) bdl 4701 (1716) 25 (7) 
5 86 (37) 10 (3) bdl 3641 (1329) 92 (27) 
6 107 (46) bd bdl 1524 (556) = 157 (46) 
7 30 (13) bd bdl 3531 (1289) = 58 (17) 
8 253 (108) 27 (9) bdl 955 (349) 103 (30) 
9 59 (25) bd bdl 2626 (959) 154 (45) 
10 21 () bd bdl 667 (243) 74 (22) 
11 297 (127) bd bdl 2535 (926) 200 (59) 
2 67 (28) bd bdl 2064 (754) —- 187 (55) 


bdl = below detection limits 
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# No heat 800°C 900°C 


1100°C 


1300°C 


Figure 5. The 12 
samples, shown be- 
fore and after heat- 


ing to each 
temperature. Most 
of the samples 
began to lighten sig- 


nificantly after heat- 
ing to about 
900-1000°C and 
started to deepen in 


color again around 
1300°C. After heat- 
ing to 1500°C, many 
pieces became sig- 


nificantly deeper in 
color. Photos not to 
scale. Photos by 
Rosey Perkins and 


Sora-at Manorotkul. 


zone became a stronger orange with each round of 
heating (this has long been rumored to take place in 
Sri Lanka). The blue zoning in the piece started to 
lighten and turn a purplish color, particularly after 
heating to 1100-1300°C, and started to become 
more strongly blue again after heating to 1500°C. 
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Inclusions. Inclusion photomicrographs were taken 
with a Canon EOS 6D camera connected to an Olym- 
pus SZX16 microscope using an SDF PLAPO 0.8x 
lens. A variety of inclusions showed signs of alter- 
ation once the stones were heated. Some of the 
changes started to become evident after the first 
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Figure 6. A: Partially healed fissure, or “fingerprint,” in sample 3 before heating. Note the elongated, tube-like 
channels. B: After heating the stone to 1500°C, many of the jagged edges of the tubes have become rounded, and 
some even “neck down” to form smaller, rounded shapes in place of elongated tubes (Hughes, 2017). Diffuse trans- 
mitted light. Photomicrographs by E. Billie Hughes; field of view 1 mm. 


round of heating at 800°C, while others developed at 
higher temperatures. Many of the changes that began 
at lower temperatures became increasingly dramatic 
as temperatures rose. 

One of the first changes we began to notice was 
the development of fissures. Even after the first 
rounds of heating at 800°C and 900°C, shiny fissures 
appeared around many of the included crystals. As 
the stones were heated to higher temperatures, such 
fissures tended to grow larger, with glassy areas, ev- 
ident in figures 7, 8, 9, and 11. Around 1300°C, some 
of these glassy areas started to “neck down” and 
form small bubbly channels that looked like “finger- 
prints” (Hughes and Emmett, 2004). In sample 3, 
which had a large partially healed fissure even before 
heat treatment, some of the tube-like channels in the 
fissure displayed clear signs of alteration after heat 
to 1500°C and developed rounded shapes (figure 6). 


In several samples, the included crystals changed 
in appearance after heat. The crystals in sample 10, 
for example, developed small bubbles inside (see fig- 
ure 10). Several included crystals developed a “frosty” 
appearance where their surfaces became rough and 
lighter in color, recorded in figures 10 and 11. 

Figures 6-11 show a selection of inclusion photos 
of the stones both before and after heating. We kept 
the lighting conditions as similar as possible at each 
step, but because the bodycolor of the stones was 
changing, there are significant differences in the over- 
all color of some images. In some cases, a blue color- 
correcting filter was used to neutralize the yellow tint 
of our microscope light. 


UV-Vis-NIR. Ultraviolet/visible/near-infrared (UV- 
Vis-NIR) spectroscopy was conducted with a Magi- 
labs GemmoSphere UV-Vis-NIR spectrometer. We 


Figure 7. A: In sample 4 before heating, a cluster of transparent crystals surrounded by winged stress fractures has 
decolorized areas around them. B: After the first round of heating at 800°C, we can already observe small changes, 
as two of the crystals have developed larger glassy fractures than they had originally. C: By the time the sample is 
heated to 1100°C, significant differences have emerged. The previously smooth and glassy fissures around the crys- 
tals have become larger and begun to heal, creating a “fingerprint” appearance. Also note that the decolorized 
areas are much less prominent, and that the overall blue color of the stone has become lighter. Brightfield illumi- 
nation, with blue and white diffusing filters. A blue diffusing filter is used to color-correct the light source, which 
has a yellow tint, to make it more neutral. Photomicrographs by E. Billie Hughes; field of view 1.8 mm. 
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Figure 8. A: Before heat treatment, sample 6 shows a group of small crystals within decolorized areas as well as dis- 
tinctive swaths of color zoning. B: At 900°C, the largest crystal has developed a large, shiny fracture around it, and the 
color zoning has lightened slightly. C: As we heat to higher levels, these fissures begin to heal at the edges. By our last 
round of heat, at 1500°C, other small crystals have also developed glassy fractures that are starting to heal. Any traces 
of the previously prominent color zoning are almost gone, and the stone has a more even light blue color. Brightfield 
illumination with blue and white diffusing filters. Photomicrographs by E. Billie Hughes; field of view 1.2 mm. 


recorded UV-Vis-NIR spectra before heating and after phire, with prominent absorption between 500 and 
each stage of heating. Before heating, 11 of the 12 600 nm (figure 12A). Only sample 3 showed a spec- 
stones showed spectra typical of metamorphic sap- trum that was not typical of metamorphic sapphire 


Figure 9. A: Before heating, 
sample 9 shows two trans- 
parent crystals next to a pat- 
tern of angular blue color 
zoning. B: With heating to 
1000°C, the larger crystal 
shows heat damage, with a 
glassy fissure forming 
around it. Note how the 
background color has light- 
ened. C: At 1100°C, the fis- 
sure has become larger, and 
a tiny fissure has begun to 
develop around the smaller 
crystal. D: At 1500°C, the 
inclusion scene is almost 
unrecognizable. Large fis- 
sures have developed 
around both crystals and 
begun to heal, creating 
melted-looking fingerprints. 
The blue color zones have 
lightened to a pale brown, 
but the overall bodycolor 
has become a stronger, even 
blue. Brightfield illumina- 
tion with blue and white fil- 
ters plus diffuse oblique 
fiber-optic light. Photomicro- 
graphs by E. Billie Hughes; 
field of view 1.7 mm. 
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Figure 10. A: Before heating, sample 10 is filled with elongated negative crystals, some of which branch into “Y” 
shapes. Many of these are filled with orange stains, but most are removed after acid cleaning. B: After the first round 
of heat, to 800°C, some changes are already apparent. The orange staining has turned a darker brownish shade. Some 
of the negative crystals, like the one on the right, have started to display a “frosty” white appearance on the surface. In 
the background behind the negative crystals, we can see faint signs of fissures and fingerprints beginning to develop. 
C: When heated to 1000°C, the changes become more pronounced. Some of the tubes, like the one in the center, have 
developed immobile bubbles inside. The fissures from previous rounds of heating have also begun to heal and create 
clear fingerprints composed of small channels. Also note how the background color has changed from medium blue to 
near-colorless. Diffuse oblique fiber-optic illumination. Photomicrographs by E. Billie Hughes; field of view 1 mm. 


(figure 13). It displayed absorption between 500 and 
600 nm as well as a prominent peak at 880 nm, 
which is often associated with magmatic sapphires 
(Hughes et al., 2017). 

Eleven of the twelve stones also showed Fe-re- 
lated peaks at 450 nm, ranging from weak to very 
strong. The only stone that did not initially display 
this peak was sample 1 (figure 14], which had both 
pink and blue zones. This stone showed transmis- 
sion just below 700 nm in the red zone. 

After each round of heating, we ran the spectra 
again. With heating at 800°C, all of the spectra were 
similar to those obtained prior to heating. 

For the next round, we heated the samples to 
900°C. We were surprised to see two of the spectra 
change significantly. In samples 7 and 12, the peak 
between 550 and 600 nm became less prominent and 


a broad absorption band centered at 880 nm devel- 
oped (figure 12B). 

At first we suspected we had made an error, per- 
haps because we had focused on a slightly different 
area of the stones when running the spectra (see “Lim- 
itations of UV-Vis-NIR Results” below). We reran the 
spectra several times, with the same results. In the 
gemological literature, this shift has seldom been de- 
tailed. The earliest reference we found was with regard 
to heat-treated Montana sapphires, which also showed 
this shift after treatment (Emmett and Douthit, 1993). 
It was also reported in heated Madagascar sapphires in 
a master’s thesis (Worawitratanagul, 2.005). 

By the next round of heating, to 1000°C, this aber- 
ration became the trend. Samples 7 and 12 still dis- 
played the peak around 880 nm, but five more stones 
also showed this shift (samples 2, 4, 5, 9, and 10). At 


Figure 11. A: A small, flat crystal is pictured in sample 10 before heat treatment. B: A reflective fissure begins to 
appear around the crystal after the first heating to 800°C. By 1100°C (pictured), the fissure has begun to heal at the 
edges. C: By the last round of heating, at 1500°C, the fissure around this crystal has begun to heal into a finger- 
print. The crystal itself has also changed and developed a frosty, whitish appearance. Darkfield illumination. Pho- 
tomicrographs by E. Billie Hughes; field of view 1 mm. 
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Figure 12. A: The UV-Vis-NIR spectrum of sample 7 
before heat treatment. Note that the most prominent 
feature is the absorbance between 500 and 600 nm, as 
well as a small Fe-related peak around 450 nm. B: 
The UV-Vis-NIR spectrum of sample 7 after heating 
to 900°C. Note the development of a large peak at 
~880 nm. 


1100°C, the spectrum of sample 11 also displayed the 
shift, for a total of 8 out of 12. 

Of the eight stones whose spectra changed to dis- 
play this 880 nm peak, seven retained the peak after 
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all subsequent rounds of heating. The only exception 
was sample 9, whose spectrum reverted to only 
showing absorption from 550 to 600 nm after heating 
at 1300°C. We are unsure of the cause. Further ex- 
perimentation with samples aligned to the c-axis 
could be useful in exploring this further (again, see 
“Limitations of UV-Vis-NIR Results” below). 

These significant spectral shifts showed a strong 
correlation with major changes in color after heat 
treatment. It has been suggested that there is a strong 
correlation between an 880 peak and a basalt-related 
origin. Given the fact that we have noted this peak 
in heated metamorphic sapphire, we would strongly 
caution against using the UV-Vis-NIR spectrum as 
the sole evidence of basaltic origin. As always, these 
spectra should be weighed with other factors. 


Limitations of UV-Vis-NIR Results. We should note 
that the wafers were not oriented to the c-axis when 
they were polished, and spectra may have been taken 
from slightly different positions on the stone. This 
could affect the results. 

However, the significant changes in a number of 
spectra (8 of the 12 stones) are strong evidence that 
this shift results from heat treatment, not just due to 
a different alignment of the stones while obtaining 


Figure 13. Sample 3 was the only one to display ab- 
sorption from 500 to 600 nm as well as around 880 
nm before heat treatment. 
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Figure 14. Sample 1 was the only one that did not dis- 
play a peak at 450 nm. 


spectra. Future experiments with samples oriented 
for the c-axis and positioned identically would 
strengthen these results. 


FTIR. Fourier-transform infrared (FTIR) spectroscopy 
was performed using a Bruker Tensor 27 spectrome- 
ter, with the samples placed on a Pike DRIFTS attach- 
ment and scanned 64 times at a resolution of 4 cm". 
Spectra were obtained before heating and after heat- 
ing at each temperature, with the following results: 


e In their unheated state and after heat treatment 
to 800°C and 900°C, none of the stones showed 
significant peaks. 

e After heating to 1000°C, two of the samples 
started to show diagnostic peaks. 

e Sample 2 showed very weak peaks at 3309 and 
3232, cm. Once it was heated to 1100°C, these 
features became more prominent. This trend 
continued after heating to 1300°C, where in ad- 
dition to the 3309 and 3232 cm peaks, the 3186 
cm appeared in this series (figure 15). After heat- 
ing to 1500°C, only the 3309 and 3232 cm! 
peaks were present. The presence of the 3309 
peak by itself is not diagnostic evidence of artifi- 
cial heat treatment in sapphire and ruby sourced 
from metamorphic rocks; however, the presence 
of a 3232, peak above the noise floor strongly sug- 
gests the stone has been artificially heated. 
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Figure 15. After heating to 1300°C, sample 2 devel- 
oped a strong 3309 cnr’ series with peaks at 3309, 
3232, and 3186 cnr". In sapphires (and rubies) that 
have formed in metamorphic environments, the pres- 
ence of the 3309 peak is not diagnostic; it is the ap- 
pearance of the 3232 peak that provides strong 
evidence of artificial heat treatment. 


e Sample 8 displayed only a very weak 3309 cm! 
peak after heating to 1000°C and did not dis- 
play diagnostic features after heating at any 
other temperatures. 

¢ Once the stones were heated to 1100°C, two 
more stones started to show additional fea- 
tures. 


e Sample 4 displayed weak peaks at 3309 and 
3232, cm, which became more prominent after 
heating to 1300°C (figure 16). After heating to 
1500°C, no diagnostic features were evident. 

e Sample 6 also started displaying a very weak 
3309 cm peak at 1100°C, which was also pres- 
ent after heating at 1300°C and 1500°C. 

e The remaining eight stones showed no diagnos- 
tic features after heating at all temperatures. 


Overall, the results suggest that the appearance of 
the 3309 cm! series (with a 3232 cm" peak) can be 
indicative of heat treatment in low-Fe metamorphic 
corundum. However, the lack of these features does 
not necessarily mean that a stone has not been 
heated. It is important to note that in high-Fe sap- 
phires from basalt-related origins, a weak to medium 
3309 cm" series with the 3232 cm"! peak can often 
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Figure 16. A medium 3309 cnr peak developed in 
sample 4 after heating to 1300°C. 


be found naturally and is therefore not a reliable in- 
dication of heat treatment (Hughes et al., 2017). 


Limitations of FTIR Results. As with the results of 
UV-Vis-NIR testing, the FTIR results may be limited 
by the fact that the stones were not oriented to the c- 
axis and the spectra were not taken in the exact same 
position. 


Fluorescence Reactions. Examining the fluorescence 
reactions of the stones was a major area of focus for 
this project, with a particular emphasis on short-wave 
reactions. The value of examining short-wave UV flu- 
orescence in the study of corundum has been recog- 
nized for decades (Crowningshield, 1966), and it has 
been connected to the detection of heat treatment. 

Fluorescence was initially observed using an Ultra- 
violet Products UVLS-26 EL Series UV lamp using a 
six-watt bulb, with a long-wave light source at 365 nm 
and a short-wave light source at 254 nm. If a reaction 
was found, we also examined the sample with the 
Magilabs custom-designed deep-UV fluorescence sys- 
tem, consisting of a fluorescence microscope setup 
equipped with a high-intensity pulsed xenon flash 
lamp with an interference bandpass filter at 228 nm. 

Short-wave fluorescence photomicrographs were 
taken with a Canon EOS 6D camera connected to a 
Wild M400 microscope and the Magilabs custom-de- 
signed deep-UV fluorescence system. 
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Long-Wave Fluorescence. Under long-wave UV, 
about half of the unheated stones were inert and 
showed no reaction. The other half showed mostly 
weak to medium zoned orange fluorescence. Heating 
did not produce any significant changes in the long- 
wave fluorescence reaction of most samples. 

The one exception to this pattern was in sample 1, 
a stone with strong pink and blue color zoning. The 
pink zone (which turned orange after heat treatment) 
fluoresced a strong orange, and the blue zones fluo- 
resced a medium to strong red. The stone did not 
show significant change in long-wave fluorescence 
after heating. 


Short-Wave Fluorescence. Prior to heat treatment, all 
of the stones were inert under short-wave fluores- 
cence. We initially checked for fluorescence in our 
standard UV light box. If we saw any sign of fluores- 
cence, we photographed it with the Magilabs cus- 
tom-designed deep-UV fluorescence system. It was 
not until the stones were heated to 1000°C that we 
started to see changes, where some stones began to 
display a weak chalky blue fluorescence (figures 17— 
19). This chalky appearance has been associated with 
heat treatment in sapphires. 

In natural, heated sapphires, this chalky fluores- 
cence is associated with the presence of rutile. Al- 
most all natural blue sapphires contain some 
exsolved rutile (TiO,). When these sapphires are 
heated, there is a slow dissolution of rutile, which 
creates Ti* ions and Ti-Al vacancies. These will flu- 
oresce when illuminated in short-wave UV. The 
strongly chalky areas will follow the zoning patterns 
of the rutile, and the strongest fluorescence will be 
in areas with the lowest Fe and highest rutile con- 
centrations (Hughes et al., 2017, pp. 154-155). 

Once we started using the Magilabs fluorescence 
unit, we realized the reactions were much stronger 
and clearer than in our Ultraviolet Products UVLS- 
26 EL Series unit. Thus, after this round of heating at 
1000°C, we started looking at all stones in the Magi- 
labs system. We found that two of the stones ap- 
peared inert in the regular unit but showed weak 
chalky fluorescence in the Magilabs unit. 

By the time we heated to 1300°C, all 12 stones 
were showing at least a weak zoned chalky blue flu- 
orescence reaction. A few of these stones appeared 
inert in our regular UV light box. Again, when we 
checked each stone in our Magilabs system, we 
began to see reactions that were either extremely dif- 
ficult or impossible to see in our regular fluorescence 
unit. It is possible that the fluorescence was apparent 
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after heating below 1000°C (the temperature where 
we first noticed it) but that we did not see the reac- 
tion because our regular UV unit was not strong 
enough. In future experiments, we plan to conduct 
observations with the Magilabs unit after all stages 
of heating. 

In fact, some stones that appeared inert even in 
this Magilabs unit showed extremely weak chalky 
fluorescence once photographed. It seems that our 
camera was able to capture reactions that are so 
weak as to be almost imperceptible to the human 
eye. This suggests that there is considerable informa- 
tion we may be missing when using the traditional 
UV light box. The development of better instru- 
ments to examine short-wave UV reactions would 
be a significant stride for gemology, and we believe 
this improvement could be of great use in determin- 
ing heat treatment in corundum. 


CONCLUSIONS 

Heat treatment from lower to higher temperatures 
can have a significant impact on the color of meta- 
morphic blue sapphires from Madagascar. In our 
study, temperatures between 800 and 1100°C in air 


Low-TemP HEAT TREATMENT OF MADAGASCAR SAPPHIRE 


Figure 17. A: Once sample 6 
was heated to 1000°C, we 
observed a weak zoned 
chalky fluorescence. The 
stronger whitish band is the 
fluorescence in a small fis- 
sure on one end of the stone, 
but an angular zoned chalky 
blue fluorescence can be 
seen in the body of the stone. 
B: After heating to 1100°C, 
the angular chalky fluores- 
cence became more intense. 
C: By 1300°C the fluores- 
cence reaction was even 
stronger, with the angular 
zoned areas barely visible as 
the stone took on a more 
chalky appearance overall. 
D: At 1500°C, the reaction 
was similar to the previous 
round, with an overall 
chalky blue appearance. A 
small triangular zone on one 
end, which was not apparent 
in previous rounds, may be 
due to the fact that we 
slightly repolished the stone 
to remove surface debris. 
Photos by E. Billie Hughes. 


lightened the blue color, while higher temperatures, 
which can dissolve rutile, created deeper, more satu- 
rated blues. 


Figure 18. Sample 10 did not show any short-wave 
fluorescence reaction until it was heated to 1000°C. 
At this point it displayed a strong chalky blue reac- 
tion, with complex angular fluorescent zones. Photo 
by E. Billie Hughes. 
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Detection of this treatment is possible by a combi- 
nation of observing inclusion features and short-wave 
UV fluorescence, as well as infrared spectroscopy. We 
believe that the study of short-wave UV fluorescence 
shows great promise in determining heat treatment 
in sapphire. It would be beneficial to the gemological 
community to find more detailed and accurate ways 
to observe this reaction at stronger power and with 
magnification. 

It is important to note that the authors found 
that for many of the stones, the UV-Vis-NIR spectra 
showed a shift from primarily having peaks be- 
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Figure 19. A: Sample 11 
began to show a short-wave 
fluorescence reaction after 
heating to 1000°C. This was 
mainly limited to one side of 
the stone, where a chalky 
blue band can be seen. B: 
After heating to 1100°C, the 
chalky blue reaction became 
stronger and more wide- 
spread, with chalky blue 
bands across the stone. C: 
After heating to 1300°C, the 
reaction became even 
stronger, with a brighter, 
chalkier appearance. D: By 
the last round of heating at 
1500°C, the fluorescence re- 
action still appears ex- 
tremely strong and chalky, 
although the band at the 
bottom is less evident. This 
may be due to slight repol- 
ishing to remove surface de- 
bris. The overall appearance 
is still of a clear, strong 
chalky fluorescence reaction. 
Photos by E. Billie Hughes. 


tween 550-600 nm before heating to having a strong 
peak at 880 nm after heating. The experiments sug- 
gest that this 880 nm peak, which has often been 
correlated with sapphires of basalt-related origin, 
can also occur in heated metamorphic sapphires. 
Therefore, this peak should always be taken into 
consideration with other features before drawing a 
conclusion. 

Our study of these stones demonstrates that 
heated metamorphic Madagascar blue sapphire can 
often be separated from unheated material, even 
when heated to temperatures as low as 800°C. 
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Since these liquids are miscible in all pro- 
portions, intermediate values can readily be 
obtained if so desired. Indeed, suitable mix- 
tures of, say, methylene iodide and toluene 
can be made up so as to cover nearly the 
whole range; but the advantage of using pure 
unmixed liquids where possible is that (ex- 
cept for slight variations with temperature) 
their refractive index can be relied upon to 
remain constant, which is not the case in 
mixtures of fluids having different degrees 
of volatility. 

The liquids should be contained in glass- 
stoppered bottles. Two ounces (50 grams) 
of each should be sufficient and will last for 
years if not very frequently used. One or two 
glass funnels and a packet of filter papers 
will be needed for returning liquids to their 
bottles and insure their cleanliness. A few 
scraps of copper in the bottles of those fluids 
which contain iodine will prevent their be- 
coming darkened by the presence of free 
iodine. Though several of the above liquids 
are, strictly speaking, “poisonous,” none will 
cause harm if handled with normal care, and 
none has a really objectionable odor. 

Now to a description of the proposed 
method in its simplest form. The stone, or 
stones, to be tested are cleaned and placed 
table facet down in a glass cell of suitable 
capacity (e.g. two inch diameter and three- 
fourths inch deep) and covered with just 
enough liquid to submerge the largest stone. 
The cell is then placed on a sheet of white 
paper and placed or held directly under the 
rays of an ordinary hanging electric lamp. 
Strip or fluorescent lighting will not yield the 
desired effect which ideally requires a point 
source of light, or a parallel beam. A pocket 
torch in a darkened room would answer 
quite well in an emergency—but should be 
held some distance above the cell. The higher 
the Jight the better, provided it gives enough 
ilumination, and one light only should be 
used if the experiment is to be really suc- 
cessful, 

Looking down on the stones under these 
conditions it will now be seen that, for spect- 
mens with refractive index higher than that 


of the chosen liquid, there is a shadow or 
dark outline round the girdle, whereas the 
edges of the facets appear as white lines. 
With stones of lower index than the fluid the 
reverse is found—a bright rim to the girdle 
and dark lines for the junctions of the facets. 

The greater the discrepancy between the 
refractivity of the stone and the liquid, the 
more pronounced will these effects be. On 
the other hand, in cases where the stone 
and liquid are nearly a match, the stone will 
show no definite outlines and will in fact 
practically disappear. Flashes of spectrum 
colors round the girdle of the stone provide 
another indication that for certain colors 
contained in the incident white light a match 
between liquid and specimen has been 
achieved. Readers accustomed to immersing 
corundums and synthetic spinels in methyl- 
in order to examine their in- 
clusions, will be familiar with the almost 


ene iodide 


complete “disappearance” of the stone under 
these conditions. A still better example for 
demonstration perhaps is colorless quartz in 
ethylene dibromide, in which liquid it is 
practically invisible. 

Returning to the non-matching stones: the 
great advantage of observing the bright or 
dark effects at the girdle and facet edges in- 
stead of merely the “degree of relief” is, of 
course, that this tells one whether to try the 
stone in a liquid of higher or in one of 
lower refractivity than that in which it is at 
present immersed in order to obtain a perfect 
or near-perfect match and thereby to know 
what its refractive index is. The breadth of 
the border and the distinctness with which 
the facet edges are seen give the practised 
observer a strong indication as to how much 
higher or lower is the refractive index of the 
stone than that of the liquid, in much the 
same way as the speed with which a stone 
rises or falls in a heavy liquid will enable 
one to guess how much lower or higher ts 
its density. 

Used in this very simple way the effects 
scen are not very striking: they need “looking 
for.’ But, by taking a little trouble to rig up 
a viewing apparatus, far more spectacular 
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BLACK NEPHRITE JADE FROM GUANGKXI, 
SOUTHERN CHINA 


Qian Zhong, Zongting Liao, Lijian Qi, and Zhengyu Zhou 


Twelve black nephrite samples collected from the Guangxi region of southern China were investigated by standard 
gemological testing, polarized microscopy, scanning electron microscopy, and electron microprobe analysis, as well 
as infrared, Raman, and ultraviolet/visible/near-infrared spectroscopy. Originating from Ca-skarn contact metaso- 
matism between limestone bearing siliceous rock and diabase intrusions, black nephrite from Guangxi consists 
mainly of actinolite or ferro-actinolite and minor stilpnomelane, andradite, apatite, epidote, quartz, diopside, 
pyrrhotite, and pyrite. Its high refractive index (1.625-1.650) and specific gravity (3.015-3.405), as well as its black 
color in natural light for plate samples and greenish yellow/brownish yellow or pale green/yellowish green/green 
color in transmitted light for thin-section samples, are primarily attributable to a high iron content: 11.67—25.75 
wt.% Fe oxides and a Mg/(Mg + Fe?*) ratio of 0.765—-0.343. Mid- and near-infrared spectra and Raman spectra are 
characterized by four vibration bands corresponding to hydroxyl groups coordinated to three cations in M, and M, 
positions for (M,M_M,)OH combinations (Mg),OH, (Mg,Fe?*)OH, (MgFe?*,)OH, and (Fe?*),OH. Their relative in- 


tensities further indicate different iron contents and isomorphous substitution of Fe?* for Mg?* ions. 


ephrite is an essentially monomineralic 
N rock composed primarily of tremolite-acti- 
nolite [Ca,(Mg,Fe),Si,O,,(OH),] amphiboles 
in a felted microcrystalline habit (Leake et al., 1997), 
making it greasy, tough, and easy to carve. Nephrite 
mainly forms in two settings (Harlow and Sorenson, 
2.005; Harlow et al., 2014). The first is dolomite re- 
placement by silicic fluids commonly associated 
with granitic plutonism (i.e., D-type). Important de- 
posits occur at Xinjiang, China (Liu et al., 201 1a, 
2.015); Chuncheon, South Korea (Yui and Kwon, 
2.002); and Cowell, South Australia (Flint and 
Dubowski, 1990). The other type of setting is ser- 
pentinite replacement by Ca-metasomatism at con- 
tacts with more silicic rock (i.e., S-type). Related 
deposits include Siberia, Russia (Prokhor, 1991); 
South Island, New Zealand (Wilkins et al., 2003); 
British Columbia, Canada (Leaming,1998), and 
Fengtien, Taiwan (Yui et al., 2014). Nephrite found 
in the southern Chinese region of Guizhou forms in 
a different setting, within the metasomatic zone be- 
tween diabase and limestone bearing siliceous rock 
(Yang, 2013). 


See end of article for About the Authors and Acknowledgments. 
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In 2011, anew nephrite deposit was discovered in 
southern China at Yantan Town, Dahua County, in 
the Guangxi Zhuang Autonomous Region (Li et al., 
2011). The Guangxi deposit is separated from the 
Guizhou deposit by the Hongshui River. Nephrite 
from Guangxi comes in a wide variety of colors such 
as white, green, brown, and black, and some varieties 
exhibit either a banded structure or a dendritic pat- 
tern (Wang et al., 2012; Yin et al., 2014). Among them, 
the nephrite with a homogeneous, pure black color 
reminiscent of Chinese calligraphic ink is the most 
prized by jade carvers and traders (figure 1). Several 
scholars have studied the mineralogy, spectroscopy, 
and genesis of black nephrite from Guangxi (Wang et 
al., 2014; Mo and Mao, 2016; Peng et al., 2017). The 
results suggest that it consists mainly of actinolite or 
ferro-actinolite and features a high iron content. Wang 
et al. (2014) proposed that the Guangxi deposit is a 
skarn-type occurrence and conducted preliminary 
analysis of its formation process. But few studies have 
discussed how high iron content influences its gemo- 
logical properties or vibrational spectra. Moreover, de- 
tailed data and systematic research on its formation 
mechanism are still limited. 

This study employed standard gemological test- 
ing, polarized microscopy, scanning electron mi- 
croscopy, electron microprobe analysis, infrared 
spectroscopy, Raman spectroscopy, and ultraviolet/ 
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visible/near-infrared spectroscopy to investigate the 
gemological properties, petrographic features, mi- 
crostructures, chemical compositions, and vibra- 
tional spectra of black nephrite from Guangxi. The 
results demonstrate relationships between iron con- 
tent and gemological properties as well as vibrational 
spectra. Additionally, the authors propose evidence 
for its deposit type and discuss the source rocks in- 
volved in its formation. This study will help in the 
identification of black nephrite from Guangxi and 
provide a basis for further research on the formation 
mechanism of nephrite from southern China. 


Figure 1. A zun (Chi- 
nese ritual wine vessel) 
ornately carved from 
Guangxi black nephrite 
in the form of a tiger 
squatting on all fours 
with a bird on its back. 
Photo courtesy of 
Hongwei Ma. 


GEOLOGICAL SETTING 

Located in the intersection zone of the Tethys Tec- 
tonic Domain and the Circum-Pacific Tectonic Re- 
gion, the Guangxi black nephrite deposit is between 
the southeast margin of the Yangtze Craton and the 
South China Caledonian Fold Belt, and adjacent to 
the Sanjiang Orogenic Belt in the southwest (Bureau 
of Geology and Mineral Resources of Guangxi 
Zhuang Autonomous Region, 1985; figure 2). Ac- 
cording to the geologic map from the Chinese Na- 
tional Geological Archives (figure 3), the strata 
exposed here consist mainly of marine carbonate 
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Figure 2. China is famous 
for its large-scale and 
high-quality nephrite pro- 
duction, as well as its 
long history of exquisite 
carving. Locations of the 
main deposits in Guangxi 
(this study), Guizhou 
(Yang, 2013), Xinjiang 
(Tang et al., 1994), Qing- 
hai (Wang et al., 2007), 
Liaoning (Wang et al., 
2002), Sichuan (Wang, 
1993; Lu, 2005; Jin et al., 
2014), and Jiangsu (He et 
al., 2002) are shown on 
this tectonic map of 
China (after Chen et al., 
2010). 
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Figure 3. Regional geologic map of the Guangxi black nephrite primary deposit. The deposit occurs at the contact 
zone between marine carbonate rock bearing chert/siliceous rock/clay rock deposited from the Upper Carbonifer- 
ous to Lower Permian periods (C,—P,) and diabase emplaced during the late Permian period (Bu1,). The diabase dis- 
plays an obvious circular structure in anticlines extending northwest to southeast and is controlled or transformed 
by several faults extending northwest by north, northeast by north, and northeast by east (modified after the 
1:200000 geologic map from the National Geological Archives of China). 


rocks deposited from the early Carboniferous to Mid- 
dle Triassic periods (359-237 Ma). Basic igneous rock 
(i.e., diabase) emplaced during the late Permian pe- 
riod (260-252 Ma) within the Upper Carboniferous 
to Permian (323-252 Ma) limestone bearing banded 
chert/dolomite and Lower Permian (299-272, Ma) 
siliceous rock/clay rock/limestone bearing banded 
chert display an obvious circular structure in anti- 
clines!. These anticlines extend northwest to south- 
east and are controlled or transformed by several faults 


extending northwest by north, northeast by north, and 
northeast by east. Black nephrite is situated in the 
southwest limb of an anticline and occurs at the con- 
tact zone between diabase? and carbonate rock. 
According to local miners, the black nephrite was 
first discovered under houses in the village of Xiannv, 
and this was considered a secondary deposit. Mining 
of the primary deposit started in late 2012 but was 
prohibited by the local government the following 
year for conservation reasons. Fieldwork for this 


‘In structural geology, an anticline is a type of fold that is an arch-like shape with the oldest rock layer in the center and the younger rock layer 
lying on either side symmetrically. A typical anticline is convex up, in which the curvature is greatest at the hinge or crest, and the limbs are the 
sides of the fold that dip away from the hinge. On the regional geologic map of the Guangxi black nephrite primary deposit, the progressing age 
of the rock strata toward the core (from the Triassic to Carboniferous periods) is evidence of anticlines. In addition, each anticlinal fold plunges 
in all directions to form a circular or elongate structure, and the nephrite deposit is situated in the southwest limb of the middle fold, which ex- 
tends northwest to southwest. 


?Diabase (or dolerite or microgabbro) is a mafic, holocrystalline, shallow intrusive rock commonly occurring as dikes and sills and exhibiting a 
typically fine texture of euhedral lath-shaped plagioclase crystals set in a finer matrix of augite, with minor olivine, magnetite, and ilmenite. For 
example, igneous rocks in the Guangxi black nephrite deposit are diabase emplaced during the late Permian period. 
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Figure 4. Characteristics of 
the Guangxi primary deposit. 
A: Layers include a small ex- 


study was done in August 2017 and August 2018 at 
the primary deposit, located 538 meters above sea 
level at 24°01'38.23"N, 107°27'39.61"E. The deposit 
contained many scattered diabase fragments due to 
previous mining activities. A small exposed outcrop 
of marble (figure 4B) and altered marble (figure 4C) 
was subjected to metasomatic diopsidization, silici- 
fication, albitization, and tremolitization/actinoliti- 
zation. Residual thin-bedded sedimentary sandstone/ 
shale and orebody bearing black nephrite are distrib- 
uted from top to bottom (figure 4A). Underlying the 
altered marble is an alteration zone with an obvi- 
ously banded structure and spatial inhomogeneity 
(figures 4C and 4D). Typical metamorphic minerals 
such as garnet, clinopyroxene, stilpnomelane, and 
amphibole occur in different bands. A black nephrite 
vein about 30 cm thick was layered in the lower part 
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posed outcrop of marble and 
altered marble subjected to 
metasomatic diopsidization, 
silicification, albitization, 
and tremolitization/actinoli- 
tization; residual thin-bed- 
ded sedimentary sandstone/ 
shale; and orebody bearing 
black nephrite. B: Marble 
formed by thermal metamor- 
phism of limestone showing 
medium- to fine-grained crys- 
talloblastic texture and 
flashes of calcite on cleavage 
planes. C: An alteration zone 
with a black nephrite vein 
about 30 cm thick underlies 
the altered marble. D: The 
banded structure of the alter- 
ation zone consists of typical 
metamorphic minerals such 
as garnet, clinopyroxene, 
stilpnomelane, and amphi- 
bole. E: A fracture in the 
black nephrite shows its 
compact and fine-grained 
texture. F: Diabase underly- 
ing the black nephrite vein 
shows the typical texture of 
lath-shaped plagioclase crys- 
tals set in a matrix of 
clinopyroxene. Photos by 
Qian Zhong and Lijian Qi. 


os 
ie 
Ma 
t) 
N 
r 
9 
g 
= 
1) 
6 
a 
Oi 
o 
N 
ao 
Ao 


9Srvee_rt 


(figure 4C). A fracture revealed that the jade is very 
compact and fine-grained (figure 4E). Diabase is 
mainly distributed under the vein, and the typical 
texture of the lath-shaped plagioclase crystals set in 
a matrix of clinopyroxene could be observed in the 
fracture (figure 4F). 

Because of the subtropical climate, a thin yellow- 
ish brown to reddish brown weathering crust similar 
to iron rust is very common at the surface of the 
rocks in the primary deposit (figures 5A and 5B). The 
weathering crust on the black nephrite rocks from 
the secondary deposit has a yellow color like that of 
loess mud (figures 5C and 5D). Therefore, black 
nephrite rough mined from the Guangxi primary and 
secondary deposits is referred to in the market as 
“iron rust crust rock” and “loess mud crust rock,” 
respectively. 
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MATERIALS AND METHODS 

Materials. Twelve pieces of black nephrite rough 
(GB-01 through GB-12) from Guangxi were investi- 
gated for this study. GB-01 through GB-09 were sup- 
plied by local miners, and GB-10 through GB-12 were 
collected from the primary deposit during fieldwork. 
We cut and polished the rough into plate samples, 
1.10-6.13 mm thick and weighing 0.84-38.11 ct (see 
table 1 photos in natural light), and further polished 
them into thin sections with various thicknesses to 
meet the requirements of different measurements. 


Analytical Methods. All measurements were col- 
lected with equipment at the Laboratory of Gem and 
Technological Materials of Tongji University, unless 
otherwise specified. The refractive indices of 12 
black nephrite plate samples were measured using a 
refractometer (by normal reading from flat wafers), 
and specific gravity was measured hydrostatically 
with an electronic balance. Ultraviolet fluorescence 
reactions were examined with a long-wave/short- 
wave UV lamp. Color, luster, and transparency of the 
plate samples were observed in natural light, and the 
color of the thin sections (0.73-0.97 mm thick) was 
examined in transmitted light. 

Petrographic features were studied with a Nanjing 
Jiangnan Novel Optics BM2100 polarized light mi- 
croscope. Six thin sections (GB-04, GB-05, GB-06, 
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Figure 5. A and B: Black 
nephrite rough from 
Guangxi with a typical 
angular shape. These 
were collected from the 
jade vein in the primary 
deposit shown in Figure 
4 and then analyzed as 
samples GB-11 and GB- 
12, showing a thin yel- 
lowish brown to reddish 
brown weathering crust 
similar to iron rust. C 
and D: Black nephrite 
jade rough with a typi- 
cal round shape, col- 
lected from the 
secondary deposit. The 
rock weighs 2.1 kg and 
shows a yellow weath- 
ering crust similar to 
loess mud. Photos by 
Qian Zhong. 


GB-08, GB-09, and GB-10) with a standard thickness 
of 0.03 mm were observed in both plane- and cross- 
polarized light. Microstructures on the fractured sur- 
face of sample GB-06 were observed using a Hitachi 
S-4700 scanning electron microscope (SEM) with an 
accelerating voltage of 15 kV at the Analysis and 
Testing Center of Suzhou University. 


In Brief 


e Black nephrite from Guangxi in southern China exhib- 
ited a yellow or green color in transmitted light for thin- 
ner samples and displayed a high refractive index and 
specific gravity due to a high iron content. 


e The relative intensities of (Mg),OH, (Mg,Fe**)OH, 
(MgFe**,)OH, and (Fe**),OH vibration bands in the 
mid- and near-infrared and Raman spectra indicate 
Mg*'-Fe** isomorphous substitution in M, and M, 
positions. 

¢ Mineral assemblages including actinolite/ferro-actino- 
lite, andradite, diopside, and epidote suggest a Ca- 
skarn metasomatism occurring at the contact zone 
between diabase intrusions and limestone bearing 
siliceous rock. 


Backscattered electron (BSE) images and chemical 
compositions of minerals in 12 black nephrite thin 
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TABLE 1. Gemological properties and mineral compositions of black nephrite from Guangxi. 


Sample Weight UV Refractive Specific I eats sated lel? Mi | te gs 
no. (ct) Luster Transparency fluorescence index gravity Natural light? Transmitted light ineral composition’ 
GB-01 0.84 Greasy to vitreous Opaque Inert 1.645 3.141 a rt) Actinolite (>98%) 
GB-02 1.41 Greasy to vitreous Opaque Inert 1.645 3.149 Ee @, Actinolite (>98%) 
: Actinolite (92-95%), 
GB-03 2.07 Greasy to vitreous Opaque Inert 1.645 3.148 Ps es stilpnomelane (5-8%) 
Actinolite (75-80%), diopside 
GB-04 27.50 Greasy to vitreous Opaque Inert 1.625 3.062 (13-15%), quartz (5-8%), 
stilpnomelane (1-3%) 
Actinolite (65-70%), 
til | 23-25% 
GB-05 23.09 Greasy to vitreous Opaque Inert 1.640 3.015 re ee) cate es 
3%), andradite (<1%) 
GB-06 11.23 Greasy to vitreous Opaque Inert 1.645 3.146 a e — (97-99%), apatite 
: Ferro-actinolite (95-97%), 
GB-07 23.71 Greasy to vitreous Opaque Inert 1.647 3.161 La ee stilpnomelane (3-5%) 
Ferro-actinolite (60-65%), Fe 
GB-08 17.52 Greasy to vitreous Opaque Inert 1.650 3.405 sulfides (27-30%), 
stilpnomelane (8-10%) 
Ferro-actinolite (75-80%), Fe 
sulfides (10-15%), 
GB-09 15.59 Greasy to vitreous Opaque Inert 1.650 3.251 stilpnomelane (3-5%), 
andradite (3-5%), diopside 
(<1%), quartz (<1%) 
; Actinolite (92-95%), 
GB-10 8.80 Greasy to vitreous Opaque Inert 1.626 3.015 vai “ stilpnomelane (5-8%) 
Actinolite (93-95%), 
GB-11 38.11 Greasy to vitreous Opaque Inert 1.645 3.142 stilpnomelane (3-5%), apatite 
(1-3%) 
Ferro-actinolite (97-99% 
GB-12 30.00 Greasy to vitreous Opaque Inert 1.648 3.197 chien 9 ny %, 
stilpnomelane (1-3%) 


*Photos of plate samples with a thickness of 1.10 to 6.13 mm, taken in natural light. 
Photos of thin-section samples with a thickness of 0.73 to 0.97 mm, taken in white transmitted light. 
“Volume percentage estimated by observing thin-section samples using a polarized light microscope or a gem microscope. 
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TABLE 2. Electron microprobe analysis and calculations of actinolite and ferro-actinolite in black nephrite from Guangxi. 


Sample GB-01 GB-02. GB-03  GB-04 GB-05 GB-06 GB-07 GB-08 GB-09 GB-10  GB-11 GB-12 
Oxides (wt.%) 

SiO, 54.07 53.44 54.20 55.69 53.93 54.65 53.36 52.33 52.33 56.14 55.09 53.38 
Al,O, 0.33 0.36 0.33 0.47 0.39 0.27 0.32 0.43 0.27 0.32 0.24 0.31 
TiO, 0.02 0.01 0.01 0.02 0.01 0.02 bdle 0.03 0.01 0.02 0.01 0.01 
Cr,O, 0.01 0.01 bdl 0.01 0.02 0.01 bdl 0.02 0.01 0.01 0.01 0.01 
FeO® 19.42 19.49 19.46 11.67 19.31 19.50 21.70 25.61 25/5) 15.31 19.66 23.39 
MgO 11.48 11.25 11.45 16.90 12.08 11.19 9.70 7.47 7.23 14.13 11.15 8.94 
MnO 0.21 0.20 0.21 0.18 O23: 0.25 0.24 0.21 0.16 0.33 0.20 0.19 
CaO 11.55 11.29 11.53 12.31 11.60 11.36 10.85 11.43 11.60 11.09 11.25 11.74 
Na,O 0.09 0.09 0.06 0.07 0.10 0.08 0.13 0.11 0.08 0.10 0.17 0.05 
K,O 0.05 0.05 0.05 0.04 0.08 0.25 0.82 0.04 0.02 0.48 0.70 0.03 
Total 97.22 96.18 97.29 97.36 97.75 97.59 97.12 97.68 97.46 97.92 98.47 98.04 
lons per 23 oxygens 

Si 7.987 7.975 7.997 7923 7.898 8.055 8.015 7.947 7.993 8.049 8.080 7.995 
VAP* 0.013 0.025 0.003 0.077 0.068 bdl bdl 0.053 0.007 bdl bdl 0.005 
LT 8.000 8.000 8.000 8.000 7.966 8.055 8.015 8.000 8.000 8.049 8.080 8.000 
VIABt 0.044 0.038 0.055 0.002 bdl 0.046 0.057 0.025 0.041 0.054 0.041 0.050 
Th 0.002 0.001 0.001 0.002 0.001 0.002 bdl 0.003 0.001 0.002 0.001 0.001 
crt 0.001 0.002 bdl 0.001 0.002 0.001 bdl 0.002 0.002 0.001 0.001 0.001 
Fe* 0.275 0.338 0.276 0.288 0.450 0.180 0.229 0.259 0.137 0.323 0.080 0.168 
Fee 2.124 2.094 2.125 1.101 1.915 2.224 2.496 2.993 3.152 1.513 2.332 2.762 
Mg?* 2.528 2.502 2.518 3.584 2.637 2.459 2173 1.691 1.647 3.019 2.439 1.995 
Mn?* 0.026 0.025 0.026 0.022 0.029 0.032 0.030 0.027 0.020 0.040 0.024 0.024 
2G 5.000 5.000 5.001 5.000 5.034 4.944 4.985 5.000 5.000 4.952 4.918 5.001 
Ca?* 1.827 1.805 1.822 1.877 1.820 1.793 1.745 1.860 1.899 1.703 1.768 1.883 
Nat 0.025 0.026 0.017 0.020 0.028 0.023 0.038 0.033 0.023 0.027 0.047 0.013 
XB 1.852 1.831 1.839 1.897 1.848 1.816 1.783 1.893 1.922 1.730 1.815 1.896 
Kt 0.010 0.010 0.010 0.007 0.015 0.046 0.156 0.007 0.004 0.088 0.130 0.005 
XA 0.010 0.010 0.010 0.007 0.015 0.046 0.156 0.007 0.004 0.088 0.130 0.005 
Mg/Mg + Fe?* 0.543 0.544 0.542 0.765 0.579 0.525 0.465 0.361 0.343 0.666 0.511 0.419 
Amphibole Act® Act Act Act Act Act Fe-Act Fe-Act —-Fe-Act Act Act Fe-Act 


*bdl = below detection limit (0.01 wt. %) 
FeO = all iron oxide calculated as FeO 
“Act = actinolite, Fe-Act = ferro-actinolite 


sections (0.03 mm thick} and plate samples were ob- 
tained with a JEOL JXA-8230 electron microprobe at 
the State Key Laboratory of Marine Geology of Tongji 
University using an accelerating voltage of 15 kV, a 
beam current of 10 nA, and a beam diameter less than 
5 um in wavelength-dispersive spectrometry mode. 
Natural and synthetic mineral standards (SPI Sup- 
plies) were used to calibrate all quantitative analyses, 
and a ZAF program was used for data reduction. Two 
to six points per sample/mineral were analyzed. 
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Cations per formula unit of amphiboles were calcu- 
lated based on 23 oxygen atoms and 15 cations. The 
total iron content was first estimated as FeO, and 
Fe’*/Fe** ratios were then estimated by a charge-bal- 
ance method on a stoichiometric sum of cations 
(Schumacher and Wang, 2001). 

Infrared absorption spectra of 12 plate samples 
were obtained with a Bruker Tensor 27 Fourier- 
transform infrared spectrometer. For measurements 
in the 4000 to 400 cm" range, nearly 1.5 mg of pow- 
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Figure 6. Polarized optical and scanning electron microscope (SEM) images of actinolite in black nephrite from 
Guangxi. A: In sample GB-06, fine-grained and felted actinolite fibers (top) show first-order orange to second-order 
bluish green interference colors in cross-polarized light (bottom). Image width 1.36 mm. B: In GB-04, some actino- 
lite fibers are arranged to form a radial structure. Image width 0.68 mm. C: SEM images of GB-06 show actinolite 
fibers nearly 20 x 0.5 pm in size (top) and some actinolite fibers arranged to form a parallel structure (bottom). 
Photos by Qian Zhong. 


der was scraped from each sample and dispersed in 
150 mg of KBr to prepare pressed pellets. In the 8000 
to 4000 cm range, thin-section samples (0.73-0.97 
mm thick) were tested directly. Both types of spectra 
were recorded in transmission mode at a resolution 
of 4 cm~!, a scanning frequency of 10 kHz, and 32 
scans. Infrared spectra in the 3700 to 3600 cm! range 
were obtained using a Bruker Lumos micro-Fourier- 
transform infrared spectrometer in attenuated total 
reflectance mode with medium pressures, at a reso- 
lution of 4 cm and 32 scans per area (150 x 150 
pm’). 

Raman spectra of 12 plate samples were collected 
using a Horiba Jobin Yvon LabRAM HR Evolution 
confocal micro-Raman spectrometer equipped with 
a 532, nm Nd:YAG laser. The laser was focused on 
the mineral surface using an optical microscope with 
a 100x objective, and the laser power was around 50 
mW. Depolarized spectra in the 4000 to 100 cm! 
range were acquired using a grating with 600 gr/mm, 
a scan time of 20 s, and 3 scans. 

Ultraviolet/visible/near-infrared (UV-Vis-NIR) spec- 
tra of 12 thin sections (0.13-0.49 mm thick) were ob- 
tained with a GEM-3000 spectrophotometer at a 
resolution of 1 nm, an integration time of 80 ms, a 
smoothness degree of 2, and 30 scans. 
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RESULTS 

Gemological Properties. The gemological properties 
of the 12 nephrite samples from Guangxi are listed 
in table 1. All plate samples (1.10-6.13 mm thick) 
were black and opaque and exhibited a greasy to vit- 
reous luster in natural light. The thin sections (0.73— 
0.97 mm thick) showed two different kinds of 
mottled color in transmitted light. Three samples 
(GB-01, GB-02, and GB-10) were greenish yellow to 
brownish yellow, while the remaining nine ranged 
from pale green to yellowish green to green. All sam- 
ples were inert to both long- and short-wave UV ra- 
diation and displayed an RI of 1.625 to 1.650 and an 
SG of 3.015 to 3.405. In addition, different amounts 
of minor minerals were included in almost every 
sample. The most obvious were minerals with a typ- 
ical metallic luster and brassy yellow color in plate 
samples GB-08 and GB-09. 


Petrographic Features and Microstructures. Polarized 
optical images (figures 6A and 6B) combined with elec- 
tron microprobe data (table 2) showed that the black 
nephrite samples from Guangxi consisted mainly of 
fine-grained, felted actinolite with first-order orange to 
second-order bluish green interference colors in cross- 
polarized light. (For more on orders of interference col- 
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Box A: ORDERS OF INTERFERENCE COLORS 


The order of interference color is used to describe colors 
observed in thin sections with a petrographic micro- 
scope when identifying minerals, particularly aniso- 
tropic minerals. There is a path difference caused by 
the difference in velocity between the two rays re- 
solved by the anisotropic (doubly refractive) substance 
between crossed polarizers, which is known as the re- 
tardation. The retardation (r) increases linearly with 
both the thickness (t) of a sample and the birefringence 
(n,-n,): r = t (n,-n,). When the two rays enter the upper 
polarizer, the retardation results in destructive interfer- 
ence for certain wavelengths to give the interference col- 


ors, see box A.) Faint light yellow/light green pleochro- 
ism was observed in plane-polarized light. SEM images 
(figure 6C) further indicated that the actinolite fibers 
were nearly 20 x 0.5 um in size. Some fibers formed ei- 
ther a radial (figure 6B) or a parallel (figure GC, bottom) 
structure. Polarized optical images and BSE images (fig- 
ure 7) combined with electron microprobe data (table 
3) revealed various amounts of Fe sulfides (up to 30%), 
stilpnomelane (up to 25%], diopside (up to 15%), 
quartz (up to 8%), epidote (up to 5%), andradite (up to 
5%), and apatite (up to 3%) (table 1). 


ors. To distinguish the colors produced by different 
multiples of wavelengths, the interference colors are di- 
vided into “orders,” with the end of each order marked 
by a red color representing one full wavelength retarda- 
tion (Delly, 2003). For example, the first order starts with 
black and gray, followed by yellow and orange, and ends 
with “first-order red.” The second order is made up of 
violet, blue, green, yellow, orange, and “second-order 
red.” Interested readers should refer to the Michel-Lévy 
chart (see Delly, 2003), which shows the inter- 
relationships between thickness, birefringence, and in- 
terference colors. 


Chemical Compositions. Average chemical compo- 
sitions and cations per formula unit of amphiboles 
for the 12 samples are shown in table 2. According 
to Leake et al. (1997) and Hawthorne et al. (2012), 
amphiboles in black nephrite belong to the calcic 
group, characterized by 7.898-8.080 atoms per for- 
mula unit (apfu) of Si, 0.004—0.156 apfu of K on the 
A site, and 1.703-1.899 and 0.013-0.047 apfu of Ca 
and Na on the B site, respectively. In addition, the 
Mg/(Mg + Fe") ratio of amphiboles in GB-07, GB-08, 
GB-09, and GB-12 ranged from 0.343 to 0.465, and 


TABLE 3. Electron microprobe analysis of minor minerals in black nephrite from Guangxi. 


Mineral Andradite Epidote —Stilpnomelane = Quartz Diopside Apatite | Mineral Pyrrhotite Pyrite 
Sample GB-05 GB-09 GB-05 GB-05 GB-08 GB-04 GB-04-1 GB-04-2 GB-05 | Sample GB-08 GB-09 GB-09 
Oxides (wt.%) Elements 

SiO, 35.51 37.28 38.24 45.34 45.65 99.05 55.46 52.89 0.29 | (wt.%) 

ALO, Coomee 27.08 fee 0.05 femme o.o1 | eee >? 
TiO, bd? 0.01 +««0.04~S bd! ~—sbi_ Ss bd} «Sst. | Os sl 
Cr,O, bd — bdl_ «=—i0.01-Ss«0.00-Ss«0.08.-S—«0.01—s—s«0s—=iSsit «| oe 
FeO? 28.09 2637 877 30.92 3400 041 090 920 0.40 | EE 
MgO Cosmemon 0.03 fGGemNeram 0.61 [aeemeees bai | Tt! PRR aeabeE 99.86 
MnO 0.20 0.09 012 1.06 062 °&4«bdl 002 044 ~ bd 

CaO Seceeemen 23.37 MObmOCOm 0.35 [emommagegs 55.73 

Na,O bd) 0.03 bd 0.18 0.76 bdl 018 0.73 ~~ bd 

K,O bdl bdl 0.02 1.69 1.82 0.01 0.01 0.02 0.01 

P.O, bdl 0.02 bal bd 0.01 0.01 0.17 0.03 39.17 

F bdl bdl bdl bdl bdl bd) 0.00 0.00 1.73 

cl 0.01 0.01  bdl bdl bdl bd 0.00 0.00 0.47 

Total 97.53 9878 97.67 91.12 9235 100.50 100.81 9936 97.81 


*bdl = below detection limit (0.01 wt.%). 
’FeO = all iron oxide calculated as FeO 
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Figure 1 


¢ Recessed block of wood with mirror at 45° for showing 
varying contrast effects with immersed stones. 


and indeed quite beautiful results can be 
obtained. All that is needed is two cubes of 
wood or cardboard about three inches high 
and a wedge-shaped block of which the base 
and back are of the same dimensions as the 
cubes, having a third side sloping at 45° 
to these. On this sloping side is fixed a small 
mirror of the type used by ladies in their 
handbags, which can be procured from any 
“five and dime” store. The sloping block is 
placed between the two cubes with the mir- 
ror facing the observer, and a finely-ground 
glass screen is placed across the gap between 
the cubes, forming a bridge, with the ground 
side uppermost. The glass cell containing the 
liquid and the stone, or stones, is then placed 
centrally on the ground glass screen immedi- 
ately over the mirror. If the whole set-up is 
placed immediately under the single overhead 
light (the higher the better), and the ob- 
server looks into the mirror he will see 
reflected the projection of the stones on the 
ground glass screen — making a very pretty 
and striking effect. As before, stones with a 
higher index than that of the immersion 
medium will show a dark border and bright 
edges to the facets while the reverse effect 
will be noticed with stones of low refractivity 
-but the phenomena are far more striking 
and emphatic than when viewed from above. 
Figure I shows a modified one-piece wooden 


form of the apparatus described above, while 
Figures 2, 3, and 4 will indicate the sort of 
effects visible in the mirror. These will be 
discussed more fully later. 

If there ts any reader who would like to 
try the method but lacks the time or the 
energy to make the suggested arrangements, 
he can rig the thing up on a temporary basis 
with the aid of a few books and any small 
mirror propped up between them at an 
angle of 45° by a lump of plasticine, or by 
leaning against another book recessed behind 
the others. Sheets of ground glass can be 
obtained very cheaply in any photographic 
supply store, but even here a sheet of tracing 
paper placed on a sheet of ordinary glass 
would serve as a temporary substitute. 

On the other hand, those who are ingeni- 
ous and enjoy making things will take pleas- 
ure in constructing a nicely-finished piece of 
apparatus, cut from a single block of some 
attractive wood about the size of a building 
brick, only rather taller. The wooden model 
shown in Figure 1 was adapted from a 
simple form of dissecting microscope stand, 
and works admirably. A more elaborate form 
might incorporate a circular revolving tray 
accommodating half a dozen cells, each con- 
taining a different liquid, which could be 
swung in turn as required into position above 
the mirror. 


WINTER 1953 
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Figure 7. Polarized optical and back-scattered electron (BSE) images of minor minerals in black nephrite from 
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Guangxi. A: In sample GB-10, actinolite veins cut the andradite, which includes two euhedral rhombic dodecahe- 
dral andradite crystals. Image width 0.68 mm. B: In GB-05, epidote crystals are replaced by fine-grained actinolite 
and needle-, rod-, or fiber radial-shaped stilpnomelane. Image width 2.72 mm. C: Sample GB-08 consists mainly of 
brownish green stilpnomelane with radial fiber arrangements. Image width 0.68 mm. D: The BSE image of sample 
GB-04 shows subhedral quartz crystals or relics up to 120 pm replaced by actinolite along fractures or cracks. E: 
GB-04 shows actinolite replacing subhedral diopside crystals up to 30 ym with zoning structures due to chemical 


compositional zonings. F: GB-05 shows anhedral apatite crystals up to 50 pm distributed within actinolite aggre- 
gates. G: GB-09 shows irregularly shaped pyrrhotite, pyrite, stilpnomelane, ferro-actinolite, and quartz grains of 
varying brightness due to different average atomic numbers. Abbreviations: actinolite (Act), ferro-actinolite (Fe- 
Act), andradite (Adr), epidote (Ep), stilpnomelane (Stp), pyrrhotite (Pyr), pyrite (Py), quartz (Qtz), diopside (Di), 


and apatite (Ap). Photos by Qian Zhong. 


these were identified as ferro-actinolite. The ratio 
ranged from 0.511 to 0.765 in the remaining samples, 
which were identified as actinolite. Therefore, the 
black nephrite from Guangxi was composed mainly 
of actinolite or ferro-actinolite. All samples con- 
tained abundant iron (11.67-25.75 wt.% FeO) and 
minor manganese (0.16-0.33 wt.% MnO), titanium 
(below 0.03 wt.% TiO,), and chromium (below 0.02 
wt.% Cr,O,). 

Representative chemical compositions of minor 
minerals including andradite, epidote, stilpnome- 
lane, quartz, diopside, apatite, pyrrhotite, and pyrite 


BLACK NEPHRITE FROM GUANGXI, CHINA 


(figure 7) are shown in table 3. The andradite was 
composed mainly of CaO (33.14-33.28 wt.%), FeO 
(26.37-28.09 wt.%), and SiO, (35.51-37.28 wt.%). 
The stilpnomelane (brown in GB-05 and green in GB- 
08) was characterized by a high iron content (30.92 
and 34.00 wt.% FeO, respectively). In diopside, iron 
was lower and magnesium was higher in the core 
(table 3, GB-04-1) than in the rim (table 3, GB-04-2), 
which explains its zoning structure of darkness and 
brightness in the BSE image (figure 7E). The 
pyrrhotite in sample GB-09 had a typical chemical 
composition of 61.14 wt.% iron and 39.77 wt.% sul- 
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MID-IR SPECTRA 


Figure 8. Mid-infrared 
spectra of five typical 
plate samples from 
Guangxi in the 3700- 
3600 cnr (left) and 
1600-400 cnr (right) 
ranges. The spectra 
show bands related to 
M,-OH asymmetric 
stretching modes; Si-O- 
Si, O-Si-O, and M-O 
stretching modes; Si-O 
bending modes; and O- 
H translational modes 
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fur, while the pyrite’s was 47.52 wt.% iron and 52.29 
wt.% sulfur. 


Infrared Spectroscopy. Mid-Infrared Spectroscopy. 
Mid-infrared spectra (figure 8) of the black nephrite 
plate samples were characterized by one set of bands 
in the 3700 to 3600 a range and three sets (1200- 
800 cm, 800-600 cm, and 600-400 cnr) in the 1600 
to 400 cm" range, typical of M,-OH (M is an abbrevia- 
tion for a metal ion) and [Si, 0, vibrations in actinolite 
or ferro-actinolite, respectively (Wen et al., 1988). The 
asymmetric and symmetric stretching modes of the Si- 
O-Si and O-Si-O groups appear mainly at approxi- 
mately 1096, 1051, 1012, 993, 951, 919, 883, 751, 688, 
and 645 cmv. The bands near 504 and 463 cm are re- 
lated to the bending modes of the Si-O group, stretch- 
ing modes of the M-O group, and translational modes 
of the O-H group. The bands around 3681, 3664, 3646, 
and 3625 cm are related to the asymmetric stretching 
modes of the M,-OH group. No absorption bands re- 
lated to minor mineral phases were observed. 


Near-Infrared Spectroscopy. Near-infrared spectra (fig- 
ure 9) of the black nephrite thin sections were mainly 
characterized by the combination modes of the M,- 
OH, Si-O groups, or water and the multiple vibration 
modes of the hydroxyl group in actinolite or ferro-acti- 
nolite. Four strong and sharp bands around 7185, 7156, 
7117, and 7078 cm are related to the first overtone of 
M,-OH asymmetric stretching modes (Burns and 
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Strens, 1966). The broad band centered at nearly 522.6 
cm is assigned to the combination modes of water ad- 
sorbed within the actinolite or ferro-actinolite aggre- 
gates. The combination modes of the M,-OH and Si-O 
groups appear at approximately 4295 and 4161 cm™. 


Figure 9. Near-infrared spectra of five typical thin-sec- 
tion samples (0.73-0.97 mm thick) from Guangxi 
showing bands related to the first overtone of M,-OH 
asymmetry stretching modes as well as the combina- 
tion modes of water, M,-OH, and Si-O groups of acti- 
nolite or ferro-actinolite in the 8000-4000 cnr’ range. 
Spectra are offset vertically for clarity. 
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Figure 10. Raman spec- 
tra of five typical plate 
samples from Guangxi 
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Raman Spectroscopy. Raman spectra (figure 10) of 
the black nephrite plate samples were primarily char- 
acterized by peaks in the 3700 to 3600 cm! and 1200 
to 100 cm" ranges, which are typical of M,-OH and 
[Si,O,,] vibrations in actinolite or ferro-actinolite. 
Peaks at approximately 1060, 1047, 1024, 946, and 
927 cm! are related to the stretching modes of the 
Si-O group, and those at 739 and 665 cm“ are related 
to the stretching modes of the Si-O-Si group. The 
bending modes of the Si-O group appear mainly at 
approximately 522 and 431 cm. Peaks at around 
408, 379, 355, 330, 219, 171, 143, 128, and 112 cm 
are assigned to the lattice vibration modes. Four 
sharp Raman peaks near 3674, 3661, 3643, and 3624 
cm! are related to the stretching modes of M,-OH 
groups (Lu, 2005; Feng et al., 2017). 


UV-Vis-NIR Spectroscopy. Black nephrite thin sec- 
tions (0.13-0.49 mm thick) with greenish yellow to 
brownish yellow (samples GB-01, GB-02, and GB-10) 
and pale green to yellowish green to green (samples 
GB-04, GB-06, and GB-09) colors in transmitted light 
exhibited similar but slightly different absorption fea- 
tures in the 220 to 1000 nm range; these are named 
type I (figure 11, left) and type II (figure 11, right) spec- 
tra. Considering chemical composition (table 2) and 
previous studies (Marfunin, 1984; Lu, 2005), the sig- 
nificant transition metals that contributed to the col- 
ors and UV-Vis-NIR spectra of the Guangxi black 
nephrite were iron and manganese. In both types of 
spectra, there are two broad bands centered at 726- 
737 nm and 916-935 nm, which are due to Fe**<>Fe** 
intervalence charge transfer and combinations of Fe** 
and Fe** electron transition, respectively. The strong 
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absorptions in the blue-ultraviolet range with a max- 
imum at 440-460 nm for type I spectra and 355-405 
nm for type II spectra are both due to O? <>Fe* charge 
transfer. In type II spectra, shoulders at 445 nm and 
625-635 nm are due to Fe**/Mn* and Fe* electron 
transition, respectively. Absorptions mentioned 
above result in a transmission centered at 628-645 
nm or 515-553 nm in the visible range, which leads 
to a greenish yellow/brownish yellow or pale 
green/yellowish green/green bodycolor, respectively. 
However, there is no obvious difference in transi- 
tion metal contents between the samples with two 
types of color. We infer that differences in their UV- 
Vis-NIR spectra result from different modes of occur- 
rence of iron and manganese in black nephrite. 


DISCUSSION 

Iron’s Influence on RI, SG, and Vibrational Spectra. 
The samples from Guangxi have an iron content 
(11.67-25.75 wt.% FeO) that is higher than that of 
white nephrite (0.07-1.09 wt.% FeO, four deposits; 
Siqin et al., 2012), green nephrite (0.12-4.93 wt.% 
FeO, nine deposits; Siqin et al., 2012), and even other 
black nephrite (4.11-14.39 % FeO, Xinjiang; Liu et 
al., 2011a). For that reason, they have a higher RI 
(1.62.5-1.650) and SG (3.015-3.405) than any nephrite 
previously reported (see Zhang, 2006). Likewise, sig- 
nificant substitution of iron for magnesium indicates 
that black nephrite from Guangxi is primarily com- 
posed of actinolite or ferro-actinolite instead of 
tremolite. Figure 12 shows that the samples’ RI and 
SG values increase with iron content. Due to a large 
amount of minor minerals included in some samples 
(see table 1), related data can deviate from the normal 
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Figure 11. UV-Vis-NIR spectra of six typical thin-section samples (0.13-0.49 mm thick) from Guangxi with green- 
ish yellow/brownish yellow (type I) and pale green/yellowish green/green (type II) colors in transmitted light. The 
peaks in the 220-1000 nm range are attributable mainly to iron and manganese. 


trend. For sample GB-04, the relatively high RI and 
SG are believed to result from the diopside content. 
The relatively low RI and SG of GB-05 are likely 
caused by its stilpnomelane content. The highest SG, 
in sample GB-08, is probably related to Fe sulfides in 
addition to a high iron content. 

As seen in figure 13, the mid-infrared, near-in- 
frared, and Raman spectra of the black nephrite are 
characterized by four M,-OH vibration bands in the 


3700 to 3600 cm! or 7240 to 7020 cm! range. In the 
crystal structure of calcic amphiboles, each hydroxyl 
group is coordinated to three neighboring metal ions 
at two M, positions and one M, position, forming a 
pseudo-trigonal symmetrical (M,M,M,)OH group. 
M, and M, positions are occupied mainly by Mg* or 
Fe', forming a perfect isomorphous substitution. For 
white nephrite composed of tremolite nearly free of 
iron, there exists only one sharp (Mg),OH band. For 


Figure 12. Scatterplots showing that the refractive index (left) and specific gravity (right) of the samples increase 
with iron content as FeO. Data deviating from the normal trend likely due to included minor minerals such as 
diopside (GB-04), stilpnomelane (GB-05), and Fe sulfides (GB-08) are specially marked. For detailed data, see ta- 


bles 1 and 2. 
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Figure 13. Mid-infrared, near-infrared, and Raman spectra of the samples are characterized by four (Mg),OH, 
(Mg,Fe**)OH, (MgFe*,)OH, and (Fe?+),OH bands in the 3700-3600 cnr or 7240-7020 cnr range. With rising iron 
content, relative intensities of (Mg),OH and (Mg,Fe**)OH bands decrease while relative intensities of (MgFe*,)OH 
and (Fe**),OH bands increase. Spectra are offset vertically for clarity. 


greenish white and green nephrite, bands related to 
(Mg,Fe?)OH and (MgFe?*,)OH gradually appear as 
iron content increases (Burns and Strens, 1966; Feng 
et al., 2017). For the black nephrite from Guangxi, 
M,-OH vibration bands are split into four bands due 
to high iron content. According to Burns and Strens 
(1966) and Lu (2005), four bands in the mid-infrared 
and Raman spectra near 3681/3674, 3664/3661, 
3646/3643, and 3625/3624 cm! are respectively at- 
tributed to (Mg),OH, (Mg,Fe*)OH, (MgFe*,)OH, and 
(Fe**),OH fundamental vibrations. Four bands in the 
near-infrared spectra near 7185, 7156, 7117, and 


7077 cm! are respectively attributed to the first 
overtone of (Mg),OH, (Mg,Fe?)OH, (MgFe?*,)OH, 
and (Fe’*),OH fundamental vibrations (table 4). 

For sample GB-04, with the lowest iron con- 
tent—11.67 wt.% FeO, and an Mg/(Mg + Fe”) ratio 
of 0.765)—the relative intensity of the M,-OH bands 
is (Mg,Fe*)OH > (Mg),OH > (MgFe?',)JOH > 
(Fe?*),OH. The (Fe”*),OH band is very weak (figure 
13). For GB-10, GB-06, and GB-12, with increasing 
iron content, (MgFe?,)OH and (Fe’*),OH bands are 
increasingly stronger as they are more closely related 
to Fe’*, while (Mg,Fe*)OH and (Mg),OH bands are 


TABLE 4. Frequencies (cm) of (M,M,M,)-OH bands in vibrational spectra and their assignments in black nephrite from Guangxi. 


Type of (M,M,M.,)-OH group (Mg),OH (Mg, Fe**)OH (MgFe?*,)OH (Fe’*),OH 
Mid-infrared frequency 3681-3677 3664-3662 3646-3645 3625-3624 
Near-infrared frequency 7185-7183 7156-7154 7117 7077 
Raman frequency 3674-3673 3661-3660 3643-3642 3624-3623 
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increasingly weaker. For sample GB-09, with the 
highest iron content—25.75 wt.% FeO, and an 
Mg/(Mg+Fe**) ratio of 0.343—the relative intensity 
is (Fe), OH=(MgFe**,)OH > (Mg,Fe”*)OH > (Mg),OH, 
and the (Mg),OH band is very weak. Therefore, iron 
content and Mg’*-Fe** isomorphous substitution af- 
fect the relative intensity of M,-OH vibration bands, 
in addition to their number and frequency. 

There are also differences in the Raman spectra of 
the black nephrite samples in the 1400-100 cm"! 
range (figure 10, right). For instance, with increasing 
iron content, the strongest peak at 669 cm! gradually 
shifts toward the lower frequency to 665 cm"!. The 
relative intensity of the 1060 cm !/1047 cm! peaks 
becomes stronger, while the peaks at nearly 946 and 
408 cm! become weaker. And in mid-infrared spec- 
tra (figure 8, right), the intensity of the band at ap- 
proximately 1012 cm™'! becomes weaker with 
increasing iron content. 


Genesis of Black Nephrite. Located at the boundary 
zone between diabase and limestone bearing siliceous 
rock, Guangxi black nephrite is a product of contact 
metasomatism’ occurring after basic magma intrusion 
into carbonate rock. Therefore, this deposit is of con- 
tact metasomatic and skarn origin. Skarn deposits can 
generally be grouped into Ca-, Mg-, and Mn-skarn by 
their mineral assemblages. Typical Mg-skarn nephrite 
from Xinjiang, which is related to dolomitic marbles 
rich in magnesium (29.61-30.76 wt.% CaO, 22.08- 
22.52 wt.% MgO, and a Ca/Mg ratio of 0.94-1.01; Liu 
et al., 2011b), contains Mg-bearing minerals such as 
olivine, spinel, phlogopite, serpentine, and talc (Tang 
et al., 1994; Liu et al., 2015). Low-magnesium marbles 
(54.19 wt.% CaO, 0.21 wt.% MgO, anda Ca/Mg ratio 
of 183) found in the deposit and the presence of calcic 
minerals such as actinolite/ferro-actinolite, andradite, 
diopside, and epidote in the samples (figure 7 and table 
3) strongly suggest that the Guangxi deposit is a Ca- 
skarn deposit. The skarn appears to be spatially zoned 
as the Xinjiang deposit, with different minerals dis- 
tributed at different distances from the intrusive rock 
(figure 4). Moreover, it is remarkable that stilpnome- 
lane, a minor mineral in the black nephrite from 
Guangxi, can be used as a fingerprint, as it has not 
been reported to exist in other nephrite deposits. 


The Fe**/(Mg + Fe**) ratio of actinolite/ferro-acti- 
nolite in black nephrite from Guangxi (0.235—0.657) 
is much higher than that of tremolite-actinolite in 
D-type (0.001-0.074) and S-type (0.064—0.118) 
nephrite (Siqin et al., 2012), which is determined by 
diabase related to its formation. From a chemical 
composition perspective, basic diabase is richer in 
iron and magnesium and poorer in silicon (12.00- 
15.50 wt.% FeO, 3.02-6.59 wt.% MgO, and 45.90- 
48.30 wt.% SiO,; Zhang and Xiao, 2014), compared 
to intermediate-acid diorite/granodiorite (2.68-6.16 
wt.% FeO, 2.27-4.39 wt.% MgO, and 50.57-58.62 
wt.% SiO,; Tang et al., 1994). Hence, diabase and 
siliceous rock in limestone are likely sources of mag- 
nesium and silicon, respectively, whereas the lime- 
stone itself is the source of calcium. Rare earth 
elements (REE) with patterns more similar to lime- 
stone than diabase (Wang et al., 2014) suggest that 
the Guangxi black nephrite formed by the replace- 
ment of limestone. In addition, hydrous minerals 
such as actinolite/ferro-actinolite, stilpnomelane, 
and epidote formed in the metasomatism stage indi- 
cate that fluids were also involved. Therefore, it is 
proposed that actinolite/ferro-actinolite in black 
nephrite from Guangxi formed by a reaction between 
limestone bearing siliceous rock and aqueous solu- 
tions bearing iron, magnesium, and silicon: 
2CaCO, + 8SiO, + xFeO+ (5-x)MgO +H,O> 
limestone 


Ca,(Fe,, Mg, .)Si,O,,,(OH), + 2CO, 


actinolite/ferro-actinolite 


The rocks involved in black nephrite formation 
are limestone bearing siliceous rock and diabase. 
These are similar to the rocks in the Guizhou de- 
posit. Considering similarities in geographical and 
tectonic locations and orebody characteristics, we be- 
lieve that Guangxi and Guizhou represent another 
large-scale nephrite formation belt in China in addi- 
tion to the east-west Kunlun Mountains. 


CONCLUSIONS 

With a pure color and delicate texture, carvings of 
black nephrite jade from Guangxi in southern China 
(figure 14) have been favorably received in the market 
since mining began in 2012. The material is com- 


*Contact metasomatism refers to a process of chemical change in the composition of rock in contact with an invading magma, from which fluid 
constituents are carried out to combine with some of the country-rock constituents to form a new suite of minerals. The Guangxi black nephrite 
deposit is a typical contact-metasomatic (or skarn) deposit formed in the contact zone between mafic magma intrusions (i.e., diabase) and car- 


bonate rock. 
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posed mainly of fine-grained and felted actinolite or 
ferro-actinolite, with minor minerals stilpnomelane, 
andradite, apatite, epidote, quartz, diopside, pyrrho- 
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Figure 14. This censer 
delicately carved from 
Guangxi black nephrite 
has a mountain-shaped 
cover and a bamboo- 
shaped stem, with dec- 
orative patterns on its 
body as well as dragon 
patterns on its joint 
and pedestal. Courtesy 
of Hongwei Ma. 


tite, and pyrite. An abundant iron content—11.67- 
25.75 wt.% Fe oxides and an Mg/(Mg + Fe”) ratio of 
0.765—-0.343—is the main reason for its high refractive 
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index (1.625—1.650) and specific gravity (3.015-3.405). 
High iron content is also the reason for the black 
color in natural light for samples with a normal thick- 
ness (1.10—6.13 mm) and the greenish yellow/brown- 
ish yellow or pale green/yellowish green/green color 
in transmitted light for thinner samples (0.73—-0.97 
mm). Moreover, significant isomorphous substitution 
of Fe** for Mg** at M, and M, positions in the crystal 
structure of actinolite or ferro-actinolite is responsible 
for bands with different intensities appearing at ap- 
proximately 3681/3674, 3664/3661, 3646/3643, and 
3625/3624 cm! in the mid-infrared/Raman spectra, 
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EVIDENCE OF ROTATION IN 
FLAME-STRUCTURE PEARLS FROM 
BIVALVES OF THE TRIDACNIDAE FAMILY 


Jean-Pierre Gauthier, Jacques Fereire, and Thanh Nhan Bui 


Thirty-seven pearls originating from bivalves of the Tridacnidae family were analyzed to determine their gemo- 
logical properties and to characterize the optical features of their distinctive flame structure, terminating at the 
apex and base with patterns like those of blade impellers. All but two of the samples exhibited cylindrical sym- 
metry around a fixed axis, suggesting a rotating movement during growth, as with numerous pearls from Pinctada 
margaritifera. One quite unusual feature, which is difficult to detect and to our knowledge has never before 
been described, consisted of spiral patterns at the apex and base of the pearl, and one of these patterns suggested 
the possibility of rotation. Other details that supported the conclusion of rotation during growth included comets 
associated with spot defects and pseudo-chatoyancy that appeared shifted to one side. 


number of marine organisms produce arago- 
A nitic pearls with microstructures different 
from the nacreous layers generally observed 
in various bivalves such as the saltwater Pinctada 
and Pteria species or the freshwater Hyriopsis 
species. These non-nacreous pearls have a micro- 
structure consisting of crossed aragonitic lamellae 
(Jiao et al., 2016; Agbaje et al., 2017). These speci- 
mens possess a “flame” structure that can be ob- 
served under the microscope, with a large base and 
an elongated tail terminating in one or more tips. 
They sometimes display an optical phenomenon re- 
sembling chatoyancy. 
Some marine gastropods produce concretions with 
a flame structure. One of the most famous is the pink 
conch “pearl” from Strombus gigas, a gastropod that 
has been fished for its flesh and concretions, and these 
concretions have even been cultured (Davis, 2000; 
Davis and Shawl, 2005; Segura and Fritsch, 2015). In 
addition to salmon pink, these concretions can dis- 
play white, brown, golden, or yellow hues. The his- 
tory and gemology of the conch pearl have been 
reported by Fritsch and Misiorowski (1987) and Fed- 
erman and Bari (2007). Similar to these are Lambis 


See end of article for About the Authors and Acknowledgments. 


Gems & GemoLocy, Vol. 55, No. 2, pp. 216-228, 
http://dx.doi.org/10.5741/GEMS.55.2.216 


© 2019 Gemological Institute of America 


216 — ROTATION IN FLAME-STRUCTURE PEARLS FROM TRIDACNIDAE 


truncata pink pearls (Bari and Lam, 2009, p. 68). Less 
well documented are flame-structure pearls from the 
Melo species (Htun et al., 2006), with a color ranging 
from orange to brown and in light, vivid, or dark hues 


In Brief 


e Like nacreous pearls from various bivalves, non- 
nacreous pearls from the Tridacnidae family may 
display an axial symmetry. 


Distinct flames develop in a crisscross pattern around 
the rotation axis and converge toward the poles as 
blade impellers. 

e These figures, in addition to other features such as 
polar spirals, comets, and pseudo-chatoyancy, are 
evidence of the rotation during formation in flame- 
structure pearls. 


(Scarratt, 1999; Htun et al., 2006). Even rarer in the 
literature are the flame-structure pearls from Cassis 
cornuta (Bari and Lam, 2009, pp. 73-75) and Pleuro- 
ploca gigantea (Koivula et al., 1994). 

The flame structure is encountered in some bi- 
valves. Except for rare cases of species from the 
Spondylus genus (Ho and Zhou, 2014; Homkrajae, 
2.016a,b), these belong to the Tridacnidae (also referred 
to as Tridacninae) family, which contains two genera, 
Tridacna and Hippopus (figure 1). Tridacna gigas has 
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It is a very easy matter to make a photo- 
graphic record of these attractive immersion 
contrast effects simply by placing a piece of 
fine-grain film under the cell containing the 
immersed stones in a dark room and exposing 


Figure 2 


¢ Orthoclase, quartz, beryl, topaz, 
spinel, chrysoberyl, and (center) zircon, 
immersed in cell of bromobenzene. 


for a second or two to light from an over- 
head lamp. If no photographic darkroom is 
available, this can be done in any room at 
night, or (in a room not entirely darkened) 
by using ordinary printing-out paper instead 
of film, and exposing for a longer time to 
the overhead light before development. In 
both cases a vegative record will, of course, 
be obtained. Prints can be easily taken from 
the film, which will give a true picture of 
what is seen (or would have been seen) in 
the mirror arrangement. The paper negative 
must be used as it stands, merely remember- 
ing that the effects will be the reverse way 
round — light for dark and dark for light. 
Though, as stated, it is “very easy’ to take 
these photographs, it is admittedly woz easy 
to make the stones stay in the exact positions 
you wish them to be in, in order to form 
some sort of orderly pattern for reproduction. 
They have an infuriating habit of sliding 
across the base of the cell however carefully 
one inserts the film underneath it. Thus it is 
that the illustrations are not as perfect as [I 
could wish. Frexres 2 and 3 show the same 
series of stones as seen when immersed in 


two different fluids. The stones are arranged 
clockwise in order of ascending refractivity, 
and are orthoclase (step-cut), quartz (oval), 
beryl (step-cut), topaz (oval), spinel (step- 
cut), chrysoberyl, and (in the center) a white 
zircon. 

In Figure 2 the immersion liquid is bromo- 
benzene (1.56) and it will be noticed that 
there is a change-over from pale border and 
dark facet edges in the quartz to dark border 
and pale facet edges in the beryl in conse- 
quence. In Figure 3 the liquid is bromonaph- 
thalene (1.66) and the change-over will be 
seen between topaz and spinel in this in- 
stance. Notice also the increasing width of 
the pale or dark borders as the index be- 
comes further and further away from that of 
the liquid. Notice, too, the diminished facet 
pattern in the heavily bordered zircon in Fig- 
ure 2. Incidentally, by measuring the width 
of the zircon black border in the two cases 
and plotting them graphically against the re- 
fractive index of the two liquids, one can 
obtain a fair approximation of the value at 
which the border would have zero measure- 
ment, and thus gain a good idea of the re- 


Figure 3 


* Immersion contact photograph of 
same stones as those used in Figure 2, 
but immersed in bromonaphthalene. 


fractive index of the stone without troubling 
about further immersions. 

Actually, it was as a photographic tech- 
nique that the general idea of the methods 
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Figure 1. Examples of shells (front and back side) from both Tridacnidae genera: Tridacna maxima (A and B, shell 
length 18.5 cm) and Hippopus (C and D, shell length 19 cm). Photos by T.N. Bui. 


yielded very large non-nacreous concretions, such as 
the approximately 6.37 kg “Pearl of Allah” (Strack, 
2006) and the “Pearl of Elias.” Both are blister pearls: 
The former has been cut from the shell, and the latter 
is still attached to its shell. But the species has also pro- 
duced beautiful flame-structure pearls weighing sev- 
eral tens of carats. The pearls from Hippopus or other 
Tridacna species are significantly smaller, weighing 
only a few carats. From these species we obtained an 
assortment of 37 pearls, mainly from Tridacna gigas, 
Tridacna maxima, and Tridacna squamosa, and pos- 
sibly from Hippopus hippopus (figure 2). 

The largest species in the Tridacnidae family, the 
giant clam (Tridacna gigas), possesses a shell that can 
reach 1.5 m in length and produces non-nacreous 
pearls of significant size (Bidwell et al., 2011). While 
the size of most naturally grown pearls is in the range 
of one to several centimeters, the previously men- 
tioned “Pearl of Allah” measures 23 cm in length. 
Such pearls, described as chalky concretions, are of 
poor quality and usually do not present a visible 
flame structure (Bari and Lam, 2.009). 
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Other species from the family (Tridacna derasa, 
Tridacna maxima, Tridacna squamosa, and Hippo- 
pus hippopus) have shells that only measure up to 
tens of centimeters in length, and they produce 
smaller concretions and pearls. These present a flame 
structure that is visible to the unaided eye. 

All species of the Tridacnidae family are protected 
under the European Union (Council of the European 
Union, 1997), the Convention on International Trade 
in Endangered Species of Wild Flora and Fauna 
(CITES), and the International Union for Conserva- 
tion of Nature (IUCN). However, Tridacna maxima 
is bred in ponds for the aquarium market. It is also 
cultivated at the French Research Institute for Ex- 
ploitation of the Sea (IFREMER) in Tahiti for research 
purposes (Garen, 2003). Unlike conch pearls, for 
which cultivation has been reported (Acosta-Salm6én 
and Davis, 2007), to the best of our knowledge no 
pearls have been harvested from bivalves of the Tri- 
dacnidae family. 

Geographic distribution varies within the Tridac- 
nidae family. For all species combined, the popula- 
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tion of this bivalve extends from the seas south of 
China to the north of Australia and from Myanmar 
to Fiji. Tridacna squamosa and Tridacna maxima are 
distributed across the Indian Ocean to the east coast 
of Africa and far into the Pacific Ocean (Copland and 
Lucas, 1988; Hui, 2012). 

Other species such as Tridacna crocea, Tridacna 
rosewateri, Tridacna tevoroa, and Hippopus porcel- 
Janus are probably also able to produce pearls, despite 
not having been mentioned by merchants of natural 
pearls or in the gemological literature. This may be 
explained by the small size of their shells (Tridacna 
crocea), their limited geographic distribution, and the 
absence of known specimens. 

Our set of 37 pearls from the Tridacnidae family 
originated from Indonesia. They were purchased 
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Figure 2. The 37 pearls 
from this study, ranging 
from 1.67 to 20.28 ct. 
Photo by J.-P. Gauthier. 


from traders who collected them from several is- 
lands. These traders had taught locals to check for 
pearls inside the mollusk before cooking the meat. 
Most of the time the exact origin of the Tridacna 
species was not documented, but systematic tracking 
was requested for recent acquisitions. 

This article will describe the main gemological 
characteristics of these pearls and detail the features 
visible to the unaided eye or under the microscope. 
We will also discuss the characteristics that strongly 
suggest a rotation of the forming pearl inside the 
mollusk, similar to that demonstrated in pearls from 
Pinctada margaritifera (Gueguen et al., 2015). Pearl 
rotation is a frequent phenomenon that occurs 
around several random axes for round pearls or 
around one fixed axis for pearls that display an axial 
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symmetry (see Gauthier et al., 2014, 2015, 2018). In 
fact, these authors observed that the circles found in 
Tahitian pearls are induced by spot defects, which are 
the emergence of tubular cavities perpendicular to 
the pearl surface and similar to chimney-like struc- 
tures, sometimes opening out on the surface. The cir- 
cles form as an asymmetrical comet-shaped 
structure, which allows us to infer the rotation di- 
rection of the pearl. 


GEMOLOGICAL DATA 


Table 1 presents data on all 37 pearl samples from 
the Tridacnidae family. 


Shape and Symmetry. Figure 3 illustrates the forms 
observed in the 37 samples from this study. Most of 
these pearls, labeled in figure 2, exhibited an axial 
symmetry, except for two baroque pearls with a bean 
shape (BI and BK). Some presented a classical sym- 
metry in pear or drop shapes. There were no round 
pearls but two near-round (AF and AQ). Quite a few 
had an oval shape (AD, AE, AG, AM, AN, AR, AX, 
AZ, BA, and BB) and some a spindle (AO, BD, BE, BG, 
BH, and BJ) or bullet shape (AJ, AV, AW, AY, and BE). 

For the sake of clarity, the photo labels will refer 
to the: 


1. apex (a): the sharpest upper pole (for example, 
“AG-a” on the far right of figure 4) 

2.. base (b): the more rounded lower pole for axi- 
ally symmetric pearls 

3. side (s): the lateral surfaces of the pearls 


Figure 3. The main shapes observed in pearls from the 
Tridacnidae family. N-R = near-round, P = pear, D = 
drop, O = oval, S = spindle, Bt = button, Bl = bullet, 
Ba = baroque. The green arrows point to the apex, the 
red arrows to the base. 
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For the oval-shaped pearls, the choice of apex and 
base is obviously arbitrary. 


Dimensions and Weight. With previously reported 
flame-structure pearls, dimensions have varied from 
afew millimeters to several centimeters and weights 
reaching tens of carats. These were reported for Tri- 
dacna gigas (Bidwell et al., 2011) and different Melo 
species (Scarratt, 1999) or other gastropods (Hyatt, 
2008; Chang and Hyatt, 2011). The pearls in the pres- 
ent study, from Tridacna gigas, T. maxima, and T. 
squamosa, as well as Hippopus species, are smaller, 
measuring 16 mm or less and weighing between 1.67 
and 20.28 ct. 


Density. Each sample’s density was obtained using a 
Sartorius CP323S scale and given as the average of 
three measurements. Values fell mostly between 
2.70 and 2.86, comparable to aragonitic conch pearls 
(Fritsch and Misiorowski, 1987). In a few cases where 
the recorded value was low, ranging from 2.31 to 
2.63, we assume the existence of an internal cavity, 
particularly in two samples (AC and AR) that con- 
tained a pit, which was also demonstrated in an X- 
ray radiograph by Singbamroong et al. (2015). 


Refractive Index. As the pearls did not have flat sur- 
faces, we had to estimate the refractive indices using 
the distant vision or spot refractive index method. 
Most of the samples were elongated and had to be 
laid down on their sides in the refractometer. Meas- 
ured RI values ranged from 1.620 to 1.655. Our range 
of values lies in the mid to high range of the refrac- 
tive index of aragonite. Among the less-pointed 
pearls, we tried a single measurement along the pole 
axis. The measured indices were often weak but did 
not systematically yield a value close to the lowest 
index. 


Crystallochemical Nature of Pearl AC. X-ray diffrac- 
tion analysis conducted on sample AC revealed 
peaks typical of aragonite and no component attrib- 
utable to calcite. This is consistent with the arago- 
nitic composition of Tridacnidae shells (Dauphin and 
Denis, 2000; Gannon et al., 2017). 


Short-Wave and Long-Wave UV. No reaction to ul- 
traviolet radiation was observed. 


Color. Thirty-three of the pearl samples presented a 
white bodycolor with no additional hues. Four pearls 
(see figure 15) had a slightly yellowish pit-type defect. 
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TABLE 1. Gemological data for the set of 37 pearls from the Tridacnidae family. 


Spiral and/or blade 


Sample no. Symmetry Shape oe pa ae Density RI(L) RI(||) Flame + Wee" impeller? (figure 13) 
Apex Base 
AA Axial Pear 9.71 8.36 468 2.80 1.64 1.67 Flame GF 5 
AB Axial Drop 11.90 7.66 4.73 2.79 1.63 os Flame n.d.‘ n.d. 
AC Axial Pear 971 1410 835 263 — — Flame + Wee Noh 6 
AD Axial Oval 9.90 820 5.20 2.85 1.66 1.60 Flame Me Ne: 
AE Axial Oval 11.25 9.20 7.24 2.84 1.645 1.67 Flame Non V5 
AF Axial Near-round 7.24 7.00 2.60 2.80. 1.64 1.59 Flame + Wee GF 5 
AG Axial Oval 9.00 7355 4.04 2.84 1.64 1.58 n.d. n.d. n.d. 
AH Axial Drop 10.21 9.62 7.11 281 1.64 1.59 Flame Vy nd. 
Al Axial Drop 12.20 8.40 6.61 2.81 1.63 1.58  Flame+ ce Nan © 
AJ Axial Bullet 7.52 1446 5.58 2.82 1.61 1.58 Flame + Wee Noh BY 
AK Axial Pear 7.98 6.78 2.72 2.82 1.655 1.60 Flame Nan n.d. 
AL Axial Button 8.16 9.43 5.31 2.82 1.60 1.56 Flame 62 & 
AM Axial Oval 11.72 7.24 459 2.81 1.65 1.56 Flame G} r3 
AN Axial Oval 11.95 8.98 7.09 2.79 1.65 1.63 Flame \6} n.d. 
AO Axial Spindle «17.59 9.33.2 «10.67, 2.79 1.64. 1.59 Flame + Wee v3 ve 
AP Axial Button 8.37 9.21 4.76 2.70 1.65 1.59 Flame 6} nd. 
AQ Axial Near-round 11.32 12.05 11.96 2.84. -1.64_—-1.60 Flame ae * 
AR Axial Oval 8.75 6.80 2.63 231 1.65 1.60 Flame - . 
AS Axial Pear 9.56 7.73 3.78 2.70 1.64 1.56 Flame + We © n.d. 
AT Axial Pear 7.42 6.52 190 25h 168. 1.56 Flame nd. i. 
AU Axial Drop 10.06 5.17 1.83 2.62 1.63 1.62 Flame fey Me; 
AV Axial Bullet 8.69 6.55 2.75 2.76 1.65 1.57 Flame ay n.d. 
AW Axial Bullet 7.69 6.11 2.10 2.82 1.64 1.58 Flame a Nan 
AX Axial Oval 10.11 7.7 3.79 2.81 1.63 1.60 Flame 5 & 
AY Axial Bullet 10.81 6.85 3.39 2.80 1.65 1.61 Flame n.d. n.d. 
AZ Axial Oval 12.73 8.70 7i7 DIF AE. 163 Flame \Gy ee: 
BA Axial Oval 14.31 7.88 7.37 2.82 1.65 1.57 Flame rial Fieh 
BB Axial Oval 9.16 6.85 3.38 2.79 1.62 1.63 Flame qf n.d. 
BC Axial Pear 9.00 9.10 4.20 2.77 1.64 1.61 Flame Sat n.d. 
BD Axial Spindle 17.76 5.25 3.11 2.82 1.64 — Flame + We cS n.d. 
BE Axial Bullet 9.53 5.94 2.53 2.80 1.64 1.57 Flame ae n.d. 
BF Axial Spindle 15.42 5.08 2.88 2.82 1.64 — Flame ee) n.d. 
BG Axial Spindle 13.60 5.70 3.24 2.81 165 — Flame V4 Vy 
BH Axial Spindle 13.46 5.50 3.04 2.81 1.64 — Flame n.d. n.d. 
L= 14.42 
BI None Baroque W = 12.25 9.40 2.78 1.64 — n.d. n.d. n.d. 
H=8.71 
BJ Axial Spindle 12.33 0.30 1.67 2.76 1.64 — Flame + We n.d. n.d. 
L = 22.44 
BK None Baroque W = 13.45 20.28 2.86 1.64 — n.d. n.d. n.d. 
H = 8.92 
The a ee the direction of spirals or blade impellers described in the “Optical Features” section. 
‘n.d. = not detected 
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Figure 4. The photo on the far left reveals the texture of concave areas on flame-structure pearl AC. Pearl AG 
shows a satin-like appearance (A) and an orange peel structure along one side (B) and at the apex (C). Photos by 


J.-P. Gauthier. 


OPTICAL FEATURES 


By far the most distinctive optical feature of the Tri- 
dacnidae samples was their flame structure. Some of 
the samples simply showed porcelaneous surfaces or 
appeared rather dull. 


Surface Texture. At first, the brilliant surfaces of the 
flame-structure pearls appeared smooth. With low- 
angle lighting, however, one could observe numerous 
small, joined depressions (far left in figure 4, pearl 
AC). Most of the pearls had a high luster and dis- 
played a porcelaneous sheen. Some pearls lacking 
flames (AG, BI, and BK) had a satin luster (figure 4A, 
pearl AG); at higher magnification, they presented an 
orange peel texture (figure 4B], axially centered in cir- 
cles at the poles (figure 4C). No evidence of polishing 
or peeling (Strack, 2006) on the surface was found. 


Flames. Lateral observation revealed a flame structure 
fanning out in one main direction, in a bright helix, 
around the rotation axis. The winding helices dis- 
played a characteristic crisscross pattern (figure 5, 
pearls AE and AU). These helicoidal lines converged 


Figure 5. Lateral observation of samples AE (left) and 
AU (right) shows a crisscross flame structure. Photos 
by J.-P. Gauthier. 
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toward the poles, resulting in dramatic patterns (figure 
6). Moreover, a top view showed a non-radial conver- 
gence to the poles that resembled the structure of blade 
impellers oriented in the same direction and confirm- 
ing the existence of a rotation axis (see figure 12). 


Figure 6. Flame patterns observed at the apex or base 
of six pearls from the Tridacnidae family. Photos by 
J.-P. Gauthier. 
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In their finer structure, the shape and positions 
of the flames are more difficult to grasp, as their ap- 
pearance changes depending on the light exposure. 
The term “flame” is justified by a wide base and a 
pointed tip, all oriented in the growth direction (fig- 
ure 7, pearls AE and BJ). Alternating bright and dark 
areas are noted by Hanni (2010), while the cross- 
lamellar structure observed in conch pearls and 
shells is reminiscent of a previous study on the 
fracture toughness of the Strombus gigas shell 
(Kamat et al., 2000). Binocular microscopy allows 
us to better appreciate the three-dimensional con- 
figuration of the flames, which are less visible in 
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Figure 7. Left and cen- 
ter: These images of 
pearls AE and B] show 
the directional growth 
of flames. Right: In 
pearl AJ, flames start 
from a pole with a two- 
dimensional spiral. 
Photos by J.-P. Gauthier. 


Figure 8. Left and center: 
Overlapping layers merging 
at the surface of pearl AC 
and their lamellar irides- 
cent structure. Right: A 
thick slice cut perpendicu- 
lar to the rotational axis of 
pearl AC shows the flames 
inclined with respect to the 
surface. Photos by J.-P. 
Gauthier. 


two-dimensional photographs. Through _ this 
process, we came to understand that these flames 
are not totally localized on the surface, but rather 
come from inside the pearl. This is confirmed by a 
photograph of a slice cut perpendicular to the rota- 
tion axis of pearl AC, as illustrated in figure 8 
(right). 

In some cases, the reflective parts instead have a 
scale-like shape (figure 8, left) perpendicular to the 
rotation axis. We then observe a pseudo-chatoyancy, 
shifted to the right or the left of the axis (figure 9, 
pearls AI and BD). The origin of this effect will be dis- 
cussed later. It is also worth noting the helicoidal 


Figure 9. Pseudo-chatoy- 
ancy in pearls AI (left) 
and BD (center) and a 
helical effect in pearl AF 
(right). The bright spots 
in pearls AI and AF and 
the shiny median line 
close to the apex of pearl 
BD correspond to specu- 
lar reflection. Green ar- 
rows represent the 
direction of rotation (ac- 
cording to figure 17). 
Photos by J.-P. Gauthier. 
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cat’s-eye effect, visible in some samples but espe- 
cially in pearl AF (figure 9, right). 

The scales on the lateral part of the pearl (figure 
8, left], which developed in laminated layering, are 
similar to nacre in their optical effect (interference 
and diffraction colors; see figure 8, center], as ob- 
served on the polished outer surface of Pinctada mar- 
garitifera shells (see figure 1 in Liu et al., 1999). 


MAJOR OBSERVATIONS 

Spirals. One of the most astounding characteristics 
found in some of the pearls is the spiral observed at 
the apex or base. This characteristic appears to be ab- 
sent from the literature. Due to the difficulty of mi- 
croscopic observation of the smooth white pearls, it 
was necessary to process the images and enhance the 
outlines by using a high-pass filter and forcing the con- 
trast. Having gathered a number of images of these spi- 
rals, we determined that they fell into two types: 
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Figure 10. Three-dimen- 
sional spirals (or he- 
lices) merging at the 
poles of some Tridac- 
nidae pearls. The im- 
ages are processed using 
a high-pass filter. Pho- 
tos by J.-P. Gauthier. 


The first has sharp outlines, often constituted 
by several branches, unfolding from the pole 
axis. Given the pearls’ translucency, an internal 
helical structure seems to be emerging toward 
the surface. However, they exhibit no particu- 
lar optical feature (figure 10). 


The second type has more tenuous outlines and 
presents only one branch at first glance. These 
spirals are flat and formed by radial crystallites 
in angular sectors of only a few degrees. Inter- 
ference colors reveal that these spirals develop 
in thin layers. Examination at higher magnifi- 
cation also reveals narrow areas parallel to the 
edge of each spiral, constituting growth steps 
of low height (figure 11). In the case of pearl AI, 
the spiral is highlighted by air bubbles in water. 
This defines a local depression on the apex sur- 
face suitable for the deposition of these bubbles 
rather than for a smooth surface. 


"em Figure 11. Two-dimensional 
™ o. spirals with radial sectors at 
SS the poles of some Tridac- 

| nidae pearls. The spiral of 
immersed pearl Al is high- 
lighted by air bubbles in the 
depression on the surface. 
The images are processed 
using a high-pass filter. Pho- 
tos by J.-P. Gauthier. 
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Figure 12. Some flame structures display a pattern at 
the poles that is reminiscent of blade impellers. Pho- 
tos by J.-P. Gauthier. 


Unfortunately, most of the spirals were barely vis- 
ible and only a few were correctly identified, which 
made it impossible to evaluate statistics on their ef- 
fective presence on one or both poles. In addition, 
these two types of spirals are likely to superimpose 
on each other. Note that the two types of spirals can 
be left- or right-handed. 


Blade Impellers. At either the apex or the base, the 
flames often formed attractive patterns reminiscent 
of blade impellers or fan blades. These blades were 
all curved in one direction on a given pearl. Figure 12 
shows typical examples. 

Spirals and blade impellers, when present, do not 
always coexist. For an overview of the whole sample 
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Figure 13. Clockwise and counterclockwise line draw- 
ings of two- and three-dimensional spirals (first four 
drawings from the left) and blade impellers (last two 
drawings on the right). 


set of pearls, see table 1, which includes the rotation 
direction of spirals and blades for the apex as well as 
the base. The multiple branches of spirals represent 
the internal helices. The surface spirals have a single 
branch in addition to centripetal rays, suggesting an- 
gular growth sectors. A corona-shaped representation 
with directional blades is adopted for both the clock- 
wise and counterclockwise blade impellers. The 
basic patterns are represented in figure 13. Depend- 
ing on the orientation of the spirals and blade im- 
pellers, they can be used individually or combined. 
Figure 14 displays the superimposition of spirals and 
blade impellers, oriented in the same direction (left, 
pearl AN) or the opposite direction (right, pearl AE). 


OTHER OBSERVATIONS 

Defects. Four pearls (AC, AJ, AR, and BC) presented a 
surface defect visible to the eye (figure 15). These were 
related to a spot defect that extended into a depressed 
groove with a light yellowish hue, possibly consisting 
of organic material. Two of the four spot defects 
formed a depression and exhibited a chimney-like 
hole (pearls AC and AR). 


Uncommon Features. Three pearls (AA, AB, and AO} 
presented a sharp and relatively thin circle perpendi- 


Figure 14. The flame 
structure at the apex, 
similar to blade im- 
pellers; the internal spi- 
ral shows a common 
(pearl AN) or opposite 
(pearl AE) direction. 
Photos by J.-P. Gauthier. 
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Figure 15. Spot defects observed on Tridacnidae pearls (red arrows) are accompanied by a comet, which indicates 
the direction of rotation (green arrows). Photos by J.-P. Gauthier. 


cular to the rotation axis. These were not related to 
the circles observed in barrel-shaped pearls from 
Pinctada that are associated with spot defects (Gau- 
thier et al., 2014). Rather, the circles revealed a sep- 
aration line on the surface, characterized by a 
discontinuity of the flame growth direction (figure 
16). Their origin remains unclear. 


Translucency of Poles. In some cases, the flames did 
not cover the apex or the base. The light penetrated 
inside the pearl when the poles were illuminated in 
the direction of the rotation axis and was therefore 
not reflected by the flames. Subsequently the light 
was stopped by the lateral flames, which appeared 
dark (see figure 6, pearl BG). This translucency al- 
lowed for the observation of three-dimensionality in 
one spiral type, as described above. 


DISCUSSION 

Routine analyses confirmed the aragonitic nature of 
these pearls. They are exclusively white in color and 
do not fluoresce under UV light. While the exact ori- 
gin of these pearls remains unknown, the variations 
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observed in the visual features could be linked to dif- 
ferences between Tridacna and Hippopus species. 
This hypothesis requires confirmation based on sam- 
ples from known species and their respective shells, 
but such an analysis is outside the scope of the pres- 
ent study. 

Several elements support the probability of pearl 
rotation during the growth phase: 


Axial Symmetry. Among the set of 37 pearls, 35 ex- 
hibited cylindrical symmetry (see figure 2 and table 
1). The pearls, which developed in the mantle tissue 
of the mollusk, did not grow around spherical nuclei 
and were not confined to limited spaces (as opposed 
to those cultivated in the gonads of saltwater oys- 
ters). Therefore, we must examine the rotation of 
these pearls to explain this symmetry. The rotation 
around a fixed axis takes place when the pearl settles 
in the mantle on anchorage points, specifically due 
to its nonspherical shape (Gauthier et al., 2014). In- 
cidentally, the circle surrounding the three pearls in 
figure 16, perpendicular to their rotation axis, sup- 
ports the likelihood of rotation. 


Figure 16. Circles ob- 
served at the bases of 
some pearls from Tri- 
dacnidae. Photos by 
J.-P. Gauthier. 
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Presence of Spirals at the Poles. As mentioned earlier, 
the spirals fell into two types. One was a three-di- 
mensional spiral, most probably with internal he- 
lices from a genetic origin and possibly not related to 
rotation (see figure 10). The second type, a quasi-two- 
dimensional flat spiral of mechanical origin, was due 
to the deposition of aragonite at the poles, which 
grew in small angular sectors (see figure 11). The di- 
rection of rotation was opposite to the direction of 
the spiral development, as is the case with pearls 
from Pinctada margaritifera (Gueguen et al., 2015). 


Flame Growth and Blade Impellers. Flames often de- 
veloped along a helix, sometimes a double helix, lo- 
cated on or near the pearl surface. When looking at a 
coil spring, whether left- or right-handed, nothing in- 
dicated the direction in which it would turn. How- 
ever, the flame spikes of a helix were all oriented in 
the same growth direction. The name “blade im- 
pellers” refers to the flames being displayed in a pat- 
tern, centered on the pearl’s axis when it reaches the 
pole (see figure 12). Whether by lateral or vertical ob- 
servation, the pearl normally rotated in the direction 
opposite to the aragonite growth (Cartwright et al., 
2013). 


Pseudo-Chatoyancy. Some flame-structure pearls 
presented a bright line rising along their axis of sym- 
metry (see figure 9) that resembled a cat’s-eye effect. 
Unlike chatoyancy in cabochon-cut gems, this does 
not result from a lattice of parallel acicular inclusions 
diffusing the light (Wuthrich and Weibel, 1981), but 
is instead due to a series of reflective blades oriented 
in the same direction, on or near the pearl surface 
(see figure 8, left and center). The pseudo-chatoyancy 
is produced by the reflection from this scale-like 
structure. 

Observing the line of pseudo-chatoyancy is crucial 
to infer the direction of rotation. When both the light 
source and the observer are positioned upright over 
the pearl axis, which is horizontal, the bright line 
should be symmetrical if the blades lie on the surface 
(see the light path shown in red in figure 17). However, 
the blades come from the inner pearl in successive lay- 
ers, as shown in figure 8. Consequently, the bright line 
is not observed in the median plane. Rather, it is off- 
center (see the light path marked in black in figure 17 
as well as the pseudo-cat’s-eye in figure 9, pearls AI 
and BD). The rotation should then occur in the direc- 
tion opposite the blade growth, again according to the 
theory of Cartwright et al. (2013). They suggest a ro- 
tation mechanism due to fundamental forces, acting 


226 ROTATION IN FLAME-STRUCTURE PEARLS FROM TRIDACNIDAE 


Figure 17. Left: As shown in figure 9, pearl AI displays 
a pseudo-chatoyancy. The red dashed line corre- 
sponds to the cross-section of the pearl, perpendicular 
to the rotational axis (RA) and represented in the 
sketch on the right. Right: Centered reflection on a 
hypothetical blade at the surface (in red), for light 
source (S) and observer (O) above the pearl. In fact, 
an off-center reflection on an inner pearl layer (in 
black) results in a pseudo-chatoyancy effect. The 
green arrow indicates the rotation derived from the 
position of the pseudo-cat’s-eye and the direction of 
scale-like growth. Photo by J.-P. Gauthier. 


toward the growth steps of nacreous pearls. The find- 
ings regarding the layer-by-layer growth in pearls of 
Pinctada margaritifera (Gauthier et al., 2014) support 
this theory of rotation direction. Accordingly, in the 
blade configuration illustrated in figure 17, the rota- 
tion should be counterclockwise. 

The direction of rotation suggested by the pseudo- 
cat’s-eye of pearls AI and BD (see figure 9) is consis- 
tent with the observation of the two-dimensional flat 
spiral at the apex (table 1). Additionally, the helical 
bright line related to the flames in figure 9 (pearl AF) 
is the consequence of pseudo-chatoyancy, which ac- 
counts for both the helical growth of flames and the 
pearl rotation. 


Presence of Spot Defects. The spot defects located 
near the bases of four pearls (see figure 15) are accom- 
panied by comets, defining the arc of the circles per- 
pendicular to the rotation axis. As established with 
pearls from Pinctada margaritifera (Gauthier et al., 
2014), these spot defects allow us to determine the 
direction of rotation, as shown by the green arrow. 
The rotation direction of each pearl cannot be in- 
ferred from the figures due to their complexity. An 
unambiguous answer lies in less common but more 
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Figure 4 


e Synthetic sapphirized rutile, seven zircons, sapphire, 
chrysoberyl, spinel, sinhalite, phenakite, spodumene, ham- 
bergite, tourmaline and quartz, immersed in cell of bromo- 


napthalene. 


outlined above was initially conceived.’ It 
arose more or less accidentally from a desire 
to illustrate in an original fashion a short 
article written in collaboration with my col- 
league Robert Webster on curved bands 
in synthetic spinel.” I have since learned that 
Mr. E. J. Burbage, F.G.A., used contact 
photography of gemstones to obtain deco- 
rative effects many years ago, but his results 
were never published, as he had no scientific 
end in view. 

Although for actual testing, the visual 
methods suggested would, of course, be more 
rapid and convenient, the photographic proc- 
ess has certain advantages. For one thing, it 
provides a permanent record—achieved with- 


he exact size and shape of the stone, and, i. 
a suitable liquid, the disposition of the facets 
and even the presence and nature of any nota- 
ble inclusions or flaws. One can not claim 
too much for highly refractive stones, such 
es diamond, no nearly matching immersion 
iquid can be found, and no record of the 
exact disposition of the facets can thus be 
hoped for when an immersion contact photo- 
graph, say in methylene iodide, is taken. 


The contact immersion photograph repro- 
duced in Figure 4 was prepared more or less 


out the use of any camera or special skill, of 


as a jeu d’esprit — for its decorative effect 
rather than with any serious scientific intent— 
but it does bring out one or two points rather 
well. The very different appearance of the 
sapphirized rutile among the seven zircons 
indicates how clearly a ‘‘stranger’’ can be 
spotted by this immersion method from a 
parce] of stones which are reputedly the 
same. The sinhalite and the phenakite, which 
can be picked out as the nearest above (dark 
rim) and the nearest below (pale rim) the 
immersion liquid, have a very different ap- 
pearance because the sinhalite, being brown, 
absorbs strongly the blue and violet rays to 
which the slow film is mainly sensitive, and 
thus comes out dark in thé photo. A pan- 
chromatic emulsion would put this right, but 
is more troublesome to handle. 

For purposes of rigid control, monochro- 
matic light, parallel rays, and other refine- 
ments could be pressed into service, but my 
present intention has been merely to intro- 
duce the general idea of the method, believ- 
ing that it may prove a source of pleasure 
and occasional practical value to other gem- 
ologists. 


1. B. W. Anderson, ‘Immersion Contact Photog- 
raphy,’’ Journal of Gemmology, April, 1952. 
2. B. W. Anderson and Robert Webster, ‘‘Curved 
Bands in Synthetic Spinel,’’ Journal of Gem- 

mology,’’ October, 1951. 
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reliable features, namely the two-dimensional spirals 
and comets associated with spot defects. 


CONCLUSIONS 

Besides the intrinsic gemological properties of flame- 
structure pearls from the Tridacnidae family, this 
study has stressed the predominance of axial sym- 
metry, including unusual shapes unlike those gener- 
ally encountered in nacreous pearls. 

The two types of spirals, which have rarely been 
photographed, were often highlighted at the poles. 
The growth of flames produces some peculiar pat- 
terns on the pearls: blade impellers in the apex re- 
gions, pseudo-cat’s-eyes on the sides, or circles 
resulting in caps at the two poles. Surface defects 
were identified, such as spot defects accompanied by 
comets. The axial symmetry, the directional growth 
of the flames, the pseudo-chatoyancy, the circles and 
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A PEARL IDENTIFICATION CHALLENGE 
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Kwanreun Lawanwong, Promlikit Kessrapong, Klaus Peter Jochum, Brigitte Stoll, Herman Gotz, and Dorrit E. Jacob 


Nacreous pearls are usually found in saltwater (SW) or freshwater (FW) environments, yet there are some reports 


of pearls originating from a brackish environment. Likewise, nacreous pearls may form naturally or by human 


manipulation (bead and non-bead cultured), but in some cases the origin is hard to prove and professional opin- 


ions are not always unanimous. Two pearls were examined by the authors, who were in the unique situation of 


being unable to positively identify either their origin (natural or cultured) or growth environment (FW versus 
SW). This in turn had a direct impact on the ability to determine which mollusk produced the pearls, a factor 
that would have helped answer the former two questions. It is very rare to find pearls for which all three of 


these criteria are in doubt, as usually it is straightforward to determine at least two of them. The results of this 


study illustrate the challenges that laboratories sometimes face when testing pearls. 


en a gemological laboratory receives 
pearls for examination, a series of tests are 
carried out to reach a conclusion on their 


identification (natural, cultured, imitation, or assem- 
bled); whether they formed in a saltwater (SW) or 
freshwater (FW) environment; and whether any treat- 
ments have been applied (color modification, filling, 
or coating). Some laboratories, such as GIA, also pro- 
vide an opinion, whenever possible, on the mollusk 
that produced the pearls. The two pearls described in 
this work (figure 1) were submitted to GIA’s Bangkok 
laboratory at different times by different clients. 
They were subsequently purchased for further analy- 
sis after their identity (natural/cultured), their growth 
environment (FW/SW), and consequently the mol- 
lusk in which they formed proved challenging to de- 
termine. Trace element chemistry is an important 
factor to consider when identifying the environment 
in which a pearl-producing mollusk lived (Wehrmeis- 
ter et al., 2007; Karampelas et al., 2019). A clear an- 
swer to this question, in turn, yields potential 
information about the cultured versus natural origin 
of pearls produced and may assist with mollusk iden- 
tification (Hanni, 2012). 

The initial results from the work carried out by 
GIA revealed internal structures that were not typi- 


See end of article for About the Authors and Acknowledgments. 


Gems & GEmMoLocy, Vol. 55, No. 2, pp. 229-243, 
http://dx.doi.org/10.5741/GEMS.55.2.229 


© 2019 Gemological Institute of America 


PEARL IDENTIFICATION CHALLENGE 


cal of either natural pearls or non-bead cultured 
pearls. Bead cultured pearls were quickly ruled out, 
as were assembled and imitation pearls. The most 
unusual initial findings related to the pearls’ chem- 


In Brief 


e Pearls are found within mollusks that inhabit either salt- 
water or freshwater environments. The species of mol- 
lusk is usually directly related to the environment in 
which it is found. For example, Pinctada species bi- 
valves and Melo species gastropods live in saltwater 
conditions. 


It is usually straightforward for any gemological labora- 
tory to determine the environment from which a pearl 
originated. The saltwater or freshwater nature is rou- 
tinely identified by EDXRF and optical X-ray fluores- 
cence analyses. 


Encountering pearls with mixed chemistry (saltwater 
and freshwater) is very unusual unless the pearls are 
atypical “bead” cultured pearls in which the overlying 
saltwater layers are so thin that the underlying freshwa- 
ter nucleus impacts the chemistry results obtained. 


istry and their optical X-ray fluorescence reactions. 
In fact, the questions that arose from the initial work 
carried out on the pearls led to discussions with other 
colleagues in the industry, and additional comple- 
mentary tests at the Max Planck Institute for Chem- 
istry and Johannes Gutenberg University, both 
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Figure 1. The two challenging pearls discussed in this report. Pearl A sits on a freshwater shell (top) and pearl B on 
an iridescent saltwater shell (bottom). Photo by Nuttapol Kitdee. 


located in Mainz, Germany, were carried out in order 
to compare the results with those obtained by GIA. 
The GIA authors felt that taking this approach would 
yield helpful data and discussions, which indeed 
turned out to be the case. 


MATERIALS AND METHODS 

Two pearls weighing 8.52 ct (sample A) and 10.66 
ct (sample B) and measuring 11.81 x 10.45 x 9.21 
mm and 13.77 x 11.82 x 8.67 mm, respectively, 
were examined with a variety of gemological, 
structural, and chemical analyses. Analysis of the 
pearls’ surfaces was carried out with gemological 
microscopes (magnification range between 10x and 
60x) and documented by photomicrographs using a 
Nikon SMZ18 microscope (various magnifications 
up to 176x) incorporating Nikon NIS-Elements 
photomicrography software and a Canon Power- 
Shot G16 camera. The pearls’ ultraviolet fluores- 
cence reactions were observed under an 8-watt UV 
lamp with both long-wave and short-wave UV at 
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365 and 254 nm excitation wavelengths, respec- 
tively. A DiamondView unit provided deep-ultra- 
violet (<230 nm) luminescence reactions. 

As X-ray film imaging has become largely obso- 
lete, the two main X-ray techniques used to identify 
pearls today are real-time microradiography (RTX) 
(Karampelas et al., 2017) and X-ray computed micro- 
tomography (u-CT) (Karampelas et al., 2010; Krzem- 
nicki et al., 2010; Otter et al., 2014a). The former 
allows the tester to obtain results on the whole vol- 
ume of the sample, while the latter reveals a pearl’s 
structure from micron-thin slices while reconstruct- 
ing a three-dimensional model of the sample. While 
the vast majority of pearls submitted undergo only 
RTX investigation, as this technique is significantly 
faster and more cost-efficient, some require more in- 
depth p-CT analysis. This technique allows the non- 
destructive investigation of finer structural details 
with high spatial resolution in three dimensions. Its 
higher sensitivity permits structural differences to be 
discerned down to the order of a few microns per 
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voxel (or 3D pixel), depending on the overall size of 
the sample volume (e.g., Wehrmeister et al., 2008; 
Karampelas et al., 2010; Otter et al., 2014a). 

In Bangkok the internal structures were examined 
using a Faxitron CS-100 2D real-time RTX unit (90 
kV and 100 A excitation) and a Procon CT-Mini p- 
CT unit fitted with a Thermo Fisher 8W/90 kV X- 
ray tube and a Hamamatsu flat-panel sensor detector. 
Additional X-ray computed microtomography scans 
were obtained using a Scanco p-CT 40 unit with an 
acceleration voltage of 70 kV together with a 114 nA 
target current at the University Medical Center of Jo- 
hannes Gutenberg University in Mainz, Germany. 
The resulting images were processed using OsiriX, 
an open-source visualization software. 

A custom-modified FocalSpot Verifier FSX-PF100 
optical X-ray fluorescence unit (100 kV voltage and 
3.2 mA current) incorporating a Canon EOS Rebel 
T4i camera was subsequently used in Bangkok to 
check whether the pearls originated from a marine 
or freshwater environment, as pearls from each react 
differently when exposed to X-rays (Hanni et al., 
2005; Kessrapong et al., 2017). The results of energy- 
dispersive X-ray fluorescence (EDXRF) analysis pro- 
vided further data to be used in conjunction with the 
optical fluorescence results. 

The pearls’ chemical composition was initially an- 
alyzed in Bangkok using a Thermo Scientific ARL 
Quant’X EDXRE spectrometer. Since the results were 
inconsistent with those expected during routine 
pearl analysis, more thorough investigations were ob- 
tained by means of laser ablation—inductively cou- 
pled plasma—mass spectrometry (LA-ICP-MS) carried 
out in different laboratories. First, spot analyses were 
performed using a Thermo X Series II ICP-MS system 
in combination with a New Wave Research UP-213 
laser ablation system at GIA laboratories in Bangkok 
and New York. U.S. Geological Survey (USGS) 
microanalytical carbonate reference materials 
MACS-1 and MACS-3 were used as matrix-matched 
calibration standards. A pulse repetition rate of 7 Hz, 
energy density of 10 J/cm’, and spot diameter of 40 
pm were applied. The pearls were further investi- 
gated in Germany, with depth profiles obtained using 
a Thermo Fisher Element 2 single-collector sector- 
field ICP-MS paired with the same laser ablation sys- 
tem as before. A pulse repetition rate of 10 Hz, energy 
density of 8 J/cm?, and spot diameter of 80 pm were 
applied. Here, pearls A and B were analyzed with 33 
and 36 spots, respectively, distributed in groups of 
three over their entire surface. Probing the pearls in 
groups of three adjacent spots permitted the techni- 
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cian to monitor the reproducibility of the trace ele- 
ment pattern in every location. Data reduction and 
elimination of obvious outliers were performed fol- 
lowing a programmed routine in Microsoft Excel de- 
scribed in Jochum et al. (2007). The calibration 
followed the method for accurate trace element 
analysis of biogenic calcium carbonates published in 
Jochum et al. (2012), where refractory lithophile ele- 
ments are calibrated with NIST glasses (SRM 610 
and 612), while chalcophile and siderophile elements 
with low boiling points were calibrated using matrix- 
matched calibrated standards USGS MACS-1 and -3. 
A Leica DMRX incident-light microscope with well- 
defined zoom steps for each grid on its focusing ad- 
justment screw was used to measure the depth of the 
ablation spots left in the pearls after analysis. 


RESULTS 

External Appearance. In most cases, gemologists and 
experienced members of the trade are able to visually 
identify pearls based on their external characteristics 
(luster, color, shape, etc.). However, these two pearls 
did not exhibit typical SW or FW features, and as a re- 
sult their external appearance did not fit particularly 
well with either natural or cultured pearls. Based on 
the authors’ experience handling countless pearls of 
all types, the form of the platy overlapping nacreous 
structures (i.e., platelet size, spacing, and shape/ap- 
pearance of the platelet edges—see figure 2) could be 
considered more indicative of FW than SW. The flat 
surfaces on one side of each pearl could also have been 
taken as an indicator of freshwater origin. The pearls 
did not display enough characteristic features to sway 
the decision one way or the other, however. 


RTX and p-CT Analysis. Both pearls in this study 
showed structures that were ambiguous when exam- 
ined with the RTX units in Bangkok. Similarities in 
the darker organic-rich arcs extending from near the 
center to the outer surfaces and in small organic-rich 
areas adjacent to the centers were revealed. A straight 
organic-rich feature (figures 3 and 4}, related to the 
flat surfaces visible on the exterior, was also observed 
in each pearl. Such structures are not conclusive of 
any particular type of pearl and do not match the SW 
or FW structures usually associated with non-bead 
cultured pearls (see box A), so natural origin re- 
mained a possibility. In order to identify the true ori- 
gin, more work was considered necessary, so both 
pearls were further examined by p-CT. The resulting 
L-CT work provided more detail but did not resolve 
the origin to the complete satisfaction of those who 


Gems & GEMOLOGY Summer 2019 231 


Figure 2. Platy structure typical of nacreous pearls was evident on both pearls (sample A on the left, field of view 
2.34 mm; sample B on the right, field of view 1.76 mm). The platelets of both were finely to moderately spaced, 
while areas of pearl B also showed some distortions in the platelet patterns similar to those observed by the au- 
thors on some freshwater pearls. However, the nature of the platelets was not specific enough to indicate a fresh- 
water or saltwater growth environment. Photomicrographs by Artitaya Homkrajae. 


examined the data. As can be seen from the sample a cultured origin based on previous testing experi- 
p-CT images in figures 3-6, the structures were in- | ence. However, an idea of their chemistry was also 
conclusive, although the majority of opinions favored needed before reaching any conclusions, as linking 


Figure 3. Three p-CT slices obtained during the analysis of pearl A in Bangkok (the top row shows the whole pearl, 
the bottom row the magnified areas). All three slices show a suspicious feature: a small dark linear-appearing void 
(red arrows) that some gemologists might associate with NBC formation, within a dark gray organic-rich area 
(around the green arrows). The linear structure related to the flat surface area is indicated by the blue arrows. Blue 
arrows are absent from the upper and lower right-hand images, as the structure does not show due to the pearl’s 
orientation. Note the similarity to the features observed in pearl B (figure 4). The weak white rings on the lower 
right image are artifacts and not pearl-related structures. 
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Saltwater Freshwater 
NBC Structures NBC Structures 


Box A: TYPICAL SALTWATER AND 
4 p FRESHWATER NBC PEARL 
MICRORADIOGRAPHIC STRUCTURES 


A selection of NBC pearls showing structures 
representative of those encountered in saltwa- 
ter (left) and freshwater (right) varieties. The 
saltwater pearls tend to show pronounced void 
and/or organic-rich structures or more linear 
features that are often elongated rather than 
short, but examples of the latter are also ob- 
served and can be more challenging to distin- 
guish as proof of cultured formation. On the 
other hand, freshwater pearls tend to show dis- 
tinct twisted linear structures or voids, quite 
often with distinct associated growth rings 
around them, and sometimes boundary-like 
features as indicated by the red arrows on a 
couple of the microradiographs. Unlike salt- 
water pearls, the linear/void structures ob- 
served in freshwater pearls are sometimes 
hard to resolve and require examination in 
several directions. Additional work using X- 
ray computed microtomography ("-CT) is not 
unusual when it comes to those examples that 
do not readily reveal their identity. It is also 
possible to understand how suitably posi- 
tioned/sized drill holes within some samples 
may complicate the identification work and 
lead to differing opinions between gemologists 
and laboratories. 


RTX images of known undrilled saltwater 
(left) and drilled freshwater (right) NBC 
pearls showing the differences in their inter- 
nal structures. 
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Figure 4. Three p-CT slices obtained during the analysis of pearl B in Bangkok (the top row shows the whole pearl, 
the bottom row the magnified areas). All three slices show a suspicious feature: a small dark linear-appearing void 
(red arrows) indicating a possible NBC formation, within a dark gray organic-rich area (around the green arrows). 
The linear structure related to the flat surface area is indicated by the blue arrows in the middle slice, although it 
does not show on the other slices due to the pearl’s orientation. 


the internal structures to a known formation envi- 
ronment is an important part of pearl identification. 

Complementary p-CT and trace element character- 
ization were performed at Mainz University and the 
Max Planck Institute for Chemistry, respectively. The 
additional findings matched those of GIA’s, as can be 
seen in figures 5 and 6. However, GIA’s analysis time 


was 16 minutes, compared with 5.4 hours at Mainz 
University, which prompted another analytical run in 
which the pearls were positioned closer to the tube to 
increase magnification. The acquisition time differ- 
ence is due to the equipment used and the software/ 
parameters applied, which is why a second opinion 
was sought, since the lengthier analysis usually yields 


Figure 5. Three p-CT slices obtained during the analysis of pearl A in Germany. All three slices show a suspicious 
feature: a small dark linear-appearing void feature (red arrows) within a dark gray organic-rich area (around the 
green arrows). A blue arrow is absent from the right-hand image, as the structure does not show due to the pearl’s 
orientation. Note the similarity to the features observed in pearl B (figure 6). 
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Figure 6. Three p-CT slices obtained during the analysis of pearl B in Germany. All show a suspicious feature: a 
small dark linear-appearing void (red arrows) within a dark gray organic-rich area (around the green arrows). A 
blue arrow is absent from the right-hand image, as the structure does not show due to the pearl’s orientation. Note 


the similarity to the features observed in pearl A (figure 5). 


sharper features. Following the u-CT results, the trace 
element results were considered even more important 
for the identification of these particular pearls. 

In Germany, OsiriX 5.8.5 data visualization and 
analysis software was used to further investigate the 
pearls using orthoslices and 3D volume rendering 


(figure 7). The results indicated that the composi- 
tion of the layers varied significantly in density, 
with four internal layers showing an unenclosed 
profile—visible as yellow structures in the figure— 
different from the main body of the pearl. The intro- 
duction of such software in pearl identification has 


Figure 7. Additional imaging revealed four layers of different density (yellow structures) within the pearls that did 
not appear to reach the surface. Pearl A is shown on the top row and pearl B on the bottom row. 
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TABLE 1. EDXRF results (in ppm) obtained from the 
two pearls in six different positions. 


Pearl ID Mn? Sr> 

A_Position 1 <5 1364 
A_Position 2 <5 1284 
A_Position 3 <5 2073 
A_Position 4 <5 1524 
A_Position 5 <5 1261 
A_Position 6 <5 1497 
B_Position 1 25 1293 
B_Position 2 <5 1128 
B_Position 3 1006 588 
B_Position 4 <5 1422 
B_Position 5 1501 538 
B_Position 6 66 1107 
Detection limit 5 6 


The two shaded rows for pear! B reveal freshwater signatures, while the 
remaining results for both pearls indicate saltwater origin. 

’Note the correlation of higher Mn and lower Sr with a freshwater 
environment, while low Mn coupled with high Sr points toward marine origin. 


been used to provide more detail in cases worthy of 
additional study (Otter et al., 2014a; Zhou et al., 
2016). The yellow areas in question did not appear to 
reach the surface, so it is unlikely that they are re- 
lated to the trace element characteristics, although 
the only way to verify this would require cutting the 
pearls in half and analyzing their trace element 
chemistry in more detail. 


EDXRE. Since the interpretation of the RTX and p- 
CT data failed to reach a conclusive identity, other 
tests had to be considered in order to help establish 
either a natural or cultured origin. One of the main 
supporting techniques available to gemologists is 
trace element analysis. By confirming whether a 
pearl is SW or FW and linking the environment to 
the RTX and/or p-CT structure, the decision on a 
pearl’s identity can often be made easier. 

In order to determine their formation environ- 
ment, the pearls were each tested in an EDXREF spec- 
trometer. While lower manganese (Mn) levels (below 
detection limits of around 20 parts per million) usu- 
ally indicate a SW origin, higher values (most often 
from 150 ppm into the low- to mid-thousands) iden- 
tify a FW origin (Wada et al., 1988; Wehrmeister et 
al., 2007). Some of the gemologists who examined 
the pearls favored a FW origin based on the internal 
structures observed via the X-ray work. Therefore, 
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further EDXRF analysis was carried out in more po- 
sitions on the pearls to provide additional data (table 
1). This produced very interesting and conflicting re- 
sults that GIA had not encountered previously, 
which led to further research on these pearls. Based 
on the EDXRF results, the decision was made to 
check the pearls’ reactions under optical X-ray fluo- 
rescence conditions. Pearls that fluoresce strongly 
when tested by this method tend to originate in FW 
environments, as the Mn content is higher and is 
thought to cause the strong visible reaction; in SW 
pearls, Mn is low or absent, and hence no reaction is 
observed (Hanni et al., 2005; Kessrapong et al., 2017). 
Strontium (Sr), on the other hand, is known to reach 
high concentrations for biogenic calcium carbonates 
(i.e., pearls and shells from SW environments), while 
low Sr values are characteristic of FW origin 
(Wehrmeister et al., 2007). Mn and Sr concentrations, 
combined with those of other elements, are useful 
tools to determine the habitat of the pearl-forming 
mollusk (saltwater or freshwater). 

According to the results from EDXRF analysis, 
pearl A should in theory be of saltwater origin, as the 
consistent results from the six different positions 
tested did not find detectable amounts of Mn. On the 
other hand, pearl B seemed to be a mixture of salt- 
water and freshwater origin, which came as rather a 
surprise. This is the first time GIA has encountered 
such mixed trace element signatures in a pearl, and 
to our knowledge there are no other recorded cases 
of such testing results in the literature. 


Optical X-Ray Fluorescence. To further examine the 
pearls and see how the data from the EDXRF results 
would be reflected in the visual reactions of the ele- 
mental distributions throughout the pearls, we 
turned to the simple but effective method of optical 
X-ray fluorescence. A pearl with mixed trace element 
signatures should in theory show a mixed reaction 
corresponding to the areas of freshwater and saltwater 
composition detected. The saltwater pearl, based on 
known saltwater pearl reactions, should show no re- 
action or at best a very weak reaction. Pearls that ex- 
hibit moderate to strong greenish fluorescence 
usually contain sufficient Mn to generate the effect, 
while those that show very weak fluorescence or are 
inert lack sufficient levels of Mn and are usually as- 
sociated with saltwater environments (Hanni et al., 
2005). The results obtained for pearls A and B are 
shown in figure 8. 

The reactions were completely at odds with the 
testing results already described. Instead of a hetero- 
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More News 
af 
synthetic Hed Spinel 


by 


DR. E. J. GUBELIN, G.G., F.G.A. 


Lucerne, Switzerland 


The particular importance of the synthesis 
of minerals, may be considered in the fact that 
an indefatigable human spirit of research suc- 
ceeded in imitating nature’s minerals by 
equivalent products of the laboratory. Being 
children of the 20th century and in view of 
continual new discoveries and inventions we 
may, therefore, scarcely be surprised at the 
news that a new synthetic stone has been pro- 
duced—however unpleasant it may be for the 
jewelry trade. Yet, when a few months ago I 
was submitted some specimens of the first 
ruby red synthetic spinel cut from boule- 
crystals, I was greatly astonished. 

Two years ago when I published a review’ 
of the reasons why synthetic red spinel was 
not a commercial proposition, I was con- 
vinced that for the reasons explained therein 
a red spinel could never be produced by the 
flame fusion process of Verneuil. Half a year 
later G. R. Crowningshield and R. J. Holmes* 
described the most intriguing occurrence of a 
relatively large artificial spinel octahedron 
and a cluster of smaller crystals attached to 
a palladium disc. These papers and subse- 
quent suggestions, passed on in private cor- 
respondence by B. W. Anderson, may be 
considered as the cause that promoted these 
latest successful experiments of making syn- 
thetic red spinel, so that in early summer 
1952 the ruby red synthetic spinel as a prod- 
uct of the Verneuil oven has become a fact 
with which jewelers and gemologists will 
have to reckon in the future. 


Still unannounced to the general trade is 
this new synthetic red spinel. It is so strik- 
ingly unusual that it would cause immeasura- 
ble confusion should it appear suddenly, and 
in quantity, on the gem market. Because syn- 
thetic red spinel has not been available in 
gem quality heretofore, it could be especially 
confusing to the uninformed jeweler. I be- 
lieve, therefore, that it would be justifiable 
to give a report of my investigations on the 
first few stones which have appeared. 


APPEARANCE 


Six specimens of synthetic red spinel were 
submitted to me and hereafter I shall some- 
times refer to all of them generally, or men- 
tion them singly in each case where they 
differ from each other. 


The largest two specimens, No. 1 and No. 
2, show a somewhat metallic purple-red 
color, which is particularly marred in speci- 
men No. 2 by numerous cracks. Specimens 
No. 3, No. 4, and No. 5 are considerably 
better and display a good purplish red color. 
The finest of all is specimen No. 6 which 
excels in a most beautiful ruby red hue and, 
thanks to its brilliant cut, is very vivid and 
fiery. On the whole, all these synthetic red 
spinels resemble genuine rubies of poor to 
fine color rather than genuine red spinel. The 
synthetic counterpart so far entirely lacks the 
faint yellowish tint which gives genuine red 
spinel its brick red hue. 


236 


GEMS & GEMOLOGY 


Figure 8. The optical X-ray fluorescence reactions of the two pearls from this study (left), shown with two natural 
saltwater pearls from Venezuela in the center and two known non-bead cultured freshwater pearls from China on 
the right. Pearl A (far left) should not show any reaction according to its trace element characteristics, while pearl 
B (second from left) shows a predominantly freshwater reaction, which again does not conform entirely to the 
trace element observations. Camera settings used to record the luminescence were ISO speed 12800, F-stop of 5, 
and exposure time of 5 seconds. Photos by Chunhui Zhou. 


geneous reaction, pearl B exhibited a fairly homoge- 
nous moderate to strong greenish yellow reaction, 
while the apparent SW pearl (A) revealed a very sim- 
ilar reaction to the known FW samples, which was 
very surprising given the trace element data. This 
added to the identification challenges: Not only was 
the nature of their origin (natural or cultured) in 
doubt, but so was the environment in which they 
formed. On top of this, the question about Mn and 
its role in fluorescence immediately came into focus. 
This relationship is not yet fully understood, so it 
was decided that even further analysis was needed 
for these two examples. 


LA-ICP-MS Analyses. Since the EDXRF results and 
subsequent optical X-ray fluorescence analysis pro- 
duced unusual results, we turned to LA-ICP-MS to 
obtain more accurate trace element data for com- 
parison. In routine pearl testing, LA-ICP-MS analy- 
sis is not usually applied since the EDXRF and 
optical X-ray fluorescence techniques provide suffi- 
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ciently accurate and distinct data to reach a conclu- 
sion on the exact environmental origin. When com- 
bined with the pearls’ external appearance, the form 
of their platy structure, and their internal struc- 
tures, the identification of the environment be- 
comes even more accurate. For the two pearls under 
discussion, their external appearances, platelet 
form, internal structure, chemistry results, and op- 
tical X-ray fluorescence reactions were all inconsis- 
tent with regard to any particular type of pearl, 
environment, or mollusk. 

The initial ICP work was carried out in Bangkok 
after the pearls were acquired. We chose two prelim- 
inary spots for pearl A and six spots for pearl B, and 
the results are shown at the top of table 2. Surpris- 
ingly, the results from the Bangkok unit on pearl A 
still fell within those expected from SW pearls, so it 
was decided to hold the pearl until the results of pearl 
B were known. 

Since the results from two spots on pearl B agreed 
with two of the areas tested by the EDXRF spec- 
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TABLE 2. LA-ICP-MS data (in ppm) obtained in three 
different laboratories for both pearls from this study. 


Pearl ID B Mg Mn Fe Sr Ba 
GIA, Bangkok 
A_Position 1 12 210 16 238 1561 1 
A_Position 2 11 180 21 186 1287 1.5 
B_Position 1 16 127 45 130 41119 0.6 
B_Position 2 15 195 44 236 1373 2 
B_Position 3? bdl 39 167299287 438 57 
B_Position 4 11 145 19 168 = 1137 0.7 
B_Position 5 bdl 3S 2307 152 523 77 
B_Position 6 16 204 21 194 1261 bdl 
Detection limit 3 0.5 2 50 0.1 0.5 
GIA, New York 
B_Position 1 19 208 47 209 1570 2.5 
B_Position 2 16 149 50 216 1290 0.6 
B_Position 3 bdl 51 1632 152 460 47 
B_Position 4 14 174 27 180 0.3 0.1 
B_Position 5 bdl 49 2110 +183 579 72 
B_Position 6 18 187 26 179 =1455 bdl 
Detection limit 3 1 | 60 0.3 0.1 
Mainz, Germany? 
A Position 1 10 207 156 51 1026 5.5 
A_Position 2 10 204 236 5| 1003 g) 
A_Position 3 11 213 23 48 1064 0.7 
A_Position 4 12 181 22 38 1115 05 
A_Position 5 12 213 21 36 1129 0.5 
A_Position 6 11 213 20 35 1144 0.5 
A_Position 7 i 147 476 53) 1010 16 
A_Position 8 11 212 16 49 1218 0.6 
A_Position 9 7 147 476 53 1010 16 
A_Position 10 10 211 19 62 1281 0.7 
A_Position 11 11 221 20 61 1211 0.5 
B_Position 1 3 51 768 52 480 29 
B_Position 2 3 58 783 54 481 28 
B_Position 3 IES 36 885 54 388 38 
B_Position 4 12 172 87 38 1127 8 
B_Position 5 12 162 29 38 1170 0.5 
B_Position 6 1 24 1252 58 464 49 
B_Position 7 1 BY 1371 58 445 48 
B_Position 8 0.8 20 1071 sy) 424 44 
B_Position 9 12 131 39 67 1157 1 
B_Position 10 3.6 62 746 68 578 31 
B_Position 11 0.9 v7 939 69 og 63 
Detection limit 0.1 0.3 0.1 4 0.9 0.1 


*Shaded spots mark freshwater-like trace element compositions. 


Values from Germany are expressed as averages of three spots each. 
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trometer, the decision was made to send the pearl to 
GIA’s laboratory in New York for examination using 
their LA-ICP-MS unit to check for consistency. The 
results proved very similar and are shown in table 2 
for comparison. 

As the chemistry of the pearls and their fluores- 
cence reactions were so intriguing, we also sent them 
to one of the co-authors (LMO) for more detailed 
chemical analysis in Mainz. In order to obtain a good 
set of results with which to perform their calcula- 
tions, that team tested in total 33 spots (measured as 
11 groups of 3 adjacent spots) on pearl A and a total 
of 36 spots (measured as 12 groups of 3 adjacent 
spots} on pearl B. The estimated depth of these abla- 
tion spots was around 270 pm. The results of the 
analysis were consistent with GIA’s findings for both 
pearls (see table 2). While the positions of the spots 
analyzed by GIA in New York and Bangkok were in 
similar positions, those analyzed by researchers in 
Mainz differed slightly owing to the greater number 
of spots examined. 

The greater number of spots evaluated as depth 
profiles over a greater surface area revealed deeper 
Mn-rich areas (figure 9, A and B). Pearl B showed a 
higher concentration of Mn closer to the surface in 
several spots (figure 9, C and D). Both pearls showed 
a pattern of low Mn values of around 20 ppm, char- 
acteristic for SW conditions, rising steadily to high 
values of over 1000 ppm, which are characteristic for 
FW conditions. These high Mn values are found gen- 
erally closer to the surface in pearl B, on average at 
about 100 um depth, whereby the depth of the Mn- 
rich areas was found to be very heterogeneously dis- 


Figure 9 (opposite page). Depth profiles obtained by LA- 
ICP-MS show significant fluctuations for Mn with depth 
for pearl A (plots A and B) as well as pearl B (plots C and 
D). Plots A through D each show one of the representa- 
tive depth profile groups consisting of three spots ablated 
adjacent to each other. Bivariant double-logarithmic 
plots of Mn versus Mg (E) and Mn versus Sr (F) show a 
mixture of saltwater and freshwater environments: High 
Mn together with low Mg or Sr values indicates a fresh- 
water (FW) origin, while low Mn in combination with 
high Mg or Sr points toward a marine (SW) origin. Pearl 
B generally exhibits a higher proportion of Mn than pearl 
A, which falls more within a saltwater environment. The 
fine trace of data points connecting the SW-like and FW- 
like compositions (black circles) have never been ob- 
served in any pearls to the authors’ knowledge. All 
together, the trace element patterns of both pearls were 
atypical of pearls tested by GIA over the years. 
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Figure 10. The DiamondView results for pearl A (left) and pearl B (right) show the characteristic blue reaction of 
untreated pearls. Each small triangular group of dots consists of three laser ablation holes that react with a 
stronger bluish white fluorescence, which from GIA’s experience is typical of pearls where the underlying surface 
structure has been exposed by different means (e.g., LA-ICP-MS analyses, drilling, working, or heavy polishing). 
This reaction is seen not only in the DiamondView but also under short-wave and long-wave UV radiation. 


tributed over the surface of the pearl, ranging from 
its presence directly at the surface to its absence 
within the profile. Pearl A showed the Mn-rich area 
at around 240 um depths on average. In addition, bi- 
variate double-logarithmic plots showing the full 
datasets of both pearls for Mn versus Mg (figure 9E) 
as well as Mn versus Sr (figure 9F) reveal further 
mixed FW-like (high Mn and low Mg/Sr) and SW-like 
(low Mn and high Mg/Sr) compositions. The hetero- 
geneity observed in Mg and Sr shows that the con- 
centration of these elements changes similarly 
within the depth profiles. Thus, it is clear to see that 
while both pearls appear to contain areas of both salt- 
water and freshwater trace element characteristics, 
pearl A trends generally more toward saltwater than 
pearl B, even if neither pearl’s chemistry is specific 
to a defined environment. 


UV Radiation and DiamondView Reactions. The 
majority of white to cream-colored nacreous pearls 
exhibit a weak to strong, chalky yellow to bluish 
fluorescence (depending in part on the mollusk 
species) under short-wave and long-wave UV radia- 
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tion. These reactions may be further influenced by 
various processes, including treatments (Strack, 
2006). Such treatments may also provide some in- 
dications about the nature of the pearls. For exam- 
ple, bleaching is commonly applied to cultured 
freshwater and akoya pearls and may show as a 
stronger bluish reaction in some examples. Both 
samples studied fluoresced a weak chalky yellow 
under short-wave UV, while pearl A reacted with a 
moderate chalky yellow fluorescence under long- 
wave UV and pearl B showed a similar reaction but 
with more of a blue component. The reactions were 
not those typically associated with cultured FW 
pearls or akoya pearls that have undergone bleach- 
ing. The DiamondView unit, although not always 
useful in distinguishing natural from cultured or 
saltwater from freshwater pearls, may aid in deter- 
mining treatments. However, since these were 
white pearls that usually show a marked blue reac- 
tion within the DiamondView, we did not expect to 
see anything unusual, and that turned out to be the 
case when both pearls exhibited a characteristic 
blue reaction (figure 10). 
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DISCUSSION 

The results obtained from the analysis described so 
far led to two main questions: First, did the pearls 
form naturally in a mollusk without any human in- 
tervention? Second, did the mollusks live in a SW or 
FW environment? Most of the time these questions 
are relatively straightforward to answer, but in this 
case we were still uncertain after examining these 
two pearls. 

The first method of identification employed was 
RTX analysis. The results showed suspicious struc- 
tures, although not enough to prove they were non- 
bead cultured. It was still possible that the pearls 
were natural, and many pearls examined by GIA over 
its history have shown odd natural structures. The 
results led to the next identification method, p-CT 
analysis. Again the results revealed structures that 
could be considered either natural or non-bead cul- 
tured and were not definitive. 

The chemistry was considered next, and in this 
case the exact formation environment (saltwater or 
freshwater) could not be determined. EDXRF data 
raised more questions. Pearl A yielded <5 ppm Mn 
in every spot and an average concentration of 1500 
ppm for Sr. Both trace elements are considered envi- 
ronmental indicators, since a combination of <20 
ppm Mn and >1300 ppm Sr is associated with marine 
environments, while the reverse relation of >20 ppm 
Mn and <1300 ppm are indicative of freshwater ori- 
gins (Wehrmeister et al., 2007). However, the EDXRF 
analysis employed covered a 6.0 mm area of the sur- 
face (dependent on the collimator applied) and the 
penetration depth was on the order of a few microns, 
so it could not determine the chemistry deeper 
within the samples. 

LA-ICP-MS is better suited to determine the ele- 
ments deeper within a sample, although still limited 
to micron depths, yet the surface area tested is sig- 
nificantly smaller (Lu et al., 2011). LA-ICP-MS re- 
sults identified both FW and SW signatures in 
different average spot compositions. The LA-ICP-MS 
depth profiles, obtained at the Max Planck Institute 
for Chemistry in Germany, revealed a trace element 
composition not previously observed for pearls: Sev- 
eral environment-indicative elements (namely B, 
Mg, Mn, Sr, and Ba) were found to vary in concentra- 
tion, forming discrete layers of alternating FW-like 
and SW-like composition. In all spots, the patterns 
start at low Mn values of around 20 ppm that likely 
correspond to SW conditions and rise steadily to high 
values of over 1000 ppm, indicative of FW growth en- 
vironments, for both pearls (figures 9B and 9D). The 
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FW conditions were found closer to the surface along 
the depth profile of pearl B at approximately 100 pm, 
compared to approximately 240 um for pearl A. Peak 
concentrations decrease and rise in pearl B (figure 
9D), creating a steady, alternating trend. These pat- 
terns imply that the pearls grew uninterruptedly 
within a single mollusk—and not in two separate 
mollusks—first within FW and later SW environ- 
ments, which would have produced abrupt changes 
in their trace element characteristics. Such results 
would rule out the possibility that these pearls rep- 
resent “atypical bead cultured pearls,” which usually 
show clear boundaries marking the growth zones of 
the host (outer layers) and the inserted material 
(Hanni et al., 2010). It is worth noting that saltwater 
mollusks are routinely used as hosts, whereas atypi- 
cal freshwater hosts are a rarity (Scarratt et al., 2017). 
The LA-ICP-MS craters were only drilled to a depth 
of around 270 pm since greater depths at some point 
hinder the rising evaporate and also increase the 
chance of element fractionation. However, it can be 
expected that the concentrations of Mn, Sr, and Mg 
continue to alternate toward the center of the pearl. 
The alternating patterns between FW-like and 
SW-like compositions could result from growth in a 
river delta where the predominant water input is 
freshwater, with only occasional season-dependent 
saltwater input when the river carries little water 
(e.g., during summers in warm climates). While the 
authors are unaware of farms that operate in brackish 
waters, reports do exist of shells originating from 
around islands within the Mississippi Delta in North 
America (Moore, 1961), and farms are known to op- 
erate in river deltas in Vietnam (L.T.T. Huong, pers. 
comm., 2016), both underscoring this possibility. 
However, this does not aid in determining the natu- 
ral or cultured nature of the pearls from this study. 
Although this hypothetical setting favors an overall 
FW-related origin, it does not satisfyingly answer the 
question of the bivalve species that produced these 
pearls, since little is known about the environmental 
tolerances of the Unionidae and Pteriidae families. 
These changes in trace element composition are, 
however, too low to affect the major-element compo- 
sition of the pearls and therefore cannot discriminate 
between marine and freshwater nacre in the p-CT 
datasets. Instead, the u-CT datasets show the density 
changes between organic material and nacre. The not 
fully enclosed organic layers could represent 
“pseudoannuli” growth rings (Jacob et al., 2011], 
which are characteristic of continuous growth within 
a mollusk, whereas the use of beads as nuclei for fur- 
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ther pearl growth would likely produce a prominent 
concentric layer of organic material, as often observed 
for bead cultured pearls (e.g., Karampelas et al., 2010; 
Krzemnicki et al., 2010; Otter et al., 2014b). These 
inner unenclosed growth rings also lead to questions 
about the intensity of the pearls’ optical X-ray fluo- 
rescence, since most saltwater layers that cover fresh- 
water layers/components (i.e., freshwater nuclei in 
most bead cultured pearls) mask the effects, produc- 
ing weak to moderate fluorescence. This was not the 
case with these two samples, and the fluorescence 
was quite marked (again, see figure 8). 

Average nacre deposition rates for marine envi- 
ronments range from 0.5 mm/year for akoya cultured 
pearls produced by Pinctada imbricata fucata in 
temperate climates (e.g., eastern Australia) to 2.0 
mm/year for cultured pearls produced by Pinctada 
maxima in tropical climates in the South Seas (e.g., 
Strack, 2006; Otter et al., 2017). Lower deposition 
rates of akoya pearls are likely an effect of the colder 
climate compared to the warmer, near-equatorial dis- 
tribution of Pinctada maxima (Strack, 2006). Fresh- 
water species such as Hyriopsis schlegelii and 
Hyriopsis cumingii or their hybrids are known to 
have higher growth rates and can deposit up to 10 
mm of nacre within six years, or approximately 1.5 
mm/year (Akamatsu et al., 2001). Using the mean di- 
ameter of 10.5 mm for pearl A, we can assume a 
growth period of seven years (FW growth rate} or be- 
tween 5 and 21 years (for tropic and temperate ma- 
rine growth rates, respectively), depending on the 
mollusk species and environment used (the numbers 
for pearl B are in the same range). The shorter FW 
growth period of seven years would therefore still be 
in the timeframe of FW NBC pearls from China 
(Akamatsu et al., 2001). On the other hand, slower 
growth rates from a marine environment would 
point toward a natural origin, as the estimated SW 
growth period is up to 10 times longer. Since species 
of the Pinctada genus can reach ages of up to 40 years 
(Strack, 2006), a growth period of around 20 years 
does not seem impossible. 


CONCLUSION 

The identification of these two pearls presented chal- 
lenges on many fronts. While the authors believe 
that their internal structures are more likely NBC, 
this is by no means definite. Hence, there is a chance 
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they could be natural pearls with unusual structures. 
Pearl testing is relatively straightforward in most 
cases, yet there are plenty of instances where identi- 
fication is subjective and opinions may differ, even 
within the same organization, let alone separate 
ones. Likewise, determination of the environment in 
which pearls form is almost always straightforward. 
Yet the pearls in this report prove that on very rare 
occasions it is possible to encounter trace element 
anomalies, thus leading to questions about the true 
environmental origin of the samples. The distinct 
fluorescence observed under X-rays as well as the 
pearls’ general appearance led the authors to believe 
that they are more likely FW pearls, yet there is no 
clear explanation why either pearl (particularly A) 
should have reacted so markedly. Even if there are 
zones of freshwater material within the saltwater 
material, the freshwater reaction should in theory be 
masked to a greater extent, just as the reactions of 
freshwater bead nuclei in almost all commercial bead 
cultured pearls are when subjected to the same test. 

As a consequence, these two factors also call into 
question the identity of the producing mollusk for 
laboratories, such as GIA, that routinely attempt to 
identify the species of mollusk in which a pearl 
formed. If either of the pearls could be identified as 
SW, they would likely have formed in a species from 
the Pteriidae family. If they were FW, however, they 
would have formed within a mussel species belonging 
to the Unionidae family, which inhabits rivers and 
lakes worldwide. The location would in many ways 
be influenced by whether they formed naturally or 
with human assistance, so again we come full circle 
to the subjectivity involved in evaluating all three fac- 
tors from the data obtained during this study. 

Although the final conclusions were not unani- 
mous and questions still exist about the true identi- 
fication, environment, and producing mollusk in 
which the pearls formed, the results obtained prove 
that there is always something new to discover when 
it comes to the analysis of gem materials, especially 
organic ones such as pearls. Further destructive work 
on the pearls, specifically cutting each in half to 
study their internal chemistry in greater detail and 
conducting deoxyribonucleic (DNA) analysis on 
powder samples extracted (Meyer et al., 2013; 
Saruwatari et al., 2018), might be necessary to reach 
a possible conclusion. 
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INCLUSIONS IN NATURAL, TREATED, SYNTHETIC, 


AND IMITATION OPAL 


Nathan D. Renfro, John |. Koivula, Jonathan Muyal, Shane F. McClure, Kevin Schumacher, and James E. Shigley 


Ws 


Figure 1. Play-of-color is the defining characteristic of gem opals. While play-of-color can be quite spectacular 
under magnification, as with the roiled green patterns seen in this crystal opal, other microscopic features are 
often found if one takes the time to look. Field of view 9.60 mm. Photomicrograph by Nathan Renfro. 


then gemologists think of opals, play-of-color is 
almost certainly the first characteristic that 
comes to mind (figure 1). While play-of-color patterns 
can be extraordinarily beautiful under magnification, 
opals often contain a vast array of spectacular micro- 
scopic features in addition to this phenomenon. In 


See end of article for About the Authors. 
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244 OPAL INCLUSIONS CHART 


continuing G#G’s series on inclusions, this chart 
will focus on natural, treated, synthetic, and imita- 
tion opals. 

There have been significant developments in the 
opal industry in recent years with the discovery of 
opal from Wollo Province in Ethiopia (Rondeau et al., 
2010). This deposit produces opals that contain a 
wide range of interesting inclusions such as fossilized 
plant material. Opals from Australia also have the 
potential to showcase spectacular inclusion scenes, 
from pyrite crystals to black plumes of manganese 
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oxide that stand out in high contrast to the play-of- 
color phenomenon. Other sources of natural opal 
that contain visually striking inclusions are Mexico, 
the United States, Honduras, and Peru. 

Along with the new Ethiopian deposit came new 
treatments. The opal from this deposit was hydro- 
phane, which meant it would readily absorb liquids. 
Soon gem treaters took advantage of this property and 
began to dye Ethiopian opal a myriad of colors, most 
notably purple (Renfro and McClure, 2011). This ma- 
terial also proved quite responsive to smoke treat- 
ment, which gives it a dark bodycolor (Williams and 
Williams, 2011). Other traditional opal treatments in- 
clude color modification by sugar treatment and clar- 
ity enhancement by hiding fractures and cavities with 
resins or oils (Renfro and York, 2011). 

One of the more prominent opal imitations was 
introduced in the early 1970s by John Slocum of 
Rochester, Michigan. In this imitation, thin sheets 
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of metal foil were embedded in glass to produce thin- 
film interference colors resembling “play-of-color” 
in natural opal. In 1972, Pierre Gilson began to man- 
ufacture a true synthetic opal (Gtibelin and Koivula, 
2005) that did not require polymer impregnation. 
Synthetic and imitation opals have been produced 
over the years by other manufacturers including Kyo- 
cera, Almaztechnocrystal, and Openallday Pty. Ltd, 
but the most recent development is an opal-like plas- 
tic manufactured by Kyocera and others in Japan 
(Renfro and Shigley, 2017). This new material is 80% 
plastic and 20% silica. It can be produced in large 
sizes, giving rise to industrial applications such as 
use in eyeglass frames and watches. 

While the images in the accompanying wall chart 
are by no means comprehensive, they do represent a 
wide variety of the micro-features one might en- 
counter in natural, treated, synthetic, and imitation 
opals. 
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Resin-Coated and Clarity-Enhanced 
AQUAMARINE Pendant 


The Carlsbad laboratory received a 
34.24 ct light greenish blue free-form 
pendant (figure 1) measuring 33.40 x 
25.75 x 6.40 mm. One side of the pen- 
dant was flat and polished, and the 
other side had a rough surface. Stan- 
dard gemological testing gave a refrac- 
tive index (RI) of 1.570-1.580. The 
pendant had the same reaction to 
long-wave and short-wave UV light: 
blue fluorescence in the center and 
green fluorescence around the edges 
of the stone. Examination with a stan- 
dard gemological microscope revealed 
a blue and orange flash effect most 
clearly visible from the flat side (fig- 
ure 2, left), which is diagnostic of clar- 
ity enhancement. Ultraviolet/visible/ 
near-infrared (UV-Vis-NIR) spectra 
were consistent with natural aquama- 
rine, with absorption peaks at 370 and 
425 nm and an absorption band at 
~830 nm (figure 2, right). Raman spec- 
troscopy showed the presence of poly- 
mer on the rough side of the stone and 
aquamarine on the polished flat side. 
Although emeralds are the variety of 
beryl most commonly associated 
with clarity enhancement, filled 
aquamarine has previously been re- 
ported in the Chinese market (J. Li et 
al., “Polymer-filled aquamarine,” Fall 
2009 GWG, pp. 197-199). 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. This 34.24 ct light greenish blue free-form aquamarine pendant, 
measuring 33.40 x 25.75 x 6.40 mm, was seen in the Carlsbad laboratory. 
Stone courtesy of Stephen Challener. 


Only one side, the rough side, was 
coated with polymer resin. Viewed in 
the microscope, this side appeared to 
have a thin transparent layer on the 
surface. Trapped air bubbles were vis- 
ible with magnification (figure 3, left), 
and areas with the coating had a 
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higher luster than the polished flat 
side. Fourier-transform infrared (FTIR) 
spectroscopy taken from the rough 
side revealed strong diagnostic peaks 
at ~3100-2850 cm (figure 3, right). 
Although clarity enhancement 
and coating of beryl gemstones are 
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CHEMICAL COMPOSITION AND 
GROWING PROCESS 


In my paper I explained in detail the con- 
ditions necessary for producing ruby red syn- 
thetic spinel and, alas, these have not altered. 
Thus, for obtaining ruby red color, it is 
imperative to prepare an equimolecular mix- 
ture of MgO and AleO: (ratio MgO:AlsO3 
=1:1) containing a certain well-balanced 
percentage of Cr2Os as pigment. Purity of the 
taw material is of first importance, as it is 
essential for the crystal to be homogeneous. 

Modern progress has made it possible to 
obtain raw material of the highest conceiva- 
ble degree of purity, and the most precise 
proportion of mixture, to favor the synthesis 
of synthetic red spinel. Other factors of no 
less importance are the degree and constancy 
of the temperature of crystallization and 
constancy in the supply of material during the 
growth of the crystal. All these conditions 
must be realized within very close limits if 
the crystallizing process of the synthetic red 
spinel is to succeed. 

Practical results have now confirmed the 
correctness of the theoretical considerations 
and their verdict in favor of synthetic red 
spinel. An important difficulty, however, ex- 
isted in that the orthodox technique of Ver- 
neuil did not appear to lend itself to pro- 
ducing good quality single crystals, based on 
empiric knowledge that slight changes in the 
technique exercised great influence on the 
resulting product. A suitable adaptation of 
the process was investigated and applied. 


CRYSTALLOGRAPHY AND X-RAY 
INVESTIGATION 


The first boule crystals of ruby red syn- 
thetic spinel are of the well-known shape of 
a rounded, blunt-edged boule characteristic 
of synthetic stones grown by the Verneuil 
process. They are still not of the best quality 
as the boules are partly cracked and thus 
allow a few portions of their body only to be 
cut into flawless gems. Yet, each boule seen 
represented a single crystal whose structural 
lattice corresponded most precisely with the 
atomic lattice of natural ruby red spinel. 

In order to establish comparison and 
knowledge on structural relationship between 
the earth-grown spinel and the man-made 
product, X-ray powder photographs of a 
natural ruby red spinel and a synthetic ruby 
red spinel were taken by W. Epprecht of the 
X-ray department of the Federal Laboratory 
of Research in Zurich. From the powder of 
each stone a Debye-Scherrer Diagram was 
made in a chamber with radius of 57.2 mm. 
with Cu-K-radiation. The two powder pat- 
terns (compared in Figures 1 and 2) proved 
to be identical, i.e., with respect to the posi- 
tion and number of lines as well as intensity 
of lines, For the purpose of exact character- 
ization, the diagram of the synthetic spinel 
was precisely measured. The intensities, spac- 
ings, and indices of the interference lines are 
listed in Table 1 and opposed to values 
found in competent literature.3.4.5 This in- 
formation reveals distinctly that the synthetic 
product is a definite spinel (coincidence of 


Figure 1 


e Ruby red Synthetic Spinel 


Figure 2 


¢ Ruby red Natural Spinel. Debye-Scherrer Diagrams, Cu-K-radiation; cham- 


ber radius 57-2 mm. 
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Figure 2. Left: The orange and blue flash effect seen in a clarity-enhanced fracture of the aquamarine; field of view 
4.24 mm. Right: The UV-Vis-NIR spectrum, with absorption peaks at 370 and 425 nm and an absorption band at 
~830 nm, is consistent with natural aquamarine. 


not uncommon, this material is rarely 
seen in a gemological laboratory. Both 
treatments are readily identified, but 
careful examination of every stone is 
important to identify them. 
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Rough DIAMOND Crystal with an 
Unusual Coating of Fake Green 
“Radiation Stains” 

Due to their rare occurrence and the 
environment required to create their 
color, natural green diamonds are 
some of the world’s most beautiful 
and sought-after gems. Most dia- 
monds acquire their color from impu- 
rities or defects incorporated into the 


diamond lattice when the material is 
hundreds of kilometers deep in the 
earth’s mantle. But most natural 
green diamonds are colored by radia- 
tion damage that occurs at very shal- 
low depths in the earth’s crust over 
long periods of time. Commonly ac- 
companying this exposure to radioac- 
tive minerals and fluids are surface 
patches of green or brown color that 
gemologists call “radiation stains.” 
These are simply areas of extreme 
damage to the diamond structure 
caused by alpha particle radiation. 
Initially green, they turn brown im- 
mediately after exposure to tempera- 
tures above 500°C. These surface 
features indicate that a diamond has 
been exposed to a source of natural 


radiation; green stains are commonly 
associated with naturally colored 
green diamonds. 

Recently, GIA’s Carlsbad labora- 
tory examined an interesting attempt 
to imitate a natural green diamond 
when a 6.49 ct green crystal was sub- 
mitted for a Colored Diamond Grad- 
ing Report (figure 4). The surfaces of 
the resorbed octahedron were covered 
by uneven patches of green color. 
Fourier-transform infrared (FTIR) 
analysis revealed a typical type Ia dia- 
mond with abundant nitrogen and hy- 
drogen impurities. However, the 
ultraviolet-visible (UV-Vis) spectrum 
was very unusual and did not show 
any of the bands that are produced by 
radiation damage in diamond (e.g., the 


Figure 3. Left: Gas bubbles and high luster on the aquamarine’s resin-coated rough surface, shown near the drill 
hole. Field of view 7.19 mm. Right: The FTIR spectrum shows polymer peaks at ~3100-2850 cm. The dotted line 
is the spectrum of an untreated aquamarine, shown for reference. 
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Figure 4. This 6.49 ct rough dia- 
mond with patchy green surface 
color was submitted to GIA’s 
Carlsbad laboratory for a Col- 
ored Diamond Grading Report. 


GRI1 defect). Careful examination 
under magnification found that the 
green color was not due to radiation 
stains, but instead to groupings of 
emerald-green platy crystals, ~40 pm 
in size, attached to the diamond sur- 


RAMAN SPECTRUM 


12000 4 1332 
11000 4 


10000 + 


9000 + 


INTENSITY (COUNTS) 


552 


613 


T T T 
1400 1200 1000 


T T T 
800 600 400 


RAMAN SHIFT (cm) 


Figure 6. The Raman spectrum (514 nm laser excitation) of the rough dia- 
mond’s green coating shows clear peaks from chromium oxide (552 and 
613 cm") as well as the underlying diamond (1332 cnr"). The specific po- 
sitions of the chromium oxide peaks suggest the coating has been an- 
nealed to ~700°C (Mohammadtaheri et al., 2018). 


face (figure 5). Individual platy crys- 
tals could easily be flaked off using 
tweezers or a pointer probe, but they 
remained adhered to the surface 
under normal gem testing situations, 
including wiping the diamond with a 
stone cloth. X-ray fluorescence (XRF) 
analysis indicated high concentra- 
tions of chromium, and Raman analy- 


Figure 5. The diamond’s patchy green coloration is caused by interlocking 
platy crystals of chromium oxide, visible with magnification. Field of 


view 0.72 mm. 
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sis identified the green plates as 
chromium oxide (figure 6). The 
Raman peak positions correlated very 
well with chromium oxide powder 
that had been heated to ~700°C to 
produce a crystallized coating (M. 
Mohammadtaheri et al., “The effect 
of deposition parameters on the struc- 
ture and mechanical properties of 
chromium oxide coatings deposited 
by reactive magnetron sputtering,” 
Coatings, Vol. 8, No. 3, 2018, Article 
No. 111). A small H1b defect present 
in the diamond’s FTIR spectrum sup- 
ports this annealing temperature. 
Most colored coatings encountered 
in the lab are on faceted stones and are 
pink, orange, red, or blue. The warmer 
hues are typically created by sputter- 
coating techniques involving metals 
and the colder hues by inks or other or- 
ganic dyes. The use of chromium oxide 
powder to produce a green coating— 
along with annealing of the powder to 
produce crystallized plates that adhere 
to the rough surface to resemble radia- 
tion stains—represents a significant at- 
tempt to artificially reproduce the 
features seen on natural green dia- 
monds. While the unique coating is 
easily discerned from natural green ra- 
diation stains under magnification, 
this stone is a strong reminder to care- 
fully examine any green diamond, 
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Figure 7. The two stones on the far left, corresponding to the blue analytical points in figure 8, were classified as 
kornerupine. The center 20 stones, corresponding to the yellow analytical points in figure 8, were classified as pris- 
matine. For the eight stones on the right, corresponding to the red analytical points, the species could not be deter- 
mined. The species classifications of all the stones were based on chemistry acquired by LA-ICP-MS. The largest 
stone is the 11.9 ct brown oval at the top of the center group. The smallest is the light blue cushion stone at the 
bottom of the center group, weighing 0.98 ct. 


even rough crystals, in order to know 
exactly what you are buying. 
Virginia A. Schwartz and 
Christopher M. Breeding 


Separation of KORNERUPINE and 
PRISMATINE 


Kornerupine and prismatine form a 
solid solution series with a general 
chemical formula of %*(5,Mg,Fe) 
MAL, Mg,Fe),"(Si,AI,B).(O,OH,F),, (X: 
cubic site; M: octahedral sites, T: tetra- 
hedral sites). Chemically, they differ 
mainly in magnesium, iron, alu- 
minum, and fluorine content, with 
boron content that ranges from 0 to 1 
apfu (atoms per formula unit) in one of 
the tetrahedral sites. When the boron 
apfu is less than 0.5, the mineral is clas- 
sified as kornerupine; above 0.5, it is 
classified as prismatine (E.S. Grew et 
al., “Prismatine: revalidation for boron- 
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rich compositions in the kornerupine 
group,” Mineralogical Magazine, Vol. 
60, No. 400, 1996, pp. 483-491). 

GIA laboratories have recently im- 
plemented a method using laser abla- 
tion—inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) to quantify 
boron concentration in kornerupine 
and prismatine in order to distinguish 
the two. The 30 stones shown in figure 
7—all thought to be kornerupine— 
were borrowed from the GIA Museum 
and tested using a Thermo Fisher 
iCAP Qc ICP-MS, coupled with an Ele- 
mental Scientific Lasers NWR213 
laser ablation system. GSD-1G and 
GSE-1G (U.S. Geological Survey) and 
NIST 610 were used as external stan- 
dards. *’Si was used as an internal stan- 
dard. Three 55 ym circular spots were 
ablated on the girdle of each stone. The 
data reduction was a modified version 
of that used at GIA for tourmaline (Z. 
Sun et al., “A new method for deter- 


Gems & GEMOLOGY 


mining gem tourmaline species by LA- 
ICP-MS,” Spring 2019 G&G, pp. 2-17). 
As a result, we have slightly modified 
the criteria for separating the two to 
account for analytical error. If the 
boron apfu is between 0 and 0.45, the 
stone is classified as kornerupine. Be- 
tween 0.45 and 0.55 apfu, the species 
cannot be determined by this method. 
If the boron apfu is between 0.55 and 
1, the stone is classified as prismatine. 
For three spot analyses, if one spot has 
a boron apfu between 0.45 and 0.55, 
the species is undetermined. 

All analytical points were plotted 
in figure 8 (full chemical results are 
in appendix 1 at www.gia.edu/gems- 
gemology/summer-2019-labnotes- 
separation-kornerupine-prismatine- 
appendix1.pdf). There were 2, korner- 
upine, 20 prismatine, and 8 undeter- 
mined species, for a total of 30 tested 
stones. This result suggests that, con- 
trary to popular belief, prismatine may 
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Figure 8. The AI-B plot shows three sections. When the B (apfu) is between 0 and 0.45, stones are classified as kor- 
nerupine (blue spots). When the B (apfu) is between 0.45 and 0.55, the species for the stones (red spots) cannot be de- 
termined. When the B (apfu) is between 0.55 and 1.00, stones (yellow spots) are classified as prismatine. For three 
spot analyses, if one spot has a B (apfu) between 0.45 and 0.55, the species is considered undetermined. 


be a far more common gem species 
than kornerupine, which is also sup- 
ported by the analyzed boron concen- 
tration of many production stones 
submitted to GIA laboratories. Inter- 
estingly, for the five green stones tested 
here the species could not be deter- 
mined, although they slightly favor 
prismatine chemistry (some of the red 
spots in figure 8). Aluminum apfu is 
also a good indicator for separating kor- 
nerupine from prismatine. Boron-rich 
prismatine has an Al apfu around 5.8 
to 6.0, compared to boron-poor kor- 
nerupine with an Al apfu around 6.6 to 
6.8. Extra Al in kornerupine functions 
as a substitute for B in one of the tetra- 
hedral sites in the crystal lattice. 
Kornerupine is an appropriate 
group name for kornerupine-structure 
minerals of an unknown boron con- 
tent or for cases where the species can- 
not be determined. For extreme cases, 
such as when boron apfu is close to 0 
or 1, Raman spectroscopy could be 
sufficient to separate kornerupine 
from prismatine (B. Wopenka et al., 
“Raman spectroscopic identification 
of B-free and B-rich kornerupine (pris- 
matine),”” American Mineralogist, Vol. 
84, No. 4, 1999, pp. 550-554). How- 
ever, the more accurate separation for 
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the two is determined by LA-ICP-MS 

analysis because the species definition 

is based on concentration of a chemi- 
cal element, boron. 

Ziyin Sun, Jonathan Muyal, 

Nathan D. Renfro, Shane F. McClure, 

and Aaron C. Palke 


Faceted MILARITE 


Recently the Carlsbad lab received a 
light yellow 2.07 ct unknown gem- 
stone (figure 9). The measured refrac- 
tive index was 1.548-1.550 with a 
birefringence of 0.002. The specific 
gravity, measured hydrostatically, was 


Figure 9. This 2.07 ct oval brilliant is the first faceted milarite examined 
by the Carlsbad lab. 
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Figure 10. Raman spectroscopy confirmed the gem to be milarite. 


2.52. These properties were consistent 
with the mineral milarite, which was 
confirmed by Raman spectroscopy 
(figure 10). The stone showed 
planar/patterned liquid inclusions re- 
sembling a honeycomb pattern and 
also contained needle-like inclusions. 

Milarite is fairly rare but gives its 
name to a somewhat large group of sil- 
icates, namely the milarite-osumilite 
group. This group is composed of sim- 
ilar cyclosilicate minerals that are very 
rare and obscure. Crystals are generally 
small and often have a muted green or 
yellow color, and they occur as well- 
formed prismatic hexagonal crystals. 
Milarite is a hexagonal-dihexagonal 
dipyramidal mineral with a composi- 
tion of K,Ca,Al Be,Si,,O,,°H,O. It 
forms as a primary mineral in granitic 
pegmatite, low-temperature hydro- 
thermal veins, and alpine clefts. 

The mineral was named by Gus- 
tav Kenngott (1870) after he mistak- 
enly identified its provenance as Val 
Milar, located in eastern Switzerland. 
The original specimens actually came 
from neighboring Val Giuf. Even 
though milarite was the first newly 
described mineral from a Swiss 
Alpine fissure, it took more than 60 
years to identify the mineral’s true 
chemical nature, in particular its Be 
content. Milarite was originally 
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known as a green mineral, until fine 
yellow crystals were discovered in 
Mexico in 1968. Larger Mexican crys- 
tals with transparent areas have occa- 
sionally been faceted into small gems 
with a pleasing appearance, but these 
are exceedingly rare. 

Outside of Switzerland, notable 
occurrences have been recorded in 
Brazil, Mexico, Germany, Russia, 


Canada, Italy, Norway, and the 
Czech Republic. Nevertheless, this 
is the first example of faceted milar- 
ite ever examined by the Carlsbad 
laboratory. 


Forozan Zandi 


A “Hollow” PEARL Filled with 
Foreign Materials 
The interior structures of pearls are al- 
ways of interest, as they are never re- 
vealed until the analysis begins. 
External appearance may provide expe- 
rienced pearl testers with some clues 
on what to expect when microradiog- 
raphy commences, but sometimes the 
structure revealed is beyond expecta- 
tion (Spring 2014 Lab Notes, pp. 66-67; 
Winter 2015 Lab Notes, pp. 434-436). 
In early 2019, a semi-baroque 
white and cream pearl, weighing 
28.49 ct and measuring 19.23 x 16.44 
x 15.05 mm (figure 11), was submit- 
ted to GIA’s Bangkok laboratory. Its 
external appearance and size gave no 
obvious preliminary clues about its 
identity. A fairly small oval area on 
the base measuring approximately 
5.20 x 3.10 mm differed in appearance 
from the rest of the pearl. Initial ex- 
amination with a loupe and micro- 


Figure 11. The submitted 28.49 ct pearl, alongside a Thai one-baht coin. 
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scope revealed that the pearl’s surface 
had been worked and heavily pol- 
ished, producing a lustrous appear- 
ance. Many surface areas had been 
modified, including the small oval 
area already mentioned. More de- 
tailed observation using a stereomi- 
croscope revealed foreign materials 
within the yellow-brown area on the 
base (figure 12), including a piece of 
shell-like material (figure 12B and 
12C, red arrows) together with other 
random fragments within a transpar- 
ent light yellow substance enclosing 
several gas bubbles (figure 12D, blue 
arrows). Similar features were ob- 
served in the filler material used in 
natural blisters previously submitted 
to GIA (Summer 2016 Lab Notes, pp. 
192-194). Although the surface struc- 
ture indicated that the pearl was 
most likely filled with foreign mate- 
rials, such an assumption could only 
be proved after more detailed study. 
Real-time microradiography (RTX) 
and X-ray computed microtomogra- 
phy (u-CT) revealed the pearl’s inter- 
nal structure, including a large dark 
and fairly irregular outline that indi- 
cates the pearl was hollow at one 
time. RTX analysis (figure 13A) 
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Figure 12. The pearl’s base showing the filler (yellow-brown area) exposed 
at the surface (A). Field of view 19.20 mm. A magnified view of the filled 
area showing the largest shell-like material (B and C, red arrows) with 
other fragments within the transparent light yellow host filler. Field of 
view 7.20 mm. The gas bubbles in the filler are easily visible in this mag- 
nified view (D, blue arrows). Field of view 1.44 mm. 


showed that some parts of the struc- 
ture clearly reached the surface at the 
base. After RTX examination in a 
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number of different orientations, 
however, it was very apparent that the 
structure was no longer hollow. In- 


Figure 13. Top: Two RTX images 
reveal the complex internal struc- 
ture observed in two different di- 
rections. Field of view ~21.19 mm. 
Bottom: Two p-CT images reveal 
the structures in more detail. Field 
of view ~21.07 mm. The off-round 
features with a dark organic ring 
toward the center and a white 
core could be a natural seed pearl 
(C and D, blue arrows), while 
most of the other pieces seem to 
be fragments of shell. The identity 
of the more radio-translucent ob- 
ject (D, red arrow) with part of an 
additional white radio-opaque im- 
purity within the filler is unknown 
and can only be solved through 
destructive testing. 
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stead, it was completely filled with 
foreign materials, displayed as an 
array of disorderly fragments (figures 
13A and 13B). The p-CT images re- 
vealed clearer structures, with the 
outlines of fragments in various sizes 
apparently suspended in the former 
void. The u-CT results also showed a 
degree of structural variance in the 
materials present within the filler. 
One off-round feature displayed an or- 
ganic-rich ring at its center, with a 
very small white core possibly indi- 
cating the presence of a small natural 
seed pearl (figure 13C and 13D, blue 
arrows). Other irregular features with 
a similar radio-opacity seemed to be 
related to pieces of shell (as seen with 
the microscope at the surface of the 
filled area on the base), while an 
unidentified, more radio-translucent 
feature was also noted (figure 13D, red 
arrow). An additional small radio- 
opaque white impurity (likely a metal 
fragment) was observed in association 
with the latter and may be seen with 
all the other components in the sup- 
plemental p-CT videos (www.gia.edu/ 
gems-gemology/summer-2019-lab- 
notes-hollow-pearl-filled-with-foreign- 
material). 

The “hollow” form bears some 
similarity to previous cases, such as a 
natural hollow pearl (N. Sturman, 
“Pearls with unpleasant odors,” GIA 
Laboratory, Bangkok, 2009, www.gia 
thai.net/pdf/Pearls_with_unpleasant_ 
odours.pdf) or the voids seen in some 
non-bead cultured pearls (N. Sturman 
et al., “X-ray computed microtomog- 
raphy (u-CT) structures of known nat- 
ural and non-bead cultured Pinctada 
maxima pearls,” Proceedings of the 
34th International Gemmological 
Conference, 2015, pp. 121-124). Nev- 
ertheless, we cannot be certain why 
this void was filled with a variety of 
materials. The most plausible reasons 
are that (A) the feature needed to be 
filled so the pearl could be used in jew- 
elry, and a selection of natural “shell- 
related” materials were mixed with 
adhesive to achieve this goal, or (B) the 
process was carried out to add weight 
to the pearl so it could be sold for a 
higher price, or both. 
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Figure 14. A strong blue fluorescence was visible on the pearl’s surface 
under the DiamondView; the largest piece of shell and some of the 
smaller pieces with a matching appearance within the filler reacted in 
a similar manner. The other pieces in the filler exhibited slightly 
weaker reactions; the surrounding transparent filler showed a yellow- 
green color. 


The pearl’s fluorescence in the 
DiamondView was a strong blue, typ- 
ical of many previously examined 
pearls. However, there was a degree 
of inhomogeneity that might be due 
to the surface condition (figure 14). 
The main reason to expose the pearl 
to the radiation of the DiamondView 
was to see how the materials in the 
filled area reacted. The results 
showed that the largest fragment and 
the pearl’s surface produced a similar 
reaction, which supports the possi- 
ble presence of shell pieces. Other 
smaller constituents showed weaker 
reactions, and the surrounding trans- 
parent host exhibited a yellow-green 
reaction. 

Raman spectroscopic analysis of 
the filler confirmed the presence of 
shell based on a match with aragonite 
spectra, which is characteristic of 
many mollusks and pearls. The trans- 
parent filler material produced spectra 
that closely matched with a polymer. 
The chemistry of the largest piece of 
shell visible at the filler’s surface was 
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checked by energy-dispersive X-ray 
fluorescence (EDXRF) spectrometry 
and showed manganese (Mn) and 
strontium (Sr) levels characteristic of 
a saltwater environment. 

Since the void within the pearl 
had been completely filled with for- 
eign materials, it was unclear exactly 
what its original structure was prior 
to the work undertaken. Several sce- 
narios are possible: 


1. The pearl contained natural or- 
ganic matter and formed natu- 
rally. 


2. It had a large void with some or- 
ganic matter in it, typical of 
some non-bead cultured pearls. 


3. The large void contained a bead 
nucleus that was intentionally 
broken and mixed with bonding 
material and other components 
to fill the void and mask the 
identity, or the pieces of broken 
bead were removed before the 
void was filled with shell and 
other materials. 
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Figure 15. These two beads, 6.96 ct (left) and 2.25 ct (right), were identi- 


fied as dyed serpentine. 


Where doubt about the actual 
identity exists and each possibility 
has merit, it is unfair to the client to 
simply make an educated guess. After 
explaining the situation to the client, 
we left the identity of this pearl as 
“filled” but of an “undetermined” ori- 
gin (natural, bead cultured, or non- 
bead cultured). Accordingly, a report 
was not issued. 


Nanthaporn Nilpetploy 


Dyed SERPENTINE Imitating 
Sugilite 

The Carlsbad laboratory recently re- 
ceived a parcel of mottled purple 
beads (figure 15). A 2.25 ct translucent 
reddish purple broken bead from this 
parcel (shown on the right in figure 
15) was examined for an identification 
report. At first glance, based on the 
color and structure, the sample re- 
sembled sugilite. Standard gemologi- 


Figure 16. The fibrous internal structure of the specimen resembling sug- 
ilite was actually consistent with serpentine. Field of view 4.11 mm. 
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cal testing revealed a refractive index 
of 1.56, a specific gravity of 2.71, weak 
orange fluorescence in both long- 
wave and short-wave UV, and a dye 
band with a handheld spectroscope. 
Sugilite has an RI of 1.607-1.610 and 
an SG of 2.74, and may show a con- 
centrated band at 600 nm that can be 
confused with a dye band. The bead 
showed uneven color and a fibrous 
structure under the microscope (fig- 
ure 16). There were no obvious dye 
concentrations, but the orange fluo- 
rescence and dye band in the spectro- 
scope indicated the presence of dye. 
By performing a simple acetone test, 
we were able to prove that the mate- 
rial had been dyed. A light pink streak 
was examined after rubbing the test 
sample on a tissue soaked with ace- 
tone. The specimen’s infrared spec- 
trum was not consistent with sugilite 
but ended up matching well with ser- 
pentine. Chemistry collected via laser 
ablation-inductively coupled plasma— 
mass spectrometry (LA-ICP-MS) was 
consistent with serpentine, ruling out 
the possibility of sugilite. 

Without advanced testing, it 
would have been difficult to conclu- 
sively identify this material as serpen- 
tine. This is the first time reddish 
purple dyed serpentine imitating sug- 
ilite has been examined in the Carls- 
bad laboratory, and gemologists 
should be aware of this imitation 
when examining sugilite. 


Jessa Rizzo 


Color-Change SPESSARTINE 
Garnet: A First Report 

GIA’s Carlsbad laboratory recently 
examined a 2.11 ct faceted stone (fig- 
ure 17) that showed strong color 
change from dark green under day- 
light-equivalent lighting to dark red 
under incandescent illumination. 
Standard gemological testing re- 
vealed a refractive index that was 
over the 1.80 RI limit of the GIA 
desktop refractometer. This was the 
first example of a color-change garnet 
with an over-the-limit RI reading ex- 
amined by GIA. Fluorescence was 
inert to long-wave and short-wave 
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revealed only a small fracture and 
strong internal strain. High-order in- 
terference colors were observed in 
cross-polarized light from the strain 
along grain boundaries. 

Laser ablation-inductively coupled 
plasma-mass spectrometry (LA-ICP- 
MS) results showed that the stone was 
composed predominantly of spessar- 
tine (80.37 mol.%), with minor con- 
tributions from other end members 
of the garnet species (see table 1 at 
www.gia.edu/gems-gemology/ 
summer-2019-labnotes-color-change- 
spessartine-garnet-icp-tablel .pdf). It is 
classified as a spessartine garnet based 
on the criteria in the pyrope-spessar- 
tine-almandine ternary diagram (fig- 
ure 18, left) modified from Stockton 
and Manson (“A proposed new classi- 
fication for gem-quality garnets,” 
Winter 1985 GwG, pp. 205-218). The 
RI and SG could also be calculated 
based on chemical composition (W.A. 


Figure 17. Color-change phenomenon was observed in this 2.11 ct octago- 
nal mixed-cut spessartine. The left image, with a dark green color, was 
taken using an LED light source with 6500K color temperature (a day- 
light-equivalent light simulator). The right image, showing a dark red 
color, was taken with an LED light source with 2700K color temperature 
(an incandescent light simulator). 


UV light. The stone did not show any 
pleochroism with the dichroscope. 
Using a handheld spectroscope, we 


observed a cutoff at about 460 nm 
and a broad band centered at about 
575 nm. Microscopic examination 


Deer et al., Rock-Forming Minerals: 
Orthosilicates, Vol. 1A, Geological 
Society of London, 1982, pp. 485-488). 


Figure 18. Left: Three LA-ICP-MS data points, calculated based on molecular percentages for pyralspite garnet, 
were plotted in a pyrope-spessartine-almandine ternary diagram (modified after Stockton and Manson, 1985). Re- 
fractive index and spectral boundaries were used to distinguish among the six proposed garnet gem species labeled 
in the diagram. Right: The same data points were further plotted in the pyrope-spessartine-almandine RI-SG dia- 
gram (modified after Deer et al., 1982) to validate the measured over-the-limits RI. 
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Figure 19. In the visible absorption spectrum of the stone, transmission window A is centered at 510 nm, while 
transmission window B is between 630 and 650 nm. The strong absorption below 450 nm is caused by Mn**; a 
wide absorption band between 550 and 650 nm is caused mainly by V**. The stone had so much Mn that the de- 
tector of the instrument was saturated below 440 nm. Calculated color pairs, representing the color of the stone 
seen under CIE D65 illumination and CIE A illumination, are shown above the two transmission windows. The 
human eye is not color sensitive above 650 nm or below 420 nm (both represented in the graph by the gray color 
zoning). The transmission in these wavelength ranges cannot be perceived effectively. 


The calculated RI and SG—plotted in 
figure 18, right—were 1.797 and 4.182, 
respectively. The calculated RI value 
was consistent with the measured RI 
value. In 2001, Krzemnicki et al. re- 
ported a garnet composed of 76.9 
mol.% spessartine and 4.2 mol.% 
goldmanite with a color change from 
orange-yellow under daylight-equiva- 
lent lighting to reddish orange under 
incandescent illumination based on 
the colorimetric data in the article, al- 
though color change from brownish 
green to brownish was observed visu- 
ally (“Colour-change garnets from 
Madagascar: Comparison of colorimet- 
ric with chemical data,” Journal of 
Gemmology, 2001, Vol. 27, No. 7, pp. 
395-408). The high spessartine and 
goldmanite composition of the stone 
is similar to our stone reported here, 
but with much weaker color change. 


256 Las Notes 


To understand why this spessar- 
tine garnet showed a color-change 
phenomenon, we collected an ultra- 
violet/visible/near-infrared (UV-Vis- 
NIR) spectrum (the visible portion of 
the spectrum is shown in figure 19), 
which was then used to quantita- 
tively calculate the stone’s colorimet- 
ric coordinates (L*, a*, and b*; see table 
2 at www.gia.edu/gems-gemology/ 
summer-2019-labnotes-color-change- 
spessartine-garnet-icp-table2.pdf) 
under different lighting conditions. 
The strong absorption below 450 nm 
is caused by Mn** (R.K. Moore and 
W.B. White, “Electronic spectra of 
transition metal ions in silicate gar- 
nets,” Canadian Mineralogist, Vol. 11, 
No. 4, 1972, pp. 791-811). A wide ab- 
sorption band centered at about 585 
nm is caused mainly by V* (C.A. 
Geiger et al., “Single-crystal IR- and 
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UV/VIS-spectroscopic measurements 
on transition-metal-bearing pyrope: 
the incorporation of hydroxide in gar- 
net,” European Journal of Mineralogy, 
Vol. 12, No. 2, 2000, pp. 259-271), 
which produced two transmission 
windows: one in the blue-green part of 
the spectrum (figure 19, window A} 
and the other in the red (figure 19, 
window B). This was the cause of the 
color change in this spessartine garnet, 
as incandescent illumination high- 
lighted the red transmission window 
and daylight-equivalent lighting high- 
lighted the blue-green window. Color 
pairs under CIE D65 illumination (rep- 
resenting daylight-equivalent lighting) 
and CIE A illumination (representing 
incandescent illumination) were cal- 
culated and are shown in figure 19, 
above transmission window A and B. 
The darker color pair (top row), di- 
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Figure 3 
¢ Gas bubbles, 75X 


sequence of lines and degree of intensities of 
the diagrams of both spinels with those 
found in literature on spinel). However, 
there are slight differences in the position 
of the lines between our two spinels and the 
values published in literature which may be 
due to the different lattice constants. With 
the object of exactly computing the lattice 
constants of the two spinels, two further 
powder photographs were made after NaCl 
was mixed with the spinel powder as indi- 
cator substance. The dimensions of the unit 
cell were found to measure: 


° °° 
Synthetic spinel: ay = 8.084 A = 0.001 A 


°o oO 
Natural spinel: ay = 8.086 A + 0.00LA 
Although the last decimal cannot be taken 


as absolutely certain (limit of deviation + 


° . 
0.001 A), the difference in dimension of the 
unit cell of the two spinels is definite, since 
the difference of the lattice constants can be 


proved to be 0.002 A, thanks to the indicator 
of rock salt, though the absolute size of the 
unit cell cannot be precisely defined. This 
difference of cell dimensions, however, lies 
within the limit of variation in natural 
spinels. In the literature, mention ts made of 


the following values for natural Mg-spinels: 
° ° °° 
8.03 A or 8.05 A or even 8.059 A 3.4.5. The 


small difference of 0.002 A, observed in con- 
nection with the present investigation, does 
not manifest any substantial difference be- 
tween natural red and synthetic red spinel, 
nor does it offer any means of distinction 
between the two. 

These X-ray powder tests, therefore, give 
definite substantiation that powder diagrams 
do not reveal any appreciable difference be- 
tween the eacth-born and the man-made red 
spinel, but that the synthetic product is a 
real spinel crystal with precisely the same 
crystal lattice as the natural stone. 


PHYSICAL PROPERTIES 

The results of the X-ray investigation led 
to the conviction that the physical properties 
of the synthetic red spinel most closely corre- 
spond to the genuine gem. Indeed, this ex- 
pectation was fulfilled in almost every respect. 

a. Specific gravities were determined by 
hydrostatic weighing in a semiautomatic 
Mettler Balance (in the U.S.A. called “Fisher 
Balance’) using ethylene dibromide. The 
computations were corrected to water of 4°C. 
and the accuracy of each weighing was 
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105° 
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-a* = -50, 
180° 
bluish green 


195° 


210° 


255° 


Colorimetric Parameters of Color-Change Spessartine in CIE 
Standard Illuminant A and D65 in the CIELAB 1976 Color Circle 


b* = 50, 90° yellow 
75° 


15° 
a* = 50, 
0°, 360° 
purple-red 


345° 


330° 


285° 


-b* = -50, 270° blue 


Figure 20. In the CIELAB 1976 color circle, the color of the stone changes 
from medium saturated green under CIE D6 illumination to low satu- 
rated orangy red under CIE A illumination, with a hue angle difference of 
79.11°, a chroma difference of 9.25, and a color difference of 15.82. Full 
sets of L*, a*, b* and RGB color coordinates are shown in table 2. 


rectly calculated from the measured 
UV-Vis-NIR spectrum, closely 
matched the dark appearance of the 
stone (again, see figure 17) with L* 
(lightness) around 14.5. It was the 
strong absorption generated by very 
high Mn and V concentration, along 
with the stone’s relatively large size, 
that produced a long light path length. 
To better observe the saturation and 
hue of the color pair, the authors 
changed the L* to 50 and reproduced 
the color pair with the same a* and b* 
values (bottom row). The hue differ- 
ence of the color pair is easier to see 
with increased lightness. 

One way to judge the quality of a 
color-change stone is to plot the color 
pair in the CIELAB 1976 color circle. 
Good color-change pairings show a 
large hue angle difference, small 
chroma difference, and large chroma 
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values (Z. Sun et al., “How to facet 
gem-quality chrysoberyl: Clues from 
the relationship between color and 
pleochroism, with spectroscopic 
analysis and colorimetric parame- 
ters,” American Mineralogist, Vol. 
102, No. 8, 2017, pp. 1747-1758). The 
color coordinates L*, a*, and b* (again, 
see table 2) of the stone under CIE 
D65 illumination and CIE A illumi- 
nation were plotted in the CIELAB 
1976 color circle in figure 20. The 
spessartine showed a low saturation 
under CIE A illumination. 

Color change has been reported 
previously in pyrope-spessartine (K. 
Schmetzer et al., “Color-change gar- 
nets from Madagascar: Variation of 
chemical, spectroscopic and colori- 
metric properties,” Journal of Gem- 
mology, Vol. 31, No. 5-8, 2009, pp. 
235-282), in pyrope (Z. Sun et al., 
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“Vanadium- and chromium-bearing 
pink pyrope garnet: characterization 
and quantitative colorimetric analy- 
sis,” Winter 2015 GwG, pp. 348-369), 
and in grossular (Spring 2018 GNI, pp. 
233-236). To the authors’ knowledge, 
this was the first color-change spes- 
sartine reported. 


Heidi Breitzmann, Ziyin Sun, and 
Aaron C. Palke 


SPURRITE 


Recently, a 19.68 ct gray-purple stone 
(figure 21) was submitted to the 
Carlsbad laboratory for identification. 
The square cabochon was semi- 
translucent and had wispy white fea- 
tures throughout. 

It had a refractive index of 1.68- 
1.64 and a hydrostatic specific gravity 
of 3.00. Raman spectroscopy identified 
it as spurrite (figure 22), which aligned 
with the gemological properties al- 
ready measured. Spurrite is a nesosili- 
cate with a chemical composition of 
Ca,(SiO,),CO, (J.W. Anthony et al., 
Handbook of Mineralogy, Vol. 2, Min- 
eral Data Publishing, 1995). Analysis 
by energy-dispersive X-ray fluores- 
cence (EDXRF) showed high amounts 
of calcium and silicon. 


Figure 21. A 19.68 ct gray-purple 
spurrite that was submitted to 
GIA’s Carlsbad lab. 
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Figure 22. Raman spectroscopy identified the gray-purple stone as 


spurrite. 


Spurrite occurs in high-tempera- 
ture thermal metamorphism along 
the contact between carbonate rock 


and mafic magma (Anthony et al., 
1995). A common inclusion found 
within spurrite is black metallic mag- 


Figure 24. Raman spectroscopy identified the inclusion in the spurrite as 


magnetite. 
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Figure 23. Magnetite, identified 
using Raman spectroscopy, 
breaks the surface of the spurrite. 
Field of view 4.79 mm. 


netite crystals. Raman spectroscopy 
identified the metallic opaque inclu- 
sions that broke the surface (figure 23) 
as magnetite (figure 24), further evi- 
dence that this stone was a spurrite. 
Encountering stones that require 
more research and a little detective 
work, such as this spurrite, can en- 
hance one’s curiosity about gemology. 


Nicole Ahline 


Exsolved Particles with Natural 
Appearance Within Flux-Grown 
Pink SYNTHETIC SAPPHIRE 


The Carlsbad laboratory recently ex- 
amined unusual exsolved flux parti- 
cles in a flux-grown pink synthetic 
sapphire. The specimen, mounted in 
a ring, had an estimated weight of 
13.07 ct and a refractive index of 
1.760-1.770. It displayed a typical 
pink sapphire spectrum with a hand- 
held spectroscope. Strong red fluores- 
cence was seen under both long-wave 
and short-wave UV. Laser ablation-in- 
ductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) detected high 
levels of platinum, the concentrations 
of iron, beryllium, titanium, vana- 
dium, and gallium were either below 
the detection or quantification limit. 

Microscopic examination revealed 
further evidence of a synthetic origin: 
a single reflective platinum platelet 
with negative hexagonal growth 
through the center (figure 25, left). 
Also observed were interconnected 
channels of exsolved flux creating fin- 
gerprints (figure 25, right). 
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Figure 25. Left: Reflective platinum platelet with negative hexagonal growth within a flux-grown pink synthetic 
sapphire; field of view 2.34 mm. Right: Channels of exsolved interconnected flux; field of view 4.79 mm. 


A potentially challenging inclu- 
sion was seen in the form of minute 


Figure 26. Fine rounded flux par- 
ticles aligned into linear stringers 
resembling fingerprints and silk 
clouds seen within natural corun- 
dum; field of view 1.73 mm. 


For More on Lab Notes 


rounded flux particles aligned in or- 
ganized linear rows (figure 26), which 
displayed a striking resemblance to 
fingerprints and silk clouds com- 
monly seen within natural corun- 
dum. These particles were observed 
in relative abundance at varying 
depths. Grid-like exsolved solid inclu- 
sions have been mentioned in the lit- 
erature as possible properties of 
synthetic corundum (R.W. Hughes et 
al., Ruby & Sapphire: A Gemologist’s 
Guide, Lotus RWH_ Publishing, 
Bangkok, 2017). It has not been stated 
how abundant these natural-looking 
fingerprints are within flux-grown 
synthetic material, but this type of in- 
clusion is rarely seen at the Carlsbad 
laboratory. Identifying the natural or 


X-ray computed microtomography (u-CT) imaging reveals a 


hollow pearl filled with foreign material. View the videos at 
www.gia.edu/gems-gemology/summer-201 9-labnotes- 
hollow-pearl-filled-with-foreign-material 


synthetic origin of a stone with this 
type of natural-looking inclusion can 
be challenging. If a gem material is 
suspected of being synthetic, it is ad- 
visable to submit it to a gemological 
laboratory. 


Britni LeCroy 
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Intergrown Emerald Specimen from Chivor 


Colombia’s Chivor emerald mines are located in the east- 
ern zone of the Eastern Cordillera range of the Andes 
Mountains. Chivor translates to “green and rich land” in 
Chibcha, the language of the indigenous people who were 
already mining emerald more than 500 years ago, before 
the arrival of the Spanish conquistadors (D. Fortaleché et 
al., “The Colombian emerald industry: Winds of change,” 
Fall 2017 GWG, pp. 332-358). Chivor emeralds exhibit a 
bright green color with a tint of blue; they have relatively 
high clarity and fewer inclusions than emeralds found in 
Colombia’s western belt. 

The authors recently examined a rough emerald crystal 
specimen (figure 1], measuring 18.35 x 10.69 x 9.79 mm, 
reportedly from Chivor. This crystal weighed 3.22 g (16.10 
ct) and had a prismatic hexagonal crystal shape. Standard 
gemological examination confirmed the gemstone to be 
emerald, and ultraviolet/visible/near-infrared (UV-Vis-NIR) 
spectroscopy showed a classic Colombian emerald absorp- 
tion spectrum. The crystal’s color was typical of Chivor 
emeralds, a medium dark green showing a blue tint. The 
emerald, which hosted jagged three-phase inclusions that 
are typically observed in Colombian material, showed no 
signs of clarity enhancement. 

The emerald specimen hosted a large, unique inclusion 
of emerald almost perpendicular to the c-axis, measuring 
approximately 2.67 x 2.71 x 5.43 mm. The inclusion’s iden- 


About the banner: A unique wavy structure is preserved in this tiger's eye 
from South Africa. Photomicrograph by Nathan Renfro; field of view 8.72 
mm. Specimen courtesy of the John Koivula Inclusion Collection. 

Editors’ note: Interested contributors should contact Nathan Renfro at 
nrenfro@gia.edu for submission information. 
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tity was confirmed by Raman spectroscopy. The inclusion 
exhibited a well-formed hexagonal prismatic shape with 
pyramid-like termination (figure 2). Although intergrowth 
emerald crystals have been described and documented in 
the literature several times (G. Grundmann and G. Giu- 
liani, “Emeralds of the world,” in G. Giuliani et al., Eds., 
Emeralds of the World, extraLapis English, No. 2, 2002, pp. 


Figure 1. An emerald crystal inclusion measuring 
~2.67 x 2.71 x 5.43 mm is found inside this large 
emerald specimen (18.35 x 10.69 x 9.79 mm) from 
Colombia’s Chivor mine. Photo by John Jairo Zamora. 
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Figure 2. Left: A well-formed emerald inclusion, showing a hexagonal prismatic shape with pyramidal termina- 
tion. Right: The view from below shows a perfect hexagonal crystal outline. Photomicrographs by John Jairo 


Zamora; field of view 12 mm. 


24-35; I. Sunagawa, Crystals: Growth, Morphology and 
Perfection, Cambridge University Press, 2005, pp. 127- 
149), it is always a spectacular feature to observe, making 
this emerald rough crystal from Chivor with an emerald 
crystal inclusion a unique collector’s specimen. 


Luis Gabriel Angarita and John Jairo Zamora 
CDTEC, Bogota 


Jonathan Muyal 
GIA, Carlsbad 


Purple Fluorite Inclusion in Emerald from Russia 


Fluorite inclusions in emeralds from various localities have 
been reported extensively in the literature. They have been 
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described as “whitish-colorless, octahedral-cube and/or 
corroded rounded shapes” (E.J. Giibelin and J.I. Koivula, 
Photoatlas of Inclusions in Gemstones, Vol. 3, Opinio Pub- 
lishers, Basel, Switzerland, 2008). However, purple fluorite 
in an emerald host is rare. 

Author CM previously documented a purple banded 
fluorite inclusion in an emerald submitted to GIA for iden- 
tification (Fall 2016 Lab Notes, pp. 302-303). This was 
noted as “an interesting and unexpected addition to an oth- 
erwise typical (emerald) inclusion scene.” Surprisingly, the 
current authors recently found another purple fluorite in- 
clusion in an emerald (figure 3) from GIA’s research refer- 
ence collection. Purchased from Alexey Burlakov (Tsarina 
Jewels, JTC, Bangkok), it was reportedly from the Maly- 


Figure 3. A Russian 
emerald hosts a crystal 
inclusion—identified 
by laser Raman micro- 
spectrometry analysis 
as fluorite—that ex- 
hibits a distinct purple 
color. Photomicrograph 
by Jonathan Muyal; 
field of view 1.44 mm. 
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sheva mine, located a few kilometers northeast of Yekater- 
inburg, Russia. 

Closer examination of the inclusion revealed a large, 
distinct purple zone, as well as a purple band and a sub- 
hedral crystal form. The inclusion proved to be singly re- 
fractive when viewed between crossed polarizers. Laser 
Raman microspectrometry confirmed that the inclusion 
was fluorite. Trace-element chemistry of the host emerald 
collected via laser ablation—inductively coupled plasma— 
mass spectrometry (LA-ICP-MS) matched well with GIA’s 
Russian emerald chemistry reference data. 

Raman analysis and microscopic observation conclu- 
sively identified the inclusion as fluorite. This strongly sug- 
gests that the unusual purple inclusion observed by author 
CM in 2016 was indeed fluorite; in that case, the inclusion 
was too deep in the stone to analyze with Raman. It is pos- 
sible that purple fluorite is an unusual internal feature found 
only in Russian emerald, since that is the only known 
source from which we have observed this inclusion. 


Jonathan Muyal and Claire Malaquias 
GIA, Carlsbad 


Helical Inclusion in Colombian Emerald 

GIA’s Tokyo laboratory recently examined a 7.54 ct natural 
emerald containing a 3D helical inclusion (figure 4) resem- 
bling a DNA double helix or fish bone. This helix, consist- 
ing of whitish grains, reached the emerald’s surface. The 
other associated inclusions were jagged three-phase finger- 
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Figure 4. A three-dimen- 
sional helical inclusion 
in emerald. Photomicro- 
graph by Taku Okada; 
field of view 2.93 mm. 


prints, growth tubes, and the gota de aceite optical effect 
(R. Ringsrud, “Gota de aceite: Nomenclature for the finest 
Colombian emeralds,” Fall 2008 GwG, pp. 242-245). All 
these features supported a Colombian origin. To date, three 
emeralds examined in GIA’s Tokyo laboratory that were 
reportedly Colombian have exhibited similar inclusions. 
This helical inclusion may therefore be a characteristic of 
Colombian emeralds. Such a discovery within a stone is 
always pleasing. 
Taku Okada 
GIA, Tokyo 


Piradee Siritheerakul 
GIA, Bangkok 


Mexican Opal with Large Fluid Inclusion 

Although opals generally contain water in their structure, 
fluid inclusions large enough to be resolved with the 
microscope are rare; those that can be seen with the un- 
aided eye are exceedingly rare. While at the JCK Show in 
Las Vegas, the author examined a most unusual common 
opal with a very large eye-visible fluid inclusion (figure 
5). The fluid cavity was approximately 14 mm in diame- 
ter, and most of the space inside was occupied by a large 
gas bubble. An aqueous liquid could clearly be observed 
wetting the walls of the cavity, along with some un- 
known solid particles (figure 6). Since this fluid inclusion 
contained solid, liquid, and gaseous phases, it is appropri- 
ately described as a three-phase inclusion. According to 
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Figure 5. This 19.94 ct polished freeform opal con- 
tained a large, eye-visible three-phase fluid inclu- 
sion. Photo by Jian Xin (Jae) Liao; courtesy of Javier 
Lopez Avila. 


Javier Lopez Avila, the stone’s owner, this rare opal spec- 
imen was mined from the San Simon mine in Jalisco, 
Mexico, by Opalos de México. It is the first opal with a 
large fluid inclusion that he has observed from this de- 
posit. This rare inclusion in Mexican opal is an interest- 
ing gemological oddity that any collector can appreciate. 


Nathan Renfro 
GIA, Carlsbad 


Figure 6. This eye-visible three-phase fluid inclusion 
in a Mexican opal was just over 14 mm in diameter 
and contained solid, liquid, and gaseous phases. 
Photomicrograph by Nathan Renfro. 
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Figure 7. A protogenetic crystal of pyrope-almandine 
garnet with reflective needles in a greenish blue sap- 
phire. Photomicrograph by Nattida Ng-Pooresatien; 
field of view 2.70 mm. 


Pyrope-Almandine Garnet in Sapphire Host 

In gemology, garnet occurs in a wide variety of colors, in- 
cluding red, orange, yellow, and green. Garnet is also found 
as inclusions in diamond, quartz, topaz, aquamarine, and 
zircon (E.J. Gitbelin and J.I. Koivula, Photoatlas of Inclu- 
sions in Gemstones, Vol. 1, ABC Edition, Zurich, 1986, pp. 
158-160). 

GIA’s Bangkok laboratory recently received a 3.97 ct 
transparent greenish blue sapphire for a colored stone 
identification report. Standard gemological testing and ad- 
vanced analysis revealed properties consistent with nat- 
ural sapphire. Interestingly, microscopic examination 
with a combination of darkfield and oblique fiber-optic il- 
lumination revealed a well-formed brownish orange crys- 
tal cluster with reflective needles (figure 7). The crystal 
was singly refractive, and Raman spectrometry matched 
it with pyrope-almandine garnet. Sapphires with garnet 
inclusions are rarely seen in laboratory examination, al- 
though they are occasionally found in samples from Tan- 
zania and the state of Montana (E.J. Giibelin and J.1. 
Koivula, Photoatlas of Inclusions in Gemstones, Vol. 3, 
Opinio Publishers, Basel, Switzerland, 2008, pp. 228-242). 


Nattida Ng-Pooresatien 
GIA, Bangkok 


Euhedral Phantom Sapphire in Sapphire 

A phantom sapphire crystal within a host sapphire crystal 
was recently examined at GIA’s Carlsbad laboratory. The 
inclusion showed euhedral morphology as one half of a par- 
tially tapered bipyramid. The visible boundaries of the in- 
cluded crystal were composed of unaltered fingerprints 
with geometric patterns and fine linear rows. The crystal’s 
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surface also showed moderate-order birefringence colors; 
these represented the shared interface between the host’s 
crystal lattice and the inclusion’s crystal lattice (figure 8). 
External local fingerprints also terminated around the crys- 
tal’s end point. Negative crystals within the inclusion 
showed tabular hexagonal habit (figure 9, left). When the 
host sapphire was exposed to temperatures below the freez- 
ing point of water, a CO, bubble was seen within the 
largest negative crystal (figure 9, right). A sapphire with 
this inclusion combination is rarely seen. 


Britni LeCroy 
GIA, Carlsbad 


Figure 8. A partially ta- 
pered bipyramid sap- 
phire inclusion within 
a sapphire. Photomicro- 
graph by Britni LeCroy; 
field of view 2.90 mm. 


Curved Banding in Flame-Fusion 

Synthetic Sapphires 

Most synthetic ruby and sapphire on the market is grown 
by Verneuil flame fusion. It can usually be separated from 
natural corundum by its distinctive curved banding, in 
contrast to the angular zoning seen in natural stones. 
Gemologists may see these features in the microscope 
when using darkfield or brightfield illumination. This 
zoning can also be seen with use of a short-wave fluores- 
cent light, as noted in Ruby & Sapphire: A Gemologist’s 
Guide (R.W. Hughes et al., Lotus Publishing, Bangkok, 
2017). 


Figure 9. Left: Negative crystals with tabular hexagonal habit within a euhedral sapphire inclusion. Right: A CO, 
bubble appears within the largest negative crystal (see arrow) after the stone was exposed to temperatures below 
the freezing point of water. Photomicrographs by Britni LeCroy; field of view 1.76 mm. 
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Recently the author noticed two excellent examples. 
When viewed with the Magilabs deep-UV fluorescence sys- 
tem (a proprietary short-wave UV source), the curved band- 
ing in the synthetics was clear (figures 10 and 11), allowing 
them to be easily separated from natural corundum. Gemol- 
ogists using a DiamondView may see the same reaction. 


E. Billie Hughes 
Lotus Gemology, Bangkok 


Micro-WoRLD 


Figure 10. Curved 
banding is easily spot- 
ted in this flame-fusion 
blue synthetic sapphire 
when illuminated with 
the Magilabs deep-UV 
fluorescence system, a 
short-wave UV source. 
Photomicrograph by E. 
Billie Hughes; field of 
view ~13 mm. 


Iridescent Tabasco Geode 

Tabasco geodes are a small geode variety named for the 
area where they are mined in the Mexican state of Za- 
catecas, near the city of Tabasco. Typically, these geodes 
are lined with water-clear drusy quartz, but the author 
recently examined one that was filled with greenish blue 
botryoidal chalcedony that also showed iridescent colors 
(figure 12). The cause of the colors was not immediately 


Figure 11. Observed 
with a short-wave UV 
light source, the sample 
displays curved banding, 
a telltale sign of a flame- 
fusion synthetic sap- 
phire. Photomicrograph 
by E. Billie Hughes; field 
of view ~24.5 mm. 
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apparent, but microscopic examination revealed clues. 
The outermost layer of chalcedony had not firmly ad- 
hered to the underlying botryoidal mass. This delamina- 
tion allowed an air gap along the interface of the thin 
outermost layer of chalcedony and the botryoidal mass 
of greenish blue chalcedony underneath. This air gap, in 
addition to the transparent nature of the very thin chal- 
cedony shell, created thin-film interference colors along 
the interface of the chalcedony shell and substrate (figure 
13). This explanation was supported by the observation 
that where areas of the delicate shell were damaged, the 


Figure 13. The Tabasco geode hosts greenish blue 
chalcedony, with a thin chalcedony shell that was 
responsible for the iridescent thin-film interference 
colors. Photomicrograph by Nathan Renfro; field of 
view 1.83 mm. 
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Figure 12. This unique 
Tabasco geode from 
Mexico’s Zacatecas 
State, containing green- 
ish blue botryoidal 
chalcedony, measures 
24 mm in the longest 
dimension. Photo by 
Diego Sanchez; cour- 
tesy of Marquez Mining. 


iridescence was not present. This Tabasco geode is one 
of the most visually interesting geodes examined by the 
author. 


Nathan Renfro 


Inclusion-Rich Black Topaz from the 

Thomas Mountains, Utah 

Topaz is an important gemstone that occurs in various col- 
ors. The authors had the opportunity to examine some un- 
usual black topaz crystals and crystal fragments whose 


Figure 14. The black appearance of a topaz was due to 
these small dark mineral inclusions. Photomicro- 
graph by Jonathan Muyal; field of view 1.44 mm. 
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checked with a quartz of exactly known spe- 
cific gravity. The results were at close prox- 
mity to the density of genuine red spinel and 
varied slightly within the limit of S 20,30 
= 3.579 — 3.598. Details are shown in 
Table U. 

b. Refractive indices were measured on an 
Abbe-Pulfrich total reflectometer, using a 
monochromatic light source (sodium light). 
Similarly to the specific gravity, they also 
showed slight variations from stone to stone, 
= 1.7191 and 


D 
amax.ofn == 1-7198, thus coinciding very 


but kept within a min. of n 


closely with those of natural red spinel. The 
findings of the single specimens are listed 
and compared with the variations of the spe- 
cific gravity in Table I, It is conspicuous that 
variations of R.I. correspond to those of 
specific gravity (with the exception of No. 3) 
which probably must be ascribed to an in- 
constancy of distribution of pigment (pro- 
portional amount of CreO3) and it may be 
noted that the stones No. 5 and No. 6, with 
the highest data, display the most beautiful 
red hue. 

c. The absorption spectrum shows quite 
good correspondence with the spectrum of 
the genuine gem; no distinct absorption 
lines are visible but broad absorption extends 


ce) o 
from 5950 A to 4900 A. 
d. The U-V-fluorescence is dull red in 


° 
short waves of 2500 A and displays a bril- 


liant glow of red under long waves of 3650 
oO 
A, more brilliant than the natural red gem 


and almost as brilliant as synthetic ruby. The 
fluorescence spectrum reveals a most remark- 
able pattern which reminds one very much of 
the fluorescence spectrum of ruby. While the 
senuine red spinel—quite unlike the suby— 
produces a series of five lines of which the 


co oO 
two strongest are at 6870 A and 6750 A, 
synthetic red spinel shows one particularly 
brilliant red and broad band extending from 


oO oO 
6850 A to 6900 A accompanied by a very 


narrow and faint satellite red line at 6780 A. 
This difference from the fluoresence spec- 
trum of genuine red spinel offers sufficient 
distinction to enable experienced gemologists 
to recognize the svnthetic red spinel by this 
means. 
MICROSCOPIC EXAMINATION 

With the exception of the fluorescence 
spectrum synthetic ruby red spinel can, there- 
fore, hardly be distinguished from the 
genuine gem, were it not for its most char- 
acteristic internal features which are of the 
highest diagnostic value. Of course, this new 
member among synthetic stones cannot deny 
its man-promoted origin and betrays itself, 
as it is to be expected, by the typical birth- 
marks of all synthetic stones. 

While specimens No. 3, No. 4, and No. 5 
reveal but tiny tension cracks and stone No. 
6 is completely clean and flawless, specimens 
No. 1 and No. 2 yield the most instructive 
information in that, with respect to micro- 
scopic examination, both these specimens 
contain all the features which characterize 
synthetic red spinel. 

The gas bubbles are neither of similar ap- 
pearance nor shape as in ordinary synthetic 
spinels of the ratio MgO: AlsO3 = 1.:3.5 
but resemble much rather those observed in 
synthetic corundum. The vesicles are either 
spherical or of some distorted, irregular 
form, elongated, bruised and occur even as 
so-called “tadpoles” (Figures 3, 4. 5. and 
6). Their size varies from ordinary dimen- 
sions to ultramicroscopic size, the former 
being rather evenly dispersed through the 
stone, while the latter accumulate into dense 
clouds (Frgvre 7}. In the stones that he 
before me, the clouds are in broad parallel 
bands lying across the long axis of the boule 
(Figure &), Great was my surprise though to 
discover yet another interesting feature—-not 
at all, or very rarely, present in ordinary syn- 
thetic spinel—which consists of the appear- 
ance of very distinct curved striac. These 
striae are either narrow (Figare 9) or broad 
(Figure 10). Near the bottom of the boule 
they are more strongly curved, while towards 


the head of the crystal the radius of the curv- 


WINTER 1953 


+2 
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appearance was the result of numerous small dark mineral 
inclusions (figures 14 and 15). The topaz originated from 
an undisclosed locality in the Thomas Mountains in Juab 


MicrRo-WoRLD 


Figure 15. A black 
topaz crystal specimen 
from the Thomas 
Mountains in Utah 
(24.8 x 17.92 x 12.29 
mm). Photo by Kevin 
Schumacher. 


County, Utah. They were provided by Shaun Rasmussen 
and Krisann Morrill (SK Star Claims, Provo, Utah), who 
discovered the occurrence. Careful microscopic examina- 
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tion revealed the presence of several inclusion minerals 
(figure 16, top). Among these were thin, translucent 
brownish plates of annite/phlogopite mica; transparent 
colorless, spherical crystals of fluorite; and opaque black 
octahedral crystals of magnetite. These minerals, which 
are well-known inclusions in topaz, were confirmed by 
Raman microspectrometry. 

The most abundant inclusions—and apparently the 
principal cause of the black appearance—were numerous 
opaque flattened or stubby crystals of wolframoixiolite (fig- 
ure 16, bottom), a rare complex oxide mineral with the ideal 
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Figure 16. Top: Inclu- 
sions seen in this photo- 
micrograph include 
black magnetite, color- 
less fluorite, and brown 
annite/phlogopite. Bot- 
tom: Clusters of tabular 
wolframoixiolite crystals 
along with fluorite and 
mica inclusions. Photo- 
micrographs by Jonathan 
Muyal; fields of view 
0.288 mm (top) and 0.36 
mm (bottom). 


formula (Nb,W,Ta,Fe,Mn,Nb),O, (N. Ray, “Mineralogy and 
geochemistry of unusual localized W-Nb included black 
topaz from the Thomas Mountain Range, UT,” unpub- 
lished and undated manuscript, provided by SK Star Claims 
to the authors). Quantitative chemical analysis by LA-ICP- 
MS revealed a composition of 1.66 wt.% CaO, 2.28 wt.% 
TiO,, 5.52 wt.% MnO, 19.93 wt.% Fe,O,, 1.94 wt.% ZrO,, 
24.66 wt.% Nb,O,, 1.17 wt.% MoO,, 1.17 wt.% Ta,O,, 
40.15 wt.% WO,, and 1.53 wt.% other elements. This gave 


a caleulated chemical formula of (Ca, 974, Tigo7,, Mp 193) 
" 

Fe 0.620/ ZY q30r ND gagis Mop oy Tayo Wo others, or.) 94g 
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Figure 17. Measuring 25.28 x 17.51 x 7.67 mm and 
weighing 15.65 ct, this colorless quartz crystal from 
Namibia hosts numerous transparent blue-green in- 
clusions of dioptase. Photo by Diego Sanchez. 


which is consistent with the chemistry of this uncommon 
mineral. 

The presence of both magnetite and wolframoixiolite 
inclusions in the topaz resulted in a slight magnetic behav- 
ior. The corroded and sometimes altered appearance of 
both dark inclusion phases suggests that they represent 
protogenetic inclusions that formed during an earlier stage 
of mineral crystallization in the growth environment and 
were subsequently incorporated within the topaz. In spite 
of their abundance, these different inclusion minerals did 
not create any optical phenomena. 

We thank those who provided these samples, which rep- 
resent the first black-appearing topaz we have examined. 


Jonathan Muyal, Ziyin Sun, and James Shigley 
GIA, Carlsbad 


Micro-WorRLD 


Figure 18. Trigonal blue-green crystals in and on the 
surface of this colorless quartz were identified by 
Raman analysis as dioptase. Photomicrograph by 
Nathan Renfro; field of view 11.75 mm. 


Quarterly Crystal: Dioptase in and on Quartz 


Crystals of transparent colorless rock crystal quartz play 
host to a wide variety of mineral inclusions, some of which 
are highly attractive. Due to its transparency and bright 
blue-green color, one of the most visually striking inclu- 
sions occasionally found in quartz is dioptase. Occurring 
in the oxidized zones of some copper deposits, dioptase gets 
its vibrant color from copper, the chemical formula of diop- 
tase being Cu,Si,O,,°6H,O. 

Recently we had the opportunity to examine an un- 
usual arrowhead-shaped, fully terminated colorless quartz 
crystal that was decorated on one side with a crust of nu- 
merous trigonal transparent dioptase crystals that were 
both in and on their host. The geographic source for the 
crystal shown in figure 17 is Kaokoveld, Namibia. Weigh- 
ing 15.65 ct and measuring 25.28 x 17.51 x 7.67 mm, this 
unusual example of rock crystal plays host to numerous 
near-surface trigonal crystals (figure 18) up to 3.0 mm in 
length. 

The visual characteristics of the features—the trigo- 
nal micromorphology, degree of transparency, and color 
of the numerous inclusions—suggested dioptase; this 
was confirmed using laser Raman microspectrometry. 
The euhedral dioptase inclusions were situated on only 
one side of the quartz, which illustrates that they devel- 
oped through directional deposition late in the quartz 
growth cycle. 


John I. Koivula and Nathan Renfro 
GIA, Carlsbad 
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IAMONDS FROM THE DEEP 


WINDOWS INTO SCIENTIFIC RESEARCH 


SS i Karen V. Smit and Steven B. Shirey 


Kimberlites: Earth’s Diamond Delivery System 


Diamonds are the most amazing of gems. Just as amazing, 
however, is how natural diamonds reach Earth’s surface. 
Diamonds are formed 150 to 700 km deep in Earth, and are 
then carried upward in a rare volcanic eruption of a kim- 
berlite magma. Man has never witnessed such an event, 
and the eruption of this magma is thought to be the most 
rapid and violent type of volcanic eruption on Earth. Luck- 
ily, since diamond is the hardest mineral, it can usually 
survive such rough handling. This delivery system in the 
form of volcanic transport only adds to the mystique and 
value of natural diamond. 

There are two main magma types that carry natural di- 
amonds to the surface. These magmas crystallize on cool- 
ing into volcanic rocks known as kimberlite and lamproite 
(see box A). Kimberlite is by far the dominant type of erup- 
tion to bring diamonds to Earth’s surface (figure 1). Al- 
though diamond is only an accidental passenger and not 
actually created by the kimberlite, a basic understanding 
of kimberlites helps us understand the setting for most nat- 
ural diamond formation in the mantle. 


The Relationship Between Kimberlite and Diamond 


Prior to the discovery of kimberlites, diamonds were all 
mined from secondary alluvial sources: river environments 
where diamonds had been eroded from their primary 
source. Historical diamonds from India were predomi- 
nately recovered along the Krishna River in Madhya 
Pradesh. Today, secondary diamond mining still occurs in 
many areas of Sierra Leone, Brazil, Angola, Namibia, and 
even along the seafloor where rivers drain into the oceans. 

The common occurrence of shale pieces in the first dis- 
covered kimberlite confused early geologists (see box B). 
Shale was a piece of the surrounding rock that had been 
picked up by the kimberlite as it traveled through the crust 
before eruption. Since shale is often very carbon rich, some 
geologists reasoned that diamonds might have formed by 
reaction between the magma and the shale (Lewis, 1887). 
At the time, some 30 years before the discovery of radioac- 
tivity, there was no way to accurately determine the ab- 
solute age of a diamond (see Spring 2019 Diamonds from 
the Deep), the kimberlite, or the shale. 
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It took experiments and geochemical analysis to show 
that diamonds do not form as a result of kimberlite reac- 
tion with shale. But it would take more than 100 years 
after the discovery of kimberlite to prove that diamonds 
do not crystallize out of the kimberlite magma. 

The first step in our knowledge about the relationship 
between diamonds and kimberlites comes from early work 
on how diamond crystallizes. Experiments in the labora- 
tory showed that the transformation of graphite to dia- 
mond occurred at high pressure and temperature deep 
within the mantle, although we now know most diamond 
forms by other reactions (see Winter 2018 Diamonds from 
the Deep). Subsequently, geoscientists obtained pressure 
and temperature constraints for diamond formation (from 
diamond host rocks and their mineral inclusions), bolster- 
ing the high-pressure origin for natural diamonds (e.g., 
Bundy et al., 1961; Mitchell and Crocket, 1971). Evidence 
of their high-pressure origin meant that diamonds clearly 
had to have formed before any interaction between kim- 
berlite and crustal rocks such as shale (again, see box B). 
However, it was still thought that diamonds could crystal- 
lize from the kimberlite magma at depth in the mantle be- 
fore the eruption to Earth’s surface took place, or that 
diamonds grew under metastable conditions during kim- 
berlite ascent (Mitchell and Crocket, 1971). 

In the 1970s, scientists used isotopic dating of kimber- 
litic minerals to determine the first ages of kimberlite 
eruptions. Using Rb-Sr geochronology of kimberlitic 
micas, geoscientists at the University of the Witwatersrand 
determined that kimberlites from the Kimberley area 
erupted about 86 million years ago (Allsopp and Barrett, 
1975). Around the same time, U-Pb geochronology on kim- 
berlitic zircons of these same kimberlites showed similar 
results, that they erupted around 90 million years ago 
(Davis et al., 1976). Later analytical work refined these ages 
(e.g., Allsopp and Kramers, 1977; Davis, 1977, 1978; 
Clement et al., 1979; Kramers and Smith, 1983; Smith, 
1983). We now know that the majority of Earth’s kimber- 
lites erupted relatively recently (geologically speaking) be- 
tween 250 and 50 million years ago (see compilations in 
Heaman et al., 2003; Jelsma et al., 2009; Tappe et al., 2018). 

In the 1980s, Stephen H. Richardson and colleagues at 
MIT, working on diamonds from the Kimberley mines, 
found that the diamonds range in age from a billion years 
to more than three billion years old and that they originated 
in the lithospheric mantle region below the Kaapvaal craton 
(Richardson et al., 1984). Since the Kimberley kimberlites 
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Figure 1. Open-pit diamond mines in kimberlite rock. Mining operations remove as much kimberlite as possible 
and leave deep pits that outline the shape of a “kimberlite pipe.” A: The Cullinan mine started as an open-pit op- 
eration and transitioned to underground mining in 1946. Photo by DeAgostini/Getty Images. B: Active mining in 
one of the kimberlite pipes at the Letseng mine. Photo by Karen Smit/GIA. C: The Kimberley mine “Big Hole,” 
where mining was completed in 1914. Photo by The Print Collector/Getty Images. D: The bottom of the open pit 
in the Diavik mine. Photo by Ben Nelms/Bloomberg via Getty Images. E: The “Big Hole” of the Kimberley mine 
today. Photo by Karen Smit/GIA. 


erupted only 84 million years ago (Clement et al., 1979), the 
Richardson et al. study showed definitively that the dia- 
monds had no genetic relationship to the kimberlite. This 
basic age relationship holds for all other diamondiferous 
kimberlites. Kimberlite eruptions, then, are just the way 
that diamonds make their way from depth in the mantle to 
Earth’s surface. Diamonds are simply the passenger, and 
kimberlites are their transport. 


Why Do Diamonds Survive in Kimberlite During 
Eruption? 

Another wonderful feature of the way kimberlites trans- 
port diamonds from great depth is that the diamonds man- 
age to survive. Rough diamonds are often resorbed from 
their primary octahedral shapes into secondary shapes 
called dodecahedrons. This is because kimberlites are in 
the process of dissolving the diamond—it’s just that this 
process has not gone to completion. Nearly all other mag- 
mas on Earth, such as basalts and andesites, would com- 
pletely dissolve diamond, so it is a gift of nature that 
kimberlites allow diamonds to survive. 

Successful diamond transport and delivery also occurs 
because kimberlites erupt faster and are less oxidizing than 
other magmas on Earth. Diamonds may also be shielded 
in pieces of their host rocks during much of their transport. 
Speed is of the essence here: A low-viscosity kimberlite is 
estimated to travel at speeds around 8 to 40 miles per hour 


DIAMONDS FROM THE DEEP 


(Sparks et al., 2006), whereas a normal-viscosity basaltic 
magma moves at a fraction of this pace. Chemical compo- 
sition of the kimberlite and its volatile components are 
also thought to be important factors. 


Kimberlite Eruptions in Earth’s History 


From field observations made at the site of emplaced kim- 
berlites, kimberlites are more explosive than the eruptions 
we see today in places like Hawaii, Iceland, Indonesia, and 
Mount St. Helens. Evidence for crystal granulation, xeno- 
lith rounding, and fragmentation (see box A, figure A-1} 
leads geologists to conclude that kimberlite eruptions are 
much more violent and breach the surface with the high- 
est velocities of any volcano. 

The last known kimberlite eruptions were the circa 
10,000-year-old Igwisi Hills kimberlites (Brown et al., 2012) 
in Tanzania, although there is some debate about whether 
these constitute true kimberlite. Furthermore, these kim- 
berlites are not diamond-bearing. The next youngest 
African kimberlites are the 32-million-year-old Kun- 
delungu kimberlites in the Democratic Republic of Congo 
(Batumike et al., 2008). The most recent diamond-bearing 
kimberlite-like eruptions were the West Kimberley lam- 
proites (box A), which erupted 24 to 19 million years ago 
(Allsopp et al., 1985). Around 45% of these lamproites are 
diamond-bearing, although only two have been mined for 
their diamonds. 
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Box A: ROCK NAMES 


Rocks, like minerals, have their own names given by the 
international community of geologists when they are 
recognized for what they are. In the case of rocks, these 
names are based on chemical composition, texture (fig- 
ure A-1), color, mineral content, and the way they form. 
Once a rock name such as kimberlite has been defined 
and accepted, that becomes shorthand for all its fea- 
tures—including those that are observable by the field 
geologist in outcrop and those that relate to its actual 
origin deep within Earth by plate tectonic processes. 
Rock names are useful because they embody all these 
important ideas. 

Kimberlite is the name given to a silica-poor and 
magnesium-rich extrusive igneous rock (e.g., a volcanic 


Kimberlites have been erupting since at least the 
Archean, and the oldest ones discovered so far are the 
Mitzic kimberlites in Gabon (West Africa), which erupted 
around 2.8 billion years ago (de Wit et al., 2016). However, 
kimberlites have not been continuously erupting since that 
time, and globally there have been several time periods 
when kimberlites erupted more frequently (Heaman et al., 
2003; Jelsma et al., 2009): 


Time period 1200-1075 600-500 400-350 250-50 
(millions of years ago) 


% of global kimberlites 


9.4% 7.4% 5% 62.5% 


(from Tappe et al., 2018) 


How and Why Do Kimberlites Form? 


Melt Composition. The primary (or original) melt compo- 
sition of kimberlite is poorly known because the rock we 
see today is such a variable, complicated physical mixture. 
Kimberlite contains magma that has been mixed with 
many components picked up along the >150 km path to 
the surface. At the surface, kimberlite contains fine- 
grained matrix material and minerals known as phe- 
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rock) that contains major amounts of olivine, often ser- 
pentinized. It is a highly variable mixture of melt, min- 
erals crystallizing from the melt, and foreign crystals and 
rock pieces. Kimberlite may occur in the field as dikes 
or pipes that crystallize near but below the surface (hypa- 
byssal kimberlite) or as magmas that erupt volcanically 
(volcaniclastic kimberlite). 

Lamproite is the rock name given to a crystallized 
extrusive igneous rock that is rich in potassium and 
magnesium and missing the common crustal mineral 
feldspar. While lamproites are much more common than 
kimberlites, those that carry diamonds are much rarer 
than kimberlites. In fact, we only know of around four 
or five diamondiferous lamproites on Earth. 


Figure A-1. Images of 
kimberlite textures. 
Left: Hypabyssal kim- 
berlite from the Griz- 
zly 3 kimberlite, 
Canada (field of view 
7.62 cm). Right: Vol- 
caniclastic kimberlite 
from the Victor North 
kimberlite, Canada 

e (field of view 7.62 cm). 
wr 

he, Photos by Steve Shirey. 


nocrysts, foreign minerals known as xenocrysts (diamond 
being the xenocryst that we want!), and foreign rocks 
known as xenoliths. In other words, kimberlite is consid- 
ered a “hybrid” rock. Xenoliths themselves are very inter- 
esting to geologists because they are samples of the rock 
through which the kimberlite has passed. 

The predominant mineral in kimberlite is olivine, 
which could be either phenocrystic (from the kimberlite it- 
self) or xenocrystic (from the mantle and broken off and 
sampled by the eruption). Making the distinction between 
these two populations of olivine is not always clear. Olivine 
is easily altered to a mineral called serpentine, and this al- 
teration also makes estimation of the original magma com- 
position difficult. 

There are many different ways to try to determine the 
primary melt composition: conducting experiments at 
high pressures and temperatures, looking at melt inclu- 
sions found in kimberlite minerals, and performing mass 
balance calculations where the xenocryst and alteration 
material are subtracted to arrive at the remaining kimber- 
lite material. All these different approaches now seem to 
suggest that kimberlite magmas form as melts that are 
rich in carbonate in the asthenospheric mantle (Stone and 
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Box B: DISCOVERY OF KIMBERLITES AS THE SOURCE ROCK FOR DIAMONDS 


Between 1866 and 1869, the first South African dia- 
monds were discovered along the Vaal and Orange River 
beds (known as “alluvial” diamonds). This was followed 
by the first discoveries of diamonds in their primary 
source rock at Jagersfontein, Koffiefontein, and the Kim- 
berley area in 1870. Figure B-1 shows early mining oper- 
ations at Kimberley. 

Ernest Cohen first recognized this new source rock as 
igneous (Janse, 1985), and Henry Lewis (1887a) proposed 
to call the rock “kimberlite.” It was named after the town 
of Kimberley, which in turn was named after Lord Kim- 
berley, the British Secretary of State (Field et al., 2008, 
and references therein). The observations of Lewis 
(1887b), extracted below, provide an interesting glimpse 
into the dawning understanding of the geologic condi- 
tions of diamond occurrences more than 130 years ago: 

In 1870, at which time some ten thousand persons had 

gathered along the banks of the Vaal, the news came of 

the discovery of diamonds at a point some fifteen miles 

away from the river, where the town of Kimberley now 

stands. These were the so-called “dry diggings,” at first 
thought to be alluvial deposits, but now proved to be vol- 
canic pipes of a highly interesting character. Four of these 
pipes or necks, all rich in diamonds, and of similar geo- 


Luth, 2016; Bussweiler et al., 2016; Stamm and Schmidt, 
2017; Soltys et al., 2018; Howarth and Buttner, 2019). 
Kimberlite magma forms after low amounts of melting of 
peridotite (see Winter 2018 Diamonds from the Deep for 
more information on peridotite], at depths around 200- 
300 km, and contains high amounts of carbon dioxide and 
water. The presence of these so-called volatile compo- 
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Figure B-1. Image of 
the haphazard mining 
operations at the Kim- 
berley “Big Hole” be- 
fore the consolidation 
of mining operations 
by Cecil Rhodes and 
Barney Barnato, and 
the founding of the De 
Beers Consolidated 
Mines in 1888. Each 
miner owned a small 
claim of land and sent 
diggings to the surface 
by winch and rope. 
They worked at differ- 
ent rates and left a 
highly irregular and 
dangerous surface. See 
also figure 1C. 


logical structure, were found close together. They have 
been proved to go down vertically to an unknown depth, 
penetrating the surrounding strata. The diamond-bearing 
material at first excavated was a crumbling yellowish 
earth, which at a depth of about 50 feet became harder 
and darker, finally acquiring a slaty blue or dark green 
colour and a greasy feel, resembling certain varieties of 
serpentine. This is the well-known “blue ground” of the 
diamond miners. 


It is exposed to the sun for a short time, when it readily 
disintegrates, and is then washed for its diamonds. This 
“blue ground” has now been penetrated to a depth of 600 
feet, and is found to become harder and more rock-like 
as the depth increases. 


The diamond-bearing portions often contain so many in- 
clusions of shale as to resemble a breccia, and thus the 
lava passes by degrees into tuff or volcanic ash, which is 
also rich in diamonds, and is more readily decomposable 
than the denser lava. 


It seems evident that the diamond-bearing pipes are true 
volcanic necks, composed of a very basic lava associated 
with a volcanic breccia and with tuff, and that the dia- 
monds are secondary minerals produced by the reaction 
of this lava, with heat and pressure, on the carbonaceous 
shales in contact with and enveloped by it. 


nents in the kimberlite magma is one reason why kimber- 
lite eruptions are thought to be particularly explosive. 


Why Did Melting Start? We know now roughly where in 
Earth kimberlite magmas originated, but why did melting 
actually start? The “triggers” for deep Earth melting that 
precede kimberlite eruption are not the same for all kim- 
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@ Global kimberlite occurrences 
with reliable age determinations 
(n= 1,133) 


Global kimberlite occurrences 
(n = 5,652) 


Figure 2. Map showing the known occurrences of kimberlites worldwide and their restriction to the oldest parts of 
the world’s continents. From Tappe et al. (2018), used with permission. 


berlites, and there are three main large-scale geologic sce- 
narios that geologists typically consider: 


1. mantle plumes rising up from the deep in the mantle 
and interacting with the cratonic lithosphere 

2. subduction of oceanic crust and associated colli- 
sional processes during supercontinent formation 

3. tectonothermal events associated with superconti- 
nent breakup (e.g., Heaman and Kjarsgaard, 2000, 
Heaman et al., 2004; Jelsma et al., 2009; Kjarsgaard 
et al., 2017] 


In particular, rifting of continents and supercontinent 
breakup—with associated fracturing and brittle deforma- 
tion in the lithosphere—provide the pathways for kimber- 
lite magmas to reach the surface (e.g., Jelsma et al., 2009). 
But underlying all these processes of magma generation and 
the resulting kimberlite eruption is the relationship to the 
process of plate tectonics. Without plate tectonics to recycle 
carbonate and volatiles into the mantle, there would be no 
kimberlites. 


Where Do Kimberlites Occur? 


Kimberlites do not erupt in all areas of Earth. Globally, 
kimberlites all occur below the oldest parts of continents, 
known as cratons (figure 2) (Clifford, 1966; Shirey and 
Shigley, 2013). Cratons have thick lithospheric roots that 
extend down to at least 150-200 km, and kimberlite gen- 
eration in the mantle is probably associated with the phys- 
ical barrier to mantle upwelling provided by these deep 
continental roots. Regardless of how kimberlites form, the 
association of these eruptions with deep continental roots 
is another of the wonderful mysteries about how kimber- 
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lites deliver diamonds. These deep continental roots are 
Earth’s diamond storehouse. 


Ongoing Research 


There is still much to learn about kimberlites and the re- 
lationship between kimberlite magmas and the diamonds 
that they carry: Why exactly does diamond survive in a 
kimberlite eruption? What surface features on a diamond 
are related to the effects of the kimberlite magma versus 
those that might be caused by fluids deep within the man- 
tle where the diamonds reside (e.g., Fedortchouk, 2019)? 

While each kimberlite is unique, general eruption and 
emplacement models (see box C) are needed to help under- 
stand why many kimberlites are devoid of diamonds—is 
this simply because they did not erupt through diamond- 
bearing mantle? Or is the lack of diamonds somehow re- 
lated to dissolution and/or eruption mechanisms? 
Information such as this is important during exploration 
and evaluation of new diamond occurrences. 

Ultimately there are reasons to care about kimberlites 
that do not directly relate to their sampling of diamonds 
but rather to the large-scale view of the solid Earth’s deep- 
est geochemical cycles. Kimberlite magma is an extreme 
end member for small amounts of mantle melting and 
high volatile (including water and carbon dioxide) con- 
tent. How do such melts form and migrate at such high 
pressures and temperatures? What does the high percent- 
age of young kimberlites reveal about plate tectonics and 
deep recycling of volatiles? What can kimberlites tell us 
about the connection between the dynamics of the solid 
Earth and our major atmospheric greenhouse gas, carbon 
dioxide? 
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Box C: KIMBERLITE ERUPTION 


Kimberlites all have feeder “magmatic plumbing” sys- 
tems at depth that can be composed of a cylindrical 
(pipe), a planar vertical (dike), and/or a planar horizon- 
tal (sill) shape at depth. It is only close to the surface 
that the high volatile content of the magma causes an 
eruptive “blowout” that results in a volcanic crater; 
this is the magmatic model (Sparks et al., 2006). An- 
other eruption model is the phreatomagmatic model 


Cantuar 2 
ee 


o ——— ee aa z] 
—— m 
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(Lorenz et al., 2003), which proposes that it is the re- 
action of magma with surface water that drives the 
eruption, rather than the gases and volatiles in the 
magma. The phreatomagmatic model was proposed for 
the Argyle lamproite eruption (Rayner et al., 2018) and 
some eruptive phases at Fort 4 la Corne (Kjarsgaard et 
al., 2009). Both the magmatic and phreatomagmatic 
eruptive phases are shown in figure C-1. 


Figure C-1. Many kimber- 
lite complexes globally 

developed through multi- 
ple stages of eruption that 


could have taken place 
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over millions of years. 
Here is one example from 
the Orion South kimber- 
lite in Saskatchewan, 
Canada, where several 
eruption events occurred 
between 106 and 95 mil- 
lion years ago (Heaman et 
al., 2004; Kjarsgaard et 


al., 2009, 2017). They 


even had varying eruption 
styles: both magmatic and 
phreatomagmatic. Solid 
colors in the key are for 
different kimberlite erup- 
tion phases (LJF, EJE, 
Viking, etc.), while tex- 


tured colors are for non- 


kimberlite geological 


units that the kimberlite 
erupted through (Precam- 
brian basement, Pense 
formation, etc.). From 
Kjarsgaard et al. (2009), 


used with permission. 
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We have highlighted the basic geological, historical, 
and practical features of kimberlites. What’s exceptional is 
that in the end, when a natural diamond is purchased, we 
have a kimberlite to thank for bringing it to us. 


DIAMONDS FROM THE DEEP 


Acknowledgments: Thank you to Yannick Bussweiler and 
Graham Pearson for pointing us in the direction of many 
helpful articles. 
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ature becomes longer. This occurrence of 
curved bands combined with gas bubbles may 
be most misleading to the uninitiated gem- 
ologist (Figures 11 and 12), as he might 
take the stone for a synthetic red corundum 
at the first mere sight through the micro- 
scope. However, lack of dichroism and char- 
acteristic extinction will readily assist him 
to form the right judgment. Specimens No. 
3-No. 6 do not contain any gas bubbles at 
all but still display the curved bands very 
markedly. 

From a genetic point of view, the occur- 
rence of gas bubbles similar to those in syn- 
thetic corundum and of curved bands, as wel! 
and as clearly designed as in synthetic red 
corundum, seems to reveal that conditions of 
growth are similar in both synthetic species. 
The strong obstruction of synthetic red spinel 
against formation has already been explained 
in detail!, while on the other hand it is well 
known that synthetic red corundum “does 
not‘ like to grow.” It may, therefore, be con- 
sidered a fact that growth lines (curved 
striae) prove difficult growth and the dis- 
tinctness of their appearance is reciprocal to 
facility of growth, because the single layers 
resulting from the dripping molten drops of 
raw material intermix more or less readily. 

Thus we may assume that readiness of 
growth increases from synthetic red spinel 
(very strongly marked striae) via synthetic 
red corundum (narrow, well-defined stria- 
tions) over synthetic blue corundum (broad 
swashed bands) via synthetic yellow, pale- 
colored corundum (very faint bands) to col- 
orless corundum and = ordinary synthetic 
spinel of all colors (except red) where there 
are no, or very rarely, any bands. It 1s also 
most interesting to obtain another confirma- 
tion of the obvious fact that shape and ap- 
pearance of the gas vesicle is to a certain 
extent influenced by the chemical composi- 
tion of the host mineral’s crystal structure. 

EXTINCTION 

It appears most instructive to observe that 
the extinction of synthetic red spinels seems 
to depend upon their internal perfection, be- 
cause specimen No. 6, which is absolutely 


flawless, shows complete extinction. Within 
the stones No. 3, No. 4, and No. 5 anoma- 
lous, cloudy extinction is bound to the few 
cracks and their vicinity. In specimens No. 1 
and No. 2, however, the extinction is most 
characteristic of anomalous double refraction 
by tension and is distinctly feathery in No. 
2, while in No. 1 the pattern consists of 
broad bands which parallel the dense clouds 
of gas bubbles as well as the curved growth 
layers (Figure 13). 


CONCLUSION 

May I express the hope that the reader 
will be warned by the foregoing account and 
know how to recognize a synthetic ruby red 
spinel should he ever come across one, if 
they should appear on the market in quanti- 
ties in the future. 

The production of synthetic red spinel is 
no necessity and it is to be hoped that the 
producers of synthetic stones will look upon 
this new achievement as the result of scien- 
tic study and technical development and 
leave it at that, being satished with the 
thought that new knowledge and experience 
on the genesis, genetic conditions, and other 
properties of genuine and synthetic stones 
could be gathered from it. It is definitely 
wrong to reproduce genuine gems-by the 
synthesis, as is the case with all synthetic 
spinels. It would be much wiser and better to 
intentionally produce new colors and new 
stones, which would claim individual merit 
as being fully synthetic stones reaching an 
appreciated position of their own, excluding 
all danger of confusion with genuine gems. 
In this way the realm of the precious gems 
would not only be much more clearly sepa- 
rated from the sphere of synthetic stones, but 
the synthetic stone could be looked upon as 
a decorative product with its own special 
purpose. 
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COLORED STONES AND ORGANIC MATERIALS 


Plume agate from Iran. Iran has long had a reputation as a 
source of quality agate, principally derived from extensive 
volcanic deposits throughout the country. Archaeological 
research on ancient tombs and finds in early human settle- 
ment sites there show that agate, chalcedony, and jasper 
were used not only for arrowheads and other stony instru- 
ments but also for ornamental beads and pendants. 

Today, Iranian agates are primarily traded in the city of 
Mashhad, the largest holy city of Iran and the capital of the 
northwest province of Khorasan. Several varieties can be 
found in the market, but plume agates are the most colorful 
and most sought after. The samples of Iranian agate exam- 
ined by the authors contained numerous plume structures 
in a variety of colors including green, yellow, red, white, and 
orange (figure 1). These plume structures are characterized 
by elongate billowy inclusions that can resemble clouds of 
smoke or feathers. The material with predominantly green, 
white, and orange inclusions is sold as “Bahary” (spring) 
agate (figure 2). The material that is principally green, yellow, 
and red is sold as “Paaeasy” (autumn) agate (figure 3). 

The samples examined were acquired in Iran by author 
MMS from Dr. Hamid Mir-Blukey, who has a private min- 
ing claim in the Ferdows agate field in the southern region 
of Khorasan (figure 4). Mining there is done mainly with 
primitive hand tools at or near the surface, where veins of 
agate are exposed as they weather out of their volcanic host 
rock. 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Figure 1. Iranian plume agate (22.45-82.03 ct) from 
the Ferdows agate field comes in two main varieties. 
The material on the left with white, green, and orange 
inclusions is known as “spring agate.” The stones on 
the right with red, yellow, and green inclusions are 
called “autumn agate.” Photo by Diego Sanchez. 


While most material from this region is locally traded, 
the area could become an important global source for 
plume agate. 


Maryam Mastery Salimi and Nathan Renfro 
GIA, Carlsbad 


Ornamental jadeites from the Levoketchpel deposit in the 
Polar Urals of Russia. Although most jadeites on the mar- 
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Figure 2. Iranian “spring agate” showcases inclusions 
that are typically green, white, and orange. Photo- 
micrograph by Nathan Renfro; field of view 3.78 mm. 


ket are from Myanmar, other sources include Guatemala, 
Japan, Kazakhstan, and Russia. Russian jadeites have been 
studied using geological and petrological approaches (e.g., 
A.M. Fishman, Gems in the North Ural and Timan, Geo- 
print, Syktyvkar, 2006, pp. 1-88; F Meng et al., “Jadeitite 
in the Syum-Keu ultramafic complex from Polar Urals, 
Russia: insights into fluid activity in subduction zones,” 
European Journal of Mineralogy, Vol. 28, No. 6, 2016, pp. 
1079-1097), but their gemological characteristics are still 
unclear. To date, several jadeite deposits have been found 
within some ultramafic complexes at the Polar Urals (Fish- 


Figure 4. An agate sample collected at the Aysak area 
in the Ferdows agate field in the southern region of 
Iran’s Khorasan Province. Photo by Hamid Mir- 
Blukey. 
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Figure 3. A display of orangy red, green, and yellow 
inclusions seen in “autumn agate” from Iran. Photo- 
micrograph by Nathan Renfro; field of view 6.00 mm. 


man, 2006). In August 2013, the authors visited a closed 
jadeite mine at the Levoketchpel deposit in the Voykar- 
Syninsky ultramafic complex of the Polar Urals to collect 
samples (figure 5). Here we describe the gemological and 
trace element chemistry of these jadeites. 

The jadeites were found as dikes within serpentinized 
peridotite (figure 6A). The Levoketchpel deposit was report- 
edly discovered in 1959 (V.F. Morkovkina, “Jadeites in the 
hyperbasites of the Polar Urals,” Izvestiya Akademii Nauk 
SSSR (Seriya Geologicheskaya)], 1960, Vol. 4, pp. 103-108). 
Mining at this area was done on a small scale, and the qual- 
ity was low. In the outcrop, the jadeite dike is surrounded 
by phlogopite-rich rock (figure 6B) and peridotite. The Le- 
voketchpel jadeites are translucent to opaque, and whitish 
to pale green and vivid green with a mottled color distribu- 
tion. The samples showed a mosaic to fibrous aggregate 


Figure 5. Five of the 10 jadeite samples from the Levo- 
ketchpel deposit (back row) and four jadeites report- 
edly from the Polar Urals (front row). Photo by 
Shunsuke Nagai. 
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Figure 6. Left: A geolog- 
ical map of the Voykar- 
Syninsky ultramafic 
complex in the Polar 
Urals. Modified from 
Meng et al. (2011). A: 
A whitish jadeite dike 
within serpentinized 
peridotite at the Levo- 
ketchpel area. The ham- 
mer is 40 cm Jong. Photo 
by Dimitri Kuznetsov. 
B: A jadeite boulder 
with surrounding phlo- 
gopite-rich rock. Photo 
by Makoto Miura. 


structure. We collected 10 samples from the jadeite dike 
(five of these are shown in figure 5) and rubbles produced 
during mining. For the gemological observation, advanced 
testing, and quantitative laser ablation—inductively coupled 
plasma-—mass spectrometry (LA-ICP-MS) analysis of trace el- 
ements, we prepared wafers and thin sections (figure 7). 
Standard gemological testing revealed RI values of 1.66 to 
1.67 and hydrostatic SG values of 3.2. to 3.4. In a handheld 
spectroscope, the whitish and pale green zones in the sam- 
ples showed fine chrome lines at 630, 655, and 691 nm, and 
the diagnostic 437 nm line. These results strongly suggested 
that the samples were all jadeite. 

EDXRF testing also indicated that the samples were 
composed mainly of jadeites. The pale green jadeites were 
characterized by a low CaO/Na,O ratio of 0.20 to 0.26, and 
a relatively high Al,O,/Fe,O, ratio of 11.03 to 20.14. The 
vivid green parts tended to be slightly rich in Ca 
(CaO/Na,O ratio, 0.32 to 0.34), and the compositional 
ranges are suited for jadeite (Al,O,/Fe,O, ratio of 10.73 to 
20.14). Vivid green zones were slightly higher in Cr,O,, 
0.06 to 0.16 wt.%, than the whitish and pale green samples 
(Cr,O, up to 0.01 wt.%). 

Careful observation and Raman spectroscopic analysis 
suggested that the samples were mainly composed of fine 
jadeite grains with minor amounts of omphacite, natrolite, 
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feldspar, phlogopite, zircon, and chromite. Natrolite was 
found as the interstitial phase between jadeite grains. 
Jadeite crystals surrounding chromite crystals tended to be 
rich in green color. This green color concentration around 
chromite crystals is probably due to chromium diffusion 
from chromite during the jadeite’s formation. The coexist- 


Figure 7. Two jadeite samples from the Levoketchpel 
deposit, measuring 3.4 cm and 1.8 cm wide. Photo by 
Shunsuke Nagai. 
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Figure 8. Trace element characteristics of the Levoketchpel jadeites. (A) Primitive mantle-normalized trace ele- 
ment patterns for green jadeites. (B) Chondrite-normalized rare earth element (REE) patterns for green jadeites. 
The detection limit is shown by the gray dashed line. Samples in this study are shown in red and compared with 
jadeites from the Pusyerka deposit at the Syum-Keu complex, the Polar Urals (Meng et al., 2016), Myanmar, 
Guatemala, and Japan (Abduriyim et al., 2017; Abduriyim et al., unpublished data). Primitive mantle and chon- 
drite values for normalizing are from Sun and McDonough (1989). 


ing mineral assemblage observed is consistent with previ- 
ous petrological studies (e.g., GE. Harlow and S.S. Sorensen, 
“Jade (nephrite and jadeite) and serpentinite: metasomatic 
connections,” International Geological Review, Vol. 12, 
2005, pp. 49-68). In UV-Vis spectra, vivid green regions of 
the jadeites from Levoketchpel show an Fe** band and 
strong chromium bands in the 550-700 nm range. Similar 
results were also reported from jadeites from the Polar Urals 
(A. Abduriyim et al., “Japanese jadeite: History, character- 
istics, and comparison with other sources,” Spring 2017 
GeaG, pp. 48-67). 

Trace element compositions (Rb, Sr, Y, Zr, Nb, Ba, and 
the rare earth elements Hf, Ta, W, and U) were analyzed 
by LA-ICP-MS for 10 samples (70 spots total). Four of the 
samples had both whitish to pale green and vivid green 
zones. Chemical analyses were conducted on five spots for 
each of these zones. The whitish to pale green jadeites 
were depleted in REEs, while the vivid green zones tended 
to be richer in REEs. We calculated the primitive 
mantle-normalized trace element patterns and the chon- 
drite-normalized REE patterns (figure 8) of the vivid green 
Levoketchpel jadeites (W.F. McDonough and S.-S. Sun, 
“The composition of the earth,” Chemical Geology, Vol. 
120, 1995, pp. 223-253) and compared them to jadeites 
with similar color ranges from another jadeite locality in 
the Polar Urals (the Pusyerka deposit in the Syum-Keu ul- 
tramafic complex; Meng et al., 2016), Myanmar, 
Guatemala, and Japan (Abduriyim et al., 2017; Abduriyim 
et al., unpublished data). The primitive mantle-normalized 
trace element patterns of the Lavoketchpel jadeites reveal 
strong positive anomalies of Sr, Zr, and Nb (figure 8A). 
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Such enrichment of the large-ion lithophile elements 
(LILE) and the high field strength elements (HFSE) in 
jadeites have been reported previously in jadeites from 
other localities (e.g., G-E. Harlow et al., “Jadeites and plate 
tectonics,” Annual Review of Earth and Planetary Sci- 
ences, Vol. 43, 2015, pp. 105-138). In these patterns, green 
jadeites from each locality show a very close overlap. In 
the chondrite-normalized patterns, the Levoketchpel 
jadeites show a right-downward slope: the light rare earth 
element (LREE) La, Ce, Nd, and Sm concentrations tended 
to be higher than the heavy rare earth element (HREE) Eu, 
Gd, Dy, Y, Er, Yb, and Lu contents (figure 8B). The Le- 
voketchpel jadeites are depleted in HREE relative to the 
Pusyerka jadeites. Jadeites from Myanmar and Guatemala 
have higher total REE concentrations than the Polar Ural 
and Japanese jadeites (figure 8B). Burmese jadeite patterns 
show a gentle right-downward slope from La to Lu, and 
Guatemalan jadeites tend to be enriched in HREE. The Le- 
voketchpel jadeites and some Japanese jadeites display a 
similar slope in REE concentration, although the former 
tend to be relatively depleted in HREE. 
Makoto Miura 
GIA, Tokyo 
Shoji Arai 
Kanazawa University, Kanazawa, Japan 
Satoko Ishimaru 
Kumamoto University, Kumamoto, Japan 


Vladimir R. Shmelev 
Ural Branch, Russian Academy of Sciences, 
Ekaterinburg, Russia 
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Gemological and chemical characteristics of natural fresh- 
water pearls from the Mississippi River system. The Carls- 
bad laboratory received 854 natural freshwater pearls from 
Kari Anderson (Kari Pearls, Muscatine, Iowa), who stated 
that they were collected from the Mississippi River system 
(figure 9). Although the time and location of recovery and 
the mollusk species were not recorded, we were informed 
that all were recovered as a byproduct of the shelling busi- 
ness in the past couple of years. The samples ranged from 
0.013 to 3.59 ct and measured from 1.63 x 1.19 mm to 9.87 
x 8.52, x 5.89 mm. The shapes varied from baroque (the ma- 
jority) to near-round, button, and oval. Many of the baroque 
pearls exhibited the unique “wing” or “feather” form (An- 
derson mentioned that the divers refer to these as “spike” 


Figure 9. The natural 
freshwater pearls of 
various shapes and col- 
ors collected from the 
Mississippi River sys- 
tem, together with 
heelsplitter (Potamilus 
alatus, left), purple 
wartyback or purple 
pimpleback (Cyclona- 
ias tuberculate, center), 
and bankclimber (Plec- 
tomerus dombeyanus, 
right) mussel shells. 
Photo by Diego Sanchez. 


pearls) typically associated with American natural fresh- 
water pearls (J.L. Sweaney and J.R. Latendresse, “Freshwa- 
ter pearls of North America,” Fall 1984 GwG, pp. 
125-140). The wing pearls are elongated, with a roughly 
triangular shape, and usually taper to more pointed ends. 
Most possessed an uneven rippled surface along their 
lengths. The surface texture and shape of the wing pearls 
are identical to the lateral “teeth” areas found on the mus- 
sel shells that host these organic gems (figure 10, left). 
The pearl colors also varied widely in hue, tone, and sat- 
uration. The range of hues included very light pink, pur- 
plish pink, orangy pink, brownish orange, and brownish 
purple to brown. Many displayed a pronounced orient effect 
(iridescence or multiple colors on or below the surfaces), 


Figure 10. Left: A mussel shell and pearl showing a strikingly similar appearance. The elongated wing pearl’s 
shape resembles the shape of the lateral “teeth” on the shell. Right: Iridescent rainbow surface colors, or orient, 
creating a beautiful shimmering appearance; field of view 7.19 mm. Photos by Diego Sanchez (left) and Artitaya 


Homkrajae (right). 
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E 
Figure 11. RTX images of a 0.27 ct oval pearl showing 
a growth ring with an ovoid feature in the center. 
Void structures may be encountered in natural and 
non-bead cultured (NBC) pearls, but this small void 
is unlike the twisted void-like structures typically ob- 
served in freshwater NBC pearls. 


creating a beautiful shimmering appearance (figure 10, 
right). Moreover, some exhibited high metallic-like surface 
reflections that resulted in excellent luster. Classifying the 
colors was often quite complex, as the overtone and orient 
were strong enough to affect the actual bodycolor and the 
combinations produced different colors when viewed from 
different angles. Experience has shown that in most cases a 
pearl’s color is directly related to the mussel species and the 
color of the shell’s interior, though water environment and 
the nutrients available during formation also play an im- 
portant role. The heelsplitter (Potamilus alatus), purple 
wartyback or purple pimpleback (Cyclonaias tuberculate), 
and bankclimber (Plectomerus dombeyanus) mussel 
species shown in figure 9 possess pink and purple interior 
surfaces. All have been known to produce pearls with de- 
sirable color. 

The lightly colored samples exhibited moderate to 
strong yellow or bluish yellow fluorescence when exposed 
to long-wave ultraviolet radiation (365 nm}, while the darker 
samples exhibited the same colors with weaker intensities. 
X-ray fluorescence imaging was used to help check the 
growth environment. The majority of the samples fluo- 
resced weak to strong greenish yellow due to manganese 
content, thus confirming their freshwater origin. As with 
the long-wave UV reactions, the darker samples displayed 
weaker reactions, and this fluorescence quenching is related 
to the concentration of coloring pigments present (H. Hanni 
et al., “X-ray luminescence, a valuable test in pearl identifi- 
cation,” Journal of Gemmology, Vol. 29, No. 5/6, 2005, pp. 
325-329). A few of the samples also exhibited a moderate to 
strong orangy reaction in some surface areas. 

One hundred samples encompassing a broad range of 
colors, shapes, surface qualities, and sizes were selected in 
order to study their internal structures and trace element 
concentrations using real-time microradiography (RTX) 
and laser ablation—-inductively coupled plasma-—mass spec- 
trometry (LA-ICP-MS), respectively. The baroque pearls 
showed growth structures that followed their shapes. The 
number and visibility of these structures varied from pearl 
to pearl. In certain orientations the growth structures re- 
sembled “linear features” in some wing pearls. Dark or- 
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TABLE 1. LA-ICP-MS chemical composition values of 
pearls from the Mississippi River system. All values 
are shown in ppmw. 


Element Maximum Minimum* Average? —_ Detection limits 
“Li 20.9 bdl 0.045 0.024—1.08 
"B 16.9 bdl 0.20 0.092-0.51 
3Na 2410 695 1790 0.57-1.86 
Mg 1940 11.7 54.4 0.006—-0.68 
aR 389 25.0 206 0.65-0.91 
3K 71.2 bdl 4.95 0.25-1.00 
8Ca 427000 374000 406000 25.1-122 
VTi 1.48 bdl 0.007 0.069-5.86 
Cr 27.7 bdl 0.076 0.084—0.73 
5Mn 4210 64.2 887 0.060-0.19 
“he 504 248 334 0.54—2.21 
Co 9.30 bdl 0.17 0.008—0.60 
NI 1.10 bdl 0.52 0.017-0.21 
Cu 13.6 bdl 0.59 0.018—-0.28 
Zn 10.2 bdl 0.31 0.045-0.31 
Ga 15.6 bdl 2.44 0.005-0.78 
“Sr 737 105 308 0.011—-0.049 
Boy 0.027 bdl 0.001 0.001—0.003 
“Mo 0.80 bdl 0.017 0.002—0.11 
“Ba 515 17.2 84.3 0.006—0.033 
La 0.022 bdl 0.0003 <0.005 
208Pb 0.12 bdl 0.0006 0.002—0.15 


*odl = below detection limits 
’Data below detection limits is treated as zero when calculating 
average values. 


ganic-rich and void centers were observed in some of the 
symmetrically shaped samples (i.e., button and oval). Al- 
though void structures could be considered characteristic 
of non-bead cultured (NBC) pearls, the voids in these sam- 
ples appeared ovoid and relatively small (e.g., figure 11) and 
unlike the “twisted” void-like structures typically encoun- 
tered within freshwater NBC pearls. 

Chemical compositions were analyzed using the same 
parameters published in a recent study (A. Homkrajae et 
al., “Provenance discrimination of freshwater pearls by LA- 
ICP-MS and linear discriminant analysis (LDA),” Spring 
2019 GwG, pp. 47-60). Three ablation spots were tested 
on each sample, and results for the 22 elements selected 
are shown in table 1. The majority contained high Mn con- 
tent, as expected for freshwater pearls and corresponding 
with the X-ray fluorescence results seen from the majority. 
Only one sample showed Mn levels below 100 ppmw in 
two spots at 89.7 and 64.2, ppmw, which is unusual for this 
pearl type. Yet both spots matched positions for freshwater 
pearls in the ternary diagram of Ba, Mg, and Mn (see 
Homkrajae et al., 2019), indicating a likely freshwater ori- 
gin. Chemical data for the analyzed spots, especially the 
four discriminator elements Na, Mn, Sr, and Ba (bolded in 
table 1), showed results comparable with those of the 
American natural (USA-NAT) pearls group previously re- 
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ported. The majority of the analyzed spots fell within the 
same region as the USA-NAT group in the Sr and Na con- 
tent plot (figure 12). Furthermore, the linear discriminant 
analysis (LDA) method developed during the previous 
study discriminated 70% of these samples as USA-NAT. 
Pearls exhibiting six different colors—pink, purplish 
pink, orangy pink, pinkish purple, brownish orange, and 
orangy brown—were selected in order to study their spec- 
troscopic characteristics. Apart from the brownish orange 
sample, each possessed orient. The analysis was con- 
ducted on the most homogeneously colored area of each 


UV-VIS SPECTRA 


NBC) pearl samples. 


sample. Raman spectroscopic analysis with a 514 nm 
argon-ion laser revealed aragonite peaks at 701, 703, and 
1085 cm! along with strong polyene peaks between the 
approximate ranges 1119-1126 and 1503-1508 cm. UV- 
Vis reflectance spectra were recorded from 2.50 to 800 nm, 
and each spectrum revealed a clear absorption feature at 
about 280 nm, possibly associated with the protein con- 
chiolin and usually observed in nacreous pearls (figure 13). 
The reflectance patterns of the pearls are associated with 
the bodycolors, and the reflectance levels decreased as the 
sample color became more saturated. The samples with a 


Figure 13. UV-Vis reflec- 
tance spectra of six repre- 


=> Rink. sentative pearls revealed a 
— Purplish pink . 
— Orangy pink clear absorption feature at 


— Pinkish purple 
— Brownish orange 
— Orangy brown 


approximately 280 nm that 
is likely associated with the 
protein conchiolin. Each 


REFLECTANCE (ARB. UNITS) 


|_ 
T T T T 


spectrum showed absorp- 
tion features in the visible 
region related to the pearl’s 
bodycolor. The samples 
with pink component re- 
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506 nm. The intensity of 
the absorption increase is 
related to saturation of the 
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pink component showed reflection minima in the blue to 
yellow range corresponding to their bodycolors, with a re- 
flection minimum centered around 506 nm. The results 
corresponded with previous findings on natural-color 
freshwater cultured pearls from Hyriopsis species (S. 
Karampelas et al., “Role of polyenes in the coloration of 
cultured freshwater pearls,” European Journal of Mineral- 
ogy, Vol. 21, No. 1, 2009, pp. 85-97; A. Abduriyim, “Cul- 
tured pearls from Lake Kasumigaura: Production and 
gemological characteristics,” Summer 2018 GwG, pp. 
166-183). Surface observations and spectroscopic studies 
did not reveal any sign of color treatment, which indicates 
the pearls’ natural color origin. 

The Mississippi River and its tributaries are renowned 
for the diversity of native American mussels found in their 
waters. The extensive variety of species from the Union- 
idae family continues to produce a variety of colored nat- 
ural pearls. This was a great opportunity to study and 
document the gemological and chemical characteristics of 
these unique freshwater natural pearls. The data collected 
enlarges GIA’s pearl identification database and will pro- 
vide useful reference material in the years to come. 


Artitaya Homkrajae and Ziyin Sun 
GIA, Carlsbad 


Sally Chan Shih 
GIA, New York 


A special type of trapiche quartz. Recently, the National 
Gem and Gold-Silver Jewelry Testing Center at Zhengzhou 
examined a light yellow hexagonal piece of quartz (figure 14) 
weighing 22.18 g and measuring approximately 42.4 x 34.5 
x 10.3 mm, which the buyer said was purchased from the 
Inner Mongolia autonomous region of northern China. Stan- 
dard gemological testing gave a spot refractive index of 1.54 
and a hydrostatic specific gravity of approximately 2.65. The 
sample was inert to both long-wave and short-wave UV. 


Figure 14. This 22.18 g hexagonal quartz piece was 
unusual for its texture under transmitted light. Small 
crystals are seen on the side. Photo by Xiaodi Wang. 
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Figure 15. Major mineral composition at the star lines 
(a) and the area between the star lines (b) was quartz, 
with characteristic peaks at 1197, 1100, 799, 693, 551, 
and 482 cnr". The spectra are offset for clarity. 


This special sample was made up of three incomplete 
trapiche quartz. All growth reached prism faces in both of 
the tabular crystals, as well as those faces on the secondary 
growth crystals. The sample exhibited the tabular pris- 
matic habit characteristic of the species, but with six-spoke 
trapiche structure that was clearly visible in both reflected 
and transmitted light. 

The infrared reflectance spectra (figure 15) of the translu- 
cent star lines and other areas both indicated quartz, with 
characteristic peaks at 1197, 1100, 799, 693, 551, and 482 
cnr!. Raman spectra of the star lines and other areas (e.g., 
figure 16) were obtained using 785 and 532, nm laser exci- 
tation, respectively. Peaks at about 466, 205, 353, and 396 


Figure 16. The sample’s Raman spectrum further con- 
firmed quartz, with characteristic peaks at 466, 205, 
353, and 396 cnr". 
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cm? further confirmed quartz. This phenomenon may be 
caused by different growth rates and growth conditions. The 
origin of the special structure observed here is uncertain, but 
it is strong evidence of nature’s ability to produce rarities. 


Xiaodi Wang 

Henan Institute of Product Quality 

Inspection and Supervision 

National Gem and Gold-Silver Jewelry Testing Center 
at Zhengzhou 

Henan, China 


Yanjun Song 

College of Gemstone and Material Technology, Hebei 
GEO University 

Shijiazhuang, China 


Rubies from Rock Creek, Montana. North America has sev- 
eral productive colored stone deposits, from gem tourma- 
line in Maine and California, to emerald in North Carolina, 
to peridot, turquoise, and opal in the Western states. One 
gap in all of this gemological wealth is the virtual lack of 
any American ruby sources, with the exception of a minor 
deposit in North Carolina (G.F. Kunz, Gems & Precious 
Stones of North America, Dover Publishing, Mineola, New 
York, 1968, 367 pp.). This is surprising given the number of 
geographic locales in the American West named after the 
red variety of corundum ({i.e., the Ruby Mountains of Ne- 
vada and the “Ruby Peaks” found in several states). In his 
epic tome Yogo: The Great American Sapphire (1987), 
Stephen M. Voynick provides an explanation for this appar- 
ent geographic contradiction. He proposes that early 
prospectors named these sites after stumbling upon garnets 
and mistaking them for rubies. Their vision also may have 
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been clouded by dreams of wealth and hopes of striking a 
rich gem deposit. But what if there is some shred of truth 
to the old prospectors’ tales? 

This journal recently described a ruby submitted to 
GIA with gemological properties that clearly indicated a 
Montana origin (Winter 2019 Lab Notes, pp. 434-435). Ad- 
ditionally, Palke et al. (2018) noted the occurrence of rare 
rubies and violet sapphires from Yogo Gulch (“A common 
origin for Thai/Cambodian rubies and blue and violet sap- 
phires from Yogo Gulch, Montana, USA?” American Min- 
eralogist, Vol. 103, No. 3, 2018, pp. 469-479). Over the 
course of several years, Jeffrey R. Hapeman (Earth’s Treas- 
ury, Westtown, Pennsylvania) has amassed a unique col- 
lection of true rubies from Potentate Mining’s operation at 
Montana’s Rock Creek deposit. According to Hapeman and 
Potentate’s Warren Boyd, rubies were only recovered when 
the miners were asked to put aside anything that resem- 
bled a garnet so they could be examined more carefully. 
Presumably, many rubies had been discarded as garnets in 
years past. Regardless, rubies from this deposit are ex- 
tremely rare. To date, only 29 rubies—just over 6 grams— 
have been found in more than 400 kilograms of mine 
production. 

Nine faceted Montana rubies from 0.172 to 0.578 ct (fig- 
ure 17) and seven rough rubies from 0.11 to 0.34 grams, sup- 
plied by Mr. Hapeman, were included in this study. 
Additionally, 10 pink, blue, and green sapphires from Hape- 
man and 15 from GIA’s reference collection, gathered on- 
site at the Potentate mine, were used for comparison with 
the rubies. Standard gemological testing of several of the ru- 
bies with a handheld spectroscope yielded chromium spec- 
tra. The stones displayed weak to moderate red fluorescence 


Figure 17. A suite of 
nine rubies from the 
Rock Creek sapphire 
deposit in Montana. 
The stones range in 
weight from 0.172 to 
0.578 ct. Photo by 
Kevin Schumacher, 
courtesy of Jeffrey R. 
Hapeman, Earth’s 
Treasury. 
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Figure 18. Inclusion scenes in Montana rubies. Left: A decrepitation halo surrounding an inclusion. Field of view 
2.23 mm. Center: Angular bands composed of loosely to densely packed particles and short to long needles. Field 
of view 3.57 mm. Right: Oriented needles and platelets. Field of view 1.26 mm. Photomicrographs by Aaron Palke 
(left and right) and Tyler Smith (center). 


in long-wave UV and no fluorescence under short-wave UV. 
Microscopic examination showed inclusion scenes resem- 
bling those of typical Montana sapphires, including crys- 
talline or glassy melt inclusions surrounded by decrepitation 
halos (figure 18, left). Also common were angular particulate 
bands, often arranged in partial hexagonal patterns following 
the crystallographic orientation of the host corundum (figure 
18, center). These bands are composed of loosely to densely 
spaced particles, short to long needles, and/or reflective 
platelets (figure 18, right). These features are consistent with 
material from the secondary Montana sapphire deposits at 
Rock Creek and the Missouri River. Similar inclusion 
scenes were also observed in the blue, green, pink, and pur- 
ple sapphires from this study (figure 19). 

The rubies were analyzed by laser ablation—induc- 
tively coupled plasma—mass spectrometry (LA-ICP-MS) 
to uncover their trace element patterns for comparison 
with the blue, green, pink, and purple sapphires from 
Montana also studied here. Generally, the rubies had 
trace element profiles of 13-38 ppma Mg, 16-81 ppma Ti, 
1-27 ppma V, 408-2400 ppma Cr, 1106-2958 ppma Fe, 
and 11-20 ppma Ga with averages of 24 ppma Mg, 31 


ppma Ti, 8 ppma V, 979 ppma Cr, 2123 ppma Fe, and 15 
ppma Ga. Except for Cr, these values are consistent with 
the general ranges of pink/purple and blue/green Montana 
sapphires shown in the supplementary table 1 (available 
online at www.gia.edu/gems-gemology/summer-2019- 
gemnews-rubies-rock-creek-montana-icp-table1.pdf). This 
is seen more easily in a Cr vs. Ga plot, which exhibits a 
continuous and seamless transition in Cr values increas- 
ing from the blue/green sapphires through the pink/purple 
sapphires to the true red rubies (figure 20). Additionally, 
plots not involving Cr tend to show similarities in the 
trace element chemistry of all other elements between 
Montana rubies and pink/purple and blue/green Montana 
sapphires. Figure 21 shows this similarity; it also com- 
pares these data against sapphires from a select number of 
globally important sapphire deposits. Figure 21 suggests 
that, except for Cr, the trace element profiles of Montana 
rubies and sapphires are the same, especially in compari- 
son to other global sources of gem corundum. The rubies 
and pink/purple sapphires have a slight tendency toward 
lower Mg values, although it is unclear if this is statisti- 
cally valid or a result of the small sample size. The trace 


Figure 19. Left: An inclusion with a partially healed decrepitation halo surrounded by angular particulate bands in 
a pink Montana sapphire. Right: A typical inclusion scene in a blue Montana sapphire composed of partial hexago- 
nal particulate bands, loosely packed short to long needles, and reflective platelets. Photomicrographs by Aaron 

Palke; fields of view 2.34 mm (left) and 4.08 mm (right). 
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Figure 20. A Cr vs. Ga plot for blue/green sapphires, 
pink/purple sapphires, and rubies from the secondary 
Montana sapphire deposits (Rock Creek and Missouri 
River). 


element Cr appears to operate independently of most of 
the other trace elements and can vary more than four or- 
ders of magnitude, which is unheard of for the other trace 
elements in Montana sapphires. While further research 
may elucidate these geochemical mysteries, these unusual 
stones are a testament to the unique corundum produced 
at Rock Creek. 


Aaron C. Palke 
GIA, Carlsbad 


Jeffrey R. Hapeman 
Earth’s Treasury LLC 
Westtown, Pennsylvania 
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SYNTHETICS AND SIMULANTS 


Glass-filled polki-cut CVD synthetic diamonds. The term 
polki refers to a flat-cut diamond that is a simple and an- 
cient form of today’s “rose cut” and has been popular in 
traditional Indian kundan-meena jewelry. Since most 
commercial-quality polkis are fashioned from flat rough 
crystals (macles, for example) or chips derived from the 
cutting of larger crystals, they often contain cleavages or 
fissures opening on the surface, making them even more 
delicate. In the past decade, the trade has been flooded 
with polkis filled with high-RI glass to improve their clar- 
ity as well as durability, and these have been widely used 
in kundan-meena jewelry. 

Recently, the Gem Testing Laboratory (GJEPC) in 
Jaipur received three light gray to brown polki-cut dia- 
monds (figure 22) with square profiles for identification. 
They weighed 0.27-0.29 ct and measured 6.86-7.41 mm 
long and 0.36-0.41 mm thick. The client informed us that 
the polkis were natural but wanted to know if they were 
glass-filled. On initial examination under a microscope, 
glass filling in all three was evidenced by color flashes (fig- 
ure 23), typically blue, violet, and pink, along with some 
crackling effects within the fissures and cleavage planes 
in two directions, intersecting each other at almost 90° 
(octahedral cleavage in diamond). The presence of glass 
(containing lead and bromine) was further confirmed by 
energy-dispersive X-ray fluorescence (EDXRF) analyses. 
These polkis also displayed a few dark brown grains, some 
of which were associated with stress cracks. No attempt 
was made to identify the nature of these grains. 
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Figure 21. A Mg vs. Fe 
plot for sapphires and 
rubies compares mate- 
rial from Rock Creek 
and Missouri River with 
a small sampling of 
data from other impor- 
tant sapphire localities. 
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Figure 22. These “polkis” exhibiting a square profile, 
(0.27-0.29 ct) were identified as glass-filled CVD syn- 
thetic diamonds. Photo by Gagan Choudhary. 


Considering our past experiences with polkis having 
square profiles, further tests were performed to determine 
a natural or synthetic origin. When viewed under crossed 
polarizers, all three polkis displayed a checkerboard strain 
pattern from the top and sub-parallel columnar patterns 
from the sides. Infrared spectra confirmed all three speci- 
mens as type Ila; DiamondView imaging displayed orange 
fluorescence, but no distinct growth patterns could be re- 
solved. No phosphorescence was detected in any of the 
samples. Such growth patterns (under crossed polarizers) 
and fluorescence have been observed previously in CVD- 
grown synthetic diamonds by this author, as well as re- 
ported in the literature (e.g., P.M. Martineau et al., 
“Identification of synthetic diamond grown using chemical 
vapor deposition (CVD)},” Spring 2004 GwG, pp. 2-25). Fur- 
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Figure 24. The room-temperature photoluminescence 
spectrum of each polki sample, with 532 nm laser 
excitation, revealed a strong silicon-vacancy related 
feature at ~737 nm. 


thermore, photoluminescence spectra using 532 nm laser 
excitation revealed a distinct silicon vacancy-related peak 
at ~737 nm, even at room temperature (figure 24). This fea- 
ture is widely used by gemological laboratories to identify 
synthetic diamonds (both CVD- and HPHT-grown]. 

In the past we have seen numerous examples of polki- 
cut diamonds with glass filling, as well as many CVD syn- 
thetic diamonds fashioned as polkis. This was the first 
time we had encountered glass-filled CVD synthetic dia- 
mond polkis, though their market penetration is unknown. 
Although glass filling is not challenging to identify, en- 
countering it in synthetic diamonds could lead to a 
misidentification as natural, especially among the trade. 
Since diamond polkis are usually fashioned from flat rough 
or chips derived during cutting larger crystals, they often 


Figure 23. Glass filling in the three polkis from figure 22 was indicated by color flashes along cleavages and fis- 
sures (left and right). Also note multiple parallel incipient and intersecting cleavage planes in the left image. 
Photomicrographs by Gagan Choudhary; fields of view 6.35 mm (left) and 5.08 mm (right). 
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Figure 25. Color-calibrated photos of samples before (left) and after (right) heat treatment in air at 800°C for 160 


minutes. Photos by Sasithorn Engniwat. 


display triangular or irregular profiles, while the polkis de- 
scribed here had a square profile. In view of this, square- 
shaped polkis offer the best yield for crystals with square 
profiles, such as natural cubic crystal or synthetic diamond 
crystals grown by the CVD process, which display a square 
and tabular habit. Therefore, this feature is quite useful in 
raising doubts, especially when mixed in parcels of polki- 
cut natural diamond. 


Gagan Choudhary (gagan@gjepcindia.com) 
Gem Testing Laboratory (GJEPC), Jaipur, India 


TREATMENTS 


The effect of low-temperature heat treatment on pink sap- 
phire. GIA has been studying low-temperature heat treat- 
ment on sapphires and rubies for the last five years. This 
report presents preliminary results of low-temperature heat 
treatment on pink sapphires, a procedure commonly used 
to reduce blue color components or zones. In this study, 
we selected 11 samples from Ilakaka, Madagascar, and one 
sample from Ratnapura, Sri Lanka, that were suitable for 
heat experiments—in other words, samples showing a 
3309 cm peak in FTIR with an absorption coefficient in- 
tensity of at least 0.04 cm" before heat treatment and 
fewer inclusions or fractures. From previous studies (S. Sae- 
seaw et al., “Update on ‘low-temperature’ heat treatment 
of Mozambican ruby: A focus on inclusions and FTIR spec- 
troscopy,” GIA Research & News, April 30, 2018), we 
know that when the 3309 cm"! peak is high enough, the 
3309 series will develop after heat treatment. While the 
samples’ bodycolor was predominantly pink, they all had 
a blue or purple modifier, as seen in figure 25 (left). Their 
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fluorescence under UV radiation was pink, with a stronger 
reaction in long-wave UV than short-wave. The sapphires 
from Madagascar contained abundant zircon (both as single 
crystals and clusters), stringers of particles, short needles, 
growth tubes, and other minerals such as monazite. The 
Sri Lankan stones revealed short and long needles, finger- 
prints, and some single zircon crystals with tension halos. 

In this experiment, the samples were heated in air at 
800°C for 160 minutes. These are the minimal heating 
conditions for significantly reducing blue color in Mozam- 
bique rubies (Saeseaw et al., 2018). After heating, the blue 
component was reduced and the samples were a purer pink 
(figure 25, right). Their fluorescence reactions remained the 
same, and no chalky fluorescence was observed under 
short-wave UV. Most of the zircon inclusions remained un- 
altered, but in a few cases some small discoid fractures de- 
veloped. Some of the other crystals showed tension 
fractures, but we noticed that only some of the mica or 
monazite crystals were affected by low-temperature treat- 
ment. Thus, not every stone will show clear signs of heat 
treatment, especially when heated only at low tempera- 
ture. As reported previously, advanced techniques such as 
FTIR are useful in detecting heat treatment, and we applied 
it to these samples. 

Before heating, all 12 samples exhibited a single peak 
at 3309 cm"!. After heat treatment, they showed a de- 
creased 3309 cm! peak, while eight Madagascan and one 
Sri Lankan sample had developed a peak at 3232 cm. No 
3185 cm peak was detected in this experiment (see figure 
26). The intensity of the peaks at 3309 and 3232 cm! was 
quite low after heat treatment; maximum intensity was 
only about 0.04 and 0.01 cm, respectively. In addition, 
we collected FTIR spectra on 120 unheated pink sapphires 
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Figure 26. Comparison of FTIR spectra before (blue) 
and after (red) heat treatment on an unoriented pink 
sapphire from Madagascar. 


from Madagascar and 80 samples from Sri Lanka, and no 
3232 cm peak was detected. We concluded that the 3232 
cm peak is only found in heated pink sapphires. 


Sudarat Saeseaw and Charuwan Khowpong 
GIA, Bangkok 


RESPONSIBLE PRACTICES 


Tagua nut as a sustainable botanical alternative for ivory. 
Award-winning haute couture jewelry designer Alexandra 
Mor considers sustainability a way of life. When designing 
her one-of-a-kind pieces, she is mindful of her client’s 
lifestyle and interests while also thinking of the environ- 
ment and of the culture and well-being of the artisans who 
bring each object to completion. It is in this spirit that she 
created the Tagua Collection, which uses the endosperm 
of the ivory palm tree—also known as the tagua nut or 
tagua seed—as an elephant ivory substitute. Now she is ex- 
panding into 3D printing using tagua nut specimens. 
Mor, who believes that “designers are the new ac- 
tivists,” is not new to ethical or sustainable jewelry design. 
In 2013, she created a ring (later modeled by actress Mila 
Kunis) using ethically sourced emeralds, the same year she 
won the Fashion Group International Rising Star Award. 
But Mor wished to create a more meaningful, spiritual, and 
eco-conscious practice of her own. Concerned about the 
plight of elephants and the continued use of ivory in jew- 
elry, she was inspired to use the tagua nut as a botanical 
alternative. Mor, who was influenced by Balinese philoso- 
phy, chose to ethically source the tagua nuts from Ecuador 
and Colombia and create the collection in Bali. She worked 
for 10 months with carvers and master goldsmiths to cre- 
ate the pieces, which are rich in local cultural motifs and 
Buddhist symbolism. Balinese designs found in this collec- 
tion include the vines, leaves, and tendrils seen in the gold 
work of the tagua seed, wood, and diamond earrings (figure 
27), these are often seen on the island’s temples. The kay- 
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Figure 27. These teardrop earrings show the kayonan, 
or tree of life, carved into the tagua nut and the lotus 
flower in sawo wood. Two brilliant-cut diamonds to- 
taling 0.11 carats are at the center of the earrings. The 
gold work shows designs usually seen on Balinese 
temples. Photo by Russell Starr, courtesy of Alexan- 
dra Mort. 


onan, or tree of life, motif is carved into the tagua nut sec- 
tions of the earrings in figure 28. 


Figure 28. These hoop earrings measure 57 x 42 mm, 
and once again show the kayonan motif carved into 
the tagua seed surface. The areng ebony wood rim 
shows off the tagua’s color. The earrings are set on 
22K gold. Photo by Russell Starr, courtesy of Alexan- 
dra Mort. 
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Figure 29. This one-of-a-kind ring is part of a collabo- 
ration between Mor and Colombia’s Muzo emerald 
mine. The ethically sourced emerald beads, weighing 
a total of 18.15 carats, are set with a 16.80 ct wild 
tagua seed bead. The 1.15 carats of diamond melee 
are in platinum set on 18K yellow gold. Photo by Rus- 
sell Starr, courtesy of Alexandra Mor. 


The Tagua Collection has been well received among col- 
lectors and in the trade. The introduction of a new and sus- 
tainable fine jewelry material, at a time when clients seek 
out such goods, has been an inspiration to others, and Mor 
was named Town & Country's Fine Jewelry Innovator of 
the Year for 2018. Since 2016 she has directed Vogue Italia’s 
The Protagonist at Christie’s New York, a competition in 
which 14 designers use sustainable materials such as re- 
claimed gold and wood, vegetable leather, and responsibly 
mined gemstones alongside the tagua nut. Mor’s work has 
also drawn attention outside the industry, allowing oppor- 
tunities to expand her work. At the 2018 Gem & Jewellery 
Export Promotion Council (GJEPC) meeting in Mumbai, 
she met Kamlesh Parekh of Imaginarium, India’s largest 3D 
printing company. After touring their facilities with Parekh, 
Mor believed she had found a way to overcome the small 
size of the tagua seed, a major limitation. She gave Parekh 
three seeds to test, and Imaginarium has produced the first 
3D-printed tagua nut. Such production will allow for larger, 
more plentiful tagua pieces in the future. 

Mor’s next collections will continue to use tagua seeds, 
as well as sustainably sourced precious metals and conflict- 
free diamonds, and she will continue to collaborate with 
Colombia’s Muzo mine due to their social and environmen- 
tal commitment (figure 29). She supports Space for Giants, 
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a conservation organization dedicated to protecting ele- 
phant habitats. She has also launched the Tagua Founda- 
tion, which is dedicated to inspiring young designers and 
leaders, as well as students of all ages, to create sustainable 
jewelry. 

Mor explained, “As designers, we have a responsibility 
to what materials we are using, and as collectors of fine 
jewelry, we have a voice and can make a difference in how 
we purchase. I have decided to use my voice to lead and in- 
spire the fine jewelry industry to take the necessary steps 
to care for our planet and its people through grace and ed- 
ucation. It doesn’t matter what we choose to do, what mat- 
ters is that what we choose will make a difference.” 


Jennifer-Lynn Archuleta 
GIA, Carlsbad 


ANNOUNCEMENT 


Nathan Renfro wins Royal Microscopical Society award. 
GIA Carlsbad manager of colored stones identification and 
GwG regular contributor Nathan Renfro took second 
place in the Light Microscopy—Physical Sciences division 
of the Royal Microscopical Society’s biennial Scientific 
Imaging Competition. The award-winning image (figure 
30) shows a rutile star in smoky quartz. 


ERRATUM 


The Spring 2019 lab note on a large faceted gahnospinel 
(pp. 92-93) referred to the specific gravity of spinel as 3.06. 
The correct SG is 3.60. We thank reader Tinh Nguyen 
Xuan for noticing this error. 


Figure 30. A six-rayed star of golden rutile needles ra- 
diates from a black ilmenite core beautifully pre- 
served in smoky quartz. Photomicrograph by Nathan 
Renfro; field of view 18 mm. Stone courtesy of the 
John Koivula Inclusion Collection. 
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MICRO-FEATURES OF OPAL 


Treated Natural 
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Louisiana sandstone opal is composed of quartz sand grains cemented This manganese oxide “flower” lies just under the surface of an opal This rare conk opal from Virgin Valley, Nevada, results when diseased 
wood containing large pores is filled with precious opal. Field of view 


11.52 mm. 


Some opals are prone to crazing or cracking, which can be hidden by Viewed perpendicular to the grain of this opalized wood from Virgin 
filling the cracks with oil or resin. Trapped bubbles in the cracks of this Valley, Nevada, the cellular structure of the wood shows up as distinct together with precious opal. Field of view 5.76 mm. from Wollo, Ethiopia. Field of view 2.47 mm. 


opal reveal the treatment. Field of view 2.15 mm. linear strings of play-of-color spots. Field of view 4.87 mm. 
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Hydrophane opal from Wollo, Ethiopia, is commonly dyed. Spotty color This Australian opal is host to a multitude of surface-breaking pyrite This opal from Virgin Valley, Nevada, contains a pair of fern-shaped This green opal from Tanzania, colored by nickel, contains fragments of The cellular structures in this Ethiopian opal show evidence of pressuriza- 

concentrations near the surface are often present. Field of view 2.34 mm. crystals. Examined using differential interference contrast, drag lines are holographic play-of-color patterns. Field of view 13.50 mm. matrix trapped within the stone. The opal resembles an aerial view of a tion causing the cells to rupture and spill their contents into the veins of 

clearly resolved. Field of view 1.24 mm. coastline. Field of view 15.16 mm. non-phenomenal secondarily deposited common opal. Field of view 
6.11 mm. 


This Honduran opal formed in a natural porous volcanic rock that has Modified octahedrons of the iron sulfide mineral pyrite are common in Mexican opals are host to a wide variety of interesting inclusions, such Black manganese oxide plumes stand out in sharp contrast in this Aus- Inclusions of wood are sometimes present in opals from Virgin Valley, 

been infilled with precious opal by a secondary process. Although the opal from Wollo, Ethiopia. Field of view 0.86 mm. as these chalcedony spherules perched on amphibole needles. Field of tralian opal. Field of view 5.85 mm. Nevada. Field of view 5.63 mm. 

black bodycolor is natural, this stone is polymer impregnated to fill in sur- view 2.15 mm. 

face voids and pits. Field of view 2.79 mm. 
so 


3 ae es ee " 
= . SS. a ‘el: 


This orange fire opal from Oregon contains a free-floating dendritic Ethiopian opals often show interesting patterns in their play-of-color, The Acari and Lily mines, both located in the Peruvian Andes, produce 
and this dendritic example is no exception. Field of view 5.78 mm. blue opal that is colored by copper. This sample also contains numerous pattern that resembles the fortification patterns seen in agates. Field of 


dark dendritic inclusions of manganese oxide. Field of view 5.78 mm. view 3.89 mm. 


This porous white opal from Jalisco, Mexico, shows a dark rind of This opal from the Shewa deposit in Ethiopia shows a peculiar banding 
brown to black color induced by exposure to carbon-rich smoke. One mass of iron oxide (hematite). Field of view 4.36 mm. 

end of the stone has been polished away to show the shallow color. 

Field of view 5.74 mm. 
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Smoke treatment in Ethiopian hydrophane opal is readily detectable by This opal from Yita, Ethiopia, contains numerous tendrils of kaolinite This Yowah Nut opal contains a crescent-moon-shaped pocket of Sold in the trade as “Morado Opal” or “Opal Royale,” this common Vesicles in this black basalt rock from Hidalgo, Mexico, have been filled 
the pronounced color concentrations left along pits and scratches. Field and pyrite. Field of view 2.46 mm. precious opal in ironstone matrix. Field of view 12.00 mm. opal from Mexico is naturally colored by purple fluorite inclusions. with precious opal. This material is known as “Leopard Opal.” Field of 
of view 9.00 mm. Field of view 3.91 mm. view 5.71 mm. 


Published in conjunction with Nathan D. Renfro, John |. Koivula, Jonathan Muyal, Shane F. McClure, Kevin Schumacher, and James E. Shigley (2019), 
“Inclusions in Natural, Treated, Synthetic, and Imitation Opal,” Gems & Gemology, Vol. 55, No. 2, pp. 244-245. Photomicrographs by Nathan D. Renfro, © 2019 Gemological Institute of America 


John |. Koivula, and Jonathan Muyal. 


This chart contains a selection of photomicrographs of natural, treated, synthetic, and imitation opals. It is by no 
means comprehensive. The images show the appearance of numerous features a gemologist might observe when 
viewing opals with a microscope. 


Synthetic and Imitation 
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Slocum Stone opal imitation glass was manufactured by John Slocum of 
Michigan in the early 1970s. Thin layers of metallic film fragments sus- 
pended in the glass matrix are responsible for the interference colors ob- 
served. Field of view 5.75 mm. 


Randomly oriented polygonal play-of-color is distributed throughout 
this plastic imitation opal, which is composed of approximately 80% 
plastic and 20% silica. Field of view 14.40 mm. 
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Manufactured by Almaztechnocrystal in Moscow under Professor M.I. 
Samoilovich, this synthetic opal shows a variety of patterns in its play- 
of-color, including the mottled black and dark brown growth zones seen 
here. Field of view 8.05 mm. 


I 


A snakeskin or “chicken-wire” cellular pattern is diagnostic for many 
types of synthetic opal, including this material manufactured by Gilson. 
Field of view 2.88 mm. 


“Opalus” is a plastic imitation opal similar in appearance to Slocum 
Stone glass, as it also contains thin metallic foil responsible for thin-film 
interference colors. Numerous gas bubbles are also observable in this 
assembled opal imitation. Field of view 5.64 mm. 
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EDITORIAL 

Gem Att of the Taj Mahal, Fancy White and Black Diamonds, and 
Unique Inclusions in Thai Corundum 

Duncan Pay 


FEATURE ARTICLES 

Gemstones in the Era of the Taj Mahal and the Mughals 

Dona Mary Dirlam, Chris L. Rogers, and Robert Weldon 

A look at the gem ornamentation of this landmark, as well as the jewels of the Mughal dynasty. 


Natural-Color Fancy White and Fancy Black Diamonds: Where Color and Clarity Converge 
Sally Eaton-Magaria, Troy Ardon, Christopher M. Breeding, and James E. Shigley 
A systematic study of the properties of approximately 500 Fancy white and 1,200 Fancy black diamonds. 


Unique Vanadium-Rich Emerald from Malipo, China 
Yang Hu and Ren Lu 
Spectroscopic and chemical analyses of emeralds from this Chinese deposit show a unique composition. 


Mineral Inclusions in Ruby and Sapphire from the Bo Welu Gem Deposit in 
Chanthaburi, Thailand 

Supparat Promwongnan and Chakkaphan Sutthirat 

Identifies mineral inclusions in corundum from this locality for comparison with other global deposits. 


Characteristics of Hydrothermally Treated Beeswax Amber 
Yamei Wang, Yan Li, Fen Liu, Fangli Liu, and Quanli Chen 
Reveals the process for hydrothermal enhancement of amber and the means of detection. 


Effects of Mollusk Size on Growth and Color of Cultured Half-Pearls from 

Phuket, Thailand 

Kannika Kanjanachatree, Napapit Limsathapornkul, Amorn Inthonjaroen, and Raymond J. Ritchie 
Determines methods for maximizing production and quality of cultured half-pearls. 


NOTES AND NEW TECHNIQUES 

Hydrogen-Rich Green Diamond Color-Treated by Multi-Step Processing 

Wenqing Huang, Pei Ni, Ting Shui, and Guanghai Shi 

Characterization of an intense yellowish green faceted diamond revealed a complex treatment process. 


Pressed Gibbsite and Calcite as a Rhodochrosite Imitation 
Hanyue Xu and Xiaoyan Yu 
Examines a new rhodochrosite simulant composed of pressed gibbsite and calcite powder. 
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Faceted chiolite ¢ Faceted diamond octahedron with stellate cloud inclusion ¢ Grossular garnet 
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Gem Art of the Taj Mahal, Fancy White 
and Black Diamonds, and Unique Inclusions 
in Thai Corundum 


Welcome to the Fall 2019 issue of Ge>G! Inside you'll find eight articles on a variety of gemo- 
logical topics, plus dozens of brief reports and discoveries from contributors around the world. 


Our lead article delves into the gem art of the iconic Taj Mahal. Dona Dirlam and co-authors 
examine the intricate gem inlay that graces this architectural treasure, as well as the gem connois- 
seurship of the Mughal dynasty and how it influenced global gem commerce in the seventeenth 
century. 


In the second article, Sally Eaton-Magafia and Christopher M. Breeding continue their series of 
colored diamond characterization studies with an in-depth look at Fancy white and Fancy black 
diamonds. Their systematic study, based 


on GIA’ data for approximately 500-4 Systematic study, based on GIA’ data for 
Fancy white and 1,200 Fancy black diamonds, is the first of approximately 500 Fancy white and 1,200 


stand fer ease encom diamonds Fancy black diamonds, is the first of its kind 


Next, Yang Hu and Ren Lu offer a gemological, for these uncommon diamonds.” 
spectroscopic, and chemical analysis of emeralds from 

Malipo County in Yunnan Province of southwestern China. Among notable deposits worldwide, Malipo emerald has a 
unique chemical composition: a combination of high vanadium, low chromium, and moderate iron, as well as high 
lithium and cesium concentrations. 


Supparat Promwongnan and Chakkaphan Sutthirat use Raman spectroscopy and electron probe micro-analysis to 
identify mineral inclusions in alluvial corundum from the Bo Welu gem deposit in Thailand’s Chanthaburi Province. 
Several of the inclusions they identify are reported for the first time in Thai corundum. 


Next are a pair of studies on organic gem materials. Yamei Wang and co-authors explore hydrothermally treated 
“beeswax” amber, offering a series of comprehensive tests to identify this product and separate it from untreated 
material. Kannika Kanjanachatree and co-authors follow the operations at a pearl farm in Phuket, Thailand, to deter- 
mine the effects of mollusk size on growth and color of half-cultured pearls from Preria penguin. 


The issue rounds out with two brief but informative studies. Wenqing Huang and co-authors investigate a hydrogen- 

rich faceted green diamond color-treated by a complex multi-step process that has not previously been reported in the 
gemological literature. Last, Hanyue Xu and Xiaoyan Yu analyze a new rhodochrosite imitation composed of pressed 
gibbsite and calcite powder with a granular structure. 


Highlights from the Lab Notes section include a faceted diamond with a star-shaped cloud inclusion, new resin imita- 
tions of ivory, and cobalt-coated sapphire. Micro-World once again offers up a variety of beautiful and unusual scenes 
from the inner world of gemstones. Among the many Gem News International reports are a new source of Nigerian 
aquamarine, black non-nacreous pearl imitations made of beads cut from shell, and the new mineral johnkoivulaite. 
This member of the beryl family is named in recognition of distinguished researcher and longtime Ge*G contributor 
John Koivula. Congratulations to John for this exceptional honor—well deserved! 


Deg 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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FEAT 


Mal ARTICLES 


GEMSTONES IN THE ERA OF THE TAJ MAHAL 


AND THE MUGHALS 


Dona Mary Dirlam, Chris L. Rogers, and Robert Weldon 


The Taj Mahal evokes an image of a monumental building and reflecting pool—its classic view. But the Taj Mahal 
complex is much more than that. It is actually a series of beautiful buildings and gardens in Agra, India, built in 
the seventeenth century in loving memory of Mumtaz Mahal. This name, given by the Mughal emperor Shah 


Jahan to one of his brides, means “Chosen One of the Palace.” Famed for its architectural magnificence, the 
landmark holds additional significance for the gemologist. Upon closer investigation, one is impressed with the 
intricacies of the inlay of numerous gems to create thousands of designs throughout the buildings on the grounds. 
This article sheds light on the gems used in decorating the Taj Mahal and in the extraordinary jewelry collected 


by Shah Jahan and other Mughals. These gems often took intricate trade routes to Agra, which are also discussed, 


along with the craft used to create the inlays and the efforts undertaken to preserve this Wonder of the World. 


buildings and gardens in the city of Agra, lo- 

cated in the northern Indian state of Uttar 
Pradesh (figure 1). The Yamuna (or Jumna) River 
flows in a wide arc around the rear of the majestic 
site (figure 2). Recognized as one of the most beauti- 
ful structural compositions in the world, it was des- 
ignated as a UNESCO World Heritage site in 1983. 
Visitors are amazed by its breathtaking beauty. Its ex- 
quisite domed white marble mausoleum, situated 
within four gardens with raised walkways and re- 
flecting pools, is one of the most astonishing archi- 
tectural marvels. 

Viewed from the south, it is startling to realize 
that the Taj Mahal is not set in the serene country- 
side, as photos suggest, but rather in a largely im- 
poverished city with a population of nearly two 
million (figure 3). The city of Agra has expanded 
around the complex. Walking around the grounds 
and taking a closer look at the buildings, one mar- 
vels at the elaborate decorative inlay that includes 
ornamental gem materials as well as fine gems. 
This stonework is generally referred to as pietra 
dura (“hard stone” in Italian) and known as parchin 
kari in India. 


T he magnificent Taj Mahal is a large complex of 


See end of article for About the Authors and Acknowledgments. 
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Emperor Shah Jahan (1592-1666), who ruled 
from 1628 to 1658, built the Taj Mahal for one of 
his wives, Mumtaz Mahal. Construction began 
shortly after her death. It eventually took more 
than 1,000 elephants and 20,000 craftsmen from all 


In Brief 


The Mughal era, from the early sixteenth to mid- 
nineteenth century, ushered in a time of unparalleled 
patronage of the arts, gem collecting, and architecture 
in India. 


The inspiration for the Taj Mahal, which took more 
than two decades to complete, was love. 


Trade during the Mughal era spread ideas, products, 
and culture across land and sea on a global scale. 


A signature design element of the Taj Mahal is the ex- 
quisite parchin kari hard stone inlay that incorporated 
gem materials from various sources. 


over Asia to build (Nath, 1985). Begun in 1632, the 
entire complex was not completed until 1653 
(Sarkar, 1920; “The Taj Mahal,” n.d.). In 2007, it 
was chosen as one of the New Seven Wonders of 
the World. 

In this article, we will examine the story behind 
the detailed features of the gem inlay work as well 
as the history and architecture of the Taj Mahal, 
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Figure 1. The grandeur 
of the Taj Mahal and its 
intricate stone inlays 
immediately greets the 
visitor upon entering 
the complex in Agra, 
India. Photo by Robert 
Weldon/GIA. 


which represents the artistic height of the Mughal Shah Jahan. We will also see gems and jewels that il- 
dynasty. Through famous portraits, we will get a _lustrate gem connoisseurship of the Mughal era at its 
glimpse of the types of jewels and gems acquired by _ pinnacle (Jaffer, 2013). 


Figure 3. The city of Agra has grown along the edges 


Figure 2. The Taj Mahal complex is best viewed from of the Taj Mahal, which presents challenges to the in- 
a distance, in this case from the Yamuna River. Photo tegrity and long-term survival of the architectural 
by Robert Weldon/GIA. marvel. Photo by Robert Weldon/GIA. 
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INSPIRATION FOR THE TAJ MAHAL 


Called “a teardrop on the cheek of time” by Indian 
poet Rabindranath Tagore (Nath, 1985), the marvel 
of architecture and art known as the Taj Mahal was 
inspired by love—specifically, the devotion for one 
woman, Arjumand Banu Begum. Shah Jahan, a son 
of Jahangir, met her in 1607 when she was just 15 
years old. He asked to marry her the next day, but ro- 
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Figure 4. Shah Jahan 
(1592-1666) and his 
wife Arjumand Banu 
Begum, who became 

"a known as Mumtaz 
Mahal, appear in this 
painting from the In- 
dian School. From a 

| private collection, cour- 
tesy of Dinodia/Bridge- 
man Images. 


mantic marriages were unheard of, even for a prince; 
they were traditionally arranged. It would be another 
five years before they could marry. 

After they married, Arjumand Banu Begum be- 
came known as Mumtaz Mahal, or “Chosen One of 
the Palace.” Shah Jahan’s two other marriages were 
secured for political reasons. Although he bore one 
child each with his other wives, they were no com- 
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Figure 5. Left: This seventeenth-century ceremonial knife from Hyderabad contains emerald, ruby (including some 
recently replaced treated ruby), and Damascus steel with a 23K engraved gold handle. Photo by Robert 
Weldon/GIA. Right: Genealogy of the Mughal dynasty, reproduced with permission of Ebba Koch. 


petition for his affections (figure 4). Mumtaz gave 
birth to fourteen children from their marriage, 
though only seven survived. 

Mumtaz’s reign as queen was short-lived. Three 
years later, she died moments after the birth of their 
fourteenth child. Early accounts say that she whis- 
pered two final requests. One was that he not re- 
marry. The second was to build a monument to 
resemble paradise on earth, just as she had dreamed 
of the night before her death (Nath, 1985). 

Mumtaz was temporarily buried in the garden of 
Zainabad. Almost immediately, Shah Jahan began 
work on what would emerge as one of the greatest 
memorials ever constructed. He took inspiration 
from a verse from the imperial goldsmith and poet 
Bibadal Khan: “May the abode of Mumtaz Mahal be 
Paradise” (Koch, 2006). He chose a site on the banks 
of the Yamuna River at Agra. Shah Jahan called the 
mausoleum a “monument of sorrow” (Nath, 1985). 


Shah Jahan’s Place in the Mughal Lineage. Babur 
(1483-1530), a Central Asian prince who went to India 
in search of wealth and conquest, became the founder 
of the Mughal Empire in 1526 (see the genealogy chart 
in figure 5). Babur distributed the spoils from his wars 
among the nobles whose soldiers fought, following the 
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tradition of Timur or Tamerlane (r. 1370-1405) of the 
Central Asian Dynasty. Babur and his Mughal succes- 
sors embraced their Timurid ancestry through subju- 
gation to legitimize and solidify their rule. This is 
apparent in the succession leading to Shah Jahan’s 
rule. In 1628, Shah Jahan succeeded his father. His eld- 
est brother failed to take the throne, and his other 
brother died under mysterious circumstances. Shah 
Jahan had other potential successors killed (Delmer- 
ick, 1883). He became the new emperor through this 
process of elimination, earning him the title “King of 
the World” (Koch, 2006). Shah Jahan would encounter 
similar familial struggles for power in his later years. 
After a serious illness, he was deposed and imprisoned 
by his own son, Aurangzeb, in 1658. Nonetheless, the 
rulers saw the importance of documenting their rule, 
which they did by having the names of their ancestors 
(and the current ruler) inscribed on the most treasured 
of the gems they obtained through trade. 

As Jaffer (2013) points out, “India was a land of fa- 
bled wealth that had lured both conquerors and mer- 
chants from around the globe since antiquity.” The 
Indian subcontinent was known for its gems and jew- 
elry, a place where aspirations for owning them be- 
came a part of daily life for people of all classes and 
religions. 
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To the Mughals, gems, jewelry, and jeweled ob- 
jects were more than just beautiful treasures: They 
were symbols of power. Mughal expansion was an ef- 
fort to acquire more territory and more of these treas- 
ures. The Mughals had competition in their 
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Figure 6. This portrait 
by Chitarman, his ear- 
liest dated painting, 
shows Shah Jahan ex- 
quisitely dressed and 
richly adorned with 
jewels. His imperial 
halo and the hovering 
angels are borrowed 
from European art. 
Courtesy of the Metro- 
politan Museum of Art, 
public domain. 


expansion from two other great regional Muslim em- 
pires, the Ottomans and the Persian Safavids. 

It is remarkable that we have such detailed infor- 
mation and resources about this period. Some of the 
information comes from court records, inventories by 
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jewelry and gem curators, writings by the Mughal 
rulers themselves, and foreign travelers such as Sir 
Thomas Roe and Jean-Baptiste Tavernier. Court paint- 
ings also provide intricate detail about the style and 
variety of gems treasured by the Mughal leaders. 


The Mughals’ Support for the Arts. With the ascen- 
sion to the throne of Jahangir, Shah Jahan’s father, the 
Mughals’ patronage of artisans began to flourish, es- 
pecially when he married a supporter of the arts, Nur 
Jahan (Latif, 1982). Jahangir was known to wear gem- 
stones and pearls with extravagance. In 1619, Flem- 
ish diamond dealer and noted chronicler Jacques de 
Coutre described the emperor as “looking like an idol 
on account of the quantities of jewels he wore, with 
many precious stones around his neck as well as 
spinels, emeralds and pearls on his arms, and dia- 
monds hanging from his turban” (Jaffer, 2013) (figure 
6). This is confirmed by later portraits of the emperor 
that show him draped in pearls, gemstones, and 
rings. 

Early in the Mughal era, jewels were used as gifts 
on rare occasions, but only for the most special of 
royal guests. They were bestowed at feasts and cele- 
brations. But starting with Jahangir and following 
with Shah Jahan, gift giving became an important po- 
litical and cultural practice, layered with many intri- 
cacies. These two leaders also embraced European 
and Asian craftsmen, which is evident in the types 
of gems and jewelry they collected and later in the 
style of the architectural gem inlay work they 
adopted. In 1615, at the “Feast of the Water Asper- 
sion,” an array of gemstones and jeweled utensils 
was offered (Melikian-Chirvani, 2004). 

Gifts were also given to commemorate the trans- 
fer of power, as when Shah Jahan became governor 
of Bengal and received a jeweled sword belt. A jew- 
eled dagger belt was given to the great grandson of 
the founder of the Safavid dynasty (Shah Ismail I of 
Iran) by the governor of Zamindawar on a similar oc- 
casion in 1593. During the rule of Shah Jahan, gold 
decanters enameled and encrusted with gems were 
given at the annual Rosewater Celebration (Me- 
likian-Chirvani, 2004). 

Islamic law (see figure 7) prohibited men from 
wearing gold jewelry, but this was generally not en- 
forced during the Mughal period in India except 
under the reign of Shah Jahan’s son Aurangzeb, from 
1658 to 1707. Mughal rulers were influenced more 
by the Hindu tradition of adorning themselves with 
gold jewelry than by Persian traditions. Jahangir was 
known for wearing strung jewels such as pearls and 
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Figure 7. This seventeenth-century miniature painting 
on ivory depicts Shah Jahan in his durbar (court) and 
the al-Mizaan (Islamic scales of justice). Photo by 
Robert Weldon/GIA. 


strands of gemstones, as well as jeweled turban or- 
naments, as evidenced by writings and paintings of 
the era. Shah Jahan’s own devotion to jewelry started 
well before his reign. In a portrait from 1617, he is 
wearing pearls and bracelets and holding a jeweled 
turban ornament. In portraits as emperor, he is 
draped in gemstones and gold, and in some paintings 
depicted on bejeweled thrones, including the famous 
Peacock Throne (Jaffer, 2013). 
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Figure 8. A painting of Shah Jahan on the Peacock 
Throne. The painting is attributed to the noted 
Mughal painter Govardhan, circa 1635. 


From 1707 to 1739, following the reign of Au- 
rangzeb, Mughal laws gave the emperor and certain 
noblemen exclusive ownership of gemstones over 5 
carats, as well as jewelry. Earrings and lengthy 
strands of pearls and gemstones, turban ornaments, 
amulets, finger rings, archer’s rings, belts, and jew- 
eled weapons were part of that wealth and power (Jaf- 
fer, 2013). They also had the exclusive right to 
bestow jewel-encrusted weapons and turban orna- 
ments, of which the latter were especially popular 
gifts. 

Some of these extravagant jewels were distributed 
to the needy in a Hindu tradition that began during 
the reign of Akbar and ended with Aurangzeb. At the 
emperor’s biannual birthday weighing ceremony, 
which happened on his lunar and solar birthdays, his 
weight (and the weight of royal princes) was meas- 
ured against expensive fabrics and gemstones. The 
monetary equivalent of this weight was given to the 


300 Gem ART OF THE TAU MAHAL 


poor. With Aurangzeb’s reign, the lavish ceremonies 
and patronage of the arts that took place under pre- 
vious emperors were drastically reduced. 

According to the writings of French traveler and 
gem merchant Jean-Baptiste Tavernier (1605-1689), 
who made six voyages to Turkey, Persia, and India in 
search of gems and treasures, there was a particular 
protocol in gift giving. Aurangzeb would have mer- 
chants sell gemstones and jewelry from the imperial 
treasury to nobles, and these items would then be 
gifted back to the emperor (Tavernier, 1678). The po- 
litical nature of these gifts endowed the giver and the 
receiver with symbolic gestures, while ensuring that 
the Mughal rulers retained their valuable treasures. 

Pearls, too, were highly valued. The Mughal em- 
perors preferred round pearls, whereas baroque pearls 
were popular in Europe at the time. The appreciation 
for pearls is evidenced by their ubiquity in paintings 
and sculptures (Bala Krishnan and Sushil Kumar, 
2001). Despite their passion for pearls, emperors such 
as Shah Jahan treasured richly colored emeralds even 
more. Emeralds from South American deposits, 
which had been discovered by Europeans in the late 
1500s, made their way to India. These were often 
carved with floral motifs and Islamic inscriptions. 
Such items were given as gifts by the emperor and 
the royal court (Lane, 2010). 

This all came to an end when the Persian ruler 
Nadir Shah (r. 1736-1747) sacked Delhi in 1739. 
Much of the Mughal wealth, including the fabled 
Peacock Throne (figure 8), was taken to Persia and 
added to what would become the Crown Jewels of 
Iran. This was the first of several times the Mughal 
capital fell and its riches were taken away. With the 
collapse of the central authority, the declining 
Mughal Empire splintered into autonomous states 
and finally dissolved in 1857 (Jaffer, 2013). 


Enameling in the Mughal World. Although enamel- 
ing dates back to the Egyptians and Sumerians prior 
to 2500 sce (Sharma and Varadarajan, 2004), it 
reached new heights under the Mughal rulers. It was 
during this period that the most outstanding pieces 
were produced. The first reference to enameling in 
India was under Akbar’s reign during the sixteenth 
century, in Mubarak’s account Ain-i-Akbari (1894), 
which mentions the enameling of “cups, flagons, 
rings and other articles with gold and silver.” The art 
of enameling spread throughout India, including 
among Hindus, beginning in Multan (in modern-day 
Pakistan) and Lahore, extending from workshop to 
workshop, circulating to Jaipur and other cities. 
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Figure 9. This seventeenth-century hand of Vishnu with exquisite enameling from Maharashtra contains Colom- 
bian emeralds and Indian diamonds set in 22K enameled gold, illustrating a popular enameling style. The hand 
measures 14 x 8 x 1.5 cm. The inscription on the back, in Sanskrit, quotes devotional verses from the Bhagavad 
Gita. Photos by Robert Weldon/GIA. Courtesy of private collectors. 


According to Sharma (2004), “the style during [the 
Mughal] period, and used by Hindus as well, was to 
decorate the frontal side of the ornaments on an 
enameled background with precious gems while the 
reverse was adorned with enameled patterns.... This 
effortless blending of Muslim and Hindu decorative 
art in the realm of jewellery made these pieces sty- 
listically unique.” The back was often as beautiful or 
more beautiful than the front (figure 9). 

The style of Mughal-era enameling, most likely 
adapted from the South Indian Deccan enamelers, 
shares common themes with the decor of the Taj 
Mahal, which features red poppies and floral pat- 
terns on a white background. This style is a hall- 
mark of Jaipuri enamelwork. Jaipur was the center 
of Indian enameling during the eighteenth and nine- 
teenth centuries. The advancement of Jaipur as an 
important enameling capital was a result of close 
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ties with the Rajasthani Rajputs and the Mughals 
(Sharma, 2.004). 

It was under Shah Jahan’s reign that enameling 
began to flourish. Jahan was truly a connoisseur of 
all things artistic. Through enameling he could com- 
bine his appreciation for gemstones, art, and archi- 
tecture. He used enameling to embellish some of the 
finest thrones, such as the Peacock Throne, as well 
as magnificent decorative objects and weaponry 
(Sharma, 2004). 

With the Taj Mahal, Shah Jahan displayed the 
enameling of the Mughal period most consum- 
mately and passionately. While the Taj Mahal was 
still under construction, he had a golden screen cre- 
ated. It contained enameled inscriptions and cupolas 
that were to be placed around Mumtaz Mahal’s 
tomb on the second anniversary of her death (Bala 
Krishan, 2001). 
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Shah Jahan, the Gem Connoisseur. The incredible 
gem wealth available to Shah Jahan made it possible 
for him to decorate the Taj Mahal with his vast col- 
lection of gems, jewels, and jeweled objects. Some 
highlights from Shah Jahan’s collection were in- 
scribed gems. Early on, Indian gem cutters mastered 
the technique of drilling gems with diamond points 
and inscribing them to mark ownership by the 
Mughal elites (S.H. Ball, 1931). The inscriptions fol- 
low an imperial regal style and include important 
dates (Jaffer, 2013). One famous diamond, known as 
the Shah diamond, has three separate inscriptions 
reading “Burhan Nizam Shah, 1591”; “Shah Jahan, 
1641”, and “Fath Ali Shah, 1824” (Haidar and Stew- 
art, 2014). This 88.71 ct table cut was later presented 
to Czar Nicholas I in 1829 by an Iranian prince. The 
Shah diamond is now part of the State Diamond 
Fund, housed in the Kremlin Museum in Moscow. 

Another favorite gem to inscribe was spinel. 
Necklaces of inscribed spinels were painstakingly as- 
sembled by the Mughals. A 54 ct spinel auctioned by 
Sotheby’s in London in April 2017 contained the 
names of Jahangir, Prince Khurram, and Aurangzeb 
and was dated 1615 and 1659. While the estimate 
was $77,000-$103,000, the realized price was more 
than $330,000. Sotheby’s catalog described the spinel 
as a “pinkish stone...pierced through the centre and 
set with a later gold chain and hanging seed-pearl and 
metal-thread pendant.” 

A remarkable inscribed spinel necklace appeared 
in the June 2019 Christie’s New York auction “Ma- 
harajas & Mughal Magnificence,” featuring gems and 
jeweled objects from the Al Thani Collection. The 
seven spinels are dated by Persian inscriptions ranging 
from 1607 to 1608 and 1754 to 1755 (figure 10). These 
inscriptions include Ja’l-I jalali (“glorious spinel”) and 
name Akbar, Jahangir, and Shah Jahan, among other 
emperors. With a reserve of $1,000,000-$2,000,000, 
the necklace fetched a final price of $3,015,000. 
Spinels were held in the highest esteem, equal to that 
of rubies and emeralds, and were chosen by the 
Mughals to bear imperial names. 

The timelessness of Mughal splendor is seen 
today in the enthusiasm for this auction. The 400 
lots generated $109,271,000, the highest total for any 
auction of Indian and Mughal objects, and the second 
highest for any private collection. In 2020, nearly 
6,000 pieces from the Al Thani Collection, assem- 
bled by Sheikh Hamad bin Abdullah Al Thani of the 
Qatari royal family, will go on exhibit at the Hotel 
de la Marine in Paris as a permanent museum col- 
lection and education facility. 
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Figure 10. This seventeenth-century necklace contain- 
ing seven spinels, pearls, and a pear-shaped cabochon 
emerald drop, set in gold, is inscribed in Persian with 
Mughal emperors’ names. It was sold by Christie’s 
New York in June 2019 for $3,015,000. Courtesy of 
Christie’s. 


TRADE ROUTES FOR GEM MATERIALS 


To understand how such gem wealth, gold, and silver 
were available to the Mughals, one needs to review 
the regional powers of Asia in the fifteenth and six- 
teenth centuries. Gem traders came from around the 
world, driven by their passion for acquiring what 
India produced, as well as the goods that flowed 
through Indian trade centers. Indian trade followed 
ancient land and sea routes. The routes became more 
complex as brave travelers ventured into new loca- 
tions with a more sophisticated understanding of 
trade winds and navigation. New trading centers 
arose as others declined. Shah Jahan acquired his vast 
collection of jewels for the Taj Mahal largely because 
of the key role India played in the global gem trade. 
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Some of the key trade routes are shown in the world 
trade route map on pp. 304-305. 

The ancient trade routes included the Silk Road, 
which had been used for thousands of years. UNESCO 
has identified 12 sites in India along the Silk Road. 
Rivers throughout India also provided an inexpensive 
means to move people and goods. It is no accident that 
Agra and the Taj Mahal are situated next to the Ya- 
muna River, an important route. Other factors also 
contributed, such as 

globalized international trade that brought such wealth 

to the Mughal ruler that he was able to contemplate 

this extraordinary gesture to his beloved spouse. [Shah 

Jahan’s] ability to complete [the Taj Mahal] stemmed 

from the profound shifts in the world’s axis of power, 

for Europe and India’s glory came at the expense of the 

Americas....Gold and silver taken from the Americas, 

and from Africa, found their way to Asia through trade: 

it was this redistribution of wealth that enabled the Taj 

Mahal to be built (Frankopan, 2017). 


The influx of South American emeralds, and the 
expanding European trade in these goods, coincided 
with Mughal appreciation for the gem. This was un- 
derscored by the Prophet Muhammad's favoring of 
the color green. Finer emeralds had never been seen, 
and the sheer volume of them provided Jahangir and 
Shah Jahan with exceptional trading possibilities. 
Emeralds from Egypt had been mined up until me- 
dieval times. According to Lane (2010), emeralds 
from what is now Pakistan and Afghanistan provided 
occasional supplies through trade along the Silk 
Road. But nothing compared with the quality and 
quantity of South American emeralds. 

One of the most fascinating trade routes at this 
time brought emeralds from the present-day Colom- 
bian mining areas of Chivor and Muzo, mined since 
pre-Columbian times, to India and the Mughals (Wel- 
don et al., 2016) (figure 11). Lane (2010) describes how 
these emeralds traveled across the Atlantic and In- 
dian Oceans through new Christian, Jewish, and 
Sephardic family networks to Seville, Antwerp, and 
Lisbon. Later, Jewish Ashkenazi families became ac- 
tive in this commerce, and gems were transported by 
land and by sea from Mediterranean and European 
cities. Traded along with the emeralds were pearls 
from the New World, Baltic amber, Mediterranean 
coral, and Mexican pearls and silver from Potosi 
(modern-day Bolivia). These were exchanged for 
spices, silk, and porcelain, as well as diamonds, ru- 
bies, sapphires, and other gem materials. Armenian 
merchants were particularly successful with the ruby 
trade from the city of Pegu (in modern-day Myan- 
mar), then under Persian Safavid protection. The 
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Figure 11. The centerpiece of this Mughal horn pen- 
dant is a 125 ct Colombian emerald engraved in Ara- 
bic with salutations of peace based on a verse from 
the Koran. It dates back to the eighteenth century. 
The pendant also contains ruby, diamond, and pearls 
set in 22K gold and measures 6 x 8.5 x 2. cm. Photo by 
Robert Weldon/GIA. Courtesy of private collectors. 


great demand for silver established another route 
from Mexico to Manila. Tavernier also describes the 
trade of emeralds from Peru (mined from Muzo and 
Chivor). Gold, silver, and rough emeralds were traded 
through Manila (Tavernier, 1678). Modern gem test- 
ing has confirmed the origin in many such examples 
(Weldon et al., 2016). 

The port city of Goa, located in Panaji State on 
the Indian Ocean, is 1,667 km (1,036 miles) from 
Agra. As Emilio Rui Vilar relates in the introduction 
to Goa and the Great Mughal: 

Following the arrival of the Portuguese in India (1498), 


the newcomers were forced into a complex web of 
strategic moves and political alliances that guaranteed 
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that they could sail, trade, and carry out missionary 
work in safety and ensured the security of their settle- 
ments and trading posts....not only stimulating trade, 
diplomatic contacts and missionary work, but also mu- 
tual associations and influences in the fields of culture 
and the arts (Vassallo e Silva and Flores, 2004). 


With the emergence of Goa as a trading center, the 
emphasis shifted there (Vassallo e Silva and Flores, 
2004). The capital of the Portuguese state of India, 
Goa had become a major trading center for importing 
goods and exporting decorative arts by the late 1500s. 
Gemstones and jewelry were leading items in the lux- 
ury trade. Interestingly, it was the relative freedom 
for foreign merchants, a favorable tax status, and 
other trade concessions that gave rise to the growth 
of Goa. Tavernier, the jeweler merchant to Louis XIV 
of France, wrote of its significance: 


Goa was formerly the place where there was the largest 
trade in all Asia in diamonds, rubies, sapphire, topaz 
and other stones. All the miners and merchants were 
there to see the best which they had obtained at the 
mines, because they had their full liberty to sell, 
whereas in their own country, ... they were compelled 
to sell at whatever price was fixed (V. Ball, 1977b). 


Just as a variety of gems entered Goa from global 
sources, this port also became the principal center for 
gemstones heading west, especially diamonds (Bala 
Krishnan, 2001). 


Figure 12. A recent scene at a camel fair in Pushkar, 
Rajasthan, India, shows that the trading of camels 

has changed little since the Mughal time. Photo by 
Robert Weldon/GIA. 
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As Tavernier describes, value-added businesses 
began to emerge in the thriving port, employing a 
multicultural and diverse contingent of craftspeople. 
It became famous for its Portuguese lapidary opera- 
tions. The street called Rua Direita was the center 
for many workshops and stalls of jewelers, silver- 
smiths, and lapidaries (V. Ball, 1977b). 


The Importance of Gem Trade from Goa to Agra. Be- 
cause of the Mughals’ insatiable desire for gems, pre- 
cious metals, and decorative arts, the trade route from 
Goa to Agra became well established. An equally in- 
satiable appetite for diamonds from the Golconda 
mines drove explorers and merchants to India, help- 
ing establish trade. There was no other place on earth 
to acquire diamonds of significant size and quantity. 
The success of the Portuguese in bringing all manner 
of precious goods to Goa made this possible. Accord- 
ing to the Flemish merchant Jacques de Coutre, “It is 
very true that from all parts of the World, they send 
pearls, emeralds, rubies, and jewels of great value to 
Eastern India, and we all know full well that they 
came to the Mughal” (Vassallo e Silva and Flores, 
2004). During de Coutre’s 32-year career in India, he 
and his brother dealt in precious stones and jewels. 
He knew that the important gems ended up in the 
Mughal treasury. According to the early seventeenth- 
century Italian explorer Francesco Carletti: 


The Great Mughal purchased all the spinel rubies from 
all over the world, as these gems brought high profits 
when sent on for sale in India. The consumption and 
aesthetic demands of the Mughal Empire required a 
constant flow of goods, jewels, and countless rarities 
that only a port such as Goa could properly supply (Vas- 
sallo e Silva and Flores, 2004). 


Just as early scholars wrote about the port of Goa, 
modern archaeologists and other scholars have doc- 
umented the growth and decline of other regional 
trading centers (see trade route map on pp. 304-305). 
Intricate maps and chronicles of these sites paint a 
picture of the goods and products traded (Thoresen, 
2017). Gold, ivory, and rock crystal—as well as 
slaves—came from Africa. Silks, spices, gems, silver, 
and gold were traded between Asia and the Americas, 
while furs and gems came from Russia. 

In addition to spinels, emeralds, pearls, rubies, and 
other gems, Tavernier described the large diamonds 
recovered from India. He visited four diamond mines 
around Golconda: Rammalakota (Roalconda), Kollur 
(Coulour or Gani), Soumelpour in the kingdom of 
Bengal, and Kistna (between Rammalakota and Kol- 
lur). This information is found in Ball’s Volume II of 
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Figure 13. This diagram shows the symmetry of the architecture, reflecting pools, and gardens of the Taj Mahal. 


Courtesy of I. Mcginnly, Wikipedia Commons. 


Travels in India by Jean-Baptiste Tavernier (based on 
Tavernier’s 1676 French edition). Ball (1977a) pointed 
out the challenges of following the names of the dia- 
mond mines given by Tavernier. Ball included an ap- 
pendix with a list of Indian diamond mines, with 
latitudes and longitudes. He reproduced Tavernier’s 
famous plate that shows the 20 diamonds he sold to 
the French king upon his return. This includes the 
rough now believed to be the French Blue, which was 
eventually cut into the Hope Diamond. There are also 
Tavernier’s depictions of the Great Mogul, the Gol- 
conda, the Grand Duke of Tuscany, and the Bazu. 
Travel was by camel caravan. The number of 
camels in a caravan could vary from several hundred 
to several thousand (figure 12). Two species were pop- 
ular along the Silk Road. The Bactrian camel was 
used for the eastern trade roads and their cold cli- 
mates in Central Asia and Mongolia. Arabian camels 
were used for warmer climates on the western routes. 
Camels were the ideal pack animal, able to carry 
more weight than horses or donkeys. They carried 
more than 300 pounds each and required much less 
water. Without water, a loaded camel could travel for 
nearly 15 days. Sometimes breeders would crossbreed 
the two camel species for even greater endurance. 
This confluence of international trade, art, and 
building techniques contributed to the uniquely 
complex and iconic structure that the Taj Mahal re- 
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mains today, 366 years since its completion. In the 
next section, we analyze the architecture of this 
Wonder of the World and the gem materials that 
were used to adorn her. 


ARCHITECTURE AND GEM MATERIALS OF THE 
TA) MAHAL 


The mausoleum is the iconic part of the Taj Mahal, 
but it makes up only a portion of the complex. The 
entire complex occupies 66.62 acres (0.27 square km], 
while the preserved complex takes up just under 42. 
acres (169 square km). The names of the architects 
are not known with certainty, but several architects 
are believed to have worked on the project. Of those, 
Ustad Ahmad Lahauri and Mir Abdul Karim are the 
two most often mentioned (Koch, 2006) (figure 13). 
The grounds of the Taj Mahal are accessed through 
the forecourt (Koch, 2.006), a large courtyard with the 
east and west gates. It was used for ceremonial pur- 
poses, such as marking the anniversary of the death 
of Mumtaz Mahal. The tops of the gates slope up in 
the center to a rectangular structure called a pishtaq. 
Within this shape sits an archway through which the 
complex is entered. While the inner facade of the 
archway is quite embellished, the outer face is sim- 
pler, with some floral ornamentation on the spandrels 
(the two triangular spaces between the top of the arch 
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Figure 14. Left: A view of the Taj Mahal from the Mihman Khana, or guest pavilion. Right: A view of the inscribed 


ii [ i = 


entryway, called a pishtaq, with floral embellishment on the spandrels. Photos by Robert Weldon/GIA. 


and the rectangular frame) (figure 14). Unlike the de- 
tailed inner facades of the east and west gates, both 
the inner and outer facades of the south gate are sim- 
ple in ornamentation (Koch, 2006). 

The Great Gate is the centerpiece of the forecourt, 
located on the southern wall within the funerary gar- 
den, a symmetrical garden divided into quarters. The 
garden once contained fruit-bearing trees (symbolic 
of life) and herbs. Abundant roses (symbols of love) 
were mentioned by Shah Jahan’s poet, Qudsi, but 
there were many more unnamed blooms throughout. 
The reflecting pools are lined with cypress trees, 
symbolizing death. 

The mausoleum sits on a raised square platform 
standing seven meters high. The dome of the mau- 
soleum is 73 meters high and nearly 18 meters in di- 
ameter. Four minarets, towers with domed pavilions, 
surround the mausoleum. 

Two additional tomb buildings, called Saheli Burj, 
lie along the south end of the complex. They hold the 
bodies of Shah Jahan’s lesser wives. According to the 
Taj Mahal Museum, Akbarabadi Mahal lies in the 
western tomb, and Sirhindi Mahal lies in the eastern 
tomb. Akbarabadi Mahal was a favorite consort in the 
last reigning days of Shah Jahan and the wife that he 
spoke highly of to his daughter, Jahanara, in his final 
moments (Koch, 2006). One of the four tombs con- 
tains a marble cenotaph embellished with parchin 
kari (this technique was only used in the tombs of the 
emperor's family at the time the Taj Mahal was built), 
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but vandals have stolen many of the more valuable 
inlaid stones. 

Water is a very important part of the garden (figure 
15). According to Begley (1979) and the official Taj 
Mahal website, the garden features four water chan- 
nels symbolic of the Rivers of Paradise mentioned in 
the Koran: the rivers of water, milk, wine, and honey. 
The Archaeological Survey of India is charged with 
maintaining the trees and flowers of the Taj Mahal. 
They have done their best to reconstruct the original 
planting based on the discovery of old plans. However, 
some of this work amounts to educated speculation. 


Significance of the Gems Used. Gems were chosen 
not only for their color but also for the spiritual prop- 
erties attributed to them at that time. Of the many 
different types of gems used in the parchin kari of the 
Taj Mahal, the most significant in Islamic culture is 
carnelian (figure 16). The Prophet Muhammad is said 
to have worn a silver ring set with carnelian on the 
little finger of his right hand, using it as a seal. Jafar, 
one of the most well-known of the imams, pro- 
claimed that any man who wore carnelian would 
have his desires fulfilled (Kunz, 1938). 

Jade and chlorite were likely used because green 
was the Prophet Muhammad's favorite color (Brill, 
1993). Some ancient cultures also believed that jade 
was a healing stone, particularly for the kidneys 
(Tagore, 1881). Lapis lazuli is another gem that was 
chosen; the Sumerians believed that anyone who car- 
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Figure 15. The tranquil reflecting pools add to the symmetry of the Taj Mahal. Photo by Robert Weldon/GIA. 


ried an amulet made of this material was in the com- 
pany of a god (Budge, 2011). It was cherished through- 


Figure 16. A close-up of the parchin kari consisting of 
multicolor chalcedony and other materials set in 
marble showing a typical floral pattern that decorates 
the interior and exterior of the Taj Mahal. Photo by 
Robert Weldon/GIA. 
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out the ancient worlds of India, Mesopotamia, and 
Iran, as well as Egypt, where it was used in talismans, 
particularly of the eye and heart (Thomas and Pavitt, 
1993). 

In Mesopotamian culture, jasper was associated 
with the heavens (Horowitz, 1998), as well as driving 
away evil spirits (Kunz, 1938). Agate and jasper (both 
chalcedonies) were used as protection against the evil 
eye (Budge, 1968). Chalcedony was believed to render 
enemies terror-stricken while also having the power 
to promote peacefulness (Budge, 1968) and happiness 
(Tagore, 1881) and dispel sadness (Jones, 1968). Blood- 
stone was said to have the power to bring rain, a ben- 
efit to Shah Jahan’s beautiful gardens (Kunz, 1938). It 
might have been for protection against enchant- 
ments and spells that sard was used in the parchin 
kari. Sard was also believed to bring happiness (Kunz, 
1938). Other materials used that might have been 
chosen for purely aesthetic reasons include green 
plasma jasper, yellow limestone, variegated lime- 
stone, yellow marble, striped marble, and clay slate 
(Koch, 2006). 
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TABLE 1. Types of gem materials used in the Taj Mahal. 


Farsi English Hindi Early name(s) of the source(s) 
Yaqut-e-Gulabi Rose or pink sapphire Gulabi Ceylon 
Hajr-ul-Dum Bloodstone Pitunia India 
Rukham Alabaster Sangmarmar Makrana, India 
Yaqoot Amethyst Kathela Moldova, India 
Nilgoo’n billor Aquamarine Beruj Bihar, India and Ceylon 


Marmar-e-Seeya 
Aqiq-e-Jegari 
Sang-e-Yemani 
Zaituni Zabarjad 
Sadaf Halazoni 
Marjan-e-Sorkh 
Boloor 

Almas 
Zomorrod 

La’l 

Sang-e-Talai 
Daarchini yaqoot 
Yashm 

Lajvard 

Ahan Roba 
Malaqeet 
Marmar 

Sadaf Morvaridi 
Nafreit 

Aqiq Suleimani 
Morvarid/Dor 
Sang-e-Sorkh 
Yaqut 
Sang-e-Maaseh 
Yaqut-e-Kabud 
Aqiq-e-Qermez 
Sang-e-Looh 
Laal 
Chasm-e-Babri 
Zebarjad-e-Hendi 


Firoozeh 


Black marble 
Carnelian 
Chalcedony 
Chrysolite 
Conch shell 
Coral, red 
Crystal quartz 
Diamond 
Emerald 
Garnet 
Golden stone 
Hessonite garnet 
Jasper 
Lapis lazuli 
Lodestone 
Malachite 
Marble 
Mother-of-pearl 
Nephrite 
Onyx 
Pearl 
Redstone 
Ruby 
Sandstone 
Sapphire 
Sard 
Slate 
Sodalite 
Spinel 
Tiger’s-eye 
Topaz 


Turquoise 


Kala sangmarmar 


Aqiq 
Laksunia 
Sankh 
Moonga 
Billoor 
Hira 
Panna 
Tamra 
Sunela 
Gomed 
Margaj 
Lajward 


Magnatis 


Dhana-i-farang 


Sangmarmar 
Sip 
Yashav 
Suleimani 
Mukta/Moti 
Surkh 
Manak 
Bansi 
Neelam 
Gomedak 
Siliyat 
Sodaliti 
Naram 
Dariyai lahsunia 
Pukhraj 


Firoza 


Jhari 
Baghdad or Yemen 
India 
Nile River 
Persian Gulf and Gulf of Mannar 
Indian Ocean 
Hyderabad, India 
Golconda region 
South America and Egypt 
Ganges River 
Unknown 
Ceylon 
Cambay, India 
Afghanistan 
Gwalior, India 
Russia 
Jaipur 
Persian Gulf and Gulf of Mannar 
Chinese Turkestan 
Deccan Plateau, India 
Persian Gulf and Gulf of Mannar 


Gwalior, India 


Pegu (Myanmar) and Badakhshan (Afghanistan) 


India 
Pegu (Myanmar) and Ceylon 
India 
Mongbhir and the ruins of Gaur 
Afghanistan 
Badakhshan, Afghanistan 
India 
Ceylon 


Persia and Tibet 


Localities named in Voysey (1825). Descriptions also from Markel (2004). Additional information from Moin-Ud-Din (1905) and 


Dayalan (2006). 


Farsi translations by A. Sinchawla and Hindi translations from B. Mookim (pers. comms., 2019). 
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Types of Gem Materials Used by the Artisans and Col- 
lected by the Emperors. Along with the large diamonds 
it produced, India was a source of rock crystal and 
agates recovered from the Deccan Traps. Related in- 
dustries emerged, such as the shaping, processing, and 
inscribing of diamonds. Spinels were believed to have 
come from Badakhshan in present-day Afghanistan 
and Tajikistan, along the Mughal trade routes. Lapis 
lazuli was mined in Afghanistan. Turquoise originated 
from Persia, and Iran remains an important source of 
the gem to this day. Rubies, sapphire, and rock crystal 
quartz were shipped in from Ceylon (Sri Lanka) and 
Pegu. Pearls came from the Americas, the Persian Gulf, 
and from trade at Basra, a crossroads between the East 
and West. Nephrite was imported from China along 
with a variety of green opaque stones such as green 
jasper. Jadeite did not arrive from Burma until later in 
the nineteenth century. As Markel (2004) points out, 
nephrite was imported from Khotan and Kashgar in 
Chinese Turkestan in Central Asia. He also explains 
that jadeite was not yet used in South Asia and that 
there were dozens of nephrite jade simulants in use. 

Voysey (1825) offered the first detailed description 
of the inlaid stones used in the parchin kari of the Taj 
Mahal. Over 40 different gem materials used for inlay 
have been referenced in the literature. Moin-Ud-Din, 
a general superintendent in Agra in 1905, expanded 
greatly on Voysey’s list with his 120-page study of 
materials used at the Taj Mahal, which included an 
itemized table. More recent authors such as Dayalan 
(2006) have added to the list (see table 1). 

A fascinating area of potential study would be to 
apply modern gemological techniques and advanced 
instrumentation to known examples of Mughal gem- 
stones and jewelry. Trained gemologists would be 
able to contrast them with gems from modern 
sources. Comparative inclusion studies, advanced 
chemistry, and other techniques that aid in origin de- 
terminations would add greatly to our understanding 
of gems from this era. 


Source of the Building Stones and Construction Ma- 
terials. The Taj Mahal was built on a marble platform 
over a sandstone foundation. The buildings are brick 
overlaid with a veneer of marble that was brought in 
from the Makrana quarries in Rajasthan in western 
India, nearly 400 km from Agra. These quarries are 
famous for their milky white marble. Stretching 
more than 22, km, they were open-pit mines using 
traditional labor-intensive methods of excavation. 
The stones were cut into blocks and transported by 
oxcart to Agra. Voysey (182.5) wrote that the red sand- 
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stone came from Fatehpur Sikri, 35 km west of Agra. 
Red sandstone was used to create the mosque and 
guest pavilion. Balasubramaniam (2009), in his study 
about the architects of the Taj Mahal, expands on 
Voysey’s observations to include the nearby Rupbas 
and Tantpur quarries as sources. 


Expertise of the Craftsmen. The craftsmen working 
with minerals and gem materials on the Taj Mahal 
fell into several groups. First there were the bricklay- 
ers and stonecutters, called raj and sangtarash, re- 
spectively. According to Ebba Koch, an architectural 
historian and author of a seminal work on the Taj 
Mahal, the stonecutters were paid for each linear yard 
of stone they cut. They left symbols and sometimes 
Hindu or Arabic names on the bricks. Next came the 
stone carvers or munabbatkar, who carved the mold- 
ings in the rooms and created the exquisite renderings 
of plants and flowers in sandstone and marble. At the 
time, Indian artisans were often guided by European 
experts. Balasubramaniam (2009) writes: 


While the supervision and superintendence may have 
been of people of foreign origin, the current study 
proves that the actual engineering of the complex was 
the accomplishment of the genius of local Indian tal- 
ent... [This proves] that the ultimate realization of the 
wonderfully engineered construction of Taj was possi- 
ble due to the engineering abilities and skill of native 
architects and artisans, as confirmed by their adher- 
ence to the traditional measurement units of the sub- 
continent. 


Such traditions have continued to the present day. 
Koch (2.006) illustrates one man, Hajii Nizamuddin 
Nagshbandi, who did stone restoration at the Taj 
Mahal for more than 40 years until his death in 2005. 
He was a follower of the Naqshbandi Sufis and con- 
tinued the long tradition of Sufi craftsmanship in the 
building arts (figure 17). 

Next came the craftsmen who did the stone inlay. 
This simple form of intarsia has been used for decora- 
tive objects and decor for centuries. It is based on in- 
laying colorful minerals into a recess to create a 
mosaic-like pattern. In India the term parchin kari is 
used both for the simple form of inlay as well as the 
intricate examples found throughout the Taj Mahal. 
A master artist known as the parchinkar would first 
draw the pattern in henna dye on the marble’s surface. 
Then the artist would carve out a space in the marble 
and fill it with thin polished pieces of gem materials, 
affixing them with organic glue. The stones were 
grooved so they would fit together, making the con- 
tact between them almost invisible. The technique is 
still used to this day (figure 18). 
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In advanced inlays, slivers of different gem mate- 
rials were artfully placed in the space with a view to- 
ward creating colors and shapes of the desired 
geometric patterns or floral designs. A bow saw 
coated with abrasives was used to fashion the slivers 
(figure 19). The technique was mastered by Shah 
Jahan’s lapidaries, and one art historian notes that the 


Figure 17. Hajii Niza- 
muddin Naqshbandi, 
with other stone 
carvers, using hammer 
and point chisel. He 
worked at the Taj 
Mahal for more than 40 
years and was still em- 
ployed there when he 
died in 2005. Repro- 
duced with permission 
of Ebba Koch, 2006. 


“complexity, subtlety and elegance of their work far 
surpasses that of the Italian artists” (Koch, 2006). 
Most historians credit the Italians with creating this 
technique in Florence, where it was called commesso 
di pietre dure (“composition of hard stones”) and 
often abbreviated to pietra dura (see box A). Euro- 
pean artists brought the technique with them to 


Figure 18. Modern inlay workers creating parchin kari objects for tourists in Agra near the Taj Mahal. Photos by 


Robert Weldon/GIA. 
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Box A: HISTORY OF PIETRA DURA 


The Mughals were very interested in European art. Eu- 
ropean paintings and prints were the subject of exhibi- 
tions and many discussions (Koch, 2001). One style of 
stone inlay emerged in ancient Greece as early as the 
fifth century BCE (Dunbabin, 2006). This evolved into the 
use of small slices of opaque and semitransparent gems 
such as carnelian and other agates, lapis lazuli, and jasper 
that were cut and set into a base material such as marble 
to create the effect of a painting. Florence became a cen- 
ter for this style of art, and in 1588 the Grand Duke Fer- 
dinand established the first state factory in the Uffizi 
Galleries, the Opificio delle Pietre Dure, which operated 
well into the nineteenth century. The facility is now a 
museum (Giusti, 2006). 

Nature themes were often the focus of the pietra dura 
style. Flowers, landscapes, and birds and other animals 
were executed with such an exuberance of colors and 
style that they immediately became popular throughout 
Europe. Large vases, ewers, and bowls were later fash- 
ioned with pietra dura and set in elaborate mounts of 
gold and enamel. Even statuettes and life-size busts were 
made of inlaid marble, but these were very rare and re- 
served only for royalty. 


India to work on the Taj Mahal. The Mughals had re- 
ceived gifts from Italy of decorative objects with 
inlay and had acquired an appreciation for the art. 


Similar workshops were established throughout Eu- 
rope. In Prague, Rudolf II employed the Miseroni family 
from Milan and the Castruccis from Florence to create 
new and elaborate forms of pietra dura for the palaces of 
the Habsburg rulers. In France, pietra dura was produced 
in Louis XIV’s ateliers and incorporated in ornamented 
furniture. There was a reaction against this style during 
the Rococo period, which was marked by scrolling curved 
forms and gilded opulence. Many pieces were dismantled, 
only to enjoy a triumphant revival in furniture of the 
Louis XVI period. Workshops flourished in Germany, 
Italy, and Spain, where Carlos of Bourbon’s artisans spe- 
cialized in superb consoles and inlays of landscapes, fig- 
ures, and trompe l'oeil. A seventeenth-century cabinet 
designed by Robert Adam and housed in the Victoria and 
Albert Museum is inset with pietra dura panels signed by 
Baccio Cappelli, one of the Uffizi workmen. 

During the Victorian era, which spanned most of the 
nineteenth century, pietra dura was used for small pieces 
such as desk blotters, inkstands, postal scales, and lamp 
bases. These accessories are not as scarce or costly as the 
furniture from two centuries earlier, and as a consequence 
they can be unearthed at antique shows and shops. 


History of the Families that Performed the Inlay. 
The pietra dura inlay technique was handed down 
from generation to generation, beginning with fam- 


Figure 19. Slivers of carnelian, malachite, turquoise, and lapis lazuli are cut and assembled for inlay in modern 
parchin kari decorative pieces. Photos by Robert Weldon/GIA. 
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Figure 20. Minarets at the Taj Mahal frame its four corners. At sunset, sunlight peeks through the minarets, adding 
to their mystical enchantment. From this view, the superb inlay and craftsmanship of the mausoleum are visible. 
Photo by Robert Weldon/GIA. 


ilies in Europe and then moving east into Russia. 
From there, the technique was passed from fathers 
to sons in northern Afghanistan. It was in Afghani- 
stan that the art of calligraphy in stone began 
(Kazim, 2014). 

The tradition of fine stone inlay, or parchin kari, 
developed independently in India and began to be in- 
corporated into the monuments of the Mughal em- 
pire during the sixteenth century. Because of the 
close relationship between the development of pietra 
dura in Renaissance Italy and parchin kari at the 
Mughal court, the terms are often used interchange- 
ably (L. Thoresen, pers. comm., 2019). Parchin kari 
is still used in India today on tables, plaques, tiles, 
and other decorative items (figure 20). Records indi- 
cate that the parchin kari craftsmen were mostly 
from Kannauj and were not Muslim but Hindus 
(Havell, 2003). A lesser-known literary work, The 
History of the Taj and the Buildings in Its Vicinity 
by Moin-Ud-Din (1905), lists the names of men who 
worked on various aspects of the Taj Mahal. 
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Symbolic Significance of the Designs. The floral pat- 
tern inlaid in the marble throughout the Taj Mahal is 
not random. Persian culture strongly influenced the 
Mughals. Floral imagery abounds in Persian poetry 
(Wescoat et al., 1996), which describes flowers as 
“springing forth from the waters of Paradise” (Janin, 
2004), and this symbolism was no doubt the intention 
for Mumtaz’s final resting place (“Taj Mahal,” 2007). 
In the case of the Taj Mahal’s floral motif, the choice 
of red and yellow as prevailing colors was most likely 
deliberate. Red blossoms represent death and blood 
in Persian poetry, while yellow denotes rebirth and 
dispels grief. Although some of the flowers of the Taj 
Mahal are creations sprung from the minds of the 
craftsmen, others are depictions of real flowers such 
as lilies (similar to martagon lilies), tulips, poppy blos- 
soms, buds, and calyxes (Koch, 2006) (figure 2.1). 

The red flowers are a symbol of sorrow, anguish, 
and death—poppies specifically are associated with 
the dead in Islamic thought (Koch, 2006). The Persian 
poet Hafiz claimed in the fourteenth century that 
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Figure 21. This large panel of carved marble with floral motifs at the Taj Mahal contains a border of parchin kari. 


Photo by Robert Weldon/GIA. 


tulips are tokens of great love (Hafiz, 1905; Connolly, 
2.004). Poppies and red flowers similar to lilies em- 
bellish the upper cenotaphs of Mumtaz Mahal and 
Shah Jahan. Their graceful leaves and blooms rain 
down in sorrow, and the blood red stands in contrast 
against the stark white of the marble. 

Both cenotaphs feature inscriptions of black onyx 
inlay. The Arabic inscription that runs around the 
sides and along the top of Mumtaz Mahal’s cenotaph 
are verses from the Koran, meant to put her soul at 
ease. The cenotaph of Shah Jahan features an ornate 
epitaph in Nasta‘liq calligraphy (containing a pro- 
nounced rounded script) that reads: 


This is the sacred grave of His Most Exalted Majesty, 
Dweller in Paradise, Second Lord of the Auspicious 
Conjunction, Shah Jahan, Padshah; may it ever be fra- 
grant! The year 1076 [AD 1666] (Koch, 2006). 


While the cenotaphs on the main level are meant for 
public view, and are aligned to the north, the actual 
tombs of Shah Jahan and Mumtaz lie in a chamber 
just below, facing west, toward Mecca. In keeping 
with Islamic tradition, these actual tombs are much 
simpler in design. 


Islamic Inscriptions. Words from the Koran are sim- 
ilarly inlaid throughout the complex using black 
onyx. The inscription process itself was ambitious, 
as more than two dozen Koranic quotations are dis- 
played on the Great Gate, mausoleum, and mosque. 
In a sense, this work is even more intricate because 
the onyx had to be carved to fit the script of the let- 
ters. The passage from the Koran on the Great Gate 
calls the charitable and the faithful to enter Paradise 


Gem ART OF THE TAJ MAHAL 


(figure 22). The artist responsible for these inscrip- 
tions, Abd al-Haqq Shirazi, is the only artist whose 


Figure 22. The eastern facade of the Taj Mahal is 
framed by parchin kari and an inscription from the 
Koran. Photo by Robert Weldon/GIA. 
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name was allowed on the Taj Mahal for posterity. 
This further demonstrated Shah Jahan’s high regard 
for the inscriptions and the artist. As Al-Haqq Shirazi 
had designed the inscriptions for the tomb of Akbar, 
Shah Jahan’s grandfather, he was the logical choice 
(Begley, 1978/1979). One of the three dated epigraphs 
inscribed at the Taj Mahal reads “Finished with His 
help” and was written by Amanat Khan al-Sjorazo in 
the year corresponding to the twelfth year of Shah 
Jahan’s reign, somewhere between October 1638 and 
April 1639. The larger words are in Arabic and the 
smaller ones in Persian (Begley, 1978/1979). 


The Taj Mahal Today and Its Conservation. On April 
11, 2018, severe storm winds caused two minarets at 
the Taj Mahal to collapse. Fortunately, the taller ones 
remained standing. While one of the destroyed 
minarets was located at the southern gate, the other 
was at the royal gate, where one gets a first glimpse 
of the Taj Mahal. This world wonder also faces dete- 
rioration from exposure to air pollution and wear 
from its eight million visitors every year. The result 
is a general yellowing of the buildings. As the custo- 
dians of this monument, the Archaeological Survey 
of India reported in January 2018 that the Taj Mahal 
was in danger of losing its attractive marble gloss due 
to air pollution in Agra (“India Taj Mahal minarets 
damaged...,”” 2018). 

For a time up until the restoration by British 
Viceroy Lord Curzon was completed in 1908, secu- 
rity was not stringent, so some of the stones in the 
pietra dura as well as other decor were stolen (“Theft 
in Taj Mahal myth,” n.d.). The Archaeological Sur- 
vey of India stated that it would take until 2018 to 
clean the buildings, replace the missing stones, and 
take protective measures to minimize further dam- 
age by visitors (Devi, 2015). Most of the work has 
been accomplished, though some questions remain 
as to the safest method of cleaning the Taj Mahal’s 
main dome, which was scheduled for late 2019. 

To remove the yellow stains, a clay pack known 
as multani mitti (or fuller’s earth), known since the 
late 1800s, was applied for decades with positive re- 
sults on the building exteriors. This facial treatment 
consisting of lime, cereal, soil, and milk was 
slathered onto the buildings, left to sit for 24 hours, 
and then washed with warm water (“Multani mitti 
is being used...,” 2002) (figure 23). 

Governmental protection began in 1996, when 
the Supreme Court of India enacted the Taj Trape- 
zium Zone, a 10,400 square km area surrounding the 
Taj Mahal complex. This trapezoid-shaped zone, 
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Figure 23. Scaffolding was erected for chemical 
cleaning of the northern pishtag of the mausoleum in 
September 2002. Reproduced with permission of 


Ebba Koch, 2006. 


meant to protect the Taj from environmental pollu- 
tion damage, bans the burning of coal within the 
area. It also requires some industries to switch to nat- 
ural gas or even relocate outside of the zone (“Why 
is the Taj...,” 2008). Another measure to control pol- 
lution has been to ban the burning of cow dung, used 
for kindling in wood fires, within Agra (“Fuel guz- 
zling vehicles...,” 2015). Fuel-powered vehicles are 
banned within 500 meters of the Taj Mahal (Lusted, 
2013). Visitors arrive by foot or electric shuttle. Upon 
arrival, they can either go barefoot or wear covers 
over their shoes. Most recently, it was reported that 
the Archaeological Survey of India was considering 
the use of spectrography to measure incremental dif- 
ferences in the Taj Mahal’s exterior color. The first 
step was cleaning the surface of the marble using 
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multani mitti, as discussed earlier. From now on, the 
changes will be recorded over time and reported to 
the Supreme Court of India (Qureshi, 2019). 

Some of the restoration planning and execution is 
culturally fraught. But despite cultural differences 
and debate over financial allocations, the Supreme 
Court instructed the Indian government to take im- 
mediate action: “Even if you have the expertise, you 
are not utilizing it. Or perhaps you don’t care. We 
need to save it,” the court urged (Meixler, 2018). 


CONCLUSIONS 

The Taj Mahal is a monument to an everlasting love. 
The indefatigable Mughal emperor Shah Jahan had it 
built 366 years ago for his wife Mumtaz’s final resting 


place. Much like his father, Jahangir, Shah Jahan was 
one of the most prolific gem collectors and connois- 
seurs of his day (figure 24). The sources of the 40 or 
more gem materials (Dayalan, 2006) that are incorpo- 
rated into the Taj Mahal’s facade tell a compelling 
story of global trade and commerce. This culturally 
rich era brought about an exchange of gems and 
knowledge, fostering craftsmanship and cultural 
adaptations from Europe and Asia. Raw materials 
were also the catalysts for attracting the world’s most 
talented lapidaries, architects, stonemasons, and 
workers, who made possible an unsurpassed creation. 

India itself has been a major source of gems since 
antiquity, including its fabled diamonds from the 
Golconda region and agates from the Deccan Traps. 


Figure 24. The finest parchin kari work was reserved for Mumtaz’s cenotaph, in the interior of the mausoleum. 


Photo by Jean-Louis Nou, courtesy of AKG Images. 
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Figure 25. The Taj Mahal is visible in the distance from Agra Fort, where Shah Jahan was imprisoned by his son 
Aurangzeb in 1658. He would have had a futile daily view of the Taj Mahal at sunrise, positioned on the bank of 
the glimmering Yamuna River. Photo by Robert Weldon/GIA. 


Although much of the Mughals’ exquisite jewelry 
has been melted down to make new ornaments 
(Sharma and Varadarajan, 2004), we can still enjoy 
the beauty of the era through the artistry of the Taj 
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continue to visit each year, conservation will be es- 
sential to preserve its beauty for generations to fol- 
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NATURAL-COLOR FANCY WHITE AND 
FANCY BLACK DIAMONDS: 
WHERE COLOR AND CLARITY CONVERGE 


Sally Eaton-Magania, Troy Ardon, Christopher M. Breeding, and James E. Shigley 


Natural Fancy white and Fancy black diamonds are not routinely submitted to GIA for grading (fewer than 2,000 
since 2008). These fancy-color diamonds are distinctive since the causes of color generally are not atomic-scale 
defects, but nanometer- to micrometer-sized inclusions that reduce the diamond's transparency by scattering 
or absorbing light (some exceptions exist among Fancy black diamonds). To clarify, Fancy white diamonds are 
those rare stones colored by inclusions that give a “whitish” appearance, and are distinct from “colorless” dia- 
monds on the D-to-Z scale. 


These two colors, often thought of as opposites in the color world, are grouped here as outliers within the col- 
ored diamond world. Both can be colored by inclusions so numerous the stone would fall below the |, grade on 
the clarity scale, demonstrating that inclusions, often perceived as a negative quality factor, can create a dis- 
tinctive appearance. Among the Fancy white diamonds examined for this study, the vast majority (82%) were 
type laB, making them a rare subset of a rare diamond type. Based on prior geological research, these are sur- 
mised to be mostly sublithospheric in origin (i.e., forming more than 250 km below the earth’s surface). The 
Fancy white diamonds generally have a different chemistry from D-to-Z type laB diamonds, with greater quan- 
tities of several hydrogen- and nickel-related defects. Among Fancy black diamonds, the major causes of color 
are either micrometer-sized dark crystal inclusions, nanometer-sized inclusions clustered into clouds, or a com- 
bination of the two. For these two colors of diamond, we summarize their gemological properties along with 
the absorption and luminescence spectra of a representative subset of diamonds from each color, examining 
how they deviate from the standard grading methodology. Because of their rarity, there has been very little sys- 
tematic study of either of these color categories, and never a sample set of this quantity, which includes data 
for ~500 Fancy white and ~1,200 Fancy black diamonds. 


hen discussing the cause of color in dia- 
VW mond, we typically discuss atomic-level 

defects rather than inclusions—relying 
more on our spectrometers than our microscopes. 
Seldom are the diamonds distinguished not by color 
saturation, but by tone (neutral lightness and darkness) 
and transparency. Nevertheless, Fancy white and 
Fancy black diamonds break these rules and exist 
within their own special category, distinct from the 
other fancy-color diamonds described previously in our 
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article series (Breeding et al., 2018; Eaton-Magania et 
al., 2018a, 2018b]. 

Fancy white diamonds, due to their scarcity as 
faceted stones, comparatively small size, and the lack 
of notable historical examples, are not well known. 
They are largely procured by connoisseurs. Probably 
the most famous of Fancy black diamonds is the Black 
Orlov (figure 1), a 67.50 ct cushion with a provenance 
dating back two centuries and, like the Hope diamond, 
rumored to be “cursed” (Balfour, 2009). 

Other famous Fancy black diamonds include the 
312.24 ct Mogul-cut Spirit of de Grisogono, one of the 
world’s largest black diamonds, which originated from 
the Central African Republic. The Gruosi diamond is 
a 115.34 ct heart shape reportedly discovered in India, 
and the Korloff Noir is an 88 ct round brilliant. 
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Figure 1. The famous 
Black Orlov, a 67.50 ct 
Fancy black diamond, 
is flanked by two Fancy 
white diamonds (2.26 ct 
and 30.87 ct). Photos 
are not to scale. The 
Fancy white diamond 
photos are by GIA staff 
(left) and Jessica Arditi 
(right). 


The appearance of Fancy black and Fancy white _ parency than because of variations in saturations or 
diamonds varies more because of differences in trans- modifying hues (figure 2). They can range from 


Figure 2. These examples of Fancy white and Fancy black diamonds do not show major variations in hue or color 
saturation, but they do vary by transparency. Photos by GIA staff. 
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Figure 3. A colorless D-color diamond (left) is often 
described as “white” in the trade and by consumers. 
However, such terminology should not be confused 
with Fancy white diamonds. The E-color diamond 
with I, clarity and whitish internal graining on the 
right is one of the color master stones in GIA’s Carls- 
bad lab. It represents the boundary between the D-to- 
Z color scale and those deemed Fancy white. Photos 
by Robison McMurtry. 


transparent to translucent to opaque, but they gener- 
ally are not transparent. Other natural forms of carbon 
such as bort, ballas, and carbonado are not submitted 
to GIA in large quantities and will only be discussed 
briefly. Additionally, Fancy white diamonds should 
not be confused with colorless diamonds (those gen- 
erally graded as D to F), which are often termed 
“white” within the trade and by consumers (figure 3). 


CAUSES OF COLOR 


Fancy White. Fancy white diamonds are sometimes 
referred to as having an “opalescent” appearance due 
to the unusual way that light is scattered inside the 
stone. Gemologists, however, often describe them as 
“hazy,” “milky,” or “cloudy” when observing them 
through a microscope (figure 4). Recent studies on 
both hazy and cloudy diamonds show that these ob- 
servations (e.g., Rudloff-Grund et al., 2016; Kagi et 
al., 2016; Gu et al., 2019) are due to two distinct phe- 
nomena: nano-inclusions and dislocation loops, both 
described below. These studies have shed light on the 
nature of these features, which can appear nonde- 
script even at high magnifications with an optical 
microscope. These features are best imaged and iden- 
tified using more advanced forms of microscopy such 
as transmission electron microscopy (Rudloff-Grund 
et al., 2016; Gu et al., 2019). In TEM, a beam of elec- 
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trons is transmitted through the sample to form an 
image. This tool is capable of much higher resolution 
than an optical microscope. It is also a destructive 
test method that requires “foils” made of extremely 
thin films, generally less than 100 nm, of the dia- 
mond (more information on this technique may be 
found in Titkov et al., 2003). 

Rudloff-Grund et al. (2016) showed by TEM the 
presence of both nano-inclusions and dislocation 
loops in these milky white diamonds. The nano-in- 
clusions were observed in two distinct size ranges— 
the majority were 20-30 nm, and some were 150-200 
nm. In comparison, inclusions that are large enough 
to be classified as crystals are generally larger than 
~50 pm (500 times larger). The nano-inclusions ap- 
peared as octahedrons or elongated trapezoids, and 
were found to contain nitrogen; other researchers 
have confirmed the presence of nitrogen, but there is 


In Brief 


e Fancy white diamonds are predominantly type laB, and 
their “milky” color originates from nano-inclusions and 
structural imperfections. 


Fancy black diamonds have a variety of causes of color 
but are due largely to inclusions (either appearing as 
clouds of dark nano-inclusions, micron-sized crystal 
inclusions, or a combination of both). 

e As cause of color is generally due to inclusions, these 
diamonds pose distinct grading challenges. 


still no consensus on the exact configuration of the 
nitrogen (Kagi et al., 2016; Rudloff-Grund et al., 2016; 
Navon et al., 2017; Gu et al., 2019). Rudloff-Grund 
et al. also found that areas of the diamond with these 
nano-inclusions correlated with detection of higher 
nitrogen and hydrogen by IR absorption mapping. 
Other researchers (Kagi et al., 2016) additionally 
found several transition metals (such as Ni) within 
these nano-inclusions. 

Gu et al. (2019) continued this study by creating 
TEM foils with diamond that they deemed as only 
“hazy” or only “cloudy” based on their microscopic 
differences. They wished to see if distinguishing phe- 
nomena could be observed between the “hazy” and 
“cloudy” descriptions. They found that “hazy” dia- 
monds did not show distinct pinpoints by optical mi- 
croscopy even when viewed at high magnifications. 
In contrast, diamonds termed “cloudy” did display 
distinct pinpoints at high magnifications. 
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Figure 4. This photomicrograph array shows the variety of observations possible in Fancy white diamonds. The re- 
sponsible defects can be seen as linear bands (A), crisscrossing bands, or isolated pinpoints (B), and these can be 
described as “hazy” or “cloudy.” Due to the nature of these nano-inclusions, the features can be difficult to photo- 
graph. Often present in Fancy white diamonds (e.g., figures 1 and 2) are dark, obvious inclusions (C), generally due 
to graphitized inclusions or graphitized stress fractures (Jang-Green, 2006). Fields of view: A1: 8.9 mm; A2: 8.0 
mm; A8: 2.9mm; B1: 2.9 mm; B2: 3.6 mm; B3: 1.9 mm; C1: 2.3 mm; C2: 2.5 mm. 


TEM showed more differences. In “hazy” dia- 
monds, the TEM results indicated only the presence 
of dislocation loops. Dislocation loops are created 
from a disarrangement of the atoms that are disrup- 
tions in the crystal lattice (Stukowski et al., 2012). 
These lattice defects form into a dislocation loop of 
distorted atoms since the loop exists at a more fa- 
vorable lower-energy state than the isolated lattice 
defects themselves. This doughnut-shaped feature of 
disordered atoms exists within the normal crystal 
structure. Dislocation loops in diamonds have been 
experimentally shown to form from platelet defects 
in type IaB diamonds when heated to very high tem- 
peratures (2400-2700°C; Evans et al., 1995). Platelets 
are extended defects thought to form when A aggre- 
gates transition into B aggregates; they involve car- 
bon interstitials (i.e., clusters of carbon atoms not in 
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normal positions in the lattice) and nitrogen in thin 
layers (Humble, 1982; Speich et al., 2017). In these 
diamonds, dislocation loops are impossible to dis- 
cern directly with an optical microscope, unlike a 
foreign inclusion with distinct boundaries; how- 
ever, the effects of these dislocation loops appear to 
scatter light. 

In contrast with the observations of “hazy” dia- 
monds, in the diamonds that appeared “cloudy” in- 
stead, Gu et al. (2019) detected nano-inclusions 
(described as negative crystals) containing solid ni- 
trogen. As with prior researchers, they confirmed the 
size ranges of these features as ~20 to 200 nm. 


Fancy Black. There are several different causes of 
color for natural black diamonds: internal inclusions 
(such as graphite, non-carbon crystal inclusions, and 
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Figure 5. This photomicrograph array shows the variety of observations possible in Fancy black diamonds. Fancy 
black diamonds are generally very heavily included. Based on the size of the inclusions, they are termed crystals 
or Clouds of pinpoints. All photomicrographs were collected in transmitted light by GIA staff. A: Diamonds can 
show irregular or linear banding of inclusions. B: Diamonds with masses of dark inclusions; the one on the right 
also shows iron oxide staining. C: The graphitic inclusions in a Fancy black diamond and a higher-resolution pho- 
tomicrograph of one area. Image widths of 4.8 and 1.26 mm, respectively. D: Diamond with cloud inclusions. Field 
of view: Al: 6.7 mm; A2: 9.5 mm; B1: 7.8 mm; B2: 7.5 mm; B3: 8.7 mm; C1; 4.8 mm; C2: 1.3 mm; D: 6.9 mm. 


clouds; figure 5), high-density radiation stains along 
surfaces or fractures (usually contributing to a darker 
appearance}, and in rare cases very high absorption 
across much of the visible spectrum that results 
from atomic or extended lattice defects. 


Crystals. Kammerling et al. (1990) described a set of 


black diamond jewelry and used microscopic observa- 
tion to identify the inclusions as graphite. Titkov et 
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al. (2003) later studied a suite of black diamonds they 
had sourced from Siberia in Russia (principally from 
the Mir kimberlite pipe). In their samples from that 
locality, graphite inclusions were rare and instead the 
inclusions they found were mostly magnetite (Fe,O,), 
hematite (Fe,O,), and native iron. These inclusions 
were determined by individually studying their chem- 
ical compositions using energy-dispersive X-ray spec- 
troscopy (EDX). More recently, Smit et al. (2018) 
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studied an extensive suite of faceted black diamonds 
sourced from the Marange alluvial deposits in Zim- 
babwe, and many of these showed graphite inclusions 
that generally appeared as needles. 


Clouds. Here, clouds are distinguished from the in- 
clusions described above by their size. Clouds are 
generally described as a cluster of tiny pinpoint in- 
clusions. They can vary in density (and therefore 
transparency), and some examples show a distinct 
outline while others are spread through the diamond. 
At 10x magnification, the morphology of individual 
pinpoints that make up a “cloud” cannot be distin- 
guished. The Marange black diamond suite (Smit et 
al., 2018) also showed a few examples (4 of 40) in 
which dark clouds previously identified as graphite 
(Smit et al., 2016; Eaton-Magana et al., 2017) were 
the source of the Fancy black coloration. These 
clouds are often associated with high quantities of 
hydrogen in IR spectra (Johnson, 2008). 


Radiation Stains. Radiation stains on diamond sur- 
faces, created from physical contact with a radiation 
source (typically a radioactive mineral grain or fluid; 
Breeding et al., 2018) can appear as either green or 
brown depending on subsequent temperature expo- 
sure, as green radiation stains generally become 
brown at temperatures of ~550°C (Nasdala et al., 
2013). Although not always found in black dia- 
monds, and generally observed in conjunction with 
inclusions and clouds described previously, abundant 
brown radiation stains in highly fractured diamonds 
are occasionally seen (particularly from Marange). 
When enough stain-filled fractures are present in a 
stone, it has a very dark overall appearance. How- 
ever, shining a bright light from behind the diamond 
(i.e., transmitted light) reveals the green or brown ap- 
pearance due to the radiation stains. 


Absorption Defects. Although this cause of color is 
more common among treated diamonds (described 
below), pronounced absorption across much of the 
visible spectrum due to high concentration of atomic 
or extended defects can lead to a Fancy black color. 
When the stone is viewed through the pavilion, de- 
pending on the defect, it can often appear violet 
(Breeding and Rockwell, 2009; Johnson, 2011) or 
green, though the face-up color is Fancy black. If the 
absorbing defect had a lower concentration or the 
stone had a smaller size, the diamond may have re- 
ceived the corresponding color description instead of 
Fancy black. 
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Polycrystalline Diamond. Carbonado is a naturally 
occurring polycrystalline diamond material com- 
posed of randomly oriented cuboidal microcrystals 
(about ~5-20 pm in size; Haggerty, 2017). The cumu- 
lative effect of these microcrystals along with the in- 
corporation of non-diamond carbon material is that 
the carbonado appears opaque and generally black, 
gray, or brown. Carbonados have occasionally been 
faceted as gems (De Corte et al., 2004; Wang et al., 
2009), but their polycrystalline structure and varia- 
tion in polishing directions makes it difficult to 
achieve a flat, reflective polished facet surface. 


OCCURRENCE AND FORMATION 


Fancy White. Fancy white diamonds are predomi- 
nantly type IaB [i.e., showing only B-form nitrogen 
aggregates in their IR spectra; see Breeding and 
Shigley, 2009 for more on diamond types). The B ag- 
gregate has been identified as four nitrogen atoms 
surrounding a vacancy (Boyd et al., 1995), and it is 
generally considered the end product of the nitrogen 
aggregation process; geologically young diamonds 
show nitrogen as single isolated atoms that coalesce 
over geologic time into pairs (A aggregates). This pair- 
ing of nitrogen atoms (and the subsequent steps of 
aggregation) involves internal diffusion at relatively 
high temperature and/or long geologic residence 
times during which the nitrogen atoms can move 
through the lattice. During the next stage of aggrega- 
tion, the A centers form B aggregates, and there is a 
minor side reaction (Woods, 1986) that produces N3 
centers (three nitrogen atoms with a vacancy). Gen- 
erally, if all A aggregates have converted to B aggre- 
gates in a diamond to form a type IaB diamond, we 
can conclude that it is geologically quite old or was 
subjected to higher than normal temperatures that 
encouraged aggregation, or we can assume a combi- 
nation of both time and temperature. Since the vast 
majority of Fancy white diamonds are type IaB, this 
review of nitrogen aggregation is a good starting point 
to recount what is known about the elusive cause of 
color in these diamonds. 

Several researchers have studied “milky” dia- 
monds and concluded, based on mineral inclusions, 
that these type IaB diamonds have an origin from the 
transition zone or the lower mantle (400-670 km 
depth; Rudloff-Grund et al., 2016; Kagi et al., 2016; 
Gu and Wang, 2017; Gu et al., 2019). Most diamonds 
shown to have a superdeep origin are type II diamonds 
(Smith et al., 2016, 2018). Meanwhile, the vast ma- 
jority of nitrogen-containing diamond (D-to-Z color 
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type Ia and yellow type Ib) form in the continental 
lithosphere (depths of ~140-200 km; Shirey and 
Shigley, 2013). Those studied diamonds (“milky,” 
type IaB) were subjected to unusual conditions for ni- 
trogen-containing diamonds, such as higher pres- 
sures and temperatures corresponding to their deeper 
origin. These conditions could have instigated the 
complete aggregation of B centers, and the high tem- 
perature could promote some of the other unique 
characteristics that were observed, such as the de- 
struction of platelets and the formation of dislocation 
loops. 

Gu and Wang (2017) tested 50 milky type IaB di- 
amonds with inclusions that could be identified by 
Raman spectroscopy. A majority of them contained 
mineral inclusions from the sublithospheric mantle, 
such as walstromite, Ca-perovskite, and ferroperi- 
clase, which they considered fragments of phases in 
the transition zone or lower mantle (>400 km; Shirey 
and Shigley, 2013). 

To our knowledge, there are no reliable geographi- 
cal sources for Fancy white diamonds. However, a few 
examined by GIA have come from the Panna mine in 
India (Koivula et al., 1992), and there have been some 
scientific reports on “milky” sub-lithospheric type IaB 
diamonds sourced from the Juina mine in Brazil 
(Rudloff-Grund et al., 2016; Kagi et al., 2016). 


Fancy Black. The geographic sources of most Fancy 
black diamonds are uncertain, and these are likely 
quite rare at most mines. If colored by mineral inclu- 
sions, there are several possible origins. Many black 
diamonds that contain radiation stains may be 
sourced from mines known for naturally irradiated 
material like Marange in Zimbabwe. 


Graphite Crystal Inclusions and Clouds. As with 
Fancy white diamonds, there is evidence that Fancy 
black diamonds colored by graphite (either as crys- 
tals or as clouds) are also influenced by rapid growth. 
Smit et al. (2018) showed that all of the diamonds in 
a suite from Marange contained evidence of nickel 
(926 nm PL peak using 830 nm excitation) and high 
amounts of hydrogen (such as a 3107 cm peak in 
IR spectra), while a good percentage contained evi- 
dence of methane (CH,, as a 3050 cm“! peak in IR 
spectra; Smit et al., 2018 and references therein). 
This combination of spectral features coincides with 
those seen in the cuboid sectors of mixed-habit 
growth—natural diamonds that contain simultane- 
ously grown cuboid and octahedral sectors where 
each sector has very distinct chemistry and inclu- 
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sions. These cuboid sectors grow faster than octahe- 
dral sectors, and this rapid growth allows them to 
incorporate micron-sized cavities (Klein-BenDavid 
et al., 2007) along with a greater variety and concen- 
tration of impurities and inclusions than the octa- 
hedral regions (Lang, 1974). Therefore, these cuboid 
sectors have higher concentrations of non-diamond 
carbon (such as graphite and methane) and other im- 
purity elements such as nickel and hydrogen. There 
is likely some similarity in the formation of these 
black diamonds, as with the cuboid sectors of 
mixed-habit diamonds. The Marange alluvial de- 
posits have been a steady source of graphite-bearing 
diamonds for several years, although it is likely not 
the only source of graphite-included black dia- 
monds, as some gemological reports (e.g., Kammer- 
ling et al., 1990) predate the Marange discovery. 
Additionally, Marange is unique as a source of dia- 
monds exposed to high levels of radiation (Smit et 
al., 2018), with many containing abundant brown ra- 
diation stains in fractures that contribute to their 
Fancy black coloration. 


Non-Carbon Inclusions. Although several reports 
have chronicled Fancy black diamonds with color due 
to non-carbon inclusions (e.g., Win and Lu, 2009), to 
our knowledge the only analyzed samples with a 
known locality were those reported by Titkov et al. 
(2003). These contained magnetite (Fe,O,), hematite 
(Fe,O,), and native iron and were sourced from the Mir 
kimberlite field in Siberia, which is also a known 
source for pink to purple diamonds (Titkov et al., 
2008). 


Carbonado. According to previous reports, car- 
bonado has only been found in Brazil and the Central 
African Republic (Haggerty, 2017), and its method of 
formation remains unknown. Several theories re- 
garding how the material originated have been pro- 
posed, such as sintering in the earth’s crust and a 
potentially extraterrestrial origin. 


LABORATORY GRADING 


Grading of Fancy white and Fancy black diamonds 
poses unique challenges, as their limited trans- 
parency makes some observations difficult. At GIA, 
these stones’ transparency is evaluated to determine 
if a Colored Diamond Grading (CDG) report may be 
issued. In an opaque stone, for example, a grader can- 
not look through the table to the pavilion facets and 
properly judge symmetry as one would in a transpar- 
ent stone. Therefore, most Fancy white and almost 
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QUALITY FACTORS FOR FANCY WHITE AND FANCY BLACK DIAMONDS 
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Figure 6. Quality factors for Fancy white and Fancy black diamonds analyzed by GIA, 2008-2016: weight (A), 
shape (B), transparency (C), and clarity grade (D). Transparency observations and clarity grades were not recorded 


for all submitted diamonds. 


all Fancy black stones submitted have received a Col- 
ored Diamond Identification and Origin report. (The 
CDIOR determines origin of color and certifies if a 
diamond is natural, treated, or synthetic; it should 
not be confused with a Diamond Origin report, 
which states country of origin.) Of the Fancy white 
diamonds submitted in the last ten years, about 30% 
were issued CDG reports and the balance received 
CDIOR reports. The clarity grades shown in figure 6 
are taken from this small subset. 

Figure 6 shows the distribution of Fancy white 
and Fancy black diamonds according to several qual- 
ity factors and observations. In figure 6A, the weight 
distribution for Fancy white and Fancy black dia- 
monds indicates that Fancy white diamonds skew to- 
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ward smaller sizes with ~75% having weights of less 
than 2 carats. The shape distribution in figure 6B re- 
veals that a plurality of both colors have a round 
shape. Figure 6C provides the transparency distribu- 
tion—a comparison not often made for other dia- 
monds. This plot shows the distribution among 
those for which a transparency was recorded based 
on the judgment of the GIA gemologist. According 
to the plot, the majority of Fancy white diamonds 
skew toward a transparent observation. Figure 6D 
shows the clarity grade distribution among those 
Fancy white diamonds for which a clarity grade 
could be assigned, and almost all are in the Included 
range. The majority of Fancy white and nearly all 
Fancy black diamonds did not satisfy the criteria for 
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Figure 7. The vast majority of Fancy white diamonds are type IaB. The diamond types were determined for a sur- 
vey of 400 randomly selected Fancy white diamonds in which 82% were type IaB (left). Another 8% were type Ia, 
meaning the aggregated nitrogen absorption was so strong that it saturated the detector and the A/B aggregate 

ratio could not be determined. The remaining diamonds were either type Ila or type IaAB. At right, a representa- 
tive absorption spectrum is shown for a 1.06 ct type IaB Fancy white diamond. Also shown are several hydrogen- 


related peaks (Fritsch et al., 2007). 


a CDG report (instead of a CDIOR) and are not rep- 
resented in this plot; if plotted, they would skew to- 
ward lower clarity grades. 


SPECTROSCOPY 

Standard testing conditions and instrumentation are 
applied to all diamonds submitted to GIA. These 
methods have been detailed in other publications 
(e.g., Smit et al., 2018) and summarized for this series 
of articles in Breeding et al. (2018). 


Fancy White. Infrared Absorption. As mentioned 
earlier, the vast majority of Fancy white diamonds 
have been shown to be type IaB. We quantify it here 
by randomly selecting a subset of 400 Fancy white 
diamonds and examining their infrared absorption 
spectra (figure 7) and long-wave fluorescence (dis- 
cussed below}. Of these 400 Fancy white diamonds, 
32 (8%) had saturated type Ia infrared spectra— 
namely, there was so much nitrogen in the diamond 
that we could only determine its presence but not 
its concentration or A/B ratio because the correspon- 
ding spectral features exceeded the absorption range 
of the instrument detector. An additional 22 (6%) 
were type IaAB and 17 (4%) were type Ila. The re- 
maining 329 diamonds (82%) were able to be classi- 
fied as type IaB. Since the percentage of type IaB 
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diamonds among all diamonds submitted to GIA is 
~0.1-0.2% (internal GIA statistics), the conditions 
to produce type IaB diamonds are very rare and those 
necessary to produce Fancy white diamonds even 
more so. 


Comparison to Other Type IaB Diamonds. To try to 
discern any additional spectroscopic information 
that distinguishes Fancy white diamonds, we com- 
pared three groups of type IaB diamonds: 


1. Arandomly selected population of 100 type IaB 
without a cloudy/hazy/milky appearance, and 
with high clarity grades (VVS or higher) and 
good color (majority D-F). 

2. A randomly selected population of 100 type 
IaB diamonds with a cloudy/hazy/milky ap- 
pearance, as evidenced by low clarity grades 
(generally SI to I), that must contain clarity 
characteristics such as clouds and pinpoints, 
and potentially a “hazy” comment on the work- 
sheet by the grader. However, the diamond was 
still on the D-to-Z scale (majority D-F). 

3. Arandomly selected population of 100 type IaB 
diamonds that were color graded as Fancy 
white (selected from the 329 type IaB diamonds 
mentioned above). 
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COMPARISON OF HYDROGEN AND NITROGEN 
B-AGGREGATES 
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Figure 8. To better understand the optical properties that distinguish Fancy white type IaB diamonds from those 
on the D-to-Z scale, we compared three groupings of type IaB diamonds. Comparing the B aggregate concentration 
(ppm) and the normalized 3107 cm peak area, the Fancy white diamonds have high concentrations of both nitro- 
gen and hydrogen (A). The diamond-shaped markers in (A) indicate the average values for each grouping. The 
3107 cnr! peak area shows a positive trend with a few other hydrogen-related peaks (B), and the Fancy white dia- 
monds have the highest intensities of hydrogen. Fancy white diamonds also show the highest incidence (C) of the 
883/884 nickel doublet and the highest occurrence of the 694 nm PL peak (identified as a Ni-N complex). 


We wished to see if there was any progression in 
IR absorption and PL spectroscopic features among 
these three groups. Gu and Wang (2018) had previ- 
ously looked at the optical features in “milky” type 
IaB diamonds but grouped categories 2. and 3 to- 
gether. The most interesting results from comparing 
these three categories are presented in figure 8. 

Figure 8A shows the distribution of B aggregates 
(or total nitrogen, as these are type IaB diamonds) ver- 
sus the 3107 cm”! normalized peak area.! The 3107 
cm! peak has been identified as the N,VH center; this 
may be visualized as an N3 center (ZPL at 415.2 nm; 
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often responsible for blue fluorescence in diamond) 
with a hydrogen atom located within the vacancy 
(Goss et al., 2014). For the 100 diamonds in each of the 


Mt is generally accepted that the absorption coefficient of diamond is 
constant in the two- and three-phonon regions. For example, at 2000 
cnr! the absorption coefficient is 12.3 cm~! (Tang et al., 2005; Breed- 
ing and Shigley, 2009) and each diamond IR spectrum, regardless of 
the thickness or path length, can be compared by applying this nor- 
malization. Because the two-phonon region was often saturated in 
these spectra, however, we normalized each IR spectrum using the 
third-phonon region. The area of each hydrogen-related peak (the area 
above the baseline) was then determined from the normalized spectra. 
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three groups described above, the data for nitrogen and 
hydrogen were determined from each sample’s IR 
spectrum and the averages were calculated and plot- 
ted. Figure 8A shows that Fancy white diamonds have 
both high amounts of hydrogen (as the 3107 cm! 
peak) and high B aggregates. The non-milky, high-clar- 
ity D-to-Z diamonds also contain high amounts of B 
aggregates but comparatively low concentrations of 
hydrogen. In between these two groups are the milky 
D-to-Z diamonds that show lower nitrogen than both 
the non-milky and Fancy white diamonds; however, 
they contain higher amounts of hydrogen than the 
non-milky D-to-Z diamonds. From these results, it ap- 
pears that hydrogen-related defects contribute to the 
milky appearance. It also appears that higher amounts 
of nitrogen and hydrogen help distinguish between a 
milky D-to-Z diamond and one with a Fancy white 
color grade. Finally, figure 8A shows that for all three 
groups, when B aggregates (lower left corner of graph) 
are low in concentration, there appears to be a trend 
between the nitrogen concentration and 3107 cm=! 
peak area; however, the data begin to scatter for nitro- 
gen concentrations greater than 30 ppm. 

The corresponding intensity between nitrogen 
concentration and the 3107 cm"! peak in the Fancy 
white diamonds seems to indicate that nitrogen con- 
centration is the limiting factor, and that hydrogen 
is available in excess and probably exists in the dia- 
mond in other configurations that may not be IR ac- 
tive (i.e., producing no spectral features due to 
hydrogen in the infrared spectrum). In contrast, the 
non-milky, high-clarity type IaB diamonds have com- 
paratively low 3107 cm! intensities even with high 
nitrogen concentrations; this likely indicates that hy- 
drogen is the limiting factor for those diamonds in 
forming the 3107 cm! center. 

Figure 8B shows the linear relationship between 
the most prominent hydrogen-related peak at 3107 
cm! (again, see figure 7B) and other IR peaks associ- 
ated with hydrogen. Several peaks are part of the 3107 
cm! system (e.g., 1405, 2785, 4168, and 4496 cm7!, 
Fritsch et al., 2007). This linear relationship holds be- 
tween all three groups, though, as mentioned above, 
the Fancy white diamonds have the highest hydrogen 
concentration. Also shown are the intensities of the 
3085 and 3236 cm! peaks that are also ascribed to hy- 
drogen-related peaks, but not part of the 3107 cm7! 
system (Fritsch et al., 2007). Although these peaks 
show more scatter in figure 8B, they do maintain a 
positive trend, with increasing 3107 cm”! peak inten- 
sity. Therefore, if these other hydrogen-related peaks 
are more often seen in Fancy white diamonds than 
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in other type IaB diamonds (e.g., Gu and Wang, 2018), 
it is likely ascribed to a higher overall amount of hy- 
drogen in those diamonds. 

Additionally, detection of the platelet peak was 
seen to decrease within the milky diamonds. In the 
non-milky D-to-Z type IaB diamonds, 22. of the 100 
showed a platelet peak, generally positioned at ~1360 
cm7!. Among the milky D-to-Z IaB diamonds, only 
four displayed a platelet peak, all positioned at ~1360 
cm7!. Among the Fancy white IaB diamonds, none 
had a platelet peak. The lack of platelet peaks in 
these Fancy white diamonds is consistent with the 
prior observation that dislocation loops—features 
seen in milky and Fancy white diamonds—can form 
from the destruction of platelets at high tempera- 
tures. This observation is also consistent with the 
supposition that these have a superdeep origin. 

Figure 8C shows the trends seen for some nickel- 
related peaks when measured by PL spectroscopy. 
The milky D-to-Z and especially the Fancy white IaB 
diamonds show a pronounced difference in peak in- 
tensity (or incidence) of nickel-related peaks. The 
883/884 nm doublet is quite rare in the non-milky 
type IaB diamonds (found in only 2%), whereas it is 
detected in more than one-third of Fancy white dia- 
monds. This nickel-related doublet is commonly de- 
tected in HPHT synthetics and some low-nitrogen 
natural diamonds (Collins et al., 1998), and is as- 
cribed to an interstitial Ni* ion along the <111> di- 
rection. The 694 and 700.5 nm PL peaks are both 
ascribed to NiN, complexes. For the non-milky D- 
to-Z diamonds, we see the 700.5 nm PL peak as dom- 
inant, whereas for the Fancy whites the 694 nm PL 
peak is greater. Although the exact compositions of 
these two nickel-related peaks are unknown, the 
700.5 nm PL peak is dominant in other natural dia- 
monds such as chameleons (Hainschwang et al., 
2005). In the highly included, high-hydrogen cuboid 
sectors of mixed-habit diamonds, however, the 694 
nm peak is dominant (Eaton-Magana et al., 2017], as 
with the Fancy white diamonds documented here. 
As shown in figure 9, the peak area intensity of the 
694 nm peak is significantly greater within the 
cloudy portion of a Fancy white diamond. 


Fancy Black. For the vast majority of Fancy black dia- 
monds, Vis-NIR absorption spectra are not helpful 
for determining the cause of color. Their color is due 
to inclusions and not lattice defects, and microscopy 
is far more diagnostic for inclusions than spec- 
troscopy. Among a randomly selected subset of 1,000 
Fancy black diamonds, 536 had IR absorption spectra 
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Figure 9. A 3.04 ct Fancy white diamond (left) was used to produce a PL map (center) using 532 nm excitation at 
the boundary between the clouded area and unclouded area; the false-color map corresponds to the intensity of 
the 694 nm peak (peak area normalized using the diamond Raman area). The whitish cloud in the left portion of 


the image (indicated by the red square in the photomicrograph) and in the PL map corresponds with a much 
higher intensity of the 694 nm peak (right)—a nickel-related peak often seen in Fancy white diamonds and, as 
shown here, within the clouds themselves. Photomicrograph by Garrett McElhenny; field of view 2.34 mm. 


available for examination. Due to the opacity of most 
Fancy black diamonds, meaningful spectra could not 
be collected on many of them. Of those 536 with use- 
ful spectra available, most (436, or 81%) were satu- 
rated type Ia with high nitrogen concentrations, and 
many also showed very high intensities of hydrogen- 
related peaks (figure 10). Diamonds with high hydro- 
gen concentrations would be expected in diamonds 
containing cloud inclusions. Additionally, many of 
the diamonds with graphite inclusions had high 
quantities of hydrogen detected in them as well. 

As with Fancy white diamonds, Fancy black dia- 
monds show a positive trend between various hydro- 
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ABSORBANCE 


gen-related peaks, although there is significantly 
more scatter. In contrast with the Fancy white dia- 
monds (figure 8B), the 3085 cm™ peak has very low 
intensity in Fancy black diamonds (if detected) and 
is not shown in figure 10. Also, it was mentioned in 
the previous section that Fancy white diamonds had 
high quantities of hydrogen; when compared to the 
non-milky D-to-Z diamonds, the intensities of the 
3107 cm! peak are up to one order of magnitude 
greater. The hydrogen concentrations (as shown in 
the IR absorption spectrum in figure 10) are even 
greater still, with values another order of magnitude 
greater than those seen in the Fancy white diamonds. 


Figure 10. Many Fancy 
black diamonds have 
very high intensities of 
the hydrogen-related 
peaks—even compared 
with the “high-hydro- 
gen” Fancy white dia- 
monds (e.g., figures 7 
and 8). A typical IR ab- 
sorption spectrum in- 
cludes saturated 
nitrogen aggregates and 
several hydrogen-re- 
lated peaks, such as a 
methane-related peak 
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Figure 11. A Raman 
map (A) was collected 
on the pavilion side of 
a 5.27 ct Fancy black 
diamond (B). The false- 
color map shows the 
peak area intensity of 
the graphite peak with 
da representative peak 
shown in the Raman 
spectrum (C). While the 
Raman map indicates 
where graphite was de- 
tected, a chromite in- 
clusion was detected at 
“+2” and a forsterite in- 
clusion was detected at 
“+3.” The pixel size 
was 15 tim, and the 
map is composed from 
8,136 spectra collected 
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Although several other publications have identi- 
fied the crystal inclusions found in Fancy black dia- 
monds (e.g., Titkov et al., 2003; Win and Lu, 2009; 
Smit et al., 2016, 2018), we provide here for illustrative 
purposes a Raman map of a typical Fancy black dia- 
mond colored by crystal inclusions. Most of the inclu- 
sions in this sample proved to be graphite, but a few 
were identified as other minerals (figure 11). This map, 
along with the corresponding image, shows that the 
majority of the crystal inclusions in this particular di- 
amond are graphite. 


GEMOLOGICAL OBSERVATIONS 


Fancy White. The microscopic observations reported 
by GIA gemologists generally mentioned the pres- 
ence of whitish clouds and a hazy appearance, which 
is to be expected for diamonds in this color range. 

Blue fluorescence is the most common color to be 
observed with long-wave UV excitation (figure 12, 
left). Among the 329 type IaB diamonds identified 
from the 400-stone subset, a majority (254 of the 262 
with reported fluorescence reaction) showed blue flu- 
orescence due to the N3 defect, most of them with 
medium-strength intensity. Only seven showed a 
weak yellow fluorescence, and one displayed no flu- 
orescence. 

Among the other diamond types, IaAB diamonds 
all showed medium to strong blue fluorescence. Sat- 
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1750 1800 over five hours. 


urated type Ia diamonds similarly exhibited medium 
to strong blue fluorescence, though 8 of the 32 
showed a weak yellow and one had no fluorescence. 
Among the 17 type IIa diamonds, 10 showed a weak 
blue fluorescence, 2 a weak yellow, and the others no 
observable reaction. 

Some diamonds have a very strong blue fluores- 
cence, and terms such as “hazy” or “milky” are used 
to describe these (Moses et al., 1997). The 127 ct Por- 
tuguese diamond at the Smithsonian Institution is a 
famous example of an “overblue”—that is, a dia- 
mond with a reportedly hazy appearance due to 
strong blue fluorescence. Nevertheless, the “hazy” 
appearance due to very strong fluorescence and the 
“hazy” observation in Fancy white diamonds appear 
to be unrelated phenomena. Figure 12 (bottom) 
shows a similar distribution of fluorescence intensi- 
ties among the transparent type IaB diamonds and 
the Fancy white type IaB stones. While Fancy white 
diamonds show a higher incidence of faint and 
medium fluorescence, only a small percentage in 
each grouping show strong fluorescence and none 
showed very strong fluorescence. There is no pro- 
nounced shifting to strong or very strong fluores- 
cence among the milky or Fancy white diamonds, 
which might be expected if the haziness observed in 
“overblue” diamonds coincided with the nano-inclu- 
sions creating the Fancy white color. 
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LONG-WAVE UV OBSERVATIONS 


Fancy White Fancy Black 
100% 100% = 
i Not available 
2 80% 4 2 80% 5) None 
Zz Zz MM Orange 
OQ 60% 4 OQ 60% 
2 : 2 i I Green 
a fal ~ Yellow 
a 40% 4 = 40% 4 
fc) ° Blue 
SS = 
* 20% 4 20% 4 
0% 0% 
laAB (22) la (82) laB (329) lla (17) Clouds (425) Crystals (463) 


DIAMOND TYPE 
60% 


50% 4 


40% 4 
30% 4 


0% 


% OF DIAMONDS 


CAUSE OF COLOR 


Non-milky laB D-Z 
® Milky laB D-Z 
lB Fancy white laB 


20% + 
10% 4 
None Very faint Faint 


Medium 


Strong Very strong 


FLUORESCENCE INTENSITY 


Figure 12. The long-wave UV (365 nm) observations are shown for Fancy white as distinguished by diamond type 
(left) and Fancy black as distinguished by inclusion type (right). Most Fancy white diamonds showed blue fluores- 
cence due to the N8 defect, while most Fancy black diamonds displayed a weak yellow or no response. Those dia- 
monds identified as having either clouds or crystals as the cause of color are plotted. Those Fancy black diamonds 
with color due to absorption or polycrystalline diamond are not plotted, and they showed no fluorescence. Bottom: 
A comparison of the three different groups of type IaB diamonds described earlier and also plotted in figure 8. The 
fluorescence intensities do not vary much between the different groupings or shift significantly toward strong or 
very strong fluorescence. These observations were made by laboratory staff following normal grading procedures. 


Fancy Black. Microscopic Observations. While ex- 
amining Fancy black diamonds, GIA gemologists 
note their observations of the cause of color, such as 
dark crystal inclusions or clouds, along with other 
features that generally do not contribute to the dia- 
mond color. We catalogued gemologist observations 
for 1,000 Fancy black diamonds and grouped them 
based on whether the cause of color was: 


¢ Crystal inclusions—either as graphite, such as 
those seen in Smit et al. (2018), or as foreign min- 
erals, such as those seen by Titkov et al. (2003). 

¢ Clouds of nano-inclusions (generally assumed 
as graphite and verified in some cases); see Smit 
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et al. (2016, 2018) and Eaton-Magajia et al. 
(2017). 

e A high concentration of absorption defects, poly- 
crystalline diamond, or radiation stains (usually 
as a contributing factor; Smit et al., 2018). 


Figure 13 shows the compilation of these gemo- 
logical observations for 1,000 Fancy black diamonds. 
Crystal inclusions were reported in 46% of the dia- 
monds, some of which also contained radiation 
stains; 43% of the observations noted clouds, and a 
significant percentage of those also contained radia- 
tion stains. An additional 10% of the observations 
noted the presence of both crystals and clouds. Only 
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Figure 13. Observations 
noted by the gemolo- 
gist for 1,000 randomly 
selected Fancy black 
diamonds were chroni- 
cled to determine the 
major causes of color 
documented in each. A 
roughly equal distribu- 
tion was seen for 
“clouds” (either with or 
without radiation 
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1% of the stones had strong absorption; generally 
these had a deep violet to purple color observed 
through the pavilion, consistent with previously pub- 
lished Lab Notes entries (e.g., Breeding and Rockwell, 
2009) and absorption spectra consistent with violet- 
related hydrogen bands (e.g., Eaton-Magajia et al., 
2018a). 

The radiation stains were generally described as 
brown rather than green, consistent with Smit et al. 
(2018) and an indication that these diamonds likely 
had been heated above 550°C. In 116 of the 1,000 di- 
amonds, the gemologist noted the presence of iron 
oxide stains, although such stains are generally not 
sufficient to affect the color. 

Additionally, because so many of these diamonds 
are heavily included, many such inclusions break the 
facet surface, which can lead to a textured surface and 
noticeable polish lines (figure 14). Differential hard- 
ness due to inclusions in black diamond is known to 
create serious challenges in polishing these stones. 


Long-Wave UV Fluorescence. Figure 12 (right) shows 
the color distribution of long-wave UV fluorescence 
for diamonds characterized by either crystal inclu- 
sions or clouds. Almost all that showed fluorescence 
had weak intensity, regardless of the observed color. 
Most of those colored by clouds had either weak yel- 
low or no fluorescence, while most colored by crystal 
inclusions exhibited no fluorescence. 
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7% stains) and for “crys- 


tals” (either with or 
without radiation 
stains). In another 
10%, both features 
were mentioned. A very 
small percentage of dia- 
monds were Fancy 
black due to absorbing 
defects or polycrys- 
talline diamond 
growth. 


IDENTIFICATION CONCERNS 


Fancy White. For Fancy white diamonds, there is no 
known method of treatment to mimic the cloudy 
and hazy appearance formed by the nano-inclusions 
in natural diamonds in this color range. To date, GIA 
has not observed a treated or laboratory-grown Fancy 
white diamond. 

However, since the IR peak at 3085 cm! that has 
been associated with milky diamonds (Gu et al., 
2018) can be generated by annealing (Kupriyanov et 
al., 2006), some have speculated that it might be pos- 
sible to obtain a hazy diamond from a hydrogen- and 
B center nitrogen-enriched diamond by HPHT treat- 
ment. However, we have never encountered a dia- 
mond known to be treated in this way. 


Fancy Black. In contrast, there are several methods to 
create Fancy black color in diamonds by treatment. 
Over one-third of the black diamonds examined by the 
laboratory have been treated, so it is important to un- 
derstand that all Fancy black diamonds have the po- 
tential to be treated or synthetic and should be sent to 
a gemological laboratory for confirmation. Today, the 
most common method for creating this black color is 
heating a diamond to high temperatures under vac- 
uum to allow pervasive graphitization of preexisting 
fractures or inclusions (Overton and Shigley, 2008). 
This is done on heavily fractured diamonds or on dia- 
monds that contain abundant clouds of micro-inclu- 
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(see Renfro, 2015) that enhances the surface topography (left) and in reflected light (right). The differential interfer- 
ence contrast image shows features interrupting the facet surface and visible polish lines. Such an image collected 


on a typical colorless diamond would appear featureless. 


sions and often initially have a grayish appearance 
(Eaton-Magana et al., 2017). 

Early treatments to produce black color involved 
introduction of very high concentrations of defects by 
heavy irradiation treatment. At lower doses, this irra- 
diation would typically give the diamond a fancy blue 
or green color, but extremely high irradiation doses 
produce so many light-absorbing defects that the stone 
has a very dark appearance. Some of these historically 
treated diamonds have been found to emit measurable 
radioactivity (Overton and Shigley, 2008). Diamonds 
that have been heavily irradiated (Hainschwang et al., 
2009) often show a dark greenish appearance when ex- 
amined through the pavilion with fiber-optic light yet 
appear Fancy black when viewed face-up. They have 
a dark brown appearance if annealed after the irradia- 
tion treatment. 

Additionally, some CVD-grown diamonds have 
been manufactured with such a high concentration of 
nitrogen-vacancy (NV) centers that they appear Fancy 
black, while appearing reddish in intense transmitted 
light. All Fancy black diamonds—whether their color 
derives from micro-inclusions, graphitization, or a 
high quantity of defects—should have their color ori- 
gin confirmed by a gemological laboratory. 


CONCLUSIONS 


Although Fancy white and Fancy black diamonds do 
not occur in large numbers, they create an interesting 
niche in the fancy-color diamond world. The ingre- 
dients creating color in most natural diamonds are 
atomic-scale defects. Here, Fancy white and Fancy 
black diamonds (figure 15) typically receive their 
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color from nano-inclusions (generally described as 
clouds of pinpoints) to micro-sized crystal inclusions. 


Figure 15. This snake ring with black and colorless di- 
amonds, from the Malafemmina collection by Dada 
Arrigoni, contains 3.60 carats of black diamonds. 
Photo © Dada Arrigoni. 
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In Fancy white diamonds, the vast majority 
(82%) are type IaB, and recent research (e.g., Gu and 
Wang, 2017; Gu et al., 2019) has shown these to 
have a sublithospheric origin in either the transition 
zone or the lower mantle, which has helped diag- 
nose the cause of color in these enigmatic gems. 
When diamond is formed under superdeep condi- 
tions, they are exposed to higher pressures and tem- 
peratures than the vast majority of diamonds that 
form within the lithosphere. The effect of higher 
temperatures likely contributes to the complete ag- 
gregation of the nitrogen (from single nitrogen to A 
aggregates to B aggregates) and other high-tempera- 
ture effects such as destruction of the platelets that 
potentially aid in forming the dislocation loops or 
the nitrogen-bearing nano-inclusions that lead to 
the “milky” appearance of Fancy white diamonds. 
Additionally, nickel- and hydrogen-related defects 
were seen in much greater numbers in Fancy white 
type IaB diamonds than in their transparent coun- 
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terparts. The normalized intensity of the 3107 cm=! 
peak in FTIR was about one order of magnitude 
higher in Fancy white diamonds than in high-clarity 
D-to-Z type IaB diamonds. 

The last few years have proven interesting for 
both of these classes of colored diamonds. The 
Marange deposit has become a reliable source for nat- 
ural Fancy black diamonds in which the black color 
is caused principally through graphitic inclusions or 
clouds and the presence of radiation stains contribut- 
ing to the dark color. This comparatively recent 
source has inclusions that are distinctly different 
from other documented mines such as the Mir kim- 
berlite pipe, in which non-graphitic mineral inclu- 
sions are the major cause of color. 

The ability to examine such a large number of col- 
ored diamonds and perform systematic data collec- 
tion provides a unique opportunity to document 
gemological and spectroscopic trends in these dia- 
monds that would likely not be possible otherwise. 
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SNM ARTICLES 


UNIQUE VANADIUM-RICH EMERALD 
FROM MALIPO, CHINA 


Yang Hu and Ren Lu 


Emeralds were discovered in Malipo County in southwestern China more than 30 years ago. Malipo emeralds 
are still being extracted and are expected to be available over the next decade. This study provides a full set of 
data through standard gemological properties, inclusion scenes, color characteristics, and advanced spectro- 
scopic and chemical analyses including Raman, XRD, micro UV-Vis-NIR, EPR, and LA-ICP-MS. Multiphase in- 
clusions in Malipo emerald are distinct with various shapes and occasionally a colorless transparent crystal. 
Abundant vanadium substitutes for aluminum in the octahedral site and serves as the predominant coloring 
agent, leading to a yellowish green color. Among significant known deposits, Malipo emerald has a unique chem- 
ical composition in its combination of high V, low Cr, and moderate Fe, as well as high Li and Cs concentrations. 


alipo County in Yunnan Province of south- 
western China is a valuable source of emer- 
ald (figure 1). The mine is located near the 


village of Dayakou in the Wenshan Autonomous Pre- 
fecture, about 30 km from the border city of Ha 


Standard gemological techniques were used to char- 
acterize this material. Multiphase inclusion scenes 


Figure 1. A traditional carved snuff bottle (7.5 x 11 


Giang, Vietnam (figure 2). Emerald was first mined 
as an accessory mineral from a tungsten deposit. 
Over the past two decades, large quantities of emer- 


cm) of emerald from Malipo with a lid made of garnet 
from the nearby town of Maguan. The carving also 
contains associated quartz at the bottom of bottle. 
Photo courtesy of Daowen Ye. 


ald have been extracted and collected as mineral 
crystal specimens or fashioned into carvings of tra- 
ditional Chinese objects and themes. Some gem- 
quality crystals have been cut into cabochons for 
jewelry use (figure 3). This is the only commercial 
emerald source being actively mined in China. 

Previous studies of Malipo emeralds focused 
mainly on the regional geology, metallogenic condi- 
tions, and mineralogical properties (Zhang et al., 
1998, 1999, Zhang and Lan, 1999; Xue et al., 2010, 
Huang et al., 2015, 2017). However, some significant 
gemological features of these emeralds were still in- 
sufficiently studied, including multiphase inclusion 
scenes, color characteristics, and chemical composi- 
tion analysis. These features significantly affect iden- 
tification and evaluation, as well as geographic origin 
determination. 

This article provides an overview of the history, 
resource potential, and geology for Malipo emeralds. 


See end of article for About the Authors and Acknowledgments. 
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Figure 2. The emerald mine in Malipo County is located near the village of Dayakou in the southeastern region of 
Yunnan Province, about 20 km from the Vietnamese border. The red rectangle on the right corresponds to the geo- 


logic map of the emerald deposits in Dayakou in figure 6. 


were summarized, and some inclusions and acces- 
sory minerals were identified by Raman and XRD. 
Above all, micro UV-Vis-NIR, LA-ICP-MS, and EPR 
were used to investigate the chemical composition, 
optical absorption, and color features of Malipo 
emeralds. 


CULTURAL HERITAGE AND RESOURCE 
Malipo County is part of Wenshan Autonomous Pre- 
fecture, known for the cultural heritage of its minority 
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ethnic groups. Two prominent ethnic groups, the 
Miao and the Zhuang, wear distinctive ethnic dress 
and sumptuous silver jewelry (http://m.visit 
ourchina.com/blog/detail-348.html). Numerous mi- 
nority groups there have given birth to a rich and col- 
orful culture that has been passed down from 
generation to generation. Wenshan Autonomous Pre- 
fecture’s cultural heritage includes traditional folk lit- 
erature, music, dance, art, architecture, crafts, and 
drama. In addition to this important cultural resource, 


Figure 3. These gem- 
quality rough and pol- 
ished emeralds from 
Malipo, used in the 
present study, show 
medium to intense yel- 
lowish green color. The 
polished emeralds 
range from 0.20 to 1.00 
ct and the rough crys- 
tals from 1.75 to 3.00 
ct. Photo by Yang Hu. 
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Malipo County is known for its rich ore resources, 
namely the strategically important metal tungsten. 
Significant tungsten deposits were first discovered in 
1943 (Jin et al., 1943), and 23 occurrences were located 
by 2012. 

Emeralds were first discovered in the Malipo re- 
gion in the late 1980s as associated minerals during 
tungsten mining. From 1996 to 1997, the regional ge- 
ology and emerald resources in the area were system- 
atically surveyed by the Yunnan Bureau of Geology 
and Mineral Resources. According to Wang et al. 
(1996), 22 pegmatites and 8 quartz veins related to 
emerald had been documented, with an estimated 
emerald reserve of about 7 tons. 

Local villagers were collecting minerals and ore 
materials sporadically for years before government 
regulation. In 2009, the local government authorized 
a mining company to extract tungsten ore, and the 
associated emeralds were mined specifically from 
then on. Some of these emerald specimens have been 
acquired by domestic and international museums 
and private collectors (figure 4). At present, the tung- 
sten mine is still in operation, and emeralds have 
also been produced in Dayakou (figure 5). But no 
emerald mining activity or production are reported 
officially by this government-authorized tungsten 
mining company. 
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Figure 4. A collector’s 
item, found in 2011, of 
emerald crystal speci- 
mens in matrix from 
the Dayakou mine in 
Malipo County, China. 
The longest emerald 
crystal measures about 
93 mm. The matrix 
mainly consists of 
quartz, feldspar, and 
dark muscovite. Cour- 
tesy of Arkenstone, 
Robert Lavinsky 
collection. 


With China’s increasing awareness and interest in 
gems, the local government started to promote Malipo 
emerald as “Chinese emerald.” Indeed, China’s emer- 
ald industry is supported and protected by the local 
government. Public auctions for Malipo emeralds 


In Brief 


e Emeralds from Malipo County, in southwest China’s 
Yunnan Province, occur in association with quartz and 
pegmatite veins and Proterozoic granofels. 


¢ The Malipo emerald deposit has produced mineral 
specimens, traditional carvings, and cabochons. 

e Abundant V**in octahedral coordination is the pre- 
dominant chromophore, leading to a yellowish green 
color. 

¢ A distinctive combination of high V, low Cr, and mod- 
erate Fe, as well as high Li and Cs concentrations, 
helps separate Malipo emerald from other deposits. 


have been organized, and trading centers have been es- 
tablished. Moreover, gem and jewelry processing com- 
panies were created and introduced new techniques. 
Policies were enacted to protect emerald resources and 
to regulate the mining activity. 
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Figure 5. The Malipo emerald mine is located to the right of the middle mountain ridge, about 1,800 meters above 
sea level. Residences are located at the foot of the mountain. Photo by Daowen Ye. 


GEOLOGY 


The Dayakou emerald occurrence lies in the northern 
part of the Laojunshan-Song Chay metamorphic core 
complex (Zhang et al., 1999; Feng et al., 2000). The 
core complex covers an area of approximately 2,000 
km/?, and nearly one-third of that is in China. The 
Chinese counties of Malipo and Maguan and the Ha 
Giang Province of northern Vietnam are all in this 
area. The core complex is composed of a Proterozoic 
metamorphosed core and an upper cover of Paleozoic 
metasedimentary rocks (Zhang et al., 1998). The 
metamorphosed core consists of Silurian gneiss gran- 
ites, Cretaceous porphyritic granites, and granitic to 
pegmatitic intrusions. Patches of the Proterozoic 
Mengdong succession are also situated locally within 
the core. The Mengdong succession consists of struc- 
turally layered metamorphic rocks: the basal Nan- 
yangtian unit and the overlying Saxi unit (Zhang et 
al., 1999) (figure 6). The Nanyangtian unit is generally 
composed of schist. The Saxi unit is comprised of gra- 
nofels, gneiss, amphibolites, and calcareous sedimen- 
tary rocks, with granofels as the main host rock for 
emerald mineralization at Dayakou (Xue et al., 2010). 
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Emerald at Dayakou generally occurs in north- 
west-southeast-trending quartz veins and northeast- 
southwest-trending pegmatite veins intruding 
deformed Proterozoic granofels, gneiss, and schist of 
the Nanyangtian and overlying Saxi units (Xue et al., 
2.010) (figure 6). Some emeralds also mineralize in the 
contact zone with host rocks. Dozens of emerald- 
bearing pegmatite veins cover an area of 10 km”. The 
length of the ore body is between 20 and 280 m, and 
the width is 0.2 to 1.5 m. According to the classifica- 
tion of emerald type provided by Schwarz and Giu- 
liani (2001), this is a granite-related emerald deposit 
(Groat et al., 2008). 

In general, the emeralds that occur in the quartz 
veins at Dayakou are of better quality, with saturated 
green color and high transparency. In contrast, the 
emeralds within the pegmatite veins are larger, more 
abundant, and idiomorphic. Various associated min- 
erals occur in emerald-bearing quartz and pegmatitic 
veins, such as potassic feldspar and mica, as well as 
minor scheelite, fluorite, calcite, tourmaline, and 
some sulfide assemblages (Zhang et al., 1999; Feng et 
al., 2000). 
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Figure 6. This simpli- 
fied geologic map of the 
emerald deposit in 
Dayakou shows the 
distribution of major 
rock types and the 
main emerald occutr- 
rence. Modified from 
Wang et al. (1996). 


MATERIALS AND METHODS 


Twenty polished emeralds (figure 3), twenty-three 
rough crystals (three in figure 3 and twenty in figure 
7), and three emerald-in-matrix specimens (one of 
them in figure 11) were gathered from local miners 
for this study. The miners extracted these samples 
privately in the area of the Dayakou emerald de- 
posit. On average, the crystals measured a few cen- 
timeters in length, and the longest was 5 cm (figure 
7). The cut emeralds ranged from 0.20 to 1.00 ct. 
Some crystals were contaminated by a brown ma- 
terial, possibly iron oxide, along the fractures and 
cavities. 

All the emerald samples had been oiled by miners 
after extracting and/or polishing. Eight of the twenty 
rough samples in figure 7 were immersed in alcohol 
for two days to remove the oil before sample process- 
ing. Then they were fabricated as optical wafers (1.5— 
2mm thick) oriented either perpendicular or parallel 
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to the crystal’s c-axis. In addition, the black matrix 
(see figure 11) was prepared as optical wafers to de- 
termine the associated minerals. 

Gemological properties were measured on eight 
emerald wafers and twenty polished stones. Refrac- 
tive indices and birefringence were obtained with a 
gem refractometer. UV fluorescence was examined 
under a UV lamp with long-wave (365 nm) and short- 
wave (254 nm) light in a darkened box. We also tested 
their reaction under the Chelsea filter. Dichroism 
was observed and photographed under a polarizing 
film. Specific gravity was determined by the hydro- 
static method. The wafers’ optical path length was 
measured using a digital caliper with an accuracy of 
20 microns. Inclusions were observed and pho- 
tographed at up to 256x magnification by a Leica 
M205A microscopic system equipped with bright- 
field and fiber-optic illumination as well as a polar- 
izing attachment. 
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TABLE IL 


Details of the Physical Properties 
of Synthetio Red Spinel 


Internal 
Speciaen Cut Color Weight Sp.g. R.I. Extinction Features 


No.l Square Purple 2.00ct. 3.585 1.7196 Strongly Banded 
red anomalous. clouds of 
Texture tiny 
panded. single 
bubbles, 
ourved 
striae. 


Emerald Light 1.60ct. 3.585 1.7196 Strongly Large 
purple anomalous. cracks, 
red Texture dense 

feathery. cloud of 
minute 
bubbles, 
ourved 
atriee. 


Baguetta Purplish 5.593 Paintly Two long 
red sanomalous. oracks, 
Texture curved 
Seathery. atriae. 


Baguette Purplish 3.579 1.7191 Complete, Two thin 
red only small 
faintly fiesures, 
cloudy in curved 
vicinity atriae. 
of fissures. 


Baguette Purplish Complete, Several 
red very thin 
faintly fissures, 
feathery, curved 
brightening atriae. 
in vicinity 
of fisaures. 


Brilliant 5 Complete Flawless, 


curved 
etriae. 


WINTER 1952-53 _ 


Raman spectra were obtained with a Bruker Sen- 
terra R200 spectrometer coupled with a 532 nm laser 
to identify the associated mineral assemblages of the 
host rock and inclusions. The resolution was set at 5 
cm, and the laser energy was 20 mW. Two scans 
with 20 s integration time for each scan were taken 
for a single spectrum. Raman spectra from at least 
three spots on each sample were recorded to ensure 
the consistency of the data. X-ray powder diffraction 
(XRPD) was carried out on associated mineral assem- 
blages from 3° to 64° on a PANalytical X’pert Pro dif- 
fractometer with Cu-Ka radiation (A = 1.5405 A, 40 
kV, 40 mA), using a step size (20) of 0.02° and a step 
time of 0.15 s each. 

Trace element contents of eight emerald wafers 
were analyzed by laser ablation—inductively cou- 
pled plasma—mass spectrometry (LA-LCP-MS) 
using an Agilent 7700 ICP-MS combined with a 
GeoLas 193 nm laser. We set the laser fluence at 9 
J/cm? with a 6 Hz repetition rate and the laser spot 
size at 44 pm diameter. Element concentrations 
were calibrated against multiple reference materi- 
als (BCR-2G, BHVO-2G, and BIR-1G) without using 
an internal standard (Liu et al., 2008), and Al was 
chosen as the normalizing element. Standard refer- 
ence material NIST 610 glass was also applied to 
time-drift correction. Three laser spots for each 
sample were applied on a clean area with uniform 
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yellowish green color, where UV-Vis-NIR spectra 
were also collected. 

The absorption coefficients were calculated based 
on the Beer-Lambert Law with polarized ultravio- 
let/visible/near-infrared (UV-Vis-NIR) spectra of eight 
emerald wafers. These spectra were recorded by a 
Jasco MSV-5200 micro-spectrometer equipped with 
a microscope and a Glan-Taylor polarizer system 
over the range of 250-2500 nm with 1 nm bandwidth 
in the UV-Vis region and 8 nm bandwidth in the NIR 
region, at a scan speed of 200 nm/min. The optical 
aperture was set at 200 nm and 0.5 nm data interval. 
Both ordinary ray (o-ray) and extraordinary ray (e-ray) 
spectra were obtained for each sample. Electron para- 
magnetic resonance (EPR) spectroscopy was per- 
formed by a JEOL JES-FA200 EPR spectrometer at the 
X-band (9.1536 GHz microwave frequency, 5 mW 
microwave power) with the crystal c-axis parallel and 
normal to the magnetic field H (H||c and Hc} at 
room temperature (300K). Measurement parameters 
were set at 3200 Gauss center field, 5000 Gauss 
sweep width, 30 s sweep time, 0.03 ms time con- 
stant, and 100 kHz modulation frequency. 


RESULTS 


Gemological Properties. The Malipo emeralds typi- 
cally showed medium to intense yellowish green 
color. Color zoning was present in some crystals per- 


Figure 7. A group of 
medium- to low-qual- 
ity rough Malipo emer- 
ald crystals were 
investigated in this 
study. Eight of them 
were processed as opti- 
cal wafers for LA-ICP- 
MS, UV-Vis-NIR, and 
EPR measurements, as 
well as for color zoning 
study. Associated min- 
erals and brown con- 
taminant were present 
on some crystals. The 
crystals shown here av- 
erage a few centimeters 
in length. Photo by 
Yang Hu. 
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Figure 8. Color zoning in Malipo emerald crystals perpendicular to the c-axis ranges from a yellowish green rim to 
a colorless or white core. The sample on the left shows parallel intergrowth of at least three crystals (labeled by the 


black dotted line). Photo by Yang Hu. 


pendicular to the c-axis, ranging from a yellowish 
green rim to a colorless core (figure 8). Some samples 
were near-transparent to translucent owing to the 
presence of fractures along and/or normal to the c- 
axis. Parallel growth striations were seen on pris- 
matic faces. In addition, we observed parallel 
intergrowth for some emerald crystals (e.g., the one 
on the left in figure 8). 

The refractive indices varied from 1.576-1.582 for 
n, and 1.582-1.589 for n.. Birefringence ranged from 
0.006 to 0.008. Specific gravity was 2.66-2.71. Malipo 
emerald had no reaction under the Chelsea filter. No 
fluorescence was shown under either long-wave or 
short-wave UV. Under a polarizing film, bluish green 
could be observed along the e-ray and yellowish 
green along the o-ray. 


Microscopic Characteristics. Two-phase inclusions 
with a gas bubble suspended in fluid were the most 
common inclusion in Malipo emeralds (figure 9). 
These two-phase inclusions were several to hundreds 
of microns long, and the width ranged from several 
to tens of microns. The inclusions displayed various 
shapes: rectangular, rod-like, needle-like, jagged, and 
oval or some irregular shapes. The gas bubble usually 
occupied less than one-third of the volume of the 
cavity hosting the two-phase inclusion at room tem- 
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perature. Gas bubbles were sometimes deformed and 
flattened owing to the outline of the two-phase in- 
clusions. The hosted gaseous phase was identified by 
Raman spectra as CO, and N.. In addition, dense 
growth tubes oriented parallel to the c-axis were pres- 
ent in some samples. 

Occasionally, a colorless transparent crystal was 
observed in the multiphase inclusions (figure 10). 
When observed, these crystals were slightly smaller 
than the accompanying gas bubbles. The outline of 
the crystals was near-cubic or irregular, and they 
were absent in adjacent multiphase inclusions of the 
same mineralization period. They were somewhat 
different from the common cubic halite in multi- 
phase inclusions. It was also difficult to determine if 
they were singly or doubly refractive under cross-po- 
larized illumination. Therefore, we could not con- 
firm whether the crystal was halite, or beryl itself, or 
other minerals. Huang et al. (2017) determined the 
presence of halite in Malipo emeralds based only on 
the oval outline of the crystal. Thus far, no specific 
evidence of halite in multiphase inclusions has been 
confirmed in Malipo emeralds. 

Various associated minerals were identified by 
Raman spectra and XRPD in the host rock of our 
samples, including microcline, calcite, quartz, tour- 
maline (likely foitite), fluorite, phlogopite, pale yel- 
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low scheelite, and pyrrhotite (figure 11). Scheelite is 
an especially significant ore mineral for extracting 
tungsten in the nearby Dayakou tungsten mine. It 
displayed pale orange color, octahedral shape, and 
strong bluish fluorescence under short-wave UV. 
Some of these associated minerals were sometimes 
seen in Malipo emeralds as single-phase inclusions. 


Trace Element Analysis. Eight Malipo emerald 
wafers were analyzed by LA-ICP-MS, and the results 
are shown in table 1. Concentrations of alkali metals 
ranged from highest content to lowest as follows: Na 
6003-9481 ppmw (averaging 7524 ppmw}, Cs 1730- 
2560 ppmw (averaging 2087 ppmw), Li 259-350 
ppmw (averaging 306 ppmw), K 83-301 ppmw (aver- 
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Figure 9. Variously 
shaped two-phase in- 
clusions in Malipo 
emeralds. A: Rectangu- 
lar two-phase inclu- 
sions containing round 
gas bubbles. B: Needle- 
like two-phase inclu- 

§ sions hosting small gas 
bubbles. C: A jagged 
two-phase inclusion 
with a round gas bub- 
ble inside. D: Rod-like 
and oval two-phase in- 
clusions parallel to the 
c-axis. E and F: Irregu- 
lar two-phase inclu- 
sions hosting round or 
deformed bubbles. Pho- 
tomicrographs by Yang 
Hu, brightfield illumi- 
nation. 


aging 155 ppmw), and Rb 18-32 ppmw (averaging 25 
ppmw). Total alkali element concentrations includ- 
ing Li, Na, K, Rb, and Cs ranged from 8318 to 12403 
ppmw. Malipo emerald also contained a significant 
amount of Mg (3941-7406 ppmw), and trace amounts 
of Sc (71-168 ppmw)], Zn (17-187 ppmw}, and Ga (12— 
15 ppmw). 

The emerald samples contained abundant transi- 
tion element V from 966 to 4568 ppmw, averaging 
3473 ppmw, and a lower amount of Cr (3-870 ppmw, 
averaging 186 ppmw). Chromium content was as low 
as 3 ppmw in sample E4. The ratio of Cr to V was be- 
tween 0.001 and 0.20. Iron content varied in a rela- 
tively narrow range from 2519 to 3770 ppmw and 
averaged 3474 ppmw. Trace amounts of Mn (averag- 
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Figure 10. Three-phase inclusions in Malipo emeralds, shown in brightfield illumination. Colorless transparent 
crystals with near-cubic (left) or irregular shape (right) were visible (indicated by the arrows), along with oval to 
near-round gas bubbles in the blocky and irregular multiphase inclusions. Photomicrographs by Yang Hu. 


ing 70 ppmw) were also detected. It is worth noting 
that the low Cr concentrations listed in table 1 were 
all detected from yellowish green zones instead of 
colorless zones. The low Cr content and the presence 


Figure 11. An emerald-in-matrix hand specimen asso- 
ciated with microcline, quartz, pale yellow scheelite, 
phlogopite, and pyrrhotite. Photo by Yang Hu. 


Quartz 


Emerald 
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of Fe could be responsible for the lack of UV fluores- 
cence in Malipo emeralds. 


UV-Vis-NIR Spectroscopy. Representative UV-Vis- 
NIR spectra of Malipo emerald samples showed 
quantitative information on chromophoric absorp- 
tion (250-1100 nm) and water molecular vibrations 
(900-2500 nm); see figure 12. Relative contributions 
from all absorption features are readily compared 
across the whole spectral range. 

The region of chromophoric absorption (250-1100 
nm) showed the main absorption of trivalent vana- 
dium ions. Two absorption maxima at 432 and 611 
nm (o-ray) and 425 and 644 nm (e-ray), as well as an 
absorption shoulder at 395 nm for the o-ray and e-ray 
in sample E7, were assigned to V** ions, according to 
the absorption of vanadium-doped synthetic emerald 
(Schmetzer et al., 2006). This absorption assignment 
was in agreement with our EPR result, theoretical 
crystal field energy levels of V* in beryl (Beckwith and 
Troup, 1973; Schmetzer et al., 1978), and distinctly 
higher vanadium content in Malipo emerald. These 
absorptions of V** were prominent in all of our emer- 
ald samples. 

The anisotropic absorption of V** at 425-432. nm 
was obvious. The maximum absorption coefficient 
at 425-432 nm in the o-ray was nearly twice as high 
as in the e-ray. In addition, a weak shoulder centered 
at 675 nm was present for the o-ray. It was not a 
sharp line and obvious in the o-ray, distinguished 
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TABLE 1. Chemical composition (in ppmw) of eight Malipo emeralds, obtained by LA-ICP-MS. 


Detection 
E2 E3 E4 E6 E7 E8 E9 E10 limit 
(ppmw) 
Li | 347 | 343 | 333 | 285 | 288 | 342 | 315 | 308 | 309 | 302 | 308 | 300 | 259 | 264 | 261 | 326 | 306 | 312 | 338 | 350 | 341 | 267 | 274 | 273 0.2 
Na | 9481 | 8749 | 8725 | 6003 | 6095 | 7375 | 9344 | 9180 | 9186 | 7236 | 7301 | 7585 | 6340 | 6173 | 6381 | 7970 | 8261 | 8053 | 6489 | 6924 | 6253 | 7123 | 7053 | 7286]; 48 
Mg | 7406 | 6609 | 6853 | 3941 | 4002 | 4981 | 7349 | 7375 | 7216 | 5432 | 5430 | 5783 | 4363 | 4387 | 4512 | 5977 | 6301 | 6257 | 4787 | 4895 | 4581 | 5438 | 5360 | 5624} 0.2 
K | 159 | 284 | 155 | 122 | 97 | 125 | 229 | 196 | 200 | 146 | 151 | 161 | 128 | 128 | 128 | 115 | 126 | 123 | 83 | 301 | 97 | 159 | 148 | 172] 147 
Sc | 168 | 160 | 164 |} 82 | 79 | 71 | 142 | 152 | 154 | 113 | 108 | 104 | 143 | 132 | 137 | 100 | 114 | 119 | 156 | 159 | 163 | 126 | 128 | 129 0.3 
V_ | 4015 | 3349 | 3502 | 1013) 999 | 966 | 4416 | 4554 | 4654 | 3368 | 3313 | 3420 | 3814 | 3757 | 3811 | 3346 | 3384 | 3479 | 4568 | 4489 | 4455 | 3464 | 3485 | 3731 0.1 
Cr | 118 | 99 | 109) 65 | 66 | 67 3 3 4 20 | 18 | 225 | 109 | 99 | 110 | 115 | 108 | 105 | 857 | 847 | 870 | 133 | 132 | 182 18 


Fe | 3545 | 3133 | 3248 | 2810 | 2706 | 3088 | 3728 | 3689 | 3770 | 3260 | 3554 | 3537 | 2809 | 2886 | 2850 | 3182 | 3429 | 3392 | 2588 | 3064 | 2519 | 3486 | 3518 | 3578} 30.2 
Zn | 27 | 187 | 27 | 17 | 22 | 17 | 35 | 34 | 31 | 33 | 32 | 35 | 29 | 25 | 27 | 23 | 21 | 24 | 15 | 19 | 16 | 32 | 34 | 30 0.5 
Ga | 13 | 13 | 13 | 14 | 13 | 14 | 15 | 14 | 15 | 15 | 13 ) 14 | 13 | 13 | 12 | 13 | 14 | 13 | 13 | 12 | 13 | 15 | 15 | 14 0.2 
Rb | 27 | 25 | 28 | 20 | 21 | 22 | 30 | 32 | 31 | 26 | 22 | 28 | 22 | 23 | 23 | 22 | 24 | 25 | 18 | 18 | 19 | 27 | 26 | 29 0.2 
Cs | 1876 | 2117 | 2158 | 1990 | 1915 | 2103 | 2485 | 2405 | 2317 | 1976 | 2028 | 1841 | 1730 | 1731 | 1752 | 2029 | 2179 | 2205 | 2513 | 2498 | 2560 | 1900 | 1898) 1888} 0.1 
Cr | 0.029} 0.030 | 0.031 | 0.065 | 0.066 | 0.070 | 0.001 | 0.001 | 0.001 | 0.006 | 0.005 | 0.066 | 0.029 | 0.026 | 0.029 | 0.035 | 0.032 | 0.030 | 0.188 | 0.189 | 0.195 | 0.038 | 0.038 | 0.049 


Data of three spots in yellowish green area for each sample were reported. 


ppmw = parts per million by weight. 


from R lines of Cr**. This shoulder was also shown 
in emerald sample E4, which had almost no Cr (3-4 
ppmw). Therefore, this 675 nm shoulder should also 
be attributed to vanadium ions. 

A moderate 830 nm absorption band was present 
for the o-ray of sample E7. This band has usually 
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been attributed to specific Fe* ions (Wood and Nas- 
sau, 1968). All other emerald samples showed a sim- 
ilar 830 nm band height and an absorption coefficient 
unit no higher than 4 cm~', consistent with the nar- 
row range of Fe content (2519 to 3770 ppmw). This 
band height range was typical for Malipo emeralds. 
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Figure 12. Representative 
UV-Vis-NIR spectra of sam- 
ple E7. In the region of chro- 
mophoric absorption, it 
shows intense V* absorp- 
tion (432 and 611 nm for the 
o-ray, 425 and 644 nm for 
the e-ray, and a 395 nm 
shoulder for the o- and e- 
rays) and moderate Fe** ab- 
sorption (830 nm for the 
o-ray). Type I water absorp- 
tion is shown at 1897, 1896, 
1792, 1467, and 1403 nm. 
The inset photos display ob- 
vious dichroism: a yellow- 
ish green color for the o-ray 
and a bluish green color for 
the e-ray. Chromophore ele- 
ment contents of sample E7 
are shown on the top right. 
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No other Fe-related absorption was observed in any 
of the samples, such as the band centered at 620 nm 
or the 427 and 372 nm peaks seen in emeralds from 
other localities. 

Weak Cr** absorption was sometimes accompa- 
nied by absorptions of V** and Fe”* ions in the sam- 
ples. According to Wood and Nassau (1968), Cr** in 
emerald could lead to the main absorption bands at 
approximately 430 and 600 nm for the o-ray and 420 
and 630 nm for the e-ray. These absorption bands 
were superimposed over those of vanadium ions, but 
a series of weak peaks at 658, 646, and 637 nm and 
sharp R lines at 680/683 nm were distinctive for Cr** 
in emerald, especially for the e-ray. Absorption of 
Cr** ions was not observed for the low Cr content 
(105 ppmw) in sample E7. But other Malipo emerald 
samples with slightly higher Cr content displayed a 
series of weak peaks (658, 646, and 637 nm) and R 
lines, such as sample E9, which averaged 858 ppmw 
Cr. Specifically, 680/683 nm R lines were superim- 
posed on the broad V** shoulder centered at 675 nm 
for the o-ray. 

In the region of water molecular vibrations (900- 
2500 nm), Malipo emerald showed absorption of type 
I water molecules. Water molecules in beryl occur in 
two configurations in structural channels called 
“type I” and “type II” (Wood and Nassau, 1967). 
Peaks between 1100 and 2500 nm were attributed to 
the overtone and combination vibrations of type I 
and/or type II water molecules. Strong peaks at 1897 
nm (5271 cm), 1896 nm (5274 cm"), and 1403 nm 
(7127 cm"), as well as weak peaks at 1792 nm (5580 
cm) and 1467 nm (6816 cm"), were displayed for all 
the samples (figure 12), and these peaks were as- 
signed to type I water (Wood and Nassau, 1967). So 
Malipo emeralds were dominated by type I water, the 
same as most emeralds from other major sources ex- 
cept Kafubu, Zambia (Saeseaw et al., 2014). Sodium 
ions interacted with adjacent type II water molecules 
in the channels, and the low content of type II water 
was in agreement with the low Na content in Malipo 
emeralds. 


EPR Spectra. Electron paramagnetic resonance (EPR) 
is an electron absorption technique using magnetic 
fields to measure transition energy of impurity ele- 
ments, radicals, or defects with unpaired electrons. 
EPR spectra can provide useful information for tran- 
sition metal impurities on valence, ion occupation, 
site symmetry, and pair arrangements in crystals. 
For the EPR of Malipo emeralds (figure 13), the 
signal of transition metal impurities differed greatly, 
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with the c-axis either parallel to the magnetic field 
H (H\\c) or normal to the magnetic field H (Hc). 
Two strong peaks were detected at g = 2.866 and g = 
1.968 in orientation H|\c. Peaks centered at g = 1.968 
and their side peaks were assigned to Cr** ions. Be- 
cause of the large zero-field splitting of Cr** ions, only 
one set of EPR (transition from m, = +1/2 to -1/2) 
could be seen in the X-band (Ohkura et al., 1987). 
This Cr** center may also be overlapped by Fe** ion— 
related centers for similar g factors. The assignment 
of the peak at g = 2.866 was uncertain. In orientation 
Hc, the characteristic six-fold hyperfine structure 
of Mn** (m, = +1/2 to -1/2) was shown (Gaite et al., 
2001). The peak at g = 3.893 probably arose from the 
Fe* ion (Lin et al., 2013). 

The super-hyperfine structure of V** and V* in the 
form of vanadyl ions (VO”*) was previously detected 
in Australian emerald and Biron gamma-irradiated 
vanadium-doped synthetic emerald by X-band EPR 
at room temperature (Hutton et al., 1991). But we 
were unable to detect any obvious EPR signal of V* 
or V**, indicating that the abundant vanadium de- 
tected in Malipo emerald should be in another va- 
lence state. Vanadium in minerals is usually present 
in the valence of +3 and +4 (Rossman, 2014). V** (3d?) 
was hardly detectable by room temperature X-band 
EPR due to outer paired electrons. Thus, we con- 
cluded that nearly all vanadium in Malipo emerald 
was in the trivalent state. 


Figure 13. EPR spectra of Malipo emerald E7 showed 
signals of Cr*, Mn**, and possibly the Fe* center, and 
no indications of any vanadium signal measured at 
300 K. 
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Figure 14. Malipo emer- 
alds contained high 
concentrations of Li 
and Cs (within the red 
oval) and a unique 
ratio of Li to Cs among 
significant deposits. 
Other sources are from 
Saeseaw et al. (2014). 
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Multiphase Inclusions. The multiphase inclusion 
scene in Malipo emerald was quite distinct from that 
of other deposits investigated by Saeseaw et al. 
(2014). First, the multiphase inclusions in Malipo 
emerald were relatively small, less than two hundred 
microns in length and width. Second, multiphase in- 
clusions in Malipo emerald displayed rectangular, 
rod-like, needle-like, jagged, and other irregular 
shapes. The rectangular multiphase inclusions were 
similar to those of emerald from Kafubu, Zambia. 
Elongated needle-like multiphase inclusions some- 
what resembled those in emerald from Panjshir Val- 
ley, Afghanistan. Jagged multiphase inclusions 
resembled classic jagged multiphase inclusions in 
Colombian emeralds. Moreover, the crystal phase as 
part of a multiphase inclusion was occasionally ob- 
served in our samples. But emeralds from Kafubu, 
Panjshir, and Colombia usually host one or more 
crystals. 


Trace Element Analysis. Malipo emeralds contained 
large amounts of Li and Cs, and the ratio of Cs to Li 
distinguished them from emeralds of all other signif- 
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icant localities. Li concentration in our emerald sam- 
ples was relatively high (259-350 ppmw), just below 
that of Kafubu, Zambia, despite a slight overlap with 
emeralds from Panjshir, Afghanistan (see figure 14). 
Meanwhile, Cs concentration was the highest (1730- 
2560 ppmw) among all other deposits except Kafubu, 
which has a similar range of Cs content. Therefore, 
the ratio of Cs to Li was exclusively separate from 
other significant deposits. Concentrations of other 
alkali elements (Na, K, and Rb) and Mg, Sc, Zn, and 
Ga were low to moderate in Malipo emeralds, and 
more or less overlapped with those from some other 
deposits. 

The combination of high V, low Cr, and moderate 
Fe content was distinctive for Malipo emeralds, as 
seen in the Fe-Cr-V ternary diagram in figure 15. V 
content was relatively high (averaging 3473 ppmw}, 
just below some emeralds from Colombia and Nor- 
way, behaving as the most significant chromophore 
element in Malipo emerald. Meanwhile, Cr content 
was extremely low (averaging 186 ppmw) and similar 
to emeralds from Lened, Canada, and Gandao, Pak- 
istan. Fe concentration was medium (averaging 3474 
ppmw}, in the same range as emeralds from many lo- 
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Figure 15. Plot of Fe- 
Cr-V (ppmw) chemical 
composition for emer- 
alds from Malipo and 
other localities. The 
plot field of Malipo 
emeralds (within the 
red oval) was distinc- 
tive for the combina- 
tion of high V, low Cr, 
and moderate Fe con- 


® Lened, Canada 


<> Eidsvoll, Norway 


tent. Other sources are 
from Hammarstrom 
(1989), Marshall et al. 


(2004), Rondeau et al. 
(2008), Marshall et al. 
(2012), Zwaan et al. 
(2012), and Saeseaw et 


calities. Moreover, the plot field of Fe-Cr-V chemical 
composition was quite distinctive for Malipo emer- 
ald, though there was some overlap with Gandao and 
Lened emeralds. Li and Cs contents were previously 
unreported for Gandao emerald, and Cs content 
(850-1590 ppmw) of Lened emerald (Marshall et al., 
2004) was just slightly lower than that of Malipo 
emerald. Therefore, concentrations of Li and Cs were 
not available to effectively separate Gandao and 
Lened emeralds. As emeralds from these two deposits 
are not found in large quantities on the gem market, 
this overlap has little influence on geographic origin 
determination. In addition, Li and Cs concentrations 
of Malipo emerald were close to Kafubu, but the dif- 
ference in Fe-Cr-V chemical composition offered a 
straightforward means to distinguish them. 


Color Characteristics. Trivalent vanadium was the 
predominant chromophore for Malipo emeralds, 
leading to a typically yellowish green color. Malipo 
emerald contained distinctly high vanadium content 
and showed the main absorption of V** ions in the 
visible light region. Ionic radii of V** (0.640 A) were 
close to Al** (0.535 A) in the six-fold coordinated oc- 
tahedral site (Shannon, 1976), facilitating effective 
substitution of isovalent V* for Al** in the AlO, oc- 
tahedral site. The AlO, octahedron is the key color- 
ing structural unit in both beryl and a few important 
gems (e.g., sapphire, jadeite, and chrysoberyl). Their 
coloring characteristics from Cr**, Fe?*, Fe**, and V** 
appear to follow the typical crystal field behaviors of 
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al. (2014). 


AlO, octahedra, which directly lead to gem colors. 
Incorporation of abundant V* ions in the AlO, octa- 
hedral site was responsible for the yellowish green 
color of Malipo emeralds. Compared with emerald 
colored by Cr** ions, the color caused by V** tended 
to be more yellowish, owing to stronger absorption 
in the violet to blue region. 

A significant anisotropic absorption band at 425— 
432, nm is an important spectral feature of V** in the 
AlO, octahedral site of beryl and other minerals, 
such as corundum. V* ions substituting in similar 
AlO, octahedra led to the anisotropic absorption cen- 
tered at 400 nm in synthetic vanadium-dominated 
corundum (author’s unpublished data). The absorp- 
tion coefficient in the o-ray was twice as high as in 
the e-ray for emerald sample E4, which had almost 
no Cr (3-4 ppmw). This coefficient difference is the 
maximum value. With the ratio of V to Cr increas- 
ing, the difference of absorption coefficient between 
the o-ray and the e-ray would become larger (o-ray>e- 
ray), no more than double in emerald. Moreover, this 
absorption difference led to a noticeable yellowish 
green color in the o-ray and bluish green color in the 
e-ray under a polarized film (see inset photos in figure 
12). And the color of the o-ray tended to be more yel- 
lowish as the V to Cr ratio increased. 

The chromophore effectiveness of V°* was ex- 
pected to be comparable to that of Cr** ions in emer- 
ald. Absorption cross section is a constant for a 
particular chromophore in a specific matrix and 
could be used as an indication of chromophore effec- 
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tiveness. Because an accurate cross section of V** and 
Cr** ions in emerald had not been investigated in pre- 
vious studies, we estimated the cross section based 
on the Beer-Lambert law. Malipo emerald E7 con- 
tained V (3793 ppmw}, a similar concentration level 
as the Cr (3347 ppmw) in Cr-dominated emerald (fig- 
ure 21B in Saeseaw et al., 2014). The atomic weights 
of V and Cr are similar, and so are their atomic con- 
centrations in ppma, which are used to compare the 
cross sections and chromophore effectiveness. At the 
same time, concentrations of Cr in sample E7 (105 
ppmw) and V in Cr-dominated emerald (116 ppmw) 
were relatively low, so it was suitable to obtain the 
cross section of relatively pure V and Cr. These two 
emerald samples showed a similar range of absorp- 
tion coefficients, less than 7 cm" for V** and Cr** ab- 
sorption. So the calculated cross section of V** and 
Cr** should be similar. We concluded that the color 
effectiveness of Cr** and V** were comparable. In ad- 
dition, Malipo V-rich emeralds and other Cr-rich 
emeralds containing similar amounts of V and Cr, re- 
spectively, demonstrated a similar range of color sat- 
urations. Several thousand ppma of V or Cr could 
lead to a relatively saturated greenish color for emer- 
ald. More quantitative data are needed to compare 
color effectiveness of Cr** and V* in the future. 
Transition elements other than vanadium had lit- 
tle effect on coloration in our samples. The Cr ion 
absorption was rather weak for the low level of Cr 
content determined, so the coloration produced by 
Cr was weak for Malipo emeralds. The broad absorp- 
tion band centered at 620 nm could add a bluish 
color to emerald, especially in the e-ray, caused by 
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* The House of Jewels is in the Tower of London. 


Amid Ancient Pageantry 
A Modern Queen 


is Crowned 


By KAY SWINDLER 


Early in this year, in the United States of 
America, a man elected by popular choice to 
lead his country through what may well be 
turbulent days asked, unceremoniously, for 
the guidance and help of a Supreme Power 
in discharging his obligations to the citizens 
of this land, and those other lands over the 
world bound together by a universal broth- 
erhood of free men. 

For many reasons, and with mingled 
feelings, the eyes and ears of the world will 
again on June 2, 1953, be focused on a 
charming, poised young matron who will on 
that day be solemnly crowned in traditional 
pageantry as Elizabeth IT of England. 


To serious-minded peoples everywhere 
this ritual will mean more than a repetition 
of medieval rites associated with the be- 
stowing of power on an earthly monarch. 
Reaching far back into the distant ages for 
its pattern and inspiration, this magnificent 
ceremony had its beginning in the belief 
that God's selection of an earthly represen- 
tative, ordained to lead His people along 
the paths of right, had absolute and binding 
obligation. So Dwight D. Eisenhower, 33rd 
president of the United States of America— 
and the fair young queen of England—ac- 
knowledge, each in his or her own way, the 
serious nature of the office entrusted to 


248 


GEMS & GEMOLOGY 


CONGRATULATIONS 


This year, hundreds of readers partici 
Challenge. Entries arrived from aroun 


UIs 


in the 2019 Gems & Gemology 
e world as readers tested their gemo- 


logical knowledge by answering questions listed in the Spring 2019 issue. Those 
» who earned a score of 75% or better received a GIA Certificate of Completion rec- 


elow. 


G&G Challenge Winners 


Australia 

Donna Drummond-Cooper 
Hendrik Holmer 
John Newman 

Barbara Wodecki 

Dennis C. Woods . . 


Janet Woods 


Belarus 
Dmitry Stepanenko 


Belgium 

Sheila Sylvester 
India : 
Sane Hemant 


Chiara Piussi 


Answers 


ognizing their achievement. Participants who scored a perfect 100% are listed 


Spain 


Fernando Vazquez Garranzo 


United Kingdom 
Francesca Lawley 


United States 
Jean Bonebreak 


Robert Campbell 
Tameka Nicole Clark 
Kenneth Fogelberg 
Anna Gibbs 
Douglas Kennedy 
Paul Mattlin 

Tim Richardson 
Geraldine Vest 
Colleen Walsh 
Thomas Wendt 
Alvin Zimmer 


See pages 89-90 of the Spring 2019 issue for the questions. 


1 (a), 2 (a), 3 (d), 4 (d), 5 (C), 6 (d), 7 (c), 8 (d), 9 (d), 10 (d), 11 (Cc), 12 (d), 13 (c), 14 
(b), 15 (d), 16 (d), 17 (d), 18 (b), 19 (c), 20 (c), 21 (d), 22 (a), 23 (a), 24 (d), 25 (b) 


CHALLENGE WINNERS 


Gems & GEMOLOGY FaLL 2019 353 


FEATURED seme 


MINERAL INCLUSIONS IN RUBY AND 
SAPPHIRE FROM THE BO WELU GEM 
DEPOSIT IN CHANTHABURI, THAILAND 


Supparat Promwongnan and Chakkaphan Sutthirat 


The mineral inclusions of alluvial ruby and sapphire from the Bo Welu gem deposit in Thailand’s Chanthaburi 


Province were collected and investigated. This deposit is directly related to a basaltic terrain. Raman spec- 


troscopy and electron probe micro-analyzer (EPMA) measurements allow the identification of mineral inclusions 
of pyrope-rich garnet, sillimanite, high-Al diopside, sapphirine, nepheline, quartz, feldspar (mostly plagioclase), 
spinel, sulfide, anhydrite, and silicate melts in ruby and purple sapphire. Zircon, alkali feldspar (mostly with 


high Na content), monazite, columbite, and sulfide were identified in blue sapphire. This study represents the 


first report of several inclusions in ruby and sapphire from this gem deposit. 


ccurrences of gem ruby and sapphire in 
() Thailand are located in the provinces of 
Chanthaburi-Trat, Kanchanaburi, Phrae- 
Sukhothai, Ubon Ratchathani, Si Sa Ket, and Phetch- 
abun (figure 1). However, a few main areas have been 
economically mined and supplied gems to the world 
market. Sapphire mines were once extensively oper- 
ated in Kanchanaburi, but most have recently closed 
down. The Chanthaburi-Trat area has been the most 
significant source of Thai corundum, and a few small 
mines are still in operation there. The most famous 
source of Thai rubies is located in the Bo Rai deposit 
in the eastern part of Trat Province, close to the 
Cambodian province of Pailin (figure 1). What be- 
came known as “Siamese ruby” was first named 
from here and adjacent areas. Meanwhile, the main 
gem mining area for sapphire (yellow, green, and 
blue, along with golden star and black star sapphires) 
is the Bang Ka Cha deposit in western Chanthaburi 
(again, see figure 1). Most gem mines in the central 
deposits, around Khlung District within Chan- 
thaburi Province, have supplied more sapphire than 
ruby (Vichit, 1992; Pattamalai, 2015). 
The focus of this study, the Bo Welu gem field lo- 
cated in the central gem deposits, has been mined for 


See end of article for About the Authors and Acknowledgments. 
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both ruby and sapphire. Corundum from this area is 
generally heat-treated to enhance its color, especially 
the red (or purplish red) ruby and the blue sapphire 
(figure 2), which are in high demand, particularly 
within Thailand. 


In Brief 


e Various mineral inclusions are observed in Bo Welu 
ruby and sapphire. Although some of these minerals 
have already been reported as inclusions in Thai corun- 
dum, others are first reported here. 

e Among the observations were nepheline, sillimanite, 
spinel, alkali feldspar, quartz, and anhydrite inclusions 
in ruby and purple sapphire, and columbite and sulfide 
inclusions in blue sapphire. 

¢ Common mineral inclusions and their chemical com- 
positions indicate different original formations of ruby 
and sapphire that appear to have the same thermal his- 
tory of basaltic activity in this region. 


Although gem mines in this area are not currently 
in operation, a few artisanal miners can be found 
working along streams during the rainy season. The 
rarity of Thai ruby ensures strong demand in the 
local and international markets and high value. The 
sapphires, meanwhile, possess a natural greenish 
blue color that becomes an intense blue after heating. 

In this study, ruby and sapphire from Bo Welu 
were investigated to determine their mineral inclu- 
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Figure 1. Left: Map of Thailand showing the distribution of basalt and corundum occurrences. Right: Ruby and sapphire 
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deposits and associated basalts in Chanthaburi-Trat Province in eastern Thailand and Pailin Province in western 
Cambodia. Modified after Hughes (1997), Sutthirat et al. (2001), Barr and Cooper (2013), and Pattamalai (2015). 


sions and compared with other Thai corundum and 
basaltic corundum from other deposits. In this 
study, rubies and purple sapphires are considered to- 


Figure 2. Bo Welu ruby and sapphires set in rings. The 
intense blue sapphires are nearly 6 ct (left) and 8 ct 
(right). The deep red ruby in the middle is approxi- 
mately 1 ct. These stones were heated to improve 
their color. Photo by Supparat Promwongnan, cour- 
tesy of Kannikar Rojvanakarn. 
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gether as a single genetic group that is presented in 
contrast to the blue sapphires, which are presumed 
have a different geologic origin. The results of this 
study may improve the understanding of genetic 
models of formation of basaltic ruby and sapphire in 
Thailand. 


MATERIALS AND METHODS 


More than 1,000 corundum grains from Bo Welu 
were collected from local miners nearly 20 years ago. 
The samples were examined under an optical micro- 
scope to search for mineral inclusions before the se- 
lected stones were carefully polished as slabs by a 
Facetron faceting machine to expose the mineral in- 
clusions. A total of 99 corundum samples containing 
191 tiny mineral inclusions were then selected for 
further investigation. 

General properties such as size, color, specific 
gravity (SG), and refractive indices (RI) were meas- 
ured using standard gemological equipment. External 
and internal features were observed under a gemo- 
logical microscope. 
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Figure 3. These representative ruby and sapphire sam- 
ples collected from Bo Welu were polished for analy- 
ses in the study. Photo by S. Promwongnan. 


The selected samples, after pre-screening of min- 
eral inclusions by Raman spectroscopy, were pol- 
ished and mounted in epoxy resin prior to carbon 
coating. The JEOL JXA-8100 electron probe micro- 
analyzer (EPMA) at the geology department of Chu- 
lalongkorn University was used to analyze major and 
minor compositions. Operating conditions were set 
at 15 kV accelerating voltage and about 25 nA sample 
current in the focused beam (smaller than 1 pm). 
Measurement times for each element were set at 30 
seconds for peak counts and 10 seconds for back- 
ground counts. For special analyses of zircon and 
monazite inclusions, an accelerating voltage of 20 kV 
was set to achieve more accurate results. Appropriate 
standard reference materials, including natural min- 
erals, pure oxides, and pure elements, were used for 
calibration. Detection limits may reach 100-300 
ppm under these conditions. An automatic ZAF cor- 


rection was applied to the analytical results before 
reporting percent oxides. Fe* and Fe* ratios of min- 
erals such as garnet, pyroxene, sapphirine, and spinel 
were recalculated using the method of Droop (1987). 


RESULTS 


General Characteristics. Most of the ruby and purple 
sapphire samples were less than 0.7 ct and measured 
up to 6 mm in length. Colors included purplish red, 
purple-red, reddish purple, and purple. The crystals 
generally displayed normal tabular habits with 
slightly rounded edges (figure 3). They were doubly 
refractive, with an RI of 1.760 to 1.770 and a birefrin- 
gence of 0.009 to 0.010. Most of the samples displayed 
weak to moderate red fluorescence under long-wave 
UV radiation and were inert under short-wave UV. 

The blue sapphire samples ranged from 0.2 to 6.9 
ct and measured up to 1 cm long. These crystals were 
mostly characterized by a hexagonal habit with parting 
along basal planes. Some stones without crystal faces 
(figure 3) were rounded due to corrosion in the carrier 
magma (see Coenraads, 1992). They had semi-trans- 
parent to transparent blue to greenish blue and green- 
blue colors with medium to dark tones. They had an 
RI ranging from 1.760 to 1.771, with a corresponding 
birefringence of 0.009 to 0.010. These samples were 
generally inert under long-wave and short-wave UV. 
Moreover, these rough rubies and sapphires sometimes 
presented a primary corroded surface (figure 4) caused 
by hot magma, which is typically observed in corun- 
dum from basaltic terrain (Coenraads, 1992). 


Mineral Inclusions in Ruby and Purple Sapphire. Var- 
ious microscopic features were observed in Bo Welu 
ruby and purple sapphire, such as healed fractures or 


Figure 4. Photomicrographs of rough samples of ruby and sapphire, taken under reflected light. Left: Etched fea- 
tures on a ruby’s surface (field of view 2.70 mm). Center: Triangular etch marks on a ruby’s surface (field of view 
1.30 mm). Right: Dissolved features on a sapphire’s surface (field of view 3.78 mm). Photomicrographs by S. 
Promwongnan. 
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Figure 5. Some internal features observed in Bo Welu 
ruby and purple sapphire. A: Euhedral crystal sur- 
rounded by tension cracks (field of view 1.1 mm). B: 
Tiny crystals surrounded by thin films (field of view 3.0 
mm). C and D: Two-phase inclusions (fields of view 1.4 
mm and 0.7 mm). Photomicrographs by S. Promwong- 
nan; darkfield illumination with fiber-optic light. 


fingerprints, networks of tiny crystals, euhedral crys- 
tals surrounded by tension cracks (figure 5A), and tiny 
crystal inclusions with equatorial thin films (figure 
5B). The last is a typical feature observed in ruby from 
Thailand. Many two-phase inclusions were captured 
using a combination of fiber-optic and darkfield illu- 
mination (figure 5, C and D). Previous researchers pro- 
posed the presence of various mineral inclusions in 
ruby from Thailand as well as from Pailin, Cambodia. 
A few analytical techniques were engaged to identify 
these mineral inclusions, such as optical microscopy 
and Raman spectroscopy (e.g., Giibelin and Koivula, 
1986; Hughes, 1997; Intasopa et al., 1999; Khamloet 
et al., 2014; Saeseaw et al., 2017; Sangsawong et al., 
2017) and X-ray powder diffraction (XRD) (Koivula and 
Fryer, 1987). Moreover, mineral inclusion chemistries 
were also reported using EPMA (Gtibelin, 1971; Guo 
et al., 1994; Sutherland et al., 1998a; Sutthirat et al., 
2001; Khamloet et al., 2014), proton microprobe analy- 
sis (PMP) (Guo et al., 1994), and scanning electron mi- 
croscopy with energy dispersive X-ray spectrometry 
(SEM-EDX) (Saminpanya and Sutherland, 2011). 

For this study, exposed mineral inclusions were 
initially identified using Raman spectroscopy before 
their chemical compositions were analyzed by 
EPMA. It is noteworthy that a number of mineral in- 
clusions in Thai ruby and purple sapphire are first re- 
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TABLE 1. Summary of mineral inclusions discovered in Bo 
Welu ruby and sapphire, compared to those reported from 
surrounding basaltic gem fields. 


Ruby, Purple Sapphire Blue Sapphire 
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*This study, using Raman and EPMA 

'Guo et al. (1994), using EPMA and PMP 

*sutthirat et al. (2001), using EPMA 

*Saminpanya and Sutherland (2011), using SEM-EDS 
*Khamloet et al. (2014), using Raman and EPMA 

*Koivula and Fryer (1987), using XRD 

sutherland et al. (1998a), using EPMA 

7Sutherland et al. (1998b), using EPMA 

®Gtibelin (1971), using EPMA 

°Promwongnan and Sutthirat (2019), using Raman and EPMA 


ported in this study (table 1). For comparison, min- 
eral inclusions found in rubies from nearby mining 
areas in Chanthaburi-Trat and Pailin are summarized 
in the same table. Chemical analyses of these inclu- 
sions are also provided for further discussion. 
Garnet with very low chromium content is often 
found in Bo Welu ruby and purple sapphire. The crys- 
tals usually occur as ellipsoidal, irregular shapes with 
poorly formed crystal faces (figure 6A) that are either 
colorless or pale purplish red. They have a pyrope-rich 
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TABLE 2. EPMA analyses of garnet, sillimanite, pyroxene, sapphirine, nepheline, and quartz inclusions in Bo Welu ruby and 


purple sapphire samples. 


Mineral Garnet Sillimanite Diopside Sapphirine Nepheline Quartz 
plese PR P rP PR rP PR rP rP PR 
analysis 

(wt.%) 9TWLO59-1 9TWLO92-2  YTWL152-1 9YTWLO29-1 9YTWLO35-1 9YTWL160-1 9YTWLO12-1 9TWL153-1 9TWLO95-2 
SiO, 42.03 42.57 36.38 44.85 49.28 13.97 47.61 45.99 99.61 
TiO, 0.07 0.10 0.01 0.24 0.75 nd nd 0.07 nd 
Al,O, 23.26 2307, 61.62 16.5 8.82 61.06 S079 34.02 0.05 
Cr,O, 0.02 0.05 nd 0.17 0.13 0.31 nd nd nd 
FeO OL | 10.33 1.43 3.04 3.28 3.32 0.22 0.15 0.28 
MnO 0.20 O19 nd nd 0.01 0.03 nd nd nd 
MgO 15.82 5-21 0.50 11.41 12.88 19.62 0.20 0.05 nd 
NiO na na na na na 0.41 na na na 
CaO 8.85 8.17 0.15 DD Sy) BG) 0.14 4.67 3.09 0.01 
K,O 0.01 0.02 0.01 0.02 nd 0.02 15.10 14.80 nd 
Na,O nd 0.02 nd Iai 0.76 nd is2. 1.84 nd 
Total 99.98 99.82 100.10 99.85 99.90 98.87 OOFil 100.01 99.95 
Formula 12(O) 20(O) 6(O) 20(O) 4(O) 2(O) 
Si 3.026 3.026 3.958 1.639 1.805 1.655 1.116 1.074 0.998 
Ti 0.004 0.004 0.001 0.006 0.021 0.000 0.000 0.001 0.000 
Al 1.974 1.974 7.902 OLA 0.381 8.527 0.851 0.936 0.001 
Cr 0.001 0.001 0.000 0.005 0.004 0.029 0.000 0.000 0.000 
"Fett 0.000 0.000 0.130 0.11 0.027 0.196 0.000 0.000 0.002 
“fe 0.584 0.584 0.000 0.000 0.073 0.133 0.004 0.003 0.000 
Mn 0.012 0.012 0.000 0.000 0.000 0.003 0.000 0.000 0.000 
Mg 1.698 1.698 0.081 0.622 0.703 3.466 0.007 0.002 0.000 
Ni = = = = = 0.039 = = - 
Ca 0.683 0.683 0.017 0.882 0.942 0.017 0.117 0.077 0.000 
K 0.001 0.001 0.002 0.001 0.000 0.003 0.686 0.670 0.000 
Na 0.000 0.000 0.000 0.079 0.054 0.000 0.039 0.055 0.000 
Total 7.983 7.983 12.091 4.037 4.009 14.069 2.821 BLiI9) 1.001 


*Fe** and Fe** were recalculated from total FeO after the method of Droop (1987) and assigned using ideal formula cations. 


nd = not detected 
na = not analyzed 
PR = purple-red, rP = reddish purple, P = purple 


composition (high Mg; see table 2), which is similar 
to garnet inclusions in Bo Rai ruby and purple sap- 
phire located about 30 km southeast of the study area, 
previously reported by Sutthirat et al. (2001), Samin- 
panya and Sutherland (2011), and Promwongnan and 
Sutthirat (2019). 

Sillimanite occurred rarely in this study, display- 
ing a subhedral shape with a hexagonal habit sur- 
rounded by healed fractures (figure 6B). These 
inclusions contained major contents of SiO, and 
ALO, and traces of FeO and MgO (again, see table 2). 
Sillimanite inclusions have recently been reported in 
ruby and purple sapphire from the Bo Rai gem field 
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(Promwongnan and Sutthirat, 2019). Therefore, these 
two studies represent the first discovery of silliman- 
ite inclusions in Thai ruby and purple sapphire. 
High-alumina diopside was the most common in- 
clusion found in Bo Welu ruby and purple sapphire. 
They usually formed colorless rounded or ellipsoidal 
crystals (figure 6C), with twinning lamella sometimes 
observed. These inclusions were composed of an Al- 
rich component (0.38-0.71 Al) with slightly higher Ca 
and lower Mg components (see table 2). Diopside in- 
clusions were previously reported in alluvial ruby and 
purple sapphire from Bo Rai (e.g., Sutthirat et al., 
2001; Saminpanya and Sutherland, 2011; Promwong- 
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nan and Sutthirat, 2019) and Pailin rubies (Sutherland 
et al., 1998b). However, diopsides found in Bo Welu 
ruby and purple sapphire had a wider range of com- 
position, encompassing the compositions of diopside 
inclusions in both Bo Rai and Pailin rubies. 

Sapphirine was recognized in a purple-red ruby 
(sample 9TWL160), it was a subhedral crystal sur- 
rounded by fractures (figure 6D) and showed strong 
green-blue pleochroism similar to that reported by 
Koivula and Fryer (1987). Its chemical composition 
(table 2) was similar to that of sapphirine inclusions 
found in alluvial rubies from the Na Wong gem field 
(Sutthirat et al., 2001; Saminpanya and Sutherland, 
2011), located about 20 km south of Bo Welu (again, 
see figure 1). Sapphirine inclusions were also reported 
in ruby from Bo Rai (Koivula and Fryer, 1987) and 
Pailin (Sutherland et al., 1998b). Sapphirine inclu- 
sions in rubies from Bo Na Wong, Pailin, and Bo 
Welu all have similar mineral chemistry. 


Figure 6. A: Irregularly 
shaped garnet (field of view 
0.95 mm). B: Hexagonal- 
shaped sillimanite (field of 
view 1.3 mm). C: Ellipsoidal 
diopside (field of view 1.6 
mm). D: Sapphirine (field of 
view 1.2 mm). E: Rounded 
nepheline (field of view 0.8 
mm). F; Quartz with an 
iron-stained edge (field of 
view 1.4 mm). Photomicro- 
graphs by S. Promwongnan; 
brightfield illumination 
with fiber-optic light (A 
and B) and darkfield 
illumination (C-F). 


Nepheline inclusions were occasionally recog- 
nized in purple-red and reddish purple samples. They 
formed as rounded crystals (figure 6E) and contained 
major contents of SiO, and Al,O, with traces of CaO, 
K,O, Na,O, and FeO (table 2). This is the first report 
of nepheline inclusions in Thai ruby. 

Quartz appeared to have formed as an exogenous 
inclusion in a purple-red ruby (sample 9TWLO95). Its 
euhedral core was surrounded by an iron-stained yel- 
low rim (figure 6F), and its composition was almost 
pure silica (99.6% SiO,) with iron traces (table 2). The 
unusual quartz inclusion in Thai ruby is first re- 
ported here. 

Feldspar inclusions were often observed in pur- 
ple-red and reddish purple samples from Bo Welu. 
They usually formed as single grains with a rounded 
or irregular shape (figure 7A). Most feldspar inclu- 
sions were characterized by plagioclase composi- 
tions ranging widely from bytownite to andesine 


Figure 7. Feldspar and spinel inclusions in Bo Welu ruby. A: Irregularly shaped feldspar (field of view 0.6 mm, 
brightfield illumination). B: Feldspar-spinel composite (field of view 0.7 mm, darkfield illumination). C: BSE 
image of the same inclusion in figure B revealing feldspar intergrowth with spinel (field of view 0.25 mm). Photo- 


micrographs by S. Promwongnan. 
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TABLE 3. EPMA analyses of feldspar inclusions in Bo Welu ruby and purple sapphire compared to blue sapphire samples. 


Ruby and Purple Sapphire Blue Sapphire 
Mineral Plagioclase feldspars ee Alkali feldspars 
Sige PR rP rP PR rP eB gB B gB 
(wt.%) 9TWLO55-1 =9TWL122-4 = 9TWL176-1_  9TWL154-12 | 9TWLO12-2 | 8TWLO83-2.  8TWLO18-3 8TWL114-25" 8TWLO93-5 
SiO, 58.02 48.61 61.34 Dog 64.91 66.19 66.97 66.47 69.26 
TiO, 0.04 nd 0.07 0.03 0.03 nd 0.02 0.01 0.06 
Al,O, 26.36 32.46 23.67 26.97 21.54 20.85 21.40 20.92 16.47 
FeO 0.09 0.07 0.46 O25 0.12 0.08 0.65 0.59 0.31 
MnO 0.04 0.03 nd nd 0.01 nd 0.04 0.04 nd 
MgO 0.05 0.03 0.20 0.03 nd nd nd 0.02 nd 
CaO 730) 16.51 6.29 11.04 1.48 2.50 0.73 0.02 0.14 
K,O 3 5) O12 0.07 0.02 3.08 1.07 2.69 1.40 7.43 
Na,O 6.66 2.14 7.76 Deol eval 8.54 8.47 9.45 6.25 
Total 99.91 CI) 99.86 99.84 98.88 99,23 100.97 98.92 99.92 
Formula 8(O) 
Si 2.606 2.228 DAS Reaver 2.899 2.926 2.925 2.944 3.095 
Ti 0.001 0.000 0.002 0.001 0.001 0.000 0.001 0.000 0.002 
Al 1.396 1.753) 1.243 1.435 1.134 1.086 1.102 1.092 0.868 
Fe 0.004 0.003 0.017 0.010 0.004 0.118 0.034 0.001 0.011 
Mn 0.002 0.001 0.000 0.000 0.000 0.003 0.024 0.022 0.000 
Mg 0.003 0.002 0.013 0.002 0.000 0.000 0.001 0.001 0.000 
Ca 0.352 0.811 0.300 0.534 0.071 0.000 0.000 0.001 0.007 
K 0.077 0.007 0.004 0.001 O75 0.060 0.150 0.079 0.424 
Na 0.580 0.190 0.670 0.482 0.668 0.732 0.718 0.811 0.542 
Total 5.021 4.995 4.981 4.992 4.952 4.925 4.955 4.951 4.949 
Atomic% 
Ca 34.86 80.47 30.82 52.46 7.74 13.01 3.79 0.10 0.69 
K 7.66 0.67 0.41 0.12 19.18 6.62 16.62 8.89 43.58 
Na 57.49 18.85 68.77 47 42 73.08 80.37 79.60 91.01 55.72 
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 


*Feldspar combined with spinel inclusion 

’Feldspar combined with monazite inclusion 

nd = not detected 

PR = purple-red, rP = reddish purple, P = purple, gB = greenish blue, B = blue 


(Ab,, ,.An,, Ot. see table 3 and figure 8). Moreover, 
an unusual rounded alkali feldspar of anorthoclase 
composition (Ab,,An,Or,,) was recognized in reddish 
purple sample 9TWLO12; its Raman spectrum was 
similar to other feldspar inclusions, but the peaks 
were shifted slightly to the right. Feldspar-spinel 
composite inclusions were also observed in ruby and 
purple sapphire (samples 9TWLO19, 9TWL154, and 
9TWL180); their compositions fell mostly within the 
labradorite range (Ab,, ,,An., ,,O%, 9) 3): The compos- 
ite feldspar and colorless spinel inclusions were 
found in a few ruby samples such as purple-red sam- 
ple 9TWL154 (figure 7B), which can be observed 
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clearly under backscattered-electron (BSE) images 
(figure 7C). The composition range of feldspar inclu- 
sions in Bo Welu ruby and purple sapphire was wider 
than that found in Bo Rai ruby, which indicates only 
bytownite (Ab,, ,,An,. .Or,,.,) and andesine 
(Ab, An,,Or,) (Promwongnan and Sutthirat, 2019). 
Although Gibelin (1971) and Promwongnan and Sut- 
thirat (2019) previously reported plagioclase feldspar 
inclusions in Thai ruby and purple sapphire, this is 
the first report of them containing a feldspar-spinel 
composite inclusion as well as alkali feldspar. 

Apart from spinel-feldspar composite inclusions, a 
single tiny rounded spinel inclusion was observed in a 
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Figure 8. Ternary plot of 
feldspar inclusions in 
rubies and sapphires 
from Bo Welu. Most 
feldspar inclusions in 
the ruby and purple 
sapphire samples fell 
within the range of pla- 
gioclase. One with 
anorthoclase composi- 
tion was recognized in 
a reddish purple sap- 
phire (YTWLO12). Most 
feldspar inclusions in 
the blue sapphire sam- 
ples were alkali 
feldspar. Only one sani- 


Feldspar in blue sapphire 

Feldspar in greenish blue sapphire 
Feldspar in reddish purple sapphire 
Feldspar in purple-red ruby 


Feldspar-spinel composite in 
reddish purple sapphire 


Feldspar-spinel composite in 
purple-red ruby 


Bigactass 
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dine inclusion was 
recorded, in a greenish 


blue sapphire 


0-10An% 10-30 An% 30-50 An% 50-70 An% 70-90 An% 90-100 An% 
: (STWLO93). 
Albite Plagioclase feldspars Anorhite 
NaAlsi,O, CaAl,Si,O, 


purple-red sample (9)TWLO085). All spinel inclusions ap- 
peared to have similar composition, with high contents 
of Al and Mg greater than Fe (average Mg, ,Fe,,,ALO, 
or SpLHc,,; table 4). Recently, a spinel inclusion with 
a composition of Mg, ,,Fe, ,,ALO, (or Spl,,Hc, ,) was re- 
ported in ruby and purple sapphire from Bo Rai (Prom- 
wongnan and Sutthirat, 2019). Moreover, a pleonaste 
spinel inclusion was reported in ruby from West Pailin, 
Cambodia (Sutherland et al., 1998b), with Mg content 
clearly lower than the spinel inclusions in Thai ruby. 


Sulfide was sometimes observed as subhexagonal 
or rounded metallic opaque inclusions (figure 9A). 
Their compositions clearly did not match with the 
ideal formula of pyrrhotite (FeS), but they also con- 
tained additional nickel and copper, similar to sulfide 
inclusions in Bo Rai ruby and purple sapphire re- 
ported by Promwongnan and Sutthirat (2019). More- 
over, subhexagonal to rounded opaque metallic 
chalcopyrite (CuFeS,) inclusions in Thai rubies were 
reported by Giibelin (1971). 


Figure 9. A: Rounded sulfide inclusion surrounded by a tension disk (field of view 0.95 mm). B: Euhedral anhy- 
drite containing subhedral black sulfide (pyrrhotite) (field of view 0.8 mm). C: Rounded two-phase inclusion con- 
taining a gas bubble and silica melt (field of view 1.0 mm). Photomicrographs by S. Promwongnan; darkfield 
illumination with fiber-optic light (A) and brightfield illumination with fiber-optic light (B-C). 
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TABLE 4. EPMA analyses of spinel, anhydrite, and sulfide inclusions in Bo Welu ruby and purple sapphire samples. 


Mineral Spinel Anhydrite Sulfide 
een PR PR rP PR rP 

(wt.%) 9TWLO19-2° 9TWL154-28 9TWL180-2° 9TWLO85-2 9TWL096 

SO, na na na na 55.62 53.72 
SiO, 0.04 0.10 0.06 0.09 0.03 0.02 
TiO, 0.43 2.51 1.09 nd nd 0.01 
ALO, 64.71 63.37 64.25 67.46 0.03 0.03 
Cr,O, 0.25 1.67 0.13 0.38 nd 0.09 
FeO total 13.11 10.61 13.50 11.81 0.02 44.97 
MnO 0.09 0.24 0.10 0.27 0.06 nd 
MgO 20.19 20.59 20.56 19.96 0.01 0.01 
ZnO 0.09 0.04 0.04 na na na 
CaO nd 0.01 0.04 0.03 44.23 1.12 
K,O nd nd 0.02 nd nd 0.02 
Na,O nd nd 0.03 nd 0.02 nd 
Total 98.91 99.14 99.82 100.00 100.00 99.99 
Formula 4(O) 4(O) = 

S - = : 2 0.966 1.008 
Si 0.001 0.002 0.002 0.002 0.001 0.000 
Ti 0.008 0.048 0.021 0.000 0.000 0.000 
Al 1.948 1.893 1.921 1.990 0.001 0.001 
Cr 0.005 0.033 0.003 0.007 0.000 0.002 
Fes 0.038 0.000 0.044 0.000 0.000 0.940 
ores 0.242 0.225 0.242 0.247 0.000 

Mn 0.002 0.005 0.002 0.006 0.001 0.000 
Mg 0.769 0.778 0.778 0.745 0.000 0.001 
Zn 0.002 0.001 0.001 = - = 
Ca 0.000 0.000 0.001 0.001 1.097 0.030 
K 0.000 0.000 0.001 0.000 0.000 0.001 
Na 0.000 0.000 0.001 0.000 0.001 0.000 
Total 3.014 2.986 3.017 2.999 2.067 1.982 


“Spinel composition with feldspar inclusion 


’Fe** and Fe** recalculated from total FeO after the method of Droop (1987) and assigned using ideal formula cations 


nd = not detected 
na = not analyzed 
PR = purple-red, rP = reddish purple 


An anhydrite-sulfide composite inclusion was 
found in a reddish purple sapphire (9TWLO96). The an- 
hydrite formed a subhedral crystal containing an ir- 
regularly shaped sulfide (figure 9B). This sulfide is 
chemically characterized by a pure pyrrhotite compo- 
sition (Fe, ,,S; see table 4). This is the first report of an 
anhydrite inclusion in Thai reddish purple sapphire. 

Two-phase inclusions were sometimes observed 
in Bo Welu ruby and purple sapphire samples. 
Rounded two-phase inclusions, consisting of a gas 
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bubble and silicate melt, were situated within healed 
fractures (figure 9C). The silicate melts contained 
major contents of SiO, and Al,O, with traces of CaO, 
FeO, and MgO. 


Mineral Inclusions in Blue Sapphire. The most com- 
mon internal features in Bo Welu blue sapphire were 
strong color zoning (figure 10A) and orientation of 
fine minute particles (figure 10B). Other features 
such as oriented silk inclusions, thin films (figure 
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them, and embark upon their magnitudinous 
responsibilities with a humble request for 
Divine aid. 

The ceremony of the English coronation 
is, and always has been, a deeply religious 
ritual. It is in reality the supreme expression 
of religious fealty. The act of crowning 
itself is administered by the highest official 
of the Church of England and the entire 
ceremony is filled with prayer and religious 
significance, some of it extending back to 
the original ceremonies used in crowning 
ancient kings of Israel. 

True, its outward manifestations employ 
some of the most fabulous items of material 
worth existing in the world, but these too 
become symbolic of a blended past and 
present—from which human errors and a 
constant reaching toward idealistic goals 
have brought a greater understanding of 
man’s relation to man, and a realization of 
his obligation to the world and his Creator. 

Our readers will be more interested, per- 
haps, in the magnificent jewels whose world- 
ly value it is impossible to compute—and 
which play such an important role in the 
ceremony itself—as they appear briefly in the 
coronation of the young queen. 

Unfortunately, it is not possible to show 
these famous gems and hallmarks of British 
sovereignty in all the magnificent beauty 
of their natural color and brilliance. Since 
the writer was privileged to view replicas 
of the English regalia at its only showing 
in this country, she is more cognizant than 
before of the inadequacy of words to de- 
scribe its superb and colorful beauty—and 
the great loss of that beauty through black 
and white reproductions. We shall, how- 
ever, try to give our readers a word picture 
of the more important items as best we can. 

Although crown jewels have played a part 
in the history of a united England and the 
ordaining of its sovereign heads since, at 
least, Athelstan (ruled 924-40), the British 
regalia as it exists today—with the possible 
exception of the Ampulia—is less than 300 
years old. 

Histories of the famous gems which em- 


* St. Edward’s Crown. 


blazon the regal pieces of the House of 
Windsor, however, extend back through the 
ages into an unknown beginning, their story 
of conquest—hope—achievement—glory— 
and bloodshed mutely buried in the internal 
depths of intense color and dazzling bril- 
liance. We shall give a brief glimpse into 
the pasts of a few of the best-known of these 
romantic gems later in this article. 
Destroyed during the Commonwealth, the 
most important of the crown jewels of Eng- 
land were replaced by Sir Robert Vyner for 
the coronation of Charles IJ in 1661. Before 
the regalia was broken up and sold by mem- 
bers of the House of Commons, a complete 
inventory was made and each article item- 
ized. Total value recorded (1649) is given 
as 2,647 pounds, 18 shillings, 4 pence. The 
Royal Treasury in 1662 paid Sir Robert 
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Figure 10. Common internal features found in Bo 
Welu blue sapphire, viewed using a combination of 
fiber-optic with darkfield illumination. A: Strong 
color zoning (field of view 2.3 mm). B: Oriented fine 
minute particles (field of view 1.3 mm). C: Oriented 
silk inclusions and a thin film (field of view 1.6 mm). 
D: Healed fractures (field of view 1.2 mm). Photomi- 
crographs by S. Promwongnan. 


10C), and healed fractures (figure 10D) could be ob- 
served clearly under darkfield illumination. More- 
over, varieties of mineral inclusions were also 
recognized in these samples. Some had never been 
documented in blue sapphire from either Thailand 
or Pailin, Cambodia (see table 1). 

Zircon characterized by tetragonal prismatic (fig- 
ure 11A) or bipyramidal crystals (figure 11B), in this 
case displaying stress fractures, was sometimes ob- 
served in the blue sapphires. They had a narrow com- 
positional range of about 2-3 wt.% HfO,, <1.1 wt.% 


__ eS: vom 
Figure 11. A: Prismatic zircon inclusion in blue sap- 
phire (field of view 1.0 mm). B: Bipyramidal zircon 
without pyramidal face associated with stress fissure 
(field of view 0.2 mm). Photomicrographs by S. Prom- 
wongnan; darkfield illumination. 


UO,, mostly <1.2 wt.% ThO,, <0.9 wt.% Y,O,, and 
<1.1 wt.% rare earth elements (see table 5). The zir- 
con inclusions in this study were similar to those in 
sapphire from Bo Phloi, Kanchanaburi (Saminpanya 
and Sutherland, 2011; Khamloet et al., 2014), but 
they contained higher HfO, content than those from 
Kao Wua, Chanthaburi (Sutherland et al., 1998a). 
Feldspar was the most common inclusion in Bo 
Welu blue sapphire, typically formed as euhedral to 
subhedral crystals (figure 12.A). Some were also asso- 
ciated with healed fractures or tension cracks (figure 
12B). Most of the feldspar inclusions contained a Na- 
rich (albite) component with low K and Ca contents 
ranging between Ab,, ,,An,, ,,Or,_,, (table 3, figure 


8); surprisingly, feldspar composition (Ab, An, ,Or,,) 
was determined from a subhedral inclusion sur- 
rounded by a tension crack in greenish blue sapphire 
sample 8TWLO093 (figure 12C) that displayed a 
Raman spectrum matching that of sanidine. Albite 
and sanidine inclusions were previously reported in 


Bo Phloi sapphire in Kanchanaburi and Den Chai 


Figure 12. A: Euhedral feldspar inclusion in blue sapphire (field of view 0.8 mm, darkfield illumination). B: Feldspar 
crystals situated in healed fractures (field of view 0.6 mm, darkfield illumination). C: Subhedral sanidine inclusion 
surrounded by a tension crack (field of view 0.7 mm, brightfield illumination). Photomicrographs by S. Promwongnan. 
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Monazite 


Monazite 


Feldspar 


Feldspar 


Figure 13. A: Colorless subhedral monazite crystal (field of view 1.0 mm). B: Monazite inclusion containing albite 
feldspar (field of view 0.7 mm). C: BSE image of the same inclusion in figure B (field of view 0.65 mm). Photo- 


micrographs by S. Promwongnan, brightfield illumination. 


sapphire in Phrae Province (Saminpanya and Suther- 
land, 2011; Khamloet et al., 2014). 

Monazite was observed in some of the blue sap- 
phire samples. These were typically colorless to very 
light yellow crystals that usually occurred as prisms 
(figure 13A). An unusual composite inclusion combin- 
ing monazite and albite feldspar (Ab, An, ,Or,, ,; see 
table 3) was recognized in sample 8TWL114 (figure 
13B), clearly visible with BSE imaging (figure 13C). 
Most of the monazite inclusions varied in composition 
from about 35-46 wt.% ThO,, 15-24 wt.% Ce,O,, and 
16-22, wt.% P,O, (see table 5). Monazite inclusions in 
sapphire have also been reported in basaltic sapphires 
from southwest Rwanda (Krzemnicki et al., 1996), Tok 
Phrom in Chanthaburi and Bo Phloi in Kanchanaburi 
(Intasopa et al., 1998; Khamloet et al., 2014), and Laos 
(Singbamroong and Thanasuthipitak, 2004). 

Columbite was often found in the blue sapphire 
samples, usually as black grains with an irregular or 
flat shape or as orthorhombic crystals (figure 14A), 


with some surrounded by tension cracks. Some dark 
red columbite inclusions also presented comet-like 
dust trails (figure 14B). Their compositions varied in 
narrow ranges of 74-75 wt.% Nb,O,, <0.3 wt.% Ta,O,, 
<0.4 wt.% TiO,, <0.2 wt.% MgO, and <10.5 wt.% FeO 
(table 5). Their compositions are plotted on the 
FeTa,O,-FeNb,O,-MnNb,O,-MnTa,O,, quadrilateral di- 
agram for columbite-tantalite classification (Cerny and 
Ercit, 1985; see figure 15). The recalculated atomic for- 
mula of these columbite inclusions, based on six oxy- 
gens, seems to have some cations missing; they fall 
distinctly in the field of ferro-columbite. Their compo- 
sitions have less Ti, Ta, and Fe oxides than columbite 
inclusions in basaltic sapphires from New South Wales 
in Australia, previously reported by Sutherland et al. 
(1998a). Moreover, columbite inclusions in sapphire 
from Tok Phrom in Chanthaburi and Pailin in Cam- 
bodia were also reported by Intasopa et al. (1998). 
Sulfide was rarely found as an inclusion in the 
blue sapphire samples; however, some small black 


Figure 14. A: Subhedral columbite inclusion (field of view 1.0 mm, brightfield illumination). B: Dark red 
columbite inclusions presenting comet-like dust trails (field of view 0.8 mm, darkfield illumination). C: Tiny 
black opaque sulfide inclusions, shown using fiber-optic reflection (field of view 1.0 mm). Photomicrographs by 
S. Promwongnan. 
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TABLE 5. EPMA analyses of zircon, monazite, and columbite inclusions in Bo Welu blue sapphire samples. 


Mineral Zircon Monazite Columbite 
ee B B gB eB eB gB B eB gB eB 
(wt.%) 8TWLO40-2  =8TWLO59-2.  8TWLO59-6 | 8TWLO36-4 8TWLO36-7. 8TWLO82-7 8TWL114-24*| 8TWLO064-1 8TWLO036-2. 8TWLO097-7 
Nb,O, na na na na 0.12 0.01 nd 74.37 74.39 74.57 
P.O, nd O57 0.49 15.81 21.62 18.72 18.14 na na na 
Ta,O, na na na na 0.51 0.15 0.41 0.25 (341 0.16 
HfO, 2.09 2.62 2.80 na 0.13 nd 0.28 na na na 
SiO, 34.78 33.63 33.86 3.71 4.59 5.31 4.80 na na na 
ThO, 0.07 1.21 0.47 46.46 35.15: 45.12 38.14 0.85 0.87 0.11 
TiO, na na na na na na na 0.43 0.37 0.40 
UO, 0.24 Tete 0.75 0.95 nd nd 0.05 3.50 3.45 210) 
ZrO, 61.13 BA). 38) 60.66 na 0.02 nd nd 0.78 0.57 0.83 
Al,O, 0.07 0.01 nd 0.07 nd nd nd 0.29 0.15 0.14 
Ce,O, na na na 19.28 24.32 15.38 24.30 1.36 27, 1.85 
Dy,O, 0.06 0.09 0.12 0.60 0.06 0.22 0.07 na na na 
Gd,O, na na na 1.14 0.57 0.92 0.71 na na na 
La,O, na na na 1.04 nd nd nd na na na 
Nd,O, 0.02 nd nd 5:33 6.94 7:33 6.41 1.42 1.46 93) 
Pr,O, nd nd 0.97 3.04 4.50 2.80 4.80 na na na 
sm,O, na na na 0.80 0.24 0.20 0.12 0.72 0.76 0.77 
Y,O, 0.17 0.85 0.81 0.08 0.22 0.99 0.48 2.76 Ball) 3.46 
FeO 0.08 0.07 0.08 0.09 0.20 0.07 nd Or79) 10.37 10.45 
MnO na na na na na na na 1.58 1.48 1.24 
MgO na na na na na na na 0.08 0.09 0.16 
CaO na na na 0.24 0.24 2.19 1.70 0.42 0.47 0.81 
Na,O na na na na na na na nd nd nd 
Total 98.71 CH). 5y/ 101.01 98.64 99.40 99.39 100.41 98.61 99.18 98.97 
Formula 4(O) 4(O) 6(O) 
Nb - - - = 0.002 0.000 0.000 i. pov 1.96 
P 0.000 0.013 0.015 0.669 0.795 0.715 0.699 - - - 
Ta - = - - 0.006 0.002 0.005 0.00 0.01 0.00 
Hf 0.018 0.023 0.024 - 0.002 0.000 0.004 - - - 
Si 1.062 1.035 1.027 0.186 0.199 0.240 0.219 - = - 
Th 0.000 0.008 0.003 0.529 0.347 0.463 0.395 0.011 0.012 0.001 
Ti - - - - - - 0.000 0.019 0.016 0.018 
U 0.002 0.008 0.005 0.011 0.000 0.000 0.000 0.046 0.045 0.027 
Zt: 0.910 0.891 0.897 - 0.000 0.000 0.000 0.022 0.016 0.023 
Al 0.003 0.000 0.000 0.004 0.000 0.000 0.000 0.020 0.010 0.010 
Ce - - - 0.353 0.387 0.254 0.405 0.029 0.027 0.039 
Dy 0.001 0.001 0.001 0.010 0.001 0.003 0.001 - - - 
Gd - - - 0.019 0.008 0.014 0.011 - - - 
La - = - 0.019 0.000 0.000 0.000 = = = 
Nd 0.000 0.000 0.000 0.095 0.108 0.118 0.104 0.030 0.030 0.040 
Pr 0.000 0.000 0.011 0.055 0.071 0.046 0.080 = - - 
sm - - - 0.014 0.004 0.003 0.002 0.015 0.015 0.015 
Y 0.003 0.014 0.013 0.002 0.005 0.024 0.012 0.086 0.099 0.107 
Fe 0.002 0.002 0.002 0.004 0.007 0.003 0.000 0.481 0.507 0.508 
Mn - - - - - - - 0.079 0.073 0.061 
Mg - - - - - - - 0.007 0.008 0.014 
Ca - - - 0.013 0.011 0.106 0.083 0.026 0.030 0.051 
Na - - - - - - - 0.000 0.000 0.000 
Total 2.001 12995) 1.998 1.983 1.954 1.990 2.019 2.847 2.861 2.879 
*Monazite combined with feldspar inclusion 
nd = not detected; na = not analyzed 
B = blue, gB = greenish blue 
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opaque crystals oriented along the crystallographic di- 
rection of the host sapphire, sample 8TWL046 (figure 
14C), were recognized as sulfide. Their composition 
(FeS, ,) was close to the ideal pyrrhotite formula and 
similar to sulfide in sapphire from New England in 
Australia (Sutherland et al., 1998a). On the other 
hand, these compositions are different from sulfide 
inclusions in sapphire from New South Wales, which 
contains trace compositions of Cu and Zn (Guo et al., 
1996). However, it must be noted that this is the first 
discovery of sulfide inclusions in Thai blue sapphire. 


DISCUSSION 


Alluvial ruby and sapphire from the Bo Welu area 
showed characteristics of basaltic-type origin, partic- 
ularly surface etching by carrier magmas. 

Mineral inclusions in Thai corundum have been 
documented for almost eight decades (Gtibelin, 1940). 
In this study, high-alumina diopside was the most com- 
mon mineral inclusion in ruby and purple sapphire 
from Bo Welu. Mineral inclusions of pyrope garnet, sap- 
phirine, quartz, feldspar, and sulfide were also identi- 
fied. These inclusions have been mentioned in earlier 
studies on Thai ruby (e.g., Giibelin, 1940; Koivula and 
Fryer, 1987; Sutthirat et al., 2001; Saminpanya and 
Sutherland, 2011). Sillimanite, nepheline, quartz, alkali 
feldspar, spinel, and anhydrite are newly reported in 
this study as inclusions in ruby and purple sapphire 
from Bo Welu; this is also the first report for most of 


366 INCLUSIONS IN CORUNDUM FROM Bo WELU, THAILAND 


them in any such samples from Thailand. These min- 
erals can provide more information about the environ- 
ment of the host’s crystallization before they traveled 
rapidly to the surface during magmatic eruption. Silli- 
manite, spinel, and melt inclusions, reported recently 
in Bo Rai ruby and purple sapphire (Promwongnan and 
Sutthirat, 2019), offer new evidence to support a high- 
temperature environment of the original host’s forma- 
tion in the following discussion. 

Cr-rich content in the host and Al-rich content in 
mafic mineral inclusions such as pyroxene, pyrope 
garnet, plagioclase, nepheline, and sapphirine indicate 
a deep-seated source (most likely mantle or lower 
crust}. Pyroxenes are inosilicate minerals and a key 
constituent of mafic igneous rocks. High-alumina 
diopside usually occurs in granulitic xenoliths in al- 
kali basalts (Sutherland et al., 2003). Pyrope-rich end- 
member garnet inclusions are related to a liquid 
magmatic occurrence (Gtibelin and Koivula, 1986). 
More than 55% of pyrope compositions of garnet in 
this study are classified as Group A eclogitic garnets 
(Coleman et al., 1965), which usually occur in layers 
in ultramafic rocks. Most of the feldspar inclusions 
in these rubies and purple sapphires are plagioclase, 
with the exception of one alkali feldspar inclusion 
with anorthoclase composition. Anorthoclase and 
sanidine crystals are intergrown with sapphire in 
xenoliths from alkali basalt that suggest crystalliza- 
tion from intermediate magmas in the lower 
crust/upper mantle (Upton et al., 1983; Aspen et al., 
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1990; Coenraads et al., 1990). The compositions of the 
pyroxene, garnet, plagioclase, and spinel inclusions 
support mafic granulites as the possible source of 
ruby and purple sapphire, as reported by Sutthirat et 
al. (2018) and Promprated et al. (2003). Nepheline, the 
most common of the feldspathoid minerals, occurs in 
alkaline rocks (Deer et al., 2013). Sapphirine inclu- 
sions support the equilibrium of garnet, corundum, 
spinel, and sapphirine. Anorthoclase, sillimanite, and 
silicate melt inclusions offer further evidence that the 
host formed from partial melting at high temperature 
(Palke et al., 2018). The exogenous mineral inclusions 
such as anhydrite, sulfide, and quartz observed in Bo 
Welu ruby and purple sapphire may be due to subma- 
rine volcanism prior to subduction, when these shal- 
low crustal materials moved downward and mixed 
with mafic materials at the mantle. The chemical 
composition data of the mineral inclusions implies 
that these samples crystallized at high temperature 
through partial melting of hybrid mantle material af- 
fected by ancient subduction. Therefore, their original 
source is confirmed to be mafic granulites character- 
ized by high pressure and very high temperature. 
The inclusions in Bo Welu blue sapphire consist 
of alkaline-related minerals that crystallized from al- 
kaline felsic magma, such as alkali feldspar, mon- 
azite, columbite, and zircon. The feldspar inclusions 
found in this study were mainly Na-rich alkali 
feldspar (albite), with an unusual sanidine. The low 
Ca content of the feldspars indicates that the source 
rock was felsic. Sanidine suggests that the crystalliza- 
tion of blue sapphire may be related to high-temper- 
ature metamorphism. Saminpanya and Sutherland 
(2011) proposed that sanidine inclusions in Den Chai 
sapphire may have crystallized at a minimum tem- 
perature of about 1000°C. Monazite inclusions in sap- 
phires suggest that crystallization of basaltic sapphire 
is related to highly evolved melt (Krzemnicki et al., 
1996; Intasopa et al., 1998; Singbamroong and Thana- 
suthipitak, 2004; Khamloet et al., 2014). Columbite 
generally occurs in various granitic rocks (Guo et al., 
1996). Chemical characteristics of zircons (e.g., high 
Hf, Y, and rare earth elements) have been found in 
sapphires from basaltic terrains elsewhere, possible 
evidence that the host sapphire crystallized from al- 
kaline and highly evolved source material under con- 
ditions unrelated to the associated basaltic magma 
(e.g., Coenraads et al., 1990, 1995; Guo et al., 1996, 
Sutherland et al., 2002; Khamloet et al., 2014). In ad- 
dition, the exogenous inclusions in sapphire such as 
sulfides indicate starting materials related to subduc- 
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tion and hybridization within the deep crust and later 
partial melting of initial magma-related sapphire for- 
mation. The occurrence of mineral inclusions in Bo 
Welu blue sapphire strongly supports crystallization 
from highly evolved alkali-rich, silica-poor magma 
(syenite) (e.g., Coenraads et al., 1990; Ding, 1991; Co- 
enraads et al., 1995; Guo et al., 1996; Sutherland et 
al., 2002; Khamloet et al., 2014). 

The Chanthaburi-Trat placer rubies and sapphires 
should have a somewhat different crystallization en- 
vironment, as suggested by previous research (e.g., Yui 
et al., 2006; Saminpanya and Sutherland, 2011). The 
ruby formed at greater depths (the upper mantle) than 
the sapphire (crust/upper mantle). However, ruby and 
sapphire have been found together in the central 
Chanthaburi-Trat deposits, including Bo Welu, which 
should have geological linkage between deeper ruby 
formation, narrower sapphire formation, and the deep- 
est basaltic magma source prior to basaltic magma 
that has risen and then brought ruby, sapphire, and 
other associated assemblages up to the surface via vol- 
canic eruption. More detailed investigation and fur- 
ther discussion of this complex geological process can 
be carried out on the basis of this study. 


CONCLUSIONS 


Although ruby and sapphire production from Bo 
Welu has declined since the 1970s, a few artisanal 
miners are still supplying the market. These stones 
are in high demand for their colors: purplish red ruby 
and green-blue sapphire. They are clearly character- 
ized as basaltic-type corundum, based on their pri- 
mary corroded surface. 

Various types of mineral inclusions have been 
identified in this study, and their chemical composi- 
tion can be used to interpret the conditions in which 
ruby and sapphire crystallized prior to being trans- 
ported to the surface by basaltic magma. Many of 
these inclusions are common, for others, such as sil- 
limanite, nepheline, quartz, alkali feldspar, spinel, 
and anhydrite for ruby and purple sapphire, and sul- 
fide for blue sapphire, this is a newly reported occur- 
rence in Thai corundum. These inclusions can be 
used to support origin determination. The original 
deep-seated formations of Thai ruby and sapphire as 
well as transportation by basaltic volcanism are ac- 
tually complicated geological processes that must 
take place under very specific conditions. Therefore, 
these rubies and sapphires should be valued not only 
for their rarity and quality but also their unique geo- 
logical history. 
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CHARACTERISTICS OF HYDROTHERMALLY 
TREATED BEESWAX AMBER 


Yamei Wang, Yan Li, Fen Liu, Fangli Liu, and Quanli Chen 


The gemological characteristics of natural milky “beeswax” amber are compared with those enhanced by hy- 


drothermal treatment. A layer of variable thickness of yellowish white or greenish yellow hydrothermally treated 


skin is generated below the natural, weathered skin of rough amber after this treatment. Different-sized pores 


and newly grown brown or yellowish white crust-like skin appear locally on the surface of the rough amber. 


Finished products show a white residue of hydrothermally treated spots. The treated beeswax displays abundant 


gas-liquid inclusions with small and flattened gas bubbles or disk-shaped bubbles accompanied by tiny strain- 


induced fractures. The gas bubbles are uneven in size and densely distributed, forming a cloud-like effect. A 


series of comprehensive tests are required to identify hydrothermally treated beeswax amber (HT amber). 


mber is an organic gem, formed tens of mil- 
A lions of years ago when sap from ancient trees 
hardened and fossilized. Scientists, gemolo- 
gists, and collectors treasure amber that contains sus- 
pended insects or assorted plant fragments, creating 
a fascinating time capsule (Ross, 2010). Amber has 
become increasingly popular in the jewelry trade. It 
is usually translucent to opaque, and its opacity is 
caused by the reflection and scattering of incident 
light by an abundance of internal tiny bubbles. 
“Beeswax,” a term commonly used in the Chinese 
gem trade, refers to amber that is semi-translucent 
to opaque with greasy luster. Beeswax accounts for 
about 60% of natural amber production globally. Due 
to the saying “Millennium amber, million years 
beeswax” in the Chinese gem market, many Chinese 
consumers mistakenly believe that beeswax takes 
much longer to form than amber. This misimpres- 
sion has driven demand for beeswax and significantly 
raised its price. 
Among beeswax, the “chicken-fat” yellow variety 
is highly desired in China for its vivid color, but lim- 
ited in global production. It is worth noting that in 
the international rough amber trade, transparent and 
opaque materials are usually mixed together for sale, 
just as they are mixed together in nature. There is 
usually a layer of weathered skin on the surface of 
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both transparent and opaque rough amber, making it 
impossible to choose them individually by hand 
under normal lighting. There is no price difference 
between the two. Quality is judged according to 
weight, size, shape, and impurities. 

Due to the popularity of beeswax in the Chinese 
market, however, amber processing enterprises have 
preferred to purchase and store rough beeswax mate- 
rials, artificially driving up the price of the rough ma- 


In Brief 


e Hydrothermally treated amber is produced by heating 
the material in an aqueous solution with some catalyst 
to convert it from transparent to opaque. 


e Hydrothermally treated amber shows yellowish white 
or greenish yellow hydrothermally treated skin below 
natural weathered skin. Various-sized pores and newly 
grown cracks or brown crust-like skin are developed 
on the surface of treated rough amber, and a residue of 
white spots is left in treated products. 

e Hydrothermally treated amber displays abundant gas- 
liquid inclusions with small and flattened gas bubbles 
or disk-shaped bubbles accompanied by tiny strain- 
induced fractures. The bubbles are of different sizes 
and densely distributed, forming a cloud-like effect. 


terial. Numerous researchers (e.g., Brody et al., 2001; 
Zhang, 2003; Zhang, 2006; Feist et al., 2007; Ab- 
duriyim et al., 2009; Ross, 2010; Wang et al., 2010, 
2014) have investigated the methods to enhance the 
quality of amber. Many techniques have been at- 
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tempted to improve the color of beeswax amber, such 
as heat treatment. Driven by profit, foreign rough sup- 
pliers have converted ordinary and low-quality trans- 
parent amber to opaque beeswax via hydrothermal 
treatment to cater to Chinese consumers. 

In recent years, Chinese amber manufacturers 
have gradually mastered hydrothermal treatment 
through continuous exploration and technology 
transfer. This is a novel method to optimize the ap- 
pearance of semi-translucent to opaque amber by 
heating it with controlled temperature and pressure 
in a furnace in aqueous solution and inert atmos- 
phere. Submicron- and micron-sized gas bubbles are 
able to migrate into the amber during this process. 
As a result, the treated amber exhibits a uniform and 
compact appearance, and these commercial products 
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Figure 1. Various com- 
mercial HT amber 
products. A: calabash 
beads (751 g total). B: 
light yellow and yellow 
beeswax drop-shaped 
pendants. C: carved 
pendant (white HT 
beeswax). D: roasted 
“chicken-fat” yellow 
beads. E and F: good- 
quality and poor-qual- 
ity necklaces of roasted 
HT amber. Photos by 
Yamei Wang. 
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are commonly known as hydrothermally treated or 
“HT” amber. This treatment expands the availabil- 
ity of amber products but leads to identification 
challenges. 

The quality of HT amber varies, since manufac- 
turers employ a range of technologies and rough ma- 
terials. This method is generally applicable to rough 
amber materials, semi-finished products, and fin- 
ished products. Common HT amber products in- 
clude beads (figure 1A) and some pendants (figure 1, 
B-C). The majority of HT amber beads are used to 
produce “roasted old beeswax” (figure 1, D-F, box A 
details this and other common terms in the Chinese 
amber trade). Hydrothermal treatment followed by 
heat treatment can produce beeswax with a 
“chicken-fat yellow” color (figure 1D). 
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Box A: TERMINOLOGY USED IN THE CHINESE AMBER MARKET 


Beeswax: a common term in the Chinese gem trade, re- 
ferring to semi-translucent to opaque amber that has an 
opalescent, milky appearance with greasy luster (figures 
A-1C and A-2A). 


Chicken-fat yellow beeswax: the most desired beeswax 
variety, possessing a vivid yellow color (figure A-1D). 


Gold-twisted honey amber: amber with semi-transpar- 
ent and semi-opaque internal features (figure A-1B). 


Golden amber: golden transparent amber (figure A-1A). 


HT: hydrothermally treated, as in HT amber, beeswax, 
or copal resin. 


Roasted HT beeswax: hydrothermally treated beeswax 
that subsequently undergoes heat treatment to enhance 
its color (figure A-2C). 


Roasted old beeswax: white or light yellow beeswax that 
is heat-treated to enhance the color to a dark or saturated 
yellow (figure A-2B). 


Weathered skin: a rough layer developed on the surface of 
amber after tens of millions of years of exposure to heat 
and pressure. Due to density variance between different 
resin layers, evaporation and volatilization occurred to- 
gether with oxidation, which caused the surface layer to 
shrink, crack, and form irregular linear features. 


Through experiments, investigation of manufac- 
turing processes, and extensive research and identi- 
fication practice, the authors have developed a 
method to identify HT amber (Wang et al., 2010, 
2014, 2017). In the present work, the authors studied 
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Figure A-2. Images 
of (A) a natural 
beeswax strand, 
(B) a roasted old 
beeswax strand, 
and (C) a roasted 
HT beeswax 
strand. Photos by 
Yamei Wang. 


Figure A-1. Images of (A) golden 

3 amber, (B) gold-twisted honey amber, 
(C) beeswax, and (D) chicken-fat yel- 
low beeswax. Photos by Yamei Wang. 


the inclusions and IR spectra of the specimens be- 
fore and after hydrothermal treatment, providing 
valuable information regarding the formation mech- 
anisms and identification characteristics of HT 
amber. 
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21,978 pounds, 9 shillings, 11 pence for 
creating two crowns, two sceptres, the orb, 
St. Edward’s staff, and ‘the Armilla; the 
Ampull.” 

Due to the effort made at that time to 
duplicate, as nearly as possible, the royal 
treasures which had been destroyed, old 
drawings showing the early Spurs, St. Ed- 
ward’s Staff, and the Sceptre with Dove 
reveal only slight differences between them 
and those which will be used at the June 
coronation of Elizabeth JI. From existing 
cuts of the historic symbols of early English 
sovereignty, Sir Robert also patterned the 
crown, used since 1661 (with the exception 
of in the coronation of Queen Victoria), 
after the one used by the last of the Saxon 
kings, Edward the Confessor, and it is still 
known as “St. Edward’s Crown.” 


ST. EDWARD’S CROWN 


Although St. Edward’s Crown is the great- 
est in symbolism of all the crowns of Great 
Britain, it offers the least in artistic beauty 
as it was created when art was at an ex- 
tremely low ebb in England. Besides having 
little to offer in the way of artistic merit, 
the crown is exceptionally cumbersome and 
heavy, having been made when wigs were 
generally worn, and weighs (according to 
various authorities) somewhere between five 
and seven pounds. The stones mounted in 
the crown are of little material value as they 
are of poor quality, and badly flawed. Noth- 
ing has been added to any inherent beauty 
the stones might possess since our modern 
methods of revealing brilliance through 
scientific cutting and polishing were un- 
known to the Royal Court Jewelers in those 
days. 

However, to Englishmen everywhere, the 
significance of this crown is far more im- 
portant than is the mere worth of the mate- 
rials used. It is the symbol of centuries of 
national greatness—the crown of the realm. 
It is the Crown of England! 

St. Edward’s Crown is fashioned of a 
heavy rim or circlet of gold decorated by 
diamonds. Around the rim, arranged alter- 


nately, are four crosses patee and four fleur- 
de-lis—designs traditional with the crown 
jewels of England—each adorned with dia- 
monds, emeralds, rubies, and sapphires. 

Two complete arches, edged with silver 
pearls, connect the crosses and are further 
decorated with clusters of diamonds and 
other precious stones. These arches are the 
signs of heredity and independent monarchy 
and the depression where they cross at the 
top indicates a royal—rather than imperial— 
crown. 

At the intersection of the arches is mount- 
ed an orb, or globe, of gold which is circled 
by a fillet of more gemstones. A final cross 
tops the golden orb and at its top is a large 
spheroidal pearl with pear-shaped pearls 
hanging from the side arms of the cross. 

Patterned after the crown of St. Edward 
the Confessor, a good ruler and holy man 
of the Lith century, this crown has played 
an important role in the life of each British 
monarch (with the exception of Victoria) 
since 1661—but only for the brief moment 
when it is placed on the royal head as he 
or she is proclaimed king or queen of Eng- 
land by the Archbishop of Canterbury. On 
all state occasions thereafter the Imperial 
State Crown is worn. 


IMPERIAL CROWN OF STATE 


Although little more than a.century old, 
there is perhaps no crown in all the world 
today which exceeds in beauty or richness 
of historic gems, England’s Imperial Crown 
of State. This includes those crowns which 
still exist, most of them only as relics of 
countries once headed by a ruling monarch. 

Fashioned in its present form in 1838 for 
the young Queen Victoria, and used as the 
instrument of coronation, it is the crown 
which has again been selected by Elizabeth 
II for her coronation rites on June 2. The 
present Crown of State weighs only 39 oz. 
5 dwt. in comparison to the several pounds 
of the ponderous Crown of England. 

The Imperial Crown of State is the crown 
which is worn at the opening of Parliament 
and other important state occasions. It is 
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Figure 2. Rough amber materials before hydrothermal treatment, photographed at manufacturing facilities. 
Gold-twisted honey amber rough is shown on the left, transparent golden amber rough on the right. Photos by 


Yamei Wang. 


MATERIALS AND METHODS 


Specimens. The rough amber for hydrothermal treat- 
ment experiments in this study was sourced from 
Kaliningrad, Russia. Beeswax is a unique variety of 
Baltic amber, and amber rough material for HT is 
mostly selected from Baltic amber. (The use of 
Colombian copal resin for HT copal is also found in 
the market; see the Results section under “Micro- 
scopic Characteristics of Hydrothermally Treated 
Copal Resin.”) Two types of commonly used rough 
materials for hydrothermal treatment were chosen 
as samples: gold-twisted honey amber (partially 
transparent and partially opaque) and transparent 
golden amber (both are shown in figure 2). Three rep- 
resentative specimens, labeled as I, II, and III, were 
used for the hydrothermal treatment experiment in 
this study (gemological characteristics of chosen 
specimens can be found in table 1 and figure 4). Sam- 
ple Ill was further heat-treated to mimic old beeswax, 
since in the trade HT amber is often heated to form 
roasted old beeswax. 

Some rough amber pieces (with and without 
weathered skin} presented in the Results and Discus- 
sion sections were typical HT specimens collected by 
the authors from Chinese manufacturing facilities. 
The others were client submissions previously exam- 
ined at the China University of Geosciences gem test- 
ing center in Guangzhou, China. All of these samples, 
studied by the authors over many years, were used to 
show identification features of HT amber. 


HYDROTHERMALLY TREATED BEESWAX AMBER 


The HT amber finished products and copal resin 
beads were client submissions previously examined 
at the gem testing center in Guangzhou. These are 
typical examples of commercial HT amber and HT 
copal resin to mimic natural beeswax in the trade. 
Observations of these products are also presented in 
this study. 


Hydrothermal Treatment Experiment. Hydrother- 
mal treatment aims to introduce an abundance of 
tiny bubbles (nano- and micron-sized) into the amber 
in an aqueous solution with some catalyst. Doing so 
optimizes the appearance of amber by converting it 
from transparent to opaque to mimic beeswax. Hy- 
drothermal treatment is carried out in a pressure au- 
toclave by controlling the temperature and pressure 
and selecting an inert atmosphere (figure 3), similar 
to the pressure furnace established for amber heat 
treatment (Wang et al., 2014). 


Optical Microscopy and Scanning Electron Mi- 
croscopy. Morphological analysis was carried out via 
optical microscopy (Olympus BX 60) and scanning 
electron microscopy (FEI Inspector-F) with an elec- 
tron beam of 20 kV. SEM was conducted to assess the 
morphology of the bubbles in the amber with gold 
coating at room temperature. 


Fourier-Transform Infrared Spectrometry. Three 
amber samples before and after hydrothermal treat- 
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Figure 3. Diagram of the pressure furnace used for hy- 
drothermal treatment. 


ment were measured using a Bruker Tensor-27 
Fourier transform infrared (FTIR) spectrometer to 
check the variations among the functional groups of 
samples. FTIR was used to reflectively scan each 
sample 32 times in the range of approximately 4000- 
400 cm. 
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RESULTS 


Gemological Characteristics of Rough Amber Before 
Hydrothermal Treatment. Three semi-finished 
amber samples were chosen and polished as much as 
possible to remove their weathered skin before hy- 
drothermal treatment (figure 4). The gemological 
characteristics of these rough amber specimens (sam- 
ples I, II, and Ill) before hydrothermal treatment are 
listed in table 1. Sample III was heated after hydro- 
thermal treatment. 


Characteristics of Rough Amber Material After Hy- 
drothermal Treatment. In our experiment, the three 
samples changed from transparent to translucent or 
opaque after hydrothermal treatment, achieving the 
expectation of treatment (see the characteristics in 
table 2). The color of the golden amber (samples I and 
II) became darker, while the gold-twisted honey 
amber (sample III) became white. All three developed 
a layer of khaki-colored, hydrothermally treated skin 
or white hydrothermally treated spots (figure 5, A— 
F). However, the samples’ refractive index and fluo- 
rescence intensity did not change much. 

There was no significant difference in the infrared 
absorption spectra of the three samples before and 
after hydrothermal treatment (figure 5G). Spectra 
show that the characteristics of the aliphatic skele- 
ton structure consist of absorption peaks caused by 
the stretching vibration of C-H saturated in the range 
of approximately 3000 to 2800 cm (Wang et al., 
2010). The corresponding absorption peaks at 1457 
and 1378 cm" are attributed to 5 (CH,-CH,) bending 
vibration and carbonyl stretching vibration absorp- 
tion peaks ranging from 1695 to 1736 cm. In addi- 
tion, the samples have a wide absorption shoulder 
(Baltic shoulder) in the range of 1261 to 1164 cm, 
which is attributed to the C-O stretching vibration. 
This is an unusual peak shape for Baltic amber. 

The effect of hydrothermal treatment can vary de- 
pending on the starting materials. The gold-twisted 
honey amber (translucent, semi-beeswax-like)} 
achieves the best appearance after treatment, while 
golden amber performs the worst. An important 
value factor of beeswax is “waxiness,” a term that 
describes whether the materials look and feel com- 
pact and uniform. Compact and uniform high-qual- 
ity HT amber only accounts for one-third of the 
material treated. Waxiness is related to the number 
and size of the gas bubbles inside the amber. Larger 
bubbles generate more surface area to diffuse light, 
but they also make the texture of beeswax rough. 
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Therefore, high-quality beeswax needs to have a large 
amount of small gas bubbles. 

Visiting the factory, author WYM also noticed fea- 
tures that developed on HT rough amber. A new 
layer of greenish yellow, yellowish white HT skin oc- 


TABLE 1. Gemological characteristics of the rough amber samples. 


Figure 4. Gemological 
characteristics of rough 
amber specimens before 
hydrothermal treat- 
ment. A: sample I 
(golden amber, 10.20 g). 
B: filament and flow 
striation in sample I 
(field of view 11 mm). 
C: gas-liquid inclusions 
in sample I (field of 
view 5.5 mm). D: inter- 
nal impurities in sam- 
ple I (field of view 7 
mm). E: sample II 
(golden amber, 2.24 g). 
F: internal red crack in 
sample II (field of view 
22 mm). G: sample III 
(gold-twisted honey 
amber, 2.39 g). H: trans- 
lucent, semi wax-like 
inclusions in sample III 
(field of view 16 mm). 
Photos by Yamei Wang. 


curred below the natural weathered skin of most HT 
amber rough materials (figure 6, A-B). This HT layer, 
which formed when a large amount of tiny gas bub- 
bles quickly gathered in the shallow surface, had a 
relatively high porosity (figure 6A). A gradual transi- 


Sample no. Weight (g) Category Origin Color Transparency pas (LW) Internal characteristics 
I 10.20 Golden amber Russia Golden yellow Transparent Medium Internally clean, partial flow pattern, 


yellowish white gas-liquid inclusions, filaments, and 
internal impurities 


Il 2.24  Goldenamber Russia Bright yellow Transparent — Strong yellowish Internally clean, with only a small 


white red crack 
ll 2.39 Gold-twisted Ukraine Yellow Translucent and Strong yellowish Transparent and opaque beeswax 
honey semi wax-like white twisted together, as well as various 


sizes of bubbles 
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Figure 5. Variations in the appearance of amber samples before and after hydrothermal treatment: samples I (A 
and B), II (C and D), and III (E and F). G: infrared absorbance before and after hydrothermal treatment. Note that 


there was no weight change after hydrothermal treatment. Photos by Yamei Wang. 


tion was observed (figure 6, C-D) from larger bubbles 
to smaller bubbles with increasing depth (figure 6, E- 
F). No such size change was observed within the 
white HT skin. 

A circular weathered disk often forms around HT 
spots with various sizes, a feature that can be used 
to distinguish treated beeswax (figure 7, A-B). This 


disk can penetrate the amber and remain on the sur- 
face after polishing (figure 7, C—D). It was speculated 
that the weathered disk around HT spots formed 
after prolonged soaking in the condensation water 
droplets and that HT spots might be caused by va- 
porization of water molecules in the furnace. Some 
of the water vapor molecules are recondensed into 


TABLE 2. Gemological characteristics of specimens before and after hydrothermal treatment. 


Sample no. Color Transparency RI Fluorescence (LW) Appearance 
The purpose of treatment was 
Before Gold yellow Transparent 1.54 Medium yellow achieved, but the effect was just 
| fair. A white layer of HT skin 
After Darker yellow-brown Semi-translucent 1.54 Strong yellow-white iss Saale atetie ie nang 
B). The inclusions were invisible 
after hydrothermal treatment. 
Before Light yellow Transparent 1.54 Strong yellow-white — A new layer of HT skin and 
Il spots developed (figure 5, C 
After Darker yellow-brown Opaque 1.54. Strong yellow-white —_ and D). 
Before Yellow Translucent and 1.54. Strong yellow-white The amber changed to white 
tH sonarawtien waoellie and showed uniform wax luster 
after hydrothermal treatment 
After Yellow-white Opaque 1.54 Strong yellow-white (figure 5, E and F). 
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water droplets left on the surface of HT amber (a per- 
manent residue). 

The surface of the freshly HT amber shows a 
“water ripple” structure (figure 8, A-B}, and is often 
locally accompanied by a layer of yellowish white or 
greenish yellow HT skin with various thicknesses, 
or a corrugated, crust-like skin containing mostly 
oval pores (figure 8, C-D). Some surface areas on the 
HT skin are cracked, forming a crust-like texture (fig- 
ure 8E). In some cases, yellowish white HT skin is 
found below the black naturally weathered skin of 
rough amber (figure 8F). All these features are quite 
different from the weathered skin or cracks on un- 
treated amber. The HT skin and spots are therefore 
diagnostic evidence of HT amber. 


Microscopic Characteristics of Finished HT Amber. 
The appearance of HT amber is mostly uniform and 
waxy (figure 1, B-E) with undeveloped flow lines, 
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Figure 6. External and 
internal characteristics 
of HT amber rough. A: 
yellowish green HT 
skin. B: yellowish 
white HT skin. C and 
D: HT skin transition 
phenomenon. E and F: 
bubble stratification 
phenomenon. These 
previously examined 
samples were collected 
from manufacturing fa- 
cilities. Photos by 
Yamei Wang. 


- 


FOV=5.5.mm 


sometimes with white HT spots as well as a compact 
structure. With magnification, one can easily detect 
an abundance of gas bubbles around HT spots. These 
bubbles lower the transparency of the amber. A larger 
number of smaller bubbles provides a higher-quality 
treated amber (figure 9, A-B). Dense, flat, or disk- 
shaped gas bubbles or gas-liquid inclusions are com- 
monly found in HT amber (figure 9, C-F). The size 
range of gas bubbles in HT amber is substantially 
greater than that in untreated beeswax. 

HT amber retains the natural flow lines of gold- 
twisted honey amber. However, the flow lines ap- 
pear disordered, less clear, and smoother compared 
to the pattern in natural beeswax, which may be at- 
tributed to the impact of later gas intervention (fig- 
ure 9, G-H). 

In the Chinese market, most HT beeswax mate- 
rials are further heated to obtain a vivid yellow color. 
The surface of HT beeswax is slowly oxidized during 
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Figure 7. Features of 
hydrothermally treated 
spots. A: newly gener- 
ated spots on the HT 
skin of sample II. B: 
newly generated spots 
on the weathered skin 
of sample I. C: spots 
penetrated the HT skin. 
D: spots on the pol- 
ished surface. These 
previously examined 
samples were collected 
from amber manufac- 
turing factories. Photos 
by Yamei Wang. 


FOV=33.8 mm 


the heat treatment, and the color may reach chicken- sized and different-colored bubbles near the surface 
fat yellow. There is an obvious layering of different- of roasted HT amber (figure 91). There is no color dif- 


Figure 8. Features of 
hydrothermally treated 
skin. A and B: water 
ripple structure. C and 
D: oriented and distrib- 
uted bubbles or resid- 
ual porosity on HT 
skin. E: cracked or 
brown crust-like HT 
skin. F: yellowish white 
HT skin below the 

3 weathered skin of rough 
3 amber material. These 


a Ky eeu previously examined 
samples were collected 
from amber manufac- 
turing facilities. Photos 


by Yamei Wang. 
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Figure 9. Inclusions in 
HT amber. A: HT spots 
on the surface of roasted 
HT amber. B: HT spots 
on finished amber sur- 
face. C: dense, flat gas 
bubbles. D: dense, disk- 
shaped gas inclusions. 
E: bubble cluster near 
the HT spots. F: en- 
riched gas-liquid phase 
inclusions. G: fuzzy 
flow lines. H: disordered 
flow lines. I: color zon- 
ing close to the surface 
of roasted HT amber. J: 
a spread white pattern 
along the crack. These 
previously examined 
samples were collected 
from amber manufac- 
turing facilities. Photos 
by Yamei Wang. 


FOV=4.4 mm 


FOV=22 mm 


ference if the sample is not roasted but only hy- pears along the cracks after hydrothermal treatment 
drothermally treated. A white diffusion pattern ap- _ of originally cracked amber (figure 9). 
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Microscopic Characteristics of Hydrothermally 
Treated Copal Resin. The HT copal resin finished 
products (figure 10) mimic the appearance of natural 
beeswax. For example, Colombian copal resin can be 
transformed into yellow or yellow-green opaque 
copal after hydrothermal treatment. The client who 
sent the copal resin beads for examination acknowl- 
edged that they went through multiple cycles of hy- 
drothermal treatment, around 20 hours total. Since 
the original copal resin material is transparent with- 
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Figure 10. A: concentric 
structures of HT copal 
beads. B: thick and 
thin straight lines of 
HT copal beads. C: 
flow lines similar to 
beeswax. D: striped 
structures of HT copal 
beads. E: round dot-like 
HT spots. F: large HT 
spots. G: densely dis- 
tributed HT spots along 
the white belt. H: obvi- 
ous boundaries be- 
tween the opaque and 
transparent areas (the 
diameter of the bead is 
around 11-12 mm). 
These previously exam- 
ined samples were from 
a client’s collection. 
Photos by Yamei Wang. 


out flow lines, the HT copal will not show the flow 
patterns. This is very different from HT amber, 
which often starts with gold-twisted honey amber 
full of flow lines. These flow lines are often retained 
in the HT products. HT copal resin instead shows 
more concentric rings and a straight, irregular, and 
banded or striped texture (figure 10, A-D). There are 
various forms of HT spots (figure 10, E-G), and the 
boundaries between the opaque and transparent areas 
of copal are often very obvious (figure 10H). There 
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Figure 11. A and B: Disk-like bubbles in HT copal resin. C: Large HT spots on the surface of a copal resin sample. 
These samples were from a client’s collection. Photos by Yamei Wang. 


are obvious disk-like bubbles in the HT copal resin 
and large HT spot residues on the surface of copal 
resin (figure 11). 


DISCUSSION 

The Mechanism of Hydrothermal Treatment. The 
purpose of hydrothermal treatment is to generate the 
same mechanism that turns natural beeswax opaque 
by adjusting the temperature, pressure (inert gas), and 
saturated vapor pressure inside the furnace to make 
the water vapor penetrate the softened amber. To bet- 
ter illustrate the equilibrium of two-phase wet steam 
on the amber surface, the hydrothermal treatment 
process is illustrated in figure 12A. The effect is sim- 


ilar to when a tap water valve is opened all the way 
and the high water pressure in the pipe causes bub- 
bles to form as air is trapped within the water, mak- 
ing it appear white and opaque. When the water 
pressure is reduced close to atmospheric pressure, the 
flowing water does not contain so many air bubbles 
and becomes transparent (figure 12B, top). 

There are two types of vaporization: evaporation 
and boiling. Evaporation occurs on the surface, while 
boiling occurs when the saturated vapor pressure is 
equal to the external pressure. Both forms are suitable 
for hydrothermal treatment of amber. First of all, 
amber in the furnace will be affected by the dual role 
of temperature and pressure, resulting in softening 
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tion of H,O steam on 
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(making it rubbery). Meanwhile, at a certain temper- 
ature when the conditions in the chamber are ade- 
quate to give the water molecules enough kinetic 
energy to break away from the surrounding mole- 
cules, steam will form. Water vapor in the chamber 
by means of steam pressure and the pressure of exter- 
nal inert gas constantly penetrates the softened amber 
in the form of wrapped bubbles; the amber becomes 
opaque, with a wax-like or milky color, achieving the 
appearance of beeswax. 

Beeswax is translucent to opaque and milky in ap- 
pearance, the result of reflection and scattering of 
light by abundant tiny gas bubbles in the amber. 
Wang et al. (2016) used SEM to observe the size and 
distribution of bubbles per unit area and the area 
ratio of bubbles in a variety of amber specimens. The 
gas bubbles, caused by the volatile materials within 
amber, have a round shape (ranging from 100 nm to 
15 pm, with a density of hundreds to thousands of 
bubbles per mm?) and are uniformly distributed. The 
density of the gas bubbles is positively related to the 
amber’s opacity. The higher density of the gas bub- 
bles leads to a less transparent appearance. The 
smaller the gas bubbles, the smoother or more com- 
pact the texture is. 
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Figure 13. SEM images 
of bubbles in (A) natural 
beeswax and (B) HT 
beeswax amber. SEM 
images of (C) natural 
white beeswax and (D) 
crust of HT white 
beeswax. Samples were 
collected from amber 
manufacturing facilities. 
Photos by Yamei Wang. 


HT Amber Quality and Durability. Softening the 
amber is a prerequisite of treatment. Once softened, 
the amount of gas bubbles penetrating the amber 
during hydrothermal treatment is related to pressure. 
There is no obvious difference in the size range of gas 
bubbles in natural beeswax and HT beeswax under 
SEM because of the much smaller area of observation 
(figure 13, A-B). However, the observation is dramat- 
ically different under an optical microscope: The gas 
bubbles in HT beeswax are small and flattened or 
disk-shaped and densely distributed (figure 9D). Gas 
bubbles in natural white beeswax can only be ob- 
served under SEM of 5000-10,000x magnification. In 
general, 30x or higher magnification is required to 
see bubbles in natural beeswax, while 10x magnifi- 
cation is sufficient for HT amber. The white HT skin 
is caused by rapid accumulation of tiny gas bubbles 
in the highly porous shallow surface of the amber. 
Gas bubbles can be divided into two different groups: 
the micron-scale bubbles that are clearly visible at 
800x magnification (figure 13B and 13D, red circle} 
and the secondary nano-scale bubbles visible at 
10,000x magnification (figure 13D, blue circle). The 
density of bubbles in beeswax is positively related to 
opacity. Both the porcelain white color and the com- 
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also the crown which rests on the bier of 
the sovereign after death. It is regarded, 
more or less, as the personal property of the 
ruling © onarch and may be changed to sat- 
isfy his tastes, or the fickle whims of fashion. 
Latest news from London reveals that the 
crown has been taken from The Tower and 
changes are now being made by the crown 
jewelers. The same jewels will be replaced 
in the refashioned crown with only such 
minor changes made as tightening the band 
and bending the arches inward so that it 
may appear less lofty and heavy-looking. 

In the British State Crown are seen the 
imperial arches which are not depressed at 
their joint meeting as are those of the royal 
St. Edward’s Crown. Although the crown 
is comparatively young in years, many of its 
gems are famous for their long and violent 
histories. In addition to the several historic 
gems, which we shall later describe, the fol- 
lowing lesser stones are used in the beautiful 
designs of the crown: four rubies, 11 em- 
eralds, 16 sapphires, 277 pearls, and 2,783 
diamonds which represent every kind of 
cutting. 

In the center front of the gem-encrusted 
silver circlet with its light, airy filigree con- 
struction is the second largest stone cut from 
the famous Cullinan diamond—weighing 317 
metric carats. Directly above the pearl-bor- 
dered rim, in the center front, is the his- 
toric Black Prince’s “Ruby’? mounted in a 
cross patee of brilliant diamonds. Emeralds 
are used in the centers of the other three 
crosses of the crown. Rubies center the tra- 
ditional fleur-de-lis topping the rim at alter- 
nate positions with the crosses. The. arches 
themselves are thickly covered with dia- 
monds and pearls while the large egg-shaped 
pearls at the intersection of the arches were 
once the earrings of the first Queen Eliza- 
beth according to Tower tradition. 

The orb is solidly overlaid with diamonds 
as is the cross above in the center of which 
is a sapphire of magnificent color, said to 
have once been mounted in the ring of Ed- 
ward the Confessor. In the center back of 
the rim is mounted the great Stuart Sapphire 


which once held the spot of prominence now 
given to the Star of Africa diamond. 

The Crown’s very lightness of weight 
played into the scheme of the unscrupulous 
Colone! Blood who in 1671 made a bold 
attempt to steal the Crown Jewels from 
their seeming place of safety in the Tower. 
Because of this lightness and delicacy of 
workmanship, he was able to crush the 
fragile Crown with a mallet and conceal it 
in a special bag carried under his purloined 
clerical robes. 


THE STUART SAPPHIRE 


Little is known of the early history of the 
Stuart Sapphire although it is known defi- 
nitely to have been among the royal gems 
which accompanied James II, last of the 
Stuart kings, in his hasty retreat to France. 
It is possible the stone was once owned by 
Charles II but only conjecture gives it an 
earlier place in the troubled past of the 
Stuart family. When the Stuart cause was 
conceded lost by the deposed defendants of 
Mary, tragic Queen of Scots, it was left by 
Cardinal York, son of the Old Pretender, 
to George III and has since maintained a 
prominent place in the Imperial Crown of 
State. 


THE BLACK PRINCE’S RUBY 


More often discussed—and more frequent- 
ly questioned—than any of the famous royal 
gems is the famous “ruby” of Edward, the 
Black Prince, hero of Crecy and Poitiers. 
Discovery that the stone was really a spinel, 
rather than the more valuable ruby, was 
made when an inventory was taken by the 
Commonwealth at the time the Crown 
Jewels of England were broken up and sold. 
Its adventurous history, ancient age, and 
long association with affairs of the British 
kingdom, however, endeared the stone no 
less in the hearts of Englishmen and it still 
retains its very prominent position in the 
center cross of the Crown of State. 

First recorded history of the ruby places 
it among the treasures of the Moorish King 
of Granada who, in 1367, was murdered 
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Figure 14. SEM images A—D show the characteristics of natural beeswax. A: layering structure. B: gas bubbles scat- 
tered in the amber matrix. C: gas bubbles with a size of 8-11 pm, uniformly dispersed in the matrix. D: closely 
distributed gas bubbles, 8-17 um. SEM images E-H show the characteristics of hydrothermally treated beeswax. 
E: oval bubbles oriented along the long axis. F: residual stress cracks along the oval bubbles. G: a parallel stress 
pattern. H: submicron-/micron-sized bubbles. These previously examined samples were collected from amber 


manufacturing facilities. Photos by Yan Li. 


pact structure of high-quality natural white beeswax 
are attributed to the nano-scale bubbles (figure 13C). 
Hence, the large amount of artificially introduced 
nano-scale bubbles (figure 13D, blue circle) in the 
treated samples will lead to an even more compact 
structure of white HT skin and a milky appearance. 

HT beeswax beads are especially prone to breaking 
or cracking in the process of drilling. In comparison, 
natural beeswax has high toughness, possibly due to 
its layering structure (figure 14A). The distribution, 
amount, and density of tiny gas bubbles in the HT 
amber was different from that in natural beeswax (fig- 
ure 14, B-D). Depending on the cutting direction, it is 
possible to see both circular and oval bubbles in HT 
amber, and figure 14E shows an orientation along the 
bubbles’ long axis direction and residual stress cracks 
along the oval bubbles (figure 14F), accompanied by 
small but obvious stress patterns (figure 14G). HT 
beeswax is easily burst during processing due to resid- 
ual stress cracks. The submicron-/micron-sized bub- 
bles (figure 14H) penetrating the HT amber are 
associated with a certain pressure that has not been 
disclosed. It is presumed that gas bubbles form in HT 
beeswax from the synergistic effect of temperature and 
pressure during the hydrothermal treatment process. 
Adjacent gas bubbles may squeeze each other, result- 
ing in deformation and forming stress patterns or lines. 
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Definition and Identification of Hydrothermally 
Treated Amber. Definition and Naming. Since HT 
amber is a new product, the authors suggest that sev- 
eral factors be taken into consideration for defining 
it: 


1. The hydrothermal treatment process is similar 
to heat treatment in practice, as both are com- 
pleted in a pressure furnace. They have oppo- 
site outcomes, however (Wang et al., 2010). 
Heat treatment is a purification process for 
squeezing gas inclusions out of the amber to 
form transparent golden amber, while hy- 
drothermal treatment aims to introduce sub- 
micron-/micron-sized bubbles into the amber 
to create a milky appearance (figure 15). 


2. Hydrothermal treatment aims to improve the 
appearance of amber by artificially creating in- 
clusions, causing the appearance of natural 
beeswax. Translucent amber, semi-beeswax, 
gold-twisted honey amber, transparent gold 
amber, and low-quality beeswax usually serve 
as the starting materials for hydrothermal treat- 
ment. 

3. HT amber (figure 16, left) is mostly used for fur- 
ther heat treatment to produce roasted old 
beeswax (figure 16, right; see definition in box 
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20mm 


20 mm 


Figure 15. Semi-finished amber before and after hydrothermal treatment, photographed at the factory. Photos by 


Yamei Wang. 


A). Natural beeswax with a faint yellow color 
could be heat-treated to mimic saturated yel- 
low or dark yellow beeswax (see figure A-2C). 
The roasted old beeswax formed slowly due to 
oxidation from more than 15 days of continu- 
ous heat treatment at 60-90°C under atmos- 
pheric pressure (figure 1, D-F). However, the 
structure of the roasted HT amber did not 
change significantly, indicating its durability. 


4. HT amber is mainly composed of foreign gas 
bubbles in the structure through physical intro- 
duction, but natural beeswax contains its own 
volatile ingredients (Yang et al., 2002). A series 
of processes take place during the formation of 
amber from resinite. Two key processes have 
been recognized by researchers, namely poly- 
merization and volatilization (Scalarone et al., 
2003; Guiliano et al., 2007). Volatilization refers 
to the process in which volatile components 
(VCs} contained in the original resinite continu- 
ously escape during the geological process. The 
VCs mainly include terpenes, unsaturated com- 
pounds, and carboxylic acids (Matuszewska and 
John, 2004). According to the shape and distri- 
bution of bubbles in amber, it is speculated that 
the formation of bubbles is related to terpenes, 
succinic acid, and other volatiles carried by 
amber itself. This is distinctly different from gas- 
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liquid inclusions, which are isolated, gas-liquid 
two-phase inclusions (figure 9F, observed by 
gemological microscope). 


Baltic amber comes from pine and cypress trees. 
Infrared spectroscopy shows that it has a higher con- 
tent of volatile components and succinic acid in the 
initial resinite than amber from other areas (such as 
Myanmar, Mexico, China, and the Dominican Re- 
public). FTIR results show that almost all Baltic 
amber without heat treatment has a set of absorption 
peaks near 3070, 1645, and 888 cm"! caused by C=C 
stretching vibration and out-of-plane bending vibra- 
tion of C-H on the double bond of methylene outside 
the ring (Wang et al., 2016). These absorption peaks 
reflect the fact that while the evolution of Baltic 
amber took place over a period of 50 million years, a 
small amount of volatile terpenes containing unsat- 
urated bonds remained. The VCs were buried to- 
gether with the resinite, leading to the change in 
shape and distribution of bubbles with the variations 
of temperature, pressure, wall rock type, and other 
geological conditions. Since the Tertiary period, the 
geological conditions of the Baltic Sea area have con- 
tinuously evolved. The volatile components of 
buried resin fossils have continuously escaped over 
that time. However, amber can be found in geological 
environments with high pressure (for example, the 
surrounding rock of amber in the Baltic Sea was 


Figure 16. Left: HT 
amber beads. Right: 
The roasted HT amber 
with enhanced color. 
Samples were collected 
from the factory. Pho- 
tos by Yamei Wang. 
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The appearance of HT amber is mostly uniform and “waxy’ 


” 


White “HT spots” as well as the delicate structure 


Disordered flow lines 


Figure 17. Flowchart 
for the identification of 
hydrothermally treated 
amber. Photos by 
Yamei Wang. 


| 


White diffusion pattern appears along the cracks 


mainly a blue mud layer). Occasionally bubbles are 
enclosed in amber to form beeswax, and they tend to 
become smaller. Gas chromatography coupled with 
mass spectrometry has been successfully used for 
identification of VCs contained in the fossil resin ma- 
trix (Stout et al., 2000; Virgolici et al., 2010), and the 
results confirmed that the VCs mainly consist of aro- 
matic compounds such as terpenes, semiquinones, 
and biguanides. 

The authors believe that hydrothermal treatment 
is a practical and acceptable method to enhance the 
appearance of amber to fulfill market demand in cer- 
tain locations. Western markets might not enjoy the 
opaque products as much as the Chinese market. 
This belief is based on a comprehensive analysis of 
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the nature of the HT treatment materials, technical 
process, purpose, effect, stability, market acceptance, 
and detection standards. In recent years, it has been 
used more and more widely in the market and ac- 
counts for a relatively large proportion of bead prod- 
ucts. In order to ensure that consumers are informed, 
it should be referred to as amber rather than beeswax. 
However, the use of hydrothermal treatment needs 
to be disclosed. 


Identification of Hydrothermally Treated Amber. As 
explained above, it is feasible for experienced gemol- 
ogists to definitively identify HT amber pieces. 
Identification focuses on external and internal char- 
acteristics (figure 17): 


Gems & GEMOLOGY Fal. 2019 385 


1. The appearance of HT amber is mostly uniform 
and waxy. 


2. It sometimes displays white HT spots as well 
as a compact structure. 


3. There are usually dense, flat, or disk-shaped gas 
bubbles or gas-liquid inclusions in HT amber. 
Also, the gas bubbles in HT amber are generally 
much larger than those in natural beeswax. 


4. HT amber retains the natural flow lines of gold- 
twisted honey amber. However, the flow lines 
appear disordered, less well-defined and smooth 
than the pattern of natural beeswax, which 
may be attributed to the impact of later gas in- 
terventions. 


5. A white diffusion pattern appears along cracks 
after treatment of original cracked amber. 


CONCLUSIONS 


Hydrothermal treatment can be used to improve the 
appearance of amber materials (from transparent to 
opaque) to cater to Chinese consumers. During the 
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process, an abundance of tiny submicron-/micron- 
sized bubbles penetrate the amber in an aqueous so- 
lution (with some catalyst) through controlling the 
temperature and pressure and selecting an inert at- 
mosphere environment. After treatment, the inner 
layer of the weathered skin of rough amber material 
will generate a layer of yellowish white or greenish 
yellow HT skin of various thicknesses, or a corru- 
gated crust containing pores. The finished amber 
shows a residue of hydrothermally treated spots of 
different sizes, which may penetrate the amber’s in- 
terior or remain on the polished surface. It is recom- 
mended to look for dense, flat, or disk-shaped bubbles 
and gas-liquid inclusions in the finished products. In 
addition, the original flow pattern in the gold-twisted 
honey amber affected by the subsequent interference 
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are needed to identify HT amber. 
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aa ARTICLES 


EFFECTS OF MOLLUSK SIZE ON GROWTH 
AND COLOR OF CULTURED HALF-PEARLS 
FROM PHUKET, THAILAND 


Kannika Kanjanachatree, Napapit Limsathapornkul, Amorn Inthonjaroen, and Raymond J. Ritchie 


The pearl mollusk Pteria penguin is popular for the production of half-pearls (mabe or cultured blister pearls). 


Research was carried out on two shell size classes implanted with half-pearl nuclei: the standard 140-145 mm 


size class (n = 200) was the control, and the smaller 130-135 mm size class (n = 200) was the test group. The 


mollusks were hung on strings at a sea depth of 2 m for up to 10 months. Implant rejection rates for the two 


mollusk groups were not significantly different, but the small mollusks had much lower mortality and grew 


faster. Nacre growth was not significantly different. Digital spectral analysis showed that the three red-green- 


blue (RGB) colors of the cultured half-pearls followed independent sinusoidal seasonal patterns with time periods 


of about 10 + 0.3 months. The amplitude of variation in the RGB colors of the cultured half-pearls were all 


larger in the small pearl mollusks. 


ost of the pearl farms in Phuket, Thailand, 
M use Pteria penguin (Réding, 1798) to pro- 

duce half-pearls (Kanjanachatree et al., 
2.003, 2019). These typically have a cream and white 
color (figure 1), but the mollusk also produces yellow 
pearls, black half-pearls, and bicolor half-pearls 
(Shor, 2007). The major determining factor in the vi- 
ability of the cultured half-pearl industry is consis- 
tent production of good-quality half-pearls as 
demanded by the market (Ky et al., 2014a,b). Re- 
search is needed to improve quality and consistency. 
In addition to size, thickness, and weight, consider- 
ation should also be given to the luster, darkness, 
shape, and visible color. The color of pearls is defined 
by two main criteria: the overall bodycolor of the 
pearl, a combination of many pigments; and second- 
ary color that is due to refraction and wavelength in- 
terference effects, with some colors scattered on the 
pearl surface (Karampelas et al., 2011; Abduriyim, 
2018). Some pearls are bicolor (white and yellow or 
black and yellow) (Kanjanachatree et al., 2019). The 
factors that contribute to different colors are the 
mollusk species, pearl thickness, water quality of 
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the pearl farm, plankton density (food quality and 
quantity) (Snow et al., 2004; Shor, 2007), and the ge- 
netics of the mollusk population (Ky et al., 2014a,b, 
2018). 


In Brief 


¢ Color development of half pearls in Pteria penguin in 
small and standard-sized mollusks was followed over 
10 months. The smaller mollusks grew faster and had 
better nacre growth. 


¢ RBG (red-green-blue) color analysis showed that the 
colors of the half-pearls varied during development fol- 
lowing sine curves. 


The sinusoidal curves of red, green, and blue colors 
were out of phase, and so the overall color varied with 
age and size class of the host mollusk. 


The periodicity of color development has important 
consequences for color-matching of half-pearls. 


Plankton are small organisms that float freely in 
the water. Almost all types of algae, including some 
bacteria and molds, are also present. Zooplankton 
consist of single- and multi-celled organisms, includ- 
ing small invertebrates, and also include the larvae 
of fish and invertebrates. Phytoplankton are small 
single-celled or multi-celled or colonial algae. They 
are the most abundant of all plankton and the major 
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photosynthetic primary producers in marine ecosys- 
tems (Falkowski and Raven, 2007). They float in the 
water freely, but there are some mobile species with 
flagella. Although some are large enough to see with 
the naked eye, most are well below this in size. Phy- 
toplankton use solar energy to fix inorganic carbon 
and convert nutrients. The primary photosynthetic 
pigment, chlorophyll a, is routinely measured to in- 
dicate the biomass of phytoplankton in water 
(Falkowski and Raven, 2007; Kanjanachatree et al., 
2019). 

The purpose of this research was to find ways to 
increase the overall production and value of cultured 
half-pearls. We set out to determine the optimum 
mollusk size and compare the rejection rate, the 
mortality rate of the seeded mollusks, and the color 
and quality of the cultured half-pearl, particularly 
any changes in the quality of the color from month 
to month in the cultivation of Pteria penguin. 


MATERIALS AND METHODS 


Collection and Sorting of Mollusks. A batch of more 
than 400 wild mollusks were collected from the 
Sapum Bay area of Phuket, near the pearl farm, in Au- 
gust 2015. In Phuket, this is the middle of the wet 
season. They were measured for overall length and di- 
vided into two classes. Based on the breeding seasons 
for Pteria penguin, these young mollusks were prob- 
ably all 2-2% years of age (Milione and Southgate, 
2012; Kanjanachatree et al., 2019). 

Of these, 200 pearl mollusks were designated the 
large or standard mollusk class, measuring 140-145 
mm in length. Because this is the size class typically 
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Figure 1. Cultured half- 
pearls from different- 
sized Pteria 

penguin mollusks. 
Photo by Kannika Kan- 
janachatree. 


used for half-pearl cultivation, we made this the con- 
trol group (figure 2). The second class consisted of 200 
smaller mollusks, measuring 130-135 mm in length. 
These formed the test group for the experiment. 


Implantation Procedure. Half-pearl nuclei (17 mm di- 
ameter) were implanted in August 2015, and the ex- 
periment was run for 10 months. Standard half-pearl 
cultivation practices were followed as described by 
Taylor and Strack (2008) and in our previous publi- 
cations (Kanjanachatree et al., 2003, 2019). The mol- 
lusk was left in the air for 30 minutes, or in 


Figure 2. Different size classes of Pteria penguin pearl 
mollusks: small (130-135 mm) and standard (140- 
145 mm). Photo by Kannika Kanjanachattee. 
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Figure 3. Drilling shells for hanging mollusks on strings: a pearl mollusk prepared for drilling (left), the drilling pro- 
cedure (center), and the stringing (right). Photos by Kannika Kanjanachatree. 


continuously running seawater. Shells began to open, 
and then a small wooden wedge was inserted into the 
mollusk to hold it open (Shor, 2007). Shells were 
placed in a clamp, pliers were used to insert the 
speculum, and the mollusk was held open using a 
metal spatula. The nucleus is made from resin and 
has a base length of 17 mm. It is attached to the shell 
with a glue containing ethyl-2-cyanoacrylate. Nuclei 
were placed near the adductor muscle in the standard 
position used for mabe (cultured blister) half-pearls. 

A small hole was drilled in each shell so the mol- 
lusks could be hung in the water in strings, two me- 
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ters below the surface to avoid excessive sunlight 
(figures 3 and 4). Mollusks also receive a larger 
amount of plankton at this depth (Kanjanachatree et 
al., 2003). All mollusks were checked each month 
and scrubbed to remove fouling organisms (Taylor 
and Strack, 2008). Harsher methods for removing 
fouling organisms were avoided. 


Assessment of Growth of Cultured Half-Pearls, Food 
Resources, and Half-Pearl Quality. Ten mollusks 
were randomly selected each month for assessment. 
These mollusks were removed from the experiment, 


Figure 4. Preparation 
and hanging the mol- 
lusks on strings two 
meters below the 
water’s surface on the 
floating raft pearl farm. 
Photo by Kannika Kan- 
janachatree. 


FALL 2019 


Gems & GEMOLOGY 


so the cohort decreased from 200 at month 0 to 100 
at month 10. In our previous study (Kanjanachatree 
et al., 2019) the parameters could be measured non- 
destructively and the mollusks were returned to the 
water, but the measurements made in the present 
study necessarily involved the death of the mollusks. 

The assessed parameters were mortality, rejection 
of nucleus by the mollusk, half-pearl nacre forma- 
tion, pearl nacre thickness, and growth of shell from 
the differently sized Pteria penguin mollusks. Data 
were recorded over the 10 months of the project 
(mean + 95% confidence limits, n = 10). 


Chlorophyll Analysis. Chlorophyll measurements 
were made on water samples taken for the environ- 
mental monitoring. The water samples were col- 
lected from the pearl farm at four points to determine 
the average chlorophyll and carotene content. Cells 
were filtered using standard 0.45 um filter disks. 
Chlorophyll was assayed using a formula for a mixed 
phytoplankton population (Ritchie, 2006) using 
ethanol solvent and a Shimadzu UV-1601 UV-visible 
dual beam spectrophotometer. Water sample vol- 
umes were 500 mL. Chlorophyll content was ex- 
pressed as pg/L of water sample. The monthly results 
(see supplementary table 1 at https://www.gia.edu/ 
doc/FA19-Phuket-Half-Pearls-Supplementary- 
Tablel.pdf) were similar to those published previ- 
ously in Kanjanachatree et al. (2019). 


Color of Cultured Half-Pearls. There has been a 
resurgence of interest in quantitative color analysis 
of pearls (Ky et al., 2014a,b, 2018), particularly as a 
result of the finding that selective breeding for color 
is possible. The color of the half-pearls was measured 
using the method and simple apparatus described by 
Choodum et al. (2014) for use on drug samples. The 
device uses readily accessible mobile phone technol- 
ogy for digital image analysis of red, green, and blue 
(RGB) light. The device is a simple light box fitted 
with a white LED light source and constructed using 
minimal equipment, as opposed to an integrating 
sphere scanning spectrophotometer that is highly 
specialized and not readily available. The measured 
colors of the half-pearls were compared month to 
month and compared to a set of cultured half-pearl 
standard colors (Phuket Pearl Industry Standards). 


Statistical Analysis. Completely randomized design 
data were analyzed by one-way analysis of variance 
(ANOVA), and comparisons of mean values were 
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made using Duncan’s new multiple range test 
(DMRT]) using standard statistical analysis packages. 
The confidence level of p < 5% was chosen as the sig- 
nificant difference criterion. Samples with the same 
superscript letter were not significantly different (p 
< 0.05). Standard linear regression methods were used 
to fit linear regressions (Y = mx + b) to data. The sea- 
sonal sinusoidal fit to the half-pearl color data was 
performed using non-linear least squares methods, 
and the asymptotic errors of the fitted parameters 
were calculated by matrix inversion. The standard 
statistical reference text used was Snedecor and 
Cochran (1980). 


RESULTS AND DISCUSSION 


Water Quality and Chlorophyll Content Over the 
Course of This Study. Phuket has a wet maritime 
monsoonal climate, with a wet season from April to 
November each year (about 300 mm/month) and a 
dry season the rest of the year (about 100 
mm/month) (Kanjanachatree et al., 2019). The dry 
season drought is therefore not as severe as in main- 
land Asia. The study was begun in August and con- 
tinued over 10 months, so it extended from the 
middle of the wet season to the beginning of the next 
wet season. During the monthly monitoring of the 
mollusks, midday measurements were made of Sec- 
chi depth (cm), air temperature (°C), surface water 
temperature (°C), salinity in parts per thousand (%o], 
and pH using standard methods for measurements of 
water and wastewater (Cleseri et al., 1998, known as 
the APHA manual). Similar monthly results have 
been published previously in Kanjanachatree et al. 
(2019). Overall, the results in the present study were 
very uniform, with little seasonality in the five pa- 
rameters of water quality just mentioned, so overall 
values were calculated (see supplementary table 2 at 
https://www.gia.edu/doc/FA19-Phuket-Half-Pearls- 
Supplementary-Table2.pdf). The calculated values 
compared well with previous environmental data for 
the study site (Kanjanachatree et al., 2019). The Sec- 
chi disk depth was 106 + 12 cm, the water tempera- 
ture was 29 + 0.8°C (range of 26-32°C}, the salinity 
was 30 « 0.5 ppt (range of 27-35 ppt], and the dis- 
solved oxygen was typically high (5.63 + 0.64 mg/L ~ 
87% saturation, range of 5.2-7.3), and the overall pH 
was typical for seawater (8.3). Seawater becomes 
more acidic when CO, levels are high and more al- 
kaline when phytoplankton remove CO,. There was 
very little seasonality of conditions at the study site 
compared to other pearl-growing areas in more tem- 
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PEARL IMPLANT LOSSES OVER TIME (MONTHS) 
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Figure 5. Rejection, 
mortality, and total 
losses of the control 
group and the test 
group after implanta- 
tion of a half-pearl nu- 
cleus over time. The 
control mollusks had 
higher mortality rates 
and overall losses than 
the small mollusks. 
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perate climates such as Japan (Tomaru et al., 2002a,b; 
Muhammad et al., 2017), Mexico (Ruiz-Rubio et al., 
2.006), and Australia (Milione and Southgate, 2012). 

The chlorophyll a levels in the water column 
were remarkably constant over the growing period 
used in this study, about 0.8 pg/L (0.868 + 0.046) ex- 
cept for a January high level of about 1.0 pg/L (1.02 + 
0.079). Overall mean values and + 95% confidence 
limits have been calculated (again, see supplemen- 
tary table 1). The relative amounts of chlorophylls a, 
b, and c are a guide to the predominant types of 
plankton present over the year (Falkowski and 
Raven, 2007): Chlorophyll b indicates the presence 
of green algae (Chl a + b), and chlorophyll c indicates 
the predominance of chromo flagellates and diatoms. 
High carotenoids indicate a heavy presence of Chl a 
+c organisms. By such criteria, the relative abun- 
dance of algae containing chlorophyll b was more or 
less constant over the year, but there were high levels 
of Chl c and carotenoids in October (month 2) at the 
end of the wet season and in December (month 4}, 
which is in the first half of the dry season. Large algal 
blooms did not occur during the course of the study, 
and the plankton food supply for the mollusks was 
remarkably constant, reflecting Phuket’s tropical 
maritime climate. 
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Performance of the Different-Sized Pteria penguin 
Pearl Mollusks. The mollusks used in the study 
would have been about 2. to 2% years old (Milione and 
Southgate, 2012; Kanjanachatree et al., 2019). Smaller 
pearl mollusks had better growth, much lower mor- 
tality, and lower overall losses than the larger mol- 
lusks in the control group (supplementary table 2, 
figure 5). The first-month rejection rates, mortality 
rates, and total losses for the control group and the 
small mollusks were not significantly different (rejec- 
tion 7.3 + 3.6%; mortality 6.0 + 3.3%; overall losses 
13.3 + 4.7%, n = 400). The 10-month rejection rate 
(16% vs. 13%) was not significantly different, either, 
but there was a large difference in the mortality rate 
(39% vs. 20% respectively, p < 0.001). The sum of re- 
jection + mortality was consequently much higher in 
the control group than in the small mollusks (55% 
vs. 33% respectively, p <0.001). After the losses in the 
first month, the rejection rate, mortality, and overall 
losses were approximately linear over time (p << 
0.001), with no obvious seasonal effect (figure 5). After 
the first month, the rejection rate was not signifi- 
cantly different for the two mollusk sizes, and so the 
overall mean rejection rate was only about 0.606 + 
0.151% per month (r = 0.8924). The mortality rate and 
hence overall loss (above) were much higher for the 
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in cold blood by the King of Castile—known 
as Don Pedro the Cruel—to obtain the stone, 
along with other valuable booty. In that 
same year the dashing Black Prince—then 
Duke of Aquitaine—was given the stone by 
the treacherous Spanish king in recognition 
of military services rendered by the English 
forces. A description of this battle is given 
by Sir Conan Doyle in his White Company. 

It was while fighting the battles of the 
ignoble Don Pedro that the Black Prince— 
so named because of his black armouf— 
contracted the fatal disease resulting in his 
death, and the ruby passed on to his son 
who became Richard II. 

It is said that the ruby was worn on the 
helmet of Henry V at the great Battle of 
Agincourt. Dressed in magnificent armour 
and helmet of gleaming gilt topped by a 
crown heavily encrusted with rubies, sap- 
phires, and pearls, the great ruby blazed 
forth as the most splendid of all this rich 
ostentation. In a duel of mortal combat part 
of the king’s crown was shorn away by a 
crushing blow from the battle axe of the 
great Duc d’Alencon, but the glorious ruby 
remained untouched by the somber drama. 

Severe historians give no credence to fur- 
ther adventures accorded the stone by more 
imaginative writers and, perhaps, it merely 
indulged in a few hundred years of well- 
deserved quiet resting among the Royal Re- 
galia, meditating on past experiences and 
spurious glories. Commenting on the drama- 
tized account of its adventures with Richard 
Ill at the Field of Bosworth, Sir George 
Younghusband comments, ‘According to the 
well-known story, when the tide of battle 
turned against him, Richard, who had worn 
his crown throughout the day, though prob- 
ably behind a safe barbed wire of knights, 
was seized with panic, and to ensure a less 
conspicuous retreat, took off his crown and 
hid it in a hawthorn bush. There some un- 
lucky underling, doubtless in quest of loot, 
found it in good and appropriate season, 
so that the victorious army was through its 
appointed leaders enabled to crown there 
and then, amidst the dead and dying, Henry 


VII, King of England. Let us hope that the 
great ruby was in the crown on this historic 
occasion.” 


Whether it was present on this important 
date or not it was, at any rate, still a part 
of the royal jewels when Parliament—furious 
with the caprices of kings and weary of 
crowns—disposed of the lot in 1649, Along 
with other royal gems, the ruby of the Black 
Prince is described in the record of the sale 
in this manner: “To one iarge ballas ruby 
wrapped in paper, value £4." What an igno- 
minious end for such a proud and haughty 
gem! The name of the purchaser remains 
unknown but Younghusband again com- 
ments, ‘““Perchance even it passed by favor 
to a fair lady beloved of a Roundhead.” 
True or not, it was somehow preserved and 
reset, still intact, in the crown designed for 
the Restoration. 


At the time of the great Tower theft of 
the Crown Jewels, in smashing the Crown 
of State the ruby was dislodged from its 
setting. However, it was later recovered from 
the pocket of one of the fleeing accomplices 
of the nefarious Colonel Blood. 

The last recorded adventure of the ruby 
finds it hidden for safety’s sake from the 
aerial bombardments of World War IH while 
three bombs fell on or near the Tower pre- 
cincts. 

Apparently no change has been made in 
the stone through the long years of its his- 
tory. Irregular in shape and nearly two 
inches long, it once had a hole drilled 
through one end for hanging as a pendant, 
no doubt, or attaching to the hats of its royal 
owners. This hole has since been filled in 
with a small ruby. The stone is only roughly 
polished, as was customary in the Middle 
Ages, and this could easily indicate that it 
was at one time among the treasures of an- 
cient Oriental princes where it may have had 
an even more bloody history than that in its 
recorded past. 


Today, unchanged, it remains as one of 
the greatest national treasures of England 
and will again appear in all its proud glory 
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control mollusks (3.575 + 0.340% per month vs. 1.490 
+ 0.364% per month), resulting in a total loss rate of 
4.288 + 0.389% per month (r = 0.9939) for the control 
mollusks vs. 1.989 + 0.544% per month (r = 0.9482) 
for the small mollusks. The rejection rates, mortali- 
ties, and total losses for the control mollusks in this 
study are comparable to those found previously in 
Phuket pearl mollusks (Kanjanachatree et al., 
2018a,b). Growth rates of shell and half-pearls were 
determined by linear regression (supplementary table 
2, figure 5). The shells of the small mollusks grew 
faster (3.274 + 0.177 vs. 2.231 + 0.927 mm/month, 
mean values + 95% confidence limits}, but their pearl 
nacre did not (0.3134 + 0.05334 vs. 0.2458 + 0.1349 
mm/month). The standard-sized mollusks routinely 
used for half-pearl farming using Pteria penguin are 
actually suboptimal for shell growth, though not for 
nacre growth of the half-pearls, but their mortality 
rate is unacceptably high. 


Feeding. Tomaru et al. (2002a,b) studied the relation- 
ship between akoya pearl mollusks and chlorophyll 
a concentration in phytopigment extracts of the wet 
mollusk tissue (basically a measure of the stomach 
contents) and the dry tissue weight in the pearl mol- 
lusks at Ago Bay (1967-1969) and Ohmura Bay 
(1984-1985) in Japan. Their study showed that the 
concentration of chlorophyll a as a measure of the 
mollusks’ diet affected their growth and growth of 
the implanted pearls. However, Japan has a temper- 
ate climate with four distinct seasons and a spring 
plankton bloom, and so plankton availability was 
much more seasonal than in Phuket. The dry season 
in Phuket is not a period of extreme drought as it is 
in many monsoonal climates: There is at least some 
rain all year. 

Pearl mollusks feed by filtration, either of live 
food or dead food. Sometimes they absorb dissolved 
organic matter (DOM), but the importance of this as 
a source of nutrition has not been well documented 
or quantified. Very small plankton (picoplankton, ~1 
pum) are very important to pearl mollusks. They feed 
on other picoplankton and nanoplankton much 
smaller than the effective mesh size of their filtration 
apparatus because their gills are covered in a sticky 
mucus that traps nanoplankton (Tomaru et al., 
2002a). Bacteriastrum, Leptocylindrus, Melosira, 
Nitzschia, Rhizoslovenia, Skeletonema, Thalas- 
sionema, and Thalassiosira are all consumed by the 
mollusks (Martinez-Fernandez et al., 2006). Some of 
these species were found at the Phuket pearl farm, 
but the more common species were the diatoms 
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Chaetoceros and Skeletonema, which are generally 
regarded as non-toxic. Some species such as the 
Nitzschia species are also blamed for shellfish food 
poisoning and mortality. Where Nitzschia were 
found in large quantities and for a prolonged period 
of time, the mortality rate of the shellfish was found 
to increase. Tomaru et al. (2002a) reported that the 
Nitzschia species that bloomed in a bay in Japan’s 
Uchiumi Prefecture caused the death of akoya pearl 
mollusks in 1998. Nitzschia contains chlorophyll a 
+b, so such blooms would be indicated by very high 
levels of Chl a + b, which did not occur at the Phuket 
pearl farm during this study (Kanjanachatree et al., 
2018a,b). Similarly, other harmful blooms are often 
caused by dinoflagellates, which have high levels of 
chlorophyll a + c and high carotenoids. See Tun 
(2000), Shor (2007), and Taylor and Strack (2008) for 
overviews of mass mortalities in pearl mollusks and 
their consequences. 


Temperature. The present study measured the water 
quality of the pearl farm, which was within the stan- 
dard for aquaculture in Thailand. Conditions on the 
farm, with a temperature range of 26-32°C, do not 
cause death of the mollusks (Kanjanachatree et al., 
2019). This is consistent with the study of Tomaru et 
al. (2002.a,b) on Japanese pearl farms that have a tem- 
perate climate. At temperatures above 20°C, food 
availability and metabolism increase and have posi- 
tive effects on shell thickness, but this does not affect 
the size of the shells. Yukihira et al. (2000) reported 
that at temperatures below 12°C, akoya pearl mol- 
lusks (Pinctada fucata) in Nagoya have reduced nacre 
secretion, which affects the production of pearls and 
reduces the weight of the shellfish. But at either 7.5°C 
or 35°C, the mollusks ate less. Eventually, excessively 
cold or hot temperatures stop both the movement of 
the cilia and the heartbeat of mollusk larvae. But the 
response to temperature depends on the stage of the 
larva. High temperatures make mollusks more vul- 
nerable to disease by increasing their stress levels, 
making them less able to cope with infections (Man- 
nion, 1983). 

Mollusks are ectothermic animals, so the ambi- 
ent temperature affects their metabolism and sur- 
vival rate. Metabolism affects respiratory processes, 
absorption, excretion, and growth of tissues, as well 
as reproductive cells and vulnerability to diseases. 
Higher temperatures are not always good; usually 
there is an optimum temperature, and higher tem- 
peratures are progressively harmful. High tempera- 
tures can destroy enzymes (Yukihira et al., 2000) and 
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promote diseases in pearl mollusks (Mannion, 1983). 
High-temperature fatalities in aquatic organisms are 
often a consequence of oxygen stress because O, sol- 
ubility decreases with temperature (Yamamoto et al., 
1999; Yukihira et al., 2000). Water temperatures at 
the Phuket pearl farm are exceptionally stable 
throughout the year, with no sudden cold or hot 
events (Kanjanachatree et al., 2019). Temperatures of 
7.5°C and 35°C (Yukihira et al., 2000) are both out- 
side the range found at the Phuket pearl farm. 

Fouling of cultivated pearl mollusks is an expen- 
sive nuisance (Dharmaraj et al., 1987; O’Connor and 
Newman, 2001; Guenther et al., 2006). In the present 
study, a monthly scrubbing was sufficient to prevent 
overgrowth by fouling organisms. Salinity changes are 
often used to control nuisance fouling organisms. 
Salinities outside the normal seawater range are gen- 
erally fatal. In a study by Dharmargj et al. (1987), pearl 
mollusks at Veppalodai, India (Gulf of Mannar), had 
100% mortality at salinities of 14%o, 55%o, and 58%o. 
The mollusks were resistant to salinity ranges of 17— 
45%o, had a mortality rate of 0%, and could withstand 
fatal salinities for very brief periods by tightly closing 
their shells. Encrustations of fouling invertebrates and 
unwanted algae can be killed by soaking akoya mol- 
lusks in fresh water for 15 minutes. Brines (saltwater 
60%o) can be used to kill Polydora ciliates and tube- 
worms (O’Connor and Newman, 2.001). The mollusks 
lack access to oxygen when their shell lid is tightly 
closed. Pinctada sugillata from the Gulf of Mannar 
(India) are resistant to low oxygen levels for up to 24— 
27 hours (Dharmaraj et al., 1987). Low-oxygen stress 
leads to glycolytic acid accumulation in tissues. Ya- 
mamoto et al. (1999) reported that low oxygen levels 
in rapidly growing plankton blooms encourage the 
growth of dinoflagellates. The pearl farm in their study 
had a dense planting of mollusks. There were high 
suspended solids after heavy rain, some minor pollu- 
tion, and limited circulation in deeper water. Water 
temperatures at the Phuket pearl farm are sometimes 
as high as >32°C (Kanjanachatree et al., 2019), but 
mass mortalities are rare in Phuket and similar locales 
(Tun, 2000). All of the factors mentioned above can re- 
sult in reduced oxygen levels, leading to physiological 
stress. Extreme treatments to control fouling are best 
avoided if possible because they are likely to interfere 
with shell growth and nacre formation. The overall 
loss rate of Pteria penguin mollusks with implanted 
half-pearls was already high (figure 5). Any activities 
that might increase mortality are best avoided since 
they would make cultivation uneconomical (Kan- 
janachatree et al., 2019). 
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Phuket has two tidal cycles a day, so there is a 
continuous flow of water at the pearl farm. But be- 
cause it is a floating raft, the depth at which the mol- 
lusks were suspended was constant. The farm is 
located in a strait behind a barrier island and has a 
very favorable circulation pattern, so the environ- 
mental conditions there are never unfavorable (Kan- 
janachatree et al., 2019) and mass mortalities are rare. 
The water quality at the pearl farm easily met the 
physical and chemical standards for aquaculture in 
Thailand (Yukihira et al., 2006). The water currents 
allowed the pearl mollusks to receive oxygen and fil- 
ter feed. During the breeding season, the currents 
also help spread the reproductive cells and larvae of 
the shellfish. But during the low tide, the water car- 
ried by currents from the coastline was turbid, which 
may cause sediment to accumulate on the shell. The 
decrease in plankton and oxygen levels at low tide 
can cause the mollusk to become temporarily de- 
prived of oxygen (Condie et al., 2006], but this was 
not a problem at the Phuket pearl farm, which is in 
a well-circulated site and located on a floating raft in 
about 10 m of water: The farm has never had a mass 
mortality event (Kanjanachatree et al., 2019). Poor 
growth conditions seem to increase pearl secretion, 
resulting in a faster pearl coating, but with lower pro- 
duction quality (Condie et al., 2006). In addition, 
there are tidal effects on the diet of P. margaritifera 
in more marginal farm locations (such as enclosed 
bays) because it does not tolerate high suspended 
solids in water, whereas P. maxima is more resistant 
to turbidity (Yukihira et al., 2006). 


Color Analysis of Cultured Half-Pearls. Supplemen- 
tary table 3 at https://www.gia.edu/doc/FA19- 
Phuket-Half-Pearls-Supplementary-Table3.pdf 
shows the color indices of the cultured half-pearls 
over the course of the study, and the data is plotted 
in figures 5 and 6. The RGB indices showed no sig- 
nificant linear increase or decrease over time (linear 
regression: y = mx + b, p >>0.05). However, there was 
a noticeable sinusoidal periodic difference in color 
over time, with maxima at months 4 and 5 (Decem- 
ber and January) after the start of the experiment (fig- 
ures 6 and 7). The effect on the blue indices is the 
most noticeable, with the blue indices higher in De- 
cember and January at the beginning of the dry sea- 
son. The % reflectance appears to go up in the dry 
season and goes down in the wet season in a sea- 
sonal pattern. 

A complex sinusoidal model was fitted to the 
RGB data by the equation: 
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Figure 6. Cyclic nature of red-green-blue (RGB) color 
properties of cultured half-pearls from the control 
group over the course of the project. The mollusks 
were implanted in August, month 0. 
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where Y is the % reflectance compared to an industry 
standard, A is an amplitude scaling factor for the sine 
function, Tis time in months, w is the period scaling 
factor (w = 0.5236 for T in months), D is a displace- 
ment factor for adjusting where to start the sine func- 
tion, C is a scaling constant (average Y over the time 
period), and Tp is the repeat period of the sine func- 
tion (in months). Parameters A, w, D, and C for Equa- 
tion 1 could be estimated using Microsoft Excel’s 
Solver tool, and their asymptotic errors could be es- 
timated by matrix inversion (Snedecor and Cochran, 
1980). 

Figures 6 and 7 show mean values + 95% contfi- 
dence limits of standardized reflectance in half-pearls 
of standard- and small-sized mollusks over the 
course of the 10-month experiment starting in Au- 
gust 2015. The curve fits were all highly statistically 
significant (p < 0.001), and all means of the fitted pa- 
rameters were significantly different from zero (see 
analysis in supplementary table 1). The period scal- 
ing factor (@) would have been 0.5236 if the period 
were exactly one year: The experimentally deter- 
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mined @ values were all greater than w = 0.5236. 
Only one w value was significantly different from the 
others (red, control}, and since the Tp value was not 
different, an overall value for w = 0.8430 + 0.0284 
could be calculated. The amplitude (A) of the sea- 
sonal effect was greatest in the case of the blue color 
of cultured half-pearls from small mollusks and least 
in the case of the green color index of half-pearls from 
the control group. The amplitude (A) was noticeably 
higher in the cultured half-pearls from the small mol- 
lusks for all RBG colors (figures 6 and 7; supplemen- 
tary table 1). The range in color was nearly +30% in 
the case of the blue color of the half-pearls from the 
small group. The mean color was measured by the 
constant parameter (C). As would be expected, the 
average % colors for red, green, and blue were signif- 
icantly different, but the three colors were not signif- 
icantly different when the control group and the 
small mollusks were compared as pairs. The dis- 
placement parameter (D) shifted the sine curve time- 
wise to optimize the fit. On an annual scale, 0.5236 
radians is equivalent to one month, and so D was 
equivalent to -2 to -5 months in most cases. If the 
changes in color over time were synchronous, the pa- 
rameter D would not be significantly different for the 
different RGB colors: Supplementary table 2. shows 
that D is significantly different even though the pe- 


Figure 7. Sinusoidal character of RGB color properties 
of the cultured half-pearls grown in small mollusks. 
The cyclic nature of the color of the cultured half- 
pearls is more apparent in the small pearl mollusks. 


RGB COLOR OF HALF-PEARLS FROM 
SMALL MOLLUSKS VS. TIME 


PERCENTAGE OF STANDARD (%) 


TIME (MONTHS, AUGUST IS 0) 
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riod parameter w was only marginally significant and 
the time period (Tp) of the sine curves was not sig- 
nificantly different. The RGB color of the cultured 
half-pearls thus shows an asynchronous seasonality 
(figures 6 and 7). Growth of the half-pearls was linear 
over time (supplementary table 2). The available phy- 
toplankton also appeared to be more or less constant, 
with no strong seasonality as would be found in a 
temperate climate (Yukihira et al., 2000, 2006; 
Tomaru et al., 2002a,b). 

These color trends are not readily noticeable to 
human color matchers of pearls, but some matchers 
do note that there appears to be a relationship be- 
tween harvest time and color. Comparison of figures 
6 and 7 (supplementary table 1) shows that the sea- 
sonal sinusoidal effect is more obvious in the cul- 
tured half-pearl from the small mollusks (figure 7) 
than in the standard-sized group (figure 6). The sea- 
sonal effect is least apparent in green light (human 
eyesight happens to be most sensitive to green light). 
These findings are important considerations in color- 
matching of the pearls (Shor, 2007). The seasonal ef- 
fect is nearly +30% of standardized reflectance in the 
case of blue color, and so would be important in color 
matching and in displaying the pearls for sale. Mod- 
ern “white” light diodes have a very heavy blue com- 
ponent compared to green and red light and so are 
not well color balanced compared to natural sunlight 
or other common light sources. Hence, display cases 
using “white” diodes will cause differences in blue 
light reflectance to be more conspicuous than, for ex- 
ample, under typical fluorescent lighting. More so- 
phisticated color analysis using integrating sphere 
technology is needed to resolve color issues of pearls, 
following the work of Karampelas et al. (2011) on ma- 
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HYDROGEN-RICH GREEN DIAMOND COLOR- 
TREATED BY MULTI-STEP PROCESSING 


Wenqing Huang, Pei Ni, Ting Shui, and Guanghai Shi 


A cut diamond of intense yellowish green color has 
been characterized using microscopy and spectro- 
scopic techniques. The diamond has been unambigu- 
ously identified as color-treated. The simultaneous 
presence of multiple centers related to irradiation and 
annealing—including H1a, H1b, NV°, NV-, H3, H4, 
GR1, and H2—was revealed. UV-Vis-NIR absorption 
spectroscopy showed that the diamond owes its color 
to the two major bands related to H3 and GR1. The 
combination of these spectroscopic features in one di- 
amond has not been reported in the gemological liter- 
ature, suggesting that this diamond was subjected to a 
complex treatment procedure that is not frequently 
applied. Taking into account the thermal stability of 
the defects involved and the defect transformations at 
high temperatures, two possible treatment procedures 
explaining the observed combination of spectroscopic 
features are proposed. 


Ithough a number of color centers such as GR1 

(neutral vacancies), H3 (N-V-N defects), and 
some hydrogen- and nickel-related centers can im- 
part green coloration to diamonds (Breeding et al., 
2018), diamonds with a natural saturated green color 
are among the rarest. In the laboratory, attempts have 
been made to artificially induce green color in dia- 
monds. This can be done with high-energy electron 
irradiation of yellowish diamonds (Collins, 1982, 
Wang et al., 2018), followed by prolonged annealing 
at a temperature of 1400°C for colorless type Ia dia- 
monds (Collins, 2001), or using high-pressure, high- 
temperature (HPHT) annealing for brown type Ia 
diamonds (Collins et al., 2000; Collins, 2001, 2003). 
A multi-step processing that probably involved irra- 
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diation, annealing, and re-irradiation was docu- 
mented by GIA researchers (Fritsch et al., 1988). 
Although many features of color-treated (Fritsch 
et al., 1988; Collins et al., 2000; Collins, 2003) and 
untreated (Reinitz et al., 1998; Breeding et al., 2018) 
green diamonds have been established, determining 
the color origin of some green diamonds still poses a 
challenge due to the similarity of natural and labora- 
tory radiation and annealing processes (Overton and 
Shigley, 2008; Breeding et al., 2018). Therefore, a 
deeper understanding of the thermal stability and 
transformations of the color-causing defects in dia- 
monds subjected to irradiation and annealing is cru- 
cial for reliable reporting of color treatment. 
Although two multi-step treated green diamonds 
were reported more than 30 years ago (Fritsch et al., 
1988), treated-color green diamonds enhanced by a 
multi-step process involving three or more steps are 
rarely encountered by gemological labs, to the best 
of our knowledge. Here we report a combination of 
spectroscopic features that has not been previously 
documented in a single gem diamond and propose 
two possible treatment procedures to explain the re- 


In Brief 


¢ Determining the color origin of some green diamonds 
still poses a challenge for gemological laboratories. 

¢ A0.25 ct diamond of intense yellowish green color 
showed a rare combination of multiple centers related 
to irradiation and annealing, providing conclusive 
proof of treatment. 

¢ Two alternative multi-step treatment procedures are 
proposed to interpret the observed combination of 
spectral features. 


sults of our observations. The aim of this study is to 
characterize a green diamond color-treated by multi- 
step processing and to provide a supplementary data- 
base for the correct determination of color origin for 
gemological laboratories. 
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MATERIALS AND METHODS 


The studied sample was a yellowish green round bril- 
liant cut diamond weighing 0.25 ct (figure 1], pro- 
vided to us by Mr. Congsen Zhang. The internal and 
external structural features of the diamond were ex- 
amined with a standard gemological binocular mi- 
croscope using a variety of illumination techniques. 
The UV-Vis-NIR absorption spectrum in the range of 
225-1000 nm was recorded at the National Center of 
Supervision and Inspection of Quality of Gold and 
Silver Products (NGSTC) using a Spec GEM-3000 
fiber-optic instrument equipped with an Ocean Op- 
tics QE65Pro spectrometer (1 nm spectral resolu- 
tion). The sample was immersed in liquid nitrogen 
for a few seconds and then taken out for immediate 
UV-Vis-NIR measurement. Room-temperature FTIR 
absorption measurements in the spectral range 400- 
6000 cm“ with a resolution of 4 cm" were performed 
at NGSTC using a Nicolet iN10 spectrometer. 
Photoluminescence (PL) spectra were collected at liq- 
uid nitrogen temperature in the laboratory of the Na- 
tional Gemstone Testing Center (NGTC) using a 
Renishaw InVia Raman confocal spectrometer 
equipped with 473 and 532 nm lasers. 


RESULTS 

Microscopic Features. Examination with the micro- 
scope revealed that the green color was evenly dis- 
tributed over the stone. No green-brown stains 


Figure 1. This 0.25 ct yellowish green diamond is a 
multi-step treated diamond. Photo by Wenqing 
Huang; courtesy of Congsen Zhang. 
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Figure 2. Graphitization along a surface-reaching frac- 
ture was evident. Photomicrograph by Wenqing 
Huang; field of view 4.6 mm. 


characteristic of natural irradiation were observed. 
Patterned clouds and several fractures under the 
table were observed. A black graphitized surface- 
reaching fracture was seen near the girdle (figure 2). 


Spectra. FTIR analysis provided important informa- 
tion about the impurity-related defects from nitrogen 
and hydrogen (Zaitsev et al., 1996). The spectra re- 
vealed that the diamond was type IaAB and had high 
nitrogen content. A minor line detected at 1362 cm! 
(figure 3) was probably an auxiliary peak to isolated 
nitrogen, given its sharp shape. These features unam- 
biguously pointed to a naturally grown diamond. Hy- 
drogen is acommon impurity in diamonds, giving rise 
to a number of sharp absorption peaks in the IR spec- 
tral range from 2.700 to 3500 cm™ (Woods and Collins, 
1983; Ardon, 2014; Zaitsev et al., 2016). Many of these 
hydrogen-related peaks were present in the FTIR spec- 
trum of the studied diamond: strong absorption at 
1405 cm"! and several sharp peaks between 3300 and 
2700 cm", with the three strongest ones at 3237, 3107, 
and 2785 cm. Weak lines at 4496 and 4168 cm were 
also detected (figure 3). Besides these features, a strong 
absorption at 1450 cm (H1a center, an interstitial ni- 
trogen defect; Woods, 1984; Zaitsev, 2001) and a rela- 
tively weak absorption at 4930 cm! (H1b center) were 
recorded. 

UV-Vis-NIR absorption spectra revealed the 
strong absorption band of the GR1 center in the spec- 
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FTIR SPECTRUM 


ABSORBANCE —> 


Figure 3. The FTIR ab- 
sorption spectrum of 
the 0.25 ct diamond 
showed a consistent 
pattern of nitrogen ag- 
gregation (type Ia). This 
diamond was character- 
ized by multiple strong, 
hydrogen-related peaks, 
including the 3107 cm! 
peak and those at 3237, 
2785, and 1405 cm. In 
addition, it revealed ab- 
sorptions at H1a (1450 
cm) and H1b (4930 
cm) that were related 
to irradiation and an- 
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tral range from about 550 to 750 nm with a zero- 
phonon line (ZPL) at 741 nm, and a broad structure- 
less band spreading from 410 to 510 nm that was 
presumably due to the H3 center (Dobrinets et al., 
2013; Breeding et al., 2018) (figure 4). The H2 center 
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(negatively charged N-V-N defect) with its ZPL at 
985 nm was also clearly seen. 

PL spectra recorded at 473 nm laser excitation dis- 
played a strong H3 center with a ZPL at 503.2 nm 
and characteristic phonon side bands at 512 and 520 


Figure 4. The UV-Vis- 
NIR spectrum of the 
0.25 ct color-treated di- 
amond revealed a mod- 
erate irradiation-related 
GR1 ZPL at 741 nm, 
with associated broad 
absorption extending 
from approximately 550 
to 750 nm. Also de- 
tected were the H2 de- 
fect with ZPL at 985 
nm and an H3 center 
with absorption band 
spreading from 410 to 
510 nm. 
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PL SPECTRUM 
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Figure 5. Photolumines- 
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cence spectra collected 
using 473 nm excitation 
(A) and 532 excitation 
(B) showed features at- 
tributed to H3, H4, 
NV°, NV-, and GR1 cen- 
ters and Ni-related de- 
fects. Intrinsic diamond 
Raman lines have been 
removed for clarity. 
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nm (Zaitsev, 2001) (figure 5A). The emission related 
to the H4 center was recorded at a wavelength of 496 
nm. Lines at wavelengths 484, 489, 613 (612.5 nm in 
some publications], and 647 nm were also detected. 
All these features with the exception of the 647 line 
are common for type Ia diamonds (Zaitsev, 2001). 


Notes & New TECHNIQUES 


Brown and pink type Ia diamonds frequently reveal 
a strong 613 nm center in their PL spectra (Treti- 
akova and Tretyakova, 2008; Gaillou et al., 2010). A 
ZPL at 613 nm center with its vibrational feature at 
625 nm (a weak hillock in spectrum shown in figure 
5A) is also a common feature of purple diamonds 
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(Titkov et al., 2008). The 647 nm center has been re- 
ported in irradiation-treated diamonds (Wang et al., 
2.018) and is believed to be an irradiation-related de- 
fect (Zaitsev et al., 2018). 

Photoluminescence spectra taken with 532 nm 
laser excitation revealed pronounced emissions of 
NV? and NV~ centers. Intensity of the NV- center 
(ZPL at 637 nm, or 638 nm in some publications) was 
much stronger than that of the NV° center (ZPL at 
575 nm) (figure 5B). Pronounced broad bands at 659 
and 680 nm in this spectrum are due to electron- 
phonon transitions at NV- and 647 nm centers. A 
doublet line feature at wavelengths 741 and 745 nm 
is a strongly suppressed and distorted ZPL of the GR1 
center. This distortion is a result of strong self-ab- 
sorption in the ZPL. Self-absorption in the ZPL is a 
common effect observed in PL spectra of optical cen- 
ters with strong absorption. For instance, self-absorp- 
tion can be very pronounced for NV- and H3 centers 
(Dobrinets et al., 2013). Also detected were lines at 
694, 700, and 723 nm of presumably nickel-related 
centers (Lang et al., 2004; Fritsch et al., 2007; Do- 
brinets et al., 2013). 


DISCUSSION 


Characterization of the Sample and Identification of 
Features. Although graphitization may occur natu- 
rally, it is not frequently observed in untreated cut dia- 
monds. If present, the graphitized features are usually 
considered “suspicious” features, possibly the result 
of high-temperature treatment. Typical graphitized 
features in HPHT-treated diamonds have been de- 
scribed in detail by numerous researchers (e.g., Reinitz 
et al., 2000; Wang et al., 2005). However, the presence 
of graphitization alone is not reliable proof of HPHT 
treatment (Overton and Shigley, 2008). 

The absence of strong hydrogen-related absorp- 
tion bands (centered at 730 and 835 nm) and/or a Ni- 
related band (from approximately 620 to 710 nm), 
which could contribute to the green color of the dia- 
mond, suggests that other optical centers are respon- 
sible for the observed color. As shown in figure 4, the 
strong absorptions in the H3 and GR1 bands result 
in a transmission window at wavelengths from about 
500 to 600 nm. The dominating transmission in this 
spectral range is the main cause of the yellowish 
green color. Natural-color green diamonds in which 
GRI1 and H8 centers are the substantial chro- 
mophores are relatively common. According to 
Breeding et al. (2018), they may account for about 8% 
of the natural-color green diamonds submitted to 
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GIA labs over the last decade. However, the simul- 
taneous presence of these two centers in treated 
stones is a rare event (Buerki et al., 1999; Reinitz et 
al., 2000) and thus gives little indication of color 
treatment. 

Indicators of color treatment are seen in IR ab- 
sorption spectra. It is known that the Hla center, a 
radiation-related defect, may occur as a weak peak in 
FTIR spectra of some type Ia diamonds with intense 
green natural color (Breeding et al., 2018). Conse- 
quently, the presence of Hla alone is not a reliable 
indicator of the origin of green coloration. However, 
strong Hla absorption is unusual in untreated dia- 
monds and always interpreted as a feature of possible 
treatment. For instance, a strong Hla center is al- 
ways observed in multi-step treated “Imperial Red 
diamonds” (Wang et al., 2005). The H1b center, 
which is believed to be formed by trapping the 595 
nm center on the A-aggregate of nitrogen during an- 
nealing at temperatures above 650°C (Woods, 1984; 
Zaitsev, 2001), is also generally deemed a strong in- 
dication of multi-step treatment processes involving 
radiation and subsequent annealing (Woods and 
Collins, 1986; Fritsch et al., 1988; Collins, 2003). 

Substantial absorption strength of the H2 center 
contrasts with the vast majority of untreated dia- 
monds, which do not exhibit an H2 center strong 
enough to be detected in their absorption spectra 
(Shigley and Fritsch, 1990; Buerki et al., 1999; Do- 
brinets et al., 2013). Yet the H2 center does occur nat- 
urally in type Ia diamonds exposed to natural 
irradiation and natural annealing at temperatures of 
about 1000 to 1200°C during geological processes and 
is, on very rare occasions, seen in absorption. Conse- 
quently, pronounced H2 center absorption generally 
serves as a valuable diagnostic feature for the deter- 
mination of treatment in diamonds with a green 
color component (Reinitz and Moses, 1997; Buerki 
et al., 1999). There are two explanations for the ele- 
vated intensity of the H2 center. One is the forma- 
tion of the negatively charged N-V-N defects (H2 
center) in the course of the collapse of Hla and/or 
H1b defects in irradiated diamonds during their an- 
nealing at temperatures above 1300°C (Collins et al., 
2.005). The other involves HPHT treatment of type 
Ia diamonds when the dissociation of some nitrogen 
aggregates produces a measurable amount of single 
substitutional nitrogen atoms (C defects). C defects 
are donors in the diamond lattice and negatively 
charge the naturally occurring N-V-N defects 
(Collins et al., 2000). This change in the charge state 
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of N-V-N defects is seen as the formation of H2 cen- 
ters at the expense of H3 centers. The latter model is 
commonly used to explain the conversion from 
brown color to green color in type Ia diamonds by 
HPHT treatment. In the case of brown diamonds, the 
role of HPHT annealing is to produce C defects and 
to increase the concentration of N-V-N defects (Do- 
brinets et al., 2013). 

Much stronger intensity of the NV- center relative 
to the NV° center also raises suspicion of treatment 
(Hainschwang et al., 2005; Sriprasert et al., 2007). 
Those authors regarded the intensity ratio I,,_/I,,.>1 
as a manifestation of HPHT treatment for type Ia di- 
amonds. For untreated diamonds, the 637 nm center 
is generally minor with respect to that of the 575 nm 
center (Dobrinets et al., 2013). It should be noted that 
the luminescence efficiency of the differently charged 
NV defects can vary depending on the intensity of the 
laser excitation (higher-power laser excitation may 
decrease the |,,./I.,, ratio). Because of this effect, some 
natural-color diamonds could reveal an I,,./I,,, inten- 
sity ratio similar to that of HPHT-treated diamonds 
(e.g., figure 3 in Lim et al., 2006). Unfortunately, the 
intensity ratio I,,_/I,,,>1 as an indicator of treatment 
does not work well for type Ia diamonds that have 
remnants of natural C defects sufficient for the en- 
hancement of NV-center luminescence. Thus, this 
criterion alone cannot be used as a reliable proof of 
treatment (Dobrinets et al., 2013). 

While none of the above features alone provides 
conclusive proof of treatment, taken together they 
leave no doubt that the studied diamond is color- 
treated. Although these features of color treatment 
are not new, their combination in a single stone does 
not appear to have been explicitly documented in the 
literature and as such is worthy of reporting. 


Possible Treatment Process. On the basis of the vi- 
sual microscopic examination and spectroscopic 
analyses, it is evident that this sample was treated 
by a complex, multi-step procedure. Taking into ac- 
count the stability and the transformation pathways 
of nitrogen-related and radiation defects in diamonds 
exposed to high-temperature annealing, the treat- 
ment processes involved and their sequence could be: 


(I) HPHT + Irradiation + Annealing + Irradiation, or 


(II) Irradiation + High-Temperature Annealing (about 
1400°C) + Irradiation 


Detailed analysis of these two treatment proce- 
dures is given below. 
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Treatment Procedure I. Since graphitization is a char- 
acteristic feature of HPHT treatment, it offers a hint 
of HPHT annealing. A much stronger NV- center 
than the NV° center is the next clue. The detection 
of H2 absorption also points to possible HPHT an- 
nealing. Evidence of the irradiation-annealing proce- 
dure is provided by the presence of Hla and/or H1b 
centers. It should be noted that the Hla center is de- 
stroyed by HPHT annealing (Hla anneals out at a 
temperature above 1500°C; Zaitsev, 2001; Zaitsev et 
al., 2018). Thus, assuming the initial HPHT treat- 
ment, we also have to assume that after HPHT an- 
nealing the diamond was irradiated and annealed 
again. The very strong GR1 center presented in the 
absorption spectrum leaves no doubt that there was 
one more exposure to irradiation. Due to low thermal 
stability, vacancies cannot survive the temperature 
required to produce the H1b center. The presence of 
the GR1 center therefore provides strong evidence 
that irradiation was the final step of treatment. 


Treatment Procedure II. Graphitization of diamond 
is indicative of high-temperature annealing (usually 
above 1400°C). It should be noted that the presence 
of graphitized features does not necessarily imply 
that annealing was performed under high pressure. 
After irradiation, therefore, the studied diamond 
could have been subjected to conventional annealing 
at high temperature without high pressure. As a re- 
sult of the annealing, the graphitization and the cen- 
ters H3, H2, Hla, and H1b appeared. During this 
course, the newly formed Hla and H1b centers could 
have been partially annealed out and contributed to 
the growth of the H2 center (Collins et al., 2005). 
Taking into account the temperature stability of the 
Hla and H1b centers, we speculate that the anneal- 
ing at this temperature was performed for a relatively 
short time to allow a partial survival of the Hla and 
H1b centers (prolonged heating at temperatures over 
1400°C is needed to completely eliminate Hla or 
H1b absorption; e.g., Woods, 1984; Collins et al., 
2005; Eaton-Magania et al., 2017; Zaitsev et al., 2018) 
and the H4 center (Woods and Collins, 1986; Buerki 
et al., 1999). Besides, type Ia diamonds colored by 
strong H3 and H2 centers that were produced via ir- 
radiation and subsequent prolonged annealing at 
1400°C may have an unappealing appearance (a drab, 
unattractive green color) (Woods and Collins, 1986). 
A shorter annealing results in a moderate H2 absorp- 
tion, and diamonds treated in this way tend to have 
more attractive yellow color, or to show greenish yel- 
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low color when H2 absorption is relatively strong 
(Buerki et al., 1999). If a stronger green color compo- 
nent is needed, the diamond can be re-irradiated. 
Strong GR1 center in the absorption spectrum offers 
unambiguous proof that the studied diamond was re- 
irradiated after the first two steps of treatment with 
irradiation and annealing. 

The treatment process with irradiation, subse- 
quent annealing, and re-irradiation described above re- 
sembles the process reported for two green diamonds 
in Fritsch et al. (1988). However, the substantial pres- 
ence of H2 absorption suggests that in our case the an- 
nealing temperature was higher than that used for the 
treatment reported by Fritsch et al. (1988). 


CONCLUSIONS 


We performed detailed studies of a yellowish green 
diamond that exhibited a range of features indicative 
of color treatment. Numerous spectroscopic and 
structural indicators of treatment were identified 
using microscopy, low-temperature PL spectroscopy, 
and absorption spectroscopy in a broad spectral 
range. While the color of this diamond has been un- 
ambiguously determined as artificially enhanced, the 
exact treatment procedure could not be established 
with certainty. Analyzing the available data, how- 
ever, we came up with two possible treatment pro- 
cedures that could explain the results of our 
measurements. One is a sequence of HPHT anneal- 
ing, irradiation, conventional annealing, and re-irra- 
diation. The other involves irradiation followed by 
brief high-temperature annealing at a temperature of 
about 1400°C and the final re-irradiation. 
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The major difference between these two proce- 
dures is the initial HPHT treatment. HPHT anneal- 
ing is commonly used for reduction (and eventual 
elimination) of brown color in type Ila and type IaB 
diamonds. Applied to type Ia diamonds, HPHT an- 
nealing renders conversion of the brown color to a 
more attractive yellow-green color. Furthermore, 
HPHT annealing is an effective technique to en- 
hance pink color in some initially brown type Ila 
diamonds, and to enhance blue color in originally 
grayish type IIb diamonds. Application of HPHT 
treatment for a colorless diamond is essentially 
useless. 

Color treatment of colorless diamonds makes 
economic sense only for low-clarity stones, when it 
is desirable to conceal their highly included interior. 
Low-clarity stones have low value, so they can have 
a higher value as a colored diamond, where clarity 
is a lesser consideration. Color treatment of pale 
yellowish diamonds of low color grade is also used 
as a way to improve their yellow color, or to convert 
them to green diamonds. These pale yellowish dia- 
monds can be of relatively high clarity grade. Since 
the studied diamond was not highly included, we 
assume that the choice of the treatment procedure 
was dictated by its initial color. If the color was 
brown, initial HPHT annealing was a likely step. If 
the color was light brown or yellowish brown, 
HPHT annealing was not needed and the initial 
treatment was irradiation. Unfortunately, based on 
the available spectroscopic data we cannot give a 
meaningful assumption about the original color of 
the diamond. 
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PRESSED GIBBSITE AND CALCITE AS A 
RHODOCHROSITE IMITATION 


Hanyue Xu and Xiaoyan Yu 


A new rhodochrosite imitation has appeared in the mar- 
ket, with gemological properties, chemical composition, 
and structural characteristics that are different from nat- 
ural rhodochrosite. In this investigation, four samples— 
two imitations and two rhodochrosites—were examined 
by standard gemological testing, scanning electron mi- 
croscopy, energy-dispersive spectroscopy, X-ray diffrac- 
tion, FTIR, and Raman microspectroscopy. Examination 
revealed that the imitations are composed of pressed 
gibbsite and calcite powder with a granular structure, 
which are easy to identify through standard gemological 
testing. 


hodochrosite (MnCO,], the national stone of Ar- 

gentina, is known as “Inca Rose” for its red and 
white bands (Xing, 2015). The most significant pro- 
ducer is the Sweet Home mine in the American state 
of Colorado, which can produce transparent, vivid 
red single-crystal rhodochrosite (Knox and Lees, 
1997). Rhodochrosite for lapidary and mineral speci- 
mens is also found in South Africa, Peru, Australia, 
Romania, Spain, Russia, Mexico, Japan, China, and 
the American state of Montana (Yu, 2016). 

Rhodochrosite has a beautiful pink to deep red 
bodycolor and usually occurs as a translucent to 
opaque stone, mostly showing a white banded pat- 
tern (Zwaan, 2015). In recent years, it has been 
processed into center stones for rings and used in 
pendants, necklaces, and bracelets. Unique and or- 
namental pieces are also popular with mineral con- 
noisseurs, and thus the value of rhodochrosite has 
continued to rise (Knox and Lees, 1997). 

Imitation rhodochrosite is rare because the com- 
plex banded pattern in the natural material is difficult 
to mimic. Glass imitations have appeared on the mar- 
ket previously, but they could be distinguished from 


See end of article for About the Authors and Acknowledgments. 


Gems & GEMOLOoGy, Vol. 55, No. 3, pp. 406-415, 
http://dx.doi.org/10.5741/GEMS.55.3.406 


© 2019 Gemological Institute of America 


406 Notes & NEw TECHNIQUES 


rhodochrosite by gemological properties (such as 
color, luster, and transparency), structural differences, 
and internal air bubbles (Zhang, 2006). Meanwhile, 
pressed materials are commonly used as imitations 
of turquoise, coral, and chicken-blood stone (Tian et 
al., 2004; Teng et al., 2008; Zhang et al., 2014), but not 
as a rhodochrosite imitation. Therefore, we were sur- 
prised to find a new rhodochrosite imitation on the 
market in the form of a pressed material. 

We conducted analyses to study the new imita- 
tion’s composition and micro-structure characteris- 
tics as well as methods for its identification. 


MATERIALS AND METHODS 


Four samples of rhodochrosite and its imitations rang- 
ing from 8.20 to 20.59 ct were analyzed for the study: 
rhodochrosite samples T1 and T2, and imitation sam- 
ples F1 and F2 (figure 1). The rhodochrosite samples 
were from the gem laboratory of China University of 
Geosciences, and the imitation samples were obtained 
from the gem market in Wuzhou, Guangxi, China. 


In Brief 


e New rhodochrosite imitations found in the market have 
a more natural appearance. 

¢ The imitations are composed of pressed gibbsite and 
calcite powder with a granular structure. They are easy 
to identify through their gemological properties, chemi- 
cal composition, structure, and spectra. 

¢ The matrix of the imitation contains organic material, 
perhaps a type of styrene or a similar compound. 


The samples were examined by standard gemo- 
logical methods, including basic observation, refrac- 
tive index measurement, fluorescence reaction under 
long-wave (365 nm) and short-wave (254 nm} UV, and 
hydrostatic specific gravity testing. 

The micro-structure of the samples was examined 
by a scanning electron microscope (SEM, JEOL JSM- 
7800F) with a working voltage of 15 kV and a work- 
ing distance of 10 mm. 
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SEM-EDS (Oxford X-Max50) was used to quanti- 
tatively analyze the chemical compositions of both 
the natural and imitation rhodochrosite stones. The 
chemical compositions in weight percentages were 
obtained on multiple points in the various red and 
white regions of each, and elemental mapping al- 
lowed us to see the chemical variations of these same 
regions. 

X-ray diffraction (XRD) was performed using a 
Shimadzu XRD-7000S to conduct phase analyses 
with the test conditions of Cu target, tube voltage 40 
kV, tube current 30 mA, and test angle 5°-90°. We 
used linkage scanning mode, a scanning speed of 
5°/min, and a step size of 0.02°. 

Infrared spectra were recorded on a Bruker Tensor 
27 infrared spectrometer using the specular reflection 
method and the KBr pressed-pellet technique with 4 
cm resolution. The scanning ranges were 2000-400 
cm! and 4000-400 cm-, respectively. Powder from 
the sample (about 0.5 mg) was mixed with potassium 


Figure 1. The imita- 
tions are similar to 
thodochrosite in terms 
of appearance. Shown 
here are the samples 
from the study. From 
left: natural rhodo- 
chrosites T1 (8.20 ct) 
and T2 (18.03 ct) and 
imitations F1 (20.59 ct) 
and F2 (20.09 ct). Photo 
by Xiaoyan Yu. 


bromide (about 150 mg) in an agate pestle and mortar 
during the FTIR analysis. The powder was ground to 
a particle size of <2.5 um. 

Raman spectra were recorded on the four samples 
using a Horiba HR-Evolution Raman microspec- 
trometer with an Ar-ion laser operating at 532 nm 
excitation between 1800 and 100 cm" and accumu- 
lating up to three scans. 


RESULTS AND DISCUSSION 

Visual Appearance and Standard Gemological Proper- 
ties. The gemological properties of the samples are 
summarized in table 1. All four had a pink bodycolor 
with white bands, but the imitation and natural 
rhodochrosite were different in terms of band shape, 
luster, and transparency. Compared with the serrated, 
lace-like bands of rhodochrosite, the bands of the im- 
itation were not as complex or smooth. The imita- 
tions also had lower luster and transparency than the 
natural samples (again, see figure 1). 


TABLE 1. Standard gemological properties of rhodochrosite and imitation rhodochrosite samples. 


Specifi eae 
Sample no. Color Luster Transparency de a Refractive index 
gravity 
Orangy pink R . 
. : ; é : ed part: 1.60 
T1 (rhodochrosite) with white and lace-like Vitreous Translucent 3.66 White part: 1.63 
bands 
Orangy pink R - 1.60 
T2 (rhodochrosite) with white and lace-like Vitreous Translucent 3.66 . Patt ae 
White part: 1.63 
bands 
Pink 
R 21.56 
F1 (imitation) with white and smooth Resinous Subtranslucent 2.00 a oe . 
, White part: 1.50 
banding pattern 
Pink 
R aa 
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Figure 2. The natural rhodochrosite was inert under the UV lamp, while the imitation showed strong fluorescence. 


Photo by Hanyue Xu. 


These properties were sufficient to identify the 
imitations. The specific gravity of the imitations was 
about 2.00, much lower than the rhodochrosite’s. 
Moreover, the refractive index of the white band and 
the red part were different between the natural and 
imitation samples. The rhodochrosites had a refrac- 
tive index of 1.60 in the red part and 1.63 in the white 
part. Meanwhile, the imitations had a refractive 
index of 1.56 for the red part and just 1.50 for the 
white part. The samples’ fluorescence responses 
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under long-wave and short-wave UV light were no- 
ticeably different. The imitation had strong fluores- 
cence under long-wave UV and weak fluorescence 
under short-wave, but the natural rhodochrosite was 
inert (figure 2). 


Micro-Structure. The micro-structure was another 
distinguishing characteristic (figure 3). The natural 
rhodochrosite had a smooth surface with few pits 
(figure 3A). Meanwhile, the imitation had a granular 


Figure 3. BSE images of 
samples. A: The junc- 
tion of the red and 
white parts of 
thodochrosite at 200x 
magnification. B: The 
junction of the red and 
white parts of the imi- 
tation at 500x magnifi- 
cation. C: The red part 
of the imitation 
showed a coarse granu- 
lar structure at 1000x 
magnification. D: The 
white part of the imita- 
tion exhibited a finer 
granular structure at 
1000x magnification. 
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Figure 4. Element mapping of the junction of the red and white parts using EDS on SEM. A: Element mapping for 
Mn, Ca, O, Fe, and C of the rhodochrosite sample. B and C: Element mapping for Al, O, Ca, C, Si, and Na of the 


imitation sample. 


texture (figure 3B). The mineral particles of the red 
part were larger than those in the white parts (figure 
3, C and D). Observing the junction of the red and 
white parts (figure 3B], it can be seen that the two 
kinds of mineral particles are mutually permeable 
with each other. Thus we came to the conclusion 
that the imitation is a pressed stone containing two 
kinds of material. 


Element Mapping and Chemical Compositions. Ac- 
cording to the element mapping, the natural samples 
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mainly contained Mn, C, O, with few impurity ele- 
ments of Fe and Ca (figure 4A}. Rhodochrosite be- 
longs to the carbonate family. Carbonates are a group 
of minerals with the same structure but slightly dif- 
ferent compositions such as siderite (FeCO,), magne- 
site (MgCO.,), and calcite (CaCO,). Thus some Fe, Ca, 
and Mg can replace Mn as impurity elements in 
rhodochrosite (Du and Fan, 2010). 

The red and white parts of the imitation had a very 
different composition from rhodochrosite (figure 4, B 
and C). The larger mineral particles in the red part 
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TABLE 2. Chemical composition (in wt.%) of the red part of the rhodochrosite imitations, obtained by EDS. 


Sample no. Elements Cc O Al Na Si S Total 
Point 1 4.70 57.12 38.03 0.15 100.00 

Point 2 4.34 58.03 37.38 0.24 99.99 
Point 3 4.17 56.78 38.98 0.07 100.00 
ans Point 4 68.15 13.28 18.11 0.04 0.19 0.23 100.00 
Point 5 52.99 19.28 27.16 0.09 0.20 0.29 100.01 
Point 6 65.35 19.31 14.98 0.04 0.10 0.22 100.00 

Point 1 6.35 57.90 35.62 0.12 99°99 
Point 2 6.75 58.86 34.23 0.16 100.00 
eae Point 3 a9) 58.55 3.08) 0.08 100.00 
Point 4 64.77 21.01 13.93 0.08 0.13 0.08 100.00 

Point 5 65.25 19,29 15,20 0.06 0.16 0.05 100.01 
Point 6 64.52 PMN 3333 13.70 0.09 0.25 0.11 100.00 


mainly contained Al and O, while the smaller parti- 
cles in the white bands mainly contained Ca, C, and 
O. The smaller minerals in the white bands also had 
asmall amount of Si and Naas impurity elements. At 
the same time, we observed that the gap between the 
particles contained a large amount of C. This indi- 
cated that the mineral particles were Al and O com- 
pounds in the red part of the imitation, and calcium 
carbonate in the white part. Moreover, a large amount 
of C in the gap between the particles revealed that the 
imitation was perhaps formed by cementing and dye- 
ing with mineral powder and organics. 

The EDS data in tables 2 and 3 agree well with the 
element mapping results. The red part of the imita- 
tion samples was mainly composed of Al and O, and 


contained little Na (F1R and F2R, points 1-3; figure 
5), the white part was mainly composed of Ca, C, and 
O, with a small amount of Si and Na (F1 W and F2W, 
points 1-3, figure 6). The content of C increased 
sharply (FIR, F2R, F1W, and F2W, points 4-6) when 
the test points were in the matrix of the imitation. 
This is probably due to the presence of organics in 
the mineral particle gap of the imitation. 

According to the ICDD powder diffraction file 
(PDF-2) database and Li et al. (2009), the X-ray dif- 
fraction data confirmed the presence of rhodo- 
chrosite (figure 7, Tl and T2), matching PDF card 
99-0089. Furthermore, according to the previously 
published report of the imitation turquoise (Zhang et 
al., 2014) and the chemical composition data ob- 


Figure 5. EDS test point of the red part of imitations F1R (left) and F2R (right). 
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TABLE 3. Chemical composition (in wt.%) of the white part of the rhodochrosite imitations, obtained by EDS. 


Sample no. Elements Cc O Ca Mg Al Si Na cl K Total 
Point? = 11.65 36.30 51.96 0.08 99.99 
Point 2 9.63 31.15 59.16 0.07 100.01 
Point3 10.35 30.89 58.65 0.11 100.00 
ei Point 4 38.96 32.73 23.99 0.18 0.53 331 0.09 0.06 0.14 99.99 
Point 5 39.48 20.78 35.69 0.27 0.26 3:23 0.13 0.03 0.13 100.00 
Point6é =—-29.11 25.57 43.19 1.37 0.06 0.46 0.12 0.05 0.05 99.98 
Point? 10.53 32.61 DOS? 0.34 100.00 
Point2 12.86 32.90 53.87 0.38 100.01 
=r Point 3 11.01 B22 56.43 0.44 100.00 
Point4 31.58 =. 29.73 24.89 0.18 0.67 11.43 0.59 0.35 0.59 100.01 
Point5 31.38 31.07 = 25.80 0.09 0.58 9.98 0.31 0.19 0.60 100.00 
Point6 =. 26.51 27.45 42.67 0.30 0.14 0.33 1.49 0.62 0.48 O18) 


tained by EDS (tables 2. and 3), the red part of the im- 
itation is Al(OH), (gibbsite), which matches PDF card 
33-0018, and the white part is CaCO, (calcite), 
matching PDF card 47-1743. 


Infrared Spectroscopy. FTIR spectroscopy using the 
specular reflection method (figure 8) shows large dif- 
ferences between the infrared spectrum of rhodo- 
chrosite and the imitations. 

According to Farmer (1974), the infrared spectrum 
of rhodochrosite does not show symmetric stretching 
vibration, while out-of-plane bending vibration and 
in-plane bending vibration are sharp absorption peaks 
that appear at about 900-600 cm; asymmetric 
stretching vibration is a strong and wide absorption 


peak, appearing near 1400 cm” (Li et al., 2009; Yang 
et al., 2015). 

The infrared spectra of the red and white parts of 
the natural rhodochrosite samples are similar (figure 
8, T2W and T2R). There are three characteristic ab- 
sorptions in the range of 2000-400 cm: a wide ab- 
sorption band of 1550-1400 cm! and _ sharp 
absorption peaks of 725 and 874 cm" in the range of 
900-600 cm-'. The absorption of v(C-O) in the 1550- 
1400 cm" range is wide and strong, the absorption 
at 874 cm" of v(CO,”) is sharp and strong, and the 
absorption of v(O-C-O) near 720 cm is sharp but 
weak. According to Yang et al. (2015), the three char- 
acteristic absorptions of the natural rhodochrosite 
samples correspond to v(C-O) asymmetric stretching 


Figure 6. EDS test point of the white part of imitations F1W (left) and F2W (right). 
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XRD SPECTRA 


INTENSITY —~ 


F2: Gibbsite+Calcite Figure 7 X-ray diffrac- 


tion results of samples 
(5°-90°). Spectra are off- 
set for clarity. 


F1: Gibbsite+Calcite 


T2: Rhodochrosite 


TWO-THETA (deg) 


vibration, y(CO,7) out-of-plane bending vibration, 
and 8(O-C-O) in-plane bending vibration, respec- 
tively. These are characteristic absorptions of carbon- 
ate minerals. 

As figure 8 shows, the infrared spectrum of the 
white part of the imitation is different from the red 
part. The main absorption peaks of the red part of the 
imitation (figure 8, FIR) are the peak at 1020 cm", the 
broad peak at about 800-740 cm, and the series of 
weak and sharp peaks in the 600-400 cm”! range, 
which correspond to the v(Al-O-H) stretching vibra- 


412 Notes & NEw TECHNIQUES 


tion and the related vibration of the hydroxyl group 
(Zhang et al., 2014). According to the attribution of the 
infrared spectrum peaks, we determined that the red 
part of the imitation is composed of gibbsite-Al(OH),. 

However, the white part of the imitation (figure 
8, F1W) has four characteristic absorptions in the 
range of 2000-400 cm-: the stretching vibration peak 
of v(C-O) at 1716 cm, the asymmetric stretching vi- 
bration of v(C-O) at 1412 cm+, y(CO,”), the out-of- 
plane bending vibration peak at 873 cm"!; and the 
out-of-plane bending vibration of 8(O-C-O) at 720 
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on the day Elizabeth I] is crowned Queen 
of England. 
ST. EDWARD’S SAPPHIRE 

In contrast to the violence and intrigue 
typifying the adventures of the Black 
Prince’s Ruby, the legendary history of St. 
Edward’s Sapphire places it in a reverse 
setting with a past full of holiness, mysti- 
cism, kindly actions and deeds of generosity. 

The stone which today graces the center 
of the top cross patee of the Imperial State 
Crown is said once to have been mounted in 
the Coronation Ring of Edward the Con- 
fessor, holy Saxon monarch who was 
crowned in 1042. Edward—called the Saint- 
King, having been canonized in 1161—is 
described as a fair and gentle man credited 
with having healing powers in his slender 
and almost transparent fingers. 

One of the quaint legends which is asso- 
ciated with this ancient gem is delightfully 
told by Caxton, first English printer. Ap- 
proached one day by a fair old man asking 
alms in front of a church in Essex called 
Havering, the good King Edward, having 
no money on his person, gave the frail old 
man his ring, in which was mounted the 
beautiful sapphire. Years passed and two 
English pilgrims, seeking religious relics in 
the Holy Land, lost their way at nightfall. 
Not knowing what to do or how to protect 
themselves from savage beasts native to the 
region, they suddenly saw in the distance a 
company of men clothed in white, followed 
by a saintly man with snowy hair. The two 
pilgrims hurriedly approached the group and 
when they introduced themselves to the 
leader he inquired of their good king and 
asked them to deliver a message and gift to 
their monarch on their return to England. 
Then stating, “I am John the Evangelist 

* the old man and his company ‘“‘de- 
parted from them suddenly.” When the gift 
was received by King Edward he discovered 
his own ring with the beautiful sapphire, 
presented years before to the seeker of alms. 

The story of the history of St. Edward's 
Sapphire further relates—and is to some de- 
gree authenticated by old drawings—that in 


1102 the coffin of Edward was opened and 
the ring removed from his well-preserved 
finger. It was accordingly deposited as a holy 
relic and is said to have been responsible 
for miraculous cures of various diseases. 

If the present stone is indeed the one 
removed from the tomb of Edward the Con- 
fessor, it has been refashioned for it is now 
a rose-cut gem described as flawless and of 
good color. It is regarded as one of the oldest 
and most valuable gems in the British Re- 
galia. 

EARRINGS OF ELIZABETH I 

Although it is only tradition which identi- 
fies the pearls suspended from the intersec- 
tion of the arches of the Crown of State as 
having once belonged to Elizabeth I, the 
story of how they happened to be placed 
there is authoritative. 

King Edward VII in assuming the duties 
of kingship after the death of his mother, 
Queen Victoria, ordered an inventory of 
contents in the royal palaces. Among the 
jewels were four large pearls which had 
always been regarded by the royal family 
as carrings of the Tudor queen who had an 
inordinate fondness for these gems. They 
were placed in the royal crown at the re- 
quest of Edward VII. 

THE SCEPTRE WITH CROSS 

Perhaps the most ancient of all the em- 
blems of royalty is the sceptre—two of which 
play an important role in the coming coro- 
nation. Certainly there exists no more beau- 
tiful example of this ancient kingly symbol 
than the Sceptre with Cross — signifying 
power and justice-—which the sovereign of 
England holds in the right hand during the 
act of crowning. 

Although the English Sceptre with Cross 
was also created in 1661 by Sir Robert Vy- 
ner, several changes have been made since 
that time, most notable of them the addition 
of the great 530 carat Star of Africa— 
largest of the several stones cut from the 
famous Cullinan diamond which weighed 
3106 carats in its original form. 

This golden sceptre measures about three 
feet and its lower tip is richly ornamented 
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Figure 8. Infrared spectra of the red and white parts of 
samples using the specular reflection method. Shown 
from top to bottom are the red and white parts of an 
imitation and the white and red parts of a rhodo- 
chrosite. Spectra are offset for clarity. 


cm, which are characteristic absorptions of carbon- 
ate. In addition to the absorption at 1020 cm”! is the 
absorption caused by the Al(OH), particle mixed in 
the white part. These peaks are also characteristic ab- 
sorptions of carbonate minerals, and thus the attri- 
bution of peaks is similar to that of natural 
rhodochrosite (figure 8; Yang et al., 2015). 

The KBr pressed-pellet technique was used for 
more accurate and comprehensive determination of 
the samples’ infrared spectra in the 4000-2000 cm! 
range. It can be seen from figure 9 (T1) that the absorp- 
tion peaks of the natural rhodochrosite sample in the 
1500-400 cm range were the same as those measured 
by the reflection method (figure 8). The v(C-O) stretch- 
ing vibration peak appears around 1800 cm" (Liet al., 
2009; Yang et al., 2015). The absorption peak at 3446 
cm could be caused by the water absorption of KBr. 

In addition to the characteristic peaks similar to 
those measured by the reflection method, many 
characteristic absorptions of the imitation (figure 9, 
F1) are caused by the organics and water. The absorp- 
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tions of the v|OH) symmetric stretching vibration ap- 
pear at 3621, 3527, 3469, and 3369 cm” in the range 
of 4000-3000 cm, which may be caused by the (OH) 
from Al(OH), or the organics (Chen et al., 2006). 

The absorptions at 2926, 2854, and 1453 cm” are 
caused by v(C-H) asymmetric stretching vibration, 
v(C-H) symmetric stretching vibration, and 8(C-H) 
deformation vibration of CH,, respectively (Chen et 
al., 2006; Teng et al., 2008). 

Two peaks near 1731 and 1140 cm” are caused by 
symmetric stretching vibrations of v(C=O) and v(C- 
O-C) of the ester group. And the absorptions of the 
asymmetric stretching vibration of v(C=C) in the 
benzene ring are at 1600 and 1508 cm"!. Moreover, 
the absorption peak at 1286 cm is caused by OH, 
and the 968 cm"! peak is caused by the bending vi- 
bration of an unsaturated hydrocarbon group (=C-H) 
(Tian et al., 2004; Chen et al., 2006; Teng et al., 2008). 

It can be inferred that the organic material in the 
matrix of the imitation is a kind of resin used for ce- 


Figure 9. Infrared spectra of samples using the KBr 
pressed-pellet technique: rhodochrosite (top) and im1- 
tation rhodochrosite (bottom). Spectra are offset for 
clarity. 
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Figure 10. Shown from top to bottom are the Raman 
spectra of the white and red parts of the rhodochrosite 
and the imitation rhodochrosite, respectively. Spectra 
are offset for clarity. 


menting or dyeing. According to Chen et al. (2006), 
it could be styrene or a similar compound. 


Raman Spectroscopy. Figure 10 presents the Raman 
spectra of the red and white parts of the 
rhodochrosite and the imitation rhodochrosite in the 
1800-100 cm range. There are six groups of Raman 
shifts in the rhodochrosites (figure 10, T2W and 
TI1R). The peak at 182 cm” is related to the lattice 
vibration of rhodochrosite. The peaks at 286, 717, 
1086, 1420, and 1720 cm” correspond to the vibra- 
tion of C-O in CO,” (the out-of-plane bending vibra- 
tion, the in-plane bending vibration, the symmetric 
stretching vibration, the antisymmetric stretching 
vibration, and the coupled vibration mode, respec- 
tively) (Du and Fan, 2010). 
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The Raman spectrum of the red part of the imita- 
tion sample (figure 10, F1R) is attributed to the O-H 
bending vibration in the range of 1200-200 cm“, in- 
cluding the Al-OH deformation vibration and the Al- 
O-Al bending vibration. Among them, the peak at 
about 1000 cm is caused by 8(O-H) in-plane bending 
vibration, and the peak at 506 cm” is related to the 
y(O-H) out-of-plane bending vibration. The 569 and 
536 cm"! peaks are attributed to the out-of-plane 
bending vibration of y(Al-O-Al). And the 8{Al-O) 
bending vibration leads to the peak at 320 cm", plus 
a small shoulder at 306 cm-!. The Raman spectra 
come to the same conclusion as the infrared spectra. 

The Raman shifts of the white part of the imita- 
tion sample (figure 10, F1W) are mainly located at 
150, 280, 712, 1000, 1085, and 1600 cm~!. The Raman 
shifts at about 1000 and 1600 cm are caused by the 
Al(OH), impurity in the white strip. The remaining 
absorption peaks at 150, 280, 712, and 1085 cm are 
similar to those in the natural samples but slightly 
shifted. It is known that as the cation radius in- 
creases, the Raman shifts of the calcite group miner- 
als that belong to v,,, v,,, and v, shift toward the 
short-wave (Du and Fan, 2010). Through comparison 
of the peak positions with Fu and Zheng (2013) and 
Du and Fan (2010), the peak at 150 cm" is due to the 
calcite lattice vibration, while the peaks at 280, 712, 
and 1085 cm"! correspond to the C-O vibration of 
CO,” (the out-of-plane bending vibration, in-plane 
bending vibration, and symmetric stretching vibra- 
tion, respectively). From this, we determined that the 
white part of the imitation is calcite. 


CONCLUSIONS 


Standard gemological testing was able to distinguish 
imitations from rhodochrosite by color, structure, 
band shape, transparency, and UV fluorescence. The 
imitation samples had brighter color, less-complex 
banding, lower specific gravity, lower RI, and poor 
transparency. SEM showed that the imitation had a 
granular structure, and its red and white parts con- 
tained different mineral powder particles. The FTIR, 
XES, XRD, and Raman spectra showed that the red 
part of the imitation product consists of granules of 
gibbsite (Al(OH),) and the white band part is com- 
posed of calcite (CaCO,). Moreover, it is proposed 
that the matrix contains organic substances, possibly 
styrene or a similar compound. 
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Lab Notes 


Editors 


Thomas M. Moses | Shane F. McClure 


Faceted CHIOLITE 


Recently, the GIA lab in Carlsbad re- 
ceived a colorless 1.04 ct gemstone of 
a material that was new to the lab 
(figure 1). The measured refractive 
index was 1.342-1.349 with a bire- 
fringence of 0.007 and an optic char- 
acter of uniaxial negative. The 
specific gravity, measured hydrostat- 
ically, was 3.01. These properties 
were consistent with the mineral chi- 
olite, which was confirmed by 
Raman spectroscopy (see figure 2 and 
http://rruff.info/RO50412). 

Chiolite is a very rare transparent 
to translucent colorless or snow- 
white mineral with a vitreous luster, 
perfect cleavage in one direction, and 
a white streak. It crystallizes in the 
tetragonal system and is composed of 
sodium and aluminum, with the for- 
mula Na,AL,F,, (the presence of these 
elements was confirmed with 
EDXRF). The principal source of gem- 
quality material is Ivigtut, Green- 
land, where it occurs in association 
with cryolite. Other gem-quality 
sources include Miass in the Ilmen 
Mountains region of Russia, where it 
is found in a cryolite pegmatite, and 
the Morefield pegmatite mine in Vir- 
ginia (see AZoMining.com). The min- 
eral was first discovered at Miass in 
1846. The name is very similar to 
cryolite, a related mineral. Cryolite 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. This 1.04 ct colorless 
octagonal cut was identified as 
chiolite. 


comes from Greek for “ice stone,” 
while chiolite means “snow stone.” 


Like their namesakes, they are some- 
times found together, though chio- 
lites are rarer. 

This gem has a very low hardness 
(3.5-4 on the Mohs scale) and perfect 
cleavage. The stones are usually small 
and nondescript. Nevertheless, chio- 
lite has joined the ranks of minerals 
cut by faceters who wish to try their 
hand at everything clean enough to 
cut, and a cut stone would make quite 
a specimen for a gem collection. 

Chiolite occurs in some granite 
pegmatites and is associated with ral- 
stonite, pachnolite, elpasolite, cryolite, 
thomsenolite, cryolithionite, fluorite, 
phenakite, and topaz (see mindat.org 
and rruff.info). 


Figure 2. Raman spectroscopy confirmed the colorless stone’s identity as 


chiolite. 
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Figure 3. This 3.70 ct brownish greenish yellow faceted octahedron con- 
tained a remarkable stellate hydrogen cloud (left) that showed strong yel- 
lowish green fluorescence under long-wave UV light (right). 


Chiolite is difficult to cut, ex- 
tremely rare, and has little commer- 
cial appeal. It is solely a curiosity in 
the gem world. 


Forozan Zandi 


Faceted DIAMOND Octahedron 
with a Remarkable Stellate Cloud 
Inclusion 

A 3.70 ct faceted Fancy brownish 
greenish yellow diamond (figure 3, 
left) was recently submitted to the 
Carlsbad laboratory for color origin 
and identification service. The dia- 
mond was remarkable in that it con- 
tained an eye-visible stellate cloud 
inclusion consisting of six legs that 
each radiated to a point on the pol- 
ished octahedron. Diamonds contain- 


ing star-like clouds are sometimes re- 
ferred to as “asteriated” in the trade 
(T. Hainschwang et al., “The Rhode- 
sian Star: An exceptional asteriated 
diamond,” Journal of Gemmology, 
Vol. 34, No. 4, 2014, pp. 306-315). 
While GIA occasionally encounters 
asteriated diamonds, this one was 
striking due to the well-defined na- 
ture of the star and the strong yellow- 
ish green color it exhibited under 
long-wave UV (figure 3, right). 
Gemological examination  re- 
vealed a type Ia diamond, showing a 
typical cape series in the visible spec- 
trum. Hydrogen bands in the infrared 
spectrum and the UV-Vis-NIR spec- 
trum were consistent with the ob- 
served “hydrogen cloud” inclusions 
(figure 4). These clouds in diamonds 
consist of a high density of light scat- 


Figure 4. The six-ray star pattern is composed of microscopic particles 
commonly referred to as “hydrogen clouds” (left) that fluoresce strong 
green to long-wave UV (right). Field of view 6.27 mm. 


tering micro-inclusions consistent 
with those that have been reported to 
be graphite (B. Rondeau et al., “Three 
historical ‘asteriated’ hydrogen-rich 
diamonds: Growth history and sector- 
dependent impurity incorporation,” 
Diamond and Related Materials, Vol. 
13, No. 9, 2004, pp. 1658-1673) that 
correlate strongly with the presence 
of hydrogen (W. Wang and W. Mayer- 
son, “Symmetrical clouds in dia- 
mond—the hydrogen connection,” 
Journal of Gemmology, Vol. 28, No. 
3, 2002, pp. 143-152). Also observed 
was brown radiation staining in a 
shallow feather, indicating that the 
stone had been exposed to natural 
alpha radiation (figure 5). 

While the cutting style was un- 
conventional, it served to showcase 
the remarkable inclusion scene con- 
tained within the diamond. This is 
one of the most interesting diamonds 
of this type examined at GIA’s Carls- 
bad laboratory. 


Maryam Mastery Salimi and 
Nathan Renfro 


GROSSULAR GARNET Crystals in 
Demantoid Garnet 

Demantoid, the green variety of an- 
dradite garnet, is a rare gemstone. It 
typically possesses high dispersion 
and diamond-like luster, which is 
often partly masked by the green and 
yellow-green bodycolors. Variations 


Figure 5. An irregularly shaped 
dark brown radiation stain on 
the diamond’s surface-reaching 
inclusion clearly shows that it 
was exposed to natural alpha ra- 
diation. Field of view 3.51 mm. 
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TABLE 1. LA-ICP-MS results on three areas of the demantoid sample: the host material (spot 1), the outer area of the inclusion 
(spot 2), and the inner area of the inclusion (spot 3). 


Concentration (ppmw) of 


different elements Mg a 2 cS n N - Mn fe 

Spot 1 449 414 185000 275000 ~—+17.7 nd* nd 328 186000 

Spot 2 162 32200 205000 296000 338 4.66 nd 723 152000 

Spot 3 127. 85100 192000 271000 3570 104 nd 13000 57600 
Detection limits (ppmw) 0.17 0.92 221 36 0.65 0.06 080 0.15 5.03 
oe aa MgO ALO, SiO, CaO TiO, V,O,  Cr,O, MnO FeO 

Spot 1 0.1 0.1 39.6 38.5 0.0 nd nd 0.0 23.9 

Spot 2 0.0 6.1 43.9 41.4 0.1 0.0 nd 0.1 19.6 

Spot 3 0.0 1164 41.1 37.9 0.6 0.0 nd 1:7 7.4 
eas toe OnypeH Mg Al Si Ca Ti Vv Cr Mn Fe O 
Spot 1 0.01 0.01 3.38 3.52 0.00 nd nd 0.00 1.71 12.0 
Spot 2 0.00 054 330 334 0.00 0.00 nd 0.01 ee 12.0 
Spot 3 0.00 1.42 3.09 3.05 0.03 0.00 nd 0.11 0.47 12.0 


and refers to elemental concentrations below the detection limits of LA-ICP-MS. 


in the color of demantoid garnet are 
generally caused by traces of 
chromium (Cr**}, ferric iron (Fe**), 
Fe**-Ti* intervalence charge transfer, 
and Fe?*-Fe** interactions (G. Giu- 
liani et al., “Gem andradite garnet 
deposits demantoid variety,” In- 
Color, No. 36, Summer 2017, pp. 28- 
39). 

Recently, GIA’s Bangkok labora- 
tory received a 4.47 ct yellowish green 
gemstone for identification. Standard 
gemological testing, including a re- 
fractive index over the limits of the 
refractometer and a specific gravity of 
3.86, and Raman spectroscopy identi- 
fied it as demantoid garnet. Micro- 
scopic examination revealed strong 
internal graining, fingerprints, and 
particles mixed with short needles. 
Interestingly, it also exhibited trans- 
parent octahedral crystals at the 
crown (figure 6). Some of them 
reached the surface and had a different 
luster from the host material. Close 
examination showed that the crystals 
contained two different luster areas, 
which also distinguished them from 
the host demantoid (figures 7 and 8). 

Raman spectroscopy was per- 
formed on the three different areas to 
identify the materials. The Raman 
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spectra of the two areas of the crystals 
were similar to that of the host, 
matching with andradite garnet. Gar- 
net species typically possess similar 
physical properties and crystal forms, 
but differ in chemical composition. 
For example, andradite is a calcium- 
iron garnet with the formula 
Ca,Fe,(SiO,),, whereas grossular is a 
calcium-aluminum garnet with the 
formula Ca,AlL,(SiO,),. Those two gar- 
net species are in the same isomor- 
phous series and therefore have the 
same general chemical formula, but 
differ only in containing Fe or Al. Due 
to their similar Raman spectra, chem- 


Figure 6. A cluster of transparent 
octahedral crystals observed in a 
yellowish green demantoid gar- 
net. Field of view 1.2 mm. 


Gems & GEMOLOGY 


ical analysis is better suited to sepa- 
rate the species of garnet. 

In this case, laser ablation—induc- 
tively coupled plasma—mass _spec- 
trometry (LA-ICP-MS) was used to 
compare the chemical composition of 
the demantoid against that of the sur- 
face-reaching inclusions. Spot 1 was 
on the host material, spot 2 on the 
outer area of the crystal inclusion, and 
spot 3 on the inner area of the crystal 
(figure 8). 

Surprisingly, the three spot areas 
exhibited different chemical compo- 
sitions, especially between the host 
demantoid area and the inner area of 


Figure 7. Some of the transparent 
octahedral crystals reached the 
surface of the demantoid. Field of 
view 2.0 mm. 
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Figure 8. LA-ICP-MS was performed on three different areas: the host de- 


mantoid (spot 1), the outer area of the included crystal (spot 2), and the 
inner area of the included crystal (spot 3). The blue dashed line shows the 
separation between the demantoid area and the outer area of the inclu- 
sion. The yellow dashed line separates the outer and inner areas of the in- 


clusion. Field of view 1.0 mm. 


the crystal. This indicated that the 
crystal inclusion was from a garnet 
species other than andradite. Table 1 
shows the chemical composition of 
the three spot areas, provided first in 
parts per million by weight (ppmw) 
units, followed by wt.% oxides of el- 
ements, and then as recalculated 
cations normalized to 12 oxygen 
atoms. Spot 1 (the demantoid) con- 
tained significantly more Fe than Al, 
whereas spots 2 and 3 of the crystal 
inclusion contained both elements. 
Spot 2 contained a higher concentra- 
tion of Fe than Al, and the calculation 
showed a mix of two garnet species. 
It is possible that the detection area 
partly included the host material. 
Spot 3 contained a higher Al concen- 
tration than Fe (a 75.36% match with 
grossular). 

Many types of solid inclusions 
are found in demantoid garnet, such 
as chromite, apatite, and diopside. 
From the results obtained here, it is 
interesting that solid inclusions of a 
different garnet species—grossular, 
in this case—can also be trapped in 
demantoid. 


Ungkhana Atikarnsakul 
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Resin IMITATION IVORY with a 
Pseudo “Engine-Turned” Structure 


Resin materials marketed as imitation 
ivory were recently acquired by a GIA 


gemologist. Material A, marketed 
under the name “Arvorin Plus,” was 
purchased from a billiard store. Mate- 
rial B, sold as “Resin-Ivory+S,” was 
purchased from a guitar store. These 
are manufactured as rods that can be 
purchased in a variety of lengths. Both 
show fine parallel linear striations 
along their length and a distinct pat- 
tern reminiscent of Schreger lines, 
commonly referred to as an “engine- 
turned” effect, when viewed across 
their horizontal plane (figure 9). These 
are also characteristics seen in gen- 
uine elephant and mammoth ivory. 
The resin materials were found to 
have nearly identical gemological 
properties. Both had a Mohs hardness 
around 2, indented when pressed 
firmly with a pointer probe, and 
melted rapidly when touched with a 
hot point. They also had a spot refrac- 
tive index reading of 1.57, a hydro- 
static specific gravity of 1.24, and 
were inert to long-wave and short- 
wave ultraviolet light. Raman spec- 
troscopy further confirmed their 
identity as a polymer substance. 
Genuine elephant and mammoth 
ivory typically show a refractive index 


Figure 9. Left: Material A, 24.40 mm in diameter and sold under the name 
“Arvorin Plus,” shows parallel linear striations along its length and unor- 
ganized perpendicular striations along the horizontal plane. Right: Mate- 
rial B, 18.93 mm in diameter and marketed as “Resin-Ivory+S,” exhibits 
parallel linear striations along its length and perpendicular striations with 
an average angle of 90° along its horizontal plane. 
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Figure 10. Left: Elephant ivory with Schreger lines intersecting at an average angle of 109°; field of view 19.27 
mm. GIA Collection no. 4287. Right: Mammoth ivory with Schreger lines intersecting at an average angle of 
69°; field of view 19.27 mm. Part of GIA Collection no. 19267, donated in 1995 by Richard Marcus of Mammoth 


Enterprises, Inc. 


of 1.540, a specific gravity between 
1.70 and 2.00, and weak white to blue 
fluorescence under both long-wave 
and short-wave UV. Ivory’s most dis- 
tinguishing characteristic is a display 
of Schreger lines (“engine turning”), 
an inherent growth property that is 
visible when specimens are cut per- 
pendicular to the length of the tusk. 
These Schreger lines create unique 
angles that distinguish between 
mammoth and elephant species. 
When concave angles that open to the 
inner area of the tusk are measured, 
mammoth ivory will show an average 
angle of less than 90°, while elephant 
ivory will show an average angle 
greater than 90°. Figure 10 shows ele- 
phant and mammoth specimens ori- 
ented with their concave angles 
opening to the inner area of the tusk. 
Their Schreger lines intersect at aver- 
age angles of 109° and 69°, respec- 
tively. These can be compared to 
materials A and B. While material A 
did show perpendicular striations 
along the horizontal plane, the angles 
were not particularly organized or 
consistently measurable. However, 
material B had “engine-turned” stria- 
tions at an average angle of 90° along 
this same plane. 

Cabochons were cut from both 
types of resin, and the form of a small 
elephant tusk was carved out of ma- 
terial A (figure 11). The resins’ low 
hardness allowed them to be quickly 
ground down for shaping, while their 
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high toughness prevented any chip- 
ping or fracturing even on small de- 
tails. The resins each consist of two 
components with slightly different 
hardness, which produces the engine- 
turned pattern. One difficulty is that 
when attempting to shape a smooth 
surface, the darker and lighter areas 


erode at different speeds, creating an 
uneven texture. This effect is mini- 
mized, though, at the prepolishing 
stage of the carving. The low melting 
point of the ivory imitations posed an 
added challenge during the polishing 
process. When attempting to polish 
with a compound applied to a felt 


Figure 11. Three ivory imitations carved for this study. The tusk (52.23 ct) 
and the cabochon on the right (35.37 ct) were created from material A. 

The cabochon on the left (14.67 ct) was created from material B. Lapidary 
by Dylan Hand. 


Gems & GEMOLOGY 


FALL 2019 


wheel, the resins can melt and deform 
relatively quickly. 

Elephant ivory was first regulated 
under the Endangered Species Act in 
1976, with more recent laws creating 
a near-total ban on its import and ex- 
port. Laws regarding mammoth ivory 
vary by state. Ivory imitations are 
now commonly used in their place for 
furniture and musical instrument in- 
lays, jewelry, and various accessories. 
Both resins are purportedly composed 
of spun polyester and are being pro- 
duced in China. 


Britni LeCroy and Dylan Hand 


Cobalt-Coated SAPPHIRE 


Recently, the New York laboratory re- 
ceived a bright blue stone for identifi- 
cation. The blue color closely 
resembled that of the highly desired 
cobalt spinel. Advanced testing proce- 
dures of Fourier-transform infrared 
(FTIR), ultraviolet/visible/near-infra- 
red (UV-Vis-NIR}, energy-dispersive X- 
ray fluorescence (EDXRF), and laser 
Raman spectroscopy were performed 
to aid in identification. FTIR revealed 
a corundum spectrum, but with an un- 
characteristic rise in the 7000-5800 
cm region. Laser Raman spectroscopy 
confirmed corundum, and UV-Vis-NIR 
yielded a cobalt absorption spectrum 
similar to that of diffused cobalt spinel. 

Magnification revealed the pres- 
ence of a coating, which was responsi- 
ble for the observed over-the-limits RI 
reading. The coating was easily de- 
tected by the speckled, uneven surface 
and lighter facet edges where the coat- 
ing was damaged (figure 12). EDXRF 
identified the coating as cobalt, consis- 
tent with the UV-Vis-NIR absorption 
spectrum. The stone possessed typical 
heated sapphire inclusions, such as al- 
tered fingerprints and frosted crystals. 
In addition, Raman spectroscopy iden- 
tified glass-filled surface-reaching cav- 
ities (figure 13). 

Cobalt coating is already a known 
treatment of tanzanite to improve the 
blue color component, but GIA has 
not observed cobalt coating on sap- 
phire in recent years (see Spring 1994 
Ge&G, pp. 48-49). Unlike cobalt coat- 
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Figure 12. Lighter facet junctions and a speckled surface are evidence of 


coating. Field of view 4.79 mm. 


ing on tanzanite, which has been ob- 
served applied only to the pavilion, 
this coating covered the entirety of 
the sapphire. This highlights the pos- 
sibility of cobalt coating on materials 
other than tanzanite to induce a more 
pronounced blue color. 

Because of its color, this material 
is most likely to be mistaken for 


cobalt spinel, which can easily be 
eliminated as a possibility through 
standard gemological testing with the 
polariscope and specific gravity. The 
stone tested was doubly refractive 
and had a specific gravity of 4.00, 
while spinel is singly refractive and 
has an SG of 3.60 (+0.10/-0.03). Al- 
though the RI was over the limit of 


Figure 13. Glass-filled cavities on the sapphire’s pavilion. Field of view 


38.57 mm. 
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the refractive index liquid, the stone’s 
specific gravity and doubly refractive 
nature point to sapphire. Advanced 
testing was useful in confirming the 
true identity of the stone and the 
coating. 


Virginia Schneider and Jessica Jasso 


Possible Natural Abalone SHELL 
Blister 


An intriguing item was sent by KC 
Bell to GIA’s Carlsbad laboratory for 
examination. Mr. Bell stated that it 
was found among a group of natural 
abalone pearls off the coast of South- 
ern California in the Pacific Ocean. 
The sample (figure 14) weighed 3.00 
ct, measured 10.73 x 8.82 x 6.23 mm, 
and was appealing because “pearl” 
layers appeared to have formed 
around a piece of rock. However, its 
natural or cultured origin and the 
mollusk species that produced it 
needed to be determined. 

The sample consisted of two main 
components: an opaque dark body and 
a translucent cap formed of nacreous 
layers. The main body looked like a 
stone with a typical angular baroque 
shape expected of unfashioned natural 
material. The exposed areas exhibited 
a bumpy surface texture, and a strong 
fiber-optic light revealed a dark green- 
ish bodycolor and some black areas of 
a different composition. Subsequently, 
Raman spectroscopic analysis with an 
830 nm diode laser verified the dark 
greenish body was composed of a 
rock-forming feldspar mineral when 
the spectrum was matched with the 
RRUFF mineral database (RRUFF- 
RO40129). 

The thin layers partially covering 
the stone displayed vibrant blue, 
green, and purple-pink hues. At 
higher magnifications, a fine platelet 
structure was Clearly visible, together 
with a characteristic underlying 
botryoidal-like structure that has 
been observed through the translu- 
cent surface layers of many abalone 
pearls (Fall 2015 Lab Notes, pp. 319- 
320). Raman analysis of the surface 
layers using a 514 nm argon-ion laser 
revealed peaks at 701, 705, and 1085 
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Figure 14. This intriguing abalone sample, shown in three different orien- 
tations, weighed 3.00 ct and measured 10.73 x 8.82 x 6.23 mm. 


cm, proving the nacre was com- 
posed of aragonite. In pearl testing, 
the higher excitation power of this 
laser is generally used in the identifi- 
cation of calcium carbonate poly- 
morphs as well as natural pigments 
or artificial coloring agents. The 830 
nm laser is used to obtain spectra in 
some situations, such as when high 
fluorescence is encountered with the 
514 nm laser. 

Energy-dispersive X-ray fluores- 
cence (EDXRF) analysis showed that 
the nacreous surface layers contained 
low levels of manganese and con- 
firmed a saltwater origin. Moreover, 
22.1 ppm of iodine was detected, typi- 
cal of many abalone shells and pearls 
since abalone is an iodine-rich organ- 
ism (H.S. Doh and HJ. Park, “Specia- 
tion of bio-available iodine in abalone 
(Haliotis discus hannai) by high-per- 
formance liquid chromatography hy- 
phenated with inductively coupled 
plasma-mass spectrometry using an in 
vitro method,” Journal of Food Sci- 
ence, Vol. 83, No. 6, 2018, pp. 1579- 
1587). GIA has often detected iodine in 
abalone samples examined (Fall 2015 
Lab Notes, pp. 319-320). Surface obser- 
vation and chemical data confirmed 
that the nacre layers were produced by 
a univalve abalone gastropod (Haliotis 
genus), allowing us to confidently 
identify the mollusk species. Further- 
more, EDXREF analysis of the rock sur- 
face revealed that it was composed of 
sodium-rich feldspar. 
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Closer examination of a small sur- 
face opening on the face of the sample 
(figure 15) and the edge of the nacre 
where it did not cover the underlying 
rock (figure 14, center and right) re- 
vealed a tight connection between the 
two main components. No gas bub- 
bles or other features such as flow 
lines indicating an artificial bonding 
agent were observed in the translucent 
brown layer between them. The 
brown layer appeared to be an organic 
substance—likely conchiolin, an es- 
sential natural substance secreted by 
mollusks during the formation of 
pearls, blisters, and shells. The inter- 


Figure 15. The overlying nacre 
tightly conformed to the underly- 
ing rock’s surface, and a small 
opening was visible on the face, 
exposing the material beneath. A 
translucent brown layer between 
the two main components is pos- 
sibly an organic substance, likely 
conchiolin. Field of view 7.19 
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with clusters of gems, and sprays of enamel 
and gold. It is really the top of the sceptre, 
however, which lends a magnificence unsur- 
passed o this royal emblem of power. Al- 
though amethysts are no longer regarded as 
rare, the large amethyst orb was placed in 
the sceptre during a period when these 
stones were costly and much in demand. 
Even now its deep purple brilliance lends 
a striking contrast to the flashing fires of 
the great Star of Africa diamond suspended 
beneath it. Cross arches and bands of gems 
encircling the large purple sphere are 
studded with diamonds and rubies, mounted 
in gold, The emerald centered in the cross 
patee above the orb is thickly surrounded 
by diamonds. 

Although the Sceptre with Cross is used 
only at a coronation and at the funeral of 
a monarch, the Star of Africa—known in this 
country as Cullinan I—is detachable and may 
be worn as a pendant on great occasions of 
state. 

The 3106 carat rough Cullinan diamond 
crystal -- largest diamond ever recovered — 
was presented to King Edward VII in 1907 
by the Transvaal government. After it had 
been cut into the four magnificent stones 
which are now a part of the British crown 
jewels—and 101 lesser stones—it was the 
king himself who suggested that the most 
gorgeous of all cut diamonds should be 
placed in the royal sceptre. 


THE SCEPTRE WITH DOVE 

The second sceptre used in the crowning 
of British monarchs is sometimes referred 
to as the “Rod with Dove’ and was also 
created by Sir Robert Vyner and closely 
patterned after the one used in the cere- 
monies of ancient British coronations. It 
exceeds in length approximately one half 
foot the jeweled sceptre and signifies equity 
and mercy, being held in the left hand of the 
king during the coronation ceremony. The 
dove, which tops the elaborately enameled 
and bejeweled staff of the sceptre, typifies 
the Holy Ghost who is traditionally believed 
to guide the action of kings. The dove is 
fashioned of white enamel with feet, eyes, 


+ The Orb. 
and beak of gold while the orb beneath is 
studded with diamonds. 


JEWELED SWORD OF STATE 

Regarded as the most beautiful and valu- 
able sword in the world, England’s Jeweled 
Sword of State was made for George IV. 
Diamonds, sapphires, rubies, and emeralds 
are richly woven into designs portraying 
the rose of England, the thistle of Scotland, 
and the shamrock of Ireland. During the 
ceremony it is girt about the new monarch 
who then places it on the altar in homage 
to the Church. It is later redeemed and car- 
ried naked before the king during the re- 
mainder of the ceremony. 


THE ORB 

The orb represents the earth, a part of 
which is to be ruled by the new monarch, 
and is carried in the left hand as he or she 
leaves the Abbey after the coronation cere- 
mony. It is representative of independent 
sovereignty under the cross of Christianity. 
If of Roman origin, as believed, the cross 
was no doubt added to the design after the 
Romans had rejected their pagan deities. 

Actually there are two royal orbs among 
the crown jewels of England, the second 
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Figure 16. RTX images of the sample’s face (left) and side (right) revealed 
that the thin nacre layer conformed very well to the underlying stone’s 
surface. 


nal structure revealed by real-time X- 
ray microradiography (RTX) supported 
the observational findings that the 
thin nacreous overgrowth adhered to 
the rock’s surface in all directions and 
did not appear to have formed from 
any culturing process (figure 16). 
Abalone are known to produce 
natural pearls and are also used com- 
mercially to produce cultured shell 
blisters in order to fashion assembled 
cultured blister “pearls” (mabe). Shell 
blisters can form naturally when a 
foreign object accidentally enters the 
mollusk’s body and becomes trapped 
in between the shell’s interior surface 
and the mantle tissue. If the mollusk 
survives this experience, the cells 


within the mantle tissue continue to 
secrete nacre (commonly biogenic 
aragonite) to increase the layers and 
cover the intruder, possibly to ease 
any discomfort. The intruder eventu- 
ally becomes a part of the inner shell, 
resulting in a natural shell blister. 
Based on this formation mechanism 
and the gemological evidence ob- 
tained, this sample appears to be an 
unusual natural shell blister in which 
a small piece of rock acted as the irri- 
tant that initiated formation. Since 
abalone mollusks inhabit rocky areas 
and attach themselves to rocky sur- 
faces, this scenario is not out of the 
question. 

Artitaya Homkrajae 


Figure 17. A 4,759 ct synthetic star ruby and a 467.2 ct synthetic star sap- 
phire were submitted to GIA’s Tokyo lab. 
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Large LABORATORY-GROWN 
STAR RUBY and SAPPHIRE 


The Tokyo lab received for a Quality 
Assurance report two unusually large 
loose stones with asterism. One was 
a 4,759 ct red sphere (figure 17, left} 
with a diameter of approximately 
76.96 mm, and the other a 467.2 ct 
blue cabochon measuring approxi- 
mately 52.04 x 42.29 x 20.89 mm (fig- 
ure 17, right). 

These stones both had a spot re- 
fractive index of 1.77 and were doubly 
refractive with a uniaxial interference 
figure. The red sphere displayed a 
ruby spectrum with a handheld spec- 
troscope. Microscopic observation 
showed curved bands of gas bubbles, 
cottony structure on the surface, and 
Plato striations (figure 18), providing 
proof of a laboratory-grown star ruby. 
The cottony structure indicates the 
possibility of diffusion treatment. The 
blue cabochon displayed a faint blue 
sapphire spectrum with the handheld 
spectroscope. It had a mottled blue 
color in diffused light (figure 19). Ap- 
parently it was a titanium-diffused 
colorless synthetic sapphire polished 
to produce asterism. As a result of pol- 
ishing, the blue color is concentrated 
on the flat bottom and mottled on the 
curved top. This is visible when 
viewed from the side. Microscopic ob- 
servation showed curved bands of gas 
bubbles, proof of laboratory growth. 

As Schmetzer et al. summarized 
(“Dual-color double stars in ruby, sap- 


Figure 18. Asterism seen on the 
surface and irregular grain 
boundaries (Plato striations). 
Field of view 11.4 mm. 
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Figure 19. Mottled blue patterns 
were observed in the synthetic 
sapphire against transmitted illu- 
mination through a diffuser plate. 


phire, and quartz: Cause and histori- 
cal account,” Summer 2015 GwaG, 
pp. 112-143), the Czochralski pulling 
technique can produce large crystals. 
These crystals have a uniform distri- 
bution of color and titanium-bearing 
precipitates compared to other 
growth methods, and they can be cut 
from any part of the crystal, regard- 
less of size. Therefore, this labora- 
tory-grown star ruby was most likely 
produced by the pulling technique. 
Also, this specimen was too large to 
have been produced by flame fusion. 
Detailed information on these two 
items is not available, but they are 
probably similar products. 

Synthetic star corundum is not 
rare, but these were among the 
largest laboratory-grown star rubies 
and star sapphires submitted to the 
GIA laboratory. 


Masumi Saito and Yusuke Katsurada 


LABORATORY-GROWN SAPPHIRE 
with Unusual Features 


The Hong Kong laboratory recently 
examined a 14.36 ct pink-orange 
cushion mixed-cut specimen measur- 
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Figure 20. This 14.36 ct pink-or- 
ange synthetic sapphire contains 
large fractures with orange stain- 
ing and some partially crystal- 
lized foreign material. Field of 
view 15.26 mm. 


ing 12.97 x 11.41 x 10.59 mm. Stan- 
dard gemological testing yielded an RI 
of 1.760-1.768, a chromium emission 
line in red using a handheld spectro- 
scope, strong red fluorescence under 
long-wave UV, and weak red fluores- 
cence under short-wave UV. These 
properties were consistent with pink 
sapphire. Magnification revealed large 
fractures containing orange staining 
and some partially crystallized foreign 
material (figure 20). The foreign ma- 
terial partially crystallized in a den- 
dritic pattern resembling that of 
diaspore (figure 21). Other natural- 
looking features included a twinning 
plane and tubules. Nonetheless, the 
observation of indistinct Plato lines 
and a slight curvature in the twinning 
plane raised suspicion about the 
stone’s nature. 

A strong red curved band observed 
in the DiamondView confirmed it 
was a Verneuil (flame-fusion) syn- 
thetic sapphire (figure 22). The ab- 
sence of Ga, V, and Fe in the 
specimen, determined using laser ab- 
lation-inductively coupled plasma-— 
mass spectrometry (LA-ICP-MS), 
provided further evidence supporting 
its synthetic nature. Ti was below de- 
tection limit in all six spots. Cr was 
below the detection limit in one spot 
and 37.61-44.31 ppma in five other 
spots. 

Although flame-fusion synthetic 
sapphires are common in the market- 
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Figure 21. The foreign material 
partially crystallized in a den- 
dritic pattern in the fractures, 
reminiscent of diaspore. Field of 
view 7.64 mm. 


place, it is unusual to encounter a 
specimen containing such natural- 
looking orange staining and partially 
crystallized foreign material in the 
fractures. Careful observation as well 
as advanced testing are required for the 
correct identification of the natural or 
synthetic origin of such specimens. 


Bona Hiu Yan Chow and 
Mei Mei Sit 


VLASOVITE 


The Carlsbad laboratory recently re- 
ceived for identification service a 
stone with properties that were not 
consistent with stones previously 
identified at GIA. This yellow octag- 


Figure 22. The pink-orange speci- 
men showed a strong red curved 
band in the DiamondView, con- 
firming its identity as a flame- 
fusion synthetic sapphire. 
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Figure 23. This 1.20 ct octagonal 
modified brilliant was identified 
as the rare gem vlasovite. 


onal modified brilliant (figure 23), 
measuring 6.41 x 5.26 x 4.68 mm, 
weighed 1.20 ct and had a specific 
gravity of 3.01. Microscopic features 
observed included distinct parallel 
twinning planes (figure 2.4), iridescent 
fractures, stringers, and fingerprints. 
Standard gemological testing revealed 
that it was doubly refractive, with a 
biaxial optic figure and a refractive 
index of 1.608-1.628. It fluoresced a 
very weak yellow under short-wave 
UV and had no reaction under long- 


Figure 24. Colorful twinning planes were observed in the faceted vlasovite 
using polarized light. Field of view 3.23 mm. 


wave UV. The Raman spectrum of 
the stone (figure 25) was matched to 
one in the RRUFF database, which 
confirmed the gem’s identity as 
vlasovite, an inosilicate mineral with 


Figure 25. Raman spectroscopy confirmed the gem’s identity as vlasovite. 
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the chemical formula Na,ZrSiO,O,, 
(rruff.info/vlasovite/RO609 13). 
Vlasovite is known to be found in 
pegmatites in northern Russia, 
Canada, and Portugal. It was named 
after Kuzma Alekseevich Vlasov, 
who studied the region where vlaso- 
vite originated (handbookofmineral- 
ogy.com). Vlasovite is a rare mineral, 
and faceted stones are especially rare. 
This is the first faceted example ex- 
amined at GIA’s Carlsbad laboratory. 


Jessa Rizzo 
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Rain Cloud in Alexandrite 


An example of nature imitating nature was seen in a 0.73 
ct faceted alexandrite showcasing an inclusion reminiscent 
of a rain cloud (figure 1). The “cloud” was composed of 
white particles oriented as parallel bands that displayed a 
cloud-like silhouette when viewed at an angle. The “rain” 
was composed of fine oriented reflective needles com- 
monly referred to as silk. Fiber-optic lighting allowed for a 
concentration of white light to be seen under the cloud, 
creating an appearance of lightning. The inclusion scene 
observed in this gem is an interesting novelty that any 
gemologist can appreciate. 


Britni LeCroy 
GIA, Carlsbad 


Conichalcite in Quartz Chalcedony 


An interesting greenish blue cabochon of chalcedony was 
examined to determine the identity of some peculiar yel- 
lowish green inclusions. The bodycolor offered some clues, 
as the greenish blue variety of chalcedony, known as “gem 
silica,” is commonly attributed to the copper mineral 
chrysocolla. Therefore, it was not a surprise when Raman 
spectrometry identified the yellowish green inclusions as 
another mineral that contained a significant amount of 
copper: conichalcite (figure 2). 


About the banner: Fibers of actinolite radiate from a core crystal of 
chromite in a Russian demantoid garnet. These “horsetail” inclusions are 
common in demantoid from Russia. Photomicrograph by Nathan Renfro; 
field of view 1.53 mm. Courtesy of the John Koivula Inclusion Collection. 


Editors’ note: Interested contributors should contact Nathan Renfro at 
nrentro@gia.edu for submission information. 
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Figure 1. An alexandrite seen with fine milky parti- 
cles and bands of silk resembling a rain cloud. Photo- 
micrograph by Britni LeCroy; field of view 2.90 mm. 


Conichalcite, CaCu(AsO,}](OH), is a member of the 
adelite-descloizite group and occurs in colors from domi- 
nantly green to dominantly yellow, with either a yellow or 
green modifier. Conichalcite is reported to occur with 
chrysocolla from deposits in the United States (Utah, Ari- 
zona, and California), Germany, Peru, and Australia. This 
particular gem was reportedly from Concepcion Del Oro, 
Zacatecas, Mexico. 

These vibrant inclusions were quite visually striking 
when seen along with their greenish blue host chalcedony. 
This is the first time the authors have identified inclusions 
of conichalcite in chalcedony. 


Nathan Renfro and John I. Koivula 
GIA, Carlsbad 


Emerald in Rock Crystal Quartz 


Rock crystal is a transparent and colorless macrocrystalline 
variety of quartz (SiO,) that often has cavities containing liq- 
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Figure 2. Raman spectrometry identified the yellow- 
ish green inclusions in this chalcedony host as the 
copper mineral conichalcite. Photomicrograph by 
Nathan Renfro; field of view 7.20 mm. 


uid and gas two-phase inclusions. Many different minerals 
also form as inclusions within rock crystal quartz. Typical 
varieties of included quartz for gem use are rutilated quartz, 
tourmalinated quartz, and strawberry quartz. Specimens 
may also contain several other types of mineral inclusions. 

Recently, the author examined a 10.95 ct rock crystal 
quartz cabochon that contained elongate rod-shaped green 
crystals (figure 3). The green crystals showed hexagonal 
cross-section and were identified by Raman spectroscopy 
as beryl. Ultraviolet/visible/near-infrared (UV-Vis-NIR) 
spectroscopy showed a chromium (Cr) spectrum, which 
confirmed that the green crystals were emerald. This 
amazing inclusion has been previously reported in a rock 
crystal quartz specimen (Fall 2008 Lab Notes, p. 258), but 


Figure 3. A prismatic emerald crystal within a rock 
crystal quartz. Photomicrograph by Nattida Ng- 
Pooresatien; field of view 12.5 mm. 
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this is the first time the author has examined a gem-quality 
rock crystal quartz cabochon with a perfectly hexagonal 
emerald crystal inclusion. 


Nattida Ng-Pooresatien 
GIA, Bangkok 


lolite-Sunstone Intergrowth and Inclusions 


At the GIA Carlsbad laboratory, the authors recently ex- 
amined a cabochon of “bloodshot” iolite (containing red, 
eye-visible platelets of hematite) intergrown with a sun- 
stone (figure 4). This material was reportedly sourced from 
India. Cordierite (iolite) and plagioclase feldspar is a com- 
mon metamorphic mineral assemblage, and similar mate- 
rial reportedly from India has been documented in the past 
(Winter 1991 Gem News, pp. 261-262). 

This “double” gem specimen displays a mixture of an 
attractive bluish violet dichroic color with red hematite 
platelet inclusions in the iolite half, combined with an or- 
ange aventurescence effect from numerous tiny copper-col- 
ored hematite platelets in the sunstone half. 


Figure 4. An iolite-sunstone overgrowth crystal speci- 
men. Photo by Kevin Schumacher. 
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Figure 5. This colorful inclusion scene showcases an 
anthophyllite crystal inclusion, which exhibits high 
transparency, several cleavage planes, and a thin/ 
bladed prismatic crystal form. Photomicrograph by 
Jonathan Muyal; field of view 2.34 mm. 


Viewing the stone under magnification offers an in- 
clusion scene with a variety of well-formed hematite 
platelets, crystals, and liquid inclusions. Of particular in- 
terest was a fine elongated single-crystal inclusion of an- 
thophyllite (figure 5). 

The crystal shape of the anthophyllite could easily be 
mistaken for phlogopite, which has been documented in 
cordierite (E.J. Giibelin and J.I. Koivula, Photoatlas of Inclu- 
sions in Gems, Vol. 1, ABC Edition, Zurich, 1986, p. 268). 
In fact, several greenish brown prismatic phlogopite crystal 
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inclusions were also observed inside the same specimen. 
Nevertheless, the anthophyllite crystal was conclusively 
identified by Raman microspectrometry analysis. The an- 
thophyllite crystal inclusion showed a bladed prismatic 
crystal form, orangy yellow color, transparency, and several 
cleavage planes. 

Although amphibole mineral inclusions have been doc- 
umented extensively, distinct prismatic anthophyllite 
crystal inclusions are very rare and few references are 
found in the literature. Anthophyllite is more common in 
lamellar or fibrous form, classified as asbestos. 

This combination iolite-sunstone specimen and its in- 
clusions offer a unique visual composition that makes it a 
desirable piece for a gem collection. 


Jonathan Muyal and Paul Mattlin 
GIA, Carlsbad 


Merelaniite in Gem Diopside from 
Merelani, Tanzania 


A recent Micro-World entry (Summer 2018 GwG, pp. 226— 
227) described merelaniite occurring as dense inclusions 
in a tanzanite cabochon and as inclusions in two gem tan- 
zanite crystals. While the Merelani tanzanite mines have 
also become well known for green diopside in recent years, 
in July 2019 the authors observed, for the first time, dense 
inclusions of fine merelaniite whiskers in gem-quality yel- 
low-green, prismatic diopside crystals (figure 6, left). 
Seven merelaniite-included diopside crystals, reportedly 
mined in 2018 and obtained by one of the authors (WR), 


Figure 6. Left: Prismatic 
diopside crystal (1.5 cm 
tall) included with abun- 
dant merelaniite whiskers, 
associated with graphite at 
the termination, and aggre- 
gates of radiating white aci- 
cular mesolite crystals on 
some prism faces. Photo by 
Tom Stephan. Top right: 
Close-up of the merelaniite 
inclusion (field of view ~8 
mm), viewed through one 
polarizer to reduce the ef- 
fects of diopside’s birefrin- 
gence. Bottom right: Detail 
of some of the merelaniite 
inclusions showing spindle 
structures due to non-uni- 
form layer growth around 
the whisker axes (field of 
view 1.5 mm). Photomicro- 
graphs by J.A. Jaszczak. 
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Figure 7. Left: A 1.35 ct faceted gem diopside containing merelaniite inclusions. Photo by Diego Sanchez. 
Right: Close-up of wheel and whisker morphology of the included merelantite. Photomicrograph by Nathan Ren- 


fro; field of view 1.03 mm. Stone courtesy of Bill Vance. 


ranged in size from approximately 1 to 5 cm long. Apart 
from the merelaniite inclusions, all but the largest had ex- 
cellent clarity, although one 1.7 cm crystal was so densely 
filled with merelaniite that half of the sample appeared very 
dark. Similar to the inclusions observed in tanzanite, the 
merelaniite inclusions in diopside were predominantly 
cylindrical whiskers with metallic luster and variable diam- 
eters and lengths. The longest whiskers in the largest diop- 
side spanned up to 2 cm (figure 6, top right), and many 
extended to the surface, where they terminated. Some of the 
merelaniite whiskers showed a spindle- or wheel-type struc- 
ture with diameter that varied along the axis of even a single 
whisker (figure 6, bottom right). Some ribbon-like inclusions 
also occurred that were likely merelaniite. All of the diop- 
sides were also associated with white spheroidal clusters of 
radiating acicular mesolite crystals, while several crystals 
were associated with graphite and one was associated with 
a transparent blue fluorapatite crystal. 

While reviewing an earlier version of this report, GIA’s 
Nathan Renfro made the connection between these in- 
cluded diopside crystals and a faceted Merelani diopside 
gemstone (figure 7, left) containing dark whisker inclusions. 
Author JIK obtained that diopside from Bill Vance, the 
stone’s cutter, in approximately 2012. The whiskers in this 
1.35 ct stone, some of which were surrounded by remark- 
able dark circular growths (figure 7, right), have also been 
confirmed by Raman spectroscopy as merelaniite. 


Werner Radl (mawingugems@yahoo.de) 
Mawingu Gems 

Idar-Oberstein, Germany 

John I. Koivula 

John A. Jaszczak (jaszczak@mtu.edu) 
Michigan Technological University 
Houghton, Michigan 
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Dravite from Mozambique with an Abundance of 
Pyrite Inclusions 


In the summer of 2017, author JP encountered a parcel of 
transparent yellow to brownish yellow tourmalines at the 
gemstone market in Chanthaburi, Thailand. The six 
faceted tourmalines shown in figure 8 revealed properties 
consistent with tourmaline. LA-ICP-MS analysis was per- 
formed to determine their major chemical components, 
which were: 11.56-12.31% MgO, 9.98-10.34% B,O,, 2.62— 


Figure 8. Six yellow to brownish yellow faceted 
dravite tourmalines (0.47-2.8 ct) from Mozambique, 
many of which contained distinct metallic inclusions 
of pyrite. Photo by Weizhi Huang. 
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2.82% Na,O, 0.68-1.06% CaO, 0.17-0.45% TiO,, and 
0.11-0.25% FeO (total iron). Minor amounts of Li, K, V, Cr, 
Mn, Zn, Ga, and Sr were also detected, indicating dravite 
tourmaline. 

These dravites were noteworthy for their numerous eu- 
hedral pyrite crystal inclusions (figure 9), confirmed by 
Raman. This was previously reported without Raman 
analysis (see Spring 2007 GNI, pp. 73-75). This is the first 
time the authors have seen so many intact pyrite crystals 
in yellow to brownish yellow gem-quality dravite from 
Mozambique. 

Weizhi Huang and Jingcheng Pei 
Gemmological Institute, China University of Geosciences 
Wuhan 


Dislocation Chain in Oregon Sunstone 


The author recently examined a high-quality faceted 
orangy red Oregon sunstone weighing 6.77 ct. Examined 
under magnification with fiber-optic illumination, the 
stone displayed an unusual inclusion that consisted of a 
decorated dislocation string (figure 10). Copper exsolution 
platelets, which are common in Oregon sunstone, were 
also observed. In this example, the decorated dislocation 
followed a rectangular pattern, consistent with the crystal 
structure of the host feldspar. This unique light-scattering 
dislocation chain is the first that the author has encoun- 
tered in Oregon sunstone. 


Jessa Rizzo 
GIA, Carlsbad 
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Figure 9. The dravites 
contained distinctive 
inclusions of pyrite, 
which were confirmed 
by Raman spectrome- 
try. Photomicrograph 
by Weizhi Huang; field 
of view 0.8 mm. 


Tourmaline Inclusion in Russian Alexandrite 


Alexandrite is the color-change variety of the mineral 
chrysoberyl. The most coveted alexandrite exhibits a lus- 
cious green to greenish blue color in daylight and a warm 
raspberry red in incandescent light. This phenomenal color 
change is caused by the presence of trace Cr** substituting 
for Al** in the chrysoberyl crystal structure. Alexandrite 
was originally found in the Ural Mountains of Russia in 


Figure 10. This orangy red Oregon sunstone contained 
an interesting decorated dislocation that was visible 
using fiber-optic illumination. Photomicrograph by 
Jessa Rizzo; field of view 4.79 mm. 
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Figure 11. The longest inclusion in this photomicro- 
graph of a Russian alexandrite was conclusively iden- 
tified as tourmaline. This tourmaline inclusion 
exhibits a well-formed prismatic/rod-like crystal 
shape. Darkfield illumination. Photomicrograph by 
Jonathan Muyal;, field of view 1.44 mm. 


the early nineteenth century and was named in honor of 
Czar Alexander II. 

GIA recently examined several Russian alexandrite 
rough specimens. These were reportedly from the Toko- 
vaya mining area in the Ural Mountains, located a few 
kilometers away from the city of Yekaterinburg. Closer mi- 
croscopic examination revealed a brown, transparent, well- 
formed prismatic crystal inclusion with triangular 
termination, indicating it might belong to the trigonal 
crystal system (figure 11). 

The inclusion proved to be doubly refractive when 
viewed between crossed polarizers. Raman microspec- 
trometry analysis conclusively identified the inclusion as 
tourmaline. In order to validate the Raman results and fur- 
ther identify the tourmaline species, laser ablation—-induc- 
tively coupled plasma—mass spectrometry (LA-ICP-MS) 
was used to obtain the chemistry of the inclusion (Z. Sun 
et al., “A new method for determining gem tourmaline 
species by LA-ICP-MS,” Spring 2019 G&G, pp. 2-17). It 
was classified as dravite, a sodium- and magnesium-rich 
tourmaline species. The trace element chemistry of the 
host alexandrite matched well with GIA’s Russian alexan- 
drite chemistry reference data. 

Inclusions in alexandrite from various localities have 
been reported (E.J. Giibelin and J.I. Koivula, Photoatlas of 
Inclusions in Gemstones, Vol. 1, ABC Edition, Zurich, 
1986, pp. 265-267; Vol. 3, Opinio Publishers, Basel, 
Switzerland, 2008, pp. 372-405). However, tourmaline in 
an alexandrite host is rare. 

Alexandrite is traditionally popular for its beautiful 
color-change phenomenon rather than its inclusion scenes. 
The fine tourmaline crystal inclusion in this Russian 
alexandrite makes it an unusual collector’s gem specimen. 


Jonathan Muyal and Ziyin Sun 
GIA, Carlsbad 
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Phenakite with Tourmaline Inclusion Containing 
Spiral Growth 


A helix stands in high relief against the orangy pink of a 
well-defined tourmaline crystal—impressive screw dislo- 
cation growth is one of the main identifying characteristics 
detailing the inner world of a phenakite specimen from 
Ambohimanambola, Madagascar (figure 12). 

Previously in the collection of longtime California min- 
eral collector Kay Robertson, the unique inclusions in this 
gem were discovered during digitization for the Los Angeles 
Museum of Natural History’s Gem and Mineral Lab. After 
spotting a series of parti-color tourmaline needles with 
vivid interference patterns under crossed polarizers, mag- 
nification was subsequently increased to investigate fur- 
ther. Soon it became clear that the needles scattered 
throughout the phenakite crystal exhibited strongly 
pleochroic colors as well as distinctive growth features. 

In the absence of polarized light, the needles appeared 
in desaturated orange to red and green to blue hues. When 
magnification was increased once again, the eclectic world 
of this phenakite unveiled another surprise: The tourmaline 
inclusions were not alone. Alongside and extending from 
the base of the striated needles were colorless euhedral crys- 
tals exhibiting hexagonal form and inclusions of their own. 
One pair of primary inclusions, a needle anchored to an- 
other stubby crystal, were of particular interest. Raman 
spectroscopy confirmed the identity of the needle-like in- 
clusions as tourmaline, though it was not possible to con- 
firm the identity of the colorless crystal. 

The pictured set of inclusions features an orangy pink 
tourmaline emerging from the body of a colorless crystal. 
The host specimen’s high clarity highlights the growth fea- 


Figure 12. A phenakite specimen from Ambohi- 
manambola, Madagascar, contained a tourmaline 
with a spiral growth feature and a colorless crystal. 
Photomicrograph by Kimberly Abruzzo; field of view 
0.88 mm. 
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Figure 13. This doubly terminated scepter quartz 
crystal from Sichuan, China, weighs 200.28 ct and 
measures 75.03 mm in length. Photo by Diego 
Sanchez. 


tures both inside and on the surface of its inclusions, not 
only showing striations parallel to the c-axis typical of 
tourmaline, but also more unusual “spiral” or screw dis- 
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location growth. The entwined pair are crossed in the back- 
ground by two larger dark greenish blue tourmaline nee- 
dles that provide a striking geometric backdrop. 
Dislocation spirals like those seen here are formed when 
planes of atoms within a gemstone’s crystal lattice are dis- 
placed during growth and rearrange themselves in a helical 
pattern corresponding to the direction of stress. 

Perhaps best known for their intricate liddicoatite crys- 
tals, the Anjanabonoina pegmatites in Madagascar also pro- 
duce a wide array of other gem minerals such as phenakite, 
beryl, spodumene, and danburite, among others. This par- 
ticular stone presents an excellent example of the diverse 
mineralization that occurs at Anjanabonoina, showing off 
the habit, optical properties, and growth features of two 
important gem silicates from this gemologically important 
locality. 


Kimberly Abruzzo 
Natural History Museum of Los Angeles County 


Quarterly Crystal: “Ball Bearing” in Quartz 


Quartz crystals with three-phase fluid inclusions from the 
Jinkouhe mine in the Sichuan Province of China have been 
sold for many years at gem and mineral shows such as those 
held annually in Tucson, Arizona. Unfortunately, many of 
those crystals are damaged due to the mining methods used 
and the packing together of numerous crystals for transport. 
Good terminations on those crystals are few and far be- 
tween, and the edges are generally chipped, while the broad 
flat crystal faces are often scratched and abraded. 

So it was with high interest that we examined the rel- 
atively large doubly terminated scepter rock crystal quartz 
shown in figure 13. At 200.28 ct and measuring 75.03 x 
21.76 x 17.98, this crystal was much larger than most oth- 
ers from the Jinkouhe mine. It was preserved in its own 


Figure 14. Nomarski differential interference contrast 
revealed light etching on the prism faces of the quartz 
crystal. Photomicrograph by Nathan Renfro; field of 
view 0.72 mm. 
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smaller and less ornate one having been 
made for the crowning of Mary II who ruled 
jointly with William. The larger one, which 
will be used for the coronation of Elizabeth 
II, measures six inches in diameter. As in the 
jeweled sceptre, a very fine amethyst sup- 
ports the diamond encrusted cross centering 
a blue sapphire. Pearls, emeralds, diamonds, 
rubies, and sapphires are blended into a 
colorful band and arch girding the golden 
sphere. 


THE AMPULLA AND SPOON 

While these two implements of corona- 
tion are the least ornate of any used, they 
have the greatest religious significance of 
any in the ceremony. Actually placing the 
crown on the toyal head is regarded as the 
act which makes the Sovercign king of Eng- 
land but the act of anointing is, from a 
religious point of view, the most significant 
in the entire ritual. Not until the sacred oil 
has been applied “in the name of the Father, 
the Son, and the Holy Ghost” may the mon- 
arch be vested with his royal ornaments of 
power. The anointing ceremony takes place 
immediately after the king has taken the 
Oath. 

This royal unction in the crowning of 
kings extends far back into history and was 
used by the prophet Nathan and Zadoc the 
Priest in anointing Saul, the first king of 
the Jews. 

The Ampulla, in the form of an eagle 
standing about nine inches high with a wing 
stretch of seven inches and weighing 10 
ounces of gold, is the container for sancti- 
fied oil with which British monarchs are 
anointed. The eagle is so constructed that 
its hollow center may be filled by removing 


the head. The oil is then poured through 
the beak of the bird into the golden spoon 
which has a ridge down the center, dividing 
it into two parts. Into this spoon the Arch- 
bishop of Canterbury dips two fingers, and 
with them anoints the king with the sign 
of the Cross. 

Although devoid of precious stones 
with the exception of four pearls in the 
handle of the spoon—these vessels of the 
ritual of holy unction are perhaps the oldest 
among the royal treasures of England. The 
handle of the spoon appears to be of Byzan- 
tine design, beautifully chased, and is about 
seven and one half inches long. It is not be- 
lieved to have been a part of the regalia 
prior to the Restoration but, more likely, 
a sacred vessel overlooked within the Abbey 
when Oliver Cromwell took over the reins of 
English government. 

The Ampulla, or container of the holy 
oil, is regarded as of great age and was 
probably also saved from destruction by be- 
ing housed in the Abbey rather than the 
Tower during England’s Civil War. It, too, 
has a legendary history which goes back to 
the time of Thomas 4 Becket. Praying one 
night in a church at Sens, France, the ban- 
ished 4 Becket—or so the story goes-—re- 
ceived a visitation from the Blessed Virgin 
who presented him with the golden eagle 
and a small vial of celestial oil. At the same 
time she instructed him to conceal them 
until a true champion of the Church should 
be chosen to rule over England. This legend 
is depicted in the medieval stained glass 
windows of the Cathedral of St. Etienne at 
Sens. 

The legend further relates how the eagle 


+ The Spoon. 
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Figure 15. In this image, the silver-gray bubble can 
be seen at the right side of the liquid-filled void. The 
coating gives it the appearance of a small ball bear- 
ing. Photomicrograph by Nathan Renfro; field of 
view 7.42 mm. 


cotton-lined box, and as shown in figure 13, essentially un- 
damaged. 

Microscopic examination of the crystal revealed light 
etching on the prism faces (figure 14), which was high- 
lighted using Nomarski differential interference contrast. 
Internally there were several primary fluid inclusions, with 
typical black organic compounds as the solid phase. One 
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Figure 16. The metallic-looking bubble has floated 
toward the left end of the fluid inclusion chamber. 
Photomicrograph by Nathan Renfro; field of view 
7.42 mm. 


fluid inclusion in particular contained a gas bubble (figure 
15) that moved freely across the entire length of the void 
(figure 16). The bubble was coated with a metallic-looking 
substance that gave it the appearance of a small stainless 
steel ball bearing. We could not identify the coating but 
suspect that it was an organic compound. 

John I. Koivula and Nathan Renfro 
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COLORED STONES AND ORGANIC MATERIALS 


Blue gahnite from Nigeria. In recent years, Nigeria has 
gained considerable attention in the gem trade for the dis- 
covery of sapphires reportedly from the Mambilla Plateau 
in Taraba State. In addition to sapphires, spinels have been 
sporadically mined in Jemaa and recently in Kagoro, both 
in Kaduna State (figure 1). The spinel group of minerals, 
with a general chemical formula AB,O,, has a total of 22 
different species. Four of these species have Al predomi- 
nantly occupying the octahedral site: spinel (MgAI,O,), 
galaxite (MnAI,O,), hercynite (FeAl,O,), and gahnite 
(ZnAl,O,). The spinels from Kagoro have been identified 
as gahnite, the zinc end member. Gahnite is one of the 
rarer members of the spinel group of minerals, typically 
found at zinc deposits. Most crystals are very small, in- 
cluded, and translucent to opaque. Faceted gems are very 
collectible due to their rarity and color. 

The geology of the Nigerian spinels has been previously 
studied (R. Jacobson and J.S. Webb, “The pegmatites of cen- 
tral Nigeria,” Geological Survey of Nigeria Bulletin, No. 
17, 1946, pp. 1-61), and the deposits can be subdivided into 
three groups based on their mineralogy: (1) microcline- 
quartz pegmatites, which commonly occur within the 
calc-alkaline granitoids and are rarely mineralized; (2) mi- 
crocline-quartz-mica pegmatites, found within metasedi- 
mentary sequences; and (3) quartz-mica veins, which occur 
in schists and gneisses or marginal to group 2, pegmatites. 
Gahnite occurs in groups 2 and 3. Knowledge of the com- 
position of zinc-rich spinels is useful in separating a wide 
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Figure 1. Three single octahedra of natural gahnite, ap- 
proximately 1.5 ct each, from Kaduna State, Nigeria. 
Photo by Robison McMurtry. 


variety of source environments. For example, Zn content 
is high in spinels occurring in rocks that have experienced 
low-grade metamorphism and high oxygen and sulfur fu- 
gacity (fO, and fS,), whereas Zn content is lowest in high- 
grade metamorphic rocks (A. Heimann et al., “Zincian 
spinel associated with metamorphosed Proterozoic base- 
metal sulfide occurrences, Colorado: A re-evaluation of 
gahnite composition as a guide in exploration,” Canadian 
Mineralogist, Vol. 43, No. 2, 2005, pp. 601-622). 

Standard gemological examination of three rough octa- 
hedra (figure 1) gave the following properties: color—blue; 
pleochroism—none; refractive index—1.791 to over the 
limit (flat reading from polished crystal face); hydrostatic 
specific gravity—4.180—4.294, fluorescence reaction—inert 
to both long- and short-wave UV; and color filter reaction— 
red. Internal characteristics observed with a gemological 
microscope were colorless unidentified crystals, finger- 
prints, and a red-brown crystal inclusion identified by 
Raman spectroscopy as sphalerite (figure 2). 
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Figure 2. Raman identification of this inclusion was 
consistent with sphalerite. Photomicrograph by 
Nathan Renfro; field of view 0.91 mm. 


Advanced spectroscopic testing was performed on the 
three samples. The Raman spectra were typical of gahnite, 
with peaks at 420, 510, and 661 nm. The visible spectrum 
showed significant cobalt absorption bands (figure 3) be- 
tween 500 and 620 nm, with additional contribution from 
iron absorption bands modifying the cobalt absorption spec- 
trum (e.g., A.C. Palke and Z. Sun, “What is cobalt spinel? 
Unraveling the causes of color in blue spinels,” Fall 2018 
Gwe, pp. 262-263). 


Figure 4. A vertical line 1 and a horizontal line 2, con- 
taining a total of 44 spots, were selected to apply LA- 
ICP-MS analyses across the whole section. Mol.% end 
member vs. position profiles revealed that the stone 
was predominantly composed of gahnite with minor 
hercynite, spinel, and galaxite. Detailed information 
on major element chemistry, site distribution, and 
species for each spot can be found in appendix 1 on- 
line. Spot spacing is 200 microns. 
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Figure 3. The visible spectrum of the Nigerian gah- 
nite from Kagoro. The absorption bands from ~500 
to 650 nm are largely due to Co*, but with modifi- 
cation from iron absorption bands. Absorption 
bands around 462 and 470 nm are related to iron 
chromophores. 


Laser ablation—inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) analysis was used to obtain the ac- 
curate chemistry of the three stones. The chemical 
composition was acquired by a ThermoFisher iCAP Q 
ICP-MS coupled with an Elemental Scientific Laser 
NWR213 laser ablation system. NIST 610 and 612 were 
used as external standards, and ?’Al was used as an inter- 
nal standard. LA-ICP-MS results (see appendix 1 at 
https://www.gia.edu/doc/FA19-GNI-Appendix1.xls) 
showed that the three stones were predominantly com- 
posed of more than 90 mol.% gahnite (ZnAlL,O,), with 
minor other end members of Al-spinel species. They 
should thus be classified as gahnites. 

To better understand the composition of this type of 
spinel, we prepared a cross-section cut from the middle of 
one octahedral crystal, sample NBS3 (figure 4). A vertical 
line of 22 spots (figure 4, line 1) and a horizontal line of 22 
spots (figure 4, line 2) were selected to cross the whole sec- 
tion from outer rims to the opposite outer rims for LA- 
ICP-MS analyses. All the spots showed more than 90 
mol.% gahnite with hercynite as the second most abun- 
dant species (figure 5). Spots near the outer rims contained 
more hercynite than spots on the inner rims and core. The 
mol.% end member distribution was very consistent 
throughout the whole section. Nine trace elements for 
each spot in lines 1 and 2 were plotted in figure 5. In gen- 
eral, the outer rims had higher concentrations of V and Co 
but lower concentration of Ni than the inner rims and 
core. 


Maxwell Hain and Ziyin Sun 
GIA, Carlsbad 
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Figure 5. Trace element vs. position profiles revealed that the outer rims had higher concentrations of V and Co, 
but lower concentration of Ni than the inner rims and core. Detailed information on trace elements for each spot 
in lines 1 and 2 can be found in appendix 2 online (https://www.gia.edu/doc/FA19-GNI-Appendix2. xls). 


Emerald update with Arthur Groom. At the 2019 AGTA 
GemFair in Tucson, Eternity Natural Emerald (Ridgewood, 
New Jersey) had emeralds up to 50 ct on display. Eternity’s 


Figure 6. Melee goods from Eternity Natural Emerald. 
Photo by Kevin Schumacher. 
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president, Arthur Groom, noted that the Afghanistan 
emerald melee sets (figure 6) had drawn the most interest. 
This rough melee is particularly attractive, he said, because 
of its higher brilliance than stones from other sources. 
“The Afghanistan melee is the brightest in its natural state 
when it’s cut properly,” he said. “Afghanistan emerald will 
rival Colombian any day of the week.” 

Eternity has experimented with melee from different 
sources but finds Afghanistan melee the most plentiful 
and consistent. The company currently cuts Afghanistan 
emeralds in sizes from 1 mm to 70 ct, disproving the per- 
ception in the trade that the country produces only small 
emeralds. Groom pointed out that vibrant greens are not 
as easy to find in gems as other colors, and tsavorite is 
often used for green, but Eternity’s emeralds offer the op- 
tion to use one of the “Big Three” gemstones. Eternity also 
sources emerald rough from Ethiopia, Colombia, Brazil, 
and Zambia. 

Cutting and mounting emerald melee has traditionally 
been challenging because of emerald’s tendency for inclu- 
sions and fractures, and its typical enhancements. Most 
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Figure 7. A set of 15 of Eternity Natural Emerald’s cal- 
ibrated emeralds ranging from 1 to 5 mm. Photo by 
Albert Salvato. 


jewelry manufacturers do not like working with it, Groom 
said. Eternity has solved this problem after many years of 
effort, he said, producing “a finely made emerald that you 
can work with confidence and will never change.” Eter- 
nity’s enhancement process allows the stones to be 
cleaned in ultrasonic and steam cleaners with no adverse 
effects (traditional enhancement substances tend to alter 
over time). 

Eternity has cut thousands of carats of rough and de- 
veloped master sets of colors and clarities. They are able 
to fulfill orders for thousands of stones at a time. The emer- 
alds are cut to exact proportions; the average weight reten- 
tion is about 15 percent. “ You can’t be concerned with how 
much weight you'll lose,” Groom said. In the past, manu- 
facturers would buy a parcel of stones of different sizes, di- 
mensions, and colors and find some stones unusable, but 
they can now buy stones of the same color, clarity, and 
size. Along with melee, the company offers cabochons and 
calibrated (figures 7 and 8) and faceted stones, in qualities 
from commercial-grade to very fine and at all price points. 
Groom showed us a set of calibrated emeralds (figure 8) 
ideal for a premium bracelet. 

One of Eternity’s aims is to promote Afghanistan emer- 
ald and country of origin. “The miner has to benefit from 
this,” Groom said, “and this is one of our goals in 
Afghanistan.” In our 2013 interview with Groom, he said 
Afghanistan’s emerald resources are such that if the coun- 
try were to see peace, acquire investors, and mechanize its 
mining operations, it would “outproduce the world.” 

Groom believes in promoting country of origin not be- 
cause it adds value but because it adds identity to the stone. 
“We all know about Colombian emerald,” he said. “But just 
because the emerald comes from Colombia doesn’t make 
it more valuable. We just manufactured a 24 ct Tajik stone 
that sold for close to half a million dollars. You have to take 
the stone on its merit.” 


Duncan Pay and Erin Hogarth 
GIA, Carlsbad 
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Figure 8. A set of calibrated emeralds (approximately 
2 to 4mm each) by Eternity Natural Emerald. Photo 
by Kevin Schumacher. 


New find of deep blue aquamarine from Nasarawa State in 
Nigeria. The most unusual and exquisite things are often 
found in unexpected places. This has been seen in the ex- 
plosion in gem discoveries in East Africa since the latter 
part of the twentieth century. However, West Africa has re- 
mained relatively underexplored, despite the development 
of some promising and productive gem deposits, including 
sapphire and Paraiba tourmaline in Nigeria. West Africa’s 
gemological horizons expanded earlier this year with the 
find of a small batch of aquamarine with exceptionally deep 
and saturated color (figure 9). Reportedly found in Nasarawa 
State, the stones were recovered by small-scale artisanal 
miners whose workings reached only the near-surface ex- 
posure of a weathered pegmatite body. Mining was short- 
lived, starting likely in January and ending in May 2019, 
when the miners exhausted the surface deposit but lacked 
resources to continue with hard-rock mining once they hit 
bedrock. Through a local buyer in the Abuja market, author 
JH was able to obtain a large parcel that may account for 
the lion’s share of the production from this deposit to date. 
This parcel amounted to 763 grams, of which 200 grams 
would cut stones over one carat. 

Standard gemological testing showed properties con- 
sistent with aquamarine, with a uniaxial negative optic 
character, a refractive index of 1.582-1.590, a birefrin- 


Figure 9. Nigerian aquamarine from a new find in 
Nasarawa State. The faceted stones range from 1.55 
to 2.63 ct. Photo by Kevin Schumacher. 
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gence of 0.008, and a specific gravity of 2.71-2.73. The 
stones were inert under short-wave and long-wave UV 
light. The most exceptional feature of this new find of 
aquamarine—besides its attractive, saturated blue color— 
is its unusually strong pleochroism, going from deep, sat- 
urated blue with light polarized parallel to the 
extraordinary ray to an unsaturated (almost colorless) 
greenish blue with light polarized parallel to the ordinary 
ray (figure 10). The origin of this extreme pleochroism is 
seen in the UV-Vis spectra (figure 11), in which the main 
feature is a highly polarizable broad absorption band at 
approximately 680 nm caused by Fe**-Fe** intervalence 
charge transfer (I[VCT). This IVCT absorption is the cause 
of blue coloration in (non-Maxixe) aquamarine (e.g., I. 
Adamo et al., “Aquamarine, Maxixe-type beryl, and hy- 
drothermal synthetic blue beryl: Analysis and identifica- 
tion,” Fall 2008 GWG, pp. 214-226). Also seen are an 
absorption band at 835 nm related to octahedral Fe** and 
narrow absorption bands at 372 and 428 nm related to oc- 
tahedral Fe**. The reason for the intense pleochroism is 
simply the increased intensity of the highly polarizable 
Fe?-Fe** IVCT chromophore relative to most other aqua- 
marine. Note that the two wafers in figure 10 were cut 
from the same piece of rough and were used in a pilot heat 
treatment experiment. The larger one on the left was not 


Figure 11. UV-Vis-NIR absorption spectra of a pol- 
ished plate of Nigerian aquamarine showing both 
the ordinary (o-ray) and extraordinary (e-ray) ray 

absorption. 
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Figure 10. Two wafers of 
the new Nigerian aqua- 
marine in unpolarized 
light (left), and with light 
polarized along the ex- 
traordinary ray (center) 
and along the ordinary 
ray (right). Photos by 
Aaron Palke. 


heated, while the smaller piece on the right was heated 
at 400°C for two hours, with no apparent change in its 
color or appearance. It is not clear, however, if any of the 
material had been heated before it reached the market; 
further experiments may be warranted. 

Microscopic observations showed an abundance of 
highly reflective, opaque, elongate needles and platelets 
that appeared light brown to black in darkfield and trans- 
mitted light (figure 12). Confocal Raman spectroscopy 
could not isolate the inclusions, but their dark color and 
reflective nature suggest they might be Fe oxides, which 
would be consistent with the iron-rich nature of these 
stones. 


Figure 12. Needle and platelet inclusions are ubiqui- 
tous in this new find of Nigerian aquamarine, as seen 
with transmitted light polarized along the o-ray (top) 
and e-ray (bottom). Photomicrographs by Nathan 
Renfro; field of view 1.43 mm. 
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TABLE 1. Trace element chemistry (in ppmw) of Nigerian aquamarine from Nasarawa State. 


7Li 23Nlq Mg 39K BCa 


Sly 3Cr 55Mn 57Fe 6Ga 5Rb 133Cg 


Average 434 8870 7900 1530 230 


Range 


Detection 


os 0.02 i ba 0.09 0.2 43 
limits 


Trace element content of the Nigerian aquamarines 
was measured by LA-ICP-MS (table 1). They were ex- 
tremely enriched in alkali metals, especially Li, K, and Na 
(up to 9400 ppm). To the authors, these high concentra- 
tions of alkali metals seem unusual for gem-quality aqua- 
marine among global deposits (including saturated material 
from Santa Maria in Minas Gerais, Brazil). The unique 
chemistry of this new material almost warrants the use of 
the term “alkali beryl,” even though this term is nonstan- 
dard in the mineralogical community. Also notable is the 
relative enrichment of Cr from 4 to 49 ppm, compared to 
around 1 ppm Cr or less in aquamarine from most other 
deposits. The Cr enrichment was also indicated by the 
prominent Cr fluorescence measured by photolumines- 
cence spectroscopy. Finally, the deep blue color of these 
stones was explained by their relative enrichment in Fe 
from 11,000 to 12,600 ppm. Such a high concentration of 
Fe increases the probability of having adjacent Fe** and Fe* 
cations, thereby facilitating and enhancing the Fe’*-Fe** 
IVCT interaction. For now, this new deposit of fine Niger- 
ian aquamarine lies dormant, but the world awaits the next 
important gem discovery in West Africa. 


Aaron C. Palke 

GIA, Carlsbad 

Jeffrey Hapeman 

Earth’s Treasury, Westtown, Pennsylvania 


A near-round natural pearl discovered in the edible oyster 
Magallana bilineata. Pakistan, which has a coastline 
stretching 1,046 km (650 miles) along the Arabian Sea, the 
Indian Ocean, and the Gulf of Oman, is blessed with nu- 
merous marine resources, including oysters that mainly 
inhabit estuaries and mangrove habitats. In Sindh 
Province, some oyster reefs at Hab River Delta have high 
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ecological and economic value. Nine edible oyster species 
belonging to the genera Crassostrea, Saccostrea, and Os- 
trea have been recognized from different localities there. 
Pearl-forming mollusks belonging to the genera Pinctada 
have been reported from Daran Beach. 

The Ostreidae family includes edible oysters and is 
most commonly known as a source of seafood (K. Scarratt 
et al., “A note on a pearl attached to the interior of Cras- 
sostrea virginica [Gmelin, 1791] (an edible oyster, common 
names, American or Eastern oyster),” Journal of Gemmol- 
ogy, Vol. 30, No. 1-2, 2006, pp. 43-50). Of these, Magallana 
bilineata has the widest distribution in the Indo-Pacific re- 
gion, encompassing the coasts of northern Arabia, the Bay 
of Bengal, the Andaman Sea, the Java Sea, South China and 
Vietnam, the Philippines, and Okinawa. 

Magallana bilineata is a euryhaline species that inhab- 
its backwaters, creeks, estuary banks, coastal bays, and la- 
goons, forming oyster beds on a large scale. A large 
number of specimens of this species from Hab River Delta 
were examined to study the taxonomic characteristics of 
the genus Magallana as part of a joint project between 
Japan and Pakistan. Ten shells of each species were 
opened. Only one shell of M. bilineata (150 mm shell 
height) contained a pearl, attached to tissues near the ad- 
ductor muscle. It was near-round, with a smooth surface 
and a purplish and off-white color very similar to the inner 
shell layer of M. bilineata (figure 13, left). The crystal 
structure of calcium carbonate was observed under high 
magnification. The non-nacreous, shiny pearl (figure 13, 
right) was 4.15 mm in diameter and weighed 0.02 g. The 
specimen is housed at the Centre of Excellence in Marine 
Biology, University of Karachi (part of the study collection 
of author SA). 

Oysters living in tropical and warm regions have 
darker, more vivid, and more extensive coloration than 


Figure 13. The inner 
and outer shell of M. 
bilineata (left and cen- 
ter). A near-round pearl 
(right) was found inside 
the shell. Photos by 
Sadar Aslam. 
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those in cooler climates. Our finding is very similar to that 
of Scarratt et al. (2006), which found a pearl inside Cras- 
sostrea virginica that was attached to an adductor scar. In 
our case, the pearl was attached to the tissues near an ad- 
ductor scar. This finding demonstrates the very rare phe- 
nomenon of edible oysters producing natural pearls. 
However, further work will be needed to determine its 
chemical composition using highly accurate analytical 
methods. 


Sadar Aslam, Malik Wajid Hussain Chan, 
Ghazala Siddiqui, and Syed Jamil Hasan Kazmi 
University of Karachi, Pakistan 


Noman Shabbir 
PTV News, Karachi 


Tomowo Ozawa 
Nagoya Biodiversity and Biosystematics Laboratory, 
Nagoya, Japan 


Natural sapphire with trapiche pattern inclusions. A blue 
gemstone pendant was recently submitted to Guild Gem 
Laboratories for identification. Standard gemological test- 
ing identified it as a sapphire, with a refractive index of 
1.762-1.770 and birefringence of 0.008. Fourier-transform 
infrared (FTIR) spectroscopy combined with microscopic 
observation confirmed it was a natural sapphire. The UV- 
Vis spectrum indicated a basalt-related origin owing to 
relatively high iron content. The FTIR transmitted spec- 
trum also revealed a 3309 series with peaks at 3366, 3309, 
3232, and 3185 cm~!, which are commonly seen in basalt- 
related sapphire. 


Figure 14. The regular hexagonal inclusions consisted 
of six independent units, resembling a trapiche pat- 
tern. Photomicrograph and illustration by Yizhi Zhao; 
field of view 1.70 mm. 
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Microscopic observation showed several colorless crys- 
tals and fluid inclusions under reflective and transmitted 
light. Using a fiber-optic light, we also observed very inter- 
esting scenes of whitish clouds (figure 14) consisting of ar- 
rays of hexagonal particles. These particles seemed to be 
flat and parallel to each other. A distinct uniaxial interfer- 
ence pattern was observed when viewing perpendicular to 
these particles under the polariscope equipped with a cono- 
scope, which proved that they were parallel to the basal 
plane (0001) crystalline face of corundum. Further obser- 
vations revealed that each particle possessed six nearly 
identical triangular sectors, divided by six arms with 
hexagonal symmetry. Based on our microscopic observa- 
tion and estimation, the diameters of the hexagons ranged 
from approximately 0.06 to 0.13 mm. This pattern was 
very similar to the trapiche structure seen in some sap- 
phire, ruby, and emerald. 

The depth of the inclusions prohibited Raman spec- 
troscopy testing, but we will monitor this phenomenon in 
other samples for further study in the future. 


Yujie Gao, Dan Ju (judan@guildgemlab.com), 
and Yizhi Zhao 
Guild Gem Laboratories, Shenzhen, China 


Opals revisited. In the 1980s, the author and his wife, 
Corky, acquired large quantities of Virgin Valley “wet” 
opal specimens displayed in glass domes with water and 
other specimens immersed in silicone oil. The domes had 
black rubber stoppers on the bottom. The mine represen- 
tative had put them in water and silicone oil to enhance 
their beauty, since wetting the surface gives the illusion of 
a polished gem specimen. 

Opal is a hydrated amorphous silica, and those with a 
high water content tend to craze and crack if left to dry. If 
a specimen is inclined to craze or crack, placing it in a liq- 
uid does not stabilize it or heal the cracks within, but it 
does delay the “day of reckoning” when the opal eventu- 
ally deteriorates. 

The specimens displayed in the domes with water began 
forming deposits, and within months the water became 
cloudy and the domes were crusted with precipitate from 
dissolved minerals. Those in silicone oil fared better, but 
eventually they too deteriorated, with the silicone oil taking 
on a yellow cast from the black rubber stoppers, which ap- 
peared to coat the opals with a yellow crust (figure 15). 

After years of changing the water and silicone oil, the 
cleaning and repackaging eventually became very time- 
consuming. The author removed all the wet specimens 
from their domes, cleaned and wrapped them in paper tow- 
els, and put them in boxes. The boxes with the now-dry 
opal specimens were packed away and stored in the garage, 
where they remained for more than 27 years. 

In July 2019, the author found the boxes containing these 
beautiful and long-forgotten opals. The results were aston- 
ishing. They had not fallen apart, and they looked more sta- 
ble than they had when dried and put away. The cracks were 
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Figure 15. The untouched opal specimen displays the 
yellow coating caused by years of storage in silicone 
oil. Photo by Ted Grussing. 


still there, but the look was different. They looked like they 
could be worked—if not on the wheels, then with a flex 
shaft. The first opal that caught the author's eye (again, see 
figure 15) was cleaned and worked (figure 16). The com- 
pleted piece, shown in figure 17, is named “Bonnie Jean.” 
There are many more to finish, and they are dry and unlikely 
to craze or crack any further. 


Ted Grussing 
Sedona, Arizona 


Trapiche emerald from Swat Valley, Pakistan. Trapiche 
emeralds are usually found in Colombia. Recently the au- 
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Figure 17. The finished piece, dry and ready for dis- 
play. Photo by Ted Grussing. 


thors received six emeralds reportedly from Swat Valley, 
Pakistan, polished as double-sided wafers, retaining their 
original hexagonal crystal habit and exhibiting a trapiche- 
like pattern (figure 18). These samples weighed from 0.38 
to 0.83 ct, with a refractive index of 1.588-1.599 and a bire- 
fringence of 0.009-0.011. 

Generally, these trapiche emeralds were composed of 
four parts from rim to core: a green rim, a light green area, 
six arms, and a colorless core, as illustrated in figure 19A. 
The rims had a highly saturated green color, and most were 
relatively clean except for several fractures and tiny fluid 
inclusions. The rims ranged from approximately 1 to2 mm 
wide. Although the boundary between the green rim and 


Figure 16. Left: The side 
of the specimen after 
cleaning and rubbing 
on a diamond wheel. 
Right: The nearly fin- 
ished opal midway 
through the cleaning 
process. Photos by Ted 
Grussing. 
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Figure 18. Six emerald wafers reportedly from Swat 
Valley, Pakistan, showing a trapiche-like pattern. 
They range from 0.83 to 0.38 ct from left to right, with 
a thickness of about 1.51 to 2.08 mm. Photo by 
Kaiyin Deng. 


the light area was not very sharp, a hexagonal boundary 
was visible. Six black arms spread in a hexagonal symmet- 
ric pattern, with each arm perpendicular to the hexagonal 
side. The colorless core usually had a hexagonal shape. 

Microscopic observation revealed that every arm con- 
tained many minute black platy inclusions. These small 
particles appeared dark under transmitted light (figure 
19B), while they showed bright metallic luster under re- 
flected light (figure 19C). Micro-Raman analyses (figure 
20) identified these inclusions as magnetite. Peaks at 662 
and 545 cm=! were consistent with two main peaks of 
magnetite, according to the RRUFF online database 
(rruff.info), while peaks at 683 and 400 cm! may be as- 
signed to the emerald host. Chemical analysis by energy- 
dispersive X-ray fluorescence (EDXRF) on the sample 
shown in figure 19 revealed an iron content of 20,860 ppm 
(n = 3) in the light green area and 17,000 ppm (n = 3) in the 
rim. The difference in iron content may be due to the in- 
clusions, since magnetite (Fe,O,) is mainly composed of 
iron and oxygen. 

To our knowledge, there have not been many reports 
of trapiche emerald from localities other than Colombia. 
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Figure 20. Raman analysis identified these inclusions 
as magnetite. Peaks at 662 and 545 cnr" agree with 
the two main peaks of magnetite, according to the 
RRUFF database, while peaks at 683 and 400 cnr 
may be assigned to the emerald host. 


The trapiche pattern caused by platy magnetite inclusions 
could help advance our understanding of trapiche. 


Yujie Gao, Xueying Sun (shirley.sun@guildgemlab.com), 
and Mengjie Shan 
Guild Gem Laboratories, Shenzhen, China 


Uvarovite in prehnite from Pangasinan Province, Philip- 
pines. Uvarovite, Ca,Cr,(SiO,)},, is the rarest of the com- 
monly encountered garnet species, and the only one that 
is consistently green. Although seldom faceted due to its 
tendency to be opaque, drusy coatings of tiny bright green 
uvarovite crystals on chromite matrix from Russia are used 
for jewelry. Recently, a new type of rock with lapidary po- 


Figure 19. The trapiche emeralds from Pakistan were mainly composed of four parts: a green rim, a light green area, 
six arms, and a nearly colorless core as illustrated in figure A. These arms appear dark under transmitted light (B) 
and show bright metallic luster under reflected light (C); field of view 8.48 mm. Illustration and photos by Yujie Gao. 
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. ; ae * The Ampulla. 


* f and its sacred anointing oil lay hidden for 


almost 200 years until its hiding place was 


revealed to a holy man during a dream. 
Here the Black Prince again enters the leg- 


endary history surrounding the royal re- 
palia as it is said the oil was presented to 
him as next in royal lineage. Since he did not 
live to be king of England, and his son was 
only 10 when crowned and did not know 
of its existence, the oil was first used in the 
crowning of Henry [IV who made much ado 
over the fact that he was the first king of 
England anointed from the holy vessel de- 
livered to St. Thomas by Our Lady. 

When on January 20, 1953, an invisible 
crown of responsibility, humility, and cour- 
age settled firmly on the proud head of 
Dwight D. Eisenhower, millions. silently 
voiced a fervent prayer of “God Help the 
President.” Likewise, on June 2 of this 


sume eventful year, as the heavy crown of 
the ancient kingdom of Britain is reverently 
placed on the comely head of Elizabeth H 
and the lofty corridors of the Abbey swell 
with rejoicing, millions will join the fanfare 
of ancient homage in a solemn supplication 
* Sceptre with Cross and Jeweled Sword to the Supreme Ruler—“‘God Save the 
of State. Queen.” 


WINTER 1952.53 


Figure 21. This new ornamental gem material from 
the Philippines consists of vibrant green uvarovite 
garnets in a white prehnite matrix. The polished 
freeform weighs 4.23 ct. Photo by Robison McMurtry. 


tential was reportedly discovered in the Philippines, con- 
sisting of a white prehnite matrix with vibrant green crys- 
tals of uvarovite (figure 2.1). 

This new material was brought to the authors’ atten- 
tion by Xavier A. Cortez, who operates Crystal Age, a gem 
shop in Quezon City. While attempting to source jade for 
his shop in early 2019, Xavier was offered unidentified 
white stones speckled with bright green crystals from local 
miners on the island of Luzon. Mr. Cortez was able to track 
down the source of this material to a rural portion of Pan- 
gasinan Province, in the Ilocos region of Luzon. Weathered 
calc-silicate rocks at this deposit yield small euhedral crys- 
tals of opaque bright green garnets as well as compact green 
masses in white matrix. The measured spot refractive 
index of 1.63 was consistent with prehnite. The identities 
of the green uvarovite and the white prehnite matrix were 
confirmed with Raman spectrometry. 

While there is currently very little of this material on 
the market, it could be used as a jadeite simulant due to 
its mottled white and green appearance. Aside from its po- 
tential as a jadeite simulant, it is an interesting ornamental 
material that can be appreciated for its own unique beauty 
and vibrant green color. 


Ian Nicastro 

San Diego, California 
Nathan Renfro 

GIA, Carlsbad 


DIAMONDS 


The Rare Sun diamond. While manufacturers typically 
seek to minimize or remove inclusions in gem-quality dia- 
monds, a few are specifically cut to highlight these fea- 
tures. Certain hydrogen-rich diamonds can yield 
fascinating inclusion forms when faceted. One such stone 
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is the 5.24 ct Rare Sun diamond (figure 22), which GIA’s 
New York laboratory recently had the opportunity to ex- 
amine. Framed at the center of this Fancy Dark yellowish 
brown modified octahedron is an eye-visible cloud inclu- 
sion that scatters light to form the image of a star and its 
shining rays. The inclusion’s orientation gives it an un- 
usually distinct six-fold symmetry, which is very rare. The 
overall shape of the Rare Sun diamond has been precisely 
polished so that as light touches various parts of its sur- 
face, a different ray beams through. Achieving this effect 
required extremely precise fashioning—even the slightest 
error in cutting or polishing would have diminished the 
effect. 

Very few diamonds have the potential to display this 
star-like pattern, and fewer still ever have this potential 
recognized and achieved. Diamonds with unusual inclu- 
sions, especially inclusions that suggest the shape of other 
objects, are also prized by gem collectors and seekers of the 
uncommon. The Rare Sun diamond is a large and notewor- 
thy example and could be considered among those unique 
diamonds. 

This diamond, with its particularly distinctive inclu- 
sion scene, also serves as a valuable research material. 
Gemologists welcome the opportunity to study gems with 
such unusual features. 


Manoj Singhania and Apoorva Deshingkar 
GIA, Mumbai 


SYNTHETICS AND SIMULANTS 


Artificial glass imitating blue amber. Artificial glass, a low- 
cost material, is capable of simulating any gemstone owing 
to its range of appearances (bodycolor, transparency, and 


Figure 22. The Rare Sun diamond, a 5.24 ct Fancy 
Dark yellowish brown modified octahedron, has a 
centrally located, eye-visible inclusion resembling a 
star and its rays. Photo by Jian Xin (Jae) Liao. 
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Figure 23. This 139.34 ct piece of artificial glass bore a 
striking similarity to blue amber. Photo by Lai Tai-An 
Gem Lab. 


phenomena). While this material is usually straightforward 
to identify, in some cases it is visually similar to the gem 
material being imitated. The Lai Tai-An Gem Laboratory 
recently received an object for identification that the client 
claimed was blue amber, but was subsequently determined 
to be artificial glass (figure 23). 

The transparent, irregularly shaped, brownish yellow 
object with a bluish surface-related effect and vitreous lus- 
ter weighed 139.34 ct and measured 37.0 x 33.2 x 28.6 
mm. While it closely resembled amber, its heft was com- 
pletely at odds with that expected for an amber of its size, 
providing the first important clue about its identity. Stan- 
dard gemological testing revealed a spot refractive index 
of 1.50, a specific gravity of approximately 2.50 (amber’s 
is 1.08), a weak chalky blue reaction under short-wave ul- 
traviolet radiation, and an inert response to long-wave UV. 


Figure 25. Comparison of the infrared spectra for 
amber (red trace, collected by the author) and the ar- 
tificial glass imitation (blue trace). The absorption at 
1077 cnr" is assigned to artificial glass. 


IR SPECTRA 
— Glass 
— Amber 
1077 cm” 465 cm" 
Zz 
Q 
= 
(5 
os 
ie} 
D 1433 cm 
ia) ‘ 1364 cm" 
< / 
T T T 1 


T T 
1600 1400 1200 1000 800 600 400 
WAVENUMBER (cn1"’) 


444 Gem NEWS INTERNATIONAL 


Figure 24. Examination with a gemological micro- 
scope revealed gas bubbles. Photomicrograph by Lai 
Tai-An Gem Lab; field of view 2.6 mm. 


Inspection with a gemological microscope revealed gas 
bubbles (figure 24). Standard gemological testing con- 
firmed that the item was not amber but artificial glass, 
though more advanced analysis was carried out. Fourier- 
transform infrared (FTIR) spectrometry was consistent 
with data we obtained on some samples of known glass 
(figure 25), confirming the identity. Energy-dispersive X- 
ray fluorescence (EDXRF) spectrometry also detected Si 
and Pb as the main chemical elements. 

Blue amber’s optical effect, produced by the extremely 
shallow blue fluorescence stimulated by UV light, is 
strictly confined to the surface. A strong blue fluorescence 
under long-wave UV radiation is also typical in such 
amber, so the inert reaction also indicated the material's 
artificial nature. The object exhibited a similar optical ef- 
fect when viewed at different angles or when the direction 
of illumination changed. 

In our experience, it is uncommon to see this type of 
artificial glass imitating blue amber. The gas bubble inclu- 
sions, while typical of glass, may also be encountered in 
amber, so additional gemological analysis may be neces- 


Figure 26. Two near-round beads cut from shell, 9.22 
x 9.15 x 8.67 mm (left, 5.04 ct) and 9.51 x 9.44 x 8.69 
mm (right, 5.45 ct). Photo by Hasan Abdulla. 
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Figure 27. Columnar structures observed in the smaller bead made of calcite (left, reflected light) and elongated 
structures made of aragonite (center, reflected light) due to fibrous crystals of aragonite (right, reflected and trans- 
mitted light). Similar structures were also observed on the larger bead. Polish lines are observed in all images. 
Photomicrographs by Hasan Abdulla; fields of view 1.5 (left), 1.1 (center), and 2.4 mm (right). 


sary to ensure the correct identification. This case clearly 
illustrates how artificial glass can imitate virtually every 
gemstone imaginable and mislead the unwary bargain 
hunter. 


Larry Tai-An Lai (service@laitaian.com.tw) 
Lai Tai-An Gem Laboratory, Taipei 


Black non-nacreous pearl imitations made of beads cut 
from shell. DANAT (Bahrain Institute for Pearls & Gem- 
stones) recently received a 5.04 ct bead (9.22 x 9.15 x 8.67 
mm) and a 5.45 ct bead (9.51 x 9.44 x 8.69 mm], both of 
near-round shape (figure 26). Under the microscope, both 
beads presented columnar structures in some areas, similar 
to those observed in some non-nacreous pearls (N. Stur- 
man et al., “Observations on pearls reportedly from the 
Pinnidae family (pen pearls),” Fall 2014 GwG, pp. 202- 
215), as well as elongated structures due to fibers reaching 
the surface (figure 27). Raman spectra with a 514 nm green 


Figure 28. Reaction of the beads under long-wave UV 
(top) and short-wave UV (bottom). Note the lumines- 
cence distribution in the different zones. Photos by 
Hasan Abdulla. 
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laser were difficult to acquire, as they revealed high lumi- 
nescence possibly linked to their high organic matter con- 
tent; however, there was enough Raman signal to be able 
to identify calcite and aragonite. The calcium carbonate 
identification was confirmed by acquiring FTIR reflectance 
spectra. In the Raman spectra, weak bands linked to poly- 
enic pigments were also observed. 

Chemical analysis of the beads using energy-dispersive 
X-ray fluorescence (EDXRF) did not show any measurable 
manganese. Strontium was above 800 ppmw, and they re- 
mained inert under X-ray imaging, similar to saltwater 
pearls. Digital X-ray microradiographs and micro-CT did 
not show any internal structures. 

Under long-wave and short-wave ultraviolet light, 
zoned/banded/layered fluorescence was observed (figure 
28). Using transmitted fiber-optic illumination, banded 
structures and fibrous structures were visible with the un- 
aided eye (figure 29). These characteristics were similar to 
those observed in imitation pearls made of non-nacreous 
shell material. Most of the imitation pearls described pre- 
viously had a light color or were artificially dyed. The 
beads examined in this study, though, presented no evi- 
dence of any color treatment under the microscope or 


Figure 29. Under transmitted fiber-optic illumination, 
the 5.04 ct bead displayed a banded structure remi- 
niscent of beads cut from the inner part of a shell. 
Photo by Hasan Abdulla. 
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using EDXRF and Raman spectroscopy. The “zoned” fluo- 
rescence reaction under UV light was linked with different 
structures and not with the artificial colorants. 

Large white beads with fibrous aragonite supposedly 
cut from bivalves from Tridacna species, which contain 
thick inner layers, have previously been used to imitate 
pearls (Summer 2004 GNI, p. 178; Summer 2006 Lab 
Notes, pp. 166-167; M. Krzemnicki and L. Cartier, “Fake 
pearls made from Tridacna gigas shells,” Journal of Gem- 
mology, Vol. 35, No. 5, 2017, pp. 434-429). These beads 
were sometimes dyed to alter their coloration. A salmon- 
colored bead of about 10 mm, supposedly cut from the 
inner part of Lobatus gigas, was used to imitate coral (E. 
Disner and F. Notari, “Gastropod shell beads disguised in 
a coral necklace,” Journal of Gemmology, Vol. 34, No. 7, 
2015, pp. 572-574). The beads we examined were of natural 
black color, and we are still looking for a mollusk that 
might have a non-nacreous inner shell layer where beads 
of that size could be cut. 


Acknowledgments: The authors would like to extend 
their appreciation to Mr. Saud Bin Rajab (Manama, 
Bahrain) for allowing us to publish the study on these 
beads. 


Stefanos Karampelas (Stefanos.Karampelas@danat.bh), 
Ali Al-Atawi, Hasan Abdulla, Bader Al-Shaybani, 

and Fatema Almahmood 

DANAT (Bahrain Institute for Pearls & Gemstones) 
Manama, Bahrain 


Imitation opal with interesting play-of-color pattern. GIA’s 
Carlsbad laboratory recently examined samples of a rela- 
tively new manufactured gem material sometimes known 
as a “hybrid opal product” (figure 30) (see Spring 2018 Lab 
Notes, pp. 60-62). This material showed a refractive index 
of 1.498-1.500, and the specific gravity ranged from 1.33 
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Figure 30. This opal 
imitation shows a bil- 
lowy play-of-color 
phenomenon. The 
largest block meas- 
ures approximately 
61.79 mm in length. 
Photo by Robison Mc- 
Murtry and Diego 
Sanchez. Courtesy of 
Sanwa Pearl #& Gems 
Ltd. 


to 1.35. Both of these properties fall far outside the range 
for natural opal, making identification very straightfor- 
ward for the gemologist. These anomalous gemological 
properties also mean that this material is best described 
as an opal imitation and not a synthetic opal. This mate- 
rial is reportedly composed of about 20% silica and about 
80% resin, which is consistent with the gemological prop- 
erties measured. 

This new imitation opal showed a pronounced play-of- 
color phenomenon with a pattern unlike the kind one 
would expect to see in conventional synthetic opal. Instead 
of small cellular patches, it displayed broad swaths of ever 
changing play-of-color covering large areas of the surface 
(figure 31). The laboratory examined samples that showed 


Figure 31. The imitation opal showed broad swaths of 
the play-of-color phenomenon when examined with a 
microscope. Photomicrograph by Nathan Renfro; field 
of view 18.80 mm. 
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Figure 32. Thermal enhancement and unusual inclu- 
sions were detected in this 2.05 ct blue sapphire, meas- 
uring 7.07 x 6.55 x 4.99 mm. Photo by Kaiyin Deng. 


either a black or white bodycolor and a variety of colors in 
the play-of-color areas. For those who love opal, this attrac- 
tive material could offer a cost-effective alternative to nat- 
ural material while retaining the allure of the play-of-color 
phenomenon. 


Nathan Renfro 


TREATMENTS 


Dendritic inclusions of thorianite in heated blue sapphire. 
Recently, a 2.05 ct blue sapphire was sent to Guild Gem 
Laboratories for identification (figure 32). Standard gemo- 
logical testing confirmed it was corundum, with a refrac- 
tive index of 1.762-1.770 and specific gravity of 4.00. 
Under microscopic observation, cloudy particles and dif- 
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Figure 34. The sapphire’s FTIR spectrum exhibited a dis- 
tinct 3309 series at 3185, 3232, 3309, and 3367 cnr". 


fuse straight color zoning were seen, as well as fingerprint- 
like fluid inclusions as shown in figure 33, indicating that 
this stone had undergone thermal enhancement. This sap- 
phire exhibited chalky greenish fluorescence around the 
girdle under short-wave (254 nm) ultraviolet fluorescence 
light. Further UV-Vis spectroscopic testing suggested a 
metamorphic origin, while FTIR spectra (figure 34) showed 
a distinct 3309 series at 3185, 3232, 3309, and 3367 cnr, 
confirming heat treatment. Energy-dispersive X-ray fluo- 
rescence (EDXRF) showed an Fe content around 300-500 
ppm. Neither U nor Th was detected. 

Also observed were interesting dendritic inclusions, 
which are not very common in sapphire. These inclusions 
showed relatively strong metallic luster under reflected 
light, and they appeared to be opaque under transmitted 
light. Lines of small dots were seen under higher magnifi- 
cation. These dot-like inclusions exhibited a blurred sur- 
face and a rounded shape. Raman analysis at the National 
Gemstone Testing Center (NGTC) using a 473 nm laser 
showed three distinct peaks at 466, 552, and 607 cm, 
matched very well with thorianite, according to the 
RRUFF online database (rruff.info), as shown in figure 35. 
Thorianite (ThO,) is an oxide mineral mainly composed of 
Th and O, first found in an alluvial deposit in Sri Lanka (D. 


Figure 33. Left: Dendritic inclusions consisted of dot-like minerals showing a “melted and diffused” appearance. 
Photo by Yujie Gao; field of view 2.68 mm. Center: Resembling a tree root, these dendritic inclusions showed rela- 
tively strong metallic luster under reflected light. Photo by Yizhi Zhao; field of view 2.52 mm. Right: Dendritic in- 
clusions coupled with blurred blue color zoning. Photo by Yujie Gao; field of view 9.73 mm. 
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Figure 35. Raman spectra of the sapphire’s dendritic 
inclusions matched with thorianite (ThO,). 


Wyndham, “The occurrence of thorium in Ceylon,” Na- 
ture, Vol. 69, 1904, pp. 510-511). A melted appearance of a 
mineral inclusion and/or unnatural-looking discoid frac- 
tures around inclusions can be indicative of heat treatment 
in corundum. Such phenomena are normally attributed to 
the breakdown of mineral inclusions at high temperature. 
However, the thorianite inclusions here did not have the 
typical appearance of inclusions that have been altered by 
high-temperature heat treatment. The diffuse appearance 
of thorianite is unlikely to be an indicator of heat treat- 
ment. Further experiments and tests on thorianite in un- 
heated sapphire would give us more clues in the future. 


Yujie Gao (peter.gao@guildgemlab.com) and Xueying Sun 
Guild Gem Laboratories, Shenzhen, China 

Huihuang Li 

National Gemstone Testing Center (NGTC) 

Shenzhen, China 


Recrystallization of baddeleyite as an indicator of PHT 
(“HPHT”) treatment in sapphire. PHT (“HPHT”) treat- 
ment in sapphire has been a controversial topic the last few 
years. Recently, Guild Gem Laboratories in Shenzhen re- 
ceived a 7.11 ct blue sapphire (figure 36) for identification. 
The refractive index of 1.762-1.770 and hydrostatic specific 
gravity of 4.00 confirmed the stone’s identity. It was inert 
under long-wave and short-wave UV. Microscopic exami- 
nation revealed several distinct features, such as diffuse 
color bands and melted white solid mineral inclusions sur- 
rounded by discoid fractures, indicating that this stone had 
undergone thermal enhancement (figure 37). 

Further UV-Vis spectroscopic testing specified a meta- 
morphic geological origin, while energy-dispersive X-ray 
fluorescence (EDXRF) analysis revealed low Fe content 
around 400-600 ppm. FTIR spectra (figure 38) showed a 
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Figure 36. This 7.11 ct oval blue sapphire, measuring 
11.66 x 10.44 x 7.38 mm, exhibits eye-visible white 
mineral inclusions. Photo by Yizhi Zhao. 


distinct 3309 cm series at 3181 and 3373 cm, consistent 
with heated metamorphic sapphire. We also noticed a 
broad band centered at 3042 cm, accompanied by peaks 
at 2627, 2412, 2349, 2319, and 2096 em. According to 
previous reports (S.-K. Kim et al., “Gem Notes: HPHT- 
treated blue sapphire: An update,” Journal of Gemmology, 
Vol. 35, No. 3, 2016, pp. 208-210; A. Peretti et al., “Iden- 
tification and characteristics of PHT (‘HPHT’) - treated 
sapphires — An update of the GRS research progress,” 
2018, http://gemresearch.ch/hpht-update}, the ~3042 cm? 
series band is diagnostic of sapphire treated by a high-pres- 
sure, high-temperature process. 

As shown in figure 39, the mineral inclusions melted 
and solidified within the surrounding discoid fractures, ex- 
hibiting a dendritic appearance. Micro-Raman spectra 
analysis on the white mineral and recrystallized dendritic 


Figure 37. Blurred blue color zoning and melted white 
solid mineral inclusions surrounded by discoid frac- 
tures. Photomicrograph by Yujie Gao; field of view 
5.26 mm. 


Dendritic inclusion 


Solid mineral 
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Figure 38. FTIR spectra of conventionally heated sap- 
phire and the HPHT sapphire in figure 36. The latter 
showed distinct bands centered around 3042 cnr", ac- 
companied by peaks at 2627, 2412, 2349, 2319, and 
2096 cnr, 


inclusions using 473 nm laser excitation produced some 
interesting results. The white melted minerals and the re- 
crystallized inclusion showed almost the same peaks in 
the region of 1000-100 cm, suggesting that they were the 
same mineral. Peaks at 641, 560, 541, 475, 334, and 221 
cm and a characteristic doublet at 188/178 cm matched 
with the Raman spectrum for baddeleyite (a rare zirconium 
oxide mineral), according to the RRUFF database, as shown 
in figure 40. 
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Figure 39. Discoid fractures were oriented in almost 
the same direction within the sapphire host. Photomi- 
crograph by Yujie Gao; field of view 2.28 mm. 


Zircon (ZrSiO,) is known as a common inclusion in 
sapphires, which may undergo solid state thermal dissoci- 
ation to zirconia and silica at extreme conditions such as 
high temperature and/or high pressure as follows: 


ZrSiO, (zircon) — ZrO, (baddeleyite) + SiO, 


Baddeleyite, a monoclinic polymorph of zirconia, forms 
at relatively high pressure (up to about 7 GPa). W. Wang et 
al. (“The effects of heat treatment on zircon inclusions in 
Madagascar sapphires,” Summer 2006 GWG, pp. 134-150) 
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— Dendritic inclusion 
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Figure 40. Raman 
spectra of the white 
mineral and den- 
dritic inclusion 
both matched with 
baddeleyite (ZrO,). 
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confirmed the existence of baddeleyite with zircon in 
heated blue sapphire by detecting a 188/178 cm™ Raman 
doublet of baddeleyite in melted zircon after heating at 
around 1400-1700°C and normal pressure. The results of 
Wang et al. (2006) suggest that when using conventional 
heating techniques, only a small fraction of zircon trans- 
forms into baddeleyite, while most of the zircon inclusions 
keep their crystalline structure intact without any phase 
transformation. Based on our Raman testing, however, no 
zircon was found in this 7.11 ct sapphire, and spectra of 
both the white mineral at the center and the recrystallized 
minerals in the fracture were consistent with baddeleyite. 

Additionally, we also noticed several fractures filled 
with baddeleyite in a uniform orientation (again, see figure 
39). Using a polariscope and a conoscope under a micro- 
scope, we confirmed that these fractures occurred along 
the basal plane (0001) of the sapphire. 

One question is whether these flat fractures already ex- 
isted from parting before treatment (which is commonly 
encountered in sapphire) or formed during treatment. It is 
known that parting may occur along the basal plane of sap- 
phire under certain situations, such as twinning or exsolu- 
tion of inclusions. Neither distinct twinning nor exsolved 
inclusions were found, and almost all of the fractures were 
fully filled, leaving no empty space within them. Thus, we 
believe that these fractures could have been triggered by 
treatment. The proposed occurrence and healing process 
of these fractures are illustrated in figure 41. 

In conclusion, we can appropriately speculate that PHT 
(“HPHT”) treatment might cause flat fractures along the 
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basal plane and facilitate the transformation from zircon 
to baddeleyite. The high baddeleyite content in heated sap- 
phire may serve as a good indicator of PHT (“HPHT”) 
treatment. Further experiments are needed to support this 
argument. 


Xueying Sun and Yujie Gao 
(peter.gao@guildgemlab.com) 
Guild Gem Laboratories, Shenzhen, China 


CONFERENCE REPORTS 


2019 GSA annual meeting. The Geological Society of 
America (GSA) annual meeting took place in Phoenix, Ari- 
zona, September 22-25. GIA participated in the exhibition 
and hosted speaker and poster sessions that attracted great 
attention on gemology among the geoscience community 
(figure 42). 

The talks started with research by Dr. Tingting Gu (for- 
merly with GIA) on lower-mantle inclusions trapped in a 
type IaB diamond. The study identified inclusions of hy- 
drous ringwoodite, ferropericlase, and enstatite (a back- 
transformation product of bridgmanite). This was the first 
evidence of them occurring together at this depth of the 
earth, which will help to unravel the pyrolytic nature of 
the 660 km discontinuity. The study was presented by co- 
author Dr. Wuyi Wang (GIA). Dr. Sally Eaton-Magana 
(GIA) presented a detailed study of natural radiation stains 
in diamonds. Temperature-controlled experiments re- 
vealed that the stains’ color changes from green to olive 


Figure 41. The occur- 
rence and healing 
process of discoid frac- 
tures in the sapphire 
during treatment. A: 
Zircon inclusions and 
blue color bands in the 
sapphire. B: Under high 
pressure and high tem- 
perature, progressive de- 
composition of zircon 
results in the formation 
of baddeleyite and flat 
fractures. C: Badde- 
leyite penetrates into 
the discoid and fills the 
fracture with no space 
left. D: Baddeleyite re- 
crystallizes in a den- 
dritic pattern shown by 
the red line. Ilustra- 
tions by Xueying Sun. 
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Figure 42. Presenters and session hosts from the gemology session at the 2019 GSA annual meeting. Front row, left 
to right: Sarah Steele, Dr. Christopher M. Breeding, Kyaw Soe Moe, and Rachelle Turnier. Back row: Dr. Evan 
Smith, William Aertker, Dr. Aaron Palke, Dr. Sally Eaton-Magana, Roy Bassoo, Dr. Wuyi Wang, Samuel Martin, 
Dr. Jim Shigley, and Dr. John Valley. Photo by Tao Hsu. 


green at about 400°C and then to brown at about 550- 
600°C. Color-changing rates of different related defects 
were then carefully calculated. This study provides needed 
information about the reliability of using radiation stain 
color to identify diamond color as either natural or treated. 
Graduate student Roy Bassoo (Baylor University) put for- 
ward a source study of Guyana diamonds mined from al- 
luvial gravels in the Amazon rainforest. Several possible 
primary diamond sources were proposed, and multiple ad- 
vanced analytical methods were used on rough diamond 
crystals. Detrital zircon dating ruled out West Africa as a 
potential source. Inclusion and isotopic data suggest that 
these diamonds are of upper-mantle peridotite paragenesis, 
with a subpopulation of eclogite paragenesis and an undis- 
covered kimberlite source that still needs to be identified. 
Dr. Evan Smith (GIA) shared the characteristics of the 
newly discovered nickel sulfide mineral crowningshieldite 
(a-NiS). This mineral was found as inclusions in a so-called 
CLIPPIR diamond (Cullinan-like, Large, Inclusion-Poor, 
Pure, Irregular, and Resorbed) that came from 350-750 km 
below the earth’s surface. Crowningshieldite features one 
Ni atom connected to six sulfur atoms, while the known 
B-NiS features one connecting to five. 

Dr. Christopher M. Breeding (GIA) discussed the rarity 
and color causes of orange diamonds. Orange diamonds 
account for only 2.4% of all colored diamonds, based on 
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GIA’s intake database. Single substitutional nitrogen and 
the 480 nm band are the two major mechanisms respon- 
sible for this rare color. Of the two, the 480 nm absorption 
band is not well understood and has been proposed to be 
composed of substitutional oxygen atoms in the diamond 
lattice. At low concentration this defect causes yellow 
color, while at high concentration the color shifts to or- 
ange. Diamonds with this defect can also be heated to 
temporarily change their color to orange. Kyaw Soe Moe 
(GIA) continued the discussion on the 480 nm band using 
the study results of a bicolor diamond. The 480 nm band 
was detected only in the brown-orange portion of this di- 
amond. An interesting find was that the fluorescence 
image and optical image of this color zone do not match, 
which indicates that the 480 nm band caused color zoning 
that does not align with growth zones. This observation 
suggests that the defect causing the 480 nm absorption 
formed or penetrated the diamond after its growth. The 
authors proposed that the defect consists of localized va- 
cancy clusters, in addition to other previously proposed 
possibilities. 

Following a series of diamond presentations, the talks 
continued with colored gemstone discussions. Graduate 
student Samuel Martin (Brigham Young University) pre- 
sented a geochemical comparison study of sapphires from 
Bingham Canyon in Utah and from Yogo Gulch, Montana. 
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Although the two sapphire populations were formed 10 
million years apart, they do broadly share the same trace 
element signatures, and both contain silica melt inclu- 
sions. Oxygen isotope study of both suggests that they have 
different protoliths, with Bingham Canyon sapphires as a 
mixture of multiple populations in the Bingham magma 
system. The study proposed that sapphires from both 
sources have been produced through partial melting of Al- 
rich rocks. Graduate student Rachelle Turnier (University 
of Wisconsin—Madison) shared her research on the genesis 
of basalt-related gem corundum with zircon inclusions in 
samples from nine different sources around the globe. 
Through a combination of element mapping, growth tex- 
ture imaging, zircon geochronology, apparent pressure es- 
timation, oxygen isotope study, and in situ geochemical 
analyses, variations were revealed among these deposits, 
which have generally been grouped in a single category. 
PhD candidate William Aertker (Colorado School of 
Mines] discussed the genesis of metasomatic sapphire from 
the Whitehorn stock metamorphic aureole in central Col- 
orado. Sapphires occur within a ductile shear zone that ex- 
perienced contact metamorphism. Extensive evidence 
suggests that desilication was not the only process in- 
volved in corundum formation. Element exchange must 
have happened at the same time, and ductile shearing fa- 
cilitated fluid channeling to facilitate this exchange 
process, known as metasomatism. Retired geologist 
Charles Breitsprecher (California State University, Sacra- 
mento) presented a self-funded field investigation of sun- 
stone from three mines in southeast Oregon. The 
occurrence and regional geology were discussed. Gemolo- 
gist and professional lapidary Sarah Steele talked about her 
archaeogemological and chemistry study on gem-quality 
jet, including its use since the Upper Paleolithic and the 
market for it today. The author's analyses found 33 differ- 
ent hydrocarbons and biopolymers that are used as gems, 
which goes beyond the current commonly used definition 
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Figure 43. GSA poster 
presenters shared their 
latest research. Photo 
by Tao Hsu. 


for jet. Dr. Aaron Palke (GIA) closed the session with a 
presentation on the newly recognized mineral johnkoivu- 
laite (Cs[Be,B|Mg,Si,O,,), named in honor of renowned GIA 
researcher John Koivula. This new member of the beryl 
group was discovered in Mogok, an area full of opportuni- 
ties to expand the mineral family. Due to its special struc- 
ture, johnkoivulaite does not contain as much water as 
other members of the beryl group. 

This year’s poster session featured five presenters (fig- 
ure 43). Dr. Qishen Zhou (China University of Geo- 
sciences, Wuhan) presented two posters, on the results of 
colored diamond and sapphire auctions, respectively. Dr. 
Zhou and his team collected more than 50,000 auction re- 
sults over the past decade. These results are representative 
of the global auction sector, including the Chinese domes- 
tic auction sector, which is not well known to the rest of 
the industry. The colored diamond study poster focused on 
pink and blue diamonds. Both studies explored the rela- 
tionship between auction results and the quality factors of 
the stones. The authors found that color largely determines 
colored diamonds’ auction prices, while both color and 
carat weight have a high impact on sapphire. Dr. Aaron 
Palke (GIA) delivered research on rare rubies found in blue 
sapphire-dominant deposits. The study compared sap- 
phires and rarely encountered rubies from four different 
sources. Geochemical results indicate that the trace ele- 
ment Cr, which causes the red color, behaves quite inde- 
pendently of the other trace elements. However, trace 
elements other than Cr share similarity between sapphires 
and rubies from the same deposit, which was also sup- 
ported by inclusion scenes. Paul Johnson (GIA) displayed 
an interesting research project on melee-size HPHT lab- 
grown diamonds, which have a different crystal shape from 
large crystals made with the same method. The authors 
used element mapping of nickel to reveal the growth struc- 
ture of these small diamonds. The results indicated multi- 
ple growth stages of the small lab-grown diamonds, which 
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Gemological Vigests 


DEATH TAKES PIONEER 
OF DIAMOND INDUSTRY 


Alpheus Fuller Williams, honorary mem- 
ber of the Educational Advisory Board of 
the Gemological Institute of America and 
one of the well-known authorities of the 
diamond industry, died at the age of 78 at 
his home on The Cape, South Africa, early 
last month. 

Although he spent more than half a cen- 
tury in South Africa, he was born in Oak- 
Jand, California, and studied at Cornell and 
the University of California before joining 
his father, then manager of the De Beers 
Consolidated Mines, Ltd., in Kimberley. 

A graduate engineer, Alpheus Williams 
first served the De Beers Company in that 
capacity, being promoted to the position of 
Asst. General Manager during the following 
year. Six years later when his father, Gard- 
ner Williams, retired from his managerial 
position, the son followed in his footsteps. 

During the 26 years of his valuable and 
loyal service as manager of De Beers, some 
of the greatest and most important develop- 
ments in the diamond industry—as well as 
in the polittcal history of South Africa—took 
place. These experiences, coupled with the 
knowledge gained from long and intimate 
associations with others during these years, 
are recorded for posterity in his great book, 
Some Dreams Come True, which was pub- 
lished in 1949. His first book,—a work of 
monumental scope in two volumes — The 
Genesis of the Diamond, published in 1932, 
established his great geological reputation. 

No worthy cause was without the support 
of Alpheus Williams and much credit is 
given him in his chosen country for his 
untiring support of civic and industrial im- 
provements, as well as for his eagerness to 
be of help to others. During the siege of 
Kimberley some 3,000 women and children 


+ Alpheus F. Williams. 


deep in the mining galleries of the Kimber- 
ley and De Beers Mines. When war again 
came to the world, Alpheus Williams was 
made Director of Ambulance and was later 
responsible for the training of hundreds of 
men and women who afterwards joined the 
South African Army during World War II. 
were safely housed by him and his father 
After his retirement as manager of De 
Beers Consolidated Mines, Ltd., in 1931, he 
organized a structural steel business which 
he operated in Johannesburg with his four 
sons. He had many hobbies, some covering 
such diversified fields as bird fancier, photog- 
raphy, and scientific research. He owned one 
of the finest collections of colored diamonds 
in the world.! The collection was originally 
owned by his father but Alpheus Williams 
started to add to it in 1899 and during his 
lifetime it was supplemented with many ad- 
ditional stones of scientific importance. 


1 Color plates of a portion of the Williams col- 
lection of colored diamonds were a part of the 
Summer 1947 issue of Gems and Gemology. 
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Figure 44. This selection of Angie Crabtree’s paintings 
displayed at the AGTA GemFair showcases opal and 
cut diamond. Photo by GIA. 


explained their elongated crystal shape. Garrett McEI- 
henny (GIA) presented a study on type Ia pink diamonds. 
The author studied a suite of 30 samples with inclusions 
using Raman spectroscopy. The inclusions identified were 
mainly of sublithospheric origin. The existence of sub- 
lithospheric inclusions again proved that these diamonds 
came from the sublithospheric mantle. 

The 2020 GSA annual meeting is scheduled for October 
25-28 in Montreal. 


Tao Hsu 
GIA, Carlsbad 


MISCELLANEOUS 


Gemstone portrait artist Angie Crabtree. The 2019 AGTA 
show in Tucson featured the work of a gemstone portrait 
artist. On display in Angie Crabtree’s booth were her oil 
paintings (figure 44) on canvas and panel. She also had a 
table with paints, palettes, and other supplies so people 
could see her at work (figure 45). 

Crabtree’s portraits range in size up to 64 x 48 inches. 
She said people are excited to see gemstones in great size 
and detail. One painting can take more than 300 hours to 
complete. She said because people outside the gem and 
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jewelry industry don’t always recognize the subjects as 
gemstones, the paintings can also be interpreted as abstract 
art. 

The San Francisco-based artist said that all of her busi- 
ness, even from large corporate clients, comes from Insta- 
gram. “T’ve never paid to promote,” Crabtree said. “I’m just 
very fortunate for that.” Instagram also allows her to sell 
her own work instead of relying on galleries, which take a 
sizeable cut (typically around 50%). “That’s hard for 
artists,” she said. “Because of social media, artists have the 
opportunity to promote and market themselves.” 

Crabtree grew up on a ranch in Sonoma County, Cali- 
fornia, and was interested in nature and geology from a 
young age. Her grandfather used to go gold mining, and she 
would collect obsidian and other rocks along the way. She 
began painting and taking art classes at the age of five, and 
by 12 she was teaching painting. She attended an arts high 
school and college, studied abroad at Amsterdam’s Gerrit 
Rietveld Academie, and graduated from the San Francisco 
Art Institute in 2009. 

In 2012, while working as a high school art teacher, she 
did her first gemstone painting—a diamond portrait for an 
art gallery. She began painting different diamond cuts and 
posted them to Instagram. Soon people were asking for por- 
traits of their engagement rings and other special stones. 
“That’s when it really took off,” she said. 


Figure 45. Angie Crabtree at work at the AGTA show. 
Photo by Erin Hogarth. 
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Figure 46, This 1.16 ct crystal of the new mineral 
johnkoivulaite was reportedly discovered in the leg- 
endary Mogok Valley of Myanmar in the Pein Pyit 
mining area. Photo by Robert Weldon/GIA. 


One of the first people she met in the industry—via In- 
stagram—was gemstone cutter Jean-Noel Soni of Top 
Notch Faceting. He told her about the gem industry and 
“completely opened my eyes,” she said. “That’s when I 
just fell in love with the whole thing.” 

In 2015, she established her business and quit her 
teaching job. “It was a pretty big leap,” she said. “It’s scary 
for any artist to do that.” Within the first year, she was 
commissioned by Chopard and Forevermark to paint large 
series. Since then, business has grown to the point that she 
now has a studio manager who handles sales, accounting, 
and communication. 

In 2018, Crabtree painted her first colored stone: an opal. 
“T wanted something a little bit more expressive and or- 
ganic,” she said. Then came a tsavorite and an alexandrite, 
and she has since moved into sapphires and other stones. 
She plans to eventually paint minerals and other natural 
objects. 

Crabtree was trained in realism, but she said her biggest 
struggle has been understanding gemstone proportions and 
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facet dimensions. She has consulted industry experts to 
learn how to use the correct dimensions and ratios for the 
stones in her paintings. She often does not see the actual 
stones—most clients send her photographs. Painting accu- 
rate colors can be challenging, she said, because of the way 
a gemstone’s color changes with movement and light. Mix- 
ing color palettes is a laborious process: She will mix 30 or 
so colors and write down each color recipe for future use. 
“People think being an artist is painting all day every day, 
and it’s not,” she said. “It’s numbers and talking to people, 
and it’s sales and it’s promotion. Even the cleanup and setup 
takes forever.” 

Crabtree has two autoimmune diseases. “There are cer- 
tain days where I wake up and my hands are just stuck in 
fists. Sometimes I can’t walk. Sometimes I can’t open my 
paint,” she said. “But I do what I love, and I get to create 
my own hours, and I get to travel. So I make it work and 
stay positive.” 


Erin Hogarth 
GIA, Carlsbad 


ANNOUNCEMENTS 


Johnkoivulaite: A new gem mineral. A new mineral, 
johnkoivulaite, has been named in honor of John Koivula, 
a renowned microscopist and preeminent researcher at 
GIA for more than 40 years. In collaboration with scien- 
tists from the California Institute of Technology, Dr. Kyaw 
Thu of Macle Gem Trade Laboratory, and Nay Myo, a gem 
dealer from Mogok, GIA researchers described johnkoivu- 
laite, which the International Mineralogical Association 
(IMA) formally accepted as a new mineral species on Sep- 
tember 6, 2019. 

The world’s first specimen of johnkoivulaite was re- 
portedly uncovered from the Pein Pyit mining area of 
Mogok in Myanmar. It subsequently passed through the 
hands of Nay Myo, a local gem dealer. When the 1.16 ct 
stone (figure 46) could not be identified, Nay Myo sus- 
pected he had encountered a new mineral and had the sam- 
ple sent to GIA for identification. When the researchers 


Figure 47. Johnkoivu- 
laite shows strong 
pleochroism, going 
from near-colorless 
(left) to violet (right) 
when examined with 
polarized light. Pho- 
tomicrographs by 
Nathan Renfro; field of 
view 10.05 mm. 
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Figure 48. The new mineral johnkoivulaite is named 
after renowned gemologist John Koivula, best known 
for his contributions to inclusion research and photo- 
micrography. Photo by Kevin Schumacher. 


first examined the sample and realized its unique gemo- 
logical properties, GIA made arrangements to purchase the 
unusual stone from Nay Myo so that additional advanced 
testing could be performed and the sample could be de- 
posited in the GIA museum. Once the type specimen was 
housed in the museum (one of IMA’s requirements for de- 
scribing a new mineral], the team was able to submit a new 
mineral proposal. According to IMA guidelines, a new min- 
eral can be named in recognition of a person’s significant 
scientific contributions to the field of mineralogy. This one 
was named in honor of John Koivula’s lifelong efforts to ad- 
vance the sciences of mineralogy and gemology. 

Single-crystal X-ray diffraction (XRD) analysis was per- 
formed in collaboration with researchers at the California 
Institute of Technology and indicated a hexagonal crystal 
structure that was very similar to beryl and other members 
of the beryl group such as pezzottaite. Chemical analysis 
by LA-ICP-MS and EPMA identified enrichment in ce- 
sium, boron, and magnesium and confirmed johnkoivu- 
laite’s membership in the beryl family, with its ideal 
end-member formula as Cs(Be,B)Mg,Si,O,,. Standard 
gemological testing gave a refractive index of 1.608, with a 
birefringence too low to accurately measure, a specific 
gravity of 3.01, a hardness of 7%, a conchoidal fracture, vit- 
reous luster, and no reaction to long-wave or short-wave 
UV. Especially notable is johnkoivulaite’s strong pleochro- 
ism from deep violet to nearly colorless when observed 
with polarized light (figure 47). 

John I. Koivula (figure 48) developed an interest in min- 
erals and particularly their inclusions during childhood, 
when he found a quartz crystal with pyrite inclusions in 
North Bend, Washington. From there, Koivula earned de- 
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grees in geology and chemistry before working as an explo- 
ration geologist. In the 1970s, his career changed direction 
when a friend suggested the Graduate Gemologist program 
at GIA. He joined GIA in 1976 and began publishing gemo- 
logical articles and short notes while refining his photomi- 
crography techniques. In 1986, he co-authored with Edward 
J. Giitbelin the immensely popular Photoatlas of Inclusions 
in Gemstones, which was followed by two additional vol- 
umes. Koivula also wrote The Microworld of Diamonds and 
co-authored Geologica with Robert Coenraads. Other high- 
lights of his career include winning first place in Nikon’s 
Small World Photomicrography competition in 1984, receiv- 
ing the AGS’s Robert M. Shipley Award in 1996, and being 
named one of /CK magazine’s 64 Most Influential People in 
the Jewelry Industry in the 20th Century. In 2002, he was 
awarded the AGA’s Antonio C. Bonanno Award for Excel- 
lence in Gemology. Mr. Koivula also received GIA’s Richard 
T. Liddicoat Award for Distinguished Achievement in 2009 
for his contributions to gemology. 

After more than 40 years in the industry, Mr. Koivula still 
regularly contributes to gem and mineral research and is now 
a contributing editor for G@G’s Micro-World column. 

The discovery of a new mineral is a rare and exciting 
occasion for the gemological community. It is a special 
honor for the authors to be able to name this mineral after 
such a prominent and well-deserving gemologist. 


Aaron C. Palke, Ziyin Sun, and Nathan Renfro 
GIA, Carlsbad 


Lawrence M. Henling, Chi Ma, and George R. Rossman 
California Institute of Technology, Pasadena 


Kyaw Thu 

Macle Gem Trade Laboratory, Yangon 
Nay Myo 

Greatland Gems and Jewelry, Mogok 


Patcharee Wongrawang and Vararut Weeramonkhonlert 
GIA, Bangkok 


ERRATA 


1. In the Spring 2019 GNI entry “Gray spinel: A new 
trend in colored stones” (p. 130), the figure 15 caption 
listed the incorrect carat weight and cutter. The gray 
spinel weighed 24.15 ct and was courtesy of 3090 
Gems, LLC. We thank Bryan Lichtenstein for cor- 
recting this. 


2. In the Summer 2019 article “A decade of ruby from 
Mozambique: A review” (pp. 162-183), the FTIR 
spectrum in figure 21D mislabeled the 3240 and 
3161 cm" peaks. Also, the 2420 cm peak should be 
disregarded, as it was caused by a fingerprint. 
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INTRODUCTION 

The Geographic Origin Dilemma 

Shane F. McClure, Thomas M. Moses, and James E. Shigley 

An overview of the geographic origin complexities facing the gem and jewelry industry today. 


FEATURE ARTICLES 

Geology of Corundum and Emerald Gem Deposits: A Review 

Gaston Giuliani and Lee A. Groat 

Over the last two decades, knowledge of the formation of gem deposits has improved 
significantly. This article reviews the state of our knowledge of the geology and genesis of gem 
corundum and emerald deposits. 


A Review of Analytical Methods Used in 

Geographic Origin Determination of Gemstones 

Lee A. Groat, Gaston Giuliani, Jennifer Stone-Sundberg, Ziyin Sun, Nathan D. Renfro, and 
Aaron C. Palke 

Geographic origin determination relies on a combination of gemological observations and 
advanced analytical tools. This contribution reviews the analytical methods commonly used to 
establish origin. 


Geographic Origin Determination of Blue Sapphire 

Aaron C. Palke, Sudarat Saeseaw, Nathan D. Renfro, Ziyin Sun, and Shane F. McClure 

In some cases, the value of a sapphire depends strongly on its geographic origin. This article 
details the origin data GIA has collected for blue sapphire and describes its methodology for using 
the data in geographic origin determination. 


Geographic Origin Determination of Ruby 

Aaron C. Palke, Sudarat Saeseaw, Nathan D. Renfro, Ziyin Sun, and Shane F. McClure 

The world ruby market has undergone dramatic change in recent years, especially with the devel- 
opment of ruby mining in Mozambique. This contribution outlines GIA’s methods and criteria for 
establishing the geographic origin of ruby. 


Geographic Origin Determination of Emerald 

Sudarat Saeseaw, Nathan D. Renfro, Aaron C. Palke, Ziyin Sun, and Shane F. McClure 

The relative chemical diversity of emeralds from different deposits worldwide allows clear origin 
determination in most cases. This contribution explains the criteria used by GIA to make 
geographic origin conclusions for emeralds. 


Geographic Origin Determination of Paraiba Tourmaline 

Yusuke Katsurada, Ziyin Sun, Christopher M. Breeding, and Barbara L. Dutrow 

Copper-bearing gem tourmaline, known as Paraiba tourmaline after the location of its original 
discovery, is prized for its vivid blue to green color. This article explains GIA’s use of quantitative 
chemical analyses to distinguish samples from Brazil, Nigeria, and Mozambique. 


Geographic Origin Determination of Alexandrite 

Ziyin Sun, Aaron C. Palke, Jonathan Muyal, Dino DeGhionno, and Shane F. McClure 

The geographic source of this rare color-change gem has a significant impact on value. Trace 
element chemistry profiles allow GIA to accurately determine origin for alexandrite from several 
countries. 


FIELD REPORTS 

Field Gemology: Building a Research Collection and Understanding the 
Development of Gem Deposits 

Wim Vertriest, Aaron C. Palke, and Nathan D. Renfro 

With more than 90 field expeditions on six continents since 2008, GIA has accumulated over 
22,000 colored stone reference samples. This extensive collection of colored stones with known 
origins supports GIA’s research on geographic origin determination. 


AFTERWORD 
What’s Next? 
Shane F. McClure, Thomas M. Moses, and James E. Shigley 


A look ahead to the future of geographic origin determination. 
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INTRODUCTION 


THE GEOGRAPHIC ORIGIN DILEMMA 


Shane F. McClure, Thomas M. Moses, and James E. Shigley 


exclusively to one timely subject: the determination of geographic origin for specific colored 
stones. 

Geographic origin determination is one of the most pressing issues facing the industry—a subject with 
many facets and complexities that should be addressed if the discussion is to be thorough. 

As part of GIA’s consumer protection mission of ensuring the public trust in gems and jewelry, our pur- 
pose with this issue is to lay out what we know about determining geographic origin and how we arrive at 
those opinions. These articles will present every aspect of geographic origin as these authors understand 
it—including full transparency on the approaches and testing methods typically applied in GIA’s gemological 


\WW/esits to the Winter 2019 edition of Gems & Gemology. This issue is special in that it is devoted 


laboratories. 


We intend for this issue to promote healthy and useful discussion and debate—fueled by our collective 
interest in bringing more understanding and consistency to the reporting of the geographic origin of colored 


stones. 


THE CHALLENGES THAT FACE US 


Geographic origin is, today, one of the least under- 
stood subjects the industry has ever experienced. 
Most people, other than the experts in the gemolog- 
ical laboratories who perform this service, do not un- 
derstand the complexities accompanying the 
determination process. Many, including consumers, 
tend to misunderstand what geographic origin re- 
ports represent. Some in the industry use this lack of 
understanding to market stones carrying these re- 
ports in unethical ways. 


The colored stone trade wants the laboratories to 
be able to tell them with 100% accuracy where their 
colored gemstones come from, and for these deter- 
minations to be consistent between all the major lab- 
oratories. Unfortunately, science cannot provide this 
capability. In fact, science by itself cannot even come 
close to this for certain gemstones—most notably 
blue sapphires. 

Thus, laboratories must rely on the experience of 
their most senior gemologists, and their familiarity 
with gem material from the many different deposits 
around the world, to arrive at these determinations. 
This skill takes decades to develop, and even then 
only the most dedicated gemologists will become ex- 
perts at it. This is the reason all gem labs emphasize 
that geographic origin determinations on reports are 
opinions—they are not indisputable facts. Because 
they are opinions, there will sometimes be differ- 
ences in reports from different organizations. 
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These articles will present and discuss every part 
of this subject as these authors understand it. This 
will include exactly how the GIA laboratory ap- 
proaches the issue and what testing methods are typ- 
ically applied. We have chosen to use this platform 
to present what we know and do from our perspec- 
tive. As one can see, this still results in a very large 
edition of GWG. 


WHAT DETERMINES THE VALUE OF A 
COLORED GEMSTONE? 


The main factors that determine the value of a gem- 
stone are usually recognized as rarity, size, and dura- 
bility. Also important to this equation are other 
factors such as beauty and mystique or lore. A stone 
may be large and rare and durable but unattractive 
for multiple reasons—poor clarity, color, or cut, for 
example. This clearly will affect its value. Gem- 
stones often come from exotic places that are very 
remote and inaccessible. Some of these mines have 
a long history and may no longer exist. Historical oc- 
currences may also have legends or interesting tales 
associated with them. All of these things add to the 
interest and therefore the desirability of a particular 
gem, which will add to its value. 

Geographic origin may also be an indicator of the 
rarity and beauty of a gemstone. Some deposits only 
lasted for a short term, so the supply is limited. The 
most notable example is blue sapphire from Kashmir. 
Some deposits are historically perceived as producing 
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the finest quality of a specific gemstone (e.g., ruby 
from Myanmar). This may or may not still hold true, 
but as with many things, perception is everything, so 
a Burmese origin becomes more desirable and there- 
fore more valuable. 


REQUIREMENTS FOR GEOGRAPHIC ORIGIN 
DETERMINATION 


The first prerequisite for a laboratory to issue geo- 
graphic origin reports is access to adequate scientific 
instrumentation. With very few exceptions, this 
equipment is essential to the process. There is no 
question that this equipment is costly, which makes 
it out of reach for many smaller labs, but that does 
not change the fact that a lab must have it to compe- 
tently offer this service. 

The second requirement is experienced gemolo- 
gists. Extensive familiarity with the material from 
mines around the world is absolutely required. This 
is the most difficult part of the equation. Equipment 
can be purchased—all it takes is money. Laboratory 
gemologists with enough experience to compe- 
tently make geographic origin determinations are 
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This Cartier bracelet 
from 1927 features a 
47.07 ct cabochon sap- 
phire between two 
pear-shaped diamonds 
weighing 8.60 and 9.27 
ct. The sapphire is ac- 
companied by two 
identification reports 
stating a Burmese ori- 
gin, with no indications 
of heating. In Novem- 
ber 2019, the bracelet 
sold at Sotheby’s in 
Geneva for nearly $6.3 
million. Courtesy of 
Sotheby’s. 


much rarer and are almost always unavailable. The 
only real way to get them is to recruit the people 
with the right background, determination, and de- 
sire to learn and to train them. However, this takes 
many years and the examination of thousands of 
samples. 

Third is a comprehensive collection of samples 
that are known to originate from specific mines. The 
only way to obtain this is to go to those mines and 
collect samples as close to the source as possible. This 
process is the topic of the field gemology article in 
this issue. From these samples the data are collected 
and a database is formed, which becomes the under- 
lying basis for geographic origin determinations. 


THE HISTORY OF GEOGRAPHIC ORIGIN 


The first to offer this service was the Giibelin labo- 
ratory in Switzerland in the 1950s. They based their 
determinations on Dr. Edward Giibelin’s studies on 
how inclusions can help identify gems and their 
sources. Most analytical equipment was not avail- 
able at that time, so gemological properties were all 
they had to go on. 
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Gemological UVigests 


SECOND LARGEST SYNTHETIC 
STAR RUBY CREATED BY 
LINDE AIR PRODUCTS COMPANY 
Late in 1952 what ts believed to be the 
second largest synthetic star ruby ever pro- 
duced was created in the laboratories of the 
Linde Air Products Company. The stone, 
which weighs 82.93 carats, is believed by 
scientists of the company to be one of the 
finest they have produced to date but they 
admit they have no explanation as to how or 
why these lire sized gems occur, stating, 
“They just happen under certain ideal, un- 
predictable condttrons.” 
Like other stars, 
gemstone which has been named “Colum- 


Linde-made this new 
bus” by newspaper, TV and radio person- 
alities who have examined it, is physically, 
optically, and chemically identical to earth- 
mined star stones. 


WINTI Roopa 


Linde in 1947 created the world’s largest 
known synthetic star ruby which weighs 
109.25 carats and is now exhibited in the 
American Museum of Natural History, New 
York City. The largest natural star ruby— 
the famed De Long Star—which weighs 100 
carats is also the property of the American 
Museum. 


Book Review 


GEM CUTTING 4y J. Daniel Willems, 
2nd edition. $4.50. Charles A, Bennett Co., 
Inc., Publishers. 218 pp, including 85 figures 
consisting of photographs and drawings; 
eight tables vf data pertinent to the subject; 
plates lapidary 
equipment and its operation; and 33 cuts 
detailing the procedure of fashioning from 
a piece of rough material to a finished 


nine excellent SHOWING 


gemstone. Reviewed by James Small. 

Dr. Willems is well-qualified to write 
this book for the hobbyist cutter, as he has 
experienced the progression of his hobby 
from a crock collector to cabochon cutter to 
faceting gemstones, and has also designed 
faceting equipment. This book progresses in 
the same way with the presentation simple 
enough for the newly interested hobbyist to 
acquire a good basis for the progressive 
work covered in the remainder of the book. 

Gem Cutting was first published four 
years ago. Its enthusiastic reception, plus the 
steadily growing field of hobbyists, have 
made it necessary to bring out this second 
edition, In this new edition, there is some 
clarification of the text, as well as improve- 
ment in some of the drawings. In addition, 
50 new photographic plates, which clearly 
show the fashioning process necessary to 
shape a piece of rough material into a fin- 
ished gemstone, have been added to the 


new edition. 


Madagascar are from metamorphic deposits, but the 
deposits in Ambondromifehy are formed in alkali 
basalts—two very different deposits, yet both from 
Madagascar. 

As stated earlier, when geographic origin determi- 
nation began there were relatively few deposits, and 
those could usually be separated without much diffi- 
culty. Since that time, many more deposits have been 
found. As each of these deposits started to produce 
marketable gemstones, the issue of geographic origin 
became more complicated. In addition, as historical 
deposits have aged or become deeper or wider, their 
properties may vary. What used to be achievable with 
standard gemological tests and a microscope is no 
longer possible. The collection of additional analyti- 
cal data such as chemistry and spectroscopy has be- 
come essential. Today these kinds of tests are routine 
and the search continues for other, more advanced 
techniques that might help. 

As instruments become more complex, more 
knowledge is needed to operate them and interpret the 
data that comes from them. Instruments have become 
much more expensive to acquire and maintain. Often 
this requires people with advanced degrees in subjects 
such as chemistry, solid-state physics, geology, and 
mineralogy. This is particularly true with some tech- 
niques used for chemical analysis such as laser abla- 
tion-inductively coupled plasma—mass spectrometry 
(LA-ICP-MS), where continual calibration with well- 
known standards is essential to accurately analyze 


For years, orange fluorescence in blue sapphire was 
thought to exclusively indicate a Sri Lankan origin. 
Photo by Tino Hammid. 
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trace elements at increasingly lower concentrations 
(now down to parts per billion in some cases). 

Another significant issue is acquiring reliable sam- 
ples to test in constructing a database. Even with the 
best intentions, it is possible for stones from a dealer 
to get mixed up. Samples acquired in this way might 
not be accurate. The only sure way to get reliable sam- 
ples is to visit the mines and collect them yourself. 
Even then it is difficult to be certain the stones came 
from the mine where they were collected. Careful doc- 
umentation of how, when, where, and from whom the 
samples were acquired is essential to building a reli- 
able database. GIA has a permanent field gemology de- 
partment whose job it is to collect these samples as 
close to the mines as possible and process them. 
Everything about how they were collected, along with 
all the spectra, chemistry, and gemological data, is 
added to the origin database. 

Of course, building such a database and gathering 
terabytes of information on the samples sometimes 
forces us to change commonly held ideas about cri- 
teria for geographic origin. A simple example would 
be orange fluorescence in blue sapphire. It was long 
thought that this property pointed to a Sri Lankan 
origin. However, as more deposits were found and 
more research was done, it became clear that orange 
fluorescence can occur in blue sapphire from several 
marble-type, relatively low-iron metamorphic de- 
posits. So this property is now known to be mostly 
unhelpful in separating origin. 

No matter how hard we try, sometimes we sim- 
ply cannot tell where a stone came from. This could 
happen because of an extreme overlap of properties 
or because the properties do not match anything in 
our database. In such cases, we will say the origin is 
“inconclusive,” which is never a popular conclusion. 
Regardless, in such situations it is the truth. 


EXPERT OPINIONS 


For all the reasons already mentioned and more, geo- 
graphic origin reports are an opinion, not fact. 
Granted, some localities are easier to separate, but 
still the determination is an opinion. The quality of 
this opinion is based on the rigor of all of the points 
noted above. Every major laboratory has a comment 
stating this on their reports. This being an opinion, 
there are bound to be differences between laborato- 
ries, particularly with the more difficult determina- 
tions such as blue sapphire. Despite this fact, many 
in the industry treat these reports as fact and are sur- 
prised and frustrated that they sometimes get differ- 
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Rough and cut ruby: The crystal measures 23.4 mm in length, and the faceted stone weighs 5.22 ct. The cut stone 
carries four different identification reports, with the country of origin listed as either Afghanistan or Vietnam. 
Rubies from these two sources have similar characteristic properties. Photo by Robert Weldon/GIA; courtesy of 
Edward Boehm/RareSource. 


ent results from different laboratories on the same 
stone. They should not be, but they often are. 

Auction houses have begun to understand this. 
When selling a stone that has conflicting reports, 
they will often list all the reports in their catalog. In 
this way they let the buyer decide how much impor- 
tance to give each report. 


ETHICAL ISSUES 

It should not be surprising that this situation allows 
openings for people whose ethics are less than hon- 
orable. Make no mistake: It is our opinion that the 
vast majority of people in the jewelry trade are hon- 
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est and do their best to uphold a high ethical stan- 
dard. As with any business, however, there will be 
some who do not let ethics get in the way of profit. 
The fact that certain origins can add value creates a 
situation where some dealers will sell a stone with a 
laboratory report that they know is incorrect. A 
dealer once told one of these authors, “It does not 
matter where a stone actually come from. It only 
matters where the labs say it comes from.” 

We know that some blue sapphires from Sri 
Lanka are almost identical to Burmese sapphires, and 
because of this they are often called Burmese. Some 
who trade in these stones call them “lucky Burma” 
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and will sell them as Burmese even though they 
know it is not true. 

We feel compelled to mention that some in the 
industry will do just the opposite. These people, if 
faced with a “lucky Burma” situation or something 
comparable, would come back to the lab and disclose 
the true origin, even though it might affect the value 
of the stone. Such honesty is uncommon in any 
trade. 

These last paragraphs may seem overly critical of 
some in the industry, but that is not our intent. How- 
ever, it is necessary to point out all the various pieces 
of this issue, as they all have a part in understanding 
the numerous complexities that affect this subject. 

In everything we do, we are driven to bring aware- 
ness, education, and trust in gems and jewelry. In 
doing so, we work to support the producers, dealers, 
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Gemstone classics from 
sources old and new: A 
2.50 ct Colombian 
emerald ring, courtesy 
of Ronald Ringsrud; a 
7.04 ct Madagascar sap- 
phire, courtesy of Mayer 
& Watt; and an excep- 
tional 4.10 ct concave- 
facet ruby from Winza, 
Tanzania, courtesy of 
Mark Gronlund. Photo 
by Robert Weldon/GIA. 


manufacturers, and retailers that make up this great 
industry. 

In the coming pages, we lay out a thorough exam- 
ination of our perspective on this complex subject— 
striving to be transparent about how GIA approaches 
geographic origin determination. 

We hope this issue will spark a constructive dis- 
cussion between laboratories, gemologists, experts, 
and members of the colored stone trade who may see 
things differently or have different ideas on this sub- 
ject, resulting in a betterment of the industry and 
protection of the public—GIA’s ultimate mission. 


Mr. McClure is global director of colored stone 
services, Mr. Moses is chief laboratory and research 
officer, and Dr. Shigley is a distinguished research 
fellow, at the Gemological Institute of America. 
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NMOS ARTICLES 


GEOLOGY OF CORUNDUM AND EMERALD 
GEM Deposits: A REVIEW 


Gaston Giuliani and Lee A. Groat 


The great challenge of geographic origin determina- 
tion is to connect the properties and features of indi- 
vidual gems to the geology of their deposits. Similar 
geologic environments can produce gems with similar 
gemological properties, making it difficult to find 
unique identifiers. Over the last two decades, our 
knowledge of corundum and emerald deposit forma- 
tion has improved significantly. 


The mineral deposits are classically separated into pri- 
mary and secondary deposits. Primary corundum de- 
posits are subdivided into two types based on their 
geological environment of formation: (1) magmatic and 
(2) metamorphic. Magmatic deposits include gem 
corundum in alkali basalts as in eastern Australia, and 
sapphire in lamprophyre and syenite as in Montana 
(United States) and Garba Tula (Kenya), respectively. 
Metamorphic deposits are divided into two subtypes (1) 
metamorphic deposits sensu stricto (in marble; mafic 
and ultramafic rocks, or M-UMR), and (2) metamorphic- 
metasomatic deposits characterized by high fluid-rock 
interaction and metasomatism (i.e., plumasite or desili- 
cated pegmatites in M-UMR and marble, skarn deposits, 
and shear zone-related deposits in different substrata, 
mainly corundum-bearing Mg-Cr-biotite schist). Exam- 
ples of the first subtype include the ruby deposits in mar- 
ble from the Mogok Stone Tract or those in M-UMR from 
Montepuez (Mozambique) and Aappaluttoq (Green- 
land). The second subtype concerns the sapphire from 
Kashmir hosted by plumasites in M-UMR. 


Secondary corundum deposits (i.e., present-day plac- 
ers) result from the erosion of primary corundum de- 
posits. Here, corundum is found in the following types 
of deposits: eluvial (derived by in situ weathering or 
weathering plus gravitational movement), diluvial 
(scree or talus), colluvial (deposited at the base of 
slopes by rainwash, sheetwash, slow continuous 
downslope creep, or a combination of these 


See end of article for About the Authors and Acknowledgments. 
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processes), and alluvial (deposited by rivers). Today, 
most sapphires are produced from gem placers related 
to alkali basalts, as in eastern Australia or southern 
Vietnam, while placers in metamorphic environments, 
such as in Sri Lanka (Ratnapura, Elahera) and Mada- 
gascar (Ilakaka), produce the highest-quality sapphires. 
The colluvial Montepuez deposit in Mozambique pro- 
vides a huge and stable supply of clean and very high- 
quality rubies. 


Primary emerald deposits are subdivided into two 
types based on their geological environment of forma- 
tion: (1) tectonic-magmatic-related (Type I) and (2) 
tectonic-metamorphic-related (Type II). Several sub- 
types are defined and especially Type IA, hosted in M- 
UMR, which accounts for about 70% of worldwide 
production (Brazil, Zambia, Russia, and others). It is 
characterized by the intrusion of pegmatites or quartz 
veins in M-UMR accompanied by huge hydrothermal 
fluid circulation and metasomatism with the formation 
of emerald-bearing desilicated pegmatite (plumasite) 
and biotite schist. Type IB in sedimentary rocks (China, 
Canada, Norway, Kazakhstan, and Australia) and Type 
IC in granitic rocks (Nigeria) are of minor importance. 


The subtype Type IIA of metamorphic deposits is re- 
lated to hydrothermal fluid circulation at high temper- 
ature, in thrust fault and/or shear zones within 
M-UMR of volcano-sedimentary series, such as at the 
Santa Terezinha de Goias deposit in Brazil. The subtype 
Type IIB is showcased by the Colombian emerald de- 
posits located in the Lower Cretaceous black shales of 
the Eastern Cordillera Basin. These are related to the 
circulation of hydrothermal basinal fluids in black 
shales, at 300-330°C, that dissolved evaporites in (1) 
thrust and tear faults for the deposits of the western 
emerald zone (Yacopi, Coscuez, Muzo, Pefias Blancas, 
Cunas, and La Pita mines) and (2) a regional evaporite 
level intercalated in the black shales or the deposits of 
the eastern emerald zone (Gachala, Chivor, and 
Macanal mining districts). 


Secondary emerald deposits are unknown because 
emerald is too fragile to survive erosion and transport 
in rivers. 
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PART I: RUBY AND SAPPHIRE 


Ruby and sapphire are gem varieties of the mineral 
corundum. The chromophores are chromium (Cr**) in 
ruby, and iron and titanium (Fe and Ti*) in blue sap- 
phire. All other colors are termed fancy sapphires and 
are named on the basis of color (e.g., yellow sapphire). 
Another valuable colored sapphire is the orange-pink 
or pinkish orange variety called padparadscha, derived 
from names for the lotus blossom. In this paper, the 
pink corundum associated with ruby worldwide (such 
as in the marble-type deposits) and called “pink sap- 
phire” in the literature is considered to be genetically 
associated with ruby and not sapphire of other colors. 


In Brief 


e The classification systems of corundum and emerald 
deposits are based on different mineralogical and geo- 
logical features. 


Corundum deposits are subdivided into primary (mag- 
matic and metamorphic) and secondary (i.e., present- 
day placer) deposits. 


Emerald deposits are only primary and are subdivided 
into two types: (1) tectonic-magmatic-related and (2) 
tectonic-metamorphic-related. 


Today most gem sapphires are produced by placers in 

metamorphic and alkali basalt environments. Most ru- 
bies are produced by placers in metamorphic environ- 
ments (marble and amphibolite rocks). 


Geographic Distribution and Economic Significance. 
Corundum is found on all five continents. The high- 
est-quality ruby crystals come from Central and 
Southeast Asia and Mozambique (SRK Consulting, 
2015). Myanmar, with the Mogok Stone Tract, has 
produced “pigeon’s blood” rubies since 600 CE 
(Hughes, 1997). The world’s finest blue sapphire 
comes from Kashmir (Sumjam), Myanmar, Sri Lanka 
(figure 1), and Madagascar. Sri Lanka is so far the 
most important producer of excellent padparadscha 
sapphire (Hughes, 1997). 

The value of natural ruby and sapphire is based 
on the classic Four C’s (color, clarity, cut, and carat 
weight) but also on the geographic origin. Enhance- 
ments and treatments are also of importance in the 
final evaluation, and it is very rare to find gem corun- 
dum that has not been heat-treated (Themelis, 1992). 

Ruby and sapphire are the most important colored 
gemstones in the gem trade, and together they ac- 
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Figure 1. A 245.12 ct sapphire crystal from Kataragama, 
Sri Lanka, measuring 5.70 x 2.15 x 1.85 cm. Photo by 
Robert Weldon/GIA; courtesy of Brent Lockhart. 


count for more than 50% of global colored gem pro- 
duction (Hughes, 1997). Top-quality ruby is perhaps 
the world’s most expensive gemstone, and the finest 
Mogok rubies are more highly valued than equiva- 
lent-sized flawless colorless diamonds. The world 
record price for a single ruby sold at auction belongs 
to the Sunrise Ruby, sold by Sotheby’s in 2015 for 
$32.42, million ($1.27 million per carat at 25.59 ct). 
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In December 2015, the 15.04 ct Crimson Flame ruby 
sold for $18.3 million ($1.21 million per carat). An- 
other notable ruby is the 10.05 ct Ratnaraj, which sold 
for $10.2 million (just over $1 million per carat) in 
November 2017 (“Ratnaraj ruby ring highlight...,” 
2017). The world record price paid for a single blue 
sapphire is $17.30 million for the 392.52 ct Blue Bell 
of Asia ($44,063 per carat) at a 2014 Christie’s auc- 
tion. However, the world record price per carat be- 
longs to an unnamed 2.7.68 ct Kashmir blue sapphire 
that sold at a 2015 Christie’s auction for $6.75 mil- 
lion, or $243,703 per carat. Unheated ruby from the 
Didy mine in Madagascar also commands high prices 
(Pardieu and Rakotosaona, 2012). Peretti and Hahn 
(2013) reported that a set of eight faceted rubies, rang- 
ing from 7 to more than 14 ct apiece, had an esti- 
mated market value of $10 million. 

The discovery of the Montepuez ruby deposits in 
Mozambique in May 2.009 (Pardieu et al., 2009), and 
their extraction by various companies, including 
Gemfields (Pardieu, 2018; Simonet, 2018), changed 
the international ruby market. SRK Consulting 
(2015) forecasted production of 432 million carats 
over 21 years. The resource at Montepuez is divided 
into primary reserves of 253 million carats (a projec- 
tion of 115 carats per ton) and secondary (mainly col- 
luvial) reserves of 179 million carats (a projection of 
7.07 carats per ton). Nine Montepuez auctions held 
since June 2014 have generated $335 million in ag- 
gregate revenue (Pardieu, 2018). 


Age of the Deposits. The global distribution of 
corundum deposits is closely linked to plate tecton- 
ics—collision, rift, and subduction geodynamics 
(Giuliani et al., 2007a). Direct dating of corundum 
is impossible due to the absence of a suitable 
geochronometer. Ages are defined by indirect dating 
of a series of minerals (zircon, monazite, rutile, and 
micas), either in the host rocks or as syngenetic in- 
clusions in the corundum (please refer to the Glos- 
sary for boldfaced terms]. These minerals have 
different blocking temperatures closed to isotopic 
migration that make it possible to establish a cool- 
ing history for corundum. 

Four main periods of corundum formation are rec- 
ognized worldwide (Giuliani et al., 2007a; Graham et 
al., 2008). The oldest deposit is located in the 
Archean metamorphic series (2.97-2.6 billion years 
ago, or Ga) of southwest Greenland. The Aappaluttoq 
ruby deposit in the 2.97 Ga Fiskenzesset anorthosite 
complex contains a sequence of thick olivine-ultra- 
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mafic rocks intruded by leucogabbros that under- 
went a high degree of metamorphism at 2.82, Ma (U- 
Pb dating of monazite; Fagan, 2018). The contact 
between the ultramafic rock and the leucogabbro 
was the focus of intense fluid-rock interaction at 2.66 
Ga (U-Pb dating of monazite) with ruby formation in 
phlogopite rocks (Krebs et al., 2019). 

The second period of corundum formation was 
the Pan-African orogeny (750-450 Ma). This includes 
primary ruby and sapphire deposits in the gemstone 
belt of East Africa, Madagascar, India, and Sri Lanka 
that are linked to collisional processes between east- 
ern and western Gondwana (figure 2) during Pan- 
African tectonic-metamorphic events (Kréner, 1984). 
The metamorphic corundum deposits in southern 
Madagascar have numerous geological similarities 
with those in East Africa, Sri Lanka, and southern 
India (see Giuliani et al., 2014). U-Pb dating of zircon 
in host rocks of ruby from the John Saul mine in the 
Mangare area of Kenya (612 + 6 Ma; Simonet, 2000), 
Longido in Tanzania (610 + 6 Ma; Le Goff et al., 
2010), and the Vohibory deposits in Madagascar (612 
+ 5 Ma; Jéns and Schenk, 2008) revealed similar pe- 
riods of formation related to the East African 
orogeny. U-Pb dating of rutile inclusions in ruby 
from the different ruby mines at Mangare has indi- 
cated cooling ages between 533 + 11 and 526 +13 Ma 
(Sorokina et al., 2017a). Moreover, the U-Pb ages of 
zircon coeval with blue sapphire in the Andranon- 
dambo skarn deposit in southern Madagascar range 
from 523 to 510 Ma (Paquette et al., 1994). These dif- 
ferent ages confirm the existence of a metamorphic 
corundum episode, between 600 and 500 Ma, during 
the late Pan-African orogenic cycle (Cambrian pe- 
riod), and corresponding to the Kuunga orogeny. 

The third period corresponds to the Cenozoic Hi- 
malayan orogeny (45 Ma to the Quaternary). Exam- 
ples include the marble-hosted ruby deposits in 
Central and Southeast Asia, which occur in meta- 
morphic blocks that were affected by major tectonic 
events during the collision of the Indian and Eurasian 
plates (Garnier et al., 2008). The ruby has been indi- 
rectly dated by *Ar/*’Ar stepwise heating experi- 
ments performed on single grains of coeval 
phlogopite, and by ion-probe U-Pb analyses of zircon 
included in the corundum (Graham et al., 2008; Giu- 
liani et al., 2014). All of the Oligocene to Pliocene 
ages (40-5 Ma) are consistent with compressional 
tectonic events that were active in the ruby-bearing 
metamorphic belt from Afghanistan to Vietnam. 

The fourth period of corundum formation is dom- 
inated by the extrusion of alkali basalts in the Ceno- 
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zoic (65 Ma to Quaternary). Gem corundum occurs 
worldwide as xenocrysts or megacrysts in xenoliths 
or enclaves incorporated in basaltic magmas during 
their ascent. Such sapphire and ruby deposits occur 
from Tasmania through eastern Australia, Southeast 
Asia, and eastern China to far eastern Russia (Gra- 
ham et al., 2008). They are also found in Nigeria and 
Cameroon in the Air and Hoggar regions; the French 
Massif Central in the Limagne Rift; in northern, cen- 
tral, and eastern Madagascar (Hughes, 1997, Giuliani 
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Figure 2. Juxtaposition 
of Antarctica, Sri 
Lanka, India, Madagas- 
car, and Eastern Africa 
in a reconstruction of 
Gondwana showing the 
locations of the main 
gem corundum deposits 
(see Giuliani et al., 
2014). Eastern Africa: 
Garba Tula (GT), Man- 
gare (M), Twiga (T), Si 
Ndoto (SN), Longido 
and Lonsogonai (LL), 
Mahenge and Morogoro 
(MM), Kalalani and 
Umba (K), Songea (S), 
Tunduru (T). Mozam- 
bique: Montepuez (Mz); 
Madagascar: Ilakaka 
(Ila), Zazafotsy and Sa- 
hambano (ZS), deposits 
from the Vohibory re- 
gion (Vo), Ambatomena 
(Am), Andranondambo 
(An), Andilamena 
(And), Didy (Dy). South 
India: Mysore (My), 
Karur-Kangayam 
corundum belt (KK), 
Orissa (Or). Sri Lanka: 
Ratnapura and Elahera 
(RE), Wanni Complex 
(WC), Highland Com- 
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et al., 2014); and recently at Aksum in Ethiopia (Ver- 
triest et al., 2019). 


Classification of Corundum Deposits. Classification 
systems have evolved over time and are based on dif- 
ferent mineralogical and geological features: 


1. the morphology of corundum (Ozerov, 1945) 


2. the geological context of the deposits (Hughes, 
1997) 
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3. the lithology of the host rocks (Schwarz, 1998) 

4. the genetic processes responsible for corundum 
formation (Simonet et al., 2008) 

5.the genetic type of the deposit (Kievlenko, 
2.003) 

6. the geological environment and nature of the 
corundum host rock (Garnier et al., 2004; Giu- 
liani et al., 2007a, 2014) 

7. the oxygen isotopic composition of the corun- 
dum (Giuliani et al., 2012) 


Today, gem corundum deposits are classified as 
primary and secondary deposits. Primary deposits 
contain corundum either in the rock where it crys- 
tallized or as xenocrysts and in xenoliths in the rock 
that carried it from the zone of crystallization in the 
crust or mantle to the earth’s surface. 

Primary deposits are subdivided into two types: 
magmatic and metamorphic (figure 3). Magmatic de- 
posits include gem corundum in alkali basalts and 
sapphire in lamprophyres and syenites. Metamorphic 
deposits are divided into metamorphic deposits 
sensu stricto (marble; M-UMR), and metamorphic- 
metasomatic deposits characterized by high fluid- 
rock interaction and metasomatism (i.e., plumasite 
or desilicated pegmatites in M-UMR and marble, 
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skarn deposits, and shear zone-related deposits in dif- 
ferent substrata, mainly corundum-bearing Mg-Cr- 
biotite schist). 

Secondary deposits (i.e., present-day placers) are 
of two types (Dill, 2018). The first are eluvial concen- 
trations derived by in situ weathering or weathering 
plus gravitational movement or accumulation. Elu- 
vial-diluvial deposits are on slopes and in karst cavi- 
ties (marble type). Colluvial deposits correspond to 
decomposed primary deposits that have moved ver- 
tically and laterally downslope as the hillside eroded. 
The second are alluvial deposits resulting from ero- 
sion of the host rock and transport of corundum by 
streams and rivers. Concentration occurs where 
water velocity drops at a slope change in the hydro- 
graphical profile of the river, such as at the base of a 
waterfall or in broad gullies, debris cones, meanders, 
and inflowing streams. Sometimes the corundum 
placers are marine, as at Nosy Be Island, Madagascar 
(Ramdhor and Milisenda, 2004). 


Geology and Genesis of Primary Magmatic Corun- 
dum Deposits. Gem corundum in magmatic de- 
posits is found in plutonic and volcanic rocks. In 
plutonic rocks, corundum is associated with rocks 
deficient in silica and their pegmatites, namely syen- 
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ite (Simonet et al., 2004) and nepheline syenite 
(Sorokina et al., 2017b). The corundum formed by 
direct crystallization from the melt as an accessory 
mineral phase. In volcanic rocks, sapphire and occa- 
sionally ruby are found in continental alkali basalt 
(Sutherland et al., 1998a). The corundum occurs as 
xenocrysts in lava flows and plugs of subalkaline 
olivine basalts, high-alumina alkali basalt, and 
basanite. These magmas occur in crustal extensional 
environments impacted by the rise of upwelling 
mantle plumes. The sapphires are either blue-green- 
yellow (BGY,; figure 4A) or pastel-colored, and the de- 
posits have economic importance only because 
advanced weathering in tropical regions concen- 
trates the sapphires in eluvial and especially large al- 
luvial placers. Gem sapphires also occur as 
xenocrysts in alkaline basic lamprophyre such as for 
the Yogo Gulch deposit in Montana (Brownlow and 
Komorowski, 1988; Renfro et al., 2018), as mafic 
dikes of biotite monchiquite called ouachitite, a 
lamprophyre characterized by an abundance of phl- 
ogopite and brown amphibole, olivine, clinopyrox- 
ene, and analcime. For other Montana deposits such 
as Missouri River, the lamprophyres have not been 
identified and Berg and Palke (2016) found sapphires 
in a basaltic trachyandesite sill. Berg (2007) postu- 
lated that the Rock Creek sapphires were trans- 
ported by rhyolitic volcanism. 
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Research over the last decade has greatly im- 
proved our knowledge of the genesis of sapphire-bear- 
ing lamprophyres in Montana (Berg and Palke, 2016; 
Palke et al., 2016, 2017) and gem corundum-bearing 
alkali basalts (Graham et al., 2008; Sutherland et al., 
2.009; Uher et al., 2012; Baldwin et al., 2017; Palke et 
al., 2018). The sapphires and/or rubies are xenocrysts 
and more rarely megacrysts in xenoliths formed 
under metamorphic and/or magmatic conditions (fig- 
ures 4B, D). Previous trace element chemistry of the 
alluvial sapphires from Montana suggested a meta- 
morphic origin (Peucat et al., 2007). However, Palke 
et al. (2016) reported the presence of Na and Ca glassy 
melt inclusions in Yogo Gulch sapphires, which sug- 
gested a magmatic origin. That study related the for- 
mation of sapphire to partial lower crustal melting 
of plagioclase-rich magmatic rocks by the lampro- 
phyre. In this scenario, the sapphires are not “acci- 
dental” xenocrysts originating elsewhere, but rather 
“in situ” xenocrysts enclaved by the lamprophyre it- 
self before their transport to the surface (Palke et al., 
2018). 

Studies of the BGY sapphires and ruby in alkali 
basalts (figure 4) focused on solid inclusions (Suther- 
land et al., 2009; Baldwin et al., 2017; Palke et al., 
2018), trace element geochemistry (Peucat et al., 
2007), oxygen isotopes (Yui et al., 2003; Giuliani et 
al., 2005), and the nature of their parental xenoliths 


Figure 4. Gem corundum 
associated with alkali 
basalts. A: Blue-green-yel- 
low sapphires from the 
Ambondromifehy placers, 
Antsiranana region, Mada- 
gascar; photo by G. Giu- 
liani. B: Sapphire 
xenocryst (Crd) included 
in an alkali basalt (b) from 
the Changle deposit, 
China; photo by F. Fontan. 
C: Sapphire from the 

“~ Souliot placer in the Mas- 
sif Central, France; photo 
by D. Schlaefli. D: Ruby 
(Crd) xenocryst in an al- 
kali basalt (b) containing a 
crystal of peridot (ol) from 
the Soamiakatra deposit in 
the Ankaratra Massif, cen- 
tral Madagascar; photo by 
S. Rakotosamizanany. 
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Figure 5. The Fe,O,/TiO, vs. Cr,O,/Ga,O, diagram 
used for geological discrimination between blue sap- 
phires from metamorphic and basalt-related origins. 
The metamorphic gem sapphires originate from the 
placers of Ilakaka in Madagascar, Ratnapura in Sri 
Lanka, and Mogok in Myanmar. The magmatic sap- 
phires are from the placers of Bo Phloi and Kan- 
chanaburi in Thailand, and Changle in China. The 
chemical field of the BGY sapphires defined by 
Sutherland and Schwarz (2001) is also shown. 


(Rakotozamizanany et al., 2014) to show that the 
gem corundum may have different magmatic and 
metamorphic origins. 

Within a single gem province in Australia, varia- 
tions in color observed for corundum found ~10 km 
apart suggest the existence of multiple sources for the 
gemstones (Sutherland et al., 1998a; Sutherland and 
Schwarz, 2001). Studies of trace element distributions 
in corundum from New South Wales and Victoria 
found evidence for two contrasting geochemical fields, 
one for magmatic sapphire and one for metamorphic 
crystals. The same geochemical behavior was con- 
firmed for corundum from the Kanchanaburi—Bo Rai 
and Nam Yuen deposits in Thailand and Pailin in 
Cambodia. The Fe/Ti vs. Cr/Ga chemical variation di- 
agram proposed by Sutherland et al. (1998b) is com- 
monly used to separate magmatic from metamorphic 
blue sapphires (figure 5). “Magmatic” corundum crys- 
tals have a Cr,O,/Ga,O, ratio <1 and solid inclusions 
of Nb-bearing rutile, ilmenite, ferrocolumbite, fer- 
rotantalite, pyrochlore, fersmite, samarskite, her- 
cynite, magnetite, zircon, and iron oxides. 
“Metamorphic” corundum crystals have pastel (blue, 
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pink, orange) to ruby color, are rich in chromium and 
poor in gallium (Cr,O,/Ga,O, ratio >3), and have 
chromiferous spinel, pleonaste, Al-rich diopside, and 
sapphirine inclusions. 

Several hypotheses have been advanced to explain 
the formation of magmatic sapphires: crystallization 
from highly evolved melts, most likely syenites 
(Uher et al., 2012); partial melting of amphibole-bear- 
ing lithosphere (Sutherland et al., 1998b); reaction of 
a fractionated silicate melt with a carbonatitic melt 
(Guo et al., 1996); partial melting of Al-rich rocks of 
the crust (such as anorthosites; Palke et al., 2016, 
2017); and a carbonatitic melt exsolved from highly 
evolved phonolites (Baldwin et al., 2017). 

The origin of ruby is always debated, and its meta- 
morphic origin is questioned once more by recent 
studies showing melt inclusions in ruby from the 
Chanthaburi-Trat region of Thailand and Pailin in 
Cambodia (Palke et al., 2018). Based on the chemical 
composition of these melt inclusions, the protolith 
of ruby is suggested to be an “anorthosite” that was 
converted at high pressure to a garnet-clinopyroxen- 
ite. In this scenario, the rubies are considered to be 
xenocrysts of their host basalts. Xenoliths of ruby- 
bearing garnet-clinopyroxenite were found in alkali 
basalt in the primary Soamiakatra deposit in Mada- 
gascar (Rakotosamizanany et al., 2014). The associa- 
tions of clinopyroxene + pyrope + scapolite + ruby 
and spinel + ruby + pyrope indicated formation at 
1100°C and 20 kilobars, at the limit of the eclogite 
domain, corresponding to depths of approximately 60 
km. The protolith of the garnet pyroxenite was pro- 
posed to be olivine-rich cumulates and/or plagio- 
clase. 


Geology and Genesis of Metamorphic Corundum 
Deposits. Corundum is a high-temperature mineral 
that forms naturally by metamorphism of alumina- 
rich rocks under amphibolite and granulite facies 
conditions, and at temperatures between 500° and 
800°C (Simonet et al., 2008). Metamorphic gem 
corundum deposits are located in metamorphosed 
M-UMR, marble, quartzite, gneiss, and metapelite 
complexes that were heated either regionally or by 
thermal anomalies generated by local plutonic intru- 
sions (figure 3). The various formation mechanisms 
depend on either isochemical metamorphism (i.e., re- 
gional metamorphism) or metasomatic metamor- 
phism (i.e., contact and/or hydrothermal-infiltration 
processes affecting the lithology). 

There are two main subtypes of metamorphic 
corundum deposits: (a) metamorphic deposits sensu 
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stricto, such as corundum in marbles and M-UMR; 
and (b) metamorphic-metasomatic deposits related 
to fluid circulation in M-UMR and Ca-rich host 
rocks such as limestones, marbles, and gneiss. 


Metamorphic Deposits Sensu Stricto. The first meta- 
morphic deposit sensu stricto is defined by ruby in 
marble from Central and Southeast Asia. This is one 
of the main worldwide sources for high-quality ruby 
with intense “pigeon’s blood” color and high trans- 
parency. These deposits occur in metamorphosed 
platform carbonates that are generally associated 
with marbles intercalated with gneisses that are 
sometimes intruded by granitoids (see Giuliani et al., 
2014). The ruby mineralization is restricted to pecu- 
liar impure marble horizons. The protolith of the 
ruby-bearing metamorphic rocks is carbonates rich 
in detrital clays and organic matter and intercalated 
evaporitic layers. Ruby crystals occur: 


1. Disseminated within marble and associated 
with phlogopite, muscovite, scapolite, mar- 
garite, spinel, titanite, pyrite, and graphite, as 
in Afghanistan (Jegdalek), Nepal (Chumar and 
Ruyil), Pakistan (Hunza Valley and Nangimali), 
Myanmar (Mogok and Mong Hsu}, and Viet- 
nam (Luc Yen, Quy Chau) 


2.In veinlets or gash veins, as in some occur- 
rences in northern Vietnam, associated with 
phlogopite, margarite, titanite, graphite, and 
pyrite, and sometimes related to micro-shear 
zones, as at Nangimali in Pakistan 


3. In pockets associated with orthoclase, phlogo- 
pite, margarite, graphite, and pyrite in some oc- 
currences in northern Vietnam. 


The ruby formed during retrograde metamorphism 
at T ~ 620-670°C and P ~ 2.6-3.3 kilobars (Garnier 
et al., 2008). The aluminum and the chromophore el- 
ements in the ruby originated from marbles (e.g., Al 
up to 1000 ppmw, V and Cr between 5 and 30 ppmw 
in the marble of the Nangimali deposit). The nature 
and chemical compositions of the solid (anhydrite, 
Na-scapolite, F-paragonite, F-Na-phlogopite, F-parg- 
asite) and fluid inclusions highlight the major con- 
tribution of evaporites during metamorphism of the 
initial protolith (Giuliani et al., 2015, 2018). Fluorine 
probably played an important role in the extraction 
of the aluminum present in the impurities (clays) in 
the limestone during metamorphism. 

The second metamorphic deposit sensu stricto is 
related to ruby in metamorphosed M-UMR (gabbroic 


GEOLOGY OF CORUNDUM AND EMERALD DEPOSITS 


and dunitic rocks}, which is also called amphibolite- 
type. The majority of rubies are produced in Africa, 
from deposits located in the Neoproterozoic-age 
metamorphic Mozambique Belt (750-540 Ma) that 
extends from Somalia through Kenya, Tanzania, 
Malawi, Mozambique, and Madagascar. This type of 
deposit is found worldwide, and new deposits have 
been discovered in Greenland at Aappaluttog (Fagan, 
2015, 2018) and Mozambique at Montepuez, Ruam- 
beze, and M'sawize (Pardieu et al., 2009; Pardieu and 
Chauviré, 2013; Simonet, 2018). The most common 
assemblage of these deposits is corundum, anorthite, 
amphibole (gedrite, pargasite), and margarite. Other 
index minerals are sapphirine, garnet, spinel, ko- 
rmerupine, phlogopite, and zoisite. The assemblage 
formed under amphibolite and granulite facies con- 
ditions at P = 9-11.5 kilobars and T = 750-800°C for 
the ruby-bearing amphibolite in the Vohibory area of 
Madagascar (Nicollet, 1986), and P = 7 to 10 kilobars 
and T = 800-850°C for those located at Buck Creek 
in North Carolina (Tenthorey et al., 1996). 

At the Winza deposit in central Tanzania (Peretti 
et al., 2008; Schwarz et al., 2008), gem corundum crys- 
tals are embedded in dark amphibolite. The corundum 
is locally associated with areas of brown to orangy gar- 
net + feldspar, with accessory Cr-spinel, mica, kyanite, 
and allanite. The ruby and sapphire crystals are closely 
associated with dikes of a garnet- and pargasite-bear- 
ing rock cross-cutting amphibolite (figure 6A). The 
central part of the dike is composed of garnet (pyrope- 
almandine) + pargasite + plagioclase + corundum + 
spinel + apatite. Metamorphic conditions estimated 
from the garnet-amphibole-corundum equilibrium as- 
semblage show that the metamorphic overprint oc- 
curred at T ~ 800 + 50°C and P ~ 8-10 kbar (Schwarz 
et al., 2008). The chemical composition of Winza ruby 
and sapphires (figure 6B) includes moderate contents 
of Cr (0.1-0.8 wt.% Cr,O,) and Fe (0.2-0.8 wt.% 
Fe,O,), very low to low amounts of Ti (55-192 ppmw 
TiO,} and V (up to 164 ppmw V,O,), and low to mod- 
erate Ga (64-146 ppmw Ga,O,). 

The gem corundum deposits of southwest Green- 
land are another example of ruby hosted in gabbroic 
rocks subjected to metamorphic metasomatism 
(Fagan, 2018). The geology of the Aappaluttog deposit 
is dominated by an intrusive gabbro to leucogabbro 
sequence of rocks with significant volumes of ultra- 
mafic rocks in the Fiskenzesset Complex, a layered- 
cumulate igneous complex. The intrusive suite 
comprises layers of gabbro, ultramafic rocks, leuco- 
gabbro, and calcic anorthosite. The corundum min- 
eralization occurs in a specific stratigraphic horizon 
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Figure 6. A: The primary ruby and sapphire mineralization at the Winza deposit in Tanzania is hosted by an 
orangy brown garnet-rich rock (Gt) intercalated in a fine-grained amphibolite (Am). B: Fe,O, vs. Cr,O, diagram 
showing the chemical composition of the Winza rubies compared with those from other ruby deposits hosted in 
mafic-ultramafic rocks, such as Chimwadzulu (Malawi), Mangare (Kenya), Montepuez (Mozambique), and the 


placer at Songea (Tanzania). Photo by P. Lagrange. 


in the metamorphic complex; this probably repre- 
sents a unit with high Al, low Si, and a high fluid 
flux. The ruby lies between layers of ultramafic rock 
and leucocratic gabbro. The main corundum-bearing 
ore is composed of three main rock types (figure 7): 
sapphirine-gedrite, leucogabbro, and a phlogopitite, 
which is the most important. The leucogabbro con- 
tains a large amount of pink corundum. The gabbro 
is rich in Al and is believed to be the unit responsible 
for releasing the Al to form the corundum. Its struc- 
tural location, distal from the ultramafic unit, is 
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thought to be responsible for the lack of ruby, as the 
Cr geochemical gradient was not sufficient to enrich 
the corundum within the gabbroic units enough to 
impart more than a pink coloration. The phlogopitite 
is the host for the majority of the ruby at Aappalut- 
toq. This is due to the proximity of this unit to the 
ultramafic Cr source rock, reflecting the relative mo- 
bility of Cr in a fluid-rich environment. This unit is 
ultimately a metasomatic product, comprising ap- 
proximately 90% phlogopite, 5% biotite, and 5% 
corundum. 


Pegmatite Figure 7. Schematic 
cross section of the 
Orthogneiss ruby deposit at Aappa- 
i luttogq, in the Fiskenes- 
Phlogopitite 


set district, Greenland. 
The ruby mineraliza- 
tion is hosted by phlo- 
gopitites, phlogopitized 
leucogabbro, and sap- 
phirine-gedrite-bearing 
rocks. Modified from 
Fagan (2018). 
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Metamorphic-Metasomatic Deposits. Here, two main 
subtypes are distinguished: The first subtype corre- 
sponds to desilicated pegmatite in mafic rocks (i.e., 
plumasites). These deposits formed at medium to high 
temperatures during hydrothermal fluid circulation 
and metasomatism that developed at the contact of 
two contrasting lithologies: (1) granite or pegmatite 
adjoining (2) M-UMR, marble, or gneiss (figure 8A). 
The metasomatic reactions are related to the infiltra- 
tion of post-magmatic solutions, which originated 
from the same granite or from other magmatic or 
metamorphic events. The mechanism of desilication, 
a loss of quartz, involves diffusion of Si from a peg- 
matite vein to an ultramafic rock (which plays the role 
of SiO, sink) at a rate more rapid than the diffusion of 
Al. The AI:Si ratio increases in the pegmatite vein, and 
a metasomatic plagioclase-corundum association in 
which the mass of alumina per unit volume is much 
greater than in the initial rock may develop if the vol- 
ume of rock decreases at the same time and is under- 
lain by a zone of quartz dissolution. 

World-class sapphire deposits in desilicated peg- 
matites have been described from the Umba River 
(Solesbury, 1967) and Kalalani (Seifert and Hyr8l, 
1999) in Tanzania; the Sumjam deposit in Kashmir 
(Lydekker, 1883); the Mangare area in southern 
Kenya, including the well-known John Saul mine 
(Mercier et al., 1999; Simonet, 2000); and the Polar 
Urals in Russia (Meng et al., 2018). 

The states of Jammu and Kashmir produce the 
blue sapphires most prized for their gorgeous blue 
color and velvety luster, caused by layers of micro- 
scopic liquid inclusions. The deposit is located in 
Cambrian metamorphic rocks showing a succession 
of marble, amphibolite, and gneiss that have been in- 
truded by pegmatites (Atkinson and Kothavala, 
1983). The sapphire is associated with pockets or 
lenses of olivine-talc-spinel-bearing metamorphic 
rocks. The lenses are from 1 to 100 meters in length 
and up to 30 meters thick and enveloped by a green 
aureole of tremolite, actinolite, and anthophyllite- 
bearing rocks. Desilicated pegmatites are located at 
the contact between the lenses and the amphibolite. 
The mineralogical association consists of plagioclase, 
mica, tourmaline, and sapphire. The rims of the de- 
silicated pegmatite are composed of talc-biotite-car- 
bonate and tourmaline-bearing rocks (Peretti et al., 
1990). Study of the primary carbonic fluid inclusions 
in the sapphire has indicated fluctuation of the con- 
ditions of fluid trapping in the crystals: P ~ 3.7-5.6 
kbar and T ~ 680-700°C at the center, and P ~ 2.9- 
3.1 kbar and T ~ 500°C at the periphery. 
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Plumasite vein 


Corundum 


Mica zone 


Feldspar 


Fluid circulation 


Ultramafic rock 


Felsic rock 


Corundum 


Metasomatic zones 


Metalimestone 


Zoned skarn 


Figure 8. The formation of corundum in plumasite 
and skarn deposits by fluid-rock interaction. A: The 
metasomatic fluid circulated along the contact be- 
tween two rocks of contrasting lithology, such as ul- 
tramafic or marble and pegmatite. The percolation 
inside the rocks induced metasomatic desilication of 
the silica-rich rocks and the formation of metaso- 
matic rocks such as corundum-bearing plagioclase 
(plumasite), and/or phyllosilicate-rich rocks (phlogo- 
pite schist, vermiculite schist, chloritite). B: The 
skarn deposit is formed by a succession of different 
zoned rocks composed of Ca-rich silicates from the 
pegmatite to the Ca-rich host rock. Modified from Si- 
monet et al. (2008). 


The second metamorphic subtype deposit is 
formed by skarn deposits formed in marble or calc- 
silicate rocks. Skarns generally form when granitic 
intrusions (or equivalents) intrude Ca-bearing rocks 
such as pure or impure marbles (figure 8B). The de- 
posits are associated with thermal metamorphism 
due to the temperature gradient around the intru- 
sion. Every post-magmatic process linked to the em- 
placement of the pluton has a stage at which the 
solutions became acid, constituting a source of 
strong reactions with their wall rocks. As the activity 
of K, Na, and Al increases, these elements enter into 
reactions with marble or dolomitic marble, increas- 
ing the concentrations of Ca and Mg in solution. 
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Such reactions produce feldspar, biotite, and Ca-bear- 
ing minerals. The association of Ca-bearing, usually 
Fe-rich silicates (including amphibole, pyroxene, gar- 
net, epidote, and zoisite) or Mg-rich silicates (such as 
phlogopite, diopside, pargasite, and forsterite) defines 
the so-called skarn mineralogy. 

World-class sapphire-bearing skarn deposits occur 
at Andranondambo in the Tranomaro area of south- 
ern Madagascar (Rakotondrazafy et al., 1996, 2008); 
at Thammannawa, near Kataragama in southeastern 
Sri Lanka (Dharmaratne et al., 2012), and at Baka- 
muna in the Elahera area of Sri Linka (Silva and Siri- 
wardena, 1988). 


Geology and Genesis of Secondary Corundum De- 
posits. Climate is the major factor in the formation 
of secondary deposits. In tropical areas, rocks are ex- 
posed to meteoric alteration, resulting in an assem- 
blage of clay minerals, iron and manganese oxides, 
and other supergene phases. Corundum and zircon 
are resistant minerals found in soils, laterite, and 
gravelly levels overlying bedrock. 

Of particular importance are paleoplacers charac- 
terized by different mineral phases cemented in a car- 
bonate or silica-rich matrix. Paleoplacers of 
corundum are known from alkali basalt deposits in 
Madagascar. In Antsiranana Province, the paleoplacer 
is composed of a carbonate-karst breccia in cavities 
in Jurassic limestone (Schwarz et al., 2000; Giuliani 
et al., 2007b). In the Vatomandry area, the paleoplacer 
is a sandstone that contains hematite, ruby, sapphire, 
and zircon. At Ilakaka, gem corundum is found in 
three gravel levels in two main alluvial terraces de- 
posited on Isalo sandstone. The terraces are weakly 
consolidated, but correspond to paleoplacers (Garnier 
et al., 2004). The Ilakaka deposits produce very fine 
blue, blue-violet, violet, purple, orange, yellow, and 
translucent sapphire crystals along with pink and red 
corundum, zircon, alexandrite, topaz, garnet, spinel, 
andalusite, and tourmaline. 

Important placers formed in marble environments 
are found in Myanmar, where gem-bearing levels en- 
riched in pebbles, sand, silt, clay, and iron oxides are 
called “byon” (Kane and Kammerling, 1992). The 
gem content is closely related to the formation of 
karst and chemical weathering of marble and associ- 
ated rocks. The corundum is trapped in eluvial, col- 
luvial, alluvial, fracture-filling, and cave deposits. 

In Australia, sapphire and ruby in alkali basalts 
are subjected to a tropical climate, probably more so 
in the past. The resulting alluvial deposits are in east- 
ern Australia, primarily northern New South Wales 
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and central Queensland (Sutherland and Abduriyim, 
2009). The main ruby production has been from Bar- 
rington Tops, Yarrowitch, and Tumbarumba, all in 
New South Wales. The sapphire-bearing basaltic sed- 
iments, locally called “wash,” occur in layers 1 to 3 
m thick underneath dark clayey soil some 1 to 3 m 
below the surface (Abduriyim et al., 2012). In the In- 
verell district of New South Wales, at the Mary Anne 
Gully mine, brown basaltic sedimentary soils are ex- 
tracted from an area of 10 to 40 km, and large-scale 
mining operations take place at Kings Plains. 

At Montepuez in Mozambique, the main source 
of facet-grade material in the Gemfields properties is 
secondary deposits (SRK Consulting, 2015; Simonet, 
2018). The secondary deposits are mainly colluvials 
with limited horizontal transport (more subangular 
fragments) and a few alluvial pebbles (smooth and 
round appearance). Most of the mineralized horizons 
are stone lines, weathering-resistant rock fragments 
formed by millions of years of erosion (Simonet, 
2018). Composed of angular fragments of quartz and 
pegmatite, the stone lines are excellent traps for 
smaller grains of high-density minerals such as ruby. 
The colluvial deposits are either associated with the 
proximal primary deposits (as in the Maninge 
Nice/Glass mines) or are disconnected (as in the Mu- 
gloto mine). 


PART II: EMERALD 


Emerald is the green gem variety of beryl 
(Be**,Al**,Si*O* ,) (figure 9). The color of emerald is 
due to trace amounts of Cr and/or V replacing Al in 
the crystal structure. Beryl has a hardness of 7.5-8 on 
the Mohs scale. 


Economic Significance. Emerald is generally the 
third most valuable gem after diamond and ruby. The 
pricing of emeralds is unique in the colored gemstone 
market, emphasizing color almost to the exclusion 
of clarity, brilliance, or other characteristics (Walton, 
2004). 

The highest per-carat price ever paid for an emer- 
ald was $304,878 per carat, at a total price of 
US$5,511,500, for the Rockefeller ring at Christie’s 
New York in June 2017. However, Elizabeth Taylor's 
Bulgari emerald still holds the record for the highest 
total price ever paid for an emerald at $6,130,500, or 
$281,329 per carat at 23.46 carats. An exceptional 
10.11 ct Colombian faceted stone brought 
US$1,149,850 in 2000 (Zachovay, 2002). In October 
2017, a Gemfields auction of Zambian emeralds gen- 
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erated revenues of $21.5 million (“In the News...,” 
2018); the average value of the bids was $66.21 per 
carat (Branstrator, 2017). The auction included the 
6,100 ct Insofu (“baby elephant”) rough emerald from 
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Figure 9. Emerald speci- 
men from Chivor, 
Colombia. The carbon- 
ate matrix presents a 
vug with emerald, and 
pyrite. The top emerald 
measures 16.82 x 8.55 
mm, the bottom emer- 
ald 11.98 x 7.96 mm. 
The specimen measures 
76.43 x 63.44 mm. 
Photo by Robert Wel- 
don/GIA; courtesy of 
Greg Turner, Corner- 
stone Minerals. 


the Kagem mine. One year later Kagem produced an- 
other giant crystal, the 5,565 ct Inkalamu (“lion ele- 
phant”) rough emerald (Gemfields, 2018). Giant 
crystals have also been discovered in Colombia, such 
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as El Monstro (16,020 ct) and the Emilia (7,025 ct), 
both from the Gachala region. In 2017, a large piece 
of biotite schist with several large emerald crystals 
was discovered in the Carnaiba mine, Brazil. The 
specimen, named Bahia, weighs 341 kg, but the 
weight and value of the emeralds are unconfirmed 
(Weil, 2017). 


Production. As with most gem materials, it is diffi- 
cult to obtain accurate statistics for emerald produc- 
tion. In 2005, Colombia, Brazil, Zambia, Russia, 
Zimbabwe, Madagascar, Pakistan, and Afghanistan 
were the main producers (Yager et al., 2008). Today, 
the list of leading emerald producers is unchanged, 
with Colombia, Brazil and Zambia, at the top. 

The original Colombian deposits are almost ex- 
hausted, despite Furagems’ announcement of an es- 
timated 3 million tons inferred emerald at a grade of 
2 carats per ton for the Coscuez mine. Nevertheless, 
new finds in the Maripi area, beginning with La Pita 
in 1998 and then Las Cunas, should ensure that 
Colombia remains the most important source for 
years to come. 

Brazil became a significant emerald producer dur- 
ing the 1970s, and by the end of the century it was 
exporting $50 million annually (Lucas, 2012) and ac- 
counting for approximately 10% of global production 
(Schwarz and Giuliani, 2002). Although Brazilian 
emeralds were not traditionally known for their qual- 
ity (Lucas, 2012), stones from the Itabira/Nova Era 
belt (which includes the highly productive Belmont 
mine) reportedly sell for up to $30,000 per carat. 
Today, the main Brazilian production is related to 
emerald deposits associated with granitic intrusions 
in the states of Minas Gerais (74%), Bahia (22%), and 
Goids (4%) (Martins, 2018). 

The Kafubu mining district in Zambia accounts 
for most of that country’s production. The mining li- 
censes at Kafubu extend for approximately 15 km of 
strike length. The development of modern mining 
on this large scale by Gemfields, through under- 
ground and huge opencast mining, allows for large 
quantities of high-quality commercial-grade gems. 

Other important producers are Russia, from the 
Izumrudnye Kopi district approximately 60 km 
northeast of Ekaterinburg in the Ural Mountains 
(Grundmann and Giuliani, 2002), and Zimbabwe, 
from the Sandawana (formerly Zeus) mine approxi- 
mately 360 km south of Harare. 

As with other colored stones, emerald deposits are 
often located in countries with unstable political 
regimes without strong mineral rights security, and 
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smuggling tends to be rampant. Despite these prob- 
lems, emerald remains one of the most sought-after 
colored gemstones. 


The Geochemistry of Be, Cr, and V. Beryl is relatively 
rare because there is very little Be (2.1 ppmw) in the 
upper continental crust (Rudnick and Gao, 2003). 
Beryllium tends to be concentrated in rocks of the 
continental crust, such as granite, pegmatite, black 
shale, and their metamorphic equivalents. Chromium 
and V are more common (92, and 97 ppmw, respec- 
tively) in the upper continental crust (Rudnick and 
Gao, 2003) and are concentrated in dunite, peridotite, 
and basalt of the oceanic crust and upper mantle, and 
their metamorphic equivalents. However, high con- 
centrations can also occur in sedimentary rocks, par- 
ticularly black shale (Schwarz et al., 2002). 

Unusual geologic and geochemical conditions are 
required for Be and Cr and/or V to meet. In the classic 
model, Be-bearing pegmatites interact with Cr-bear- 
ing M-UMR. However, in the Colombian deposits 
(see below) there is no evidence of magmatic activity, 
and it has been demonstrated that fluid circulation 
processes within the host black shale were sufficient 
to form emerald. In addition, researchers recognize 
that regional metamorphism and tectonometamor- 
phic processes such as shear zone formation may 
play a significant role in certain deposits (e.g., Grund- 
mann and Morteani, 1989, 1993; Cheilletz et al., 
2001; Vapnik et al., 2005, 2006). Emeralds, though 
exceedingly rare, can obviously form in a wider vari- 
ety of geological environments than previously 
thought (Walton, 2004). 


Classification. Emerald deposits are found on all five 
continents (figure 10) and range in age from Archean 
(2.97 Ga for the Gravelotte deposit in South Africa) 
to Cenozoic (9 Ma for the Khaltaro deposit in Pak- 
istan) (figure 11). Giuliani et al. (2019) introduced a 
new classification scheme in which emerald deposits 
are divided into two main types depending on the ge- 
ological environment, and further subdivided on the 
basis of host rock (table 1): 


Type I: Tectonic-magmatic-related, with subtypes 
hosted in: 


IA. Mafic-ultramafic rocks (Brazil, Zambia, Rus- 
sia, and others} 


IB. Sedimentary rocks (China, Canada, Norway, 
Kazakhstan, Australia) 


IC. Granitic rocks (Nigeria) 
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Emerald deposit types 
Tectonic-magmatic-related 

@ Type IA in mafic-ultramafic rocks 
@ Type IB in sedimentary rocks 

@ Type IC in granitic rocks 


Tectonic-metamorphic-related 

5 Type IIA in mafic-ultramafic rocks 
i Type IIB in sedimentary rocks 

— Type IIC in metamorphic rocks 

© Type IID in metamorphosed Type IA 


0 3,000 km 


Figure 10. Map of emerald deposits and occurrences worldwide, divided into types and subtypes. 


Type II: Tectonic-metamorphic-related, with sub- 
types hosted in: 


IIA. M-UMR (Brazil, Austria) 


IIB. Sedimentary rocks: black shale (Colombia, 
Canada) 


IIC. Metamorphic rocks (China, Afghanistan, 
United States) 

IID. Metamorphosed Type I deposits or hidden- 
granitic intrusion-related (Austria, Egypt, Aus- 
tralia, Pakistan) and some unclassified deposits 


An idealized Type IA deposit is shown in figure 
12. Type IA deposits are typified by the prolific emer- 
ald mines of central Zambia, of which Kagem is 
thought to be the world’s largest open-pit mine for 
colored gemstones (Behling and Wilson, 2010). The 
emerald deposits are hosted by Cr-rich (3,000 to 
4,000 ppmw) talc-chlorite + actinolite + magnetite 
metabasic rocks of the Muva Supergroup, which 
have been identified as metamorphosed komatiite 
(Seifert et al., 2004). The metabasite horizons are 
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overlapped by a major field of Be-bearing pegmatite 
and hydrothermal veins ~10 km in length that was 
emplaced during the late stages of the Pan-African 
orogeny (~530 Ma; John et al., 2004). Economic emer- 
ald concentrations are almost entirely restricted to 
phlogopite reaction zones (typically 0.5 to 3 m wide) 
between quartz-tourmaline veins and metabasite 
(Zwaan et al., 2005). Chemical analyses (Siefert et al., 
2004) indicate that the formation of phlogopite schist 
from metabasite involved the introduction of K,O (8 
to 10 wt.%), F (2.7 to 4.7 wt.%), Li,O (0.1 to 0.7 
wt.%], Rb (1,700 to 3,000 ppmw}, Be (up to 1,600 
ppmw), Nb (10 to 56 ppmw}, and significant amounts 
of B. A fluid inclusion study suggested that the veins 
associated with emerald mineralization formed at 
350° to 450°C and 150 to 450 kilobars (Zacharias et 
al., 2005). K-Ar dating of muscovite from a pegmatite 
and an associated quartz-tourmaline vein gave cool- 
ing ages of 452 to 447 Ma, which is considered to ap- 
proximately date the emerald mineralization (Seifert 
et al., 2004). 
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TABLE 1. Classification of emerald deposits (from Giuliani et al., 2019). 


Type of deposit 


Tecton 


ic-Magmatic-Related 


Tectonic-Metamorphic-Related 


Geological 
environment 


Granitic 


Sedimentary 


Metamorphic 


Metamorphic 


Greenschist to granulite facies 


Anchizone to 


Greenschist to granulite facies 


Afghanistan: 
Tawakh 


India: Rajasthan 


South Africa: 
Gravelotte 


Zambia (e.g., 
Kafubu) 


Tanzania: 
Manyara, 
Sumbawanga 


Mozambique 
(e.g., Rio Maria) 


Australia (e.g., 
Menzies, 
Wodgina) 


Ethiopia: 
Kenticha 


Madagascar: 
lanapera, 
Mananjary 


Zimbabwe: 
Sandawana, 
Masvingo, 
Filabusi 


Somalia: 
Borama 


Ukraine: 
Wolodarsk 


conditions greenschist facies 
Host rocks viet Ui Pamnatle) cei aty Granitoids | Sedimentary rocks Metamorphic rocks 
rocks rocks 
Type Type IA Type IB Type IC Type IIB Type IIC Type IIA Type IID 
Pegmatite-aplite-quartz-greisen veins, pods, | Carbonate platform | Metamorphism| Migmatites | Metamorphism PiapacialS cere 
metasomatites sediments of SR of M-UMR | ./% MIxe’ a 
in M-UMR, unknown 
Mi lizati Vei d Vei d Vei d/ Shear zone, 
eile | arom Ins atl Yor eins an Vor Pods cea Veins Veins Shear zone metasomatites, veins, 
metasomatites |metasomatites metasomatites boudins, faults 
Origin Metasomatic- | Metasomatic- | Metasomatic- Metasomatic- Metasomatic- | Hydrothermal | Metamorphic- Magmatic- 
of the fluid hydrothermal | hydrothermal | hydrothermal hydrothermal hydrothermal metasomatic metasomatic* 
Deposits Brazil: Norway: Nigeria: Colombia: Eastern | China: Davdar | United States: Austria: Austria: Habachtal 
Carnaiba, Eidsvoll Kaduna and Western ‘ Hiddenite Habachtal (2) 
Socotd, Itabira emerald zones Aehani tan: 
Fazenda : China: Panjshir Brazil: Itaberai, Brazil: Santa 
, Dayakou Canada: Mountain Santa Terezinha| Terezinha de Goias 
Bonfim, River de Goias (2) 
Pirendpolis Canada: : 
Lened United States: Pakistan: Swat- Pakistan: Swat- 
Canada: Tsa da ; é : 
‘ : Uinta (?) Mingora- Mingora (?)¢ 
Gliza, Taylor 2 Australia: as 
; Gujar-Kili, ee, i 
ee Emmaville, Australia: Poona’ 
Bulgaria: Rila f Barang 
Torrington . Piel 
Urals eg Egypt: Djebel Sikait, 
“Pte Kazakhstan: Zabara, Umm Kabu? 
Malena) Delgebete’ 
‘ 8 Y Zambia: Musakashi* 
Pakistan: 
Khaltaro 


*With a metamorphic remobilization 


’Probably metamorphic remobilization of Type IA deposit 


“Probably related to hidden granitic intrusive cut by thrust and emerald-bearing shear zone 
“Probably related to undeformed hidden intrusives and accompanying hydrothermal activity. 


*Unknown genesis: vein style, fluid inclusion indicates affinities with Types IIB and IIC 
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Figure 11. Spiral time 
diagram for emerald 
deposits. Modified from 
Giuliani (2011). 


12-15 Ga 
Big Bang 


Gravelotte 


2.97 Ga 
Carnatba-Socoté 
2.0 Ga Sandawana 
2.6 Ga 


© Emerald deposits related to the 
tectonic-magmatic-related 
types (Types IA, IB, and IC) 


© Tectonic-metamorphic-related 
emerald deposits hosted in 
sedimentary rocks (Type IIB) 


@ Geological era limit 


At the Lened locality in Canada’s Northwest Terri- 
tories, only about 5% of the beryl is transparent and 
bluish green (and can therefore be considered pale 
emerald), but it is the most recently studied Type IB 
occurrence. At Lened the emeralds are hosted by ap- 
proximately 13 quartz veins that cut skarn in carbon- 
ate rocks and older strata. Beryllium and other 
incompatible elements (W, Sn, Li, B, and F) in the 
emerald, vein minerals, and surrounding skarn were 
introduced during the terminal stages of crystallization 
of the proximal ~100 Ma Lened pluton (Lake et al., 
2017). Decarbonation during pyroxene-garnet skarn 
formation in the host carbonate rocks probably caused 
local overpressuring and fracturing that allowed ingress 
of magmatic-derived fluids and formation of quartz- 
calcite-beryl-scheelite-tourmaline-pyrite veins. The 
chromophoric elements (V>Cr) were mobilized by 
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© Tectonic-metamorphic-related emerald 
deposits hosted in mafic-ultramafic 
rocks (Types IIA, IIC, and IID) 


metasomatism of metasedimentary rocks (black shale} 
that underlie the emerald occurrence (Lake et al., 
2017}. 

The only Type IC deposit identified to date is in 
central Nigeria, where emerald occurs as a result of 
early metasomatic albitization (see Glossary) of an al- 
kaline granite body of the Mesozoic Jos Ring Complex 
(Vapnik and Moroz, 2000) (figure 13). The emeralds 
occur with quartz, feldspar, and topaz in small peg- 
matitic pockets up to 8 cm in size at the granite-coun- 
try rock contact, and in small miarolitic pockets in 
the roof of the granite, in a zone <20 m from the con- 
tact with overlying rocks of the Nigerian Basement 
Complex (Schwarz et al., 1996). Chromium was likely 
incorporated from the basement schist or from 
younger volcanic rocks (Schwarz et al., 1996). Fluid in- 
clusion data indicate emerald crystallization (of the 
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early and intermediate growth phases) at 400° to 450°C 
and 0.2 to 0.3 kilobars (Vapnik and Moroz, 2000). 

An example of a Type IIA deposit is Santa Terez- 
inha in the Brazilian state of Goids. This deposit, with 
emerald grades varying between 50 and 800 
grams/ton, is associated with ductile shear zones cut- 


Desilicated pegmatite 
and biotite schist 


Figure 12. An idealized 
Type IA (tectonic-mag- 
matic-related in mafic- 
ultramafic rocks) 
deposit, in which a gran- 
ite pluton with atten- 
dant pegmatite and 
aplite dikes and tour- 
maline-bearing and/or 
beryl-bearing quartz 
veins intrude mafic 
(metabasalt) and/or ul- 
tramafic (metaperi- 
dotite, serpentinite) 
rocks. Fluid circulation 
(indicated by the ar- 
rows) transforms the 
mafic rocks into a mag- 
nesium-rich biotite 
schist and the pegmatite 
into an albite-rich pla- 


cue y gioclasite. Emerald and 


apatite can precipitate 
in the pegmatite, aplite, 
plagioclasite, and quartz 
veins, and in their adja- 
cent phlogopite schist 
zones. 


N Tourmaline-bearing 


ting mafic and ultramafic rock formations (Giuliani 
et al., 1997a,b). The emeralds occur in phlogopitite 
and phlogopitized talc-carbonate schist (figure 14). 
The talc schist provided sites for thrusting that gave 
rise to the formation of sheath folds. Emeralds from 
Santa Terezinha are most commonly found in the 
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Figure 13. Geological 
schematic cross-section 
of ring complexes and 
their associated emer- 
ald mineralization in 
Nigeria. Modified from 
Kinnaird (1984). 
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Figure 14. The Santa Terezinha de Goids emerald deposit, Goids State, Brazil. A: Phlogopite schist (Phls) and talc- 


carbonate schists (Tlc-Cbs). B: With carbonate lenses (Dol). Phlogopitization affects the Tlc-Cbs and the talc-car- 
bonate-chlorite-phlogopite schist (Tlc-Cb-Chl-Phls). Photos by G. Giuliani. 


cores of the sheath folds and along the foliations. Iso- 
topic data (6'°O and 6D for emerald and coeval phlo- 
gopite) are consistent with both magmatic and 
metamorphic fluids. However, the absence of granite 
and related pegmatites, and the low Be concentration 
in the volcano-sedimentary sequence (<2. ppmw), ex- 


clude a magmatic origin for Be. A metamorphic origin 
is therefore proposed for the Santa Terezinha parental 
fluids (Giuliani et al., 1997a,b). 

The famous Colombian deposits (figure 15) are 
the best examples of Type IIB deposits. In Colombia, 
the emeralds occur in extensional carbonate-silicate- 
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Figure 16. Left: View of the Coscuez deposit in 1996. Photo by G. Giuliani. Right: Geological cross-section of the 


Coscuez deposit. 


pyrite veins, pockets, and breccia in an Early Creta- 
ceous black shale-limestone succession (figure 16). 
The deposits are unusual because there is no evi- 
dence of magmatic activity. Instead, the emeralds 
formed as a result of hydrothermal growth associated 
with tectonic activity (Ottaway et al., 1994; Giuliani 
et al., 1995; Cheilletz and Giuliani, 1996; Branquet 
et al., 1999a,b). The parent fluids are thought to have 
formed at depth from meteoric and formational 
water interacting with salt beds and evaporitic se- 
quences (Ottaway et al., 1994, Giuliani et al., 2000). 
These highly alkaline fluids (up to 40 wt.% equiva- 
lent NaCl) migrated upward through the sedimen- 
tary sequence along thrust planes and then interacted 
with the black shale. During Na and Ca metasoma- 
tism, major and trace elements (including Be, Cr, and 
V) were leached from the enclosing black shale; this 
first stage was accompanied by development of a 
vein system filled by fibrous calcite, bitumen, and 
pyrite. The second stage was characterized by exten- 
sional vein sets and hydraulic breccia development 
filled by muscovite, albite, calcite, dolomite, pyrite, 
and bitumen and by the precipitation in drusy cavi- 
ties of fluorite, apatite, parisite-(Ce), dolomite, emer- 
ald, and quartz. 

For many years it was assumed that Colombian 
deposits were unique, but in 2007 an unusual occur- 
rence of green beryl (unfortunately not transparent 
enough for gem use) was discovered near Mountain 
River in Canada’s Northwest Territories. This beryl 
is hosted by extensional quartz-carbonate veins cut- 
ting Neoproterozoic sandstone and siltstone. Re- 
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search by Hewton et al. (2013) showed that the ele- 
ments necessary to form beryl were liberated by in- 
organic thermochemical sulfate reduction via the 
circulation of warm basinal brines through siliciclas- 
tic, carbonate, and evaporitic rocks (figure 17). The 
Mountain River green beryl occurrence thus repre- 
sents a variant of the Type IIB emerald deposit in the 
classification scheme of Giuliani et al. (2019) and 
suggests the potential for Colombian-type emerald 
mineralization in northwestern Canada. 

Type IIC emerald deposits are further subdivided 
on the basis of the available examples. At the Panjshir 
Valley in Afghanistan (and Davdar in China} the host 
rock is a metamorphosed sedimentary rock and the 
formational fluids are metasomatic-hydrothermal in 
origin. At Hiddenite in northeastern North Carolina 
(United States), the host rock is a migmatite and the 
fluids are hydrothermal (Giuliani et al., 2019). 

In Afghanistan the principal deposits lie within a 
400 km? area centered on the Panjshir Valley 130 km 
northeast of Kabul (Bowersox et al., 1991; Fijal et al., 
2004). In the Khendj and adjacent valleys on the 
southeast side of the Panjshir Valley, the emerald oc- 
currences are hosted by metamorphic schist that has 
been subjected to intense hydrothermal alteration. 
The altered zones are irregularly scattered along a 
fracture network and characterized by the develop- 
ment of albite, muscovite, biotite, tourmaline, and 
pyrite. Fluid inclusions in the emeralds are highly 
saline, which suggests that the southeast Panjshir 
Valley occurrences, like those in Colombia, are 
linked to hydrothermal fluids that derived their high 
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salinity from leaching of evaporitic sequences (Giu- 
liani et al., 1997a; Sabot et al., 2000; Vapnik and 
Moroz, 2001; Franz and Morteani, 2002; Giuliani et 
al., 2005). However, the metamorphic grade of the 
host rocks is higher than in the Colombian deposits. 
Sabot et al. (2000) suggested that the circulation of 
hydrothermal fluids resulted from tectonism that 
preceded uplift during the Himalayan orogeny. 

At the Rist property northeast of Hiddenite, the 
emeralds occur in quartz veins and open cavities that 
occupy northeast-trending sub-vertical fractures in 
folded metamorphic rocks (Wise and Anderson, 
2006}. Emerald is associated with quartz, albite, 
beryl, calcite, dolomite, muscovite, rutile, spo- 
dumene, and siderite. The absence of pegmatites and 
the observed mineral assemblages suggest a hy- 
drothermal origin. The source of Be and Cr, and of 
the Li needed to crystallize emerald and spodumene, 
remains unknown. 

Type IID deposits are metamorphosed Type IA 
(Habachtal in Austria; Djebel Sikait, Zabara, and 
Umm Kabu in Egypt; and probably Poona in Aus- 
tralia), mixed Type IA and IIA deposits in mafic-ul- 
tramafic rocks, and in deposits whose origin is 
unknown (e.g., Musakashi in Zambia) (Giuliani et 
al., 2019). These deposits have no economic interest, 
and the origin of the Be is unknown. In the Habachtal 
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deposit, the metamorphic Habach Formation con- 
sists of a sequence of metapelite and metavolcanic 
rocks with interlayered serpentinite. The emeralds 
occur within metasomatic biotite schist, called 
“blackwall” zones, developed between these rocks 
as a result of regional metamorphism involving in- 
tense deformation. Geochemical analyses show that 
the entire “blackwall” zone is enriched in Be, which 
Grundmann and Morteani (1989) suggested origi- 
nated with submarine volcanic exhalations. Mass 
balance calculations suggested that the transforma- 
tion of serpentinite and Be-rich country rocks re- 
leased excess Be to form emerald in the blackwall 
zone (figure 18). The source of the Cr is the metaso- 
matized ultrabasic rocks. Grundmann and Morteani 
(1989) argued for a regional metamorphic origin for 
the emeralds. Zwaan (2006) was critical of this inter- 
pretation and warned that in cases where pegmatitic 
sources of Be are not apparent, one must proceed 
with caution since fluids can travel far from peg- 
matites, especially along intensely sheared rocks. 
Zwaan (2006) also pointed out that pegmatites do 
occur in the Habach Formation and that the Habach- 
tal emeralds contain up to 760 ppmw Cs (Calligaro 
et al., 2000), which suggests a pegmatitic source, and 
sulfide deposits related to submarine volcanic exha- 
lation are not generally enriched in Be. 


CRYOGENIAN 
Hay Creek Group 


1) Ice Brook Formation 


Bf Witya Formation 


Rapitan Group 


Shezal Formation 


[_ Sayunei Formation 
Figure 17. Genesis of 


the Mountain River oc- 
currence in Canada. 
The blue arrows indi- 
cate fluid movement, 
and the light blue ar- 
rows indicate deriva- 
tion of salts and 
sulfate. Modified from 
Hewton et al. (2013). 


Coates Lake Group 


|_| Coppercap Formation 
[| Redstone River Formation 


TONIAN 
Little Dal Group 
HB Upper Carbonate Formation 


Rusty Shale Formation 


Grainstone Formation 


| 
8 Gypsum Formation 
a 


|_| Basinal Assemblage 


Katherine Group 
[Undivided units 


G55 Unconformity 


MEE Syn depositional fault 


= — —- Reactivated fault 


Gems & GEMOLOGY WinteR 2019 483 


Probable original contact of the two mother rocks 


Metapelites 
Metavolcanites 


Be - 36 ppm 


Na-K-Al-silicates: 
muscovite, feldspars 


Figure 18. Model for for- 
mation of the Habach- 
tal emerald deposit in 


Metasomatic zone 


Blackwall 


Talc 
Actinolite 


<i 


on | <= | 


Serpentinite 
q Emerald 


SUMMARY 


This paper is a brief review of the state of our knowl- 
edge of the geology and genesis of gem corundum and 
emerald deposits. The genetic models provide guide- 
lines for prospecting and conceptual understanding, 
help to forecast the location of undiscovered gem de- 
posits, and give geologic and geographic clues on the 
origins of ruby, sapphires, and emerald. Over the last 
two decades, knowledge of the formation of these de- 
posits has improved significantly. For example, we 
now know that ruby in marbles in Southeast Asia 
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and Central Asia result from the metamorphism of 
Al-bearing limestone and melting of evaporites. 
Today, most gem corundum production is from plac- 
ers related to alkali basalt, plumasite, skarn, marble, 
and amphibolites. Sri Lanka and Madagascar remain 
important sources of high-quality metamorphic blue 
sapphire, Mozambique and northeastern Madagascar 
for top-quality ruby, and Southeast Asia and Aus- 
tralia for BGY sapphires. Most emerald production is 
from hard-rock mines in Colombia, Zambia, and 
Brazil. 
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GLOSSARY 


Albitization: Partial or complete replacement of pre-existing 
plagioclase feldspar or alkali feldspar by albite in an igneous 
rock; commonly due to the residual water-rich vapor re- 
leased during the final stages of crystallization of a granite 
body. The circulation of highly Na-rich saline hydrothermal 
fluids in fractures can also produce the albitization of rocks 
of different nature. 


Alkali basalt: A type of basalt found in oceanic and conti- 
nental areas associated with volcanic activity, such as 
oceanic islands, continental rifts, and volcanic fields; char- 
acterized by relatively high alkali (Na,O and K,O) content 
relative to other basalts; may originate at greater depths in 
the mantle (150-200 km) than most basalts (50-100 km). 


Basaltic: Referring to a dark-colored, fine-grained igneous 
rock, composed mainly of plagioclase feldspar and pyrox- 
ene, formed by the solidification of magma near the earth’s 
surface. 


Breccia: A coarse-grained rock of sedimentary or igneous 
origin that is composed of angular rock fragments held to- 
gether by a mineral cement or fine-grained matrix. Breccia- 
tion is the process of forming a breccia or the magma that 
crystallizes such a rock. 


Cambrian: The first geological period of the Paleozoic Era, 
which spans time in the earth’s history from 541 to 485.4 
million years ago. 


Carbonatitic: Refers to a magma composed mostly of 
molten carbonate minerals. 


Clinopyroxenite: A rock composed dominantly of clinopy- 
roxene. Typically refers to ultramafic igneous rocks that are 
often genetically related to other mafic/ultramafic rocks 
such as gabbros and peridotites. 


Cretaceous: A geological period of the Mesozoic Era span- 
ning in time from 145 to 66 million years ago. 


Eclogite: A rock composed dominantly of pyrope-almandine 
garnet and Na-rich clinopyroxene. Eclogites are generally 
noted for their lack of plagioclase feldspar and typically form 
through metamorphism of mafic rocks at very high pres- 
sures, usually in the earth’s mantle or in very thick sections 
of the crust. 


Gneiss: Metamorphic rock identified by its banded appear- 
ance and texture; bands contain interlocking granular min- 
erals or elongate minerals with evidence of preferred 
orientation; gneiss forms by regional metamorphism at con- 
vergent plate boundaries. 


Granitoid: Coarse-grained plutonic igneous rocks composed 
mostly of feldspars and quartz with minor accessory min- 
erals such as micas. Granitoid is a general term that in- 
cludes granites and other mineralogical and compositionally 
similar plutonic rocks. 


Granulite: Rocks that have experienced high-grade meta- 
morphism at high temperature and medium to high pres- 
sure. Temperatures are generally high enough to initiate 
partial melting in granulites. 
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Komatiite: Ultramafic volcanic rocks with very high mag- 
nesium contents. Komatiites are very rare and generally 
confined to the Archean and Hadean Eons. 


Lamprophyre: A group of dark-colored intrusive igneous 
rocks characterized by a high percentage of mafic minerals 
(such as biotite mica, hornblende, and pyroxene) as larger 
crystals, set in a fine-grained groundmass composed of the 
same minerals plus feldspars or feldspathoids. 


Laterite: A soil rich in iron and aluminum, considered to 
have formed in hot and wet tropical areas. 


Limestone: A sedimentary rock composed dominantly of 
calcium carbonate (CaCO,). Limestones generally form 
through the gradual accumulation of the skeletal remains 
of marine organisms onto the seafloor over time. 


Mafic: A dark-colored igneous rock chiefly composed of 
iron- and magnesium-rich minerals. 


Mafic-ultramafic: See mafic and ultramafic. 


Magmatic deposit: A deposit related to or derived from 
magma. 

Mantle plume: An upwelling of hot rock rising up through 
the earth’s mantle that is one of the likely mechanisms of 
convection and heat transfer in the earth. Mantle plumes are 
accompanied by extensive volcanism resulting from decom- 
pression of hot rocks originating deep within the mantle. 


Megacryst: A crystal in an igneous or metamorphic rock 
that is significantly larger than those in the surrounding 
groundmass or matrix. 


Mesozoic: The geological era containing the Triassic, Juras- 
sic, and Cretaceous periods. The Mesozoic Era lasted from 
252 to 66 million years ago. 


Metabasite: The metamorphosed version of low-silica 
mafic, originally igneous rocks. 


Metamorphic: Related to a process that causes mineralogi- 
cal, chemical, or structural changes in solid rocks by expos- 
ing them to new pressure and temperature conditions by 
burial within the crust or mantle. 


Metapelite: A metamorphosed fine-grained sedimentary 
rock (e.g., mudstone or siltstone). 


Metasedimentary: A metamorphosed version of an origi- 
nally sedimentary rock (e.g., marble or slate). 


Metasomatic: Formed by metasomatism, a geologic process 
that produces new minerals in an existing rock by replace- 
ment. 


Metavolcanic: A metamorphosed version of a volcanic rock. 


Miarolitic: Crystal-lined irregular cavities or vugs most 
commonly found in granitic pegmatites, and also in a vari- 
ety of other igneous rocks. 


Neoproterozoic: A geological era from 1,000 to 541 million 
years ago belonging to the Proterozoic Eon. 


Orogeny: The processes by which geologic structures in 
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mountainous regions are formed. These processes include 
thrusting, folding, faulting, and (at depth) metamorphism 
and igneous intrusions. 


Ouachitite: Pronounced “wash-e-tite,” this is a specific type 
of lamprophyre, predominantly composed of phenocrysts 
(large crystals) of mica and clinopyroxene set within a 
groundmass of fine-grained mica and clinopyroxene with 
minor analcime, calcite, corundum, and other trace acces- 
sory minerals. 


Pegmatite: Intrusive igneous rock with a texture of excep- 
tionally large mineral grains (by convention, the largest are 
more than about 3 cm long); most pegmatites are composed 
of quartz, feldspar, and mica (similar composition as gran- 
ite); sometimes contain minerals that are rarely found in 
other types of rocks, including gems. 


Phlogopite: A brown micaceous mineral that occurs chiefly 
in metamorphosed limestone and magnesium-rich igneous 
rocks. It consists of hydrous silicate of potassium and mag- 
nesium and aluminum. 


Phonolite: Uncommon, fine-grained volcanic igneous rock 
consisting of alkaline feldspars (sanidine, anorthoclase or or- 
thoclase) and nepheline. 


Placer: A surface deposit consisting of valuable minerals 
that have been weathered out and then mechanically con- 
centrated (normally by flowing water) in alluvial sediments. 


Plumasite: Metasomatic rock, typically coarse-grained and 
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FIELD GEMOLOGY: BUILDING A RESEARCH 
COLLECTION AND UNDERSTANDING THE 
DEVELOPMENT OF GEM DEPOSITS 


Wim Vertriest, Aaron C. Palke, and Nathan D. Renfro 


GIA’s field gemology program was established in late 2008 to support research on geographic origin determi- 
nation of colored gemstones. By building and maintaining an extensive collection of gem materials with known 
origins, GIA’s research scientists have been able to study and analyze rubies, sapphires, emeralds, and other 
gemstones using the best available reference samples. This has led to improved origin determination services 
while supporting numerous research and education projects. To date the collection has accumulated during 
more than 95 field expeditions on six continents and currently includes more than 22,000 samples. GIA‘s field 
gemology efforts require a thorough understanding of the gem trade, including the evolution of gemstone de- 
posits and the development of treatments. It is important to recognize potential new deposits and gemstone en- 
hancement procedures immediately because they can change rapidly and leave a lasting impact on the trade. 
Field expeditions also involve documenting the mines and local conditions. These factors provide context for 
the gemstones and are becoming increasingly important in the eyes of the public. 


ver the last decade, GIA has invested con- 
(_) its resources in determining the geo- 

graphic origin of certain gemstones. The 
field gemology program plays an essential role in 
these studies. Its mission is to build, maintain, and 
expand a reliable reference collection of scientific 
samples (figure 1). These stones are used for research 
by GIA’s gemologists and research scientists. 

This article explains the challenges of geo- 
graphic origin research, sample collection, and the 
current state of GIA’s colored stone reference col- 
lection. The development of gemstone deposits is 
also discussed, and an overview is provided of the 
most important localities for which GIA offers ori- 
gin determination. 


THE CRITICAL FACTOR IN 

GEOGRAPHIC ORIGIN RESEARCH 

In recent years, the gem and jewelry trade has come 
to place a premium on the geographic origin of high- 
value gemstones. This has expanded the traditional 
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role of laboratories, which is mainly gem identifica- 
tion and detection of treatments and synthetics, to 
also include geographic origin determination of cer- 
tain gem species. 

Geographic origin determination of colored gem- 
stones relies heavily on advanced research. In a mod- 


In Brief 


e GIAs colored stone reference collection is one of the 
largest and best-documented collections of its kind. 


A thorough understanding of the colored stone market 
and available materials is required when building a ref- 
erence database. 
¢ Gem-producing areas are constantly changing: Field 
gemologists need to follow up on old and new sources. 
e Apart from maintaining the colored stone research 
collection, GIA’s field gemology department is re- 
sponsible for documenting the mining and trading 
environment. 


ern gemological lab, advanced analytical techniques 
and highly trained scientists are irreplaceable. But 
the work of a brilliant team with the most sophisti- 
cated equipment is irrelevant if the reference mate- 
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Figure 1. Aaron Palke (left) and Wim Vertriest sort through gem gravel in Mogok, Myanmar, in December 2018. 


Photo by Kevin Schumacher. 


rial is not reliable. Dependable research samples are 
the critical factor to ensure solid research for geo- 
graphic origin determination. The quality of the ref- 
erence materials determines the quality of the data 
produced. 


WHAT MAKES A RESEARCH COLLECTION 
RELIABLE? 


Gemstones are small, high-value assets that are eas- 
ily transportable but difficult to trace. This can lead 
to a lack of transparency throughout the supply 
chain. Procuring trustworthy samples from the trade 
is challenging for research institutes, especially when 
the trade places such high value on the results of 
their work. Traders might try to influence research 
to their own advantage by providing limited or incor- 
rect samples. 

A strong reference collection is the necessary 
foundation of research, but what makes a collection 
reliable? Naturalist and documentary filmmaker Sir 
David Attenborough noted that 


a research library associated with collections is almost 
of greater importance than the objects themselves. Un- 
less you know where it came from exactly, and when 
it came from exactly, you are missing a lot of very, very 
important information. And that information can not 
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only come from the object itself, but from the circum- 
stances of documentation that should accompany 
every scientifically collected specimen. 


(“Sir David Attenborough...,” 2017) 


Building a reliable collection requires going where 
the stones are, as it is unsustainable to rely solely on 
donations from traders. GIA’s field gemology depart- 
ment was created to establish a reliable collection to 
support origin determination by collecting the sam- 
ples directly. Over the last decade, the department 
has gathered gemstones on six continents through 
more than 95 expeditions. 


While the ultimate goal is to collect samples in 
the mines (figure 2), this is not always feasible: Some 
mines are no longer active, and others are off limits 
to foreigners or pose great safety risks. This means 
the samples in GIA’s reference collection have vari- 
ous degrees of reliability. GIA developed the follow- 
ing classification scheme, which reflects the degree 
of confidence for origin from high to low: 


e A-type samples are mined directly by the field 
gemologist (figure 3). This includes sampling 
from the host rock in the mine, washing/pan- 
ning an alluvial deposit, and the like. Naturally, 
these have the highest degree of reliability. 
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Figure 2. During GIA 
field expedition 87 to 
Greenland’s ruby 
mines, samples were 
collected from the host 
rock using a geological 
hammer. The samples 
are individually 
bagged and associated 
data, including GPS 
coordinates, is imme- 
diately attached on a 
paper label. Photo by 
Wim Vertriest. 


¢ B-type samples are collected at the mine with The most common scenario for this type of 
the field gemologist witnessing the mining sample is where gravels are washed and con- 
process but not actively removing the stones centrated on a large scale. In these operations, 
from the ground (figure 4). Miners are naturally the washing plant is usually cleared at the end 
protective of their goods—one high-value stone of the day. These stones still have a clearly es- 
that goes missing could make a huge difference tablished origin. 
in a mining operation. In many places, visitors ¢ C-type samples are collected at the mine but 
are not allowed to touch mining equipment, without witnessing the mining process for the 
sorting tables, or exposed rock faces, so B-type specific stones (figure 5). Miners often possess 
samples are often easier to obtain than A-type. gems that were mined in previous days. Arti- 


Figure 3. A-type sam- 
pling: Author AP col- 
lects ruby and pink 
sapphire directly from 
the host rock in Aappa- 
luttog, Greenland. 
Photo by Wim Vertriest. 
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Figure 4. B-type sam- 
pling: Collecting sam- 
ples from gravel that is 
being washed by a 
Burmese miner in the 
Kin area, west of 
Mogok. Photo by Wim 
Vertriest. 


sanal miners also change working locations reg- their goods. Since these samples are collected 
ularly. In these circumstances, the origin is al- off-site, the origin is less certain than that of 
ready less certain since parcels might easily stones obtained at the mines. 
have been switched, added to, or mixed with e E-type samples are purchased from dealers in 
production from multiple sites. the local market, often in close proximity to the 
e D-type samples are collected from the miner but mines (figure 7). The sellers have collected the 
not at the mine (figure 6). Large-scale operations material from the miners and often present 
often have off-site headquarters where sorting, stones from a mix of different miners and po- 
grading, and other steps take place. Artisanal tentially sources. These are less reliable than 
miners often travel to central markets to sell stones obtained directly from the miners. 


Figure 5. C-type sam- 
pling: Selecting rubies 
in the sorting house at 
Montepuez Ruby Min- 
ing’s operation in Mon- 
tepuez, Mozambique. 
Photo by M. Lemoux. 
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Figure 6. D-type sampling: The GIA team purchased 
samples from this artisanal miner along the road in 
Mogok, Myanmar. Every day he drives his motorbike 
into the mountains to work a small ruby deposit. 
Photo by Wim Vertriest. 


¢ F-type samples are collected in international 
markets (figure 8). Gemstones are often traded in 
centers with a high volume of stones, where it is 
easy to obtain a variety of samples and spot goods 
that are new to the trade. These sites can be tem- 
porary, such as the Tucson and Hong Kong trade 
shows, or fixed trading hubs like Bangkok. Ma- 


Figure 7. E-type sampling: Author WV checks blue 
spinel at the morning market in Luc Yen, Vietnam. 
Photo by Vincent Pardieu. 
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Figure 8. F-type sampling: Inspecting Madagascar sap- 


phires in an office in Beruwala, Sri Lanka. Photo by 


Vincent Pardieu. 


terial from sources such as museum collections 
is also included in this category. 


e Z-type samples are those that have no origin in- 
formation. These can still be useful in some 
cases. For example, a recent study of the effect 
of heating on basalt-related sapphires did not re- 
quire stones from specific locations. So we de- 
cided to spare the samples with known origin 
and use Z-type samples. Stones are also catego- 
rized as Z-type when the initial collection data 
are suspected to be inaccurate (everyone who 
buys in the field makes mistakes). On one occa- 
sion, we found a synthetic and two heat-treated 
stones in a C-type parcel of 90 stones. Because 
of this discovery, the whole parcel lost credibil- 
ity and was reclassified as Z-type. 


Material gathered by all of these means is valu- 
able for research, as long as the collection circum- 
stances are known. That is why GIA also includes 
other information with its samples. Every sample 
has GPS coordinates from the acquisition site at- 
tached to it, and the mine coordinates are added 
when available. Other information includes species 
and variety, sample price, seller identity, locality de- 
tails, and the possibility of treatment (again, see fig- 
ure 2). If this information is not available, valuable 
data are missing. Careful and precise logging of this 
information is critical, especially if the collection 
will have multiple users over time. 
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Figure 9. The number of 
samples of each type in 
GIA’s reference collection. 


SAMPLE TYPE 


GIA’S RESEARCH COLLECTION IN 
THE REAL WORLD 


In an ideal world, GIA’s collection would consist of 
only A-type stones mined by GIA field gemologists, 
but unfortunately gem-quality material found in 
these conditions is very rare. To best support origin 
determination services, we still collect samples in all 
other circumstances (figure 9). This is a common 
practice when new deposits are discovered. First the 
material becomes available in an international mar- 
ket, where some samples (F-type) are obtained by 
GIA for initial analysis. Visiting a new mining loca- 
tion usually involves substantial preparation and 
planning, so a few months could pass before sample 
collection at the mine (A- to C-type} occurs. In the 
meantime, stones from these new mines could be- 
come available in the market and be submitted to 
GIA’s laboratories. 

This is why we rely heavily on stones with differ- 
ent classification codes. Even if their reliability is 
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lower than A-type, they allow us to conduct prelim- 
inary research, to later be supported with data from 
more reliable samples. 


Field gemology supports the research on geo- 
graphic origin at GIA laboratories. Traditionally, ori- 
gin determination was only requested for the three 
most important colored stones: ruby, sapphire, and 
emerald. These have been the focus of the field 
gemology program’s sampling expeditions for the 
first decade. Because gem corundum is also the sub- 
ject of many treatment experiments, a significant 
part of the collection consists of ruby, sapphire, and 
fancy sapphire (figure 10). 

With increasing demand for geographic origin de- 
termination for a wider variety of gemstones, GIA’s 
colored stone reference collection needs to be diver- 
sified. In the last two years, significant efforts have 
been made to collect alexandrite, cuprian tourma- 
line, and other gemstones. Many of the samples used 
in origin determination research of cuprian tourma- 


Figure 10. The number of 
samples of each gem- 
stone variety in GIA’s ref- 
erence collection. Fancy 
sapphire includes yellow, 
green, purple, and color- 
change corundum as well 
as pink sapphires, which 
are used to complement 
ruby studies. The others 
are mainly rock samples 
but include alexandrite, 
tourmaline (cuprian and 


Blue sapphire Ruby Fancy sapphire Emerald 


GEM SPECIES 


GIA FIELD GEMOLOGY 


non-cuprian), garnet, tan- 
zanite, and other gem 
minerals. 


Spinel Other 
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Figure 11. Stone librarians enter field data and color- 
calibrated photos into the digital database, which is 
accessible by gemologists in all GIA laboratories. 
Photo by Nuttapol Kitdee. 


line and alexandrite are still acquired in the trade (E- 
and F-type}, but GIA is actively working on visiting 
the mining sites and collecting samples there. 

Sample collecting is only the first step in the life 
of a research sample. Once the material is acquired 
by GIA field gemologists and shipped back to the lab, 
it needs to be added to a database that provides an 
overview for the entire collection. A GIA stone librar- 
ian enters all the available data in a digital database 
that is accessible to GIA colored stone identification 
staff around the world (figure 11). The data are ac- 
companied by a color-calibrated photo of the rough 
piece. Documenting all pieces in exactly the same 
lighting conditions allows a preliminary color com- 
parison of different samples based on digital images. 
All of the accompanying field data is printed on a la- 
beled cassette in which the stone is stored in the 
physical library. 

The majority of stones collected in the field are 
rough pebbles. This means they have some form of 
skin and are not fully transparent and thus need to be 
prepared for analytical procedures. In order to observe 
inclusions and obtain high-quality spectroscopic data, 
it is critical that windows with an excellent polish be 
faceted on the stones. This is done with traditional 
lapidary techniques using precision cutting machines 
to guarantee large, flat surfaces (figure 12). 

However, for research samples, especially when 
looking at spectroscopy, orientation of the 
windows/facets is very important. The majority of 
stones in the research collection are dichroic (corun- 
dum and beryl), which means their optical properties 
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Figure 12. Before a sample can be analyzed, it must 
be prepared. This preparation involves polishing large, 
flat windows on the stone with a minimum of polish 
lines. This can be achieved using precision cutting 
machines. Photo by Nuttapol Kitdee. 


vary depending on the direction in which they are 
observed. To make sure we compare every sample in 
the proper direction, for samples chosen for spec- 
troscopy we align the c-axis parallel or perpendicular 
to the polished windows. By using a custom-made 
instrument that allows us to locate the c-axis posi- 
tion within one degree (Thomas et al., 2014), we 
know that all spectra collected on our stones are 
comparable (figure 13). For inclusion observation it 
is also important to have varying window orienta- 
tions since some two-dimensional internal features 
(e.g., needles and platelets) are associated with the 
crystal structure and thus nearly invisible from cer- 
tain angles. A variety of orientations allows more 
possibilities to explore the inclusion scene in a gem. 

Polishing windows also removes the stone’s outer 
layer, which might be encrusted with mud, host 
rock, or other material. By analyzing the trace ele- 
ment chemistry on a freshly polished surface, con- 
tamination by surface features such as iron staining 
is avoided. It also allows us to target specific zones 
within the crystal more precisely. This is often the 
case with blue sapphire, where color zoning is ex- 
tremely common and the internal trace element con- 
centration can vary considerably. 

The majority of research stones go through the 
same analytical procedures as gems submitted by 
clients. Documenting inclusions with photomicrog- 
raphy is the first step. If the stone is extremely clean, 
it can be used for color analysis. In these high-quality 
wafers, there are no discernible internal features that 
can disturb light traveling through them. This allows 
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Figure 13. Selected samples with very high clarity are 
often aligned to the c-axis using this custom-built in- 
strument. Aligning all samples allows for a precise 
characterization of the wavelength absorption in cer- 
tain directions and guarantees that different samples 
can be compared. Photo by Nuttapol Kitdee. 


for precise analysis of the absorption spectrum in the 
ultraviolet, visible, and near-infrared light range, 
which is used to identify the causes of color in the 
material. 

FTIR spectroscopy and trace element chemistry 
data are also collected. All of the data associated 
with a research sample, ranging from refractive 
index to trace element concentrations, are available 
to GIA gemologists worldwide through the digital 
database. 

To explore new techniques, a portion of the re- 
search samples are also used for analysis that is not 
routinely conducted on colored stones in gemologi- 
cal laboratories. In recent years, stones have been 
used for destructive analysis to measure rare earth 
element concentrations and isotope ratios as well as 
studies on various luminescence techniques. 

Ultimately, the samples are stored in the GIA col- 
ored stone reference collection in Bangkok (figure 
14). This library consists of four subsections: 


¢ Premium gems: These stones are readily usable 
for routine gemological analysis. These samples 
are sufficiently large and free of fractures, com- 
bined with a desirable color. 


¢ Treated gems: The GIA colored stone reference 
collection includes numerous stones that are 
known to have been subjected to treatment. 
Some were acquired as treated, but the majority 
are the result of GIA’s internal treatment exper- 
iments, focused mainly on heating of rubies and 
blue sapphires. 
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Figure 14. GIA’s colored stone reference collection is 
managed by the Bangkok lab, where the majority of 
samples are kept in the field gemology department. 
Photo by Nuttapol Kitdee. 


¢ Matrix material: While visiting mines, GIA field 
gemologists document the host rock and collect 
associated minerals. This section of the collec- 
tion, though currently underutilized, offers sig- 
nificant potential for future studies on the 
geology of gem deposits. 


e Basic gems: Much of the material that is col- 
lected is not readily usable for routine gemologi- 
cal analysis due to lower quality (e.g., abundant 
fractures and small sizes). These samples are still 
valuable for studies that require destructive tech- 
niques or treatment procedures. Gem species 
other than the ones for which GIA offers origin 
determination are also included in this section. 


Apart from the main library in Bangkok, there are 
satellite collections of most of the major gemstones 
in GIA’s colored stone laboratories in Carlsbad, Hong 
Kong, New York, and Tokyo. 


THE EVOLUTION OF GEMSTONE DEPOSITS 


Active sources of gemstones are constantly shifting. 
The life of a gemstone deposit is often highly erratic 
and unpredictable. Some deposits, such as Ratnapura 
in Sri Lanka, have steadily produced high-quality ma- 
terial for centuries, while others have existed for only 
brief periods. One of the best examples is Winza, 
Tanzania, which produced fine rubies beginning in 
2007 but was almost completely abandoned by 2010. 
Although deposits are routinely depleted, the mate- 
rial mined from them has the potential to circulate 
in the trade for generations. 
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Box A: SURVIVAL OF THE FITTEST 


Figure A-1 shows the shift of ruby mining areas on the 
East African mainland over the past century. The earliest 
ruby discovery in East Africa was near Longido, Tanza- 
nia, where ruby was found around the time of World War 
I. This hard-rock primary deposit is famous for speci- 
mens of ruby-in-zoisite. Mining these gemstones re- 
quires blasting and deep tunneling, making it a very 
expensive affair. While the material’s color is good, its 
clarity is lacking, with most being opaque and of carving 
quality (Dirlam et al., 1992). 

In the 1970s, ruby was discovered in the Mangare area 
in Kenya by John Saul. The gems are found in a primary 
deposit, but the ruby-hosting rock is quite weathered in 
the upper levels, making it fairly easy to mine. The color 
of this ruby was considered highly desirable, and the name 
“John Saul color” is sometimes used as a trade name for 
it. The material often lacks clarity, and the majority are 
cut into translucent cabochons. Most of it requires heat 
treatment to improve the clarity (Bridges, 1982). 

In the following decades, rubies were discovered at 
several places in central Tanzania. However, none of 
those had the volume or quality to threaten Mangare’s 
position as supreme producer on the African continent. 

In 2007, fine rubies were discovered in a primary and 
nearby secondary deposit at Winza, Tanzania. The finest 
material had excellent clarity and fabulous color, but the 
lower-grade material could not be optimized by treat- 
ment, rendering much of the production useless as gem- 
stones (Schwarz et al., 2008). Although there was initial 
optimism, the deposit was quickly abandoned. The ma- 
jority of miners and buyers moved south across the bor- 
der to Mozambique. 

In 2009, facet-grade ruby was discovered near Mon- 
tepuez, Mozambique. This material quickly became 
available in large volumes, various sizes, and a range of 
color intensities. Additionally, the material reacts well 
to treatments to optimize both color and clarity (Vertri- 
est and Saeseaw, 2019). The wide availability of this ma- 
terial has had a dramatic impact on other ruby mining 
areas, which have been completely overshadowed by the 
giant deposit in Montepuez. 

In 2017, many unlicensed buyers were expelled from 
Mozambique. These buyers, an important link in the 
supply chain, searched elsewhere in East Africa for a 
ruby source that met their needs. Around the same time, 
facet-grade rubies were discovered in Longido, the mine 
originally known for its carving-grade material. This new 


Understanding the evolution of a gemstone de- 
posit is critical for a field gemologist. GIA’s field 
gemologists aim to stay aware of new developments 
in sourcing and treatments because they can have a 
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Figure A-1. This map shows the locations of the 
mines that dominated ruby production on the East 
African mainland in the last century. The Longido 
and Mangare mines were famous for their fine-color 
but low-clarity stones. Several deposits produced 
smaller volumes of goods but were never competi- 
tors. Winza generated some excitement by producing 
fine faceted rubies, but its life span was rather short. 
The Montepuez deposit in Mozambique has over- 
shadowed all the other deposits, but internal turmoil 
has forced traders to revisit old deposits such as 
Longido, where new types of ruby are being mined. 


material from an old mine has highly desirable colors but 
is only available in smaller sizes (Pardieu, 2019). While 
the renewed interest has not made it a serious competi- 
tor to Montepuez in Mozambique, it has certainly re- 
vived the ruby trade in northern Tanzania and provided 
rough ruby buyers with an alternative source for melee 
and small calibrated stones. 

While the deposits might have unstable histories, the 
gems themselves are durable and here to stay, whether a 
deposit produces for centuries or only a few months. A 
complete and reliable reference collection contains 
stones from all of these deposits. 


sudden impact on the global gem trade. The field 
gemology program allows GIA to adapt its proce- 
dures as quickly as possible to account for emerging 
sources and treatments. 
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e Spring Street in Los Angeles, looking north from Fourth Street, late in the 
last century. Location of Pacific Gem Company — later to become Marcher 
Brothers — is indicated by arrow. Courtesy Security-First National Bank, 
Los Angeles. 


PAGES FROM 
A JEWELERS NUTERUCh 
UF 


MEMURIES 


by 
GEORGE MARCHER, C.G. 


Averer finishing my High School Edu- 
cation in 1899 in the small town of Tomah, 
Wisconsin, I was taken in tow by my 
brother Frank—15 years my senior—and 
whisked off to California in October of that 


same year. 
This brother— who has always been 
known in the family as “ F. A.’—had al- 


ready been out in the world more than 20 
years and had acquired supreme confidence 
in himself. On the other hand, 1 was so 
green I could taste the chlorophyll that 
marked my appearance to all looking in my 
direction. I had everything to learn, and I 
realized it too well to feel the self-assurance 


every salesman should have. Yet, I earnestly 
wanted to learn what I could and to correct 
my deficiencies. 

On January 1, 1900, we opened a store 
featuring unmounted gemstones and adopt- 
ed the slogan, “Genuine Stones Only.” This 
was at 335 South Spring Street in Los 
Angeles, one block south of the center of 
town. To the best of my knowledge this was 
the first store in the country to specialize 
in unmounted stones, and to mount them 
to the customer's order—as well as to dis- 
play a stock of similar handmade articles 
ready to sell. 

During this decade of the century sim- 
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The Life of a Gemstone Deposit. Many gemstone de- 
posits have been established for several decades or 
even centuries, so their early histories are often un- 
known. In the last decades, many new sources have 
emerged, and GIA has been fortunate to witness their 
development. 


Most new deposits share a similar story: It starts 
with an accidental discovery, usually by people who 
travel extensively through unexplored lands, such as 
gold panners, lumberjacks, or nomadic tribes. They 
find a beautiful rock but are unaware of its value. 
Eventually, someone discovers the value of these 
crystals. This often triggers a rush of small-scale min- 
ers, who begin a frenzied search for more of the ma- 
terial or anything that looks like it. 

A nearby group of buyers is critical to sustain a 
young deposit. Production will halt quickly if no 
buyers are on hand to trade the stones for cash. Often 
these are local traders, but sometimes international 
buyers are also present from the start. Regardless, 
this all takes place close to the mines. The local buy- 
ers will provide this material to the global market, 
where international gem traders and wholesalers be- 
come aware of it. Sometimes this process takes a few 
years, but it could happen in just a few weeks. In re- 
cent years, mobile phones and social media have be- 
come popular in mining areas. This has increased the 
speed of information and changed the way it spreads 
through the trade, even though the development of 
a deposit is essentially still the same. 

The process of gem discovery is not always con- 
stant—there are many external forces involved. A gem 
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Figure 15. Map of clas- 
sical ruby, sapphire, 
and emerald deposits 
that were highly influ- 
ential before the rise of 
the modern gem trade. 


AUSTRALIA . 
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mining rush in a remote area is often closely related 
to local socioeconomic challenges, some of which can 
severely disrupt mining. In many cases these finds are 
in tropical countries with strong seasonal changes that 
prevent mining part of the year, which can limit the 
mining season to a couple of months. In some cases, 
mining does not resume when the weather clears. A 
range of situations can cause newly discovered mining 
areas to be abandoned. 

The most serious threat to the development of 
gemstone deposits is probably the emergence of other 
deposits. Here the Darwinian principle “survival of 
the fittest” applies. A new deposit that is easier to 
work, faster to reach, delivers higher volumes, or pro- 
duces more marketable stones that react better to 
treatments will cause others to be ruthlessly aban- 
doned by miners and/or local buyers (see box A). 

Keeping track of these developments is a critical 
aspect of the field gemologist’s job, since deposits can 
show up and disappear in the most unexpected ways. 
This might present only a brief window to collect re- 
liable samples, but one that is enough to produce a 
huge volume of gems that will influence the market 
and be submitted to labs for decades to come. 


Overview of Important Gemstone Deposits. The use 
of gems in early civilizations and empires is well 
known: Cleopatra’s emeralds, Sri Lankan sapphires 
in Roman signet rings, Central Asian spinels and ru- 
bies in European royal treasuries, and Colombian 
emeralds in Indian Mughal jewelry. Such examples 
show that gems traveled the planet even in times 
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tilled from Ruby & Sapphire: A Gemologist’s Guide 
(Hughes et al., 2017), supplemented with GIA’s field 
gemology observations during expeditions in the last 
decade. 


Ruby 
¢ Mogok, Myanmar, is the world’s most revered 
ruby locality. Ruby is an integral part of the 
local culture, and the Mogok Valley is some- 
times referred to as “Ruby Land” (figure 16). 


wg NRT e Afghanistan’s ruby mines delivered many of 
Figure 16. Mogok, Myanmar, is the most famous of the rubies and pink sapphires for the treasur- 
all ruby sources. Its mining history stretches over ies of Indian rulers. For centuries, artisanal 
centuries, and its close connection with the red gem- miners have extracted rubies from these hard 
stone is the reason for its nickname “Ruby Land.” rock mines in the marble hills just east of 
Photo by Wim Vertriest. Kabul, although production is very limited 


nowadays. 


¢ The border area between Thailand and Cam- 
bodia began supplying rubies around 200 
years ago and peaked in the 1970s and 80s. 
By the 2000s, production had virtually halted. 
Rubies have been found here in alluvial de- 
posits related to the weathering of corundum- 
bearing alkali basalts. 


when the concept of global mobility was unheard of. 
Back then, a single locality could have an outsized 
impact on the international trade. 

The following is a brief overview of deposits that 
can be considered classical (figure 15). Gems from 
these areas heavily influenced the world trade before 
the rise of modern gemology and gem trading, 


roughly during the 1960s and 1970s. In the case of Metamorphic Sapphire 

gem sources, Classical does not necessarily mean ex- e The most famous historical sapphire source 
hausted. Many of these locations are still relevant is Sri Lanka, formerly Ceylon, which still 
gem mining regions. Most of this information is dis- produces large volumes of high-quality 


~ 


fit ( 2 fi | 
‘Y by Bis oP RUSK - Y= Figure 17. Sapphire 

; ~ oe aod , mining in Sri Lanka is 
__ still dominated by arti- 
sanal, man-powered 
techniques to this day. 
They have not changed 
in centuries, and large- 
scale mining is limited. 
Photo by Wim Vertriest. 


500 GIA FieLD GewoLocy Gems & GEMOLOGY WINTER 2019 


stones (figure 17). New discoveries are still 
being made—for example, a large rush oc- 
curred in 2012 at a new deposit near 
Kataragama when a large concentration of 
high-value sapphires was found in an area 
not previously known to contain such qual- 
ity material (Pardieu et al., 2012; Zoysa and 
Rahuman, 2012). 

e Along with ruby, Mogok supplies a variety of 
high-quality gems, including fine blue sap- 
phires and star sapphires. Some of these rough 
sapphires can reach enormous sizes, although 
these Burmese giants usually have limited 
clarity and unattractive color. 


¢ The disputed region of Kashmir produced the 
world’s most coveted sapphires for a brief 
time in the late 1800s. Even today, sapphires 
from the original discovery are perceived as 
legendary. Recent output from this area is of 
lower quality. 

e The Umba Valley in Tanzania yielded a variety 
of sapphires, mainly fancy-color, from World 
War II until the mid-1970s. A few artisanal 
miners are still working in the Umba River. 


Igneous-Related Sapphire 


e Sapphires from Pailin, Cambodia, were dis- 
covered and reached their height around the 
time when Kashmir sapphires were at peak 
production. Pailin sapphire is very limited 
now and consists mainly of smaller sizes. 
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Figure 18. Sapphires are 
still being mined in the 
rugged mountains of 
Montana by the 
Spokane Bar Sapphire 
Mine. A handful of 
companies run mecha- 
nized and efficient 
mining operations to 
retrieve rough gems 
during the summer 
months. Photo by 
Nathan Renfro. 


Australia is estimated to be one of the largest 
sapphire mining nations by volume. The 
mines have produced for over 100 years, but 
output peaked in the 1960s and 1970s. During 
this period, Australia was the main source of 
blue sapphire for the international trade, with 
large mines and many foreign buyers operat- 
ing there. 


Chanthaburi, Thailand, is known as a trading 
and treatment center, but it was once the cen- 
ter of a flourishing sapphire mining commu- 
nity. Several hills around the city are ancient 
basalt volcanoes that brought dark blue and 
fancy sapphires to the surface. The mines 
near Chanthaburi are well known for their 
fine black star sapphires and dark yellow 
“Mekong whiskey” stones. 


In the United States, Montana saw millions 
of carats of sapphire mined from the late 
1800s to early 1900s, mostly for use in the 
watch industry but with many entering the 
gem market (figure 18). The finest blue sap- 
phires from Montana were produced in the 
Yogo Gulch deposit (Renfro et al., 2018). In re- 
cent years, some of the state’s mining opera- 
tions have been revived (Hsu et al., 2017). 


Emerald 


Colombia is the world’s most prized locality 
for emeralds because of their long history and 
fine quality. Pre-Columbian civilizations al- 
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Figure 19. The statue on Chivor’s main square, in the 
heart of the Colombian emerald mining region, serves 
as a reminder of the gem’s long history there. Emer- 
alds have been important in the region for centuries 
and were already greatly revered by pre-Columbian 
civilizations. Photo by Robert Weldon/GIA. 


ready held the gem in high esteem (figure 19). 
After their discovery by Spanish conquista- 
dors, emeralds were brought to Europe and 
the rest of the world where they were highly 
treasured in the European royal courts as well 
as the Mughal palaces of India. 

e Mines in southern Egypt are the presumed 
source of the Egyptian and Roman empires’ 
emeralds. These mines were abandoned after 
their peak, and when emeralds from the New 
World started entering the old continent in 
the 1500s, the Egyptian mines were all but 
forgotten. In the 1800s they were rediscov- 
ered by French colonial explorers, who tried 
unsuccessfully to reopen them (Jennings et 
al., 1993; Johnson and Koivula, 1997). 
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e Russian emeralds have been mined near the 
town of Malysheva in the Ural Mountains 
since the 1830s (Schmetzer et al., 1991). For 
much of the twentieth century, the mine’s 
emphasis was on beryllium metal for strate- 
gic and industrial applications. In 2018, the 
new management significantly increased pro- 
duction of emeralds, parallel to the mining of 
other minerals for beryllium extraction 
(Burlakov and Burlakov, 2018). 


Red and Pink Spinel 

e For centuries, the Central Asian region of 
Badakhshan, straddling the borders of Tajik- 
istan, Afghanistan, and China, has produced 
magnificent spinels. They were often mis- 
taken for rubies in medieval times and were 
well known by the term “Balas ruby.” One of 
the most famous colored stones in the world, 
the Black Prince’s “Ruby” in the United 
Kingdom’s Imperial State Crown, is actually 
a Badakhshan spinel. The Kuh-i-Lal area in 
Tajikistan is considered the most important 
source of fine red spinel in the region (Pardieu 
and Farkhodova, 2019). 
Although Myanmar holds incredible volumes 
of spinel in the Mogok and Namya areas, it has 
always been in the shadow of the ruby and sap- 
phire that are also found there. In the last 20 
years, the mines in Man Sin (Mogok) and 
Namya (Hpakant) have become famous for the 
so-called Jedi spinel, characterized by an in- 
tense color and fluorescence (Pardieu, 2014). 


Alexandrite 

e Alexandrite was first documented in the Ural 
Mountains of Russia. The greens and reds of 
this newly discovered color-change chryso- 
beryl variety matched the Russian imperial 
colors, and thus the stone was named after 
the future Czar Alexander II. Its occurrence is 
closely associated with emerald. Fine Russian 
alexandrite is still considered the standard by 
which all color-change gems are measured 
(Schmetzer, 2010). 


In recent decades, many new sources have come 
into the gem trade (see figure 20). There is no strict 
guideline for when a modern source becomes classi- 
cal. As a rule of thumb, modern sources are consid- 
ered to be deposits that began producing after the rise 
of modern gemology and whose discoveries have 
been well documented. 
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The vast majority of modern deposits are in East 
Africa, a gemstone-rich area that did not historically 
have a strong cultural connection to gemstones, un- 
like the Asian countries of Sri Lanka or Myanmar. 
The increasing knowledge about gemstones and in- 
ternational travel by dealers provided an opportunity 
for these deposits to be discovered and establish a 
presence on the world market. 


Ruby 


e In 1973, John Saul and his team discovered 
ruby in the Mangare area of Kenya. This ma- 
terial has fine color but requires heat treat- 
ment to heal the abundant fractures. Most of 
the gems from this deposit were cut as cabo- 
chons. Initially production was considerable, 
but it has diminished greatly in the last 20 
years (Bridges, 1982; Emmett, 1999). 

During the late Soviet period (1979), geolo- 
gists discovered the Snezhnoe (“Snowy”) ruby 
mine near Murghab, Tajikistan, at an altitude 
of 4,000 meters. Artisanal mining is restricted 
to the summer months, when small crews of 
workers break rubies out of the hard marbles. 
Tajik rubies are typically pinkish to purplish 
red but have strong fluorescence (Smith, 
1998). 

In 1983, rubies were first reported near the 
village of An Phu in the Luc Yen District of 
Vietnam. In the following years, corundum 
was found in neighboring valleys, and in 1987 
the first larger-scale operation began. These 
industrial operations were only profitable for 


Figure 20. Map of ruby, 
sapphire, and emerald 
deposits that have 
emerged in recent 
decades. 


a few years, and since the 1990s only artisanal 
miners have been able to work these deposits 
in the remote jungle mountains of northern 
Vietnam (Pardieu and Long, 2010, Trivier, 
2018). 


Ruby in Mong Hsu, Myanmar, was discov- 
ered in the early 1990s. Many miners began 
working here and sold the material to Thai 
buyers across the border. Almost 100 percent 
of the material is heat treated to remove a 
dark blue core in the center of the crystals 
(Koivula et al., 1993; Peretti et al., 1995). 


In 2007, a Tanzanian farmer found some ru- 
bies in a river near his farm. A few months 
later, a massive gem rush occurred at the de- 
posit now known as Winza. For a few short 
years, fabulous rubies emerged from these 
mines. Many have blue color zones, some- 
times resulting in bicolor ruby-sapphires. 
They react poorly to treatment, rendering 
most of the low-grade material useless 
(Schwarz et al., 2008). 


The jungles of northeastern Madagascar have 
provided fine rubies for more than 20 years. 
However, production has not been steady, and 
most stones reach the market in waves due 
to rushes by artisanal miners. The main 
rushes took place at Vatomandry in the early 
2000s (Schwarz and Schmetzer, 2001), Mora- 
manga in 2004 (Hughes et al., 2006), Didy in 
2012, (Pardieu and Rakotosaona, 2012), and 
Zahamena in 2014 (Pardieu et al., 2015). 


GIA FIELD GEMOLOGY Gems & GEMOLOGY Winter 2019 503 


e The most recent ruby discovery is the most 
important one. Since 2009, a variety of sizes 
and qualities have been mined near Mon- 
tepuez, Mozambique (figure 21). In less than 
a decade, Mozambican rubies have conquered 
the trade and become widely available in 
every price range (Pardieu et al., 2009; Vertri- 
est and Saeseaw, 2019). 


¢ The newest large-scale ruby source is also the 
world’s oldest deposit. Greenland’s rubies and 
pink sapphires formed billions of years ago but 
have only become available to the public in 
the last several years. The rubies were already 
described by geologists in the 1960s. However, 
they were probably known by the local people 
long before, since the area is named Aappalut- 
toq, the Greenlandic word for “red.” 


Metamorphic Sapphire 


¢ The southern Tanzanian deposits near Tun- 
duru and Songea have produced sapphire and 
other gemstones such as garnets, alexan- 
drites, and tourmalines since the early 1990s. 
Despite Tunduru’s potential, it was never 
fully developed because of its remoteness and 
competition from other deposits. Sapphires 
from Songea span a full range of colors, but 
the majority were not seen as highly desirable 
due to strong modifying colors. Mining activ- 
ity increased again in the early 2000s when 
the fancy sapphires reacted well to Be-diffu- 
sion treatment (Hughes and Pardieu, 2011). 


¢ One of the first modern discoveries of high- 
quality sapphire in Madagascar was in the 
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Figure 21. Currently the 
majority of Mozambi- 
can ruby is mined from 
mechanized, large-scale 
mining operations. 
Small-scale mining 
plays an important 
role, but less so year 
after year. Photo by 
Wim Vertriest. 


southeastern part of the island. Andranon- 
dambo became famous for its blue sapphires, 
which were initially confused with Kashmir 
sapphires. Some attempts to set up large-scale 
mining operations were quickly abandoned 
(Kiefert et al., 1996; Schwarz et al., 1996). In 
2016, a new find near the town of Vohitany 
brought fresh production to the market for a 
few months (Pardieu et al., 2016). 


One of the most important modern colored 
stone discoveries took place in another part 
of Madagascar, near the quiet town of 
Ilakaka in the southwest part of the island 
(figure 22). In 1996, large volumes of sap- 
phire, fancy sapphire, and other gemstones 
were found in extensive riverbeds and asso- 
ciated paleochannels. The sapphires resem- 
ble Ceylon sapphires and react similarly to 
treatment, and thus the area attracts many 
buyers from Sri Lanka. 


Along with rubies, blue sapphires are found 
in the hilly jungles of northeastern Madagas- 
car. Several rushes took place, bringing large 
volumes of sapphire to the market in a very 
short time. The first deposit that produced 
blue sapphire was Andrebabe in 2002, but it 
stayed largely under the radar. It was Didy 
that put this area of Madagascar on the sap- 
phire map when large, high-quality material 
was found alongside the rubies during a rush 
in 2012 (Pardieu and Rakotosaona, 2012). In 
2016, the Bemainty deposits produced pad- 
paradscha sapphires in addition to fine blue 
sapphires that were initially confused with 
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Kashmir sapphires. Laboratories made con- 
certed efforts to correctly identify the origin 
of these stones, but it took several months to 
acquire reliable samples to study and make 
the distinction (Pardieu et al., 2017). 


Igneous-Related Sapphire 


e Kanchanaburi, Thailand, produced huge 
volumes of blue sapphire in the 1980s and 
early 1990s. Production continues but at 
much lower levels. Most of it consists of 
blue sapphire, but black spinel (pleonaste) 
is found as a byproduct (Gunawardene and 
Chawla, 1984; Koivula and Kammerling, 
1990). 
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Figure 22. The quiet 
town of Ilakaka was 
transformed in the late 
1990s by the discovery 
of huge sapphire de- 
posits. It has quickly 
become one of the 
world’s most important 
gem localities. Photo 
by Vincent Pardieu. 


e Sapphire can also be found in the far north of 


Madagascar, in the area around Ambon- 
dromifehy, also known as Diego-Suarez. 
Since 1995, basalt-related sapphires have been 
recovered by artisanal miners. The blue 
stones are often heat treated to optimize their 
colors. Fine yellow and green stones are also 
found (Schwarz et al., 2000). 


e The West African countries of Nigeria and 


Cameroon hold substantial reserves of sap- 
phires. They were largely under the radar 
until the discovery of fine goods on the Mam- 
billa Plateau in 2014 (Pardieu et al., 2014). 
High-quality sapphires are available in 


Figure 23. Ethiopian 
sapphire miners have 
been working in a re- 
mote part of the desert 
straddling the border 
with Eritrea since 2017. 
Photo by Wim Vertriest. 
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Figure 24. Zambian emeralds are mined from massive open pits that are among the largest colored stone opera- 
tions in the world. Photo by Robert Weldon/GIA. 


smaller volumes from other deposits in the 
eastern and northern parts of the country. 


e The most recent discovery of good-quality 
basalt-related sapphire was in the northern 
Tigray Province of Ethiopia (2017) (figure 23). 
Artisanal miners work remote deposits in the 
desert straddling the border with Eritrea (Ver- 
triest et al., 2017). 


Emerald 


e Central Asia has produced fine emeralds in 
the Panjshir (Afghanistan) and Swat (Pak- 
istan) valleys since the 1970s and 1960s, re- 
spectively (Gtibelin, 1982; Bowersox et al., 
1991). Extraction methods are quite basic be- 
cause the difficult working conditions pre- 
vent large-scale operations. Both areas 
produce fine quality, with the Panjshir Valley 
delivering well-formed crystals. The Swat 
Valley is mostly known for its smaller but 
deeply saturated clean emeralds that are in 
high demand in the watch industry. 
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Zambian emeralds were first documented by 
colonial exploration geologists. It wasn’t until 
the 1970s that gemstone mining began in the 
Kafubu area, which is still the world’s leading 
emerald producer by volume. Several indus- 
trial operations are active, representing some 
of the largest colored stone mines in the 
world (figure 24) (Zwaan et al., 2005). 


Brazil has been a consistent supplier of emer- 
ald for the international market since its dis- 
covery in the 1970s. Capoeirana and Belmont 
in Minas Gerais State are the most important 
producers, with the latter being one of the 
world’s largest and most advanced emerald 
mining operations. Mines in Bahia State and 
Santa Terezinha de Goids are currently less 
important (Lucas, 2012). 


Emeralds were discovered in eastern Mada- 
gascar around the same time as in Brazil, but 
mining operations and production have re- 
mained limited. Nevertheless, some fine ma- 


Gems & GEMOLOGY WINTER 2019 


terial has been produced in the past decades 
(Pardieu, 2018). 


e The most recent emerald source is Ethiopia, 
where high-quality emeralds were discovered 
in 2016. The mines are in the southern part 
of the country, 70 km from the trading town 
of Shakiso. In its first years, Ethiopia made a 
strong impression on the market, but time 
will tell whether it can maintain its status as 
an important producer (Renfro et al., 2017). 


Paraiba Tourmaline 


¢ The original discovery of Paraiba tourmaline 
was in Paraiba State in Brazil. The first de- 
posit was found in 1987 at Mina da Batalha. 
A few years later, similar material was found 
in two mines in Rio Grande do Norte State 
(Koivula and Kammerling, 1989). 


e Since 2001, copper-bearing tourmaline from 
western Nigeria, very similar to the Brazilian 
material, has been available in the market. 
Production is scarce, and only small volumes 
currently reach the market (Abduriyim et al., 
2006). 


¢ Copper-bearing tourmaline was originally 
discovered in Mozambique in 1991 but only 
became widely known in 2005. Most of the 
production comes from secondary deposits, 
resulting in tumbled rough (Laurs et al., 
2008). Mining was initially limited to arti- 
sanal miners, but larger operations were set 
up with variable degrees of success. 


Red and Pink Spinel 


¢ Red spinel was found alongside ruby in Luc 
Yen, Vietnam, in the 1980s. Large crystals are 
found in secondary gravels mined from small 
streams and under rice fields, as well as in pri- 
mary hard rock mines, where the crystals are 
mined directly from the white marbles (Par- 
dieu and Long, 2010). 


e Mahenge, Tanzania, became the first widely 
known spinel deposit outside Asia. In the 
spring of 2007, four enormous spinel crystals 
(ranging from 5.7 to 52 kg) were discovered in 
the Ipanko Valley, which produced many 
clean faceted stones in the double-digit range. 
Ever since there have been struggles over the 
mining licenses. Most of the production 
comes from small-scale operations (Hughes 
and Pardieu, 2011). 


GIA FIELD GEMOLOGY 


Alexandrite 


eIn the 1980s, alexandrites were found in 
Hematita, Minas Gerais, Brazil. This is the 
only modern location that has produced con- 
siderable volumes and qualities to date. After 
an artisanal miner rush, a larger-scale opera- 
tion was developed, although this mine is 
small compared to some other colored stone 
mines (e.g., emerald mines). Other alexan- 
drite deposits have been found in Brazil but 
are not as significant (Proctor, 1988). 


Indian alexandrite has been known since the 
1980s (Bank, 1987; Durlabhji, 1999; Panjikar 
and Ramchandran, 1997). Only since 2000 
has production become substantial at a few 
deposits. Mining is artisanal and often hin- 
dered by natural conditions, such as the in- 
tense rainy season or flooding due to the 2004 
Indian Ocean tsunami. 


In recent decades, increased gemological 
knowledge and the discovery of large second- 
ary deposits has led to alexandrites being rec- 
ognized at several other important localities. 
They are occasionally found in Tunduru (Tan- 
zania), Mogok (Myanmar), Sri Lanka, and 
Tlakaka (Madagascar). Anecdotal occurrences 
associated with emerald mineralization have 
been documented in Tanzania (Bank and Gi- 
belin, 1976; Schmetzer and Malsy, 2011], 
Zimbabwe (Bank, 1964; Schmetzer et al., 
2011), and Zambia. 


FIELD GEMOLOGY CASE STUDIES 


Working with Different Degrees of Reliability: Ethi- 
opian Emeralds. In December 2016, the first high- 
quality Ethiopian emeralds began circulating in the 
Bangkok market. Some parcels were also available 
in California. GIA was able to analyze some of these 
goods (F-type samples) to obtain preliminary data 
such as inclusion photomicrographs and trace ele- 
ment chemistry. When we analyzed the research 
samples, we found that their characteristics were 
identical to two client-submitted stones that did 
not match our known emerald data from other lo- 
cations. 

In the following months, more Ethiopian samples 
from other independent traders were acquired, and 
in March 2018 GIA visited the mining area and col- 
lected emeralds under the most reliable conditions 
(A- to D-type). The data from these samples were 
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Fe VS. Ga TRACE ELEMENT DISCRIMINATION 
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Figure 25. Trace ele- 
ment data of an un- 
known client stone 
compared to reference 
data in an Fe vs. Ga 
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T 
4000 plot. Before the Kan- 
chanaburi reference 
stones were analyzed, 
this stone did not 
match anything in 
GIA’s database (top). 
However, a Thai origin 
determination was sup- 
ported once the Kan- 
chanaburi data were 
added (bottom). 
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@ Thailand (Chanthaburi) 
@ Nigeria (Mambilla) 


@ Thailand (Kanchanaburi) ©© Cambodia (Pailin) 


© Ethiopia (Tigray) @ Unknown 


compared with our preliminary data, and the data 
sets have been combined. The data collected on the 
new A- to D-type samples were also consistent with 
the first samples we studied, confirming the reliabil- 
ity of those F-type samples. 
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@ Australia (New South Wales, Queensland) 


The Importance of Revisiting Old Sources: Kan- 
chanaburi Sapphires. For years GIA analyzed mag- 
matic sapphires with chemistry unlike any of the 
reference collection’s magmatic sapphire stones. 
These unusual stones had much lower Ga content 
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plicity of design characterized jewelry. Wire- 
shanked rings, with plain six- or eight-prong 
settings, were often chosen for holding gar- 
nets, amethysts, “topaz” and similar facet- 
cut gemstones —- even for diamonds (Figare 
1). When cabochon stones were mounted, 


Figure 1 


this same dainty wire shank was used at- 
tached to a box setting to hold the stone. 
Beneath the box, usually there was a finger- 
form bezel and frequently there was a sim- 
ple twist wire put around the box for deco- 
ration (Figure 2). 


Figure 2 


The next ring type, a better and more ex- 
pensive one, which practically completed the 
list for rings, was the original Tiffany style. 
This consisted of a shank that was practi- 
cally half round, flat on the inside, and 
tapered right up into the six- or eight-prong 
setting holding the stone. However, unlike 
what is usually known as a Tiffany mount- 
ing today, it had no frills between the 
prongs. No girl was properly engaged unless 
she was given a diamond ring of such a 
style — and strictly a solitaire (Prgure 3). 


Before long we were to learn that there 
were Tiffany rings—and Tiffany rings! The 
wholesale houses had been selling bunches 
of a dozen or more by the pennyweight. 
Theoretically these mountings met all the 
qualifications for that style, but something 
seemed to be lacking. 

Soon we acquired a new workman 
Arthur W. Ballard—who had come to Los 
Angeles from Omaha where he had been 
making many such rings. He had not had 
any artistic training, but he used his head 
as well as his hands, and he had developed 
good taste and beauty in his workmanship. 
A well-trained artist will tell you that a sim- 
ple vase made without any decorative details, 
or even a handle, may be composed of 
gracefully curving lines and be of pleasing 
proportions that remain an enticing delight 
to the eye. And he will point out as proof 
the classical outlines of the architectural 
columns of Ancient Greece as eternal ex- 
amples of simple beauty. 


iui 


Figure 3 


Turning back to Mr. Ballard’s tasty work- 
manship, he gracefully tapered the shank 
right up into the prong part of the ring, 
then gently rounded the edges under the top 
where it touches the finger. This simple im- 
provement brought us a good deal of extra 
business, yet I cannot recall that any com- 
petitor made mountings like them. 

For passers-by—and for a ‘taster’ of what 
might be seen inside--we built along the 
front of the lower deck of one of the win- 
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and could have been mistaken for metamorphic-type 
sapphires based only on chemistry. In 2017, GIA’s 
field gemology team visited the old mines near Kan- 
chanaburi in western Thailand. According to all pub- 
lished reports, they had been closed since the late 
1990s, but the field visit found them still producing 
sapphires. The team had never visited this mine be- 
cause it was considered exhausted long before GIA’s 
field gemology department came into existence. 
When we eventually tested these sapphires, many of 
them matched the mystery stones with low Ga con- 
tent that were coming through the lab (figure 25). 
GIA can now confidently issue origin determinations 
on such stones rather than an “inconclusive” origin 
on laboratory reports. 


Future Projects: Unknown Paraiba Tourmaline. 
GIA’s identification laboratories sometimes analyze 
Paraiba tourmalines with a chemical composition 
that does not match any of our reference data. We have 
not yet succeeded in matching them to any reliable 
reference stones. We have, however, invested signifi- 
cant resources in obtaining reference samples from 
known sources that will match these mystery stones. 
One of the major goals of the field gemology program 
is to return to the different Paraiba tourmaline mining 
areas in Brazil and Africa in order to identify the mine 
that produced these unknown stones. 


VALUE OF THE COLLECTION FOR THE FUTURE 


GIA’s colored stone reference collection has been 
built with an eye on origin determination, which 
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Figure 26. Shane Mc- 
Clure (right) and miner 
Russ Thompson exam- 
ine sapphire samples 
from the Eldorado Bar 
of the Missouri River in 
Helena, Montana. Photo 
by Nathan Renfro. 


means that the highest priority is certainty of prove- 
nance. Knowing the stones’ enhancement history (if 
any) also makes them valuable for treatment experi- 
ments such as spectroscopic evaluation of blue sap- 
phire before and after heat treatment. 


The focus is currently on ruby, sapphire (figure 
26), and emerald, as these are the most important 
stones we see in the lab. But other associated miner- 
als are also collected. Most of these other materials 
have not been a focus of our research until now, but 
they might prove valuable in the future as localities 
become inaccessible or exhausted. Many of the min- 
ing sites we visit for ruby, sapphire, and emerald also 
produce other gem species, and to not collect these 
materials would be a wasted opportunity. For exam- 
ple, the Russian demantoid deposits and emerald de- 
posits are both located near Ekaterinburg, making it 
convenient to visit both sites in a single field expe- 
dition. As another example, the Longido ruby mines 
and the Merelani tanzanite mines are both less than 
half a day from Arusha, so it would be logical to visit 
them both during an expedition to Tanzania. 


Many deposits often produce more than one va- 
riety, such as Mogok, which supplies more red 
spinel than blue sapphire and ruby combined. Look- 
ing ahead to the future, gemstone varieties other 
than the big three should be collected for future 
projects involving origin determination, treatments, 
and so on. 

During our expeditions, we collect detailed infor- 
mation about the source. Natural conditions, cul- 
tural customs, socioeconomic situations, challenges, 
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mining conditions, and the like are all observed and 
documented with photos, videos, and interviews. 
This information is valuable not only for education 
but also to provide context about the gemstones for 
the trade and the public. 

Other laboratories agree that a reliable origin col- 
lection is the only way to deliver high-quality re- 
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A REVIEW OF ANALYTICAL METHODS 
USED IN GEOGRAPHIC ORIGIN 
DETERMINATION OF GEMSTONES 


Lee A. Groat, Gaston Giuliani, Jennifer Stone-Sundberg, Ziyin Sun, Nathan D. Renfro, and Aaron C. Palke 


Origin determination is of increasing importance in the gem trade. It is possible because there is a close rela- 
tionship between the geological environment of formation and the physical and chemical properties of gem- 
stones, such as trace element and isotopic compositions, that can be measured in the laboratory using 
combinations of increasingly sophisticated instrumentation. Origin conclusions for ruby, sapphire, and emerald 
make up the bulk of demand for these services, with growing demand for alexandrite, tourmaline, and spinel. 
However, establishing origin with a high degree of confidence using the capabilities available today is met with 
varying degrees of success. Geographic origin can be determined with a high level of confidence for materials 
such as emerald, Paraiba-type tourmaline, alexandrite, and many rubies. For some materials, especially blue 
sapphire and some rubies, the situation is more difficult. The main problem is that if the geology of two deposits 
is similar, then the properties of the gemstones they produce will also be similar, to the point where concluding 
an origin becomes seemingly impossible in some cases. Origin determination currently relies on a combination 
of traditional gemological observations and advanced analytical instrumentation. 


cality of a gemstone deposit (Hanni, 1994). Origin 

determination of colored gemstones began with 
Gtibelin and SSEF (both in Switzerland) in the 1950s 
and with AGL (New York) in 1977 (Schwarz, 2015). 
Origin determination is of increasing importance in 
today’s market, and for many gems this information 
is considered either a value-adding factor or a positive 
for the salability of a gemstone (Hainschwang and 
Notari, 2015). 

Origin determination is often possible because 
there is a close relationship between the environ- 
ment of crystallization, especially the mineralogical 
and chemical composition of the host rock, and the 
properties of the gemstones that can be studied in the 
lab, often using sophisticated equipment (Hanni, 
1994). In this paper we review the analytical tech- 
niques (figure 1) commonly used to characterize gem 
materials, with a specific focus on geographic origin 
determination. We also review the physical and 
chemical properties of corundum and emerald, 


| n gemology, “origin” refers to the geographic lo- 
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which have the greatest demand for origin determi- 
nation. Finally, we provide examples of origin deter- 
mination of corundum and emerald from the 
literature to illustrate how these analytical methods 
are applied to the problem of establishing origin. 


In Brief 


¢ Origin determination is possible because there is a 
close relationship between the geological environment 
of formation and the physical and chemical properties 
of gemstones. 

¢ Geographic origin can be determined with a high de- 
gree of confidence for emerald, Paraiba-type tourma- 
line, alexandrite, and many rubies. 

e For some materials, especially blue sapphire and some 
rubies, the situation is more difficult. 


CHARACTERISTICS OF CORUNDUM 

Corundum, ALO,, crystallizes in the 32/m class of 
the trigonal system (space group R3c) with hexagonal 
unit cell axes of a = 4.76 A and c = 12.99 A (Cesbron 
et al., 2002). This uniaxial negative material (n, = 
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Figure 1. Confocal Raman spectroscopy, which can be used to identify mineral inclusions in gems submitted to the 
lab, is one of the advanced analytical methods used in geographic origin research. Photo by Kevin Schumacher. 


1.767-1.772 and n, = 1.759-1.763) has a specific grav- 
ity of approximately 4. In corundum, the oxygen (O) 
anions are in a hexagonal close-packed configuration 
and form layers of ions arranged successively in the 
order ABAB...etc. (figure 2). The aluminum (Al) 
atoms are coordinated by six O atoms, three from 
layer A and three from layer B, in a slightly distorted 
octahedral arrangement. Because there are two Al 
atoms for three atoms of O, two Al sites out of every 
three are occupied, and one is vacant. A number of 
elements can substitute for Al* at the octahedral site 
(Mg, Ti, V3+, Cr+, Mn, Fe2*3+, Ga. 

Euhedral crystals of corundum can exhibit differ- 
ent faces that correspond to a number of crystalline 
forms (Cesbron et al., 2002) (figure 3): the rhombohe- 
dron (positive, {1011}, and negative, {0111}), the 
hexagonal dipyramid {hh2h]}, the pinacoid {0001}, 
first-order {1010} and second-order {1120} hexagonal 
prisms, the dihexagonal prism {hki0}, and the ditrig- 
onal scalenohedron {hkil}. 


REVIEW OF ANALYTICAL METHODS 


Corundum exhibits a wide variety of colors, of 
which the most sought-after are red rubies, blue sap- 
phires, and orangy pink padparadscha sapphires. 
These colors result from the substitution of chro- 
mophoric trace elements for Al in the crystal struc- 
ture (Hughes et al., 2017). When chromium (Cr) 
replaces Al, the result, depending on the extent of the 
substitution, is a pink to red color. It is well known 
that Cr (along with vanadium, V) is the chromophore 
responsible for the green color in emerald (see below}, 
but in corundum the distance between the metallic 
ion and O is short (1.913 A), and as a consequence 
the Cr** ions show high electrostatic repulsion and 
absorption features are shifted to higher energies. In 
the optical absorption spectrum of ruby there are two 
large absorption bands (figure 4), with transmission 
windows at 480 nm (blue visible light) and 610 nm 
(red visible light). As the human eye is more sensitive 
to red than blue light above 610 nm, ruby appears 
red. Chromium-related red emission under ultravio- 
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let (UV) light, and sometimes in daylight, is the cause 
of the fluorescence sometimes observed in (Fe-poor) 
rubies from certain deposits, including those from 
Myanmar and Vietnam. 

The blue color in corundum requires the interac- 
tion of two transition metals, iron (Fe) and titanium 
(Ti). When Fe and Ti* are located at neighboring Al 


Figure 3. Crystalline forms of the 32/m class of the 
rhombohedral system (from Giuliani et al., 2014a; 
after Cesbron et al., 2002). A: Positive rhombohedron 
{1011}. B: Negative rhombohedron {0111}. C: Hexago- 
nal dipyramid {hhil}. D: Pinacoid {0001}. E: First-order 
hexagonal prism {1010}. F: Second-order hexagonal 
prism {1120}. G: Dihexagonal prism {hkiO}. H: Ditrigo- 
nal scalenohedron {hkil}. 
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3-fold rotation axis 


Figure 2. The crystal struc- 
ture of corundum. A: A 
single layer of spheres rep- 
resenting O atoms in 
hexagonal close-packed co- 
ordination. In a second 
layer the spheres would be 
oriented over the B loca- 
tions, and a third layer 
would be over the first (A 
locations). B: Six O atoms 
coordinate Al atoms at the 
C positions, forming an oc- 
tahedron (the tetrahedrally 
coordinated site is vacant). 
Only two out of every 
three Al sites are occupied 
in the Al layers. C: The 
crystal structure of corun- 
dum looking down the c- 
axis. D: Perspective view of 
the crystal structure of 
corundum. From Giuliani 
et al. (2014a). 


c axis (3-fold) 


sites, an optically induced transfer of an electron 
(termed “intervalence charge transfer,” IVCT) creates 
an absorption band centered at approximately 580 
nm that is responsible for the blue color (again, see 
figure 4) (Hughes et al., 2017). This defect assemblage 
is a very strong absorber and requires very few Fe-Ti 
pairs (on the order of 10 pairs for 1 cm of path length) 
to produce a reasonable saturation of blue color in 
corundum. 

Treatment of corundum generally is focused on 
improving color. Patches of blue and purplish color in 
ruby (e.g., from Mong Hsu in Myanmar) are removed 
by heat treatment in order to create a “purer” red or 
pink color. The gems are placed in an oxidizing envi- 
ronment, which destroys the Fe’*-Ti* IVCT that may 
be naturally present and leaves a more desirable pink 
or red color. The blue color of sapphire is often made 
deeper by heat treatment using a reducing atmosphere 
to convert Fe** to Fe* while also dissolving any Ti 
available in mineral inclusions (such as rutile) into the 
crystal lattice. Once the Ti is dissolved into the lattice, 
it can pair with the Fe’, producing the blue color via 
Fe**-Ti* IVCT. As discussed by Palke et al. (2019a), pp. 
536-579 of this issue, this type of heat treatment can 
make origin determination more difficult as the nat- 
ural inclusion scenes that might ordinarily aid in ori- 
gin determination can be severely altered. 

Heat treatment can also serve to improve the clar- 
ity of corundum by dissolving inclusions or fusing 
fractures. This often is done in the presence of a syn- 
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Figure 4. Typical polarized UV-Vis absorption spectra of sapphire and ruby. A: Polarized absorption spectra of four 
sapphires from different deposits (Notari and Grobon, 2002) showing bands corresponding to chromophores. B: 
Polarized absorption spectra of Winza ruby (Schwarz et al., 2008) and orangy pink sapphire from Madagascar 
(Peretti and Gtinther, 2002). The spectrum of ruby shows the well-known Cr* absorption bands at 405-410 and 
560 nm, and the Cr “doublet” at 694 nm. The sapphire from Madagascar is close in color to padparadscha. 


thetic flux, which facilitates this process at a tem- 
perature much lower than the melting point of 
corundum. Once the fractures are fused together, 
light can pass through the stone uninterrupted by the 
lower refractive index of air-filled cracks; this results 
in significant clarity enhancement and also serves to 
produce a more durable gemstone. This type of treat- 
ment is especially prevalent among rubies, and can 
sometimes act as a tell-tale sign of origin for certain 
localities such as Mong Hsu; see Palke et al. (2019b), 
pp. 580-612 of this issue. Diffusion treatments using 
Ti and beryllium (Be) are done to improve color but 
in the case of Ti can even be used to impart stars. Ti- 
tanium diffusion into Fe-containing corundum in 
order to produce or enhance a blue color is a lengthy 
high-temperature process that produces a thin skin 
of color no more than 0.5 mm thick. However, Be dif- 
fuses easily into the lattice and may penetrate for 
several millimeters, or through the entirety of small 
stones. Beryllium diffusion can create many different 
colors in sapphire, depending upon the nature of 
trace elements in the gem (see Hughes, 1997; Em- 
mett et al., 2017). GIA never provides origin reports 
for diffused stones, even if the original corundum 
was a natural stone. 
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CHARACTERISTICS OF EMERALD 


Emerald is the green gem variety of the mineral 
beryl, which has the general formula Be,Al1,Si,O.,. 
This uniaxial negative material (n,, = 1.568-1.602, n, 
= 1.564-1.595) has a specific gravity ranging from ap- 
proximately 2.6 to 2.9. Beryl is hexagonal and crys- 
tallizes in point group 6/m 2/m 2/m and space group 
P6/m2/c2/c. The Al or Y site is surrounded by six O 
atoms in octahedral coordination, and both the 
beryllium (Be) and silicon (Si) sites by four O atoms 
in tetrahedral coordination (figure 5). The SiO, tetra- 
hedra share corners to form six-membered rings par- 
allel to (001); stacking of the rings results in large 
channels parallel to the c crystallographic axis. The 
diameter of each channel varies from approximately 
2.8 to approximately 5.1 A. There are two sites in 
the channels; these are referred to as the 2a (at 
0,0,0.25, in the wider part) and 2b (at 0,0,0, in the 
narrow part) positions. 

Emerald crystals typically exhibit a prismatic 
habit characterized by six first-order {1010} prismatic 
faces and two {0001} pinacoid faces. Small additional 
{1012} and {1122} faces can also be present. 

The color of emerald is due to trace amounts of 
Cr and/or V replacing Al in the crystal structure. The 
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presence of Cr and V in the beryl structure causes a 
red fluorescence that enhances the luminosity of the 
blue-green color, but if Fe** is present in the emerald 
crystal, this effect is suppressed (Nassau, 1983). 
There has been some debate over the difference be- 
tween emerald and green beryl (see Conklin, 2002; 
Schwarz and Schmetzer, 2002). 

In most cases the Cr,O, content is much higher 
than that of V,O,; the main exceptions are for sam- 
ples from the Lened deposit in Canada, the Davdar 
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Figure 5. The crystal 
structure of beryl pro- 
jected onto (top) (001) 
and (bottom) (100) 
showing SiO, tetrahe- 
dra, six-coordinated Al 
and four-coordinated Be 
atoms, and levels of the 
2a and 2b sites in the 
channels formed by the 
hexagonal rings (from 
Giuliani et al., 2019). 
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and Malipo occurrences in China, the Muzo mine in 
Colombia, the Mohmand district in Pakistan, and 
Eidsvoll in Norway. 

Most elemental substitutions occur at the Al site 
(figure 6; see representative compositions in Groat et 
al., 2008). Magnesium is the main substituent in 
most emeralds, but other elements that can substi- 
tute for Al* include Sc**, Ti**, V**, Cr?*, Mn?*, Fe?*3*, 
Co**, Ni**, La**, and Ce**. Lithium (Li*) can also sub- 
stitute for beryllium at the Be site. To achieve charge 
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Figure 6. Al versus the sum of other Y-site cations, in atoms per formula unit, for 499 emerald analyses from the 
literature. The number of analyses per country is given in parentheses in the legend. Sources of data: Kovaloff 
(1928); Zambonini and Caglioti (1928); Leitmeier (1937); Otero Munoz and Barriga Villalba (1948); Simpson 
(1948); Gtibelin (1958); Vlasov and Kutakova (1960); Martin (1962); Petrusenko et al. (1966); Beus and Mineev 
(1972); Hickman (1972); Garstone (1981); Hadnni and Klein (1982); Graziani et al. (1983); Kozlowski et al. (1988); 
Hammarstrom (1989); Ottaway (1991); Schwarz (1991); Artioli et al. (1993); Schwarz et al. (1996); Giuliani et al. 
(1997b); Abdalla and Mohamed (1999); Gavrilenko and Pérez (1999) (Kazakhstan values are averages of 11 analy- 
ses); Alexandrov et al. (2001) (average of 10 analyses), Groat et al. (2002); Marshall et al. (2004) (two averages of 
five analyses each), Vapnik et al. (2005, 2006); Zwaan et al. (2005); Gavrilenko et al. (2006); Zwaan et al. (2006) 
(average of 55 analyses); Rondeau et al. (2008); Andrianjakavah et al. (2009); Brand et al. (2009); Loughrey et al. 
(2012); Marshall et al. (2012); Zwaan et al. (2012); Loughrey et al. (2013); Marshall et al. (2016) (average of 37 
analyses); Lake et al. (2017) (average of 88 analyses); Aurisicchio et al. (2018); Santiago et al. (2018) (average of ap- 


proximately 130 analyses); Giuliani et al. (2019). 


balance, the substitution of divalent cations for Al is 
coupled with the substitution of a monovalent cation 
(Na*, Cs*, Rb*, and K*) for a vacancy at a 2a or 2b site 
in the channel (figure 7). Artioli et al. (1993) sug- 
gested that, in alkali- and water-rich beryls, H,O 
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molecules and the larger alkali atoms (Cs, Rb, K) oc- 
cupy the 2a sites and Na atoms occupy the smaller 
2b positions, while in alkali- and water-poor beryl, 
both Na atoms and H,O molecules occur at the 2a 
site and the 2b site is empty. 
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While some gems, such as aquamarine in peg- 
matites, crystallize in relatively stable environments 
that allow for continuous growth without strong per- 
turbations, emeralds are formed in geologic environ- 
ments characterized by abrupt changes and 
mechanical stress (Schwarz, 2015). This results in 
smaller crystals with considerable internal defects, 
such as inclusions and fractures. Therefore, the most 
common treatment for emeralds is clarity enhance- 
ment, which is accomplished by injecting a material 
(typically an oil or resin) of similar refractive index 
into the fractures. This is typically done under vac- 
uum in order to completely fill the cracks with a filler 
of matching refractive index, lowering the relief of the 
once air-filled cracks. The vast majority of emeralds 
on the gem market are treated in this manner to vary- 
ing degrees. 


ANALYTICAL METHODS USED FOR 
ORIGIN DETERMINATION 


Corundum and emerald and their inclusions are 
identified and characterized using a variety of meth- 
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Na+K+Rb+Cs (apfu) 


ods, many of which (especially when used in combi- 
nation) provide data that can also be used for origin 
determination. Various methods are used to identify 
basic physical properties, inclusions, spectroscopic 
characteristics, trace element chemistry, and isotopic 
chemistry. 


Inclusion Identification. The positive identification 
of inclusions contained within a gemstone can hold 
the key to its origin. At GIA, combining this with 
knowledge of the trace elements present is often 
enough to make an origin determination. Establish- 
ing the identity of an inclusion traditionally has been 
done visually with reference to known inclusions. 
However, Raman spectroscopy is now routinely used 
to positively identify mineral inclusions by reference 
to established spectroscopic databases. 


Microscopy. Optical microscopy can be used to char- 
acterize optical properties (such as refractive indices 
and birefringence), growth features, solid inclusions 
(on the basis of color and morphology), and fluid in- 
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clusions (shape and ratios of solid:liquid:vapor), if 
present, as the finest-quality gems will by definition 
exhibit few inclusions of any kind. Observation of a 
stone’s inclusion characteristics provides some of the 
most important information available to the gemol- 
ogist when making geographic origin calls. The most 
commonly used tool in the gemological lab is a binoc- 
ular microscope equipped with darkfield illumina- 
tion. This illumination environment provides higher 
contrast of a stone’s inclusions by causing light to 
enter the stone from a wide range of angles rather 
than from below the stone only. This is often supple- 
mented by the use of a strong fiber-optic light, espe- 
cially when used to highlight rutile silk in sapphires 
and rubies. Solid and fluid inclusions in gemstones 
are often identified by observing their morphology, 
color, luster, and other properties and comparing 
against possible options for a given host mineral based 
on an understanding of their geological origins. After 
inclusions with a certain appearance have been con- 
firmed with Raman spectroscopy, their identity can 
often be assumed when observed later by comparison. 

Microscopy is also the first step in identifying 
heat-treated corundum and synthetics that have been 
erroneously submitted to the lab for origin reports. 
Stones that have been heated only (i.e., without Be 
or Ti diffusion) can be issued origin reports. However, 
determining origin can be more difficult for heated 
stones, especially metamorphic blue sapphires; see 
Palke et al. (2019a), pp. 536-579 of this issue. 


Raman Spectroscopy. When a laser is aimed at a ma- 
terial, almost all of the reflected laser light undergoes 
Rayleigh scattering (and hence is elastically scattered 
light with the same wavelength as the incident laser 
light), but a very small percentage of the reflected 
laser light is at a different wavelength because of in- 
elastic (Raman) scattering of the laser light by molec- 
ular vibrations (Zaszczak, 2013). Most materials 
exhibit a characteristic Raman spectrum that can be 
used for identification. Reliable reference spectra are 
available from sources such as the RRUFF database 
(rruff.info). Raman spectroscopy allows subsurface 
analyses of many types of solid inclusions and can 
also be used to identify solids and molecular phases 
in fluid inclusions. 


Spectroscopy. By looking at the spectroscopic signa- 
tures of gemstones in light ranging from the ultravio- 
let through the visible and into the infrared, we can 
oftentimes determine some very basic information re- 
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lated to the geological formation or treatment history. 
These spectroscopic measurements are quick, nonde- 
structive, and provide invaluable information to help 
guide our next steps in origin determination. 


Ultraviolet/Visible/Near-Infrared (UV-Vis-NIR) Spec- 
troscopy. High-quality absorption spectroscopy is a 
valuable tool to understand the chemical properties 
of a gemstone and to identify the color-causing agents 
in a material, which can be useful in origin determi- 
nation. This technique relies on passing white light 
through a stone and measuring how much light gets 
absorbed by (or transmitted through) the stone from 
the ultraviolet to the near-infrared. For most colored 
stones, the transition metals and other defects that 
can cause color can also have absorption that extends 
into the ultraviolet and near-infrared. For origin de- 
termination, it can be important to identify certain 
chromophores, such as copper in tourmaline, in order 
to confidently apply the “Paraiba-type” tourmaline 
varietal name. 

For other materials, the color-causing agents are 
not so important for origin determination, but certain 
absorption features can be useful to narrow down the 
range of possibilities; see Palke et al. (2019a,b), pp. 
536-579 and pp. 580-612 of this issue; Saeseaw et al. 
(2019), pp. 614-646 of this issue. Specifically, emer- 
alds can be separated into tectonic-metamorphic-re- 
lated and tectonic-magmatic-related groups based on 
the intensity of iron-related bands, and blue sapphires 
can be separated into metamorphic and basalt-related 
groups based on the intensity and/or absence of an ab- 
sorption band at 880 nm (Giuliani and Groat, 2019, 
pp. 464-489 of this issue). 


Infrared Spectroscopy (IR). Today this almost always 
refers to Fourier-transform infrared spectroscopy 
(FTIR). This form of vibrational spectroscopy is based 
on the reflectance, transmittance, or absorbance of 
infrared light by a material. This technique relies on 
the fact that a sample absorbs different amounts of 
light at distinct frequencies that correspond to the 
vibrational frequencies of the bonds in the sample. 
However, transmission IR spectroscopy is typically 
used to study discrete molecules within a crystal 
structure, such as H,O at the channel sites in emer- 
ald, and to observe hydroxyl bands and other features 
in corundum that can be useful for detection of heat 
treatment. Synthetic alexandrite and emerald that 
have been unwittingly submitted for an origin report 
can also often be identified by observation of specific 
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fingerprints in the hydroxyl-stretching region of an 
FTIR spectrum. Infrared spectroscopy can also be 
used to identify solids and molecular phases (such as 
H,O, CO,, and CH,) in fluid inclusions. Additionally, 
Saeseaw et al. (2014) explored the potential of using 
FTIR to identify different groups of emeralds based 
on the structure around water molecules in the beryl 
channel, which might have potential in providing an 
additional discriminant variable for origin determi- 
nation. At the moment, however, the use of this 
technique is still in the exploratory stage. 


Trace Element Chemistry. Being able to detect the 
presence or absence and relative quantities of a vari- 
ety of trace elements in ruby, sapphire, emerald, tour- 
maline, alexandrite, and spinel can sometimes 
quickly rule in or rule out particular origins. Deter- 
mining trace element chemistry efficiently with high 
levels of accuracy to very low concentrations in a 
nondestructive manner is a considerable challenge. 
An overview of four different methods used by the ge- 
ological and gemological communities is presented, 
outlining the advantages and limitations of each. 


Energy-Dispersive X-Ray Fluorescence Spectroscopy 
(EDXRF). This technique relies on the interaction of 
X-rays and a sample and takes advantage of the fact 
that each element has a unique atomic structure, 
which results in a unique set of peaks on an emission 
spectrum. In the laboratory, this method requires no 
real sample preparation, and it is quick and nonde- 
structive. The excitation source may be a beam of 
electrons (as in the scanning electron microscope) or 
an X-ray source (as in handheld X-ray fluorescence 
spectrometers). This technique is used to determine 
the elements present in a sample, and can be used to 
estimate their relative abundances; however, due to 
factors such as X-ray absorption and overlapping X- 
ray emission peaks, accurate estimation of the sample 
composition requires the application of quantitative 
corrections (sometimes referred to as matrix correc- 
tions). Beyond limits in accuracy, some key lighter 
trace elements (those lighter than sodium) cannot be 
detected. When applied with care, however, EDXRF 
can produce reliable results, although its precision 
and high detection limits cannot match more ad- 
vanced techniques such as LA-ICP-MS (see below). 


Electron Probe Micro-Analyzer (EPMA). This tech- 
nique is most often used to quantify major element 
compositions of minerals and is accurate to the parts 
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per million level. In the electron microprobe, the 
sample is attached to a stage (movable in x, y, and z 
axes] at one end of a column with a filament at the 
opposite end. Air is removed from the column until 
a high vacuum is achieved and then high voltage is 
applied to the filament, which gives off electrons. 
Electromagnets in the column shape the electrons 
into a narrow (generally 1-5 micron) beam that is di- 
rected onto the sample. The elements making up the 
sample emit characteristic X-rays, which are dif- 
fracted and detected by a wavelength-dispersive spec- 
trometer. The intensity of the X-ray energy given off 
by an element is compared to that emitted by a stan- 
dard sample of known composition (a calibration 
standard), and then matrix corrections are applied to 
this intensity ratio to yield concentrations. 


Electron microprobe compositions are usually 
given in terms of weight percent oxides, because in 
most minerals O is by far the most abundant ele- 
ment. Although it is possible to measure oxygen, 
there is less error involved in measuring the cations 
and allocating the O for charge balance. 


Much of the early research on origin determina- 
tion was carried out using electron microprobe analy- 
ses (e.g., Giuliani et al. 2014b). The technique is not 
destructive per se, but analyzing gems requires spe- 
cial sample holders that generally must be custom- 
fabricated. As such, it is not a standard gemological 
laboratory instrument and is more suited for analyz- 
ing geological samples collected in the field. 


Analyses of light elements are often less accurate 
(10-20 rel.% for Li and Be; R. Skoda, pers. comm., 
2019) because of their low X-ray yield (resulting in 
low count rates and low peak-to-background ratios) 
due to X-ray absorption in the specimen, the analyzer 
crystal, and the detector window. This is why most 
published analyses of beryl are renormalized with an 
assumed three Be atoms per formula unit. 


Electron microprobe analyses can be used to narrow 
down the origin of emerald—for example, to determine 
whether Cr or V is the principal chromophore. It is less 
useful for corundum, where the trace elements gen- 
erally occur in much lower concentrations and inter- 
ferences (peak overlap) among many of the transition 
elements (Ti, V, and Cr) makes them difficult to 
measure. 


Electron microprobe instruments are very expen- 
sive to purchase, maintain, and operate, which is 
why they are rarely found outside the university en- 
vironment. For trace element determinations, this 
method has largely been supplanted by the following 
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Figure 8. Typical laser ablation spots placed on the 
girdle of a synthetic sapphire. The field of view is 1.58 
mm and the pits are 60 microns in diameter. Photo by 
Jonathan Muyal. 


technique, which is faster and benefits from better 
detection limits. 


Laser Ablation-Inductively Coupled Plasma—Mass 
Spectrometry (LA-ICP-MS). With the introduction 
of sapphire color enhancement via beryllium diffu- 
sion treatment around 2002 (Emmett et al., 2003), 
the gemological community needed an analytical 
method capable of detecting Be, as EDXRF and 
EPMA cannot. LA-ICP-MS was adopted shortly 
thereafter to meet this need and proved to be highly 
useful beyond just detecting Be diffusion treatment 
in sapphire. This method is fast, detects elements 
from Be to U at ppm to ppb levels simultaneously, 
and the sample chambers available allow for analyz- 
ing stones in virtually any form, including mounted 
in jewelry (e.g., Abduriyim and Kitawaki, 2006). In 
this technique, an ultraviolet laser beam (such as 
213 and 193 nm) is used to generate aerosols from 
the sample surface. The ablated material is then 
transported into the plasma, where it is ionized. The 
ions generated in the plasma torch are then intro- 
duced to a mass analyzer for elemental and isotopic 
analysis. However, mass interferences must be ac- 
counted for; when the sample is ablated, species 
with masses similar to elements of interest can 
occur, generating falsely elevated levels. To have 
enough signal to quantify trace elements with small 
ablation spots, gemological labs typically employ 
quadrupole mass spectrometers with modest mass- 
resolving powers (MRP) of around 300. The MRP 
necessary to separate a species of interest from a 
close-in-mass interference is simply the ratio of the 
mass of the species of interest divided by the differ- 
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ence between that mass and the close-in-mass inter- 
ference of concern. 

To quantify the various trace elements in a given 
gem material, calibration standards must be used. 
There are many traditional calibration standards 
commercially available, such as those manufactured 
by the National Institutes of Standards (NIST) or the 
United States Geological Survey (USGS). At GIA, a 
desire for enhanced trace element accuracy for ruby 
and sapphire led to the development of its own corun- 
dum calibration standards for LA-ICP-MS (see box A). 

While LA-ICP-MS is considered a semi-destruc- 
tive technique in that the process leaves ablation 
pits, the generally small size chosen for the pits (~50 
pum) means that they are impossible to see without 
magnification (figure 8 shows typical laser ablation 
spots placed on the girdle of a synthetic sapphire). As 
each mineral species interacts differently with the 
UV laser light, evaluating the ablation pits generated 
with different laser conditions is recommended. 


Secondary Ion Mass Spectrometry (SIMS). Because 
LA-ICP-MS is limited by the inability to separate 
some close-in-mass interferences while still being 
able to detect to the ppm and sub-ppm levels, SIMS 
(figure 9) can be an attractive option. When extreme 
sensitivity and high mass resolution are required, 
SIMS is potentially the best choice. Its sensitivity for 
all isotopes to the ppm and ppb level is unequaled 
while still being able to employ MRPs of 3000 to 
6000. This technique involves sputtering the surface 
of a sample with a primary beam of ions to generate, 
collect, and analyze secondary ions. As the relative 
signal generated varies not only by species but also 
by what matrix a species is in, relative sensitivity fac- 
tors (RSF) need to be developed for every combina- 
tion of trace element and matrix. These RSF values 
are derived from depth profiling primarily ion im- 
plant standards for this conversion of relative signal 
to concentration. The RSF values are also impacted 
by the choice of primary ion beam and the analytical 
conditions (beam polarity, current, and potential). 
The matrix-matched corundum standards developed 
by GIA (detailed in box A) were all calibrated using 
SIMS. In all, RSF factors were developed for 18 trace 
elements in corundum (Be, Mg, Si, Ca, Sc, Ti, V, Cr, 
Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, and Pb) to not 
only cover those trace elements regularly character- 
ized for origin determination but also to further re- 
search on trace elements we expect could be present 
based on size and valency. However, gemological lab- 
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Box A: MATRIX-MATCHED CORUNDUM STANDARDS AT GIA 


The onset of beryllium diffusion treatment of sapphire 
signaled a need for better quantitative analysis capabil- 
ities in gemological laboratories (Emmett et al., 2003). 
Energy-dispersive X-ray fluorescence (EDXRF)—the tra- 
ditional instrumentation used to detect trace elements 
in gems—was completely blind to this critical trace el- 
ement being artificially introduced into natural sap- 
phire. To address this, GIA and other gem laboratories 
adopted laser ablation—inductively coupled plasma-— 
mass spectrometry (LA-ICP-MS). 

At GIA, corundum (ruby and sapphire) accounts for 
most of the gemstones submitted for origin services. 
Only a small handful of trace elements are typically pres- 
ent (Mg, Ti, V, Cr, Fe, and Ga), and these are usually at 
very low concentrations (generally less than 100 ppma 
and often less than 10 ppma), making the chemical analy- 
ses extremely difficult. Additionally, much research at 
GIA involving the color origin of corundum also requires 
trace element quantification of chromophore chemistry 
with atomic-level accuracy. For this reason, the GIA lab- 
oratory has focused on producing the highest-quality and 
most accurate trace element analyses possible for corun- 
dum and ensuring that these results are consistent across 
its five global identification laboratories. 

For more than a decade, GIA has invested in creating 
its own matrix-matched standards for ruby and sapphire. 
In 2006, the first set of corundum matrix-matched stan- 
dards was introduced into its laboratories (Wang et al., 
2006). For a decade, these standards were used to quan- 
tify Be, Mg, Ti, V, Cr, Fe, and Ga in corundum. In 2016, 
an updated set was developed to offer multiple and more 
optimal levels of some trace elements, and to reduce the 
number of individual standards (Stone-Sundberg et al., 
2017). Additionally, a high-purity synthetic sapphire 
“blank” was introduced, allowing users to correct for 
mass interferences from the matrix itself. Currently, GIA 
is releasing a third set of matrix-matched corundum 
standards for both internal use and outside distribution 
(figure A-1). This third generation of corundum standards 
adds a calibrated value for Ni. 

In comparing results from calibrating LA-ICP-MS 
with NIST SRM 610 and 612 against our corundum stan- 
dards, we have found that using NIST SRM 610 and 612 
can result in underreporting the levels of Be, Ti, V, Fe, 
Ni, and Ga (the levels of Mg are slightly overreported 
using NIST SRM 610 and 612, and Cr appears to be rea- 
sonably accurate within error). The generation of sup- 
pressed trace element concentrations with NIST 
standards can result from differences in the way the laser 
interacts with the two different matrices. 
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This lengthy and expensive undertaking to create 
single-crystal matrix-matched standards for ruby and 
sapphire required working with several highly special- 
ized vendors. These included synthetic Czochralski crys- 
tal growers to produce the specifically targeted trace 
element contents of the crystals, secondary ion mass 
spectrometry (SIMS) laboratories to generate corundum- 
specific relative sensitivity factors for the elements of in- 
terest and calibrate the individual standards, ion 
implanters to create the secondary standards for SIMS, 
and laboratories with Rutherford backscattering spec- 
trometry (RBS) capabilities to validate our ion implants 
prior to calibration efforts. This process could be repli- 
cated for other matrices if desired in the future. 


Figure A-1. GIA’s corundum standards set for matrix- 
matched LA-ICP-MS measurement of trace elements in 
ruby and sapphire. Each corundum standard is laser in- 
scribed. The number 16-0524-06 corresponds to the 
high-purity corundum blank, 07-0687-14 and 02-1287- 
29 are Czochralski-grown doped synthetic corundum, 
and Y-1212 is a Yogo sapphire wafer used for Fe and Ni 
measurements. 
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Figure 9. A secondary ion mass spectrometry (SIMS) instrument at the Carnegie Institution for Science in 


Washington, DC. Photo by Duncan Pay. 


oratories will not be adopting SIMS equipment any- 
time soon, as this instrumentation is extremely ex- 
pensive, requires highly specialized technicians and 
facilities to run it, is slow, and has rigid sample re- 
quirements that make it difficult to run most of the 
material submitted to gem labs today. However, it is 
avery useful tool presently for detecting trace and very 
trace elements that are difficult or impossible to ac- 
curately measure with LA-ICP-MS due to mass inter- 
ferences. For example, we are actively exploring the 
wide range of Si in ruby and sapphire (and what it can 
tell us about origin), which currently can only be ac- 
curately quantified to the ppma level with SIMS. 


Isotopic Studies. Presently, gemological laboratories 
do not incorporate isotopic analysis into their origin 
determination, but in the future it could have a place. 
Stable isotope geochemistry deals with isotopic vari- 
ations that arise from isotope exchange reactions or 
mass-dependent fractionations that take place during 
the physical and chemical processes responsible for 
the formation of gems. The magnitude and tempera- 
ture dependence of isotopic fractionation factors be- 
tween minerals and fluids permit reconstitution of the 
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geological history of gems in terms of source of the el- 
ement and origin of the fluids (Fallick et al., 1985). 
Generally, stable isotopes are measured by mass spec- 
trometry (including LA-ICP-MS and SIMS). Natural 
variations in isotopic ratios for gem minerals have 
been reported for only five light elements, namely car- 
bon (C) and nitrogen (N) for diamond; O for oxides; hy- 
drogen (H), O, and boron (B) for silicates; and heavier 
elements such as copper (Cu) for turquoise and S for 
lapis lazuli (Giuliani and Fallick, 2018). The stable iso- 
tope signatures of gems such as emerald, ruby, sap- 
phire, agates, turquoise, and garnet shed light on the 
nature of the fluids, the source of the elements respon- 
sible for their formation, and in some cases their geo- 
graphic origin (Giuliani et al., 2000a,b). 

Oxygen is a dominant element, and the two main 
stable isotopes '8O and !°O are used for geological 
and geographical determinations. The O/!°O ratio 
is 2.0052, x 10°—that is, for one atom of !8O there 
are on average 500 atoms of '°O. This ratio varies as 
a function of the geological context and the physical 
and chemical conditions that prevailed during gem 
formation, namely: (1) the source of O—i.e., the O- 
isotopic composition of the gem host rock and/or 
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parental fluid; (2) the temperature of its formation; 
and (3) the intensity of the fluid-rock interaction in 
an open or closed geological system. The concentra- 
tion of an isotope is usually given as a ratio—e.g., 
880, in per mil, where the standard has a known 
isotopic composition. Data are reported in the con- 
ventional 5!8O notation as per mil (%o) relative to 
the Vienna Standard Mean Ocean Water (VSMOW)}, 
with 80 = ({[*O/"°O,, ptel/|O/O,andarall-1) x 10°. 
Isotopes have the same number of protons but dif- 
ferent numbers of neutrons. 


ANALYTICAL WORKFLOW FOR 
ORIGIN DETERMINATION AT GIA 


When a gemstone is submitted to the GIA lab for an 
origin report, there is a workflow that routes the stone 
through a series of tests in order to collect sufficient 
data to establish the information contained on the re- 
port. The stone could be red, blue, or green; round 
brilliant, a cabochon, or square step cut—every origin 
call in the lab starts with identification, utilizing 
standard gemological testing, such as refractive index 
and specific gravity measurements to determine what 
the gem material is. The refractive index is measured 
on a standard gemological refractometer and specific 
gravity on a high-precision, well-calibrated scale that 
can measure a stone’s weight suspended in water or 
on its own. Once the gem material is confirmed, fur- 
ther advanced testing may be used if an origin report 
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Figure 10. Careful mi- 
croscopic observations 
of a stone’s inclusion 
characteristics are an 
integral part of the ori- 
gin determination 
process. Photo by Kevin 
Schumacher. 


is requested: Ruby, sapphire, emerald, alexandrite, 
Paraiba-type tourmaline, and red spinel are currently 
eligible for this service. Each material requires a spe- 
cific decision making process when making a geo- 
graphic origin determination. 

Once a stone has been identified as one of the ma- 
terials for which GIA offers origin reports and the 
service is requested, the origin determination process 
begins. In most cases, this starts with careful obser- 
vations of the stone’s inclusions using a standard 
gemological microscope (figure 10) with a variety of 
lighting conditions including darkfield, brightfield, 
fiber-optic illumination, and cross-polarized illumi- 
nation. For some materials (especially blue sapphires, 
rubies, and emeralds) microscopic evidence consti- 
tutes much of the decision making process for an ori- 
gin report. Microscopic observation also allows the 
gemologist to identify many synthetic stones that 
have unknowingly been submitted for origin reports. 
If needed, confocal Raman spectroscopy can be used 
to positively identify mineral inclusions in a stone 
(again, see figure 1). In order to correlate a stone’s in- 
clusion scene to a geographic origin, GIA gemologists 
have access to an extensive colored stone reference 
database. Over more than a decade, data from stones 
of known provenance collected through GIA’s field 
gemology program (see Vertriest et al., 2019, pp. 490- 
511 of this issue) in the form of photomicrographs, 
trace element chemistry, and spectra have been en- 
tered in this database. 
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Figure 11. UV-Vis spectroscopy can provide additional 
evidence for some stones to narrow down the possible 
choices for a geographic origin determination. Photo 
by Kevin Schumacher. 


Sometimes an inclusion scene can provide con- 
vincing evidence of a stone’s geographic origin. 
Sometimes the gemologist is not so lucky and inclu- 
sions are ambiguous or absent in stones that are par- 
ticularly clean. Regardless, microscopic evidence 
must be backed up with additional advanced testing. 
Emeralds and blue sapphires require UV-Vis-NIR 
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spectroscopy (figure 11), where the presence or ab- 
sence of certain absorption bands allows the separa- 
tion of tectonic-metamorphic-related versus 
tectonic-magmatic-related emeralds, or metamor- 
phic versus basalt-related blue sapphires (Saeseaw et 
al., 2019, pp. 614-646 of this issue; Palke et al., 
2019a, pp. 536-579 of this issue). After microscopic 
observation and UV-Vis spectroscopy, if needed, the 
trace element chemistry of these stones is measured 
by LA-ICP-MS (figure 12). At this point, a ruby need- 
ing an origin determination can be separated into ei- 
ther the marble hosted ruby group or the so-called 
high-iron ruby group based on its concentration of 
Fe; see Palke et al. (2019b), pp. 580-612 of this issue. 
LA-ICP-MS measurement is also the safeguard for 
detecting Be-diffused corundum (Emmett et al., 
2003). Rubies and sapphires that have undergone this 
extreme treatment are not eligible for the geographic 
origin determination service at GIA. Additionally, 
the trace element profiles of rubies and sapphires are 
measured at GIA using internally developed matrix- 
matched corundum standards (Stone-Sundberg et al., 
2017, and box A of this paper). Once the trace ele- 
ment chemistry data is collected, it is compared to 
GIA’s database of stones with known provenance. For 
some stones, the number of deposits has proliferated 
so much in recent years and the amount of data col- 
lected is extensive enough that it can be difficult to 


Figure 12. LA-ICP-MS 
instrument used in the 
GIA laboratory as part 
of the geographic origin 
determination process. 
The instrument on the 
left is a Thermo Fisher 
iCap ICP-MS, while the 
Elemental Scientific 
Lasers NWR 213 laser 
ablation unit is in the 
center of the photo. 
Photo by Kevin Schu- 
macher. 
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interpret an unknown sample’s data on traditional 
two-dimensional plots. As mentioned in Palke et al. 
(2019a), pp. 536-579 of this issue, GIA employs a so- 
called selective plotting method to filter through the 
data and plot the unknown only against reference 
data with similar chemistry, making it much simpler 
to determine how to use the chemistry to assist in 
making an origin call. 

At this point in the process, the full dataset has 
been collected for the submitted stone and a final de- 
cision must be made, taking into account all of the 
information available. In GIA laboratories, each 
stone and its corresponding data are always exam- 
ined by at least two gemologists. If there are any dis- 
crepancies in their origin conclusions, the matter is 
discussed more fully, potentially involving additional 
gemologists, and all the gemologists involved must 
come together to reach an agreeable final decision. 
Ideally the evidence provided is sufficient to guide 
the geographic origin call to a specific location; how- 
ever, in some cases when inclusion data or trace ele- 
ment chemistry are ambiguous, an inconclusive call 
is warranted. Once the gemologists have come to a 
conclusion on a geographic origin call, the stone can 
be finalized, an origin report is issued, and the stone 
is returned to its owner. 


APPLICATION OF ANALYTICAL METHODS FOR 
GEOGRAPHIC ORIGIN DETERMINATION 


Using traditional gemological techniques and ad- 
vanced analytical instrumentation to collect robust 
and reliable data on gemstones can be extremely 
challenging. Often the biggest hurdle is to adapt ana- 
lytical instruments originally designed for scientific 
specimens so that they analyze faceted gemstones 
in a nondestructive manner. However, sometimes 
the bigger challenge is to then take the information 
collected on a gemstone and synthesize the data in 
such a way as to aid in geographic origin determina- 
tion. The following section provides a review of pre- 
vious work approaching the origin determination 
problem using advanced analytical methods, with 
some examples of how the data produced has been 
used to deduce geographic origin for certain gem- 
stones. Additionally, this special issue contains five 
articles that will detail GIA’s methodology for geo- 
graphic origin determination for blue sapphire, ruby, 
emerald, Paraiba-type tourmaline, and alexandrite 
(see the five gemstone-specific origin articles in this 
issue). These articles highlight the specific data col- 
lected for each material and the procedures that GIA 
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gemologists follow for taking that data and making 
an origin call. 


Corundum. Origin determination of corundum, espe- 
cially blue sapphires, is challenging (Hainschwang and 
Notari, 2015; Palke et al., 2019a,b, pp. 536-579 and pp. 
580-612 of this issue). To begin with, a number of 
microscopic features are common to corundum from 
many deposits. Therefore, inclusion characteristics 
must be considered very carefully in using this infor- 
mation to make an origin call, or to know when the 
inclusion information is too ambiguous to be used in 
origin determination. The most common inclusion in 
corundum is epitaxial rutile that is crystallographi- 
cally aligned to the host corundum. Twinning is also 
a common feature observed globally in corundum 
along with boehmite intersection tubules associated 
with the intersection of twinning planes. 

Blue sapphires from igneous sources such as Thai- 
land, Cambodia, Ethiopia, Nigeria, and Australia 
may reveal inclusions that reflect their host rock and 
growth environment. Colorless feldspar crystals are 
one of the more common minerals observed in blue 
sapphires from igneous sources, but other mineral in- 
clusions such as pyrochlore and columbite can be en- 
countered, along with glassy melt inclusions that are 
highly indicative of igneous origin. 

Sapphires from metamorphic deposits such as 
those in Myanmar, Sri Lanka, or some localities in 
Madagascar often contain negative crystals (voids 
with the crystallographic shape of the host corun- 
dum) that are filled with carbon dioxide fluid along 
with diaspore and sometimes graphite. Other solid 
minerals that are sometimes present are black cubes 
of uraninite, phlogopite mica, green spinel, or carbon- 
ate crystals. (Note that specific criteria used to dis- 
tinguish blue sapphires based on their inclusion 
characteristics will be presented in a later article; 
Palke et al., 2019a, pp. 536-579 of this issue.) 

Rarely does a single inclusion type narrow down 
a particular geographic origin. One notable excep- 
tion is tourmaline and pargasite in sapphires from 
Kashmir. However, such inclusions are generally 
rare and cannot always be counted on to assist in an 
origin determination. 

Rubies often contain inclusions that are represen- 
tative of the geologic conditions or host rock that is re- 
sponsible for their formation. For example, rubies from 
marble deposits often contain rounded grains of proto- 
genetic calcite. They may also contain other mineral 
inclusions common to such an environment, includ- 
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Figure 13. Chemical compositions of natural and synthetic rubies (from Giuliani et al., 2014a; modified from 
Muhlmeister et al., 1998). Gallium (Ga)-V-Fe diagrams (in wt.%) for (A) natural ruby from different deposits, and 


(B) natural versus synthetic ruby. 


ing graphite, apatite, phlogopite, or rutile. Rubies from 
basalt-related sources such as Thailand and Cambodia 
showcase an entirely different suite of inclusions that 
would not be present in stones from metamorphic or 
metasomatic deposits. Glassy melt inclusions are one 
of the most common and diagnostic inclusions for ru- 
bies of igneous origin, and these stones can also con- 
tain other minerals such as metal sulfides. 

Rubies from metasomatic deposits such as those 
associated with amphibolites (for example, the Mon- 
tepuez deposit in Mozambique) often host elongated 
rods of pargasite inclusions that reflect their geolog- 
ical genesis. (Note that specific criteria used to dis- 
tinguish rubies of various geographic origins are 
presented in more detail in Palke et al. (2019b), pp. 
580-612 of this issue.} 

Trace elements are often used for origin determi- 
nation of corundum because the species and concen- 
trations are a function of (1) the source of the 
elements and (2) the genesis of the corundum-bearing 
deposits—i.e., crystallization from a magma (syenite} 
or from fluid-rock interaction through metamorphic 
reactions (amphibolite). 

Origin determination of corundum based on 
chemical composition was initiated by Muhlmeister 
et al. (1998), who used energy-dispersive X-ray fluo- 
rescence to study trace elements in 283 natural and 
synthetic rubies from 14 localities and 12 manufac- 
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turers. They found that the Ti, V, Fe, and Ga con- 
tents, when considered together as a trace element 
signature, provided a means of separating nearly all 
synthetic from natural rubies. This signature could 
also be used to establish the geological environment 
in which a ruby formed, and thus imply a geograph- 
ical origin (figure 13). In particular, they found that 
ruby from basalts (from Thailand and Cambodia) is 
Fe-rich and V- and Ga-poor, while marble-hosted 
ruby (from Afghanistan, Myanmar, Nepal, and 
China) is V-rich and Ga- and Fe-poor (except ruby 
from Afghanistan and some rubies from China, 
Nepal, and the Mogok mines in Myanmar). Metaso- 
matic ruby found in different types of rocks and geo- 
logical settings showed wide variation in trace 
element concentrations. 

Peucat et al. (2007) analyzed corundum from dif- 
ferent geological environments using LA-ICP-MS and 
proposed using the Fe, Ti, Cr, Ga, and Mg contents 
and ratios (such as Ga/Mg, Fe/Ti, Fe/Mg, and Cr/Ga) 
for origin determination of sapphires. In some cases, 
however, the use of these chemical diagrams is not 
useful for discriminating between geologic and geo- 
graphic origin or either. Figure 14 shows the extreme 
diversity of trace element chemistry of plumasite-re- 
lated sapphires from the Greek island of Naxos 
(Voudouris et al., 2019). They overlap the chemical 
domains of sapphires from Mogok, Umba, and Mer- 
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Figure 14. A: 100xMg- 
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crimination diagram 
used for geological and 
geographical determi- 
nation of blue sap- 
phires. Modified from 
Voudouris et al. (2019). 
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caderes in Colombia, which are of different geological 
types. The Fe versus Ga/Mg diagram in figure 15 cor- 
roborates this conclusion, with the majority of Naxos 
sapphires scattered in the field of metamorphic sap- 
phires, but with some blue and pink sapphires over- 
lapping the field of sapphires from Yogo Gulch in 
Montana, which are magmatic. The Naxos case illus- 
trates the complexity and ambiguity of the use of 
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trace element chemistry. Observations of GIA’s col- 
ored stone reference database for blue sapphires sug- 
gest the overlap in metamorphic and magmatic blue 
sapphires may be more extensive than previously 
known; see Palke et al. (2019a), pp. 536-579 of this 
issue. The application of the parameters from Peucat 
et al. (2007) to blue sapphires associated with alkali 
basalts permitted discrimination of: (1) magmatic 
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dows a trough for a row of electric lights 
covered with a strip of plate glass. This we 
covered with rough pytope garnets that had 
been very slightly oiled to improve their 
transparency. Sometimes we intermingled 
them with rough peridots for a contrasting 
and pleasing effect. This induced many peo- 
ple to go into the store to see what else 
might prove unusual. 

Our store set-up was unique. On one side 
was a short string of showcases—three as I 
recall, The one nearest the window was 
made to order and was designed particularly 
for the display of loose, or unmounted, 
stones. It was about 32 inches high, about 
that of a dining room table, and was sup- 
ported by legs instead of a counter, which 
enabled us, as well as our customers, to be 
seated and have plenty of room for our 
knees underneath for comfort. 

The plate glass top was low, only about 
four inches high inside, which would not 
permit us to reach in for the merchandise, 
but it did allow the customers a close view 
a very desirable feature. To reach the stones 
the case was provided with six large, stand- 
ard-sized jewelry trays, 1134 x 2314 inches, 
and each in turn contained boxes, of black 
velvet lined with white satin, except a few 
that were lined with black for opals and 
moonstones. Of course, behind each large 
tray was a door to keep out dust and flies. 
To remove the small trays readily a scallop 
was put into one side of the tray for a finger 
hold while the straight side at the back pro- 
vided a good place for a label. 

Now when the 72 little trays were sup- 
plied with their respective quotas of carefully 
assorted qualities and sizes of gems and 
when they were juggled about to get them 
into harmonious color relationships and to 
avotd clashes such as dark garnets next to 
pale amethysts (horrors!) and when several 
trays of one kind were scattered to empha- 
size diversity, this uniquely colorful display 
proved fascinating to the tourists. 


Of lesser importance, but still worthy of 
noting, we constantly kept a soft, black vel- 


vet pad on this case and always tried to keep 
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it under a pemstone being shown in tweezers 
to avoid breakage if the stone should be 
dropped. Furthermore, its black color was 
effective for showing opals and moonstones. 

In a shallow drawer under the case, in 
which we kept job envelopes and a few 
other needfuls, we also kept a thin pad of 
white second sheets cemented at both ends 
by our printer. This served two purposes: 
(1) It provided a white background to cxalt 
the color of most stones when under con- 
sideration in selling, and (2) it covered and 
avoided the distraction of other stones 
below. 

The store faced east so we carefully lo- 
cated .this case up next to the display 
window on the north side. Thus, we could 
hold faceted stones conveniently opposite 
the customers’ eyes from the daylight illumi- 
nation, and thereby impress them better 
with the brilliant beauty of the faceted gems. 

On the opposite side of the store, behind 
other showcases, we had a string of noisy 
lapidary equipment, which extended the en- 
tire length of the store. The purpose of 
having this all within view was to demon- 
strate to the public that we were actually 
lapidists. It was good, But a disadvantage 
later developed which annoyed us consider- 
ably. Two or three frequent visitors, who 
were not customers, would lean over the 
showcases and study the details of our equip- 
ment and the other mysteries of the lapidary 
art—in order to build shops of their own in 
competition with us! 

Nevertheless, by keeping the store open 
from 7:30 in the morning until 9 or 10 
o'clock at night, business was getting along 
pretty well—until suddenly a dark cloud 
appeared. It was the shertff! His arrival was 
made at the instigation of one of F.A.'s 
creditors from a previous venture of his. For 
some reason, they had been unable to arrive 
at an agreed settlement. The deputy 
ensconced himself in an easy chair right by 
the closed and locked safe—to see that its 
contents were not removed! I thought the 
sky had fallen on us. 

While in this humiliating predicament, 
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diagram for sapphires. 
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blue sapphires that are Fe-rich (average 2000-11000 
Fe ppmw)}, Ga-rich (>140 ppmw), and Mg-poor (<20 
ppmw), with a Ga/Mg ratio >10; and (2) metamorphic 
pastel blue sapphires that are Fe-poor (average Fe 
<3000 ppmw), Ga-poor (<75 ppmw}), and Mg-rich (>60 
ppmw), with a low average Ga/Mg ratio (<10). The 
chemical parameters defined for the pastel blue sap- 
phires are similar to those determined for blue sap- 
phires from metamorphic areas such as Myanmar 
(Mogok), Sri Lanka, and Madagascar (Ilakaka). Using 
the Ga/Mg versus Fe diagram (figure 15), Voudouris 
et al. (2019) defined a field for sapphire-bearing plum- 
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asites formed via metasomatism of pegmatites. 
Giuliani et al. (2012) proposed the use of the FeO — 
Cr,O,- MgO - V,O, versus FeO + TiO, + Ga,O, dia- 
gram (figure 16) for the classification of primary de- 
posits. This diagram uses Fe (FeO) as a major or minor 
trace element in corundum; the FeO content permits 
discrimination of the two prominent types of ruby: 
Fe-poor rubies in marbles and Fe-rich rubies in mafic- 
ultramafic rocks (Long et al., 2004). The second 
method used to discriminate ruby and sapphire is the 
addition (y-axis parameter) or subtraction from FeO 
(x-axis parameter] of trace elements associated prefer- 


Figure 16. An FeO - 
Cr,0,- MgO - VO, ver- 
sus FeO + TiO, + Ga,O, 
diagram (in wt.%) for 
classifying corundum de- 
posits (Giuliani et al., 
2010; 2014a,b). The R1 
field corresponds to ruby 
in marble, R2 to ruby 
from the John Saul mine 
(Kenya), R3 to ruby from 
mafic and ultramafic 
rocks, R4 to ruby from 
metasomatites, S1 to sap- 
phire from syenitic rocks, 
S2 to sapphire from meta- 
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somatites, and S3 to sap- 
phire xenocrysts in alkali 
basalt and lamprophyre. 
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entially with ruby (Cr,O,, V,O,, and MgO) or sapphire 
(TiO, and Ga,O,). The different types of corundum de- 
posits are: for ruby, marble (R1), John Saul ruby mine 
(Kenya) type (R2), mafic and ultramafic rocks (R3), and 
metasomatites (R4); for sapphire, syenitic rocks (S1), 
metasomatites (S2), and xenocrysts in alkali-basalt 
and lamprophyre (S3). There is considerable overlap 
between the different domains (figure 16). 

Oxygen makes up 47 wt.% of the composition of 
corundum. The two main stable isotopes are '8O and 
16Q, and data are reported in the conventional 5°O no- 
tation (!8O/'O ratio) as per mil (%o) relative to Vienna 
Standard Mean Ocean Water (VSMOW). The 5'%O 
value in corundum presents an additional tool for de- 
ciphering its geological origin (Yui et al., 2003, 2006; 
Giuliani et al., 2005, 2007, 2009, 2014a; Zaw et al., 
2006; Sutherland et al., 2009). As mantle and crustal 
rocks show distinct O isotope compositions, the '°O 
value permits investigation of the origin and source of 
corundum. Giuliani et al. (2007, 2014a) outlined the 
following principal genetic groups using 5'*O values 
of sapphire and ruby and their host rocks: (1) for ruby: 
marble, desilicated pegmatite in marble, John Saul 
mine type, mafic-ultramafic rocks, mafic gneiss, and 
alkali basalt; (2) for sapphire: desilicated pegmatite and 
skarn vein in marble, syenite, desilicated pegmatite in 
mafic-ultramafic rocks, cordierite, biotite schist in 
gneiss, and alkali basalt and lamprophyres. 
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An example of the use of O-isotope composition to 
investigate geological origin is that of BGY (blue-green- 
yellow) sapphires associated with alkali basalts from 
the French Massif Central (Giuliani et al., 2009). The 
sapphire crystals are dominantly pastel blue, pastel 
lilac, and colorless, or they are blue, deep blue, green- 
ish, grayish, yellowish, pinkish, and bronze-colored but 
milky. The O-isotope composition of the sapphires 
ranges from 4.4 to 13.9%o (figure 17). Two distinct 
groups have been defined. The first shows a restricted 
isotopic range between 4.4 and 6.8%o (n = 22; mean 
50 = 5.6 + 0.7%o), falling within the worldwide range 
defined for BGY sapphires related to basaltic gem fields 
(3.0 < 8O < 8.2%o, n = 150), and overlapping the range 
defined for magmatic sapphires in syenite (4.4 < 5'8O < 
8.3%o, n = 29). The presence of inclusions of columbite- 
group minerals, pyrochlore, Nb-bearing rutile, and 
thorite in these sapphires provides an additional argu- 
ment for a magmatic origin. A second group, with an 
isotopic range between 7.6 and 13.9%o (n = 9), suggests 
a metamorphic sapphire source such as biotite schist 
in gneisses or skarns. These are metamorphic sap- 
phires occurring in the granulite facies. 


Emerald. Inclusions in emeralds can be used to deter- 
mine geographic origin if they are from hydrothermal 
or schist-hosted environments. Hydrothermal emer- 
alds, such as those from Colombia, often contain 
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rhombohedral crystals of calcite and brassy yellow 
grains of pyrite. Schist-hosted emeralds, such as those 
from Zambia, Russia, and Ethiopia, commonly con- 
tain biotite mica and skeletal exsolution products of 
ilmenite and hematite. 

Fluid inclusions in hydrothermal emeralds are 
jagged in shape because they result from secondary 
healing of fractures while still in the growth environ- 
ment. Schist-hosted emeralds commonly show elon- 
gated, blocky primary fluid inclusions that reflect the 
crystal structure of the host beryl. Until recently, three- 
phase (gas, liquid, solid) inclusions in emerald were 
considered a reliable indicator of Colombian origin. 
However, we now know that such inclusions are often 
seen in emeralds from other countries including 
Afghanistan (Panjshir Valley), China (Davdar), and 
Zambia (Musakashi) (Saeseaw et al., 2014, and refer- 
ences therein). Saeseaw et al. (2014) studied 84 samples 
from these deposits and Colombian deposits and re- 
ported that in most cases the combination of inclusion 
details, UV-Vis-NIR absorption data, and trace element 
chemistry can help determine the origin of emeralds 
with three- or multiphase inclusions. 

Zwaan et al. (2012) studied emeralds from the 
Fazenda Bonfim region of Brazil and showed that they 
can be distinguished from those of other schist- and 
pegmatite-related commercial deposits, such as Ka- 
fubu in Zambia and Sandawana in Zimbabwe, by care- 
ful comparison of internal features and physical and 
chemical properties. They observed that the properties 
of the Fazenda Bonfim emeralds show the most over- 
lap with emeralds from the Itabira district of Brazil, 
but can be differentiated by their significantly higher 
cesium (Cs) and generally lower sodium (Na) contents. 

Schwarz and Klemm (2012) used LA-ICP-MS to ob- 
tain approximately 2,600 spot analyses of 40 major 
and trace elements from approximately 650 emerald 
samples from 21 different occurrences worldwide. 
They reported that the analyses provided a solid basis 
for genetic interpretations and (together with addi- 
tional criteria) origin determination. 

Schwarz (2015) continued with three case studies: 
Cordillera Oriental in Colombia, Santa Terezinha in 
Brazil, and Swat Valley in Pakistan. He noted that 
when the emeralds crystallized in very different geo- 
logical-genetic environments (e.g., black shales in 
Colombia and phlogopite schists and carbonate-talc 
schists at Santa Terezinha), their mineralogical-gemo- 
logical properties are also very different and they are 
easily distinguished. However, if the geological-genetic 
environment is the same or nearly identical for two de- 
posits (as is the case with Santa Terezinha and Swat 
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Valley), the stones from them can sometimes show 
overlapping features. The separation of emeralds from 
such deposits can be difficult or even impossible. 

Conversely, Hainschwang and Notari (2015) re- 
ported that the geographic origin of emerald can usu- 
ally be determined with very high probability. In 
some cases, growth features and inclusions alone are 
sufficient to declare a geographic origin, but for many 
stones a combination of spectroscopic and chemical 
testing is used. For the latter, they identified the most 
important elements as Cr, V, Fe, Ga, Sc, and Cs, and 
sometimes rare earth elements. They noted that 
most emeralds from Colombia have very low Fe and 
high Cr and V contents, while many other deposits 
that are commercially important, such as Kafubu in 
Zambia, produce emeralds with much higher Fe con- 
tent and typically much more Cr than V. 

Ochoa et al. (2015) used X-ray fluorescence and in- 
frared and Raman spectroscopy to study 530 samples 
from 35 mines in Colombia and Afghanistan and 
Brazil. Average Fe and Sc concentrations and a ternary 
Fe-Cr-V diagram could be used to distinguish between 
Colombian emeralds and those from Afghanistan and 
Brazil. They also used the ternary Fe-Cr-V diagram 
and Cr/V ratio to distinguish samples from Chivor and 
Gachala from other mines in Colombia. The Cr/V 
ratio was used to distinguish Colombian gems from 
Brazilian, while the infrared data were able to separate 
Colombian from Afghan and Brazilian emeralds. 

Aurisicchio et al. (2018) analyzed 17 emerald crys- 
tals from different worldwide deposits with EMP and 
SIMS. They then used principal component analysis 
(PCA) to study the major and trace element data and 
were able to discriminate each deposit with high re- 
liability. They were also able to distinguish between 
emeralds related to granitic-pegmatitic intrusions 
and those occurring in environments controlled by 
tectonic events. Finally, Saeseaw et al. (2019), pp. 
614-646 of this issue, details how trace element 
chemistry from LA-ICP-MS is used in GIA laborato- 
ries to determine geographic origin for emeralds. 

Because H,O in the channels in beryl represents 
the original fluid composition from the time of for- 
mation (Aines and Rossman, 1984; Brown and Mills, 
1986; Taylor et al., 1992), the 6D (ratio of the two 
stable isotopes of hydrogen, 'H and 7H; the latter is 
deuterium, hence “D”) in H,O released from beryl 
can be used to determine the source of the fluids 
from which the beryl grew (figure 18). This has been 
done for beryl from a number of deposits (Fallick and 
Barros, 1987; Taylor et al., 1992; Arif et al., 1996; 
Giuliani et al., 1997a,b, 1998, 2000b). In addition, 
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O- AND H-ISOTOPE COMPOSITIONS 


Metamorphic waters 


versus 5D H,O for 
emerald worldwide 
(Marshall et al., 2017 
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Giuliani et al. (2000a) used isotopic compositions of 
historical emerald artifacts to show that early arti- 
sans worked with emeralds originating from de- 
posits supposedly discovered in the twentieth 
century, and that most of the high-quality emeralds 
cut in the eighteenth century in India originated 
from Colombia. 


CONCLUSIONS 


The last decade has seen unprecedented growth in 
the technological capacity of the modern gemologi- 
cal laboratory. Much of this technological advance- 
ment has resulted from the enormous pressure 
placed on gemological labs to provide geographic ori- 
gin determination services for gemstones, especially 
corundum and emerald. The gem and jewelry indus- 
try often uses origin to set a stone’s value. However, 
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the geological forces that created many gems are 
sometimes apparently so similar across geographic 
localities that their physical and/or chemical proper- 
ties can be difficult or essentially impossible to dis- 
tinguish using the advanced instrumentation 
available to most gemological laboratories. GIA and 
other gemological research leaders are actively ex- 
ploring the frontiers of new technology in analytical 
instrumentation to find additional criteria, such as 
isotopic measurements, photoluminescence analy- 
ses, and advanced statistical methods, to improve the 
accuracy of geographic origin determination. While 
there is hope in this regard, the geological origin for 
some stones and thus their physical properties are so 
similar that a definitive origin call cannot be made 
every time, even with the most advanced technolog- 
ical capabilities. 
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Geographic origin determination, one of the most pressing issues facing modern gemological laboratories, is 


especially challenging for blue sapphire. Reliable origin determination requires careful analysis of a stone’s in- 


clusions and trace element chemistry as well as spectroscopic data. Some stones have characteristic inclusion 


scenes or trace element chemistry that make it easy to determine their origin, but in many cases there is signif- 


icant overlap for blue sapphire from distinct geographic localities. The most commonly encountered inclusions 


are rutile silk and particle clouds. In some stones the silk or clouds may take on a distinct appearance and the 


origin may be accurately determined. But in many cases the evidence presented by inclusions within a stone is 


ambiguous. This contribution outlines the methods and criteria used at GIA for geographic origin determination 


of blue sapphire. 


Te twentieth century witnessed a surge of dis- 
coveries of blue sapphire deposits around the 
world. As the gem trade has evolved alongside 
these developments, geographic origin determination 
has become a major consideration in buying and sell- 
ing sapphires. In some cases, the value of a stone can 
depend strongly on its origin, such as the Kashmir 
sapphires shown in figure 1. The trade largely relies 
on reputable gemological laboratories to make these 
origin determinations, which are based on compari- 
son with extensive reference collections (see Vertri- 
est et al., 2019, pp. 490-511 of this issue) and 
advanced analytical methods (see Groat et al., 2019, 
pp. 512-535 of this issue). After more than a decade 
of efforts by GIA’s field gemology and research de- 
partments to acquire reliable samples in the field and 
collect reference data, blue sapphire remains one of 
the greatest challenges when it comes to origin de- 
termination. The following sections will detail the 
origin data GIA has collected for blue sapphire and 
describe the laboratory’s methodology for using this 
data in geographic origin determination. 


SAMPLES AND ANALYTICAL METHODS 

The sapphires included in this study are almost exclu- 
sively from GIA’s reference collection, which was 
built over more than 10 years by GIA’s field gemology 
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department. Stones in GIA’s reference collection were 
obtained by gemologists from reliable sources and col- 
lected as close to the mining source as possible (see 
Vertriest et al., 2019, pp. 490-511 of this issue). When 
necessary, the data from the reference collection were 
supplemented by stones from the personal collections 
of the authors of this study or from GIA’s museum col- 
lection. The trace element data were collected from 


In Brief 


¢ Geographic origin can have a significant impact on the 
value of fine blue sapphires. 


Origin determination for metamorphic blue sapphires 
relies heavily on their inclusions, while there is signifi- 
cant overlap in their trace element chemistry. 


Basalt-related blue sapphires tend to have largely over- 
lapping inclusions, but trace element chemistry is more 
useful in origin determination. 


606 samples total for metamorphic sapphires and 342 
samples total for basalt-related sapphires: 124 from Sri 
Lanka, 263 from Madagascar, 219 from Myanmar (for- 
merly Burma), 72 from Nigeria, 67 from Australia, 72 
from Thailand, 46 from Cambodia, and 85 from 
Ethiopia. In modern times it has not been possible to 
collect Kashmir sapphires through the field gemology 
program. Therefore, data presented here for Kashmir 
sapphires are from observations on historic stones and 
collections with verifiable provenance or those that 
could be independently verified through multiple lines 
of evidence. 


Gems & GEMOLOGY WINTER 2019 


Trace element chemistry was collected at GIA 
over the course of several years using two different 
laser ablation-inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) systems. The ICP-MS 
used was either a Thermo Fisher X-Series II or iCAP 
Qc system, coupled to an Elemental Scientific Lasers 
NWR 213 laser ablation system with a frequency- 
quintupled Nd:YAG laser (213 nm wavelength with 
4 ns pulse width). Ablation was carried out with 55 
Lum spot sizes, with fluence of 8-10 J/cm? and repeti- 
tion rates of either 15 or 20 Hz. ?’Al was used as an 
internal standard at 529250 ppmw with custom-de- 
veloped synthetic corundum used as external stan- 
dards (Wang et al., 2006; Stone-Sundberg et al., 2017). 
Detection limits varied slightly through the course 
of the analyses but were generally 0.1-0.3 ppma Mg, 
0.5-2.0 ppma Ti, 0.03-0.2 ppma V, 5-20 ppma Fe, and 
0.03-0.07 ppma Ga. Trace element values are re- 
ported here in parts per million on an atomic basis 
rather than the more typical parts per million by 
weight unit used for trace elements in many geo- 
chemical studies. Units of ppma are the standard 
used in GIA laboratories for corundum, as they allow 
a simpler analysis of crystal chemical properties and 
an understanding of the color mechanisms of sap- 
phire and ruby. Conversion factors are determined by 
a simple formula that can be found in table 1 of Em- 
mett et al. (2003). The reference samples represent a 
diverse assemblage of stones in terms of their appear- 
ance and the presence/absence of silk, clouds, and 
otherwise included areas. Every effort was made to 
sample as many chemically distinct areas in hetero- 
geneous samples as possible to ensure robust repre- 
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Figure 1. A matched 
pair of Kashmir sap- 
phires, approximately 7 
carats total. Photo by 
Robert Weldon/GIA; 
courtesy of Amba Gem 
Corporation. 


sentation of silky, cloudy, and unincluded sapphire 
trace element chemistry. 

Inclusions were identified, when possible, using 
Raman spectroscopy with a Renishaw inVia Raman 
microscope system. The Raman spectra of the inclu- 
sions were excited by a Modu-Laser Stellar-REN Ar- 
ion laser producing highly polarized light at 514 nm 
and collected at a nominal resolution of 3 cm" in the 
2000-200 cm! range. In many cases, the confocal ca- 
pabilities of the Raman system allowed inclusions 
beneath the surface to be analyzed. 

UV-Vis spectra were recorded with a Hitachi U- 
2910 spectrometer or a PerkinElmer Lambda 950 in 
the range of 190-1100 nm with a 1 nm spectral reso- 
lution and a scan speed of 400 nm/min. UV-Vis-NIR 
spectra are presented as absorption coefficient (a) in 
units of cm™!, where a = A x 2.303/t, with A = ab- 
sorbance and t = path length in cm. 


METAMORPHIC VS. BASALT-RELATED 
BLUE SAPPHIRE 


Often the easiest approach in making a geographic ori- 
gin determination is to simply exclude as many ori- 
gins as possible, leaving only a few candidates for the 
final decision. Blue sapphire can be broadly separated 
into two groups based on geological conditions of for- 
mation, giving us “metamorphic” and “basalt-re- 
lated” blue sapphire. Basalt-related blue sapphires are 
those that have been brought up from some unknown 
great depths in the earth as xenocrysts (foreign crys- 
tals) in volcanic eruptions of alkali basalts and related 
rocks. The sapphires themselves are presumed to have 
been in equilibrium with some other magma, which 


Gems & GEMOLOGY WinteR 2019 537 


TRACE ELEMENT DISCRIMINATION 


@ Basalt-related blue sapphires 


@ Metamorphic blue sapphires 
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Figure 2. Representative plot of trace element chem- 
istry of metamorphic and basalt-related blue sap- 
phires from major world deposits showing values of 
Fe vs. Ga. Both groups tend to occupy their own char- 
acteristic ranges of trace element profiles, though 
there is overlap and trace element chemistry alone 
cannot fully separate these two groups. 


would have been distinct from the host basalts (e.g., 
Graham et al., 2008; Giuliani and Groat, 2019, pp. 
464—489 of this issue]. Classical sources such as Aus- 
tralia, Thailand, and Cambodia have produced these 
sapphires for more than 100 years, but basalt-related 
sapphires are also found in some important newly dis- 
covered sources such as Nigeria and Ethiopia. In con- 
trast, metamorphic sapphires are the product of 
cataclysmic tectonic events in which the earth’s con- 
tinents collided, forming massive mountainous ter- 
ranes composed of high-grade metamorphic rocks in 
which the sapphires formed through solid-state recrys- 
tallization of preexisting rocks. There are many open 
questions about the exact geological conditions of for- 
mation in these deposits, but metamorphic sapphires 
are generally associated with marbles, gneisses, alu- 
minous shales, or (in the case of Myanmar) syenite- 
like rocks associated with these high-grade 
metamorphic rocks (e.g., Stern et al., 2013; Giuliani et 
al., 2014). The classical sources of Sri Lanka, Myan- 
mar, and Kashmir are included in the metamorphic 
sapphire group as well as the more modern source of 
Madagascar. Note that this work focuses on the 
methodology used to determine origin for classical 
metamorphic sapphires from Sri Lanka, Burma, Kash- 
mir, and Madagascar, as well as basalt-related sap- 
phires from Australia, Thailand, Cambodia, Nigeria, 
and Ethiopia. These sapphires represent the biggest 
challenges for origin determination. Origin determi- 
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nation is generally more straightforward for “non-clas- 
sical” sapphire deposits such as those from Montana 
(United States) and Umba and Songea in Tanzania. 
These “non-classical” sapphires are not considered 
here for the sake of clarity and brevity. 

While the metamorphic/basalt-related dichotomy 
may be oversimplifying what is almost certainly an 
extremely complex geological story (Giuliani and 
Groat, 2019, pp. 464-489 of this issue), making this 
distinction on an unknown sapphire can help narrow 
down the possible origins. Metamorphic and basalt- 
related blue sapphires tend to have different trace ele- 
ment profiles. Notably, metamorphic blue sapphires 
generally have lower Fe and Ga than basalt-related 
sapphires, which in some cases can be used to separate 
stones from these two groups. However, there is some 
overlap and the two groups cannot be completely sep- 
arated (figure 2). Coarse separation is simplified using 
ultraviolet/visible/near-infrared (UV-Vis-NIR) spec- 
troscopy. Figure 3 compares the UV-Vis-NIR spectrum 
of a metamorphic sapphire from Sri Lanka against that 
of a basalt-related sapphire from Australia. The spectra 
of the two samples share many similarities, including 
a broad absorption band at 580 nm (the Fe-Ti interva- 
lence charge transfer band) and a series of narrow 
bands around 380-390 nm and 450 nm related to Fe** 
(Ferguson and Fielding, 1971; Krebs and Maisch, 1971, 
Hughes et al., 2017). The major difference is the pres- 
ence of a broad band around 880 nm in basalt-related 
sapphires, which is always more intense than the 580 
nm absorption band. The exact origin of the 880 nm 
band is still not well understood, although it is 
thought to be related to an Fe**-Fe** intervalence 
charge transfer mechanism, possibly with the involve- 
ment of Fe?*-Fe**-Ti* clusters (Townsend, 1968; Fritsch 
and Rossman, 1988; Moon and Philips, 1994, Hughes 
et al., 2017). Obtaining a UV-Vis-NIR absorption spec- 
trum is GIA’s first step in geographic origin determi- 
nation of sapphires, as it directs the unknown stone 
into one of two separate decision-making streams, 
each with its own unique set of reference data accu- 
mulated over more than a decade by GIA’s field gemol- 
ogy program (Vertriest et al., 2019, pp. 490-511 of this 
issue). Note that there are reported instances of sap- 
phires with metamorphic-type UV-Vis spectra altering 
to basalt-related-type UV-Vis spectra after heat treat- 
ment (e.g., figure 20 of Emmett and Douthit, 1993). 
However, this is considered uncommon based on 
years of experience of testing heated sapphires that can 
be clearly identified as metamorphic by microscopic 
observation. Additionally, trace element analysis can 
allow separation of most heated metamorphic sap- 


Gems & GEMOLOGY WINTER 2019 


Mr. F. B. Silverwood of the Silverwood 
Clothing Company—who later was the com- 
poser of the still popular song, “California 
Here I Come,’ —bought a $25.00 ring, with- 
out making any comment regarding the 
troubling visitor. To me that was a real ray 
of sunshine. 

Indeed, we were in a desperate predica- 
ment. Seven hundred dollars was the amount 
involved. Seven hundred dollars! To me it 
like seven thousand dollars. Old 
man Lyons, the New York stone dealer, 
surely had his thumb on our jugular. Nearly 


seemed 


everything my brother owned was inside that 
big safe and there beside it, slouched down 
comfortably in an easy chair, officially and 
lawfully unsympathetic, sat the stern old 
deputy. Rent and other expenses were piling 
up, and how long could we eat? F. A. had 
but little money in the bank—the Citizen's 
National Bank, then at 3rd and Main Streets 
--and very little in his pocket. When he 
visited the bank in “hopes,” the cashier said 
“Attached? Did you say your stock is at- 
tached ? No! Sorry. Very sorry.” No one else 
that he knew had that much money. As for 
me, I had nothing and knew no one. It was 
all a blank wall without even a window to 
see through. 

But F. A., who was always a good pinch 
hitter, figured out a scheme with the aid of 
his attorney, old man Rose, to twist out of 
this headlock—if it would work. His wife's 
jewelry. Old L. B. Cohen, the pawnbroker. 

The next morning Rose came down to the 
store to help in the plan, tf need be, and I 
was let in on the secret maneuvering so [| 
could help in case of need. Then F. A., who 
was always the best looking member of our 
family, putting an extra twist,into the waxed 
ends of his handsome mustache and flashing 
an casy and airy expression into his blue 
like the kitten that 
sidled up to the old deputy still so com- 


eyes, ate the canary, 


fortable in his close-fitting chair. 

“One of my good customers who is leav- 
ing town today,” he declared, “has a little 
piece of junk here in the safe and it would 
trouble all around if 1 


save considerable 


SPRING 1953 


* Herman Bosshard, gem cutter for 
Pacific Gem Company, later known as 
Marcher Brothers. 


could give it to him. Would you mind?” 
“Oh, 

sponded. 
While the old fellow in his 

comfort, F. A. unhurriedly worked the com- 


I guess so,” he grudgingly re- 


remained 


bination, and fished around inside till he 
found what he wanted besides the “custo- 
met’s little job.” 

“Who the devil put this bit of trash in 
here,” he ejaculated as he threw an old 
bunched-up stocking out on top of the safe. 
Clanging the door shut, F. A. stepped over 
to the minion of the law to confirm the 
worthlessness of the customer's job while 
Rose tossed the old stocking into the waste- 
basket. With the kitten-like expression still 
on, F. A. thanked the deputy for his gra- 
ciousness and went to the wastebasket for a 
scrap of paper to wrap the job in (and the 
trashy old stocking). Everybody felt good. 
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phires that start down the wrong decision stream 
based on their UV-Vis spectra. 


INTERNAL FEATURES: 
METAMORPHIC SAPPHIRES 


Metamorphic blue sapphire poses one of the biggest 
challenges in geographic origin determination. A 
hundred years ago it was much less of a problem, 
when the only major sources of these sapphires were 
Kashmir, Myanmar, and Sri Lanka. At that time, 
these sapphires were thought to have more or less di- 
agnostic appearances and inclusion suites. A signifi- 
cant obstacle to metamorphic sapphire origin 
determination came about in the last 25 years, when 
Madagascar started producing large volumes of sap- 


Figure 4. Kashmir sapphire weighing approximately 
15 ct. Photo by Robert Weldon/GIA; courtesy of 
Amba Gem Corporation. 
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Figure 3. UV-Vis-NIR 
absorption spectra of a 
metamorphic-type sap- 
phire from Sri Lanka 
(left) and a basalt-re- 
lated-type sapphire from 
Australia (right). Both 
spectra are of the o-ray. 
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phires that could overlap with any of the three clas- 
sical metamorphic sources (Kiefert et al., 1996; 
Schwarz et al., 1996; Gibelin and Peretti, 1997; 
Schwarz et al., 2000). Even without the arrival of 
Madagascar sapphires, it is not always possible to 
separate the three classical sources with 100% con- 
fidence. Adding further to the complication is the 
discovery in modern times of new mining sites 
within a single country, such as at Kataragama in Sri 
Lanka in 2012. The situation is all the more perilous 
given the dramatic difference in value between these 
origins: A fine, classical Kashmir sapphire (figure 4) 
can be sold for many times more than a Madagascar 
sapphire of exceptional quality and size (figure 5). In 
these circumstances, determining the geographic ori- 


Figure 5. A 7.04 ct blue sapphire from Madagascar. 
Photo by Robert Weldon/GIA; courtesy of Mayer & 
Watt. 
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Figure 6. A 33.16 ct blue sapphire from Sri Lanka. 
Photo by Robert Weldon/GIA; courtesy of B&B Fine 
Gems. 


gin of metamorphic sapphires requires the utmost 
care and deliberation. 


Typical Inclusion Scenes. For metamorphic blue sap- 
phire, evidence of geographic origin largely comes 
from careful microscopic observations of inclusions. 
While certain mineral inclusions are sometimes con- 
sidered diagnostic, such as tourmaline crystals in 
Kashmir sapphires, such inclusions are rare. For the 
most part, inclusion evidence comes in the form of 
the overall appearance of silk and clouds in metamor- 
phic blue sapphire. While these more common inclu- 


Figure 9. Sri Lankan sapphires sometimes show irreg- 
ular platelets, though they are not diagnostic. Photo- 
micrograph by Ungkhana Atikarnsakul, field of view 
1.73 mm. 
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Figure 8. The long, slender rutile silk in this sapphire 
suggests its Sri Lankan origin. Photomicrograph by 
GIA; field of view 4.79 mm. 


sions may help to identify geographic origin, they 
should be used as supporting evidence in addition to 
chemical analysis as these features often overlap sig- 
nificantly. We will review the typical inclusion scenes 
expected for sapphires from Sri Lanka, Myanmar, 
Madagascar, and Kashmir. Additional reading on in- 
clusions in metamorphic sapphires can be found in 
Atkinson and Kothavala (1983), Hanni (1990), 
Schwieger (1990), Kiefert et al. (1996), Schwarz et al. 
(1996), Gtibelin and Peretti (1997), Schwarz et al. 
(2000), Gtibelin and Koivula (2008), Kan-Nyunt et al. 
(2013), Krzemnicki (2013), Hughes et al. (2017), and 
Atikarnsakul et al. (2018). 


The Internal World of Sri Lankan Sapphires. Sri 
Lanka has been an important source of fine-quality 
blue sapphire (figure 6) for many millennia, through- 
out much of recorded human history. Cut stones are 
often fashioned from rough sapphires that formed as 
bipyramidal crystals (figure 7, facing page). Several 
photomicrographs depicting typical inclusions in Sri 
Lankan sapphires are shown in figures 8-12. The hall- 
mark inclusion characteristic of Sri Lankan sapphires 
is long, slender rutile needles (figure 8). In Sri Lankan 
sapphire this long rutile silk is often relatively 
sparsely and evenly distributed, with single needles 
displaying exceptional continuity, sometimes travers- 
ing an entire stone. However, silk in Sri Lankan sap- 
phires can also occur as thin, irregular platelets (figure 
9) or as more densely packed particle clouds com- 
posed of typically shorter needles, but these are not 
necessarily suggestive of a Sri Lankan origin. Recti- 
linear, partially healed fractures are more common in 
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Figure 7. Rough bipyramidal sapphire crystal from Sri Lanka, weighing 10.4 grams (51.70 ct). Photo 
by Robert Weldon/GIA; courtesy of William Larson, Pala International. 
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Figure 10. Rectilinear zigzag fingerprints, often exhibiting iridescent colors when viewed with fiber-optic illumina- 
tion, are usually an indication of Sri Lankan origin. Photomicrographs by Nathan Renfro; field of view 1.38 mm 
(left) and 1.36 mm (right). 


Sri Lankan sapphires than in sapphires from other 
sources (figure 10). These zigzag fingerprints are con- 
sidered more indicative of a Sri Lankan origin, and 
their observation may influence geographic origin 
conclusion. The same is true for CO,-filled negative 
crystals, which are found in metamorphic sapphires 
from many localities but are frequently associated 
with Sri Lanka in the minds of many gemologists and 
could give an initial impression of that origin (figure 
11). Sri Lankan sapphires often have these negative 
crystals arranged in fingerprint-like planes. Similarly, 
green gahnospinel was once thought to be diagnostic 
of Sri Lankan sapphires. Although green spinel has 
now been seen in metamorphic sapphires from other 
deposits, it is still suggestive of Sri Lankan origin (fig- 


Figure 11. CO,-filled negative crystals suggest a Sri 
Lankan origin for this sapphire. Photomicrograph by 
Jonathan Muyal; field of view 2.90 mm. 


as 
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ure 12). Unfortunately, green gahnospinels are rare 
inclusions. Pyrite inclusions, often in dark, round 
ball-like crystals, are also more common in Sri 
Lankan stones than from other deposits and can also 
be considered suggestive of Sri Lankan origin, but not 
definitive proof. Other mineral inclusions sometimes 
seen in Sri Lankan sapphire are mica, uraninite, cal- 
cite, and zircon. However, such mineral inclusions 
are also found in sapphires from other deposits and 
are not considered characteristic of a Sri Lankan ori- 
gin. Sri Lankan sapphires often show color zoning as 
straight, alternating bands of blue and colorless 
zones, usually with sharp boundaries. 


Figure 12. Green gahnospinel inclusions, which are 
not commonly encountered, can provide an initial in- 
dication of Sri Lankan origin, although these inclu- 
sions are not diagnostic. Photomicrograph by Nathan 
Renfro; field of view 1.87 mm. 
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Figure 13. Cushion-cut Burmese sapphire cut by 
Glenn Preuss, 1.85 ct. Photo by Robert Weldon/GIA; 
courtesy of Glenn Preuss. 


The Internal World of Burmese Sapphires. Myanmar 
is another classical source of sapphires. The stones 
produced from the Mogok Stone Tract sometimes 
have an ill-gained reputation for being overly dark, 
while in reality Myanmar has produced many excep- 
tional stones with vivid and bright blue hues that 
rival the colors of stones from the other classical 
sources (figures 13 and 14). While Sri Lankan sap- 
phires have long, slender silk, Burmese sapphires are 
considered to be characterized by shorter, reflective 
rutile silk, sometimes occurring in an arrowhead pat- 


Figure 15. This Burmese sapphire contains typical 
inclusions of iridescent arrowhead silk. Photomicro- 
graph by Charuwan Khowpong; field of view 1.75 


mim. 
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Figure 14. Sapphire from Myanmar, approximately 8 
ct. Photo by Robert Weldon/GIA; courtesy of Amba 
Gem Corporation. 


tern (figure 15). Note that despite these general dif- 
ferences, there is significant overlap in the nature of 
silk patterns in stones from Sri Lanka, Myanmar, and 
other sources. Additionally, many stones have silk or 
other inclusions that do not appear to be character- 
istic of any deposits. What follows is a description of 
the generally accepted characteristics of Burmese silk 
and other internal features. 

The silk in Burmese sapphires can be densely 
packed in somewhat discrete bands (figures 16 and 
17), and many Burmese sapphires have a mix of short 


Figure 16. The short, densely packed needles and 
longer, reflective and almost platelet-like silk seen 
here are typical of a Burmese origin. Photomicrograph 
by Ungkhana Atikarnsakul, field of view 2.89 mm. 
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Figure 17. The coarse, iridescent platelet silk in this 
sapphire indicates its Burmese origin. Photomicro- 
graph by Victoria Liliane Raynaud-Flattot; field of 
view 0.97 mm. 


and long silk (figure 18). Often the silk has a straw- 
like nested pattern in which the lattice of silk is 
closely intergrown with itself (figure 19), although 
care may be needed to distinguish such an inclusion 
scene from the long silk sometimes seen in Sri 
Lankan sapphires. Rutile silk in Burmese sapphires 
tends to have a somewhat flattened aspect. The result 
is often wild displays of spectral colors due to a thin- 
film effect when using intense fiber-optic illumina- 
tion from just the right angle (figures 15 and 17). 
Twinning is commonly observed in Burmese sap- 


Figure 19. Straw-like, nested silk is typical of sap- 
phires from Mogok, Myanmar, but could be mistaken 
for a Sri Lankan inclusion scene given the long rutile 
silk. Photomicrograph by GIA. 
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Figure 18. This inclusion scene with short to elongate 
iridescent silk could be used to help identify Burmese 


origin. Photomicrograph by Ungkhana Atikarnsakul, 
field of view 2.89 mm. 


phires, especially with intersecting tubules some- 
times filled with diaspore or other aluminum (oxy)hy- 
droxides, and can be used as evidence supporting an 
origin determination (figure 20). Burmese sapphires 
typically have uniform color. When observed, color 
zoning is diffuse or “fuzzy,” without the sharp bound- 
aries seen in metamorphic sapphires from other de- 
posits (figure 21). Mineral inclusions sometimes 
encountered in Burmese sapphires include calcite, 
mica, and zircon, although none of these are consid- 
ered characteristic of a Burmese origin. 


Figure 20. Twinning is a prominent feature in many 
Burmese sapphires and can provide useful supporting 
evidence for an origin determination. However, twin- 
ning alone is not diagnostic, and other corroborating 
evidence should be sought. Photomicrograph by 
Charuwan Khowpong; field of view 8.20 mm 


Gems & GEMOLOGY WINTER 2019 


Figure 21. Color zoning is rarely observed in sapphires from Myanmar, but when present it is often gradational and 
diffuse (left). The same Burmese sapphire also shows typical inclusions of short, densely packed, and reflective ru- 
tile needles (right). Photomicrographs by Ungkhana Atikarnsakul,; field of view 7.34 mm. 


The Internal World of Kashmir Sapphires. The most 
highly sought-after sapphires are those bearing a 
Kashmir pedigree. Classical Kashmir sapphires (fig- 
ures 2.2, and 23) often harbor characteristic inclusions 
that can be helpful in identifying them. It is widely 


Figure 22. This blue Kashmir sapphire is a 3.08 ct 
cushion mixed cut. Photo by Robert Weldon/GIA; 
courtesy of Edward Boehm, RareSource. 


known that Kashmir sapphires may also contain cer- 
tain diagnostic mineral inclusions that can conclu- 
sively determine their origin. For instance, inclusions 
of tourmaline, pargasite (or hornblende}, and elongate 
but often corroded zircon can generally be taken as 


Figure 23. Step-cut Kashmir sapphire, approximately 
5 ct. Photo by Robert Weldon/GIA; courtesy of Amba 
Gem Corporation. 


GEOGRAPHIC ORIGIN OF BLUE SAPPHIRE 


WinteR 2019 545 


GEMS & GEMOLOGY 


ps : 


Figure 24. Clusters of elongate zircon inclusions are 
often seen in Kashmir sapphires. Photomicrograph by 
Jonathan Muyal; field of view 1.99 mm. 


Figure 25. Elongate pargasite inclusions are diagnostic 
evidence of a Kashmir origin. Unfortunately, they are 
rarely seen. Photomicrograph by Jonathan Muyal; 
field of view 7.19 mm. 


Figure 26. Tourmaline inclusions are considered diag- 
nostic indicators of a Kashmir origin for a sapphire, 
but they are also very rare. Photomicrograph by 
Shane McClure; field of view 0.58 mm. 


Figure 28. Ladder inclusions are a form of patterned 
clouds considered characteristic of Kashmir sap- 
phires. Photomicrograph by Jonathan Muyal,; field of 
view 2.89 mm. 
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Figure 27. Patterned clouds including ladders (bottom 
left) and stringers (right) can indicate a Kashmir ori- 
gin. Photomicrograph by Jonathan Muyal; field of 
view 7.19 mm. 


Figure 29. Snowflake-like inclusions are another form 
of patterned clouds that can suggest a Kashmir origin. 
Photomicrograph by Jonathan Muyal; field of view 
3.57 mm. 
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Figure 30. Patterned clouds provide evidence of this 
sapphire’s Kashmir origin. Photomicrograph by 
Nathan Renfro; field of view 1.90 mm. 


evidence of a Kashmir provenance (figures 24-26). 
Unfortunately, such mineral inclusions are some- 
what rare in fine Kashmir stones. What is left to de- 
cipher a Kashmir sapphire’s origin, then, is often the 
same as with other sapphires: patterns of silk and 
particle clouds of varying textures. In particular, fea- 
tures often referred to as “patterned clouds” can be 
especially helpful with Kashmir sapphires (figures 
27-30). Patterned clouds include so-called ladder, 
snowflake, and wavy stringer-like inclusions. Other 
helpful indicators of a Kashmir origin are dense, 
milky clouds arranged in well-defined hexagonal pat- 
terns. The term “milky” is used to describe clouds 
composed of submicroscopic particles that scatter 
light but cannot be resolved as individual particles in 
a microscope. These milky clouds often have what 
is described as a “blocky” pattern where the inter- 
section of hexagonal bands occurs in a somewhat 
step-like pattern (figure 31). These milky bands are 
the cause of the sleepy, velvety texture so admired in 
fine Kashmir sapphires. Uraninite mineral inclusions 
are sometimes found in Kashmir sapphires but are 
not considered characteristic, as they are also found 
in stones from other deposits. 


The Internal World of Madagascar Sapphires. Mada- 
gascar produces metamorphic sapphires (figure 32) 
from several geographically distinct deposits. Addi- 
tionally, some of the mining areas such as Ilakaka are 
expansive secondary deposits in which the sapphires 
were likely derived from several distinct geological 
formations. For these reasons, Madagascar produces 
sapphires with a wider range of properties and inclu- 
sions than anywhere else. Moreover, the end result 
of this gemological diversity is that Madagascar sap- 
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Figure 31. The dense, sharp-edged milky bands with a 
blocky, step-like hexagonal angle in this sapphire are 
evidence of its Kashmir origin. Photomicrograph by 
GIA. 


phires can overlap (sometimes significantly) with 
metamorphic sapphires from all other major sources. 


Figure 32. Blue sapphire from Madagascar, 11.16 ct. 
Photo by Robert Weldon/GIA. 
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Figure 33. Banded, milky clouds composed of fine 
microscopic particles are common in Madagascar 
sapphires and are often one piece of evidence used to 
support a geographic origin determination. Photomi- 
crograph by Victoria Liliane Raynaud-Flattot; field of 
view 1.05 mm. 


Nonetheless, some inclusion scenes are considered 
more characteristic of Madagascar sapphires and can 
be used to identify this origin. For instance, pro- 
nounced milky banding (figures 33 and 34) can often 
indicate a Madagascar origin. Milky clouds with un- 
usual or chaotic geometric patterns, often occurring 
in finely repeating layers as so-called stacked milky 
clouds, can also suggest a sapphire was mined in 
Madagascar (figure 35). A highly experienced eye is 
sometimes needed to distinguish hexagonal milky 
bands in Kashmir sapphire from those seen in a small 
subset of Kashmir-like sapphires from Madagascar. 
In Kashmir sapphires, the intersection of these bands 


Figure 35. Madagascar sapphires often display bands 
of milky clouds with irregular geometric patterns and 
finely repeating layers as “stacked” milky clouds. 
Photomicrograph by Shane McClure. 
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Figure 34. Madagascar sapphires sometimes have 
milky cloud banding, which can be a useful tool to 
discern provenance. Photomicrograph by Ungkhana 
Atikarnsakul. 


often has a stepped pattern (figure 31), while in Mada- 
gascar their intersection is often more irregular and 
chaotic (figure 34). Strong graining and intense color 
zoning, sometimes with a chaotic or irregular (but 
still geometric) pattern are occasionally seen (figure 
36). Note as well that many Madagascar sapphires 
have clouds that appear milky in low magnification, 
but individual particles may become discernible at 
higher magnification in a gemological microscope 
(e.g., about 40x magnification). Such clouds should 
be called “particulate” clouds and not “milky” 
clouds. These are distinct from the classical Kash- 
mir-like milky clouds. Finally, while etch tubes are 


Figure 36. Strong graining and intense, sharp color 
banding would support a Madagascar origin determi- 
nation for this sapphire. Photomicrograph by 
Jonathan Muyal, field of view 4.79 mm. 
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After all it’s a beautiful world we are liv- 
ing in. 

The old stocking went to Uncle Cohen, 
the money to Lyon’s attorney, and we back 
to business as usual—free again. 

Those were the days of starched shitt- 
waists, large billowy sleeves, and swishing 
petticoats. Sometimes the girls wore five, 
six, or even seven of these rustling garments 
—I think. The skirts were so long they swept 
the sidewalk, and the men—instead of pay- 
ing overparking tickets—paid $5.00 fines 
for spitting on the sidewalks. Those were 
the days of the chamois skin bag in which 
ladies pinned their surplus diamond jewelry 
safely inside the tops of their stockings—I 
think. They were the days of extreme mod- 
esty, long before the advent of the capacious 
handbag, and when an extra costly gemstone 
had to be paid for it became quite a problem 
for the lady to bring forth another chamois 
skin bag, containing extra money, from the 
other stocking top—I think. 

Those were the days when the girls’ 
cheeks were all white—very white. And they 
wanted only small gemstones—from a_ half 
carat to three or four carats in size. Larger 
seemed vulgar. 

These fair customers approved of pale 
blue turquois, pale aquamarine, and pink 
tourmalines. They had a high appreciation 
of “subtle effects’ in their choice of jewelry. 
They never dreamed that there would one 
day be motion picture actresses who would 
introduce the style for large stones in rings 
that would weigh as much as 100 carats 
each, and for mammoth citrinites*, ame- 
thysts, and aquamarines that would weigh 
up to 600 carats each in bracelets. 

Those were the days when imitation jew- 
elry was made to look as real as possible, 
instead of dropping all such pretense. Those 
were the days when the best gemstone sub- 
doublets of 


various colors. They were the days when 


stitutes were garnet topped 


every retail jeweler was the enemy of every 
other retail jeweler. 


*This is my choice of nomenctature for citrine 
of topaz quartz. 


During my diversified experience I have 
seen the advent of several gemstones into 
the market as first timers. 

As nearly as I can recall, in 1901, Mr. 
L. B. Cohen, a Main Strect pawobroker-—-a 
friend of my brother’s—brought in a large 
paper of black opals. To the best of our 
knowledge, none had been seen before in 
the country. 

The paper contained, probably, 300 carats 
ranging in size from about 1.00 carat to 4 
or 5 carats each. After a little negotiating we 
bought them for $125.00. That was an ex- 
cellent stroke of business. They were prop- 
erly dark and displayed good fire and lucid- 
ity. They were the beginning of an impor- 
tant business with this gem, particularly 
after another firm, Walton and Company, 
years later recognized their great merit and 
specialized on them. This firm bought only 
the finest quality obtainable and dramatized 
them by the finest type of mountings with 
diamonds. Their pieces ranged from $100 
to $5,000 each. This gained for them an 
international reputation. 

Shortly after our bit of good fortune in 
getting this original lot of black opals, an- 
other gemstone opportunity came to us right 
out of the blue sky. In fact, according to 
Kunz, it was known among our North 
American Indians as a ‘fragment of the 
sky.’ It was turquois—bluc, blue turquois. 

For us, this stone was destined to become 
the very cornerstone of our business. It hap- 
pened this way. One bright sunny morning 
a bluc-eyed, broken-nosed, stubby-built old 
miner—lugging an ore sack over his shoulder 
—came in, put down his burden, and asked 
us to look at some turquois he had been 
mining in Mineral Park, Arizona. Putting 
some paper on the counter to protect the 
glass, we spread out some of the stones for 
inspection. It was then that I saw for the 
first time this historic old gemstone in the 
rough. Some of the chunks were as thick 
and large as your hand. Of course these 
large pieces, as well as the smaller ones, 
were not all solid turquois but were pro- 
fusely intermingled with masses and veins 
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Figure 37. The etch tubes and strong graining in this 
sapphire could be used to support a Madagascar ori- 
gin. Photomicrograph by Charuwan Khowpong; field 
of view 1.30 mm. 


found in nearly all metamorphic sapphires, they tend 
to be more common in Madagascar stones (figure 37) 
and, taken together with other evidence, may lead to 
a geographic origin conclusion of Madagascar. Min- 
eral inclusions sometimes found in Madagascar sap- 
phires include calcite, uraninite, zircon, and mica, 
although none of these can be considered character- 
istic of a Madagascar origin, as they are found in sap- 
phires from many of the metamorphic deposits. 


Inclusion Scenes Gone Wrong. How would one de- 
termine the origin of a stone with the inclusion scene 
in figure 38? The dense, finely alternating milky 
clouds might give the initial impression of a Mada- 
gascar origin, but Kashmir cannot be ruled out. Milky 
clouds in Kashmir stones often have a blocky pattern 
in which the intersection of hexagonal bands occurs 
in a step-like pattern. However, this Kashmir sap- 
phire shows only one set of these milky bands, pre- 
cluding observation of this useful information. This 
brings up the challenge often faced in geographic ori- 
gin determination. In every case we attempt to collect 
as many lines of evidence as possible to support an 
origin determination. If enough individual pieces of 
evidence point toward a specific origin, we can be- 
come more confident in making that call. In some 
cases, however, diagnostic inclusions are not ob- 
served in a certain stone, leaving only inclusions that 
are ambiguous due to overlapping inclusion charac- 
teristics between deposits. 

For instance, the inclusions of two Sri Lankan 
sapphires in figures 39-42 show milky banding 


GEOGRAPHIC ORIGIN OF BLUE SAPPHIRE 


Figure 38. Finely alternating milky clouds in a Kash- 
mir sapphire. Without the full hexagonal pattern, 
these milky clouds might be confused with an inclu- 
sion scene in a Madagascar sapphire. Photomicro- 
graph by Jonathan Muyal; field of view 5.74 mm. 


and/or hexagonal color banding that might initially 
be more suggestive of a Madagascar origin. If no other 
indicative inclusions are found, these stones could 
easily be victims of mistaken identity, with their Sri 
Lankan origin hidden away forever. Additional ex- 
amples of Sri Lankan stones with potentially Mada- 
gascar-like inclusions such as pronounced milky 
clouds, strong graining, and angular, irregular color 
zoning are shown in figures 43 and 44. 

By contrast, the longer, slender rutile silk in fig- 
ures 45 and 46 might be taken as more suggestive of 
a Sri Lankan provenance, obscuring the true Mada- 


Figure 39. The finely alternating bands of milky 
clouds in this Sri Lankan sapphire could, at first 
glance, be considered an indication of a Madagascar 
origin. Photomicrograph by Jonathan Muyal; field of 
view 4.67 mm. 


a 
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Figure 40. These milky clouds in a Sri Lankan sap- 
phire are reminiscent of an inclusion scene from 
Madagascar sapphires. Photomicrograph by 
Charuwan Khowpong; field of view 2.80 mm. 


gascar origin of these sapphires. Additionally, the rec- 
tilinear zigzag, partially healed fracture in figure 47 
and the CO,-filled negative crystal in figure 48 might 
lead to an incorrect conclusion of Sri Lankan origin 
for these sapphires, which have a known Madagascar 
or Burmese provenance, respectively. As mentioned 
above, Madagascar sapphires can sometimes harbor 
inclusion scenes that imitate almost any other 
source of metamorphic sapphires. The twinning and 
short, stubby reflective needles and arrowhead silk 
found in Madagascar sapphires shown in figures 49- 
51 might otherwise indicate a Burmese origin. Kash- 


Figure 42. Some Sri Lankan sapphires have angular, 
banded milky clouds, color zoning, and graining, 
which under some circumstances would indicate a 
Madagascar origin. Photomicrograph by Ungkhana 
Atikarnsakul,; field of view 1.38 mm. 
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Figure 41. This Sri Lankan sapphire exhibits angular, 
milky clouds, which might also suggest a Madagascar 
origin. Photomicrograph by Ungkhana Atikarnsakul; 
field of view 3.10 mm. 


mir origin became especially troublesome in the lab 
once Madagascar sapphires were found with Kash- 
mir-like features such as the patterned clouds shown 
in figures 52-54. Madagascar sapphires may also oc- 
casionally contain slightly elongate zircon inclu- 
sions, giving at least an initial impression of a 
Kashmir inclusion scene (figure 55). While the pat- 
terned clouds in Madagascar sapphires may have a 
different overall appearance than those found in 
Kashmir sapphires, there is enough potential overlap, 
especially on first examination, that these stones 
must be intensely scrutinized in the lab. 


Figure 43. With only these angular milky clouds as 
evidence, this sapphire might be mistaken for one 
from Madagascar and its Sri Lankan origin might not 
be uncovered. Photomicrograph by Charuwan Khow- 
pong; field of view 2.56 mm. 
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Figure 44. The chaotic, angular color zoning seen in 
this Sri Lankan sapphire is encountered more fre- 
quently in sapphires from Madagascar. Photomicro- 
graph by GIA; field of view 8.20 mm. 


Figure 46. This Madagascar sapphire displays long, 
oriented rutile silk that could be erroneously taken as 
evidence of a Sri Lankan origin. Photomicrograph by 
GIA; field of view 3.10 mm. 
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Figure 48. While not diagnostic, the CO,-filled nega- 
tive crystal in this Burmese sapphire could give an ini- 
tial impression of Sri Lankan origin. Photomicrograph 
by Victoria Raynaud-Flattot; field of view 1.20 mm. 
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Figure 45. This sapphire from Madagascar could poten- 
tially be mistaken for a Sri Lankan sapphire because of 
the long, oriented rutile needles. Photomicrograph by 
Charuwan Khowpong; field of view 8.05 mm. 
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Figure 47. The rectilinear, zigzag healed fractures seen in 
this Madagascar sapphire could give the mistaken im- 
pression of an inclusion scene from a Sri Lankan sap- 
phire. Photomicrograph by Ungkhana Atikarnsakul, field 
of view 2.62 mm. 


Figure 49. The twin planes displayed in this Madagas- 
car sapphire could give the impression of Burmese ori- 
gin. Photomicrograph by Charuwan Khowpong; field 
of view 3.96 mm. 
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Figure 50. Sapphires from Madagascar often have mis- Figure 51. The arrowhead and platelet silk in this 


leading inclusions such as the short, reflective silk Madagascar sapphire are typically taken to be more 
shown here, which might seem to indicate a Burmese indicative of a Burmese origin. Photomicrograph by 
origin. Photomicrograph by Victoria Liliane Raynaud- Charuwan Khowpong; field of view 2.65 mm. 


Flattot; field of view 3.5 mm. 


Figure 52. The patterned clouds in this Madagascar sap- Figure 53. Madagascar sapphires may contain patterned 


phire are larger and coarser than those typically found clouds that initially suggest a Kashmir origin. It takes an 
in Kashmir sapphires. Such inclusions must be in- experienced gemologist to make this separation. Photomi- 
tensely scrutinized to avoid confusion. Photomicro- crograph by Charuwan Khowpong; field of view 1.95 mm. 


graph by Jonathan Muyal; field of view 2.90 mm. 


ws 


Burmese sapphires may go unrecognized on occa- 
sion when their inclusions are especially reminiscent 
of Madagascar or Sri Lankan sapphires (figures 56 and 
57). However, sometimes the situation is not so dire. 
The Burmese sapphire in figure 57 may appear Sri 
Lankan at first glance with its long, slender, and 


Figure 54. The patterned clouds in this Madagascar 
sapphires sometimes might give an initial impres- 
sion of a Kashmir origin. Great care must be taken 

‘ with these stones to avoid an erroneous origin call. 
Photomicrograph by Charuwan Khowpong; field of 
view 1.26 mm. 
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Figure 55. The slightly elongate zircon inclusions 
sometimes found in Madagascar sapphires can, at 
first glance, give the mistaken impression of a Kash- 
mur origin. The trained eye of an experienced gemolo- 
gist is needed to make this distinction confidently. 
Photomicrograph by Victoria Liliane Raynaud-Flat- 
tot; field of view 1.44 mm. 


loosely packed rutile silk. However, closer examina- 
tion and the use of an intense fiber-optic light show 
reflective and shorter rutile needles and arrowhead 
silk, which are more suggestive of the stone’s true 
Burmese origins. 


INCLUSION SCENES IN BASALT-RELATED 
BLUE SAPPHIRE 


If the UV-Vis-NIR spectrum of a blue sapphire shows 
a prominent absorption band at 880 nm, the stone is 
determined to be a basalt-related sapphire and an en- 


Figure 56. The banded milky clouds in this Burmese 
sapphire, while slightly coarser than those seen in 
Madagascar sapphires, are not a typical inclusion 
scene in sapphires from Myanmar. Photomicrograph 
by Ungkhana Atikarnsakul; field of view 0.70 mm. 


tirely different suite of origins are possible. At present, 
the main sources of gem-quality basalt-related sap- 
phires that come through the lab include Australia, 
Thailand, Cambodia, Nigeria, and Ethiopia. Of 
course, there are other deposits where basalt-related 
blue sapphires are actively mined or have been in the 
recent past, including Cameroon, Laos, Vietnam, 
northern Madagascar, and China. However, these are 
expected to be less economically important in the 
global gem trade. While these stones are represented 
in GIA’s reference collection and these sources can be 
considered for an origin call, there is a low probability 


Figure 57. Long, slender rutile silk (left) might give an initial impression of a Sri Lankan sapphire. Upon closer ex- 
amination, the reflective shorter silk on the right is more suggestive of the stone’s true Burmese origin. Photo- 
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micrographs by Ungkhana Atikarnsakul, field of view 6.67 mm (left) and 3.07 mm (right). 
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Figure 58. Dense, finely alternating milky bands are typical in Cambodian sapphires and can lend a Kashmir-like 
soft, sleepy appearance. Photomicrographs by Charuwan Khowpong; field of view 13.63 mm (left) and 1.36 mm 


(right). 


of seeing them in a gemological laboratory, and their 
gemological properties will not be considered further 
here. The approach to geographic origin determina- 
tion for basalt-related sapphires is slightly different 
than for metamorphic sapphires. Specifically, trace el- 
ement chemistry tends to take on greater importance 
in making origin conclusions. Inclusion characteris- 
tics are still considered, but there tends to be far more 
overlap and similarities in inclusion scenes for basalt- 
related sapphires from various localities. However, 
the various sources of basalt-related stones do tend to 
have more distinct trace element profiles, allowing 
for successful origin determination in many cases. 
Nonetheless, there is still considerable overlap, and 


Figure 59. The pyrochlore in this Cambodian sapphire 
is distinguished from similar inclusions from other 
deposits by its deep, dark red color. Photomicrograph 
by Nathan Renfro; field of view 1.09 mm. 
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origin determination for basalt-related sapphires can 
be more challenging than for metamorphic sapphires. 
Additional information about the inclusion scenes in 
basalt-related sapphires can be found in Gunawardene 
and Chawla (1984), Sutherland et al. (2009), Suther- 
land and Abduriyim (2009), and Abduriyim et al. 
(2012). 

Basalt-related sapphires from the classical mining 
area of Pailin, Cambodia, often have somewhat diag- 
nostic inclusions. They typically have thick, dense 
bands of milky clouds arranged in hexagonal patterns 
(figure 58), reminiscent of those seen in Kashmir sap- 
phires. The best Cambodian sapphires can resemble 
stones from Kashmir, with a similar sleepy and vel- 


Figure 60. While pyrochlore inclusions are more 
prevalent in Cambodian sapphires, they can be 
found in basalt-related blue sapphires from any 
deposit, such as this sapphire from Australia. 
Photomicrograph by Nathan Renfro; field of view 
1.60 mm. 
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orange color rather than the deep red of pyrochlore seen in Cambodian sapphires. However, making this distinc- 
tion requires experience in studying stones of known provenance to gain an understanding of the color range for 
pyrochlore inclusions in each deposit. Photomicrographs by Jonathan Muyal, field of view 3.5 mm (left) and 1.53 


mum (right). 


vety appearance due to the presence of dense milky 
bands. In fact, the color of fine Cambodian stones can 
often be used as an indicator of origin on its own, as 
most other basalt-related sapphires take on a much 
darker blue color in contrast to the often bright, 
vivid, and saturated blues of Cambodian stones. Py- 
rochlore inclusions can also be helpful in identifying 
Cambodian sapphires. While pyrochlore can be 
found in basalt-related sapphires from many other 
deposits, the pyrochlore in Cambodian stones tends 


to take on a deeper red color (figure 59) rather than 
the more brownish orange color seen in stones from 
other deposits (figures 60-62). 

However, these pyrochlore inclusions are not 
found in every Cambodian sapphire, so one is often 
left to observe various patterns of silk and milky 
clouds to ascertain provenance. Unfortunately, dense 
milky banding can also be seen in sapphires from 
most other basalt-related sapphire deposits (figures 
63 and 64). The one (near) exception to this are the 


Figure 62. Pyrochlore inclusions in Australian sapphires tend to have a more brownish orange color, making them 
distinguishable from Cambodian sapphires. Photomicrographs by GIA (left, field of view 0.90 mm) and Nathan 


Renfro (right, field of view 2.88 mm). 
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Figure 63. With basalt-related sapphires, inclusion ev- 
idence must be carefully considered in context with 
other available data. For instance, the milky banding 
in this Australian sapphire might give an initial im- 
pression of Cambodian origin. Photomicrograph by 
Charuwan Khowpong; field of view 3.89 mm. 


sapphires found right across the border from Pailin 
in Chanthaburi, Thailand. The Thai sapphires very 
rarely show milky banding, and when it is present 
the milky clouds tend to be more coarsely particulate 
in nature. More common in Thai sapphires are dense 
accumulations of coarse, short to long silk needles 
(figure 65). The coarse silk in Thai sapphires often oc- 
curs in discrete geometric patterns constrained by 
corundum’s trigonal crystal lattice. Unfortunately, 


Figure 65. Thai sapphires seldom have the fine, milky 
bands of Cambodian sapphires. More frequently ob- 
served are finely alternating clouds of coarse silk com- 
posed of densely packed needles. Photomicrograph by 
Victoria Raynaud-Flattot; field of view 5.15 mm. 
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Figure 64. This Ethiopian sapphire exhibits dense, an- 
gular, milky banding, which is sometimes considered 
more characteristic of Cambodian sapphires. Photo- 
micrograph by GIA; field of view 3.5 mm. 


while coarser silk may be consistent with a Thai ori- 
gin, this type of inclusion is also seen in sapphires 
from other basalt-related deposits such as Australia 
(figure 66) and Ethiopia (figure 67). The newly discov- 
ered deposit in Ethiopia actually represents one of the 
major difficulties with origin determination. While 
some inclusions that suggest an Ethiopian origin, 


Figure 66. Australian sapphires contain a variety of 
inclusions. Some show coarse, long to short silk that 
can be very similar to that of Thai sapphires. Pho- 
tomicrograph by Charuwan Khowpong; field of view 
2.68 mm. 
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Figure 67. Coarse long and short needles can also be seen in sapphires from the new find in Ethiopia. Photomicro- 


graphs by Charuwan Khowpong; field of view 1.36 mm. 


such as clusters of zircons (figure 68) or multiple in- 
tersecting twinned sectors (figure 69}, the more com- 
mon inclusions overlap with those from other 
deposits. As the number of possible deposits grows, 
so does the overlap between these deposits. 


THE CHALLENGE OF ORIGIN DETERMINATION 
FOR HEATED BLUE SAPPHIRE 


The foregoing discussion has demonstrated the diffi- 
culty of using common inclusions in blue sapphire to 
make origin determinations due to overlap in their 
internal characteristics. For the most part, the data 
presented are applicable only to unheated stones. An 
additional complicating factor is that most blue sap- 


Figure 68. Clusters of euhedral zircons are sometimes 
encountered in Ethiopian sapphires. Photomicrograph 
by Charuwan Khowpong; field of view 0.83 mm. 
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phires on the market have been heated—either to 
deepen the color of metamorphic sapphires or some- 
times to lighten the color of overly dark basalt-related 
stones. The problem lies in the fact that deepening 
the blue color essentially destroys rutile silk, which 
in many stones is the only internal feature that can 
be used to support a geographic origin determination 
(figure 70). As the rutile inclusions dissolve, Ti inter- 
nally diffuses into the corundum lattice, producing 
Fe-Ti pairs and, hence, blue coloration. Angular blue 
streaks inside the stone are all that remains of the 
silk. For this reason, geographic origin conclusions 
can be challenging, if not impossible, in heated blue 
sapphire. While the situation is complicated enough 
for unheated stones, extra caution and care must be 


Figure 69. While twinning occurs in many basalt-re- 
lated sapphires, multiple intersecting twinned sectors 
are often seen in Ethiopian sapphires. Photomicro- 
graph by Victoria Liliane Raynaud-Flattot; field of 
view 14.52 mm. 
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Figure 70. Heat treatment has dissolved the rutile silk 
in this Sri Lankan sapphire, nearly destroying the in- 
clusion feature that would otherwise indicate the 
stone’s provenance. Photomicrograph by GIA. 


applied when attempting to identify the origin of 
heat-treated blue sapphire. 


TRACE ELEMENT CHEMISTRY OF 
METAMORPHIC SAPPHIRES 


Given the potential for overlapping properties for 
metamorphic sapphires from the major geographic 
deposits, reliable origin determinations can only 
come from consideration of multiple lines of evi- 
dence. Only when all available data are consistent 
with a single origin can the gemologist be satisfied 


with a geographic origin determination. While the 
origin of metamorphic blue sapphire is determined 
predominantly by inclusion scenes, trace element 
chemistry can play a supporting role and help in- 
crease confidence in an origin conclusion. Unfortu- 
nately, for metamorphic blue sapphires trace element 
chemistry is often of limited use. The problem is of 
a crystallographic nature. The physical properties 
that make corundum such a desirable gem material 
(high hardness and brilliance) are determined by its 
unique arrangement of aluminum and oxygen atoms. 
Unfortunately, corundum’s crystal lattice is incredi- 
bly unforgiving when it comes to accepting foreign 
atoms into its structure. The result is that only a 
handful of trace elements are ever routinely found in 
sapphires and rubies, typically at very low concen- 
trations. This list includes Mg, Ti, V, Cr, Fe, and Ga. 
Therefore, there is an extremely narrow range in 
trace element chemistry for sapphires from similar 
geological environments. 

The reality of the situation is illustrated by the 
trace element plots shown in figure 71, from GIA’s ref- 
erence data for metamorphic blue sapphire. (Note that 
all trace element data are produced from LA-ICP-MS 
and reported in atomic parts per million; see Groat et 
al., 2019, pp. 512-535 of this issue.) The most striking 
aspect of these plots is the overwhelming amount of 
data included, representing nearly 10 years of unpar- 
alleled efforts in GIA’s field gemology and research de- 
partments (the data are summarized in table 1). Also 


TABLE 1. Generalized trace element profiles in ppma of metamorphic blue sapphire. 


Myanmar 
Mg Ti Vv Fe Ga 
Range bdl-1510 6-1018 bdl-73 172-3041 5-82 
Average 41 53 6 928 24 
Median 31 39 3 763 21 
Sri Lanka 
Mg Ti Vv Fe Ga 
Range bdl-390 4-1410 bdl-49 bdl-1070 4-51 
Average 42 133 8 330 20 
Median 33 66 5 261 19 
Madagascar 
Mg Ti Vv Fe Ga 
Range bdl-167 bdl-1942 bdl-43 46-2717 3-92 
Average 30 128 6 598 24 
Median 21 60 5 460 22 


*bdl = below the detection limit of the LA-ICP-MS analysis. Detection limits are provided in the Samples and 


Analytical Methods section, p. 537. 
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© Mayor Meredith P. Snyder (1919-1921) goes for a spin with F. A. Marcher 
(right) in his Waverly Electric. 


of the brownish mother rock, or matrix. 

Yes, we bought the lot, cut ft, mounted 
it, sold it and—in course of time—we bought 
various other lots like it from him. This 
old. Arizonan, by the way, was reported to 
be ‘quick on the draw’ and well able to 
take care of himself in that rough country 
of he-man rule. 

Back to the turquois—it was not long be- 
fore we had built up a stock sufficient to 
fill entirely one of our show windows and 
one of our showcases. Mr. Carl Entenmann, 
a grand old red-whiskered German manufac- 
turing jeweler—in our opinion the best one 
in Los Angeles at that time-—-did our jewelry 
work. Vividly do I recall the good-looking 
wire-shank, finger-form, box-set rings that 
he made for our three or four carat turquois, 
which usually had a distinct marking of 
matrix across the top. Usually we ordered 
them made with an “English finish” and 
sometimes a “rose finish’ but they were 
never polished bright. I'd like to see others 
now made like them. 


SPRING 1953 


Besides rings, we made and sold many 
scarf pins, and dumb-bell cuff links made 
with a gold ball or a bean on the end op- 
posite the turquois. 

Another item that seems somewhat char- 
acteristic of that period—particularly in our 
storc--was the necklace, which was modestly 
worn outside the collar about two inches 
below the neckline. Usually the design called 
for a graduated pattern of seven to 15 stones 
suspended from a medium-sized chain about 
the neck, with lighter weight chains fes- 
tooned from stone to stone in front. Some- 
drop-shaped turquois, drilled and 
mounted at the small end, were fringed into 


times 


the arrangement. Soon we installed equtp- 
ment to make beads of turquois, which we 
sold in lengths of 18 to 20 inches. 

Oar crudely designed lapidary equipment, 
with its heavy overhead line shaft with a 
series of belts leading down to ten- or 
twelve-inch carborundum wheels, and other 
equipment resulted in heavy electric bills 
each month. In an effort to avoid some of 
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Figure 71. Trace ele- 
ment plots for meta- 
morphic blue sapphire 
. from GIA’s field gemol- 
ogy reference collection. 
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worth noting is the high degree of overlap in much of 
the data for the major metamorphic blue sapphire de- 
posits. There are clearly some areas in the plots that 
are uniquely occupied by sapphires from a specific ori- 
gin such as some low-vanadium Burmese sapphires, 
some low-iron Sri Lankan stones, or Madagascar sam- 
ples with low gallium and/or magnesium. However, 
most of the data occurs in a significantly overlapping 
field, and these plots clearly have limited value in ori- 
gin determination. Also note that only three countries 
of origin are considered on these plots: Myanmar, 
Madagascar, and Sri Lanka. These chemical plots are 
also used for possible Kashmir stones and those from 
minor localities when appropriate, but in most cases 
these additional deposits are omitted from the plots 
in order to simplify the decision-making process. Typ- 
ically, the sapphires are examined in the microscope 
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V (ppma) 


© Madagascar 


before further advanced testing. If a stone has possible 
Kashmir inclusion features, the reference data for 
Kashmir sapphires can be added to the plots for com- 
parison. 

Part of the problem with these plots is their low 
dimensionality, as only two variables can be consid- 
ered at one time and it is difficult to know if the over- 
lap of certain data points on one plot could be cleared 
up by observing the same data on another plot. For 
instance, what if the Madagascar data that overlaps 
Sri Lanka on a Mg-Fe plot has much lower Ga than 
the specific Sri Lankan stones with overlapping Mg 
and Fe concentrations? This vast database would be 
much more useful if an unknown stone could be si- 
multaneously compared against the entire trace ele- 
ment profile of the reference data. A new 
methodology used in the GIA laboratory involves tak- 
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TABLE 2. An unknown sapphire and the compositional windows used in the selective plotting 


method (in ppma). 


Mg Ti Vv cr* Fe Ga 
Unknown Sapphire* 34 359 3.0 1.0 337 22 
Coarse Window 5-63 54-664 0-8 = 51-623 3-42 
Medium Window 14-54 143-574 0-7 — 135-539 9-36 
Fine Window 22-46 233-484 0-7 —_— 219-455 15-30 


*Average of three LA-ICP-MS analyses 
**Cr not used in the selective plotting method 


ing the full trace element suite of an unknown stone 
and identifying only the reference data with similar 
chemistry. Then, the reference data with dissimilar 
chemistry are not shown in the plots. Not only does 
this mean the unknown is compared only against 
stones with similar chemistry, but it also clears up 
the plots by removing extraneous data, which greatly 
eases their use. Note that this method is essentially 
a variant of a well-established and widely used statis- 
tical classification procedure, the k-nearest neighbors 
technique (Cover and Hart, 1967; Dudani, 1976). 
The mechanics of the method, which we call “se- 
lective plotting,” are relatively straightforward. 
Three LA-ICP-MS analyses are collected on each 
sample, and when the three spots are close in value 
they are averaged. Then a compositional “window” 
is created around the averages for each element (Mg, 


Ti, V, Fe, and Ga for corundum) and any reference 
data within this window will be preserved in the 
plots while any data outside the window for any of 
the trace elements are not shown on the plots. GIA 
uses three different levels for the windows: fine, 
medium, and coarse. These windows are centered on 
the average of the trace element compositions of the 
unknown stone and opened up at plus or minus 35%, 
60%, and 85%, respectively, of the average composi- 
tion for each element. This method is explained 
more carefully in box A, and an example is shown in 
figure 72 with the data for the unknown stone shown 
in table 2, which also illustrates the methodology by 
listing the upper and lower boundaries of the coarse, 
medium, and fine windows created for the trace ele- 
ment profile of an unknown sapphire. Note that the 
method also uses a fixed lower boundary to prevent 


TABLE 3. Trace element profiles of select blue metamorphic sapphires from distinct deposits 


showing essentially indistinguishable chemistry (in ppma). 


Locality Mg Ti Vv Cr Fe Ga 
Example 1 

Ratnapura, Sri Lanka 41 84 3.5 bdl* 171 20 

llakaka, Madagascar 48 90 1.8 bdl* 167 17 
Example 2 

Ratnapura, Sri Lanka 46 53 3.8 1.4 161 20 

llakaka, Madagascar 45 50 5.4 4.0 148 17 
Example 3 

Elahera, Sri Lanka 77 73 4.0 bdl* 251 17 

llakaka, Madagascar 70 71 9.3 2.8 282 19 
Example 4 

Kashmir 25 104 3.0 bdl* 305 18 

llakaka, Madagascar 29 115 44 bdl* 293 18 
Example 5 

Kashmir 45 61 6.0 bdl* 244 16 

llakaka, Madagascar 48 65 3.1 bdl* 265 15 


*bdl = below the detection limit of the analysis. Detection limits are provided in the Samples and 


Analytical Methods section, p. 537. 
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Box A: DEMONSTRATING THE SELECTIVE PLOTTING METHOD 


As demonstrated in the body of this article, the use of 
trace element chemistry to decipher a stone’s geographic 
origin is exceptionally challenging given the often sig- 
nificant apparent or actual overlap in data for reference 
stones of known provenance. For many years now, as 
more and more reference data are accumulated, GIA has 
turned an eye toward the use of advanced statistical 
methods for origin determination. In particular, the use 
of the linear discriminant analysis (LDA) technique has 
been explored and implemented at various stages of test- 
ing. While LDA is an established technique that has 
proven success in some applications, it has not yet been 
rolled out in a major way in the lab. The output from 
techniques such as LDA is often simply an origin call 
with values being reported for somewhat abstract param- 
eters used in the statistical analysis. The result is that it 
can often be very difficult for the gemologist to interpret 
the output from these statistical techniques and to de- 
termine the accuracy of the resulting origin call. For this 
reason, GIA has sought additional statistical tools that 
can be more readily deciphered and understood in a 
gemological laboratory setting. 

The selective plotting method described in the body 
of this article can be a powerful tool for comparing the 
full trace element profile of an unknown stone against 
reliable reference data in a complete and thorough man- 
ner. The method is essentially a variant of a well-estab- 
lished and widely used statistical classification 
procedure, the k-nearest neighbors technique (Cover and 
Hart, 1967; Dudani, 1976). The k-nearest neighbors tech- 
nique has found application in many other fields of sci- 
ence such as biomedicine (Bullinger et al., 2008; Zuo et 
al., 2013; Rahman et al., 2015). 

The selective plotting method is a way to determine 
which reference stones with known provenance are the 
closest match in their overall trace element profiles. Ide- 
ally the five elements considered for corundum could 
be plotted together. Of course, only three dimensions 
can be considered at a time, and 3D plots can be difficult 
to interpret. By filtering the reference data against the 
unknown, the output of the selective plotting method 
is a series of 2D plots with the unknown stone plotted 
against only those reference stones that have overall 
similar chemistry in all five dimensions (Mg, Ti, V, Fe, 
and Ga). If the selective plotting method shows the un- 
known stone in a field of reference stones of only one 
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Figure A-1. Plot of Fe vs. Ga for metamorphic blue sap- 
phire from Myanmar (green), Sri Lanka (purple), and 
Madagascar (yellow), with an unknown stone in red. 


origin, this can be taken as a piece of evidence in the 
overall origin determination process, along with data 
from inclusions and spectroscopy. The basic question in 
the selective plotting method is “have we ever analyzed 
reference stones of known provenance from locality X 
(but not locality Y or Z) with similar overall trace ele- 
ment profiles as the unknown stone?” One potential 
complicating factor is the presence of chemical hetero- 
geneity in many blue sapphires. However, the reliability 
of this method depends on the robustness of the refer- 
ence database. At GIA all the reference stones of known 
provenance are sampled extensively in various sectors 
including colorless and blue color zones or included and 
unincluded zones. Therefore, the chemical heterogene- 
ity seen in blue sapphires is fully built into the selective 
plotting method and is not a problem as long as the ref- 
erence database is thorough and representative of the 
gem corundum seen in the trade. Of course, no gemo- 
logical reference database can ever be perfect; however, 
GIA’s field gemology department is ensuring the ever- 
increasing accuracy of origin determination through ac- 
tive collection of reliable reference stones as close to the 
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Figure A-2. Left: Three-dimensional Fe-Ga-Mg plot of metamorphic blue sapphires from Myanmar (green), Sri Lanka (pur- 
ple), and Madagascar (yellow), with an unknown stone in red. Center: A window is drawn around the unknown from 22 
to 46 ppma Mg. Right: The reference data outside this window are subsequently not shown in the plot. 


mines as possible (Vertriest et al. 2019, pp. 490-511 of 
this issue). TRACE ELEMENT DISCRIMINATION 

In this box we will work through an example to 
demonstrate the method. We use the chemistry of the 
unknown sapphire in table 2 of the main text, which is 
shown in the Fe-Ga plot in figure A-1. We start by first 
selectively filtering out the reference data with dissimi- 
lar Mg values. The Fe-Ga plot is expanded to three di- 
mensions in figure A-2, left. Then a window is drawn 
around the unknown stone from 22 to 46 ppma Mg in 
figure A-2, center. Finally, any reference data outside this 
window are not shown in figure A-2, right. 
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Figure A-3. Plot of Fe vs. Ga for metamorphic blue sapphire 1 1 
from Myanmar (green), Sri Lanka (purple), and Madagascar (yel- 1 10 100 1000 10000 
low), with an unknown stone in red but with the removal of the Fe (ppma) 

reference data with dissimilar Mg values, as in figure A-2. 
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Figure A-4. Left: Three-dimensional Fe-Ga-Ti plot of metamorphic blue sapphires from Myanmar (green), Sri Lanka (pur- 
ple), and Madagascar (yellow), and an unknown stone in red, after initial filtering of the data by removal of reference 
data with dissimilar Mg values as in figure A-2. Center: A window is drawn around the unknown from 238 to 484 ppma 
Ti. Right: The reference data outside this window are subsequently not shown. 


Figure A-3 shows the unknown stone in the two-di- 
mensional Fe-Ga plot compared against the reference 
data that have been selectively filtered to not show 
stones with dissimilar Mg values, as illustrated in figure 
A-2. With this selectively filtered reference data, the Fe- 
Ga plot is expanded into three dimensions with the ad- 
dition of Ti in figure A-4, left. We follow the same 
procedure as for Mg, and a window is drawn around the 
unknown stone from 233 to 484 ppma Ti in figure A-4, 
center. Finally, in figure A-4, right, any reference data 
outside this window are not shown. 

Figure A-5 shows the unknown stone in the two-di- 
mensional Fe-Ga plot compared against the reference 
data that have been selectively filtered to avoid showing 
stones with dissimilar Mg and Ti values, as illustrated 
in figures A-2 and A-4, respectively. With this selectively 
filtered reference data, the Fe-Ga plot is expanded into 
three dimensions with the addition of V in figure A-6, 
left. We follow the same procedure as for Mg and Ti, and 
a window is drawn around the unknown stone from 0 to 
7 ppma V in figure A-6, center. Finally, in figure A-6, right, 
any reference data outside this window are not shown. 
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Figure A-5. Plot of Fe vs. Ga for metamorphic blue sap- 
phire from Sri Lanka (purple) and Madagascar (yellow), 
with an unknown stone in red after the removal of the 
reference data with dissimilar Mg and Ti values, as in fig- 
ures A-2 and A-4, respectively. 
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Figure A-6. Left: Three-dimensional Fe-Ga-V plot of metamorphic blue sapphires from Sri Lanka (purple) and Madagascar 
(yellow), and an unknown stone in red, after filtering of the data by removal of reference data with dissimilar Mg and Ti 
values, as in figures A-2 and A-4, respectively. Center: A window is drawn around the unknown from 0 to 7 ppma V. Right: 
The reference data outside this window are subsequently not shown. 


The unknown stone is compared against the final, Figure A-7. Plot of Fe vs. Ga for metamorphic blue sap- 
fully filtered reference data set in figure A-7, demon- _ phire from Sri Lanka (purple) and Madagascar (yellow), 
strating the stone’s closer similarity to Madagascar ref- | with an unknown stone in red after the removal of the 
erence data than with either Sri Lanka or Myanmar. 7/exence data with dissimilar Mg, Ti, and V values, as in 
Note that in practice, more plots are generated in the /8ures A-2, A-4, and A-6. 
same way, with 10 pairwise combinations of the five 
major corundum trace elements: Mg, Ti, V, Fe, and Ga. TRACE ELEMENT DISCRIMINATION 
Note also that while the final plot in figure A-7 contains 
many fewer data than the unfiltered plot in figure A-1, 
the selective plotting method is not making fewer com- o98 
parisons with the reference database and no reference 
data are “thrown out” or otherwise removed from the *% ¥ 
decision-making process. The selective plotting method 
still compares the unknown against the full reference 
database, but only those stones with similar multi-di- 
mensional trace element profiles are chosen to be com- 
pared against the unknown in the two-dimensional © Sri Lanka 
plots. In a way, the technique is a method for taking © Madagascar 
complicated multi-dimensional data and reducing it to @ Unknown 
readily comprehensible two-dimensional plots. It could ; : ve ae ne ne 
be termed, in essence, quasi-multidimensional two-di- 
mensional plotting. 
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Figure 73. While the se- 
lective plotting method 
works well in some 
cases, for many meta- 
morphic blue sapphires 
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there is simply too 
much overlap to allow 
separation based on 
trace element chem- 
istry, as illustrated by 
this unknown sapphire. 
Selective plotting uses 
coarse, medium, and 
fine windows to filter 
fe, out dissimilar reference 
of data, making the plots 
easier to interpret. 
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the trace element windows from closing too much. 
In this case, the element V is affected by this lower 
boundary for the window, which is set at 4 ppma. 
Also note that prior experience has suggested that Cr 
is not an effective discriminant element for sapphire, 
so it is not used in any of the plots or involved in the 
selective plotting method. As the window is increas- 
ingly closed (figure 72), fewer data are shown in the 
plot and the data shown have chemistry closer to 
that of the unknown. Going from coarse to fine, 
Madagascar appears to be a much more likely origin, 
which was not at all obvious without the use of se- 
lective plotting. 

Of course, selective plotting has its limitations as 
well. For one thing, it is obvious that some sapphires 
from different geographic localities have nearly iden- 
tical trace element profiles. Several such examples 
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are shown in table 3 (see p. 561). Clearly there is no 
novel methodology or sophisticated statistical analy- 
sis that can separate stones with virtually identical 
trace element profiles. While selective plotting does 
help in many cases to get an indication of origin from 
trace element chemistry, in other cases the overlap 
is simply too great (figure 73). As always, if trace el- 
ement chemistry is ambiguous and there is no defin- 
itive evidence from the inclusion scene, a 
gemological laboratory is obligated to issue a finding 
of “inconclusive” origin. Nonetheless, the selective 
plotting method has been blind tested in the labora- 
tory at GIA on samples with known provenance col- 
lected through GIA’s field gemology program. While 
the origin conclusions for the stones tested do not 
take into account inclusion evidence, in the cases 
when the selective plotting method does indicate a 
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Figure 74. The use of 
the selective plotting 
method described in 
this article can be very 
helpful in elucidating 
the origin of basalt-re- 
lated blue sapphire. 
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specific origin, the correct origin is assigned with a 
high level of accuracy using only trace element data 
and the selective plotting method. 


TRACE ELEMENT CHEMISTRY OF 
BASALT-RELATED SAPPHIRE 


While inclusions are not as useful for origin deter- 
mination of basalt-related sapphires, trace element 
chemistry often plays a greater role (see table 4 for a 
summary of trace element data]. GIA uses the same 
selective plotting technique as described above for 
metamorphic blue sapphire. An example of this 
method is shown in figure 74. (Note that all trace el- 
ement data are produced from LA-ICP-MS; see Groat 
et al., 2019, pp. 512-535 of this issue.) The selective 
plotting method does seem to produce significantly 
more accurate origin determinations for basalt-re- 
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lated blue sapphire than for metamorphic blue sap- 
phires. As with most geographic origin determina- 
tions, however, there will almost always be overlap, 
and in many cases the trace element chemistry evi- 
dence is ambiguous (figure 75). For basalt-related 
blue sapphires, ambiguous trace element data typi- 
cally lead to an “inconclusive” origin call because 
of the often indistinct nature of their inclusions. 


CONCLUSIONS 


After more than 10 years, GIA’s field gemology and 
research departments have produced an enormous 
amount of data on the gemological properties of 
blue sapphire from major deposits around the world. 
Despite these efforts, the inescapable conclusion 
seems to be that there is often significant overlap 
between stones from distinct geographic localities, 
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Figure 75. Given the 
sometimes overlapping 
properties of basalt-re- 
lated sapphires, for 
some stones no amount 


of data processing can 
extract an origin deter- 
mination from the 
data, as with this un- 
known sapphire. The 
selective plotting uses 
coarse, medium, and 
fine windows to filter 
out dissimilar reference 
data, making the plots 
easier to interpret. 
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which makes it difficult—if not impossible in some 
cases—to make origin determination for every blue 
sapphire. Inclusions and trace element chemistry 
can be helpful in some cases. Some blue sapphires 
have diagnostic mineral inclusions or distinctive 
patterns of silk that help trace the stone to a specific 
geographic locale. Especially for the metamorphic 
blue sapphires, stones from Sri Lanka (figure 76), 
Myanmar, Kashmir, or Madagascar often have char- 
acteristic inclusions that allow conclusive origin de- 
termination. Many of the criteria used to reach a 
conclusion on a gem’s origin have come from years 
of experience of senior gemologists looking at 
stones. Our confidence in making many of these 
origin determinations stems from observation of 
reference stones collected by GIA’s field gemology 
department that have corroborated the criteria de- 
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veloped over many years. For basalt-related sap- 
phires especially, comparison with reliable trace el- 
ement chemistry from field gemology reference 
samples may show that a stone matches with only 
one possible mining site, confirming its origin. But 
many stones—especially high-end stones, which 
tend to be very clean—may have ambiguous inclu- 
sion scenes or so few inclusions as to hinder origin 
determination. Or a stone’s trace element profile 
may closely match reference data from two or more 
distinct geographic localities. While geographic ori- 
gin determination for blue sapphire will remain a 
major focus of further research at GIA in order to 
refine and improve our methods, clearly no amount 
of additional data or collection of more reliable sam- 
ples will resolve some of these cases where the over- 
lap in data precludes an origin determination. 
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this expense, F. A. conceived the idea of 
putting in our own power plant. 

Consequently, a 10 of 20 horsepower 
gas engine and a generator were bought and 
installed in a back room on heavy cement 
foundations to lessen the noise. This did 
reduce the expense, but every pop of the gas 
engine produced a pulsation in the speed of 
the generator and a variable pulsation in 
our lighting. Then, too, our gas engine 
proved to be fully as temperamental as the 
automobiles of those days, and would stop 
popping and our lights would go off. When 
this occurred one of us would have to cush 
back, switch on the city current, prime the 
gas engine and then rotate the heavy three- 
or four-foot flywheel to get it started again. 
At first we had the electric company con- 
cerned for fear others might install their 
own plants, but it proved to be another 
“best laid scheme o’ mice and men.’ 

While we 
our business with turquois, one of my 
schoolmates—-by the name of Will—came to 
Los Angeles. He was honest, studious, in- 
dustrious, mild and pleasant. Jobs were hard 
to get, but he finally got onc with a small 
cleaning and pressing establishment. While 
doing some cleaning outdoors in our warm 
California sunshine, the gasoline ignited 


were successfully building 


and one arm and both hands were severely 
burned. After he returned. from the hospital 
without money, and without a job, I per- 
suaded my brother to take him into our shop 
to learn gem cutting. He proved to be a 
good dependable workman and through our 
friendship Will gained an intimate knowl- 
edge of the excellent profit we were making 
on turquois, and how it was done. 

After he had been there a year or two, and 
vacation time had again arrived, Will left 
for a week's rest. For some reason his week 
proved to be a long one. Sometime during 
the third week we received.a curt note from 
him announcing that he was not coming 
back, but henceforth would be in a business 
of his own, with a partner. In his exuber- 
ance he stated in part—We have bought 
the Haas property. Hereafter you will not 


be able to buy your turquois for a song, and 
sing only the first verse.” Thus, right out of 
the sky a large piece of the blue fell away. 
My brother gnashed his teeth and said 
things. But that is the way competition 
often works in this good land of ours. We 
did not have the foresight to secure a more 
permanent connection for our supply. 

Soon Will and his backer opened a lapi- 
dary* a few blocks away from us to spe- 
cialize in turquois, and Will was put in sole 
charge. Being without experience in manag- 
ing a business, he soon found himself in 
serious financial difficulties, and his backer 
had to come here from Wisconsin to save 
the business, and Will was relegated to 
Arizona to work the mine. But that is an- 
other story. 

Fortunately, we had a modest amount of 
rough on hand and before long material 
from another source came to our attention. 
It was in California, in the extreme north- 
eastern part of San Bernardino County near 
a place then called Manvel. Much of this 
turquois came in nuclear form, instead of be- 
ing deposited in jagged scams, or one-time 
cracks in the rocks which later became ce- 
mented together again with turquois. This 
latter quality, which characterized what we 
had been getting from Arizona, produced 
good-looking matrix turquois, while the 
nugget type contained parts within the lump 
that had no seams or flaws, which we desig- 
nated as gem turquois. Both types were pop- 
ular, but the gem quality sold for five to 
ten times as much as the other. Now and 
then from these nuggets we obtained excep- 
tionally large flawless gems for which we 
obtained prices ranging from $100 to $500. 

One day a very old lady, belonging to one 
of California’s distinguished families, came 
in and sat down at the gemstone counter. 
F. A. waited on her. She wore no jewelry, 
was dressed in black — probably mourning 
attire—a poor-looking prospect. 

When people came in as if visiting a 
“ah” 


*It is my belief that ‘‘lapidary’’ refers to the shop 
or equipment, while the cutter is known as a 
lapidist. 


museum just to “oh” and over the 
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TABLE 4. Generalized trace element profiles in ppma of basalt-related blue sapphire. 


Australia 
Mg Ti Vv Fe Ga 
Range bdl-22 bdl-1316 bdl-10 716-4893 27-113 
Average 6 109 4 2272 47 
Median 5 46 4 2222 45 
Thailand 
Mg Ti Vv Fe Ga 
Range 2-50 5-200 bdl-27 613-4966 19-60 
Average 9 32 4 2575 38 
Median 8 24 2 2638 38 
Cambodia 
Mg Ti Vv Fe Ga 
Range bdl-12 3-579 2-22 529-2245 30-128 
Average 2 105 6 1137 56 
Median 2 57 + 1015 50 
Nigeria 
Mg Ti Vv Fe Ga 
Range bdl-25 bdl-681 bdl-11 628-2961 25-116 
Average 2 97 1 1202 50 
Median 0 47 0 1095 49 
Ethiopia 
Mg Ti Vv Fe Ga 
Range bdl-27 4-852 bdl-17 748-4966 26-119 
Average 5 66 6 1283 42 
Median +t 46 6 1128 38 


*bdl = below the detection limit of the LA-ICP-MS analysis. Detection limits are provided in the Samples and 


Analytical Methods section, p. 537. 
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Figure 76. This ring con- 
tains a 4.93 ct Sri 
Lankan sapphire. Photo 
by Orasa Weldon; cour- 
tesy of Leslie Weinberg 
Designs. 
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CASE STUDY 1: SRI LANKAN BLUE SAPPHIRE 


Figure CS 1-1. A 
4.81 ct unheated 
blue sapphire con- 
sidered for geo- 
graphic origin 
determination. 
Photo by Diego 
Sanchez. 


Under consideration in this case study is an un- 
heated 4.81 ct mixed-cut oval blue sapphire 
(figure CS 1-1). The absence of an 880 nm band 
in the UV-Vis-NIR absorption spectrum indi- 
cates a metamorphic sapphire from Sri Lanka, 
Madagascar, Myanmar, or Kashmir (figure CS 
1-2). Careful microscopic observation of the in- 
clusions reveals long, fine rutile silk (figure CS 
1-3) and several phlogopite mica crystals (figure 
CS 1-4), giving the distinct impression of a Sri 
Lankan origin. For added confidence, trace el- 
ement analysis is needed (figure CS 1-5). Ini- 
tially this stone plots in an area of extreme 
overlap between Sri Lanka, Madagascar, and 
Myanmar. In a case like this, a Sri Lankan origin 
determination might still be acceptable given 
that the trace element profile is at least consis- 
tent with our Sri Lankan sapphire reference 
data. However, using the selective plotting 
method introduced in this article, it can be seen 
that the overall trace element profile clearly 
matches the Sri Lankan reference data more 
than any other possible origin. Considering all 
the data collected on this stone, especially its 
inclusions and trace element profile, a Sri 
Lankan origin is determined. 
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Figure CS 1-2. The UV-Vis-NIR absorption spectrum 
indicates a metamorphic origin, narrowing down the 
options for the stone’s provenance to a smaller subset. 


Figure CS 1-3. Long, fine rutile silk gives an initial 
impression of a Sri Lankan origin. Photomicrograph 
by Nathan D. Renfro; field of view 2.85 mm. 


Figure CS 1-4. Fine, long silk and phlogopite mica in- 
clusions suggest a Sri Lankan origin. Photomicro- 
graph by Aaron C. Palke; field of view 1.49 mm. 
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Figure CS 1-5. Trace element chemistry indicates a Sri Lankan origin for this stone (indi- 


cated by the red circle), supporting the information obtained from photomicroscopic obser- 
vations of the inclusion scene. 
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CASE STUDY 2: INCONCLUSIVE METAMORPHIC BLUE SAPPHIRE 


Figure CS 2-1. A 
2.83 ct unheated 
blue sapphire re- 
quiring a geo- 
graphic origin 
determination. 
Photo by Diego 
Sanchez. 


This case study involves an unheated 2.83 ct 
mixed-cut oval (figure CS 2-1). UV-Vis-NIR spec- 
troscopy clearly indicates a metamorphic origin, 
which narrows down the possible origins to Sri 
Lanka, Myanmar, Madagascar, and Kashmir (fig- 
ure CS 2-2). Microscopic observations of the in- 
clusion characteristics shows the presence of 
reflective, iridescent elongate needles as well as 
planar, stacked clouds composed of coarse, ori- 
ented particulate silk (figure CS 2-3). At first 
glance, the stacked clouds are somewhat remi- 
niscent of a Madagascar origin; however, the 
stacked clouds associated with a Madagascar ori- 
gin are usually milky clouds composed of parti- 
cles too small to be individually resolved using a 
microscope. The stacked clouds here do not sug- 
gest a Madagascar origin. The stone contains a 
CO, inclusion, which might initially suggest a Sri 
Lankan origin. However, this inclusion alone is 
not diagnostic (figure CS 2-4). Overall, the general 
inclusion scene is not indicative of any specific 
origin. In this case, trace element chemistry (figure 
CS 2-5) provides the final possible option for dis- 
cerning geographic origin. Using GIAss full refer- 
ence database, the stone plots in an overlapping 
region with Sri Lanka, Myanmar, and Madagas- 
car. Even with the use of the selective plotting 
method, the overlap is not resolved. Unfortu- 
nately, an origin determination cannot be reached 
using the available data from inclusions, trace el- 
ement chemistry, and spectroscopy. An “incon- 
clusive” origin determination is the only option. 
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Figure CS 2-2. The UV-Vis-NIR absorption spectrum indi- 
cates a metamorphic origin, allowing the origin determi- 
nation process to be narrowed down to a few possibilities. 


Figure CS 2-3. The sapphire has dense particulate clouds 
and coarse silk that show a thin-film interference effect. 
Photomicrograph by Aaron Palke; field of view 3.57 mm. 


Figure CS 2-4. This sapphire contains a CO, fluid inclu- 
sion. Such inclusions might support a Sri Lankan origin 
but are not diagnostic. Photomicrograph by Nathan D. 
Renfro; field of view 2.88 mm. 
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Figure CS 2-5. Trace element analysis fails to yield a distinct origin for the unknown blue 
sapphire (indicated by the red circle) from major metamorphic blue sapphire deposits. The 


selective plotting method was used to attempt to resolve this origin determination using 
coarse, medium, and fine filtering. 
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CASE STUDY 3: BURMESE BLUE SAPPHIRE 


Figure CS 3-1. A 
1.49 ct unheated 
blue sapphire un- 
dergoing the geo- 
graphic origin 
determination 
process. Photo by 
Diego Sanchez. 


For this case study, we will discuss the unheated 
1.49 ct mixed-cut blue sapphire shown in figure 
CS 3-1. The first step in determining its geo- 
graphic origin is to carefully analyze its UV-Vis- 
NIR spectrum (figure CS 3-2). The absence of an 
880 nm absorption band reveals a metamorphic 
origin and narrows down the possible sources to 
Sri Lanka, Madagascar, Myanmar, and Kashmir. 
This sapphire can then be carefully studied in the 
microscope to search for clues in the inclusion 
scene. When an intense fiber-optic light is fo- 
cused at a specific angle, vivid interference col- 
ors appear as the light reflects off short, stubby, 
and somewhat flattened rutile silk distributed 
throughout the sapphire (figure CS 3-3). This in- 
clusion scene is highly reminiscent of features 
seen in Burmese sapphire from the GIA colored 
stone reference collection. The use of cross-po- 
larized lighting reveals the presence of polysyn- 
thetic twinning, lending further credence to a 
Burmese origin (figure CS 3-4). The only remain- 
ing step is to check the trace element profile (fig- 
ure CS 3-5) to ensure that its chemical fingerprint 
is consistent with our Burmese reference sap- 
phires. The use of the selective plotting method 
corroborates the microscopic evidence and al- 
lows a Burmese origin to be assigned. 
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Figure CS 3-2. The UV-Vis-NIR absorption spectrum 
suggests a metamorphic origin, narrowing down the 
possible geographic origins. 


Figure CS 3-3. Short, iridescent platelet-like silk is 
suggestive of a Burmese origin. Photomicrograph by 
Aaron Palke; field of view 1.67 mm. 


Figure CS 3-4. The twinning observed using cross-po- 
larized light suggests a Burmese origin. Photomicro- 
graph by Aaron Palke; field of view 2.34 mm. 
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Figure CS 3-5. Trace element analysis of the unknown blue sapphire (indicated by the red 
circle) suggests a Burmese origin, corroborating evidence from microscopic observations. 
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CASE STUDY 4: INCONCLUSIVE BLUE SAPPHIRE 


Figure CS 4-1. This 
blue sapphire case 
study involves a 
5.74 ct unheated, 
mixed-cut oval. 
Photo by Diego 
Sanchez. 


In the final case study for this article, we will 
analyze the 5.74 ct unheated mixed-cut oval 
blue sapphire shown in figure CS 4-1. The UV- 
Vis-NIR absorption spectrum indicates a meta- 
morphic origin, so we will consider Sri Lanka, 
Madagascar, Myanmar, and Kashmir as possible 
sources (figure CS 4-2). This unknown sapphire 
is quite clean. There is very little in the way of 
inclusion information that can provide a useful 
indication of origin. The only inclusion of note 
is the presence of graining throughout the sap- 
phire (figure CS 4-3). Unfortunately, this inclu- 
sion feature does not provide much evidence 
one way or another about geographic origin. At 
this point, we can look for additional clues from 
trace element chemistry (figure CS 4-4). Even 
using the selective plotting method described in 
this article, the unknown sapphire plots in a re- 
gion with considerable overlap of Sri Lanka, 
Madagascar, and Burmese reference stones. 
Considering the full body of evidence in this 
case, the only possible option is an “inconclu- 
sive” origin determination. 
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Figure CS 4-2. The UV-Vis-NIR absorption spectrum 
suggests a metamorphic origin, narrowing down the 
possible options for geographic origin. 


Figure CS 4-3. Microscopic observations provide little 
evidence of inclusions except for strong graining, 
shown in cross-polarized light. Photomicrograph by 
Nathan D. Renfro; field of view 4.80 mm. 
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Figure CS 4-4. Trace element analysis of this unknown blue sapphire (indicated by the red 
circle) fails to match it conclusively to any reference stones of known provenance. 
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stones, F. A. would show them but scant 
courtesy. Having appraised this prospect as 
another timewaster, he thought he would 
put her in her place. He put before her our 
finest gem turquois—a 50 carat stone, “How 
much is it?” she softly inquired. ‘Five hun- 
dred dollars,’ he replied. “I'll take it,” said 
she. F. A. immediately snapped to attention. 
His demeanor abruptly changed. Those 
words from such a seemingly unpromising 
prospect flashed an impulse along a certain 
nerve in his anatomy that turned on all the 
suavity and charm at his command. Of 
course this contact later resulted in a good 
deal of business with her. 

To digress a moment, 1 will briefly relate 
a story that went the rounds among rug deal- 
ers about that time. A certain Armenian, 
who had been having a tough struggle get- 
ting established in that business, happened 
to contact this lady. She liked rugs. Before 
long he sold her so many rugs and allied 
merchandise that he became sufficiently 
prosperous to go on a buying trip to New 
York. But he had to leave his store in the 
hands of an inexperienced boy unused to so 
much responsibility. After giving profuse 
instructions to the young man what to do 
when the prize customer came in, he left 
Los Angeles for the big market. Among the 
things bought was a certain rug for about 
$200, which he felt sure would please this 
special customer. Not yet ready himself to 
return, he shipped his new stock home and 
wrote in careful detail to his boy-manager 
of what to do when the lady came in. Above 
all things, he admonished, ‘don’t price this 
rug too cheaply.” 

Soon after the new stock came and was 
unpacked this principal customer came in. 
She was delighted with this best rug, and 
asked, “How much is it?” “Fifteen hundred 
dollars,” he replied, with some trepidation. 
“All right,” said she, “IH take it.” 

This momentous accomplishment by the 
young salesman completely upset him. Her 
words tingled along a different nerve from 
F, A.’s. The boy fainted, and fell over on 
the rugs. This so agitated the frail and 


elderly woman that she too fainted, and fell 
on the rugs. She was taken to the hospital 
briefly, then returned to her home. The sale 
was never consummated, and she died soon 
thereafter. As a sequel to this strange story, 
her executors later called on this rug dealer 
and various other merchants, including us, 
and urged us all to take back many things 
and refund the amounts paid for them. But 
this, I understand, did not meet with much 
success. 

Let us now return to a more concrete 
consideration of turquois as it concerned 
us, as well as some of its vicissitudes in 
the gemstone market. One of our competi- 
tors, who devoted his lapidary facilities 
almost altogether to trade work, took an 
active part in this gemstone market. He was 
William Petry, a German of unquestionable 
integrity and a reputation for excellence 
of workmanship. Soon after our source in 
Atizona was snatched away from us, the 
nugget variety proved to be a source of more 
and more importance. We found that many 
customers preferred the flawless gem tur- 
quois to those marked with matrix and they 
would pay a higher price for it. 

Mr. Petry had a distinctive style of cut- 
ting the little oval stones that gave them 
a good deal of class, and made them look 
different imitations that then 
crowded the market. He gave the st#nes a, 
little extra height and developed a sort of 
crest over the top, as if a round conoid were 
stretched endwise into an oval, and instead 
of flattening the back and beveling the edge 
he convexed it slightly (Figure 4). When 


from the 


Figure 4 


we matched up a graduated set of five stones 
and mounted them into a “hoop ring,” this 
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OF RUBY 


Aaron C. Palke, Sudarat Saeseaw, Nathan D. Renfro, Ziyin Sun, and Shane F. McClure 


Over the last several decades, geographic origin determination for fine rubies has become increasingly important 
in the gem trade. In the gemological laboratory, rubies are generally broken down into two groups based on 
their trace element chemistry: marble-hosted (low-iron) rubies and high-iron rubies. High-iron rubies are usually 
a straightforward identification based on their inclusions and trace element profiles. Marble-hosted rubies can 
be more challenging, with some deposits showing overlap in some of their inclusion scenes. But many marble- 
hosted rubies, especially Burmese stones from Mogok and Mong Hsu, can be accurately identified based on 


their internal features and trace element profiles. This contribution will outline the methods and criteria used 


at GIA for geographic origin determination for ruby. 


in modern times, especially in the last decade 

with the discovery and development of ruby 
mining in Mozambique (Chapin et al., 2015). As the 
gem trade has witnessed turbulent and dramatic 
changes in the ruby supply chain, the concept of geo- 
graphic origin has become increasingly important to 
people buying and selling fine rubies. Often, the origin 
of a ruby plays an important role in the value placed 
on the stone, especially for exceptional quality rubies 
from Myanmar (figure 1). As with other colored gem- 
stones, the ruby trade relies to a large extent on rep- 
utable gemological laboratories to make these origin 
determinations. In the second material-specific article 
of this series we delve into the world of rubies, their 
gemological properties, and characteristics that may 
aid in geographic origin determination. The following 
sections will detail the origin data GIA has collected 
for rubies and describe the methodology used in the 
lab to apply this data to geographic origin work. 


iE world ruby market has changed dramatically 
i 


SAMPLES AND ANALYTICAL METHODS 

Rubies included in this study are predominantly 
from GIA’s reference collection, which was assem- 
bled over more than 10 years by GIA’s field gemology 
department. Stones in GIA’s reference collection 


See end of article for About the Authors and Acknowledgments. 
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were obtained by skilled gemologists from reliable 
sources and were collected as close to the mining 
source as possible (see Vertriest et al., 2019, pp. 490- 
511 of this issue). When necessary, the data from the 
reference collection were supplemented by stones 
from the personal collections of the authors of this 


In Brief 


¢ Geographic origin can have a significant impact on the 
value of fine rubies. 

¢ Origin for marble-hosted rubies can often be deter- 
mined from inclusions and trace element chemistry, 
but there are areas of overlap. 


Inclusions and trace element chemistry typically make 
origin determination for high-iron rubies much more 
straightforward. 


study or from GIA’s museum collection. The trace 
element data were collected from 280 marble-hosted 
ruby samples and 219 high-iron samples: 65 samples 
from Myanmar, 93 from Vietnam, 74 from 
Afghanistan, 48 from Tajikistan, 34 from Cambodia, 
7 from Thailand, 93 from Madagascar, and 85 from 
Mozambique. 

Trace element chemistry was collected over the 
course of several years at GIA using two different 
laser ablation-inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) systems. The ICP-MS 
used was either a Thermo Fisher X-Series II or iCAP 
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Qc system, coupled to an Elemental Scientific Lasers 
NWR 212 laser ablation system with a frequency- 
quintupled Nd:YAG laser (213 nm wavelength with 
4 ns pulse width). Ablation was carried out with 55 
Lim spot sizes, with fluence of 8-10 J/cm? and repeti- 
tion rates of either 15 or 20 Hz. ?”Al was used as an 
internal standard at 529250 ppmw with custom-de- 
veloped synthetic corundum used as external stan- 
dards (Wang et al., 2006; Stone-Sundberg et al., 2017). 
Detection limits varied slightly through the course 
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Figure 1. Pair of ruby 
and diamond earrings 
from Mong Hsu, Myan- 
mar, 6.04 carats total. 
Photo by Robert Wel- 
don/GIA; courtesy of 
Robert E. Kane, Fine 
Gems International. 


of the analyses but were generally 0.1-0.3 ppma Mg, 
0.5-2.0 ppma Ti, 0.03-0.2 ppma V, 5-20 ppma Fe, and 
0.03-0.07 ppma Ga. Cr is not used in the laboratory 
as a discriminant element, after years of testing 
showed it is not useful for origin. Additionally, 
ruby/pink sapphire calls are made based on color and 
not Cr concentrations. Trace element values are re- 
ported here in parts per million on an atomic basis 
rather than the more typical parts per million by 
weight unit used for trace elements in many geo- 


Gems & GEMOLOGY WinteR 2019 581 


chemical studies. Units of ppma are the standard 
used in GIA laboratories for corundum, as this allows 
a more facile analysis of crystal chemical properties 
and an understanding of the color mechanisms of 
sapphire and ruby. Conversion factors are determined 
by a simple formula that can be found in table 1 of 
Emmett et al. (2003). The reference samples are di- 
verse in terms of their appearance and presence/ab- 
sence of silk, clouds, and otherwise included areas. 
Every effort was made to sample as many chemically 
distinct areas in heterogeneous samples as possible 
to ensure robust representation of silky, cloudy, and 
unincluded ruby trace element chemistry. 

Inclusions were identified, when possible, using 
Raman spectroscopy with a Renishaw inVia Raman 
microscope system. The Raman spectra of the inclu- 
sions were excited by a Modu-Laser Stellar-REN Ar- 
ion laser producing highly polarized light at 514 nm 
and collected at a nominal resolution of 3 cm"! in the 
2000-200 cm range. In many cases, the confocal ca- 
pabilities of the Raman system allowed inclusions 
beneath the surface to be analyzed. 

UV-Vis spectra were recorded with a Hitachi U- 
2910 spectrometer or a PerkinElmer Lambda 950 in 
the range of 190-1100 nm with a 1 nm spectral reso- 
lution and a scan speed of 400 nm/min. UV-Vis-NIR 
spectra are presented as absorption coefficient («) in 
units of cm! where a = A x 2.303/t, with A = ab- 
sorbance and t = path length in cm. 


MARBLE-HOSTED AND HIGH-IRON RUBIES 


As with blue sapphires, the first step in making a ge- 
ographic origin determination for rubies is to make 
a broad division into two groups—in this case, mar- 
ble-hosted rubies and so-called high-iron rubies. The 
first group encompasses rubies from the legendary 
mines in Mogok in what is now Myanmar, as well 
as more modern deposits in Vietnam, Tajikistan, 
Afghanistan, and Mong Hsu in Myanmar. These 
marble-hosted ruby deposits are mostly located in 
Southeast and Central Asia and were formed during 
the Himalayan orogeny. During this geological event, 
platform carbonates (limestones) that formed in the 
warm shallow sea between the Indian and Asian 
plates were buried and subjected to extreme temper- 
atures and pressures when these two plates collided. 
Fluids and molten salts that circulated through the 
marbles formed in this process were responsible for 
mobilizing aluminum and chromium in these rocks 
and forming ruby (Garnier et al., 2008; Giuliani and 
Groat, 2019, pp. 464-489 of this issue). 
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On the other hand, “high-iron ruby” is a catchall 
term used to describe the second group of rubies, 
which can be distinguished by their distinctive trace 
element chemistry. Rubies in this group have much 
more diverse geological origins, ranging from basalt- 
related rubies such as those found in Thailand and 
Cambodia to more metamorphic or metasomatic ru- 
bies found in Mozambique and Madagascar. The 
common thread, geologically speaking, seems to be 
that rubies in this group probably were derived from 
similar geological formations, which was most likely 
(ultra)mafic or basic intrusive igneous rocks (Mercier 
et al., 1999, Smith et al., 2016; Fanka and Sutthirat, 
2018; Sutthirat et al., 2018; Palke et al., 2018). It was 
these iron-rich rocks that imparted their character- 
istic trace element profiles on the rubies (see Giuliani 
and Groat, 2019, pp. 464-489 of this issue, for more 
detailed discussion of the geology of these deposits). 

Unfortunately, there is no spectroscopic test avail- 
able to easily distinguish between these two groups 
of rubies as there is for metamorphic and magmatic 
blue sapphires. In many cases, a glance through the 
microscope can easily make this separation, as typical 
inclusion scenes tend to be different between the two 
groups. Intensity of fluorescence can also be an indi- 
cator: The iron in the “high-iron” group tends to in- 
hibit fluorescence, and typically these rubies do not 
fluoresce as strongly as the marble-hosted rubies. In 
order to improve the accuracy of a geographic origin 
conclusion, however, trace element chemistry is im- 
portant to consider as well. The marble-hosted rubies 
generally have iron concentrations below 200 ppma, 
with very few stones above 400 ppma, while iron con- 
tents in the high-iron rubies are mostly above 400 
ppma. Assessing all the available data allows easy 
separation of rubies from these two groups in most 
cases, simplifying geographic origin determination by 
significantly reducing the number of potential loca- 
tions. Those stones falling in between these two 
groups, with an iron content between 200 and 400 
ppma, need to be considered very carefully, as several 
origins are possible in these cases. 


GEOGRAPHIC ORIGIN DETERMINATION: 
MARBLE-HOSTED RUBY INCLUSIONS 


In many cases, the geographic origin of marble- 
hosted rubies is difficult to identify in the laboratory. 
Historically, things would have been simpler. For 
hundreds if not thousands of years, the mining town 
of Mogok in Burma (now Myanmar) was practically 
the sole source of this group of rubies (Themelis, 
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Figure 2. Matched pair of Burmese rubies from 
Mogok, approximately 4 carats total. Photo by Robert 
Weldon/GIA; courtesy of Amba Gem Corporation. 


2008). The Afghan ruby mines at Jegdalek have had 
some production for several hundred years, but the 
output has never matched Mogok’s in terms of quan- 
tity or quality (Garnier et al., 2008; Hughes et al., 
2017). However, Mogok rubies started to see much 
more competition starting in the twentieth century 
with new finds of marble-hosted rubies in Vietnam, 
Tajikistan, and another deposit in Myanmar at Mong 
Hsu. Because all of these rubies were formed in the 
same geological event under similar geological con- 
ditions, their inclusion scenes and especially their 
trace element chemistry can sometimes be similar 
to those from the legendary deposit in Mogok. 


For many stones coming through GIA’s lab, inclu- 
sion scenes and trace element chemistry are enough 
to accurately determine a geographic origin. This is 
usually the case for Burmese rubies from Mogok and 
Mong Hsu, which often have typical inclusions. 
However, the reality of the situation is that in some 
cases a stone may not contain a diagnostic inclusion 
scene and the trace element chemistry may be am- 
biguous. In these situations, an “inconclusive” origin 
determination is the only appropriate answer. In the 
following sections we will lay out the exact criteria 
currently employed by GIA for making geographic 
origin determinations for marble-hosted rubies. Ad- 
ditional information about these rubies can be found 
in the following references: Kane et al. (1991), Brown 
(1992), Hughes (1994). Peretti et al. (1995), Smith 
(1998), Bowersox et al. (2000), Schwarz and Schmetzer 
(2001), Long et al. (2004a,b,c), Gibelin and Koivula 
(2008), Sorokina et al. (2015), and Hughes et al. (2017). 


Typical Inclusion Scenes. Inclusion scenes often 
supply the bulk of the evidence in ascertaining geo- 
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Figure 3. Burmese ruby from Mogok, approximately 
4 ct. Photo by Robert Weldon/GIA; courtesy of 
Amba Gem Corporation. 


graphic origin for marble-hosted rubies. Unfortu- 
nately, there are not any “diagnostic” mineral inclu- 
sions for rubies. All marble-hosted rubies can contain 
inclusions of calcite, apatite, and other common 
solid minerals. More often, the defining inclusion 
scenes are composed of characteristic patterns of silk, 
milky clouds, and patterned clouds. In the following 
sections we will offer examples of typical inclusion 
scenes for marble-hosted rubies from Myanmar, Viet- 
nam, Afghanistan, and Tajikistan. 


The Internal World of Burmese Rubies. Rubies come 
from two separate deposits in Myanmar: the historic 
Mogok region and the more recent Mong Hsu de- 
posit. In general, Mogok has produced more impor- 
tant, finer-quality rubies (figures 2. and 3) while Mong 
Hsu has mostly supplied commercial-grade material. 
In the following sections, the inclusion scenes of 
Mogok and Mong Hsu rubies will be considered in- 
dependently. 

Several photomicrographs depicting typical inclu- 
sion scenes in Mogok rubies are shown in figures 4— 
9. The silk in Mogok rubies often occurs as nested 
concentrations of fine, long to short rutile needles 
(figure 4). These nests of silk often occur near the 
center of the stone, sometimes accompanied by in- 
clusions of calcite and other minerals (figure 5). Silk 
in Mogok rubies often occurs as short reflective ru- 
tile needles with a flattened aspect, possibly exhibit- 
ing an arrowhead shape due to twinning of the rutile 
(figures 6-8). However, longer silk is also common 
in Mogok rubies (figures 4 and 5). Note that unlike 
many rubies from other deposits, Mogok rubies usu- 
ally do not require heat treatment to optimize their 
color. This means that silk in these stones generally 
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Figure 4. Dense concentrations of silk and rounded 
crystal inclusions suggest a Mogok, Myanmar, origin 
for this ruby. Photomicrograph by Charuwan Khow- 
pong; field of view 2.37 mm. 


stays intact. While heat treatment of blue sapphires 
tends to destroy evidence of origin in the form of silk 
patterns, this is rarely the case for the silk seen in 
Mogok rubies. Another inclusion scene suggestive of 
a Mogok origin is distinctive roiled graining, which 
is likely caused by turbulent and rapid crystal growth 
when the rubies formed (figure 9). Distinct red and 
colorless zoning is often associated with this grain- 
ing. Note that Burmese rubies from Mogok can often 
be identified by characteristic inclusion scenes such 
as iridescent short needles or nested silk, though 
there may be borderline cases where the inclusions 


Figure 6. Shorter rutile silk with a flattened aspect, 
typical of Mogok rubies, creates vivid iridescence 
when viewed with intense fiber-optic illumination. 
Photomicrograph by Charuwan Khowpong; field of 
view 1.12 mm. 


584 GEOGRAPHIC ORIGIN OF RUBY 


Figure 5. Dense concentrations of silk accompanied 
by rounded calcite crystals suggest a Burmese origin. 
Photomicrograph by Jonathan Muyal; field of view 
1.99 mm. 


are not conclusively Mogok but might still indicate 
such an origin (see the “Inclusion Scenes Gone 
Wrong” section below). 

The ruby deposits in Mong Hsu were discovered 
only recently, in the later part of the twentieth cen- 
tury. Luckily, Mong Hsu rubies tend to have charac- 
teristic inclusion scenes that allow them to be easily 
separated from rubies from Mogok and other marble- 
hosted rubies. Because dark blue zones and fractures 
are so common in Mong Hsu rubies in their natural 
state, most stones from this deposit are heat treated 
at high temperatures. Unheated Mong Hsu rubies are 


Figure 7. Short, reflective platelet-like silk is charac- 
teristic of Mogok rubies. Photomicrograph by GIA; 
field of view 1.31 mm. 
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Figure 8. A mixture of flattened rutile needles is ac- Figure 9. Roiled graining is consistent with a Mogok 
companied by a fine dusting of particulate silk in this origin in this ruby. Photomicrograph by Charuwan 
Mogok ruby. Photomicrograph by Charuwan Khow- Khowpong; field of view 2.83 mm. 

pong; field of view 1.75 mm. 


Figure 10. This deep blue hexagonal core is a telltale Figure 11. Heated Mong Hsu rubies are often identi- 


sign of an unheated Mong Hsu ruby’s provenance. fied by dense hexagonal white clouds in their cores. 
However, unheated Mong Hsu rubies are rarely en- Photomicrograph by Nathan Renfro; field of view 2.97 
countered in the trade. Photomicrograph by Jonathan mm. 


Muyal, field of view 4.79 mm. 


often distinguished by a dark blue core (figure 10). 
However, unheated material from Mong Hsu is rare. 
More commonly seen is a white, cloudy core produced 
by the heat treatment process (figure 11). Patterned 
clouds such as ladders and snowflake inclusions are 
typical of Mong Hsu rubies (figures 12 and 13). 
Stepped, angular graining is occasionally seen in Mong 
Hsu rubies as well (figure 14). More recently, flux-as- 


Figure 12. Snowflake inclusions and other types of 
patterned clouds are typical inclusions in heated 
Mong Hsu rubies. Photomicrograph by Jonathan 
Muyal; field of view 4.10 mm. 
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Figure 13. Ladder- and streamer-like inclusions pro- 
vide an indication of this ruby’s Mong Hsu origin. 
Photomicrograph by GIA; field of view 4.68 mm. 


sisted heating of rubies has been widely used with 
Mong Hsu rubies, and flux-healed fractures are preva- 
lent in much of the material on the market. Solid min- 
eral inclusions are rare in these rubies. 


The Internal World of Vietnamese Rubies. The ruby 
deposits in Vietnam, discovered in the late twentieth 
century, have yielded fine rubies of exceptional qual- 
ity (figures 15 and 16), rivaling those from the famed 
Mogok Valley (Kane et al., 1991; Brown, 1992; Khoi 
et al., 2011). As with most marble-hosted rubies, 
there tends to be significant overlap in their proper- 
ties between various geographic localities, especially 
when it comes to trace element chemistry (see the 


Figure 15. A 1.32 ct Vietnamese ruby. Photo by Orasa 
Weldon. 
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Figure 14. Stepped, angular graining can be seen in 
Mong Hsu rubies. Photomicrograph by GIA. 


“Trace Element Chemistry” section below). How- 
ever, Vietnamese rubies may have distinctive inclu- 
sion scenes that help in determining their 
provenance. Especially characteristic is the presence 
of dense, angular milky banding (figures 17 and 18). 
Coarse, patterned clouds such as snowflake and lad- 
der inclusions are relatively common in Vietnamese 
rubies and tend to be larger than those found in Mong 
Hsu rubies (figure 18). Coarse, oriented silk is also 
seen in some Vietnamese rubies, sometimes resem- 
bling the silk in Mogok rubies, although their inclu- 
sion scenes can usually be distinguished by the 
experienced gemologist. Vietnamese rubies often 
have blue color zoning that can be somewhat irregu- 


Figure 16. A 1.34 ct Vietnamese ruby. Photo by 
Robert Weldon/GIA. 
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Figure 17. Dense, milky clouds distinguish this Viet- Figure 18. Coarse, patterned clouds and milky clouds 

namese ruby from the rubies found in Mogok, Myan- provide strong evidence of this ruby’s Vietnamese ori- 

mar. Photomicrograph by GIA; field of view 1.75 mm. gin. Intense fiber-optic illumination produces the 
bluish coloration in this photo due to light scattering. 
Photomicrograph by GIA; field of view 2.33 mm. 
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Figure 19. Blue color zoning is common in Vietnamese rubies. Photomicrographs by GIA (left, field of view 7 mm) 
and Jonathan Muyal (right, field of view 3.57 mm). 


lar in nature (figure 19], as well as roiled growth pat- 
terns in some stones. Heat treatment is often used in 
an attempt to remove blue color zoning in these ru- 
bies, but this is often at a low enough temperature 
that a stone’s silk may not be dramatically affected. 
Rounded mineral crystals can also be seen in Viet- 
namese rubies, although these are not considered di- 
agnostic (figure 20). 


Figure 20. Rounded mineral inclusions similar to 
those found in rubies from Mogok can be seen in 
Vietnamese rubies. In this example, the Vietnamese 
origin is corroborated by dense, milky clouds. Pho- 
tomicrograph by GIA; field of view 1.4 mm. 
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Figure 21. Short, thin rutile needles are also character- 
istic of Afghan rubies and may offer an indication of 
origin, along with other corroborating gemological 
data. Photomicrograph by Charuwan Khowpong; 
field of view 1.02 mm. 


The Internal World of Afghan Rubies. The ruby 
mines near Jegdalek in Afghanistan are considered 
one of the classic sources from the ancient world, 
believed to date back around 800 years (Bowersox et 
al., 2000). However, supplies have always been lim- 
ited, especially for rubies with high clarity that could 
compete with fine rubies from Myanmar. The domi- 
nant inclusions in much of the material available are 
fractures and fingerprints. Unfortunately, high-quality 
material with sufficient clarity has been difficult to 
obtain, which has limited thorough study of the char- 
acteristic inclusions in this material. The following 
discussion will detail the information gathered so far 


Figure 23. Afghan rubies can contain faint planar 
milky bands. Photomicrograph by Charuwan Khow- 
pong; field of view 2.00 mm. 
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Figure 22. Fine particulate clouds arranged in a 
hexagonal pattern are often seen in Afghan rubies. 
Photomicrograph by Jonathan Muyal; field of view 
1.8 mm. 


by GIA’s field gemology program. Afghan rubies can 
sometimes be distinguished by characteristic fine ru- 
tile needles (figure 21) and fine particulate clouds, 
often found in angular or hexagonal patterns (figure 
22), which are distinct from the milky clouds found 
in Vietnamese rubies or the coarser and needle-like 
silk seen in Mogok rubies. Planar milky clouds can 
also be found in Afghan rubies (figure 23), but they 
tend to be fainter than those seen in Vietnamese ru- 
bies and are not easily observed without fiber-optic il- 
lumination. Stringer-type inclusions formed of small 
dusty particulates are sometimes seen in Afghan ru- 
bies (figure 2.4}, but they are also found in rubies from 


Figure 24. Stringer inclusions are also common in 
Afghan rubies. Photomicrograph by Charuwan Khow- 
pong; field of view 3.1 mm. 
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style of cabochon cutting gave zest to the 
design and proved very popular (Figure 5). 
Sometimes we would nestle little diamonds 
into the corners at the end of the stones 
(Figure 6). Two or three times we bought 
all the gem turquois Mr. Petry had on 
hand. This gave us a better opportunity to 
do matching in color, shape, and size. 


Figure 5 


Figure 6 


Before long other deposits of turquois 
were found, especially in Nevada, and each 
locality produced a type that differed more 
or less from all the others. One such source 
in Nevada produced fine, hard, clear blue 
stones that were nonporous and, therefore, 
quite permanent in color. A New York firm, 
the Azure Turquois Company, recognized 
the opportunity it presented and bought the 
property. Each stone that came up to a cer- 
tain standard was marked with a tiny circle 
on the back, and the stone was guaranteed 
not to change color. Following this lead 
another New York firm, the Aztec Turquois 
Company, adopted the idea but put a cross 
on the back of their stones for identification, 
and for a trademark. Now, after nearly half 
a century, these trademarked turquois are 
occasionally found, 


All of this activity with turquois finally 
convinced a local firm, Wood & Johns, that 
it could be exploited successfully at whole- 
sale. Consequently, this firm— and soon 
others — made up rings, scarf pins, brooches, 
cuff links, and puc their lines out all over 
the country. For two or three years it had 
quite a run of popularity, then began to 
waver. At this stage Mr. Wood, who knew 
at first hand the true situation, offered F. A. 
a job lot of several hundred dollars’ worth 
at very attractive prices. Sold. 

But it devolved upon me--who was then 
on the road with loose stones—-to resell it. 
The fun was over. The market had become 
saturated and people, seemingly as of one 
mind, began to think turquois was not so 
pretty. Having sold so much during the 
years gone by, I could not easily accept such 
an idea. 

While I was struggling with it up in 
northern Michigan somewhere—in Petoskey, 
I think—a kindly old “curio dealer’ (a term 
that used to be applied to those who dealt 
in more or less curious articles of interest 
to tourists) contended that it was not sale- 
able merchandise. To clinch his argument 
against my contrary opinion he declared, 
“You have shown it to me, I do not want 
it: if you show it to the man across the 
street, he will not want it; then offer it to 
the man down the street, he will not buy. 
Surely we are not all crazy.” 

According to the saying “What goes up 
must come down,’ I have seen turquois in 
the ascendancy three times within my expe- 
rience. Why should this have occurred? My 
version of the answer is about as follows: 

Its color is distinctive in that it does not 
overlap that of any other important gem- 
stone. It is sufficiently showy for popular 
appeal, yet it conveys a considerable degree 
of refinement. In other words, it is not 
gaudy nor is it, like lapis lazuli, too sub- 
dued for popular taste. It can be had in tiny 
sizes or very large ones if desired. Under 
artificial light it retains all its vigor. Its 
price range, too, is favorable. 

But another important influence has con- 
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Figure 25. Fluid-filled fingerprints are often present in 
rubies from Afghanistan. Photomicrograph by GIA; 
field of view 3.1 mm. 


Tajikistan. Fluid-filled fingerprints are also seen in 
Afghan rubies and (figure 25). 


The Internal World of Tajik Rubies. Tajik rubies are 
another relative newcomer to the world ruby mining 
scene (figure 26). Discovered in the 1970s by Soviet ge- 
ologists, only small quantities have been produced 
from the Snezhnoe deposit in southern Tajikistan near 
the Chinese border (Smith et al., 1998; Sorokina et al., 
2015). Further, much of what is produced has been 
heavily included, lower-quality material. Nonetheless, 
some very fine rubies are known to have been sourced 
from Snezhnoe. Tajik rubies can be difficult to sepa- 


Figure 26, A 17.14 ct Tajik ruby. Photo by Robert Wel- 
don/GIA; courtesy of Arthur Groom. 


rate from other marble-hosted deposits, partly due to 
the relative lack of diagnostic inclusions. Much like 
Afghan rubies, the dominant inclusions are fractures 
and healed fissures (fingerprints). Also notable, and in- 
dicative of a Tajik origin, are so-called rosettes or 
haloes surrounding small crystal inclusions (figure 2.7). 
Blue color zoning is also frequently seen in Tajik ru- 
bies (figure 28). It can be distinguished from similar 
features observed in Vietnamese rubies by the angular 


Figure 27. Small crystal inclusions with surrounding “rosettes” or haloes point to these rubies’ Tajik origin. Pho- 
tomicrographs by GIA; field of view 1.00 mm (left and right). 
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Figure 28. Blue color zoning in Tajik rubies is gener- 
ally distinguished from similar features in Viet- 
namese rubies by its angular and more regular 
morphology. Photomicrograph by GIA; field of view 
6.20 mm. 


and very planar nature of the blue zones, in contrast 
to the more irregular blue zoning in Vietnamese ru- 
bies. Tourmaline crystal inclusions seem to be a diag- 
nostic mineral inclusion in Tajik rubies (figure 29). 
These tourmaline inclusions are often found in small, 
irregular clusters that include mica and graphite in- 
clusions. Also observed are fine, dusty distributions of 
particles (figure 30) and sometimes stringer inclusions 
composed of fine particulate matter (figure 31). How- 
ever, similar features are seen in Afghan rubies. 


Inclusion Scenes Gone Wrong. With geographic ori- 
gin determinations for marble-hosted rubies, one en- 


Figure 30. Small, often dusty groups of particles with- 
out a well-defined geometric pattern can be observed 
in Tajik rubies, but they may be difficult to distin- 
guish from those seen in Afghan rubies. Photomicro- 
graph by Charuwan Khowpong; field of view 2.5 mm. 


counters the same problem as with metamorphic 
blue sapphires: The gems from these deposits were 
mostly formed in the same geological orogenic event, 
from very similar geological formations, and likely 
at similar conditions of pressure, temperature, and 
chemistry. For this reason, there tends to be signifi- 
cant overlap in their gemological properties, namely 
inclusions and trace element chemistry. Care needs 
to be taken, especially with Vietnamese and Mogok 
rubies, as occasionally their inclusion scenes overlap. 
Importantly, Vietnamese rubies can sometimes be 
found with patterns of rutile silk that might give the 
initial impression of a Mogok origin. Inclusion 


Figure 29. Tourmaline inclusions are sometimes found in Tajik rubies and can be used as an indication of their ori- 
gin. Tourmaline is often observed as clusters accompanied by mica and graphite (right). Photomicrographs by 
Charuwan Khowpong; field of view 1.10 mm (left) and 1.69 mm (right). 
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Figure 31. Stringer inclusions composed of minute 
particles can be seen in Tajik rubies as well as those 
from Afghanistan. Photomicrograph by Vararut Weer- 
amonkhonlert; field of view 3.1 mm. 


scenes suggestive of Mogok rubies, composed of 
short to long well-defined needles of rutile silk 
(sometimes densely packed and intergrown) can oc- 
casionally be found in rubies from Vietnam (figures 
32. and 33). Additionally, the roiled graining consid- 
ered characteristic of Mogok rubies can also occa- 
sionally be found in Vietnamese rubies (figure 34). 
Observation of dense milky clouds, if present, might 
help to resolve overlap and indicate a Vietnamese ori- 
gin. Other potentially conflicting inclusion scenes 
include the presence of patterned clouds in Tajik and 
Afghan rubies that might give an initial impression 


Figure 33. The dense, intergrown, and nested nature 
of the rutile silk might suggest a ruby mined in the 
Mogok Valley, potentially masking its true Viet- 
namese origin. Photomicrograph by GIA. 


of a Vietnamese ruby (figures 35 and 36). Whenever 
possible, additional gemological evidence should be 
sought out to corroborate an origin conclusion. For 
instance, milky clouds might suggest a Vietnamese 
origin or arrowhead rutile needles might indicate a 
Mogok origin. However, it bears emphasizing that 
the gemological world is not perfect. Not every 
faceted stone will contain inclusion scenes that are 
diagnostic of a particular locality. Moreover, many 
stones do not have inclusion scenes that are even 
suggestive of one origin over another. A marble- 
hosted ruby may lack milky or patterned clouds and 


Figure 32. The short to long well-defined rutile silk in these Vietnamese rubies might give a mistaken impression 
of Burmese origin. Photomicrographs by GIA; field of view 1.10 mm (left) and 0.97 mm (right). 
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Figure 34. Roiled graining, sometimes suggestive of a 
Mogok origin, is occasionally observed in rubies from 
Vietnam. Photomicrograph by Jonathan Muyal; field 
of view 2.90 mm. 


contain only coarse rutile silk that is not particularly 
nested and dense, and not iridescent. In this case, the 
inclusion scene could give the impression of either a 
Burmese or Vietnamese origin, offering scant evi- 
dence to indicate one origin over another. In these 
cases, the only clear choice is to offer an “inconclu- 
sive” origin determination. Unfortunately, there will 
always be stones for which laboratories will be obli- 
gated to issue “inconclusive” calls due to the lack of 
any diagnostic piece of evidence pointing toward a 
specific conclusion. 


Figure 36. The patterned clouds in this Tajik ruby 
might also suggest a Vietnamese origin in the absence 
of any additional origin evidence. Photomicrograph 
by GIA,; field of view 6.30 mm. 
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Figure 35. The snowflake-like patterned clouds in this 
Afghan ruby might otherwise suggest a Vietnamese 
origin. Other gemological evidence would be needed to 
issue a conclusive origin determination. Photomicro- 
graph by Charuwan Khowpong; field of view 2.04 mm. 


High-Iron Ruby Inclusions. If trace element analysis 
places a stone in the high-iron ruby group, the geo- 
graphic origin determination process follows a differ- 
ent path from marble-hosted rubies, with a distinct set 
of possible provenances. These are rubies from Thai- 
land and Cambodia, Madagascar, Mozambique, and 
smaller deposits in Tanzania, Kenya, and Greenland. 
Fortunately, “high-iron ruby” is more of a broad 
catchall term with relatively loose implications about 
geological conditions of formation. For instance, high- 
iron rubies from Mozambique and Madagascar 
formed during high-pressure and high-temperature 
regional metamorphism, while those mined near the 
Thai/Cambodian border are basalt-related and, in 
some ways, more geologically akin to classic mag- 
matic blue sapphires. The common thread seems to be 
the rubies’ derivation from similar host rocks. While 
there are many open questions about their exact geo- 
logical genesis, high-iron rubies are generally consid- 
ered to have been derived from what were originally 
basic or (ultra}mafic igneous rocks. Nonetheless, vari- 
ations in the specific geological circumstances sur- 
rounding ruby genesis have produced differences in 
their gemological properties, allowing for straightfor- 
ward origin determination in most cases. 

Rubies from most of the high-iron ruby deposits 
(Mozambique, Madagascar, and Thailand/Cambodia) 
can often be separated based only on inclusions, but 
even if microscopic observations fail to produce a con- 
clusion, trace element chemistry can almost always 
provide the final piece of evidence. In the following 
section we will describe typical inclusion scenes for 
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Figure 37. A 3.90 ct Cambodian ruby. Photo by Orasa 
Weldon. 


the major high-iron ruby deposits. Additional infor- 
mation can be obtained from the following references 
(Schwarz and Schmetzer, 2001; Giibelin and Koivula, 
2008; Pardieu et al., 2012; Hughes et al., 2015, 2017; 
Vertriest and Saeseaw, 2.019). 


The Internal World of Thai/Cambodian Rubies. Ru- 
bies were mined in the ancient kingdom of Siam, 
along the present-day Thai/Cambodian border, for 
hundreds of years (figure 37). Until relatively re- 
cently, these Siamese rubies were the only serious al- 
ternative to those mined in Mogok. Back then it 
would have been straightforward to separate them 
from Mogok rubies, and even today the Thai/Cam- 
bodian rubies are easy to identify. Note, however, 
that rubies from the Chanthaburi-Trat area in Thai- 


Figure 38. The geometric, partially healed decrepita- 
tion halo surrounding this negative crystal provides 
evidence of Cambodian provenance. Photomicro- 
graph by Jonathan Muyal; field of view 0.95 mm. 


land are virtually identical to those found just across 
the border in Pailin, Cambodia, as the mining area is 
essentially one single deposit that straddles this geo- 
graphic border (Sangsawong et al., 2017). One of the 
most striking microscopic features of Thai/Cambo- 
dian rubies is their lack of any rutile silk. The most 
prominent features are negative crystals, melt inclu- 
sions, and voids with partially healed decrepitation 
haloes that show geometric patterns and iridescent 
colors when using fiber-optic illumination (figures 38 
and 39). These haloes are all oriented in the same 
crystallographic direction and are very transparent 
when light is not being reflected off them. When the 
correct angle is found in the microscope, they all 


Figure 39. The thin-film decrepitation haloes in Thai/Cambodian rubies tend to show iridescent interference col- 
ors when viewed with fiber-optic light. Photomicrographs by Jonathan Muyal (left, field of view 2.90 mm) and 
John I. Koivula (right, field of view 4.10 mm). 
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Figure 40. Diopside inclusions are a characteristic, if 

rarely encountered, inclusion in Thai/Cambodian ru- 
bies. Photomicrograph by Aaron Palke; field of view 

0.71 mm. 


light up at once, sometimes with colorful displays of 
iridescence. Also seen are similar reflective platelet- 
type inclusions, which are ostensibly not centered 
around a larger parent inclusion. Solid mineral inclu- 
sions are relatively uncommon but include diopside 
and rarely garnet or pyrrhotite (figure 40). Twinning 
is prevalent in Thai/Cambodian rubies, and the in- 
tersection tubules between twinned sectors are often 
filled with diaspore or other aluminum (oxy)hydrox- 
ides (figure 41). Note that Thai/Cambodian stones 
can almost always be identified in the lab by their 
signature inclusion scenes. 


The Internal World of Mozambique Rubies. The rise 
of Mozambique in the early twenty-first century 
completely upended the global ruby market. Never 
before had such vast quantities of high-quality ruby 
(figure 42) been so freely available to the gem and 
jewelry industry. This could have resulted in a sig- 
nificant problem for the gemological laboratories had 
the Mozambique ruby not been fairly straightforward 
to identify (Vertriest and Saeseaw, 2019). In many 
cases, a Mozambique origin can be concluded based 
on observations of inclusion scenes, but additional 
evidence is always sought in the form of trace ele- 
ment chemistry, which almost always closes the 
case (see the “High-Iron Ruby Trace Element Chem- 
istry” section below). Common mineral inclusions 
in Mozambique rubies are grayish green amphiboles 
(figure 43) and hexagonal mica booklets with stress 
fracture fringes (figure 44). Sulfide and spinel inclu- 
sions are also observed (figure 45). Mozambique ru- 
bies also can contain angular particulate clouds 
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Figure 41. Twinning is relatively common in 
Thai/Cambodian rubies, and the intersection tubules 
between twinned domains are often filled with dias- 
pore or other aluminum (oxy) hydroxides. Photomi- 
crograph by Jonathan Muyal; field of view 1.03 mm. 


(figure 44, left), but they are more frequently identi- 
fied by their characteristic fields of reflective, 
platelet-like particles (figures 46 and 47). Like the 
haloes seen in Thai/Cambodia rubies, these platelets 
are all oriented in the same crystallographic direction 


Figure 42. Mozambique ruby, approximately 5 ct. 
Photo by Robert Weldon/GIA; courtesy of Amba 
Gem Corporation. 
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Figure 43. Grayish green amphiboles are one of the 
more common mineral inclusions in Mozambique ru- 
bies. Photomicrograph by Jonathan Muyal; field of 
view 1.32 mm. 


and may be difficult to see until that direction is 
found. Then they will all become visible at once. As 
with the rest of the high-iron rubies, Mozambique 
rubies can generally be identified in the lab by their 
inclusion scenes and trace element chemistry. 


The Internal World of Madagascar Rubies. Madagas- 
car rubies are the other East African newcomer in the 
ruby market (Schwarz and Schmetzer, 2001; Pardieu 
et al., 2012; Hughes et al., 2015). While they have 
never reached the commercial importance of 
Mozambique and much of the production is com- 


Figure 45. Sulfides are occasionally found as inclu- 
sions in Mozambique rubies. Photomicrograph by 
Jonathan Muyal; field of view 1.70 mm. 


mercial grade, some exceptional ruby has been de- 
rived from Madagascar. Gemologically and geologi- 
cally, Madagascar’s rubies are most similar to those 
from Mozambique. Muscovite inclusions are occa- 
sionally encountered in rubies from Madagascar (fig- 
ure 48] as well as amphibole, which may generally 
have a distinctive morphology with longer, more 
prismatic rod-like crystals (figure 49). However, the 
more common and characteristic inclusion in rubies 
from Madagascar is zircon, especially widely distrib- 
uted clusters of small, rounded zircons (figures 50 
and 51). Blocky and prismatic orange, brown, or black 


Figure 44. Muscovite inclusions with concentrically centered tension fractures are a common sight in Mozambique 
rubies. Photomicrographs by Jonathan Muyal; field of view 1.99 mm (left) and 1.26 mm (right). 
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Figure 46. Platelet inclusions are one of the telltale 
signs of a Mozambique ruby. Photomicrograph by B. 
Kongsomart; field of view 0.70 mm. 


rutile inclusions can also be encountered and suggest 
a Madagascar provenance (figure 52). Particle clouds 
may be encountered as well, often composed of short 
needles and fine particulates, but sometimes mixed 
with long needles (figure 53). The particle clouds usu- 
ally show a well-defined hexagonal arrangement, and 
there is the possibility of confusion with similar fea- 
tures seen in Mozambique rubies. Occasionally 
Madagascar rubies also host angular milky clouds, a 
feature not characteristic of the other major high-iron 


Figure 48. Muscovite inclusions, as seen in this Mada- 
gascar ruby, can also be found in Mozambique rubies. 
These inclusions alone should not be used to deter- 
mine a ruby’s geographic origin. Photomicrograph by 
GIA; field of view 0.97 mm. 
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Figure 47. The field of platelet inclusions here is solid 
evidence of this ruby’s Mozambique provenance. Pho- 
tomicrograph by GIA; field of view 0.82 mm. 


ruby deposits. Madagascar rubies are generally easy 
to identify in the laboratory based on their inclusion 
scenes and trace element chemistry. 


Trace Element Chemistry of Marble-Hosted Ruby. 
When attempting to use trace elements to discern a 
marble-hosted ruby’s origin, one has the same prob- 
lem encountered with metamorphic blue sapphires: 


Figure 49. Amphibole inclusions are found in 
Mozambique as well as Madagascar rubies (shown 
here). In Madagascar rubies, amphibole tends to 
take on an elongate, rod-like morphology, although 
similar morphology can be encountered in Mozam- 
bique stones. Care should be taken when using 
these inclusions as an indicator of origin. Photomi- 
crograph by Victoria Liliane Raynaud-Flattot; field 
of view 1.04 mm. 


Gems & GEMOLOGY WINTER 2019 


Figure 50. Clusters of small, rounded zircon crystals 
support a conclusive geographic origin determination 
for this Madagascar ruby. Photomicrograph by 
Patcharee Wongrawang; field of view 0.86 mm. 


The very similar geological conditions of formation 
for these rubies creates very little deviation in their 
trace element profiles. When the compositional data 
are plotted together for the major economic deposits, 
separation can seem almost hopeless. The selective 
plotting method developed for blue sapphires (see 
Palke et al., 2019, pp. 536-579 of this issue) is also 
applied to origin determinations for marble-hosted 
rubies using the same suite of trace elements (Mg, 
Ti, V, Fe, and Ga). The ranges of trace element pro- 


Figure 52. Blocky, euhedral rutile crystal inclusions 
are a common sight in Madagascar ruby. Photo- 
micrograph by Patcharee Wongrawang; field of 
view 1.95 mm. 


Figure 51. Madagascar rubies are often identified by 
clusters of small zircon crystals. Photomicrograph by 
Patcharee Wongrawang; field of view 1.56 mm. 


files seen in marble-hosted rubies can be found in 
table 1. By filtering out reference data with dissimilar 
trace element profiles and comparing an unknown 
stone only against reference stones that match the 
unknown, the trace element plots are greatly simpli- 
fied, making it easier to interpret the data. In some 
cases, the selective plotting method is very useful for 
marble-hosted rubies and can provide evidence of a 
stone’s provenance that would not have been obvious 
otherwise (figure 54). (Note that all trace element 


Figure 53. Hexagonal particulate clouds composed of 
short and long rutile silk are a frequent observation 
in Madagascar rubies. Photomicrograph by Patcharee 
Wongrawang; field of view 1.20 mm. 
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TABLE 1. Generalized trace element profiles in ppma of marble-hosted rubies. 


Myanmar (Mogok) 

Mg Ti Vv Fe Ga 
Range 5-75 7-80 48-1089 bdl-301 2-51 
Average 40 45 212 35 18 
Median 40 44 158 22 17 

Myanmar (Mong Hsu) 

Mg Ti Vv Fe Ga 
Range 6-68 5-997 51-229 bdl-28 8-23 
Average 23 247 123 2 15 
Median 19 176 112 bdl 16 

Vietnam 

Mg Ti Vv Fe Ga 
Range 1-130 bdl-1214 2-214 bdl-471 1-122 
Average 33 132 43 54 21 
Median 24 60 27 24 20 

Afghanistan 

Mg Ti Vv Fe Ga 
Range 7-380 9-486 4-135 bdl-1128 5-35 
Average 33 68 34 124 14 
Median 27 42 30 105 12 

Tajikistan 

Mg Ti Vv Fe Ga 
Range 6-58 bdl-579 24-112 bdl-155 14-28 
Average 15 127 38 36 21 
Median 13 91 34 bdl 20 


*bdl = below the detection limit of the LA-ICP-MS analysis. Detection limits are provided in the Samples and 


Analytical Methods section, p. 581. 


data are produced from LA-ICP-MsS; see Groat et al., 
2019, pp. 512-535 of this issue.) But as with meta- 
morphic blue sapphires, in some cases there is sim- 
ply too much overlap in the trace element data and 
no amount of statistical analysis or variation in plot- 
ting the data will help (figure 55). Unfortunately, this 
is the limitation of geographic origin determination 
imposed by the forces of nature and geology that cre- 
ated these fine stones. An “inconclusive” call is al- 
ways warranted if the gemological evidence does not 
produce any clear indication of origin. Note that for 
the sake of clarity the plots shown here include only 
the major marble-hosted ruby deposits, while some 
smaller deposits (especially from East Africa) are not 
included. In laboratory practice, the trace element 
data for these deposits can be considered as possibil- 
ities if there is other corroborating evidence. 
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Trace Element Chemistry of High-Iron Ruby. Stones 
in the high-iron ruby group are much easier to separate 
than marble-hosted rubies by using multiple lines of 
evidence. Even in cases where microscopy alone can- 
not determine a ruby’s provenance, which is fairly un- 
common, the addition of trace element analysis 
almost always results in an accurate origin conclu- 
sion. The full range of trace element profiles for high- 
iron rubies can be found in table 2. Several trace 
element plots are shown in figure 56, illustrating how 
the use of only a few trace elements can almost always 
separate high-iron rubies from the major mining areas. 
(Note that all trace element data are produced from 
LA-ICP-MS; see Groat et al., 2019, pp. 512-535 of this 
issue.) The selective plotting method used for blue 
sapphires and marble-hosted rubies at GIA (see Palke 
et al., 2019, pp. 536-579 of this issue) is sometimes 
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tributed strongly to its repeated runs of 
popularity. Having been found in so many 
localities in Arizona, California, Nevada, 
New Mexico, and Colorado, many mine 
owners have at times lent their combined 
efforts to promote its sale. By this I do not 
mean that they did much to promote appre- 
ciation of it, but they enlarged its market 
gradually so more retailers displayed tur- 
quois, and as best they could, made it attrac- 
tive to their customers. People of means lead 
the procession of buyers for the good articles 
while the manufacturers struggle to produce 
cheaper and cheaper articles for the general 
mass of buyers who continue their interest 
after those who led the procession have 
turned to something else. 

One of the detrimental features of tur- 
quois is its greater or lesser degree of por- 
osity. All opaque stones are not completely 
opaque. If an opaque gemstone displays a 
certain hue of color it is due to the fact that 
white light, if that is the illumination, pene- 
trates the stone a short distance before a 
portion of it is reflected back—duc to the 
lack of homogenity in the stone. During this 
course of travcl certain component parts of 
the light are absorbed, while others are more 
freely transmitted and reflected, 

In the case of turquois it is the blue com- 
ponents that survive. The deeper this light 
penetrates before it has been reflected, the 
more thorough is this filtering process and 
the more intense is the bluc. But if the tur- 
quois is quite porous the light is reflected 
back by the myriad of minute surfaces before 
much filtering can take place, thercby caus- 
ing a paler color. 

Snow is intensely white because of the 
vast number of tiny reflections, Now if you 
place a drop of water on, say, a pink blotter, 
the wet spot appears a deeper pink because 
the water, having a highcr optical density 
than air, allows the light to penetrate 
deeper and become more intense in color 
when it has been reflected back. 

Similarly, if we soak porous turquois in 
water, its color is deepened, but when it 


drics out its paleness returns. Sometimes 


the miners, having learned of this wet trick, 
would soak their rough material before 
showing it to us. If our suspicions were 
aroused by the specially bright color, or by 
an extra strong mineral odor, we would 
take a piece to our Bunsen burner and pass 
it back and forth through the flame to dry 
it out, then confront the miner with the 
evidence and bargain for the rough to better 
advantage. 

Back again to the porous cut stones. Since 
water would evaporate so quickly we all 
had to turn to something that would prove 
more lasting and paraffin ultimately proved 
best. But turquois so treated was not made 
equal to grades that were of equal color 
without being paraffined. Hot weather 
seemed to cause the greasy substance to 
travel inward away from the surface, and 
soap and water and general wear attacked 
it from without. Furthermore, minute par- 
ticles of dirt of all kinds eventually joined 
with the surface paraffin and gave it a dingy 
appearance. Turquois so treated could be 
readily detected by heating it to a degree 
that would melt the wax, which would ex- 
pand and float out on the surface, giving 
it a wet appearance. 

Soon an important market for turquois 
began to develop in the Indian country of 
Acizona and New Mexico, and it was there 
that we sold large quantities of turquois to 
the Indian Traders, some of which was 
paraffincd and some not. For a long time it 
made little difference whether or not it was 
so. treated. 

F. A. made the trips into that territory 
after huge quantities had been accumulated 
in our lapidary at home. Some sales were 
made for cash, some on credit, and others-- 
many others were trades for Indian rugs, 
runners, and pillow tops, as well as Indian 
jewelry, which always contained turquois. 
By marking these things up a bit, and re- 
scHling and consigning we made ready for 
another batch. 

Gradually competition increased. Certain 
dealers began to specialize in turquois for 
this Indian business and some of them ob- 
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Figure 54. Trace ele- 
ment plots for marble- 
hosted rubies showing 
data for Myanmar, 
Vietnam, Afghanistan, 
and Tajikistan, as well 
as an unknown ruby. 
The trace element pro- 
file of an unknown 
matble-hosted ruby (in- 
dicated by the red cir- 
cle in each plot) may 
not provide much infor- 
mation when plotted 
against the full dataset 
from GIA’s field gemol- 
ogy reference collec- 
tion. In some cases, 
however, the “selective 
plotting” method used 
in GIA’s laboratory 
may help to make 
sense of this data, pro- 
viding more evidence of 
a stone’s origin, as with 
this Tajik ruby. Selec- 
tive plotting uses 
coarse, medium, and 
fine windows to filter 
out dissimilar reference 
data, making the plots 
easier to interpret. 
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Figure 55. Trace ele- 
ment plots for marble- 
hosted rubies showing 
data for Myanmar, 
Vietnam, Afghanistan, 
and Tajikistan, as well 
as an unknown stone. 
While the selective 
plotting method is use- 
ful in some cases, many 
marble-hosted rubies 
have such overlapping 
trace element profiles, 
which renders the trace 
element data useless in 
origin determination. 
This unknown ruby (in- 
dicated by the red cir- 
cles) is a prime 
example. The selective 
plotting uses coarse, 
medium, and fine win- 
dows to filter out dis- 
similar reference data, 
making the plots easier 
to interpret. 
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Figure 56. High-iron ru- 
bies from Mozambique, 
Madagascar, and Thai- 
land/Cambodia, among 
others, are much easier 
to separate using trace 
element chemistry. The 
vast majority can be 
separated without 
needing the selective 
plotting method used 
at GIA for blue sap- 
phires and other rubies. 
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used for high-iron rubies as well, but in most cases it | while some smaller deposits such as those in Tanza- 
is not necessary. Note that for the sake of clarity, these nia, Kenya, and Greenland are not included. In labo- 
plots show only the major high-iron ruby deposits, ratory practice, the trace element data for these 


TABLE 2. Generalized trace element profiles in ppma of high-iron rubies. 


Cambodia 

Mg Ti Vv Fe Ga 
Range 97-258 32-138 5-22 818-1935 5-11 
Average 154 77 11 1317 9 
Median 151 74 11 1325 9 

Thailand 

Mg Ti Vv Fe Ga 
Range 126-181 36-89 4-14 756-1442 5-10 
Average 143 54 8 1089 8 
Median 138 51 7 1183 7 

Madagascar 

Mg Ti Vv Fe Ga 
Range bdl-67 4-434 2-100 284-1994 5-30 
Average 32 42 17 933 a 
Median 33 34 15 887 15 


Mozambique 


Mg Ti Vv Fe Ga 
Range 8-65 bdl-59 bdl-10 231-2154 5-14 
Average 29 21 3 622 8 
Median 27 20 2 431 7 


*bdl = below the detection limit of the LA-ICP-MS analysis. Detection limits are provided in the Samples and 
Analytical Methods section, p. 581. 
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deposits can be considered as possibilities if there is 
other corroborating evidence. Additional information 
about these deposits can be found in Thirangoon 
(2009), Smith et al. (2016], and Hughes et al. (2017). 


CONCLUSIONS 


The twentieth and twenty-first centuries have seen 
dramatic changes in the world ruby market. The 
rapid increase in ruby sources across the world has 
largely benefited the gem-consuming public by mak- 
ing these precious stones more accessible over a 
wide range of price points. However, as the gem in- 
dustry has come to incorporate geographic origin in 
determining the value of these stones (e.g., the 
Burmese ruby and sapphire in figure 57), this diver- 
sification of ruby sources has proven to be a great 
challenge for gemological laboratories. Through 10 
years of efforts, GIA’s field gemology and research 
departments have amassed world-class collections 
of rubies from the major world sources. The data col- 
lected on these reference stones has been crucial in 
allowing GIA to make origin determinations with 
the utmost confidence and integrity (even when the 
origin call is necessarily “inconclusive”). Nonethe- 
less, the data and methods used at GIA for making 
ruby origin determinations, as described in this ar- 
ticle, demonstrate the oftentimes precarious nature 
of origin determination in gemological laboratories. 


602 GEOGRAPHIC ORIGIN OF RUBY 


Many stones present characteristic inclusion 
scenes that lead to a straightforward origin decision. 
This is often the case with rubies from Thailand, 
Mozambique, Madagascar, and rubies from some of 
the marble-hosted deposits, especially those from 
Myanmar (figure 58). Rubies from the other marble- 
hosted deposits such as Vietnam, Afghanistan, and 
Tajikistan are generally more challenging. Trace ele- 
ment chemistry can be useful, especially for so-called 
high-iron rubies. Unfortunately, and especially for 
marble-hosted rubies, trace element chemistry can 
often be ambiguous. 

The use of the “selective plotting” method de- 
scribed herein may help in making sense of this trace 
element data, but it is hardly a cure-all. In cases 
where the inclusion scenes and trace element evi- 
dence are ambiguous, the only possible determina- 
tion is an “inconclusive” origin. Future research and 
field gemology efforts will focus on advancing our 
understanding of ruby origin determination and re- 
fining the methods used in the laboratory at GIA. 
However, it is almost certain that there will always 
be rubies with a lack of characteristic origin data to 
support an origin conclusion. While further work 
may help us reduce the number of “inconclusive” 
calls, the overlap in gemological properties for many 
of our reference stones makes it unlikely that this 
number will ever reach zero. 


Figure 57. A 2.58 ct cush- 
ion-cut ruby and a 4.47 
ct cushion-cut blue sap- 
phire, both of Burmese 
origin. Photo by Robert 
Weldon/GIA; courtesy of 
Bear Essentials. 
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Figure 58. This necklace contains approximately 50 carats of rubies, including 28 oval and numerous square and 
rectangular rubies. All the rubies are of Burmese origin with no evidence of heat. Photo by Robert Weldon/GIA; 
courtesy of Ronny Levy, Period Jewels Inc. 
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CASE STUDY 1: BURMESE RUBY 


In the first ruby case study, we consider the 2.21 
ct ruby shown in figure CS 1-1. LA-ICP-MS 
analysis measures an Fe concentration of 28 
ppma, placing this stone in the marble-hosted 


Figure CS 1-1. A 
2.21 ct mixed-cut 
ruby considered for 
geographic origin 


ruby group and narrowing down the possible determination. 
; Y erate ? 8 : P Photo by Diego 
origins to Myanmar, Vietnam, Afghanistan, and anchor 


Tajikistan. The next step is to make careful ob- 
servations of its inclusion characteristics. 
Viewed through the microscope, this stone ex- 
hibits nested, straw-like silk that is strongly rem- 
iniscent of classic rubies from Mogok, Myanmar 
(figure CS 1-2). Also seen are large crystalline 
inclusions of apatite and other minerals, which 
support a Burmese origin (figure CS 1-3). While 
the inclusion evidence points strongly toward a 
Burmese origin, trace element chemistry should 
be considered carefully as well. Without using 
the selective plotting method described in this 


article and in Palke et al. (2019, pp. 536-579 of 
Figure CS 1-2. Nested straw-like silk and crystalline 


this issue), this unknown stone plots in a field of ac 
inclusions strongly suggest a Burmese origin. Photo- 


overlapping Myanmar and Vietnam reference micrograph by Aaron Palke; field of view 4.48 mm. 
data (figure CS 1-4). However, filtering the data 


using the selective plotting method narrows 
down this field and shows a clear match with 
other Burmese rubies in the GIA colored stone 
reference collection. Taking all the data together, 
we can confidently assign a Burmese origin to 
this stone. 


Figure CS 1-3. A crystalline inclusion of apatite is 
consistent with Burmese origin. Photomicrograph by 
Aaron Palke; field of view 2.84 mm. 
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Figure CS 1-4. Trace element analysis supports a Burmese origin for this ruby (indi- 


cated by 
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the red circle). 
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CASE STUDY 2: TAJIK RUBY 


In this case study we investigate the 0.16 ct 
step-cut ruby shown in figure CS 2-1. Precise 
measurement of the trace element profile indi- 
cates an Fe concentration of 41 ppma, placing 
it in the marble-hosted ruby group. This essen- 
tially simplifies the origin determination prob- 
lem to a choice between Myanmar, Vietnam, 
Afghanistan, and Tajikistan. Observation of the 
inclusion scenes in marble-hosted rubies can 
help narrow down this field even further and 
can often lead to a conclusive origin determina- 
tion. Among the inclusions observed in this 
stone are crystals with rosette-like haloes (figure 
CS 2-2), polyphase aggregated solid inclusions, 
and clusters of slender tourmaline crystals (fig- 
ure CS 2-3). All of these features are indicative 
of a Tajik origin. Additional corroborating evi- 
dence can be sought in the stone’s trace element 


fingerprint. Figure CS 2-4 shows representative ; 
Figure CS 2-2. The rosette-like fringe around this in- 


trace element plots of the unknown ruby against clusion is suggestive of a Tajik origin. Photomicro- 
GIA’s marble-hosted ruby database. The use of graph by Nathan D. Renfro; field of view 1.10 mm. 


the selective plotting method allows clearer in- 
terpretation of the trace element data and shows 
this stone is more consistent with the Tajik ruby 
reference data than any other source. Taken to- 
gether, the data collected for this stone allows a 
Tajik origin determination. 


Figure CS 2-1. The 
0.16 ct ruby under 
consideration in 
this geographic ori- 
gin determination 
case study. Photo 
by Diego Sanchez. 


Figure CS 2-3. Clusters of slender tourmaline crystals 
(upper right) and polyphase, aggregate solid inclusions 
(left) corroborate a Tajik origin determination. Photo- 
micrograph by Aaron C. Palke; field of view 1.77 mm. 
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Figure CS 2-4. Trace element analysis of this unknown ruby (indicated by the red 
circle) favors a Tajik origin. 
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CASE STUDY 3: MADAGASCAR RUBY 


For the third case study, we will consider the 0.39 
ct ruby shown in figure CS 3-1. Its Fe concentra- 
tion was measured at 2720 ppma, so the un- 
known stone belongs to the so-called high-iron 
ruby group. The most likely geographic origins, 
therefore, include Mozambique, Madagascar, 
and Thailand/Cambodia. Microscopic observa- 
tion provides the gemologist with an inclusion 
scene such as the one seen in figure CS 3-2. With 
an intense fiber-optic light at just the right angle, 
the reflective rutile silk in the stone lights up and 
provides the first clue to origin. Similar inclusion 
scenes can be seen in both Mozambique and 
Madagascar rubies, but rutile silk like this is never 
found in Thai/Cambodian rubies. However, the 
observation of zircon clusters provides strong ev- 
idence of a Madagascar origin for this stone (fig- 
ure CS 3-3). Advanced testing involving precise 
eRe DRESS UI MS AEN ATID Figure CS 3-2. Particulate clouds and short, iridescent 
LA-ICP-MS is required as additional evidence to silk are not characteristic of any unique origin. Photo- 
support an origin determination. The representa- micrograph by Aaron C. Palke; field of view 3.97 mm. 
tive trace element plot shown in figure CS 3-4 
confirms a Madagascar origin. 


Figure CS 3-1. This 
case study consid- 
ers a 0.39 ct ruby 
for geographic ori- 
gin determination. 
Photo by Diego 
Sanchez. 


Figure CS 3-3. The zircon clusters in this ruby 
strongly indicate a Madagascar origin. Photomicro- 
graph by Nathan D. Renfro; field of view 1.02 mm. 


608 GEOGRAPHIC ORIGIN OF RUBY Gems & GEMOLOGY WINTER 2019 


tained Jeases on the best producing mines. 
Later some of the Indian Traders themselves 
leased some of the better mines in Nevada 
and Colorado, which tended to concentrate 
the turquois business where it was most 
used. We had other gemstone interests and, 
not caring to combat the heat of the sum- 
mers and the coldness of the winters in that 
region, faded more or less out of the picture. 

Some further sidelights on this important 
gemstone 1 think will prove of interest. 
Matrix turquois lent itself particularly to 
the barbaric type of silver jewelry and it 
soon preempted the use of the gem to the 
exclusion of all gold jewelry. When a fine 
blue piece was found suitable for gem tur- 
quois it was left, perhaps with a bit of 
matrix on the side, and was put right in 
with the others regardless of its gem possi- 
bilities. 

One of our competitors, a German, 
Icarned how to color turquois through his 
connections in Germany, and he did quite a 
thriving business with soft pale material 
otherwise almost worthless. This was not 
just an intensification by filling the pores, 
but was done with the regular iron formula 
that stained the surface and penctrated a 
short distance into the stone. By placing a 
drop of ammonia on the back of such a 
stone, the beautiful blueness faded. He al- 
ways sold it without any misrepresentation. 

An importer, the late Walter Smith, who 
made regular trips to and from China, 
showed us some baroque-shaped turquois 
beads that were crudely’ blocked out and 
tumbled to make them smooth and nearly 
polished, then were artificially colored and 
dipped in hot paraffin in licu of a polish. 
They looked good. Feeling certain that they 
would sell readily in the Indian country, 
we a bought about a bushel and sold all of 
them on F, A.’s next trip. 

When ordinary matrix stones were given 
the final finish, polishing was done with 
oxide of tin or putty powder. Some of this 
white powder nearly always remained in the 
tiny crevasses that characterized such stones, 
but we found that a touch on a rough buff 


274 


replaced the unsightly white with a richer 
color. Since neither one could be readily 


washed out, it seemed just as ethical to 
Jeave a dark powder in these markings as to 
Later 


worn, say on the finger, this dark powder 


allow the white to remain. when 
would become replaced gradually with other 
substances, but the appearance would remain 
about the same. 

Before taking these stones out to sell, we 
would cover a large table with a white cloth, 
dump all the stones on it and assort them 
carefully according to color and amount of 
with heavy 
markings alongside those with scant matrix 


marking. Otherwise, stones 
would make the latter seem insipid; simi- 
larly dark blue would damage the appear- 
ance of the paler ones if in the same paper. 

In January, 1935, after I had terminated 
an unsatisfactory partnership with F. A., I 
decided to visit the market in Arizona and 
New Mexico in order to sell the turquois 
acquired in the division of our stock, and 
to learn at first hand more about this “In- 
dian Trade.” 

A friend, who wanted to contact owners 
of some gold mining properties, accompa- 
nied me. The Great Depression was. still 
dragging on and my old Buick had absorbed 
too much of that leanness to be very effi- 
cient. On the way to Albuquerque — our 
first important stop —a desert rain poured 
upon us with such fury that we could hardly 
sce the roadway. The dips put into the 
pavement instead of culverts were filled with 
water. In one case the water was too deep 
and we were driving too fast and we came 
too near an accident far away from any- 
where. 

On arriving in Albuquerque and visiting 
the tourist section T was, naturally, quite 
impressed with the general growth of the 
city since my former visits about 25 years 
previously. Several curio stores featured In- 
dian jewelry, all of which was made of 
silver and nearly all mounted with matrix 
turquois. To the tourists from the middle 
states the display of two or more show- 

(Continucd Page 287) 
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Figure CS 3-4. Trace element analysis of this unknown ruby (indicated by the red cir- 
cle) indicates a Madagascar origin. 
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CASE STUDY 4: INCONCLUSIVE RUBY 


The final case study involves a 0.22 ct ruby (figure 
CS 4-1). Trace element analysis measured an Fe 
concentration of 449 ppma, placing it in the 
high-iron ruby group. The main geographic lo- 
cales to be considered, then, are Mozambique, 
Madagascar, and Thailand/Cambodia. The next 
step in uncovering this unknown ruby’s origin is 
careful observation of inclusions in the gemolog- 
ical microscope. While this stone is not espe- 
cially clean, unfortunately it contains no 
particularly diagnostic or indicative inclusions. 
The main inclusion feature is a fingerprint-like 
veil of fluid inclusions (figure CS 4-2). Regardless, 
the geographic origin of many high-iron rubies 
can be confidently determined by trace element 
analysis, even when there are no useful inclu- 
sions to be found. However, this stone remains a 
mystery even after precisely measuring its trace 
element fingerprint using LA-ICP-MS (figure CS 
4-3). The chemical data plot outside the defined 


Figure CS 4-1. A 
0.22 ct ruby is the 
focus of geographic 
origin determina- 
tion in this case 
study. Photo by 
Diego Sanchez. 


fields for any reference rubies from known de- Figure CS 4-2. No diagnostic inclusions are observed. 
posits. While the selective plotting method does The only inclusion features identified are fingerprint- 

; we like fields of fluid inclusions. Photomicrograph by 
seem to display some affinity for Madagascar as Nvainnina iOL ionize Cilla Gi migie 20) anTaL 


a possible source, the unknown stone is still out- 
side the range from our reference collection. 
Given that there is also no inclusion evidence to 
corroborate a Madagascar origin, the best option 
is an “inconclusive” origin determination. 
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Figure CS 4-3. Trace element analysis of this unknown ruby (indicated by the red cir- 


cle) fails to produce a unique match with any of the reference data for stones of 
known provenance. 
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NMOS ARTICLES 


GEOGRAPHIC ORIGIN DETERMINATION 


OF EMERALD 


Sudarat Saeseaw, Nathan D. Renfro, Aaron C. Palke, Ziyin Sun, and Shane F. McClure 


The gem trade has grown to rely on gemological laboratories to provide origin determination services for emer- 
alds and other fine colored stones. In the laboratory, this is mostly accomplished by careful observations of in- 
clusion characteristics, spectroscopic analysis, and trace element profile measurements by laser 
ablation—-inductively coupled plasma—mass spectrometry (LA-ICP-MS). Inclusions and spectroscopy can often 
separate Colombian emeralds from other sources (although there is some overlap between Colombian, Afghan, 
and Chinese [Davdar] emeralds). For non-Colombian emeralds, trace element analysis by LA-ICP-MS is needed 
in addition to information from the stone’s inclusions. The relative chemical diversity of emeralds from worldwide 


deposits allows confidence in origin determination in most cases. This contribution outlines the methods and 


criteria used at GIA for geographic origin determination for emerald. 


en the Spanish conquistadors first 
AVE Colombian emeralds (figures 1 and 
2) onto the international market, they be- 
came a global sensation in their day. Emeralds from 
Central Asia and Egypt were known at the time, but 
the world had likely never seen emeralds of such 
high quality and size. Traders soon developed distri- 
bution channels that brought the Colombian mate- 
rial all the way from the royal courts in Europe to the 
powerful Moguls of India (Giuliani et al., 2000). 

The nineteenth and twentieth centuries saw all 
of this change as new mines sprang up around the 
world to challenge the famed Colombian emeralds. 
Most notable in terms of high-quality production 
were Brazil, Russia, and Zambia, but smaller deposits 
have been uncovered in Madagascar and Ethiopia and 
elsewhere. As the market has evolved alongside 
these developments, geographic origin has come to 
be an important factor for fine-quality emeralds. The 
demand for emerald origin determination was ini- 
tially driven by the proliferation of sources. However, 
this expansion and diversification of emerald sources 
has also complicated origin determination. As the 
number of sources grows, so does the overlap in their 
characteristics. The following sections will detail the 


See end of article for About the Authors and Acknowledgments. 
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specific criteria used in the laboratory at GIA to 
make geographic origin conclusions for emeralds, as 
well as potential areas of overlap and how these are 
dealt with. 


In Brief 


¢ Emerald origin determination can be challenging due 
to the number of deposits and their often similar inclu- 
sion scenes. 


e Emeralds can be classified as hydrothermal/metamor- 
phic or schist-hosted based on UV-Vis-NIR spec- 
troscopy and inclusions. 


e Hydrothermal/metamorphic emeralds, including those 
from Colombia, have jagged fluid inclusions but can 
easily be separated by trace element chemistry. 


For schist-hosted emeralds, a combination of trace ele- 
ment chemistry and microscopic observations of inclu- 
sions is required for a conclusive origin determination. 


SAMPLES AND ANALYTICAL METHODS 


Emeralds included in this study are dominantly from 
GIA’s reference collection, which was assembled over 
more than a decade by GIA’s field gemology depart- 
ment. Stones in GIA’s reference collection were ob- 
tained from reliable sources and collected as close to 
the mining source as possible; see Vertriest et al. 
(2019), pp. 490-511 of this issue. When necessary, the 
data from the reference collection was supplemented 
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by stones gathered by the authors of this study out- 
side of the field gemology program or borrowed from 
GIA’s museum collection. The trace element data 
was obtained from 298 samples total, with 36 from 
Zambia (25 from Kafubu and 11 from Musakashil, 34 
from Colombia, 36 from Afghanistan, 22. from Mada- 


GEOGRAPHIC ORIGIN OF EMERALD 


Figure 1. An 88.4 g 
emerald crystal from 
Coscuez, Colombia. 
Photo by Robert Wel- 
don/GIA; courtesy of 
the Roz and Gene 
Meieran Collection. 


gascar, 64 from Russia, 49 from Brazil, 32 from 
Ethiopia, and 25 from China (Davdar). Emeralds from 
Madagascar are much less frequently encountered in 
the lab. Therefore, these deposits are included in the 
trace element section here, but their inclusions are 
not described for the sake of brevity and clarity. More 
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Figure 2. Colombian emerald from Chivor, 4.50 ct. 
Photo by Robert Weldon/GIA. 


information about specific mines within these coun- 
tries can be found in Vertriest et al. (2019), pp. 490- 
511 of this issue. 

Trace element chemistry was collected at GIA 
over the course of several years using two different 
LA-ICP-MS systems. The ICP-MS was either a 
Thermo Fisher X-Series II or iCAP Qc system, cou- 
pled to an Elemental Scientific Lasers NWR 213 laser 
ablation system with a frequency-quintupled 
Nd:YAG laser (213 nm wavelength with 4 ns pulse 
width). Ablation was carried out with 55 um spot 
sizes with fluence of 8-10 J/cm? and repetition rates 
of either 7, 10, or 20 Hz. ?°Si was used as an internal 
standard at 313500 ppm using NIST 610 and 612 as 
external standards. Repeat analyses on samples from 
single locations over time have verified the consis- 
tency of the analyses with these various setups. Ac- 
curacy is estimated to be within 10-20% for most 
elements analyzed, based on comparisons with elec- 
tron microprobe data on a small selection of samples. 

Inclusions were identified, when possible, using 
Raman spectroscopy with a Renishaw inVia Raman 
microscope system. The Raman spectra of the inclu- 
sions were excited by a Stellar-REN Modu Ar-ion 
laser producing highly polarized light at 514 nm and 
collected at a nominal resolution of 3 cm in the 
2000-200 cm range. In many cases, the confocal ca- 
pabilities of the Raman system allowed inclusions 
beneath the surface to be analyzed. 

UV-Vis spectra were recorded with a Hitachi U- 
2910 spectrometer or a PerkinElmer Lambda 950 in 
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the range of 190-1100 nm with a 1 nm spectral reso- 
lution and a scan speed of 400 nm/min. When possi- 
ble, polarized spectra of oriented samples were 
collected to obtain o- and e-ray absorption spectra. 
UV-Vis-NIR spectra are presented either as relative 
absorbance with no units or absorption coefficient (a) 
in units of cm! where a = A x 2.303/t, with A = ab- 
sorbance and t = path length in cm. 


RESULTS 


UV-Vis-NIR Spectroscopy in Emerald Origin Determi- 
nation. As with rubies and sapphires, emerald’s geo- 
graphic origin determination starts with a coarse 
separation into one of two groups based on their geo- 
logical conditions of formation: hydrothermal/meta- 
morphic and schist-hosted/magmatic-related (the Type 
II tectonic metamorphic-related and Type I tectonic 
magmatic-related groups from Giuliani et al., 2019; 
Giuliani and Groat, 2019, pp. 464-489 of this issue). 
This distinction also roughly corresponds to a separa- 
tion between Colombian emeralds (or those emeralds 
that might have Colombian-like features) and essen- 
tially everything else. The hydrothermal/ 
metamorphic group contains emeralds from Colom- 
bia, Afghanistan, and China (Davdar), while the schist- 
hosted/magmatic group includes emeralds from 
Zambia (Kafubu), Russia, Ethiopia, and Brazil, among 
others. In many cases, this separation can be made 
based on gemological properties. Hydrothermal/meta- 
morphic emeralds often have jagged multiphase inclu- 
sions, whereas schist-hosted emeralds generally have 
blocky or irregular multiphase inclusions. The differ- 
ence in appearance is likely related to variations in the 
way the fluids were originally entrapped as well as 
post-entrapment healing and evolution of the inclu- 
sions while the emeralds were held at high tempera- 
ture and pressure before being exhumed to the earth’s 
surface (e.g., Giuliani et al., 2019). 

But advanced analytical techniques are often more 
reliable than relying solely on inclusions. Schist- 
hosted emeralds generally have much higher Fe con- 
tent than hydrothermal/metamorphic emeralds. This 
chemical distinction is most easily seen using UV-Vis- 
NIR spectroscopy. Representative UV-Vis-NIR o-ray 
spectra of hydrothermal/metamorphic emeralds are 
shown in figure 3 (top). The most prominent features 
in this group are the Cr** broad absorption bands at 
about 430 and 600 nm and the sharp Cr** band at 
around 683 nm. A typical Colombian UV-Vis-NIR 
spectrum is characterized by the absence of any ab- 
sorption bands in the near-IR region at wavelengths 
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UV-VIS-NIR SPECTRA 


Cr+, 430 nm 


Cr**,600 nm Cr**, 639, 683 nm 


ABSORBANCE 


Fe?*/Fe+, 810 nm 


Afghanistan 
(high-Fe) Figure 3. Top: Represen- 
tative UV-Vis-NIR 
spectra of metamor- 
phic/hydrothermal 
emeralds. The low-Fe 
and high-Fe Colombian 
emeralds have 200 and 
1900 ppm Fe, respec- 
tively, while the low-Fe 
and high-Fe Afghan 
emeralds have 1100 
and 2400 ppm Fe, re- 
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Representative UV-Vis- 
NIR spectra of schist- 
hosted emeralds. All 
spectra are O-ray spec- 
tra and have been 
renormalized in order 
to compare the relative 
intensities of absorp- 
tion features and, 
hence, absolute intensi- 
ties cannot be com- 
pared between spectra. 
The spectra are also off- 
set by various amounts 
te in order to facilitate 
comparison. 
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greater than 700 nm (bottom spectrum in figure 3, 
top). Other members of the hydrothermal/ 
metamorphic emerald group (i.e., Davdar, China, and 
Afghanistan), which generally have higher concentra- 
tions of Fe, usually show a noticeable to significant 
absorption band at 810 nm caused by Fe”, possibly 
enhanced by nearby Fe*. This feature has traditionally 
been used to separate Colombian emeralds from those 
from all other deposits (e.g., Saeseaw et al., 2014). 
However, as shown in figure 3 (top], there is some 
overlap between some Colombian emeralds and other 
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members of the hydrothermal/metamorphic group. 
On average, Colombian emeralds have lower Fe con- 
tent than stones from any other deposit. However, the 
few stones at the higher range of Fe content for 
Colombian emeralds have a noticeable Fe** absorption 
band at 810 nm. Similarly, while Afghan emeralds 
tend to have higher Fe content than most Colombian 
stones, at their lower Fe concentration range some 
stones may show only a slight Fe-related absorption 
at 810 nm, which could be mistaken for a classic 
Colombian emerald spectrum. Great care must be 
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taken in interpreting UV-Vis-NIR spectra to identify 
possible Colombian emeralds, and multiple lines of 
evidence, including trace element chemistry, must be 
used to accurately ascertain a Colombian origin. 
Due to their much higher Fe content, schist-hosted 
emeralds are easy to separate from Colombian and 
other hydrothermal/metamorphic stones based on 
their o-ray UV-Vis-NIR absorption spectra (figure 3, 
bottom). The most obvious distinction is the signifi- 
cantly increased intensity of the Fe-related 810 nm ab- 
sorption band in schist-hosted emeralds. Additionally, 
these higher-iron emeralds also tend to have a more 
prominent Fe* absorption band at 372, nm than the hy- 
drothermal/metamorphic emeralds. As with the hy- 
drothermal/metamorphic group, making geographic 
origin determinations for schist-hosted emeralds re- 
quires the use of multiple lines of evidence including 
UV-Vis-NIR analysis, trace element chemistry, and mi- 
croscopic observation of a stone’s inclusions. 


Microscopic Internal Inclusions. Emeralds, even top- 
quality material, tend to be fairly heavily included. 
Fluid inclusions, partially healed fissures, needles, 
and/or solid mineral crystals are frequently encoun- 
tered. Inclusions are an extremely important tool for 
geographic origin determination as well as separating 
natural and synthetic emeralds. However, there are 
several areas of overlap. Emeralds from some de- 
posits may have inclusion scenes that resemble those 
seen in other important deposits. Some stones may 
lack any diagnostic inclusions, making it impossible 
to provide an origin opinion if there is no definitive 
trace element data. Gemologists often classify emer- 
ald into two broad groups based on fluid inclusions: 
jagged or blocky. This also corresponds roughly to the 
hydrothermal/metamorphic and schist-hosted clas- 
sification presented above. Most fluid inclusions in 
emerald are multiphase, but it is often difficult to ob- 
serve all the distinct phases in an inclusion using a 
gemological microscope. Jagged fluid inclusions usu- 
ally appear to be composed of a liquid, a gas, and one 
or more solid phases. Sometimes there is even more 
than one liquid phase present as well. Regardless, 
when there are clearly observed solid, liquid, and gas 
phases present, these are typically referred to as 
three-phase inclusions. Blocky fluid inclusions often 
appear to be composed of only two phases, a liquid 
and a gas. However, there is often a solid phase pres- 
ent in these inclusions, which is hard to observe due 
to similarity in refractive index between the solid 
and fluid. Sometimes the use of cross-polarized light 
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reveals hidden solid crystals in these fluid inclusions. 
Additional information about the internal features 
of emeralds from major world deposits can be found 
in the following references: Giuliani et al. (1993, 
2019), Vapnik et al. (2006), Groat et al. (2008), Mar- 
shall et al. (2012), Zwaan et al. (2012), Saeseaw et al. 
(2014), and Vertriest and Wongrawang (2018). 


Geographic Origin Determination of Hydrother- 
mal/Metamorphic Emeralds. Colombian emeralds 
are the most economically important from the hy- 
drothermal/metamorphic type of deposit, and jagged 
fluid inclusions are their hallmark features. Such 
fluid inclusions are typically elongate, with jagged 
sawtooth edges. Unfortunately, emeralds from other 
hydrothermal/metamorphic deposits such as 
Afghanistan and China may have similar jagged fluid 
inclusions. Among the mineral inclusions found in 
these emeralds are calcite, pyrite with various mor- 
phologies, albite, and carbonate minerals. This sec- 
tion will document the internal features of emeralds 
from Colombia, Afghanistan, and China. Emeralds 
from a minor deposit at Musakashi in Zambia will 
also be mentioned briefly at the end of this section. 
Further information on the inclusion scenes in emer- 
alds from these deposits can be found in Bowersox et 
al. (1991), Bosshart (1991), and Saeseaw et al. (2014). 


The Internal World of Colombian Emeralds. Colom- 
bian emeralds (figure 4) have long been held in high 
esteem for their rich green color and for the history 


Figure 4. Matched pair of Colombian emeralds with 
no oil, approximately 10 carats total. Photo by Robert 
Weldon/GIA; courtesy of Amba Gem Corporation. 
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La Belle Helene: 
A Type Il Diamond 


by 


DR. J. F. H. CUSTERS 


Diamond Research Laboratory, 
Johannesburg 


IR the Fall 1952 issue of Gems und Gem- 
ology a short note on the famous 160 carat 
“La Belle Helene” has appeared. It may be 
of interest to give some more particulars 
_of this diamond which was carefully ex- 
amined at the Diamond Research Laboratory 
in Johannesburg before it was sold, and 
which 
from a scientihe point of view. 


was also found to be remarkable 

The diamond was of the fairly rare Type 
II, the common type being classified as 
Yype I. Later, some characteristic differences 
in the properties of these two types will 
be given. 


It is estimated that about one in a thou- 
sand diamonds is of Type I. Their fre- 
quency of occurrence is, however, very 


varied for the different diamond mines in 
South Africa. As these Type IT ¢ 
are of scientific interest, the Diamond Re- 
for 


them among the large collections of indus- 


gamonds 


search Laboratory regularly searches 
trial stones which are sorted in Johannes- 
burg. We have not yet come across a Type 
He diamond from Wesselton or Bultfontein 
Mines. They 
found in the alluvial gravels near the mouth 
of the Orange River in South-West Africa, 
and “La Belle Helene’? was one of these. 


arc, however, oc¢castonally 


The Premier Mine at Cullinan, on the 
other hand, produces a high percentage of 


SPRING 1953 


Type IL diamonds. Actually, we do not 
know of any other mine where so many 
of these unusual diamonds, most of which 
are of industrial quality, are regularly 
found. The Diamond Mine 
known for the great variety of diamonds 


Premier iS 
which it produces. Among these are cleav- 
ages, graphitized diamonds, round black 
stones similar to carbonados, brown indus- 
trial stones and also many diamonds of gem 
quality. It would seem that the diamonds 
in this pipe were formed under conditions 
which were different from those in many 
other mines, and that they were carried to 
the surface rather rapidly, at temperatures 
and pressures far from a state of equilib- 
rium. This might explain the occurrence of 
so many cleavages and the fairly high per- 
centage of eraphitized diamonds: diamonds 
will readily graphitize at high temperatures 
and normal pressures when oxidizing agents 
are almost entirely excluded. 

In the following some of the differences 
between the two types are given: 
H 
whereas Type I stones are not. 

Two taken from a 
cleavage face of the “La Belle Helene” are 


1. Type diamonds are laminated, 


photomicrographs 
reproduced in Figure 1. The striations are 


clearly visible and they point to the diamond 
being built up of layers. These layers are 


Figure 5. Small jagged inclusions in Colombian emer- 
alds. Photomicrograph by Sudarat Saeseaw; field of 
view 0.9 mm. 


and legends associated with these stones. The most 
readily identifiable feature of Colombian emeralds 
are classic three-phase jagged fluid inclusions. These 
contain a gas bubble and a cubic crystal (typically 
halite and/or sylvite) and generally range in size from 
100 pm to 1 mm (figures 5 and 6). However, as men- 
tioned above, jagged fluid inclusions can be seen in 
emeralds from other deposits such as Afghanistan 
and China (see also Saeseaw et al., 2014). Large jagged 
fluid inclusions (greater than about 500 um) are 
unique to Colombia and can be taken as diagnostic 
evidence of origin. However, when only smaller 
jagged fluid inclusions are observed, care must be 


Figure 7. Unique gota de aceite growth features in 
Colombian emerald. Photomicrograph by Patcharee 
Wongrawang; field of view 0.9 mm. 


Figure 6. This large jagged multiphase inclusion is 
characteristic of Colombian emerald. Photomicro- 
graph by Charuwan Khowpong; field of view 1 mm. 


taken to ascertain a stone’s origin and additional sup- 
porting evidence should be sought out. Gota de 
aceite is a growth feature sometimes seen in Colom- 
bian emeralds that can be used as a strong indication 
of origin (figure 7). Similar growth features are some- 
times observed in emeralds from other sources such 
as Zambia, but it is by far most common in emeralds 
from Colombia. This growth feature’s name is Span- 
ish for “drop of oil,” in reference to the roiled and tur- 
bid appearance it lends. Gota de aceite grows parallel 
to the basal faces, often in planes that do not extend 
throughout the stone. Common solid inclusions in 
Colombian emeralds are carbonates, pyrite (figure 8), 


Figure 8. Group of pyrite crystals and rhombohedral 
carbonate crystal in Colombian emerald. Photomicro- 
graph by Patcharee Wongrawang; field of view 1.6 mm. 
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quartz, feldspar, and small black particles from the 
surrounding black shales (Giuliani et al., 2019; Giu- 
liani and Groat, 2019, pp. 464-489 of this issue). 
However, most of these minerals are also found in 
other emerald deposits. Similar to Kashmir sap- 
phires, Colombian emeralds also have one very rare 
mineral inclusion that has never been seen in emer- 
alds from other deposits: parisite (Gtibelin and 
Koivula, 2008). When observed, it can be considered 
a diagnostic indicator of Colombian origin; unfortu- 
nately, this inclusion is not frequently encountered. 


620 GEOGRAPHIC ORIGIN OF EMERALD 


Figure 9. Emeralds from 
Afghanistan: a 23.43 ct 
emerald-cut stone from 
Zarajet and an emerald 
crystal measuring ap- 
proximately 31.7 mm 
long. Photo by Robert 
Weldon/GIA; courtesy 
of Himalayan Gems & 
Jewelry. 


The Internal World of Afghan Emeralds. While 
Afghan emeralds have never held the market share 
of their Colombian brethren, many fine stones have 
been produced from the mines in the Panjshir Valley 
(figure 9). As for their internal characteristics, multi- 
phase fluid inclusions are the most common inclu- 
sion in Afghan emeralds. They often have an 
elongate, needle-like shape and host several daughter 
minerals (figures 10 and 11), which can distinguish 
them from Colombian and Chinese emeralds. 
Daughter minerals in fluid inclusions in emeralds are 
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Figure 10. Elongate needle-like multiphase inclusions 
containing several daughter crystals and a gas bubble 
are typically seen in Afghan emeralds. Photomicro- 

graph by Charuwan Khowpong; field of view 0.7 mm. 


often assumed to be halite when they have a cubic 
habit; however, when there are several daughter min- 
erals, as in the inclusions in Afghan emeralds, their 
exact identity is often hard to determine, even with 
the use of confocal Raman spectroscopy. The typical 
inclusion scene in these emeralds from the Panjshir 
Valley consists of small jagged fluid inclusions (fig- 
ures 12 and 13), similar to those seen in Colombian 
emeralds, and scarce crystalline inclusions. Solid in- 
clusions, when present, include pyrite, limonite, 
beryl, carbonate minerals, and feldspar. 


Figure 12. Small jagged inclusions in Afghan emerald. 
Photomicrograph by Nattida Ng-Pooresatien; field of 
view 0.7 mm. 
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Figure 11. Needle-like multiphase inclusions lie paral- 


lel to each other in Afghan emerald. Photomicrograph 
by Charuwan Khowpong; field of view 0.9 mm. 


The Internal World of Chinese Emeralds. The deposit 
at Davdar, China, was discovered late in the twenti- 
eth century. The geology of Davdar is not well under- 
stood, but it is reported that this deposit shares some 
similarities with other metamorphic deposits (Giu- 
liani et al., 2019). Fluid inclusions in these emeralds 
have a jagged shape and are composed of a rounded 
gas bubble and a cubic crystal (figures 14-17). They 
are often small and can resemble those seen in emer- 
alds from Colombia and Afghanistan. While there is 
likely very little production from the Chinese mines 


Figure 13. Irregular jagged inclusions in Afghan emer- 
ald. Photomicrograph by Nattida Ng-Pooresatien; 
field of view 0.9 mm. 


pd 
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Figure 14. Jagged fluid inclusions with a transparent 
cubic crystal and a gas bubble in emerald from 
China. Photomicrograph by Sudarat Saeseaw; field of 
view 0.7 mm. 


reaching the market, their potential for overlap with 
Colombian emeralds makes it important to be aware 
of their identifying characteristics to avoid potential 
problems in origin determination. 


Inclusion Scenes Gone Wrong. Many Colombian 
emeralds are easily identified by large jagged inclu- 
sions (figure 6) or gota de aceite growth features (fig- 
ure 7). Multiphase inclusions containing numerous 
daughter crystals (figure 10) are considered conclu- 
sive evidence of an Afghan origin. However, it can be 
complicated in smaller or less-included stones where 
there may not be much information available to the 


Figure 16. Elongate jagged inclusions in emerald from 
China. Photomicrograph by Nattida Ng-Pooresatien; 
field of view 0.7 mm. 
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Figure 15. Jagged fluid inclusions in Chinese emerald. 
Photomicrograph by Charuwan Khowpong; field of 
view 1.05 mm. 


microscopist. For example, the inclusion scenes of 
two Afghan emeralds in figures 18 and 19 showed 
jagged edges with a rounded gas bubble and cubic 
crystal(s). These inclusions could easily be misinter- 
preted as Colombian. Similarly, emeralds from a 
minor deposit in Zambia at Musakashi can also have 
jagged three-phase inclusions similar to those seen 
in Colombian emeralds, making it necessary to 
search for further evidence (figures 20 and 21). As 
with the Chinese emerald deposit at Davdar, few 
stones have emerged from Musakashi. Nonetheless, 
it is important to be aware of this potential overlap 
in properties. UV-Vis-NIR analysis can be helpful to 


Figure 17. Irregular multiphase inclusions in Chinese 
emerald. Photomicrograph by Nattida Ng-Pooresatien; 


field of view 0.7 mm. 
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Figure 18. Jagged multiphase inclusions in an Afghan 
emerald appear similar to features seen in some 
Colombian emeralds. Photomicrograph by Nattida Ng- 
Pooresatien; field of view 0.8 mm. 


separate between Colombian and Afghan, Chinese, 
or Musakashi emerald. Many Afghan, Chinese, and 
Musakashi emeralds have obvious Fe-related absorp- 
tion bands distinguishing them from Colombian 
stones. However, there will be some overlap in the 
high-Fe Colombian emeralds and the low-Fe Afghan 
and Chinese emeralds, both of which may show 
minor Fe-related absorption bands. For these border- 
line cases, chemical analysis is needed for a conclu- 
sive result. 


Geographic Origin Determination for Schist-Hosted 
Emeralds. Schist-hosted emerald deposits are the re- 


Figure 20. Jagged three-phase fluid inclusions in an 
emerald from Musakashi, Zambia. Photomicrograph 
by Charuwan Khowpong; field of view 0.7 mm. 


Figure 19. Irregularly shaped multiphase inclusion 
hosting a small gas bubble and several crystals in an 
Afghan emerald. Photomicrograph by GIA; field of 
view 0.3 mm. 


sult of magmatic processes, including pegmatitic 
events. Emeralds formed in these deposits through 
interaction of pegmatites or other magmatic bodies 
with mafic, ultramafic, and/or metamorphic country 
rocks. This type of emerald includes important 
sources such as Zambia (Kafubu}, Brazil, Russia, and 
Ethiopia. These emeralds tend to have a darker green 
color than Colombian, Afghan, and Chinese emer- 
alds owing to their generally higher iron content. 
However, some lower-iron schist-hosted emeralds, 
especially those from Russia, may have lighter-toned 
colors. Schist-hosted emeralds often have blocky fluid 
inclusions that can be either two-phase, three-phase, 


Figure 21. Jagged three-phase fluid inclusions in an 
emerald from Musakashi, Zambia. Photomicrograph 
by Charuwan Khowpong; field of view 0.7 mm. 
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Figure 22. Zambian emeralds at 8.14 ct (left) and 1.76 
ct (right). Photo by Robert Weldon/GIA; courtesy of 
Mark Kaufman, Kaufman Enterprises. 


or multiphase. The most common solid crystal inclu- 
sion is mica, which occurs in a variety of forms and 
colors. Mica can be formed before the emerald (i.e., 
protogenetic) or at the same time as the host crystal 
(syngenetic). Other mineral inclusions can also be 
found: dendritic black inclusions and quartz, carbon- 
ate minerals, talc, pyrite, emerald, chlorite, and spinel. 
The following sections will describe typical inclusion 
scenes for each origin. Note that emeralds from Mada- 
gascar would be included in the schist-hosted group. 
However, these emeralds are much less frequently en- 
countered in the lab and so they are not included in 
the discussion of inclusion scenes. Nonetheless, origin 
determination of Madagascar emeralds will be consid- 
ered later in the trace element chemistry section. Fur- 
ther information on the inclusion scenes in 
schist-hosted emeralds can be found in Cassedanne 
and Sauer (1984), Hanni et al. (1987), Zwaan et al. 
(2005), Saeseaw et al. (2014), Vertriest and Won- 
grawang (2018), and Palke et al. (2019a). 


The Internal World of Zambian Emeralds from Ka- 
fubu. Zambian emeralds (figure 22) are found in the 
Kafubu area in the southern part of the historically 
important copper mining area known as the Copper- 
belt. Emerald mineralization occurs at the phlogo- 
pite-biotite contact zone between pegmatites and a 
talc-magnetite schist. Zambian emerald fluid inclu- 
sions are typically blocky (figure 23) or irregularly 
shaped (figure 24) multiphase inclusions. Mica is a 
common inclusion in Zambian emeralds from Ka- 
fubu, occurring with a brownish color and rounded 
shape (figure 25) or in pseudo-hexagonal green 
platelets (figure 26). Black platelets, or dendritic in- 
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Figure 23. Blocky fluid inclusions are common in 
Zambian emeralds, seen perpendicular to the optic 
axis of the host. Photomicrograph by Nattida Ng- 
Pooresatien; field of view 1.1 mm. 


clusions composed of oxide minerals such as mag- 
netite, hematite, or ilmenite (figure 27), can be seen 
in Zambian and other schist-hosted emeralds. Elon- 
gate amphibole crystals are also observed occasion- 
ally in Zambian emeralds (figure 28). Other minerals 
such as apatite, pyrite, talc, barite, albite, and calcite 
have also been reported (Saeseaw et al., 2014). 


The Internal World of Brazilian Emeralds. Emeralds 
have been discovered in several Brazilian localities 
including Carnaiba and Socot6 (Bahia), Santa Terez- 
inha (Goias), and Itabira (Minas Gerais). This article 
will focus on production from Itabira, or the Belmont 


Figure 24. Irregularly shaped multiphase inclusions 
in emeralds from Kafubu, Zambia, as seen parallel to 
the optic axis. Photomicrograph by Nattida Ng- 
Pooresatien; field of view 2 mm. 
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Figure 26. Pseudo-hexagonal fluid inclusions and 
greenish mica are common in Zambian emerald. Pho- 
tomicrograph by Nattida Ng-Pooresatien; field of 
view 0.9 mm. 


Figure 25. Brownish micas are common in Zambian 
emerald but can also be found in emerald from other 
deposits. Photomicrograph by Nattida Ng-Pooresatien; 
field of view 1.3 mm. 


Figure 27. Opaque thin platelets showing dendritic 
inclusions are seen in Zambian and other schist- 
hosted emeralds. Photomicrograph by Nattida Ng- 


Figure 28. Greenish rod-like inclusions identified as 
amphibole in Zambian emerald. Photomicrograph by 
Nattida Ng-Pooresatien; field of view 1.6 mm. 


Pooresatien; field of view 1.0 mm. 


mine, as it is the main producer of Brazilian emerald 
today. Characteristic inclusions for emeralds from 
Belmont include blocky fluid inclusions and parallel 
tiny tubes described as “rain-like” (figure 29) that, if 
dense enough, can occasionally produce chatoyancy. 
The fluid inclusions typically show a blocky shape 
(figure 30) and may have multiple liquid/gas/solid 
phases apparent within (figure 31). Some irregular 


Figure 29. Cloud of fine elongate tubes with various 
fillings form a rain-like inclusion in a Brazilian emer- 
ald. Photomicrograph by Charuwan Khowpong; field 
of view 1.30 mm. 
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Figure 30. This Brazilian emerald contains blocky Figure 31. Irregular three-phase inclusion (liquid/liq- 


and rectangular fluid inclusions and a tube filled uid/gas) with immiscible liquids and a gas bubble in 
with aggregate calcite. Photomicrograph by a Brazilian emerald. Photomicrograph by Charuwan 
Charuwan Khowpong; field of view 0.80 mm. Khowpong; field of view 1.00 mm. 


Figure 32. Elongate three-phase inclusion with con- Figure 33. Brownish mica flakes (syngenetic) showing 


centric equatorial fractures in a Brazilian emerald. a nearly ideally formed pseudo-hexagonal shape in a 
Photomicrograph by Patcharee Wongrawang; field of Brazilian emerald. Photomicrograph by Charuwan 
view 1.30 mm. Khowpong; field of view 0.70 mm. 


fluid inclusions in Brazilian emeralds may have con- 
centric equatorial fractures (figure 32). Mica can be 
found as both syngenetic pseudo-hexagonal (figure 
33) and protogenetic rounded brown crystals (figure 
34). Other solid mineral inclusions such as quartz, 
magnetite, chromite spinel, calcite, or pyrite can also 
be observed, similar to other deposits of schist-hosted 
emerald. 


Figure 34. Crystals of rounded dark brownish bi- 
otite-phlogopite mica flakes in a Brazilian emerald. 
Photomicrograph by P. Wongrawang; field of view 
2.70 mm. 
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Figure 35. Left to right: Ethiopian emeralds weighing 
2.00, 9.72, and 4.13 ct. Photo by Robert Weldon/GIA; 


Figure 36. Ethiopian emerald weighing 4.12 ct. Photo 
by Robert Weldon/GIA; courtesy of Mayer & Watt. 


courtesy of Mayer # Watt. 


—_=_ a w 
«™ =, 8 
a é 
cs S 4 
— - 
~ 
° Wo wk = 
-. * >’- sit 
te ~*~ we C€ ‘ 
~= a 
eS ~~ ad Fg } & 
© 2 bl ne 2 of 
if ae 
, =. Rds at ; 
x4 a Se, Fi Pee 2 
gS 257 * < & 
£2 @ ¢ ate .* 
; p . 
Wey CED 


Figure 37. Blocky and irregular fluid inclusions in an 
Ethiopian emerald. Photomicrograph by Jonathan 
Muyal, field of view 1.44 mm. 


Figure 38. Fluid inclusion with two separate liquids 
and a gas bubble in an Ethiopian emerald. Photomi- 
crograph by Jonathan Muyal, field of view 0.72 mm. 


The Internal World of Ethiopian Emeralds. In late 
2016, emerald was discovered in Ethiopia near the vil- 
lage of Shakiso (figures 35 and 36). Their fluid inclu- 
sions often reveal blocky, elongate, or irregular 
multiphase inclusions (figures 37-39) and nail-like 
growth blockage inclusions (figure 40). The blocky in- 
clusions are very similar to those seen in emeralds 
from Zambia (Kafubu), Brazil, and Russia. Some fluid 
inclusions in Ethiopian stones contain two separate 
liquid phases, one gas bubble, and often solid crystals 


Figure 39. Irregular fluid inclusion with large gas bub- 
ble in an Ethiopian emerald. Photomicrograph by 
Ungkhana Atikarnsakul, field of view 2.0 mm. 
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Figure 40. Elongate fluid inclusion originating around 
a mineral inclusion, resembling “nail head spicules” 
in an Ethiopian emerald. Photomicrograph by 
Ungkhana Atikarnsakul, field of view 0.8 mm. 


(liquid/liquid/gas) (figures 37-39). When these stones 
are examined in a microscope using an intense incan- 
descent light, one of the fluids can evaporate and 
merge with the gas, which has been identified by 
Raman spectroscopy as a CO, gas. Some inclusions 
may also have granular fringes (figure 39). Minute par- 
ticles and iridescent thin films (figure 41) are seen oc- 
casionally and can be confused with inclusion scenes 
more typical of Russian emerald. Internal growth fea- 
tures are typically straight with angular color zoning 
following crystal prism faces. Some stones exhibit 
roiled growth (figure 42) that is distinct from the gota 
de aceite growth seen in Colombian emeralds. Other 
mineral inclusions such as brown mica platelets, 
clinochlore, magnetite spinel, calcite, quartz, and talc 
can be observed in Ethiopian emerald. 


Figure 42. Roiled internal growth in an Ethiopian 
emerald. Photomicrograph by Ungkhana Atikarn- 
sakul; field of view 2.7 mm. 
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Figure 41. Scattered thin films in an Ethiopian emer- 
ald. Photomicrograph by Ungkhana Atikarnsakul, 
field of view 2.0 mm. 


The Internal World of Russian Emeralds. Fine 
emeralds have been produced from the Ural Moun- 
tains since the mid-nineteenth century, placing 
Russia as one of the classic sources. Russian emer- 
alds can harbor unique inclusion scenes. Iridescent 
thin films that lie parallel to the basal pinacoid are 
especially indicative of origin (figure 43). Fluid in- 
clusions take on different forms including elongate 
(figure 44), irregularly edged multiphase (figures 45 
and 46], to blocky (figure 47), although blocky fluid 
inclusions are uncommon in Russian emeralds. 
Some fluid inclusions also have patchy, granular 
fringes (figure 48). Long needles or growth tube in- 
clusions can also be found (figure 49). Brown mica 
(figure 50) and rod-shaped or needle-like amphibole 
crystals have been observed. Russian emerald typi- 


Figure 43. Plane of numerous interference thin films 
aligned parallel to the basal pinacoid in a Russian 
emerald. Photomicrograph by Charuwan Khowpong; 
field of view 1.40 mm. 
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¢ Photomicrograph showing natural cleavage face of the La Belle Helene. 
Magnification 221 x. 


© Striations typical of Type H diamonds are clearly visible in this photo- 


micrograph of La Belle Helene. 290 


Figure 44. Elongate fluid inclusion with a small solid 
inclusion at the end in a Russian emerald. Photomicro- 
graph by Suwasan Wongchacree; field of view 1.20 mm. 


a oe, ee 
Figure 46. Irregularly shaped fluid inclusions in a 
Russian emerald. Photomicrograph by Charuwan 
Khowpong; field of view 1.75 mm. 


Figure 45. Irregularly shaped two- and three-phase in- 
clusions in a Russian emerald. Photomicrograph by 
Suwasan Wongchacree; field of view 1.05 mm. 


Figure 47. Blocky and irregular fluid inclusions in a 
Russian emerald. Photomicrograph by Aaron Palke; 
field of view 1.26 mm. 


Figure 48. Irregular fluid inclusions with granular 
fringes in a Russian emerald. Photomicrograph by 
Aaron Palke; field of view 1.26 mm. 
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Figure 49. Long growth tubes in a Russian emerald. 
Fiber-optic illumination. Photomicrograph by 
Suwasan Wongchacree; field of view 1.05 mm. 
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Figure 50. Lath-shaped brown inclusions identified as 
phlogopite mica in a Russian emerald. Photomicro- 
graph by Suwasan Wongchacree; field of view 1.40 mm. 


cally has few inclusions, and origin determination 
can be challenging. 


Inclusion Scenes Gone Wrong. Owing to their simi- 
lar geological genesis, emeralds from Zambia (Ka- 
fubu), Brazil, Russia, and Ethiopia may be difficult to 
distinguish. Making an accurate origin determina- 
tion requires an experienced gemologist with a ro- 
bust reference database to compare against unknown 
stones. Reaching an origin conclusion is easier when 
the stone has abundant inclusions as opposed to a 
clean stone. However, every emerald must be ob- 
served carefully, as stones from geographically dis- 


Figure 52. Blocky fluid inclusions in Ethiopian emer- 
ald might lead to misinterpretation as Zambian ori- 
gin. Photomicrograph by Ungkhana Atikarnsakul,; 
field of view 1.1 mm. 
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= 
Figure 51. Rectangular blocky fluid inclusions typi- 
cally seen in Zambian emeralds. Photomicrograph by 
Nattida Ng-Pooresatien; field of view 1.1 mm. 


parate deposits can have similar inclusion scenes. For 
example, how would you determine origin on these 
blocky inclusions shown in figures 51 and 52? One 
is from Zambia and the other from Ethiopia. Irregular 
fluid inclusions that might have once given an im- 
pression of Zambian origin (again, see figure 2.4) are 
now also occasionally found in Ethiopian emerald 
(figure 53). Elongate or thin rod-like fluid inclusions 
were first seen in Brazilian stones, but similar inclu- 
sions have been found in emeralds from Ethiopia and 
Russia (figure 54). Similarly, rain-like inclusions were 
once considered diagnostic for Brazilian emerald but 
can now be observed in Ethiopian and Russian emer- 


Figure 58. Irregular fluid inclusions in this Ethiopian 
emerald were initially interpreted as an indicator of 
Zambian origin. Photomicrograph by Ungkhana 
Atikarnsakul; field of view 1.3 mm. 
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Figure 54. Elongate fluid inclusions in emerald from 
Ethiopia. These can be also seen in Brazilian and 
Russian emerald. Photomicrograph by Ungkhana 
Atikarnsakul; field of view 1.1 mm. 


alds as well (figure 55). Clusters of brownish mica are 
common inclusions in all of these schist-hosted 
emeralds (figure 56). In this class there are no mineral 
inclusions that can be used to indicate origin. In 
many cases it is impossible to give an origin opinion 
based on microscopy. For emeralds from schist-host 
rock, UV-Vis-NIR analysis is not useful in separation 
as they all display similar spectra. In this case, chem- 
ical analysis by LA-ICP-MS is required to make an 
accurate origin determination. 


Trace Element Chemistry. Trace element analysis 
is a much more powerful tool for origin determina- 


Figure 56. Cluster of brownish phlogopite mica crys- 
tals in Ethiopian emerald. These can also be seen in 
other schist-hosted emeralds. Photomicrograph by 
Ungkhana Atikarnsakul, field of view 4.0 mm. 
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Figure 55. Parallel fine needles in Russian emerald re- 
semble inclusions seen in Brazilian stones. Photomicro- 
graph by Suwasan Wongchacree; field of view 1.05 mm. 


tion of emeralds than it is for gem corundum. This 
likely has its roots in the respective crystalline 
structures. Beryl has several unique crystal sites of 
varying sizes and geometry into which trace ele- 
ments can substitute. This allows easier incorpora- 
tion and greater variety of substitutional trace 
elements than for corundum, which has only one 
crystallographic site that can accept foreign elements. 
Therefore, emeralds appear to be more sensitive to 
slight changes in their geological environment, which 
can impart unique trace element signatures for 
stones from different geographic localities. Given 
the overlapping inclusion scenes for emeralds from 
the deposits discussed here, trace element chem- 
istry analysis is crucial for making accurate origin 
calls. Several examples of trace element plots used 
in the GIA laboratory for emerald origin determina- 
tion are shown in figure 57, and table 1 gives the 
general ranges and averages of the trace elements 
used in origin determination at GIA. Commonly 
used trace elements include Li, K, V, Cr, Fe, Rb, and 
Cs. Colombian emeralds tend to be the purest 
chemically, possessing generally lower concentra- 
tions of the alkalis Li, K, Rb, and Cs as well as Fe. 
The other hydrothermal/metamorphic emeralds 
from Afghanistan and China are more enriched in 
these trace elements, allowing them to be clearly 
separated from Colombian stones. The most charac- 
teristic feature of the schist-hosted emeralds is their 
enrichment in Fe relative to the hydrothermal/meta- 
morphic group. However, most schist-hosted emer- 
alds also have much higher concentrations of the 
alkali metals, and members of this group can be gen- 
erally differentiated from each other by their dis- 
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TRACE ELEMENT DISCRIMINATION 
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tinctive trace element profiles. For instance, Russ- 
ian emeralds tend to have lower Fe and higher Li; 
Zambian emeralds from Kafubu tend to have high 
Cs, Fe, and Li; Madagascar emeralds tend to have 
high K and Fe; Ethiopian emeralds tend to be mod- 
erately enriched in most trace elements; and Brazil- 
ian stones tend to occupy the lower range of many 
of the trace elements. 

Despite these general trace element profiles, there 
is still significant overlap when considering only one 
or two trace elements at a time. However, the selec- 
tive plotting method employed by GIA for blue sap- 
phires and rubies is also routinely used to provide 
greater confidence in emerald origin determination 
based on trace element chemistry; see Palke et al. 
(2019b), pp. 536-579 of this issue, for a discussion of 
this method. Essentially, selective plotting makes for 
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an easier comparison between an unknown stone 
and the vast accumulation of reference data available 
by filtering out data with dissimilar trace element 
profiles and comparing only against reference stones 
that match the full trace element signature of the un- 
known stone. Elements used in the selective plotting 
method include Li, K, Fe, Rb, and Cs. The use of se- 
lective plotting often allows trace element data to be 
interpreted more easily and provides greater confi- 
dence in origin determination based on these data 
(figure 58). In most cases trace element chemistry 
provides solid evidence about a stone’s origin, but 
sometimes there is still too much overlap in the trace 
element data (figure 59). When trace element data 
and inclusion information are ambiguous or contra- 
dictory, an “inconclusive” origin determination is al- 
ways warranted. 
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TABLE 1. Generalized trace element profiles of major world emerald deposits in ppmw. 


Hydrothermal/Metamorphic Emeralds 


Colombia 

Li K Fe Rb Cs 
Range 24.2-139 bdl-359 117-2030 bdl-4.92 3.17-19.0 
Average 62.9 17.7 553 2.03 10.9 
Median 61.0 14.3 414 1.96 10.7 

Afghanistan 

Li K Fe Rb Cs 
Range 78.2-268 51.7-1590 849-9820 3.87-110 11.3-97.0 
Average 115 639 3780 46.9 46.2 
Median 99.7 625 3120 44.1 43.6 

China (Davdar) 

Li K Fe Rb Cs 
Range 68.6-332 91.8-1320 1170-6430 3.47-31.5 5.96-41.2 
Average 114 314 2711 15.1 16.3 
Median 110 303 2470 14.6 13.8 

Schist-Hosted Emeralds 
Brazil 

Li K Fe Rb Cs 
Range 31.3-359 33.2-1150 2460-9120 7.A2-91.8 16.8-1130 
Average 80.8 231 5120 31.4 148 
Median 59.4 205 5035 30.0 79.7 

Ethiopia 

Li K Fe Rb Cs 
Range 183-446 98.6-889 1970-5320 14.7-166 151-544 
Average 310 307 3841 56.9 345 
Median 306 306 3870 58.0 351 

Madagascar 

Li K Fe Rb Cs 
Range 50.3-320 107-2660 6720-15800 12.7-395 110-1670 
Average 144 1200 9400 157 555 
Median 127 1220 8990 174 541 

Russia 

Li K Fe Rb Cs 
Range 300-1640 bdl-8830 864-8800 9.10-361 107-2180 
Average 751 319 2613 39.9 714 
Median 723 108 2330 28.5 521 

Zambia (Kafubu) 

Li K Fe Rb Cs 
Range 360-1140 305-890 4620-11600 17.4-116 375-2430 
Average 604 500 8139 65.9 1344 
Median 600 513 8410 72.6 1480 


Detection Limits (ppmw) 


Li K Fe Rb Cs 


Range 0.016-0.71 0.27-3.15 0.71-5.57 0.003—0.040 0.005-0.99 


*bdl = below the detection limit of the LA-ICP-MS analysis 
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Figure 58. Example of a 
Russian emerald’s ori- 
gin determined using 
the selective plotting 
method (the unknown 
stone shown as a red 
circle). The trace ele- 
ment profile of an un- 
known emerald can be 
easier to interpret 
through the selective 
plotting method used 
by GIA. Selective plot- 
ting uses Coarse, 
medium, and fine win- 
dows to filter out dis- 
similar reference data, 
making the plots easier 
to interpret. 
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Figure 59. An example 
of an emerald with an 
“inconclusive” origin 
(analyses shown as red 
circles). Even with the 
selective plotting 
method, there may still 
be too much overlap in 
the data and an “incon- 
clusive” origin would 
be warranted. 
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Figure 60. This ring contains a 12.09 ct sugarloaf cabochon emerald. Photo by Robert Wel- 
don/GIA; courtesy of Pioneer Gems. 
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CONCLUSIONS 


With the proliferation of sources across the world 
in the twenty-first century, emerald origin determi- 
nation has become an increasingly important serv- 
ice offered by gemological laboratories. At GIA, 
origin determinations are supported by years of 
meticulous efforts by the field gemology depart- 
ment in assembling a robust reference collection 
and collecting data on these samples (Vertriest et al., 
2019, pp. 490-511 of this issue). This continual ac- 
cumulation of information has forced the laboratory 
to adapt its methods and criteria for origin determi- 
nation to keep up with the evolution of the world 
emerald market (figures 60 and 61). Given the find- 
ing of jagged three-phase fluid inclusions in low-Fe 
emeralds from Afghanistan and China, any stone 
that gives an initial impression of a Colombian ori- 
gin must be carefully scrutinized to avoid inaccu- 
rate origin conclusion. The rise of Ethiopian 
emerald in the last few years has also forced the lab 
to come to terms with these new stones and their 
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Figure 61. The emer- 
alds in this bracelet, 
48.91 carats total, are 
from the Chivor mine 
in Colombia. Photo by 
Robert Weldon/GIA; 
courtesy of Pioneer 
Gems. 


inclusion scenes, which can overlap with Brazilian, 
Russian, and Zambian emeralds. The lab has also 
had to understand the increased likelihood of seeing 
Russian emeralds from the Mariinsky (Malysheva) 
mine near Ekaterinburg in the Russian Urals. For 
any non-Colombian emeralds, trace element chem- 
istry is always needed to support an origin determi- 
nation, given the potential for overlap in their 
internal features. And yet, despite the years of ex- 
perience collecting and analyzing data and docu- 
menting changes to the emerald mining scene, there 
are still some stones for which the lab is obligated 
to issue “inconclusive” origin opinions. Most of the 
time this is due to a trace element profile that does 
not match any of the reference data or because of 
ambiguous or contradictory inclusion scenes. Ef- 
forts by the laboratory and the field gemology de- 
partment will be crucial to closing gaps in our 
knowledge and keeping on top of further develop- 
ments in the world of emeralds—whatever the fu- 
ture may hold. 
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CASE STUDY 1: ZAMBIAN EMERALD 


In the first emerald case study, we will analyze 
the 0.57 ct step-cut emerald shown in figure CS 
1-1. The first step in determining this stone’s ge- 
ographic origin is to collect a UV-Vis-NIR ab- 
sorption spectrum. The absorption spectrum 
(figure CS 1-2) shows a pronounced 850 nm 
absorption band in the near-infrared region. 
This identifies the stone as a schist-hosted emer- 
ald, essentially narrowing the options for its ge- 
ographic origin to Zambia, Brazil, Russia, 
Ethiopia, and Madagascar. Microscopic obser- 184 
vation shows a field of blocky fluid inclusions 
(figure CS 1-3), typical for schist-hosted emer- 
alds. At this point, trace element chemistry is 
required to ensure an accurate origin determi- 


Figure CS 1-1. This 
0.57 ct step-cut 
emerald is at the 
center of this origin 
determination case 
study. Photo by 
Diego Sanchez. 


UV-VIS-NIR SPECTRUM 


ABS. COEFF. (cm) 
i 


nation. Representative trace element plots using 24 
data from LA-ICP-MS measurements are shown 2 Sp i) aa ee ana 
in figure CS 1-4. Use of the selective plotting WAVELENGTH (nm) 


method (see Palke et al., 2019b, pp. 536-579 
ele pee pene. Hatthisst : Figure CS 1-2. UV-Vis-NIR absorption spectroscopy 
of this issue) clearly shows that this stone is con- indicates a schist-hosted deposit such as Zambia, 


sistent with a Zambian origin. Taken together, Ethiopia, or Brazil. 
the analytical data collected allows a conclu- 
sive origin determination of Zambia. 


Figure CS 1-3. Blocky fluid inclusions also indicate a 
schist-hosted deposit such as Zambia, Ethiopia, or 
Brazil. Photomicrograph by Aaron Palke; field of view 
1.72 mm. 


638 GEOGRAPHIC ORIGIN OF EMERALD Gems & GEMOLOGY WINTER 2019 


¢ La Belle Helene in the rough state. Magnification about 5x. 


parallel to the cleavage planes, that is, the 
four octahedral planes." 

2. Type Il diamonds are transparent in 
the ultraviolet part of the spectrum down 
to about 2250 Angstrom-units; Type I dia- 
monds are transparent to about 3000 Ang- 
strom-units only. 

3. Type IE diamonds do not fluoresce 
when irradiated by ultraviolet light, some- 
times called “black light,” as emitted by a 
high pressure mercury vapor lamp with a 
nickel oxide filter. Every Type I diamond 
will fluoresce, mostly giving a blue color, 
while others will display a yellowish green 
color. Generally, however, the fluorescence 
of Type E stones is weak. 

These are the most important and strik- 
ing differences in propertics, although there 
are others, their behavior with 
regard to absorption in the infrared part 
of the spectrum, and also the different 
counting properties, (for alpha-particles and 
gamma-rays) of these two types of dia- 


such as 


monds. 


Quite recently, evidence which points to 
the existence of two classes of Type II dia- 
monds, namely Type Ha and Type Ib’, has 
come to light. These show different phos- 
phorescence when irradiated by short wave 
ultraviolet light of wavelength around 2500 
Angstrom-units, while their electrical con- 
ductivity also differs. A Type Ila diamond 
will not phosphoresce, and will not conduct 
electricity, whereas a Type IIb stone phos- 
phoresces strongly emitting a bluish color, 
and can carry a strong electric current when 
under a potential difference of 100 volts. 
“La Belle Helene” was of Type Ila. 

Up to now there appears to be no rela- 
tion between the type of a diamond and its 
quality as a gemstone. Some Type II dia- 
monds are light brown in color, others like 
the “La Belle Helene” are of the finest 
white color. 

This 160 carat diamond, of which a re- 
production ts given in Fresre 2, showed one 
large and two small cleavage faces. The 

(Continued Page 287) 
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Figure CS 1-4. Trace element analysis supports a Zambian origin. The selective plotting 
method was used with coarse, medium, and fine filters. 
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CASE STUDY 2: COLOMBIAN EMERALD 


The 2.04 ct step-cut emerald shown in figure CS 
2-1 is the focus of this case study. The origin de- 
termination procedure starts with the stone’s 
UV-Vis-NIR spectrum (figure CS 2-2). There is 
only a very slight rise in the absorption spectrum 
beyond 700 nm and into the near-infrared re- 
gion. This indicates a very likely Colombian ori- 
gin, though an Afghan or Chinese origin cannot 
be completely ruled out, as some emeralds from 
those locales show similar UV-Vis-NIR spectra. 
The most noteworthy inclusions are jagged fluid 


Figure CS 2-1. This 
case study involves 
the origin determi- 
nation process for a 
2.04 ct step-cut 
emerald. Photo by 
Diego Sanchez. 
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inclusions, which also give a distinct impression 


of Colombian pedigree (figure CS 2-3). Once 
again, this information must be considered care- 
fully as some emeralds from China, Afghanistan, 
and Zambia (Musakashi) can show somewhat 
similar inclusions. Therefore, trace element ae ne ne ae ne 
analysis is needed. Representative trace element WAVELENGTH (nm) 


plots (figure CS 2-4) clearly indicate a Colom- 
Figure CS 2-2. UV-Vis-NIR absorption spectroscopy 


bian origin. Note that the selective plotting suggests an origin in a metamorphic-related deposit 
method was not employed here and is generally such as Colombia, Afghanistan, or China. 


not needed for Colombian emeralds. 
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Figure CS 2-3. Jagged fluid inclusions strongly indi- 
cate a Colombian origin. Photomicrograph by Nathan 
Renfro; field of view 1.31 mm. 


640 GEOGRAPHIC ORIGIN OF EMERALD Gems & GEMOLOGY WINTER 2019 


TRACE ELEMENT DISCRIMINATION 


3000 4 


Fe (ppmw) 


300 + 
@ Colombia 


© China 

@ Afghanistan 
@ @ Madagascar 
© Zambia 

@ Ethiopia 

@ Brazil 

@ Russia 

@ Unknown 


30 


T T T 
0.2 2 20 200 


Rb (ppmw) 


Figure CS 2-4. Trace element analysis corroborates a Colombian origin for this emerald, 
shown as the red circle. 
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CASE STUDY 3: INCONCLUSIVE EMERALD 


Figure CS 3-1 shows a 1.05 ct step-cut emerald 
under consideration for a geographic origin de- 
termination. GIA‘s standard procedure for emer- 
ald origin determination is to start by collecting 
a UV-Vis-NIR absorption spectrum (figure CS 3- 
2). The rise in absorption beyond 700 nm and 
into the near-infrared clearly indicates that this 
stone belongs to the schist-hosted emerald 
group. Therefore, the origins we will consider 
are Zambia, Brazil, Russia, Ethiopia, and Mada- 
gascar. Microscopic observations of the inclu- 
sion characteristics reveal irregularly shaped 
fluid inclusions, which are typical of many 
schist-hosted emeralds but do not clearly indi- 
cate any specific origin (figure CS 3-3). Finaliz- 
ing the geographic origin determination on this 


Figure CS 3-1. This 
1.05 ct step-cut 
emerald is the 
focus of this origin 
determination case 
study. Photo by 
Diego Sanchez. 
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lement plots in comparison with referen ; 
Suen ee ees : © Realise Figure CS 3-2. UV-Vis-NIR absorption spectroscopy 
stones of known provenance from GIA’ colored —_ indicates a schist-hosted deposit such as Zambia, 
stone reference collection. Unfortunately, this Russia, Ethiopia, Brazil, or Madagascar. 


stone does not seem to uniquely match any spe- 
cific geographic location. Without the use of se- 
lective plotting, the Fe-Li plot seems to suggest 
a Madagascar origin. However, other plots show 
that this stone lies outside the field of the Mada- 
gascar reference data. Therefore, with the refer- 
ence collection data we have so far and with the 
application of selective plotting, Madagascar 
does not appear to be a viable option. With 
more reference data, hopefully stones such as 
this one will be able to match to data. Until < 
then, given the ambiguity in the data, the only Figure CS 3-3. Irregular fluid inclusions also suggest a 


possible option today for this emerald iS an ins schist-hosted emerald deposit such as Zambia, Rus- 
hea rT sia, Ethiopia, Brazil, or Madagascar. Photomicrograph 
CONS NUS ye SOUS CAN by Aaron Palke; field of view 2.37 mm. 
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TRACE ELEMENT DISCRIMINATION 
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Figure CS 3-4. Trace element analysis of this unknown emerald (shown as the red circle) 
failed to conclusively match it with reference data of stones with known provenance. The 
ultimate origin call would be “inconclusive.” The selective plotting method was used with 


coarse, medium, and fine filters. 
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CASE STUDY 4: ZAMBIAN EMERALD 


In this case study we examine the 1.04 ct step- 
cut emerald shown in figure CS 4-1. The UV- 
Vis-NIR absorption spectrum shows a 
significant rise beyond 700 nm, leading to a 
large peak in the near-infrared region (figure CS 
4-2). This allows clear assignment of this stone 
to the schist-related emerald group. Hence, the 
main geographic origins to consider are Zam- 
bia, Brazil, Russia, Ethiopia, and Madagascar. 
Microscopic examination shows abundant rec- 
tangular, blocky fluid inclusions (figure CS 4-3), 
an inclusion scene consistent with most schist- 
hosted emeralds. However, the observation of 
such inclusions alone cannot lead to an accu- 
rate origin call. To finalize the origin determi- 
nation, we need accurate trace element 


Figure CS 4-1. The 
origin determina- 
tion process for a 
1.04 ct emerald is 
the subject of this 
case study. Photo 
by Diego Sanchez. 
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ments. Use of the selective plotting ipetiion Figure CS 4-2. UV-Vis-NIR absorption spectroscopy 
demonstrates a clear correlation with Zambian provides evidence of a schist-hosted emerald that did 
emeralds from GIA’s colored stone reference —20% originate in Colombia. 


collection. Along with the spectroscopic and 
inclusion data, this allows a confident conclu- 
sion of Zambian origin. 


Figure CS 4-3. Blocky fluid inclusions point to a 
schist-related emerald deposit, indicating an origin of 
Zambia, Ethiopia, or Brazil. Photomicrograph by 
Nathan Renfro; field of view 1.89 mm. 
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TRACE ELEMENT DISCRIMINATION 
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Figure CS 4-4. Trace element analysis provides conclusive evidence of Zambian origin. The 
selective plotting method was used with the coarse, medium, and fine filters. 
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GEOGRAPHIC ORIGIN DETERMINATION 
OF PARAIBA TOURMALINE 


Yusuke Katsurada, Ziyin Sun, Christopher M. Breeding, and Barbara L. Dutrow 


Vivid blue to green copper-bearing tourmalines, known as Paraiba tourmalines, are recovered from deposits in 
Brazil, Nigeria, and Mozambique. These tourmalines are sought after for their intense colors. Prices are based, 
in part, on the geographic origin of a stone, and determining provenance is thus an important aspect for Paraiba 
tourmaline. However, their geographic origin cannot be established by standard gemological testing and/or 
qualitative chemical analyses. GIA has established sophisticated criteria requiring quantitative chemical analyses 
to determine geographic origin for these tourmalines. These criteria were based on several hundred samples 
from known sources spanning the three countries. Highly accurate and precise quantitative elemental concen- 
trations for Cu, Zn, Ga, Sr, Sn, and Pb are acquired with laser ablation—inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS). These data can then be plotted as a function of elemental concentration for accurate 


geographic origin determination. 


by its vivid neon blue to green color—has 

been one of the most popular colored gem- 
stones on the market for the nearly three decades 
since its debut (figures 1 and 2). It was first discov- 
ered in the state of Paraiba in northeastern Brazil in 
the late 1980s, and subsequently found in the neigh- 
boring state of Rio Grande do Norte (Fritsch et al., 
1990; Shigley et al., 2001; Furuya, 2007). These gems 
became known as Paraiba tourmalines after the lo- 
cality of their discovery. In the early twenty-first 
century, similarly colored gem-quality tourmalines 
were discovered in Nigeria and Mozambique (figures 
3 and 4; Smith et al., 2001; Abduriyim and Kitawaki, 
2005). 

In the gem market, Brazilian Paraiba tourmalines 
are typically more highly valued than their African 
counterparts. While top-quality Brazilian Paraiba 
tourmalines tend to have more intense color, there 
is significant overlap in the color range for all locali- 
ties. Additionally, standard gemological tests cannot 
definitively separate stones from these three locali- 


C opper-bearing gem tourmaline—recognizable 


See end of article for About the Authors and Acknowledgments. 
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ties. As a result, there is market demand for gemo- 
logical laboratories to offer origin determination for 
copper-bearing tourmalines. 

The most recent Laboratory Manual Harmoni- 
sation Committee (LMHC) definition of “Paraiba” 
tourmaline is “a blue (electric blue, neon blue, vio- 
let blue), bluish green to greenish blue, green (or yel- 
lowish green) tourmaline, of medium-light to high 
saturation and tone (relative to this variety of tour- 


In Brief 


Geographic origin can have a significant impact on the 
value of Paraiba tourmaline. 


Quantitative chemical analysis with LA-ICP-MS pro- 
vides a robust tool for origin determination. 


The trace elements Cu, Zn, Ga, Sr, Sn, and Pb are the 
most useful discriminators for Paraiba tourmaline origin. 


In limited cases where there are no matching refer- 
ence data, an “inconclusive” origin determination 
would be required. 


maline), mainly due to the presence of copper (Cu) 
and manganese (Mn) of whatever geographical ori- 
gin” (LMHC, 2012). This definition, widely ac- 
cepted in the gem industry and at GIA, clearly 
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Mexican Upal 


by 


DR. WILLIAM F. FOSHAG 
Head Curator, Department of Geology, U. S. National Museum 


A urnoucu the Mexican opal has been = quality after many years in museum cases 
an object of trade for more than one hun- and drawers. Rather than being an unstable 
dred years, there exists much confusion and stone, I would say it is the most stable of 
many misconceptions about this interesting the opals. 
gem. Despite the showing of this stone at Perhaps, too, the poor reputation of the 
some of the early expositions, its mar- Mexican gem results from the widespread 
ket in the United States appears to have distribution of inferior stones, material with- 
always been limited. There has been a wide out fire, or very little of it, leading to the 
diversity of opinion regarding the merits of impression that the Mexican opal is a dull 
this stone. Burnham (Precious Stones in and lifeless gem. Fine quality stones are 
Nature, Art and Literature, 1886) said of — rare and no great numbers are available, 
it: “The fire opal, the most resplendent of even on the Mexican market. 
all the different kinds of this wonderful I believe that the connoisseur, who knows 
gem, is found in the greatest perfection in the finest examples of Mexican opal, will 
porphyry at Zimapan.’’ On the other hand — agree with me that they are not only unsur- 
Castellani (Gems. Notes and Abstracts) is passed in beauty, but are umique in charac- 
of the opinion that “The common opal is ter. There is, of course, a difference of 
of very little value; the Mexican red is of — opinion as to which variety is the best. 
less; the Oriental is very much esteemed.” The American trade has shown a distinct 
The poor reputation of the Mexican opal preference for the fire opal, the orangy or 
is probably due, in large part, to the oft — red-colored stone of translucent body, with 
repeated statement that it is an unstable abundant interior fre of red and green span- 
stone, quick to dry out and crack. This state- gles. There are some dealers who will state, 
ment, made in all textbooks on gemstones, categorically, that this is the only kind that 
is so similar in all its expressions, that one will sell. The /echosos, or milk opals, are 
suspects that it has passed down from one _ too similar to Hungarian opals to command 
“authority” to another without critical ex- much attention. The azules, almost transpar- 
amination. My own experience with Mex- ent with a blue opalescence, and vivid flecks 
ican opals has been quite the contrary. I of burning red and cooling green, is a stone 
have found only one stone which, within a of entrancing beauty. In this writer's opinion 
few weeks after mining, showed any appre- the //uviznandos (you-vees-nahn-does) 
ciable change. This stone, almost transpar-  (//aviznar—to sprinkle with rain) is the 
ent in body quality, became slightly milky, opal that exceeds all other opals in beauty 
thereby diminishing its fire. Hundreds of because of its distinctive and lively pattern 
others show no cracking or deterioration in of colors. In the high plateau of Mexico 
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Figure 1. Faceted and polished copper-bearing tourmalines, ranging from 0.39 to 1.47 ct, from 
Brazil’s Paraiba State. Photo by Robert Weldon/GIA; courtesy of Gerhard Becker. 
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Figure 2. This 2.87 ct Paraiba tourmaline is from 
Brazil. Photo by Robert Weldon/GIA; courtesy of 
David Bindra, B&B Fine Gems. 


mentions not only the color appearance but also the 
chemical elements causing the color. Iron (Fe) can 


Figure 3. This 19.90 ct Paraiba tourmaline is from 
Nigeria. Photo by Robert Weldon/GIA. 
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Figure 4. A 29.34 ct Paraiba tourmaline from Mozam- 
bique. Photo by Robert Weldon/GIA; courtesy of the 
Granada Gallery. 


also cause a blue coloration in tourmaline, such as 
the variety commonly termed indicolite (Faye et al., 
1968; Mattson and Rossman, 1987). However, the 
bright blue color characteristic of Paraiba tourma- 
line is caused by Cu (Rossman et al., 1991) and eas- 
ily surpasses the intensity and hue of indicolite’s 
Fe-related blues. Many years of trace element analy- 
ses at GIA have demonstrated that Cu occurs in 
many gem tourmalines in the range of single-digit 
parts per million by weight (ppmw) to tens of ppmw 
concentrations. However, such low levels of Cu will 
not produce the Paraiba-like color; at least several 
hundred ppmw Cu are required for that. Merkel and 
Breeding (2009) noted that peaks near 700 and 900 
nm in visible and near-infrared absorption spectra 
can be useful in assessing the contribution of Cu 
when the stone also contains Fe. Mn, another ele- 
ment mentioned by the LMHC definition, can cre- 
ate purple and pinkish hues when in combination 
with Cu, thus impacting the color appearance of 
Paraiba tourmaline. 

Because standard gemological properties and mi- 
croscopic observations (e.g., mineral and fluid inclu- 
sions, fracture patterns, growth tubes) are not 
conclusive in distinguishing geographic origin for 
Paraiba tourmaline, other methods must be used. 
Quantitative chemical analyses of minor and trace 
elements have been collected and presented herein 
for Brazilian, Nigerian, and Mozambican material as 
used for locality determination (e.g., Shigley et al., 
2001; Breeding et al., 2007; Laurs et al., 2008). Com- 
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HE Northern Gondwana fragments 


[I Neoproterozoic orogens 


-A_ Convergent margin 


Current Paraiba tourmaline locality 


parative studies of chemical data have also been car- 
ried out and discussed for the purpose of origin de- 
termination by several authors (Abduriyim et al., 
2.006; Peretti et al., 2009; Okrusch et al., 2016). For 
GIA’s lab service of Paraiba tourmaline origin deter- 
mination, we have established an analytical and cal- 
culation protocol that utilizes major, minor, and 
trace element data obtained by LA-ICP-MS on refer- 
ence samples from known localities. 


PARAIBA TOURMALINE GEOGRAPHIC 
LOCALITIES: A BRIEF SUMMARY 


Most of Brazil’s Paraiba tourmaline mining sites are 
primary deposits in pegmatites that intruded 
quartzites or metaconglomerates between 530 and 
480 million years ago (Ma) (Beurlen et al., 2011). 
Nigerian and Mozambican mines occur as secondary 
deposits where the tourmalines are recovered from 
alluvium rather than the original host rock (e.g., 
Laurs et al., 2008; Milisenda, 2018a). Paraiba tourma- 
line’s microscopic inclusions and gemological prop- 
erties, however, are similar among the deposits on 
both continents, suggesting a very similar geological 
formation for copper-bearing tourmalines collected 
from primary and secondary deposits. 
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Figure 5. Overview of 
the Brasiliano-Pan- 
African orogeny (shown 
as Neoproterozoic oro- 
gens) in the Gondwana 
supercontinent (540 
Ma) and locations of 
current Paratba tour- 
maline sources. Modi- 

_ fied from Kroner and 
Stern (2004). 


The regional geology of northeastern Brazil and 
western Nigeria primarily consists of igneous and 
metamorphic rocks related to the Brasiliano—Pan- 
African orogeny that occurred 650 to 480 Ma. In 
Mozambique, the tourmaline host rocks are peg- 
matites that intruded around 500 Ma, during or after 
the East African orogeny, which involved the ag- 
glomeration of landmasses and continental collision 
that formed the Gondwana supercontinent (Kroner 
and Stern, 2004; figure 5). 

Brazilian copper-bearing tourmaline was formed 
by direct crystallization from a hydrous melt, rich 
in boron and lithium with an unusual concentration 
of copper, at the early stage of pegmatite formation 
in the quartz core and prior to the appearance of sec- 
ondary lepidolite and other late hydrothermal min- 
erals (e.g., Beurlen et al., 2011). The origin of the 
copper in Brazilian Paraiba tourmaline localities is 
still an open question, but some researchers have at- 
tributed it to copper enrichment of the host peg- 
matites or pegmatite-independent hydrothermal 
activity (Beurlen et al., 2011 and references therein). 
Laurs et al. (2008) discussed the alluvial paleoplacer 
deposit origin of Mozambican materials, and Pez- 
zotta (2018) proposed a residual alluvial origin from 
field observations. The lack of copper-rich tourma- 
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line in pegmatites located in the upstream area of 
Mozambique’s Paraiba tourmaline mines leaves the 
copper source unknown. Further field study is nec- 
essary to better understand the source of copper in 
Mozambican Paraiba tourmalines. 


MATERIALS AND METHODS 


GIA’s Paraiba tourmaline reference samples comprise 
a range of stones collected by researchers directly 
from the mines (Shigley et al., 2001; Laurs et al., 
2008; Hsu, 2018); borrowed from personal and mu- 
seum collections (some established before the discov- 
ery of the African mines, thus certifying that the 
stones are Brazilian); or obtained from highly trusted 
dealers specializing in tourmaline from particular 
sources (see the table 1 footnote for details). The GIA 
reference data comes from 151 samples from Brazil, 
116 elbaite and 17 liddicoatite samples from Mozam- 
bique, and 17 samples from Nigeria. 

For the past decade, GIA has chemically analyzed 
copper-bearing tourmaline samples by LA-ICP-MS. 
Two instruments have been used to collect this 
chemical data (with great care in calibrating the in- 
struments to ensure that the data are internally con- 
sistent). A Thermo Fisher X-series IT ICP-MS coupled 
with a New Wave Research UP-213 laser ablation 
unit was used initially, with National Institute of 
Standards and Technology (NIST) 610 and 612 refer- 
ences used for external calibration. Ablation was 
achieved using a 55 um diameter laser spot size, a flu- 
ence of around 10 J/cm?, and a 15 Hz repetition rate. 
\B was initially selected as an internal standard, al- 
though for comparison with data collected later the 
analyses were reprocessed with ”°Si as the internal 
standard. Between 2014 and 2017, the LA-ICP-MS 
systems at GIA were upgraded to those currently in 
place, including a Thermo Fisher iCAP Qc ICP-MS 
coupled with an Elemental Scientific Lasers NWR213 
laser ablation system. With this upgrade, data for 
most of the reference stones were recollected in order 
to ensure internal consistency of data collected on 
client stones using the new system. At the same 
time, data processing protocols were revised, with 7°Si 
used as an internal standard and U.S. Geological Sur- 
vey glasses GSD-1G, GSE-1G, and NIST 610 as exter- 
nal standards. Ablation is currently achieved using a 
55 um diameter laser spot size, a fluence of around 10 
J/cm?, and a 20 Hz repetition rate. The isotopes rou- 
tinely measured include Na, Mg, ?’Al, 7°Si, °°K, 
8Ca 5!V, 8Cr, 5Mn, *7Fe, Cu, “Zn, °Ga, 88Sr, !8Sn, 
and 7SPb. 
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TABLE 1. Paraiba tourmaline samples used in this study. 


Number of l 
Origin Species* sauce ata as 


tested 
Brazil? Elbaite 151 
Nigeria‘ Elbaite 17 
Mozambique Elbaite 116 
Mozambique® Liddicoatite 17 


*F cannot be determined using LA-ICP-MS. Therefore, only hydroxyl end 
members are shown. 

Brazilian samples include mine-collected stones from the states of Paraiba 
and Rio Grande do Norte, stones from Shane McClure’s personal collection 
and GIA collections that were acquired prior to the discovery of African 
sources, and stones provided by Hussain Rezayee and Chico Bank. 
“Nigerian samples include stones obtained directly from local miners and 
provided to GIA by Bill Barker, William Larson, and Hussain Rezayee. 
‘Mozambican samples include stones obtained directly from local miners 
and provided to GIA by Bill Barker, Blue Sheppard, William Larson, and 
Hussain Rezayee. 

*Mozambican liddicoatite samples are those reported in Katsurada and Sun 
(2017). 


To date, results obtained from the two different 
standards sets, instruments, and operating conditions 
have not varied in the overall values of the trace ele- 
ments used for discrimination. As a result, we have 
combined the data acquired from both old and new LA- 
ICP-MS systems for presentation. Both data sets for the 
elements selected in this study show a close overlap. 


DISCRIMINATION DIAGRAMS FOR 
REFERENCE SAMPLES 


Major Elements. Tourmaline is a supergroup min- 
eral because of the large number of species under 
that classification. Overall, it is a complex boron- 
aluminum cyclosilicate mineral. The generalized 
formula can be written as XY,Z,(T,O,,](BO,),V,W, 
with the primary occupancies of X = Na*, Ca”, K’, 
vacancy; Y = Fe**, Mg**, Mn**, Al**, Lit, Fe**, Cr’, 
Tit; Z = Al*, Fe, Me, Cr*+, T = Sit, Al, B*; B= 
B*, V = OH, O7; W = OH, F, O* (Henry et al., 
2011). The majority of gem-quality tourmaline is el- 
baite or fluor-elbaite, followed by solid solutions of 
dravite and uvite'. While most Paraiba tourmalines 
are elbaites, in 2010 copper-bearing liddicoatite! ap- 
peared in the market (Karampelas and Klemm, 


'elbaite = Na(Li, ,Al, ,AI,Si,O,,(BO,),(OH),OH 

fluor-elbaite = Na(Li, Al, ,)Al,Si,O,,(BO,),(OH),F 

dravite = NaMg,Al,Si,O, ,(BO,),(OH),OH 

fluor-uvite = CaMg,(Al,Mg)Si,O, (BO,),(OH),F 

fluor-liddicoatite = Ca(Li,AlAl,Si,O,,(BO,),(OH),F 

Note: While uvite and liddicoatite exist only as the fluor-dominant 
species listed above, the common names are used for simplicity. 
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PRIMARY TOURMALINE GROUPS: X-SITE 
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Figure 6. Ternary diagram displaying the primary tour- 
maline groups based on X-site occupancy of copper- 
bearing elbaite samples from GIA’s reference collection 
and copper-bearing liddicoatite samples reported in 
Katsurada and Sun (2017). From Henry et al. (2011). 


2.010). Because calcium (Ca) is the dominant cation 
in the X-site for liddicoatites, they are easily distin- 
guished based on major element analyses. Cu** in 


copper-bearing tourmaline is considered to be lo- 
cated in the Y-site (e.g., Ertl et al., 2013). 

The normalization method established by Sun et 
al. (2019) allows for the accurate calculation of tour- 
maline stoichiometry from LA-ICP-MS analyses, 
with the exception of the fluor- and oxy-species. A 
ternary diagram of X-site composition of reference 
samples shows that there are two different primary 
groups for the Paraiba tourmalines: alkali and calcic 
groups (figure 6). Based on Y-site (Li-dominant) occu- 
pancy, the species are determined as elbaite and 
(fluor-)liddicoatite species. 


Minor/Trace Elements. Among the minor and trace 
element concentrations measured, Cu, Zn, Ga, Sr, Sn, 
and Pb proved to be the most useful discriminators 
for Paraiba tourmaline geographic origin determina- 
tion. The ranges, averages, and associated standard de- 
viations of the concentration of these six elements for 
different localities are summarized in table 2. Brazil- 
ian samples have higher Cu (approximately 11400 
ppmw on average, compared to less than 2000 ppmw 
for their African counterparts), but light-colored 
stones may have lower Cu concentration (figure 7A, 
B, and F). Nigerian samples have higher Sr (approxi- 


TABLE 2. Generalized trace element profiles of Paraiba tourmalines in parts per million 


weight (ppmw). 
Brazil 

Cu Zn Ga Sr Sn Pb 
Range 119-38800 __ bdl-33400 38.4-281 bdl-48.9 bdl-1610 0.62-1360 
Average 11400 4640 115 1.12 4.95 40.1 
Median 10900 1070 109 0.51 bdl 26.1 

Mozambique 

Cu Zn Ga Sr Sn Pb 
Range 193-5720 bdl-633 170-701 bdl-34.7 bdl-48.8 5.91-244 
Average 1850 29.2 361 0.43 5.40 37.1 
Median 1640 3.00 363 0.11 5.02 11.1 

Nigeria 

Cu Zn Ga Sr Sn Pb 
Range 736-2780 1.66-2900 94.0-181 6.53-159 ~—s bdl-22.5. = 42.1-1180 
Average 1550 386 131 73.0 3.10 611 
Median 1500 24.9 124 72.8 1.88 616 

Mozambique (Liddicoatite) 

Cu Zn Ga Sr Sn Pb 
Range 1330-2980 —_ bdl-33.4 242-465 0.70-4.21 14.8-43.2 404-819 
Average 1830 0.80 346 3.07 25.6 625 
Median 1570 bdl 351 3.20 25.1 644 
ioe 0.029-0.60 0.013-0.97  0.006-0.30 0.001-0.090 0.013-1.13 0.001-0.45 


*bdl = below the detection limit of the LA-ICP-MS analysis 
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TRACE ELEMENT DISCRIMINATION 
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Figure 7. Diagrams displaying the concentration for selected elements used to discriminate localities: (A) Cu-Ga, 


(B) Cu-Sr, (C) Pb-Ga, (D) Zn-Ga, (E) Sn-Ga, and (F) Zn-Cu. 


mately 73 ppmw on average, compared to less than 4 
ppmw elsewhere) and higher Pb (approximately 611 
ppmw on average, compared to less than 50 ppmw for 
Brazilian and Mozambican elbaite samples), see figure 
7B and C. Mozambican samples generally show 
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higher Ga (both elbaite and liddicoatite are approxi- 
mately 361 ppmw on average, compared to around 
100 ppmw for other localities); see figure 7A, C, D, 
and E. High Zn (>1000 ppm) is limited to Brazilian 
samples, but Zn values below 1000 ppmw are not 
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helpful discriminators (figure 7D and F). Most of the 
Nigerian samples contain high Sr and Pb (figure 7B 
and C). Any single pair of certain elements is insuffi- 
cient to determine the geographic origin, but the 
combination of these elemental discriminators pro- 
vides a robust tool for origin determination. In gen- 
eral, the results presented here are comparable to 
those in previous studies (e.g., Abduriyim et al., 2006; 
Peretti et al., 2009; Okrusch et al., 2016). 


Using GIA’s reference data, four selected case 
studies for origin determination are shown in box A. 
Although most Paraiba tourmaline origin determi- 
nations are as straightforward as these case studies, 
some stones cannot be separated clearly, as some plot 
in overlapping locality fields and are not easily dis- 
tinguished. When data plot in the middle of overlap- 
ping ranges for many element pairs, a definitive 
locality origin cannot be concluded. Such an example 
is shown as Case 4 in box A. 


DISCUSSION 


Geographic origin can be conclusively and accurately 
determined for the vast majority of Paraiba tourma- 
lines based on their trace element profiles, allowing 
this service to be offered for Paraiba tourmaline in the 
gem and jewelry market, such as the fine-color Brazil- 
ian stones in figure 8. Nonetheless, there are some 
cases where an “inconclusive” call is warranted when 
the trace element profiles are ambiguous or contra- 
dictory. There are three reasons for the ambiguity: 
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1. From time to time the laboratory examines 
Paraiba tourmalines that do not seem to match 
the trace element profiles of any stones in GIA’s 
reference collection. Obtaining reference sam- 
ples with reliable provenance that match these 
unknown stones is currently a priority of GIA’s 
field gemology department; see Vertriest et al. 
(2019), pp. 490-511 of this issue. 


2.. New chemical discriminators may be needed. 
Statistical approaches such as discriminant 
analysis or multivariate statistics may provide 
additional mechanisms to evaluate the cer- 
tainty of the locality determination and reduce 
“inconclusive” calls. 


3. Chemical zoning in tourmaline may compli- 
cate interpretations. Color zoning is common 
in cuprian tourmaline and has been studied 
with electron probe microanalysis and LA-ICP- 
MS. In these studies, trace element concentra- 
tions correlate with color in naturally zoned 
samples (e.g., Laurs et al., 2008; Peretti et al., 
2009). It is possible that the limits of chemical 
zoning of Paraiba tourmaline have not been in- 
cluded in the original fields for localities. Ide- 
ally, potential chemical zoning should be 
known before conducting LA-ICP-MS analysis 
so that all of the compositions can be captured. 
In tourmaline, however, chemical zoning may 
not include chromophores and may not be vi- 
sually recognizable. 


Figure 8. Brazilian 
Paraiba tourmalines 
with exceptional color, 
ranging from 2.59 ct to 
3.68 ct. Photo by Robert 
Weldon/GIA; courtesy 
of the Dr. Edward J. 
Gtibelin Collection. 
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Box A: CASE STUDIES OF TYPICAL RESULTS 


Examples of geographic origin determination for typical 
stones from Brazil, Nigeria, and Mozambique are shown 
in Cases 1-3. These stones were examined by GIA. Pho- 
tographs and weights of the samples used for these case 
studies are shown in figure A-1. Three spots on each 
stone were analyzed by LA-ICP-MS; the results are listed 
in table A-1. Cases 1, 2, and 3 plotted in the typical 
ranges for Brazil, Mozambique, and Nigeria, respectively 
(see figure A-2). These three cases represent the vast ma- 
jority of stones submitted to the laboratory whose origin 
can be easily concluded based on trace element chem- 
istry as determined by the described procedures. 
Occasionally the laboratory examines stones, such 
as the one in Case 4 (figure A-1), that do not match any 
of the data in GIA’s reference database. The trace ele- 


ment profile of this stone based on three LA-ICP-MS 
analyses did not plot in the known trace element ranges 
for any established Paraiba tourmaline localities. While 
the origin of most Paraiba tourmalines examined by 
GIA can be easily established using trace element 
chemistry, inevitably a small number fall into this zone 
between two localities in compositional spaces that are 
completely devoid of reference data. These stones were 
clearly unearthed from some mine in the world, likely 
in any of the three Paraiba tourmaline localities. De- 
spite efforts to obtain reliable reference stones that 
match these questionable tourmaline compositions, we 
are unable to identify the origin of these stones. Con- 
sequently, the only possible origin determination for 
these questionable cases is “inconclusive.” 


Figure A-1. Photos and 
weights of the stones from 
Cases 1, 2, 3, and 4. LA- 
ICP-MS identified their 
origin as Brazil, Mozam- 
bique, Nigeria, and “in- 
conclusive,” respectively. 


Case 1 Case 2 Case 3 Case 4 

Brazil Mozambique Nigeria Inconclusive 

2.69 ct 5.36 ct 10.78 ct 3.28 ct 
TABLE A-1. Concentration of selected elements (in ppmw) for Cases 1-4. 

Cu Zn Ga Sr Sn Pb Results 

Case 1, Spot 1 17120 71.3 78.1 0.57 0.21 31.2 Brazil 
Case 1, Spot 2 17150 73.8 77.7 0.55 0.27 31.8 Brazil 
Case 1, Spot 3 16930 72.2 76.3 0.62 0.24 31.6 Brazil 
Case 2, Spot 1 1810 2.80 348 0.61 3.78 102 Mozambique 
Case 2, Spot 2 1800 3.08 356 0.62 3:93 106 Mozambique 
Case 2, Spot 3 1750 3.05 340 0.61 3.76 105 Mozambique 
Case 3, Spot 1 1510 480 141 130 16.9 451 Nigeria 
Case 3, Spot 2 1440 550 138 129 16.2 414 Nigeria 
Case 3, Spot 3 1370 1030 137 132 18.4 433 Nigeria 
Case 4, Spot 1 6230 8.06 253 10.3 0.47 233 Inconclusive 
Case 4, Spot 2 6400 8.14 277 10.5 0.28 256 Inconclusive 
Case 4, Spot 3 6420 8.31 271 10.3 0.35 246 Inconclusive 
Detection limits (ppmw) 0.029-0.60 0.013-0.97 0.006-0.30 0.001-0.090 0.013-1.13  0.013-1.13 
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Figure A-2. Elemental concentrations from LA-ICP-MS analyses, plotted in Cu-Ga and Pb-Ga diagrams. Four case studies 
are shown for typical stones from Brazil (Case 1), Mozambique (Case 2), and Nigeria (Case 3), as well as an example of a 
stone whose trace element profile would require an “inconclusive” origin determination (Case 4). 
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As noted earlier, liddicoatite can also be found in 
the Paraiba tourmaline market. Katsurada and Sun 
(2017) reported that the origin of the copper-bearing 
liddicoatite was unknown at the time of publication. 
Subsequently the source was identified as Maraca, 
Mozambique (Milisenda and Miiller, 2017). For the 
purpose of Paraiba tourmaline origin determination, 
if the LA-ICP-MS analyses identify a cuprian tour- 
maline as liddicoatite, the stone’s origin is conclu- 
sively Mozambique. 

Copper-bearing tourmalines are reported to occur 
in various colors, including pink, purple, violet, blue, 
and green (e.g., Laurs et al., 2008). Heat treatment is 
known to improve the color of cuprian tourmaline 
by changing the valence state of manganese ions 
from trivalent (Mn**) to divalent (Mn?*), conse- 
quently reducing Mn* absorption in the visible 
range. This change can remove the purple and pink 
components of some stones, resulting in blue to 
green colors consistent with the Paraiba designation. 
Unfortunately, heat treatment is not always de- 
tectable. Appearance of a pink halo around tube-like 
inclusions, called “pink sleeves,” has been used as 
evidence of an unheated stone (Koivula et al., 2009). 
However, these features can remain in heated sam- 
ples (S.F. McClure, pers. comm., 2017). Therefore, 
the colors of Paraiba tourmalines should always be 
considered to be potentially modified by heat treat- 
ment. One possible avenue of future research would 
be to study the trace element signatures of the vari- 
ous colors of Paraiba tourmaline, but of course this 
is complicated by the prevalence of heat treatment 
in most stones. 
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Different approaches have been proposed for deter- 
mination of origin. These techniques include, in part, 
using isotopic compositions of boron and lithium 
(Shabaga et al., 2010; Ludwig et al., 2011), photolumi- 
nescence spectra (Milisenda, 2018b), and laser-induced 
breakdown spectroscopy (LIBS) with multivariate sta- 
tistics (Dutrow et al., 2019). These approaches may be 
helpful as additional techniques to enhance chemical 
fingerprinting and facilitate origin determination. 


CONCLUSIONS 


Based on GIA’s database containing more than 300 
Paraiba tourmaline samples with known prove- 
nance, geographic origin determinations can be made 
using a variety of minor/trace element data when 
collected by highly precise and accurate methods. In 
the modern gemological laboratory, the weight of the 
origin determination rests overwhelmingly on trace 
element analysis by LA-ICP-MS. Paraiba tourma- 
lines from Brazil, Mozambique, and Nigeria can, in 
most cases, be identified by their unique fingerprints 
of concentrations of trace elements such as Sr, Cu, 
Zn, Ga, Sn, and Pb. Additionally, the more recent 
find of Paraiba tourmaline belonging to the liddicoat- 
ite species can be identified through major element 
analysis. However, in a few cases “inconclusive” ori- 
gin determinations may result when their trace ele- 
ment profiles do not match with any reference 
samples of known provenance. By improving the 
database with additional reference samples and con- 
ducting further research on analytical methods and 
statistical analyses, fewer Paraiba tourmalines will 
require an “inconclusive” call. 
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¢ Esmeralda Opal Mine near Queretaro, Mexico. 


there are frequently very local showers 
during the rainy season. When the sun 
shines through such a slanting shower each 
rain droplet reflects its individual minute 
rainbow, as a shaft of moving color. The 
Luviznandos have this character. Shafts of 
color, sometimes minute, sometimes bold, 
penetrate an almost transparent body of 
bluish or faint topaz opalescence with cach 
movement of the stone. 

The Mexican opal, except ‘for the leche- 
sos, differs from the better known Austra- 
lian opal and the now rare Hungarian opal 
in the limpidity of its body. Only in the 
lechesos does one find the mosaiclike pattern 
at the surface of a dense white stone. In the 
more characteristic stones the colors move 
through an almost limpid body giving the 
play of colors a movement not shown by 
other types of opal. 


SPRING 1953, 


The Queretaro opal, the only Mexican 
opal available today, is characterized by its 
particularly vivid red and green reflections. 
It is unusually rich in a hyacinthine red, 
while the green has the shade and quality of 
quetzal feathers. Orange and yellow flashes 
are less commonly conspicuous.The rare blue 
is a deep gentian or metallic blue. In gen- 
eral, the colors of the Mexican opal are 
more varied in a single stone than in other 
types. 

The body of the stone may vary from a 
clear, almost glassy transparency to dense 
white opacity. Commonest is a translucent, 
almost transparent, stone with a pale bluish 
“water in milk’ opalescence or a faint wine 
yellow color. This may grade to a “‘thin” 
milky white, usually with a concomitant 
loss of fire. The fire opals range from wine 
yellow, through topaz yellow, resin yellow, 


REFERENCES 


Abduriyim A., Kitawaki H. (2005) Gem News International: Cu- 
and Mn-bearing tourmaline—More production from Mozam- 
bique. G&G, Vol. 41, No. 4, pp. 360-361. 

Abduriyim A., Kitawaki H., Furuya M., Schwarz D. (2006) “Paraiba’’- 
type copper-bearing tourmaline from Brazil, Nigeria, and Mozam- 
bique: Chemical fingerprinting by LA-ICP-MS. GwG, Vol. 42, 
No. 1, pp. 4-21, http://dx.doi.org/10.5741/GEMS.42.1.4 

Beurlen H., de Moura O.J.M., Soares D.R., Da Silva M.R.R., Rhede 
D. (2011) Geochemical and geological controls on the genesis 
of gem-quality “Paraiba tourmaline” in granitic pegmatites 
from northeastern Brazil. Canadian Mineralogist, Vol. 49, No. 
1, pp. 277-300, http://dx.doi.org/10.3749/canmin.49.1.277 

Breeding C.M., Rockwell K., Laurs B.M. (2007) Gem News Inter- 
national: New Cu-bearing tourmaline from Nigeria. G&G, Vol. 
43, No. 4, pp. 384-385. 

Dutrow B.L., Farnsworth-Pinkerton S., Henry D.J., McMillan NJ., 
Niepagen N. (2019) Copper-bearing tourmaline sources: Evi- 
dence from laser-induced breakdown spectroscopy (LIBS) and 
electron microprobe analyses (EMP). Geological Society of 
America Abstracts with Programs, p. 51. 

Ertl A., Giester G., Schtissler U., Bratz H., Okrusch M., Tillmanns 
E., Bank H. (2013) Cu- and Mn-bearing tourmalines from Brazil 
and Mozambique: Crystal structures, chemistry and correla- 
tions. Mineralogy and Petrology, Vol. 107, No. 2, pp. 265-279, 
http://dx.doi.org/10.1007/s00710-012-0234-6 

Faye G.H., Manning P.G., Nickel E.H. (1968) The polarized optical 
absorption spectra of tourmaline, cordierite, chloritoid and vi- 
vianite: Ferrous-ferric electronic interaction as a source of 
pleochroism. American Mineralogist, Vol. 53, No. 7-8, pp. 
1174-1201. 

Fritsch E., Shigley J.E., Rossman G.R., Mercer M.E., Muhlmeister 
S.M., Moon M. (1990) Gem-quality cuprian-elbaite tourmalines 
from Sao José da Batalha, Paraiba, Brazil. G#G, Vol. 26, No. 3, 
pp. 189-205, http://dx.doi.org/10.5741/GEMS.26.3.189 

Furuya M. (2007) Copper-bearing tourmalines from new deposits 
in Paraiba State, Brazil. G&G, Vol. 43, No. 3, pp. 236-239, 
http://dx.doi.org/10.5741/GEMS.43.3.236 

Henry D,J., Novak M., Hawthorne E.C., Ertl A., Dutrow B.L., Uher 
P., Pezzotta F. (2011) Nomenclature of the tourmaline-super- 
group minerals. American Mineralogist, Vol. 96, No. 5-6, pp. 
895-913, http://dx.doi.org/10.2138/am.2011.3636 

Hsu T. (2018) Paraiba tourmaline from Brazil: The neon-blue burn. 
InColor, No. 39, pp. 42-50. 

Karampelas S., Klemm L. (2010) Gem News International: “Neon” 
blue-to-green Cu- and Mn-bearing liddicoatite tourmaline. 
G&G, Vol. 46, No. 4, pp. 323-325. 

Katsurada Y., Sun Z. (2017) Cuprian liddicoatite tourmaline. G&G, 
Vol. 53, No. 1, pp. 34-41, http://dx.doi.org/10.5741/GEMS.53.1.34 

Koivula J.I., Nagle K., Shen A.H., Owens P. (2009) Solution-gener- 
ated pink color surrounding growth tubes and cracks in blue to 
blue-green copper-bearing tourmalines from Mozambique. 
Gwe, Vol. 45, No. 1, pp. 45-47, http://dx.doi.org/10.5741/ 
GEMS.45.1.44 

Kréner A., Stern R.J. (2004) Pan-African orogeny. Encyclopedia 
of Geology, Vol. 1, Elsevier, Amsterdam, pp. 1-12, 
http://dx.doi.org/10.1016/BO-12-369396-9/00431-7 

Laboratory Manual Harmonisation Committee (LMHC) (2012) 
LMHC Information Sheet #6: “Paraiba tourmaline” Version 7, 
https://static1.squarespace.com/static/S5bfbb7e6cc8fed3bb9293 


GEOGRAPHIC ORIGIN OF PARAIBA TOURMALINE 


bf3 /t/Sbfe92a90e2e72555d61eec3/1543410345434/LMHC:+In- 
formation+Sheet_6_V7_2012.pdf 

Laurs B.M., Zwaan J.C., Breeding C.M., Simmons W.B., Beaton D., 
Rijsdijk K.F, Befi R., Falster A.U. (2008) Copper-bearing 
(Paraiba-type) tourmaline from Mozambique. GwG, Vol. 44, 
No. 1, pp. 4-30, http://dx.doi.org/10.5741/GEMS.44.1.4 

Ludwig T., Marschall H.R., Pogge von Strandmann P.A.E., Shabaga 
B.M., Fayak M., Hawthorne EC. (2011) A secondary ion mass 
spectrometry (SIMS) re-evaluation of B and Li isotopic compo- 
sitions of Cu-bearing elbaite from three global localities. Min- 
eralogical Magazine, Vol. 75, No. 4, pp. 2485-2494, 
http://dx.doi.org/10.1180/minmag.2011.075.4.2485 

Mattson S.M., Rossman G.R. (1987) Fe’*-Fe** interactions in tour- 
maline. Physics and Chemistry of Minerals, Vol. 14, pp. 163- 
171, http://dx.doi.org/10.1007/BF00308220 

Merkel P.B., Breeding C.M. (2009) Spectral differentiation between 
copper and iron colorants in gem tourmalines. G&G, Vol. 45, 
No. 2, pp. 112-119, http://dx.doi.org/10.5741/GEMS.45.2.112 

Milisenda C.C. (2018a) Paraiba tourmaline revisited. InColor, No. 
39, pp. 34-41. 

Milisenda C.C. (2018b) Gemstones and photoluminescence. 
Gee, Vol. 54, No. 3, p. 258. 

Milisenda C.C., Miller S. (2017) REE photoluminescence in 
Paraiba type tourmaline from Mozambique. Abstract Proceed- 
ings, 35th International Gemmological Conference, Windhoek, 
Namibia, pp. 71-73. 

Okrusch M., Ertl A., Schtissler U., Tillmanns E., Bratz H., Bank 
H. (2016) Major- and trace-element composition of Paraiba-type 
tourmaline from Brazil, Mozambique and Nigeria. Journal of 
Gemmology, Vol. 35, No. 2, pp. 120-139. 

Peretti A., Bieri W.P., Reusser E., Hametner K., Giinther D. (2009) 
Chemical variations in multicolored “Paraiba-type” tourma- 
lines from Brazil and Mozambique: Implications for origin and 
authenticity determination. Contributions to Gemology, Vol. 
9, pp. 1-77. 

Pezzotta F. (2018) Mozambique Paraiba tourmaline deposits—an 
update. InColor, No. 39, pp. 52-56. 

Rossman G.R., Fritsch E., Shigley J.E. (1991) Origin of color in 
cuprian elbaite from Sao José da Batalha, Paraiba, Brazil. Amer- 
ican Mineralogist, Vol. 76, pp. 1479-1484. 

Shabaga B.M., Fayak M., Hawthorne EC. (2010) Boron and lithium 
isotopic compositions as provenance indicators of Cu-bearing 
tourmalines. Mineralogical Magazine, Vol. 74, No. 2, pp. 241- 
255, http://dx.doi.org/10.1180/minmag.2010.074.2.241 

Shigley J.E., Cook B.C., Laurs B.M., de Oliveira Bernardes M. 
(2001) An update on “Paraiba” tourmaline from Brazil. GWG, 
Vol. 37, No. 4, pp. 260-276, http://dx.doi.org/10.5741/GEMS. 
37.4.260 

Smith C.P., Bosshart G., Schwarz D. (2001) Gem News Interna- 
tional: Nigeria as a new source of copper-manganese-bearing 
tourmaline. G#G, Vol. 37, No. 3, pp. 239-240. 

Sun Z., Palke A.C., Breeding C.M., Dutrow B.L. (2019) A new 
method for determining gem tourmaline species by LA-ICP- 
MS. Ge&G, Vol. 55, No. 1, pp. 2-17, http://dx.doi.org/10.5741/ 
GEMS.55.1.2 

Vertriest W., Palke A.C., Renfro N.D. (2019) Field gemology: Build- 
ing a research collection and understanding the development 
of gem deposits. GWG, Vol. 55, No. 4, pp. 490-511, 
http://dx.doi.org/10.5741/GEMS.55.4.490 


Gems & GEMOLOGY WinteR 2019 659 


FEAT 


mal ARTICLES 


GEOGRAPHIC ORIGIN DETERMINATION 
Or ALEXANDRITE 


Ziyin Sun, Aaron C. Palke, Jonathan Muyal, Dino DeGhionno, and Shane F. McClure 


The gem and jewelry trade has come to place increasing importance on the geographic origin of alexandrite, as 
it can have a significant impact on value. Alexandrites from Russia and Brazil are usually more highly valued 
than those from other countries. In 2016, GIA began researching geographic origin of alexandrite with the 
intent of offering origin determination as a laboratory service. Unfortunately, collecting reliable samples with 
known provenance can be very difficult. Alexandrite is often recovered as a byproduct of mining for other gem- 
stones (e.g., emerald and corundum), so it can be difficult to secure reliable parcels of samples because pro- 
duction is typically erratic and unpredictable. The reference materials studied here were examined thoroughly 
for their trace element chemistry profiles, characteristic color-change ranges under daylight-equivalent and in- 
candescent illumination, and inclusion scenes. The data obtained so far allow us to accurately determine geo- 
graphic origin for alexandrites from Russia, Brazil, Sri Lanka, Tanzania, and India. Future work may help to 


differentiate alexandrites from other localities. 


usual color-change behavior in the Russian 
Ural Mountains during the early 1830s, 
Swedish mineralogist Nils Adolf Erik Nordenskidld 
named this new gem alexandrite in 1834 in honor of 
the future Czar Alexander II (Kozlov, 2005). This im- 
mediately created a royal and romantic aura around 
this variety of chrysoberyl. The most coveted alexan- 
drites exhibit a lush green to greenish blue color in 
daylight and a warm, bright red shade in candlelight 
(Levine, 2008); some fine Brazilian and Indian alexan- 
drite examples are shown in figures 1-3 and 6. This 
phenomenal color change is caused by the presence 
of trace Cr** substituting for Al** in the chrysoberyl 
crystal structure. Alexandrite is routinely described 
as “emerald by day, ruby by night.” It is a stone of 
duality—green or red, cool or warm, day or night 
(Levine, 2008). Because of its rare and attractive 
color-change phenomenon, alexandrite has been 
highly sought after and is one of the most valuable 
gemstones in the trade. 
Alexandrite, particularly fine-quality material, is 
also very scarce; it has generally been a byproduct of 


A fter the discovery of a gem mineral with un- 
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mining other major colored stones. Overall produc- 
tion statistics are hard to evaluate. It has been mined 
in Russia (Kozlov, 2005; Schmetzer, 2010), Tanzania 


In Brief 


Geographic origin can significantly affect alexandrite’s 
value. 


Collecting reliable alexandrite samples with known 
provenance can be very difficult because production is 
typically erratic and unpredictable. 


Trace element chemistry data obtained from LA-ICP- 
MS are the primary consideration in determining its ge- 
ographic origin. 


Color-change behavior and inclusions are used as 
secondary factors to support the geographic origin 
determination. 


(Gtibelin, 1976; Schmetzer and Malsy, 2011b) and 
Zimbabwe (Brown and Kelly, 1984; Schmetzer et al., 
2011) as a byproduct of emerald mining, and in 
Brazil (Proctor, 1988; Cassedanne and Roditi, 1993; 
Voynick, 1988) and India (Newlay and Pashine, 
1993; Patnaik and Nayak, 1993; Panjikar and Ram- 
chandran,1997; Voynick, 1988; Valentini, 1998) along 
with cat’s-eye and nonphenomenal chrysoberyl, as 
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Figure 1. A group of rings featuring alexandrite from Brazil. Top row, left to right: A three-stone alexandrite ring 
with a 1.35 ct center oval flanked by two smaller ovals with a combined weight of 1.29 carats and a ring with a 


1.32 ct kite-shaped center stone flanked by two kite-shaped diamonds weighing a total of 0.32 carats. Bottom row, 
left to right: Rings featuring a 1.71 ct oval and a 0.72 ct cushion-cut alexandrite. The designs also feature melee-cut 
alexandrites of unknown provenance and diamonds. The image on the left was photographed in daylight-equiva- 
lent lighting, the image on the right in incandescent light. Detailed procedures for photographing the alexandrites 


shown in this article are provided in appendixes 2 and 3, online at https://www.gia.edu/doc/WN19-Alexandrite- 
Appendixes2-3.pdf. Photos by Robert Weldon/GIA; courtesy of Omi Privé. 


well as other pegmatitic minerals. In Sri Lanka 
(Zwaan, 1982; Zoysa, 1987, 2014), it is mined as a 
byproduct of corundum, cat’s-eye and nonphenome- 
nal chrysoberyl, and other minerals. The supply of 
alexandrite in the U.S. market has been low since the 
1990s, as the supplies from the initial rush in Brazil 
presumably started drying up (Costanza, 1998). How- 
ever, demand for the gemstone has stayed high in the 
U.S., especially for large stones with high clarity and 
intense and distinctive color change (again, see fig- 
ures 1-3 and 6). The situation has changed somewhat 


recently, with new production from Sri Lanka, Brazil, 
and Tanzania (Jarrett, 2015). 

With the development of these modern sources 
and the subsequent rapid changes in the alexandrite 
supply chain, there is growing demand from the gem 
trade for geographic origin determination for fine 
alexandrite. Origin is increasingly important, as it is 
often used as a factor in establishing a stone’s value. 
Stones from Russia or Brazil can easily command a 
higher price than alexandrite from Tanzania and Zim- 
babwe with the same attributes. Because of all of 


Figure 2. This ring features a 0.72 ct Brazilian cushion-cut alexandrite with a strong color-change effect, and the 
design uses additional alexandrite melee and diamonds as accents. The loose oval alexandrite below the ring 
weighs 4.13 ct and hails from India. The image on the left was photographed in daylight-equivalent lighting, the 
image on the right in incandescent light. Photos by Robert Weldon/GIA; courtesy of Omi Privé. 
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Figure 3. This matched pair of cat’s-eye alexandrites from Brazil exhibits double phenomena (color change and 
chatoyancy) and weighs a total of 2.43 carats. The design also features alexandrite and diamond melee accents. 
The image on the left was photographed with daylight-equivalent lighting and the image on the right with incan- 
descent light. Pinpoint light was used to reveal the stones’ chatoyancy. Photos by Robert Weldon/GIA; courtesy 


of Omi Privé. 


these market factors, in 2016 GIA initiated a research 
project centered around alexandrite geographic origin 
determination. Since then, many samples have gone 
through the laboratories and had their characteristic 
chemistry, colors, and inclusions carefully docu- 
mented. Reference stones with reliable provenance 
were obtained from multiple sources. The data col- 
lected on stones from a single country from various 
sources were generally found to be self-consistent, 
which corroborates the validity of the origin determi- 
nation criteria developed. GIA announced the origin 
determination service in early 2019 and will continue 
to develop its alexandrite database to ensure the most 
accurate identification and origin reporting for the 
jewelry trade. 


ALEXANDRITE GEOGRAPHIC LOCALITIES: 
A BRIEF SUMMARY 


Russia. The original locality for alexandrite remains 
one of the most highly valued sources (Kozlov, 2005; 
Schmetzer, 2010). Alexandrites from Russia are gen- 
erally a byproduct of emerald mining from metamor- 
phic mica-schist veins in ultramafic host rocks. The 
micaceous rocks are called “glimmerites” because of 
the glowing sheen of the micas. 


Russian production began in the 1830s but waned 
in the twentieth century when mining emphasis 
shifted to beryllium, and it lapsed with the fall of the 
Soviet Union in 1991. Recent efforts have been un- 
dertaken to increase Russian alexandrite production. 
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There are a few important deposits: Mariinskoye 
(Malyshevskoye}; Cheremshanskoye; Sretenskoye 
(Sverdlovskoye], where the first Russian emeralds 
were discovered; Krasnobolotnoye, where the largest 
and most beautiful Russian alexandrites were found 
in 1839; and Krasnoarmeiskoye. Of these, the Mari- 
inskoye deposit has historically had the largest min- 
ing operation. 


Sri Lanka. Sri Lanka is one of the world’s most im- 
portant gemstone localities (Zwaan, 1982; Zoysa, 
1987, 2014). The main gem-bearing areas are the Rat- 
napura district in Sabaragamuwa Province, Elahera 
in Central Province, Okkampitiya in Uva Province, 
and the Kataragama area in Southern Province. The 
chrysoberyl occurrences are more frequently found 
in and around Morawaka and Deniyaya in Southern 
Province. All of these gems occur in alluvial deposits 
underlain by Precambrian metamorphic rocks, and 
their original source remains unknown. There was 
little reliable information available on the amount 
and value of the gem material recovered in Sri Lanka 
until 1923, when the discovery of fine-quality 
alexandrites in Ratnapura’s Pelmadulla deposits was 
reported. There was a constant supply of Sri Lankan 
alexandrite in the market until the end of the 1980s, 
when production dropped (Proctor, 1988). 

Most Sri Lankan alexandrites have a weaker color 
change than Russian and Brazilian stones (see the 
loose stones in figure 4), although finer-quality ma- 
terial can show color change from saturated green to 
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Figure 4. The ring on the far left features a heart-shaped alexandrite from India. The second ring is mounted with 
an oval-shaped alexandrite—possibly from Madagascar—and melee-cut diamonds. All loose faceted stones are 
from Sri Lanka. The stones range from 4.01 to 22.99 ct. The image on the left was taken under an LED light source 
simulating daylight-equivalent lighting, while the right-hand image was taken under an LED light source simulat- 
ing incandescent illumination. Photos by Kevin Schumacher; courtesy of LC Gem Collection Inc. 


red. However, Sri Lankan alexandrites often achieve 
large sizes with high clarity, and stones up to 600 ct 
have been examined by GIA. 


Brazil. In the 1980s, as Russia’s Uralian deposits were 
producing little and supplies from Sri Lanka were 
drying up, the pegmatite district in Minas Gerais, 
Brazil, became for a time the world’s major alexan- 
drite producer (Koivula, 1987a,b; Proctor, 1988; 
Cassedanne and Roditi, 1993). 

From 1846 until the 1980s, the Americana and 
Santana Valleys, near the city of Padre Paraiso in the 
Teofilo Otoni-Marambaia pegmatite districts, ac- 
counted for approximately 95% of the chrysoberyl 
and cat’s-eye chrysoberyl found in Minas Gerais. But 
fine alexandrites from the Americana, Santana, Gil, 
and Barro Preto Valleys were rare. Brazil’s foremost 
source of fine alexandrite was the Malacacheta re- 
gion in the northeast of Minas Gerais State. Alexan- 
drite was mined there from 1975 to 1988, with peak 
production in the early 1980s. In 1987, the Lavra de 
Hematita alexandrite deposit was discovered. This 
marked the greatest discovery of Brazilian alexan- 
drite. To date, Hematita has yielded tens of kilos of 
alexandrite that are generally larger and cleaner than 
those from Malacacheta, including some faceted 
gems weighing up to 30 ct that exhibit extraordinary 
color change. A few locations in the adjacent states 
of Bahia and Espirito Santo also produce alexandrite, 
albeit with an overall lower quality in terms of color, 
clarity, size, or some combination. 
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Most of the finest cyclical twinned alexandrite 
mineral specimens in today’s market come from 
Brazil (see figure 5). Brazilian alexandrites have a 
distinct color change that is often comparable to 
that of the finest Russian stones (see figure 6), but 
with a higher clarity, larger size, and much greater 
availability. Brazil also produces some of the world’s 
finest cat’s-eye alexandrite, such as the pair in figure 
3 that exhibit a distinct color change and a sharp 
eye. 


India. In the religions associated with Southeast Asia 
and the Indian subcontinent—Hinduism, Jainism, 
and Buddhism—cat’s-eye chrysobery1 holds a place of 
distinction among the Navratnas (a combination of 
nine sacred gemstones) (Brunel, 1972). Chrysoberyl 
has been mined in five Indian states—Kerala, Madhya 
Pradesh, Odisha (formerly Orissa), Andhra Pradesh, 
and Tamil Nadu—since the 1980s and ’90s. Alexan- 
drite is found there either in pegmatites intruding 
granitic rock or in biotite schists developed along the 
contact zone of pegmatites and peridotites (Soman 
and Nair, 1985; Patnaik and Nayak, 1993; Newlay 
and Pashine, 1993; Panjikar and Ramchandran, 1997; 
Valentini, 1998). 

Indian alexandrites usually have a weaker color 
change than Russian and Brazilian material (see the 
ring mounted with a heart-shaped stone in figure 4). 
However, stones with good color change and clarity 
are comparable to the finest Russian and Brazilian 
specimens. The 4.13 ct loose oval in figure 2, repre- 
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Figure 5. A cyclical twinned Brazilian alexandrite mineral specimen, 4.13 cm in the longest dimension, shows dis- 
tinct color change from green to red under daylight-equivalent lighting and incandescent illumination, respec- 
tively. The image on the left was taken under an LED light source simulating daylight-equivalent lighting, while 
the image on the right was taken under an LED light source simulating incandescent illumination. Photos by 


Kevin Schumacher; courtesy of John I. Koivula. 


senting top-quality Indian alexandrite, exhibited sat- 
urated blue-green color under daylight and saturated 
red under incandescent light. Many small Indian 
cat’s-eye alexandrites with weak color change are 
fairly common in today’s market, but Indian cat’s- 
eye alexandrite with distinct color change and sharp 
eyes are rare. 


Tanzania. Alexandrite has come mainly from two 
mining areas in Tanzania: Lake Manyara in the 
north and Tunduru in the south (Gibelin, 1976; 
Johnson and Koivula, 1996, 1997; Henricus, 2001; 
Schmetzer and Malsy, 2011b; Jarrett, 2015). Lake 
Manyara is a primary deposit where alexandrite has 
been found in a phlogopite-bearing schist. Alexan- 
drite from Tunduru has been mined from a second- 
ary alluvial deposit. Alexandrite from Lake Manyara 
(figure 7) entered the market in the 1960s, with sig- 
nificant production into the early 1980s. Johnson 
and Koivula reported a wide variety of gem materi- 
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als, including alexandrite, from Tunduru at the Tuc- 
son show in 1996. Since then, the area has been 
known for producing large quantities of alexandrite, 
and material from Tunduru was available in the 
U.S. market in 2015 according to Michael Couch of 
Michael Couch & Associates (Jarrett, 2015). In the 
early 2000s, emerald and alexandrite were reported 
from Mayoka, just outside Manyara National Park, 
by Abe Suleman, a director of the International 
Colored Gemstone Association and a member of 
the Tanzania Mineral Dealers Association (Henri- 
cus, 2001), but environmental concerns stopped 
mining activities in late 2000 and little material 
was produced. 


A chameleon brooch mounted with beautiful 
rough alexandrite crystals from Lake Manyara on its 
back and small faceted alexandrites on its legs and 
tail changes from blue green to violet when viewing 
under daylight and incandescent light, as seen in fig- 
ure 7. 


Gems & GEMOLOGY WINTER 2019 


Figure 6. A suite of fine Brazilian alexandrite exhibiting the finest color change seen in this material. The left 
image was taken under an LED light source simulating daylight-equivalent lighting, while the right photo was 
taken under an LED light source simulating incandescent illumination. Photos by Robert Weldon/GIA; courtesy 
of Evan Caplan. 


Minor Alexandrite Geographic Localities. Zimbabwe. with surrounding serpentinite. Peak production was 
Alexandrite has been recovered from the Novello de- in the 1960s and 1970s and yielded larger, mostly non- 
posit of Zimbabwe's Masvingo district (Schmetzer,  facet-grade material. The material is considered very 
2011). It is located in a phlogopite-bearing host rock dark and only suitable for faceting small stones with 


Figure 7. Rough and faceted alexandrite from Lake Manyara, Tanzania. The left image was taken under an LED 
light source simulating daylight-equivalent lighting, while the right photo was taken under an LED light source 
simulating incandescent illumination. Photos by Robert Weldon/GIA; courtesy of Omi Privé. 
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intense color change. The deposit is believed to still 
produce alexandrite. 


Madagascar. Alexandrite originating from phlogo- 
pite-bearing host rocks comes from primary emerald 
deposits in the Mananjary region of Madagascar 
(Schmetzer and Malsy, 201 1a). The other deposit, in 
the Ilakaka region (Hanni, 1999; Milisenda et al., 
2001), is a secondary deposit where different vari- 
eties of chrysoberyl—including alexandrite—have 
been found. Occasionally, large alexandrite crystals 
of gem quality have been recovered in the Lake 
Alaotra region. 


Myanmar. In Myanmar (formerly Burma), the peg- 
matites in the western part of the Mogok Valley in 
Sakangyi or Barnardmyo, and the alluvial placers in 
the Mogok Stone Tract near Mogok, Kyatpyin, and 
Barnardmyo, have produced gem-quality alexandrite 
(“Alexandrite world occurrences...,” n.d.). Burmese 
alexandrites usually fluoresce intense red under long- 
and short-wave UV radiation due to lack of iron. 


Australia. Dowerin is the first recorded alexandrite 
occurrence in Western Australia, known since 1930. 
The deposit has yielded many small crystals (Bevan 
and Downes, 1997; Downes and Bevan, 2.002). 


United States. In recent years, small chrysoberyl 
crystals with weak color change were reported from 
amine at La Madera Mountain in Rio Arriba County, 
New Mexico (“Alexandrite world occurrences & 
mining localities,” n.d.). 


Zambia. Some Zambian alexandrite with similar 
characteristics to Zimbabwean stones has appeared 
in the market. No reliable information is currently 
available. 


MATERIALS AND METHODS 


Reference Samples. GIA’s research project on alexan- 
drite origin started in early 2016, with suites of 
alexandrites from both Russia and Brazil. Almost all 
Russian material came from Warren Boyd, who ac- 
quired them as a mining consultant at the Malysheva 
emerald and alexandrite mine from 1992 to 2007. 
There are four different sources for the Brazilian 
alexandrites. Seventeen specimens came from Evan 
Caplan, who acquired them from a source directly 
connected to a mine owner in Brazil. Fifteen of the 
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Brazilian gems came from Nilam Alawdeen, who 
later provided three Sri Lankan and two Indian stones 
during this project. Spectrum Fine Jewelry & Exotic 
Gems supplied 140 Brazilian alexandrites. Four addi- 
tional samples came from the GIA Museum. It is 
very likely that all the Brazilian material came from 
the Hematita deposit in Minas Gerais. 


A few months later, eight Sri Lankan, twenty-one 
Tanzanian, and two Indian alexandrites were pro- 
vided to the lab by LC Gem Collection Inc., a Sri 
Lanka—based gem company. Gem dealer Chandika 
Thambugala submitted nine Sri Lankan stones to the 
lab. The GIA Museum was also able to provide thir- 
teen Sri Lankan, four Indian, and five Tanzanian 
gems. In some cases, all that was known about a spec- 
imen was the country of origin; specific mines were 
unknown. However, the Tanzanian stones were very 
likely from Lake Manyara. An additional 18 Indian 
stones were provided by Lance Davidson. Field 
gemologist Vincent Pardieu provided us with some 
stones from his personal collection: three Madagascar 
alexandrites bought in Madagascar, nine Zambian 
stones bought in Mahesak, Thailand, from a trust- 
worthy source; and one Burmese sample purchased 
from the trade in Mogok. Five Zimbabwean stones 
came from two different sources: Two were borrowed 
from the personal collection of Yusuke Katsurada, a 
senior gemologist and scientist in GIA’s Tokyo labo- 
ratory, and the GIA Museum provided the other 
three. Detailed reference sample provenance is listed 
in appendix 1, table 1, online at https://www.gia.edu/ 
doc/WN19-Alexandrite-Appendix1 pdf. 


Procedures for Alexandrite Identification in GIA Lab- 
oratories. When an alexandrite first arrives at the 
GIA laboratory, we ask a question even more funda- 
mental than geographic origin: Is this a natural 
alexandrite? Fourier-transform infrared spectroscopy 
(FTIR) is performed on every alexandrite to distin- 
guish natural from synthetic material (Stockton and 
Kane, 1988) and to identify imitations. Natural 
alexandrites are then sent for laser ablation—-induc- 
tively coupled plasma—mass spectrometry (LA-ICP- 
MS); see Groat et al. (2019), pp. 512-535 of this issue. 
This method is used to acquire trace element chem- 
istry for geographic origin determination, if origin 
service is requested by the client. 

After advanced analysis, the stone is given to a 
preliminary gemologist for standard gemological 
testing and identification. The stone is examined 
under a standard GIA desktop microscope for inclu- 
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sions that would be indicative of a natural or syn- 
thetic origin. Photomicrographs are taken and 
Raman spectroscopy is performed if there are crys- 
talline inclusions that might aid in origin determi- 
nation (see Groat et al., 2019, pp. 512-535 of this 
issue). The colors exhibited by the alexandrite are 
also considered as possible evidence of origin. A 
stone’s warm and cool colors are also recorded in 
GIA’s database with careful photographic documen- 
tation under standardized conditions (see below). The 
stone is then sent to a more senior gemologist to fur- 
ther check all the physical and chemical properties 
to confirm the stone’s identity and complete the 
identification and origin determination. 


Photography. GIA Digital Imaging for Color-Change 
Stones. GIA has a set of standardized procedures for 
photographing color-change stones to ensure consis- 
tency in appearance reproduction. The image of an 
alexandrite is captured using a variety of high-quality 
cameras and lenses in a specially made light box pro- 
duced by the GIA instrument department. An LED 
light with a color temperature around 6500 K is used 
as a daylight-equivalent light source, while an LED 
light with a color temperature around 2.700 K is used 
as an incandescent light source. The final printed im- 
ages are viewed in a controlled lighting environment 
and compared to the actual stone. Slight color adjust- 
ments are made with Adobe Photoshop software if 
needed, using a monitor that is maintained and color 
calibrated using GretagMacbeth calibration software. 


Photomicrography of Inclusions. Photomicrographs 
are taken using various Nikon microscopes, includ- 
ing an Eclipse LV100, SMZ1500, and SMZ10 (Renfro, 
2015a,b). Photographs of the inclusion scenes are cap- 
tured using Nikon DS-Ri2 digital cameras. Various 
lighting environments including darkfield, bright- 
field, and fiber-optic illumination are used to high- 
light specific internal features. Image stacking 
(Renfro, 2015a) is sometimes employed to maximize 
the depth of field of an image. 


Raman Spectroscopy. Raman spectra are collected 
with a Renishaw inVia Raman microscope system. 
The Raman spectra of the inclusions are collected 
using a Stellar-REN Modu Ar-ion laser producing 
highly polarized light at 514 nm at a nominal resolu- 
tion of 3 cm in the 2000-200 cm"! range. Each in- 
clusion spectrum is accumulated three times at 20x 
or 50x magnification. In many cases, the confocal ca- 
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pabilities of the Raman system allow inclusions be- 
neath the surface to be analyzed. 


FTIR. Fourier-transform infrared spectra are col- 
lected using a Thermo Fisher Nicolet 6700 FTIR 
spectrometer equipped with an XT-KBr beam splitter 
and a mercury-cadmium-telluride (MCT) detector 
operating with a 4x beam condenser accessory. The 
beam is transmitted through the stone. The spectra 
are collected at a nominal resolution of 4 cm with 
1.928 cm! data spacing. Each stone is scanned 128 
times to achieve a high signal-to-noise ratio. 


LA-ICP-MS. Trace element chemistry is acquired 
using a Thermo Fisher iCAP Qc ICP-MS coupled 
with an Elemental Scientific Lasers NWR213 laser 
ablation system. It incorporates a Nd:YAG laser rod 
that emits light with a wavelength of 1064 nm in the 
infrared and a frequency quintupler system to gener- 
ate a 213 nm (!/s of 1064 nm) ultraviolet wavelength 
that is used to ablate samples. Ablation is achieved 
using a 55 am diameter circular spot size, a fluence 
(energy density) of approximately 10 J/cm?, and a 20 
Hz repetition rate. National Institute of Standards 
and Technology (NIST) Standard Reference Material 
(SRM) 610 (http://georem.mpch-mainz.gwdg.de/ 
sample_query.asp; Jochum et al., 2005) is used as an 
external standard. ?’Al is used as an internal stan- 
dard, with a value of 425000 calculated and rounded 
from pure chrysoberyl. A similar method was used 
in works done by Malsy and Schmetzer (Schmetzer, 
2010; Schmetzer and Malsy, 2011b; Schmetzer et al., 
2011). 


RESULTS AND DISCUSSION 


Trace Element Chemistry of Alexandrite from Dif- 
ferent Countries. In general, trace element chemistry 
is the most important factor in determining a geo- 
graphic origin for alexandrite. By carefully examining 
our reference datasets, we concluded that Mg, Fe, Ga, 
Ge, and Sn are the five best discriminators to distin- 
guish different geographic locations (figure 8). B, V, 
and Cr were also good discriminators for separating 
alexandrites among some countries (see figures 9 and 
10), but must be considered as an addition to the first 
five with specific criteria. The generalized trace ele- 
ment profiles are listed in table 1. The results de- 
scribed herein and shown in figures 8-10 are 
generally consistent with the results previously re- 
ported by Malsy and Schmetzer. 

Using any two of the five discriminators (Mg, Fe, 
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orangy brown to cherry red. There are also 
dark gray to black opals. The fire may be 
in broad spangles, small flecks, even pin 
points of color, or in the shafts of light 
of the Huviznandos. 

Naturally black opals, with fire, have 
been reported. The black opals that are oc- 
casionally offered now at low prices are im- 
pure white stones that have been carefully 
heated, a process that turns these impure 
stones black in color. These heated stones 
are very brittle and can be broken in two 
easily between the fingers. This heat treat- 
ment has been referred to in some of the 
earliest accounts of the Mexican opal fields, 
many years before the Australian black opal 
was known. 

Because of the transparent nature of the 
stone and the interior fire, a high cabochon 
is the most appropriate cut, rather than the 
flat ovals such as one frequently sees in 
other opals. Large stones are not common, 
and cabochons an inch in diameter would be 
considered large stones among Mexican 
opals. The fire opals without fire but of good 
topaz yellow or orange color are sometimes 
faceted, usually step-cut. They are soft and 
brittle, and except for interesting nuances in 
color have nothing to commend them. 

The prices asked for Mexican opals are 
usually much lower than those asked for 
Australian stones of equal or comparable 
merit. Most of the best quality stones find 
their way to dealers in Mexico City. West- 
on’s Curio Shop, on Avenida Madero, often 
has fine stones to offer. Prices in Mexico City 
are double those of Queretaro, where the 
stones are cut. Before the war, German and 
particularly Japanese buyers visited Quere- 
taro and often purchased good stones. Fine 
stones found their way into the United States 
only haphazardly. Prices in Queretaro var- 
ied enormously according to quality. Pol- 
ished opal, without fire, could be purchased 
for as little as five cents; fine large pieces of 
best quality would fetch several hundred 
dollars. It has been reported that as early 
as 1890 some stones sold for as much as 


$3,000. Bargaining is the rule in trading 


with the lapidaries, but a concession of 20 
per cent was hard to obtain. Purchasers are 
sometimes invited to a “sight” at five o'clock, 
when the evening light shows the stones to 
best advantage. A small table, covered with 
a black velvet cloth, and covered with a se- 
lection of fine opals is something to admire 
under these conditions. 

Opal vendors meet alf trains at the Quere- 
taro railroad station. Junk opal and imita- 
tions are freely offered, but never good 
stones. Initial prices are high, but drop 
rapidly as departure time approaches, until, 
at the ‘‘all-aboard” signal no reasonable offer 
is refused. Since cherry red stones, even 
without fire, are in good demand, consider- 
able automobile taillight glass changes hands 
at the stations. Another good sales item is a 
glass “replica” in which two pieces are 
joined together by an iridescent film. Many 
station dealers have added ‘amethyst’ and 
“aquamarine” to their stock in trade . 

To find good opal one accompanies a sta- 
tion merchant to his home where the fine 
stones are held for the regular buyers. In 
order to inspect a reasonably good assort- 
ment it is necessary to atrange a sight a 
month or two in advance in order to give 
the lapidary an opportunity to accumulate 
sufficient stones for a fair showing. Today 
it is difficult, even under these arrangements, 
to find an outstanding stone. Some fine gems 
can sometimes be found at Tequisquiapan, a 
supply point for the Carbonera Mine, and 
perhaps occasionally at San Juan del Rio, a 
town on the Queretaro-Ixmiquilpan highway. 
Almost all the rough, however, finds its way 
to Queretaro, where it is cut, polished and 
marketed. 

The Queretaro opal was first discovered by 
a servant of the Hacienda Esperanza in 1855, 
but there was no production until 1870 when 
Don Jose Maria Siurob of Queretaro located 
the Santa Maria Iris Mine. The fine stones 
secured during the next few years stimulated 
considerable activity. Many spots were in op- 
eration at one time or another, but within the 
last few years only the Carbonera Mine, not 
far from San Juan del Rio, and accessible 
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Ga, Ge, and Sn) to plot against each other, 10 plots can 
be generated (figure 8). Alexandrites from different 
countries have their own characteristic chemistry. 


babwean material falls in a middle range, while 
Tanzanian and Brazilian alexandrites have the low- 
est Ga concentrations. 


Mg—Indian and Tanzanian alexandrites have 
high Mg concentrations, while Brazilian, Zam- 
bian, and Zimbabwean stones have low Mg con- 
centration. Russian and Sri Lankan stones have 
wide ranges of Mg concentrations that overlap 
with every other source. 


Fe—Zambian and Zimbabwean stones have rela- 
tively high Fe concentration, while Tanzanian, 
Brazilian, and Sri Lankan specimens have medium 
Fe concentration. Russian and Indian stones have 
the lowest Fe concentrations. 


Ge—Russian alexandrites have the highest germa- 
nium concentrations, while Sri Lankan, Indian, 
Brazilian, and Tanzanian stones have the lowest. 
Zambian and Zimbabwean stones have medium 
Ge concentrations. 


Sn—Russian, Brazilian, Zambian, and Zimbab- 
wean alexandrites have higher Sn concentrations, 
while Indian specimens have lower amounts. Sri 
Lankan and Tanzanian stones have similar Sn 
concentrations in the middle range. 


In addition to these five discriminators, B, V, and 


Ga—Sri Lankan stones have the highest gallium 
concentration. Indian, Russian, Zambian, and Zim- 


Cr are very useful for some specific cases. These 
three elements can further validate geographic origin 
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Figure 10. Cr-V and V-B plots prove very useful in validating the origin of Indian, Zambian, and Zimbabwean 
alexandrites. The Indian stones, along with some of the Sri Lankan specimens, have the highest V/Cr ratios. The 
Zambian and Zimbabwean stones have the lowest V/Cr ratios. 


conclusions (figures 9 and 10). Boron can be used to 
distinguish Sri Lankan alexandrite from Indian, Zam- 
bian, Zimbabwean, and some of the low-boron 
Brazilian stones (figure 9). According to our reference 
database, all Sri Lankan alexandrites collected so far 
have boron concentrations above 20 ppmw, while al- 
most all Indian, Zambian, and Zimbabwean alexan- 
drites have boron concentrations between 2.5 and 20 
ppmw, and some Brazilian alexandrites have the low- 
est boron concentrations, below 2.5 ppmw (figure 9). 
Besides boron, the chromophores vanadium and 
chromium are also very important in separating In- 
dian, Zambian, and Zimbabwean alexandrites from 
material from other localities (figure 10). According 
to our reference database, some Sri Lankan and all 
Indian alexandrites have the highest V/Cr ratio 
among all reference stones (indicated by the black 
oval in the top left of the plot in figure 10). Zambian 
and Zimbabwean alexandrites have the lowest V/Cr 
ratio among all reference stones (indicated by the 
black oval in the bottom right of the plot in figure 
10). 


Selective Plotting for Alexandrite Geographic Origin 
Determination. We have found that the use of the 
“selective plotting” method can greatly enhance the 
accuracy of origin determination for alexandrite (fig- 
ure 11). The method essentially involves plotting 
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data for the unknown client stone only against refer- 
ence data with similar full trace element profiles; see 
Palke et al. (2019), pp. 536-579 of this issue. In this 
method, discrete “windows” are selectively created 
around the trace element data of the client stone, and 
only reference data within these windows are plotted 
while everything else is filtered out. This results in 
plots that are much easier to read and accurately in- 
terpret. A few examples are shown in figure 11. The 
plots after discrimination usually point to simple and 
definite results. 


Characteristic Color Change of Alexandrite from 
Different Countries. Anyone who is familiar with 
alexandrite is well aware that material from different 
countries has different characteristic color-change 
behaviors. Many dealers have a good sense of where 
a specimen comes from through visual observation 
under daylight and incandescent lighting conditions. 
After examining hundreds of alexandrites, we can 
provide some examples of typical color-change pair- 
ings of alexandrite from different countries (figure 
12). The images are from stones submitted to GIA at 
the five different global identification laboratories, 
each origin was confirmed by analyzing their trace 
element profiles as measured by LA-ICP-MS. While 
there is usually a range in the warm/cool color pairs 
seen for alexandrite from a single locality, each local- 
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TABLE 1. Generalized trace element profiles of alexandrite samples in ppmw. 


Russia 
B Mg Vv Cr Fe Ga Ge Sn 
Range 15.5-208 4.47-3140 21.5-347 156-14200 1390-8610 171-406 1.08-76.4 37.9-1550 
Average 45.0 93.0 102 3090 2780 263 10.3 324 
Median 31.4 26.1 84.0 1640 2480 255 4.55 244 
Sri Lanka 
B Mg Vv Cr Fe Ga Ge Sn 
Range 23.1-400 2.95-987 29.8-1190 24.1-3200 1720-12200 246-1580 bdl-2.70 735-785 
Average 81.6 170 211 702 7680 731 0.55 57.9 
Median 68.5 123 146 526 8090 638 0.55 29:3 
Brazil 
B Mg Vv Cr Fe Ga Ge Sn 
Range bdl-42.7 2.50-46.7 56.8-201 424-6050 4180-11500 53.3-145 bdl-2.55 87.4-4470 
Average 2.17 1129 136 2960 6350 72.8 0.70 871 
Median bdl 11.1 137 2870 6270 69.9 0.69 821 
India 
B Mg Vv Cr Fe Ga Ge Sn 
Range bdl-68.9 38.4-203 314-1210 192-2120 829-4610 168-284 bdl-1.68 0.28-6.01 
Average 10.8 104 722 1090 2900 199 0.30 1.69 
Median 5.68 102 714 1020 3250 195 0.28 1,33 
Tanzania 
B Mg Vv Cr Fe Ga Ge Sn 
Range 4.21-87.8 24.0-270 33.2-241 232-8270 2470-9210 54.9-212 bdl-4.48 3.56-192 
Average 28.3 53:3 76.1 1990 5620 94.1 0.84 22:9 
Median 26.7 47.1 69.2 1500 5390 85.8 0.79 14.2 
Zimbabwe 
B Mg Vv Cr Fe Ga Ge Sn 
Range bdl-12.4 10.9-38.3 19.1-50.6 = 2550-15600 7480-25000 269-343 bdl-3.19 338-2110 
Average 7.87 20.5 31.2 8700 14100 313 1.78 1200 
Median 8.97 19.4 28.1 9650 12700 317 2.04 1080 
Zambia 
B Mg Vv Cr Fe Ga Ge Sn 
Range 13.7-18.7 10.6-40.9 17.6-32.4 2010-12300 9050-13100 228-317 1.12-3.8 305-3630 
Average 16.2 21.5 23.2 6720 11000 276 2.19 1270 
Median 16.3 18.0 22.6 6860 10900 277 2.04 668 
Madagascar 
B Mg Vv Cr Fe Ga Ge Sn 
Range 13.9-109 56.2-136 130-468 630-2380 4770-7840 106-338 bdl-0.69 4.16-205 
Average 53.4 97.4 249 1200 6850 248 0.077 37,7 
Median 50.3 97.2 156 726 7280 289 bdl 12.7 
Myanmar 
B Mg Vv Cr Fe Ga Ge Sn 
Range 68.3-76.8 495-531 103-111 236-311 1270-1530 114-129 bdl-bdl 1100-1640 
Average 72.3 519 107 276 1360 120 bdl 1440 
Median 71.9 530 106 280 1290 118 bdl 1580 
Detection limits (ppmw) 
B Mg Vv Cr Fe Ga Ge Sn 
Range 0.091-0.15 0.014-0.034 0.008-0.021 0.15-0.26 0.87-1.63 0.007-0.031 0.037-0.11  —_-0.026—-0.065 


*bdl = below the detection limit of the LA-ICP-MS analysis 
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Sn vs. Mg TRACE ELEMENT DISCRIMINATION 
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Figure 11. The left col- 
umn shows Sn-Mg plots 
before discrimination 
for alexandrite from 
(top to bottom) Sri 
Lanka, Brazil, Russia, 
Tanzania, and India. 
The right column 
shows the same Sn-Mg 
plots after application 
of the selective plotting 
method. This method 
leaves in reference data 
that are similar to un- 
known stones and fil- 
ters out irrelevant 
information, making 
these plots much easier 
to interpret accurately. 
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ity does tend to have its own specific range, and the 
different colors seen are generally helpful in narrow- 
ing down the origin. The color types for each country 
in figure 12 were determined based on both colori- 
metric analyses of the images and visual observa- 
tions by gemologists. 

Sri Lankan alexandrites usually have a yellowish 
green component in daylight-equivalent lighting and 
a brownish or orangy component with incandescent 
illumination. Brazilian alexandrites tend to have a 
bluish green component in daylight-equivalent light- 
ing and a reddish purple to purple component under 
incandescent light. The color-change characteristics 
of alexandrites from other countries are not as well 
known, because of the limits of our current image 
database. 

Geographic origin determinations should never 
be based on color alone; trace element chemistry is 
the primary factor in establishing origin. However, 
color can support the origin determination derived 
from trace element chemistry. The authors grouped 
all types of alexandrite color-change pairings into the 
following general categories (corresponding to types 
in figure 12): 


1. Sri Lanka - Cool 

Even though Sri Lankan alexandrites typically 
have brownish to grayish overtones, some lack 
these overtones and fall into the Cool category. 
In lighter-toned stones, hue changes from green 
or bluish green in daylight to purplish red or 
grayish purple in incandescent light. Saturation 
is low to medium in fine-quality stones, with a 
medium to dark tone. 


2. Sri Lanka —- Warm 

Specimens in the Warm category exhibit the 
typical brownish to grayish overtones that 
characterize many Sri Lankan alexandrites. 
Daylight hues are generally yellowish com- 
pared to other alexandrites, ranging from yel- 
lowish green to brownish yellow to the 
occasional pure green. In incandescent light, 
they usually appear brownish, with yellowish 
brown, orangy brown, brownish pink, brown- 
ish purple, brownish yellow, and brownish red 
hues. Saturation is generally low to medium, 
with medium to dark tones. 


3. Brazil 
Top Brazilian stones are generally considered to 
exhibit the finest color change of any alexan- 
drites. Most tend to have a bluish component 
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to their daylight color. Their hues are greenish 
blue to blue-green to pure green in daylight and 
red-purple to purple in incandescent light. 
These colors are often vivid, with medium to 
high saturation and medium to dark tone. 


4. Russia 
Russian alexandrite can exhibit some of the 
finest colors in top-quality material. Hues are 
generally pure green to bluish green to green- 
blue in daylight and purple-red to purple in in- 
candescent light. Stones tend to have medium 
to high saturation, with medium to dark tone. 


5. Tanzania 
Tanzanian alexandrite is capable of producing 
superb color change. Hue tends to range from 
bluish green to greenish blue in daylight and 
red-purple to purple in incandescent light. Tan- 
zanian stones typically have medium to high 
saturation and medium to dark tone. 


6. India 
Hue for Indian alexandrite tends to range from 
green to bluish green in daylight, changing to 
purplish violet, purple, brownish purple, or red- 
purple in incandescent light. Indian stones typ- 
ically have low to medium saturation and 
medium to dark tone. 


Inclusions in Alexandrite from Different Countries. 
Geological environment not only controls the pres- 
ence of certain trace elements and their concentra- 
tion but also impacts the inclusions an alexandrite 
contains. GIA has captured photomicrographs of in- 
clusions in alexandrite and is using them to support 
the origin determinations made by chemistry and 
color. 


Brazil. Metal sulfides have frequently been found in 
Brazilian alexandrites (figure 13A and B) and are al- 
most diagnostic for this origin in the authors’ opin- 
ion, although alabandite, a metal sulfide with similar 
appearance to the inclusions in figure 13A and B, was 
reported by Gtibelin and Koivula (1986) in a non- 
color-change Sri Lankan chrysoberyl. Minute parti- 
cles sometimes group together to form fingerprints 
(figure 13C) and wispy clouds (figure 13D). Crystals 
of fluorite (figure 13E) and mica crystals and flakes 
(possibly phlogopite or biotite, figure 13F) are also ob- 
served occasionally. Other researchers have also re- 
ported fluorite, phlogopite, and biotite and 
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Figure 12. Characteris- 
tic color-change pairings 
of alexandrite from dif- 
ferent countries. The 
photos were selected 
from GIA’s digital imag- 
ing database of produc- 
tion stones, which were 
taken using GIA digital 
imaging procedures and 
printed on GIA alexan- 
drite reports. 
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additionally calcite, apatite, albite, and two-phase 
and multiphase fluid inclusions in Brazilian alexan- 
drites (Gtibelin and Koivula, 1986; Proctor, 1988; 
Koivula and Kammerling, 1988). 


Sri Lanka. Sri Lankan stones submitted to GIA are 
usually clean, but the identification team has still 
documented many inclusions. Strong brown color 
zoning has only been observed in Sri Lankan stones 
and may be diagnostic of this origin (figure 14.A), al- 
though additional observations are needed to confirm 
this. Under fiber-optic illumination, these brown 
color zones are populated with reflective milky 
clouds (figure 14B). Very rarely, elongate prismatic 
sillimanite crystals (figure 14C) and euhedral feldspar 
crystals (figure 14D) have been observed. Fingerprints 
(figure 14E and F) formed by two-phase and multi- 
phase fluid inclusions are normal. Minute particles 
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Figure 13. Inclusions in 
Brazilian alexandrite. A: 
A metal sulfide crystal in- 
clusion surrounded by a 
melted/decrepitated halo 
under diffused fiber-optic 
illumination. B: Chalco- 
pyrite crystal surrounded 
by melted/decrepitated 
halo under darkfield and 
oblique fiber-optic illumi- 
nation. C: Silk, bands, 
and fingerprints composed 
of minute particles under 
oblique fiber-optic illumi- 
nation. D: Clouds/finger- 
prints composed of 
minute particles under 
darkfield and oblique 
fiber-optic illumination. 
E: Rounded fluorite crys- 
tal inclusions under dif- 
fused illumination. F: 
Mica crystals under dark- 
field illumination. Fields 
of view: 1.99 mm (A), 1.42 
mm (B), 2.34 mm (C), 7.19 
mm (D), 0.55 mm (E), and 
2.00 mm (F). Photomicro- 
graphs by Jonathan Muyal 
(A, C), Tyler Smith (B, D, 
E), and Makoto Miura (F). 


may group together to form flake-like clouds (figure 
14G). Occasionally, tubes with brownish oxide stains 
(figure 14H) can also be observed. Additionally, green 
mica, quartz crystals, and slender rod-like crystals of 
columbite, spessartine, ilmenite, and alabandite have 
previously been observed in Sri Lankan alexandrites 
and non-color-change chrysoberyls (Gibelin and 
Koivula, 1986). 


Russia. In our limited observations of inclusions in 
Russian alexandrite, phlogopite mica has been seen 
forming flattened, rounded, unevenly shaped crystals 
(figure 15A) and clusters of cotton-like inclusions 
(figure 15B). Very rarely, corroded and rounded fluo- 
rite crystals (figure 15C) and prismatic rod-like tour- 
maline crystals (figure 15D) have been observed. Both 
inclusions were first reported in Russian alexan- 
drites. Tourmaline crystals, chemically identified as 
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dravite by LA-ICP-MS (Sun et al., 2019), may be di- 
agnostic of the origin, although additional observa- 
tions are needed to confirm this. Sometimes it is not 
difficult to see pseudo-hexagonal growth sections 
shown in different colors under brightfield illumina- 
tion between crossed polarizers (figure 15E). Graphite 
film, resembling a spaceship in figure 15F, has been 
occasionally observed in Russian material. Rounded 
cotton-like clouds composed of tiny particles (figure 
15G) show unique texture and may be diagnostic. 
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Figure 14. Inclusions in 
Sri Lankan alexandrite. 
A: Brown color zoning 
and strong parallel grain- 
| ing under brightfield illu- 
mination. B: The same 
brown color zoning in (A) 
becomes milky bands 
under darkfield and 
oblique fiber-optic illumi- 
nation. C: Well-formed 
prismatic sillimanite 
crystals under darkfield 
and oblique fiber-optic il- 
lumination. D: Euhedral 
feldspar crystal under dif- 
fused illumination. E: 
Fingerprints formed by 
parallel lines of fluids 
and tiny crystals under 
darkfield and diffused 
fiber-optic illumination. 
F; Irregularly shaped crys- 
tals and fingerprints com- 
posed of two-phase and 
multiphase fluid inclu- 
sions under darkfield illu- 
mination. G: Flake-like 
cloud of particles under 
oblique fiber-optic illumi- 
| nation. H: Tubes with 
brownish oxide stains 
under diffused fiber-optic 
illumination. Fields of 
view: 7.19 mm (A), 7.19 
mm (B), 2.90 mm (C), 
1.99 mm (D), 2.90 mm 
(E), 3.57 mm (F), 1.44 mm 
(G), and 1.99 mm (H). 
Photomicrographs by 
Tyler Smith (A—D) and 
Jonathan Muyal (E-H). 


Planes of fluid inclusions (figure 15H) have also been 
observed. Further work is underway to collect addi- 
tional information on reliably sourced Russian 
alexandrite. Mica (e.g., phlogopite and biotite) and 
amphibole inclusions are most commonly observed 
in Russian alexandrites (Gibelin and Koivula, 1986). 


Tanzania. For alexandrite from Tanzania, inclusions 
of actinolite crystals, mica, monazite, xenotime, and 
rounded metamict zircon have been observed (Gtibe- 
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lin and Koivula, 1986). Currently, there are only a 
few images of crystals and fingerprint-like inclusions 
in GIA’s production database. Groups of prismatic ap- 
atite crystals (figure 16A, B, and C) and nests of fine 
silk (figure 16D) have been observed in one Tanzan- 
ian alexandrite. 


India. Fingerprint-like inclusions in Indian alexan- 
drite are usually composed of tiny needles and oval 
and round reflective particles (figure 17A, B, and C). 
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Figure 15. Inclusions in 
Russian alexandrite. A: 
Rounded, unevenly 
shaped flat transparent 
phlogopite crystals under 
darkfield illumination. 
B: A dense cluster of col- 
orless, bladed phlogopite 
crystals breaks the sur- 
face of the stone under 
darkfield and oblique 
fiber-optic illumination. 
C: Corroded and rounded 
fluorite crystals under 
diffused illumination. 

D: Prismatic rod-like 
tourmaline crystals 
under brightfield illumi- 
nation between crossed 
polarizers. E: Pseudo- 
hexagonal growth sec- 
tions shown in different 
colors under brightfield 
illumination between 
crossed polarizers. F: 
Graphite film under 
darkfield illumination. 
G: Rounded cotton-like 
clouds under oblique 
fiber-optic illumination. 
H: Minute two-phase and 
multiphase fluid finger- 
prints under diffused illu- 
mination. Fields of view: 
0.80 mm (A), 1.99 mm 
(B), 1.26 mm (C), 1.44 
mm (D), 3.57 mm (E), 
0.72 mm (F), 4.79 mm 
(G), and 1.44 mm (H). 
Photomicrographs by 
Makoto Miura (A), Tyler 
Smith (B), and Jonathan 
Muyal (C-H). 


This feature may be diagnostic of the origin, al- 
though additional observations are needed to confirm 
this. Occasionally, zircon crystals (figure 17D) with 
tension fissures have been observed. Figure 17E 
shows two adjacent crystals with unknown identity; 
the larger one shows a metallic luster. Groups of 
elongate negative crystals (figure 17F) are also ob- 
served sometimes in Indian alexandrite. Addition- 
ally, mica flakes (biotite, muscovite, etc.) are often 
observed (Panjikar and Ramchandran, 1997). Quartz 
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Figure 16. Inclusions in 
Tanzanian alexandrite. A: 
Prismatic apatite crystal 
with slightly rounded edges 
and uneven termination. B: 
Large colorless apatite crys- 


and apatite crystals (Patnaik and Nayak, 1993) are 
sometimes randomly scattered or in isolation. Nee- 
dles of rutile and colorless sillimanite can also be ob- 
served (Panjikar and Ramchandran, 1997). 


Other Localities. GIA lacks inclusion information on 
alexandrite from Madagascar, Zimbabwe, Zambia, 
and Myanmar. The field gemology team is actively 
working to expand GIA’s reference collection for 
these stones. 


CONCLUSIONS 


Determining alexandrite’s geographic origin is a com- 
plicated process that requires careful examination of 
a wide range of physical and chemical properties. In 
order to make a final determination, we evaluate a 
combination of the three most important character- 
istics: trace element chemistry, color-change behavior 
under daylight-equivalent lighting and incandescent 
illumination, and inclusions. Of these three charac- 
teristics, trace element chemistry obtained from LA- 
ICP-MS is the primary consideration. Color and 
inclusions are used as secondary factors to support 
the origin determination derived from trace element 
chemistry. 

The trace elements Mg, Fe, Ga, Ge, and Sn are the 
five best discriminators to distinguish alexandrite 
from the major producing countries of Russia (figure 
18), Sri Lanka, Brazil, India, and Tanzania. B, V, and 
Cr are good discriminators for separating alexandrites 
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tal on the left and smaller, 
slightly tapered phlogopite 
crystal on the right. C: Apa- 
tite crystal with faint nee- 
dles and particles. D: Nest 
of fine silk and small 
platelets. The “X” is an ar- 
tifact from the facet junc- 
tions. Fields of view: 1.99 
mm (A), 1.76 mm (B), 1.76 
mm (C), and 2.90 mm (D). 
Photomicrographs by Tyler 
Smith; oblique fiber-optic 
and darkfield illumination. 


among some countries, but they must be considered 
as acomplement to the first five trace elements with 
specific criteria, rather than on their own. 

Most Sri Lankan alexandrites have a yellowish 
green component in daylight-equivalent lighting and 
a brownish or orangy component in incandescent il- 
lumination. Brazilian alexandrites have a bluish 
green component in daylight-equivalent lighting and 
a purple to purplish red component in incandescent 
illumination. The color characteristics of alexan- 
drites from other sources are less well known at the 
moment, but this remains an area of active research. 

Sulfides with metallic luster may be diagnostic 
inclusions for Brazilian alexandrites. Prismatic rod- 
like tourmaline crystals and rounded cotton-like 
clouds composed of tiny particles may be diagnostic 
for Russian alexandrites. Fingerprint-like inclusions 
composed of tiny needles and oval and round reflec- 
tive particles may be unique to Indian alexandrites. 
Strong brown color zoning is a good indication of Sri 
Lankan origin. Characterization of inclusion scenes 
in alexandrite from the various localities is an active 
area of research in this project, and future work may 
help identify additional microscopic indicators of a 
stone’s origin. 

Alexandrite origin is an ongoing project for the 
GIA research and identification department. One of 
the largest efforts on this front is to add samples ob- 
tained by GIA’s field gemology team to our reference 
database. It can be difficult to find reliable alexandrite 
samples from secondary deposits such as Sri Lanka, 
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* Opal cutters at work in the patio of their home, Queretaro, Mexico. 


most casily for Tequisquiapan, has been in 
operation, 

Perhaps most famous of the opal mines is 
the Santa Maria Iris Mine, on the Hacienda 
Esmeralda. The mine is a wide opencast on a 
low rhyolite ridge, lying immediately by the 
side of the Queretaro-Cadercyta road. The 
broken rock on the mine dump shows abund- 
ant “pinta” or spots of precious opal. This 
mine was the largest and richest of the area, 
and produced a wide varicty of opal of su- 
perior quality. 

Mineralogical literature mentions a num- 
ber of localities in Mexico as yielding opal. 
Principal of the carly recorded places is 
Zimapan, state of Hidalgo. Today one can- 
not find an opal in Zimapan, nor is there 
any knowledge of any nearby productive 
Place. Since Zimapan is on the principal 
tourist road to Mexico, it is more than likely 
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that any nearby source would be diligently 
exploited. It is not unlikely that the source 
of early Zimapan opals was part of the 
region that now supplies Queretaro with 
rough material, the change being induced 
by the arrival of the railroad to Queretaro. 
This opal-beating area occupics a zone of 
low rhyolite hills that extends from the vi- 
cinity of San Juan del Rio to Colon, in the 
state of Queretaro. The city of Queretaro is 
the trade center for this area. The rhyolite in 
which the opals are found is a rather soft 
reddish or flesh-colored rock disposed in an 
accumulation of rather thin lava flows. In 
many places this rhyolite shows an abund- 
ance of lithophysal or irregular steam cav- 
ities and tt is in these cavities that the opal 
occurs as a later silica filling. Sometimes the 
opal does not completely fill the cavity but 


Figure 17. Inclusions in 
Indian alexandrite. A: 
Needles and tiny oval- 
shaped reflective particles 
under oblique fiber-optic 
and darkfield illumina- 
tion. B: Needles and tiny 
oval reflective particles 
under darkfield illumina- 
tion. C: Needles, a minute 
and large reflective oval, 
and round particles under 
darkfield illumination. D: 
Zircon crystal inclusion 
surrounded by tension fis- 
sures under darkfield illu- 
mination. E: Large 
unknown crystal with 
metallic luster and adja- 
cent small crystal with 
halo-like tension fissure 
under darkfield illumina- 
tion. F: Elongate negative 
crystals under diffused il- 
lumination. Fields of 
view: 0.72 mm (A), 1.26 
mm (B), 2.41 mm (C), 1.26 
mm (D), 1.44 mm (E), and 
1.58 mm (F). Photomicro- 
graphs by Jonathan Muyal 
(A, B, D, E, F) and Makoto 
Miura (C). 


Tunduru in Tanzania, or Ilakaka in Madagascar. That new origin service evolves, future efforts of the field 
is why our reference data were obtained from trusted gemology team will focus on obtaining samples from 
members of the trade or the GIA Museum. As this _ these sources as material becomes available. Addi- 


Figure 18. Russian alexandrite in daylight-equivalent light (left) and incandescent light (right). The twinned crys- 
tal from Malysheva measures 32.35 mm, and the faceted stone weighs 2.61 ct. Photos by Robert Weldon/GIA; 
courtesy of William Larson. 
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tionally, the internal crystal growth pattern and mor- 
phology of rough crystals have been used as factors 
for geographic origin determination by other re- 
searchers (Schmetzer, 2011; Schmetzer and Malsy, 
2011a,b). These two areas can enhance our current 
methods and are worth investigating. Third, different 
deposits within a country can contain crystals with 
very different morphologies, producing material with 
varying trace element chemistries that show differ- 
ent colors and inclusions. Further work will be 
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AFTERWORD 


WuHat’s NExT? 


Shane F. McClure, Thomas M. Moses, and James E. Shigley 


ere at the end we are left with the question “What’s next?” Geographic origin determination is likely 

here to stay. In fact, like it or not, it may expand to other gemstones. As to which gemstones that 

will be, it depends entirely on whether or not there is a demand for this service. The reason? It takes 
a lot of time, effort, and expense to develop criteria for any gemstone, but if there is a significant demand for 
it, there is reason to pursue it. 

Take demantoid garnet as an example. It is a small market because of availability, but there is a demand 
for demantoid from Russia versus other deposits, and there are not that many deposits known in the world. 
Therefore, this is a reasonable service to offer. Some laboratories already do. 

On the other hand, we have occasionally been asked if we could do geographic origin on amethyst. 
Whether amethyst carries enough value to justify the expense is not for the laboratories to say. However, 
amethyst comes from so many locations around the world that the cost of developing such a service would 
be prohibitive in relation to the market value of amethyst. It is also quite likely that for this same reason the 


overlap of properties would be so severe as to make separation impossible. 


CAN WE IMPROVE THIS SERVICE? 


Since geographic origin is here to stay, one of our pri- 
mary focuses should be to improve how it’s done. It 
is safe to say that everyone involved would like noth- 
ing more than to make it less of an opinion and im- 
prove the overall consistency. 

How do we do that? The most significant way is 
to pursue advances in technology or to try to adapt 
technologies that have been developed for other in- 
dustries. Some examples of techniques that are cur- 
rently being researched for gemstone applications 
are: 


e Isotopic analysis 
¢ Ultraviolet fluorescence mapping 


Ultraviolet fluorescence spectroscopy 
e Raman mapping 


Photoluminescence spectroscopy 
¢ Cathodoluminescence spectroscopy 


It is important to note that adapting instrumen- 
tation to work with gemstones is usually not easy. 
Sample holders might need to be designed and built, 
sample chambers might need to be modified, and dif- 
ferent procedures might need to be developed, all be- 
cause we might be attempting to use an instrument 
in a way it was not originally designed for. 

None of these instruments were developed with 
valuable, relatively fragile test subjects in mind. 
When scientists in other fields want to test a sample, 
they are usually not concerned about the worth of 
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that sample. Typically the samples they use have lit- 
tle intrinsic value. If an X-ray powder diffraction 
analysis is needed, a piece of the sample may be 
ground to dust and that powder used for analysis. 
Obviously this won’t work for faceted gemstones. To 
solve this problem, one of GIA’s famous gemologists 
of the past, Charles Fryer, developed a technique 
that used a scraper made of a diamond mounted on 
a brass rod that was used to remove a microscopic 
amount of material from the girdle of a faceted 
stone. This powder was mounted on a tiny glass 
fiber to obtain a diffraction pattern with no weight 
loss and no eye-visible damage to the stone. The ad- 
vent of Raman spectroscopy made this technique al- 
most obsolete. 

Progress also defines new and ever challenging 
limitations in analysis. The typical instrument for 
chemical analysis of gemstones prior to about 2003 
was EDXRF (energy-dispersive X-ray fluorescence 
spectroscopy). While it is a good technique that is 
completely nondestructive and more of a bulk sam- 
pling method, which is a plus in many cases, it can- 
not detect elements lighter than sodium on the 
periodic table, it is difficult to achieve truly quanti- 
tative results, and it typically has much higher de- 
tection limits than mass spectrometry techniques. 

In 2003, when the beryllium treatment of sap- 
phire was finally understood, the need for chemical 
analysis of lighter elements at low concentrations 
became necessary. The technique called LA-ICP-MS 
(laser ablation-inductively coupled plasma—mass 


Gems & GEMOLOGY WINTER 2019 


spectrometry) allows true quantitative analysis of al- 
most all the elements on the periodic table at very 
low concentrations. The drawbacks: The instrument 
is expensive to buy and maintain. It takes skilled 
personnel to operate and maintain it and to correctly 
analyze the data that come from it. Also, it is a 
micro-sampling technique that only analyzes mate- 
rial from a small spot on the stone, so multiple spots 
are necessary to get an accurate picture of a stone’s 
chemistry. 

Accurate, repeatable data for such a machine 
highly depends on the standards one uses. Poor stan- 
dards will produce poor results. GIA felt it necessary 
to produce in-house corundum standards for testing 
rubies and sapphires since a great many of these 
stones are tested in the laboratory. These standards 
did not exist previously and took a great deal of time 
and expense to create. 

This is just one example of the problems faced by 
gemological researchers. Sometimes there just isn’t 
any information available on a given subject. When 
beryllium was discovered as a treatment in corun- 
dum, it quickly became clear that almost no data ex- 
isted concerning this element in this material. 
Everything we know today had to be collected and 
analyzed subsequent to the advent of this treatment. 

How do we know or learn about techniques or in- 
strumentation that might be out there somewhere 
waiting to be discovered? We go outside the usual 
gemological sources and try to connect with bright 
young students, and universities and other institu- 
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Wim Vertriest exam- 
ines emeralds at the 
Mariinsky Priisk (for- 
merly Malysheva) mine 
in the Ural Mountains 
of Russia. Photo by 
Aaron Palke. 


tions that are performing research that might cross 
over to our needs. To this end, GIA has an active 
postdoctoral program and an internship program in 
which we hope to find young talent with fresh ideas 
who might be interested in the world of gemstones. 
We also reach out and work with well-established ge- 


False-color mapping of Cr** luminescence intensity re- 
veals growth features in this Sri Lankan sapphire at a 
high level of resolution. This information is not evi- 
dent in the color zoning of the stone. 
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ologists, mineralogists, physicists, and others in 
major institutions such as Caltech, the Smithsonian 
Institution, the Carnegie Institution, and universities 
in Louisiana, Wisconsin, and elsewhere. 


TIMES ARE CHANGING 


The whole concept and need for geographic origin de- 
termination of colored stones has until recently been 
largely focused on the monetary value of a gemstone 
based on its provenance. This has been the case for a 
long time. 

However, we are forced to recognize that the use 
of this kind of information is no longer limited to 
value alone. It cannot be denied that geographic ori- 
gin has become important in other ways. In 2019 the 
United States government stated that they are 
watching the jewelry industry and considering pass- 
ing regulations that will require jewelers to have 
knowledge of where the materials they sell origi- 
nated. This is not because they are concerned about 
the value of stones being sold. They are concerned 
about terrorism and money laundering. It may soon 
be required that all jewelers have documentation de- 
claring the source of their gemstones and precious 
metals. 
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A GIA field gemology team visiting a dealer in Mogok, Myanmar. Photo by Robert Weldon/GIA. 


The other concern is that the millennial genera- 
tion—the young adults of the world—are less con- 
cerned with value and “sparkle” than with the social 
and economic impact of what they buy. Is it ethical, 
is it sustainable, is it damaging to the environment, 
is child labor being used to produce it? These and 
other questions are important to them. The jewelry 
industry needs to pay attention, and geographic ori- 
gin determination will play a significant role in pro- 
viding some answers. 

Finally, we should ask ourselves if geographic ori- 
gin and all the other services and information the in- 
dustry provides the jewelry-buying public are really 
in the public’s best interest. This is a difficult but 
important question to answer. GIA’s mission is to 
ensure the public trust in gems and jewelry, and we 
firmly believe that it is necessary to continually ask 
ourselves if what we do is in the best interest of the 
public. We also must reconcile industry wishes with 
the limitations of science in determining the geo- 
graphic origin of a gemstone. 


Mr. McClure is global director of colored stone 
services, Mr. Moses is chief laboratory and research 
officer, and Dr. Shigley is a distinguished research 
fellow, at the Gemological Institute of America. 
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Liddicoat Postdoctoral Research 


Fellowships in Mineralogy, Materials Science 
and Gemology at GIA 


GIA (Gemological Institute of America’) invites qualified candidates to apply for the Richard T. Liddicoat 
Postdoctoral Research Fellowships at its Carlsbad, California and New York City locations. The one- to two-year 
fellowships encourage early career scientists to pursue full-time academic research in mineralogy, geology, 
physics, materials science and other fields related to gemology — the study of diamonds, colored gemstones, 
pearls and their treatment. Fellows are expected to conduct creative, independent, publishable research and 
collaborate with GIA scientists, outside research institutions and universities. 


The fellowship includes a competitive annual stipend ($60,000+), research funding and approved travel subsidies. 
Benefits include health, dental and vision, and potential reimbursement of relocation expenses. 


The start date of each fellowship is flexible, but accepted candidates should begin by Jan. 31, 2021. Applicants 
must have received their Ph.D. in a relevant field by the start date, and preferably within the last three years. 


Applications are due by April 30, 2020. For more information visit GIA.edu/research-careers 


GIA Research Fellow Unveils Clues 
About Earth's Mantle 

In a recent study published in Science magazine 
(Dec. 16, 2016), GIA Postdoctoral Research 
Fellow Evan Smith and coauthors uncovered 


clues about Earth's deep mantle by examining 

the distinct characteristics of large, exceptional 
gem diamonds known as “CLIPPIR” diamonds. 

Not normally available for research, inclusions 
found in these cut diamond pieces led to two 


Evan Smeen: 0: breakthrough discoveries. 


Established in 1931, GIA is the world’s foremost authority on diamonds, colored gemstones and pearls. 
A public benefit, nonprofit institute with locations in 13 countries, GIA is the leading source of research 
knowledge, standards and education in gems and jewelry. Visit GIA.edu 
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forms a loose concretionary mass resembling 
a dried prune or almond in shape. If such a 
nodule should show much fire, a gem of the 
highest quality results. Usually the opal is 
well attached to the rhyolite, in which case 
the matrix must be chipped away. Masses as 
large as a hen’s egg have been reported but 
they are very rare, Certainly a mass as large 
as a pigeon’s egg would be considered an 
excellent find. Much material recovered ts, of 
course, worthless, or nearly so. High quality 
opal is extremely rare. 

The opal mines are worked as open quar- 
ries. The rock may be broken down by dyna- 
mite, or black powder, and then stacked in a 
pile to be broken and sorted later under the 
supervision of an overseer. The rock is 
broken into a two-inch size or less in order 
to explore all reasonable possibilities. Usu- 
ally the cavities of the lithophysal rhyolite 
are con.pletely filled with opal, intimately 
joined to the rock, Sometimes the opal ac- 
curs as loose nodules in the cavities. Such 
nuggets may produce the finest opal, for they 
remain undamaged by breaking away the 
matrix. On the other hand they sometimes 
fracture upon grinding. I have seen such 
loose nodules as large as a pullet’s egg. 

About once a week, when the mines are in 
operation, the rough stones are taken to 
Queretaro and sold to the cutters. Cutting 
is a home industry, the master of the house, 
sometimes aided by a son, being the sole 
gem-worker. The cutters fashion the stones 
on foot-operated grindstones, shaping them 
to a symmetrical cabochon. The stone is then 
further prepared on sandpaper disks of in- 
creasing fineness on a hand-operated wheel 
and the stone finally polished on a soft rough 
leather or chamois lap. 

Other Mexican localities have been men- 
tioned but now yield no gem production. In 
fact, opal occurrences in these localities are 
generally unknown to the inhabitants of the 
places today. Opal of the finest quality was 
reported as occurring near Huitzuco, Guer- 
rero, once a famous quicksilver mining town. 
The opal was described as having rich red 
and green fire. A particularly rare and beau- 


tiful form had a dark bluish gray, almost 
black, body itluminated by intense red te- 
flections. Topaz yellow and pale reddish 
opal with red, green and yellow reflections 
was said to occur in a feldspar porphyry 
near San Nicolas del Oro, a small gold 
placer mining district in a remote corner of 
the same state. I have seen a specimen of 
milk opal with good fire at Coacoyula that 
came from nearby highly silicified rhyolites, 
but no commercial supply was evident. 

Good opal has been reported as occurring 
in the Barranca de Tepezala, in the Cerro de 
las Fajas, Hildago; Tlaxiaco, Oaxaca, and 
Sierra de Mezquital, San Luis Potost,; all in 
rhyolitic rocks. Very large masses of pale 
salmon-colored common opal, very clean, 
pure and fractureless, has been found near 
Sisoquichic, in the Sierra de Tarahumare, in 
western Chihuahua. 

The Mexican opal was known to the early 
Aztecs. Sahagun in his Historia general de 
las Cosas de Nueva Espana described the 
stone known to the Aztecs as querzalitzle- 
pyollotli as a “stone which appears to have 
many colors, and varies with the direction 
of the light; it is precious by reason of va- 
riety of its colors with the light.” Speamens 
have been recovered from ancient tombs, and 
examples of the stone are to be found in 
the collections of the National Museum of 
Mexico. None found so far are important 
for size and quality. Occasionally an opal ts 
offered on the market with the fantastic 
claim that it was once the possession of 
Montezuma. The invoices of precious objects 
sent by Cortez to the Emperor Charles do 
not list any such stones, although numerous 
objects of jade and turquois were included. 

The Mexican opal certainly deserves a far 
wider acceptance in the trade than it now 
receives. In order to assure a steadier supply 
to support a wider market, higher prices are 
necessary to encourage the miner to search 
for and mine this very desirable stone. And 
much higher prices for this top quality stone 
are, in this writer’s opinion, certainly war- 
ranted by the unsurpassed loveliness of this 
unique gem. 
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Investigations into Corundum and Beryl 
Color, Jade Artistry, the Chivor Emerald 
Mine’s History, and Swiss Rhodonite... 


Welcome to the Spring Gems ¢& Gemology! Publication was significantly delayed by the COVID- 

19 pandemic, but we're very proud to present this issue, which offers a blend of science, art, and 
history. In our lead article, authors Emily Dubinsky, Jennifer Stone-Sundberg, and John Emmett 
illuminate the chemistry behind gem corundum’s rich array of colors to reveal the influence of the 
concentrations of the six identified ae ; ; 7 ; 
dhvomophéres found innate This article provides insight for the practic- 
corundum on the depth of color. The ing gemologist on the influence of six specific 


authors use quantitative visible absorp- 3 ; 
q P’ chromophores and their concentrations on 
tion spectroscopy and chemical analysis 


. 2» 
by secondary-ion mass spectrometry dep th of color in corundum. 
(SIMS) to study specially chosen 
synthetic and natural corundum samples to calculate each chromophore’s absorption cross section. This information is 


presented as spectra and color-circle arrays, which we hope practicing gemologists will find informative. 


In our second paper, Mingying Wang and Guanghai Shi of the China University of Geosciences (Beijing) present a 
study of Chinese jade carving artistry ranging from time-honored, traditional techniques to state-of-the-art computer 
numerical control and 3D replicate engraving. Using data from almost 2,500 contemporary pieces, the authors demon- 
strate the art’s rich heritage and its continuing innovation. 


Next, two more authors from the China University of Geosciences (Wuhan), Yang Hu and Ren Lu, examine the 
chromophores in blue and yellow beryl using quantitative spectroscopy and trace-element analysis to explore their 
color-causing characteristics. The authors show that different concentrations of iron ions with various valences and 
occupancies are most responsible for the gem’s blue to green to yellow colors. 


Our following paper offers a change of topic. Karl Schmetzer, Gérard Martayan, and Jose Guillermo Ortiz provide the 
first of two installments detailing the checkered history of Colombia’s Chivor emerald mine: its abandonment, redis- 
covery, and intermittent operations by a fascinating cast of characters, including German gem merchant Fritz Klein. 


In our final feature article, a team of Italian researchers led by Dr. Franca Caucia offers a study of the chemical, physical, 
and gemological properties of attractive rhodonite-rich rocks from Switzerland’s Tanatz Alp. 


Our regular sections have much to offer, too. In Lab Notes, we describe diamonds with graphitic cavities and corundum 
inclusions, a clarity-enhanced glass imitating emerald, a large grandidierite, and curious pearls. Micro-World also 
provides intriguing curiosities, including a diamond with a mobile green diamond inclusion and a pallasitic peridot 
with iridescent needles. In Diamonds from the Deep, regular contributors Karen Smit and Steve Shirey demonstrate 
that diamonds are not necessarily forever with an exploration of the dissolution many diamond crystals suffer during 
transport in kimberlite magma. Our Gem News International section surveys gem materials and events from the 2020 
Tucson gem shows, including star peridot, demantoid garnet, emerald, sapphire, trapiche gems, Tucson's first ethical 
gem fair, and the results of the 2019 Buccellati jewelry design competition. Please also see the winners of our Dr. 
Edward J. Giibelin Most Valuable Article Award and this year’s G¢eG Challenge quiz. 


Finally, do make sure you visit our new Ge*G Facebook group at www.facebook.com/groups/giagemsgemology. Since 


our February 2020 launch, over 7,000 of you have joined, so if you haven't seen it yet, please check it out. Thank you all 
for your support and interest! 


OeHte- 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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SAN MOES ARTICLES 


A QUANTITATIVE DESCRIPTION OF THE 
CAUSES OF COLOR IN CORUNDUM 


Emily V. Dubinsky, Jennifer Stone-Sundberg, and John L. Emmett 


The color of a gemstone is inextricably linked to its chemical composition, yet the quantitative relationship be- 
tween color and chemistry is poorly understood in most cases. Here we use corundum to present a comprehen- 


sive quantitative description of the causes of color in a gem material and illustrate its predictive power. Natural 


corundum has six major chromophores that cause color: Cr**, h*-Cr**, Fe**, h*-Fe**, Fe?*-Ti**, and V+. We use 


synthetic samples doped with a single chromophore to study their light absorption behavior in isolation. Natural 
samples are used as well to study single chromophores, and we can subtract out the absorption of additional 
chromophores that might be present. Combining quantitative visible absorption spectroscopy with chemical 
analysis by SIMS, we are able to calculate the absorption cross section of each chromophore. The absorption 
cross section information is used to determine the depth of color that would occur in corundum of a given size 


(optical path length) containing a specific chromophore of a given concentration. 


( jana are valued for their beauty, rarity, 
and durability, and what typically captures our 
attention is their magnificent array of colors. 

Corundum exhibits an extremely wide range of colors 
in nature (figure 1). From pigeon’s blood red ruby to 
cornflower blue and lemon yellow sapphire, nearly 
every color is represented. The only corundum color 
not represented in nature is a saturated intense emer- 
ald green. However, less intense olive green to teal 
green stones are often found in basalt-hosted corun- 
dum deposits. 

Corundum’s broad range of colors is related to its 
detailed chemistry. Some minerals possess inherent 
color because the chromophore is one of the basic 
chemical components of its makeup. Such stones are 
termed idiochromatic, meaning self-colored. For ex- 
ample, turquoise, whose chemical formula is 
CuAL,(PO,),(OH),+4H,O, is colored by copper, a pri- 
mary component of its structure. 

Other minerals such as corundum are, when very 
pure, completely colorless. In fact, pure corundum, 
with the chemical formula Al,O,, is absolutely trans- 
parent from the deep ultraviolet region into the in- 
frared. Such minerals are termed allochromatic. Their 
colors in nature are caused by minor impurities, re- 


See end of article for About the Authors and Acknowledgments. 
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ferred to as trace elements, or other point defects in 
the crystal lattice that have been incorporated during 
growth or later equilibration in nature. The causes of 
color in corundum are many and have been primarily 
addressed in a non-quantitative way for many years 
(see, for example, Fritsch and Rossman, 1987, 1988; 
Hager, 2001; Emmett et al., 2003). Trace elements 
themselves can be the direct cause of color. Cr**, for 
example, creates pink and red coloration in corun- 
dum. Trace elements can also interact with each 
other, creating anew chromophore. The Fe”*-Ti* pair 
is such an example, strongly absorbing in the yellow 
and red regions of the spectrum and thus creating 
magnificent blue sapphires. 

When beryllium-diffused corundum entered the 
marketplace, we were surprised by the wide range of 
colors that were produced, seemingly by a single ele- 
ment (Emmett et al., 2003). Measurements of the 
beryllium levels showed that the concentrations were 
generally from a few to a few tens of parts per million 
atomic (ppma), yet the colors produced were often in- 
tense. For comparison, red coloration in corundum re- 
quires several hundred to a few thousand ppma of 
Cr**, a concentration at least two orders of magnitude 
greater than Be”, to produce strong color. 

Our studies of the beryllium-diffused stones (Em- 
mett et al., 2003) demonstrated that the Be” ion itself 
was not the cause of color. However, replacing a 
trivalent aluminum ion with a divalent beryllium 
ion required the creation of a trapped hole (h’*) for 
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Figure 1. Gem corundum is rarely colored only by a single chromophore; the vast majority are colored by a combi- 
nation of two or three chromophores. This composite photo illustrates the colors of single chromophores as they 
would appear in a faceted stone. We searched through a few thousand photos, courtesy of Lotus Gemology, to find 
these few that closely matched the single-chromophore color circles in this article. These gems represent (clock- 
wise from top left) V** (first two stones), Cr*, h*-Cr**, h*-Fe*, Fe**-Ti*, and Fe**. Photos by Lotus Gemology. 


CAUSES OF COLOR IN CORUNDUM Gems & GEMOLOGY SPRING 2020 


charge compensation. A trapped hole is an oxygen 
ion with a valence of —1 rather than —2. It is this O7! 
ion that is the strong absorber of light (Kvapil et al., 
1973). In natural stones, this trapped hole associating 
with either iron or chromium creates intense golden 
yellow or intense orange colors, respectively. 

In natural corundum, beryllium only rarely, if 
ever, exists in solution in the corundum lattice and 
thus does not produce these colors. Instead, natural 
corundum usually contains some amount of magne- 
sium. Magnesium, like beryllium, is divalent (Mg**, 
Be**) when it replaces Al** in corundum and thus re- 
quires charge compensation. If the stone is acceptor- 
dominated! with [Mg + Ni] > [Si + Ti + H] (square 
brackets denote concentrations in ions/cm’), and 
formed in conditions of relatively high oxygen fugac- 
ity, the charge compensation is by a trapped hole (h’). 
Since it is the trapped hole in association with iron 
or chromium and not the beryllium or magnesium 
that produces color, the colors produced naturally by 
magnesium or by diffusion of beryllium are very sim- 
ilar (Emmett et al., 2003, 2017b; Kréger, 1984). 

Having identified the h*-Fe** and the h’-Cr* as two 
additional chromophores in natural corundum, we 
have six major chromophores that are responsible for 
the multitude of colors in natural corundum: Fe**, 
Cr*+, V+, Fe?*-Ti*, h*-Fe**, and h*-Cr**. Individually, 
their colors in corundum are as follows: 

Pink, Red: Cr** 
Orange: h*-Cr** 
Yellow: Fe**, h*-Fe** 
Blue: Fe**-Ti*, V** 
Green, Purple: V** 

These chromophores can occur singly in a corun- 
dum sample (again, see figure 1}, though it is com- 
mon for natural corundum to contain more than one 
color-causing agent, as all natural corundum gener- 
ally contains measureable levels of trace elements 
Mg, Si, Ti, V, Cr, Fe, and Ga that have been incorpo- 
rated into the lattice. When multiple chromophores 
are present, the apparent color of the corundum sam- 
ple results from the sum of the light absorption by 
each of the chromophores present (Emmett et al., 
2017a). 


'We use the terms “acceptor-dominated” and “donor-dominated” and 
also refer to chemical reactions among trace elements here without 
detailed explanations. These matters are discussed in detail in Emmett 
et al. (2003), with corrections and extensions in Emmett et al. 
(2017a,b). Rather than repeat these discussions, we refer the reader to 
these references and the extensive references therein. Furthermore, 
we will not repeatedly restate these references throughout this text. 


4 CAUSES OF COLOR IN CORUNDUM 


To determine the visual color of a corundum sam- 
ple from the chemical analyses, we need to know 
four additional factors: the absorption spectrum of 
each of the chromophores, the absorption 
“strengths” of the chromophores, the thickness and 
crystallographic orientation of the sample, and the 
color temperature of the illumination. 

All of these factors are well known in gemology 
with the exception of the absorption “strength.” The 
term for the absorption “strength” in physics is the 
absorption cross section (see box A on pp. 6-9; we 
strongly advise reading box A before proceeding). The 
absorption cross section quantitatively determines 
the effectiveness of a single ion or ion pair in a partic- 
ular host material (such as corundum) in absorbing 
light of a given wavelength. The larger the absorption 
cross section, the stronger the chromophore. The unit 
of the absorption cross section is centimeters squared 
(cm?), which represents an area. One can conceptually 
visualize this as the size of the absorbing area that a 
single chromophore particle presents to the light 
beam. However, note that it is not the actual physical 
size of an ion or an ion pair. 


In Brief 


¢ Natural corundum has six major color-causing chro- 
mophores: Cr**, h*-Cr?*, Fe?*, ht-Fe**, Fe?*-Ti**, and V+. 


¢ The depth of color produced by each chromophore 
depends on three factors: the size of the gem, the con- 
centration of the chromophore in the gem, and the ab- 
sorption strength of the chromophore. 

¢ The absorption strength of each chromophore is ex- 
pressed by its absorption cross section. The cross sec- 
tions of the various chromophores in corundum vary 
by a factor of approximately 500, meaning they range 
from weak to strong colorants. 

e Using the cross section data provided in this paper, the 
color produced in a sample of any specified size and 
chromophore concentration can be calculated. 


Knowing the absorption cross sections is ab- 
solutely critical to determining the origin of color of a 
given sample. Before detailed chemical analyses were 
available, it was often assumed that iron was primarily 
responsible for yellow color in sapphire. However, we 
now know that there are yellow sapphires with 3000 
ppma Fe and yellow sapphires with 200 ppma Fe with 
similar depth or intensity of color, so clearly these are 
not colored by the same chromophore. 
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The objective of this paper is to present the results 
of our efforts over more than a decade to determine 
both the Elc (O-ray) and E||c (E-ray) (see box B) ab- 
sorption cross sections for all six chromophores in 
corundum and to describe how they were determined. 
We also illustrate the range of colors these chro- 
mophores produce. Finally, the digital files at 1.5 nm 
resolution and 1 nm wavelength intervals from 200 
to 1100 nm for each of these chromophores are avail- 
able to the reader to download for their own use (see 
https://www.gia.edu/doc/sp20-corundum- 
chromophores-absorption-cross-section-data.xlsx). 

Determining the absorption cross sections relies 
upon accurate determination of the chromophore 
concentrations in the samples. These determinations 
were made possible by secondary ion mass spectrom- 
etry (SIMS) analysis at the California Institute of 
Technology (Caltech). SIMS was calibrated with sin- 
gle-element ion implants in sapphire standards, elim- 
inating any matrix effects. The calibration of SIMS, 
a major effort in itself, is described in detail in Stone- 
Sundberg et al. (2017). 

The chromophore concentrations in this paper 
have largely been determined by SIMS analyses from 
synthetic corundum crystals grown doped only with 
a single chromophore. This is true of Cr**, V**, h’-Fe**, 
and h*-Cr**. The Fe** chromophore and Fe?*-Ti* chro- 
mophore data were determined using both natural 
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Figure 2. Shown are some 
of the many crystallo- 
graphically oriented sam- 
ples used in this study. 
Clockwise from top left, 
they represent the follow- 
ing chromophores: h*-Cr**, 
ht-Fe*, Fe, Cr**, V+, and 
Fe**-Ti* (the two blue sam- 
ples at lower left). The 
sample in the far lower left 
corner is a natural blue 
sapphire from Yogo Gulch, 
Montana, and the sample 
in the upper right corner is 
a natural yellow sapphire 
from the Subera deposit in 
Queensland, Australia; the 
rest are Czochralski grown. 
Sample numbers clockwise 
from upper left are 991, 
992, 1121, 1110, 1102, 
1065, and 1014; detailed 
information on the sam- 
ples can be found in Ap- 
pendix 1. 


and single-doped synthetic crystals grown by the 
Czochralski method (figure 2). Unlike many other 
minerals, corundum contains only a single small 
cation site. Additionally, the energy required to force 
a cation into an interstitial site is very high (Mat- 
sunaga et al., 2004). These facts, together with the 
fact that the crystal must be rigorously electrically 
neutral, very strongly constrain what trace elements 
and what valence states of these trace elements can 
exist in corundum. For example, iron in corundum 
by itself will be Fe** because the crystal must be elec- 
trically neutral. That is, the valence of Fe must equal 
the valence of Al**. Unless there is a tetravalent 
donor such as Si* or Ti* or an H* interstitial (El-Aiat 
and Kréger, 1982; Norby, 1989; Beran and Rossman, 
2006; Li and Robertson, 2014) to charge compensate 
it, Fe’* will not exist. If there is such a donor, the Fe?- 
Si* and Fe*-Ti* pairs will form. Thus the concentra- 
tion of Fe** is limited by the concentrations of H’, 
Si**, and Ti**. This is why we thoroughly analyze 
even the singly doped synthetic crystals. 

If a very high-purity synthetic crystal doped only 
with Fe* is processed at high temperature in a highly 
reducing atmosphere, oxygen vacancies with a 
charge of +2 with regard to the lattice may form and 
thus charge compensate two Fe** ions. It is for this 
reason that we process at high temperature in a pure 
oxygen atmosphere many of the synthetic crystals 
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Box A: THE ABSORPTION CROSS SECTION 


Highly pure allochromatic gem materials are colorless. 
Color in these gems results from the incorporation of a 
variety of trace elements and other point defects into the 
lattice. Unlike idiochromatic gems, whose chro- 
mophotres are part of the fundamental composition of the 
mineral, the concentration of trace elements incorpo- 
rated in allochromatic gems can vary widely. Corundum, 
an allochromatic gem, displays a very wide range of col- 
oration: Nearly every color with the exception of emer- 
ald green is available. In what follows, we identify and 
quantify the six chromophores that produce this wide 
range of coloration in natural corundum by incorporating 
either singly or in combination in the corundum lattice. 

Three of these chromophores are single transition 
metals (Fe**, Cr*+, and V**), one is a pair of metals (Fe?*- 
Ti*), and two are comprised of a lattice defect and a tran- 
sition metal (h*-Cr** and h*-Fe**). As we demonstrate in 
this article, the effectiveness of each of these chro- 
mophores in producing color varies greatly because of 
their very different electronic structures. For example, 
nearly 2000 ppma of Fe** in a 1 cm thick sample is 
needed to produce a saturated yellow, while only 1.5 
ppma of the h*-Fe** will produce a similar depth of color. 

In gemology we are familiar with the absorption spec- 
tra of the majority of these chromophores as single enti- 
ties in corundum, but we do not have a simple 
methodology for characterizing their “strength.” The 
strength determines the concentration of a chromophore 
(in ppma) required to produce a given level of color satu- 
ration. Knowing the strength of the chromophores and 
the chemical composition determined by SIMS or LA- 
ICP-MS analysis, we can correctly identify the sources of 
color in a sample. In physics the strength of an absorber 
of light or X-rays or neutrons is often referred to as an ab- 
sorption cross section. We can use this simple concept to 
establish relative strengths of our chromophores. This 
paper presents our determination of the absorption cross 
sections for each of the six chromophores. 

To define the terms we will use, consider a transpar- 
ent material of thickness t, as shown in figure A-1. 

If an incident beam of light with intensity I, strikes 
a sample that absorbs light, the intensity of the light 
transmitted through it is I, assuming no reflection from 
the surfaces. Now the transmission, T, of the sample is: 


T=I/L, 
Or, if expressed as a percentage: 
T (%) = 1001/1, 
The decadic absorbance, A, of the sample is then: 
104 =I/ [ 
or 


A = -Log,,(I/I,)- 
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Figure A-1. This simple diagram represents a transparent 
material of thickness t. Light with intensity I, strikes its 
surface at left. Some of the light is absorbed as it travels 
through the material, so the beam has intensity I as it 
exits at right. The light transmission T of the sample is 
represented by the ratio of the exiting beam intensity to 
the entering beam intensity, I/,, 


All real samples have a portion of the probe beam re- 
flected from their surfaces. Thus a spectrophotometer 
does not directly measure the true absorbance, A, but 
rather A*. 

To determine the true absorbance A, the measured 
absorbance A* must first be corrected for the loss from 
multiple reflections between the two polished surfaces 
of the sample. This is done by summing (T.S. Hemphill, 
pers. comm., 2011) all the reflections between the two 
surfaces and using a three-term Sellmeier equation for 
corundum to determine the sample’s refractive index as 
a function of wavelength (Tatian, 1984). The index input 
data to the Sellmeier equation is a combination of all rel- 
atively recent data from the suppliers of high-purity syn- 
thetic corundum material for the fabrication of 
high-purity optical elements. The Sellmeier equation fit 
to these data was performed for us by John Trenholme 
using TableCurve 2D software. Correcting for this loss 
we have the true absorbance, A. This correction is im- 
portant because it is greatest where the absorption is 
least, and it is just this region of the absorption spectrum 
that transmits the most intense light and thus con- 
tributes most to the color. This reflection correction has 
been made for all spectra presented in this paper and for 
all spectra used in deriving these results. 

The true absorbance, A, for ELc of a synthetic sap- 
phire 6.26 mm thick containing 116 ppma V* is shown 
in figure A-2. Note that the vertical axis is unitless be- 
cause absorbance is simply a ratio. 

The true absorbance A depends in turn on the thick- 
ness of the sample, t, the concentration of the chro- 
mophore, c, and its absorption cross section, o. With the 
true absorbance, A, we can write: 
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Figure A-2. UV /visible/near-infrared (UV-Vis-NIR) ab- 
sorption spectrum of synthetic sapphire 6.26 mm thick 
containing 116 ppma V**, as measured by a spectropho- 
tometer and corrected for internal reflections. Note that 
the spectrophotometer measures light absorption in ab- 
sorbance units, which are dimensionless. 


I/I, = T = 10 = e* = ect 
Where I/I, and T are here associated only with the ac- 
tual absorption, and 


T = transmittance 

A = decadic true absorbance (dimensionless) 
t = thickness of the sample in cm 

@ = naperian true absorption coefficient in cm 
c = chromophore concentration in ions/cm? 

o = true absorption cross section in cm? 

e = base of the natural logarithm = 2.71828... 


The reflection-corrected absorption coefficient is simply 
a = 2.303A/t 


(In gemology publications, the uncorrected absorbance 
A* oran absorption coefficient derived from A* is usually 
presented.) 

The absorption coefficient of the V**-doped sapphire 
sample above is shown in figure A-3. Because A, a unit- 
less ratio, is divided by the dimension t in cm, the units 
of absorption coefficient are cm". The absorption coeffi- 
cient is independent of the sample thickness, making it 
useful for comparing samples. 

The absorption coefficient is, of course, dependent on 
the concentration of the chromophore. If we want to 
compare two different chromophores but the samples 
have different chromophore concentrations, we can di- 
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Figure A-3. UV-Vis-NIR infrared absorption coefficient 
spectrum of the V**-doped synthetic sapphire, produced 
by dividing the spectrum in figure A-2 by sample thick- 
ness (0.626 cm) and multiplying by 2.303. Note that the 
shape of the curve is the same but the y-axis units are 
Criss 


vide the absorption coefficient of each chromophore by 

its concentration in absorbers/cm® (note that 1 ppma in 

corundum is a concentration of 1.178 x 10!” ions/cm’): 
o=a/c 

The result, o, is termed the absorption cross section. 
Figure A-4 shows the absorption cross section for the 
same vanadium-doped sapphire sample. 

With absorption coefficient units of cm! and concen- 
tration units of ions/cm®, the units of the cross section 
are cm?/ion, or just cm”, which is an “area” per absorber. 
One can conceptualize this as the size of the absorbing 
area that a single chromophore particle presents to the 
light beam. In other words, imagine that the light beam 
is an arrow and the absorption cross section is a target; a 
larger absorption cross section means the target’s area is 
larger. However, note that it is not the physical size of 
an ion or an ion pair. The vertical axis in figure A-4 is la- 
beled “absorption cross section x 10! cm?.” This means 
that the actual values plotted are from 0 to 2 times 10- 
cm”. It is important to observe that the spectra in figures 
A-2, A-3, and A-4 are exactly the same. Only the vertical 
axis values and units are different. 

Each chromophore has its own absorption cross sec- 
tion that is unique to that particular absorber. A sample 
with multiple chromophores of different concentrations 
is best characterized by an absorption coefficient, as we 
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The concept of absorption cross section is very useful 

V3+¥ELc in understanding the types of optical transitions involved 

Awe with the individual chromophores. It is also useful in 

comparing similar chromophores in different environ- 

ments. Mattson and Rossman (1988) used this concept 

in comparing the strength of the Fe**-Ti** absorption 

bands in different minerals. Their absorption cross sec- 

125 tion was in units of (moles)! cm, which is simply a dif- 
1.04 ferent system of units but the same concept. 

This paper presents the color calculations for a range 
of concentrations of each of the six chromophores. The 
color coordinates were calculated using Thermo Scien- 
tific’s GRAMS/AI spectroscopy software. To calculate 
Wes the color coordinates with Grams/AI, the spectral data 
is input as the single-pass transmission spectrum, T. T 
is related to the single-chromophore absorption cross 
section and concentration as follows: 


T = 10 = 10-4&t0/2-303) 


where the product, ct, is termed the areal density in 
units of ions/cm”. Under the color circles in this paper, 
we present the areal density in ppma-cm. This factor is 


oO T T T T 
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Figure A-4. UV-Vis-NIR cross section spectrum of the V**- 
doped synthetic sapphire, produced by dividing the spec- 
trum in figure A-3 by the V** concentration of the sample. 
Note that the shape of the curve is the same but the y- 
axis units are cm?. 


do with all natural samples. This absorption coefficient 
is the summation of each chromophore’s cross section 
multiplied by its concentration. For example, a sample 
containing three chromophores of three different con- 
centrations has an absorption coefficient of 


QA=0,C, + 0,C, + O,C, 


The magnitude of the absorption cross section of 
the chromophore, and the portion of the visible spec- 
trum that its absorption spectrum covers, taken to- 
gether provide a rough indication of chromophore 
strength. The portion of the visible spectrum is esti- 
mated by the full width half maximum (FWHM) of the 
absorption bands in the visible region, divided by 300 
nm (the 400-700 nm approximate visible range). Table 
A-1 compares these values for the ELc absorption of the 
various chromophores in order of increasing absorption 
cross section. 

Examining the peak absorption cross sections first, 
note that the values span a factor of about 500. This is a 
huge difference. Next, examining the portion of the visi- 
ble spectrum spanned by each chromophore, note that 
they are within a factor of two and a half with the excep- 
tion of Fe*', which is about one-fifth of the average of the 
other five. Taking into consideration the very low absorp- 
tion cross section and the very narrow absorption band, 
the conclusion is that Fe** is a very weak chromophore 
in corundum. Figure 16 presents a visual method of com- 
paring the strength of the six chromophores. 
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ppma-cm = ct/(1.178 x 10!” ions/cm!) 


where 1.178 x 10!” is the number of ions in 1 cubic cen- 
timeter of Al,O, determined by 


1 ppma = 5Ap/M = 1.178 x 10" ions/cm? 


where A is Avogadro’s number (6.022 x 10% mole- 
cules/mole}, p is the density of corundum (taken as 3.99 
grams/cm%), and M is the molecular weight of corun- 
dum (101.961 grams/mole). 

Finally, it should be stated that presenting the defini- 
tions and units of A, a, and o is very important, as there 
are multiple definitions in use in the scientific literature. 


TABLE A-1. Comparison of various chromophores’ ELc 
absorption values. 


Peak absorption 


cross section in the | 4PProximate fraction of 


Chromophore 400-700 nmrange Be AREA 
cm? ELc 
Reza 2.3 x 10°° + 8.0% 0.09 
We 1.0 x 1G? 223.9% 0.37 
(Cie 1.6 x 10°19 + 7.6% 0.40 
Fe?+-Ti** See Or as 25 0.66 
h*-Fe?+ 1.3 6 (1G sz 12.10% 0.28 
h*-Cr3+ 1338 ORY ae 125% 0.44 
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we have grown. This eliminates any oxygen vacan- 
cies, assuring a valence of +3. Additional possibilities 
for alternate valences of other ions, or interferences 
from different pair absorption spectra, have been ad- 
dressed using the variety of synthetic crystals indi- 
cated in Appendix 1 at https://www.gia.edu/doc/ 
SP20-corundum-chromophores-appendix1. 

Such considerations, plus the processing of syn- 
thetic crystals in a high-temperature oxygen atmos- 
phere and thorough analyses for other trace 
elements, assure that the chromophore concentra- 
tions equal the SIMS-determined concentrations. 

In the following sections, we will first describe 
the Cr** chromophore and how its cross section was 
determined. Much of this same detail will apply for 
the other five chromophores and thus will not be re- 
peated. We present the origin of the samples (again, 
see figure 2), their crystallographic orientation, the 
absorption cross sections determined for both ELc 
and E||c, color circle arrays for different areal densi- 
ties of the chromophore, viewing directions, and il- 
lumination sources. Detailed information on these 
samples can be found in Appendix 1. 


THE Cr?* CHROMOPHORE 

Cr** is the trace element primarily responsible for col- 
oring ruby red and sapphire pink (McClure, 1962) and 
in doing so creates some of the most beautiful gems 
in the world. This coloration results from Cr** ions re- 
placing some of the Al* ions in the corundum lattice. 

High-purity synthetic sapphire doped with Cr** 
has been available since the invention of the laser in 
1960. The very first laser employed synthetic ruby as 
the active element (Maiman et al., 1961). Interest in 
ruby lasers for many applications drove the develop- 
ment of large, exceedingly high-optical-quality and 
high-purity synthetic ruby crystals. Our samples 
were from excess material salvaged from several dif- 
ferent laser-quality single-crystal ingots (boules) 
grown by St. Gobain Crystals and Detectors in 
Washougal, Washington. 

Wafer samples cut from these boules were crys- 
tallographically oriented to an accuracy of approxi- 
mately 1.5° using an optical instrument (Thomas et 
al., 2014) with the c-axis in the plane of the wafer. 
The absorption spectra were measured with a reso- 
lution of 1.5 nm using a Hitachi Model 2910 spec- 
trophotometer modified by Tim Thomas at GIA to 
enable rotation of the polarization plane of the probe 
beam, thus allowing the separate recording of both 
Elc and E||c spectra. The spectra were corrected for 
the multiple reflections between the two polished 
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surfaces of the wafer by summing all the reflections 
(see box A}. Wafers from four different boules were 
fabricated and measured, and the one with the lowest 
absorption at approximately 226 nm was chosen as 
the most pure. 226 nm is between the two highest- 
energy absorption bands of Cr** yet below the first 
Cr** charge transfer band. However, at this wave- 
length the charge transfer bands of Fe, Ti, and other 
metals are very strong (Tippins, 1970), and thus min- 
imal absorption at this wavelength is a good relative 
indicator of crystal purity. 

Quantitative data on this sample with the mini- 
mum 226 nm absorption (and all of the other samples 
characterized in this study) were obtained using a 
Cameca IMS 7f-GEO SIMS instrument. SIMS is a 
highly precise analytical technique that can detect 
all elemental masses to the sub-ppma level. To 
achieve accuracy, however, relative sensitivity fac- 
tors (RSF) need to be developed to correctly convert 
the secondary ion signal for each trace element in the 
matrix of interest into concentration. This is best 
done by creating ion implant standards. For each 
trace element we wish to quantify, a chosen isotope 
of this trace element is implanted in a high-purity 
wafer of the intended matrix. Our developed RSF val- 
ues were based upon multiple measurements vali- 
dating the “dose” of each of these ion implants, and 
upon multiple SIMS depth profiles of these same im- 
plants (Stone-Sundberg et al., 2017). The calculated 
RSF values account for all of the identified and quan- 
tifiable sources of uncertainty; for the final SIMS- 
generated concentration values for all of the 
subsequently measured samples, we report a total 
uncertainty that is equal to the square root of the 
sum of the squares of the error associated with each 
source. In total, there are four separately quantified 
sources of error: the ion implant standard dose meas- 
urement, determination of the peak depths for the 
ion implants, differences between the multiple depth 
profiles for each ion implant, and the set of measure- 
ments of the trace element of interest in the sample. 
For the Cr** chromophore, the concentration and 
total combined error is 134 ppma + 7.6%. The deter- 
mined detection limit for Cr** in corundum to the 
95% confidence level using our conditions was 0.002 
ppma (2 parts per billion atomic, ppba). 

The absorption cross sections thus determined 
over the 200-1100 nm range are shown in figure 3. 
The data range includes the visible region of the elec- 
tromagnetic spectrum, which extends from 400 nm 
(violet) to 700 nm (red). The vertical axis is labeled 
“absorption cross section x 10° cm?.” This means that 
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the actual values plotted are from 0 to 4 x 10°? cm’, 
we will use the same labeling convention for subse- 
quent cross section spectra presented in this article. 
Figure 3 shows the absolute absorption cross section 
spectra for both the ELc (ordinary) and E||c (extraordi- 
nary) rays for Cr* in the high-purity synthetic ruby. 
These two spectra fully characterize, at 1.5 nm reso- 
lution, the absorption characteristics of Cr** in corun- 
dum over the range from 200 to 1100 nm. Whether in 
a high-purity synthetic crystal containing only Cr**, a 
natural ruby containing Cr** and iron, or a purple sap- 
phire containing Fe”*-Ti* pairs and Cr**, the absorption 
cross section of Cr** is the same. The broad bands near 
560 nm are termed the U bands, while the two near 
400 nm are designated the Y bands. At a wavelength 
of 694 nm, there is a weak, narrow absorption feature. 
This is known as the R-line. In actuality, the R-line is 
two weak lines, R1 and R2, which are separated by 1.4 
nm. Since our instrumental resolution is 1.5 nm, these 
two lines appear as a single weak feature. The weak 
lines near 660 nm most clearly observable in the ELc 
spectrum are called the S-lines, while the weak lines 
in both spectra near 470 nm are referred to as the B- 
lines (Powell, 1998). Shown along with the spectra is 
an image of a faceted sapphire we selected as represen- 
tative of a stone that is very close to being colored by 
only the Cr** chromophore. In the following sections, 
we show a representative faceted stone alongside the 
spectra for each chromophore, selected as representa- 
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Figure 3. Cross section 
spectra of the Cr** 
chromophore measured 
from a synthetic ruby 
grown by the Czochral- 
ski method. The color 
band shown along the 
top of these spectra and 
those in following fig- 
ures is the visible spec- 
trum that would be 
observed through an 
optical spectroscope, 
shown for reference. 
Also shown is a 1.30 ct 
unheated Mozambique 
pink sapphire, represen- 
tative of the color that 
would be produced by 
the Cr+ chromophore 
in isolation. Photo by 
Lotus Gemology; cour- 
tesy of Nomad’s Ltd. 


1000 1100 


tive of the color that would be produced by that chro- 
mophore in isolation. 

Note that the ELc peak cross section of 1.62 x 10" 
cm? + 7.6% we determined for the 560 nm U band 
represents a moderately strong absorber, and thus Cr** 
is a moderately strong chromophore. It is the magni- 
tude of this cross section in the visible region of the 
spectrum, and to a lesser extent the width and posi- 
tion of the bands, that determines the “strength” of 
the chromophore (see box A}. The position and width 
of the absorption bands determine the color. Approx- 
imately speaking, the larger the cross section and the 
wider the bands in the visible region, the more color 
produced. 

It is interesting to note that apparently the first 
determination of Cr** cross section was published in 
1961 in the seminal paper reporting the achievement 
of the first laser—the ruby laser (Maiman et al., 
1961). His value of the peak cross section for the ELc 
U band was approximately 1.8 x 10°’? cm. The small 
difference between his value and ours probably re- 
flects the improved analytical instrumentation for 
determining Cr* concentration available to us today. 
Subsequently, the absorption and emission spectrum 
of ruby has been extensively studied by many re- 
searchers; see, for example, Powell (1966, 1998) and 
Henderson and Bartram (2000). 

While the absorption cross section provides the de- 
finitive characterization of a chromophore, it is not 


Gems & GEMOLOGY SPRING 2020 


PECULIAR INCLUSION FOUND 

IN SYNTHETIC EMERALD 

Editor's Note: The following is a letter 
from GLA. student Robest A. Wells. 
Snyder, New York. 


It was with great interest that I read 
Robert Webster's article on the synthetic 
emerald in the August 1952 issue of The 
Gemmologist. Mr. Webster related that an 
inclusion, something like a three-phase in- 
clusion in American Synthetic Emerald, had 
been found by Mlle. Dina Level of Paris, 
and reproduced a photomicrograph of this 
inclusion, It was also stated that Robert 
Crowningshicld of the G.LA.’s New York 
Laboratory had also noted such an inclusion 
in synthetic emerald but had been unable to 
retain the stone long cnough to photograph 
it. 


In an endeavor to correlate these findings, 
T began searching for a three-phase inclusion 
in Chatham Synthetic Emeralds. The accom- 
panying photograph of an inclusion is for 
your consideration. 1 am not contending that 
the “shoc-shaped” inclusion is a three-phase 
inclusion, However, I do contend that. its 
appearance is sufficiently “threc-phasclike” 
to confuse the average jeweler-gemologist. 
This inclusion is readily discernible at 60x 
and its general appearance denotes a three- 
phase inclusion, i.e., a bubble and two square 


inclusions (cubic crystals’) within a nega- 
tive crystal. 

My personal opinion is that this inclusion 
is possibly a film of coloring agent. Note the 
spangles radiating from the round opening 
(bubble?) as described by Shipley, and re- 
iterated in the Spring 1946 Gems and Gem- 
ology by Dr. George Switzer. As to the two 
square inclusions (crystals?) I have no ex- 
planation of this. 
the Chatham Emerald 
used, I obtained the crystal from Matheson 
Stone House, Seattle, Washington. I origi- 
nally found the inclusion at approximately 


In reference to 


100x, using my Leitz Monocular, 16 mm ob- 
jective, 10x eyepiece, The photomicrograph 
was taken at approximately 200x, 16mm ob- 
jective, 20x ocular, at 160 mm tube length 
on “Super X” film, no filter. The contact 
print ts approximately 90x, and the enlarge- 
ment approximately twice that. or 180x. I'll 
have to apologize for the quality and work- 
manship of the photomicrographs, since my 
equipment is homemade and not the best 
available. 

The clongated inclusion above the ‘shoe- 
shaped” inclusion appears to be a negative 
crystal filled with liquid containing bubbles. 
The large “squarish” inclusion appears to be 
a coloring agent film. Numerous liquid- 
filled inclusions are discernible, surrounding 
the other larger inclusions. Robert A, Wells 


© Chatham Synthetic Emerald. 180x. 
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easy to guess the color from simply examining the 
spectra. It is, however, straightforward to calculate the 
color from these spectra. The color coordinates (Berns, 
2.000) are usually calculated from the sample’s trans- 
mission spectrum and the characteristics of the light 
source. Calculation of the color coordinates for a given 
color temperature was performed via Thermo Scien- 
tific’s GRAMS/AI spectroscopy software, a general- 
purpose spectra manipulation code that includes color 
coordinate calculations. There are many color coordi- 
nate systems, and we chose the CIE 1976 L*a*b* sys- 
tem for its approximately uniform color space. We 
used color temperatures of 6500 K (D65 illuminant) 
and 2856 K (A illuminant) in order to maximize the 
color temperature difference and the color difference, 
thereby maximizing the visual effects of different light 


sources for the reader. Having determined the color 
coordinates for a particular sample thickness and 
chromophore concentration, a color circle is then cre- 
ated by specifying the color coordinates to the drawing 
program. We have used Photoshop, EasyDraw, and 
other graphics programs to produce the color circles. 
Visualizing the color from the absorption spectrum of 
the sample has broad application in gemology. We first 
used this technique to determine the amount of dif- 
fused beryllium that would cause a visible reduction 
in the depth of color of a dark blue sapphire. 

Figure 4 (left) shows an array of color circles cor- 
responding to a range of Cr** areal densities. Pre- 
sented are the Elc color, the E||c color, and a color 
representing equal proportions of ELc and E||c (we 
will call this ELc + E||c), as viewed with illuminant 


Figure 4. Left: Areal density color circles of the Cr* chromophore under illuminant D65. Right: Iluminant com- 


parison color circles of the Cr** chromophore. 
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Box B: CrysTAL Optics OF UNIAXIAL MINERALS 


Glass is an optically isotropic material, meaning its 
physical properties such as absorption coefficient spec- 
trum and refractive index are the same in any meas- 
ured direction within the glass, regardless of the 
polarization of the measurement beam. Consequently, 
light traveling in any direction in an isotropic medium 
behaves the same way. Many crystals are not optically 
isotropic—they are anisotropic, which means their op- 
tical properties vary with direction in the crystal. 
Corundum crystals are anisotropic, and they are 
termed optically uniaxial: The optical properties meas- 
ured in two of the three spatial directions (x and y) are 
the same, but properties in the z direction are different. 
We refer to the unique z direction of a uniaxial crystal 
as the c-axis, also called the optic axis. The other two 
directions, x and y, are identical and are termed the a- 
axes (see figure B-1). 

Light is a combination of electric and magnetic fields 
that oscillate perpendicular to the direction of the light 
propagation as shown in figure B-2. 

Linear polarized light is light whose electric field, E, 
oscillates in a single direction perpendicular to the direc- 
tion of propagation, as shown in figure B-3. By conven- 
tion the direction of E is the polarization direction. 

A light beam from a thermal source (such as the sun 
or a heated filament light bulb) comprises light rays 
whose electrical fields oscillate in all directions perpen- 
dicular to the direction of propagation (figure B-4). Such 


Figure B-1. Corundum is a uniaxial mineral, meaning it 
has one unique crystallographic axis out of three. This 
drawing shows the three axes of a uniaxial crystal. The 
two a-axes are the same while the c-axis is different. 
Properties of uniaxial crystals are different when meas- 
ured along the c-axis rather than perpendicular to it. 
Optical absorption, and thus color, are different when 
viewed with light propagating along the c-axis rather 
than along either a-axis. 
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) 


Magnetic Field 
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Figure B-2. Light is a combination of electric and mag- 
netic components that oscillate perpendicular to each 
other and to the direction of propagation. 


a light beam is termed unpolarized and is necessarily 
perpendicular to the propagation direction. 

For optical measurements of uniaxial crystals, there 
are two unique geometries for a light beam passing 
through a crystal that yield two different absorption 
spectra. This property is termed dichroism. It is this 
dichroism that accounts for the different colors we see 
looking through crystals in different directions. The first 
of these geometries is termed the ordinary ray; its polar- 
ization direction, E, is perpendicular to the c-axis. This 
is often designated by ELc. Thus a beam of light traveling 
along the c-axis, polarized in any direction or unpolar- 
ized, is ELc. A linearly polarized light beam traveling at 
any direction through the crystal is also an ordinary ray 
as long as the polarization direction E is perpendicular 
to the c-axis (Ec). It is called ordinary because this holds 
true for any propagation direction through the crystal. 

The second unique geometry is where the polariza- 
tion direction E of the light beam traveling through the 


Figure B-3. A light ray’s electric field direction, which is 
also called the polarization direction, is perpendicular to 
its propagation direction. In this diagram, the light ray is 
propagating toward the right side of the page and its elec- 
tric field is oscillating up and down in the plane of the 


page. 
Electric Field Direction, AN AM Propagation 


E = Polarization Direction 
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Figure B-4. Unpolarized 
light is composed of rays 
whose electrical fields os- 
cillate in all directions per- 
pendicular to the 
propagation direction (left 
and center). Polarized light 
has an electric field E that 
is constrained to oscillate 
in a single direction (right). 


crystal is parallel to the c-axis. Visualizing this geometry, 
it is clearly a much greater restriction in that the light 
beam must be both linearly polarized and propagating 
perpendicular to the c-axis. Thus it is termed the ex- 
traordinary ray and designated E||c. 

For any other combinations of propagation and po- 
larization directions, what is measured is some combi- 
nation of these unique spectra or indices of refraction. 

When we view a corundum crystal down the c-axis, 
the color we see is determined by the Elc absorption 


spectrum (figure B-5, top row). This is because all polar- 
ization directions of that light beam are ELc. 

When we view a corundum crystal along any a-axis, 
the situation is more complex. The light incident on the 
crystal is unpolarized. When entering the crystal, it is 
split into two colinear beams—one Ec and one E||c. 
Each of these sees the corresponding absorption spec- 
trum, and thus when the beam emerges we see a color 
that is the average of the colors produced by the two ab- 
sorption spectra, ELc and E||c (figure B-5, bottom row). 


Figure B-5. Shown at left are the ruby crystal from figure B-1 and two crystallographically oriented ruby wafers with 
polished parallel surfaces corresponding to the shaded crystal faces. One wafer has the c-axis perpendicular to its sur- 
faces (top), and one contains the c-axis in the plane of the wafer (bottom). A beam of unpolarized light contains rays 
that are polarized in all directions perpendicular to the direction of propagation. Unpolarized incident light striking the 
left side of the top wafer passes through unaltered except for absorption by the ELc absorption spectrum shown at the 
right. Thus only Ec color is observed, and the dichroscope also shows only Ec color (both top and bottom dichro- 
scope views regardless of dichroscope rotation). Unpolarized light striking the bottom wafer is split into two beams po- 
larized at 90° to one another. One beam is polarized parallel to the c-axis (E||c) and one is polarized perpendicular to 
the c-axis (ELc). The different absorptions of these two orthogonal beams are shown to the right. The observed color is 
equal proportions of ELc and E||\c. When the wafer is viewed with a dichroscope that is rotated to maximum color dif- 
ference, the ELc and E||c colors are resolved individually (bottom dichroscope view). 
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A calcite dichroscope is simply an instrument that 
splits a beam into two rays whose polarization direc- 
tions are at 90° to each other. If we observe through a 
dichroscope a beam of light that has propagated along 
an a-axis of the crystal and rotate the dichroscope so 
that the color difference between the two sides is at a 
maximum, we have found the orientation where its 
two polarization directions match the two directions of 
the crystal. We are observing both a pure Ec color and 
pure E||c color (figure B-5 bottom, dichroscope view). If 
we view the crystal in this orientation without the 
dichroscope, we see a single color that is equal propor- 
tions of ELc and E||c color, which we call Elc + E||c (fig- 
ure B-2, bottom, observed color). If instead we view the 
crystal with the dichroscope along the c-axis, we ob- 
serve the same color on each side, and the color stays 
the same as we rotate the dichroscope. In this case we 
are observing pure Ec color (figure B-2. top, dichroscope 
view). In this paper we present absorption cross section 
spectra for ELc and E||c, and color circles for ELc, E||c, 
and Ec + E||c. 

Crystal optics is a venerable field of study, and there 
are many different designations in use for ELc and E||c. 


D65 (daylight equivalent). The Elc colors are seen 
looking through a stone along the c-axis. The ELc + 
E||c colors are what is seen looking through a stone 
perpendicular to the c-axis. With a properly aligned 
dichroscope viewing in this same direction, we see 
the pure Elc and E||c colors separated (see box B for 
a basic introduction to uniaxial crystal optics). 
L*a*b* color coordinates for these color circles and 
all subsequent color circles presented in this article 
are available in Appendix 2 at https://www.gia.edu/ 
doc/SP20-corundum-chromophores-appendix2. 
Along the horizontal axis of the color circle array 
is the areal density of the Cr** in units of ppma-cm. 
Areal density is the product of the chromophore con- 
centration in ions per cm%, times the path length 
through the stone in cm. The concentration of chro- 
mophore ions is 1.178 x 10!” ions/cm? times the con- 
centration in ppma (see box A). For a 1 cm thick 
sample, the numbers under the color circles are the 
Cr** concentration in ppma. For a 2. cm thick sample 
showing the same color, the concentration is one half 
the numerical ppma-cm value. For a 1/2 cm thick 
stone, the concentration is twice the ppma-cm value. 
Thus the numbers under the color circles can be 
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We have chosen to use these two designations for sim- 
plicity, because they say exactly what they are and we 
don’t have to remember what they mean. The same des- 
ignation issues arise with the two indices of refraction. 
In table B-1 we have listed the more commonly used des- 
ignations for both rays and indices of refraction. 


TABLE B-1. Alternative designations for rays and indices of 
refraction. 


Rays 

ELc E||c 
Ordinary ray Extraordinary ray 
O-ray E-ray 

0 or sigma Lor pi 
oO € 
Indices of Refraction 

n, ny 

no n, 

n, or n, n, Orn, 
n n 


viewed as presenting a stone of fixed concentration 
of increasing thickness, or of fixed thickness with in- 
creasing Cr** concentration, or any combination of 
the two. 

The color we perceive also changes with the type 
of light source. Figure 4 (right) shows the three sets 
of color circles—E_Lc, E||c, and Ele + E||c—but also 
for each of two illuminants—D65 (daylight) and A 
(tungsten bulb). We have chosen these two light 
sources to maximize the observable color difference. 
Thus we can see a substantial change in the per- 
ceived color with a change in light source. While this 
color change is significant, ruby is not described as a 
color-change gem. A color-change gem is usually 
thought of as one where the hue changes signifi- 
cantly (more than one adjacent hue position), such 
as blue to red or green to red. 


THE V** CHROMOPHORE 


Vanadium (V**} commonly occurs in trace element 
analyses of natural corundum, particularly ruby. 
Generally, the vanadium concentration is not high 
enough (<20 ppma) to have a significant impact on 
the color. However, recently published analyses of 
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corundum from the Mogok Stone Tract in Myanmar 
(Harlow and Bender, 2013; Zaw et al., 2015) have 
shown concentrations as high as 2000 ppma and re- 
ported sapphire colors of “slate” (grayish blue to gray- 
blue) to purple as well as color-change in some cases. 
For concentrations at or considerably less than this 
extreme, vanadium will indeed impact the color of 
ruby and sapphire. V** spectra in corundum have 
been studied for decades (Pryce and Runciman, 1958; 
McClure, 1962; MacFarlane, 1964). 

Several decades ago, the former Union Carbide 
Corporation crystal growth facility in Washougal, 
Washington, grew a large vanadium-doped sapphire 
crystal by the Czochralski technique for research 
purposes. A slice of this unique crystal was provided 
for our research. SIMS analysis showed a vanadium 
concentration of 116 ppma with a total combined un- 
certainty of + 8.9%. The detection limit determined 
for V** in corundum at the 95% confidence level was 
0.016 ppma. Wafers were fabricated from this boule 
with the c-axis in the plane of the wafer so that both 
ELc and E||c absorption spectra could be recorded. 
Since vanadium can exist in multiple valences, the 
wafers were heated at 1750°C in oxygen for 10 hours 
to assure that all of the vanadium was in the 3+ va- 
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lence state, as previously discussed. Previous multi- 
ple heat treatment experiments on this material had 
shown these conditions were effective. 

Figure 5 shows the absorption cross section for 
both the ELc and E||c for V* in sapphire. It is inter- 
esting to note that the V* spectra in the visible range 
show two absorption bands with similar positions 
and widths to those of Cr?*. However, their relative 
magnitudes are very different, leading to very differ- 
ent colors. Vanadium is a weak chromophore in 
corundum since its absorption band, centered at 580 
nm, is much weaker than that of Cr** at 560 nm. We 
determined that vanadium’s Ec peak cross section 
for the 580 nm band is 1.0 x 10° cm? + 8.9%. 

Figure 6 (left) shows the three sets of color circles 
for ELc, E||c, and ELc + E||c under D65 illumination 
for V**. There is a significant hue difference between 
the ELc color, which is a grayish blue, and the E||c 
color, which is distinctly green at the lower concen- 
trations. Nearly the same amount of color differ- 
ence also exists between the Ec color and the ELc 
+ E||c color. The color of a faceted stone can there- 
fore be quite different depending on the orientation 
of the cut. While the hue differences between the Ec 
color and E||c color for Cr* illustrated in the previous 
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Figure 5. Cross section 
spectra of the V** chro- 
mophore, measured 
from a synthetic color- 
change sapphire grown 
by the Czochralski 
method. Also shown is 
a 1.17 ct color-change 
sapphire in daylight 
(left) and incandescent 
light (right), representa- 
tive of the color that 
would be produced by 
the V* chromophore in 
isolation. Photo by 
Wimon Manorotkul; 
courtesy of Lotus 
Gemology collection. 
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Figure 6. Left: Areal density color circles of the V** chromophore under illuminant D65. Note the significant color 
difference between the Ec color, which is grayish blue, and the E||c color, which is quite green at lower concentra- 
tions. As with Cr*, the Ec and E\\c color difference is significant. Right: Iluminant comparison color circles of 
the V* chromophore for illuminants A and D65. For two of the orientations (E||c and Ec + E||c), the hue difference 
under A and D65 and illuminants certainly appears substantial enough to qualify it as a color-change gem. 


section are certainly noticeable, the hue difference 
for V* illustrated in this section is very substantial. 

Figure 6 (right) presents the Ec, E||c, and ELc + 
E||c data for illuminants A and D65. While all three 
orientations show a noticeable hue difference for the 
two illuminants, the E||c color and ELc + E||c color 
show a very strong hue difference, which would cer- 
tainly qualify as a color-change gem when properly 
cut. The hue difference in these orientations is pro- 
duced because the D65 light source is richer in blue 
to green wavelengths than the A light source. Con- 
sequently, the stone transmits more green light 
under D65 illumination, giving the stone a greener 
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hue. The A light source is richer in orange to red 
wavelengths, so the stone transmits proportionally 
more of these wavelengths, giving the stone a pur- 
plish color. Given the hue differences, it would be in- 
teresting to cut some faceted stones from this 
synthetic crystal, and to search for unusually colored 
natural high-V pieces from Myanmar. 


Fe**; MULTIPLE CHROMOPHORES 

Iron is nearly ubiquitous in gem corundum, present 
over a very wide range of concentrations from less 
than a few ppma to nearly 5000 ppma. While this 
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makes it difficult to characterize, the fact that Fe** 
can exist as single ions replacing aluminum, Fe** ion 
pairs, and perhaps larger Fe** clusters pose yet greater 
problems. Because the Fe** spectrum is composed of 
all of these species whose individual concentrations 
depend in a nonlinear way upon the total iron con- 
centration in the sample, the spectrum’s dependence 
on concentration can be quite complex (Ferguson and 
Fielding, 1971 and 1972; Krebs and Maisch, 1971). In 
addition to these problems, the Fe** chromophore is 
the weakest chromophore in natural corundum. Its 
peak absorption cross section at 450 nm in the visible 
region does not exceed 2.5 x 10° cm? + 8.0%, and it 
is quite narrow. Thus a variety of samples with a 
wide range of total Fe** concentrations is required to 
characterize the spectra. 

Directly growing synthetic sapphire at its melt 
temperature (~2050°C) doped with iron is limited by 
the fact that iron and its oxides all have very high 
vapor pressures at this temperature and thus vaporize 
from the melt. This imposes a practical limit of a few 
hundred ppma of iron for crystals grown this way. Flux 
growth at temperatures of 900—-1300°C would seem to 
be an attractive alternative, and it has been tried (Fer- 
guson and Fielding, 1972), yet the spectroscopy applied 
still employed only natural crystals. Another problem 
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is that the fraction of pairs and larger clusters would 
certainly be dependent on the thermal history of the 
crystal, which would not necessarily mimic nature. 
For these reasons we too are constrained to using nat- 
ural crystals for part of our characterization. 

Figure 7 shows the absorption cross section spec- 
tra of a natural corundum sample with a very high 
iron concentration determined with SIMS of 4730 
ppma, with a total combined uncertainty of 8.0%, 
the highest concentration among our samples. The 
detection limit to the 95% confidence level for Fe 
was 0.003 ppma. The highest concentration was cho- 
sen as the cross sections will most easily be meas- 
ured. At such a high iron concentration, one can 
easily observe and compare the weak broad features 
of both the Ec and E||c absorptions. This sample is 
from the Subera deposit in Queensland, Australia. 
Yellow sapphires of similar iron concentrations are 
found in the Garba Tula deposit in Kenya, the Chan- 
thaburi area of Thailand, and other alkali basalt- 
hosted deposits, but they are not common. Usually 
such sapphires also include a few ppma of Fe?*-Ti* 
pairs, which shifts the yellow to a greenish yellow, 
or they contain a few tenths of a ppma of h*-Fe** pairs, 
which adds some golden yellow coloration. 

The spectra of Fe** containing corundum is quite 


Figure 7. Cross section 
spectra of Fe** and Fe**- 
Fe* pairs measured in a 
natural yellow sapphire 
from the Subera deposit 
in Queensland, Aus- 
tralia, with a remark- 
ably high Fe* 
concentration of 4730 
ppma. Also shown is a 
2.33 ct unheated Aus- 
tralian yellow sapphire, 
representative of the 
color that would be 
produced by this chro- 
mophore in isolation. 
Photo by Lotus Gemol- 
ogy; courtesy of Terry 
Coldham/Intogems PL. 
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complex. In figure 7, the narrow peaks at 377 and 450 
nm are attributed to Fe**-Fe* pairs, as is the weak but 
broad band at 540 nm. The narrow peak at 388 nm is 
attributed to single Fe** ions. The weak but broad 
bands at 700, 1050, and 1085 nm are only really quan- 
tifiable at high Fe** concentrations. The lack of tem- 
perature dependence in the absorption coefficient of 
these bands implies that they arise from single Fe** 
ions (Ferguson and Fielding, 1972). There is also a 
broad band at 330 nm that is identified as an Fe**-Fe** 
pair band, but it is not visible in this spectrum. It can 
be seen in two of the spectra presented in figure 8. 
The relatively narrow spectral features at 377, 388, 
and 450 nm are observable in the spectra of most 
corundum samples with a Fe concentration of 150 
ppma or higher. This is because the absorbance, ab- 
sorption coefficient, and absorption cross section of 
different species are additive, and thus a weak narrow 
feature can be easily seen on top of a much stronger 
wide band. 

The ratio of the peaks of the 388 nm band to the 
377 nm band changes dramatically with concentra- 
tion. This is because the 388 peak is primarily a sin- 
gle Fe** ion, while the 377 nm peak is a pair of Fe** 
ions. Our earlier studies of about 40 different natural 
samples with widely varying Fe** concentrations in- 
dicate that the peak absorption coefficient at 450 nm, 
which is a pair of ions, increases very approximately 
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with C!°, where C is the total Fe** concentration. 
This implies that the absorption cross section of the 
450 nm band increases approximately with the 
square root of C. If there was not a concentration de- 
pendence of this cross section, there would be a sin- 
gle curve for ELc in figure 8, just as we see for Cr** 
and V**. This dependence of the cross section on con- 
centration is currently under study by the authors 
with over 100 natural samples analyzed by laser ab- 
lation—inductively coupled plasma—mass spectrom- 
etry (LA-ICP-MS). 

Because the absorption cross section is not inde- 
pendent of the iron concentration, our usual presen- 
tation of color circles as a function of the areal 
density, ppma-cm, is not a valid characterization. 
Thus we present some Ec color circles at a few fixed 
concentrations and as a function of the path length 
through the sample. Figure 9 (left) compares the ELc 
color circles for D65 illumination. Figure 9 (right) also 
shows the same color circles but under illuminant A. 
Fe** exists in natural gem corundum over a much 
wider concentration range than any other chro- 
mophore. At a few thousand ppma, Fe does indeed 
cause strongly colored yellow sapphire. However, it 
is such a weak chromophore that only at these higher 
concentrations does it contribute much color to a 
gem. Presenting a more detailed discussion of the 
color contributed by iron will require a much better 
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other corundum chro- 
mophores, the cross 
section of the iron chro- 
mophore is dependent 
on the iron concentra- 
tion. Shown here are 
the ELc cross sections 
for four different Fe** 
concentrations: 4730 
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Figure 9. The color produced by various iron concentrations and path lengths through the stone. The iron chromo- 
phore is very weak, so high concentrations are needed to produce significant color. There is also a quite noticeable 


color difference between illuminants D65 and A. 


physical model of iron in the corundum crystal, as the 
pair or larger cluster concentrations will also be de- 
pendent on the thermal histories of the samples. We 
encourage our colleagues to study this matter. 


THE Fe?*-Ti** CHROMOPHORE 


Fe**-Ti* pairs are the primary chromophore of blue 
sapphire (Townsend, 1968; Mattson and Rossman, 
1988; Moon and Phillips, 1994). The defect chemistry 
that creates this pair is interesting. Titanium in 
corundum is a donor, and iron in corundum can be 
an acceptor. They electrostatically attract each other 
and locate on adjacent Al** sites in the crystal, creat- 
ing a donor-acceptor pair. Neither Fe* nor Ti* alone 
has absorption features in the visible region. Ti* is a 
closed-shell electron configuration, and Fe” is ex- 
pected to absorb only in the near infrared, but that ab- 
sorption has not yet been observed. Yet when these 
two ions are located on neighboring aluminum sites, 
strong absorption bands arise across the visible and 
near infrared region of the spectrum. For ELc the band 
peaks at 580 nm, while for E||c the peak is at 700 nm. 
While the theory of the energy levels of a single tran- 
sition metal ion in a crystal is quite well developed, 
the theory for ion pairs or clusters in a crystal is not. 
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The most commonly proposed explanation for 
the absorption spectra of blue sapphires is that of in- 
tervalence charge transfer (IVCT) between the two 
cations as follows: 

Fe2* + Tit __hv_, Fe? + Ti3+ 
where hy is Planck’s constant, h, times the optical fre- 
quency, v. This a common way to indicate that a pho- 
ton has been absorbed to enable the chemical reaction. 

It would seem straightforward to determine the ab- 
sorption cross sections of this transition by just ana- 
lyzing a fairly uniform piece of natural blue sapphire 
and measuring the Fe and Ti concentrations to deter- 
mine the concentration of Fe’*-Ti* pairs. However, as 
discussed elsewhere (Emmett et al., 2017b), it is diffi- 
cult to accurately determine the amount of titanium 
available, [Ti]... to pair with Fe** creating the blue 
color. Since the Si donor state lies above the Ti donor 
state in the corundum band gap, it will preferentially 
pair with acceptors such as Mg and Ni. Thus the Ti 
available to pair with Fe can be expressed as: 


[Til vaise = [Ti] + [Si - Mg - Ni] for [Si- Mg — Ni] < 0 
[Ti] vailable = [Ti] for [Si = Mg = Ni] 20 


Note that the square brackets around ions denote 
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atomic concentrations. The standard deviation (SD) 
Of [Tiliwailabie 18 the square root of the sum of the 
squares of SDs of Ti, Mg, Ni, and Si. Thus the stan- 
dard deviation of [Ti] ,aiianie Can be very large, often ex- 
ceeding the value itself, making accurate estimates 
of [Ti], ,aitabie difficult. 

It would also seem straightforward to just grow a 
synthetic crystal doped only with Fe and Ti, measure 
the concentrations, and calculate the Fe*-Ti* pair 
concentration. Such crystals were grown by Milan 
Kokta at the Union Carbide Corporation crystal 
growth factory in the 1980s for synthetic gem mate- 
rial. However, two problems arose with the use of 
synthetic crystals. First, at the Czochralski growth 
temperature of sapphire (~2050°C}, the Fe?*-Ti* pairs 
are largely dissociated. They only partially re-form 
as the stone cools over a day or two from growth 
temperature. Thus there are fewer pairs than the con- 
centrations of [Fe] and [Ti] would imply, and we could 
not determine what fraction of the possible pairs 
were indeed present. 

In nature the growth temperature is much lower, 
so there is less dissociation, and the cooldown is pre- 
sumably extremely slow, so the pairs should more 
fully form. If so, the concentration of pairs should be 
determined by the ion concentrations. 

To re-form the pairs, we heated the synthetic 
crystals in air for a few thousand hours. The temper- 
ature of 750°C was chosen to be low enough that 
many of the pairs would re-form, yet high enough 
that the diffusion coefficients of the ions were still 
large enough that clustering would take place at 
some finite rate. The absorption coefficients were re- 
measured at intervals of 50 and 100 hours to track 
the increase. This process was carried on until no fur- 
ther increase with time was noted, and thus equilib- 
rium was reached. For our samples with the highest 
Ti concentration, equilibrium was reached in 1500 
hours, with the absorption coefficient at 580 nm 
being 22.5 times higher than before heat treatment. 
It is likely that some additional pairs would form if 
the temperature were lowered further and the time 
greatly increased. Just what percentage we have 
achieved of the low-temperature equilibrium pair 
concentration is difficult to estimate. 

Another problem with the growth of synthetic 
crystals doped with Fe**-Ti* is determining what 
fraction of iron in the crystal is actually in solution 
rather than present as microscopic iron particles. 
Under the oxygen partial pressure of Czochralski 
growth from an iridium crucible, all the iron present 
may not be trivalent and thus soluble in the melt. 
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We have observed microscopic iron crystals in some 
synthetic Fe-Ti doped crystals. Presently we have no 
reliable way to determine what portion of the iron in 
the crystal is actually in solution as Fe**. The syn- 
thetic crystals did, however, give us very high-quality 
ELc and E||c spectra without the interference from 
high concentrations of iron and other trace elements 
(Si, Cr, V, and Ni). 

To achieve reasonably good approximation of the 
cross sections of the Fe**-Ti* pair, we have chosen a 
combination of both synthetic crystals and natural 
crystals. After examining a wide variety of natural 
crystals, we have chosen Yogo sapphires for their 
rather extreme optical and chemical uniformity, 
which far exceeds all other natural crystals we have 
studied, and for the fact that there is no 880 nm ab- 
sorption band in this material. Since the synthetic 
crystals have no interference to the shape of the spec- 
trum from other chromophores, they have been used 
to accurately determine the shape of the Fe**-Ti* pair 
absorption spectra. 

We have carefully measured the trace element 
composition of 14 Yogo sapphires by SIMS at Cal- 
tech. The SIMS technique gives the smallest SDs of 
our current measurement techniques, and only SIMS 
can quantify Si. These analyses provided accurate de- 
terminations of Fe, Ti, Mg, Si, Ni, Cr, and V. The de- 
tection limits for Cr, V, and Fe were previously given, 
and the determined detection limits for Ti, Mg, Si, 
and Ni were 0.039, 0.001, 0.552, and 0.030 ppma, re- 
spectively. The higher detection limit for Si is par- 
tially due to its larger RSF value, but mainly due to 
the difficulty of removing all traces of Si from the 
chamber and mass spectrometer. Because [Si — Mg — 
Ni] is always negative for Yogo sapphires due to their 
high Mg concentrations (~100 ppma), the [Ti] ,yaitapie 2S 
noted above was calculated as 
[Ti avaitable = [Ti] + [Si] - [Mg] = [Ni] 

The absorption spectra of the 14 Yogo samples were 
measured and the contributions from Cr** and V** 
subtracted from each using the absorption cross sec- 
tions of Cr** and V* previously determined. The 
shape of the remaining Fe?*-Ti* absorption band 
closely matched the shape determined from the syn- 
thetic crystals. The resulting absorption cross sec- 
tions are shown in figure 10. The band shapes are 
from the synthetic crystals, and the band peak values 
are determined from the averages of the 14 Yogo crys- 
tals studied. The peak ELc absorption cross section 
at 580 nm thus determined is 1.94 x 1078 cm? + 25%. 
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History of Uiamonds 


in Wisconsin 


by Edwin E. Olson, C. G. 


Bloedel’s, Inc., Milwaukee 


California had its gold rush in 1849. Later 
came the great gold rushes to Juneau, Fair- 
banks, and the Yukon of Alaska. These 
events were all of great geological impor- 
tance, and are now past history. 

Wisconsin has had no “gold rush” but it 
does have its claim to fame through the dis- 
covery of diamonds, and fabulous, beautiful 
freshwater pearls. 

The discovery of diamonds in Wisconsin— 
as well as in Michigan and Ohio — is of 
considerable interest to geologists as they 
are found in the terminal moraincs of the 
great glacial sheet which is supposed to have 
spread southwards from the region of Hud- 
son’s Bay. 

After considerable research and examina- 
tion of old records, I have found that — al- 
though sparsely distributed —- Wisconsin has 
produced some 20 diamonds in isolated 
areas. From their general shape and char- 
acter, the diamond crystals found in the 
state are all rolled pebbles, having the ap- 
pearance of a piece of alum or frosted sur- 
face material. It is believed that all were 
carried down by the great Laurentian Gla- 
cier, dating to the Ice Age of 25,000 to 
30,000 years ago, and deposited with the 
debris of sands and gravel in the Great 
‘Kettle Moraine Valley. 


The earliest report of a diamond found in 
Wisconsin was in 1876 when a 161% carat 
stone was found in Waukesha County — 
from which the stone took its early name. 
This is the first important link to Wisconsin 
diamond recovery and is recorded in the files 
of the Circuit Court of Milwaukee County, 
and of the Supreme Court of the State of 
Wisconsin. 

Records reveal that the discovery was 
made during the drilling of a well by the 
Charles Wood's who were tenants on a farm 
of Devereaux near Eagle — a little town in 
Waukesha County. The drilling had ex- 
tended through 40 to 50 feet of clay, and 
then through loose gravel of approximately 
15 feet, when a six-foot layer of a hard 
yellow material was struck, During the pro- 
cess of penetrating this stratum, a hard stone 
of unknown identity was recovered. 

Seven years later —in 1883 — this pecu- 
liar pebble was taken to a Colonel Boynton 
in Milwaukee who identified the stone as 
“topaz” and purchased it for $1.00. Know- 
ing it was a diamond, he later sold it to 
Tiffany & Company of New York for $850. 
This crystal, originally known as the Wau- 
kesha Diamond but later as the Eagle Dia- 
mond, is of a warm, sunny color and weighs 
161% carats. It is now in the American Mu- 
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Figure 10. Cross section 
spectra of the Fe?*-Ti* 
chromophore measured 
from a synthetic blue 
sapphire grown by the 
Czochralski method. 
Also shown is a fine 
4.10 ct unheated Sri 
Lankan blue sapphire, 
representative of the 
color that would be pro- 
duced by the Fe?*-Ti* 
chromophore in isola- 
tion. Photo by Lotus 
Gemology; courtesy of 
Ruby N’ Sapphire. 
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These spectra have been terminated at 330 nm in 
the UV. This was necessary because the first O — Fe** 
charge transfer band (Tippins, 1970) peaks at 259 nm. 
We have determined the peak cross section for this 
transition as 1.66 x 107” cm?, which is extremely large. 
The sloping band edge on the long-wavelength side of 
this band mixes with the short-wavelength side of the 
Fe**-Ti* pair and rapidly exceeds the dynamic range 
of the spectrophotometer. Thus we terminated the 
Fe**-Ti* spectra before the charge transfer absorption 
became significant. 

In the course of our study of the Fe*-Ti* band in 
many natural sapphires from many locations, we have 
found some whose Fe?*-Ti* cross sections appear much 
larger (by factors of two or three) than those deter- 
mined here using synthetic and Yogo sapphires. Nearly 
all of these non-Yogo samples contain very high iron 
content and substantial OH, as revealed by FTIR meas- 
urements. We do not know if this is a correct determi- 
nation and thus represents an enhanced Fe?*-Ti* cross 
section due to the presence of iron pairs or clusters 
with the Ti*, or whether it results from the fact that 
our chemical analyses only measure a very thin layer 
on the stone’s surface rather than the bulk composi- 
tion. Many of these samples demonstrating anomalous 
Fe**-Ti* cross sections are strongly color zoned, mean- 
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ing that the concentration of Fe’*-Ti* pairs along the 
optical path can vary substantially, something our sur- 
face-level measurements would not be able to capture. 
Additional research on this topic is definitely needed. 

It is interesting to note that in the synthetic and 
Yogo crystals, the peak of the ELc cross section at 580 
nm of 1.94 x 1078 cm? + 25% is about 12 times larger 
than that of Cr** at 560 nm. The large cross section 
and the width of the band in the visible region make 
the Fe?*-Ti** pair a strong chromophore. Less than 
one-tenth the amount of it relative to Cr** is needed 
to produce strong coloration. 

Figure 11 presents the color circles calculated 
from the cross section determinations. As in the dis- 
cussion of the Cr** chromophore, we have used the 
areal density in ppma-cm to present the data. Figure 
11 (left) shows the three sets of color circles for Ec, 
E||c, and ELc + E||c under illuminant D65. As we saw 
with the Cr** chromophore, the ELc and E||c colors 
are quite distinct. This is because the ELc absorption 
spectrum is more effective at blocking the blue-green 
and green portions of the spectrum than the E||c 
spectrum, thus transmitting a purer blue color. 

Figure 11 (right) compares the color observed 
under illuminants A and D65. While the color differ- 
ences shown between illuminants D65 (daylight) and 
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Figure 11. Left: Areal density color circles under illuminant D65 of the Fe**-Ti* chromophore. As with the Cr* chro- 
mophore, the Ec and E\\c colors are quite distinct. This is because the E.c absorption spectrum is more effective at 
blocking the blue-green and green portions of the spectrum than the E||c spectrum, thus transmitting a purer blue 
color. Right: UJuminant comparison color circles of the Fe?*-Ti* chromophore. While the color differences shown be- 
tween illuminants D65 (daylight) and A (tungsten lamp) are not dramatic, the color circles for the D65 illuminant 
exhibit a lighter, brighter blue resulting from a greater portion of blue light in the D65 spectrum. 


A (tungsten lamp) are not dramatic, the color circles 
for the D65 illuminant exhibit a brighter blue result- 
ing from the greater portion of blue light in the D65 
spectrum. 


CHROMOPHORES INVOLVING 

TRAPPED HOLES 

When the concentration of magnesium and nickel 
exceeds the sum of the concentrations of silicon, ti- 
tanium, and hydrogen, the corundum sample is ac- 
ceptor dominated. If this occurs in a relatively 
oxidizing natural environment, or if the stone is heat 
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treated in air or oxygen, the excess acceptors will be 
charge compensated by trapped holes. 
ht = [acceptors] — [donors] = [Mg + Ni] —[Si + Ti + H] 
If the sample also contains iron but not chromium, 
the h’-Fe** pair can form, producing a strong yellow 
coloration. If instead the sample contains only 
chromium, the h*-Cr** pair can form, producing a 
strong orange coloration. If the sample contains both 
Fe** and Cr*, the hole will preferentially pair with the 
Cr**, The association of the hole with Fe* or Cr** is 
unusual, as both are isoelectronic with Al** in the 
corundum lattice. However, isoelectronic dopants 
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that trap electrons, holes, or excitons are well known 
in wide gap semiconductors (Pajot and Clerjaud, 2013). 
Isoelectronic traps in wide-band-gap oxides have re- 
ceived some study as exciton traps that can greatly in- 
crease the fluorescence from UV excitation (Shtepliuk 
et al., 2011; Zorenko et al., 2011). 

To study the chromophores composed of trapped 
holes paired with either Fe** or Cr**, two crystals 
were grown by the Czochralski technique at St. Gob- 
ain Crystals and Detectors; one was doped only with 
iron and magnesium, while the other was doped only 
with chromium and magnesium. As grown, the crys- 
tal containing iron and magnesium had a bright 
orangy yellow color, and the crystal containing 
chromium and magnesium had a bright orange color. 
The concentrations with total combined uncertainty 
for the h*-Fe** crystal were Fe = 180 + 7.7% and Mg = 
2.13 + 9.2%. If quantifiable concentrations of Si and 
Ti were present in this crystal, the total available Mg 
and its associated total combined error would have 
to be adjusted to account for these ions. However, 
both Si and Ti were below the quantification limits, 
eliminating the need to account for these trace ele- 
ments. For the h*-Cr* crystal, the Cr concentration 
with total combined uncertainty was 12.6 + 7.7%, 
and the Mg concentration with total combined un- 
certainty was 0.813 + 9.8% Similarly, the crystal pu- 
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Figure 12. Cross section 
spectra of the h*-Fe* 
chromophore measured 
from a synthetic yellow 
sapphire grown by the 
Czochralski method. 
Also shown is an 11.41 
ct unheated Sri Lankan 
yellow sapphire, repre- 
sentative of the color 
that would be pro- 
duced by the h*-Fe* 
chromophore in isola- 
tion. Photo by Lotus 
Gemology; courtesy of 
FM. Gems. 
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rity was high enough that we did not need to account 
for Ti and Si that would scavenge available Mg. Fol- 
lowing growth, the crystals were annealed in oxygen 
at 1750°C for 10 hours to assure that all magnesium 
was charge compensated by holes. Previous experi- 
ments under a variety of conditions indicated that 
this annealing condition maximizes the hole concen- 
tration. The resulting crystals were a deeper yellow, 
almost golden color (iron and magnesium}, and a 
deeper orange color (chromium and magnesium). 

The cross sections presented for these two chro- 
mophores are determined from the absorption spec- 
tra recorded on these double-doped samples. Since 
the h’*-Fe** sample also contains the Fe* chro- 
mophore by itself, that spectrum was subtracted be- 
fore calculating the h*-Fe** cross section. Since the 
Fe** chromophore is so weak, it only modifies the 
color produced by the h’*-Fe** chromophore at high 
Fe** concentrations. Similarly, since the h*-Cr** sam- 
ple also contains the Cr** chromophore by itself, that 
spectrum was subtracted before calculating the h’- 
Cr** cross section. However, Cr** is a moderately 
strong chromophore, and thus any gemstone con- 
taining the h*-Cr** chromophore will also exhibit a 
pink to red component from Cr** alone. It is these 
two chromophores together that create the magnifi- 
cent pinkish orange padparadscha sapphire. 
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Figure 13. Left: Areal density color circles for the h*-Fe** chromophore. Right: IIuminant comparison of the h*-Fe** 
chromophore. Little color change is observed with the change in illuminant for all orientations. 


The spectrum in figure 12 shows the absorption 
cross sections for ELc and E||c of a sample cut from 
the crystal containing iron and magnesium. Note the 
extremely large cross section of the h’-Fe** chro- 
mophore, 1.3 x 10-'’ cm? + 12.0%, which is about 6.8 
times that measured for the Fe?*-Ti* pair or about 80 
times larger than that of Cr**. It is thus a very strong 
chromophore in corundum. The h’-Fe* and the h’- 
Cr** are the strongest chromophores in the visible re- 
gion of the spectrum for corundum. As discussed in 
the section on the Fe?*-Ti** pair chromophore, the 
spectrum of the h*-Fe** chromophore has been termi- 
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nated at 330 nm to avoid interference by the O > 
Fe** charge transfer band. This is not necessary for 
the h*-Cr* spectra, as the first O ~ Cr* band is well 
below 200 nm (Tippins, 1970). 

Figure 13 presents the color circles for the h*-Fe** 
pairs. The Elc and E||c spectra are quite similar. 
Thus the ELc, E||c, and ELc + E|c color circles under 
D65 illumination shown in figure 13 (left) are also 
similar, unlike some of the other chromophores we 
have studied. What is interesting to note here is the 
extremely small amount of h*-Fe** pairs required to 
create a strong color. Only a few ppma are necessary 
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in a 1 cm thick sample to produce strong coloration, 
whereas nearly 3000 ppma of Fe** alone would be re- 
quired to produce similar coloration (see figure 9). Ex- 
amining the color circles in figure 13 (right) for the 
two different illuminants, D65 and A, we see that the 
color differences for the two illuminants are greater 
than the ELc and E||c color differences. 

The h*-Fe** chromophore is the primary cause of 
color for yellow sapphires from Sri Lanka and other 
sources where the iron content is not extremely high. 
It also occasionally occurs in some high-iron sap- 
phires from Thailand, where stones with the combi- 
nation of the two chromophores are referred to as 
“Mekong Whisky” color sapphires. 

Figure 14 shows the Ec and E||c absorption cross 
sections of the h*-Cr** pair system. Again, note the 
extremely large cross sections (1.3 x 107’ cm? + 
12.5%), which are similar in magnitude to those of 
the h*-Fe** pair. These two systems are by far the 
strongest chromophores in corundum. 

Figure 15 illustrates the color circles for h*-Cr** 
pairs. At left are shown the color circles for ELc, E||c, 
and Elc + E|jc under D65 illumination. From the 
color circles we can see that this chromophore ex- 
hibits little dichroism, as the ELc and E||c circles are 
very similar in appearance. This results from the fact 
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that strong absorption is present below 560 nm for 
both Elec and Ej|c. Figure 15 (right) shows the color 
circles for both D65 and A illuminants. There is little 
chromatic difference resulting from the two illumi- 
nants. The color circles for illuminant A, which con- 
tains proportionally more yellow and red light, may 
be slightly brighter than their D65 counterparts. 

The cross sections and color circles presented for 
the h*-Cr** chromophore are for the chromophore it- 
self and do not include a contribution from the Cr*. 
Since Cr** is a moderately strong chromophore, very 
little is required to shift these hues toward a more 
pure orange. Concentrations of only 20-40 ppma Cr** 
are sufficient to cause a noticeable color shift. 


COMPARING THE CHROMOPHORES 


Looking closely at the absorption cross section spec- 
tra for the various chromophores, one can observe 
a wide range of values in the visible region of the 
spectrum of a factor of about 500. However, the 
variability of the “strength” of the chromophore is 
even greater because the width (full width half max- 
imum, FWHM) of the cross section features in the 
visible range varies from ~25 nm for Fe** to ~250 nm 
for the Fe?*-Ti** pair (see box A). Figure 16 shows the 
approximate concentrations of the six chro- 
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Figure 14. Cross section 
spectra of the h*-Cr* 
chromophore measured 
from a synthetic orange 
sapphire grown by the 
Czochralski method. 
Also shown is a 14.62 
ct heated Sri Lankan 
orange sapphire, repre- 
sentative of the color 
that would be produced 
by the h*-Cr* chro- 
mophore in isolation. 
Photo by Lotus Gemol- 
ogy; courtesy of Ceylon 
Fine Gems. 
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Figure 15. Left: Areal density color circles for the h*-Cr** chromophore. Right: Uluminant comparison of the 
h*-Cr** chromophore. As with the h*-Fe* chromophore, little color change is observed with the change in illu- 


minant for all orientations. 


mophores required to create roughly similar levels 
of color saturation for ELc in samples 1 cm thick. 
Concentrations for the chromophores were selected 
by visually comparing color circles and forming a 
consensus opinion among the authors about which 
circles appeared to have similar saturation levels. 
Comparing the chromophore concentrations in 
ppma under each circle emphasizes the rather ex- 
treme range in “strength,” which is greater than a 
factor of 1000. 

The belief that yellow sapphires were colored 
only by iron with or without some undefined “color 
center” (Schmetzer et al., 1983; Nassau, 1991) was 
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engendered by the fact that the existence of, strength, 
and absorption spectrum of the h*-Fe*+ chromophore 
was unknown. Additionally, the analytical tech- 
niques available before SIMS and SIMS-calibrated 
LA-ICP-MS with matrix-matched standards were in- 
capable of measurements down to the ppma level. 
Another key to our current understanding of chro- 
mophores in corundum was the capability of growing 
synthetic sapphire containing only one of the chro- 
mophores we wished to study. This allowed us to 
confirm what we observed in natural samples. 
Determining the absorption cross sections is a 
powerful technique in the study of color in allochro- 
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Figure 16. These color circles show the concentration of each chromophore necessary to produce similar saturation 
levels in corundum, thus illustrating the drastic difference in absorption strength among each of the chromo- 
phores. The circles represent the color produced by each of the chromophores in a 1-cm-thick sample viewed down 
the c-axis (ELc orientation) under CIE-D65 Iluminant. The chromophore concentration varies from nearly 3000 
ppma for a weak absorber like Fe* to less than one ppma for a strong absorber like h*-Cr**. 


matic minerals, as their magnitudes provide infor- 
mation on the types of absorbing species present. Ap- 
plying it to other minerals might yield some new 
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Craftsmanship is a key element in Chinese jade carving art. In recent decades, the rapid development of tools 


has led to numerous changes in carving technology. Scholars are increasingly focusing on the carving craft in 


addition to ancient designs. Five periods have previously been defined according to the evolution of tools and 


craftsmanship, and the representative innovations of each period are summarized in this article. Nearly 2,500 


contemporary works are analyzed statistically, showing that piercing and Qiaose, a technique to take artistic 


advantage of jade’s naturally uneven color, are the most commonly used methods. Current mainstream tech- 


niques used in China’s jade carving industry include manual carving, computer numerical control engraving, 


and 3D replicate engraving. With a rich heritage and ongoing innovation in jade craftsmanship, as well as in- 


creased automation, the cultural value and creative designs are both expected to reach new heights. 


ade carving is one of the oldest and most impor- 

tant art forms in China, a craft steeped in history 

and tradition that reflects Chinese philosophy and 
culture (Thomas and Lee, 1986). Carving, called 
Zhuo and Zhuo mo in Chinese, represents the ardu- 
ous process of shaping and decorating an intractable 
material with abrasives to create the desired object 
(Hansford, 1950; Sax et al., 2004). During its more 
than 5,000-year history (table 1), Chinese jade carving 
has experienced five peaks—the late Neolithic Age 
(circa 3500-2070 BCE}, the late Shang Dynasty 
(1600-1046 BCE), the Zhanguo Period (475-221 BCE], 
the Han Dynasty (206 BCE-220 CE), and the Qing 
Dynasty (1644-1911)—and was influenced by poli- 
tics, economics, culture, and war (Kong, 2007). After 
Emperor Qianlong abdicated in 1795, the develop- 
ment of jade carving craftsmanship was relatively 
stagnant (Thomas and Lee, 1986). With the fall of the 
Qing Dynasty in 1911, the royal demand for jade 
carving faded. During that period, the folk workshops 
mainly focused on the carving of common jade wares 
such as jewelry and vessels. After 1949, state-owned 
jade carving factories were established one after an- 
other, with an increasing number of employees and 
the gradual popularization of electrically powered 
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tools. In 1978, China opened its economy to the out- 
side. With the support of the government, influenced 
by jade merchants and carvers from Taiwan and 
Hong Kong and driven by an expanded domestic con- 
sumer market, China’s modern jade carving industry 
has seen a period of vigorous development. 


In Brief 


With the prevalence of power-driven systems, China’s 
modern jade carving technology and industry have 
been vigorously developing for more than 40 years. 


For thousands of years, innovations in carving tools 
have continuously promoted the development of Chi- 
nese jade carving craftsmanship, in a direction toward 
increased diversity, complexity, and delicacy. 


Modern Chinese jade carving technology includes 
three mainstream methods: power-driven manual carv- 
ing, computer numerical control engraving, and 3D 
replicate engraving. 


The value of jade cultural connotation and design cre- 
ativity will improve with growing industrial automation. 


There is a saying in China that “workers must first 
sharpen their implements when they want to do their 
best.” Indeed, the emergence of each peak in jade carv- 
ing across its history in China is inseparable from the 
innovation of tools (Xu, 2011). Currently, jade carving 
tools are undergoing great changes, influenced by ad- 
vances in manufacturing. However, little is known in 


Gems & GEMOLOGY SPRING 2020 


seum of Natural History in New York 
City. 

Col. Boynton — who might conservatively 
be described as none too ethical — made hts 
next move by salting the area with diamond 
crystals and forming the Diamond Produc- 
ing Company of Wisconsin. The project 
boomed, and stock was sold by his associate 
diamond swindler. However, the deliberate 
boomcranged 
salted diamond crystals were proved to be 


attempted fraud when the 
of South African origin. 

In 1880 a number of small diamond crys- 
tals were found in the rrver banks of Plum 
Creek, in Pierce County, the largest of which 
weighed three fourths carat. In 1893, a 4 
carat diamond was discovered on the Charles 
Devine farm, 12 miles south of Madison near 
Oregon, Wisconsin. This stone was later 
sold to Tiffany’s for $50. In 1903 another 
crystal was found in Racine County, and a 
diamond weighing 2.1L carats was recov- 
ered by G. Pufahl near Burlington. In 1908 
it was reported that a diamond weighing 
6.57 carats was found at Saukvifle by Con- 
rad Schaefer. It has been claimed that this 
stone was actually found in 1881 but was 
never identified as a diamond until 1896. 

THE THERESA DIAMOND 

The stone which created the greatest in- 
terest in the possibility of diamonds in Wis- 
consin was found in 1888 by Louis Endlick 
of Kohlsville on ot near the Green Lake 
Moraine and is known as “The Theresa Dia- 
mond.” The stone weighed 211% carats and 
is the largest diamond on record ever recov- 
ered in the state. 

This diamond was of further interest, and 
most unusual, because of tts peculiar color. 
One side of the crystal was colorless, while 
the other portion was almost cream color, 
These differing color portions were scpar- 
ated by a flaw, or distinct cleavage plane. 
The crystal was almost spherical in shape. 

Shortly after the diamond was found, the 
Endlick family moved away from Kohlsville, 
taking the diamond with them. Later in- 
quiries regarding the whercabouts of the dia- 


mond were fruitless until an article on the 
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subject was published in a newspaper. This 
story was subsequently read by a son of Mr. 
Endlick and he made a trip to Milwaukee 
to reveal the present status of Wisconsin's 
most important diamond. He explained to 
me that the family had moved to Kewaskum 
and that in 1918 the “Theresa Diamond” 
had been cut by the New York firm of John 
Wood & Company into ten stones at a cost 
of $400. Total weight of the ten stones was 
9.27 Carats, 
weighing 1.48 carats; 1, 1.09 carats; 1, .97 
1, .96 carats; 1, .95 carats; 1, .85 
carats; 1, .84 carats; 1, .83 carats; and two 


divided as follows: 1. stone 


carats < 


stones weighing .65 carats each. 

So, the mystery of the “Lost Theresa Dia- 
mond” has finally been solved. Not only 
has this research proved of scientific and 
geological interest and importance, but the 
facts concerning the recovering of diamonds 
in Wisconsin is of great historical value to 
the state. 


Book Heviews 


INCLUSIONS AS A MEANS OF GEM- 
STONE IDENTIFICATION 6, Dr. Edward 
|. Gubelin. published by Gemological Insti- 
tute of America, Las Angeles, $6.75. 232 
pages, 258 Hlnstrations. Com plete biblivgra- 
phy. Reviewed by G. Robert Crowning- 
shield. 

Taclusions as a Means of Gemstone Iden- 
tifcation is the result of years of research 
and photography on the part of one of the 
world’s most accomplished gemologists. This 
book ts the first of its kind, though articles 
and photographs by Dr. Gubelin relating to 
this study which he has virtually made his 
own, have appeared in gemological litera- 
ture over an extended period. 

One outstanding feature of the book is 
the discussion of the genesis of inclusions 
which incidentally sheds light on the origin 
of gemstones themselves. This factor, coupled 
with the profuse illustrations, takes the 
subject of inclusions out of the opus of im- 
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the West today about the modern craft compared with 
ancient Chinese jade carving (Michaelson et al., 2016). 
Since the founding of the People’s Republic of China 
in 1949, papers on jade carving have been published 
in the West, but the majority have focused on tradi- 
tional carving methods and only a few on the modern 
methods that emerged leading up to the 1990s (Hans- 
ford, 1950; Tucker, 1982; Markbreiter, 1985; Thomas 
and Lee, 1986; Desautels, 1986). In 2017-2018, 
nephrite jade works by Xi Yang and four other con- 
temporary masters were collected by the British Mu- 
seum for permanent display (box A), indicating that 
modern Chinese jade wares have begun to attract in- 
terest in the West (figure 1). 

The main research interests of jade wares are on 
their texture, shape, pattern, and craft (You, 2001). Pre- 
vious studies on Chinese jade carving have focused on 
the exploration of shapes and patterns. In recent years, 
with the rapid development of jade carving tools and 
craft, research on craftsmanship has increasingly at- 
tracted the attention of scholars (Kong, 2007; Xu, 2011). 
The authors of the present article conducted field visits 
to carving and trading sites such as Beijing, Shanghai, 
Suzhou, Yangzhou, Urumai, Sihui, and Zhenping, in- 
cluding requisite visits to carving workshops and tech- 
nical schools, to gain a more complete understanding 
of the current state. This article analyzes the develop- 
ment of jade carving tools over five periods and the rep- 
resentative carving craft during these periods. Finally, 
the processing methods and procedures of Chinese jade 
carving in the modern context are introduced. 
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Figure 1. The white 
nephrite Buddhist carv- 
ing by modern master 
Xi Yang is displayed in 
the British Museum. It 
presents an openwork 
papercut-style profile of 
Guanyin on the left 
and a three-dimen- 
sional carved lotus on 
the right, jointly mani- 
festing the Buddhist 
culture with oriental 
characteristics 
(Michaelson et al., 
2016). Photo © The 
British Museum 
(2017.3034.1). 


EVOLUTION OF JADE CARVING TOOLS 


In the process of fashioning stone tools, human an- 
cestors gradually mastered the method of distin- 
guishing jade from other “non-jade” stones. The 
emergence of the rotary machine (circa 3500 BCE], 
in which jade was held against a grinding tool being 
rotated by the other hand or another person, indi- 
cated that jade carving had completely separated 
from general stone craft to become an independent 
category (Yang, 2004, 2006). The innovation of the 
rotary tool is the most important factor in the devel- 
opment of Chinese jade carving. As the key compo- 
nent of the jade carving craft, the tool displays 
different characteristics in different development 
stages. Yang (2006) divided Chinese rotary machines 
into five generations, and Xu (2011) divided the evo- 
lution of the jade carving craft into five periods. The 
present authors combined the results from these 
studies and offer the following five generations of 
jade carving rotary tools in Chinese history. 


First Generation (circa 3500-circa 2070 BCE). The 
primitive rotary jade carving machine appeared in 
the Hongshan and Lingjiatan cultural sites of the Ne- 
olithic Age (Yang, 2006). These jade carving tools 
were made primarily from natural materials such as 
stone, wood, and bone. Yang (1989a,b) proposed two 
main features of the primitive rotary carving ma- 
chine. The first is that it allowed the carver to as- 
sume a sitting position. The second is that it was 
manually rotated. 
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TABLE 1. A brief chronology of Chinese history. 


Period/Dynasty 


Common English Name 


Time Span 


Neolithic Period 
Xia Dynasty 
Shang Dynasty 
Xizhou Dynasty 


Neolithic Period 

Xia Dynasty 

Shang Dynasty 
Western Zhou Dynasty 


circa 10,000 years ago—2070 BCE 
2070-1600 BCE 

1600-1046 BCE 

1046-771 BCE 


Chunqiu Period Spring and Autumn Period 770-476 BCE 
Zhanguo Period Warring States Period 475-221 BCE 
Qin Dynasty Qin Dynasty 221-207 BCE 
Xihan Dynasty Western Han Dynasty 206 BCE-8 CE 
Donghan Dynasty Eastern Han Dynasty 25-220 CE 
Sanguo Period Three Kingdoms Period 220-265 CE 
Xijin Dynasty Western Jin Dynasty 265-316 CE 
Dongjin Dynasty Eastern Jin Dynasty 317-420 CE 
Nan-bei Dynasty Period of the Northern and Southern Dynasties 420-589 CE 
Sui Dynasty Sui Dynasty 581-618 CE 
Tang Dynasty Tang Dynasty 618-907 CE 
Wu-dai-shi-guo Period Period of the Five Dynasties and Ten Kingdoms 907-960 CE 
Beisong Dynasty and Liao Dynasty Northern Song Dynasty and Liao Dynasty 960-1127 
Nansong Dynasty and Jin Dynasty Southern Song Dynasty and Jin Dynasty 1127-1279 
Yuan Dynasty Yuan Dynasty 1271-1368 
Ming Dynasty Ming Dynasty 1368-1644 
Qing Dynasty Qing Dynasty 1644-1911 
Republic of China Republic of China 1912-1949 


People’s Republic of China 


People’s Republic of China 


1949-present 


From Yi (2001) 


Second Generation (circa 2070 BCE-circa sixth cen- 
tury BCE). The bronze rotary machine emerged and 
thrived from the Xia and Shang Dynasties to the 
early to mid-Chungiu Period (Xu, 2014) as life in this 
period gradually centered on bronze technology. It is 
speculated that operators were kneeling and manu- 
ally drove the machine to faster speeds than achiev- 
able before, based on the kneeling posture depicted 
in unearthed human stone carvings from this period 
and in the tomb of Fuhao (Yang, 2006). 


Third Generation (circa sixth century BCE-circa 581 
CE). The iron rotary machine appeared from the late 
Chungqiu Period until the Nan-bei Dynasty. Carvers 
still knelt on the ground while operating the machine 
(Xu, 2014). As smelting technology improved, iron 
tools were increasingly used and the jade carving ma- 
chine evolved accordingly. It was still manually driven 
but provided increased efficiency because iron tools 
were sharper and more wear-resistant (Xu, 2014). 


32 CHINESE JADE CARVING CRAFTSMANSHIP 


Fourth Generation (circa 581-1960). The table-type 
iron rotary machine was used from the Sui and Tang 
Dynasties through the Ming and Qing Dynasties and 
into the 1950s (Yang, 2006; Xu, 2014). In the Sui and 
Tang Dynasties, interior furniture changed people’s 
habit of sitting on the ground, and they instead sat 
on stools or chairs (Yang, 2006). As a result, the rotary 
machine in this period was of the table-type or tall- 
legged table-type and driven by a foot treadle that fur- 
ther increased its working efficiency (figure 2). 


Fifth Generation (1960—present). The modern rotary 
machine has been used in the contemporary jade 
carving process since the 1960s (Yang, 2006; Xu, 
2014). It was initially introduced from Europe, but 
with the emergence of its manufacturing industry, 
China began to independently research, develop, and 
produce these machines (Read, 1981; Markbreiter, 
1985). The body of the jade rotary machine has 
changed from wood to iron, the grinding heads are 
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now carborundum-coated, and foot power has been 
replaced by motor power (Deng, 2011; Xu, 2014). At 
present, there are two main types of equipment for 
manual carving: grinding machines and flexible-shaft 
machines. The grinding machine is a large apparatus, 
and the seated carver holds the jade while using tools 
of various shapes. The flexible-shaft engraving ma- 
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Figure 2. A restoration 
of a fourth-generation 
table-type iron rotary 
machine. The artisan 
sits at the table and 
carves the jade using 
the rotary tool and 
abrasive sands, driven 
by the foot treadle. 
Photo by Mingying 
Wang, from Tianjin 
Museum. 


chine is small, portable, and has a handheld electric- 
powered rotary tool with a flexible drive (Michaelson 
et al., 2016), which makes it convenient to change 
different grinding heads (figure 3). The emergence of 
motor power and the improvement of tools have not 
only increased carving efficiency but also benefited 
jade carvers. The new tools are suitable for detailed 
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Box A: MODERN JADE CARVINGS SELECTED FOR THE BRITISH MUSEUM 


Figure A-1. Hongwei Ma’s nephrite works “Wine Cup (Jue)” (left) and “Bronze Ram Zun” (right). Photos © The British 
Museum (2017.3032.1 and 2018.3019.1). 


Chinese modern masters Hongwei Ma, Guang Photo © The British Museum (2017.3033.1). 

Yang, Xi Yang, Ting Yu, and Yiwei Zhai were 
selected by the British Museum for its perma- 
nent collection. These works are on permanent 
display to the public as jade carvings by living 
Chinese artists of the twenty-first century. 


| n 2017-2018, eight nephrite works created by Figure A-2. Guang Yang’s “Incense Pot” in nephrite. 
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Figure A-4. Ting Yu’s nephrite “Eggshell Teapot.” Photo © 
The British Museum (2017.3036.1). 


Figure A-3. Xi Yang’s nephrite work “Autumn in 
Suzhou.” Photo © The British Museum (2017.3035.1). 
Figure 1 shows the artist’s other piece on exhibit at the 
British Museum. 


Figure A-5. Yiwei Zhai’s nephrite works “Beside is a bosom friend, thou. Everywhere is paradise, enow” (left and middle) 
and “The Rhyme of Spring” (right). Photos © The British Museum (2017.3037.1 and 2018.3020.1). 
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ornaments and small jade wares as well as larger 
wares. Furthermore, motor-driven equipment has 
driven the introduction and refinement of tools for 
specific uses: for example, various types of cutters, 
ultrasonic drilling equipment, mechanized grinding 
beads, and vibratory polishers (Xu, 2014). 

Since the 1990s, automated computer numerical 
control (CNC) processors have gradually been ap- 
plied to jade carving. Together with design software 
and three-dimensional data processing, CNC engrav- 
ing and milling machines can be used not only to 
manufacture original jade carvings but also to make 
1:1 replicas of existing wares or historical relics. 
Three types of automated CNC engraving and 
milling machines are mainly used for jade carving: 
three-shaft, four-shaft, and five-shaft. The number of 
shafts represents the degree of processing freedom 
and in turn the quality of the resulting curved surface 
details. The three-shaft CNC machine is suitable for 
plane-relief engraving, while the four- and five-shaft 
CNC machines can execute three-dimensional carv- 
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Figure 3. Top left: The 
driveshaft is fixed in a 
horizontal direction on 
the jade grinding ma- 
chine; at the end of the 
shaft is the turnbuckle 
or bayonet where the 
grinding head or the 
| long horizontal shaft 
can be fixed. Various 
grinding heads (top 
right) can be exchanged 
according to the carv- 
ing needs. Photos cour- 
tesy of Yongtao Chen. 
Bottom left: The object 
is moved by hand to 
contact the stationary 
rotating tool. Photo by 
Mingying Wang. Bot- 
tom right: The carver 
works the jade piece 
using the hand-held 
| burr of the flexible- 
shaft machine. Both 
the jade and the tool 
are movable. Photo by 
Eric Welch; courtesy of 
Mazu Jade Co. 


ings. Given cost and efficiency concerns, three- and 
four-shaft CNC machines are more common in the 
Chinese market. CNC technology can be applied to 
a wide range of processing types and are mainly used 
for engraving medium- and low-end jade and stone 
materials of various sizes. Its emergence and popu- 
larity means that carvings can be produced in bulk, 
further improving efficiency while maintaining the 
high intricacy of jade craftsmanship (figure 4). 

In addition to rotary tools, abrasive sands and 
powders are an important element in jade carving. 
Abrasive sands used in the primitive carving period 
were ordinary sands that contained a large amount 
of quartz particles, which are harder than jade. With 
the development of jade carving craftsmanship, abra- 
sive sands have gradually been refined (Hansford, 
1950; Sax et al., 2004; Xu, 2011). Today they include 
natural abrasives (such as corundum, quartz, and di- 
amond) and synthetic abrasives (such as carborun- 
dum and synthetic diamond). In general, artificial 
abrasives are superior to natural ones (except for nat- 
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ural diamond) in quality, hardness, and performance. 
Therefore, modern jade carving mainly utilizes arti- 
ficial abrasives, which are often used for coating the 
grinding heads (Zhao and Zhang, 2000). 

Throughout the evolution of Chinese jade carv- 
ing, every tool innovation has experienced a long de- 
velopment cycle. The transition from the prehistoric 
stone tool to the bronze tool to the iron tool to the 
modern machine was accomplished over thousands 
of years. However, due to regional variations and eco- 
nomic constraints, new jade carving tools were not 
suddenly applied in a given dynasty but were gradu- 
ally adopted over a longer period (Xu, 2011). For ex- 
ample, during the Xia and Shang Dynasties, bronze 
tools did not completely replace the primitive stone 
tools, and the two were used together for a long time 
(Lu et al., 2014). Nephrite, the mainstream material 
of Chinese jade culture, has a high toughness, which 
makes jade carving more difficult but promotes the 
innovation of tools. In early jade carving, several 
weeks were needed just to saw through a boulder 
(Hansford, 1950), making the development of tools 
and technology more important. 


EVOLUTION OF JADE CARVING 
CRAFTSMANSHIP 

If the tool is the fundamental force driving the evo- 
lution of jade carving, then craft is also an important 
factor. The two forces are inseparable. Every innova- 
tion in tools allows the carving craft to take a leap 
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Figure 4. With a CNC 
engraving and milling 
machine, a jade carv- 
ing that takes 20 days 
by manual carving can 
be made in three to 
four days. Photo by 
Mingying Wang. 


forward (Xu, 2011). Therefore, we will now analyze 
and summarize representative crafts used in different 
tool development periods (table 2). 

Table 2. shows that over 5,000 years of Chinese 
jade culture, the development of carving tools has 
featured two trends: tool speed becoming increas- 
ingly faster, and grinding powder becoming increas- 
ingly harder. The evolution of tools improved 
processing conditions for carvers. As a result, Chi- 
nese jade carving moved toward greater diversity, 
complexity, and delicacy. Consider the shapes, for ex- 
ample. During the Xia, Shang, and Xizhou Dynasties, 
jade wares were mainly two-dimensional tablet 
shapes. With advances in tools and craftsmanship, 
the forms gradually became three-dimensional. In 
the Ming and Qing Dynasties, most jade wares dis- 
played rounded shapes. 

Although each of the five stages in table 2 corre- 
sponds to a certain historical period, any craft or tech- 
nology progresses gradually through exploration and 
creation. The accumulation of experience takes a long 
time. The refinement of a craft is first tested on a 
small scale and then gradually promoted and popu- 
larized. Therefore, a change in dynasty does not nec- 
essarily represent the immediate progress of a craft. 


Primitive Jade Carving (circa 3500-circa 2070 BCE). 
In the Neolithic Age, stone tools were fashioned by 
cutting, sanding, and drilling. These three techniques 
were inherited by the primitive jade carvers and fur- 
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TABLE 2. Periods of Chinese jade carving tools and corresponding craftsmanship. 


Period 


Representative Jade Carving Tools 


Representative Jade Carving Craftsmanship 


Primitive jade carving period 


Late Neolithic Age 
(circa 3500 BCE-circa 2070 BCE) 


Manually driven 


Grinding tools made of nonmetals, such 
as seashells, stones, bones, and wood 


Jade collecting, cutting, grinding, carving, drilling, 
piercing, inlay, eggshell carving, and polishing—the 
basic procedure and various techniques used by 
later generations—initially emerge in this period 


Xia, Shang Dynasties to Early to Mid- 
Chunqiu Period 
(circa 2070 BCE-circa sixth century BCE) 


Manually driven 


Bronze grinding tools 


Bronze rotary machine period 


Inlay, Qiaose (coloring design art), chain carving, 
and slope carving (oblique grinding for jade 
patterns) 


Piercing becomes sophisticated and hollowing 
reaches a high level 


Techniques related to burial jade—Han Badao 
(concise carving) 


Iron rotary machine period 


Late Chunqiu Period to Nan-bei Dynasty 


(circa sixth century BCE-circa 581 CE) pnttally ~_ 


Iron grinding tools 


Metal-related techniques—inlay and stitching 


“Hair-like carving,” flexible connecting, and Bi 
carving (a disc with a central round hole) 


Piercing is widely applied 


Table-type iron rotary machine period 


Sui and Tang Dynasties to the 1950s 


(circa 581-1960) Driven by foot treadle 


Iron grinding tools 


Inlay with gems and gold, eggshell carving, 
antiquing, 3D picturesque carving, large jade carv- 
ings, calligraphy engraving, and jadeite carving 


Qiaose is commonly applied, and importance is 
attached to polishing 


Modern jade machine period 


Motor-driven power 
Modern Era 


(1960-present) carborundum coating 


CNC machines 


Other automated tools include auto-cut- 
ting, auto-polishing, laser 
engraving, and ultrasonic drilling 


The same crafts are used in the modern era, but with 
automation and motor-driven tools 


Iron or steel grinding tools with 


Qiaose, piercing, calligraphy engraving, chain carv- 
ing, eggshell carving, miniature carving, and gem or 
gold inlay 


Plane-relief engraving, 3D engraving, and 3D 
replicate engraving 


Modified from Xu (2011, 2012), You (2001), Yang (2006), Kong (2007), Deng (2011), and Lu et al. (2014) 


ther developed (Yang, 2006). Based on evidence from 
unearthed relics, it can be speculated that jade carv- 
ing procedures in the Neolithic period mainly com- 
prised collecting, cutting, grinding, carving, drilling, 
and polishing either by hand or by rotary machine. 
These same basic procedures were inherited by later 
generations. Such representative techniques as pierc- 
ing, inlay, and eggshell carving (to produce thin 
“skins”) also made their first appearance (You, 2001, 
Kong, 2007; Xu, 2011). However, the quality of jade 
carving craftsmanship varied from place to place due 
to different rates of cultural development (You, 2001). 


Bronze Rotary Machines (circa 2070-circa sixth cen- 
tury BCE). Although they emerged in the Neolithic 
period, inlays in the Xia, Shang, and Xizhou Dynas- 
ties outnumber those before the Xia Dynasty and dis- 
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play outstanding intricacy. These inlays were mainly 
combinations of bronze and turquoise, jade and 
turquoise, or bronze and jade. Jade vessels emerged 
in this period, with a corresponding rise in skilled 
hollowing (Xu, 2011). 

The jade carving craft in the Shang Dynasty, 
which included cutting, grinding, carving, drilling, 
polishing, design, and shape creation, reached a high 
level (Technical Research Group of Beijing Jade Fac- 
tory, 1976). During this dynasty, the Qiaose tech- 
nique to artistically take advantage of jade’s naturally 
uneven or different color first appeared. In the 
process of Qiaose craft, the shape and placement of 
the colors on the rough jade should be taken into ac- 
count so as to utilize the colors skillfully. The jade 
turtle in figure 5, unearthed at Xiaotun in Henan 
Province, is a successful example of Qiaose (Yang et 
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Figure 5. This meticulously designed jade turtle un- 
earthed in 1975 in the Yin Ruins in Xiaotun is an ex- 
ample of Qiaose craft from the late Shang Dynasty 
(1600-1046 BCE). The grayish white part of the jade 
is carved into the head, neck, and abdomen, and the 
dark part forms a vivid turtle shell, displaying the 
artist’s skillful use of color. As a symbol of longevity 
in China, the turtle was often used during ancient 
burials. Photo from Yang et al. (2005, p. 158). 


al., 2005). Chain carving, a very difficult craft carved 
from a single piece of stone, also emerged in the 
Shang Dynasty, laying the foundation for its devel- 
opment in later generations (Xu, 2011). 


Iron Rotary Machines (circa sixth century BCE-circa 
581 CE). Burial jade thrived in the Chunqiu Period 
and culminated in a set of special carving systems 
formed in the Han Dynasty. Burial jade shows no sig- 
nificant difference from daily jade in terms of the 
carving procedure but it is more concise and less ex- 
quisite (You, 2001). Take the Han Badao (concise 
carving) craft in the Han Dynasty as an example. 
Typical of burial jade, the lines from Han Badao are 
bold, vigorous, and concise, seemingly carved by 
swords (figure 6). 

What epitomizes the craftsmanship of the 
Zhanguo Period is the wide application of the open- 
work technique (Lu and Ouyang, 2014). In this pe- 
riod, piercing was mainly applied to flat jade wares, 
but a small number of three-dimensional openwork 
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also appeared. The craft even exerted influence dur- 
ing the Han and Wei Dynasties (circa 206 BCE-265 
CE). Techniques integrating jade and metal, such as 
inlay and stitching, also surpassed those in the Shang 
and Xizhou Dynasties. Here, inlay refers to embed- 
ding metals such as copper, silver, iron and gold into 
the jade, while stitching means using metal threads 
to connect jade pieces together. These two crafts 
reached an advanced level during the Zhanguo Pe- 
riod, as evidenced by the number and quality of art- 
works applying them (Xu, 2011). For example, the 
jade clothes sewn with golden or silver thread often 
buried in the tombs of nobility in the Han Dynasty 
are elaborate and complex in craftsmanship. They are 
typical of stitching craft at this time and exemplify 
burial jade culture in the Han Dynasty (figure 7). 


Figure 6. This jade cicada is a typical example of the 
Han Badao (concise carving) craft highlighted in the 
Han Dynasty (206 BCE-220 CE). This technique un- 
folds the full vitality of the jade cicada through just 
a few concise lines. As the cicada implied rebirth in 
ancient China, cicada carvings were often found as 
burial items in Han tombs, placed on the tongue of 
the body. Photo by Mingying Wang, from Tianjin 
Museum. 
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Flexible connecting, which has the same engraving 
principle as chain carving, was found in tombs of the 
Shang Dynasty but thrived and matured in the 
Zhanguo Period, when many quality artworks ap- 
peared (Xu, 2011). Among them, the sixteen-seg- 
mented jade ornament excavated from the tomb of 
Marquis Yi of State Zeng is the best-known application 
of the flexible connecting craft in this period (figure 8). 
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Figure 7. Sheng Liu’s 
jade burial suit (Xihan 
Dynasty, 206 BCE-8 
CE) was unearthed in 
Mancheng, China, in 
1968. Approximately 
1.88 m long, the suit is 
composed of 2,498 jade 
tablets sewn together 
with approximately 
1,100 grams of gold 
wire. It is the earliest 
and best-preserved jade 
burial suit in the his- 
tory of Chinese archae- 
ological excavation 
(Yang et al., 2005). Pho- 
tos by Lin Xu (top) and 
~ Tian Wang (bottom), 
Bs from Hebei Museum. 


Table-Type Iron Rotary Machines (circa 581-1960). 
Gold and jade were already being combined prior to 
the Qin Dynasty (221-206 BCE], and the inlay of jade 
with gems and gold gained popularity during the Sui 
and Tang Dynasties. In the late Ming Dynasty, this 
craft was widely applied and became a striking fea- 
ture. In the Qing Dynasty, influenced by Islamic 
jades that originated in central, western, and south- 


Figure 8. This dragon- 
phoenix pendant with 
16 grayish white com- 
ponents (48.0 x 8.3 x 0.5 
cm), which was carved 
from a single piece of 
jade, is from the early 
Zhanguo Period (475- 
221 BCE). The movable 
and foldable compo- 
nents are carved into 
dragon, phoenix, or Bi- 
type disc openwork de- 
signs. The ornament 
embodies not only the 
flexible connecting 
technique but also the 
mature piercing tech- 
nique (Gu, 2005). Top 
photo from Gu (2005, p. 
93). Bottom photos by 
Yuetong Li, from Hubei 
Provincial Museum. 
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perfections and accents their aesthetic as weil 
as practical value. 

For each species where diagnostic inclu- 
sions have been noted by the author a sep- 
arate chapter has been included. In the 
important gemstones — ruby, sapphire, and 
emerald —. the chapters have been further 
subdivided as to peculiarities due to the 
source of origin. The chapter on diamond 
with its ilfustrations is particularly ilumi- 
nating. 

The choice of type for the book has been 
a happy one which makes for casy reading. 
The extensive bibliography will be welcome 
to those wishing to do further research in 
the subject. 

This long-anticipated book will be wel- 
comed by gemologists throughout the world 
because of its value as an identification ac- 
cessory and its stimulation of gemstone 
research, In the words of the author, “Al- 
though confirmation of the diagnostic value 
of inclusions has now been established, more 
— much more -- work remains to be carried 
out before full advantage can be taken of 
this relatively new study.” 


PHYSICAL GEMMOLOGY 4y Sir fumes 
Walton, Publishing Corp. New 


York City. $6.00. 304 pp. 


Pitman 


It is interesting that the latest book in 
this field, written by the English scientist Sir 
James Walton, has the following dedication: 
“To Her Most Gracious Majesty, Queen 
Mary, who has so keen an interest in, and so 
wide a knowledge of gemmology, this book 
is most humbly and loyally dedicated.” 

In his preface, Sir James states that stu- 
dents of gemology fall into three groups. 
These groups he classifies as students of 
mineralogy or geology wha specialize in 
gem mincrals, professionals with gemstones 
as their business, and hobbyists. Of the first 
group Sir James says, “such have had a 
thorough training in the basic sciences and 
require no further aid.” Accordingly Sir 
James has written this book for jewelers and 
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gem dealers on the one hand, and hobbyists 
on the other. 

His premise is that people who fit into 
these two categorics, and who desire a fur- 
ther knowledge of the underlying principles 
upon which the physical phenomena of min- 
erals are based, are confronted with the dif- 
ficulty that the information is scattered 
through many textbooks. He endeavored to 
gather this information into one book be- 
cause of the tremendous volume of material 
in the many textbooks which such students 
would have to consult in order to obtain the 
small amount which was of particular inter- 
est to them. Sir James felt that the mathe- 
matical treatment common to texts in the 
physical sciences made the information con- 
taincd thercin too difficult, or too fright- 
cuing, for the average student of gemology. 
Sir James has been highly successful in his 
effort to present the material he considers 
important from physics, chemistry, and crys- 
tallography, in a simple and casily under- 
stood form. 

It is perhaps unfortunate that the title 
“Physical Gemmology’ was chosen since 
one unfamiliar with the subject matter of 
gemology, and led by the title toe choose 
this volume as a textbook, would obtain a 
false idca of what constituted this subject 
and the relative importance of the various 
topics which make up the whole. 

For cxample, while important laws of 
physical chemistry seem germane, fossil in- 
vertebrates do not. AIl through the text, the 
subject matter emphasized seems that which 
is seldom used because it is not practical for 
use with gemstones. For example, more em- 
phasis is given to determination of mini- 
mum deviation by goniometer than refrac- 
tometry for refractive index determination ; 
and sedimentary and historical geology seem 
overemphasized. 

Giving as his reason the fact that more 
can be shown in cach illustration, Sir James 
has used drawings rather than photomicro- 
graphs to illustrate gemstone inclusions. This 
decision seems difficult to defend when one 

(Continued Next Page) 
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Figure 9. This white nephrite bowl with inlaid gems and gold tracery (Qing Dynasty, 1644-1911) is engraved with 
a lotus pattern on the outside and six sets of pomegranate patterns inside. It shows both the eggshell carving and 
inlay techniques and is a typical Islamic jade from China’s western regions (Gu, 2010b). Photos by Rui Zhang 


(left) and Maiying Dong (right), from Shanxi Museum. 


ern Asia in the late fourteenth century (figure 9), 
inlay often depicts various plant patterns, which gave 
off a sense of exotic charm (Deng, 2007; Xu, 2011). 
During the Song, Liao, Jin, and Yuan Dynasties 
(circa 960-1368}, influenced by the mature arts of 
painting and sculpture, jade carvings became three- 
dimensional. Themes of human figures, flowers, an- 
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imals, and landscapes were often accompanied by 
the distinctive openwork carving of the time. The 
piercing technique surged, and flat carvings were 
gradually replaced by three-dimensional picturesque 
jade wares (figure 10). In the Ming Dynasty, the in- 
tellectual “literati paintings” of southern Chinese 
culture, which are distinct from folk and royal paint- 


Figure 10. This gem- 
inlaid gold base in the 
shape of a lotus is 
topped with a carved 
jade dragon and cloud 
(Ming Dynasty, 1368- 
1644). The white 
nephrite adopts the 
multi-layered three-di- 
mensional piercing 
technique with exqui- 
site details. Photo by 
Yuetong Li, Hubei 
Provincial Museum. 
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Figure 11. The nephrite 
Shan Zi sculpture “Em- 
peror Yu Leading People 
in Subduing Floods” 
(224 x 96 cm, weighing 
at least 5,000 kg) was 
carved in Yangzhou 
from 1781 to 1787 CE. 
In the 53rd year of the 
Qianlong reign (1788 
CE), the court jade 
craftsmen engraved the 
imperial poem on its 
back (Zhu, 2007). 
Photo from Zhu (2007, 
p. 71). 
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ings, highlighted romantic charms and reflected the 
literati’s personal feelings. This led to the incorpo- 
ration of landscapes and texts in the decorative pat- 
terns of jade wares (Xu, 2011). In the Qing Dynasty, 
the use of royal court painters in the design of jade 
carvings in combination with fine craftsmanship 
created a peak of artistic integration (Yang, 1982; Xu, 
2011). 

During this period, the improvement and combi- 
nation of tools and craft promoted the emergence of 
large jade carvings (Kong, 2007). For example, the 
massive bowl “Dragons Amid Waves” from the Yuan 
Dynasty was the first large jade carving that we 
know of. In the Qing Dynasty, jade carvers created 
several large works weighing thousands of kilograms, 
such as the complex three-dimensional landscape 
(called Shan Zi in Chinese) “Emperor Yu Leading 
People in Subduing Floods” (figure 11) and “Nine 
Elders Meeting During the Huichang Period” (Xu, 
2013). These large carvings are mostly themed with 
landscapes, human figures, and animals, often ac- 
companied by skilled calligraphy engraving on the 
back or sides. To create these pieces, several jade 
carvers had to work at the same time in an organized 
fashion. Under the processing conditions of the time, 
such a large work would take several years to com- 
plete. Thus, the production of large jade carvings 
marks the peak of the craft in ancient China (Xu, 
2011). 

Many other techniques also emerged during this 
period, such as the full development of Qiaose and 
eggshell carving, and the emergence of jadeite carv- 
ing in the Qing Dynasty (You, 2001; Kong, 2007; Xu, 
2011). 


Modern Machines (1960-present). After the Qing Dy- 
nasty, the traditional foot treadle was used until the 
early days of the People’s Republic (Xu, 2014). In the 
late 1950s, with the policy reform of the national 
planned economy, government-owned jade carving 
factories sprang up, led by the manufacturing centers 
of Beijing, Shanghai, Yangzhou, and Suzhou (Ma, 
2014). Jade carvings were produced under industrial 
management using assembly lines (Ji, 1984). It was 
at this time that motor-driven carving machinery 
began to be employed. 

With the popularization of power-driven systems 
in the 1960s and the continuous refinement of the 
tools (Xu, 2014), the modern carving industry ush- 
ered in a new era following the reform and opening 
up of trade in 1978. Modern tools and methods have 
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Figure 12. This modern work (9.3 x 4.2 x 2.8 cm), 
which retains the beautiful natural color of the jade 
crust, depicts ancient tree branches and a monk sit- 
ting in meditation underneath, showing a Zen sensi- 
bility. The ingenious application of traditional 
Chinese painting techniques to the grain carving of 
the branches demonstrates a natural artistic style (Ao 
et al., 2014). Photo courtesy of Gems and Jewelry 
Trade Association of China (GAC). 


changed jade carving, and pieces that once took years 
can now be finished in months or even weeks 
(Tucker, 1982). 

Modern jade carving inherits the characteristics 
of craftsmanship from past dynasties (Xu, 2014) and 
is further developed on the basis of various ancient 
techniques. With the emergence of power-driven 
tools, jade carving has become more elaborate, with 
smoother lines. The common techniques of the mod- 
ern craft include Qiaose, eggshell carving, piercing, 
chain carving, calligraphy engraving, gem embed- 
ding, gold and silver inlay, miniature carving, and 
others. Artisans will often make a final decision on 
which techniques to use based on the color, shape, 
and toughness of the rough and the theme of their 
creation. Among these techniques, Qiaose (figure 12) 
and piercing (figure 13) are widely used in jade carv- 
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Figure 13. Because of its toughness and fine texture, 
nephrite is often subjected to piercing. The modern 
nephrite work “Holy Lingshan, Journey to the West” 
(38 x 26 x 8 cm) displays the scene of Xuanzang and 
his three disciples passing through the Lingshan holy 
land (Ao et al., 2009). Photo courtesy of the Gems and 
Jewelry Trade Association of China (GAC). 


ing and showcase the carvers’ creative talents. Many 
of these techniques are highly specialized, and as a 
result jade carvers often devote their whole life to one 
technique. Jingui Ma, for example, devoted himself 
to the craft of inlay with gems and gold in the way of 
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Figure 14. The gold inlay used on this dark gray 
nephrite vessel is elaborate and exquisite. Accompa- 
nied by traditional auspicious animal patterns, it 
makes the work vivid and graceful, paying homage to 
an antique style. Photo courtesy of Jingui Ma Jade 
Carving Studio. 


traditional vessels and thus formed his distinctive 
style (figure 14). 

To illustrate modern jade carving, the authors sta- 
tistically analyzed the 2,464 finalist works from 2012 
to 2017 for the Tiangong Awards (Wang and Shi, 
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2020), China’s most prestigious competition. As 
shown in figure 15, Qiaose and piercing are the two 
most common, particularly the former, followed by 
calligraphy and chain carving. Other crafts are more 
specialized and mastered by only a few. Chain carv- 
ing (figure 16) and eggshell carving (figure 17) are still 
applied mainly to vessels; calligraphy engraving 
rarely appears alone and is used to provide inscrip- 
tions for the jade carvings (figure 18). By and large, 
two or three techniques are frequently used in com- 
bination. For instance, gem embedding is usually in- 
tegrated with gold and silver inlay and eggshell 
carving to heighten the exotic appeal (figure 19). 
Techniques such as 3D and relief carving are funda- 


Figure 15. Among modern jade carving techniques in 
China, Qiaose is by far the most common. In this 
chart, “Others” refers to works that contain only 
basic techniques, such as three-dimensional engrav- 
ing or relief carving. Yearly data from Ao et al. (2012- 
2017). 


Techniques Used in Tiangong Prize-Winning 
Artworks, 2012-2017 


BB Qiaose 


®@ Miniature carving 


lB Piercing HB Gemstone embedding 


BH Calligraphy carving HB Gold and silver inlaying 
HB Chain carving Others 


HB Eggshell carving 


CHINESE JADE CARVING CRAFTSMANSHIP 


Figure 16. A modern jade bottle with chains (16 x 5 
cm) showing the chain carving and piercing tech- 
niques. The shape of the work is neat, delicate, and 
elegant, manifesting the carver’s high level of crafts- 
manship and ingenuity. Photo courtesy of GAC. 


mental and thus used in almost all pieces, which is 
why they are not mentioned separately in this article 
(Ao et al., 2012-2017). 

Although inheriting the ancient craftsmanship, 
modern jade carving attaches more importance to 
personal style and has made breakthroughs in ex- 
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Figure 17. This 
eggshell-thin nephrite 
vase with dark green 
color by Ting Yu, meas- 
uring approximately 
34.6 x 11.0 cm, is uni- 
form and exquisite. Its 
wall is even, thin 
(around 0.1 cm), and 
transparent, and its 
body is decorated with 
fine interlocking lotus 
branches that lend a 
dignified appearance 
(Ao et al., 2015). Photos 
courtesy of GAC. 


pressing it with modern features. For instance, the and carved nephrite with dark green color into wrin- 
traditional eggshell carving craft is mostly used in kled paper (Wang and Shi, 2020), which vividly 
vessels. But master carver Xi Jiang broke tradition shows the thinness and transparency of the work and 


Figure 18. Wei Hu’s 
modern nephrite work 
“Profiling the Red 
Cliff” (7.5 x 8.0 x 1.0 
cm) adopts calligraphy 
and miniature carving 
to present Shi Su’s 
prose and resorts to 
line-drawing carving to 
display the landscape 
of the Red Cliff, clearly 
demonstrating the 
artist’s mastery (Ao et 
al., 2016). Photo cour- 
tesy of GAC. 
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Figure 19. This jade pot is light, thin, and embedded 
with gold wire, ruby, and sapphire in an exquisite Is- 
lamic style. It combines white nephrite with embed- 
ded gems, gold inlay, and eggshell carving techniques, 
fully reflecting the superb craftsmanship. Photo cour- 
tesy of Jingui Ma Jade Carving Studio. 


breaks new ground for the eggshell carving technique 
(figure 20). Master Desheng Wu, who excels at figure 
carving, incorporates the concept of Western sculp- 
ture. He pays great attention to the innovation and 
exploration of artistic style and boldly uses exagger- 
ated ways to endow traditional jade carving crafts- 
manship with modern beauty (figure 21). 


JADE CARVING PROCESS ILLUSTRATED BY 
MODERN WORKS 


As mentioned above, ancient jade carving includes 
five steps: material selection, examination, design, 
carving with abrasives, and polishing (Xu, 2014). De- 
pending on the tools and techniques, modern jade 
carving can be divided into three mainstream meth- 
ods, each with a different procedure. 
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Figure 20. “To Mountain” (19.6 x 11.0 x 5.2 cm) takes 
full advantage of the high toughness of nephrite and 
uses eggshell carving to show the thin (0.85-2.53 cm) 
and transparent feel of creased paper. Its theme, uti- 
lizing modern art methods, is “diligence as the path 
to the mountain of knowledge” (Ao et al., 2013). 
Photo courtesy of Xi Jiang Jade Carving Studio. 


Power-Driven Manual Carving. This method inher- 
ited from ancient carving still enjoys a dominant role 
in modern China (figure 22). The procedure has re- 
mained essentially the same (Deng, 2011; Michael- 
son et al., 2016). Material selection and examination 
are targeted to maximize beauty. Design seeks to in- 
tegrate the shape and patterns according to the fea- 
tures of the jade material (such as color and texture). 
Carving, usually the most time-consuming step in 
the process, is where design ideas turn into artwork 
through the use of tools. Polishing refers to the fine 
grinding of a jade’s surfaces to make them smooth 
and bright, with an aesthetic appeal. It is interesting 
to note that artists sometimes use different finishes 
(degrees of polish or lack of polish) to create stunning 
designs. 
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Figure 21. “Snake Girl,” a representative work from Master Desheng Wu’s “Naked Woman” series, combines the 
smooth and warm luster of white nephrite jade with a modern stylized design applying openwork and Qiaose 
crafts. Photo courtesy of Desheng Wu Jade Carving Studio. 
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tat 


Figure 22. These four photos of a bodhisattva illustrate the modern manual carving process, which includes four 
steps (left to right): material selection and examination, design, carving, and polishing. Photos by Xiaodong Wang. 


Computer Numerical Control (CNC) Engraving. 
This method is composed of two parts: model design 
and processing by machine. The model is designed 
using computer software. The designed model is first 
processed and programmed to determine the ma- 
chining coordinate system and model size. The cor- 
responding machining tools are then selected, and 
the program is written according to the machining 
requirements. In China, a CNC engraving and 
milling machine is frequently used in jade carving. 
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Finally, the program is imported into the CNC ma- 
chine to control its operation (figure 23). 

The CNC machine can achieve plane carving (fig- 
ure 24) and 3D carving, but complex three-dimen- 
sional shapes and patterns can only be achieved 
through a combination of CNC machine and manual 
carving. Moreover, the CNC machine is rather lim- 
ited with respect to the special techniques listed 
above: Only simple piercing can be achieved. The 
eggshell carving process has very specific require- 


Figure 23. A three-shaft 
CNC machine engrav- 
ing tabular nephrite. 
The machining process 
is monitored by the 
computer program. Be- 
cause the cutting speed 
is extremely high, the 
machine needs fluid to 
keep cool. Photo by 
Mingying Wang. 
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Figure 24, Exquisite details of this dark nephrite ink slab (used to grind ink for Chinese calligraphy) were 
processed by a three-shaft CNC machine. Photos by Mingying Wang. 


ments for jade materials, and it is difficult to use with 
materials with poor toughness that are prone to split- 
ting. Qiaose, chain carving, and inlay with gold or 
gems rely on manual carving and cannot be achieved 
with the CNC machine. 


3D Scanning and Auto Carving. The first step of this 
method is to scan the object through the 3D scanning 
device, which results in a 3D model profile. The 3D 
model profile is then reconstructed using reverse de- 
sign software to generate a new model. The coordi- 
nates of the 3D model are determined with the CNC 
design software, and the tool parameters are com- 
piled into a final machining program. Under the guid- 
ance of the final program, the CNC machine tool 
conducts the 3D carving. This method is mostly used 
in the replication of ancient jade relics (figure 25). 


THE NATURE OF CHINESE JADE CRAFT’S 
EVOLUTION 


You (2001) proposed that the fundamental method of 
studying ancient jade is to analyze it in relation to its 
historical and cultural background. This method ap- 
plies to the study of not only ancient jade but also 
the modern carving craft and culture. After all, mod- 
ern jade carving is integral to the history of jade. 
What modern power-driven implements and auto- 
mated CNC engraving and milling machines are to 
jade carving today is no less than what iron tools are 
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to jade carving history. Against the background of 
power and tool transformation, the reform and open- 


Figure 25. This piece of Manas gray-green nephrite is a 
1:1 replica of the imperial jade seal with calligraphy 
engraving in Qianlong’s reign (1736-1795). It was 
processed by 3D scanning and auto carving. Photo by 
Mingying Wang. 
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examines the drawings. For instance, Walton 
shows needlelike inclusions at 90° in alman- 
dite and refers to 60° inclusions of rutile 
in garnet, corresponding to the edges of do- 
decahedral faces. We have yet to encounter 
90° inclusions in garnet and dohecahedral 
face edges are at 70°, not 60°. 

It sccms surprising that the section on 
magnification contains no reference to the 
important dark-ficld illumination and little 
mention of satisfactory means of 
mounting the stone than the use of plasti- 


more 


cene on a glass slide. 

However, Sir James is to be complimented 
on the masterful way in which he has sim- 
plificd and presented the principles under- 
lying the basic sciences from which gem- 
ology draws. This book would make a val- 
uable addition to a gemological library. 


A Jewelers Notebook 


(From Page 274) 
cases of this barbaric type of blue jewelry 
was in strong contrast to the fewer articles 


of smaller gold jewelry seen at home. 

It was here that I first saw samples of 
newly discovered turquois which was from 
the Hall Mine in Colorado. [ was quite sur- 
prised to find it to appear so different from 
that of other localities. The pieces were 
uniformly of a deep blue color, entirely 
clean from matrix on the outside—and seem- 
ingly so on the inside--and were about one 
fourth to three eighths inches thick. In out- 
line the angular fragments, an inch to two 
and one half inches across, were apparently 
broken in mining from a continuous scam 
in a soft, easily detached rock. In handling 
them and clinking them togcther they would 
“ring” like pieces of chalcedony, loudly 
testifying to their density and hardness. 

Sixty dollars a pound without “singing 
the first verse.” The price was high, but 
cheap. Let us figure a bit. An avoirdupois 
pound contains 2267.97 carats, to be quite 
exact, and the yield in this case I estimated 
would be about 40 per cent, or more than 
gu0 carats. By dividing $60 by 900 we find 


the cost of the material alone would be 
about seven cents per carat. To this, of 
course, must be added the cost of labor and 
overhead, to arrive at the cost of production, 
then the selling expense and a little for lost 
accounts must be considered. Yet this good 
quality would bring a dollar a carat from 
the traders. Good? Yes, indeed. 

But do not infer that the gemstone busi- 
ness is all as creamy as that. One good deal 
must take care of other poor deals. No, I did 
not have, at that time, a lapidary shop, nor 
the money to carry the deal through, nor 
had I decided whether I wanted to continue 
this Indian business. 

Soon I was through with my visit in 
Albuquerque and was ready to go elsewhere 
It was not my intention to confine my visits 
to the larger towns and cities, but I wanted 
to learn first hand about the Indian Traders, 
who were scattered here and there in remote 
places, and there were certain old turquois 
mines I was curious to see. 

(To be continued) 


La Belle Helene 


(From Page 277) 
large face was of the shape of a trapezium 
25 and 18 


nonparallel 


with parallel sides of about 
respectively, and 
sides of 23 and 15 millimeters 
It contained no interior spots, cracks or 


millimeters 
respectively. 


flaws. It was exceptionally pure. Two tiny, 
pitch black spots, probably amorphous car- 
bon or some form of graphite could be seen 
very near the surface. To remove these by 
cutting must have been a simple matter. 
The stone also showed many growth tri- 
angles, which are tiny depressions of various 
sizes and of exactly equilateral shape. Such 
triangles are typical markings of the octa- 
hedral faces of diamond crystals and were 
formed when the diamonds crystallized. 


1. Robertson, R., Fox, J. J. and Martin, A. E., 
Phil. Trans. Roy. Soc. London A, 232 (1934) 
163-535. 

Custers, J. F. H., Research, London 4 (1951) 
131. 

. Custers, J. F. H., Physica, The Hague 18 

(1952) 489-496. 


w 


SPRING, 1953 


ing up of China, rapid economic development, and 
mass consumption, contemporary jade art demon- 
strates more diverse themes, more open art forms, 
more meticulous craftsmanship (figure 26), and a 
wider audience (Wang and Shi, 2020). 

The progress of any craft or technology is a 
process of gradual exploration and long-term accu- 
mulation of experience (Xu, 2014). Analysis of Chi- 
nese jade carving proves a basic law—the craft learns 
from the past and sets a new course for the future 
with heritage and innovation. In general, innovation 
outweighs heritage. Innovation refers to multifaceted 
improvement and transformation based on heritage 
(You, 2001). Modern jade carving inherits and im- 
proves upon ancient techniques, but more impor- 
tantly creates innovations in power-driven and 
machine engraving tools, contributing to an increase 
in efficiency and further development of the art. 
Thus, modern jade art is the best illustration of her- 
itage and innovation working in harmony. 

In Chinese jade carving, the tool plays a funda- 
mental role and is the root of all craftsmanship trans- 


formation. Influenced by the evolution of carving 
tools, Chinese jade carving craftsmanship has under- 
gone long-term transformation and still continues to 
develop. It has distinctive characteristics—the diver- 
sity of techniques, the gradual nature of innovation, 
and the adoption of foreign culture and craft (You, 
2001; Kong, 2007). Thus the evolution of carving 
craftsmanship not only helps to clarify the develop- 
ment of China’s jade culture but also provides mean- 
ingful enlightenment for the growth of the modern 
jade carving industry. 


THE FUTURE 


A look at the evolution of Chinese jade carving tells 
us that every step forward in tools and production 
technology is immediately reflected in craftsman- 
ship. In the contemporary era, the development of ar- 
tificial intelligence and industrial automation will 
continue to boost mechanization and large-scale pro- 
duction in the Chinese jade carving industry. These 
trends will further contribute to the sustained im- 


Figure 26. Left: A nephrite pendant (6.0 x 4.2 cm) with a poem and drawing from the Qing Dynasty. On the front 
is a senior, a child, and scenery. The back demonstrates calligraphy engraving, with a traditional form of expres- 
sion. Photo from Gu (2010a, p. 1). Right: A modern nephrite pendant “Free Cloud and Crane” (10.0 x 5.2 cm) also 
features a carved landscape on the front and calligraphy on the back. Although similar to the traditional form of 
expression, it uses a more freehand style that retains the material’s natural color, shaping it into the half red sun 
with a touch-of-autumn feel reminiscent of Chinese ink painting (Ao et al., 2015). Photo courtesy of GAC. A 
comparison of the details reveals that the modern craft is more delicate, with smoother carving lines, thanks to 


motor-driven tools. 
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provement of the creative design and cultural value 
of jade carvings. 

In this era of advanced science and technology, au- 
tomated CNC engraving has become a trend, espe- 
cially for middle- and low-end carvings. In the future, 
however, the dominant method will continue to be 
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SNM ES AR TICLES 


COLOR CHARACTERISTICS OF BLUE TO 
YELLOW BERYL FROM MULTIPLE ORIGINS 


Yang Hu and Ren Lu 


Aquamarine and heliodor are colored by Fe ions, an important coloring agent for beryl. Blue to yellow gem 


beryl was studied by quantitative spectroscopy and trace-element analytical techniques to explore color char- 


acteristics and chromophores. Blue color was caused by a 600 nm absorption, while yellow color was attributed 


to an absorption edge in the violet-blue region. Color ranged from blue to green to yellow due to different pro- 


portions of Fe ions with various valences and occupancies. Mn content was positively related to Fe, but abundant 


Mn ions showed no impact on color (unlike Mn in morganite and red beryl). The arrangement of alkali ions and 


water in channel and the charge compensation mechanism of beryl are discussed. Alkali ions (mainly Na and 


Cs) and water were localized in the peanut-shaped channels, and all alkali elements (Li, Na, K, Rb, and Cs) were 


relevant. Though alkali ions and water interacted with transition metal Fe and Mn ions, their influence on blue 


to yellow color was indirect and rather weak. 


( beryl is a significant gem species, includ- 
ing color varieties such as emerald, aquama- 
rine, heliodor, goshenite, morganite, and red 

beryl. Blue to yellow beryl has been found in numer- 

ous locations, including Brazil, South Africa, Russia, 

Ukraine, Canada, Myanmar, the United States, 

Afghanistan, and China (Belakovskiy et al., 2005). 
Blue color in aquamarine and yellow color in he- 

liodor are attributed to abundant Fe ions (Wood and 

Nassau, 1968). Fe ions are also present in all other 

color varieties of beryl, though Fe content is rela- 

tively low in morganite. Although discussions on the 
role of Fe ions in blue to yellow beryl are not new, 
they have mainly focused on crystal physics and 
chemistry. This article explores the color character- 
istics and chromophore ions of blue to yellow beryl 
using quantitative chemical and spectral analysis. 
The crystal structure of beryl is unique for having 

a peanut-shaped “channel” along the c-axis, and al- 
kali ions in this channel interact with transition 
metal ions. Therefore, we will discuss the features of 
alkali elements and their roles in beryl color, based 
on analysis of the channel mechanism. This research 
was part of a series of ongoing studies on the color 
characteristics of beryl. 


See end of article for About the Authors and Acknowledgments. 
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MATERIALS AND METHODS 


Beryls from different origins were gathered and 14 of 
them with various color and alkali content were se- 
lected for this study (see table 1). They were classified 
in the following color varieties: goshenite (colorless to 
near-colorless), aquamarine (greenish blue to blue}, 
green beryl (green to yellowish green), and heliodor 
(greenish yellow to yellow). With the exception of two 
faceted stones and one rough stone, the samples were 


In Brief 


¢ Color in beryl ranges from blue to green to yellow due 
to different proportions of Fe-related absorption. 


e The color of green beryl can also come from Cr** 
and/or V** ions. 


¢ Alkali elements and water in beryl were found to play 
complex roles, but their influence on blue to yellow 
color is indirect and likely weak. 


fabricated as optical wafers perpendicular (PK-7 and 
PK-8)} or parallel (PK-5, PK-10, PK-9, RUS-8, MOZ-2, 
BM-1, MOZ-1, AF-3, and AF-2) to the c-axis (figure 1). 

All samples were investigated by standard gemo- 
logical testing, Raman spectroscopy, Fourier-trans- 
form near-infrared (FT-NIR) and ultraviolet/visible/ 
near-infrared (UV-Vis-NIR) spectroscopy, and laser ab- 
lation-inductively coupled plasma—mass spectrome- 
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PK-7 
PK-5 


PK-10 PK-8 


Figure 1. The 14 studied beryl samples (0.63-3.50 ct) from various geographic origins. Color ranged from blue to 
yellow, as well as near-colorless and colorless. Photo by Yang Hu. 


try (LA-ICP-MS) chemical analyses. Inclusions were 
captured using a Leica M205A microscopic system 
with oblique fiber-optic illumination. Raman spectra 
were collected by a Bruker Senterra R200 spectrome- 
ter coupled with a 532 nm laser for identifying various 
inclusions. The resolution was set at 5 cm! with a 20 
second integration time, 2 accumulations, and 20 mV 
laser energy. To explore the characteristics of water in 
the beryl, FT-NIR was performed using a Bruker V80 
FTIR spectrometer at 2 cm"! resolution and 32. accu- 
mulations. To study the color features, UV-Vis-NIR 
spectra were recorded with a PerkinElmer 650s spec- 
trophotometer equipped with a 150 nm integrating 
sphere accessory at 1 nm resolution. 

Chemical analysis was performed by LA-ICP-MS 
using an Agilent 7500a and 7900 ICP-MS instrument 
combined with a GeoLas 193 nm laser. The carrier 
gas used in the laser ablation unit was He with a flow 
rate set at approximately 650 mL/min. Laser ablation 
conditions consisted of a 44 zm diameter laser spot 
size, a fluence of 5-6 J/cm’, and a 6-8 Hz repetition 
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rate. Each analysis incorporated a background acqui- 
sition time of approximately 20-30 seconds followed 
by 50 seconds of ablation. A multi-standard quanti- 
tative calculation method was adopted, with Al cho- 
sen as the normalizing element. Calibration 
standards of NIST 610, BCR-2G, BHVO-2G, and BIR- 
1G were used as external references (Liu et al., 2008). 
Three laser spots for each sample were applied in an 
area that was typically clean with an even color dis- 
tribution. UV-Vis-NIR spectra were collected in the 
same area analyzed by LA-ICP-MS. 


RESULTS 


Gemological Properties. The beryl samples had a re- 
fractive index range of n,=1.568-1.579 and 
n,=1.573-1.586, with birefringence between 0.005 and 
0.006, with the exception of samples BM-1 and BRA- 
3. Pale green MOZ-1 had the lowest RI (1.568-1.573) 
among all the samples. Burmese deep blue sample 
BM-1 and Brazilian dark greenish blue BRA-3 had the 
highest RI (1.589-1.600) and birefringence (0.009- 
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0.010). All the beryl samples displayed weak to mod- 
erate dichroism. All bluish beryl samples showed 
more blue color along the e-ray than the o-ray. It 
should be noted that the dark hue of sample BRA-3 
was caused by extremely tiny cloudy dark inclusions 
throughout nearly the whole sample. The lemon and 
yellow heliodor samples showed weak dichroism but 
a relatively saturated color. 


TABLE 1. Blue to yellow beryl samples selected for this study. 


Figure 2. Two-phase in- 
clusions in blue to yel- 
low beryl samples. A: 
Fingerprint-like two- 
phase inclusions along 
a healed fissure plane 
in aquamarine. B: 
Hexagonal two-phase 
inclusions viewed 
down the c-axis in 
aquamarine, consistent 
with the crystallo- 
graphic symmetry. C 
and D: Isolated elon- 
gated rod-like two- 
phase inclusions 
parallel to the c-axis in 
heliodor. Photomicro- 
graphs by Yang Hu. 


Microscopic Observation. Two-phase inclusions were 
the most common type in the beryl samples, contain- 
ing one gas bubble (CO,) floating in at least one kind 
of fluid (figure 2). Minor CH,, H,S, and N, were found 
only in some of the Pakistani beryl samples. Normally 
the Pakistani samples had two liquid phases (CO, and 
water with minor dissolved CO,}), while samples from 
other deposits hosted one liquid phase (water). Some- 


Sample no. Variety Geographic origin Color 
PK-7 Goshenite Shigar Valley, Pakistan Near-colorless 
PK-5 Goshenite Shigar Valley, Pakistan Near-colorless 
PK-10 Goshenite Shigar Valley, Pakistan Colorless 

PK-8 Aquamarine Shigar Valley, Pakistan Near-colorless 
PK-9 Aquamarine Shigar Valley, Pakistan Pale greenish blue 
BRA-3 Aquamarine Brazil Dark greenish blue 
RUS-8 Aquamarine Russia Greenish blue 
MOZ-2 Aquamarine Mozambique Blue 

BM-1 Aquamarine Mogok, Myanmar Deep blue 
MOZ-1 Green beryl Mozambique Pale green 

AF-3 Green beryl Africa Yellowish green 
AF-2 Heliodor Africa Greenish yellow 
UK-11 Heliodor Unknown Lemon yellow 
UK-10 Heliodor Unknown Golden 
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RAMAN SPECTRA 
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Figure 3. This multi- 
phase inclusion had 
two fluid phases, one 
gaseous phase, and one 
crystal phase. Abbrevi- 
ations: B—beryl, S— 
sulfur, O—orpiment, 
C1—CO, in the inclu- 
sion, C2—CO, in the 
beryl structure channel, 
H1—water in the beryl 
structure channel, and 
H2—water in the inclu- 
sion. Spectra are offset 
vertically for clarity. 


fluid II 


@s 3606 (H1) 
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times a mineral phase was hosted in the fluid, such as 
native sulfur and orpiment in Pakistani samples (see 
figure 3). Two-phase inclusions had hexagonal, elon- 
gated, round, oval, angular, needle-like, or other irreg- 
ular shapes. They were generally distributed along 
healed fissure planes forming “fingerprint-like” inclu- 
sions or isolated (again, see figure 2). 

Our heating experiments indicated that two-phase 
inclusions transformed after heat treatment at 400°C 
or higher. Before heat treatment, a round bubble was 
floating on the fluid phase (figure 4, left). While cooling 
the sample to room temperature after heating to 300° 
and 400°C, we photographed the same two-phase in- 
clusion (figure 4, middle and right). The round bubble 


B 
B 
aquamarine (Ec) 
T T T T T T 


Photomicrograph by 
Yang Hu. 


3000 3500 


disappeared after heating above 400°C. Raman analy- 
sis of this two-phase inclusion detected no gas or fluid. 
We concluded that micro-cracks occurred after heat- 
ing above 400°C, allowing the gaseous and fluid phase 
to escape and leaving the empty two-phase inclusion 
(recognizable by its original shape and distribution). 
Yellowish and greenish beryl are usually heated be- 
tween 400° and 500°C to obtain a blue color, so this 
empty two-phase inclusion could potentially be used 
as evidence of heat treatment of aquamarine. 
Various mineral inclusions could be detected by 
Raman spectroscopy. Tourmaline, albite, muscovite, 
garnet, zircon, and tantalite-columbite were typical 
in our samples (figure 5). Argentojarosite was identi- 


Figure 4. A two-phase inclusion before and after heat treatment at 300° and 400°C. The gaseous and fluid phases 
disappeared after heat treatment above 400°C. Left: Unheated. Center: After heating to 300°C and cooling to room 
temperature. Right: After heating to 400°C and cooling to room temperature. Photomicrographs by Yang Hu. 
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fied only in Pakistani aquamarine, while bertrandite 
and siderite were recognized only in an aquamarine 
sample from Mozambique. 


Trace Element Analysis. The alkali element and tran- 
sition element contents (in ppmw) of all beryl samples 
from multiple localities are reported in table 2. 


Alkali Elements. Among the alkali elements, Cs and 
Na concentrations were relatively enriched and Rb 
content was lowest in nearly all samples (table 2). In 


Figure 5. Various min- 
eral inclusions in the 
beryl samples. A: Yel- 
low argentojarosite in- 
side needle-like growth 
tubes along the c-axis of 
a Pakistani aquama- 
rine. White albite was 
present at the end of 
growth tubes. B: Brown 
butterfly-like tantalite- 
columbite in a Pak- 
istani aquamarine. C: 
Hexagonal brownish 
tantalite-columbite in a 
Brazilian aquamarine. 
D: Bertrandite (red rec- 
tangle) and siderite 
(yellow rectangle) inclu- 
sions in an aquamarine 
from Mozambique. 
Photomicrographs by 
Yang Hu. 


1 
100 um 


Burmese aquamarine BM-1, K content (72-219 ppmw}) 
was the lowest rather than Rb (1375-1459 ppmw). The 
concentration of Li was less than Na in all of the sam- 
ples. Nearly all samples had total alkali content (in- 
cluding Li, Na, K, Rb, and Cs) below approximately 
6000 ppmw. Aquamarine MOZ-2 and goshenite PK- 
10 had the lowest total alkali content (1250-1350 
ppmw on average). The alkali content of deep blue 
Burmese aquamarine BM-1 and dark blue Brazilian 
aquamarine BRA-3 differed noticeably from those of 
other samples. Li, Rb, and Cs contents were more than 


TABLE 2. LA-ICP-MS chemical composition analysis of beryl samples. 


Trace Goshenite Goshenite | Goshenite Aquamarine Aquamarine Aquamarine Aquamarine Aquamarine Aquamarine 
elements PK-7 PK-5 PK-10 PK-8 PK-9 BRA-3 RUS-8 MOZ-2 BM-1 
SPIE Pakistan Pakistan Pakistan Pakistan Pakistan Brazil Russia Mozambique Myanmar 
Li 290-357 1168-1239 68-75 292-328 73-76 5633-5745 270-272 136-145 6244-6497 
Na 1103-1295 3845-3970 827-843 1099-1147 1860-2039 8988-9073) 1295-1425 1031-1098 = 7857-8102 
K 94-114 118-137 54-69 83-86 434-452 1036-1067 16-21 37-44 72-219 
Vv 1-5 1-2 0 4-5 30-33 17-18 0 4-5 82-84 
Cr 0-14 0-1 0-3 0-4 1-6 3-5 0 0-1 0 

Mn 28-30 52-56 17-18 19-51 19-23 287-292 23-25 7-9 568-854 
Fe 1745-1826 1459-1500 1355-1414 1802-1950 4498-5080 9306-9407 5466-5703 5542-5554 6709-7668 
Rb 37-42 42-44 9-10 34-37 52-63 662-671 7-9 10-11 1375-1459 
Cs 2261-2861 622-676 313-333 2229-3216 1366-1414 17789-18005 184-186 133-135 46510-47496 


Data analyzed by LA-ICP-MS from three spots per sample. Data reported in minimum and maximum values. Detection limits (ppmw): Li = 0.36, Na = 7.43, 
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FT-NIR SPECTRA 
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Figure 6. FT-NIR spec- 
tra of beryl wafers par- 
allel to the c-axis. The 
peak intensity of type II 
water at 7097, 7077, 
and 5275 cm-' became 
stronger (from top to 
bottom) with increas- 
ing sodium content. 
The spectra are dis- 
placed vertically by 
y+4.5 cnr! (PK-5) and 
y+9 cm (PK-10) for 
clarity. Note: Na con- 
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10 times higher, and Na and K were 3-10 times higher 
(table 2). BM-1 had the richest Cs content (46510- 
47496 ppmw) reported for blue aquamarine. 


Transition Metals. Concentration of Fe varied from 
1355 to 9407 ppmw for all colorless and blue to yel- 
low beryl samples (table 2). Among the samples, the 
colorless and near-colorless beryl (PK-10, PK-7, PK- 
8, and PK-5] had relatively low Fe (1355-1950 ppmw). 
Other saturated bluish beryl contained higher Fe con- 
tent, even up to 9407 ppmw. The lemon yellow and 
golden-colored heliodor (UK-10 and UK-11) had Fe 
content between 2030 and 3812 ppmw, lower than 
bluish beryl samples of similar saturation. 


Green beryl Greenberyl Heliodor Heliodor Heliodor 
MOZ-1 AF-3 AF-2 UK-11 UK-10 
Mozambique Africa Africa Unknown Unknown 
70-76 143-149 134-140 162-174 135-162 
508-627 = =2507-2611 1625-1797 804-855 = 1204-1443 
2-36 292-297 162-195 51-66 153-175 
257-268 9-10 7-14 0 0 
267-292 0 0-2 0-4 2-4 
4-7 95-96 116-160 36-43 49-57 
2698-2841 6899-7055 6292-8217 2030-2203 3225-3812 
11-14 169-175 124-145 39-46 34-61 
300-370 1606-1630 1791-2305 1952-2092 510-689 


K = 11.22, V = 0.07, Cr = 0.88, Mn = 0.46, Fe = 12.65, Rb = 1.66, Cs = 8.22 
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BM-1: tent analyzed by LA- 
7857-8102 ICP-MS is listed in 
8000 9000 ppmw. 


Mn content was much lower than Fe in all sam- 
ples (table 2). The concentration of Mn varied be- 
tween 4 and 854 ppmw, and it was below 200 ppmw 
in most samples. Burmese deep blue beryl BM-1 and 
Brazilian dark greenish blue sample BRA-3 had rela- 
tively rich Mn (187-854 ppmw). The concentration 
of V and Cr in bluish and yellowish beryl samples 
was quite low to even below detection limits (table 
2). But these concentrations were relatively rich in 
green beryl MOZ-1 (which averaged 262 ppmw V and 
279 ppmw Cr). Besides alkali and transition ele- 
ments, traces of Mg, Sc, Zn, Ga, Sn, and Ta were de- 
tected in some samples. 


Spectroscopy Analysis. FT-NIR Spectroscopy. The type 
of water and its relative content in the channel was re- 
vealed quantitatively by its near-infrared absorption 
spectrum. Peaks in the NIR region represented the 
overtones and combinations of “type I’ and/or “type 
I’ water absorption. Most beryl samples contain “type 
I” water with peaks at 8699, 7142, 6816, 5436, 5271, 
and 5109 cm: (Wood and Nassau, 1967), such as PK- 
10 and PK-5 in figure 6. But Brazilian aquamarine BRA- 
3 and Burmese aquamarine BM-1 were dominated by 
strong “type II” water peaks at 7097, 7077, and 5275 
cm! (Wood and Nassau, 1967) (blue trace in figure 6). 
Also, the peak intensity of type II water became 
stronger with increasing sodium content. 


UV-Vis-NIR Spectroscopy. Quantitative UV-Vis-NIR 
spectra for the e-ray and o-ray were acquired for the 
beryl samples. The color circles of the beryl samples 
in figures 7-10 were calculated from visible spectra 
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between 380 and 780 nm using GRAMS software, 
when the sample thickness was normalized to 4 mm. 
In order to discuss the impact of Fe on coloration, we 
converted ppmw to ppma in the UV-Vis-NIR region 
by the following formulation: ppma = [(atomic weight 
of beryl/number of atoms for beryl)/atomic weight of 
Fe] - ppmw value = |(537.49/29)/55.85] - ppmw value. 
That is, ppma value = 0.3318 ppmw value. 

All blue to yellow beryl samples showed the typ- 
ical iron absorption in their UV-Vis-NIR spectra. 
Peaks at 372 and 427 nm related to Fe** ions (Wood 
and Nassau, 1968) were observed in all samples (fig- 
ures 7-9). These 372 and 427 nm peaks were more or 
less covered by the absorption edge in the violet-blue 
region in the yellowish beryl samples. They were 
even invisible in lemon yellow and golden heliodor 
(UK-10 and UK-11) (figure 7). These 372 and 427 nm 
peaks did not contribute to color because of their 
rather weak absorption. 

The absorption edge in the violet-blue region leads 
to yellowish color in beryl. There was no obvious dif- 
ference between the o-ray and the e-ray. This absorp- 
tion edge was assigned to Fe* ions (Wood and Nassau, 
1968). The absorption edge was present in all beryl sam- 
ples, and it was in the ultraviolet region for beryl sam- 
ples without yellowish color. When this absorption 
edge shifted to a longer wavelength from the violet-blue 
to the blue region, the yellow color occurred in beryl. 
Also, the intensity of this absorption edge was not pro- 
portional to total Fe content. For example, greenish yel- 
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Figure 7. Unoriented UV-Vis-NIR spectra of greenish 
yellow (AF-2), lemon yellow (UK-11), and golden 
(UK-10) heliodor samples. When the absorption 
edge shifted to a longer wavelength from the violet- 
blue to the blue region, the color turned more yel- 
lowish. The spectra are displaced vertically by y+2 
cnt! (UK-11) and y+4 cm“ (UK-10) for clarity. Note: 
Fe content analyzed by LA-ICP-MS is listed in ppma. 


low beryl AF-2 had the richest total Fe content (2088- 
2727 ppma) of the three yellowish samples, but the in- 
tensity of the absorption edge was weak compared with 
other yellow heliodor samples (see figure 7). 

Bluish color in the beryl samples resulted from a 
distinct broad absorption around 600 nm in the e-ray. 
The 600 nm broad absorption band was present in 
the e-ray but quite weak in the o-ray (see figures 8 


Figure 8. UV-Vis-NIR 
spectra of aquamarine 
and goshenite samples 
with distinguishing Fe 
content in e-ray. With 
increasing Fe content, 
the absorption band at 
600 nm became 
stronger and the blue 
color became saturated 
(from bottom to top). 
Note: Fe content ana- 
lyzed by LA-ICP-MS is 
listed in ppma. 
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Figure 9. UV-Vis-NIR 
spectra of aquamarine 
and goshenite samples 
with distinguishing Fe 
content along the o-ray. 
The band intensity at 
820 nm was not propor- 
tionate to the Fe con- 
tent. Note: Fe content 
analyzed by LA-ICP-MS 
is listed in ppma. 
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and 9), which was responsible for more blue color 
along the e-ray than the o-ray. This absorption was 
associated with Fe* or Fe’*-Fe** ion pairs (Wood and 
Nassau, 1968; Lin et al., 2013). With increasing Fe 
content, the 600 nm absorption band became 
stronger and the color became more saturated, from 
colorless, pale greenish blue, and medium blue to 
dark blue (from bottom to top in figure 8). Compared 
with Fe content in yellow heliodor with similar sat- 
uration, Fe ions were less efficient for coloring beryl 
blue than yellow: 600 ppma Fe in beryl could produce 
a relatively saturated yellow color. However, blue 


Figure 10. The UV-Vis-NIR spectra of green beryl 
MOZ.-1 showed typical absorption of Cr** and minor 
V* ions, as well as Fe ions at 372 and 820 nm. 
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aquamarine with similar saturation should contain 
at least twice the Fe content. 

A broad absorption band centered at about 820 nm 
was stronger in the o-ray than the e-ray (see figures 8 
and 9). This 820 nm broad band overlapped with the 
600 nm band in the e-ray. This band in the o-ray was 
related to Fe* (Wood and Nassau, 1968), and its in- 
tensity had nothing to do with total Fe content. For 
example, the 820 nm band intensity of Burmese aqua- 
marine BM-1 was quite weak, contrary to the abun- 
dant Fe content (see figure 9). However, the intensity 
of the 820 nm band in the e-ray was not in propor- 
tional to that in the o-ray. And the intensity of the 
820 nm band in the e-ray was nearly positive to the 
total Fe content (see figure 8). So we supposed that 
the origin of the 820 nm band was different between 
the e-ray and o-ray, maybe Fe” in different occupancy. 

The tail of the 820 nm band reached the visible 
range, but its intensity in the visible range was quite 
weak. So this 820 nm broad absorption could not lead 
to any obvious color. 

Pale green beryl MOZ-1 showed typical absorp- 
tion of Cr** at 426 and 600 nm for the o-ray and 630 
and 660 nm for the e-ray, as well as sharp R lines at 
683 nm (Wood and Nassau, 1968). A weak V* absorp- 
tion shoulder was also observed at about 400 nm (see 
figure 10). So this green color originated from Cr** 
and minor V* ions in beryl, similar to emerald. This 
absorption was totally different from yellowish green 
beryl AF-3 (no absorption spectra shown for this sam- 
ple), which showed the absorption features of Fe ions, 
though they both had greenish color. 
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Figure 11. Diagrams of the unique peanut-shaped channel structure in beryl, and the internal arrangement of alkali 
ions and water, viewed as “ball-wire” down into the a-axis (with a 120° angle from the b-axis, which is projected onto 
the page from behind as a dashed line) (A) and as “polyhedra” down into the c-axis (B). Smaller rings of SiO, tetrahe- 
dra stack over larger rings of alternating BeO,, tetrahedra and AIO, octahedra forming peanut-shaped enclosures. Large 
alkali ion Cs* or water would only be localized at the larger 2a site and unable to migrate along the channel. The small- 
est ion Na’ fits suitably at the 2b site, interacting with “type II” water. The hydrogen-hydrogen direction is parallel to 
the c-axis in “type I” water and perpendicular to the c-axis in “type II” water. Selected atoms in figure A were omitted 
to better show internal details. Relevant parameters are from Artioli et al. (1993) and Wood and Nassau (1968). 


DISCUSSION 


Crystal Structural Consideration. The crystal structure 
of beryl, with an ideal chemical formula Be,Al,(Si,O,,), 
consists of smaller rings of six SiO, tetrahedra and 
larger rings of alternating BeO, tetrahedra and AlO, oc- 
tahedra (figure 11B). These two rings stack over each 
other along the c-axis, forming a peanut-shaped struc- 
tural “channel” along the c-axis (figure 11 A). Large ions 
such as Cs or water molecules would only fit within 
the large ring and be therefore localized at the 2a site 
and unable to migrate along the channel, because the 
ionic diameter of Cs* (0.376 nm) and the dimension of 
a water molecule (0.28 x 0.32 x 0.37 nm) are too large 
to fit within the 2b site. Water molecules in beryl occur 
in two configurations: “type I’ with H-H direction par- 
allel to the c-axis, and “type II” with H-H direction per- 
pendicular to the c-axis (Wood and Nassau, 1967). 
Water molecules are only free to rotate around the c- 
axis according to the hexagonal system (Gorshunov et 
al., 2016). Due to similar ionic radii and chemical prop- 
erties, minor K* and Rb* ions in the channel behave 
like Cs* ions. The smallest alkali ions coordinated in 
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the 2b site, Na*, are stable because of Coulomb inter- 
actions between Na* and adjacent type II water mole- 
cules (see again figure 114A). 

Substitutions commonly occur in Be-O tetrahedra 
by Li* ions, and in Al-O octahedra by transition metal 
ions and other ions (such as Mg, Ca, and Ti). With Li* 
substituting for Be”, slight deformation of Be-O tetra- 
hedra and charge deficiency arise. Substitution of di- 
valent cations in Al octahedra or trivalent cations in 
Be tetrahedra could also lead to charge deficiency. Al- 
kali ions (mainly Cs* and Na*) in the channel serve to 
charge balance (e.g., Lit + transition metal ions + other 
substituted ions = Cs* + Na*). Moreover, the substitu- 
tion of transition metal ions mainly included 
Fe*/Fe**/Mn?*/Mn**/Cr**/V**<=>Al**, or in some cases 
Fe”"/Fe**<=>Be**. 


Alkali Elements. The relative concentrations of each 
alkali element were nearly proportional in all beryl 
samples, showing similar variation (figure 12). This 
was in agreement with the charge balance principle, in 
which the charge deficiency arising from the substitu- 


Gems & GEMOLOGY SPRING 2020 


— Goshenite, PK-7, Pakistan 

—e®— Aquamarine, PK-8, Pakistan 
——— Aquamarine, BM-1, Myanmar 
—— Aquamarine, MOZ-2, Mozambique 
~~ Aquamarine, BRA-3, Brazil 

— Aquamarine, RUS-8, Russia 


oe 


= 
oe 


100000 
Green beryl, MOZ-1, 


2 10000 4 _2 
a j = ~S 
= J 
= J 
= 1000 4 
5 j 
1o) ; a 

400 

e 


Heliodor, AF-2, Africa 
Heliodor, UK-11, Unknown 
—*— Heliodor, UK-10, Unknown 
Green beryl, AF-3, Africa 


Mozambique «A 


Figure 12. The concen- 
tration of five alkali 
elements for all beryl 
samples from different 
locations showed a 
similar proportional 
tendency. A log scale 
was used for the y- 
axis. 


tion of Li are compensated by a proportional amount 
of Na and Cs plus minor K and Rb in the channel. But 
there were also some inconsistencies, especially the 
unexpectedly low K content in Burmese aquamarine 
BM-1. This proportional tendency may result from the 
process of crystallization in the mineralizing fluid with 
abundant Li, Na, K, Rb, and Cs at the same time. 
The chemical fingerprint diagram of Li versus Cs 
content showed two concentrated areas, which could 
be considered the “low-alkali beryl” area (red circle 


in figure 13) and the “high-alkali beryl” area (blue cir- 
cle in figure 13). Low-alkali beryl was dominated by 
type I water and high-alkali beryl by type II water an- 
alyzed by FT-NIR spectra. This was in agreement 
with the fact that Na* coordinates with type II water 
molecules in the channel (see figure 11 A) and each al- 
kali was nearly proportional. Beryl samples from 
most localities were in the low-alkali beryl area in- 
cluding Pakistan, Russia, Africa, Mozambique, Italy 
(Bocchio et al., 2009), Vietnam (Huong et al., 2011], 


Figure 13. The chemical 
fingerprint diagram of 


Li vs. Cs 
m Shigar Valley, Pakistan » Masino-Bregaglia Massif, Italy (Bocchio et al., 2009) 
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Figure 14. Fe and Mn concentrations showed an ap- 
proximately positive relationship in all 14 blue to yel- 
low samples, indicating similar substitution behavior. 


and Minas Gerais, Brazil (Viana et al., 2002). Although 
this Li-Cs plot could not be used to distinguish the 
exact geographic origin, it showed the possibility of 
separating blue to yellow beryl from locations world- 
wide by various chemical fingerprint diagrams. 


Chromophores Fe and Mn. Concentrations of Fe and 
Mn showed an approximately positive relationship in 
blue to yellow beryl samples, though they were not 
quite proportional (figure 14). This positive relationship 
could be explained by Fe and Mn’s similar substitution 
behavior according to similar radii, ionic valence, and 
coordination. Mn and Fe ions were normally present as 
two possible valence states: +2, and +3 in beryl. Radii of 
Mn ions (approximate measurements of Mn**: 0.066- 
0.083 nm; Mn**: 0.058-0.064 nm) are quite similar to 
Fe ions (Fe**: 0.063-0.078 nm; Fe**: 0.049-0.054 nm) 
(Shannon, 1976). Both ions were more likely to substi- 
tute for Al** in the octahedral site due to suitable radii 
in beryl. Moreover, Fe and Mn ions could enrich to- 
gether in mineralized fluid due to similar geochemical 
features. Therefore, blue to yellow beryl showed similar 
substitution behavior during crystallization. 


The Chromophore Mn and Color. Mn ions in blue to 
yellow beryl did not impart an obvious red modifica- 
tion to the hue, and no obvious pink, purple, or or- 
ange hues were seen. Red beryl and morganite are 
considered to be colored by Mn* or Mn** (Nassau and 
Wood, 1968; Platonov et al., 1989; Fridrichova et al., 
2017). Red beryl generally contains 2000 ppmw Mn 
(Shigley et al., 1984), and morganite has less than 200 
ppmw Mn (authors’ unpublished data). However, our 
blue to yellow beryl samples with abundant Mn con- 
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tent showed no obvious absorption of Mn ions in UV- 
Vis-NIR spectra and a corresponding pink, orange, or 
purple color. For example, the Mn content of deep 
blue aquamarine BM-1 (568-854 ppmw) was nearly 
half that of red beryl. And the Mn content in Brazilian 
dark greenish blue aquamarine BRA-3 (287-292 
ppmw) and greenish yellow sample AF-2 (116-160 
ppmw) was close to morganite. This indicated that 
Mn ions in blue to yellow beryl do not play a role in 
coloration, and the valence or occupancy of Mn ions 
should differ from that in morganite or red beryl. The 
valence or occupancy of Mn ions may be affected by 
high Fe content (the Fe/Mn ratio was at least close to 
an order of magnitude greater). The valence, occupa- 
tion, and coloration of Mn ions in beryl will be dis- 
cussed in detail in a future study. 


Blue to Yellow Color Characteristics. We determined 
that Fe ions in beryl could lead to yellow and blue col- 
ors. Blue color has been attributed to Fe’* or Fe’*-Fe* 
pairs, and yellow color to Fe** (Wood and Nassau, 1968; 
Lin et al., 2013), though their accurate occupancy re- 
mains controversial. Recently, an alternative mecha- 
nism involving trapped electrons in the creation and 
the decay of the yellow color was proposed by Ander- 
sson (2013). But the exact configurations of the electron 
trap and the tetrahedral Fe* color center could not be 
determined. Due to different proportions of Fe ions 
with various valences and occupancies in beryl, color 
varied from yellow to greenish yellow, yellowish green, 
bluish green, greenish blue, and blue. The greenish 
color was normally modified by a yellowish or bluish 
component, such as yellowish green sample AF-3 and 
bluish green sample RUS-8. Green color could also be 
caused by other distinct coloration mechanisms, Cr** 
and/or V**, the same as emerald (e.g., green beryl MOZ- 
1). But the green beryl had a lower color saturation than 
emerald due to inadequate Cr and/or V content. 


Alkali and Color. The alkali ions showed no obvious 
impact on blue to yellow color of beryl. The alkali ions 
serve for charge deficiency arising from the substitu- 
tion of some transition metals, but no corresponding 
relationship occurred between the alkali content and 
Fe/Mn content for blue to yellow beryl samples. This 
could be because at least some Fe and Mn ions substi- 
tuted without charge deficiency (i.e., Fe**/Mn**<=>Al*, 
or Fe**/Mn?*<=>Be”}, or other substituted ions (such as 
Zn, Mg") participated in charge balance. Alkali ions, 
therefore, had no direct impact on the chromophores 
and their coloration of blue to yellow beryl. Neverthe- 
less, our high-alkali beryl appeared to show deeper 
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blue color. The additional dark hue of BRA-3 was 
caused by dark cloudy inclusions. It was worth noting 


that bluish samples could be “low-alkali” or “high-al- 
kali” beryl, but all yellowish samples were “low-al- 
kali” beryl. This manifested that the alkali may 
influence the valence or occupancy of Fe ions, but it 
required further confirmation. 


Water and Color. Water type and its relative content 
played little role in the blue to yellow color of beryl. 
All blue to yellow samples contained both type I and 
type II water in the channel. Nor was there any rela- 
tionship between the type I/type II water ratio and 
color hue or saturation. Water molecules were related 
to chromophores in beryl through Na ions, but Na ions 
showed no obvious impact on the coloration of blue to 
yellow beryl. Therefore, it was unlikely that water 
molecules would affect beryl’s blue to yellow color. 


CONCLUSIONS 


Blue to yellow gem beryl was studied by quantitative 
chemistry and spectroscopic properties to understand 
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the chromophores and color characteristics. Blue color 
was caused by a broad absorption band at 600 nm, and 
yellow color was attributed to an absorption edge in 
the violet-blue region. Both were related to Fe ions in 
different valences and occupancies. Green beryl was 
colored by a combination of yellow and blue, or by 
Cr** and/or minor V**. The concentration of Mn was 
somewhat positively related to Fe in blue to yellow 
beryl, but abundant Mn ions had no impact on color. 
This study discussed the arrangement of alkali 
ions and water molecules within the structural chan- 
nel, facilitating charge compensation among the 
channel species and aliovalent substitutions in the 
surrounding rings. Large Cs*, Rb*, K* ions and water 
molecules were localized at the 2a site and were un- 
able to migrate along the channel. The smallest ions 
(Na*) stably positioned at the 2b site, interacting with 
“type II” water. Non-nominal (not in chemical for- 
mula) alkali elements (Li, Na, K, Rb, and Cs) and 
water were relevant and played complex roles in 
beryl. However, we found the influence on blue to 
yellow color to be indirect and possibly weak. 
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HISTORY OF THE CHIVOR EMERALD MINE, 
PART I (1880-1925): FROM REDISCOVERY 
To EARLY PRODUCTION 


Karl Schmetzer, Gérard Martayan, and Jose Guillermo Ortiz 


The history of the Chivor emerald mine in Colombia is rife with legend and adventure. The tale traces from early ex- 
ploitation by indigenous people, to work by the Spanish in the sixteenth and seventeenth centuries, to 200 years of 
abandonment and jungle overgrowth. The story then picks up with rediscovery near the turn of the twentieth century 
by the Colombian mining engineer Francisco Restrepo using clues from a historical manuscript. Still the saga con- 
tinued, with repeated shortages of investment funds driving multiple ownership changes and little progress toward 
mining the largely inaccessible deposit. The German gem merchant Fritz Klein, in cooperation with Restrepo, pursued 
limited mining activities with a small number of workers for a few months prior to the outbreak of World War I. 
After the war, the American company Colombian Emerald Syndicate, Ltd., took ownership, and mining operations 
resumed under the new leadership. Ownership changed yet again in the 1920s, followed by multiple cycles of ex- 


panding and shrinking mining activity, interrupted by completely unproductive periods. 


- | “he foregoing outline of the story, as presently 
known, has been drawn largely from three 
books authored by individuals who led the min- 

ing activities at Chivor during different eras: German 

gem merchant Fritz Klein, South African mining en- 
gineer Peter W. Rainier, and American gem hunter 
and buyer Russell W. Anderton. All three men wrote 
in a style to highlight the adventurous nature of the 
work. Klein’s memoir covered the period from ap- 
proximately 1911 to 1923 and was initially published 
in 1941, with a slightly updated version released in 

1951. Rainier’s narrative chronicled from the second 

half of the 1920s to the early 1930s and was printed 

in 1942. Anderton’s work, coming to press in 1953 in 
the United States and 1954 in the United Kingdom, 
recounted activities of the late 1940s and early 1950s. 

The events presented in the three books have, 
since their respective publications, found their way in 
numerous variations into historical articles or descrip- 
tions as well as gemological, mineralogical, or geolog- 
ical papers.! The rediscovery of Chivor by Francisco 

Restrepo (figure 1) and the clues that motivated his 

search have been a particularly popular topic. In gen- 
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eral, the events described by Klein, Rainier, or Ander- 
ton have been accepted as facts in the literature, and 
only Klein’s description and dating of the rediscovery 


In Brief 


e After 200 years of abandonment, the modern history of 
the Chivor emerald mine began with rediscovery by 
the Colombian mining engineer Francisco Restrepo in 
the 1880s. 


After several trials to sell the mine by the Colombian 
owners, in 1912 German gem merchant Fritz Klein then 
joined Restrepo in further efforts, but Klein’s attempts to 
complete a purchase with a group of German investors 
were thwarted by the outbreak of World War I. 


e After the war, an American company, the Colombian 
Emerald Syndicate, Ltd., took ownership in late 1919. 


Although operations resumed under the new leader- 
ship, lasting success was not to be found, and the 
Colombian Emerald Syndicate entered bankruptcy pro- 
ceedings in 1923. 


by Restrepo have on occasion been questioned or dis- 
cussed.” It has been noted that Klein’s time frame for 
the rediscovery clearly differs from that presented in 


'See, e.g., Weldon et al., 2016, for a recent example. 
*See, e.g., Sinkankas, 1981; Moore and Wilson, 2016. 
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Figure 1. Francisco Daniel Restrepo Escobar, circa 
1906. Restrepo began his career at gold and silver 
mines in the Colombian states of Antioquia and 
Tolima in the 1870s and 1880s. He is credited with re- 
discovery of the Chivor emerald mines, an event that 
evidence also places in the 1880s. The early 1900s 
found him at gold mines in Ecuador and then leading 
operations at the Muzo emerald mines. In the 1910s, 
he returned to Chivor, where he would cooperate with 
German miner Fritz Klein to find investment funding 
for the project. Courtesy of Eduardo Restrepo Ortega. 


other publications. This discrepancy, in turn, provided 
the impetus for the present project, aiming not only 
to clarify this inconsistency but also, more broadly, to 
probe the trustworthiness of the purported historical 
“facts” recounted by Klein, Rainier, and Anderton. 
The focus was on locating contemporaneous pri- 
mary documents, such as original letters and con- 
tracts, that could elucidate events underlying the 
oft-repeated descriptions. Beginning with an empha- 
sis on the period covered by Klein (figure 2), the 
search was subsequently augmented to consider the 
record from the 1880s to the 1970s. In summary, the 
project endeavored to present a comprehensive sur- 
vey of Chivor’s history from its rediscovery to the 
second half of the twentieth century, based princi- 
pally upon primary contemporaneous materials, di- 
vided into two parts. The first installment of this 
work covers the period from the 1880s to 1925. 


HISTORY OF CHIVOR, PART I: 1880-1925 


SOURCES 


The search for contemporaneous materials spanned 
Europe, South America, and North America, as key 
figures in the story hailed from or worked in Ger- 
many, the United Kingdom, Colombia, and the 
United States. These primary documents were com- 
pared with the known literature on the topic. Full ci- 
tations for the principal existing publications 
consulted are summarized in the reference list. Other 
primary documents, such as governmental and judi- 
cial reports and decrees that may appear in broader 
compendiums, archived contracts, business records, 
newspaper articles, personal correspondence, etc., are 
identified to the extent feasible in the footnotes, 
along with brief citations to publications included in 
the reference list. Direct quotations from original 
sources in German or Spanish were translated for 
purposes of this publication. 

Investigations began with the German Federal 
Archive (Bundesarchiv) and the Historical Archive of 
the German Ministry of Foreign Affairs (Auswartiges 
Amt), both in Berlin. Stored in these repositories 


Figure 2. Portrait of the gem merchant Fritz Klein by 
the artist Rudolf Wild, Idar-Oberstein, Germany, in 
the mid-1930s. At that time, Klein was engaged in 
writing the 1941 book describing his earlier adven- 
tures searching for new gem deposits in South Amer- 
ica; a highlight is the saga of his engagement with 
the Chivor emerald mine in Colombia. Courtesy of 
Wolf D. Unger. 
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were original documents or copies thereof involving 
the emerald mines in Colombia, largely in materials 
generated during relevant periods by the German 
Ministry of Foreign Affairs in Berlin and the German 
Residency (essentially equivalent to an embassy) in 
Bogota. Of a similar nature and also held in Europe 
were correspondence and related materials in the col- 
lections of the Kew National Archives in London, de- 
rived from the United Kingdom’s Foreign Office. 

Principal Colombian materials were found in the 
form of government publications printed, typically 
anonymously, in the “Diario Oficial (Colombia),” in 
the “Gaceta Judicial (Colombia)” of the Corte 
Suprema de Justicia (Supreme Court}, and in the re- 
ports of ministries or other government offices. 
These included legislative texts, decrees, governmen- 
tal or judicial pronouncements, and statements on 
petitions and complaints. The Archivo General de la 
Nacion (Colombia) in Bogota further yielded notarial 
acts (escrituras) and attachments reflecting mine title 
transfers, sales of shares between various sharehold- 
ers, and agreements shedding light on the ongoing 
fluctuations in Chivor ownership and related events.* 

Europe and the Americas also proved to be sources 
of collections of a more personal nature, with notable 
materials being found both in the University Library 
Freiburg (Universitatsbibliothek Freiburg) archives 
and in the private holdings of family members. For 
example, Francisco Restrepo’s grandson Eduardo Re- 
strepo Ortega held family documents from the late 
1880s to the early 1920s describing many aspects of 
his grandfather’s role with Chivor. Likewise, descen- 
dants of Fritz Klein and his brother August, who 
worked together at Chivor between 1912 and 1914, 
were in possession of original photos from Colombia 
and copies of letters written by family members be- 
tween 1907 and 1920. Unfortunately, the original 
manuscript for Klein’s 1941 book was not located by 
the present authors. Contributions of this nature from 
relatives of many key players were instrumental, and 
their importance cannot be overstated.° 

Even online resources added to the available con- 
temporaneous data. Noteworthy in this regard were 
digitized compilations of records detailing transit of 
persons, such as passenger lists maintained by the 
United States Immigration Office in New York and 
by offices in Hamburg and Bremen, Germany, and in 
Tilbury, London, United Kingdom.’ Those records 
detailed information that could incorporate depar- 
tures and arrivals through national borders, starting 
points, destinations, and, most importantly, specific 
dates to help establish or corroborate event time 
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frames. Similarly insightful were digital archives of 
newspapers across the United States, which enabled 
view of events as presented to the public in the early 
twentieth century. 


LOCATION 


The Chivor mining area is located northeast of 
Colombia’s capital Bogota, in proximity to the pres- 
ent-day small municipalities of Somondoco and 
Almeida to the north and Gachala and Ubala to the 
southwest (figure 3). In the early decades of twentieth 
century, the nearest community of sufficient size to 
host a telegraph office was Guateque, accessible via 
a one-day journey by horse. 

The main emerald mines are situated south of the 
town of Chivor, founded in 1930, between the valleys 
of the Rio Sinai and the Rio Rucio, the latter of which 
flows into the Rio Guavio. (The two valleys are al- 
ternatively referred to as Quebrada Sinai and Que- 
brada de las Minas, quebrada meaning “gorge” or 
“breaking reef” in Spanish.) North of the Chivor area 
are the Rio Somondoco and the Rio Garagoa. Chivor 
is now positioned between two large dams that were 
built in the second half of the twentieth century, the 
Embalse de Chivor (Chivor Dam) and the Embalse 
del Guavio (Guavio Dam). The Rio Garagoa runs to- 
ward the Embalse de Chivor and south of the dam is 
also called the Rio Bata, which in turn flows into the 
Rio Guavio. 


3In the German Federal Archive (Bundesarchiv) in Berlin, pertinent 
material was found in file R901, archive numbers 1303, 1304, and 
1305, all covering the years 1911 to 1920. In addition, file R901, 
archive number 81190, contained a mining report from 1913 by a 
member of the German Residency in Bogota. In the Historical Archive 
of the German Ministry of Foreign Affairs (Auswartiges Amt), also in 
Berlin, principal relevant files were designated RAV Bogota Volume 
50 (now 136) and R Volume 91809, covering the years 1914 to 1936. 
4Most relevant at the Archivo General de la Naci6n (Colombia) in Bo- 
gota were several notarial acts (escrituras) designated herein by escritura 
number and date. Also useful was a file entitled “Minas de Esmeraldas” 
incorporating materials from 1905 to 1917, collected by the Ministerio 
de Relaciones Exteriores. Similarly instructive was the file “Joaquin 
Daza B.,” Volume “Propuestas Minas 99,” Ministerio de Industrias, De- 
partamento de Minas y Petrdleos, which contained documents covering 
1929 to 1954 and detailing mine boundaries and history. 

Held at the University Library Freiburg ((Universitatsbibliothek 
Freiburg) was a collection of documents related to Prof. Robert 
Scheibe, a geologist involved in scientific investigations at and evalu- 
ation of Chivor, as detailed below. 

See the acknowledgments for additional indication of the scope of 
such contributions. 

’MyHeritage.com, Ancestry.com, and Ancestry.de databases. The 
New York passenger lists record the arrival of United States or foreign 
citizens, the Hamburg and Bremen passenger lists record departures 
from Germany, and the London passenger lists record departures of 
British citizens from the port of Tilbury. 
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The Chivor mining area currently consists of 
many tunnels and galleries worked employing indus- 
trial methods, with production yielding large quan- 
tities of gem-quality emeralds.’ This scenario 
presents a marked contrast to the harsh working con- 
ditions and difficulties encountered in the first half 
of the twentieth century. 


PRE-NINETEENTH CENTURY HISTORY OF THE 
SOMONDOCO (CHIVOR) EMERALD MINES 
Beginning in early April 1536, a Spanish military ex- 
pedition was conducted under the leadership of con- 
quistador Gonzalo Jiménez de Quesada into the 
region that later became Nueva Granada (the New 
Kingdom of Granada, encompassing approximately 
the territory of modern Colombia).? The journey em- 
barked from the Atlantic coastal city of Santa Marta, 
and by December 1536, the expeditionary group had 
begun to cross the Andes Mountains. They arrived 
in the territory of the indigenous Muisca in March 
1537. As they traveled south, the Spanish soldiers en- 
countered emeralds in the region, and Quesada or- 
dered the captain Pedro Fernandez Valenzuela to 
search for the mines. Valenzuela departed from Que- 
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Figure 3. Map showing 
the location of the 
Chivor emerald mines, 
south of the towns of 
Somondoco and 
Almeida and northeast 
of Gachalé and Ubala, 
in the Departamento de 
Boyacd, Colombia. The 
area is now located be- 
tween two dams, Em- 
balse de Chivor and 
Embalse del Guavio, 
that were built in the 
second half of the 
twentieth century. The 
other emerald mines in 
the departments of 
Boyaca and Cundina- 
marca were discovered 
and exploited in the 
twentieth century, sub- 
sequent to the rediscov- 
ery of Chivor. 
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sada’s camp in late May or early June 1538 and pro- 
ceeded as reported in a letter from 1539: 


Valenzuela departed with several others, and after six 
days they arrived at the said mines, where he and the 
other Spaniards with him, watched the Indians extract 
the emeralds from below the ground, and they wit- 
nessed such strange new things. The mines are located 
roughly fifteen leagues from the Valley of the trumpet, 
in a very high and sparse mountain range. It appears 
that the emeralds are extracted from an area about one 
league in size. The lord of the mines is a very principal 
Indian by the name of Somyndoco [Somondoco]. He is 
sovereign over many vassals and settlements, and his 
private residence is located three leagues’ distance from 
the mines.... Those who went on the discovery of the 
emerald mines said that from the mines they could see 
some great planes [I/anos], so marvelous that nothing 
like them ever had been seen. On hearing this news, 
Jiménez moved the camp closer to the mines....!° 


A similar account of the discovery of the ancient 
Somondoco emerald mines appeared, with minor 


®Fortaleché et al., 2017. 
°Francis, 2007. 


‘Letter from two Spanish captains, July 8, 1539, Archivo General de 
Indias, Seville, Spain, as translated and published by Francis, 2007. 
One league was equivalent to 5.57 km. See Lane, 2010. 
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variations, in all historical descriptions of the con- 
quest of Nueva Granada penned by sixteenth- and 
seventeenth-century Spanish authors. Examples in- 
clude those by Fray Pedro de Aguado, Fray Pedro 
Simon, and Lucas Fernandez de Piedrahita. 

In the following decades, the mines referred to as 
Somondoco in contemporaneous Spanish texts were 
worked with limited success, although a portion of 
the emerald mining activity was diverted to the 
Muzo deposits after their discovery to the northwest 
in the 1560s." Exploitation at Somondoco continued 
under various owners and lessees!” into the 1670s, 
with the last known documentary evidence of activ- 
ity dated from 1672 to 1675." 

Beyond that time, there exists no known record 
of further activity at the mines, nor is there any re- 
port detailing why the mines were abandoned. While 
the literature refers to an order to close the mines is- 
sued by the Spanish monarch Carlos II (reigning 
1665-1700),'* such an order has never been proven 
and could not be located despite recent extensive re- 
search.!> By 1772 it was noted that the mines of 
Somondoco were deserted and that nothing more 
than some vague remains of the old workings could 
be found.'° Thus, over the course of more than 200 
years beginning in the 1670s, any detailed knowledge 
about the location of the Somondoco emerald mines 
was essentially lost. 


REDISCOVERY OF CHIVOR 


The rediscovery of the historical mines of Somon- 
doco, henceforth known primarily as the Chivor 
mines, has long been attributed to the Colombian 
mining engineer Francisco Daniel Restrepo Escobar!’ 
(1855-1914). Restrepo was born in Rionegro, Antio- 
quia, Colombia, and was involved in the mines of 
Antioquia during his younger years.'* By the early 
1880s, he had transferred his attention to the neigh- 
boring state of Tolima, where he worked as a prospec- 
tor and mine production manager. At the time, 
mineral deposits in Antioquia were considered 
nearly exhausted, while Tolima was viewed as hav- 
ing strong potential for alluvial gold and silver mines. 
Restrepo’s activities in Tolima involved searching for 
lost mines from the colonial era as well as discover- 
ing new mines. During the first half of the 1880s, at 
least a portion of his work was done in association 
with the Compania Minera del Tolima (not to be 
mistaken with the British Tolima Mining Company, 
Limited),!° but from the mid-1880s Restrepo also 
worked in partnership with Luis Correa. From 1885 
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to 1887, numerous new deposits, mostly gold and sil- 
ver mines, were discovered and registered with the 
government (to establish claims and valid mining ti- 
tles) by both Restrepo and Correa, either alone or to- 
gether.”° Evidence of Restrepo’s mining activities in 
Tolima extends to the end of the decade, with records 
showing mine tax payments and sales transactions 
for several gold and silver mines as late as 1889.7! 
Conversely, records for the following two decades are 
silent in that regard, but those from 1910 reflect that 
Restrepo was still holding mining titles in the area, 
together with several partners.?” Meanwhile, as of 
1891 Restrepo had apparently resumed efforts back 
in Antioquia as well.” 


"Lane, 2010. 
"Canova, 1921. 


Slave labor at the mines was described in a document from 1672 
(Kris Lane, pers. comm., 2018). Litigation in 1672 involving Somon- 
doco mining rights has also been reported (Canova, 1921). Several 
additional years of activity are supported by archival material from 
the second half of the seventeenth century in the file “Minas-Boyaca,” 
SC 38, 1, D10, Archivo General de la Nacién (Colombia). 


'4Martin de Retana, 1990. 
Kris Lane, pers. comm., 2018. 
‘Moreno, 1772, published 1870. 


“Commonly referred to as Francisco Restrepo, the names Francisco 
Restrepo Escobar or Francisco Restrepo E. also appear in official doc- 
uments, with his signature on notarial acts taking the latter form. His 
year of birth is similarly ambiguous. A death certificate indicates 
1853, while passenger lists reflecting his departure from Hamburg 
and subsequent arrival in New York in November 1913 give an age of 
62, implying that he was born in 1851. File F. Restrepo, Hamburger 
Passagierlisten (list of passengers departing from Hamburg), Novem- 
ber 1913, Ancestry.de; File F. Restrepo, List or Manifest of Alien Pas- 
sengers for the United States Immigration Officer at Port of Arrival, 
New York, November 1913, Ancestry.com. However, the date 1955 
was provided by his grandson. Eduardo Restrepo Ortega, pers. 
comms., 2018, 2019. 

Aguilar, 1884. 

Martinez Covaleda and Martinez Covaleda, 1996; Moreno 
Calder6n, 2011. 

2°Diario Oficial (Colombia), 23, No. 7208 (1887), pp. 1194-1195; Es- 
quivel Triana, 2001; Quintero and Centeno, 2007. 

*"Informe presentado al Congreso de la Republica en sus sesiones or- 
dinarias de 1890 por el Ministro de Hacienda, Segunda Parte — In- 
formes de los administradores departamentales de Hacienda, pp. 
219-320; Skinner, 1891-1892; Escritura 556, May 25, 1899, Notaria 
3, Archivo General de la Naci6n (Colombia). 

>The Compaiia de Minas de Los Alpes holding these mining titles 
was formed in 1910 and reorganized in 1916. Escritura 148, February 
3, 1910, Notaria 2, Escrituras 944 and 955, May 2, 1916, Notaria 2, 
Archivo General de la Nacién (Colombia). Restrepo was also in- 
volved in the late 1800s and early 1900s in ventures unrelated to 
mining. For example, through an administrator he operated two ha- 
ciendas in the district of Paime, south of Muzo, named Santa Teresa 
and San Luis, which were abandoned during the Colombian civil 
war. After the war, in 1902, he was active in the coffee trade. Gaceta 
Judicial (Colombia), 20 (1911), pp. 49-57. 

3Brisson, 1899. 
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Figure 4. Undated hand-sketched map, from a collec- 
tion of original documents in the possession of Fran- 
cisco Restrepo’s grandson, of the region south of the 
town of Guateque and the Rio Somondoco in Colom- 
bia, incorporating notations regarding already located 
mines and promising areas for search. Courtesy of Ed- 
uardo Restrepo Ortega. 


The foregoing regions, however, did not consti- 
tute Restrepo’s sole focus. The emerald mines in Boy- 
aca designated Chivor 1 and Chivor 2 were registered 
with the government in 1889, and Restrepo was 
clearly involved in the process, which comprised 
multiple steps.”* The first step in applying for the ti- 
tles (acta de aviso) was undertaken by Miguel Perilla 
in the names of Restrepo, Enrique Gonzalez,” 
Bernardo Escovar,** and Nifiez & Compania”’ in Jan- 
uary 1889. The application was then granted and 
published in March 1889. Thereafter, at a date and 
under circumstances not otherwise elucidated, title 
ownership apparently transferred from the original 
four applicants to Restrepo and Correa, who were 
recognized as the owners in documentation from 
1896, seven years later.?8 

Nonetheless, two critical aspects regarding Re- 
strepo’s underlying rediscovery of the Chivor mines 
are fraught with discrepancy and ambiguity: the date 
of the rediscovery and the source of the information 
on which he relied. 
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As to the date, Klein (1941) estimates 1903 to 
1904. Conversely, Spanish texts place this event in 
1896 or even as early as 1888 to 1889, and English- 
language texts mostly quote 1896.°° The English 
texts primarily refer to Latham (1911), but that work 
offers no corroborative reference to support the 1896 
date given. Dominguez?! (1965), the most detailed 
Spanish textbook on the history of Colombian emer- 
alds, cites a limited number of geological studies but 
does not associate historical events with any pri- 
mary source. The Spanish publication by Martin de 
Retana (1990) chronicles historical events, but the 
individual facts are neither consistent nor correlated 
with the references cited. German authors, in most 
cases, follow the version and dates given by Klein 
(1941). 

No direct written communication by Restrepo de- 
scribes his search; the only known tangible evidence 
of his efforts consists of three rough hand-sketched 
maps, all undated, found in his personal papers (e.g., 
figure 4). These merely depict selected areas between 
Rio Somondoco and Rio Guavio and mark the loca- 
tions of already discovered mines and promising sites 
for search. Nonetheless, a report authored by Klein 
in 1913 and notes by Prof. Robert Scheibe from 1914 
offer verification from contemporaneous primary 
sources. As will be detailed below, both Klein and the 
geologist Scheibe spent time with Restrepo at 
Chivor. In the report by Klein, which was an “ex- 


*4Escritura 201, February 13, 1899, and attachments, Notaria 3, 
Archivo General de la Nacién (Colombia); letter from a department of 
the Ministerio de Hacienda in Tunja, Colombia, to the Ministerio de 
Industrias, 1930, file “Joaquin Daza B.,” Volume “Propuestas Minas 
99,” Ministerio de Industrias, Departamento de Minas y Petréleos, 
Archivo General de la Nacién (Colombia). 

5Enrique Gonzalez served as director of operations at the Muzo and 
Coscuez emerald mines in Colombia from 1886 to 1901, first on be- 
half of Lorenzo Merino and later on behalf of the English Mining Syn- 
dicate, Limited. Gaceta Judicial (Colombia), 15 (1901), pp. 169-173; 
Gonzalez, 1911. 

Also referred to as Bernardo Escobar in several documents, with his 
signature on notarial acts generally taking the form Escovar (used 
hereinafter). 

*’The background of Nuhez & Compaiiia is vague; subsequent to the 
reference in the 1889 application, an entity by that name is identi- 
fied as having been founded in 1895 by four brothers. Escritura 
1286, November 30, 1895, Notaria 1, Archivo General de la Nacion 
(Colombia). 

6Escritura 201, February 13, 1899, and attachments, Notaria 3, 
Archivo General de la Nacién (Colombia). 

*°Dominguez, 1965; Martin de Retana, 1990; Calvo Perez, 1992. 
Latham, 1911; Pogue, 1917; Canova, 1921. 

*'Rafael A. Dominguez was head of the financial administration (In- 
terventor de Salinas y Esmeraldas) of the Ministerio de Minas y 
Petrdleos in Bogota. Memoria del Ministro de Minas y Petrdleos al 
Congreso de 1963 (1963), p. 26. 
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posé”* likely written for potential investors, 1882 
was given as the date when indications of the mine’s 
location were found, and 1885 was noted as when the 
old tunnels worked centuries ago were rediscovered. 
Scheibe’s personal notes* discussed the boundaries 
of the two mines Chivor 1 and 2 in connection with 
“the work that Restrepo did in the 80s of the last cen- 
tury.” Thus, primary and secondary documentation 
places the search for the lost mines and their redis- 
covery in the 1880s. 

The nature of the collaboration between Restrepo 
and Correa in the rediscovery remains obscure,** but 
a 1911 letter from Correa to Restrepo lends a degree 
of corroboration to the 1880s timing. Although the 
correspondence makes no direct mention of Chivor, 
it does discuss possible future cooperative ventures 
and refers back to an event in 1885 when they were 
“extremely lucky.”* 

Turning to the question of the source of the clues 
on which Restrepo relied, it is generally reported that 
he was guided by hints found in historical manu- 
scripts, but further details differ widely. In nine- 
teenth-century descriptions of Colombian history, 
Acosta (1848), Plaza (1850), and Groot (1869) re- 
counted the expedition of Valenzuela in 1538 and in- 
dicated that from the Somondoco mines, or on the 
journey thereto, great plains (I/anos) were visible to 
the east. Other nineteenth-century publications of- 
fered even somewhat misleading information such as 
“nine leguas [leagues] south-south-east of Guateque, 
close to the cascade of Nagar.’”*6 

With respect to Spanish authors from the colonial 
period, the description of Colombia’s history by 
Lucas Fernandez de Piedrahita, first published in 


“Exposé der Smaragdmine “El Chivor” by Fritz Klein, undated, 16 
pp., received by the German Ministry of Foreign Affairs September 
13, 1913, and preserved in the German Federal Archive. A portion of 
this document was translated and published in English by Canova 
(1921). 

Prof. Robert Scheibe collection, University Library Freiburg. 
Likewise minimal is information about Luis Correa’s life after the 
Chivor rediscovery. He did, however, remain involved in the emerald 
business, serving for example as Inspector de las minas de esmeraldas 
de Muzo & Coscuez. Diario Oficial (Colombia), 42, No. 12693 
(1906), p. 630. 

5Letter from Luis Correa, March 15, 1911, to Restrepo. 

*°Ancizar, 1853; Schuhmacher, 1875. The cascade of Nagar was lo- 
cated close to Macanal but is now covered by the Chivor Dam. Enci- 
clopedia Universal Ilustrada Europeo-Americana, 1931; Geografia 
econdmica de Colombia, 1936. This locality would be about 15 km 
too far northeast from the present Chivor mines; see also figure 3. 
*’Robinson L6pez, Biblioteca Nacional de Colombia, Bogota, pers. 
comm., 2017. 


®Fals-Borda, 1955; Friede, 1964. 
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Antwerp in 1688, was reprinted in Bogota in 1881 
and, as a consequence, could have been readily avail- 
able to Restrepo at the beginning of the 1880s. 

The historical treatise by Fray Pedro Sim6n, one 
of the most prominent authors of the Spanish con- 
quest, has frequently been mentioned as the original 
source for Restrepo’s information. Only the first vol- 
ume of this five-volume series was published in the 
seventeenth century, with the complete set edited 
and printed in Bogota from 1882 to 1892. The second 
volume, which contained the description of Valen- 
zuela’s 1538 expedition to Somondoco, was pub- 
lished in 1891 from a handwritten manuscript 
preserved in the Biblioteca Nacional de Colombia 
(National Library of Colombia) in Bogota. The origi- 
nal manuscript had been prepared by Simén in the 
1620s, and that manuscript or a copy of it had been 
available and accessible at the national library since 
1852, when it came into the collection from the pri- 
vate library of Joaquin Acosta.*’ 

Fray Pedro de Aguado, the sixteenth-century chron- 
icler of the Spanish conquest of Colombia and 
Venezuela, has also been cited as a possible source for 
Restrepo’s information. Aguado’s treatise “Recopi- 
lacion Historial” was never published during the colo- 
nial period.*® The handwritten first volume, 
concerning Colombia, was discovered in Madrid by 
Acosta in 1845 and briefly mentioned in his history of 
Nueva Granada published in 1848. The handwritten 
manuscript itself, copied in the early years of the twen- 
tieth century, was published in Bogota in 1906. These 
facts indicate that Aguado’s treatise on Colombia was 
most likely not available to Restrepo in the 1880s. 

In summary, the only known information avail- 
able to guide Restrepo’s journey was the vague hint 
about the Ilanos being visible from the Chivor min- 
ing region (figure 5) and perhaps some approximate 
indication of distance from the town of Somondoco. 
This information would have been accessible to him 
from several sixteenth- and seventeenth-century au- 
thors and as repeated in nineteenth-century histori- 
cal texts. The present authors are aware of neither 
further handwritten manuscripts from sixteenth- or 
seventeenth-century historians nor any other de- 
tailed accounts or maps that might have identified 
the location of the ancient Somondoco mines. 


MINING TITLE TRANSFERS, MINING COMPANY 
FORMATION, AND EARLY YEARS (1896-1910) 


As previously noted, titles to mines designated Chivor 
1 and Chivor 2 were registered in 1889, and by 1896 
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Restrepo and Correa were recognized as the owners. 
The registration was made in accordance with the 
Colombian mining law then in effect, which stipu- 
lated that a gem mine could not exceed one square 
kilometer in size (Law No. 38 of 1887, Article 2).°° The 
Chivor emerald mines thus consisted of two contigu- 
ous areas of one square kilometer each and were not 
otherwise split or subdivided during the relevant pe- 
riod. Any mining in the region employed open-pit 
methods, as was generally the case in Colombia prior 
to 1930. Although the Chibcha and Spanish in prior 
centuries may have attempted to build tunnels, even 
those extended only a few meters into the mountains. 
At the Chivor claims, no mining activity took 
place for several years after registration. The 1891 an- 
nual taxes for the two mines were paid by Correa,” 
but no further payments are known. As a result, 
Chivor 1 and 2 were declared “abandoned” on August 
23, 1896, on account of an absence of operations in the 
seven years since the registration and a failure to pay 
taxes on the mines since 1891.4! Attendant legal for- 
malities led to the titles being transferred from Correa 
and Restrepo to Gonzalez on February 16, 1898.” 
Later in 1898, a mining entity was formed as a 
joint stock company between Gonzalez, Restrepo, 
Escovar, and Nunez & Compania, but without Cor- 
rea, and the Chivor 1 and 2 mining titles were trans- 
ferred from Gonzalez to that company.* Share 
distribution at formation was as follows: 40 shares 
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Figure 5. In all the six- 
teenth- and seven- 
teenth-century texts 
that describe the 
Spaniards’ discovery of 
the Chivor emerald 
mines—named Somon- 
doco at that time—it 
was mentioned that 
great plains (llanos) 
were seen from the 
mines or on the way to 
the mines in a view to 
the east. Courtesy of 
Kris Lane, Tulane 
University. 


for Restrepo, 20 for Gonzalez, 20 for Escovar, and 20 
for Nufiez & Compania. The latter two were to act 
as investors, while Restrepo and Gonzalez, both of 
whom had mining experience, were to continue ex- 
ploration and to start practical operations. The com- 
pany later became known as the Compafiia de las 
Minas de Esmeraldas de Chivor,“ or, in certain ma- 
terials, Sociedad Ordinaria de las Minas de Chivor. 
For clarity, the different companies involved in the 
Chivor emerald business are listed in table 1. 

In 1898 and likely into the next year, Restrepo 
spent time at the mine, mainly supervising restora- 
tion and construction of a water supply and irrigation 
system. These efforts aimed to evaluate the potential 
of the deposit and to prepare the mine for visits by 
possible investors, looking for veins and samples in 


3°Bullman, 1892. 

“Diario Oficial (Colombia), 28, No. 8842 (1892), p. 819. 

“Escritura 201, February 13, 1899, and attachments, Notaria 3, 
Archivo General de la Naci6n (Colombia). 

“Escritura 201, February 13, 1899, and attachments, Notaria 3, 
Archivo General de la Nacién (Colombia); Report by Dr. Antonio José 
Cadavid, March 18, 1913, Historical Archive of the German Ministry 
of Foreign Affairs. 

*Escritura 1337, August 20, 1898, Notaria 3, Archivo General de la 
Nacién (Colombia). No name for the company was specified at that 
time. 

“The name appeared in documents and reports of the Ministerio de 
Hacienda and the German Resident in Bogota. 
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TABLE 1. Companies related to the Chivor 1 and 2 emerald mines in Colombia. 


Company Name 


Formation Date 
Registration Date 


Incorporators and Agents in 
Colombia 


References 


Compania de las Minas de 
Esmeraldas de Chivor; 

Sociedad Ordinaria de las Minas 
de Chivor* 


Syndikat El Chivor 


Colombian Emerald Syndicate, 
Ltd. 


Colombian Chivor Emerald 
Company 

Compania Colombiana de 
Esmeraldas de Chivor 
(Operating company of the 
Colombian Emerald Syndicate) 


Chivor Emerald Corporation 


Colombia Emerald Development 
Corporation 

(Operating company in U.S. and 
Colombia, connected to the 
Chivor Emerald Corporation) 


Chivor Emerald Mines, Inc. 
(Change of name from the 
Colombia Emerald Development 
Corporation) 


August 20, 1898 
(Formation in Colombia) 


February 14, 1914 
(Formation in Germany) 


June 22, 1918 
(Formation in U.S.) 


May 7, 1920 
(Registration in Colombia) 


July 6, 1920 
(Formation in Colombia) 


March 6, 1924 
(Formation in U.S.) 


February 16, 1925 
(Registration in Colombia) 


November 7, 1924 
(Formation in U.S.) 


July 11, 1925 
(Registration in Colombia) 


September 28, 1933 
(Change of name in U.S.) 


November 17, 1934 
(Change of name 
registered in Colombia) 


Francisco Restrepo, Enrique Gonzalez, 


Bernardo Escovar, Nunez & Cia. 


August Stauch, Hjalmar Schacht, 
Rudolf Hahn & Sons, Fritz Klein 


S.J. Nathan, Edgar W. Ward, J.E. 
Cochrane, M.F. O'Dell, F. A. Daly 


Agent: Miguel S. Uribe Holguin 


Wilson E. Griffiths, Carl K. MacFadden 


Directors: Carl K. MacFadden, 


Nathaniel W. Ross, William M. Schaill 


Agent: Miguel S. Uribe Holguin 


Samuel C. Wood, Harry C. Hand, 
Raymond J. Gorman 


Agent: Miguel S. Uribe Holguin 


Edmund J. MacNamara, Ernest W. 
Brown, William B. Anderson 


Agent: Miguel S. Uribe Holguin 


Agents (1920-1970): 
Miguel S. Uribe Holguin 
Hernando Uribe Cualla 
Eduardo Torres R. 


Escritura 1337, August 20, 1898, 
Notaria 3 


Historical Archive of the German 
Ministry of Foreign Affairs 


State of Delaware, Department of 
State, Division of Corporations 


Escritura 1402, May 7, 1920, 
Notaria 1 


Escritura 2041, July 6, 1920, 
Notaria 1 


State of Delaware, Department of 
State, Division of Corporations 


Escritura 344, February 16, 1925, 
Notaria 1 


State of Delaware, Department of 
State, Division of Corporations 


Escritura 1607, July 11,1925, 
Notaria 1 


State of Delaware, Department of 
State, Division of Corporations 


Escritura 2045, November 17, 
1934, Notaria 1 


Both names were used interchangeably in various documents between 1908 and 1921. 


the process. Emerald samples were sent to Europe to 
attract investors (e.g., major European banks), and an 
estimated price of £40,000 was suggested in early ne- 
gotiations.** However, no deal culminated before out- 
break of the Colombian civil war (October 
1899-November 1902) stopped all activities at the 
mine. Meanwhile, controversy had also developed 
over the water supply, as the irrigation canal ran across 
private land owned by the local Acosta family, and 
available water was also used for a nearby hacienda. 

In the following era, activities pertaining to 
Chivor tended to be more financial than operational 
in nature. Tax payments, share transfers, and invest- 
ment pursuits featured heavily, while mining was 
relatively minimal. Annual taxes for Chivor 1 and 2 
were paid by Gonzalez in 1898, 1899, and 1900 at the 
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rate of 5 pesos per mine per year. Taxes for the mines 
were then paid for 20 years in advance, at the rate of 
100 pesos per mine, by Antonio Niifiez of Nufiez & 
Compania on behalf of the shareholders.*’ 


“Letter from Nunez & Compafia, December 16, 1898, to Restrepo. 
Lorenzo Merino, who had recently completed a ten-year lease of the 
Muzo emerald mines (1886-1896), was involved in the discussions. 
Letters by Nunez & Compania, June 18 and June 23, 1898, to 
Restrepo. 

“Escritura 1242, December 3, 1901, Notaria 3, Archivo General de 
la Nacién (Colombia). See also Reports by the German Resident in 
Bogota, Dorotheus Kracker von Schwartzenfeldt, November 16, 
1912, and by a member of the German Residency in Bogota, Wil- 
helm Gerlach, November 15, 1912, German Federal Archive; Diario 
Oficial (Colombia), 48, No. 14720 (1912), pp. 812-813; Report by 
Dr. Antonio José Cadavid, March 18, 1913, Historical Archive of the 
German Ministry of Foreign Affairs; Dominguez, 1965. 
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TABLE 2. Transfers of shares of the Compania de las Minas de Esmeraldas de Chivor between 1899 and 1909. 


Escritura 1337, August 20, 1898, Notaria 3: 100 shares are issued and distributed among 4 shareholders as follows: Restrepo 40, Gonzalez 
20, Escovar 20, Nufiez & Compania 20 


Approximate 


Vand B Number Total Pri sicowser hare Escritura (notarial act), Archivo General 
Snr MYEr of shares Eker P P ae de la Nacién (Colombia), Bogota 
in pesos oro* 
Francisco Restrepo — Carlos Uribe 15 1,000 £ 4 333 Escritura 189, February 13, 1899, Notaria 3 
5,000 pesos oro 
Francisco Restrepo — Carlos Uribe 2) 4,000 pesos paper 600 Escritura 868, June 13, 1899, Notaria 3 
Francisco Restrepo Alvaro Uribe 2 4,000 pesos paper 600 Escritura 908, June 16, 1899, Notaria 3 
Francisco Restrepo § Diddoro Sanchez 1 2,000 pesos paper 200 Escritura 100, March 27, 1900, Notaria 5 
Enrique Gonzalez Christopher Dixon 1 5,000 pesos paper 500 Escritura 915, December 7, 1900, Notaria 3 
Enrique Gonzalez Christopher Dixon 1 25,000 pesos paper 500 Escritura 1201, November 21, 1901, 
Notaria 3 
Alvaro Uribe Christopher Dixon 1 48,000 pesos paper 320 Escritura 108, March 9, 1902, Notaria 3 
Francisco Restrepo — Eduardo Sayer Vega 1 25,000 pesos paper 167 Escritura 109, March 10, 1902, Notaria 3 
Carlos Uribe Fould & Compagnie 17 2,000 £ 4 588 Escritura 1848, October 10, 1905, Notaria 2 
10,000 pesos oro 
Francisco Restrepo — Emiliano Isaza 3 10,000 pesos paper 33) Escritura 758, October 28, 1905, Notaria 3 
Eduardo Sayer Vega —_ Lisandro Moreno 1 30,000 pesos paper 300 Escritura 851, December 4, 1905, Notaria 3 
Lisandro Moreno Eduardo Sayer Vega 1 30,000 pesos paper 300 Escritura 134, March 7, 1906, Notaria 3 
Nufiez & Compafia Fould & Compagnie 20 400 £4 100 Escritura 1834, December 17, 1907, 
2,000 pesos oro? Notaria 2 
Eduardo Sayer Vega Luis Francisco Moreno 1 64,000 pesos paper 640 Escritura 749, October 15, 1908, Notaria 3 
Luis Francisco Emiliano Isaza 1/2 22,500 pesos paper 450 Escritura 174, March 20, 1909, Notaria 3 
Moreno 
Luis Francisco Francisco Restrepo 1/2 22,500 pesos paper 450 Escritura 174, March 20, 1909, Notaria 3 


Moreno 


“Conversion factors used for pesos oro:pesos paper are 1:3.33 (1899), 1:10 (1900), 1:50 (1901), 1:150 (1902), 1:100 (1905 and later). With a total of 
100 shares outstanding, 1 share represents 1% ownership of the company (see footnote 48 in text). 


’Nufiez & Compania sold multiple assets, not only shares in Compafiia de las Minas de Esmeraldas de Chivor, to Fould & Compagnie. 


“The price for 90% of the mine offered to F. Klein in 1914 was £51,000 4 255,000 pesos oro; the value for 1% of the mine (equivalent to 1 share) would 
be calculated at 2,833 pesos oro. 


The sale price for the mine and the land to W.E. Griffiths and C.K. MacFadden in 1919 was £46,000 & 230,000 pesos oro; the value for 1% of the mine 
(equivalent to 1 share) would be calculated at 2,300 pesos oro. 


A lively trade in shares of the Compania de las 


48Conversion factors reflected in certain documents indicate £1 ster- 


Minas de Esmeraldas de Chivor also took place dur- 
ing the first decade from 1899 to 1909, and examples 
of these transactions are summarized in table 2.4 A 
notable series of transfers began in 1899 when Re- 
strepo sold 15 shares to Carlos Uribe, who in turn 
sold 17 shares in 1905 to Fould & Compagnie, a 
Parisian bank.®° Two years later, in 1907, Fould & 
Compagnie became the majority shareholder upon 
acquiring an additional 20 shares from Nunez & 
Companiia.*! Other individuals who would play a role 
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ling 4 5 pesos oro. At the time of the civil war (1899-1902), inflation 
caused rapid change in the exchange rate of the gold peso (peso oro) 
to paper currency, for example: 1:10 (1900), 1:50 (1901), 1:189 (Oc- 
tober 1902), and 1:260 (1902/1903). After the war, the value of the 
paper currency stabilized, and in 1904, the exchange rate was fixed 
by the government at 1:100. Mitteilungen des Deutsch- 
stidamerikanischen und Iberischen Instituts, 3 (1915), p. 198; Burger, 
1919; Eder, 2017. 

Escritura 1848, October 10, 1905, Notaria 2, Archivo General de la 
Naci6én (Colombia). 

5'Escritura 1834, December 17, 1907, Notaria 2, Archivo General de la 
Nacién (Colombia). 


Gems & GEMOLOGY SPRING 2020 75 


Figure 6. Dr. Emiliano Isaza Gutiérrez—lawyer, scien- 
tist, politician, diplomat, and minister—was one of 
the most prominent shareholders in the Compafita de 
las Minas de Esmeraldas de Chivor. He cooperated 
with Klein in the 1910s but as president sold the com- 
pany in 1919 to American interests. Courtesy of Ban- 
repcultural, Bogota. 


in Chivor’s history likewise became involved as 
shareholders during this period, such as the English 
businessman and miner Christopher Ernest Dixon 
(1868-1961; see box A], who purchased three shares 
between 1900 and 1902,5% and Dr. Emiliano Isaza 
Gutiérrez (figure 6),°> who acquired three shares in 
1905* and would later become president of the Com- 
pafiia de las Minas de Esmeraldas de Chivor. Prices 
for one share in paper currency increased from 2,000 
pesos in 1900 to 64,000 pesos in 1908, but the infla- 
tion factor impacting paper currency changed 
markedly during the Colombian civil war (again, see 
table 2).°° The values of different Colombian and for- 
eign currencies are compared in table 3. 
Throughout the same period, the mine owners 
continued seeking foreign investment or participa- 
tion. In November 1901, Dixon was authorized for a 
term of six months to attempt to form a company in 
Europe that would be responsible for organizing and 
operating the emerald mines. A different tack was 
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TABLE 3. Currency equivalencies circa 1910-1914.* 


£ Sterling Peso Oro $US Gold = Mark 
£ Sterling 1 5 5 20 
Peso Oro 0.2 1 1 + 
$US Gold 0.2 1 1 4 
Mark 0.05 0.25 0.25 1 


*As used in various publications and contracts of the period. 


then taken in March 1904, when Alvaro Uribe was 
authorized for a nine-month term to search for a for- 
eign entity, especially in France and England, to lease 
Chivor for an estimated price of £10,000.°’ As to the 
apparent lack of success of such efforts, the United 
States Consul-General in Bogota, Snyder, wrote in 
1904: “The prohibitively high price asked by the own- 
ers of these five mines, called the ‘Chivor group’ is 
the reason, I am informed, that they are not being 
worked.’** 

Meanwhile, a few months before the end of the 
civil war, Restrepo had left Colombia. He arrived in 
Quito, Ecuador, in June 1902, accompanied by his 
older son Anibal and two other Colombians. In 
Ecuador, Restrepo worked on government projects 
such as road and railway construction, and he was 
involved in gold mining in the Oriente region as 
owner and/or supervisor of several gold mines. In 
early 1904, Restrepo was asked to return to his home 
country because there was urgent need of an experi- 


52Fscritura 915, December 7, 1900, Notaria 3, Escritura 1201, No- 
vember 21, 1901, Notaria 3, and Escritura 108, March 9, 1902, No- 
taria 3, Archivo General de la Nacién (Colombia). 

Dr. Emiliano Isaza Gutiérrez (1850-1930) studied law and political 
science, becoming a professor at the University of Antioquia in 1875. 
In 1876 he moved to Bogota. Throughout his career, he authored a 
number of academic publications, including a classic Spanish gram- 
mar textbook Gramdatica Practica de la Lengua Castellana (1880), and 
he served Colombia in various diplomatic capacities, such as 
plenipotentiary minister in Ecuador and as minister of public instruc- 
tion in the homeland (1908-1909). See Martinez, 1950. 

54Fscritura 758, October 28, 1905, Notaria 3, Archivo General de la 
Nacién (Colombia). 

>For comparison, monthly salaries at the Muzo emerald mine in 
1904 were 30,000 pesos paper (300 pesos oro) for the director and 
3,000-4,000 pesos paper (30-40 pesos oro) for the foreman or other 
staff. Junta Nacional de Amortizacién, Informe al Congreso y al Gob- 
ierno Ejecutivo 1904, p. 62. 

5°Escritura 1172, November 12, 1901, Notaria 3, Archivo General de 
la Nacién (Colombia). 

57Escritura 172, March 5, 1904, Notaria 3, and Escritura 193, March 
16, 1905, Notaria 3, Archivo General de la Nacién (Colombia). 
>8Bulletin of the International Bureau of the American Republics, Vol. 
18 (1904), pp. 858-859. 

*°Restrepo’s activities in Ecuador between 1902 and 1904 are well 
documented in newspaper articles, contracts, reports, and letters re- 
maining in the possession of his family. 
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Figure 7. Map published in 1921 showing the location 
of the Chivor 1 and 2 emerald mines between the val- 
leys of the Rio Rucio and the Rio Sinai in the Depar- 
tamento de Boyacd, near the boundary with the 
Departamento de Cundinamarca. The mining titles 
for Chivor 1 and 2, measuring one square kilometer 
each, were registered in 1889 to Francisco Restrepo 
and partners; three additional mining titles were reg- 
istered in 1904 for the Triunfo de Chivor, Paz de 
Chivor, and Esperanza de Chivor claims. After 
Canova (1921), representing the mine boundaries as 
assumed by the Colombian Emerald Syndicate, Ltd.; 
the town of Chivor was added. Note: In a map pre- 
pared by the Ministerio de Minas y Petréleos in 1941, 
Paz de Chivor and Esperanza de Chivor are located 
much closer to Chivor 1 and 2, at a distance of ap- 
proximately 1 km. 


enced miner to direct the Muzo emerald mines. Re- 
strepo began in that position in March 1904. 

The year 1904 also saw a widening of the focus 
for investment activities pertaining to Chivor, be- 
yond the existing two claims. On August 25, 1904, 
Restrepo, Gonzalez, Escovar, Carlos Uribe, and 
Nunez & Compania purchased land in the Chivor 
area, between Rio Rucio and Rio Sinai, from Aurelio 
Ruedo Acosta.°! The purchase price was 100,000 
pesos, and 20,000 pesos were paid by each of the five 
principal shareholders. Thereafter the Compania de 
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Figure 8. Satellite photo of the region between the val- 
leys of the Rio Rucio and the Rio Sinai where the 
areas covered by the mining titles for Chivor 1, 
Chivor 2, and Triunfo de Chivor are located. The area 
is situated in the Departamento de Boyacd, near the 
boundary with the Departamento de Cundinamarca 
(yellow line), which runs partly along the Rio Rucio 
valley. Modified from Google Earth; the town of 
Chivor and the labeling were added. 


las Minas de Esmeraldas de Chivor was treated as the 
owner of the Chivor 1 and 2 mining titles and of land 
in the area. Through this purchase, the mine owners 
resolved with the Acosta family the controversy over 
the water supply that had plagued the site since the 
late 1890s. 

On December 13, 1904, three additional mining 
titles were registered in the vicinity of Chivor 1 and 
2: “Triunfo de Chivor,” “Paz de Chivor,” and “Esper- 
anza de Chivor” (figures 7 and 8}, with Restrepo, 
Henrique Campo, and Dixon named as the co-own- 
ers.” From that time, the five mining titles in the 


®°E] Ecuador. Guia Comercial, Agricola, e Industrial de la Republica 
(1909), Guayaquil, Compania “Guia del Ecuador,” pp. 243-251; 
Ochoa Ortiz, 1921. 

“Escritura 1479, August 25, 1904, Notaria 2, and Escritura 3084, 
December 27, 1919, Notaria 1, Archivo General de la Naci6n 
(Colombia). 

©Diario Oficial (Colombia), 48, No. 14720 (1912), pp. 812-813. 
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Box A: CHRISTOPHER DIXON’S LEGACY IN COLOMBIAN EMERALD MINING 


Figure A-1. Christopher Dixon worked on behalf of the 
English Mining Syndicate, Limited, when the company 
operated the Muzo mine during the 1890s and early 
1900s. Dixon later became one of the shareholders in 
the Compania de las Minas de Esmeraldas de Chivor 
that owned the mining titles for Chivor 1 and 2. After 
the mine was sold in 1919 to the U.S.-based Colom- 
bian Emerald Syndicate, Ltd., he served as its official 
representative in Colombia in the early 1920s. Photo 
circa 1900, public domain. 


Christopher Ernest Dixon was born in 1868 in Watling- 
ton, Oxfordshire, England, the eleventh of Dr. Henry and 
Helen Dixon’s twelve children. In the mid to late 1880s, 
he traveled to South America along with his brother Frank 
(1865-1956) to join an elder brother George (1861-1911), 
who had been prospecting for gold and silver in the state 
of Tolima, in central Colombia, since 1884.! 

Although the activities and precise whereabouts of the 
two younger Dixon brothers during their early years in 
Colombia? remain obscure, by 1889, at the age of 21, 
Christopher (figure A-1) was already operating at least 24 
gold and silver mines in the Mariquita area, in northern 
Tolima.’ During this period, George worked for British 
mining companies at the Silencio mine, in central Tolima 
and elsewhere.‘ Over the course of the 1880s, Tolima had 
become a mining bonanza for gold and silver seekers, at- 
tracting prospectors and investors from neighboring An- 
tioquia, as well as many foreigners. During his seven-year 
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stay in Colombia, George might also have been involved 
in emerald prospecting and mining at Muzo, as suggested 
by photos from the family album (figures A-2 and A-3).° 

Although Christopher Dixon would become most 
known for his activities with emerald, he was always 
looking for new commercial opportunities and was ac- 
tive across a variety of sectors throughout his career. In 
1891, he became associated with the “Magdalena Estates 
Company,” a real estate development venture. In the 
1892 to 1893 period, he and his brother Frank obtained 
grants to parcels of public land in northern Tolima and 
Caldas.’ In 1910, he was named administrator of the “H. 
and U. Rubber and Coffee Estates, Limited.’”* Then, in 
1916, Dixon turned to cattle breeding, already an impor- 
tant industry in Colombia, and planned to build a new 
meat-packing plant on the Caribbean coast.’ 

The earliest known reference to emeralds in Dixon’s 
career is from 1896, when he became an agent of the Eng- 
lish Mining Syndicate, Limited, a British company oper- 
ating the Muzo mines, a position he held until October 
1900.!° The early 1900s then found Dixon buying shares 
in the Compania de las Minas de Esmeraldas de Chivor 
(see the main text) and being involved in various other 
activities around Chivor. 

Meanwhile, in August 1898, preliminary applica- 
tions for three additional mining claims in the Chivor 
area had been filed by Francisco Restrepo and various 
partners.!! Such action was taken contemporaneously 
with when Restrepo was involved at Chivor in efforts to 
restore the water supply. The three mining claims later 
became known as El Triunfo de Chivor, La Paz de 
Chivor, and La Esperanza de Chivor. 


‘Transactions of the Institution of Mining and Metallurgy, Vol. 21 
(1912), p. 723. 

*The arrival of three members of the Dixon family in Colombia in 
1886 is documented in the Diario Oficial (Colombia), 22, No. 6836 
(1886), p. 1114, but further information as to identities is unavailable. 
3Informe presentado al Congreso de la Republica en sus sesiones or- 
dinarias de 1890 por el Ministro de Hacienda, Casa Editorial de J.J. 
Pérez, Bogota, 1890. 

4Skinner, 1889-1890, 1891-1892. 

*Simon Hamilton (great-grandson of George Dixon), pers. comm., 
2018. 

°The Mining Journal, Railway and Commercial Gazette, Vol. 61 
(1891), p. 851. 

7Informe del Ministro de Hacienda de la Republica de Colombia al 
Congreso Constitucional de 1894, p. 101; LeGrand, 1988. 
®India-Rubber Journal, Vol. 43 (1912), p. 21. 

°Memoria del Ministro de Agricultura y Comercio al Congreso de 
1918, pp. 173-177. 

lAtuesta, 1899; Escritura 314, October 31, 1900, Notaria 3, Archivo 
General de la Nacién (Colombia); Gaceta Judicial (Colombia) 15 (1901) 
pp. 169-173 and 16 (1903) pp. 78-79; Céspedes Cubides, 2017. 
"Diligencia No. 2, Municipality of Macanal, August 8, 1898; Aviso 
No. 81, Municipality of Ubala, August 21, 1898; Aviso No. 82, Au- 
gust 21, 1898, Municipality of Ubala. 
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Figure A-2. View of the landscape of the Muzo area, from 
the family album of George Dixon, taken before 1890, 
with the handwritten comment reading: “A picturesque 
native bridge across stream. Road leading to Muzo 
mines.” Courtesy of Simon Hamilton. 


As shown in a map by Canova (1921), El Triunfo de 
Chivor adjoined directly to Chivor 1 and 2, situated be- 
tween the valleys of the Rio Rucio and the Rio Sinai (see 
figure 7 of the main text). La Paz de Chivor and La Es- 
peranza de Chivor were located northeast and southeast, 
respectively, of the current town of Chivor. No indica- 
tion exists as to why these three particular locations 
were chosen for claims—it is possible that emerald sam- 
ples and/or former native or Spanish workings (tunnels) 
had been discovered by prospecting or other activities in 
the areas and that the claims were defined so as to cover 
mining rights over those regions. Regardless, and for rea- 
sons otherwise not elucidated but perhaps impacted by 
the outbreak of the Colombian civil war (The Thousand 
Days’ War, 1899-1902), the registration process was not 
completed, and no mining claims were officially granted. 

After the war and Restrepo’s return to Colombia from 
a sojourn in Ecuador (see main text), the registration 
process was restarted. A February 1904 agreement be- 
tween Henrique Campo (a Swiss citizen),!* Dixon, and Re- 
strepo set forth the conditions under which the they 
would join in new applications for the three claims, 
namely, that ownership would be divided equally among 
the three partners (figure A-4). The applications were then 
filed in September 1904,’ and the three mining titles were 
granted on December 13 of that year,'* with annual taxes 
being paid in advance for the period through 1910.'> Ap- 
proximately one week later, on December 19, 1904, the 
three owners formally granted Dixon a power of attorney 
covering all future matters related to the three claims.!° 

Consistent with what had generally transpired to that 
point with respect to Chivor 1 and 2, focus for the newly 
acquired claims centered on investment pursuits rather 
than practical mining. The 1905 to 1906 and 1915 to 1916 


HISTORY OF CHIVOR, PART I: 1880-1925 


ae | 


Figure A-3. A bridge in the Muzo area, from the family 
album of George Dixon, taken before 1890, with the 
handwritten comment reading: “Another rustic bridge, 
close to Muzo mines. Indian miners bidding adieu to 
their wives, no women are permitted to enter the estab- 
lishment or to pass beyond a given boundary.” Courtesy 
of Simon Hamilton. 


periods in particular saw flurries of activity in this regard, 
with Dixon engaged in extensive correspondence and 
even travel to England” in the search for investors. Par- 
alleling these efforts was Dixon’s long-running battle 
against the change in Colombian mining laws that had 
taken effect in 1905 (Law No. 40 of 1905), restricting ap- 
plications for new emerald mines and increasing the tax 
burden on existing mines. A complaint was lodged 
against the Colombian government, and Dixon, sup- 
ported by British officials in Bogota, embarked on a multi- 
year quest to establish that he had been harmed by the 
change and was entitled to recompense from Colombia.!* 

Dixon’s allegations centered on concerns that the 
higher taxes would prevent profitable mining and should 
not be applied to titles granted before 1905 and that the 
uncertain and detrimental situation for mine owners had 


Also referred to as Enrique Campo in several documents, with his 
signature on notarial acts generally taking the form of Henrique 
Campo (used hereinafter). 

"Letter from Christopher Dixon, December 3, 1904, to Restrepo. 
“Diario Oficial (Colombia), 48, No. 14720 (1912), pp. 812-813. 
'Foreign Office, Political Departments, General Correspondence 
from 1906 to 1966, Colombia: Code 11, Files 47 - 6847 and 904, 
The National Archives, Kew, London. 

'Fscritura 2326, December 19, 1904, Notaria 5, Archivo General de 
la Nacién (Colombia). 

“File Christopher Dixon, Names and Descriptions of British Passen- 
gers Embarked at the Port of Tilbury, January 13, 1915, 
MyHeritage.com. 

'8Foreign Office, Political Departments, General Correspondence 
from 1906-1966, Colombia: Code 11, Files 47 - 6847 and 904, The 
National Archives, Kew, London. 
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Figure A-4. A letter dated February 23, 1904, from 
Henrique Campo and Christopher Dixon to Restrepo 
memorialized an agreement under which the three 
would join in applying for the three additional 
claims in the Chivor area, sharing ownership equally 
and with all expenses paid by Dixon and Campo. 
Courtesy of Eduardo Restrepo Ortega. 


caused potentially interested investors to turn away.” 
His assertions also apparently became increasingly ex- 
aggerated as the contest went on, with documents pre- 
pared by British officials even giving Dixon credit for 
having discovered the three mines.” In negotiations he 
offered to settle by selling the mines to the Colombian 
government for £200,000 but was asked to prove the 
value of the claims through an international expert.?! He 
failed to do so and instead continued paying annual taxes 
for the three mines up through 1922.” 

By 1920, Dixon had been named as the Colombian 
manager for the Colombian Emerald Syndicate, Ltd., the 
American company that had just taken over the Chivor 
1 and Chivor 2, mines (see main text). From this date on- 
wards, the historical record about the three other claims 
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of the so-called Chivor group is incomplete regarding 
specifics of any pertinent ownership transfers, and the 
few references are disjointed, if not contradictory, al- 
though all five mines eventually came to be considered 
in part or in full under the purview of the American 
company.” 

Following his involvement with the Colombian 
Emerald Syndicate, Ltd., Dixon left the mine for a period 
but returned in the early 1930s to help Peter W. Rainier, 
then the administrator at the mine, fight attacking ban- 
dits.” Later, he also cooperated with Rainier during field 
work at the Coscuez emerald deposit.** 

Dixon remained in Colombia with his wife and chil- 
dren. His last known assignment was in the mid-1940s, 
as one of the participants in geological investigations car- 
ried out in Colombia by the Foreign Economic Admin- 
istration, in cooperation with the United States 
Geological Survey.” In the last years of his life, Dixon 
was celebrated in the U.S. as an authority on emerald 
mining.”’ He died in Bogota in 1961, and some of his de- 
scendants still live in Colombia. He will be remembered 
for the legacy he left in the history of Chivor and in the 
modern history of Colombian mining at large. 


“Ibid. 

bid. 

2'File “Minas de Esmeraldas,” Ministerio de Relaciones Exteriores, 
Archivo General de la Nacién (Colombia). 

22Diario Oficial (Colombia), 50, No. 15279 (1914), p. 396; Diario 
Oficial (Colombia), 51, No. 15557 (1915), p. 448; Diario Oficial 
(Colombia), 54, No. 16306 (1918), p. 121; Diario Oficial (Colombia), 
58, No. 18425-18426 (1922), p. 243. 

3For example, a 1920 listing of Restrepo’s assets at the time of his 
death in 1914 included a one-third share in each of the three newer 
mines. Escritura 188, January 27, 1920, Notaria 3, Archivo General 
de la Nacion (Colombia). In 1921, it was represented that the titles to 
all five mines of the Chivor group were under the ownership or con- 
trol of the Colombian Emerald Syndicate, Ltd., or its operating entity 
the Colombia Chivor Emerald Company. Canova, 1921. Concomitant 
with the bankruptcy of the Colombian Emerald Syndicate in 1923, its 
assets were stated to incorporate complete ownership of Chivor 1 and 
2 and one-third of the three newer claims. Jewelers’ Circular, Vol. 87, 
No. 22 (1923), p. 91. Annual payments of taxes for the three claims 
were made from 1929 to 1931 by Pedro Ignacio Uribe, a Colombian 
entrepreneur and public figure (as well as founder of the “Compania 
Colombiana del Petrdleo” in 1918 along with Wilson E. Griffiths and 
Carl K. MacFadden). Diario Oficial (Colombia), 54, No. 16364 
(1918), p. 56; Diario Oficial (Colombia), 65, No. 21072 (1929), p. 
191; Diario Oficial (Colombia), 65, No. 21275 (1929), p. 780; Diario 
Oficial (Colombia), 67, No. 21674 (1931), p. 189. 

*4See main text, Part Il, and Rainier, 1942. 

Rainier, 1933. 

6Singewald, 1950. 

*”Lancaster Eagle-Gazette, July 2, 1951, p. 14. 
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Figure 9. Handwritten register reflecting the owner- 
ship distribution of shares in the Chivor 1 and 2 
emerald mines before and after a stock split between 
1909 and 1912 that increased the capital from 100 to 
250 shares. The participants and their holdings re- 
mained unchanged until the mines were sold in De- 
cember 1919 to an American group. Courtesy of 
Eduardo Restrepo Ortega. 


Chivor area were occasionally referred to collectively 
as the Chivor group (see also box B),“ but ownership 
of the three mining claims registered in 1904 and 
that of Chivor 1 and 2 remained, at least before 1920, 
formally separate (see also box A). 

Yet, in stark contrast to the ongoing financial and 
investment maneuvers, practical mining activities 
were nearly nonexistent. As noted above, prior to the 
onset of the civil war, initial steps to clean old infra- 
structure and restore the water supply were under- 
taken,“ but endeavors were curtailed by the conflict. 
The decade after the war then saw Restrepo, one of 
the key participants with practical mining experi- 
ence, either out of the country (in Ecuador) or occu- 
pied with other ventures (Muzo). With Restrepo thus 
unavailable and the majority of the other sharehold- 
ers focused on selling the mine, there was little in- 
centive to invest further in operations. 

By 1909, the shares were distributed among Fould 
& Compagnie, six Colombians (mostly lawyers or 
engineers), and Dixon.© Then, between March 1909 
and October 1912, a stock split increased the capital 
from 100 to 250 shares (figure 9).% By the time of the 
1919 sale discussed below, ownership was distrib- 
uted as follows: 924 shares for Fould & Compagnie, 
50 for descendants of Escovar, 45 for Gonzalez, 414 
for the widow and descendants of Restrepo, 8% for 
Isaza, 7% for Dixon, 2% for Alvaro Uribe, and 2% for 
Diddoro Sanchez (figure 9).° 
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ACTIVITIES AT MUZO 


As alluded to previously, the year 1904 also wit- 
nessed relevant activity connected to the Muzo 
mines and to the broader Colombian emerald story 
that included Chivor. The important mines at Muzo, 
as well as at Coscuez, had been owned by the Colom- 
bian government since 1886. Nonetheless, the mines 
were often leased to private operators against prede- 
termined charges, and those tenants might even sub- 
lease to another individual or company. There were 
also repeated cycles of inactive periods.® 

After the civil war, an entity known as the Sindi- 
cato de Muzo (Syndicate of Muzo, used hereinafter) 
was founded and took over exploitation of the Muzo 
mines from 1904 to 1909. Restrepo was named as 
director, and his son Anibal joined the mine’s payroll 
as well.”” Toward the end of that period, in December 
1908, it was agreed between the government of 
Colombia, the Syndicate of Muzo, and the London- 
based Colombian Emerald Company that the right 
to mine at Muzo from March 1909 would pass to the 
Colombian Emerald Company.” Restrepo remained 
in his position until resigning in December 1909, ex- 
pressing in a letter to the Colombian president that 
he did not agree with the new company’s policies.” 
The offered justification was that such policies were 
contrary to the interests of the Colombian nation. 

The contract with the Colombian Emerald Com- 
pany was to last for more than 20 years, but it was 
terminated by the government after just 14 months, 
in May 1910.” Mining operations were taken over by 


For other mines that have been erroneously associated with Chivor, 
see also box B. 

®4See also Bulletin of the International Bureau of the American Re- 
publics, Vol. 28 (1909), pp. 1027-1039. 

*Fscritura 3084, December 27, 1919, Notaria 1, Archivo General de 
la Nacién (Colombia). 

Diario Oficial (Colombia), 48, No. 14720 (1912), 812-813; Escrit- 
ura 3084, December 27, 1919, Notaria 1, Archivo General de la 
Nacién (Colombia). 

®7Escritura 3084, December 27, 1919, Notaria 1, Archivo General de 
la Nacién (Colombia). 

®Informe del Ministro de Hacienda al Congreso de 1922, pp. 24-29. 
Diario Oficial (Colombia), 49, No. 15043 (1913), p. 3221. 

Junta nacional de Amortizacion, Informe al Congreso y al Gobierno 
Ejecutivo 1904, p. 60; Revista del Ministerio de Obras Publicas, 4 
(1909), p. 49; Dominguez, 1965. 

” Bulletin of the International Union of the American Republics, Vol. 
29 (1909), pp. 1120-1121; Montafia, 1915. 

“Letter from Restrepo, December 22, 1909, to the Colombian presi- 
dent Ramon Gonzalez Valencia. 

Report by a member of the German Residency in Bogota, Wilhelm 
Gerlach, November 15, 1912, German Federal Archive. 
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Box B: MINING COMPANIES ERRONEOUSLY ASSOCIATED WITH CHIVOR 


Two additional mining enterprises were associated with 
Chivor by Sinkankas (1981): Somondoco Emeralds, Lim- 
ited, a successor entity to the Somondoco Company, 
Limited; and the Emerald Mining Company of Colom- 
bia.! The first company Sinkankas assumed worked at 
Chivor following the rediscovery by Restrepo but before 
Restrepo and Klein began their joint mining efforts there. 
The second company he realized did not fit with avail- 
able references concerning the rediscovery and subse- 
quent work. Evidence indicates, however, that each was 
actually involved with properties unrelated to the his- 
torical Spanish mines. 


SOMONDOCO COMPANY, LIMITED, AND 
SOMONDOCO EMERALDS, LIMITED 

Somondoco Company, Limited, was registered in Lon- 
don under chairman H.S. Sankey on July 1, 1895, with 
the stated purpose of acquiring the Somondoco emerald 
mines in the Republic of Colombia.” Somondoco Emer- 
alds, Limited, was then registered, also in London and 
under chairman H.S. Sankey, on May 13, 1899, as a re- 
construction of the Somondoco Company, Limited, and 
with property reported to comprise the Somondoco 
emerald mines in the Republic of Colombia.’ 

Industry publications track the company’s progress 
through the end of the nineteenth century and the first 
few years of the twentieth century. As of 1899, the situ- 
ation was not promising: “Up to the present it has 
achieved nothing of importance, and the valuable stones 
it has found are only to be counted by the half-dozen. It 
now finds itself in sore straits for money....’* Some im- 
provement was reported at the annual shareholders meet- 


the Colombian government from June 1910, and the 
government then appointed Restrepo as director on 
its behalf from January to May 1911.” In early Janu- 
ary 1913, production at Muzo was discontinued for 
several years due to lack of profitability” and only 
resumed in 1923.’° Meanwhile, the termination of 
the contract in 1910 had resulted in lengthy negoti- 
ations on claims for damages involving both the 
Colombian Emerald Company and the Syndicate of 
Muzo. 


FRITZ KLEIN AND HIS EARLY ACTIVITIES IN 
COLOMBIA (1905-1913) 

Klein’s family hailed from Idar, Germany, and was 
engaged in the gem trade. His father August Klein 
(1852-1927) began mining and purchasing gem- 
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ing in 1900. The corporate reconstruction had brought 
sufficient funds to pay off liabilities, but practical work 
had suffered due to the ongoing civil war (1899-1902). Al- 
though the superintendent Mr. Gage and the consulting 
engineer Mr. Russell had been working at the deposit, and 
some stones were ready to be sent overseas, export was 
impossible given the hostilities and political disruptions.* 

The situation at the 1901 annual meeting was simi- 
lar. Mr. Gage and Mr. Russell reported that they “had 
not been able to obtain sufficient emeralds to put a prof- 
itable consignment upon the market,” but they still 
hoped to make the mine productive: “[W]e have passed 
through a period of disturbance in the veins, but that is 
a matter, it appears, we get full compensation for, be- 
cause a disturbance of the veins is generally a precursor 
of good and valuable stones when the veins reunite.’ 
Such expectations fell short, however, as a court order 
to wind up the company was issued on December 15, 
1904, on the ground that the company was unable to pay 
its creditors.’ 

The foregoing publications tracking the company’s 
progress never clearly indicated the location of the prop- 


'Sinkankas, 1981, p. 411. 

Skinner, 1896, 1897. 

3Skinner, 1900. 

“The Mining Journal, Vol. 69 (1899), p. 936. 

>The Mining Journal, Vol. 70 (1900), p. 1482. 

°The Mining Journal, Vol. 71, (1901), pp. 1400-1401. 


’Register of defunct companies, 1990. The International Stock Ex- 
change of the United Kingdom and the Republic of Ireland, 2nd ed., 
Macmillan Publishers, London, 552 pp. 


stones, mostly red and green tourmaline and aqua- 
marine, in Brazil in the last decade of the nineteenth 
century. August Senior was supported in Brazil by his 
sons Gustav (1876-1931), Fritz (1882-1953), and Au- 
gust Junior (1886-1971) from 1902, 1904, and 1906, 
respectively.”’ Although the Klein brothers were suc- 
cessful in their endeavors as gem merchants in 
Brazil, competition from other Idar traders in pur- 
chasing rough gemstones in Minas Gerais increased. 


Diario Oficial (Colombia), 47, No. 12241 (1911), p. 404; Diario 

Oficial (Colombia), 49, No. 15043 (1913), p. 3221. 

Pogue, 1917. 

Diario Oficial (Colombia), 59, No. 19011-19014 (1923), p. 572; 
Diario Oficial (Colombia), 59, No. 18849-18850 (1923), pp. 658— 
659. 

7Falz, 1939. 
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erty involved. Nonetheless, other materials offered fur- 
ther insight. A 1902 report by the British Vice-Consul S.S. 
Dixon gave the Somondoco district as the location of the 
mine worked by Somondoco Emeralds, Limited, but it 
distinguished those workings from the historical Chivor 
mines. After discussing both Somondoco Emeralds, Lim- 
ited, and the Muzo deposits, S.S. Dixon continued: “I am 
informed that an emerald-producing formation of great 
importance has been discovered by the aid of old Spanish 
parchments in the Somondoco district, but as yet has not 
been worked by the discoverers. At present only the old 
Spanish tunnels and workings indicating that in past cen- 
turies great mining operations had been carried on 
there....”° This report is the oldest known published ref- 
erence related to the rediscovery of Chivor. 

With similar import, a map published in 1913 
showed emerald mines in the valley of the Rio Somon- 
doco near the small municipalities of Somondoco and 
Guazeque [Guateque]’, and Pogue (1917) expressly dif- 
ferentiated the historical Chivor workings from those 
along the river: “Some confusion of terms has arisen. 
These deposits [Somondoco or Chivor] are near the val- 
ley of Chivor, and have been called the Chivor deposits. 
Under Spanish dominion they came to be known as the 
Somondoco deposits... and by this name they are gener- 
ally called in the literature. They do not, however, occur 
on Rio Somondoco, but other less important deposits are 
known on that stream.” Hence, all evidence points to 
one of these less important deposits in the Somondoco 
valley being the locality mined without great success by 
the British “Somondoco” company. 


The growing competition prompted Fritz to travel 
through various South American countries such as 
Argentina, Bolivia, and Peru, always searching for 
new gem materials, sources, and trade opportunities. 

Fritz Klein’s first trip to Colombia occurred in 
1905 and nearly ended in disaster. Purchase and sale 
of gemstones at that time was strictly controlled 
through government-authorized channels, and Klein 
sought to buy and export rough emeralds from a pri- 
vate Colombian middleman in violation of applica- 
ble regulations. He was accused of this infraction by 
the Syndicate of Muzo and arrested in Honda, in the 
department of Tolima. The emeralds he had acquired 
were confiscated. Only through intervention of the 
German Resident’® in Bogota was he later released 
and permitted to leave the country.” 
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EMERALD MINES OF COLOMBIA, LIMITED, AND 
EMERALD MINING COMPANY OF COLOMBIA 


Emerald Mines of Colombia, Limited, was registered in 
London on September 28, 1888.!° The company pur- 
chased the Yacopi mines, located in the Western Colom- 
bian Emerald Belt, where the Muzo and Coscuez mines 
are also situated. The following decade, a company called 
the Emerald Mining Company of Colombia was men- 
tioned in a report by George Frederick Kunz incorporated 
in a publication from the United States Geological Sur- 
vey.'! Kunz noted that a property had been acquired by 
the company that was expected to produce emeralds 
“quite as fine as those from the famous Muzo mine.” 
Based on this report, the Colombia Mining Company of 
Colombia was later potentially associated with Chivor 
by Sinkankas, as previously stated. The identity of the 
property had not been specified by Kunz, leading to spec- 
ulation connecting the company with the likewise fa- 
mous Chivor mines. However, research indicates that the 
Emerald Mining Company of Colombia referred to by 
Kunz was most likely Emerald Mines of Colombia, Lim- 
ited, and therefore was engaged at Yacopi, not Chivor. 


Dixon, 1902. A nearly identical text was published anonymously in 
Monthly Bulletin of the International Bureau of the American Re- 
publics, 13 (1902), pp. 1349-1350. 


°Gamba, 1913. 
'Skinner, 1889-1890, 1891-1892. 


"Mineral Resources of the United States: Calendar Year 1893. United 
States Geological Survey, 1894, pp. 696-697. 


Given these incidents, returning to Bogota would 
have been advisable only under protection of the 
German Resident.*° Nonetheless, Klein continued to 
pursue his goal of establishing himself in the Colom- 
bian emerald trade. In December 1907, for instance, 


’8Prior to 1914, the German empire designated ambassadors to only 
a small number of important nations, with such individuals serving 
in cities such as Paris, London, Rome, Madrid, Washington, and St. 
Petersburg. For other countries, including Colombia, the German 
Empire designated officials termed residents, who held rights for 
purposes of international law essentially equivalent to those of am- 
bassadors. 

Report by the former translator of the German Resident, Septem- 
ber 1925, Historical Archive of the German Ministry of Foreign Af- 
fairs. 

5°Letter from Fritz Klein, January 19, 1909, to his brother-in-law 
August Hahn in Idar, Germany. 
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Figure 10. Dr. Ernst Jackh, the brother-in-law of Fritz 
Klein, had access to the elite of the German Empire. In 
the 1910s, he served as an unofficial consultant with 
the Ministry of Foreign Affairs, Berlin, focusing on deal- 
ings with the Ottoman Empire (Turkey). Jackh used his 
influence to further Klein’s efforts both in Colombia 
and in finding investors for the Chivor project. Photo of 
]Gckh (center) in Istanbul in 1917 with German Em- 
peror Wilhelm II (to the right of Jackh); courtesy of the 
Ernst Jackh collection, Columbia University. 


Klein spent a short period in Barranquilla, a port city 
in northern Colombia, for a meeting with a local 
partner.*! By 1911, Klein’s brother-in-law Dr. Ernst 
Jackh®? (1875-1959, figure 10) had asserted his influ- 
ence at the Ministry of Foreign Affairs in Berlin to 
secure the protection needed for Klein to re-enter 


Figure 11. The German Resident in Bogotd, 
Dorotheus Kracker von Schwartzenfeldt, was in- 
structed by the German Ministry of Foreign Affairs to 
assist Fritz Klein in Colombia, especially as regarded 
purchasing the Chivor emerald mines. Kracker von 
Schwartzenfeldt later worked to clarify the legal situ- 
ation in response to inquiries from the Syndicate El 
Chivor. Photo circa 1910, courtesy of the Historical 
Archive of the German Ministry of Foreign Affairs. 


Colombia and stay in Bogota.*? An order was issued 
to the German Resident in Bogota, Dorotheus 
Kracker von Schwartzenfeldt (1869-1935, figure 11), 
in support of Klein’s activities. 

Klein returned to Bogota in September 1911.8* He 
initially negotiated with the Colombian government 


®'Letter from Fritz Klein, December 23, 1907, to his father August 
Klein in Idar, Germany. 

®2Dr. Ernst Jackh married Fritz Klein’s oldest sister, Bertha (1874-1928), 
in 1899. From 1902 to 1912 he was editor-in-chief of a daily newspa- 
per in Heilbronn, Germany. Beginning in 1908, Jackh also made nu- 
merous trips to Turkey, where he came into contact with high-ranking 
representatives of the Ottoman Empire and became a friend of the Ger- 
man diplomat Alfred von Kiderlen-Waechter, who was appointed Min- 
ister of Foreign Affairs in 1910. Jackh moved to Berlin in 1912 and 
served as a “consultant” with the Ministry of Foreign Affairs. In 1920, 
Jackh founded the German Academy for Political Sciences in Berlin, 
and during the 1920s, he was a member of the German delegation to 
several international conferences. Through a conversation with Hitler in 
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April 1933, he realized that he would not be able to keep his positions 
as the leader of various institutions. In May 1933 Jackh emigrated to- 
gether with his second wife Martha to Great Britain. He remained there 
until 1940, working for the British government in multiple functions. 
He moved in 1940 to the United States and taught as a professor at Co- 
lumbia University in New York. See Jackh, 1954. 

Letter from the German Minister of Foreign Affairs, Alfred von 
Kiderlen-Waechter, November 25, 1911, to Fritz Klein’s brother-in- 
law Dr. Ernst Jackh. 

4Fritz Klein traveled via New York, where he arrived in June 1911. 
File Fritz Klein, List or Manifest of Alien Passengers for the United 
States Immigration Officer at Port of Arrival, New York, June 1911, 
MyHeritage.com. 
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Figure 12. Opening page of a report from the German 
Resident in Bogotd, Dorotheus Kracker von 
Schwartzenfeldt, to the German Ministry of Foreign 
Affairs, dated December 21, 1911. The report de- 
scribed Fritz Klein’s negotiations with the Colombian 
government in seeking permission to establish an 
emerald-cutting enterprise. Historical Archive of the 
German Ministry of Foreign Affairs. 


in hopes of establishing an emerald-cutting enterprise 
(figure 12), but these efforts were unsuccessful. 

In November 1911, Klein became aware of the 
Chivor mine through another German, Hermann 
Span.** A preliminary option contract for the mine, 
initiated by Span, was executed on February 13, 
1912, and on June 5, 1912, after Klein conducted pre- 
liminary exploration of the mining area, terms were 
further formalized in a notarized option contract 
signed between Span and Klein on one hand and the 
mine owners Compania de las Minas de Esmeraldas 
de Chivor on the other. The latter contract provided 
an exclusive right to purchase the mine for £51,000 
(equivalent to 255,000 pesos oro; see again table 3) 
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and was valid for a one-year term.*” Span and Klein 
were also given the right to mine samples in Chivor 
during the stated pendency of the option. 

Klein was not alone in his interest in Chivor dur- 
ing this period. Dixon (see again box A), previously 
active in Muzo* and already both a shareholder in 
the Compania de las Minas de Esmeraldas de Chivor 
and a co-owner of the three newer Chivor mining ti- 
tles, was engaged anew in exploration in the region, 
commencing additional mining ventures. As re- 
ported in 1911: “Mr. Christopher E. Dixon, formerly 
engineer in charge of Muzo mines, personally ex- 
tracted over a pound of emeralds by scratching about 
in one place and another.... Somondoco (sometimes 
called ‘Chivor’ from the valley near it) will soon yield 
gems to delight the world.” 

On June 11, 1912, Klein set out from Bogota for 
Chivor to obtain samples for presentation to poten- 
tial investors.°° He was accompanied by Restrepo and 
remained at the mine until January 1913. During 
that time, from late October to early November 
1912, an official from the German Residency in Bo- 
gota visited the site and reported”! that within a short 
period of four to five weeks, the work undertaken by 
15 to 20 indigenous people had produced quite favor- 


Report by the German Resident in Bogota, Dorotheus Kracker von 
Schwartzenfeldt, December 21, 1911, German Federal Archive; letter 
from Fritz Klein, July 24, 1912, to Kracker von Schwartzenfeldt, Ger- 
man Federal Archive. 

S°Exposé der Smaragdmine “El Chivor” by Fritz Klein, undated, 16 
pp., received by the German Ministry of Foreign Affairs September 
13, 1913, German Federal Archive. Hermann Span (1870-1943?) and 
his brother Emil (1869-1944), from Reutlingen, Wiirttemberg, Ger- 
many, moved in the 1890s to Central America and were active in 
Guatemala, Costa Rica, and El Salvador. Hermann Span was also in- 
volved in Colombia by 1910. Hauptstaatsarchiv Stuttgart, E40-76 Bu 
1370; Diario Oficial (Colombia), 48, No. 14678 (1912), pp. 411- 
413. Additionally, multiple notarial acts concerning Span and sundry 
business partners are found in the Archivo General de la Nacién 
(Colombia). 

®7Escritura 1096, June 5, 1912, Notaria 2, Archivo General de la 
Nacion (Colombia); Report by a member of the German Residency in 
Bogota, Wilhelm Gerlach, November 15, 1912, German Federal 
Archive. 

®8During the 1890s and early 1900s, Christopher Dixon worked on 
behalf of the English Mining Syndicate, Limited, which operated the 
Muzo mine prior to the contract with the Syndicate of Muzo. Atuesta, 
1899; Monthly Bulletin of the International Union of the American 
Republics, 8 (1900), pp. 581-582; Gaceta Judicial (Colombia), 15 
(1901), pp. 169-173; Gaceta Judicial (Colombia), 16 (1903), pp. 78- 
79; Dominguez, 1965. 

691 atham, 1911. 

“Exposé der Smaragdmine “El Chivor” by Fritz Klein, undated, 16 
pp., received by the German Ministry of Foreign Affairs September 
13, 1913, German Federal Archive. 

*'Report by a member of the German Residency in Bogota, Wilhelm 
Gerlach, November 15, 1912, German Federal Archive. 
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Figure 13. Export license issued to Fritz Klain [sic] by 
the Ministerio de Hacienda, March 5, 1913, for 157 
“gangas” (emeralds in the host rock) and 5,450 carats 
of rough emerald crystals. Courtesy of Eduardo Re- 
strepo Ortega. 


able results. According to Klein,” they focused for 
the first four months on poor targets, but when he fi- 
nally understood “the direction of the veins and the 
character of the mine, the production of emeralds 
began in surprising abundance. With 20 workers, I 
unearthed in 3% months under the most primitive 
conditions conceivable about 6,000 carats of emer- 
alds, which have a minimum value of 150,000 marks 
[then equivalent to US $37,500].” At the end of 1912, 
Klein’s younger brother August arrived in Colombia 
for support.?? He remained at the mine, together with 
Restrepo’s younger son Alejandro, when Klein and 
Restrepo subsequently departed for Germany. 

Klein left Bogota in March 1913 to search for in- 
vestors in Germany. With the approval of the local 
government, he carried a sample of emeralds pro- 
duced during his approximately six months at the 
mine. The set consisted of 157 “gangas” (emeralds 
still embedded in the original host rock) and over 
5,000 carats of crystals in varying sizes and shapes.” 
Having received a license for exportation (figure 13), 
Klein wanted to use these samples to interest poten- 
tial European investors. In furtherance of this mis- 
sion, Klein arranged before leaving to have the term 
of the option contract extended, this time exclusively 
in his own name and without Span.” That extension, 
valid for nine months, was signed in July 1913 by 
several of the shareholders together with Escovar, 
representing Restrepo, and the attorney Dr. Antonio 
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Figure 14. Dr. Antonio José Cadavid, a lawyer, law pro- 
fessor, and politician, filed a lawsuit on behalf of three 
shareholders of the Compania de las Minas de Esmeral- 
das de Chivor to challenge new laws and decrees affect- 
ing the independence of the “free” emerald mines in 
Colombia. Cadavid also worked with Fritz Klein and 
the German Resident Dorotheus Kracker von 
Schwartzenfeldt in 1913 and 1914. Courtesy of Banrep- 
cultural, Bogota. 


José Cadavid” (figure 14), representing Klein.?” Word 
had already come to the German Residency in Bo- 


Exposé der Smaragdmine “El Chivor” by Fritz Klein, undated, 16 
pp., received by the German Ministry of Foreign Affairs September 
13, 1913, German Federal Archive. 

August Klein traveled from Hamburg via New York, where he ar- 
rived in October 1912. File A. Klein, List or Manifest of Alien Passen- 
gers for the United States Immigration Officer at Port of Arrival, New 
York, October 1912, MyHeritage.com. 

°*4Report by a member of the German Residency in Bogota, Josef Wip- 
perfeld, March 27, 1913, German Federal Archive. 

Hermann Span left Colombia for Germany in August 1913 to form a 
banana company, apparently ending his pursuit of the Chivor emer- 
ald business. He returned to Colombia in April 1920. Diario Oficial 
(Colombia), 58, No. 18319-18320 (1922), p. 478. 

The lawyer, law professor, and politician Dr. Antonio José Cadavid 
(1866-1919) served in various positions as professor at the National 
University, Minister of the Treasury (1909-1910), and Minister of War 
(1915-1916). See Bermudez (1966). 

*’Escritura 1474, July 15, 1913, Notaria 2, Archivo General de la 
Nacién (Colombia). 
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Figure 15. Dr. Hjalmar Schacht served as a vice direc- 
tor of Dresdner Bank, one of the larger German finan- 
cial institutions, from 1908 to 1915. Separate from his 
role at the bank, he opted in 1914 to privately invest 
in the Chivor mine with Fritz Klein, August Stauch, 
and the company Rudolph Hahn & Sons, London, in 
pursuing the Chivor mine. Photo circa 1900, courtesy 
of Cordula Schacht. 


gota that Dresdner Bank, one of the larger financial 
institutions in Germany, might be interested in fund- 
ing the purchase of Chivor. 

Klein traveled to Germany with Restrepo, who re- 
mained there until his return in November 1913.%8 
Restrepo’s stay in Germany included time in Idar, 
where he met members of Klein’s family, and in 
Berlin, where he met Jackh, Dr. Hjalmar Schacht (fig- 
ure 15), and presumably other possible investors. 
Restrepo’s sojourn incorporated a period in May 1913 
at the renowned sanatorium of Karlsbad! to restore 
his health. Restrepo also traveled to Meran, Tyrol, 
Austria, to see Klein’s father August.! Klein, in turn, 
traveled to England in October 1913 to show the 
emerald samples to members of the company Rudolf 
Hahn & Sons, London,! dealers in high-end gem 
materials, and other potential backers.! 

Meanwhile, initial steps were taken by unknown 
parties between 1913 and 1914 to start a company in 
London under the name Emerald Mines of Somon- 
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doco, Ltd. The stated aim of the entity was “to ac- 
quire and work the Emerald Mines called El Chivor 
No. 1 and El Chivor No. 2” (figure 16). The capital 
was to consist of £90,000, with 90,000 shares to be 
issued at £1 each.'* Nonetheless, no further activity 
pertaining to this company is known, so any under- 
lying rival or alternate plan targeting Chivor was ap- 
parently abandoned. 

Soon after Restrepo’s return to Bogota, another ex- 
tension to the option contract, granting Klein exclu- 
sive rights to purchase the mine until December 
1914, was signed by Cadavid, representing Klein.' 


LITIGATION BETWEEN MINE OWNERS AND 
THE COLOMBIAN GOVERNMENT (1912-1913) 


The commercial success of a gem mine depends pri- 
marily on the value of mined stones and the cost of 
mining operations. Also significant are the amount 
of duties and taxes imposed and the ability to sell the 


Restrepo traveled from Hamburg via New York, where he arrived in 
November 1913. File F. Restrepo, Hamburger Passagierlisten, 
November 1913, Ancestry.de; File F. Restrepo, List or Manifest of 
Alien Passengers for the United States Immigration Officer at Port of 
Arrival, New York, November 1913, Ancestry.com. 

Dr. Hjalmar Schacht (1877-1970) was one of the vice directors of 
Dresdner Bank in Berlin from 1908 to 1915. An ascendant career 
hereafter led him to the presidency of the German National Bank 
(Reichsbank), with two terms of office from 1923 to 1930 and from 
1933 to 1939. He also served concurrently as Minister of Economics 
from 1934 to 1937. Between 1933 and 1939 Schacht was instrumen- 
al in the financing of Hitler’s rearmament, which in 1945 resulted in 
his indictment at the Nuremberg Trials. He was ultimately acquitted. 
See Kopper, 2006. 

In 1909, Schacht and Klein’s brother-in law Dr. Ernst Jackh traveled 
ogether to Turkey. Following that trip and Jackh’s move to Berlin in 
1912, they cooperated on many political projects. After Jackh’s emi- 
gration in 1933 and Schacht's new engagement, however, their ways 
parted. 

1°Karlsbader Kurliste, No. 135, May 23, 1913, 2 pp. 

‘1 etters by Fritz Klein, November 27, 1913, and January 26, 1914, 
to Restrepo; Letter from August Klein Senior, December 27, 1913, to 
Restrepo. 

‘The company Rudolf Hahn & Sons, London, dated back to 1893 
and in 1914 was managed by the brothers Eugen and Paul Hahn. The 
Hahn brothers had roots in Idar, Germany, and were cousins of Au- 
gust Hahn, brother-in-law of Fritz and August Klein. August Hahn 
married Klein’s younger sister Luise (1884-1976). 

1931 etter from Rudolf Hahn & Sons, London, November 7, 1913, to 
the mine owners. 

‘Prospectus, Emerald Mines of Somondoco, Ltd., Undated. Al- 
though the prospectus and attendant documents are undated, refer- 
ences therein to several specific individuals (e.g., Diddoro Sanchez as 
president of the Sociedad Colombiana de Ingenieros and Francisco 
Restrepo Plata as Ministro de Hacienda, Colombia) enable prepara- 
tion and publication of the material to be placed within the 1913 to 
1914 timeframe. 

1%5F scritura 2759, December 24, 1913, Notaria 2, Archivo General de 
la Nacién (Colombia). 
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Figure 16. Prospectus drafted in 1913-1914 to form a 
company in London under the name Emerald Mines 
of Somondoco, Ltd., “to acquire and work the Emer- 
ald mines called El Chivor No. 1 and El Chivor No. 
2.” Courtesy of Eduardo Restrepo Ortega. 


gems on the open market. During relevant periods in 
Colombia, the applicable framework of various laws 
and decrees, issued at different times and subse- 
quently incorporating multiple addendums and 
amendments, was rife with complexity. The major 
emerald mines of Muzo and Coscuez had belonged 
to the government since 1886, but a number of 
mostly smaller mines existed under private owner- 
ship. After 1905, however, registration of new emer- 
ald mines by private owners was no longer permitted 
and additional taxes were imposed upon the existing 
mines (Law No. 40 of 1905). 

Prior to the 1905 change in regulations, a provi- 
sion allowed for the annual taxes on privately owned 
mines to be paid in advance for a period of 20 years. 
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Thereafter, these so-called free mines were to be for- 
ever excluded from any taxes and fees and could no 
longer be registered by other persons (Law No. 292 
of 1875, Article 45, adapted in Law No. 38 of 1887).10 
As noted previously, the taxes for Chivor 1 and 2 had 
been paid in advance for 20 years. 

After the law changed, the nature of the rights af- 
forded to the free mines became a subject of repeated 
controversy and litigation between the mine owners 
and the Colombian government. The disputes cen- 
tered on three issues: 


1. Taxes and fees payable by the owners of free 
mines 


2. Control of mining operations by the government 


3. Control of emerald sale and export by the 
government 


An initial legal action challenging several laws 
and decrees was filed by Francisco de P. Matéus in 
his name and on behalf of several other owners of free 
mines. The eventual decision of the Corte Suprema 
de Justicia on August 2, 1912, was a partial victory 
for the mine owners, ruling that governmental con- 
trol of the mining operations was illegal but that 
state control of emerald exportation could con- 
tinue.'°’ A copy of the decision was mailed to 
Guateque to inform Restrepo and Klein, who were 
working at Chivor at the time. 

In October 1912, the government rejected a 
complaint by Dixon about restrictive rules circum- 
scribing the emerald mining business after a seven- 
year dispute that had begun in 1905 (again, see box 
A}. 198 

A new decree by the Colombian government was 
then issued in December 1912, followed by a supple- 
ment in January 1913, which sought again to in- 
crease control by governmental institutions over free 
mines. Opposition to the new regulations began im- 
mediately, with a petition by Isaza, shareholder in 
the Compania de las Minas de Esmeraldas de Chivor, 


16Bullman, 1892. 


'”Corte Suprema de Justicia, Bogota, agosto 2 de 1912, “Sobre la in- 
exequibilidad de algunas disposiciones relacionadas con la ex- 
plotacion de minas de esmeraldas [About the unenforceability of 
some decrees related to the exploitation of emerald mines],” 21 pp.; 
Gaceta Judicial (Colombia), 22 (1913), pp. 2-9. 

'%L etter from Christopher Dixon, November 10, 1905, to the Ministe- 
rio de Relaciones Exteriores, Ministerio de Industrias, Archivo, Corre- 
spondencia 1905, Archivo General de la Nacién (Colombia); Diario 
Oficial (Colombia), 48, No. 14720 (1912), pp. 812-813; Annual re- 
port on Colombia for the year 1913. 
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Figure 17. Report from a member of the German Resi- 
dency in Bogota, Josef Wipperfeld, to the German 
Ministry of Foreign Affairs, Berlin, dated September 6, 
1913. The report briefly described the August 22 deci- 
sion by the Colombian Corte Suprema de Justicia ad- 
dressing privately owned “free” mines. Historical 
Archive of the German Ministry of Foreign Affairs. 


to the Minister of Finance in January 1913! and a 
similar petition by Klein in February 1913.!!° An ad- 
ditional legal action challenging several of the older 
laws and decrees and the two new decrees was filed 
on February 22, 1913, by the attorney Cadavid in the 
names of three Compania de las Minas de Esmeral- 
das de Chivor shareholders (the Colombian citizens 
Isaza, Escovar, and GonzAlez).!!! The decision of the 
Corte Suprema de Justicia, issued August 22, 1913, 
nullified several of the contested laws and decrees, 
ruling that the free emerald mines could work with- 
out any further governmental control.!!* That result 
(figure 17) was telegraphed to the Ministry of Foreign 


HISTORY OF CHIVOR, PART I: 1880-1925 


Affairs in Berlin by the German Resident in Bogota 
on September 7, 1913, and Klein was promptly in- 
formed via his brother-in-law Jackh. 


ACTIVITIES IN 1914 


After the favorable resolution of the legal situation in 
Colombia, Klein was able to continue searching for 
and negotiating with potential investors. In this en- 
deavor, Jackh and his contacts with political and busi- 
ness elites once again proved instrumental. Restrepo, 
as indicated above, had already returned to Colombia. 

The search culminated on February 14, 1914, 
with the founding of the Syndikat El Chivor (Syndi- 
cate El Chivor, used hereinafter) between four mem- 
bers, with initial capital contributions as follows:!!% 
August Stauch (figure 18),!'* Berlin-Zehlendorf, 
25,000 marks; Dr. Hjalmar Schacht, Berlin-Zehlen- 
dorf, 10,000 marks; Rudolf Hahn & Sons, London, 
10,000 marks; and Fritz Klein, Idar, 5,000 marks. The 
founding contract further contained provisions ad- 
dressing usage of the initial capital, investigation of 
the property by an expert, and terms of any future 
purchase of the mine. The services of an expert were 
considered necessary because the quality of Klein’s 
samples was inadequate to convince all investors to 
formalize the purchase, absent independent exami- 
nation of the mine (figure 19).'!5 In these endeavors, 
the four members agreed that the company should 
be privately financed, without institutional funding 
from Dresdner Bank or any other German banking 
firm. 


‘Diario Oficial (Colombia), 49, No. 14823 (1913), pp. 341-342. 
"lbid., pp. 546-548. 

"TAI four Colombians involved were well-known lawyers who had 
held high-level positions in Colombia as university professors, diplo- 
mats, and ministers. As previously noted, Enrique Gonzalez also for- 
merly served as director of operations at the Muzo emerald mine. 
Diaz, 1967. 

'™Gaceta Judicial (Colombia), 22 (1913), pp. 242-244; Cadavid, 
1913. 

"Historical Archive of the German Ministry of Foreign Affairs; Prof. 
Robert Scheibe collection, University Library Freiburg. 

"August Stauch (1878-1947) has been recognized as the discoverer 
of the diamond deposits in Namibia, then known as German South- 
West Africa, in 1908. Diamond mining made him and those involved 
in his Colonial Mining Company extremely wealthy. Stauch bought 
farms in southwest Africa and a villa in Berlin-Zehlendorf, Germany. 
In the 1920s, he was active as an investor not only in a variety of min- 
ing companies but also in technology-focused enterprises. See Levin- 
son, 2007. The Schacht and Stauch families lived near each other in 
Berlin-Zehlendorf, Germany, and might thus have interacted on a per- 
sonal level as well. 

5] etter from Rudolf Hahn & Sons, London, November 7, 1913, to 
the mine owners. 
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GEMS 
OF 


ANCIENT MEXICU 


by 


ALBERTO RUZ LHUILLIER 


"Tacough the Spanish chronicles of the era 
of the Conquest, we understand the signifi- 
cance that the people of Mexico and Central 
America attached to jewels. Among the arts 
and occupations for which the autochthonous 
American people were noted, the art of the 
lapidary held an enviable place—followed in 
later centuries, before the Conquest, by the 
goldsmiths and silversmiths. Also, we know 
that the great quantity of valuable jewels 
among the Mexican Indians and Peruvians 
acted as an impetus to the conquerors to 
commit frightful crimes, lower than the im- 
pulses of the worst cupidity. 

In the treasury of jewels that the Span- 
iards tore from their victims, the greater part 
was lost. Nearly all of the pieces of gold 
and silver were melted to meet the emer- 
*“gencies of the royal finances, while the rest 
passed into private hands. Many jewels were 
buried in the ocean as a result of the attacks 
of the Corsairs, and the mud of the canals 
and Jake Tenochtitlan swallowed up forever 
a great part of the booty of Hernan Cortez 
and his captains in the famous Noche Triste 
(Dreadful Night) when the conquerors fled 
from the Aztec capital. 


Thanks to the archeologist we have sub- 
stantiated the fact that the use of jewels was 
common to all regions and peoples from the 
most remote times. However, the use of 
metals (gold, silver and copper) appeared in 
Mexico only some three centuries before the 
arrival of the Spaniards. 

It is evident that the ancient Mexicans 
were not familiar with many of our gem- 
stones, as is true of inhabitants of other 
cities of antiquity, for they did not know the 
extent of the natural deposits. Bernardino de 
Sahagun in his “History of the Deeds of 
New Spain” dedicated an interesting chapter 
to precious stones in which he mentions 
emeralds, jade, turquois, pearls (the heart of 
the shell), amber, opal, alabaster, obsidian, 
jasper, amethyst, rock crystal, in addition to 
many others that employ Mexican names and 
among which onyx, beryl, and carnelian have 
been identified. 

With such materials they fabricated ob- 
jects destined for adornment of their persons 
and for the gods. Many of the precious 
stones could not be worn except by a certain 
class of society, and some were reserved 
solely for the divinities. Moreover, a magic 
quality was attributed to them for the heal- 
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Figure 18. August Stauch is credited with discovering 
the diamond deposits in Namibia in 1908. Stauch 
was a key investor in the group assembled by Fritz 
Klein in 1914 to pursue the Chivor mine. Photo 1921, 
courtesy of Dr. Gabriele Schneider. 


The initial paid-in capital was to be used solely to 
finance the expert evaluation. Klein was to assist the 
scientific expert in his activities. Any subsequent pur- 
chase of the mine would proceed through exercise of 
Klein’s option by paying the price of £51,000 (equiva- 
lent to 1,020,000 marks and identical to the 255,000 
pesos oro specified in the option contract). Klein was 
to receive 1,250,000 marks cash from the investors to 
purchase the mine and would be entitled to 20 percent 
of the shares of a future mining company. 

As communicated in a letter from the Syndicate 
El Chivor dated February 16, 1914,''° Prof. Robert 
Scheibe (figure 20),!'’ professor of geology at the 
Royal Mining Academy (K6nigliche Bergakademie] 
in Berlin and close friend of Stauch, was selected to 
perform the expert evaluation of the Chivor mine. A 
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RUD. HAHN & SONS, 


51, Rex pe Cuareavpun, 82—84, Houmoxx Viapucr, 
PARIS. LONDON. 


London, Nov. 7h 1913. 
ae. 


4 
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by Mr Fritz Klein are throughout of too poor quality to form a 
definite opinion of the quality of the Fmeralds from the Chivor 


Mica Molec 9 Fae 


Mines. 


Figure 19. In a letter dated November 7, 1913, Lon- 
don-based Rudolf Hahn & Sons advised owners of the 
Chivor mines that the quality of the emerald samples 
shown by Fritz Klein was inadequate to justify pur- 
chase of the property. Courtesy of Eduardo Restrepo 
Ortega. 


few days later, Klein and Scheibe embarked together 
in Hamburg, bound for Puerto Colombia.""* 

Following the just-described formalities, letters 
were sent from the Syndicate El Chivor to the Ger- 
man Ministry of Foreign Affairs in Berlin and to the 
German Resident in Bogota." Therein, Schacht and 
Stauch sought to obtain clarification regarding the 
situation in Colombia, inquiring as to the legality of 
the mining titles, any obligations to pay taxes or ad- 
ditional fees, the parameters for authorized export of 
the emeralds and so forth. The German Resident in 
Bogota, Dorotheus Kracker von Schwartzenfeldt, in 
turn contacted Gonzdlez as a representative of the 
mine owners, the attorney Cadavid, and the Ministro 
de Hacienda for details before responding in a letter 
to Schacht dated June 15, 1914.!° 


"61 etter from the Syndicate El Chivor, February 16, 1914, to Prof. 
Robert Scheibe, Historical Archive of the German Ministry of Foreign 
Affairs. 


"7Prof. Robert Scheibe (1859-1923) studied mathematics and natural 
sciences at the Martin Luther University of Halle-Wittenberg, Ger- 
many, where he received his PhD in 1882. In 1885, he became a 
member of the Royal Mining Academy (K6nigliche Bergakademie) in 
Berlin, where he was appointed professor in 1895. In the summer of 
1908, Scheibe traveled to Namibia to study primary kimberlites. He 
met August Stauch, the discoverer of the secondary diamond deposits 
in the area of Lideritzbucht. From late December 1908 to early Janu- 
ary 1909, the two men made an excursion to the area south of Liider- 
itzbucht, where they found Pomona, potentially the richest diamond 
deposit ever discovered. Scheibe returned to Germany at the end of 
1909, but he and Stauch remained friends for life. See Rauff, 1926; 
Strunz, 1970; Levinson, 2007. 


'8Files Robert Scheibe and Fritz Klein, Hamburger Passagierlisten, 
February 1914, Ancestry.de. 

"Letters by the Syndicate El Chivor, March 14, 1914, and April 9, 
1914, Historical Archive of the German Ministry of Foreign Affairs. 
Historical Archive of the German Ministry of Foreign Affairs. 
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Figure 20. Prof. Robert Scheibe of the Royal Mining 
Academy (K6nigliche Bergakademie) in Berlin joined 
August Stauch in late 1908 to early 1909 in finding 
the major Pomona diamond deposit in Namibia. He 
was hired in 1914 by the Syndicate El Chivor to eval- 
uate the Chivor mine. Photo circa 1910, Prof. Robert 
Scheibe collection, University Library Freiburg. 


Scheibe arrived with Klein at Chivor on April 4, 
1914. Over the course of the next several months, he 
prepared four interim communications"! and a final 
report,!” offering a window into circumstances at the 
mine during that time. At the outset of his visit, a 
period of heavy rain made geological fieldwork al- 
most impossible. Progress was also impacted when, 
on April 20, 1914, Restrepo became seriously ill and 
lost consciousness. As Scheibe wrote:!” 


We believed it a crisis in encephalitis but he did not 
wake up again, he lay motionless. On April 23rd we de- 
cided to transport him to Guateque despite the rain. 
The workers did as much as humanly as possible on 
the muddy and unstable mountain path. Mr. Klein and 
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Figure 21. Restrepo’s death certificate, dated April 24, 
1914. File Inheritance F. Restrepo, Archivo General de 
la Naci6n (Colombia), Bogota. 


Mr. Restrepo’s son, who was working as foreman here, 
accompanied the transport. On arrival at Guateque late 
in the evening, Mr. Restrepo died and was buried the 
day after. 


A Colombian certificate of death dated April 24, 
1914, was issued documenting Restrepo’s passing 
(figure 21). 

When conditions improved, three weeks were 
spent repairing the mine’s aqueduct, after which 
the first clean but small emeralds were found in 


"1Letters by Prof. Robert Scheibe, Historical Archive of the German 
Ministry of Foreign Affairs. 


'2The final report, dated September 3, 1914, was provided by the 
grandchildren of Prof. Robert Scheibe. 

"3Letter from Prof. Robert Scheibe, May 1, 1914, Historical Archive 
of the German Ministry of Foreign Affairs. 
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May and June and commercial material was mined 
in July. A representative of the German Residency 
in Bogota also visited the mine from July 3 to 16, 
1914, and reported on his observations.!** Between 
late July and early August, Scheibe finished his in- 
vestigations, planning to return to Bogota together 
with August Klein on August 2.'*° The outbreak 
of war in early August, however, curtailed such 
plans and suspended Klein’s pursuit of the Chivor 
project. 

Scheibe’s final report,'”° dated September 3, 1914, 
and written in Bogota, offered his conclusions as to 
the viability of Chivor. The report began with a de- 
tailed description of the geological conditions, then 
covered both the expected yield and the anticipated 
costs. As to the yield, he reported: 


In the 4 months of my presence at the mine [April 4 
to August 2, 1914] with a labor force of 25 men gem 
quality emeralds of a value of about 40,000 marks 
were mined.... I do not doubt that emeralds of a good 
kind are to be found elsewhere in the above men- 
tioned area and beyond.... I consider the pit itself to 
be exploitable, especially since the prices of emeralds 
are high—also in Chivor stones were found that are 
estimated to 800 marks per carat. The average value 
of the usable stones found during my time there (1,267 
ct = 39,420 marks) is about 31 marks for one carat of 
raw stones. 


The start-up investment for mining equipment 
was calculated at 150,000 marks. Annual operating 
costs for 150 workers, six supervisors, one commer- 
cial manager, one mining engineer, and one head of 
operational activities was estimated at 142,000 
marks. Taking into account those parameters, in 
combination with the material recovered during his 


™4Report by a member of the German Residency in Bogota, Josef 
Wipperfeld, July 20, 1914, Historical Archive of the German Ministry 
of Foreign Affairs. 

51 etter from Fritz Klein, August 1, 1914, to the German Resident in 
Bogota, German Federal Archive. 

Courtesy of Andreas Scheibe (grandson of Prof. Robert Scheibe). 
Diario Oficial (Colombia), 50, No. 15355 (1914), pp. 1127-1128. 
8Klein, 1941, 1951. 

Military files of the 20th lancer regiment, Ludwigsburg, Germany, 
Hauptstaatsarchiv Stuttgart. 

Klein, 1941, 1951. 

®8'Inventory of the tools of the Chivor mine which are held by Anato- 
lio Morales in El Rosal,” January 5, 1916, 2 pp. 

™The scientific studies on Muzo by Prof. Robert Scheibe were pub- 
lished initially in Spanish and later edited by his son, Dr. Ernst Al- 
brecht Scheibe, in German. See Scheibe, 1916, 1922, 1926. The 
younger Scheibe, like his father, traveled to Colombia and worked as 
a geologist from 1924 to 1929. 

'33Rauff, 1926; Strunz, 1970. 
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time there and the purchase price for the mine, 
Scheibe saw a realistic chance for a successful ven- 
ture but also an extremely high “risk” in buying the 
mine under the existing conditions. Hence, he was 
unable to offer an unqualified recommendation to 
buy Chivor for the contract price. 


WORLD WAR | 


The international conflict that became World War I 
began in August 1914 and had far-reaching conse- 
quences for Chivor. Germans who found themselves 
overseas faced an ongoing series of complications and 
decisions. Early on, there was hope that hostilities 
would end quickly and normal business pursuits 
could be resumed after waiting a few months. As that 
hope faded, the desire to return home became 
stronger. However, a simple trip to Germany was 
hindered by the fact that British warships stopped 
commercial or passenger ships, even vessels of neu- 
tral states, and transported any German passengers 
to internment camps. 

Klein waited, using the time to reprise his efforts 
to obtain permission for an emerald-cutting enter- 
prise in Colombia. As before, his petition dated No- 
vember 12, 1914, was swiftly rejected.!?’ Klein then 
left Colombia in December 1914 or January 1915, re- 
turning to Germany, possibly under false papers.'?* 
He entered a cavalry regiment stationed in Ludwigs- 
burg, southern Germany, as a volunteer on February 
20, 1915.!° According to Klein, he felt that this serv- 
ice was a duty he owed to his country.'*° The equip- 
ment used at Chivor was held by a custodian in 
Klein’s absence, presumably in hopes of resuming op- 
erations in the future.!*! 

Scheibe deemed an attempt to return to Germany, 
combined possibly with years of internment, too 
risky. He therefore decided to stay in Colombia, 
working for the government as a geologist. Becoming 
head of the Comision Cientifica Nacional (National 
Geological Commission}, he devoted himself to ex- 
ploring the country’s important mineral resources. 
For instance, he prepared reports on the Muzo emer- 
ald deposit, published in 1916 and 1922, for the Min- 
istro de Hacienda.' His work on behalf of the 
government continued until his return to Germany 
in the spring of 1920!% and was recognized with ap- 
pointment as an honorary professor at the University 
of Bogota. Upon request of the government, Scheibe 
subsequently returned to Colombia in 1921 under a 
three-year contract, again as the head of the 
Comision Cientifica Nacional. 
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PURCHASE OF CHIVOR BY AN AMERICAN 
COMPANY (1919) 


Following World War I, both Klein and his brother 
August were interested in continuing with the 
Chivor project. Nonetheless, several developments 
during the interim changed their previous plans 
and expectations. From a personal standpoint, each 
of the Klein brothers had married in 1919, Fritz to 
Claire Cullmann and August to Liese Brill, so fu- 
ture work would need to take their new wives into 
consideration. 

From a business perspective, war altered the eco- 
nomic landscape for the Syndicate El Chivor. The ex- 
change rate of the mark decreased dramatically, and 
the financial situation for at least one investor, 
Rudolf Hahn & Sons, London, deteriorated substan- 
tially.'8* To accommodate this scenario, a new in- 
vestor in the Syndicate El Chivor was found, the 
Dutch shipping firm Wm H. Miller & Co., based in 
The Hague and Rotterdam.'* In addition to its pri- 
mary shipping and transport business, Wm H. Miller 
& Co. participated in various mines and other indus- 
trial companies. 

After the foregoing preparations were initiated, 
Klein and his wife Claire left Germany for Bogota in 
late July or early August 1919.1% 

Meanwhile, a new competitor for Chivor had en- 
tered the fray after Klein’s option expired during the 
war. The Colombian Emerald Syndicate, Ltd. had 
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Figure 22. In 1917, a 
group of American and 
Colombian business- 
men and geologists as- 
sociated with the Carib 
Syndicate, Ltd., investi- 
gated oil fields located 
at the border between 
Colombia and 
Venezuela. Carl K. 
MacFadden (left) and 
Wilson E. Griffiths par- 
ticipated in the excur- 
sion, which resulted in 
the 1918 transfer of 
property referred to as 
the “Barco concession” 
to an American oil 
company. Photo 1917, 
public domain. 


been founded in the United States on June 22, 
1918,'°’ by a group of American bankers and specu- 
lators from the oil industry. Those involved were 
principally associated with the Carib Syndicate, 
Ltd. and the Colombian Petroleum Co., which pur- 
sued commercial ventures in the oil business in 
Colombia and Venezuela.!** Key figures included 
Wilson E. Griffiths (1851-1929) and Carl K. MacFad- 
den (1872-1952).!°° Griffiths and MacFadden (figure 
22.) made several trips to Colombia between 1917 


™4Eugen and Paul Hahn, as well as their brother Rudolf, had been in- 
terned in the United Kingdom from 1915 to 1918. Assets of the com- 
pany in the United States worth $225,000 and in Britain worth 
£250,000 (equivalent to US $1,250,000) had been confiscated as 
enemy property. See Hahn v. Public Trustee, [1925] Ch. 715 (Eng.); 
[1926] 95 Law Journal Reports 9 (Ch.), pp. 9-22 (Eng.). 

'5Letter from August and Liese Klein, January 4, 1920, to Fritz and 
Claire Klein. No further relevant documentation was found in 
archived records of Wm H. Miller & Co., held at the Rotterdam City 
Archive (Stadsarchief Rotterdam). 

‘341 etter from August and Liese Klein, September 26, 1919, to Fritz 
and Claire Klein. 
“7https://opencorporates.com/companies/us_de/74916. 

'8The Wall Street Journal, May 26, 1919, p. 8; The Honolulu Adver- 
tiser, December 7, 1919, p. 29; The Wall Street Journal, May 21, 
1920, p. 8; Encyclopedia of American Biography, New Series, 9 
(1938), pp. 401-402. 

'°The Pittsburgh Press, December 29, 1895, p. 12; Escritura 3084, 
December 27, 1919, Notaria 1, Archivo General de la Naci6én 
(Colombia); Rausch, 2014; Torres del Rio, 2015. MacFadden’s name 
is also written as Mac Fadden or McFadden. 
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Carib Syndicate Limited 


Colombian Emerald Syndicate Ltd. 


Carib Trading Co. 


(Compania Comercial del Caribe) 


Oficinas en New York 
90 West Street 
New York City 
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Figure 23. Although the American companies in- 
volved in Colombian oil and emerald were formally 
separate, they were led by the same individuals and 
were even marketed in joint advertisements. Image 
from “The Colombian Review,” published by the 
Government Information Bureau of the Republic of 
Colombia, New York, 1920. 


and 1920, focused generally on establishing Ameri- 
can interests in the oil business there and particu- 
larly on obtaining control of an oil field at the 
border between Colombia and Venezuela, referred 
to as the “Barco concession.” The emerald business 
was merely an adjunct to their activities in the oil 
industry. The companies operating in the two sec- 
tors were formally separate but were led by the 
same officials and were even marketed jointly in ad- 
vertisements (figure 23). 

An option contract to purchase Chivor had al- 
ready been obtained on April 3, 1918,'*° prior to es- 
tablishing the Colombian Emerald Syndicate in June 
1918.'*! A second option contract was executed on 
August 13, 1919,'” with a term running to Decem- 
ber 8, 1919.'4° MacFadden’s attention had been 
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drawn to the Chivor emerald mine and its history 
by Dixon.!# 

Upon his arrival at the Colombian port of Barran- 
quilla, Klein was informed of a legally valid option 
contract held by the U.S.-based corporation.!* 
Hence, Klein could only wait to see if the Americans 
exercised the option, as expressed by his brother: 
“Now, December 8 is getting close, and thus the final 
decision. We are of course all very excited about the 
result and would be very happy if it turns out in your 
favor.””!4 

In a last-ditch effort to thwart the signing of a deal 
by the Americans, Klein on December 22, 1919, filed 
a complaint with the Colombian government alleg- 
ing that the legal status of Chivor 1 and 2 was 
unclear.'*” Such a move, which would likely have ren- 
dered the property unavailable for sale pending any 
attendant investigation, resulted only in directives 
that Klein support his assertions with documentary 
evidence.'** When he failed to do so, the complaint 
was dismissed in April 1921, having had no effect.'4? 

On December 27, 1919, Chivor 1 and 2 were pur- 
chased from the Sociedad Ordinaria de las Minas de 


“This first option was mentioned in the sales contract for Chivor, Es- 
critura 3084, December 27, 1919, Notaria 1, Archivo General de la 
Nacién (Colombia). 

“These two events coincided with the travels of Griffiths and Mac- 
Fadden, who were together in Colombia in early 1918 before leav- 
ing the country on April 20 and arriving in New York on May 3, 
1918. Files Wilson E. Griffiths and Carl K. MacFadden, List of United 
States Citizens, Arriving at Port of New York, May 3, 1918, Ances- 
try.com. The option was thus signed while they were in Colombia, 
and the company was incorporated shortly after their return to the 
United States. Although the actual April 3, 1918, option contract for 
Chivor has not been found, an option contract with that date and 
signed by Griffiths was located for the transfer of an oil field conces- 
sion from Virgilio Barco to the Compafifa Colombiana de Petrdleo. 
Escritura 331, April 3, 1918, Notaria 4, Archivo General de la 
Nacion (Colombia). 

'®This second option was also mentioned in the sales contract for 
Chivor, Escritura 3084, December 27, 1919, Notaria 1, Archivo Gen- 
eral de la Nacién (Colombia). 

“Letter from August and Liese Klein, December 5, 1919, to Fritz and 
Claire Klein; Canova, 1921. 

Rainier, 1931, p. 223 (comment by Carl K. MacFadden). 

Letter from August and Liese Klein, September 26, 1919, to Fritz 
and Claire Klein. 

“461 etter by August and Liese Klein, December 5, 1919, to Fritz and 
Claire Klein. The more dramatic situation suggested by Klein (1941, 
1951) and by Canova (1921) appears to have been exaggerated. The 
Historical Archive of the German Ministry of Foreign Affairs contains 
only a brief note, dated December 29, 1919, concerning the sale of 
Chivor to an American company. 

“Diario Oficial (Colombia), 56, No. 17080-17081 (1920), p. 273. 
'™8Diario Oficial (Colombia), 56, No. 17102-17103 (1920), pp. 361— 
362. 

“Diario Oficial (Colombia), 57, No. 17687-17688 (1921), p. 258. 
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ing of sickness and wounds. In the temples, 
idols of jade were worshipped and sculp- 
tures encrusted with the same material, ob- 
stdian or shell. Certain ornaments, such as 
nose pendants and lip rings, were distinc- 
tively hierarchical among the soldiers. Fur- 
thermore diadems, ear hoops, necklaces, 
breastplates, pendants, bracelets, finger rings, 
anklets, mirrors, brooches, and buckles were 
in use: that is to say, the same jewels that 
people have used universally and for all 
times. They also made mosaics encrusted 
with fragments of jade, turquois, obsidian 
and shell on a base of wood, clay or plaster 
to fashion religious symbols or masks of the 
gods. 

Without metal tools, the work with gems 
bad to be slow although human ingenuity 
permitted the jeweler to invent methods to 
facilitate his work. The shops of the lapidar- 
ies included thin sheets of obsidian, drills of 
jade, augers of hard wood and bone, cords 
of strong fibers, powder of hard stones and 
sand, With these technical resources, with a 
strong ‘‘dose”’ of patience and laboriousness, 
with his natural skill and his delicate artistic 
perception, the Mexican jeweler created 
marvels. 


e Jade beads in the shape of floral 
buttons (actual size). 


© Jade idol with scroll of the solar 
god (approximately actual size). 


The Aztec lapidarics formed a disting 
uished society. They worshipped four deities 
who were supposed to be the inventors of 
their art. Xochimilco, near the capital Te- 
nochtitlan, was their religious center because 
it was said that from that city had come the 
first lapidaries. 

Of all the materials, the inost highly val- 
ued then were jade—that is, jadeite- -neph- 
rite and other green stones. These were held 
in such esteem that chalc/ihnit! (its Mexi- 
can name) was synonymous with “precious,” 
as much from the matcrat as the sentimental 
viewpoint. “My jade” was the sweetest term 
of endearment that a mother could address 
to her son. 
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Figure 24. Share certificate for the Colombian Chivor 
Emerald Company (Compania Colombiana de Es- 
meraldas de Chivor), formed in 1920 in Colombia as 
the operating company for the U.S.-based Colombian 
Emerald Syndicate, Ltd., which had purchased the 
Chivor mines in December 1919. Courtesy of Eduardo 
Restrepo Ortega. 


Chivor by the American group.'*° Pursuant to the 
sale contract, the mine titles for Chivor 1 and 2, and 
the land holdings of the Colombian company were 
transferred for a purchase price of £46,000 (equivalent 
to US $230,000) to Griffiths and MacFadden. Grif- 
fiths and MacFadden were represented in the trans- 
action by Leon J. Canova, acting under a power of 
attorney dated October 31, 1919.!5! 

In retrospect, circumstances rendered it almost a 
foregone conclusion that the Colombian Emerald 
Syndicate would not turn away from the opportu- 
nity to purchase Chivor. Between the corporation’s 
founding and the time the option was exercised, the 
price of the 4,000 issued shares had increased from 
$25 to approximately $1,100,! with continued ap- 
preciation to $4,000 or $5,000 expected.!*? Moreover, 
the company had already started mining operations, 
and president Nathaniel W. Ross (1874-1938) was by 
October 1919 referring to Chivor as “the company’s 
mine.”'*+ Civil mining engineer Harold Case Will- 
cox had been hired in December 1919 to map the 
area for a deeper understanding of the geological set- 
ting, and he continued in that position until March 
1920.'*> Later, Willcox worked for the Carib Syndi- 
cate, Ltd., in Colombia, underscoring the intercon- 
nectedness of the companies involved with the 
American investors.!°° 
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In July 1920, a local mining company was formed 
in Colombia by Griffiths and MacFadden to serve as 
the operating entity for the Colombian Emerald Syn- 
dicate.'5’ Known as Colombian Chivor Emerald 
Company (Compania Colombiana de Esmeraldas de 
Chivor), stated capital was to consist of 20,000 shares 
at $5 each (figure 24; again, see table 2). 

In September 1920, Ross retired from business 
and was thereafter succeeded by MacFadden as pres- 
ident of the Colombian Emerald Syndicate.'* Grif- 
fiths served as one of the company’s directors, and 
Dixon acted as the Colombian manager.'*? 

By 1921, interests in the titles to the other three 
Chivor mines, Triunfo de Chivor, Paz de Chivor, and 
Esperanza de Chivor were represented to be under 
the ownership or control of the Colombian Emerald 
Syndicate or the Colombian Chivor Emerald Com- 
pany, but the nature of any relevant transactions 
is not otherwise elucidated (again, see box A). 


KLEIN’S ACTIVITIES FOR THE COLOMBIAN 
EMERALD SYNDICATE, LTD. (1920-1921 AND 
1922-1923) 

After the sale of Chivor to the American corporation 
at the end of 1919, Klein and his wife remained in 
Colombia. Although the idea of opening a jewelry 
shop in Bogota was apparently broached by the Klein 


'50Fscritura 3084, December 27, 1919, Notaria 1, Archivo General de 
la Nacién (Colombia). 

MMbid. 

'2A share split was performed in late October to early November 
1919, with the value of 50 new shares being equivalent to that of one 
old share. The Washington Post, December 11, 1919, p. 11. 

'3The Buffalo Enquirer, May 27, 1919, p. 8; New York Tribune, Octo- 
ber 26, 1919, p. 26; Quad-City Times, October 27, 1919, p. 12; 
Springfield Missouri Republican, November 7, 1919, p. 6; The Salt 
Lake Tribune, December 3, 1919, p. 18; The Washington Post, De- 
cember 11, 1919, p.11. 

'4The Wall Street Journal, October 29, 1919, p. 15. 

'5Schwarz, 1953. 

'5¢American Society of Civil Engineers, Year Book 1920, p. 312; Oil- 
dom, 12 (1921), pp. 28-30. 

'57Escritura 2041, July 6, 1920, Notaria 1, and Escritura 2047, July 7, 
1920, Notaria 1, Archivo General de la Nacién (Colombia). Diario 
Oficial (Colombia) 56, No. 17238-17239 (1920), pp. 99-100. 
'58MacFadden, 1920; National Petroleum News, 12, December 1, 
1920, pp. 75-76; Pittsburgh Daily Post, April 27, 1921, p. 11; 
Canova, 1921; Moore and Wilson, 2016. MacFadden had also be- 
come president of the Carib Syndicate, Ltd., in September 1920. The 
New York Times, September 10, 1920, p. 24. 

'°Moody’s Manual of Investments: American and Foreign, 11, Part 2 
(1920), p. 1189; Moody’s Manual of Investments: American and For- 
eign, 12, Part 2 (1921), p. 697; Canova, 1921. 

10Canova, 1921. 
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Figure 25. Fritz Klein was unable to purchase the 
Chivor mining titles in 1919 on account of interven- 
ing developments during World War I. The U.S.-based 
Colombian Emerald Syndicate, Ltd., obtained option 
contracts in the interim and subsequently completed 
the acquisition. Klein remained in Colombia and was 
hired in the fall of 1920 by the new mine owners to 
lead operations at Chivor. Photo circa 1920 to 1921, 
courtesy of Carola Kroll. 


brothers, such a plan was never implemented. In- 
stead, Klein (figure 25) was hired by the Colombian 
Emerald Syndicate for two terms as head of mining 
operations at Chivor, from 1920 to 1921 and 1922 to 
1923161 

At the time of Klein’s hiring, Dixon had been over- 
seeing Chivor’s administration.’ According to Klein 
(1941, 1951), he was hired because Dixon had failed 
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to obtain a profitable supply of gem-quality emeralds. 
However, during Klein’s first engagement, Dixon con- 
tinued to be involved in the background, still working 
for the Colombian Emerald Syndicate. 

At that time, the mine was worked exclusively by 
the traditional open-cut method of preparing terraces 
or steps in the extremely steep environment (figure 
26). During the initial contract period of approxi- 
mately six months from the fall of 1920 to the spring 
of 1921, Klein was assisted by several American min- 
ing engineers, including Eugene Brossard.'* A notable 
discovery occurred in December 1920 when a 632 ct 
emerald crystal (figure 27) was found at Chivor by 
miner Justo Daza.'™ Klein (1941, 1951) recounted that 
Daza located the cavity and that Klein himself care- 
fully removed the crystal. The emerald was personally 
transported to New York by Brossard in January 
192.1.!° The extraordinary stone generated great inter- 
est in the United States, and its arrival in New York 
was widely reported in the nation’s press.! 

The crystal was subsequently named the “Patriz- 
ius” or “Patricia” emerald after the patron saint of 
Ireland, the green island, according to Klein.!*’ Spec- 
ulation that it might have been named after Klein’s 


‘Klein, 1941, 1951. No known contracts have been preserved to 
offer specific details, but general parameters and time frames can also 
be drawn from other contemporaneous materials such as newspaper 
reports and travel documents. 


‘An example of Christopher Dixon’s leadership can be found in the 
form of a certificate he signed on September 27, 1920, at the time of 
Anibal Restrepo’s departure from employment at Chivor and recog- 
nizing nine months of exemplary service for the Colombian Emerald 
Syndicate, Ltd. 

‘Eugene Brossard’s work in Colombia was recognized in an alumni 
publication of his alma mater: “Eugene Brossard Madison, is in the 
employ of the Colombian Emerald Syndicate... as assistant to the su- 
perintendent of the Chivor emerald mines.” The Wisconsin Alumni 
Magazine, 21, No. 6 (1920), p. 171. Another assistant at Chivor was 
F. Stewart Turneaure. Wisconsin State Journal, September 4, 1921, p. 
7; Proceedings of the Geological Society of America for 1945, pub- 
lished 1946, p. 106. Yet another American involved at Chivor was the 
mining engineer William Burns, who was first employed by the 
Colombian Emerald Syndicate, Ltd., returning to New York in May 
1922, and who later worked for the Colombia Emerald Development 
Corporation at Chivor in 1925. File William Burns, List of United 
States Citizens, Arriving at Port of New York, May 14, 1922, MyHer- 
itage.com; Brock (1929). 

14Canova, 1921; Klein 1941, 1951; Johnson, 1959, 1961; Weldon et 
al., 2016. 

‘File Eugene Brossard, List of United States Citizens, Arriving at Port 
of New York, January 14, 1921, MyHeritage.com. 

‘The Brooklyn Daily Eagle, February 2, 1921, p. 1; The Montana 
Standard, February 7, 1921, p. 3; Sikeston Standard, February 8, 
1921, p. 3; The Tennessean, February 15, 1921, p. 9. Inconsistently, 
multiple articles or reports in American newspapers from February or 
March 1921 provided a weight of 630 ct. 

'67Klein, 1941. 
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Figure 26. Mining at Chivor in the 1920s was performed exclusively by the open-cut method, preparing terraces or 
narrow steps in the extremely steep environment. Indigenous miners worked with long iron bars and hoes to re- 
move the overburden and locate emerald-bearing veins or cavities. Photos of open-cast mining at Banco Klein, 


circa 1920 to 1921, courtesy of Carola Kroll. 


daughter!®* (whose name was Susanne}! is un- 
founded. Whether to cut the stone was initially de- 
bated, but the crystal was preserved as such.!” The 


Figure 27. Left: In 1920, while Fritz Klein was leading 
mining operations at Chivor, an extraordinarily large 
emerald crystal weighing 632 ct was discovered in the 
open-cast mine. The crystal was transported to New 
York by mining engineer Eugene Brossard and widely 
reported in the American press. The emerald was do- 
nated to the American Museum of Natural History, 
New York, in 1953. Courtesy of the American Mu- 
seum of Natural History. Right: Klein (1941) also de- 
picted the crystal, named the “Patricia” emerald. 
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632, ct emerald crystal is now in the collection of the 
American Museum of Natural History, New York, 
inventory number 42027, and was donated to the 
museum in 1953 by Mr. and Mrs. J. Robert Rubin.!7! 
Rubin (1882-1958), a New York lawyer, served as one 
of the trustees and/or directors of the Colombian 
Emerald Syndicate in the 1920s.'” Prior to its dona- 
tion, the emerald was transferred internally among 
company officials after financial pressures in March 
1923 led the company to borrow $3,000 from two of 
the directors, pledging the emerald as security.!” 

After Klein’s first contractual commitment with 
the Colombian Emerald Syndicate ended, he and his 
wife returned to Germany via New York. They ar- 
rived at the New York port in August 1921 and may 
have spent a period of several months before contin- 
uing their journey.!4 


'8https://www.internetstones.com/patricia-emerald-632-carat-uncut- 
colombian-origin-chivor-mine.html. 

‘Carola Kroll (granddaughter of Fritz Klein), pers. comm., 2017. 
ewelers’ Circular, 82, No. 6 (1921), p. 79. 

'71Press release, November 9, 1953, American Museum of Natural 
History, New York; Jamie Newman, American Museum of Natural 
History, New York, pers. comm., 2016. 

'Fncyclopedia of American Biography, New Series, 9 (1938), pp. 
401-402. 

Jewelers’ Circular, 86, No. 10 (1923), p. 83. 

The documentation cites the Colombian Emerald Syndicate, Ltd., 
as Fritz Klein’s employer and gives four months as the intended length 
of stay in the United States. File Fritz Klein, List or Manifest of Alien 
Passengers for the United States Immigration Officer at Port of Arrival, 
New York, August 1921, MyHeritage.com. 
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Figure 28. Hand-drawn 
map showing the topog- 
raphy of the Chivor 
mine and related geo- 
logical details, signed 
R.S. [Robert Scheibe] 
1922, The drawing also 
identified the locations 
principally worked by 
Fritz Klein and Christo- 
pher Dixon, labeled 
“Banco Klein” and 
“Banco Dixon,” respec- 
tively. Prof. Robert 
Scheibe collection, 
University Library 
Freiburg. 


Following Klein’s initial engagement at the helm 
in Chivor, Dixon resumed leadership of mining oper- 
ations.'” Dixon reportedly claimed that during the six 
months from June to December 192.1, emeralds worth 
$176,000 were recovered under his management.!” 
Meanwhile, the corporate leadership in New York had 
undergone a transition. MacFadden resigned in Sep- 
tember 1921 from his role at the head of the Colom- 
bian Emerald Syndicate and was succeeded by Julian 
A. Arroyo.!” In summer of 1922, the company’s vice 
president, Joseph J. Paris, visited Colombia, returning 
to New York on June 15.'”* About one week later, 
Dixon arrived in New York,!” and he spent time in 
the city during June and July,!*° presumably meeting 
with Colombian Emerald Syndicate officials to dis- 
cuss further activities at Chivor. Because no documen- 
tation after 1922, mentions Dixon in a management 
role at Chivor, the implication is that no agreement 
for his continued employment was reached.!*! That, 
in turn, might have led to the rehiring of Klein. 

The precise dates of Klein’s second contractual 
commitment with the Colombian Emerald Syndi- 
cate are unknown. He first traveled alone to Colom- 
bia, and his wife followed in August 1922.'*? Good 
production was reported during this time,'** and 
Scheibe returned to conduct further scientific study 
at Chivor (figure 2.8).!8* Nevertheless, the financial 
support for work at the mine was reduced, and, ulti- 
mately, mining activities were terminated. Even 
now, the reasons that precipitated the decline remain 
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shrouded in history. On the corporate side, Paris re- 
placed Arroyo as president in October 1922..!85 Min- 


5Moody’s Manual of Investments: American and Foreign, 11, Part 2 
(1920), p. 1189; Moody’s Manual of Investments: American and For- 
eign, 12, Part 2 (1921), p. 697; Canova, 1921. 

Gilles, 1930. 

New York Tribune, September 13, 1921, p. 6; Engineering and Min- 
ing Journal 112 (1921), p. 466; The New York Herald, September 13, 
1921; The New York Times, September 13, 1921. Some months later 
Carl K. MacFadden was also dismissed from his role at the Carib Syn- 
dicate, Ltd., oil company. New York Times, April 18, 1922, p. 32. 
File Joseph Paris, List or Manifest of Alien Passengers for the United 
States Immigration Officer at Port of Arrival, New York, June 1922, 
MyHeritage.com; Investor & Trader, July 1, 1922, p. 6. 

File Christopher Dixon, List or Manifest of Alien Passengers for the 
United States Immigration Officer at Port of Arrival, New York, June 
1922, MyHeritage.com. 

The Washington Times, July 2, 1922, p. 3. 

'81Moody’s Manual of Investments: American and Foreign, 13, Part 2 
(1922), p. 874; Investor & Trader, June 24, 1922, p. 6. 

Claire Klein traveled alone from Hamburg to Puerto Colombia. File 
Claire Klein, Hamburger Passagierlisten, August 1922, Ancestry.de. 
'83 Investor & Trader, August 19, 1922, p. 2, September 9, 1922, p. 2, 
and September 30, 1922, p. 12; Klein, 1941, 1951. 

'4Prof. Robert Scheibe fell ill in Colombia in February 1923 and died 
on March 3, following appendicitis and peritonitis. As a result, the 
Chivor study was never completed. A decree by the Colombian Presi- 
dent dated March 8, 1923, was issued in honor of the deceased, and 
numerous Colombian newspapers carried his obituary. The congress 
in Bogota honored his work and his selfless service to Colombia in 
June 1923 with an official state ceremony. Historical Archive of the 
German Ministry of Foreign Affairs. Diario Oficial (Colombia) 59, No. 
18841-18842 (1923), p. 629. 

'85Investor & Trader, October 14, 1922, p. 8. 
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ing engineer Brossard, with whom Klein had worked 
at Chivor, returned to the United States in July 
1923 .186 


BANKRUPTCY OF THE COLOMBIAN EMERALD 
SYNDICATE, LTD. (1923) 


As noted above, financial pressures at the company 
had become severe by March 1923 on account of ex- 
penses that exceeded the income generated from 
emerald sales. By April 4, 1923, an involuntary peti- 
tion in bankruptcy had been filed against the Colom- 
bian Emerald Syndicate in the United States District 
Court in New York.!*’ At that time, Paris was still 
serving as the president, and Wolcott H. Pitkin was 
appointed receiver for purposes of the bankruptcy 
proceeding.'** Liabilities were initially estimated at 
between $45,000 and $48,000.!*° Schedules detailing 
the assets of $314,039 and liabilities of $37,816 were 
then filed with the court on December 17, 1923.19 

At that time, the Colombian Emerald Syndicate 
owned the Chivor | and 2 mine titles and a one-third 
interest in the titles to the three other mines of the 
Chivor group.!*' Outstanding debts were owed to, 
among others, present or former presidents, vice 
presidents, and/or directors of the corporation, such 
as MacFadden, Griffiths, Arroyo, and Rubin. Other 
listed creditors included Klein, mining engineer 
Brossard, the corporation’s attorney in Colombia 
Miguel S. Uribe Holguin, the Carib Syndicate, and 
the German firm Hahn & Klein.'” 

Meanwhile, a stockholders’ committee was estab- 
lished to devise a method of raising funds to pay off 
the liabilities, and it was proposed that a new com- 
pany would be formed to bid for the assets in an an- 
ticipated bankruptcy auction.'” A special meeting of 
creditors was held in January 1924 to consider and 
act upon offers to purchase the property.!”* 

The mining titles for Chivor 1 and 2 and the re- 
lated land ownership were sold on or about August 
23, 1924, to the recently formed U.S. company 
Chivor Emerald Corporation.!*° Another new entity, 
the Colombia Emerald Development Corporation, 
was then established on November 7, and the Chivor 
claims and land were transferred to that company in 
late 1924.1 Throughout these machinations, the 
value of stock in the Colombian Emerald Syndicate 
fell precipitously, dropping from 65 cents per share 
in June 1922 and 40 cents in December 1922 to 5 
cents in April 1923 and 1 cent in December 1923.'9” 
The downward spiral continued thereafter, and the 
value was reported in 1925 at $1 for 600 shares.!*° 
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With his employer’s demise, Klein returned to 
Germany and over the following months established 
his own company in Idar in 1924, focused on the 
emerald trade.’ He decided to travel to Colombia 
once again in March 1925.7 At that time, the sale of 
Colombian emeralds was still strictly controlled by 
the government, with the only authorized channel 
being through the firm Rosenthal in Paris. Klein’s 
aim was to obtain a similar authorization under 
which emeralds could also be sold to him directly or 
to a partner company. After intensive negotiations 
with Colombian officials, Klein was hired by the gov- 
ernment as an evaluator for rough emeralds in Paris, 
in cooperation with the Colombian government's 
representative in the city, J.M. Arango.”°! Klein was 
never again active as a miner in Colombia, but re- 
mained at the center of the emerald trade. Several 
trips to Colombia in the second half of the 1920s and 
the early 1930s reflect his ongoing involvement. 


'8File Eugene Brossard, List of United States Citizens, Arriving at Port 
of New York, July 1923, MyHeritage.com. 

'87Jewelers’ Circular, Vol. 86, No. 10 (1923), p. 83; The Wall Street 
Journal, April 5, 1923, p. 14; The Cumulative Daily Digest of Corpora- 
tion News, No. 2 (1923), pp. 142-143. 

'88The Wall Street Journal, April 5, 1923, p. 14; The Cumulative Daily 
Digest of Corporation News, No. 2 (1923), p. 142; Jewelers’ Circular, 
Vol. 86, No. 10 (1923), p. 83. 
The Wall Street Journal, April 5, 1923, p. 14; The Cumulative Daily 
Digest of Corporation News, No. 2 (1923), pp. 142-143; Jewelers’ 
Circular, Vol. 87, No. 22 (1923) p. 91. 

'%ewelers’ Circular, Vol. 87, No. 22 (1923), p. 91; The Cumulative 
Daily Digest of Corporation News, No. 4 (1923), p. 118. 

'Yewelers’ Circular, Vol. 86, No. 10 (1923), p. 83; Jewelers’ Circular, 
Vol. 87, No. 22 (1923), p. 91. 

‘2 company based in Idar, Germany, owned by August Klein and 
his brother-in-law August Hahn. 

The Cumulative Daily Digest of Corporation News, No. 2 (1923), p. 
143; No. 3 (1923), p. 125. 

The Cumulative Daily Digest of Corporation News, No. 1 (1924), p. 
164. 

©The Cumulative Daily Digest of Corporation News, No. 3 (1924), p. 
150, 161. 

The Cumulative Daily Digest of Corporation News, No. 4 (1924), 
pp. 209, 222; Winkler, 1928; Rainier, 1929, 1931. 

'’The Buffalo Enquirer, June 30, 1922, p. 5; The Baltimore Sun, De- 
cember 30, 1922, p. 11; Democrat and Chronicle, April 27, 1923; 
The Tampa Tribune, December 14, 1923, p. 15. Additional details 
charting stock values can be traced through issues of Investor & 
Trader published in 1922 and 1923. 

8Engineering and Mining Journal-Press, 21 (1925), p. 999. 

Carola Kroll (granddaughter of Fritz Klein), pers. comm., 2017. 

2K ein traveled via the port of Hull in Great Britain to Santa Marta in 
Colombia. https://www.findmypast.co.uk/Colombia. Findmypast.co.uk 
201) 'M. Arango was nominated General Consul of Colombia in Paris in 
March 1925 and was responsible for the selling of emeralds to Rosen- 
thal. Diario Oficial (Colombia), 61, No. 19862 (1925), p. 519. 
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TABLE 4. History of Chivor, 1880-1925. 


Date Events in Colombia, Germany, or the United States 
1880s Search for and rediscovery of old native and Spanish tunnels by F. Restrepo 
March 1889 Mining titles for Chivor 1 and 2 are granted to F. Restrepo, E. Gonzalez, B. Escobar, and Nufez & Compafia 


August 1896 
February 1898 
August 1898 
1898-1899 
1899-1909 
1902 

August 1904 
December 1904 


1905-1906 
February 1912 
June 1912 

End of 1912 
March 1913 
July 1913 
November 1913 
December 1913 
February 1914 
April 1914 
August 1914 


End of 1914 or early 1915 


1915-1916 

April 1918 

June 1918 

July or August 1919 
August 1919 
December 1919 

By early 1920 

By September 1920 
Fall 1920-Spring 1921 
December 1920 
June—December 1921 
September 1921 
June-July 1922 
Summer 1922-1923 
October 1922 

By April 1923 
August 1924 

End of 1924 


F. Restrepo and L. Correa are referred to as the mine owners; E. Gonzalez declares the Chivor mines “abandoned” 
Transfer of the mining titles to E. Gonzalez 

Formation of a company by F. Restrepo and three companions; transfer of the mining titles to the company 
Cleaning of former tunnels and repair of water channels at the mine by F. Restrepo 

Numerous sales of shares involving different shareholders take place 

First publications by the British Vice-Consul S$. Dixon mentioning the rediscovery of Chivor 

The five principal shareholders buy land from A. Acosta 


Three additional claims near Chivor 1 and 2 are registered for the Triunfo de Chivor, Paz de Chivor, and 
Esperanza de Chivor mines, with F. Restrepo, C. Dixon, and H. Campo named as co-owners of the three titles 


C. Dixon attempts but fails to sell the three additional mines 

Preliminary option contract between F. Klein, H. Span, and the mine owners 

Formalized option contract with the mine owners; F. Klein and F. Restrepo start mining at Chivor 

A. Klein joins the miners at Chivor 

F. Klein and F. Restrepo travel to Germany; A. Klein remains at Chivor 

Option contract with F. Klein is extended by Klein’s lawyer 

F. Restrepo leaves Germany for Colombia 

F. Klein’s option contract is extended again 

Formation of the “Syndikat El Chivor”; F. Klein and R. Scheibe leave Germany for Colombia 

R. Scheibe begins evaluation of Chivor; Restrepo becomes ill and dies at Guateque 

R. Scheibe finishes the evaluation of Chivor; outbreak of World War | 

F. Klein leaves Colombia for Germany 

C. Dixon again fails to sell the three additional mines 

Option contract between W.E. Griffiths, C.K. MacFadden, and the mine owners 

Formation of the “Colombian Emerald Syndicate, Ltd.”; N.W. Ross becomes president 

F. Klein and his wife leave Germany for Colombia 

Second option contract between W.E. Griffiths, C.K. MacFadden, and the mine owners 

Purchase of Chivor 1 and 2 by W.E. Griffiths and C.K. MacFadden 

C. Dixon serves as Colombian manager for the “Colombian Emerald Syndicate, Ltd.” 

C.K. MacFadden becomes president of the Colombian Emerald Syndicate, Ltd., succeeding N.W. Ross 
F. Klein serves as head of mining operations at Chivor 

632 ct “Patricia” emerald is found and sent to New York 

C. Dixon serves as head of mining operations at Chivor 

C.K. MacFadden resigns as president and is succeeded by J.A. Arroyo 

C. Dixon travels to New York and presumably meets with company officials to discuss further activities at Chivor 
F. Klein again serves as head of the mining operations at Chivor 

J.A. Arroyo is succeeded by J.J. Paris 

An involuntary bankruptcy petition is filed in New York against the “Colombian Emerald Syndicate, Ltd.” 
Properties are sold to the “Chivor Emerald Corporation” in a bankruptcy sale 


Properties are transferred to the “Colombia Emerald Development Corporation” 
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LEGENDS AND REALITY: KLEIN AND RESTREPO 


The present authors have endeavored to describe the 
events between 1880 and 1925 to the extent corrob- 
orated by contemporaneous primary documents, 
without filling gaps with dramatizations and appar- 
ent fabrications, some of which have been repeated 
so often as to become accepted “facts.” Also, no ef- 
fort has been made to explain the origin of these dis- 
credited or unverified views. Consequently, the story 
given here leaves various points open, waiting for fu- 
ture closure through discovery of further records, 
whether in Colombian archives or elsewhere. A few 
of these lingering ambiguities and the milieu in 
which they arise may be highlighted as follows. 

Klein’s 1941 memoir describes in a lively way his 
travels in South America, always connected with the 
pursuit of new gem deposits. It went to press in the 
middle of World War II and was geared toward a cir- 
cle of readers interested in gemstones and the “ad- 
ventures” associated with their discovery, mining, 
and trading. The book was not intended to be a his- 
torical document, consistent in all aspects with the 
rather complex and vacillating legal situation in 
Colombia, but was written for the entertainment of 
the interested reader. 

Notably, the book was penned after an interval of 
almost 30 years, in terms of events before 1915, and 
nearly 20 years, based on the events after 1918. It is 
not known what contemporaneous documents and 
records were available to Klein when drafting the 
original manuscript or to what extent such manu- 
script was edited by the publisher or elsewhere, 
much less the expertise or awareness of those in- 
volved in the editorial process. A degree of liberality 
with facts is evidenced by the statement on the back 
cover of the 1941 edition referring to “drill holes that 
produced surprising results,” although no under- 
ground mining activities or their results were men- 
tioned in the pages. 

Looking at the chronology of events (see table 4), 
it can be seen that actual developments in Germany 
and Colombia, especially regarding the acquisition of 
Chivor, formed a rough framework for the story told 
by Klein. This background was supplemented and em- 
bellished in some places and even substantially dram- 
atized in others. For instance, the purported 
one-and-a-half-year search for the first emeralds in 
Chivor, Restrepo’s death in 1914, and the “fight” for 
the mine with the American competitors in 1919 are 
all illustrative of the tendency to sensationalize. 
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Nonetheless, Klein did recount a large number of 
details that have been verified by contemporaneous 
materials, particularly concerning travel arrange- 
ments and individuals involved. The names offered 
for ships by which he journeyed between Germany, 
Colombia, and the United States have been corrobo- 
rated by manifests, contracts, or letters, and many 
persons are accurately named and characterized, 
aside from minor spelling errors (e.g., the Colombian 
Emerald Syndicate’s attorney Uribe-Holguin and 
Klein’s lawyer Cadavid in Bogota). On the other 
hand, some key figures are inexplicably absent or 
given a much diminished role. Stauch, a principal in- 
vestor in the German group, is missing, and Klein’s 
brother-in-law Jackh is given little credit for his cru- 
cial influence in obtaining protection for Klein to re- 
turn to Colombia in 1911 and in facilitating contact 
with potential investors such as Schacht. The name 
of his own brother August, who spent nearly two 
years at Chivor, is never mentioned. 

Further complicating the situation created by the 
dramatized version of events is the problem of gaps 
in the historical record. Regarding Restrepo, for ex- 
ample, certain aspects of his activities are clear, 
while others are unexplained. Materials found to date 
are silent as to his partner Correa’s involvement in 
the search for the forgotten Chivor mines in the 
1880s; the reasons why the mining titles were twice 
transferred, first from Restrepo and three partners to 
Restrepo and Correa between 1889 and 1896, and 
later from Restrepo and Correa to Gonzalez between 
1896 and 1898; and the rationale for Gonzalez shortly 
thereafter in 1898 to form a new entity in partnership 
with Restrepo and the other two original title appli- 
cants. Restrepo’s activities during several largely 
silent periods and his involvement in a range of other 
ventures, such as farming and the coffee trade,” are 
equally obscure. 

The record is likewise deficient as to the dealings 
of the Colombian Emerald Syndicate, including 
Dixon's mining activities for the company, the cir- 
cumstances that led to Klein’s employment simulta- 
neously with Dixon during one interval, and the 
reasons precipitating the 1923 bankruptcy. Thus the 
story, and the search, continues. 


2Gaceta Judicial (Colombia), 20 (1911), pp. 49-57. 
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SAN MOS AR TICLES 


RHODONITE-PYROXMANGITE FROM 
TANATZ ALP, SWITZERLAND 


Franca Caucia, Luigi Marinoni, Maria Pia Riccardi, Omar Bartoli, and Maurizio Scacchetti 


The chemical, physical, and gemological properties of attractive rhodonite-rich rocks from Tanatz Alp (Switzer- 
land) were investigated using classical gemological methods, petrographic observation, and analytical techniques 


such as X-ray powder diffraction, Raman spectroscopy, and scanning electron microscopy. The color of the sam- 
ples varied from pale pink to purplish pink; they were opaque and contained braunite, rhodochrosite, and spes- 
sartine. The gem-quality samples have an attractive color and are compact with no fractures. Tanatz Alp 
rhodonites are characterized by the presence of other minerals such as kutnohorite, spessartine, ankerite, 
rhodochrosite, khristovite-(Ce), pyroxmangite, and chlorite. The presence of the polymorph pyroxmangite was 
also confirmed by micro-Raman analyses. The samples had a chemical composition of MnO (45.97-48.64 wt.%) 
and SiO, (46.70-47.92 wt.%), with very low amounts of MgO (0.64-1.65 wt.%) and CaO (<5 wt.%). Rhodonites 
from Tanatz Alp have some economic importance because of their use in jewelry and ornamental objects. 


enoid group; it is triclinic with a structure 

ade up of silicate chains parallel to the c-axis, 

in turn composed of a repeating sequence of five 

tetrahedral units. The chains alternate with M octa- 

hedral sites, designated M1 though M5, where diva- 

lent cations reside (Deer et al., 1997, and references 

therein). The ideal chemical formula is MnSiO,,. 

Rhodonite of this composition has been synthesized 

but has never been found in nature, where Ca, Mg, 
and Fe” replace Mn (Ito, 1972). 

Rhodonite was first discovered in 1790 in the Ural 
Mountains near Sidelnikovo. The mineral was 
named in 1819 by the German naturalist Christoph 
Friedrich Jasche. The name is derived from the Greek 
rhodo, which means “rose,” because of its character- 
istic pink color (figure 1). The Hermitage Museum in 
Saint Petersburg preserves many precious and deco- 
rative objects made with rhodonite that belonged to 
the Russian aristocracy, especially the czars. Even 
today, Russian children exchange rhodonite eggs for 
Easter as a gesture of friendship. In the United States 
there are important rhodonite mines in New Jersey 
and in Massachusetts, which declared it the official 


[Qevei is the Mn-rich member of the pyrox- 


See end of article for About the Authors and Acknowledgments. 


Gems & GEMOLOGY, Vol. 56, No. 1, pp. 110-123, 
http://dx.doi.org/10.5741/GEMS.56.1.110 


© 2020 Gemological Institute of America 


110 Swiss RHODONITE FROM TANATZ ALP 


state gem in 1979. Rhodonite is collected as a lap- 
idary material and ornamental stone and is used to 
make cabochons, beads, small sculptures, tumbled 
stones, and other objects. High-quality crystals of 


In Brief 


e Rhodonite from Tanatz Alp in Switzerland is associ- 
ated with kutnohorite, spessartine, ankerite, and 
rhodochrosite. 


Classical gemological methods, petrographic obser- 
vation, and analytical techniques demonstrated the 
presence of the two polymorphs of MnSiO,: 
rhodonite and pyroxmangite. 


Fashioned rhodonites from Tanatz Alp display an at- 
tractive pale pink purplish pink color. 


this mineral can be very expensive. Rhodonite is gen- 
erally found in massive translucent to opaque aggre- 
gates, and the best-quality gems are transparent. The 
crystals have perfect cleavage in two directions and 
low hardness (5.5-6 Mohs), making it one of the most 
difficult gemstones to cut. For this reason, faceted 
rhodonites are typically sold as collectible gems 
rather than for jewelry use. 

Rhodonite is very similar to its polymorph, pyrox- 
mangite, and to rhodochrosite (MnCO,). Pyroxman- 
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The value of jade was much greater than 
that of gold, as inferred in the words of the 
conquistador and chronicler, Bernal Diaz 
del Castillo “These exquisite stones of chal- 
chihuitl were extremely valuable, each one 
being worth and held in higher regard than 
a great cargo of gold.” It seems that the 
same name that was given to gold implied an 
attitude in which veneration did not exclude 
a certain repulsion: “‘teocuitlatl,” the excre- 
tion of the gods. 

The origin of the jade approaches a mys- 
tery (See interesting article by Dr. Raymond 
J. Barber in Gems & Gemology, Spring 
1952.), considering that up to now no natu- 
ral deposits have been found with the excep- 
tion of pebbles and a block of rough of 90 
kilos. The pebbles used to be found in the 
rivers which flow down from the mountains 
of Guerrero and Oaxaca in the south of 
Mexico and the block mentioned appeared 
as an offering in Kaminaljuyu, an important 
archeological site in Guatemala. As we 
know, the Mexican jade is jadejte, like the 
Chinese jade, although in chemical compo- 
sition slightly different, the general appear- 
ance being less transparent and more mottled 
than the other. 

The finding of fragments of jade in arche- 


ological diggings in Mexico is very frequent 
but rarely has there been discovered in the 
same site a sufficient quantity of gems to be 
able to call it a real treasure. I want to refer 
here to some of them, the last two of which 
concern recent findings conducted in 1952 
under my direction in the Mayan zone. 

In chronological order, and also for its 
importance, the first discovery of an arche- 
ological treasure is without doubt that which 
Dr. Alfonso Caso made in Monte Alban, 
State of Oaxaca, in 1932. (We are not con- 
sidering in this article the gems dredged by 
Edward Thompson at the beginning of this 
century in the sacred pool of Chichen-Itza, 
because they are almost exclusively objects 
of metal and not gems and do not belong to 
a single deposit or single discovery but to 
the numerous successive offerings that 
Thompson took out in the course of various 
years.) 

In Monte Alban the Mixtecas buried vari- 
ous important personages in an ancient 
Zapotecan tomb with a quantity of jewels 
without equal in America, either in number 
of pieces or in their magnificence. During 
one week at the rate of more than 14 hours 
a day of work Dr. Caso, his wife, and two 
assistants excavated jewels, having previ- 


¢ Heavy jade bead hollowed out, with covers (actual size). 


SUMMER 1953 


293 


gite has a structure very similar to that of rhodonite, 
with a repeating sequence of seven tetrahedral units; 
the distinction from rhodonite therefore requires 
more accurate investigations with techniques such 
as X-ray powder diffraction (KRPD) and electron mi- 
croprobe. Rhodochrosite differs in that it frequently 
shows white streaks of calcite and is reactive to hot 
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Figure 1. Rhodonite 
bead necklace and ear- 
rings. Photo by Emily 
Lane; courtesy of Dona 
Dirlam. 


acids, whereas rhodonite is resistant to acids and usu- 
ally associated with manganese oxides. 

Rhodonite and pyroxmangite contain small 
amounts of Ca, Mg, and Fe** substituting for Mn**; 
the P-T compositional stability limits have been in- 
vestigated by many authors, but there are still uncer- 
tainties (Ito, 1972; Peters et al., 1973; Ohashi et al., 
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1975; Maresch and Mottana, 1976; Brown et al., 1980; 
Akaogy and Navrotsky, 1985; Abrecht, 1988; Taka- 
hashi and Hariya, 1995; Zanazzi et al., 2008; Diella et 
al., 2014, and references therein). The two minerals 
can generally be distinguished on the basis of their 
chemical composition, as rhodonite contains a higher 
amount of Ca (more than 0.05 wt.%} than pyroxman- 
gite. Rhodonite and pyroxmangite often occur to- 
gether as a bladed intergrowth, in various types of ore 
deposits and Mn-rich lithologies (Ohashi et al., 1975; 
Jefferson et al., 1980; Pinckney and Burnham, 1988; 
Millsteed et al., 2005; Michailidis and Sofianska, 
2010). 

Deposits of rhodonite are found all over the world. 
The most important are those at Broken Hill in New 
South Wales, Australia, where the best single-crystal 
gems are found (Millsteed et al., 2005; Millsteed, 
2.006); Franklin, New Jersey, in the United States 
(Nelson and Griffen, 2005); many areas of the Ural 
Mountains (Bukanov, 2006; Brusnitsyn, 2010); 
British Columbia, Canada (Simandl et al., 2001); 
Hudnuco, Peru (Wilson,1989); Minas Gerais, Brazil 
(Quinn, 2004; Leverett et al., 2008); Pajnsberg, Swe- 
den (Lee, 1958); and several localities in Japan 
(Ohashi et al., 1975). A variety of rhodonite contain- 
ing high levels of zinc (up to 10 wt.% ZnO), called 
fowlerite, was found at Franklin, New Jersey (Nelson 
and Griffen, 2005). 

In the Italian Alps, rhodonite has been found in 
the Praborna mine near San Marcel in Valle d'Aosta 
(Mottana, 1986), Feglierec near Alagna Valsesia in 
Piedmont (Peters et al., 1978), Monte Forno in Ma- 
lenco Valley, Scerscen in Lombardy (Diella et al., 
2014), and Monte Civillina in Veneto (Schiavinato, 
1953). Rhodonite is also found in the Apennines 
chain, in the mines of Gambatesa and Molinello in 
Graveglia Valley in Liguria (Marchesini and Pagano, 
2001), Alpe Ravinella in Strona Valley (Bertolani, 
1967), Scortico in the Apuan Alps (Di Sabatino, 1967; 
Mancini, 1997), and Campiglia Marittima in Tuscany 
(Capitani et al., 2003). Italian rhodonites are translu- 
cent or opaque and microcrystalline with a pale to 
deep pink color; only those from Monte Forno in Val 
Malenco (Diella et al., 2014) and Scortico (Apuan 
Alps) can be truly considered gem-quality since they 
are transparent enough to be faceted. 

The manganese deposits in the Rhetic Alps of 
Switzerland that contain rhodonite, such as Falotta 
and Alpe Parsettens in the Oberhalbstein or Fianel 
and Starlera in Val Ferrera, have been widely investi- 
gated (Trommsdorff et al., 1970; Peters et al., 1973, 
1978; Wenk and Maurizio, 1978; Brugger and Giere, 
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1999), but those in the Tanatz Alp (figure 2) are less 
well known. This work investigates the chemical, 
physical, and gemological properties of rhodonite 
from Tanatz Alp. 


DESCRIPTION OF THE DEPOSIT 


Tanatz Alp is located about 2.5 kilometers south of 
the village of Spliigen in the Swiss canton of Grisons. 
The geological setting is similar to that of the more 
famous Val Ferrera. Tanatz Alp lies between the crys- 
talline basement and the sedimentary cover of the 
Tambo nappe in the so-called Spluga zone; a short dis- 
tance to the east is the nappe of Suretta. Both nappes 
belong to the Pennidic domain and are formed by 
rocks of the crystalline basement, metamorphosed 
during the Alpine orogeny, and by overlying shallow- 
basin sedimentary sequences, which were subse- 
quently metamorphosed into Mn- and Fe-rich schists 
and quartzites (Biggioggero and Montrasio, 1990; fig- 
ure 2). The first description of the minerals from 
Tanatz Alps was by Kenngott (1866), who reported 
the discovery of rhodonite in Mount Spltigen. 

At the beginning of the twentieth century, interest 
in manganese minerals increased considerably, and 
this Swiss resort became an economically important 
source (Grenouillet, 1920). Rhodonite in Tanatz Alp 
occurs in large isolated boulders between half a meter 
and a meter long (figure 3), distributed along an ex- 
tension of about 100 meters on the slope to the west 
of the switchbacks ascending the pass at an elevation 
of 1,720 m. Between 1918 and 1920, excavations were 
carried out to identify the original outcrop of this 
mineral, but without success. Since 1970, stonecut- 
ters and artisans have rediscovered an appreciation for 
the manganese minerals of Tanatz Alp, which are 
multi-colored, hard, and free of cavities and cracks. 
Many collectors around the world also became inter- 
ested in this area, where several very rare and attrac- 
tive minerals can be found (gasparite, khristovite, 
franklinfilite, tiragalloite, and manganberzeliite; Roth 
and Meisser, 2011). 

The source region of these rhodonite-bearing 
boulders has never been identified, and its mineralog- 
ical composition is still the subject of investigation. 
It is believed that the manganese-rich deposits 
formed during the Tertiary, under zeolite and green- 
schists facies metamorphic conditions (Roth and 
Meisser, 2011). It was assumed that the mineraliza- 
tion took place in the Triassic carbonate sediments, 
similar to the famous deposits of Fianel and Starlera 
in nearby Val Ferrera (Brugger and Giere, 1999), but 
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Figure 2. Geological map of the Tanatz Alp area in Switzerland. Modified from Bedogné et al. (1995). 


the original outcrop is likely located in the crys- The mineralogy of the rhodonite-bearing rocks 
talline intercalation of the Spltigen area, whichis tec- from Tanatz Alp shows similarities with that of de- 
tonically very complex (figure 2). posits from Scerscen in Val Malenco, located about 


boas aa Figure 3. A loose assort- 

<2 se ment of blocks contain- 
2 ing the rhodonite 
mineralizations investi- 
gated in this work. The 
largest is about 1m 
long, while the overly- 
ing blocks are about 
20-25 cm long. Photo 
by F. Vanini. 
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40 km away (Bedogné et al., 1993, 1995; Diella et al., 
2014). On the surface, the manganese boulders are 
black. The alteration layer varies from a few millime- 
ters to one centimeter and is composed of rancieite. 
Rhodonite is present in small, needle-like crystals 
with a characteristic and very pleasing pink color, 
often in contact with spessartine. 


MATERIALS AND METHODS 


Analyses were carried out on six samples of rock con- 
taining rhodonite (figure 4), collected from Maurizio 
Scacchetti in the summer of 2017 along the main 
road leading to the Spliigen Pass. The samples were 
in centimeter sizes, with very uneven color due to 
the presence of different minerals. The rhodonite was 
present in these samples as fine needle-like crystals. 
There were also millimeter-sized and rounded orange 
crystals of spessartine and light pink rhodochrosite 
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Sample 4 


Figure 4. Rough sam- 
ples of rhodonite from 
Tanatz Alp investigated 
in this work (samples 
1-6). Photos by Maur- 
izio Scacchetti. 


and brown or blackish portions made up of braunite 
and manganese oxides such as rancieite. All the sam- 
ples were compact. 

Standard gemological analyses were carried out 
on seven fashioned stones (figure 5), cut from the 
rough samples in figure 4, to describe the optical 
properties, specific gravity, and ultraviolet fluores- 
cence. Density was measured using a Presidium 
PCS100 Sensible hydrostatic balance, and the color 
was evaluated with an RGB (red, green, blue) color 
table. Refractive index was measured by the distant 
vision method using a Kruss refractometer (1.45—1.80 
range) and a contact liquid with an RI of 1.80. Ultra- 
violet fluorescence was investigated with a short- 
wave (254 nm) and long-wave (365 nm) UV lamp. 

X-ray powder analyses to determine the miner- 
alogical composition were carried out using a Philips 
PW1800 powder diffractometer, with CuKe radiation 
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Sample 1 


Sample 2 


Per + = 
3 : 


Sample 6 


Sample 5 


(4 = 1.5418 A) and a scan speed of 1°/min, in the 2- 
65° 20 range. The samples for the analyses (about 3 g} 
were previously ground in an agate mortar and re- 
duced to a very fine powder (about 5 microns). We 
ground the rough samples shown in figure 4. The ma- 
terial was selected based on the pink color before the 
grinding. Unfortunately, many phases of rhodonite- 
bearing rock show a similar color (spessartine orange- 
pink, rhodochrosite reddish pink, and kutnohorite 
pale pink). Therefore, in the Results section rhodonite 
represents less than 50% of all samples except sample 
2. Qualitative and semi-quantitative evaluation was 
performed with X’Pert HighScore software, which is 
designed to obtain all phase information from loose 
and pressed powders and other polycrystalline sam- 
ples (Markvardsen et al., 2008; Degen et al., 2014). 
Major element analysis (Si, Mn, Ca, Mg, Fe, Zn, 
Ti, and Al) was carried out on select crystals from all 
the rhodonite samples with an electron microscope, 
model TESCAN series Mira XMU, coupled with an 
EDAX system with energy dispersion and no internal 
standard (analytical error of about 3%). The acceler- 
ating voltage was 20 KV, while the analysis area was 
100 x 100 p?. The accuracy of the analyses is related 
to the calibration of the detector and the maintaining 
of standard conditions during the work. 
Micro-Raman scattering measurements were con- 
ducted with a Horiba Jobin Yvon Explora Plus single 
monochromator spectrometer (grating of 2400 
groove/mm) equipped with an Olympus BX41 micro- 
scope. Raman spectra were recorded with 532 nm ex- 
citation. The spectrometer was calibrated to the 


Swiss RHODONITE FROM TANATZ ALP 


Sample 3 Sample 4 


Sample 7 


Figure 5. Cut gems of 
thodonite from Tanatz 
Alp, ranging from 0.43 to 
12.70 ct. Photos by Fed- 
erica Montanelli. 


silicon Raman peak at 520.5 cm“. The spectral reso- 
lution was ~2 cm“!, and the instrumental accuracy 
in determining the peak positions was approximately 
0.56 cm-'. Raman spectra were collected in the spec- 
tral range 100-1300 cm for 5 seconds averaging over 
40 scans accumulated. 


RESULTS 


Microscopic Observations. Figure 6A shows a macro- 
scopic section of a rhodonite sample (no. 2) that 
contains a pink and a dark part. Thin-section investi- 
gation revealed that the pink portion (figure 6B) con- 
sists of an intimate association of rhodonite (or 
pyroxmangite) and kutnohorite (see chemical analyses 
in table 5). Here, the size of rhodonite/pyroxmangite 
crystals ranges from tens of micrometers to a few mil- 
limeters. Conversely, the dark part is composed 
mainly of spessartine and Mn oxides (figure 6C). 


Gemological and Physical Properties. Seven cabo- 
chons and faceted stones were cut with various 
shapes (figure 5) from the six rough samples; table 1 
presents the gemological data. 

The cabochons and faceted stones had a massive 
and opaque aspect with an intense and variable pink 
color (pink, pale violet red, and Indian red according 
to the RGB color table). The rhodonites were strongly 
inhomogeneous due to the presence of various asso- 
ciated minerals in spots that were dark to black and 
yellow-orange. The measured specific gravity ranged 
from 3.40 to 3.63, in agreement with data for other 
alpine rhodonites (Deer et al., 1997; Diella et al., 
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Figure 6. A: In this slice obtained from rough sample 2, red squares indicate the points of microscopic observation 
shown in figures 4B and 4C. B: A crossed polarizer image reveals the coexistence of kutnohorite and rhodonite/ 
pyroxmangite. C: A plane-polarized light image shows the presence of Mn-rich garnet. Photos by Omar Bartoli. 


2014). The refractive indices measured with the dis- 
tant vision method ranged from approximately 1.72 
to 1.74 (in agreement with Deer et al., 1997; Diella et 
al., 2014). The absorption spectra were characterized 
by a broad band at 550 nm, a strong narrow line at 
500 nm, and a diffuse weak band at 450 nm. All the 
samples were inert to short-wave (254 nm) and long- 
wave (365 nm) UV. 


XRPD. Figure 7 shows the X-ray patterns of some in- 
vestigated samples, while the mineralogical compo- 
sition is reported in table 2. The samples showed a 
variable occurrence of rhodonite-pyroxmangite, but 
distinguishing the two phases is quite difficult be- 


cause of the two polymorphs’ overlapping peaks at 
26.6, 29.1, 30.2, 34.4, and 36.5° 26. The rhodonite was 
identified by the characteristic peaks at 21.5, 25.0, 
27.4, 28.5, 30.5, 32.2, and 35.4° 26, while the sole py- 
roxmangite presented diffraction effects at 25.5, 28.1, 
29.8, 31.3, 40.8, and 44.3° 20. 

The samples showed variable amounts of 
rhodonite-pyroxmangite (22-66%) and kutnohorite 
(8-62.%); samples 1, 4, and 6 also contained ankerite. 
Other detected minerals were _ spessartine, 
rhodochrosite, calcite, braunite, chlorite, and traces of 
quartz. In samples 1, 2, 4, and 6, the X’Pert software 
also suggested traces of the rare mineral khristovite, 
identified by the peaks at 25.3, 30.6, 32.8, and 34° 20. 


TABLE 1. Gemological data of the rhodonite cabochons and faceted stones investigated. 


Color Dimensions 


Weight Specific 


Sample (RGB color table) (mm) eat (ct) gravity RF 

1 Pink; black spots 7x4x3 Triangular cabochon 0.43 3.40 1.72 

2 Pink/pink1; black spots 12x 7x6 Oval cabochon 5.30 3.41 1.73 

3 Pale violet/"Indian red 7x5x5 Oval cabochon 1.08 3.42 = 1.73 
2”; pink veins 

4 Pale violet/“Indian red 10x 12x 6 Rectangular cabochon 12.01 3.60 1.74 
2” veins 

5 Pale violet/“Indian red =12 x 13 x 5 Oval cabochon 12.51 3.56 1.74 
2” veins; black spots 

6 Pale violet/“Indian red 13x 10x 7 Rectangular cabochon 12.70 3.58 1.74 
2”; black spots 

7 “Indian red”; black 12x6x4_ Rectangular emerald-cut 3.70 3.63 1.74 
spots 


Determined using the distant vision method 
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Figure 7. XRPD patterns of 
the rhodonite samples 1, 2, 
and 4 from figure 4. The 
most important minerals 
are reported, close to their 
diagnostic peaks. Ank = 
ankerite; Pyr = pyroxman- 
gite; Rh = rhodonite; Kut = 
kutnohorite; Sp= spessar- 
tine; Rhc = rhodochrosite; 
Chl = chlorite. 
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TABLE 2. Mineralogical composition of the analyzed samples (from figure 4) obtained 


through XRPD analysis. 


Sample no. Mineral assemblages (wt.%) 

1 Ankerite (60%), rhodonite-pyroxmangite (20%), rhodochrosite (20%), khristovite (traces), 
chlorite (traces) 

2 Rhodonite-pyroxmangite (65%), kutnohorite (25%), spessartine (5%), chlorite (5%), 
quartz (traces), khristovite (traces) 
Kutnohorite (60%), rhodonite-pyroxmangite (30%), calcite (10%) 

4 Rhodonite-pyroxmangite (35%), spessartine (30%), ankerite (15%), kutnohorite (10%), 
chlorite (10%), khristovite (traces) 

5 Rhodonite-pyroxmangite (45%), braunite (20%), ankerite (10%), kutnohorite (10%), 
spessartine (10%), quartz (5%) 

6 Rhodonite-pyroxmangite (40%), spessartine (30%), kutnohorite (20%), ankerite (10%), 


khristovite (traces) 


Mineral Chemistry. SEM analyses performed on se- 
lected crystals of rhodonite-pyroxmangite are shown 
in table 3 (error of analyses about 3%). Table 4 reports 
the chemical composition of rhodonites from the 
Alps and other worldwide occurrences reported in the 
literature, for comparison. In our samples the most 
abundant oxides were MnO (46-48.64 wt.%) and SiO, 
(46.70-47.92 wt.%], with very low amounts of MgO 
(0.64-1.65 wt.%} and CaO (<5 wt.%). 

Figure 8 and table 5 provide the backscattered 
electron images and corresponding analyses of the as- 
sociation of rhodonite (points 3, 4, and 5) with Ca- 
Mn-carbonate kutnohorite (CaMn”(CO,),; points 1 
and 2). We also observed the presence of Mn oxides 
and spessartine as accessory phases. The rhodonite 
in the samples appeared to be composed of micro- 
crystals, and the chemical composition was not ho- 
mogeneous. Similar to what was reported for 
rhodonites from Val Malenco (Diella et al., 2014), we 
observed that the Si content was almost stoichiomet- 


ric (Si = 1.00-1.01 apfu) while that of Mn deviated 
(0.82-0.88 apfu) from the idealized formula (1.00 
apfu], due to the occurrence of other cations such as 
Ca and Mg in the M-sites. 

The Ca and Mn contents in our samples were 
similar to those reported for other samples from Val 
Scerscen, Val Sesia Val d’Ayas, and Val Malenco (Pe- 
ters et al., 1978; Mottana, 1986; Diella et al., 2014; 
see table 4). 

CaO contents also showed large variability in the 
same areas investigated by energy-dispersive spec- 
troscopy (EDS) analyses. It varied from 0.97% to 
3.90% in samples 1 and 2, from 0.99% to 3.97% in 
sample 4, and from 1.02% to 4.64% in sample 5; see 
table 3. The values of Ca vs. Mn are plotted in figure 
9 with the different fields for rhodonite and pyrox- 
mangite (see also Diella et al., 2014). 

Fe was absent in our samples, as in rhodonite 
from other localities in the Alps such as Praborna and 
Val Sesia and from Japan; see table 4. In the 


TABLE 3. Chemical composition (wt.%) of the rhodonite/pyroxmangite samples investigated, obtained through SEM analyses. 


Oxides VP 1/2 2/1 2/2 3/1 3/2 4/1 4/2 5/1 5/2 6/1 6/2 
SiO, 46.91 46.62 47.02 46.63 46.70 47.03 47.43 46.92 47.66 46.53 47.62 47.54 
MgO 0.67 1.44 0.70 1.45 0.64 0.68 0.57 1.65 0.75 1.46 0.84 0.85 
MnO 48.52 50.75 48.42 50.95 48.64 48.49 48.33 50.44 46.95 50.98 46.85 47.41 
CaO 3.90 0.98 3.86 0.97 4.01 3.80 3.67 0.99 4.64 1.02 4.70 4.20 
Total 100 99.99 100 100 99.99 100 100 100 100 99.99 100.01 100 
apfu (3 oxygens) 

Si 1.00 1.00 1.01 1.00 1.00 1.01 1.01 1.01 1.01 1.00 1.01 1.01 
Mg 0.02 0.05 0.02 0.05 0.02 0.02 0.02 0.06 0.02 0.05 0.03 0.03 
Mn 0.88 0.93 0.88 0.93 0.88 0.88 0.87 0.90 0.85 0.93 0.84 0.85 
Ca 0.09 0.02 0.09 0.02 0.09 0.09 0.08 0.02 0.11 0.02 0.11 0.10 
2Sample/crystal 


Fe,O, was below detection limits (0.1 wt.%). 
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SEM MAG: 230 x Det: BSE 200 pm existing rhodonite-pyroxmangite from Tanatz Alp in 


Switzerland. 


Figure 8. Backscattered electron image of rhodonite/ 

pyroxmangite (points 3, 4, and 5) and associated kut- 

nohorite (points 1 and 2) in rough sample 2. Micro-Raman Spectroscopy. Mineral polymorphs are 
distinguishable by Raman spectroscopy (Mazzoleni 

rhodonites from the famous deposits of Broken Hill _ et al., 2015), and this analysis was carried out to con- 

(Australia) and Franklin (New Jersey), Feisanimpor- firm the presence of the polymorph pyroxmangite 

tant chromophore element; again, see table 4. with rhodonite. 


TABLE 4. Chemical composition (wt.%) of rhodonite samples reported in the literature: Italy (Peters et al., 1978; Mottana, 
1986; Diella et al., 2014); United States and Australia (Nelson and Griffin, 2005); and Japan (Aikawa, 1984). 


United | United 
States States | United | United 
(Franklin | (Franklin | States States 

Mine 1, | Mine 2, | (New | (Plainfield, 
New New York) Maine) 

Jersey) | Jersey) 


siO, 46.82 46.76 46.40 46.91 | 46.70 | 46.35 46.46 | 45.71 45.69 46.15 | 45.94 | 45.83 | 46.88 | 47.34 


Australia | Australia | Australia 
(Broken | (Broken | (Broken 
Hill) Hill) Hill) 


Italy Italy Italy Italy 
(Val (Val (Val | (Monte 
Malenco 1) | Malenco 2)| Sesia*) | Alpe*) 


Italy 
(Praborna®) 


Japan Japan 


Oxides (Sankei) | (Sankei) 


TiO, n.d. n.d. 0.07 n.d. n.d. 0.04 n.d. 0.01 0.01 n.d. 0.04 0.02 n.d. n.d. 
Al,O, n.d. 0.02 n.d. n.d. n.d. 0.01 0.02 0.01 0.01 0.93 0.03 0.04 0.07 0.59 
MgO n.d. 0.66 0.65 0.95 1.71 1.54 0.88 0.13 0.08 1.41 0.3 0.25 1.50 0.87 
FeO n.d. 3.27 3.20 n.d. 5.21 2.79 1.91 12.34 1.93 10.51 11.76 | 11.92 0.45 0.31 
MnO 47.07 41.80 41.68 46.74 | 40.0 35.71 38.04 | 40.21 48.13 38.62 | 37.35 | 37.91 | 50.69 | 44.18 
ZnO n.d. n.d. n.d. n.d. n.d. 6.96 5.09 0.16 0.03 n.d. 0.33 0.35 n.d. n.d. 
CaO 6.11 6.41 6.79 5.40 6.38 6.59 7.61 1.73 3.65 2.01 4.32 3.94 1.37 7.11 


Total 100.00 100.02 99.99 |100.00}100.00) 99.99 | 100.01 | 100.30} 99.53 99.63 | 100.07 | 100.26 | 100.06 | 100.41 
Cations based on 3 oxygens apfu 


Si 1.00 1.006 1.000 1.00 0.99 0.994 0.996 | 0.994 0.994 0.992 0.993 | 0.991 | 0.998 | 0.998 
Ti n.d. n.d. 0.001 n.d. n.d. 0.001 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Al n.d. n.d. n.d. n.d. n.d. n.d. 0.001 n.d. n.d. 0.024 | 0.001 } 0.001 | 0.002 | 0.015 
Mg n.d. 0.021 0.020 0.03 0.05 0.049 0.028 | 0.004 0.003 0.04 0.010 | 0.008 | 0.048 | 0.027 
Fe n.d. 0.057 0.058 n.d. 0.09 0.050 0.034 | 0.224 0.035 0.188 | 0.213 | 0.216 | 0.008 | 0.031 
Mn 0.85 0.761 0.761 0.85 0.72 0.649 0.690 | 0.740 0.887 0.702 0.684 | 0.694 | 0.914 | 0.806 
Zn n.d. n.d. n.d. n.d. n.d. n.d. 0.081 | 0.003 n.d. n.d. 0.005 | 0.006 n.d. n.d. 

Ca 0.12 0.148 0.157 0.12 0.15 0.151 0.175 | 0.034 0.072 0.040 | 0.099 | 0.090 | 0.032 | 0.164 
"EDS analyses 


n.d. = not detected 
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TABLE 5. EDS analyses of the five backscattered electron image spots from figure 8. 


Oxides 1 . 2 . ‘santa! linacailes poe 

(wt.%) (kutnohorite) (kutnohorite) pyroxmangite) | pyroxmangite) — pyroxmangite) 

MgO 1.79 1.81 1.37 1.28 1.53 

SiO, = = 47.87 47.83 47.92 

CaO 26.03 25:31 379 3.89 4.58 

MnO 30.73 31.50 46.97 47.01 45.97 

CO. 41.45 41,38 = _ = 

Total 100 100 99.99 100.01 100 
apfu (6 oxygens) apfu (3 oxygens) 

Mg 0.09 0.10 0.04 0.04 0.05 

Si = = 1.01 1.01 1.01 

Ca 0.99 0.96 0.09 0.09 0.10 

Mn 0.92 0.94 0.85 0.86 0.82 

Cc 2 2 — = —_ 


The Raman spectrum of the sample shown in fig- 
ure 6A (area b) is presented in figure 10. The spectrum 
is characterized by an intense band at 1000 cm”! as- 
signed to the 1 symmetric stretching mode and two 
bands at 972, and 944 cm: assigned to the v, asymmet- 
ric stretching modes. The band at 670 cm" has been 
assigned to the v, Si-O-Si bending mode (Mills et al., 
2005). The low wavenumber region of rhodonite is 
complex (Mills et al., 2005). There are two small bands 
at 399 and 424 cm” assigned to the v, bending mode. 
The spectra reported in literature are very similar to 
ours; the small differences observed can be attributed 
to cationic substitution of Mn by Ca, Fe, and Mg 
(Mills et al., 2005; Diella et al., 2014). 
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The Raman spectra of pyroxmangite (from the 
RRUFF database, ID RO70212 at rruff.info) present 
many bands that overlap with those of rhodonite (fig- 
ure 10). However, the small bands at 185, 252, and 
299 cm! are characteristic of pyroxmangite and con- 
firm the presence of this polymorph in our samples. 


DISCUSSION AND CONCLUDING REMARKS 


The present study, performed on both cut and rough 
samples of rhodonite-rich rocks from Tanatz Alp, 
provided new data to better understand the charac- 
teristics of this attractive gemstone. 

The color of the investigated rhodonite rocks var- 
ied from pale pink to purplish pink. The mineralogi- 


Figure 10. Raman spec- 
trum of the rhodonite 
from figure 6A (area b). 


0 200 400 600 800 
RAMAN SHIFT (cm) 


120 Swiss RHODONITE FROM TANATZ ALP 


T 
1000 1200 1400 


Gems & GEMOLOGY SPRING 2020 


¢ Head of god (bat) carved on plaque 
of jade (29 mm. long, 4 mm thick). 


ously surveyed and photographed the objects 
“in situ.” More than 500 objects were con- 
tained in the famous Tomb No. 7, some 
composed of hundreds of beads of gold, 
jade, turquois and pearls. (“Monte Alban, 
richest archeological find in America,” Dr. 
Alfonso Caso. The National Geographic 
Magazine, October 1932.) 

Among the gold jewelry were an abun- 
dance of necklaces, breastplates, finger rings, 
ear hoops, lip rings, nose pendants, earrings, 
tweezers for removing hair, and bells — 
forming the largest collection of American 
primitive gold. There were also excellent 
pieces of silver and copper. 

But the objects made of precious stones 
were no less valuable. One of the most ex- 
traordinary was a goblet of rock crystal, a 
material most appreciated but difficult to 
fashion because of its hardness. There are 
few pieces of art known fashioned of rock 
crystal and it is probable that of the human 


skull in the British Museum is the most 
perfect. The ear hoops of obsidian were 
amazing because of the skill which was ex- 
pressed in carving them to the thinness of a 
sheet of paper. Impressive also was the dis- 
covery of a human skull utilized like a 
framework of a turquois mosaic. Of greatest 
significance were the numerous carved bones 
of animals—some encrusted with turquois 
which bore figures of religious scenes and 
possible historical events, works which for 
their beauty and delicacy remind one of the 
ivory carvings of Asia. Among the jade 
pieces was the handle of a fan in the shape 
of a serpent; numerous finger rings; a head 
of an eagle with eyes inlaid with gold; an- 
other head of an eagle with a disc of silver; 
earrings, ear hoops, and beads from neck- 
laces. Furthermore, vases of onyx, breast- 
plates of carved shell, necklaces of tiger and 
crocodile teeth, beads of jet and amber, neck- 
laces of coral shell and various pearls com- 
pleted the marvelous Mixtec treasure. 

The second treasure, which represents an 
extremely ancient era in the history of Mid- 
America, is that which Matthew Stirling 
discovered in 1941 in Cerro de las Mesas on 
the coast of Vera Cruz. Inside a smafl mound 
a deposit of 782 picces of jade was found, 
scarcely protected by a floor of stucco and 
the remains of a censer of clay (“Expedition 
unearthed buried masterpicces’’ by Matthew 
Stirling, The National Geographic Magazine, 
September 1941). The finding embraced a 
great variety of objects and the color of the 


¢ Carved band of jade (greatest out- 
side diameter 32 mm.). 
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cal composition is an assemblage of rhodonite and py- 
roxmangite and other Mn-rich minerals such as 
kutnohorite, spessartine, ankerite, and rhodochrosite. 
Low amounts of chlorite, calcite, and quartz were also 
detected. We also identified the presence, as an acces- 
sory phase, of khristovite, a Ce-Fe-Mn?*-rich epidote 
group mineral. This finding is very interesting owing 
to the rarity of this mineral; the presence of khris- 
tovite in this locality was also reported by Roth and 
Meisser (2011). 

The chemical composition of our rhodonite sam- 
ples highlights a negative correlation between Ca and 
Mn, which was previously observed in rhodonites 
from Tanatz Alp and the Rhetic Alps (Peters et al., 
1978; Diella et al., 2014). The amount of Mg ions sub- 
stituting for Mn in the samples we analyzed showed 
large variations that reflect the type of carbonate min- 
eral present, the bulk composition of the mother rock 
and the availability of the element (Diella et al., 2014). 
It is interesting to observe that our samples did not 
show the presence of FeO, which has been reported 
in rhodonites from other occurrences such as Broken 
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Hill (up to about 12%; Millsteed et al., 2005; Mill- 
steed, 2006), Franklin (up to about 2.8%; Nelson and 
Griffen, 2005), and Val Malenco (up to 3.27%; Diella 
et al., 2014). Together with Mn and Ca, Fe substitutes 
for Mg in the octahedral sites of the mineral’s struc- 
ture. The presence of Fe modifies the color from pink 
to deep pinkish red, as reported for rhodonites from 
Broken Hill and the Franklin mine, which are Fe-rich 
and have a deep pinkish red color (Millsteed, 2005; 
Nelson and Griffen, 2005). Since Fe is absent in our 
samples, the color is softer; the Praborna material, 
which also lacks Fe, is similar in color to our samples 
from Tanatz Alp. 

The Ca content in our rhodonites ranged be- 
tween 0.97% and 4.70 wt.%, lower than that of 
other rhodonites from the Alps (table 4). The vari- 
ability of Ca content in deposits worldwide can be 
related to the coexistence of pyroxmangite and 
rhodonite. 

XRPD patterns, micro-Raman analyses, and low 
Ca contents indicate that the pyroxmangite should 
coexist with rhodonite in the Mn-rich rocks from 


Figure 11. Handmade 
jewels produced with 
rhodonite from Tanatz 
Alp by Lutezia Gioielli 
(Stradella, Italy). Left: 
necklace of freeform 
rhodonite beads. The 
knot in the center of 
the necklace contains a 
pink rhodonite cabo- 
chon. Right: Vintage 
pendant with a drop- 
shaped rhodonite. 
Photos by Federica 
Montanelli. 
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Tanatz Alp. The pyroxmangite crystals probably in- 
tergrow with rhodonite crystals, but the two phases 
are visually undetectable. The intergrowth of the two 
phases is also confirmed by the large variability of Ca 
in the same areas of EDS analyses, ranging from 0.02 
to 0.10 apfu. Both polymorphs usually form through 
processes of regional or contact metamorphism, as 
well as metasomatic processes from carbonate rocks 
that underwent low-grade regional or very high-grade 
contact-metamorphic conditions (Abrecht, 1988). 
Several studies on the coexistence of pyroxmangite 
and rhodonite have been performed on synthetic crys- 
tals of MnSiO,; synthetic pyroxmangite is usually sta- 
ble at temperatures below about 400°C and pressures 
< 2 kbar, while rhodonite is stable at higher tempera- 
tures (Abrecht and Peters, 1975; Maresch and Mot- 
tana, 1976; Pinckney and Burnham,1988).Yet the 
application of these studies to natural rocks is quite 
difficult because of the great variety and the extent of 
cation substitutions observed in natural pyroxenoids 
(Ca, Mg, Fe?*—> Mn). 

Furthermore, the inability to identify the original 
outcropping represents a significant challenge in un- 
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find the single best answer for each question. 


Mark your choice on the response card provided in this issue or visit gia.edu/gems-gemology to take the 
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1. Platelet inclusions are generally 
diagnostic of rubies from 
A. Cambodia. 
B. Madagascar. 
C. Afghanistan. 
D. Mozambique. 


2. The perceived color of faceted 
alexandrite 

A. shows less noticeable differ- 
ence with orientation for step- 
cut stones. 

B. is essentially the same in all 
orientations with brilliant-cut 
stones. 

C. is strongly dependent upon 
orientation regardless of cut. 

D. is more greenish in incandes- 
cent light. 


3. Fancy white diamonds 
A. always have a “D” color grade. 
B. always show blue fluorescence 
with long-wave UV light. 
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C. owe their “hazy” appearance 
to strong blue fluorescence. 
D. exhibit unusual light scattering 

from inclusions or dislocations. 


4. Coarse silk, both long and short, 
is seen in sapphires from 
A. Thailand. 
B. Ethiopia. 
C. Australia. 
D. All of the above 


5. Which material is not found in 
Ethiopia? 
A. “Zebra sapphire” 
B. Star sapphire 
C. Garnet 
D. Gold 


6. Mugloto-type and Maninge Nice- 
type rubies from Mozambique 
differ in that 

A. Maninge Nice-type rubies 
tend to be associated with pri- 
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mary deposits. 

B. Mugloto-type rubies have 
stronger fluorescence. 

C. Maninge Nice-type rubies 
have a slight orangy tint. 

D. Mugloto-type rubies tend to be 
flatter and hexagonally 
shaped. 


7. With increasing iron content in 
nephrite, 
A. the refractive index increases. 
B. the specific gravity increases. 
C. the color deepens. 
D. All of the above 


8. Which of these statements 


regarding Malipo emeralds is 
true? 
A. They have extremely high Cr?* 
levels. 
B. They display distinct dichroism. 
C. They display high UV fluores- 
cence. 
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D. They display no color zoning. 


9. The center gemstone of the 
Talisman of Charlemagne was 
once described as 

A. surrounded only by pearls. 
B. originating from Egypt. 

C. being set in silver. 

D. emerald. 


10. Which process starts with an 
artist drawing out a pattern with 
henna dye on a marble surface? 

A. Parchin kari 
B. Pietra dura 
C. Intarsia 

D. Inlay 


11. In general, a freshwater non-bead 
cultured (NBC) pearl would exhibit 
A. lower manganese (Mn) levels 
than saltwater pearls. 
B. lower strontium (Sr) levels than 
saltwater pearls. 
C. no reaction to optical X-ray flu- 
orescence. 
D. pronounced voids. 


12. Which location produces 
emeralds with few inclusions? 
A. Afghanistan 
B. Ethiopia 
C. Russia 
D. Brazil 


13. Dating zircon inclusions in 
sapphire 

A. always gives an accurate age of 
the sapphire host. 

B. is straightforward, as there is 
no zoning in zircon. 

C. is done using Raman spec- 
troscopy. 

D. None of the above 


14. Laser ablation—inductively 
coupled plasma—mass spectro- 
metry (LA-ICP-MS) analysis of 
tourmaline 

A. is more accurate and precise 
than electron microprobe 
analysis (EMPA). 

B. can separate hydroxy- from 
oxy-tourmaline species. 

C. can separate liddicoatite from 
dravite. 

D. reliably measures lithium (Li). 
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15. What variety of amber is most 
prized in the Chinese market? 
A. Chicken-fat yellow beeswax 
B. Roasted old beeswax 
C. Golden amber 
D. Transparent 


16. What do natural rhodochrosite 
and imitation rhodochrosite made 
from pressed gibbsite and calcite 
have in common? 

A. Within each, the composition 
and properties of their red and 
white areas are very similar 

B. Both contain calcium 

C. Refractive index 

D. Luster 


17. Pearls originating from bivalves of 
the Tridacnidae family 
A. likely rotate during growth. 
B. always display a visible flame 
structure. 
C. rarely have a white bodycolor. 
D. are always nacreous. 


18. Which mineral inclusion is most 
often found in ruby and purple 
sapphire from the Bo Welu mine 
in Chanthaburi, Thailand? 

A. High-alumina diopside 
B. Monazite 

C. Sapphirine 

D. Pyrope garnet 


19. What is one reason emerald 
occurrences are rare? 

A. They can only form in one type 
of geological environment. 

B. All emerald crystals are more 
than nine million years old. 

C. Aluminum is not very preva- 
lent in the continental crust. 

D. Beryllium is very rare in the 
upper continental crust. 


20. Which of the following methods is 
most accurate in positively identi- 
fying an inclusion species in a 
gem? 

A. Energy dispersive X-ray fluores- 
cence spectroscopy 

B. UV-Vis-NIR spectroscopy 

C. Raman spectroscopy 

D. Optical microscopy 


21. Freshwater cultured pearls from 
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the United States 

A. contain higher levels of cal- 
cium (Ca) on average than Chi- 
nese freshwater cultured pearls. 

B. contain higher levels of man- 
ganese (Mn) on average than 
natural freshwater pearls from 
the United States. 

C. are indistinguishable from Chi- 
nese freshwater cultured pearls. 

D. contain unusually high levels 
of lead (Pb). 


22.Chalky blue fluorescence was 
observed in Madagascar 
sapphires 
A. prior to any heat treatment. 
B. only if they contained yellow 
colored regions. 
C. with short-wave UV light after 
heating to 1300°C. 
D. with long-wave UV light after 
heating to 1000°C. 


23.What difference is seen between 
pearls produced by small and 
large Pteria penguin mollusks? 
A. Pink hue for pearls from small 
mollusks 
B. Rate of nacre deposition 
C. Pearl quality 
D. Pearl shape 


24. Alexandrite from Brazil 

A. demonstrates a more distinct 
color change than material 
from Russia. 

B. may show chatoyancy, unlike 
alexandrite from all other 
countries. 

C. can have strong color change 
with good clarity and size. 

D. is a byproduct of emerald 
mining. 


25.Graphitization in diamond 
A. is rarely observed in cut dia- 
monds with no treatment. 
B. can indicate HPHT treatment. 
C. can happen naturally. 
D. All of the above 


To take the Challenge online 
please scan the QR code to 
the right. 
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Editors 


Thomas M. Moses | Shane F. McClure 


DIAMOND 


Diamond with Cavities Showing 
Radiation Evidence 

The Carlsbad laboratory recently ex- 
amined a 0.70 ct, E-color round bril- 
liant. Infrared spectroscopy showed 
this to be a type Ila diamond, so we 
performed a variety of additional 
spectroscopy and imaging to verify its 
natural origin. This diamond also had 
I, clarity due to a large inclusion 
under the table (figure 1). Raman 
analysis of the inclusions verified that 
this crystal was a metastable compos- 
ite of the minerals wollastonite 
(CaSiO,) and CaSiO,-breyite (E.M. 
Smith et al., “The very deep origin of 
the world’s biggest diamonds,” Win- 
ter 2017 G&G, pp. 388-403), which 
indicates a sublithospheric origin. 
These minerals are believed to be the 
lower-pressure phases of CaSiO,-per- 
ovskite. Around these minerals were 
large disk-like graphitic fractures in- 
dicating inclusion expansion as pres- 
sures on the diamond reduced during 
exhumation from the mantle. The 
other inclusion present was unidenti- 
fiable due to its graphitic casing. Re- 
cent research of inclusions in other 
type II diamonds shows that many, if 
not most, have a superdeep origin 
(again, see Smith et al., 2017). This 
stone is one more example of dia- 
monds forming at incredible depths of 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. This 0.70 ct natural di- 
amond contained an inclusion 
of wollastonite and CaSiO,- 
breyite with a large disk-like 
graphitic fracture due to exhu- 
mation from the mantle. Field of 
view 1.15 mm. 


360-750 km before being transported 
to near the surface. 

But even after such a tumultuous 
journey, the earth was not finished 
writing the story of this diamond. 
While in the earth’s crust, the dia- 
mond was exposed to radioactive flu- 
ids, particularly in etch channels now 
in the form of cavities on the table 
and crown facets. DiamondView im- 
aging revealed fluorescing green halos 
around these cavities (figure 2). Al- 
though these isolated areas of fluores- 
cence around the cavities indicated 
they had likely been filled with a ra- 
dioactive fluid, there was none of the 
greenish color or radiation staining 
that would likely accompany higher 
radiation doses. 

Photoluminescence (PL) mapping 
with 532 nm (figure 3) and 455 nm 
(figure 4) excitation shows a pro- 
nounced increase in radiation-related 
defects such as GR1, 3H, and TR12 
and other vacancy-related peaks such 
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as NV-, NV°, and H4 (a B aggregate 
with an additional vacancy) within 
these cavities (figures 3 and 4). Al- 
though this diamond was type Ila, 
there was sufficient nitrogen to form 
related defects that could be observed 
at the lower level of detection of PL 
spectra. 

A number of other peaks often 
seen in natural diamonds but not yet 
identified, such as those at 490.7, 498, 


Figure 2. This DiamondView flu- 
orescence image of the table and 
crown facets shows green fluores- 
cence halos around two cavity 
features (as indicated by the red 
arrows). The green fluorescence, 
caused by the H4 defect, was 
caused by localized radiation 
within those cavities while the 
diamond resided within the 
earth’s crust and was exposed to 
radioactive fluids. 
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Figure 3. Left: A 532 nm PL map of the top cavity pictured in figure 2 shows 
a false-color image of GR1 intensity, revealing much higher concentrations 
along the perimeter of the cavity. Right: A plot of calculated concentrations 
for several vacancy-related centers from the PL map at left and collected at 3 
yim intervals along the red line in the left image. The plot shows the elevated 
concentrations along the cavity edges of GR1 (neutral vacancy; zero-phonon 
line [ZPL] at 741.2 nm), NV° (ZPL at 575 nm), and NV- (ZPL at 637 nm). 


and 505 nm, also showed elevated 
concentrations in these cavities, their 


Figure 4. A photomicrograph (top left) of the lower cavity pictured in figure 
2 is also shown in a 455 nm PL map (top right) displaying a false-color 
image of the H4 intensity. The corresponding spectra (bottom) for two 
points from the red and blue color regions are shown. Although the spectra 
were collected at only ~50 um distance, there are pronounced differences in 
peak intensities. The diamond Raman peaks within the two spectra are 


scaled as equal. 


— 


CALCULATED CONCENTRATIONS 
(FROM PEAK AREA) 


10) 50 100 150 


LATERAL DIMENSION (microns) 


200 


enhanced presence due to natural ra- 
diation was consistent with prior ob- 


2 3000 + nS 
Zz 
> 
fe) 
Y 2000 + 
a Raman 
5 TR12 a 
uw 1000 + 
é 49g 18 ia 
= 490.7 
& o —— 
470 475 480 485 490 495 500 505 510 SE 
WAVELENGTH (nm) 
Las Notes 


Gems & GEMOLOGY 


servations (I.A. Dobrinets et al., 
HPHT-Treated Diamonds: Diamonds 
Forever, 2013, Springer). The width of 
the fluorescence halos in figure 2, and 
the elevated GR1 shown in figure 3 is 
approximately 30 ym, consistent with 
the penetration depth of alpha radia- 
tion (S. Eaton-Magania and K.S. Moe, 
“Temperature effects on radiation 
stains in natural diamonds,” Dia- 
mond and Related Materials, Vol. 64, 
2016, pp. 130-142). We know this ra- 
dioactive fluid exposure must have 
occurred in the crustal region because 
many of the features, such as 3H, 
would not survive if this exposure oc- 
curred at greater depths and, there- 
fore, higher temperatures. 

These localized effects of radiation 
are particularly interesting because 
the dose was low enough to not im- 
part green coloration or green to 
brown radiation stains. Nevertheless, 
the radioactive fluids left their mark 
on this diamond with the green fluo- 
rescence halos around the cavities, 
providing an excellent example of 
how many peaks are enhanced by ra- 
diation compared with the unaffected 
portions within the remainder of the 
diamond. It is also interesting that 
two distinctly different geological 
conditions and depths within the 
earth both contributed to the gemo- 
logical characteristics of this dia- 
mond. The sublithospheric depths 
imparted some notable minerals as 
evidence of its superdeep formation, 
and radioactive fluids within the shal- 
low, crustal region of the earth created 
the green-fluorescing halos and other 
radiation features. 


Sally Eaton-Magafia and 
Garrett McElhenny 


Formation of the “Matryoshka” 
Diamond from Siberia 

A freely moving diamond trapped in- 
side another diamond was discovered 
in Siberia by Alrosa in 2019. The un- 
usual diamond, nicknamed the 
“Matryoshka” after the traditional 
Russian nesting dolls, attracted wide- 
spread interest in how this feature 
formed. 
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Figure 5. The 0.62 ct green “Ma- 
tryoshka” diamond (4.8 x 4.9 x 
2.8 mm) from Siberia has an in- 
ternal open cavity connected by 
two small channels to the out- 
side. The surface is covered by 
etched trigons and striations. A 
small diamond crystal can move 
freely inside the cavity. 


The 0.62 ct flat octahedral dia- 
mond, a twinned macle, was recently 
examined by the New York labora- 
tory. Flat-bottom trigon etch pits were 
well developed on the face {111} (fig- 
ure 5). The crystal showed a clear 
green bodycolor, with small dark 
green radiation stains in shallow frac- 
tures along the edges when viewed 
from the top of the crystal. Two etch 
channels on opposite sides of the 


Figure 6. The small, flat diamond 
crystal enclosed in the cavity 
showed a hexagonal outline. The 
surface of the small diamond 
was covered with groups of paral- 
lel straight striations following 
the diamond crystal symmetry. 


edges had rectangular openings about 
0.2 mm in width. The channels ex- 
tended into the internal enclosed cav- 
ity. These features made this diamond 
unique. Trapped in the cavity was a 
small, flat diamond crystal with a 
hexagonal outline. The small dia- 
mond, covered with some green radi- 
ation stains on the surface, is entirely 
detached from its host crystal and can 
move freely inside (see video 1 at 


Figure 7. An open channel about 200 pm in width connected the internal 


cavity with the outside. 
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https://www.gia.edu/gems-gemology/ 
spring-2020-labnotes-matryoshka). 
The surface of the small diamond was 
covered with groups of straight paral- 
lel striations following the diamond 
crystal symmetry. No etched trigons 
were observed on the surfaces of the 
small diamond (figure 6). Except for 
tiny foreign-material contaminations 
at the two entrances of the open chan- 
nels, no other inclusions were ob- 
served in this crystal (figure 7). 

Absorption spectroscopy in the in- 
frared region indicated a type Ia dia- 
mond, with high concentration of 
aggregated nitrogen. A moderately 
strong absorption at 3107 cm! from 
the N3VH defect was also observed. 
More detailed analysis of selected 
areas with and without the small in- 
ternal crystal showed almost identical 
spectral features, confirming that the 
small crystal is a diamond with nearly 
identical trace element chemistry as 
the host. The UV-Vis absorption spec- 
trum collected at liquid nitrogen tem- 
perature (-196°C) showed clear 
absorptions from the N3 defect (ZPL 
at 415 nm) and GR1 (ZPL at 741 nm). 
These spectral features are typical for 
a natural type Ia diamond, except for 
the strong GR1 absorption, which is 
attributed to irradiation. Occurrence 
of the small dark green radiation 
stains revealed that this diamond was 
naturally irradiated. Under various 
laser excitations at liquid nitrogen 
temperature, photoluminescence 
spectroscopy showed emissions at 
911, 787, 741 (GR1), 700, 535, 503.5 
(3H), 489, and 468 nm. Absence of 
emission from the H3 defect (N2V, 
ZPL 503.2 nm) indicated that the dia- 
mond crystal was not annealed to any 
elevated temperature after being nat- 
urally irradiated. 

X-ray computed microtomography 
(u-CT) scanning and analysis revealed 
some very interesting observations 
(video 2 at https://www.gia.edu/gems- 
gemology/spring-2020-labnotes- 
matryoshka). First, the small internal 
crystal showed the same intensity of 
X-ray absorption as the host diamond 
supporting the conclusion that the 
small crystal is a diamond. Second, CT 
technology can accurately compile the 
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Figure 8. The laser cavities on the star facet (left) and in reflected light (right). Field of view 1.5 mm. 


morphology of the internal cavity 
through stacked imaging. The cavity 
showed a flattened octahedral shape, 
composed of two octahedron crystals 
of parallel growth. The crystal habit of 
the void, an extremely important ob- 
servation of this study, strongly indi- 
cated that the open cavity was 
originally occupied by another dia- 
mond crystal instead of other mantle 
minerals. Once crystallized in the 
earth’s mantle under very high pres- 
sure, it is not possible for a diamond 
crystal to have any internal open 
space. Other mantle minerals such as 
garnet, olivine, or pyroxenes will show 
entirely different crystal habits. Fi- 
nally, volumes of different parts of this 
crystal were calculated. The external 
crystal was 33.16 mm‘ in volume (0.58 
ct), while the internal small crystal 
had a volume of 1.51 mm# (0.03 ct). 
The total calculated weight of 0.61 ct 
is very close to the actual weight of 
0.62 ct (excluding the contaminations 
at entrances of the etching channels). 
The volume of the open cavity was 
5.99 mm‘, equal to 0.11 ct of diamond 
originally occupying that space. Based 
on these calculations, the total initial 
weight of this crystal would have been 
about 0.72 ct. 

In summary, this diamond crystal 
was initially a solid diamond without 
the cavity when it formed in the 
earth’s mantle. Due to chemical het- 
erogeneity in trace element chemistry 
or sub-micro inclusions/structure 
(such as those fibrous diamonds), the 
middle part of the diamond crystal 
(now represented by the void) was se- 
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lectively dissolved during interactions 
with special type(s) of melt/fluid after 
its crystallization. About 0.11 carats 
of diamond dissolved through the two 
small open channels that created the 
pathway for the internal cavity. The 
host diamond and the small internal 
diamond crystals were inactive or less 
active to the melt/fluid and conse- 
quently survived. Fluid with radioac- 
tive elements responsible for the 
green bodycolor and formation of ra- 
diation stains would have been the 
last step in decorating this crystal. 
Special chemistries and interactions 
with multiple types of melt/fluid sub- 
sequent to its initial crystallization 
led to the formation of this unique di- 
amond in Siberia. 


Wuyi Wang, Emiko Yazawa, 
Stephanie Persaud, Elina Myagkaya, 
Ulrika D’Haenens-Johansson, and 
Thomas M. Moses 


Graphitic Cavities on Diamond 

An atypical series of graphitized cavi- 
ties was recently observed on a star 
facet (figure 8, left) of a 0.45 ct near- 
colorless round brilliant diamond. 
The presence of graphite was con- 
firmed with Raman spectroscopy. The 
observed residue surrounding the 
craters could have been the result of a 
lasering process. 

Laser sawing is now the standard 
way to shape rough into blocked 
shapes for brillianteering and polish- 
ing, and laser drilling is used to treat 
internal inclusions. The laser marks 
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were not the typical oscillating lines 
of manufacturing remnants. These 
remnants on extra facets or natural 
surfaces are usually left behind for a 
variety of reasons such as saving 
weight. Neither was there an associ- 
ated internal inclusion, which one 
would expect if this were a treatment, 
though a shallow inclusion could 
have been completely removed by 
this lasering. The only other internal 
inclusion was a dark brown crystal on 
the opposite side of the table, which 
had not been treated by lasering. 

Reflected light (figure 8, right) re- 
vealed a small “island” of the original 
facet left behind, evidence that many 
craters in close proximity joined to- 
gether to form one larger cavity. This 
is also the reason it is suspected that 
this cavity system was caused by a 
laser as opposed to another thermal 
process, such as a jeweler’s torch. 
Something like a torch is unlikely to 
have left an intact section of the facet 
in the center of a burnt-out cavity. The 
fact that there were many connected 
craters does make these cavities seem 
intentional, though the purpose is not 
obvious. 


Troy Ardon 


Corundum Inclusions in 

Gem Diamond 

Inclusions can tell us a great deal 
about a diamond’s formation history. 
Inclusions such as olivine, garnet, and 
chromite are more common, while 
others such as kyanite, zircon, and 
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Figure 9. Left: Face-up image of the 0.13 ct round brilliant diamond. Right: Photomicrograph of the largest corun- 
dum inclusion exhibiting a slight pinkish color when viewed through a microscope with a diffuser plate. The triple 


image of the inclusion is due to the diamond's faceting. Field of view 1.76 mm. 


corundum (AL,O,) can be quite rare. 
Regardless of their rarity, diamond in- 
clusions are often quite fascinating as 
they trap a small bit of the deep earth 
that cannot otherwise be sampled. 
To our knowledge, the only pre- 
viously recorded occurrence of 
chromium-bearing corundum (i.e., 
ruby or pink sapphire) as an inclusion 
in a gem diamond was nearly 40 years 
ago (H.O.A. Meyer and E. Gibelin, 
“Ruby in diamond,” Fall 1981 G&G, 
pp. 153-156). In that study, the 0.06 ct 
round brilliant diamond contained a 


surface-reaching ruby crystal. The ex- 
posed inclusion was analyzed using 
single-crystal X-ray diffraction, and 
chemical analysis was conducted 
using a reference ruby to calculate 
oxide percentages. At least two occur- 
rences of blue corundum (i.e., sapphire) 
have also been reported (Summer 2006 
Lab Notes, pp. 165-166; M.T. Hutchi- 
son et al., “Corundum inclusions in di- 
amonds—discriminatory criteria anda 
corundum compositional dataset,” 
Lithos, Vol. 77, No. 1-4, 2004, pp. 273- 
286). 


Figure 10. Raman spectra identifying the corundum inclusions. The red 
trace shows the figure 9 (right) inclusion, while the blue trace is a known 
corundum reference. Spectra vertically offset for clarity. 
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Here we report the second identi- 
fication of chromium-rich corundum 
in a natural gem diamond. This dia- 
mond was discovered by Michael 
Turner at Stuller during routine 
screening for undisclosed laboratory- 
grown diamonds. Mr. Turner deter- 
mined that it was type Ila using FTIR 
spectroscopy and then noted a pecu- 
liar chromium doublet emission in 
PL. The diamond was sent to the 
Carlsbad laboratory for further test- 
ing. Upon examination, the 0.13 ct 
round brilliant (figure 9, left) con- 
tained at least five internal inclusions 
that were positively identified as 
chromium-rich corundum (ruby or 
pink sapphire). The largest inclusion 
(figure 9, right) measured 0.18 mm 
long; the additional inclusions were 
0.07 mm or smaller. 

When viewed through the micro- 
scope with a diffuser plate, the largest 
of the inclusions displayed a very 
light pinkish color, while the rest ex- 
hibited no visible coloration. A 
DXR2xi Raman imaging microscope 
was used to create a map of the indi- 
vidual inclusions. These maps, con- 
sisting of thousands of individual 
Raman spectra, were analyzed and 
compared to Raman spectra from 
known corundum samples to deter- 
mine that at least five of the inclu- 
sions in the diamond were in fact 
corundum (figure 10). A chromium 
doublet centered around 1369 and 
1399 cm (~693 and 694 nm) was also 


SPRING 2020 


jade comprised not only the milky white but 
the black, with the greater quantity of pale 
bluish. The quality of carving and polish is 
remarkable. The better pieces are undoubt- 
edly some smali idols of typical “Olmeca”’ 
style, and some canoes. The rest were com- 
posed of ear hoops, necklaces, bracelets, 
tubular beads, stars and pendants, as well as 
bores and awls. This discovery was of great 
significance not only for the quantity and 
beauty of the objects but for the relationship 
revealed between the civilization called ““Ol- 
meca” of the Atlantic Coast and the archaic 
period of the Valley of Mexico. 

The Mayas were also great lapidary artists 
ever since the most remote times. The fa- 
mous Leyden plate of jade has etched upon it 
the most ancient date of Mayan history — 
equivalent to the year 320 of our times. 
Other jade objects were discovered in nu- 
merous Mayan cities such as Uaxactun, 
Kaminaljuyu, Piedras Negras, Copan, Nebaj, 
Palenque, Uxmal and Chichen-Itza—cities 


which flourished in that era from the time 
Mayan culture began to distinguish itself 
and become elaborate until it felt the Toltec 
influence, in the North of Yucatan and the 
brilliance of the great cities of the south was 
extinguished. 

From the end of December 1951 to March 
1952 I was commissioned by the National 
Institute of Anthropology and History to 
perform explorations and the work of re- 
construction in Uxmal, one of the most im- 
portant sites in Yucatan. This ancient capital 
of the Xiu dynasty, celebrated for its mag- 
nificent architecture, is possibly the most 
perfect of indigenous America. 

In front of the Palace of the Governor, 
the most beautiful building constructed by 
the Mayans according to Sylvanus Morley, 
extends a grand terrace which guards the 
remains of platforms and temples exten- 
sively ruined. The central platform was ex- 
plored more than a century ago by the 
famous North American explorer, John 


¢ Breastplate of jade from Uxmal, Yucatan. 
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Figure 11. Left: Photoluminescence spectrum showing the detection of 
chromium with 532 nm laser excitation. Top right: Photo of the table with 
the corundum inclusions circled in red. Bottom right: False-color PL map 
generated by the Raman imaging microscope collected from the table in 
the same orientation showing the 693-694 nm chromium peaks and peak 


intensities. 


detected in the Raman spectra, fur- 
ther confirming that the corundum 
contained significant chromium. Also 
observed in the inclusions were addi- 
tional luminescence peaks that are 
not typical of diamond (figure 11). In 
particular, a 704 nm peak was local- 
ized around the corundum inclusions. 

After identifying the inclusions, 
we tested their reaction to UV light. 
Under illumination from a long-wave 
ultraviolet light source (365 nm), the 


largest one displayed a beautiful deep 
red color (figure 12). Ruby and pink 
sapphire typically exhibit a weak to 
strong red color when exposed to 
long- and short-wave UV due to fluo- 
rescence from abundant chromium 
impurities; the same was observed for 
some of the corundum inclusions 
within this diamond. Other corun- 
dum inclusions were either too weak 
to photograph or did not display any 
visible reaction to UV light. 


Previous research by G.R. Watt et 
al. (“A high-chromium corundum 
(ruby) inclusion in diamond from the 
Sao Luiz alluvial mine, Brazil,” Min- 
eralogical Magazine, Vol. 58, No. 392, 
1994, pp. 490-493) and Hutchison et 
al. (2004) found that inclusions of 
corundum (colorless, ruby, and sap- 
phire) in their non-gem type II dia- 
monds contained large amounts of 
chromium and nickel. Both studies 
declared the diamonds to be sublithos- 
pheric in origin with an eclogitic par- 
agenesis due to the association of the 
corundum inclusions with other deep- 
mantle inclusions. We did not perform 
chemical analysis on the inclusions 
described here because they were en- 
tirely encased within the diamond. 
While we cannot determine the depth 
of formation for this diamond, it can 
be reasonably inferred, based on previ- 
ous studies, to have a sublithospheric 
origin and eclogitic paragenesis, as 
ALO, is rare in peridotitic mantle. Op- 
portunities to examine diamonds con- 
taining rare inclusions provide an 
intriguing glimpse into the deep earth. 


It is with great sadness that we note 
the passing of Michael Turner. Michael 
was a well-respected contributor to 
GIA, and he will be dearly missed. 


Garrett McElhenny, Michael Turner, 
and Christopher M. Breeding 


Figure 12. The largest of the corundum inclusions shown with ordinary fiber-optic lighting (left) and long-wave 
UV illumination (right). The right image displays the corundum’s deep red fluorescence color. Field of view 
2.34 mm. 
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Figure 13. This carved Fancy 
Dark gray diamond ring weighs 
13.15 ct. The whitish areas are 
clear viewing windows. 


Solid Carved Dark Gray 

Diamond Ring 

A ring made entirely of natural dia- 
mond (figure 13) was recently submit- 
ted to GIA’s New York laboratory. A 
large rough weighing approximately 
20 ct was used to create this unusual 
13.15 ct carved piece. It is common to 
find solid carved rings of jade and 
wood, which were traditionally worn 
as symbols of status or wedding rings 
signifying eternity. This is the first ex- 
ample of a solid diamond ring submit- 
ted to GIA for identification. 

This solid type IaB diamond ring 
owes its Fancy Dark gray color to the 
graphite needles (figure 14) trapped 
during formation deep below the 
earth’s surface. Like famous gem- 
quality black diamonds such as the 
Black Orlov, the Korloff Noir, the 
Black Star of Africa, and the Spirit of 
de Grisogono, this diamond has clear 
spaces creating viewing windows that 
capture a snapshot of the ring’s forma- 
tion history. The ring was fashioned 
from the Beaufort diamond from 
Canada’s Northwest territories and 
named the “Beaufort Ring.” 

This diamond rough from which 
the ring was carved likely formed bil- 
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Figure 14. Needle clusters in the carved Fancy Dark gray diamond ring. 


lions of years ago under high pressure. 
During regional metamorphism, H3 
and NiN complexes were formed 
within the crystal lattice (K. Smit et 
al., “Black diamonds from Marange 
(Zimbabwe): A result of natural irradi- 
ation and graphite inclusions,” Sum- 
mer 2018 GWG, pp. 132-148). These 


impurities were detected by photolu- 
minescence spectroscopy. Infrared 
spectroscopy was used to detect the B 
aggregates and hydrogen complexes 
within the diamond lattice, categoriz- 
ing this diamond as type IaB. Fluores- 
cence imaging of the ring using the 
DiamondView showed bundled dislo- 


Figure 15. Fluorescence imaging using the DiamondView shows bundled 
dislocation networks. 
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cation networks indicative of natural 
diamond growth (figure 15). While this 
diamond ring may not be a traditional 
piece, it carries many unique aspects 
capturing a snapshot of Earth’s history 
within a true infinity band. 


Stephanie Persaud, Paul Johnson, 
and John King 


Clarity-Enhanced GLASS Imitating 
Emerald 


The Carlsbad lab received a transpar- 
ent green octagonal step cut for iden- 
tification. This stone visually 
resembled emerald due to its rich 
green color and large fractures. How- 
ever, its single refractive index of 
1.510 was not consistent with emer- 
ald’s double refractive index of 1.577 
to 1.583. 

Examination with a_ standard 
gemological microscope revealed no 
natural inclusions. Instead, it showed 
rounded gas bubbles in the body as 
well as flattened gas bubbles in sur- 
face-reaching fractures (figure 16). 
This stone has also been examined 
with FTIR and long-wave UV. When 
observed with long-wave UV, the frac- 
tures emitted a weak white fluores- 
cence while the body of the stone 
showed a very weak blue fluores- 
cence. The presence of these features 
was enough to conclude it had been 
clarity enhanced. 

Additionally, rounded gas bubbles 
separate from fractures, an RI of 1.51, 
and the sample’s FTIR spectrum (fig- 
ure 17) were consistent with manu- 
factured glass. 

These gemological properties and 
observations identified the material as 
clarity-enhanced manufactured glass. 
Due to emerald’s high value, it is 
common for imitations to show up in 
the market. Items such as _ this 
demonstrate the need to always be 
cautious when purchasing gemstones. 


Michaela Stephan 


Unusually Large GRANDIDIERITE 


The Carlsbad laboratory received a 
green-blue translucent to semi- 
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Figure 16. Round gas bubbles in host material and flat gas bubbles within 
the break of fractures. Field of view 1.99 mm. 


translucent stone weighing approxi- 
mately 763.5 ct and measuring 50.32 
x 48.15 x 36.17 mm (figure 18). Stan- 
dard gemological examination re- 
vealed a refractive index of 
1.621-1.581, weak green-blue to green 
pleochroism, and absorption lines at 


480 and 490 nm seen in the handheld 
spectroscope. Examination with a 
standard gemological microscope re- 
vealed the stone to be heavily in- 
cluded with fractures, fine particulate 
clouds, and miscellaneous whitish 
minerals. The results from Raman 


Figure 17. Shown are the infrared spectrum for the octagonal step cut (red 
line) and the typical reference spectrum for manufactured glass (dotted 
black line). The spectra have been offset for clarity. 
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Figure 18. A green-blue translu- 
cent to semi-translucent grandi- 
dierite weighing 768.5 ct. 


spectroscopy, microscopic observa- 
tions, and standard gemological ex- 
amination were consistent with the 
rare mineral grandidierite. 

Named after French naturalist Al- 
fred Grandidier (1836-1912), grandi- 
dierite is a very rare mineral first 
discovered in 1902 at the cliffs of An- 
drahomana on the southern coast of 
Madagascar (D. Bruyere et al., “A new 
deposit of gem-quality grandidierite in 
Madagascar,” Fall 2016 G&G, pp. 266— 
275). Gem-quality material of facetable 
size was not found in the market until 
after the summer of 2015 (Winter 2015 
Gem News International, pp. 449- 
450). Grandidierite is found in various 
localities as an accessory mineral in 
aluminous boron-rich pegmatites and 
in rocks subjected to local high-tem- 
perature, low-pressure metamorphism 
such as contact aureoles and xenoliths 
(again, see D. Bruyere et al., 2016). It 
very seldom reaches large sizes, and 
this is the largest grandidierite GIA has 
seen to date. 


Michaela Stephan 


PEARL 


“Electronic Device” in an Atypical 
Bead Cultured Pearl 


GIA’s Hong Kong laboratory recently 
received a white metal ring adorned 
with a round partially drilled dark gray 
nacreous pearl measuring 16.30 mm in 
diameter (figure 19). Externally, the 
pearl appeared to be a typical bead cul- 
tured pearl, routinely referred to in the 
trade as “Tahitian,” that had formed in 
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a Pinctada margaritifera mollusk. Ad- 
vanced testing supported this initial 
observation; a 700 nm feature in the 
UV-Vis spectrum (Summer 2016 Gem 
News International, pp. 207-208), a 
“bumpy” Raman spectrum, and a se- 
ries of peaks at around 620, 650, and 
680 nm in the photoluminescence (PL) 
spectrum confirmed the mollusk’s 
identification (S. Elen, “Identification 
of yellow cultured pearls from the 
black-lipped oyster Pinctada margari- 
tifera,”” Spring 2002 GwG, pp. 66-72). 

Preliminary examination with 
the unaided eye and subsequent mi- 
croscopic observation revealed char- 
acteristic features of an untreated 
nacreous pearl: soft luster; slightly 
smoothened platy structure with a 
few negligible blemishes, pits, and 
scratches; and no indications of color 
concentration or coatings. Although 
the mounting prevented clear obser- 
vation of the drill hole, some greenish 
blue material was observed and did 
not conform to the features expected 
for a traditional shell bead nucleus. 
This therefore appeared to be an atyp- 
ical bead cultured pearl. While not 
routinely encountered in the trade, 
this is not the first example GIA’s lab- 
oratories have examined. Indeed, 
some branded products even exist in 
the market, such as Galatea’s carved 
atypical bead cultured pearls (“ Atyp- 
ical ‘beading’ in the production of cul- 
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Figure 19. The dark gray round 
nacreous Tahitian cultured pearl 
mounted in a ring that was sub- 
mitted for identification. 


tured pearls from Australian Pinc- 
tada maxima,” GIA Research News, 
February 13, 2017) with a variety of 
untraditional nuclei. Further testing 
might have assisted in identifying the 
greenish blue material in the submit- 
ted pearl, but that would have re- 
quired the pearl’s removal. 

Despite the typical Tahitian bead 
cultured pearl appearance, real-time 
microradiography (RTX) quickly re- 
vealed a rather uncharacteristic inter- 
nal structure. Instead of a traditional 
shell bead nucleus (figure 20, left), a 
“nucleus” containing a probable elec- 
tronic “capsule-like” device was ex- 
posed (figure 20, right). Greater detail 


Figure 20. Real-time X-ray (RTX) microradiographs showing a traditional 
freshwater shell bead nucleus in a typical bead cultured pearl (left) and 
the unusual internal scene within the client’s pearl (right). The majority of 
the “bead” material within the client’s pearl looks more radio-translucent 
than the shell bead, and the various thicknesses of the metal components 


are visible as more radio-opaque areas. 
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Figure 21. Greater detail of the coiled wire around one end of the metal 
capsule component (left) and the two contact points at the opposite end 


(right). 


of the device’s structure showed an 
elongated metal component with 
coiled wire around one end and two 
contact points at the opposite end (fig- 
ure 2.1). The other notable feature ob- 
served was that the radio-opacity of 
the remaining constituent of the nu- 
cleus was not in keeping with that ex- 
pected of typical freshwater shell. The 
white outer layer represents the 
nacreous layers that overgrew the in- 
serted materials, and the nacre thick- 
ness also seemed rather thin in 
comparison to that typically observed 
in Tahitian bead cultured pearls rou- 
tinely examined. 

The RTX results reminded the au- 
thor of a recently patented pearl iden- 
tification technology that introduced 


radio-frequency identification (RFID) 
to pearl culturing. As a result, GIA’s 
Hong Kong team obtained some pearl 
samples containing the RFID chips 
directly from the local supplier 
(Fukui Shell Nucleus Factory) for 
comparison. 

The pearls were found to contain 
RFID chips in each nucleus (figure 22, 
A and B), consistent with previous re- 
ports (H.A. Hanni and L.E. Cartier, 
“Tracing cultured pearls from farm to 
consumer: A review of potential 
methods and solutions,” Journal of 
Gemmology, Vol. 33, No. 7-8, 2013, 
pp. 239-246). The RTX images clearly 
revealed an RFID chip positioned 
within a small recess inside the shell 
bead nucleus (figure 22C). The sup- 


Figure 22. Externally, this specimen with an RFID chip embedded (A) 
looks no different from bead cultured pearls routinely seen in the market. 
However, RTX examination revealed a square chip positioned inside a re- 
cess within a sawn and reconstructed shell bead nucleus (B and C). The 
arrow in image C indicates the sawn plane. 
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& Scan Result 


NAME SERIAL 
20172898 
ORIGIN LUSTRE 
French Polynesia Medium 
SHAPE SIZE 
Round 12.2mm 


COLOUR 
Grey Green 


BLEMISH 
included 


IRIDESCENCE 
E-CODE 
30152A86284E20000133D062 


PRODUCT INFO 


STORY 


NUCLEATION 
0000-00-00 


HARVEST 
0000-00-00 


CERTIFICATE 
0000-00-00 


Figure 23. A registered smart phone 
app (connected to an RFID reader) 
will display the scan result after an 
RFID chip is detected. The result 
shows the information uploaded to a 
particular chip. The optional infor- 
mation (e.g., product info, nucleation 
date, harvest date) has not been en- 
tered for this sample. 


plier stated that the chips are placed 
slightly off-center to prevent damage 
from drilling and that the beads are 
fashioned from freshwater shell, like 
the vast majority of nuclei used in the 
cultured pearl industry. The freshwa- 
ter environment of an intact bead nu- 
cleus (before RFID chip insertion) 
provided by the same company was 
confirmed by energy-dispersive X-ray 
fluorescence (EDXRF) analysis. An- 
other characteristic feature of these 
RFID bead cultured pearls revealed by 
the RTX work was that the beads 
were sawn in half prior to the chip’s 
insertion (indicated by the black line 
seen in figure 22C when aligned cor- 
rectly) and then bonded back together. 

By connecting a registered smart 
phone app to an RFID reader, the in- 
formation saved in the chips may be 
retrieved (figure 23). The purpose of 
introducing such technology is to en- 
able consumers to identify, track, and 
trace the sources of the pearls en- 
countered (“Fukui unveils South Sea 
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pearls with Metakaku nuclei,” Jew- 
ellery News Asia, No. 392, 2017, pp. 
66-67). 

Obviously the RFID beads re- 
vealed in the pearls we sourced in no 
way match the internal structure ob- 
served in the client-submitted pearl 
described in this note. The RFID 
reader also failed to read the informa- 
tion (if any) stored in the capsule-like 
electronic device. Thus, we still can- 
not be certain of the identity of the 
materials incorporated in the unusual 
cultured pearl, but we will continue 
to investigate. 

Pearl culturing technologies are 
forever adapting in order to meet the 
perpetually high demand. Besides 
RFID, near-field communication 
(NFC) technology has also been 
adopted by some pearl brands (e.g., 
Galatea and Gyso) to gain market 
share. One of their selling points is 
that by simply scanning the pearl 
with an NFC-enabled smart phone 
with the registered app installed, dig- 
ital information such as audio, videos, 
and photos can be retrieved. It is too 
soon to tell whether these tracking 
and marketing technologies for pearls 
will be widely accepted by the buying 
public. Nonetheless, GIA will remain 
alert to these developments. 


Cheryl Ying Wai Au 


Fluorescence Spectroscopy for 
Colored Pearl Treatment Screening 
Color is one of the most important 
value factors for pearls. Commonly 
applied treatment methods used to 
alter their color to increase commer- 
cial value include dyeing, irradiation, 
and bleaching. Unfortunately, the 
identification of some color treat- 
ments is challenging and time con- 
suming. In this study, we tested the 
use of a fluorescence spectroscopy 
system to nondestructively inspect 
pearls by measuring their near ultra- 
violet (UV) response to visible fluores- 
cence under mid-UV excitation. 
When excited by deep to mid-UV 
(200 to 300 nm) light, naturally col- 
ored pearls emit a fluorescence band 
between 320 and 400 nm centered at 
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Figure 24. Treated pearls (left) with a similar range of colors as naturally 


colored pearls (right). 


340 nm. This fluorescence feature 
may be attributable to the organic 
compounds contained within the 
nacreous layers (J. Hiramatsu et al., 
“Non-destructive assessment of the 
effects of heat and sunlight on akoya 
pearl quality,” Seibutsu Kogaku, Vol. 
88, No. 8, 2010, pp. 378-383; EW. 
Teale, “The ultraviolet fluorescence 
of proteins in neutral solution,” Jour- 
nal of Biochemistry, Vol. 76, No. 2, 
1960, pp. 381-388). It can be identified 
in all untreated pearls, corresponding 
to the UV absorption band around 280 
nm (J. Yan et al., “Origin of the com- 
mon UV absorption feature in cul- 
tured pearls and shells,” Journal of 
Materials Science, Vol. 52, No. 14, 
2017, pp. 8362-8369). 

Commonly applied color treat- 
ments such as dyeing and irradiation 
tend to damage or mask the conchi- 
olin in the nacre, significantly reduc- 
ing the fluorescence intensity. By 
evaluating the intensity of a pearl’s 
fluorescence in the UV region, it is 
possible to rapidly detect potential 
color treatments on pearls in a nonde- 
structive manner. 

A prototype fluorescence spec- 
troscopy system was designed to 
measure the fluorescence signal in 
order to detect potential color treat- 
ments. A 275 nm UV light-emitting 
diode (LED) was used as the excitation 
source. The excitation light was 
guided by a bi-fabricated fiber probe to 
generate the fluorescence signal from 
the pearl sample, and the fluorescence 
signal was relayed by the same fiber 
probe to the detector. Finally, a spec- 
trometer was used to disperse the flu- 
orescence light emitted and monitor 
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the response in the 300 to 700 nm 
range. 

A set of 12 pearl samples was se- 
lected for evaluation. Figure 24 shows 
six treated-color pearls (left) and six 
naturally colored pearls (right). The 
samples included both freshwater and 
saltwater cultured pearls of colors fre- 
quently encountered in the market. 

Figure 25 shows the experimental 
results of this fluorescence measure- 
ment prototype. The horizontal axis 
indicates the fluorescence wave- 
lengths from 300 to 550 nm while the 
vertical axis shows the normalized 
detector counts, which is the relative 
intensity of the signal normalized to 
the spectrometer’s integration time 
per millisecond. Based on the results, 
the six naturally colored pearls 
showed fluorescence signals in the 
UV region at least 2.5 times stronger 
than the six treated pearls. This char- 
acteristic feature may be a useful and 
rapid screening technique for gemo- 
logical laboratories to detect color 
treatments in pearls. 


Tsung-Han Tsai and Chunhui Zhou 


A Fossilized Shell Blister and 

Blister Pearl 

Fossils are the remains or impressions 
of prehistoric organisms preserved 
from past geological ages. Some of the 
most common fossils are shells of var- 
ious marine mollusks and, occasion- 
ally, their associated pearls (Winter 
2015 Lab Notes, pp. 432-434). Re- 
cently two interesting fossilized spec- 
imens were studied by staff of GIA’s 
New York laboratory. One resembled 
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Figure 25. Fluorescence spectra of naturally colored and treated-color 
pearls. The horizontal axis represents the wavelength of the signal, and 
the vertical axis displays the signal level in normalized intensity. 


a shell blister and the other a blister 
pearl, both with associated shell (fig- 
ure 26). 

The smaller sample appeared to be 
a shell fragment measuring approxi- 
mately 24.4 x 18.6 x 6.5 mm and 
weighing 12.62 ct. The back of the 
shell showed even striations and a cel- 
lular crystal growth pattern, while the 
cross section showed a columnar 
structure (figure 27). A shallow 
“bump” noted on the face side could 
be best described as a shell blister, ac- 
cording to a recent study (“Natural 
shell blisters and blister pearls: What’s 


the difference?” GIA Research News, 
https://www.gia.edu/gia-news- 
research/natural-shell-blisters-and- 
blister-pearls). No additional informa- 
tion was provided about this specimen. 

The second sample measured ap- 
proximately 37 x 25 mm and weighed 
32.63 ct. Its form resembled a concave 
shell fragment, and a near-round blis- 
ter pearl was clearly attached to its 
inner surface (figure 28). According to 
our source, this specimen was found in 
Ellis County, Kansas, and formed 
within an Inoceramus mollusk genus 
(an extinct marine bivalve resembling 


Figure 27. Left: Clear striations are visible on the back of the shell blister 
(measuring approximately 24.4 x 18.6 x 6.5 mm). Center: Cellular crystal 
growth patterns are evident on the back of the shell blister. Right: 
Columnar growth structures are prominent with the cross section of the 


shell fragment. 
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Figure 26. Two fossilized speci- 
mens, a shell blister (left) and a 
blister pearl (right), both with 
their associated shell. Courtesy of 
Gina Latendresse, American 
Pearl Company, Inc. 


the related winged pearly oysters of the 
extant genus Pteria). Fossils of the In- 
oceramus are commonly found in the 
Pierre Shale of the Western Interior 
Seaway in North America, where the 
state of Kansas lies today (figure 29). 
The specimen is reportedly estimated 
to be as much as 86 million years old. 

EDXRE analysis detected low con- 
centrations of manganese and high 
concentrations of strontium, typical 
of marine mollusks. Iron was also de- 
tected in both specimens, probably in- 
troduced through infiltration from the 
surrounding environment over mil- 
lions of years. Microradiography did 
not reveal any clear internal growth 


Figure 28. A near-round blister 
pearl seen lightly attached to its 
host shell. 
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Figure 29. Map of North America 
highlighting the shallow inland 
seaways present during the mid- 
Cretaceous period. The arrow in- 
dicates the present-day state of 
Kansas. © Colorado Plateau 
Geosystems Inc. 


structures. These two intriguing spec- 
imens created by Mother Nature and 
preserved by her until their discovery 
provide unique insights into ancient 
mollusks and their associated pearl or 
pearl-like companions. 


Chunhui Zhou and Tao Z. Hsu 


Saltwater Bead Cultured Pearl with 
Laminated Nucleus 

The nuclei used for bead cultured 
pearl production are usually spheres 
fashioned from nacreous shell (J. Tay- 
lor and E. Strack, “Pearl production,” 
in P.C. Southgate and J.S. Lucas, The 
Pearl Oyster, 2008, Elsevier, Oxford, 
UK, pp. 273-302). The majority of this 
shell is sourced from freshwater mus- 
sels found in the Mississippi and Ten- 
nessee River systems in the United 
States (L.E. Cartier and M.S. Krzem- 
nicki, “New developments in cul- 
tured pearl production: Use of organic 
and baroque shell nuclei,” Australian 
Gemmologist, Vol. 25, No. 1, 2013, 
pp. 6-13), and the resulting nuclei typ- 
ically range between 6.0 and 8.0 mm. 
When a white round nacreous pearl 
weighing 28.89 ct and measuring 


138 Lab Notes 


16.00 mm (figure 30) was submitted 
to GIA’s Bangkok laboratory for iden- 
tification, the gemologists were in- 
trigued by what the X-rays revealed. 

Externally, the pearl showed char- 
acteristics typical of bead cultured 
pearls originating from the silver- 
lipped variety of Pinctada maxima: 
large size, symmetrical shape, satiny 
luster, and white color. Preliminary 
observation with a loupe and micro- 
scope revealed faint and smooth over- 
lapping nacre platelets with some 
surface blemishes and polishing lines. 
Energy-dispersive X-ray fluorescence 
(EDXRF) analysis failed to detect any 
manganese (Mn) but did reveal high 
levels of strontium (Sr), while X-ray lu- 
minescence revealed a moderate 
greenish yellow reaction. These results 
are consistent with those expected for 
saltwater cultured pearls containing a 
freshwater shell bead nucleus (H.A. 
Hanni et al., “X-ray luminescence, a 
valuable test in pearl identification,” 
Journal of Gemmology, Vol. 29, No. 
5/6, 2005, pp. 325-329). 

However, several interesting fea- 
tures were revealed by examination 
with real-time microradiography 
(RTX) (figure 31). The bead nucleus 
was Clearly visible in the RTX images 
and measured approximately 10.21 
mm in diameter. This uncommon 
size was the first indication that this 
was not a standard bead. Moreover, 
two sharp planes were clearly visible, 
another interesting observation since 
most shell bead nuclei examined 


Figure 30. A white round nacre- 
ous pearl weighing 28.89 ct and 
measuring 16.00 mm. 
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Figure 31. Real-time microradiogra- 
phy revealed two planes and two re- 
cesses (one in the center of each 
plane) within a large shell bead nu- 
cleus. In the optimal direction, one 
plane (red arrow) shows as a distinct 
dark line owing to the perfect align- 
ment with the X-ray source relative 
to the detector, while the other plane 
(yellow arrow) is less well aligned 
and hence appears more like a dis- 
coid feature. 


with RTX do not show such defined 
bands. (These are not to be confused 
with the mostly weak and more dif- 
fused bands sometimes seen that re- 
late to the shell’s layered growth 
structure.) The parallel lines matched 
structures observed in GIA’s previous 
research on known samples of bead 
cultured pearls in which laminated 
shell bead nuclei were used. In keep- 
ing with samples from that research, 
the most defined line appears when 
the nucleus is in the optimal direc- 
tion (figure 31, red arrow) relative to 
the X-ray source and detector, while 
the less defined line (figure 31, yellow 
arrow) appears more like a discoid 
feature when the alignment is not so 
perfect. Additionally, a shallow and 
circular-looking recessed feature in 
the center of each plane aroused fur- 
ther curiosity. Such structures are not 
typical of other laminated beads pre- 
viously examined by GIA. 
Laminated shell bead nuclei orig- 
inated a few decades ago when some 
Australian pearl farms attempted to 
produce large pearls to meet demand. 
However, the high price of the larger 
shell bead nuclei needed for this 
forced them to experiment with other 
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Figure 32. A 5.35 ct purplish red 
cabochon displaying asterism. 


materials such as dolomite (Summer 
1998 Lab Notes, pp. 130-131, Winter 
2001 Gem News International, pp. 
332) to produce the large nuclei. Un- 
fortunately, none of the materials 
were suitable from a commercial per- 
spective. Some farms started bonding 
strips of shell together to fashion 
larger bead nuclei of around 10-10.9 
mm. The majority of such pearls 
were produced from second opera- 
tions. Since this experiment proved 
more successful, a number of saltwa- 
ter bead cultured pearls possessing a 
laminated shell bead nucleus are still 
encountered in the market today. 

GIA labs globally have encoun- 
tered numerous laminated shell bead 
nuclei. However, this is the first ex- 
ample with the unusual recessed fea- 
tures, and the reason for their 
existence is unclear. They are un- 
likely to be related to damage caused 
during the manufacturing of the bead. 
The almost identical positions and ap- 
pearances suggest that they were cre- 
ated for some purpose. Since the pearl 
is undrilled, damage resulting from 
any drilling process (Summer 1995 
Lab Notes, pp. 125) may also be elim- 
inated. Another possibility is that 
they may be related to placement 
areas for radio-frequency identifica- 
tion (RFID) chips (see Spring 2020 Lab 
Notes, pp. 134-136 of this issue). But 
since it is customary to only use one 
chip per pearl and the recesses are rel- 
atively thin with rounded outlines, 
which differ from the usual deeper 
square recesses encountered for RFID 
pearls, this seems unlikely. 

The presence of faint banding 
within the nucleus and the pearl’s X- 
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Figure 33. Left: Blue flashes and trapped gas bubbles of various sizes and 
shapes along surface-reaching fractures and cavities. Field of view 7.64 
mm. Right: The bismuth glass-filled fractures and cavities were easily vis- 
ible in the X-ray image. 


ray luminescence reaction prove that 
the bead was fashioned from freshwa- 
ter shell. Therefore, even though the 
nucleus is laminated, the pearl is still 
classified as a “bead cultured pearl.” 
The only mystery left is the reason 
for the two shallow circular recesses 
in the surfaces of two of the shell 
pieces used to form the laminated 
bead nucleus. 


Areeya Manustrong and 
Kwanreun Lawanwong 


Bismuth Glass-Filled Burmese 
Star RUBY 


The Hong Kong laboratory recently 
examined a 5.35 ct purplish red oval 
cabochon displaying asterism (figure 
32). Standard gemological tests 
yielded a spot refractive index (RI) of 
1.76, medium red fluorescence under 
long-wave ultraviolet (UV) light, 
weak red fluorescence under short- 
wave UV, and a diagnostic spectrum 
in the handheld spectroscope, all of 
which were consistent with ruby. 
Magnification revealed iridescent 
silk and arrowhead-like inclusions 
similar to those frequently found in 
Burmese rubies. Apart from the natu- 
ral inclusions, easily observable foreign 
substances for clarity enhancement 
were found along surface-reaching 
fractures and cavities. Numerous 
rounded to flattened gas bubbles and 
blue flashes were visible within filled 
fractures (figure 33, left). The filler also 
exhibited a different luster from that of 
the ruby under reflected light. X-ray ra- 
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diography indicated heavy element 
depositions along these fractures and 
cavities (figure 33, right). The Fourier- 
transform infrared (FTIR) spectrum 
showed two broad absorptions cen- 
tered at 3500 and 2670 cm associated 
with manufactured glass. Qualitative 
analysis using energy-dispersive X-ray 
fluorescence (EDXRF) spectroscopy re- 
vealed the presence of bismuth, 
whereas no lead was detected. This 
confirmed that the foreign material 
was actually a bismuth-based glass. 

Based on internal features and ad- 
vanced testing results, the stone was 
positively identified as a manufactured 
product consisting of bismuth glass 
and ruby. Although bismuth-based 
glass has occasionally been applied to 
corundum as a filling material (Spring 
2017 Lab Notes, p. 94), it is rare to de- 
tect it in star ruby. 


Xiaodan Jia and Mei Mei Sit 
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Actinolite in Spinel 
Lotus Gemology received a vivid cobalt blue spinel from 
Vietnam for laboratory testing. Despite its small size of well 
under a carat, its stunning color stood out immediately. The 
stone proved to be exceptionally clean. Most cobalt spinels 
we test contain fissures, small crystals, or other inclusions. 
After careful examination, we found just one tiny inclusion, 
a transparent teardrop-shaped crystal (figure 1). 

Raman microscopy revealed the crystal to be actinolite, 
a mineral in the amphibole group. As far as we are aware, 
this is the first reported inclusion of actinolite in spinel. 


E. Billie Hughes 
Lotus Gemology, Bangkok 


Bavenite in Quartz 

The author recently had the opportunity to examine a 
233.60 ct faceted quartz containing numerous white radial 
inclusions, courtesy of Mike Bowers (figure 2). The unusual 
inclusions were identified as the mineral bavenite by 
Raman and laser ablation-inductively coupled plasma— 
mass spectrometry (LA-ICP-MS) analysis. 

South America claims a long history of gemstone pro- 
duction and arguably produces some of the finest gem 
specimens in the world. Of the South American gem-pro- 
ducing areas, Brazil is by far the most prolific source of im- 
portant gemstones. Due to the array of different geologic 
environments, a number of uncommon minerals can be 


About the banner: Green crystals of tangeite are perched on bright blue 
needles of papagoite in this quartz from the Messina mine in Transvaal, 
South Africa. Photomicrograph by Nathan Renfro; field of view 3.35 mm. 


Editors’ note: Interested contributors should contact Nathan Renfro at 
nrentro@gia.edu and Stuart Overlin at soverlin@gia.edu for submission 
information. 
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Figure 1. This small transparent colorless crystal in spinel 
was identified by Raman analysis as actinolite. Photo- 
micrograph by E. Billie Hughes; field of view 1.7 mm. 


found. The mineral bavenite, Ca,Be,Al,Si,O,,(OH),, is an 
uncommon orthorhombic mineral that occurs as drusy in 


Figure 2. Clusters of white radial needles of the min- 
eral bavenite were seen in this 233.60 ct quartz. Pho- 
tomicrograph by Nathan Renfro; field of view 13.43 
mm. Courtesy of Mike Bowers. 
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Stephens. A sculpture of stone was found 
there in the form of a two-headed tiger. 
This piece of sculpture disappeared from 
Uxmal during various generations and was 
restored a few years ago. In order to replace 
it in its original spot before reconstruction 
of the platform, the exploration of Stephens 
was continued, turning up—a few centi- 
meters from the site in which the sculpture 
was discovered—a new treasure. This was 
composed of more than 900 pieces of jade, 
stones of gray and black, coral shell, 
the greater part being beads of necklaces and 
bracelets, earrings, ear hoops, and a rich 
breastplate with the figure of a priest en- 
graved in the style of the purely classical 
period. Unfortunately, the slight depth at 
which the treasure was found was the reason 
for many pieces having been damaged by 
bad weather, and principally by fires which 
were set by rural people in the country 
during a great deal of the time for the sow- 
ing of corn. 

In the same year (1952), also on behalf 
of the National Institute of Anthropology 
and History, there was ended in Palenque an 
exploration begun three years previously and 
which had continued during four seasons of 
hardship. It was concerned with an inner 
staircase, uncovered under the floor of the 
Temple of Inscriptions, and was entirely 
filled with stones and earth. In May of 1952, 
the exploration approached the termination 
of the staircase. Here a crypt was encoun- 
tered, built at more than 20 meters below 
the temple and occupied for the greater part 
by what was then believed to be a great altar 
but which turned out to be like that which 
we discovered in November of the same year 
—a monumental and sumptuous sepulchre 
without parallel in America. 

This sepulchre includes a monolith of six 
cubic meters, sculptured on its four sides, 
and hollowed out to prepare a place for the 
body. The cavity was sealed with a polished 
slab provided with perforations and a tablet 
completely engraved (eight square meters) 
hiding it entirely. The sepulchre rested on 


six supports, four of which bore reliefs. The 
crypt and its contents constitute one of the 
most sensational rewards of American arche- 
ology, not only because of the magnificence 
of its construction but for the beauty of the 
bas-reliefs of stone and stucco which adorn 
the sepulchre and the walls of the crypt, 
for the wealth of its offerings and finery of 
the Great Personage interred there, and also 
because it reveals a new function of the 
American pyramid. 

As in Egypt, we find here a pyramid which 
conceals a funeral crypt. The sumptuousness 
of the mausoleum, and the intention to build 
an eternal and imperishable monument sug- 
gest an attitude toward death very similar to 
that of the Pharoahs. 

But let us return to the theme of thts 
article: the jewels. When the exploration of 
the inner staircase, which was to lead us to 
this tomb, was begun we found in a chest of 
masonry, a pair of ear hoops of jade placed 
under a stone mottled with red. When we 
reached the end of this same staircase, in 
another chest of masonry we found other 
gifts: three little dishes of clay, three shells 
full of red-powdered pigment, seven beauti- 
ful beads of jade, two ear hoops of the same 
material. Inside the red powder of one of 
the shells was hidden two discs of jade 
wrought in the shape of flowers and one 
unexpected pearl in the shape of a tear, sup- 
plied with perforations at its narrowest por- 
tion to permit its being suspended, The pearl 
measured 13 mm in length by 8 mm at its 
largest diameter. Its orient was rather well 
preserved but its surface was somewhat 
cracked and it was cleaved at the center 
exposing the interior so that one could esti- 
mate its formative nucleus. (See informative 
item in The Loupe, November-December 
1952') 

At the entrance to the crypt, at the base of 
the slab which served as a door, lay the 
remains of six youths apparently sacrificed 
to accompany beyond the grave the personage 
interred in the crypt. Within the tomb 
proper we came upon new offerings: various 
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miarolitic cavities in granite and associated pegmatite, 
formed by a low-temperature alteration of beryl and other 
beryllium-bearing minerals, and also in hydrothermal 
veins and skarns. It generally forms in more alkali envi- 
ronments and is often associated with bertrandite, titanite, 
danalite, and zeolites (J.W. Anthony et al., Eds., Handbook 
of Mineralogy, Mineralogical Society of America, 
http://www.handbookofmineralogy.org). This is believed 
to the first time GIA has encountered bavenite inclusions 
in quartz. 


Maxwell Hain 
GIA, Carlsbad 


Diamond with Mobile Green Diamond Inclusion 


Diamond inclusions are relatively common guests in dia- 
mond crystals. They generally go unnoticed as the refrac- 
tive index of the host and guest are the same. So it is often 
the case that the only visual clues to such an inclusion lie 
in the interface between the host and guest, where the 
slight mismatch traps fluids from the growth environment 
and leaves a delicate optical irregularity with the appear- 
ance of a ghost-like framework of diamond. Inclusions like 
this can be further explored by examining stones in polar- 
ized light, which often reveals significant strain around the 
guest diamond. 

One of the most interesting examples of a diamond in- 
clusion in diamond the authors have encountered is a 0.87 
ct sawn crystal section containing a negative crystal cavity 
(figure 3) that is open at the surface. Inside is a tiny green 
octahedral diamond crystal that is free to rattle around but 
too large to exit through the opening at the surface (figure 
4). For a video of the green diamond inclusion moving in- 
side the negative crystal contained in the host diamond, 
go to https://www.gia.edu/gems-gemology/spring-2020- 
microworld-diamond-mobile-diamond-inclusion. 


Figure 3. This negative crystal in a diamond is col- 
ored green by radiation staining and contains a loose 
green diamond crystal. Photomicrograph by Nathan 
Renfro; field of view 4.23 mm. 


Presumably this diamond inclusion was completely en- 
cased in its diamond host, but dissolution occurred as the 
host made its way to the earth’s surface, causing the inter- 
face between the two crystals to widen until the small en- 
trapped crystal was liberated enough to become mobile (J.I. 
Koivula, The MicroWorld of Diamonds, Gemworld Inter- 
national, Northbrook, Illinois, 2000, 157 pp.). Subse- 
quently, the diamond must have been exposed to fluids 
carrying radioactive materials that entered through the 
small opening, causing green radiation staining of the neg- 
ative crystal and guest diamond inclusion. While mobile 
diamond inclusions in diamond are always remarkable (see 
Lab Notes, pp. 127-129 of this issue}, this example is the 
only one the authors have observed of a mobile green dia- 
mond inclusion trapped in a colorless diamond. 


Nathan Renfro and John I. Koivula 
GIA, Carlsbad 


Figure 4. This registered pair of images shows how the green diamond contained inside the negative crystal can 
change position inside the host diamond and how the green diamond is too Iarge to fit through the opening to the 
surface. Photomicrographs by Nathan Renfro; field of view 3.20 mm. 
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Figure 5. Neodymium pentaphosphate is a rare experimental synthetic material that shows reversible lamellar 
twinning under polarized light when gentle pressure is applied perpendicular to the twinning planes. This series of 
images shows vertical striations that have changed with slight pressure. Photomicrographs by Nathan Renfro; 


field of view 14.10 mm. 


Reversible Twinning in 

Neodymium Pentaphosphate 

Unusual synthetic gem materials are often the result of ex- 
perimental crystal growth for industrial applications, includ- 
ing use in the laser industry. One such experimental 
synthetic that was produced in a very limited quantity is 
neodymium pentaphosphate, with the chemical formula of 
NdP.O,, (Winter 1997 Gem News, pp. 307-308). Examined 
using polarized light, it displays very prominent lamellar 
twinning. Lamellar twinning is a regular parallel repeated 
reversal in growth that causes the twinning planes to appear 
as alternating dark and light bands when observed in polar- 
ized light (figure 5). The material’s most unusual property is 
that when slight pressure is applied perpendicular to the 
twinning planes, the twinning reverses so that the dark areas 
can become light, and the light areas become dark. See video 
of this at https://www.gia.edu/gems-gemology/spring-2020- 
microworld-reversible-twinning-ndp. Interestingly, the re- 
versal is also accompanied by a weak clicking sound. The 
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unusual elastic twinning of this material makes it exceed- 
ingly difficult to cut into a gem, though a 5.33 ct stone was 
faceted by Art Grant of Coast-to-Coast Rare Gems in the 
1990s. To the authors’ knowledge, no other material displays 
this interesting property. 


Nathan Renfro and John I. Koivula 


Pallasitic Peridot with Iridescent 

Needle-Like Inclusions 

Pallasite is a rare type of stony iron meteorite that contains 
crystalline olivine. The author recently had the opportu- 
nity to examine a suite of pallasitic peridot that were re- 
ported to have originated from the Jepara meteorite found 
on the Indonesian island of Java in 2008 (figure 6). The 
stones were selected by Bradley Payne for the abundance 
of needle-like inclusions that showed vibrant interference 
colors. To observe the inclusions, oblique fiber-optic illu- 
mination was used to explore the gems until the light re- 


Figure 6. This suite of 
pallasitic peridot (0.17- 
1.40 ct) from the Jepara 
meteorite contains col- 
orful needle-like inclu- 
sions. Photo by Robison 
McMurtry; courtesy of 
Bradley Payne. 
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flected off the inclusions at the same time, revealing their 
hidden colorful beauty (figure 7) and confirming the crys- 
tallographic alignment of the inclusions. According to 
Payne, less than 5% of the gems from the Jepara meteorite 
show these types of inclusions. These are the most beauti- 
ful inclusions the author has examined in a suite of palla- 
sitic peridot from the Jepara meteorite. 


Nathan Renfro 


Phenomenon Resembling Play-of-Color in Sapphire 
A phenomenon resembling play-of-color was seen in a 4.13 
ct unheated sapphire recently examined by the author. 
When tilted in darkfield lighting (watch the video at 


Figure 7. Oblique fiber- 
optic illumination re- 
vealed colorful 
iridescent needle-like 
inclusions in the palla- 
sitic peridot from Java. 
Photomicrograph by 
Nathan Renfro; field of 
view 1.83 mm. 


https://www.gia.edu/gems-gemology/spring-2020- 
microworld-play-of-color-sapphire), the sapphire displayed 
this noteworthy effect, which is most commonly seen in 
precious opal. It occurred within a small section of a single 
fine, milky cloud with an unusual shape (figure 8, left). The 
cloud also possessed extensive transparent graining con- 
fined within its borders, best seen in brightfield illumina- 
tion (figure 8, right). 

Some regions of the cloud displayed an appearance of 
rainbow graining with spectral colors confined to the linear 
grain lines and looked one-dimensional. Other regions, how- 
ever, expressed a soft billowy broad flash of altering colors 
with diffuse edges resembling play-of-color and did not fol- 
low linear grain lines (figure 9). Play-of-color in opal is defined 


Figure 8. Left: A fine, angular milky cloud as seen in darkfield illumination. Right: Brightfield illumination of the 
same cloud reveals fine transparent graining causing diffraction of light into spectral colors. Photomicrographs by 


Britni LeCroy; field of view 3.57 mm. 
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as a display of spectral colors due to the diffraction of light as 
it passes through organized, submicroscopic spherical parti- 
cles. It is possible that the combination of fine milky parti- 
cles and abundant transparent graining within the cloud were 
able to diffract light in a way that resembles play-of-color. 


Britni LeCroy 
GIA, Carlsbad 


Staurolite in Ruby 


We have examined thousands of rubies in Lotus Gemol- 
ogy’s laboratory, yet the hours spent peering into the mi- 
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Figure 9. Subtle tilting 
of the sapphire, as 
shown in this image se- 
quence viewed with 
darkfield illumination, 
revealed a play-of-color 
phenomenon within 
the milky cloud. Photo- 
micrographs by Britni 
LeCroy; field of view 
14.52 mm. 


croscope are never mundane because each stone captures 
its own piece of history through its inclusions. Recently a 
client submitted one such gem for testing, a 3.04 ct speci- 
men measuring 11.98 x 7.13 x 4.21 mm that was identified 
as an untreated ruby from Madagascar based on inclusions. 

In the microscope, a few bright brownish red crystal in- 
clusions immediately stood out. They were transparent, 
with a saturated red hue that, in darkfield illumination, 
was conspicuous even against their ruby-red background 
(figure 10). Some were also cut through on the surface, al- 
lowing us to view them with reflected light. Observation 
of the surface showed that the crystals had a luster just 


Figure 10. Viewed with 
darkfield illumination, a 
transparent brownish 
red crystal inclusion 
clearly stands out, even 
in a ruby matrix. This is 
believed to be the first 
staurolite inclusion 
found in corundum. 
Photomicrograph by E. 
Billie Hughes; field of 
view 2 mm. 
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slightly lower than that of the surrounding corundum, sug- 
gesting a slightly lower RI (figure 11). 

To get a better idea of the crystals’ identity, we exam- 
ined them using micro-Raman spectroscopy with a WITec 
Alpha 300R Raman imaging system with a 532 nm laser, 
which identified them as_ staurolite. Staurolite, 
Fe, Al,Si,O,,(OH),, is a red to brown mineral known to 
occur in Madagascar. Its RI values are n, = 1.736-1.747, ng= 
1.740-1.754, and n, = 1.745-1.762. Corundum has a slightly 
higher RI range, with n, = 1.767-1.722 and n, = 1.759- 
1.763. The combination of microscopic observation and 
Raman spectroscopy gave us confidence that these were 
indeed staurolite crystals. 

It is no wonder these crystals initially stood out. To the 
best of our knowledge, this is the first recorded observation 
of staurolite as an inclusion in corundum. This Madagascar 
ruby has encapsulated a fascinating kernel of history 
within its depths. 


E. Billie Hughes 


Triplite in Beryl 

Among our Lotus Gemology lab clients and the gem trade 
as a whole, inclusions have often been seen as negative fea- 
tures. However, people are starting to become more inter- 
ested in inclusions and see them as unique characteristics 
rather than mere imperfections. 

One such client brought us a colorless beryl with a 
large brownish orange crystal near the culet (figure 12), 
hoping to learn the inclusion’s identity. Raman microscopy 
revealed it to be triplite. Triplite, (Mn,Fe),PO,(F.OH), is a 
mineral named for the Greek triplos, or triple, which refers 
to its three directions of cleavage. While some triplites 
have been faceted, they are quite rare both as a mineral and 
as a gem material. The specimen’s owner stated that the 
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Figure 11. When viewed 
in reflected light, the 
staurolite inclusion, 
which is cut through on 
the surface, displays a 
slightly lower luster than 
its corundum host. This 
suggests that the inclu- 
sion has an RI slightly 
below that of corundum. 
Darkfield and diffuse 
fiber-optic illumination. 
Photomicrograph by E. 
Billie Hughes; field of 
view 2 mm. 


beryl came from Pakistan. As triplite is known to be found 
in Pakistan, this is certainly a possibility. The owner was 
happy to learn that his gem contained a relatively rare min- 
eral. 

We are excited to see these examples of inclusions 
being viewed as points of interest within a gem. 


E. Billie Hughes 


Quarterly Crystal: Unknown Inclusion in 
Triphane Spodumene 

When exploring in the micro-world, we occasionally run 
into problems we cannot solve and inclusions that cannot 


Figure 12. A dark orange triplite inclusion stands out 
against its colorless beryl host. Photomicrograph by 
E. Billie Hughes; field of view 8 mm. Courtesy of 
Ayub Muhammad. 
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be identified. Such was the case with the dominant orange 
inclusion in this 91.02 ct, 39.29 x 19.34 x 12.93 mm, termi- 
nated light yellow triphane spodumene crystal. This spo- 
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Figure 13. The interior 
of this 91.02 ct Afghani 
spodumene plays host 
to a 4mm translucent 
orange crystal. Photo 
by Diego Sanchez. 


dumene crystal clearly hosts a prominent 4 mm translucent 
orange crystal surrounded by a stress-related iridescent 
cleavage halo (figure 13). The spodumene crystal, from Dara- 
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i-Pech pegmatite field, Chapa Dara District, Konar Province, 
Afghanistan, was acquired from gem and mineral dealer 
Russell E. Behnke of Meriden, Connecticut. The bodycolor 
and rounded habit of the orange inclusion (figure 14), to- 
gether with its origin in spodumene from a pegmatite field, 
suggested that it might be spessartine. However, laser 
Raman microspectrometry was not able to pin down the 
identification of that inclusion. This was because the crystal 
faces of the spodumene were etched, which interfered with 
the passage of the laser in the hosting spodumene. As a next 
step, energy-dispersive X-ray fluorescence (EDXRF) was tried 
to see if we could pick up any hints of the chemistry in the 


Figure 14. None of the 
analytical techniques 
at our disposal were 
able to conclusively pin 
down the identity of 
the orange inclusion. 
Photomicrograph by 
Nathan Renfro; field of 
view 9.31 mm. 


inclusion. In particular, we were looking for manganese 
which did show up in the EDXRF scan. Through the micro- 
scope, in polarized light, no pleochroism was detected in the 
inclusion which pointed to the inclusion being isometric. 
This was as far as we could take the analysis. In order to de- 
termine for certain what the unknown inclusion was we re- 
alized that destructive analysis would be needed to get a 
clear identification of the orange inclusion. Since this inclu- 
sion specimen was relatively valuable we decided that de- 
structive analysis would not be used, and we would keep 
the spodumene crystal as it is for future exploration. 


John I. Koivula and Nathan Renfro 
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E LAMONDS FROM THE DEEP 
’ WINDOWS INTO SCIENTIFIC RESEARCH 


Karen V. Smit and Steven B. Shirey 


Diamonds Are Not Forever! 


Before cutting and polishing, diamonds have highly vari- 
able surface features rarely, if ever, seen by the jewelry 
wearer. These features can tell an interesting story of dia- 
mond’s geological history deep within Earth—both in the 
mantle rocks where diamonds grew and during their sub- 
sequent volcanic transport. Our previous column showed 
that volcanic eruptions of kimberlite are how diamonds 
make their way from depth in the mantle to Earth’s sur- 
face. But this violent process does not leave the rough dia- 
mond unscathed. 

These early histories are rarely considered once the di- 
amond has been faceted and set into jewelry, but they raise 
interesting and geologically important questions: 


e¢ Why do rough diamonds look so different from each 
other, and what might this tell us about their geo- 
logical history? 

e¢ What effect does the kimberlite magma have on the 
diamond cargo? 

e¢ How can we see through this later stage of the dia- 
mond’s history to its millions and billions of years 
of mantle storage? 


Features on Natural Rough Diamonds 


There is so much variety in natural diamond surfaces that, 
like snowflakes, no two diamonds are exactly alike. These 
differences can give us useful information about how dia- 
monds react with fluids in the mantle after crystallization 
and also reveal the dissolving properties of the kimberlite 
magma that brought them to Earth’s surface. 

External surface and internal features are related to the 
internal crystallographic structure of the diamond. Defor- 
mation lamellae (also known as “graining” to gemologists) 
can be subtle and evenly distributed. Other features relat- 
ing to diamond structure, such as trigons, are only skin 
deep, microscopic, and can seem randomly distributed. 
The external form of a diamond crystal can be dissolved to 
form secondary shapes by the partial removal of crystalline 
diamond in a geological process known as dissolution or 
resorption. Left alone without dissolution, diamond will 
form a perfect octahedron or a cube. But with dissolution, 
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Diamond Dissolution 


diamond can change from an octahedron to other forms 
such as dodecahedron or tetrahexahedron, and even form 
“irregular” diamonds with no discernible shape. 

These transformations to the rough diamond's exterior 
surface can be distinguished from one another. Complex 
shapes can form in the mantle prior to being picked up by 
the kimberlite. Resorption to secondary shapes and trigon 
formation can occur during kimberlite eruption. Surface 
features like hillocks and frosting are also regarded as fea- 
tures imposed by the kimberlite. Finally, if released from 
easily weathered kimberlite, diamond lying in streambed 
deposits known as “placers” and in crudely sorted sedi- 
mentary rocks known as “conglomerates” can take on new 
surface features. Crystal rounding and percussion marks 
form when a diamond is transported in high-energy fluvial 
environments. Green and brown radiation stains are sur- 
face features that are due to a diamond's proximity to ra- 
dioactive fluids or minerals. 


Dissolution During Kimberlite Transport and 
Mantle Storage 


Unless a diamond is weathered out of kimberlite, kimber- 
lite eruption will produce the last visible resorption effects, 
as it is the last event affecting the diamond before it 
reaches Earth’s surface. Features produced by the kimber- 
lite will overprint or even remove those features produced 
in the mantle. Once kimberlite effects are studied and un- 
derstood, we can peer beyond them to a diamond's earlier 
history in the mantle. But why does kimberlite magma at- 
tack diamonds in the first place? 

Successful diamond transport and delivery occurs be- 
cause kimberlites erupt very fast (transiting 150-200 km 
in <10 hours to ~2 days; Russell et al., 2019). This rapid 
eruption means that any entrained mantle components— 
such as xenoliths and diamonds—lose pressure very 
quickly, are violently tumbled with upward movement, 
and can break apart. 

Because kimberlites are more oxidizing than diamonds, 
they typically are in the process of dissolving diamonds— 
it’s just that this process has often not gone to completion. 
The chemical composition of the kimberlite and its 
volatile components (such as carbon dioxide and water) are 
important factors. For example, as pressure drops during 
ascent, the kimberlite magma is not able to dissolve as 
much carbon dioxide, and a fluid rich in carbon dioxide and 
water exsolves from the magma (figure 1; Brey and 
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More CO, + H,O fluid exsolved out of 
the kimberlite as pressure drops 


Thermodynamically 
modeled CO, 
solubility 5 


a 
Pressure (GPa) 


Experimental volatile 
@® = solubility data 7 


on the right 


CO, + H,O wt.% 


Decreasing solubility of CO, + H,O in 
kimberlite as pressure drops 


Figure 1. Volatile solubility in kimberlite versus pressure as determined by high-pressure experiments and ther- 
modynamic modeling. At lower pressures, volatiles start to exsolve from the kimberlite magma, and these 
volatiles often start to etch and dissolve diamonds. Modified from Foley et al. (2019), with data from Edgar et al. 
(1988), Brey and Ryabchikov (1994), Brooker et al. (2011), Sharygin et al. (2017), Stamm and Schmidt (2017), and 


Moussallam et al. (2016). 


Ryabchikov, 1994). This fluid, which often dissolves dia- 
mond, normally starts to exsolve at around 3-4 GPa (a giga- 
pascal is a unit of pressure equal to 10,000 times 
atmospheric pressure), with maximum exsolution once the 
kimberlite is at pressures below 1 GPa. 

The starting composition of the kimberlite melt at 
depth in the mantle affects the amount of carbon dioxide 
that can be dissolved in it, and hence the amount of carbon 
dioxide that will exsolve as it reaches the near-surface. 
Carbon dioxide solubility is significantly lower in water- 
and silica-rich kimberlites, meaning they will exsolve 
more carbon dioxide than water- and silica-poor kimber- 
lites (Brooker et al., 2011; Russell et al., 2012; Moussallam 
et al., 2016). The amount of carbon dioxide that exsolves 
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from the kimberlite melt at the near-surface will have a 
direct effect on the amount and style of resorption that the 
diamond cargo experiences. 

Storage in the mantle is static for the most part and 
does not involve such drastic pressure changes. But we 
know that dissolution in the mantle occurs regularly since 
the internal structures of most diamonds show evidence 
for multiple growth episodes often intersected by periods 
of resorption (figure 2). We know from diamond ages, and 
the much younger kimberlite eruption ages, that diamonds 
reside in the mantle for millions to billions of years. Geo- 
chemical analysis shows that during this time, fluids pass 
through the mantle during a process known as mantle 
metasomatism. Mantle metasomatism seems to be similar 
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Figure 2. Cathodoluminescence image of a plate cut 
through the center of a diamond. The image reveals 
growth zones (similar to tree rings) that are ubiqui- 
tous in the majority of natural diamonds. Diamond 
grows in stages, and these growth periods are often in- 
terrupted by periods of dissolution or stasis. Courtesy 
of Richard Stern (University of Alberta). 


to the process by which infiltrating fluids lead to diamond 
crystallization in the first place. Thus these fluids have the 
potential to react with the diamonds that are already there. 
Over this long duration in the mantle, there is the potential 
for many different carbon-bearing fluids/melts to con- 
tribute to diamond growth. 


Timescales for Mantle Resorption/Dissolution from Radio- 
metric Dating. In rare instances, diamonds with multiple 
inclusions concurrently crystallizing with different growth 
zones have revealed the timescales over which some dia- 
monds grow in the mantle. A diamond from the Mir mine 
in Russia contains multiple sulfide inclusions in core and 
rim growth zones. The inclusions in each zone are hosted 
by diamond with vastly different carbon isotope composi- 
tions and have a core that differs by about 1 billion years 
from the rim, which is much greater than the age uncer- 
tainty (Wiggers de Vries et al., 2013; Bulanova et al., 2014). 
An even larger age difference of around 2 billion years was 
recorded by garnet and clinopyroxene inclusions in a dia- 
mond from the Letlhakane mine in Botswana (Timmerman 
et al., 2017). These growth events are intersected by periods 
of diamond dissolution/resorption, or otherwise by periods 
of stasis where neither growth nor resorption is occurring. 

It is unclear whether such long periods between growth 
and resorption are normal or just rare examples. For exam- 
ple, the oldest diamonds ever, dated from the Ekati mine 
in Canada (Westerlund et al., 2006) with ages of 3.5 billion 
years, show older cores and younger rims that are likely 
separated by less than 100 million years of age. These zones 
may even have grown with a very slight age separation, 
perhaps almost contemporaneously. 
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Even the best age dating techniques we can apply sim- 
ply do not have the precision to distinguish the small dif- 
ferences (e.g., <100 million years) in age when diamonds are 
often billions of years old. However, microscopic imaging 
techniques such as cathodoluminescence and Diamond- 
View can reveal the growth layering that occurs internally 
in most gem diamonds. Based just on cross-cutting relation- 
ships and the superposition of younger diamond layers on 
top of older, preexisting diamond, we are sure that different 
generations of diamond-forming fluids exist. We can see 
what layer must have come first and what layer second, and 
that dissolution of preexisting diamond is part of the story. 


Experiments Reveal Which Features Originate During 
Storage Versus Transport. The only way to find out 
whether features originate during mantle storage or kim- 
berlite transport is to classify the type of dissolution fea- 
tures seen, and then to reproduce them experimentally to 
match the conditions in each setting. Dissolution experi- 
ments on diamonds have been conducted for decades, but 
many recent advances in our understanding of how differ- 
ent fluid compositions affect the resorption and features 
on diamond surfaces have been made by Yana Fedortchouk 
and Zhihai Zhang, working at Dalhousie University in 
Canada. For a detailed overview of the experimental liter- 
ature on diamond dissolution, the reader is referred to Fe- 
dortchouk (2019) and Fedortchouk et al. (2019). 

Their work has produced a roadmap of the dissolution 
features (figure 3), allowing gemologists and research scien- 
tists to peer into the complicated history of diamond re- 
vealed by its surface features. The scientific goal of such 
work is to understand the fluids that exist in the mantle 
and during kimberlite transport: If these fluids can dissolve 
diamond, they are also the kind of fluids from which dia- 
mond can grow. 


Diamond Resorption into Rounded Shapes 


Sometimes octahedral shapes are near perfect (figures 4 and 
5) and show very little attack by fluids either during mantle 
storage or during kimberlite transport. In other instances, 
diamonds are resorbed from their primary octahedral 
shapes into secondary shapes that are often grouped to- 
gether and called “dodecahedra,” or “dodecs” for short. 

Dodecahedra are actually (at least) two different second- 
ary shapes, and they should have names ending in -oid to 
reflect the fact that they have curved resorption surfaces 
that approximate similar crystallographic directions to true 
crystal faces. 

Dodecahedroids have 12 curved resorption surfaces 
that approximate true dodecahedra. Tetrahexahedroids 
(THHs) have 24 curved resorption surfaces that approxi- 
mate the shape of tetrahexahedra. 

Dissolution experiments show that three main factors 
may impact the shape of a resorbed diamond (Fedortchouk, 
2019; Fedortchouk et al., 2019). Different features can be 
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vessels of clay, perhaps left with food and 
drink; two very beautiful human heads 
modeled in plaster, and under the sepulchral 
stone a quantity of jewels. These included 
a necklace made of large pendants of slate 
carved in the shape of flat axes, and a mosaic 
of jade which doubtless represented some 
deity and which had to be cast on the sepul- 
chre after the interment as it had fallen 
down in the scattering of the fragments. 
To return to the flagstone which closed 
the sarcophagus; after lifting the huge stone 
sculpture of five tons I found the skeleton 
of a man which I am absolutely sure was a 
personage of greatest importance in Palenque 
history, perhaps one of their most famous 
kings. Near the red substance covering the 
inside of the sarcophagus and the bones, 
gleamed jewelry of jade, establishing the 
high rank of the personage. For the first 
time we beheld, on human remains, adorn- 


ments which we knew in bas-reliefs: a 
diadem of discs on the forehead; a collar of 
many-formed stones among which flowers 
and some fruits (squashes, melons) 
abounded: ear hoops with hieroglyphic in- 
scriptions; a breastplate of numerous tubular 
stones arranged on concentric threads ; brace- 
lets, each of 200 beads; the ten finger rings 
still placed around the finger bones. One of 
these rings bears a magnificently carved face. 

The personage held in his hands probable 
symbols of his rank: a large spherical bead 
in the left hand and a cubical one in the 
tight, both of jade. At his feet there were 
two other heavy beads—one of them hollow 
and supplied with covers—and a lovely idol 
whose face showed the features of the solar 
god. Another statuette of jade must have 
been sewed in the Join cloths to judge by the 
position in which it was found and by the 
numerous holes which appear in its outline. 


¢ Offerings within the inner staircase of the Temple of Inscriptions: three 
small dishes of clay, three shells, seven beads of jade, two ear hoops and two 
buttons of jade, one pearl. 
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Figure 3. Surface fea- 
tures on diamond that 
indicate resorption in 
the kimberlite magma 
versus those features 
resulting from resorp- 
tion by mantle flu- 
ids/melts prior to 
diamond entrainment 
in the kimberlite (origi- 
nal figure from Fe- 
dortchouk et al., 2019; 
used with permission). 
Features originating in 
the mantle can be pre- 
served during kimber- 
lite eruption if the 
diamonds are shielded 


by mantle xenoliths, or 
they can be overprinted 
by features resulting 
from the kimberlite 


Corrosive surfaces and 
sharp features 


Glossy 
smooth surfaces 


magma. 


produced by varying the depth of the fluid exsolution from 
the kimberlite, or through varying the Si content and tem- 
perature of melts in the mantle: 


A Resorption 
Volume loss 3% 5% 20% 
<1% 
Octahedral Transitional 
habit habit 
B Cc 
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1. Whether a fluid phase is present or not. A fluid-free 
kimberlite melt will not lead to rounded resorbed 
THH. Instead, there is some resorption along the oc- 


Figure 4. A: General se- 
quence of resorption from 
primary octahedron to a sec- 
ondary rounded shape often 
called a dodecahedroid 
(modified from Tappert and 
Tappert, 2011; McCallum et 
al., 1994). B, C, and D: 
Rough diamonds from the 
(Rounded) Diavik mine (Canada) that 
Dodecahedroidal show various features of 
habit growth and resorption. B: 
Terraces or growth faces in 


35% 45 to >99% 


@ 


D an octahedral diamond that 


az has undergone very little re- 
sorption. C: Partially re- 
sorbed octahedral diamond 
with rounded corners and 
edges. D: Rounded, resorbed, 
tetrahexahedroidal (THH) 
diamond. Photos by Jian 
Xin (Jae) Liao. 
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Octahedron 
8 crystal faces 


Resorption starting along crystal edges 


Primary growth shape 


Tetrahexahedroid (THH) 
24 curved resorption surfaces 


Secondary shape from resorption 
mostly during kimberlite eruption 


Dodecahedroid 
12 curved resorption surfaces 


Secondary shape from resorption 
mostly during mantle storage 
before kimberlite eruption 


tahedral crystal edges and the development of “sharp” 
corrosive surface features (Fedortchouk and Zhang, 
2011). 

2. Depth of fluid exsolution from the kimberlite. A 
water-rich fluid at 3 GPa will favor rapid formation 
of THH, whereas the same fluid at 1 GPa will favor 
octahedra preservation (Zhang et al., 2015). 

3. Amount of CO, and H,O in the fluid. Experimental 
work by Fedortchouk et al. (2007) shows that at 1 
GPa, there is higher preservation of the octahedral 
faces in a CO,-rich fluid. A water-rich fluid would 
favor formation of THH and elimination of octahe- 
dral faces. Since kimberlite magmas change compo- 
sition during ascent, so does the magma’s effect on 
diamond resorption. Different resorption styles can 
be expected, even during the same eruption! 


Tetrahexahedroid (THH). Experiments indicate that tetra- 
hexahedroids (THH) form in water-rich carbonate melts 
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Exposed growth terraces are often 


shield-shaped (ditrigonal) 
. Figure 5. Examples of 


the primary octahedral 
growth shape of dia- 
mond and the two 
shapes that form after 
resorption. Photos by 
Thomas Hunn (top left), 
Robert Weldon (top 
right), and Karen Smit 
(middle and bottom). 


(Chepurov et al., 1985; Khokhyrakov and Pal’yanov, 2007). 
Tetrahexahedroid crystals have been experimentally pro- 
duced at 1.0-1.5 GPa by dissolution in natural kimberlite 
with 6.2 wt.% H,O and 4.8 wt.% CO, (Kozai and Arima, 
2005) and in experiments with H,O and CO, fluids (Fe- 
dortchouk et al., 2007). Because they form during kimber- 
lite eruption, THH diamond crystals are much more 
common than dodecahedroids, and their formation may 
overprint any mantle resorption features or shapes. 


Dodecahedroid. Dodecahedroids form in CO,-rich carbon- 
ate melts that are poor in water (Khokhyrakov and 
Pal’yanov, 2007, 2010 and many references therein). They 
are thought to form mostly during dissolution processes in 
the mantle (Fedortchouk and Zhang, 2011). Dodecahe- 
droidal shapes are more rare, as they can be overprinted to 
THH during kimberlite eruption. These shapes have a 
higher likelihood of survival if the kimberlite magma and 
its exsolving fluids are water poor, and also if diamonds are 
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shielded from the kimberlite magma by enclosure in their 
mantle host rocks such as peridotite and eclogite. 


Trigons 


Examples of one of the most common surface details of 
rough natural diamonds—trigons—are shown in figure 6. 
Additional excellent examples can be found in the book 
Diamonds in Nature: A Guide to Rough Diamonds (Tap- 
pert and Tappert, 2011). 

Trigons can be either “negative” or “positive,” where 
a “negative trigon” has an opposite orientation to the oc- 
tahedral face of the diamond (figure 7). In the past, there 
was significant debate about whether trigons were growth 
features (e.g., Tolansky, 1955, 1960) or etch pits (e.g., Frank 
and Puttick, 1958; Patel et al., 1964; Lang, 1964). These 
days it is accepted that a trigon is an etch feature, produced 
when oxidizing fluids/melts start to dissolve the diamond. 
Dissolution typically starts at an imperfection, such as a 
lattice dislocation (Wilks and Wilks, 1991). 


When Do Rare Positive Trigons Form? Positive trigons are 
extremely rarely seen. Snap Lake in Canada is one locality 
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Figure 6. Trigons and 
hexagons are dissolu- 
tion features related to 
the effect of more oxi- 
dizing fluids/melts on 
the diamond’s surface. 
Dissolution typically 
starts at a lattice dislo- 
cation or imperfection. 
Photos by Evan Smith 
and Ulrika D’Haenens- 
Johansson. 


that has a high proportion of diamonds with positive trigons, 
and their development was attributed to near-surface reac- 
tion of the diamonds with late-stage, low-temperature C-O- 
H fluids (Li et al., 2018). This is consistent with early 
experimental work that showed that positive trigons are the 


Figure 7. Trigons can be either “negative” or “posi- 
tive,” where a “negative trigon” is more common and 
has an opposite orientation to the octahedral face of 
the diamond. 


Positive 
trigon 


Negative 
trigon 


We JA 


Common Rare 
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most common etch feature at atmospheric pressure (Evans 
and Sauter, 1961). These early experiments also showed that 
the orientation of a trigon (positive versus negative) could 
be changed by using different etchants at different tempera- 
tures (Frank and Puttick, 1958; Evans and Sauter, 1961). 

More recent experiments have shown that positive 
trigons can be produced by dry carbonate melts, and that 
increasing water content changes trigon orientation to neg- 
ative (Khokhyrakov and Pal’yanov, 2000, 2010). Fe- 
dortchouk (2019) attributes positive trigons to resorption 
by a rare type of mantle fluid (rare since positive trigons 
are associated with other rare features such as hexagons 
and transverse hillocks). It is possible that the development 
of positive trigons is common in the mantle, and that they 
have just been “erased” by later resorption of the diamond 
into THH during kimberlite transport. 


Influences on the Shape of a Trigon. Experimental work has 
shown that the shape of trigons is influenced by the amount 
of H,O and CO, in the fluid, as well as temperature. Trigons 
produced by water-rich fluids have a limited size range but a 
large depth variation; in contrast, trigons produced by CO,- 
rich fluids can have varying sizes but always with a positive 
correlation between depth and diameter (Fedortchouk, 2015). 
Large trigons are produced at higher temperatures (Kanda et 
al., 1977; Fedortchouk, 2015). Additionally, experiments at 
1 to 3 GPa showed that CO,-rich fluids mostly produced 
trigons with pointed and curved bottoms, whereas CO,-poor 
fluids produced mostly flat-bottomed trigons (Zhang, 2016). 


The Importance of Understanding Resorption, 
and Remaining Questions 


Since the surface features of diamonds are heavily influ- 
enced by the composition and temperature of the dissolv- 
ing fluid/melt, these features are another tool that mantle 
geochemists can use to study carbon-bearing fluids/melts 
in the deep Earth. Actual fluids are preserved in fibrous di- 
amonds, but these may be a specific subtype of mantle flu- 
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ids and their universal applicability to all monocrystalline 
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few diamonds actually contain fluids, the study of fluids 
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diamonds may provide a broader understanding of carbon 
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Here we have yet another way in which natural diamonds 
are remarkable. 
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In early February, despite the early phase of the COVID-19 
outbreak, the Tucson shows were well attended and sales 
were brisk. Several vendors indicated that they had their 
biggest single day of sales ever this year (figure 1). This an- 
ecdotal evidence was supported by the strong demand for 
identification and origin services reported by the GIA Show 
Service Lab. This year, it was hard to identify any one par- 
ticular item leading demand or any game-changing new 
gem material finds. Instead, we found that vendors were 
carrying high-quality material in terms of color, clarity, and 


cut. In fact, many were carrying items that had been metic- a = ‘ -. A 

ulously carved, fantasy-cut, or recut for ideal proportions i ase dag pe | > | be di 
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Surpassing its strong momentum from the past few ff Leis: TR tax . j 


years, teal blue sapphire from Montana was a prominent 
and well sought-after item (figure 3). Sapphire was doing 
very well at the shows, including parti-colored, fancy-col- 
ored (electric colors such as fuchsia and pinks as well as 
pastels such as lavender), and slabs displaying zoning or 
trapiche-like patterning (figure 4). 

Emerald from around the world could be found, includ- 
ing some untreated smaller sizes from Russia (figure 5), 
melee and small-sized finished stones from Pakistan, at- 
tractive material from Ethiopia, and an abundance of ma- 
terial in a wide variety of color, clarity, and size from 
Colombia, Brazil, and Zambia. 


Figure 1. A busy booth on the first day of the AGTA 
show. Photo by Tao Hsu. 

Editors’ note: Interested contributors should send information and illustra- 

tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 

Campus, 5345 Armada Drive, Carlsbad, CA 92008. 

Outstanding brilliant green garnets in both deman- 
toid and tsavorite varieties were available, including sev- 
eral larger-sized, ideally colored Russian demantoids 
(figure 6). 
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Figure 2. A 72 ct gem silica carving by Nick Alexan- 
der showing a highly desirable intense shade of blue. 
The material is from the Ray mine in Arizona. Photo 
by Kevin Schumacher; courtesy of Nick Alexander. 


As “Classic Blue” is the Pantone color of the year and 
varieties of blue gemstones are very popular in general, 
gems prominently displaying a blue hue could be found 
throughout the shows. Along with sapphire, deep blue 
aquamarine from Nigeria (figure 7) was particularly popular, 
and many vendors displayed blue zircon, gem silica (again, 
see figure 2), apatite, cobalt spinel, blue topaz, hattyne, 
turquoise, blue moonstone, and lapis in their cases. 


Seco 


Figure 3. A suite of the popular teal blue Montana sap- 
phires from Rock Creek. The center stone is 11.03 ct, and 
the other 14 stones total 8.38 carats. Photo by Jennifer 
Stone-Sundberg; courtesy of Pala International. 


Electric-colored accent stones and melee in materials 
such as sapphire, spinel, apatite, and garnet varieties tsa- 
vorite and demantoid were easy to find both loose and in 
finished pieces (figure 8). 

As has been the case for the past couple of years, gem 
slices in a variety of materials, shapes, and price points 
were very popular in both the AGTA and GJX shows. 
These are attractive to many designers, whether they are 


Figure 4. Left: This set of 110 Australian sapphire “fancies” in 3 mm sizes was collected over several years. Right: 
A pair of trapiche-like Australian sapphire slices. Photos by Jennifer Stone-Sundberg; courtesy of Terry Coldham. 
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Figure 5. A 0.33 ct emerald from Malysheva, Russia, 
offered by Dudley Blauwet at the AGTA show. Photo 
by Kevin Schumacher. 


working with higher-price-point material such as parti-col- 
ored sapphire (figure 9), diamond, and trapiche emerald, or 
more moderately priced material including amethyst, 
rhodochrosite, and petrified wood. 

As always, Tucson was the place to find the unusual 
and phenomenal, with several vendors carrying exotic gem 
materials such as fluorescent hyalite opal (figure 10), star 


Figure 6. A 6.73 ct round brilliant Russian demantoid 
of top quality showing a horsetail inclusion. Photo © 
Christian Wild. 
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Figure 7. Deep blue aquamarine from Nasarawa, 
Nigeria (left to right: 1.94, 2.84, and 1.84 ct). Photo by 
Emily Lane; courtesy of Jeff Hapeman. 


peridot, brilliant green fluorite (figure 11, left), hackmanite, 
triphylite, grandidierite, axinite, and an array of bicolor 
stones in materials such as garnet, chrysobery] (figure 11, 
right), tanzanite, and sphene. 


Figure 8. Sea star pendant by Paula Crevoshay featur- 
ing 4.04 carats of ruby, 5.06 carats of lavender sap- 
phire, 9.40 carats of purple sapphire, 3.87 carats of 
fuchsia sapphire, 6.79 carats of crystal spinel, and 
0.43 carats of amethyst, set in 18K yellow gold. Photo 
by Emily Lane; courtesy of Paula Crevoshay. 
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Figure 9. Parti-colored sapphire slices from Montana 
(left) and Australia (right). Photos by Jennifer Stone- 
Sundberg; courtesy of Warren Boyd (left) and Terry 
Coldham (right). 


2020 also marked the first Tucson edition of the Ethical 
Gem Fair. The exhibitors showed a wide range of gemstones, 
prices, and origins. They were all united in their commit- 
ment to responsible sourcing, traceability, transparency, and 
social awareness. The variety of exhibitors reflected the dif- 
ferent approaches taken to address these diverse challenges 
around the world. During its inaugural Tucson show, the 
Ethical Gem Fair mainly attracted young independent jew- 
elry designers looking for gems with a transparent chain of 
custody from the mine to their use in finished jewelry. 


Duncan Pay, Jennifer Stone-Sundberg, Tao Hsu, 
Wim Vertriest, Aaron Palke, and Nathan Renfro 


Burmese star peridot. Asterism in peridot is a rare treat 
that has been reported on occasionally (S. Borg, “An un- 
usual star peridot,” Journal of Gemmology, Vol. 17, No. 1, 
1980, pp. 1-4; Summer 2009 Lab Notes, pp. 138-139). In 


Figure 10. Fluorescent hyalite opal flower pendant by 
Loretta Castoro, photographed in daylight-equivalent 
(left) and lower-power daylight-equivalent light with 
added short-wave UV light (right). The 12.68 ct fluo- 
rescent opal is from Zacatecas, Mexico. It is set in 
18K yellow gold and has 48 yellow diamond accents 
(1.14 carats total) and 72 white diamond accents 
(1.27 carats total). Photos by Robert Weldon; cour- 
tesy of Loretta Castoro. 


January 2020, Tom Trozzo submitted to Stone Group Lab- 
oratories a 20.13 ct oval cabochon peridot (figure 12, left) 
that exhibited a soft yet prominent four-rayed star. Com- 
parisons were made with an in-house lab sample that also 
exhibited reflection effects from tiny acicular inclusions. 
For purposes of this study, this comparison stone was recut 
to a 7.67 ct pear-shaped cabochon (figure 12, right) to en- 
hance any potential asterism. However, the result appeared 
to be more of a cat’s-eye effect, presumably due to the 


Figure 11. An extremely diverse selection of unusual stones was on display at the G]X show. Left: Bright green flu- 
orite offered by a European vendor; photo by Tao Hsu. Right: Bicolor chrysoberyl carried by United Colour Stone 
Co. from Bangkok; photo by Jennifer Stone-Sundberg. 
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Figure 12. The 20.13 ct star peridot (left) and the 7.67 
ct peridot exhibiting weak asterism with more promi- 
nent chatoyancy (right), presumably due to cutting 
style. Photos by Bear Williams. 


prominent keel from the original faceted pear shape. It is 
presumed that, based on the arrangement and concentra- 
tion of inclusions, a more prominent asterism will be re- 
vealed upon further cutting. Apparent clarity was good on 
both stones, but with a slightly diffused effect; no large eye- 
visible inclusions were present. While the asterism was 
more pronounced on the oval, the acicular inclusions were 
more plentiful and of higher relief in the pear-shaped stone. 
Both stones had a yellowish green color, with the oval ex- 
hibiting a very slight grayish modifier. 

Microscopic observation of the larger oval peridot re- 
vealed evenly distributed concentrations of extremely fine, 
short, brownish, acicular inclusions oriented in two direc- 
tions (figure 13, left). In the pear shape, the needles were 
evenly dispersed throughout and oriented in three direc- 
tions. The needles were also short and whitish to colorless 
(figure 13, right). Reflection effects in some materials may 
be difficult to define. There may be reflection effects from 
nonacicular inclusions, creating schiller as well as aster- 
ism. This was the case with the oval peridot, although as- 
terism was clearly the dominant phenomenon. 
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Figure 14. A top-quality 9.49 ct Russian demantoid from 
the Korkodin mine. The horsetail inclusion under the 
table is the telltale signature of its origin. Photo by Kevin 
Schumacher; courtesy of Tsarina Jewels. 


The spot RI reading of approximately 1.65 and hydro- 
static SG of 3.33 were consistent with peridot. The iden- 
tification of both peridots was confirmed by 
GemmoRaman532-SG. Their provenance was reportedly 
Myanmar (Burma), and all tests were consistent with a 
Burmese origin. Interestingly, all known star peridots to 
date have been of Burmese origin. Although Pakistani 
peridot may often feature acicular inclusions of ludwigite, 
these are presumably protogenetic and not oriented con- 
sistently to the crystal structure of the host peridot. 

Bear Williams and Cara Williams 
Stone Group Labs 
Jefferson City, Missouri 


Large and fine demantoid from Russia. The green to yel- 
lowish green variety of andradite garnet was first found in 
the Ural Mountains. It was identified by Finnish mineral- 
ogist Nils von Nordensheld in 1864 and presented at the 
Ural Industrial Exhibition as a new mineral in 1887. Due 
to the garnet’s high RI and dispersion, it was named de- 
mantoid, meaning “diamond-like.” 


Figure 13. Brownish, acicu- 
lar inclusions in the 20.13 
ct star peridot (left, field of 
view 4 mm). Short, feath- 
ery, whitish needle-like in- 
clusions in the 7.67 ct 
pear-shaped peridot (right, 
field of view 3.5 mm). 
Photomicrographs by Bear 
Williams. 
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¢ Sepulchre of the Temple of Inscriptions in Palenque, Chiapas, with sculp- 
tured stone raised and the sarcophagus still closed by a gravestone provided 
with holes which the removable stoppers lock. 
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Russia remained the only source for demantoid until 
the mid-1990s, when the gem was discovered in Africa and 
later elsewhere. Today, Russian demantoid is still highly 
desired. At the GJX show, the authors saw an 8.49 ct fine- 
quality demantoid (figure 14) carried by Tsarina Jewels, the 
largest demantoid seen by the authors at this year’s Tucson 
shows. It was from the Korkodin mine, located about 80 
km south of Ekaterinburg, one of the two active mining 
operations in this area (figure 15). The Poldnevaya mine 
lies about 7 km to the north of Korkodin. Both operations 
are working on primary demantoid deposits with machin- 
ery. Together the two mines supply the majority of Russian 
demantoid. 

Another impressive Russian demantoid was a 6.73 ct 
stone carried by Constantin Wild at the GJX show. This 
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Figure 15. The Korko- 
din demantoid mine is 
an open-pit operation. 
Trucks transport the 
ore from the bottom of 
the pit to the nearby 
washing plant. Photo 
by Tao Hsu. 


stone was also of top quality, showing high brilliance and 
fire. The owner informed the authors that the stone was cut 
from rough obtained in 2019 and possessed the best color he 
had seen in this material in decades (see figure 6 on p. 158). 

Since Russian demantoid often occurs as small grains 
with no well-developed crystal forms in the matrix (fig- 
ure 16), any finished stone above one carat is considered 
rare. 

Illustrating the attention being given to this material, 
the 2019 AGTA Spectrum Award winner under the classi- 
cal category featured a perfectly matched suite of 15 stan- 
dard round brilliant cut Russian demantoid garnets. The 
bracelet by Jeffrey Bilgore included a 3.00 ct center Russian 
demantoid accented with 14 smaller Russian demantoids 
gradually decreasing in size (12.20 carats total) and 14 step- 


Figure 16. Demantoid gen- 
erally occurs as very small 
grains in the host rock 
(left). It is very difficult to 
find large size rough (right) 
of quality. This makes 
faceted stones over 1 ct 
very rare. Left photo by 
Tao Hsu; right photo cour- 
tesy of Constantin Wild. 
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A: “Atlantis,” a malachite and chrysocolla specimen 
from the Democratic Republic of the Congo measuring 
70 x 25 cm. B: Lightning Ridge black opal and diamond 
ring, courtesy of The Gem Garden. C: Jellyfish design by 
Loretta Castoro displaying fluorescence, featuring a 49.37 
ct moonstone and a Mexican hyalite opal. D: 5.74 ct 
cushion-cut spinel from Vietnam, shown in daylight and 
incandescent lighting, courtesy of Bryan Lichtenstein. 


Photos by Robert Weldon (A, C, D), Emily Lane (B, E-H, 
]), and Kevin Schumacher (I). 
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\ ane __ E: Bulgari multi-colored sapphire and diamond neck- 
lace with 36 sapphires totaling 72.29 carats, courtesy of 
M. Kantor & Associates. F: South Sea cultured pearl 
necklace, courtesy of Tara & Sons, Inc. G: Jadeite ear- 
rings, 16.77 carats total, courtesy of Jye’s International. 
H: Paula Crevoshay brown-eyed Susan brooch featur- 

: ing an orange Montana sapphire with multi-colored 
sapphires and diamonds. I: 7.35 ct Fantasy-cut heliodor 
carving by Nick Alexander. J: 1940s diamond and sap- 
phire link bracelet by Oscar Heyman with 27 carats of 
blue sapphire, courtesy of M. Kantor & Associates. 
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cut (4.18 carats total) diamonds all set in platinum (figure 
17). Mr. Bilgore said he considers Russian demantoid to be 
on par with top gems such as Kashmir sapphire, Burmese 
ruby, and Colombian emerald. The suite came from the es- 
tate of a collector and attracted much attention from gem 
dealers familiar with Russian demantoids before ulti- 
mately being used in this award-winning piece of jewelry. 
Tao Hsu, Jennifer Stone-Sundberg, and Aaron Palke 
GIA, Carlsbad 
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Figure 17. Russian de- 
mantoid garnet and 
diamond bracelet set in 
platinum. The center 
stone is 8.00 ct, while 
the accent garnets total 
12.20 carats and the ac- 
cent diamonds 4.18 
carats. Photos courtesy 
of Jeffrey Bilgore. 


Russian emerald. On the long list of emerald-producing 
countries, Russia is one of the more mysterious to the trade 
and consumers. Emerald was found in the Ural Mountains 
in the early nineteenth century. Malysheva was the most 
famous of these deposits and the world’s largest emerald 
producer at the start of World War I. During the Soviet era, 
this deposit was nationalized and mined for beryllium in- 
stead of emerald. Today, underground mining is going 
strong and actively producing emeralds (figure 18). 


Figure 18. The Maly- 
sheva emerald mine 
outside of Ekaterin- 
burg, Russia. The giant 
open pit was originally 
mined for emerald and 
then beryllium. Now 
the mine operation is 
underground below the 
«processing facility (the 
§ green building on the 
other side of the pit). 
Photo by Tao Hsu. 
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Figure 19. A collection of Russian emerald offered by 
Dudley Blauwet Gems. These stones range from 
about 0.1 to 3 ct. Photo by Tao Hsu. 


At this year’s show, the authors found two exhibitors 
with Russian emerald ranging in quality from commercial 
to fine without any treatment. Dudley Blauwet Gems of- 
fered Russian emeralds from 0.1 to about 3 ct at the AGTA 
show. The light to slightly dark green stones were offered 
as singles, pairs, and sets (see figure 19 and figure 5 on p. 
158). Worth noting is that most of the Russian stones the 
authors saw showed bright colors and high clarity. 

At the GJX show, Tsarina Jewels offered Russian emer- 
alds of larger sizes and fine quality. This exhibitor carried 
stones as large as 8 ct or more (figure 20). These stones also 
displayed a wide range of various shades of green colors. 


Figure 20. A selection of fine Russian emerald from 
Tsarina Jewels ranging from 1.27 to 8.38 ct. All 
stones are natural with no filling. Photo by Kevin 
Schumacher. 
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Figure 21. This bead strand is from Pakistan (9 mm 
beads), while the bead bracelet is from Siberia (20 
mm beads). Green nephrite from Pakistan has a very 
similar appearance to material from British Colum- 
bia. The Siberian beads are much brighter. Photo by 
Kevin Schumacher. 


The authors noticed that Russian emeralds are still quite 
rare to find on the market, while emeralds from Colombia 
and Zambia dominate the market. 


Tao Hsu and Jennifer Stone-Sundberg 


Nephrite jade from multiple sources. Green nephrite de- 
posits are found at many locations around the globe, with 
British Columbia, Siberia, and northwestern China as the 
leading producers. Old and still active subduction zones 
with ophiolite have the potential to produce green 
nephrite. This is because green nephrite bodies are closely 
associated with their serpentinite host rocks, part of the 
ophiolite exposed on land when an ocean basin closes. All 
major green nephrite deposits cluster in this type of con- 
vergent-margin environment. 

At the 2020 GJX show, Nikki Makepeace from Jade 
West in British Columbia showed the authors nephrite 
pieces from Pakistan, an emerging green nephrite source. 
The green to dark green appearance and the quality of these 
pieces (such as the bead strand in figure 21) are very similar 
to the production from British Columbia. In comparison, 
green nephrite from Siberia shows brighter colors (the 
bracelet in figure 21 and the pendant in figure 22). Ms. 
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Figure 22. High-quality nephrite from Siberia can 
sometimes show a color similar to that of green 
jadeite. Photo by Tao Hsu. 


Makepeace informed the authors that the production from 
Pakistan is quite substantial. 

The earliest report on Pakistan nephrite was published 
in 1963, with the positive identification of two pebbles col- 
lected in 1955 in the riverbed of the Teri Toi in Kohat Dis- 
trict of Pakistan (B.C.M. Butler, “Nephrite jade in West 
Pakistan,” The Journal of the Royal Asiatic Society of 
Great Britain and Ireland, No. 3/4, 1963, pp. 130-139). The 
geographical location of this deposit placed it in the colli- 
sion belt along the Himalaya Mountains. This is the con- 
vergent margin between the Eurasian and Indian Plate 
when the Tethys Ocean closed about 50 million years ago, 
providing an ideal geological environment for nephrite for- 
mation. 

In addition to the goods from Pakistan, the authors saw 
a large koru, a spiral shape often used in Maori art, made 
of nephrite from Afghanistan. Currently, Afghani materials 
are scarce on the international market. The only informa- 
tion the authors could find was that the rough comes from 
the Kohi-Safi District of central Parwan Province. This lo- 
cation is not far from the Pakistani deposit. 

While buyers are still waiting to see more production 
from these emerging sources, green nephrite from British 
Columbia and Siberia still dominate the market. Siberian 
goods in general demand higher prices than materials from 
the rest of the world due to their brighter colors. British 
Columbian production is still high and can supply finished 
goods of all price ranges. 


Tao Hsu and Jennifer Stone-Sundberg 
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Nigerian gems and jewelry. During the JCK show in Tucson, 
GIA had the opportunity to meet up with Amina Egwuatu, 
founder of Mina Stones. Mrs. Egwuatu, a GIA Graduate 
Gemologist from Abuja, Nigeria, started the company with 
the aim of promoting African culture through gems and jew- 
elry. Mina Stones sources, cuts, designs, and manufactures 
everything in their workshops to keep as much value as pos- 
sible in Africa. Mrs. Egwuatu works directly with the miners 
and has visited many of the sites where her stones are pro- 
duced. This allows traceability throughout the entire supply 
chain. Mina Stones helped to establish the AGJES Sparkle 
Foundation, which supports miners through education 
about their stones, helps them with administration, and pro- 
vides tools. By working this way, Mina Stones improves the 
conditions of its miners and suppliers. 

Nigeria is known for tourmalines that possess a wide 
range of colors, rubellite being the most famous. A more 
recent rubellite discovery near Calabar, Cross River State, 
has produced higher volumes (though slightly lower qual- 
ity) than the original find in Oyo State, which has not pro- 
duced for a long time. 

Apart from the red variety, this gem is also found in 
green, pink, and various combinations of these colors. 
About 20 years ago, there was even a discovery of cuprian 
tourmaline in western Nigeria that produced some fine 
material for a short period. According to various sources, a 
new pocket was discovered in early 2020 that made this 
material available in the market. 

Another common stone from Nigeria is beryl. Various 
regions in the country produce fine aquamarine, morgan- 
ite, heliodor, and green beryl (figure 23). While there are 
many emerald deposits known throughout the country, 
facet-grade material is limited to an area in Nasarawa State. 

Sapphires are found throughout the eastern and cen- 
tral parts of Nigeria. In several areas such as Antang, 
Bauchi, Kaduna, and Gombe, the production is exclu- 
sively from artisanal miners. The better-known Mambilla 


Figure 23. Strands of Nigerian beryl in assorted colors. 
Photo by Kevin Schumacher. 
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Figure 24. This necklace makes use of the Arewa 
knot, a symbol of unity. Photo by Kevin Schumacher. 


Plateau has a few larger operations, but small-scale min- 
ing is prevalent. 

Nigerian sapphires are typically dark blue, although 
goods found in the southeastern part of the country tend 
to be lighter in color. Parti-colored, yellow, purplish, and 
green sapphires are also common. 

Mina Stones’ jewelry is inspired by Nigerian traditions. 
The country has long been known for its blacksmiths and 
goldsmiths, resulting in a strong jewelry culture. Mina 
Stones is trying to revive the skills, patterns, and heritage 
by making use of traditional alphabets and symbols. One 
example is a necklace featuring the Arewa knot (figure 24), 
a symbol that represents the unity of the different people 
in northern Nigeria. 

Another collection draws inspiration from the city of 
Ife, in southwestern Nigeria. According to local beliefs, the 
city was found by a supreme deity and served as the seat 
for a long line of dynasties. 
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Figure 25. This 16.23 mm, near-round 28.38 ct natural 
freshwater pearl was found along the banks of the 
Cumberland River in 2019. Photo by Emily Lane; 
courtesy of Gina Latendresse. 


Mina Stones aims to represent Nigerian gems and jew- 
elry. The country is an important supplier of many colored 
gemstones that have remained largely unknown to the gen- 
eral public. 


Wim Vertriest 
GIA, Bangkok 


Exceptional natural freshwater pearl. At the AGTA show, 
we visited Gina Latendresse at the American Pearl Com- 
pany of Tennessee booth to find out about anything new 
in the pearl industry. We were excited to learn that an ex- 
ceptional pearl, both in size and quality, was discovered 
last year in the Cumberland River (figure 25). The pearl was 
found by a fisherman along the bank of the river in a “Pis- 
tol Grip” (Tritogonia verrucosa) mussel (figure 26). This 
28.38 ct white pearl with natural color measured 16.23 mm 
in diameter and was near round with good luster. This was 
the first pearl of such size and quality found in the Ten- 


Figure 26. The natural 
pearl from figure 25 
shown in its shell 
(left), and the “Pistol 
Grip” shell exterior 
(right). Photos by 
Emily Lane; courtesy 
of Gina Latendresse. 
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nessee region since the 1970s. The pearl is so unusual that 
Ms. Latendresse described it as either a collector specimen 
or suitable for museum display. 

For context, the eastern portion of the United States 
was a source of many natural freshwater pearls to native 
Americans as evidenced by John Smith’s 1608 writings not- 
ing the “many chains of great pearls about his [Chief 
Powhatan of the Powhatan Confederacy near present day 
Richmond, Virginia, also the father of Pocahontas] neck” 
(P.L. Barbour, Ed., The Complete Works of John Smith 
(1580-1631), Vol. 1, University of North Carolina Press, 
Chapel Hill, 1983, p. 53). Two and a half centuries later, a 
pearl rush started with the discovery of pearls of notable 
size and quality by fishermen in New Jersey, which re- 
sulted in people searching streams and rivers throughout 
the country. In 1857, David Howell found a near-round 100 
ct pearl in a fried mussel he fished from Notch Brook in 
New Jersey (which unfortunately had its luster destroyed 
by the frying process}. Shortly thereafter, Jacob Quacken- 
bush discovered a 23.34 ct pink baroque pearl of fine luster, 
later named the “Queen Pearl,” that he sold to Charles 
Tiffany for $1,500. Good-quality pearls were found in the 
Cumberland, Tennessee, and Clinch Rivers in the state of 
Tennessee for many years thereafter (G.F. Kunz and C.H. 
Stevenson, The Book of the Pearl: The History, Art, Sci- 
ence, and Industry of the Queen of Gems, The Century 
Co., New York, 1908). 

The recent discovery of such an extraordinary pearl 
proves that it is prudent to check the inside of mollusks 
known to produce pearls before consuming them! 


Jennifer Stone-Sundberg and Tao Hsu 


Interesting sapphires from Montana and Australia. While 
sapphire has always been popular at trade shows, occasion- 
ally the authors find some interesting stones with attrac- 
tive color distribution or growth patterns that have a niche 
in the market. 

At this year’s AGTA show, Potentate Mining carried 
some spectacular bicolor faceted sapphires and a variety of 
slabs from its Rock Creek mine in Montana. The Rock 
Creek operation is one of four active sapphire mines in 
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Figure 27. Bicolor sap- 
phires from the Rock 
Creek mine, Montana. 
Cutters took advantage 
of the color inhomo- 
geneity of the rough to 
create these interesting 
color combinations. 
These stones range 
from 1.61 to 7.36 ct. 
Photo by Emily Lane; 
courtesy of Potentate 
Mining. 
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Montana. Stones from this deposit tend to be flat, showing 
pastel colors, and many stones show bicolor or have an or- 
ange or yellow core called “yolk” by the local miners. Gem 
cutters and jewelry designers have been finding innovative 
ways to take advantage of these challenging attributes. 
Through careful design and cutting, some stones show at- 
tractive color combinations such as_ yellow/green, 
yellow/light blue, orange/blue, or simply different shades 
of yellow (figure 27). This type of bicolor is very character- 
istic of Rock Creek sapphires. 

As for the flat rough, Potentate offers several categories 
based on color, pattern, and weight (figure 28). According 
to the company’s marketing director, Warren Boyd, both 
cutters and designers have shown strong interest in these 
slabs, especially those weighing half a gram and above. De- 
signers seem to prefer slabs with patterns while cutters or 
carvers prefer slabs with solid colors to make special cuts. 


Figure 28. Flat rough sapphires from Rock Creek at- 
tract jewelry designers and cutters. The slabs are 
grouped and sold by their weight. Photo by Tao Hsu. 
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plays a very attractive color. They were sliced off a 
dark blue sapphire crystal from Inverell, Australia. 
Mr. Coldham also offered thin slabs of blue and parti- 
colored sapphires from Australia. Photo by Tao Hsu. 


At the GJX show, Terry Coldham from Intogems 
showed the authors a pair of thin blue sapphire slabs with 
characteristic hexagonal growth patterns. The pair in figure 
29 is from the Inverell sapphire field of New South Wales, 
Australia. Blue sapphires from this area tend to show a very 
saturated and dark inky blue color. Slicing them into thin 
slabs makes the blue color much lighter and more desir- 
able. However, the size and quality of this pair are ex- 
tremely rare to find. Mr. Coldham also carries many 
parti-colored and fancy-color Australian sapphires (see fig- 
ure 4 on p. 157), which also sold well at the show. 

To watch videos of the sapphire slabs from Montana 
and Australia, go to https://www.gia.edu/gems-gemology/ 
spring-2020-gemnews-sapphires-montana-australia. 


Tao Hsu and Jennifer Stone-Sundberg 


Exceptional rough and cut blue sapphire from Rock Creek, 
Montana. The Rock Creek sapphire deposit in Montana has 
been active since the 1890s and is known as the state’s most 
fruitful deposit (T. Hsu et al., “Rock Creek Montana sap- 
phires: A new age of mining begins,” https://www.gia.edu/ 
gia-news-research/rock-creek-montana-sapphires-new-age- 
mining-begins, August 29, 2016). This year in Tucson, Jef- 
frey Hapeman of Earth’s Treasury showed the authors a very 
fine untreated blue sapphire rough with a yellow spot in the 
center, as well as a top-quality faceted light teal blue un- 
treated stone with some yellow zoning (figure 30). Since 
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2014, Mr. Hapeman has been focusing on Rock Creek ma- 
terial in these nontraditional lighter blues to greens. They 
have proven to be very popular, as several AGTA vendors 
this year reported strong demand for these colors, not only 
in Montana sapphire but from other sources as well. When 
it comes to unheated material, only about 5% of the rough 
from Rock Creek is cut without treatment, and most of 
these are either fancy pinks, yellows, or lighter blues. In the 
past year Mr. Hapeman has seen a shift in demand to parti- 
colored and green sapphires, particularly deep bluish green. 


Jennifer Stone-Sundberg, Tao Hsu, and Robert Weldon 


New blue sapphire from Rakwana, Sri Lanka. The town of 
Rakwana, in southern Sri Lanka, has been known for 
decades as a premier source of royal blue sapphires. Often, 
a simple mention that a gemstone is from Rakwana will 
immediately explain the price and quality. In August 2019 


Figure 30. The 17.65 ct “Lucky Sapphire” rough crys- 
tal and 3.92 ct oval cut using the custom “Helena 
design, both from Rock Creek, Montana. Photo by 
Robert Weldon/GIA; courtesy of Jeffrey Hapeman. 


” 
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a small pocket yielding numerous large sapphire crystals 
was discovered in the nearby Sinharaja Forest area of the 
Ratnapura District, Sabaragamuwa Province. What was 
unique about this find was the quality and size of the lus- 
trous crystals. The 49.99 ct rough crystal in figure 31, 
measuring 5.8 cm in length and 1.6 cm at its widest point, 
was one of about 60 found in August 2019. It was also the 
largest complete crystal found. The beautiful 33.16 ct gem 
beside it was cut from a 207 ct piece of rough, the end of a 
large portion of a crystal. This crystal and cut gem rival the 
famous ones from Kataragama found four years ago. 
Jennifer Stone-Sundberg, Tao Hsu, and Robert Weldon 
Dudley Blauwet 
Dudley Blauwet Gems 
Louisville, Colorado 
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Figure 31. A 49.99 ct 
rough sapphire crystal 
(5.8 cm in length) and 
a 83.16 ct cut stone 
with exceptional color 
from the 2019 Rak- 
wana find. Photo by 
Robert Weldon/GIA. 


Trapiche gems. Jeffery Bergman is known in the trade as a 
collector of trapiche gems. These gems, characterized by 
their six-rayed patterns, are elusive and seldom found in 
high quality. Mr. Bergman believes people are attracted to 
the symmetrical pattern, which reflects a natural order in 
the chaotic world we live in. According to Bergman, trapiche 
gems are too rare to support a business, so he has also traded 
many other gemstones during his 50-year career. 


As with most gemologists, the first trapiche gems he 
saw were Colombian emeralds. But it wasn’t until 10 years 
after this initial encounter at the Tucson gem show that 
he purchased his first trapiche gemstone: a thick Colom- 
bian emerald weighing about 20 ct. Mr. Bergman sliced it 
in two, increasing the value after it became a matched pair 
of acceptable thickness. 
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e The opened sarcophagus, Temple of Inscriptions, Palenque, with skeleton 
still in its original place, covered with jewels. Second illustration shows the 
plastron of tubular beads assembled into its original form. 
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Figure 32. A pair of trapiche emerald slices from 
Colombia, 10.92 carats total. Photo by Kevin Schu- 
macher; courtesy of Mayer # Watt. 


He saw his first non-emerald trapiche gems at the Mae 
Sot gem market on the Thai-Burmese border in the early 
2000s. Mr. Bergman was handed three Burmese trapiche sap- 
phires from Mogok, something he never knew existed. Other 
collectors were equally surprised and paid high amounts for 
these stones, encouraging Mr. Bergman to expand his collec- 
tion. During those days, many fine Burmese trapiche rubies 
came out of Mong Hsu while Mogok provided the trapiche 
sapphires. 

Trapiche rough is extremely difficult to judge since the 
patterns often do not extend throughout the entire stone. 
In most cases, the most desirable pattern can only be found 
in the middle of the crystal length. 

Trapiche and non-trapiche emerald evaluation are very 
similar, as the most important characteristics are always 
the color and transparency of the emerald itself (figure 32). 
The symmetry and shape of the pattern are only of second- 
ary importance, followed by size and potential treatments. 
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Trapiche emeralds from Colombia are well known, with 
the Muzo mine producing the majority. The patterns can 
exhibit many variations, from perfect six-ray symmetry 
with high clarity to cloudy stones with broken or incom- 
plete rays. Trapiche-like emeralds have recently been found 
in Swat, Pakistan, but they show a very different appear- 
ance and formation (Fall 2019 GNI, pp. 441-442). Beryls 
such as aquamarine and bixbite (red beryl) are known to ex- 
hibit trapiche or trapiche-like characteristics but they are 
even rarer than emeralds. 

Trapiche corundum gems are mostly known from 
Myanmar. Trapiche ruby from Mong Hsu is often small. 
In his 20 years of trapiche experience, Mr. Bergman has 
only encountered two gem trapiche rubies from Mong Hsu 
that were over 1 carat. The material is fairly dark, which 
means it must be sliced thin to appreciate any color, thus 
reducing the weight of the stone drastically. Heat treat- 
ment rarely improves the appearance; it alters the trapiche 
pattern, making it chalkier and less pronounced. 

The Tajik ruby mines have also produced trapiche ru- 
bies, as well as the mines in Nepal. Batakundi (Pakistan) 
and Orissa (India) are other sources of ruby with six-rayed 
patterns (Spring 2019 Gw#G Micro-World, p. 114). 

Trapiche sapphires from Mogok (figure 33) are often 
dominated by gray tones or very saturated blues bordering 
black colors. Only the finest stones show a snow-white 
bodycolor with vivid blue arms. To date, these are the only 
true trapiche sapphires. Trapiche-like sapphires are much 
more common from basalt-related sources such as southern 
Vietnam, Australia, and even lesser-known areas such as 
Scotland. 

Quartzes, including amethyst and smoky quartz, can 
exhibit trapiche patterns. A pocket of Zambian tourma- 
lines and some extremely rare garnets also show a six- 
rayed pattern. 

In Mr. Bergman’s opinion, trapiche only applies when 
the symmetry is sixfold. This excludes more common ma- 
terials with similar growth patterns like chiastolite. As- 
teriated diamonds, most often found in Zimbabwe, 


Figure 33. Trapiche sap- 
phire from Mogok, 
Myanmar. This stone 
shows a regular pattern 
of snow white and blue 
zones. Photos by Kevin 
Schumacher. 
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Figure 34. These miniature opal carvings are favored by designers. They are hand-carved in Bali from different 
varieties of Australian opal. Photos by Tao Hsu and Jennifer Stone-Sundberg. 


resemble trapiche when viewed in certain angles, but in 
reality they contain clouds extending in three dimensions 
at 90° angles. 

In the last decades, knowledge and appreciation of these 
unique stones has spread and they are now actively sought 
after by collectors, bespoke designers, and gem enthusiasts. 
This increased demand and availability has driven gemol- 
ogists to take a deeper look at these gems and their forma- 
tion, but there remains much to be discovered. 


Wim Vertriest 


CUTS AND CUTTING 


Carvings from Bali. Picturesque beaches and lush green 
jungles are not the only attractions that make Bali the most 
popular tourist destination in Indonesia. The local carving 
tradition, derived mostly from woodcarving, adds a layer 
of artistry and craftsmanship to this tropical paradise. Now 
many carvers there are also involved in different types of 
gem materials. 

At the GJX show, the author found some authentic and 
attractive Balinese carvings of Australian opal, mammoth 
tusk, and bovine bone. Mr. Terry Coldham from Intogems 
brought opal carvings of pendant sizes, which are highly de- 
sired by jewelry designers (figure 34). Mr. Coldham utilizes 
rough from different Australian mining areas, primarily 
black and white opal, but some crystal opal as well. The 
carvings feature natural themes such as plants, flowers, and 
animals, as well as profiles of faces from different cultures. 
The carving style includes both relief panel and three-di- 
mensional sculpture. Some pieces show color blocks being 
skillfully arranged, a technique commonly used by the Chi- 
nese in jade carving. The quality of the rough dictates the 
price, ranging from hundreds to thousands of dollars for 
each finished piece. According to Mr. Coldham, opal carv- 
ings have sold well over the past several years. He enjoys 
working with the Balinese carvers and added that after a 
couple of years of collaboration, the products have im- 
proved to better fit the international market. 
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Another exhibitor that caught the author’s eye is Susan 
Tereba. Ms. Tereba moved to Bali over 30 years ago and 
still lives there today. She brought to the show amazing 
hand-carved mammoth tusk and bovine bone. Ms. Tereba 
appreciates the remarkable talent of the Balinese carvers, 
who are fast learners and can easily grasp themes that are 
not indigenous. These exquisite carvings also show a wide 
variety of motifs, with animals and goddesses the most 
popular and some pieces are gem studded (figure 35). The 
bovine bone carvings are dyed, and according to Ms. Tereba 


Figure 35. Balinese carved mammoth tusk of a garden 
goddess. Photo by Tao Hsu. 
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the color is very durable and resistant to wear (figure 36). 
Jewelry designers and hobbyists are her main clients. 

To watch videos of Terry Coldham and Susan Tereba 
displaying Balinese carvings, go to https://www.gia.edu/ 
gems-gemology/spring-2020-gemnews-carvings-bali. 

Tao Hsu 


Gem carvings, fantasy cuts, and master recutting. This 
year at the AGTA show, the number of booths selling 
skillfully carved, fantasy cut, or expertly recut items was 
noticeably higher than in past years. These forms of work- 
ing rough or previously cut material are a way to add sig- 
nificant value and desirability to material that might 
otherwise be cut into standard shapes or with the intent 
to maximize weight at the expense of beauty. 
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Figure 36. Bovine bone 
carvings are usually 
dyed to show vivid col- 
ors. The color is stable 
over many years. Photo 
by Tao Hsu. 


Nick Alexander (figure 37, left) of Alexanders Jewelers 
in Gilbert, Arizona, was exhibiting his work for the first 
time at the AGTA show. This year, Mr. Alexander won 
second place in the carving category of the AGTA Cutting 
Edge Awards with his 42.05 ct Oregon sunstone piece at 
the impressive age of 17. A favorite material of his is elec- 
tric blue gem silica from the Ray mine in Arizona (see fig- 
ure 2, p. 157). Mr. Alexander is also skilled at fantasy 
cutting with materials such as amethyst (figure 37, right) 
and beryl. 

One of the carvers who has inspired Mr. Alexander, 
Glenn Lehrer of Larkspur, California (figure 38, right), was 
also at the AGTA show. Mr. Lehrer shared with us one of 
his newest works, an exquisite lotus flower carved out of 
a top-quality rose quartz from Madagascar (figure 38, left). 


Figure 37. Left: Nick 
Alexander exhibits a 
selection of his work. 
Photo by Jennifer 
Stone-Sundberg. Right: 
A 64 ct fantasy cut 
amethyst from Bahia, 
Brazil. Photo by Kevin 
Schumacher; courtesy 
of Nick Alexander, 
Alexanders Jewelers. 
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This piece started as part of a museum collection project 
with designer Paula Crevoshay. It took two years to find 
the 3.8 kg rose quartz rough meeting his stringent de- 
mands: It had to be clean, clear, and with strong color. 
The finished carving measures 79.5 x 69.8 mm and 
weighs 322.72, ct. To complement the piece, the center 
features two sapphires from the Rock Creek area of Mon- 
tana: a 5.56 ct grayish blue “torus ring” carving and a 0.65 
ct padparadscha. 

Master gem cutter David Nassi from New York City 
(figure 39, left) showed us an impressive set of unheated nat- 
ural spinels and several other gems he had recut to maxi- 
mize color and light return. Of particular interest was a 
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Figure 38. A 322.72 ct 
Madagascar rose 
quartz lotus flower 
carving with grayish 
blue and padparadscha 
Montana sapphires in 
the center (5.56 and 
0.65 ct, respectively), 
shown by the artist, 
Glenn Lehrer. Left 
photo by Robert Wel- 
don/GIA, courtesy of 
Glenn Lehrer; right 
photo by Jennifer 
Stone-Sundberg. 


phenomenal gem, a natural color-change cat’s-eye alexan- 
drite (figure 39, right) that was polished to a double-sided 
cabochon to display the cat’s-eye effect on both sides of the 
stone. For videos of David Nassi displaying his work, go to 
https://www.gia.edu/gems-gemology/spring-2020- 
gemnews-carvings-fantasy-cuts-recutting. 


Jennifer Stone-Sundberg, Tao Hsu, and Robert Weldon 


JEWELRY DESIGN 


Fine-quality jadeite jewelry. At this year’s Pueblo Gem and 
Mineral Show, the authors met Frank Lau from Frank Lau 


Figure 39. Left: David 
Nassi of 100% Natural, 
Ltd. showing a collec- 
tion of unheated 
spinels he has recut, 
ranging in size from 
7.10 to 18.53 ct. Photo 
by Jennifer Stone-Sund- 
berg. Right: A 14.49 ct 
cat’s-eye alexandrite 
from Sri Lanka cut by 
Nassi, showing reddish 
brown to green color 
change. Photos by 
Emily Lane; courtesy of 
David Nassi. 
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Jewelry. What caught the authors’ attention was the collec- 
tion of fine-quality jadeite jewelry, which is predominantly 
found in the mainland China market but not in Tucson. 

Mr. Lau’s booth offered a wide variety of jadeite includ- 
ing green, colorless, lavender, and red ranging in quality 
from medium to fine (figure 40). The jadeites are polished 
and carved in Guangzhou, China, while the jewelry is 
manufactured either in China or Seattle, where the store 
is located. Clients of the jadeite jewelry include both Chi- 
nese and Americans, with many repeat customers. 

While all of the jadeites are natural, Mr. Lau informed 
the authors that the reddish brown pendant is heated (figure 
40). Reddish brown jadeite is extremely rare. This color is 
produced from a very thin layer of jadeite boulder (figure 41) 
leaving little material to make pieces of reasonable sizes. A 
good amount of reddish jadeite on the market is heated in 


Figure 41. A rough jadeite boulder shows a very thin 
layer of reddish brown skin. Red jadeite is even rarer 
than the green variety. This boulder was offered at 
the Myanmar Gem Emporium. Photo by Tao Hsu. 


Pieces : 4 

|| Weight(Ka) . 13.50 
Reserve Price _ 

(EURO) 20,000 
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Figure 40. A selection 
of jewelry offered at 
Frank Lau’s booth. 
Jadeite of fine quality 
is not commonly seen 
in Tucson. Photo by 
Tao Hsu. 


air to oxidize the Fe-containing minerals to make the stone 
look red. This treatment is extremely hard to identify. 

The colorless jadeite pieces, also called “ice jade,” are 
of very fine quality. This variety is popular with younger 
consumers. The exceptionally fine texture and relatively 
high transparency make it an alternative to the top-quality 
imperial green stones. When inclusions are present in the 
colorless jadeite, sellers describe them as “snowflakes” to 
attract buyers of different tastes (figure 42). 


Figure 42. This colorless jadeite pendant is of very 
high transparency. Many sellers describe the whitish 
inclusions as “snowflakes.” Photo by Tao Hsu. 
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Figure 43. A cordierite Viking “sunstone” set in silver 
with the “vegvisir” compass symbol. Note that Mr. 
Berger’s ring also features a cordierite cabochon set in 
silver. Photo by Jennifer Stone-Sundberg. 


Mr. Lau sources his rough materials from Myanmar, 
though the skyrocketing price of rough makes this busi- 
ness increasingly difficult. He looks forward to the avail- 
ability of more consumer-oriented jadeite education so 
Western consumers can better appreciate this gem. 


Tao Hsu and Jennifer Stone-Sundberg 


Nordic gems and jewelry. At the JOGS show, Arctic Jew- 
elry (Axvalla, Sweden) featured a variety of Nordic gemmy 
materials set mainly in silver using ancient, traditional, 
and contemporary Scandinavian designs. The pieces spoke 
to the mineral diversity, history, and artistry of the region. 

The Vikings made navigation stones from locally 
sourced transparent crystals of minerals such as cordierite, 
a biaxial magnesium iron aluminum silicate, to help cross 
the seas under cloudy weather. These Viking “sunstones” 
are backed up by science, as cordierite and other materials 
such as calcite and tourmaline can be used to identify the 
position of the sun through even thick clouds. These 
stones visibly split sunlight into two images that when ro- 
tated to make equally bright, show rings of polarized light 
around the sun’s position. Cordierite was found to be the 
most accurate navigation stone in simulated journeys from 
Bergen, Norway, to the Viking settlement of Hyarf in 
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Figure 44. Examples of contemporary Scandinavian 
designs in silver containing thulite. Photo by Jennifer 
Stone-Sundberg; courtesy of Atle Berger. 


Greenland (D. Sz4z and G. Horvath, “Success of sky-po- 
larimetric Viking navigation: revealing the chance Viking 
sailors could reach Greenland from Norway,” Royal Soci- 
ety Open Science, Vol. 5, 2018, No. 172187). An example 
of a silver pendant engraved with a vegvisir (a Nordic com- 
pass “wayfinder” symbol) and a cordierite center stone was 
shown to us by Atle Berger (figure 43). 

Thulite, a manganese-containing pink variety of zoisite 
with some white calcite mottling, is the national gemstone 
of Norway, the country in which it was discovered by An- 
ders Gustaf Ekeberg in 1820. The name comes from 
“Thule,” the ancient name for the mythical island (be- 
lieved to be modern-day Norway) that was considered the 
northernmost part of the world. At the Arctic Jewelry 
booth, contemporary Scandinavian designs in silver incor- 
porating this stone were featured in jewelry ranging from 
rings to bracelets and necklaces (figure 44). 

A bright and attractive blue material found at the booth 
is the slag byproduct of iron smelting in the Bergslagen re- 
gion of central Sweden during the Middle Ages. This ma- 
terial was reported on previously in GG (Winter 2006 
GNI, p. 279) and characterized in the GIA lab. At that time, 
EDXRF was the method used for chemical analysis, but 
today with LA-ICP-MS we were able to more exactly de- 
termine the composition of this material from some rough 
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Figure 45. Rough “Swedish Blue” slag byproduct. 
Photo by Kevin Schumacher; courtesy of Atle Berger. 


pieces given to us by Mr. Berger (figure 45). We identified 
it as a silica-rich glass with a composition of 56.35 wt.% 
SiO,, 24.70 wt.% CaO, 7.68 wt.% MgO, 5.05 wt.% AI,O,, 
2.23 wt.% FeO, 2.21 wt.% K,O, 0.85 wt.% MnO, 0.27 
wt.% Na,O, and 0.65 wt.% other elements (average of 10 
ICP spot analyses). This gave a calculated chemical for- 
mula of (Nag p19» M8) 187 Alo oi Koos; Mig Feo oe oth- 
€TSp o1a)0.964 Sb1.958 CApo6704 Which is generally consistent 
with what was reported in 2006. The oxide components 
are fairly normal for iron foundry slag, but the silica-rich 
nature is what gives this material its fine glassy aspect 
compared to those slags that are more CaO-rich. The 
slightly greenish blue color comes from Fe”* (FeO). 


Jennifer Stone-Sundberg and Ziyin Sun 


RESPONSIBLE PRACTICES 


Ethical Gem Fair. Tucson’s first Ethical Gem Fair, a plat- 
form for responsibly sourced gemstone suppliers to high- 
light their products and projects, was held February 3-6 at 
the Scottish Rite Cathedral. This was the first Ethical Gem 
Fair in the United States after being held in London and 
Edinburgh the last three years. 

The Tucson event was a collaboration between suppli- 
ers Nineteen48, Capricorn Gems, Perpetuum Jewels, Na- 
ture’s Geometry, Agere Treasures, Columbia Gem House, 
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and Anza Gems. They share a commitment to supply 
chain ethics, mine-to-market traceability, environmental 
and health and safety regulations, and supporting artisanal 
miners and communities. 

Monica Stephenson, founder and president of Seattle- 
based Anza Gems, said her travels to East Africa to pur- 
chase rough have shown her that miners need to be 
educated about the value they bring to the supply chain. 
Ten percent of Anza’s proceeds go to education at the min- 
ing communities. 

Anza Gems is a partner of Moyo Gemstones, a respon- 
sibly sourced gemstone program that was sparked by GIA’s 
artisanal mining education program. The pilot effort, a col- 
laboration between GIA, Pact, and the Tanzania Women 
Miners Association (TAWOMA), focused on women min- 
ers in Tanga, Tanzania. After initial training, they were 
more knowledgeable about the mined gemstones but 
lacked a platform to bring them to the market. Stephenson 
saw potential here, and together with Pact and TAWOMA 
she founded Moyo Gemstones. The program provides a 
marketplace for gemstone transactions, offers free occupa- 
tional health and safety training, and helps ensure that all 
miners are legally registered. 

Stephenson said that before the program these miners 
would get a few dollars for gems from a broker, with no 
visibility into their value in the supply chain. Moyo has 
changed this through education. “For the miner to under- 
stand what she has and the value of those gems, and also 
to be taking home more like 95% of the export price, and 
pay her broker, is a complete reversal of the roles,” 
Stephenson said. “This is truly a paradigm shift in this re- 
gion. For her to have the income and financial sort of inde- 
pendence is enormous.” 

Each gem can be traced back to the miner, Stephenson 
said, and it’s important to share that story with the con- 
sumer. “They need to know that what they’re buying not 
only makes a difference, and not only does it not cause 
harm, but it actually is beneficial.” 

Anza Gems’ offerings (figure 46) included sapphire, 
multiple colors of garnet, tourmaline, citrine, amethyst, 
zircon, and Mahenge spinel. 

Brian Cook, owner of Nature’s Geometry (Tucson), 
began selling crystals as a geology student almost 30 years 
ago. This took him to a remote area of Bahia, Brazil, where 
rutilated quartz is mined. He felt a strong connection to 
the place and made it his second home. Since then he has 
advocated for the development of resources more sustain- 
able than mining so the community can rely on them 
when mining ends. 

Cook told us about their project in Bahia to benefit the 
artisanal mining community. The first initiative will raise 
funds for dust masks for the miners, at least half of whom 
have no dust protection for underground mining. Second, he 
envisions a model of investment in regenerative agriculture 
to create food security, improve nutrition, and implement 
carbon sequestration. The area’s soil is so rich that it allows 
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for farming of crops such as cacao, coffee, acai, and many 
others. The third component will be teaching lapidary skills. 
Eighty percent of colored gemstones are mined by small- 
scale and artisanal miners, according to Cook. “This project 
could serve as a model for our industry at large,” he said. 
While he recognizes that every situation is different, food, 
water, and energy will always be the basic needs of every 
being, and guaranteeing them can uplift a community. 
Cook showed us several pieces of rutilated quartz from 
Bahia, including a sizable piece of rough (figure 47). Na- 


Figure 47. Rough rutilated quartz from Bahia, Brazil. 
Photo by Kevin Schumacher. 
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Figure 46. A selection 
of gemstones from 
Anza Gems. All of 
these stones were 
sourced in Tanzania, 
including the set of 
rough sapphires that 
was mined in Tanga 
province. Each stone 
can be traced back to 
the individual miner 
who unearthed the 
gem. Photo by Kevin 
Schumacher. 


ture’s Geometry has been cutting the material since 1989. 
Each piece is unique, which Cook said is something the 
younger generation likes. 

Cook said the response to the fair has been “phenome- 
nal.” He predicts it will grow in future years, with more 
vendors and a greater variety of stones. 

Ian Bone, manager of Capricorn Gems (Central Queens- 
land, Australia) said the Ethical Gem Fair was created to 
meet the needs of designers and customers who want a 
gemstone’s mine-to-market story. “There’s undoubtedly a 
generational shift happening,” he said. “Customers want 
to know that the pieces are brought to market in the most 
responsible manner possible. We see this as the cutting 
edge of jewelry design and in fact the future of the jewelry 
industry.” 

Bone said that because Australia’s mining industry al- 
ready has strong regulations for safety, the environment, 
energy, and land reclamation, it could serve as an example 
for other mining communities around the world. 

Bone, a Central Queensland native, has built his busi- 
ness around local gemstones: boulder opal, chrysoprase, zir- 
con, and sapphire. He is able to witness the entire process, 
from mining to cutting to consumer sales. He showed us a 
selection of chrysoprase from Marlborough, Central 
Queensland (figure 48). “Marlborough has some of the best 
chrysoprase in the world,” he said. “Chrysoprase is an un- 
usual gem because you can get a whole set of qualities of 
that stone, from dollars a pound up to dollars a carat.” 

Bone said Capricorn Gems is breaking down bound- 
aries between sourcing, production, and sales. They share 
their images, videos, and stories of mining with designers 
for use in their own marketing. One example is a booklet 
showcasing the works of designers around the world who 


Gems & GEMOLOGY SPRING 2020 


use stones from Capricorn Gems. “The client knows that 
their designer knows and trusts the gem supplier and 
knows where that material comes from,” he said. 

Hewan Zewdi, founder of Agere Treasures (Lynnwood, 
Washington), was born and raised in Ethiopia and moved 
to Seattle 14 years ago. There she earned her G.G. through 
GIA Distance Education. When Ethiopian opal (figure 49) 
was discovered in 2008-2009, people began calling from 
home to ask if she had a market for them. “That’s what I 
study—that’s what I want to do,” she told them. 


Figure 49. Ethiopian opal from Agere Treasures. Photo 
by Kevin Schumacher. 
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Figure 48. Capricorn 
Gems’ chrysoprase from 
Marlborough, Central 
Queensland. Photo by 
Kevin Schumacher. 


At the Denver Gem & Mineral Show, Zewdi’s first 
trade show, she saw Ethiopian opal dealers undervaluing 
their material and advised them to increase their prices. 
She also began buying stones from them to sell in her local 
market in Washington. Her commitment increased when 
emeralds were discovered in southern Ethiopia. Agere 
Treasures now offers opal, emerald, amazonite, yellow 
labradorite, garnet, zircon, tourmaline, and sapphire. 

Part of Zewdi’s profits go to a new project to train 
young women in basic gemology and jewelry design. She 
also donates books on rocks and gems to the Ethiopian 
Ministry of Mining, and she assists the organization in ob- 
taining gemstone identification at GIA so the stones can 
be priced accordingly by exporters in Ethiopia. 


“Here everybody has the same mission, the same vi- 
sion,” Zewdi said of the Ethical Gem Fair. “To give back 
and get the material traceably and responsibly, without 
hurting the environment or the artisanal miner, by creating 
a fair trade and a fair price.” 


Buyers at the Ethical Gem Fair were younger people and 
designers looking for a stone with a story. They want to 
know about the supply chain for almost every product they 
use, including jewelry. The show’s suppliers offer as much 
transparency as possible to their customers, often providing 
supporting information about the stones, such as images 
from the mines and cutting factories. Everyone involved in 
the show sees a growing demand for responsibly sourced 
gemstones. 


Articles on two other exhibitors, Perpetuum Jewels and 
Columbia Gem House, can be found in the Spring 2019 
GaGa. 


Wim Vertriest and Erin Hogarth 
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Figure 50. Split boules of bicolor synthetic sapphire 
grown by flame fusion. Photo by Jennifer Stone-Sund- 
berg; courtesy of RusGems. 


SYNTHETICS AND SIMULANTS 


Bicolor synthetic sapphire. At the JOGS show, a wide se- 
lection of synthetic gem materials was offered by the 
Bangkok office of RusGems, a synthetic crystal growth 
company out of Russia. Olga Tanskaia showed us their ex- 
tensive color range of synthetic sapphire, spinel, beryl, gar- 
net, and other lab-grown crystals produced using a variety 
of crystal growth methods. She noted that blue and red syn- 
thetic gems are always their best sellers. 

As we found with natural sapphire this year, bicolor 
synthetic sapphire, both rough and cut, was also available 
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and popular (figure 50). This material is grown by flame fu- 
sion, and the chromophore component of the powder com- 
position is altered during the growth process at the desired 
length. Many different color combinations were available, 
including some with the popular teal blue and purple hues 
(figure 51, left). The inspiration for applying this method 
of color zoning to these flame-fusion grown crystals came 
from historical work on synthetic ruby laser rods where 
colorless (or “undoped”) regions were desired for the ends 
of the rods (figure 52). A process to grow a single crystal 
having pure aluminum oxide for a certain length, then 
adding the desired level of chromium to the growth for the 
laser rod portion of the length, and then returning to pure 
aluminum oxide was developed to achieve this. 

We took the step-cut bicolor synthetic sapphire in figure 
51 back to the GIA lab to determine the trace element 
chemistry responsible for generating the teal and purple 
hues. Using laser ablation—inductively coupled plasma— 
mass spectrometry (LA-ICP-MS), we found that the teal end 
contained no Be, Mg, Ti, V, Mn, Fe, or Ni but did contain 
small amounts of Cr and Ga (approximately 4 ppma and 0.5 
ppma, respectively) and a substantial amount of Co (approx- 
imately 140 ppma). The purple end similarly contained no 
Be, Mg, V, Mn, Fe, or Ni but did contain small amounts of 
Ti (0.6 ppma) and Ga (0.4 ppma), with substantial amounts 
of Co (120 ppma), and Cr (470 ppma). Cobalt is giving this 
crystal the greenish blue component of its color, and 
chromium is modifying the hue to purple. We used UV-Vis 
spectroscopy to detect absorption peaks that could be used 
with the trace element chemistry to explain the two differ- 
ently colored regions. We identified chromium peaks at ap- 
proximately 400 and 560 nm responsible for the red color 
component in the purple half. We also identified an addi- 
tional peak in the purple half at around 640 nm, likely due 
to Co*. In the teal half, we did not find the Cr* peaks but 
did identify Co* peaks at 640 nm and at around 440 nm, and 
a peak around 600 nm due to Co” (K. Schmetzer and A. 
Peretti, “Characterization of a group of experimental Russ- 
ian hydrothermal synthetic sapphires,” Journal of Gemmol- 
ogy, Vol. 27, No. 1, 2000, pp. 1-7). 

In inspecting the inclusions at the boundary between 
the two differently colored portions, we discovered bright 


Figure 51. Left: Bicolor 
14.83 ct synthetic sapphire 
showing popular teal blue 
and purple colors. Photo by 
Kevin Schumacher; cour- 
tesy of RusGems. Right: 
Wisps of presumably 
CoAI,O, at the boundary of 
the teal and purple colors 
in the crystal. Photomicro- 
graph by Nathan Renfro; 
field of view 7.05 mm. 
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¢ Mask of mosaic jade with eyes of 
shell and iris of obsidian removed from 
Palenque crypt. 


At the time of interment, the personage wore 
on his face a mask made of a mosaic of jade, 
with eyes of shell and the iris of obsidian 
in the center of which a black painted dot 
marked the pupil. At each side of the head 
was found an enormous pearl 36 mm in 
length which we believe formed a part of 
the ear loops, like a counterweight which 
might be suspended back of the ear as is 
seen in various Palenquan bas-reliefs. 

Palenque was probably a Mayan city of 
the greatest cultural development. Its build- 
ings show that the builders possessed besides 
an empirical knowledge of the laws of me- 
chanics, am amazing ingeniousness to always 
find a solution to the technical problems 
which affected the realization of their bold 
projects, and yet with a very peculiar percep- 
tion of the aesthetic in which the majestic 
and the delicate are harmoniously blended. 
In sculpture and in the modeling of stucco, 
the Palenquans were surely the ones who 
attained in America the most perfect art, 
acknowledging reality and at the same time 
soberly styled, reflecting a delicate sensibil- 
ity and an absolute technical dominion. 

As for the jewels which we discovered in 
the tomb of the Temple of Inscriptions, we 
can state today that in their work with preci- 
ous stones the Palenquans were, likewise, 
great and refined artists. We have the im- 
pression that there did not exist for them 


anything impossible to accomplish in archi- 
tecture, sculpture and Japidary art, since 
their ingeniousness and artistic feeling per- 
mitted them to overcome any difficulty. This 
is evidenced by the complex shapes of the 
beads, produced from irregular fragments of 
jade whose original conformation was made 
use of to transform into flowers, full blown 
or partly open or closed, and in lengthened 
or spherical beads. Other evidences are the 
beads with lengthwise perforations through 
which the threads of the necklace passed 
transversely. Another is the perfect adapta- 
tion of fragments for mosaic, for which they 
used bits of broken jewels. A large bead had 
been scooped out and provided with two 
plaques for fastening it; ear hoops were 
made of various constituents, skilfully fitted 
to represent a whole flower. Finally, many 
pieces show tiny inlaid pegs to close old per- 
forations or splinters carefully fastened to 
repair a fracture. 

But, perhaps, the greatest proof of the 
inventiveness and skill of the Palenquan 
jewelers is shown in the great pearls which 
we have mentioned. At first sight they look 
like marvelous huge pearls whose orient has 
withstood the effects of 13 centuries, but in 
reality these pearls are magnificent falsifica- 
tions. Each pearl is composed of two hollow 
pieces of mother-of-pearl shell, exactly cut 
and polished, which were fitted in one case 
lengthwise and in the other transversely, held 
in place as one by a limestone paste which 
filled the supposed pearl. 

To judge the stage of progress of the 
Mayan civilization, tt is most important to 
learn that these pearls are not authentic, since 
had they been real the only virtue would 
have ,been that of the oyster—-and the lucky 
fisherman who would have found them. On 
seeing these gigantic false pearls, we under- 
stand better the social structure of the Palen- 
quan theocracy in which a great, all-powerful 
king demanded pearls of a size larger than 
Nature produced—or, at least, only rarely— 
but which the developing technique of the 
jeweler’s art was capable of inventing. 
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blue wisps of what we believe to be CoAI,O, (figure 51, 
right), a spinel-structure material referred to as “cobalt 
blue” that is used to impart a blue color to glass, ceramics, 
and plastics. 

The ability to generate just about any hue in sapphire, 
including color zoning, was readily apparent when looking 
through the offerings of RusGems. It was fascinating to see 
evidence of the direct influence of the high-tech laser indus- 
try on these synthetic gems. 


Jennifer Stone-Sundberg, Ziyin Sun, Nichole Ahline, 
and Nathan Renfro 


ANNOUNCEMENTS 


Third annual Gianmaria Buccellati Foundation Award 
winner. Yi-Hsuan Chiang, a graduate of GIA’s Jewelry De- 
sign program in Taiwan, received the third annual Gian- 
maria Buccellati Foundation Award for Excellence in 
Jewelry Design during the Tucson shows. More than 200 
students competed this year, and Chiang was one of 18 fi- 
nalists from seven GIA campuses. Her winning design, of 
a necklace depicting a butterfly that has fallen into a spi- 
der’s web, featured amethyst, diamond, moonstone, conch 
pearls, coral, black opal, and baroque pearl (figure 53). 

Chiang will travel to Italy to meet Rosa Maria Bres- 
ciani Buccellati, president of the foundation, and visit its 
collection. 

Larry French of the foundation said, “The designs that 
were selected as the 18 finalists and exhibited in Tucson 
beautifully illustrate the passion and dedication of those 


Figure 53. Yi-Hsuan Chiang’s amethyst, diamond, 


moonstone, conch pearl, coral, black opal, and baroque 


pearl necklace design won the third annual Gian- 
maria Buccellati Foundation Award. Chiang is a grad- 
uate of the Jewelry Design program at GIA in Taiwan. 
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Figure 52. Synthetic 
ruby rod grown by the 
flame-fusion technique 
showing chromium-free 
ends. Photo by Jennifer 
Stone-Sundberg; cour- 
tesy of RusGems. 


who created them. It is in honor of Gianmaria Buccellati’s 
name that we will welcome, as our guest, Ms. Chiang to 
Italy.” 
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The 2020 Gianmaria Buccellati Foundation Award for 
Excellence in Jewelry Design competition is underway and 
open to students in GIA’s Jewelry Design courses who 
meet the eligibility requirements. For more information, 
visit gia.edu/buccellati-foundation-award-jewelry-design. 


GIA Museum’s Tucson exhibit receives two awards. The 
GIA Museum received two awards for its exhibit at the 2020 
Tucson Gem and Mineral Show. “The Science Behind World- 
Class Diamonds” (figure 54) won Best Museum Exhibit from 
the Tucson Gem & Mineral Society and Best Institutional 
Educational Award from the Friends of Mineralogy. The ex- 
hibit demonstrated how famous diamonds such as the Hope 
and the Cullinan originated in extreme depths of the earth’s 
lower mantle. The showcase featured extraordinary diamond 
jewelry and diamond replicas. 

More than 30 cases were displayed by renowned muse- 
ums including the Smithsonian Institution, LA County 
Museum of Natural History, and the Royal Ontario Mu- 
seum. This is the second time GIA has won the award for 
Best Museum Exhibit, having won previously in 2016. 


Robert Weldon receives Bonanno Award. Longtime Gems 
e&) Gemology author and photographer Robert Weldon (fig- 
ure 55) has received the Accredited Gemologists Associa- 
tion’s 2020 Antonio C. Bonanno Award for Excellence in 
Gemology. The award was presented during AGA’s annual 
gala in Tucson on February 5. 

During his more than 30-year career, Weldon has con- 
tributed scores of publications, serving as colored gemstone 
editor at JCK and senior writer at Professional Jeweler. His 
photography has appeared on more than 30 GWG covers, 
and he has written numerous feature articles for the jour- 
nal. He coauthored, with Dona Dirlam, Splendour & Sci- 
ence of Pearls (2013). Since 2017, Weldon has been director 
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Figure 54. This exhibit 
highlighted GIA’s re- 
search into the origin of 
several of the most fa- 
mous diamonds. Photo 
by McKenzie Santimer. 


of GIA’s Richard T. Liddicoat Gemological Library and In- 
formation Center. In recent years he has also been closely 
involved in providing gemological training to independent 
African miners. 


Figure 55. G&G contributor Robert Weldon received 
the 2020 Bonanno Award for Excellence in Gemology. 
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REGULAR FEATURES 


COLORED STONES AND ORGANIC MATERIALS 


DNA barcoding and next-generation sequencing (NGS) of 
freshwater pearls. Research efforts on the deoxyribonucleic 
acid (DNA) species identification of biogenic materials, in 
particular pearls, have been the focus of some gemological 
laboratories, including GIA’s, for several years (J.B. Meyer 
et al., “DNA fingerprinting of pearls to determine their ori- 
gins,” PLOS ONE, Vol. 8, No. 10, 2013, e75606; K. 
Saruwatari et al., “DNA techniques applied to the identi- 
fication of Pinctada fucata pearls from Uwajima, Ehime 
Prefecture, Japan,” Spring 2018 G&G, pp. 40-50; K. Scar- 
ratt, CIBJO Special Pearl Report, 2019). Here we report on 
the findings of a study on the DNA analysis of cultured 
and natural freshwater pearls originating from both North 
America and China using the next-generation sequencing 
(NGS) technique, in collaboration with the Canadian Cen- 
tre for DNA Barcoding at the University of Guelph. 

A total of 22 freshwater pearl samples were subjected 
to DNA barcode analysis (figure 56). Nine American fresh- 
water natural pearls (sample numbers 1, 2, 8, 12, 13, 15, 
16, 17, and 18) and four American freshwater cultured 
pearls (sample numbers 3, 4, 9, and 10) from Gina Laten- 
dresse (American Pearl Company, Inc., Nashville, Ten- 
nessee), and nine Chinese freshwater cultured pearls 
(sample numbers 5, 6, 7, 11, 14, 19, 20, 21, and 22) from 
the GIA research collection were analyzed. The samples 
were either drilled with a hand drill using sterile tech- 
niques or crushed with a mortar and pestle using liquid 
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nitrogen to obtain powder for analysis. Previously pub- 
lished DNA extraction protocols for pearls were modified 
to include newly designed primers for polymerase chain 
reaction (PCR) amplification and NGS. Only high-quality 
reads assigned to correct Ion Xpress MID (molecular iden- 
tifier) tags were used in NGS data analysis. Negative PCR 
and negative extraction controls did not produce any valid 
sequencing data. Blast algorithms were utilized to match 
resulting operational taxonomic units to a reference li- 
brary database for mitochondrial cytochrome c oxidase 
subunit I; results were imaged using MEGAN software. 
DNA sequences recovered from the unknown pearl sam- 
ples were compared against the species sequence reference 
library in the Barcode of Life Data System, accessible at 
http://www.boldsystems.org, and compared against the 
National Center for Biotechnology Information database 
(https://www.ncbi.nlm.nih.gov). 

DNA fragments from eight of the twenty-two samples 
were successfully recovered and identified. DNA-based 
species identification was highly consistent with the re- 
ported origin of the pearls (table 1). Results on the analyses 
of the 14 remaining samples were not successful, and no 
valid yield was recovered. This can be attributed to many 
factors, including insufficient DNA content due to limited 
sample size, or the elimination of trace DNA during the 
various routine pearl treatments known to be applied. 
While challenges remain on the extraction of DNA frag- 
ments from pearls, the results indicate that this technique 
can provide positive matches on individual pearls and 
prove which mollusk species they originated from, thus 
aiding in the identification of some challenging pearls or 
confirming mollusk origins in cases where greater detail 
may justify the time and expense of such analyses. 


Figure 56. Twenty-two 
pearls of various kinds 
and species from vari- 
ous freshwater sources 
were used for the blind 
DNA study. Photo by 
Sood Oil (Judy) Chia. 
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TABLE 1. Successful DNA barcoding results of eight freshwater pearl samples, with their reported origins. 


Sample no. Reported origin DNA barcoding result 

3 American freshwater cultured pearl (Megalonaias nervosa—Washboard) Megalonaias nervosa 

4 American freshwater cultured pearl (Megalonaias nervosa—Washboard) Megalonaias nervosa 

8 American freshwater natural pearl (Potamilus alatus—Pink Heelsplitter) Potamilus alatus/purpuratus 
9 American freshwater cultured pearl (Megalonaias nervosa—Washboard) Megalonaias nervosa 

10 American freshwater cultured pearl (Megalonaias nervosa—Washboard) Megalonaias nervosa 

15 American freshwater natural pear! (unknown) Megalonaias nervosa 

19 Chinese freshwater cultured pearl (Hyriopsis species) Hyriopsis cumingii/schlegelii 
DY Chinese freshwater cultured pearl (Hyriopsis species) Hyriopsis cumingii/schlegelii 


This joint research was previously presented at the 7th 
International Barcode of Life Conference (Genome, Vol. 60, 
No. 11, pp. 1003-1004). GIA will continue to investigate 
this field of research, which is proving to be a highly valu- 
able supplementary technique in the gemological exami- 
nation of pearls. 


Chunhui Zhou 
GIA, New York 


Janet Topan and Evgeny V. Zakharov 
Canadian Centre for DNA Barcoding 
University of Guelph, Ontario, Canada 


Sunstone plagioclase feldspar from Ethiopia. Ethiopia, tra- 
ditionally known for opal, has become an important source 
for emerald and sapphire. After these significant discover- 
ies, anew type of Cu-bearing sunstone feldspar, first shown 
in 2015 to Tewodros Sintayehu (Orbit Ethiopia Plc.), was 
discovered in the Afar region (L. Kiefert et al., “Sunstone 
labradorite-bytownite from Ethiopia,” Journal of Gemmol- 
ogy, Vol. 36, No. 8, 2019, pp. 694-695). This material made 
its way to the jewelry market last year in Tucson. 

To fully characterize this new production, GIA obtained 
48 Ethiopian sunstones for scientific examination. Among 
them, 44 rough stones (figure 57, left) were borrowed from 


Stephen Challener (Angry Turtle Jewelry), who acquired 
them from an Ethiopian gem dealer in Tucson in February 
2019. Another four rough stones (figure 57, right) were pur- 
chased by author YK from Amde Zewdalem (Ethiopian Opal 
and Minerals) and Benyam Mengistu, who facilitates mining 
and exporting samples from Ethiopia, at the Tokyo Interna- 
tional Mineral Association show in June 2019. Prior to this 
discovery, the only verified occurrences of Cu-bearing 
feldspar were from Lake and Harney Counties in Oregon 
(e.g., the Dust Devil and Ponderosa mines). However, more 
than a decade ago there was a controversy about Cu-bearing 
feldspar on the market purportedly from Asia or Africa with 
an undetermined color origin, presumably Cu-diffused (G.R. 
Rossman, “The Chinese red feldspar controversy: Chronol- 
ogy of research through July 2009,” Spring 2011 GwG, pp. 
16-30; A. Abduriyim et al., “Research on gem feldspar from 
the Shigatse region of Tibet,” Summer 2011 GwG, pp. 
167-180). Gemological testing and advanced analytical 
methods helped distinguish this new Ethiopian material 
from the Oregon material and the controversial feldspar of 
questionable color origin mentioned above in order to en- 
sure GIA’s accurate reporting of the natural origin of Cu- 
bearing feldspar. 

Two polished rough Ethiopian samples gave RI readings 
of n, = 1.562 and n, = 1.571 and birefringence of 0.009. Optic 


Figure 57. Left: Forty-four Ethiopian rough sunstones exhibiting different colors and clarities. The largest stone 
weighs 54.41 ct. Right: Four Ethiopian rough sunstones ranging from 9.92 to 35.42 ct. All 48 rough stones were 
identified as labradorite by LA-ICP-MS, except for one spot as bytownite. Photos by Diego Sanchez (left) and 

Shunsuke Nagai (right). 
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Figure 58. Left: Clouds of copper platelets were observed in numerous Ethiopian sunstones. Field of view 3.13 mm. 
Center: Dense networks of reddish wispy dislocations were seen in some Ethiopian sunstones, along with a 
slightly greenish blue bodycolor. Field of view 2.72 mm. Right: Yellowish crystals of what are likely fayalite were 
seen in one Ethiopian feldspar. These inclusions have also been documented in Oregon sunstone. Field of view 


2.82 mm. Photomicrographs by Nathan Renfro. 


signs were biaxial positive. Hydrostatic SG measurements 
were 2.70 and 2.72. These RI and SG ranges overlapped with 
Oregon sunstone (RI—n, = 1.560-1.570, n, = 1.568-1.579; 
birefringence—0.006-0.012; SG—2..70-2.72) but were signif- 
icantly higher than other Cu-bearing feldspars with unde- 
termined natural or treated color origin (n, = 1.551-1.559, n, 


= 1.559-1.566; birefringence—0.004-0.010; SG—2.68-2.69). 
A total of 18 Ethiopian sunstones were tested under a desk- 
top UV lamp. Eleven showed very weak orange fluores- 
cence, while seven were inert under long-wave UV. All 
showed very weak red fluorescence under short-wave UV. 
Under magnification, many showed dense clouds of reflec- 


TABLE 1. Generalized trace element profiles of sunstone feldspar in parts per million weight (ppmw) and mol.% end members. 


Ponderosa mine: Natural Oregon sunstone 


Key trace element chemistry 


Mg Cu Ga 
Range 879-1110 3.78-179 12.0-14.0 
Average 1050 58.2 12.8 
Median 1060 27.1 12.7 


Mol.% end members? 


Sr Ab An Or 
437-485 28.1-32.4 67.3-71.6 0.27-0.37 
452 29.9 69.8 0.29 
450 29.8 69.9 0.29 


Dust Devil mine: Natural Oregon sunstone 


Key trace element chemistry 


Mg Cu Ga 
Range 810-1090 0.74-104 12.0-20.1 
Average 920 25.0 16.4 
Median 903 17.5 17.1 


Mol.% end members? 


Sr Ab An Or 
449-671 27.7-35.7 63.5-72.0 0.28-0.82 
580 32.2 67.2 0.62 
593 32.5 66.8 0.68 


Natural Ethiopian sunstone 


Key trace element chemistry 


Mg Cu Ga 
Range 261-686 0.51-115 16.5-25.3 
Average 421 15.5 19.4 
Median 411 7.54 19.2 


Mol.% end members? 


Sr Ab An Or 
283-781 29.7-39.4 60.1-69.9 0.37-1.42 
367 34.2 65.3 0.59 
328 34.4 65.0 0.49 


Cu-bearing feldspar with undetermined color origin 


Key trace element chemistry 


Mg Cu Ga 
Range 315-492 405-653 16.3-18.8 
Average 423 499 17.6 
Median 420 481 V7.7 


Mol.% end members? 


Sr Ab An Or 
1120-1210 46.3-50.8 46.3-51.3 2.36-3.05 
1160 48.7 48.7 2.60 
1160 48.7 48.8 2.57 


aAbbreviations: Ab = albite, An = anorthite, Or = orthoclase 


Detection limits: 0.45-2.08 ppmw Na, 0.011-0.11 ppmw Mg, 0.26-0.59 ppmw K, 5.27-22.2 ppmw Ca, 0.014-0.050 ppmw Cu, 0.007-0.45 ppmw Ga, 


0.002-0.008 ppmw Sr 
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CHEMICAL COMPOSITION 
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Figure 59. Chemical comparison of Oregon and Ethiopian sunstone and Cu-bearing feldspar with undetermined 
color origin. Mg (A and C) is the key trace element that separates Ethiopian from Oregon sunstone. The unknown 
Cu-bearing feldspar has a much higher Cu and Sr concentration than other natural untreated sunstones (A, D, E, 
and F). For major elements, Ethiopian sunstone overlaps with Oregon sunstone, with a slight lower Ca concentra- 
tion (B and D). The unknown Cu-bearing feldspar contains more Na and less Ca than other natural untreated sun- 


stones (B, D, and F). 


tive copper platelets, much like those observed in material 
from Oregon (figure 58, left). Some stones also showed an 
interesting wispy network of reddish dislocation stringers 
with a greenish blue bodycolor in transmitted light (figure 
58, center). Another example revealed several yellow crys- 
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tals of what appeared to be fayalite, an inclusion also ob- 
served in Oregon sunstone (figure 58, right). 

Laser ablation—inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) was used to measure the chemistry 
of all 48 Ethiopian sunstones, 26 Dust Devil sunstones, 19 
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Figure 60. Illustration of solid solution in the feldspars, modified after Deer et al. (Rock-Forming Minerals, Volume 
4: Framework Silicates, 1963). The nomenclature of the plagioclase series and the alkali feldspars is also shown. 
All 48 Ethiopian rough stones (yellow dots) were classified as labradorite except one bytownite. Forty-five Oregon 
sunstones (blue and green dots) were classified as labradorite-bytownite. Twenty Cu-bearing feldspars with unde- 
termined color origin (red dots) were classified as andesine-labradorite. Ethiopian sunstones are less calcic than 
Oregon sunstones. Variation of refractive indices n, and specific gravity with composition of feldspars were plotted 
in the ternary plot as pink and blue straight lines, respectively. Note: n, = gamma, the highest RI of a biaxial crys- 


tal, light vibrating parallel to the Z optical direction. 


Ponderosa sunstones, and 20 Cu-bearing feldspars with un- 
determined color origin. NIST 610 and USGS GSD-1G and 
GSE-1G glasses were used as external standards. Si was 
used as an internal standard. Ponderosa and Dust Devil sun- 
stones yielded an end member composition of Ab,, ,,An. », 
Or,,,, and Ab,, ,,An,, Or, 9, respectively (table 1). They 
are Classified as labradorite-bytownite using an albite- 
anorthite-orthoclase (Ab-An-Or) ternary diagram (figures 
59B and 60, blue and green dots). Ethiopian sunstones 


yielded an end member composition of Ab,, ,,Ang, 7) Ot 4 1 
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which is generally similar but less calcic than Oregon sun- 
stones (table 1). All analyses of Ethiopian material indicated 
classification as labradorite except one spot that gave by- 
townite (figure 59B and figure 60, yellow dots). The Cu-bear- 
ing feldspar with undetermined color origin yielded an end 
member composition of Ab,, ,,An,, .,Or,, (table 1). They 
were Classified as andesine-labradorite, distinct from the 
Oregon and Ethiopian material (figure 59B and figure 60, red 
dots). In addition to the differences with major elements Na, 
Ca, and K, the analyses revealed that the trace elements Mg, 
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Cu, Ga, and Sr were the four best discriminators providing 
clear separations among Oregon and Ethiopian sunstone and 
Cu-bearing feldspar with undetermined color origin. All 
Ethiopian sunstone had a lower Mg concentration (261-686 
ppmw, table 1) than Oregon sunstone (>810 ppmw, table 1) 
(figure 59A). The Cu-bearing feldspar with undetermined 
color origin had a higher Cu (>405 ppmw) and Sr (>1120 
ppmw) concentration than Oregon and Ethiopian sunstone 
(figure 59, A, D, E, and F). Interestingly, Ponderosa samples 
(figure 59, C and E) had a lower Ga concentration (<14.0 
ppmw) than the Ethiopian sunstone and Cu-bearing feldspar 
with undetermined color origin. A group of Dust Devil 
stones with higher Mg, Ga, and Sr concentrations were sep- 
arated from all other sources in figures 59A and 59C, further 
differentiating them from Ponderosa stones. 

Copper-bearing sunstones from different sources are vi- 
sually indistinguishable from one another. Gemological 
properties are usually sufficient to separate Ethiopian and 
Oregon sunstones from these Cu-bearing feldspars with un- 
determined color origin. However, accurate major and trace 
element chemical analysis obtained by methods such as LA- 
ICP-MS, XRF (Ga and Sr were first identified as reliable dis- 
criminators for separating Ethiopian from Oregon sunstones 
using XRF by author GRR before this work), or electron mi- 
croprobe is critical to separating Ethiopian, Oregon, and Cu- 
bearing feldspar with undetermined color origin. 


Ziyin Sun, Nathan D. Renfro, Aaron C. Palke, 
Heidi Breitzmann, Jonathan Muyal, Dylan Hand, 
Maxwell Hain, and Shane F. McClure 

GIA Carlsbad 


Yusuke Katsurada and Makoto Miura 
GIA, Tokyo 


George R. Rossman 
California Institute of Technology, Pasadena 


SYNTHETICS AND SIMULANTS 


Dyed chalcedony imitation of chrysocolla-in-chalcedony. 
Chrysocolla-in-chalcedony, also known as gem silica or blue 
chalcedony in Taiwan, is the most valuable chalcedony va- 
riety on the Taiwanese market. The beautiful greenish blue 
color is derived from micro-inclusions of chrysocolla, which 
can be identified by observation of a peak at 3619 cm in 
the Raman spectrum. This peak can be assigned to OH 
groups in chrysocolla. Therefore, the color origin for this ma- 
terial is fundamentally rooted in the presence of Cu” ions 
in the structure of the chrysocolla inclusions. In the past few 
years, a large number of dyed chalcedony imitations have 
appeared in Taiwan’s market. The blue color of chalcedony 
dyed by copper salts, and that of natural specimens contain- 
ing chrysocolla, is caused by Cu** ions. 

Recently, a parcel of loose chalcedonies was sent to the 
Taiwan Union Lab of Gem Research (TULAB) for identifi- 
cation. These stones were submitted as natural blue chal- 
cedony, but Raman spectroscopy later confirmed them as 
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Figure 61. The Raman spectrum of the loose chal- 
cedony compared to that of chrysocolla and blue 
chalcedony reveals a mineral composition of quartz 
(463 cnr) and moganite (501 cm) but a lack of 
chrysocolla inclusions (3619 cm). 


chalcedony without the characteristic peaks of chrysocolla 
(figure 61). 

With the owner's consent, we cut one cabochon and pol- 
ished the cross section displaying a blue mantle zoning from 
surface to center parallel to its profile (figure 62). The sample 
was analyzed with EDXRE, and concentration mapping on 
the cross section confirmed that copper was concentrated 
on the surface and decreased toward the interior, which is 
strong evidence for dyeing with copper salts (figure 63). 

Twenty pieces of chalcedony dyed with copper salts 
were further analyzed with EDXRF and compared to results 
from twenty pieces of natural blue chalcedony. EDXRF re- 


Figure 62. A blue mantle zoning on the cross section 
of the loose chalcedony is due to the bath of copper 
dye. Photo by Shu-Hong Lin. 
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Figure 63. The concentration mapping for copper on 
the cross section of dyed chalcedony, which shows 
higher copper concentration in the periphery and 
lower in the interior; the different colors on the right 
represent the degree of relative concentration for cop- 
per from high to low. 


sults indicated that the Si/Cu ratio of chalcedony dyed with 
copper salts was much higher than that of natural blue chal- 
cedony (400-600 and 4-50, respectively). The content of Cu 
was relatively low in dyed chalcedonies tested. 

There are many types of dye used for the color enhance- 
ment of chalcedony. Although a series of tests like those 
used above provide a comprehensive comparison between 
natural blue chalcedony and the dyed chalcedony analyzed 
in this research, it requires further verification whether 
these methods can be applied to other dyed chalcedonies. 


Shu-Hong Lin 

Institute of Earth Sciences, National Taiwan Ocean 
University, Keelung 

Taiwan Union Lab of Gem Research, Taipei 


Yu-Ho Li and Huei-Fen Chen 
Institute of Earth Sciences, National Taiwan Ocean 
University 


Jiann-Neng Fang 
National Taiwan Museum, Taipei 


Jadeite jade and serpentine doublet. The Lai Tai-An Gem 
Lab in Taipei recently received a carving presented as jadeite 
jade. The rectangular, uneven green piece, carved on one 
side but almost plain on the back and sides, weighed ap- 
proximately 171.01 ct and measured approximately 50.4 x 
39.9 x 7.4 mm (figure 64). Standard gemological testing re- 
vealed a spot RI of 1.66 on an area of the carved side, but 
surprisingly the smoother surfaces failed to yield clear read- 
ings. Microscopic observation revealed a coating in the 
areas where the failed RI attempts were made. 

Subsequent infrared analysis proved the carved side was 
jadeite jade owing to the relevant absorption valleys ob- 
served at 1167, 1077, 962, 853, 665, 587, 529, 476, and 433 
cm-'!. However, the four sides and base revealed valleys at 
1001, 646, 557, and 460 cnr", characteristic of serpentine de- 
spite the surface coating observed (figure 65). 
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Figure 64. This “jadeite jade” carving submitted for 
identification proved to be a jadeite jade and serpen- 
tine doublet. Photo by Lai Tai-An Gem Lab. 


The client granted us permission to remove the coating 
in order to analyze the item in more detail. After removal 
of the coating, the four sides and base showed a lighter sat- 
uration of green color separated by a visible horizontal line 
(figure 66, B and D). Before coating removal, the layering 
was not as obvious (figure 66, A and C). Magnification con- 
firmed that the object was composed of two different ma- 
terials. Standard gemological testing of the lighter colored 
material yielded RIs of 1.56, consistent with those expected 


Figure 65. FTIR analysis revealed absorption valleys 
at 1167, 1077, 962, 853, 665, 587, 529, 476, and 433 
cnr” in the jadeite jade portion (red spectrum) and 
valleys at 1001, 646, 557, and 460 cnr’ in the serpen- 
tine portion (green spectrum). 
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for serpentine and supported by the FTIR and Raman 
analyses. Jadeite jade and serpentine can have a very simi- 
lar appearance. The identification of this particular piece 
proved relatively straightforward, but if it were mounted 
in a closed-back setting with only the carved face visible, 
a costly identification error could easily result. 


Larry Tai-An Lai (service@laitaian.com.tw) 
Lai Tai-An Gem Laboratory 
Taipei, Taiwan 


MISCELLANEOUS 


Television documentary series: “Beautiful Gem Stories.” 
The unique allure of jewelry and the excitement of the 
global gem industry are captured in the Japanese documen- 


190 = Gem News INTERNATIONAL 


> 
a= 


Figure 66. Removal of 
the coating from the 
four sides and base ex- 
posed a clear boundary 
between the two mate- 
rials (B and D). Prior to 
the coating’s removal 
(A and C), there were 
no indications the item 
was a doublet. Photos 
by Lai Tai-An Gem Lab. 


tary series “Beautiful Gem Stories.” The program is broad- 
cast on BS-TBS channel, a subsidiary of Tokyo Broadcasting 
System, and hosted by longtime Gw#G contributor and ed- 
itorial board member Dr. Ahmadjan Abduriyim (Tokyo 
Gem Science, LLC and GSTV Gemological Laboratory). 
Hour-long episodes examine the growth of gemstones deep 
under the earth’s surface and the mining methods to re- 
cover them, as well as the characteristics, craftsmanship, 
and cultural significance that make them special. 

Since 2016, Dr. Abduriyim has filmed on location at im- 
portant gem deposits in Madagascar, Mozambique (figure 67), 
Tanzania, Namibia, Sri Lanka (figure 68), Myanmar, Thai- 
land, Vietnam, Brazil, Colombia, and other countries. He has 
also gone to natural and cultured pearl localities in Bahrain, 
the United Arab Emirates, Vietnam, and Japan, as well as 
global manufacturing centers, museums, and trade shows. 


Figure 67. Dr. Ahmad- 
jan Abduriyim hosts an 
episode of “Beautiful 
Gem Stories,” filmed 
on location at the 
Montepuez ruby mine 
in northern Mozam- 
bique. Photo by 
Tomoaki Miyake. 
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¢ Different jade constituents which made up the ear hoops 
found in crypt at Palenque (five eights actual size). 


e Ten finger rings of jade worn by personage unearthed at 
Palenque (actual size). 


After monthly episodes from 2016 to 2018, four new 
episodes are broadcast per year now. With more than one 
million regular viewers, “Beautiful Gem Stories” has been 
warmly received. 

“The financial crisis that hit the Japanese economy in 
2008 took a heavy toll on consumer interest in jewelry,” 
said Dr. Abduriyim. “But I am very grateful to contribute 
to restoring the jewelry industry in Japan and throughout 
the world with an enlightening look at gemstones.” 


ANNOUNCEMENTS 


Dutrowite: New mineral species of tourmaline. A newly 
discovered mineral species of the tourmaline group has 
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Figure 68. In this 
episode, Dr. Abduriyim 
reports from the 
Bogawatalawa sapphire 
deposit in Sri Lanka. 
Photo by Tomoaki 
Miyake. 


been named in honor of Dr. Barbara Dutrow (figure 69, 
left). Dutrowite (figure 69, right) was discovered in the 
Apuan Alps of Tuscany, Italy, and has been recognized by 
the International Mineralogical Association. The Aus- 
trian, Italian, and Swedish researchers who discovered the 
mineral named it in recognition of Dr. Dutrow’s teaching 
and research contributions, particularly on tourmaline and 
its formation. She is the Gerald Cire and Lena Grand 
Williams Alumni Professor in the Department of Geology 
and Geophysics at Louisiana State University in Baton 
Rouge. In 2007, she was a coauthor of the 23rd edition of 
Manual of Mineral Science, a standard reference textbook 
for the study of minerals. Since 2016, Dr. Dutrow has 
served on the GIA Board of Governors. 


Figure 69. Left: Profes- 
sor Barbara Dutrow has 
been honored with the 
naming of the new min- 
eral dutrowite. Photo 
by Kevin Schumacher. 
Right: Sample of 
dutrowite (brown) and 
dravite (blue) tourma- 
lines in meta-rhyolite 
from Italy. Courtesy of 
Cristian Biagioni. 
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G&G launches Facebook group. On February 5, 2020, 
Gems &) Gemology launched a Facebook group dedicated 
to gemology and research published in the journal. The 
group has attracted jewelry professionals, researchers, stu- 
dents, and those with a general interest in gemology who 
want to share and expand their knowledge. With several 
dozen posts (figure 70), the G#G Facebook group has be- 
come a dedicated forum for the discussion of inclusions, 
treatments, field gemology and gemstone mining, and 
identification of laboratory-grown or cultured gemstones, 
including identification challenge quizzes. Some of the 
most popular posts to date have featured stunning pho- 
tomicrographs of gersdorffite inclusions in quartz, dia- 
monds with octahedral stellate cloud inclusions, 
mysterious sapphires from the Andes Mountains in South 
America, and the use of Google Earth for research in field 
gemology. The enthusiastic base of more than 7,000 mem- 
bers hails from all parts of the globe. To join, visit 
www.facebook.com/groups/giagemsgemology. 


ERRATUM 


In the Winter 2019 article “Geographic Origin Determina- 
tion of Emerald,” the figure 9 caption gave the source of 
the faceted emerald as Zarajet, Afghanistan. The correct 
location is Zarakhil, Afghanistan. We thank Ahmad 
Khaled for this correction. 


Igor Bolotovski 
fe ® Rising Star February 27 


Gersdorffite inclusion in Quartz from Russia, Astafievskoe deposit 
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Figure 70. The G&G Facebook group is a new com- 
munity for all gem and jewelry enthusiasts. 
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EDITORIAL 

Yellow and Orange Diamonds, New Identification Techniques, and the 
Chronicles of Chivor 

Duncan Pay 


FEATURE ARTICLES 

Naturally Colored Yellow and Orange Gem Diamonds: The Nitrogen Factor 
Christopher M. Breeding, Sally Eaton-Magania, and James E. Shigley 

Presents the four major groups of defects responsible for the color in nearly all yellow and 
orange diamonds. 


Separation of Natural from Laboratory-Grown Diamond Using Time-Gated 
Luminescence Imaging 

Colin D. McGuinness, Amber M. Wassell, Peter M.P. Lanigan, and Stephen A. Lynch 
Researchers from De Beers Group Technology present a technique that expands on the 
surface luminescence used in the DiamondView instrument to provide additional imaging 
information and quickly distinguish colorless or near-colorless natural diamond from 
laboratory-grown diamond. 


History of the Chivor Emerald Mine, Part II (1924-1970): 

Between Insolvency and Viability 

Karl Schmetzer, Gérard Martayan, and Andrea R. Blake 

Chronicles developments at the Chivor emerald mine in Colombia between 1924 and 1970, 
based on archival records. 


Optical Whitening and Brightening of Pearls: A Fluorescence Spectroscopy Study 
Chunhui Zhou, Tsung-Han Tsai, Nicholas Sturman, Nanthaporn Nilpetploy, 

Areeya Manustrong, and Kwanreun Lawanwong 

Presents a study that suggests optically brightened pearls can be consistently separated from 
non-brightened pearls using fluorescence spectroscopy. 


Hydrogen and Oxygen Stable Isotope Ratios of Dolomite-Related Nephrite: 
Relevance for Its Geographic Origin and Geological Significance 

Kong Gao, Ting Fang, Taijin Lu, Yan Lan, Yong Zhang, Yuanyuan Wang, and Yayun Chang 
Examines the effectiveness of hydrogen and oxygen isotopes in discriminating dolomite- 
related nephrites from the four most important occurrences worldwide. 
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EDITORIAL 


Yellow and Orange Diamonds, New 
Identification Techniques, and the 
Chronicles of Chivor 


Welcome to the Summer Gems & Gemology! This issue is packed with informative contents, 
including the characteristics of yellow and orange diamonds, new gem identification techniques, 
and the colorful history of the Chivor emerald mine. 


In the world of fancy-color diamonds, yellow diamonds are by far the most common while those 
with an unmodified orange hue are among the very rarest (kudos to Robert Weldon for capturing 
them on the cover). Both yellow and P 

orange diamonds owe their color to In the world of) ‘fancy-¢ olor diamonds, 


nitrogen-related defects. In the lead yellow diamonds are by far the most 


article, a GIA team led by Christopher ; : , 
M. Breeding and Sally Eaton-Magafta (2727207 while those with an unmodified 


presents the last in their series orange hue are among the very rarest.” 
documenting the gemological and spectroscopic properties 
of fancy-color diamonds. 


Next, Colin McGuinness and colleagues present a luminescence imaging technique developed by De Beers Group 
Technology that can quickly and easily distinguish colorless and near-colorless natural diamond from laboratory-grown 
diamond. One marker can identify more than 99% of natural type Ia and type Ia diamond. A pair of newly developed 


instruments expand on the technology of the Diamond View instrument introduced by De Beers a quarter ofa century ago. 


In the third article, Karl Schmetzer and coauthors conclude a sweeping two-part series chronicling the Chivor emerald 
mine in Colombia. This article examines events from 1924 to 1970, when the mine was principally owned by an 
American firm. While the early era was marked by stock market speculation and scandal, there were also highly produc- 
tive periods at the fabled mine. 


Optical brightening agents for pearls, which are separate from bleaching and maeshori treatments, are the topic of the 
fourth article. A team of GIA researchers led by Chunhui Zhou provides a fluorescence spectroscopy technique for 
confidently separating optically brightened pearls from non-brightened pearls. 


In the final article, a team of researchers led by Kong Gao of NGTC in China provide a means of discriminating the 
geographic origin of dolomite-related nephrite from the four most important sources worldwide. This determination 
relies on hydrogen and oxygen stable isotope ratios. Isotope analysis is an emerging method in gemological research. 


As always, our regular columns offer an illuminating array of insights. Highlights of the Lab Notes section include an 
exceptional purple sapphire from Montana, a vivid blue hemimorphite cabochon resembling Paraiba tourmaline, and 
interesting observations on an irradiated blue diamond and a rough diamond crystal with irradiation staining. Micro- 
World reveals rare and breathtaking observations from the inner landscapes of gemstones, including what is believed to be 
the first reported inclusion of fluorophlogopite in spinel (or any other gem material). In Germ News International, you'll 
find a characterization of purplish pink diaspore reportedly from a new deposit in Afghanistan, a look at the cutting and 
identification of the world’s largest faceted kunzite, a study of petrified woods from the Russian Far East, and much more. 


Ona final note, the Ge>G Facebook group (www.facebook.com/groups/giagemsgemology) is now more than 10,000 
members strong. We thank you for your participation and your continued interest in the journal. 


Oot 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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ANB ARTICLES 


NATURALLY COLORED YELLOW AND 
ORANGE GEM DIAMONDS: 
THE NITROGEN FACTOR 


Christopher M. Breeding, Sally Eaton-Magafia, and James E. Shigley 


Natural yellow gem diamonds are the most common of the fancy-color diamonds, while orange diamonds are among 
the rarest when they have unmodified hues. Both categories owe their coloration to atomic-level lattice defects as- 
sociated with nitrogen impurities in the diamond structure. Four major groups of defects are responsible for the 
color in nearly all yellow and orange diamonds: cape defects (N3 and associated absorptions), isolated nitrogen de- 
fects, the 480 nm visible absorption band, and H3 defects. Nitrogen-bearing diamonds are thought to incorporate 
isolated nitrogen during growth by substitution for carbon, meaning that natural diamonds start out with yellow to 
orange color. However, only the very rare type Ib diamonds maintain that original color. With time at high tem- 
peratures deep in the earth, the nitrogen atoms in most diamonds aggregate, resulting in either near-colorless stones 
or yellow diamonds colored by cape defects. Yellow and orange diamonds can be grown in a laboratory or created 
by color treatments, so a thorough understanding of the defects responsible for color in the natural stones is critical 
for identification. Yellow diamonds serve as the best ambassador to the colored diamond world due to their abun- 
dance and may be the only colored diamond many people will ever see in a jewelry store. 


urated blue, green, and red colors are the rarest earth. Nitrogen is the most common impurity in nat- 
and generally the most highly valued. Over ural diamond due to the very similar atomic radii of 
the last decade, however, diamonds with pure hues nitrogen and carbon atoms (155 and 170 picometer 
in these colors have made up less than one-tenth of | Van der Waals radii, respectively) as well as the rel- 
one percent of all diamonds examined at GIA, mak- ative abundance of nitrogen in the growth environ- 
ing them virtually unattainable in the marketplace. 
In recent issues of Gems &) Gemology, we have doc- 
umented the gemological and spectroscopic proper- ° 
In Brief 
ties of the rarest of fancy-color diamonds ranging 
from pink-to-red, blue, and green to the more un- 


A mong fancy-color diamonds, those with sat- in the diamond lattice during growth deep in the 


Among natural-color diamonds, those with a yellow 


usual white and black. This article will address the hue are the most common. 

most common colored diamonds, those with yellow ¢ Diamonds with unmodified orange hues are among 
hues, while also examining their much rarer orange the rarest of colored diamonds. 

cousins (figure 1). This is the last of the fancy color ° Yellow and orange diamonds owe their color primarily 
groups in this series, and a brief summary of all the to nitrogen impurities. 

colored diamond groups is provided at the end of the © Identification of treatment in yellow and orange dia- 


article. monds requires careful evaluation of the defects re- 


Yellow and orange diamonds owe their color pri- sponsible for the color. 


marily to nitrogen impurities that are incorporated 


See end of article for About the Authors and Acknowledgments. ai If mee ey a aunean Wee cone cues " 
Gems & Gemo.ocy, Vol. 56, No. 2, pp. 194-219, will inevitably be incorporated. Nitrogen is the sixt 

http://dx.doi.org/10.5741/GEMS.56.2.194 most abundant element in the universe and accounts 
© 2020 Gemological Institute of America for more than 75% of the earth’s atmosphere (Bebout 


194 YELLOW AND ORANGE DIAMONDS: THE NITROGEN FACTOR Gems & GEMOLOGY SUMMER 2020 


Figure 1. Yellow is the most common of the fancy- 
color diamonds, and its close relative orange is 
among the rarest. Photos by GIA staff. 


et al., 2013). While the amount of nitrogen in the 
earth’s mantle is significantly lower than that, about 


98% of natural gem diamonds recovered (both color- 
less and fancy-color) are type Ia, meaning they con- 
tain FTIR-measurable concentrations of nitrogen 
impurities, thus proving that nitrogen is present in 
most diamond growth environments. 

Nitrogen can exist as single isolated atoms substi- 
tuting for carbon (i.e., C-centers, single substitutional 
nitrogen, or type Ib), aggregated groupings of atoms in 
pairs or fours (i.e., A-centers or type IaA, and B-centers 
or type IaB), or as more complex defects (e.g., N3, H2, 
H3, H4, and NV) (figure 2; see Collins, 1997, 1999, 
2001 and Breeding and Shigley, 2009 for more infor- 
mation). Some of these nitrogen defects cause dia- 
mond to absorb light in the visible range to cause 
color (C-centers, N3, H3, and NV) while others pro- 
duce no color at all in diamond but exhibit character- 
istic infrared absorptions (A- and B-centers). Simply 
having nitrogen present in the diamond lattice is not 
enough to produce a beautiful and rare fancy-color 
yellow or orange diamond. The nitrogen must exist 
in high enough concentrations and be configured in a 
way that selectively absorbs light toward the blue end 
of the visible spectrum substantially enough to pro- 


Figure 2. Atomic lattice defects cause different colors in diamond. Their configuration makes a significant differ- 


ence in the color. Photos by GIA staff. 
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A VISIBLE ABSORPTION SPECTRA 


700 


Figure 3. Yellow and or- 
ange diamonds are col- 
ored by four main 


700 mechanisms: cape de- 
fects, isolated nitrogen, 
the 480 nm band, and 
H38 defects. Photos by 


GIA staff. 
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duce yellow or orange color. However, the defects 
that are responsible for yellow and orange color are 
not always the same. Most natural yellow gem dia- 
monds are colored by either the N3 defect and its as- 
sociated absorptions (collectively termed “cape” 
diamonds by gemologists), or by C-centers (figure 3, 
A and B). Other color centers such as the 480 nm vis- 
ible absorption band, H3, and H-related defects occa- 
sionally contribute to the color components in yellow 
diamonds as well (figure 3, C and D). Fancy orange 
diamonds, however, are nearly always colored by the 
480 nm visible absorption band or by C-centers (figure 
3, C and B). Orange color is also created occasionally 
as a primary hue in diamonds colored by the H3 de- 
fect in combination with a 550 nm visible absorption 
band or by nitrogen-vacancy defects. 
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1 
700 


During the last decade, GIA has examined several 
hundred thousand naturally colored diamonds with 
yellow or orange hue components, more than two- 
thirds of which had pure, unmodified yellow hues. 
In stark contrast to yellow diamonds, which are by 
far the most common fancy color, less than one- 
tenth of a percent of the stones examined over the 
same period had pure, unmodified orange hues. To 
our knowledge, data from such a quantity of yellow 
and orange diamonds has never before been compiled 
in a publication. As with the previous articles in this 
series (Breeding et al., 2018; Eaton-Magafia et al., 
2018a, 2018b, 2019), our goal is to provide a detailed 
account of the gemological and spectroscopic char- 
acteristics of natural yellow and orange diamonds 
colored by different nitrogen-related defects. 
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A VISIBLE ABSORPTION SPECTRA 


Figure 4. Each particu- 
lar defect absorption 
determines the dia- 
mond color. A: If the 
absorption extends to 
~600 nm, an orange 
color is seen; otherwise, 
most nitrogen color 
centers produce yellow 
color. B: Different con- 
centrations of the same 
defect can generate yel- 
low or orange color. 
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For the spectroscopic and abundance evaluations, 
we used a random, representative sampling of 500 
diamonds, including both yellow and orange stones. 
For spectra collection details, please see table S-1 in 
Breeding et al. (2018). This article is not intended to 
be a comprehensive review of nitrogen in gem dia- 
mond. Instead, it is aimed at helping those in the dia- 
mond trade to better understand these beautiful, 
more common, fancy yellow-colored gems that are 
far more likely to cross their desks than many of the 
ultra-rare colored diamonds represented in the pre- 
vious articles in this series. 


CAUSE OF COLOR 


Yellow and orange diamonds are closely linked by 
their dependence on nitrogen-related defects to pro- 
duce their colors. In fact, the main difference between 
the two colors is a slight shift in the transmission win- 
dow in the visible spectrum. Both orange and yellow 
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bodycolors in diamond are produced by a combination 
of all transmitted visible light above a certain wave- 
length. Yellow color is seen when most of the ni- 
trogen-related absorptions occur primarily in the blue 
part of the visible spectrum at wavelengths less than 
~510 nm, whereas orange color is seen when the ab- 
sorptions extend to ~600 nm (figure 4A). Different de- 
fects absorb slightly different energy parts of the 
visible spectrum, meaning that the main defects re- 
sponsible for yellow color are somewhat different than 
those for orange color. Of course, the concentration of 
each defect can range from low to high, and thus the 
absorption band can shift in wavelength location (fig- 
ure 4B), and other defects due to plastic deformation 
may impact the color as well (Hainschwang et al., 
2013). This means that the color produced depends 
not only on the defects present but also their abun- 
dance. For example, low concentrations of nitrogen 
defects can produce pale yellow color, but higher con- 
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¢ “Pearl” probably from left ear hoop (length 32mm) ; upper right shows two 
pieces of shell fastened to create the “pearl,” and at the lower right, opened at 
center to expose the limestone filling which united the two pieces of shell. The 
“pearl” at lower left formed part of the right ear hoop (36 mm. long). 
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TABLE 1. Mechanisms of yellow and orange color in diamond. 


Cause of color Defect(s) responsible 


Most common colors 


Geological formation Key gemological observations 


N3, N2 (478 nm), 451 nm, 
463 nm 


Cape defects Yellow, brownish yellow 


Isolated nitrogen C-centers 


480 nm band 480 nm visible absorption band 


H3 defects H3, 550 nm absorption band Yellow, greenish yellow, 


brownish orange 


Yellow, orangy yellow, orange 


Yellowish orange, orange, yellow 


Aggregation of N over time in 
mantle 


Strong blue fluorescence; cape lines in 
spectroscope 


Incorporated at growth Oriented needle inclusions 


Unknown Platy inclusions; yellow or orange 


fluorescence 


Heating in mantle (H3); 
plastic deformation (550 nm) 


Localized or dispersed green fluorescence 
with focused lighting; brown graining 


centrations can increase the overall absorption and 
thus increase the amount of yellow color and occa- 
sionally shift the transmission window into the or- 
ange region (figure 4B). Here we discuss the color 
centers in order of abundance for fancy yellow dia- 
monds. The order of importance for orange diamonds 
is slightly different and noted in each section below. 
Table 1 provides a summary of each of the major 


groups. 


“Cape” Defects. The majority of fancy yellow dia- 
monds seen at GIA over the last decade (~74%) are 
colored primarily by a combination of absorptions 
from the N3 defect (three nitrogen atoms adjacent to 


a vacancy; ZPL [zero phonon line] = 415 nm) and its 
associated absorptions at 451, 463, and 478 nm (N2, 
defect; Davies, 1981) (figure 3A). These absorption 
features are associated with “cape” diamonds be- 
cause they can be seen as a pattern of sharp absorp- 
tion lines when the diamonds are viewed with a 
gemological spectroscope. The term “cape” was orig- 
inally used to refer to pale to deeply colored yellow 
stones derived from the former Cape Province in 
South Africa, which was well known for its yellow 
diamonds (Bruton, 1971; Liddicoat, 1993; King et al., 
2005). The term now refers to diamonds from any lo- 
cation with color saturations typically in the light 
yellow range that are colored by the N3-related ab- 


Figure 5. Each of the four groups of color mechanisms for yellow and orange diamonds shows a slightly different 


range in hues. Photos by GIA staff. 
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480 nm band 


H3 defects 


Increasing brown from plastic deformation 


Increasing orange 


H3 + 550 nm band 
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Large cape yellow diamond 


In simple terms: 


Melee-size isolated nitrogen yellow diamond 


Path length of light in 
diamond is very short, yet 
diamond has more color 


Path length of light in 
diamond is very long, yet 
diamond is pale yellow 


Absorbance = Path length of light x concentration of color-causing defect x molar absorption coefficient of the defect 


Figure 6. The color of a diamond is controlled by the light that is absorbed and transmitted. Absorbance is a product 
of the path length of light, the concentration of defects, and the absorption properties of the defects. C-centers are 
much more efficient absorbers than cape defects, and thus most small yellow diamonds are colored by C-centers. 


sorptions listed above (figure 5). We will collectively 
refer to these N3-related absorptions as cape defects 
in this article. The cape defects are also responsible 
for the slight amount of color in most diamonds in 
the D-to-Z range of the GIA color grading scale (some 
D-to-Z diamonds have brownish tints from plastic 
deformation instead of nitrogen impurities; King et 
al., 1994, 2005, 2008). Cape defects are largely as- 
sumed to be relatively weak light absorbers, meaning 
that it takes high concentrations of the defects (or 
longer path lengths of light travel, as with larger fac- 
eted diamonds) to produce a saturated yellow color 
(figure 6). For G-color and N-color diamonds of the 
same size and cut, for example, the N color will have 
significantly more cape defects. Similarly, a fancy 
yellow cape diamond of the same size and cut will 
have a higher concentration of the defects. Orange 
color is usually not produced by cape defects. 

In about 15% of the yellow diamonds colored by 
cape defects, we observed significant absorption con- 
tributions from hydrogen-related defects (see Breed- 
ing et al., 2018, for details on H-related defects). 
Often the yellow diamonds with substantial hy- 
drogen showed brown or green color components 
from the combination of absorptions from nitrogen 
and hydrogen-related impurities (figure 5). 


Isolated Nitrogen. Single isolated atoms of nitrogen 
substituting for carbon in the diamond lattice (figures 
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2 and 3B; C-centers) are the second most common 
cause of color in natural yellow diamonds, comprising 
just over 13% of the stones evaluated. C-centers are 
very strong absorbers, requiring concentrations of only 
a few parts per million (ppm) of isolated nitrogen 
atoms to produce strong yellow color (Collins, 1982, 
2001; Hainschwang et al., 2013) (figure 6). These dia- 
monds are often referred to as “true canaries” in the 
industry and are popular in the diamond trade (Liddi- 
coat, 1976; Collins, 1980; Wang and Poon, 2018). 
While the yellow diamonds analyzed for this study 
were primarily larger than melee sizes, it should be 
mentioned that nearly all melee-sized natural dia- 
monds (<0.20 ct) with Fancy yellow or more intense 
color grades are colored by C-centers due to their very 
strong light absorption. The short absorption path 
length in a melee stone requires that C-centers be 
present to produce yellow color, as cape defects are sig- 
nificantly weaker absorbers and cannot produce much 
yellow color over very short path lengths (again, see 
figure 6). C-centers are rare in natural diamond, as 
they are typically destroyed by combining with other 
C-centers to form pairs of nitrogen atoms (A-centers) 
during the normal nitrogen aggregation process that 
occurs over geologic time during residence deep in the 
earth (figure 2; Anderson, 1961; Davies, 1970). While 
C-centers produce strong yellow color in diamond, A- 
centers produce no color at all. Higher concentrations 
of C-centers can produce deeper yellow colors (though 
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Figure 7. When gently heated, diamonds colored by a 480 nm band will temporarily change color to a more orangy 


hue. Photos by Wuyi Wang. 


not always) and orangy components to the diamond 
hue as well (figure 5). C-centers, in conjunction with 
plastic deformation (Hainschwang et al., 2013), are the 
most common cause of primary orange color compo- 
nents in diamond. 


480 nm Visible Absorption Band. One of the more in- 
teresting mechanisms for producing yellow color in 
diamond is a broad absorption band centered at ~480 
nm in the visible spectrum (figure 3C). The makeup 
and structure of the 480 nm band is not well under- 
stood by scientists. Our observations indicate that it 
is almost always associated with both A-centers (ni- 
trogen pairs} and very low concentrations of C-centers. 
The defect has been attributed by some authors to 
substitutional oxygen atoms in the diamond lattice 
based primarily on modeling results (Gali et al., 2001, 
Shiryaev et al., 2010). Based on a decade of GIA data, 
the broad absorption is responsible for the color in 
~5% of yellow diamonds. Among diamonds with or- 
ange hue components, the 480 nm band is the second 
most common cause of color. However, for diamonds 
with pure (unmodified) orange hues, this feature is re- 
sponsible for the color in ~86% of these ultra-rare and 
highly valued stones. The absorption band at 480 nm 
also has thermochromic properties, meaning the 
colors are affected by temperature changes. When a 
diamond with this feature is heated to 400°-500°C, 
the absorption band typically broadens and creates a 
temporary color change to more orangy hues (figure 
7). This effect also contributes to the color change in 
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chameleon diamonds (Hainschwang et al., 2005; 
Breeding et al., 2018), which always exhibit the 480 
nm band (Scarratt, 1984; Fritsch et al., 2007b). 


H3 Defects. The H3 defect is the next most common 
cause of color in yellow diamonds. H3 is an un- 
charged defect consisting of two nitrogen atoms ad- 
jacent to a vacancy in the diamond lattice with a ZPL 
at 503.2 nm (Collins, 1982, 2001; Shigley and Breed- 
ing, 2013b, and references therein; figure 3D). H3 ab- 
sorption can, by itself, produce yellow color and does 
so in about 2% of our spectroscopic sample set (figure 
5). H3 also has a luminescence component that pro- 
duces green fluorescence to ultraviolet (UV) and vis- 
ible light (again, see figure 3). As discussed in 
Breeding et al. (2018), if the H3 concentration is high 
enough and the A-center concentration is relatively 
low (to avoid fluorescence quenching), H3 can pro- 
duce visibly green diamonds (Collins, 2001; Breeding 
et al., 2018). However, when A-center concentrations 
are higher, H3 will produce yellow or greenish yellow 
diamonds. 

H3 also frequently combines with plastic defor- 
mation-related defects such as the 550 nm absorption 
band (discussed in Eaton-Magania et al., 2018b, as the 
main cause of color in pink diamonds) to produce 
more orangy yellow to orange colors, as we see in ~4% 
of the samples surveyed (figures 3 and 5). In fact, this 
combination of absorptions due to H3 and the 550 nm 
band is the only other significantly occurring mecha- 
nism to produce diamonds with primary orange hues. 
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OCCURRENCE AND FORMATION 


Diamonds grow deep in the earth’s mantle, and by 
the time they are in a faceted form they generally 
have no remaining unique characteristics from the 
geographic region (i.e., country of origin) in which 
their kimberlites came to the earth’s surface. Non- 
etheless, certain mines or regions have produced 
many of the blue (Cullinan mine, South Africa), 
green (Brazil and Guyana), and pink to red diamonds 
(Argyle mine, Australia; Lomonosov mine, Russia; 
Smit and Shor, 2017; Breeding et al., 2018; Eaton- 
Magania et al., 2018a, 2018b). This correlation has 
more to do with the unique geological environment 
required to produce those colors. For example, most 
blue diamonds require a source of boron (uncommon 
in the earth’s mantle) and are thought to grow much 
deeper in the earth than most other diamonds (Smith 
et al., 2018). Pink to red diamonds require extensive 
plastic deformation, while green diamonds usually 
require extensive residence time in near-surface al- 
luvial settings with the presence of radioactive fluids. 


The prevalence of nitrogen in the earth, and dia- 
mond’s affinity for nitrogen, means that most areas 
of diamond formation have readily available nitrogen 
that will be incorporated during diamond growth. 
The main factor that controls whether nitrogen-bear- 
ing diamonds are yellow tends to be how long they 
reside at high temperatures deep in the earth (to 
allow nitrogen atoms to aggregate), which has little 
to do with geographic regions where kimberlites 
erupt (figure 8). Consequently, fancy-color natural 
yellow and orange diamonds are recovered in nearly 
all mining areas around the world. A few localities 
are well known for producing high-quality fancy- 
color yellow diamonds of different types. Type Ia 
cape diamonds were named for their occurrences in 
South Africa, and the Ellendale mine in Australia has 
been a very important source for these types of fancy 
yellow diamonds (Smit, 2008). Type Ib yellow dia- 
monds (containing C-centers) are relatively rare be- 
cause most diamonds stay at depth in the earth at 
high temperatures for prolonged periods of time, 


Figure 8. Some color centers are created during diamond growth in the mantle, while others are acquired after long 
residence times at high temperatures or during plastic deformation that might occur due to mantle flow or during 


initial stages of transport in kimberlite. 
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Figure 9. Famous orange diamonds include The Orange (top, 14.82 ct; courtesy of Christie’s) and the Pumpkin 

(bottom, 5.54 ct) photo by Shane F. McClure). Middle row, left to right: Well-known yellows include the Arctic 
Sun (30.54 ct; photo by Jae Liao), the Tiffany Yellow (128.54 ct; photo by Carlton Davis), and the Incomparable 
(407.78 ct; photo by Jae Liao). Composite image, photos not to scale. 


causing preexisting C-centers to aggregate to A- and 
B-centers. A few locations, however, such as the 
Ekati and Diavik mines in Canada and the Zimmi 
deposit in Sierra Leone, are well known for their un- 
usually large type Ib yellow diamonds (Shigley and 
Breeding, 2013a; Smit et al., 2016, 2018). 

Many very large and famous yellow and orange 
diamonds have been unearthed and sold for strong 
prices at auction (figure 9). One of the largest yellow 
diamonds is the 407.48 ct Fancy Deep brownish yel- 
low (and Internally Flawless) Incomparable diamond, 
discovered in the Congo. Other famous yellow dia- 
monds include the 128.54 ct Tiffany Yellow (South 
Africa), the 132.27 ct Florentine (India), the 127 ct 
Sun of Africa (South Africa), the 101.29 ct Allnatt 
(likely South Africa), the 30.54 ct Arctic Sun (Ca- 
nada), and the 4.25 ct Kahn Canary (Arkansas, 
United States) (Thompson, 2004; Manutchehr-Danai, 
2013; http://famousdiamonds.tripod.com). Orange 
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diamonds are considerably rarer than yellows, par- 
ticularly unmodified pure orange hues, but a few fa- 
mous ones exist. The largest is The Orange, a Fancy 
Vivid orange diamond of unknown origin weighing 
14.82 ct that sold at auction in 2013 for ~US$2.4 mil- 
lion per carat, a record price at the time (DeMarco, 
2013). Another well-known orange diamond is the 
Pumpkin, a 5.54 ct Fancy Vivid orange stone from 
the Central African Republic purchased the day be- 
fore Halloween in 1997 for US$1.3 million (Goldberg, 
2015). 


GEMOLOGICAL OBSERVATIONS 


Fancy yellow and orange diamonds have a few dis- 
tinctive features that can be seen under magnifica- 
tion with a gemological microscope (table 1 and 
figure 10). As there are different mechanisms for pro- 
ducing yellow and orange colors, the various groups 
have somewhat differing characteristics. 
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Cape Defects. Cape yellow diamonds tend to have 
even color distributions and often contain crystal in- 
clusions, much like colorless and near-colorless dia- 
monds. Generally, there is nothing unique about 
cape diamonds under magnification. Those with sig- 
nificant hydrogen-related defects will sometimes 
contain finely dispersed particle clouds (figure 10D) 
that may be zoned in a way that creates a cross-like 
appearance (Wang and Mayerson, 2002; Rondeau et 
al., 2004). The cape absorption features (415, 451, 
463, and 478 nm) can often be seen as dark lines in a 
handheld or desk-model spectroscope, and their flu- 
orescence tends to be remarkably consistent, with a 
moderate to strong blue or yellow reaction to long- 
wave UV (365 nm) and a weak to moderate yellow to 
orange reaction to short-wave UV (254 nm) light. 


Isolated Nitrogen. Type Ib yellow and orange dia- 
monds often show more distinctive gemological fea- 
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tures than the other groups. Under magnification, it 
is common to see somewhat dense clouds of particle 
inclusions or groupings of oriented needles in dia- 
monds colored by isolated nitrogen (figure 10, A and 
B). These clouds and needles are often in particular 
zones of yellow or orange color that indicate the dis- 
tribution of C-centers in a diamond. With the spec- 
troscope, only a strong general absorption in the blue 
end of the spectrum can usually be seen. These dia- 
monds also show rather consistent fluorescence re- 
actions. To both long-wave and short-wave UV, type 
Ib diamonds are typically inert. If they show any flu- 
orescence, it is usually weak orange, yellow, or green. 


480 nm Visible Absorption Band. Yellow and orange 
diamonds colored by the 480 nm band tend to be 
variable when viewed in the microscope. Quite often 
the color looks uniform in faceted stones, but there 
are subtle zones of yellow or orange intermixed with 


Figure 10. Some yellow 
and orange diamond 
groups show distinctive 
inclusions such as color- 
zoned particle clouds 
(A) and oriented needles 
(B) in type Ib diamonds, 
oriented platy inclu- 
sions in 480 nm band 
diamonds (C), and pat- 
terned clouds in cape 
diamonds with hy- 
drogen (D). Photomicro- 
graphs by GIA staff. 
Field of view 3.0 mm 
(A), 3.5 mm (B), 2.5 mm 
(C), and 5.0 mm (D). 


Gems & GEMOLOGY SuMMER 2020 203 


WEIGHT DISTRIBUTION IN YELLOW/ORANGE DIAMONDS 
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Figure 11. Most yellow and orange diamonds seen at GIA have weighed between one and two carats and been fac- 


eted into cushion or cut-cornered rectangle shapes. 


near-colorless diamond that only show well from flu- 
orescence differences. Diamonds in this group are 
commonly very included and sometimes show platy 
oriented groups of inclusions that are somewhat dis- 
tinctive (figure 10C). A broad absorption band from 
450 to 500 nm can often be seen as a dark patch in 
the spectroscope. The fluorescence from 480 nm 
band diamonds is very distinctive, with moderate to 
strong yellow or orangy yellow reactions to long- 
wave UV and weak to moderate yellow reactions to 
short-wave UV. These diamonds may phosphoresce 
a weak to moderate yellow after the short-wave UV 
lamp is turned off. 


H3 Defects. Yellow diamonds colored by the H3 de- 
fect can show a range of gemological properties. 
There are no characteristic inclusions, and color dis- 
tribution may be uniform or consist of yellow band- 
ing. Under fiber-optic illumination in the 
microscope, these bands (or random areas within the 
stone) may show green luminescence from the H3 
defect. With the spectroscope, a broad absorption 
from H3 can be seen at wavelengths < 500 nm and, if 
the stone is cooled with a spray refrigerant or in liq- 
uid nitrogen, the ZPL at 503.2 nm may be discernible 
with a spectroscope. The fluorescence reactions of 
H3-dominated diamonds tend to be green to both 
long-wave and short-wave UV. For orange diamonds 
colored by a combination of H3 and the 550 nm 
band, most of the features are the same. However, 
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brown grainlines caused by plastic deformation with 
localized green luminescence from H3 may occa- 
sionally be visible with the microscope. The green 
luminescence is not usually strong or widely distrib- 
uted enough to affect the bodycolor. 


LABORATORY SUBMISSIONS AND GRADING 


Of the yellow and orange diamonds submitted to 
GIA over nearly a decade, 40% were in the one- to 
two-carat size range (figure 11, left). The overall size 
distribution included 29% weighing less than one 
carat and 28% weighing from two to ten carats. 
About 3% of the stones exceeded 10 ct. Unlike D-to- 
Z diamonds, where round shapes are most common, 
the yellow and orange diamonds were most often cut 
into cushions (33 %) or cut-cornered rectangles (19%) 
(figure 11, right). Rounds (13%), pears (12%), and 
ovals (9%) were the next most common shapes. Clar- 
ity grades covered the entire grading range, and no 
discernible trends were noted. 

The color grade distribution was strongly skewed 
toward unmodified yellow hues (~79%), followed by 
greenish yellows with occasional gray or brown com- 
ponents (~9%), combinations of orange and yellow 
with occasional brown components (i.e., orange-yel- 
low, yellowish orange, brownish orangy yellow, etc.; 
~6%), brownish yellows (~5%}, brown-oranges (~1%}, 
and finally the extremely rare unmodified orange 
hues (0.05%). In addition, the color saturation was 
strongly skewed toward Fancy Light and greater, 
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with Fancy the most common. The reason for this 
skew is that yellow diamonds with unmodified hues 
in the Faint, Very Light, and Light ranges are classi- 
fied on the D-to-Z grading scale and are therefore not 
included in this dataset (King et al., 1994, 2008). 

As mentioned earlier, a random sampling of 500 
natural yellow and orange diamonds was examined 
to assess the causes of color (figure 12). From these 
data we see that cape defects (sometimes including 
hydrogen) accounted for almost three-quarters of the 
stones (73.6%; figure 12). Isolated nitrogen was the 
coloring agent in 13.2%, followed by H3 (sometimes 
including 550 nm plastic deformation band) at 6.2%, 
the 480 nm visible absorption band at 5%, and a few 
oddities making up the final 2%. While these data 
describe the various causes of color in the group as a 
whole, they are significantly skewed toward the 
much higher population of yellow diamonds. Inter- 
esting characteristics can be seen by comparing the 
causes of color in stones with yellow or orange as the 
primary color component (e.g., “brownish orangy 
yellow” would be primarily yellow, while “brownish 


yellowish orange” would be primarily orange and 
“orange” alone would be termed as an unmodified 
hue here) to the distribution of the unmodified yel- 
low and orange hues. Among the primarily yellow 
diamonds, ~81.5% were colored by cape defects 
(sometimes including hydrogen], ~10.5% by isolated 
nitrogen (or type Ib), 3.3% by the 480 nm band, and 
~3% by H3 (with or without the 550 nm band; figure 
12). Stones with unmodified yellow hues had a very 
similar distribution of defects, with ~84.5% capes, 
~11% isolated nitrogen, ~3% 480 nm band, ~0.5% 
H3, and a few oddities (figure 12). 

The 500-stone data set was largely composed of 
yellow diamonds, so in order to similarly evaluate 
the primary and unmodified orange diamonds, data 
from GIA’s nearly decade-long intake of orange dia- 
monds (both primary and unmodified, more than 
13,000 stones) were screened for color origin. Orange 
diamonds, however, show a marked difference be- 
tween those with primary and unmodified orange 
hues. The causes of color in orange diamonds with 
additional color components are nearly evenly dis- 


Figure 12. Cape defects are by far the most common cause of fancy yellow color in diamond, including unmodified 
yellow hues. Isolated nitrogen is the most common producer of orange hue components, though 480 nm bands 


dominate the unmodified oranges. 
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tributed between isolated nitrogen (~50%) and the 
480 nm visible absorption band (46%), with the re- 
mainder (4%} consisting mostly of stones with H3 
and plastic deformation and a few colored by NV 
centers (figure 12). Orange diamonds with pure, un- 
modified hues are extremely rare (< 200 seen at GIA 
in the last decade} and strikingly consistent in their 
cause of color, with ~86% from 480 nm bands, ~13% 
from isolated nitrogen, and less than 1% from other 
mechanisms (again, see figure 12). From these data, 
it is apparent that some unique aspect of the 480 nm 
visible absorption band contributes to a purer, un- 
modified orange hue. 


ABSORPTION SPECTROSCOPY 


Absorption spectroscopy is a powerful tool for ex- 
amining colored diamonds. This nondestructive 
method directly measures the major impurities in 
the diamond lattice (infrared absorption, measured 
at room temperature) as well as defects that are re- 
sponsible for color (visible absorption, measured at 
~77 K; ie., liquid nitrogen temperature). Each of the 
different causes of color in yellow and orange dia- 
monds has characteristic features that can be identi- 
fied using absorption spectroscopy. Here we present 
representative spectra from each of the groups to il- 
lustrate the differences. 


Infrared Absorption (FTIR). Natural fancy-color yel- 
low diamonds colored by cape defects have remark- 
ably consistent FTIR spectra, regardless of color. All 
of these diamonds are type Ia with extremely high 
concentrations of nitrogen impurities (often >1000 
ppma total nitrogen) that cannot be fully resolved by 
the detectors of FTIR instruments (i.e., the absorp- 
tion peaks exceed the vertical scale of the graph, fig- 
ure 13). Both A-centers (1282 cm-') and B-centers 
(1175 cm-) are present, but usually no C-centers 
(1130 and 1344 cm) can be detected, which is typi- 
cal of most type Ia diamonds. This is a product of the 
natural aggregation process where C-centers (isolated 
N) aggregate to A-centers (paired N) and finally to B- 
centers (four N and a vacancy) with enough time at 
high temperatures inside the earth (figure 2; Ander- 
son, 1961; Davies, 1970). Cape diamonds also have 
strong platelet peaks (variable position from ~1360 
to 1375 cm; Allen and Evans, 1981; Breeding and 
Shigley, 2009), as well as a series of three broad in- 
frared absorptions at ~1490, 152.5, and 1550 cm" that 
occur almost exclusively in diamonds with cape de- 
fects (figure 13A). In most fancy-color yellow cape 
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diamonds, two additional relatively broad FTIR ab- 
sorptions can usually be seen at 1430 and 1450 cm", 
these are always proportional to each other in inten- 
sity. The 1450 cm" feature has a peak position very 
similar to that of the Hla interstitial radiation-re- 
lated defect (Collins, 1982; Zaitsev, 2003), but in cape 
diamonds the feature is broader and unrelated to ra- 
diation exposure. For cape diamonds with hydrogen 
impurities, a peak at 3107 cm" (three nitrogen atoms 
adjacent to a vacancy with a hydrogen atom, Goss et 
al., 2014; figure 13A) and related modes at 1405 and 
4495 cm" are ubiquitous and generally vary in inten- 
sity with hydrogen content. 

Yellow and orange diamonds colored by isolated 
nitrogen always show the related features at 1344 
and ~1130 cm“, but otherwise the FTIR spectra are 
somewhat variable. These occur as type Ib diamonds 
dominated by C-center absorption, type IaA + Ib dia- 
monds with a combination of A-center and C-center 
absorptions (figure 13B), or diamonds dominated by 
A-aggregates with trace concentrations of C-centers. 
Because C-centers are such strong absorbers, it only 
takes a few ppm to produce strong yellow color. 
Consequently, the amount of isolated nitrogen is 
often quite low in both types (usually <100 ppma; 
concentrations calculated using a modified version 
of a deconvolution spreadsheet provided by Dr. 
David Fisher of DTC Research Center, Maidenhead, 
UK; Boyd et al., 1994, 1995). Very special geological 
conditions that are not completely understood are 
required for C-centers to be preserved at all in natu- 
ral diamonds. A-center concentration ranges from a 
few ppma to a few thousand ppma and may be 
higher or lower than the C-center concentration in 
different samples. Additional FTIR absorptions of 
unknown structure at 1353, 1358, 1363, and 1373 
cm! commonly occur in yellow and orange dia- 
monds with isolated nitrogen (figure 13B). Weak 
H1b (4935 cm) absorption also occurs in many type 
Ib diamonds. Hydrogen absorptions similar to those 
in cape diamonds sometimes occur, as well, along 
with a series of tiny peaks in the 3000-3500 cm=! 
range that are hydrogen-related and seem to cor- 
relate with a defect described as the Y-center (Hain- 
schwang et al., 2012). We have only observed these 
3000-3500 cm-! features in diamonds with isolated 
nitrogen. Finally, plastic deformation often occurs 
in yellow type Ib diamonds and is represented by 
“amber center” absorptions (usually occurring at 
4165, 4110, or 4065 cm", Massi et al., 2005), espe- 
cially in brownish yellow stones or those with an 
olive greenish hue. 
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Figure 13. Each group of color mechanisms for yellow and orange diamonds has a few distinctive IR absorption 


spectral features. Spectra are offset vertically for clarity. 


Yellow and orange diamonds colored by a 480 nm 
visible absorption band are nearly always type Ia and 
usually have low to moderate concentrations of A- 
centers, but sometimes they show very irregular and 
distorted one-phonon regions in the infrared spec- 
trum that are not well understood (figure 13C). In 
some samples, trace concentrations of C-centers can 
also be detected. Hydrogen impurities are variable, 
but when present, they occur with the same peaks 
mentioned above for isolated nitrogen yellows. 

Yellow diamonds colored by H3 defects are quite 
variable in their FTIR spectra. H3 absorbs and emits 
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light (luminesces) simultaneously. Diamonds colored 
by H3 are always type Ia with variable proportions of 
A- and B-centers (figure 13D). For greenish yellow 
stones, the total nitrogen, as well as the A-center 
concentration, is always relatively low to allow the 
H3 green luminescence to be seen along with the yel- 
low from absorption. In H3-dominated yellow dia- 
monds with high A-center concentrations 
(saturated), the green luminescence from H3 is com- 
pletely quenched (Collins, 1982, 2001), leaving only 
the yellow color from H3 absorption. Similar to cape 
diamonds, the platelet, 1430 cm™, and 1450 cm fea- 
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Ur. George Frederick Herbert Smith 
Noted Authority 


Dies in London 


by 


ROBERT WEBSTER 


It is with a great sense of loss that we re- 
port the death on Monday, April 20th, at 
the ripe age of 80, of Dr. George Frederick 
Herbert Smith, C.B.E., the doyen of English 
gemology. He was born on May 26, 1872, 
being the eldest son of the Rev. George 
Smith, successively Headmaster of Edgbas- 
ton Proprietary School, Birmingham, and of 
Doncaster School; who later became the 
Rector of Hormead, Hertfordshire. 

Dr. Herbert Smith was educated at Win- 
chester College, Hampshire, and at New 
College, Oxford, where he took a first class 
honors degree in mathematics and physics. 
It so chanced that after taking his degree at 
Oxford, the late Henry Miers resigned his 
appointment at the Mineral Department of 
the British Museum (Natural History) in 
order to take the Chair of Mineralogy at the 
University. Herbert Smith was offered the 
post at the Museum in place of Miers, and 
on the advice of his father accepted the posi- 
tion. Before taking up his appointment 
Herbert Smith visited Munich for some four 
months, where he studied crystallography 
under Professor P, Groth. 

In 1903 Herbert Smith married Rosalie 
May Agnes, the younger daughter of the late 
John Ellington. Her decease in 1936 un- 
doubtedly clouded the latter years of his 
life. 


During the early part of the century, in 
the course of his work in the museum, Her- 
bert Smith was often called upon to identify 
gemstones submitted by dealers and mem- 
bers of the public. He soon saw that the 
methods normally used by the mineralogist 
were far too painstaking and that quicker 
identification would be possible if the refrac- 
tive indices could be rapidly measured. In 
the museum there was an old Bertrand re- 
fractometer, a type of instrument which is 
hopelessly inaccurate. With his knowledge 
of optics, Herbert Smith soon realized why 
such a refractometer failed to function with 
any accuracy and designed a much more ef- 
ficient instrument. This was described in the 
Mineralogist Magazine for 1905. 

This gem-testing refractometer, a great ad- 
vance on anything produced earlier, had only 
a limited application for the scale was arbi- 
trary, and, further, no readings could be 
taken with stones having a greater refractive 
index than 1.76. In 1907 he designed an im- 
proved model with the scale calibrated in 
indices of refraction and reading to 1.79. 
This instrument is still in use today. 

In the realm of mineralogy, Herbert Smith 
was instrumental in designing the three- 
circle gonimeter which bears his name; and 
in collaboration with his colleagues on the 
staff of the Mineral Department, wrote many 
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tures as well as occasional H-related features are seen 
in all H3 diamonds. In contrast, brownish yellow and 
orange diamonds colored by the combination of H3 
and a 550 nm visible absorption band are extremely 
consistent as type IaA diamonds with moderate 
amounts of total nitrogen, a weak platelet peak, and 
the presence of amber centers (Massi et al., 2005; 
Eaton-Magania et al., 2018b) that mark the plastic de- 
formation related to the 550 nm band. 


Ultraviolet-Visible/Near-Infrared Absorption (UV- 
Vis-NIR). Much like their FTIR spectra, the UV-Vis- 
NIR spectra of natural yellow diamonds colored by 
cape defects are extremely consistent, with the N3 
ZPL (Collins, 1982, 2001; Zaitsev, 2003; Shigley and 
Breeding, 2013b) at 415 nm, a related broad absorp- 
tion band to shorter wavelengths, as well as the other 
N3-related cape absorption features at (listed in order 
of intensity) 478 (N2), 451, 463, 435, and 426 nm (fig- 
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ure 14A). The last three cape peaks listed only appear 
with increasing saturation of the yellow color. The 
observed yellow color comes primarily from the ab- 
sorptions from N2 and the 451 nm band, with only 
minor contribution from the N@ itself, but all the 
cape peaks are proportional in intensity to N3. If hy- 
drogen-related defects are present, two broad asym- 
metric bands centered at ~730 and ~836 nm often 
occur along with a smaller peak at 563 nm (figure 
14A), causing the color to have brownish or greenish 
components. 

UV-Vis-NIR absorption in yellow and orange dia- 
monds primarily colored by isolated nitrogen is quite 
different. A very strong absorption by C-centers occurs 
in the UV range at ~270 nm (Jones et al., 2009) (not 
shown). Even with a few ppm of C-centers, the absorp- 
tion is so strong that the absorption “tail” extends into 
the visible range, creating an absorption continuum to 
~510 nm in yellow hues and ~600 nm in orange-hued 
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type Ib diamonds (figure 14A). This gradually increas- 
ing absorption toward the UV is the only feature seen 
in the UV-Vis-NIR spectra of most of these diamonds. 

Yellow and orange diamonds colored by the 480 
nm band show the so-named broad absorption cen- 
tered at roughly 480 nm (figure 14A) along with 
another broad absorption at 370 nm and a much 
weaker band at 427 nm (not shown). Occasionally a 
weak N3 peak at 415 nm can also be seen. The in- 
tensity and, to some extent, the shape of the 480 nm 
band are variable and do not always correlate with 
the intensity of yellow or orange color. More no- 
tably, the 480 nm absorption extends only to ~550 
nm in nearly all of these stones, even in the orange 
fancy-color diamonds. Absorption color calculations 
indicate that the resulting color should be mostly 
yellow in all cases, strongly suggesting that the lu- 
minescence discussed in the next section accounts 
for part of the color in the orange stones (Titkov et 
al., 2015}. 

H3-dominated yellow diamonds produce rel- 
atively simple UV-Vis-NIR absorptions with the H3 
ZPL at 503.2 nm (Collins, 1982, 2001; Shigley and 
Breeding, 2013b) and its related absorption band to 
shorter wavelengths as their major feature (figure 
14B). When plastic deformation is also present, a 
broad 550 nm band and an underlying increase in 
overall absorption toward the UV caused by vacancy 
clusters accompany the H3 absorptions to extend the 
absorption edge to ~620 nm and produce brownish 
orange hues (figure 14B). Often, weak 535.8 nm and 
H2 (986 nm] absorption peaks are also seen in these 
diamonds. 


LUMINESCENCE SPECTROSCOPY 
AND IMAGING 


In addition to absorbing energy, many defects also 
emit light (or luminesce) when exposed to certain 
wavelengths of light. The two major forms of lumi- 
nescence used in gemology are referred to as photo- 
luminescence and fluorescence, typically depending 
on whether a laser or UV lamp is used for excitation 
and whether the collection occurs at liquid nitrogen 
or room temperature. 


Photoluminescence (PL). PL is a very sensitive, non- 
destructive analytical technique that involves expos- 
ing a diamond to light of known energy (i.e., with a 
wavelength in the UV, visible, or infrared range) and 
measuring any new light that is given off as a result 
of atomic-level interactions within the diamond. PL 
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analysis is usually performed with the sample at liq- 
uid nitrogen temperature (~77 K) and can detect dia- 
mond defects as low as a few parts per billion (ppb) 
(Eaton-Magana and Breeding, 2016). Each cause of 
color in yellow and orange diamonds shows a few 
distinctive features in the PL spectra. 

Natural yellow cape diamonds consistently ex- 
hibit a number of PL peaks including 415 (N3), 496 
(H4), 503.2 (H3), 508, 535, 604, 660, 700, 787, 911, 
933, and 952, nm. Besides the strong N3 at 415 nm 
that contributes to the cape absorption that causes 
the yellow color, the most prominent tend to be the 
700 and 787 nm features, which have been attributed 
to nickel, nitrogen, and likely hydrogen impurities 
(Fritsch et al., 2007a; figure 15A). In cape diamonds 
with abundant hydrogen, these two peaks tend to be 
very strong, and the NE8 Ni-N defect (Yelisseyev and 
Kanda, 2007) consistently appeared at 793 nm. 

For yellow and orange diamonds colored by iso- 
lated nitrogen, the following PL peaks are often de- 
tected: 503.2 (H3), 525, 565.8, 575 (NV), 578, 604, 637 
(NV-}, 689, 698, 805, 830, 904, 953, and 986 nm (H2). 
Of these, the most significant are the NV centers at 
575 and 637 nm (figure 15B) and the H2 defect at 986 
nm. The abundance of C-centers, which are electron 
donors, tends to provide extra electrons to adjacent de- 
fects to make them negatively charged (Collins, 1982, 
2001). In type Ib diamonds under 514 or 532, nm laser 
excitation, the 637 (NV-}/575 (NV°) ratio is almost al- 
ways >1, and the H2 defect (two nitrogen atoms adja- 
cent to a vacancy in a negative charge state) is 
ubiquitous due to the available electrons. 

PL spectra from 480 nm band stones are notice- 
ably different from those exhibited by the other 
groups. Between 550 and 700 nm, nearly a hundred 
small PL peaks are sometimes observed with 488 nm 
laser excitation. Overall, the following peaks are 
commonly seen: 589, 592, 616, 619, 678, 683, 693, 
709, 723, 799, 807, 817, 883/885, and 904 nm. Of 
these, the 799 and 883/885 nm doublet are most 
noteworthy. The 799 nm peak occurs in all 480 nm 
band diamonds evaluated, and the 883/885 nm dou- 
blet is the well-studied 1.4 eV Ni center (Yelisseyev 
and Kanda, 2007). More significant seems to be the 
broad luminescence band in the red end of the spec- 
trum, centered at ~670-700 nm, when a blue or green 
laser is used for excitation of some 480 nm band dia- 
monds (figure 15C; first described in Collins and Mo- 
hammed, 1982). This band _ signifies red 
luminescence to visible light (from laser excitation 
in this case) that likely plays a role in the color of 
some orange diamonds. As discussed in the UV-Vis- 
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NIR section earlier, 480 nm band absorption alone world’s most beautiful orange diamonds (Titkov et 
produces only yellow color. However, the combina- al., 2015). 

tion of that absorption and this red luminescence is Yellow diamonds colored by H3 and orange dia- 
likely the cause of orange color in the majority of the | monds colored by the combination of H3 and the 550 
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nm plastic deformation band both show relatively 
similar PL spectra, with emissions at 496 (H4), 503.2 
(H3), 535.8, 575 (NV°), 637 (NV), 657, 700, 741 (GR1), 
804, 812, 953, and 986 (H2). Apart from the very 
strong H3 PL peak (figure 15D), the only other no- 
table observation was that the 535.8 nm peak was 
often much larger in stones with the 550 nm visible 
absorption band (not shown). 


Deep-UV Fluorescence. Earlier in the gemological 
observations section, we discussed the fluorescence 
reactions of each group to standard short-wave and 
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Figure 16. Each group of 
color mechanisms for 
yellow and orange dia- 
monds displays differ- 
ent aspects of their 
fluorescence colors or 
patterns under deep-UV 
excitation. Diamond- 
View images by GIA 
staff. 


long-wave UV light. Here we further examine the 
deep-UV (<230 nm excitation) fluorescence reactions 
of the groups observed using a DiamondView instru- 
ment. Due to the extreme absorption of UV at these 
and shorter wavelengths by diamond, this high- 
energy excitation only stimulates fluorescence from 
the surface of a diamond, thus providing a highly re- 
solved image of fluorescence distribution within dif- 
ferent diamond growth events and sectors (Welbourn 
et al., 1996). 

Cape diamonds mostly show strong blue fluores- 
cence to deep UV (due to N3 defects), often with dis- 
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Figure 17. Orange and yellow diamonds can occur naturally, be grown in a laboratory, or result from the treatment 


of off-color natural diamonds. Photos by GIA staff. 


tinctive growth bands forming multiple rectangles 
within each other from octahedral growth (figure 
16A). Occasionally a thin, bright green band of fluo- 
rescence from localized H3 defects is observed follow- 
ing the growth pattern in some areas. Hydrogen 
content has little effect on the deep-UV fluorescence. 

Yellow and orange type Ib diamonds often have 
irregular deep-UV fluorescence patterns, seemingly 
suggesting more chaotic, possibly unstable growth 
environments recording periods of diamond growth 
and resorption. These images show variable patterns 
of green (H3), orange (NV°), or pink to red (NV) fluo- 
rescence or some combination of those (figure 16B). 
Oftentimes the red or green fluorescence follows 
lines of plastic deformation within the diamonds, 
suggesting that some of the fluorescence was created 
after diamond growth during deformation. Overall 
fluorescence in type Ib diamonds is relatively low in 
intensity to deep UV. 

Diamonds colored by the 480 nm band tend to be 
even more irregular. Deep-UV imaging shows dark 
blue (N38), light blue (unknown defect), greenish yel- 
low (correlated with the 480 nm band), and occa- 
sionally green (H3) fluorescence. Inert areas between 
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other fluorescence colors are common as well (figure 
16C). These textures suggest multiple stages of dia- 
mond growth under different conditions with differ- 
ent defects incorporated. Their irregular patterns are 
markedly similar to chameleon diamonds, which 
also exhibit the 480 nm band (Scarratt, 1984; Hain- 
schwang et al., 2005; Fritsch et al., 2007b), suggesting 
a genetic link. 

H3-dominated yellow diamonds show very strong 
green fluorescence (H3) that appears uniform or is 
isolated to lines of plastic deformation (figure 16D). 
Blue fluorescence (N3) is common as well, especially 
in stones with localized green fluorescence. Most of 
the orange diamonds with H3 and 550 nm bands 
show the green fluorescence associated with H3 very 
localized along the plastic deformation slip planes. 


IDENTIFICATION CONCERNS 


Identification of fancy-color diamonds involves deter- 
mining whether a stone grew in the earth or in a la- 
boratory, and whether the color we see is natural or 
has been artificially created by treatment. Yellow dia- 
monds (and those with orange hue components) can 
easily be created in a laboratory using the high-pres- 
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sure, high-temperature (HPHT) growth method (fig- 
ure 17). As mentioned above, nitrogen is extremely 
abundant in the atmosphere and thus readily avail- 
able in an HPHT growth chamber unless strict meas- 
ures are taken to remove it. Under normal conditions 
of growth, most HPHT lab-grown diamonds are yel- 
low to orange in color depending on how much ni- 
trogen gets incorporated as C-centers. These mostly 
type Ib diamonds show typical features related to 
their growth in a laboratory such as color zoning that 
follows cuboctahedral growth patterns, particle 
clouds, metallic flux inclusions, and a lack of birefrin- 
gence (direct measurement of lattice strain) under 
cross-polarized magnification (Eaton-Magana et al., 
2017, and references therein). Natural yellow and or- 
ange diamonds colored by C-centers have absorption 
spectra similar to those of their lab-grown counter- 
parts but can usually be separated by the presence of 
natural inclusions, uniform to irregular color zoning, 
wispy clouds, and a distinct strain pattern. On rare 
occasions, both HPHT lab-grown and natural yellow 
diamonds can be type Ia with traces of isolated ni- 
trogen, but the same separation criteria apply and lab- 
grown diamonds generally do not have cape defects 
in visible absorption. Chemical vapor deposition 
(CVD) methods can be used to grow yellow diamonds 
with isolated nitrogen, but it is rarely done and most 
of the products lack the color saturation of HPHT- 
grown samples (Kitawaki et al., 2015; Eaton-Magafia 
and Shigley, 2016). CVD-grown diamonds can occa- 
sionally have orange hue components if subjected to 
post-growth irradiation and annealing treatments to 
create relatively low concentrations of NV centers. 
Determining whether the yellow or orange color 
in an earth-grown gem diamond is natural or artifi- 
cially produced through treatment is a more challeng- 
ing endeavor. Cape-related defects, as a group, cannot 
be added or removed through any known commercial 
treatment, so their presence is generally a good indi- 
cator that the diamond naturally exhibited some yel- 
low color. However, it is relatively easy to create H3 
defects through artificial irradiation and annealing 
treatment that absorbs blue light to create yellow 
color (figure 17). This can be done on an off-color 
brown diamond to make it yellow or even on a pale 
yellow cape diamond to intensify the color. Natural 
radiation exposure and heating in the earth can have 
similar effects, making the separation even more dif- 
ficult. Extreme amounts of irradiation and annealing 
can turn most nitrogen-bearing diamonds to an orange 
to brown color, but this degree of treatment is easily 
spotted using absorption spectroscopy. Another form 
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of color enhancement that is harder to detect is HPHT 
treatment of type I diamonds. At pressures and tem- 
peratures higher than those in the earth where most 
diamonds grow, HPHT treatment can cause the crea- 
tion of H3 defects as well as the breakup of aggregated 
nitrogen into isolated nitrogen (Collins, 2001). Both 
H3 and these newly created C-centers will give a dia- 
mond a yellow color (again, see figure 17). If the start- 
ing material is a cape diamond, the addition of 
C-centers during treatment can produce an orange 
color. HPHT treatment may produce graphitized 
feathers or inclusions or frosted facets that are not 
properly repolished afterward. Irradiation and anneal- 
ing treatments may leave yellow or orange color zones 
near the culet. However, it is often impossible to ge- 
mologically identify these types of treatments, and all 
fancy-color diamonds should be sent to a laboratory 
for conclusive determination of color origin. 


UNUSUAL EXAMPLES 


Yellow diamonds are the most common of the fancy- 
color diamonds and are dominated by the groups of 
color-causing defects described here. As with anything 
in nature, though, there are a few examples of unusual 
yellow diamonds that do not perfectly fit the cate- 
gories. In our previous colored diamond articles, we 
have presented a few odd samples in this section. Here 
we will discuss two other ways to produce yellow 
color involving isolated nitrogen: type IaB yellow dia- 
monds colored by isolated nitrogen and growth-zoned 
yellow diamonds with type Ia cores and type Ib rims. 

For most natural diamonds, the aggregation path 
from C-centers to A-centers to B-centers is a one-way 
route that usually progresses to some point with a 
combination of A- and B-centers. The transformation 
from A- to B-centers is the point at which most N3 
defects are created in nature, and thus most cape dia- 
monds fall somewhere therein. We have already dis- 
cussed the unlikelihood of preserving C-centers in 
natural yellow diamonds, but not in the more ma- 
turely aggregated type IaB diamonds. Occasionally 
GIA receives a Fancy to Fancy Intense yellow dia- 
mond that is type IaB with extremely weak C-center 
absorption and no cape defects. These unusual stones 
are bothersome, as B-aggregates of nitrogen should 
not coexist naturally with C-centers. It is common to 
disaggregate some nitrogen aggregates during HPHT 
treatment (~2000°C, 6 GPa; Dobrinets et al., 2013) to 
form new C-centers, but these conditions do not 
seem feasible for natural diamond-forming environ- 
ments, and the presence of B-centers with C-centers 
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in an FTIR spectrum usually arouses suspicion that 
treatment is involved. However, there are a handful 
of naturally intense yellow diamonds that are highly 
aggregated (mostly type IaB}, but still have enough 
traces of C-centers to produce their saturated colors, 
perhaps indicating very rare, HPHT-like conditions in 
the earth. These diamonds usually have small 
feathers on their natural surfaces from movement in 
an alluvial environment and contain PL features in- 
dicating they are naturally colored, despite similar- 
ities with HPHT-treated yellow diamonds. 

Another unusual group of yellow fancy-color dia- 
monds seen at GIA and by Hainschwang et al. (2006) 
displayed FTIR spectra with A-, B-, and C-centers 
that normally do not exist naturally. However, the 
diamonds seen at GIA were sourced from the Ekati 
mine in Canada and were known to have never been 
treated (Lai et al., 2019). After breaking a couple of 
the melee-sized rough diamonds, we discovered they 
consisted of near-colorless cores and yellow rims 
from two different episodes of diamond growth (fig- 
ure 18). FTIR analysis is a bulk measurement tech- 
nique, meaning the spectrum recorded is an average 
of all of the path lengths within the diamond through 
which the infrared beam passes. Thus, a diamond 
like this will show both the A- and B-centers from 
the core along with the C-centers from the rim in the 
same spectrum. Occasionally at GIA, we see larger 
faceted yellow gem diamonds with only small 
amounts of yellow color concentrated near the sur- 
face (enough to achieve a Fancy color grade) and the 
remainder of the stone is colorless. We refer to these 
as “yellow-skin” diamonds, but their FTIR spectra 


Colorless core 
type la 
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are often more indicative of a treated-color diamond 
due to the mixed sampling. These diamonds repre- 
sent the larger version of the melee-sized Ekati 
stones that have had much of their yellow outer rim 
removed during faceting. With careful examination, 
gemologists can conclusively identify these dia- 
monds as natural, but they are definitely unusual. 


COMPARISON OF ALL FANCY-COLOR 
DIAMONDS 


This article completes the fancy-color portion of this 
series in Gems e&) Gemology. The final article will 
look principally at colorless diamonds and the rest of 
the D-to-Z scale. We wish to conclude this exploration 
of fancy-color natural diamonds by providing a brief 
summary and comparison of all five diamond color 
groups: green (Breeding et al., 2018), blue/gray/violet 
(Eaton-Magania et al., 2018a), pink/purple/red/brown 
(Eaton-Magana et al., 2018b), white/black (Eaton- 
Magania et al., 2019) and yellow/orange (this article). 
Table 2 lists the major causes of color in descending 
order of abundance within each of the color groups in 
the diamonds seen at GIA. 


CONCLUSIONS 


Yellow and orange are the largest group of fancy-color 
diamonds and owe their color to four major causes as- 
sociated with nitrogen impurities: cape defects, iso- 
lated nitrogen, the 480 nm visible absorption band, and 
H3 defects (table 1). Cape defects are by far the most 
important color-producing mechanism for yellow dia- 
monds, accounting for nearly three-quarters of the dia- 


Figure 18. Small yellow 
diamonds (~0.02 ct 
each) from the Ekati 
mine in Canada show 
colorless type Ia cores, 
surrounded by yellow 
type Ib rims. IR absorp- 
tion spectra from these 
stones suggest the si- 
multaneous presence of 
A-, B-, and C-centers 
due to mixing of both 
zones during spectra 
collection. Photo by 
Mei Yan Lai. 
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Figure 19. Intensely colored orange and yellow gem diamonds are rare and beautiful, both in appearance and com- 
plexity of their origin of color. Left: A 4.08 ct Fancy Vivid orange diamond auctioned by Sotheby’s Hong Kong in 
April 2016. Courtesy of Sotheby’s. Right: A yellow and white diamond necklace by Chatila containing a 54.29 ct 
cushion-cut Fancy Intense yellow diamond. Photo by Robert Weldon. 


monds evaluated, while isolated nitrogen and the 480 
nm band are most important for orange stones. Yellow 
and orange diamonds are recovered from almost all dia- 
mond mines worldwide, but South Africa and the Cen- 
tral African Republic have produced some of the most 
famous and valuable examples. Yellow and yellowish 
orange lab-grown diamonds are easy to produce by the 
HPHT growth method, and diamond color treatments 
routinely create yellow and orange colors by creating 
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H3 or isolated nitrogen defects through HPHT treat- 
ment or artificial irradiation and annealing. Cape de- 
fects (as a group) and the 480 nm band, however, are 
usually not present in lab-grown diamonds. Yellow dia- 
monds are the only natural colored diamonds many 
people will ever encounter and serve as an important 
representative for the fancy-color diamond trade, while 
orange diamonds with unmodified hues are among the 
rarest of all fancy-color diamonds (figure 19). 
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TABLE 2. Causes of color within each major fancy-color diamond group in this G&G series (based on stones submitted to GIA labs). 
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Cause of color 


Percentage of 


diamonds affected 
within color class? 


Representative example 


of color® 


Representative Vis-NIR 
spectrum 


Pink/Purple/Red/Brown 
(Eaton-Magaiia et al., 
2018b) 
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article) 
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2Some diamonds are affected by more than one cause of color (for example, a green diamond may be colored both by the GR1 defect and H3 green fluorescence); 
therefore, percentages within each color class may sum to greater than 100%. 


’Diamonds with relatively saturated color are included here as examples; however, a significant quantity in each class show lighter colors. 
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important papers on mineralogy and crystal- 
lography. Herbert Smith’s work in the mu- 
seum undoubtedly kindled his enthusiasm 
for gemstones. 

In 1908 the Conference of the National 
Association of Goldsmiths discussed the for- 
mation of teaching courses and examination 
in gemology, and some three years later the 
scheme was launched. It is fitting that Dr. 
Herbert Smith was approached in those early 
days for his ready help and advice was in- 
valuable, Further, he agreed to become the 
Principal Examiner, a post which he held 
until 1952—just 40 years. It was at this 
time (1912) that his book Gemstones, now 
in its twelfth edition, was first published 
and became the standard text book for the 
new study. 

Dr. Herbert Smith played another impor- 
tant part in the advancement of the gem 
trade in that he was most assiduous in ex- 
pediting the adoption in England of the 
metric carat of 200 milligrams as a legal 
weight for precious stones. This became ef- 
fective in that country in April 1914, mainly 
through his active liaison between trade as- 
sociations and government officials. 

Dr. Herbert Smith’s connection with the 
Gemmological Educational Committee, and 
with its offspring the Gemmological As- 
sociation, remained unbroken till his death. 
He was instrumental, as Principal Examiner, 
in fearlessly maintaining the high standard 
for the Diploma of the Gemmological As- 
sociation of Great Britain—a standard which 
has contributed to the prestige attaching to 
this diploma throughout the world. It is fit- 
ting, therefore, that he should have been 
elected President on the death of Sir Wil- 
liam Bragg in 1942. 

In 1921, Herbert Smith left the Mineral 
Department of the British Museum to take 
the administrative post of Assistant Secre- 
tary of the muscum; becoming Secretary in 
1931, a post which he held until 1935 when 
he returned to the Mineral Department as 
Keeper of Minerals until his retirement in 
1937. 


His retirement from the museum did not 
mean cessation of activity; either in the 
realm of gemology or in the many other 
fields in which he was intensely interested. 
Throughout those grim days when the enemy 
was literally on England’s doorstep, Herbert 
Smith did much to keep going the continu- 
ity of education in gemology. Indeed, the 
well-being of the Gemmological Association 
during those days was in great measure due 
to his ready accessibility and to his constant 
attendance at meetings, however fierce the 
enemy's “hate.” 

The incorporation of the Gemmological 
Association of Great Britain as a separate 
entity in 1947 was the outcome of his rec- 
ommendation. Dr. Herbert Smith was one of 
the first members of the Educational Advis- 
ory Board of the Gemological Institute of 
America, a post which he held until his 
death. 

Apart from gemology, Dr. Herbert Smith’s 
major activity was in nature study. He was 
Hon. Secretary of the Society for the Promo- 
tion of Nature Reserves from 1921 until his 
death, and for some years he edited the Na- 
tural History Magazine. The end of the war 
did not lessen, but rather increased, his work 
in this sphere. He was on the Conference on 
Nature Preservation in Post-War Reconstruc- 
tion, and on its Nature Reserves Investiga- 
tion Committee and he was Chairman of its 
Geological Reserves subcommittee appointed 
in 1944. He was Chairman of the Wild 
Plants Conservation Board and Member of 
the Executive Committee of the Council for 
the Preservation of Rural England. It was 
primarily for hts work in these matters that 
Dr. Herbert Smith was honored by the 
award of the Commander of the British Em- 
pire (C.B.E.) in the spring of 1949. 

In more social spheres he held office as 
one of the Hon. Secretaries (1918-1925); 
Vice President (1925-1928); and President 
(1928-1932) of the Society of Civil Ser- 
vants; and Hon. Secretary and Treasurer of 
the Civil Service Arts Council for 1924. In 
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SEPARATION OF NATURAL FROM 
LABORATORY-GROWN DIAMOND USING 
TIME-GATED LUMINESCENCE IMAGING 


Colin D. McGuinness, Amber M. Wassell, Peter M.P. Lanigan, and Stephen A. Lynch 


A technique that expands on the surface luminescence imaging used in the DiamondView instrument has been 
developed at De Beers Group Technology, Maidenhead, UK. This provides an additional level of imaging information 
by way of separating prompt and delayed surface luminescence. The technique has the added benefit of quickly 
and easily distinguishing colorless or near-colorless natural diamond from laboratory-grown diamond. It can be 
applied when the identification of natural diamond is required in the study of single stones, multiples in batches, 
set jewelry, or in a fully automated process. The prompt and delayed luminescence characteristics of natural dia- 
mond are compared with a range of chemical vapor deposition (CVD) and high-pressure, high-temperature (HPHT) 
synthetic diamonds. Of significant interest are some of the less common CVD synthetic samples that have been 
observed in recent years. This article will summarize the luminescence observed in different diamond types, discuss 
its spectral characteristics, and serve as a useful reference when interpreting such luminescence images. 


all to a diamond appraiser, grader, or gemologist 
while preparing a grading certificate or appraisal. 
Whether a diamond is natural or lab-grown is a key 
factor in its market value and is of paramount impor- 
tance to the gemologist. Many characteristics can be 
used to distinguish between natural and synthetic dia- 
mond, but the inherent variability in the properties of 
natural and synthetic diamond can make such a task 
difficult. 
A useful and proven characteristic is the emission 
of luminescence when a diamond is excited by a 
source of ultraviolet energy. Typically, a gemologist 
would utilize an ultraviolet lamp with excitation 
wavelengths of 365 nm (long-wave ultraviolet, 
LWUYV) or 254 nm (short-wave ultraviolet, SWUV), 
which correspond to the emission lines of a low-pres- 
sure mercury-vapor lamp. In this application, “fluo- 
rescence” would be observed during ultraviolet 
excitation, while “phosphorescence” may be ob- 
served when the excitation is removed. 
The De Beers DiamondView instrument (Spear 
and Welbourn, 1994; Welbourn et al., 1996) was de- 


T= task of identifying a diamond will typically 
f 
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signed to authenticate natural diamonds and syn- 
thetic diamonds. It allows a more sophisticated ob- 
servation to be made by way of a shorter wavelength 
excitation of <225 nm corresponding to the primary 
absorption edge and only exciting around 1-micron 
depth of material, such that observed luminescence 


In Brief 


¢ Correctly identifying natural versus laboratory-grown 
diamond is important for its market value and main- 
taining consumer confidence. 


e A time-gated imaging technique has been developed 
at De Beers Group Technology to allow easy separa- 
tion of colorless/near-colorless natural and synthetic 
diamond. 


A blue delayed luminescence can be used as a specific 
marker for identification of >99% of natural type Ila 
and type la diamond. 


can be considered as produced at the surface. Studies 
have shown (Martineau et al., 2004) that such lumi- 
nescence imaging techniques can provide very useful 
information for identifying all synthetic diamond 
types. That article reported the identification of all 
CVD synthetics under study using DiamondView 
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Figure 1. The De Beers SYNTHdetect, an instrument 
designed for screening of colorless to near-colorless 
diamonds of all cuts mounted in jewelry. Loose 
stones can also be screened with no lower size limit. 
The dimensions of the instrument are 31.0 cm wide x 
34.0 cm deep x 45.8 cm high. A range of jewelry hold- 
ers and a flat sample tray are included. Photo by 
Danny Bowler/De Beers Group Industry Services. 


imaging, with techniques such as X-ray topography 
providing supporting evidence in more challenging 
cases. More recently, a set of color emission filters 
has been included with the DiamondView instru- 
ment to assist with some of the more challenging sil- 
icon-doped CVD synthetics that exhibit a degree of 
luminescence toward the red end of the spectrum, 
normally swamped by blue dislocation luminescence 
(Martineau, 2017). 

To help negate the need for further time-consum- 
ing and expensive investigation, and to assist less ex- 
perienced gemologists, the imaging technique 
employed by the DiamondView has been extended 
by way of hardware synchronization of the light 
source and camera (Smith et al., 2017), allowing cam- 
era exposures to be controlled relative to the lamp 
pulse with microsecond accuracy. As the temporal 
characteristics of diamond luminescence can be 
complex and the distinction between fluorescence 
and phosphorescence is not always clear, we use the 
term prompt luminescence to describe luminescence 
recorded at the same time as the lamp pulse, with 
delayed luminescence recorded after the lamp pulse. 

There have been numerous “time-resolved” 
methods used to study the complex temporal nature 
of diamond luminescence. These methods can in- 
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Figure 2. The De Beers AMS2, an instrument for auto- 
mated screening of small colorless to near-colorless 
diamonds for potential synthetics and simulants at 
rates of up to 3,600 samples/hour. The size range is 
0.003-0.20 ct for round brilliants and 0.01-0.20 ct for 
all other cuts. The instrument measures 31.5 cm wide 
x 40.0 cm deep x 55.0 cm high. Photo by Danny 
Bowler/De Beers Group Industry Services. 


clude time-gated luminescence (Khong et al., 1994; 
Lindblom et al., 2003; Lipatov et al., 2007), single- 
photon counting (Thomaz and Davies, 1978), and 
time-correlated single-photon counting (TCSPC) (Li- 
augaudas et al., 2009; Jones et al., 2020), to name a 
few. The method described in this article can be used 
to positively identify a natural type Ila or type Ia col- 
orless diamond by accurately imaging a weak de- 
layed luminescence having peak emission at 455 nm 
and a characteristic unquenched decay constant of 
8.8 ms. An example of a quenched (i.e., a decrease in 
the luminescence efficiency and a reduction of the 
measured decay time) luminescence decay, which 
has been observed in type Ila and type Ia natural dia- 
monds, will be shown for comparison. The absence 
of the blue delayed luminescence, quenched or un- 
quenched, would indicate that a sample may be type 
Ib natural, unusual type Ia natural, synthetic, or sim- 
ulant and would require further testing to verify its 
origin. The De Beers Group screened many millions 
of individual colorless diamonds to verify this con- 
cept, and it is this principle that is used in both the 
De Beers SYNTHdetect jewelry screening instru- 
ment and the second version of the Automated 
Melee Screener (AMS2) (figures 1 and 2) (Martineau 
and McGuinness, 2018). 
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More recently, this technique has identified a pre- 
viously unknown green luminescence feature at 499 
nm (Wassell et al., 2018) observable in lab-grown di- 
amonds obtained from Gemesis Inc. (now Pure 
Grown Diamonds) and in silicon-containing samples 
sourced by Element Six that had undergone post- 
growth annealing. 


MATERIALS AND METHODS 


A selection of colorless/near-colorless natural and 
lab-grown polished diamond samples were chosen 
for this study, the details of which are listed in table 
1. The samples are not an exhaustive set but were 
chosen to demonstrate the wide range of prompt and 
delayed luminescence characteristics that can be ob- 
served, and to provide a useful reference source for 
operators interpreting output from the SYNTHdetect 
instrument. 

Microsecond time-gated imaging was carried out 
using a Teledyne Dalsa Genie Nano C2050 area-scan 
CMOS camera. Above-diamond band-gap excitation 
was provided by a Hamamatsu Photonics L7685 
xenon flash lamp spectrally filtered to 190-227 nm 
output, with a temporal pulse width of 2.9 us at full 
width half maximum. The camera and flash lamp 
were synchronized using the camera’s internal timer, 
with the flash lamp signal offset by 11 ps with respect 
to the timer to account for the difference in latency 
between the two devices. Images shown represent an 
average of 20 individual captures. These images are at 
1.5x magnification as opposed to 0.25x in SYNTH- 
detect for the purposes of this publication. 


TABLE 1. Diamond samples from this study. 


Sample Description Shape and Cutting Style 


D1 Type Ila natural Round brilliant 


D2 Green-fluorescing type la natural = Round brilliant 
D3 Unusual natural Round brilliant 
D4 Weak type IIb natural Round brilliant 
Cl As-grown nitrogen-containing CVD Round brilliant 
C2 CVD of Chinese origin 

C3 Gemesis CVD synthetic 


C4 Diamond Foundry CVD 


Round brilliant 
Modified square brilliant 
Round brilliant 
C5 CVD of unknown origin Round brilliant 


S1 Typical HPHT synthetic 


Round brilliant 


Room-temperature spectral data was collected by 
an Andor iStar DH320T-18U-E3 intensified CCD 
camera via a Horiba iHR-320 spectrometer, with ex- 
citation from the same source as the imaging setup. 
Synchronization with the flash lamp and camera was 
supplied by two externally generated pulsed signals 
offset in a similar way to the imaging setup. To record 
prompt luminescence, the intensifier delay was set to 
zero, with emission integrated over a 5 us gate. To 
record delayed luminescence, the intensifier delay was 
set to 100 us or more, with emission integrated over a 
chosen gate. Here, 40 accumulations were averaged. 
A simplified diagram illustrating the principle of time- 
gated luminescence is shown in figure 3. 

Selected room-temperature delayed luminescence 
decay data was collected by a Horiba Jobin Yvon IBH 
TBX-04 thermoelectrically cooled photomultiplier 


Figure 3. Simplified dia- 
gram of time-gated Iumi- 
nescence. To acquire a 
delayed spectrum or a de- 
layed image, the detector 


or camera is activated after 
a delay, which ensures that 
the prompt luminescence 

has decayed almost to zero. 


Lamp 
Prompt luminescence Delayed luminescence 
exposure exposure 
—_> << 
Detector 
or camera 
Delay time 
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Switching the detector or 
camera on and off is analo- 
gous to the opening and 
closing of a gate. To detect 
the prompt luminescence, 
and reject the delayed lu- 
minescence, the detector is 
turned on only when the 
lamp is on. 


Time 


Gems & GEMOLOGY SUMMER 2020 


10000 + 


COUNTS 


TIME (ms) 


C & 40000 
= — Prompt 
ra S skal --- Delayed 
rae 30000 
6 & 25000 
@ = 20000 
Z> 
Se 15000 
5 ¥ 10000 
= 
#2 5000 
Zz 0 


300 350 400 450 500 550 600 650 700 750 


WAVELENGTH (nm) 


10000 


1000 +f 


100 


COUNTS 


i) 20 40 60 80 100 120 140 160 
TIME (ms) 


Figure 4. A: CMOS image of sample D1 showing the spatial distribution of the prompt blue dislocation-related 
luminescence signal exhibited by a typical type Ila natural diamond. B: CMOS image showing the delayed Iumi- 
nescence signal exhibited. Recorded with a delay of 100 ps after the rising edge of the UV pump pulse and inte- 
grated for 30 ms. C: Prompt (peak at 435 nm) and delayed (peak at 455 nm) Iuminescence recorded for sample 
D1. Delayed luminescence was recorded with a delay of 100 p1s after the rising edge of the UV pump pulse and in- 
tegrated for 30 ms. D: Delayed luminescence decay profile of sample D1. In this example, the decay is un- 
quenched and can be fitted to a simple monoexponential function with decay constant 8.8 ms. Type Ia natural 
diamonds may also show unquenched decays. E: Example of a quenched decay seen in type Ia and type Ia natu- 
ral diamonds. It would not be possible to distinguish this from an unquenched example using the imaging setup. 
At the time of this writing, it is not fully understood what processes would contribute to a quenching of this de- 


layed luminescence. 


module via a Horiba iHR320 spectrometer with exci- 
tation as above. Detector and flash lamp were trig- 
gered simultaneously, with channels recording both 
prompt and delayed luminescence in each time sweep 
of the multichannel analyzer. The time spacing of the 
channels was selected to suit the decay time being 
measured. After the data were accumulated, the chan- 
nels recording prompt luminescence were rejected. 


RESULTS 


Natural Diamonds. The luminescence characteris- 
tics of a typical type Ila natural diamond are shown 
in the figure 4 set. The prompt luminescence (figure 
4A) is dominated by blue luminescence from dislo- 
cations and is identical to that seen in the Diamond- 
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View instrument. The delayed luminescence (figure 
4B) cannot be observed in DiamondView images due 
to the weak nature of the luminescence and the fact 
that it is masked by the prompt dislocation lumines- 
cence. It can be seen from the imaging that the blue 
delayed luminescence is not related to the blue dis- 
location prompt luminescence. The spectral data (fig- 
ure 4C) and decay data (figure 4D) also show that it 
does not arise from N3 defect fluorescence. Figure 4E 
is an example of quenched blue delayed lumines- 
cence decay and is shown for comparison with the 
unquenched decay of sample D1. This blue delayed 
luminescence is the specific marker used by AMS2 
and SYNTHdetect as a positive identifier of natural 
diamond, as it is not seen in synthetic diamonds. 
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Figure 5. A: CMOS image of sample D2 showing the prompt green luminescence related to the H3 defect in type Ia 
natural diamond. Underlying prompt blue luminescence attributed to the N3 defect is also observed. B: CMOS 
image showing the blue delayed luminescence signal. In this case, structure is observed in the delayed luminescence 
signal, similar to the prompt luminescence signal. C: Prompt and delayed (peak at 455 nm) Iuminescence recorded 
for sample D2 showing green prompt luminescence. Delayed luminescence recorded with a delay of 100 ns after the 


rising edge of the UV pump pulse and integrated for 30 ms. 


This was confirmed in tests by De Beers Group on 
over 20 million individual colorless diamonds. In ad- 
dition, the Diamond Producers Association ASSURE 
program found that less than 1% of natural diamonds 
do not exhibit this luminescence and would be re- 
ferred for further testing (Dupuy and Phillips, 2019). 
At the time of writing, the origin of this lumines- 
cence is not fully understood. 

The diamond in figure 5A is a predominantly 
“green-fluorescing” example where the green prompt 
luminescence is attributed to the H3 defect and the 
blue to the N3 defect, as shown by the spectral data 
in figure 5C. The spectral data further show that the 
delayed luminescence is not related to N3 defect flu- 
orescence, although the delayed luminescence image 
(figure 5B) shows that it is predominantly in the same 
spatial region of the stone as the N3 luminescence, 
which may suggest it is related to higher aggregated 
states of nitrogen such as B-centers. 

Diamond D3 is a slightly more unusual natural 
diamond in that it exhibits blue prompt lumines- 
cence (figure 6A) and a blue/green delayed lumines- 
cence (figure 6B). The green delayed luminescence 
component is due to the H3 defect (figure 6D). This 
phenomenon has been reported previously and at- 
tributed to the population of triplet states within 
the defect (Pereira and Monterio, 1991). In this sam- 
ple, the spectral data also show a small contribution 
of H3 in the prompt luminescence. By extending the 
delay from 100 us to 2 ms (figure 6C), it can be seen 
that the delayed green luminescence from H3 de- 
cays much faster than the blue delayed lumines- 
cence used to identify natural diamond. Therefore, 
in examples such as these, increasing the camera 
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delay time from the microsecond range to the mil- 
lisecond range reduces the fast-decaying green com- 
ponents, allowing the underlying blue 
luminescence to be observed—a feature that is 
available to users of the SYNTHdetect instrument. 
Extensive testing by De Beers indicates that ~0.5% 
of natural diamonds would exhibit luminescence 
properties such as this. 

The figure 7 set illustrates a typical example of a 
colorless weak type IIb natural diamond, sample D4. 
This would show turquoise-colored long-lived de- 
layed luminescence in the DiamondView. In figure 
7A, the underlying blue dislocation prompt lumines- 
cence can be clearly seen as the long-lived turquoise 
delayed luminescence shown in figure 7B is gated out. 
This prompt luminescence would be nearly impossi- 
ble to observe in the DiamondView due to the unsyn- 
chronized nature of the lamp and camera and the 
strong long-lived delayed luminescence, which would 
quickly mask the blue prompt luminescence. Indeed, 
a continual live feed of this prompt luminescence 
image is not possible in the DiamondView. Figure 7C 
illustrates the spectral profile, with the peak of the 
prompt luminescence at 425 nm and the peak of the 
delayed luminescence at 480 nm commonly seen in 
such diamonds. Due to the high resolution and higher 
magnification of these images, it is possible to iden- 
tify this as natural diamond from the dislocation pat- 
terns in the prompt luminescence. However, in a 
lower-magnification system such as the SYNTH- 
detect, which is designed to look at an ensemble of 
diamonds in jewelry, the dislocation patterns may not 
be visible and such a diamond would need to be re- 
ferred for further testing. This is due to the potential 
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Figure 6. A: CMOS image of sample D3 showing the prompt luminescence from a slightly more unusual natural dia- 
mond. B: CMOS image of sample D8 showing a more unusual blue/green delayed luminescence signal in a natural di- 
amond. Recorded with a delay of 100 p1s after the rising edge of the UV pump pulse and integrated for 30 ms. C: 
CMOS image showing the delayed luminescence recorded with a longer delay of 2 ms after the rising edge of the UV 
pump pulse and integrated for 30 ms. The green luminescence component has decayed. D: Prompt and delayed lumi- 
nescence recorded for sample D3 showing both blue and green delayed luminescence. Delayed luminescence, 
recorded with a delay of 100 ps after the rising edge of the UV pump pulse and integrated for 30 ms, corresponds to 
figure 6B. The dotted line at 503 nm indicates the H3 zero-phonon line common to prompt and delayed luminescence. 


for certain synthetic types to produce prompt blue lu- CVD Synthetic Diamonds. Sample Cl is a typical 
minescence and delayed turquoise luminescence. as-grown CVD synthetic diamond that displays or- 


Figure 7. A: CMOS image of sample D4 showing the spatial distribution of the prompt blue dislocation-related Iu- 
minescence signal exhibited by a typical type IIb natural diamond. B: CMOS image showing the delayed Iumines- 
cence signal exhibited. Recorded with a delay of 100 p1s after the rising edge of the UV pump pulse and integrated 
for 30 ms. C: Prompt and delayed (peak at 480 nm) Iuminescence recorded for sample D4. Delayed Iuminescence 
recorded with a delay of 100 ps after the rising edge of the UV pump pulse and integrated for 30 ms. 
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Figure 8. A: CMOS image of sample C1 showing the prompt luminescence from a typical as-grown CVD synthetic 
diamond. B: CMOS image showing the delayed luminescence signal exhibited. Recorded with a delay of 100 ps 
after the rising edge of the UV pump pulse and integrated for 60 ms. C: Prompt and delayed luminescence 
recorded for sample C1. Delayed Iuminescence recorded with a delay of 100 us after the rising edge of the UV 


pump pulse and integrated for 60 ms. 


ange prompt luminescence (figure 8A), primarily 
from the NV° defect (figure 8C). An interesting ef- 
fect noticed in this type of diamond is the delayed 
orange luminescence (figure 8B). Spectral analysis 
shows that this also originates from the NV° defect. 
It can be concluded that the NV° defect can experi- 
ence emission from spin-forbidden transitions in a 
way similar to the H3 defect (Pereira and Monterio, 
1991), although this discussion is beyond the scope 
of this article. 

Diamond C2 is a commercially available CVD 
synthetic made in China. Figure 9A shows blue dis- 
location luminescence with discrete narrow bands 
and a weak general underlying red luminescence. 
Spectral data in figure 9C shows that the red prompt 
luminescence is predominantly from the NV? defect. 
The delayed green luminescence in this example (fig- 
ure 9B) is due to the H3 defect. Delayed lumines- 
cence from the H3 defect has been discussed for the 
natural diamond D3 (again, see figure 6). It is also a 


good indication that this synthetic diamond has un- 
dergone post-growth annealing, as this delayed lumi- 
nescence has been previously observed in such 
samples that have undergone annealing at around 
1700°C (Wassell et al., 2018). 

Sample C3 is a commercially available CVD syn- 
thetic diamond from Gemesis that has been reported 
previously (Wassell et al., 2018). At first glance, the 
delayed luminescence CMOS image (figure 10B) ap- 
pears very similar to that of sample C2 in figure 9. 
However, the spectral data highlight that this lumi- 
nescence, although similar in color, originates from 
an entirely different defect, with a zero-phonon line 
at 499 nm (figure 10C). This defect has been shown 
to be generated by post-growth annealing at around 
1700°C. This sample is of interest in diamond veri- 
fication, as it exhibits blue prompt luminescence 
from dislocation patterns in local regions (figure 
10A) and could be incorrectly identified as a type Ila 
natural by a low-magnification system or an instru- 


Figure 9. A: CMOS image of sample C2 showing the prompt luminescence from a commercially available CVD 
synthetic of Chinese origin. B: CMOS image showing the delayed luminescence signal exhibited. Recorded with a 
delay of 100 ps after the rising edge of the UV pump pulse and integrated for 60 ms. C: Prompt and delayed Iumi- 
nescence recorded for sample C2. Delayed luminescence recorded with a delay of 100 us after the rising edge of the 


UV pump pulse and integrated for 60 ms. 
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Figure 10. A: CMOS image of sample C3 showing the spatial distribution of the prompt blue Iuminescence signal 
for a commercially available Gemesis CVD synthetic. B: CMOS images of the delayed 499 nm luminescence sig- 
nal, with a delay of 100 us after the rising edge of the UV pump pulse and integrated for 60 ms. C: Prompt and de- 
layed (499 nm ZPL) luminescence recorded for sample C3. Delayed luminescence recorded with a delay of 100 ys 
after the rising edge of the UV pump pulse and integrated for 60 ms. D: Delayed luminescence decay profile of a 
blue-fluorescing Si-containing CVD synthetic. In this example, the decay is complex and non-exponential. An av- 


erage decay time of ~1 sec is observed. 


ment with a low-resolution camera where blue flu- 
orescence is used as a natural identifier. Figure 10D 
shows the delayed luminescence decay profile for 
the 499 nm feature. It should not be assumed, how- 
ever, that this observed decay is the decay profile for 
the 499 nm feature in general. Rather, it is the decay 
profile of the 499 nm feature in this sample. It was 
also suggested by Wassell et al. (2018) that prompt 
luminescence of 499 nm could not be ruled out due 
to swamping by blue prompt luminescence. 

A commercially available CVD synthetic dia- 
mond from Diamond Foundry (sample C4) shows 
both a green prompt and green delayed lumines- 
cence (figures 11A and 11B). Again, this could be at- 
tributed to the H3 defect, but spectral data (figure 
11C) show that this is a result of the 499 nm feature 
in both prompt and delayed luminescence. 

Sample C5 is a commercially available CVD dia- 
mond of unknown origin. Figure 12A shows growth 
bands roughly perpendicular to the growth direction 
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in the prompt luminescence, consistent with CVD 
synthesis. The spectral data presented in figure 12C 
show that this luminescence is predominantly from 
the 499 nm feature with components at 575 nm (the 
NV? defect) and at 415 nm (the N3 defect), although 
this level of imaging does not show these defects in 
specific localized areas. Interestingly, the delayed lu- 
minescence seen in figure 12B does not show as 
prominent growth band patterns, suggesting the de- 
layed turquoise luminescence does not form these pat- 
terns in the same way as the prompt luminescence. 
The spectral data show that the delayed luminescence 
is dominated by the broad turquoise feature with only 
a small level of the 499 nm feature visible. This sam- 
ple also indicates that the 499 nm feature can experi- 
ence both prompt and delayed emission. 


HPHT Synthetic Diamond. Sample S1 is an exam- 
ple of a typical commercially sourced HPHT syn- 
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later years he was a most active member of 
the Council of the Royal Albert Hall. Dur- 
ing the last few years he held “At Homes’ 
in one of the spacious anterooms at the Al- 
bert Hall which were attended by many of 
his gemologist friends. 

At the commencement of each academic 
year Dr. Herbert Smith always found time 
to visit the gemology classes at Chelsea Poly- 
technic and give a few words of advice to the 


new students. Probably his last major activ- 
ity was to fly to Glasgow to talk to the mem- 
bers of the newly-formed West of Scotland 
Branch of the Gemmological Association. 
The death of De. Herbert Smith, austere 
of countenance — the facade of a kindly 
heart, one who was always ready to give help 
and sage advice, is indeed the loss of a true 
friend to gemology in England — nay, 


throughout the world. 
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Figure 11. A: CMOS image of sample C4 showing prompt green luminescence from the 499 nm feature for a com- 
mercially available Diamond Foundry CVD synthetic. B: CMOS image of the delayed 499 nm luminescence sig- 
nal, with a delay of 100 ps after the rising edge of the UV pump pulse and integrated for 60 ms. C: Prompt and 
delayed luminescence recorded for sample C4. Delayed luminescence recorded with a delay of 100 us after the ris- 


ing edge of the UV pump pulse and integrated for 60 ms. 


thetic diamond. The delayed luminescence (figure 
13B) is identical to the strong long-lived lumines- 
cence that would be observed in the DiamondView. 
This long-lived luminescence is understood and 
has been reported as being interpretable in terms of 
a donor-acceptor recombination model (Watanabe 
et al., 1997). Of interest here is the prompt lumi- 
nescence (figure 13A], which is a weak green/red 
and would normally be obscured by the long-lived 
luminescence in the DiamondView. This lumines- 
cence could be due to the presence of metal ions in 
the solvent catalyst. However, the prompt lumines- 
cence spectrum shown in figure 13C, along with 
the delayed luminescence, is broad and featureless 
at room temperature and gives little in the way of 
information. 

This weak green prompt luminescence and strong 
long-lived turquoise luminescence are typical of 
many HPHT synthetics. They can be used as an iden- 


tifying feature, as this combination of luminescence 
features have not been seen in natural diamond. 


CONCLUDING COMMENTS 


Diamond screening is becoming increasingly chal- 
lenging, and organizations other than gemological lab- 
oratories, such as independent jewelers, auction 
houses, and pawnbrokers, are charged with this im- 
portant task. Not only are more sophisticated tech- 
niques required to assist with this challenge, but the 
equipment must not be so complex to use and difficult 
to understand that diamond screening becomes an 
overly time-consuming and inefficient task. In this ar- 
ticle, a selection of natural and lab-grown polished col- 
orless diamonds has been studied using deep-UV 
excitation where the recording of the luminescence is 
synchronized with the excitation source, allowing a 
time-gated measurement. This technique provides a 
useful additional level of verification when screening 


Figure 12. A: CMOS image of sample C5 showing the spatial distribution and growth bands perpendicular to the 


growth direction in the prompt green luminescence signal exhibited by a commercially available CVD synthetic di- 
amond. B: CMOS image showing the delayed turquoise-colored luminescence signal exhibited. The growth patterns 
in the prompt luminescence are less prominent here. C: Prompt and delayed luminescence recorded for sample C5. 
Delayed luminescence recorded with a delay of 100 us after the rising edge of the UV pump pulse and integrated for 
60 ms. The inset zooms in on the region of the 499 nm ZPL. 
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Figure 13. A: CMOS image of sample S1 showing a prompt green/red Iuminescence from a typical colorless HPHT 
synthetic diamond. B: CMOS image of sample S1 showing the delayed luminescence from a typical colorless 

HPHT synthetic—normally attributed to the presence of boron. C: Prompt (peak ~513 nm) and delayed (peak ~480 
nm) luminescence recorded for sample S1. Delayed luminescence recorded with a delay of 100 us after the rising 


edge of the UV pump pulse and integrated for 10 ms. 


for challenging synthetics such as blue-fluorescing 
CVD synthetics. Although the examples contained in 
this article are not an exhaustive list, they should 
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NMOS ARTICLES 


HISTORY OF THE CHIVOR EMERALD MINE, 
PART II (1924-1970): 
BETWEEN INSOLVENCY AND VIABILITY 


Karl Schmetzer, Gérard Martayan, and Andrea R. Blake 


The history of the Chivor emerald mine in Colombia is a saga with countless twists and turns, involving parties 
from across the globe. Indigenous people initially exploited the property, followed by the Spanish in the sixteenth 
and seventeenth centuries, before abandonment set in for 200 years. The mine was rediscovered by Francisco 
Restrepo in the 1880s, and ownership over the ensuing decades passed through several Colombian owners and 
eventually to an American company, the Colombian Emerald Syndicate, Ltd., with an intervening but unsuc- 
cessful attempt by a German group organized by Fritz Klein to take control. With the Colombian Emerald Syn- 
dicate succumbing to bankruptcy in 1923, the property was sold and then transferred in 1924 to another 
American firm, the Colombia Emerald Development Corporation. Under the new ownership, stock market spec- 
ulation played a far more prominent role in the story than actual mining. Nonetheless, periods of more produc- 
tive mining operations did take place under managers Peter W. Rainier and Russell W. Anderton. Yet these were 
not enough to prevent the company, renamed Chivor Emerald Mines, Inc. in 1933, from entering insolvency in 
1952 and being placed into receivership. Leadership by Willis Frederick Bronkie enabled the firm to regain in- 
dependence in 1970 and shortly thereafter to be sold in a series of transactions, with Chivor gradually being re- 


turned to Colombian interests. 


any legends are told about the history of the 
Meer emerald mine.! The story begins 

with the sporadic working of the Colom- 
bian mine by indigenous people before being sought 
out by Spanish conquistadores in the first half of the 
sixteenth century. The property was exploited by the 
Spanish in the sixteenth and seventeenth centuries 
and then forgotten in the jungle for a period of more 
than two centuries after 1672. Schmetzer et al. (2020) 
chronicled the first part of the modern era commenc- 
ing after the 200-year break, covering from 1880 to 
1925. During that interval, Colombian miner Fran- 
cisco Restrepo searched for and rediscovered the 
mine, and mining titles were granted to him and his 
associates in 1889. Through a series of transactions, 
the mining titles and land in the area came under the 
ownership of the Compafifa de las Minas de Esmeral- 
das de Chivor, a Colombian entity in which Restrepo 
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was involved. Only intermittent operational activ- 
ities took place until 1912, when the German gem 
cutter and merchant Fritz Klein joined Restrepo with 
an increased focus on the operational side. Early 
mining by Restrepo and Klein yielded several finds 
promising enough for them to travel to Germany to- 
gether in 1913 to seek investors (figure 1). Further 
work was curtailed one year later, however, when 
Restrepo died in 1914 and Klein, who had hoped to 
purchase the mine with German funding, was 
thwarted by the outbreak of World War I. 

When hostilities ended, Klein sought to recom- 
mence his efforts to buy the mine in 1919, but an 
American corporation, the Colombian Emerald Syn- 
dicate, Ltd., had in the interim obtained an option to 
purchase the mine. That option was exercised, and 
the mine was sold in December 1919 to two key rep- 
resentatives of the American group, Wilson E. Grif- 
fiths and Carl K. MacFadden. On behalf of the 
Colombian Emerald Syndicate, mining operations 


'See, e.g., Peretti and Falise, 2018. 
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Figure 1. Portrait of the Colombian miner Francisco 
Restrepo Escobar (center) in 1913. Restrepo is cred- 
ited with rediscovery of the Chivor emerald mines in 
the 1880s, after two centuries of abandonment. He 
later traveled to Germany with Fritz Klein to seek in- 
vestors for the project, returning to Colombia in 1913 
by ship. Klein followed aboard another ship some- 
what later. Photo with passengers and crew 
members, most likely of the President Lincoln re- 
turning from Germany to Colombia via New York; 
courtesy of Eduardo Restrepo Ortega. 


were conducted from 1919 to 1924 under the alter- 
nating leadership of the English miner and entrepre- 
neur Christopher Ernest Dixon, who had lived in 
Colombia since the late 1880s, and Klein (figure 2), 
who served two terms of several months each under 
contracts with the new owners. Although both 
Dixon and Klein reported good production, the finan- 
cial situation of the company nonetheless deterio- 
rated, and an involuntary bankruptcy petition was 
filed against the Colombian Emerald Syndicate in 


*See, e.g., Weldon et al., 2016. 


*Tic-Polonga was published in the United States in 1953 and in the 
United Kingdom in 1954. The 1954 edition was consulted for purposes 
of this study, and references henceforth will be to that publication. 
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1923. The Chivor mine was sold in 1924, and it is 
here that the present paper, Part II, picks up the tale. 

The following decades of Chivor’s operational his- 
tory were dominated by three key mine managers or 
administrators, Peter W. Rainier (1890-1945), Russel 
W. Anderton (1909-1982), and Willis Frederick Bron- 
kie (1912-1979). Both Rainier (Green Fire, 1942) and 
Anderton (Tic-Polonga, 1953, 1954}° published books 
recounting their adventures, and Bronkie’s successful 
management was the subject of several reports, in- 
cluding those by Johnson (1959, 1961). These pub- 
lications, however, fall short of fully elucidating the 
mine’s modern development, and the shortcomings 
are analogous to those faced in Part I with Klein’s 
work (1941, 1951). For example, Rainier’s account 
provided few actual dates, and Anderton likewise of- 


Figure 2. Portrait of the German gem merchant Fritz 
Klein, who cooperated with Restrepo at Chivor from 
1912 to 1914. Klein was subsequently engaged in the 
early 1920s to serve as head of mining operations for 
the new American owners of the property. Later he 
established his own company in Germany, focused 
on the emerald trade, and he also worked for the Co- 
lombian government. Photo 1937; courtesy of Carola 
Kroll. 
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fered little to contextualize the timeline. Con- 
sequently, the present authors sought to fill existing 
gaps and present a comprehensive survey through re- 
liance on contemporaneous primary documents and 
references. This second installment focuses on an 
overview of the half-century after the bankruptcy of 
the Colombian Emerald Syndicate, from 1924 to 
1970. Following brief interim transactions in 1924, 
Chivor was owned throughout this period by a single 
American entity, operating first under the name Co- 
lombia Emerald Development Corporation and from 
1933 as Chivor Emerald Mines, Inc. A summary of 
the main events is given in table 1. 


SOURCES 


The search for contemporaneous materials spanned 
South America, North America, and Europe (i.e., Co- 
lombia, the United States, and the United Kingdom). 
The primary documents found were compared with 
the known literature on the topic. Full citations for 
the principal existing publications consulted are 


In Brief 


e From 1924 to 1970, the Chivor emerald mine was 
under the ownership principally of a single American 
firm, operating first as the Colombia Emerald Devel- 
opment Corporation and then as Chivor Emerald 
Mines, Inc. 


e The early years of that period were dominated by stock 
market speculation and scandal, featuring in particular 
the manipulations of Frederick Lewisohn and George 
Graham Rice. 


e More productive operational stretches followed with 
Peter W. Rainier and Russell W. Anderton managing 
the mine, but insolvency and receivership nonetheless 
ensued in 1952. 


e Leadership by Willis Frederick Bronkie eventually en- 
abled the company to exit receivership in 1970 and to 
be sold, returning Chivor to Colombian interests. 


summarized in the reference list. Other primary doc- 
uments, such as governmental and judicial reports 
and decrees that may appear in broader compen- 
diums, certain trade periodicals, archived contracts, 
business records, newspaper articles, personal corre- 
spondence, etc., are identified to the extent feasible 
in the footnotes, along with brief citations to pub- 
lications included in the reference list. 
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Colombian materials were found in the form of 
government publications printed, typically anony- 
mously, in the “Diario Oficial (Colombia),” in the 
“Gaceta Judicial (Colombia)” of the Corte Suprema 
de Justicia (Supreme Court), and in the reports of 
ministries or other government offices, especially in 
the series “Memoria del Ministro de Minas y Petr6- 
leos al Congreso.” These included legislative texts, 
decrees, governmental or judicial pronouncements, 
and statements on petitions and complaints. The Ar- 
chivo General de la Naci6n (Colombia) in Bogota 
further proved to be a repository of files collecting 
correspondence, notarial acts (escrituras), and attach- 
ments reflecting mine title transfers, sales of shares 
between various shareholders, and agreements shed- 
ding light on the ongoing fluctuations in Chivor 
ownership and related events.* 

Governmental collections of a similarly useful 
nature were found in the United Kingdom. Particu- 
larly apposite was correspondence and associated 
materials archived at the Royal Academy of Music, 
London, where the legacy of Peter Rainier’s sister 
Priaulx is preserved. 

Relevant information was also found in periodi- 
cals, largely from American publishers, concerning 
mining and the mining industry, such as the Engi- 
neering and Mining Journal, Minerals Yearbook, or 
Mineral Trade Notes. Financial sector periodicals 
were equally pertinent, and publications of U.S. uni- 
versities yielded material on alumni who went on to 
work as mining engineers or geologists at Chivor. 

Even online resources added to the available con- 
temporaneous data. Noteworthy in this regard were 
digitized compilations of records detailing transit of 
persons, such as passenger lists maintained by the 
United States Immigration Office in New York. Those 
records detailed information that could incorporate 
departures and arrivals through national borders, start- 
ing points, destinations, and, most importantly, spe- 
cific dates to help establish or corroborate event time 
frames. Similarly insightful were digital archives of 
newspapers across the United States, which enabled 
a view of events as presented to the public. 

Finally, personal information obtained from eye- 
witnesses such as Peter Rainier, Jr., Manuel J. Marcial, 


‘Most germane at the Archivo General de la Nacién (Colombia) in 
Bogota, were several notarial acts (escrituras) designated herein by es- 
critura number and date. Likewise instructive was the file “Joaquin 
Daza B.,” Volume “Propuestas Minas 99,” Ministerio de Industrias, 
Departamento de Minas y Petrdleos, which contained documents 
covering 1929 to 1954 and detailing mine boundaries and history. 
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TABLE 1. History of Chivor, 1924-1970. 


Date Events in Colombia and the United States 
March 1924 The “Chivor Emerald Corporation” is incorporated under the laws of the State of Delaware 
August 1924 The mining titles for Chivor 1 and 2 and land in the region are sold to the “Chivor Emerald Corporation” in a bankruptcy sale 


November 1924 


Winter 1924 
1925-1926 


1925-Spring 1926 
May 1926 
1926-1928 


1927 

December 1929 
February 1930 
April-August 1930 
August 1930 

1930 

1931-1957 


January-February 
19311 


October 1931 


By early 1932— 
1947 


September 1933 
1936-1940 


1937-1940/1941 


Early to mid-1940s 
January 1941 


April 1944 
1947 


Early 1950-Fall 
1950 


Late 1950/early 
1951 


By February 1952 
1952-1970 
1952-1953 


January 1955— 
September 1957 


1957 
1960s (or before) 


October 1957— 
circa 1969/1970 


1960s 


1968 
1970 


After 1970 


The “Colombia Emerald Development Corporation” is incorporated in Delaware by three individuals associated with various mining companies 
owned by the Lewisohn family; E.J. MacNamara serves as president 


Ownership of Chivor 1 and 2 and the related land is transferred to the “Colombia Emerald Development Corporation” in exchange for stock 


A large block of shares in the “Colombia Emerald Development Corporation” is transferred from F. Lewisohn to G.G. Rice and then aggressively 
marketed by G.G. Rice 


W. Burns leads mining operations at Chivor 
C. Mentzel succeeds W. Burns as head of mining operations at Chivor 


Legal proceedings implicating F. Lewisohn, E.J. MacNamara, and G.G. Rice in allegations of fraud and stock market manipulation take place in 
New York 


PW. Rainier replaces C. Mentzel as the mining engineer overseeing operations at Chivor 

J. Daza instigates a legal dispute over ownership and control of the Chivor mines, referred to as the Joaquin Daza case 
PW. Rainier presents a study describing the Chivor mining operations at a conference in New York 

Geologist V.A. Gilles evaluates the Chivor mine 

R.E. Sylvester joins P.W. Rainier at Chivor as an assistant 

The “Colombia Emerald Development Corporation” sustains a drastic loss for the year on mining operations at Chivor 


Attorney F.P. Pace serves the “Colombia Emerald Development Corporation” and “Chivor Emerald Mines, Inc.” in multiple roles, including 
president in 1947, subsequent to W.J. Cowan’s tenure 


The Chivor mine is inspected in connection with the Joaquin Daza case by Colombian officials together with P.W. Rainier, R.E. Sylvester, and J. 
Daza; later security problems arise at the mine 


R.E. Sylvester returns to New York at the end of his tenure at Chivor; P.W. Rainier travels separately to New York to meet with the mine owners 


The Chivor mine is largely dormant after being reported as closed, with little documented operational activity beyond illegal mining and some 
work under lease to a Colombian company 


The name of the “Colombia Emerald Development Corporation” changes to “Chivor Emerald Mines, Inc.” 


Records reflect that banker R.E. Henry was serving as president of “Chivor Emerald Mines, Inc.,” with E.J. MacNamara’s term having ended at 
some point after 1932 


Records reflect that the Chivor mine was being leased to the “Compafia de Esmeraldas de Colombia” and/or being operated with E. Fernandez 
as the mine administrator 


W.J. Cowan holds the position of president for “Chivor Emerald Mines, Inc.” 


Chivor is evaluated again by Colombian officials in connection with the Joaquin Daza case, with a continued focus on mine boundaries, 
leading to a report by N. Rosso 


P.W. Rainier considers returning to Chivor when approached by the mine owners about a possible consulting position, but no further steps are 
taken, and the mine remains inactive 


F.P. Pace replaces W.J. Cowan as president. In 1947, 1948, and 1950, Pace travels to Colombia to restart and supervise mining operations on 
behalf of “Chivor Emerald Mines, Inc.”; local control in Colombia is placed under a series of managers 


R.W. Anderton serves as head of mining operations at Chivor 


A dispute ensues between U.S. and Colombian associates, and the situation at the mine is characterized by lawlessness, with all production 
being sold on the black market 


Insolvency proceedings commence in Bogota and result in “Chivor Emerald Mines, Inc.,” being placed in receivership 
The Chivor mine is operated under receivership 
R.W. Anderton returns to Colombia and again serves in a management capacity at Chivor 


W. de Freitas serves as receiver and P.P. Patifio as mine inspector at Chivor 


EP. Pace dies; O.J. Troster of New York becomes involved, serving as a director and secretary of “Chivor Emerald Mines, Inc.” 
G.D. Besler serves as president of “Chivor Emerald Mines, Inc.” 


W.F. Bronkie is named receiver of “Chivor Emerald Mines, Inc.,” and simultaneously serves as mining engineer supervising operations at Chivor, 
working in conjunction with Spanish mine manager E. Munoz by the mid-1960s 


W.F. Bronkie’s business approach expands to incorporate buying emeralds on the open market in Colombia and selling rough and faceted 
stones to international customers, as well as operating jewelry retail shops in Colombia and elsewhere 


The press reports that W.F. Bronkie intends to file documentation that will set in motion a process to end the receivership 


The receivership is lifted, and as of the year of the transition, American attorney R.S. Pastore is serving as receiver, N.R. Merriam as general 
manager, and J. Rodriguez as mine manager 


Ownership of Chivor is gradually transferred to Colombian stakeholders 
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Figure 3. Personal recollections regarding the history 
of the Chivor emerald mine were obtained from eye- 
witnesses such as don Alfonso Montenegro. Montene- 
gro, a miner presently residing in the small town of 
Macanal, not far from Chivor, began working at the 
mine in 1955 at the age of 12 under the receivership 
of Walter de Freitas, and he continued to serve under 
Freitas’s successor Willis Frederick Bronkie. Photo by 
Gérard Martayan, December 2018. 


don Alfonso Montenegro (figure 3), Renata de Jara, 
Gonzalo Jara, and Robert E. Friedmann, was invalu- 
able in achieving the aims of this study. 


CHIVOR AS A SUBJECT OF STOCK MARKET 
SPECULATION (1924-1927) 


To recap the period from 1924 to 1925 bridging Parts 
I and II of this study, the mining titles for Chivor 1 
and 2 and the related land ownership were sold in a 
bankruptcy sale on or about August 23, 1924, to the 
recently formed Chivor Emerald Corporation.’ The 
price paid was only US$7,800 to $8,000, depending 
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on the report consulted,° which did not even cover 
liabilities in the range of $45,000 of the former 
owner, the Colombian Emerald Syndicate (see part 
one of this article).’” The Chivor Emerald Corporation 
had been incorporated on March 6, 1924, under the 
laws of the State of Delaware, by Samuel C. Wood, 
Harry C. Hand, and Raymond J. Gorman.* The stated 
corporate purpose was to “mine and prepare for mar- 
ket emeralds, diamonds.”° The three named individ- 
uals served as registrants of numerous corporations 
across a spectrum of industries in the 1920s (e.g., mo- 
tion pictures, radio accessories, petroleum, and 
rubber), operating via a business model that acquired 
bankrupt or troubled companies (or their assets) and 
resold them after improvement in the price.'° 
Another new entity, the Colombia Emerald Devel- 
opment Corporation, was then incorporated on No- 
vember 7, 1924, likewise in the state of Delaware, by 
Edmund J. MacNamara (1874—?), Ernest W. Brown, 
and William B. Anderson.'! The intended business 
was “to mine, manufacture and deal in precious 
stones, emeralds, rubies, diamonds, jades and gar- 
nets.” The Chivor claims and land were transferred 
to that company in late 1924 in exchange for stock.!* 
The Chivor Emerald Corporation thereafter served 
merely as a holding company, owning approximately 
40 percent of the capital stock in the Colombia Emer- 
ald Development Corporation but no other assets.!* 


5The Cumulative Daily Digest of Corporation News, No. 3 (1924), pp. 
150, 161. This entity should not be conflated with an unrelated Cana- 
dian company of the same name that was active at Chivor decades 
later in the 1990s. 

The Brooklyn Daily Eagle, January 9, 1927, p. 22; The New York 
Times, January 9, 1927; The Bridgeport Telegram, January 10, 1927, p. 
5; The Tribune (Coshocton, Ohio), January 10, 1927, p. 4; The New 
York Times, January 28, 1927; The New York Times, February 20, 
1927; Jewelers’ Circular, 94, No. 4 (1927), p. 61; Chicago Tribune, 
February 27, 1927, p. 40. 

7Robert D. Fisher Manual of Valuable and Worthless Securities, 6 
(1938), p. 227. 

®State of Delaware, Department of State, Division of Corporations, En- 
tity Details; The Morning News, March 7, 1924, p. 11. 

°The Morning News, March 7, 1924, p. 11. 

The Morning News, November 15, 1923, p. 9; The Morning News, 
April 14, 1925, p. 11; The Morning News, July 1, 1925, p. 9; Arizona 
Republic, March 13, 1929, p. 4. 

"State of Delaware, Department of State, Division of Corporations, 
Entity Details; The Morning News, November 8, 1924, p. 13; The Phil- 
adelphia Inquirer, November 10, 1924, p. 33; The Cumulative Daily 
Digest of Corporation News, No. 4 (1924), p. 222; Winkler, 1928. 
The Philadelphia Inquirer, November 10, 1924, p. 33. 

The Cumulative Daily Digest of Corporation News, No. 4 (1924), pp. 
209, 222; Winkler, 1928; Rainier, 1929, 1931. 

"Robert D. Fisher Manual of Valuable and Worthless Securities, 11 
(1946), p. 149. 
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Per available evidence, the two firms were headquar- 
tered together in New York City and generally con- 
trolled by a common group of individuals,'° with the 
Colombia Emerald Development Corporation appar- 
ently established to take over and carry on the emerald 
business as the operating enterprise. Registration of 
the two companies in Colombia took place in Feb- 
ruary 1925 for the Chivor Emerald Corporation'® and 
in July 1925 for the Colombia Emerald Development 
Corporation.!’ The governor of Delaware sub- 
sequently repealed the charter of the Chivor Emerald 
Corporation in 1961 for failure to pay taxes." 

A number of the principal figures involved in 
leadership of the Colombia Emerald Development 
Corporation were associated with the Lewisohn 
group of companies, an American offshoot of the 
Lewisohn family mercantile business based origi- 
nally in Hamburg, Germany.’ The brothers Leonard 
(1847-1902) and Adolph (1849-1938) Lewisohn had 
followed their older brother Julius in the second half 
of the 1860s from Hamburg to New York to assist 
with the American branch. Julius returned to Ham- 
burg in 1872, and Leonard and Adolph went on to 
create one of the larger copper mining and processing 
empires in the United States between 1880 and 1900, 
operating as Lewisohn Brothers.”° The German and 
American branches of the business formally sep- 
arated in 1887. 

By the time of the 1924 Chivor transaction, the 
Lewisohn group of companies had already been in- 
volved in mining activities in Colombia for several 
years. In 1916, the Lewisohn Brothers and Adolph 
Lewisohn & Sons formed the South American Gold 
and Platinum Company. After buying multiple 
mines in Colombia and merging with various other 
entities, this corporation had become the largest pro- 
ducer of noble metals (gold and platinum) in that 
country. Frederick Lewisohn (1881-1959), one of 
Leonard Lewisohn’s sons, served as a vice president 
of the company.”! The Lewisohn group likely opted 
to take advantage of the low price at which the assets 
of the bankrupt Colombian Emerald Syndicate could 
be acquired (as compared to the £46,000, equivalent 
to US$230,000, previously paid for the Chivor mines 
in 1919), to establish a new line of business in em- 
erald mining. 

The three listed incorporators of the Colombia 
Emerald Development Corporation all held roles 
(e.g., president, secretary, or director) in different 
mining companies associated with the Lewisohn 
group, especially the Seneca Copper Corporation and 
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the Santa Fe Gold & Copper Mining Company.” 
MacNamara, a mining engineer and entrepreneur 
having wide-ranging participation with Lewisohn 
Brothers entities, stepped in as president of the Co- 
lombia Emerald Development Corporation, a posi- 
tion that he would continue to fill in the years 
ahead.™ After the transfer of assets of the Chivor Em- 
erald Corporation to the new company, Frederick 
Lewisohn acquired between 40 and 50 percent of the 
authorized capital stock of the Colombia Emerald 
Development Corporation for a price in the range of 
10 cents per share, or approximately $50,000.?° 
Shares were also being advertised to the American 
public by March 25, 1925, for a subscription price of 
$2. per share.”° As of May 19, 192.6, the company was 
listed on the Boston Curb Exchange at $1% per 
share.?’ 


'5For example, the reported addresses for the two companies during 
the late 1930s and early 1940s were identical, given as 32 Broadway, 
New York City. Robert D. Fisher Manual of Valuable and Worthless Se- 
curities, 6 (1938), p. 205; Robert D. Fisher Manual of Valuable and 
Worthless Securities (1944), p. 147. 

'Escritura 344, February 16, 1925, Notaria 1, Archivo General de la 
Nacion (Colombia). 

“Escritura 1607, July 11, 1925, Notaria 1, Archivo General de la 
Nacién (Colombia). 

'8State of Delaware, Executive Department, Chapter 465 Proclama- 
tion, January 16, 1961. 

Engineering and Mining Journal, 110, No. 15 (1920), p. 722; Al- 
brecht, 2013. 

°Engineering and Mining Journal, 110, No. 15 (1920), p. 722; Al- 
brecht, 2013. 

2'The New York Times, June 13, 1919; The Economist, 89 (1919), p. 
39; The Magazine of Wall Street, 25 (1919), p. 57; The New York 
Times, July 5, 1959, p. 56. 

Escritura 3084, December 27, 1919, Notaria 1, Archivo General de 
la Nacién (Colombia). 

*3The Copper Handbook, 10 (1911), pp. 1528-1529; Trow’s New 
York Copartnership and Corporation Directory, 63 (1915), p. 912; 
Trow’s New York Copartnership and Corporation Directory, 66 (1919), 
p. 1019; The Copper Handbook, 14 (1920), pp. 1256-1257; Moody’s 
Manual of Railroads and Corporation Securities, 2, Part 1, Industrial 
Section (1921), pp. 1369-1370; Engineering and Mining Journal, 113, 
No. 9 (1922), p. 376. 

*4The Mines Handbook, 12 (1916), p. 1005; Mineral Resources of 
Michigan (1917), p. 53; Engineering and Mining Journal, 122, No. 16 
(1926), p. 602; The New York Times, August 7, 1926; The New York 
Times, August 10, 1926; In re Idaho Copper Corporation, Deposition 
of Keyes Winter, Deputy Attorney General, State of New York, Su- 
preme Court of New York (Sept. 8, 1926); The New York Times, Oc- 
tober 12, 1926; Engineering and Mining Journal, 123 (1927), p. 106; 
Poor’s Register of Directors of the United States (1928), p. 918; Poor’s 
Register of Directors of the United States and Canada (1932), p. 1291. 
*8The Brooklyn Daily Eagle, January 6, 1927, p. 2; Salt Lake Telegram, 
January 13, 1927, p. 5; The New York Times, January 28, 1927. 
°The News Journal (Wilmington, Delaware), March 28, 1925, p. 17. 


??The Anaconda Standard (Anaconda, Montana), May 19, 1926, p. 
12. 
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Figure 4. George Graham Rice was one of the most in- 
famous financial manipulators in the United States 
during the first half of the twentieth century. In the 
late 1920s, his activities centered on aggressively pro- 
moting and selling shares in two entities, the Colom- 
bia Emerald Development Corporation, which owned 
the Chivor mining titles, and the Idaho Copper Com- 
pany. He worked in cooperation with the president of 
the Colombia Emerald Development Corporation, 
Edmund J. MacNamara, and its largest shareholder, 
Frederick Lewisohn. The actions of Rice, MacNa- 
mara, and Lewisohn became the subject of court pro- 
ceedings in New York that began in 1926 and were 
premised on allegations of fraud and stock market 
manipulation. Photo 1911, from The Mining Investor, 
Vol. 63, No. 1 (1911). 


In the next stage of Chivor’s history, the owning 
entity became entangled in a stock market scandal 
while operational activity was minimal. As to the 
latter, the first mining engineer sent to Chivor by the 
new mine owners was William Burns (1885-1962), 
who had already been working for the Lewisohn group 
in various functions (e.g., as manager of the Santa Fe 
Gold & Copper Mining Company or as secretary of 
the Rosemont Copper Company).’* Burns reportedly 
had also performed development work in the 1920s at 
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Chivor for the former owner, the Colombian Emerald 
Syndicate.” During his tenure, Burns expended over 
$40,000 on the Colombia Emerald Development Cor- 
poration’s behalf on the property, but the resultant 
emeralds produced were not worth over $4,000.*° 
Burns later resigned, and he was succeeded by mining 
engineer Charles Mentzel (1881-1949), likewise pre- 
viously associated with the Lewisohn-owned Santa Fe 
Gold & Copper Mining Company and having gained 
experience in Colombia in 1916 and 1917.°! Mentzel 
arrived at Chivor in late May 1926, and Burns re- 
turned to New York on June 13, 1926.” 

For operational purposes, materials published by 
the Colombia Emerald Development Corporation sug- 
gest that the company was only focusing on and/or as- 
serting claims over the Chivor 1 and 2 mines, 
excluding the other three mines of the Chivor group.* 

Meanwhile, as to the stock market machinations, 
Frederick Lewisohn had transferred his package of 
shares to George Graham Rice (1870-1943, figure 4), 
either directly or through Rice’s brother-in-law Frank 
J. Silva as a conduit, for a price of 75 cents per share.** 
Rice then began to market the shares via his weekly 
promotional circular the Wall Street Iconoclast,*° 
which was sent to a mailing list of 600,000 recip- 
ients.*° Rice was one of the most infamous financial 
manipulators of the era, having already spent time in 
prison on multiple occasions for various crimes of 
fraud and theft.*’ 

Rice’s tactics are exemplified by two issues of the 
Wall Street Iconoclast we were able to locate from 
July and August 1926.%* In those issues, Rice pro- 


8 Harvard Alumni Bulletin 20 (1917), p. 440; American Mining & Met- 
allurgical Manual (1920), p. 89. 

*°Brock, 1929. 

bid. 

*'Engineering and Mining Journal, 101, No. 15 (1916), p. 663; Engi- 
neering and Mining Journal, 103, No. 11 (1917), p. 476; Brock, 1929. 
*File William Burns, List of United States Citizens Arriving at Port of 
New York, June 1926, Ancestry.com. 

Colombia Emerald Development Corporation, The Story of Emeralds 
(Undated), 10 pp. The map included appears to be prepared after Ca- 
nova (1921) but eliminates the other three mines shown on the origi- 
nal version. 

**The Brooklyn Daily Eagle, January 6, 1927, p. 2; The New York 
Times, January 6, 1927; The New York Times, January 28, 1927; Engi- 
neering and Mining Journal, 123 (1927), p. 635. 

5For example, The Wall Street Iconoclast, 5, No. 102, July 15, 1926; 
The Wall Street Iconoclast, 5, No. 105, August 5, 1926. 

*°The Pittsburgh Press, February 28, 1928, p. 33. 

Rice, 1913; The Scranton Republican, August 28, 1926, p. 15; Pla- 
zak, 2006; Thornton, 2015. 

8The Wall Street Iconoclast, 5, No. 102, July 15, 1926; The Wall Street 
Iconoclast, 5, No. 105, August 5, 1926. 
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moted the Colombia Emerald Development Corpo- 
ration, as well as another Lewisohn entity sold on 
the Boston Curb Exchange, the Idaho Copper Com- 
pany.*? Rice aggressively recommended buying 
shares of the Lewisohn-controlled Colombia Emerald 
Development Corporation, reporting that the Lewi- 
sohn family had acquired the mines in the winter of 
1924/1925. He also identified MacNamara as pres- 
ident of the company, emphasizing MacNamara’s 
dual role as vice president of the Lewisohn Explora- 
tion & Development Corporation.*° Rice likewise 
played upon the expertise of mining engineers Burns 
and Mentzel. Notably, it has been reported that 
Burns’s resignation was prompted when he “learned 
that Rice was selling the stock and using his name 
as bait.” Mentzel, prior to his departure for Colombia 
and without having seen the mine, had already 
written a report in the Wall Street Iconoclast that 
valued the property at $5,000,000.*! One of Rice’s 
strategies was thus to use the reputation of an indus- 
trial family well known in the mining business— 
Lewisohn—to incentivize investment.” 

An additional strategy was found in Rice’s glowing 
portrayal of emerald production and valuation. The 
Wall Street Iconoclast reported extraordinarily rich 
finds such as 23,500 carats in June 1926* and cal- 
culated sensationally high values for the mining prop- 
erty and stock, claiming that a share “had a real value 
of between $50 and $75” and that the mines owned 
by the company “were valued at $100,000,000 and 
were capable of producing an annual income for in- 
vestors of between $2,000,000 and $5,000,000.’"* The 
stock of the Colombia Emerald Development Corpo- 
ration rose over a period of 14 weeks from $1 to 
$17%.* In reality, however, half of the 23,500 carats 
highlighted by Rice were worthless stones, and the 
remainder had an estimated value of 50 cents per 
carat.*° The company reported a loss of $57,000 for 
1926.47 As one mining engineer who worked under 
the Lewisohns at Chivor would later summarize: “T 
guess they [the Lewisohns] made more money on the 
stock market than mining.”* 

Such discrepancies began to come to light as a re- 
sult of actions beginning in 1926 by New York State 
Attorney General Albert Ottinger. Under the Martin 
Act (New York General Business Law, Article 23-A, 
Sections 352-353), he targeted the Wall Street Icon- 
oclast, Rice, Silva, the Colombia Emerald Devel- 
opment Corporation, MacNamara, and Frederick 
Lewisohn.” In injunction proceedings, Ottinger 
claimed that “not over a spoonful of stones and only 
two of those salable, have ever been taken from the 
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mines.” A related investigation by Deputy Attor- 
ney General Keyes Winter led him to conclude “that 
the total value of the output of the mines for two 
years did not exceed $13,000, and that many of the 
emeralds obtained were in an uncrystallized state 
and could not be marketed.”*! Such numbers con- 
trasted blatantly with claims proffered to promote 
sale of the stock, which indicated that emeralds of 
fabulous quality weighing between 28 and 80 carats, 
with a value between $100 and $500 per carat, had 
been found at Chivor.*? 

A preliminary injunction restraining promotion, 
advertising, and sale of Colombia Emerald Devel- 
opment Corporation stock had been issued by early 
January 1927. It was then made permanent in a ruling 
handed down on or before February 19, 192.7, in the 
New York Supreme Court (i.e., the trial-level state 
court}.°> Rice and associates were thereby restrained 
“from the sale of the stock of the emerald corporation 
unless complete information about the concern is fur- 
nished,”™ and not a single share of the stock could be 
sold without giving a detailed explanation of the ac- 
tual profit and losses from mining operations.*° Al- 


The Wall Street Iconoclast, 5, No. 102, July 15, 1926; The Wall Street 
Iconoclast, 5, No. 105, August 5, 1926. The Idaho Copper Company 
was also known as the Idaho Copper Corporation. Thornton, 2015. 


“Most likely a reference to the Lewisohn Exploration & Mining Co. or 
to the General Development Co. 


“Brock, 1929. 
“Engineering and Mining Journal, 122, No. 16 (1926), p. 602. 


The Wall Street Iconoclast, 5, No. 102, July 15, 1926; The Wall Street 
Iconoclast, 5, No. 105, August 5, 1926. 


“4The New York Times, February 20, 1927; Chicago Tribune, February 
27, 1927, p. 40. 


#5$t. Louis Post-Dispatch, January 6, 1927; The Pittsburgh Press, Feb- 
ruary 28, 1928. 


*°Brock, 1929. 

“’The Cumulative Daily Digest of Corporation News, No. 2 (1927), p. 
165. 

“The Billings Gazette, May 16, 1954, p. 6. 

“The New York Times, August 7, 1926; The New York Times, October 
12, 1926. 

°°The Brooklyn Daily Eagle, January 6, 1927, p. 2. 

5'The New York Times, February 20, 1927; Chicago Tribune, February 
27 927 

The New York Times, February 20, 1927; Chicago Tribune, February 
27, 1927: 

The Brooklyn Daily Eagle, January 6, 1927, p. 2; The Brooklyn Daily 
Eagle, January 9, 1927, p. 22; The New York Times, January 9, 1927; 
The Bridgeport Telegram, January 10, 1927, p. 5; The Tribune (Co- 
shocton, Ohio), January 10, 1927, p. 4; The New York Times, January 
28, 1927; The New York Times, February 20, 1927; Jewelers’ Circular, 
94, No. 4 (1927), p. 61; Chicago Tribune, February 27, 1927, p. 40. 
‘4Chicago Tribune, February 27, 1927. 

The New York Times, February 20, 1927. 
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Further Observations on Synthetic Hed Spinel 


DR. W. F. EPPLER 


T he exceedingly interesting contribution 
of Dr. F. J. Gubelin’s “More News of Syn- 
thetic Red Spinel” in the Winter Issue of 
this journal is particularly instructive since 
he describes the first synthetic red spinels 
which were, no doubt, manufactured accord- 
ing to the Verneuil process. His complete 
and convincing explanations also comprise 
a theory on the growth of striae in synthetic 
stones. He implies that the curved striae 
which are particularly distinct in synthetic 
red spinel, result from a specially difficult 
crystallization of the material and tries to 
substantiate his theory by comparing them 
with synthetic red corundum which also dis- 
plays distinct striation and apparently ‘does 
not like to grow.” 

Empiric experiences made during the 
manufacture of thousands of synthetic corun- 
dums and spinels do not entirely concur with 
the author’s assumption. Above all, it must 
be emphasized that both corundum and 
spinel boast a particularly great facility of 


crystallization in nature as well as in the 
laboratory. 

One proof of this may be found in the 
fact that artifi- 
cial manufacture can a so-called ‘corundum 


neither in nature nor in 
glass,” i. e. amorphous corundum, be pro- 
duced. On the contrary, amorphous “glass” 
may very easily be manufactured from most 
silicates. It has great tendency towards crys- 
tallization and it was primarily thts which 
made it possible to produce corundum and 
spinel by the Verncuil process. 

On the other hand, with both types of 
synthetic stones made in the Verneuil fur- 
nace, differences may be noted in the speed 
of growth and in the existent or non-existent 
curved striae. However, there is no direct 
correlation between speed and ease of growth 
and the various features of curved striae. The 
Gubelin’s 
theory of succession with Dr. Eppler’s, the 
latter being based on the present stage of 
practical experience. 


following table compares Dr. 


SUCCESSION OF SYNTHETIC CORUNDUMS AND SYNTHETIC SPINELS 
ACCORDING TO THE INCREASING FACILITY OF CRYSTALLIZATION 


According-to Dr, Gubelin 


Syn. Red Spinel 


Syn. Red Corundum 


Syn. Blue Corundum 


Syn. Light Yellow Corundum 


Syn. Colorless Corundum 


Syn. Spinels tn all 
colors except red 


very strong and marked 


narrow, well-formed 


wide, blurred curved striae 


very weak curved striae 


with none, or very seldom 


Dr. Eppler 


Syn. Red Spinel 


curved striae 


Syn. Blue Corundum 


curved striae 


Syn. Yellow Corundum 


Syn. Spinels in all 
colors except red 


Syn. Red Corundum 


Syn. Colorless Corundum 


any curved striae 
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though the injunction was later vacated in part to the 
extent that it applied to the Colombia Emerald De- 
velopment Corporation, Frederick Lewisohn, and 
MacNamara, on account of insufficient evidence to 
establish the actual personal participation of Lewi- 
sohn and MacNamara in fraudulent practices, the re- 
straint against the Wall Street Iconoclast, Rice, and 
Silva remained in force.*° 

Rice ultimately avoided serious prosecution in 
connection with his dealings related to the Colombia 
Emerald Development Corporation. Still, matters 
pertaining to the Idaho Copper Company proceeded 
to trial and led to him being found guilty in 1928 and 
sentenced to four years in prison.*’ As an anecdotal 
footnote, while incarcerated at the federal peniten- 
tiary in Atlanta on those charges, Rice became a 
friend of another prominent inmate, Al Capone.** 

By the end of 1928, both the Colombia Emerald 
Development Corporation and the Idaho Copper 
Company had been delisted from the Boston Curb 
Exchange.*? 


CHIVOR UNDER PETER W. RAINIER 
(1927-1931) 


During late 1926 or early 1927, the president and di- 
rectors of the Colombia Emerald Development Cor- 
poration decided to hire a new mining engineer to 
oversee on-site operations at the Chivor mine in Co- 
lombia, replacing Mentzel. The mine had been un- 
profitable for the preceding two years, but the 
ongoing legal proceedings in New York involving 
MacNamara and Frederick Lewisohn likely rendered 
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Figure 5. By 1927, South 
African mining engi- 
neer Peter W. Rainier 
had been hired to head 
operations at the Chi- 
vor emerald mine in 
Colombia, with the aim 
of turning the venture 
into a profitable one. 
However, a drastic loss 
generated in 1930, 
when mining costs far 
exceeded emerald sales, 
led to a directive in 
1931 to close the mine. 
Photo from the Peter W. 
Rainier collection; cour- 
tesy of GIA. 


the alternative course of simply closing the mine in- 
advisable. The engineer selected as Mentzel’s succes- 
sor, apparently under an initial contract of six 
months,” was Rainier (figure 5). Born in Transvaal, 
South Africa, Rainier had obtained mining experi- 
ence in countries such as Nigeria, Southern Rhodesia 
(Zimbabwe), and South West Africa (Namibia). At 
the time of his engagement, Rainier was living in the 
United States with his family. Mentzel did not, ho- 
wever, immediately leave Colombia and remained 
active in the country during 1928 and 1929, presum- 
ably still with the Colombia Emerald Development 
Corporation in some capacity.” 

Rainier began his work in Colombia in 1927, leav- 
ing his family behind in the United States when his 
son Peter W. Rainier, Jr. (born August 1926), was only 
afew months old. His wife and children would later 
join him at Chivor in 1928. Efforts at the mine started 
with repairing the infrastructure, after which Rainier 


5°The New York Times, May 7, 1927. 

57Plazak, 2006. 

Ibid. 

5°Star Tribune (Minneapolis), December 18, 1928. 

Rainier, 1942. 

*'Weldon et al., 2016. Insofar as Weldon et al. (2016) chronicled 
Peter W. Rainier’s account as presented in Green Fire (1942), the fol- 
lowing discussion will focus more broadly on the chronology as it re- 
lates to independent documentation. 


File Charles Mentzel, List or Manifest of United States Citizens 
Arriving at Port of New York, February 1928 and February 1929, 
Ancestry.com. 


Rainier, 1942; Peter W. Rainier, Jr., pers. comm. 2017. 
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was able to improve the yield of operations and the 
quantity of facet-grade gem material. At that time, the 
traditional open-cast step-cutting technique (figures 6 
and 7) continued to be employed. Small terraces or 
steps were cut in the extremely steep mountain sur- 
face, and the loose debris was washed away by a flood 
of previously collected water. Crystals were carefully 
removed by hand from the emerald-bearing veins or 
cavities within the host rock. 

In 1929, Rainier published a study describing his 
mining operations at Chivor, and he traveled to New 
York to present the paper at a conference of the 
American Institute of Mining and Metallurgical 
Engineers in February 1930. It is also logical to sur- 
mise that the trip to New York would have provided 
an opportunity to meet with his employer concern- 
ing the mining activities. 

After Rainier returned to Colombia, he was joined 
at Chivor by geologist Verner A. Gilles (1886-1954) 
from April to August 1930 for geological mapping 
and evaluation of the mine.© Like many others sent 
to Chivor, Gilles had experience working for com- 
panies owned by the Lewisohn family.® His eval- 
uation resulted in a report, dated September 20, 1930, 
that provided insight into the production and cost of 
mining.*’ In the period from 1925 to 1929, the mine 
yielded 137,000 carats in total, beginning from a low 
of 4,000 carats in 1925, the first year of mining oper- 


Figure 6. In the late 1920s, mining operations at Chi- 
vor under Rainier still used the traditional open-cast 
step-cutting technique. Terraces or steps were cut into 
the surface of the extremely steep mountain slopes, 
and the debris was washed away via water previously 
collected in tanks. Photo from the Peter W. Rainier 
collection; courtesy of GIA. 
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Figure 7. The open-cast step-mining operations at 
Chivor under Rainier entailed manually excavating 
the terraces and then recovering crystals after expo- 
sure in the host rock. Photo from the Peter W. Rainier 
collection; courtesy of GIA. 


ations under the Colombia Emerald Development 
Corporation, followed by a large quantity of low- 
grade stones in 1926. The costs of mining operations 
from 1926 to 1929 aggregated $278,000, and it was 
noted that a maximum of 250 workers were on the 
payroll of the mine (figure 8). The total selling value 
of the emeralds produced from 1925 to 1929 was cal- 


Rainier, 1929, 1931. The study was initially published in 1929 and 
was then reprinted in expanded form in 1931, incorporating com- 
ments generated during the discussion that followed oral presentation 
of the paper before the American Institute of Mining and Metallurgi- 
cal Engineers in February 1930 in New York. A Spanish translation 
was published in 1934. Rainier, 1934. See also The Wilkes-Barre 
Record, March 21, 1930, p. 2. 

Verner A. Gilles left Colombia on August 31 and returned to New 
York on September 10, 1930. File Verner Gilles, List of United States 
Citizens Arriving at Port of New York, September 1930, Ancestry.com. 


The Billings Gazette, May 16, 1954, p. 6. 
®7Gilles, 1930. 
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culated at $274,000, indicating that the average price 
received per carat was approximately $2. Such figures 
evidenced that the mine was not generally profitable, 
with mining costs versus emerald sales value roughly 
equal at best. The numbers also offered a counter- 
point to the more optimistic estimation apparently 
held by Rainier, who would later opine that he han- 
dled “emeralds worth more than one million dollars” 
during his years of responsibility over the mine.® 

Gilles’s report further addressed geological aspects 
pertaining to the reserve of emerald-bearing rock at 
Chivor, concluding:” 


It is almost impossible to give an estimate of the value 
of this enormous deposit of emerald bearing rock. To 
sample the deposit is out of the question. Even drilling 
would not give an adequate idea of its value, due to the 
fact that the ratio between gangue rock and valuable 
mineral contents is so great. There is but one way to 
tell what the deposit is worth, and that is to work it 
out. Here is where the great hazard of emerald mining 
must be considered. Working out the emerald bearing 
formation now in reserve may mean a handsome profit 
and on the other hand it may mean a great loss. After 
all is said and done the question of profit in this case of 
mining is largely a matter of luck. 


As previously noted, Gilles departed from Colom- 
bia in late August 1930, approximately concomitant 
with the arrival of American mining engineer Robert 
Elmer Sylvester (1904-1988, figure 9) to assist Rain- 
ier.”° Sylvester’s contract had come through the Lew- 
isohn group of companies,’”! and a two-year stay in 
Colombia was planned.” His tenure would actually 
end, however, by October 1931 when he returned to 
New York.” 
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Figure 8. In the late 
1920s to early 1930s, 
Rainer worked with 
several hundred miners 
at Chivor. Photo sent 
by Rainier to his sister, 
with a handwritten 
comment reading: “In- 
dian miners drinking 
their Guarapo ration 
Sunday afternoon.” 
Priaulx Rainier collec- 
tion, Royal Academy of 
Music, London. 


As these operational activities were taking place, 
in the background ownership and control of the 
Chivor mines had become the subject of a legal dis- 
pute, referred to as the Joaquin Daza case. Joaquin 
Daza B. submitted a petition dated December 27, 
1929, to the Colombian government, claiming that 
the Chivor mine partly overlapped with his prop- 
erty and that mining operations were being con- 
ducted on his land.’“* He proposed that he be 
awarded financial compensation for the infringe- 
ment. According to Green Fire, Rainier rejected 
such a proposal after Daza personally visited the 
mine with his demands.” 

In the more formal proceeding and at the request 
of the government, Rainier responded to Daza’s 


*8Gilles, 1930. 

Rainier, 1942. 

Robert Elmer Sylvester received his degree from the School of Mines 
and Metallurgy, Institute of Technology, University of Minnesota, in 
1927. He married in July 1930 and arrived at Chivor with his wife 
Josephine at the end of August 1930. Alumni Blue Book, School of 
Mines and Metallurgy, Institute of Technology, University of Minne- 
sota (1950), 13, p. 135; Rebecca Toov, University of Minnesota Ar- 
chives, pers. comm. 2018. 

The Bismarck Tribune, September 9, 1930, p. 3. 

”The Billings Gazette, July 20, 1930, p. 13; Minnesota Chats, January 
2, 1931, p. 3. 

File Robert Sylvester, List or Manifest of Alien Passengers for the 
United States Immigration Officer at the Port of Arrival, New York, 
October 1931, MyHeritage.com. 

“File “joaquin Daza B.,” Volume “Propuestas Minas 99,” Ministerio 
de Industrias, Departamento de Minas y Petrdleos, Archivo General 
de la Nacién (Colombia). 

Rainier, 1942. 
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claims via a letter dated August 4, 1930.” Therein, 
Rainier explained that he had no exact map of the 
mine boundaries, as no such document had been pro- 
vided by his employer (figure 10). In connection with 
the case, the mine was inspected during the period 
from late January to early February 1931 by two gov- 
ernment officials, i.e., the lawyer Alfonso Torres Bar- 
reto and the engineer Miguel Alvarez Uribe, together 
with Daza, Rainier, and Sylvester, and a report was 
issued on February 7, 1931. Yet no final resolution 
was reached, and ongoing consideration by the gov- 
ernment was reflected in documents dated in 1934, 
1935, and 1939.7’ 

The consideration apparently intensified in Janu- 
ary 1941, when the mine was examined once again 
by Colombian officials. A report by engineer Nicolas 


Figure 9. American mining engineer Robert Elmer 
Sylvester worked with Rainier at Chivor in 1930 and 
1931. This photo was sent by Rainier to his sister, 
with a handwritten comment reading: “My American 
assistant R.E. Sylvester.” Priaulx Rainier collection, 
Royal Academy of Music, London. 
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Figure 10. Letter dated August 4, 1930, written by 
Rainier to the Ministerio de Hacienda in Bogotd, indi- 
cating that he was not in possession of any maps de- 
picting the exact boundaries of the Chivor mining 
claims. File “Joaquin Daza B.,” Volume “Propuestas 
Minas 99,” Ministerio de Industrias, Departamento 
de Minas y Petroleos, Archivo General de la Nacion 
(Colombia). 


Rosso, dated January 29, 1941,’8 incorporated a map 
showing currently mined sites, estimated mine 
boundaries, and relevant infrastructure (figure 11). 
Discussions between Rosso and Daza in Guateque 
had preceded the inspection, and Daza then reiter- 
ated his claims in letters submitted to the govern- 
ment dated from August to October 1941, wherein 
he also augmented his petition to request considera- 
tion of titles to the adjacent mines of Buenavista and 
Mundo Nuevo (figure 12; see also figure 25). Even 


File “Joaquin Daza B.,” Volume “Propuestas Minas 99,” Ministerio 
de Industrias, Departamento de Minas y Petrdleos, Archivo General 
de la Nacién (Colombia). 

Ibid. 

8lbid. 
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well into the 1950s, government documentation 
showed that the matter remained open, with the last 
recorded activity in the case dated to October 1958 
and with no known definitive solution or final 
result.” Such a scenario contrasted markedly with 
Rainier’s recollection in Green Fire, where he repre- 
sented that shortly after the 1931 examination of the 
mine’s boundaries, he received a telegram from the 
company’s agent in Bogota declaring: “Government 
decided Joaquin’s claim groundless.”*° 

Meanwhile, during the 1930 to 1931 period, both 
personal circumstances involving Rainier and hostil- 
ities at the mine property likely impacted operations, 
leading to possibly multiple temporary reductions or 
stoppages of work on behalf of the Colombia Emerald 
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Ra Paz 


deChivor Figure 11. This map, which 


has been recreated based 
on the original hand-drawn 
map, shows the boundaries 
of the Chivor 1 and 2 
mining claims registered in 
1889, as well as the sites of 
the Esperanza de Chivor 
and La Paz de Chivor 
claims registered in 1904. 
These mines, referred to as 
part of the Chivor group, 
were all located between 
the Rio Sinai and the Rio 
Rucio (sometimes des- 
ignated as Quebrada Sinai 
and Quebrada de las 
Minas, quebrada meaning 
gorge). The map also de- 
picts workings, water chan- 
nels, and tanks existing in 
1941. South of the Rio 
Rucio, operations at the 
Buenavista emerald mine 
are indicated. The map was 
incorporated in a report by 
the engineer Nicolas Rosso, 
dated January 29, 1941, to 
the Ministerio de Minas y 
Petréleos. File “Joaquin 
Daza B.,” Volume “Pro- 
puestas Minas 99,” Ministe- 
rio de Industrias, 
Departamento de Minas y 
Petroleos, Archivo General 
de la Nacion (Colombia). 


Quebrada 
Sinai 


Quebrada 
Sinai 


Rio Guavio 


Development Corporation. From a personal stand- 
point, Rainier and his wife Margaret acquired a ha- 
cienda known as “Las Cascadas” south of Rio Rucio 
in the Departamento de Cundinamarca. The family 
moved there from Chivor in 1930 or 1931, when his 
son Peter W. Rainier, Jr., was four.*! Rainier was also 


Diario Oficial (Colombia), 96, No. 30056 (1959), p. 597. 

‘0Rainier, 1942 

5'Peter W. Rainier, Jr., pers. comm. 2017 (“I moved to Chivor when | 
was two and my father was already there. | moved away from Chivor 
when I was four, so assume that the mine was shut down at that time. 
That was when my father started Las Cascadas.”). See also the inter- 
view of Peter W. Rainier Jr., by GIA staff, 2015, available at 
https://www.gia.edu/gems-gemology/summer-201 6-rainier-footsteps- 
journey-chivor-emerald-mine. 
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Figure 12. Letter from Joaquin Daza to the Ministro 
de Minas y Petroleos, dated September 1941, concern- 
ing his claims that the Chivor mine partly overlapped 
with his property and that mining operations were 
being conducted on his land. File “Joaquin Daza B.,” 
Volume “Propuestas Minas 99,” Ministerio de Indus- 
trias, Departamento de Minas y Petréleos, Archivo 
General de la Nacion (Colombia). 


involved, at least initially, in establishing operations 
at the hacienda. Nonetheless, he remained active as 
mine manager over Chivor, assisted by Sylvester, 
during the January and February 1931 developments 
in the Joaquin Daza case.” 

Regarding hostile conditions at the mine, security 
concerns would appear to have arisen at some point 
after the February 1931 inspection in the Joaquin 
Daza case, when the property became the target of re- 
peated attacks from bandits. Peter W. Rainier, Jr., re- 
membered: “After he [Peter W. Rainier, Sr.] got Las 
Cascadas in operation then he went back to Chivor 
and recaptured Chivor [from bandits] with his friends 
Chris Dixon and his sons and a couple of other guys 
and operated the mine for a while.” Similarly, a pho- 
tograph from that era showed Rainier, Christopher Er- 
nest Dixon (figure 13), Dixon’s sons, and Sylvester 
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Figure 13. Christopher Ernest Dixon, business entrepre- 
neur and emerald mining expert, worked in the 1890s for 
an English company then operating the Muzo emerald 
mine. In the first decade of the twentieth century, he be- 
came one of the shareholders in the Compania de las 
Minas de Esmeraldas de Chivor that owned the mining 
titles for Chivor 1 and 2, and he also co-owned additional 
claims in the area. After Chivor was sold in 1919 to the 
US-based Colombian Emerald Syndicate, Ltd., he served 
as its official representative in Colombia in the early 
1920s. Then, in the early 1930s, Dixon assisted Rainier in 
efforts to combat bandits at Chivor. Photo circa early 
1930s; courtesy of Catalina and Melissa Dixon. 


(figure 14)** and included a handwritten notation on 
the back (presumably by Rainier) that read: “Our gang 


“File “Joaquin Daza B.,” Volume “Propuestas Minas 99,” Ministerio 
de Industrias, Departamento de Minas y Petrdleos, Archivo General 
de la Nacién (Colombia). 

®3Interview of Peter W. Rainier, Jr., by GIA staff, 2015, available at 
https:/www.gia.edu/gems-gemology/summer-201 6-rainier-footsteps- 
journey-chivor-emerald-mine. 

®4Robert Elmer Sylvester was identified through assistance from Re- 
becca Toov, University of Minnesota Archives, pers. comm. 2018, and 
comparison with the photo of Sylvester, dated 1927, published in The 
Gopher, 40 (1927), p. 443 (electronic p. 463 at https://umedia.lib. 


umn.edu/item/p16022coll339:27309/p16022coll339:27197). 
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Figure 14. Robert Sylvester was hired in 1980 to assist Rainier in the operations at Chivor. Together with Rain- 
ier and Christopher Ernest Dixon, Sylvester was involved in the efforts to combat bandits who had invaded 
Chivor in 1931. Left: Detail of a photo from The Gopher, Vol. 40 (1927), p. 443 (electronic page 463 at 
https://umedia.lib.umn.edu/item/p16022coll339:27309/p16022col1339:27197); courtesy Rebecca Toov, University 
of Minnesota Archives, Minneapolis. Right: Photo with a handwritten comment (not shown) reading: “Our 
gang at Chivor during the bandit fighting days.” Shown from the left are Sylvester, MacFadden, Dixon (flanked 
by his sons), and Rainier. Photo from the Peter W. Rainier collection, courtesy of GIA. 


at Chivor during the bandit fighting days.” That photo 
must have been taken before the close of October 
1931, as that was when Sylvester left Colombia.* 
Final accounting had revealed a drastic loss of 
$65,000 for the year 1930, calculated based on the ac- 
tual costs of operations reduced by emerald sales 
worth only $48,000.°° Coupled with the negative as- 
sessment in the recently prepared report by Gilles, the 
leaders of the Colombia Emerald Development Cor- 
poration instructed Rainier to close the mine and to 
return to New York.*’ As directed, Rainier traveled to 
New York in October 1931 for consultation with the 
mine owners,** leaving his family at Las Cascadas. 
According to Rainier in Green Fire, he returned 
to Colombia with preliminary permission from the 
company to continue mining operations at Chivor 
under his own responsibility.*° He went on to re- 
count that with the help of Dixon and his sons, the 
men “bombed out” the bandits who had overtaken 
the mine during Rainier’s absence. Rainier and Dixon 
then collaborated in mining the deposit for a few 
months, but the Colombia Emerald Development 
Corporation soon withdrew its permission and sent 
new staff to run the mine. Rainier and Dixon had to 
hand over operations to the new leaders sent by the 
owners and leave Chivor. Yet according to Rainier, 
the new operators again lost control of the mine after 
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a short period due to renewed hostilities from the 
bandits. Rainier’s account of this late 1931 to mid- 
1932 timeframe, however, has not been corroborated 
by independent evidence, and only the pre-October 
1931 bandit fighting has been verified by the histori- 
cal record. 

In a report dated November 2, 1931, the United 
States Department of Commerce noted, “The Chivor 
emerald mine operated by American interests has 
been closed, owing to depressed prices.’”””° It was sub- 
sequently reported that Chivor was closed again in 
October 1932,°! but no documentation detailing the 


55File Robert Sylvester, List or Manifest of Alien Passengers for the 
United States Immigration Officer at the Port of Arrival, New York, Oc- 
tober 1931, MyHeritage.com. To the extent that Rainier (1942) is sus- 
ceptible to an interpretation that would place the bandit fighting solely 
after October 1931, such is not supported by the historical record. 
8°Engineering and Mining Journal, 131 (1931), p. 485. 

®7Rainier, 1942. 

S8File Peter Rainier, List or Manifest of Alien Passengers for the United 
States Immigration Officer at the Port of Arrival, New York, October 
1931, MyHeritage.com. The travel documentation gave Gachala (in- 
terestingly not Chivor) as Rainier’s residence in Colombia and indi- 
cated that the purpose of the entry was to visit the Colombia Emerald 
Development Corporation for a planned stay of two months. 
‘Rainier, 1942. 

“Commerce Reports, 4, No. 44 (1931), p. 247. 

°' Mineral Trade Notes, 2, No. 4 (1936), p. 18. 
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Figure 15. Detail from the final page of a letter dated 
April 1944 sent by Rainier to his sister Priaulx Rain- 
ier, discussing a possible return to Chivor as a con- 
sulting engineer. Priaulx Rainier collection, Royal 
Academy of Music, London. 


mode of operation or the person(s) in charge of the 
mine in 1932 is available. Rainier remained in Co- 
lombia, working as a mining consultant, e.g., for the 
Colombian government at Muzo and Coscuez in 
1933 and 1934.” After the death of his wife Margaret 
in 1937, he left the country.” 

Rainier initially settled in Egypt for health rea- 
sons and then joined the British Eighth Army after 
the outbreak of World War II, serving from June 
1940 to June 1943. During this period, Rainier was 
also engaged in writing several books, including 
Green Fire (1942), all in the genre of regaling readers 
with his adventures.”* Following his retirement 
from the British Army, Rainier traveled in the 
United States, lecturing about his escapades fight- 
ing in Africa during the war. Speaking engagements 
in South America were planned as well, and he even 
considered taking a position as a consulting engi- 
neer at Chivor when contacted in 1944 by the mine 
owners about a potential attempt to reopen (figure 
15).°° Rainier died in a hotel fire in Ontario, Canada, 
in July 1945.96 


CHIVOR IN DORMANCY AND TRANSITION 
(1932-1947) 


Following closure of the mine, Chivor entered a 
period of dormancy from an operational standpoint, 
at least insofar as concerned official work on behalf 
of the Colombia Emerald Development Corporation. 
Illegal mining and theft, however, remained a con- 
stant feature.°’ The interest of the press and public 
decreased and was only revived briefly by the release 
of Green Fire in 1942.8 

From a corporate and administrative perspective, 
documentation from the 1931 to 1932 period re- 
flected that MacNamara remained president of the 
Colombia Emerald Development Corporation and 
that directors at the time included MacNamara, the 
banker Robert E. Henry, and the attorney Francis 
Philip Pace (1876-1957, figure 16). On September 
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28, 1933, the name of the corporate entity was for- 
mally changed from Colombia Emerald Devel- 
opment Corporation to Chivor Emerald Mines, 
Inc.'© The name change was registered in Colombia 
in November 1934.'°! Corporate headquarters con- 
tinued to be in New York City, and company infor- 
mation under the new name was officially filed with 
the New York State, Department of State, Division 
of Corporations, on November 23, 1935.!° Sub- 
sequent documentation from 1936 to 1940 showed 
that Henry was by then serving as president and Pace 
as secretary and/or treasurer.!™ 

In a renewed push to regain effective control, a na- 
tional police squadron was dispatched to Chivor in 
1936 to secure the mine pursuant to a contract be- 
tween the government and Chivor Emerald Mines, 


Rainier, 1933a, 1933b; Minerals Yearbook (1934), pp. 1095-1096; 
Diario Oficial (Colombia), 70, No. 22562 (1934), p. 140. Certain of 
these projects were undertaken in cooperation with Christopher Dixon. 
Peter W. Rainier, Jr., pers. comm. 2017. 

*4Published works included African Hazard (1940), American Hazard 
(1942), and Pipeline to Battle: An Engineer’s Adventures with the Brit- 
ish Army (1943). Additional book manuscripts remained unfinished. 
Letter by Peter Rainier, March 25, 1943, to his sister Priaulx Rainier, 
Priaulx Rainier collection, Royal Academy of Music, London. 

5Letter by Peter Rainier, April 25, 1944, to his sister Priaulx Rainier, 
Priaulx Rainier collection, Royal Academy of Music, London. 

°°The New York Times, July 7, 1945. 

°’Diario Oficial (Colombia), 69, No. 22208 (1933), p. 353. 

Rainier, 1942; The Ottawa Journal, November 28, 1942, p. 21. Peter 
Rainier’s story also provided the basis for a novel written by the Co- 
lombian author Torres Neira in 1967, using fictional characters styled 
after the real players (e.g., Rainer became Garnier). 

Poor's Financial Records, Industrial Manual, New York (1931), p. 788; 
Poor’s Register of Directors of the United States and Canada (1932), p. 
257. Francis Philip Pace was born in Canada and moved with his par- 
ents to Buffalo, New York, in 1880. Pace was naturalized in 1890. Al- 
though his father was a stone cutter, Pace studied law and received a 
degree from the New York University School of Law. He went on to 
work in New York as a lawyer and was involved with multiple corpo- 
rate boards. In his engagement with the Colombia Emerald Devel- 
opment Corporation and, after its renaming, Chivor Emerald Mines, 
Inc., Pace was supported for several years by his son Brice Pace (1915— 
2001), who held a degree in geology from New York University and 
sought to assist his father and the company as a member of the board 
of directors in the late 1930s. Tenth Census of the United States, 1880; 
The Albany Law Journal, 59 (1899), p. 484; New York Herald, August 5, 
1916, p. 8; Fourteenth Census of the United States, 1920; Gregory, 
1995. 

'State of Delaware, Department of State, Division of Corporations, 
Entity Details; The Morning News, September 29, 1933, p. 23; The 
News Journal, September 29, 1933, p. 29. 

'lFscritura 2045, November 17, 1934, Notaria 1, Archivo General de 
la Nacién (Colombia). 

'.Nlew York State Department of State, Division of Corporations, En- 
tity Information. 

'The Newark Post, November 26, 1936, p. 2; Who’s Who in New 
York City and State, 10 (1938), p. 599; Poor’s Register of Directors and 
Executives, United States and Canada (1940), p. 960. 
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Figure 16. New York attorney Francis Philip Pace be- 
came associated with the Colombia Emerald Devel- 
opment Corporation by the early 1930s and 
continued to serve in multiple roles both under that 
name and as renamed Chivor Emerald Mines, Inc., in 
1933. He initially filled positions as a member of the 
board of directors, treasurer, and secretary, eventually 
becoming one of the largest shareholders as well as 
president of the company in 1947. In the late 1940s, 
Pace traveled to Colombia to restart active mining 
operations, always in hopes of turning the company 
into a profitable enterprise. Photo circa 1930s; cour- 
tesy of Scott Pace. 


Inc.' As a result, after several relatively quiet years 
with respect to mine operations, the mine was able 
to be leased from 1937 to 1940 (or even later) to the 
Compania de Esmeraldas de Colombia, which em- 
ployed about 100 workers.!% In January 1941, the 
mine was being operated with Ernesto Fernandez as 
the mine administrator.!% 

Nonetheless, by 1943 the outlook of company 
leadership was not optimistic, with the financial press 
reporting: “Mr. Francis P. Pace, an attorney and treas- 
urer of the company informed us on Oct. 29, 1943, 
that he has served the company for the last five years, 
and has received nothing for his services. He stated 
that he is the biggest stockholder and biggest creditor 
of the company. Mr. Pace considers the stock worth- 
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less.”!’ Later, as a consequence of the economic and 
political situation engendered by World War II, the 
mine again became inoperative until 1947,!° with the 
exception of the ever-resilient illegal and uncontrolled 
mining, and even gun fighting, at the unguarded 
site.!° Although the possibility of reopening may have 
been broached during the interim, such as by contact- 
ing Rainier in 1944 (again, see figure 15), such efforts 
went nowhere. After Walter J. Cowan served as cor- 
porate president in the early to mid-1940s,"!° Pace took 
over that position in 1947!" 


CHIVOR UNDER RENEWED OPERATIONS 
(1947-1951) 


After the hostilities of World War II drew to a close, 
the Chivor Emerald Mines, Inc., leadership endeav- 
ored to restart active mining operations. Pace always 
hoped that it would be possible to turn Chivor into a 
profitable mining site.!!” In service of that aim, and 
to address creditor issues, he traveled to Colombia at 
least three times, in 1947, 1948, and 1950.!!3 Opera- 
tional control in Colombia was placed under a series 
of managers. James W. Raisbeck Jr., an American, 
began in July 1947,'!* and was succeeded by Luis 
Sal6mon, an American, and Jacques Meyer, a Ger- 


‘Diario Oficial (Colombia), 72, No. 23219 (1936), pp. 697-698. 
15Minerals Yearbook (1938), p. 1295; Minerals Yearbook (1939), p. 
1393; Minerals Yearbook (1940), p. 1461; Minerals Yearbook (1941), 
p. 1409; Las Industrias Mineras y Manufactureras en Colombia, trans- 
lation of Mining and Manufacturing Industries, United States Tariff 
Commission, Publication TC-250 (1949), pp. 30-31. 

1File “Joaquin Daza B.,” Volume “Propuestas Minas 99,” Ministerio 
de Industrias, Departamento de Minas y Petrdleos, Archivo General 
de la Nacién (Colombia). 

107Robert D. Fisher Manual of Valuable and Worthless Securities (1944), 
p. 147. 

1 Vinerals Yearbook (1949), p. 1579. 

'%Mineral Trade Notes, 25, No. 2 (1947), pp. 28-29; Gaceta Judicial 
(Colombia), 72 (1952), pp. 282-290. 

"Robert D. Fisher Manual of Valuable and Worthless Securities, 11 
(1946), p. 149; Diario Oficial (Colombia), 83, No. 26422 (1947), pp. 
454-456. 

"Diario Oficial (Colombia), 83, No. 26422 (1947), pp. 454-456; 
Diario Oficial (Colombia), 83, No. 26436 (1947), p. 657; Diario Ofi- 
cial (Colombia), 83, No. 26672 (1948), p. 1132; Morello, 1956; 
Gaceta Judicial (Colombia), 97 (1961), pp. 138-145. 

Scott Pace (grandson of Francis Phillip Pace), pers. comm. 2018. 
File Francis P. Pace, Passenger Manifests of Airplanes Arriving at 
Miami, Florida, November 1947 and April 1948, Ancestry.com; Escri- 
tura 2204, July 12, 1950, Notaria 3a, Archivo General de la Nacién 
(Colombia); Diario Oficial (Colombia), 87, No. 27372 (1950), pp. 
367-368. 

™€Escritura 1353, April 28, 1947, Notaria 3a, Archivo General de la 
Nacion (Colombia); Diario Oficial (Colombia), 83, No. 26422 (1947), 
pp. 454-456; Diario Oficial (Colombia), 83, No. 26436 (1947), p. 657. 
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man, in December 1947.!!5 Because of the limited 
funds available, the latter two instigated a contractor 
system under which contracted foremen hired and 
paid their own laborers.!! Salomon and Meyer were 
replaced by Eric G. Ramsay and Antonio C. Cosme, 
both United States citizens, in July 1950."!’ 

Additional investment and involvement from Co- 
lombian parties had also been brought on board by 
1950, as reported in the trade press:!!® 


Present-day exploitation of the emerald deposits is di- 
rected by the two largest stockholders in the corpora- 
tion, one of whom [Pace] has had many years’ 
association with the firm and whose ceaseless efforts 
have salvaged a defunct corporation, with more or less 
worthless stock, and has placed it back into production, 
with the possibilities steadily increasing that the stock- 
holders will at last begin to realize some return on their 
investment. The other of those two men [identity un- 
known to the authors] is a well-known Bogota, Colom- 
bia, importer and exporter, who is in charge of the 
operations in Colombia. This man has himself invested 
large sums of money in the property, and, in his position 
on the spot, has been able to supervise the mining, ap- 
praisal, registration, and exportation of the gem stones. 


Such efforts resulted in production of 5,400 carats 
in 1947, with yields increasing to 82,370 carats in 
1948 and 91,656 carats in 1949.!!° Although opera- 
tions were impacted in late 1948 due to rioting and 
theft by local workers, the situation was brought 
under control after the company sent Carl (Carmine] 
Cavallo, an American civilian construction superin- 
tendent, to Colombia to restore order at the mine.!”° 

For a period extending approximately from the 
first to the third quarter of 1950, the New York 
owners employed American gem hunter Anderton 


4 Escritura 4313, December 17, 1947, Notaria 3a, Archivo General 
de la Naci6n (Colombia); Diario Oficial (Colombia), 83, No. 26672 
(1948), p. 1132. 

"Wehrle, 1980. 

"Escritura 2204, July 12, 1950, Notaria 3a, Archivo General de la 
Nacién (Colombia); Diario Oficial (Colombia), 87, No. 27372 (1950), 
pp. 367-368. 

'"'8Mineral Trade Notes, 30, No. 1 (1950), pp. 29-38. 

"9Minerals Yearbook (1949), p. 1579; Mineral Trade Notes, 31, No. 1 
(1950), pp. 31-32; Minerals Yearbook (1951), p. 551; Minerals Year- 
book (1953), p. 556. 

0Tampa Bay Times, December 22, 1952, p. 5. Carl (Carmine) Ca- 
vallo apparently remained involved at Chivor in some capacity during 
periods in 1951 and 1952, but details of his role are vague. See also 
File Carmine Cavallo, Manifesto de Pasajeros, Flight Bogota — New 
York, December 21, 1951, MyHeritage.com. 

™IFile Russell Anderton, List or Manifest of aliens employed on the 
vessel as members of crew, November 1949, MyHeritage.com. 
Anderton, 1950-1951. See also Lentz, 1951; Spence, 1958a, 
1958b. 
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Figure 17. The American adventurer, gem dealer, and 
miner Russell W. Anderton took over mining opera- 
tions at Chivor in the early months of 1950. After an 
initial term and a subsequent break, he returned to 
Colombia at the end of 1952. In the second half of the 
decade, Anderton shifted his attention to other explo- 
ration projects in the Chivor and Gachald areas. 
Photo circa late 1950s; courtesy of Manuel J. Marcial. 


(figure 17) to manage on-site operations at the mine. 
Anderton had just returned from gemstone ventures 
in Sri Lanka, having left Colombo on October 25, 
1949, and having arrived in New York on November 
91 . 121 

During Anderton’s tenure, mining methods dif- 
fered from the practices under Klein and Rainier. Ac- 
cording to Anderton,!” terraces were cut into the 
hillside only to the extent necessary to reveal the 
structures beneath the overgrowth. If promising veins 
were found, they were pursued exclusively by tunnel- 
ing. The actual mining was still accomplished through 
the contractor system, with foreman hiring and paying 
their own laborers. The contractors identified the tar- 
get areas they wished to tunnel and, upon approval 
from management, would organize the work. The em- 
eralds found were (theoretically) turned over to the 
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Robert Crowningshield 


Jewelry plays an extremely important role 
in color and line in the costuming of women 
and the wise jeweler will make use of this 
fact to increase his stone business. By keep- 
ing informed on fashion trends, and learning 
a few of the basic rules governing the appro- 
priateness of accessory accents, he can offer 
his customers an added and valuable service 
and at the same time open a new means of 
revenue for his business. 

In their enthusiasm, gemologist-jewelers 
are at times prone to forget the basic reasons 
which prompt the purchase of gems and 
jewelry. Without being conscious of it, they 
sometimes may give the impression that opti- 
cal properties, durability, rarity, and intrin- 
sic value are the prime requisites in a gem- 
stone. But, if a piece of jewelry had to be 
sold solely on these attributes—if it were not 
desired because of what it did aesthetically 
for the purchaser or recipient—it is doubtful 
if it would ever Icave the salesroom. 

In the words of a noted jewelry fashion 
writer: “It is important to remember that 
women buy (and wear) jewelry first, last 
and always because they think it will make 
them more beautiful—and because it will 
add fashion flair to their clothes. We should 
remember that we are a fashion industry and 
that fashion is almost the only reason for 
our existence. We don’t sell jewelry to keep 


1. Adapted from a lecture given at the Annual 
Conclave of the American Gem Society. 


women warm—or to cover them.” 

What a woman wants her jewelry to do 
is to help make her more attractive. Good 
jewelry can—if it is well designed and cor- 
rectly worn—give a woman just that crown- 
ing lift- that fecling of assurance-—which no 
other item in her wardrobe can do—and this 
includes a mink coat! 


Among the personalized services a jeweler 
can offer his customers—and one which may 
help to stem the tide of increased depart- 
ment store jewelry buying—is knowledge and 
advice concerning gems and jewelry as cos- 
tume accents and harmonious accessory 
pieces based upon the wearer’s individual 
personality requirements—as well as figure, 
features, coloring. 

How often have we known gifts of jew- 
elry received, admired—and then hidden away 
in the jewel box—never to be worn? When 
this occurs the item is not accomplishing its 
purpose, and the whole industry suffers. The 
tactful jeweler might have prevented this 
with only a few suggestions based upon 
knowledge of color and tine. 


Naturally, not all of us are artistic and 
to some it would scem presumptous to ad- 
vise a woman what to wear or how to wear 
it. But, actually, each of us has some latent 
ability to accomplish a purpose through 
selection of color and accessories. We reveal 
this each morning when we select tie and 


SUMMER 1953 


307 


mine administration, and the contractors received half 
the stones’ value as compensation. Thievery, however, 
was rampant with this system. 

Reported yield for 1950 amounted only to 7,177 
carats,!”° and by late in the year tensions had arisen 
between the American and Colombian associates. As 
Anderton described in a report published in the 
winter of 1950-1951: “At the present writing Chivor, 
for all practical purposes, is closed.... The year was 
marked by a bitter struggle between the Colombian 
interests and the New York officers for control of the 
mine, a situation prevailing at the moment.”!4 By 
that point, in the midst of the mounting difficulties, 
Anderton had been dismissed from his management 
role at Chivor.!?5 

In the last months of 1950 and the first months 
of 1951, the dispute between the American and Co- 
lombian associates had intensified to the point that 
trade press reported: “The American group sent 
down a general representative to take charge of the 
operations. However matters became worse instead 
of improving, and subsequently chaos and complete 
lawlessness reigned the mine.”!*° The company was 
also in dire financial straits, owing more than 
700,000 pesos (equivalent to about US$2.80,000), and 
creditors had filed lawsuits. In August 1951, Chivor 
Emerald Mines, Inc., hired John M. McGrath to ne- 
gotiate a financial settlement with the United States 
and Colombian creditors, but no resolution was 
achieved. Attempts by the American mine owners 
to sell the mine to the Colombian government were 
rejected as well.!”’ Instead, the turmoil culminated 
by February 1952 in insolvency proceedings (con- 
curso de acreedores) in civil court in Bogota.'° Ef- 
forts to sell the mine to the government were also 
reprised after the proceedings commenced, but the 
offers were rebuffed once again. 

During the tumultuous period surrounding the in- 
solvency, the entity apparently suspended mining op- 
erations from an official standpoint. Nonetheless, 
workers resumed some production in 1951, but all 
stones went into the black market.!”? With a degree of 
irony, a trade publication commented: “Despite this 
trouble, it was reported that a new vein was found at 
Chivor, and the emeralds produced were said to be the 
best quality ever taken from the mine.””!°° 


CHIVOR UNDER RECEIVERSHIP (1952-1970) 


Once the insolvency proceedings had been insti- 
gated, Chivor operated under receivership.!*! The his- 
torical record is unclear as to who first filled the role 
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of receiver (sindico secuestre or sindico de concurso), 
and details of the legal parameters governing the in- 
teraction between the receiver and company person- 
nel are equally obscure. Anderton, however, did 
apparently return to the mine in a management ca- 
pacity in 1952 to 1953, after writing Tic-Polonga.!* 
American press noted in 1952 that “Anderton is in 
New York now and plans to return to South America 
soon in another effort to control and operate these 
Mines.”!*° After that brief period, Anderton turned 
his attention to other prospecting and mining ven- 
tures in the Chivor and Gachala regions. He re- 
mained in Colombia, but he gradually moved from 
mining operations to the gem trade in Bogota.!*4 
From January 1955 to the end of September 1957, 
the position of receiver of Chivor Emerald Mines, 
Inc., in Bogota was held by Walter de Freitas,!* a Bra- 
zilian lawyer.'*° He was assisted by the Swiss min- 
eralogist Dr. Jean (Juan) Stouvenel.'*’ The mine 
inspector for Chivor throughout this period was 
Pedro Patifio Patino (figure 18).'°° As receiver, Frei- 
tas’s directive was to utilize company property for 
the benefit of creditors. Late in his term, however, he 


!3Mineral Trade Notes, 33, No. 3 (1951), p. 36; Mineral Trade Notes, 
35, No. 1 (1952), p. 35. 

'4Anderton, 1950-1951. 

>The byline for the Anderton (1950-1951) article identified the au- 
thor as “formerly Manager of Mines at Chivor,” thus indicating a term 
that had ended by the winter 1950-1951 quarter. 

6Mineral Trade Notes, 35, No. 1 (1952), p. 35. 

7Dominguez, 1965. 

"Memoria del Ministro de Minas y Petrdleos al Congreso de 1960 
(1960), pp. 20-21; Gaceta Judicial (Colombia), 97 (1961), pp. 138- 
145; Dominguez, 1965. The American mine owners were repre- 
sented in Bogota by Mauricio Makenzie. 

°Mineral Trade Notes, 35, No. 1 (1952), p. 35; Minerals Yearbook 
(1955), p. 440. 

'80Minerals Yearbook (1954), p. 611. 

'31Anderton, 1955, 1957. 

132Anderton, 1965. 

'3The Tennessean, November 9, 1952, p. 21. 

'4Manuel J. Marcial de Gomar, pers. comm. 2017. Marcial de 
Gomar, a Florida-based jeweler, began working with Russell W. An- 
derton in Colombia in 1955 as an interpreter, and their cooperation 
continued in Anderton’s later enterprises. 

'5Gaceta Judicial (Colombia), 103-104 (1963), pp. 313-327. 
'6Walter de Freitas studied law at the Universidade Federal de Minas 
Gerais in Belo Horizonte, Minas Gerais, Brazil, and received a degree 
in 1948. His ensuing career path saw him both working as a mining 
attorney and serving as an editor for the Jurisprudéncia Mineira, a Bra- 
zilian publication focused on the mining industry and prepared under 
the auspices of the judiciary in Minas Gerais. 

137Martinez Fontes and Parodiz, 1949; Gaceta Judicial (Colombia), 
103-104 (1963), pp. 313-327. 

'38Gaceta Judicial (Colombia), 127 (1968), pp. 5-8. 
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Figure 18. Pedro Patino Patifio worked as a mine in- 
spector at Chivor in the late 1950s, during the period 
when Walter de Freitas held the position of receiver of 
Chivor Emerald Mines, Inc., in Bogota. Photo after 
2000; courtesy of the Patino family. 


engaged in a transaction that would become mired 
in legal controversy. Freitas sold a portion of the em- 
erald production near the end of September 1957 to 
Walter Maurer, a German gem merchant. A sub- 
sequent lawsuit questioned whether the sale had 
been properly conducted before his final day in office, 
while he was still authorized as receiver to dispose 
of company assets on behalf of creditors. The Corte 
Suprema de Justicia ultimately ruled in August 1961 
that the transaction took place before Freitas left the 
position at the close of September 1957, and the deci- 
sion cleared him of wrongdoing.!” 

In October 1957, Freitas was succeeded by Amer- 
ican Willis Frederick Bronkie (1912-1979, figure 
19).'4° Bronkie filled dual roles as mining engineer 
over Chivor operations and receiver of Chivor Emer- 
ald Mines, Inc. One week after he took office, on Oc- 
tober 8, 1957, Bronkie dismissed Patifio.'*! Earlier that 
year, in February 1957, Pace had died, and records re- 
garding the corporate leadership in New York become 
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Figure 19. Chivor was operated under the American 
Willis Frederick Bronkie for more than a decade, be- 
ginning in October 1957. During his tenure, he filled 
dual roles as mining engineer over Chivor and re- 
ceiver of Chivor Emerald Mines, Inc. Insolvency pro- 
ceedings instigated under Colombian law in 1952 led 
to a receivership that was eventually lifted in 1970. 
Shown on the left of Bronkie is Renata de Jara, who 
worked for him during the 1960s in the Bogota office. 
Photo 1967; courtesy of Renata de Jara. 


somewhat disjointed from that point. New York in- 
vestment banker Oliver John Troster (1894-1976) 
served as a director and secretary from 1957,'” and by 
the very early 1960s (or even earlier than that), George 


'3°Gaceta Judicial (Colombia), 103-104 (1963), pp. 313-327. 

Mlbid. 

“'Gaceta Judicial (Colombia), 127 (1968), pp. 5-8. Pedro Patino Patiho 
later challenged in a lawsuit whether he had been paid correctly. 
‘World Who’s Who in Commerce and Industry, 15th ed., 1967, pub- 
lished 1968/69, p. 1391; Who’s Who in Finance and Industry, 16th 
ed., 1969, published 1970/71, p. 703; Standard & Poor’s Register of 
Corporations, Directors and Executives, 2 (1975), p. 1426; The New 
York Times, October 5, 1976. Oliver John Troster had been a partner 
in the New York-based company Troster, Singer & Co. since 1920, 
and he apparently remained involved with Chivor Emerald Mines, 
Inc., until at least 1975. 
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Figure 20. In the 1960s, while Bronkie was leading op- 
erations at Chivor in Colombia, George Daniel Besler 
served as president of Chivor Emerald Mines, Inc., in 
New York. Besler held a degree in geology and 
throughout his career served a number of companies 
in various roles, focused primarily on the devel- 
opment of industrial technologies. Photo 1959; cour- 
tesy of Lynn G. Stewart. 


Daniel Besler (1902-1994, figure 2.0)!#° of New York 
had stepped in as president of the company.'“ 

At the outset of his term, Bronkie faced substan- 
tial indebtedness to both Colombian and American 
creditors, as set forth in an accounting by the Corte 
Suprema de Justicia in 1961.!*5 At that time, the Chi- 
vor mine was still accessible primarily by a one-day 
journey on horseback from Guateque, but a road to 
the mine from the towns Chivor and Almeida was 
constructed during Bronkie’s tenure. !*° 

At the beginning, mining under Bronkie con- 
tinued to employ the system of contractors who 
hired and paid their own local workers.'*”7 One in- 
spector for each tunnel would be on the company’s 
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payroll. The practice of using modern equipment 
such as an automatic compressor or bulldozers to re- 
move the overburden, which had begun before he 
took office, was also continued." Initially, work pro- 
ceeded through simultaneous use of both step-cut 
terracing (i.e., an open-pit technique) and tunneling 
(ie, an underground method following the emerald 
veins).'4? Step-cut terracing would be particularly 
useful in steep areas where a bulldozer was unable to 
operate. Tunneling work in the late 1950s involved 
eight separately named areas, each with a length of 
up to about 100 meters. For example, in April 1958, 
96 men and nine contractors were working in two 
tunnel areas, one of which yielded gemstones worth 
over $100,000 from approximately two meters of the 
emerald-bearing vein.*° However, no new tunnels 
were dug, and from the mid-1960s to the end of the 
decade, exclusively open-pit work was performed.'*! 

During that mid-1960s period, 125 miners were 
employed at Chivor,' with a Spanish mine admin- 


‘George Daniel Besler was the son of William George Besler (1865— 
1942), the general manager and president of the Central Railroad of 
New Jersey. George Daniel Besler received a degree in geology from 
Princeton University in 1926, but his subsequent career focused on 
industrial technology. He worked for the locomotive firm Davenport- 
Besler Corporation, and in the 1930s he and his brother William John 
Besler (1904-1985) developed high-pressure steam-powered engines 
for cars, locomotives, and the world’s first steam-driven airplane. 
Throughout his life, Besler held roles in several companies. Family 
members recall that he was president of the company that owned the 
Chivor emerald mine in Colombia in the 1960s. Who's Who in Com- 
merce and Industry, International Edition, 9 (1955), p. 99; Myers, 
2000; Lynn G. Stewart, pers. comm. 2018. 

Renata de Jara, pers. comm. 2018. Renata de Jara served as Willis 
Frederick Bronkie’s secretary, typing and translating letters, and she 
recalls typing correspondence from Bronkie to George Daniel Besler 
as president from 1960 or 1961 onward. See also The National Ob- 
server, February 19, 1968, p. 8, which refers to George Besler as the 
president of Chivor Emerald Mines, Inc. 

™5Gaceta Judicial (Colombia), 97 (1961), pp. 138-145. 

“Gonzalo Jara, pers. comm. 2018. In addition to improved physical 
access, Willis Frederick Bronkie apparently also sought to augment 
communications. He was represented in negotiations with the gov- 
ernment for a radio transmission license by the Chivor Emerald 
Mines, Inc.’s legal agent in Colombia, Hernando Uribe Culla. Diario 
Oficial (Colombia), 98, No. 30571 (1961), p. 286; Diario Oficial (Co- 
lombia), 102, No. 31888 (1966), p. 495. 

'47Johnson, 1959, 1961. 

148Anderton, 1957; Johnson, 1959, 1961. 

'4Johnson, 1959, 1961. 

150 In the late 1950s, the Colombian government also named several 
individuals Inspector of Emeralds in Chivor (Inspector de Esmeraldas 
en Chivor), always under renewable three-month contracts. Diario 
Oficial (Colombia), 97, No. 30240 (1960), p. 581; Diario Oficial (Co- 
lombia), 97, No. 30275 (1960), p. 116. 

'5'Gonzalo Jara, pers. comm. 2018. 

152Anderton, 1965. 
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Figure 21. Sorting rough emeralds at the Chivor Emer- 
ald Mines, Inc., office in Bogota. Photo circa 1965; 
courtesy of Renata de Jara. 


istrator, Evaristo Mufioz.!** Regardless of the methods 
used, success was extremely sporadic—mining could 
go on for months without production of a single em- 
erald crystal of facetable quality.'** The value of the 
emerald yield fluctuated on a yearly basis from as 
high as $2,000,000 to as low as $200,000.'*° In those 
years, the Colombian government oversaw the re- 
ceivership and production largely through the inspec- 
tor (Interventor de Salinas y Esmeraldas), Rafael A. 
Dominguez.) 

Bronkie, as both receiver of the company and 
mining engineer for Chivor, worked alternately in 


Alfonso Montenegro, pers. comm. 2018. Alfonso Montenegro, a 
miner, began working at Chivor in 1955 under Walter de Freitas, and 
he continued to serve under Willis Frederick Bronkie and mine ad- 
ministrator Evaristo Munoz. 

'4The National Observer, February 19, 1968, p. 8. 

155Cochrane, 1970. 

'56¢Memoria del Ministro de Minas y Petrdleos al Congreso de 1961 
(1961), pp. 305-308; Memoria del Ministro de Minas y Petrdleos al 
Congreso de 1963 (1963), pp. 28-31; Memoria del Ministro de Minas 
y Petrdleos al Congreso de 1964 (1964), pp. 212-214; Memoria del 
Ministro de Minas y Petrdleos al Congreso de 1965 (1966), pp. 195— 
197. 

'5’The Morning Herald, April 14, 1964, p. 3; Renata de Jara, Gonzalo 
Jara, and Robert E. Friedemann, pers. comms. 2018. 

'58The National Observer, February 19, 1968, p. 8; Renata de Jara, 
pers. comm. 2018; Marcial, 2018. 

'°Renata de Jara, pers. comm. 2018. 

‘Robert E. Friedemann, pers. comm. 2018. 

'61The National Observer, February 19, 1968, p. 8. 

1 Ibid. 

'3|bid. 
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the office in Bogota and at the mine. He employed 
Alfredo Sierra as his so-called second in command 
and bodyguard. Life in that era was notoriously dan- 
gerous, and once Bronkie was even shot in the back 
at his house in Bogota.!°’ 

Between 1963 and 1968, Bronkie’s business ap- 
proach gradually transitioned from solely emerald 
mining to additional related enterprises. The broader 
focus incorporated dealing in and selling rough (fig- 
ure 21) and cut (figure 22) stones to international 
buyers as well as opening jewelry shops (e.g., in 
Bogota, Cartagena, Panama, Miami, and the Baha- 
mas, figure 23).!5* The increased need for rough and 
especially cut emeralds to supply the jewelry stores 
was satisfied by purchasing rough and even faceted 
stones on the open market in Bogota. As the 1960s 
drew to a close, the merchandising and retail busi- 
ness had overtaken the Chivor mining operations in 
prominence for the company.'® By the end of the 
decade, the mine employed only 25 workers.!® 

Given the reduced contribution from mining to 
the company’s revenue-generating capacity, the lead- 
ership in New York began to contemplate “new 
methods to accelerate production.”!*' Specifically, in 
1968 the press reported that Besler, as the company’s 
president, had “sent an engineer to Bogota recently 
to convince Mr. Bronkie of the need to abandon even- 
tually the laborious hand-picking method for a blast- 
ing-bulldozing operation that would increase the 
daily soil turnover by tenfold.”' Besler was quoted 
as saying: “After the receivership ends, we hope things 
will move along on a more progressive basis.” 


Figure 22. Certificate for a faceted emerald from Chi- 
vor, signed in 1964 by Bronkie as Sindico Secuestre 
(receiver). Photo courtesy of Lyon & Turnbull Ltd., 
Fine Art, Antique & Jewellery Auctions. 
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Figure 23. In the late 1960s, Bronkie’s business approach gradually transitioned from solely mining at Chivor to 
entering the jewelry retail business. Flyer advertising shops in Freeport, Bahamas, undated; courtesy of Eduardo 


Restrepo Ortega. 


The latter point, i.e., the end of the receivership, 
was apparently becoming a realistic possibility. The 
1968 article noted that Bronkie had “paid the debts 
that forced the company into receivership 17 years 
ago” and that he expected “soon to file documents, 
asking a Colombian court to end the receivership, re- 
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turning control to the company’s 3,000 American 
stockholders.” '™ It was anticipated that when the re- 
ceivership ended, Bronkie would turn over control to 


‘bid. 
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Figure 24. A view from the campsite of the Buenavista mine, looking in a north-northeast direction to the southern 
bank of Rio Rucio, shows the vicinity where the early indigenous tunnels were located, as well as the modern 
mining areas Los Gavilanes (1), Acuario (2), Calichal (3), San Gregorio (4), Milenio (5), Porvenir (6), Catedral (7), 
Klein & Cuatro (8), and El Pulpito (9), each represented by a mining symbol. Photo by G. Martayan, 2018. 


a company representative recently sent to Colombia 
from New York.!% 

That anticipation came to fruition two years later. 
In 1970, the Colombian court overseeing the insol- 
vency proceedings ruled that the company’s liabilities, 
aggregating $330,000, had been satisfied. The receiv- 
ership was lifted, and control of Chivor Emerald 
Mines, Inc., was returned to the entity’s New York of- 
ficials.! As of the year of the transition, Bronkie had 
been replaced by Richard S. Pastore, an American law- 
yer, as the final receiver; the Colombian attorney Luis 
E. Torres was representing the company; Noel R. Mer- 
riam, a United States citizen, was serving as general 
manager in Bogota; and the Colombian Jose Rodriguez 
was filling the role of mine manager.'” In terms of 
market value at that juncture, the stock was traded 
over the counter at 50 cents per share in 1970.' Dur- 
ing his years in office, Bronkie had been paid, at least 
partly, in shares of the company, thereby becoming 
one of the larger shareholders. 


CHIVOR POST-RECEIVERSHIP (1970-PRESENT) 


With the termination of the receivership, the New 
York leadership regained control over mining opera- 
tions at Chivor, and in 1971 the American manage- 
ment requested an inspector from the Colombian 
government to check the emerald production.'® 


HISTORY OF CHIVOR, PART II: 1924-1970 


However, the Americans would soon step away from 
the Colombian emerald venture. Although the 
record as to details is beyond the scope of this study, 
Chivor was sold by Bronkie and/or the New York— 
based company representing the American share- 
holders in the early 1970s through a series of 
transactions.!”° Chivor was gradually taken over by 
Colombian interests.!”! 

At present, the principal mines in the Chivor 
area are operated by two companies, Soescol Ltda. 
and San Francisco C.1.S.A., and/or their controlling 
shareholders Uvaldo Montenegro and Hernando 
Sanchez, respectively.!”* Chivor is worked exclu- 
sively underground by tunneling, and open-pit em- 
erald mining in the steep mountain range is no 
longer performed (figures 24 and 25). Currently, 


'5Ibid. 

'66The New York Times, May 16, 1970; Cochrane, 1970; Feininger, 
1970. 

'7Bancroft, 1971; Diario Oficial (Colombia), 108, No. 33382 (1971), 
p. 519; Gaceta Judicial (Colombia), 146 (1973), pp. 406-407. 

'8The National Monthly Stock Summary, 117 (1970), p. 228. 

169/ atin America, 5 (1971), p. 123. 

Gonzalo Jara, pers. comms. 2017, 2018. 

“Keller, 1981; Erazo Heufelder, 2005; Cepeda and Giraldo, 2012. 
'72Fortaleché et al., 2017. 
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La Playa 


Figure 25. A view from the main campsite in Chivor, looking in a southwest direction, shows the steep mountain 
range with some small local mines and, on the other side of the valley (VR) of the Rio Rucio (R), the mining areas 
Buenavista (1) and Mundo Nuevo (2), each represented by a mining symbol. Photo by G. Martayan, 2018. 


these primary operators are working numerous tun- 
nels or mines on the different existing conces- 
sions—including San Pedro, San _ Gregorio, 
Manantial, Oriente, Piedra Chulo, Quebra Negra, 
Guali, Dixon, and Tesoro.!”* Additional galleries 
known within the region are Gavilanes, San Judas, 
El] Acuario, Mirador, Milenio, Porvenir, Palo Araf- 
ado, Calichal, Camoyo, Klein & Cuatro, Guali, and 
El Pulpito. In the town of Chivor (figure 26}, there 
is a small informal street market for faceted stones, 
specimens in matrix (figure 27), and rough emerald 
crystals (figure 28). 


LEGENDS AND REALITY: RAINIER, ANDERTON, 
AND THE HISTORICAL RECORD 


The view of Chivor’s story from 1924 to 1970 has to 
date been largely guided by the accounts penned by 
Rainier and Anderton in Green Fire and Tic-Polonga, 
respectively. Both of those publications, however, 
are marked by notable absences. For instance, Rain- 
ier never mentioned the involvement of the corpo- 
rate leadership in New York in the stock market 
manipulation controversy (Lewisohn, MacNamara, 
Rice), nor did he name either his predecessors in 
mine management (Burns, Mentzel] or his assistants 
in the work at Chivor (Gilles, Sylvester). Conversely, 
he dedicated a full chapter of his book to “Joaquin 
the Bandit,” a character apparently inspired by Joa- 


"Ibid. 
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quin Daza with whom he was involved in a legal dis- 
pute. Yet Rainier’s recitation contrasts strongly with 


Figure 26. Sign welcoming visitors to the town of Chi- 
vor. Photo by G. Martayan, 2018. 
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Figure 27. At the local street market in the town of 
Chivor, miners offer emerald specimens in matrix. 
Photo by G. Martayan, 2018. 


the detailed record found in the Archivo General de 
la Nacion (Colombia) in Bogota,'” signaling an in- 
tent to offer an adventurous tale as opposed to an en- 
tirely factual text. Thus, a comparison of Rainier’s 
narration in Green Fire with original documents pre- 
served from the period shows that the book em- 
ployed real events to establish a rough framework 
but that details were supplemented, embellished, 
and even rearranged chronologically to suit the 
genre. More mundane matters such as the facts from 
the late 1920s that led to his engagement by the 
mine owners and the colleagues cooperating at Chi- 
vor were omitted. With Anderton, the lack of nearly 
any dates to frame the events is particularly glaring. 
The difficulties are compounded by the fact that an 
untold number of individuals involved in admin- 


7 File “Joaquin Daza B.,” Volume “Propuestas Minas 99,” Ministerio 
de Industrias, Departamento de Minas y Petrdleos, Archivo General 
de la Nacién (Colombia). 
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istering or operating the mine from New York, 
Bogota, or Chivor itself left few, if any, traces in pub- 
lications or official records. 

Nonetheless, by using independent contempora- 
neous materials in combination with and in restraint 
of the dramatized accounts, it has become possible 
to outline a more verifiable chronology of the period. 
The almost half-century in which Chivor was 
mainly owned and operated by the same American 
company saw numerous ups and downs in terms of 
productivity, emphasis, and financial fortunes. 

In the first years after 1924, profit for the principal 
shareholders, in close cooperation with Rice, derived 
primarily from the United States stock market. 
Mining activities were comparatively minimal, and 
public interest centered on the scandals implicating 
company leaders Lewisohn and MacNamara. Then, 


Figure 28. Rough emerald crystals are also offered by 
miners at the local street market in Chivor. Photo by 
G. Martayan, 2018. 
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under Rainer’s mine management from the late 
1920s into the beginning of the following decade, the 
situation shifted to a greater focus on the operational 
side. Before long, however, the scenario reversed 
again, with Chivor being closed and the company es- 
sentially withdrawing from operating the property to 
any significant degree until after World War IL. 

Yet another about-face in the late 1940s to early 
1950s brought renewed operational efforts instigated 
by Pace on behalf of the company in New York and 
headed by Anderton at the mine. That era of produc- 
tivity nonetheless shortly fell victim to controversy 
between American and Colombian associates and 
mounting debts. The result was insolvency proceed- 
ings instigated under Colombian law in 1952 and 
nearly two decades under receivership. Bronkie, as 
receiver and mining engineer, was eventually able to 
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socks—the jaunty red tie for accent with the 
blue suit for an exhilarating moment—or 
the blue tie to harmonize with the suit, for 
the more conservative mood. 

The study of accents and harmonies in 
dress requires considerable time in schools 
of design but there are certain basic prin- 
ciples which can be Jearned and used by all 
jewelers and we will try to point out some 
of these in this series of articles. Even if 
you feel you have no talent along these lines, 
much knowledge can be acquired through 
observation—and the use of such knowledge 
as a selling tool will pay off in excellent 
dividends. 

We all know one color harmonizes with 
another when they are near cach other on 
the color wheel, Such is the case of green 
and green-yellow. Similarly, harmonies are 
produced by combining different tones and 
intensities of the same hue. Thus, light yel- 
low and dark yellowish gray are harmonies 
—being merely a different tone and intensity 
of pure yellow. 

Conversely, one color accents another 
when it appears from the 
other on the color wheel. This is illustrated 


at a distance 


by such combinations as violet and yellow 
which appear exactly opposite cach other. 

Most of us are aware that a color wheel 
is a circle made by the radial succession of 
the spectral colors, plus those hues between 
violet and red not found in the spectrum, 
and the intermediate colors between each 
basic spectral color. 

Each around the 
wheel—as well as the basic colors of red, 
orange, yellow, green, blue, and violet—is 
considered a hue. Pure hues are those that 
are unmixed with white, black, or neutral 


intermediate variation 


gray--which is called a chromatic color. 

If we mix white with a pure hue, the 
tone or value of that hue is lightened, while 
black darkens the tone. In each case new 
colors result, but not new hues. 

Similarly, if neutral gray is mixed with 
a pure hue, intensity is lowered and a new 
color is produced. There are perhaps a mil- 


lion different color combinations, but these 
are the result of variation in tone and inten- 
sity of only about 150 distinguishable pure 
hues. 

Color effects which can be produced 
through the use of jewelry are almost end- 
less. A single ensemble of jewelry may 
either harmonize or accent. For instance, 
an amethyst brooch and ring will harmonize 
with a grayish violet, or purple gown. But 
wear these pieces with a chartreuse ensemble 
and they provide a striking contrast. This 
same amethyst ensemble will, in addition, 
give a fine contrast when worn with white 
or gray, or--if the stones are not too dark 
--with black. 

Thus we see, if carefully selected, one 
ensemble can give the crowning touch to 
a variety of outfits in the wardrobe of a 
woman and preclude the common practice 
of buying costume jewelry for each new 
addition to the wardrobe—trinkets which 
will never bring the satisfaction to the 
owner that she will get from the knowledge 
that she is wearing real stones. Naturally, 
an ensemble of this kind must be well de- 
signed, attractive, appropriatcly selected in 
relation to the personality of the owner. 

When a woman has been convinced of 
the value of jewelry in increasing the attrac- 
tiveness of her appearance, it becomes a 
necessity to her. Jewelers who have secured 
customers by convincing them to choose their 
jeweler before choosing their gems have also 
a wonderful opportunity to teach them to 
choose their gems before they choose their 
gowns. 

Contrast and harmony can be affected not 
only by color, but also by texture. A texture 
such as velvet contrasts with diamonds and 
other brilliant stones. These same stones, 
be harmonious with 
textures as satins and other shiny materials. 


however, will such 
Opaques, such as carved gems or cabochons, 
contrast with rough textured materials and 
thus offer accents to tweedy fabrics and 
other daytime apparel. 

“But [ never have calls for colored 
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White pearls and those with very light hues are routinely processed or treated by various methods after harvest, 


especially akoya and freshwater cultured pearls. Bleaching is the most prevalent and is often used in addition 


to maeshori treatment, an umbrella term for various types of luster enhancements. However, little reference 
has been made in the literature to the use of optical brighteners, the focus of this study, within the pearl trade. 
In this project, known samples of optically brightened akoya cultured pearls were studied and compared with 


their non-brightened counterparts and cultured pearls of various types. In addition, a South Sea cultured pearl 


was treated in-house with a commercial whitening product. Our preliminary results indicated that pearls treated 


by this method showed strong bluish fluorescence under long-wave ultraviolet (UV) excitation, and can be con- 


fidently separated from non-brightened pearls using fluorescence spectroscopy when a distinct fluorescence 


maximum at around 430 to 440 nm is observed. 


ptical brightening agents (OBAs) are chemi- 
( )s compounds that can absorb light in the 

ultraviolet and violet region of the electro- 
magnetic spectrum and emit light in the blue region 
as fluorescence, due to their extended conjugation 
and/or aromaticity. They are sometimes called fluo- 
rescent brightening agents or fluorescent whitening 
agents, and have been frequently used to enhance the 
appearance of fabric and paper (Lanter, 1966; Leaver 
and Milligan, 1984; Esteves et al., 2004; Bajpai, 2018). 
While many types of brighteners are listed in the 
Colour Index (https://colour-index.com], only a 
handful are commercially important. Some examples 
are shown in figure 1. 

Photoluminescence is light emission from any 
form of matter after the absorption of photons. Fluo- 
rescence is a type of photoluminescence in which a 
molecule dissipates its absorbed energy through the 
rapid emission of a photon, while phosphorescence 
is the emission of radiation in a similar manner to 
fluorescence but on a longer timescale, so that emis- 
sion continues after excitation ceases. Fluorescence 
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can be generated by exciting the substance via a 
range of energy sources. The molecule in the sub- 
stance absorbs the source energy and once excited 
moves from a lower electronic state to a higher one. 
Immediately after absorbing energy, it loses the en- 
ergy by emitting a photon; this process of photon 
emission is called luminescence. Typically, fluores- 


In Brief 


e Akoya and freshwater cultured pearls are routinely 
processed to improve their appearance. 


e Long-wave UV radiation is a quick and useful tool to 
aid in the identification of some treatments. 


Optically brightened pearls appear white with the ad- 
dition of agents, while bleaching makes pearls whiter 
by removing discoloration or pigmentation. 


Fluorescence spectroscopy is a quick and effective way 
of separating optically brightened pearls from bleached 
and untreated ones. 


cence occurs at a lower energy than the absorbed ra- 
diation; this phenomenon is known as the Stokes 
shift (Lakowicz, 2006). 

Fluorescence occurs widely in nature. For exam- 
ple, many kinds of gemstones such as rubies, emer- 
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alds, and diamonds can emit visible light when ex- 
posed to ultraviolet light. For research purposes, flu- 
orescence can be measured by fluorescence 
spectroscopy. The emission signal from the sample 
is collected by a spectrometer to monitor the distri- 
bution in fluorescence intensity as a function of 
wavelength. Since fluorescence has a short lifetime, 
typically decaying within nanoseconds after the ex- 
citation, the sample must be constantly illuminated 
to maintain its fluorescence signal. 

Fluorescence spectroscopy has been used exten- 
sively as a basic tool in a wide range of research 
fields, including chemistry, biology, mineralogy, and 
gemology (Lakowicz, 2006). For example, structural 
defects in minerals usually result in characteristic 
fluorescence. A typical application is to use fluores- 
cence spectroscopy to distinguish natural diamond 
from its synthetic counterparts (Tsai and D’Hae- 
nens-Johansson, 2019). One important feature of 
fluorescence spectroscopy is its high sensitivity, 
which enables it to detect the luminescence signal 
from a near-zero background. Modern sensors make 
single-photon sensitivity possible. As a result, fluo- 
rescence spectroscopy is extremely sensitive, allow- 
ing for the detection of weak signals. Pearl, a 
biogenically originated material, inherits fluores- 
cence characteristics typical of many organic mate- 
rials, and the biogenic aragonite that constitutes the 
bulk of a pearl is well known for its fluorescence 
properties. These facts make fluorescence spec- 
troscopy a potentially very useful tool for the iden- 
tification of pearls from different species located in 
various areas. 

Since both pearls and OBAs possess characteristic 
fluorescence features, the use of fluorescence spec- 
troscopy makes it possible to easily detect pearls 
treated by such agents. The traditional way to ob- 
serve pearl fluorescence is to use long-wave UV 
(LWUV) and short-wave UV (SWUV) lamps to excite 
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Figure 1. Chemical 
structures of commonly 
used optical brighten- 
ing agents. 


yt 


the sample and visually observe the fluorescence ef- 
fect (color, intensity, distribution, etc.). Untreated 
white to cream-colored pearls generally show blue to 
greenish blue fluorescence under LWUV excitation. 
Akoya and freshwater cultured pearls, which are rou- 
tinely processed, typically show strong bluish white 
fluorescence. Similar to these pearls, OBAs are also 
highly fluorescent. With exposure to UV radiation, a 
bright blue glow is visible from the OBA solution (an 
example is shown in figure 2). The use of fluores- 
cence spectroscopy can easily separate the minor dif- 
ferences in fluorescence color exhibited by some 
pearls and the OBAs. 


Figure 2. An example of blue fluorescence emitted by 
an OBA solution used in our in-house treatment ex- 
periment under LWUV radiation. Photo by Chunhui 
Zhou. 
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The use of OBAs in the cultured pearl industry is 
not unusual (Song and Fan, 1999; Japan Pearl Promo- 
tion Society, 2014), as they are sometimes routinely 
applied to cultured pearls post-harvest along with 
other types of processes such as bleaching or maeshori 
(which refers to various types of luster enhancement), 
but very little has been written in the gemological lit- 
erature about the identification of this process (Shor, 
2007). It is important to differentiate between the 
whitening effects due to bleaching and those produced 
by optical brightening, as they depend on two very dif- 
ferent mechanisms: bleaching removes, or reduces the 
concentrations of, the color-causing pigmentations 
within pearls, while optical brighteners add an artifi- 
cial optical effect to pearls, making them look less yel- 
low by increasing the overall amount of blue light 
emitted due to these chemicals’ blue fluorescence 
properties. The focus of this study is to use fluores- 
cence spectroscopy as an easy method to detect the 
presence of OBAs. Such a technique would be of great 
practical interest to the trade and public in order to 
faithfully differentiate treated from untreated pearls. 
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MATERIALS AND METHODS 


Two groups of mostly white-colored akoya bead cul- 
tured pearls ranging from 6.97 x 6.54 mm to 8.14 x 
7.48 mm were supplied by Orient Pearl (Bangkok) 
Ltd. One group (139 pearls) was reportedly treated 
with unidentified OBAs in addition to the routine 
bleaching process, while the other group (150 pearls) 
was only bleached and not treated with OBAs (figure 
3). In addition, three different types of white cultured 
pearls (akoya, freshwater, and South Sea) from GIA’s 
research collection (figure 4], as well as samples from 
an untreated akoya strand reportedly cultured in 
Vietnam, also from GIA’s research collection (figure 
5), were included in the study. 

One white South Sea cultured pearl was also 
treated in-house using a commercial laundry product 
(Rit Whitener & Brightener). According to the label, 
this product contained optical brighteners and 
sodium chloride. The pearl was immersed in the sat- 
urated brightener solution (approximately 1 g of 
brightener powder per 100 mL of water) for 3 hours 
at a slightly elevated temperature (about 40°C), with 


Figure 3. A group of op- 
tically brightened and 
bleached white akoya 
cultured pearls (A) and 
a group of bleached- 
only (no OBAs) akoya 
pearls (B) under normal 
daylight (A and B) and 
LWUV radiation (C and 
D). The samples ex- 
posed to OBAs exhib- 
ited a more intense 
bluish fluorescence re- 
action (C). Photos by 
Nanthaporn Nilpetploy. 
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Figure 4. Three white cultured pearls—akoya (left), freshwater (middle), and South Sea (right)—shown in daylight 
(left photo) and exhibiting fluorescence under LWUV excitation (right photo). The freshwater pearl exhibited a dis- 
tinctive blue fluorescence, which suggested it had been optically brightened. Photos by Sood Oil (Judy) Chia. 


occasional stirring. It was subsequently rinsed with 
tap water and air-dried before further examination. 
All the samples were initially examined using 
various standard gemological techniques, including 
a gemological microscope, ultraviolet-visible (UV- 
Vis) reflectance spectroscopy, and Fourier-transform 
(FTIR) reflectance spectroscopy. Because these tests 
cannot consistently identify optical brighteners, the 
results are not shown here. For the purpose of this 
particular project, a fluorescence spectroscopy unit 
was designed to measure pearl fluorescence with the 
aim of detecting OBAs. The fluorescence spec- 
troscopy unit included a 385 nm UV light-emitting 
diode (LED) as the excitation light source, a spec- 
trometer for monitoring the visible light region as the 
fluorescence sensor, and a bi-fabricated fiber-optic 
probe that guided the excitation light to the sample 


and transmitted the collected fluorescence signal 
from the sample to the detector. The spectrometer 
was configured to monitor the spectrum from 400 to 
700 nm, which covers the fluorescence range needed 
to analyze reactions from untreated pearls and OBAs. 
Two optical filters were used to isolate the pearl flu- 
orescence from the UV LED in order to avoid the ex- 
citation light overwhelming the sensor, as well as to 
enhance the sensitivity of the system. A 390 nm 
short-pass filter was positioned behind the UV LED, 
and a 410 nm long-pass filter was positioned in front 
of the detector. 

In addition to fluorescence spectroscopy, visual 
observation of the fluorescence reactions was per- 
formed under a conventional 5-watt LWUV (365 nm} 
lamp or a GIA-designed LWUV unit incorporating a 
narrow-band 365 nm UV LED source. 


Figure 5. A strand of non-bleached and non-brightened akoya cultured pearls of various colors (left) and their var- 
ied fluorescence reactions under LWUV radiation (right). Photos by Sood Oil (Judy) Chia. 
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RESULTS 


The two groups of akoya cultured pearls exhibited 
similar external appearances in terms of their size, 
color, shape, luster, and surface condition. The group 
that had been bleached and treated with OBAs ap- 
peared to be slightly whiter and more lustrous than 
the non-brightened group, although this could be due 
to the individual differences among the samples. No 
systematic before and after comparison on the ap- 
pearances of the treated group was available. Under 
LWUV radiation, the group treated with OBAs 
showed a more consistent and stronger bluish reac- 
tion (again, see figure 3). Some of the OBA-treated 
pearls (especially the cream samples) showed spotty 
and uneven reactions under LWUV, indicating the 
treatment concentrated in surface areas where blem- 
ishes existed. This was confirmed by microscopy 
since the surface condition of the nacre was not per- 
fect given the lower grade of akoya used in the exper- 
iment. In order to see if OBAs were detectable, 
fluorescence spectroscopy was applied to selected 
samples from each group, and the results are shown 
in figure 6. All bleached-only samples tested showed 
broad fluorescence maxima at around 480 to 490 nm, 
while the bleached and OBA-treated samples showed 
narrower fluorescence maxima at around 430 to 434 
nm with an additional shoulder around 470 nm. The 


Figure 6. Fluorescence spectra of bleached and opti- 
cally brightened (red) and bleached and non-bright- 
ened (blue) akoya pearls. The non-brightened pearls 
show a broad fluorescence maximum at around 480 
to 490 nm, whereas the OBA-treated samples exhibit 
a narrower fluorescence maximum at around 430 to 
434 nm with a shoulder at around 470 nm. 
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Figure 7. The fluorescence spectra of a white South 
Sea cultured pearl (green), white akoya cultured pearl 
(purple), white freshwater cultured pearl (blue), and 
white commercial office paper (red). The freshwater 
pearl tested in this study and the white paper show 
fluorescence results consistent with those expected 
for OBAs. 


shifted fluorescence maxima are consistent with the 
fluorescence characteristics of commercially avail- 
able OBAs (Lawson-Wood and Evans, 2018). 

The three white cultured pearl samples from GIA’s 
collection showed various fluorescence reactions 
under LWUV (figure 4, right photo}. The South Sea cul- 
tured pearl showed a moderate greenish reaction and 
the akoya cultured pearl a slightly bluish reaction, 
while the freshwater pearl exhibited the most distinc- 
tive and strongest bluish reaction. These observations 
indicated that the South Sea cultured pearl was most 
likely not treated, the akoya cultured pearl was most 
likely traditionally processed with bleaching, and this 
particular freshwater pearl was also processed. Its UV 
fluorescence reaction looked very similar to the opti- 
cally brightened akoya samples we studied. The fluo- 
rescence spectra of these three pearls confirmed these 
predictions (figure 7). The South Sea cultured pearl 
showed a fluorescence maximum at around 494 nm, 
the akoya cultured pearl at around 482 nm, and the 
freshwater pearl at around 432 nm with a shoulder at 
around 465 nm. The fluorescence reaction and the 
spectrum of the freshwater pearl matched well with 
the OBA-treated akoya samples discussed earlier. 

Additionally, a piece of standard commercial white 
office paper was tested. Its fluorescence reaction under 
LWUV was found to be strong blue, and its fluores- 
cence spectrum exhibited a maximum at around 439 
nm with a shoulder at around 474 nm, similar to the 
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Figure 8. Fluorescence spectra of variously colored un- 
treated akoya pearls, showing fluorescence maxima 
ranging from around 480 to 500 nm. The small sharp 
peaks shown near 540 and 610 nm are due to the am- 
bient environment (room light and computer monitor 
light reflection). 


OBA-treated pearls studied. It was no surprise to see 
such features since optical brighteners are routinely 
applied to commercial white paper (Bajpai, 2018). 

In order to verify the results, several non-bleached 
and non-brightened akoya cultured pearls of various 
colors that included cream, light yellow, silver, and 
light gray were tested with the same fluorescence 
spectroscopy method. Untreated akoya pearls can ex- 
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hibit this same wide range of bodycolors when rou- 
tine processing is not carried out (Otter et al., 2017). 
These pearls showed a variety of weak fluorescence 
reactions under LWUV radiation, with the weaker re- 
actions the result of fluorescence quenching by their 
bodycolors (figure 5, right). 

Spectroscopic results showed that in keeping with 
bleached akoya pearls, these samples exhibited a flu- 
orescence maximum ranging between 480 and 500 
nm (figure 8]. These results and additional tests (data 
not shown} on GIA akoya and South Sea cultured 
pearls (master samples), as well as on untreated fresh- 
water pearls of various colors from the GIA research 
collection, confirmed that non-brightened pearls flu- 
oresce a weaker blue (cyan) color (480 to 500 nm], 
while OBA-processed pearls exhibit more intense 
blue and violet colors (430 to 440 nm). 

Finally, one white South Sea cultured pearl was 
treated in-house using a commercial laundry product 
(Rit Whitener & Brightener) containing OBAs and 
sodium chloride, as indicated on its label. The main 
ingredient listed on the manufacturer's website for 
this type of product is linear alkylbenzene sulfonate 
(CAS No. 25155-30-0). The simple method described 
in the Materials and Methods section resulted in an 
increased bluish fluorescence under LWUV, and also 
a slightly higher luster and whiter appearance for the 
pearl (figure 9). Its fluorescence changed to shorter 
wavelengths from around 500 nm to around 443 and 
478 nm as expected, similar to the fluorescence results 


Figure 9. External ap- 
pearances and fluores- 
cence reactions under 
LWUYV of a white South 
Sea cultured pearl be- 
fore (left) and after 
(right) in-house treat- 
ment using a commer- 
cial brightener. Photos 
by Sood Oil (Judy) 
Chia. 
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Figure 10. Fluorescence spectra of the white South Sea 
cultured pearl before (red) and after (purple) in-house 
brightening treatment. The OBA solution’s spectrum 
is also shown in blue. 


obtained for the OBA solution itself (figure 10). How- 
ever, the exact OBAs applied for routine pearl treat- 
ment in the trade are most likely different from the 
one applied in the in-house experiment, and the actual 
methods are probably much more sophisticated and 
time sensitive. This likely explains why the fluores- 
cence maximum of the pearl treated in-house differs 
from the treated samples obtained from the trade. 


DISCUSSION 


The application of OBAs to pearls is not new in the 
pearl trade, but it is sometimes not regarded as a 
treatment (Japan Pearl Promotion Society, 2014). 
OBAs are usually applied in conjunction with bleach- 
ing and are thus considered part of routine process- 
ing. Little has been discussed in the gemological 
literature on the identification of this process, even 
though optical brightening and bleaching utilize two 
different mechanisms to enhance the appearances of 
pearls. In this study, the authors focused on the iden- 
tification of this process using fluorescence spec- 
troscopy in combination with visual fluorescence 
observations under LWUV radiation. Both methods 
proved useful, but the spectroscopic method has the 
advantage of accurately distinguishing OBA- 
processed pearls from routinely processed pearls, re- 
gardless of their colors, which might affect the visual 
appearance and intensity of their UV fluorescence. 
While bleaching may make their fluorescence inten- 
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sities stronger, OBAs often change the fluorescence 
properties of the pearls more dramatically for both 
the fluorescence hues and intensities. These changes 
are consistent with the original fluorescence proper- 
ties of the OBAs (shifting the fluorescence maxima 
to shorter wavelengths in the blue and violet range). 
Since there are many different types of OBAs in the 
market and the exact process is unknown, the effects 
of OBAs are not within the scope of this study, al- 
though we observed a slight increase in luster and 
white appearance for the South Sea cultured pearl 
treated in-house. With more sophisticated methods 
and better chemicals, these effects could be more 
prominent. The extent of such a process used in the 
trade is also not clear; the authors have heard some 
sources in the trade say it is used less often than it 
was many years ago. Similarly, the stability of such 
a process also requires better sample comparison and 
prolonged observation, which has not been fully ad- 
dressed in this study. 

In addition to the detection of OBAs in pearls, flu- 
orescence spectroscopy could potentially have appli- 
cations in the detection of other color treatments 
used on pearls (Tsai and Zhou, 2020). Furthermore, 
differences in the fluorescence characteristics of var- 
ious types of pearls may also be used to separate 
pearls from different host mollusk species, as previ- 
ously reported (Ju et al., 2011). While the optimal UV 
excitation wavelength for pearls has not been fully 
investigated, the excitation source used in this par- 
ticular study has proved quite effective. The full po- 
tential of this advanced technique for pearls and 
other gemstone identification scenarios warrants 
greater attention. 


CONCLUSIONS 


This study proves that fluorescence spectroscopy, in 
combination with visual fluorescence observation, 
may provide a quick and easy way to detect the pres- 
ence of different optical brighteners that have been 
applied to various nacreous pearls. The samples ex- 
amined generally showed a strong fluorescence peak 
at around 430-440 due to OBAs, while non-bright- 
ened pearls usually exhibited a fluorescence peak at 
around 480-500 nm. While cultured pearls may be 
subject to routine processes involving various types 
of chemical agents, it is important for the trade to be 
aware of this particular component and its identifi- 
cation criteria. 


Gems & GEMOLOGY SUMMER 2020 


ABOUT THE AUTHORS 

Dr. Zhou is a senior manager of pearl identification at GIA in New 
York. Dr. Tsai is a research scientist at GIA in New Jersey. Mr. Stur- 
man is a senior manager, Ms. Nilpetploy is a senior staff gemologist, 
Ms. Manustrong is a staff gemologist, and Ms. Lawanwong is an 
analytics technician, in GIA Bangkok’s pearl department. 


REFERENCES 


Bajpai P. (2018) Optical properties of paper. Chapter 11 in Bier- 
mann’s Handbook of Pulp and Paper (8rd ed.). Elsevier, pp. 
237-271, https://doi.org/10.1016/B978-0-12-814238-7.00011-8 

Esteves M.F., Noronha A.C., Marinho R.M. (2004) Optical bright- 
eners effect on white and coloured textiles. World Textile Con- 
ference—4th AUTEX Conference, Roubaix, June 22-24. 

Japan Pearl Promotion Society (2014) Pearl Standard (English ver- 
sion), Revised Version, p 21. http://jp-pearl.com/wp- 
content/uploads/2017/09/2014hkR BPR AVYYF—-—Fb 
> %EF%BC % 882RAw % EF %BC%89.pdf 

Ju MJ., Lee SJ., Kim Y., Shin J.G., Kim H.Y., Lim Y., Yasuno 
Y., Lee B.H. (2011) Multimodal analysis of pearls and pearl 
treatments by using optical coherence tomography and flu- 
orescence spectroscopy. Optics Express, Vol. 19, No. 7, pp. 
6420-6432. 

Lakowicz J.R. (2006) Principles of Fluorescence Spectroscopy, 3rd 
ed. Springer US, pp. 5-7. 

Lanter J. (1966) Properties and evaluation of fluorescent brighten- 
ing agents. Journal of the Society of Dyers and Colourists. Vol. 
82, No. 4, pp. 125-132. 

Lawson-Wood K., Evans K. (2018) Measurement of optical bright- 


ACKNOWLEDGMENTS 

The authors would like to thank Mr. Devchand Chodhry, manag- 
ing director of Orient Pearl (Bangkok) Ltd. for providing some 
samples in this study to GIA’s Bangkok laboratory. 


ening agents in samples using the FL 6500 fluorescence spec- 
trometer and solid sample holder. Application Brief, Fluores- 
cence Spectroscopy, PerkinElmer, Inc., Seer Green, UK. 

Leaver I.H., Milligan B. (1984) Fluorescent whitening agents—a sur- 
vey (1974-82). Dyes and Pigments, Vol. 5, No. 2, pp. 109-144. 

Otter L.M., Agbaje O.B.A., Huong L.T-T., Hager T., Jacob D.E. (2017) 
Akoya cultured pearl farming in eastern Australia. G#G, Vol. 
53, No. 4, pp. 423-437, http://dx.doi.org/10.5741/GEMS.53.4.423 

Shor R. (2007) From single source to global free market: The trans- 
formation of the cultured pearl industry. G#G, Vol. 43, No. 3, 
pp. 200-226, http://dx.doi.org/10.5741/GEMS.43.3.200 

Song H.C., Fan Y. (1999) Bleaching technique for pearls (in Chi- 
nese). Journal of Fisheries of China, Vol. 4, pp. 398-402. 

Tsai T.-H., D’Haenens-Johansson U.ES. (2019) Gemstone screen- 
ing and identification using fluorescence spectroscopy, Fron- 
tiers in Optics + Laser Science APS/DLS, OSA Technical 
Digest (Optical Society of America, 2019), paper JTu3A.109, 
https://doi.org/10.1364/FIO.2019.JTu3A.109 

Tsai T.-H., Zhou C. (2020) Lab Notes: Fluorescence spectroscopy 
for colored pearl treatment screening. G&G, Vol. 56, No. 1, pp. 
136-137. 


For online access to all issues of Gems & GEMoLoGy from 1934 to the present, visit: 


WHITENING AND BRIGHTENING OF PEARLS 


Gems & GEMOLOGY 


SuMMER 2020 265 


a AMOS ARTICLES 


HYDROGEN AND OXYGEN STABLE ISOTOPE 
RATIOS OF DOLOMITE-RELATED NEPHRITE: 
RELEVANCE FOR ITS GEOGRAPHIC ORIGIN 

AND GEOLOGICAL SIGNIFICANCE 


Kong Gao, Ting Fang, Taijin Lu, Yan Lan, Yong Zhang, Yuanyuan Wang, and Yayun Chang 


Hydrogen and oxygen stable isotope ratios of dolomite-related nephrites around the world were studied using 
data from the literature (n = 120). These isotope ratios are highly effective for discriminating dolomite-related 
nephrites from the four most important origins worldwide. Nephrite from Vitim in Russia has the lowest isotope 
ratio values reflected in 8H and 5'°O values, followed by Chuncheon in South Korea and then Xinjiang Uyghur 
Autonomous Region in China. Nephrite from Sanchakou in the Qinghai Province of China has the highest values. 
Other occurrences are characterized by high 8'°O values similar to or higher than those of samples from San- 
chakou. The differences are derived mainly from the ore-forming fluids. Vitim and Chuncheon isotope ratio 
values were mainly affected by meteoric water (rainwater, lake water, seawater, river water, glacial water, and 
shallow groundwater). Xinjiang nephrite-forming fluids were mixtures of magmatic hydrothermal fluids (able 
to be modified by metamorphism) and meteoric water. The hydrothermal fluids forming the Qinghai, Luodian, 
Dahua, and Xiuyan nephrites underwent some metamorphic alteration or regional metamorphism. 


of tremolite-actinolite, Ca,(Mg,Fe),Si,O,,(OH).,. 

It occurs worldwide (figure 1) and is classified 
as dolomite-related or serpentine-related according 
to the different parent rocks and ore-hosting rocks, 
and both types form by metasomatism (Yui et al., 
1988; Tang et al., 1994, Yang and Abduriyim, 1994, 
Harlow and Sorensen, 2005; Burtseva et al., 2015). 
The large and well-known dolomite-related nephrite 
deposits are distributed in the Xinjiang Uyghur Au- 
tonomous Region (hereafter abbreviated as Xinjiang) 
of China, Qinghai Province of China, Siberia in Rus- 
sia, and Chuncheon in South Korea (figure 1). Data 
from smaller-scale deposits such as Val Malenco in 
Italy and Ztoty Stok in Poland are also used in this 
study (figure 1). The rest of the data were collected 
from nephrites produced at multiple small-scale 


N ephrite is a near-monomineralic rock composed 
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sources in China: Xiuyan, Tanghe, Dahua, and Luo- 
dian (figure 2). 

With nephrite jade, a premium is placed on geo- 
graphic origin since the gem’s cultural significance 
differs by location. It is possible to have an opinion 


In Brief 


¢ Geographic origin can have a significant impact on the 
value of nephrite. 


e Hydrogen and oxygen stable isotope ratios, particu- 
larly the latter, provide a robust tool for origin 
determination. 


Dolomite-related nephrites from Vitim, Chuncheon, 
Xinjiang, and Qinghai differ from one another by dis- 
tinct hydrogen and oxygen stable isotope ratios. 

¢ Differences in hydrogen and oxygen stable isotope 
ratios for nephrite are related to ore-forming fluids. 


on the origin of a small amount of nephrite by simple 
visual examination, since some varieties with unique 
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Figure 1. Distribution map of reported nephrite deposits worldwide. The four most important dolomite-related nephrite 
sources are Vitim in Russia, Chuncheon in South Korea, and Xinjiang and Qinghai in China. From @naturalearthdata.com. 


gemological characteristics such as color, luster, and 
transparency have mainly occurred in specific de- 
posits. In Xinjiang, for example, high-quality white 
primary nephrite occurs in Qiemo County.! There it 
is commonly associated with brown nephrite (figure 
3A, rough with white core and very thick brown 
rind). The brown is a color seldom found in nephrite 
from other deposits in Xinjiang. The highest-quality 
white primary nephrite (figure 3B, white plate) 
mostly comes from the Hetian region and Qiemo 
County. Placer nephrite (figures 3C and 3D, pendants 
with figures carved out of brownish red skin) occurs 
in the Yulongkashi River and Kalakashi River basins. 
A considerable quantity of primary nephrite from 
Ruogiang County features a yellow color component 
(figure 3E, greenish yellow fish) that is absent from 
other samples. Black nephrite (figure 3F, bangle 
bracelet) colored by graphite, on the other hand, 
mainly occurs in the Hetian region and has not been 
found in Qiemo County or Ruogiang County. How- 
ever, the origin determination of a tremendous 
amount of dolomite-related nephrite cannot be 
solved by this simple observation. Previous re- 
searchers used trace elements combined with appear- 
ance to identify geographic origin and obtained some 


'This paper uses Chinese pinyin to express all Chinese location names 
involved, and the corresponding commonly used English names are 
listed in table 1. 
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informative results (Zhong et al., 2013; Luo et al., 
2015). Unfortunately, rigorous and scientific deter- 
mination of geographic origin is still not available. 
Hydrogen and oxygen isotope ratio values (see box 
A), which might vary for the same gemstone from dif- 
ferent regions due to diverse ore-forming environments 
and models, can be used for geographic origin determi- 


TABLE 1. Location names expressed in Chinese pinyin and 


their English equivalents. 


Chinese pinyin 
Aerjinshan 
Alamasi 
Bayinguoleng region 
Hetian 
Kalakashi, Hetian 
Kashi region 
Keliya River 
Qiemo County, Bayinguoleng 
Ruogiang County, Bayinguoleng 
Takelamagan Desert 
Tashiku’ergan County 
Yecheng County, Kashi 
Yulongkashi, Hetian 
Yutian County 


English 
Altyn Tagh 
Alamas 
Bayingholin region 
Hoten/Hotan 
Qaragash, Hoten 
Kashkar region 
Keriye/Keriya River 
Cherchen County, Bayingholin 
Chaqiliq County, Bayingholin 
Taklimakan Desert 
Taxkorgan/Tashkurghan County 
Qaghiliq County, Kashkar 
Yurungqash, Hoten 
Keriye County, Hoten 
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stones,” is a lament often heard among 
jewelers. Why should he when he has done 
nothing to promote their sale or show how 
they may be used as the most beautiful of 
all color accents and fashion accessories? 
The jeweler who waits for his customer to 
ask for his wares will witness more and more 
of his business being deflected to the store 
where merchandise is displayed with fashion, 
style, and color employed as strong selling 
tools. 

There is no syndicate or international 
colored stone organization to promote the 
sale of colored stones for the jeweler. It is 
entirely up to him to educate not only him- 
self, but the public as well. 

The jeweler who fecls that he cannot 
afford to neglect his diamond promotions 
to spend time on colored stones would pro- 
bably find his diamond volume increasing 
right along with his colored stone sales since 
many colored gems need diamonds to accent 
them. Of course, he will never know until 
he has actually tried to merchandise them. 

Nothing could be more effective than to 
let the public see the stones attractively dis- 
played—demonstrated as to use—purpose— 
appropriateness. Let the customer see how 
these stones add color and harmony—dignity 
— high style—when tied in with current 
fashions. 

This matter of fashion costuming in jew- 
elry makes a wonderful appeal to women 
when it is tied in with window displays. 
The jeweler who does not get display ideas 
from women’s fashion magazines is missing 
a real opportunity to reap benefits from a 
readership primed to buy on fashion merit. 
Similarly, jewelers have a ready source of 
fashion information in their own trade pub- 
lications. 

With fashion working for the jeweler, 
periods between standardized gift buying 
occasions can be more meaningful to the 
shopper and to the jeweler’s business. Jew- 
elry sold on the basis of what it can do for 
the wearer will create a satisfied customer 
who will become a walking advertisement 


for the jeweler and that particular store. 

There is evidence of a customer-jeweler 
relationship in Europe which does not often 
exist in this country. One jeweler who re- 
ceived his training in Europe revealed that 
the ultimate goal of his apprenticeship was 
to observe prospective customers — their 
coloring, personality, choice of clothing — 
as well as their activities and social back- 
grounds. With this knowledge at hand he 
was then taught to create or suggest choices 
of personalized jewelry. 

Later, he used this training to good ad- 
vantage in this country. He was called to 
the home of a very prominent lady in the 
East who wanted an expensive assortment 
of emerald and ruby jewelry. This was not 
an unusual selection for a person of wealth, 
but the European-trained jeweler, having 
seen and observed the woman many times, 
had a strong feeling that this type of jewelry 
just did not suit her personality. In his 
mind he had pictured her as the “coral 
type.” He, accordingly, offered to make up 
a set of coral jewelry which he felt would 
be right for her—and she could either refuse 
or accept it. Reluctantly she agreed. 

When the items were finished, and 
she could sce the effect they had on her 
whole appearance, she was delighted. The 
opportunity to make a six or seven thousand 
dollar sale would have dictated the course 
of many jewelers. 

Why had this man chosen to make a one 
thousand dollar sale instead—actually in- 
sisted upon it? This man was more pro- 
gressive than the first thoughts might indi- 
cate. In this woman he has a roving sales- 
woman. Her obvious pleasure in her own 
personalized jewelry—added to what it did 
for her appearance—has brought him much 
more business than he would have obtained 
had he filled her original request for the 
more expensive emerald and ruby items. 

The emeralds and rubies would have per- 
haps inspired respect on the part of her 
friends for their obvious intrinsic value — 

(Continued to page 313) 
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Figure 2. The distribution of main dolomite-related nephrite deposits of China. Primary and placer nephrite occur 
at Xiuyan, but the latter is not plotted in the map. 


nation (Giuliani et al., 1998, 2000, 2005, 2007). A mass _ flight mass spectrometry (LA-ICP-TOF-MS) for stable 
spectrometer is needed to determine the isotope ratio isotope analysis of gemstones can be restricted to 
values (see box B). The spot produced by secondaryion craters of 10-100 pm in diameter and a few angstroms 
mass spectrometry (SIMS), laser ablation-inductively to microns deep (Giuliani et al., 2000, 2005; Abduriyim 
coupled plasma—mass spectrometry (LA-ICP-MS), and and Kitawaki, 2006; Wang et al., 2016, 2018). The 
laser ablation inductively coupled plasma time-of- craters produced are very small, to the point of not 
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being noticeable without magnification. This permits 
the method to be applied to gemstones and historical 
antiques (Giuliani et al., 2000, 2005). 

Geographic origin discrimination of nephrite by 
isotopes is seldom reported, even though many hy- 
drogen and oxygen isotope ratio studies on this ma- 
terial have been carried out (table 2). By summarizing 
and analyzing all available hydrogen and oxygen iso- 
topic data of dolomite-related nephrites worldwide 
from published references, this study discusses the 
geographic origin discrimination based on the rela- 
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Figure 3. Nephrites 
from different localities 
of Xinjiang showing dis- 
tinct appearances. A: 
The rough is a typical 
piece of white-brown 
nephrite from Qiemo 
County. B: The white 
plate is primary 
nephrite of the highest 
quality, which occurs in 
both the Hetian region 
and Qiemo County. C 
and D: Two pendants 
carved from placer 
nephrite collected in 
the Hetian region fea- 
ture brownish red skin 
sculpted into different 
figures. E: The greenish 
yellow fish features a 
yellow color component 
of primary nephrite 
from Ruogiang. F: 
Black nephrite like that 
of the bangle bracelet 
mainly occurs in the 
Hetian region. Photos 
by Dong He; courtesy of 
Elegant China. 


tionship between the characteristics of nephrite and 
its formation environment. 


WHY DO ISOTOPE RATIOS MATTER TO 
GEMOLOGISTS? 


The application of isotopes has gradually attracted the 
attention of gemologists (Wang et al., 2016). In addition 
to hydrogen and oxygen isotope ratios, which can help 
determine the geographical origins of corundum and 
emerald (Giuliani et al., 1998, 2000, 2005, 2007; Wang 
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Box A: INTRODUCTION TO OXYGEN AND HYDROGEN STABLE ISOTOPE RATIOS 


Atoms with an equivalent atomic number (i.e., atoms of 
the same element) can differ from one another in their 
number of neutrons. For example, '8O has 8 protons and 
10 neutrons, and '°O has 8 protons and 8 neutrons; 7H, 
also known as deuterium (D), has 1 proton and 1 neu- 
tron, while 'H has 1 proton and no neutrons. Such atoms 
with the same number of protons but different numbers 
of neutrons are defined as isotopes. 

The mass difference inherent from divergent neu- 
trons causes isotopic fractionation, which occurs as the 
isotopes of an element are distributed between two sub- 
stances or phases in differing ratios in a given system. 
This process can be affected by temperature, equilibrium 
or kinetic processes, and other physiochemical 
processes. The isotope fractionation will reach and main- 
tain equilibrium unless conditions change. Therefore, 
isotope abundance can be used as a tracer to reveal cer- 
tain geochemical processes in geological bodies. 

Isotope ratio, defined as the measured relative abun- 
dance of a heavy isotope to its lighter counterpart (e.g., 
180/*°O and ?H/'H), is typically used rather than the iso- 
tope abundance itself. The isotopic fractionation factor 
(a) is introduced to represent the extent of fractionation 
of isotopes between two phases. It is defined as the ratio 
of isotope ratios in one phase to the other coexisting 
phase. For example, in a system consisting of phase A 
and phase B, the oxygen isotope fractionation factor can 
be defined as 


(80/'5O), 
ABT (80/0), 


et al., 2019), carbon isotopes are considered useful in 
identifying natural and synthetic diamonds (Wang et 
al., 2014), and radioactive isotopes have also been used 
to determine the ages of gemstones (Link, 2015). 
Traditional methods using the parameters of in- 
clusions, optical characteristics, and trace elements 
are often not enough to solve the problems of geo- 
graphic origin determination of nephrite. Isotopic 
analysis has provided geochemical and chronological 
information for all sorts of geological samples: Stable 
isotopes can be used to study gemstone origin (source 
materials, formation process, and geographical local- 
ities), whereas radioactive isotopes can be utilized to 
determine the formation ages. The stable isotope 
study of dolomite-related nephrite in our works, to- 
gether with previous studies on corundum and emer- 
ald (Giuliani et al., 1998, 2000, 2005, 2007; Wang et 
al., 2019], show that the geographic origin character- 
istics of isotopes in gemstones can be explained from 
their formation environment and formation process. 
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The isotopic fractionation factor is always a function 
of temperature, which can be obtained by theoretical cal- 
culation or experiment (Graham et al., 1984; Zheng, 
1993, 1995): 

Both oxygen and hydrogen isotope ratios are also re- 
ported in so-called delta notation given in terms of per 
mil (%o}. In other words, the delta value 


OP ON OES} 
E@i@) 


880 = standard 9 1000%o 


standard 
and 


CH/'H).,ye-PH/'H) 
?H/'H) 


standard 


WH = x 1000%o 


standard 


in which '8O/!°O and ?H/'H are the isotope ratios defined 
above. Values of delta > 0 indicate that relative to the 
standard samples, the tested sample has a higher heavy 
isotope abundance, and a negative delta value indicates 
a higher light isotope abundance. 

International general isotope standards are issued by 
the International Atomic Energy Agency (IAEA) and the 
U.S. National Institute of Standards and Technology 
(NIST). The delta values of hydrogen and oxygen iso- 
topes are calculated using the value for Standard Mean 
Ocean Water (SMOW), which has ?H/'H of (155.76 + 
0.10) x 10-6, 80/60 of (2005.20 + 0.43} x 10-5, and '70/!*O 
of (373 + 15) x 10°. Other hydrogen isotope standard 
samples include SLAP, GISP, NBS-22,, and NBS-30. 


Thus, relative isotopic abundances are reliable pa- 
rameters for determining geographic origin and offer 
a sound complement to traditional methods. 


DATA AND CALCULATION 


In all, 120 sets of hydrogen and oxygen isotope data 
(some lacking hydrogen data) for dolomite-related 
nephrites were collected from all known related pub- 
lished studies, from a variety of researchers (table 2 
and figure 4), to illustrate geographic origin discrimi- 
nation with stable isotopic ratios. 

Hydrogen and oxygen isotope delta values of 
nephrite can be used to calculate the corresponding 
values of its formation fluids. Hydrogen isotope frac- 
tionation of tremolite relative to water is not affected 
by temperature in the approximate range of 350° to 
650°C (Graham et al., 1984), and thus 


10%Ina = -21.7+2 (1) 


Tr-H)O ~ 
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while oxygen isotope fractionation (Zheng, 1993, 
1995) can be expressed as 


10°Jna 


aen,o = (3-95 x 10°/T*) - (8.28 x 10°/T} + 2.38 (2) 
In both equations, 7,3;,0 is the isotopic fractionation 
factor (see box A) between the nephrite and its forma- 
tion fluid, and T is the absolute temperature (K) of the 
nephrite-forming system. The nephrite formation 
temperature is confined to approximately 223°-425°C, 
especially near 350°C (Tang et al., 1994, Yui and 
Kwon, 2002; Chen et al., 2014; Liu et al., 2016), by 
methods using the homogenization temperatures of 
tremolite fluid inclusions (Liu et al., 2011a; Chen et 
al., 2014), the combination of the pyrite decrepitation 
temperature and calcite homogenization temperature 
(Wang et al., 2007; Xu and Wang, 2016), the mineral 
assemblage (Yang, 2013), and isotopes (Yui et al., 
1988). Thus, the value of 350°C was used to calculate 
the isotopes of fluids from which nephrite forms. 
Both the isotope fractionation factor Op-4,0 and 
delta values (5'*O, 8H) are defined after isotope ratios 
('8O/!6O, 7H/'H) of nephrite and its formation fluids 
(see box A). Thus, the delta values of the nephrite- 
forming fluids (8'8Op-41,0, ° Hr-n,0; table 2) can be cal- 
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culated from the delta values of corresponding 
nephrite, which is acquired by isotope determination 
(see box B). 


GEOGRAPHIC ORIGIN CHARACTERISTICS 


Vitim in Russia, Chuncheon in South Korea, and Xin- 
jiang and Qinghai in China are the four most impor- 
tant dolomite-related nephrite source areas. The 
relative abundances of the hydrogen and oxygen iso- 
topes of nephrites from these regions differ signifi- 
cantly (figure 4). In particular, oxygen isotope 5'°O 
values (see figure 4 and table 2) range from —20.0%o to 
-14.6%o0, -9.9%o to -8.2%o0, 0.5%o to 7.9%o, and 11.4% 
to 12.6%o, respectively, without any overlap. Cowell 
in Australia is considered another large dolomite-re- 
lated nephrite deposit but is seldom studied. The only 
8H-5'8O data (see figure 4 and table 2) fall within the 
range of Xinjiang placer nephrite; nevertheless, the 67H 
values are significantly higher than those of Xinjiang 
primary nephrite. 

The nephrites from Xinjiang, distributed in a belt 
longer than 1300 km, show convergent hydrogen and 
oxygen isotopic characteristics. The isotope delta 
values of their primary dolomite-related nephrites 
are covered by placer ones (figure 4). 
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Box B: ANALYTICAL METHODS FOR DETERMINING OXYGEN AND 


HYDROGEN ISOTOPE CONCENTRATIONS 


Isotope concentrations are commonly meas- 
ured with a mass spectrometer operating on 
the principle that the degree of deflection of 
charged particles in a magnetic field is in- 
versely proportional to the mass-to-charge 
ratio (m/z) (figure B-1). Generally, mass spec- 
trometers can be divided into four parts: the 
sampling system, the ion source, the mass an- 
alyzer, and the detector. 

Stable isotope analysis has advanced from 
macroanalysis to microanalysis and now in- 
cludes methods of static mass spectrometry, 
laser ablation (multi-collector)-inductively 
coupled plasma-mass spectrometry (LA- 
(MC)-ICP-MS), and secondary ion mass spec- 
trometry (SIMS). High accuracy and low 
sample loss make these technologies suitable 
for isotopic analysis of gemstones. 


Samples from some relatively small deposits such 
as Xiuyan in Liaoning Province, Zloty Stok in Poland, 
and Dahua in Guangxi Province (figure 4) show 
slightly higher &H values than those of Qinghai 
nephrite and Xinjiang primary nephrite. Their ranges 
of 5!8O values cover that of Sanchakou samples but do 
not overlap with Xinjiang primary nephrite. Fortu- 
nately, nephrites from these three regions typically 
have their own distinct appearances. Luodian nephrite 
from Guizhou has notably higher 5'8O values than the 
others (no &H value data have been collected). In re- 
cent years, secondary nephrite has been found in the 
Tanghe River in Hebei Province. It is speculated to be 
a dolomite-related nephrite according to the regional 
geology, field observation, and petrographic analysis 
(Chen et al., 2014). Its hydrogen and oxygen isotope 
ratios are completely isolated from others in the plot 
of 5°H-8'°O (figure 4) by low °H and high 5'8O values. 


NEPHRITE-FORMING FLUIDS FROM 
MAGMATIC WATER AND METEORIC WATER 
Fluids containing gases, liquids, and silicate compo- 
sitions always occur as the most active parts of geo- 
logical processes. They are composed mainly of H,O, 
CO,, NaCl, metal components, silicate compositions, 
and organic matter. The fluids that correspond to 
nephrite formation are hydrothermal fluids, which 
refer to gas-liquid two-phase systems having their 
own temperatures and pressures. Hydrothermal flu- 
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Figure B-1. The basic schematic of mass spectrometry. Modified from 
chem. libretexts.org. 


ids are released from magma (magmatic fluids) or 
metamorphism (metamorphic fluids) due to changes 
in temperature and pressure. They also can be mete- 
oric waters (including rainwater, lake water, seawater, 
river water, glacial water, and shallow groundwater) 
heated by geological processes. 

The original characteristics of the hydrogen and 
oxygen isotopes of nephrite mainly result from the 
ore-forming fluids. The calculated 8’ Hr-y,o and 
35'8Ou,0 values of hydrothermal fluids forming the 
Vitim and Chuncheon nephrites plot near the Craig 
line? (figure 5), indicating that their predominant ore- 
forming fluids were meteoric waters in an environ- 
ment with a high fluid/rock ratio (Yui and Kwon, 
2002, Burtseva et al., 2015). 

For the Xinjiang nephrite, magmatic fluid, mete- 
oric water, and metamorphic water are all possible 
candidates for the ore-forming fluids (figure 5], and 
a low fluid/rock ratio is indicated (Yui and Kwon, 
2002; Liu et al., 2011a, 2011b, 2016). The 8!Ox,0 val- 
ues of the nephrite-forming fluids for Alamasi 
nephrite, which occurs in granite-dolomite contact 
zones (Liu et al., 2010, 2011a), decrease in the con- 


*The Craig line, also referred to as the meteoric water line, represents 
the relationship between 8°H and 8'°O of meteoric water—i.e., &H = 
85'8O+10 (Craig, 1961). The kaolinite line (Zheng and Chen, 2000) 
shown in figure 5 represents the relationship between 8H and 8'*O 
of kaolinite in weathering profile (i.e., 87H = 7.55'°O-220). Most of 
the soil samples in nature fall on or near the kaolinite line. 
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tact zone in the order of granite — nephrite — wall 
rock. The 8'%Oy,0 values of magmatic fluids, seldom 
influenced by crustal rocks during intrusion, should 
equal the high values of the Xinjiang nephrite-form- 
ing fluids (figure 5). The 6'8O,,, values of wall rock 
are far lower than those of common carbonates of 
sedimentary origin, at only 6.1%o (Wan et al., 2002). 
Then, the 5'*Oy,0 value for the water in equilibrium 
with wall rock is 1.6%o (1000 Ina,., 4,5. = 3-06 x 
10°/T?-3.24 after Zheng and Chen (2000), assuming 
that the temperature for the wall rock during 
nephrite formation was between 252° and 295°C). 
This value is lower than those of the fluids in equi- 
librium with most of the Xinjiang nephrite (figure 
5). In addition, considering the characteristics of the 
chemical zoning (Liu et al., 2010), the higher 8'°Ox,0 


values for green nephrite fluids than for white ones 
in the Alamasi deposit (Wan et al., 2002) provide an- 
other indicator that oxygen isotopes decrease from 
granite to wall rock. However, the 5'%Oy,o value 
should have increased gradually if water unilaterally 
diffused from the granite to the wall rock, since 
water in equilibrium with nephrite is enriched or 
slightly depleted in '8O (depending on the tempera- 
ture, calculated according to Equation 2 with T 
around 350°C). Considering that the &’H value of the 
Alamasi nephrite is negatively related to the 5'°O 
value (figure 4}, the conflict can be explained by du- 
alistic fluid sources. One is post-magmatic hy- 
drothermal fluids provided by the granite forming 
the nephrite, while the other must be the meteoric 
water from the dolomite marble. 


Figure 5. 8°H,,., and 
880 59 data of dolomite- 
related nephrite-forming 


fluids at 350°C. Nephrites 
from Alamasi, Yulong- 
Kashi, and Kalakashi show 
a trend marked by a set of 
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arrows from the bottom 
right to the top left, which 
can be explained as dualis- 
tic fluid sources. Compared 
with the primary nephrite 
from Alamasi, the hydro- 
gen isotope of placer 
nephrite changes greatly 
(indicated by the vertical 
arrow) without distinct 
5°05, variations, which 
are caused by fluid-rock re- 
action possibly. The el- 
lipses represent hydrogen 
and oxygen isotopes of 
water from (1) the Qiemo 
River basin (Wang et al, 
2013), covering the A’erjin- 
shan region; (2) the Hetian 
River basin and Keliya 
River basin, covering the 
Alamasi, Agejugai, and 
Hetian regions; and (3) a 
pond in the Taklimakan 
Desert hinterland (Li et al., 
2006). 
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TABLE 2. Hydrogen and oxygen isotope delta values of dolomite-related nephrites. 


No. 8!'8O (%o) 8H (%o) an (%o) pa (%o) Locality Description Mass spectrometer Reference 
1 3.8 —86.7 45 -65 White 

2 3:2 -83 3.9 -61.3 White 

3 6.1 -93.1 6.8 -71.4 White-green 

4 4.6 -89 53 -67.3 White-green 

5: i) 85.1 4.2 -63.4 White-green 

aoe mi a aoe planes len ey hie tases MAT-252 Liu et al. (2011a) 
7 62 _94.7 6.9 _73 Hetian (Xinjiang, China)* White-green 

8 Al -90.2 4.8 -68.5 Green 

9 3.6 —85 4.3 -63.3 Green 

10 4.9 —91.6 5.6 -69.9 Green 

11 48 -90.4 5.5 —68.7 Green 

12 3.8 —86.2 45 -64.5 Green 

13° 3.8 45 White 

14. 3.7 44 White-green Wan et al. (2002) 
15 3.6 43 Green 

IO 23 3.0 Mutton-fat 

Vis ip og alana ele Wan et al. (2002) 
i 5B G2 Hetian (Xinjiang, China) White-green 

ID 65 UP Green? 

20 53 6.0 Saat Cai faa Green Wan et al. (2002) 
21 46 53 Kashi Xinjiang, China) Green Wan erel c0ee} 
22 4.4 5.1 Eimer ane China) White-green Mewerale no) 
® 9A 4d Pate be owe White-green Wan et al. (2002) 
24 3.9 4.6 Light brown 

25 4.8 5:5 Brown 

26 4.7 5.4 Brown 

27 5.6 6.3 White-green 

28 4.6 5.3 Green 

29: 8 3.7 eae Green 

30 3.6 43 ae Es ea Green MAT-252 Wu (2016): 

31. 3.7 44 China) 

32 3.1 3.8 

33: 39 4.6 Green 

34 4 4.7 Light brown 

35 4.6 5.3 

360 4.8 5.5 

S/o -71.8 5.9 -50.1 Yulongkashi, Hetian (Xinjiang, White, placer wien Liu et al. (2011b) 
a oy 373) 4.4 -45.6 China) White, placer 

39 5.6 -72.4 6.3 —50.7 White-green, placer 

40 1.1 55.7 1.8 34 Kalakashi, Hetian (Xinjiang, White-green, placer MAT.252 Liu et al. (2011b) 
415 -71.4 5.7 49.7 China) White-green, placer 

42, 2.9 -65.7 3.6 —44 


White-green, placer 


274 STABLE ISOTOPE RATIOS OF DOLOMITE-RELATED NEPHRITE 


Gems & GEMOLOGY 


SUMMER 2020 


No. 8'8O (%o0) 8H (%o) Pm ee (%o) Locality Description Mass spectrometer Reference 
43 3.2 -68.7 3.9 -47 Black, placer 
44. 24 -63.3 3.1 -41.6 Black, placer 
45 4.5 =69.3 5.2 47.6 Black, placer es a 
46 3.1 -67.1 3.8 45.4 Black, placer 
47 0.8 -97 1.5 -75.3 Green, placer 
48 7.3 -67 8.0 45.3 Black, placer 
49 2.7 -80 3.4 -58.3 Black, placer 
50 6.6 -77 73 —55.3 Black, placer 
51 3.6 87 43 2653 Sad EUSO MIND ier placer 
52 6.7 58 74 -36.3 Black, placer 
53: 3 -86 a7 -64.3 Black, placer MAT-252 Liu et al. (2016)¢ 
54 49 -85 5.6 -63.3 Green, placer 
55 2.2 —100 2.9 -78.3 Black, placer 
56 7.9 -79 8.6 -57.3 Black, placer 
57 25 -88 3.2 -66.3 Green, placer 
58 43 -109 5.0 -87.3 Green, placer 
59 1.6 -93 2.3 -71.3 Green, placer 
60 0.5to2.3 -108to-124 1.24 to 3.04 -86.3 to-102.3 Kunlun (Xinjiang, China) Sea Bes Yui and Kwon (2002) 
61 12.3 =76.9 13.0 =55.2 
a ai iia seq Dahua (Guangxi, China) Xu and Wang (2016) 
Gs =6.7 -108 —8.0 -86.3 
64 -84 =114 =I =92.3 
65. =9)9 =105 =9.2 =83:3 
66 -9 =107 —8:3 =95.3 
67 -8.2 -108 7.5 -86.3 Chuncheon (South Korea) Yui and Kwon (2002) 
68 -8.6 =112 79 =90.3 
69 =6,9 =109. =8.2 =87,3 
TO 93 =110 —8.6 =86.3 
Toe =109 —8.5 =o7.3 
72 34 -57 4d -35.3 ree, a Yui and Kwon (2002) 
73 V5.5. =1193 -14.8 =97 16 
74 -16.8 =16.1 
75 =-17.24 =1765 -16.5 =156,8 
Te.  =15.5) -14.8 
77 14.95 yan Vitim area, Buryatia (Russia) MAT-253 Burtseva et al. (2015) 
78 ==14.93|  -1332 -14.2 =H115 
79 =15.1 -14.4 
80 -14.58 -13.8 
1 =18.63 = 17-9) 
Semi-nephrite with 
82 -17.33 —16.6 prismatic coarse- 
grained tremolite 
Semi-nephrite with 
83 -20.02 -19.3 Vitim area, Buryatia (Russia) prismatic coarse- MAT-253 Burtseva et al. (2015) 
grained tremolite 
Semi-nephrite with 
84 -17.24 -16.5 prismatic coarse- 


grained tremolite 
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TABLE 2 (continued). Hydrogen and oxygen isotope delta values of dolomite-related nephrites. 


No. 8'O (%o) 8H (%o) sree ts mm Locality Description Mass spectrometer Reference 
fi 10). -76.4 (2)° 10.9 —54.7 
e ee ae : - ie ee vere! MAT-253 Gil et al. (2015a) 
88 10.2 -74.6 (3) 10.9 —52.9 
89 -113+48 ~91.3 Val Malenco, Sondrio (Italy) Sa andibocchie 
90 10 -70 10.7 48.3 
Gil Shs) -74 10.0 52.3 
92 85 -74 QP -52.3 
Gey hl -72 8.8 -50.3 
94 13.3 -70 14.0 48.3 Wang et al. (2007) 
Os lor -73 12.4 -51.3 
96 «10.4 -76 allen -54.3 Xiuyan (Liaoning, China) 
97 10.3 -72 11.0 —50.3 
Gs} 1 -74 9.8 -52.3 
oH) 9 -70 Ov), 48.3 
100 12.4 Sed White 
107 93 10.0 Yellow-white Wan et al. (2002) 
102 8.7 9.4 Yellow 
103 11.4 —86 12.1 -64.3 Green 
104 12.3 -87 13.0 —65.3 Green-white 
105 12.2 _78 12.9 563 Sanchakou (Qinghai, China) white MAT-251EM Zhou (2006) 
106 12.6 —84 13:3 -62.3 “Water line” in white 
nephrite! 
107 7.8 -144 8.5 -122.3 Placer/secondary 
108 15.4 = (35 16.1 =113.3 qaene debe China) Placer/secondary Chen et al. (2014) 
109 18.9 -109 19.6 -87.3 Placer/secondary 
Mio -143 1 -121.3 Placer/secondary 
111° 15.3 16.0 Green-white 
112 14.3 15.0 Green 
113° 15.6 16.3 
114 16.5 17.2 
115° 14.7 15.4 White 
ie ae _— Luodian (Guizhou, China) wis MAT-251EM Yang (2013) 
117°«14.1 14.8 White 
118 14.6 15.3 
119 15.5 16.2 Green-white 
120 16.3 17.0 


The deposits in Hetian and Kashi are counted in the West Kunlun region, while those in Bayinguoleng are counted in the A'erjinshan rengion. 


’The sample is marked as “Bi yu” in Chinese in the original reference, which mostly equates with serpentine-related nephrite. However, we tend to believe 
the original authors meant a nephrite with dark green color. 


“Authors Kong Gao, Ting Fang, and Yuanyuan Wang once participated in the research project sponsoring the thesis. Therefore, we can supplement the 
content of the original literature, which is not detailed enough. 


4Only those tremolite contents higher than 99 wt.% are chosen from Liu et al. (2016). However, it is not ruled out that individual samples may be 
serpentine-related since their Fe contents can be high. 


‘The figure in parentheses is the number of samples tested. The number before the parentheses is the average value. 


‘A “water line” refers to the band in nephrite that is more transparent than the matrix. It is Composed of prismatic coarse-grained tremolite crystals parallel 
to each other. 
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NEPHRITE-FORMING FLUIDS MODIFIED BY 
METAMORPHISM OR METASOMATISM 


The hydrogen and oxygen isotopes of nephrites from 
Xiuyan (Duan and Wang, 2002; Wan et al., 2002; 
Wang et al., 2007) and Ztoty Stok (Gil et al., 2015a) 
overlap with each other to some extent (figure 4). 
Their calculated fluid isotopes plot in the regional 
metamorphic water field (figure 5), which is in accor- 
dance with their geological environment. The Xi- 
uyan nephrite occurs not far from the famed 
serpentine jade deposit formed from metamorphic 
hydrothermal fluids (Wu et al., 2014). Silicon isotope 
studies support the interpretation that the formation 
of the Xiuyan nephrite was related to metamorphic 
fluids (Duan and Wang, 2002; Wu et al., 2014). At 
Ztoty Stok, some geological bodies related to serpen- 
tine occur not far from the dolomite-related nephrite 
deposit (Gil et al., 2015a,b). 

Like the nephrite-forming fluids of Xiuyan and 
Ztoty Stok, those of Dahua and Sanchakou plot in 
the metamorphic water field (figure 5). The 5!*O val- 
ues of the Dahua, Sanchakou, and Luodian nephrites 
are higher than others (with the exception of 
Tanghe}, and these deposits are related to basic ig- 
neous rocks of diabase or gabbro (Zhou et al., 2006; 
Yang et al., 2012; Li et al., 2014; Zhang et al., 2015; 
Xu and Wang, 2016), which is distinct from other 
dolomite-related nephrites. The presence of siliceous 
components in the wall rocks is another common 
feature for these three deposits. The wall rock for 
Dahua nephrite is a suite of interbedded layers of cal- 
cirudite, calcarenite, and micrite mixed with laminar 
siliceous rocks and paramoudra (Xu and Wang, 2016). 
Yang et al. (2013) discussed the relationship between 
nephrite formation and siliceous veins in the San- 
chakou deposit. The country rocks around the Luo- 
dian nephrite are siliceous clayey micrites and cherty 
limestones (Yang et al., 2012; Li et al., 2014). These 
silicalites compensate for the Si shortage during the 
formation of nephrite from basic rocks. For Luodian 
nephrite, this is supported by the 5'8O equilibrium 
between quartz and nephrite. The 5'8O,, value of the 
quartz from the deposit is 22.4%o (Yang, 2013). Thus, 
the calculated 6'8O,, value for tremolite by the 
quartz-tremolite fractionation equation 10%lna,,, ,, = 
2.25 x 10°/T? + 0.46 (Zheng, 1995) at 350°C equals 
16.15%o, which is in the range of its nephrite 5'8O 
value = 14.1%0-16.5%o (Yang, 2013). The speculation 
of compensation is also supported by the Si isotope 
accordance between the nephrite and the siliceous 
veins, paramoudra, and silicalites (6°°Si = 1.1%o-1.7%o; 
Yang, 2013). These values, in combination with field 
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observations, indicate that the hydrothermal fluid 
forming Luodian nephrite derived from either dia- 
base intrusion (Yang et al., 2012; Zhang et al., 2015) 
or seawater circulation driven by diabase intrusion 
(Li et al., 2014). A comparable process occurred at 
Sanchakou: The water in the sediments convected 
with magmatic hydrothermal fluids (Zhou, 2006), or 
the acidic magmatic hydrothermal fluids that ex- 
tracted Mg from gabbro (Yang et al., 2013) reacted 
with wall rocks and formed nephrite. Obviously, the 
hydrothermal fluids that formed these nephrites 
were no longer the original magmatic hydrothermal 
fluids, but rather the fluids that had been modified 


by metasomatism. 


XINJIANG PLACER NEPHRITE ISOTOPES AND 
FLUID-ROCK REACTION 


The Xinjiang placer nephrites, which are mainly dug 
out from paleo river beds flowing through the Take- 
lamagan Desert, differ from the primary ones by their 
wide ranges of hydrogen and oxygen isotope ratios, 
especially &H (figure 4). There are four factors poten- 
tially influencing this difference: 


¢ Impurities: Impurities may induce a conspicu- 
ously high 8H value (Liu et al., 2016), as well as 
a wide range of variation. 

Compositional effect: Most of the placer 
nephrite tested featured high Fe (Liu et al., 
2011b, 2016), which can result in a composi- 
tional effect on hydrogen isotope fractionations 
in a tremolite-H,O system (Vennemann and 
O'Neil, 1996). 

Complicated derivations: Since several primary 
deposits occur in the upper reaches of the Yu- 
longkashi and Kalakashi Rivers, the placer 
nephrite might come from different primary de- 
posits, even including serpentine-related 
nephrite (Liu et al., 2016). 

Fluid-rock reaction: The 6?H-5'%O trends of 
some of the Xinjiang placer nephrites are similar 
to those of the Alamasi nephrite (figure 4). The 
5!8O value, which is mainly controlled by the 
nephrite itself (Yui et al., 1990), has remained 
nearly constant after nephrite formation due to 
its high closure temperature of 424°C (Brady, 
1995). 


The closure temperature can be understood as the 
lowest temperature of isotope diffusion or loss. That 
is, the 6!8O value of the placer nephrite is almost 
equal to that of the primary nephrites. The 6H value 
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A tect leaving Albuquerque and proceed- 
ing northward 40 or 50 miles we found our- 
selves in the vicinity of the old Aztec Mine. 
Although it was several miles off the main 
highway and recent heavy rains had left the 
roadless road soft and muddy, we decided 
to go. After traversing most of the distance 
without special difficulty we came to low, 
deep, rutty places that looked ominous. The 
muddy mush being of slimy clay, we put 
on chains and plunged along. Soon we 
were stuck. By the use of a spade and some 
scarce underbrush we got through and to 
our objective. 

In our imagination we always invent a 
picture of what we are to see for the first 
time. But, as different. 
Briefly described, the opening was covered 
by an isolated cluster of rocks that reminded 


usual, this was 


Editor's Note: tn the spring 1953 issue of 
this publication a typographical error in the 
last line of column 1 appears on page 274. 
This should have read “but we found that a 
touch of rouge buff.” Likewise, on page 269 
the cutline indicates the photograph was 
taken during the 1919-1921 term of Mayor 
Snyder. Actually, he served three terms and 
this picture was taken during an earlier 
term during the first decade of the century. 


me at first of a bandstand in the park, but 
the similarity faded as we came closer to 
the group. 

Clambering part way down into the mine, 
30 or 40 feet, we encountered the same hard 
rock all the way down. Near that point, how- 
ever, we found some long vertical Jines or 
streaks as if Mother Nature had marked the 
brownish gray wall with a broad, beautiful 
blue pencil, tempting one to dig deeper and 
deeper, while a huge projecting rock immed- 
iately above mutely attested to defeat in 
guarding the treasure from man’s despoil- 
ing aggression. Thin chippings of turquois- 
bearing specimens lying about beneath 
offered further evidence of the last battle. 


On returning to the surface and seeking 
further information we luckily ran across an 
Old Timer who proved to be a veritable 
history book concerning the modern vicis- 
situdes and entanglements connected with 
this ancient property. From meager notes 
taken at the time in 1935, 18 years ago, I 
will try to recount the recital and avoid in- 
accuracies as much as possible. 

That this mine had been operated by the 
Indians, probably Navajos, as carly as 300 
years ago is evidenced by the size of a large 
tree that now grows on the old dump— 
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of the placer nephrite, however, can be enhanced by 
the reaction between meteoric water (desert water 
that has been fractionated by evaporation; figure 5) 
and rock (nephrite). 

The hydrogen in hydrous minerals diffuses rap- 
idly and shows a closure temperature, below which 
it will no longer diffuse and change its composition, 
in cooling metamorphic rocks far below the forma- 
tion temperature of the mineral assemblages (Gra- 
ham, 1981). The closure temperature (T.) for 
hydrogen isotope volume diffusion can be expressed 
as (Dodson, 1973): 


AtwD, 


T, = R/[Eln| 2 )] (3) 
where the time constant is 
EdT 
sR eo 
t=—-RT?/( - (4) 


in which the activation energy for tremolite E = 71.5 
kJ/mol (Graham et al., 1984; Farver, 2010); the gas 
constant R = 8.314 J/mol/K; the anisotropic factor for 
cylinder case A = 27 (Dodson, 1973); the pre-exponen- 
tial factor in the Arrhenius relationship D, = 1.21 x 
10° m?/s, calculated from figure 5 of Graham et al. 
(1984). Thus, the closure temperature can be as low 
as 61°C (calculated by grain radius a = 0.5 um, cooling 
rate dT/dt = -10°C/d) to 123°C (calculated by a = 1 
pm, dT/dt = -50°C/d). Since the radius of nephrite 
tremolite can be smaller, the calculated closure tem- 
perature will decrease. Furthermore, an experiment 
showed that tremolite can dissolve at a pH of 6.9 at a 
low temperature of 37°C (Diedrich et al., 2014). 
Grapes and Sun (2010) suggested that higher porosity 
created by actinolite dissolution results in an expo- 
nential increase in weathering. Tremolite fibers, with 
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lower iron concentration than actinolite, have high 
chemical reactivity as well (Pacella et al., 2015). Thus, 
the hydrogen isotope ratio can re-equilibrate at low 
temperature between the placer nephrite and mete- 
oric water, enhancing the 8H value of the former. 


CONCLUSIONS 


On the basis of formation environment and forma- 
tion process, hydrogen and oxygen isotope ratios of 
nephrites from around the world can be analyzed. 
These isotope ratios, even for oxygen alone, appear 
to be discrimination criteria for the geographic origin 
determination of dolomite-related nephrites, espe- 
cially those from Vitim (Russia), Chuncheon (South 
Korea) and the Xinjiang Uyghur Autonomous Region 
and Qinghai Province of China. However, the 
nephrite 6!8O values from Xiuyan, Dahua, and Zloty 
Stok overlap. The isotopic ratio differences are 
mainly derived from the ore-forming fluids. The iso- 
topes of dolomite-related nephrites from Russia, 
South Korea, Xinjiang, and Qinghai Province in- 
crease in sequence, and the ore-forming fluids vary 
in the order of meteoric water — mixture of mag- 
matic water and meteoric water — mixed water that 
experienced metamorphism to some extent or is 
even dominated by metamorphic fluid. Furthermore, 
the hydrogen isotope of the placer nephrite from the 
Hetian region of Xinjiang could have been modified 
by meteoric water when it was buried in paleo river 
beds flowing through the desert. 

Based on this limited data set, we show that iso- 
tope ratio analysis is a new gem origin identification 
tool for gemologists studying nephrite (similar to 
what other researchers have shown for emerald and 
corundum). However, we point out with caution that 
more data is needed to optimize our findings. 
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Cat’s-Eye ANDRADITE 


The Carlsbad laboratory received a 
49.65 ct semitranslucent to opaque 
brownish yellow oval cabochon (fig- 
ure 1) for identification. The stone’s 
most notable feature was its display 
of cat’s-eye phenomenon across the 
dome. It had a refractive index over 
the limit of the refractometer and a 
hydrostatic specific gravity of 3.74. 

Raman spectroscopy was used to 
assist with the identification, and the 
data collected (figure 2) were matched 
with andradite garnet from the GIA 
reference database. Analysis by en- 
ergy-dispersive X-ray fluorescence 
(EDXRF) showed a composition con- 
sistent with andradite garnet, 
Ca,Fe,(SiO,),, further proof of the 
stone’s identity. 

Internally, the stone is host to 
very fine and tightly packed needle- 
like inclusions running parallel to the 
base. With the stone cut as an oval 
cabochon, light is reflected off the in- 
clusions, creating a rolling eye across 
the dome. This phenomenon is com- 
mon in many gemstone species, and 
the demantoid variety of andradite 
garnet has been known to display 
cat’s-eye phenomenon (Spring 2018 
Lab Notes, pp. 58-59). This stone is a 
larger example of cat’s-eye andradite 
garnet. 


Nicole Ahline 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. A 49.65 ct brownish yel- 
low andradite cabochon with 
chatoyancy across the dome. 


Quench-Crackled Dyed Blue 

CHALCEDONY Resembling Larimar 
Recently, GIA’s Tokyo laboratory ex- 
amined five round beads that were 


semitransparent to opaque and 
showed blue to greenish blue body- 
colors with a network-like structure 
of whitish zones (figures 3 and 4). 
These beads were acquired at an orna- 
mental gem material shop in Tokyo 
and were sold as “sea-blue chal- 
cedony,” but the resemblance to Lari- 
mar led to our investigation. 

The beads were identified as chal- 
cedony based on spot RI readings of 
1.53 to 1.54, SG values ranging from 
2.48 to 2.65, and microscopic features 
such as parallel curved bands (figure 
4B). Raman spectroscopic features (fig- 
ure 5) also suggested that the beads 
were mainly composed of quartz crys- 
tals and matched chalcedony (e.g., D. 
Pop et al., “Raman spectroscopy on 
gem-quality microcrystalline and 


Figure 2. Raman spectrum of the cat’s-eye andradite compared to the 
known reference. Spectra are offset vertically for clarity. 


RAMAN SPECTRA 


80000 + 
— Andradite cat’s-eye 
— Andradite reference 


INTENSITY (COUNTS) 


T T T T 
2000 1800 1600 1400 1200 


T T T 
1000 800 600 400 200 


RAMAN SHIFT (cm) 


Gems & GEMOLOGY 


Summer 2020 281 


Figure 3. Two of five round beads 
of quench-crackled dyed chal- 
cedony and a pear-shaped Lari- 
mar cabochon. The bottom bead 
is 10.25 mm in diameter. 


amorphous silica varieties from Roma- 
nia,” Studia Universitatis Babes- 
Bolyai, Geologia, Vol. 49, 2004, pp. 
41-52). Raman spectra of the beads 
showed no characteristics of chryso- 
colla (Spring 2020 Gem News Interna- 
tional, pp. 188-189). Qualitative 
EDXRE analysis detected peaks related 
to Si, Fe, and Cu, indicating that Cu 
was likely the color-causing element. 
Ultraviolet-visible (UV-Vis) spectra 
also showed a broad band from 500 to 
1000 nm that corresponded with Cu. 
There was no polymer detected by 
Fourier-transform infrared (FTIR) spec- 
troscopy and no reaction when 
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Figure 5. Raman spectra of quench-crackled dyed blue chalcedony (red 
trace) and Larimar (blue trace). The dyed chalcedony Raman peaks 
match those of chalcedony and not Larimar. 


touched with a hot point. Under a 
gemological microscope, the stones re- 
vealed whitish zones following frac- 
tures. In order to consider the overall 
structure of such fractures, we cut 
them in half. Cross sections of the 
beads showed that the fractures with 
whitish zones were concentrated on 
the surface (figure 6). Such a structure 
is a known characteristic of quench- 
crackled dyed chalcedony and was re- 
ported previously (see Winter 2009 Lab 
Notes, p. 288). These beads probably 
represent a new color variety. 

These quench-crackled dyed chal- 
cedonies resemble Larimar in color 


Figure 4. A: A quench-crackled dyed chalcedony bead containing 
whitish zones following fractures; field of view 11.80 mm. B: Another 
bead showing a curved banding structure; field of view 12.80 mm. C: A 
pear-shaped Larimar cabochon (also shown in figure 3); field of view 
16.20 mm. Note that it has a mottled blue and white color and contains 
other mineral inclusions. 
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and appearance. Larimar is a rare blue 
variety of pectolite with the ideal 
chemical formula of NaCa,Si,O,(OH) 
that displays white, green, and pale to 
sky blue colors. Blue color seen in 
Larimar is believed to be caused by 
the presence of small amounts of Cu** 
within its structure (e.g., RE. 
Woodruff and E. Fritsch, “Blue pecto- 
lite from the Dominican Republic,” 


Figure 6. Cross sections of two 
round beads of quench-crackled 
dyed chalcedony, 10.25 mm in 
diameter. Note that the white 
color is concentrated on the sur- 
face and along internal fractures. 
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Winter 1989 GWG, pp. 216-225). We 
compared these beads with Larimar 
(the pear cabochon on the right in fig- 
ure 3) to reveal their differences. The 
Larimar cabochon showed a mottled 
blue and white color with network- 
like whitish zones and other natural 
mineral inclusions (figure 4C) (again, 
see Woodruff and Fritsch, 1989). It had 
a spot RI reading of 1.60 and an SG of 
around 2.80. On the other hand, the 
quench-crackled dyed blue chal- 
cedony beads had whitish zones fol- 
lowing a network of fractures (figure 
4B) and no other mineral inclusions. 
This material can easily be sepa- 
rated from Larimar using standard 
gemological testing such as RI and 
SG. Advanced testing is useful in con- 
firming the cause of blue color and 
the presence of polymer treatment. 


Makoto Miura 


DIAMOND 


Irradiated Blue Diamond with 
Interesting DiamondView Image 
We often receive lab-irradiated dia- 
monds at the laboratory that have ei- 
ther natural or laboratory-grown 
origins (e.g., Summer 2018 Lab 
Notes, pp. 215-216). However, we re- 
cently received a 1.00 ct Fancy Deep 
greenish blue irradiated diamond (fig- 
ure 7) with some unusual gemologi- 
cal features. The diamond’s spectra 
and imaging showed that it had re- 
ceived artificial irradiation likely fol- 
lowed by annealing, which created 
unusually high concentrations of ni- 
trogen vacancy (NV) centers. 

As with most lab-irradiated dia- 
monds, it was irradiated with the 
table side down; thus, the culet facing 
the beam received the highest dose of 
irradiation while much of the table 
facet was comparatively protected. 
The irradiated pavilion shows orange 
fluorescence due to a high concentra- 
tion of NV centers (figure 8, left). Irra- 
diated diamonds are often subjected 
to some low-temperature annealing 
after irradiation in order to “stabilize” 
the defects (e.g., Spring 2018 Gem 
News International, pp. 105-107); 
however, we generally do not see evi- 
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Figure 7. This 1.00 ct Fancy Deep greenish blue diamond (left) owes its 
color to artificial irradiation, which is also evidenced by the color concen- 


tration at the culet (right). 


dence of NV centers forming from 
that low-temperature heating. 

Here we see a combination of 
treatment conditions that generated 
an NV-related fluorescence on the 
pavilion and the crown; however, the 
original blue fluorescence of the nat- 
ural, pre-irradiated diamond persists 
on the table, which was “shielded” 
during the irradiation (figure 8, right). 
The table experienced a lower radia- 
tion dose, fewer NV centers formed as 
a result, and we observe a transition 
from the orange NV fluorescence to 
the intrinsic blue fluorescence. Thus, 
the DiamondView fluorescence col- 
lected from the table creates an in- 
triguing image. 

The combination of the intrinsic 
defect concentrations along with the 
specific irradiation dose and subse- 


quent annealing conditions created 
an unusual treated diamond for scien- 
tific study and an interesting reinter- 
pretation of a “nailhead” diamond—a 
term often applied to a poorly cut 
stone that is dark on the table. Here, 
this effect can only be revealed under 
UV illumination. 


Sally Eaton-Magana 


Multiple Radiation Stains Suggest 
Interesting Geological Residency 


A rough diamond crystal weighing 
4.05 ct was observed with radiation 
staining on its surface. Radiation 
staining is thought to occur when ra- 
dioactive fluids or minerals are adja- 
cent to a diamond crystal in the earth. 
The radiation imparts damage to the 


Figure 8. The DiamondView fluorescence images of the irradiated dia- 
mond collected from the pavilion (left) show a high concentration of NV 
centers creating the orange fluorescence. On the table (right), the NV con- 
centration has decreased sufficiently so that the NV-related orange fluo- 
rescence transitions to the diamond’s intrinsic blue fluorescence. 
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Figure 9. Radiation staining is visible on opposite sides of the rough dia- 
mond crystal. On the upper surface the green stain is closer to the bottom 
of the image, whereas on the lower surface the green stain is closer to the 
top of the image. The arrows indicate the direction of displacement, 
which are in opposite directions on opposite sides of the rough crystal. 
Field of view 2 mm. 


diamond lattice, leaving behind va- | When initially formed, these stains 
cancies and interstitial carbon atoms. are green or greenish in color. If they 


Figure 10. A portion of one side of the 4.05 ct rough diamond (left; field of 
view 3 mm) shows the relative placement of several radiation stains that are 
detailed with PL mapping at right. A: The photographed image of a very dark 
radiation stain and the corresponding PL map of diamond Raman intensity. 
B: The image of a brown radiation stain separated from its green counterpart 
and the corresponding PL map of its diamond Raman intensity. C: An image 
of a light radiation stain. Its PL map plots the TR12 intensity, instead of 
Raman intensity as in A and B, which was much higher within the radiation 
stain than within the colorless section. The PL maps in A and B were col- 
lected with 532 nm excitation and plot the diamond Raman peak area at 573 
nm, while the map in C with 455 nm excitation plots the TR12 peak area at 
470 nm and normalized to the diamond Raman peak area. 
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are subjected to heat, the stains will 
turn to a brownish color. This partic- 
ular diamond had both green and 
brown radiation stains on the surface. 
Nearly all of the stains existed in 
pairs, one brown and one green, and 
were of the same shape. This has been 
reported previously (C.M. Breeding et 
al., “Natural-color green diamonds: A 
beautiful conundrum,” Spring 2018 
Gw&G, pp. 2-27), and the proposed 
mechanism is that the diamond crys- 
tal is adjacent to a radioactive sub- 
stance that imparts a green stain. 
When the diamond crystal is shifted 
slightly, the radioactive minerals cre- 
ate a new stain of the same shape but 
slightly displaced. The diamond was 
heated before the second set of stains 
had formed, which turned the initial 
set of stains brown. 

In this rough crystal, the stain 
pairs are on opposite sides and in op- 
posite directions (figure 9). The shift 
must have occurred in the direction 
from brown to green, which means 
this crystal most likely rotated with 
respect to its environment. The other 
explanation is that the host material 
on either side shifted in opposite di- 
rections by roughly the same amount. 

To examine the spectroscopic dif- 
ferences between the green and brown 
radiation stains, we collected photo- 
luminescence (PL) maps using 532 and 
455 nm excitation in confocal mode. 
We collected data on several of the ra- 
diation stains but will focus this dis- 
cussion on three of them (figure 10). 
Figure 10A has dark, almost black col- 
oration in the center with dark green 
and brown color around the periphery. 
Figure 10B shows green and brown ra- 
diation stains but with a colorless sec- 
tion between them, and figure 10C 
has very light radiation staining. 

In the radiation stain imaged in 
figure 10A, the diamond Raman peak 
was quite broad and distorted within 
the radiation stain compared to the 
surrounding diamond (figure 11, 
inset). The broadened and distorted 
Raman peaks are indicators of the ra- 
diation damage brought upon these 
areas and are consistent with prior ob- 
servations of other very dark radiation 
stains (e.g., S. Eaton-Magana and K.S. 
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Figure 11. These 532 nm excitation spectra show differences in features 
between the brown and green radiation stains imaged in figure 10A and a 
nearby colorless portion of the diamond. In the colorless diamond, the 
Raman peak is much larger and shows the NV- peak and a weak GR1. 
The brown and green stains show much lower diamond Raman intensity, 
and the peak width is greater within the green stain (inset). Both the green 
and brown radiation stains also show a radiation-related Raman peak at 
1640 cnr? (583 nm; Eaton-Magafia and Moe, 2016) and comparatively pro- 
nounced GR1 peaks. Other unknown and intrinsic features are also pres- 


ent in these spectra. 


Moe, “Temperature effects on radia- 
tion stains in natural diamonds,” Dia- 
mond and Related Materials, Vol. 64, 
2016, pp. 130-142). The average 
Raman peak FWHM (full width at 
half maximum) within the green por- 
tion of the radiation stain was ~1.6 
nm, while the average width within 
the brown portion of the radiation 
stain was ~1.1 nm. For comparison, 
the Raman width in the colorless sec- 
tions was ~0.5 nm. The detected 
Raman intensity was also much 
lower than that of the surrounding 
colorless diamond (figures 10A and 
11). Natural diamond and irradiation- 
related features such as TR12 (470 
nm), H3 (503.2 nm), and NV-(637 nm) 
were not detected within this heavily 
damaged radiation stain. The GR1 
peak was detected, though with 
higher intensity within the green ra- 
diation stain (figure 11). 

In figure 10B, the PL map is con- 
sistent with the visual image and 
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shows the area between the green and 
brown radiation stains approaching 
the features of the surrounding color- 
less diamond. Both figures 10B and 
10C show indications of less radiation 
damage compared to figure 10A. The 
TR12, H3, and NV- features were de- 
tected in both the green and brown ra- 
diation stains, and the natural 
diamond features of H3 and NV- 
showed higher intensity in the brown. 
The GRI1 and TR12 were slightly 
higher in the green radiation stains 
than in their brown counterparts and 
greater still than in the surrounding 
colorless diamond (figure 10C). For 
the radiation stains pictured in figures 
10B and 10C, the diamond Raman 
widths were generally equivalent to 
those of the surrounding diamond. 
The PL maps also demonstrated that 
the boundary of the high GR1 inten- 
sity extended laterally ~30 um beyond 
the colored radiation stain and into 
the surrounding colorless diamond; 
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this is consistent with prior estimates 
of alpha radiation penetration (Eaton- 
Magania and Moe, 2016). 

In the radiation stains shown in 
figure 10, the brown portions of the 
radiation stains displayed features 
closer to the intrinsic diamond (lower 
diamond Raman width of the radia- 
tion stain shown in figure 10A and its 
corresponding spectra shown in figure 
11, along with higher intensities of 
H3 and NV- of radiations stains 
shown in figures 10B and 10C; spectra 
not shown). These features suggest 
that the time and temperature that 
created the transition from green to 
brown as the diamond shifted to a 
new position also brought some 
“healing” from the localized radiation 
effects detected within the green radi- 
ation stains. This sample was inter- 
esting scientifically, as it allowed 
some direct comparison of radiation 
stain features created by the same 
point sources. 


Troy Ardon and Sally Eaton-Magana 


HEMIMORPHITE Resembling 
Paraiba Tourmaline 

A 5.61 ct semitransparent blue cabo- 
chon (figure 12) was submitted to the 
New York laboratory for a Paraiba 
tourmaline origin report because of 
its electric blue color and its similar 
RI and internal features. Microscopic 
observation revealed parallel tubes, 


Figure 12. This 5.61 ct electric 
blue cabochon was identified as 
hemimorphite. 
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Figure 13. Raman spectra of a 5.61 ct semitransparent blue cabochon that 
matched with hemimorphite in the RRUFF database (no. RO70536). 


fluid inclusions, and white granular 
flake-like inclusions. The stone’s 
optic character could not be deter- 
mined due to the cabochon shape and 
abundance of inclusions, and only an 
approximate RI of 1.61-1.63 with a 
birefringence of 0.02 could be ob- 
tained. Specific gravity was 3.45, 
which is inconsistent with tourma- 
line, and the fluorescence reaction 
was medium blue under short-wave 
and inert under long-wave UV radia- 
tion. We confirmed its identity by 
Raman spectroscopy, which showed 
a match with hemimorphite 
(https://rruff.info/Hemimorphite/RO 
70536}, as shown in figure 13. 

Hemimorphite is a zinc silicate, 
Zn,Si,O,(OH),-H,O; the purest form 
is white or colorless. Impurities cause 
different colors, such as copper (Cu**) 
for a bluish and greenish tint, ferrous 
iron (Fe’*) for green, and ferric iron 
(Fe**) for brown. Laser ablation—induc- 
tively coupled plasma—mass _spec- 
trometry (LA-ICP-MS) composition 
analysis revealed that this stone con- 
tained no iron but did contain copper, 
which produced the electric blue 
color. 


Sudarat Saeseaw 
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SAPPHIRE 

Exceptional Purple Montana 
Sapphire 

The Carlsbad laboratory recently re- 
ceived a 10.47 ct purple octagonal 
modified brilliant-cut sapphire (figure 


Figure 14. This 10.47 ct sapphire 
is notable as a large, unheated 
purple sapphire from Montana. 


14) for an identification and origin re- 
port. Standard gemological testing 
gave a 1.762 to 1.770 refractive index, 
indicating corundum, and a hydro- 
static specific gravity (SG) of 4.00. The 
stone displayed no fluorescence under 
long-wave and short-wave UV. 
Microscopic examination showed 
an interesting combination of inclu- 
sions, including an iridescent healed 
fissure surrounding a crystal, particu- 
late clouds with intact and unaltered 
rutile needles/silk, flaky stringers, and 
twinning with intersection tubules 


Figure 15. Flaky particles and stringers of colorful rutile silk seen in the 
10.47 ct purple Montana sapphire. Field of view 1.58 mm. 
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(figure 15). This inclusion scene is 
consistent with unheated corundum 
from Montana (Winter 2018 Lab 
Notes, pp. 434-435). 

Laser ablation-inductively cou- 
pled plasma—mass spectrometry (LA- 
ICP-MS) was used to conclusively 
determine the stone’s trace element 
chemistry, and the results were com- 
pared to corundum samples from 
GIA’s colored stone reference collec- 
tion. Trace element measurements 
indicated ranges of 13.6-15.0 ppma 
Mg, 13.1-15.0 ppma Ti, 7.76-8.36 
ppma V, 38.3-39.4 ppma Cr, 1560- 
1600 ppma Fe, and 16.5-17.0 ppma 
Ga. The chemistry matched well 
with reference stones GIA has col- 
lected from Montana’s secondary de- 
posits. With a combination of 
microscopic observation, advanced 
testing, and GIA’s reference collec- 
tion, we were able to confirm the ge- 
ographic origin of this sapphire. 

Of all North American corundum 
localities, Montana reigns supreme. 
While rubies are only rarely found, 
facet-quality sapphire is mined at a 
number of different locations. Fine 
blue and purple gems have been 
mined at Yogo Gulch in central Mon- 
tana, but cut gems over one carat are 
rare. Fancy sapphires are found asso- 
ciated with the placers of Missouri 
River and at Dry Cottonwood Creek 
and Rock Creek. These deposits pro- 
duce larger material, but the colors 
tend to be pale. The successful devel- 
opment of heat treatment technology 
there has renewed interest in Mon- 
tana sapphire. 

This particular gem is consistent 
with those found in Montana’s sec- 
ondary deposits. It is a particularly 
fine example due to its saturated pur- 
ple color, large size, and absence of 
heat treatment. 


Maryam Mastery Salimi and 
Nathan Renfro 


Negative Crystal Containing a 
Mobile CO, Bubble in Blue 
Sapphire Heated with Pressure 


Among the common inclusions seen 
in almost every mineral are primary 
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Figure 16. The blue sapphire’s FTIR spectrum shows a strong absorption 
band centered around 3047 cm", suggesting treatment with heat and 


pressure. 


cavities, or negative crystals. Nega- 
tive crystals in sapphire are usually 
filled with liquid and gaseous carbon 
dioxide (CO,) and may also contain 
solids such as diaspore or graphite. 
At GIA’s Bangkok laboratory, the 
author recently examined a 6.41 ct 
transparent blue faceted sapphire. It 
had a refractive index of 1.760-1.768, 
and its fluorescence reaction was 
inert under long- and short-wave UV 
radiation. Fourier-transform infrared 
(FTIR) spectroscopy is a useful tech- 
nique to determine heat treatment in 
corundum. The sample’s FTIR spec- 
trum (figure 16) showed a broad band 
centered around 3047 cm that has 
been reported in sapphires treated 
with heat and pressure (M.S. Krzem- 
nicki et al., “Sapphires heated with 
pressure — A research update,” Spring 
2019 InColor, pp. 86-90). 
Microscopic observation revealed 
altered growth tubes, dissolved parti- 
cles, melted crystals with altered fin- 
gerprints, and small birefringent 
crystals in a low-relief partially healed 
fissure (figure 17), proof of high-tem- 
perature heat treatment with pressure 
(Winter 2018 Gem News Interna- 
tional, p. 458). When the sapphire was 
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gently heated by the microscope bulb, 
the gas bubble became smaller and 
disappeared as the gas and liquid ho- 
mogenized. The presence of CO, fluid 
inclusions in negative crystals is im- 
portant evidence of natural origin and 
the absence of thermal enhancement 
(J.L. Koivula, “Carbon dioxide fluid in- 
clusions as proof of natural-colored 
corundum,” Fall 1986 GwG, pp. 152- 
155). Interestingly, this sample exhib- 
ited a rounded bubble in a negative 


Figure 17. When the sapphire was 
viewed under cross-polarized 
light, a plane of small birefrin- 
gent crystals was observed in a 
partially healed fissure. Field of 
view 4.10 mm. 
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waste material removed during the operation 
of the mine. Within the mine, when first 
explored by the white men, were found 
many stone hammers ~- doubtless used to 
break up further the larger fragments of 
turguois-bearing rock laboriously detached 
from the tough resistant interior. 

To detach 
were evidently built against the walls and 


hese larger pieces hot fires 


cold water then dashed against it to crack 


them loose. Then presumably, such pieces 


were set upon by the Indians with the stone 
axes to break away the matrix and free it 
from the bluc. Doubtless they developed a 
good deal of ingenuity in cleaving away 
excess matrix as they have cleverly done on 
sharp- pointed arrowheads. Doubtless they 
did constderable shaping and finishing by 
rubbing the crude gemstones on smooth sur- 
faces of rock or wood, using sand as an 
abrasive. They had no lapidary wax, or ce- 
ment, with which to hold the stones while 
working them, but they had to be held only 
with their scuffed and bloody fingers. Other 
thin flat picces were drilled with a sharp- 
pointed stone and strung on a slender thong 
along with many other similar pieces of tur- 
quois or of shell. Then the surface of the 
entire strand was worked down together into 
a long snake-like neckpiece of wampum. 
Sometimes such a neckpicce was further dec- 
orated, as they still are today, with larger 
turquois chunks drilled through from side to 
side near one end and inserted into the 
wampum to hang at various intervals. 
Returning to the Old Timer’s story—whose 
name, unfortunately, I failed to record—he 
in this mine a 
huge “sledge,” let us call it, that consisted 
of a smooth extra tough rock weighing about 
40 pounds and about 15 inches in diameter, 
made with a groove around its middle to 
receive thongs by which to handle it. Pre- 
sumably it was used to break up rocks 


declared there was found 


brought out oa the floor of the mine when 
they were too large for the less effective 
axes, or it might have been used also to 
swing against some loosened rock in the wall 


¢ Self portrait of the author 


of the mine. This in the only rock-sledge 
ever heard of before, he asserted. 

Let us pause here a moment to ruminate 
over this piece of the Stone Age brought 
right down to our very threshold. At that 
time who owned this valuable mine? No- 
body, or everybody! Discoveries have been 
made indicating that the Aztecs from Old 
Mexico made periodic trips to vartous de- 
posits of turquois in the Southwest—even 
into California. Sometimes they were met 
with hostility, and at other times with 
friendly indifference. That this prehistoric 
fondness for this “fragment of the sky” was 
not a matter of insignificance is attested to 
by a rumor or myth passed on to me by the 
Old Timer. He related that some time prior 
to 1878 a cave-in at another old turquois 
mine, about three miles north of Cerrillos, 
killed and buried about 90 Indians at work 
in the mine. (See article by Governor Prince 
who was from New York and appointed as 
governor of the territories.) 

Ruminating further, what if you or I were 
to be deprived of all modern mining facili- 
ties such as explosives, drills, hammers, 
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Figure 18. A negative crystal with a mobile CO, bubble in the blue sapphire heated with pressure. Field of view 2 mm. 


crystal that moved and was still ob- 
served when gently heated with a hot 
point (figure 18). Raman spectroscopy 
confirmed the bubble as carbon diox- 
ide (CO,). To our knowledge, a mobile 
CO, bubble in a negative crystal has 
not been reported in a sapphire heated 
with pressure. 


Nattida Ng-Pooresatien 


Figure 19. An 11.16 ct pink sap- 
phire from Mozambique. 
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Pink Mozambique Sapphire 
Recently, GIA’s Carlsbad lab received 
an 11.16 ct pink sapphire (figure 19) 
for a colored stone identification and 
origin report. Standard gemological 
testing was consistent with sapphire, 
giving a refractive index of 1.759- 
1.769 and a hydrostatic specific grav- 
ity of 4.00. 

The sapphire contained various 
inclusions (figure 20) such as negative 
crystals and transparent colorless 
crystals. These inclusions showed no 
indication of thermal alteration, sug- 
gesting the stone was unheated. Bands 
of silk arranged in a hexagonal forma- 
tion with irregularly shaped thin 
films intermixed with particle clouds 
could be seen throughout the stone. 
This suite of inclusions was consis- 
tent with a Mozambique origin. 


Advanced testing confirmed that 
the sapphire was unheated and from 
Mozambique. Infrared spectroscopy 
produced a spectrum consistent with 
unheated sapphire. The spectra showed 
a single peak at 3309 cm with no sec- 
ondary peak at 3232 cm! (Summer 
2019 Gem News International, pp. 
290-291). Laser ablation—inductively 
coupled plasma—mass spectrometry 
(LA-ICP-MS) confirmed the stone’s 
chemical composition of a higher 
iron and lower vanadium content, 
which is typical of Mozambique 
sapphires. 

Mozambique is known for rubies 
that are saturated in color. With its 
11.16 ct size and pure pink hue, this 
unheated Mozambique sapphire was 
a unique encounter. 


Nicole Ahline 


Figure 20. A negative crystal (left; field of view 1.79 mm) and a cluster of 
silk (right; field of view 2.57 mm) that could be seen throughout the pink 
sapphire. 
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Figure 21. Face-up image of one of the HPHT-processed CVD laboratory- 
grown diamonds submitted to the Antwerp lab. This 1.02 ct round brilliant 
synthetic diamond has J-equivalent color and VS, clarity. 


SYNTHETIC DIAMOND 


HPHT-Processed CVD Laboratory- 
Grown Diamonds with Low Color 
Grades 


When CVD-produced diamonds are 
grown with nitrogen added to the gas 
mixture, or when the growth rate is 
relatively high, the as-grown crystal 
ends up having an undesirable brown 
color. In order to improve this color, 
CVD-grown diamonds are often 
treated at high-pressure, high-temper- 
ature (HPHT) conditions after their 
growth. The Antwerp laboratory re- 
cently received 11 CVD laboratory- 
grown diamonds that had been 
subjected to HPHT treatment after 
growth but still had a relatively uni- 
form low color grade (J-equivalent, 
figure 2.1). 

The samples were round brilliants 
with weights ranging from 1.02 ct to 
1.33 ct and clarity grades in the VS 
range. Commonly observed clarity 
characteristics were crystals, needles, 
and pinpoints along with feathers. 
They were classified as type IIa dia- 
monds with weak additional absorp- 
tion peaks at 1332, 1344, 2947, and 
3031 cm-!. Four showed a weak ab- 
sorption peak at 3107 cm! (N3VH). 
None of them showed the CVD-spe- 
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cific NVH?® band at 3123 cm"! (P.M. 
Martineau et al., “Identification of 
synthetic diamond grown using 
chemical vapor deposition [CVD],” 
Spring 2004 GwG, pp. 2-25). UV-vis- 


ible absorption spectra taken at liquid 
nitrogen temperature revealed the 
presence of the SiV- center, a defect 
commonly observed in CVD syn- 
thetic diamonds. Photoluminescence 
(PL) spectra taken with various exci- 
tation wavelengths and at liquid ni- 
trogen temperature showed the 
presence of a strong SiV- doublet 
(736.6/736.9 nm), strong NV°- (575 
and 637 nm) centers, numerous peaks 
in the 520-550 nm region, and a 
strong H3 (503.2, nm) center. Further- 
more, all the spectra showed an ab- 
sence of the SiV° (946 nm) and 
596/597 nm centers. This last center 
is commonly observed in as-grown 
CVD synthetic diamonds but is re- 
moved by post-growth HPHT treat- 
ment. A weak H2 center (986 nm) was 
observed in six stones. Weak Ni-re- 
lated absorption peaks were detected 
in 830 nm PL spectra of all the sam- 
ples, but at higher wavelengths than 
expected (884-885 nm, potentially at- 
tributed to high strain). Microscopic 
analysis using crossed polarizing 
plates confirmed the presence of 
strain throughout the stones. 


Figure 22. DiamondView image of one of the 11 CVD samples shows 
green fluorescence and clear linear growth striations. The layers indicate 
stop-start growth. 
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Figure 23. This 3.02 ct HPHT- 
grown diamond with color equiv- 
alent to Fancy Vivid pink had an 
unstable color. 


DiamondView images showed 
green luminescence (linked to the 
strong H3 center revealed by PL spec- 
tra) and a weak bluish green phospho- 
rescence. All samples showed clear 
linear growth striations. Some re- 
vealed a multilayer stop-start growth. 
The orientation of the growth layers 
gives an indication of the angle at 
which the stone is cut from the rough 
plate (figure 2.2). 

Based on all the observations, we 
conclude that the analyzed CVD lab- 
oratory-grown diamonds underwent 
HPHT treatment after growth. Their 
relatively low color grades are believed 
to be linked to the duration of the 
treatment. More efficient treatment 
would likely result in a higher color 
grade. 


Ellen Barrie 


HPHT Laboratory-Grown Pink 

Diamond with Unstable Color 

While rare, it is not uncommon for 
certain types of diamond to change 
color when exposed to different light- 
ing or thermal conditions. Consider, 
for example, chameleon-type dia- 
monds, which can change color from 
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Figure 24. Left: Strong color zoning observed under natural lighting condi- 
tions. Right: The fluorescence pattern follows this zoning, as observed in 
the DiamondView image (strong short-wave UV). 


yellowish green to orangy yellow 
when heated or concealed in the dark 
for long periods of time. 

Recently submitted to GIA’s New 
York laboratory for examination was a 
3.02 ct laboratory-grown diamond 
with the equivalent color grade of 
Fancy Vivid pink (figure 23). Typical of 
an HPHT-grown laboratory-grown di- 
amond, it exhibited strong color zon- 
ing (figure 24, left) related to its typical 
hourglass synthetic growth structure. 
Of note, it exhibited very strong or- 
ange fluorescence when exposed to 
ultra-short-wave ultraviolet radiation 
(figure 24, right). This is of note as it is 


indicative of post-growth treatment to 
create the desirable pink color. 

This diamond was grown with a 
very carefully controlled nitrogen 
content that produced approximately 
1.6 ppm of type Ib single substituted 
nitrogen (post treatment). The nitro- 
gen content was calculated from a 
normalized mid-infrared spectrum. 
Post-growth treatment of irradia- 
tion/annealing generated very strong 
absorption from the nitrogen vacancy 
(NV) centers that are responsible for 
both the pink bodycolor and the very 
strong orange-red fluorescence (see 
the PL spectrum in figure 25). 


Figure 25. 514 nm (green) photoluminescence spectrum showing strong 
NV (nitrogen vacancy) centers at 575 and 637 nm. These are responsible 
for the very strong bodycolor and orange-red fluorescence. 
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Figure 26. A dramatic hue shift from pink to orange was observed when the synthetic diamond was exposed to 
short-wave UV radiation. Color swatches (bottom) were generated from recorded LCH values both before and 
after UV bleaching. The two images (top) were taken using standard lighting in the GIA colorimeter, which 


recorded the LCH values. 


When excited by short-wave UV 
radiation, the nitrogen vacancy color- 
causing centers are bleached and de- 
saturated, resulting in a hue shift to 
orange (figure 26). This is a tempo- 
rary color change, and within min- 
utes the diamond will revert to its 
stable pink color under normal day- 
light conditions. 

Using LCH (lightness, chroma, 
and hue) values, color swatches (fig- 
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ure 26, bottom) were generated that 
accurately represent the color change 
observed. The images in figure 26 
(top) were captured using a GIA-built 
colorimeter with standard lighting 
conditions. 

With the recent influx of labora- 
tory-grown fancy-color diamond into 
the market, these phenomena are of 
note to consumers. 


Kaitlyn Mack and Paul Johnson 
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Bohmite in Corundum 

Gemologists at Bangkok’s Lotus Gemology laboratory re- 
cently examined a large lot of rubies believed to originate 
from the Montepuez area of Mozambique. Microscopic ex- 
amination confirmed that assessment. Many of these 
stones displayed features in their infrared spectra that are 
typical for b6hmite, with a characteristic “twin peak” 
spectrum at ~3309 and 3089 cm (figure 1). 

One of the stones showed a large area cut through on a 
pavilion facet that appeared to be a foreign substance. A sim- 
ilar substance was seen in many of the fissures in the stone 
(figure 2). Judicious use of the hot point under the micro- 


Figure 1. “Twin peak” infrared spectrum of b6hmite 
in the Mozambique ruby, with prominent peaks at 
~3309 and 3089 cnr. 
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Figure 2. A large area of a foreign substance cut 
through on the surface of a ruby from the Montepuez 
area of Mozambique. This substance infilled not only 
this cavity but also many narrow fissures in the stone. 
Micro-Raman analysis identified it as bbhmite. Dark- 
field + diffuse overhead illumination. Photomicro- 
graph by Richard W. Hughes; field of view 3 mm. 


scope produced no reaction. We then moved to analyze the 
substance via micro-Raman. The result was bdhmite, which 
neatly confirmed the results from the infrared spectrum. 


About the banner: This plate of muscovite mica from Brazil contains an in- 
teresting frond of tourmaline that shows vibrant color using polarized light. 
Photomicrograph by Nathan Rentro; field of view 15.67 mm. 

Editors’ note: Interested contributors should contact Nathan Renfro at 
nrentro@gia.edu and Stuart Overlin at soverlin@gia.edu for submission 
information. 
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Figure 3. Chabazite inclusion in an Ethiopian opal. 
Photomicrograph by Aurélien Delaunay; field of view 
1.42 mm. 


Boéhmite, AlO(OH), is a polymorph of diaspore. In 
corundum it is generally a secondary mineral, infilling sur- 
face-reaching openings after the host corundum has grown. 


Richard W. Hughes 
Lotus Gemology, Bangkok 


Rare Inclusion of Chabazite in a Precious Opal 
From Ethiopia 

An opal received for analysis at the Laboratoire Francais de 
Gemmologie (LFG) in Paris was classified as a light opal, 
with a bodycolor that matched to neutral gray N8 on the 
Munsell scale. The play-of-color was divided into sections 
with well-defined outlines that fit together or were rounded 
off in the form of digits (B. Rondeau et al., “On the origin of 
digit patterns in gem opal,” Fall 2013 GWG, pp. 138-146). 


Figure 4. This crystal broke the surface of a dark red 
spinel believed to be from Mogok. It had a lower luster 
than the spinel, and undercutting indicated a lower 
hardness. Photomicrograph by Richard W. Hughes, 
diffuse overhead illumination; field of view 2.5 mm. 
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The drilled bead weighed 12.02 ct and measured 13.4 mm 
in diameter. It contained small black inclusions of pyrite 
but also a crystalline inclusion in the form of aggregated 
pseudocubes (figure 3). This inclusion was identified as 
chabazite via Raman analysis. The pseudocubes were in 
fact near-cubic rhombohedra. 

While this mineral has already been documented in 
veins and opal nodules from Ethiopia, it is rarely seen in cut 
stones (B. Chauviré, “Genése de silice supergene sur Terre 
et implications sur Mars,” PhD thesis, University of 
Nantes, 2015; N.D. Renfro and S.F. McClure, “Dyed purple 
hydrophane opal,” Winter 2011 GWG, pp. 260-270). 
Chabazite, CaAl,Si,O,,-6H,O, is a member of the zeolite 
family. This mineral is formed in gaseous cavities of extru- 
sive volcanic rocks, which is similar to how opals from 
Ethiopia form. This inclusion is also proof of the Ethiopian 
geographic origin of this gem, as it has not been described 
in opal from other localities. 


Aurélien Delaunay and Ugo Hennebois 
Laboratoire Francais de Gemmologie 


Emmanuel Fritsch 
Université de Nantes, France 


Fluorophlogopite in Burmese Spinel 

Lotus Gemology in Bangkok received a large parcel of dark 
red spinels for identification. Their colors, inclusion fea- 
tures, and trace element chemistry suggested that they 
originated from Myanmar’s Mogok Stone Tract. 

In one faceted specimen, a crystal was found breaking 
the surface (figure 4). The crystal’s surface luster suggested 
a refractive index below that of the host spinel, and under- 
cutting suggested it was also significantly lower in hard- 
ness. The inclusion’s interior also displayed signs of 


Figure 5. In darkfield illumination, cleavage was visi- 
ble inside the crystal. Micro-Raman analysis showed 
it to be fluorophlogopite. Photomicrograph by 
Richard W. Hughes, darkfield illumination; field of 
view 2.5 mm. 
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cleavage (figure 5). Thinking it was possibly a carbonate, 
we proceeded to do micro-Raman analysis on the crystal. 
To our surprise, the result was fluorophlogopite. 

Fluorophlogopite, KMg,(AlSi,O, ,|(E.OH),, is a species in 
the mica group and a member of the trioctahedral mica sub- 
group. To the best of our knowledge, this is the first reported 
instance of this species in spinel. Nor are we aware of it hav- 
ing been found included in any gem mineral to date. 


Richard W. Hughes 


Unusually Shaped Rutile Crystal Inclusions in 
Russian Emerald 


Russian emeralds have been mined since the mid-nine- 
teenth century near Yekaterinburg in the Ural Moun- 
tains. They are classified as schist-related emeralds, 
meaning they formed in the reaction zone of a pegmatite 
intruding into schists. Similar emeralds are found in 
Zambia, Brazil, and Ethiopia. All of these deposits can 
show a similar inclusion scene (S. Saeseaw et al., “Geo- 
graphic origin determination of emerald,” Winter 2019 
GG, pp. 614-646). 

A 1.489 ct Russian emerald crystal collected by GIA at 
the Mariinsky Priisk mine showed several interesting in- 
cluded crystals. The crystals appeared as long yellowish 
brown rods (figure 6). In some cases, they appeared as a 
group of disordered coarse needles (figure 7). They were 
identified by Raman spectroscopy as rutile. Although rutile 
crystal inclusions are common in schist-related emeralds, 
this crystal morphology is unusual and has not previously 
been mentioned in the literature. Therefore, this inclusion 
might be unique and different from the other schist-related 
emerald sources. These unusual patterns could potentially 
be an indicator of Russian origin. 


Charuwan Khowpong 
GIA, Bangkok 


A Sapphire with a Negative Crystal Containing a 
Mobile Graphite Daughter Crystal 
Mineral and fluid phases within negative crystals in meta- 
morphic sapphires provide us with general information on 
the sapphire and the trapped fluid itself. Such inclusions 
indicate a stone has not been heated when intact negative 
crystals are observed containing carbon dioxide (e.g., Fall 
1986 Lab Notes, pp. 152-155). The author recently had an 
opportunity to identify a natural star sapphire containing 
a unique daughter crystal phase within a negative crystal. 
This stone, which measured 22.20 x 18.00 x 14.05 mm 
with an estimated weight of 62 ct, was set in a ring. It dis- 
played a six-rayed asterism due to light reflection from nu- 
merous long intersecting needles. Gemological 
observation and properties confirmed that this stone was 
a natural sapphire. The presence of unaltered mineral crys- 
tals and the chromophore cannibalization pattern around 
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Figure 6. This long yellowish brown rod was identified 
by Raman spectroscopy as rutile. Photomicrograph by 
Charuwan Khowpong; field of view 1.75 mm. 


dense clouds of needles indicated the stone had not been 
heat treated (J.I. Koivula, “Internal diffusion,” Journal of 
Gemmology, Vol. 20, No. 7/8, 1987, pp. 474-477). Notably, 
this stone had one large negative crystal containing an 
opaque hexagonal crystal (figure 8). The hexagonal daugh- 
ter crystal was free to move within the negative crystal 
when the stone was rocked and tilted. Careful infrared 
spectroscopic measurements suggested that this negative 
crystal was mainly filled with water and CO, based on 
water-related peaks at 3706 and 3605 cm and a large CO, 
broad band at 2340 cm-!. However, the opaque daughter 
crystal was not identified by Raman spectroscopy because 
the negative crystal containing this daughter phase was lo- 
cated in a deeper section of the stone. Its hexagonal crystal 
shape and appearance suggested that the mobile hexagonal 


Figure 7. The group of disordered coarse needles of ru- 
tile. Photomicrograph by Charuwan Khowpong; field 
of view 3.65 mm. 
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daughter crystal was graphite, which has been previously 
documented (E.J. Giibelin and J.I. Koivula, Photoatlas of 
Inclusions in Gemstones, Vol. 3, Opinio Verlag, Basel, 
Switzerland, 2008, p. 268). This is the first example of a 
negative crystal with a mobile solid phase in corundum 
that the author has encountered. 


Makoto Miura 
GIA, Tokyo 


Windmills in Rare Mineral Sphalerite 

Sphalerite is a rare gem mineral that crystallizes in the 
cubic crystal system and consists largely of zinc sulfide 
formed with variable iron, with the chemical formula of 
(Zn,Fe)S. Its color is usually yellow, brown, red, or gray to 
gray-black with high dispersion and high adamantine lus- 
ter. The author recently examined a high-quality faceted 
orange sphalerite weighing 47.56 ct that revealed three- 
ray structures reminiscent of windmills with each pro- 
peller arm separated by 120°. Additionally, the orange 
color was concentrated in the immediate region of the 
three radial arms of each propeller-like structure (figure 9). 
Other typical internal characteristics of sphalerite such as 
strong angular internal growth with orange color zoning, 
particulate clouds, tiny crystals, and fingerprints, were 
also observed. This distinctive structure resembling wind- 
mills is the first such feature the author has encountered 
in sphalerite. 


Ungkhana Atikarnsakul 
GIA, Bangkok 
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Figure 8. This opaque 
hexagonal daughter 
crystal, of what is likely 
graphite, moves within 
the large negative crys- 
tal in the metamorphic 
star sapphire. Photo- 
micrographs by 
Makoto Miura; field of 
view 4.0 mm. 


Trapiche-Like Pattern in an Emerald from Pakistan 
GIA’s colored stone research collection contains many 
unique samples. The emerald sample shown in figure 10 
was mined at Swat Valley in the Khyber Pakhtunkhwa re- 
gion of Pakistan and fabricated by polishing two parallel 
windows perpendicular to the c-axis of the hexagonal crystal 
in order to show its inclusions. The sample weighed 0.47 ct 
prior to fabrication and 0.36 ct after processing. 


Figure 9. A group of windmill-like inclusions with or- 
ange color concentrations observed in sphalerite. 
Photomicrograph by Ungkhana Atikarnsakul, field of 
view 3.1 mm. 
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Figure 10. A distinct near-colorless hexagonal core 
with radiating fibrous arms is evident in this Paki- 
stani emerald from Swat Valley. Photomicrograph by 
Charuwan Khowpong; field of view 1.40 mm. 


At first glance, nothing unusual was noted in this sam- 
ple, but when correctly illuminated under the microscope 
it revealed a pattern that could easily pass for trapiche. 
The stone showed radiating zones of turbid growth with 
six-fold symmetry. This makes it a trapiche-like stone 
rather than a true trapiche, which has distinct arms that 
separate the growth zones. While classic trapiche patterns 
are mostly associated with Colombian emeralds, the Swat 
region also produces emeralds with radiating black inter- 
growths. Still, this structure was very different from the 
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trapiche structure previously documented in some emer- 
alds from Pakistan (Fall 2019 Gem News International, 
“Trapiche emerald from Swat Valley, Pakistan,” pp. 441- 
442). In this case, the distinct growth feature consisted of 
a colorless hexagonal core from which six-rayed fibrous 
arms extended. Lighting was an important consideration 
in maximizing the color in this stone, and the features 
were fully observed using brightfield illumination. This 
was a wonderful example of a pattern rarely encountered 
in emeralds. 


Piradee Siritheerakul and Charuwan (Gibb) Khowpong 
GIA, Bangkok 


Quarterly Crystal: Pyrite in Quartz 

Pyrite and quartz are two relatively common minerals. 
Transparent colorless quartz, known as rock crystal, is host 
to a wide variety of mineral and fluid inclusions, more so 
than any other gem mineral. While pyrite and rock crystal 
are both common, finding a good example of crystalline 
pyrite inside of rock crystal quartz is a gem mineral collec- 
tor’s prize. 

Known for its fine emeralds, the Chivor mine in 
Colombia is also a mineralogical source of both pyrite and 
colorless quartz. On occasion, crystals of Colombian 
quartz are known to host pyrite. As shown in figure 11 (op- 
posite page], we recently had the opportunity to examine 
one such specimen, which hosted numerous bright metal- 
lic brassy yellow modified octahedrons of pyrite (figure 12). 
The inclusions were not randomly scattered throughout 
the 466.27 ct quartz, but instead were situated neatly just 


Figure 12. These modi- 
fied octahedrons of 
pyrite were deposited 
along one prism face of 
their quartz host. 
Photomicrograph by 
Nathan Renfro; field of 
view 7.62 mm. 


Gems & GEMOLOGY SUMMER 2020 


Figure 11. This example of Colombian pyrite-containing rock crystal weighs 466.27 ct and measures 61.90 mm in 
length. Photo by Diego Sanchez. 


under the surface of one of the prism faces. Another inter- _ cally (at the same time) from a directional fluid rich in 
esting feature was that all of the pyrite inclusions were _ pyrite forming iron sulfide. 

present in a range of sizes with well-defined crystal faces, John I. Koivula and Nathan Renfro 
suggesting that the pyrite crystals precipitated syngeneti- GIA, Carlsbad 
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sledges, picks and shovels and even wheel- 
barrows, and had to tackle the job? But it 
was done! 

From some sketchy notes made at the 
time of my conversation with this Old Timer 
—casually made without any expectation of 
writing about them—I offer some further 
points with as much accuracy as I can main- 
tain, Within about nine miles of Cerrillos 
there were several turquois properties, and 
there may be some confusion on that account. 
It seems there was much more activity in that 
region than we in California were aware of. 

Sometime prior to 1890 Pedro Muniz sold 
the Aztec Mine to Story and Allen who took 
all of their rough to New York and sold the 
best of it to Tiffany's, then organized the 
firm of the American Turquois Company. 
In August, 1892, a group of investors sent 
Frederick Kunz out to investigate the merits 
of the mine. Making his headquarters in 
Sante Fe during his two-day visit, he was 
aided by a Mr. Yontz and a Mr. Spitz, both 
being jewelers there. Kunz’ report was favor- 
able and the property was bought for 
$35,000. 

A Mr. J. G. Dody, who styled himself as 
the sole agent of the American Turquois 
Company, came out every summer ‘‘with 
some whiskey” and took out a quantity of 
material. Then, on returning to New York, 
he would sell the finest to Tiffany’s and 
then continue on to Europe where he would 
dispose of the rest. He stopped coming 
about 1896. 

A Mr. McNulty was then appointed mana- 
ger. But about 1897 or 1898 some Chicago 
stockholders, not having received any divi- 
dends for some time, sent Wm. Sterne, a 
Kansas City detective, to Sante Fe to investi- 
gate. After staying with Mr. Yontz and 
learning what he could, he went down to 
the mine, but was refused admittance. Later, 
through an order obtained from the attorney 
for the firm, he was permitted to go into 
the mine. Knowing nothing about such a 
property, and probably expecting to see 
lumps of turquois sticking out of the rocks 


all around, he gave a rather negative report. 

Soon after this investigation six or seven 
experienced miners from the Hacthita Mines 
were obtained, making 18 men all together. 
During this more vigorous campaign, a mat- 
velously beautiful vein was uncovered. 
When held to the light the turquois was 
slightly translucent and was of a clear sky 
blue color and a fine smooth texture. 

McNulty, with the help of his son, 
chipped off the rock, sent the best quality 
to New York, and buried all the remaining 
cull material—about 1200 pounds—thought 
unfit to ship. Presumably Mrs. McCram, 
daughter of McNulty, in Cerrillos “might 
still have some of the cull material.” Still 
no dividends, no interest, no principal. 

At this point old Col. Smith, past 70 years 
old — a promotor with big I’s, a smooth 
talker, a copper man from Butte, Montana, 
but now a representative of some monied 
people in Boston—appeared on the scene. 
McNulty had been given power of attorney 
to sell and the Boston people, together with 
Mrs. Meyers of Sante Fe, took over the prop- 
erty for a consideration of about $50,000. 

Col. Smith, who was put in charge, im- 
mediately put up about eight “nice little 
shacks all painted a bright turquois blue 
for the workers to live in.’ Smith, however, 
did not last very long. The investors soon 
founds lots of trouble and they ousted Smith. 
In 1935, a young man by the name of Sewell 
leased the property from Mrs. Meyers on a 
royalty basis. 

Incidental to this mining information, 
Old Timer mentioned an interesting old 
Indian idol that was found about 40 years 
previously. It was of alabaster, a solid 
marble-like form of gypsum. It had round 
turquois eyes and a round turquois mouth. 
Sorry, no more details. 

A fetish also was found there in a buck- 
skin sack. It was decorated with turquois by 
the Santa Domingo Indians for a hunting 
fetish. By attaching it to an arrow and shoot- 
ing it, it was supposed to retard the game 
for the weary hunter. (To be continued) 
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COLORED STONES AND ORGANIC MATERIALS 


Purplish pink diaspore reportedly from Afghanistan. Dia- 
spore, an orthorhombic aluminum oxide hydroxide mineral 
with the formula AlO(OH), is a relative newcomer to the 
jewelry scene, with some stones possessing a captivating 
ability to change color between pale green, yellow, pink, 
and purple when viewed in different sources of light (C. 
Shen and R. Lu, “The color origin of gem diaspore: Correla- 
tion to corundum,” Winter 2018 GwG, pp. 394-403). Here 
we document a new find of purplish pink gem diaspore re- 
portedly from Nangarhar Province, Afghanistan (figure 1). 
Previously, transparent crystals of diaspore in sizes suit- 
able for jewelry purposes were only recovered from mining 
operations on Ilbir Mountain near the village of Pinarcik, 


Figure 1. This purplish pink diaspore is reportedly 
from a new deposit in Afghanistan, discovered in Feb- 
ruary 2020. The faceted stones weigh 0.57 to 1.60 ct; 
courtesy of Donald Hofler. The rough stones range 
from 4.15 to 17.52 ct; courtesy of Salman Khan. Photo 
by Diego Sanchez. 
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Milas District, Mugla Province, Turkey (M. Hatipoglu and 
S. Chamberlain, “A gem diaspore occurrence near Pinarcik, 
Mugla, Turkey,” Rocks # Minerals, Vol. 86, No. 3, pp. 242— 
249). Gem diaspore from Turkey has been reported since the 
late 1970s (K. Scarratt, “Faceted diaspore,” Journal of Gem- 
mology, Vol. 17, No. 3, 1980, pp. 145-148), but it was not 
until commercial mining began in 2005 that a consistent 
supply became available and was subsequently marketed 
under various trade names including Zultanite and Csarite 
(S. Kotlowski and L. Rosen, “A short history of diaspore and 
its trade names Zultanite and Csarite,” International Gem 
Society, www.gemsociety.org/article/short-history-diaspore- 
trade-names-zultanite-csarite). Additionally, alluvial de- 
posits in Myanmar near Mong Hsu have yielded limited 
amounts of chromium-colored gem-quality crystals in small 
sizes since 2004 (U Hla Kyi and K.K. Win, “A new deposit 
of gem quality colour-change diaspore from Mong Hsu, 
Myanmar,” Australian Gemmologist, Vol. 22, No. 4, pp. 
169-170). 

Dealers Salman Khan (ARSAA Gems & Minerals) and 
Noshad (Noshad Gems Enterprises), both based in Pesha- 
war, Pakistan, reported that in March 2020, a purplish pink 
diaspore from a new deposit had reached the gem market. 
The new material was reportedly coming from the Goshta 
district of Nangarhar Province near the village of Ragha. 
The authors obtained several samples from Salman Khan 
and Donald Hofler, a gem dealer in Texas, to perform gem- 
ological and advanced testing to characterize this material. 
These samples would be classified as F-type samples (col- 
lected in the international market) according to the classi- 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Figure 2. Microscopic examination of the diaspore re- 
vealed numerous elongate fluid inclusions (A) and 
planes of fluid inclusions (B). Also observed in two 
rough samples were fine black rutile needles (C), and 
one stone contained an unidentified brown hexagonal 
crystal (D). Photomicrographs by Nathan Renfro; 
field of view 1.88 mm (A), 1.44 mm (B), 4.47 mm (C), 
and 1.41 mm (D). 


fication scheme used by GIA’s field gemology department 
(W. Vertriest et al., “Field gemology: Building a research 
collection and understanding the development of gem de- 
posits,” Winter 2019 GwG, pp. 490-511). It was also re- 
ported by the Peshawar-based dealers that preliminary 
experiments with gamma irradiation resulted in samples 
becoming an undesirable dark brownish orange color, but 
this was not tested further by the authors. 

Microscopic examination showed that the dominant 
type of micro feature in the material is fluid inclusions, 
typically consisting of a gas bubble, liquid, and occa- 
sionally a solid phase. Fine curved black rutile needles 
were also observed in two of the samples (confirmed by 
Raman analysis), while one diaspore crystal contained a 
brown hexagonal crystal that the authors were unable to 
identify (figure 2). Brown epigenetic staining and cleavage 
cracks were observed in several samples. Strong doubling 
from birefringence was also characteristic of the material. 

Gemological testing revealed a biaxial positive mineral 
with refractive indices of n, = 1.700, n, = 1.721, and n, = 
1.749, and a specific gravity of 3.38. The maximum bire- 
fringence observed was 0.049. Examination with a dichro- 
scope showed three distinct pleochroic colors, consistent 
with a biaxial mineral: dark purplish pink, pale yellow, and 
pale pink. The diaspore showed a very weak red fluores- 
cence under long-wave ultraviolet light and an irregular 
chalky yellow fluorescence reaction under short-wave UV. 
When the samples were examined with daylight-equiv- 
alent illumination and compared to incandescent illumi- 
nation, a slight color shift was observed. The samples 
appeared less purplish, going from purplish pink in day- 
light-equivalent lighting to a nearly pure pink hue in in- 
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candescent lighting, but no distinct color change of the 
dominant hue was observed in the faceted samples. 

Advanced spectroscopic instrumentation was used to 
further characterize the new diaspore material. One sample 
was optically oriented into a polished cube with parallel 
faces polished perpendicular to the crystallographic axes 
(T. Thomas et al., “Device and method of optically orient- 
ing biaxial crystals for sample preparation,” Review of Sci- 
entific Instruments, Vol. 85, No. 9, 2014, 093105). The 
ultraviolet/visible/near-infrared (UV-Vis-NIR) absorption 
spectra of the polished cube revealed broad absorption 
bands centered in the range of 560 and 580 nm for alpha, 
beta, and gamma polarizations (figure 3). Under daylight- 
equivalent lighting, the saturated purple-pink color was 
consistent with the alpha vibration direction, pale greenish 
yellow for the beta direction, and light purplish pink for 
the gamma direction. Under incandescent light, the ple- 
ochroic colors were saturated purple-pink for the alpha 
color, orange-pink for the beta color, and light pink for the 
gamma color. Color swatches were calculated using the 
measured spectra to produce a representative color for each 
pleochroic color and also to show how the colors mix rel- 
ative to their crystallographic axes (figure 4). 

Observations under the microscope showed the cleav- 
age direction in the faceted stones to be nearly parallel to 
the table (it is inclined slightly, presumably to avoid cleav- 
ing when polishing the table facet). This orientation places 
the b-axis approximately perpendicular to the table facet, 
which will facilitate the best color face-up, composed pri- 
marily of a mixture of the alpha and gamma rays. 


Figure 3. UV-Vis-NIR spectra were collected from an 
optically oriented sample to resolve the alpha, beta, 
and gamma vibrational directions in the Afghan dia- 
spore. All three spectra showed a broad absorption 
band centered between 560 and 580 nm resulting pri- 
marily from vanadium and chromium. In this sam- 
ple, the average concentrations were 57 ppma 
vanadium, 20 ppma chromium, 205 ppma iron, and 
84 ppma titanium. 
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D65 Illumination 


Unpolarized 
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Raman analysis confirmed the material’s identity as di- 
aspore (figure 5, left). Fourier-transform infrared (FTIR) spec- 
troscopy showed absorption features at approximately 2115 
and 1990 cm! and broad absorption bands at approximately 
4080 and 3000 cnr, all of which are consistent with dia- 
spore (figure 5, right). Chemical analysis of seven samples 
showed a bulk composition consistent with that of diaspore, 
and average notable trace element concentrations showed 
27 ppma chromium (ranging from 14 to 48 ppma), 31 ppma 
vanadium (from 14 to 59 ppma), 213 ppma titanium (from 
67 to 428 ppma)], and 252. ppma iron (from 137 to 350 ppma). 
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Figure 4. One diaspore 
sample was fabricated 
into a crystallographi- 
cally oriented block in 
order to measure the po- 
larized spectra, which 
were used to analyze the 
color. This figure shows 
the relationship of the 
polarized spectra meas- 
ured parallel to each 
crystal axis and the re- 
sulting colors produced 
when the polarized spec- 
tra are mixed together 
under daylight (top) and 
incandescent (bottom) 
conditions, which is 
what the viewer would 
observe using unpolar- 
ized light transmitted 
through the sample nor- 
malized toa 1cm path 
length. Under daylight- 
equivalent lighting, the 
alpha color was sat- 
urated purple-pink, the 
beta color was light 
greenish yellow, and the 
gamma color was light 
pink. Under incandes- 
cent light, the alpha 
color was a saturated 
purple-pink, the beta 
color was orange-pink, 
and the gamma color 
was light pink. The 
acute 2V angle, or angle 
between the two optic 
axes, was measured as 
85° in this sample. Both 
axes lie in the optic 
plane that is perpendicu- 
lar to the b crystal axis. 


Unpolarized 
light ray R2 


Unpolarized 
light ray R2 


This exciting discovery of purplish pink diaspore 
from Afghanistan may prove to be a significant new de- 
posit. While production volume is currently unknown, 
several kilograms of material have been reported and 
large faceted stones of nearly 50 ct have been described 
on social media (Mark Smith, @thailankagems). The 
color of this diaspore can be attributed mainly to trace 
element concentrations of chromium and vanadium. The 
concentrations of these elements are generally different 
from those in Turkish diaspore, which has significantly 
lower vanadium, and those in Burmese material, which 
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Figure 5. The purplish pink gem material from Afghanistan showed a Raman spectrum (left) that matched dia- 
spore, with a dominant peak at 449 cm and smaller peaks at 334, 500, and 669 cnr". Its FTIR spectrum (right) 
was consistent with diaspore, with absorption features at approximately 2115 and 1990 cnr? and broad absorption 


bands at approximately 4080 and 3000 cnr". 


generally has much higher chromium. This new attrac- 
tive color of gem-quality diaspore will certainly be a wel- 
come addition to the gem trade. 


Ian Nicastro 

San Diego, California 

Wim Vertriest 

GIA, Bangkok 

Nathan Renfro, Ziyin Sun, Aaron Palke, and Paul Mattlin 
GIA, Carlsbad 


Fossil ivory update with Lee Downey. Lee Downey, owner 
of Artifactual (Tucson, Arizona), spoke with us in early 
2020 about his 35 years in the fossil ivory carving trade and 
the impact of ivory bans on his business. Until recently 
Downey carved fossil ivory from mammoth and walrus 
tusks thousands of years old; he has never used elephant 
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ivory. But legislative measures banning all ivory in re- 
sponse to the poaching of African elephants have dimin- 
ished ivory demand. 

Downey got his start in silver and turquoise and estab- 
lished Artifactual in the late seventies. Since then, he has 
lived and worked in an ivory carving village in Bali with 
artisans he calls “the most talented carvers in the world.” 
When he first arrived in Bali, they were carving bone and 
coconut shell. His task was to carve animals and animal 
skulls out of fossil ivory. “We created a trade,” he said. He 
showed us two of Artifactual’s current offerings (figure 6). 
“But now the material has become flat-out illegal in eight 
states.” 

Since 2014, California, Hawaii, Illinois, Nevada, New 
Hampshire, New Jersey, New York, and the District of Co- 
lumbia have enacted prohibitions against trade in ivory. 
(Two other states, Oregon and Washington, have banned 


Figure 6. Fossil walrus 
ivory carvings by Arti- 
factual. The base of the 
octopus carving is chal- 
cosiderite. Photos by 
Kevin Schumacher. 
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Figure 7. A mammoth tusk carved with sea life by 
Lee Downey. Photo by Kevin Schumacher. 


only ivory from living elephants.) Downey said that Ha- 
waii’s ban in particular “tanked” the trade. Customers 
even in states where ivory remains legal are reluctant to 
purchase fossil ivory, he said. 

“T understand why they’re doing it,” Downey told us. 
“Yd rather save all wildlife if there was a way.” But he said 
the effect of the bans on his business has forced him to 
prepare to exit the fossil ivory trade. He is selling his cur- 
rent ivory inventory at lower prices and not buying ad- 
ditional material. 

Downey showed us a mammoth tusk carved with sea 
life (figure 7) as well as two belt buckles featuring mam- 
moth ivory (figure 8). All of them use material sourced 
from Alaska. “This washes up on beaches and comes out 
of gold mines,” he said. “It’s highly sought after by the 
knife makers. It’s got colors that elephant ivories will 
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Figure 8. A selection from Artifactual’s inventory of 
fossil ivory. Clockwise from top left: belt buckle with 
mammoth ivory, knife with mammoth tooth handle, 
belt buckle with mammoth ivory, and frog carving of 
fossil walrus ivory. Photo by Kevin Schumacher. 


never have. It just keeps weathering out of the dirt.” 
Downey added that this ivory is at least 10,000 years old. 

Mammoth ivory can be differentiated from elephant 
ivory by a simple field test to observe its natural grain 
lines. But there is no test to determine whether a spe- 
cimen of walrus ivory comes from a fossil or a modern 
animal. According to Downey, this is a problem in the 
trade. 

Artifactual uses fossil walrus ivory from St. Lawrence 
Island, Alaska. This ivory is 500 to 15,000 years old and 
dug by the native Yupik people. “It’s part of their income, 
and they own the island,” he said. “For us it’s a legitimate 
and ethical trade.” 

Downey added that the legislation on ivory also pro- 
hibits mammoth tooth because it comes from an ivory- 
bearing animal. He showed us a knife with a carved 
mammoth tooth handle (figure 8). Knife makers are some 
of the biggest buyers of mammoth tooth, he said, and the 
bans have dramatically impacted their business. 

As a result of the decreased demand for ivory, Artif- 
actual is moving its business to other materials, including 
jet, natural American turquoise and variscite, steel (figure 
9, left), and meteorite. “Gaia” (figure 9, right) is carved 
from a piece of the Gibeon iron-nickel meteorite, which 
landed in prehistoric times in Namibia and is believed to 
be around four billion years old. The company also does a 
lot of business in silver. 

Downey has also sought out materials similar to ivory 
but without the ethical and legal challenges. He has begun 
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Figure 9. Left: “Alpha,” a stainless steel foundry-cast skull by Artifactual, one of six in a series. Right: “Gaia,” the 
second skull Downey carved from a piece of the Gibeon meteorite, has a tridymite crystal inclusion in the fore- 
head. The geometric pattern on its surface was caused by the slow process of cooling as the meteor moved through 


space. Photos by Kevin Schumacher. 


carving moose antlers naturally shed by the animals (figure 
10). “The moose antler has been a really good substitute 


Figure 10. A moose antler carving of a horned toad by 
Lee Downey. Photo by Duncan Pay. 
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for the ivory,” he said. He also recently began carving vin- 
tage billiard balls. “We'll carve anything that’s carvable,” 
he said. 

For our video interview with Lee Downey, visit 
https://www.gia.edu/gems-gemology/summer-2020-gem- 
news-fossil-ivory-update. 


Erin Hogarth and Duncan Pay 
GIA, Carlsbad 


The “Fragility of the Eternal” kunzite: Origin, cutting, 
and identification. Lapidary, the art of colored stone fash- 
ioning, is an art that requires a keen eye, talent, and great 
patience. Different gem materials have their particular 
quirks that must be considered when planning the var- 
ious steps required to reach the ultimate goal of obtaining 
the most aesthetic stone while usually also optimizing 
weight yield. 

Spodumene is known to challenge even the most ex- 
perienced cutter owing to its high fragility, perfect cleavage 
planes, and unpredictability in different cutting directions. 
This is further magnified when the rough is exceptionally 
large and the cutter’s goal is to produce the largest faceted 
kunzite in the world. 

This was author VT’s aim as he prepared to work on a 
piece of rough spodumene that weighed 2,950 g. The un- 
treated crystal (figure 11) originated from Kunar Province 
in Afghanistan. Although a wide crack was visible at one 
end and about 30% of the opposite end contained numer- 
ous inclusions, the removal of both sections still left more 
than 1.5 kg of relatively clean rough after 20 hours of wire 
sawing (the safest method under the circumstances). Since 
the rough was oversized, some of the routine cutting ac- 
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Figure 11. The pronounced pleochroism of the rough spodumene crystal weighing 2,950 grams, seen here in two 
orientations, was one of the properties that had to be considered during fashioning. Photos by Arjuna Irsutti. 


cessories such as dops and transfer holders, as well as the 
cutting tactics, had to be adapted for the job. 

Prior to the start of the process came the design ele- 
ment. No journey can be completed without knowing the 
destination, and so rather than playing it safe and opting 
for a simple design, the artist, VT, chose a truly challenging 
facet pattern of his own design that incorporated 914 fac- 
ets. The “Fragility of the Eternal” design is based on the 
stained glass window of the iconic Notre Dame cathedral 
in Paris. The stone is the fifth in a series of six cut designs 
that fall under VT’s “World Heritage” project. 

VT would also have to revise his usual strategy due to 
the size. So instead of cutting the pavilion first, followed by 
the girdle, crown, and finally the table facet, it was necessary 
to start with the table facet for this masterpiece. This pre- 
sented its own challenges since the faceting required spe- 
cialized equipment belonging to a friend in Moscow. The 
choice of equipment was also dictated by the material’s fra- 
gility and perfect cleavage, which prevented the use of coarse 
laps. This combined to make the work time-consuming, 
especially since large facets were the order of the day. 

The next step required the rough to be rounded in order 
to achieve the basic outline of the stone in its face-up po- 
sition. This meant that sufficient pressure had to be applied 
to the 1.5 kg preform using both hands. Eventually the cor- 
rect shape resulted. The diameter measured approximately 
85 mm, while the table facet came in at 65 mm. This al- 
lowed the final weight to be approximated using formulas 
and the facet plan shown in figure 12. The result, between 
2,500 and 3,000 ct, indicated that it would supersede the 
largest known faceted spodumene, an 1,800 ct green spo- 
dumene cut by John Sinkankas in 1959 that was destined 
for the Royal Ontario Museum in Toronto. 

Although the rest of the preforming could not be done 
traditionally by hand, VT managed to use his faceting unit 
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with custom-made dops provided by his friend and former 
student Danial Hu. The pre-faceting step took considerable 
time to complete because the goal was to create an impor- 
tant piece of art and each facet needed to be cut in a pattern 
that matched the stained glass window in the Notre Dame 
cathedral with a precision of tenths of a millimeter. Per- 
haps the most complex part of the process was creating 16 
mains and 16 additional lines extending from the center 
(culet) to the girdle, each containing eight (main) and five 
(additional) parallel-sided facets, continuous with one 
another. An equally challenging task was ensuring the pro- 
portions were correct while cutting 18 rows of facets of dif- 
ferent sizes and shapes, where one often does not depend 
on another, and finally making the last row of facets cor- 
respond exactly with the girdle, which was already pre- 
shaped. It was impossible to change the width of the final 
facets without breaking the pattern, which meant that the 
pavilion had to finish precisely where the girdle started. In 
other words, the width of all 18 rows had to be exactly pro- 
portional to the diagram. Another look at figure 12 is 
enough to show that the girdle does not simply separate 
the crown from pavilion as in traditional faceted stones: It 
is an essential element of the design. 

Many chances for something to go awry existed during 
the cutting process. Only a slight error in judgment or cal- 
culation would result in disaster. For example, if the rows 
of facets were just a bit too wide, there would not have 
been enough space for the design and the pavilion would 
have required a complete recut. If some were too narrow, 
the girdle would have needed recutting, resulting in a 
smaller stone, which would also have meant recutting the 
table facet. Fortunately, the final facet positions aligned 
perfectly around the girdle, and the stone’s final diameter 
(83.7 mm) was off by just over 1.0 mm from the initial 
calculations. 
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Figure 12. A working diagram showing the facet posi- 
tions. These helped estimate the final weight of the 
finished stone before work began on the rough. Photo 
by Victor Tuzlukov. 


The next steps, pre-polishing and polishing of the pa- 
vilion facets (figure 13), were straightforward in compari- 
son. Yet, as mentioned previously, the sheer size meant 
that the vertical pressure had to be applied equally over the 
whole stone during pre-polishing, requiring modification 
of the technique used for routine work on smaller stones. 
If too much force was applied to the left or right side, or 
back and forth, the facets would become too large and the 
pattern would be broken. To overcome this, the stone’s 
own weight provided sufficient force on the rotating lap so 
that the pressure was always equally distributed. 

After more than two months of daily work, the pavilion 
was polished. The next step was transferring the stone to 
anew dop to polish the crown. Unlike traditional lapidary 
procedures, directly heating the stone as part of the transfer 
was not an option, as the process could crack the stone 
along the twin plane in the direction it needed to be 
dopped, and because the size was once again a factor when 
it came to how evenly the heat warmed the stone. This re- 
sulted in the application of a technique that the late Jeff 
Ford from Michigan shared with VT in 2006, using a com- 
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bination of wax and superglue. The wax is placed on the 
hot dop, which is softened by the heat. The cold stone is 
then placed, pavilion first, in contact with the wax, and an 
impression of the surface is made in it. One drop of super- 
glue is enough to secure the stone firmly in position, and 
it can be removed by reapplying a little heat to warm the 
wax again. 

After three months of work, the final polishing step 
was completed. The gem’s removal from the dop was an 
exciting moment, and it was wonderful to finally see the 
end product in all its glory (figure 14). The finished piece 
weighed 3,051 ct, very close to the maximum estimated 
weight of 3,000 ct. 

The final step in the stone’s journey was its submission 
to GIA’s Bangkok laboratory for examination and a report. 
The gemologists were excited to study such a large kun- 
zite, although the size, 83.75-83.79 x 65.00 mm, presented 
challenges that limited the testing equipment that could 
be used. Hence, basic gemological techniques came to the 
fore, with Raman spectroscopy the only advanced tech- 
nique used as a final confirmation. The stone was found to 
be anisotropic with a loupe and microscopic observation 


Figure 13. The polishing step on the stone’s pavilion 
begins to show the intricate optical effects of the com- 
pleted piece. Photo by Victor Tuzlukov. 
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Figure 14. The 3,051 ct “Fragility of the Eternal,” con- 


taining 914 facets, is believed to be the world’s largest 
cut kunzite. Photo by Adisorn Wattanavanich. 


up to 70x magnification, and this property was also appar- 
ent in terms of the strong pleochroism that could be easily 
seen as the stone was turned. The same purple and green 
colors are also clearly evident in figure 11. 

The RI readings of 1.660-1.676 (birefringence of 0.016) 
together with the trichroic colors seen through a dichro- 
scope showed it was optically biaxial. Inclusions such as 
growth tubes, transparent crystals, negative crystal finger- 
prints, and a “natural” retained on the girdle all proved the 
stone was natural. Combined with the weak and moderate 
orange zoned long-wave ultraviolet fluorescence reaction, 
the data were consistent with spodumene, kunzite variety. 

Since the stone was cut and submitted by VT with a 
series of photographs documenting this fact, the GIA report 
(dated May 2.7, 2020) also mentioned that it was represented 
as cut by him. Since it was the largest known faceted kun- 
zite examined by GIA at the time, and indeed the largest fac- 
eted example of its kind known to exist, a GIA Notable 
Letter was issued to accompany the report. 


Victor Tuzlukov 
Bangkok 


Patcharee Kaewchaijaroenkit and Nicholas Sturman 
GIA, Bangkok 


Occurrence of petrified woods in the Russian Far East: 
Gemology and origin. Petrified woods are used all over the 
world as an excellent material for souvenirs, jewelry, and 
spectacular collectible pieces. A new occurrence of petri- 
fied wood was discovered in 2014 in the Primorsky Krai re- 
gion of the Russian Far East, near the village of Kiparisovo. 
The fossils were found in the northwestern part of a sand 
and gravel quarry, at the contact of rhyolitic volcanic ash 
tuffs and basalts overlapping them. The sample sizes varied 
from several centimeters to two meters. 
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Figure 15. Marble polar bear with silver fish on a pet- 
tified opalized wood stand. Photo by Svetlana Kul- 
tenko; courtesy of Anton Akulenko. 


Local jewelers started using the wood fossils as stands 
for souvenirs (figure 15) and polished collectible samples. 
The petrified wood appeared in regional jewelry stores and 
attracted Chinese tourists’ attention, creating demand for 
the raw material from China’s market. 

More than a hundred samples were studied at the An- 
alytical Center of the Far Eastern Geological Institute of 
the Far Eastern Branch of the Russian Academy of Sciences 
(FEGI FEB RAS). We examined the mineral composition, 
structure, and gemological characteristics using standard 
gemological equipment, a Nikon E100 POL optical micro- 
scope, and a MiniFlex2 X-ray diffractometer (XRD). Several 
examples of petrified wood were found: white, yellowish, 
marble-like, chalcedony-like, banded, banded chalcedony- 


Figure 16. Cabochons of petrified wood from the Rus- 
sian Far East. Photo by Dmitrii G. Fedoseev. 
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like with brownish growth rings, partially carbonized, and 
black coalified (figure 16). 

The refractive indices of polished plates ranged from 
1.40 to 1.54 in different areas and corresponded to chalced- 
ony, opal, and quartz. Luminescence was weak bluish or 
greenish under short-wave UV, most samples were inert 
under long-wave UV. Samples had a fibrous cellular struc- 
ture. The shape of the cells (tracheids) was angular, rectan- 
gular, and sometimes subsquare (figure 17, bottom left). 
The transections of the samples showed very narrow sin- 
gle-row horizontal wood rays. Vertical resin ducts that 
looked like white dots were located in the latewood area 
of the annual rings (vertical dark band) (figure 17, bottom 
left). On the radial sections of the samples, we observed 
wood rays (horizontal lines) and bordered pits (round- 
shaped pores) (figure 17, bottom center). Middle lamellae 
(chains-like cells) were seen on a tangential section of pet- 
rified wood (figure 17, bottom right). 

The absence of vessels, the unique type of wood rays 
and tracheids with bordered pits, the character of the mid- 
dle lamellae, and the presence of vertical resin ducts indi- 
cated that these samples belonged to coniferous plants. 
X-ray diffraction analysis showed that all the varieties of 
petrified wood had an opal-cristobalite-tridymite compo- 
sition. 


Gem News INTERNATIONAL 


=< 
DW SSS 
Se Oe SSSR 


conifer’s trunk showing 
the transection (A), ra- 
dial section (B), tangen- 
tial section (C), annual 
ring (AR), resin ducts 
(RD), wood rays (WR), 
bordered pits (BP), and 
middle lamellae (ML). 
Bottom left: Transec- 
tion of petrified wood 
with wood rays (hori- 
zontal lines), resin 
ducts, and annual ring; 
field of view 5.5 mm. 
Bottom center: Radial 
section of petrified 
wood with wood rays 
(horizontal lines) and 
tracheids with bordered 
pits (round-shaped); 
field of view 2.7 mm. 
Bottom right: Tangen- 
tial section of petrified 
wood with chains of 
middle lamellae; field 
of view 5.5 mm. Photo- 
micrographs by Dmitrii 
G. Fedoseev. 


The geology of the area allowed us to imagine the for- 
mation conditions. As a result of catastrophic volcanic 
eruptions of rhyolitic magmas as glowing ash clouds, and 
late effusions of mantle magmas, thick layers of volcanic 
ash and overlapping basalt flows were formed. The basalt 
lava flows outpoured into the water basin with a tempera- 
ture exceeding 1000°C. Lavas overlapped the flooded trunks 
and thick bottom sediments of ash silts. When the basalt 
melt came into contact with water, the surface of the lava 
flow instantly quenched with the formation of pillow lavas. 
The space between the pillow lavas was filled with clastic 
glassy rocks known as hyaloclastites. 

Thus, the flooded trees were under the hyaloclastites 
and pillow lavas. Some trees, under the weight of a lava 
flow, had taken a vertical position. Some trunks that sunk 
in hyaloclasts were charred, while trunks in ash silts re- 
mained unchanged. During silicification, the charred parts 
of the trunks acquired a black color and the uncharred 
parts became white, light yellow, to brownish (figure 18). 
Buried trees underwent strong deformation with flattening 
of the trunks, splitting, and fragmentation of wood. 

The main source of silica when replacing the cells of 
trees by quartz or opal was ash silts. This was promoted by 
a low-alkaline water-saturated volcanic ash with a high 
SiO, content (over 72 wt.%). The silicon-containing 
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JEWELRY MAKING FOR SCHOOLS, 
TRADESMEN, CRAFTSMEN by Murray 
Bovin, published by the author, 68-36 108th 
Street, Forest Hills, L. L, New York, In- 
dexed. $2.50 with soft cover, $3.50, hard 
cover. Reviewed by Joseph A. Phillips. 


This excellent book helps fill the void of 
literature covering jewelry making techniques 
useful to the handmade jewelry craftsman. 
The book should be extremely useful to 
the retail jeweler who finds it convenient to 
do much of his own jewelry repair work and 
would like to do more of his special order 
work. Even the jeweler who sends all of his 
special order and repair work out to the 
trade shops should read the book so that he 
can be more familiar with the processes in- 
volved and have a better idea of what can 
and cannot be done. 

The book deals with fundamental jewelry 
processes, decorative processes, casting (in- 
cluding an excellent section on centrifugal 
casting), stones and settings, and jewelry 
objects and their construction. 

The author's style is clear and concise. 
Good photographs and easily understood 
drawings help him cover a tremendous range 
of material in an almost too brief manner. 

In covering each operation, all tools and 
materials needed are named and described 
and many hints are given to keep the reader 
from making costly mistakes. Alternate 
methods and techniques are usually given for 
each operation. 

All in all, this book should prove most 
helpful to anyone connected with the jew- 
elry trades. 


e 
Costuming (Continued from 309) 


but they would not have elicited requests 
for the name of her jeweler! 

Another similar incident was reported by 
a young man from Switzerland. An Ameri- 
can tourist came into the Lucerne store where 
he is employed and admired a certain choker 
type necklace of large stones. This young 


man—trained to suit the jewelry to the per- 
sonality of the wearer—tried to dissuade her 
from buying the necklace which would have 
accentuated her squarish features. Instead, he 
selected another necklace which flattered 
her tremendously. The customer was im- 
mensely pleased—even writing later from her 
Wisconsin home to express her appreciation. 
Needless to say, friends of hers traveling in 
Europe make it a point to stop in this store 
and ask for that particular young man to 
serve them. 

In neither of these cases was the advice 
of the jeweler needed to complete a sale. 
Actually, in the first instance a smaller sale 
was made than the customer had intended. 
But in both cases the satisfied customer ap- 
preciated the personalized service and the 
understanding helpfulness of the jeweler. He 
was interested not just in making a sale— 
but in sincerely helping the customer select 
an item which would do something special 
just for her. Such services are certain to 
result in repeat sales. 

In another instance a young lady pur- 
chased a large oval garnet ring in Switzer- 
land. Although she was impressed by the 
store and by the salesman, what influenced 
her in making the final decision was the 
time spent by the salesman in selecting a 
ring which he thought was “just right for 
her,” and then telling her why he thought 
so. Her experience is another fine example 
of the happy‘and satisfied customer. 

Almost more than with any other item 
sold today, there is a great responsibility 
on the part of the jewelry salesman to make 
certain his customer’s satisfaction—and not 
the cash register—motivate his sales talk. To 
do this, he must have at hand tools in addi- 
tion to a scientific knowledge of the interior 
of gemstones. (To be continued) 


Editor’s Note; In the next installment, 
Specific points and rules are explained and 
illustrated to enable the jeweler to increase 
his jewelry sales by assisting customers to 
make appropriate and intelligent selections 
based on individual requirements. 
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Figure 18. Left: Part of a petrified wood. Right: Opal- 
ized petrified wood sample with play-of-color. Photos 
by Dmitrii G. Fedoseev. 


aqueous solutions penetrated woods that, under anaerobic 
conditions, represented local geochemical barriers where 
precipitation of free silica replacing plant cells occurred. 
Depending on the concentration of silicon in the solution 
in plant cells, the deposition of opal, chalcedony, or quartz 
occurred. The foregoing description allows us to imagine a 
majestic picture of how Nature created this wonderful 
combination of the worlds of plants and stones. 


Vera Pakhomova, Valentina Solyanik, Dmitrii Fedoseev, 
Svetlana Y. Kultenko (s_buravleva@yahoo.com), and 
Vitaliya B. Tishkina 

Far East Geological Institute (FEGI FEB RAS) 
Vladivostok, Russia 


Valeriya S. Gusarova 
Far Eastern Federal University (FEFU), Vladivostok 


Portrait of a Paraiba rough: Challenging gems in hard 
times. The impact of COVID-19 on the global gem trade 
is unquestionable. Traditional sales and services in most 
consuming countries came to a grinding halt. But the ef- 
fects of lockdowns are also deeply felt in distant trade 
centers that rely on a steady supply of rough gemstones to 
feed their cutting, treating, and manufacturing industries. 

Many of the brokers that take care of the transfer 
from producing countries to manufacturing hubs were 
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suddenly unable to perform their vital role in the gem- 
stone supply chain. Without a constant flow of new 
rough material, the wheels that drive the entire industry 
stop turning. 

When a crisis like this happens, people are forced to 
turn to other sources. In the trading center of Chanthaburi, 
Thailand, the most obvious source of rough is easily over- 
looked: the back of the safe. Over the years, rough parcels 
of varying qualities have been kept for a rainy day, and in 
some cases material has been held back for years to keep 
prices buoyant via artificial scarcity. 

Difficult times have seen many established businesses 
releasing some of these old parcels, sometimes of material 
not seen in volume for years (or even decades), such as Ken- 
yan rubies from the John Saul mine or spessartine “Fanta” 
garnet from Nigeria. 

Both authors had the privilege to handle one of the 
unique pieces that came from the back of someone’s safe 
into the market. 

When SBL first saw this piece, his immediate reaction 
was that it was tanzanite. Several other colleagues and 
knowledgeable friends had the same first impression. It 
was difficult to imagine the true identity of this crystal, 
which was the size of a duck’s egg. 

This was an 85 g, 427 ct piece of unheated cuprian or 
Paraiba-type tourmaline rough from Mozambique (figure 19; 
see also the video at www.gia.edu/gems-gemology/summer- 


Figure 19. This 85 g Mozambican cuprian tourma- 
line was released in the Chanthaburi market in May 
2020. While everyone can agree that this is a unique 
and valuable piece, there is no agreement on the 
price that can be put on it. Photo by Simon Bruce- 
Lockhart. 


Gems & GEMOLOGY SUMMER 2020 


UV-VIS-NIR SPECTRUM 


ABSORBANCE —> 


T T T T T 1 
400 500 600 700 800 900 1000 


WAVELENGTH (nm) 


Figure 20. The UV-Vis-NIR spectrum shows clear ab- 
sorption peaks at 660 and 900 nm that are typical for 
cuprian tourmaline. 


2020-gemnews-mozambique-paraiba-rough). The stone was 
shown in the rough gem trading circuit of Chanthaburi near 
the end of May 2020. The GIA laboratory in Bangkok was 
able to do some limited testing on the stone, confirming that 
it was indeed a cuprian tourmaline (figure 20). 

Large crystals of copper-bearing tourmaline were seen 
a decade ago at the advent of the Mavuco mines, but noth- 
ing of this size and quality has been seen on the open mar- 
ket for some time. For more on this material, see B.M. 
Laurs et al., “Copper-bearing (Paraiba-type) tourmaline 
from Mozambique,” Spring 2008 GwG, pp. 4-30. 

There is little doubt that such a large, prestigious piece 
attracts attention. After that, the consensus stops. While 
it is undeniable that this stone is very valuable, no one can 
agree on precisely how valuable it is. 

The decisions of how to heat and cut it to open up that 
coveted blue-green color produced by copper are critical to 
the value-adding process. The results of heat treating Mo- 
zambican cuprian tourmaline can be seen in figure 22 of 
Laurs et al. (2008). 

The unheated Paraiba gem was taken to the handful of 
factories in Chanthaburi and Bangkok capable of buying 
and value-adding such a piece. Factoring in cracks, internal 
stress, and the orientation of some inclusions, all the fac- 
tories determined that the stone should be cut into several 
pieces. 

But everyone had a different opinion of exactly how to 
manufacture this piece. And this is where the dreams of 
Paraiba profits get smashed on the anvil of market reality. 

A well-saturated large crystal will, when cut into nu- 
merous smaller pieces, exhibit a paler saturation of the 
original hue. Given that the market will pay much more 
per carat for larger Paraibas of intense color than for smaller 
paler Paraibas, the range of potential value outcomes re- 
garding the number of pieces to cut is dizzying. 
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Furthermore, heat treatment of any stone is unpredict- 
able, but tourmaline is a notoriously fickle gem to heat. 
Would you simply remove the frosted surface and heat it 
before sawing and preforming? This carries the risk that 
the gem will shatter uncontrollably during heating, but 
also the possibility of producing a single Paraiba tourma- 
line of spectacular size and a coveted deeper color. Or 
would you play it safe by cutting and grinding it into sev- 
eral smaller preforms and heating the many pieces? This 
mitigates some of the risks, but sacrifices the potential for 
capitalizing on the size of the rough. 

Even if you play it safe, there is still no guarantee that 
minor unintended cracking will not require the resizing 
and re-orientating of preforms before faceting, which could 
significantly reduce the final color and weight yet again. 

The transformative yet risky process of slicing, pre- 
forming, heating, and faceting is in some ways a gamble. 
The reality is that neither buyer nor vendor actually knows 
what will happen, and there is an element of chance lay- 
ered on top of the manufacturer’s skill. The coveted 
“Paraiba” hue and saturation after heating are not guaran- 
teed, and cases of “overcooking” cuprian tourmalines until 
only a pale pink color remains are not unheard of. These 
many variables create unknowable outcomes. 

The most prudent buyers calculate their offers based 
on the risk of as many as six or more paler pieces, and 
offer much lower than expected when seeing this magnif- 
icent piece of rough. The vendors optimistically hold to 
their dream of a higher value based upon two or three 
larger, well-saturated pieces—and with such a wide dis- 
parity in value-outcome consensus, rough gems like this 
take time to sell. In the case of this piece, no agreement 
was reached after several rounds of back-and-forth be- 
tween the different parties, and the stone was returned to 
its Owner. 

While this story is not unique, it highlights many as- 
pects of the gem trade that most people throughout the 
supply chain are unfamiliar with. In these tough COVID 
times, it becomes especially important to realize how 
many hands have handled the gems we are seeing and 
which challenges every single one faces. 


Simon Bruce-Lockhart 
Chanthaburi, Thailand 


Wim Vertriest 
GIA, Bangkok 


A new deposit of pink natrolite from Indonesia. In early 
2020, a parcel of stones representing some unique material 
found in early 2020 from the island of Nusa Kambangan, 
Central Java, Indonesia, was sent to Taiwan Union Lab of 
Gem Research (TULAB) for certification service. At the be- 
ginning, wholesalers claimed that the gemstone was thom- 
sonite. Because its texture was very similar to the 
green-blue pectolite variety Larimar produced in the Dom- 
inican Republic, the stone was also misrepresented with 
the trade name “pink Larimar.” 
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By observing the rough stones with host rocks provided 
by the supplier, the occurrence was found to be vein-filling 
or cavity-filling within basalt. These stones had orange- 
pink to brownish pink color with white zoning and showed 
a botryoidal or radial crystal habit (figure 21). 

The average specific gravity of this parcel of gem- 
stones was 2.24, and the spot RI was 1.49. With the 
owner’s consent, the parcel of polycrystalline material 
was tested with a Vickers hardness tester. The values 
were converted to Mohs hardness and ranged from 4.4 to 
4.6. The samples’ Raman spectra were analyzed and com- 
pared to the RRUFF mineral spectral database; unex- 
pectedly, the results were consistent with published 


RAMAN SPECTRA 


30000 5 


— Pink natrolite from Indonesia 
—— Natrolite: RRUFFID R040112 


25000 + —— Thomsonite: RRUFFID R0O50091 


Figure 21. Rough stones 
and polished cabo- 
chons of pink natrolite. 
The heart-shaped cabo- 
chon is 35.6 mm wide. 
Photo by Yu-Ho Li. 


spectra of natrolite (Na,Al,Si,O,,:2H,O) instead of thom- 
sonite (NaCa,AI1.Si.O,,-6H,O) (figure 22). The UV-Vis 
spectra revealed that the pink natrolite stones had a wide 
absorption band at 400-570 nm (figure 23). The EDXRF 
results also indicated that the pink gemstone was natro- 
lite and contained a trace iron component. On the basis 
of EDXRF and UV-Vis results, the orange-pink to brown- 
ish pink color appeared to have been caused by Fe**; how- 
ever, this presumption still needs further verification. 
This natrolite from Indonesia has a unique rose pink 
color and Larimar-like texture on polished surfaces, which 
is not common in natrolite from other localities. Although 
initially misrepresented by the merchant as thomsonite or 


Figure 22. Stacked 
Raman spectra of the 
pink natrolite from 
Indonesia compared to 
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pink Larimar, its beautiful appearance and durability are 
indeed comparable to Larimar. Subsequently, a new trade 
name “rhodatrolite,” meaning “rose natrolite,” was devel- 
oped by the merchant for marketing this gemstone because 
of its color and texture. With enough mine production, 
pink natrolite from Indonesia has the potential to become 
a popular gemstone on the market. 


Yu-Ho Li 
Institute of Earth Sciences 
National Taiwan Ocean University, Keelung 


Huei-Fen Chen 

Institute of Earth Sciences and 

Center of Excellence for Oceans 

National Taiwan Ocean University 
Shu-Hong Lin 

Institute of Earth Sciences 

National Taiwan Ocean University 

Taiwan Union Lab of Gem Research, Taipei 


DIAMONDS 


Finders, keepers: Field trip to Crater of Diamonds, USA. 
There’s only one place on earth where the general public 
can prospect for diamonds directly from a primary kimber- 
lite pipe: Crater of Diamonds State Park. This park is nes- 
tled among the pines, 100 miles off the interstate near the 
town of Murfreesboro, Arkansas. It boasts a network of sce- 
nic walking trails, picnic sites, and campsites. At its Dia- 
mond Discovery Center, visitors can learn about the local 
geology. Staff are also on hand to identify any minerals that 
are taken home, per their “finders, keepers” policy. The 
park is an ideal spot for a field trip. The state also hosts 
many other unusual igneous rocks, including carbonatite, 
lamprophyre, and lamproite. With this in mind, our uni- 
versity petrology class piled into a van to visit Arkansas 
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Figure 23. The normal- 
ized visible-light trans- 
mission spectrum of 
pink natrolite shows a 
wide absorption band 
at 400-570 nm that re- 
sults in a brownish 
pink to orange-pink 
color. 


650 700 


and learn about mantle-derived magmas and associated 
volcanism. As a side quest, we wanted to try prospecting. 

The park’s main attraction is diamonds, but there are 
also olivine, pyrope, almandine, and amethyst to be found. 
Most of the diamonds recovered there are small (approx- 
imately 0.20 ct or less); see figure 24. Rarely, prospectors 
have found stones larger than 1 carat, including the famous 
Uncle Sam, a whopping 40.23 ct. The park’s diamond-bear- 
ing rocks are comprised of hypabyssal olivine lamproite 
and phlogopite-rich tuffs and breccias, characterized by 


Figure 24. These diamonds from Crater of Diamonds 
State Park were mined previously by other prospec- 
tors. They range up to approximately 0.06 ct. Photo 
by Roy Bassoo. 
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courtesy of the Crater of Diamonds Archives. 


high Mg# values (atomic ratio of Mg to Fe in an igneous 
rock) and K,O content (E. Walker, “Petrogenesis of the Prai- 
rie Creek, Arkansas, diamondiferous olivine lamproite,” 
PhD thesis, University of Western Ontario, Ontario, Ca- 
nada, 1991). The deposit grades between 0.01 and 1.25 ca- 
rats per 100 tons (D.P. Dunn, “Xenolith mineralogy and 
geology of the Prairie Creek lamproite province, Arkan- 
sas,” PhD thesis, University of Texas, Austin, 2002). In the 
early twentieth century, when the richest material was 
mined, there was a brief diamond rush in the area (figure 


25). After a string of ownership changes and failed business 
ventures, visions of a South African-style diamond district 
never materialized. In 1972 the state of Arkansas pur- 
chased the land and opened it to public prospecting. Since 
then, visitors have found more than 33,000 diamonds 
(www.arkansasstateparks.com). 

After a couple of days learning about the igneous rocks 
in the area, it was time to test our luck at treasure hunting. 
We gathered buckets, shovels, and sieves from park head- 
quarters for a small rental fee and headed out to 15 hectares 


Figure 26. A local prospector digging for diamond ore and demonstrating sieving technique. Photos courtesy of 


Glenn Worthington. 
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Figure 27. Three of the diamonds the authors collected from Crater of Diamonds State Park (approximately 0.01- 
0.05 ct). Note the irregular and fragmented morphology and brown to yellow colors. Photos by Roy Bassoo. 


of routinely plowed “blue ground.” We chose a spot, shov- 
eled soil into buckets, and carried these heavy parcels of 
dirt to the wash station for sieving (figure 26). The trick is 
to shake the sieve back and forth just beneath the water in 
the horizontal plane, then rotate and repeat. This motion 
should concentrate the heavy minerals in the center and 
bottom of the sieve. Then, like a master chef, the prospec- 
tor flips the entire mineral concentrate upside down and 
examines the heavies that sink to the bottom. 

In three hours, we found a small collection of dia- 
monds! Granted, they were also very small in size, ranging 
from 0.01 to 0.05 ct (figure 27). Most prospectors at Crater 
of Diamonds miss stones this small, but as trained min- 
eralogists we were attentive to small crystals. The dia- 
monds were predominantly colorless, although a couple 
were yellow to brown. Their dominant morphology was 


octahedral with uncommon dodecahedrons and macles. 
Resorption pits and terraced surfaces were pervasive. The 
diamonds were also fragmented, likely due to the explosive 
nature of the diatreme crater. 

Treasure in hand, we then turned to the science. Back 
in our lab, we ground and polished the diamonds into 
wafers to examine their composition and crystal interiors. 
Raman spectroscopy determined that inclusions of rutile 
and diopside were common (figure 28). N contents, meas- 
ured with Fourier-transform infrared spectroscopy, ranged 
from trace amounts (type Ia) to 1250 ppm (type IaAB). 
Cathodoluminescence imagery showed blue to turquoise 
response colors, typical of diamonds mined from primary 
deposits worldwide. They also feature fascinating patterns 
of growth banding and resorption truncations, which indi- 
cate a complex mantle crystallization history (figure 29). 


Figure 28. Terraced dissolution surface textures and inclusions of rutile and diopside embedded within the dia- 
mond. The diopside inclusions are aligned along a growth band. Photomicrograph by Roy Bassoo. 
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Figure 29. Cathodoluminescence image of a polished 
diamond wafer, showing complex banding and trun- 
cations that highlight different diamond growth con- 
ditions. Image by Roy Bassoo. 


We found Crater of Diamonds to be a thoroughly enjoy- 
able treasure hunting adventure. Our visit gave us hands- 
on experience with diamond-bearing igneous rocks and 
challenged us to imagine how diamonds formed beneath 
the North American craton. We have new appreciation for 
the back-aching labor required by the artisanal miners 
worldwide who are the foundation of the gem trade. Scien- 
tific understanding and trade awareness were the substance 
of our visit, highlighted by moments of joyful discovery. We 
encourage readers to put Crater of Diamonds State Park on 
their gemology “bucket list” to hunt for their very own 
American diamond. 


Roy Bassoo and Kenneth S. Befus 
Department of Geosciences, Baylor University 
Waco, Texas 


SYNTHETICS AND SIMULANTS 


Greenish blue glass imitating gem silica. Gem silica, also 
known as “chrysocolla chalcedony,” is considered the most 
valuable variety of chalcedony. Its attractive blue to bluish 
green color is generated by finely disseminated minute in- 
clusions of chrysocolla. The main sources include Taiwan, 
the United States, Mexico, Peru, and Indonesia. For years, 
gem silica has been especially popular in Taiwan. Due to the 
pleasing saturated blue color of Taiwanese material, which 
is among the world’s finest, it commands a premium price. 
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At the same time, the current lack of production in Taiwan 
is driving prices substantially higher. Thus, imitations and 
treatments are gradually emerging in the marketplace, con- 
fusing customers. Recently we obtained three polished spe- 
cimens from a gift shop in Taidong County, Taiwan (near 
the locality of the gem silica mine), that appeared to have 
good quality of color and transparency (figure 30). The mer- 
chant claimed they were gem silica mined in Taiwan, but 
they were subsequently identified as glass imitations. 
Standard gemological tests showed the following prop- 
erties of the three samples: color—uniform greenish blue; 
diaphaneity—translucent; spot RI—1.48; SG—2.48 to ap- 
proximately 2.57; fluorescence—inert to long-wave UV ra- 
diation, weak greenish white to short-wave UV radiation. 
Actual gem silica, meanwhile, has the following properties: 
color—commonly uneven; spot RI—1.54,; SG—approx- 
imately 2.63. Examination with a gemological microscope 
revealed numerous obvious gas bubbles of different sizes (fig- 
ure 31, left). In the case of the marquise sample, numerous 
gas bubbles led to a relatively low specific gravity. When 
viewed with oblique incident light, many small dimples 
were visible on the polished surface (figure 31, right). In ad- 
dition, there were some small conchoidal fractures along the 
bottom edges of samples. In order to gain a more thorough 
understanding, further advanced analysis was carried out. 
FTIR reflectance spectroscopy showed a main reflected 
band at approximately 1065 cnr" (figure 32), consistent with 
the characteristic spectrum of glass (see Fall 2019 GNI, p. 
443-445, T.B. Wang et al., “Relationship between the 
frequency of the main LO mode of silica glass and angle of 
incidence,” Journal of Chemical Physics, Vol. 119, No. 1, 
2003, pp. 505-508). Chemical analysis by LA-ICP-MS de- 
tected multiple elements: Si (averaging 617000 ppmw), Na 
(averaging 151000 ppmw}, Al (averaging 101000 ppmw), Ca 
(averaging 24900 ppmw), K (averaging 19600 ppmw), Ba (aver- 


Figure 30. Two oval and one marquise cabochon of 
greenish blue glass samples ranging from 2.17 to 2.60 
ct. Photo by Min Ye. 
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aging 17800 ppmw}, Pb (averaging 3840 ppmw), Mg (averaging 
2580 ppmw}, Fe (averaging 1620 ppmw}, Cu (averaging 5940 
ppmw}, and Cr (averaging 716 ppmw). This composition iden- 
tified the three samples as silicate glass, which is decidedly 
different from gem silica (whose majority component is silica 
and chrysocolla, a copper silicate). UV-Vis-NIR spectra of the 
specimens presented a strong broad absorption band around 
760 nm (figure 33), revealing Cu” as the coloring agent. In ad- 
dition, two weak absorption bands at 424 and 439 nm might 
have been related to trace amounts of Fe**, while the 690 nm 
band was possibly due to the existence of Cr** (see W. Thiem- 
sorn et al., “Redox ratio and optical absorption of polyvalent 
ions in industrial glasses,” Bulletin of Materials Science, Vol. 
30, 2007, pp. 487-495; V. Vercamer, “Spectroscopic and struc- 
tural properties of iron in silicate glasses,” PhD thesis, Uni- 
versité Pierre et Marie Curie-Paris VI, 2016, pp. 97-145). 


Figure 32. Representative infrared reflectance spectra 
of the three samples (green trace) were compared with 
the reference spectra for glass (blue trace) and natural 
gem silica (red trace, collected by the author). The 
diagnostic reflected peak of the glass sample is near 
1065 cnr", quite different from the gem silica peaks. 
The spectra are offset for clarity. 
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Figure 31. Left: Numerous 
gas bubbles of various sizes 
were typical internal fea- 
tures of the three samples; 
field of view 1.28 mm. 
Right: Many small dimples 
could be found on the pol- 
ished surface; field of view 
3.70 mm. Photomicrographs 
by Min Ye in overhead light- 
ing (left) and oblique illumi- 
nation (right). 


Combining all the evidence, the three greenish blue 
samples were confirmed to be artificial glass colored by an 
unknown copper additive. Gas bubble inclusions were the 
diagnostic feature for identification, and FTIR spectra were 
also helpful. This case is a reminder that customers need 
to be cautious when purchasing gemstones, even near the 
geographic source. 


Min Ye and Andy H. Shen (shenxt@cug.edu.cn) 
Gemmological Institute 
China University of Geosciences, Wuhan 


Figure 33. Typical UV-Vis-NIR absorption spectra of 
the three samples (green trace) were compared with 
those of Cu?*-doped glass (blue trace) and natural 
greenish blue gem silica (red trace, collected by the au- 
thor). In the typical plot for the glass samples, the ab- 
sorption band around 760 nm is assigned to Cu**. Two 
weak absorption bands in the glass imitation at 424 
and 439 nm might be related to trace amounts of iron, 
while the 690 nm band is possibly due to the presence 
of chromium. The spectra are offset for clarity. 
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Marble imitation of jadeite rough. In recent decades, jadeite 
prices have risen dramatically. Driven by profit, a variety 
of imitations are found in the jadeite jewelry market. 
Meanwhile, imitations such as quartzite are fixtures in the 
rough jadeite market. Recently, our research group received 
for testing a 30 kg stone that resembled jadeite rough and 
was submitted as such. The stone had a yellow weathered 
skin with a grainy texture, similar to jadeite. There was a 
narrow “window” (figure 34) that showed the green color 
of the material underneath the skin. For identification pur- 
poses, the authors exposed another area on the surface of 
the rough and then ground it for testing. 

Due to the weight, some standard gemological testing 
methods could not be used, such as measurement of re- 
fractive index and specific gravity. Therefore, the sample 
was studied by visual and 10x loupe observation, hard- 
ness testing, chemical reagent detection, and infrared 
spectroscopy. 

Scratch testing revealed a Mohs hardness between 2, and 
5, lower than jadeite’s hardness of 6-7. The surface was yel- 


Figure 34. This 30 kg stone was submitted as a piece 
of jadeite rough. A narrow window (in the red circle) 
opened on the surface of the rough reveals a green 
material underneath the skin. Photo by Huang Jing. 
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Figure 35. The newly exposed part of the rough stone 
was identified as marble. Photo by Huang Jing. 


low, just like the weathered skin of jadeite rough, and the 
narrow window in figure 34 revealed green color below the 
skin. Scrubbing the window with alcohol removed the 
green color, indicating that the window had been dyed. To 
test the material, diluted hydrochloric acid was dropped on 
the newly exposed portion in figure 35. The acid foamed 
continuously, showing that the sample contained carbonate 
(Z. Hanli et al., “Study on acid polishing of carbonate white 
jade,” Journal of Gems and Gemmology, Vol. 5, No. 4, 
2003, pp. 24-27). The acid testing combined with visible 
observations and hardness testing identified the sample as 
marble. The jadeite granular structure came from the mar- 
ble’s cleavage planes. 

Testing of the exposed part by infrared spectrometry re- 
vealed 1525, 1432, 1080, 883, 670, 553, and 483 cm” ab- 
sorbance peaks, characteristic of serpentinized marble. 

The serpentinized marble’s yellow weathered skin and 
grainy texture could have easily been mistaken for jadeite 
rough. This serves as an alert to the industry to be careful 
even when examining rough, as imitations are showing up. 


Huang Jing, Yan Shuyu, and Chen Shuxiang (cor- 
responding author, kedachenshuxiang@163.com) 
School of Materials Science and Engineering 
Qilu University of Technology 

(Shandong Academy of Sciences) 

Shandong, China 


Cheng Youfa 


National Gold and Diamond Testing Centre of China 
Shandong 


ERRATUM 


The Spring 2020 Lab Note “Solid carved dark gray diamond 
ring” (pp. 132-133) erroneously stated that the 13.15 ct ring 
was carved from a 20 ct piece of rough. The correct rough 
weight was 196 ct. 
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Characteristics of D-to-Z Diamonds 
Emeralds from Swat Valley, Pakistan 
History of European Royal Jewel Sales 


Turquoise from China with “Raindrop” Pattern 


Gemological Uigests 


DECOLORATION OF 
METHYLENE IODIDE 

Editor’s Note: The following observations 
by D. A. Benfield of the Diamond Research 
Laboratory in Johannesburg were sent to the 
Gemological Institute by Dr. R. G. Wea- 
vind, Acting Director of Research, following 
the publication of B. W. Anderson's article 
in the last issue of GEMS G GEMOLOGY. 


Pure methylene iodide is described as a 
colorless liquid of specific gravity 3.33 and 
index of refraction 1.756. By virtue of the 
former property it finds application in sepa- 
ration processes. Due to its high refractive 
index it is widely used in gemology and 
optical mineralogy for the identification and 
study of various precious and semi-precious 
stones and minerals, while it is also used 
in the measurement of refractive indices of 
certain substances by immersion techniques. 

When freshly prepared, methylene iodide 
has a slightly yellow color, however, it is 
unstable and decomposes liberating colloidal 
iodine which imparts a dark red color to the 
liquid. This is undesirable since it hampers 
optical immersion examination not only be- 
cause of decreased translucence, but also be- 
cause the immersed particles are often stained 
by precipitated iodine; moreover, it is trou- 
blesome when used for purpose of separation. 

The literature mentions decoloration of 
methylene iodide by shaking with mercury, 
tin or copper. These metals react with the 
colloidal iodine forming relatively insoluble 
iodides, which can be removed by filtration. 
However, these metallic iodides dissolve to 
some extent in the methylene iodide result- 
ing in changes in the specific gravity and 
refractive index of the liquid. For instance 
22.9 gm. of stannic iodide will dissolve in 
100 gm. of methylene iodide at 10° C and 
100 gm. of the latter will dissolve 2.5 gm. 
of mercuric iodide at 15° C. The solutions 


of these metallic iodides in methylene iodide 
are usually cloudy and unsuitable for the 
previously mentioned uses. 

It has been found that the colloidal iodine 
is easily removed by shaking the liquid with 
a strong solution of sodium thiosulphate 
in a separating funnel. The resulting puri- 
fied methylene iodide is a light yellow color 
and has approximately the same refractive 
index and specific gravity as the original 
liquid. The iodine readily reacts with the so- 
lution of sodium thiosulphate and the re- 
sulting solution floats on the surface of the 
methylene iodide in the separatory vessel. It 
is then a simple procedure to draw off the 
heavier and purified methylene iodide. The 
latter may be slightly cloudy due to traces of 
sulphur, which will however, dissolve in the 
methylene iodide, and fnally a clear solution 
will be obtained. Since decolored methylene 
iodide decomposes relatively rapidly it 
should be treated in the above manner im- 
mediately before use. 


NEW WATCH CARE 
BOOKLET AVAILABLE 

YOUR WATCH — ITS OPERATION 
AND CARE, a booklet directed to the lay- 
man on the care of watches, has just been 
announced by the publishers. 

Although this book has been prepared for 
owners and prospective owners of watches, 
it is to be made available to jewelers who 
wish to give it to customers. Single, sample 
copies are free to jewelers on request when 
accompanied by a self-addressed, stamped 
envelope. 

Quantities in multiples of 1,000 booklets 
are available to jewelers at cost. For further 
information, write to Benmar Standard Com- 
pany, Post Office Box 708, Church Street 
Station, New York 8, New York. 
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EDITORIAL 

Colorless to Near-Colorless Diamonds, Emeralds from Pakistan, a History of 
European Royal Jewel Sales, and More... 

Duncan Pay 


FEATURE ARTICLES 

Natural-Color D-to-Z Diamonds: A Crystal-Clear Perspective 

Sally Eaton-Magaria, Troy Ardon, Christopher M. Breeding, and James E. Shigley 

Examines a very large dataset of colorless to near-colorless diamonds submitted to GIA and 
evaluates their diamond type and spectroscopic properties. 


Inclusion and Trace Element Characteristics of Emeralds from 

Swat Valley, Pakistan 

Hongshu Guo, Xiaoyan Yu, Yuyu Zheng, Zhulin Sun, and Miro Fei-Yeung Ng 
Presents a detailed study of gemological properties, inclusion features, spectroscopic 
characteristics, and chemical composition of emeralds from this important source. 


A History of European Royal Jewel Sales, Including Sotheby’s 2018 Auction of 
Marie Antoinette’s Jewels 

Russell Shor 

Chronicles important auctions of jewels from European royal collections over the years, with a 
focus on a recent high-profile sale of items that once belonged to Marie Antoinette. 


Unique Raindrop Pattern of Turquoise from Hubei, China 

Ling Liu, Mingxing Yang, Yan Li 

Presents spectroscopic and chemical analysis of a new variety of turquoise with a rare raindrop 
pattern with saturated colors. 


FIELD REPORTS 

Vietnam: Shell Nuclei, Pearl Hatcheries, and Pearl Farming 

Nicholas Sturman, Kwanreun Lawanwong, Nuttapol Kitdee, and Devchand Chodhry 
Reports on a visit to a shell nucleus manufacturer and two pearl farms in northern Vietnam, 
which is emerging as a notable producer. 
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EDITORIAL 


Colorless to Near-Colorless Diamonds, 
Emeralds from Pakistan, a History of 
European Royal Jewel Sales, and More... 


Welcome to the Fall Gems & Gemology! This issue offers an exciting glimpse into the world of D- 
to-Z diamonds, characterizes the inclusion features and chemical composition of emeralds from 
Swat Valley, and details the acquisition and auction of crown jewels by European royalty. 


In the lead article, a GIA team led by Sally Eaton-Magafia and Christopher M. Breeding examines 
colorless to light yellow/brown diamonds with a “D-to-Z” color grade, which make up the vast 
majority of the world’s gem diamond trade. Because this group of mostly type Ia diamonds has not 
been subjected to HPHT decolorizing treat- 

ment or laboratory growth, researchers usually “An excitin Lg gl 1mps e into the world 
investigate their more rare diamond type of 'D-to-Z diamond...” 

counterparts. This study evaluates diamond . 

type properties and grading quality factors of D-to-Z diamonds submitted to GIA in 2017 and 
sheds light on their unique geological formation story. 


The second article comes from a team led by Hongshu Guo, a student at the School of Gemology, China University of 
Geosciences in Beijing. The authors present the gemological and geochemical details of emeralds (including trapiche 
emeralds) from Swat Valley in Pakistan. 


In the third article, Russell Shor examines how European royal families acquired their crown jewels, which were later 
sold at important auctions. The most recent of these was Sotheby’s historic Bourbon-Parma auction in 2018, in which 
10 of the lots once belonged to Marie Antoinette. 


Next, Ling Liu and colleagues from the Gemmological Institute, China University of Geosciences in Wuhan charac- 
terize turquoise from China’s Hubei Province with a rare surface pattern of spots resembling raindrops. They identify 
the color origin and formation mechanism of this distinctive pattern. 


The final article is a field report from Ha Long Bay in northern Vietnam, where in late 2019 Nicholas Sturman and 
coauthors visited a shell nucleus manufacturing factory and two pearl farms, all managed by Orient Pearls (Bangkok) 
Ltd. The team observed how high-quality bead nuclei are fabricated and used to produce Vietnamese bead cultured 
pearls suitable for fine jewelry on a commercial scale. 


Our regular features continue to highlight interesting gemological findings from around the world. In Lab Notes, 
discover how gem cutters cleverly use color zoning in alexandrite and closely spaced needles in diaspore to showcase 
phenomena, and how areas of dramatic fluorescence correspond to diamond defects and produce a “lightsaber” effect. 
Curiosities abound in the Micro-World section: epigenetic residue mimicking a fried egg, metal sulfide inclusions 
resembling trees, and ferrocolumbite posing as star cruisers. Gem News International reports on bead cultured pearls 
with embedded electronic devices and Maxixe beryl with an unusual violet color, among other exciting topics. 


This issue also contains the list of winners from this year’s Ge&G Challenge quiz. Congratulations, and our special 
thanks to everyone who participated! 


OH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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FEAT 


lal ARTICLES 


NATURAL-COLOR D-TO-Z DIAMONDS: 
A CRYSTAL-CLEAR PERSPECTIVE 


Sally Eaton-Magana, Troy Ardon, Christopher M. Breeding, and James E. Shigley 


Colorless to light yellow or brown diamonds with a “D-to-Z” color grade make up the overwhelming majority of 
the world’s gem diamond trade. Besides clarity features (such as inclusions) and fluorescence observations, however, 
comparatively little has been explored and published regarding the distinguishing characteristics of these diamonds. 
The vast majority are type la, with infrared spectra showing very high concentrations of nitrogen aggregates. This 
population of diamonds could not have been subjected to HPHT decolorizing treatment or been laboratory grown, 
and thus they have been spectroscopically scrutinized in much less detail than the far more rare natural diamonds 
of types Ila, IIb, and laB, which need to be investigated as potentially color-treated or synthetic. 


This study examines a large sample set comprising the full complement of D-to-Z diamonds submitted to GIA 
laboratories during a significant portion of 2017. The data were evaluated on the basis of diamond type prop- 
erties, as well as distribution among various grading quality factors, to provide an unprecedented glimpse into 
the role of these diamond types and differences in their geologic conditions of formation. 


en people hear the word diamond, color- 
Wie diamonds generally come to mind— 
not the more exotic colors discussed 
earlier in this article series. In purchasing a diamond, 
they are likely to choose one that is colorless to near- 
colorless. When one thinks of perfection in a dia- 
mond, a D-Flawless stone is usually the benchmark. 
The lack of color, which so inhibits the consumer ap- 
peal of many other gemstones, is instead considered 
a measure of stature for diamonds. 

Therefore, we finish this series (Breeding et al., 
2018, 2020; Eaton-Magafia et al., 2018a, 2018b, 2019) 
by examining diamonds with very little to no color at 
all—those on the D-to-Z grading scale. Although they 
make up by far the largest proportion of stones submit- 
ted to GIA, detailed statistics of D-to-Z diamonds have 
never been presented before. In each of our previous 
colored diamond articles, we presented data on stones 
submitted to GIA from 2008 to 2016. For example, 
GIA examined more than 15,000 naturally colored 
blue/gray/violet diamonds in that period (Eaton-Mag- 
ana et al., 2018a). During those same years, GIA re- 
ceived millions of D-to-Z diamonds (e.g., figure 1). 


See end of article for About the Authors and Acknowledgments. 
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For this study, we examined all D-to-Z diamonds 
submitted for grading reports or dossier reports to any 
of GIA’s laboratories during much of 2017. From our 
analysis of submissions over the last decade, those 
from 2017 and used in this study are representative 
of GIA’s current and historical intake. Any diamonds 
submitted on multiple occasions during this period 
were identified, and only the most recent data for 
each stone are included in this study. 


In Brief 


e D-Z diamonds represent the vast majority of all gem 
diamonds but have rarely been documented systemati- 
cally and in detail from a gemological laboratory. 


e When D-Z diamonds are distinguished by diamond 
type, we see distinct trends in their grading quality 
factors. 

HPHT-treated diamonds have distinct trends in their 
grading quality factors compared to their natural 
counterparts. 


Additionally, we wish to highlight that these data 
represent a snapshot for a certain period and only 
include those diamonds submitted to GIA. They 
may not represent the entirety of the marketplace, 
such as some lower-quality diamonds that are not 
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usually submitted for grading. However, for those 
in the marketplace that are certified, these results 
are representative. 

The trends presented in this article apply to 
faceted diamonds. They represent not only the rough 
selected for manufacturing but also the business and 
cutting decisions of the polishers. Each faceted dia- 
mond is ultimately the culmination and intersection 
of science, artistry, and commerce. 

The GIA system for grading (the absence of) color 
with the D-to-Z scale has gained worldwide trade and 
consumer acceptance since its introduction in 1953 
by Richard T. Liddicoat and Robert Crowningshield, 
followed by the first diamond grading reports issued 
by GIA in 1955 (Dirlam et al., 2002). The grading ter- 
minology (though not necessarily the practices) has 
since been adopted by most other gemological labo- 
ratories (King et al., 2008). 

Many articles about various aspects of diamond 
grading have been published regarding color grading 
(King et al., 2006, 2008), cutting decisions (Caspi, 
1997), cut grading of round brilliants (Hemphill et al., 
1998; Moses et al., 2004), symmetry (Geurts et al., 
2011), crystal inclusions (Koivula, 2000; Kaminsky 
et al., 2000; Shirey and Shigley, 2013; Smith et al., 
2016; Renfro et al., 2018), trends exclusively seen in 
large diamonds (Smith et al., 2017), and fluorescence 
(Moses et al., 1997; Luo and Breeding, 2013; Bouman 
et al., 2018; Breeding and Eaton-Magafia, 2019). Re- 
counting the specifics of the grading process or the 
mechanics of fluorescence observations is beyond 
the scope of this article. Instead, we present some 
statistics of these grading quality factors and other 
recorded data to illuminate relationships and trends 
not recognized before. 


NATURAL-COLOR D-TO-Z DIAMONDS 


Figure 1. Diamond 
rings that commemo- 
rate a marriage engage- 
ment often utilize 
colorless to near-color- 
less diamonds and con- 
stitute a major sector of 
the gem and jewelry 
world. Photo courtesy 
of Neil Lane. 


CAUSES OF COLOR 


Only diamonds deemed to be colorless or possessing 
faint to light yellow or brown color are graded accord- 
ing to the D-to-Z color scale (figure 2). Diamonds 
with faint to light color saturation of other hues are 
considered “fancy color” (King et al., 2008), and 
many of those categories have been described previ- 
ously in this series. The causes of yellow coloration 
for D-to-Z diamonds are similar to those for Fancy 
yellow color (Breeding et al., 2020) and brown col- 
oration (Eaton-Magana et al., 2018b), but these color 
causes will be briefly recounted here. 

Stones with grayish coloration were discussed in 
detail in Eaton-Magajia et al. (2018a). In most natural 
diamonds, the grayish color is produced by clouds of 
dark (often graphitic) inclusions. For grayish diamonds 
with a depth of color equivalent to K or greater, the di- 
amond is given a color description of Faint gray, Very 
Light gray, etc., but without a letter grade (King et al., 
2008). Therefore, only D to J diamonds (that is, color- 
less to near-colorless) with a grayish color contribu- 
tion would be placed on the D-to-Z scale. 


Yellow. The majority (~74%) of Fancy yellow dia- 
monds submitted to GIA are colored by “cape” spec- 
tral features (figure 3), which include a combination 
of absorptions from the N3 defect (three nitrogen 
atoms adjacent to a vacancy and a zero-phonon line 
at 415.2 nm), the associated N2. band at 478 nm, and 
absorptions at 451 and 463 nm (Breeding et al., 
2020). The term cape, originally used for yellow di- 
amonds from Cape Province in South Africa (the 
first prominent source of such diamonds), is now 
used for any yellow diamond colored by N38 and its 
associated defects. 
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Face-up 
(yellow) 


Table-down 
(yellow) 


Face-up 
(brown) 


Table-down 
(brown) 


<r @QOo& 


Figure 2. The color grades of D-to-Z diamonds are generally assessed in the table-down position (King et al., 2008) 
but admired in jewelry in face-up orientation. While most D-to-Z diamonds show a yellow coloration, a small per- 


centage (about 5% overall) show a brown color. 


Similarly, among those D-to-Z diamonds with a 
yellowish tint, that color is predominantly from 
cape-related defects. However, the defects are at such 
a low concentration that the diamond cannot attain 
a Fancy color grade. 


Figure 3. The Vis-NIR absorption spectra for two Y-Z 
diamonds and two D-color diamonds. The type Ia dia- 
monds show cape features that correspond with yellow 
coloration; the D-color type Ia sample also shows the 
contribution of N3 fluorescence, which reduces the ap- 
pearance of the N2 absorption for that sample. The 
spectra of the two type Ila diamonds show the brown 
absorption continuum, a relatively featureless absorp- 
tion that increases toward lower wavelengths and be- 
comes more prominent with stronger brown color. 


VIS-NIR SPECTRA 


N3 — Y-Z; Light yellow; type la 
— Y-Z; Light brown; type lla 
— D; type la 
— D; type lla 


ABSORBANCE — 


400 500 600 700 800 
WAVELENGTH (nm) 
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Brown. Though not as common as yellow in submis- 
sions to the laboratory, brown is more prevalent than 
most other diamond colors. The vast majority of D- 
to-Z diamonds with brownish tints owe their color 
to selective light absorption due to vacancy clusters 
(i.e., clusters of vacant carbon-atom positions; see 
Hounsome et al., 2006; Fisher et al., 2009). These 
clusters, created through natural plastic deformation 
of the diamond lattice, are believed to contain ap- 
proximately 40-60 vacancies that cause a gradually 
increasing absorption across the visible spectrum to- 
ward lower wavelengths (Fisher et al., 2009; Do- 
brinets et al., 2013; figure 3). 


OCCURRENCE AND FORMATION 

Yellow. Most diamonds grow within the earth’s con- 
tinental lithosphere (Shirey and Shigley, 2013). By the 
time they are faceted, there are typically no distin- 
guishing features remaining from the geographic re- 
gion in which they formed or from their transport to 
the earth’s surface. The yellowish coloration in D-to- 
Z diamonds generally arises from cape features such 
as the N3 center, which forms from a high amount of 
nitrogen incorporation (> 500 ppm) combined with the 
dual variables of geologic time and high temperature. 
The presence of nitrogen in the earth’s lithosphere 
where diamonds grow, residence time scales of mil- 
lions to billions of years, and temperatures of about 
1100-1200°C (Shirey and Shigley, 2013) all lead to the 
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transformation of single nitrogen to more aggregated 
nitrogen defects, and the accompanying formation of 
cape spectral features, in the vast majority of natural 
diamonds. Most of these show intermediate concen- 
trations of color-causing nitrogen incorporation such 
as N23 and its related absorptions such as N2—neither 
so small that the diamond is colorless, nor so great 
that it achieves a Fancy yellow color grade. 


Brown. Both brown and pink color in diamonds (due 
to the formation of the brown absorption continuum 
and the 550 nm absorption band) are believed to be 
created by plastic deformation. However, careful 
high-pressure, high-temperature (HPHT) annealing 
of brown-pink diamonds can reduce the brown color 
while preserving the pink color, indicating that the 
corresponding 550 nm absorption band has higher 
thermal stability. Therefore, it appears likely that the 
deformation producing pink color occurs inside the 


earth's mantle (Smit and Shor, 2017; Eaton-Magana 
et al., 2018b), while the more prevalent brown col- 
oration is likely caused by the diamond's rapid ascent 
to the surface in kimberlite or lamproite vulcanism 
(Gaillou et al., 2010). 


Distinction by Diamond Type. Diamond type has 
proven to be an important distinguishing character- 
istic in fancy-color diamonds, and colorless dia- 
monds are no exception (Breeding and Shigley, 2009). 
Box A illustrates the nitrogen configurations that 
lead to the different diamond types, as well as the im- 
portance of this classification for color origin deter- 
mination in colorless to near-colorless diamonds. 
Recent research on the inclusions contained 
within type Ila (Smith et al., 2016), type IIb (Smith et 
al., 2018), and some type IaB diamonds (Kagi et al., 
2.016; Rudloff-Grund et al., 2016; Gu and Wang, 2017) 
has demonstrated that many of these stones have a 


Figure 4. Recent research has shown that some type IaB, many type Ila, and potentially all type IIb diamonds have 
superdeep origins below the continental lithosphere, while the majority of the world’s diamonds (generally type 
Ia/IaAB, but also some type Ia) have a more shallow lithospheric origin (~150-200 km depth; Shirey and Shigley, 
2013). Most kimberlite pipes are found in geologically ancient and stable portions of the crust that geologists call 


cratons. 


Kimberlite eruptions 
containing diamonds 


Oceanic \ithos' 


phere 


Sublithospheric diamonds 

e; CLIPPIR (Smith et al., 2016, 2017) 

© Type lib (Smith et al., 2018) 

ro) Other sublithospheric diamonds 
(those that have been studied 


over the past ~30 years; e.g., 
Shirey and Shigley, 2013) 
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Box A: A BRIEF SUMMARY OF DIAMOND TYPE 


One of the foundations of diamond science is the determi- 
nation of diamond type. The presence/absence of nitrogen 
or boron distinguishes the range of color, defects, and po- 
tential treatment history. Recent research has also shown 
that the various diamond types can have very different ge- 
ological formation methods and depths (Shirey and 
Shigley, 2013, Smith et al., 2016, 2017, 2018; Kagi et al., 
2016; Rudloff-Grund et al., 2016; Gu et and Wang, 2017). 
The B-aggregate has been identified as four nitrogen 
atoms surrounding a vacancy (Boyd et al., 1995), and it 
is generally considered the end product of the nitrogen 
aggregation process. Geologically young diamonds show 
nitrogen as single isolated atoms that coalesce over geo- 
logic time into pairs (A-aggregates; Kiflawi et al., 1994) 
and then ultimately into B-aggregates (figure A-1). This 
pairing of nitrogen atoms (and the subsequent steps of 
aggregation) involves internal diffusion at relatively high 
temperature and/or long geologic residence times during 
which the nitrogen atoms can move through the lattice 
by filling vacancies or changing places with adjacent car- 


bon atoms. During the next stage of aggregation, the A 
centers form B-aggregates, and there is the side reaction 
(Woods, 1986) that produces N3 centers (three nitrogen 
atoms with a vacancy). The A- and B-aggregates are in- 
frared active and produce infrared spectral features but 
no features in the visible spectrum (i.e., they do not pro- 
duce any color). Meanwhile, the N3 defect is the oppo- 
site—it has no infrared features but possesses visible 
spectral features that result in yellow coloration. 

If all A-aggregates have converted to B-aggregates and 
formed a type IaB diamond, then generally the diamond 
is geologically quite old or was subjected either to higher 
temperatures that encouraged aggregation or a combina- 
tion of long residence time and high temperature. How- 
ever, the vast majority of type I diamonds show a 
combination of A- and B-aggregates, so very few D-to-Z 
natural diamonds (0.09%) are shown to reach the type IaB 
endpoint. 

Figure A-1 (bottom) shows another example of the im- 
portance of diamond types. The natural abundance of D- 


Figure A-1. Top: The progression of nitrogen aggregation in natural diamonds. All young diamonds that contain nitrogen 
have it in the isolated form. Over millions to billions of years of residence in the earth, these isolated atoms find each 
other and pair to form A-aggregates. These A-aggregates further coalesce to form B-aggregates resulting in a combination of 
A- and B-aggregates—most natural diamonds are at this point on the AB pathway. Very few progress to complete aggre- 
gation and show only B-aggregates. Bottom: The diamond type distribution for several forms of D-to-Z diamond demon- 
strates the importance of identifying whether a diamond is type II or type IaB, as these could be laboratory-grown or 
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Figure A-2. This flowchart illustrates the identification process for determining diamond type. 


to-Z diamonds is heavily skewed toward type Ia/IaAB 
(99%). Meanwhile, laboratory-grown diamonds in the D- 
to-Z color range are type II, while HPHT-treated D-to-Z di- 
amonds can be either type II or type IaB (see box B for more 
regarding HPHT-treated diamonds). However, some re- 
ports on treated HPHT-grown diamonds indicate this 
could change in the future (Fang et al., 2018). 

One aspect of comparing the infrared spectra of faceted 
stones is that the path length through a rough or polished 
diamond is unknown and rather difficult (or impossible) 
to determine compared to a double-sided parallel-polished 
plate, where the path length is simply the plate thickness. 
Fortunately, we can compare infrared spectra from differ- 
ent diamonds because the absorption coefficient of dia- 
mond is generally considered to be constant in the two- 
and three-phonon regions. For example, at 2000 cm the 
absorption coefficient is 12.3 cm (Tang et al., 2005; 
Breeding and Shigley, 2009). Each diamond IR spectrum, 
regardless of the sample’s thickness or path length, can be 
compared by applying this normalization. As the two- 
phonon region is often saturated in the IR spectra of 
faceted diamonds, we generally compare each IR spec- 
trum using the three-phonon region and apply that nor- 
malization to determine nitrogen/boron concentrations. 

An interesting side note regarding the naming of the 
N32 and H3 centers (among others) is that the “N” in N3 
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and the “H” in H8 do not refer to nitrogen or hydrogen. 
Instead, they refer to “natural” and “heated,” (Zaitsev, 
2003), as these defect centers were observed and named 
decades ago in the Vis-NIR absorption spectra of natural 
and heated diamonds. Researchers at the time designated 
the peaks across the spectrum as 1, 2, 3, etc. In the years 
since, diamond scientists have identified these configura- 
tions. We now understand their formation process and can 
also detect H3 in the Vis-NIR absorption and photolumi- 
nescence spectra of natural, unheated diamonds. Never- 
theless, the defect nomenclature remains. The 
configuration of the N3 defect is N,V—it is pure coinci- 
dence that this defect contains three nitrogen atoms—and 
the H3 defect is NVN. 

Similarly, type I and type II diamonds were distin- 
guished decades ago, mainly on the basis of UV trans- 
parency (Robertson et al., 1933) instead of the detailed 
analysis of IR spectra used today. In the decades since 
that initial identification, scientists have recognized that 
the absence of nitrogen leads to observed UV trans- 
parency in type II diamonds, while the presence of nitro- 
gen creates the UV absorption (type I). IR spectroscopy 
has allowed the distinguishing of the various forms of 
nitrogen and whether boron is present as the major im- 
purity, to further subcategorize the two diamond types 
(figure A-2). 
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“superdeep” origin. These form principally at depths 
of ~300-800 km, largely within the mantle transition 
zone and uppermost lower mantle, while the vast 
majority of diamonds form within the continental 
lithosphere at depths of 150-200 km (figure 4). The 
differences in pressure, temperature, and local chem- 
istry at these very distinct formation depths produce 
many of the differences between these diamond 
types. 

At the greater depths where type II diamonds 
form, nitrogen is presumably not available in the sur- 
rounding geologic environment. Therefore, it cannot 
be incorporated into the growing diamond as with 
type I stones. Superdeep type IaB diamonds are ex- 
posed to much higher temperatures and pressures 
than their lithospheric cousins, and those higher 
temperatures promote complete nitrogen aggregation 
(again, see box A or Breeding and Shigley, 2009, for 
more information). While many, if not most, type Ila 
diamonds may be assumed to have a superdeep ori- 
gin, there are some known type Ila diamonds that 
originate from the lithosphere along with type Ia di- 
amonds (Smith et al., 2017). It is important to note 
that the type classification scheme does not translate 
directly to a geological classification, even though 
some notable and meaningful correlations exist be- 
tween diamond type and the various geological set- 
tings of formation. 


COMPARISON OF SPECTROSCOPY WITH 
LABORATORY GRADING 


Standard testing conditions and instrumentation are 
applied to all diamonds submitted to GIA. Some that 
are potentially treated or laboratory-grown undergo 
additional testing. The instrumentation has been de- 
tailed in other publications (e.g., Smit et al., 2018) 
and is summarized for this series of articles in Breed- 
ing et al. (2018). In this study, diamond type was au- 
tomatically determined from the IR spectra using a 
mathematical algorithm similar to the one used by 
GIA’s DiamondCheck instrument, and the result 
was verified by the technician. Among those deter- 
mined as type Ia, the calculation of the collected 
spectra, particularly the nitrogen concentration (in 
the form of A- and B-centers) and the intensity of the 
N,VH defect (3107 cm™ peak), was performed using 
custom software written by one of the authors (TA). 
The evaluation of these results was verified by man- 
ually calculating the aggregate concentrations on 
several hundred diamonds using a customized algo- 
rithm derived from a spreadsheet provided by Dr. 
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David Fisher (De Beers Group Technology, Maiden- 
head, UK) and comparing those results with the soft- 
ware’s calculations. After the spectral results of all 
type Ia diamonds were calculated, the calculations 
were verified again on several hundred randomly se- 
lected diamonds. For the plots in this article, the 
dataset consisted of D-to-Z diamonds submitted to 
all GIA labs within a significant portion of 2017, as 
described above. A different dataset was used for the 
charts presented in box B, and those specifics are de- 
scribed therein. 


Diamond Type and Grading Quality Factors. As 
noted above, diamond type is an important metric 
for inferring the likely formation depth of a diamond. 
It also creates a number of interesting comparisons 
when evaluating differences in grading quality fac- 
tors. Box A provides a brief summary of diamond 
type; Breeding and Shigley (2009) examines this topic 
in much greater depth. 

Because type II and type IaB diamonds comprise 
such a small percentage of submitted faceted dia- 
monds, the dataset needed to be quite large so that 
these rare diamond types would have adequate repre- 
sentation, and therefore the dataset is composed of a 
majority of GIA’s 2017 D-to-Z intake. Nevertheless, 
many of the following figures compare the distribu- 
tion of grading quality factors for the various diamond 
types, even though the population within these 
groups may differ by several orders of magnitude. We 
show the distribution of the various grading quality 
factors for type Il diamonds (separated into type Ila 
and boron-containing type IIb) and type I diamonds 
(separated as type IaB and type Ia/IaAB). To clarify, we 
use the designation of “type Ia” for all diamonds with 
saturated nitrogen (i.e., spectral absorption is too great 
to be quantified by the spectrometer, where we can- 
not distinguish the nitrogen aggregates more specifi- 
cally) along with those that have unsaturated nitrogen 
and are determined to be either type IaA or type IaAB. 
These are also illustrated in box A. Among the many 
D-to-Z diamonds used for this study, 99.06% were de- 
termined to be type Ia/IaAB, 0.83% type Ila, 0.09% 
type IaB, and 0.02% type IIb. Figure 5 plots the distri- 
bution of various grading quality factors and fluores- 
cence observations for type Ia/IaAB stones, and figure 
6 plots the distribution for the remaining diamond 
types. Type Ib diamonds are not included in these fig- 
ures, as the isolated nitrogen defect (N) associated 
with this diamond type generally introduces suffi- 
cient color to be classified as fancy color. 
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Something About 
Unusual bems 


by 


MARTIN L. EHRMANN 


The history of gems dates as far back as 
the 6th century B.C. The earliest description 
and use of gems came from the Chinese in 
the Chou dynasty, 6th century B.C., when 
jade was the revered gem. It was used not 
only for jewelry but also for sacrificial and 
religious purposes, as the Chinese believed 
that jade was capable of warding off the evil 
spirits. They made many objects of jade and 
so-called jade, which were used in their 
daily ceremonials. This jade cannot be com- 
pated in any way with what we know as the 
gem jade used today. 

The carly appreciation of jade, and slowly 
the appreciation of other gemstones, devel- 
oped through the centuries and has contin- 
ued because of their vivid colors, durability, 
and brilliancy. The first scientific treatise on 
gems was written by Caius Plinius Secundus, 
between 23 A.D. and 79 A.D. He was a 
scientist, student, and collector, and his works 
indicate an early profound knowledge of 
gemstones. It is surprising that without mod- 
ern scientific facts, these predecessors in gem 
collecting were so close in identification de- 
scriptions. A very significant fact is that, in 
those early days, writers divided gemstones 
into two groups. One group was described 
as “the more noble gems’; the other group 
was called ‘gems of inferior quality,” paral- 
leling the later and modern description of 
precious and semiprecious stones. With the 
advent of modern science, mineralogists, 
students and gem collectors availed them- 


selves of the newly-created developments to 
further their studies of minerals and gems, 
making it the exact science it is today. Pecu- 
liarly enough, few jewelers were instru- 
mental in creating this interest among the 
public. It was the mineralogist who did the 
groundwork. Why? Because the jeweler was 
interested only in commercial stones such as 
rubies, aquamarines, 
amethysts, and other less expensive ones, of 
gem variety. 


diamonds, emcralds, 


During the cra of big earnings and few 
taxes, literally millions of dollars were spent 
for Old Masters. Mellon, Kress, Rockefeller 
and other millionaires paid as much as a mil- 
lion dollars for a Rembrandt or Titian just 
because the most fabulous of all art dealers, 
Sir Joseph Duvecn, was able to put it across. 
The same people would have been delighted 
to spend some of their money on fine gems. 
The first American collector of gemstones 
was J. P. Morgan, who became interested 
through George F. Kunz. Other great col- 
lectors were John D. Rockefeller, Jr., Bement, 
and Roebling. Their various collections are 
now in museums in different cities in the 
United States. 

Dr. George F. Kunz, who, as vice-president 
of Tiffany’s, was actually the first to realize 
the possibilities of interesting wealthy people 
in gem collecting. During the International 
Fair in Philadelphia late in the 19th century, 
he exhibited a very fine collection of gem- 
stones, which he had obtained from all over 
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larger than 5 ct. B: Type 
Ia/IaAB diamonds 
show a plurality of F 
and G color grades. The 
remaining histograms 
show clarity (C), grade- 
setting inclusion (D), 
and fluorescence inten- 
sity (E). 
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Weight. Figures 5A and 6A show the distribution of 
D-to-Z diamonds across the carat weights for type I 
and type II. The data are presented in 0.1 ct incre- 
ments, and noticeable spikes in quantity are observed 
(not surprisingly) near important carat-weight thresh- 
olds (e.g., 0.25, 0.5, 1.0, 1.5, and 2..0 ct), particularly for 
type I diamonds. These figures also show that type Ia 
diamonds are more plentiful among the smaller carat 
weights, while type II are more plentiful at higher 
weights—a trend consistent with prior observations 
(Smith et al., 2017). For example, 34% of type Ila dia- 
monds weighed 0.5 ct or less and 60% weighed 1 ct or 
less. Among type Ia/IaAB diamonds, 49% weighed 0.5 
ct or less and 79% weighed 1 ct or less. 


NATURAL-COLOR D-TO-Z DIAMONDS 
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FLUORESCENCE INTENSITY 


Color. Figures 5B and 6B plot the distribution of D-to- 
Z color grades for the various diamond types. For type 
II and type IaB diamonds, the most common color is 
D, and the percentages decrease as the color grade in- 
creases. For type IIb, 72% of those within the D-to-Z 
range are D-color. These stones have a low boron con- 
centration (<100 parts per billion); high boron values 
would generally place a diamond in the gray-to-blue 
fancy color range (King et al., 2008; Eaton-Magajfia et 
al., 2017). Since type Ila diamonds have no detectable 
single nitrogen or nitrogen aggregates in the infrared, 
which can also correlate with nitrogen-related defects 
in the visible region, their major cause of color is plas- 
tic deformation, which gives a brown coloration. 
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Figure 6. The dataset of D- 
to-Z diamonds was sepa- 
rated according to 
diamond type and their 
grading quality factors 
chronicled accordingly. 
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weight histogram is di- 
vided into 0.1 ct incre- 
ments between 0 and 5 ct. 
Also shown are the per- 
centages of the remaining 
graded diamonds larger 
than 5 ct. B: The color dis- 
tribution for type II and 
type IaB diamonds shows 
that the majority are D- 
color. C: For type Ila and 
\ type IIb diamonds, a bi- 
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Among type Ia diamonds, the color grades of F 
and G show the highest population (figure 5B). Since 
type Ia is by far the most abundant diamond type, 
this color distribution represents the vast majority of 
D-to-Z diamonds submitted to GIA for grading. 
Again, for type Ia diamonds, the major causes of color 
are higher concentrations of nitrogen-related defects 
that increase the yellow coloration. 

Figure 7A shows the distribution of G to Z 
grades and the percentages for each color grade for 
brown versus yellow coloration; the brown/yellow 
assessment was made using GIA’s internal color 
grading methodology. For G-color diamonds, only 
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5% had brown coloration. For the combined-grade 
diamonds (O to Z that are presented as O-P, Q-R, S- 
T, etc.), the percentage showing brown coloration 
has increased to 16%. It is interesting to note that 
for diamonds beyond the D-to-Z scale—that is, un- 
modified brown or yellow diamonds on the fancy 
color scale—there is a decidedly reverse trend, as 
there are far fewer Fancy brown than Fancy yellow 
diamonds submitted for grading, most likely due to 
market forces. 

This trend in D-to-Z diamonds toward an increas- 
ing proportion of brown coloration with higher color 
saturation is also seen in figure 7B, which plots the 
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average nitrogen concentration of B-aggregates with 
color grade in type IaB diamonds. From D to G color, 
we see an increase in the concentration of B-aggre- 
gates, reaching a maximum for G color. For the com- 
bined-grade range (O to Z), the average nitrogen 
concentration (across all diamonds in the dataset) de- 
creases as the percentage of diamonds with brown 
coloration becomes more prominent. 

Figure 7C shows the results of the automatic cal- 
culations for nitrogen-aggregate defect concentrations 
from the infrared spectra for type Ia/IaAB diamonds. 


Diamonds on the D-to-Z scale are predominantly type 
Ia with a mixture of A- and B-aggregates; many of them 
have such high nitrogen concentrations that we cannot 
determine the A/B ratio or the exact concentration (be- 
cause the intensity of the infrared peaks exceeds the 
vertical scale of the spectrum plot due to very strong 
absorbance in this region). We generally refer to these 
as saturated type Ia or often as simply “type Ia.” For 
faceted diamonds analyzed with current infrared spec- 
trometers, those with nitrogen concentrations greater 
than 500 parts per million generally have infrared spec- 


Figure 7. A: The yellow or brown coloration is shown for G to Z color. The percentage of diamonds with brown col- 
oration increases from 5% for G color to 16% for the combined grades (O to Z). B: Among the small quantity of 
type I diamonds determined as type IaB, the concentration of B-aggregates can be determined and plotted versus 
color. The quantity increases from D to G color and then decreases as the brown coloration in these type IaB dia- 
monds becomes more pronounced. C: The vast majority of type Ia/IaAB diamonds have IR spectra with a satu- 
rated nitrogen region, making it impossible to calculate their nitrogen concentration or A/B aggregate ratio. D: The 
3107 cm“ peak (N,VH) in the IR spectra can be determined in diamond, even if the nitrogen region is saturated. 
Here, the calculated median value and the values for the upper and lower quartiles illustrate the range of values 


for each color grade. 
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Box B: GRADING QUALITY FACTORS IN HPHT-TREATED DIAMONDS 


We discuss here a dataset that is different from the one 
in the main body of the article. Here, the dataset consists 
of HPHT-treated diamonds in the D-to-Z range that have 
been submitted to all GIA laboratories over the last 
decade; it includes several thousand stones. 

Gemological data have been published on small 
quantities of stones when this treatment was first seen 
in the trade (Chalain et al., 1999; Fisher and Spits, 2000) 
and when notably large diamonds were HPHT treated 
(e.g., Wang, 2010). As mentioned in the Identification 
section, only type II and the rare type IaB diamonds may 
be HPHT treated to remove or reduce brownish or gray- 
ish coloration. Most commercial HPHT treatments are 
conducted in the 1900-2100°C range, as reaching these 
temperatures is considered relatively inexpensive and re- 
liable for the color treatment of light brown diamonds 
(Dobrinets et al., 2013). 

The spectra and images for our dataset of HPHT- 
treated diamonds were collected using similar methods 
to those described above for natural-color D-to-Z dia- 
monds. The same software was used to assist in diamond 
type determination and nitrogen concentrations for type 
IaB diamonds. Among this dataset of HPHT-treated dia- 
monds, 0.5% were type IaB, 1.7% were type IIb, and the 
balance (97.8%) were type Ila. Among the type IaB dia- 
monds chosen for HPHT treatment, the concentration 
of B-aggregates is considerably lower than among natu- 
ral, untreated type IaB. The HPHT-treated, type IaB dia- 
monds had B-aggregates ranging from ~1 ppm to 90 ppm, 
with an average value of <10 ppm. In comparison, the B- 
aggregates in natural, untreated type IaB ranged from ~1 
ppm to 570 ppm, with an average value of ~120 ppm. 

Figure B-1 illustrates the distribution of various grad- 
ing quality factors for these stones. Unlike the data in 


tra with saturated nitrogen. The likelihood that an IR 
spectrum will be saturated is also affected by the size 
of the faceted diamond as the path length approxi- 
mately increases with size for the same shape. A thin 
plate fashioned from a type Ia diamond would have a 
higher threshold for saturation, and these higher nitro- 
gen concentrations could be quantified. 

Figure 7C shows that the vast majority, nearly 
100% for most color grades, have saturated spectra in 
which the A- and B-aggregate concentrations cannot 
be determined. The exceptions are D-color diamonds, 
in which only 65% have saturated nitrogen. There is 
a slight decrease in the percentage of lower color 
grades (moving toward Y-Z color) showing saturated 
spectra; the higher number of diamonds showing 
brown coloration decreases the overall average nitro- 
gen concentration. 
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the main body of this article, these graphs plot the dif- 
ferent diamond types together due to the much smaller 
sample set. A comparatively large percentage of these 
stones (11%) are greater than 5 ct, almost twice the per- 
centage we see among natural type Ila diamonds (6%; 
compare figure B-1A with figure 6A). It is possible that 
the larger-size, off-color diamonds were considered 
worth the risk and expense of the treatment to improve 
their color. 

Figure B-1B shows the post-treatment color distri- 
bution of these HPHT-treated diamonds. The majority 
are heated to high temperatures (1900-2100°C; Do- 
brinets et al., 2013) such that the result is in the color- 
less range (D to F). Figure B-l1C shows the shape 
distribution of HPHT-treated diamonds. Figure B-1D 
shows the clarity distribution of HPHT-treated dia- 
monds, which, as with natural type II diamonds, skews 
toward the higher clarity grades but does not show the 
bimodal distribution seen among the natural type Ia 
diamonds (figure 6C). Despite the high stabilizing pres- 
sures used in HPHT treatment, diamonds with poorer 
clarity grades and a number of internal clarity features 
generally do not benefit from HPHT treatment due to 
discoid fractures that form around crystal inclusions 
and graphitization of preexisting fractures (Fisher and 
Spits, 2000). For a majority of these HPHT-treated dia- 
monds, a feather is the grade-setting feature (figure B- 
1E), which is comparable with the natural distribution 
of type Ila diamonds (figure 6D). Yet the incidence of 
crystal inclusions is far lower in HPHT-treated dia- 
monds (10% compared to 25% for Ila natural dia- 
monds), showing that type Ila diamonds are carefully 
chosen for HPHT processing to minimize the possibil- 
ity of adverse effects from this treatment process. 


Since the vast majority of type Ia/IaAB D-to-Z di- 
amonds have saturated nitrogen in their infrared 
spectra, we are unable to determine their nitrogen 
concentration or their A/B aggregate ratio. Therefore, 
any trends in total nitrogen or A/B ratio can include 
only a small percentage of diamonds where the in- 
frared spectral features fall within the vertical scale 
of the spectrum plot. In order to observe trends in the 
infrared spectra of this massive database without 
being able to look at nitrogen aggregates, we can con- 
sider other features in the infrared—most notably the 
3107 wavenumber (cm') peak. This peak has long 
been correlated with hydrogen impurity in diamond, 
and it has been recently attributed to the N,VH de- 
fect—that is, the N3 center plus a hydrogen atom 
(Goss et al., 2014). N3 is an important color center 
in D-to-Z diamonds. It is one of the major defects 
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Figure B-1. The distribution of grading quality factors in D-to-Z HPHT-treated diamonds are shown for weight (A), color 
(B), shape (C), clarity (D), and grade-setting clarity characteristic (E). 


leading to yellow coloration, and it creates the most 
commonly observed blue fluorescence. The 3107 cm 
peak rarely saturates within the spectrum, so its in- 
tensity can be determined for almost all infrared 
spectra, including those with saturated nitrogen-ag- 
gregate spectral features, although its intensity may 
not always correlate with other nitrogen defects. Fig- 
ure 7D presents the results of these calculations for 
the normalized 3107 cm peak area (which is gener- 
ally proportional to the concentration) plotted versus 
the graded color (see box A for more detail on this 
normalization). The values represent the median 
within each color grade, while the upper and lower 
quartile values indicate the spread of data for these 
diamonds. The graph shows that the median value 
of the 3107 cm intensity increases with color. The 
upper quartile (i.e., those diamonds with values be- 


NATURAL-COLOR D-TO-Z DIAMONDS 


tween the median and the 75th percentile) also 
shows a high value at around G color, possibly due 
to the very high nitrogen seen in those diamonds. 


Clarity. One interesting trend among the various dia- 
mond types (figures 5C and 6C) is that type II dia- 
monds have a bimodal clarity grade distribution—that 
is, they show a maximum in percentage of diamonds 
with IF/VVS, clarity grades and another maximum in 
VS, clarity (indicated by arrows on the graph). This 
pattern is seen independently in both type Ila and type 
IIb. Meanwhile, type I diamonds (both type Ia/IaAB 
and type IaB) show one maximum at VS,/SI, clarity 
grades. While type IaB diamonds share a similar pat- 
tern in color grade distribution with type II diamonds 
(see again figure 6B), they show a similar clarity grade 
distribution with type Ia diamonds in figure 5C. 
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Figures 5D and 6D show the distribution of grade- 
setting clarity characteristics for the different dia- 
mond types. Since many of the type II diamonds 
skew toward the higher clarity grades, the clarity fea- 
tures are likely smaller and less abundant/noticeable 
than in their type Ia/IaB counterparts. Nevertheless, 
the most common clarity characteristic in type II di- 
amonds is feathers, with a much smaller percentage 
of crystal inclusions than in type I. This comparison 
is consistent with the prior observation of Smith et 
al. (2017) regarding superdeep type Ila diamonds, 
which they termed CLIPPIR diamonds—an acronym 
that contains the phrase “inclusion-poor.” Also, the 
twinning wisp clarity feature is much less abundant 
among type II than type I diamonds (10% in type 
Ia/IaAB diamonds versus 0.7% in type Ila and 0% in 
type IIb). Twinning wisps are groups of microscopic 
inclusions formed along an orientation change in the 
crystal structure (a twin plane) during growth. These 
are considered unique to natural diamonds and, as 
seen here, mostly type Ia natural diamonds. 

To study the bimodal distribution of clarity grades 
in type II diamonds in greater detail, we examined 
the grade-setting inclusions. The results show that 
among type IIa and type IIb diamonds with VVS, clar- 
ity, feathers were the most common grade-setting in- 
clusions, while other inclusions such as pinpoints or 
clouds were seldom the grade setters. At lower clar- 
ity grades in type Ila diamonds, feathers or crystals 
were the most common. For a grade-setting feather 
to be considered VVS,, it must be small, located on 
the pavilion, and most importantly have little to no 
depth; often these can be improved to IF by repolish- 
ing. Therefore, type II diamonds appear to have two 
distinct clarity populations—about half (48% of type 
Ila and 53% of type IIb) are FL or IF, or VVS, that are 
potentially improvable to IF. The other half generally 
have more significantly sized feathers, crystal inclu- 
sions, or other features, spanning from VVS, to I, clar- 
ity. Subsequent analysis of the clarity distribution in 
type II diamonds across the years 2010-2019 showed 
that this bimodal distribution was consistent and not 
specific to 2017. 

If we limit our examination to only those stones 
larger than 10 ct, we see other interesting observa- 
tions and distinctions between type I and type II di- 
amonds. For large type II diamonds, the bimodal 
distribution does not remain. Instead, the majority 
of large type II diamonds are FL to VVS,, which is 
consistent with figure 2C in Smith et al. (2017). For 
such large diamonds, cutters are quite diligent in 
planning around inclusions within the rough. For ex- 
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ample, the 603 ct Lesotho Promise rough showed 
several dark and likely metallic eye-visible inclu- 
sions and yet, through careful preparation and skilled 
cutting, yielded 26 D-FL diamonds (0.55-75 ct total- 
ing 224 ct; Krawitz, 2008). Meanwhile, type Ia/IaAB 
diamonds larger than 10 ct show a clarity distribu- 
tion similar to the entire dataset with a maximum 
at VS, clarity grades, consistent with figure 2C in 
Smith et al. (2017). 

While planning and cutting decisions help im- 
prove the clarity grade of faceted diamonds and guide 
the polisher to an IF/VVS, grade, this does not gener- 
ally appear to be possible for type Ia, even among 
higher-weight stones. It appears specific to a signifi- 
cant portion of type II rough. 


Fluorescence. While fluorescence is not a grading 
quality factor, its observation is reported on grading 
reports and included here as well. Figures 5E and 6E 
show the distribution of fluorescence intensities 
among the various diamond types. As expected for 
type II diamonds, which have no detectable nitrogen 
in the infrared spectrum, they have very little inci- 
dence of fluorescence. In nearly 100% of these, fluo- 
rescence is described on the grading report as “None.” 
In contrast, type IaB diamonds have only ~50% 
with “None.” This is not surprising, as the primary 
cause of fluorescence is the N3 defect, which is cre- 
ated as A-ageregates progress to B-aggregates (again, 
see box A). Additionally, type IaB diamonds do not 
contain A-aggregates that could act to quench (sup- 
press) fluorescence, so type IaB diamonds show the 
highest incidence of medium to strong fluorescence. 
In diamonds containing A-aggregates, these interact 
with N3 defects in such a way that fluorescence may 
not be observed. The presence of A-aggregates in- 
hibits fluorescence of the N3 center by creating an al- 
ternate, non-radiative (i.e., non-fluorescing) pathway 
for the electron to return from the excited state to the 
ground state (Collins, 1992; Vasil’ev et al., 2004). 
Figure 8 plots the calculated features from the in- 
frared spectra against the fluorescence intensity ob- 
servations. As mentioned above, the vast majority of 
type Ia diamonds have saturated response in the ni- 
trogen region of their infrared spectra, which makes 
it impossible to determine their concentration of ni- 
trogen aggregates. In a small percentage of type Ia di- 
amonds, we can determine the A- and B-aggregates 
and correlate those with the fluorescence intensity. 
Figure 8 (left) shows the median values for the A- and 
B-aggregates (and the upper and lower quartiles) for 
each fluorescence intensity. As the intensity pro- 
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A- AND B-AGGREGATE CONCENTRATION VS. 
FLUORESCENCE INTENSITY (UNSATURATED IR) 
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Figure 8. Left: For diamonds with unsaturated nitrogen, the A- and B-aggregates were calculated and plotted ac- 
cording to their fluorescence observations. For both A- and B-aggregates, the median value along with the upper and 
lower quartile are plotted. Right: For a far higher number of the IR spectra for diamonds, the 3107 cm normalized 
peak area, the median value, and the upper and lower quartile can be plotted. 


gresses, there is a shift from predominantly A-aggre- 
gates among the “None” category to predominantly 
B-aggregates among the “Very strong.” Figure 8 (right} 
shows the increase in the 3107 cm normalized peak 
area of the infrared spectra (again, the 3107 cm™ peak 
is the N3 fluorescence defect associated with hydro- 
gen; see Goss et al., 2014). The median value for the 
3107 cm" normalized peak area increases from ~1.0 
for those showing “None” to ~2.5 for “Very strong.” 


OTHER FACTORS: SHAPE AND CUT 

Software introduced shortly after 2000 has allowed 
manufacturers to plan the cutting of rough shapes 
with high color and clarity by mapping their inclu- 
sions. Cutters now use sophisticated planning pro- 
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grams that maximize the cut quality (with specific 
parameters for various cut shapes) and clarity grades 
so that the highest-value yield guides the cutting 
choices. The software lists the options available in 
value order, and the cutter can then view instructions 
for where to saw the rough and parameters to cut in 
order to yield the highest value from the entire piece. 
The morphology of the original rough also influ- 
ences the shapes available to cutters. The octahedron, 
generally sourced from the continental lithosphere, is 
the most common shape for diamond rough. Figure 9 
(left) shows that two round brilliants are often the best 
use of the available rough octahedron when planning. 
In contrast, irregular rough can often present a variety 
of shapes (such as rounds and a pear in the example in 
figure 9, right} as the best choices to the cutters. 


Figure 9. Left: The com- 
puter-generated planning 
solution for faceting a 
rough diamond octahe- 
dron into two rounds. This 
shape of rough is only ex- 
pected to occur in dia- 
monds originating from 
the lithosphere. Right: An 
irregular rough crystal 
(generated by Lexus M-Box 
software) can often lend it- 
self to a variety of result- 
ing shapes. 
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GEMOLOGICAL OBSERVATIONS 


Under magnification, the most prominent visible 
features in D-to-Z diamonds are mineral inclusions 
(crystals and clouds), feathers, twinning wisps, and 
graining. Numerous resources detail the various 
crystal inclusions and the microscopic world of nat- 
ural diamonds (e.g., Koivula, 2000; Renfro et al., 
2018]. Among the most common mineral inclusions 
are garnets, olivines, clinopyroxenes, and various sul- 
fide minerals, identified by their appearance and dis- 
tinctive Raman spectra. 

Graining, however, is not as widely understood as 
crystal inclusions. Graining in D-to-Z diamonds— 
particularly whitish, reflective, and transparent 
graining—was discussed by King et al. (2006) and in- 
cludes any planar (or visibly linear and repeating) in- 
ternal features seen under magnification (figure 10A). 
These features are widely considered to be planes of 
misaligned carbon atoms in the crystal structure, 
usually due to plastic deformation. In its more ex- 
treme forms, graining is associated with vacancy 
clusters that absorb light and produce a brown color 
(figure 10B). Brown graining is common in type Ia 
brownish diamonds in the G to Z range, but not as 
prevalent in type Ila diamonds with similar colors. 
When vacancy clusters are not sufficiently concen- 
trated in the grain lines to produce brown color, the 
graining appears transparent or colorless and may be 
whitish or reflective, or even exhibit interference col- 
ors in rare instances due to distortion of the light by 
the planar features (figure 10, C and D). Even HPHT- 
processed diamonds that have been decolorized often 
retain clearly visible transparent graining that was 
once brown before the vacancy clusters were de- 
stroyed by the treatment (figure 10E). 


IDENTIFICATION CONCERNS 


The vast majority of natural D-to-Z diamonds are 
type Ia/IaAB (99%; figure A-1) and cannot be decol- 
orized by HPHT processing. Natural diamonds in the 
D-to-Z range that are type Ila (0.83%), type IIb 
(0.02%), or type IaB (0.09%} can be subjected to 
HPHT processing to reduce a brownish or grayish ap- 
pearance, and the color origin of such diamonds 
should be confirmed by a gemological laboratory 
(Chalain et al., 1999; Fisher and Spits, 2000). More 
information regarding HPHT-treated diamonds is 
discussed in box B. 

For a colorless diamond to be grown by chemical 
vapor deposition (CVD) or HPHT methods, its dia- 
mond type must be type II (e.g., see figure A-1, top). 
An infrared spectrometer can quickly determine di- 
amond type, helping to separate the vast population 
of colorless natural type Ia diamonds from the much 
smaller population of those that might have been 
treated or laboratory grown, but IR analysis cannot 
determine the color origin of a diamond. Many types 
of detection equipment based upon other methods, 
such as Vis-NIR absorption spectroscopy or fluores- 
cence spectroscopy, indirectly ascertain the diamond 
type. The assessment of such detection methods is 
beyond the scope of this article; however, third-party 
testing and evaluation of common laboratory-grown 
diamond detection equipment is available (e.g., 
https://www.naturaldiamonds.com/council/assure- 
testing-program/). More details regarding growth 
methods and identification criteria of CVD- and 
HPHT-grown diamonds with D-to-Z color have been 
previously documented (Wang et al., 2012; D’Hae- 
nens-Johansson et al., 2015; Eaton-Magafia and 
Shigley, 2016; Eaton-Magana et al., 2017). 


Figure 10. Graining in D-to-Z diamond is relatively common and related to displaced planes of carbon atoms in 
the atomic lattice (A). Brown graining indicates vacancy cluster defects along the areas of distortion (B), while re- 
flective or interference (rainbow) graining is a product of light interaction with the grainlines (C and D). Even after 
HPHT treatment has removed the brown color to decolorize a diamond, remnant transparent graining can often 
still be seen (E). Photomicrographs by Kyaw Soe Moe (A), Vincent Cracco (B and C), and John I. Koivula (D and E). 
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CONCLUSIONS 


Previous research has shown that most type I and type 
II diamonds (distinguished by the presence/absence of 
detectable nitrogen in their IR spectra) formed under 
very different conditions (Shirey and Shigley, 2013; 
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Figure 11. Colorless dia- 
monds are a cornerstone 
of the gem trade. Photo 
by Robert Weldon. 


Smith et al., 2016, 2018). These differences extend to 
the faceted diamonds studied here. We examined the 
grading quality factors (among other properties} on all 
diamonds submitted to all GIA laboratories during 
much of 2017, and these showed quite distinct distri- 
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butions. A majority of type II and type IaB diamonds 
show D color. For type II diamonds, the average carat 
weight is greater and the cut grades are higher. Addi- 
tionally, type II diamonds show a bimodal clarity dis- 
tribution, with a significant percentage of both type 
Ila and type IIb showing IF clarity (or VVS, clarity that 
is perhaps improvable to IF), while the remaining type 
II diamonds more closely resemble the clarity distri- 
bution of type I. 

In a separate examination, we looked at the distri- 
bution of grading quality factors for HPHT-treated di- 
amond (box B). The vast majority of these are large 
type Ila diamonds, treated at a sufficiently high tem- 
perature to become colorless. Due to the adverse ef- 
fects of HPHT treatment on lower-clarity diamonds, 
the majority of the stones chosen are in the VVS range. 

Most people are familiar with colorless to near- 
colorless diamonds and GIA’s 4Cs grading system for 
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evaluating them. However, analyzing the distribu- 
tion across the grading range for such a large sample 
set illuminated some heretofore unseen trends. The 
majority of the world’s diamonds that have been 
submitted to GI[A—type Ia/IaAB that likely formed 
in the continental lithosphere—generally show high 
quantities of nitrogen and often have no observable 
fluorescence. Type II diamonds show some dis- 
tinctly different patterns in grading quality factors 
that likely correspond with their unique formation, 
along with cutting decisions stemming from those 
differences. 

Although this article compiles and combines data 
for an enormous dataset of the world’s diamonds (fig- 
ure 11), each stone remains unique. No two natural 
diamonds are alike. Each has its own specific clarity 
plot, IR spectrum, faceting pattern, and formation 


story. 
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the world. J. P. Morgan, the Wall Street 
financier, became intrigued and infected with 
Dr. Kunz's enthusiasm and purchased the 
entire collection for a fabulous amount. That 
purchase constitutes the present Morgan Gem 
Collection in the American Museum of Nat- 
ural History in New York, and it is truly 
the finest gem collection in the world. 

Many of the lesser-known gems are most 
interesting because of their unique optical 
and physical properties. Unfortunately, little 
attention has been paid to them, although 
some would certainly have made the grade in 
the jewelry business if it were not for the 
fact that some physical or optical quality or 
rarity prevented its reaching that goal. Never- 
theless, these stones can still be interesting 
to the jeweler, either as study material or as 
demonstration material for talks before 
groups of people interested in the unusual. 

Within the past 20 years, many wholesale 
gem dealers decided that they were losing a 
good bet by neglecting the lesser-known 
gems. They have succeeded in marketing 
them most successfully. This realization was 
due mainly to the influence of the Gemologi- 
cal Institute of America in imparting the 
knowledge about such gems to the jewelers 
who began to take courses early in the 1930's. 
Many of these jewelers became so fascinated 
with the gems that they started their own 
collections, not necessarily of the large and 
expensive sizes but of very fine examples of 
each species obtainable. 

Today, there are many thoysands of min- 
eral collectors throughout the country. As 
a rule, these ‘‘rock hounds’’ become converted 
to the gem collecting fields and, of course, 
go after the unusual. There are mineral and 
gem societies in every large city in the United 
States. These groups should be cultivated by 
the jeweler, as he is in the best position to 
procure the rare stones for them when the 
occasion arises. 

For this discussion, nine unusual stones 
have been selected and described. 


TITANITE OR SPHENE 
Top on this list is the most interesting of 


the unusual gemstones, the titanite or sphene. 
It is truly a most attractive stone and, in 
brilliancy comes close to the diamond. Un- 
fortunately, nature depleted it of one of the 
major qualities, hardness, to rank as a fine 
gem. It has a hardness of five to five and a 
half, a specific gravity of 3.4 to 3.6, and it 
occurs in various shades of yellow, brown 
and green. Its refractive index is high, 1.900 
to 2.034, and the dispersion is very near that 
of the diamond. Titanites occur in Switzer- 
Jand at St. Gothard, in Zillerthal, Tyrol, in 
Madagascar, Maine, New York, and Bridge- 
water, Bucks County, Pennsylvania. The only 
two localities where titanites have occurred 
in gem material are Pennsylvania and St. 
Gothard. Because of their high admantine 
luster, refractive index and dispersion, they 
were soon in great demand by collectors, mu- 
seums and gemological students. 


From Pennsylvania, the largest stone cut 
is about 12 carats and is now in the Academy 
of Natural Sciences in Philadelphia. There 
is a necklace layout of titanites in the Na- 
tional Museum in Washington, D. C., the 
Jargest stone weighing about 12 carats, grad- 
uating down to one carat. The American 
Museum of Natural History also has a fine 
collection, as has Harvard. In Europe, the 
British Museum of Natural History has some 
of the largest and most varied of cut titanites 
in the world. At the Technical Hochschule in 
Zurich, Switzerland, there is one beautiful 
yellow titanite in the rough that would cut 
several stones of at least 20 carats each. But 
this crystal is perfect in every way and will 
probably never be cut. 


For a stone unsuitable for jewelry pur- 
poses, the titanite is much in demand and 
brings rather high prices. A one carat clean 
stone may bring as much as one hundred 
dollars per carat. A 20 carat stone would run 
up to about five hundred dollars per carat, 
and a buyer would easily be found. In 1946, 
a New York wholesaler had about two dozen 
cut titanites, ranging in sizes from two to 12 
carats. One particular group was of excep- 
tionally fine quality, brown color, brilliant 
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INCLUSION AND TRACE ELEMENT 
CHARACTERISTICS OF EMERALDS FROM 
SWAT VALLEY, PAKISTAN 


Hongshu Guo, Xiaoyan Yu, Yuyu Zheng, Zhulin Sun, and Miro Fei-Yeung Ng 


Swat Valley has become an important source of emeralds, including recently discovered trapiche-type crystals. In 
this study, emerald samples from Swat were examined by standard gemological testing, UV-Vis-NIR, FTIR, Raman 
analysis, EDXRF, and LA-ICP-MS. The study found three-phase hexagonal inclusions consisting of water, gaseous 
carbon dioxide and nitrogen, and a magnesite crystal. The gaseous mixture in two-phase inclusions is characteristic 
in both trapiche-type (CO, + N,) and non-trapiche samples (CO, + N, + CH,). Mineral inclusions of hematite, mag- 
netite, rutile, graphite, and siderite are reported for the first time. Regular non-trapiche-type Swat emeralds contain 
high chromium (avg. 7471 ppmw), alkali metal (avg. 21040 ppmw), magnesium (avg. 34263 ppmw), and iron 
(avg. 9265 ppmw), as well as scandium (avg. 633 ppmw). Infrared spectra show that the absorption of type II H,O 
is stronger than that of type | H,O. Logarithm plots of trace elements appear to be diagnostic. Based on Raman 
spectroscopy, the trapiche-type emeralds’ colorless core, light green hexagonal growth zone area, and green rim 
are emerald, while the six black arms are a mixture of hematite and graphite. 


the emeralds from Swat Valley. Our findings provide 
creasing in recent years, and reserves are esti- insights that can be used for understanding the gen- 

mated at almost 70 million carats 
(Jamal-ud-Din, 2014; Makki and Ali, 2019). Swat 
Valley is known for small stones with saturated 
color (figure 1). Mineralogical curiosities include 


three-phase fluid inclusions (Giibelin, 1982) and 


Press production of emeralds has been in- 


In Brief 


¢ Emerald rough from Swat Valley in Pakistan shows a 


newly discovered trapiche-type emeralds (Khan, 
2018). Photomicrographs of three-phase inclusions 
in Swat emeralds are provided for the first time in 
this study. 

The history and geology of the Swat deposit were 
comprehensively reported by Arif et al. (2011) and 
Giuliani et al. (2019) and are summarized here. How- 
ever, a detailed study of the inclusions and trace ele- 
ments of Swat emeralds has not been published 
despite analytical and geological advances (Bowersox 
and Anwar, 1989; Gao et al., 2019). 

Therefore, we present results from a detailed 
study of gemological properties, inclusions, spec- 
troscopy, and chemical composition to characterize 
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rather bright green color for melee. The rough is typi- 
cally small and contains high Cr and Fe and low V con- 
tents. Relatively high-alkali metal (especially Li), Mg, 
Fe, and Sc contents separate them from other sources. 


Colorless solid minerals such as magnesite, quartz, 
talc, and dolomite, as well as black graphite, are com- 
mon in regular non-trapiche-type Swat emeralds and 
surrounding rocks. 
¢ Three-phase inclusions are rare and hexagonal. Trapiche- 
type emeralds from Swat Valley contain water, gaseous 
carbon dioxide and nitrogen, and a magnesite crystal. 
¢ Trapiche-type emeralds from Swat Valley generally have 
four parts: one or two colorless cores, six arms or two 
sets of six arms (hematite + graphite), a light green area, 
and a green rim; these show a low-to-high content 
trend of Fe, Cr, Sc, and V. 


esis of the emeralds in this deposit while shedding 
light on the geographic origin determination of 
emerald. 
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Figure 1. Swat emeralds are internationally renowned for their bright colors, even in small stones such as these, 


ranging from 0.3 to 0.8 ct. Photo by Hongshu Guo. 


HISTORY AND GEOLOGY 


Pakistan’s emeralds have been found in four de- 
posits, including Swat Valley in Swat District, Gan- 
dao in Mohmand Agency, Barang in Bajaur Agency, 
and Khaltaro in Gilgit-Baltistan (Khan, 2018). The 
Swat deposit is the largest of the four. The emerald 
mining area of Swat Valley is in northern Khyber 
Pakhtunkhwa and enclosed by the northwestern 
end of the Himalayan mountain range. To date, 
there are five mines in Swat Valley: Shamozai, Min- 
gora, Gujar Killi, Charbagh, and Makhad (figure 2). 


Charbagh 


Mingora 


Makhad 


cs ta eh i ee 


EMERALDS FROM SWAT VALLEY, PAKISTAN 


Gems & GEMOLOGY 


Mingora, Pakistan’s earliest emerald mine, was 
discovered in 1958 (Khan, 2018). Initially, the Min- 
gora, Gujar Killi, Charbagh, and Makhad mines in 
Swat Valley (figure 3) were explored, mined, and reg- 
ulated by a state-owned company, Gemstone Corpo- 
ration of Pakistan (GEMCP). From the early 1970s 
to the present, these four mines and the Shamozai 
mine have been taken over by different private com- 
panies. In 1981, Swat emeralds made their first ap- 
pearance in the world market at the Tucson Gem 
and Mineral Show (Kazmi et al., 1986). Gttbelin 


Figure 2. The Swat 
emerald deposit has 
five major mines. Gujar 
Killi is the most impor- 
tant source of high- 
quality emeralds, 
followed by Mingora. 
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Figure 3. En route to mining areas along the ridge of Shangla Peaks (top) and the Swat River (bottom) in the Swat 


a8 


cate td te > “ = 


Valley are beautiful villages and terrain. The miners are panning emeralds by the Swat River. Photos courtesy of 


Cloud Walker Jewel, Inc. 


(1982) first described the gemology of the Swat emer- 
alds and their commercial value. At present, the 
Barang deposit and the Gujar Killi and Mingora 
mines in the Swat Valley deposit are the main pro- 
ducers of Pakistani emeralds. 

The Swat Valley deposit occurs in the Indus suture 
zone mélange (Arif et al., 2011; Rehman et al., 2011). 
The Indus suture zone, extending eastward to the 
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Yarlung Zangbo suture zone in Tibet, represents frag- 
ments of the Neo-Tethyan upper mantle and the 
oceanic crust, which were emplaced on the continen- 
tal margin and separate the Kohistan Arc sequence 
and the Eurasian plate to the north from the Indo-Pak- 
istan plate to the south (Xu et al., 2015). In the Kohis- 
tan region, the Indus suture zone comprises Shangla 
blueschist mélange, the Charbagh greenschist 
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Figure 4. An emerald crystal specimen in matrix from the Mingora mine in Swat Valley. The emerald crystal meas- 
ures about 7 x 7 x 8 mm (left). The matrix (right) mainly consists of dolomite (light green), magnesite + talc 
(white), graphite + talc (grayish black), and pyrite (pale brass-yellow), identified by Raman analysis. Photos by 


Hongshu Guo (left) and Xiaoyan Yu (right). 


mélange, and the Mingora ophiolitic mélange (Arif et 
al., 2011). The ophiolitic rocks occur as lens-shaped 
bodies of various sizes distributed along the Main 
Mantle Thrust and are well exposed in the Barkotkai- 
Lilaunai area, the Gujar Killi village, the Spin Obo- 
Kuh area, and the town of Mingora. 

Emerald deposits in Swat Valley are exposed in 
carbonate-magnesite-talc-altered ultramafic rocks, 
which also host high-Cr magnesian tourmaline (Giu- 
liani et al., 2019). These emeralds formed during the 
Cenozoic era (23 Ma) (Dilles et al., 1994) and exist in 
magnesite-rich rocks (magnesite + talc + quartz + 
dolomite), as part of the Indus suture zone mélange, 
distributed mostly along contacts of serpentinized ul- 
tramafic rocks with carbonate + graphite-bearing 
metasedimentary rocks (Arif et al., 2011). Addition- 
ally, Groat et al. (2008) suggested that carbonate-al- 
tered ultramafic rocks hosting high-Cr magnesian 
tourmaline may be indicator minerals for emerald 
exploration. 

Figure 4 shows an emerald crystal (about 7 x 7 x 
8 mm) in matrix from the Mingora mine in the Swat 
deposit. The matrix is composed mainly of light 
green dolomite, white magnesite + talc, grayish black 
graphite + talc, and pale brass-yellow pyrite, suggest- 
ing that this Swat emerald occurs in contact with ser- 
pentinized ultramafic rocks. 

Chromium originates from the dissolution of 
chromite crystals in the serpentinites, and beryllium 
and boron from a leucogranite that may be hidden 
at depth (Lawrence et al., 1989; Arif et al., 1996, 
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2011). However, the source of vanadium remains un- 
certain. 

Trapiche-type emeralds, containing a green rim, 
light green areas, six magnetite arms extending per- 
pendicular to the outer crystal faces, and a colorless 
core (Gao et al., 2019), were found in the Fizzaghat 
mine near Mingora (Khan, 2018). However, the 
chemical composition and spectroscopy were not 
studied further. For more on trapiche-type emeralds 
from Swat Valley, see Schmetzer (2020), p. 438 of this 
issue. 

By interviewing mine owners, we gained mine- 
to-market information on Swat emerald. The emer- 
alds are mined by traditional tunneling techniques. 
There are 30 active tunnels in the Mingora mine at 
about 1400 m elevation. Most have electricity but 
no ventilation. These tunnels were dug in a hori- 
zontal or slightly downward direction and were re- 
ported to be tens of meters to more than one 
kilometer long (figure 5, top and bottom left). The 
miners collect the emeralds using hydraulic jack- 
hammers and handpicks along the white quartz 
vein (figure 5, bottom right). Mild winters, even in 
the snow, allow for continual mining though pro- 
duction may be reduced. 

Emerald trading in Pakistan is traditional, without 
the use of the internet. Most transactions consist of 
local brokers buying rough stones from the mine own- 
ers, but there are also some foreign buyers. Some Swat 
emeralds are sold to the Indian and Bangkok markets, 
while other top-quality emeralds are sold to the Euro- 
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pean and Middle Eastern markets. Swat emerald 
rough can range in price from a few dollars to thou- 
sands of dollars per carat. 
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Figure 5. Top: The Min- 
gora mine now has 30 
active tunnels. Bottom 
left: The tunnels are 
dug in horizontal and 
slightly downward di- 
rections. Bottom right: 
The miners collect 
emeralds with hy- 
draulic jackhammers 
and handpicks. Photos 
courtesy of Cloud 
Walker Jewel, Inc. 


In the international market, Swat emeralds have 
been favored by many jewelry and luxury watch 
brands. However, Swat emeralds have only become 
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Figure 6. Double-sided emerald wafers from Swat Valley (about 5 mm in diameter) show the original hexagonal 
crystal habit and a trapiche-type pattern. Photo by Xiaoyan Yu. 


widely known in the Chinese market in recent years 
and Swat is still considered a niche origin. More and 
more Chinese merchants go to Swat, Peshawar, and 
Islamabad in Pakistan to buy rough stones from local 
brokers for processing in China. 


MATERIALS AND METHODS 


A total of 37 regular emeralds and 16 trapiche-type 
emeralds from Swat Valley, ranging from 0.06 to 2.88 
ct, were analyzed for the study: 26 were double-sided 
wafers or rough crystals with polished windows; 16 
were hexagonal trapiche-type crystals fashioned as 
double-sided wafers (figure 6); and 11 were unfinished 
rough crystals. The “regular’ or “non-trapiche-type” 


samples were selected from more than 700 rough 
emeralds weighing more than 550 ct (figure 7), ob- 
tained from a gem merchant in Swat Valley. The 
trapiche-type samples, ranging from 0.25 to 0.85 ct 
with a size of 4 to 5 mm, were provided by Miro Fei- 
Yeung Ng. The analytical results of regular Swat 
emeralds and trapiche-type emeralds are presented 
separately. 

Standard gemological properties of all the samples 
were determined with a refractometer, a Chelsea fil- 
ter, long-wave (365 nm) and short-wave (254 nm) UV 
lamps, and an apparatus for hydrostatic specific grav- 
ity testing. 

Internal features were observed with a binocular 
gemological microscope and an Olympus polarizing 


Figure 7. The 37 Swat emerald specimens for this study were selected from 700 rough stones that ranged from 3 to 


15 mm and 0.05 to 17.0 ct. Photos by Xiaoyan Yu. 
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TABLE 1. Gemological properties of regular emeralds from Swat Valley, Pakistan.? 


Color 
tone 


Very slightly to heavily included 


= 1.587-1.600; n, = 1.580-1.589 
1.596; n, = 1.591% 
1.599; n, = 1.589° 


0.006-0.011(0.007°, 0.010°) 
2.70-2.82 (2.78, 2.72°) 


Clarity 


Refractive indices 


n 
oO 
n 
oO 
n 
oO 
Birefringence 
Specific gravity 


Pleochroism 


Fluorescence 
green to long-wave UV 


Chelsea filter 


Visible spectrum 
complete absorption <460 nm 


Light to medium-dark slightly bluish green; typically a saturated green with a dark 


Strong to medium yellowish green or green (o-ray) and bluish green (e-ray) 


Typically inert to long- and short-wave UV radiation; sometimes faint yellowish 


Pink to red (stones with saturated colors) or no reaction 


Distinct lines at ~680 nm; partial absorption between 550 and 630 nm; and 


Internal features ® Partially healed fissures with two-phase inclusions—typically elongated, necked- 


down, or irregular 


¢ Three-phase inclusions containing a gas bubble and a colorless crystal, usually 


with a hexagon outline, are uncommon 


¢ Hexagonal color zoning or core partially occurs on planar zones oriented 


perpendicular to the prism faces 


Mineral inclusions: clusters of minute grains of magnesite and hematite; rounded 


crystals of dolomite, quartz, and fluorite; blocks of siderite and talc; platelets of 


muscovite and rutile 


*All data are from the present study unless otherwise noted. 
’Data from Gibelin (1982), given mean from 70 samples. 


“Data from Bowersox and Anwar (1989), obtained from eight faceted samples. 


microscope objective using darkfield, brightfield, and 
fiber-optic illumination. Photomicrographs were cap- 
tured with an Olympus DP2-TWAIN system at 10x 
to 400x magnification. 

UV-Vis-NIR spectra were recorded on a QSPEC 
GEM-3000 spectrophotometer in the range of 200- 
950 nm with a 0.5 nm spectral resolution and 180- 
200 ms integral time. When possible, polarized 
spectra of oriented samples were collected for obtain- 
ing ordinary ray (o-ray) and extraordinary ray (e-ray) 
absorption spectra. 

Infrared spectroscopy was performed by a Bruker 
Tensor 27 Fourier-transform infrared spectrometer 
(FTIR) in transmission mode and resolution set at 4 
cm-!. The scanning ranges were 7200-2000 cm. 

Inclusions were identified using a Horiba LabRAM 
HR-Evolution Raman spectrometer with an Ar-ion 
laser operating at 532 nm excitation, between 4000 
and 100 cm, and accumulating up to two scans. 

The elemental concentrations of trapiche-type 
emeralds were determined by the energy-dispersive X- 
ray fluorescence (EDXRF) technique using a Shimadzu 
EDX-7000 (15-50 kV, 1000 A, 0-40 acquisitions, at- 
mospheric conditions, and 1 mm scanning cores). 
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Trace element chemistry was performed using a 
Thermo X-Series ICP-MS fitted with a 343 nm femto- 
second laser ablation system (Applied Spectra J100), at 
the National Research Center for Geoanalysis, Chi- 
nese Academy of Geological Sciences (CAGS), Beijing. 
We used a laser repetition rate of 8 Hz at 8 J/cm? and 
spot diameters of ~20 um. A baffled smoothing device 
was used in front of the ICP-MS to reduce fluctuation 
effects induced by laser-ablation pulses and improve 
the quality of measurement data (Li et al., 2018). Each 
analysis consisted of ~10 seconds of background ac- 
quisition of gas blank measurement followed by 20 
seconds of data acquisition from the sample. NIST 
SRM 610 and NIST SRM 612 were used as calibration 
reference materials for every 10 analyses to correct the 
time-dependent drift of sensitivity and mass discrim- 
ination. Data reduction was carried out with ICPMS 
Data Cal 10.8 software and specific analytical proce- 
dures and calibration methods (see Liu et al., 2008). 


RESULTS 

Gemological Properties. The gemological properties 
of regular emeralds from Swat Valley are summa- 
rized in table 1 and discussed in detail below. 
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The rough emeralds from Swat Valley were typi- 
cally small (<1.00 ct), but some weighed over 15 ct. 
The rough appeared as prisms, slabs, or fragments. 
Well-formed crystals typically showed short hexago- 
nal prisms or slabs (figure 8). The majority ranged from 
3 to 15 mm, but some were a few centimeters long. 
Larger crystals appeared to be translucent to opaque, 
whereas smaller crystals (< 4 mm) were transparent. 
Polished regular emeralds typically showed a dark 
slightly bluish green color, and others were medium 
to light green. The color was evenly distributed, while 
moderate hexagonal color zones or cores were ob- 
served in the flat terminations. 


Figure 8. Swat emerald 
crystals (ranging from 
0.05 to 7.60 ct in this 
photo) typically consist 
of hexagonal prisms or 
slabs. Photo by Xiaoyan 
Yu. 


Similarly, trapiche-type emeralds ranging from 
0.25 ct to 0.85 ct showed an intense to vivid green 
color in our study. There were four parts from the 
core to rim: a colorless core, six arms, a light green 
hexagonal growth zone area, and a green rim, while 
some had two colorless hexagonal cores (figure 9). In 
one sample, a colorless core was divided into two 
parts, indicating that this trapiche-type emerald went 
through different growth periods (figure 10). The col- 
orless core formed as a completely hexagonal crystal 
before the green rims and black arms formed. 

The regular emeralds from Swat Valley had a re- 
fractive index of 1.580-1.600, with birefringence be- 


Figure 9. The structure of the trapiche-type emeralds was observed in visible light. They displayed black arms 
(left and center, transmitted light) with metallic luster (right, reflected light), and the emerald host showed 
hexagonal symmetrical patterns. The left and right samples have a hexagonal core, a hexagonal growth zone, and 
six arms, respectively. The middle emerald has two cores and two sets of six arms. Photos by Xiaoyan Yu; field of 


view 6.0 mm. 
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Figure 10. Separate parts in a hexagonal colorless core 
show multiple growth periods for a trapiche-type emer- 
ald. Photomicrograph by Hongshu Guo; field of view 
0.6 mm. 


tween 0.006 and 0.011. Meanwhile, the trapiche-type 
emeralds had a refractive index of 1.589-1.601, with 


INTENSITY 


birefringence between 0.009 and 0.011. Specific grav- 
ity varied from 2.70 to 2.82, including the trapiche- 
type emerald values of 2.74—2.77. 

Pleochroism was strong to medium yellowish 
green or green (o-ray) and bluish green (e-ray). The reg- 
ular emeralds were typically inert to long- and short- 
wave UV radiation, but some had faint yellowish 
green fluorescence under long-wave radiation. 
Through the Chelsea filter, the more saturated sam- 
ples appeared pink to red, while the less saturated 
samples showed no response. The visible spectrum of 
most emeralds from the spectroscope had distinct 
lines at ~680 nm, partial absorption between 550 and 
630 nm, and complete absorption in the violet range 
(<460 nm). Small or light green emeralds showed a 
weaker spectrum, with two clear lines at about 650 
and 680 nm, and a weak band below 460 nm. 


Microscopic Characteristics. The most common in- 
clusions in the regular Swat emeralds were partially 


Figure 11. Multi-phase 
inclusions are com- 
monly observed in regu- 
lar Swat emeralds. 

They typically show 
necked-down, irregular, 
and elongated shapes 
(A and B). Two-phase 
inclusions with a nega- 
tive crystal shape are 
rare in the regular emer- 
alds (C). Two-phase pri- 
mary inclusions 
oriented parallel to the 
c-axis and platelets of 
muscovite were com- 
monly seen in thin and 
moderately green emer- 
alds (D). Raman spec- 
troscopy (E) was used to 
identify the host emer- 
ald (green), the aqueous 


Emerald 

Fluid phase fluid phase (orange), 

(H,9) and the CO, + N,+ CH 
— Gas phase 2 2 4 

(CO,4N,+cH, gas bubble (red). Photo- 


micrographs by Hong- 
shu Guo; fields of view 
0.30, 0.40, 0.48, 0.40, 
and 0.12 mm, respec- 
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RAMAN SHIFT (cm) 


344 EmeRALDS FROM SWAT VALLEY, PAKISTAN 


Gems & GEMOLOGY 


a tively. 


FALL 2020 


cut. The play of fire, of red and green, was 
so vivid that they looked like opals of finest 
quality. These gems sold quickly at high 
prices. Unfortunately, they are rare and can- 
not be replaced. 


DEMANTOID 

Another unusual and interesting gemstone 
is the demantoid which is a variety of the 
andradite garnet group and occurs in a pleas- 
ing grass green color. It is unusual for a col- 
ored gemstone to have so high a dispersion. 
Demantoid has a dispersion of 0.057, very 
close to that of the diamond, and a refractive 
index of 1.940, also very high. The deman- 
toid did not come into the jewelry trade be- 
cause it is not up to standard in hardness 
and because it is so rare that insufficient ma- 
terial could be found to supply the demand. 

About a hundred years ago, it was first 
found in the Ural Mountains in Russia, close 
to the emerald locality. At first, the deman- 
toid was thought to be true emerald and was 
called Uralian emerald. Later, jewelers pre- 
ferred to call it erroneously by the name of 
olivine, a name which has clung persis- 
tently despite the fact that true olivine is 
peridot. Demantoids demand a fair price. A 
one carat stone sells from 50 to 75 dollars. 
Three to four carat stones sell from one 
hundred to one hundred and fifty and up to 
two hundred dollars per carat. Large stones 
of over ten carats range in price up to five 
hundred dollars per carat. 

Demantoids were very popular in Russia 
during the end of the last century. Court 
jewelry, set with a variety of gems, always 
included demantoids. A beautiful gold cross, 
containing 24 demantoids, appeared on the 
market in London in 1938 and was sold for 
five thousand dollars. The largest and center 
stone weighed over 12 carats; the others 
ranged downward to three and one half 
carats. Other fine examples are now in the 
hands of discriminating collectors. The Na- 
tional Museum in Washington has several, 
the largest weighing about eight carats. The 
American Museum of Natural History and 
Harvard University Muscum also have fine 


examples, as do the most noted museums 
in Europe. 
BENITOITE 

This gem was first discovered in 1907 in 
San Benito County, California, which ac- 
counts for its name. It is truly the All-Amer- 
ican gem as that is the only locality in the 
world where it occurs. Peculiarly enough, its 
chemical composition resembles that of ti- 
tanite. In appearance, it resembles sapphire 
because of its deep blue color. Its refractive 
index is about the same as sapphire, but it 
can be easily distinguished from it by its 
inferior hardness and optical properties. At 
first, the stones were mistaken for sapphires 
and sold as such. Upon positive identifica- 
tion as benitoites, they suddenly disappeared 
from the market. The earliest large stone cut 
weighed about seven carats and was owned 
by Godfrey EFacret of San Francisco. Other 
fine specimens are owned by collectors and 
museums throughout the world. 

In 1938, the Italian ambassador to the 
United States became very much interested 
in benitoite. Through the American Museum 
of Natural History, he contacted a dealer in 
New York City from whom he purchased 
the largest emerald cut benitoite then avail- 
able, weighing six and one quarter carats, 
for two hundred and fifty dollars per carat. 
He presented the stone to Benito Mussolini. 

The largest collection of cut benitoites is 
owned by Mr. E. R. Swoboda of Los An- 
geles. It consists of approximately one hun- 
dred stones, ranging in sizes from one half 
carat to four and one half carats each. 


HIDDENITE 

This gem variety of spodumene (the lilac 
pink color is kunzite) was found in 1881 in 
Alexander County, N. C. For a long time, it 
was also considered an All-American gem, as 
there were no other known localities. How- 
ever, in the past 15 years, hiddenite has been 
found in Madagascar and Brazil. It was 
named after W. E. Hidden, its discoverer. 
Hiddenite is very close to the emerald in 
color and in all physical and optical prop- 
ertics. Only its extreme rarity prevented its 
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Figure 12. Three-phase inclusions showed a hexagonal outline in the regular Swat emeralds. Photomicrographs by 
Hongshu Guo; field of view 0.4 mm. 


healed fissures with two-phase inclusions. Two- 
phase inclusions were typically elongated, necked- 
down, or of irregular shape (figure 11, A and B) and 
contained a gas bubble (CO, + N, + CH,, identified 
by Raman). At room temperature, the gaseous bub- 
bles in the multi-phase fluid inclusions appeared to 
account for one-third to one-half of the volume of 
the multi-phase inclusion; sometimes they were 
even larger than the present irregular mineral inclu- 
sions. Unlike pseudo-secondary fluid inclusions 
commonly found in healed fissures, two-phase pri- 
mary inclusions were rarely observed. The primary 
two-phase inclusions occurred as isolated negative 
crystals with an approximate hexagonal profile and 
high relief (figure 11C). Two-phase primary inclu- 
sions oriented parallel to the c-axis were commonly 
seen in thin emeralds with medium green color (fig- 
ure 11D). Hexagonal three-phase inclusions were 
rare in the regular emeralds (figure 12). They con- 
tained a gas bubble and a crystal in an aqueous solu- 


tion, but the composition could not be identified by 
Raman analysis. 

Solid inclusions were common in the regular 
Swat emeralds. Clusters of magnesite grains occurred 
in most of the emeralds. Rounded crystals of 
dolomite, quartz, and fluorite (figure 13, left) were 
found in some samples. Crystals of siderite and talc 
were generally found to be slightly rounded. Dark 
minerals included platelets of muscovite (figure 11D) 
and light to deep brown rutile (figure 13, center). 
Black magnetite and carbon inclusions were also vis- 
ible on emerald surfaces and ridgelines (figure 13, 
right). 

Trapiche-type emeralds from Swat Valley con- 
tained abundant two- and three-phase inclusions and 
solid inclusions. Three-phase inclusions were more 
common in the trapiche-type emeralds than in the 
regular Swat emeralds. In one sample, the solid was 
identified by Raman analysis as magnesite, indicat- 
ing that multi-phase inclusions had captured sur- 


Figure 13. Rounded colorless fluorite (left), brown rutile (center), and a mixture of black magnetite + graphite 
(right) were identified by Raman analysis in the regular Swat emeralds. Photomicrographs by Hongshu Guo; field 
of view 0.48, 0.48, and 2 mm, respectively. 
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rounding minerals (figure 14). Gas mixtures of CO, 
+ N, in two- and three-phase inclusions in trapiche- 
type emeralds (identified by Raman analysis) were 
different from those in regular Swat emeralds. 

The structural components and solid inclusions 
of the trapiche-type emeralds were identified by 
Raman analysis. The colorless core, light green area, 
and green rim were emerald. Meanwhile, the six 
black arms were a mixture of hematite and graphite. 
Hematite showed a skeleton-like pattern, with 
metallic luster and was opaque under reflected light 
(figure 15A). Trapiche-type emeralds containing 
only a colorless core and a green rim and no light 
green areas were observed (figure 15B). A series of 
black graphite needles were along the fracture di- 
rection (figure 15C), and colorless needles inter- 
sected vertically with short tubular multi-phase 
fluid inclusions in the colorless core (figure 15D). 
Brown minerals of hexagonal and triangular shape 
were identified as hematite (figure 15E). Irregular or 
triangular plates of brown rutile and colorless crys- 
tal inclusions (figure 15F) were observed in the 
trapiche-type emeralds. 


Spectroscopy. UV-Vis-NIR. A representative UV-Vis- 
NIR e-ray spectrum of the regular Swat emeralds is 


RAMAN SPECTRA 
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Magnesite 
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—— Fluid phase (H,O) 
—— Gas phase (CO,+N,) 


INTENSITY 


shown in figure 16 (blue line). There are four char- 
acteristic absorption bands: wide bands at 425 and 
600-680 nm, a strong band at 850 nm, and a narrow 
band at 370 nm. Compared to Wood and Nassau 
(1968) and Schmetzer et al. (1974), the most promi- 
nent features in this group were the Cr** bands at 
425, 610, 637, 660, and 681 nm. In addition, the nar- 
row band at around 370 nm indicated the presence 
of Fe*+, and a strong Fe** band at 850 nm was 
recorded. But in some samples, a weak Fe** band was 
present at 830 nm. 

As figure 16 (red line) shows, the e-ray spectrum 
of Swat trapiche-type emerald is different from that 
of regular emeralds. A significant Fe** absorption 
band was observed at 370 nm. The difference in Fe 
peaks may be attributed to the Fe-rich metallogenic 
fluid of trapiche-type emeralds. Moreover, significant 
Cr** bands at about 430, 610, 635, and 681 nm and 
the Fe** band at 850 nm were similar to those in reg- 
ular emeralds. 

UV-Vis-NIR spectroscopy shows differences be- 
tween trapiche-type and regular emeralds. The chem- 
istry in figure 18 agrees well with UV-Vis-NIR 
spectra. The concentrations of Fe in trapiche-type 
emeralds (17801 ppmw) are over four times as much 
as those in regular Swat emeralds (3825 ppmw). 


Figure 14. This hexago- 
nal inclusion in Swat 
trapiche-type emerald 
clearly displays a gas 
bubble and a colorless 
crystal. Raman spec- 
troscopy was used to 
identify the host emer- 
ald (green), the CO, + 
N, gas bubble (pink), 
the aqueous fluid phase 
(orange), and the mag- 
nesite crystal (blue). 
Photomicrograph by 
Hongshu Guo; field of 
view 0.08 mm. The 


3594 


spectra are stacked for 
clarity. 
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like hematite arms showed bright metallic luster and were opaque under reflected light (A). A few trapiche- 
type emeralds had no light green area, only colorless and green parts (B). A cluster of black graphite needles 
along the fracture (C). Colorless needle-shaped inclusions and short tubular multi-phase fluid inclusions were 
vertically crossed in the colorless core (D). The two-phase inclusion was composed of a mixture of CO, + N, 
gas and liquid water. The brown hexagonal mineral was identified as hematite (E). A cluster of colorless crys- 
tal inclusions (F). Photomicrographs by Xiaoyan Yu (B, C, and D) and Hongshu Guo (A, E, and F); fields of view 
0.7, 5.0, 0.6, 2.2, 0.7, and 0.08 mm, respectively. 
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Figure 16. These UV- 
Vis-NIR absorption 
spectra are representa- 
tive of regular Swat 
emeralds (blue line) 
and trapiche-type Swat 
emeralds (red line) in 
this study. Note: LA- 
ICP-MS and EDXRF 
analysis gave values 
corresponding to the 
different emeralds. Reg- 
ular: 4618 ppmw Cr, 
764 ppmw V, and 3825 
ppmw Fe. Trapiche- 
type: 4789 ppmw Cr, 
272 ppmw V, and 18045 
ppmw Fe. 
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Infrared. Figure 17 (left) shows typical FTIR spectra (e- 
ray) in the range of 7200-2000 cm~!. There is absorp- 
tion of H,O in the channels of the emerald structure. 
The peaks at 7095 and 5267 cm! of type II H,O are 
sharp and strong, while the peak at 6843 cm! of type 


T T 
800 900 


lis sharp but weak. According to Saeseaw et al. (2014), 
these three characteristic peaks of the Swat emeralds 
correspond to the vibration of type I and type II H,O 
molecules. The significant peak at 2356 cm”! corre- 
sponds to CO,, which was present in all the samples. 


Figure 17. The representative FTIR spectrum (E || c) illustrating type I and type II H,O was observed in Swat emer- 
alds (left). Peaks in the 3200-2500 cnr? range were seen in some of the stones (right), suggesting a mixture of cedar- 


wood oil and Araldite 6010. 
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Figure 18. Trapiche-type 
emeralds from Swat 
Valley showed the low 
to high content of Fe, 
Cr, Sc, and V from the 
core (colorless) to rim 
(green), except samples 
14-16, whose cores 
were too small. 
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The infrared spectroscopy in the 3200-2500 cm"! 
range is helpful to identify possible fillers used for clar- 
ity enhancement. None of the green fillers were seen 
in any samples, but some of the stones containing a 
near-colorless filler showed infrared spectra (figure 17, 
right) typical of cedarwood oil and Araldite 6010, as 
indicated by absorptions at 3047, 3014, 2962, 2924, 
and 2869 cm! (Johnson et al., 1999). 


Main and Trace Element Analysis. Eleven fabricated 
regular emerald samples were analyzed using LA- 
ICP-MS (table 2) and sixteen trapiche-type samples 
were measured by EDXRF (table 3). 

Regular Swat emeralds tended to have high con- 
centrations of Li, Na, Rb, Cs, Mg, and Fe, as well as 
Sc. Total alkali ion concentrations ranged from 16850 
to 24475 ppmw (avg. 21040 ppmw); Mg contents 
ranged from 15149 to 226396 ppmw (avg. 34263 
ppmw}), while Fe ranged from 2533 to 59538 ppmw 
(avg. 9265 ppmw). Sc ranged from 254 to 1408 ppmw 
(avg. 633 ppmw). The concentrations of Cr (459- 
23041 ppmw, avg. 7471 ppmw) were greater than V 
(297-802, ppmw, avg. 565 ppmw), and the Cr/V ratio 
ranged from 0.8 to 42. 

The results of EDXRF from the trapiche-type 
emeralds showed high contents of Fe (avg. 17801 
ppmw}), Cr (avg. 5795 ppmw), and Sc (avg. 2367 
ppmw). Figure 18 indicated the low-to-high content 
trend of Fe (14968-20633 ppmw), Cr (4235-7362 
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ppmw)}, Sc (1767-2966 ppmw}), and V (190-442 
ppmw). From the green rim to colorless core, the 
charts showed a positive correlation between these 
elements and the green color. However, three sam- 
ples (14-16) showed an opposite trend of Fe, Sc, and 
V, because the colorless core was too small. 


DISCUSSION 


Variations in Properties. The RI, SG, pleochroism, 
and fluorescence of the samples were consistent with 
the properties of the Swat emeralds studied by Gi- 
belin (1982) and Bowersox and Anwar (1989). Com- 
pared with Afghan emeralds (n, =1.572-1.580, 
n,=1.580-1.590, and SG=2.68-2.74; Bowersox et al., 
1991; Saeseaw et al., 2014), Swat emeralds have 
higher values of RI and SG, which may be explained 
by the fact that Swat emeralds have higher alkali 
metal content (avg. 21040 ppmw) than Afghan emer- 
alds (avg.10780 ppmw; Saeseaw et al., 2014). Mean- 
while, trapiche-type emeralds from Swat Valley 
showed higher RI than regular Swat emeralds, possi- 
bly because their Fe content was higher (avg. 17801 
ppmw) than that in other Swat emeralds (avg. 9265 
ppmw). 


Microscopic Inclusions. Swat trapiche-type emer- 
alds are different from Colombian trapiche emeralds 
in their structural characteristics and chemical com- 
position. The black arms of Colombian trapiche 
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TABLE 2. Chemical composition of 11 regular Swat emeralds, obtained by LA-ICP-MS.* 


Element 
(ppmw) 


YE-1 YE-2 YE-3 YE-5 YE-8 YE-9 
Range Average Range Average Range Average Range Average Range Average Range 
465-495 480 453-472 462 363-401 382 426-677 559 279-416 319 261-342 
144484-154269 | 149376 | 143110-144562 | 143836 | 143128-153712 | 148420 | 126409-148358 | 136710 | 137721-156481 | 148007 | 134890-140497 
10-16 3 8-10 9 By 6 0-7 4 De 6 8-9 
19924-22394 | 21159 | 19142-19445 | 19294 | 20853-21369 | 21111 | 19752-22291 | 21076 | 19267-20316 | 19909 | 19582-20080 
23784-27404 | 25594 | 22683-23644 | 23164 | 26187-27782 | 26985 | 21022-26056 | 23882 | 21362-25091 | 23486 | 25327-75919 
186416-208015 | 197216] 63644-190831 | 127237 | 196367-221695 | 209031 | 26056-193631 | 112319 | 174942—200915 | 189729 | 183375-184196 
581535588087 | 584811 | 600199-606942 | 603571 | 564235596050 | 580143 | 605682-622151 | 616073 | 580772-607906 | 593350 | 559408-614869 
147-187 167 204-223 214 347-480 414 145-186 173 WAS 204 185-210 
1092-1282 1187 503-508 506 548-639 594 254-377 309 590-1169 851 390-523 
93-106 99 139-141 140 231-300 265 94-116 104 995505 295 203-280 
564-576 570 480-520 500 698-703 700 297-608 448 641-796 716 576-802 
580-8831 4706 3454-6655 5054 12S7EBDB/ DIM 459-23041 8646 3248-20353 10251 2554-2813 
79) 8 1 1 3 3 0-11 5 (l= 2 1-306 
9809-10190 9999 4185-4241 4213 5559-6891 6225 3847-5568 4873 4385-7787 6204 7871-18432 
1 1 1 1 2 1 1 1 1 1 1-10 
359) 4) 4 4 7-8 8 3-6 5 BA 3 2-9 
6 6 34 4 5-6 6 5-6 6 45 5 45 
10-12 11 12 12 11-18 14 9-11 10 913) 11 10-11 
157-161 159 120-131 125 418-793 605 98-138 114 12E2119) 182 110-196 
0-0.01 0.005 nd nd nd nd 0-0.028 0.013 0-0.011 0.006 nd 
nd nd nd nd 0-0.027 0.014 0-0.011 0.003 nd nd 0-0.014 


*Ca, Ni, Cu, Ge, As, Sr, Y, Zr, Nb, Mo, Cd, In, Sn, Sb, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W, Bi, and Pb could not be analyzed 
correctly by this technique. Abbreviations: nd = not detected. 


emeralds are composed mainly of carbonaceous ma- 
terial and albite (Ohnenstetter et al., 1998), while the 
arms of Swat trapiche-type emeralds are a mixture 
of hematite and graphite. Gao et al. (2019) identified 
the black arms as magnetite, while the mixture of 


TABLE 3. Chemical composition (average) of trapiche-type 
emeralds from Swat Valley, analyzed by EDXRF. 


Element 


Fe Cr Sc Vv 
(ppmw) 
Core 8288-21529 2593-5652 691-3501 bdl-591 
(colorless) (14968) (4235) (1767) (190) 
Rim 16556-27691 5939-9729 1923-4212 bdl-782 
(green) (20633) (7362) (2966) (442) 
Average 17801 5795 2367 Bil 
Det. limit 21 4.8 20 2.1 
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hematite and graphite was identified in this study. 
Hematite (Fe,O,) indicates oxidation conditions, 
while the magnetite (Fe,O,) is formed under reduc- 
ing conditions. Thus, there is a transformation be- 
tween magnetite and hematite under different redox 
conditions. 

Swat emeralds appear to have characteristic multi- 
phase inclusions. Descriptions of multi-phase inclu- 
sions in Swat emeralds are available in the gemological 
literature (Gtibelin, 1982; Bowersox and Anwar, 1989), 
but with few details. Three-phase inclusions in Swat 
emeralds were rather rare. Three-phase inclusions 
occur in emeralds from Colombia, Panjshir 
(Afghanistan), Davdar (China), and Kafubu and 
Musakashi (Zambia). But this is the first time that spe- 
cific components of three-phase inclusions have been 
reported in Swat Valley emeralds from Pakistan, which 
are different from the jagged three-phase inclusions in 
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YE-9 YE-11 YE-12 YE-13 YE-14 YE-16 Detection 
Average Range Average Range Average | Value Range Average Range Average mee 
301 309-581 AA5 83-95 89 478 247-614 425 315-343 329) 23, 
137694 | 111068-121629 | 116349 | 126819-134255 | 130537 | 159847 | 155724-165842 | 160826 | 152503-154254 | 153378 9.8 

8 1-6 4 10-14 12 10 8-16 12 10-11 11 29 
19831 16370-21636 | 19003 | 23213-23269 | 23241 | 17695 | 19597-21452 | 20338 | 20041-20461 20251 128 
50623 | 26502-226396 | 126449 | 27908-28974 | 28441 | 15149 | 15786-28550 | 20136 | 26572-35393 | 30982 24 
183786 | 122485-211335 | 166910 | 63644-67908 | 65776 | 160092 | 149723-162515 | 156364 | 192267-193961 | 193114 18 
587139 | 444875594926 | 519901 | 603075-603763 | 603419 | 636495 | 608483-624603 | 616343 | 580977-582667 | 581822 | 1150 

198 307-485 396 196-197 197 143 72-171 145 IDa1es 192 60 
456 556-583 570 1325-1408 1366 340 327-464 381 S256) 564 1.7 
242 123-150 137 107-149 128 oe 86-124 102 148-174 161 24 
689 331-342 337/ 324-378 351 509 549-604 576 649-700 675 0.9 
2683 8667-9029 8848 5029-9212 7121 3415 8329-18982 13243 1862-8633 5247 23 
153 4-1187 595 23-34 29 2 3-10 3 Soy 36 1.8 
13151 7623-59538 33580 | 14491-19188 | 16840 | 2757 2533-5717 3429 7672-10444 9058 230 

5 129 15 1-3 2 1 1-6 2 12 2 1.0 

5 DT, 16 14 14 3 4-10 7 5-14 10 1.9 

4 5-6 5 13 13 3 3-8 5 344 4 0.4 

11 12 12 40-71 55 6 9-12 11 12 12 LA 

153 144-159 151 868-1096 982 94 67-103 85 138-141 13@) 0.5 

nd 0-0.029 0.014 nd nd nd nd nd 0-0.003 0.001 0.01 

0.007 nd nd nd nd nd nd nd nd nd 0.001 


Colombian emeralds. The outlines of the cavities of 
the three-phase inclusions are typically hexagonal and 
regular, suggesting that they were formed at the same 
time as the emerald host. The solid phase is magnesite, 
unlike three-phase inclusions from any other source 
(Saeseaw et al., 2014). Furthermore, the mixed gas of 
three-phase inclusions (CO, + N,) in trapiche-type 
emeralds is different from that in regular Swat emer- 
alds (CO, + N, + CH,), which shows some different 
conditions of formation in trapiche-type emeralds. The 
solid inclusions hematite, magnetite, rutile, graphite, 
and siderite identified in this study are new for emer- 
alds from Swat Valley. 


Trace-Element Variations. Several published studies 
represent an early attempt to use trace elements for 
provenance purposes (Saeseaw et al., 2014, 2019, 
Carlo et al., 2018), but the data for Swat emeralds is 
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scarce. In this study, 27 spots on 11 regular Swat 
emeralds were analyzed via LA-ICP-MS. Logarithm 
plots of trace elements were applied to detect possible 
correlations when distinguishing geographic origin, 
so adding LA-ICP-MS data from other main emerald 
deposits in the world is necessary, such as Colombia, 
Kafubu from Zambia, Brazil (Zwaan et al., 2012), Pan- 
jshir from Afghanistan, Swat from Pakistan (Carlo et 
al., 2018), Khaltaro from Pakistan (Laurs et al., 1996), 
Russia (Saeseaw et al., 2019; Carlo et al., 2018; 
Karampelas et al., 2019; all averages), Ethiopia (Sae- 
seaw et al., 2019; Carlo et al., 2018; Karampelas et al., 
2019; all averages), Egypt (Carlo et al., 2018), India 
(Carlo et al., 2018), and Malipo from China (Zheng et 
al., 2019). The inclusions of Ethiopian and Russian 
emeralds (Saeseaw et al., 2019) are very similar to 
those in Swat emeralds. But the high Cr (avg. 7471 
ppmw)], high V (avg. 565 ppmw), and high Fe (avg. 
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Cs vs. Rb TRACE ELEMENTS 
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92.65 ppmw) content can clearly separate the Swat 
emeralds from Ethiopian (avg. 3655 ppmw Cr; avg. 
112.70 ppmw V; avg. 4867 ppmw Fe) and Russian 
(avg. 905.27 ppmw Cr; avg. 80.64 ppmw V,;, avg. 
1600.67 ppmw Fe} emeralds (Karampelas et al., 2019). 


Li vs. Cs TRACE ELEMENTS 


The plots of Cs versus Rb and Li versus Cs showed a 
positive correlation (figure 19 and 20), but there is 
some overlap for emeralds from Swat Valley, Russia, 
Ethiopia, India, Egypt, and Zambia. The plot of Li ver- 
sus Sc proved useful in separating Swat Valley from 
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most occurrences (figure 2.1), but there is a small over- 
lap for emeralds from Pakistan, Egypt, and 
Afghanistan. It also showed Swat emeralds contained 
high Cs and Li, which can be used to distinguish 
among Swat, Egyptian, and Afghani emeralds. Partic- 
ularly, the average of Mg concentrations (34263 
ppmw) in Swat emeralds is the highest among world- 
wide sources. 


CONCLUSIONS 


Overall, the gemological properties of Swat samples 
are distinct and can be used in origin determination. 
Relatively higher values of RI and SG are related to 
rich alkali metal contents in Swat emeralds. The 
main chromophores in Swat emeralds are Cr**, V**, 
Fe**, and Fe?*, of which Cr** is the most important 
cause for green color (figure 22). But the spectrum of 
the trapiche-type emerald illustrates the strong Fe** 
band at 370 nm, different from regular Swat emeralds. 

This is the first time that the gemological and geo- 
chemical details of trapiche-type emeralds from Swat 
Valley have been published. Compared with regular 
Swat emeralds, trapiche-type emeralds show higher 
RI because of higher Fe content. There are four parts: 
one or two colorless beryl cores, a light green hexag- 
onal growth zone area, a green rim, and six (or two 
sets of six) black hematite and graphite arms. The 
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Figure 22. Emerald crystals from the Mingora mine in 
Swat Valley typically show good color saturation. 
Photo by Andrew Lucas/GIA. 


chemical contents of Fe, Cr, Sc, and V in trapiche-type 
emeralds have a trend from low to high going from 
the colorless core to the green rim. 

Some typical inclusions are present in Swat emer- 
alds. First, one solid magnesite, one CO, + N, bubble 
and liquid phase were identified in three-phase inclu- 
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sions. Second, the gaseous mixture (CO, + N,+ CH, 
or CO, + N,) in necked-down, elongated, or irregular 
two-phase inclusions is not identical to other origins. 
Third, the solid mineral inclusions in regular Swat 
emeralds typically included magnesite, dolomite, 
quartz, fluorite, siderite, talc, muscovite, rutile, 
hematite, magnetite, and graphite. In the trapiche- 
type emeralds, hematite, graphite, and two-phase in- 
clusions were commonly observed. 

The infrared spectrum illustrates the typical fea- 
tures that the absorption of the type II H,O (7095 
and 5267 cm~') is stronger than that of the peak of 
type 1H,O (6843 cm-'). The significant peak at 2356 
cm=! corresponds to CO,. Some of the samples are 
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filled with mixtures of cedarwood oil and Araldite 
6010. 

Trace-element chemistry can provide additional 
valuable tools for origin determination. The logarith- 
mic plots of trace element data from LA-ICP-MS 
analyses such as Li versus Sc, Cs versus Rb, and Li 
versus Cs are distinct for this locality. These emer- 
alds contain relatively high chromium (avg. 7471 
ppmw}), alkali metal (avg. 21040 ppmw}), magnesium 
(avg. 34263 ppmw) and iron (avg. 9265 ppmw}, as 
well as scandium (avg. 633 ppmw). Based on the iden- 
tification criteria discussed above, especially micro- 
scopic and chemical analysis, separating Swat 
emeralds from other sources is possible. 
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becoming a most popular and sought-after 
gem. Many specimens, especially in the 
rough state, are well represented in large 
museums throughout this country and 
Europe. 
SCAPOLITE 

Gem variety of scapolite was discovered 
about 1900 in the ruby mines in Mogok, 
upper Burma. These specimens had a milky 
sheen and a pinkish color and were first 
called pink moonstones. Later, several stones 
were cut and exhibited a fine chatoyancy, 
making very attractive cat’s-eyes. Subse- 
quently, scapolite was also found in clear 
yellow pieces, resembling golden beryl, in 
Madagascar and Brazil. Although strictly a 
collector’s item, scapolite would be an inter- 
esting stone for the jeweler to study. 


RUTILE AND ANATASE 

These two stones are rarely used in gems 
because very little of the rough occurs clear 
enough to be of cutting quality. Rutile, when 
clear, is a vivid red and could easily be mis- 
taken for a diamond, as its refractive index 
is much higher, 2.616 to 2.903. It is a fine 
example of Nature’s work. If it were a little 
harder than its six to six and one half, and 
if it were found in large quantities, rutile 
could easily become the king of all gems. 
Small sizes of these stones can be found in 
private collections and in several museums. 
Because of its high index, rutile was recently 
synthetized and is being marketed as Ti- 
tania. 

SPHALERITE 

Last, but not Jeast, is sphalerite, a com- 
mon mineral, commercially mined for zinc. 
It is mentioned here only because it has a 
refractive index very close to that of the 
diamond, and its dispersion is more than 
three times that of the diamond. It occurs in 
abundance in many parts of the world in 
white, red, brown and yellow, and it has a 
hardness of only three and one half to four 
on the Mohs scale, which makes it useless as 
a gem. 

There is no doubt that gems are a fasci- 
nating subject. The jeweler, willing to spend 


a little time in their study, can derive a great 
amount of pleasure for himself and also add 
to the profits of his business. 
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FEAT 


Ia ARTICLES 


A HISTORY OF EUROPEAN ROYAL JEWEL 
SALES, INCLUDING SOTHEBY’S 2018 
AUCTION OF MARIE ANTOINETTE’S JEWELS 


Russell Shor 


On November 14, 2018, Sotheby’s Geneva sold 100 lots from the House of Bourbon-Parma, including 10 items 
from Queen Marie Antoinette. The venerable auction house claimed it was one of the largest sales of jewels with 
royal provenance in modern history. The key word from Sotheby’s statement is “modern,” because there have been 
other major sales of jewels from both crown jewels (owned by the state) and the personal property of royalty since 
1795. The first section of this article describes how the most prominent European royal houses—particularly the 
Habsburgs, the Bourbons, and their predecessors—acquired their jewels and then details the most significant auc- 
tions of these items, starting with the collection of Madame du Barry in 1795 and the French crown jewels in 1887. 
The second part chronicles the historic Bourbon-Parma auction in 2018. The Sotheby's sale was extraordinary in its 
scope because a vast majority of the jewels collected by European royals, mainly in the eighteenth and nineteenth 
centuries, had been widely scattered over the past two centuries by sale, confiscation, theft, residence in museums, 
and reworking. With 10 of the lots traced back to France’s most famous royal, Marie Antoinette, the auction attracted 
worldwide attention and exceptional prices—her signature drop-shaped natural pearl pendant alone sold for US$36 
million. The 100 lots sold for a total of US$53 million. In recent years, jewels with royal provenance have fetched 
high premiums at auction, and this was no exception. However, early sales of royal jewels—when monarchies were 
losing favor throughout Europe—often carried little or no premium for this pedigree. Indeed, contemporaneous ac- 
counts of these sales often complained that prices were disappointing. 


ilies accumulated jewels and gemstones for 

their kingdom’s treasuries and for their own 
adornment. By the end of the eighteenth century, 
they had amassed vast fortunes but the monarchies 
themselves were weakening. The first documented 
major sale of jewels of royal provenance—belonging 
to Madame du Barry, consort of French King Louis 
XV—was conducted by James Christie in London in 
1795, during the French Revolution. This article will 
chronicle the major sales from European royal houses 
and detail how Sotheby’s experts researched, assem- 
bled, and sold the Bourbon-Parma collection in 2018. 


| a more than a millennium, Europe’s royal fam- 


See end of article for About the Author and Acknowledgments. 
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BACKGROUND 


Gemstones and jewels have long symbolized power 
and wealth among royal houses worldwide. The ear- 
liest known European crown, the Iron Crown of 
Lombardy, was fashioned in the sixth century (with 
additions made in the ninth century). It contained 
seven blue sapphires, seven reddish brown garnets, 
four amethysts (described as rock crystals), and four 
pieces made of green glass set in gold (Twining, 1960; 
Brus, 2011). The second oldest known jeweled crown 
is the Imperial Crown of the Holy Roman Empire, or 
Crown of Charlemagne, named for the first Holy 
Roman Emperor (r. 800-814 CE). The empire was a 
medieval consolidation of dozens of principalities 
centered in what are now modern-day Germany and 
large parts of Austria, Hungary, Poland, Italy, and 
France. The crown, made for Emperor Otto the Great 
(r. 962-973 CE), was ornamented with 144 gem- 
stones, including sapphire, amethyst, emerald, and 
pearls. The 12 largest gems represented the 12 apos- 


Gems & GEMOLOGY FALL 2020 


tles of Christ. The sapphires symbolized strength and 
protection against disease, while a large center opal 
(since lost) represented honor. Other surviving regalia 
from the medieval period, including scepters, swords, 
crosses, orbs, and of course crowns, were also stud- 
ded or topped with various types of gemstones to 
symbolize the royal office (Prince Michael of Greece, 
1983). 

Until the late Middle Ages, gemstones were quite 
rare in Europe, hard won across the arduous, predom- 
inantly overland trade routes of the Silk Road. These 
trade routes, established about 100 BCE, invariably 
began in India, though stones such as sapphires and 
rubies originally came from Ceylon and Burma (mod- 
ern-day Sri Lanka and Myanmar, respectively). The 
gems passed through China, overland from trader to 
trader through the Himalayas and Persia, and then to 
the Syrian port of Aleppo near the Mediterranean. 
From there, they traveled to Venice and the trading 
center of Pavia, where Emperor Charlemagne had 
stationed buying agents (Sevillano-Lopez and Gonza- 
lez, 2011; Bycroft and Dupré, 2019). Gemstones of 
any type were very costly by the time they reached 
Europe, with traders at every stop along the Silk Road 
adding in their profit. 

As Europe’s principalities began consolidating 
into nascent nation-states, seafaring explorers helped 
open trade routes between Asia, Europe, and the 
Western Hemisphere. Vasco da Gama, who discov- 
ered the sea route from Europe to India in 1498, 
brought quantities of gems back to his home port in 
Portugal. Diamonds from India and emeralds from 
South America were an important part of this trade 
(Shor, 2004; Bycroft and Dupré, 2019). Within a 
decade of da Gama’s voyage to India, Portuguese 
traders had established a trading port in Goa and reg- 
ular trade routes that imported diamonds through 
Lisbon and then to the trading centers of Bruges, 
Antwerp, and Amsterdam. Toward the end of the six- 
teenth century, a number of Europe’s rulers at- 
tempted to monopolize trade with India through 
state trading companies. The British East India Com- 
pany, the Dutch Vereenigde Oostindische Compag- 
nie, the Portuguese Estado da India, and the French 
Compagnie Francaise des Indes Orientales estab- 
lished trading bases along western India in Goa, 
Bombay, and Surat. Gemstones were an important 
part of these companies’ trade, and for the next sev- 
eral centuries monarchs continued to acquire them 
to fill their treasuries and adorn their families 
(“Dutch East India Company...,” 2017; Ogden, 
2018b). 


A History OF EUROPEAN ROYAL JEWEL SALES 


By the mid-sixteenth century, gemstones had be- 
come a significant part of Europe’s royal treasuries. 
Rulers often pledged their crown jewels to wealthy 
merchants or lenders to raise money to pay their 
armies to fight near-constant wars on the continent. 
Henry IV of France famously pledged a number of 
large diamonds to pay 12,000 Swiss mercenaries to 
protect him after his father was assassinated in 1595. 
In addition, royal families began amassing collec- 
tions of diamonds and gemstones for themselves. In 
1530, Francis I saw the need to distinguish those 
owned by the treasury by formalizing the state title 
over the French crown jewels. He ordered detailed in- 
ventories, including records of value, weight, and 
each alteration, to ensure the jewels’ succession to 
subsequent kings by declaring them property of the 
state (Twining, 1960). 

The best-known gemstone trader of the period, 
Jean-Baptiste Tavernier, was well connected to roy- 


In Brief 


e European royal families amassed large collections of 
jewels and gemstones, symbols of wealth and power, 
for personal adornment and for their state treasuries. 


Since 1795, there have been a number of significant 
auction sales from crown jewels and royal collections, 
including the sale of Madame du Barry, the French 
crown jewels in 1887, and a portion of the Russian 
crown jewels in 1926. 


The most recent occurred in 2018 with a sale of 100 
items from the Bourbon-Parma royal family, including 
10 jewels that once belonged to Marie Antoinette. 


The prices realized from these jewels reflected their 
extraordinary provenance and history. 


alty and also to Cardinal Richelieu, the French re- 
gent when Louis XIV was still a child. He was also 
related by marriage to two prominent Parisian jew- 
elers, Jean Pitau and later Jean Goisse, whose daugh- 
ter he married in 1662. Tavernier received a 
commission in 1631 to travel to Constantinople and 
Persia. This was the first of six voyages he made to 
acquire gemstones and other rare treasures from the 
East. On his five subsequent voyages, he made trad- 
ing visits to India, the source of most of the world’s 
diamonds at the time and a repository of treasures 
held by the Mughal rulers. Tavernier sketched 
meticulous drawings of large diamonds he pur- 
chased and detailed his dealings with India’s rulers 
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Figure 1. A drawing of in glass model of the 67.12 ct French Blue diamond made for the Great Exhibition of 1851 
in London. However, the shape depicted is that of the smaller recut Hope diamond. Courtesy of Jack Ogden. 


and gem merchants. On his sixth voyage (1664— 
1668), he made his most noteworthy purchase, 
spending 70,000 livres! (approximately US$1 million 
today) for a “roughly cut” blue diamond of 112 3/16 
ct? (115.28 metric carats), which he subsequently 
sold to Louis XIV for 220,000 livres (nearly US$3.3 
million). 

The king entrusted the blue diamond to Pitau, 
who recut it to 67.12 ct (figure 1). The diamond re- 
mained in the royal family until 1792, when it was 
stolen during a burglary of the French treasury. It 
reappeared in London 20 years later, this time recut 
to 45.52 ct as the Hope diamond. 

All told, the king paid Tavernier 879,731 livres 
(US$13.2 million) for the 67.12 ct blue diamond plus 
1,134 diamonds of various weights (Ogden, 2017, 
2018b). 


'The livre preceded the franc as the French unit of currency. In the 
seventeenth century, a livre was worth approximately $15 in today’s 
U.S. dollars. By the late eighteenth century, one livre was valued at 
slightly more than $4 in today’s U.S. dollars. 

*While the term “carat” was used to describe gemstone weight from 
the fourteenth century onward, its weight was not standardized at 0.2 
grams until the early twentieth century, so there are discrepancies in 
published sources. 
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European royal jewel collections reached their 
peak in the mid-eighteenth century as an abundance 
of diamonds emerged from a new source, Brazil, 
while emeralds continued to flow from Colombia. In 
addition, British traders grew more active in Asia, 
bringing back sapphires, rubies, and pearls. These 
were sold to rulers of Britain; the dukes within the 
Habsburg realm of the Holy Roman Empire; and roy- 
alty of Russia, Italy, Spain, Scandinavia, and France. 
The Habsburg dynasty accumulated immense 
wealth and extended its European domain through 
intermarriage (Ogden, 201 8a). 

By the late eighteenth century, royal extrava- 
gances were taking their toll on the reputations of 
the monarchs, especially in France, where intrigue 
over a costly necklace proved to be one of the cata- 
lysts for the French Revolution. In 1782, the jewelers 
to the French crown, Boehmer et Bassenge, created a 
necklace featuring 650 diamonds weighing a total of 
2,500 carats. They presented it to Louis XVI and his 
wife, Marie Antoinette, who turned it down, citing 
the high price of 2 million livres (US$8 million). The 
jewelers then offered the necklace to Madame du 
Barry, consort to Louis XV, but she also declined. 
Two years later, the disgraced courtier Cardinal de 
Rohan was approached by Countess de La Motte, 
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who posed as a friend of the queen. La Motte offered 
to serve as an intermediary to buy the necklace and 
thus restore Rohan to the queen’s good graces. The 
cardinal eventually arranged a sale price of 1.6 mil- 
lion livres (US$6.5 million). Upon receipt of the 
necklace, Countess de La Motte promptly disap- 
peared (“The affair of the diamond necklace, 1784- 
1785,” 2017). Cardinal de Rohan and Countess de La 
Motte were eventually arrested. The cardinal was ac- 
quitted in a sensational trial during which allegations 
of Marie Antoinette’s extravagance were constantly 
brought before the public. The countess was con- 
victed but escaped from prison and made her way to 
London, where she wrote scathing (and probably un- 
true) accounts of the queen’s sexual liaisons, which 
became popular reading in France. Europe’s leading 
power had fallen on hard times: The government was 
nearly bankrupt, and there was widespread poverty. 
The publicity from the case brought an unprece- 
dented contempt for the royal family and helped 
bring about the revolution four years later (“The di- 
amond necklace affair,” 2009). 


NOTABLE SALES OF ROYAL JEWELS 


The du Barry Auction of 1795. Christie’s 1795 auc- 
tion of the jewels of Madame du Barry occurred dur- 
ing the height of European royalty’s quest for wealth. 
The title page of the catalog listed her as “deceased,” 
but the auction house’s euphemistic description of 
her fate (a tradition continuing to this day) men- 
tioned little about what actually happened to her 
(Meylan, 2016). 

Born Jeanne Bécu to commoner parents, she gained 
access to the French court through Jean-Baptiste du 
Barry, whose brother, Guillaume du Barry, she even- 
tually married. The du Barrys were well connected 
and introduced her to Louis XV, who took her as his 
mistress. For five years, the king showered her with 
jewels. He gave her an estimated 100,000 livres (ap- 
proximately US$400,000) worth of diamonds to wear 
upon her presentation to court in 1769 (Meylan, 2016). 
Louis XV reportedly sent her jewels nearly every 
week, in addition to furniture and porcelains. By 1774, 
she had amassed nearly 3 million livres’ (nearly US$12 
million today) worth in her safe boxes (Meylan, 2016). 

Louis XV died on May 10, 1774. His son, Louis 
XVI, whose bride was Marie Antoinette, ordered du 


*The value of the livre had deteriorated by a factor of four in the ensu- 
ing 110 years since Tavernier’s purchases. 
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Barry exiled. She led a quiet life until January 10, 
1791, when thieves stole an estimated 1.5 million 
livres (US$6.5 million) worth of diamonds from her 
chateau (Meylan, 2016). The thieves were caught in 
London several months later. Du Barry traveled to 
London several times over the next two years to re- 
cover the diamonds—to no avail. In the meantime, 
with anti-royalist sentiment building in France, she 
hid her remaining jewels and precious possessions in 
various places on the grounds of her estate. 

As her native land entered the bloody aftermath 
of the French Revolution (known today as the Reign 
of Terror), Jeanne du Barry was arrested on November 
19, 1793. She was eventually placed in the same cell 
in La Conciergerie prison as her court rival Marie An- 
toinette, who had been executed seven weeks earlier. 
On the day of her own execution, December 8, 1793, 
Madame du Barry managed to delay the inevitable 
more than four hours by slowly revealing the hiding 
places of her treasures. Upon revealing the last of the 
hiding places, as the guards closed in to take her to 
the guillotine, she pleaded in vain for yet more time 
to return to London to retrieve her stolen diamonds 
(Meylan, 2016). 

The audit and appraisal of her jewels, both the 
stolen pieces and those she had hidden, took some 
two years amid the chaos of post-revolutionary 
France. By 1795, the inventory was complete. Her 
jewels totaled 400,000 livres (US$1.2 million), and 
the rest of her possessions—paintings, gold objets 
d’art, sculptures, and furniture—were valued at 1.4 
million livres (US$5.6 million). British authorities 
kept some of her jewels to satisfy creditors’ claims 
and assigned the remainder to James Christie, 
founder of Christie’s auction house (Meylan, 2016). 

The title page of the catalog promoted the sale as 
a “Most capital and superb assemblage of valuable 
jewels, of most singular excellence, beauty and per- 
fection, late the property of Madame La Comtesse du 
Barry” (figure 2, left). Held on February 19, 1795, the 
auction consisted of 65 lots, including 1,000 pearls, 
150 brilliant-cut diamonds weighing between one 
and 12, ct, 1,200 smaller diamonds, and some colored 
gems (Christie’s, 1795). None of the gemstones were 
mounted, as the thieves had apparently broken up 
the pieces to make identification difficult (Meylan, 
2016). 

The largest diamond sold for 910 British pounds 
(approximately US$135,000 today). In addition, the 
catalog listed several hundred pearls not given in the 
initial inventory of stolen gems. The entire collec- 
tion realized 8,788 British pounds (approximately 
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Figure 2. Left: The cover of Christie’s 1795 auction catalog featuring Madame du Barry’s jewels. Right: A contem- 


porary illustration by Robert Dighton of James Christie conducting the auction: “Will your ladyship do me the ho- 
nour to say 50,000: A mere trifle. A brilliant of the first water. An unheard of price for such a lot, surely.” Images 


courtesy of Christie’s. 


US$1.1 million)—far below its appraised value. A 
satirical illustration, titled the Specious Orator, 
shows James Christie at a podium trying to coax an 
extra few pounds from a reluctant bidder (figure 2, 
right). 

Meylan speculates that the disappointing prices 
occurred because many wealthy French citizens had 
fled to London and sold their jewels cheaply to live 
in exile as the revolution in their homeland unrav- 
eled into violence. However, large diamonds were a 
difficult sell even before the Christie’s auction 
(Ogden, 2009). 


The 1887 Sale of the French Crown Jewels. The 
French royal line traced its history back to 495 CE, 
shortly after the demise of the Western Roman em- 
pire but long before the establishment of France. The 
earliest dynasties, the Merovingian and the Carolin- 
gian, ruled the Frankish kingdom in what is now 
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northeastern France and established their capital at 
Reims, a town founded by the Romans in about 80 
BCE. The scepter, ring, and the jeweled Crown of 
Charlemagne were held at the Abbey of St. Denis 
near Paris, which became the repository for all 
French royal regalia until the 1789 revolution (Twin- 
ing, 1960). 

When the House of Valois ascended to the French 
throne in 1328, the rulers began accumulating jewels 
and gold as a reserve of wealth. The gems served dual 
purposes, as they could be worn in peacetime and 
pledged as collateral in times of war. An inventory of 
Charles V’s assets at his death in 1380 included eight 
jeweled crowns for him, nine for his queen, and 26 
other jewel-encrusted pieces. The main crown fea- 
tured the subsequently recarved Céte de Bretagne, a 
2.62.5 ct round cabochon “Balas ruby” (red spinel 
from Afghanistan), and two other “Balas rubies”: a 
93 ct cabochon and an 80 ct square cut. Other “Balas 
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rubies” in the inventory included a 414.5 ct stone 
and 261 cabochons. A second crown made for the 
king was called the Crown of the Five Emeralds, 
while a third was said to contain diamonds, pearls, 
and sapphires (Twining, 1960). 

As European royal houses began intermarrying to 
seal alliances, expand their domains (and wealth), 
and perpetuate heirs to their thrones, the French 
crowns and accoutrements of rule grew more elabo- 
rate, as did the need for more gemstones after the 
House of Bourbon ascended in 1593. It was during 
the next 100 years that the French crown jewels grew 
to become perhaps the greatest treasure house in Eu- 
rope (Twining, 1960). 

Cardinal Mazarin, once a papal envoy sent to me- 
diate various conflicts in Europe, became de facto ruler 
of France after the death of Louis XIII in 1643. He was 
appointed as chief minister and regent to Louis XIV, 
who was four years old at the time of his father’s 
death. The cardinal was immensely wealthy and un- 
derstood the necessity of accumulating jewels for the 
royal coffers. Upon his death in 1661, he bequeathed 
his collection of 18 large diamonds ranging from 8.75 
to more than 55 ct to the national treasury. These in- 
cluded the 55.23 ct Grand Sancy and the 19.07 ct 
Fancy Light pink Grand Mazarin (figure 3), valued at 
1.9 million livres (US$28.5 million) (Twining, 1960, 
Truong, 2017). The state inventory of crown jewels, 
including the diamonds he bequeathed, totaled 7.4 
million livres (US$111.1 million). Louis XIV contin- 
ued to amass gemstones despite running up significant 
debts to fund various wars (Twining, 1960). 

In 1791, as the French Revolution continued, the 
government made a detailed inventory of all of the 
crown jewels and ordered them to be kept in the 
Garde-Meuble de la Couronne, the royal treasury in 
the Place de la Concorde in Paris. The royal family 
was executed in 1793 after two years of imprison- 
ment. Many of the crowns and royal regalia were re- 
moved from the repository at the Abbey of St. Denis 
and melted down (Twining, 1960). 

In September 1792, thieves broke into the Garde- 
Meuble and stole most of the crown jewels, including 
the Mazarin diamonds. Within a week of the crime, 
the superintendent of the treasury and several ac- 
complices were arrested. One of the thieves facing 
the guillotine revealed where his share of the gems 
was hidden. While a number of diamonds and gems 
were recovered, all but five of the Mazarin diamonds 
were still missing (Truong, 2017). Also missing were 
the Regent and French Blue diamonds. The Regent, 
the largest diamond in the crown jewels, was located 
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in an attic shortly afterward, but the blue diamond, 
as noted previously, remained missing for some 20 
years before resurfacing in London as the Hope dia- 
mond (Ogden, 2018b). The large “Balas ruby” spinel, 
which had been documented in the fourteenth-cen- 
tury inventories, was returned to the French treasury 
after three years. The 55 ct Sancy diamond was also 
stolen and remained missing for nearly two cen- 
turies. During that time, it made its way through a 
Russian owner and then to India, before the grandson 
of the maharajah who had purchased the diamond re- 
turned it to France in 1978 (Morel, 1988). 

When Napoleon became emperor of France in 
1804, he and his wife, Josephine, set about rebuilding 
the collection of crown jewels that had been pledged 
to creditors or stolen during the revolution, commis- 
sioning a new crown for himself (but still named for 


Figure 3. The Grand Mazarin diamond is a 19.07 ct 
Fancy Light pink diamond acquired by Cardinal 
Mazarin. Bequeathed to Louis XIV in 1661, the dia- 
mond remained part of the French crown jewels until 
it was sold in 1887. It reappeared in 2017 and sold to 
an undisclosed buyer at Christie’s for US$14.46 mil- 
lion. Photo courtesy of Christie’s. 


Gems & GEMOLOGY FaLL 2020 361 


Charlemagne) and acquiring more diamonds, gem- 
stones, and jewels from the leading houses of Paris. 
After his reign ended in 1815, the monarchy was re- 
stored until the Second Republic (1848-1852), fol- 
lowed by the Napoleonic Empire (1852-1870), which 
lasted until the Third Republic (1870-1940) (Twining, 
1960; Fasel, 2019). 

For 16 years, the new republic deliberated the fate 
of the French crown jewels. While there was strong 
sentiment to preserve the collection for its rich his- 
tory and expert craftsmanship, the country’s parlia- 
ment eventually decided to sell the jewels, in large 
part to deter any future return to a monarchy (Morel, 
1988). A law enacted in December 1886 authorized 
their sale, with the exception of historical pieces 
such as the 140.64 ct Regent diamond, which was the 
centerpiece of Louis XV’s crown and later mounted 
in Napoleon’s sword (Twining, 1960). 

The sale of the jewels commenced on May 12, 
1887, at the Louvre and proceeded in nine sessions to 
May 23. The Ministry of Finance oversaw the opera- 
tion. In response to critics who did not want to see a 
millennium’s worth of their national history sold off, 
the ministry reserved a number of significant pieces 
to be preserved in the Louvre. This included the Re- 
gent diamond, which had comprised about half the 
appraised value of the entire collection; the 20 ct 
Hortense diamond, which had been purchased from 
Tavernier; a large diamond brooch that had belonged 
to Louis XIV; and, among other regalia, Napoleon's 
crown and “Joyeuse,” the Sword of Charlemagne, 
which had been fashioned in the eleventh and twelfth 
centuries, with elements added later (Twining, 1960, 
Fasel, 2019). 

Many of the remaining jewels were broken up and 
the diamonds and gemstones assembled into large 
lots for sale (Fasel, 2019). According to Morel (1988), 
similar pieces were grouped together: “Seven aiguil- 
lettes [gem set cords] set with 222 brilliants [dia- 
monds], weighing 215 75/32 carats hanging from a 
foundation ornament set with 59 brilliants 18 °/16 
carats and 8 rose diamonds. Estimated value 15,000 
francs.” Buyers, however, could bid on individual 
pieces within each grouping. 

The most significant grouping (lot 46) included 
what was described as seven Mazarin diamonds, in- 
cluding a 24 77/32 ct rose-colored stone (estimated 
70,000 francs‘, about US$1 million), and a 22 % ct 


“A French franc at that time was equivalent to 0.0102408248 ounces 
of gold, or nearly $15 in today’s dollars. 
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white pear shape estimated to sell for 80,000 francs 
(about US$1.15 million). However, only the Grand 
Mazarin, listed as 18 °/32 ct, was an actual Mazarin 
diamond, the others having been misidentified 
(Morel, 1988). In addition, the catalog did not note 
the Grand Mazarin’s light pink color. Despite the fact 
that the diamonds were included in a single lot num- 
ber (46), buyers could bid on individual stones (Twin- 
ing, 1960; Truong, 2017). 

After the first day of the sale, the New York Times 
reported that the auction “seemed to have excited 
more interest in America than here.” The audience 
of about 600 was primarily made up of “either for- 
eigners or petit bourgeois who went to satisfy their 
curiosity but without any idea of bidding for a single 
article... knowing that everything would be done to 
protect the interests of dealers, who, as always hap- 
pens at the Hotel Drouot [a Parisian auction house], 
combine systematically to run up prices whenever 
an outsider presumes on competition.” 

The correspondent went on to report that the sell- 
ers could not guarantee the weight of the mounted 
diamonds or verify that all the pieces contained their 
original diamonds. The writer also speculated that 
many of the buyers were acting as agents for private 
buyers, including “Orleans princes,” referring to the 
recently deposed royal family (“The French crown 
jewels...,” 1887). 

The sale realized 7,221,560 francs (approximately 
US$107 million today): 6,864,050 francs for the gem- 
stones and jewels, and the remainder for the melted 
gold and commissions to the sellers. As the Times 
predicted, dealers did dominate the buying (Twining, 
1960). Tiffany & Co. purchased more than two-thirds 
of the lots, later packaging them in special red and 
gold boxes for sale to American clients. 

Frederic Boucheron, founder of the famed Parisian 
jewelry house, acquired the Grand Mazarin and two 
other Mazarin diamonds for 101,000 francs (approx- 
imately US$1.5 million). The story of that diamond 
has recently been documented (Truong, 2017). 
Boucheron eventually resold the Grand Mazarin to a 
member of the Russian royal family, who later sold 
it to an unnamed European buyer. The owners lent 
the diamond to the Louvre for an exhibition of 
French crown jewels in 1962. But the diamond re- 
mained out of sight until 2017, when Christie’s 
Geneva received a call from its owner (Lunel, 2017). 

Christie’s dispatched two jewelry experts to view 
the diamond in a private house in Europe. “When the 
client unwrapped a piece of old parcel paper to reveal 
this beautiful pink diamond in front of (jewelry ex- 
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Figure 4. The complete array of Russian crown ceremonial jewels confiscated from royal families and assembled 
in 1925 by the Soviet government for cataloging and potential sale. This did not include loose gemstones from the 
royals’ personal collections. From Fersman (1925-1926). 


perts) Jessica Koers and Max Fawcett, they were 
stunned” (Lunel, 2017). 

Auction house historians authenticated the dia- 
mond and its history before it went up for sale on No- 
vember 14, 2017, in Geneva with a presale estimate 
of US$4 million. Because estimating the value of 
such a historic diamond is difficult, Christie’s in- 
cluded a US$1 million premium in their estimate 
(Christie’s, 2017), which was considered conserva- 
tive. At the time “it was the diamond with the most 
prestigious and historic provenance still in private 
hands,” in the words of Rahul Kadakia, Christie’s in- 
ternational head of jewelry. The auction hammer 
came down at more than US$13 million, adding in 
the house premium, for a total of US$14,463,493 
(Shor, 2019). 

The Grand Mazarin is one of the very few pieces 
from the 1887 French crown jewels sale to have come 
back to the market—at least publicly—and the only 
diamond from the original Mazarin collection to do 
so (R. Kadakia, pers. comm., 2019). 


Sales of Other Royal Jewels. Twining and others have 
noted that other European royal families amassed 
large gem and jewelry collections, both for the crown 
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and among their members, but the majority of these 
have been sold off privately in small increments, held 
in museums, or possibly still kept by family, such as 
the Bourbon-Parma collection that is the subject of 
the second section of this article. In addition, there 
have been, over the years, several smaller sales of 
royal jewels or sales from royal-titled individuals sell- 
ing their personal pieces. 

Only the Russian crown jewels rivaled the French 
for the quantity of diamonds and jewelry held in 
royal coffers, but the plan to sell off the entire collec- 
tion en masse never materialized. After the 1917 
Russian Revolution, the new Soviet government 
seized the collection and meticulously cataloged it 
for potential sale, finally completing the job in 1925 
(figure 4). Despite the revolutionary zeal of the Bol- 
shevik Party, the government decided against selling 
the entire collection as the French had (Meylan, 
2018), instead depositing many pieces back into the 
Kremlin Armory Museum and offering others in pri- 
vate or limited sales, including one well-publicized 
offering. 

Early in 1926, the Soviet government conducted 
a tender auction through Christie Manson & Woods 
(known as Christie’s today) for 124 lots, including 
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several diadems (smaller ceremonial crowns), the 
nuptial crown of the last czarina, 30,000 carats of 
loose diamonds, and “many emeralds and sap- 
phires,” according to a February 23 New York Times 
article (“French outbid all for Czar’s jewels,” 1926). 
Potential buyers complained that grouping all of the 
pieces into a relatively small number of costly lots 
made buying difficult for individuals. In the end, the 
competition fell between two consortia, one headed 
by a French dealer and the other by an Anglo-Amer- 
ican group. The French won the majority of lots, 
with total bids topping US$3 million in 1926 dollars. 
The article noted that the sale prices did not recog- 
nize the historical value of the items. Thirty items 
failed to sell, including two diamond tiaras and a di- 
amond brooch (Twining, 1960). 

The French consortium, represented by M. 
Frankiano, who was working with a Hungarian jew- 
eler named Norman Weisz, subsequently auctioned 
the collection at Christie’s London in March 1927 
(McCanless and Wintraecken, 2010). No other major 
public sales of the Russian collection were reported 
(Twining, 1960). 

Five other major collections with European royal 
connections have come up for auction: a 1931 
Christie’s sale of loose gemstones from the Bavarian 
crown jewels, including nine large emeralds and the 
Wittelsbach Blue diamond, the latter of which failed 
to sell; the 1987 Duchess of Windsor collection at 
Sotheby’s; the 1989 Countess du Boisrouvray collec- 
tion at Sotheby’s; the 1992 Collection of Thurn und 
Taxis at Sotheby’s; and the 2006 Princess Margaret, 
Countess of Snowden auction at Christie’s. 

The Duchess of Windsor collection was perhaps 
the most celebrated auction of modern times, touch- 
ing off a wave of interest in jewelry around the world 
(Shor, 2013). While the Duke of Windsor had once 
been King Edward VIII—he famously abdicated the 
throne to marry Wallis Simpson in 1937—the jew- 
elry collection was considered personal property 
since it had been acquired with his own funds. The 
auction, initially valued at a total of $7 to $8 million, 
realized $50.3 million, a record for an individual sale 
at the time. 

Similarly, the auctions of the three other royally 
connected jewels (Princess Margaret, Thurn und 
Taxis, and du Boisrouvray) were primarily the sellers’ 
personal property. With few exceptions, the items 
were of relatively recent vintage (D. Mascetti, pers. 
comm., 2019). 

In June 2006, Christie’s London auctioned 800 
items, including 192 pieces of jewelry, belonging to 


364 A History oF EUROPEAN ROYAL JEWEL SALES 


the sister of Queen Elizabeth II, Princess Margaret, 
who died in 2002. The majority were pieces she ac- 
quired as gifts at and during her marriage to Antony 
Armstrong-Jones, Earl of Snowdon. However, several 
pieces offered at the sale came from the British royal 
collection, including the Poltimore Tiara, made in 
1870 and worn at her wedding 90 years later. Her chil- 
dren reportedly placed the items up for sale to pay 
some US$5.5 million in inheritance taxes. The queen 
is said to have demanded that her portion of the pro- 
ceeds be given to charity. This was one of the few oc- 
casions that jewels from the British royal collection 
have left the family (Alderson, 2006). The sale realized 
US$17.7 million, nearly double the high presale esti- 
mate. The tiara, set with small diamonds, sold for 
US$1.7 million against a presale estimate of 
US$370,000. Another significant piece from the 
British royal collection, Queen Mary’s diamond riviére 
necklace, brought US$1.8 million against a presale es- 
timate of US$550,000. The Princess Margaret sale also 
included approximately 15 smaller jewelry items dat- 
ing back to the eighteenth century (Christie’s, 2006). 


THE BOURBON-PARMA SALE OF 2018 


The Bourbon-Parma dynasty is descended from royal 
houses in France, Spain, and Italy and related by mar- 
riage to the House of Habsburg. Its lineage is the 
longest of any European ruling family, descended 
from France’s House of Capet (987-1328), and reign- 
ing in some capacity since 1572. Bourbon-Parma de- 
scendants today include King Felipe VI of Spain and 
Henri, Duke of Luxembourg. 

The Bourbon line ruled France from 1572 to 1792, 
then for one year in 1814, and again from late 1815 
until 1830. The first Bourbon king of Spain was 
Philip V (the second son of France’s Louis XIV), who 
ascended to the throne in 1700. Fourteen years later, 
he married Elisabeth Farnese, daughter of Oduardo 
Farnese, Duke of Parma, whose family had ruled the 
northern Italian city since 1545. This gave the family 
dominion over several Italian principalities, which 
expanded in ensuing centuries until Italian unifica- 
tion in 1867. The Spanish Bourbons still occupy the 
throne, though their reign was interrupted during the 
years 1808-1814, 1868-1874, and 1931-1974 (Royde- 
Smith, 2019). 

The House of Habsburg, once Europe’s most dom- 
inant royal house, was based in Austria. The two 
families formed a powerful union when Marie An- 
toinette, Archduchess of Austria and a Habsburg, 
married the Bourbon and future King Louis XVI in 
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1770. Louis XVI took the throne of France in 1774 
and ruled with Marie Antoinette until they were de- 
posed during the French Revolution. 

By 1791, the uneasy arrangement that allowed 
Louis XVI and Marie Antoinette to remain on the 
throne began to unravel, and the royal family pre- 
pared to flee into exile. In March, Marie Antoinette 
entrusted her favorite jewels to a loyal retainer, 
Count Mercy d’Argenteau, who packed them into a 
wooden chest and spirited them to Brussels for safe- 
keeping. By the end of June, Louis XVI and Marie An- 
toinette had been imprisoned and her jewelry 
collection was on its way from Brussels to Austria. 
The collection eventually went to the queen’s eldest 
and only surviving daughter, Marie Thérése (1778- 
1851), who had been imprisoned with other family 
members on August 13, 1792. During her three years 
of captivity, both of her parents were led to the guil- 
lotine: Louis XVI on January 21, 1793, and Marie An- 
toinette on October 16, 1793 (Meylan, 2018; 
Vachandez, 2018). 

Marie Thérése was released from prison in De- 
cember 1795, just as she turned 17 years old, and 
taken to Vienna. While she lived in other European 
capitals throughout much of her life, her jewels, in- 
cluding those she inherited from her mother, re- 
mained on deposit in the Imperial Treasury of Vienna. 

After her death in 1851, Marie Thérése left one- 
third of her jewels to her niece, Louise de Bourbon- 
Parma, the Duchess of Parma, then an autonomous 
duchy in what is now Italy (Meylan, 2018). In 1859, 
however, Italy fell into upheaval with the armies of 
King Victor Emmanuel battling to unite the various 
Italian principalities into one nation, causing Louise 
de Bourbon-Parma to flee to Venice with the collec- 
tion of jewels. After Louise died in 1864, the jewels 
were further divided between her brother, Henri, 
Count of Chambord (who received two-thirds), and 
three nieces and nephews (Louise, Henri, and Marie 
Thérése), though the collection remained in the vault 
in Vienna. However, war broke out between Austria 
and Prussia in 1866, forcing family members to en- 
trust the collection to a Rothschild-owned bank, and 
then it was sent to a family compound at Frohsdorf 
Palace in eastern Austria. After the Countess of 
Chambord died, she left her inherited portion of the 
collection to Louise’s son Robert, Duke of Parma. 
Robert received additional inheritances before he 
died in 1907. After his death, the collection was 
passed to Marie Anne, Archduchess of Austria, who 
in 1903 had married Prince Elias de Bourbon-Parma, 
son of Robert and Duke of Parma (Vachandez, 2018). 
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Marie Anne took a keen personal interest in the 
collection she inherited. In 1907, she made a detailed 
inventory of each piece, noting from whom it was 
inherited and the important occasions on which it 
was worn. Many of these records were on small 
pieces of paper tucked into the boxes, according to 
Daniela Mascetti, former chairman of Sotheby’s 
Jewellery Europe. 

“Such detail was unusual because Marie Anne 
made these records herself instead of leaving them 
to an estate administrator to do,” said Mascetti. 
“This shows the interest she took in the jewels.” 

The archduchess completed a second inventory 
of the collection in 1932, which chronicled how 
some of the pieces had been altered over the years. 
She died in 1940 at age 58, and her husband lived an- 
other 19 years. In the ensuing 60 years since his 
death, their direct descendants (numbering more 
than 120 family members) scattered throughout Eu- 
rope. After the 1907 inventory, the collection re- 
mained mostly locked away for over a century, 
unknown to anyone outside the family. 

Well over a decade prior to the auction, family 
members contacted Sotheby’s to carry out a valua- 
tion for the collection. (The auction house would not 
provide specifics of the consignors because of client 
privacy agreements.} 

“The family members were all part owners and 
widely scattered, so some of them felt they could no 
longer keep the collection together,” said Mascetti 
(figure 5). Some, but not all. It took nearly a decade 
to convince all family members to sell. “It’s a deli- 
cate process. You have to contact them at the right 
moment and not press them at the wrong time.” 

All the while, Sotheby’s staff was at work produc- 
ing valuations and sales estimates for each piece. 
After finally obtaining clearance from all of the fam- 
ily members who had a claim to the jewels, Sotheby’s 
was nearly ready to begin cataloging the collection. 
Because of the detailed inventories, there was little 
doubt about the provenance of each piece. Sotheby’s 
experts still had to research and verify each piece 
where possible because, with such history involved, 
prices would likely far exceed the value of the gem- 
stones and gold. This process took nearly a full year. 

As a tantalizing preview, Sotheby’s offered the 
6.16 ct Farnese Blue diamond, graded Fancy dark 
gray-blue by GIA, at its spring 2018 Geneva auction. 
The diamond took its name from Elisabeth Farnese 
(1692-1766], queen of Spain, wife of Philippe V, and 
a member of the Parma family before it became allied 
with the Bourbons. Inside the box with the diamond 
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was an engraved silver plaque that read (in French) 
“Remarkable blue brilliant. This historical stone was 
offered by the Philippine Islands to Elisabeth Farnese, 
Queen of Spain, wife of Philippe V, great grandfather 
of the Comte of Villafranca, current owner of that 
stone.” Count of Villafranca was the title taken in 
1849 by Charles II of Bourbon (Meylan, 2018). 
Sotheby’s auctioned the diamond in May 2018 for 
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Figure 5. Daniela Ma- 
scetti, Sotheby’s former 
chairman of jewelry for 
Europe, holding the 
Royal Jewels from the 
Bourbon-Parma Family 
catalog. The auction 
took place November 
14, 2018. Photo by Rus- 
sell Shor. 


US$6.7 million, against a presale estimate between 
$3.7 and $5.2, million (DeMarco, 2018). 

Like the other Bourbon-Parma jewels, the Farnese 
Blue diamond had been handed down through the 
family to become part of the collection of Arch- 
duchess Marie Anne of Austria, which she noted in 
her 1907 inventory as being mounted on a tiara. Ma- 
scetti pointed out that the sale of this blue diamond 
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was unrelated to the Bourbon-Parma collection that 
took place six months later. 

The royal jewels from the Bourbon-Parma collec- 
tion, auctioned on November 14, 2018, consisted of 
100 lots (see box A). The first 26 featured royal orders, 
badges, and medals presented to various family 
members from the 1770s to the 1930s. The middle 
of the sale offered jewelry items ranging from small 
wedding gifts to Elias and Marie Anne Bourbon- 
Parma to diamond tiaras and fancy-color diamonds 
owed by various royals in the Bourbon-Parma line. 
The final 10 lots consisted of items that had once be- 
longed to Marie Antoinette. 


CONCLUSIONS 


Over the centuries, European royal families amassed 
large collections of gemstones and jewels, both for the 


state as crown jewels and for their personal adorn- 
ment. Despite the dissolution of most European 
monarchies in the early twentieth century, gems and 
jewels with true royal provenance have occasionally 
come up for public sale, either kept by descendants, 
held in museums, or sold off privately. Even rarer have 
been large collections of jewels entering the market 
that can be traced directly to kings and queens. 
Among these were the 1795 sale of Madame du Barry's 
jewels, the 1887 auction of the French crown jewels, 
several pieces from Princess Margaret in 2006, and 
most recently the auction of 100 jewels and badges 
from the Bourbon-Parma family, which included 10 
items that belonged to Marie Antoinette. The history 
behind these jewels—particularly those pieces con- 
nected to the ill-fated queen—caused prices to soar far 
beyond the value of the gems and gold. 


Box A: HIGHLIGHTS FROM THE 2018 BOURBON-PARMA AUCTION 


Significant lots are summarized below, with Archduchess Marie Anne’s 1907 inventory 
notes in quotation marks. All photos courtesy of Sotheby’s. 


Lot 48: Diamond earrings from the first half of the 
nineteenth century. “A pair of large diamond ear- 
rings (of girandole design), each composed of five 
large diamonds and three large drops. In a dark 
blue leather case. These earrings come from Marie 
Thérése de Savoie, Duchess of Parma, wife of Duke 
Charles Il of Parma, and given to her grandson, 
Robert | Duke of Parma.” Sotheby’s sold the pair for 
$730,000 against a presale estimate of $150,000 
to $250,000. 
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Lot 65: A pair of late nineteenth-century ruby and 
diamond earrings, with an early twentieth-century 
ruby and diamond brooch. Each earring is set with 
a Burmese ruby, 4.52 and 5.05 ct, respectively. The 
brooch is set with a 23.76 ct Burmese ruby. “Ruby 
parure comprising a brooch set with a large ruby 
framed with large diamonds, and a pair of earrings, 
large rubies surrounded by large diamonds. Inher- 
itance from my mother. From a sale of the Queen 
Isabelle of Spain.” Sotheby's sold this set for 
$192,350 against a presale estimate of $150,000 
to $250,000. 


Lot 76: Diamond tiara by Kéchert, ca. 1901, given 
to Archduchess Marie Anne in 1903. “A beige 
leather case with a small diamond tiara or bandeau 
by K6chert. This tiara was given by Emperor 
Francois Joseph as a wedding gift.” Sotheby’s sold 
this tiara for $248,000 against a presale estimate of 
$80,000 to $120,000. 
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Lot 77: An eighteenth-century diamond bow 
brooch. “Large diamond bow set with 7 largest di- 
amonds (to be worn with the Order of the Starry 
Cross). Inheritance from my mother. From the estate 
of Archduchess Marie (Ranier). Formerly from the 
collection of Empress Marie Thérése.” The brooch 
sold for $186,000 against a presale estimate of 
$75,000 to $110,000. 


Lot 79: A brooch with a 30.70 ct cushion-cut Cey- 
lon sapphire surrounded by brilliant-cut diamonds, 
ca. 1900. “...a large sapphire framed with 12 nice 
diamonds. This brooch can be worn as the clasp of 
the large pearl necklace. This was given to me as a 
wedding gift by my mother, Archduchess Isabelle 
of Austria.” Sotheby's sold the sapphire brooch for 
$551,000 against a presale estimate of $150,000 
to $250,000. 


Lot 80: A ruby and diamond brooch/hair ornament, 
ca. 1900. The 6.89 ct ruby is from Burma. “A white 
leather case with a large diamond bow, a large ruby 
at the centre (from Bachruch). This bow was a gift 
from my father for the birth of my son, Charles.” 
Sotheby’s sold the brooch for $372,000 against a 
presale estimate of $200,000 to $300,000. 
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Lot 81: Ring, ca. 1909, featuring a 2.44 ct Fancy 
orangy pink diamond graded by GIA. Case 
stamped Schwartz und Steiner. “Given by Archduke 
Frédéric of Austria (1856-1936) to his daughter, 
Archduchess Marie Anne of Austria, Princess Elie 
de Bourbon Parme (1882-1940), on the occasion 
of the birth of her son, Robert, in 1909.” Sotheby’s 
sold the diamond for $575,000 against a presale 
estimate of $120,000 to $180,000. 


Lot 86: Three diamond pieces, including a diamond 
parure, comprising a slightly graduated diamond 
necklace of 40 cushion-shaped diamonds supporting 
39 detachable pear-shaped diamond pendants. A 
brooch set with cushion-shaped diamonds and de- 
tachable pear-shaped diamonds. “A large diamond 
parure, in a dark blue velvet case, composed of two 
rows of diamonds, a row with drops, a brooch (13 di- 
amonds including a very large one and three drops), 
a clasp (a large one and 10 smaller diamonds) and a 
pair of earrings. The parure comes from the sword of 
the Duke of Berry and was given by his daughter, 
Louis de France, Mademoiselle Duchess de Parme, to 
her son Robert |, Duc de Parme 15 March 1932: The 
diamonds of the first row, 38, and the clasp (large di- 
amond framed with 10 smaller ones) are part of a 
large riviere with pendants. The 5 large diamonds 
(from Queen Marie Antoinette) and the pendant (large 
pear-shaped diamond, estate of my mother) can be 
worn independently.” 


Sotheby's jewelry experts determined that the five diamonds the archduchess noted as coming from Marie 
Antoinette probably came from a tiara made for her daughter, Marie Thérese de France (1778-1851). The Duke 
of Berry (Charles Ferdinand, 1776-1820) was a nephew of Louis XVI and brother-in-law of Marie Thérése, Marie 
Antoinette’s daughter. The duke was assassinated in 1820 by an opponent of the restoration of the French monar- 
chy. The Duke of Berry’s daughter, Louise, married the future Duke of Parma, Charles Ill, in 1845. For the wed- 
ding, the family took the diamonds from a sword owned by the duke. The five diamonds, which Henri presented 
to the Duke and Duchess of Parma as a wedding present in 1869, were taken from a very elaborate tiara that 
had come from Marie Thérése after the restoration of the Bourbon monarchy in 1815. Four years later, Marie 
Thérése petitioned her uncle, now King Louis XVIII, to keep the tiara. He allowed her to keep the frame but 
asked that the diamonds be removed and lodged in the French treasury since they had been part of the crown 
jewels. Later, the king provided the money to purchase replacement diamonds for the tiara, but they were again 
removed by his descendants to give as wedding presents. The original tiara frame was later acquired by Greek 
collector Dimitri Mavrommatis and sold at auction in 2008 (Meylan, 2018). Presale estimate $300,000- 
$500,000. Sale price $855,000. 
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Lot 88: A fleur-de-lis motif tiara set with cushion-cut, 
pear-shaped, rose-cut, and round diamonds, fash- 
ioned by Hiibner of Vienna in May 1912. This piece 
was created for Archduchess Marie Anne five years 
after her 1907 inventory. The diamonds were taken 
from a large breast star, the Order of the Holy Spirit, 
worn by Charles X of France (1757-1836). The skele- 
tal base for the breast star remained in the collection 
as well. The tiara sold for $968,000 against a presale 
estimate of $350,000 to $500,000. The skeletal 
frame of the Order sold for $40,000. 


The final 10 lots in the sale came from Marie Antoinette’s personal collection. 


Lot 91: Late eighteenth-century diamond ring set 
with a miniature depicting Marie Antoinette and 
small, circular-cut diamonds. “A large ring with a 
miniature and diamonds. Miniature of Queen 
Marie Antoinette, according to the will of the 
Duchess d’Angouléme, Comtesse de Marnes.... The 
three rings [with lots 92 and 93] come from Queen 
Marie Antoinette and were given by her daughter, 
Madame la Duchesse d’Angouléme, Comtesse de 
Marnes, to her niece and adoptive daughter Louise 
de France, Duchesse de Parme, who then gave 
them to her son Robert | Duc de Parme.” The ring 
sold for $248,000 against a presale estimate of 
$8,000 to $12,000. 


Lots 92 and 93: Diamond and woven hair rings, eigh- 
teenth century. Enhanced with rose-cut diamond 
monogram MA for Marie Antoinette (92) and MD for 
Monseigneur le Dauphin, Louis de Bourbon (93). Lot 
92: “Ring with hair and monogram (M.A. set with di- 
amonds), hair of Queen Marie Antoinette.” Lot 93 
(not shown): “Ring with hair and monogram (M.D. 
set with diamonds) of Monseigneur Dauphin, Louis 
XVI's father.” 


The ring with a lock of the queen’s hair, lot 92, sold 
for $444,000 against a presale estimate of $8,000 to 
$10,000. Lot 93 sold for $124,000 against a presale estimate of $8,000 to $10,000. 


374 A History oF EUROPEAN ROYAL JEWEL SALES Gems & GEMOLOGY FALL 2020 


Gem Testing 
Instruments 


Designed for Accuracy 
and Dependability .. . 


® Highest Quality Available 
© for Accurate Diamond Grading 
® and Colored Stone Identification 


@ From basic, inexpensive models...to the most elaborate 
for the jeweler with the complete gemological laboratory 


a 


Precision made and precision tested — 
Instruments at amazingly low cost — 


ee 2h 


FREE Literature, Full Information 


Gemological Institute of America 
541 S. Alexandria ° Los Angeles 5, California 


Lot 94: Blue and white enamel and seed pear! 
pocket watch, eighteenth century and later, open- 
ing to reveal a dial and Arabic numbers. “A red 
leather case containing a blue enamel and pearl 
watch which belonged to Queen Marie Antoinette, 
and coming from Duchess d’Angouléme (the 
movement was changed). This watch was given as 
a wedding gift by my husband, Prince Elie, who re- 
ceived it from his mother.” The watch sold for 
$250,000 against a presale estimate of $8,000 to 
$10,000. 


Lot 95: Double-ribbon diamond bow brooch from 
the second half of the eighteenth century featuring 
a yellow pear-shaped diamond pendant. “A scarlet 
red case, containing a diamond bow supporting a 
pendant set with a large yellow diamond, the bow 
was formerly part of the tiara or belt here above, 
and has the same provenance.” The bow brooch 
sold for nearly $2.1 million, against a presale esti- 
mate of $50,000 to $80,000. 
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Lot 96: Diamond bow brooch, late nineteenth cen- 
tury, featuring a central cushion-shaped yellow di- 
amond. The fitted leather case is stamped Hubner 
and has a crowned monogram M.A. for Marie Anne 
of Austria. “A dark red leather case with monogram 
M.A. containing a diamond bow, large yellow dia- 
mond at the centre. The stones are meant to come 
from the jewels of Marie Antoinette. (I have been 
told by my father-in-law but | could not find any 
written confirmation in the existing wills. This bow 
was probably a new jewel or it was part of a parure 
and was therefore not mentioned.) The bow was 
given to me as an engagement gift by my father-in- 
law, Duke Robert | de Parme.” The diamond brooch 
sold for $273,000 against a presale estimate of 
$95,000 to $140,000. 


Lot 97: Necklace consisting of three rows of slightly 
graduated natural pearls, approximately 7.30 to 
9.30 mm. The clasp is set with cushion, circular, 
and rose-cut diamonds in a star motif. Length ap- 
proximately 380 mm. These pearls were originally 
strung in a larger three-row necklace, together with 
lots 98 and 100, that belonged to Marie Antoinette 
(see Archduchess Marie Anne’s 1907 inventory 
notes for lot 100). The pearl necklace sold for 
$2.278 million against a presale estimate of 
$200,000 to $300,000. 
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Lot 98: Single-strand necklace of slightly graduated 
natural pearls ranging from 7.30 to 9.40 mm. Cush- 
ion-shape diamonds adorn the detachable clasp. 
Length approximately 380 mm. These pearls origi- 
nally were strung in a three-row pearl necklace, to- 
gether with lots 97 and 100, that belonged to Marie 
Antoinette. The single-strand pear! necklace sold for 
$444,000 against a presale estimate of $40,000 to 
$70,000. 


Lot 99: Late eighteenth century pair of natural 
pearl and diamond pendant earrings. The upper 
portions feature button-shaped natural pearls 
measuring approximately 12.65 x 12.95 x 15.60 
mm and 12.95 x 13.10 x 16.00 mm, respectively. 
Below them are detachable pendants set with oval 
pearls measuring approximately 10.50 x 10.50 x 
8.55 mm and 10.15 x 10.20 x 7.70 mm, respec- 
tively, capped with rose-cut diamonds, and a 
pinched collet-set cushion-shaped diamond. The 
hook and hinge back fittings were added in the 
early nineteenth century. “This parure comes as it 
is from Queen Marie Antoinette and was inherited 
by Marie Thérése de France, Duchess d’An- 
gouléme, Countesse de Marne, then to her niece 
and adoptive daughter, Louise Marie Thérese de 
France, Mademoiselle Duchesse de Parme.” The 
earrings sold for $444,000 against a pre-sale esti- 
mate of $200,000 to $300,000. 
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Lot 100: The final piece was Marie Antoinette’s 
pendant featuring a slightly baroque drop pear! 
(15.90 x 18.35 x 25.85 mm), probably found in the 
Persian Gulf, attached below a diamond-set bow 
with an oval-cut diamond of about 5 ct. “A large 
drop with a small diamond bow and a large dia- 
mond. The drop was originally, together with the 
diamond bow, part of the third row of large pearls. 
The diamond was originally the clasp of the large 
necklace... This parure comes as it is from Queen 
Marie Antoinette and was inherited by Marie 
Thérése de France, Duchess d’Angouléme, 
Countesse de Marne, then to her niece and adop- 
tive daughter, Louise Marie Thérése de France, 
Mademoiselle Duchesse de Parme.” 


David Bennett, chairman of Sotheby’s interna- 
tional jewelry division at the time, began the auc- 
tion of the pendant at 900,000 Swiss francs. 
Bidding proceeded methodically up to 6.5 million 
francs. However, a buyer on the telephone put in a 
bid of US$29 million, and then another bidder in 
the room quickly escalated it past US$30 million 
to the final bid of US$32 million, where Bennett 
brought the hammer down to the applause of the 
room. The winner, noted as a private European 
buyer, paid a total price of 36 million francs 
(US$36.1 million), after the auction house commis- 
sion. The presale estimate was $1 million to $2 mil- 
lion (Shor, 2018). (At the time of the auction, the 
U.S. dollar and Swiss franc were nearly equal.) 


ABOUT THE AUTHOR ACKNOWLEDGMENTS 
Mr. Shor, a longtime diamond trade journalist, is formerly senior in- The author would like to thank Daniela Mascetti, former 
dustry analyst at GIA in Carlsbad, California. Sotheby’s chairman of jewelry for Europe; Olivier Wagner; and 


Catherine Allen of Sotheby’s Geneva for their time, expertise, 
and assistance. Special thanks to Francois Curie! and Rahul 
Kadakia of Christie’s and Dr. Jack Ogden. 


378 A History oF EUROPEAN ROYAL JEWEL SALES Gems & GEMOLOGY FALL 2020 


REFERENCES 


The affair of the diamond necklace, 1784-1785 (2017) Chateau de 
Versailles, http://en.chateauversailles.fr/discover/history/key- 
dates/affair-diamond-necklace-1784-1785 

Alderson A. (2006) Queen urges Margaret’s heirs to avoid another 
royal gift scandal. The Telegraph, June 11, https://www.tele- 
graph.co.uk/news/uknews/1520956/Queen-urges-Margarets- 
heirs-to-avoid-another-royal-gift-scandal.html 

Brus R. (2011) Crown Jewellery and Regalia of the World. Pepin 
Press, Amsterdam, p. 28. 

Bycroft M., Dupré S. (2019) Introduction: Gems in the early mod- 
ern world. In M. Bycroft and S. Dupré, Eds., Gems in the Early 
Modern World: Materials, Knowledge & Global Trade, 1450- 
1800. Palgrave-Macmillan, London, pp. 1-33. 

Christie’s (1795) Jewels of Countess du Barry. Auction catalog, 
February 19. 

Christie’s (2006) Jewellery and Faberge from the Collection of 
HRH The Princess Margaret, Countess of Snowden, 
https://www.christies.com/jewellery-and-faberge-- 
20703.aspx?saletitle=) 

Christie’s (2017) Le Grand Mazarin, the diamond in the crown, 
https://www.christies.com/features/Le-Grand-Mazarin-Dia- 
mond-in-the-Crown-8625-3.aspx 

DeMarco A. (2018) Farnese Blue diamond fetches $6.7 million but 
two white diamonds top all sales. Forbes, May 15, 
https://www.forbes.com/sites/anthonydemarco/2018/05/15/fa 
rnese-blue-diamond-fetches-6-7-million-but-two-white-dia- 
monds-top-all-sales/#44016fb64ef7 

The diamond necklace affair (2009) Marie Antoinette Online, Jan- 
uary 10, https://www.marie-antoinette.org/articles/diamond- 
necklace/ 

Dutch East Indian Company, trade network, 18th century (2017) 
The Geography of Transport Systems, https://transportgeogra- 
phy.org/?page_id=1089 

Fasel M. (2019) When and why the French sold the crown jewels. 
The Adventurine, https://theadventurine.com/culture/jewelry- 
history/when-and-why-the-french-sold-the-crown-jewels/ 

Fersman A.E. (1925-1926) Russia’s Treasure of Diamonds and Pre- 
cious Stones. The People’s Commissariat of Finances, Moscow. 

The French crown jewels; opening of the auction sale in Paris 
(1887) The New York Times, May 13, 
https://www.nytimes.com/1887/05/13/archives/the-french- 
crown-jewels-opening-of-the-auction-sale-in-paris-ten.html 

French outbid all for Czar’s jewels (1926) The New York Times, 
February 23, https://timesmachine.nytimes.com/timesma- 
chine/1926/02/2.3/100052090.html?action=click&contentCol- 
lection=Archives&module=ArticleEndCTA &region=Archive 
Body&pgtype=article&pageNumber=1 

Lunel J.M. (2017) My highlight of 2017 —- Le Grand Mazarin. 
https://www.christies.com/features/2017-highlight-The- 
Grand-Mazarin-8780-1.aspx 

McCanless C.L., Wintraecken A. (2010) Fersman portfolio — 


Fabergé jewels — Nuptial crown. Faberge Research Newsletter, 
Fall, https://fabergeresearch.com/newsletter-2010-fall/ 

Meylan V. (2016) Christie’s: The Jewellery Archives Revealed. 
ACC Art Books, Woodbridge, UK, pp. 19-26. 

(2018) Queen Marie Antoinette’s Jewels. In Royal Jewels 
from the Bourbon-Parma Family, Sotheby's catalog, November 
14. 

Morel B. (1988) The French Crown Jewels. Fonds Mercator, 
Antwerp, Belgium. 

Ogden J. (2009) England’s largest diamond. Gems & Jewellery, Vol. 
18, No. 2, pp. 30-33. 

(2017) Camels, courts and financing the French Blue dia- 

mond: Tavernier’s sixth voyage. Journal of Gemmology, Vol. 

35, No. 7, pp. 640-650. 

(2018a) Diamonds: An Early History of the King of Gems. 

Yale University Press, New Haven, CT. 

(2018b) Out of the blue: The Hope diamond in London. 
Journal of Gemmology, Vol. 36, No. 4, pp. 316-331. 

Prince Michael of Greece (1983) Crown Jewels of Europe. Harper 
& Row, Cambridge, UK. 

Royde-Smith J.G. (2019) House of Bourbon. Encyclopedia Britan- 
nica. https://www.britannica.com/topic/house-of-Bourbon 
Sevillano-Lopez D., Gonzalez FJ. (2011) Mining and minerals 
trade on the Silk Road to the ancient literary sources: 2 BC 
to 10 AD centuries. In J. E. Ortiz, O. Puche, I. Rabano and L. 
F. Mazadiego, Eds., History of Research in Mineral Re- 
sources. Instituto Geoldgico y Minero de Espana, Madrid, pp. 

43-60. 

Shor R. (2004) The New Moghuls: The Remarkable Story of India’s 
Diamond People. Publ. by the author, pp. 9-20. 

(2013) Auction houses: A powerful influence on major di- 

amonds and colored gemstones. G#G, Vol. 49, No. 1, pp. 2- 

15, http://dx.doi.org/10.5741/GEMS.49.1.2 

(2018) Marie Antoinette’s jewels: How can you put a price 

on such history? https://www.gia.edu/gia-news- 

research/marie-antoinettes-jewels-how-can-you-put-price-his- 

tory, December 7. 

(2019) Spring 2019 auctions: Premium prices for historic 
pieces, https://www.gia.edu/gia-news-research/spring-2019- 
auctions-premium-prices-historic-pieces, June 14. 

Sotheby’s (2018) Royal Jewels from the Bourbon-Parma Family. 
Auction catalog, November 14. 

Truong A.R. (2017) Le Grande Mazarin. An historic coloured di- 
amond, October 29, http://www.alaintruong.com/archives/ 
2017/10/29/35816152.html 

Twining E.F. (1960) A History of the Crown Jewels of Europe. B.T. 
Batsford Ltd., London. 

(1967) European Regalia. B.T. Batsford, London. 

Vachandez C. (2018) An introduction. Jewels from the Bourbon- 
Parma family. In Royal Jewels from the Bourbon-Parma Fam- 
ily, Sotheby’s catalog, November 14. 


For online access to all issues of Gems & GEmoLoey from 1934 to the present, visit: 


A History OF EUROPEAN ROYAL JEWEL SALES 


Gems & GEMOLOGY 


FaLL 2020 379 


a AOS ARTICLES 


UNIQUE RAINDROP PATTERN OF 
TURQUOISE FROM HUBEI, CHINA 


Ling Liu, Mingxing Yang, and Yan Li 


“Raindrop” turquoise is a recently recognized and characterized pattern with a saturated coloration resembling 
raindrops. This material is very rare but popular in the Chinese gem trade. This paper investigates the differences 
among the raindrops, veins, and substrates (the matrix portion) of turquoise with this unique pattern using X- 
ray diffraction, electron probe micro-analysis, laser ablation-inductively coupled plasma—mass spectrometry, 
and micro-spectroscopic techniques (Raman, FTIR, and UV-Vis). The raindrops and veins were identified as mix- 


tures of turquoise and fluorapatite, which were distinct from the substrates. Nearly pure fluorapatite and 


turquoise were also discovered in the veins. The color origin of the brownish yellow raindrops and substrates 
are discussed, as well as the formation mechanism of the raindrop pattern. 


quoise has been widely used in jewelry and ar- 

| tifacts because of its attractive color. It has a very 
long history and has played a crucial role in var- 

ious cultures worldwide (Khazeni, 2014; Kostov, 
2019), such as ancient Egypt (Mansour, 2014), Iran 
(Beale, 1973; Ovissi et al., 2017), Mexico, and the 
Americas (Harbottle and Weigand, 1992; Weigand and 
Harbottle, 1993; Hedquist, 2016). Turquoise was used 
even earlier in Eurasia, between 8000 and 7000 BCE 
(Kostov, 2019). Turquoise is also closely interwoven 
with Chinese culture and civilization (Hao and Hao, 
2.002). Archaeologists proved that the Chinese used it 
for decoration in Peilligang culture beginning in the 
Neolithic age (Pang, 2014). The earliest turquoise ar- 
tifacts in China were found at the Jiahu site in Wuyang 
County, Henan Province, and traced back to 7000- 
5800 BCE (Zhang and Pan, 2002; Yang et al., 2017). 
Their origin has not been confirmed yet (Feng et al., 
2003; Mao et al., 2005; Wang et al., 2007). Throughout 
the long development of Chinese culture and history, 
turquoise has been endowed with abundant connota- 
tions and functions related to political, decorative, 
economic, and religious aspects. It has always been re- 
garded as a unique and precious gemstone in China, 
especially in Tibet and Inner Mongolia. Turquoise ar- 
tifacts not only recorded the development of human 
society but also reflected exchanges between cultures. 


See end of article for About the Authors and Acknowledgments. 
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Researchers have succeeded in developing meth- 
ods of origin traceability of turquoise in the south- 
western United States and northern Mexico using 
hydrogen and copper isotopes (Hull et al., 2008; Hull 
and Fayek, 2012, Hull et al., 2014) as well as lead and 
strontium isotopes (Thibodeau et al., 2012; Thi- 
bodeau et al., 2015; Thibodeau et al., 2018) to identify 
the source of turquoise artifacts. Similar approaches 
were applied to investigate the turquoise artifacts 
from different regions of China (Ye et al., 2014; Li et 
al., 2018; Xian et al., 2018). 

Turquoise deposits are widespread in China, in- 
cluding Zhushan County (Chen et al., 2012) in Hubei 
Province; the cities of Ma’anshan (Chen and Qi, 2007) 
and Tongling (Zuo et al., 2018) in Anhui Province, 
Baihe County (Shi and Cai, 2008; Zhao et al., 2017) 
and the city of Shangluo (Luo et al., 2017) in Shanxi 
Province, Xichuan area of Henan Province (Zhou and 
Jiang, 2005); and the city of Kumul (or Hami in Chi- 
nese) in Xinjiang Uyghur Autonomous Region (Luan, 
2001; Liu et al., 2018). Numerous detailed character- 
istics of turquoise from these locations have been re- 
ported in recent years, including its spectra, structure, 
and chemical and mineral compositions (Chen and Qi, 
2007; Chen et al., 2012; Luo et al., 2017; Zhao et al., 
2017; Liu et al., 2018; Xian et al., 2018; Zuo et al., 
2018; Li et al., 2019; Liu et al., 2019a). 

However, Hubei Province is the largest commercial 
source in the world. Turquoise (a supergene mineral] 
from this province occurs mainly in the carbon-bearing 
siliceous rocks, siliceous rocks, and schist of the Lower 
Cambrian (Tu, 1996). Rich phosphate, iron, and copper 
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Figure 1. Massive blue turquoise from the mine in Zhushan County, Hubei Province. Photos by Mingxing Yang. 


ores are the main sources for turquoise formation (Tu, 
1997a). Most of the rough turquoise mined from these 
deposits is surrounded by black rocks that easily dis- 
tinguish them from those mined in other locations. In 
2015, a massive blue rough turquoise, together with its 
enclosing rocks weighing more than 11 tons, was ex- 
tracted in Zhushan County, Hubei Province (figure 1). 
Consequently, miners had to divide it into two parts 
to transfer them out of the mine. The mines located in 
Hubei Province have produced many high-quality (fig- 


In Brief 


¢ Currently, about 70% of the turquoise in the Chinese 
gem trade is sourced from Hubei Province, China, 
where many different types have been mined. 


e Nondestructive and microanalytical techniques were 
effectively employed to characterize a special raindrop 
pattern in turquoise. 


The raindrops and substrates are of different mineral 
assemblages, with Ca and F enrichment from the pres- 
ence of fluorapatite in the raindrops. 


ure 2) and unique turquoise with special patterns (de- 
tailed in box A} that were interpreted in Turquoise 
Grading, National Standard of the People’s Republic 
of China, GB/T36169-2018 (see He et al., 2018). 

In China, rough turquoise was traditionally 
treated with wax, resin, or polymers due to its high 
porosity. However, Chinese consumers prefer natural 
turquoise rather than artificially treated and syn- 
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thetic counterparts. Thus, resin and polymer treat- 
ments are not as acceptable in the Chinese turquoise 
trade or as common as in the past. The most popular 
treatment is “porcelain enhancement,” designed to 
improve the compactness, densification, and luster 
of turquoise. Its key techniques are still confidential 
and not publicly available. The identification char- 
acteristics of this porcelain-enhanced turquoise and 
the fillers used were investigated by Deng et al. 
(2019) and Liu et al. (2019b). 

Recently, the authors discovered a particular sur- 
face pattern of turquoise (figure 3, A-C) in the Hubei 
market. Material with this pattern displays blue and 
blue-green color spots resembling raindrops, occasion- 
ally accompanied by veins (figure 3, B and C). This pat- 
tern is called “raindrop” turquoise in the trade. 

Researchers have made great effort to investigate 
gem turquoise’s gemological and mineralogical char- 
acteristics (Abdu et al., 2011; Chen et al., 2012; Cejka 
et al., 2015; Rossi et al., 2017), color origin (Zhang et 
al., 1982; Luan et al., 2004; Reddy et al., 2006), and con- 
centration of trace elements and rare earth elements 
(Wang et al., 2007; She et al., 2009; He et al., 2011, 
Rossi et al., 2017; Shirdam and Aslani, 2017). Addition- 
ally, the identification characteristics of treated and 
imitation turquoise have drawn many researchers’ at- 
tention (Moe et al., 2007; Krzemnicki et al., 2011; 
Bernardino et al., 2016; Schwarzinger and Schwarz- 
inger, 2017; Xu and Di, 2018; Liu et al., 2019b). How- 
ever, previous research has paid little attention to this 
unique raindrop pattern. The authors collected sam- 
ples displaying this pattern to investigate their gemo- 
logical and mineralogical characteristics. 


Gems & GEMOLOGY FaLL 2020 381 


ur,ur,* 


a at ee ~ 


Figure 2. A variety of high-quality turquoise products from Hubei Province. A: An 18.5 kg polished ornament. B: An 
exquisite 0.96 kg carving. C: A 13.9 g carved pendant. D: A 24 g turquoise bead with raindrop pattern. Photos by 


Ling Liu (A—C) and courtesy of Fei Huang (D). 


MATERIALS AND METHODS 


Specimens. Three representative specimens of rain- 
drop turquoise were collected from the Hubei market, 
chosen for the color of the raindrops and the presence 
of veins. Local gem dealers informed the authors that 
the raindrop turquoise was mined in Zhushan. Spec- 
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imens B-1 and B-2 were medium greenish blue and 
blue, respectively, while specimen B-3 was multicol- 
ored, including yellowish green, brownish yellow, and 
brownish red (figure 4). Specimens B-2 and B-3 con- 
tained veins in addition to raindrops, whereas speci- 
men B-1 contained only raindrops. 
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Standard Gemological Testing. Specific gravity of the 
three specimens was determined hydrostatically. All 
three specimens were tested for fluorescence reac- 
tions under short-wave (254 nm) and long-wave (365 
nm) UV. Microscopic observations were performed 
with a Leica M205A at the Gemmological Institute, 
China University of Geosciences, Wuhan. 


Figure 3. A: Examples 
of “raindrop” 
turquoise from Hubei 
Province, China (left 
to right: 0.70 g, 3.32 g, 
and 3.88 g). B and C: 
Saturated raindrops of 
various sizes, as well 
as veins distributed in 
the substrates. Photos 
by Ling Liu; fields of 
view 3.2 mm (B) and 3 
mm (C). 


X-Ray Diffraction (XRD). XRD analysis was per- 
formed on a micro X-ray diffractometer (Rigaku 
Rapid IIR) using a collimator 0.1 mm in diameter and 
Cu-Ka radiation at a voltage of 40 kV and current of 
250 mA with a scan step size of 1°/second. The XRD 
data obtained was analyzed by MDI Jade5.0 software 
(Materials Data, Inc., Livermore, California). Micro 


Figure 4. Three specimens of raindrop turquoise from this study. Shown from left to right are specimens B-1 (1.84 


g), B-2 (2.91 g), and B-3 (6.61 g). Photos by Ling Liu. 
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Box A: UNIQUE PATTERNS OF TURQUOISE FROM HUBEI PROVINCE 


Growth layer pattern: A pattern in which the regular 
color-zoning bands of turquoise resemble water ripples 
(Ku and Yang, 2021) (see image A in figures A-1 and A- 
DM), 


Raindrop pattern: A rare turquoise pattern with a distri- 
bution of numerous drop-shaped spots (image B in fig- 
ures A-1 and A-2). 


Spiderweb pattern: This type has fine and uniform 
black net veins, usually referred to as “iron lines” in 
Chinese, that resemble a spiderweb (image C in figures 
A-1 and A-2). Spiderweb turquoise can display a wide 
range of color, including light to deep blue, green-blue, 
and green. 


Growth layer Raindrop 


D 


& 
ue 


Si a 


Tang tricolor Ulan flower 


XRD is a nondestructive technique to characterize a 
mineral’s crystalline structure for phase identifica- 
tion and quantification. Each mineral has its own 
characteristic diffraction angles and intensities, and 
the microstructural parameters can be provided by 
interpretation of the XRD pattern (Lavina et al., 
2014). 


Electron Probe Micro-Analyzer. Backscattered elec- 
tron (BSE) imaging and electron probe micro-analysis 
(EPMA) were carried out by a JEOL JXA-8230 on dif- 
ferently colored areas of two specimens (B-2 and B- 
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Tang tricolor pattern: A term used to describe multicol- 
ored turquoise with typically blue, green, and yellow col- 
ors (image D in figures A-1 and A-2). The term was 
originally applied to a kind of multicolored glazed pot- 
tery prevalent in the Tang Dynasty (Yu and Zhang, 1994; 
Zhang, 2008; Ma et al., 2014). 


Ulan flower pattern: An extremely valuable subtype of spi- 
derweb turquoise. It shows similar uniform black net veins 
but possesses a much deeper and more saturated blue color 
(“Ulan”) (image E in figures A-1 and A-2). “Flower” refers 
to the pattern formed by the fine black veins. 


Water grass vein pattern: The iron lines of this turquoise 
resemble waterweeds (image F in figures A-1 and A-2). 


Figure A-1. Schematic 
of turquoise patterns. 
Illustrated by Ling Liu. 


Spiderweb 


Water grass vein 


3). BSE imaging can reveal differences in the compo- 
nents according to the brightness displayed, since the 
contrast is determined by the mean atomic number 
Z or chemical composition of the studied sample. It 
can also display the topographical contrast, but its 
resolution is poorer than that of secondary electron 
images. Thus, EPMA was performed and BSE images 
were generated to investigate the composition varia- 
tion of the raindrops and substrates. The operating 
conditions were: 15 kV accelerating voltage, 20 nA 
cup current, and a 1-micron beam diameter. A series 
of natural and synthetic standards was utilized for 
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Figure A-2. Turquoise 
patterns from Hubei 
Province: growth layer 
(A), raindrop (B), spider- 
web (C), Tang tricolor 
(D), Ulan flower (E), and 
water grass vein (F). Pho- 
tos by Ling Liu (B, C, and 
F); courtesy of Jiang Li 
(A), an anonymous jew- 
elry dealer (D), and 
Mingxing Yang (E). 


calibration (i.e., apatite for P, magnetite for Fe, ortho- 
clase for Si and K, pyrope for Al and Mg, diopside for 
Ca, jadeite for Na, sphalerite for Zn, and chalcopyrite 
for Cu). Raw X-ray intensities were corrected using 
a ZAF algorithm (Schiffman et al., 2013). Composi- 
tional ranges and mean values of the tested sub- 
strates, raindrops, and veins were reported. 


Spectroscopy. Micro-Raman spectroscopy (Bruker 
Optics Senterra R200L) was utilized with a 532 nm 
laser, an aperture of 50 um, and spectral resolution 
of 9-15 cm!. The laser power was 20 mW, and 10 
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scans were set with a 5 s integration time for each 
scan. Baseline correction was performed with OPUS 
spectroscopic software (Wartewig, 2003). Raman 
spectra were normalized to the intensity of the ~1041 
cm! band. Fourier-transform infrared (FTIR) spectra 
were recorded in the 400-4000 cm"! range by a 
Bruker Optics Hyperion 3000 micro-infrared spec- 
trometer with 64 scans and 4 cm”! spectral resolu- 
tion. Data were smoothed and Kramers-Kronig 
transformed using OPUS spectroscopic software. 
FTIR spectra were normalized to ~1112 cm=!. Micro- 
ultraviolet-visible spectroscopy (Jasco MSV-5200}) 
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Figure 5. Various shapes of the raindrops and veins, outlined with red dashed lines for clarity. A-C: Round, nearly 
elliptical, and hexagonal raindrops. D: Curved vein. E and F: Two straight veins crossed in “X” and “Y” patterns. 
An inset image of whitish cracks at the center of veins is shown in figure F. Photos by Ling Liu. 


was performed on different color areas using an aper- 
ture of 50 um, medium response, and a scan speed of 
200 nm/min with the photometric mode of %R. The 
UV-Vis and NIR bandwidths were 5.0 nm and 20.0 
nm, respectively. Spectra were carried out from 200 
to 850 nm with a data interval of 0.2 nm. 


Laser Ablation—Inductively Coupled Plasma—Mass 
Spectrometry (LA-ICP-MS). Some color-causing tran- 
sition metal and other trace elements were analyzed 
by LA-ICP-MS (Agilent 7700e) combined with a Ge- 
olasPro laser ablation system consisting of a COMP- 
exPro 102 ArF excimer laser (wavelength of 193 nm 
and maximum energy of 200 mJ) and a MicroLas op- 
tical system. Analytical conditions were as follows: 
a 44 um diameter laser spot size, laser frequency of 6 
Hz, 80 mJ laser energy, and an energy density of 5.5 
J/cm. NIST glass standard SRM 610 and USGS glass 
standards BHVO-2.G, BCR-2G, and BIR-1G were used 
for external standardization. Due to the lack of a 
phosphate standard, a specimen of turquoise, the el- 
ement homogeneity and stability of which was eval- 
uated, was selected as a measurement standard (not 
a calibration standard) to monitor the drift of the in- 
strument and ensure the quality of the data in the 
whole experiment. 
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RESULTS 


Gemological Properties. The SG values of the three 
specimens ranged from 2.59 to 2.67 (table 1). The 
substrates of the specimens were all opaque, while 
the raindrops and veins appeared slightly translucent. 
The luster of the raindrops was glassy, while that of 
the substrate was waxy. However, the luster of the 
brownish yellow raindrops and substrate was earthy 
(dull) in this study. All three specimens exhibited 
medium to strong yellowish green fluorescence 
under long-wave UV radiation but weak yellowish 
green fluorescence under short-wave UV. In addition, 
the scratch hardness of the raindrops and veins was 
relatively higher than that of the substrates. 


Morphological Characteristics. Most of the saturated 
raindrops of the turquoise specimens were isolated or 
in clusters. The raindrops displayed approximately 
round, elliptical, and hexagonal shapes under magni- 
fication (figure 5, A-C), ranging from 0.1 to 0.8 mm in 
length. The boundaries between raindrops and lighter- 
colored substrates were clear. Furthermore, the satu- 
rated veins with different sizes (0.4-2.8 mm in width) 
occurred in specimens B-2 and B-3 (figure 5, D-F). The 
veins were typically curved but sometimes nearly 
straight. The appearance of the veins and raindrops 
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TABLE 1. Standard gemological properties of the studied turquoise specimens. 


Property B-1 B-2 B-3 
SG 2.66 2.99 2.67 
Transparency Opaque Opaque Opaque 
Luster Waxy to glas Waxy to glassy Glassy to earthy 
Fluorescence under LW Medium to strong yellowish Medium to strong yellowish Medium to strong yellowish 
UV radiation green green green 

SW Weak yellowish green Weak yellowish green Weak yellowish green 


was extremely similar in terms of color, luster, and 
transparency. When one vein was interspersed by the 
other, they formed an “X” or “Y” shape (figure 5, E- 
F). The veins often had a whitish crack at the center 
(figure 5F, inset). In addition, black irregular veins and 
patches, often the primary indications of turquoise 
from around Hubei Province, were noticeable in spec- 
imens B-2 and B-3 (again, see figure 4). 


X-Ray Diffraction. All specimens were identified as 
predominantly turquoise by the XRD patterns of the 
substrates. However, the diffraction patterns of the 
veins and raindrops had some differences from those 


XRD SPECTRA 
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Fluorapatite RO50529 


i 


of the substrates. The diffraction patterns of the veins 
and raindrops showed additional diffraction lines 
that were easy to distinguish from those of turquoise, 
especially in a vein of sample B-3 (figure 6). These 
strong lines aligned well with the diffraction lines of 
the mineral fluorapatite (http://rruff.info/RO50529). 
Therefore, the XRD patterns demonstrated that the 
veins and raindrops were both composed of turquoise 
and fluorapatite. The intensity of the fluorapatite dif- 
fraction lines varied when XRD was performed on 
different areas of the veins and raindrops, indicating 
that their relative proportions of turquoise and fluo- 
rapatite also varied. 


Figure 6. Comparative 
XRD patterns of the 
veins, raindrops, and 
substrates stacked for 
clarity, with XRD pat- 
terns of standard 
turquoise (http://rruff. 
info/RO50225) and fluo- 
rapatite (http://rruff.info/ 
R050529) included for 
comparison. Note that 
additional diffraction 
lines belonging to the 
mineral fluorapatite 
were observed in the 
XRD patterns of the 
raindrops and veins. 


20 (°) 
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Figure 7. Backscattered electron images showed differences in chemical composition, as indicated by the darker 
substrate areas (A) and the brighter areas corresponding to raindrops and veins (B, C, and D). C: Individual 
hexagonal raindrops. D: Conjoined hexagonal raindrops. The black rounded dots in images A, B, and D are laser 
ablation craters. Photos by Ling Liu; fields of view: 0.6 mm, 3 mm, 0.9 mm, and 3 mm. 


Backscattered Electron Imaging. The substrates were 
dark overall but showed tiny bright grains when ex- 
amined under high-contrast BSE imaging (figure 7A). 
However, the raindrops and veins (figure 7B) tended 
to be brighter than the substrates in specimens B-2 
and B-3. There were still numerous small dark grains 
unevenly distributed in the raindrops and veins (fig- 
ure 7B), and the gray value of these dark grains was 
similar to that of the substrates. Meanwhile, some 
individual or adjacent raindrops were approximately 
hexagonal in shape, similar to the habit of apatite, 
under high-contrast BSE imaging (figure 7, C and D). 
The difference in gray value between the raindrops 
and the substrates revealed a difference in their min- 


388 — RAINDROP TURQUOISE FROM HUBEI, CHINA 


eral phases. The gray values of the raindrops and 
veins were comparable, indicating a similar chemical 
composition. 


Chemical Composition. Quantitative chemical com- 
positions of the substrates, raindrops, and veins, ob- 
tained by EPMA and LA-ICP-MS, are summarized 
below and in tables 2. and 3, respectively. 


Substrates. The major components of the substrates 
(the blue, yellowish green, brownish yellow, and light 
green areas in samples B-2 and B-3) were ALO, 
(27.11-37.981 wt.%], P,O, (26.446-31.791 wt.%), and 
CuO (5.615-6.636 wt.%). The real content of major 
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components was slightly inconsistent with those of 
ideal turquoise, which has a chemical formula of 
[CuA1(PO,),(OH),*4H,O] (Foord and Taggart, 1998; 
Cejka et al., 2015). The substrates also contained SiO, 
and FeO, in addition to Al,O,, P,O,, and CuO. The 
contents of SiO, and FeO were relatively high in sev- 
eral of the testing areas, ranging from 0.252 wt.% to 
14.288 wt.% for SiO, and from 2.274 wt.% to 19.586 
wt.% for FeO. The enrichment of SiO, in the sub- 
strates of all samples might result from the substitu- 
tion of P by Si in the turquoise structure and the 


existence of clay minerals (e.g., kaolinite). Clay min- 
erals often occur together with turquoise (Tu, 1996; 
Huang, 2.003; Abdu et al., 2011). Trace element data 
of the substrates demonstrated that V (86.0-810 
ppm), Ni (44.0-1458 ppm}, and Mo (0.71-2124 ppm) 
had a wide range of concentrations (table 3). The 
brownish yellow substrate resulted in the high con- 
tents of V (810 ppm], Ni (1458 ppm], and Mo (2124 
ppm). The substrates contained abundant Ba (570- 
626 ppm) but low Sr (9.61-17.2 ppm) and U (4.53- 
16.6 ppm). 


TABLE 2. Compositional ranges and mean values of the substrates, raindrops, and veins by EPMA. 


Substrates Raindrops* Veins? , aoe 
Turquoise Detection limits 
Oxides (5 spots) (5 spots) (4 spots) 
(wt.%) Min-Max Min-Max Min-Max Ideal (Cejka et Min-Max 
(avg.) (avg.) (avg.) al., 2015) 
SiO, 0.252-14.288 0.864—4.000 0.922-1.752 0.025-0.031 
(6.585) (1.954) (1.287) 
Al,O, 27.11-37.981 24.058-27.919 24.163-29.165 37.60 0.019-0.022 
(35.042) (26.824) (27.645) 
P.O, 26.446-31.791 33.096-34.813 32.488-34.498 34.90 0.021-0.026 
(28.632) (33.959) (33.686) 
CuO 5.615-6.636 5.436-6.644 5.6-6.701 9.78 0.036-0.040 
6.333) (6.087) (6.258) 
FeO? 2.274-19.586 1.694—4.481 1.647-2.211 0.028—-0.037 
6.064) (2.765) (1.935) 
CaO 0.162-0.587 8.487-14.747 8.023-14.354 0.016-0.019 
0.347) (10.355) (9.882) 
K,O 0.013-0.048 bdl-0.02 bdl-0.022 0.012-0.013 
0.027) 0.014) (0.0163) 
Na,O 0.029-0.049 0.025-0.069 bdl-0.043 0.012-0.015 
(0.04) 0.039) (0.0215) 
MgO 0.021-0.229 0.047-0.09 0.03-0.072 0.015-0.017 
(0.111) 0.057) (0.06) 
ZnO 0.373-0.549 0.451-0.611 0.366-0.536 0.022-0.027 
(0.451) 0.519) (0.463) 
F 0.14-0.243 0.584-0.753 0.53-0.878 0.016-0.024 
(0.184) 0.681) (0.660) 
TiO, bdl-0.104 bdl bdl 0.031-0.044 
(0.0494) 
H,O+° 15.87-20.047 na. na. V7.2. 
(16.134) 
Total 100 82.682-84.379 81.13-82.94 100 
(83.261) (81.913) 


“The given totals of the raindrops and veins did not include the contents of H,O and CO,, which were the components of turquoise and fluorapatite, 
respectively, but could not be detected by EPMA and analyzed. bdl = below detection limit; n.a. = not analyzed 


PAll Fe was analyzed as FeO by EPMA. 


°H,O+ was calculated by the difference from 100%. 
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Raindrops and Veins. Conversely, the values of Al,O, 
(24.058-27.919 wt.%) and SiO, (0.864-4.000 wt.%) 
were lower in the raindrops than in the substrates. 
The CuO value had similar ranges in the raindrops 
and substrates. The raindrops had significantly 
higher contents of CaO (8.487-14.747 wt.%) and 
P,O, (33.096-34.813 wt.%) than the substrates, as 
well as enriched F (0.584-0.753 wt.%), a consequence 
of the presence of fluorapatite [Ca,(PO,),F]. And the 
FeO content, from a minimum value of 1.694 wt.% 
to a maximum of 4.481 wt.%, was correlated to the 
color of the raindrops. The major components of the 
veins were essentially identical to that of the rain- 
drops. Compared to the substrates, the raindrops and 
veins had lower concentrations of Ni (13.9-408 ppm) 
and Mo (2.33-532 ppm), but higher concentrations of 
Sr (98.8-478 ppm}, Ba (782-945 ppm], and U (30.2- 
187 ppm). 


Raman and FTIR Spectroscopy. Although the char- 
acteristic bands of turquoise related to phosphate, hy- 
droxyl, and water units (Cejka et al., 2015) could be 
observed in the Raman and FTIR spectra of rain- 
drops, veins, and substrates, there were still signifi- 
cant differences. 


Raman Peak at Approximately 966 cnr! and Shoul- 
der at 1070 cm“. A strong and sharp peak at 965- 
968 cm in the Raman spectra of the raindrops and 


TABLE 3. Element concentrations of the substrates, 
raindrops, and veins by LA-ICP-MS. 


Substrates Raindrops Veins bode guy 

Trace (5 spots) (4 spots) (4 spots) Detection limits 

elements 

(ppm) Min-Max Min-Max Min-Max Min-Max 
(avg.) (avg.) (avg.) 

Fe 21779-186608 17278-49076 16058-21887 35.5-78.1 

(57893) (33639) (19934) 

Vv 86.0-810 135-329 143-226 0.12-0.46 
(293) (230) (185) 

Ni 44.0-1458 13.9-408 17.4-188 1.90-3.80 
(475) (203) (64) 

Sr 9.61-17.2 98.8-154 105-478 0.091-0.13 
(13.1) (119) (286) 

Mo 0.71-2124 2.33-532 2.96-365 0.34-0.72 
(714) (253) (97) 

Ba 570-626 782-945 803-846 0.72-0.99 
(597) (859) (816) 

U 4.53-16.6 30.2-44.7 44.8-187  0.020-0.027 
(9:7) (37) (102) 
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veins (figure 8) has not been reported in previous 
studies of turquoise. Based on the XRD and EPMA 
results, the tested spectra were compared with the 
spectra of fluorapatite from the RRUFF database 
(http://rruff.info/RO50529) for peak assignment and 
matched well. This significant peak was attributed 
to the v, symmetrical stretching vibration of the 
phosphate group (PO,)* in the fluorapatite structure 
(Penel et al., 1997). The v, (PO,)* bending vibrations 
of fluorapatite (Penel et al., 1997), which occurred at 
approximately 594 cm~!, strongly overlapped with 
the band at 593 cm related to the (PO,)* group in 
turquoise (Frost et al., 2006; Cejka et al., 2015). 

Another important feature in the Raman spectra 
of the raindrops and veins was that the band at ~1041 
cm! was more asymmetric than that of the sub- 
strates (figure 8). The peak at 1041 cm", assigned to 
the v, (PO,)* symmetric stretching vibrations (Cejka 
et al., 2015), appeared to consist of more than one 
band and had a weak shoulder at 1070 cm”!. This 
shoulder was assigned to v, carbonate bands associ- 
ated with the substitution of the (PO,]* group by 
(CO,}> in the fluorapatite structure (Awonusi et al., 
2007). With increasing CaO, the relative intensity of 
the bands at 1070 and ~966 cm became stronger (fig- 
ure 8). For example, when the CaO value in a vein 
reached 14.354 wt.% and the F value was high (up to 
0.878 wt.%}, the Raman spectrum showed a distinct 
shoulder at 1070 cm"!. The band at 966 cm"! was 
even more intense than the band at 1041 cm“, im- 
plying a high concentration of fluorapatite in this 
vein. Furthermore, the Raman spectra of the rain- 
drops and veins had a slightly broader band, shifting 
at the 420-429 cm! region in different analyzed 
areas. This band was unresolved due to a combina- 
tion of the v, (PO,)* bending vibrations at 432 cm 
(Penel et al., 1997) for fluorapatite and 421 cm for 
turquoise (Chen et al., 2009; Cejka et al., 2015), re- 
spectively. The position and shape of this band, a 
consequence of the same (PO,}* unit in the structure 
of both fluorapatite and turquoise, also appeared to 
be linked to the value of CaO. 

In conclusion, the distinguishing features of the 
Raman spectra in the raindrops and veins were the 
presence of the sharp peak at 965-968 cm"! and a 
weak but significant shoulder at 1070 cm", both of 
which became more intense with increasing CaO 
when compared to the bands at ~1041 cm. 


Double FTIR Absorption Bands Near 1460 and 1430 
cm. The FTIR absorption spectra of veins, rain- 
drops, and substrates were similar, all characterized 
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Figure 8. Raman spectra of the veins, raindrops, and substrates of the turquoise, normalized to 1041 cm and 
stacked for clarity, with Raman spectra of standard fluorapatite (http://rruff.info/RO50529) and turquoise 
(http://rruff.info/RO50225) at the bottom for comparison. The 920-1120 cnr range of the Raman spectra is shown 
in the three-dimensional plot in the top right corner, clearly indicating that the relative intensity of the bands at 
1070 and ~966 cm became stronger with increasing CaO when the spectra were normalized to ~1041 cnr". 


by the stretching and bending vibrations of water 
molecules, hydroxyl ions, and tetrahedral phosphate 
(Chen and Qi, 2007; Cejka et al., 2015). One signifi- 
cant exception was the occurrence of additional dou- 
ble weak bands near 1460 and 1430 cm" in the FTIR 
absorption spectra of all raindrops and veins but not 
in the substrates (figure 9). Similar double weak 
bands were also observed in two altered turquoise 
samples mixed with calcium carbonate, as in the 
study of Abdu et al. (2011). However, the double 
weak bands near 1460 and 1430 cm" in this study 
were assigned to v, (CO,)’, and the asymmetric 
stretching vibration was due to the substitution of 
the (PO,)* group by (CO,}* in the fluorapatite struc- 
ture (Fleet, 2009). Other very weak bands at 962, 870, 
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and 608 cm related to v, (PO,)* symmetrical 
stretching vibration, v, (PO,)* bending vibration 
(Penel et al., 1997), and v, (CO,)* bending vibration 
(Fleet, 2009) of fluorapatite, respectively, were also 
observed in the vein of sample B-3. 


Spectral Comparisons Between Raindrops (Veins) 
and Substrates of Different Colors. In the visible 
range (figure 10), the absorption from the color-caus- 
ing elements of turquoise was different for each 
color. For a specific color, the absorption bands of 
the raindrops (veins) and substrates had approxi- 
mately similar positions and shapes. The most sig- 
nificant difference between them was the overall 
weaker reflectance intensity of the raindrops (veins), 
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Figure 9. FTIR spectra of the veins, raindrops, and substrates, stacked for clarity. Two ranges (1600-1300 cnr and 
1000-550 cnr") of FTIR spectra are enlarged to show the distinct differences of the spectra among the veins, rain- 
drops, and substrates. Additional double bands near 1460 and 1430 cnr", as well as other weak bands at 962, 870, 
and 608 cnr occurred in the FTIR absorption spectra of raindrops and veins but not in the substrates. 


corresponding to their deeper color. The two com- _ strates to vary in saturation while always being con- 
bined effects caused the raindrops (veins) and sub- _ sistent in hue. 


Figure 10. The UV-Vis reflectance spectra of the raindrops (veins) and substrates of different colors. 
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LA-ICP-MS ANALYSIS 
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Figure 11. The comparison of Fe (left), V (center), and Ni (right) contents analyzed by LA-ICP-MS between rain- 


drops and substrates with different colors. 


DISCUSSION 


Color Origin of Brownish Yellow Raindrops and Sub- 
strates. The amounts of Fe, V, and Ni analyzed by 
LA-ICP-MS were higher in the brownish yellow rain- 
drop and substrate than in the blue and yellowish 
green raindrops and substrates (figure 11). Previous 
work on color origin concluded that the brownish 
yellow color of turquoise with high Fe and low ALO, 
content was associated with the substitution of Al** 
by Fe** in the turquoise structure (Zhang et al., 1982; 
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Luan et al., 2004). However, the authors assumed 
that the existence of secondary iron-bearing minerals 
in the pores was responsible for the brownish yellow 
tone. As expected, significant spectral signals for iron 
minerals only occurred in the Raman spectra of 
brownish yellow raindrops and substrates. 

For instance, when the value of FeO increased to 
4.481 wt.% analyzed by EPMA in brownish yellow 
raindrops, its Raman spectra (figure 12) showed 
strong bands centered at 416 cm, which enveloped 


Figure 12. The band at 
411-416 cm related to 
goethite was obvious in 
the Raman spectra of 
the brownish yellow 
raindrop and the sub- 
strate. The Raman 
spectra of standard 
goethite (http://rruff. 
info/RO50142) is also 
shown for comparison, 
stacked for clarity. 
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the bands in the 420-429 cm range, and was even 
stronger than the peaks at 1043 and 968 cm”. Simi- 
larly, a strong band at 411 cm, accompanied by 
bands at 309 and 558 cm7!, was observed in the 
Raman spectrum of brownish yellow substrate due 
to rich Fe (FeO up to 19.586 wt.% analyzed by 
EPMA). But other bands of turquoise in the Raman 
spectrum of the brownish yellow substrate were very 
weak, such as the ones at 1042 and 3469 cm:. The 
band at 411-416 cm was related to goethite 
(Hanesch, 2009, Liu, 2018). It was very distinct in the 
Raman spectra of the brownish yellow raindrops and 
substrates, suggesting the existence of numerous sec- 
ondary iron minerals in the pores. The brownish yel- 
low or red hue of the raindrops and substrates was 
presumably generated by the alteration of secondary 
iron minerals. 


Discovery of Nearly Pure Fluorapatite and Turquoise 
in the Raindrops and Veins. Interestingly, a bright 
and narrow line (~20 pm in width) was observed in 
the middle of the vein when specimen B-3 was ob- 
served under high-contrast BSE imaging (figure 13, 
inset). And its Raman spectrum showed strong char- 
acteristics of fluorapatite (figure 13). However, only 
very weak bands at 3455, 3474, and 3499 cm"!, were 
assigned to the v(OH) stretching vibrations of 
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turquoise, with weaker bands over the 3000-3300 
cm! range attributed to the v(OH) stretching vibra- 
tions of water molecules in turquoise. In addition, 
the bright and narrow line mainly consisted of CaO, 
P,O,, and F with minor Al,O,, CuO, and FeO, which 
were consistent with the Raman results. The mean 
values for CaO (up to 48.159 wt.%) and F (up to 
1.988 wt.%) analyzed from the bright and narrow 
line were notably higher than those of other areas 
(table 4). The P,O, content was 28.323-28.975 wt.%, 
while the contents of other important elements in- 
cluding Al, Cu, and Fe were all below 0.640 wt.% 
and greatly distinct from the substrates, raindrops, 
and veins. 

Hence, both the Raman spectra and the chemical 
compositions proved that the bright and narrow line 
was indeed nearly pure fluorapatite. And there were 
at least three mineral assemblages (turquoise, fluo- 
rapatite, and a mixture of the two) occurring simul- 
taneously in the raindrop turquoise. Yang et al. 
(2003) and Hull et al. (2008) discovered apatite inclu- 
sions in turquoise from Ma’anshan in Anhui 
Province and the Castilian mine in New Mexico, re- 
spectively. Additionally, fluorapatite also occurred 
in turquoise from Nishapur, Iran (Rossi et al., 2017). 
However, this study was the first to find fluorapatite 
coexisting with turquoise from Hubei Province, 


Figure 13. The Raman 
spectrum of the bright and 
narrow line in the middle 
of a vein showed dominant 
characteristics of fluorap- 
atite and only a very weak 
signal of the hydroxyl and 
water units of turquoise. 
The Raman spectrum of 
standard fluorapatite 
(http://rruff.info/RO50529) 
is also shown for compari- 
son. The 3000-3800 cm 
range is enlarged to show 
the weak signal of the hy- 
droxyl and water units of 
turquoise. The inset shows 
the distribution of lines, 
veins, and substrates under 
BSE imaging (field of view 
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0.6 mm) and the correspon- 
ding microscopic image 
(field of view 2.1 mm). 
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Figure 14. Numerous small dark grains distributed in the raindrops and veins corresponding to turquoise were 
seen under high-contrast BSE imaging. Images by Ling Liu; fields of view 1.25 mm (left) and 0.39 mm (right). 


forming a distinct raindrop pattern. Previous studies 
have made it clear that a turquoise-blue material, 
odontolite, which was also fluorapatite [Ca,(PO,),F], 
was an occasional turquoise imitation used in art ob- 
jects or historical jewels and previously considered 
turquoise (Reiche et al., 2001; Krzemnicki et al., 
2011). 

Moreover, numerous small dark grains were dis- 
tributed in the raindrops and veins under high-con- 
trast BSE imaging (figure 14). According to the EPMA 
results, their major chemical compositions were 
ALO, (38.25-39.566 wt.%)], P,O, (30.144-31.273 
wt.%), CuO (6.464-6.896 wt.%}, and FeO (2.051- 
2.613 wt.%), with minor contents of SiO,, CaO, and 
F (table 4), corresponding to turquoise. 


Speculation about the Formation Mechanism of 
Raindrop Turquoise. The raindrops and veins may be 
the byproducts of weathering and leaching. As sug- 
gested by Jiang et al. (1983) and Tu (1996), the 
turquoise deposits in Shaanxi and Hubei areas re- 
sulted from leaching and mineralization. The miner- 
alization of turquoise was controlled by tectonic 
movement and could be achieved through weather- 
ing, erosion, transportation, leaching, and deposition. 
Most of the turquoise orebodies occur in fissures and 
pores of carbon-bearing silicic rocks as veinlets, 
lentoid and massive (Tu, 1996, 1997a, b). Rainwater 
is active along tectonic fractures, creating favorable 
conditions for leaching and mineralization. And it 
must dissolve the ore-forming elements of Cu, P, and 
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Al in bedrock and host rocks. Turquoise tends to be 
deposited in fracture zones under the high Eh and 
low pH environment (Tu, 1997a). 

When phosphorites are exposed to an acidic envi- 
ronment, their components such as carbonate can be 
easily dissolved. Then, the secondary apatite mineral 
can be formed (Huang, 1991; Liu et al., 1994; Tian, 
1995). Moreover, the original phosphate minerals 
were dissolved and migrated after strong weathering 
and leaching. The secondary mineral fluorapatite can 
be redeposited under appropriate conditions. And it 
was usually accompanied by some supergene weath- 
ered minerals, such as wavellite, variscite, woodhou- 
seite, and limonite (Liu et al., 1994). These mineral 
assemblages also occurred in the turquoise deposits 
of Hubei and Shaanxi Province, indicating secondary 
genesis (Jiang et al., 1983). The formation and enrich- 
ment of fluorapatite bore similarities to the turquoise 
from Hubei. 

Accordingly, the formation mechanism of rain- 
drop turquoise can be speculated as follows: The 
freely soluble substances of the carbonaceous phos- 
phate rocks were lost under acidic conditions, while 
the relatively insoluble phosphate was left in-situ and 
then formed the mixtures of fluorapatite and 
turquoise. On the other hand, after the phosphate 
nodules and phosphate minerals of the ore-bearing 
rock series were strongly weathered and leached, they 
experienced dissolution, migration, and redeposition 
(Tu, 1996, 1997a). The secondary phosphate enriched, 
and then solutions formed the mixed aggregates of 
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TABLE 4. EPMA data of the bright and narrow line and small dark grains in the turquoise 
veins. 
Bright and 
eee 2 Small dark grains? Wn limi 
Oxides narrow line Detection limits 
(2 spots) (2 spots) 
(wt.%) P 
nV Min-Max Min-Max 
(avg.) (avg.) 
SiO, bdl 0.772-0.848 0.025-0.039 
(0.810) 
Al,O, 0.292-0.300 38.25-39.566 0.020-0.021 
(0.296) (38.908) 
P@r 28.323-28.975 30.144-31.273 0.019-0.025 
(28.649) (30.709) 
CuO 0.544—0.640 6.464-6.896 0.037-0.042 
(0.592) (6.680, 
FeO? 0.114-0.188 2.051-2.613 0.031-0.035 
(0.151) (Z 332 
CaO 47 .426-48.891 0.175-0.191 0.017-0.020 
(48.159) (0.183 
K,O bdl 0.023-0.027 0.010-0.014 
(0.025 
Na,O 0.126-0.231 0.018-0.046 0.014—0.017 
(0.179 (0.032 
MgO 0.239-0.259 0.018-0.025 0.015-0.017 
(0.249 (0.022 
ZnO 0.292-0.404 0.434-0.443 0.025-0.031 
(0.348 (0.439 
TiO, bdl-0.043 bdl 0.035-0.037 
F 1.733-2.242 0.229-0.270 0.016-0.021 
(1.988 (0.250 
IAL (ue n.a. 19.244-19.94 
(19.592) 
Total 79.91-81.386 100 
(80.648) 


*Note: The bright line and dark grains can be found in figures 10 and 11, respectively. The given totals of the 
bright and narrow line did not include the CO, which was a component of fluorapatite but could not be 


detected by EPMA. bdl = below detection limit; n.a. = not analyzed 
All Fe was analyzed as FeO by EPMA. 
°H,O+ was calculated by the difference from 100%. 


turquoise and apatite under appropriate physical and 
chemical conditions. The similar formation of 
turquoise and apatite was referred to by Jiang et al. 
(1983) and Tian (1995), respectively. After the phos- 
phate solutions migrated, they might have been pre- 
cipitated in the pores and recrystallized as raindrops. 
They would appear as veins if the phosphate solutions 
were precipitated in the cracks or fissures. The 
formed veins could be ruptured by tectonic activities, 
then providing space for pure apatite crystallizing. 
The pure apatite filling in the veins was the last phase 
of mineralization in raindrop turquoise. 

In addition, the approximately hexagonal shapes 
of the raindrops may have been determined by the 
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well-developed hexagonal crystal shapes of apatite. 
In the Ma’anshan areas of Anhui Province, there is 
a rare variety of pseudomorphic turquoise (figure 15) 
of metasomatic origin (Yue, 1995). In these speci- 
mens, the primary apatite prepared the matrix for 
the formation of pseudomorphic turquoise. And the 
strong alteration of the metallogenic mother rock is 
beneficial to the participation of surface water (Yue, 
1995). Under the actions of alkalescent surface solu- 
tion containing copper, aluminum, iron, and other 
elements, apatite metasomatism occurs, generating 
the pseudomorphic turquoise that inherits the orig- 
inal shape of apatite. Similarly, some raindrops adopt 
the hexagonal habit of the apatite crystals. 
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Figure 15. Pseudomorphic turquoise specimens from the Bijiashan mine located in the Ma’anshan area of Anhui 
Province preserve the original hexagonal shape of the apatite crystal. Photos by Ling Liu. 


CONCLUSIONS 


The saturated raindrops and veins of turquoise from 
Hubei Province (figure 16) were characterized by the 
presence of both turquoise and fluorapatite. In addi- 
tion to Al,O,, P,O., CuO, FeO, and SiO,, the rain- 


drops and veins had other major chemical composi- 
tions of CaO and F differing from the substrates. 
Raman spectra of raindrops and veins showed in- 
tense peaks at ~966 cm" related to the v, symmetri- 
cal stretching vibration of the phosphate group 


Figure 16. Raindrop turquoise from Hubei Province. Photos by Yang Xu (left; He et al., 2018) and Qiang Gao (right). 
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(PO,)* in fluorapatite. Moreover, the bands at 1070 
cm! for Raman spectra and double weak bands near 
1460 and 1430 cm! for FTIR spectra attributed to 
(CO,)> confirmed that (PO,)* was replaced by 
(CO,}> in the fluorapatite structure. The brownish 
yellow color present in some of the raindrop 
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VIETNAM: SHELL NUCLEI, PEARL HATCHERIES, AND 


PEARL FARMING 


Nicholas Sturman, Kwanreun Lawanwong, Nuttapol Kitdee, and Devchand Chodhry 


A field trip to Vietnam in late 2019 permitted team 
members from GIA’s Bangkok laboratory access to a 
shell nucleus manufacturing factory and two pearl 
farms managed by Orient Pearls (Bangkok) Ltd. The 
team was able to see how high-quality bead nuclei 
used on the company’s own farms, among others, are 
produced from the raw shells shipped to Vietnam. The 
end product is used on both farms to produce a range 
of attractive Vietnamese bead cultured pearls suitable 
for use in fine-quality jewelry on a commercial scale. 
The incredible attention to detail required to produce 
the bead nuclei, and the subsequent application of 
these nuclei in the culturing process, must be seen in 
person to be truly appreciated. This account will help 
explain the shell nucleus manufacturing process, as 
well as the pearl farming activities witnessed on two 
Vietnamese pearl farms. 


ietnam is a land of great diversity and beauty. 
From the hustle and bustle of Ho Chi Minh 
City to the beauty of Ha Long Bay and Hoi An (both 
UNESCO World Heritage Sites), there are innumer- 
able places of interest. Economically, Vietnam is be- 
ginning to see significant investment from a wide 
range of businesses, domestic and foreign. While still 
dependent on agriculture, the country is emerging as 
a major player in the electronics and oil/gas indus- 
tries, among others. These factors, together with a ro- 
bust tourism industry, are resulting in an expanding 
population with greater prosperity than ever before. 
Jewelry, including pearl jewelry, ranks high on the 
list of luxury items, as there is a significant range of 
price points at which disposable wealth can be spent. 
From the costume jewelry sector to high-end offer- 
ings, there is something to suit all tastes. While cul- 
tured pearls, accounting for 99.9% of the market 
since the early 1900s, do not usually fall into the 
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higher-end bracket, there remains a healthy demand 
from consumers (Shor, 2007; Heebner, 2015). The 
choice of bead cultured pearls in the marketplace is 
also diverse. Consumers may choose from the usual 
imported gray to black Tahitian bead cultured pearls, 
“golden” bead cultured pearls from the Philippines 
or Indonesia, and bead cultured pearls produced in 
China. 

Ha Long Bay (figures 1 and 2) in northern Vietnam 
is where most pearl farms, producing predominantly 
“akoya” (Pinctada fucata martensii) pearls, may be 
found. These farms are a mix of independent opera- 
tions and joint ventures with the Vietnamese govern- 
ment. A prime example of the latter is Spica, a 
Vietnamese-Japanese joint venture that has produced 
bead cultured pearls for more than a decade. Some 
farming activity is also found in the waters off south- 
ern Vietnam at Nha Trang, as will be seen later, and 
Phu Quoc (Strack, 2006). 

Vietnam has produced saltwater cultured pearls 
commercially since the 1990s. However, the first at- 
tempts reportedly began in the 1960s (Strack, 2006). 
Today, based on the 300-400 kg production from the 
two farms visited in this report, the country is esti- 
mated to produce approximately 2,000 kg per 
annum. The majority of the production is akoya, 
with a smaller quantity of Pinctada maxima, and 
much of the production is currently exported to 
China, Japan, India, and the United Sates. When the 
harvests are good, the quality tends to be higher, but 
the opposite also holds true. 


SHELL BEAD NUCLEI 

One of the most important aspects of the culturing 
process is the sourcing of suitable freshwater shell 
bead nuclei to insert into the host mollusks, which 
deposits nacre around them and ultimately produces 
cultured pearls (Taylor and Strack, 2008). While this 
may appear to be a simple matter of finding any type 
of shell and fashioning beads from it, the truth of the 
matter is more complex and demanding than most 
people realize. The use of saltwater bead nuclei fash- 
ioned from clamshell (Tridacna-species mollusks) 
has been known to result in their cracking during the 
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Figure 1. A Vietnamese pearl farm employee busy with his duties in Ha Long Bay. Photo by 
Nuttapol Kitdee. 
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Figure 2. Ha Long Bay in northern Vietnam is a site of great beauty. A select number of pearl farms operate among 
the limestone casts. Photo by Kwanreun Lawanwong. 


drilling process. This is just one example of why nu- 
cleus selection is critical to the end product. 

Ideally, any shell used for the process should be as 
white and free of colored banding as possible. This is 
especially true in akoya farming, since the nacre dep- 
osition is usually thinner and the culturing time is not 
as long as for other Pinctada-species mollusks. Plain 
white beads of high quality are preferred, and these are 
costlier for farmers to purchase. Any brown, yellow, 
or gray bands or blemishes present in the bead will im- 
pact the final product’s color since they will be no- 
table, to some degree, in the thinner-nacred samples. 
Of course this is not such a concern with beads used 
in the production of Tahitian (Pinctada margaritifera) 
or some “golden” (Pinctada maxima) pearls where the 
nacre is usually thicker, especially in the latter, and 
the naturally occurring pigments mask the underlying 
beads more effectively than white nacre. 

Devchand Chodhry, who manages two pearl farms 
in Vietnam and oversees others in Indonesia, wanted 
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to start his own nuclei production facility to ensure a 
ready supply of high-quality white nuclei. Chodhry 
asked his associate at Witco Co. Ltd. to dedicate part 
of his garment factory in Hai Phong, a port city in 
northeastern Vietnam, to the establishment of this op- 
eration in December 2018. The shells imported from 
the United States (mainly Kentucky Lake in the state 
of Tennessee} are the Megalonaias nervosa (wash- 
board), Fusconaia ebena (ebony), Amblema plicata 
(three-ridge), Quadrula fragosa (maple leaf), and 
species within the genus Pleurobema (pig-toe]!. These 
shells are sealed in bags and shipped by sea in contain- 
ers owing to their gross weight (20 tons of shell per 
container). Prior to shipping, the most suitable mate- 
rial is sourced on behalf of Witco by a contact at Cam- 


‘A GIA field trip to source freshwater mussels and pearls for research 
from Tennessee in the United States provides further details on the 
mollusks; visit https://www.gia.edu/gia-news-research/freshwater- 
pearling-tennessee 
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DR. FREDERICK H. POUGH, Consulting Mineralogist 


(formerly Curator of Physical Geology and Mineralogy at the American Musenm of 
Natural History, New York City) 


The gem and mineral collection of The 
American Museum of Natural History 
owes its present magnificence to the pio- 
neer efforts of the Tiffany gem expert, Dr. 
George Frederick Kunz. Dr. Kunz pre- 
vailed upon Tiffany and Company to re- 
tain and assemble the best examples of 
American gemstones, for exhibition in Paris 
in 1889. The president, Morris K. Jesup in- 
terested Mr. J. Pierpont Morgan in pre- 
senting this collection intact to the Mu- 
seum. 

The success of the first display encour- 
aged Dr. Kunz to make a collection of pre- 
cious stones of other than American origin, 
to which Mr. Morgan agreed. This was 
also purchased, on the condition that it be 
shown at the Paris Exposition of 1900, 
where it received a Grand Prize. The two 
collections formed the nucleus of the pres- 


ent collection, making, as Dr. Kunz says ‘a 
crowning glory to the many magnificent as- 
semblages of other things in the Museum.” 
Mr. Morgan's generosity included the pur- 
chase and presentation of a third collec- 
tion, of smaller size, to the Paris Museum 
of-Natural History. Later, Mr. Morgan pur- 
chased the Clarence Bement collection of 
minerals. The Bement collection formed the 
main body of the Museum's mineral collec- 
tion, tremendously overshadowing — the 
smaller mineral collection already on dis- 
play in the museum. 

Nine years after the elder Morgan's 
death, in 1922, his lifelong friend, George 
F. Baker, presented the Museum with 
funds for redecorating a hall to house the 


1Kunz, George F. ‘The Morgan Collection of 
Precious Stones,’’ The American Museum Jour- 
nal, Vol. 13, pp. 159-168, 1913. 
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den Corporation in Tennessee who has a wealth of ex- 
perience handling shell and pearls in the United 
States. The contact has a long-standing business rela- 
tionship with many of the divers in the United States 
and can source the quantity and quality of shell re- 
quired for the Vietnamese operation. While freshwater 
shell is also available in India, China, and some other 
countries, the quality produced by the United States 
is more prized by the trade. 
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Figure 3. Photos from 
inside the factory 
showing the stages of 
nuclei production. 
Bags of imported shell 
(A), sawing each valve 
to separate the thick- 
est section for the 
larger beads (B), plac- 
ing pieces of shell into 
a machine to cut into 
cuboid pieces (C), 
grinding the corners 
off the larger cubes by 
hand (D), inserting 
preformed nuclei into 
a machine that per- 
fects the rounding 
process (E), sieving 
preformed nuclei (F), 
checking a new group 
of spherical nuclei 
(G), and the metal 
ball bearings used to 
produce the grooves in 
the stone discs (H). 
Photos by Nuttapol 
Kitdee (A, C, E, F, G), 
Nick Sturman (B, D), 
and Kwanreun 
Lawanwong (H). 


Upon receipt at the facility, the staff remove the 
shells from the bags and sort them into separate 
piles according to species (figure 3A). Processing be- 
gins with each half (valve) of the whole shell being 
sawn into two pieces (figure 3B). The thickest por- 
tion, from which the largest beads can be fashioned, 
is separated for use in the next step, which involves 
cutting each new portion into strips. A machine 
containing evenly spaced blades then cuts the strips 
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into separate cube-like pieces (figure 3C). Staff use 
vertical blades to round the corners of the larger 
cubes (figure 3D) in preparation for the next step in 
the process, which is grinding the final spherical 
beads between two stone discs. The smaller cubes 
used for the small nuclei do not warrant such 
painstaking attention, so they move to another ma- 
chine that automatically rounds them to the desired 
form (figure 3E). Next, the large and small preformed 
nuclei are sized by sieving (figure 3F) and then pass 
on to a grinding process that involves a series of 
stone discs of different grain sizes, from coarse to 
fine grain, to finalize the shaping (figure 3G). The 
discs arrive at the factory unscored, so another step 
in the process is to create the evenly spaced grooves 
in which the shell bead nuclei eventually sit. This 
is done by placing metal ball bearings onto the cor- 
rectly sized ring-shaped template base. The new 
blank disc is lowered so that the ball bearings make 
contact with it, eventually creating grooves in the 
new disc. Water is applied throughout the process 
(figure 3H). 

The equipment in the factory is designed and 
tested by the experienced Witco team to improve 
productivity and efficiency. In this way, they can 
apply any improvement to the process and machin- 
ery to see if it has the desired effect. 

After the grinding work is complete, the nuclei 
pass on to a room where a staff of predominantly 
women sit with Perspex-based trays on their laps and 
another group sits at a table with closed-sided trays. 
The trays are gently rocked from side to side to make 
the nuclei with the most perfect symmetry (round- 
ness) roll into a basket on the floor (figure 4A). Nuclei 
that do not make the grade—the ones that do not roll 
smoothly enough—are removed by hand and re- 
turned to the previous grinding step, where their size 
is sacrificed for the sake of a more precise shape. 
Roundness is then double-checked using the closed- 
sided trays (figure 4B), and once they pass this step, 
nuclei are transferred to two wooden barrels (figure 
4C), where they are exposed to a weak acid treat- 
ment. The acid removes the powdery surface texture 
(figure 4D) and, in effect, polishes them into a final 
product (figure 4E). The proprietary acid bath step is 
very important. Too strong an acid will cause the 
shell to crack and etch too quickly, while too weak a 
solution will not effectively smooth the bead surface. 

Next in the nuclei’s journey comes a final check 
of the shape precision and color/imperfection grading 
so that they may be sorted into high-quality nuclei 
lots with matching grades for use in specific farms 
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around the world depending on requirements (refer 
to earlier comment on color/imperfections and types 
of mollusks on farms). The shape is checked one final 
time using a machine (figure 4F) developed by the 
Chinese pearl industry that has been slightly modi- 
fied and is manufactured in Vietnam. It consists of 
two stacked rotating glass discs with simple bound- 
ary walls that allow the beads, which gently drop 
from the hopper onto the outer surface of the first 
glass disc, to roll along. If the nuclei are perfectly 
spherical, they will follow the wall and drop into a 
basket and pass the test. If, on the other hand, there 
are any small flat or uneven surface areas, they will 
not roll smoothly and will travel away from the wall 
in keeping with the motion of the rotating glass. 
Those that fail eventually exit on the opposite side 
of the disc and are taken back to the grinding step. It 
was very evident that the speed of the glass discs was 
critical to this part of the process and had to be con- 
tinuously monitored. The Witco team was working 
to make the speed more consistent or at least reduce 
the range of speed, for variability is sometimes 
needed depending on the bead size. 

Color/imperfection sorting, the last step in the 
process, takes place in the same room as the machine 
with the stacked glass discs. Nuclei are examined 
and split into groups of varying degrees of whiteness 
(figure 4G). The whiter the nuclei, the better the 
quality and the higher the selling price. Discussions 
made it clear that the factory’s work has just begun 
and they already supply nuclei to quite a few farms. 
Production will be increased as steps in the process 
allow, and different sized nuclei will continue to be 
produced, although all the smaller nuclei are des- 
tined for the farms operated by Orient Pearls 
(Bangkok) in Vietnam. The more banded or off-white 
nuclei are typically sent to existing clients for the 
production of Tahitian bead cultured pearls, where 
the whiteness is not as critical as in Japanese and 
Vietnamese akoya production. It was interesting to 
learn that the maple leaf mussel produces the purest 
white beads needed for akoya production, while the 
washboard mussel produces the more banded (figure 
4H) and hence less expensive nuclei that are accept- 
able to the Tahitian pearl farmers and farms where 
golden Pinctada maxima are produced. 

Witco produces beads from 1.5 mm (0.49 Bu}? to 
6.0 mm (1.98 Bu) from the thinner areas of the shells 


“Bu” is an ancient Japanese unit of length. In metric terms, 1 bu is 
equivalent to 3.03 mm. 


Gems & GEMOLOGY FALL 2020 


and from 5.0 mm (1.65 Bu} to 12.0 mm (3.96 Bu) from 
the thicker areas of the shells. The production of very 
small nuclei is unique to Witco. Orient Pearls 
(Bangkok) Ltd. uses the production for its own farms 
in Vietnam to create a niche market for smaller bead 
cultured pearls of various attractive colors, as will be 
seen later when the Nha Trang farm visit is covered. 

By the end of the visit to the factory, it was appar- 
ent that the roundest shape and whitest color were 
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Figure 4. Photos from 
| inside the factory 
show the stages of nu- 
clei processing. Qual- 
ity checks by the staff 
to remove any nuclei 
that need further pro- 
cessing (A and B), 
wooden tumblers for 
removing the powder 
from the surface and 
imparting a final fin- 
ish (C), matte-sur- 
faced nuclei prior to 
insertion into the 
drums (D), signifi- 
cantly improved sur- 
face luster after drum 
processing (E), the ma- 
chine that checks the 
roundness of the fully 
processed nuclei (F), 
the final color grad- 
ing/sorting step (G), 
and a selection of 
washboard mussel nu- 
clei showing clear yel- 
low banding (H). 
Photos by Nuttapol 
Kitdee (A, C, E), Nick 
Sturman (B, D), and 
Kwanreun Lawan- 
wong (F). 


the paramount objectives in nuclei production. Ob- 
taining these two goals, however, requires consider- 
able experience, trial and error, investment, and 
adaptability. It was also very surprising to learn that 
only 3.5-4% of the imported shell leaves the factory 
as nuclei. The target is to produce 5% or more, but 
that still means that much of the original shell is not 
suitable for nuclei or is wasted, further underscoring 
the challenges of nuclei production. 
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Figure 5. A POL staff member working on a series of wheel grinders to knock off surface growth from each shell. 


Photo by Nuttapol Kitdee. 


PEARL FARMING IN HA LONG BAY 


Vietnam’s long coastline extends from Hai Hoa in the 
north to Dat Mui in the south. There are also many 
islands along this coastline, the most famous of which 
are located in Ha Long Bay, where Pearl Orient Lim- 
ited (POL) has a farm. Located a short boat trip from 
Dong Xa, the island (21°03'12.5” N, 107°28'09.3" E) is 
perfectly positioned: close enough to the mainland for 
vital supplies, yet far enough away from any signifi- 
cant activity, such as shipping or tourism-related mat- 
ters, to be of any concern to the production of pearls 
in a suitably clean environment. 

Because the island is uninhabitable, the staff stay 
on the mainland. POL operates a shuttle service early 
each morning prior to sunrise and a return service in 
the late afternoon. Only six to seven staff stay on the 
island each night to guard the premises. When morn- 
ing arrives and the guards head home to catch up on 
sleep, the employees brought by boat are left to work 
on the mollusks awaiting them. 

The farm employs about 140 people. The staff 
are split into various groups with specific duties to 
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perform. These responsibilities range from cleaning 
the shells, preparing the shells for operation, cutting 
and preparing the mantle tissue from the donor 
mollusks, and nucleating/seeding the host mollusks 
to collateral tasks such as preparing meals for the 
staff. 

The day starts with selecting shells for the donor 
mantle tissue (saibo) and the hosts in which the nu- 
clei are inserted. The chosen shells are removed 
from the holding area for preparation. These are 
stock previously transferred from the nursery area 
(see later in the report). The shells are cleaned in a 
number of ways, using hand tools for scraping and 
wheel grinders (figure 5) that remove most of the as- 
sociated organic growth. A two-minute soak in a sat- 
urated salt bath helps to kill any parasites living on 
the shells. Once these steps are complete, the shells 
are selected and separated by size into groups of 80- 
150, which are then placed in black plastic contain- 
ers and returned to the sea to be monitored. Those 
that are ready for the operation are also placed in an 
ozone tank for around eight hours to remove any 
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bacteria and byssus? prior to transfer to the nucle- 
ation room. 

When the mantle donor shells are ready, the staff 
quickly and expertly cut the desired section of man- 
tle from each shell and trim away the outer fringe 
from the inner whiter area. They are mindful to re- 
move any colored areas from the final small pieces 
of mantle that will be used in the nucleating process, 
since these have been shown to have detrimental ef- 
fects (discoloration, off-shape pearls, and surface 
blemishes) on the final product. The pieces of mantle 
destined for the host shells are quickly coated in an- 
tiseptic to ensure they remain as healthy as possible 
until insertion in the mollusks. 

The next step is the nucleating or seeding itself. 
With the akoya shells, only one operation is ever 
performed, unlike in Pinctada maxima where two 
or more operations may take place depending on cer- 
tain scenarios. This is because the shells are smaller 
and have a shorter life span of only 4-6 years, 
whereas the P. maxima can live for 20-30 years. On 
POL's farm, each akoya mollusk is nucleated with 
between one and four shell nuclei, depending on the 
size of the nucleus. If the smaller sizes below 3.03 
mm (1 Bu) are used, three or four beads are inserted 
into the host. For nuclei measuring 3.6-4.8 mm (1.2— 
1.6 Bu), two shell bead nuclei are inserted, while 
larger beads of 5.7 mm (1.9 Bu) or above are inserted 
singly into each host. The skill of the operators is 
critical in performing this work quickly and effec- 
tively, for the quality of the end product depends on 
their talents. It was notable that all the employees 
performing this step were women owing to the be- 
lief that they are able to perform this delicate oper- 
ation with better results. 

When one looks at an unopened Pinctada fucata 
shell, one side shows a concave surface near the lip 
area. This is considered the right-hand side. It is in 
the gonad protected within this area of the pocket 
that nuclei are implanted during the seeding opera- 
tion. The actual placement of the nuclei within the 
gonad is also of critical importance. With small 
beads, the placement of the two, three, or four nuclei 
together with the corresponding individual pieces of 
mantle become even more critical. Incorrect posi- 
tioning may result in twin pearls, low-quality pearls, 
or no pearls at all. 


*The mass of strong threads (“sea silk”) secreted by some mollusks at 
the hinge end by which they are able to attach themselves to rocks 
and other stable surfaces. 
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After the operations are complete, the mollusks are 
placed into suitably sized nets with strips of plastic 
tubing that prevent the mollusks from moving around 
freely. The nets are subsequently taken to a holding 
area to be monitored for approximately two to three 
weeks, or until the piece of mantle forms a pearl sac 
around the shell bead. Then they are transported to 
the longlines in the waters within the farm limits, 
where nature takes its course and layers of nacre are 
deposited in the pearl sac to form pearls before their 
eventual harvest. At the time of the visit, the farm’s 
stock consisted of approximately one million shells: 
100,000 were seeded with one nucleus, 450,000 with 
two nuclei, and 450,000 with four nuclei. 

Although we did not visit during a designated har- 
vest period, POL was kind enough to remove some 
akoya from their nets and show us the results. This 
quality check is carried out every month to monitor 
the health and progress of the mollusks from the var- 
ious operation dates. Shells with one, two, and four 
nuclei were chosen, and in almost all cases the num- 
ber of pearls matched the number of nuclei inserted. 
In a few examples, however, no pearl was found—not 
an uncommon situation—and in some of the dual or 
quadruple operations, an uncoated nucleus was re- 
moved. This clearly shows that the process does not 
always work and that nature makes its own decisions. 

After the mollusks have been in the water for a 
few months, their health is monitored, as we wit- 
nessed on the day we visited, by pulling up the nets 
and making a quick inspection of a random sample. 
Healthy mollusks tend to show “fingers” on the lip 
fringe that are intact and protruding, while those that 
are not so healthy show the opposite. Sadly, dead 
shells are lifeless and already open. This is something 
no pearl farmer wishes to see, but it is an inevitable 
part of the farming process, and the mortality rates 
are monitored closely. Detailed record keeping of 
every stage of the seeding process, post-operative 
care, and eventual placement of each group of oper- 
ated mollusk allows the staff to check the shells’ 
progress prior to the scheduled harvest date. 

As with all pearl farms, the mollusks also need to 
undergo regular cleaning. The farm uses two special- 
ized cleaning boats, each mounted with a conveyor- 
type cleaning unit. The fouled nets and shells are 
pulled up and fed into the unit, which uses high-pres- 
sure water jets. Afterward, the nets with their shells 
are returned to the water, and the remnants of the 
cleaning process may be seen as a cream to beige 
stain spreading behind the vessel as it continues its 
way down each longline, cleaning every net sus- 
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Figure 6. Staff at the nursery placing nets containing Pinctada radiata mollusks into the waters of Ha Long Bay. 


Photo by Nuttapol Kitdee. 


pended. This process is laborious but vital to the 
whole operation. 

On the way back to the harbor, we detoured to an- 
other area of Ha Long Bay (21°01'37.5"” N, 
107°27'35.6" E), ashort distance from the main farm, 
where the spat are cared for. In this area, a separate 
team checks the spat received from the Nha Trang 
farm where Pearls Vietnam Limited (PVL) has its 
hatchery. Sizes are checked using a sieve before 
transfer to triangular blue nets (figure 6), which are 
suspended under wooden rafts for monitoring. Only 
when they reach the right age of around one year are 
they moved to the main farm for the team there to 
start working on them in the way described earlier. 

It was very interesting to note that POL is exper- 
imenting with Pinctada radiata mollusks sourced 
from the Middle East but obtained via Japan and sub- 
sequently sent to Vietnam. This group has strong 
links with Japan and this was clearly visible in all 
steps of the operation. The use of this mollusk seems 
a good choice, as it is more suited to warmer waters 
than Pinctada fucata martensii, and its faster nacre 
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deposition means that the nacre coverage is ulti- 
mately thicker. The possibility of producing hybrids 
is also being considered. The future certainly looks 
promising, and we may start to see a greater variety 
of Vietnamese pearl products in the market. 


PEARL FARMING IN NHA TRANG 

The PVL pearl farm is located in southern Vietnam 
(12°40'02.4” N, 109°12'36.8" E) around one hour’s 
drive from the city of Nha Trang, a popular tourist 
destination. It is far away from the main sources of 
pollution encountered from a concentrated area of 
humanity. Like the POL farm in Ha Long Bay, it fo- 
cuses on the production of akoya pearls from the 
Pinctada fucata martensii mollusk and follows the 
steps detailed previously for the northern farm. How- 
ever, there are differences between the two. PVL pro- 
duces the brood shell stock in its own hatchery for 
both farms, and the ratio of colored pearls to white 
and cream ones is higher in the northern farm since 
a greater percentage of silver, gray, and blue pearls are 
produced there. 
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However, the obvious difference between the two 
farms is the plentiful fresh water supply on this 
mainland farm, presumably part of the reason it is 
used as the hatchery location as well. Although the 
mollusks live and breed in the marine environment, 
fresh water plays a crucial role in the cleanliness 
needed to limit infection in the breeding and grafting 
steps. The use of fresh water is therefore more promi- 
nent in the hatchery and pre-operation mollusk 
preparation than on the northern farm. Some inter- 
esting facts about the care and pre-operation prepa- 
ration of the Pinctada fucata martensii on the PVL 
and POL farms (noting that there are differences with 
other mollusks and farms) include: 


e When moved from the hatchery to the sea, the 
mollusks need to be cleaned once a month. 

e The age at which they are seeded ranges be- 
tween 9 and 12 months. On the day of our visit, 
the shells being operated on were 10 months old. 


Prior to the grafting process, they are placed in 
a freshwater tank (figure 7) for two hours to kill 
the saltwater parasites and other guests living 
on or in the surface layers of the shells. The 
mollusks can tolerate the fresh water by clos- 
ing tightly, while the other organisms cannot 
survive this long in fresh water. 

The shells are quickly dipped into a strong salt 
bath to kill any parasites or bacteria. Salt is 
used in the same way during the cleaning 
process. They are submerged for two minutes. 
The ozone process carried out in one tank helps 
remove the “legs” or byssus. 

The mollusks are immersed in an anesthetic 
bath to relax them prior to seeding. The time 
spent in the bath varies very slightly between 
the two farms and also depends on the size of 
the shells. It usually lasts around 10 minutes on 
the POL farm and around 14 minutes on the 


Figure 7. The saltwater mollusks are placed in freshwater tanks for around two hours to kill any parasites or or- 
ganic growth on or within the outer surface layers. The PVL farm manager, Mr. Kado (pictured), is the driving force 


behind the farm’s success. Photo by Nuttapol Kitdee. 
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PVL farm. The concentration of the anesthetic 
also varies from 47% on the POL farm to 46% 
on the PVL farm. 


e The fully anesthetized mollusks are easy to 
spot, as their shells are open. The ones that are 
not fully open need to be pegged in preparation 
for the next step. However, even the fully re- 
laxed and open mollusks eventually need to be 
pegged before the anesthetic begins to wear off. 


e After the operation, the mollusks are sus- 
pended in a tank. Numbers on the variously 
colored tags identify the technician who carried 
out the seeding. This information is valuable, 
as not all technicians share the same skill level; 
some may produce a pearl with better shape or 
a higher percentage of a specific shape. 


e The operational head technician, who is from 
Japan, stated that from his experience, the pearl 
sac takes five to seven days to form post-oper- 
ation. 


e The mantle used was from donor shells that 
were a month younger than the host. 


¢ Before being placed in the sea post-operation, 
the shells are inserted into pockets in nets, and 
then each one is further inserted into two fine 
green mesh covers for protection. After one 
week, the first green net is removed, and a 
week after that the last green net is removed. 
This ensures that the pearl sac forms and the 
newly formed byssus stick with other shells 
and the host net. The formation of the byssus 
limits the shells’ movement within the nets. 


Most hatcheries are set up in a similar way 
(Cartier at al., 2012). They depend on producing lar- 
vae from the eggs and sperm of suitable parents and 
then closely monitoring and feeding the larvae and 
spat as they develop from the former to the latter. 
The PVL farm is no different in this respect, but the 
use of fresh water during some steps of the process 
seems to differentiate the hatchery and farm from 
their peers. 

In the hatchery, we noted the typical darkened 
conditions in the area where the tanks holding the 
larvae and spat are situated, though more lighting is 
provided when staff or visitors are in the area. Vari- 
ous tools such as nets with varying mesh sizes for 
different stages of larvae to spat formation were on 
hand, and the tanks were oxygenated to ensure the 
survival of the spat. The spat generally start to attach 
themselves to structures after 20 days (Otter et al., 
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2017). This is when they transform from the larval 
stage, where they are free-swimming organisms, to 
spat form. On the day of our visit, the spat were 25 
days old. Although small, they could clearly be seen 
attached to the black plastic screens suspended in the 
tanks. To keep the hatchery free of possible contam- 
ination, staff and guests must wash their hands and 
feet with fresh water and detergent before entry. Staff 
also wear hairnets and masks to prevent potential 
contamination of the tanks. In this way, the larvae 
and spat can reach a suitable age (usually 35-45 days], 
at which point they are taken out to the sea just a 
few meters away to be suspended from the rafts and 
longlines in the baskets and nets. 

Before they are able to reach the sea, the spat and 
their larval stage have to be fed. The rest of the hatch- 
ery rooms are dedicated to producing the different 
phytoplankton required for three different age groups. 
The larvae are fed Pavlova lutheri and Isochrysis gal- 
bana from birth, and after five days Chaetoceres gra- 
cilis is added for further nutrition. Meticulous work 
goes into ensuring that the right nutrients are pro- 
duced in the numerous glass vessels lining the shelves 
of the air-conditioned rooms. The stock is kept under 
optimum conditions so there is always a supply of 
food for the larvae or spat at any given time. 

When they eventually make it to the sea, they are 
monitored to ensure the best possible conditions in 
which to continue developing. Mortality rates must 
be kept at a minimum for farmers to have any chance 
of producing enough pearls to turn a profit. When 
other overhead costs such as staffing and general op- 
eration are taken into account, this becomes even 
more challenging. Every step of the process is impor- 
tant. Weather is an additional factor, one that pearl 
farms have absolutely no control over. Extreme 
weather can wipe out farms and destroy the longlines 
and mollusks in some areas of the world (the Philip- 
pines being a prime example), yet this is less of a fac- 
tor in Vietnam. Sea conditions also play a role in the 
way the farm is operated. The water is shallower and 
the seabed muddier in the Nha Trang farm than in 
the Ha Long Bay farm, which results in more fre- 
quent cleaning as the baskets and nets quickly be- 
come clogged with sediment. The fouling in Ha Long 
Bay is linked more to the marine life that attaches it- 
self to the shells and structures in which they are 
housed. Thus, as in the northern farm, cleaning ves- 
sels are used to periodically move along the longlines 
and free the mollusks of any unwanted sediment or 
growth. PVL uses four cleaning vessels, one on floats, 
to do this work on a slightly more frequent basis. 
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Figure 8. Pinctada radiata spat upon removal from the sea during a quick check of their health. The long and 
prominent “fingers” extending from the shells’ lips indicated they were in good health, and no obvious mortality 
cases were evident. Photo by Kwanreun Lawanwong. 


During our brief visit, we took a boat trip out to 
the longlines to see the mollusks and nets used at the 
various stages of their growth cycle. Although the ma- 
jority of the mollusks were Pinctada fucata martensii, 
we were shown some Pinctada radiata (figure 8) that 
had recently arrived from the northern farm via Japan 
and been sourced from the Middle East. They were 
being cared for in order to see whether they could be 
reproduced in the hatchery at a later date once suitable 
parent stock was identified. The mollusks were en- 
closed in a fine hemp bag that covered a three-tiered 
structure on which the shells were sitting. They all 
looked healthy, and the plan was to introduce them, 
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as previously noted in the section on the northern 
farm, to see whether they would produce better pearls 
with thicker nacre given that they are a species that 
better tolerates warmer waters. Other stages of the 
growth cycle where mollusks were kept in different 
nets were also observed, as were some mollusks that 
had already been operated upon on different dates. 
Some contained a single bead, while other mollusks 
from different operation dates grouped in other areas 
of the farm’s waters contained two or four nuclei. 
Back on dry land, we witnessed the opening of 
some shells to see the results of earlier operations. 
Ten mollusks operated on in December 2018 were 
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Figure 9. One of the many bags of pearls kept in the farm’s office before being sent to Bangkok. The range of colors 
is very evident, and the white to yellow pearls are the most desirable range for Orient Pearls’ end products. There 
is also a healthy demand for the silver, gray, and blue colors. Photo by Nuttapol Kitdee. 


checked first, and the outcome of the eight-month 
formation period was the harvesting of ten pearls 
ranging from white to light yellow. The nacre condi- 
tion looked good during the duration of growth per- 
mitted prior to their extraction. Ten mollusks from 
three other seeding operations were also opened in 
our presence, and we witnessed the removal of pearls 
from a two-nuclei operation and pearls from a couple 
of four-nuclei operations. 

The final part of the day was spent in the office 
inspecting the bags of production (figure 9) from the 
safe and watching the sorting process. The quantity 
of pearls was impressive, and this was because the 
northern farm’s production is sent to the southern 
pearl farm post-harvest for sorting. Here the staff 
check for the usual criteria—size, shape, color, luster, 
and surface imperfections—before grouping them 
into lots for further inspection during Chodhry’s reg- 
ular visits. After his inspection, they are shipped to 
Orient Pearls (Bangkok) for further sorting and pro- 
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cessing before ultimately being used in all types of 
jewelry for sale and distribution globally. Orient 
Pearls (Bangkok) is particularly proud of its range of 
uniquely small (1.5 to 5.0 mm) akoya cultured pearls 
ranging in color from white to yellow, as well as the 
greater quantities of similarly sized silver to light 
gray akoya with a bluish appearance produced at the 
northern farm. It is not very clear why there should 
be such a difference in colors when the mantle 
choices from the donors are similar, as are the hosts, 
and the techniques employed through the husbandry 
and farming processes are consistent. A visiting man- 
ager from the southern farm on the day of our visit 
suggested that the bluish color of the pearls results 
from the effects of bacteria in the northern farm’s wa- 
ters. Staff noted a greater variety of marine life and 
parasites in the waters of Ha Long Bay than those of 
the southern farm. This is still a subject of discussion 
and could be an interesting case study going forward, 
since it is outside the scope of this field report. 
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gem and mineral collections, to be known 
as the Morgan Memorial Hall. On its com- 
pletion, the Bement collection of minerals 
and the Tiffany-Morgan collection of gems 
were placed on display in the new hall. To- 
day the collections have been considerably 
amplified by additions from other bene- 
factors, including most notably the William 
Boyce Thompson Collection, which actually 
came to the museum in 1951. Although Mr. 
Morgan did not, unfortunately, endow the 
collection so that his share would continue 
to keep pace, there have been many other 
contributors. The total of additions to the 
original display is now so great and so im- 
portant that the collection is now more 
accurately and properly known under the 
Museum’s name as the “Gem Collection of 
The American Museum of Natural History” 
and is to be found displayed in the Morgan 
Memorial Hall. The considerable additions 
to the original display include many out- 
standing stones. Comparatively few of the 
important foreign stones were part of the 
original collection; for, after all, the origi- 
nal purpose of Tiffany’s display was largely 
educational. As originally constituted there 
was great emphasis on North American lo- 
calities. An extensive series of small exam- 
ples illustrates the color range and the many 
varieties of the various jewelry stones, but 
in the original series, quality and size were 
secondary considerations. Even now the col- 
lection still has a few gaps, lacking really 
outstanding examples of the best-known 
stones. It could do nicely with a fine large 
diamond, and better specimens of ruby, sap- 
phire and emerald. 

Nevertheless, the continued interest of 
friends of the Museum in the collection has 
led to the addition of many outstanding 
examples of the more unusual stones. Most 
suitable have been the purchases from the 
endowment funds received from the be- 
quests of Mrs. Bonny Wallace LeClear 
(known as the Wallace Memorial Fund) 
and William Boyce Thompson. The stones 
so acquired highlight the important series 
of educational exhibits, adding impressive 


individual examples. The cut stones, and 
specimens of uncut gem crystals are arranged 
in a series of 28 cases that extend down the 
center of the hall. The displays follow a 
common jewelry stone sequence, and each 
case contains an explanatory label written 
by the late Herbert P. Whitlock, together 
with smaller individual labels giving the 
size and provenance of the individual stones. 

At the entrance to the hall we see a 
pedestal, on which there rests a large (7- 
inch) flawed crystal ball from California. 
Under it there has been placed an illumt- 
nating device which imperceptibly changes 
the colors reflected from each of the flecks 
within the stone sphere, and makes it an 
intriguing beacon to draw visitors. 

Below the pedestal there stands a flat- 
topped, glass-covered safe in which are 
stored some outstanding specimens of crys- 
tallized gold (Thompson Collection), head- 
dress ornaments from the Chinese emperor, 
and two fine diamonds, an 8.02 ct. mar- 
quise and a 7.32 ct. pear-shape. The Mu- 
seum has recently acquired a flawed 10-inch 
crystal sphere in the Thompson bequest, and 
it will be placed on display later, perhaps 
on the pedestal in place of the smaller one. 

As we go down the hall, the first case 
on the right contains the diamonds. From 
the standpoint of rarity and interest, the 
most important specimens are the rough 
crystals from Wisconsin and Alabama. The 
Wisconsin crystals were found in glacial 
morainal material (they weigh about 16 and 
4 cts., respectively). The Alabama crystals, 
from gold washings, weigh about 41/, ct. 
each. In addition to these specimens, illus- 
trated, like so many of the Tiffany collec- 
tion specimens, in Kunz’ “Gems of North 
America” there is a series of diamonds of 
various types; including ballas, carbonado, 
and Belgian Congo cubes. A series of small- 
cut variously colored stones includes a light 
pink, a pale blue, a fine golden marquise, a 
pale green and a black. 

The next two cases are devoted to the 
corundum jewelry stones, and in them we 
find a rather spectacular series of sapphires. 
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SUMMARY 


Vietnam is clearly a cultured pearl producer of note 
and, to a lesser degree, a source of shell bead nuclei. 
While there are a number of pearl farms in the north 
and a few in the south producing mainly akoya 
pearls, there is only one shell nucleus factory the au- 
thors are aware of today. The detail and commitment 
required to turn shell valves into high-quality bead 
nuclei on a consistent basis, and for the same nuclei 
to eventually end up in the center of bead cultured 
pearls, was evident from our time in Vietnam. All 
pearl farms operate along similar lines (Cartier et al., 
2012; Sturman et al., 2016), yet it is also fair to say 
that they all have their own traits and quirks that dif- 
ferentiate them from one another. Whether it is the 
way the parents and spat are handled by hatcheries 
(which are not available at all farms), the subtle dif- 
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ferences in the methods used to prepare the mollusks 
pre-operation, or the techniques employed in the 
grafting process itself, there is always something to 
learn from visiting a pearl farm. 

The chance to witness this process close-up can be 
appreciated by anyone given such an educational and 
enjoyable opportunity. This report hopefully educates 
those unable to visit pearl-related sites in person, pro- 
vides a valuable reference to those who have visited 
other farms, and proves how much dedication (finan- 
cial and personal) is needed to run such ventures on a 
commercial basis. To this end, Chodhry noted that 
after 19 years, the Ha Long Bay farm was only just 
starting to be cash-flow positive, illustrating this point. 
Pearl farming in particular is hard work, but all the 
farmers met by the lead author said, without excep- 
tion, that the effort and expense are worth the results. 
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Dramatic Color Zoning in 
ALEXANDRITE 

An 8.55 ct alexandrite was recently 
submitted to GIA’s Bangkok labora- 
tory. Standard gemological testing 
yielded a refractive index of 1.745- 
1.754 and a specific gravity of 3.73. 
The stone displayed a change of color 
from green in daylight to reddish pur- 
ple in incandescent light (figure 1). All 
of these properties were consistent 
with alexandrite. 

Microscopic examination revealed 
natural fingerprints, needles, zoned 
particles, and color zoning, along with 
internal growth features. Interest- 
ingly, the stone showed a thin color 
zone very close to some of the pavil- 
ion facets and culet when immersed 
in methylene iodide (figure 2). 

Testing with a handheld spectro- 
scope and ultraviolet-visible (UV-Vis) 
spectroscopy revealed chromium 
(Cr**) features. The absorption feature 
assigned to Cr** was located at 680 
nm, with a broad band around 589 nm 
(figure 3). In contrast, when examined 
from the side (girdle to girdle), no Cr** 
feature was detected. This confirmed 
that color zoning at the culet strongly 
affected the color of this stone and its 
color-change effect. 

The cutter designed the gem to 
contain the thin color zone along the 
pavilion facets and culet to display a 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. The 8.55 ct alexandrite in daylight (left) and incandescent light 


(right). 


color change when viewed face-up. 
Without the Cr**-containing color 
zone, this stone would be chrysoberyl. 

This example illustrates that ori- 
enting a color zone with the right 
trace elements combined with proper 
cutting can affect the variety designa- 
tion of a gem. 


Vararut Weeramongkhonlert 


Novelty Cut DIAMOND with 
Remarkable “Fire and Ice” 
Fluorescence 

A 0.37 ct Fancy yellowish brown dia- 
mond (figure 4, left) was recently sub- 
mitted to the Carlsbad laboratory for 
Color Origin and Identification serv- 
ice. This novelty cut, faceted to re- 
semble a dagger or sword, was 


Figure 2. Viewed in immersion, the alexandrite displayed color zoning 
when viewed table-down (left) and from the side (right); field of view 


12.5 mm. 
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UV-VIS SPECTRA 


— Chromium-containing zone (table to culet) 
— Non-chromium-containing zone (girdle to girdle) 
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Figure 3. UV-Vis absorption spectra of the alexandrite from table to culet 
(chromium-bearing color zone) and girdle to girdle (non-chromium-bear- 


ing color zone). 


remarkable for its well-defined hydro- 
gen-rich and cape regions, which cre- 
ated a _ distinctive fluorescence 
pattern. The “blade” section of the di- 
amond fluoresced a strong yellow 
color, while the “hilt” fluoresced a 
strong blue (figure 4, right). As a re- 
sult, we thought this diamond was an 
interesting interpretation of a 
lightsaber. 

Microscopic examination showed 
that throughout the yellow-fluoresc- 


ing area were cloud inclusions, con- 
sisting of a high density of light-scat- 
tering micro-inclusions that correlate 
strongly with the presence of hydro- 
gen. These are often called “hydrogen 
clouds” due to their coincidence with 
notable concentrations of hydrogen- 
related defects (W. Wang and W. May- 
erson, “Symmetrical clouds in 
diamond—the hydrogen connection,” 
Journal of Gemmology, Vol. 28, No. 
3, 2002, pp. 143-152). 


Figure 5. The infrared absorption spectra of this type Ia diamond show 
weak hydrogen bands in the “hilt” (blue line) and high hydrogen content 
in the “blade” (yellow line). The spectra are stacked for clarity. 
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Figure 4. This 0.37 ct Fancy yel- 
lowish brown diamond (left) con- 
tained a remarkable hydrogen 
cloud in the “blade” and cape 
features in the “hilt.” The stone 
showed corresponding areas of 
yellow and blue fluorescence in 
long-wave UV (right). 


The infrared absorption spectra 
showed a type Ia diamond with satu- 
rated concentrations of nitrogen. 
Spectra recorded from the individual 
sectors were consistent with the 
gemological observations, as the yel- 
low-fluorescing section containing 
the “hydrogen clouds” did show sig- 
nificantly more hydrogen than the 
blue-fluorescing area (figure 5). 

To better understand the defects 
creating the dramatic difference in 
both the observable color in daylight 
and the fluorescence color under long- 
wave UV (figure 6), we performed 
photoluminescence (PL) mapping 
using 455 and 532 nm excitation at 
liquid nitrogen temperatures. The 
maps revealed distinct differences be- 
tween the two areas. The yellow-flu- 
orescing area showed peaks at 603 
nm, a doublet at 641 and 645 nm, and 
a strong peak at 700.5 nm in the 532 
nm PL spectra (figure 7). These peaks 
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Figure 6. The distinctive separation line between the light yellowish brown cape section and the brown hydrogen 
section (left) matches the boundary between the blue and yellow fluorescence under long-wave UV (right); field of 


view 3.59 mm. 


have all been ascribed to nickel and 
are often seen in hydrogen-rich dia- 
monds (K. Iakoubovskii and G.J. Adri- 
aenssens, “Optical characterization of 
natural Argyle diamonds,” Diamond 


and Related Materials, Vol. 11, No. 1, 
2002, pp. 125-131, S. Eaton-Magana 
et al., “Inclusion and point defect 
characteristics of Marange graphite- 
bearing diamonds after high tempera- 


Figure 7. Top: This PL map shows the false-color intensity of the 700.5 nm 
peak area (ratioed to the diamond Raman peak) using 532 nm excitation 
at liquid nitrogen temperature; this feature ascribed to Ni is concentrated 
within the yellow-fluorescing area of the diamond. Field of view 9.2 mm. 
Bottom: Representative PL spectra from the “blue” and “red” regions of 
the 532 nm PL map. The lines are stacked for clarity, and the diamond 
Raman peak intensities (573 nm) are scaled equivalently. 
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ture annealing,” Diamond and Re- 
lated Materials, Vol. 71, 2017, pp. 20- 
29). The blue-fluorescing area only 
shows a very small peak at 700.5 nm 
in the 532 nm PL map. 

For PL spectra collected at 325 nm 
excitation, the N3 center is the major 
feature within the blue-fluorescing 
area, while a broad band centered at 
~550 nm dominates the yellow-fluo- 
rescing area (figure 8). Also detected 
were peaks at 488 nm (ascribed to 
nickel; L.A. Dobrinets et al., HPHT- 
Treated Diamonds, Springer, 2013), 
522, nm (unassigned), and the 603 and 
700.5 nm peaks mentioned above. The 
yellow-fluorescing area also showed el- 
evated intensities of the 490.7 nm peak 
(a natural feature in type Ia diamonds) 
in the 455 nm PL map and peaks at 
926 and 948 nm (features also often 
seen in diamonds enriched with hydro- 
gen and nickel; Eaton-Magana et al., 
2017) in the 830 nm excitation PL 
spectra. 

Gemological and spectroscopic 
examination yielded interesting fea- 
tures such as this diamond’s two dis- 
tinct growth chemistries. The 
blue-fluorescing area had few inclu- 
sions and the typical fluorescence and 
PL spectroscopy of a cape diamond. 
The yellow-fluorescing side had 
higher hydrogen-related peaks in the 
infrared, hydrogen cloud inclusions, 
and pronounced nickel-related peaks 
in the PL spectra that are often seen 
in hydrogen-rich diamonds. 
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Figure 8. These two PL spectra were collected with 325 nm excitation at 
liquid nitrogen temperature from the blue- and yellow-fluorescing 
regions. Due to limitations of the optics, we were unable to collect the di- 
amond Raman peak along with the visible range luminescence; however, 
the two spectra were collected with the same laser power and plotted on 


the same scale. 


The cutting style of this diamond, 
while unconventional, served to 
showcase the remarkable fluores- 
cence scene illuminated within. The 
fluorescence differences allow this 
diamond to be imagined as a 
lightsaber or a sword of fire and ice. 


Maryam Mastery Salimi and 
Sally Eaton-Magana 


Color-Change Cat’s-Eye DIASPORE 
A 60.71 ct cabochon was recently 
submitted to the Tokyo lab for iden- 
tification (figure 9). Diaspore, a- 
AIO(OH), is one of the main 
aluminum minerals in bauxites, 
along with gibbsite, y-Al(OH),, and 
boehmite, y-AlO(OH). It is often ob- 
served as inclusions in rubies. Dias- 
pore is also a gem in its own right, 
although it is very brittle and has per- 
fect cleavage. The birefringence blink 
method revealed refractive indices of 
1.69 and 1.74 and that the stone was 
biaxial. A dichroscope revealed strong 
trichroism: yellowish green, purple, 
and brown. The Raman spectrum was 
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consistent with diaspore in the 
RRUFF reference database (R0O60287). 

The hue of this stone changed 
from greenish yellow under daylight 
or fluorescent light to pinkish brown 
under incandescent light. Diaspore’s 
color change can be caused by the 
chromophores Cr**, V*+, and Fe**-Ti** 
pairs (C. Shen and R. Lu, “The color 
origin of gem diaspore: Correlation to 
corundum,” Winter 2018 GwG, pp. 


Figure 9. The 60.71 ct diaspore 
displaying color change and cha- 
toyancy under fluorescent light 
(left) and incandescent light 
(right). 


394-403). Color-change diaspores are 
sometimes known in the trade as 
“Zaltanite” or “Csarite.” 

Chatoyant phenomena are usu- 
ally the result of many long, thin, 
and closely spaced parallel needles or 
fibers, combined with cutting of a 
cabochon in the correct orientation 
to optimize the reflection of light off 
of these parallel inclusions. In this 
stone, the chatoyancy was caused 
not only by needles and/or tubes but 
also by the combination of iridescent 
reflective thin films or fissures in 
various shapes from ultrafine to 
wide, aligned along repeated cleav- 
ages (figure 10). Although some fis- 
sures reached the surface, no clarity 


Figure 10. Needles and/or tubes with iridescent reflective thin films or fis- 
sures producing chatoyancy under brightfield and overhead illumination 
(left) and overhead illumination only (right); field of view 13.60 mm. 
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Figure 11. The red dashed line 
follows the edges of a large 
quartz crystal found breaking the 
surface of this 2.98 ct emerald. 


enhancement was detected in this 
diaspore. 


Taku Okada 


EMERALD with Large 
Quartz Inclusion 
A 2.98 ct emerald with a large, sur- 
face-reaching quartz inclusion was re- 
cently examined at the Carlsbad 
laboratory. The inclusion followed 
the red dashed outline shown in figure 
11. 

The discovery was made upon 
taking a refractive index reading on 


the table of the emerald. As the stone 
was rotated on the hemicylinder of 
the refractometer, the reading alter- 
nated between 1.581-1.590 and 
1.545-1.550, typical refractive in- 
dexes for emerald and quartz, respec- 
tively. Upon microscopic inspection, 
a large colorless crystal was seen 
breaking the crown surface of the 
stone. This inclusion was further 
documented via photomicrography 
using both reflected and transmitted 
light (figure 12). The colorless crystal 
was conclusively identified by 
Raman spectroscopy as quartz. 
Raman spectroscopy also revealed 
the identity of the abundant acicular 
crystals seen throughout the emerald 
as actinolite. 

Quartz inclusions within emerald 
are not commonly seen but have been 
reported in the gemological literature. 
In the Photoatlas of Inclusions in 
Gemstones, Volume 3, by E.J. Giibe- 
lin and J.I. Koivula (2008), they are 
listed as possible inclusions found in 
emeralds from Brazil, Colombia, Rus- 
sia, and Tanzania. Quartz has also 
been seen within Madagascar emer- 
alds. This example shows the value of 
simple standard gemological instru- 
ments, such as the refractometer and 
microscope, as a means to help iden- 
tify unusual inclusions. 


Britni LeCroy 


15.53 ct PEARL Discovered in 
Edible Oyster from the Ostreidae 
Family 

A white, non-nacreous baroque pearl 
weighing 15.53 ct and measuring 
19.54 x 13.26 x 11.57 mm (figure 13) 
was recently submitted to GIA’s 
Carlsbad laboratory for examination. 
Information from previously ob- 
served non-nacreous pearls submitted 
to GIA suggested the pearl was of 
scallop origin—a member of the Pec- 
tinidae family. The supporting evi- 
dence included a calcite peak seen at 
280 cm-! with associated peaks at 
712, 1085, and 1437 cm! in the 
Raman spectrum, combined with a 
patchy surface appearance. Addition- 
ally, energy-dispersive X-ray fluores- 
cence (EDXRF) chemical analysis 
showed low levels of manganese 
(Mn), confirming a saltwater growth 
environment. Real-time microradiog- 
raphy (RTX) revealed its natural for- 
mation, with a growth arc structure 
that followed the pearl’s overall shape 
and a rounded, slightly less radio- 
opaque core (figure 14). 

The client later informed the lab- 
oratory that the pearl had been found 
in an edible oyster while eating at a 
restaurant. Unfortunately, the host 
shell had not been retained and no 
photographs had been taken upon ini- 
tial discovery. Despite this, the client 


Figure 12. Left: The subtle luster difference reveals a relatively large quartz crystal inclusion and quartz veins 
breaking the table of the emerald host in reflected light. Right: The quartz crystal was also viewed in transmitted 
light, although less visible contrast was noted. Field of view (left and right) 7.19 mm. 
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Figure 13. A white non-nacreous pearl weighing 15.53 ct and measuring 
19.54 x 13.26 x 11.57 mm was found in an edible oyster, a member of the 


Ostreidae family. 


later returned to the restaurant to ob- 
tain shells from the two types of oys- 
ters served on their menu, the Pacific 
oyster (Crassostrea gigas) and the At- 
lantic oyster (Crassostrea virginica). 
Gemologists were able to use these 
shells to gather additional gemologi- 
cal information and compare the re- 
sults to the submitted pearl. 

Raman spectroscopic analysis ver- 
ified that the shells were composed of 
calcite, and visual inspection showed 
nondirectional patches of a broad, 
mottled cellular structure bearing a 


striking resemblance to the pearl. 
However, these qualities are also seen 
in some white scallop pearls, as it is 
possible for them to contain a patch- 
work of directionless cells. A strong 
contrast, though, was seen in the mi- 
croscopic surface appearance. The cel- 
lular structure within the oyster 
shells exhibited a slight reflective col- 
ored sheen in certain orientations 
when illuminated by a fiber-optic 
light, creating a faint iridescent phe- 
nomenon. This characteristic was 
nearly identical to the surface appear- 


Figure 14. RTX imaging revealed a 
growth arc structure surrounding a 
rounded core of less radio-opacity, 
indicating the pearl formed naturally. 


ance of the pearl under examination 
(figure 15, left and center). Con- 
versely, the individual cells of scallop 
pearls had a fibrous structure, and 
light reflected from them produced a 
shimmering sheen or silky appear- 
ance. This appearance has been noted 
to be a unique feature of scallop pearls 
in the literature (K. Scarratt and H.A. 
Hanni, “Pearls from the lion’s paw 
scallop,” Journal of Gemmology, Vol. 
29, No. 4, 2004, pp. 193-203), and an 
example is shown in figure 15 (right). 
Such features were not observed on 


Figure 15. Left: A microscopic view of the shell revealed a directionless patchwork of cells with an unstructured 
opaque white patch. The cells exhibited a faint iridescent phenomenon when illuminated by a fiber-optic light in 
certain orientations; field of view 9.87 mm. Center: A nearly identical appearance can be seen on the surface of the 
pearl; field of view 7.19 mm. Right: A differing mosaic pattern of non-oriented cells displayed on the surface of a 
white scallop pearl. Each cell contains a fibrous structure, and reflected light produced a unique shimmering sheen 
or silky appearance; field of view 5.08 mm. 
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Figure 16. Left: An overall patchy or mosaic pattern on the surface of the 
pearl; field of view 13.45 mm. Right: A similar appearance on the surface 
of a LaPearlite cabochon fashioned from an oyster shell; field of view 

14.52 mm. 


the surface of the pearl under exami- 
nation or the oyster shells. 

The pearl and oyster shells also 
displayed translucency over most of 
their surfaces with randomly oriented 
opaque white patches. The cellular 
patchwork formation was faint or ab- 
sent in these white patchy areas. This 
characteristic further supported their 
relationship (again, see figure 15, left 
and center). 

Moreover, the angular mosaic-like 
appearance with areas of soft irides- 
cence seen on the pearl closely resem- 
bled the surface of previously 
observed “LaPearlite” cabochons 
fashioned from oyster shells (figure 
16; see also Summer 2018 Lab Notes, 
pp. 213-214). Lastly, it was also noted 
that the pearl, oyster shells, and La- 
Pearlite samples all possessed layers 
of yellowish organic material cover- 
ing part of their surfaces. 

With supporting surface evidence 
from the oyster shells and the previ- 
ously examined LaPearlite cabochon 
samples, gemologists were able to 
conclude that the pearl originated 
from the Ostreidae family, an edible 
oyster rather than a species of scal- 
lop, or member of the Pectinidae 
family. A few oyster pearls have been 
previously recorded in the literature 
(C.P. Idyll, “The pearls of Margarita,” 
Americas, Vol. 19, No. 8, 1967, pp. 8- 
14, K. Scarratt et al., “A note on a 
pearl attached to the interior of Cras- 
sostrea virginica (Gmelin, 1791) (an 
edible oyster, common names, 
American or Eastern oyster),” Jour- 
nal of Gemmology, Vol. 30, No. 1/2, 
2006, pp. 43-50; Fall 2019 Gem 
News International, pp. 439-440). 
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Yet this is the first examination by 
GIA gemologists of a pearl known to 
have been produced from the Ostrei- 
dae family (true oyster) mollusk, as 
well as the first GIA pearl identifica- 
tion report for one. Additionally, the 
significant size and weight of this 
15.53 ct pearl are noteworthy. Al- 
though oyster pearls are not of prime 
importance within the global pearl 
market, they are rare, curious novel- 
ties that can offer insight to the sci- 
entific pearl community. 


Britni LeCroy and 
Artitaya Homkrajae 


Figure 17. This 2.71 ct star peri- 
dot contained numerous mag- 
netite inclusions. 


Magnetite Inclusions in Star 
PERIDOT 


The Tokyo lab received a transparent 
yellow-green peridot displaying four- 
rayed asterism (figure 17). The 2.71 ct 
stone, measuring 9.94 x 7.88 x 4.08 
mm, was reportedly from Myanmar. 
It had a spot refractive index of 1.64 
and an SG of 3.29 and was identified 
as terrestrial peridot, which can be 


Figure 18. The star peridot contained rectangular to needle-like magnetite 
inclusions responsible for the four-rayed asterism; field of view 2.50 mm. 
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Figure 19. Raman spectrum of the magnetite platelet/needle inclusion in 
the star peridot, compared with a magnetite Raman spectrum (RO80025) 


from the RRUFF database. 


distinguished from pallasitic peridot 
by trace element concentrations. 
The asterism of this stone was cre- 
ated by light reflecting from dark, rec- 
tangular platelets and needles (figure 
18), which were visible without mag- 
nification. These were identified as 
magnetite by Raman spectroscopy (fig- 
ure 19), namely the three broad bands 
at around 300, 530, and 670 cm (e.g., 
O.N. Shebanova and P. Lazor, 
“Raman spectroscopic study of mag- 
netite (FeFe,O,): A new assignment 
for the vibrational spectrum,” Journal 
of Solid State Chemistry, Vol. 174, 
No. 2, 2003, pp. 424-430), and its re- 
action to a magnet. These inclusions 
conforming to one crystallographic 
plane of the peridot were exsolution 
lamellae, which are interpreted to 
have formed by the exsolution of an 
iron-oxide component from the host 
peridot (olivine) by subsolidus reac- 
tion during cooling and/or decompres- 
sion. (eg., R.Y. Zhang et al, 
“Magnetite lamellae in olivine and 
clinohumite from Dabie UHP ultra- 
mafic rocks, central China,” Ameri- 
can Mineralogist, Vol. 84, No. 4, 1999, 
pp. 564-569). The inclusions in this 
peridot were larger and seemed to 
have a different shape from those in 
previously reported Burmese peridot 
(Spring 2020 Gems News Interna- 
tional, pp. 159-160), which were more 
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acicular. Similar inclusions within a 
star peridot were also reported (Sum- 
mer 2009 Lab Notes, pp. 138-139) but 
could not be identified by Raman 
spectroscopy due to interference from 
the host peridot. Although magnetite 
inclusions have been found in 
olivines (the mineralogical term for 
peridot) within some ultramafic and 
metamorphic rocks by petrological 
and mineralogical studies (e.g., Zhang 


et al., 1999), it is notable that mag- 
netite exsolution lamellae were iden- 
tified in this star peridot using a 
Raman spectrometer. The difference 
in shape and size of the inclusions, 
however, could be due to the duration 
of the actual cooling and/or decom- 
pression time from the formation of 
the stone to its emplacement on the 
earth’s surface. A longer emplacement 
time usually allows a longer time for 
the inclusions to grow larger. 


Masumi Saito and Makoto Miura 


Blue SPODUMENE 


Recently this contributor received a 
light aqua blue stone that unexpect- 
edly turned out to be spodumene. The 
following gemological properties were 
recorded for this 29.59 ct oval modified 
brilliant (figure 20): refractive indices 
of 1.661 and 1.676, birefringence of 
0.015, a biaxial optic figure, and hydro- 
static specific gravity of approximately 
3.20. Pleochroism was observed using 
a linear polarizing filter, which re- 
vealed blue, yellowish green, and col- 
orless trichroism. The RI and SG 
values were consistent with those re- 
ported for spodumene in the gemolog- 
ical literature. Magnification of this 


Figure 20. This 29.59 ct spodumene with light blue color is quite rare. It 
has been reported that exposure to sunlight changes this color to pink or 
purple. 
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Figure 21. The light blue stone’s Raman spectrum was consistent with 
that of spodumene published in the RRUFF database (RO40050). 


lithium aluminum silicate (LiA1Si,O,) 
showed parallel growth features, rip- 
ple-like internal graining, and most 
importantly two cleavage planes 
along the girdle edge. The identity of 
the stone was confirmed by further 
advanced testing. Its Raman spectrum 
(figure 21), with reference to the 
RRUFF database (RO40050), proved 
that this stone was in fact spo- 
dumene. 


Pure spodumene is colorless. Vari- 
ous colors may result from the pres- 
ence of trace elements such as 
manganese, chromium, and iron, or 
sometimes from unstable color centers 
in its crystal structure. When mined, 
spodumene sometimes emerges from 
the ground with a blue-violet or green 
color that can be unstable in light and 
fade to pink in a relatively short time, 
sometimes in a matter of hours. This 


Figure 22. The blue spodumene’s Vis-NIR spectrum showed bands at 543 
and 637 nm that are responsible for its color. 
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suggests that the spodumene crystals 
have been exposed to some natural 
source of radiation (K. Nassau, Gem- 
stone Enhancement, Butterworth- 
Heinemann, London, 1984, pp. 
162-163). Blue spodumene has also 
been reported to result from artificial 
irradiation (G. Bosshart et al., “Colori- 
metric investigation of unstable and 
stable spodumene colours,” Interna- 
tional Gemmological Conference 
2011 Proceedings, Interlaken, Switzer- 
land, pp. 26-30). The Vis-NIR spec- 
trum (figure 22) shows the bands at 
543 and 637 nm, which are responsible 
for the blue color of the stone. 

The main source of gem-quality 
spodumene is Afghanistan; other 
sources are Pakistan, Brazil, Madagas- 
car, Mozambique, and the United 
States. While it is unknown whether 
the color of this blue spodumene was 
of natural or artificial origin, such 
stones are rarely seen as faceted gems, 
and this unusual large example would 
be of interest to any gem collector. 


Forozan Zandi 


SYNTHETIC MOISSANITE with 
Fraudulent GIA Inscription 

GIA Johannesburg recently received a 
1.02 ct round brilliant (figure 23) for a 


Figure 23. This 1.02 ct round bril- 
liant with a fraudulent GIA in- 
scription proved to be synthetic 
moissanite. 
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In one section we see several small North 
Carolina rubies (Kunz types), and near 
them some typical Oriental stones. The 
show ruby is a 47 carat, irregularly-shaped 
cabochon, with numerous flaws, from 
Burma, Next to it, and part of a color circle, 
there is a 100 ct. oval, orange Ceylon 
sapphire, a most unusual stone. Then come 
several rich yellow sapphires of excellent 
quality, weighing 62 (Slade gift) 75, 100, 
and 151 ct., all from Ceylon. A deep green, 
round, brilliant-cut sapphire from Australia 
at the bottom weighs 47 ct. (De Long gift). 
Then comes a series of large, blue Ceylon 
sapphires, somewhat flawed but very im- 
Pressive in size, weighing 158, 153, 188, and 
69 cts. Lastly in this circle we come to a 
violet, cushion-cut 85 ct. alexandrite-type 
sapphire, also from Ceylon, deep in color 
with a rich blue in the daylight glints seen 
reflecting from its depths. Near it is a typi- 
cal unsymmetrical native-cut pink Ceylon 
sapphire weighing 67 ct. The entire display 
illustrates in a striking way the color range 
that is to be found in the corundum stones, 
and it constitutes the most spectacular series 
of the collection. These sapphires were not 
part of the original Morgan gift to the 
Museum, but, except for those mentioned, 
were received by the Museum in 1926 from 
J. P. Morgan, the son of the original donor. 

Adjoining the faceted sapphires is a sec- 
ond internally illuminated case in which we 
find the most impressive stones of the entire 
collection. The central stone of this case is 
the De Long Ruby, a 100 carat star ruby of 
magnificent quality, purchased for the 
Museum by Mrs. George Bowen De Long in 
1936. This Ceylon stone is the largest star 
ruby of this quality in the world. It is 
flanked, in the display, by two Morgan 
stones, a 116.75 ct. deep violet star stone 
known as the Midnight Star (an unusually 
large stone of unusual color and fair quality) 
and by the 563 ct. Star of India. The Star 
of India is the world’s largest blue star 
sapphire. While it may be a little pale in 
color, it is doubly remarkable: for the per- 
fection of its star and its complete freedom 


from flaws. The sapphire is cut very deeply 
on the back and actually shows an almost 
equally fine star on the reverse side. 

In addition to these outstanding stones, 
the Museum has a number of lesser stars 
and many smaller fancy sapphires in reserve, 
that are displayed from time to time. They 
are now arranged in jewelry layouts designed 
by Black, Starr and Gorham, to show the 
stages in the production of a piece of fine 
jewelry. The series progresses from sketches 
and loose stones, to finished layouts on wax. 
Like the other duplicates of the collection, 
they find use in loan collections and special 
and temporary displays. The case containing 
the three star stones was designed by Wil- 
ltam Bayard Okie, Jr., to bring out the 
beauty of the stars and unpress the visitor 
with their unusual quality. 

Next we come to the two cases assigned 
to the beryl gems. In the first there is a 
series of emeralds, ranging from the North 
Carolina matrix stones and specimens of the 
Kunz book, to an 88 ct. Indian-engraved 
square emerald tablet, known for its donors 
as the Schettler emerald. Below this large 
stone stands a simple ring mount with a 
fine quality small (about 4 ct.) faceted 
stone. In the upright, rear, portion of the 
case we find some fine examples of emerald 
crystals in matrix, the best being one from 
Chivor, Somondoco, Colombia, the gift of 
mine owners. The balance of the case con- 
tains some fine aquamarine crystals, the best 
being those from Brazil. 

The table case is filled with aguamarines 
from various sources. The cidest are several 
pale aquamarines of considerable size, char- 
acteristic of the best of the Russian occur- 
rences (always pale), weighing 271, 93, 52 
and 46 cts. and a 355 ct. cushion-cut Ceylon 
stone. The top quality stone (gift of Mrs. 
William H. Bliss) is a 144.51 ct. emerald- 
cut stone from Brazil, and rivaling it we see 
the recently ,acquired 400 ct. Thompson 
stone. 

In the adjoining beryl case we find a 
series of interesting, if smaller, stones; 
golden beryls and pale aquamarine from 
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Figure 24. Left: The fraudulent inscription observed on the synthetic moissanite (the GIA report number is par- 
tially redacted in this photo for privacy). Right: GIA’s standard procedure in these instances is to obscure the 
fraudulent inscription so it is no longer legible. 


Diamond Grading report. Standard 
testing showed it was not a diamond, 
and subsequent spectroscopic and 
gemological analysis proved it to be 
synthetic moissanite. We often en- 
counter simulants submitted for dia- 
mond grading, and they are easily 
detected through the standard grading 
process. This near-colorless synthetic 
moissanite was noteworthy because 
it had a fraudulent GIA inscription. 
GIA checks all stones with a preexist- 
ing inscription, and this one was ob- 
viously not inscribed by GIA. The 
report number does belong to an E- 
color natural diamond graded in 2019 
with the same weight. But because of 
the dissimilar SGs of diamond and 
moissanite (3.52 and 3.22, respec- 
tively), their measurements were 
quite different. 

Furthermore, the fraudulent in- 
scription (figure 24, left) was dis- 
tinctly different from GIA’s standard 
inscription font. GIA’s standard prac- 
tice in such cases is to superimpose 
characters to obscure the original in- 
scription (figure 24, right). The clarity 
would have been equivalent to VVS, 
(if such clarity grades were assigned to 
synthetic moissanite), while the clar- 
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ity of the graded natural diamond was 
VVS,. The synthetic moissanite did 
not have any distinguishing inclu- 
sions, but it did show obvious double 
refraction in the microscope. Both IR 
absorption and Raman spectra con- 
firmed the identification as synthetic 
moissanite. 

In recent years, GIA has encoun- 
tered similar instances of fraud. One 
was a synthetic moissanite that had 
been fashioned to resemble a natural 
rough diamond octahedron (Winter 
2017 Lab Notes, pp. 462-463). That 
same year, an HPHT laboratory- 
grown diamond was submitted with a 
fraudulent inscription corresponding 
to a natural diamond (Fall 2017 Lab 
Notes, p. 366). However, this is our 
first instance of a fraudulent inscrip- 
tion on a diamond simulant. 

Synthetic moissanite (SiC) is some- 
times mistaken for diamond because 
some of its properties approach those 
of diamond, namely hardness and ther- 
mal conductivity (a trait measured in 
some instruments to distinguish dia- 
mond from many other simulants). 
However, several other properties are 
quite different from diamond, such as 
a much higher dispersion (leading to 
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more obvious fire) and double refrac- 
tion. Nevertheless, the possibility ex- 
ists that a consumer could purchase 
this simulant thinking it was a natural 
diamond, especially with a deliberately 
misleading inscription. In this case, 
careful examination protected the con- 
sumer against such attempted fraud. 


Authors’ note: Since the writing of 
this lab note, GIA Johannesburg has 
received and identified two more syn- 
thetic moissanites with fraudulent 
GIA inscriptions. They were handled 
in a similar manner. 


Sicebiso Hlatshwayo and 
Sally Eaton-Magana 
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Man-Made “Inclusion”? 


Two important internal features in gemstones are inclu- 
sions and fissures. Inclusions are an important source of 
information in the gemological evaluation process. They 
can often provide indications about geographic origin (see, 
e.g., S. Saeseaw et al., “Three-phase inclusions in emerald 
and their impact on origin determination,” Summer 2014 
Gwe, pp. 114-132); growth conditions (e.g., A. Cheilletz 
et al., “Time-pressure and temperature constraints on the 
formation of Colombian emeralds: An “Ar/??Ar laser mi- 
croprobe and fluid inclusion study,” Economic Geology, 
Vol. 89, No. 2, 1994, pp. 361-380; J.G. Toloza et al., “Sim- 
ilarities and differences between fluid inclusions hosted by 
Colombian emeralds,” Special Issue on the 15th IAGOD 
Symposium, 2018, pp. 166-167); natural or synthetic origin 
(e.g., N.D. Renfro et al., “Chart: Inclusions in natural, syn- 
thetic, and treated emerald,” Winter 2016 GWG, pp. 402- 
403); and whether the stone has been treated to improve 
clarity. 

Fissures are openings in the stones, and those “empty” 
spaces affect clarity in a negative way. Therefore, gem- 
stones are treated to fill those gaps with different sub- 
stances. Fillers can generate physical phenomena that 
resemble natural inclusions and may be misleading to the 
untrained eye. 

Emeralds are most commonly enhanced with fissure 
filling. Fillers in emerald are identified by looking at the 
flash of color (blue, violet, orange, and yellowish) shown 


About the banner: This rock crystal quartz from Brazil contains a band of 
bright red hematite flakes. Photomicrograph by Nathan Rentro; field of 
view 7.22 mm. Courtesy of the John Koivula Inclusion Collection. 
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when the transmitted light of the microscope hits the in- 
clusions or with the use of FTIR or Raman spectroscopy. 

Recently the authors identified a man-made “inclu- 
sion” in a 1.15 ct cushion-cut Colombian emerald (figure 
1) measuring 8.2 x 7.3 x 3.1 mm. It displayed a typical yel- 
low flash most commonly seen in emeralds filled with liq- 
uid resin, which was later corroborated by FTIR 
spectroscopy. The “inclusion” was barely visible and al- 
most transparent under regular microscope light sources 
(transmitted and reflected). Therefore, a 365 nm UV light 
was employed to check whether the foreign object fluo- 
resced, and in fact it did (figure 2). 

In the authors’ opinion, the fiber could only have come 
from one of three sources: a cotton handkerchief, a micro- 
fiber jewelry cloth, or the net used during the immersion 


Figure 1. Fiber inside a cavity filled with liquid resin 
in a cushion-cut emerald measuring 8.2 x 7.3 x 3.1 
mm. Photomicrograph by Holman Alvarado. 
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Figure 2. Fiber seen inside the cavity under 365 nm 
UV light at 50x magnification. Photomicrograph by 
Luis Gabriel Angarita. 


of the stones in the enhancement container of the oiling 
machine. The first two would imply that a piece of fiber 
got stuck to the surface of the stone before the enhance- 
ment procedure took place, which is highly unlikely. The 
third source seemed the most plausible. In order to test 
that hypothesis, three strains of fibers were collected and 
compared using Raman spectroscopy with a Horiba HR 
Evolution with the laser operating at 532 nm. Although 
the spectra showed peaks in the 500 to 1500 cm range, 
they were not specific for either of the fibers. Using the 
Olympus BX 41 microscope at 1000x, the diameter of the 
fiber was measured, and there was consistency with the di- 
ameter of the fiber collected from the net, about 50 pm. A 


Figure 3. Three fibers under 365 nm UV light. A: Cot- 
ton handkerchief used to remove oil from the surface 
of the stone. B: Net fiber in which emeralds are 
placed for the enhancement process. C: Jewelry clean- 
ing cloth also used to remove oil from the surface. 
Photomicrograph by Javier Toloza. 
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365 nm UV light source was also used to differentiate 
among them. A clear difference was evident between the 
nylon fiber from the net and the other two fibers (figure 3). 
This second test corroborated the authors’ hypothesis. 


Luis Gabriel Angarita, Holman Alvarado, and 
Javier Toloza 
CDTEC Gemlab, Bogotd, Colombia 


Manufactured Inclusions in Gem Materials 


Inclusions in gems have gained popularity as social media 
has exposed collectors to a wide range of gem materials 
with interesting inclusions. As a result, there has been an 
increase in artificial inclusions in natural rock crystal 
quartz as predicted by E. Skalwold (Summer 2016 Micro- 
World, pp. 201-202). Recently, the authors had the oppor- 
tunity to examine several unique gems with manufactured 
inclusions. Microscopic examination revealed that the 
main methods for manufacturing inclusions were carving, 
assembling, dyeing, three-dimensional internal laser en- 
graving, or a combination of these methods. 

A 47 ct rutilated quartz cabochon exhibits an eye- 
catching yellow and red floral-shaped inclusion produced 
by creative carving and filling with a colored composite 
material (figure 4). Microscopic examination revealed cir- 


Figure 4. This 47 ct cabochon was creatively carved 
from the back, and the hollow cavity was then filled 
with a yellow and red composite material to highlight 
the floral inclusion. Photo by Robert Weldon; cour- 
tesy of Mike Bowers. 
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Figure 5. Tool marks from a rotary abrasive burr are clearly visible in this manufactured floral-shaped inclusion 
(left; field of view 9.72 mm). The cavity was subsequently filled with a yellow and red composite material consist- 
ing of sand grains and a colored binder or resin material (right; field of view 4.26 mm). Photomicrographs by 


Nathan Renfro; courtesy of Mike Bowers. 


cular marks from a rotary abrasive tool used to create the 
intricate cavity (figure 5, left). The cavity was subsequently 


Figure 6. This 226 ct round tablet of quartz contains 
an orange and yellow resin-filled fracture that con- 
vincingly imitates natural iron oxide mineral staining 
in quartz. Photo by Robert Weldon; courtesy of Mike 
Bowers. 
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filled with a yellow and red composite material of fine sand 
grains and a colored binder or resin (figure 5, right). 
Another creatively manufactured inclusion in a quartz 
gem can be seen in a 226 ct round tablet containing a large 
fracture (figure 6). The fracture was filled with colored or- 
ange and yellow resin, which resembles natural iron oxide 
epigenetic staining sometimes seen in rock crystal quartz. 
A quick examination in the microscope revealed incom- 
plete filling and trapped gas bubbles in the colored resin 
(figure 7), making the separation between this manufac- 
tured inclusion and its natural counterpart quite easy. 
Creative dyeing also produced the manufactured inclu- 
sion in a 109 ct quartz with a completely enclosed green 


Figure 7. A fracture in this rock crystal quartz has 
been filled with orange and yellow resin to give the 
appearance of natural iron oxide staining. Trapped gas 
bubbles make this manufactured inclusion readily 
identifiable. Photomicrograph by Nathan Renfro; 
field of view 8.94 mm. Courtesy of Mike Bowers. 
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Figure 8. This 109 ct polished block of quartz has 
been assembled from two halves that contain numer- 
ous fractures filled with green resin. They have been 
glued together so that the moss-like inclusion is com- 
pletely enclosed in the colorless quartz. Photo by 
Robert Weldon; courtesy of Mike Bowers. 


moss-like inclusion (figure 8). This stone consists of two 
pieces of rock crystal quartz, each with a centralized network 
of fine fractures that may have been artificially induced by 
laser, judging from their unnatural irregular pattern and stri- 
ated appearance. The fracture network in each piece was sub- 
sequently filled with a dark green resin to give the appearance 
of a moss-like inclusion. The two halves were then glued to- 
gether with colorless cement, completely enclosing the green 
moss-like inclusions in water clear rock crystal quartz. This 
left a somewhat obvious assembly plane (figure 9, left) when 
examined with the microscope, as well as trapped gas bub- 
bles in the green resin-filled areas (figure 9, right). 


Figure 10. This 724 ct rock crystal quartz contains 
two manufactured inclusions induced by a 3D sub- 
surface laser-engraving process. Photo by Robert Wel- 
don; courtesy of Mike Bowers. 


The fourth example of manufactured inclusions re- 
cently examined is a 724 ct quartz crystal with a polished 
face that contains two white stellate inclusions consisting 
of numerous radial arms surrounding a spherical core struc- 
ture (figure 10). Closer examination revealed a carefully lay- 
ered series of micro-fractures consistent with 3D subsurface 
laser engraving (figure 11). This is by far the most techno- 
logically advanced example of a manufactured inclusion in 
a gem material examined by author NR. 

While these four examples of manufactured inclusions 
may not be quite as sought after as gems with natural in- 
clusions, they certainly can be appreciated for the efforts 


Figure 9. This moss-like inclusion results from a fracture network in two pieces of rock crystal quartz filled with 
green resin and glued together to encapsulate the inclusion. The assembly plane of the two quartz halves is clearly 
visible on the side of the stone (left; field of view 18.80 mm). The green resin contained trapped gas bubbles, and 
the fractures displayed an unnatural striated appearance suggesting they were artificially induced (right; field of 
view 2.59 mm). Photomicrographs by Nathan Renfro; courtesy of Mike Bowers. 
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and techniques employed by the manufacturers. Obvi- 
ously, collectors of gems that feature inclusions should be 
aware that manufactured inclusions such as those de- 
scribed here exist in the trade. While some manufactured 
inclusions may be intended purely as an artistic enhance- 
ment, others may be produced with the intention to de- 
ceive the consumer, and caution should be used if a 
manufactured origin is suspected. 


Nathan Renfro and Robert Weldon 
GIA, Carlsbad, California 
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Figure 11. These stellate 
inclusions result from 
3D subsurface laser en- 
graving, which creates 
light scattering micro- 
fractures in a controlled 
pattern. These represent 
the latest advancement 
in manufactured inclu- 
sions within gem mate- 
rials. Photomicrograph 
by Nathan Renfro; field 
of view 23.50 mm. Cour- 
tesy of Mike Bowers. 


Interesting “Egg” in Rock Crystal Quartz 
With Rutile 


The micro-world of gemology is fascinating and often 
mimics scenery, landscapes, or, in this case, food. Recently 
the authors examined a natural rock crystal quartz that 
showed needles piercing a yellow and white circular inclu- 
sion (figure 12). The inclusion mimicked a fried egg and 
was seen during microscopic examination using fiber-optic 
lighting. The “egg” was actually an example of epigenetic 
residue surrounding a rutile needle trapped in a crack 


Figure 12. Rutile nee- 
dles extending outward 
from epigenetic growth 
in rock crystal quartz. 
Photomicrograph by 
Nathan Renfro; field of 
view 8.81 mm. Cour- 
tesy of Mike Bowers. 
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within the host crystal. Here the rutile, a mineral com- 
posed primarily of titanium dioxide (TiO,], is a syngenetic 
inclusion, having formed at the same time as the host 
quartz crystal, and the “egg” formed its circular shape after 
the rutile and quartz growth stopped. The epigenetic 
residue in this stone results from secondary fluids that 
enter surface-reaching fractures (see descriptions and im- 
ages of inclusions in quartz in E.J. Gtbelin and J.I. Koivula, 
Photoatlas of Inclusions in Gemstones, Vol. 2, 2005, 
Opinio Publishers, Basel, Switzerland, p. 541). Although 
quartz is relatively common as a host material, it is often 
an excellent source for unique mineral inclusions and, 
with this particular crystal, a fun novelty inclusion. Epige- 
netic residues in gems and crystals not only provide for in- 
teresting inclusion scenes, but they can also help 
determine growth phases and possible treatments. 


Amy Cooper and Nathan Renfro 
GIA, Carlsbad, California 


Blue Inclusion in Rock Crystal Quartz 


An interesting tuft of light blue needles was recently ob- 
served in a polished modified cube of rock crystal quartz 
(figure 13). The needles nucleated on a nearly invisible 
quartz crystal with the tuft tapering toward the opposite 
end (figure 14). When the tuft was examined looking par- 
allel to the optic axis of the host quartz using cross-polar- 
ized light, the small included quartz crystal surrounded by 


Figure 13. This 118.16 ct polished modified cube of 
rock crystal quartz contains an interesting tuft of blue 
needles, which may be tourmaline. Photo by Robert 
Weldon; courtesy of Mike Bowers. 
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Figure 14. This tuft of blue needles has nucleated on 
a quartz crystal and tapers toward the end opposite 
the core quartz crystal. Although too deep to be iden- 
tified by Raman spectroscopy, the needles resemble 
light blue needles of tourmaline. Photomicrograph by 
Nathan Renfro; field of view 10.07 mm. Courtesy of 
Mike Bowers. 


the blue needles stood out in high relief due to the crystal- 
lographic misalignment with the host quartz. It was also 
interesting to note that the included quartz was perched 
at the apex of a twinned sector of the host quartz (figure 
15). While the needles were located too deep within the 


Figure 15. When the host quartz is examined looking 
parallel to the optic axis, the core quartz crystal 
stands out in high relief and is interestingly located at 
the apex of a twinned sector of the host. Photomicro- 
graph by Nathan Renfro; field of view 9.32 mm. Cour- 
tesy of Mike Bowers. 
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quartz to conclusively identify with Raman spectroscopy, 
their appearance (in the author’s experience) suggests they 
may be pale blue tourmaline. This beautiful inclusion in 
rock crystal quartz is a striking example of a microfeature 
in a gem cut to showcase an inclusion. 


Nathan Renfro 


Tree in Rock Crystal Quartz 


The unusual quartz cabochon shown in figure 16 displays 
visually appealing dendritic inclusions that resemble trees. 
This inclusion scene is an excellent example of pareidolia, 
the tendency to assign familiar shapes to abstract forms 
(see Winter 2007 Lab Notes, pp. 363-364}. Combined with 
a unique illumination technique, the inclusions are remi- 
niscent of trees with green grass and a blue sky (figure 17). 

The dendritic “tree” patterns are metal sulfide inclu- 
sions, as evidenced by their brassy yellow metallic color 
and opaque nature. When viewed with diffused fiber-optic 
lighting, the metal sulfide inclusions show a crisp foil-like 
texture near a partially healed internal fracture. This is 
likely where the metal sulfides entered the quartz host. 
They were deposited as an epigenetic residue in the frac- 
ture near the base of the tree, which was later healed, leav- 
ing behind the metal sulfides and numerous minute fluid 
inclusions where the fracture once was. 

Adding green and blue filters behind the stone, known 
as modified Rheinberg illumination (Fall 2015, pp. 328- 
229), helped complete the appearance of a micro-landscape 
contained in the rock crystal quartz. This lighting tech- 
nique is characterized by using contrasting color filters to 
bring striking color contrast to scenes viewed with a mi- 
croscope (N.D. Renfro, “Digital photomicrography for 
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Figure 16. This 80.60 ct rock crystal quartz cabochon 
contained an interesting tree-like metal sulfide inclu- 
sion. Photo by Robert Weldon. 


gemologists,” Summer 2015 GWG, pp. 144-159). This 
unique quartz gem can be appreciated for the beautiful in- 
clusion scene it contains. 


Amy Cooper and Nathan Renfro 


Figure 17. Epigenetic 
metal sulfides are 
trapped in a partially 
healed fracture of rock 
crystal quartz. Modi- 
fied Rheinberg illumt- 
nation provides 
artificial blue and 
green color contrast 
reminiscent of grass 
and a sky. Photo- 
micrograph by Nathan 
Renfro; field of view 
20.14 mm. Courtesy of 
Mike Bowers. 
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Figure 18. Left: When the pinkish purple sapphire was viewed under darkfield illumination, the only inclusions 
visible underneath the table were zircon crystals and rutile needles. Right: Examining the same area with fiber- 
optic light revealed unknown dendritic inclusions. Photomicrographs by Ezgi Kiyak; field of view 2.90 mm. 


Unknown Dendritic Inclusions in Sapphire 


The authors recently examined a 4.03 ct light pinkish pur- 
ple unheated sapphire. When viewed under darkfield illu- 
mination, the inclusion scene at first seemed fairly vacant 
and occupied only by sparse zircon crystals and rutile nee- 
dles (figure 18, left). However, microscopic observation 
with fiber-optic light revealed large, delicate dendritic in- 
clusions underneath the table (figure 18, right) that resem- 
bled a fern frond. The dendritic inclusions seemed to be 
flat and parallel to each other and extended the entire 
length of the table. Small round platelets were associated 
with the “branches” of the inclusions. 

Further examination with a polariscope and conoscope 
helped prove that the dendritic inclusions were oriented 
parallel to the basal plane of the host corundum. A distinct 
uniaxial interference pattern was observed when viewing 
these inclusions from a perpendicular angle. The thinness 
and relative distance to the surface of the stone made it dif- 
ficult to identify the inclusions with Raman spectroscopy. 
This is the first example of such dendritic inclusions in 
sapphire the authors have observed. However, a similar in- 
clusion has been observed previously in a heat-treated blue 
sapphire (see Spring 2007 Lab Notes, pp. 54-55). 


Ezgi Kiyak and Augusto Castillo 
GIA, New York 


Spinel on Sapphire 


Recently the authors examined a 4.8 cm tall pale blue sap- 
phire crystal (figure 19) that featured numerous purple 
spinel crystals up to 8 mm in size on the surface (figure 20), 
a rather uncommon association. Steve Dubyk of Albu- 
querque, New Mexico, had acquired this specimen and 
doubted the accuracy of the accompanying label, indicating 
aquamarine from Tres Pozos in Baja California, Mexico. 
Raman spectroscopy confirmed Mr. Dubyk’s suspicion 
that the specimen was in fact corundum and identified the 
associated purple crystals as spinel. LA-ICP-MS chemical 
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analysis suggested that the specimen was from Sri Lanka 
based on the trace elements present, which indicated an 
average of 130 ppma iron (Fe), 38 ppma titanium (Ti), and 


Figure 19. This 4.8 cm pale blue sapphire crystal con- 
tained numerous purple spinel crystals on the surface. 
Photo by Angelica Sanchez; courtesy of Steve Dubyk. 
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Figure 20. Purple spinel crystals were intergrown on 
the outermost layer of the sapphire crystal, which ap- 
pears to be from Sri Lanka based on trace element 
chemistry. Photomicrograph by Nathan Renfro; field 
of view 13.42 mm. 


37 ppma magnesium (Mg). The trace element chemistry is 
also notable, as the magnesium will preferentially charge 
compensate the titanium, leaving very little excess tita- 
nium to pair with iron to produce a blue color. The chem- 
istry measurements were consistent with the very pale 
blue color observed in this stone. The chemistry of the 
spinel was also interesting in that its reasonably saturated 
purple color would indicate it was at least partially caused 
by chromium. However, the spinel was inert to long-wave 
UV light, suggesting no chromium was present. LA-ICP- 
MS testing confirmed the absence of chromium but 
showed relatively high iron (10,566 ppma) and some cobalt 
(2.75 ppma average) which together are likely responsible 
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for the purple color (A. Palke and Z. Sun, “What is cobalt 
spinel? Unraveling the causes of blue color in blue spinel,” 
Fall 2018 GwG, p. 262). While spinel is uncommon in sap- 
phire, a spinel inclusion has been previously reported in a 
Sri Lankan yellow sapphire (Winter 2015 Micro-World, p. 
444). This sapphire is one of the more unusual examples 
the authors have encountered. 


Ian Nicastro 
San Diego, California 


Nathan Renfro, Ziyin Sun, and Aaron Palke 
GIA, Carlsbad, California 


Staurolite in a Mozambique Ruby 


Rubies from Mozambique have a well-known inclusion 
suite that can consist of particle clouds, planes of platelets, 
and negative crystals as well as sulfite and amphibole crys- 
tals. These inclusions and their trace element chemistry 
make the geographical origin of Mozambique rubies less 
difficult to decipher. Recently, a 1.11 ct unheated ruby was 
examined by the author for identification. Internally there 
were scattered silk with planes of thin films as well as neg- 
ative crystals. These inclusions plus trace element chem- 
istry collected by laser ablation-inductively coupled 
plasma—mass spectrometry (LA-ICP-MS) analyses con- 
firmed the stone to be from Mozambique. 

Mozambique rubies have a consistent suite of inclu- 
sions, and noting something out of the ordinary is quite 
uncommon. Alongside the negative crystals were clusters 
of a transparent orangy red crystal that the author had no 
prior knowledge of seeing in a Mozambique ruby (figure 
21). Raman spectroscopy identified the unknown crystals 


Figure 21. Orangy red 
staurolite crystals sur- 
round a negative crystal 
in a Mozambique ruby. 
Planes of thin films can 
be seen behind them. 
Photomicrograph by 
Nicole Ahline; field of 
view 1.42 mm. 
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North America, a rich golden Brazilian 
stone, a remarkable color series from India, 
and two fine morganites. The deepest pink 
stone is a 58.79 ct. richly colored, heart- 
shaped, Madagascar stone; one of the finest 
morganites known, purchased from Thomp- 
son funds. In the upright section behind 
these stones we find a 13 pound fragment 
of a 246 pound beryl crystal from Minas 
Gerais, Brazil. Also the gift of Mrs. William 
Bliss, it is part of the rough from which the 
fine quality 144 ct. stone of the preceding 
case was cut. Immediately in front of the 
aquamarine chunk stands a 6-inch Chinese 
carving of a Madagascar morganite crystal, 
a part of the Thompson collection. This 
carving is, without any doubt, the largest 
and finest morganite carving in existence. 
This same portion of the case contains an 
interesting series of golden bery! and aqua- 
marine seals, carved in China from Siberian 
crystals. There are some fine pink beryl crys- 
tals from Pala (the original morganite) and 
a very deeply colored, but flawed, piece 
from Madagascar. Two crystals, one from 
California (with a polished face) and one 
Brazilian, show blue cores and pink outer 
zones. Pink beryl, morganite, was named 
by G. F. Kunz for J. Pierpont Morgan in 
recognition of his contribution to mineralogy 
in presenting the nucleus of the Museum’s 
unrivaled collection to The American Mu- 
seum of Natural History. 

With the next case we come to topaz, the 
orthorhombic aluminum fluosilicate mineral 
that the jeweler distinguishes from quartz by 
calling it “precious topaz.” As would be 
expected, since the greater number of topazes 
are white, we find that the largest rough 
examples of that mineral in the Museum's 
collections are also white. The rough portion 
of the case displays several large white well- 
developed crystals. A still larger crystal, 
showing faint yellow and blue tints occupies 
a central position in the hall, in a case of its 
own, illuminated from below by a light 
which shines up through the base. On a dark 
winter afternoon (when the hall needs much 
more light) the internal brilliance of this 


great crystal makes it one of the most strik- 
ing exhibits of the hall. It is, beautifully 
developed, not too badly bruised, and 
weighs nearly 600 pounds. So far as is 
known, it is about twice the size of the next 
largest topaz crystal. 

Other colors of topaz noted among the 
rough include blue, brown and pink crystals. 
These same colors, with white, are to be 
found in the cut stones. The topaz series is 
both important and spectacular. The original 
Tiffany-Morgan collection specimens in- 
cluded large white stones 388 and 812 cts. 
from Ceylon, some white (formerly brown 
but now faded) specimens from Russia, and 
a number of pale blue stones 308, 120, 95, 
and 82 ct. from Russia and Ceylon, and a 
large stone from Brazil. This 258 ct. stone 
is about as deep a blue as the clear blue 
topaz ever seems to occur. In this case we 
also find the most outstanding example of 
the lapidary’s skill, in the form of a perfectly 
cut, egg-shaped, 444 facet, 1463 ct. blue 
Brazilian topaz, originally in the collection 
of the late Meyer L. Morgenthau. This stone 
was cut by the well-known New York lapi- 
dary Anthony Espositer, and for many years 
it was on display in one of the Mirror candy 
stores, along with a number of other attrac- 
tive mineral specimens. 

Unusual both for its color and locality is 
the 241 pale orange brown Burmese topaz 
presented by Roswell Miller, Jr. It does not 
appear to have faded, though it is probably 
not unlike the original color of the faded 
Russian stones. Below it are two of the typi- 
cal golden-brown topazes of the usual type, 
that the jeweler knows as precious topaz, 
weighing 61 and 49 cts. The visitor will 
immediately recognize that their brilltance 
makes them very different and very much 
more attractive than the common brown 
quartz sold as topaz. Beside them are two 
heated Brazilian topazes weighing 46 and 43 
cts., of a lively pink hue. A small, 5 ct., 
pinkish violet topaz from Sanarka, Russia 
(Wallace Memorial Fund) illustrates this 
find of small naturally pink crystals. The 
stone was once a part of G. F. Kunz’ own 
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as staurolite, a nesosilicate mineral known to occur in 
Mozambique. In a recent issue of G&G, staurolite was ex- 
amined and documented for the first time as an inclusion 
in corundum, specifically in a Madagascar ruby (Spring 
2020 Micro-World, pp. 144-145). The author believes that 
this staurolite is the first of its kind documented in a 
Mozambique ruby. Inclusions such as these will forever 
keep gemologists on the lookout for the next unknown. 


Nicole Ahline 
GIA, Carlsbad, California 


Quarterly Crystal: Ferrocolumbite in Topaz 


The author recently acquired a 239.25 ct transparent well- 
formed topaz crystal from the collection of Leon M. Agee. 
The crystal from the Shigar Valley in Pakistan, shown in 
figure 22, has a flat base formed by a cleavage plane. The 
termination appears to be a pyramid form. The crystal 
plays host to two prominent opaque black inclusions and 
one smaller similar-appearing inclusion that is close to the 
surface of the host (figure 23). The two larger inclusions 
were too deep in the topaz to analyze. However, the small 
inclusion was near the surface of one of the prism faces and 
could be reached by laser Raman microspectrometry. Test- 
ing showed a very close match to ferrocolumbite 
(columbite-Fe). Because of the resemblance between the 
smaller inclusion and the two larger ones, we concluded 
that the two larger inclusions were also ferrocolumbite. As 
an interesting aside, these inclusions are reminiscent of 
star cruisers in the Star Wars anthology. 


Figure 22. This 239.25 ct topaz crystal hosts some in- 
John I. Koivula _ teresting inclusions of ferrocolumbite. Photo by Diego 
GIA, Carlsbad, California Sanchez. 


Figure 23. Laser Raman 
microspectrometry 
identified the smallest 
of these inclusions as 
ferrocolumbite. Photo- 
micrograph by Nathan 
Renfro; field of view 
17.62 mm. 
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COLORED STONES AND ORGANIC MATERIALS 


A near-field-communication (NFC) technology device em- 
bedded in bead cultured pearls. The Carlsbad laboratory re- 
ceived for examination two dark-colored bead cultured 
pearls embedded with an electronic device (figure 1) from 
Jeremy Shepherd, CEO of Pearl Paradise. The first sample 
had been cut in half by Mr. Shepherd in order to investigate 
the interior components; the smaller half weighed 2.56 ct 
and measured 10.63 x 9.73 x 3.88 mm (figure 1, left), and 
the larger half weighed 4.46 ct and measured 10.84 x 10.20 
x 5.48 mm (figure 1, center). The second sample (figure 1, 
right) was intact and weighed 7.83 ct, measuring 10.84 x 
10.20 x 5.48 mm. Both samples exhibited the typical ex- 
ternal appearance of bead cultured pearls produced by the 
Pinctada margaritifera mollusk (referred to in the trade as 
“Tahitian” or “Black South Sea”). UV-Vis spectra of these 
samples showed the characteristic reflectance features typ- 
ical of naturally colored pearls originating from this mol- 
lusk, with identifying features recorded at 405, 495, and 
700 nm. 

The cross-section surfaces of the two halves showed a 
straightforward bead cultured pearl structure. A round 
translucent white shell bead nucleus was clearly visible in 
the center. Its freshwater origin was subsequently verified 
with optical X-ray fluorescence imaging and EDXRF analy- 
sis. The alternating cream and brown concentric layers im- 
mediately overgrowing the bead were a combination of 
calcium carbonate and organic-rich materials (i.e., conchi- 
olin) that are sometimes produced during the initial growth 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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stage prior to nacre (aragonite) deposition. The subse- 
quently deposited layers are dark-colored nacre commonly 
produced by the P. margaritifera mollusk. An electronic 
device was very obvious within a large partial drill hole 
that ran through the bead and into the other side of nacre. 

Real-time microradiography (RTX) revealed that the 
electronic devices embedded in the two halves and in the 
intact pearl samples were of the same kind. The device was 
composed of a high-density radio-opaque core (measuring 
approximately 5.10 x 3.26 mm) that appeared white in the 
RTX image and as an opaque black filler in the cross sec- 
tions. An antenna could be seen wrapped around the core, 
and a circuit board was connected to the end of the antenna 
(figure 2). Chemical analysis of these components using 
laser ablation-inductively coupled plasma—mass spectrom- 


Figure 1. An intact 7.83 ct Pinctada margaritifera bead 
cultured pearl (right), together with a sectioned sam- 
ple (2.56 ct left and 4.46 ct center), embedded with a 
near-field-communication (NFC) chip. Photo by 
Diego Sanchez. 
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Figure 2. The cross section (left) and microradiograph (right) images of the same sample revealed the varied com- 
ponents of the bead cultured pearl and NFC chip. Photos by Diego Sanchez (left) and Artitaya Homkrajae (right). 


etry (LA-ICP-MS) revealed that the black core was com- 
posed of a high-iron (Fe) material, which was confirmed 
using a magnet. The bronze-colored antenna and circuit 
board were identified as copper. The device was held in 
place in the large drill hole with a transparent near-color- 
less resin-like material containing numerous gas bubbles. 
The drill hole areas were worked (cut) to a flattened surface 
and plugged with a white plastic-like material, which was 
subsequently re-drilled with a smaller drill hole. Although 
the large drill hole was placed in the center, it did not affect 
the origin determination of the pearl. The shell bead nu- 
cleus and the device contained within could be observed 
using RTX, even for the intact sample. The pearl’s shape 
was certainly impacted by the cut surface, and the classi- 
fications for color, overtone, luster, and surface would be 
based on the remaining nacreous surface. 

The electronic device appeared to be a near-field-com- 
munication (NFC) chip, which is a short-range wireless 
connectivity technology based on traditional radio-fre- 
quency identification (RFID) (https://nfc-forum.org/what- 
is-nfc/about-the-technology). NFC technology allows data 
transfer between two NFC-enabled devices through elec- 
tromagnetic radio fields within a very short distance, either 
by physically touching or being within a few centimeters 
of each other. NFC chips are passive and do not need to 
have a power source of their own, though the antenna can 
be coupled with an active device such as a smartphone via 
an electromagnetic field. The chip is used to store digital 
information such as images, video, text, and audio, which 
are accessed through an app due to limited memory. To the 
best of our knowledge, this technology was first incorpo- 
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rated within pearl jewelry by Galatea: Jewelry by Artist and 
marketed under the name “Momento” (https://www.mo- 
mentogem.com). However, the NFC chip embedded in the 
intact pearl sample in this study was not compatible with 
the Galatea Momento smartphone application. 

So far, GIA has observed three kinds of electronic devices 
in cultured pearls. The first device encountered was an RFID 
chip implanted inside a shell nucleus by Fukai Shell Nu- 
cleus prior to the culturing process (“ID nuclei add value to 
pearls,” Hong Kong Jewellery, September 2013, pp. 62-64). 
The RFID technology is used to track and identify the pearl 
directly from farm to consumer. The second was a “capsule- 
like” feature found within an atypical P. margaritifera bead 
cultured pearl set in a ring that was submitted for identifi- 
cation at GIA Hong Kong, yet the reason for the device re- 
mains unknown (Spring 2020 Lab Notes, pp. 134-136). This 
NEC chip is the third kind and is used for wireless data 
transmission with an NFC-enabled device such as a mobile 
phone. The NFC chips were inserted into bead cultured 
pearls after they had been cultured, unlike the RFID chip. 
Therefore, the pearl is still classified as a bead cultured pearl 
on GIA’s pearl identification report. The presence of the de- 
vice is mentioned in the comments section. 

Technology is pervasive in our daily lives and can even 
influence how pearl jewelry is produced. Since cultured 
pearls are opaque, the implementation of such micro-tech- 
nologies within them is a viable option. These innovative 
wearable technologies retain the external appearance of 
pearls while performing a specific function. 


Artitaya Homkrajae 
GIA, Carlsbad 
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Trapiche-type emeralds from Pakistan. Numerous gem 
materials have been designated “trapiche” in the trade and 
in various publications. They generally describe a pattern 
consisting of a fixed non-transparent star in a transparent 
matrix, with the arms of the six-rayed star radiating from 
a central point or from a central core to the rim of the crys- 
tal. Only a limited number of mineral species show a clear 
trapiche pattern within crystal slices (i.e., a pattern with a 
clear separation of the crystal into distinct growth sectors). 
The boundaries of these growth sectors, running from the 
center to the edges between external prism or pyramidal 
faces, are normally sharp and contain mineral or fluid in- 
clusions, separating different parts within the rim. These 
sector boundaries are also described as the arms of the fixed 
six-rayed star. The most prominent gem minerals showing 
a distinct trapiche pattern are Colombian emeralds and ru- 
bies from Myanmar. 

Another group of gem materials is characterized by sev- 
eral areas of increased transparency and translucency that 
surround a central point or central core according to the 
symmetry of the host. The two types of areas are character- 
ized by different concentrations of inclusions, which are 
trapped within specific parts of symmetry-equivalent 
growth sectors of the host. The arms of the fixed star are per- 
pendicular to the external crystal faces. The most prominent 
gem materials of this second group are blue basaltic sap- 
phires from different sources, but similar patterns also have 
been described for other gem varieties such as aquamarine 
from Namibia. This second group of crystals is designated 
“trapiche-type,” and the emeralds from Pakistan described 
in this entry belong to this group of gem materials. 

Trapiche-type emeralds originating from the Swat min- 
ing region in Pakistan have recently been described by Y. 
Gao et al. (Fall 2019 Gem News International, pp. 441-442) 
and H. Guo et al. (“Inclusion and trace element character- 
istics of emeralds from Swat Valley, Pakistan,” pp. 336-355 
of this issue). The samples showed an interesting growth 
pattern and color zoning with a colorless core, a lighter 
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green intermediate zone, and a more intense green rim. 
The inclusions forming the trapiche-type pattern were re- 
stricted to the lighter green intermediate growth zone. 

Recently, the author received six slices of similar ma- 
terial, reportedly from Swat, from the gem collector S. Han- 
ken of Waldkraiburg, Germany; the samples had been 
purchased in 2020 from the U.S. gem trade. One of these 
samples, which were all cut perpendicular to the c-axis of 
the emerald crystals, showed an interesting growth pat- 
tern. The emerald slice measured from 4.6 to 4.8 mm (dis- 
tances between different prism faces) with a thickness of 
1.9 mm (figure 3). The sample revealed two colorless beryl 
cores of almost equal size. One of these colorless cores was 
surrounded by a large light green intermediate zone, which 
also contained the inclusions forming the trapiche-type 
pattern. The second core was surrounded by a lighter green 
intermediate zone, which was much smaller. Encompass- 
ing these two intermediate zones were intense green 
hexagonal growth boundaries with growth planes parallel 
to the external prism faces. 

This intense green growth boundary surrounds both 
light green intermediate growth zones. Subsequent to this 
intense green boundary, an intense green outer rim with- 
out trapiche-type inclusions but with additional growth 
planes parallel to the prism faces was present. 

As already described by Gao et al., the emerald was 
grown in three distinct steps with a colorless beryl core, a 
light green intermediate zone, and an intense green rim. All 
growth steps were separated by sharp boundaries, with a 
thin growth layer between the intermediate zone and the 
rim, which showed the most intense green coloration ob- 
served in the sample. The emerald formed with two cores, 
with a subsequent growth step, in which both parts were 
still separated from each other. Only in the last growth step, 
in which the intense green rim was formed, were the two 
parts of the final emerald crystal in contact with each other. 


Karl Schmetzer 
Petershausen, Germany 


Figure 3. Growth pattern 
observed in a trapiche- 
type emerald from Swat, 
Pakistan. The slice 
shows two colorless 
cores and two intermedi- 
ate lighter green zones 
surrounded by a more in- 
tense green rim. Viewed 
perpendicular to the c- 
axis, in air (left) and im- 
mersion (right); diameter 
of the sample from 4.6 to 
4.8 mm. Photos by Karl 
Schmetzer. 
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Unusual violet Maxixe beryl. Recently examined in the 
Carlsbad laboratory was a 26.72 ct transparent violet mod- 
ified cushion mixed-cut stone (figure 4). Standard gemolog- 
ical testing revealed a refractive index of 1.583-1.592, and 
a specific gravity of 2.78, both consistent with beryl. Using 
plane-polarized light, pale purple and saturated blue 
pleochroic colors were observed. A uniaxial optic figure 
was seen at the girdle, and the optical orientation of the 
stone showed the stronger blue pleochroic color down the 
optic axis direction. The stone was inert to long-wave UV 
light and fluoresced weak greenish yellow to short-wave 
UV. Viewed with fiber-optic light during microscopic ex- 
amination, it displayed a few scattered blocky crystals, 
platelets, and needles, confirming natural growth origin. 
No coatings were seen on the surface under reflective light. 
Other than the unusual violet color, these properties were 
consistent with Maxixe beryl. 

Advanced testing by LA-ICP-MS revealed that the stone 
lacked iron. This result was consistent with Maxixe beryl, 
in which iron is too low to be measured (I. Adamo et al., 
“Aquamarine, Maxixe-type beryl, and hydrothermal syn- 
thetic blue beryl: Analysis and identification,” Fall 2008 
Gwe, pp. 214-226). Maxixe beryl normally has a blue to 
violet blue bodycolor, but this stone showed an unusual vi- 
olet color. The UV-Vis-NIR spectrum (figure 5) showed ab- 
sorption bands between 500 and 700 nm and a broad band 
near ~690 nm. This spectrum was consistent with Maxixe 
beryl (again, see Adamo et al., 2008). While Maxixe beryl 


Figure 4. This 26.72 ct Maxixe beryl has an unusual 
violet color. Photo by Diego Sanchez. 
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Figure 5. The violet beryl showed a typical UV-Vis- 
NIR spectrum for Maxixe beryl. Pleochroic colors 
were calculated from the spectra and revealed a blue 
(o-ray, dark blue trace and color swatch) and light 
violet (e-ray, pale purple trace and color swatch) 
pleochroism. 


has been found to be colored by natural irradiation, it can 
also be produced by artificial irradiation. Some of these 
“Maxixe-type” beryls produced by artificial irradiation are 
known to fade when exposed to “mild heat or strong light” 
(see Winter 1997 Lab Notes, p. 293). However, there is no 
conclusive test to determine whether Maxixe color results 
from natural or artificial irradiation, and as such, beryl in 
the blue to violet color range that shows the type of visible 
spectrum previously mentioned is designated simply as the 
Maxixe variety of beryl by the GIA laboratory. 

A small sample cut from the same rough as the 26.72 
ct violet beryl was provided by lapidary Nolan Sponsler for 
destructive testing in order to evaluate the color stability 
of this material. An optically oriented wafer, 4.45 mm 
thick and normalized to a 25 mm path length in order to 
better observe the change in color, was fabricated from this 
sample with parallel polished windows that are parallel to 
the optic axis to allow measurement of the o- and e-rays. 
UV-Vis-NIR spectra were collected on the sample prior to 
fade testing and at four-hour intervals of exposure to a 150- 
watt halogen bulb at a distance of approximately four 
inches from the bulb to avoid any significant heating (fig- 
ure 6). The results showed fading of the sample until its 
color was very pale (figure 7), confirming that this material 
may fade. One should avoid prolonged exposure to light 
and store it in a dark environment to preserve the color. 

This violet Maxixe beryl was purported to be from 
Santa Maria de Itabira, Minas Gerais, Brazil. It is notable 
for its unusual color and its fantasy cut design. In addition 
to this violet Maxixe beryl, another violet beryl group min- 
eral named “johnkoivulaite” was documented in 2019 (see 
Fall 2019 GNI, pp. 454-455), that new beryl is from the 
Mogok mining area in Myanmar. However, standard gemo- 
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Figure 6. From the violet beryl material provided for this study, a wafer was fabricated in order to directly measure 
the absorption spectra while conducting a fade test by placing the sample four inches away from an intense 150- 
watt halogen light source. The results, normalized to a 25 mm path length, confirmed that the color became less 
saturated over time with exposure to light. Most of the color loss came from the o-ray direction (left). 


logical properties clearly separate the two violet beryl min- 
erals. Even though this beryl owes its appealing violet hue 
to what would be considered an unstable color center, the 
color should remain intact if prolonged exposure to intense 
light sources is minimized. 


Amy Cooper, Ziyin Sun, Dylan Hand, and 
Nathan Renfro 
GIA, Carlsbad, California 


SYNTHETICS AND SIMULANTS 


A new type of rutilated quartz composite product. Ruti- 
lated quartz, which refers to natural quartz with rutile nee- 
dle inclusions, is very popular in Taiwan’s mineral market. 


Merchants carve rutilated quartz into spheres rather than 
pendants or cabochons to get higher prices. The value of 
such spheres depends on the size of quartz as well as the 
abundance or appearance of its rutile crystals. Since large 
and well-formed rutilated quartz is quite rare, it is possible 
to make those of lower quality into doublets with top cov- 
ers of glass or synthetic quartz. 

Recently, a rutilated quartz sphere was sent to Taiwan 
Union Lab of Gem Research (TULAB) for certification serv- 
ice. Half of the sphere was colorless and transparent, while 
the other half was brown and semitranslucent (figure 8). 
The supplier had informed the client that it was a rutilated 
quartz polished into a sphere together with its host rock in 
order to retain the maximum size and the striking rutile 
inclusions. The colorless and brown parts had refractive 


Figure 7. The polarized visible spectra were used to produce color swatches of the ordinary-ray (E 1 c) and 
extraordinary-ray (E || c) color normalized to a 25 mm path length to illustrate the change in color during fade test- 


ing over a period of 32 hours at four-hour intervals. 
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Figure 8. Photos of the rutilated quartz taken in differ- 
ent viewing directions (top view on the left and side 
view on the right) showed that the sphere was half 
colorless and half brown. Photos by Shu-Hong Lin. 


indices of 1.54 and 1.55, respectively, and the fluorescence 
was inert under an ultraviolet lamp. Microscopic observa- 
tion revealed that the brown part contained yellow, brown, 
and black mineral particles with a large number of bubbles 
(figure 9). The specific gravity was 2.35, which is much 
lower than the specific gravity of quartz. To further con- 
firm the material of the sphere, the colorless and brown 


RAMAN SPECTRA 


Figure 9. The microscopic image of the brown part of 
the rutilated quartz sphere showed yellow, brown, 
and black mineral particles with an abundance of 
bubbles. Photomicrograph by Shu-Hong Lin. 


parts were analyzed with a Raman spectrometer. The re- 
sults showed that the former was quartz, and the latter was 
mainly composed of epoxy resin and quartz (figure 10). 
After a series of gemological tests, we concluded that 
this sphere could be defined as a new type of doublet or 
composite material of rutilated quartz, in which the brown 
part mistaken for host rock was in fact epoxy resin mixed 


Figure 10. Stacked 
Raman spectra of the 
rutilated quartz sphere 
and epoxy resin re- 
vealed that the color- 


less part (A) was quartz 
(463 cm) and the 
brown part (B) was 
mainly composed of 
epoxy resin (peaks at 
637, 822, 1113, 1182, 
and 1606 cm") and 
quartz. The spectra are 
baseline-corrected and 
normalized. 
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with mineral powders. Due to the increasing demand for 

rutilated quartz spheres in Taiwan, this composite material 
may not be merely an isolated case. 

Shu-Hong Lin 

Institute of Earth Sciences, 

National Taiwan Ocean University 

Taiwan Union Lab of Gem Research, Taipei 


Yu-Ho Li 
Institute of Earth Sciences, 
National Taiwan Ocean University 


Huei-Fen Chen 

Institute of Earth Sciences and 

Center of Excellence for Oceans 

National Taiwan Ocean University, Keelung, Taiwan 


TREATMENTS 


Black star sapphire with dual treatments. Black star sap- 
phires primarily come from Kenya, Australia, and Thai- 
land. Unlike other star sapphires and rubies, the asterism 
in these stones generally results from the exsolution of il- 
menite (FeTiO,) and/or hematite (a-Fe,O,) instead of rutile 
(TiO,). Rutile and ilmenite/hematite exsolve in different 
directions: rutile along the second-order hexagonal prism 
{1120} and ilmenite along the first-order hexagonal prism 
{1010}. If both are present in the same stone, a 12-ray star 
results. The ilmenite/hematite crystals are far more 
“platy,” and thus their layers tend to form planes of weak- 
ness. Breakage along those planes is termed parting. Parting 
differs from cleavage in that it results from structural 
planes of weakness due to imperfect growth rather than in- 
herent weakness. There are often two different parting 
planes in the stones. One corresponds to the exsolution of 
ilmenite/hematite in the plane of the basal pinacoid {0001}. 
The other corresponds to planes of exsolved boehmite/di- 
aspore along the rhombohedron {1011}. 

In Thailand, one often sees cavities on the back of black 
star sapphires filled in with brown dopping varnish. It is only 
the basal parting that comes into play with black star sap- 
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Figure 11. The 75 ct black star sapphire that was 
brought in for testing. Photo by Wimon Manorotkul. 


phires, because the exsolved hematite that causes the lack 
of adhesion is only in the basal plane. It is because of this 
parting that the stones get filled with dopping varnish, to 
conceal large holes in the base. Note that the type of dopping 
varnish is of a color that matches the stone. 

In May 2020, a client submitted a large 75 ct black star 
sapphire for testing (figure 11). The base of the stone con- 
tained two large pits filled with brown dopping shellac (fig- 
ure 12, left). Interestingly enough, the shellac fluoresced 
bright orange under long-wave ultraviolet light (365 nm) 
(figure 12, right). Following the client's approval, we re- 
moved the shellac with alcohol and noticed a curved area 
exhibiting an unusual flow-like structure that looked sus- 
piciously like glass. Unfortunately, attempting to get a 
Raman spectrum on the area was unsuccessful. 

Careful microscopic examination showed what looked 
like gas bubbles trapped between the glassy material and the 
sapphire below (figure 13). Scratching the surface of the cav- 
ity with a number 7 hardness point confirmed that the area 
could not be corundum. Immersing the gem in methylene 
iodide showed the glassy area to cover roughly two-thirds of 
the base of the cabochon (figure 14). Energy-dispersive x-ray 
fluorescence (EDXRF) testing on the area suspected to be 
glass revealed a lead (Pb) component of over 3%. 


Figure 12. Left: Two large 
pits on the base of the star 
sapphire contain brown 
dopping varnish (the 
white areas are adhesive 
from tape). Field of view 
30 mm. Right: Under 
long-wave ultraviolet light 
(365 nm), the dopping 
shellac fluoresced bright 
orange. Field of view 27 
mm. Photomicrographs by 
Richard W. Hughes. 
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Figure 13. A close-up view of the shellac in the lower 
pit revealed trapped gas bubbles and black debris. 
Photomicrograph by Richard W. Hughes; field of view 
5mm. 


A variety of tests were brought to bear on this speci- 
men, from the simple (hardness) to the high-tech (EDXRF). 
The results of these tests revealed a gem that had been 
treated by filling with two different substances: glass and 
dopping varnish. 

Richard W. Hughes, E. Billie Hughes, and 
Wimon Manorotkul 
Lotus Gemology, Bangkok 


Oiled spinel. When it comes to clarity enhancement with 
oils and resins, a common belief is that the refractive index 
of the host gem must match that of the filler. If one follows 
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Figure 14. Immersion in methylene diiodomethane (n = 
1.741) reveals the extent of the glass filling on the 
base of the cabochon (the dark area that spreads 
across a large portion of the base). Photomicrograph 
by Richard W. Hughes; field of view 30 mm. 


this logic, it would seem that using oils or resins to clarity 
enhance corundum (n = 1.76) or spinel (n = 1.72) would not 
be at all effective, since there is a yawning gap in RI be- 
tween those gems and that of any oil or resin. 

Certainly, Burmese gem traders have never bought into 
that idea, for we regularly encounter oiled rubies, sap- 
phires, and spinels from Myanmar. In fact, Burmese traders 
have told us that it is common practice to immediately im- 
merse rough into oil after it is unearthed (figure 15). Oiling 
rough not only makes viewing the interior easier but also 
significantly enhances the gem’s clarity. In our experience, 
such treatment is almost never disclosed to buyers. 


Figure 15. Bojan brand 
“King Ruby Red Oil” 
from Chanthaburi, 
Thailand, along with a 
parcel of rough Thai ru- 
bies purchased by the 
author in 2016. Note 
the red stain on the 
plastic bag. Photo by 
Wimon Manorotkul. 
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In 2013, while visiting various mines and markets in 
Myanmar’s Mogok Stone Tract, we were taken to a small 
house where a man was heat-treating spinel. Gems were 
placed in a crucible and heated for a period of time. Then, 
while still relatively hot, they were dumped into a vessel 
containing red oil. It was a remarkable piece of perform- 
ance art. After the oil was wiped off, we could discern no 
change in color from the heating. 

Because of the prevalence of oiling, we now check every 
stone with fissures for oil, no matter the origin or type of 
gem. This is typically done with a hot point under the mi- 
croscope. The hot point gently heats the gem until, with 
oiled stones, the oil leaks out of the fissure in beads on the 
surface of the stone. With the exception of emerald, cus- 
tomers purchasing colored gems are not expecting them to 
be clarity enhanced. As one major Bangkok trader told us 
several years ago, “I cannot sell an oiled spinel.” For this 
reason, when we determine that a gem other than emerald 
has been fissure-filled with an oil or resin, we notify the 
client and allow them two opportunities to remove the 
filler before we issue the report. 

In September 2020, Lotus Gemology received for iden- 
tification a 3 ct spinel that originated from Mogok. We no- 
ticed a fissure on the pavilion running parallel to the girdle 
plane, and application of the hot point caused oil to leak 
out. After two rounds of oil removal by the client, the dif- 
ference was truly remarkable. The gem was now disfigured 
by a highly reflective eye-visible fissure (figure 16). 

This clearly demonstrates that oil can have a signifi- 
cant impact on the clarity of a gem even when there is a 
big difference in RI between the host and the oil. The great- 
est impact will be found in stones like this spinel, where 
fissures lie perpendicular to the viewing angle. 


Richard W. Hughes 
Lotus Gemology, Bangkok 
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CONFERENCE REPORTS 


GSA Annual Meeting: Gem Research Session. The Geolog- 
ical Society of America held its 2020 annual meeting as a 
virtual conference October 26-30 (figure 17). The session on 
gemological research took place on Thursday, October 29, 
and featured presentations on various gemological topics. 
Nelson Eby from the Department of Environmental, 
Earth, and Atmospheric Sciences of the University of Mas- 
sachusetts in Lowell presented a chemical classification of 
emeralds from 24 deposits in 10 countries. Using data on 
major and minor chemical elements in emeralds obtained 
by the instrumental neutron activation analysis, he demon- 
strated how these emerald occurrences could be grouped 
into deposits related to igneous processes, to those related 
to low-to-moderate temperature solutions in sedimentary 
environments, and to metamorphic processes. Rhiana 
Henry of the Department of Earth, Ocean, and Atmospheric 
Sciences of the University of British Columbia in Vancou- 
ver described a method that could be used to calculate the 
water content of an emerald based on measured values of 
either Na* atoms per formula unit (apfu) or weight percent 
Na,O. Cisil Badur of the Department of Geosciences at 
Auburn University in Alabama investigated plagioclase 
megacrysts containing macroscopic inclusions of native 
copper from the Dust Devil mine in south-central Oregon. 
She concluded that the homogeneous distribution of major 
and trace elements (including Cu) in the feldspar resulted 
from a rapid rate of cooling of the host basalt (which pre- 
vented substantial internal chemical diffusion following 
initial crystallization). The megacrysts display anomalously 
young argon-argon (or “°Ar/*’Ar) ages, which she attributed 
to the loss of radiogenic argon. Shiyun Jin of GIA in Carls- 
bad, California, investigated the thin, oriented, ribbon-like 
inclusions of magnetite and hematite whose presence cre- 


Figure 16. On the left is the 3 
ct spinel as initially submit- 
ted. At right is the same stone 
after removal of the oil. The 
difference is striking. Follow- 
ing cleaning, a large reflective 
fissure is visible parallel to 
the girdle plane. This demon- 
strates the ability of an 
oil/resin to mask fissures even 
when there is no close match 
in refractive index between 
the filler and host. Photos by 
Chanon Yimkeativong/Lotus 
Gemology. 
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collection. 

The most recent and most unusual topaz 
of the whole sequence is an oval brilliant 70 
ct., spinel-red stone (also purchased for the 
Wallace Memorial). The stone (from no 
recognizable locality) may be from either 
Brazil or Russia, though the local dealers 
have never seen anything like it from either 
country. It has a number of flaws which 
would certainly tend to extend themselves 
(and probably break the stone) if it were 
heated, so it seems certain that the color is 
natural, rather than the result of treatment. 

Next to topaz we come to a case contain- 
ing two unsung jewelry stones, spinels and 
garnets. The spinel color series of small 
stones, the gift of the firm of Robinson and 
Sverdlik, shows very well the color range 
that is to be found in this little appreciated 
jewelry stone. In the original collection there 
were several fine stones, one a pale amethys- 
tine stone of 4614 cts., a blue of 2734 cts., 
and a red of 934 cts. All are from Ceylon. 
The outstanding stone is a gem spinel of 
red, weighing 71.15 cts., purchased in 1949 
with Thompson funds. This unusually large 
example of the best color in spinel shows 
better than any other the true beauty of the 
little known and little used gemstone, and 
is surely one of the outstanding specimens 
of the collection. 

The garnets which share this case include 
a series of the large, almost black “car- 
buncles” that are typical of the Indian 
almandines. Many of these stones reflect the 
common 4-rayed star when a flashlight is 
played upon them. Next to them is an attrac- 
tive deep red cameo, which has been cut in 
the concave bottom of such a carbuncle, de- 
picting a lion and of unusual quality as a 
work of art. There is also a little garnet cup, 
perhaps one of those that are said to have 
been so useful as liquor (or water) con- 
tainers when a business deal was being 
promulgated, keeping its owner's consump- 
tion of water a secret from the well supplied 
guest. 

Adjoining these Indian garnets we find 
another case with typical Bohemian garnet 


jewelry, stones from the Kimberley diamond 
mines (“Kimberley rubies’) and a great 
array of the average size Arizona pyropes. 
The outstanding orange-brown essonite is a 
6114 ct. cameo carving of the head of Christ, 
a stone which is said to have once been in 
the Vatican collection. The orange-brown 
cloudy spessartite series of faceted stones 
from the Amelia, Va., locality is the largest 
suite of these stones in existence and in- 
cludes the large cloudy stone (96 ct.) illus- 
trated by Kunz. A new spessartite locality is 
represented by the largest stone of the find, 
a 6 ct. clean brilliant orange stone from 
Minas Gerais, Brazil. There is also an exten- 
sive series of bright green demantoids from 
Russia, all part of the original Tiffany-Mor- 
gan collection (Kunz went to Russia in 
preparing this exhibit), the largest weighing 
5 cts. North Carolina and Ceylon rhodolites 
complete the long series of garnets that are 
to be found in this case. On the shelves 
above is a recently acquired (Wallace Me- 
morial) group of demantoid garnet crystals 
and pebbles, including one crystal measuring 
half an inch. There are several fragments of 
the North Carolina garnet, rhodolite which 
show why the cut stones must be so small. 

With garnets we arrive at the center of 
the Morgan Hall, and here we find an 
alcove arranged for special displays. The 
permanent collection continues on the other 
side, starting with a large series of tourma- 
lines. 

As we cross to the tourmaline case, the 
first objects to catch our eyes are the large 
pink crystals of Pala, California, rubellite. 
Tourmaline owes its rise to popularity as a 
jewelry stone to the American occurrences. 
Before the last decade of the 19th Century 
it was not very well known, and tourmaline 
gems found comparatively little use. The 
discovery of fine, light-colored tourmalines 
in Maine stimulated the rise in the popu- 
larity of the stone. For a number of years a 
great many of these locally-cut Maine stones 
were marketed to such well-known firms as 
Tiffany and Co., and many were sold abroad. 
The prices paid were at least as high as those 
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Figure 17. The 2020 annual meeting of the Geological Society of America was held online this year due to the 
Covid-19 pandemic. Courtesy of GSA and Image AV/e-Attend. 


ates an aventurescence effect in some rainbow lattice sun- 
stone from Australia. The iron in these inclusions is 
thought to have been initially dissolved in the feldspar lat- 
tice and then expelled during exsolution of albite (as lamel- 
lae) and ordering of the crystal structure during cooling of 
the host orthoclase. 

A study of zircon inclusions in unheated sapphires 
from four important commercial metamorphic deposits 
was carried out by Wenxing Xu from the Gtibelin Gem 
Lab in Lucerne, Switzerland. She demonstrated how 
Raman spectroscopic features can help distinguish geolog- 
ically younger sapphires from Kashmir and Myanmar from 
geologically older samples from Sri Lanka and Madagascar. 
Wim Vertriest of GIA in Bangkok discussed the identifi- 
cation of opaque sulfide inclusions in rubies. Inclusions 
in marble-hosted rubies from Mogok, Myanmar, proved to 
be pyrrhotite and sphalerite, while those from amphibole 
rocks in Montepuez, Mozambique, were complex mix- 
tures of Fe-Cu-Ni sulfide minerals, which suggests differ- 
ences in the geological conditions of ruby formation. Evan 
Smith from GIA in New York discussed the genetic rela- 
tionship between type IIb and certain type Ila diamonds. 
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Both types appear to have formed in the sublithospheric 
mantle with the involvement of subducted serpentinized 
peridotite. 

Ping Ma of the China University of Geosciences in 
Wuhan discussed the value of using three-dimensional flu- 
orescence spectra to help differentiate untreated and vari- 
ous treated jadeite samples in the marketplace. Di Cui of 
the Engineering Research Center of Gems and Technolog- 
ical Materials of Tongji University in Shanghai described 
the chemical composition and crystal structure of both the 
emeralds from the Davdar deposit in Xinjiang Province of 
northwest China, and in a separate presentation, the high 
vanadium-content emeralds from the Dayakou deposit of 
Malipo County in southwestern China. Elina Myagkaya of 
GIA in New York described an unusual brownish yellow 
diamond that was found to be a Ila + IIb mixed-type dia- 
mond. Investigation using cathodoluminescence and pho- 
toluminescence hyperspectral imaging revealed a complex 
growth pattern distinguished by differences in lumines- 
cence colors and various optical defects. 

James E. Shigley 
GIA, Carlsbad, California 
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EDITORIAL 

Pink Sapphires from Madagascar, Rose-Cut Colored Stones from the 
Baroque Era, Separating Blue Amber Localities, and More... 

Duncan Pay 


FEATURE ARTICLES 

Low-Temperature Heat Treatment of Pink Sapphires from Ilakaka, Madagascar 
Sudarat Saeseaw, Charuwan Khowpong, and Wim Vertriest 

Studies the effects of low-temperature heat treatment on inclusions in this gem material, as 
well as the use of FTIR spectroscopy to detect the treatment. 


Baroque-Era Rose Cuts of Colored Stones: Highlights from the Second Half of 
the Seventeenth Century 

Karl Schmetzer 

Offers a systematic evaluation of rose cuts produced for various colored stones in the latter 
seventeenth century, based on the examination of rare artifacts that belonged to the archbishops 
and prince-electors of Trier and Cologne. 


Fluorescence Characteristics of Blue Amber from the Dominican Republic, 
Mexico, and Myanmar 

Zhiging Zhang, Xinran Jiang, Yamei Wang, Fanli Kong, and Andy H. Shen 

Presents a combination of observational and spectroscopic means to separate the three main 
geographic localities for blue amber, which shows very strong blue fluorescence under sunlight 
or D65 illumination. 


Mineral Inclusions in Sapphire from Basaltic Terranes in Southern Vietnam: 
Indicator of Formation Model 

Doan Thi Anh Vu, Abhisit Salam, Alongkot Fanka, Elena Belousova, and 

Chakkaphan Sutthirat 

Proposes a formation model for sapphire from the main deposits in southern Vietnam based on 
the chemical composition of their mineral inclusions. 


REGULAR FEATURES 


Lab Notes 

Blue “graining” in green-yellow diamond ° Irradiated blue diamond ¢ Large type Ila diamond 
from Arkansas, USA ° Artificial glass imitating Paraiba tourmaline ¢ Chromite inclusions in 
green common opal ¢ Intense purplish pink Montana sapphire ¢ Largest CVD-grown diamond 
submitted to GIA laboratory ¢ Unusual absorption in blue flux-grown synthetic sapphire 


G&G Micro-World 
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Pink Sapphires from Madagascar, 
Rose-Cut Colored Stones from the 
Baroque Era, Separating Blue Amber 
Localities, and More... 


Welcome to the Winter 2020 issue of Gems & Gemology! This issue brings an 
exciting conclusion to the volume year with a study on low-temperature heat treat- 
ment of pink sapphire, a characterization of rose cuts that adorn rare artifacts of a 
bygone era, and the means to separate the three principal localities for blue amber. 


In the lead article, a team led by Sudarat Saeseaw examines the effects of low- 
temperature heat treatment on inclusions in pink sapphire from Ilakaka, 
Madagascar. The detailed characterization of these samples before and after heating 


will help laboratories develop <4 -) ay acterization of rose cuts that 
treatment detection criteria. 


This study also presentsa  @40rn rare artifacts of a bygone era...” 
useful technique using Fourier-transform infrared (FTIR) spectroscopy to detect 


low-temperature heat treatment of this material. 


In the second article, researcher Karl Schmetzer returns to the pages of GeG with an evaluation of seven- 
teenth-century colored stones fashioned as rose cuts, which richly decorate rare artifacts once belonging to 
archbishops and prince-electors of Trier and Cologne. This article seeks to fill a gap in the historical record, 
as rose-cut colored stones have been mainly overlooked in favor of their diamond counterparts. 


Next, Zhiqing Zhang and a team from the Gemmological Institute, China University of Geosciences in 
Wuhan use observation, UV-Vis-NIR spectroscopy, and excitation-emission mapping to separate blue amber 
mined from the Dominican Republic, Mexico, and Myanmar. This widely loved organic gemstone may be 
grouped according to very strong blue fluorescence and distinct emission and excitation wavelengths. 


In the final article, Doan Thi Anh Vu from Vietnam National University heads an investigation of mineral 
inclusions in basaltic sapphire from southern Vietnam. The team analyzes inclusion chemistry using EPMA 
to understand the formation model of these sapphires in relation to the basaltic volcanism of this locality. 


As always, our regular columns feature an array of interesting gemological findings. Highlights of from Lab 
Nozves include a large “all-American” diamond from Arkansas and artificial glass prisms masquerading as 
Paraiba tourmaline. Micro-World enchants with the inner beauty of gems: lazurite and snowflakes in 
Burmese ruby from Mogok and Mong Hsu, respectively, and sapphires exhibiting elongated rutile. Stay up 
to date in the Gem News International section with a new emerald locality in Southern California and the 
use of rhodium plating on etched iron meteorites. Diamonds from the Deep returns with a unique perspec- 
tive on how diamond ages can help us understand continent evolution spanning billions of years. 


Finally, we include a reprint of the Spring 2020 article by Emily Dubinsky et al. (“A Quantitative 
Description of the Causes of Color in Corundum”) to correct the color of several photos and areal color 
density circles. We regret these errors and have used the opportunity to produce a new wall chart displaying 
the corundum chromophores from this article. 


We hope you enjoy our Winter issue! 


OH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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LOW- TEMPERATURE HEAT TREATMENT OF 
PINK SAPPHIRES FROM ILAKAKA, 
MADAGASCAR 


Sudarat Saeseaw, Charuwan Khowpong, and Wim Vertriest 


Low-temperature heat treatment is often applied to gem corundum to improve its appearance. Pink sapphires 
from Madagascar, one of the most important sapphire-producing countries, are no exception. Therefore, charac- 
terizing Madagascan pink sapphire before and after heat treatment helps laboratories develop criteria for treat- 
ment detection. This study showed that after heat treatment at 800°C, a subtle blue tint was removed, making 
the color a purer pink. Only slight alterations of monazite inclusions and iron stains in fissures were observed 
following these heating conditions. Other common inclusions such as needles, particles, etch tubes, and mica 
and zircon crystals remained unaffected. Interestingly, the monazite crystal inclusions changed color from or- 
ange-brown to near-colorless after heat treatment. Raman spectroscopy was used to detect the effect of heat 
treatment on zircon and monazite crystals. While the Raman spectra of zircon remained unchanged, except in 
the region of 1000 cm“ after heating at 1000°C, the Raman peaks of monazite crystals became sharper with in- 
creasing temperature. We measured full width half maximum at ~976 cm (v,, related to the PO, group of mon- 
azite) after all annealing steps. The results showed that the width decreased around 5 cm after heating at 1000°C. 
This study also showed that Fourier-transform infrared (FTIR) spectroscopy, specifically the peak at 3232 cm", is 
a useful technique to detect low-temperature heat treatment in pink sapphires from Madagascar. 


Previous studies on the effect of low-temperature 
heat treatment on inclusions have focused on rubies 
from Mozambique (Pardieu et al., 2015; Sripoonjan et 


color and/or clarity of corundum for more 
than a thousand years. Various parameters 
such as temperature, heating and cooling time, and ox- 
idizing or reducing atmosphere will affect the final 
color (Emmett and Douthit, 1993; Emmett et al., 2003; 
Hughes et al., 2017). The border between high- and 


| eat treatment has been used to improve the 


In Brief 
e The subtle blue tint in many pink sapphires from Mad- 


low-temperature heat treatment has been defined by 
Emmett (in Hughes et al., 2017) as the temperature 
needed to dissolve second-phase microcrystals, which 
is somewhere between 1200° and 1350°C. Heating at 
high temperatures will damage most inclusions in 
ruby and sapphire and is often detectable by trained 
gemologists. In contrast, heating corundum at low 
temperatures, sometimes below 700°C, will only 
subtly affect their internal inclusions, making the 
treatment much more challenging to detect without 
advanced instrumentation (figure 1). 


See end of article for About the Authors and Acknowledgments. 
Gems & GEemoLocy, Vol. 56, No. 4, pp. 448-457, 
http://dx.doi.org/10.5741/GEMS.56.4.448 
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agascar can be lightened or removed by heating at 
800°C for 120 minutes in air. 

e FTIR spectroscopy is a crucial technique to detect 
low-temperature heat treatment. The presence of the 
3232 cm peak is an indicator of heat treatment in 
Madagascan pink sapphire. 

¢ Careful observation of monazite crystal inclusions 
showed a change in color from orange-brown to near- 
colorless after low-temperature heat treatment. 

e Raman spectroscopy can be used to detect the anneal- 
ing of monazite during low-temperature treatment. 


al., 2016; Saeseaw et al., 2018) and blue sapphires from 
Madagascar (Krzemnicki, 2010; Hughes and Perkins, 
2.019). In these studies, rubies showed slight inclusion 
alterations when heated to 900°C and developed clear 
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Figure 1. These pink sapphires from Iakaka, 
Madagascar, underwent low-temperature heat treat- 
ment. From top to bottom, they weigh 1.16 ct, 1.17 ct, 
and 1.06 ct. Photo by Robert Weldon/GIA; courtesy of 
Jeff Hapeman, Earth’s Treasury. 


FTIR signatures after heat treatment. This article fo- 
cuses on the effects of low-temperature heat treat- 
ment on inclusions, such as zircon and monazite, and 
the FTIR spectra of pink sapphire from Madagascar. 
This is the first study to report the use of Raman spec- 
troscopy to analyze monazite inclusions in corundum 
during heat treatment experiments. 


MATERIALS AND METHODS 


Samples and Instruments. Fourteen samples re- 
portedly from Ilakaka, Madagascar, were selected and 
polished with at least two windows for data analysis. 
Sample sizes ranged from 0.41 to 2.15 ct. The first set 
of samples (PSO1-PS11) consisted of 11 pink sap- 
phires (table 1). Samples PSO1—PSO8 and PS11 were 
purchased directly from the miner, but not at the 
mine site near the Taheza River in Ilakaka. These 
samples are classified as C-type samples in GIA’s col- 
ored stone reference collection (Vertriest et al., 2019). 
Sample PSO9 was acquired from a trader in the Ila- 
kaka market and was reportedly from the Ambala- 
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TABLE 1. Color-calibrated photos of samples PSO1—PS11 
before (left) and after (right) heat treatment at 800°C for 


160 minutes. 


Sample ID 


Before heating 


PS01 


PS02 


PS03 


PS04 


PSO5 


PS06 


PSO7 


PS08 


PSO09 


PS10 


PS11 


After heating 
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TABLE 2. Color-calibrated photos of samples PS21—PS23 for the secondary experiment (samples were kept at 


the maximum temperature for 120 minutes). 


Sample} Before heating After heating at 


ID 200°C 400°C 


After heating at 


After heating at 
600°C 


After heating at 
800°C 


After heating at 
1000°C 


PS21? 


we / f 


PS22 


PS23 


Sample PS21 is not zoned. The darker part is the reflection of a polished window on the side of the stone to improve observation of the inclusions. 


vihy mining area. This sample is classified as an E- 
type sample. PS10 was purchased from miners at the 
Sakameloka washing site, which makes it a B-type 
sample. 

A second set of three pink sapphires, containing 
zircon and monazite inclusions (PS21-PS23), was 
used for a follow-up heating experiment (table 2). 
Sample PS21 was purchased from the miners at the 
Ambarazy mine; therefore, it is C-type. GIA field 
gemologists witnessed the mining of samples PS22 
and PS23 in the Esoki and Besatra areas, respectively. 
These samples are classified as B-type (Vertriest et 
al., 2019). 

To compare the true color of the samples before 
and after treatment, we used a Canon EOS 5D camera 
with a Canon Macro MP-E 65 mm lens to produce 
consistent results. Photographs were taken under 
identical lighting conditions, with the reference sam- 
ples placed in a Logan Electric Tru-View 810 color-cor- 
rected lightbox (5000 K lamp). A neutral-density filter 
was used to calibrate the camera/lightbox combina- 
tion to produce a neutral gray background. 

Photomicrographs of internal inclusions were 
captured at different magnifications with a Nikon 
SMZ18 system and under different types of illumi- 
nation, together with a fiber-optic light source. 

Non-polarized FTIR spectra were collected using 
a Thermo Fisher Nicolet 6700 FTIR spectrometer 
equipped with an XT-KBr beam splitter and a mer- 
cury-cadmium-telluride (MCT) detector operating 
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with a 4x beam condenser accessory. The resolution 
was set at 4 cm! with 1.928 cm! data spacing. In- 
frared spectra were collected in the same area of each 
sample before and after heat treatment. 

Raman spectra were obtained using a Renishaw 
inVia Raman microscope fitted with a Stellar-REN 
Modu Ar-ion laser producing highly polarized light 
at 514 nm. For internal inclusion analysis, the sys- 
tem was operated in confocal mode with 20x and 50x 
objectives. Calibration using neon emission lines and 
the silicon signal at 520 cm provided wavenumber 
accuracy within +0.5 cm7'. Spectra were collected in 
the 1500-200 cm" region. 


Heating Experiment. The pink sapphires were sep- 
arated into two experimental groups. First, 11 sam- 
ples (PSO1—PS11) were subjected to heat treatment in 
air at 800°C for 160 minutes to study the effect on 
color, inclusions, and infrared spectroscopy. The sec- 
ond set consisted of three samples (PS21—PS23) that 
were heated at 200°, 400°, 600°, 800°, and 1000°C for 
120 minutes at each step to study the changes in 
monazite and zircon inclusions using Raman spec- 
troscopy. 

Samples were placed on an alumina ceramic felt 
(99.8% AIL,O,) in a Thermo Scientific FB1400 Thermo- 
lyne benchtop 1100°C muffle furnace and heated to 
the desired temperature at a rate of 5°C/min. At the 
end of each heating cycle, the furnace was switched 
off. When the temperature of the furnace dropped 
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FTIR SPECTRA 
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3309 


1.10 4 
3232 


1.05 + 


1.00 


ABSORPTION COEFFICIENT (cn) 


0.95 - 


— After heating at 800°C 
— Before heating 


Figure 2. Comparison of 
non-polarized FTIR 
spectra before (blue) 
and after (orange) heat 
treatment at 800°C for 
160 minutes on an un- 
oriented pink sapphire 
from Madagascar. Spec- 
tra are offset vertically 
for clarity. 


T T 
3250 3200 3150 


WAVENUMBER (cnr) 


3300 


below 600°C, the samples were removed and allowed 
to cool to room temperature. Samples were analyzed 
at room temperature after each heating cycle. 


RESULTS AND DISCUSSIONS 


Color Appearance and Gemological Properties. Before 
heating, most of the samples in the first set were pur- 
plish pink. After the heat treatment process, they 
changed to a purer pink (table 1). These sapphires 
showed a significant reduction in the blue color com- 
ponent when heated at 800°C for 160 minutes, which 
had also been observed in rubies from Mozambique. 
Gemological properties were consistent for corundum 
and did not change during the heating experiment. 
Fluorescence was strong to medium red under long- 
wave and medium to weak under short-wave UV 
light, both pre- and post-treatment. Chalky white flu- 
orescence is sometimes observed in heated sapphire, 
caused by a charge transfer between O* and Ti* ions 
(Emmett et al., 2017); however, none of the samples 
studied showed chalky fluorescence after treatment. 


Infrared Spectroscopy. Previous studies on Mozam- 
bican rubies (Pardieu et al., 2015; Saeseaw et al., 
2018) have shown that only samples with a single 
peak at 3309 cm will develop a 3309 series (3309, 
3232, and/or 3185 cm), which can be used as an in- 
dication of heat treatment. This criterion is effective 
for some blue sapphires (Hughes and Perkins, 2019) 
but is not valid for basalt-related blue sapphires. 
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In this study, we selected Ilakaka samples that 
had an obvious peak at 3309 cm!. All samples in the 
first set showed a decreased 3309 cm! peak after 
heating, while 9 out of 11 samples developed a peak 
at 3232 cm"!, as shown in figure 2 and table 3. No 
3185 cm7! peak was observed in this experiment. 
This observation has been previously reported (Sae- 
seaw and Khowpong, 2019). The strength of the OH 
absorption bands at 3309, 3232, and 3185 cm is re- 


TABLE 3. Comparison of FTIR peak heights before and 
after heat treatment at 800°C for 160 minutes. 


Before heating After heating 


Sample ID 
3309 cnr! 3309 cm! 3232 cnr! 

PSO1 0.04 nd nd 
PSO2 0.04 0.02 0.005 
PSO3 0.07 0.04 0.01 
PSO4 0.07 0.04 0.01 
PSO5 0.04 0.02 nd 
PSO6 0.05 0.02 0.01 
PSO7 0.05 0.03 0.01 
PSO08 0.06 0.03 0.01 
PSO9 0.06 0.03 0.01 
PS10 0.06 0.03 0.01 
PS11 0.04 0.01 0.005 


Abbreviation: nd = not detected 
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lated to the orientation of the crystal and the polar- 
ization of the light used to analyze the sample. They 
are strongest when collected perpendicular to the c- 
axis and are related to the presence of certain trace 
elements. The peak height absorption coefficient of 
the 3185 cm peak is only one-third that of the peak 
at 3232 cm"'; therefore, it rarely presents on small 
stones (Beran, 1991). 

However, it is worth noting that only when the 
peak height absorption coefficient of the 3309 cm! 
peak is greater than or equal to 0.04 cm before heat- 
ing will it develop a 3232 cm peak after treatment. 
Absorption coefficient or cm-is related to the thick- 
ness of a sample. Therefore, a small sample might 
not show the 3232, cm"! peak since the path length of 
the light through the stone is much shorter. This 
means that the feature is easier to detect in larger 
stones, while smaller stones will have “no indication 
of heat treatment” based on FTIR spectra. 

We also collected FTIR spectra on 250 additional 
unheated pink sapphires reportedly from Madagas- 
car. The results showed 130 samples with only the 
single 3309 cm peak, and none of these samples 
showed a 3309 series. Therefore, it is important to 
ensure that spectra are either collected perpendicular 
to the c-axis, taken in multiple directions, or col- 
lected using a diffuse reflectance (DRIFT) accessory 
to obtain high sensitivity of the 3232 cm peak. 


Internal Features. Visual Observations. Pink sap- 
phires from Madagascar commonly contain numer- 
ous zircon crystals (figure 3A). Zircon crystals 
typically have a rice grain shape and can occur as 
clusters or single crystals (figure 3B), sometimes with 
tension halos, similar to discoid fractures that de- 
velop around crystals after heat treatment (figure 3C). 
Needles, particles, thin films, etch tubes, and twin- 
ning can also be observed (figure 3D and 3E), as can 


Figure 3. Typical inclusion scenes in pink sapphire from 
Madagascar before (left) and after (right) heat treatment at 
800°C for 160 minutes. Numerous zircon crystals (A) and 
clusters of zircon crystals (B). C: Zircon with tension 
halos; the fracture expanded slightly after heating. D: Mi- 
nute particles, needles, and platelets. E: Etch tubes with 
natural fractures. F: Large mica crystal and smaller iso- 
lated zircon crystals. G: Monazite crystals that altered 
from orange-brown to near-colorless, some developing ten- 
sion fractures after heat treatment (see arrows). H: Zircon 
and fracture with iron stains. Photomicrographs by Charu- 
wan Khowpong. Fields of view 2.85 mm (A), 1.05 mm (B- 
C, H), 1.75 mm (D, F-G), and 3.65 mm (E). 
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of today, and were, of course, for those days, 
relatively much higher. With the exhaustion 
of the Maine mines, new deposits were 
worked in California, so that, for a number 
of years more, the U.S. held its place as the 
chief source of tourmaline. It is interesting 
today to think that at one time, the United 
States was a really important jewelry stone 
producing nation. 

The American Muséeum’s suite of tourma- 
lines includes some extremely representative 
samples, which have the virtue of also illus- 
trating the typical cutting of the Maine lapi- 
daries. The usual proportions of their cuts 
made the pavilion (the bottom of the stone) 
very deep and the crown (the top) rather 
high. These dimensions were permissible in 
these particular stones, because of their un- 
usually light green tints and because of the 
low c-axis absorption of the Maine tourma- 
lines. The proportions are, of course, the 
proper ones for stones of this refractive 
index. Usually the depth of color prevents 
the correct cutting of tourmaline. The dis- 
played series includes the typical light 
greens and light blue of the Maine stones 
(4214, 3414, 34, 17 and 12 cts.) and some 
of the deep reds (1114 ct.) 

Balancing the Maine stones, across the 
flat bottom of the case, we find a series 
from California, with here, of course, an 
understandable emphasis on pink. These 
were the original rubellites, and were very 
typical of the Pala mines. With them will 
be seen some of the muddier Meas Grande 
greens, together with some of the parti- 
colored stones that give such interesting 
effects in tourmaline. The largest of these is 
a parti-colored tourmaline of cat’s-eye with 
one green side and one pink side. As with 
most tourmaline cat’s-eyes, the fibers that 
make the eye are rather coarse. Alongside, 
we see a small pink stone that is almost an 
exception to this rule, for it has an excellent 
eye. A few carved Chinese figures of pink 
Pala tourmaline emphasize the international 
character of the gemstone trade, recalling the 
days when America was just growing and its 
raw materials were largely sent abroad in- 


stead of being consumed at home. The rarity 
of clear, clean pink tourmaline becomes patr- 
ticularly obvious when we see none in a 
collection like this one from California. A 
study of the display is very useful, for it 
brings home better than many words, the 
fact that a flawless rubellite (now the deep 
red material, no longer the pink) or a pink 
tourmaline is, like a flawless emerald, an 
unusual stone. The bright reds are now as 
rare as any tourmaline color. 

Those we have will be found in the center 
section of the case, the display of foreign 
tourmalines, representative of the bulk of 
the material in the hands of the jewelry 
trade today. Ordinary tourmaline (to the 
trade this means the dark green matevial) is 
represented by a 24 ct. stone from Brazil. 
A deep, slightly brownish, red rubellite 
from Madagascar (74 cts.) is typical of 
much of the material from that locality. The 
brightest stone of the group is a clear rich 
blue-green, probably from South-West 
Africa. It is typical of some of the best of 
that material, but it is now rarely encounter- 
ed. In general, this central display makes it 
apparent that the world does 
supply many tourmalines that can rival those 
old ones from Maine. Perhaps, too, modern 
cutting in Brazil does not bring out the 
brilliance and the fire that the old lapidaries 
obtained. The visitor to the Morgan Hall 
has an unequalled opportunity to learn 
about tourmalines, when he examines them 
with this background information. 

Next we come to the case devoted to zir- 
cons. In its center we have the privilege of 
seeing another unique stone, with which this 
collection is replete. The 208 ct. blue stone 
is believed to be the largest known cut zir- 
con. The deep blue brilliant-cut stone illus- 
trates the best of the heated zircon colors, it 
was purchased for the collection with 
Thompson endowment funds. On its left are 
arranged a series of heated zircons, white 
and blue stones of smaller size, which illus- 
trate the color range that is to be found in 
these treated stones. Among them are some 
that are starting to revert to their original 
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Figure 4. Reaction of a monazite crystal prior to heating and after being heated to 200°, 400°, 600°, 800°, and 
1000°C (A-F). The orange-brown color of the crystal disappeared after heating to 600°C (D), and it developed a 
tension crack at 1000°C (F). The small crystal visible inside the monazite was identified by Raman spectroscopy 
as zircon. Photomicrographs by Charuwan Khowpong; field of view 1.05 mm. 


crystals of mica (figure 3F) and monazite (figure 3G). 
The monazite crystals typically have an orangy color, 
this is due to natural radiation damage caused by a 
relative enrichment in radioactive elements such as 
uranium and thorium (Ruschel et al., 2012). A few 
stones featured inclusions within inclusions, with 
zircon crystals embedded in monazite or mica crys- 
tals (figure 3F). 

During the first experiment with samples 
PSO1-PS11, most of the inclusions, including zircon, 
showed no change when heated at 800°C for 160 mi- 
nutes. After treatment, orange epigenetic iron stains 
in surface-reaching fissures became darker due to the 
oxidation and dehydration of iron minerals at higher 
temperatures (figure 3H). Typically the orange iron 
stains consist of limonite (a-FeO(OH)) and convert 
to brownish red hematite (a-Fe,O,) during heat treat- 
ment (Koivula, 2013; Sripoonjan et al., 2016). The 
other observed change was seen in monazite crystals, 
which changed color from orange-brown to near-col- 
orless after heat treatment. In some cases, tension 
fractures also formed (figure 3G). 


Focus on Monazite and Zircon. The most likely ex- 
planation for the change of color in the monazite in- 
clusion is the annealing of the radiation damage 
caused by radioactive elements that substituted in 
the crystal lattice. Monazite is a phosphate mineral 
rich in rare earth elements such as cerium, lantha- 
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num, and neodymium (Clavier et al., 2011). It is ra- 
dioactive due to the presence of thorium and, to a 
lesser degree, uranium. Other minerals such as zir- 
con and baddeleyite can also contain radioactive ele- 
ments. These elements are of great interest in 
geological studies since they can be used to date min- 
erals based on the radioactive decay of those trace 
elements. Age dating research is mostly focused on 
zircon, where small amounts of uranium are com- 
mon in the lattice (Dickin, 2018). 

A side effect of radioactivity is the slow damage to 
the crystal structure, which is seen as the orange- 
brown color in the monazite inclusions. The term 
metamict indicates that a gem (most often zircon) has 
strongly altered properties (RI, SG, toughness, etc.} be- 
cause of its internal radiation damage. Such radiation 
damage can distort the crystalline structure to such a 
degree that it becomes non-crystalline (amorphous). 
An example is “low” zircon from Sri Lanka. 

The initial heat treatment experiment strongly 
suggests that heat treatment can undo this radiation 
damage, healing the crystal lattice to its original un- 
damaged state (Meldrum et al., 1998; Nasdala et al., 
2002). 

To further study the potential healing of radiation 
damage in inclusions, we continued our heating ex- 
periment on selected samples (table 2) containing 
monazite and zircon inclusions. Both of these min- 
erals commonly include radioactive elements and 
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Figure 5. Stacked 
Raman spectra of a zir- 
con inclusion in sample 
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potentially have crystal structure damage induced by 
radioactivity. They may also be annealed at higher 
temperatures. 

In this heating experiment, the temperature was 
increased from 200°C to 1000°C at 200°C intervals 
with a two-hour heating duration. Data was collected 
between every step. Results showed that the color of 
a monazite crystal did not change when heated at 
200°C and 400°C, but started to fade after heating 
above 600°C (figure 4D). A tension fracture devel- 
oped after heating at 1000°C (figure 4F). 

Raman spectroscopy was introduced in 1995 as a 
method to estimate the degree of radiation damage 
in minerals, such as in zircon and monazite (Nas- 
dala et al., 1995). In this study, we used Raman to 


— After heating 
at 200°C 


heat treatment at each 
step. Peaks in the 1000- 
1100 cm region are 
due to luminescence 
observed in the sample 
after heating to 1000°C. 
FWHM measured by 
GRAMS software. 


— Before heating 


analyze zircon and monazite inclusions in Madagas- 
can pink sapphires. The results will be discussed 
separately. 


Zircon. We analyzed 31 randomly chosen zircon in- 
clusions with and without tension halos from the 
three sapphires in the second set. Raman spectra (fig- 
ure 5) showed characteristic zircon peaks at 201.3, 
223.8, 364.5, 442.2 (v,], 984.0 (v,], and 1016.8 (v,) cm. 
It is well known that the three main peaks at 442.2, 
984.0, and 1016.8 cm” are related to internal SiO, 
vibration modes, and the three other peaks at 201.3, 
22.3.8, and 364.5 cm are lattice vibrational modes 
involving interactions between SiO, tetrahedra and 
the Zr atom. The peak at 1016.8 cm" or v, (SiO,) is 


TABLE 4. Results of Raman analyses of zircon inclusions or v, (SiO,) in pink sapphire, reported in average + SD (n = 


number of analyzed crystals). 


Annealing Sample PS21 (n = 15) Sample PS22 (n = 8) Sample PS23 (n = 8) 
oo Peak position | Measured Peak position | Measured Peak position | Measured 
(cn!) FWHM (cn!) (cnv') FWHM (cm) (cm) FWHM (cnv") 

= 1009.9 + 1.7 11.34.25 1011.8 + 3.1 10.4+41.5 1016.8 + 3.0 10.441.5 

200 1009.7 + 1.9 11.2 42.7 1012.0 + 2.2 De. 7 1016.0 + 3.1 9.941.7 

400 1009.5 + 1.9 10.8 + 2.8 1010.8 + 2.8 9.4+1.3 1015.5 +4.1 9441.3 

600 1009.6 + 1.5 9.9+1.8 1011.7 + 2.1 9.4+2.0 1015.6 + 3.1 9.4 +4 2.0 

800 1010.1 + 1.2 8.6+1.0 1009.0 + 1.5 9.8+1.6 1015.4 + 3.3 9.8+1.6 

1000 1010.2 + 1.3 10.4 + 2.3 1008.8 + 1.0 8.6 + 2.0 1014.6 +1.1 8.241.3 
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the most sensitive to the accumulation of radiation 
damage, and therefore it is commonly used to com- 
pare the structural state of radiation. 

Before heating, v, peak positions were at about 
1009.9 and 1011.8 cm: on average for samples PS21 
and PS22, respectively. The peak of zircon crystals in 
sample PS23 was at a slightly higher wavenumber, 
around 1016.8 cm, see table 4. The differences in 
peak position are affected by many factors, such as 
chemical composition, pressure, and temperature. Ho- 
wever, those differences are beyond the scope of this 
study. 

After heating, we found insignificant changes to 
Raman peaks where FWHM of the v, peak ranged 
from 8.6 to 11.3 cm. These numbers were reported 
as a partially metamict state (Nasdala et al., 1995; 
Palenik et al., 2003). At 1000°C, we found 10 out of 
31 zircons developed peaks in the range of 950 and 
1150 cm (which might be luminescence features 
(Krzemnicki, 2010). However, these features were 
not observed when the Raman spectra were col- 
lected using a laser with 488 nm wavelength instead 
of 514 nm. 

Significant changes in the Raman spectra of these 
inclusions have been reported when heated at higher 
temperatures (Rankin and Edwards, 2003; Wang et 
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al., 2006). When heated above 1400°C, the Raman 
spectra of these inclusions start to show baddeleyite 
peaks, indicating that zircon becomes unstable in 
these conditions and breaks down into oxides. 


Monazite. Fifteen monazite inclusions from the 
three sapphires in the second set were studied. The 
Raman spectrum of monazite is presented in figure 
6 and shows distinct vibrational bands in the ranges 
970-1075 cm" and below 620 cm!. The former is as- 
signed to the internal PO, stretching vibrations, 
whereas the latter is due to the PO, bending and ex- 
ternal vibrations of the Ce** ions and the [PO,]* 
units, respectively (Ruschel et al., 2012). The most 
prominent peak in the Raman spectrum of monazite 
is at about 976 cm’ or v, (PO,). We measured the 
peak position and FWHM, as shown in table 5. 

The results showed the effect of heat treatment 
on the peak position to be insignificant in all sam- 
ples. Samples PS21 and PS22, showed a lower wave- 
number of peak position and narrower peaks than 
those of the monazite crystals in sample PS23. 

All samples showed sharper ~976 cm peaks dur- 
ing progressive heating at higher temperatures. Sam- 
ple PS21 displayed decreasing width, from 14.2 + 0.5 
cm! unheated to 8.8 + 0.2 cm! after heating at 
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TABLE 5. Results of Raman analyses of monazite inclusions or v, (PO,) in pink sapphire, reported in average + SD (n = number of 


analyzed crystals). 


Annealing Sample PS21 (n = 6) Sample PS22 (n = 6) Sample PS23 (n = 2) 
oo Peak position Measured Peak position Measured Peak position Measured 
(cnr!) FWHM (cnr) cnr!) FWHM (cn) (crv) FWHM (cm) 

- 974.0 + 0.8 14.2+0.5 974.0 + 1.3 15.9 +0.3 976.5 + 0.3 18.4+0.1 
200 973.9 + 0.8 14.3 + 0.3 974.1 41.3 15.8 + 0.4 976.2 + 0.5 18.140.5 
400 974.0 + 0.5 12.5. 1,1 974.0 + 1.1 14.9 + 0.2 976.2 + 0.4 17.5 +0.4 
600 974.1 +0.3 11.2 40.5 974.6 + 0.8 12.9 + 0.2 976.9 + 0.4 15.4+0.6 
800 974.6 + 0.2 9.6 + 0.2 973.9+0.5 11.4+0.3 975.9 + 0.1 13.3 +0.4 
1000 974.8 + 0.3 8.8 + 0.2 974.5 40.5 9.8+0.4 975.8 + 0.2 13.3 + 0.4 


1000°C. Sample PS23 also decreased in width from 
18.4 + 0.1 cm unheated to 13.3 + 0.4 cm” after heat- 
ing at 800°C. The width did not change during the 
heating step from 800°C to 1000°C (see figure 7). 
The differences between these two sets of results 
may be caused by chemical composition or differen- 
tial degrees of initial radiation damage (which is not 
included in this study). Our results corresponded 
with previous work in which Raman spectra showed 
distinctly narrower bands on annealed monazite 
than on untreated monazite (Seydoux-Guillaume et 
al., 2002). 


CONCLUSIONS 


It has long been known that heat treatment at low 
temperatures helps to improve color in pink sap- 
phires. Detecting this treatment remains challeng- 
ing since inclusions such as zircon, needles, and 
particles are often not affected by low-temperature 


heat treatment. Using advanced analytical instru- 
ments such as FTIR spectrometers is necessary to 
help gemologists detect heat treatment. In this 
study on Madagascar pink sapphire, we have shown 
that the presence of the 3232 cm" peak is related to 
heat treatment. While this peak is only found in 
heated stones, its absence is not an indicator of an 
unheated stone. This peak will only develop if the 
initial 3309 cm” peak is strong enough. This is ex- 
actly the same behavior that has been observed in 
rubies from Montepuez, Mozambique. 

Another possible indicator of heat treatment is 
the observation of monazite crystals, even though 
they are less common in pink sapphire than zircon 
crystals. Monazite typically has an orange-brown 
color that will fade to near-colorless after heat treat- 
ment at relatively low temperatures. This alteration 
can be explained by annealing radiation damage to 
monazite inclusions due to the increasing tempera- 
ture. This also results in narrower peaks in the 


Figure 7. The relative difference between FWHM of monazite at v, (PO,,) at ~974-976 cm and heating tempera- 
ture on sample PS22 (n = 6; left) and sample PS23 (n = 2; right). Different dots represent different monazite inclu- 
sions analyzed in each sample (n=number of analyzed crystals). 
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Raman spectrum. The presence of a near-colorless 
monazite inclusion suggests the gem has been 
heated, but its color is sometimes masked by the 
bodycolor of the host. 
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In order to use FWHM and other Raman spectra 
features as an indication of low-temperature heat 
treatment, more samples will be required to com- 
plete a statistically relevant analysis. 
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BAROQUE-ERA ROSE CUTS OF COLORED 
STONES: HIGHLIGHTS FROM THE SECOND 
HALF OF THE SEVENTEENTH CENTURY 


Karl Schmetzer 


Colored stones from the Baroque era fashioned as rose cuts have received little attention to date. Even the colored 


stone rose cuts incorporated in notable collections, such as the Cheapside Hoard discovered in London in 1912, have 
not been studied in detail, and only very limited further examples are depicted and described in gemological texts. Re- 
cent work with five objects of liturgical insignia and electoral regalia belonging originally to the archbishops and prince- 
electors of Trier and Cologne has thus offered an opportunity to augment available information. All of these pieces 
date to the second half of the seventeenth century. Although the table cuts from that era were still quite simple, con- 
sisting of an upper flat table facet surrounded by one or two rows of step-cut facets, the rose cuts were enormously 
varied and complex while still generally following a symmetrical pattern in the facet arrangement. The goal of the 


study was to contribute to filling a gap in the historical information on gem cuts by offering an overview of the many 


rose cuts used for colored stones in the second half of the seventeenth century. 


arrangements, all of which lack a flat table (fig- 

ure 1). In contrast to the considerable literature 
on the use of rose cuts in diamonds, there has been a 
dearth of information regarding their use in colored 
stones. 

The story of diamond fashioning started with the 
polishing and/or slight modification of the crystal 
faces of natural diamond octahedra, creating what is 
known as the point cut. Thereafter, simple table cuts 
were developed from the fifteenth century onward, 
becoming more complex over time (Lenzen, 1966; 
Falk, 1975; Tillander, 1995; Klein, 2005; Gilbertson, 
2007; Ogden, 2018). Diamonds with rose cuts came 
later as a typical product of the sixteenth and seven- 
teenth centuries, employing a cutting process that 
began with a rough cleavage fragment from a dia- 
mond octahedron. The standard appearance generally 
consisted of a flat base topped by a dome with six tri- 
angular facets at the center. Between the dome top 
and the base was an intervening layer with six, 12, 
or 18 additional facets (figure 2). Despite some incon- 
sistency in terminology, these cuts are primarily de- 
noted as Antwerp roses (6 + 6 facets], half-Dutch 


R= cuts encompass a variety of faceting 


See end of article for About the Authors and Acknowledgments. 
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roses (6 + 12 facets), and full-Dutch roses (6 + 18 
facets), respectively (Eppler and Eppler, 1934; Stran- 
ner, 1953). 

Visual evidence of the foregoing historical pro- 
gression in diamond cuts is readily found in refer- 
ences depicting jewelry objects from bygone eras and 
in seventeenth-century sketchbooks of goldsmiths or 
jewelry designers such as T. Cletcher (1629) or G. Lé- 
garé (1663) (figure 3; see, e.g., Gans, 1961; Walgrave, 
1993a,b; Scarisbrick, 1993). Political and economic 
circumstances related to the development of rose-cut 
diamonds are discussed by Kockelbergh et al. (1992) 
and De Bie (2014). 

In the decidedly less voluminous literature on col- 
ored stones cut without flat tables, the first appear- 
ance of such a faceted gemstone in art is found in a 
sixteenth-century painting by A. Bronzino (1542) por- 
traying Venus, Cupid, Folly, and Time (an allegory of 
lust) (see Prim, 2018). The oval gemstone in that 
work shows a crown covered by multiple facets in 
the form of elongated rhombuses. Other isolated art 
and jewelry pieces from the second half of the six- 
teenth century and the seventeenth century likewise 
offer several examples (see, e.g., Prim, 2019). A no- 
table influx of items displaying colored stones cut 
without flat tables then occurred with the 1912 dis- 
covery of the so-called Cheapside Hoard, dated before 
the Great Fire of London in 1666. Exemplars are con- 
tained in the catalog prepared for the 2014 exhibition 
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Figure 1. In the present 
study, five richly deco- 
rated liturgical insignia 
from the second half of 
the seventeenth century 
were examined. This 
photo shows part of the 
monstrance from the 
Treasury of Cologne 
Cathedral decorated 
mainly with larger gar- 
nets, peridots, blue sap- 
phires, and quartz with 
yellow foil backing. The 
smaller stones are dia- 
monds, amethysts, and 
emeralds. Many of the 
gemstones used to dec- 
orate the insignia are 
rose cuts without flat 
tables, showing a great 
variety of cutting styles. 
The large blue sapphire 
below measures 26 x 14 
mm. Courtesy of the 
Treasury of Cologne 


Cathedral. 
at the Museum of London (Forsyth, 2013), and a fur- Although today the interested gemologist, art his- 
ther selection of objects is depicted by Ogden (2013, __ torian, or jeweler might be able to find various pho- 
2014). tographs or drawings of art objects exhibiting 
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Figure 2. Sketches of the 
most common rose cuts 
used for diamonds, all con- 
sisting of a flat base, a 
dome topped by six trian- 
gular facets, and several ad- 
ditional facets between the 
dome top and the base. Top 
row: View looking down on 
the dome, parallel to the 
six-fold axis. Bottom row: 
View perpendicular to the 
six-fold axis. After Eppler 
and Eppler (1934). 


WinteR 2020 459 


Figure 3. Jewelry designs from the seventeenth century using various types of rose-cut diamonds. Illustrations 
by (left to right) T. Cletscher (1629; from Walgrave, 1993a); P. Bourdon (ca. 1660; from Walgrave, 1993b); and 
G. Légaré (right, 1663). 


rose-cut colored stones, no systematic evaluation of | commonly available. Presumably such objects were 
such cuts is available in the literature. While nine- not known to the authors of these treatises and were 
teenth-century texts may present a broad selection 

of table cuts, along with covering the three tradi- 

tional rose cuts for diamonds, other gem cuts with- In Brief 


out flat tables are not shown or described as being 
¢ Colored stone rose cuts from the second half of the 


seventeenth century present widely varied and com- 
plex facet arrangements while generally following a 


Figure 4. Sketch of the so-called cross-rose cut consist- : 
symmetrical pattern. 


ing of a flat base, a dome topped by eight rhombuses, 


and additional triangular and step-cut facets between ¢ Five objects of liturgical insignia and electoral regalia 

the dome top and the base. Top: view looking down originally belonging to the archbishops and prince- 

upon the dome, parallel to the eight-fold axis. Bot- electors of Trier and Cologne were richly decorated 

tom: view perpendicular to the eight-fold axis. After with colored stones, including numerous rose cuts re- 

Schrauf (1869). fe the broad variety of patterns available during 
the era. 


e Rose-cut gems embellishing the pieces were fashioned 
from corundum (ruby and sapphire), peridot, garnet (py- 
rope-almandine and hessonite), and quartz (rock crystal 
and amethyst), in addition to diamond. 


e The colored stone rose cuts studied can be character- 
ized by the symmetry of the dome’s center (e.g., four- 
fold, six-fold, eight-fold) and by the shape of the central 
facet (e.g., triangular, rhombus, kite). 

¢ Cuts referred to as half-Dutch and full-Dutch roses, also 
seen in diamonds, and expanded Dutch roses were 
most common. The creativity displayed with colored 
stones resulted in a number of more complicated pat- 
terns that far exceeded what is known in diamonds. 


thus considered extremely rare, an estimation borne 
out by their treatment in Schrauf (1869). There, a 
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Figure 5. Stones with rose cuts are still found frequently in the trade using garnet and quartz material. Left: Gar- 
nets displaying traditional patterns formed by multiple triangles, with the largest measuring 14 x 10 mm. Samples 
courtesy of Hermann Lind II, Idar-Oberstein. Center: Garnets where the rose pattern is created using rhombuses 
(upper left, 16 x 12 mm), squares (upper right, 14 x 14 mm), or triangles (all others). Samples courtesy of Hermann 
Lind II, Idar-Oberstein. Right: Quartz varieties with the rose pattern formed by rhombuses (upper left), triangles 
(lower left), or squares (upper and lower right), with the amethyst at the lower right measuring 10 x 10 mm. The 
samples were purchased at the Sainte-Marie-aux-Mines Mineral and Gem show in 2019. Photos by K. Schmetzer. 


rose-cut garnet with a flat base and eight rhombus- 
shaped facets forming a central dome (figure 4) was 
drawn and characterized as a unique gem fashioned 
in the eighteenth century or before, and a similar 
stone with eight kite-shaped facets topping the cen- 
tral dome was also described as unique and very rare. 

Rose cuts are still produced from multiple gem 
materials, primarily garnet (figure 5, left and center) 
and quartz (figure 5, right), and thousands of facet de- 
signs including numerous rose cuts can be found by 
interested users and cutters in modern texts (e.g., 
Long and Steele, 1979-1989) and online databases 
(e.g., FacetDiagrams.org). However, these are mainly 
cuts developed in the nineteenth or twentieth cen- 
tury, and the publications are silent as to whether the 
designs find any analogue in objects of eras past. 

The colored stone rose cuts featured in the current 
study came to light during examination of five objects 
of liturgical insignia and electoral regalia. Four were 
from what is known as the Trierer Kurschatz (the 
treasury of the archbishops and prince-electors of 
Trier, who were one of the seven electors of the Holy 
Roman Empire'). The work began principally with 
gemstone identification at the time the collection was 
publicly presented in October 2017 (“The Munich 
Show,” 2017]. The investigation continued at the 
Didzesanmuseum Limburg (Museum of the Roman 
Catholic Diocese of Limburg), where the treasury is 
normally exhibited, with the focus turning in part to 
the cuts of the stones. It soon became apparent that 
these artifacts, dated to the second half of the seven- 
teenth century, contained numerous colored stones 
with rose cuts differing markedly from the standard 
cuts presented for diamonds in gemological texts 
(again, see figure 2). 
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The study was then augmented by the addition of 
a seventeenth-century monstrance from the Dom- 
schatzkammer K6ln (the Treasury of Cologne Cathe- 
dral, the Roman Catholic cathedral of the former 
archbishop and prince-elector of Cologne, another 
one of the seven electors of the Holy Roman Empire). 


HISTORY OF THE LITURGICAL INSIGNIA AND 
ELECTORAL REGALIA 


Trier/Limburg. The four pieces from the Limburg 
museum were crafted by different goldsmiths during 
the terms of two archbishops and prince-electors of 
Trier: Carl Caspar von der Leyen (Karl Kaspar von der 
Leyen), reigning 1652-1676, and Johann Hugo von 
Orsbeck, reigning 1676-1711 (figure 6; see also Kloft, 
2016, for a synopsis of the history of the Limburg 
cathedral and museum). Information about the age 
and production of the various masterpieces, and the 
artisans responsible, derives primarily from accounts 
remaining from the respective periods of production, 
which were examined in detail by Michel (1925). 
The monstrance (figure 7, top) was created in 
1667 by the goldsmith Christian Schweling from 
Cologne. The crosier (figure 8, top) was made in 1672 
by Johann Daniel Treudel from Frankfurt, and the 
processional cross (figure 8, bottom) was produced by 
the same goldsmith one year later, in 1673. The 
miter (figure 7, bottom) was started by Christian 


‘The seven prince-electors constituted the electoral college that se- 
lected the emperor of the Holy Roman Emperor. In addition to the 
archbishops of Cologne, Trier, and Mainz, there were four secular 

electors: the King of Bohemia, the Count Palatine of the Rhine, the 
Duke of Saxony, and the Margrave of Brandenburg. 
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Figure 6. The liturgical insignia and electoral regalia now in the collection of the Museum of the Diocese of 
Limburg were commissioned in the second half of the seventeenth century by Carl Caspar von der Leyen, arch- 
bishop and prince-elector of Trier (left, reigning 1652-1676), and his successor, Johann Hugo von Orsbeck 


(right, reigning 1676-1711). 


Schweling in 1674. After his death in 1675, his son 
Cornelius Schweling took over and pursued the proj- 
ect until 1678. Following a decade-long interval, 
work on the miter was continued by Peter Boy from 
Frankfurt in 1688 and finished in 1691. Attribution 
of the various aspects of the miter’s ornamentation 
to a particular craftsman has remained a subject of 
discussion (Clasen, 1993). The ensemble, together 
with other objects no longer extant such as a cere- 
monial sword, is referred to collectively as the Lan- 
drentamtspretiosen and contains some of the most 
richly decorated liturgical insignia and electoral re- 
galia known. For instance, the miter alone is embel- 
lished with more than 3,300 gemstones, while the 
monstrance displays more than 3,100 gems. 

During the reign of Johann Hugo von Orsbeck, the 
main residence of the archbishops and prince-electors 
of Trier was moved from Trier to the city of Koblenz, 
where the Ehrenbreitstein fortress was located. With 
the end of the Electorate of Trier, which took place 
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between 1801 and 1803, and the resignation of the 
last archbishop, Klemens Wenzeslaus, the territories 
on the right bank of the Rhine were annexed by Duke 
Friedrich Wilhelm of Nassau-Weilburg, who reigned 
from 1788 to 1816. In 1806 the Duchy of Nassau was 
established, and in 1822, Duke Wilhelm of Nassau, 
who reigned from 1816 to 1839 as Friedrich Wil- 
helm’s successor, donated the Landrentamtspretiosen 
collection to the Diocese of Limburg (Luthmer, 1907; 
Kuhn, 1976). 

In connection with this donation, the different ob- 
jects underwent conservation work by a goldsmith 
from the city of Mainz, but gemstones, mainly dia- 
monds from the miter, were stolen and replaced with 
other materials. After the manipulation was detected 
and most of the stolen gemstones were found, the 
miter was fully restored. In 1906, all the pieces were 
the beneficiary of additional conservation, this time 
performed carefully without altering the gemstone 
embellishment. Thus, while the documented history 
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brown, a characteristic, and a weakness, of 
many zircons. The balance of the case is 
devoted to a series of natural color zircons, 
from the soft, cloudy Ceylon greens (24, 9, 
and 7 cts.) and the clear reds to the brilliant 
yellows and brown (93 cts.) that find re- 
gretably little jewelry use. The second most 
interesting stone in this case, however, is a 
small one. It is the clear bright green 6 ct. 
brilliant (Wallace Memorial) from Minas 
Gerais, Brazil. The locality is new for zir- 
cons, and such clarity is not known in 
Ceylon material. 

Next to the zircons we find a case that has 
two different jewelry stones, but the first 
impression is one of far less color range and 
variety. This case houses peridots and 
chrysoberyls. On the left we see the peri- 
dots, Chemically it is a magnesium silicate, 
‘but the small content of iron gives it a 
characteristic greenish hue that is quite un- 
mistakable. Peridot is known as the “eve- 
ning emerald.” It is a fairly soft stone of a 
pleasant yellow-green color, a hue that seems 


more green by incandescent light. The chief 
source is a barren island in the Red Sea, St. 
John's Island or Zebirget. All the Museum's 
best examples come from that source. In the 
upright section we see two large crystals, 
one measuring several inches. Below there 
are four large cut stones, 95, 87, 70, and 61 
carats. All are large enough to show clearly 
the strong double refraction, the appearance 
of fuzziness in their depths, that helps dis- 
tinguish this jewelry stone. With the Red 
Sea stones we see a selection of worn pebbles 
(and below are the cut stones) that were 
picked up on the Arizona anthills, including 
some of the brown ones of that locality. One 
more locality, a rare one, is represented by 
a single large (8214 ct.) emerald-cut, 
slightly cloudy stone. Little is known about 
this Burmese peridot locality and examples 
are scarce in collections. 

Adjoining the peridots in the same case 
we find an array of chrysobery! gemstones, 
and among them there are the usual out- 
standing examples. The most important 


¢ View of Tourmaline Display Case in Morgan Hall 


FALL 1953 
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Figure 7. Among the insignia and regalia from the treasury of the archbishops and prince-electors of Trier 
were a monstrance (top, 66 x 29 cm) created by goldsmith Christian Schweling from Cologne in 1667 and a 
miter (bottom, 44 x 31 cm) started by Schweling and his son Cornelius from 1674 to 1678 and later com- 
pleted by Peter Boy of Frankfurt between 1688 and 1691. Courtesy of the Museum of the Diocese of Limburg. 
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Figure 8. Included within the insignia and regalia from the treasury of the archbishops and prince-electors 
of Trier were a crosier (top, 38 x 21 cm) crafted by Johann Daniel Treudel of Frankfurt in 1672 and a proces- 
sional cross (bottom, 39.5 x 32.0 cm) fabricated by the same goldsmith in 1673. Courtesy of the Museum of 
the Diocese of Limburg. 
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Figure 9. Several inscriptions on a monstrance in the collection of the Treasury of Cologne Cathedral indicate 
that the object was donated in 1657 and 1658 by Maximilian Heinrich von Bayern, archbishop and prince-elec- 
tor of Cologne (left, reigning 1650-1688), and his prime minister Franz Egon von Fiirstenberg (right, serving 


1650-1674). 


would appear to suggest that only limited restorative 
work and substitution of damaged materials was un- 
dertaken, this does not exclude the possibility that 
single stones were lost through simple usage and re- 
placed without explicit documentation (see Beitz, 
1928). 


Cologne. The monstrance in the collection of the 
Treasury of Cologne Cathedral bears two inscriptions 
evidencing its donation to the cathedral through 
transactions in 1657 and 1658. Maximilian Heinrich 
von Bayern, archbishop and prince-elector of Cologne 
(figure 9), who reigned from 1650 to 1688, is believed 
to have been the principal donor. Per the inscriptions, 
he was joined in the donation by Franz Egon von 
Firstenberg (Clasen, 1983, 1989), his friend and the 
prime minister from 1650 to 1674. Filling multiple 
roles, Franz Egon also became the bishop of Strass- 
burg in 1663. Creation of the monstrance (figure 10) 
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has been attributed to Christian Schweling, primarily 
through comparison with the Limburg piece, because 
contemporaneous documentation or accounts iden- 
tifying the goldsmith responsible were not preserved 
(Beitz, 1928). 

In 1975, the Cologne monstrance was stolen 
along with several other objects from the treasury. 
After an intensive police investigation in several 
countries, some of the stolen objects were found and 
returned, albeit partially damaged. The monstrance’s 
return, with the remains having been located in five 
countries, was accompanied by detached portions of 
its decoration ranging from single loose stones to sin- 
gle stones within their gold settings and larger sec- 
tions of the gold mounting holding several stones 
(e.g., a rosette with a central stone surrounded by a 
number of smaller gems). The state of disrepair re- 
vealed that most of the gold framework had been 
melted following removal of the stones. 
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The monstrance was reconstructed using the orig- 
inal stones (approximately 85% of the original deco- 
ration consisting of more than 3,100 gemstones), 
with and without the original settings, and from the 
original gold. The work was performed by the gold- 
smith Peter Bolg from 1978 to 1987, spending two 
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Figure 10. On the basis 
of its design and crafts- 
manship, the mon- 
strance (52 x 21 cm) 
from the Treasury of 
Cologne Cathedral has 
been attributed to the 
goldsmith Christian 
Schweling of Cologne 
(compare with figure 7, 
top). This photo of the 
Cologne monstrance 
was taken shortly be- 
fore its theft in 1975. 
Courtesy of the treasury 
of Cologne Cathedral. 


days per week on the project (Peter Bolg, pers. comm. 
2.020; see also Clasen, 1983, 1989; Mésch, 1995; Bolg 
and Zieleskiewicz, 1995). Most of the larger colored 
stones, with the exception of two peridots and cer- 
tain garnets and emeralds, were returned after the 
theft. Comparison of photographs taken before (fig- 
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Figure 11. Photos of the Cologne monstrance in its present state reflect the high quality of the goldsmith’s work in 
the reconstruction with gemstones even being restored to their original locations (compare with figure 10). Photos 


by K. Schmetzer. 


ure 10) and after (figure 11) the theft shows that the 
goldsmith succeeded in a reconstruction remarkably 
close to the seventeenth-century original. 


Gemstone Provenance and Origin. Original docu- 
ments concerning the provenance of the gemstones 
used in the artifacts contain limited information. Ac- 
counts available in the archives of the archbishops of 
Trier demonstrate that, in the majority of cases, the 
archbishops and prince-electors purchased the gem- 
stones from local stone dealers or goldsmiths and, 
once the group of gems intended for a particular ob- 
ject was completed, submitted the collection to the 
goldsmith commissioned to prepare the masterpiece 
(Beitz, 1928). 

A less frequent alternative is evidenced by finan- 
cial records reflecting that the goldsmith was paid by 
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the archbishops and prince-electors for both the art- 
work and the stones (Kuhn, 1989, 1999). This sug- 
gests that the goldsmith had to purchase the stones, 
either from local middlemen or from a foreign cutter 
or dealer. Schweling is known to have taken both ap- 
proaches, even traveling to Antwerp—a city hosting 
a large cutting industry at the time—to acquire gem- 
stones (Beitz, 1930). Only one example is docu- 
mented where gems were purchased by the 
archbishop and prince-elector of Trier directly from 
a foreign stone cutter or dealer in Antwerp and were 
then provided to Schweling for a chalice. 

A high percentage of the rose-cut gems in the var- 
ious regalia and insignia from Limburg and Cologne 
were garnets (see below}, a fact that offers certain in- 
sights regarding potential origin, given the historical 
context. With respect to Germany, the art of cutting 
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garnet as rose cuts was brought to Nuremberg in 
1590 by the Frenchman Claudius de la Croix. Com- 
petition thereby ensued between the cutting indus- 
tries in Nuremberg and Freiburg and Waldkirch, a 
pair of cities neighboring one another in the Rhine 
Valley and the Black Forest. The resulting dispute 
was eventually resolved through the granting in 1601 
of a privilege by Rudolf I, Holy Roman Emperor, in 
favor of Freiburg and Waldkirch. 

The privilege stipulated that Bohemian garnets were 
to be cut and polished solely in Freiburg and Waldkirch. 
Nonetheless, available references indicate that only the 
relatively small Bohemian chromium-bearing pyropes, 
mainly up to 6 mm in size, were cut there during the 
seventeenth century, and the industry's importance de- 
clined with the French occupation of Freiburg from 
1677 to 1697 (Trimborn, 1940, Kaiser, 2003). Thus, it is 
unlikely that the much larger pyrope-almandines and 
hessonites in the objects examined for this study came 
from the production at Freiburg and Waldkirch. 


MATERIALS AND METHODS 


The present study of colored stone rose cuts was 
based upon examination of five objects of liturgical 
insignia and electoral regalia: the miter, monstrance, 
processional cross, and crosier in the collection of the 
Museum of the Diocese of Limburg and the recon- 
structed monstrance in the collection of the Treasury 
of Cologne Cathedral. As mentioned above, the eval- 
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Figure 12. Gemstones 
decorating the Limburg 
pieces, such as the 
monstrance shown 
here, were identified 
using energy-dispersive 
X-ray fluorescence 
(EDXREF) spectroscopy. 
Photo by H.A. Gilg. 


uation began when the author and Professor H. Al- 
bert Gilg (Technical University of Munich) were in- 
vited to examine the pieces from Limburg during 
their presentation at the 2017 Munich Show. On that 
occasion, work was restricted to determining gem- 
stone identity, primarily through energy-dispersive 
X-ray fluorescence (EDXRF) spectroscopy in combi- 
nation with Raman spectroscopy. Examination sub- 
sequently continued in Limburg in February 2018. 
At that time, Professor Gilg proceeded with identi- 
fying the gem materials (figure 12) while the author, 
together with Heidi and Helmut Biirger, gem cutters 
and cut designers, started to evaluate the various cuts 
employed. It soon became apparent that several thou- 
sand of the colored stones decorating the four objects 
were fashioned as different table and rose cuts. 

The rose cuts were examined for further visual de- 
tail during April 2019 in Limburg by the Burgers and 
the author using the unaided eye, a loupe, and optical 
microscopy at low magnification (figure 13). Sizes of 
gemstones in settings were estimated with a simple 
caliper. In general, sketches were drawn by the au- 
thor and reviewed for accuracy by the Biirgers, and 
photos of the rose cuts were taken. Using the 
sketches and information from the photos, the au- 
thor then prepared final drawings showing approxi- 
mately 40 different cuts. In November 2019, those 
drawings were verified by the author through com- 
parison with the objects at Limburg, and several ad- 
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Figure 13. The cuts of the colored stones decorating 
the Limburg artifacts, including the processional 
cross, were examined by optical microscopy at low 
magnification. Photo by K. Schmetzer. 


ditional sketches were prepared for gemstones that 
had proven to be of interest in the photos but had not 
previously been examined in detail. 

In connection with restorations done in the nine- 
teenth and twentieth century (see above}, some lost 
gemstones were replaced, but without any detailed 
documentation. This was obvious for a limited num- 
ber of stones with modern faceting styles such as table 
cuts and mixed cuts. There is, however, no indication 
that historical rose cuts were studied and gemstones 
were cut in the “old style” to replace lost stones. 

The monstrance at Cologne was examined visu- 
ally by the author in November 2019. As noted 
above, the monstrance was reconstructed after the 
1975 theft, making extensive use of the original gem 
material recovered (Clasen, 1983, 1989; Bolg and 
Zieleskiewicz, 1995). To ensure that the study fo- 
cused on historical gems cut prior to the 1658 dona- 
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tion to the cathedral, rather than material purchased 
for the reconstruction, the author in 2020 consulted 
with the goldsmith Peter Bolg and the gem merchant 
August Wintermantel, who supplied all the dia- 
monds and colored stones for Bolg’s reconstruction. 
Visiting the Wintermantel firm in Waldkirch in 
2.020, the author was also able to review and copy a 
list of missing stones, several hand-drawn sketches 
identifying their position within the piece, and notes 
and invoices in the archives of the company. 

The insight obtained may be summarized as 
follows: 


e Missing rose-cut diamonds were replaced with 
rose-cut diamonds of appropriate sizes taken 
from other historical jewelry pieces or cut to 
the sizes needed. 


e Missing colored stones were either selected 
from the stock of the A. Wintermantel firm 
(e.g., garnets of appropriate size and shape} or 
cut from rough to the desired form (e.g., cabo- 
chon sapphires and garnets or table-cut emer- 
alds). 

e Invoices indicate that five garnets cut as stan- 
dard full-Dutch roses (10 mm or smaller) with 
a crown of 24 facets were used to replace miss- 
ing stones. 

e The more complex rose cuts of the original col- 
ored stones remaining were not examined in 
detail in the reconstruction years from 1978 to 
1987, and no attempt was made to facet any 
similar examples to replace missing materials. 


The information collected in Munich, Limburg, 
and Cologne is expected to lead to three distinct 
works. The present paper is focused on describing the 
rose cuts found in the regalia and insignia from Lim- 
burg and Cologne. These results also stimulated de- 
velopments in modern cut design, especially rose 
cuts that use pavilion facets for gemstones with high 
brilliancy (H. Birger, in preparation). A comprehen- 
sive description of the four Limburg objects is like- 
wise anticipated (H.A. Gilg, in preparation). 


RESULTS 


Overview of Embellishment and Gemstone Proper- 
ties—Limburg Objects. For purposes of understand- 
ing the context that frames the detailed discussion 
of rose cuts to follow, a broad overview of the general 
appearance of the objects is given below. As noted 
previously, further specifics are not within the scope 
of this study and will be published elsewhere. 
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Figure 14. The gemstones embellishing the pieces from the Limburg museum and the Cologne treasury were 
grouped in decorative assemblages and mounted in closed bezel settings. Left: From the Limburg monstrance: 
table-cut peridots, together with a rose-cut garnet (center, 35.0 x 12.5 mm) and smaller faceted and cabochon gar- 
nets. Right: From the Cologne monstrance: table-cut peridots, together with a rose-cut amethyst (center, 23 x 18 
mm) and faceted garnets of varying sizes, including rose cuts. Photos by K. Schmetzer. 


Gem Varieties. The minerals and gem varieties, as 
well as any significant modification such as foil back- 
ing, that were identified by a combination of EDXRF, 
Raman spectroscopy, and visual examination most 
commonly included: 


e Diamond 

¢ Corundum: ruby, sapphire 

e Emerald 

¢ Peridot 

e Garnet: pyrope-almandine, hessonite 

¢ Quartz: rock crystal (colorless, yellow with foil 
backing, and orange with foil backing), amethyst 

e Pearl 


The foregoing formed the vast majority of the 
thousands of colored stones decorating the pieces. A 
few far rarer materials comprised two pink spinel 
cabochons, one faceted colorless topaz (presumably a 
replacement stone) surrounded by smaller diamonds, 
and several samples of glass in various colors. 


Mounting and Sizes. The gemstones were secured in 
the mountings with a closed bezel setting (figure 14). 
No part of the girdle or, if present, pavilion was visi- 
ble, rendering it impossible to evaluate the degree to 
which the bases might be flat, curved, or faceted. De- 
finitive measurement of dimensions was similarly 
restricted, so only approximate sizes will be given in 
the figure captions. Such will afford a general impres- 
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sion of the sizes of gems available and used in the 
second half of the seventeenth century. 


Diamond Cuts. The diamonds had been faceted in a 
variety of styles. Pyramidal point cuts, quadratic and 
rectangular table cuts, cuboids, full-Dutch roses, tri- 
hedral roses, and pear-shaped roses were observed. 
Each such type is known from the literature on dia- 
mond cutting conventions (e.g., Tillander, 1995; see 
also for nomenclature and definitions). 


Colored Stone Cuts. The colored stones incorporated 
those with table facets, those shaped as cabochons, 
and those fashioned as rose cuts. The samples with 
table facets presented a multitude of outline shapes 
(again, see figure 14): 
¢ Irregular forms 
e Octagons 
e Hexagons 
¢ Quadrilateral forms: squares, rectangles, rhom- 
buses, kites, isosceles trapezoids 
e Three-sided forms: equilateral triangles, isosce- 
les triangles 
e Pear-shaped forms 


Only the relatively small faceted rubies, about 5-6 
mm in size, showed table cuts with somewhat irreg- 
ular shapes. The tables were surrounded by a row of 
small step-cut facets (figure 15). 
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The other colored stones (blue sapphire, emerald, 
peridot, garnet, and quartz) displayed regular sym- 
metrical cuts. Most exhibited step cuts with one or 
two rows of eight, six, four, or three crown facets 
each, parallel to the edges of the table. A few stones 
with more complex, modern faceting styles (e.g., 
mixed cuts) are thought to be nineteenth- and twen- 
tieth-century replacements of gems lost during 
usage. A similar assumption of later replacement 
might apply to the single faceted topaz and the few 
glass simulants. 

Faceted stones without tables (i.e., rose cuts) were 
found only in a subset of the colored stone varieties 
seen in the Limburg pieces: 


¢ Corundum: ruby, sapphire 
° Peridot 
e Garnet: pyrope-almandine, hessonite 


¢ Quartz: rock crystal (colorless, yellow with foil 
backing, and orange with foil backing], 
amethyst 


Cabochons with a round or oval shape also made an 
appearance among the colored stones, particularly 
the garnets. 
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Previous Use and Surface Indentations. There were 
only a small number of stones with drill holes indi- 
cating previous use in other jewelry items (figure 16, 
left). Samples with surface indentations were also 
present (figure 16, right), reflecting a technique used 
since the Middle Ages in India and Sri Lanka to re- 
move impurities (see, e.g., Schmetzer and Gilg, 2020). 
The facet edges of some stones were highly abraded, 
which might indicate previous use in other pieces of 
jewelry. 


Consideration of Embellishment for Comparative 
Purposes—Cologne Object. Insofar as the Cologne 
monstrance is thought to have been crafted by the 
same goldsmith as the Limburg piece, the general 
style paralleled that described above. The forms and 
facet style of gemstones with table facets were com- 
parable with the colored stones from Limburg. Some 
of the gemstones that returned after the theft in an 
unmounted state showed faceted pavilions, but the 
cuts were not studied in detail (Peter Bolg and August 
Wintermantel, pers. comms., 202.0). 

As specifically relevant to this study, the rose cuts 
were fashioned from: 


Figure 15. Rubies from 
group 1 are found as 
rose cuts with a some- 
what irregular surface 
pattern (left column), 
as table cuts with large 
tables and one row of 
step-cut facets (middle 
column), or as irregu- 
larly shaped, polished 
pebbles (right column). 
The larger stones meas- 
ure about 5.5 to 6.0 
mm in diameter. 
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¢ Corundum: blue sapphire 
¢ Garnet: pyrope-almandine 


¢ Quartz: rock crystal (colorless, yellow with foil 
backing), amethyst 


Detailed Description of Rose Cuts. The various rose 
cuts observed in the five objects studied are grouped 
and presented according to the form of the central 
facets (e.g., triangular, lozenge, kite) in combination 
with the number of central facets present. This re- 
flects the symmetry of the dome’s center (e.g., four- 
fold, six-fold, and eight-fold, or somewhat distorted 
four-fold, six-fold, and eight-fold). In addition, visu- 
ally similar cuts were added to some of the main 
groups, even if the individual example did not belong 
to that particular main group in a strict sense. The 
author wants to underline that this is one of the al- 
ternatives to group the various cuts observed and 
present the results of the study. The accompanying 
line drawings are schematic representations and 
should help to understand the cuts shown in the dif- 
ferent photos. 


Non-Symmetrical Cuts (Group 1). While the great 
majority of the colored stone rose cuts displayed 
highly symmetrical fashioning, a few stones had no 
symmetrical pattern. These outliers consisted of one 
garnet and several rubies—the only faceted rubies 
without a table, approximately 5.5 to 6.0 mm in di- 
ameter—that showed facets of different sizes and no 
symmetrical surface pattern (again, see figure 15). 
Rather, the appearance was consistent with an irreg- 
ularly shaped pebble that had simply been covered 
with random facets. It has already been mentioned 
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that, different from all the other gemstones, the ru- 
bies with tables also did not show completely sym- 
metrical cuts but, in some examples, only some 
irregular facets inclined to the table. Furthermore, 
some rubies were irregularly shaped pebbles with pol- 
ished surfaces. These results indicate that only small 
rough rubies were available in the second half of the 
seventeenth century and that cutters tried to keep the 
rough as large as possible. 


Domes Topped with Six Triangular Faces: Half- 
Dutch and Full-Dutch Roses (Group 2). A small sub- 
set of the garnets was cut as half-Dutch roses (figure 
17, A and B), while a large number took the form of 
full-Dutch roses (figure 17, C and D). The samples 
were characterized by six-fold symmetry with a 
dome centered on six triangular faces. Round or 
near-round to slightly oval shapes were widespread 
(figure 17, A and C), but examples of elongated ovals 
through stretching of the triangles in certain direc- 
tions were also common (figure 17, B and D). 


Expanded Dutch Roses (Group 3). Larger samples 
often expanded on the standard Dutch rose forms 
with additional rings or rows of triangular facets. 
Round or near-round samples resulted from retaining 
six triangular facets at the center of the dome but in- 
creasing the number of circumscribing rings of trian- 
gles (figure 18A). More oval-shaped forms were 
derived if the number of triangular facets differed in 
two perpendicular directions (figure 18B). Yet another 
variation to produce larger oval stones featured the 
addition of trapezoidal faces between the center and 
girdle (figure 18C). 


Figure 16. Drill holes were 
seen in a small number of 
stones, as here ina 12 x 10 
mm blue sapphire (left), 
indicating prior use in 
other jewelry items. Also 
present on occasion were 

| polished surface indenta- 
tions, here demonstrated 
ina 19x 17 mm garnet 
(right), reflecting a tech- 
nique used since the mid- 
dle ages to remove 
impurities. Photos by K. 
Schmetzer. 
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stone in the case is not the most unusual. 
it is a 47.8 ct. cat’s-eye of the finest 
syuality. It shows an excellent eye and has 
the rich green-brown body color of the most 
sought stones. Beneath it, for contrast and 
to show the color range that is to be found 
mm chrysoberv! cat’s-eyes is an example of the 
paler and greener cat’s-eye that some prefer. 

Another well-represented variety of 
chrysoberyl is the alexandrite. This interest- 
ing stone is illustrated in the collection by 
two series from two localities. The six larger 
ones, coming from Ceylon, total 4134 cts., 
while the smaller, and better ones, came 
from Russia. In neither series is there an 
outstanding stone, but the 4 ct. Russian 
serves as a fine example of the striking color 
change. It shows the fine Russian blue-green 
by daylight, and in the beam of a flashlight 
{with which a visitor to the Morgan Hall 
should provide himself, regrettably) it shows 
the rich amethystine red. The Ceylon stones 
are also typical of their locality, with good 
daylight yellow-greens and slightly brown- 
ish artificial light purple-reds. 

The other outstanding, and probably 
unique, chrysobery! gem of this case is one 
of the clear faceted chrysoberyls. The 74.44 
ct. chartreuse yellow-green emerald-cut 
chrvsobery! (Wallace Memorial) is believed 
to be the largest example of a cut stone of 
this most desirable chrysobery! color in any 
collection. In addition to this Brazilian gem 
we can see a series of the common greenish 
and brownish Ceylon stones of 50, 35, 30 
and 29 cts. Their great hardness and bril- 
liance gives them a place among jewelry 
stones, but their lesser beauty, in contrast 
with other less costly stones, results in their 
finding little use. 

Next we come to the opals. Large, im- 
portant opals were not included in the origi- 
nal Morgan gift, but other friends have 
seen that the opal collection does not lag 
behind in quality, The two really outstand- 
ing stones in this case are two large black 
opals. One of these was of such importance 
that it had been named “The Harlequin 
Prince’ long before it came to the Museum 


collection. It is a roughly shaped and 
polished oval gem weighing 181.20 cts. and 
shows all of the most desirable characteris- 
tics of a black Australian opal. It has the 
regular “harlequin type’ color flashes of 
red, yellow, and orange as well as the com- 
moner blues, greens and violets, uniformly 
distributed over its surface, shining out from 
a very black body color. Its fine quality 
makes it an extremely important stone. Next 
to it is a second, only slightly less important, 
stone of still greater size, 272 cts. It illus- 
trates the slightly grayer (and commoner) 
body color, which is shot with coarser color 
patches. Though less sensational than the 
“Harlequin Prince,” it is, nevertheless, an 
important stone. Both were acquired with 
Wallace Memorial funds. 

In the display with the two large opals 
there will be found a selection of all the 
different types of Australian opal. Among 
them we see three interesting stones, the 
gift of Dr. A. H. Raynolds: a fine oval 
“pin-fire’’ stone, a “Yowah nut” of iron 
stone matrix, hinged to show the opal core 
as well as the skin, and an unusual cut stone 
that shows both black and white opal in a 
single piece. Among a series presented by 
the late Mr. Whitlock are Australian “flash 
fire’ opals and a number of opal cameos, as 
well as a fine series of rough and cut 
Nevada opals. One of the blackest of these, 
a small keystone-shaped cabochon, has not 
checked (a weakness of Nevada opal) and 
it shows the wonderful deep red fire of the 
fresh Nevada material. More Nevada opals 
are shown on the shelves above the case, 
the most remarkable being a block of opal 
replacing wood, cut into a slab measuring 
about 314 x 214 x 4 inches. The old wood 
grain may be readily seen on the ends, and 
the specimen shows no sign of checking. 
Around it are rough (all more or less 
cracked) examples of the Virgin Valley and 
Mexican opal. 

Coming back down to the gemstone part 
of the case we find a series of Mexican 
opals, including faceted fire opals and clear 
transparent bits of fiery frozen jelly. One 
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Figure 17. Group 2 gar- 
nets with half-Dutch 
(A, B) and full-Dutch 
rose cuts (C, D) from 
the Limburg and 
Cologne insignia dis- 
played outlines approx- 
imating round, almost 
round to slightly oval 
(A, C) or oval (B, D). B: 
Both 15 x 11 mm. C 
(left to right): 8 x 7 mm, 
8x 7mm, and 7x 7 
mm. D (left to right): 20 
x 16.5 mm, 30 x 21 
mm, and 9 x 7 mm. 
Drawings and photos 
by K. Schmetzer. 


Figure 18. Larger garnet, 
quartz, and sapphire sam- 
ples from group 3 exhib- 
ited expanded Dutch rose 
forms with additional 
rings or rows of triangular 
facets. Round outlines re- 
sulted from simply in- 
creasing the number of 
circumscribing rings (A). 
More oval stones derived 
from the addition of differ- 
ent numbers of facets in 
perpendicular directions in 
the horizontal and vertical 
rows of facets running 
through the center (B) or 
the addition of trapezoidal 
facets at two ends of the 
samples (C). A: 16.0 x 14.5 
mm garnet (left) and 28 x 
27 mm foil-backed quartz 
(right). B, upper row: 9 x 7 
mm and 13 x 9 mm gar- 
nets. B, lower row: 12 x 8 
mm sapphire (left), 34 x 29 
mm amethyst (center), 
and 56 x 38 mm garnet 
(right). C: Two garnets, 
each measuring 18 x 15 
mm. Drawings and photos 
by K. Schmetzer. 
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Figure 19. Group 4 consisted of a small number of samples presenting domes topped by either eight (A) or 12 (B) 
identical triangles. Additional triangles extended toward the girdles. A: 13 x 11 mm garnet. B: 13.0 x 11.5 mm gar- 


net. Drawings and photos by K. Schmetzer. 


Domes Topped with Eight or 12 Triangles (Group 
4). A few samples incorporated a pattern where 
the domes centered on eight or 12 triangles and 
where the consequent overall symmetry was ei- 
ther eight-fold (figure 19A) or six-fold (figure 19B), 
respectively. 


Domes Topped with Four Triangles Meeting at Right 
Angles (Group 5). Certain gems featured four trian- 
gular facets meeting at right angles in the center and 
grouped into a square or rhombus. That pattern could 
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be repeated several times to produce a nearly circular 
(figure 20A) or octagonal (figure 20B) outline, among 
others. Step-cut facets might also be added along the 
girdle, resulting in a range of octagonal shapes, de- 
pending on the arrangement and number of faces (fig- 
ure 20, C and D). A sample with an analogous cut 
shifted the pattern to place two triangles at the center 
(figure 20E). 


Domes Topped with Four or Eight Triangles Not 
Meeting at Right Angles (Group 6). The domes of 


Figure 20. In group 5, the 
domes centered on four 
triangular facets meeting 
at right angles. The pat- 
tern then generally re- 
peated outwards (A, B) 
and could also be aug- 
mented by the addition of 
step-cut facets close to the 
girdle (C, D). An analo- 
gous sample shifted the 
pattern so that just two 
triangles met at the cen- 
tral point (E). A: 28 x 25 
mm sapphire (left) and 19 
x 19 mm garnet (right). B: 
23 x 18 mm amethyst. C: 
30 x 25 mm foil-backed 
quartz. D: 28 x 25 mm 
foil-backed quartz (left) 
and 12 x 10 mm amethyst 
(right). Drawings and pho- 
tos by K. Schmetzer. 
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some samples were topped with four or eight trian- 
gular facets not meeting at right angles and grouped 
into a rectangle or rhombus. The simpler form used 
four triangles (figure 2A), while the splitting of each 
of those four triangles led to eight triangles (figure 21, 
B-E). Beyond the central rectangle or rhombus, the 
outer patterns varied widely, with some relying en- 
tirely on different arrangements of triangles (figure 
2.1, B-D) and others combining triangles, trapezoids, 
and a step-cut facet close to the girdle (figure 21A). 
An example of a rather complex pattern is seen in 
figure 21E. A sample with a similar cut showed only 
two triangles meeting at the center (figure 21F). This 
cut could also be assigned to group 13 (domes cut 
with mirror symmetry). 


Domes Topped with Three or Four Rhombuses or 
Kites (Group 7). Some gemstones exhibited a dome 
topped by three (figure 22.A) or four (figure 22.B) iden- 
tical rhombuses. Between those rhombuses and the 
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girdle, a range of different trapezoidal, triangular, or 
quadrilateral facets could be used. The outer perime- 
ter might also incorporate four or eight additional 
step-cut facets to form a rectangular (figure 22.C) or 
octagonal (figure 22D) outline. A related variation 
used four kites in the center (figure 22, E and F), as 
opposed to rhombuses. 


Domes Topped with Six Rhombuses or Kites in 
Three Different Orientations (Group 8). In another 
group of samples, the central pattern consisted of 
six rhombuses or kites forming a six-rayed star (fig- 
ure 23A). That pattern could be expanded outward 
through repetition of rhombuses oriented in three 
directions (figure 23B). Together with triangular or 
quadrilateral facets on the perimeter, oval or al- 
most rectangular gemstones could result (figure 
23, C and D). Hexagonal outlines were created 
when step-cut facets abutted the girdle (figure 23, 
E and F). 


Figure 21. Group 6 
stones featured at the 
apex of their domes, ei- 
ther four (A) or eight 
(B-E) triangular facets 
not meeting at right an- 
gles. Surrounding those 
facets were further tri- 
angles (B-D) or trian- 
gles plus trapezoids (A), 
and the pattern could 
become rather complex 
(E). A variation with a 
similar appearance had 
been cut such that only 
two triangles topped 
the dome (F). A: 8x 8 
mm amethyst. B: 19 x 
14 mm garnet. C: 16 x 
11 mm peridot. D: 19 x 
14 mm garnet. E: Two 
garnets, each measur- 
ing 11x 8mm. F: 19x 
17 mm quartz. Draw- 
ings and photos by K. 
Schmetzer. 
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Figure 22. Samples in 
group 7 displayed 
domes topped by three 
or four rhombuses (A- 
D) or kites (E, F). A: 10 
x 9mm garnet. C: 11 x 
8 mm garnet. E: 7 x 6 
mm amethyst. Draw- 
ings and photos by K. 
Schmetzer. 


Figure 23. In group 8, a 
pattern of six rhom- 
buses or kites in three 
orientations resulted in 
gemstones centered on 
a six-rayed star (A, B). 
The addition of other 
facet shapes as the de- 
sign radiated could 
lead to oval or almost 
rectangular outlines (C, 
D), while augmentation 
with step-cut facets 
abutting the girdle pro- 
duced hexagonal out- 
lines (E, F). A: 7x 7mm 
garnet. B, upper row: 8 
x 7mm garnet. B, lower 
row: 28 x 22 mm garnet 
(left), 21 x 19 mm foil- 
backed quartz (center), 
and 12 x 12 mm sap- 
phire (right). C: 28 x 22 
mm garnet. D: 22.0 x 
13.5 mm garnet. E: 20 x 
15 mm garnet. F: 20 x 
17 mm garnet. Draw- 
ings and photos by K. 
Schmetzer. 
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Domes Topped with Six Rhombuses in Three Differ- 
ent Orientations, Some or All Further Split (Group 
9). More complex patterns could also be derived from 
the basic concept of domes topped by six rhombuses 
through the splitting of some or all of such facets into 
two components. In some samples, the rhombuses 
oriented in just one direction were split (figure 24, A 
and B). In others, the splitting occurred in all three 
possible directions (figure 24, C-E). A similar concept 
and appearance could be derived by splitting the tri- 
angles of expanded Dutch roses (figure 24F], particu- 
larly in round or oval samples (figure 24, G and H). 
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Domes Topped with Eight Rhombuses or Parallelo- 
grams (Group 10). Another group of stones com- 
prised domes topped by eight rhombuses or 
parallelograms (figure 25, A and B}, for an appearance 
resembling the so-called cross roses described by 
Schrauf (1869). Between the dome top and girdle, ad- 
ditional step-cut facets were frequently included (fig- 
ure 25, C-E). The outline shapes were octagonal 
(figure 25, A-D) or rectangular (figure 25E), with vary- 
ing ratios of length to width. A comparable but more 
complex pattern with an additional ring of triangular 
facets is shown in figure 25F. 


Figure 24. In group 9, 
the central rhombuses 
otherwise forming a six- 
rayed star could be 
split, i.e., subdivided 
into two components, 
along one direction (A, 
B) or along three direc- 
tions (C-E). A similar 
principle could be ap- 
plied to splitting the tri- 
angles in gemstones 
with expanded Dutch 
rose cuts (F-H). A: 13 x 
10 mm garnet. B: 16 x 
14mm garnet. C: 7x 7 
mm garnet. D: 10x 8 
mm garnet. E: 11x 8 
mm garnet. G:9x 8 
mm garnet (left) and 23 
x 22 mm sapphire 
(right). H: two garnets, 
each measuring 13 x 9 
mm. Drawings and 
photos by K. Schmetzer. 
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Figure 25. Domes 
topped by eight rhom- 
buses or parallelograms 
reflected the signature 
feature of the so-called 
cross roses in group 10. 
Extending toward the 
girdle were additional 
triangular (A, B) or tri- 
angular plus step-cut 
facets (C-E). The poten- 
tial complexity is illus- 
trated by the sapphire 
drawn in F with a dome 
topped by eight kites. 
A: 16 x 12 mm garnet. 
B: 15 x 13 mm sapphire. 
C: Foil-backed quartz 
measuring 22 x 20mm 
(left) and 28 x 20 mm 
(right). D: 12 x 9 mm 
garnet. E:12x 7mm 
sapphire. Drawings and 
photos by K. Schmetzer. 


peating pattern of numerous rhombuses in parallel 
orientation, terminating in triangular facets at the 


Domes Topped with Rhombuses in Parallel Orien- 
tation (Group 11). Some stones were topped by a re- 
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Figure 26. Repeating 
patterns of rhombuses 
in parallel orientation 
top the domes of group 
11 gemstones with rec- 
tangular (A), hexagonal 
(B), or navette to oval 
(C) forms. A: 13 x 10 
mm sapphire. B: 16 x 
10 mm garnet. C: Gar- 
nets measuring 10.0 x 
4.5 mm (left), 23 x 18 
mm (center), and 13 x 
8 mm (right). Drawings 
and photos by K. 
Schmetzer. 
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girdles. The style led to rectangular (figure 26A), 
hexagonal (figure 26B), or marquise to oval forms (fig- 
ure 26C). 


Dome Topped with Small Hexagons (Group 12). One 
garnet was cut with numerous small hexagons cov- 
ering the surface. These hexagons were slightly dis- 
torted, with small variances in size (figure 27). 


Domes Cut with Mirror Symmetry (Group 13). The 
most complex cuts were observed in several samples 
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Figure 27. The one gar- 
net in group 12, meas- 
uring 16 x 12 mm, was 
cut with small hexago- 
nal facets covering the 
surface. Drawing and 

photo by K. Schmetzer. 


with solely mirror symmetry. Some gems showed 
faceting arrangements with two perpendicular mirror 
planes (figure 28, A-D), while others displayed only 
one mirror plane (figure 28, E-G). 


DISCUSSION AND CONCLUSIONS 


The insignia and regalia from Limburg and Cologne 
exhibited a wide variety in the arrangement and de- 
sign of the gemstone embellishment. Stones with the 
same cutting style (e.g., table, rose, or cabochon) were 
frequently grouped together to create attractive pat- 


Figure 28. The small 
number of samples in 
group 13, including gar- 
nets and sapphires, of- 
fered the most complex 
cuts observed. They 
were characterized 
solely by mirror sym- 
metry either along two 
perpendicular mirror 
planes (A-D) or along 
one mirror plane form- 
ing the longitudinal 
axis of the stones (E- 
G). A: 19 x 14 mm gar- 
net. C:13 x 10 mm 
garnet. E: 27 x 22mm 
garnet. F:26 x 14mm 
sapphire. G: 35.0 x 12.5 
mm garnet. Drawings 
and photos by K. 
Schmetzer. 
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terns, but groupings that mixed cutting styles were 
also common (figures 14, 29, and 30). While detailed 
description of the decorative arrangement is beyond 
the scope of this study, the cuts of the constituent 
gemstones offer notable insights about the practices 
of the time. Among the colored stones there were 
multiple table cuts, but the vast majority were sim- 
ilar step cuts with one or two rows of facets inclined 
to the table. In contrast, when surveying the rose 
cuts, defined for these purposes as gems without any 
central flat facet of substantial size, the range of cre- 
ativity is striking. 

The exacting nature of the cuts of colored stones 
in all sizes reveals the skill of the craftsmen in the 
second half of the seventeenth century (see the vari- 
ous examples in figures 17-28). The high symmetry 
and precise finish of the cuts, as observed in almost 
all samples of rose-cut gemstones studied in Limburg 
and Cologne, demonstrate what was considered 
beautiful according to the fashion of the Baroque era. 
Unfortunately, the historical record indicates that 
with the decline in popularity of rose-cut diamonds, 
the wide variety of colored stone rose cuts was lost 
as well, and only a small subset of standard cuts sur- 
vived over the following centuries. 


The most populous groups of colored stone rose 
cuts were groups 2, and 3, namely half-Dutch and 
full-Dutch roses and expanded Dutch roses. While 
other groups showed variations on the overarching 
theme, they tended to comprise a smaller number of 
examples with each cut, normally not exceeding five, 
with many variations only represented by three, two, 
or even a single gemstone. This indicates that these 
more complex cuts were less often produced, but it 
does not imply that a particularly extraordinary cut 
should be deemed unique. To cite a case in point, a 
cut with a dome topped by 10 (4 + 4 + 2) facets, as 
seen in figure 28C, was found in three garnet sam- 
ples, evidencing an established rule or design. 

If the rose cuts observed for colored stones are 
compared with those historically used for diamonds 
(see, e.g., Tillander, 1995), the half-Dutch and full- 
Dutch roses of group 2 readily find equivalents. Like- 
wise having analogues in diamond jewelry of the 
Baroque era are the cuts summarized in group 5 
(domes topped with four triangles meeting at right 
angles; figure 20) and group 11 (rhombuses in parallel 
orientation; figure 26). From other groups, certain 
variations are also known in diamonds, such as sam- 
ple C of group 9 (dome topped with six split rhom- 


Figure 29. The decorative groupings that embellished the regalia and liturgical insignia frequently mixed cutting 
styles. The examples here show rose-cut garnets surrounding a 12.0 x 11.5 mm step-cut garnet with a large table 
facet in the miter from Limburg (left) and a 19 x 17 mm rose-cut quartz surrounded by amethysts with varied 
forms and cuts in the monstrance from Cologne (right). Photos by K. Schmetzer. 
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buses three different orientations; figure 24) or sam- 
ple A of group 4 (dome topped with eight triangles, 
figure 19). Conversely, other more complex cuts have 
no recognized parallel to date in diamonds. A logical 
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Figure 30. The same 
overall pattern of gem- 
stones—in this example 
consisting of five gar- 
nets, grouped together 
in one section of the 
foot of the Cologne 
monstrance—is pre- 
pared with samples 
showing a great vari- 
ability in cutting style. 
The white arrow points 
to a garnet measuring 
13 x 10 mm. Photos by 
K. Schmetzer. 


explanation could be that such large pieces of rough 
material as found in quartz or garnet simply did not 
exist for diamonds, or at least was available in only a 
few extremely rare pieces. 
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dumb-belf-shaped 21 ct. stone is outstanding, 
not the least because it is still unchecked 
after 50 years. Mexican opals tend to crack 
too, and two of this series are remarkable 
for the preservation as well as for their fine 
quality. Before concluding, attention should 
be drawn to the piece of French ‘common 
opal” of an opaque pink color, known some- 
times as ‘“quincite,” but seldom seen; and 
to a fiery yellow-white oval stone of 2314 
cts., representing an undescribed Jocality in 
Ceara, Brazil. This material so closely re- 
sembles same of the Australian stones that 
the first une to come to New York passed 
through a well-informed dealer's hands as 
an old Australian stone, routed via Brazil, 
without any question as to its original source 
arising. Lastly, we find some white opal 
jewelry. There is a remarkably fine necklace 
of white opals, the gift of Edith Lounsbery 
Warden, which illustrates beautifully this 
type of opal. They, too, have checked 
slightly, also a weakness of this material, 
but they illustrate the beautiful fire possible 
io the fine Hungarian-type opal (though 
these are known to be Australian beads). 
The Lillias A. Betts brooches are made from 
similar, unchecked (Australian) Hungarian 
opal and are magnificent examples of this 
type of jewelry. 

Now we come to the quartz varieties. 
Their abundance and importance to the 
jewelry trade is attested by the six cases that 
are accorded to this mineral in the gemstone 
section of the Morgan Hall, There are few 
notable stones in the series; a notable quartz 
would be hard to conceive in view of the 
abundance of this mineral. The Russian rock 
crystal carvings are works of art, the crystal 
balls catch the eye and hypnotize the mind, 
and the Chinese crystal figures excite ad- 
miration, But none is mineralogically 
unique. 

Next to the rock crystals is a more color- 
ful case, with cairngorms, smoky quartzes 
and citrines. The rose quartz series is in- 
teresting because it contains a sphere that 
shows asterism, a faceted, almost clear, 
stone of a pale pink hue, and, the first out- 
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standing stone, a large rose-quartz cat's-eye. 
This recently acquired (Wallace Memorial) 
cabochon is a true cat's-eye, the “eye” is 
formed by the stronger development of one 
of the arms of a star, with the other two 
very, very weak. It is a Brazilian stone and 
a great rarity. 

The amethyst series continues the quartz 
varieties and is similar in importance to the 
preceding cases. Amethyst, too, is abundant, 
so the Museum contents itself with illustra- 
tions of the different types of amethyst, 
from the reddish purples that are called 
Siberian and considered the best of all 
amethysts to New Zealand gem amethysts, 
and the typical commen Brazilian (Babia) 
stones. Crystallized examples of amethyst 
and carvings of different types of quartz fill 
out the upright sections of the cases. 

We have now reached the end of the cen- 
tral row of cases and are ready for a return 
trip up the other side of the row, reserving 
our look around at the other mineral-filled 
cases for a later visit. In them will be found 
many additional and supplementary 
examples of crystals of the gem minerals, 
along with speciruens of most of the known 
minetals. Most are of purely 
academic interest, a few are valuable ores. 

First, as we start back, we come to three 
more cases of quartz stones. These are 
mainly the microscopically crystallized ones, 
in which we cannot see the individual grains 
with the naked eye. They include the agates, 
the chalcedonies and the jaspers. Since they 
are common, too, naturally none are notable 
specimens as minerals, We do find one 
rather spectacular cameo of black and white 


of these 


agate, a clock face six inches in diameter. 
In the cases behind we find, again, large 
examples of German, Russian and Chinese 
carvings 

Next we come to the feldspars, and here 
we sce some unusual stones, though there 
is nothing of great importance. There are 
the typical moonstones, amazonstanes and 
labradorites, of course. Along with these 
common stones of some trade interest we 
find a selection of less common collector's 
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FLUORESCENCE CHARACTERISTICS OF 
BLUE AMBER FROM THE DOMINICAN 
REPUBLIC, MEXICO, AND MYANMAR 


Zhiging Zhang, Xinran Jiang, Yamei Wang, Fanli Kong, and Andy H. Shen 


Amber shows various luminescence phenomena under UV illumination. Amber with very strong blue fluores- 
cence under sunlight or D65 illumination can appear blue to the unaided eye when placed on a black back- 
ground. Amber showing this effect is highly sought after in the Chinese gem market and referred to as “blue 
amber.” Almost all commercial blue amber is mined from the Dominican Republic, Mexico, and Myanmar. In 
this study, we collected and characterized the appearance, gemological properties, UV-visible light absorption 
spectra, and 3D fluorescence spectra of blue amber from these three producing areas. The results show that 
blue amber from the Dominican Republic generally emits much stronger fluorescence than the other two origins, 
with narrow triple-peak emissions near 450, 474, and 508 nm. Mexican and Burmese excitation-emission maps 
present several distinct emission and excitation wavelengths. Additionally, distinctive UV/visible/near-infrared 
absorptions at 412 and 441 nm appeared only in blue amber from the Dominican Republic. The combination 
of appearance, UV-Vis-NIR spectroscopy, and excitation-emission mapping may assist in the separation of blue 


amber from these three localities. 


It is of interest not merely as an important 
natural fossil resin witnessing the history of 
the earth and providing direct evidence for paleobi- 
ologists, but also as a widely loved organic gemstone. 
Transparent yellow amber from the Dominican Re- 
public, Mexico, and Myanmar displaying a blue or 
greenish blue glow when viewed on a black back- 
ground in normal sunlight is called “blue amber” in 
the Chinese gem trade. This paper focuses on amber 
displaying this characteristic and will refer to this 
material as blue amber. In the Guangzhou and Shen- 
zhen amber trading centers, Dominican blue amber 
can be sold for up to thousands of Chinese RMB 
(around several hundred U.S. dollars) per gram, while 
Mexican material fetches only several hundred RMB 
(around several tens of U.S. dollars) per gram—even 
though they have a similar appearance. 
Bellani et al. (2005) first described blue amber and 
studied the fluorescence emission, excitation, and 
optical absorption spectra of Dominican blue and 


A mber is widely distributed around the world. 
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non-blue (including yellow and red varieties) amber. 
They found that multiple emission fluorescence 
peaks at 449 nm, 476 nm, and 505 nm occurred in 
this blue amber, while only a broad fluorescence 
band was observed in non-blue amber. They further 


In Brief 


Amber that shows strong blue fluorescence under day- 
light is called “blue amber” in the Chinese gem market. 
These can be classified into blue and blue-green 
groups. 


The main production areas are the Dominican Repub- 
lic, Myanmar, and Mexico. 


3D fluorescence spectroscopy showed distinct features 
among these groups and localities. 


The combination of appearance, UV-Vis-NIR spec- 
troscopy, and excitation-emission mapping may as- 
sist in the separation of blue amber from these three 
localities. 


proposed that perylene (a polycyclic aromatic hydro- 
carbon, C,,H,,) was the fluorophore for Dominican 
blue amber by comparing the emission spectra and 
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Figure 1. Commercial blue amber beads from the Dominican Republic (left, about 6-15 mm in diameter), Mexico 
(center, approximately 10 mm), and Myanmar (right, approximately 5 mm) have very similar appearances. The il- 
Jumination source is a handheld Dé65 light. Photos by Y. Wang. 


fluorescence lifetime with the fluorescence spectra 
documented in the handbook by Berlman (1971). Liu 
et al. (2014) found blue amber’s fluorescence to be 
confined to the surface, and further illustrated that a 
black background could enhance the visibility of the 
fluorescence by reducing the amount of scattered 
light that reaches the eye. Chekryzhov et al. (2014) 
and Bechtel et al. (2016) discussed the luminescence 
properties and the hydrocarbon composition of blue 
amber from the Russian Far East, but they did not 
give a possible cause of the blue fluorescence. Re- 
cently, Jiang et al. (2017) analyzed the fluorescence 
emission wavelengths and optimal excitation wave- 
lengths, aiming to distinguish Dominican from Mex- 
ican and Burmese blue amber. Additionally, the 
fluorescence properties of Baltic Sea and Ukrainian 
amber have been described using conventional and 
synchronous fluorescence spectrometers (Ma- 
tuszewska and Czaja, 2002; Mysiura et al., 2017). 
The main purpose of this work is to fully charac- 
terize blue amber from the Dominican Republic, 
Mexico, and Myanmar, as well as to compare their 
gemological properties, UV-Vis-NIR spectra, and 3D 
fluorescence spectra. To make the following discus- 
sion more applicable to practical identification work- 
flow, we classify these amber samples according to 
their apparent fluorescence colors (blue, greenish 
blue, and non-blue) and then discuss the difference 
in EEM (also known as 3D fluorescence spectra, ex- 
citation-emission matrix, or excitation-emission 
mapping) from different origins in each category. 


SAMPLES AND METHODS 


Samples. For this study, we contacted merchants in 
the Chinese gem trade who dealt mainly with spe- 
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cific amber species and could provide samples with 
reliable origins as well as current market informa- 
tion. Figure 1 shows commercial blue amber beads 
from three sources. We tested a total of 247 amber 
specimens (including beads, fragments, and jewelry 
pieces) reportedly from the Dominican Republic 
(109), Mexico (47), and Myanmar (91). 


Gemological Testing. Standard gemological and spec- 
troscopic testing were all performed at the Gemmo- 
logical Institute of China University of Geosciences 
(Wuhan). Specific gravity (SG) values were deter- 
mined hydrostatically using a Sartorius BT 224 S bal- 
ance. Refractive indices (RI) were measured with a 
GR-6 refractometer produced by Wuhan Xueyuan 
Jewelry Technology Co. Ltd. Reaction to long-wave 
ultraviolet light (LWUV: 365 nm] and short-wave ul- 
traviolet light (SWUV: 254 nm) was observed using a 
standard handheld gemological 4W UV light source 
(mercury bulb), also made by Wuhan Xueyuan Jew- 
elry Technology Co. Ltd. Samples and inclusions 
were observed and photographed using a Leica M205 
A microscope and a Nikon D810 camera. For each 
bead, two sets of images were captured—one on a 
white background and the other on a black back- 
ground, to show the difference in appearance. 


UV-Vis-NIR Spectroscopy. UV/visible/near-infrared 
absorption spectra were measured in transmission 
mode with a PerkinElmer Lambda 650 S spectropho- 
tometer. Spectral scans were collected from 250 to 
800 nm with a speed of 266.75 nm/min and a data 
interval of 1.00 nm. The detector response was set at 
0.2 s. To successfully perform transmission spec- 
troscopy, the samples needed to be prepared as slices; 
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Dominican Republic Mexico 


Mexico 


Dominican Republic 


Myanmar 


Figure 2. Assembled photos of selected samples representing various types of amber discussed in the text. The pho- 
tos on the left were taken in a light box under D65 illumination with the samples placed on a standard white back- 
ground, and those on the right were taken in a light box under D65 illumination with the samples placed on a black 
velvet background. All photos have variable magnification for optimal display. Samples 1-12 are from the Domini- 
can Republic (B-type: 1-7, GB-type: 8-11, NB-type: 12); samples 13-16 are from Mexico (B-type: 13-14, GB-type: 15- 
16); and samples 17 and 18 are from Myanmar (B-type). Photos by Z. Zhang. 


all slices were less than 0.5 mm in thickness. It is not 
possible to perform this type of destructive testing 
on samples intended for jewelry. 


Fluorescence Spectroscopy. All fluorescence spectra 
were recorded at room temperature using a Jasco FP- 
8500 fluorescence spectrometer (see box A). 3D flu- 
orescence spectral data (i.e., EEM) was collected 
with a 2000 nm/min scan speed. The excitation 
wavelengths varied from 220 to 500 nm, with a step 
size of 5 nm and an excitation bandwidth of 5 nm. 
The emission spectra were collected with a starting 
wavelength 10 nm longer than the excitation wave- 
length and up to 750 nm, with the bandwidth set to 
5 nm and a data interval of 1 nm. The beam size was 
fixed with a 3 mm diameter aperture. In order to 
keep the illuminated area constant, the sample was 
placed in a fixed position in a sample holder with a 
2mm diameter opening (see figure A-2). Each EEM, 
made up of 57 individual emission scans, usually 
took about 20 minutes to collect. The final EEM 
spectra appeared similar to a contour map with color 
coding to indicate the strength of the fluorescence 
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emission peaks or bands under various excitation 
wavelengths (see box B). 

After identifying the main emission peaks, spe- 
cific excitation wavelengths were chosen and finer- 
resolution emission scans were performed to obtain 
more detailed spectra for these specific excitation 
wavelengths. These scans were conducted with the 
excitation bandwidth set to 2.5 nm, emission band- 
width 1 nm, and the data interval 1 nm. 


Data Collection. All data were recorded using Spec- 
tra Manager II software from Jasco. The same soft- 
ware package was used to construct the EEMs from 
57 rows and 511 columns of data; higher-resolution 
emission spectra were drawn as typical two-dimen- 
sional plots using plotting software. 


RESULTS 


Standard Gemological Properties. All samples were 
colorless to yellow to orange under a standard D65 
light when placed on a white background, but the 
Burmese samples tended to have a richer yellow 
color. However, when viewed on a black background 
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Box A: FLUORESCENCE SPECTROMETER AND EXPERIMENTAL GEOMETRY 


Fluorescence spectroscopy has been applied to study the 
fluorescence of liquids and solid-state luminescent ma- 
terials. The instrument is called a spectrofluorometer, 
and it records detailed information about the fluores- 
cence emission spectrum under different excitation 
wavelengths as well as the excitation efficiency of a par- 
ticular emission wavelength. This is done by fixing the 
emission wavelength and scanning through different ex- 
citation wavelengths (thus producing what is known as 
an excitation spectrum). 

In a typical spectrofluorometer instrument for ana- 
lyzing fluorescing liquids, the measurement geometry 
for the excitation beam, the sample, and the emission 
beam is set at 90° (Lakowicz, 2006; figure A-1). In this 
mode, the excitation light travels through the sample 
and the collected emission light travels through the 
same distance in the sample. The emission measured is 
the accumulation of the luminescence along the whole 
optical path, which is greatly affected by self-absorption 
and secondary fluorescence. Liu et al. (2014) pointed out 
that amber’s fluorescence occurs mainly on the surface; 
therefore, a front-surface geometry determination can 
substantially remove the self-absorption and secondary 
fluorescence effect (Parker, 1968; Birks, 1974; Airado-Ro- 
driguez et al., 2011). 

We performed our experiment using a Jasco FP-8500 
spectrofluorometer equipped with a 150 W xenon lamp 
and a special accessory (EFA-833). This accessory pro- 
vides a preferred geometry for this study: front-surface 
mode with an incident angle (between the incident ex- 
citation beam and the normal of the sample surface) of 


Detector 


Figure A-1. 
Schematic of 
the geometric 
arrangement for 


ie observation of 

Excitation fluorescence in 

beam a Classic spec- 

—> eee 
(Lakowicz, 
2006). 


approximately 45° (schematic shown in figure A-2). At 
the same time, no sample pre-treatment is required, 
which makes this a truly nondestructive test. 

In the FP-8500 fluorescence spectrometer, the maxi- 
mum emission intensity (I) is limited to 10000 arbitrary 
units (a.u.), and the actual measurement requires adjust- 
ing several measurement parameters such as the size of 
the slit on the accessory controlling the incident beam, 
the voltage on the photomultiplier (PMT), and other pa- 
rameters. In our EEM measurements, all parameters 
were fixed manually so that the relative intensities of 
the fluorescence given out by each amber sample from 
the obtained spectra could be directly compared. 


OPTICAL SYSTEM OF EPIFLUORESCENCE UNIT 


Quartz window plate 
Accepts a sample 


compartment 
window on the 
excitation side 
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To a sample compartment 
window on the emission side 


Sample holder opening 
(diameter = 2 mm) 


Figure A-2. Schematic of 
the EFA-833 optical ac- 
cessory attached to the 
Jasco FP-8500 instru- 
ment used in this study 
(redrawn by Z. Zhang, 
from the Jasco FP-8500 
handbook). We used a 
front-surface geometry 
to minimize the influ- 
ence of self-absorption 
and secondary emission 
effects on measurements 
of solid samples. This 
geometry also accom- 
modates gemstones. 
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Box B: 3D FLUORESCENCE SPECTRA 


3D fluorescence spectra are also known as excitation- 
emission matrices or excitation-emission maps (EEM). 
The data collection is conducted by starting with the 
shortest excitation wavelength and an emission scan 
from a wavelength 10 nm longer than the excitation 
wavelength to a set ending point. The excitation wave- 
length is increased by a set step size, and the emission 
scan is started again from a wavelength 10 nm longer 
than the new excitation wavelength to the ending wave- 
length. This is repeated until the set excitation wave- 
length range is complete. As shown in figure B-1, these 
data are commonly plotted in emission wavelength (nm) 
versus excitation wavelength (nm), with intensity (a.u.) 
as the third dimension, either plotted directly or refer- 
encing a color-coded contour map. In these maps, each 
horizontal cross section is an emission spectrum, which 
indicates the intensity distribution of emission wave- 
lengths, measured at a single excitation wavelength. 
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EXCITATION WAVELENGTH (nm) 


Each vertical cross section is an excitation spectrum, 
which shows the efficiency of emission by scanning 
through various excitation wavelengths, while holding 
constant at a single emission wavelength. 

Some commonly encountered terms and their sym- 
bols for expressing characteristics of 3D fluorescence 
spectra used in the main text are presented in table B-1. 


TABLE B-1. Summary of relevant terms and symbols. 


Symbol Meaning 
Nom Emission wavelength 
i, Excitation wavelength 
ex 
ae Intensity of fluorescence at emission wavelength of 
em=450 nm 
450 nm 


Intensity of fluorescence at all emission wavelengths 


a 
fo) 
ro) 


Figure B-1. The 
three-dimensional 
plot and contour 
map (A and B) 
from a Dominican 
blue amber fluo- 
rescence spectrum 
shows three ex- 
tremal emission 
wavelengths at 
450, 474, and 508 
nm, and their cor- 
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— 450 nm emission wavelengths at 
+++ 474 nm emission a 415 and 441 nm. 


--- 508 nm emission 


Plots C and D 
present the emis- 
sion curve and the 
excitation curves, 
respectively. 
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TABLE 1. Summary of gemological properties of all samples. 


Locality Dominican Republic Mexico Myanmar 
Total no. of samples 109 47 91 

No. of B-type 74 22 5 

No. of GB-type 29 22 

No. of NB-type 6 3 86 
Color observed on a white background} Colorless to yellow to orange | Colorless to yellow to orange Yellow 
Transparency Transparent Transparent Transparent 
SG 1.032-1.051 1.030-1.048 1.024-1.042 
RI 1.54 1.54 1.54 


Internal features 


Usually clean. For all three sources, sporadic tiny red solid inclusions were observed. Some tiny 
bubbles were observed in Burmese samples. 


LWUV: Very strong to weak 
blue fluorescence 


SWUV: Weak blue 
fluorescence to inert 


Fluorescence reaction 


LWUV: Medium violetish blue 
fluorescence 


SWUV: Weak violetish blue 
fluorescence to inert 


LWUV: Strong to weak blue 
fluorescence 


SWUV: Weak blue 
fluorescence to inert 


Phosphorescence Faint greenish yellow 


Faint greenish yellow Evident yellow 


under a standard D65 light source, three types of color 
appearance were easily identified—blue fluorescence 
(B-type), greenish blue fluorescence (GB-type}, and flu- 
orescence that was too weak to see and thus labeled 
as non-blue amber (NB-type} (such as the examples 
seen in figure 2). Liu et al. (2014) attributed the color 
appearance change from yellow to blue to the super- 
position of the reflected light with its fluorescence. 
Most blue amber in the market has an evenly distrib- 
uted blue or greenish blue color across the entire sur- 
face. Among all 247 samples we studied, we found 
that those from the Dominican Republic and Mexico 
included both B- and GB-types, while Myanmar had 
only B-type. NB-type amber occurred in all three 
sources. 

Table 1 summarizes the samples by color appear- 
ance and the results of standard gemological testing. 
The RI values by spot measurement were all 1.54, 
while the SG values ranged from 1.032 to 1.051 for 
material from the Dominican Republic, 1.030 to 
1.048 for material from Mexico, and 1.024 to 1.042 
for material from Myanmar. When observed under 
the microscope, the samples were quite transparent, 
with a few tiny internal features. The fluorescence 
response was typically LWUV > SWUYV, with or with- 
out the phosphorescence. Under LWUV illumina- 
tion, Dominican and Mexican blue amber showed 
blue fluorescence, while the Burmese samples some- 
times displayed a violetish blue fluorescence. 


UV-Vis-NIR Spectroscopy. We collected in total 178 
spectra from 81 Dominican amber samples (includ- 
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ing 76 B- and GB-type, and 5 NB-type), 44 Mexican 
amber samples, and 53 Burmese amber samples. Typ- 
ical UV-Vis-NIR absorption curves for blue amber are 
shown in figure 3. We noticed that the absorption 
edges of samples from all three origins were similarly 
located at about 400 nm. A tailing absorption from 
400 to 500 nm indicates that when mixed-wave- 
length sunlight strikes blue amber, wavelengths 
shorter than 400 nm cannot penetrate deeply, while 
light between 400 and 500 nm may be able to pene- 
trate a little deeper, resulting in a yellowish body- 
color. In Dominican blue amber samples, two 
distinctive absorption peaks occurred at 412 and 441 
nm as well, thus further limiting the 400-450 nm 
light penetration for Dominican samples. These two 
peaks are distinctive features for blue amber from the 
Dominican Republic and were not detected in mate- 
rial from Mexico or Myanmar. However, both the 
size (or thickness) and the color of samples impact 
the detection results, so this test has its limitations 
in real-world gem testing. 


Fluorescence Spectroscopy. A brief introduction to 
3D fluorescence spectra (EEMs) and relevant terms 
and symbols are provided in box B. 

After collecting 3D fluorescence spectra of all sam- 
ples, totaling 247 EEM spectra, we found that the flu- 
orescence intensity varied in different samples, while 
the excitation-emission maps had similar features for 
samples of the same type from the same origin. To de- 
scribe blue amber fluorescence features in detail, we 
selected 18 samples (numbered and shown in figure 
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2), which had typical EEMs representing the various 
groups of all blue amber in this study. They included 
11 pieces of B-type with different fluorescence inten- 
sity (samples 1-7 from the Dominican Republic, 13- 
14 from Mexico, and 17-18 from Myanmar); six beads 
of GB-type with different fluorescence intensity (sam- 
ples 8-11 from the Dominican Republic and 15-16 
from Mexico); and one non-blue amber (sample 12) 
from the Dominican Republic. 


Fluorescence of B-Type Amber. Figure 4 compares 
the 3D fluorescence spectra and significant emission 
and excitation curves of B-type amber from the Do- 
minican Republic, Mexico, and Myanmar. 

From the EEMs of all Dominican B-type samples 
(74 specimens, figure 4A), we found that the fluores- 
cence emission consisted of three peaks that were 
rather stable when excited by different excitation 
wavelengths. Figure 4B shows a typical emission 
spectrum using ix = 415 nm; three main peaks at 
wavelengths of Aen = 450, 474, and 508 nm are clearly 
visible. These three fluorescence peaks are in good 
agreement with those reported by Bellani et al. 
(2005), Chekryzhov et al. (2014), Liu et al. (2014), and 


UV-VIS-NIR SPECTRA 


ABSORPTION COEFFICIENT (cm) 


Jiang et al. (2017). The observed fluorescence inten- 
sity Them-450nm is generally about the same as Them=474.nm, 
though it is sometimes a bit stronger. The strongest 
fluorescence emission can be excited by i. = 415 and 
441 nm, but the strongest A. is observed using 441 
nm excitation (figure 4C). Additionally, A. can only 
be excited using ,., between 350 and 460 nm, thus 
explaining the somewhat inert reaction to SWUV. 

Compared with their Dominican counterparts, all 
Mexican and Burmese B-type samples tended to have 
weaker Iiem, as indicated by the lower maximum val- 
ues for fluorescence intensity in their EEM spectra, 
as in figures 4A, 4D, and 4G. Their emission patterns 
were also rather different. 

In Mexican B-type samples, shown in figure 4, D- 
EF, when excited using A.x = 441 and 415 nm, one can 
see similar triple-peak patterns made up of 451, 476, 
and 514 nm emissions. Upon switching to a shorter 
excitation wavelength of 4.x = 400 nm, two different 
emission bands appeared near 438 and 456 nm (figure 
4E). Additionally, the most efficient excitation region 
in these samples was from 320 to 475 nm, which is 
rather far from the typical SWUV (254 nm radiation 
found in a handheld UV light source], thus resulting 


— Dominican Republic 
— Dominican Republic 
— Mexico 

— Mexico 

—— Myanmar : . 
— Myanmar Figure 3. The absorption 
curves of blue amber 
from different origins 
show strong absorbance 
below 400 nm. While 
the absorption in the 
400-500 nm range 
varies from origin to ori- 
gin, the samples from 
the Dominican Repub- 
lic showed distinctive 
absorption peaks at 412 
and 441 nm. 
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Figure 4. Representative EEMs of B-type amber from three different origins: sample 2 (A—C) from the Dominican 
Republic, sample 13 (D-F) from Mexico, and sample 17 (G-I) from Myanmar. The left column shows EEM spectra. 
Images B, E-F, and H-I are emission curves (horizontal sections in EEMs, with hex = 415, 400, 375, or 240 nm, as la- 
beled). Image C shows three main excitation curves (as vertical sections in EEMs; different lines are for the differ- 
ent emission peaks). The rectangular area in (G) highlights the EEM area in Burmese B-type sample 17, having a 


pattern similar to that seen in Dominican B-type amber. 


in the very weak to inert fluorescence appearance 
under SWUV. 

In Burmese B-type (seen in figure 4, G-I], a three- 
emission pattern similar to that of the Dominican B- 
type was observed in the longer excitation wavelengths 
(380-450 nm], indicated in figure 4G as the area out- 
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lined by a rectangle. The more interesting feature in 
these samples is in the shorter excitation wavelengths. 
Two unique emissions were observed: An additional 
emission peak at about Aem = 425 nm (with a violet 
color) is at its maximum when excited with A. = 375 
nm (figure 41); another Aem at approximately 347 nm (in 
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Figure 5. A-C; EEMs and emission and excitation curves show the fluorescence behavior of Dominican GB-type 
amber, sample 8. The rectangular section in A highlights the additional green fluorescence range. B shows the 
emission spectrum with ).x = 415 nm, while C gives the excitation spectra for three different fluorescence emis- 
sions, Kem = 450, 474, and 508 nm. The EEMs in D and F and the emission curves with 415 nm excitation in E and 
G display the fluorescence characteristics of Mexican GB-type amber, samples 15 and 16. Their main emission 
wavelengths and optimal excitation wavelengths are labeled. 


the ultraviolet region) was seen in a wide range of exci- 
tation wavelengths, including 240 nm (figure 4H) and 
from 270 to 330 nm. Again, these spectral features ex- 
plain the observed weak response to handheld SWUV 
illumination, especially when compared to the re- 
sponse to LWUV illumination at 365 nm. 
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Fluorescence of GB-Type Amber. Figure 5 compares 
the EEM spectra and emission and excitation curves 
of GB-type amber from the Dominican Republic and 
Mexico. 

In all Dominican GB-type amber, the EEM pat- 
terns are similar to those in B-type (for example, fig- 
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stones: a large (GO ct.) Madagascar yellow 
orthoclase, several white North Carolina 
oligoclases, and some examples of trans- 
parent straw-colored labradorite and by- 
townite from Utah, Mexico, and Oregon. 

In the next case will be found the tur- 
quoises; and again we must not look for 
outstanding stones. Just recently the Mu- 
seum has placed on display, as a loan, its 
most outstanding turquois gem, a 196 ct. 
clear blue, probably Iranian, stone, the 
property of Joseph M. Rothschild, but on 
loan to the Morgan display. Accompanying 
it are the typical American turquois and 
turquois matrix specimens. The most un- 
usual cut stone in the collection is an oval 
bit of native copper, from Africa, in which 
there are small blue areas filled with tur- 
quois. The association is uncommon. Be- 
hind the gemstone display we see a large 
and unusual mass of matrix turquois, with 
the black lines said to be typical of the 
Tibetan material, and a Chinese carving of 
this same material. 

Next we come to a case of stones that are 
used in ornamental carvings. In it we find 
examples of serpentine, Styrian chlorite, 
satin spar (gypsum), “blue john” (fluorite 
from Derbyshire, England), and jade. The 
jade series attracts attention with its set of 
cabochons that illustrate the different colors 
of jade, and including a fine green example 
of “jewel jade.’ Perhaps the most interest- 
ing piece in the case is a watch charm that 
once belonged to Dr. George F. Kunz. It is 
a short blade of nephrite dull green in color 
but translucent, perhaps the most translucent 
piece of nephrite ever seen. Standing upright 
in the case behind are a number of excellent 
examples of Chinese carvings, some old and 
some modern. Most interesting to the 
student of gemology is the Burmese jade 
boulder, with the original brown skin and 
Oriental markings and the grooves that are 
customarily cut in such boulders before they 
are auctioned; to give a hint to the bidders 
about their interiors. 

The next case, too, is devoted to jade, 
and it includes carvings of very fine quality. 


The most remarkable specimen in this case 
is a Chinese figurine of mauve jade, one 
section of which shows the deepest mauve 
color that can be found in jade. This piece 
was purchased as a part of the Thompson 
Collection. The remainder is from the origi- 
nal Morgan gift, except for a pair of bright 
green jadeite beads from Mexico, illustra- 
tive of that American occurrence. 

In the center of the hall we find a sepa- 
rate case containing a small, 9-inch statuette 
of bluish chalcedony, carved by George 
Tonnelier. Originally the figurine of a 
dancer was given to Charles Lanier by J. 
Pierpont Morgan. It was placed in the 
Morgan Memorial Hall by Mr. Lanier when 
the hall was planned, with the support of 
Mr. Baker, as a fitting setting for this beau- 
tiful miniature statute. 

As we pass the center, the first case we 
come to contains, appropriately, a fine 
seties of the spodumene gem, kunzite. The 
hall is really something of a memorial for 
Dr. Kunz, too, and it is right that it should 
contain a fine set of crystals and cut stones 
of that gemstone variety. In the upright por- 
tion of the case there are several large crys- 
tals of the stone that was recognized by 
Kunz as being at last, the long sought gem 
variety of spodumene, New England occur- 
rences had hinted that it might someday 
turn up in usable examples, and its discovery 
in these lovely crystals in the Pala tourma- 
line mines was not wholly unexpected. 
Recently there have been some additions to 
the rough stones in the form of large frag- 
ments of white, pale yellow and pale green 
spodumene from Brazil. In the lower sec- 
tion there are a number of large kunzites, 
the largest being 224 and 192 cts. A 9.29 ct. 
rich emerald green spodumene, known as 
hiddenite, is the largest cut stone of this 
material in existence. Beside it are several 
crystals of the rare green rough material, one 
of them almost as large as the biggest one 
known. A 155 ct. pale green Brazilian 
spodumene (this material should not be 
called hiddenite) is the largest stone of this 
variety and the largest greenish stone in the 
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ures 4A and 5A). The major differences include: (1) 
Trema474 nm is much higher than Irem=ss0. nm, regardless of 
the excitation wavelengths, and (2) a longer-wave- 
length emission tailing toward the green region (in- 
dicated by the rectangular area in figure 5A). This 
tailing varies as the excitation wavelength changes. 
This emission tailing enhances the green fluores- 
cence, which explains the greener fluorescence ap- 
pearance in the GB-type amber. Additionally, (3) 
another excitation extremum at A.x = 461 nm occurs 
in excitation curves (figure 5C). 

As for Mexican GB-type, the EEMs of samples 15 
and 16 (figure 5, D-G) display a broad emission range 
from the near-ultraviolet to the greenish yellow re- 
gion (350 to 600 nm}, which can be excited with a 
wide range of excitation wavelengths from 275 to 
500 nm. The strongest emission in this material is 
around 435 nm and/or 464 nm. 


Fluorescence of NB-Type Amber. Figure 6 displays 
the EEM pattern of Dominican NB-type amber. The 
highest Ihe, of this amber is only 600, versus the 
much higher emission counts for B- and GB-type 
amber, showing maximum values of 8000 to 6500, 
respectively. This observation indicates that non- 
blue amber from the Dominican Republic has a 
much lower fluorescence strength than the other two 
types from the same locality. 

The NB-type amber shows a weak broad emission 
band in the blue to yellow region (410 to 600 nm) 


with the highest peak at Aun = 463 nm, best excited 
by 400 nm light. This is similar to Mexican GB-type 
amber, but the latter has stronger emission (maxi- 
mum values of fluorescence intensity are 1300-1700 
vs. 600 in Dominican NB-type; see figures 5D and 5F 
and figure 6A). Due to the wide excitation range and 
stronger emissions of Mexican GB-type, fluorescence 
can still be observed visually with sunlight, whereas 
it cannot in Dominican NB-type (sample 12). 


DISCUSSION 


In our UV-Vis-NIR absorption spectra (figure 3), the 
Dominican blue amber showed additional absorption 
peaks at 412 and 441 nm, which is consistent with 
the optimal excitation wavelengths for its blue fluo- 
rescence. This indicates that Dominican blue amber 
is very efficient at absorbing these two wavelengths 
and more likely to generate stronger fluorescence 
than its Mexican and Burmese counterparts. 

When conducting fluorescence measurements, 
one needs to consider the effects of self-absorption 
and secondary fluorescence, which can cause errors 
in fluorescence spectral analysis. These two effects 
are related—self-absorption occurs when a sample 
under testing absorbs its own primary fluorescence 
(Birks, 1974; Lakowicz, 2006) and subsequently 
emits secondary fluorescence that is either similar to 
or different from the primary fluorescence. Such ab- 
sorption may decrease the total amount of fluores- 
cence or reduce a specific peak intensity measured 


Figure 6. The 3D fluorescence contour map (A) and emission spectrum (B) of Dominican NB-type amber. 
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Figure 7. A preliminary flowchart illustrating the combination of visual appearance under D65 light on a black 
background, UV-Vis-NIR features, and fluorescence features to assist in determining geographic origin of blue 
amber. Even though clearly Mexican B-type material similarly shows 450, 474, and 508 nm features with 415 nm 


excitation, this is not a distinct triple peak. 


by the instrument, and the secondary fluorescence 
may produce additional emission peaks or bands. 
These two effects are more often encountered in a 
typical fluorescence spectral measurement when the 
sample is a liquid and loaded in a standard cuvette 
with 1 cm optical path length. Fortunately, our ex- 
periment geometry (as described in box A) can min- 
imize the possibility of self-absorption and secondary 
fluorescence. Liu et al. (2014) clearly indicated that 
the fluorescence only occurs on the amber’s surface, 
not deep inside. In addition, our UV-Vis-NIR absorp- 
tion spectra (figure 3) also showed that any light with 
wavelength <400 nm will be greatly absorbed and 
cannot penetrate the amber sample. Thus, the exci- 
tation light source is highly unlikely to travel deep 
into the amber sample to cause self-absorption and 
secondary fluorescence. Our geometry also ensures 
that the sample size will not directly influence the 
amount of fluorescence emission measured. 

When we observe amber’s fluorescence with the 
unaided eye, our eyes and brain are extremely sensi- 
tive to the fluorescence intensity variations, which 
allows us to classify the fluorescence response as 
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inert, weak, medium, strong, or very strong. In the 
current experiment, by strictly controlling the EEM 
measurement parameters, we achieved a rough quan- 
tification of the fluorescence intensity—the intensity 
bar of the EEM can reflect the relative strength of 
each sample's fluorescence response. Nevertheless, 
this procedure may help us set up a future semi- 
quantitative fluorescence scale for very strong, 
strong, medium, weak, and inert responses. 
Considering the similarities and differences in 
EEMs from different types of Dominican, Mexican, 
and Burmese blue amber, it seems possible that 
EEMs could be aid in separating geographic origin. 
Figure 7 shows a preliminary flowchart for this sep- 
aration—by combining the appearance under D65 on 
a black background, the UV-Vis-NIR absorption 
(should such test be allowed), and the EEM fluores- 
cence spectra. This summary is based upon the 247 
samples we studied and will be further tested and ex- 
panded when more samples are available. 
Determining the nature of the chemical com- 
pound that produces the different fluorescence fea- 
tures is an exceedingly difficult task due to the 
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structural complicacy resulting from polymerization 
and the low solubility of amber in most solvents. To 
date, only Bellani et al. (2005) proposed a possible can- 
didate—perylene—for the triple-peak fluorescence 
features in Dominican blue amber. Chekryzhov et al. 
(2014) and Bechtel et al. (2016) excluded perylene for 
Russian Far East blue amber and proposed azulene 
(C,,H,) as an alternative agent of fluorescence but did 
not confirm it. Material from the Russian Far East is 
not commercially available and therefore was not in- 
cluded in this study. Nevertheless, the exact fluoresc- 
ing agent still has not been successfully extracted, nor 
has its structure been determined. 


CONCLUSIONS 


In this study, blue amber refers to amber that shows 
significant blue fluorescence under a standard D65 
light source and, when placed on a black background, 
this material appears blue to greenish blue. This type 
of amber is known to come from the Dominican Re- 
public, Mexico, and Myanmar, and material from all 
three origins exhibits similar gemological properties 
such as bodycolor, transparency, RI, SG, and internal 
features. However, their LWUV responses are differ- 
ent—Dominican and Mexican amber mostly show 
blue fluorescence, while Burmese material displays a 
violetish blue fluorescence. Blue amber from all three 
origins showed a similar response to SWUV—much 
weaker to inert, as compared to the LWUV responses. 

We separated blue amber into two types according 
to their appearance in sunlight or D65 illumination 
when viewed against a dark background. One is B- 
type with a blue appearance, and the other is GB-type 
with a greenish blue appearance. All three origins 
produce amber that does not show enough blue flu- 


ABOUT THE AUTHORS 

Ms. Zhang (zhangzhiqing@cug.edu.cn) is a PhD candidate at the 
Gemmological Institute, China University of Geosciences in 
Wuhan. Ms. Jiang is a postgraduate student at the Gemmological 
Institute, China University of Geosciences in Wuhan. Ms. Wang 
(wangym@cug.edu.cn, corresponding author) is associate profes- 
sor at the Gemmological Institute, China University of Geo- 
sciences in Wuhan, and the director of CUG gem testing center in 
Guangzhou. Mr. Kong works in the Shenzhen BaoAn Century 
Amber Museum, China. Dr. Shen (shenxt@cug.edu.cn, correspon- 
ding author) is a distinguished professor at the Gemmological Insti- 
tute, China University of Geosciences in Wuhan. 


FLUORESCENCE CHARACTERISTICS OF BLUE AMBER 


orescence to change its appearance in D65 light; we 
classified this material as NB-type. 

In their EEMs, a triple-peak emission pattern al- 
ways occurs in Dominican blue amber (both B-type 
and GB-type). B-type and GB-type Dominican blue 
amber differ in that the GB-type amber has an addi- 
tional green fluorescence component (~ 500 nm emis- 
sion) and an additional 461 nm excitation maximum. 

For Mexican B-type amber, the triple-peak features 
are merged into each other and additional emissions 
near 438 and 456 nm showed up when using <400 nm 
excitation. Mexican GB-type amber only has a broad 
emission feature with an emission center near 460 
nm, similar to Dominican NB-type amber. However, 
Mexican GB-type amber has much stronger emission 
intensity than Dominican NB-type amber. Burmese 
B-type amber, in addition to displaying a triple-peak 
feature similar to Dominican material, has emissions 
in the violet-ultraviolet region, giving it a violetish 
appearance. 

In the UV-Vis-NIR absorption spectra, in addition 
to the strong absorption edge just below the near-ul- 
traviolet region (<400 nm) that blue amber from all 
three sources display, Dominican blue amber has two 
absorption peaks at 412 and 441 nm, which corre- 
spond to the most efficient excitation wavelengths 
in the EEM. This may explain why Dominican 
amber fluoresces with much more intensity. Com- 
bining the appearance, UV-Vis-NIR spectra, and 
EEMs, a possible workflow for discriminating blue 
amber from these three geographic origins is pro- 
posed (figure 7). Further study continues to identify 
the nature of the fluorescing agents and their rela- 
tionship to the tree species that secrete the specific 
resins. 
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MINERAL INCLUSIONS IN SAPPHIRE FROM 
BASALTIC TERRANES IN SOUTHERN VIETNAM: 
INDICATOR OF FORMATION MODEL 


Doan Thi Anh Vu, Abhisit Salam, Alongkot Fanka, Elena Belousova, and Chakkaphan Sutthirat 


Sapphires in southern Vietnam have been discovered in alluvial gem fields derived from Cenozoic basalts. Sev- 
eral syngenetic mineral inclusions were identified by Raman spectroscopy and electron probe microanalysis; 
they were classified as ferrocolumbite, zircon, alkali feldspar (albite-anorthoclase-oligoclase), pyrochlore, her- 
cynite spinel, and ilmenite (titanohematite series). Geochemical characteristics of these inclusions appear to 
have evolved from an alkaline felsic suite. Consequently, the original formation of these sapphires would be 
related to alkaline felsic magmatic processes before basaltic magmatism, which was derived from the deeper 
upper mantle, had passed through and transported the sapphires and their associated minerals to the surface 


via volcanic eruption. 


Vietnam have supplied significant quantities of 

gem materials to the jewelry industry (figure 1). 
Commercial gem mines in southern Vietnam have 
been located in four main areas, including Dak 
Nong, Di Linh, Binh Thuan, and Krong Nang (figure 
2) (Smith et al., 1995; Long et al., 2004; Garnier et 
al., 2005; Izokh et al., 2010; Vu, 2010, 2018). Specif- 
ically, the first discovery of abundant gem sapphires 
was in Dak Nong, followed by Di Linh, Binh Thuan, 
and Krong Nang, respectively. These sapphires accu- 
mulated in Upper-Pleistocene to Quaternary alluvial 
deposits. 

In 2017, we carried out field trips in southern 
Vietnam encompassing Binh Thuan Province, Di 
Linh (Lam Dong Province), Dak Nong Province, and 
Krong Nang (Dak Lak Province), where sapphire 
samples were collected directly from the mines (see 
figure 2). Gem mining activities in these areas are 
conducted by a few local miners. Pits are dug with 
basic tools before washing and hand picking along 
streams by artisanal miners (figure 3), and mines 
worked by machinery (figure 4) can also be found. 
Sapphires in this region usually range from dark blue 
to bluish green, yellowish green to green, with rare 
yellow sapphire. The natural intense blue sapphire is 


S= the late 1980s, sapphire mines in southern 
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the best known and has been specifically recovered 
from the Dak Nong and Di Linh gem fields (figure 1, 
left). Other colors such as bluish green and yellowish 
green to green are common, particularly in the Binh 
Thuan and Krong Nang gem fields, respectively (fig- 
ure 1, right). However, these sapphire varieties are 
generally heat treated for color enhancement. In ad- 
dition, trapiche-type sapphires (figure 5) are some- 
times found in these gem fields. 


In Brief 


e Several syngenetic mineral inclusions were recognized 
in sapphires from southern Vietnam. 

¢ Chemical compositions of these mineral inclusions in- 
dicated that they evolved from an alkaline felsic suite. 

¢ Alkaline felsic melts were then proposed as the original 
formation environment of sapphire from basaltic ter- 
ranes in southern Vietnam. 


Gemological properties and chemical fingerprints 
of sapphire from southern Vietnam have identified 
this material as basaltic-type (Smith et al., 1995; Long 
et al., 2004; Garnier et al., 2005; Izokh et al., 2010, 
Vu, 2010, 2018). However, understanding of their for- 
mation remains unresolved. Inclusions in sapphire, 
including basaltic type, have become a highly inter- 
esting issue in the last decade. These inclusions may 
preserve significant information on chemical and 
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physical conditions directly related to the original 
formation of the basaltic-type sapphire. Subse- 


Figure 1. High-quality 
sapphires from southern 
Vietnam set in rings. Left: 
The center blue sapphire 
is approximately 8.8 ct, 
and the side stones range 
from 0.3 to 0.4 ct; all are 
from Di Linh. Right: An 
approximately 18 ct yel- 
low sapphire from Binh 
Thuan surrounded by 
small diamonds. The yel- 
low sapphire was heated 
to improve its color. Pho- 
tos by Doan Thi Anh Vu. 


quently, various analytical techniques such as 
Raman spectroscopy, scanning electron microscopy 


Figure 2. Map of Vietnam showing the distribution of Cenozoic basalts and the main sapphire mining areas in 
southern Vietnam with the four occurrences where samples were collected (Binh Thuan, Di Linh, Dak Nong, and 
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Figure 3. Left: Artisanal miners use crowbars and shovels to remove topsoil and dig through the gem-bearing layer 
in the Binh Thuan gem field. Right: Gem-bearing gravels are washed and sieved along the stream at Dak Nong. 


Photos by Doan Thi Anh Vu. 


with energy-dispersive spectroscopy (SEM-EDS|}, and 
electron probe microanalysis (EPMA) have been ap- 
plied for identification of inclusions in sapphire from 
southern Vietnam. For example, Smith et al. (1995) 
and Long et al. (2004) used SEM-EDS to identify var- 
ious mineral inclusions in sapphires from Dak Nong 
and Phan Thiet, whereas Izokh et al. (2010) applied 


EPMA for chemical analyses of a few inclusions in 
sapphires from Dak Nong. 

Although a variety of mineral inclusions in sap- 
phires from southern Vietnam were previously re- 
ported, the chemistry of these inclusions has not 
been widely analyzed. Therefore, this study is fo- 
cused on a wider variety of mineral inclusions and 


Figure 4. In areas mined with machinery, backhoes were used to remove topsoil and reach the gem-bearing gravel 
layers prior to washing and sieving using a water pump in the gem fields of Binh Thuan (left) and Krong Nang 


(right). Photos by Doan Thi Anh Vu. 
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Figure 5. Trapiche-type sapphires, about 10 ct (left) 
and 9 ct (right), from Binh Thuan gem field. Photo by 
Doan Thi Anh Vu. 


their chemical analyses using EPMA. These analyti- 
cal data lead to a reconstruction of a genetic model 
of sapphire formation related to basaltic volcanism 
in this region. They also yield significant information 
for origin determination by gem testing laboratories. 


GEOLOGICAL SETTING 


Southern Vietnam geologically belongs to a large- 
scale structure of the Da Lat active continental mar- 
gin (Da Lat zone) and the Indosinian polyepisodic 
orogenic belt (Srepok orogenic belt) (figure 2, left) (Tri 
and Khuc, 2011), which separated from Gondwana in 
the Devonian (Sengér et al., 1988; Hutchison, 1989; 
Metcalfe, 1988, 1996, 2009, 2011). Rock formations 
range widely: Precambrian basement rocks, Jurassic 
sedimentary rocks, late Mesozoic igneous rocks, and 
Cenozoic basaltic rocks (Hoa et al., 2005) (figure 2, 
right). The basement rocks in this area are composed 
of metamorphic complexes of granulites and gneiss 
granulite. A thick pile of Jurassic rocks covering the 
basement rocks is composed of sandstone, siltstone, 
and shale. These basement rocks and Jurassic rocks 
are intruded by a number of late Mesozoic rocks, in- 
cluding Triassic granite and granosyenite and Creta- 
ceous granite. 

The uppermost part of the area was eventually 
covered by Cenozoic basalts, which are directly as- 
sociated with sapphires in southern Vietnam. These 
Cenozoic (Neogene-Quaternary) basalts range in age 
from 0.8 to 17.6 Ma (Hoang and Flower, 1998; Gar- 
nier et al., 2005) and appear to have been related to 
the most recent tectonic event, the opening of the 
East Sea after the Indian-Eurasian collision (from 35 
to 17 Ma) (Barr and MacDonald, 1981, Rangin et al., 
1995; Hoang and Flower, 1998; Lee et al., 1998). Ac- 
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cording to Hoang and Flower (1998), these basalts 
covering an area of about 23,000 km? with a thick- 
ness of several hundred meters erupted in two main 
episodes. The early stages mostly included tholeiite 
basalts, which erupted from extensional fissures 
trending along the NE-SW and NW-SE directions, de- 
rived from the lithosphere. On the other hand, the 
latter alkali basalts usually flowed along conjugate 
strike-slip faults originating from the asthenosphere. 
Only the alkali basalts in particular are associated 
with sapphire (Smith et al., 1995; Garnier et al., 2005; 
Izokh et al., 2010). According to Garnier et al. (2005), 
alkali basalts in Dak Nong are characterized by por- 
phyritic olivine basalts that comprise olivine, 
clinopyroxene, plagioclase, and spinel. These com- 
positions are associated with megacrysts, xenocrysts, 
and xenoliths of the mantle and lower crust. Mantle 
xenoliths embedded in Dak Nong basalts are recog- 
nized as garnet lherzolite and spinel lherzolite, while 
xenocrysts include olivine, Al-rich clinopyroxene, or- 
thopyroxene, phlogopite, sapphire, and zircon. Lower 
crustal xenoliths usually contain plagioclase and 
quartz. The presence of mantle xenoliths, xeno- 
crysts, and lower crustal xenoliths may indicate that 
crystallization of these minerals occurred at high 
pressure in a magma chamber close to the boundary 
between the upper mantle and lower crust. 


MATERIALS AND METHODS 


Over a thousand unheated, gem-quality rough sap- 
phires were collected directly from the gem fields in 
southern Vietnam (Dak Nong, Di Linh, Krong Nang, 
and Binh Thuan) for this study. Most of the samples 
from the Dak Nong and Di Linh mines were col- 
lected by the first author over 20 years, while sap- 
phires from Binh Thuan and Krong Nang were 
collected in 2001 and 2012, respectively. Moreover, 
more samples from all areas were collected by the 
authors during the field trip in 2017. These were ini- 
tially investigated under a gemological microscope 
to find suitable samples containing mineral inclu- 
sions. Subsequently, a total of 274 sapphire samples 
(77 from Dak Nong, 75 from Di Linh, 45 from Krong 
Nang, and 77 from Binh Thuan) were then selected 
and polished to expose the inclusions. 

These inclusions were then identified by a Ren- 
ishaw InVia 1000 laser Raman spectroscope at the 
Gem and Jewellery Institute of Thailand (Public Or- 
ganization) (GIT). Subsequently, they were analyzed 
for major and minor compositions using a JEOL JXA- 
8100 electron probe microanalyzer at the Depart- 
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ment of Geology, Faculty of Science, Chulalongkorn 
University. Operating conditions were set at 15 kV 
acceleration voltage and 24 nA filament current with 
30 seconds of peak and background counts for each el- 
ement prior to automatic ZAF calculation and report- 
ing in oxide forms. The general detection limits of 
major and minor analyses obtained from EPMA are 
typically lower than 0.01 oxide wt.%. Various natural 
minerals and artificial standards were used for calibra- 
tion. These included quartz, corundum, eskolaite, fay- 
alite, manganosite, periclase, nickel oxide, 
wollastonite, jadeite, potassium titanium phosphate, 
strontium barium niobate, zirconium, yttrium phos- 
phate, cerium phosphate, and neodymium phosphate 
for SiO,, Al,O,, Cr,O,, FeO, MnO, MgO, NiO, CaO, 


2-3 
Na,O, K,O, Nb,O,, ZrO,, Y,O,, Ce,O,, and Nd,O,, re- 


ti J ye 
spectively. Fe?* and Fe** ratios af sonie specific caine 
als (e.g., spinel and ilmenite) were estimated by 
stoichiometric calculation as suggested by Droop 
(1987). Additionally, a total of four samples that con- 
tained zircon inclusions, one from each area, were an- 
alyzed for their rare earth elements (REE). These were 
analyzed using an Agilent 7700 quadrupole ICP-MS 
instrument, attached to a Photon Machines Excimer 
193 nm laser ablation (LA) system at Macquarie Uni- 
versity in Sydney, Australia. The analyses were carried 
out using the same laser conditions as for U-Pb dating. 
Detailed descriptions of analytical and calibration pro- 
cedures were given by Belousova et al. (2002). These 
zircon inclusions were analyzed using a 2, Hz pulse 
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rate with about 0.5 mJ beam energy per pulse, achiev- 
ing a spatial resolution of about 30 pm. Quantitative 
results for the trace elements reported here were ob- 
tained through calibration of relative element sensi- 
tivities using NIST-610 standard glass as the external 
calibration standard. The BCR-2g and zircon 91500 
and GJ-1 reference materials were analyzed within the 
run as an independent control on reproducibility and 
instrument stability. Zr content was used for internal 
calibration for unknown zircon samples (66 wt.% of 
ZrO, as the stoichiometric amount of this oxide in zir- 
con). The precision and accuracy of the NIST-610 
analyses were determined to be 1-2.% for rare earth el- 
ements at the ppm concentration level. Typical detec- 
tion limits (99% confidence) are provided in table 4. 


RESULTS 


The most common internal feature of sapphire from 
southern Vietnam was strong color zoning (figure 
6A). Other features included parallel twin planes, 
needle-like inclusions (figure 6B}, liquid-filled inclu- 
sions (figure 6C), and negative crystals (figure 6D). 
Based on Raman spectroscopic and EPMA analyses, 
290 mineral inclusions were identified; they were 
mainly Nb-Ta oxides, followed by silicate and other 
oxide minerals. The types of mineral inclusions in 
each sample group are summarized in table 1. Min- 
eral inclusions previously reported in sapphires from 
Thailand, Laos, and Cambodia are also compared in 
the same table. Columbite and zircon were the most 


Figure 6. Typical inter- 
nal features observed in 
sapphire from southern 
Vietnam: strong color 
zones (A), needle-like 
inclusions (B), liquid- 
filled inclusions (C), and 
negative crystals situ- 
ated in healed fractures 
(D). Darkfield illumina- 
tion. Photomicrographs 
by Doan Thi Anh Vu; 
_—_-—- magnified 50x. 
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case. It was acquired as an addition to the 
Thompson Collection. Below it are a num- 
ber of smaller stones, including a yellow 
Cuité, Brazilian stone weighing 8.74 cts., 
about as large as this material comes. This 
particular type of spodumene is interesting 
in not showing the pleochroism characteris- 
tic of the mineral; hence it is still properly 
cut even though the long (c-) axis lies 
lengthwise in the stone. This orientation per- 
mits the maximum recovery from small frag- 
ments or crystals, the characteristic rough of 
this locality. 

The adjoining case of this row is one of 
the most interesting of all to the gemolo- 
gist; for it contains a part of the Museum's 
series of unusual gemstones. These are 
stones that have no real place in commerce 
because of their rarity, Nevertheless, un- 
Prepossessing as they may appear, there are 
some very rare stones here. First in the 
series are several andalusites, including one 
of 27 carats that may be the largest known 
(Brazil -'Wallace Memorial), along with 
two smaller ones from Ceylon. Just below 
them, alphabetically, come the apatites, 
notable for an 11 carat, light blue (and 
strongly dichroic — yellow and blue) stone 
from Burma. The Museum’s largest benitoite 
is a 41% ct. deeply cut stone. The oval 19 
ct. brazilianite gem is one of the first two 
stones cut from this new mineral, and be- 
hind it stand the two original crystals, part 
of the material on which the description of 
the mineral was based (Thompson Fund). 

Other stones of unusual interest in this 
case include a fine series of crystals and cut 
euclase stones (Thompson Fund), with, 
among others, the only known sapphire blue 
(Ceylon sapphire color) stone, a white and 
a green. The series of crystals is the greater 
part of a twenty-five year collection by the 
mine owner in Brazil and is unequalled. 
Scapolites include clear Brazilian stones and 
pink and white cat’s-eyes. The sphenes are 
especially fine, the largest of the group 
weighs 10 cts. and shows well the remark- 
able fire of this material. Lastly, we might 
mention Nicola D’Ascenzo’s donation of a 


12 ct. zincite; the largest of the group that 
he described. Still undisplayed are a number 
of other interesting stones that will be addi- 
tions to this collection of unusual stones. 
The Museum’s collection of such stones is 
far and above the most complete collection 
of this sort of material, and merits a visit 
for it alone. 

Next to the faceted unusual stones we 
find a display of opaque cabochon-cut 
stones, including cassiterite, pyrite, azurite 
and hematite. The large hematite intaglio ts 
rather spectacular (James A. Drilling) but 
the balance of this case is not especially 
unusual, 

This display leads logically to the next, 
a case of decorative carvings including lapis 
lazuli, rhodonite, azurite, malachite and 
obsidian. The only notable examples in this 
case are a rhodonite Easter egg, and a neck- 
lace of very fine lapis lazuli (gift of Mrs. 
Henry Fairfield Osborn). Two cases beyond 
this one we see examples of similar mate- 
rials in cylinder seals and beads of ancient 
origin, and above them a case with a display 
of the stones that were used by the Ameri- 
can Indians for decorative or useful purposes. 
The most notable specimen in this case is 
the Babylonian axhead dating back to 2000 
B.C. and acquired by Mr. Morgan from the 
Cardinal Borgia collection. 

Next in the sequence are two cases of 
organic gem materials: pearls, coral and 
amber. Most of the pearls are American 
fresh-water pearls; for a large collection of 
these were displayed at the Paris Exposition 
and they were a love of Dr. Kunz’. How- 
ever, the series has been expanded to show 
a series of pearls from common. oysters, 
edible clams, abalones, conches, and two 
fine salt-water pearls. The display is very 
useful, since many people harbor delusions 
about the value of the pearls they find in 
the edible molluscs (they are worthless). 
There is also a small display of cultured 
pearls, including some that have been sec- 
tioned to show the nucleit; small nucleii in 
the hand-picked examples presented by 
Mikimoto in the early days of the industry, 
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TABLE 1. Summary of mineral inclusions found in sapphire from southern Vietnam, compared 
to those reported from basaltic gem fields elsewhere in Southeast Asia. 


Area Nb-Ta oxides Silicate Other oxides 
Southern Vietnam 
Dak Nong Columbite** Zircon*#> Spinel* 
Pyrochlore* Alkali feldspar** IImenite* 
Unidentified iron* 
Di Linh Columbite** Zircon* Spinel*< 
Pyrochlore® Alkali feldspar*¢ IImenitec 
Unidentified iron* 
Krong Nang Columbite* Zircon* Spinel* 
Pyrochlore* Alkali feldspar* Unidentified iron* 
Binh Thuan Columbite** Zircon*»« Spinel*¢ 
Pyrochlore¢ Alkali feldspar*¢ IImenites 
Unidentified iron* 
Southeast Asia 
Chanthaburi Columbite¢ Zircon@ Spinel** 
(Thailand) Alkali feldspar‘ 
Kanchanaburi - Zircon! Spinel! 
(Thailand) Alkali feldspar‘ IImenite‘ 
Ban Huai Sai Columbite’ Zircon" Spinel* 
(Laos) Alkali feldspar 
Pailin Pyrochlore! - Spinels 
(Cambodia) 


*This study, using Raman and EPMA 

*Izokh et al. (2010), using EPMA 

°Long et al. (2004), using SEM-EDS 

«Smith et al. (1995), using SEM-EDS 

“Promwongnan and Sutthirat (2019), using Raman and EPMA 
*Saminpanya and Sutherland (2011), using EPMA 

‘Khamloet et al. (2014), using EPMA 

Sutherland et al. (1998b), using EPMA 

'Sutherland et al. (2002), using EPMA 

'Palke et al. (2019), using Raman 


common inclusions in these sapphire samples, while 
alkali feldspar and spinel were often identified. Il- 
menite, pyrochlore, and unidentified iron minerals 
were rarely detected. Details of these inclusions are 
provided below. 

Columbite was the predominant mineral inclu- 
sion observed in sapphires from all gem fields in 
southern Vietnam, accounting for nearly 47% of the 


290 mineral inclusions contained in the 274 samples. 
They generally formed as opaque black euhedral 
crystals with a rhombic prism with pyramidal shape 
and a truncated rhombic pyramid shape, ranging in 
sizes from <10 pm up to several millimeters (figure 
7, A and B). They were often associated with zircon, 
with or without feldspar (figures 7C and 9B). Repre- 
sentative EPMA analyses of columbite inclusions 


Figure 7. A: A larger prismatic columbite inclusion. B: Two truncated-rhombic columbite inclusions surrounded 
by healed fractures. C: A cluster of several tiny columbites with colorless feldspar and zircon inclusions. Darkfield 
illumination. Photomicrographs by Doan Thi Anh Vu; magnified 50x. 
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TABLE 2. Representative EPMA analyses of columbite inclusions found in sapphires from southern Vietnam, Thailand, and 


Australia. 
Southern Vietnam Thailand Australia 

Mineral 

ae Dak Nong Di Linh Krong Nang Binh Thuan ak “lly yeage Riece 

(wt.%) Nong? chanteur Plains | England¢ 

DN63 DN68 DL70 DL74 KN25 KN54 PT11 PT73 

TiO, Dexe}s) 4.06 0.28 1.14 4.78 0.26 nd 12.04 na 0.43 3.57 3.03 
FeO 12332 127/33 15.24 12535 Dies (589 15.96 15,29 15.90 9.79 16.59 17.44 
MnO 6.45 6.81 14.64 8.12 0.70 6.55 DAT 4.27 2.93 1.58 2.99 2.19 
MgO O52) 3G 0.16 B98 O77 0.09 nd 0.08 na 0.08 1.18 0.54 
CaO nd 0.05 0.01 0.02 nd nd nd nd na 0.42 0.03 0.00 
Nb,O, 7592 70.02 68.54 I Dsss8) 70.80 64.56 76.98 66.03 77.10 74.37 71.98 73395 
Ta,O, 0.74 4.45 1.76 17 0.50 eal 3.78 0.46 3.61 0.25 2.98 2.38 
ThO, nd 0.02 nd nd 0.02 nd nd nd na 0.85 0.01 na 
UO, nd 0.08 0.09 nd 0.13 S107 nd 0.04 na 3.50 0.12 na 
ZrO, 0.41 Oy 0.18 0.26 123 0.95 0.03 0.52 0.79 0.78 0.40 0.52 
Y,O, nd nd nd nd nd 0.16 nd 0.15 na 2.76 0.01 na 
Nd,O, nd nd nd nd nd 0.87 nd nd na 1.42 na na 
Sm,O, nd nd nd nd nd nd nd nd na 0.72 na na 
Total (oxides)| 99.2 99.78 100.90 98.98 100.28 100.60 100.53 98.87 100.40 98.61 99.94 100.43 
Formula 3(O) 
Ti 0.060 0.086 0.006 0.024 0.099 0.006 - 0.247 - 0.010 0.075 0.064 
Fe 0.288 0.299 0.365 0.290 0.494 0.404 0.377 0.348 0.376 0.243 0.388 0.407 
Mn 0.152 0.162 0.355 0.193 0.016 0.168 0.090 0.098 0.070 0.040 0.071 0.052 
Mg 0.022 0.058 0.007 O12 0.032 0.004 - 0.003 - 0.004 0.049 0.022 
Ca - 0.002 0.000 0.001 0.013 0.001 0.000 
Nb O57, 0.888 0.888 Oro28 0.886 0.882 0.984 0.813 0.985 0.997 0.909 0.933 
Ta 0.006 0.034 0.014 0.012 0.004 0.010 0.029 0.003 0.028 0.002 0.023 0.018 
Th - 0.000 - - 0.000 - 0.006 0.000 - 
U - 0.001 0.001 - 0.001 0.067 - 0.000 - 0.023 0.001 - 
Zr 0.006 0.002 0.002 0.003 0.017 0.014 0.000 0.007 0.011 0.011 0.005 0.007 
¥ 0.003 - 0.002 - 0.044 0.000 - 
Nd 0.012 - - - 0.019 - - 
Sm - - - - - 0.000 - - - 0.007 - - 
Total (cations)} 1.490 1.538 1.638 1.570 1.549 1.568 1.481 (1,322 1.470 1.417 1.521 1.503 
Mn/Mn+Fe 0.35 0.35 0.49 0.40 0.03 O29) 0.19 0.22 0.16 0.14 0.15 0.11 
Ta/Ta+Nb 0.01 0.04 0.02 0.01 <0.01 0.01 0.33 <0.01 0.03 <0.01 0.02 0.02 


Abbreviations: na = not analyzed; nd = not detected 
2Izokh et al. (2010) 

’Promwongnan and Sutthirat (2019) 

“Guo et al. (1996) 

dSutherland et al. (1998a) 


ranged between 65-77 wt.% Nb,O,, <4.5 wt.% Ta,O 


2° 5f 
<12 wt.% TiO,, <3 wt.% MgO, 12-21 wt.% FeO, and 
<15 wt.% MnO (table 2); The chemical formula of 
these columbite inclusions can be expressed as 
(Fe, ,,.JMin, iaM1g, 1a Fpana least I iyi enmend Ener 0 emer Ane Oe 
which fits very well within the compositional range 
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of ferrocolumbite (figure 8). Their compositions were 
also equivalent to those previously reported for sap- 
phires from Dak Nong by Izokh et al. (2010) as well as 
from Lava Plains and New England in Australia (Guo 
et al., 1996; Sutherland et al., 1998b). Lower FeO con- 
tents of columbite inclusions in Bo Welu sapphire 
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FeTa,O, MnTa,O, 


— 
Ferro apioli e — 
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a 
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Manganotantalite 


a Ferrotantalite 
(OLS) 


Ta/(Ta+Nb) 


Ferrocolumbite Manganocolumbite 


- 
FeNb,O, 0.25 0.5 MnNb,O, 


Mn/(Mn-+Fe) 


6 


B Di Linh sapphire @ Dak Nong sapphire 


A\ Binh Thuan sapphire sfx Krong Nang sapphire 
Figure 8. Quadrilateral compositional plots of ferro- 
columbite inclusions found in sapphires from south- 
ern Vietnam. Various compositional fields and 
columbite-tapiolite miscibility gap were proposed by 
Cerny and Ercit (1985). 


from Chanthaburi, Thailand, were reported by Prom- 
wongnan and Sutthirat (2019). Ferrocolumbite inclu- 
sions in sapphire from southern Vietnam contained 
low Ta content, yielding a Ta/(Ta+Nb) ratio < 0.05 
within a wide range of Mn contents (<15 wt.% MnO 
and Mn/(Mn+Fe) ratio <0.5) (figure 8), which may have 
derived from peralkaline complexes (peralkaline gran- 
ite/syenite) (Mackay and Simandl, 2015). 

Zircon was the second most abundant inclusion, 
representing about 22% of the mineral inclusions 
contained in the sapphire samples. These inclusions 


commonly formed as euhedral tetragonal prismatic 
or dipyramidal crystals (figure 9, A and B). Most of 
the zircons were colorless, but some had orange to 
orange-red colors. Their chemical compositions var- 
ied within narrow ranges of approximately 31-34 
wt.% SiO, and 61-65 wt.% ZrO, (table 3). The 
hafnium contents showed a slightly wider range of 
about 1-4 wt.%, leading to Hf/Zr ratios of 0.01 to 
0.04, which fall in the range of magmatic zircon, par- 
ticularly syenite and granite zircons (Deer et al., 
2013). Significant trace elements included <1.5 wt.% 
ThO,, <1.8 wt.% UO,, and <0.6 wt.% Y,O,,; these el- 
ements appeared to be higher in zircon inclusions of 
Di Linh sapphire. On the other hand, these zircon in- 
clusions yielded Th/U ratios >0.2, indicating a mag- 
matic source (Williams and Claesson, 1987; Rubatto 
and Gebauer, 2000; Huong et al., 2016). These were 
similar in composition to zircon analyses previously 
reported from Dak Nong (Izokh et al., 2010) and 
other basalt-associated sources such as Ban Huai Sai 
in Laos, Kanchanaburi in Thailand, and Kings Plains 
and New England in Australia (Guo et al., 1996; 
Sutherland et al., 1998a; 2002; Khamloet et al., 2014), 
although the Y,O, content of zircon inclusions from 
Bo Welu in Thailand (Promwongnan and Sutthirat, 
2019) has recently been reported with a higher con- 
tent. Total REE contents of representative zircon in- 
clusions ranged from 1156 to 2710 ppm (table 4), 
more similar to those from syenite pegmatite (2043 
ppm) and granitoid (1813 ppm) than those from car- 
bonatite (600-700 ppm) (Belousova et al., 2002). 
Alkali feldspar inclusions were sometimes ob- 
served in the sapphire samples, making up about 
13% of the mineral inclusions. They generally pre- 
sented subhedral or euhedral grains with small sizes 
ranging from about 40 um, with some rare examples 
reaching 1 mm. These included crystals were com- 
monly transparent and colorless (figures 7C and 9C). 


Figure 9. A: Prismatic orange zircon inclusion. B: Colorless dipyramidal zircon inclusion surrounded by radial 
cracks, associated with black columbite inclusions. C: Tiny euhedral feldspar inclusions. Darkfield illumination. 


Photomicrographs by Doan Thi Anh Vu; magnified 50x. 
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TABLE 3. Representative EPMA analyses of zircon inclusions found in sapphires from southern Vietnam, Laos, Thailand, and 


Australia. 
Southern Vietnam Laos Thailand Australia 

Mineral 

phase Dak Nong Di Linh Krong Nang Binh Thuan . : 

analysis Dak |Ban Huai|Chantha-| Kancha- | Kings | New 

(wt.%) Nong? Sai? buri¢ | naburit | Plains* | England‘ 

DN23 DN31 DL18 DL44 KN15 KN13 PT36 PT65 

SiO, 32.16 32.43 34.34 32.59 33.84 33.43 31.19 33.86 | 32.34 31.23 33.63 34.14 32.12 31.48 
TiO, 0.03 0.02 nd 0.01 0.01 nd 0.06 nd na na na na <0.01 0.00 
ALO, 0.27 0.30 nd nd nd nd 0.28 0.01 na 0.01 0.01 0.17 0.02 0.44 
FeO nd 0.02 0.04 nd nd 0.10 0.31 nd na na 0.07 0.04 0.20 0.13 
MgO 0.02 0.01 nd nd nd nd 0.02 0.01 na 0.01 na na <0.01 0.00 
CaO 0.06 0.05 nd nd nd 0.01 0.01 nd na na na 0.00 0.02 0.00 
Na,O nd nd nd nd nd nd 0.04 nd na na na na na 0.00 
K,O 0.02 nd nd nd nd 0.05 0.67 nd na na na na na 0.00 
ThO, 0.03 0.31 0.11 1.40 0.32 0.03 0.13 0.09 0.76 0.18 1.21 na 0.49 0.11 
UO, O12 1.40 On (h773 0.23 0.06 0.17 0.34 0.93 0.41 1.13 na 0.84 0.11 
ZrO, 64.47. 61.44 62.20 61.00 63.98 63.29 63.78 62.02 | 63.96 64.02 59.39 62.40 63.78 64.84 
HfO, 1.62 3.70 275i 3.08 2.00 2.82 DA 3.85 2.44 3.58 2.62 3.50 2.88 2.58 
P.O, 0.13 0.16 mel O22 0.08 0.09 0.32 0.23 na 0.25 0.57 na 0.34 na 
¥,0; 0.02 0.08 0.27 0.56 0.05 0.07 0.28 0.03 na 0.80 0.85 na 0.34 0.46 
Total (oxides)}98.93 99.91 99.60 100.58 100.52 99.96 99.87 100.42 {100.43 100.55 99.57 100.25 101.04 100.15 
Formula 4(O) 
Si 0.996 1.008 1.048 1.013 1.028 1.024 0.971 1.033 | 1.001 0.973 1.035 1.036 0.989 0.976 
Ti 0.001 0.000 - 0.000 0.000 - 0.001 - - 0.000 
Al 0.010 0.011 0.010 0.000 - 0.000 0.000 0.006 0.001 0.016 
Fe - 0.000 0.001 - - 0.003 0.008 - - - 0.002 0.001 0.046 0.003 
Mg 0.001 0.001 0.001 0.000 - 0.000 - - - 0.000 
Ca 0.002 0.002 - - - 0.000 0.000 - - - - 0.000 0.001 0.000 
Na 0.003 - - 0.000 
K 0.001 0.002 0.027 - - 0.000 
Th 0.000 0.002 0.001 0.010 0.002 0.000 0.001 0.001 | 0.005 0.001 0.008 - 0.003 0.001 
U 0.001 0.010 0.001 0.012 0.002 0.000 0.001 0.002 | 0.006 0.003 0.008 - 0.006 0.001 
Zr 0.974 0.931 0.925 0.924 0.948 0.945 0.968 0.923 | 0.965 0.972 0.891 0.923 0.957 0.980 
Hf 0.014 0.033 0.022 0.027 0.017 0.025 0.023 0.033 | 0.022 0.032 0.023 0.036 0.025 0.023 
P 0.003 0.004 - 0.006 0.002 0.002 0.008 0.006 - 0.007. 0.013 - 0.009 - 
NA 0.000 0.001 0.004 0.009 0.001 0.001 0.005 0.000 - 0.013 0.014 - 0.006 0.008 
Total (cations)} 2.004 2.003 2.002 2.001 2.000 2.003 2.028 1.999 | 2.000 2.002 1.995 2.002 2.001 2.008 
Th/U 0.29 0.23 0.93 0.83 1.42 0.51 0.79 0.26 0.84 0.45 1.10 - 0.60 1.02 
Hf/Zr 0.02 0.04 0.02 0.03 0.02 0.03 0.02 0.04 0.02 0.03 0.03 0.03 0.03 0.02 


Abbreviations: na = not analyzed; nd = not detected 
2Izokh et al. (2010) 


Sutherland et al. (2002) 
©Promwongnan and Sutthirat (2019) 
4Khamloet et al. (2014) 

®Guo et al. (1996) 

‘Sutherland et al. (1998a) 


Their chemical compositions were rather uniformly 
toward Na-rich feldspar between albite-anorthoclase- 
oligoclase (Ab,, ,,An_,Or, ,,, see table 5 and figure 


77-98 1-ll/ 
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10). However, feldspar in Krong Nang sapphires 
mostly plotted close to the junction of albite-anortho- 


clase-oligoclase compositions (Ab,, An, ,,Or, 


6-11 eal 
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TABLE 4. REE analyses (ppm) of representative zircons found 
in southern Vietnam sapphire, determined by LA-ICP-MS. 


Dak Nong} Di Linh Ree ae Typical detection 
Element limits 
DNOS | DL46 KNO08 PT05 |(99% confidence) 
Y 1468.21 | 4220.35 | 1194.74 | 2868.13 0.004 
La 0.02 nd 0.01 nd 0.004 : 
Ss es . 

Ce 2.79} 12.00 1.65] 13.33 0.003 ~ ; 

Pr 0.01 0.06 0.02] 0.0523 0.003 Figure 11. Inclusions of black octahedral hercynite 

Nd 0.27 an) 0.26/ 1.451 0.014 spinel (A) and euhedral rhombohedral ilmenite (B). 

sm 1.23 5.62 0.68 5.62 0.019 Darkfield illumination. Photomicrographs by Doan 

Eu 0.96; 5.12] 059] 2.177] 0.006 en aah Va, mageied os, 

Gd [29h 54.66 5.74 44.06 0.019 

i oy 778 21-66 ONS one containing lower K content near the albite-oligo- 
Dy ee 110-17 a) 310.13 oes clase boundary (Ab,, .,An, ,,Or,,). Binh Thuan 
ie oo 2-7" ey 104.29 poe feldspar ranged between albite and oligoclase com- 
ef ee) (072.98 ae) 442.14 oe positions, while most Dak Nong feldspar fell within 
i a 134-11 ee 89.21 ee albite composition (Ab,, ,,An, , Or, _.). These com- 
ie eo [°° ee 721.34 els positional ranges were wider than those previously 
as po, 140-18 ee) 81.68 ee reported, as only oligoclase was identified in sap- 
Total REE] 1155.94 | 2710.22 | 1762.23 | 1815.47 phires from Dak Nong (Izokh et al., 2010) and from 
Abbreviation: nd = not detected Ban Huai Sai in Laos (Sutherland et al., 2002), but 


An and Or components were narrower in range than 
those in Thai sapphires from Kanchanaburi (An, 
whereas Di Linh feldspar was divided into two  ,,Or, ,,) (Khamloet et al., 2014) and Chanthaburi 
groups: the first group close to the albite-anortho- — (An_,,Or,_,,) (Promwongnan and Sutthirat, 2019) and 


clase boundary (Ab,, ,.An, ,Or, ,,) and the second Australian sapphires from Kings Plains (An_,,Or 


82-85 7a) 


ORTHOCLASE AND MICROLINE 
KAO, 


4 Or 


@ Dak Nong sapphire 
lest alaat is Figure 10. Ternary plot 
Se Krong Nang sapphire — of An-Ab-Or in alkali 
A\ Binh Thuan sapphire feldspar inclusions in 
sapphires from south- 
ern Vietnam. Modified 
from N.N. Greenwood 
and A. Earnshaw, 
Chemistry of Elements 
(1998), p. 357. 


Miscibility gap 


: oss 7 
2 bo j Andesine Labradorite \ Bytownite Ong 
Ab “e\ An 
0-10An% 10-30 An% 30-50 An% 50-70 An% 70-90 An% 90-100 An% 
ALBITE PLAGIOCLASE FELDSPARS ANORTHITE 
< Son ODA STE Ca OSoODaISceceRI oon Ona SdecMq oonooaSeoCMoonnoonSEncadHonSsosacoddbononSCD > 
NaAlSi,O, CaAl,Si,O, 
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TABLE 5. Representative EPMA analyses of feldspar inclusions in sapphires from southern Vietnam, Laos, Thailand, and 


Australia. 
Southern Vietnam Laos Thailand Australia 

Mineral 

phase Dak Nong Di Linh Krong Nang Binh Thuan . : 

analysis Dak |Ban Huai} Kancha- |Chantha-} Kings | New 

(wt.%) Nong? Sai? naburit | buri? | Plains® | England‘ 

DN41 DN34 | DL27  DL34 KN53 KN37 PT01 PT23 

SiO, 67.93 64.13 65.66 62.30 65.83 64.38 68.89 64.31 | 64.20 64.83 65.60 66.97 64.81 53.47 
TiO, 0.02 nd 0.01 0.02 0.01 0.01 nd nd 0.00 na 0.01 0.02 na 0.00 
Al,O, 19.06 21.92 23.72 23.73 22.86 21.79 19.70 22.39 | 22.10 21.45 21.50 2140 18.56 29.28 
FeO 0.03 0.06 0.03 0.19 0.09 0.07 nd 0.06 0.06 0.03 0.04 0.65 na 0.09 
MnO nd nd nd nd nd nd nd nd 0.02 na 0.00 0.04 na 0.00 
MgO nd nd nd nd nd nd nd nd 0.00 na 0.05 nd na 0.00 
BaO 0.07 0.01 0.03 0.06 0.07 nd 0.02 0.03 na na na na na na 
CaO 0.17 2.24 1.09 1.64 1.54 2.24 nd 2.98 313 1.96 2.59 0.73. <0.01 11.19 
Na,O Wilosks3 9.65 7.63 10.76 8.73 92 les 7 9.02 9.71 9.37 4.31 2.69 0.73 5.50 
K,O 0.22 11S 1.60 1.02 1.70 1.44 0.32 1.43 0.82 1.53 6.52 8.47 15.50 0.48 
Total (oxides) |98.83 99.16 99.76 99.72 100.84 99.15 100.31 100.22 {100.10 99.17 100.62 100.97 99.60 100.01 
Formula 8(O) 
Si 3.003 2.857 2.872 2.775 2.872 2.868 2.998 2.841 | 2.840 2.885 2.908 2.957 2.997 2.425 
Ti 0.001 = 0.000 0.001 0.000 0.000 0.000 0.001 - = 
Al 0.993 1.151 1.223 1.245 1.175 1.144 1.010 1.166 | 1.152 1.125 1.124 1.114 1.011 1.565 
Fe 0.001 0.002 0.001 0.007 0.003 0.003 = 0.002 | 0.002 0.001 0.002 0.024 = 0.003 
Mn 0.001 = — 0.001 = = 
Mg 0.003 0.000 = = 
Ba 0.001 0.000 0.000 0.001 0.001 = 0.000 0.001 = = = 0.000 = = 
Ca 0.008 0.107 0.051 0.078 0.072 0.107 = 0.141 | 0.148 0.093 0.123 0.035 - 0.544 
Na 0.971 0.833 0.647 0.929 0.738 0.796 0.959 0.772 | 0.833 0.808 0.371 0.230 0.065 0.484 
K 0.012 0.065 0.089 0.058 0.095 0.082 0.018 0.081 | 0.046 0.087 0.369 0.477 0.914 0.028 
Total (cations)|4.991 5.016 4.884 5.095 4.957 4.999 4.986 5.003 | 5.023 5.000 4.899 4.893 4.988 5.048 
Atomic (%) 
Albite WO) Bere 82.1 87.2 81.6 80.8 98.2 Wid 81.1 81.8 43.0 31.0 6.7 45.8 
Anorthite 0.8 10.6 6.5 7.4 8.0 10.9 0.0 14.2 14.4 9.5 14.2 4.7 0.0 51.5 
Orthoclase 13 6.5 ES 5.4 10.5 8.3 1.8 8.1 4.5 8.8 42.8 64.3 93.3 2.7 


Abbreviations: na = not analyzed; nd = not detected 
*/zokh et al. (2010) 

Sutherland et al. (2002) 

“Khamloet et al. (2014) 

¢Promwongnan and Sutthirat (2019) 

*Guo et al. (1996) 

‘Sutherland et al. (1998a) 


(Guo et al., 1996) and New England (An_.,Or 
(Sutherland et al., 1998a). 

Spinel inclusions accounted for about 4% of the 
mineral inclusions contained in the samples from 
southern Vietnam. They usually occurred as black 
cubic crystals (figure 11A). Spinel inclusions with 
compositions ranging between chromite-hercynite 
and magnetite-hercynite have been previously re- 
ported, on the basis of SEM-EDS analyses, in sapphires 


aaa! 
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from Binh Thuan and Di Linh (Smith et al., 1995). 
However, EPMA analyses of spinel inclusions in this 
study revealed significant components of hercynite 
(FeAl1,O,, He... ,.9) and spinel (MgA1,0,, Sp_,,), whereas 
other components were negligible (table 6). The spinel 
inclusions’ Mg:Fe* ratios were mostly less than 1:4, 
falling into hercynite spinel (Deer et al., 2013). In com- 
parison, these hercynite spinel inclusions contained a 
moderately lower spinel composition than those in 
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TABLE 6. Representative EPMA analyses of spinel inclusions in sapphires from southern Vietnam, Thailand, Cambodia, and 


Australia. 
Southern Vietnam Thailand |Cambodia}| Australia 

Mineral 

ieee Dak Nong Di Linh Krong Nang Binh Thuan 7 ae 

(wt.%) Kanchanaburi*| — Pailin> England 

DN12 DN16 DL62 KN42 KN47 PT22 PT34 

SiO, nd nd 0.01 nd nd nd 0.25 0.03 0.03 0.00 
TiO, 0.12 0.08 0.70 0.13 0.18 nd 1.91 0.07 0.26 0.13 
ALO, 60.99 60.93 60.76 60.31 60.11 61.18 61.58 59.52 63.00 57.04 
CEO, nd nd 0.09 nd nd nd nd 0.16 0.29 0.00 
FeO scat 33-88) 34.18 33.87 34.96 SB 3339) 3553} 35.39 21.77 34.66 
MnO nd 0.89 0.34 0.05 Lets 0.53 1.44 0.22 0.15 0.48 
MgO 4.02 4.29 4.62 Boll 4.31 4.60 0.08 5.85 13.50 6.09 
ZnO 0.12 0.38 0.18 nd 0.51 O18 0.07 0.14 na 0.69 
CaO 0.06 nd nd nd nd nd nd 0.00 <0.005 0.00 
Total (oxides) 9929 100.74 100.58 98.61 100.06 100.58 100.95 101.36 99.00 99.15 
Formula 32(O) 
Si - - 0.002 - - - 0.056 0.007 0.006 0.00 
Ti 0.020 0.014 Oily 0.023 0.030 - 0.321 0.011 0.042 0.022 
Al 16.134 S297 15.886 16.153 15.881 16.018 16.194 15.570 15.774 15.364 
Cr - - 0.016 - - - - 0.028 0.049 - 
Fe3* 0.000 0.000 0.000 0.000 0.078 0.000 0.000 0.412 0.000 0.779 
Fe?* 6.380 6.359 6.285 6.645 6.253 6.196 6.630 6.157 3.868 5.846 
Mn - 0.168 0.064 0.009 0.224 0.100 0.272 0.041 0.027 0.093 
Mg 1.344 1.421 ik529 1.072 1.440 1.524 0.026 1.934 4.276 2.075 
Zn 0.020 0.062 0.030 - 0.122 0.152 0.012 0.023 - 0.116 
Ca 0.015 - - - - - = - - = 
Total (cations) | 23.913 YD) D929 23.901 24.029 D3N)\| 23.526 24.183 24.041 24.296 
=R** V9) 8.010 7.907 eo 8.040 USS) 6.956 8.155 8.171 8.131 
=R?* 16.154 15.989 16.022 16.175 15S) 16.018 16.571 16.028 15.870 16.165 
Atomic (%) 
Spinel Woe ot 19.3 DSS 13.9) 191 0.4 23.9 52.5 26.2 
Hercynite 622) 79.4 725 TS 86.1 80.3 MOS 76.1 47.5 73.8 


Abbreviations: na = not analyzed; nd = not detected 


Fe? and Fe** were recalculated from total FeO after the method of Droop (1987). 


YR** = Fe**++Mn+Mg+Zn+Ca. YR* = Ti+Al+Cr+Fe**. 
*Khamloet et al. (2014) 

>Sutherland et al. (1998b) 

“Sutherland et al. (1998a) 


sapphires from Pailin in Cambodia or from New Eng- 
land in Australia, but nearly the same as those from 
Kanchanaburi in Thailand (see also table 6). 

Ilmenite (FeTiO,) was found in only two samples 
from Di Linh and one sample from Dak Nong. These 
inclusions were black, opaque, and euhedral (figure 
11B), and their identity was confirmed by Raman 
spectroscopic identification. A previous study, based 
on SEM-EDS analysis, also recognized ilmenite in 
sapphires from Di Linh and Binh Thuan (Smith et al., 
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1995). The chemical composition of the ilmenite in- 
clusions in this study clearly belonged to the ti- 
tanohematite series (ilmenite-hematite, Il,, ,,He,, ,,) 
(table 7). The low Mn content (<0.15 wt.% MnO) of 
these titanohematites was closer to that from an ig- 
neous magma source (Lindsley, 1991) as reported 
from Sybille Monzosyenite (Fuhrman et al., 1988), 
and different from ilmenite with higher Mn originat- 
ing from metamorphic rocks from Western Australia 
(Cassidy et al., 1988). Moreover, their Mn contents 
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Unidentified iron- kL 7 
bearing mineral > 
a 


— 


- 
Hercynite spinel 


- 


Figure 12. A: Several tiny unidentified iron-bearing 
minerals with cubic shape, shown in darkfield illu- 
mination. Photomicrograph by Doan Thi Anh Vu; 
magnified 50x. B: Backscattered electron image of 
unidentified cubic iron oxides and euhedral her- 
cynite-spinel. 


were similar to those of ilmenite in New England sap- 
phires originating from silicate melt (Sutherland et 
al., 1998a) and different from those of ilmenite in 
Kanchanaburi sapphires from melt involved by sub- 
sequent contact metamorphism (Khamloet et al., 
2014) (table 7). 

Unidentified iron-bearing minerals were also ob- 
served in these sapphire samples. They presented as 
tiny black cubic crystals (less than 10 pm and a few 
around 30 wm) (figure 12A) with morphological 
forms similar to those identified for spinel inclu- 
sions. They were commonly associated with spinel 
inclusions and sometimes formed as composite in- 
clusions (figure 12B). These iron-rich minerals con- 
tained up to 96% FeO and had aluminum contents 
ranging from 0.1 to 13% AI,O, (table 8) and their 
Raman spectra indicated the presence of magnetite, 
with characteristic bands at 663 to 652, cm" (Faria et 
al., 1997). However, their atomic proportions, based 
on stoichiometric calculation as suggested by Droop 


Figure 13. A red cubic pyrochlore inclusion displaying 
halo and radial cracks in darkfield illumination. Pho- 
tomicrograph by Doan Thi Anh Vu; magnified 50x. 
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TABLE 7. Representative EPMA analyses of ilmenite 
inclusions in sapphires from southern Vietnam, Thailand, 
and Australia. 


Southern Vietnam Thailand | Australia 

Mineral 

pees Dak Nong Di Linh a 

(wt.%) Kanchanaburi" England? 

DN39 DL23 DL85 

SiO, 0.11 0.10 nd 0.00 0.70 
TiO, 34.94 BOs} 333), 7/7 45.73 59.04 
Al,O, 0.02 1.50 0.58 6.90 0.45 
Cr,O, nd 0.04 0.12 na 0.00 
FeO ral 61.43 61.58 63.48 27.64 32.05 
MnO 0.14 0.06 0.05 17.59 0.40 
MgO nd 0.18 0.64 0.98 1.85 
ZnO 0.80 nd nd na 0.00 
CaO nd 0.01 nd 0.00 0.00 
NiO 0.02 nd 0.03 na na 
Total (oxides)| 97.46 100.54 98.67 98.84 94.57 
Formula 3(O) 
Si 0.003 0.003 - 0.000 0.017 
Ti 0.752 0.757 0.718 0.857 1.102 
Al 0.001 0.048 0.019 0.202 0.013 
Cr - 0.001 0.003 - 0.000 
Fe3+ 0.655 0.584 0.715 0.124 0.000 
Fe?+ 0.814 0.814 0.786 0.452 1.330 
Mn 0.003 0.001 0.001 0.371 0.008 
Mg - 0.007 0.027 0.036 0.068 
Zn 0.017 - - - 0.000 
Ca - 0.000 - 0.000 0.000 
Ni 0.000 - 0.001 - - 
Total (cations)} 2.245 2.216 2.271 2.042 1.874 
=R?* 0.835 OL823 OFS) 0.859 0.742 
=R* 1.410 1.393 1.455 1.183 1,132 
Atomic (%) 
IImenite 5335 54.5 49.4 56.7 98.8 
Magnetite 6.8 6.9 8.3 0.0 0.0 
Hematite 38.7 33.7 3O8 29.9 0.0 


Abbreviations: na = not analyzed; nd = not detected 

Fe?* and Fe** were recalculated from total FeO after the method of Droop 
(1987). 

YR* = Fe**+Mn+Mg+Zn+Cat+Ni; YR* = TitAl+Cr+Fe*. 

*Khamloet et al. (2014) 

Sutherland et al. (1998a) 


(1987), yielded a 2R**/ZR** ratio of almost 1:1, partic- 
ularly Fe**/Fe** (see table 8), which was inconsistent 
with the formula of magnetite (Fe,O,), with an 
Fe**/Fe** ratio of 2:1. More details of these inclusions 
need to be worked out in the future. 
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TABLE 8. Representative EPMA analyses of unidentified iron-rich inclusions in sapphires from southern Vietnam. 


: Dak Nong Di Linh Krong Nang Binh Thuan 
Mineral phase 
analysis (wt.%) 

DN73 DN89 DL14 DL50 KNO5 KN19 PT17 PT18 
SiO, 0.33 0.02 nd 0.02 1.58 0.06 0.27 0.34 
TiO, 4.43 1.57 1.53 2.33 6.62 1.24 0.22 0.52 
ALO, 12.51 8.78 6.66 0.21 10.82 11.84 0.12 10.14 
Cr,O, 0.18 nd 0.04 0.02 0.33 0.03 0.03 0.06 
FeO 77.55 87.90 89.29 96.45 73:75 86.30 95.46 86.45 
MnO nd 0.14 1.49 0.41 0.08 0.18 1.81 1.57 
MgO 0.98 0.18 0.29 1.36 0.15 0.37 0.88 0.05 
ZnO 0.43 0.33 0.36 nd 0.31 0.51 nd nd 
CaO 0.12 nd nd nd 0.12 nd nd nd 
NiO 0.02 nd nd 0.03 0.10 nd nd nd 
Total (oxides) 96.54 98.92 99.66 100.84 95.86 100.52 98.78 99.13 
Formula 32(O) 
Si 0.110 0.001 - 0.008 0.523 0.020 0.104 0.116 
Ti 1.106 0.051 0.405 0.645 1.648 0.310 0.063 0.133 
Al 4.892 3.598 2.769 0.091 4.218 4.641 0.053 4.104 
Cr 0.047 ~ 0.011 0.006 0.086 0.008 0.010 0.016 
Fe?+ 9:753 12.429 13.148 14.925 8.501 11.658 15.700 12.266 
Fe** 11.769 13.121 13.183 14.740 12.460 12.349 14.788 12.571 
Mn - 0.041 0.446 0.128 0.023 0.051 0.585 0.457 
Mg 0.485 0.092 0.150 0.748 0.073 0.183 0.498 0.026 
Zn 0.105 0.085 0.095 - 0.075 0.125 - - 
Ca 0.043 ~ - - 0.041 ~ - - 
Ni 0.005 - - 0.008 0.027 - - - 
Total (cations) 28.315 29.784 30.206 31.299 27.676 29.345 31.801 29.690 
ZR* 12.407 13.339 13.874 15.624 12.699 12.708 15.871 13.054 
ZR** 15.908 16.078 16.333 15.667 14.453 16.617 15.826 16.519 
Abbreviation: nd = not detected 
Fe?* and Fe** were recalculated from total FeO after the method of Droop (1987). 
DR** = Fe**++Mn+Mg+Zn+Ca+Ni. YR* = Ti+Al+Cr+Fe**. 

Pyrochlore was recognized as an inclusion in DISCUSSION 


three sapphire samples from Dak Nong and a couple 
of samples from Krong Nang. They formed similarly 
red cubic crystals, which were commonly sur- 
rounded by radial cracks (figure 13). Based on SEM- 
EDS analysis, Smith et al. (1995) previously reported 
uranpyrochlore, (Ca,U),(Ti, Nb, Ta),O,, in sapphires 
from Di Linh and Binh Thuan. EPMA analyses of py- 
rochlore in this study yielded a high U content (about 
19-22% in =R**), a high Nb content leading to a 
Nb/Ta ratio = 8, and a (Nb+Ta)/Ti ratio of about 2 
(table 9), all within the compositional range of uran- 
pyrochlore (Hogarth, 1977). These compositions 
were similar to those found in Australian sapphires 
from Anakie (Guo et al., 1996) and New England 
(Sutherland et al., 1998a). 
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It has been suggested that sapphire and ruby de- 
posited within basaltic terranes could not have crys- 
tallized directly from basaltic magma (Coenraads, 
1992, Levinson and Cook, 1994; Guo et al., 1996; 
Sutherland et al., 1998a, 2002, 2015; Khamloet et al., 
2014; Promwongnan and Sutthirat, 2019). A corroded 
surface is a typical feature observed in basalt-associ- 
ated sapphires, clearly indicating transport by the hot 
magma. This has also been reported for sapphires 
from Di Linh and Binh Thuan (Smith et al., 1995). A 
petrochemical study of sapphire-associated basalts 
from Dak Nong has also suggested that these 
xenocrystic sapphires may have formed in the 
boundary between the lower crust and upper mantle 
prior to corrosive transport in alkali basaltic magma 
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TABLE 9. Representative EPMA analyses of pyrochlore 
inclusions found in sapphires from southern Vietnam and 


Australia. 
Southern Vietnam Australia 

Mineral 

fea Dak Nong Krong Nang ; ee 

(wt.%) Anakie* England? 

DN35 DN77 | KN18 KN36 

SiO, 0.23 0.37 0.55 0.33 na 0.00 
TiO, 11.67 11.20 10.59 11.63 | 11.48 10.14 
FeO 1.68 1.38 1.54 1.57 | 1.51 0.30 
MnO 0.37 0.19 0.08 0.03 na na 
CaO 6.86 6.63 6.26 6.89 | 5.58 5.49 
Na,O 4.33 5.11 4.44 5.24 | 4.27 5.92 
K,O 0.04 0.05 0.06 0.09 na na 
Nb,O, Boro 32.24 33.88 33.03 | 32.99 38.48 
Ta,O, 6.05 G0 3.97 6.34 | 6.58 4.44 
ThO, 7.88 Z| 7400) 7.61 8.56 1.99 
UO, 22.28 23.06 23.83 22.32 | 21.80 30.88 
ZrO, 0.08 0.15 0.01 0.02 | 0.20 na 
Y,O, nd 0.08 0.12 0.08 | 0.66 na 
Ce,O, 0.12 0.35 0.34 0.28 | 0.48 na 
Nd,O, 0.14 0.17 nd 0.06 | 0.54 na 
Total (oxides) | 95.36 94.40 94.67 95.51 | 94.90 97.64 
Formula 6(O) 
Si 0.016 CO2XS O03 WOxrs - 0.000 
Ti 0.605 0.591 0.557 0.601 | 0.607 0.518 
Fe 0.097 0.081 0.090 0.090 | 0.089 0.017 
Mn 0.022 0.011 0.005 0.002 - - 
Ca 0.506 0.498 0.469 0.508 | 0.420 0.400 
Na 0.578 0.643 0.601 0.698 | 0.582 0.780 
K 0.003 0.004 0.005 0.008 - = 
Nb 1.046 1.022 1.070 1.026] 1.048 1.182 
Ta 0.113 0.124 0.113 0.118 | 0.126 0.082 
Th 0.123 Oy Oi 0.119 | 0.137 0.031 
U 0.341 0.360 0.370 0.341 | 0.341 0.467 
Zr 0.003 0.005 0.000 0.001 | 0.007 0.000 
Y - 0.003 0.005 0.003 | 0.025 - 
Ce 0.003 0.009 0.009 0.007 | 0.012 - 
Nd 0.000 0.000 —- 0.000 | 0.014 - 
Total (cations)}3.460 3.498 3.444 3.546 |3.411 3.477 
=R** 1.674 WAI 115i] 1.767 | 1.628 1.694 
Nb/Ta 9 8 9 g) 8 14 
(Nb+Ta)/Ti 2 2 2 2 2 2 
U/2R?* 20 21 2D 19 21 28 


Abbreviation: na = not analyzed; nd = not detected 


YR** = Fe+Mn+Ca+Na+K+Th+U+Zr+Y+Ce+Nd 


2Guo et al. (1996) 


Sutherland et al. (1998a) 
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(Garnier et al., 2005). Moreover, a hypothesis has re- 
cently been proposed that the original crystallization 
of alluvial Dak Nong sapphires would have taken 
place in the shallow crust within an iron-rich syenite 
melt in collaboration with carbonate-H,O-CO, fluid 
phases, based on the geochemistry of syngenetic 
mineral inclusions (i.e., zircon, columbite, oligoclase, 
and Al-Ti-hematite) (Izokh et al., 2010). 

Based on the results of this detailed study, the 
most common syngenetic mineral inclusions (ferro- 
columbite, alkali feldspar, and zircon) were similar in 
composition to those in Dak Nong sapphires (Izokh 
et al., 2010) as well as alkaline felsic inclusion groups 
in other alluvial basalt-related sapphires (Guo et al., 
1996). Although hercynite spinel and ilmenite (ti- 
tanohematite) inclusions observed in this study were 
quite different from Al-Ti-hematite in Dak Nong sap- 
phires (containing 85.6 wt.% Fe,O,, 11.9 wt.% ALO,, 
and 1.57 wt.% TiO, as reported by Izokh et al., 2010), 
they still favored igneous sources instead of metamor- 
phic sources. Although columbite and pyrochlore in 
the studied sapphires were chemically close to the in- 
clusions Guo et al. (1996) proposed as representing a 
carbonatite assemblage, they were also similar to 
those found in alluvial basalt-associated sapphires 
from silicate melt origin (Sutherland et al., 1998a). 
Therefore, both columbite and pyrochlore may relate 
to silicate melts to indicate the original source of 
these sapphires. 

Consequently, a unique mineral inclusion suite in- 
cluding alkali feldspar, zircon, hercynitic spinel, and 
ilmenite appears to have crystallized from alkaline fel- 
sic magma, which is relevant to the original source of 
sapphires from southern Vietnam. This magmatism 
should have taken place extensively prior to fraction- 
ated crystallization in the lower crust. This model 
agrees well with the genetic model proposed by Aspen 
et al. (1990), Sutherland et al. (1998a, 2009), Pin et al. 
(2006), Zaw et al. (2006), Upton et al. (2009), Khamloet 
et al. (2014), and Promwongnan and Sutthirat (2019). 

Based on the geological setting in southern Viet- 
nam, granite and granosyenite occurred in the Trias- 
sic and Cretaceous during orogenic periods due to 
Indosinian-Yangtze (South China) collision and 
Paleo-Pacific plate subduction, respectively (Carter 
et al., 2001; Nguyen et al., 2004; Tri and Khuc, 2011; 
Shellnutt et al., 2013). Subsequently, alkali basaltic 
magmas in southern Vietnam had probably been de- 
rived from garnet peridotite of the asthenosphere at 
high pressure (<4 GPa) and high temperature (about 
1470°C) (Hoang and Flower, 1998), and mixed with 
recycling oceanic crustal materials from Paleo-Pa- 
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and large nucleii with thin skins that repre- 
sent actual sawn examples taken from 
commerce. 

Next we see a series of corals, which in- 
clude a number of Chinese figurines and 
two fine necklaces. One of these, the gift 
of Mrs. Edward Harkness, is a remarkable 
string of matched oxblood beads, a really 
outstanding piece of jewelry. With the coral 
display the visitor may see necklaces of 
amber beads and amber carvings, along with 
a number of polished pieces showing trap- 
ped insects. Behind this collection may be 
seen some rough pieces of amber, including 
the largest known boulder of amber. 

Next to the end, after the Indian display, 
we come to a case of stones that finds a 
place in the Hall because of the enormous 
importance of the contents to the jewelry 
trade, the synthetic minerals that are used 
in jewelry. First we see the traditional syn- 
thetics that have been made for fifty years, 
the synthetic rubies, sapphires and spinels. 
With them, there is a display of the newer 
stones. The National Lead Company has 
presented a collection of its titanias, high- 
lighted by an 80 ct. brilliant. More interest- 
ing than ordinary titanias, because they are 
less well known and Jess widely distributed, 
are the colored titanias, including yellow, 
amber, green, blue and red. The cabochon- 
cut titanias have unexpected charm resulting 
from their high refractive index. The boules 
(over 300 cts.) are about as large as ‘itania 
boules can be grown. Next we see a small 
display of the Bell Laboratories’ synthetic 
quartz; not of gem interest but of great 
mineralogical interest and in crystals that 
are as fine as those of Nature. In the center 
of the case will be seen a number of syn- 
thetic emeralds, grown by a process not very 
different from that of the Bell Laboratortes’ 
quartz, by Carroll F. Chatham, of San Fran- 
cisco. Two of the crystals are quite large, 
but they are accented by a cluster of small 
gem crystals and a 2.9 ct. cut stone of a 
quality that makes it a close rival of the 
natural emerald. 

Lastly, and the prize of this case, is the 


109 ct, Linde Synthetic star ruby, displayed 
under a spotlight in a setting that brings out 
perfectly the sharpness of the star; sur- 
rounded by a series of blue synthetic star 
sapphires. In the case below this large stone 
there are displayed two of the star boules. 
This is the material from which the star 
stones are cut, in just the condition in which 
it comes from the furnace. Those who see 
this case will appreciate a little better that 
the star boules are not so easily grown as 
the clear boules, and that the 109 ct. stone, 
the largest grown to date, was a real feat. 

The final case in the gemstone series is 
devoted, appropriately, though 
tently, to the other mineral products so 
important to the jewelry trade, the precious 
metals. It contains a notable display of 
native gold specimens, including a large 
nugget from California, a second and only 
slightly lighter nugget from Alaska, some 
magnificent crystallized goids from Colo- 
rado and California and a few examples of 
natural wire silver. 

With these glittering bits of metal, we 
reach the end of our tour of the American 
Museum of Natural History’s Morgan Me- 


inconsis- 


morial Hall. In it we have seen the world’s 
finest publicly displayed educational series 
of gemstones. It includes some of the largest 
and finest examples of the different gems 
that have ever been seen, and it is the most 
complete display of its kind in the world. 
The people of New York and America 
should be proud of this display; it was a 
great privilege to be able to make some con- 
tributions of selection to it. However, it 
must not be allowed to languish; let us 
hope that the jewelers of the country, as 
well as private individuals who are in a 
position to do so, will help to keep it in its 
preeminent position. Many jewelers have 
helped, with contributions of stones, with 
assistance in case arranging and lighting 
(Marcus and Co., American Gem and 
Pearl Co.) and by thinking first of the 
Museum when they have encountered some- 
thing unusual. Often they have passed on 
(Continued on page 351) 
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cific plates that subducted beneath the Southeast 
Asian continental margin (Anh et al., 2018) during 
the early Tertiary Indian-Eurasian collision. Rising 
penetration at close to the Moho, an unconformity 
zone boundary between lower continental crust and 
upper mantle, located at about 32-75 km depth (Teng 
et al., 2013), the heat and volatility separated from 
these alkaline mafic melts caused the extensive 
melting of silicate rocks (granite and granosyenite} at 
lower-crust level with the formation of alkaline felsic 
melt (figure 14). Sapphires should have crystallized 
directly during the slow cooling of this alkaline felsic 
melt. Afterwards, the alkali basaltic magma from the 
asthenosphere of mantle rose and then brought these 
sapphires onto the surface via volcanic eruption. 
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Figure 14. This illustra- 
tion shows an alkaline 
felsic melt as the envi- 
ronment for sapphire 
origin, based on the al- 
kali basalt and crustal 
evolution models for 
southern Vietnam 
(Hoang and Flower, 
1998; Tri and Khuc, 
2011; Anh et al., 2018). 


CONCLUSIONS 


Mineral inclusions including ferrocolumbite, zircon, 
alkali feldspar, hercynite spinel, ilmenite (titanohe- 
matite}, and pyrochlore were identified in sapphires 
from the main deposits in southern Vietnam. On the 
basis of chemical composition, they can be mostly 
grouped into alkaline felsic suites. An alkaline felsic 
melt is proposed as the crystallization environment 
for the original formation of these sapphires. Detailed 
studies on U/Pb dating and trace analysis of zircon 
inclusions should be carried out to support time scale 
and original formation of the sapphire hosts. More- 
over, unidentified iron-bearing inclusions may give 
more significant information related to the crystal- 
lization environment. 


Testing Laboratory of the Gem and Jewelry Institute of Thailand 
(GIT). 


ACKNOWLEDGMENTS 

The authors would like to thank all staff members of the Geol- 
ogy Department, Faculty of Science, Chulalongkorn University, 
for their support in sample preparation and analyses. This re- 
search is a part of PhD thesis of the first author who has been 
supported by the Scholarship Program for ASIAN Countries of 
Chulalongkorn University. 


Gems & GEMOLOGY Winter 2020 513 


REFERENCES 


Anh H.T.H., Choi S.H., Yu Y., Hieu P.T., Hoang N.K., Ryu J. (2018) 
Geochemical constraints on the spatial distribution of recy- 
cled oceanic crust in the mantle source of late Cenozoic 
basalts, Vietnam. Lithos, Vol. 296, pp. 382-395, 
http://dx.doi.org/10.1016/j.lithos.2017.11.020 

Aspen P., Upton B.G.J., Dicken A.P. (1990) Anorthoclase, sani- 
dine and associated megacrysts in Scottish alkali basalts: High 
pressure syenitic debris from upper mantle sources? European 
Journal of Mineralogy, Vol. 2, pp. 503-517, 
http://dx.doi.org/10.1127/ejm/2/4/0503 

Barr S., MacDonald A. (1981) Geochemistry and geochronology 
of late Cenozoic basalts of Southeast Asia: Summary. Geolog- 
ical Society of America Bulletin, Vol. 92, No. 8, pp. 1069-1142, 
http://dx.doi.org/10.1130/0016-7606(1981)92%3C508: 
GAGOLC%3E2.0.CO;2 

Belousova E., Griffin W., O’Reilly S., Fisher N. (2002) Igneous zir- 
con: Trace element composition as an indicator of source rock 
type. Contributions to Mineralogy and Petrology, Vol. 143, No. 
5, pp. 602-622, http://dx.doi.org/10.1007/s00410-002-0364-7 

Carter A., Roques D., Bristow C., Kinny P. (2001) Understanding 
Mesozoic accretion in Southeast Asia: Significance of Triassic 
thermotectonism (Indosinian orogeny) in Vietnam. Geology, 
Vol. 29, No. 3, pp. 211-214, http://dx.doi.org/10.1130/0091- 
7613(2001)029 

Cassidy K., Groves D.L, Binns R.A. (1988) Manganoan ilmenite 
formed during regional metamorphism of Archean mafic and 
ultramafic rocks from Western Australia. Canadian Mineralo- 
gist, Vol. 26, pp. 999-1012. 

Cerny P., Ercit T.S. (1985) Some recent advances in the mineralogy 
and geochemistry of Nb and Ta in rare-element granitic peg- 
matites. Bulletin de Minéralogie, Vol. 108, pp. 499-532, 
http://dx.doi.org/10.3406/bulmi.1985.7846 

Coenraads R. (1992) Sapphires and rubies associated with volcanic 
provinces: Inclusions and surface features shed light on their 
origin. Australian Gemmologist, Vol. 18, No. 3, pp. 70-78. 

Deer W.A., Howie R.A., Zussman J. (2013) An Introduction to the 
Rock-Forming Minerals. Longman, Essex, UK, 696 pp. 

Droop G.T.R. (1987) A general equation for estimating Fe** con- 
centrations in ferromagnesian silicates and oxides from micro- 
probe analyses, using stoichiometric criteria. Mineralogical 
Magazine, Vol. 51, No. 361, pp. 431-435, 
http://dx.doi.org/10.1180/MINMAG.1987.051.361.10 

Faria D.L.A., Silva S.V., Oliveira M.T.M. (1997) Raman microspec- 
troscopy of some iron oxides and oxyhydroxides. Journal of 
Raman Spectroscopy, Vol. 28, No. 11, pp. 873-878, 
http://dx.doi.org/10.1002/(SICI)1097- 
4555(199711)28:11%3C873:AID-JRS177%3E3.0.CO;2-B 

Fuhrman M., Frost B.R., Lindsley D.H. (1988) Crystallization con- 
ditions of the Sybille Monzosyenite, Laramie Anorthosite 
Complex, Wyoming. Journal of Petrology, Vol. 29, No. 3, pp. 
699-729, http://dx.doi.org/10.1093/petrology/29.3.699 

Garnier V., Ohnenstetter D., Giuliani G., Fallick A.E., Trinh P., 
Quang V., Van L., Schwarz D. (2005) Basalt petrology, zircon 
ages and sapphire genesis from Dak Nong, southern Vietnam. 
Mineralogical Magazine, Vol. 69, No. 1, pp. 21-38, 
http://dx.doi.org/10.1180/0026461056910233 

Guo J., O'Reilly S.Y., Griffin W.L. (1996) Corundum from basaltic 
terrains: A mineral inclusion approach to the enigma. Contri- 
butions to Mineralogy and Petrology, Vol. 122, No. 4, pp. 368- 
386, http://dx.doi.org/10.1007/s004100050134 

Hoa T.T., Phuong N.T., Anh T.T., Van V.V., Y N.V., Hoang N., 
Thanh H.H., Anh P.LL., Nien B.A., Hung T.Q., Dung P.T., Lam 
T.H., Hang H.V., Anh T.V., Chuong V.D., Hung P.V., Quan V.M. 
and eds. (2005) Study of forming conditions and distribution 
laws of precious and rare minerals related to magmatic activity 
in Central Vietnam and Tay Nguyen Highlands. State-level 


514 — INCLUSIONS IN SAPPHIRE FROM SOUTHERN VIETNAM 


Project, code DTDL-2003/07, Vol. I, pp. 347 (in Vietnamese). 

Hoang N., Flower M. (1998) Petrogenesis of Cenozoic basalts from 
Vietnam: Implication for origins of a ‘diffuse igneous province’. 
Journal of Petrology, Vol. 39, No. 3, pp. 369-395, 
http://dx.doi.org/10.1093/petroj/39.3.369 

Hoang T.H.A., Choi S.H., Yu Y., Pham T.H., Nguyen K.H., Ryu Y. 
(2018) Geochemical constraints on the spatial distribution of 
recycled oceanic crust in the mantle source of late Cenozoic 
basalts, Vietnam. Lithos, Vol. 296-299, pp. 382-395, 
http://dx.doi.org/10.1016/j.lithos.2017.11.020 

Hogarth D.D. (1977) Classification and nomenclature of the py- 
rochlore group. American Mineralogist, Vol. 62, No. 5-6, pp. 
403-410. 

Huong L.T.T., Vuong B.T.S., Khoi N.N., Satitkune S., Wan- 
thanachaisaeng B., Hofmeister W., Hager T., Hauzenberger C. 
(2016) Geology, gemmological properties and preliminary heat 
treatment of gem-quality zircon from the Central Highlands of 
Vietnam. Journal of Gemmology, Vol. 35, No. 4, pp. 308-318, 
http://dx.doi.org/10.15506/JOG.2016.35.4.308 

Hutchison C.S. (1989) Geological Evolution of South-east Asia. 
Clarendon Press, Oxford, UK. 

Izokh A.E., Smirnov S.Z., Egorova V.V., Anh T.T., Kovyazin S.V., 
Phuong N.T., Kalinina V.V. (2010) The conditions of formation 
of sapphire and zircon in the areas of alkali-basaltoid volcanism 
in Central Vietnam. Russian Geology and Geophysics, Vol. 51, 
No. 7, pp. 719-733, http://dx.doi.org/10.1016/j.rgg.2010.06.001 

Khamloet P., Pisutha-Arnond V., Sutthirat, C. (2014) Mineral in- 
clusions in sapphire from the basalt-related deposit in Bo Phloi, 
Kanchanaburi, western Thailand: Indication of their genesis. 
Russian Geology and Geophysics, Vol. 55, No. 9, pp. 1087- 
1102, http://dx.doi.org/10.1016/j.rgg.2014.08.004 

Lee T., Lo C.H., Chung S.L., Chen C.Y., Wang P.L., Lin W.P., Hoang 
N., Chi C., Yem N. (1998) *°Ar/*?Ar Dating Result of Neogene 
Basalts in Vietnam and its Tectonic Implication. Mantle Geody- 
namics and Plate Interactions in East Asia, AGU Monograph, 
Vol. 27, pp. 317-330, http://dx.doi.org/10.1029/GD027p0317 

Lepvrier C., Vuong N.V., Maluski H., Thi P.T., Vu T-V. (2008) Indosin- 
ian tectonics in Vietnam. Comptes Rendus Geoscience, Vol. 340, 
No. 2, pp. 94-111, http://dx.doi.org/10.1016/j.crte.2007.10.005 

Levinson A.A., Cook F.A. (1994) Gem corundum in alkali basalt: 
Origin and occurrence. G&G, Vol. 30, No. 4, pp. 253-262, 
http://dx.doi.org/10.5741/GEMS.30.4.253 

Lindsley D.H. (1991) Experimental studies of oxide minerals. In 
D.H. Lindsley, Ed., Oxide Minerals: Petrologic and Magnetic 
Significance. Reviews in Mineralogy, Vol. 25, Mineralogical So- 
ciety of America, pp. 69-106. 

Long P.V., Vinh H., Garnier V., Giuliani G., Ohnenstetter D., Laomme 
T., Schwarz D., Fallick A.E., Dubessy J., Trinh P.T. (2004) Gem 
corundum deposits in Vietnam. Journal of Gemmology, Vol. 29, 
No. 3, pp. 129-147, http://dx.doi.org/10.15506/JOG.2004.29.3.129 

Mackay D., Simandl G. (2015) Pyrochlore and columbite-tantalite 
as indicator minerals for specialty metal deposits. Geochem- 
istry: Exploration, Environment, Analysis, Vol. 15, No. 2-3, pp. 
167-178, http://dx.doi.org/10.1144/geochem2014-289 

Metcalfe I. (1988) Origin and assembly of South-east Asian con- 
tinental terranes. Geological Society, London, Special Publi- 
cations, Vol. 37, No. 1, pp. 101-118, 
http://dx.doi.org/10.1144/GSL.SP.1988.037.01.08 

(1996) Pre-Cretaceous evolution of SE Asian terranes. Ge- 

ological Society, London, Special Publications, Vol. 106, No. 

1, pp. 97-122, http://dx.doi.org/10.1144/GSL.SP.1996.106.01.09 

(2009) Late Palaeozoic and Mesozoic tectonic and palaeo- 

geographical evolution of SE Asia. In E. Buffetaut, G. Cuny, J. 

Le Loeuff, and V. Suteethorn, Eds., Late Palaeozoic and Meso- 

zoic Ecosystems in SE Asia. The Geological Society of London, 

Special Publication, Vol. 315, No. 1, pp. 7-23. 


Gems & GEMOLOGY WINTER 2020 


(2011) Palaeozoic-Mesozoic history of SE Asia. Geological 
Society of London Special Publications, Vol. 355, No. 1, pp. 7- 
35, http://dx.doi.org/10.1144/SP355.2 

Nguyen T., Satir M., Siebel W., Chen F. (2004) Granitoids in the 
Dalat zone, southern Vietnam: Age constraints on magmatism 
and regional geological implications. International Journal of 
Earth Sciences, Vol. 93, No. 3, pp. 329-340, 
http://dx.doi.org/10.1007/s00531-004-0387-6 

Palke A.C., Saeseaw S., Renfro N.D., Sun Z., McClure S. (2019) 
Geographic origin determination of blue sapphire. G&G, Vol. 
55, No. 4, pp. 536-579, http://dx.doi.org/10.5741/gems.55.4.536 

Pin C., Monchoux P., Paquette J.L., Azambre B., Wang P.C., Martin 
R.E. (2006) Igneous albititic dikes in orogenic lherzolites, West- 
ern Pyrenees, France: A possible source for corundum and alkali 
feldspar xenocrysts in basalt terranes. II. Geochemical and pet- 
rogenetic considerations. Canadian Mineralogist, Vol. 44, No. 
4, pp. 817-842, http://dx.doi.org/10.2113/gscanmin.44.4.817 

Promwongnan S., Sutthirat C. (2019) Mineral inclusions in ruby 
and sapphire from the Bo Welu gem deposit in Chanthaburi, 
Thailand. Gw&G, Vol. 55, No. 3, pp. 354-369, 
http://dx.doi.org/10.5741/GEMS.55.3.354 

Rangin C., Huchon P., Le Pichon X., Bellon H., Lepvrier C., Roques 
D., Hoe N.D., Quynh P.V. (1995) Cenozoic deformation of cen- 
tral and south Vietnam. Tectonophysics, Vol. 251, No. 1-4, pp. 
180-196, http://dx.doi.org/10.1016/0040-1951(95)00006-2 

Rubatto D., Gebauer D. (2000) Use of cathodoluminescence for U- 
Pb zircon dating by ion microprobe: Some examples from the 
Western Alps. In M. Pagel et al., Eds., Cathodoluminescence 
in Geosciences, Springer, Berlin, pp. 373-400. 

Saminpanya S., Sutherland F. (2011) Different origins of Thai area 
sapphire and ruby, derived from mineral inclusions and co-exist- 
ing minerals. European Journal of Mineralogy, Vol. 23, No. 4, pp. 
683-694, http://dx.doi.org/10.1127/0935-1221/2011/0023-2123 

Sengér A.M.C., Altiuner D., Cin A., Usta6mer T., Hsii KJ. (1988) 
Origin and assembly of the Tethyan orogenic collage at the ex- 
pense of Gondwana land. In M.G. Audley-Chalerles and A. Hal- 
lam, Eds., Gondwana and Tethys. The Geological Society of 
London, Special Publication, Vol. 37, No. 1, pp. 119-181, 
http://dx.doi.org/10.1144/GSL.SP.1988.037.01.09 

Shellnutt J., Lan C.-Y., Long T., Usuki T., Yang H.-J., Mertzman 
S., lizuka Y., Chung S.-L., Wang K.-L., Hsu W.-Y. (2013) Forma- 
tion of Cretaceous Cordilleran and post-orogenic granites and 
their microgranular enclaves from the Dalat zone, southern 
Vietnam: Tectonic implications for the evolution of Southeast 
Asia. Lithos, Vol. s 182-183, pp. 229-241, 
http://dx.doi.org/10.1016/j.lithos.2013.09.016 

Smith C.P., Kammerling R.C., Keller A.S., Peretti A., Scarratt 
K.V., Khoa N.D., Repetto S. (1995) Sapphires from southern 
Vietnam. G&G, Vol. 31, No. 3, pp. 168-186, 
http://dx.doi.org/10.5741/GEMS.31.3.168 

Sutherland F., Hoskin P., Fanning C., Coenraads R. (1998a) Models 
of corundum origin from alkali basaltic terrains: A reappraisal. 


INCLUSIONS IN SAPPHIRE FROM SOUTHERN VIETNAM 


Contributions to Mineralogy and Petrology, Vol. 133, No. 4, 
pp. 356-372, http://dx.doi.org/10.1007/s004100050458 

Sutherland F., Schwarz D., Jobbins E.A., Coenraads R., Webb G. 
(1998b) Distinctive gem corundum suites from discrete basalt 
fields: A comparative study of Barrington, Australia and West 
Pailin, Cambodia, Gemfields. Journal of Gemmology, Vol. 26, 
No. 2, pp. 65-85. 

Sutherland FE, Bosshart G., Fanning C., Hoskin P.W.O., Coenraads R. 
(2002) Sapphire crystallization, age and origin, Ban Huai Sai, Laos: 
Age based on zircon inclusions. Journal of Asian Earth Sciences, 
Vol. 20, No. 7, pp. 841-849, http://dx.doi.org/10.1016/S1367- 
9120(01)00067-0 

Sutherland EL., Zaw K., Meffre S., Giuliani G., Fallick A.E., Gra- 
ham L., Webb G.B. (2009) Gem-corundum megacrysts from east 
Australian basalt fields: Trace elements, oxygen isotopes and 
origins. Australian Journal of Earth Sciences, Vol. 56, No. 7, pp. 
1003-1022, http://dx.doi.org/10.1080/08120090903112109 

Sutherland EL., Piilonen P.C., Zaw K., Meffre S., Thompson J. (2015) 
Sapphire within zircon-rich gem deposits, Bo Loei, Ratanakiri 
Province, Cambodia: Trace elements, inclusions, U-Pb dating 
and genesis. Australian Journal of Earth Sciences, Vol. 62, No. 6, 
pp. 761-773. 

Teng J., Zhang Z., Zhang Y., PiJ., Deng Y., Zhang X., Wang C.-Y., 
Gao R., Liu C. (2013) Moho depth, seismicity and seismogenic 
structure in China mainland. Tectonophysics, Vol. 627, pp. 
108-121, http://dx.doi.org/10.1016/j.tecto.2013.11.008 

Tri T.V., Khuc V. (2011) Geology and Earth Resources of Vietnam. 
General Department of Geology and Minerals of Vietnam, Ha 
Noi, Publishing House for Science and Technology, 634 pp. 

Upton BJ.G., Finch A.A., Slaby E. (2009) Megacrysts and salic 
xenoliths in Scottish alkali basalts: Derivatives of deep crustal 
intrusions and small melt fractions from the upper mantle. 
Mineralogical Magazine, Vol. 73, No. 6, pp. 943-956, 
http://dx.doi.org/10.1180/minmag.2009.073.6.943 

Vu D.T.A. (2010) Petrographical characteristics and genesis of 
corundum in Vietnam. University of Science, VNU-Ho Chi 
Minh City, 120 pp. 

(2018) Gemological characteristics and the quality of sap- 
phire from Krong H’Nang - Dak Lak. Science and Technology 
Development Journal - Natural Sciences, Vol. 1, No. T5, pp. 
263-269, http://dx.doi.org/10.32508/stdjns.vliT5.559 

Williams I.S., Claesson S. (1987) Isotopic evidence for the Precam- 
brian provenance and Caledonian metamorphism of high grade 
paragneisses from the Seve Nappes, Scandinavian Caledonides. 
Contributions to Mineralogy and Petrology, Vol. 97, No. 2, pp. 
205-217, http://dx.doi.org/10.1007/bf00371240 

Zaw K., Sutherland E.L., Dellapasqua F., Ryan C.G., Yui T., Mer- 
nagh T.P., Duncan D. (2006) Contrasts in gem corundum char- 
acteristics, eastern Australian basaltic fields: Trace elements, 
fluid/melt inclusions and oxygen isotopes. Mineralogical Mag- 
azine Vol. 70, No. 6, pp. 669-687, 
http://dx.doi.org/10.1180/0026461067060356 


Gems & GEMOLOGY Winter 2020 515 


Editors 


Thomas M. Moses | Shane F. McClure 


DIAMOND 

Blue “Graining” in 

Green- Yellow Diamond 

It is not uncommon for fancy-color di- 
amonds to possess uneven color dis- 
tribution. This is generally seen as 
diffuse concentrations of color that 
may arise from changes in growth en- 
vironment, natural or artificial irradi- 
ation, or as linear graining. Color 
zoning from radiation is often diffuse 
and blue or green in color, whereas 
graining exists as sharp distinct lines 
and is typically brown, pink, or yel- 
low in color. Blue color zones resem- 
bling graining, however, were recently 
observed in a 1.50 ct Fancy Intense 
green-yellow diamond (figure 1) at the 
Carlsbad laboratory. 

The diamond was type IaAB and 
showed clear spectroscopic evidence 
of both high-pressure, high-tempera- 
ture (HPHT) treatment and artificial 
irradiation. Under magnification, the 
stone showed reflective cubic grain- 
ing and strong green luminescence 
with fiber-optic lighting. When im- 
mersed, it revealed a blue colored 
crown (created during the artificial ra- 
diation color treatment) and a yellow 
pavilion. This type of color zoning is 
unusual, as artificial radiation is typi- 
cally done on the pavilion of faceted 
diamonds, not the crown. When 
viewed under magnification with dif- 
fused light, the stone displayed yellow 
and brown graining as well as peculiar 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. The 1.50 ct Fancy In- 
tense green-yellow round bril- 
liant diamond as seen from the 
crown. 


blue grain lines (figure 2). Graining is 
associated with regions of planar lat- 


tice deformities, or plastic deforma- 
tion that formed when the diamond 
was deep in the earth’s mantle. Col- 
ored graining occurs when regions of 
plastic deformation coexist with clus- 
ters of lattice vacancies or complex 
nitrogen defects. 

Blue graining has rarely been seen 
as a cause of blue coloration in treated 
or untreated diamonds. Blue color is 
almost always a result of trapped 
boron atoms within the diamond lat- 
tice (type IIb; usually with a uniform 
color distribution) or exposure to nat- 
ural or artificial radiation (usually 
with a patchy color). Given that no 
boron impurities were seen in the in- 
frared spectra, radiation damage was 
most likely the cause of this blue 
“graining.”” 


Figure 2. Blue “graining” was seen in this 1.50 ct HPHT-treated and irra- 
diated Fancy Intense green-yellow diamond. Note the dark yellow grain- 
ing also visible in this image. Field of view 4.90 mm. 
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Figure 3. DiamondView imaging 
showed strong blue fluorescence 
and inert zones corresponding to 
nitrogen-rich and nitrogen-poor 
areas, respectively. The inert zone 
shown by the red arrow corre- 
lated with the blue “graining” 
seen in figure 2. 


When diamonds are analyzed with 
DiamondView, nitrogen-rich areas 
often show strong blue fluorescence 
due to N3 defects while lower-nitrogen 
areas (type Ila) are sometimes inert. 
The diamond showed strong blue flu- 
orescence in an octahedral growth pat- 
tern with streaky inert patches (figure 
3). These inert streaks appeared to cor- 
respond with the location of the blue 
zone, as seen under magnification in 
diffused light. When viewed through 
the pavilion, the zoning on the crown 
has a grain-like appearance (figure 2). 

We propose that the blue zone 
with a grain-like appearance formed 
during artificial irradiation treatment 
within a region of diamond contain- 
ing very low nitrogen impurities. Ini- 
tially, this stone likely had a brown 
color. HPHT treatment then influ- 
enced the bodycolor by destroying the 
initial brown color before creating 
most of the yellow component as well 
as green luminescence. When artifi- 
cial irradiation treatment followed, 
we believe that vacancies were cre- 
ated in higher concentrations within 
the low-nitrogen regions to create the 
blue color zone. This is similar to the 
way type Ila diamonds are HPHT 
treated and irradiated to a blue color. 
This stone is a fine illustration of how 
inherent heterogeneities of impurity 
distribution within diamond can be 
differentially affected by treatments. 


Britni LeCroy and 
Virginia A. Schwartz 
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Figure 5. UV-visible spectrum collected from the 0.53 ct diamond showing 
the ~550 nm absorption band and blue transmission window at ~460 nm. 
Also observed is the GR1 peak at 741 nm. 


Irradiated Blue Diamond 

Blue is a very desirable color for dia- 
mond. A rare type of blue to violet hy- 
drogen-rich diamond came from the 
recently closed Argyle mine in Aus- 
tralia (“Gray-to-blue-to-violet hydro- 
gen-rich diamonds from the Argyle 
mine, Australia,” C.H. van der Bogert 
et al., Spring 2009 GWG, pp. 20-37). 
Prior to the discovery of the Argyle 
mine, GWG reported on a rare 4.28 ct 


Figure 4. The 0.53 ct Fancy Light 
blue pear-shaped diamond. The 
face-up color in this image does 
not appear blue or match the col- 
orimeter image in figure 7 (right). 


\ aN 
* x, * 
i (Senge, 
Cs “ ‘ 
e 
\s } 
77 \! 
1.” 
4 eo? 


GEMS & GEMOLOGY 


bluish gray diamond with the 550 nm 
band feature (R. Crowningshield, “De- 
velopments and Highlights at GIA’s 
Lab in New York,” Fall 1969 GwG, 
pp. 89-90). 

Recently submitted to the New 
York laboratory for identification was 
a 0.53 ct pear-shaped diamond graded 
as Fancy Light blue on GIA’s color 
grading system (figure 4). 

Gemological features typical of 
natural pink type Ia diamonds were 
observed under the microscope, in- 
cluding very strong graining or glide 
planes with a pink color. IR spec- 
troscopy confirmed that this is a type 
Ia diamond. The unusual graining 
(haziness) seen in figure 4 contradicts 
the blue color of this diamond. 

A UV-visible absorption spectrum 
collected from this diamond showed a 
broad band at about 550 nm, typical 
for this type of diamond and the pink 
color attributed to it (resulting from 
plastic deformation of the crystal lat- 
tice during growth or post-growth). A 
GRI (general radiation damage) peak 
at about 741 nm was also observed. 
This radiation damage is responsible 
for the green and blue colors observed 
in some diamonds, both naturally col- 
ored and treated (figure 5). 

This is a very unusual combina- 
tion of spectral features in the same di- 
amond. While the strong 550 nm band 
absorption creating a strong blue 
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Figure 6. GR1 radiation damage 
(red) is concentrated on one side 
of the diamond table facets. 


transmission window at ~460 nm was 
responsible for the pink color, the rel- 
atively strong GR1 absorption and its 
side band caused the near-violet color. 
When mapped with a Raman photolu- 
minescence microscope, this GR1 ra- 
diation damage could be seen 
concentrated on one side of the dia- 
mond (figure 6). This concentration of 
radiation damage, in conjunction with 
the absorption spectroscopy and 
gemological features, enabled the con- 
fident determination that this dia- 
mond had been artificially irradiated 
to create the desirable blue color. This 
is a great example of color engineering. 
Subsequent to this determination, a 
GIA records query search revealed 
that this diamond had a previous re- 
port with a Fancy Light pinkish purple 
color grade (figure 7). 


Paul Johnson and 
Surjit Dillon Wong 


Large Type Ila Diamond from 
Arkansas, USA 


The GIA lab in Carlsbad recently had 
the opportunity to examine a truly 
“all-American” diamond. The 1.16 ct 
near-colorless cushion-cut stone was 
submitted for a grading report along 
with a certificate from Crater of Dia- 
monds State Park in Arkansas, USA, 
indicating it was cut from a 2.73 ct 
rough diamond mined in July 2020 by 
William Dempsey. The diamond was 
reported to have been cut and pol- 
ished domestically in North Dakota 
(figure 8). It was ultimately graded as 
H color (near colorless) with SI, clarity 
(due to an internal feather). Crater of 
Diamonds State Park is the only fee- 
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Figure 7. GIA colorimeter images captured the original Fancy Light pink- 
ish purple color (left) and the treated Fancy Light blue color (right) of the 


0.53 ct pear-shaped diamond. 


dig diamond mine in the world where 
anyone with a prospector’s spirit can 
search in hopes of finding a true gem 
(Summer 2020 Gem News Interna- 
tional, “Finders, keepers: Field trip to 
Crater of Diamonds, USA,” pp. 311- 
314). At 2.73 ct, the rough stone was 
exceptionally large for an Arkansas di- 
amond, most of which come in signif- 
icantly under | carat. 

Researchers at GIA were excited to 
study this unique stone, especially with 
the prospect of analyzing inclusions 
that might shed light on the geological 
history of the Arkansas diamond de- 
posit. However, the diamond turned 
out to be fairly clean with no crystalline 
inclusions. Somewhat unexpectedly, 
FTIR spectroscopy revealed the stone to 
be a type Ila diamond with no measur- 
able nitrogen impurities. Type Ila dia- 
monds are extremely rare among 
natural diamonds, and some have even 


Figure 8. A 1.16 ct type Ia dia- 
mond recovered in 2020 from 
Crater of Diamonds State Park in 
Arkansas. 
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been shown to grow much deeper in the 
earth than most type I diamonds (E.M. 
Smith et al., “Large gem diamonds from 
metallic liquid in Earth’s deep mantle,” 
Science, Vol. 354, No. 6318, pp. 1403- 
1405). The lack of inclusions in the 
stone was consistent with its type Ia 
character. Imaging with the Diamond- 
View instrument showed relatively 
even blue fluorescence. Photolumines- 
cence spectroscopy confirmed the nat- 
ural origin of the diamond. 
Discovering a type Ila gem dia- 
mond is remarkable enough, but un- 
covering one from a source in the 
United States, where few diamonds 
occur, is definitely a noteworthy event. 


Aaron C. Palke and 
Christopher M. Breeding 


Artificial GLASS Imitating a 
Paraiba Tourmaline 

Recently the Carlsbad laboratory ex- 
amined two transparent bluish green 
prisms for identification service (fig- 
ure 9). The submitted prisms weighed 
1.91 ct and 1.92 ct and contained eye- 
visible clusters of reflective brownish 
metallic crystal inclusions along with 
small cavities and minor abrasions. 
At first glance, these stones resem- 
bled either Paraiba tourmaline with 
copper inclusions or possibly emerald 
with pyrite inclusions. 

Standard gemological testing re- 
vealed a single refractive index of 1.50 
and a hydrostatic specific gravity of 
2.43. Both stones fluoresced weak 
green to long-wave UV light and 
weak to medium green to short-wave 
UV light. Although the six-sided, trig- 
onal prisms had well-formed “crys- 
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Figure 9. These two pieces of 
glass with copper inclusions, 
weighing 1.91 and 1.92 ct, appear 
to have been manufactured to 
imitate natural copper-bearing 
Paraiba tourmaline crystals. 


tal-like” shapes resembling tourma- 
line, the refractive index ruled out 
that material. 

Microscopic examination with 
fiber-optic lighting showed trapped 
gas bubbles, flow structure, and a dis- 
tinct boundary where two types of 
glasses, with and without metallic in- 
clusions, were fused together. Areas of 
encapsulated glass exhibited a light 
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Figure 11. The FTIR spectrum of one of the glass imitations of tourmaline 
(red trace) was consistent with manmade glass, while the FTIR spectrum 
for tourmaline (blue trace) is distinctly different. 


yellow bodycolor and contained geo- 
metric metallic crystals and gas bub- 
bles (figure 10). Due to the mixture of 
the fused glasses, it was obvious that 
the prisms were manmade. 

Infrared spectroscopy confirmed 
our identification of manmade glass. 
The FTIR spectrum for manmade glass 
is very different than that of tourma- 
line (see figure 11). Further testing with 
EDXREF showed the presence of Cu, 
consistent with the copper color of the 
minute metallic crystal inclusions. 


Figure 10. Areas of encapsulated goldstone glass exhibited a light yellow 
bodycolor and contained geometric copper crystals and gas bubbles. Field 


of view 3.52 mm. 
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The rough “crystal-like” shape 
and fusion of two glass types, one 
with metallic inclusions and one 
without, present a more complicated 
type of manmade glass product. This 
sort of glass imitation using copper 
platelets to simulate a natural stone 
has been documented (see E.J. Giibe- 
lin and J.I. Koivula, Photoatlas of In- 
clusions in Gemstones, Vol. 1, 2005, 
Opinio Publishers, Basel, Switzerland, 
p. 433). The polish lines seen on the 
surfaces of both glasses clearly indi- 
cate that these were faceted to resem- 
ble a natural rough stone, and the 
trigonal outline and elongate shape 
suggest the goal was to imitate tour- 
maline, which has a similar appear- 
ance. The copper inclusions and neon 
bluish green color would further indi- 
cate that the manufacturer intended 
to imitate Paraiba-type tourmaline. 

During this same time these glass 
imitations were examined, a natural 
copper-bearing tourmaline (figure 12) 
from Brazil was also submitted for a 
colored stone identification and origin 
service. This stone was notable be- 
cause it had rare natural dendritic 
copper inclusions (figure 13) that the 
submitted glass imitation attempted 
to mimic. 

It is unusual to see manmade 
glass cut to imitate a natural rough 
crystal with eye-visible inclusions. 
Paraiba tourmaline is one of the most 
expensive varieties of tourmaline and 
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Figure 12. Paraiba tourmaline 
with copper inclusions. 


well sought after since its discovery 
in the 1980s. These pieces of man- 
made glass were certainly interesting 
from a gemological perspective to 
demonstrate the variety of creative 
ways imitation gems are produced. 


Amy Cooper, Jamie Price, and 
Heidi Breitzmann 


Figure 14. This 28.16 ct polished 
rough dark green common opal 
contained inclusions of chromite 
and is colored by chromium. 
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Figure 13. Native copper inclusions in natural Paraiba tourmaline. Field of 


view 2.82 mm. 


Chromite Inclusions in Green 
Common OPAL 


Recently the Carlsbad laboratory ex- 
amined a mottled grayish green par- 
tially polished rough stone for 
identification services. The stone 
measured 21.01 x 16.13 x 15.50 mm 
and weighed 28.16 ct (figure 14). The 


stone showed a vitreous luster and 
prominent reddish orange staining in 
surface-reaching fractures and cavities. 

Standard gemological testing re- 
vealed a refractive index of 1.450 
measured on a polished flat surface 
and a specific gravity of 2.07 obtained 
hydrostatically. No play-of-color was 


Figure 15. The chromite inclusions within the green common opal. Field 


of view 0.95 mm. 
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observed, and all properties were 
consistent with common opal. Weak 
chromium lines were seen with the 
handheld spectroscope as well as a 
weak pink Chelsea color filter reac- 
tion. Microscopic analysis using 
fiber-optic lighting showed minute 
mineral grains scattered throughout 
the opal. Several well-formed black 
opaque octahedral inclusions with 
yellow staining (figure 15) were con- 
firmed by Raman spectroscopy to be 
predominantly chromite (FeCr,O,), a 
member of the spinel group (C. Klein 
and B. Dutrow, The Manual of Min- 
eral Science, 23rd ed., 2007, pp. 387- 
388). 

Additional information on the 
chromite inclusions and the green 
bodycolor of the opal was collected by 
further advanced testing with LA-ICP- 
MS (table 1) and Vis-NIR (figure 16). 
The visible-range spectrum shows a 
broad absorption band centered at 610 
nm and a smaller band at 680 nm, 
which may result from minute inclu- 
sions of chromium-colored serpentine 
(E. Fritsch et al., “Cr°+-green common 
opal from Turnali, north-eastern 
Turkey,” 32nd International Gemmo- 
logical Conference, Interlaken, 
Switzerland, 2011, pp. 165-166). LA- 
ICP-MS trace element chemistry 
showed the black inclusions were pre- 
dominantly a mixture of magne- 
siochromite (24.19 mol.%), chromite 
(42.94 mol.%), hercynite (FeAl,O,, 
17.99 mol.%), and spinel (MgAI1,O,, 
10.12 mol.%). ICP data showed a high 
amount of chromium ranging from 
936-1110 ppmw with an average of 
1042 ppmw. 

Although the location or geologi- 
cal occurrence of this particular sam- 
ple is unknown, a _ previous 
publication on Turkish green com- 
mon opal colored by Cr** discussed 
the occurrence in deposits of serpen- 
tinized peridotite with the color being 
attributed to minute inclusions of 
chromium-colored serpentine. This 
interesting common opal was a wel- 
come gem material to study in the 
GIA lab. 


Amy Cooper, Maxwell Hain, and 
Ziyin Sun 
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TABLE 1. LA-ICP-MS data of the inclusions in the green opal revealing they 
were consistent with the spinel group mineral chromite. 


Oxides (wt.%) Laser spot 1 Laser spot 2 Laser spot 3 
MgO 7.32 6.99 7.38 
SiO, 0.02 0.38 0.05 
Al,O, 14.39 14.64 14.21 
TiO, 0.04 0.04 0.04 
CrO, 51.42 50.85 51.67 
MnO 0.33 0.33 0.33 
FeO# 22.55 23.60 22.54 
Fe,O, 3.03 2.36 3.12 
Others 0.89 0.80 0.64 
Total 100.00 100.00 100.00 
Atomic proportions on the basis of 4 oxygen atoms 
Mg 0.3639 0.3470 0.3662 
Mn 0.0093 0.0094 0.0093 
Fe** 0.6286 0.6572 0.6272 
A-site? total 1.0018 1.0137 1.0027 
Fe’* 0.0760 0.0591 0.0782 
Al 0.5652 0.5747 0.5572 
Cr 1.3551 1.3389 1.3591 
Ti 0.0010 0.0010 0.0011 
Si 0.0008 0.0126 0.0017 
B-site total 19982 1.9863 1.873 
End member mol.% 

Chromite (FeCr,O,) 42.55% 43.70% 42.56% 
Magnesiochromite (MgCr,O,) 24.64% 23.08% 24.85% 
Spinel (MgAI,O,) 10.28% 9.90% 10.19% 
Hercynite (FeAl,O,) 17.75% 18.76% 17.45% 
Magnetite (Fe**Fe’*,O,,) 2.39% 1.93% 2.45% 
Magnesioferrite (MgFe,O,) 1.38% 1.02% 1.43% 
Others 1.02% 1.61% 1.06% 


*InIitially, all iron is assumed to be ferrous, and the ferric amount was calculated out based upon 
assigning four corresponding oxygen atoms pfu. 
’Four-fold coordination positions 

‘Six-fold coordination positions 


Detection limits (ppmw): Mg = 0.028, Al = 0.23, Si = 25.6, Ti = 0.13, Cr = 0.13, Mn = 0.048, Fe = 0.93 
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Figure 16. The 
visible-NIR- 
range spectrum 
shows a broad 
absorption band 
centered at 610 
nm and a smaller 
band at 680 nm, 
which may result 
from minute 
inclusions of 
chromium-col- 
ored serpentine. 
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Rare Intense Purplish Pink 
Montana SAPPHIRE 


Recently the Carlsbad laboratory re- 
ceived an intensely saturated purplish 
pink faceted sapphire for identifica- 
tion and origin report (figure 17). The 
faceted stone weighed 3.93 ct with 
measurements of 10.93 x 6.58 x 6.61 
mm and had a hexagonal modified 
mixed-cut style. Standard gemologi- 
cal testing revealed a refractive index 
of 1.761 to 1.769, and a hydrostatic 
specific gravity of 3.99, both consis- 
tent with corundum. The stone fluo- 
resced medium red to long-wave UV 
and weak red to short-wave UV. 
Microscopic examination showed 
angular and oval shaped reflective 
films, short needles, intact crystals 
with decrepitation halos and fluid 
films (figure 18). Also present were 
dense bands of rutile silk interspersed 
with finer bands of silk (figure 19). 
These internal characteristics are typ- 
ical for sapphires from secondary 
Montana deposits including Rock 
Creek, Missouri River, and Dry Cot- 
tonwood Creek (EJ. Gibelin and J.I. 
Koivula, Photoatlas of Inclusions in 
Gemstones, Vol. 3, Opinio Publishers, 
Basel, Switzerland, 2008, p. 226). The 
decrepitation halos, the unaltered 
bands of hexagonal rutile silk, and in- 


Figure 17. These Montana sapphires are a 3.93 ct hexagonal modified 
mixed cut (left, examined for this study) and a 6.39 ct hexagonal rough 


(right). 


tact crystals showed no indications of 
heat treatment. Notably, decrepita- 
tion halos are not indicative of heat 
treatment for sapphires originating 
from magmatic environments, in- 
cluding Montana sapphires (Winter 
2018 Lab Notes, pp. 434-435). 
Advanced testing with laser abla- 
tion-inductively coupled plasma-— 
mass spectrometry (LA-ICP-MS) was 
used to obtain the stone’s trace ele- 


Figure 18. Reflective decrepitation halos and an unaltered orange crystal. 
Field of view 1.79 mm. 
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ment chemistry. The results indicated 
ranges of Mg (23.8-29.6 ppma), Ti 
(20.4—22..9 ppma}, V (1.75-1.86 ppma), 
Cr (89.8-108 ppma), Fe (813-864 
ppma}, and Ga (10.9-11.6 ppma). The 
LA-ICP-MS trace element chemistry 
was consistent with Montana sap- 
phires when compared to known 
sample material from the GIA colored 
stone reference collection. Chemical 
profiles for pink and purple sapphires 
as well as rubies from Montana have 
been documented (see Winter 2018 
Lab Notes, pp. 434-435 and Summer 
2019 Gem News International, pp. 
286-288). 

Sapphires from Montana are sepa- 
rated into two groups based on the ge- 
ology of the deposit. Sapphires from 
secondary deposits include Rock 
Creek, Dry Cottonwood Creek, and 
Missouri River, while the only primary 
deposit is at Yogo Gulch. The inclu- 
sion features in this purplish pink sap- 
phire are consistent with stones from 
Montana’s secondary deposits. This 
sapphire is reported to be from the 
Rock Creek deposit. While Rock 
Creek is historically the most produc- 
tive deposit in Montana in terms of 
overall volume of sapphires recovered, 
stones from this deposit continue to 
increase in popularity due to their 
unique colors and excellent clarity (J.C. 
Zwaan et al., “The origin of Montana's 
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CUSTUMING 
and the sale of 


COLORED STONE JEWELERY 
Part Il 


by 


ROBERT CROWNINGSHIELD 


Various authorities claim that the most 
pleasant outline for a woman's face is the 
oval shape. 

Since the face is the most important focus 
of attention, the hair-do, dress, coat, hat and 
neckline should be chosen to make the face 
the most attractive feature. Certain defects 
such as too squarish a jaw, short neck, or 
off-centered features, can seemingly be cor- 
rected — or at least minimized by careful 
planning. Very often, if a woman will look 
at herself critically in an ensemble in which 
she feels she looks her best, she will find 
that among other things it is because the 
outfit contributes most to making her face 
close to the ideal oval and at the same time 
minimizes bad features which are accen- 
tuated by other costumes. 

Jewelry is one of the most important 
factors in attaining this effect since by its 
very nature it attracts attention. Further, at 
least two common items are intimately asso- 
ciated with facial outline, namely, earrings 
and necklaces and, to a lesser extent, clips 
and brooches. 

Let us see for a moment what various 
types of necklaces can do for a woman's 
face. For our purpose we will speak of 
three general types of facial outline: (1) 
just right, (2) thin, and (3) too broad, or 
too fat. 

First, let us examine what the choker 
type of necklace does for a woman's face. 
This necklace tends to broaden the face and 


to add fullness to the neck — the more so 
with large beads. Therefore, it is most easily 
worn by the woman with a thin face and 
neck. An exception is the -multi-strand 
choker often adopted by older women on 
the assumption that they are hiding a 
wrinkled neck. Actually, the choker calls 
attention to the very feature they are trying 
to hide, but actually can’t. 

Fashion writers say that a scarf is a much 
better concealing agent, and that necklaces 
for the older woman should be simple with 
the strongest element of interest low over 
the dress material, thus not attracting atten- 
tion to the throat. 

Actually, if the neck is badly aged it is 
best to avoid necklaces entirely and a jeweler 
is certainly not rendering a dis-service when 
he tactfully recommends some other item of 
jewelry more apt to please the wearer. For 
instance, a clip or brooch or pin that can be 
worn to one side will direct attention away 
from the throat. 

The woman with the full, broad face 
should not wear choker-type necklaces unless 
other items of her dress are carefully chosen 
to minimize the squaring effect of the choker 
line. This applies also to the woman with 
too many chins! 

The oval outline is accented by a moder- 
ately short necklace. The whole face-throat 
area, in combination with the oval line of 
hair-do and hat, is thus accentuated. This 
will be becoming to the woman who .re- 
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Figure 19. Dense bands of exsolution rutile with finer outer bands fre- 
quently seen in secondary Montana sapphires. Field of view 1.79 mm. 


sapphires,” Winter 2015 GwG, pp. 
370-391). Typically, Montana sap- 
phires are less than 2 carats in size. 
This lends to the rarity and excep- 
tional qualities of this large 3.93 ct in- 
tense purplish pink unheated sapphire. 


Amy Cooper and Aaron C. Palke 


Largest CVD LABORATORY- 
GROWN DIAMOND Submitted to 
GIA 

Chemical vapor deposition (CVD) di- 
amond growth has greatly improved 
over the years. More CVD-grown dia- 
monds are seen in the market today, 
and in recent years, larger CVD-grown 
diamonds are beginning to emerge. In 
2016, the GIA laboratory in Hong 
Kong examined a 5.19 ct cushion, the 
largest CVD-grown diamond analyzed 
at GIA until now (Winter 2016 Lab 
Notes, pp. 414-416). 

A larger CVD-grown diamond was 
recently submitted to the GIA labora- 
tory in Carlsbad: a round brilliant 
with VS, clarity and M color weighing 
just over 7 carats (figure 20). This 7.07 
ct CVD-grown diamond came to the 
Carlsbad laboratory undisclosed as 
CVD, but advanced testing correctly 
identified this diamond’s origin. The 
largest reported faceted CVD-grown 
diamond is a 12.75 ct round brilliant 
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(“IGI’s Hong Kong lab certifies largest 
CVD grown diamond,” IGI Press 
Room, November 23, 2020). 
Microscopic investigation revealed 
grade setting graphitic inclusions just 
below the center of the table. Photolu- 
minescence investigation showed 
characteristic growth features consis- 
tent with a CVD-grown diamond that 
was subsequently HPHT-treated, gen- 
erally intended to reduce the brown 
coloration. With 514 nm excitation at 


Figure 20. This M-color, 7.07 ct 
round brilliant is the largest 
CVD-grown diamond seen to 
date at GIA. 


liquid nitrogen temperature (-196°C), 
nitrogen-vacancy centers at 575 [NV]° 
and 637 [NV] nm, along with a strong 
[SiV} doublet at 736.6/736.9 nm were 
revealed (figure 21) determining this 
diamond as CVD-grown. When 
viewed through the DiamondView, 
growth layers were evident (figure 22), 
and the green fluorescence along with 
the lack of a 596/597 nm feature in the 
PL spectrum were indicative of post- 


Figure 21. The photoluminescence spectrum collected with a 514 nm laser 
at liquid nitrogen temperature reveals the NV centers and silicon-vacancy 
center that are typically observed in CVD-grown diamonds. 
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Figure 22. DiamondView fluores- 
cence imaging shows the stria- 
tions that are diagnostic of its 
CVD origin, and its coloring is 
consistent with post-growth 
HPHT treatment. 


growth HPHT treatment (figure 22; 
Wang et al., “CVD synthetic diamonds 
from Gemesis Corp.,” Summer 2012 
G&G, pp. 80-97). 

CVD-grown diamonds of these 
sizes are still a rarity, but with new 
technologies and advancements it is 
evident that larger laboratory-grown di- 
amonds are becoming more prevalent. 


Garrett McElhenny and 
Sally Eaton-Magana 


Unusual Absorption in a Blue Flux- 
Grown SYNTHETIC SAPPHIRE 

The GIA laboratory in Bangkok ana- 
lyzed a 0.52 ct blue flux-grown syn- 
thetic sapphire (figure 23). Standard 
gemological properties were typical for 


Figure 23. A 0.52 ct blue flux- 
grown synthetic sapphire. 
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Figure 24, Platinum inclusions in a variety of shapes. 


corundum. Observation in the micro- 
scope revealed various forms of flux or 
wispy fingerprints and platinum inclu- 
sions in a variety of shapes (figure 24). 
All of these inclusions are typical for 
Chatham synthetic sapphire (R. Kane, 
“The gemological properties of 
Chatham flux-grown synthetic orange 
sapphire and synthetic blue sapphire,” 
Fall 1982 GwaG, pp. 140-153). 


However, the most interesting 
feature of this stone was its UV-Vis- 
NIR spectrum (figure 25). The spec- 
trum had the usual 377, 388, and 450 
nm peaks related to Fe**, as well as 
the Fe?*-Ti* broad band around 560 
nm that is responsible for the blue 
color, but additionally featured an 
unexpected broad band around 800 
nm. The broad band at 800 nm is typ- 


Figure 25. UV-Vis-NIR spectra of faceted blue flux-grown synthetic sap- 


phire. Estimated path length 2.51 mm. 
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TABLE 2. LA-ICP-MS results in parts per million atomic (ppma) for the blue 


flux-grown synthetic sapphire. 


Be Mg Ti Vv Cr Fe Ga Rh Pt 
Average 12.2. 0.083 95 0.025 0.99 1299 0.51 1.3 1.08 
SD (n = 3) 0.8 0.001 8 0.002 0.02 oF 0.03 0.1 0.05 
na 0.07. 0.025 0.07 0.007 0.08 1 0.004 0.0004 0.001 
imit 


ical for basalt-related, natural blue 
sapphire and can also be found in 
some heated metamorphic blue sap- 
phire (Summer 2019 GWG Micro- 
World, pp. 264-265). However, it has 
never been reported in blue lab- 
grown sapphire, either flame-fusion 
or flux-grown. 

We analyzed the trace element 
composition on the blue flux-grown 


synthetic sapphire using LA-ICP-MS. 
The results showed very low amounts 
of vanadium (V) and gallium (Ga), a 
combination that is a classic indicator 
of lab-grown corundum. Other trace 
elements such as titanium and iron 
were found at levels on average of 
about 95 ppma and 1299 ppma. Beryl- 
lium was also detected at 12 ppma 
(table 2), a trace element whose pres- 


ence is unpredictable in laboratory- 
grown sapphire. The presence of 
rhodium (Rh) and platinum (Pt) is an 
indicator of flux-grown corundum, 
representing traces of the crucible in 
which the sapphire was grown. 


Sudarat Saeseaw 


PHOTO CREDITS 

Diego Sanchez—1, 8, 9, 12, 20; Britni 
LeCroy—2; Virginia Schwartz—3; Jian Xin (Jae) 
Liao—4; Nathan Renfro—10, 13, 15, 18, 19; 
Angelica Sanchez—14, 17; Adam Steen- 
bock—22; Nuttapol Kitdee—23; Charuwan 
Khowpong—24 


For online access to all issues of Gems & GeEmoLoey from 1934 to the present, visit: 


Las Notes 


Gems & GEMOLOGY 


Winter 2020 525 


Editor 
Nathan Renfro 


% 


Blue Apatite in Pyrope-Spessartine Garnet 


The author recently had the opportunity to examine and 
facet a piece of garnet rough. The garnet, reportedly from 
Madagascar, was acquired from gem cutter and dealer 
Desmond Chan of Los Angeles. The rough was selected for 
the unusual blue apatite crystal nearly reaching the surface. 
Laser ablation-inductively coupled plasma—mass spectrom- 
etry (LA-ICP-MS) chemical analysis indicated the rough to 
be a pyrope-spessartine variety. When orienting the stone in 
preparation for faceting, the author wanted the apatite in- 
clusion to be the main focus of the gemstone. After slow and 
careful execution, a cut-cornered mixed-cut faceted gem was 
achieved, with the apatite eye-visible just under the table 
facet (figure 1). Oblique fiber-optic illumination was used to 
observe the world inside the gemstone, revealing a scene 
consisting of the blue euhedral apatite crystal paired with 
numerous iridescent intersecting needles of rutile (figure 2). 
This is one of the most unusual inclusions the author has 
seen in a garnet, and it is also notable as the gem was faceted 
to showcase the inclusion rather than hide or remove it. 


Jessa Rizzo 
GIA, Carlsbad 


CVD Landscape 


Fluorescence is an integral part of diamond analysis that 
displays varying growth defects. Each color provides visual 
clues to the growth chemistries and defects formed. Gemol- 


About the banner: Platy inclusions of covellite appear a vibrant pink color in 
this quariz from Brazil. Photomicrograph by Nathan Renfro; field of view 
3.83 mm. Stone courtesy of the John Koivula Inclusion Collection. 
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nrentro@gia.edu and Stuart Overlin at soverlin@gia.edu for submission 
information. 
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Figure 1. This 5.33 ct red pyrope-spessartine garnet 
was faceted by the author to display the unusual blue 
apatite crystal within. Photo by Diego Sanchez. 


ogists use this data along with other spectroscopic features 
to determine a diamond’s origin and treatment history. The 


Figure 2. A blue apatite crystal associated with inter- 
secting iridescent needles was showcased. Photom1- 
crograph by Jessa Rizzo; field of view 2.90 mm. 
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Figure 3. GIA-grown rough CVD diamond weighing 
5.8 ct, photographed under daylight conditions. Photo 
by Towfig Ahmed. 


fluorescence features in this experimental CVD block 
grown by GIA (figure 3) are reminiscent of a landscape with 
trees reflecting into a lake during a sunset (figure 4, illumi- 
nated using a DiamondView equipped with a UV light). 

CVD diamond technologies have improved vastly over 
the last decade. Researchers at GIA grew this CVD block 
over several growth runs to gain a better understanding of 
CVD diamonds. This block captures the essence of nature 
within a laboratory setting. 


Stephanie Persaud 
GIA, New York 


Figure 5. An emerald with irregularly shaped cavities, 
shown in darkfield illumination. Photomicrograph by 
E. Billie Hughes; field of view 4 mm. 
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Figure 4. DiamondView fluorescence image of a 5.8 ct 
GIA-grown CVD block measuring 7 x 7 x 7 mm. 
Photomicrograph by Stephanie Persaud. 


Unmasking Emerald Filler 


Of the treatments we see in the laboratory, fissure filling 
has become one of the most ubiquitous. We have observed 
this treatment in a variety of stones, including emerald, 
ruby, sapphire, spinel, tourmaline, tanzanite, and more. 
The filling of fractures minimizes their appearance, mak- 
ing the gems appear cleaner. Fissure filling can be detected 


Figure 6. When the same inclusion scene is lit with a 
long-wave ultraviolet flashlight, it becomes evident 
that the cavity contains a filler that fluoresces a 
chalky blue color in long-wave illumination. The ir- 
regular shapes can also be seen to contain rounded gas 
bubbles. Photomicrograph by E. Billie Hughes; field of 
view 4mm. 
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with a variety of methods. One way is to examine the in- 
frared spectrum, where some fillers display distinctive 
peaks. Another is the hot point method, where oils can be 
observed leaking out in droplets. Some fillers are un- 
masked with simple observation in the microscope, be- 
cause they display flashes of color or because they include 
visible dyes. 

In addition to these methods, another tool in our ar- 
senal is the long-wave ultraviolet flashlight, which can 
be used in conjunction with the microscope. Because 
some fillers display a chalky fluorescence when illumi- 
nated with long-wave UV light, shining a long-wave UV 
flashlight at the specimen is a simple technique that 
helps us to not only to detect the filler, but also to see its 
exact location in the stone. This helps the gemologist 
gauge the extent of filling and its impact on the stone’s 
overall appearance. 

Figure 5 (see p. 527) offers a great example of this. This 
inclusion scene in emerald shows an irregular cavity. 
When illuminated with a long-wave UV flashlight (figure 
6), it is immediately evident that the cavity is filled with a 
substance that displays a chalky blue fluorescence. Obser- 
vation under long-wave UV light also makes it easier to 
observe gas bubbles in the filled areas. 


E. Billie Hughes 
Lotus Gemology, Bangkok 


Inclusions in Kenyan Rubies from the 
John Saul Mine 
Rubies from the John Saul mine have been available in the 


market since the 1970s. The gems are found in a peg- 
matite-like vein that intrudes an ultrabasic body within 
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Figure 8. A negative crystal surrounded by iridescent 
thin films. Photomicrograph by Charuwan Khowpong; 
field of view 1.20 mm. 


the country rock (Winter 1999 Gem News, pp. 213-215). 
While the mine has produced a large quantity of ruby with 
fine color, only a small part of the production is fine quality 
and suitable for faceting, with most of the samples being 
cut into cabochons. Production has declined, and the ma- 
terial is seen less nowadays. 

The rubies have an inclusion scene that typically in- 
cludes short, iridescent needles associated with dense 
clouds of particles, often in bands (figure 7). Negative crys- 
tals surrounded by a plane of thin films are also typical (fig- 
ure 8). These are very similar to the inclusion scenes in 
rubies from Mogok (Myanmar) and other marble-hosted 
deposits. The fact that the color and fluorescence, which 
is dictated by the trace element chemistry, are also similar 
to marble-related deposits makes separating them from 


Figure 7. Bands of dense 
clouds of particles associated 
with iridescent short nee- 
dles. Photomicrograph by 
Suwasan Wongchacree; field 
of view 1.75 mm. 
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Kenyan rubies even more challenging. This shows that sim- 
ilar inclusion scenes can form in very different geological 
environments and that the internal world of gemstones is 
not always a conclusive indicator of geographic origin. 


Charuwan Khowpong 
GIA, Bangkok 


Uncommon Inclusion of Lazurite in Ruby from 
Mogok, Myanmar 

A parcel of small rubies was received for identification at 
the S Gemmological Institute (SGI) gem lab in Yangon, 
Myanmar. Based on chemical, spectroscopic, and standard 
gemological testing, they were determined to originate 
from the Mogok Stone Tract in Myanmar. One faceted 
ruby contained a small blue crystal inclusion with what 
appeared to be a pyritohedron shape but an uncommonly 
seen bright blue color (figure 9). This inclusion was identi- 
fied by Raman spectroscopy as lazurite. 

A blue lazurite inclusion was previously reported to 
have been found in a 5.09 ct Burmese ruby and a 1.40 ct 
ruby from Namya, Myanmar (Spring 2012 Lab Notes, pp. 
51-52). Also, blue lazurite mineral has previously been de- 
tected in 1.02 ct light gray Burmese spinel (Spring 2019 
Micro-World, pp. 112-113). 

According to the literature and our knowledge of inclu- 
sions in rubies from Mogok, this blue mineral is rare as an 
inclusion in Burmese rubies. 


Thuzar Aung 
S Gemmological Institute (SGI), Yangon, Myanmar 


Figure 9. Lazurite inclusion in Mogok ruby from 
Myanmar (transmitted light and oblique illumina- 
tion). Photomicrograph by Kyaw Thu; field of view 
0.25 mm. 
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Figure 10. This partially healed fissure with a 
snowflake-like pattern is seen in a flux-heated Mong 
Hsu ruby. Photomicrograph by Nattida Ng-Pooresa- 
tien; field of view 1.3 mm. 


Snowflake Inclusions in Mong Hsu Ruby 


The two main sources of Burmese ruby today are Mogok 
and Mong Hsu. Mogok is the traditional source of gem- 
quality ruby. The rubies from Mong Hsu are generally not 
as high in quality as those from Mogok, and typically show 
distinctive zoning with dark violet cores, a cloudy appear- 
ance, and multiple fractures. As a result, most stones from 
this deposit are heat treated at moderate temperatures 
using flux to repair fractures, improve clarity, and remove 
any unwanted blue color. Unheated Mong Hsu rubies are 
generally considered quite rare. 

The author recently examined a 0.79 ct sugarloaf cabo- 
chon of pigeon’s blood ruby. Chemical analysis and gemo- 
logical observation of internal features indicated that the 
origin of this stone was the Mong Hsu. Interestingly, mi- 
croscopic examination with a combination of darkfield and 
oblique fiber-optic illumination revealed an open fissure 
with a snowflake-like pattern of flux residue (figure 10). 
The pattern is formed by the crystallization or devitrifica- 
tion of the glassy flux residue. 

The snowflake is a symbol of the winter season and a 
traditional image associated with the Christmas holiday. 
This partially healed fissure resembling snowflakes is the 
first such feature the author has encountered in flux-heated 
ruby. 


Nattida Ng-Pooresatien 
GIA, Bangkok 


Metal Sulfide Crystal in a Sapphire 


The author recently examined a faceted sapphire from Sri 
Lanka. Gemological analysis confirmed that it was un- 
heated. The sample contained a crystal that, when exam- 
ined under the microscope using darkfield illumination 
and oblique fiber-optic illumination, exhibited a highly re- 
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Figure 11. A rounded metal sulfide crystal displays a metallic luster within an unheated sapphire. 
Photomicrograph by Muzdareefah Thudsanapbunya; field of view 2.3 mm. 


flective surface. The observations of the metallic luster and Iron sulfides are found as opaque mineral inclusions 
rounded appearance (figure 11) suggested that this inclu- with metallic luster in corundum. The iron sulfides usually 
sion was most likely an iron sulfide. seen in corundum are pyrite (FeS,) and pyrrhotite (Fe, .S) 
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(EJ. Gtibelin and J.I. Koivula, Photoatlas of Inclusions in 
Gemstones, Vol. 3, Opinio Publishers, Basel, Switzerland, 
2008, p. 285). Also present was a partially healed fracture, 
or fingerprint, next to this crystal, which made for an inter- 
esting inclusion scene. 


Muzdareefah Thudsanapbunya 
Bangkok 


Elongated Rutile Crystal in Blue Sapphire from 
Afghanistan 


Rutile, titanium dioxide (TiO,), is a tetragonal mineral that 
generally occurs in corundum as silk (exsolution-formed 
needles), dust-like exsolution particles, or macroscopic 
crystal inclusions. Rutile crystals can have orange to deep 
red-brown coloration, and the crystal shapes can be 
rounded or euhedral. 

The author recently examined a 4.24 ct faceted trans- 
parent blue sapphire from Afghanistan. The stone con- 
tained dusty flake-like inclusions, naturally healed 
fractures, lathe-like inclusions, twinning, rounded color- 
less crystals identified as apatite (RRUFF R040098), and an 
unusual long prismatic orange crystal identified as rutile 
(RRUFF R040049). This rutile crystal shape (figure 12) is 
not typical for corundum, particularly in blue sapphire. 


Titapa Tanawansombat 
GIA, Bangkok 


Zircon in Jadeite Jade 


One translucent green bangle bracelet recently examined by 
the author contained an interesting inclusion. The material 
was identified as dyed and polymer-impregnated jadeite jade 


Micro-WorRLD 


Figure 12. The elongated or- 
ange transparent rutile crystal 
observed in the faceted blue 
sapphire from Afghanistan. 
Photomicrograph by Nattida 
Ng-Pooresatien; field of view 
3.0 mm. 


using standard gemological testing and advanced spec- 
troscopy, including UV-Vis, Raman, and infrared. This ma- 
terial would be classified as C-type jade in the trade. 
Microscopic examination revealed a surprisingly well- 
formed transparent brownish crystal inclusion (figure 13). 
Raman analysis of the doubly terminated tetragonal prism 
revealed it to be “high” zircon (ZrSiO,). To confirm this, 
the full width at half maximum (FWHM) of the internal 
stretching mode at 1008 cm was calculated as 6.05 cnr, 
indicating a high level of crystallinity, as this band is 
known to broaden as metamictization occurs (L. Nasdala 
et al., “Metamictization and U-PB isotopic discordance in 


Figure 13. This doubly terminated tetragonal crystal 
in jadeite jade was identified as “high” zircon using 
Raman spectroscopy. Photomicrograph by Tyler 
Smith; field of view 2.90 mm. 


Winter 2020 531 


Gems & GEMOLOGY 


Figure 14. This aquamarine crystal plays host to several orange garnet crystals. Photo by Angelica Sanchez. 
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¢ Spare * Oval 


quires only slight assistance to make her 
facial appearance most pleasant. At the same 
time the short necklace is only slightly less 
ruinous than the choker type of necklace for 
the woman whose face is much too full. The 
latter might well wear two or three longer 
strands of small beads or pearls to add 
apparent length to the neck, and give an 
illusion of ovalness to the face. The thin 
woman with the long neck could knot this 
same necklace to give bulk to the neck and 
minimize the length of her face. 

If earrings are becoming to a woman they 
add interest to the face, a certain amount of 
animation, and may accentuate certain good 
features such as the eyes or the hair by vir- 
tue of their shape and color. 

All earrings, however, tend to increase the 
apparent width of the face, leading the 
observer’s eye across the face rather than up 
und down, Thus they are particularly good 
for women with thin faces, or a narrow 
facial structure. For this type of woman ear- 
rings are a must and the jeweler can render 
real service by tactfully using this knowl- 
edge in selling either while talking to her 
or when advising those selecting gifts for 
her. 

Large, round, button-type earrings are 
most apt to add fullness to the face and 
should be avoided by the woman whose face 
is naturally full and who for the same reason 
avoids round collars, bangs, and Jarge round 
glasses. Such a face cannot stand the repeti- 
tion of rounded lines. In fact, many women 
destroy what resemblance of ovalness their 


¢ Square 


faces possess through their injudicious use 
of earrings. 

Naturally, it is not usually to the advan- 
tage of the jeweler to discourage the sale 
of any merchandise. But if, by tact and 
judgment, it is possible for him to make 
suggestions, then, knowledge of what would 
better accentuate pleasant features will help 
him to suggest items most apt to make the 
wearer happy, and at the same time have 
a more satisfied customer. 

Perhaps at this time it would be wise to 
repeat that the tactless use of this informa- 
tion--as with any phase of gemology used 
with faulty judgment—becomes a powerful 
sales deterrent. 

Oval and rectangular earrings, close to 
the face, add very little width—and even 
some length—and may thus be becoming 
to women who otherwise destroy their oval 
outline with large hoops, or round buttons. 

Extremely long, massive pendant styles 
of earrings—reaching beyond the chin line— 
tend to hide the neck and add to the width 
of both face and figure. Thus, only a very 
tall, thin woman—who may need this effect 
—will find that she looks other than ridicu- 
lous. Perhaps this is the reason such ear- 
rings are not featured at the moment. Long, 
delicate earrings may add some length to 
a slightly full face, but are apt to make 
a truly full face look even more full by con- 
trast. Earrings should not be recommended 
for the woman of such facial contour. 

The effect of long earrings should be 
studied from front, back and sides as round 
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single zircons: A combined Raman microprobe and 
SHRIMP ion probe study,” Mineralogy and Petrology, Vol. 
62, 1998, pp. 1-27). 

Although interstitial zircon grains are not uncommon 
in jadeites, such a euhedral crystal is rarely observed and 
is especially unexpected considering the various treat- 
ments its host had undergone. 


Emily Jones 
GIA, New York 


Quarterly Crystal: Garnets in Aquamarine 

For this quarterly crystal, we examined a transparent light 
blue-green hexagonal prism of aquamarine beryl termi- 
nated with a flat pinacoid (figure 14). The crystal weighed 


Figure 15. The garnets in the 
aquamarine were identified 
by Raman analysis as spessar- 
tine. Photomicrograph by 
Nathan Renfro; field of view 
9.40 mm. 


26.16 ct with corresponding measurements of 25.93 x 
11.64 x 9.08 mm. This aquamarine reportedly came from 
the Shigar Valley in the Skardu district, Gilgit-Baltistan ter- 
ritory of Pakistan, an area known to produce gemmy aqua- 
marine crystals. 

Magnification revealed numerous intense orange syn- 
genetic garnet crystals near the base of the aquamarine. 
Raman analysis of the well-formed garnets identified them 
as spessartine (figure 15). 

Garnet inclusions in beryl are rare. Having the oppor- 
tunity to study this euhedral crystal gives us further in- 
sight into the pegmatitic origin of this aquamarine and its 
locality. 

John Koivula 
GIA, Carlsbad 
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==8DIAMONDS FROM THE DEEP 


WM \NINDOWS INTO SCIENTIFIC RESEARCH 


Karen V. Smit and Steven B. Shirey 


What Have Diamond Ages Taught Us? 


The mantle below the oldest crustal rocks of Earth’s conti- 
nents has been attached to the crust since the time the crust 
formed. This fact is known from isotopic age dating, and it 
generally means that three billion-year-old crust will be un- 
derlain by three billion-year-old mantle. Welded together 
with the stable continental crust as a unit known as a cra- 
ton (see detail below), this mantle—known as the subcon- 
tinental lithospheric mantle—has been isolated from 
mantle convection for billions of years. This lithospheric 
mantle is recognized as an important carbon reservoir, is 
where the majority of diamonds are stored in the earth, and 
has been the source of nearly all age-dated diamonds. 

The subcontinental lithospheric mantle was depleted of 
volatiles like carbon and water during its initial formation by 
the igneous processes of melt generation and migration. Later 
subduction from ocean basins away from and below the con- 
tinents carried carbonate and water in altered ocean floor rock 
to great depths in the mantle where it warmed up, melted, 
and/or released fluid. Over time the lithospheric mantle be- 
came gradually re-enriched in carbon and water by the infil- 
tration of these fluids and melts. With the use of diamond age 
determinations, we are dating these re-enrichment processes 
because diamonds grow from these fluids and melts, thereby 
giving us a glimpse of ancient geodynamic processes. 

The story of how and why diamonds become stored in 
the lithospheric mantle has only emerged in the last 35 
years as techniques to determine diamond ages have been 
developed (see Spring 2019 Diamonds from the Deep). This 
edition focuses on the geologic lessons that have been 
learned from diamond ages. We examine the large-scale 
tectonic processes that have created lithospheric dia- 
monds. These diamonds have become a key way to look 
at continent evolution and carbon cycling between the 
crust and mantle over the past 3.5 billion years (figure 1). 


Diamonds, Their Ages, Cratons, and 
Continent Evolution 


A worldwide association between the most ancient and sta- 
ble portions of continents—cratons—and diamond occur- 
rences has long been known (e.g., Kennedy, 1964, Clifford, 
1966; Gurney and Switzer, 1973; Boyd and Gurney, 1986). 
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Even though early work recognized the association of dia- 
monds with ancient cratons of at least 1.5 Ga age (Kennedy, 
1964; Clifford, 1966), common usage of the term craton 
evolved to refer simply to portions of Earth’s continental 
crust that have long-term stability. Such portions presently 
show exceptionally little earthquake activity, no recent rift- 
ing or mountain building, and may contain rocks that range 
in age from as young as 1 billion years to as old as 4 billion 
years (Pearson et al., in press, 2021). However, just because 
such regions are now stable diamond storehouses does not 
mean that they always were so. Indeed, diamond dating al- 
lows us to look at just how continent collision or deep man- 
tle upwelling processes—the antithesis of geologic 
stability—can create diamonds in the first place. 

This updated definition of the term craton uses tele- 
seismic (meaning from distant earthquakes across the 
globe) studies to establish the thickness of the stable lithos- 
pheric mantle that lies below the continental crust. Its 
thickness is established through fast seismic shear wave 
speeds in global seismic velocity models. In the updated def- 
inition, cratons are regions of the earth’s continental crust 
that are underlain by 150-200 km of lithospheric mantle as 
a keel providing long-term stability since at least 1 Ga. 
Using this updated definition, around 63% of exposed con- 
tinental crust and 18% of Earth’s surface are cratons. 

The first harzburgitic-garnet-inclusion-based diamond 
ages—which were more than 3 billion years old—proved 
that diamonds originate in continental mantle and that it 
too must be very old in order to store them (Richardson et 
al., 1984). These old ages, along with the strong spatial as- 
sociation of diamond occurrences with old continental 
crust and the high pressure/temperature conditions of dia- 
monds and their host rocks, all led to the understanding 
that diamonds form and reside in the subcontinental lithos- 
pheric mantle (e.g., Boyd et al., 1985; Boyd and Gurney, 
1986; Haggerty, 1986). 

Diamonds have formed through nearly all of Earth’s his- 
tory, in distinct episodes that can often be linked to larger- 
scale tectonic processes (Richardson et al., 2004; Shirey and 
Richardson, 2011; Howell et al., 2020) and are likely forming 
today. Diamonds, and their ages, are the ideal time-resolved 
samples that can provide an overview of continent forma- 
tion and evolution from deep in the mantle well below the 
crust (the crust-mantle boundary is typically around 40 km). 
A classic example is how the creation, assembly, and mod- 
ification of the Kaapvaal-Zimbabwe craton in southern 
Africa is reflected in the age, chemistry, and geographic dis- 
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Figure 1. Age plot for all the diamond mines that have supplied enough diamonds on which to do age studies. This 
diagram summarizes all the known diamond growth events through time. Diamond mines typically have more 
than one age, may have both eclogitic and peridotitic diamonds, and may use different isotopic dating methods 
(Rb-Sr, Sm-Nd, Re-Os; see Spring 2019 Diamonds from the Deep). Diamond formation is associated with large-scale 
tectonic processes and has become a key way to look at continent evolution and carbon cycling between the crust 
and mantle over the past 3.5 billion years. Diamonds that occur in the Wawa and Witwatersrand conglomerates are 
undated, but minimum ages are given based on conglomerate age. Modified and updated from Howell et al. (2020). 


tribution of multiple generations of diamonds formed and 
stored in its lithospheric mantle (Shirey et al., 2002, 2004). 


Diamonds and Formation of the First Continents 


The formation of the first continents involved the produc- 
tion of melt or magma in an Earth hotter than today’s 
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Earth. Direct melting of the mantle produced the earliest 
basaltic and komatiitic crust, leaving behind a buoyant 
residue. Subsequent remelting of this basalt was necessary 
to produce the silica-rich, granite-like rocks, termed felsic, 
that are hallmarks of the continental crust. The surface ex- 
posures of igneous rock on continents are composed of at 
least 50% high-silica rock, yet when basalt melts, less than 
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1/5 of the volume of melt is felsic. Therefore the amount 
of initial basalt that was available must have been huge 
and the amount of buoyant, depleted mantle even more 
huge—perhaps up to 10-20x the volume of granite. It is 
some of this abundant buoyant mantle residue that is 
thought to have become trapped underneath the crust to 
become nascent continental mantle. Where diamond ages 
play a role in the story is in using the oldest ages to under- 
stand how and when the buoyant mantle was produced 
and collected. 

Active debate among research scientists about the sta- 
bilization of the thick buoyant continental mantle com- 
pares some form of horizontal tectonic processes—similar 
to modern subduction and accretion—to vertical tectonic 
processes that are similar to the upwelling of mantle 
plumes that occur beneath ocean islands like Hawaii and 
Iceland today. Both geodynamic scenarios would generate 
the abundant basaltic melt needed to eventually make the 
continental crust, but each scenario has different implica- 
tions for the styles of early mantle convection, the release 
of Earth’s excess heat, and the recycling of constituents 
from Earth’s hydrosphere. 

The oldest known diamonds to inform us about these 
earliest craton formation processes are the 3.5 Ga diamonds 
from the Diavik and Ekati mines on the Slave craton (West- 
erlund et al., 2006; Aulbach et al., 2009). Compositions of 
high-Ni sulfide inclusions related to mantle peridotite in 
Ekati diamonds are best explained by some surface material 
being recycled back into the mantle (Westerlund et al., 
2006). However, diamond evidence for the lack of atmos- 
pherically modified sulfur isotopes (Cartigny et al., 2009) and 
the presence of very depleted peridotites deep in the conti- 
nental mantle here suggest that the continental lithosphere 
was assembled in a way that did not involve substantial sur- 
face material. To accommodate these complexities and ev- 
idence from the overlying crust that can be explained by 
localized subduction, a hybrid model of localized subduc- 
tion-like melting at the craton margin followed by plume- 
upwelling and underplating has been proposed (Aulbach et 
al., 2019). Is this subduction similar to modern plate tecton- 
ics, while an even earlier vertical upwelling regime is wan- 
ing, as Aulbach et al. (2019) has suggested? Only future 
research can resolve the question. 


Diamonds and Evidence for the Onset of 
Modern Plate Tectonics (Wilson Cycle) 


The global database for diamond ages from all studies 
shows that prior to 3.1 Ga, only peridotitic diamonds 
formed, whereas after 3.0 Ga, eclogitic diamonds became 
prevalent (figure 1). Shirey and Richardson (2011) suggested 
that the prevalence of eclogitic diamonds after 3.0 Ga re- 
sulted from the capture of eclogite and diamond-forming 
fluids in mantle lithosphere via subduction and continen- 
tal collision. From this observation and early continental 
assembly patterns, they suggested that the evident conti- 
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nental collision was preceded by rifting and comprised the 
first full cycle of ocean basin opening and closure, known 
as a Wilson Cycle, starting at about 3.2 Ga. The signifi- 
cance of identifying the earliest Wilson Cycle is that it is 
the form of plate tectonics we have today. 

The regional pattern of diamond ages and the inclusion 
types seen in the Kaapvaal-Zimbabwe craton (figure 2) sup- 
port the operation of the Wilson Cycle because they suggest 
that a piece of ocean floor was underthrust westward be- 
neath the extant continental mantle as an ocean basin 
closed. When this underthrusting occurred, fluids trans- 
ported by hydrated and carbonated oceanic crust were re- 
leased into the overlying continental mantle crystallizing 
the predominant diamond type, the 2.9 billion-year-old 
eclogitic sulfide bearing diamonds found in diamond mines 
west of the suture between the two cratonic blocks (Kim- 
berley, Jwaneng, and Orapa; Richardson et al., 2001, 2004; 
Shirey et al., 2013; figure 2). This mantle geologic history 
is in full agreement with the crustal magmatic history of 
the two cratonic blocks, because diamond ages have per- 
mitted us to correlate the geologic processes happening in 
the mantle with those that were happening in the crust at 
the same time. 


Diamonds and Continent Growth at Their Margins: 
Subduction and Mountain Building 


There are many examples worldwide where diamond for- 
mation is associated not just with old cratons (e.g., dia- 
mond formation in old enriched lithosphere; Richardson 
et al., 1984) but rather with deformed regions known as 
mobile belts, produced during continent collision. These 
mobile belts are zones of intense deformation in the crust 
that result from crustal thickening—a process known as 
orogeny that forms mountain chains around the world 
such as the Appalachians or the Himalayas. In the older 
mobile belts, the mountains have since been worn away 
by billions of years of erosion, and diamonds give us a look 
at the preserved mantle in the root zone of mountain belts 
that would not otherwise be seen. 

The best example of a diamond deposit associated with 
collisional mountain building is the Argyle mine in Aus- 
tralia, where “subduction along the Kimberley craton edge 
generated the world’s biggest diamond deposit” (Stachel et 
al., 2018). The Argyle mine has been a famous supplier of 
pink and red diamonds (Shigley et al., 2001) and, over its 
three-decade life, was known for its exceptionally high di- 
amond abundances (Rayner et al., 2018). Argyle occurs 
within the Proterozoic Halls Creek orogen (1.92-1.83 Ga; 
Hancock and Rutland, 1984). The Argyle eclogitic dia- 
monds formed “shortly” after continent collision, at 1580 
+ 30 Ma (Richardson, 1986), likely within Archean mantle 
(Luguet et al., 2009). After their formation, the diamonds 
resided in the high-temperature, high-deformation region 
near the base of the lithosphere (figure 3). This region near 
the convecting mantle provided the ideal conditions to im- 
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Figure 2. In the Kaap- 
vaal craton (boundary 
shown by dashed line), 
some diamond forma- 
tion occurred during 
continental collision. 

sic The top panel shows 

. the Bellsbank/Bobbe- 
jaan, Kimberley, Jwa- 
neng, and Orapa 
diamond localities 
(green), all with abun- 
dant to common 2.9 Ga 
diamonds. Diamonds 
of this age are thought 
to be derived from flu- 
ids (small squiggly ar- 
rows) associated with 
westward subduction 
along the Colesberg 
Lineament (CL), as 
shown in the lower 
panel (Shirey et al., 
2013). The mantle is 


Kimberley Block 


—> 


Witwatersrand Block 


shown in olive, and the 
crust is in shades of 
pink, buff, and brown. 
Bold arrows show the 
direction of continental 
collision. 
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2.9 billion year old collision 


part strain to some of the diamonds resulting in the platelet 
degradation that causes their pink and brown colors 
(Stachel et al., 2018; Eaton-Magania et al., 2019). 

There are many other worldwide diamond localities 
that have allowed us to link diamond formation to colli- 
sional processes along the edge of an ancient continent. In 
Siberia, for example, lherzolitic and eclogitic diamonds 
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formed in association with orogenesis related to the 1.8— 
1.2 Ga Angara and Akitkan orogens (Cherepanova and 
Artemieva, 2015, and references therein). In West Africa, 
diamonds from Zimmi formed at ~650 Ma (Smit et al., 
2016) due to subduction and collision along the Rokelide 
orogen on the SW margin of the Man craton (700-550 Ma; 
Lytwyn et al., 2006). Other examples occur at the margins 
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Figure 3. Formation of the pink-brown eclogitic diamonds at Argyle—the world’s largest diamond deposit. After 
their formation, Argyle pink-brown diamonds resided in the high-temperature, high-deformation region near the 
base of the lithosphere (Viljoen, 2002; Stachel et al., 2018), which provided the ideal conditions to strain the dia- 
monds, induce platelet degradation, and produce their pink and brown colors. 


of the Slave (Canada), Kaapvaal (southern Africa), and 
Wyoming (United States) cratons. 

A typical feature of diamonds forming in these mobile 
belts seems to be the existence of lithospheric mantle 
caught up in the collision process. An interesting and es- 
sential geologic question is whether the diamonds are older 
diamonds that survived in the lithospheric mantle through 
tectonic reworking, or diamonds forming at the time of de- 
formation from inherited older carbon, or diamonds 
formed from carbon newly introduced into the continental 
mantle during deformation. Similarly, as researchers we 
want to know if there is mantle newly added during the 
collision process or whether much older mantle is in- 
volved. Answers to these questions cannot be obtained 
without the age constraints from diamond dating. In the 
end, incorporation of craton-margin areas to diamond ex- 
ploration targets has expanded the limits suggested by Clif- 
ford (1966) and will continue to contribute to the finding 
of new economic diamond deposits. 


What Do Diamond Ages Show Us About Where 
Diamonds Are Forming Today? 


There is no reason to think that diamonds aren’t still form- 
ing right now. Based on our knowledge of the age associa- 
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tion of diamonds with global plate tectonic processes, we 
can make a few predictions about where diamonds might 
be forming today. Most of Earth’s mantle is at the right 
pressure and temperature conditions for diamond forma- 
tion as long as carbon-bearing fluids and melts are reduced 
enough to keep carbon from combining with oxygen—the 
most abundant element in the mantle. 

Active subduction zones are obvious candidates for the 
mobilization of carbon into either the lithospheric or sub- 
lithospheric diamond-forming regions of the deeper Earth 
(figure 4). In oceanic subduction settings, conditions are 
often too oxidizing to be diamond friendly. The thermal 
paths of the hotter subducting slabs dictate that they may 
lose their water and carbon to island arc volcanism at con- 
ditions too oxidizing for diamonds to form. Additionally, at 
these relatively shallow depths, the only magmas available 
for transport of diamonds to the surface are basalts (not 
kimberlites) that will be destructive to any diamonds since 
they are too oxidizing, and/or diamonds may be graphitized 
due to slow eruption. In other words, diamonds might be 
forming at depth in normal oceanic subduction zones today, 
but we may never see them survive to the earth’s surface. 

Diamonds with relatively young ages have come from 
two geologic settings, suggesting that these are settings 
where diamonds may be forming today. 
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The first is in continental arcs where subduction can im- 
pinge directly against the base of the subcontinental mantle 
keel or can transfer fluids from the slab to the base of the 
continental mantle keel without triggering diamond-de- 
stroying basaltic magmatism. This is the process discussed 
above to produce many of the 2.9 Ga Kaapvaal diamonds 
and some of the other continent margin diamonds. Recent 
work has shown that only 200 million years ago, eastward 
subduction of the Farallon slab under the Slave craton re- 
leased diamond-forming fluids that produced thick, fibrous 
diamond overgrowths on preexisting 3.5 and 1.8 billion-year- 
old monocrystalline diamonds (Weiss et al., 2015). Today, 
the best chance for diamond formation are the few places 
where subduction occurs against lithospheric mantle, de- 
spite the amount of subduction taking place around the mar- 
gins of the Pacific Ocean. Diamond formation may be 
continuing today along the western margin of North Amer- 
ica, where the Farallon/Juan de Fuca plates are being sub- 
ducted eastward. Another possible environment is where 
the Nazca plate is being subducted below South America. 

A second geological environment where we might find 
diamonds forming today is at the deeper reaches of subduc- 
tion of oceanic lithosphere. We have evidence for diamonds 


forming between 400 and 700 km due to the deep subduc- 
tion of cold slabs, which has carried carbon and volatiles 
into the transition zone and lower mantle. In this environ- 
ment, the famous CLIPPIR (Smith et al., 2016, 2017) and 
type IIb blue diamonds (Smith et al., 2018) have crystal- 
lized from the mantle portion of the slab, whereas other 
diamonds have crystallized from carbonated oceanic crust 
(Walter et al., 2011; Regier et al., 2020). 

Although modern diamond formation may be taking 
place in these regions, there is no definitive way for us to 
prove it without access to the diamonds. We need to wait 
for kimberlite or lamproite to erupt through the litho- 
sphere and bring diamonds and their associated mantle 
rocks to the surface. 

Diamonds forming in sublithospheric regions (300-700 
km) have an additional complication in that they first need 
to be brought to shallower regions that can be sampled by 
kimberlites and lamproites. This is thought to happen 
through either mantle convection or upwelling plumes, 
which may take millions of years. 

Since the last kimberlitic eruption was around 10,000 
years ago (see Summer 2019 Diamonds from the Deep), we 
may have a long wait! 


Figure 4. Geologic block diagram interpreted from seismic data showing modern-day subduction against the 
South American continental lithosphere, forming the Andes Mountains. Although diamonds could theoretically 
be forming in the mantle wedge anywhere between a depth of 160 and 300 km, local mantle conditions should 
also be reducing enough for elemental carbon to survive without being converted to carbon dioxide. Reproduced 
from Ward et al. (2016), with permission from John Wiley and Sons. 
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COLORED STONES AND ORGANIC MATERIALS 


New emerald locality in Southern California. Located about 
60 miles east of San Diego, a new emerald deposit has been 
discovered in the Julian Mining District (figure 1). This area 
is known for pegmatite mines and hydrothermal mineral 
deposits; however, none of those are known to have pro- 
duced emeralds to date. The emeralds (example shown in 
figure 2) were all collected by author RE and son Bruce Edley 
near the surface and are embedded in a biotite schist host 
rock. Most of the recovered single crystals have a translu- 
cent dark green color and inclusions, and they are typically 
smaller than 2 cm. A few light-colored green beryl crystals 
have been recovered from a nearby pegmatite. Their forma- 


Figure 1. A map of California with an inset showing 
the San Diego area and marking the emerald locality 
(star). 
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Figure 2. An example of an emerald cluster found in a 
new deposit in Julian, California. Specimen size is 20 
x 10 x 9 mm. Photo by Myke Clarkson. 


tion was likely correlated with metamorphic and hydrother- 
mal processes associated with regional tectonism. 

Samples were analyzed at the Natural History Museum 
of Los Angeles County and sent to GIA for species confir- 
mation using laser ablation-inductively coupled plasma— 
mass spectroscopy (LA-ICP-MS]. We performed Raman and 
X-ray fluorescence (XRF) hyperspectral mapping and pow- 
der X-ray diffraction (not shown) to determine mineralogy 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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shoulders are accentuated, and some ears 
are even pulled to distortion by them. 

Clips are especially useful in changing 
apparent facial contour. A single clip, or 
brooch, placed front and center has a slen- 
derizing effect. Two clips, spaced apart, 
give an effect of increasing the apparent 
width of the face. A large clip placed over 
the belt buckle area will tend to minimize 
a too broad waistline. 

Bracelets, while not having anything to 
do with facial outlines, do have some line- 
contributing functions. The woman who has 
long, thin arms will find that if bracelets 
are worn at all they should be numerous 
and may be worn on both wrists. Certainly 
this season has seen this style introduced as 
a fashion. On the plump arm or wrist few 
and smaller bracelets are more becoming. 

Rings are an important costuming accent. 
Perhaps this is more true than in any other 
item of jewelry for, by the movements of 
the hands, rings are in constant display. A 
few cautions are needed in the selection of 
ring shapes. Just as the oval is considered 
the ideal shape for the face, so is a pleas- 
ant hand shape based upon a long oval. 
Hands which depart too greatly from this 
ideal can have the defect apparently mini- 
mized by the shape and interest of the rings 
worn. The length of a hand with long fin- 
gers will be accentuated by a ring with a 
small round setting. It would be better for 
this person to wear larger emerald-cut, oval 
or marquise shapes. A little finger ring may 
help to diminish the length of the hand, 
while the same ring on a squarish hand will 
only accentuate the squareness. 


BES 


It might be well to mention that rings, 
perhaps more than any other piece of jew- 
elry, can accentuate a woman's personality. 
It is very possible, of course, for a woman's 
rings and other jewelry to be out of keeping 
with her personality. For instance, the large 
uncut emerald crystal worn in a ring by a 
noted woman publisher, would probably be 
ludicrous if worn by a less forceful and 
retiring woman. 

During, and just after, World War IJ 
when large emerald-cut aquamarines, cit- 
rines, and amethysts were popular as ring- 
stones, we saw many examples of indis- 
criminate wearing of these jewels both 
with respect to the personality and the 
hand shape of the wearer. Perhaps this is 
one factor which contributed to the dimin- 
ishing fashion for such rings. 

A factor to be considered in making 
recommendations is the difference between 
style and fashion. A style, insofar as wo- 
men’s dress is concerned, is a long-range 
thing which may or may not be the height 
of fashion. For instance, decollete necklines 
may be a style which is most becoming to 
some women, but they may or may not be 
in fashion. Many styles of past seasons seem 
laughable because women indiscriminately 
followed fashion’s trend without regard to 
the individual suitability of the style then 
in fashion. 


Best-dressed women are those who have 
discovered over-all styles which best suit 
them and then, from season to season, adopt 
only those fashion changes within their 
chosen styles, Especially is this true of hats. 
The hats which make men groan inwardly 
are those chosen without regard to the 
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and elemental composition. Raman analysis on a polished 
pill-shaped gem (figure 3, left) identified beryl and quartz 
to confirm our observation of the rare combination of 
emerald and citrine. Raman further identified dolomite and 
hematite inclusions. XRF element maps (figure 3, right) 
show silicon (Si), chromium (Cr), magnesium (Mg), iron 
(Fe), aluminum (Al), and holmium (Ho) content. Of the ap- 
proximately 425 carats of emeralds that have been recov- 
ered, about 5-10% contain macro-citrine inclusions, 
representing a unique aspect of this deposit. 

The distribution of trace elements in the pill-shaped 
emerald indicates a complex series of events. The emerald 
is cross-cut by a layer of citrine. Half of the gem is enriched 
in trace holmium (below the citrine), where holmium is 
inversely correlated with manganese. Chromium-rich 
areas run perpendicular to the citrine, but align on either 
side of the citrine, suggesting that the emerald formed as a 
single crystal. The patterns of holmium and manganese 
hint toward secondary geochemical processes that may be 
related to later citrine emplacement, though the origin of 
these processes is unknown. The unusual mineral associ- 
ations and elemental distribution demonstrate the geologic 
complexity of the deposit, and further work is needed to 
unravel its full history. 


Aaron J. Celestian (acelestian@nhm.org) 
Natural History Museum of Los Angeles County 


Richard Edley 
Banning, California 
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Figure 3. Left: A 3.16 ct 
polished pill-shaped 
emerald, seen in trans- 
mitted light, was one of 
the best examples of 
emerald with citrine 
from this locality. Photo 
by Aaron Celestian. 
Right: Element maps of 
the outlined area on the 
specimen. Brighter 
areas indicate higher 
concentrations. 


Update on inclusions in emeralds from Davdar, China. 
We recently had the opportunity to examine emeralds 
containing unknown solid inclusions and numerous mul- 
tiphase inclusions reportedly from Davdar, China. Three 
green transparent rough samples were acquired from the 
former mine owner Guimin Wong. They weighed 0.55 
0.45, and 0.50 ct, respectively, with a diameter from 4.0 
to 5.0 mm, a refractive index of 1.578 + 0.002-1.584 + 
0.001, and SG ranging from 2.64 to 2.76. They were inert 
to both long- and short-wave UV radiation. Inclusion fea- 
tures of Davdar emeralds have been reported previously 
in the literature. 

Very few mineral species have been identified as inclu- 
sions in this emerald—these include feldspar (plagioclase) 
(S. Saeseaw et al., “Three-phase inclusions in emerald and 
their impact on origin determination,” Summer 2014 
Gwe, pp. 114-132; S. Saeseaw et al., “Geographic origin 
determination of emerald,” Winter 2019 GWG, pp. 614— 
646) and to a lesser extent tourmaline, mica, scheelite, and 
fluorite (D. Marshall, “Geological work,” InColor, Spring 
2009, p. 29). Black rounded crystals were observed in some 
of the Davdar emeralds we studied. Previous studies noted 
the presence of black minerals as well but did not identify 
them (S. Saeseaw et al., 2014, 2019). We revealed the black 
mineral to be magnetite via Raman microspectrometry 
(figure 4). This is potentially the first time magnetite has 
been identified in Davdar emeralds, though it has been 
identified in emeralds from other regions (referenced 
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Figure 4. Left: A Davdar emerald hosted numerous black mineral inclusions identified by laser Raman microspec- 
trometry as magnetite. Right: The Raman spectrum of the inclusions is shown along with the Raman reference 
spectrum for magnetite in the RRUFF database. Spectra are offset for clarity. Inset photomicrograph by Di Cui. 


above). Magnetite as a black iron oxide inclusion is com- 
monly seen in emeralds from Zambian and Brazilian local- 
ities and other schist-hosted origins (again, see Saeseaw et 
al., 2019). 

Multiphase inclusions occur commonly in Davdar 
emeralds with solid phases (mainly halides such as halite 
assumed by D. Marshall et al., “Conditions for emerald for- 
mation at Davdar, China: Fluid inclusion, trace element 
and stable isotope studies,” Mineralogical Magazine, Vol. 


76, No. 1, 2012, pp. 213-226). Since previous studies re- 
ported that some birefringent phases did not dissolve dur- 
ing heating (again, see Marshall et al., 2012), we hoped to 
learn the solid phase identity in fluid inclusions. Compre- 
hensive microscopic and Raman spectroscopic analyses in- 
dicated the presence of dolomite and likely calcite daughter 
inclusions (figures 5 and 6). As the solubility of a carbonate 
such as calcite seems to show an inverse solubility with 
respect to temperature (see B. Coto et al., “Effects in the 


Figure 5. Left: Solid-rich fluid inclusions in Davdar emerald. One of the solid phases was determined to be 
dolomite. Right: The corresponding spectrum (red) showed peaks from both the host beryl (black) and the refer- 
ence spectrum for dolomite in the RRUFF database (blue). Photomicrograph by Di Cui. 
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Figure 6. Two daughter 
crystals in separate inclu- 
sions were identified as 
likely calcite based on 
comparison with Raman 
reference spectra from the 
RRUFF database. The top 
and bottom left images 
show the spectra of the two 
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Leche daughter inclusions (red), 
the host beryl (black), and 
the RRUFF calcite refer- 
ence spectrum (green). The 
dominant calcite peak at 
1087 cnr! matches with 
weak peaks in both daugh- 
ter crystals. The top and 
bottom right images show 
the weak 1087 cnr" peak 
corresponding to calcite 
under magnification. 
Photomicrographs by 

Di Cui. 
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solubility of CaCO,: Experimental study and model de- 
scription,” Fluid Phase Equilibria, Vol. 324, 2012, pp. 1- 
7), the first identified dolomite daughter crystals could be 
attributable to the phases that were insoluble with increas- 
ing temperature and added more constraints to fluid inclu- 
sions in Davdar emeralds. 

As far as we are aware, the carbonate phase could sim- 
ply refer to the local geologic background and the host rock 
lithology, which mainly consisted of sandstone and 
dolomitic limestone. Study of the inclusions showed in- 
teresting results due to the genetic environment of the 
Davdar emerald mine. In addition to the daughter chloride 
such as halite, the identified dolomite mineral defined the 
complex multiphase assemblage for the Davdar fluid in- 
clusion population. 


Di Cui, Zongting Liao, Lijian Qi, and Zhengyu Zhou 
School of Ocean and Earth Science 

Laboratory of Gem and Technological Materials 
Tongji University 


Dendritic inclusions in nephrite from Dahua, China. Since 
the 2010s, with the discovery of nephrite ore deposits in 
Luodian County, Guizhou Province, a significant amount 
of nephrite has been mined in the town of Yantan in Dahua 
Yao Autonomous County, located in the northwest of the 
Guangxi Zhuang Autonomous Region (Z. Yin et al., 
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“Nephrite jade from Guangxi Province, China,” Fall 2014 
GwaG, pp. 228-235). Previously we reported on the nature 
of the chlorite inclusions found in this nephrite, and here 
we identify the chlorite as penninite. 

The discovery of Dahua nephrite has eased the increas- 
ingly tight nephrite supply situation in China. Owing to 
its large reserves, the deposit has vast potential for future 
development. This material is of high quality and comes 
in a diverse array of colors including white, gray, light 
green, dark green, light yellow, and black. All bodycolors 
have been found to contain distinctive dendritic inclusions 
(figure 7). Dahua nephrite is popular with consumers, thus 
bringing huge economic benefit to the locality. 

Dahua nephrite is mainly distributed around the river 
near the Yantan hydropower station. The ore body occurs 
in the limestone formed at the Qixian stage of the Paleo- 
zoic Permian system. The magmatic rocks in the area are 
basic intrusive rocks, divided into diabase and gabbro. The 
ore bed containing the nephrite is composed of dark gray 
stratified limestone of low to medium thickness, inter- 
spersed with fine calcite veins (B. Wang et al., “Gemmo- 
logical and mineralogical characteristics of nephrite from 
Guangxi,” Journal of Gems and Gemmology, Vol. 14, No. 
3, 2012, pp. 6-11). The samples were tested by standard 
gemological methods, polarizing microscopy, environmen- 
tal scanning electron microscopy (ESEM), X-ray diffraction 
(XRD), Raman spectroscopy, laser ablation—inductively 
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coupled plasma—mass spectrometry (LA-ICP-MS), and en- 
ergy-dispersive spectroscopy (EDS). We conducted the tests 
at the National Key Lab of the China University of Geo- 
sciences in Wuhan. 

The refractive index of Dahua nephrites ranged from 
1.60 to 1.63. The average hydrostatic specific gravity was 
2.99, and the Mohs hardness was about 6.5. These proper- 
ties were very similar to those of the samples previously 
tested, which had a spot RI of 1.61-1.62 and a hydrostatic 
SG of 2.88-2.90 (Yin et al., 2014). 

The Raman spectra (peaks at 225, 370, 676, 1029, and 
3677 cnr), infrared spectra, and X-ray powder diffraction 
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Figure 7. The nephrite 
samples with dendritic 
inclusions from Dahua 
County. Photos by 
Zuowei Yin. 


* 


(characteristic lines at 3.1189, 8.3968, 3.2702, and 2.7007 
A) were consistent with tremolite, showing that the 
main composition mineral of Dahua nephrite is tremo- 
lite with good crystallinity. Chemical composition analy- 
sis showed that the Mg?*/(Mg?* + Fe?*) value of nephrite 
samples from Dahua was 0.973, identifying the main 
mineral as tremolite. 

The REE distribution pattern of Dahua nephrite had an 
average value of REE and LREE/HREE of 5.32. and 2.60, re- 
spectively, indicating that Dahua nephrite is slightly en- 
riched in light rare earth elements. The 5Ce of the samples 
ranged from 0.21 to 0.91, with an average value of 0.47, in- 
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dicating a negative Ce anomaly. This suggests that Dahua 
nephrite was formed in a sedimentary metamorphic envi- 
ronment, with high oxygen fugacity and a single source of 
nephrite ore-forming fluid. The average 5Eu value of the 
samples was 0.71 in the range of 0.12-2.01, indicating a neg- 
ative Eu anomaly. The negative Eu anomaly in this area may 
be due to the separation and crystallization during the ore- 
forming process of nephrite. 

Most nephrite in Dahua has dendritic inclusions whose 
colors are mainly brownish yellow, brownish green, and 
black distributed in the form of branches, clumps, and the 
like. These “variegated” inclusions were actually deter- 
mined to be penninite (belongs to the chlorite group) using 
modern techniques including routine gemstone testing, X- 
ray powder diffraction, scanning electron microscope, and 
EDS. According to the composition determined by EDS 
testing, we calculated the atomicity of Si with O,, as a ref- 
erence. The results were as follows: The number of Si 
atoms was 6.4, and Fe**/Fe + Mg was 0.16, indicating that 
the chlorite inclusion was a type of penninite (red cross in 
figure 8, from the chlorite classification scheme in Y. Hu 
et al., “Related studies on characteristic altered mineral 
chlorite,” West-China Exploration Engineering, No. 11, 
2019, pp. 132-134). 

The variegated chlorite inclusions in Dahua nephrite 
are very useful identifying characteristics. With the excep- 
tion of Luodian nephrite, which contains similar inclu- 
sions, such distinctive dendritic inclusions have yet to be 
discovered in white nephrite deposits; therefore, it is po- 
tentially a significant tracer for origin. The Dahua nephrite 
contains penninite, a type of chlorite (i.e., hydrothermally 
metamorphosed tremolite) (Yin et al., 2014). As an inclu- 
sion unique to Dahua nephrite, penninite serves as an im- 
portant reference for origin tracing. 

Zuowei Yin (yinzuowei1025@163.com), Wenwei Wang, 

and Quanli Chen 

Gemological Institute, China University of Geosciences 

Wuhan, China 


SYNTHETICS AND SIMULANTS 


Spectral analysis of resin imitation ivory. The application of 
spectroscopic techniques in solving gemological challenges 
is becoming more routine since more data is needed than 
standard gemological testing can provide. For example, resin 
is composed of a variety of complicated chemical compo- 
nents and, while basic testing can identify whether the ma- 
terial is resin, further detailed examination must be 
undertaken to obtain the specific chemical composition. 

A client submitted three “ivory” items for identifica- 
tion, a bead bracelet and two seal stamps (figure 9). This 
case is similar to the “resin imitation ivory with a pseudo 
‘engine-turned’ structure” reported previously (Fall 2019 
Lab Notes, pp. 419-421). Standard gemological testing re- 
vealed an RI of 1.54 (spot) and an SG of 1.23, with parallel 
linear striations, all very similar to the properties obtained 
from the samples in the case referenced above. Natural 
ivory normally indicates an RI of 1.54 (spot) and an SG of 
1.85, with Schreger lines. By comparing with this case, fur- 
ther examinations were taken by the following procedures. 

FTIR and Raman spectroscopy were used to analyze the 
differences between resin imitating ivory and natural ivory 
reference samples with a known provenance. These results 
were compared with those of the client’s submissions. 

As shown in figure 10 (top), mid-FTIR reflectance spec- 
tra from the natural ivory of known provenance revealed 
peaks at 1044, 1447, and 1559 cm (related to biogenic hy- 
droxyapatites); 1658, 2850, and 2919 cm" (consistent with 
collagen); and 3310 cm: (from CO,7) (Z. Yin et al., “A 
comparison of modern and fossil ivories using multiple 
techniques,” Spring 2013 GwG, pp. 16-27). The client’s 
resin imitations revealed peaks at 702, 1126, 1284, 1380, 
1462, and 1730 cm, characteristic of ester group alkyd 
resins (figure 10, bottom) (S.M. Cakié et al., “Investigation 
of the curing kinetics of alkyd-melamine-epoxy resin sys- 
tem,” Progress in Organic Coatings, Vol. 73, No. 4, 2012, 
pp. 415-424), and 2932 cm, consistent with CH stretch- 


Figure 9. The “ivory” items submitted for identification: a bracelet (left) consisting of 16 beads, 13.4 mm diameter 
each, and two seal stamps (right) measuring 20 x 80 mm each. Photos by Lai Tai-An Gem Lab. 
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Figure 10. FTIR spectra 
of natural ivory (top) 
and this object “resin 
imitation ivory” (bot- 
tom) revealed different 
peaks. 
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ing. These results were significantly different from those 
obtained from known samples of ivory, as detailed above. 

Raman analysis of the natural ivory revealed peaks at 
428, 586, 852, 961, 1244, and 1664 cm" (figure 11, top], 
whereas the submitted resin samples displayed peaks at 
621, 650, 1001, 1038, 1162, 1186, 1449, 1599, and 1724 cm 
(figure 11, bottom). The spectra from each were sufficiently 
different to allow a quick and accurate separation. 

These spectral comparisons provide readers with a ref- 
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erence when separating ivory from some resins. However, 
it is still important to apply standard gemological testing 
techniques during the initial examination while staying 
alert to the continual developments likely taking place 
with resin imitations. Spectral analysis plays an essential 
role in the differentiation process, especially in cases where 
more care may be needed. 
Larry Tai-An Lai (service@laitaian.com.tw) 
Lai Tai-An Gem Laboratory, Taipei 
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A new phantom quartz imitation: Laser-engraved rock 
crystal. Phantom quartz generally refers to a rock crystal 
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with inclusions of prismatic or pyramidal growth zonation, 
which represents early crystal faces covered by minerals, 
such as clinochlore, clay minerals, limonite, or fuchsite. 
Recently, a new type of phantom quartz imitation has ap- 
peared in the market, most of which is sold in the form of 
beads, pendants, or crystal spheres. A package of these imi- 
tation phantom quartz products was sent to the Taiwan 
Union Lab of Gem Research (TULAB) for identification 
services (figure 12). 

These samples submitted as phantom quartz had a 
powdery white growth zonation in the form of a hexagonal 
pyramid. The host crystal was confirmed to be natural 
quartz by infrared absorption spectroscopy. The samples 
had an abnormal appearance for phantom quartz, of which 
the internal growth zonation was composed of regular and 
oriented small cracks (figure 13). Similar inclusions are 
often found in crafts made of glass or synthetic quartz en- 
graved with a laser. According to the client, one of these 


Figure 12. The “phantom quartz” pendant was later 
confirmed to be natural quartz with three-dimen- 
sional laser engraving. Photo by Shu-Hong Lin. 
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Figure 13. The internal growth zonation was com- 
posed of a regular network of small crack clusters 
around a central black point, presumably due to laser 
impact. Photomicrograph by Yu-Ho Li; field of view 
2.14 mm. 


samples had fractures along the ridgeline of the apparent 
pseudo-hexagonal pyramid (figure 14), which were possibly 
self- propagated due to the internal stress from the oriented 
small cracks. 

In a true phantom, the axial direction of the host crystal 
is identical to that of the phantom crystal inside; however, 
the interference images through a polariscope revealed that 
the c-axis direction of these phantom quartz products was 
mostly inconsistent with what appeared to be their inter- 
nal growth zonation (figure 15). In consideration of the 
morphological characteristics of inclusions as well as the 
interference images, these phantoms are imitations made 
of natural “rock crystal” with artificial growth zonation 
produced by laser engraving, irrespective of the crystallo- 
graphic orientation of the host crystal. 

Although internal laser engraving can imitate the ap- 
pearance of a phantom quartz inclusion, such products can 


Figure 15. Crossed polarizers revealed that the bull’s 
eye, indicating the optic axis, was nearly perpendicu- 
lar to the axis of the engraved “phantom.” Photo by 
Shu-Hong Lin. 


be easily identified through a microscope and a polariscope. 

More controversially, the internal stress generated by the 

regular and oriented cracks seems to reduce the toughness 

of the host crystal; therefore, consumers should be aware 
of the risk of such imitations. 

Shu-Hong Lin 

Institute of Earth Sciences, National Taiwan Ocean University 

Taiwan Union Lab of Gem Research, Taipei 

Yu-Ho Li 

Institute of Earth Sciences, National Taiwan Ocean University 

Huei-Fen Chen 

Institute of Earth Sciences and Center of Excellence for Oceans 

National Taiwan Ocean University 


Figure 14. Left to right: A schematic diagram, a bottom view, and a top view of an imitation phantom crystal. The 
six fractures (red dashed lines) along the ridgeline of the pseudo-hexagonal pyramid in this imitation phantom 
quartz sphere were reportedly formed without any external force or heat treatment. The diameter of this sphere is 


17.68 mm. Photos by Shu-Hong Lin. 
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Rhodium-plated iron meteorites. The annual Tucson Gem 
and Mineral Show has been a reliable source for the niche 
and the unusual, as seen with the rhodium-plated iron me- 
teorites (figure 16) acquired by author BL at the 22nd Street 
Show in February 2020. The 28.53 ct mounted pendant and 
36.69 ct loose slab were initially suspected to be imitations 
due to the abnormally high metallic luster and bright 
white color compared to typical polished and etched iron 
meteorites. However, chemical analysis of elements in the 
mounted sample using laser ablation—inductively coupled 
plasma—mass spectrometry (LA-ICP-MS) identified the 
specimens as authentic etched iron meteorites with layers 
of plated metals including nickel, copper, and rhodium. 
Meteorites can be classified into three broad cate- 
gories: stone, iron, and stony iron. The latter two groups 
are utilized within the gem and jewelry industry. The iron 
group consists of metallic meteorites composed primarily 
of iron with varying nickel content, a mineral inter- 
growth of low-nickel kamacite and high-nickel taenite. 
The iron group can be further categorized as hexahedrites 
(containing less than 6% nickel), octahedrites (6-13 % 
nickel), and ataxites (more than 13% nickel) (O.R. Nor- 
ton, The Cambridge Encyclopedia of Meteorites, 2002, 
pp. 184-198). When cut, polished, and etched with nital 
(a mixture of nitric acid and ethanol), the acid dissolves 
the isometric kamacite and taenite crystals at different 
rates, revealing a unique pattern dependent on the crys- 
tal’s grain size. Octahedrites reveal a coarse pattern with 
a range of crystal widths known as a Widmanstatten 
structure (again, see figure 16). These lines and structures 
act like a fingerprint, as no two etched meteorites reveal 
the exact same pattern. Etched iron meteorites can also 
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be easily classified by the size of their kamacite bands. 
Octahedrites show a width of banding ranging from 50 
mm to < 0.2 mm. The pendant and slab showed an aver- 
age band width of 0.50 mm and 2.68 mm, respectively, 
both well within the octahedrite threshold. 

The pendant sample was analyzed with LA-ICP-MS 
spectrometry, and results were plotted and compared to a 
confirmed natural, non-plated octahedrite meteorite (fig- 
ure 17). The x-axis shows time lapsed as the laser began 
drilling from the surface (starting at 40 seconds), therefore 
also representing depth. The y-axis shows the weight per- 
cent of the elements present. These include iron (Fe), 
nickel (Ni}, copper (Cu), and rhodium (Rh) and represent 
the multiple layers of plating. The non-plated meteorite 
showed a steady amount of Fe (approximately 93 wt.%) 
and Ni (approximately 6 wt.%) throughout the total 
elapsed time from the beginning of analysis. The plated 
meteorite showed an initial thin peak of rhodium, quickly 
followed by a slightly wider peak of nickel. As these peaks 
began to flatten, a broad band of copper became visible. 
Near the 96 second mark, the graph of the plated mete- 
orite began to resemble the non-plated meteorite, with ap- 
proximately 92, wt.% Fe and 8 wt.% Ni. This analysis 
proved the material to be a genuine octahedrite meteorite 
with platings of Cu, Ni, and Rh. In order to achieve a final 
surface plating of rhodium to a metal, various under-plat- 
ings are usually required. Through this technique of meas- 
uring the chemistry of the plated layers by LA-ICP-MS, 
gemologists were able to determine the identity of the 
subsurface material, as well as the composition of the var- 
ious platings through a minimally destructive process. 
The pits or craters created by the laser are generally small 
(50 zm in diameter) and therefore impossible to visibly de- 
tect without magnification (L.A. Groat et al., “A review 


Figure 16. The mete- 
orite pendant (left) 
measured 27.02 x 12.75 
x 2.59 mm and weighed 
28.53 ct. The meteorite 
slab (right) measured 
27.67 x 28.06 x 1.71 
mm and weighed 36.69 
ct. The intricate band- 
ing seen in these plated 
meteorites would both 
be categorized as Wid- 
manstatten patterns, 
features of octahedrite 
iron meteorites. Photo 
by Angelica Sanchez. 
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DEPTH PROFILE OF LA-ICP-MS CRATER ON PLATED METEORITE 
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Figure 17. The profile of 
the plated meteorite 
(top) shows initial 
peaks of rhodium and 
nickel followed by a 
broad band of coppet. 
Near the 96-second 
mark, the graph begins 
to resemble the profile 
of the non-plated mete- 
orite (bottom) with >90 
wt.% Fe and <10 wt.% 
Ni. This proves the ma- 
terial to be a genuine 
octahedrite meteorite 
with platings of Cu, Ni, 
and Rh. 


40 50 60 70 80 90 
TIME (SECONDS) 


of analytical methods used in geographic origin determi- 
nation of gemstones,” Winter 2019 GwG, pp. 512-535). 
Utilizing LA-ICP-MS to analyze metallic platings and sub- 
surface materials is a method not previously explored by 
the authors. This study could offer insight into using LA- 
ICP-MS technology in new ways in the gem and jewelry 
industry. 

Iron meteorites are prone to rusting due to their high 
iron content, as even slight humidity within air causes 
rapid corrosion. To slow this process, the stones are com- 
monly kept in humidity-controlled environments, mois- 
ture absorbent silica gel, or coated with oil or hard clear 
lacquer. Rhodium plating offers an attractive luster and 
color to the surface; however, its essential function in this 
instance is to prevent moisture from altering the iron. Un- 
fortunately, rust spots can be seen on the edges of both 
samples where the plating failed to adhere. Rhodium is a 
member of the platinum metal group, which is character- 
ized by high stability, good resistance to corrosion, and a 
high melting point. While it is too brittle to be used for 
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solid jewelry, rhodium has become a popular plating ma- 
terial, as it has a brighter color than silver or platinum. 

Meteorites are popular collectibles with wide usage as 
jewelry. Etched iron meteorites can be found as watch dials 
and bezels, beads, hololith rings, and pendants. As this spe- 
cialized material becomes more common, consumers 
should be aware of potential imitations or treatments such 
as these rhodium-plated examples. 


Britni LeCroy, Ziyin Sun, and Dylan Hand 
GIA, Carlsbad 


Oiled tanzanite. Over the past five years, gemologists at 
Bangkok’s Lotus Gemology have seen increasing numbers 
of what we might call “non-traditionally” oiled gems. This 
is particularly true of, but not limited to, Burmese gems 
such as ruby, sapphire, and spinel. But it is important to 
note that any gem with surface-reaching fissures can be 
oiled, often with dramatic improvements in apparent clar- 
ity. Cuprian and rubellite tourmalines are also frequently 
enhanced in this way. 


Figure 18. This large 115 ct 
tanzanite was found to 
contain oil (left). After re- 
moval of the oil (center 
and right), highly reflective 
fissures became obvious. 
This clearly demonstrates 
how oiling a gem can have 
a radical impact on its ap- 
pearance. Photos by 
Chanon Yimkeativong. 
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suitability of the style, although they may 
be in bigh fashion. 

So far our discussion has been equally 
applicable to costume jewelry and fine jew- 
elry—diamond and pearl jewelry, as well as 
colored stone and gold jewelry. 

Now we would like to consider the sub- 
ject of colored stones and their contribution 
to costuming. Here, too, our observations 
will be applicable both to costume jewelry 
and to real jewelry. However, as gemol- 
ogists, we are interested in increasing the 
sale of genuine stones and it is with this 
in mind that we proceed. 

When a woman learns a little more about 
the romance, rarity and beauty of precious 
stones, compared to that of imitations and 
synthetics, she begins to appreciate them 
as a final touch to her costume which can 
help to give assurance and poise as well as 
complimenting her good taste. 

Once a customer has reached this stage of 
appreciation she is prepared to select her 
gowns to enhance her real jewelry—rather 
than to purchase costume junk to go with 
her gowns. It has been our observation that 
this is an excellent means to secure a steady 
customer bent on securing a few well-chosen 
colored stone pieces which will serve many 
purposes. It is well for the jeweler to be 
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able to aid in this process, though we are 
aware that it is not easy for a man to advise 
a woman in the matter of color. Again, tact 
and judgment are prime requisites. 

The colors of stones a woman can choose 
are almost limitless—no hard or fast rules 
need be observed. In general, a woman can 
wear any color which appeals to her. How- 
ever, certain colors “go with’ certain 
types. For instance, yellow gems are equally 
flattering to the blonde or brunette, but may 
be trying for the woman with graying hair. 

Green gems, especially emeralds, have 
long been a must for the lady with red 
hair, while amethysts and sapphires are as- 
sociated with gray to white hair. Pink gems 
—especially when worn next to the skin— 
must have contrast, and they may be lost 
next to a florid skin. 

Perhaps no other gem has such general 
“wearability” as the pearl. However, neck- 
laces should be tried in various lights to 
see just which tint is most flattering. When 
a woman thinks she can’t wear pearls, it is 
sometimes the texture rather than the color 
of her complexion which detracts. The high 
regard for so-called Oriental pearls with 
their cream-rose tint is no accident—they 
actually go most easily with occidental skin 
tones and textures. 

(Continued on page 351) 
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FRESHWATER PEARLS FROM A 
LABORATORY PERSPECTIVE 


Global Pearl Development Conference (tt MISEEX =) 


Nicholas Sturman, Consultant to GIA 
13 November, 2020 


Recently we received a faceted tanzanite weighing 
more than 100 carats for testing. As is our practice for non- 
emeralds exhibiting fissure-filling clarity enhancement, 
we photograph the gem and then allow the client to re- 
submit the stone after filler removal. Figure 18 clearly 
shows the dramatic effect that fissure filling with oil/resin 
can have on gems such as tanzanite, even where the re- 
fractive index of the filler does not closely match that of 
the gem. 


Richard Hughes 
Lotus Gemology, Bangkok 


CONFERENCE REPORT 


2020 World Pearl Congress. The World Pearl Congress was 
held November 13-15, 2020, in Shanxiahu Town, a divi- 
sion of the Chinese city of Zhuji. Known as “China’s pearl 


Figure 19. GIA consult- 
ant Nicholas Sturman 
presented on freshwater 
pearls during the con- 
ference. Photo by Lin 
Chen. 


capital,” Shanxiahu Town is known for cultivating, pro- 
cessing, trading, and researching pearls, especially fresh- 
water pearls. The town produces nearly 80% of China’s 
pearls and is currently home to more than 2,500 pearl 
companies. This event was organized by CIBJO, the Gems 
and Jewelry Trade Association of China, the Zhejiang 
Provincial Committee of China Council for the Promo- 
tion of International Trade, and the Shaoxing Municipal 
People’s Government. 

The event consisted of a series of activities, presenta- 
tions, and exhibitions focused on pearls. Despite the 
global pandemic, more than 400 attendees who live in 
China and represent a number of professions and indus- 
tries attended this meeting in person, while several inter- 
national and domestic speakers delivered a series of talks 
via prerecorded videos. Presentations included: “Freshwa- 
ter Pearls from a Laboratory Perspective” (Nicholas Stur- 
man, GIA consultant) (figure 19), “An Overview of the 


Figure 20. The new World Freshwater Pearl Museum was recently opened in Zhuji, China. Photos by Lin Chen. 
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Global Pearl Industry” (Kenneth Scarratt, CIBJO Pearl 
Commission president), “Development of Quality and 
Detection of Pearls” (Taijin Lu, NGTC chief scientist), 
“The Importance of Design to the Pearl Industry” 
(Paloma Sanchez, independent designer), among many 
others. In addition, the World Freshwater Pearl Museum 
was also unveiled (figure 20), with exhibitions detailing 
the rich history of pearl culturing in China, pearl culti- 
vating and processing techniques, and varieties of fresh- 
water pearls and pearl jewelry. 

According to several sources at the meeting, the global 
pandemic caused little disruption to the production of 
freshwater cultured pearls, as the harvest usually takes 
place at the end of the year and the government’s fast con- 
trol of the virus minimized the impact. However, the ex- 
port of freshwater cultured pearls has been significantly 
affected, and dealers are trying to boost domestic sales 
with more emphasis on a strong online presence. Among 
different sales methods, livestreaming has become an ever 
more popular way to sell pearl jewelry in China (figure 
21). From January to November 2020, online sales of 
pearls in Zhuji were valued at 11.85 billion yuan (US$1.8 
billion), a year-over-year increase of 18.5%, according to 
Sina Finance. 


Chunhui Zhou and Lin Chen 
GIA, New York 
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ANNOUNCEMENT 


American Gem Society upcoming events. The American 
Gem Society (AGS) will hold virtual and in-person educa- 
tional events at the newly announced Confluence, slated for 
April 26. This event aims to provide industry professionals 
with content specifically designed to increase sales and re- 
focus business strategy. Katherine Bodoh, CEO of AGS and 
AGS Laboratories, is pleased to offer a selection of programs 
that speak to “vital subjects our members need to reach new 
heights in their professional development.” Members will 
also have access to AGS PRO, a learning portal filled with 
an array of relevant topics from leading experts in the field. 

Conclave, which normally takes place each April, has 
been rescheduled for September 12-14, 2021. It will be held 
at the Sheraton Dallas Hotel in Dallas, Texas. 


ERRATUM 


The print version of the Spring 2020 article by Emily Du- 
binsky et al. (“A Quantitative Description of the Causes of 
Color in Corundum,” pp. 2-28) contained several incor- 
rectly colored gemstones and areal color density circles for 
various chromophores. To display the correct colors, we 
have included a reprint of the Spring 2020 article with this 
issue, accompanied by a wall chart. 


Figure 21. Livestream- 
ing has become one of 
the most popular ways 
for online selling of 
pearls in China, as 
shown in this Ruans 
store in Zhuji. Photo by 
Lin Chen. 
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EDITORIAL 


Internal Structures of Natural Pearls 
from Pinctada maxima, |dentification of 
Resin-Filled Turquoise, Spinel Inclusions 
Chart, and More...... 


Spring ushers in a feeling of renewal, and as we start to slowly recover from the global 
pandemic, it is a welcome sentiment. Join us as we investigate the inner structures of natural 
Pinctada maxima pearls, the technical evolution of turquoise treatments using resin filling, 
and a mathematical approach to predicting color in uniaxial gemstones. Even though the 
Tucson gem shows were canceled this February, we are able to offer more than 20 pages of 
captivating interviews covering how many in the trade have been weathering the situation 


along the enti ly chain. “« ; é nc 
engine mae Seppe “A mathematical method using visible spec- 


Natural Pinctada maxima peatls troscopy to accurately predict color, the most 


take center stage in the lead : ’ » 
articles ArtitayaHomkrajae — /#POTtant quality for a colored gemstone... 


and fellow GIA researchers conduct a detailed analysis of 774 natural pearls collected from wild 
marine mollusks. These pearls were classified into six broad internal structural types based on X-ray techniques such as 
real-time microradiography (RT'X) and X-ray computed microtomography (u-CT). The results of this work support 
the efforts to aid in the dependable identification of natural versus cultured pearls by gemological laboratories. 


In the second article, Ling Liu and a team from the Gemmological Institute, China University of Geosciences in 
Wuhan use ultraviolet fluorescence, spectrofluorometry, and Fourier-transform infrared (FTIR) spectrometry to 
characterize resin-filled turquoise. Their research addresses an urgent need to detect the prevalence and constantly 
evolving treatment techniques applied to turquoise sourced from China's Hubei Province. 


Next, Che Shen and coauthors provide a mathematical method using visible spectroscopy to accurately predict color, 
the most important quality for a colored gemstone, and guidance on cutting backed by science. This comprehensive 
study predicts the color ofa uniaxial gem when viewed in any direction by reconstructing unpolarized spectra 
provided the polarized spectra and relative viewing angle to the c-axis are known. 


In our last article, Nathan Renfro and coauthors present a beautiful array of inclusions in natural, treated, and 
synthetic spinel, as well as inclusions of spinel in other gemstones. Their colorful spinel inclusions chart is enclosed 
with every printed copy of this issue. Laminated versions of it, along with the five inclusion charts, are also available at 
store.gia.edu. 


As always, interesting gemological findings abound in our regular sections. Discover natural diamonds displaying 
asterism and bicolor rough diamond crystals featuring distinct colorless and pink areas in Lab Notes, while Micro- 
World delights with a glimpse into the inner landscapes of gems: a kaleidoscopic play of interference colors seen in 
thin-film fluid inclusions in aquamarine and a cloud inclusion shaped like a diamond profile mimicking its diamond 
host. The Gem News International section features a virtual report on the pandemic’s impact and how the trade 
adapted their business practices to continue to flourish, as well as the headline-grabbing Cookie Monster geode and a 
glance back in time at hand-drilled holes in diamond briolettes. This issue also contains the annual GeG Challenge, 
where you can test your gemological knowledge of our 2020 issues. Finally, be sure to see our announcement of the 
Dr. Edward J. Giibelin Most Valuable Article Award winners. 


We hope you enjoy the Spring 2021 edition of Gems e& Gemology! 


OH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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SNM ARTICLES 


INTERNAL STRUCTURES OF KNOWN 
PINCTADA MAXIMA PEARLS: NATURAL 
PEARLS FROM WILD MARINE MOLLUSKS 


Artitaya Homkrajae, Areeya Manustrong, Nanthaporn Nilpetploy, Nicholas Sturman, 
Kwanreun Lawanwong, and Promlikit Kessrapong 


Natural pearls form in mollusks without any human assistance, whereas cultured pearls form as a result of human 
intervention. In general practice, the identification of natural versus cultured pearls is determined by the internal 
structure revealed by X-ray techniques, particularly real-time microradiography (RTX) and X-ray computed microto- 
mography (H!-CT). Interpretation of the results is based on reference samples studied previously. Therefore, a reference 
database founded on reliable samples obtained directly from known sources is an important factor. The internal struc- 
tures of 774 natural marine pearls collected in situ by two of the authors from freshly opened wild Pinctada maxima 
mollusks were studied in detail to gain a better understanding of the internal structural characteristics of natural P. 
maxima pearls. Based on the internal features obtained from RTX and }-CT analyses, the samples were classified into 
six broad growth structure types: (1) tight or minimal growth, (2) organic-rich concentric, (3) dense core, (4) void, 
(5) linear, and (6) miscellaneous structures. Tight or minimal growth structures are typically observed in natural pearls 
and was noted in the majority of these samples. Some exhibited particular forms of organic-rich concentric, void, or 
linear structures resembling those previously observed and reported in some non-bead cultured (NBC) pearls pro- 
duced from the same mollusk species. Such overlapping features demonstrate the challenges of distinguishing some 
natural and NBC pearls submitted to gemological laboratories. This article will present the diverse range of internal 
features found in natural P. maxima pearls, discuss the complexities sometimes encountered during the identification 
process, and share the protocols GIA applies in such situations. The work strengthens GIA‘s reference collection data- 
base on the internal structures of pearls, supporting its goal of providing dependable results on pearls submitted by 
clients. In this context, the authors intend to conduct further studies on natural and cultured pearls of known origins 
from various environments and mollusks to make GIA’s database even more comprehensive. 


microtomography (u-CT) began to be applied to pearl 


naturally without human intervention, or with 

assistance from humans in a culturing process. 
Natural and cultured pearls often display similar ex- 
ternal appearances and occasionally cannot be differ- 
entiated without examining their internal structures. 
Over the last century, scientists and gemological lab- 
oratories have used film X-radiography and digital 
real-time microradiography (RTX) to reveal these in- 
terior growth patterns (Alexander, 1941; Webster, 
1950; Benson, 1951; Sturman, 2009; Scarratt and 
Karampelas, 2020). Around 2010, X-ray computed 


Pisce are biogenic gem materials that may form 


See end of article for About the Authors and Acknowledgments. 
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testing. This application provides high-resolution 3D 
imaging of the morphological structures, allowing 
fine growth features to be viewed in greater detail 
compared to traditional X-radiography (Karampelas 
et al., 2010; Krzemnicki et al., 2010; Otter et al., 
2014; Karampelas et al., 2017). RTX and p-CT are the 
main techniques used today by GIA and other gemo- 
logical laboratories for pearl identification. 

As with most research, interpretation of the results 
is based on data collected over the years, as well as the 
experience of those performing the work. Thus, a sam- 
ple’s source or the way in which it was obtained are 
very important factors to consider when creating a re- 
liable database (Pardieu and Rakotosaona, 2012; Ver- 
triest et al., 2019). In accordance with its existing 
guidelines for collecting gemstone reference samples 
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TABLE 1. GIA pearl sample classification codes. 


Origin 


A-type: Collected in the field by a GIA gemologist diving to collect the shell at the source/farm 


A1 Collected in situ directly from a freshly opened mollusk (video and/or photo record available). 


a of the pearl sac during the opening process. 


A3 
separator. 


Collected from a freshly opened mollusk. However, unable to document where the pearl formed because it fell out 


Collected from the bottom of a container after the mollusk’s soft tissues have passed through a mechanical 


Known sample 


B-type: Collected in the field by a diver/operator witnessed by a GIA gemologist at the source/farm 


B1 Collected in situ directly from a freshly opened mollusk (video and/or photo record available). 


He of the pearl sac during the opening process. 


B3 
separator. 


Collected from a freshly opened mollusk. However, unable to document where the pearl formed because it fell out 


Collected from the bottom of a container after the mollusk’s soft tissues have passed through a mechanical 


Known sample 


C-type: Collected from a trusted source (pearl diver/farmer/manufacturer/dealer) 


Bought/loaned/donated from a trusted source (diver, farmer, etc.) in the local market (close to the source) with 


supporting information on sample origin. 


Bought/loaned/donated from a trusted source (diver, farmer, etc.) in the international market with supporting 


information on sample origin. 


Reported sample 


D-type: Collected from an unknown source or unfamiliar dealers/suppliers/farmers 


Bought/loaned/donated from unknown source in the local market (close to the source) with supporting 


information on sample origin. 


Bought/loaned/donated from unknown source in the international market with supporting information on sample 


origin. 


Reported sample 


E-type: No information about how the pearl was collected 


Bought/loaned/donated from an unknown or unfamiliar source, but lacking any records/documents on sample 


origin. 


Unknown sample 


in the field, GIA has applied pearl sample classifica- 
tion codes reflecting the different degrees of origin de- 
pendability (table 1). Those listed as A-type samples 
are the most dependable, while E-type samples are the 
least dependable. Collecting pearls directly from 
freshly opened mollusks is the ideal situation (A and 
B type), but this is not always possible, especially 
when it comes to natural pearls. In many cases, re- 
search can only be carried out on samples purchased 
or loaned from pearl farmers or reputable dealers (C 
and D type). These samples are often described as 
being “reportedly” from a source or mollusk, and in 
most cases they serve as useful references in pearl 
identification matters. However, there are occasions 
where these reported samples are not sufficiently de- 
pendable to reach confident determinations, and more 
reliable reference samples are needed. E samples lack 
specific origin information, but can still be useful for 
some research such as color treatment or surface qual- 
ity enhancement comparisons. A reference collection 
constructed of “known samples” that carefully docu- 
ments how, when, and where they were acquired is an 
essential foundation for research on origin identifica- 
tion. Samples with known origin provide the highest 
degree of data reliability. 


INTERNAL FEATURES OF NATURAL PEARLS FROM P. MAXIMA 


Pinctada maxima is a well-known mollusk 
species in the Pinctada genus, which is widely dis- 


In Brief 


e Pearl identification (natural vs. cultured) is dependent 
on the internal structure obtained by X-ray techniques, 
in particular RTX and p-CT analyses. 


e Interpretation of the results is based on reference sam- 
ples collected over the years. Therefore, reliable sam- 
ples obtained directly from known sources are critical. 


e The internal structures of 774 natural marine pearls col- 
lected in situ from freshly opened wild Pinctada max- 
ima mollusks were studied. 


e Various forms of internal structures were observed. 
While the majority displayed tight or minimal growth 
structures, some exhibited particular forms of organic- 
rich concentric, void, or linear structures similar to 
some NBC pearls, demonstrating the challenges of 
pearl origin identification. 


tributed throughout the central Indo-Pacific region 
(Southgate and Lucas, 2008). As with other mollusks, 
it can produce natural pearls, though it is now more 
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Figure 1. A map showing the location where GIA staff 
retrieved natural pearls produced by wild Pinctada 
maxima mollusks fished from the historical beds off 
Eighty Mile Beach in Broome, Western Australia. 
Image from Google Maps. 


commonly associated with shell (mother-of-pearl) 
and cultured pearl production. Bead-cultured (BC) 
pearls are the primary product, although, some non- 
bead cultured (NBC) pearls are also produced as a 
byproduct of the culturing process. NBC pearls 
(sometimes referred to as “keshi”) are cultured pearls 
that form without a bead within a cultured pearl sac, 
instigated by human actions (CIBJO, 2017). 

While the identification of most NBC pearls is 
straightforward, differentiating between some natu- 
ral and NBC pearls can be challenging because both 


Figure 2. A selection of natural P. maxima pearls re- 
trieved directly from the wild mollusks examined in 
this study, shown on a P. maxima shell. The largest 
pearl weighs 19.94 ct. Photo by Nuttapol Kitdee. 


4 INTERNAL FEATURES OF NATURAL PEARLS FROM P. MAXIMA 


types are formed almost entirely of nacre and do not 
contain a shell bead nucleus. The reports on P. max- 
ima pearls from Western Australia (Scarratt et al., 
2012) and Lombok, Indonesia (Sturman et al., 2016), 
are GIA’s pioneering studies on pearls of known ori- 
gin. The samples in both reports were classified as B- 
type samples since they were collected in situ from 
mollusks by GIA gemologists after the shells were 
recovered, and the information for each pearl re- 
trieved is well documented. In each case the samples 
helped to promote standardized identification calls 
on pearls produced from P. maxima mollusks since 
there are no questions concerning their origin. For 
this reason, GIA intends to continue studying sam- 
ples of known origin from P. maxima in order to ex- 
pand the dependable database of internal structures 
for gemologists to access when needed. 

The authors have studied the internal structures 
of three different groups of known P. maxima pearls, 
and the various growth features observed within each 
group will be discussed in a series of three articles. 
This, the first installment, looks at the natural pearls 
retrieved directly from unoperated wild mollusks. 
The second article will cover NBC and BC pearls that 
were grown in cultured pearl sacs that developed 
from pieces of mantle tissue inserted into the gonad 
areas. The final article will address pearls that formed 
in the mantle area or adductor muscle, or were at- 
tached to the shell, of operated mollusks. 


MATERIALS AND METHODS 


In late September 2013, a GIA pearl team (authors 
AH and AM) with the assistance of the Paspaley 
Pearling Company, once again had the opportunity 
to visit the historical P. maxima mollusk beds off 
Eighty Mile Beach in Broome, Western Australia 
(Scarratt et al., 2012, figure 1). Although the main 
purpose of the pearling expedition off Eighty Mile 
Beach was to collect wild P. maxima shells from the 
ocean floor as a part of the Australian shelling quota 
system (WAMSC, 2.015), GIA’s primary objective was 
to collect natural pearls found in the mollusks. In 
total, 774 natural pearls were found in 20,488 opened 
mollusks (figure 2), and those authors present were 
able to retrieve pearls and record the exact locations 
where 370 of them formed within the mollusk (B1 
sample type). 

On opening the shells, the search started with a 
visual inspection of the soft organs for any obvious 
pearls. This was followed by a fingertip search to feel 
for any seed pearls or pearls that might have formed 
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Adductor muscle 
Mantle lip 


Gonad 


Mantle lip 


Mantle center 


Mantle hinge 


Figure 3. Searching for natural pearls in the mollusk 
body began with a visual inspection and then the 
soft organs (mantle lip, mantle hinge, mantle center, 
and adductor muscle) were explored with fingertips. 
Natural pearls were found in all areas, apart from 
the gonads, and some were found loosely attached 
to the shell surface. The mantle lip shown in the 
image is retracted; it originally extended to the 
shell’s edge (ventral margin). Note: The naming con- 
vention was developed by GIA and initially pre- 
sented in 2014. Photo by Nanthaporn Nilpetploy. 


in areas hidden from view by the mantle that ex- 
tended around the lip, down to the hinge and the cen- 
tral part (figure 3). The adductor muscle was also 
checked for the presence of pearls. The majority of 
pearls retrieved from the known positions were 
found in various parts of the mantle, either close to 
the lip, toward the hinge or in the central part of the 
mollusk (table 2). However, it was very interesting 
to see that some seed pearls were also found embed- 
ded in the adductor muscles (figure 4). As would be 
expected for natural wild shells, no pearls were found 
in the gonads. Moreover, a few were loosely attached 
to the shell surface, and were subsequently removed 
by applying gentle finger pressure. The latter are con- 
sidered to be whole pearls and typically show circular 


TABLE 2. Natural P maxima pearl samples examined in this study. 


Figure 4. Aside from the mantle area, some seed 
pearls were found embedded in the adductor muscle. 
The pearl in the image (indicated by the white arrow) 
weighs 0.14 ct. Photo by Areeya Manustrong. 


marks of organic-rich material on their surface where 
they were connected to the shell (Lawanwong et al., 
2019). These findings are in keeping with the obser- 
vations from Australian fisheries recorded by Kunz 
and Stevenson (1908): 


Within the adductor muscle are found seed-pearls and 
small baroque; the large pearls are found embedded in 
the mantle, where their presence may be detected as 
soon as the shell is opened, the pearly gleam contrast- 
ing with the light blue of the mantle. Sometimes, 
though rarely, large pearls are found loose within the 
shell, whence they roll out when the shell is opened. 


It came as no surprise that some specimens did not 
produce any pearls, while others contained more than 
one pearl. More commonly, pearls formed in individ- 
ual sacs in adjacent areas (figure 5, left) or in separate 
areas within the mollusk, though in some cases sev- 
eral individual pearls formed within the same sac (fig- 
ure 5, right). 

Shell opening was carried out over eight days by 
several people on the vessel. The exact position in 
which some of the remaining 404 pearls formed in- 
side the mollusks could not be documented because 
they fell out of the sac during the shell opening 
process (B2, sample type). This could have resulted 


Position where 


found in the mollusk Mantle 


Adductor muscle 


Attached to shell Unknown Total 


Number of pearls 217 138 


15 404 774 
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’ A Visit to 
IDAR-UBERSTEIN 


by 


DR. WILLIAM F. FOSHAG 


(Head Curator of Geology, Smithsonian Institution) 


In southern Germany, in the old princi- 
pality of Birkenfeld, lie the neighboring 
towns of Oberstein and Idar. These towns 
have been important lapidary centers since 
the 15th century. It has been suggested that 
the Romans introduced the lapidary art into 
the region. Oberstein, with a population of 
about 20,000 inhabitants, lies in the narrow 
valley of the Nahe River. One of the sights 
of the town is an ancient church high up on 
a cliff above the river, in part carved out of 
an old agate-bearing lava flow. Idar, with a 
population of about 12,000, forms that part 
of the twin town that lies in the steep-walled 
tributary of the Idar Brook. 

The surrounding hills consist of an old 
basaltic lava, in the steam cavities of which 
occur numerous small amygdules of calcite, 
quartz or agate. This agate perhaps attracted 
the Roman Sapidaries, and certainly later sus- 
tained a cutting industry for several cen- 
turies. It found wide acceptance in the arts 
throughout Europe during the 15th, 16th, 
17th and 18th centuries. Outstanding 
examples of the lapidary art in Idar agate 
were to be seen in the exhibition of the art 
treasures from the Vienna Collections re- 
cently shown in the United States. 


The 15th century saw a well established 
tapidary industry in Idar, devoted entirely to 
cutting the agate mined from local deposits. 
A cutters’ guild was organized in 1609 with 
membership confined largely to the Klein, 
Leyser, Becker and Wild families—names 
still prominent in the Idar lapidary industry 
today. The early 19th century saw the ex- 
haustion of the local agate supply, but the 
industry managed to continue in reduced 
activity through the use of Swiss rock crystal 
and smoky quartz, Saxon and Bohemian 
amethyst, and later Indian carnelian, moss 
agate and jasper. 

In 1827 the Uruguay-Brazil agate fields 
were discovered by emigrants from the Idar 
district. The importation of this material re- 
vived the languishing lapidary industry. One 
by one other gemstones were added to those 
fashioned in Idar: amethyst from Uruguay 
and Brazil, East Indian garnet, tiger-eye from 
Africa, moonstone from Ceylon, New Zea- 
land nephrite, Australian opal and sapphire, 
and, finally, in the early years of the 20th 
century, Brazilian and Madagascar fancy 
gems. With the introduction of synthetic 
sapphire and spinel, these, too, were added, 
and with the discovery of diamonds in 


FALL 1953 


339 


from the abrupt retraction of the mantle lip from the 
shell edge (ventral margin) when cutting through the 
mollusk or from the perforation of the pearl sac by a 
knife. The balance of the 404 pearls were recovered 
later in the process from the bottom of a container 
after the mollusks’ soft tissues had passed through a 
mechanical separator (B3 sample type). Nonetheless, 
all the samples studied are undoubtedly classified as 
natural pearls of known origin, as they formed in 
wild mollusks (i.e., unbred, non-hatchery raised, un- 
operated) that had never been involved in any pearl 
culturing process. The measurements ranged from 
0.49 mm to 16.16 x 15.57 x 13.24 mm, and the 
weights ranged from negligible to 19.94 ct. 

The internal structures of the 774 natural marine 
pearl samples, on loan to GIA, were recorded using 
RTX and u-CT analyses. The RTX analysis was per- 
formed using a Pacific X-ray Imaging (PXI) GenX-90P 
X-ray system with 4-micron microfocus, 90 kV volt- 
age, and0.16 mA current X-ray source with an expo- 
sure time of 200-400 milliseconds per frame, 
combined with a PerkinElmer 1512 flat panel detec- 
tor with a maximum of 128 frames average and 74.8 
micropixel pitch with 1944 x 1536 pixel resolution. 
The samples that showed intriguing or indistinct 
structures were selected for more detailed u-CT work 
to better view the internal structures. The p-CT 
work was carried out with a ProCon CT-mini X-ray 
system with a 5-micron microfocus, 90 kV voltage, 
and 0.18 mA X-ray current source. Two detectors 
with a frame grabber card were used to capture the 
results: a Hamamatsu flat panel detector C7921CA- 
29 with 50 micropixel pitch and 1032 x 1032 pixel 
resolution, and a Varex 1207 flat panel detector with 
74.8 micropixel pitch and 1536 x 864 pixel resolu- 
tion. RTX and p-CT data were collected in GIA’s 
Bangkok laboratory. Because the work focused on the 
samples’ internal structures, other aspects including 
physical, spectroscopic, and chemical characteristics 
are not presented. 
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Figure 5. Pearls were 
commonly found in in- 
dividual sacs in adja- 
cent areas or in 
separate areas within 
the mollusk (left). 
However, some individ- 
ual natural pearls were 
found together in the 
same pearl sac (right). 
Photos by Artitaya 
Homkrajae. 


OBSERVATIONS AND RESULTS 


A natural pearl is the result of an accidental occur- 
rence during the normal life cycle of a mollusk 
(Strack, 2006). Various conditions influence the for- 
mation of pearls, such as water environment and a 
mollusk’s health (Gervis and Sims, 1992; Bondad-Re- 
antaso et al., 2007), so it is common to find various 
types of internal structures in natural pearls, as well 
as cultured pearls. Based on the internal features ob- 
tained by RTX and u-CT analyses, natural pearl sam- 
ples can be separated into six broad growth structure 
types (figure 6): 


1. Tight or minimal growth 
2. Organic-rich concentric 
3. Dense core 

4. Void 

5. Linear 

6. Miscellaneous 


From all 774 natural pearls examined in this 
study, 45 were selected in order to provide a repre- 
sentative overview of the various internal structures 
observed. The RTX and p-CT results of each sample 
are shown in tables 3 through 8, along with the sam- 
ple number, weight, and measurement in the first 
column and a macro image in the third column. The 
second column shows the image captured during 
each pearl’s retrieval, if applicable, from within the 
mollusk. The position of each pearl is indicated by 
a black arrow and noted in the first column. Those 
listed as “unknown” were the ones where the pearl’s 
position could not be documented because it fell out 
of the pearl sac during the opening process or was 
later recovered from the mechanical separator. The 
RTX and u-CT results are grayscale images in which 
differing shades of bright and dark grayscale inten- 
sity correspond to X-ray density (i.e., the different 
degrees of attenuation the component materials 
have to X-rays). Mineralized materials such as arag- 
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Summary of Internal Structures: Natural Pearl Samples 


| 
| 1. Tight or minimal growth 
I 


| J | 1 1 1619 (80%) 
33 (4%) | 2. Organic-rich concentric and dark gray cores Figure 6. Summary of 
| | | | | | I sos 
33 (4%) | | | | | | Organic-rich concentric and light gray cores the six internal struc- 
| | | | | | I ; 
6(1%) | ! ! | | ! ! Organic-rich concentric and patchy light and dark tures found in the 774 
gray centers natural pearl samples 
26 (3%) | 3. Dense core studied, with the per- 
| | | | | | I 
eh cena centage of each struc- 
ture type within the 
5 (1%) ! ' 5. Linear group. 
| | | | | I | 6. Miscellaneous 
142%) | | | | | | I 
T T T T T T 1 
(0) 100 200 300 400 500 600 700 


NUMBER OF SAMPLES 


onite or calcite are denser or more radiopaque than (Wehrmeister et al., 2008; Sturman, 2009; Otter et 
organic-rich features or voids filled with gases and/or al., 2014). [Note: In this article, the description of an 
liquid; hence, an area composed entirely of aragonite internal structure as “dark gray” and “light gray” 
will appear lighter than an area containing organic- corresponds to its X-ray density, not its actual 
rich or void features which generally appear darker _ color./ 


TABLE 3. Examples of natural pearls from wild mollusks with tight or minimal growth structures (type 1). 


Position where 
Vad in the mollusk 


hee hing) 
1.45 ct 
6.71 x 5.62 mm 


1-2 
(mantle hinge) 
0.65 ct 
4.85 x 4.57 x 5.89 mm 


Sample details Macro image RTX image H-CT image 


1-3 
(adductor muscle) 
0.30 ct 
3.98 x 3.71 x 3.00 mm 


1-4 
(mantle hinge) 
0.63 ct 
6.33 x 4.25 x 3.10 mm 


The position of the pearl in the mollusk is indicated by a black arrow. The white arrows indicate the more radiopaque (lighter 
gray) areas observed. 
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TABLE 4. Examples of natural pearls from wild mollusks with organic-rich concentric structures (type 2). 


Position where 


Sample details écadidecthenaalhisk Macro image RTX image p-CT image 
Dark gray core 
2-1 
(mantle lip) ' 
2.20 ct ’ 


8.29 x 6.80 x 6.22 mm V 
» 
2-2 
(attached to shell) 


19.94 ct 


|. iw 
16.23 x 15.65 x ‘ 


13.21 mm 


2-3 
(mantle lip) 
1.38 ct 
6.40 x 5.89 x 5.78 mm 


2-4 
(mantle center) 
0.37 ct 
4.05 x 3.84 x 3.55 mm 


2-5 
(mantle lip) 
0.74 ct 
5.17 x 4.60 mm 


2-6 
0.45 ct Unknown 
4.14 x 3.76 mm 


2-7 
(mantle lip) 
0.39 ct 
4.31 x 3.93 x 3.07 mm 


2-8 
0.59 ct Unknown 
4.45 mm 
2-9 
0.30 ct Unknown 


3.93 x 3.73 x 2.78 mm 


The position of the pearl in the mollusk is indicated by a black arrow. 
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TABLE 4 (continued) 


Position where 


Sample details found in the mollusk 


Macro image 


RTX image u-CT image 


Light gray core 


2-10 
0.17 ct 
3.44 x 2.88 x 2.63 mm 


Unknown 


2-11 


0.14 ct Unknown 
2.82 mm 
2-12 
0.34 ct Unknown 


3.79 x 3.65 x 3.41 mm 


2-13 
0.37 ct 
3.90 x 3.65 mm 


Unknown 


2-14 
(mantle center) 
1.10 ct 
6.20 x 5.68 x 4.60 mm 


2-15 
(mantle center) 
0.12 ct 
2.92 x 2.05 mm 


a 


The position of the pearl in the mollusk is indicated by a black arrow. 


Type 1: Tight or Minimal Growth Structures. 619 
samples (~80%) recovered displayed this structure. 
They lacked any clear internal growth structures, or 
only showed a few weak growth patterns (fine struc- 
tural curved lines correlating with the pearl’s shape) 
by RTX analysis (table 3). The majority of the pearls 
also revealed very little structure when examined by 
H-CT analysis. In addition, slightly lighter gray (more 
radiopaque) areas were observed in some instances, 
as shown in samples 1-2 and 1-3 (indicated by white 
arrows). These areas may be composed of some ma- 
terial or substance that has a higher X-ray density 
than nacre. Since the pearls did not contain question- 
able internal features related to any type of cultured 
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pearl formation, they would, in almost all cases, be 
identified as natural pearls. 


Type 2: Organic-Rich Concentric Structures. Around 
9% of the samples in this study displayed organic- 
rich concentric structures of various sizes and pat- 
terns (table 4). They ranged from examples with a 
very small core (sample 2-1) to those with large con- 
centric layered areas occupying almost half of the 
pearl’s interior (sample 2-10). p-CT analysis clearly 
revealed cores with different forms, such as a dark 
gray core (more radiolucent), a light gray core (more 
radiopaque}, or varying degrees of contrast with 
patchy light and dark gray centers within the con- 
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centric structures. The dark gray cores are not empty 
spaces, but rather they are filled with a solid/semi- 
solid organic-rich phase (samples 2-1 to 2-7). The 
sizes of the dark gray cores varied from small spots 
to large irregular areas shown in samples 2-6 and 2- 
7. The light gray cores appeared to be dense material 
and had a radiopacity similar to that of the outer nacre; 
hence, they are probably CaCO,. These cores varied 
in size, with the majority of them appearing small and 
rounded, as shown in samples 2-8 to 2-12. Sometimes 
the shape and structures varied, as in sample 2-13, 
which showed an ovoid core and a linear-appearing 
feature running across its center (magnified in figure 
7). The structure of sample 2-13 was inconsistent with 
the majority of pearls in the group; it has never been 
observed in known or “reportedly” natural samples in 
our experience and has not been noted in the litera- 
ture. This unusual structure may be challenging to 
identify, especially in laboratory conditions when in- 
formation on the pearl’s origin is unknown, and there- 
fore greater care is needed in its interpretation. It could 
easily be misidentified as a NBC pearl since the ma- 
jority of light gray cores observed in natural pearls are 
typically rounded, and off-round cores have been ob- 
served in known NBC pearls produced by the P. max- 
ima mollusk (Manustrong et al., 2019). Moreover, the 
central feature within the core has a linear form, and 
such features have been observed in NBC pearls pro- 
duced by various mollusk species. Similar linear fea- 
tures, although not exactly the same, are often 
considered sufficient evidence to classify pearls as 
NBC (Hanni, 2006; Sturman, 2009; Krzemnicki et al., 
2010; Sturman et al., 2016; Nilpetploy et al., 2018a; 
Manustrong, 2018). RTX and p-CT imaging of samples 


2-14 and 2-15 showed patchy concentric structures 
that appeared neither light nor dark gray, and these 
were due in part to differences in the organic content 
within the areas. These samples also lacked dark or 
light gray cores. 


Type 3: Dense Core Structures. A small portion, ap- 
proximately 3% of the group, contained solid light 
gray (more radiopaque) core features, usually single 
but sometimes multiple, at their centers (table 5). 
The X-ray attenuation of these cores closely matched 
some similar features observed in type 2, samples. 
However, they were not enclosed by clear organic- 
rich concentric structures; hence, they were classi- 
fied as a separate structural type, referred to here as 
a “dense core.” These dense cores usually appeared 
as a single structure that was round, off-round, or ir- 
regularly shaped, and they were often associated with 
some faint organic-rich layers (samples 3-1 to 3-3). A 
few examples, such as samples 3-4 and 3-5, showed 
two or more cores that formed together as multi-nu- 
clei. Irregular dense core structures have only been 
observed in natural pearls, in the authors’ experience, 
and have not been reported in any NBC pearls. How- 
ever, an off-round feature associated with the main 
core in sample 3-5 looks suspicious and could be con- 
strued as being a light gray CaCO, “seed” feature 
sometimes found in NBC pearls (Krzemnicki et al., 
2010, 2011; Nilpetploy et al., 2018a; Manustrong et 
al., 2019). Thus, if this pearl was tested without any 
supporting provenance, it could be interpreted as 
being NBC. Nevertheless, the greater detail revealed 
by p-CT analysis showed faint growth layers inside 
the feature, in contrast to the CaCO, “seed” features, 


Figure 7. -CT slices in three directions of sample 2-13 revealed an ovoid core and a linear-looking feature running 
through the center. Based on these two features, the pearl could possibly be misidentified as NBC if it were sub- 
mitted for testing without any supporting information about its origin. 
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TABLE 5. Examples of natural pearls from wild mollusks with dense core structures (type 3). 


Position where 
found in the mollusk 


Sample details Macro image RTX image H-CT image 


3-1 
0.19 ct Unknown 


3.37 x 2.97 x 2.42 mm 


3-2 
0.14 ct Unknown 
2.85 x 2.68 x 2.57 mm 


3-3 
(mantle hinge) 
0.50 ct 
5.92 x 3.46 x 3.22 mm 


3-4 
7.55-ct 
7.02 x 5.79 x 5.60 mm 


3-5 
(mantle hinge) 
0.13 ct 
2.86 x 2.76 x 2.38 mm 


The position of the pearl in the mollusk is indicated by a black arrow. 


which are usually tight and contain no structure _ ternal structural characteristics overlap and do not 
(magnified in figure 8). In this example, where the in- correspond with the majority of structures observed 


Figure 8. p-CT slices in three directions of sample 3-5 revealed a satellite off-round feature next to the main core. The 
feature has similarities to light gray CaCO, “seed” features observed within some NBC pearls. However, it revealed 
faint growth structure within, which is rare to see in the CaCO, seeds observed in NBC pearls. The overlapping char- 
acteristics do not correspond with the majority of structures observed in natural and NBC pearls, which could create 
some doubts about the identification of this pearl, leading to an inconclusive result. The circular feature in the image 
on the right is an artifact and should be ignored. 


INTERNAL FEATURES OF NATURAL PEARLS FROM P. MAXIMA Gems & GEMOLOGY SPRING 2021 11 


TABLE 6. Examples of natural pearls from wild mollusks with void structures (type 4). 


Position where 
found in the mollusk 


Sample details 


41 
(mantle lip) 
0.93 ct 
5.99 x 4.52 x 4.38 mm 


42 
(mantle lip) 
1.13 ct 
5.75 x 5.69 x 1.53 mm 


4-3 
(mantle lip) 
0.28 ct 
4.09 x 3.61 x 2.56 mm 


4-4 
(mantle lip) 
0.09 ct 
2.63 x 2.50 x 1.90 mm 


4-5 
1.04 ct 
5.64 x 5.06 x 4.96 mm 


4-6 
(mantle center) 
2.65 ct 
10.07 x 8.41 x 4.58 mm 


4-7 
0.21 ct 
3.40 x 3.18 x 2.71 mm 


4-8 
0.22 ct 
3.55 x 3.09 x 2.63 mm 


Unknown 


Macro image RTX image y-CT image 


The position of the pearl in the mollusk is indicated by a black arrow. 


in natural and NBC pearls, an inconclusive opinion 
may well result. 


Type 4: Void Structures. When discussing the inter- 
nal characteristics of pearls, voids usually refer to ra- 
diolucent features that are less dense or more 
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transparent to X-rays, such as cavities or areas filled 
with gas and/or liquid phases. Voids generally appear 
as various shades of dark gray, and thus they may re- 
semble organic-rich features in low-resolution X-ray 
images. Voids are commonly observed in saltwater 
NBC pearls, especially pearls from Pinctada species 
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Figure 9. u-CT slices in three directions of samples 4-1 (top row) and 4-2 (bottom row) revealed a void feature in both. 
The void of sample 4-1 is filled by organic-rich features more consistent with voids found in natural pearls, whereas 
the void in sample 4-2 looks empty even though there are actually a few very small light gray features. The structure 
of 4-2 appears more NBC in nature than its twin retrieved from the pearl sac, even though it is a known natural pearl. 


(Wehrmeister et al., 2008; Sturman, 2009; Krzem- 
nicki et al., 2010; Otter et al., 2014; Sturman et al., 
2016; Nilpetploy et al., 2018a; Manustrong, 2018; Al- 
Alawi et al., 2020). In many cases, voids are a key 
identification feature by which to differentiate NBC 
from natural pearls. Only ~5% of the group showed 
void-related characteristics, and most of these exhib- 
ited centrally positioned irregular void-like forms 
after RTX analysis (table 6). However, u-CT analysis 
revealed that many of these voids were filled with 
fine organic-rich growth features (samples 4-1 and 4- 
3 to 4-6], and some showed small light gray features 
in the center of organic-rich structures (samples 4-7 
and 4-8) rather than the apparently empty spaces usu- 
ally observed in NBC pearls. The voids are also small 
relative to the size of the pearl, while those found in 
saltwater NBC pearls tend to be larger and more 
elongated, extended lengthwise, usually taking up 
more than half of the pearl’s length. 

While natural voids do show some differences from 
those encountered in NBC pearls, identification chal- 
lenges could cause some pearls to be misidentified. A 
couple of samples in this study showed voids similar 
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to those characteristically found in NBC pearls, and 
they would almost certainly be classified as NBC if 
tested under blind conditions. It is interesting to note 
that samples 4-1 and 4-2 were retrieved from the same 
pearl sac and both possessed void features. However, 
the void in sample 4-2 does not appear to be filled with 
organic-rich growth structure and contains fewer light 
gray linear features, a common observation in NBC 
pearls (magnified in figure 9). 


Type 5: Linear Structures. Most linear structures are 
thin voids, with or without organic-rich material 
partially filling them. Owing to the different appear- 
ances of both types of formation, they are separated 
into different groups in this article. Linear struc- 
tures have been regarded as characteristic of NBC 
pearls from both saltwater and freshwater environ- 
ments (Scarratt et al., 2000; Sturman, 2009; Krzem- 
nicki et al., 2010; Sturman et al., 2016; Nilpetploy 
et al., 2018a; Manustrong, 2018; Al-Alawi et al., 
2.02.0). 

Interestingly, 5 of the 774 natural pearl samples 
also displayed linear structures (table 7). Sample 5-1 
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TABLE 7. Examples of natural pearls from wild mollusks with linear structures (type 5). 


Position where 
found in the mollusk 


Macro image RTX image u-CT image 


Sample details 


5-1 
(mantle lip) 
1.14 ct 
6.75 x 5.37 x 4.51 mm 


5-2 
1.61 ct Unknown 
9.50 x 5.42 x 4.58 mm 
5-3 
(mantle lip) oa 
2.03 ct - 
7.38 X 6.85 x 5.73 mm 1 
5-4 
(mantle lip) ve. 
0.26 ct ; 
4.91 x 3.91 x 2.66 mm 
5-5 
0.24 ct Unknown 
3.57 x 3.00 mm 


The positions of the pear! in the mollusk is indicated by a black arrow. 


showed a complex linear feature corresponding, to characteristic of NBC pearls, but this example 
some degree, with the pearl’s baroque outline.Inthe demonstrates that is not always the case. Sample 5- 
authors’ experience, such linear structures may be 2. consisted of three portions, two of them having a 


Figure 10. p-CT slices in three directions of sample 5-2 revealed a long linear structure in the center of both parts of 
the pearl. These linear features could lead to it being misidentified as a NBC pearl, despite the associated growth 
patterns also present. The circular feature in the image on the right is an artifact and should be ignored. 
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TABLE 8. Examples of natural pearls from wild mollusks with miscellaneous structures (type 6). 


Position where 


found in the mollusk Macro nage 


Sample details 


RTX image y-CT image 


Marine organisms 


6-1 
1.22 ct 
6.02 x 5.73 x 5.43 mm 


Unknown 


6-2 
0.26 ct 
3.70 x 3.02 x 2.84 mm 


Unknown 


6-3 
0.22 ct 
3.56 x 3.07 x 2.63 mm 


Unknown 


6-4 
0.13 ct 
3.02 x 2.79 x 2.26mm 


Unknown 


6-5 
(attached to shell) 
0.54 ct 
4.66 x 4.41 x 3.71 mm 


6-6 
0,57 ct 
5.56 x 4.24 x 3.48 mm 


Unknown 


6-7 
0.21 ct 
3.86 x 3.11 x 2.35 mm 


Unknown 


6-8 
O57 ct 
6.56 x 3.70 x 3.05 mm 


Unknown 


The position of the pearl in the mollusk is indicated by a black arrow. 


long linear feature at the center (magnified in figure 
10). Although the other portion only displayed a few 
growth patterns, the pearl’s overall structure looked 
questionable and it could easily be misidentified as 
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an NBC pearl. The linear structures revealed in sam- 
ples 5-3 to 5-5 are quite distinct and correspond with 
the length of the pearl, a characteristic shown by 
many NBC pearls. 
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South-West ‘Africa (then German territory) 
a diamond-cutting branch was established. 

The Idar-Oberstein agate is a distinctive 
type, usually easily recognized. It is, gener- 
ally, more colorful than agates from other 
areas; many show a rich, red color delicately 
mottled or spotted. Other types show a 
sharp narrow zoning of dense layers. A com- 
mon characteristic is an outer zone of dense, 
finely banded agate with a central filling of 
crystalline quartz or amethyst. Although 
many small amygdules of agate can be seen 
in the basalt cliffs, pieces of usable size were 
and are now extremely rare. 

Today, cutting works are to be found not 
only in the twin town but in the surround- 
ing villages and farms as well. The cutting 
of agate offers a supplementary source of 
income to farmers, woodcutters and others 
during winter months and other periods of 
slack time. Facet cutting is done in work- 
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* New modern methods have almost entirely 
replaced the old grinding methods illustrated here 


shops in the towns and two of the most 
important villages. 

The numerous mountain streams fur- 
nished waterpower for the small mills along 
their banks. Now, electrically driven 
machinery has replaced the more picturesque 
waterwheels. The old-fashioned manner of 
agate cutting, in which the cutter lies prone 
before a large sandstone wheel, so fre- 
quently pictured in descriptions of Idar, is 
now entirely obsolete. It is reported that one 
smal] and one larger mill on a remote hill 
farm still employ this tedious system. 

The two towns, recognizing the historic 
interest of the industry and their commer- 
cial dependence upon it, have taken steps to 
foster it. The Handelskammer, or Chamber 
of Commerce, is now engaged in rebuilding 
the industry. The Gemological Institute has 
been placed under the direction of Professor 
Dr. K. Schlossmacher, widely known 
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Figure 11. p-CT slices in three directions of sample 6-1 revealed a shell-like formation at its core, probably en- 
closed by organic-rich material. A prominent outer ring is visible in all directions, which makes the pearl look 
questionable. As a result, it could be misidentified as an atypical bead cultured pearl (aBCP). 


Type 6: Miscellaneous Structures. The final group of 
natural pearls were classified as those with “miscel- 
laneous structures.” This group includes samples 
possibly containing marine organisms entombed by 
nacre deposition, examples containing obvious inter- 
nal fractures, and pearls exhibiting a mixture of 
structures that do not readily fit into any of the for- 
mer five structure types listed (table 8). 

Pearls with internal features that appear to be re- 
lated to marine organisms are very rare, and only a 
few have been encountered in the GIA laboratory 
from the thousands of natural pearls submitted for 
identification and research. Some examples have been 
documented in the existing literature (Scarratt et al., 
2012; Nilpetploy [nee Somsa-ard], 2015). Even so, the 
authors were surprised to find four samples in this 
study group with what are most likely marine organ- 
ism features. Samples 6-1 to 6-3 revealed shell-like 
features at their center that likely initiated the for- 
mation of the pearls, together with displaced epithe- 
lial cells. The features measured 0.78 x 0.70 mm, 1.46 


x 1.34 mm, and 0.72 x 0.50 mm in diameter, respec- 
tively. The resulting pearls are similarly small. The 
exact identity of the marine organisms is unknown; 
based on the morphology observed by p-CT analysis, 
however, they could be one of the many benthic 
foraminifera species. Foraminifera are single-celled 
organisms (protists) with a test (shell) that can possess 
one or more chambers (Borrelli et al., 2018). They 
may be composed of organic compounds, sand grains, 
or other particles cemented together, or crystalline 
CaCO,, and are usually less than 1 mm in size (Steele 
et al., 2001). One of the existing references (Nilpet- 
ploy [nee Somsa-ard], 2015) described what was 
thought to be an intricate foraminifera sphere ob- 
served in a 0.95 ct natural pearl. The core feature was 
encircled by a dark organic-rich area and accompany- 
ing void similar to the natural pearls described here. 
Sample 6-1 (magnified in figure 11) has a distinct 
outer ring that looks questionable and could be con- 
sidered diagnostic of an atypical bead cultured pearl 
(aBCP), but it does not contain an “organic tail” typ- 


Figure 12. p-CT slices in three directions of sample 6-4 revealed a porous-looking structure in the main feature, 
possibly resembling the structure of coral from the Melithaea genus, a fan coral distributed throughout the tropical 
Indo-Pacific region. 
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Figure 13. p-CT slices in three directions of sample 6-6 revealed fragmented organic-rich concentric structure in 
the center of the pearl. 


ically observed in aBCP pearls (Hanni et al., 2010; 
Scarratt et al., 2017; Kessrapong and Lawanwong, 
2020). Therefore, it would be identified as a natural 
pearl, especially when its size and quality are also 
taken into account. Sample 6-4 displayed a large ir- 
regular radiopaque material together with some small 
fragments at its center. As the magnified images in 
figure 12, show, the material’s structure differs from 
the three former samples, though its appearance is 
also likely that of a marine organism. The main fea- 
ture, with its porous-looking pattern, bears some sim- 
ilarity to the structure of Melithaea, a genus of 
colonial soft coral (also known as fan coral), which is 
distributed throughout the tropical Indo-Pacific re- 
gion (Jeong et al., 2018; Atlas of Living Australia, 
2020). 

Samples 6-5 and 6-6 displayed severe internal frac- 
turing at the center of the features. X-ray computed 
tomography clearly revealed the intriguing structures 
of both pearls and indicated they were “fragmented.” 


It is puzzling how such broken features can exist 
within known natural pearls whose overlying layers 
of nacre appear intact and where no drilling or exter- 
nal treatment of any kind exist. Sample 6-6 is espe- 
cially perplexing, as the naturally formed concentric 
organic-rich inner structure has disintegrated into 
many parts (magnified in figure 13) to fill the void 
present. This intricate structure is highly unusual, 
and it would be challenging to correctly identify such 
a pearl in laboratory testing conditions. Some of 
these samples could be suspected of being the result 
of culturing using various atypical nuclei. Yet their 
generally very small size would suggest otherwise, 
and it is known that this is definitely not the case, 
as they are confirmed natural pearls. 

Samples 6-7 and 6-8 revealed a mixture of struc- 
tures alternating between more radiopaque (light 
gray) and more radiolucent (dark gray) features. The 
structure exhibited in sample 6-7 (magnified in figure 
14) appears to take the form of two initiation features 


Figure 14. p-CT slices in three directions of sample 6-7 revealed two interconnected rounded initiation features in 
the center. The central areas in both features consist of material with the same radiopacity as the pearl’s body. No 
characteristic NBC cultured pearl features, such as a void or linear structure, were noted. Therefore, the pearl 


would be classified as natural. 
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Figure 15. p-CT slices in three directions of sample 6-8 revealed a complex elongated structure consisting of a lin- 
ear-like feature at its center combined with dark gray areas of voids and organic matter, and other solid light gray 
areas. A similar structure has been observed in some known NBC pear! samples; therefore, the identification of 
this pearl is challenging, and it is highly possible it would be misidentified as NBC. 


merging together. Although the structure is unusual, 
this sample would almost certainly be identified as 
a natural pearl since there are no characteristic cul- 
tured pearl features such as a void or a linear struc- 
ture in the center. On the other hand, sample 6-8 
(magnified in figure 15) displayed a complex elon- 
gated structure consisting of a linear-like feature at 
its center combined with dark gray areas of voids and 
organic matter, as well as other solid light gray areas. 
Such a structure looks suspicious, and in laboratory 
conditions the pearl could be misidentified as NBC. 


DISCUSSION 


Pearl identification mainly involves separating pearls 
that formed naturally (figure 16) from those that re- 
sulted from a culturing process. RTX is the primary 
technique used in gemological laboratories to examine 
a pearls internal structure, while p-CT is a high-reso- 
lution 3D imaging technique that is sometimes used 
to visualize internal structures in greater detail. Inter- 
preting the structural results obtained depends on the 
research and data collection of known reference sam- 
ples by well-trained, experienced gemologists. Study- 
ing this large group of natural pearls provided a greater 
understanding about the range of microradiographic 
structures encountered in natural pearls produced by 
wild 2. maxima mollusks. The results showed that 
most of the natural pearl samples (~80%) exhibited 
tight or minimal growth structures (type 1). These 
pearls are straightforward to identify as natural. This 
observation is also consistent with the majority of nat- 
ural pearls tested in all GIA’s pearl testing locations. 
Tight or minimal growth structure is commonly ob- 
served in natural pearls produced by many mollusk 
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species of both nacreous and non-nacreous pearls 
(Krzemnicki et al., 2010; Scarratt et al., 2012; Karam- 
pelas, 2017; Nilpetploy et al., 2018b; Scarratt and 
Hanni, 2004; Wing Yan Ho and Zhou, 2014; Wing Yan 
Ho, 2015; Wing Yan Ho and Yazawa, 2017). 

Organic-rich concentric structures (type 2) are also 
known to be typical of natural pearls produced by var- 
ious mollusk species (Krzemnicki et al., 2010, Scar- 
ratt et al., 2012; Sturman et al., 2014; Karampelas et 
al., 2017; Nilpetploy et al., 2018b), yet they were 
found in only about ~9% of the samples. This in- 
cludes organic-rich concentric and dark gray (radiolu- 
cent) cores that are filled with organic-rich features 
(~4%), organic-rich concentric and light gray (more 
radiopaque) cores in which the majority of the cores 
are small and rounded (~4%), and organic-rich con- 
centric and patchy light and dark gray structures lack- 
ing dark and light gray cores (~1%) (see figure 6). Most 
of the organic-rich concentric areas observed in natu- 
ral pearls cover a relatively small portion of the pearl’s 
interior. It is important to note that none of the pearls 
in this study showed any of the light gray CaCO, 
“seed” features reported by Manustrong et al. (2019; 
see tables 4 and 5} and previously reported by other 
authors (Krzemnicki et al., 2010, 2011; Nilpetploy et 
al., 2018a) as being associated with organic-rich con- 
centric structures in some cultured pearls. At the 
time of this report, the irregular dense core structures 
(type 3) free of any clear organic-rich concentric fea- 
tures are only found in natural pearls and have not 
been reported in NBC pearls in the literature. 

Voids (type 4) and linear structures (type 5) have 
been reported as characteristic features in P maxima 
NBC pearls (Sturman et al., 2016), but they were found 
in only ~5% and ~1%, respectively, of the natural pearl 
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samples in this study. Considering that the internal 
structural features of natural and NBC pearls may 
overlap, the separation between the two can be chal- 
lenging and their interpretation requires extra care. 
While the pearls’ external appearance may also assist 
in their identification, it is a subjective element and 
can vary greatly depending on the gemologist’s experi- 
ence. Therefore, the internal structures of pearls pro- 
vide the most important evidence and consequently 
are the primary means of identification. In general, the 
void structures observed in the natural pearl samples 
studied occupy a relatively small volume of the pearl, 
and are often filled with organic-rich growth struc- 
tures. The linear features are perhaps the most ques- 
tionable structures found in natural pearls since the 
structure is widely accepted as being an identifying fea- 
ture of NBC pearls produced by various mollusks. 
Therefore, it is possible that some or all of the five nat- 
ural pearls that revealed linear structures would be 
identified as NBC if submitted on a “blind” basis. 

In the miscellaneous structures (type 6), the pres- 
ence of a marine organism-like feature as a nucleus 
in four samples emphasized a frequently applied hy- 
pothesis that a natural pearl forms when an external 
foreign object reaches the mollusk’s mantle (epithe- 
lium layer), and causes the epithelial cells to en- 
croach into the connective tissue and enclose the 
object to create a pearl sac, which secretes the nec- 
essary components (Kunz and Stevenson, 1908; 
Landman et al., 2001; Strack, 2006; Southgate and 
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Figure 16. This 19.94 ct 
pearl is the largest from 
the collection of 774 
natural pearls collected 
off Eighty Mile Beach 
in Broome, Western 
Australia. The pearl 
was loosely attached to 
the shell and removed 
by gentle finger pres- 
sure. Photo by Areeya 
Manustrong. 


Lucas, 2008). However, this is a rare occurrence, as 
only a very small number of pearls have reportedly 
shown this type of structure, and there are several 
theories about how natural pearls may form. These 
include: forming as a result of injury to, or abnormal 
growth of the epithelium cells; epithelium cells sep- 
arating to form pearl sacs of their own accord; and 
health-related instigation. A concept mentioned in 
Strack (2006) may help to explain the severe internal 
fracturing of the features within the centers of sam- 
ples 6-5 and 6-6: 


If the worm larvae survive within the pearl sac or even 
within the growing pearl, they will usually attack or 
soften the surrounding pearl cover after a period of hi- 
bernation. This means that they can cause the growing 
pearl to break into tiny pieces, which may themselves 
become the reason for the formation of a new pearl sac, 
or will become the nucleus of a new pearl. 


Lastly, the relationship between the internal 
structure and the position in which a pearl forms in- 
side the P. maxima mollusk species is not entirely 
clear at this time. Since it was not possible to record 
the position in which over 50% of the samples were 
found in the mollusk’s body, this question could not 
be addressed. Such a study would require a greater 
sample set of pearls with suitably accurate records. 
However, it was noted that most of the pearls found 
in the adductor muscles possessed tight or minimal 
growth structures, while mantle pearls generally 
showed a variety of structure types. 
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CONCLUSIONS 


The results of this study show that various forms of 
internal structures are observed in natural pearls. 
The majority of samples revealed limited growth fea- 
tures (minor growth patterns) or no clear structure at 
all (tight structure), confirming their natural identity. 
The relatively few samples that exhibited varying de- 
grees of structural overlap, internal characteristics 
possibly observed in NBC pearls or natural pearls 
(i.e., off-round light gray cores in concentric organic- 
rich structure, voids, and linear features), raised con- 
cerns about the identification of such pearls when 
tested without any supporting provenance informa- 
tion. They demonstrated the complexities often 
faced with pearl identification. It is not unheard of 
for the same pearl to receive different determinations 
from different organizations based on the equipment 
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TECHNICAL EVOLUTION AND 
IDENTIFICATION OF RESIN-FILLED TURQUOISE 


Ling Liu, Mingxing Yang, Yan Li, Jingru Di, Ruoxi Chen, Jia Liu, and Chong He 


Zhushan County is the most abundant source of commercial turquoise in China’s Hubei Province, where mass 
production has been ongoing for several decades. Chinese turquoise production and consumption have created a 
significant industry and promoted local economic prosperity and development. Treatment techniques for turquoise 
have been updated and changed rapidly, sometimes even monthly. Traditionally, rough materials are treated with 
resin to reduce their high porosity to improve processability, appearance, and stability. In this research, the char- 
acteristics of resin-filled turquoise were investigated by ultraviolet fluorescence, spectrofluorometry, and Fourier- 
transform infrared spectrometry. The differences in three-dimensional fluorescence patterns between untreated 
and resin-filled turquoise are reported for the first time. The three-dimensional fluorescence patterns along with 
the ultraviolet reactions and infrared spectra allow for the identification of this filling. Unlike untreated turquoise, 
the resin-filled turquoise samples had a strong and main emission peak centered at approximately 444 nm and a 
secondary emission shoulder at approximately 460 nm under approximately 372 nm wavelength excitation in this 
research. This study sheds light on resin filling processes by observing the essential features of 342 turquoise spec- 
imens after treatment. Resin filling can decrease the porosity of turquoise to improve its color and its value, and 
this study provides identification guidelines for gemologists and useful information on the resin-filling process. 


rquoise, a hydrated copper aluminum phos- 
| phate mineral (CuAl,(PO,),(OH),-4H,O), has 
been appreciated as a valuable gem material 
worldwide for thousands of years. It has a wide range 
of colors, such as blue, blue-green, green, yellowish 
green, and greenish yellow. Among these colors, blue 
turquoise is the most popular and sought after in the 
commercial market (figure 1). 

In the early 1980s, many residents of Shiyan City 
in China’s Hubei Province owned turquoise, though 
few were conscious of its value. The locally produced 
turquoise was a great bargain at about US$100- 
$200/kg. Moreover, small fragments were even used 
there as outdoor decorative materials in the 1980s 
(figure 2). In 2009, the local government suddenly re- 
alized the significance of its turquoise resources and 
started to manage mining. Since then, prices have 
soared because of limited turquoise resources and 
regulation of mining. 

Generally, the portion of rough turquoise suitable 
for processing into fashioned gemstones is much less 
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than 5% of the mined total. Most natural turquoise 
contains fissures, pores, matrix, or other defects (fig- 
ure 3, left and center). Much of the porous turquoise 
(figure 3, right) is termed “pale” or “chalky.” This ma- 


In Brief 


¢ High-quality natural turquoise is in high demand in 
the commercial market. Various advanced treatment 
techniques are performed on this material due to its 
intrinsic porosity. The ability to detect and identify 
treated turquoise is urgently needed because of the 
prevalence of constantly evolving treatment tech- 
niques in the marketplace. 


e In this research, resin-filled turquoise displayed strong 
signals under long-wave ultraviolet radiation, as well 
as three-dimensional fluorescence patterns and in- 
frared spectra associated with resin. Spectrofluorome- 
try is a newly employed nondestructive technique for 
routine identification of turquoise treatment. 


¢ Turquoise with pale to moderate color can show 
dramatic improvement in appearance and stability 
after pore filling treatment. Turquoise porosity drasti- 
cally decreases when pores are filled with resin, 
thereby improving its appearance. 
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Figure 1. A necklace with inlaid blue turquoise (5-12 mm in length) and a turquoise sculpture (100 mm in height). 
The sculpture on the right was photographed at the Tiangong Award exhibition. Photos by Mingxing Yang. 


terial’s low hardness makes it unsuitable for process- 
ing, and it is often accompanied by low color satura- 
tion and numerous micrometer- to nanometer-sized 
pores. With daily wear, the color and luster of 
turquoise may change gradually from prolonged ab- 
sorption of sweat and skin oil. Nevertheless, many 
Chinese turquoise enthusiasts and collectors are pas- 
sionate about its natural appearance and variations. 


As a porous cryptocrystalline aggregate, rough 
turquoise has been subjected to filling treatment to 
make it easier to process and improve its appearance 
and stability (Koivula et al., 1992; Choudhary, 2010; 
McClure et al., 2010). Filling treatment has been per- 
formed on a variety of low-quality gemstones with 
pores, fractures, or fissures. Examples include opal 
(Gambhir, 2001; Filin and Puzynin, 2009; Hu et al., 


Figure 2. Turquoise fragments (0.2 x 0.2 cm to 1.0 x 1.3 cm) were used as outdoor decorative materials in the 1980s 


in Yun County, Hubei Province. Photos by Ling Liu. 
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Figure 3. Left: Turquoise with fissures and pores (22.7 g total). Center: Turquoise surrounded by matrix (field of 
view 7.4 mm). Right: “Pale” or “chalky” turquoise (298 g). Photos by Ling Liu. 


2013), tourmaline (Deng et al., 2009), emerald (Kam- 
merling et al., 1991; Johnson et al., 1999; Johnson, 
2007), and ruby (“GAAJ Lab Alert,” 2004; McClure 
et al., 2006). 

In China, conventional pore fillers used for 
turquoise are wax and resin. The appearance and 
durability of “pale” or “chalky” turquoise can be 
greatly improved by pore filling to decrease its poros- 
ity (figure 4). Using this technique, porous material 
can be fully optimized to increase its value. Occa- 
sionally, however, treated turquoise products are un- 
favorable due to the material’s uneven hardness. The 


resin agent permeates and infiltrates porous areas 
much more easily than the compact portion. Conse- 
quently, the porous portions develop a more satu- 
rated color than the compact portion after resin 
treatment. As a result, the resin-treated turquoise 
displays a mottled appearance with obvious and ar- 
tificial boundaries after polishing (figure 5). Resin fill- 
ing of material sold in China should be noted in a 
turquoise identification report according to the Chi- 
nese national testing standard. 

Turquoise can also be impregnated with a mix- 
ture of resin, hardener, and colorant. However, such 


Figure 4. A bracelet and necklace set with treated turquoise (37.17 g total). Photo by Ling Liu. 
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impregnation and dyeing treatment is unacceptable 
in the Chinese commercial trade. Additionally, the 
“Zachery” treatment developed in the United States 
can be applied to improve the color and polish of 
turquoise, which was first reported by GWG in 1999 
(Fritsch et al., 1999). However, the specific equip- 
ment and agents used in the Zachery technique re- 
main proprietary, and so far it has not been widely 
used in Hubei Province. Although Chinese manufac- 
turers were initially unsure how this treatment 
works, they have tried to master the technology and 
succeeded in developing an electrochemical method 
(similar to the Zachery technique) to optimize not 
only blue turquoise, but also yellow and green mate- 
rials. The thicker treated layer and saturated color 
produced by this electrochemical method are a sig- 
nificant improvement (Lin et al., 2019; Shen et al., 
2018). Moreover, oiling is also widely applied to 
turquoise in the Chinese market today (Koivula et 
al., 1992; Hu et al., 2019). For a glossary of turquoise 
enhancement terminology, see box A. 

Researchers have devoted great effort to the iden- 
tification of treated turquoise, as well as various 
kinds of fillers such as resin, polymer, oil, plastic, and 
dyed substances (Lind et al., 1983; Chen et al., 2006; 
Moe et al., 2007; Chen et al., 2010a; Choudhary, 
2010; McClure et al., 2010; Han et al., 2015; 
Bernardino et al., 2016; Zuo et al., 2017; Xu and Di, 
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Figure 5. Turquoise 
with an unsatisfactory 
appearance after resin 
filling treatment. A: 
Close-up of a large or- 
nament (field of view 
90 mm). B: A carved or- 
nament (3 g). C and D: 
Two pendants (60 and 
50 mm in length, re- 
spectively). The lighter- 
colored portions are 
harder and more com- 
pact than the deeply 
colored portions before 
treatment, and there- 
fore the resin treatment 
does not easily pene- 
trate them. The artifi- 
cial color boundaries 
generated during resin 
filling become obvious 
after polishing. Photos 
by Mingxing Yang and 
Ling Liu. 


2018; Hu et al., 2019; Liu et al., 2019; Xu and Yang, 
2019). The treated examples mentioned above can be 
easily identified by different testing techniques, such 
as Raman and IR spectroscopy (Henn and Milisenda, 
2.005; Chen et al., 2006; Moe et al., 2007; Zuo et al., 
2017), UV-Vis spectrophotometry (Han et al., 2015), 
energy-dispersive X-ray fluorescence (EDXRF; Fritsch 
et al., 1999), and pyrolysis-gas chromatography—mass 
spectrometry (Py-GC-MS; Schwarzinger and 
Schwarzinger, 2017). An intense band at ~1730 cm"! 
is detected in the IR spectra of most organic-treated 
turquoise (i.e., polymer, plastic, or resin), which is as- 
signed to the C=O stretching vibration. Elevated 
potassium is detectable exclusively in Zachery- 
treated turquoise (Fritsch et al., 1999). 

The usual analytical techniques, such as IR spec- 
troscopy, are sensitive to organic compounds. Coun- 
terfeiters have cunningly applied new inorganic 
substances to achieve superior color, luster, texture, 
and porcelain-like quality to pass inspection and 
cater to consumer demand for high-quality 
turquoise. More recently, many new approaches to 
turquoise treatment have emerged in the market 
using various inorganic fillers, such as aluminum di- 
hydrogen phosphate (Zhou and Yuan, 2008; Chen et 
al., 2010b) and sodium silicate (also called “glass 
resin”) (Deng et al., 2019). Few characteristic absorp- 
tions assignable to these fillers can be found in IR 
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authority in gemology and author of the 
standard reference work, Edelsteinkunde. 
The building also houses the laboratory of 
Mr. Georg O. Wild, well-known gemo- 
logist. Spectroscopic studies on the chromo- 
phoric or coloring elements in gemstones 
have particularly engaged Mr. Wild’s atten- 
tion, 

A lapidary school, under the direction of 
Dr. Walther Fischer, famous mineralogist 
and former director of the Dresden Museum 
(including the world renowned Griine 
Gewolbe), occupies a three-story building 
on the hill slope above the Idar brook. The 
school has three neat, well-lighted and 
equipped workshops, one each for agate 
cutting, faceting and engraving. 

In addition to this lapidary school, a 
school of gemology is conducted by Georg 
Wild in a restored old lapidary mill in a 
nearby valley. The mill, now more than two 
hundred and fifty years old, was aequired 
by Mr. Wild to preserve as an example of 


FALL 1953 341 


Box A: TERMINOLOGY OF TURQUOISE TREATMENT TECHNIQUES 


Waxing: Turquoise (generally fashioned turquoise) is im- 
mersed in wax to coat its surface to enhance durability 
and appearance and prevent discoloration over time. 
This treatment is accepted in the trade. 


Oiling: Turquoise is treated for several days or weeks by 
various types of oil (e.g., mineral or vegetable oil), which 
acts as a concealer and filler to hide superficial flaws 
(such as white spots) and decrease porosity for better 
color, appearance, and stability. 


Dyeing: Turquoise is colored by various dyes or colored 
substances. 


Resin filling: Under ambient conditions, resin and hard- 
ener are introduced into the pores of the turquoise to ob- 
tain a more stable material for processability and 
durability. With filling of the pores, the color of the 
turquoise improves because there is less light scattering. 


Resin impregnation: Turquoise is impregnated with a 
combination of resin and hardener. The resulting al- 
tered color is dull and saturated. This process is differ- 
ent from resin filling. Both vacuum and pressure 
conditions are applied in the impregnation process but 
not in resin filling. 


Resin impregnation and dyeing: Colorants are added 
and mixed with the resin and hardener. This treatment 


spectra and X-ray diffraction patterns, although scan- 
ning electron microscopy (SEM) is capable of reveal- 
ing the anomalous structural characteristics of 
turquoise treated with aluminum phosphate adhe- 
sive (Zhou and Yuan, 2008; Chen et al., 2010b). Fur- 
thermore, some special chemical agents are used to 
get rid of black or yellow stain-like colors. Industry 
sources call this technique “yellow/black-fading” 
treatment and claim these stained turquoise materi- 
als can display the desired blue color after processing. 
Further investigation is necessary for this new treat- 
ment. Because treatment techniques have evolved so 
rapidly in China, their identification remains a great 
challenge. Some fillers are difficult to detect, and 
turquoise treated with inorganic substances exhibits 
nondescript reactions to routine and nondestructive 
examinations. 

The pores of untreated and electrochemical- 
treated turquoise have been quantitatively analyzed 
in previous reports with the gas adsorption method 
and the X-ray micro-CT 3D imaging technique (Li et 
al., 2016; Lu et al., 2020). However, few reports have 
directly revealed the differences in characteristics 
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process is also performed under vacuum as well as pres- 
sure conditions, similar to resin impregnation. 


Porcelain enhancement: A popular treatment technique 
that decreases the porosity of turquoise and improves the 
compactness, hardness, and luster without the use of or- 
ganic polymers. Typically, this treatment involves filling 
turquoise with aluminum dihydrogen phosphate or 
sodium silicate. If turquoise is treated with phosphate 
substances, colorant could have been added if deemed 
necessary. If treated with sodium silicate, however, there 
is no addition of colorant. 


Zachery treatment: Turquoise is treated with a potas- 
sium-containing compound for better stability and ap- 
pearance. Its name refers to entrepreneurial electrical 
engineer James E. Zachery, who invented this process in 
the late 1980s (Fritsch et al., 1999). 


Electrochemical method: Rough or fashioned turquoise is 
treated with electrolytes (usually containing potassium) 
based on electrochemical fundamentals (similar to the 
Zachery technique). The treated turquoise can achieve 
more saturated color not only on the surface but through- 
out the entire sample (Lin et al., 2019; Shen et al., 2018). 


Yellow/black-fading: Turquoise is treated with chemical 
agents to get rid of black or yellow stain-like colors. 


and porosity between untreated and resin-filled 
turquoise (Liu et al., 2019; Xu and Yang, 2019). 

This research systematically reports on resin fill- 
ing techniques and the characteristics used to iden- 
tify them. It also provides new insight into turquoise 
pores, as well as variations in the distinct features of 
untreated and resin-filled turquoise, namely their 
color and porosity. Additionally, this research aims 
to demonstrate the influence of pore filling on 
turquoise durability and appearance. The results pro- 
vide valuable guidelines for detection and treatment. 


MATERIALS AND METHODS 


Samples. Turquoise specimens were prepared by dif- 
ferent methods and labeled as group A, B, or C. Sam- 
ples in group A and those in group C from a rough 
sample were provided by local dealers. Group B sam- 
ples were purchased from a local dealer. 


Group A. A set of 342 pieces of turquoise with various 
colors, sizes, and shapes were treated with resin and 
hardener in three different factories located in Zhushan 
County. Prior to filling, the samples were opaque, with 
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Figure 6. Left: A porous and chalky rough turquoise sample (group C) from Zhushan County (100-150 mm in di- 
ameter). Right: The mixed resin/hardener agents used for filling, offered by Bu Tian Sheng Yu Turquoise Co. Ltd. 
Photos by Ling Liu. 


a dull to glassy luster. Their colors ranged from pale to 
deep blue, green-blue, green, or yellow. 


Group B. Twenty circular specimens of turquoise 
with various specific gravities (2.19-2.84) were se- 
lected for pore observation. Each sample was cut in 
half; one half was treated with resin and hardener to 
enhance the color, while the other was left untreated 
for comparison. 


Group C. A porous and chalky rough sample (figure 
6, left) from Zhushan County was cut into a series of 
block specimens, but we selected two block samples 
for testing in this study. These specimens were sub- 
sequently divided into two groups: (1) untreated and 
polished and (2) treated with mixed agents of resin 


and hardener (hereafter referred to as “resin’”) (figure 
6, right) for 2-3 days and then polished. 


Characterization Techniques. Specific gravity was 
determined hydrostatically at the gem testing center 
of the China University of Geosciences (Wuhan) in 
Zhushan County. Images of all the samples were 
captured in a light box (D55 light source} under iden- 
tical conditions to compare changes in color. Each 
group was characterized by different techniques 
(table 1). 

Environmental scanning electron microscopy 
(ESEM) (FEI Quanta 200) was performed on the 20 
untreated halves (group B), as well as two block spec- 
imens (group C). All samples were coated with car- 
bon and tested in a vacuum at a voltage of 20 kV. 


TABLE 1. Techniques used to characterize the turquoise samples prepared by various methods. 


Group No. of samples Treatment 
A 342 Resin filling 
B 20 Untreated and Resin filling 
Cc 2 Untreated and Resin filling 


Characterization techniques 


ESEM and photography 


UV fluorescence, 3D 
fluorescence, FTIR, ESEM, 


Purpose 


Comparison and evaluation of quality 


pheteerap hy before and after treatment 


Pore observation and appearance 
comparison 


Identification of detection 


gid phetapeaphy characteristics and porosity comparison 
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Figure 7. Flowchart (left) and schematic (right) of the process for resin filling of turquoise pores. Illustration by 


Ling Liu. 


Ultraviolet fluorescence was observed under 
short-wave (SW, 254 nm) and long-wave (LW, 365 nm) 
UV radiation. 3D fluorescent patterns of untreated, 
resin-filled block specimens (group C), and resin were 
collected by a Jasco FP-8500 spectrofluorometer with 
a xenon lamp light source. The photomultiplier tube 
(PMT) voltage was adjusted for sample testing (520 V 
for untreated and resin-filled turquoise, 550 V for 
resin). The emission range (270-750 nm) was meas- 
ured with the excitation ranging from 250 to 600 nm 
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at a response time of 0.5 seconds and scan speed of 
2000 nm/min. The E, and E,,, bandwidths were set to 
5.0 and 2.5 nm, respectively. 

Fourier transform infrared (FTIR) spectroscopy was 
recorded in the range of 400-4000 cm with 64 scans 
at a resolution of 4.0 cm“ using a Bruker VERTEX 80 
FTIR spectrometer. The spectra of the untreated and 
resin-filled block specimens from group C, as well as 
the mixed agent of resin and hardener, were obtained 
using the KBr pellet method in transmission mode. 
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Resin Filling Process. Resin filling aims to enhance 
the texture or compactness of natural rough 
turquoise, which crumbles easily and is difficult to 
process due to its porous structure. The treatment 
can improve processability, durability, and stability, 
while also preventing the absorption of sweat, skin 
oil, and cosmetics. The procedures for our experi- 
ments were as follows (figure 7, left): 


1. Preheating and First Drying. Turquoise needs 
to be dried by preheating in an oven because it 
is somewhat hygroscopic and contains water. 
The initial temperature was set at about 60- 
80°C and maintained for 2-8 hours depending 
on sample dimensions. Subsequently, the tem- 
perature was increased at a rate of 5-20°C every 
2-8 hours. The optimal temperature was raised 
to ~110°C until all of the absorbed water was 
evaporated. 


2. Cooling. The samples were slowly cooled down 
to room temperature over 5-7 hours. Turquoise 
should be protected from sharp dips in temper- 
ature, which can be destructive. 


3. Soaking. The dried turquoise was soaked in a 
mixture of resin and hardener for 1-5 days at 
room temperature without pressure until it 
was adequately filled, and it was then packaged 
and sealed. 


4. Second Drying for Hardening. Afterward, the 
samples were placed in an oven for secondary 
drying and hardening at a preliminary temper- 
ature of about 50-90°C for about 3.5 hours. 
The temperature was then increased by 5- 
10°C every five hours until peaking at 110°C. 
After the hardening procedure was completed, 
the oven was allowed to cool by 20°C every 2 
hours until reaching room temperature. 


5. Finally, the filled turquoise samples were pol- 
ished to remove the remaining fillers and su- 
perficial whitish dried layer to achieve the 
improved appearance. 


The temperatures and durations given here are ap- 
proximate because the processing factories requested 
confidentiality. Optimal parameters mattered signif- 
icantly for resin filling. Temperature and dwell time 
should be carefully adjusted according to the size and 
porosity of the turquoise, as excessive heat and du- 
rations damage its inner structure. In addition, a 
whitish dried layer is produced on the surface of the 
turquoise after the secondary drying process. If the 
secondary drying stage (for hardening) was too long, 
material would be wasted as a thick whitish dried 
layer would form and need to be removed after resin 
filling (figure 7, right). 


RESULTS 


After resin filling, the treated samples were opaque, 
with a superficial whitish layer; see figure 7 (right) 
and figure 8 (center). The fashioned treated turquoise 
displayed obviously enhanced color and luster after 
polishing (figure 8). 


Changes in Turquoise Color After Resin Filling. 
Most of the samples showed distinct improvement 
in color after resin filling (figure 9). The most pro- 
nounced color changes were observed in chalky and 
whitish samples with very high porosity, which 
turned noticeably more saturated in color after the 
filling. Those samples that had deep color and com- 
pact structure were only slightly modified, with 
barely perceptible color changes discerned since 
agents would not easily permeate the more compact 
turquoise. 


Figure 8. Variations in some samples at different stages of resin filling. Untreated turquoise (left), turquoise treated 
with resin before polishing (center), and turquoise treated with resin and polished (right). Photos by Ling Liu. 
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Untreated 
turquoise 


Resin-filled 
turquoise 


Figure 9. Comparison of untreated turquoise and resin-filled turquoise. Some samples (0.22-2.99 g) of group A be- 
fore treatment (A) and after (B). C and D; Twenty pieces of turquoise (1.58-4.82 g) were cut in half (group B). The 
left half of each sample was left untreated, and the right side was treated with resin. Note the deeper and more 
saturated colors in the resin-filled halves. E: Block specimens (approximately 15 x 20 x § mm) cut from a porous 
and chalky rough sample for treatment alongside an untreated control group (group C). Photos by Ling Liu. 


Changes in Turquoise Porosity After Resin Filling. pores were unevenly distributed and sometimes 
The dark and irregular areas in the ESEM images of | crowded together, ranging from 20 to 200 um in di- 
turquoise represent surface pores (figure 10). The ameter with various shapes (circle, triangle, rhom- 
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Untreated 
turquoise 


Resin-filled 
turquoise 


bus, or wormhole). Very few pores were observed 
in the ESEM images of the resin-filled sample. The 
untreated turquoise had higher porosity (approxi- 
mately 1.9% surface porosity) than the resin-filled 
one (approximately 0.7%). The reduction of poros- 
ity confirmed that the resin effectively lowered the 
porosity and improved the appearance of samples. 


Identification of the Treated Turquoise. UV Fluores- 
cence. Untreated turquoise displayed an inert or very 
weak fluorescence reaction to both short- and long- 
wave UV. Resin-filled turquoise samples showed no 
fluorescence under short-wave UV radiation but 


Figure 10. ESEM images 
showing the distribu- 
tion of pores in un- 
treated turquoise (top) 
and resin-filled 
turquoise (bottom). 
Note that the untreated 
turquoise has higher 
porosity, as evidenced 
by the dark spots in its 
ESEM images. Images 
by Ling Liu. 


strong blue fluorescence under long-wave UV (figure 
11). The resin was inert to short-wave UV radiation 
but showed strong milky blue fluorescence under 
long-wave UV (again, see figure 11). 


3D Fluorescence Patterns. There were distinct differ- 
ences between the 3D fluorescence of untreated and 
resin-filled samples. Untreated turquoise fluoresced 
very weakly to the full excitation wavelength range 
(figure 12). The resin-filled turquoise, however, had a 
strong main emission peak centered at 444 nm under 
excitation at 372, nm, as well as a secondary emission 
shoulder at 460 nm. 


Figure 11. Comparative fluorescence reactions of the untreated turquoise, resin-filled turquoise, and resin under 
SWUV (center) and LWUYV (right). Photos by Yuyang Zhang; courtesy of Ling Liu. 
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Figure 12. 3D fluorescence patterns of untreated turquoise, resin-filled turquoise, and resin. Note that the emission 
peak at 458 nm under 424 nm excitation in the untreated and resin-filled samples is attributed not to the tested 
samples but to the instrument. 


32 RESIN-FILLED TURQUOISE Gems & GEMOLOGY SPRING 2021 


FTIR SPECTRA 
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Figure 13. FTIR spectra 
of untreated turquoise 
(black line), resin-filled 
turquoise (red line), and 
resin (green line). Spec- 
tra offset for clarity. 
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The 3D fluorescence pattern of the resin was also 
investigated in this study. The pattern exhibited 
three strong emission peaks centered at 414, 437, 
and 460 nm when excited by 376 nm light. These 
three strong emission centers occurring in the resin’s 
3D fluorescence pattern matched well with those of 
the resin-filled turquoise. Accordingly, it was as- 
sumed that the presence of these strong emission 
peaks offered proof of resin filling. It should be noted 
that the varied types and dosages of organic sub- 
stances used for resin treatment in each factory 
might alter the 3D fluorescence patterns of the resin- 
filled turquoise. The 3D fluorescence patterns of var- 
ious resin-treated turquoise need to be further 
investigated. 


Infrared Spectroscopy. The untreated turquoise 
showed important bands in two ranges, from 3000- 
3600 cm=! and 1800-400 cm-', which are typical 
variations of OH, H,O, and PO, according to previ- 
ous research (Reddy et al., 2006; Chen and Qi, 2007; 
Chen et al., 2012; Cejka et al., 2015). The spectra 
of the resin-filled turquoise were characterized by 
the different combinations of turquoise and resin 
used in the treatment process. As expected, the 
filled turquoise samples exhibited additional diag- 
nostic bands of resin at approximately 1733 cm! 
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(figure 13), attributable to C=O vibration (Lind et 
al., 1983; Pavese et al., 2005; Chen et al., 2006; Moe 
et al., 2007). Other weak bands appeared at 2964, 
2928, 2858, 1716, 1508, 1457, and 1167 cm” in the 
spectrum of resin-filled turquoise. The resin is re- 
sponsible for these bands. It displayed prominent 
bands at 2964, 2928, 2858, 1730, 1716, 1637, 1509, 
1455, 1405, 1377, 1319, 1296, 1251, 1167, 1044, 
940, 815, and 656 cm", as well as other weak 
bands. 

There were notable differences in the fluores- 
cence reactions and FTIR spectra of the untreated 
and treated turquoise, which offered diagnostic evi- 
dence for identifying resin-filled turquoise. 


CONCLUSIONS 


Resin filling can effectively improve the appearance 
of porous rough turquoise. Observations of pore dis- 
tribution and quantity in both untreated and resin- 
filled turquoise reveal that most pores can be well 
filled by resin, resulting in a deeper color without 
the use of additional colorant. Untreated turquoise 
fluoresced very weakly to the full excitation wave- 
lengths of light. But the resin-filled turquoise in this 
research had strong fluorescence under long-wave 
UV. Under 372 nm excitation, a strong main emis- 
sion peak centered at 444 nm and a secondary emis- 
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sion shoulder at 460 nm occurred in its 3D fluores- 
cence patterns. The filled turquoise had an intense 
band at 1733 cm", and other weak bands in IR spec- 
tra as well. Fluorescence reactions and the occur- 
rence of additional FTIR bands related to organic 
resin provide the evidence required to identify resin- 
filled turquoise. 
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Pore filling is an economically worthwhile approach 
to optimize porous rough turquoise, making it suitable 
for commercial jewelry or ornaments with high added 
value. The effectiveness of pore-filling treatment in 
improving the processability, appearance, and durabil- 
ity of this precious gemstone should be recognized, 
and it needs to be fully disclosed to the consumer. 
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an old historical mill. It is located at the 
foot of the pine-clad mountains, overlooking 
green meadows. The terrace in front of the 
mill consists of an accumulation of minute 
fragments of gems from all parts of the 
world. In front of the terrace flows the 
Schwollbach, abounding in trout. The stu- 
dents live in the nearby village of Nieder- 
brombach where room and board can be had 
for a dollar a day. Mornings are spent in 
studies in the classroom in the old mill; 
afternoons in trout fishing, swimming in the 
old millpond, or hunting for agates in the 
surrounding hills. Evenings are spent in 
music and dancing in the old mill. The 
school draws its students from all parts of 
Germany. 

Due to lack of quality rough for cutting, 
the industry is dependent at present upon 
pre-war reserves of agate for cabochon cut- 
ting, and synthetic corundum and spinel for 
faceted stones. Since only minor allocations 
of dollars are granted the lapidary industry, 
practically no quality gems are being cut 
except where rough is shipped for cutting, 
to be returned in manufactured form to the 
shipper. On the other hand, diamond cutting 
of single cut melee has increased to such 
proportions that Germany is now the third 
largest diamond cutting country, with an 
estimated 6,000 cutters occupied. Many 
home lapidaries in Idar-Oberstein and sur- 


rounding villages ace occupied in this dia- 
mond cutting. 

Cameo engraving is an important element 
of the trade. Besides the usual small agate 
cameos or intaglios, large master works are 
produced when suitable agate is available. 
Suitable material for important pieces is 
rare. The banding must be straight, the in- 
dividual bands dense, and of uniform qual- 
ity. Upon a suitable piece agate a master 
engraver may spend months of painstaking 
work, Among the Idar masters in this art 
are: August R. Wild, Richard Hahn, Otto 
Minn, and others. 

Figure carving is also undertaken, but 
this branch of the art languishes for lack of 
appropriate rough material, although the 
demand for animal figures is strong. The 
cutting of agate bowls, superb examples of 
which were produced in the past, is now 
little engaged in because of the high produc- 
tion costs. 

As a center of the cutting of quality gem- 
stones, Idar-Oberstein is at present a neg- 
ligible factor in the market. The old skills, 
however, remain, as does the will to work. 
What is lacking are dollars to purchase fine 
rough. The present tendency in German fis- 
cal circles is to deny dollar requests from the 
dollar poo! for gem materials, although the 
Idar-Oberstein industry would be an im- 
portant earner of foreign currency. 
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How TO CALCULATE COLOR FROM 
SPECTRA OF UNIAXIAL GEMSTONES 


Che Shen, Aaron Palke, Ziyin Sun, and Mark D. Fairchild 


Color is the most important quality for colored stones, one that is widely discussed and studied by gemologists. 


Understanding the color characteristics of a gemstone can provide a scientific basis to guide its cutting. This 
study uses visible spectroscopy to determine the unpolarized spectra of a uniaxial material from the polarized 
spectra (o-ray and e-ray) in order to predict the color of a uniaxial gem material when viewed in any direction. 
A seemingly intuitive way of doing this, by adding weighted amounts of the o-ray and e-ray absorption spectra, 
does not actually work for estimating the unpolarized spectra. The mathematically and physically correct way 
to reconstruct these unpolarized spectra is to add weighted polarized transmittance spectra and then to convert 


back to absorption if desired. This method allows color to be accurately predicted for a material when viewed 


in any direction as long as the polarized spectra and the viewing angle relative to the c-axis are known. This 
method has been verified by comparison with a synthetic V-bearing sapphire and a synthetic Cr-bearing sapphire 
cut into wafers (not faceted gemstones) at various angles relative to the optic axis. 


ost gem materials are minerals with crystal 
NAsrscc exhibiting long-range order, such 

as diamonds, rubies, and sapphires. In order 
to fully understand their color behavior, one must con- 
sider these gem materials from the perspective of their 
crystallographic characteristics. All crystals can be di- 
vided into three categories: isometric, uniaxial (see fig- 
ure 1), and biaxial. 


Polarized Light. Light is a form of electromagnetic 
radiation that can be considered as waves traveling 
in one direction at the speed of light with electric and 
magnetic field components vibrating perpendicular 
to the direction of travel. The colorimetric properties 
of light that reaches our eyes are determined by the 
spectrum of wavelengths present in the light beam. 
In general, white light as produced by the sun or an 
incandescent bulb is unpolarized, meaning the elec- 
tric field component has no preferred orientation, 
with every oscillation direction equally represented. 
When unpolarized light passes through either a uni- 
axial or biaxial material in a direction not parallel to 
the optic axis, it splits into two distinct rays that 


See end of article for About the Authors and Acknowledgments. 
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have electric field oscillation directions perpendicu- 
lar to each other (Tilley, 2020). This can be seen by 
observing uniaxial or biaxial crystals with transmit- 
ted polarized light, where in most cases we will ob- 
serve different colors with different orientations (see 
figure 2). This, in turn, is because most colored uni- 
axial or biaxial minerals will absorb light differently 
when the electric field polarization orientation of the 
light changes. 


In Brief 


e In order to quantitatively describe the color of gem 
materials, it is most appropriate to consider them 
under an unpolarized light condition. 

e The color of a uniaxial gemstone can be predicted by 
its polarized spectra (o-ray and e-ray). 

e The mathematically and physically correct way to re- 
construct these unpolarized spectra is based on the 
square of cosine and sine functions of o-ray and e-ray, 
provided the incident light angle relative to the optic 
axis is known. 


Color from the Spectrum. The perception of color as 
experienced by human observers is determined by 
three main factors: lighting condition, the human vi- 
sual system, and the object itself. Colorimetry is the 
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Figure 1. Corundum is an example of a negative uniaxial mineral. This ruby crystal in matrix from Mogok, 
Myanmar, is approximately 6.15 cm in length. The cut gem is a 3.22 ct unheated ruby, also from Mogok. 
The cut gem is courtesy of Jeffrey Bergman, Primagem. Photo by Robert Weldon/GIA. 
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field of study that deals with quantitative descrip- 
tions of color perception. The color stimuli of trans- 
parent materials (e.g., gemstones) will depend on 
which wavelengths of light pass through the material 
in the visible range (approximately 380-780 nm). Fig- 
ure 3 illustrates the absorption spectrum of a syn- 
thetic pink sapphire that shows which wavelengths 
of unpolarized light are selectively absorbed by the 
material (high values of absorbance) and which wave- 
lengths are less absorbed (low absorbance). The term 
pleochroism is used to describe the phenomenon 
whereby light with different polarization directions 


Figure 3. For the unpolarized visible light spectrum of 
the synthetic pink sapphire sample (top right) taken 
at a specific angle of incidence, the calculated color is 
shown below the sample. The calculation is based 
upon CIE’s 1931 color-matching function (CIE, 1932) 
and Dé65 lighting. The color is reproduced based on 
sRGB color space. The ruby wafer is 2.754 mm thick 
and has a chromium concentration of 111 ppma. 
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Figure 2. Images of a 
polished wafer of syn- 
thetic pink sapphire 
photographed under 
different polarized 
lighting conditions. 
Left: Electric field com- 
ponent perpendicular to 
the optic axis (ELc or o- 
ray). Right: Electric 
field component paral- 
lel to the optic axis 
(E||c or e-ray). 


produces distinct colors due to differences in the way 
polarized light is absorbed by uniaxial or biaxial min- 
erals (Hughes, 2014). For a uniaxial mineral, there are 
two unique electric field oscillation directions, either 
perpendicular to the optic axis! (o-ray) or parallel to 
the optic axis (e-ray). (Note that in this manuscript, 
we make use of the o-ray and e-ray terminology, 
which is equivalent to the ELc and E||c terminology 
more commonly used in the mineralogical litera- 
ture.) For a uniaxial material such as ruby, the ab- 
sorption spectrum changes with polarization 
direction from the o-ray to the e-ray (figure 4). 

The perceived color of light after passing through 
a polished wafer of any uniaxial material can be cal- 
culated using transmittance spectra (both polarized 
and unpolarized) and the incident light angle relative 
to the c-axis combined with the spectral power dis- 
tribution of the original lighting condition (e.g., day- 
light-equivalent D65 illumination or incandescent 
illumination), as well as the human vision respon- 
sivity functions that describe how the combination 
of wavelengths reaching the eye are translated into 
color. 

In general, most light sources are unpolarized. 
Therefore, it is most appropriate to consider any ma- 
terial under unpolarized light when determining the 
perceived color. For uniaxial minerals, when unpolar- 
ized light is transmitted parallel to the optic axis, all 
of the rays are equivalent o-rays, with their electric 
field oscillation direction perpendicular to the optic 
axis. However, when unpolarized light passes through 


'The optic axis is not a single line, but a direction (Hecht, 2001). 
From figure 6, the dotted line represents the direction of the optic 
axis. n, represents the o-ray electric field oscillation direction while n, 
represents the e-ray electric field oscillation direction. Scientific jour- 
nals also use E||c, which is equal to the e-ray, and ELc, which is equal 
to the o-ray. 
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Figure 4. Polarized spectra of an optically oriented 
wafer of synthetic ruby (same as in figures 2 and 3) 
with the o-ray (blue line) and e-ray (orange line) polar- 
ized directions as well as unpolarized light (green line). 


the material perpendicular to the optic axis, it splits 
into two different rays: an o-ray and an e-ray, vibrating 
perpendicular and parallel to the optic axis, respec- 
tively. When unpolarized light passes through a uni- 
axial material in any random direction, it will also 
split into two rays, with one ray constrained to vibrate 
along the o-ray and the other vibrating perpendicular 
to both the o-ray oscillation direction and the path of 
the light ray. Based on the authors’ knowledge, how- 
ever, the exact means of determining the unpolarized 
absorption spectrum of a uniaxial mineral in any gen- 
eral direction has never been clearly elucidated. As 
will be demonstrated in subsequent sections, the in- 
tuitive means of mixing the o-ray and e-ray absorption 
spectra weighted according to the geometry of any 
general direction is not correct and cannot reproduce 
experimentally measured spectra. In this contribution, 
we demonstrate that one must use weighted combi- 
nations of o-ray and e-ray transmission spectra in 
order to determine the absorption spectrum, and 
hence the color, of a uniaxial mineral for a given input 
illumination ray angle and viewing angle. 


MATERIALS AND METHODS 


Samples. The synthetic ruby and sapphire samples 
were provided by GIA’s Carlsbad research laboratory. 
All samples were prepared as wafers with an optical- 
quality finish. The crystal orientation was well con- 
trolled by the biaxial crystal orienting device 
described by Thomas et al. (2014). 
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UV-Vis-NIR Spectroscopy. The polarized UV-Vis 
spectra were collected with a specially modified Hi- 
tachi U-2910 spectrophotometer. The spectra were 
collected in the 190-1100 nm range with 1 nm spec- 
tral resolution at a scan speed of 400 nm/min. The 
unpolarized spectra were collected with a 
PerkinElmer Lambda 950 UV-Vis spectrophotometer 
(PE 950) in the 200-1000 nm range, also with 1 nm 
spectral resolution. We also checked the degree of po- 
larization of the generated unpolarized light from the 
PE 950. The results showed that the PE 950 can pro- 
duce ideal unpolarized light (see box A), which 
means the unpolarized spectra are appropriate for the 
spectral analysis. Both polarized and unpolarized 
spectra were collected at GIA’s Carlsbad laboratory. 


RESULTS AND DISCUSSION 


This research began with an accidental discovery. In 
2018, the lead author (CS) worked as a research in- 
tern in GIA’s Carlsbad laboratory studying chro- 
mophores in corundum. At first, all of the UV-Vis 
spectra for corundum were collected using the Hi- 
tachi U-2910 spectrophotometer, which is set up at 
GIA only to collect polarized spectra. However, the 
author also wanted to collect some unpolarized spec- 
tra at the same time for the purpose of calculating 
color seen with unpolarized light. To save time, we 
came up with a hypothesis that one could recreate 
the unpolarized absorption spectra of a corundum 
wafer in a general orientation with weighted versions 
of the o-ray and e-ray absorption spectra. For exam- 
ple, light traveling perpendicular to the optic axis 
will split into two orthogonal rays, and the unpolar- 
ized spectrum was predicted to be equal to the sum 
of half of the o-ray absorption spectrum and half of 
the e-ray absorption spectrum (see equation 1): 


A =05xA,  +05xA 


unpolarized ~ o-ray e-ray ( i ) 


In order to verify this hypothesis, the PerkinElmer 
Lambda 950 UV-Vis spectrophotometer was used for 
collecting unpolarized spectra of vanadium-bearing 
sapphire with unpolarized light traveling perpendi- 
cular to the optic axis. The vanadium-bearing sap- 
phire had strong pleochroism, which meant there 
were large differences between the o-ray and e-ray 
spectra. Therefore, if the predicted and measured 
spectra were in good agreement, we could conclude 
that the hypothesis is correct. The measured and pre- 
dicted spectra (using weighted absorption spectra as 
in equation 1) are shown in figure 5. Because of the 
significant difference between the estimated and 
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Box A: DEGREE OF POLARIZATION 


Degree of polarization (DOP) is basically a quantity used 
to describe the portion of a beam of light that is polar- 
ized. The DOP is given by the following equation: 

DOp] as 

aves min 

where I_,, andI_,. are the minimum and maximum in- 
tensities of the light in the full range of polarization di- 
rections, respectively. A perfectly polarized beam of 
light has a DOP of 100%, while a DOP of 0% represents 
perfectly unpolarized light. In this research, a 
PerkinElmer Lambda 950 UV-Vis spectrophotometer 
was used to collect unpolarized spectra. This instru- 
ment has a removable polarizer, and we collected unpo- 
larized spectra without it. However, with most 
commonly used spectrophotometers, the beam reflec- 
tion off the grating and other optics will render the light 
partially polarized. For this reason, the spectrophotome- 
ter used in this study incorporated a depolarizer after the 
grating. Nonetheless, any potentially slightly unpolar- 
ized light could affect the measurement results. To test 
our PerkinElmer Lambda 950 spectrophotometer, we 
chose a synthetic ruby cut as a wafer oriented 60° from 
the optic axis and collected unpolarized spectra with 
three different rotation angles relative to the cut wafer 
face (0°, 45°, and 90°). Any significant differences among 
these spectra would suggest that the “unpolarized” light 
is actually partially polarized. If there is no difference 
between the spectra, this would indicate there is no in- 
herent polarization of the light in the spectrophotome- 


measured spectra, we determined that this hypothe- 
sis is wrong and the unpolarized absorption spectrum 
cannot be reconstructed from appropriately weighted 
versions of the o-ray and e-ray absorption spectra. 
At this point we realized that predicting unpolar- 
ized absorption spectra is more complicated than we 
initially thought. In this research, we explain why we 
cannot use weighted combinations of o-ray and e-ray 
absorption spectra to determine the unpolarized ab- 
sorption spectrum. In addition, we also provide a rea- 
sonable method for predicting the absorption spectra 
in any general orientation. The key to this method is 
that all the calculations should be based on transmis- 
sion spectra instead of absorption spectra. This solu- 
tion can be arrived at intuitively since the addition of 
two different absorption spectra mathematically re- 
quires that all of the light is simultaneously absorbed 
by both absorption spectra. For instance, if we add to- 
gether a Cr and V absorption spectrum to represent a 
Cr- and V-bearing material, the full light is simultane- 
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Figure A-1. Unpolarized spectra of an optically oriented 
synthetic ruby wafer (60° from the optic axis) with rota- 
tion angles of 0° (blue line), 45° (orange line), and 90° 
(green line). 


ter. Figure A-1 illustrates the unpolarized spectra of 
three different rotation angles, and this experiment con- 
firmed that the light in this spectrophotometer is com- 
pletely unpolarized. Hence, we can use the measured 
unpolarized spectra for color calculations. 


ously absorbed by Cr and V. However, when consid- 
ering the splitting of light into two polarized rays in a 
uniaxial material, the two rays of light are independ- 
ent with each ray being blind to the other. To mathe- 
matically model this, it is necessary to convert 
absorption to transmission to effectively split these 
two rays of light. See the discussion below. 


Unpolarized Light Traveling Parallel to the Optic 
Axis. In the case of cubic crystals, the refractive in- 
dices of the incident light in any polarization direc- 
tion are identical (Tilley, 2020). However, when 
dealing with uniaxial crystals, the refractive indices 
of the o-ray and e-ray are not equal. A beam of light 
traveling through a uniaxial crystal splits into two 
orthogonal beams, each with its own refractive 
index. When light travels parallel to the optic axis, 
the light will vibrate in all directions perpendicular 
to the light ray path. Figure 6 demonstrates this with 
the uniaxial material represented by an ellipsoid de- 
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Figure 5. Measured (blue line) and estimated (red dot- 
ted line) absorption spectra. The estimated method 
was based on weighted combinations of o-ray and e- 
ray absorption spectra (which was found to be an in- 
valid method). 


fined by the refractive indices of o-ray and e-ray light. 
The optic axis is vertical in this diagram, and a cross 
section perpendicular to the optic axis is a circle with 
a radius equal to the refractive index of the o-ray (n,). 
Therefore, when light passes through a uniaxial ma- 
terial along the optic axis, it vibrates perpendicular 
to the optic axis. 


Unpolarized Light Traveling Perpendicular to the 
Optic Axis. When light travels perpendicular to the 
optic axis, it will split into two rays with orthogonal 
electric field directions. In this case, for a uniaxial 
crystal, the cross section of the indicatrix is an ellipse 
rather than a circle (figure 7). One of the split rays 
will have its electric field oscillation direction paral- 
lel to the optic axis (an e-ray), while the other ray will 
vibrate perpendicular to the optic axis (an o-ray). 
Light traveling in this direction will be equally split 
into o-ray and e-ray light. 

This is best thought of by considering the inten- 
sity, or radiant flux, of the incident light being split 
in half between an o-ray and an e-ray. The relation- 
ship between transmittance and radiant flux can be 
expressed as in equation 2: 


gp 
T= oi (2) 
where 


e T is transmittance 
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Figure 6. A beam of light incident on a uniaxial nega- 
tive indicatrix (n,>n,) with a direction of travel paral- 
lel to the optic axis (green dotted line). 


e @' is the transmitted radiant flux through the 
material 

¢ @ is the initial radiant flux received by the ma- 
terial 


Because the o-ray and e-ray each receive half of 
the radiant flux incident on the material, equation 2 
could be rewritten as: 


0.5 X Bo rayt 0.5 X BE ray 
unpolarized — gi 


=0.5X (Ty, + Teorey) (3) 


where 
* @',,ay is the transmitted radiant flux associated 
with the o-ray 


* PD‘... is the transmitted radiant flux associated 
with the e-ray 


Equation 3 shows mathematically why simply 
adding absorption spectra as in equation 1 is incor- 
rect, since there is a logarithmic relationship be- 
tween transmittance and absorbance: A = —log(T). To 
verify our formula, unpolarized light was used to 
measure the vanadium-bearing sapphire wafer with 
faces cut and polished parallel to the optic axis. Next, 
we compared the measured spectrum with the cal- 
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culated spectrum based on equation 3 using the 
measured o-ray and e-ray absorption spectra con- 
verted to transmittance. The results are shown in fig- 
ure 8. We can see from figure 8 that the estimated 


Figure 8. Transmittance spectra of an optically ori- 
ented wafer (c-axis parallel to the polished faces) of a 
vanadium-bearing sapphire. The estimated unpolar- 
ized spectrum (red dotted line) is calculated based on 
equation 3. 
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Figure 7. A beam of 
light incident on a uni- 
axial negative indica- 
trix (n,>n,) with a 
direction of travel per- 
pendicular to the optic 
axis. 


spectrum agrees well with the measured spectrum. 
We can also calculate the color from the estimated 
spectrum and the measured spectrum as well as the 
spectrum estimated by the method of using weighted 
absorption spectra (equation 1). These three colors 
are reproduced in figure 9. The color difference value, 


Figure 9. Generated color where the bottom third is 
calculated based on the measured spectrum, the left 
third based on the correctly estimated spectrum, and 
the right third based on an incorrectly estimated 
spectrum. 


Incorrect method 


Correct method 


Measured 
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| sin?@+1__ -cos?0 
e-ay 


o-ray 


AE o9 (Luo et al., 2001), between the correctly esti- 
mated and measured spectra is 0.80, while the AE, 
between the incorrectly estimated and measured 
spectra is 1.79, demonstrating the accuracy of using 
transmittance spectra to predict color. 


Unpolarized Light Incident in a Random Direction. 
When considering a beam of light traveling through a 
uniaxial material in any general direction relative to 
the c-axis, the situation is slightly more complicated. 
However, we can still use the framework developed 
in the previous sections covering samples measured 
with the polished face parallel and perpendicular to 
the optic axis using unpolarized light. From the optical 
indicatrix shown in figure 10, it is obvious that when 
light traveling through a uniaxial material in a general 
direction is split into two rays, one of them can be de- 
scribed as the o-ray while the other ray (k) is a mixture 
of an o-ray and an e-ray. Based on Malus’s law (Collett, 
2005), the component of the split light (k) along the o- 
ray and e-ray polarized directions can be calculated ac- 
cording to equation 4: 


I, = sin’0 x I, + cos’0 x I, (4) 
where 


e] represents the intensity of light along the 
specified polarization 
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Figure 10. A beam of 
light incident on a uni- 
axial negative indica- 
trix (n,>n,) in any 
general direction, 
where I represents the 
intensity of light and 8 
is the angle between 
the cross section (or- 
ange ellipse) and the 
optic axis. The inten- 
sity of the ray of light 
vibrating perpendicular 
to the o-ray (the k-ray 
in the figure) can be ex- 
pressed as the square of 
the cosine and sine 
functions of 8. 


e Gis the angle between the cross section (see 
also figure 10) and the optic axis 


Since transmittance is proportional to the light 
intensity”, equation 4 can be rewritten as equation 5 
and the final equation for calculating the unpolarized 
spectrum in any general direction can be expressed 
as equation 6: 


TL eapatesteottic = sin’0 x eh cos’0 x Tozer (5) 
Timpolarized = 0.5 X Ty ray +0.5 x (SiN?O x Ty, +COS'O X Toray) (6) 


When the light travels parallel to the optic axis, 0 = 
90°, sin?6 = 1, cos’ = 0, and equation 6 is equal to 
Tay: When the light travels perpendicular to the 
optic axis, 0 = 0°, sin’0 = 0, cos*0 = 1, and equation 6 
is equal to equation 3. 

To verify the accuracy of equation 6, the authors 
selected a high-quality, homogeneous synthetic ruby 
and cut it into four double-sided polished wafers. 
These four wafers were accurately oriented using the 
biaxial crystal orienting device described by Thomas 
et al. (2014). The angles between the polished faces 
of the four wafers and the optic axis are 0°, 30°, 45°, 
and 60°, respectively. Unpolarized spectra were 


“The total radiant flux is 47t sr times the radiant or light intensity when 
dealing with isotropic radiation. Note: sr represents “steradian.” 
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measured for these four samples as well as polarized 
spectra (o-ray and e-ray) from the 0° sample. The 
measured spectra and estimated spectra (based on 
equation 6) are shown in figure 11, illustrating that 
the estimated spectra agree well with the measured 
spectra. Therefore, equation 6 can be used to recon- 
struct the unpolarized spectrum of a sample of a uni- 
axial material at any known angle relative to the 
c-axis from the o-ray and e-ray spectra. In addition, 
the colorimetric data as well as the AE,, values are 
shown in table 1. The very small AE,, values for all 
four tested angles illustrate the high accuracy of the 
estimated spectra and are similar in magnitude to the 


TABLE 1. Colorimetric data of estimated and measured spectra. 


L* a* b* AEoo 
Measured (0°) 97.39 2.58 -0.57 ae 
Estimated (0°) 97.35 2.82 -0.81 
Measured (30°) = 97.13 3.05 -1.36 are 
Estimated (30°) 97.04 3.30 -1.42 
Measured (45°) 96.88 3.48 -1.96 0.36 
Estimated (45°) 96.73 3.77 2.04 
Measured (60°) 96.65 3.86 —2.56 
Estimated (60°) 96.42 4.26 -2.66 as 
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expected uncertainty between two measuring instru- 
ments. To get a sense of the magnitude of AE,, val- 
ues, the repeatability of an instrument for uniform 
samples without replacement on a single instrument 
is on the order of 0.05-0.10, reproducibility of meas- 
urements across different times or instruments is on 
the order of 0.5-1.0, and perceptibility thresholds for 
color differences are on the order of 1.0-2..0. The pre- 
cise magnitudes depend on the uniformity of the 
samples, the specific instrument, the measurement 
geometry, and viewing conditions such as back- 
ground, illumination color, and illuminance level 
(Berns, 2019). 

Since the relationships between different angles 
and unpolarized spectra were directly measured, a 3D 
plot where the incident angle (6) is plotted against 
transmittance spectra (o-ray, e-ray, and unpolarized) 
to demonstrate the variation of the contribution of 
each polarized ray (not full transmittance) at various 
angles is presented in figure 12. 


CONCLUSIONS 


The unpolarized spectra of uniaxial materials in any 
direction can be reconstructed from the square of the 
cosine and sine functions of o-ray and e-ray, provided 
the incident light angle 0 relative to the c-axis (optic 
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3D TRANSMITTANCE SPECTRA 


TRANSMITTANCE —> 


axis] is known. This calculated function, expressed 
in equation 6, was derived theoretically and verified 
experimentally. The extension of this theoretical 
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stones represents a significant challenge and will be 
the focus of future work. 
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INCLUSIONS 


YELLOW CHRYSOBERYL 


by 


ROBERT WEBSTER 


(Gemmological Laboratory, London Chamber of Commerce) 


During a recent session of practical in- 
struction at Chelsea Polytechnic, London, 
the writer's attention was drawn to the 
inclusions in a specimen of yellow chryso- 
beryl that a student was examining. These 
inclusions consisted of what may well be 
described as ‘twin planes,’ and which, by 
alteration of the direction of the sub-stage 
lighting—in England no facilities are yet 
available to employ the special dark-field 
illumination used in North America and 
Switzerland—showed various ‘bladed’ or 
‘stepped’ effects. Figures 1 to 3. 

Conscious that the information on the 
inclusions of yellow chrysoberyl is sparse, 
examination was made of a number of other 
yellow chrysoberyls, and these ‘twin planes’ 
were found quite often. It was observed that 
the ‘planes’ ran in two directions and it 
was considered to be of some interest to 
attempt to obtain evidence of their crystal- 
lographic directions. Examination of a 
broken crystal, which, however, showed a 
sufficient number of natural faces to allow 
it to be oriented, showed that similar ‘twin 
planes’ were present. 

It seemed clear from visual inspection 
that these ‘planes’ were running roughly 
parallel to the faces of the brachydome 
(oll). 


One of the natural faces of this form 
was present on the damaged crystal. Ac- 
cording to Dana’s Texthook of Mineralogy 
(4th edition by W. E. Ford) the angle be- 
tween these faces is 60°14’. Measurement 
of the angle made by the ‘planes’ observed 
in the crystal examined, employing for the 
purpose the ocular crosswires and the grad- 
uations on the rotating stage of the micro- 
scope, an angular value of approximately 
60° was found. Within the limit of accu- 
racy of the method used, this value agrees 
with the published figure for the interfacial 
angle of the brachydome faces. Figure 4 
shows the ‘planes’ as seen in the crystal. 

Owing to the lack of visibility of the 
edges of the ‘planes’ seen in the cut stones— 
the ‘planes’ being well seen only when at 
an angle to the light beam from the micro- 
scope lamp, when they either appeared light 
(by light reflected from the planes), of 
dark {when total internal reflection oc- 


curred)—no accurate measurement was 
possible. 
Examination between crossed nicols of 


those stones which showed ‘planes,’ showed 
polarization colors having an angular ar- 
rangement, but they appeared to have no 
particular agreement with the direction of 
the ‘planes.’ 
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MICRO-FEATURES OF SPINEL 


Nathan Renfro, John I. Koivula, Shane F. McClure, Kevin Schumacher, and James E. Shigley 


often placed in the shadows of its traditionally 
more expensive gemstone cousin, the ruby. His- 
torically, red spinel was visually mistaken for ruby 
before being acknowledged as its own mineral 
species, the most notable being the Black Prince’s 
ruby which adorns the Imperial State Crown on dis- 
play in London. In recent years, spinel has seen a sig- 
nificant rise in popularity and is recognized as one of 
three birthstones for August. Spinel’s appeal may be 
due in part to its range of colors, from red to pink, 
purple, blue, gray, and orange (figures 1 and 2). 
Spinel is an isometric mineral that often forms as 
a result of contact metamorphism, finding its home 
in magnesium-rich dolomite marbles, as is the case 
with spinel from Myanmar and Pakistan. Other no- 
table spinel sources are Sri Lanka, Tanzania, and 
Tajikistan. 


St has long been an underappreciated gem, 
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Inclusions found in spinel often reflect the geo- 
logic conditions in which they form, with carbonate 
inclusions (such as calcite) being quite common, as 
well as apatite crystals. Notably, many spinels con- 
tain well-formed octahedral negative crystals that are 
typically filled with solid minerals, fluids, or a com- 
bination of both. Metal sulfides are occasionally pres- 
ent, as well as intergrowths of needle- or plate-like 
crystals of rutile or sphene that cause asterism. 

Treatments for spinel are generally few, with re- 
ducing the visibility of fractures by filling them 


Figure 1 (above). Spinel is available in a wide range of 
colors, as seen in this suite of round gems weighing 
1.47-6.70 ct faceted by Bill Vance. Photo by Robert 
Weldon/GIA; courtesy of Vance Gems. 


Figure 2 (opposite page). This remarkable suite of 
spinel gems faceted by Bill Vance shows a wonderful 
range of color and transparency. The 232.9 ct rough 
mineral specimen gives clues to the crystal’s origin, 
with remnants of the marble host rock preserved. The 
faceted red spinels range from 2.47 to 5.87 ct. Photo 
by Robert Weldon/GIA; courtesy of Vance Gems. 
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with a refractive index matching material being one 
most likely encountered as a form of clarity en- 
hancement. Some spinels are also heat treated to 
improve clarity, but those stones are generally un- 
common in the trade; they are readily detectable in 
a gemological laboratory using photoluminescence 
or visible spectroscopy, but the treatment often 
leaves little evidence seen in the microscope. Syn- 
thetic spinels are commonly encountered, with 
flame-fusion material being widely available in a 
broad range of colors. More technologically sophis- 
ticated materials also exist, such as flux-grown 
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spinel. However, those examples are generally avail- 
able only in red or blue gems or crystals and are rel- 
atively scarce. 

This latest installment in the G#G chart series 
showcases a wide range of inclusions that a gemolo- 
gist might encounter in spinel. Unlike previous 
charts, however, the authors also chose to highlight 
afew examples of spinel as an inclusion in other gem 
materials. Though far from comprehensive, the se- 
lected images will hopefully provide the reader with 
a good representation of the micro-features found in 
spinel. 
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The following 25 questions are from the four 2020 issues of GeG. Please refer to the articles in those issues to 
find the single best answer for each question. 


Visit gia.edu/gems-gemology to take the Challenge online. Entries must be received no later than Monday, August 
2, 2021. All entries will be acknowledged with an e-mail. 


Score 75% or better, and you will receive a certificate of completion (PDF file). Earn a perfect score, and your 
name also will be listed in the Fall 2021 issue of Gems & Gemology. 


1.Which diamonds can exhibit blue 
luminescence after the DiamondView 
lamp pulse? 
A. Natural type Ila and type la 
B. HPHT laboratory-grown 
C. CVD laboratory-grown 
D. Natural type IIb 


2.The D-to-Z color scale is applicable to 

diamonds that are colorless to 

A. faint to light yellow, brown, or gray 
bodycolor only. 

B. faint to light yellow or brown body- 
color only. 

C. faint to light yellow bodycolor only. 

D. faint to light bodycolor of any hue. 


3. The Grand Mazarin diamond 
A. is the only Mazarin diamond that 
has not been stolen in its history. 
B. was sold at auction in 1887 without 
a correct color description. 
C. was the largest of the Mazarin dia- 
monds. 


D. was sold at auction in 2017 for $4 
million. 
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4. The absorption cross section of a 
chromophore is 


A. identical for all trace elements in 
corundum. 


B. inversely proportional to transmis- 
sion. 


C. the strength of the absorber. 
D. a unitless ratio. 


5. Sapphire from southern Vietnam 
commonly features 
A. pyrochlore inclusions. 
B. strong color zoning. 
C. yellow bodycolor. 
D. lack of silk. 


6. Normal HPHT diamond growth 
typically produces 
A. diamonds with less color saturation 


than their CVD-grown counterparts. 


B. yellow diamonds with cape-related 
defects. 


C. mostly yellow and orange diamonds. 


D. colorless to brown diamonds. 


7. The majority of D-to-Z diamonds 
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fluoresce 

A. blue. 

B. green. 

C. orange. 

D. no discernible color. 


8.C-centers in yellow diamonds 
A. consist of aggregated pairs of nitro- 
gen substituting for carbon. 


B. typically show a moderate yellow 
reaction to long-wave UV. 

C. are the third most common cause of 
color. 


D. are stronger absorbers than cape 
defects. 


9.Which statement about Burmese blue 

amber is false? 

A. It does not display a 412 nm absorp- 
tion in its UV-Vis-NIR spectra. 

B. It sometimes shows a violet compo- 
nent to its fluorescence. 

C. It generates the strongest fluores- 
cence of the blue ambers. 


D. It tends to have a richer yellow 
color. 
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10. If a particular corundum 
chromophore has a larger visible- 
range peak absorption cross section 
than the other chromophores 

A. the same ppma concentration is 
needed for the same depth of color. 

B. a higher ppma concentration is 
needed for a deeper color. 

C. a lower ppma concentration is 
needed for a deeper color. 

D. None of the above. The concen- 
tration level needed for a given 
depth of color depends on the 
illumination. 


11. For the portion of Marie Antoinette’s 
jewels sold in 2018 by Sotheby's, what 
aided in cataloging the collection? 

A. Marie Antionette’s daughter Marie 
Thérése preserved the original in- 
ventory. 

B. The 1907 and 1932 inventories of 
Marie Anne, Archduchess of Austria. 

C. An 1887 inventory from the French 
Ministry of Finance. 

D. Cardinal Mazarin’s will. 


12. For a uniaxial crystal, the ELc 
absorption spectrum corresponds to 
light traveling through the crystal 

A. ina direction halfway between par- 
allel and perpendicular to the c- 
axis. 

B. perpendicular to the c-axis. 

C. in any direction. 

D. parallel to the c-axis. 


13. Monazite in pink sapphire heated to 
800°C will 
A. develop tension fractures. 
B. become near-colorless. 
C. not change at all. 
D. turn brown. 


14. During Peter Rainier’s oversight of 
Chivor, the mine was 
A. between break-even and losing 
money. 
B. safer than it had ever been. 
C. under no legal disputes. 
D. highly profitable. 


15. Which mussel produces the most 
desirable beads for akoya pearl 
farming in Vietnam? 
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A. Washboard 
B. Maple leaf 
C. Ebony 

D. Pig-toe 


16. Jade carvings exhibiting very thin 
translucent areas 
A. have only been accomplished in the 
modern era. 
B. are categorized as eggshell carving. 
C. require motor-driven tools. 
D. are known as “Qiaose.” 


17. Rose-cut colored stones from the 
seventeenth century 

A. always display six-fold symmetry. 

B. were predominantly found to have 
drill holes. 

C. have many patterns distinct from 
same-era diamonds. 

D. were exclusively cut from quartz, 
garnet, sapphire, and peridot. 


18. Turquoise with a raindrop pattern 

A. potentially owe their distinctive 
appearance to leaching and 
weathering. 

B. is the dominant pattern found in 
turquoise coming from Hubei, 
China. 

C. show less fluorapatite in the “rain- 
drops” versus the substrate portion. 

D. had enriched levels of iron, vana- 
dium, and nickel in the raindrops. 


19. In the application of isotopes to 
determining the geographic origin of 
gems such as nephrite, the isotopic 
fractionation factor 

A. is independent of temperature. 

B. is dependent solely on the formation 
process. 

C. is a fraction of the isotopic ratios of 
two coexisting phases. 

D. of a measured phase is always 
greater than that of the IAEA stan- 
dards. 


20. Yellow color in bery| is attributed to 
A. a broad Fe** or Fe**-Fe** related ab- 
sorption around 600 nm. 
B. the Fe** absorption edge shifting to 
longer wavelengths. 
C. high type II water contents. 
D. the presence of Cr**. 
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21. Compared to Russian emeralds, 
those from Swat Valley, Pakistan 
A. have higher lithium, cesium, and 
rubidium contents. 
B. have higher chromium, vanadium, 
and iron contents. 
C. have distinctly different inclusions. 
D. are much more inclusion-free. 


22. The absence of the 3232 cm peak 
in the FTIR spectrum of a pink 
sapphire 

A. indicates radiation damage. 

B. is inconclusive for determining no 
treatment. 

C. is conclusive of low temperature 
heat treatment. 

D. means that the 3309 cnr" absorp- 
tion coefficient peak is over 0.040 
cm. 


23. What information did Francisco 
Restrepo most likely have in his 
quest to rediscover the Somondoco 
emerald mines? 

A. A 300-year-old description of a view 
of great plains to the east of the 
mines 

B. Maps from Pedro Fernandez Valen- 
zuela’s journey to the mine in 
1538 

C. A book from Joaquin Acosta’s li- 
brary, loaned to him by Fritz Klein 

D. The mines were never truly lost—he 
was taken to them by locals. 


24. What results from the application of 
an optical brightening agent to a 
white pearl? 

A. The fluorescent spectrum of the 
pearl will shift to shorter wave- 
lengths. 

B. The external color appearance of 
the pearl will remain the same. 

C. The pearl will fluoresce more red 
light than before. 

D. The pearl’s luster will decrease. 


25. Which trace element is absent from 
Swiss rhodonite but present in other 
major sources of this mineral? 

A. Manganese I 
B. Titanium 

C. Calcium 

D. Iron 


To take the Challenge online, 
please scan the QR code above. 
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Editors 


Thomas M. Moses | Shane F. McClure 


DIAMOND 


Asterism in Natural Diamond 
Cabochons 

The New York laboratory received 
two cabochon diamonds from Hong 
Kong, both displaying asterism. 
Gemologists initially questioned 
whether these stones were in fact di- 
amond because of the cabochon cut- 
ting style and the white four-rayed 
“stars” observed using fiber-optic il- 
lumination. The polished cabochon 
is a popular cutting style in colored 
stones but rarely attempted with di- 
amond due to its hardness. This cut- 
ting and polishing technique yielded 
two semitransparent to translucent 
round cabochon diamonds with a 
very light yellow color, weighing ap- 
proximately 6.29 ct and 6.07 ct (fig- 
ure l). 

Mid-infrared spectroscopy  re- 
vealed strong hydrogen-related ab- 
sorption bands (e.g., 3107 cm™) and 
those attributed to aggregated nitro- 
gen in the one-phonon region, evi- 
dence of natural type Ia diamonds 
(figure 2). Microscopic observation 
from the base of the cabochons re- 
vealed prevalent clouds distributed 
throughout the diamonds. The clouds 
were composed of small whitish pin- 
points, and when aligned linearly 
formed small needle-like internal in- 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. Photos show internal cloud inclusions in profile view (left) and 
asterism in top view of the polished cabochons using fiber-optic illumina- 
tion (right). The diameters of the two cabochons are 11.33 mm (top) and 
11.32 mm (bottom). 


clusions (figure 3). Fluorescence im- 
ages collected using the Diamond- 
View revealed yellowish green 
fluorescence in the sectors with 
clouds. The cloud-free sectors were 
inert to UV radiation. Symmetrical 
fluorescence patterns were observed 
in both stones with nearly mirror im- 
ages (figure 4). 

Natural diamonds are dominated 
by {111} octahedral growth sectors, 
but occasionally the {100} cubic sec- 
tor is well developed, forming a crys- 
tal with mixed growth habits. The 
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cubic growth sector could preferen- 
tially contain a significant amount of 
pinpoint cloud inclusions. This fea- 
ture occurs quite often in diamonds 
from Zimbabwe. Unlike other dia- 
monds with clouds, these clouds 
concentrated in the {100} growth sec- 
tors linearly aligned to form needle- 
like inclusions. The distribution of 
these needle-like inclusions within 
the {100} growth sectors generated 
the asterism feature seen in these 
gem diamonds. 

Gemological and spectroscopic 
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Figure 2. FTIR spectra reveal natural type Ia diamonds with strong hydro- 
gen concentrations in the 3000-4000 cnr’ region and aggregated nitrogen 
in the one-phonon region at 1400-800 cm. The 6.29 ct diamond cabo- 
chon spectrum is denoted in red and the 6.07 ct diamond in blue. 


features strongly indicated that these 
diamonds were cut from the same 
large rough diamond crystal. The 
crystal was very likely cut through 
the center along the (100) plane and 
then polished into two relatively 
large cabochon diamonds. Taking ad- 
vantage of the widespread needle-like 
inclusions in this otherwise well-in- 
cluded large diamond crystal was a 
clever design choice to produce two 
cabochons displaying the rare aster- 
ism phenomena. 


Erica A. Watts 


Bicolor Rough Diamond Crystals 

The GIA laboratory in Antwerp regu- 
larly receives pink diamond crystals 
for examination as part of the Dia- 
mond Origin Report. This recent serv- 


ice has allowed GIA researchers to 
study a greater number of rough dia- 
monds in addition to their faceted 
counterparts. Two crystals, weighing 
1.75 and 1.44 ct and both reportedly 
from Australia, were among those 
submitted. These were considered 
quite interesting, as they contained 
colorless and pink sections with dis- 
tinct boundaries (figure 5). 

The color in the vast majority of 
naturally pink diamonds is attributed 
to a broad absorption band at about 
550 nm within the visible absorption 
spectrum. This band generally results 
from distortion of the crystal lattice 
from plastic deformation due to stress 
after crystal growth. However, much 
remains unknown about the actual 
formation and configuration of this 
feature. Therefore, these two crystals 
provide a unique chance to study nat- 


Figure 3. Cloud and needle-like in- 
clusions observed in bottom view 
of the two very light yellow round 
cabochon diamonds: 6.29 ct (top, 
field of view 1.8 mm) and 6.07 ct 
(bottom, field of view 6.5 mm). 


ural diamond formation and the origin 
of pink color in greater detail. 

The pink section of both analyzed 
samples likely experienced great 
stress in order to undergo the plastic 
deformation necessary to impart the 
pink color. The colorless sections 
were not similarly deformed so pre- 
sumably they represent a different 
and later growth event (figure 6). 

Visible-NIR absorption spectra 
collected from the pink and near-col- 
orless sections of the diamonds show 
differences in the 550 nm region. Ob- 
served in the spectrum for the pink 


Figure 4. DiamondView images of the very light yellow round cabochon diamonds reveal the location of aster- 
ism using ultra-short-wave illumination, approximately 225 nm. The top view is shown on the left in each pair 
of images, the bottom view on the right. 
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Figure 5. These two rough diamond crystals (1.75 ct on the left and 1.44 ct 
on the right) are rare examples of diamonds showing both pronounced pink 
and colorless sections. Field of view 10.8 mm (left) and 7.4 mm (right). 


portion is the expected absorption at 
550 nm, while the spectrum for the 
colorless portion shows a lack of ab- 
sorption (figure 7, left). 

For the 1.44 ct crystal, we also col- 
lected infrared (IR) absorption spectra 
and photoluminescence (PL) spectra 
from both the pink and the colorless 
sections using 455 and 532 nm laser 


excitation wavelengths. The IR absorp- 
tion spectra for both sections indicate 
type Ia diamonds with saturated con- 
centrations of nitrogen. Due to this 
saturation, it was not possible to deter- 
mine the total nitrogen content or the 
ratio of the A and B nitrogen centers, 
which could have helped in further 
distinguishing these two sections. 


Figure 6. A close-up image of the 
1.44 ct diamond crystal shows 
the boundary between the pink 
(left) and colorless (right) sec- 
tions. Field of view 3.16 mm. 


Within the PL spectra, the peak 
widths for the diamond Raman peak 
and the H3 peak were comparable in 
both the pink and colorless sections. 
Additionally, a PL peak at 676 nm was 
detected in both sections; although its 
configuration is unknown, it was doc- 
umented previously in other rough 
pink diamonds (E. Gaillou et al., 
“Spectroscopic and microscopic char- 
acterizations of color lamellae in nat- 
ural pink diamonds,” Diamond and 


Figure 7. Left: Vis-NIR absorption spectra for the 1.44 ct crystal collected from the pink and colorless sections. The 
§50 nm absorption band is prominently visible within the pink section. The spectra are stacked for clarity. Right: 
PL spectra with 532 nm excitation of the 1.44 ct crystal show a ~600-730 nm emission band collected from the 
areas of pink banding, which was not detected from the colorless section—this luminescence band has previously 
been linked with the 550 nm absorption band. The diamond Raman peaks are scaled as equal. 
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Figure 8. The 1.44 ct crystal was immersed in methylene iodide to reveal additional details. The red arrows within 
the inset (field of view 3.4 mm) indicate the pink banding. 


Related Materials, Vol. 19, No. 10, 
2010, pp. 1207-1220). The other no- 
table feature detected by PL mapping 
was a broad (~600-730 nm) emission 
band (figure 7, right) that coincided 
with the pink banding revealed by im- 
mersion in methylene iodide (figure 
8). Its detection is consistent with 
other pink diamonds and likely re- 
lated to the 550 nm absorption band 
(e.g., S. Eaton-Magana et al., “Com- 
parison of gemological and spectro- 


Figure 9. This 3.27 ct pinkish pur- 
ple hexagonite is the largest ex- 
ample examined by the authors. 
Courtesy of Vance Gems. 


as 
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scopic features in type IIa and Ia nat- 
ural pink diamonds,” Diamond and 
Related Materials, Vol. 105, 2020, p. 
107784). 

As natural pink diamonds are 
quite rare, finding two examples of 
such bicolor crystals that show these 
distinct pink and colorless sections is 
an extraordinary find. 

Sally Eaton-Magana, Paul Johnson, 
Ellen Barrie, and 
Michaela Harinova 


Rare Faceted HEXAGONITE 


A saturated pinkish purple hexagonite 
(figure 9) was recently examined at 
the Carlsbad laboratory. Standard 
gemological testing revealed a refrac- 
tive index of 1.599-1.629 and a spe- 
cific gravity of 2.97 obtained 
hydrostatically. Microscopic exami- 
nation showed needle-like inclusions 
and iridescent cleavage cracks (figure 
10). When observed with a dichro- 
scope, pleochroic colors of pink, 


Figure 10. Iridescent cleavage cracks and needle-like structures were 
present in the faceted hexagonite. Field of view 3.50 mm. 
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Figure 1. ‘Bladed’ or 
‘Stepped’ planes in yellow 
chrysoberyl. x12 


Figure 2. ‘Steps’ in yellow 
chrysoberyl. x12 


Figure 3. ‘Steps’ in yellow 
chrysoberyl. x25 
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Figure 11. Face-up images of four CVD laboratory-grown diamonds with an eye-visible growth plane. These four 


diamonds range from 1.81 to 2.51 ct. 


orangy pink, and violet were ob- 
served. These results were consistent 
with the mineral tremolite. The pink- 
ish purple variety of tremolite is rec- 
ognized as hexagonite, which owes its 
color to manganese. Hexagonite was 
once thought to be a hexagonal form 
of tremolite, which is how its name 
was derived, but was later confirmed 
to be monoclinic (Summer 1985 Gem 
News International, p. 110). 

This particular stone was faceted 
by Bill Vance of Vance Gems, who 
sourced the rough that was reportedly 
from the original type locality, the 
Balmat-Edwards zinc mining district 
in St. Lawrence County, New York. 
Hexagonite is also found at the town 
of Fowler in St. Lawrence County. 
The saturated pinkish purple color 
and large size make this rare stone an 
exceptional example of this material. 
While very few faceted hexagonite 
gems have been tested at GIA, this 
3.27 ct stone is the largest one exam- 
ined by the authors. 


Amy Cooper and Nathan Renfro 


Prominent Growth Planes Observed 
in HPHT-Processed CVD 
LABORATORY-GROWN DIAMONDS 


The laboratory-grown diamond in- 
dustry is ever evolving and improv- 
ing. With state-of-the-art growth and 
treatment technology, high-quality 
CVD diamonds, in terms of clarity 
and color, are now commonly seen 
on the consumer market. Labora- 
tory-grown diamonds are occasion- 
ally submitted for natural diamond 
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grading services, and recently GIA’s 
Hong Kong laboratory received a 
total of 43 undisclosed CVD-grown 
diamonds treated by high pressure 
and high temperature (HPHT), rang- 
ing from 0.70 to 2.63 ct in weight, 
from the same client. Laboratory- 
Grown Diamond Reports were is- 
sued for these synthetics, which 
received E-I color grades and VVS,-— 
I, clarity grades. 


Four samples had a very eye- 
catching feature—a dark circle or ring 
at the center when viewed face-up 
without magnification. The ring ap- 
peared to be a thick grayish layer at the 
culet when viewed from the pavilion 
(figure 11). As the extraordinary feature 
looked shiny and resembled the sepa- 
ration plane often observed in assem- 
bled stones, questions about the true 
identity of these samples were raised. 


Figure 12. Visible planes with different textures: fine clouds (top left, field 
of view 3.83 mm) and wave ripples (top right, field of view approximately 
3mm). Colorless “holes” observed in a ripple-like plane under the micro- 
scope (bottom left, field of view 3.83 mm) and in immersion (bottom 
right). The blue color in the top left photo is due to a different white bal- 


ance to emphasize the texture. 
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Microscopic examination of these 
four samples revealed some interest- 
ing findings. There was a textured 
plane almost parallel to the table 
facet, each with a different appearance 
(figure 12): fine clouds all the way 
across; ripple-like waves with some 
“holes” (colorless areas); a mixture of 
both; and a ripple-like plane that was 
not visible all the way around. An ad- 
ditional 26 samples had visible gray- 
ish/brownish planes either at the 
pavilion, which were much less 
prominent, or at the pavilion viewing 
through the table. Eight of these addi- 
tional samples had a plane at an angle 
to the table facet. The plane appeared 
as a line with no color difference 
when immersed in water and viewed 
in a parallel direction to the growth 
plane. All 43 samples generally 
showed a banded and cross-hatched 
strain pattern when viewed with 
crossed polarizers (figure 13). 

Spectroscopic analysis of the 43 
samples yielded very similar results. 
They were either type Ila or type IIb 
and had a very strong silicon vacancy 
doublet peak (736.5 and 736.9 nm) in 
their photoluminescence spectra, typ- 
ical of CVD-grown diamonds. PL 
spectra were also collected at the 
table and at the pavilion somewhere 
between the growth plane and the 
culet for the samples with a very 
prominent growth plane, but the data 
did not show any critical differences. 
The most diagnostic test was Dia- 
mondView imaging, as all 43 dis- 
played very distinct growth layers 


Figure 13. A banded strain pat- 
tern seen across the visible plane. 
Field of view 11.45 mm. 
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Figure 14. DiamondView imaging provided evidence of CVD growth. 


(figure 14). It also revealed the HPHT 
treatment history that the CVD dia- 
monds had experienced. 

The uniformity of the growth lay- 
ers observed in DiamondView imag- 
ing and under crossed polarizers, 
together with the immersion test, 
showed no evidence of assembly and 
therefore excluded the possibility of a 
doublet. The color making the growth 
plane visible is believed to come from 
the non-diamond carbon deposited 
between two growths. It could not be 
removed by the post-growth HPHT 
treatment. 


Billie Pui Lai Law, Ka Wing Tam, 
and Nick Ka Chun Chan 


OPAL 

Cat’s-Eye Opal 

Precious opal characteristically shows 
a spectacular play-of-color effect and 
may also display cat’s-eye or star phe- 
nomena produced by the internal 


structure (e.g., Winter 1990 Gem 
News, p. 304; Spring 2003 Lab Notes, 
pp. 43-44; Summer 2014 Lab Notes, 
pp. 152-153). Chatoyancy and aster- 
ism in opal are quite rare, however, 
because opal is a hydrated silica and 
has no repeating crystal lattice (J.V. 
Sanders, “The structure of star opals,” 
Acta Crystallographica, Vol. A32, 
1976, pp. 334-338). The keys to creat- 
ing and maximizing chatoyancy in 
opal is careful arrangement of the 
play-of-color patches, orienting the 
“brushstrokes” (stripe structure 
caused by misalignment of the tiny 
silica spheres producing play-of-color), 
and good cutting. 

Recently, GIA’s Tokyo laboratory 
had an opportunity to examine a 
transparent double cabochon measur- 
ing 12.65 x 10.06 x 5.70 mm and 
weighing 3.79 ct. It showed blue to 
green play-of-color against a gray back- 
ground as well as a distinct chatoy- 
ancy (figure 15). Standard gemological 
testing gave a specific gravity of 2.13 


Figure 15. This 3.79 ct gray transparent opal shows dominant blue play-of- 


color with a distinct chatoyancy. 
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Figure 16. Chatoyant effect caused by light reflecting off parallel brush- 
stroke patterns within play-of-color patches. A: This opal contained sev- 
eral large play-of-color patches with parallel brushstrokes. B: A close-up of 
the brushstroke pattern seen in the white square in (A). Field of view 13.3 


mm (A) and 5.60 mm (B). 


and a spot RI reading at 1.45, suggest- 
ing that the stone was opal. The 
brushstroke pattern within play-of- 
color patches and the strong bluish 
white fluorescence and phosphores- 
cence after exposure to ultraviolet 
light were consistent with a natural 
origin. Advanced testing using 
Fourier-transform infrared  spec- 
troscopy (FTIR) also indicated that 
this was natural opal with no evidence 
of polymer impregnation and/or sugar 
treatment (G. Brown, “Treated An- 
damooka matrix opal,” Summer 1991 


Gw&G, pp. 100-106). This opal had no 
synthetic features such as “snake 
skin” and “columnar structure” in 
any direction. There was no evidence 
that this stone was assembled. 

In microscopic observation, this 
opal contained several large blue to 
green play-of-color patches with par- 
allel brushstroke patterns. The 
brushstrokes in each patch were 
mostly perpendicular to the length of 
the stone and parallel to each other, 
and the light reflection from the pat- 
tern created a distinct chatoyant ef- 


Figure 17. Opal with unusual aventurescence, seen with fiber-optic lighting. 
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fect (figure 16). Because the opal was 
composed of large blue dominant 
play-of-color patches, the parallel 
brushstrokes and the high-dome 
cabochon shape produced a distinct 
chatoyancy against the gray back- 
ground. This was a striking example 
of cat’s-eye precious opal. 


Makoto Miura and Yusuke Katsurada 


Green Opal Displaying 
Aventurescence 

Recently the Carlsbad laboratory re- 
ceived a variegated dark green and 
blue partially polished rough stone for 
identification services. The stone 
measured 23.64 x 20.13 x 15.52 mm 
and weighed 23.74 ct (figure 17). A vit- 
reous to waxy luster and bright yellow 
inclusions were observed. 

Standard gemological testing re- 
vealed a refractive index spot reading 
of 1.43 and a specific gravity of 2.15 
obtained hydrostatically. These prop- 
erties were consistent with opal. Dur- 
ing microscopic analysis, fine hazy 
clouds and turbidity were seen within 
the structure, as well as a reddish 
brown portion with iron staining. Al- 
though no play-of-color was observed, 
an unusual aventurescence was seen 
in several areas with fiber-optic light- 
ing while rotating the stone. This un- 
usual phenomenon was caused by the 
scattering of light from the small, eye- 
visible yellow inclusions (figure 18). 
These inclusions were later con- 
firmed by Raman spectroscopy as 
pyrite. 


Figure 18. Scattered inclusions in 
the green opal were identified by 
Raman spectroscopy as pyrite. 
Field of view 1.79 mm. 
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Figure 19. The spectra of the two types of opal were measured and renor- 
malized for comparison with each other with similar lightness (see corre- 
sponding color panels in table 1). The solid line represents iron opal. The 
broad absorption band centered at 741 nm is likely caused by interstitial 
Fe?*, The dashed line represents chromium opal. The smaller absorption 
band centered at around 600 nm is caused mainly by Cr*. 


LA-ICP-MS analysis was _per- 
formed on the sample to investigate 
which chromophore was responsible 


absorption band centered at 741 nm 
relating to interstitial Fe’ (L.B. 
Hebert and G.R. Rossman, “Greenish 


for its green color. The results quartz from the Thunder Bay 
showed that the stone contained ap- 


proximately 3540 ppma Fe. No other 


amethyst mine panorama (TBAMP), 
Thunder Bay, Ontario, Canada,” 
Canadian Mineralogist, Vol. 46, No. 
1, 2008, pp. 111-124). Octahedral Fe** 
can strongly absorb red, orange, and 
some portion of yellow light of the 
visible spectrum to produce a trans- 
mission window in the yellowish 
green region. In this case, a transmis- 
sion window around 570 nm results 
in the green color in the iron opal 
(solid line in figure 19). The presence 
of some additional Fe** cannot be 
ruled out and may contribute to the 
rise in absorption at shorter wave- 
lengths into the UV region. 

Another type of green opal colored 
by Cr** (Winter 2020 Lab Notes, pp. 
520-521} was compared with the iron- 
colored opal (solid line in figure 19). 
Cr** produces a smaller absorption 
band centered at about 600 nm, lead- 
ing to a transmission window in the 
green region around 540 nm that 
causes a less yellow and more pure 
green color (figure 19). The two color 
panels calculated from the two spec- 


chromophoric trace elements were 
measured in significant quantities, 
indicating that iron was most likely 
the cause of the green color. UV-Vis- 
NIR spectra were collected and used 
to quantitatively calculate the color 
of this material (figures 19 and 20, 
table 1). In figure 19, a broad absorp- 
tion band centered at about 741 nm 1394 
produces the green color of the opal. 
This absorption band is likely related 
to octahedral Fe**. Previous publica- 
tions have shown that iron can pro- 165° 
duce green color in quartz due to an 
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Figure 20. Color panels correspon- 
ding to the two spectra were plot- 
ted in the CIE L*a*b* 1976 color 
circle. The color of the iron opal, 
looking more yellowish and satu- 
rated, has a smaller hue angle and 
larger chroma than the color of 
the more greenish and less satu- 
rated chromium opal. Both calcu- 
lated color panels have similar 
lightness for comparison (table 1). 
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TABLE 1. CIE and RGB color coordinates calculated from the two opal spectra in 


figure 19 under CIE D65 illumination. 


Iron opal Chromium opal 

D65 L* a* b* D65 L* a* b* 
60.17 -15.49 64.84 60.90 -11.21 25.95 
60.17 66.66 103.44 60.90 28.27 113.37 

X Y Z X Y Z 

0.23 0.28 0.04 0.25 0.29 0.17 

R G B R G B 

148.68 — 150.50 0.00 144.05 151.41 100.55 


tra were also plotted in the CIE 
L*a*b* 1976 color circle seen in figure 
20. This allows for a more accurate 
comparison between the two color 
panels using quantitative colorimetric 
data. In the plot, the hue angle of the 
iron opal is smaller than chromium 
opal, resulting in a more yellowish 
green hue. The chroma of the iron 
opal is larger than that of a chromium 
opal with similar lightness, resulting 
in a more saturated color. 

This green common opal is a clear 
example of iron contributing to the 
yellowish green color, in contrast to 
the more pure green color due to the 
chromium in the opal previously doc- 
umented with a slightly grayish green 
color. Both the yellowish green color 
and pyrite inclusions are consistent 


with an iron-rich environment. The 
pyrite inclusions also add a unique 
display of aventurescence not typi- 
cally seen in common opal. 


Amy Cooper, Ziyin Sun, 
Philip York, and Aaron Palke 


Natural Fossil PEARLS and Shell 

Blister from the Coast of Florida 

Fossilized shells and pearls represent 
a unique group of specimens that are 
occasionally submitted to GIA, as re- 
ported in G&G previously (Winter 
2015 Lab Notes, pp. 432-434; Spring 
2020 Lab Notes, pp. 136-138). Those 
fossil samples were usually brownish 
in color and fully petrified, lacking 
any surface structures and associated 


luster or overtones that once belonged 
to them. However, two cream-colored 
fossil pearls (along with a fossil shell 
containing a shell blister; figure 21) re- 
cently submitted to GIA’s New York 
laboratory completely changed our 
earlier impressions. 

The two _ semi-baroque-shaped 
pearls measuring approximately 
12.64 x 11.50 x 10.00 mm (weighing 
8.64 ct) and 13.08 x 11.45 x 10.18 mm 
(weighing 9.48 ct) exhibited a dry, 
chalky appearance that would be ex- 
pected for such old samples, with 
cracks and parasite holes (figure 22, 
right) detectable by visual observa- 
tion. More remarkably, some surface 
areas had delicate nacre layers show- 
ing fine nacre platelet structures and 
displaying subtle iridescence effect, 
which could be considered as orient 
in nacreous pearls (figure 22). 
EDXRF analysis detected low con- 
centrations of manganese and high 
concentrations of strontium, typical 
for marine mollusks. Raman spec- 
troscopy identified the composition 
of the materials as aragonite. Micro- 
radiography revealed internal con- 
centric and arc growth features, 
which confirmed their natural origin. 
Out of curiosity and due to the very 
good condition of the two pearls, we 


Figure 21. Three fossilized specimens recently submitted to GIA’s New York laboratory: two fossil pearls (12.64 x 
11.50 x 10.00 mm and 13.08 x 11.45 x 10.18 mm, left and right, respectively) and a fossil shell (45.97 x 32.03 x 
10.90 mm) containing a shell blister. Courtesy of Kathryn Malatino and Aaron Brown. 
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Figure 22. Nacreous spiral platy structures, parasite tunnels, and orient effects were observed on the surfaces of the 
two fossil pearls. Field of view 1.5 mm (left) and 5.9 mm (right). 


further extracted a small amount of 
powder from the surface of one pearl 
and sent it to the Accelerator Mass 
Spectrometry Lab at the University of 
Arizona for radiocarbon dating analy- 
sis. The dating work resulted in a 6'8C 
value of -0.8 %o, proving the sample to 
be very old. The fraction of modern 
carbon is less than 0.0024, indicating 
that the age of the sample was beyond 
the limit of radiocarbon dating 
(>48,500 years), though the actual age 
is unknown. This result proved that 
the sample could be categorized as 
fossilized material. 

The shell that was submitted 
along with the two fossil pearls 
looked more petrified but also re- 
mained relatively intact, with obvi- 
ous ridges (or scutes) on the back of 
the shell and a shallow cream-colored 
“bump” on the inner side that could 
best be described as a shell blister. Ac- 
cording to the owner, these fascinat- 
ing specimens were found off of the 
west coast of Florida near St. Peters- 
burg, approximately 25-50 feet below 
the sediment during dredging, along 
with many more shells of various 
kinds and even fossilized shark teeth. 

The two natural fossil pearls and 
the shell blister created by Mother 
Nature have been well preserved. 
They provided unique insights into 
ancient mollusks and their associated 
pearls or related materials. 


Chunhui Zhou 
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Lead Glass—Filled LABORATORY- 
GROWN RUBY 

The GIA lab in Carlsbad received for 
identification a lead glass—filled labo- 
ratory-grown ruby (figure 23). We 
commonly see glass-filled natural ru- 
bies, but to our knowledge only one 
other laboratory-grown example has 
ever been submitted. 

This transparent to semi-transpar- 
ent oval mixed cut weighed 3.53 ct 
and showed gemological properties of 
ruby: a refractive index of 1.761- 


1.769, a birefringence of 0.008, a spe- 
cific gravity of 4.01, a uniaxial optic 
figure, and a characteristic ruby spec- 
trum using a handheld spectroscope. 
Examination of the stone under 
magnification showed a network of 
interconnected fractures. A _ pro- 
nounced blue and orange flash effect 
was observed throughout, proving the 
fractures were filled with lead glass. 
Also present in the fractures were den- 
dritic patterns and coarse flattened gas 
bubbles (figure 24). No inclusions 


Figure 23. This 3.53 ct laboratory-grown ruby was treated with lead-glass 


filling. 
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Figure 24. Magnification of the internal structure of the synthetic ruby; 
both high-relief trapped gas bubbles and blue and orange flash effects 
were observed in the stone. Field of view 7.19 mm. 


were observed to indicate the natural 
or synthetic origin of the corundum. 
However, this stone exhibited strong 
red fluorescence to long-wave ultravi- 
olet and medium chalky (bluish 
white) red short-wave ultraviolet flu- 
orescence. Chalky SWUV is typical of 
heated ruby and sapphire. But when 
viewed in synthetic pink sapphire and 
synthetic ruby, it generally makes it 
more difficult to observe diagnostic 
curved striae in the stone. In our sam- 
ple it was much harder, since that ef- 
fect was combined with interference 
from filled fractures. 

In these cases, a stronger SWUV 
light source may prove helpful. The 
curved growth lines were seen as 
chalky luminescent bands in the Di- 
amondView, proof of its laboratory- 
grown origin (figure 25). 
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Lead-glass filling of corundum is 
based on the same principle applied to 
emerald and diamond: the use of a fill- 
ing material with an RI very close to 
that of the host material, to minimize 
the appearance of fractures. The treat- 
ment is very effective, and the clarity 
of very low-quality material can be 
improved, rendering it usable in jew- 
elry. This makes it possible to market 
a great deal of previously unsalable 
material. Fortunately, this treatment 
is easily detected with magnification. 
The identifying characteristics are 
very low-relief fractures, flattened and 
rounded gas bubbles and voids (un- 
filled areas) in fractures, and a blue 
and orange flash effect (S.F. McClure 
et al., “Identification and durability of 
lead glass—filled rubies,” Spring 2006 
GwG, pp. 22-33). This stone dis- 
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Figure 25. Curved growth stria- 
tions were observed in the stone 
using the DiamondView, conclu- 
sively proving the synthetic ori- 
gin of this ruby. 


played an orange and blue flash effect 
(again, see figure 24) as well as gas 
bubbles trapped in fractures that were 
conclusive evidence for lead-glass fill- 
ing of the fractures in this synthetic 
ruby. While it is unclear why anyone 
would go to the trouble to treat a syn- 
thetic ruby with lead-glass filling, 
gemologists should be aware that 
such material does exist in the trade. 


Forozan Zandi 
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A QUANTITATIVE DESCRIPTION OF THE CAUSES OF COLOR IN CORUNDUM 
SPRING 2020 


Emily V. Dubinsky, Jennifer Stone-Sundberg, and John L. Emmett 


Emily V. Dubinsky is a gemologist and jewelry designer based in San Francisco and 
New York City. She runs Emily Emmett Inc., a custom jewelry design firm named in 
honor of her longtime research collaborator and mentor Dr. John Emmett. She and her 
coauthors are currently working on various research projects studying causes of color | 

in corundum in more detail. Jennifer Stone-Sundberg received a PhD in inorganic — Emily V. Dubinsky _ Jennifer Stone- John L. Emmett 
chemistry from Oregon State University. Dr. Stone-Sundberg has worked in the syn- Sundberg 

thetic oxide crystal growth industry for 20 years, specializing in growing and characterizing materials such as sapphire, spinel, 

and garnet. She is a technical advisor for GIA and a technical editor for Gems & Gemology. John L. Emmett received his PhD 

in physics from Stanford University. For the majority of his career he was an associate director of the Lawrence Livermore 
Laboratory, responsible for all laser research and development. He is currently a technical consultant to GIA. 


Weond Place 


HIsTORY OF THE CHIVOR EMERALD MINE, PART I (1880-1925): FROM REDISCOVERY TO EARLY PRODUCTION 
SPRING 2020 


Karl Schmetzer, Gérard Martayan, and Jose Guillermo Ortiz 


Karl Schmetzer is a scientist living near Munich. He holds a PhD in mineralogy and 
crystallography from the University of Heidelberg. His principal areas of interest and 
research include: characterization of natural and synthetic gem materials and their ‘ 
properties, description of new gemstones and/or new gem localities, investigation Of es Bi di . 
causes of color and color changes, detection of treatments, historical sources and his- Karl Schmetzer Gérard Martayan Jose Guillermo Ortiz 
tory of gem deposits, and historical background of significant jewelry pieces. Gérard 

Martayan is an independent researcher with a focus on historical emerald mines. He obtained a master’s degree in geophysics 

from the Institut de Physique du Globe engineering school in Strasbourg, France. Jose Guillermo Ortiz is president of the 

Colombian Emerald Co. He holds a master’s degree in mechanical engineering from the National University of Colombia. 
Wird Place 

NATURALLY COLORED YELLOW AND ORANGE GEM DIAMONDs: THE NITROGEN FACTOR 

SUMMER 2020 = | 
editor of G&G’s Gem News International section, holds a PhD in geology from Yale is) a 
University. Sally Eaton-Magaifia is a senior manager of diamond identification at GIA 
in Carlsbad, where she investigates the physics of natural, treated, and laboratory- Christopher M. Sally Eaton- James E. Shigley 
grown diamonds. Dr. Eaton-Magajia received her PhD in chemical engineering from piscine Megane 


Christopher M. Breeding, Sally Eaton-Magafia, and James E. Shigley 
Case Western Reserve University in Cleveland, Ohio. James E. Shigley is distinguished research fellow at GIA in Carlsbad. He 
is the author of numerous articles on diamonds and colored gemstones. Dr. Shigley holds a PhD from Stanford University. 


Christopher M. Breeding is a senior manager of analytics at GIA in Carlsbad, where 
he investigates origin of color in diamond and other gems. Dr. Breeding, who is a co- 
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Thin-Film Fluid Inclusions in Aquamarine 


The author recently examined a faceted aquamarine from 
Brazil that showed two-phase (liquid and gas) thin-film 
inclusions of different sizes and shapes. When observed 
using oblique fiber-optic illumination, the inclusions re- 
vealed a kaleidoscopic play of interference colors ). The 
most diagnostic beryl] inclusions, yet barely noticeable in 
brightfield illumination are ultra-thin-film fluid inclu- 
sions. The planar surface of these inclusions is oriented 
parallel to the basal pinacoid of their host (E.J. Gtbelin 
and J.I. Koivula, Photoatlas of Inclusions in Gemstones, 
Volume 2, Opinio Publishers, Basel, Switzerland, 2005, 
pp. 312-314). The presence of the bright iridescent thin- 
film fluid inclusions resembles colorful rainbow sprin- 
kles. 


Muzdareefah Thudsanapbunya 
Bangkok 


Chromite in Emerald 


The beryl species is known for its different colored vari- 
eties, such as pink morganite and blue aquamarine, which 
are directly influenced by the chemical composition of the 
stone. The emerald variety is colored green by the trace ele- 
ments chromium and/or vanadium. Beryl, a beryllium alu- 
minum cyclosilicate, has a crystal structure that readily 
integrates foreign elements. When an elevated amount of 
chromium is present in the growth environment, a beryl 
crystal has a chance of becoming an emerald. One inclu- 
sion that has been well documented in emeralds is the 
mineral chromite, an iron chromium oxide. Specifically, 


About the banner: A blue color filter using transmitted light provides 
high contrast to the golden yellow rutile needles in this rock crystal 
quartz. Photomicrograph by Nathan Renfro; field of view 7.61 mm. 


Gems & GEMOLOoGy, VOL. 57, No. 1, pp. 64-69. 


© 2021 Gemological Institute of America 


64 MicrRo-WoRLD 


Figure 1. Thin-film fluid inclusions oriented perpendi- 
cular to the c-axis of this aquamarine display interfer- 
ence colors when viewed using oblique fiber-optic 
illumination. Photomicrograph by Muzdareefah Thud- 
sanapbunya; field of view 2.79 mm. 


this mineral is a source of chromium for some Brazilian 
emeralds. 

The author recently examined a matching jewelry set 
consisting of a bracelet and ring that were decorated with 
emeralds from Brazil. Each stone exhibited a unique con- 
centration of color when viewed through diffused lighting. 
Compared to the angular or linear color zoning generally 
seen in emeralds, each of these stones displayed an irregu- 
lar, circular green zone with strong graining. The color zon- 
ing correlated with crystallites of chromite (figure 2). 
During the emerald’s crystallization, chromite from the 
growth environment was incorporated into the stone as an 
inclusion. A chemical alteration along the interface of the 
chromite and the beryl occurred due to the presence of 
chromium from the crystallites. The altered chemistry of 
the beryl led to the green bodycolor adjacent to the 
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Figure 2. A Brazilian emerald with green color zon- 
ing and strong graining surrounding clusters of 
chromite. Photomicrograph by Nicole Ahline; field 
of view 1.58 mm. 


chromite crystals. The strong graining is the result of the 
difference in refractive index in the green-colored area from 
the elevated chromium in contrast to the host beryl. 

While chromite is regularly seen in emeralds from 
Brazil, it is not common to see such a strong correlation of 
color with the mineral inclusion. 


Nicole Ahline 
GIA, Carlsbad 


Diamond-Shaped Cloud in Diamond 


Diamonds can show some interesting surprises when ex- 
amined by microscopy. Recently, the authors examined a 
D-color, 0.53 ct round brilliant diamond with an intriguing 
cloud inclusion that bore a remarkable resemblance to the 
profile view of a faceted round brilliant (figure 3). Due to 
the prominent diamond-shaped cloud under the table, the 
clarity grade of the stone was SI, (figure 4). 

Photomicrography was used to chronicle the depth of 
the cloud, which indicated that it was three-dimensional 
and part of its center reached the diamond’s surface. When 
focusing through the inclusion beginning at the surface of 
the table facet, the cloud spanned ~320 microns of focal 
distance. This is not the first instance of a faceted diamond 
showing a cloud inclusion with diamond-related geometry. 
Gemologists have shown other natural diamonds with 
clouds resembling diamond octahedra (Winter 2015 Lab 
Notes, pp. 428-429; Renfro et al., Winter 2018 GwG, pp. 
428-429). However, this is the first cloud with such a shape 
the authors have encountered. 

The infrared absorption spectra showed a type Ia dia- 
mond with saturated concentrations of nitrogen. Photolu- 
minescence maps were collected with 532 nm and 455 nm 
excitation. A false-color map corresponding with the nor- 
malized intensity of a peak at 700 nm (figure 5A) was de- 
tected almost solely within the cloud. This peak at 700 nm 
has been ascribed to nickel and can be seen in hydrogen- 
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Figure 3. This 0.53 ct round brilliant diamond con- 
tained a unique cloud that resembled the profile view 
of a diamond. Photomicrograph by Nathan Renfro; 
field of view 2.60 mm. 


rich diamonds, particularly within hydrogen-rich clouds 
(e.g., Fall 2020 Lab Notes, pp. 416-419). 

In the 455 nm PL map, we detected the H3 center at 
503.2 nm (figure 5B), which is identified as an A-aggregate 
decorated with a vacancy. The especially dense area along 
the “girdle” showed a distinct chemistry as that portion of 
the cloud had an elevated 700 nm peak intensity (figure 
5A) and an elevated H3 concentration (figure 5B). Figure 
5C shows the intensity of the diamond Raman peak. The 
Raman signal detected within the cloud shows decreased 
intensity; additionally, the diamond outline in this map 
corresponds well with the image in figure 3 (as the presence 


Figure 4. The D-color, 0.53 ct round brilliant diamond 
has SI, clarity due to a distinctive cloud inclusion 
under the table facet. Photo by Marco Martinez. 
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Figure 4, Planes seen in 
crystal of yellow chrysoberyl 
at left. In Figure > below 
two-phase inclusions are vis- 
ible, x12 


As far as the writer is aware, such ‘step- brown chrysoberyls do not seem to show 
ped planes’ now described are not found the effect, at least as far as the limited 
in any other gemstone other than the green- number of such stones examined has shown. 
ish yellow chrysoberyls, and sometimes Nor are the ‘planes’ seen in that most 
those of a deeper orange-yellow color. The highly prized alexandrite variety of the 
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Figure 5. Photoluminescence maps were compiled from thousands of spectra (each pixel is 10 microns in size). A: 
Intensity of a peak centered at 700 nm (associated with nickel and often seen in hydrogen clouds). This peak inten- 
sity is normalized by ratioing to the diamond Raman peak. B: Intensity of the normalized H8 center at 503.2 nm; 
much of the cloud has a lower intensity than the surrounding diamond, but a portion of the “girdle” section of the 
cloud shows a higher H3 intensity. C: The map of the diamond Raman intensity corresponds well with the visual 
image, including the cloud resembling a diamond outline seen in figure 3. 


of the cloud reduces the Raman signal reaching the detec- 
tor). Prior research has shown that oftentimes such clouds 
form preferentially within the {100} growth sectors (W. 
Wang and W. Mayerson, “Symmetrical clouds in diamond 
— the hydrogen connection,” Journal of Gemmology, Vol. 
28, No. 3, 2002, pp. 143-152). 

While this diamond-shaped cloud formation may cause 
some concern over the natural origin of such an inclusion 
(see an example of a 3D subsurface laser engraving in 
quartz in Fall 2020 Micro-World, pp. 427-430), the cloud 
in this diamond appeared to be completely natural when 
examined in the microscope. Generally, the absence of in- 
clusions or clarity characteristics increases the beauty and 
value of a diamond, but not always. In this diamond, the 
cloud’s presence adds beauty, value, and distinction. 


Figure 6. Dark green radiation stains on a natural dia- 
mond surface. This is a partially faceted diamond 
with some of its natural surface bounded by laser 
markings, seen as dark lines in the image. Photomi- 
crograph by Nathan Renfro; field of view 2.24 mm. 
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Thanks to an observant and skillful polisher, we get to see 

another “brilliant” example of an intriguing cloud inclu- 
sion in diamond. 

Sally Eaton-Magania and Nathan Renfro 

GIA, Carlsbad 

Alpesh Vavadiya 

GIA, Mumbai 


Expanded Diamond Surface Due to 
Radiation Staining 
The author examined a 0.56 ct Fancy grayish bluish green 


diamond with prominent green radiation stains. Studies 
have shown that radiation can cause staining that expands 


Figure 7. The radiation stains on a natural surface in re- 
flected light, which highlights the smooth texture of the 
stained and expanded areas. Photomicrograph by 
Nathan Renfro; field of view 2.24 mm. 
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the surface of a diamond (L. Nasdala et al., “Radio-coloura- 
tion of diamond: A spectroscopic study,” Contributions to 
Mineralogy and Petrology, Vol. 165, 2013, pp. 843-861; 
S.C. Eaton-Magania and K.S. Moe, “Temperature effects on 
radiation stains in natural diamonds,” Diamond and Re- 
lated Materials, Vol. 64, 2016, pp. 130-142). This can cre- 
ate a noticeable bump that is visible in the microscope. 
The effect in this diamond is so pronounced that the radi- 
ation stains appear encased in a protective plastic bubble. 
This expansion effect is believed to be caused by the radi- 
ation damage creating an expansion in the diamond lattice 
(Nasdala et al., 2013). 

When viewed with transmitted light (figure 6), the raised 
lattice can be seen extending beyond the dimensions of the 
stain itself. The green-colored stains are very dark. Using re- 
flected light (figure 7), the difference between surface tex- 
tures is apparent. The surface that has been damaged and 
expanded by the radiation staining has a much smoother 
texture than the unaltered diamond surface. It is unknown 
why this diamond lattice was so distorted compared to typ- 
ical radiation stains; they showed no unusual spectroscopic 
features that might provide a clue as to their formation. 


Troy Ardon 
GIA, Carlsbad 


Unusual Fibrous Inclusions in Blue Opal 


The authors recently encountered an opal with a grayish 
blue bodycolor and weak play-of-color. The gem also con- 
tained some interesting fibrous inclusions (figure 8). The 
inclusions were generally scattered throughout a planar 
zone as curled bundles of chatoyant fibers. This type of 
opal appeared to be naturally colored and consistent in ap- 
pearance and physical properties with opal from Sinaloa, 
Mexico (Fall 2011 Gem News International, p. 243). 
Raman analysis was unable to identify the inclusions, but 
a strong cristobalite signal was measured in areas with the 


Figure 8. These unusual clusters of curled fibers were 
seen in a blue opal. Photomicrograph by Nathan Ren- 
fro; field of view 3.58 mm. 


fibers and without them, suggesting a volcanic origin (E. 
Fritsch et al., “Green-luminescing hyalite opal from Za- 
catecas, Mexico,” Journal of Gemmology, Vol. 34, No. 6, 
2015, pp. 490-508). While the exact nature of these inclu- 
sions remains a mystery, this is the first time the authors 
have encountered this type of unusual coiled fibrous inclu- 
sion in blue opal. 


Nathan Renfro and Nicole Ahline 
GIA, Carlsbad 


Opal with Fluid Inclusion and Mobile Bubble 


A Mexican opal was recently examined at the GIA labo- 
ratory in Carlsbad. The inclusion shows a euhedral void 
with a mobile gas bubble (figure 9). The void mimics the 
shape of a barite crystal that might have once been present 
in the opal. The barite crystal was likely dissolved during 
a dissolution phase during the growth of the opal, leaving 
behind only a fluid-filled void. Toward the end of the opal’s 


Figure 9. A Mexican opal containing a mobile gas bubble in the lower edge of the void (left). Tilting the stone causes 
the bubble to change position within the cavity (right). Photomicrographs by Jessa Rizzo; field of view 3.57 mm. 
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Figure 10. Large iridescent healed fissures in an oval 
mixed-cut sapphire. Photo by Shunsuke Nagai; field of 
view 12.20 mm. 


formation, the temperature decreased, causing the trapped 
fluid to separate into liquid and gas phases. Because of the 
small size of the bubble relative to the void, rocking and 
tilting causes it to move about. Fluid inclusions in opal 
are generally quite rare, and one with a mobile bubble is 
exceptional. 


Jessa Rizzo 
GIA, Carlsbad 


Remarkably Large Iridescent Healed Fissures 
Resembling Play-of-Color in Sapphire 


An interesting iridescent pattern was recently observed in 
a blue sapphire. Gemological properties and inclusions in- 
dicated a natural sapphire, and the UV-Vis-NIR spectrum 


suggested basalt-related origin (e.g., AA. Levinson and EA. 
Cook, “Gem corundum in alkali basalt: Origin and occur- 
rence,” Winter 1994 GWG, pp. 253-262). The characteris- 
tic inclusions of blue color concentrations surrounding 
exsolution particles of rutile and numerous partially dis- 
solved needles provide evidence of heat treatment (J.1. 
Koivula, “Internal diffusion,” Journal of Gemmology, Vol. 
20, No. 7/8, 1987, pp. 474-477]. 

Notably, this sapphire included unique large partially 
healed fissures showing attractive iridescence (figure 10). 
Similar iridescent healed fissures in sapphires and rubies 
from basaltic deposits have been previously documented 
(e.g., E.J. Gttbelin and J.I. Koivula, Photoatlas of Inclusions 
in Gemstones, Vol. 3, Opinio Verlag, Basel, Switzerland, 
2008, pp. 110 and 216-220); however, the healed fissures 
in this sapphire were remarkably large and visible to the 
unaided eye (figure 10). The fissures nearly parallel to the 
table facet showed variously colored iridescence with den- 
dritic patterns (figure 11). Trapped air in a cemented plane 
of a doublet can also show such patterns (see Spring 2019 
Lab Notes, p. 92), but this stone has no assembly feature. 
These attractive iridescent colors, resembling the “play-of- 
color” of precious opal, result from thin-film interference. 
This is a unique visual effect created by internal features 
in heat-treated corundum. 


Makoto Miura and Yusuke Katsurada 
GIA, Tokyo 


Quarterly Crystal: Topaz with Phlogopite 

This issue’s quarterly crystal is a gem-quality very light 
pinkish brown topaz (figure 12) from the Dusso mine in 
Pakistan. The transparent singly terminated topaz crystal 
measures 30.52, x 29.84 x 27.89 mm and weighs 216.56 ct. 
It hosts a prominent 6 mm long dark brownish orange 


Figure 11. Iridescent dendritic healed fissures in sapphire. Photomicrographs by Makoto Miura; field of view 2.10 mm 


(left) and 1.30 mm (right). 
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Figure 12. This 216.56 
ct topaz crystal is from 
Dusso, Pakistan. Photo 
by Diego Sanchez. 


phlogopite mica booklet that shows strong brownish orange clusions are randomly scattered throughout the crystal. 
and yellow dichroism as well as lamellar cleavage planes ‘This suite of inclusions strongly suggests that a complex 
(figure 13). A tiny cluster of dark brownish red mangano- _ granitic pegmatite was the parent rock type of this topaz. 

tantalite and colorless albite inclusions are also present. John I. Koivula 
Small near-colorless and transparent mica and feldspar in- GIA, Carlsbad 


Figure 13. This promi- 
nent 6 mm crystal of 
phlogopite mica is 
hosted by the Pakistani 
topaz. Photomicrograph 
by Nathan Renfro; field 
of view 9.09 mm. 
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VIRTUAL REPORT ON 


THE INDUSTRY IN 2021 


As the major Tucson gem and mineral shows were all can- 
celed in 2021 due to the pandemic, we decided to use our 
annual Tucson report space a bit differently this year. We 
wanted to capture how some of the vendors we normally 
visit have been weathering the situation and their thoughts 
about the impact on the trade along the entire supply 
chain. We wanted to find out how the pandemic has shaped 
their businesses over the past year and if they foresee per- 
manent changes to the way business will be conducted in 
the future. 

From our understanding going into these interviews, 
fine jewelry has actually been doing quite well during this 
time, as consumers who would normally spend money 
on travel have opted to spend those discretionary funds 
on luxury items, including jewelry. With the initial onset 
of the pandemic creating a full disruption to in-person 
sales, retail jewelry was hit hard in the spring. By sum- 
mertime, however, sales had increased for many com- 
pared to the same period in 2019. This trend reemerged 
during the end-of-the-year holiday season. As discre- 
tionary travel is a strong competitor to fine jewelry, hav- 
ing people stuck at home benefited retail jewelry sales. 
Online jewelry sales appear to have benefited the most, 
increasing by about 50% over pre-pandemic times. To 
what extent these patterns will hold is uncertain. An- 
other trend was the popularity of “Zoom-worthy” jewelry 
such as earrings and necklaces as online interactions with 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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colleagues, friends, and family increased. To read more 
about some of the pandemic-related retail jewelry trends, 
see Victoria Gomelsky, “Even in a pandemic, fine jewelry 
is selling,” New York Times, December 3, 2020, 
https://www.nytimes.com/2020/12/03/fashion/jewelry- 
rising-sales-pandemic-.html. 

Starting at the mines, activity was clearly affected by 
work stoppages and the inability of foreign buyers and 
traders to travel internationally. These situations were 
highly dependent on local restrictions, which were often 
different in neighboring countries. In East Africa and Asia, 
many mines temporarily stopped production to comply 
with regulations to avoid gatherings of people, while others 
produced plenty of material but initially had no foreign 
buyers to sell it to. Much rough trading went online, al- 
lowing the continued flow of some materials between min- 
ers and buyers with established relationships. This online 
presence also brought forth completely new relationships 
for miners and local traders who started dealing directly 
with downstream buyers, such as cutters and jewelers, 
who normally would have made purchases through other 
channels. 

In many instances, cutting and jewelry manufacturing 
workshops were significantly impacted by the pandemic 
on three fronts: the disruption in the supply of new raw 
materials, the inability to work together in factories in 
light of social distancing policies, and (in some cases) diffi- 
culty in shipping goods across borders. However, some 
rough dealers and jewelers have been opening the vaults to 
work with gems saved for a rainy day such as this. 

Gem markets have been significantly impacted, as here 
too social distancing policies and travel restrictions greatly 


Figure 1. Snapshots of an industry dealing with a global 
pandemic. A starkly quiet Jewelry Trade Center in 
Bangkok (top row) and Chan Gems Building in Chan- 
thaburi (middle right); temperature screening outside a 
Pranda facility on the outskirts of Bangkok (bottom left); 
and two glimpses of activity at the Hainan Expo in China. 
Photos by Jinting Yu, Shen Chen, and Sunny Jiang. 
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Figure 2. Local business owner Jianying Ma in China’s 
Hebei Province is shown livestreaming to connect 
with clients while stores were shut down. Courtesy of 
Han Dan Zhao Du Gold and Jewelry Co. Ltd. 


reduced or eliminated the ability to gather and kept the in- 
ternational buyers who supply the cash necessary to keep 
trade moving away from these sites. Similarly, virtually all 
of the major trade shows globally were forced to cancel for 
the same reasons. Political unrest has also been impacting 
the movement of goods across borders, something we heard 
from several sources. 

Stone dealers and jewelers in general reported a chal- 
lenging time last spring, but reasonable to good sales from 
summer 2020 on. Many of them had to adapt to virtual in- 
teractions with suppliers and clients, some for the first 
time. However, several had already started building online 
presences, which were put to the test and rapidly expanded 
to accommodate this unusual year. Communication 
through WhatsApp and Zoom proved essential for many in 
continuing business both upstream and downstream. Ven- 
dors reported using social media such as Facebook and In- 
stagram to keep clients updated on their activities. Even 
though it was clear that these vendors look forward to the 
return to big trade shows, they believe that the way busi- 
ness is conducted along the supply chain has likely been 
changed in some permanent ways by the recent forced re- 
liance on doing business virtually. 

We hope you enjoy our report showing the mixture of 
positive and negative trends over this unprecedented past 
year. We look forward to seeing everyone in person in Tucson 
next year. The 2022 Tucson shows will also bring us the op- 
portunity to visit the Alfie Norville Gem and Mineral Mu- 
seum, scheduled to reopen in 2021, and its Somewhere in 
the Rainbow collection. These are also featured in our report. 


Jennifer Stone-Sundberg, Tao Hsu, Wim Vertriest, 
Aaron Palke, and Robert Weldon 
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The Chinese gem and jewelry industry reacts to COVID- 
19. When COVID-19 struck at the end of January 2020, the 
Chinese jewelry industry was caught off guard. The whole 
country was locked down—travel halted and businesses 
closed. 

As the country gradually reopened at the end of March 
2020, business remained very slow. But China has one of 
the most advanced digital ecosystems in the world. Mobile 
technology leapfrogged laptops and credit cards, while 
cheap, reliable, and efficient delivery companies made it 
easier for consumers to spend. Local businesses turned to 
the internet to reach old and new clients during the pan- 
demic (figure 2). With fewer clients visiting stores, sales 
often started by livestreaming products, followed by send- 
ing photos and videos through WeChat, and then utilizing 
WeChat Pay or Alipay to complete the transaction. Chi- 
nese digital infrastructure made a big difference in helping 
the jewelry business bounce back so quickly. 


Figure 3. To maintain social distance, Van Cleef # 
Arpels limited the number of clients in stores. Here, 
clients wait outside the store in the Shanghai IFC 
Mall. Photo by Chen Shen. 
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During these difficult times, relationships with suppli- 
ers and clients are the key to keeping business moving. 
Trust built over years is extremely important when buying 
or selling valuable gemstones and jewelry online without 
actually seeing the items in person. Major jewelry chain 
stores, which rely more on foot traffic, experienced a dra- 
matic double-digit decline in business in the first half of 
2020, while small jewelry stores that rely more on personal 
contact and relationships felt little to no impact. 

Due to travel restrictions, we did see certain product 
shortages on the market, as it was initially difficult for 
some goods to enter China. Some Chinese dealers took a 
risk and broke quarantine to visit Sri Lanka or India to 
source products. On the other hand, some international 
businesses even came to China for products and services 
when jewelry and diamond cutting factories closed in the 
USS. and India. 

In general, jewelry sales had negative growth for the 
first half of the year. Sales started to pick up in July. Sales 
from October, November, and December were up 16.70%, 
24.80%, and 11.60%, respectively, compared to the same 
months in 2019. 

International jewelry brands such as Cartier, Tiffany, 
and Van Cleef & Arpels (figure 3) did exceptionally well in 
2020 since Chinese consumers could not travel for over- 
seas shopping trips. With social distancing and a manda- 
tory mask policy in stores, these luxury brands saw an 
immediate business jump in China by April 2020. Plaza 66 
Shanghai, owned by Hang Lung Properties, is the country’s 
top luxury shopping mall. Its reported retail sales were up 
60% ina year with COVID-19, demonstrating an amazing 
year for luxury brands in China. 


Chen Shen 
Gembridge, Shanghai 
International Colored Gemstone Association 


Constantin Wild (Constantin Wild GmbH & Co. KG). 
Constantin Wild and his team started 2020 with a strong 
Tucson show and orders to fulfill from 2019. Upon return- 
ing to Germany, the severity of the COVID situation be- 
came apparent, and on March 14 they were forced to 
temporarily shut down the business. Mr. Wild was fortu- 
nate to keep his staff, though they did have to cut back 
work initially to only one day a week. Since August, they 
have been able to work at 80% of full-time. The second 
half of 2020 saw business levels basically return to nor- 
mal, and overall the year was pretty good. Tucson was the 
company’s only trade show in 2020, and they do not ex- 
pect to attend any shows in 2021. The biggest disadvan- 
tage of not going to trade shows has been missing out on 
new opportunities. 

To keep in touch with clients and partners, Zoom and 
WhatsApp became essential for video calls. Mr. Wild has 
also been inviting clients to their facility in Idar-Oberstein 
for relaxed face-to-face visits. The business has been sharp- 
ening its brand image and plans to relaunch its website and 
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Figure 4. A lively 24.07 ct yellowish green cushion-cut 
tourmaline from new fields in the Democratic Repub- 
lic of the Congo. Photo © Constantin Wild. 


blog as well as provide regular Facebook and Instagram 
feeds. 

Without being able to travel, the team has taken the 
time to sort and recut stock in their inventory. They have 
also been cutting rough from their vaults, as the new rough 
supply has been restricted during the pandemic. 

When asked about pandemic sales, Mr. Wild noted that 
gemstones suitable for high jewelry have been in demand, 
in addition to a new trend for high-value gems as stand- 
alone pieces. During the past year, sales have been partic- 
ularly good for Paraiba tourmaline, green tourmaline 
(figure 4), aquamarine, and Imperial topaz (figure 5). Mr. 
Wild also noticed strong demand for gray spinel, whether 
atonal or modified by blue or purple. He has done well sell- 
ing color suites of stones, such as his “Rhapsody in Blue,” 
which features a diverse array of blues provided by tanzan- 


Figure 5. This 4.06 ct red pear-shaped Imperial topaz 
is from Ouro Preto, Brazil. Photo © Constantin Wild. 
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ite and both greenish blue and intense blue aquamarine 
from Brazil and Mozambique (figure 6). 

During this time, Mr. Wild has been able to work on a 
book commemorating the firm’s 175th anniversary next 
year. Titled Gems, Colours, and Wild Stories... 175 Years 
of Constantin Wild, the book will explore the history of 
the company and provide many entertaining stories and 
high-quality images to capture the unique emotions asso- 
ciated with colored gems. 

Mr. Wild looks forward to returning to Tucson in 2022 
and predicts that demand will focus on vibrant colors to 
celebrate the end of the pandemic. 


Jennifer Stone-Sundberg 
GIA, Carlsbad 


Dudley Blauwet (Dudley Blauwet Gems). In February, col- 
ored stone dealer Dudley Blauwet attended the only 2021 
Tucson “show,” held at Mineral City and the adjoining Sun 
Gems building. The Mineral City hub consists of several 
steel unit buildings that are classified as permanent business 
storefronts and therefore were not subject to the same 
COVID-19 requirements as events. In the 18 days Mr. 
Blauwet was there, he estimated that fewer than 500 people 
attended, including those associated with the 20-25 vendors. 
Beyond these vendors, another 6-10 gem- and mineral-re- 
lated businesses that own warehouses in Tucson were open. 
Mr. Blauwet and one other vendor were the only ones car- 
rying cut gems, while everyone else was offering minerals 
exclusively. A lack of fossils and meteorites was noticed. 
Since summer, business has been fine for Dudley 
Blauwet Gems, as many of his online customers have been 
doing well and are looking to fill specific orders or rebuild 
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Figure 6. The “Rhap- 
sody in Blue” suite 
(145.2 carats total) is 
composed of 17 gems: 
nine greenish blue 
cushion-cut aqua- 
marines from Brazil, 
four oval-cut tanzan- 
ites, and four intense 
blue oval-cut Mozam- 
bique aquamarines. 
Photo © Constantin 
Wild. 


stock. Using WhatsApp, he has been able to continue com- 
municating with and purchasing material from suppliers 
such as a Sri Lankan family the business has worked with 
for nearly 40 years. This has included viewing sapphires 
from photos or videos almost daily. He has also been work- 
ing with Russian contacts to purchase unoiled emeralds (fig- 
ure 7), alexandrite, phenakite, and some demantoid. A 
source in Southeast Asia has also been supplying gray spinel. 


Figure 7. Unoiled Russian emeralds (a 1.29 ct emer- 
ald cut and a 1.14 ct pear shape) from Malyshevo, 
Ural Mountains, with intense bluish green color 
reminiscent of Paraiba tourmaline. Photo by Aria 
Agarwal; courtesy of Dudley Blauwet Gems. 
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Sales have been predominantly natural sapphire, un- 
oiled emerald, gray spinel, and Vietnamese cobalt spinel. 
He noted that other stones such as aquamarine, green 
beryl, and morganite have been popular. The persistent de- 
mand for sapphire has been dominated by requests for teal, 
green to icy green, peach to apricot, “padparadscha,” peri- 
winkle, purple-blue, and light to icy pink sapphire, as well 
as for traditional blue colors. Recently, he has received nu- 
merous calls for Mandarin garnet from Loliondo, Tanzania; 
heated blue zircon from Cambodia; and to a lesser extent 
Malaya garnet from Mahenge, Tanzania. Mr. Blauwet’s 
business mainly offers untreated natural sapphire, but they 
have had steady demand for heated blue rounds and 
matched pairs. 

With the 2021 Pantone colors of the year being “Ulti- 
mate Gray” and “Illuminating” (a medium gray and butter 
yellow, respectively), Mr. Blauwet has seen a bit more in- 
terest in yellow sapphire over last year and steady interest 
in gray spinel (figure 8). They have also developed a good 
market for unoiled Russian emerald, with some vendors 
regularly restocking. 

Mr. Blauwet was able to provide some insight into the 
movement of material coming from mines around the 
world and the rough supply situation. With the political 
upheaval in Myanmar, Burmese gem production is ex- 
pected to slow if not outright end for a while. Madagascar 
is opening up for travelers, but with a lack of express mail 
service, very little rough has left the island since last 
March. Some of the biggest gem mining operations in Sri 
Lanka are currently down. These combined supply slow- 
downs and stoppages have resulted in serious challenges— 
a very limited supply of rough worldwide and reduced 
movement of rough and gems to trading centers such as 
Bangkok or Hong Kong. As a result, the available supply of 
gems has been significantly dampened. 

Mr. Blauwet mentioned that most of their trade shows 
for this year have been canceled, so they are handling in- 
creasingly larger orders and shipping 20 to 100 stones at a 
time to their manufacturing customers. Also, for the first 
time in Mr. Blauwet’s life, he has started a website to sell 
gems wholesale. His business is struggling to supply 
enough rough to its cutting factories to keep all of the cut- 
ters busy. Occasionally, they have been able to buy small 
rough to cut precision diamond melee in calibrated sizes, 
still a very popular product. 

Finally, Mr. Blauwet shared with us some blue spo- 
dumene he has been storing in the vault. For decades he 
has been buying Afghan spodumene crystals, which have 
a strong blue color on the c-axis and a green color on the a- 
and b-axes. To avoid any exposure to daylight, these stones 
were wrapped in paper at the mines in Afghanistan. He has 
kept them in closed boxes to sell to customers specifically 
wanting spodumenes that have not been exposed to UV. 
As a test, he exposed several of them to Colorado sunlight 
in June and was able to literally watch them change to a 
full purple color down the c-axis and a pink color down the 
a- and b-axes within 40 minutes. Mr. Blauwet currently has 
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Figure 8. Yellow sapphire, gray spinel, and gray moon- 
stone represent popular gems matching the 2021 Pan- 
tone colors of the year. Gray moonstone: 3.94 ct 
cabochon from India. Yellow sapphire: 2.39 ct oval 
from Dela, Sri Lanka, and 2.90 ct long cushion from 
Gilamale, Sri Lanka. Gray spinel: 0.93 ct cushion, 
2.81 ct pear shape, and 1.16 ct round, all from Mogok, 
Myanmar. Photo by Aria Agarwal; courtesy of Dudley 
Blauwet Gems. 


several clean faceted stones in sizes up to approximately 
300 carats (figure 9). He has seen some dealers buy these 
crystals and take them to a show and watch in horror as 
they change over the course of three to five days from ex- 
posure to the various wavelengths of light present in the 
showroom—often the transition color before pink has 


Figure 9. A 166.25 ct blue spodumene removed from 
storage. The stone is from Parun, a few kilometers 
from Paprok in Kamdesh District, Nuristan Province, 
Afghanistan. It was cut in Peshawar, Afghanistan, 
with the table perpendicular to the c-axis to achieve 
a blue color rather than green. Photo by Dudley 
Blauwet; courtesy of Dudley Blauwet Gems. 
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Figure 6. Flat liquid-filled cavities 
are seen in chrysoberyl. 


Figure 7 shows long tubes in the 
same gemstone. 


Figure 8. Cavities with nonmiscible 
liquids in a yellow chrysoberyl. x30 


species. As has often been found to happen 
when dealing with a matter which does not 
appear to have been well considered before, 
it turns up unexpectedly elsewhere. Within 
the last few days, and after this article was 
first drafted, B. W. Anderson observed 
what appeared to be similar ‘planes’ in a 
yellow sphene which was understood to 
have emanated from Ceylon. 

Other types of inclusions seen in yellow 
chrysoberyl include: ‘feathers’ composed 
of hollow cavities containing two phases 
of matter (liquid and gas) as illustrated in 
Figure 5; flat cavities, probably filled with 
liquid (Figure 6); long tubes (Figure 7), 
or even cavities with nonmiscible liquids 
(Figure 8). These are commonly seen in 
other species and thus can have little diag- 
nostic value. 

In conclusion, my thanks are due to Dr. 
E. H. Rutland for allowing the use of 
photomicrographs 5, 6 and 7 which were 
taken from his collection. 
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strong unattractive gray tones. He reports that there are 
plenty of irradiated Afghan spodumenes on the market in 
Peshawar with a very strong emerald green color, including 
on the c-axis. The color is very unstable and with exposure 
to UV or daylight will change rather quickly, often turning 
an undesirable yellow-gray color. Mr. Blauwet described 
once making the mistake of buying a faceted example of 
these treated stones at a gem show in Peshawar from a 
dealer he did not know. When he unwrapped it years later, 
it had changed to an unattractive gray color with no expo- 
sure to UV or sunlight. 


Jennifer Stone-Sundberg 


Eric Braunwart (Columbia Gem House). Eric Braunwart, 
founder of this gemstone mining, cutting, and wholesale 
marketing company, reported that they have stayed busy 
during the pandemic after the initial shock to business 
with the hard shutdown last spring. Columbia Gem House 
had already started transitioning three years ago to doing 
more business electronically. When the pandemic hit, they 
were well positioned to experience a less dramatic shift in 
how they interact with clients than some more tradition- 
ally run gem dealers. Mr. Braunwart sees the pandemic as 
having universally pushed people involved in all stages of 
the gem trade to do more of their business online. 
Overall, Mr. Braunwart is happy with the way business 
is going but thinks that much of what he is experiencing 
has more to do with the clientele he has attracted and his 
move toward a strong digital platform. Currently, his cus- 
tomer base is part of what he considers the “new industry,” 
composed almost exclusively of women under 35 years old 
with independent stores, galleries, or studios. These buyers 
have grown up with smartphones and had already been 
doing business online but were pushed even further online 
with COVID-19. Columbia Gem House’s fair trade and re- 
sponsibly sourced position in the marketplace resonates 
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Figure 10. Popular sap- 
phire colors, including 
bicolor stones from 
Montana. These heated 
stones from the Gem 
Mountain, Missouri 
River, and Dry Cotton- 
wood Creek areas are 
4.0 mm in diameter. 
Photo by Dillon 
Sprague; courtesy of 
Columbia Gem House. 


with this “new industry,” where these factors are an im- 
portant part of the business models and branding and their 
clients’ lifestyles. Additionally, these buyers tend to pur- 
chase more unusual items with respect to color, cut, shape, 
and presence of inclusions. 

Mr. Braunwart noted that the biggest disruption to the 
supply chain with COVID-19 has been at the mines, where 
mining has slowed with less travel and demand—greatly 
restricting the supply to wholesalers. This has particularly 
been the case with small miners who have not had travel- 
ers coming out to purchase at the traditional venues. This 
has pushed some small miners to explore selling online to 
reach some of the market and realize some of the markup 
that traditional cutters and wholesalers see. Gem cutting 
has also slowed significantly, with less rough coming out 
of the mines and restricted flow of goods crossing borders, 
due both to the pandemic and political issues. On a very 
somber note, COVID-19 has personally hit many small 
businesses along the supply chain, with some longtime 
miners, cutters, and traders dying from the disease. 

When asked what has been in high demand this past 
year, Mr. Braunwart stated that sapphire is still the king in 
terms of volume and dollars. A variety of North American 
stones are still doing well and sales continue to increase. 
The recent increase in the desire to buy American contin- 
ues, and now these products are more recognized in the 
marketplace. Demand for teal and other nontraditional 
sapphire hues remains very strong (figure 10). About half 
of the customers pursuing these nontraditional colors pop- 
ularized by the sapphire mines in Montana want American 
sapphire, but the other half are concerned only about ob- 
taining the desired colors and are buying material coming 
from Africa and Asia. 

A notable trend mentioned was the continued and in- 
creasing popularity of melee and smaller stones (baguettes, 
briolettes, trillions, kites, and hexagons; see figure 11). Both 
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Figure 11. A variety of popular small-stone shapes such as kites, hexagons, trillions, and briolettes. All are heated 
Missouri River sapphires. The kites are either 6.0 x 4.0 mm or 5.0 x 3.0 mm, the hexagons are 3.5 mm in diameter, 
the trillions are 4.0 mm wide, and the briolettes are 4.0 x 3.0 mm and side-drilled. Photo by Dillon Sprague; cour- 


tesy of Columbia Gem House. 


saturated and pastel hues of these smaller stones are in 
strong demand (figure 12). They are being used not only as 
accent stones but also as the main stones in many jewelry 
pieces. This reflects a growing fashion direction where 
more affordable pieces can be made using both precious 
gemstones and precious metals. Mr. Braunwart mentioned 
a shortage in 1.0-1.3 mm melee, as this size is very difficult 
to cut and mines traditionally do not collect the small 
rough that would produce these sizes. This means that 
melee in these sizes are coming from larger rough and 
scraps. 


Jennifer Stone-Sundberg 


Gem Shopping Network: An online jewelry business dur- 
ing the pandemic. The COVID-19 pandemic has forced 
many sectors to adopt new work routines and move their 


commerce online. This is also true for the gem and jewelry 
industry. However, some businesses have been on-air and 
online for quite a long time. One of the veterans is the Gem 
Shopping Network (GSN), headquartered near Atlanta. 

Since 1997, GSN has grown from a weekend show to a 
network that reaches over 60 million U.S. households. 
From television to the web and more recently the mobile 
app, the network can livestream its gem and jewelry shows 
through all available channels. At the beginning of the pan- 
demic early in 2020, GSN immediately adopted proper so- 
cial distancing and regulations to keep its employees safe, 
which allowed the crew to operate without a pause. Show 
hosts continued livestreaming from the studios, entertain- 
ing and educating their audience (figure 13). 

Because GSN carries a vast array of goods—from min- 
eral specimens, faceted gemstones, and finished jewelry all 


Figure 12. Melee and small sizes of fire opal and neon green beryl. The fire opals are from Mexico and range from 
0.10 to 0.20 ct. The neon green beryl material is from Nigeria—the rounds are 3.0 mm in diameter and the 
baguettes are 4.0 x 2.0 mm. Photo by Dillon Sprague; courtesy of Columbia Gem House. 


Gem News INTERNATIONAL 


SPRING 2021 vas 


Gems & GEMOLOGY 


Figure 13. GSN show host Marvin Pierschbacher pres- 
ents finished jewelry. Live shows are entertaining and 
educational, and therefore very well accepted by the 
audience. Courtesy of GSN. 


the way to collectibles and estate jewelry—supply has been 
a critical component since its earliest days (figure 14). 
While some in-person sourcing was prohibited by the sit- 
uation, the supply side of the business was not negatively 
impacted overall. Some suppliers who would normally pro- 
vide goods through outlets such as the cruise ship industry 
were able to transfer them to online jewelry traders such 
as GSN. 

The majority of GSN’s customers are women ages 50 
to 65, a demographic that has been quite stable over the 
past two decades. This customer base proved advantageous 
when “staying at home” became the new normal as more 
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time was available to watch the shows and purchase goods. 
Although international transportation was impacted by 
COVID-19, U.S. domestic shipping and delivery remained 
quite efficient. Steady supply, a stable customer base, and 
on-time delivery combined to make 2020 one of GSN’s 
strongest years financially. 

As both a seller and an educator, GSN has its own 
gemology content production team. The pandemic unex- 
pectedly allowed more time for the team to produce con- 
tent, which is shared over the multiple streaming 
channels. High-quality content is one of the key pillars for 
any online seller as it is the tool to attract and maintain 
customers. As the world gradually recovers from the pan- 
demic, online jewelry trading is expected to see strong 
growth in the future. 


Tao Hsu 
GIA, Carlsbad 


Jeff Hapeman (Earth’s Treasury). How does one prepare for 
a global pandemic on a scale unlike anything seen in re- 
cent history? While it would have taken an extraordinary 
act of foresight to predict how significantly the world has 
changed since March 2020, one trend was set in motion 
several years ago. Increased online presence, especially 
with social media, proved enormously beneficial to many 
in the gem and jewelry industry. Jeff Hapeman of Earth’s 
Treasury in Westtown, Pennsylvania, was at the forefront 
of this social media trend and shared his views on its im- 
pact on the trade since the pandemic and beyond. Mr. 
Hapeman got his start faceting gemstones (figure 15). 
However, he has grown his business over the last few 
years by hiring several designers and bench jewelers and 


Figure 14. Finished jew- 
elry featuring a broad 
range of colored gem- 
stones, including some 
exotic varieties, is one 
pillar product carried 
by GSN. Courtesy of 
GSN. 
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Figure 15. A 2.04 ct blue brilliant-cut unheated Rock 
Creek sapphire. Photo by Jeff Hapeman. 


developing what he calls his “mine to finger” approach. 
By building close relationships with the people producing 
rough material at gem mines around the world and mov- 
ing the jewelry-making process in-house, he is able to cap- 
ture more of the value-added chain in getting rough stones 
to the end consumer (figure 16). 

In March, when Pennsylvania went into strict lock- 
down, all employees of Earth’s Treasury were sent home 
and asked to continue working on any projects they could. 
His bench jeweler sorted and graded melee stones, while 
his designer created new stock pieces. Fortunately, given 
Mr. Hapeman’s heavy online involvement, Earth’s Treas- 
ury was classified as an e-commerce retailer and allowed 
to open again after only about a month. Of course, there 
was an immediate plunge in sales in March and into April, 
but by May sales were picking up. In June, everything took 
off and business was much stronger than usual. This 
uptick in gem and jewelry sales is likely related to delayed 
purchases. As the uncertainty of the early days of the pan- 
demic began to recede and the economy started coming out 
of the hard lockdown seen in much of the country, con- 
sumers had discretionary funds for jewelry purchases that 
would have ordinarily been set aside for travel or other lux- 
uries. E-commerce jewelers did especially well last sum- 
mer as the country slowly reopened with new safety 
restrictions that made in-person shopping at traditional 
brick-and-mortar shops more difficult. 

Of course, this move to online jewelry sales did not 
happen in a vacuum. As social media continues to take an 
expanding role in our lives, modern consumers have be- 
come increasingly comfortable buying gemstones online 
at higher price points. Since the pandemic, Mr. Hapeman 
has noticed that customers are becoming more comfort- 
able with the online purchasing process. Because Earth’s 
Treasury offers free returns for gems and jewelry by FedEx 
or UPS, customers are willing to purchase and try some- 
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Figure 16. A ring sourced, designed, and manufac- 
tured by Earth’s Treasury displaying a 2.14 ct heated 
Rock Creek sapphire alongside melee-sized unheated 
sapphires from Rock Creek. Photo by Jeff Hapeman. 


thing before settling on exactly what they want. In fact, he 
has stopped private showings at his offices for now and is 
moving more toward video consultations with potential 
clients. 

The pandemic has dramatically affected not only the 
way we buy and sell gems but also the supply chains for 
the colored stone industry. While Mr. Hapeman deals a lot 
in domestically sourced Montana sapphire, it has become 
increasingly difficult to source gem rough internationally. 
In particular, rough exports from Africa have apparently 
dried up recently, given difficulties in exporting this mate- 
rial to locations such as Bangkok where it could be further 
distributed around the world. Some major gem cutting cen- 
ters have also seen a decline in business as their interna- 
tional buyers can no longer visit. As a result, it has become 
much easier to purchase Sri Lankan stones for recutting. 
Interestingly, he has seen an enormous amount of tanzan- 
ite become available recently, which he speculates may be 
related to the material being rerouted from the badly 
stricken cruise industry. 

The biggest potential impact of the COVID-19 pan- 
demic on the industry concerns trade shows. While the 
rise of online sales had been felt by global gem and jewelry 
shows such as Tucson for several years, the ability of the 
industry to survive, and perhaps even thrive, for more than 
a year without a major gem show may cause many to 
question whether the events are crucial for their business. 
As we pull out of this pandemic world, it remains to be 
seen how major international gem shows will react and 
adapt. 


Aaron Palke 
GIA, Carlsbad 


Josh Hyman (Philadelphia Jewelry Appraisers). Just over a 
block from Liberty Bell and Independence Hall, between 
7th and 8th on Sansom Street, lies Philadelphia’s bustling 
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Figure 17. A 19.56 ct boulder opal is surrounded by 
Montana sapphire and California spessartine garnet 
in this brooch commissioned by Josh Hyman. Photo 
by Laurie Seniuk. 


Jewelers’ Row. While other American jewelry districts like 
New York’s Diamond District are more well-known, 
Philadelphia’s Jewelers’ Row carries the distinction of 
being the nation’s oldest. It is home to many fourth- and 
fifth-generation jewelry families who took up business in 
converted row houses built in 1805. Those in need of val- 
uation services can walk into the shop of Philadelphia Jew- 
elry Appraisers and speak to Josh Hyman, the city’s only 
full-time jewelry appraiser. 

The Hyman family’s jewelry tradition in Philadelphia 
began with his great grandfather Ruben Littman, a curb 
merchant who went door to door buying precious metals. 
Mr. Littman got to know the jewelers on Sansom Street, 
who purchased precious metals from him. Several genera- 
tions later, Josh Hyman found himself working in his fam- 
ily’s retail shop on Jewelers’ Row. After pursuing his 
gemological education in Idar-Oberstein and then at GIA 
in Santa Monica, he worked in retail in Aruba before set- 
tling back in Philadelphia. There he found his niche as an 
appraiser serving the vibrant gem and jewelry industry on 
Jewelers’ Row. One of the most rewarding aspects of his 
work as an appraiser is studying the gemstones submitted 
to him, which pushes him to tirelessly continue his gemo- 
logical education. In fact, Mr. Hyman has become quite ac- 
tive in the gemological community online by creating the 
popular “Gemology Worldwide” Facebook page and pod- 
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cast series. He admits to having a somewhat ulterior mo- 
tive, as he wanted to create an educational forum to not 
only inform others but also advance his own gemological 
knowledge. 

At the beginning of the pandemic in March of 2020, 
Philadelphia Jewelry Appraisers was shut down for three 
months. Despite the dismal outlook at the onset, as soon 
as he reopened in June, demand came back at full strength. 
While reduced foot traffic on Jewelers’ Row may have led 
to fewer walk-ins, Mr. Hyman had already been driving 
demand for his services through heavy online advertising, 
especially Google Reviews. As an appraiser, Mr. Hyman 
has his finger on the pulse of the trade and offered some 
insights on the jewelry industry’s response to the pan- 
demic crisis. The few months after reopening were a huge 
boon for the jewelry industry globally as well as in 
Philadelphia. He attributes this, in part, to the fact that 
people largely stopped spending discretionary money on 
experiences such as travel and eating out. Consumers re- 
alized that purchasing and gifting gems and jewelry could 
also become an experience, so the discretionary spending 
typically allocated to travel was diverted to jewelry. 
Throughout the pandemic, Mr. Hyman has seen increas- 
ing demand for sapphires over rubies and emeralds. In par- 
ticular, the demand for pastel and teal sapphires has 
grown, especially for sapphires from Montana (figure 17). 
Although sales slowed into September and through the 
end of the year, the outlook is positive. However, it re- 
mains to be seen how this might change as the world nav- 
igates its way to some form of normalcy and people 
resume traveling again. 

According to Mr. Hyman, one of the main factors keep- 
ing the gem and jewelry industry strong, despite the can- 
cellation of major gem shows, is the consumer’s increasing 
confidence in buying online over the last few years. Rough 
and cut gems and jewelry that would have ordinarily 
changed hands in Tucson or Hong Kong made their way to 
the end consumer anyway by being sold online. The next 
few years will show us how the major gem shows like Tuc- 
son will adapt to this drive toward online sales. 


Aaron Palke 


Adapting to the changes with Paula Crevoshay. With the 
cancellation of the 2021 Tucson AGTA show, this author’s 
annual meeting with jewelry designer Paula Crevoshay 
went virtual. The conversation started with her 2020 
AGTA Spectrum Award-winning piece, followed by how 
her business adapted to the new norm under the circum- 
stances brought by the pandemic. 

Ms. Crevoshay’s “Brown-Eyed Susan” won the Gem 
DIVA Award for classical wear (figure 18). This bespoke 
18K yellow gold pendant features a 5.30 ct orange Montana 
sapphire from the Rock Creek deposit, operated by Poten- 
tate Mining. Although this stone is heated, the color satu- 
ration and size still make it a significant sapphire from this 
location, according to the mine owner. The center stone is 
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Figure 18. This award-winning pendant featuring a 
5.30 ct heated orange sapphire from Montana depicts 
a blooming brown-eyed Susan. Wildflowers are one of 
Paula Crevoshay’s favorite themes. Courtesy of Paula 
Crevoshay. 


accented with yellow and orange sapphires (8.69 carats 
total) in addition to black and cognac diamonds (1.98 carats 
total). 

While Ms. Crevoshay has always blended the nature of 
the stones with her art, she also tells stories through her 
jewelry creations. This piece is no exception. It continues 
the story from her first-ever flower themed piece, inspired 
by the bitterroot wildflower, which thrives on the hillsides 
of the Rock Creek sapphire mine. By early June, the slopes 
are covered by bitterroot and brown-eyed Susans. Upon 
seeing this orange sapphire, she immediately thought to 
place it at the center of a brown-eyed Susan pendant. Cre- 
ating these beautiful floral jewelry pieces is never easy be- 
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cause of the time it takes to find so many stones in specific 
colors. This is also why she has never reproduced any of 
her jewelry, unless as a replacement for a lost piece. 

As a business owner, Ms. Crevoshay also felt the im- 
pact of the pandemic. With careful planning and quick 
adaptation, she was able to keep her employees safe so that 
they could continue to work. In fact, 2020 was a good year 
financially for her company due to the relationships built 
with the stone supply chain over the past several decades 
and the customer base she has carefully maintained. To 
help manufacturers downstream survive, she also inten- 
tionally diverted her work to different jewelry-making stu- 
dios, most of them located in Asia. 

Being able to talk face-to-face with customers and provide 
fashion suggestions even beyond jewelry wear is an asset; 
connecting with them virtually during the pandemic is also 
critical. Ms. Crevoshay hosts regular online gatherings with 
her clients, which have been quite successful in keeping peo- 
ple in the loop. During the 2020 holiday season, she created 
a digital flipbook for customers to explore at their conven- 
ience (https://online.flipbuilder.com/dznx/qrub; see figure 
19). Ms. Crevoshay advises that staying connected at all 
times and adapting to unexpected circumstances are key for 
both industry veterans and newcomers. 


Tao Hsu 


Prida Tiasuwan (Pranda Jewelry Group). Thailand enjoys a 
strong reputation for jewelry manufacturing, employing a 
highly skilled workforce in its many factories. Although it 
was the second nation with confirmed COVID-19 cases, 
Thailand remained relatively unaffected by the virus. The 
government quickly imposed strong measures such as re- 
mote work, curfews, and closure of places where people 
gather in great numbers. The action that arguably had the 
greatest impact was the closure of its international borders. 
The government tightly controlled travel to the country 
and enforced a strict 14-day quarantine for everyone who 


so Gand - 


Figure 19. Paula 
Crevoshay’s digital flip- 
book for the 2020 holi- 
day season featured 
more than 50 jewelry 
creations. Courtesy of 
Paula Crevoshay. 
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Pearl Bracelet with Moonstone, Tsavorite, 
Diamond, and Sapphire 
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entered. Today, more people are allowed to enter, but the 
two-week quarantine is still mandatory. 

The travel ban had a devastating impact on the region, 
which relies heavily on tourism and business travel, but it 
also left its mark on the local jewelry manufacturing scene. 
We spoke with Prida Tiasuwan, chairman of the Pranda 
Jewelry Group, about the situation in Thailand. He con- 
firmed that the proactive measures taken by the govern- 
ment affected business in the first months of COVID, but 
this period did not last very long. By June 2020, business 
was returning, and a few months later demand was high, 
most likely because of the upcoming holiday season. This 
positive outlook continued with the arrival of vaccines in 
early 2021. 

The Pranda facilities operated at reduced capacity dur- 
ing the Thai lockdown, which allowed the company to 
save costs due to reduced salaries for all staff and selected 
furloughs in April and May. Mr. Tiasuwan personally 
headed a task force consisting of department managers to 
ensure that all 2,200 staff remained safe and production 
could return to a normal pace as soon as possible. 

By temporarily reducing capacity, they were able to im- 
prove working conditions for staff, including social distanc- 
ing measures. Employees quickly adopted these new 
principles, and many of them were able to work from 
home. Since August 2020, the facilities have been back at 
full capacity with all required precautions, including a 
“Safe and Clean” campaign to remind everyone of the sim- 
ple steps they can take to prevent the spread of the virus 
(figure 20). 

Still, Pranda encountered issues with the supply of 
raw materials such as diamonds and certain colored 
stones. These are typically sourced or cut in countries 
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Figure 20. COVID-19 
safety measures in place 
at this Pranda facility 
include a disinfection 
tunnel at the entrance. 
Photo courtesy of 
Pranda Jewelry Public 
al Company Limited. 


such as India and China, where the impact on businesses 
was more severe during the first months of the pan- 
demic. On the other end of the chain, physical retail was 
heavily impacted but was compensated by an increase 
in e-commerce. 

The economic impact of the pandemic is also reflected 
in the demand for jewelry, according to Mr. Tiasuwan. The 
focus is on simple pieces in smaller sizes, with very few set 
stones or none at all. Customers have not been looking for 
fancy, colorful jewels during the pandemic, but Pranda ex- 
pects this to change once the economic situation stabilizes. 


Wim Vertriest 
GIA, Bangkok 


Rock Creek sapphire mining and marketing update. Sap- 
phires were discovered in Montana on the West Fork of 
Rock Creek in 1892. The shiny pebbles were later identi- 
fied as sapphire and featured at the Paris Exposition in 
1900. Four deposits, one primary and three secondary, were 
discovered and developed across the western portion of the 
state. Among them, the secondary deposit at Rock Creek 
has always been the richest and the most productive. It is 
estimated that this deposit produced about 65.8 tons of 
rough sapphire until 2014, which is about 90% of the total 
sapphire production of all four deposits. 

Since 2011, Potentate Mining has been gradually devel- 
oping and expanding its sapphire mining concession in the 
Rock Creek area through a series of land purchases. With 
the latest deal done in 2020, the company now possesses 
more than 3,500 acres of private property over the sapphire- 
bearing land. Even with this large acreage, the mining op- 
eration works under a Small Miners Exclusion permit, 


Gems & GEMOLOGY SPRING 2021 


which allows the miners to disturb no more than five acres 
of land at a time and requires them to rehabilitate the land 
right after mining is done. 

In addition to the expansion, in 2019, the washing plant 
moved from Eureka Gulch to a new location at the West 
Fork property, where mining is done on the top of the hill 
(T. Hsu et al., “Big Sky Country sapphire: Visiting Mon- 
tana’s alluvial deposits,” Summer 2017 G&G, pp. 215- 
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Figure 21. The newly 
equipped water clarifier 
at the West Fork prop- 
erty can nearly fully re- 
cycle the water used for 
mining. Courtesy of 
Potentate Mining. 


22,7). This new washing plant includes a water clarifier 
that, although not required by state mining regulations, 
can recycle nearly 80-90% of the water used for mining 
(figure 2.1). Before the wastewater reaches the clarifier, it 
goes through a centrifugal concentrator to recover fine gold 
and very small sapphires (figure 22). This washing plant is 
also extremely close to the mining site, which dramatically 
increases the efficiency of ore processing. 


Figure 22. Left: Poten- 
tate Mining marketing 
director Warren Boyd 
(on the right), mine ge- 
ologist and manager 
John Rae (in the back), 
and a client gather 
around the centrifugal 
concentrator. Right: 
The concentrator ex- 
tracts fine gold and 
very small sapphire 
crystals from the water 
coming out of the jig 
before it enters the clar- 
ifier. Courtesy of Poten- 
tate Mining. 
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Figure 23. Gemstone trader Peter Ngumbi examines 
rough at the sapphire mining area near Garba Tula in 
northern Kenya. Photo courtesy of Vter Young. 


Potentate Mining sells rough and faceted sapphire at 
the Tucson and JCK shows to retailers and jewelry design- 
ers. Since 2016, it also offers natural, heat-treated rough 
sapphire by lots to clients in North America, India, Sri 
Lanka, and Thailand. Most of these clients are cutting op- 
erations. The COVID-19 pandemic reduced the number of 
staff working onsite at the mine in 2020, but the produc- 
tion was not dramatically affected. Due to travel restric- 
tions, stone viewing became extremely difficult. According 
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to marketing director Warren Boyd, lots have been shipped 
to clients since the start of the pandemic. While viewing 
ahead of receiving lots was impossible, the company ex- 
pected and has accommodated a certain amount of returns 
from clients. With Potentate adapting to the unexpected, 
2020 sales were about the same as the year before. 


Tao Hsu 


Peter Ngumbi (Vter Young). The pandemic has been felt 
throughout the entire jewelry industry, from the miners 
who are the first to see gems come out of the ground to the 
local traders and the end consumers. To get a better under- 
standing of the situation in East Africa, we spoke to Peter 
Ngumbi, a third-generation Kenyan gemstone trader who 
sources rough from local markets and directly from the 
miners (figure 23). Mr. Ngumbi sells stones from his offices 
in Nairobi and Voi to visiting international merchants, as 
well as directly to consumers and hobby cutters via social 
media. The main focus of his business is garnet, primarily 
tsavorite. His broad perspective allows us to gain some in- 
sights into the East African gemstone scene during 2020. 

The Kenyan government was quick to impose actions 
to contain the virus, such as a ban on interprovincial travel, 
which allowed for strong control of local outbreaks, and 
closed its borders to avoid importing cases while imple- 
menting a strict curfew. Mask wearing and contact tracing 
quickly became routine. While these measures affected 
daily life, they kept COVID-19 rates relatively low. Similar 
measures were enforced in Rwanda and Uganda with pos- 
itive results. 

The situation is vastly different in the neighboring 
country of Tanzania, where the existence of COVID-19 is 
officially denied and many people are losing friends and rel- 
atives. This has significantly impacted local production, 
which fluctuates heavily. Areas like Mahenge produce al- 
most no material, while material is abundant in other areas 
because foreign buyers are no longer present. 

Even though the local Kenyan restrictions were strong, 
Mr. Ngumbi notes some positive aspects. Most foreign 
buyers were forced to leave the country, and many of the 
local buyers were hesitant to invest large sums in the gem 
trade during these economically uncertain times. Suddenly 
he had access to larger volumes of stones with only a frac- 
tion of the usual buying public. On top of that, he returned 
from the 2020 Tucson shows and saw some exceptional 
tsavorite production, which allowed him to replenish de- 
pleted stock. 

Normally, Mr. Ngumbi travels regularly to other coun- 
tries in the region such as Rwanda, Malawi, Mozambique, 
and Tanzania to source rough. Since he has done this for 
many years, he has a strong network in these countries, 
which he relied on heavily during times of limited travel. 

He feels that many traders have dramatically expanded 
their network into source countries over the last decade 
and are now relying on these established, trusted connec- 
tions to supply them with rough remotely. 
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While this was an excellent opportunity for African 
traders to buy rough, selling was not so rose-colored. No 
foreign traders came to the continent to source rough. 
Luckily, many of the African rough traders had established 
an online presence, which compensated for the decreased 
in-person sales. Mr. Ngumbi estimates that he sold more 
than three times the value he usually sells through social 
media, adding that the public has fully accepted this 
method of buying. In fact, customers in the United States 
were so hungry for rough that he could not keep up with 
orders. This includes some regular customers he sees at 
trade shows or in his Nairobi office, but a significant por- 
tion are unknown buyers he has never met in person. A 
growing number of online customers are independent jew- 
elers who source their rough as close to the mine as possi- 
ble and have it cut by contracted cutters. 

Artisanal mining was also impacted by COVID-19. 
Kenyan authorities suspended mining operations where 
more than 20 people were working to avoid large gather- 
ings. This only lasted for a few months, although it was 
strictly enforced by officials. These temporary suspensions 
affected the amount of material available in the market, but 
keep in mind that the number of buyers was also signifi- 
cantly reduced due to the absence of foreigners. Once the 
mining restrictions were lifted, there was an influx of arti- 
sanal miners trying their luck. This resulted in increased 
availability of rough in the local markets compared to other 
years. Availability was balanced out toward the end of the 
year by the reopening of international borders and the re- 
turn of foreign buyers with a strong desire for rough. 

In summary, the pandemic has had varying effects on 
the trading situation in East Africa, with local regulations 
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Figure 24. This 203 x 
254 mm azurite min- 
eral specimen from Bis- 
bee, Arizona, is 
emblematic of the 
strong mineral repre- 
sentation of the South- 
west at the Alfie 
Norville Gem and Min- 
eral Museum. Photo by 
Jeff Scovil; courtesy of 
the Alfie Norville Gem 
and Mineral Museum. 


having a major impact on the local supply and access to 
that material. The absence of foreign buyers has aug- 
mented the supply of available rough in the markets, while 
COVID-19 has locally disrupted production by artisanal 
and small-scale miners. The combined effect of this could 
turn out positive in some regions, while other areas are ad- 
versely affected. 


Wim Vertriest 


Somewhere in the Rainbow finds a home at the Alfie 
Norville Gem and Mineral Museum. A decade ago, a pri- 
vate gemstone collection was established to celebrate their 
beauty and stimulate curiosity and gemological education. 
Today, the Somewhere in the Rainbow collection has 
found a prominent new home. 

Somewhere in the Rainbow joins the University of Ari- 
zona’s renowned mineral collection consisting of 20,000 
global specimens, which is also noted for its strength in 
minerals from the southwestern United States and Mexico. 
Together with the Somewhere in the Rainbow collection 
(a large part of it exhibited under a five-year agreement), 
6,000 of the finest mineral specimens will be on exhibit 
(figure 24) at the new Alfie Norville Gem and Mineral Mu- 
seum, located at the historic Pima County Courthouse in 
downtown Tucson (figure 25). The museum is on the verge 
of reopening in 2021, says manager Eric Fritz. Its location 
in Tucson is apt, given that the city is a global destination 
for gemstones, minerals, and the visitors who trade in 
them. 

The museum is named after the wife of noted Tucson 
real estate developer Allan Norville. In the 1990s, the 
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Now I wish to raise the curtain on another 
episode that was filled with new experiences 
—a trip to the Zuni Indian Reservation. 
Before leaving Gallup, 32 miles north, we 
were told that the dirt road was very bad on 
account of deep ruts in the frozen mud. 
“Drive carefully and keep out of the ruts 
or you may damage the under side of your 
car.” 

Early in the morning we added some alco- 
hol to the radiator—as an anti-freeze used at 
that time--and started on our way. We slid 
into the ruts occasionally, but managed to 
get out undamaged. But our principal worry 
was about the alcohol. Due to hardening of 
the arteries or something in the cooling 
system of the machine, every time we came 
to a strong upgrade the motor would boil. 

Since the alcohol would boil at a much 
lower temperature than the water, the mix- 
ture was losing its antifreeze element at an 
alarming rate and might freeze quickly in 
the radiator after stopping the motor. 
Finally, however, we reached our destina- 
tion without mishap. 

In Zuni we learned that a special celebra- 
tion was going on consisting of various pre- 
liminaries during the afternoon, culminating 
in a Rain Dance in the evening. Although 
the streets were teeming with Indians talk- 
ing in their native language, there was but 
little noise and no boisterousness. 


After finishing some business with a 
couple of Traders stationed there we re- 
turned to the street activities just in time 
to see the Indian congregation pouring forth 
from the quaint little Catholic Church 
located right in the center of the town. Prac- 
tically all of them were squaws, young and 
old. Their costumes were striking. Besides 
a bright-colored, full length skirt each 
squaw wore a large shaw! over her head and 
shoulders. According to my _ recollection 
these shawls were made of silk woven into 
intricate patterns of extremely vivid, but 
harmonious, colors. Bright red and_ nile 
green seemed to predominate. I had expected 
to find all Indians loyally wearing blankets 
of their own weaving, but such was not the 
case here, 

While a group of 50 or 60 of them moved 
slowly away from us up a little hill, which 
brought their colorful figures into view all 
at once, they resembled a slow motion sec- 
tion of a wallpaper design, if such a thing 
were possible. 


Something more practical now urged us 
away. In former dealings with the Traders 
we were always pleased to get, for example, 
an “old pawn bracelet.’”’ To do business, a 
Trader had to carry a stock of many things 
needed by the Indians—flour, sugar, other 
groceries; Germantown yarn and other sup- 
plies for them to make into blankets; rugs, 
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couple founded the Gem and Jewelry Exchange (GJX), 
which remains a major force among the many shows that 
come to Tucson every year. To date, more than 40 gem 
and mineral shows exhibit across the town every January 
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and February. The Norvilles are major patrons of the new 
museum. 

At 1,600 pieces and counting, the Somewhere in the 
Rainbow collection consists mainly of finished gem mate- 
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rial complementing the mineral displays (figure 26). Its 
strength lies in gem carvings, loose gemstones, and jewelry. 
This collection has traveled across the United States in re- 
cent years, visiting AGS Guild stores and other high-end 
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Figure 26. An architectural rendering of the gem 
gallery at the museum includes build-out cases and 
exhibits costing almost US$12 million. Courtesy of 
the Alfie Norville Gem and Mineral Museum. 


retailers. Its mission is “to bring hands-on education and 
enjoyment of fine colored gems to museums, galleries, 
gemologists, and facilities dedicated to preserving the rar- 
ity, history, and beauty of the gems and articles of jewelry.” 

Shelly Sergent, the Somewhere in the Rainbow collec- 
tion’s manager, is credited with building it at the behest of 
unnamed patrons. She says that it offers the public, stu- 
dents, scientists, and educators a distinct snapshot of the 
gemstone supply chain. “Mother Nature gives us rocks. 
Cutters and carvers give us gemstones, and jewelry design- 
ers give us heirlooms,” Sergent explains. 

The collection provides enthusiasts with a better un- 
derstanding of the beauty and rarity—as well as the unique 
collaboration between nature and artists. “I realize truly 
that our mission is not only about education—it’s about 
community,” says Ms. Sergent. “In that regard, we have 
brought together more than 127 different people that have 
worked with us in some capacity on this collection, 
whether that be miners, stone chasers, lapidary artists, de- 
signers, jewelers, and the heads of different laboratories.” 

Ahead of the Alfie Norville Gem and Mineral Mu- 
seum’s 202.1 reopening, GIA had the opportunity to visit 
with Sergent to examine, handle, and photograph some of 
the collection’s significant pieces. The accompanying 
photo gallery offers just some of the highlights. 


Robert Weldon 
GIA, Carlsbad 


Figure 25. The Alfie Norville Gem and Mineral Mu- 
seum will be housed at Tucson’s recently refurbished 
Pima County Courthouse. The building renovation 
cost over US$30 million. Courtesy of the Alfie 
Norville Gem and Mineral Museum. 
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Photo Gallery: The Alfie Norville Gem and Mineral Museum 


A: A rendering of the gem gallery at the Alfie Norville Gem and Mineral Museum in Tucson. B: A rare 1.92 ct 
cobalt blue spinel from Vietnam. C: This ring features a fine 5.17 ct ruby from Myanmar flanked by two yellow 
sapphires. 


Photos by Robert Weldon/GIA; courtesy of Somewhere in the Rainbow. 


D: “Da Vinci,” a 177.8 mm tall green beryl from the Ural Mountains, carved by Alfred Zimmerman of Idar- 
Oberstein, Germany. The goldwork was crafted by American designer Henry Dunay. E: American gem carver and 
goldsmith Darryl Alexander fashioned this carved agate pen set in 18K gold and accented with sunstone and dia- 
monds. The agate is approximately 203 mm long. F: A classic necklace featuring a 13.57 ct tsavorite garnet from 
Tanzania, including 4.27 carats of diamonds, designed by Shelly Sergent, Harry Tutunjian, and Evelyn Crommet. 


G: A 34.34 ct Imperial topaz from the Ouro Preto region of Brazil is the centerpiece of this stunning pendant fea- 
turing 10.50 carats of diamonds and set in 18K gold and platinum by designer Eddie Sakamoto. 


COLORED STONES AND ORGANIC MATERIALS 


“C” is for cookie and “G” is for geode. Gemstones are well 
known for their ability to mimic familiar themes, but the 
rock that recently launched a thousand online posts resem- 
bled one of the most recognizable children’s characters, the 
Muppet known as the Cookie Monster (figure 27). The un- 
canny likeness set the internet ablaze with reports from 
news sources around the globe. A video of the geode featur- 
ing Cookie Monster’s signature tune, “C is for Cookie,” was 
uploaded to Facebook by its owner, gem collector Mike 
Bowers, on January 16, 2021. The viral clip reached more 
than one million views just a week later. All the attention 
left many wondering, “How could a rock like this form?” 
The discovery of the Cookie Monster geode, reportedly 
from Brazil, is a combination of geologic design and pure 
luck. It is composed of banded layers of microcrystalline 
quartz, commonly known as agate. The scientific processes 


Figure 27. A Brazilian geode shows a striking resem- 
blance to the legendary Cookie Monster character. 
The intact geode measures 61 mm in length and 40 
mm in diameter. Photo by Robert Weldon; courtesy of 
Mike Bowers. 
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Figure 28. This geode was serendipitously cut at a per- 
fect angle, resulting in halves resembling the famous 
Cookie Monster (top). Coincidentally, the geode also 
showed blue fluorescence under long-wave ultraviolet 
light, reminiscent of the character’s blue fur (bottom). 
Photos by Robert Weldon; courtesy of Mike Bowers. 


required are complex but can be simplified into some gen- 
eral steps (J.D. Winter, Principles of Igneous and Metamor- 
phic Petrology, Pearson Prentice Hall, Upper Saddle River, 
New Jersey, 2013). This type of geode occurs as a secondary 
formation when gas bubbles trapped in volcanic rocks, 
known as vesicles, are filled with silica-rich fluids. Over 
time, the fluids deposit concentric layers of microcrys- 
talline quartz along the interior of the vesicle. The accu- 
mulation of these layers reflects the variation in chemistry 
and changing conditions of the silica-rich fluid. These fluc- 
tuating conditions can result in a banded formation of the 
microcrystalline quartz, thus giving rise to an agate. The 
final siliceous fluid in the last stage of formation allowed 
for a large central druzy quartz—lined cavity that represents 
the “mouth” of the Cookie Monster (figure 28, top). 
Cutting the rock at the perfect angle to reveal such a star- 
tling semblance was a matter of sheer chance, for the internal 
structure of a geode is not known until it is split open 
(https://www.gia.edu/gems-gemology/spring-202.1-gemnews- 
cookie-monster). Any slight change in cutting direction 
might have resulted in viewers not experiencing the phenom- 
enon of pareidolia, the tendency to assign familiar shapes or 
faces to abstract forms (Winter 2007 Lab Notes, pp. 363-364). 
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Figure 29. A small impurity of yellow limonite resem- 
bling a cookie crumb was found under the “mouth” 
of the Cookie Monster. Photomicrograph by Nathan 
Renfro; field of view 4.70 mm. 


The color in blue agate is created by scattering of light; 
when the particles of silica are smaller than 400 nm, blue 
light is reflected back (G. Rossman, “Cause of color in 
agate and chalcedony,” Seventeenth Annual Sinkankas 
Symposium, April 24, 2021). When the rock was exposed 
to long-wave ultraviolet light, it revealed strong blue fluo- 
rescence (figure 28, bottom) consistent with the fur color 
of the famous Muppet. Also of gemological interest was a 
microscopic feature: Below the quartz-lined “mouth” was 
a small inclusion of yellowish limonite, a hydrous iron 
oxide, resembling a cookie crumb (figure 29). 

While geodes can be millions of years old, the Cookie 
Monster character only emerged within the last century. 
The Cookie Monster, originally created as a prototype in 
1966 by Jim Henson, debuted on the American educa- 
tional children’s television series Sesame Street in 1969. 
The name was taken from his incessant obsession with 
the baked goods. With Sesame Street still on the air today, 
after 51 seasons, Cookie Monster’s fame is sealed in pop 
culture. 

It was a fortuitous circumstance that the formation of 
the geode resulted in such a remarkable specimen. As GIA 
analytical microscopist John Koivula likes to say, “Mother 
Nature cooks in a dirty kitchen.” Who knows what she 
will cook up next, but one can hope it has us all cracking 
open a smile once more. 


Britni LeCroy and Nicole Ahline 
GIA, Carlsbad 


DIAMONDS 


Hole drilled by hand in briolette. Recently, a 6.19 ct brio- 
lette diamond was submitted to GIA’s Antwerp laboratory 
for examination. It had been in the family of Belgian dia- 
mond cleaver and Auschwitz survivor Philip Isidoor Frank, 
who died in 1982. Mr. Frank is known for his work on 
many important diamonds, such as the 69.42 ct D-color 
Internally Flawless pear-shaped Taylor-Burton diamond. 
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Figure 30. The diamond paper that held the 6.19 ct 
briolette diamond. Photo by Nathan Renfro. 


The diamond paper containing the briolette had a note, 
presumably written by Mr. Frank: “drilled by hand about 
400 years ago” (figure 30). Sadly, this cannot be substanti- 
ated, and Mr. Frank left no other record. It raises the ques- 
tion as to whether this age is theoretically possible. 

The diamond (figure 31) loosely fits the briolette defi- 
nition since the hole is at the very tip rather than through 
the central portion. In reference to Mr. Frank’s note on the 
diamond paper, this description seems appropriate, even 
though the stone lacks the appealing teardrop shape we 
think of with modern briolettes. The style of faceting for 
this diamond is reminiscent of early cutting from India 
(1550-1900), but it could have been cut at any time (figure 
32). By the 1700s, Europeans were already moving toward 


Figure 31. The facet arrangement of the 6.19 ct brio- 
lette. The horizontal drill hole is at the top. Photo by 
Jian Xin (Jae) Liao. 
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Figure 32. Early Indian cutting styles (ca. 1550-1900) 
feature a very thick girdle area with multiple facets, 
similar to the briolette’s plane that wraps around the 
stone. From Ogden (2018), p. 320. 


variations of brilliant styles with good symmetry, thin gir- 
dles, and specific ratios of crown and pavilion. They did 
not typically care for the quality of Indian diamond cutting, 
and many stones were recut. 

The briolette cutting style has a remarkably long his- 
tory. Seventeenth-century French gem merchant Jean Bap- 
tiste Tavernier (1676, p. 336) sold four briolettes to the 
French king Louis XIV. The invoice described two stones 
as “round pendant with little facets” and “cut with facets 
on all sides” (Bapst, 1889, p. 404), respectively, and in- 
cluded illustrations. Two others, not illustrated, were “cut 
as round pendants with facets on all sides.” Tavernier’s 
drawings depict a briolette style, although that term was 
not used much before the nineteenth century. 

However, Tavernier’s gems are not the earliest 
recorded briolettes. One had arrived in the royal court in 
England almost 20 years before his first voyage to India. 
On February 17, 1612, payment was arranged to the Flem- 
ish goldsmith Stephen le Gouche for a piece of jewelry 
with “one fair large pendant diamond, cut with fancies 
[facets] on all sides, and pierced at the top” that had been 
delivered to Queen Anne of Denmark (Green, 1858, p. 
121), who was married to James VI and I (r. 1603-1625). 
The court accounts further describe the piercing at the top 
as lateral. 

Noél-Antoine Pluche’s extensive multivolume work on 
natural history, Le Spectacle de la Nature, features an il- 
lustrated briolette described as a pear-shaped diamond cut 
in the “taille a I’Indienne” or Indian style (1748, pp. 349- 
352). The comments by Pluche, along with the Indian ex- 
amples traded by Tavernier, point to the briolette form as 
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being associated with India. Several later books specifically 
state this association and even mention lateral piercing. A 
French encyclopedia from 1859 (Guillaumin, pp. 980-981) 
explains that “In India, where the briolettes formerly came 
from, it was customary to pierce them with a very small 
hole in the upper part. Today a few lapidaries in Amster- 
dam cut briolettes very well, but they haven't yet managed 
to pierce them.” 

By 1600, Italian, German, Flemish, and Belgian cutters 
worked in India (Everaert, 2000, 2005), bringing along 
their techniques and cutting styles to higher-quality 
rough. These faceted stones would then be sent to Europe 
(Ogden, 2018, pp. 297-305). For example, the briolette 
shown in Tavernier’s book may have been cut by a Euro- 
pean living in India rather than by a local Indian diamond 
cutter (there is no mention of a hole in the briolettes sold 
by Tavernier). Indian diamond cutters continued to follow 
their own styles, often cutting the lesser-quality rough 
destined for the Indian market. Short of documentation 
showing early briolettes with this specific facet arrange- 
ment by Indian cutters, dating the 6.19 ct briolette from 
Mr. Frank is impossible. 

The drill hole at the tip of this briolette (figure 33) is 
consistent with sawing techniques used to make holes in 
diamonds from the seventeenth century through the 
1970s. By the mid-1500s, iron wires coated with diamond 
dust and oil were used to saw through a diamond. By the 
early 1600s, lapidaries rotated a diamond-tipped iron point 
or iron drill with diamond powder to create a hole from 
each side. Once these two holes met and the opening was 
large enough, the wire was inserted and drawn back and 
forth, the apparent method used for this diamond. 

In 1811, Napoleon Bonaparte presented a 263 ct dia- 
mond briolette necklace to his empress consort, Marie 
Louise. It featured 19 oval- and pear-shaped briolette-cut 


Figure 33. The drill hole at the tip of the stone. Note 
the unique surface, a remnant of the process of draw- 
ing a wire coated with diamond dust and oil back 
and forth. Photomicrograph by Nathan Renfro; field 
of view 4.02 mm. 
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Figure 34. The trigon is a remnant of the original crys- 
tal’s surface. Photomicrograph by Christopher Ven- 
drell; field of view ~1.99 mm. 


diamonds (probably of Indian origin but faceted by Euro- 
pean cutters in India) with drill holes. The facet arrange- 
ments of the stones in the necklace are more symmetrical 
and quite different from the 6.19 ct briolette. 

It is unclear when laser drilling for larger holes began, 
but General Electric researchers used a laser to drill 0.02- 
inch-diameter holes into an industrial diamond in the early 
1960s (Overton, 2008, p. 46). As early as 1970, GIA’s Robert 
Crowningshield reported that lasers were being used as 
part of a process to bleach or dissolve dark inclusions, and 
soon this treatment was widely available to members of 
the trade (Overton, 2008, p. 46). This means that sometime 
after the 1970s, lasers would have been employed for the 
process of drilling holes for beads and such. Older briolettes 
that came into GIA’s laboratory would still have holes 
drilled by hand, but by the 1980s, this hand drilling process 
was mostly abandoned. Has GIA seen a handmade drill 
hole in diamonds in the past, and if so, how many? Uncov- 
ering records of hand-drilled diamonds submitted to the 
laboratory is quite difficult since records prior to the 1990s 
are not computerized for searching and briolettes are rarely 
seen. Notations about the surface of the drill hole are also 
uncommon in reports. Our research into past submissions 
did not yield any useful results. 

From the above, it is impossible to date this diamond, 
although it was probably cut before 1920 in India, possibly 
much earlier, but not by highly skilled cutters. 

The briolette is heavily abraded. One possible reason is 
that it was kept in a diamond parcel rubbing against other 
diamonds for a long time, though this seems unlikely. Why 
would any diamond merchant allow a diamond in their 
stock to become so excessively abraded? It was more likely 
worn in an item of jewelry, repeatedly wearing against 
other diamonds and being casually stored by the owner, 
suggesting an extended period of use. 

Of final note, there are several naturals on the surface 
of the briolette, including a trigon (figure 34). 
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SYNTHETICS AND SIMULANTS 


Phenakite as a diamond imitation. In my gemological lab- 
oratory, I see some interesting imitations from time to 
time. The latest was quite unusual: a set of 12 loose stones 
submitted as diamond (figure 35) for certification. Testing 
their thermal conductivity with a Presidium Gem Tester 
and their electrical conductivity with a Ceres Secure II de- 
vice indicated diamond and ruled out synthetic moissanite. 
The next property examined was fluorescence, and all the 
stones were completely inert to both short-wave and long- 
wave UV. It would be unusual for a group of 12 natural di- 
amonds to all be inert, so the next step was determining 
whether they might be laboratory-grown diamonds. Work- 
ing under the assumption that they were indeed diamonds 
as submitted, the stones were tested for short-wave UV 
transparency and all were very transparent, suggesting they 
could be type Ia (which would be consistent with labora- 
tory-grown near-colorless diamonds). Finally, I performed 
Raman analysis; instead of a sharp diamond peak at 1332 
cm, it showed only a small peak at 878 cm, indicating 
that these stones were not diamonds. 

Only then did I remember a natural crystal of 
phenakite, sold as diamond, that I tested a few years ago. 
It was very similar to natural rough diamond, but instead 
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pillow tops, etc.; hammers and and anvils 
and other tools for making their jewelry. 
The Trader even kept a stock of Mexican 
silver coins for them to hammer into finger 
rings, bracelets, necklaces. Often, or perhaps 
usually, the Indians were short of cash so 
they would take in some of the things they 
had made and barter, or trade them, for 
what they needed — hence the Indian 
“Trader” cognomen. 

Now these Indian jewelers like turquois 
jewelry for their own adornment and when 
they make an article for their own personal 
use they naturally put into it their best 
effort. But sometimes when a real pinch 
comes, instead of selling it, they pawn it 
with the Trader for emergency needs. In 
case it should not be redeemed on time the 
Trader becomes the owner. Since silver is 
rather soft and the Indian's life is usually 
a rugged one, the sharp newness of the 
article gives way to softer lines and a 
characteristic surface that cannot be fully 
imparted to it at the time the piece is made. 
It conveys the impression that someone else 
once cared for the article, 


It was with this in mind that we left the 
church scene to try to find some individual 
tribesmen who had that type of merchan- 
dise. We scored a little success on two such 
visits. Although most of the Zunis seemed 
unable to talk English passably well, they 
were adept at bargaining. Soon we were di- 
rected to the Chief of the Zuni tribe, who 
was reputed to be especially fond of tur- 
quois. 

A couple blocks away we found him in 
his large adobe house finished neatly on the 
outside with white plaster and built with a 
strong flat roof. It was apparently quite like 
all the other finer homes although possibly 
larger and better. We were admitted to a 
large room about 25x40 feet, with a ceiling 
about 15 feet high supported by huge logs 
about 16 or 18 inches in diameter spaced 
about six feet apart. The walls inside also 
were of white plaster. Near the center of 
the room was a tall wood-burning heater. 


The Chief, who probably was in his for- 
ties, was genteel in his appearance and in 
his clear but broken English. Around his 
neck hung several pounds of turquois jew- 
elry in the form of beads and silver-mounted 
pieces. (Sometimes, I was informed, Indians 
wear as much as 15 pounds of turquois 
around the neck and it is used as a medium 
of exchange in place of money.) 


Later in the afternoon, while still show- 
ing stones to His Highness, I was told that 
some activity was going on in the patio so I 
went to a window to look. Men with tall 
peaked caps, at least three feet above the 
head and of green and pink pastel colors, 
were bobbing around to the beat of the pe- 
culiar Indian music. All around the edge of 
the roof, as well as in the open end of the 
patio, were Indians solemnly watching the 
dancers, 

After returning to the business at hand 
darkness and colder weather sent several 
Indians inside to keep warm. Soon five or six 
blanketed figures were stretched out around 
the stoked-up heater, their motionless bodies 
radiating from the stove on the bare adobe 
floor, presumably asleep. 

After finishing some unimportant busi- 
ness with the Chief who seemed well 
pleased with our visit for some reason, he 
presented me with a crudely-made fetish as 
a token of his pleasure and good will. Fash- 
ioned of a piece of bone, hollowed out to 
hold some broken bits of turquois, it re- 
sembled a fox. (See Cover.) 

Soon after I left the home of the Chief I 
met one of the Traders and told him a little 
about my deals with the Indians. In a very 
friendly attitude he informed me that what 
I had done was technically illegal. ‘Since 
you do not have a license from the federal 
authorities to deal with Indians you are not 
allowed to sell to them. You can buy from 
them, but not sell to them.” 

Naturally I was concerned to learn that I 
had infringed on the law. “Does that apply 
everywhere?” T inquired further, “even to 
Indians who have gone to Hollywood? How 
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Figure 35. A set of phenakite gems ranging from 0.20 
to 0.98 ct, with a total weight of 5.85 carats, sold as 
diamonds. Photo by J. Hyrsl. 


of typical trigons, it had a surface covered by many rhombs. 
But its thermal conductivity was the same as diamond's, 
and therefore it was a plausible diamond imitation for a 
mineral or gem dealer without knowledge of crystallogra- 
phy. When I remembered this, the identification was 
easy—the refractive index of the loose cut stones was 
1.655-1.670, and the Raman line matched very well with 
phenakite. And upon further examination, the stones ap- 
peared doubly refractive in the microscope and polariscope. 

Phenakite is trigonal Be,SiO,, colorless, and similar to 
beryl. Normally it forms hexagonal prismatic crystals that 
look very different from diamond. Nevertheless, some 
crystals from Nigeria are irregularly developed (figure 36) 
and could be mistaken for a rough diamond without careful 
examination, especially if mixed with real diamonds. Cut 
stones are quite rare and well known only to collectors of 
rare gemstones. Distinguishing a cut phenakite from dia- 
mond is quite easy when one can measure refractive index, 
see a double refraction in the polariscope or microscope, or 
calculate weight from measurements. Much more difficult 
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Figure 36. Natural phenakite crystal from Nigeria, 
width 38 mm. Photo by J. Hyrsl. 


would be phenakite set in jewelry, where it can be very dif- 
ficult to measure RI. Cut phenakite has much lower bril- 
liance than diamond, of course, but can resemble 
low-quality cut diamonds. 


Jaroslav Hyrsl (hyrsI]@hotmail.com) 
Prague 


TREATMENTS 

ET 
An unusual treated agate presented as “Shi Zi Hong” agate 
from Liangshan. “Nanhong” agate, an attractive form of 
agate, mainly ranges from orange-red to purplish red, and 
is colored by the presence of fine-grained hematite inclu- 
sions. Nan and hong mean “south” and “red,” respectively. 
The material has gained great popularity in China’s domes- 
tic gem market in recent years. “Shi Zi Hong” agate, one 
of the most famous color varieties of “Nanhong” agate (Lin 
Li, “Analysis of gemological and petrological characteris- 
tics of Nanhong agate from Liangshan,” Chengdu Univer- 
sity of Technology, China, pp. 17-18), usually has a more 
vibrant saturated orange-red color and fine texture, so its 
price is higher. Shi zi and hong mean “persimmon” and 


Figure 37. This 5.74 ct 
treated agate sample 
(left) submitted to the 
lab resembled “Shi Zi 
Hong” agate (right). 
Photo by Su Xu. 
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Hematite in “Shi Zi Hong” agate 
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“Shi Zi Hong” agate host 


Figure 38. Under magnifica- 
tion and using fiber-optic 
illumination, some fine pin- 
points were distributed as 
hazy clouds in the rough 
agate. Raman spectroscopy 
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identified the main con- 
stituent of substrate in the 
sample as quartz (green trace) 
and red pinpoint as hematite 
(red trace), both consistent 
with “Shi Zi Hong” agate (in- 
dicated by the purple trace 
and the black trace). The 
sample also showed a sharp 
peak at 501 cnr and a broad 
band at 660 cnr", neither of 
which are seen in genuine 
“Shi Zi Hong” agate. Pho- 
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“red.” The majority of fine-quality Shi Zi Hong agate on 
the market has come from Liangshan Yi Autonomous Pre- 
fecture in Sichuan Province, China. 

In October 2020, an orange-red cabochon sample was 
presented to the National Gold-Silver Gem & Jewelry Qual- 
ity Supervision & Inspection Center (Sichuan) by a client 
who claimed it was a new type of Shi Zi Hong agate. The 
trader referred to it as “Meng Liao” agate (figure 37, left). 

The sample weighed 5.74 ct, and the appearance was 
similar to Shi Zi Hong agate (example shown in figure 37, 
right). The spot RI reading was around 1.54, and the sample 
was inert to UV radiation. Microscopic examination showed 
cryptocrystalline texture with red pinpoint-like inclusions 
scattered throughout, most of which were sufficiently fine 
to appear as hazy clouds under 40x magnification. 

Raman spectra of the substrate and red pinpoints were 
obtained using 532 nm laser excitation. According to the 
RRUFF online database, peaks at 126, 205, 261, 353, and 
464 cm indicated that the main constituent of the sub- 
strate was quartz, while the red pinpoints matched that of 
hematite, with peaks at 224, 244, 291, 410, 610, and 1320 
cm! (figure 38). Both were consistent with Shi Zi Hong 
agate. A sharp peak at 501 cnr, seldom observed in Shi Zi 
Hong agate, appeared in the spectra of the sample. This sig- 
nificant peak was assigned to stretching vibrations of 
(SiO,)* in the moganite structure. Based on a negative cor- 
relation between the relative content of moganite and the 
crystallinity of agate (Zhou Dan-yi et al., “Study on the re- 
lationship between the relative content of moganite and the 
crystallinity of quartzite jade by Raman scattering spec- 
troscopy, infrared absorption spectroscopy and X-ray diffrac- 
tion techniques,” Rock and Mineral Analysis, Vol. 3-4, No. 
6, 2016, pp. 652-658), we concluded that the crystallinity 
of natural Shi Zi Hong agate was much higher than that of 
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tomicrograph by Su Xu; field 
of view 0.22 mm. Spectra off- 
set for clarity. 


the sample. Another obvious anomaly was the broad band 
at 660 cm, which was found in the spectrum of the sample 
but was seldom observed in Shi Zi Hong agate, and this de- 
served further investigation. 

The client admitted that the “Meng Liao” agate was 
actually a normal brownish yellow agate heated by a low- 
temperature process. Meanwhile, he loaned us an un- 
treated rough stone (figure 39) for Raman analysis of its 
body and very fine yellow pinpoint inclusions. 

The substrate of the untreated rough stone and the 
“Meng Liao” agate sample submitted to the lab showed 
almost the same peaks in the region of 1000-100 cm“, 
suggesting that they might be homologous with each 


Figure 39. The untreated brownish yellow rough 
stone, approximately 17.0 x 22.0 x 1.5 mm, loaned by 
the client for analysis. Photo by Xiaoping Shi. 
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Figure 40. Raman spec- 
tra of the brownish yel- 
low rough stone: Peaks 
at 299, 389, 415, and 
550 cnr indicated 
goethite. Peaks at 126, 
205, 261, 353, 464, and 
501 cnr! were consis- 


tent with the treated 
agate sample submit- 
ted to the lab. Spectra 
are offset for clarity. 
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other. The spectrum of the yellow pinpoint, exhibiting 
peaks at 299, 389, 415, and 550 cm and lacking a 660 cm! 
band, matched the Raman spectrum for goethite and was 
related to the formation of color in the rough, as shown in 
figure 40. According to a previous report (D.L.A.de Faria 
and E.N. Lopes, “Heated goethite and natural hematite: 
Can Raman spectroscopy be used to differentiate them?” 
Vibrational Spectroscopy, Vol. 45, No. 2, 2007, pp. 117- 
121), the disordered hematite structure was initially 
formed by dehydration and caused the relative intense 
band at 660 cm by heating goethite at a low temperature 
(~140°C to 360°C). The natural hematite in Shi Zi Hong 
agate, by contrast, has features including a very weak 660 
cm! band and a high degree of order, by which genuine 
Shi Zi Hong agate can be distinguished from the brownish 
yellow agate that acquired an orange-red color by artifi- 
cially heating goethite. These results show that the agate 
submitted by the trader as “Meng Liao” agate, resembling 
Shi Zi Hong agate, can be readily detected by its unique 
Raman spectrum displaying an obvious broad band at 660 
cm and a sharp peak at 501 cm™. Consumers in the mar- 
ket for Shi Zi Hong agate should watch out for this treated 
material. 


Su Xu and Dapeng Chen 

National Gold-Silver Gem & Jewelry 

Quality Supervision & Inspection Center (Sichuan) 
Xiaoping Shi 

Sichuan Provincial Coal Design & Research Institute 
Chengdu, China 


Unusual fluorescence of a color-enhanced amber bracelet. 
Heat treatment is commonly applied to amber, mainly to 
improve its color or transparency. The method of heat 
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treatment to enhance the color of amber is informally 
called a “baking process,” which refers to the process of 
heating while applying pressure and adding oxygen (Y. 
Wang et al., “Experimental studies on the heat treatment 
of Baltic amber,” Summer 2014 GWG, pp. 142-150). Usu- 
ally, the light yellow amber will be darkened and turned 
brownish yellow or brownish red by such a process to in- 
crease its market value. Amber may also be heated to pro- 
duce sun spangles and sold as “flower amber” for its 
popular demand in the market. 

A bracelet recently sent to Taiwan Union Lab of Gem 
Research (TULAB) for identification services contained 
amber that was pale brownish yellow, transparent, and 
slightly included (figure 41). Raman spectroscopy and mi- 
croscopy confirmed the gems to be natural amber with an 
abundance of sun spangles, which were discoidal fractures 
caused by heat treatment. 

Color enhancement of amber is generally not de- 
tectable unless the amber itself has cracks or pores extend- 
ing to the surface during the baking process, in which case 
the color usually concentrates in these cracks and pores. 
Apart from that, amber that is color-enhanced by the bak- 
ing process mostly shows inert or faint yellow fluorescence 
under long-wave ultraviolet light; however, such fluores- 
cence may also occur in natural untreated amber. 

Microscopic observation of the amber bracelet revealed 
that the dark brown color was concentrated in all the sur- 
face-reaching fractures or sun spangles, but the sun span- 
gles wrapped inside all appeared in a lighter tone of yellow 
(figure 42). Thus, it was suspected that this amber bracelet 
had been baked to enhance color. 

In addition to the inclusion evidence, the amber 
bracelet’s long-wave ultraviolet fluorescence reaction un- 
expectedly presented a relatively bright blue along the 
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Figure 41. This bracelet contained amber (approxi- 
mately 10 mm each) that was color-enhanced by a 
baking process. Photo by Yu-Shan Chou. 


ridgelines and inert to faint yellow on the rest of the stone 
(figure 43). This abnormal fluorescence strongly indicated 
that the amber had indeed been baked to enhance its color 
and that the ridgelines were worn due to grinding or wear- 
ing, which removed the brown surface layer. This case is 
worthy of attention because a series of similar items have 
subsequently been submitted for identification. Tradition- 
ally, the color enhancement of amber has been confirmed 
only by inclusion evidence; however, the abnormal fluo- 
rescence of this object offered supporting evidence. 
Shu-Hong Lin 
Institute of Earth Sciences, 
National Taiwan Ocean University 
Taiwan Union Lab of Gem Research, Taipei 


Yu-Shan Chou and Kai-Yun Huang 
Taiwan Union Lab of Gem Research, Taipei 


Figure 42. Magnification revealed that the dark 
brown color was concentrated in the surface-reaching 
fractures or sun spangles, yet the sun spangles or frac- 
tures wrapped inside the amber were all yellow. 
Photomicrograph by Shu-Hong Lin. 
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Figure 43. Under long-wave ultraviolet light, the 
amber bracelet presented a surprising bright blue 
fluorescence on the ridgelines and inert or faint yel- 
low fluorescence on the other parts. Photo by Kai- 
Yun Huang. 


ANNOUNCEMENTS 
=| 
Fourth annual Gianmaria Buccellati Foundation Award. 
Belle Sin Ting Wong, a graduate of GIA’s Jewelry Design 
program in Hong Kong, received the fourth annual Gian- 
maria Buccellati Foundation Award for Excellence in Jew- 
elry Design. This year, the prestigious award was 
announced virtually due to the global pandemic shuttering 
the Tucson gem shows. Sin Ting Wong (figure 44) was one 
of nine finalists selected from a competing group of more 
than 100 students from GIA’s seven campuses. Her win- 
ning design was inspired by the Siamese fighting fish and 
features diamond, sapphire, pearl, jadeite, and enamel set 
in 18K yellow and white gold. 

Sin Ting Wong hopes to raise environmental awareness 
through this brooch design and advocates the use of sus- 
tainable products or “we might be very close to losing 
these beautiful creatures and quicken the pace of global 
warming.” 

She will travel to Italy, where she will have the oppor- 
tunity to meet Rosa Maria Bresciani Buccellati, the presi- 
dent of the foundation. 

Laurie Bailyn, GIA senior manager of jewelry manu- 
facturing arts, said, “It is incredible that so many students 
managed to complete their Jewelry Design studies in 
2020, despite the challenges of the global pandemic. 
Many of the beautiful, original designs that students cre- 
ated this year were inspired by themes of connection and 
community.” 

The 2021 Gianmaria Buccellati Foundation Award for 
Excellence in Jewelry Design competition is currently 
open to GIA Jewelry Design students who meet the eli- 
gibility requirements. For more information on entering 
the competition, visit gia.edu/buccellati-foundation- 
award-jewelry-design 
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Figure 44. Belle Sin Ting Wong received the Gian- 
maria Buccellati Foundation Award for Excellence in 
Jewelry Design for her diamond, sapphire, pearl, 
jadeite, and enamel brooch, inspired by the Siamese 
fighting fish. Photo by Johnny Leung and Tony Leung. 


IN MEMORIAM 


Jean Claude Michelou. The colored stone industry lost one 
of its true leaders with the passing of Jean Claude Michelou 
(figure 45) on May 3 at the age of 72. Mr. Michelou graduated 
from the London School of International Business and began 
selling emeralds in Colombia in 1977. The business he later 
established, Imperial Colors Ltd., specializes in rough buy- 
ing, grading, and cutting of emerald, tourmaline, beryl, and 
sapphire. He relocated the company to Bangkok in 2018. 

Mr. Michelou was active with the International Col- 
ored Gemstone Association (ICA), serving as a board mem- 
ber for 18 years and as vice president for 10 years. In 2004, 
he founded ICA’s quarterly magazine, InColor, and was its 
editor-in-chief until his retirement earlier this year. He was 
also a consultant for the United States Agency for Interna- 
tional Development (USAID), the World Bank, and other 
agencies on developing standards for the colored stone in- 
dustry. In addition, he served on the advisory board for the 
University of Delaware’s Gemstones and Sustainable De- 
velopment Knowledge Hub and organized the World Emer- 
ald Symposiums held in Bogota since 2015. 
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For more than a decade before his passing, Mr. Miche- 
lou had been deeply involved in several beneficiation proj- 
ects in source countries, including the Swat Valley emerald 
deposits of Pakistan and a Nigerian sapphire mining ven- 
ture. He shared his insights on supply chain transparency 
and beneficiation with GWG in the Spring 2018 issue 
(Gem News International, pp. 93-94). Over the years, Mr. 
Michelou was a valuable source of knowledge for this jour- 
nal and a mentor to many young industry professionals. 
We extend our condolences to his family and friends. 


ERRATUM 
SSS __z_z SSS 
In the Winter 2020 article by Sudarat Saeseaw et al. (“Low- 
temperature heat treatment of pink sapphires from Ilakaka, 
Madagascar,” pp. 448-457), the photo of sample PS11 after 
heating was incorrectly presented in table 1. The correct 
photo is shown in the online version of the article, avail- 
able at https://www.gia.edu/gems-gemology/winter-2020- 
ilakaka-pink-sapphires-heat-treatment 


Figure 45. Colored stone industry veteran Jean Claude 
Michelou was founder and longtime editor-in-chief of 
ICA’s quarterly, InColor. Photo by Vincent Pardieu. 
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artist acknowledges the subtle effects of fluorescence on diamond appearance—usually none. But when fluores- 
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cence is strong, it may soften the light/dark contrast with a unique glow. The proportions of the sketched dia- wnwwisc.org 
monds relate to the reported occurrence of fluorescence strength, starting with the most common (None to Faint) MIX 
and receding to Medium to Strong, all the way to the scarcely encountered Very Strong. King, a longtime senior Paper from 


leader of GIA’s laboratory, is an author of G&G’s Winter 1997 fluorescence article and many others. 
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EDITORIAL 


Effects of Blue Fluorescence on 
Diamond Appearance, Color Treatment 
and Brightening of ‘Edison’ Pearls, and a 
Pioneering Gemstone Market in Pakistan 


Welcome to the Summer installment of Gems & Gemology! This issue sizzles with new content, 
including the relationship between fluorescence and diamond appearance, a deep dive into the 
world of pearls with advances in color treatment detection and a comprehensive classification 
system, and the evolution of the Namak Mandi gemstone market in Peshawar, Pakistan. 


Our lead article looks at the long-debated effects of blue fluorescence on the appearance of 
diamonds with D-to-Z color é beted h d o 
sey cise neeeticre oie ..quantitatively characterizes the effects 
near-colorless diamonds possessing of fluorescence intensity on perceived 
strong or very strong fluorescence tran Sp aren cy an d app earance.. - 

will appear hazy or “oily? Others 

express concern that lower-color diamonds may appear one color grade better depending on 
fluorescence intensity. A GIA team led by Yun Luo quantitatively characterizes the effects of fluorescence intensity on 
perceived transparency and appearance to help reduce biases in the industry and promote consumer confidence. 


Advances in freshwater culturing techniques have dramatically improved the quality of freshwater cultured pearl 
output from China, making color treatment detection a key element of the identification process in gemological 
laboratories. In the second article of this issue, Chunhui Zhou and fellow researchers study 23 freshwater “Edison” 
pearls with a mix of natural and treated colors. A combination of various gemological tests and advanced analytical 
methods presented in this study prove effective in detecting color treatment and optical brightening. 


Next, Joyce Wing Yan Ho and Sally Chan Shih present GIA’s comprehensive pearl classification system based on 
seven value factors—size, shape, color, luster, surface, nacre, and matching. This article is accompanied by an 
illustrated wall chart intended as a valuable visual reference. 


In the final article, Habib Ur Rehman and coauthors journey to the Namak Mandi market in Peshawar, the largest 
rough gemstone trading hub in Pakistan. They document its transformation over the last 50 years from a salt 
market to the bustling “intersection of anxiety” engaged in modern gem commerce. The authors also examine the 
gemstone supply chain, the continued use of traditional cutting tools, and the shift toward ethical pricing and 
trading practices. 


As always, our regular columns provide an array of gemological insights from around the world. Highlights of the 
Lab Notes section include an impressive emerald imitation in the form of dyed beryl, a desirable Melo pearl discov- 
ered while preparing a Melo shell for consumption, and an exquisite opal strand displaying bright and vibrant 
play-of-color. The Micro-World section explores the inner landscapes of gemstones, offering a glimpse into Earth’s 
natural forces, including two high-quality diamonds with noteworthy green chromium-colored diopside and 
purplish pink pyrope garnet inclusions, respectively, and heavily etched blue beryl from Pakistan. In Gem News 
International, youl find a characterization of natural freshwater pearls from Russia, Scotland, and Germany, as well 
as an examination of 28 non-bead cultured freshwater pearls grown over 14 years in Lake Biwa, Japan (a precursor to 
amore detailed review), and much more. 


We hope you enjoy the latest issue of Gems & Gemology! 


OH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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MEASUREMENT AND CHARACTERIZATION 
OF THE EFFECTS OF BLUE FLUORESCENCE 
On DIAMOND APPEARANCE 


Yun Luo, David Nelson, Troy Ardon, and Christopher M. Breeding 


In this study, the effects of blue fluorescence on the appearance of diamonds—including table-down color, face- 
up color, brightness, and transparency—are quantitatively characterized using customized measurement systems. 
The results show that UV intensity in the light source affects table-down color, face-up color, and brightness of 
diamonds. A standardized lighting environment containing a fixed UV component is essential for accurate and 
consistent color evaluation that fully incorporates the effects of blue fluorescence. The “hazy” appearance that 
often impacts apparent diamond transparency is mainly attributed to light scattering from structural defects, but 
our results also indicate that strong fluorescence causes minor contrast loss in the face-up patterns of some pol- 
ished diamonds. The presence of both strong fluorescence and light-scattering structural defects increases the 
apparent haziness. The transparency changes induced by structural defects, fluorescence, or both can be charac- 
terized by a bulk contrast evaluation method using the diamond's face-up pattern. Fluorescence is an intrinsic 
property of diamond that can improve the color of some stones when they are exposed to a lighting environment 
with significant UV content, such as daylight, but fluorescence alone does not noticeably reduce transparency. 


generated lively discussion in the trade for 

decades. It is believed that diamonds with D to 
F color grades (i.e., colorless), which do not possess 
enough color to offset the presence of fluorescence, 
are prone to appear hazy when combined with strong 
or very strong blue fluorescence. Lower-color dia- 
monds with medium to very strong blue fluores- 
cence may appear up to one color grade better due to 
the blue fluorescence “neutralizing” the yellow 
color. The trade has expressed concerns that the true 
color of diamonds is not represented under light con- 
taining UV (<400 nm) and considers diamonds color 
graded under such light as over-graded (Cowing, 
2010). Conversely, some global markets believe that 
fluorescence may have a beneficial impact on color 
and thus lower-color diamonds with fluorescence 
will sell at a slight premium (table 1). These mixed 
perceptions on the effect of fluorescence on overall 
diamond appearance have impacted the value of dia- 


Feces in diamond is a subject that has 
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monds with fluorescence since the late 1970s but 
have been amplified in recent years (table 1). 

Based on visual observations under different light- 
ing conditions, several studies have investigated the ef- 
fect of blue fluorescence on the color and overall 
appearance of diamonds. Moses et al. (1997) concluded 
that strongly blue fluorescent diamonds were per- 


In Brief 


Fluorescence is an important property of gem diamonds 
that impacts their value and pricing in the marketplace. 


Analysis indicates that a gem diamond's visible color is 
only occasionally impacted in those with strong to very 
strong fluorescence and depends on the amount of UV 
in the light source. 


Modulation transfer function (MTF) is a very useful tool 
for examining contrast loss as a measurement of hazi- 
ness in gem diamonds. 


The hazy appearance sometimes observed in gem dia- 
monds is primarily caused by atomic-scale light scatter- 
ing defects or nano-inclusions. Strong fluorescence by 
itself does not cause haziness, but it may produce more 
contrast loss in some diamonds that already have a 
hazy appearance. 
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can they get along under such restrictions? 
They have to buy many things to live.” 

“Oh,” he replied, “when the Indian is 
away from the reservation and out on his 
own doing business they do not enforce the 
Provisions.” 

Although I was certain that the author- 
ities would not bother one on so small an 
infringement I wanted to learn so I asked, 
“What might they do in such a case?” 

“They might,” he replied, “write and de- 
mand that you appear at Fort Defiance to 
explain the matter.” 

Before leaving Zuni I went back to the 
other Trader and explained frankly what I 
had done. Then I sort of turned the dealings 
over to him by giving him a few stones as 
a commission. This I felt would serve to 
demonstrate that the infringement was inno- 
cently done. 

By this time the real climax of the cele- 
bration, the Rain Dance, was soon to take 
place. Joining the general traffic we shiv- 
ered our way down the street to a capacious 
shed-like hall. The crowd, composed almost 
entirely of Indians, was arranged all around 
the sides of the room to leave the center clear 
for the dusky dancers. Luckily, we found 
ourselves quite close to the orchestra which 
was to be the point of special interest. Soon 
the music started and the pom, pom, pom of 
the kettle drums, accompanied by some high- 
pitched wind instruments with which I was 
not acquainted, started the moccasined feet 
of three or four men dancers stomping back 
and forth before the orchestra. 


Although I cannot recall the appearance 
of the costumes worn by the various partici- 
pants, I remember quite vividly the broad- 
bladed, blunt-ended, short swords with about 
ten-inch blades that were flourished about by 
two of the dancers. Why do I still see those 
long knives? To my amazement, during a 
certain rhythm of the music, both knife- 


wielding Indians threw their heads back and 


in exact unison plunged the long blades 
down their throats, and as quickly withdrew 
them without losing step with the music. 


FALL 1953 


¢ Indian dancer swallowing plumed arrow 
as author saw other dancers swallow 
swords during Zuni Rain Dance. 


Photograph courtesy Southwest Museum, 
Los Angeles. 


After perambulating around a bit more one 
of the swordsmen danced up to an Indian 
pounding a drum, who in turn threw his 
head back and opened his mouth while the 
sword was slipped down his gullet and 
pulled out with the same incredible facility 
as was evidenced in the former instance. Ac- 
cording to my best recollection, the act was 
performed without apparent discomfort and 
without any aversion to an unclean blade but 
with a sober spirit of cooperation. And the 
Indians in the audience, just as stoically, 
watched the procedure without applause. 
After this sensational Rain Dance I expected 
to go out and find it raining, but only cold 
dry weather greeted us. 
(To be continued) 
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ceived to have a better color appearance when viewed 
face-up, with no discernible trend table-down, and that 
there was no observable relationship between fluores- 
cence and transparency. Bouman et al. (2018) found 
that diamonds observed table-down in outdoor condi- 
tions showed improved color grades, whereas fluores- 
cence did not directly correlate with the color grade in 
the face-up position. Despite no clear evidence of flu- 
orescence negatively affecting diamond color and ap- 
pearance in these studies, pricing adjustments based 
on fluorescence continue in the trade (tables 1 and 2). 

Historically, three major challenges needed to be 
overcome in order to understand better the effect of 
fluorescence on diamond appearance: the lack of a 
standard methodology to quantify color and fluores- 
cence, the fact that color and fluorescence correspond 
to a range of values, and the lack of an accepted illu- 
mination standard. 

The absence of a standardized characterization sys- 
tem, together with the fact that both color grades and 
fluorescence evaluations correspond to a range of 
measurable values, makes consistent and accurate vi- 
sual comparison difficult. For example, if we choose a 
high K color (closer to J) diamond with medium-low 
blue fluorescence to compare with a low K (closer to 
L) stone with medium-high blue fluorescence, the ef- 
fect of medium fluorescence will be different because 
the two samples fall at opposite ends of continuous yet 
independent ranges for both color and fluorescence. 
Even with carefully aligned visual observations and 
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Figure 1. The 127.01 ct 
Portuguese diamond 
was graded by GIA as 
M color and VS, clarity 
(A,B) with very strong 
blue fluorescence (C); 
photos courtesy of the 
Smithsonian Institu- 
tion. The Portuguese di- 
amond has been cited 
as a classic example of a 
stone being “over blue” 
and exhibiting a notice- 
ably oily or hazy ap- 
pearance (D). It is also 
shown being worn by 
American actress Peggy 
Hopkins Joyce (E). Pho- 
tos by NMNH Photo 
Services (A), Chip Clark 
(B), and Harold & Erica 
Van Pelt (D). 


spectroscopy-based measurement techniques for color 
and fluorescence, we still need image-based measure- 
ments that more accurately reflect how the stones ap- 
pear in “real life” and can be directly linked to human 
visual perception. No previous study has utilized im- 
aging systems to demonstrate and quantify the effects 
of fluorescence on diamond appearance. Even if we can 
visually identify the effect of fluorescence on face-up 
color by comparing very strongly fluorescent stones 
against inert stones under certain lighting conditions, 
these differences are not readily obvious in images 
taken under different lighting environments. 

Figure 1 shows the famous 127.01 ct Portuguese 
diamond, housed at the Smithsonian Institution. It 
has been cited as a classic example of a very strong 
blue fluorescent diamond displaying a noticeably oily 
or hazy appearance. Photos of this legendary dia- 
mond taken under different lighting setups show var- 
ious aspects of its appearance, including clarity, color, 
and haziness. It is not easy to find the right combi- 
nation of illumination and camera resolution to ac- 
curately and precisely display these effects with 
sufficient reproducibility. 

The last but perhaps most important challenge is 
the standardization of illumination for color meas- 
urement and visual observation. In King et al. (2008), 
the GIA team concluded that a standard light source 
for diamond color grading should possess key day- 
light elements—including a UV component to truly 
and accurately represent how a diamond appears to 
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TABLE 1. Approximate percentage pricing differential from nonfluorescent diamonds. 


Clarity Grade 
Color | FL Intensity 
Grade} (blue) IF to VVS VS Sl 
2017 2020 2017 2020 2017 2020 

Very Strong | -10 to-15% n/a —6 to-10% n/a 0 to-3% n/a 
D-F Strong -7 to-10% -18 to-25% -3to-5% -12 to-22% 0 to-1% -8 to-16% 
Medium -3 to-7% -14to-21% -1 to-2% -9 to-17% 0 -6 to-13% 
Faint -1% -9to-15% 0%  -6to-12% 0 -4 to -8% 

Very Strong} —7 to-10% na -3 to-5% n/a 0 n/a 
GH Strong —5 to-7% -13 to-17% —2to-3% -10to-15% 0 -7 to-11% 
Medium -1to-3% -10to-14% 0 to -2% -8 to-12% 0 —5 to-8% 
Faint -1%  -7to-11% 0 —5 to-9% 0 -3 to-5% 

Very Strong 0 to +2% n/a 0 to +2% n/a 0 to +2% n/a 
LK Strong 0to+2% 6 to-12% 0to+2% 5 to-11% 0 to +2% —4 to -10% 
Medium 0 to +2% —5 to-9% 0 to +2% —4 to -8% 0 to +2% -3 to-7% 
Faint 0 —4 to-6% 0 -3 to-5% 0 -2 to-4% 

Very Strong 0 to +2% n/a 0 to +2% n/a 0 to +2% n/a 

L-M Strong 0 to +2% n/a 0 to +2% n/a 0 to +2% n/a 

Medium 0 to +2% n/a 0 to +2% n/a 0 to +2% n/a 

Faint 0 n/a 0 n/a 0 n/a 


Data source: Rapaport price lists (https://www.diamonds.net/Prices/Detailedinto.aspx) 


n/a: data not available from Rapaport 2020 update 


the human eye. For the results of this study to ulti- 
mately have significance for the diamond trade and its 
practices and regulations, we require an illumination 
standard that includes UV content and thus accounts 
for the effects of fluorescence on diamond appearance. 

Taking advantage of recent technological advances, 
the focus of this study was to use customized, image- 
based measurement systems to quantitatively charac- 
terize the effect of fluorescence on the color, 
brightness (i.e., the internal and external white light 
return), and transparency of gem diamonds viewed in 
both table-down and face-up orientations under well- 
characterized lighting conditions. Our goal is to pro- 


vide a better understanding of the effect of blue fluo- 
rescence on diamond appearance and quantify it in- 
strumentally. We believe this will help to reduce the 
confusion and biases in the industry and serve as a 
solid scientific foundation to ensure public trust with 
respect to diamond fluorescence. 


MATERIALS AND METHODS 

Polished Diamond Samples. Four sets of round bril- 
liant diamonds, color graded by GIA as D, FE, G, andH, 
were used to measure table-down and face-up color. 
Each set was assembled with the same color grade and 


TABLE 2. Average price for one-carat, VS -clarity, triple EX (a trade term for Excellent cut, 
polish, and symmetry), round brilliant cut diamonds with different fluorescence intensities. 


pete NON FNT MED STR VST FNT = MED STR VST 
D $8613 | $7860 $7425 $7171 $6748 | 9% 14% 17% 22% 
E $8082 | $7463 $6816 $6389 $6282 8% 16% 21% 22% 
F $7689 | $7007 $6527 $6432 9% 15% 16% 
G $6877 | $6536 $6047 $5941 5% 12% 14% 
H $6675 | $6220 $5917 $5544 = $5346: | -7% 11% 17% 20% 
| $5705 | $5395 $5226 $4942 $4628 | 5% 8% 13% 19% 
J $4933 | $4314 $4411 $4209 13%  -11% 15% 


Data source: Diamond prices posted on Blue Nile for October 26, 2019 (www.bluenile.com) 
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TABLE 3. Four sets of round brilliant diamonds examined in this study. 


Sample Shape Color Fluorescence Weight Cut Symmetry Polish Table Depth Crown Pavilion — Girdle 
ID Intensity (ct) (%) (%) Angle Angle Thickness 
©) (°) (%) 
x0237 Round D NON 0.53 EX EX EX 58 61.3 33.6 41.3 3.4 
x4632 Round D FNT 0.61 EX EX EX 59 61.0 32.4 41.3 4.4 
x0517 Round D MED 0.74 EX EX EX 58 61.3 34.0 41.2 3.6 
x8912 Round D STR 0.61 EX EX EX 59 60.9 33.4 41.4 3.3 
x8789 Round D VST 0.63 EX EX EX 58 60.9 33.4 41.2 3:0 
x0059 Round F NON 0.56 EX EX EX 58 61.7 34.9 41.2 3.4 
x7519 Round F FNT 0.50 EX EX EX 57 61.7 34.7 414 2.8 
x8316 Round F MED 0.52 EX EX EX 58 61.9 34.5 41.3 3D. 
x7510 Round F STR 0.51 EX EX EX 58 61.9 34.6 41.3 3.3 
x8814 Round F VST 0.62 EX EX EX 58 61.6 34.2 41.3 3.5 
x2150 Round G NON 0.51 EX EX EX 57 62.1 34.5 41.2 3.6 
x2008 Round G FNT 0.52 EX EX EX 57 62.3 35.0 41.2 3.6 
x1977 Round G MED 0.41 EX EX EX 57 62.5 34.9 41.1 4.0 
x2109 Round G STR 0.51 EX EX EX 57 62.1 35.0 41.0 3.7 
x2356 Round G VST 0.50 EX EX EX 57 62.3 35.1 40.8 4.0 
x7596 Round H NON 0.53 EX EX EX 57 61.6 34.3 41.0 3.7 
x0271 Round H FNT 0.50 EX EX EX a7 61.5 34.0 41.3 3.3 
x7635 Round H MED 0.51 EX EX EX 57 61.3 33.7 41.0 3.4 
x8812 Round H STR 0.61 EX EX EX 58 61.2 33.9 41.2 3.0 
x8937 Round H VST 0.54 EX EX EX 57 61.4 34.4 41.0 3.4 


similar sizes and proportions, but with fluorescence 
intensities varying from None to Very Strong (table 3). 
All faceted diamonds used in this study carried GIA 
reports and represented a range of diamond types. 


TABLE 4. The 13 diamond plates used in this study, sorted 
by fluorescence intensity according to lightness values from 
fluorescence measurements. 


Sample ID Thickness(mm) Lightness Strain Diamond Type 
5358_A 1.709 3 Medium laB 
CBP-0368 4.314 3 Strong laAB (low) 
CBP-0069 2.205 6 Medium laAB 
CBP-0632 3.057 7 Strong laAB 
5359_A 0.876 12 Medium laB 
CBP-0413 2.661 37 Weak laAB 
CBP-0067 2.761 39 None laAB 
CBP-0098 2.225 43 None laAB 
CBP-0929 3.745 44 Strong laB>A 
CBP-0151 2.437 46 None laAB 
CBP-0033 2.768 47 None laAB 
CBP-0361 2.864 49 Strong laB>A 
CBP-0926 2.467 62 Strong laB>A 


Higher lightness value corresponds to stronger fluorescence intensity. 
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Diamond Plates. Eleven rough and two faceted dia- 
monds were cut into plates with parallel windows 
(table 4). All samples were analyzed by ultraviolet/ 
visible/near-infrared (UV-Vis-NIR), Fourier-transform 
infrared (FTIR), and photoluminescence (PL) spec- 
troscopy to provide additional information about the 
diamond type and atomic structural defects present. 
In addition, the birefringence of each sample was ex- 
amined under crossed polarized light in the micro- 
scope to assess internal strain. Color and fluorescence 
intensity were characterized for correlation with the 
transparency and contrast studies. 


Color Measurement Systems. Two customized im- 
aging systems were set up to measure the table-down 
and face-up color of diamond samples in this study. 
The table-down color measurement system consists 
of a sample chamber with a rotational stage, a light 
integration hemisphere, a lens-camera assembly, and 
a light source with tunable UV content (figure 2.A). 
The emission spectra from the light source show four 
steps of UV intensity (0, 25, 50, and 100% LED power 
with UV emission at 368 nm, corresponding to cal- 
culated UV content of <1, 2,3, and 5%, respectively). 
For the purposes of this study, UV content refers to 


Gems & GEMOLOGY Summer 2021 105 


2A 


LED Controller 
with Tunable UV 


Teflon Hemisphere Telecentric Lens 


Ring LED Array 


Rotating Teflon Stage 


Stepper Motor 


2B 


Dichroic Filter Diffuser Teflon Lid 


BSS eee 


Fiber-Optic Ring 


Be | ee ——_—ao__ Glass Stage 
UV LED i 
—— Teflon Hemisphere 
LED ; 
Controllers Telecentric Lens 


Camera 


INTENSITY 


EMISSION SPECTRA 
0.3 


2.04 
0.2 4 


0154 


0.0 T T T 
360 370 380 390 


400 


INTENSITY 


— 0 power (<1% UV) 
—— 25% power (2% UV) 
— 50% power (3% UV) 
—— 100% power (5% UV) 
Halogen 


0.5 4 


0.0 


T T T T T T 
360 410 460 510 560 610 660 710 760 


WAVELENGTH (nm) 


70000 - 


0 power (0% UV) 
10% power (3% UV) 
20% power (5% UV) 
40% power (7% UV) 
60% power (10% UV) 
( 
r 


60000 4 


50000 = 


80% power (13% UV) 
100% power (16% UV) 


40000 + 


30000 = 


20000 + 


10000 + 


0 
T T T T T T T 
350 400 450 500 550 600 650 700 750 


WAVELENGTH (nm) 


Figure 2. Color measurement experiment setups used for this study include both table-down and face-up systems. 
2A is the table-down color measurement system (left), together with its LED light spectra at different UV intensi- 
ties compared to a halogen light source with daylight filter (right). 2B shows the face-up color measurement sys- 
tem (left) and the spectra of the light source with different UV intensities (right). 


the percentage of the total emission that occurs in 
the UV range (300-400 nm) and is defined as follows: 


area under UV part of emission curve at 300-400 nm 


% UV= 
7 area under complete emission curve at 300-850 nm 


x100 


The face-up color measurement system was config- 
ured using a sample chamber, lens-camera assembly, 
anda light source with tunable UV intensity (366 nm 
emission) at increments of 0, 10, 20, 40, 60, 80, and 
100% LED power, corresponding to calculated UV 
content of ~0, 3, 5, 7, 10, 13, and 16%, respectively 
(figure 2B). Both of these color measurement systems 
were based on image processing technology. In the 
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table-down measurement system, the numerical val- 
ues of lightness, chroma, and hue (LCH; described in 
box A) are used to characterize the effect of fluores- 
cence on table-down diamond color in precise incre- 
ments. Note that reported LCH values have been 
normalized to light background values. Due to cam- 
era software differences, values for hue, saturation, 
and lightness (see box A) were used in the face-up 
measurement system to correlate color grades and 
brightness with fluorescence. 


Fluorescence Measurement System. A fluorescence 
measurement system consisting of a sample cham- 
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Figure 3. The fluorescence measurement experiment 
setup used in this study. 


ber with a rotational stage, a lens-camera assembly, 
and a 365 nm UV-LED source was set up to measure 
the fluorescence intensity of diamond samples in 
this study (figure 3). 


Microscope Imaging. A darkfield imaging system 
was designed to produce images that represent how 
diamonds would be viewed during grading. The sys- 
tem consists of a Nikon D800E, a Nikon SB-900 
Speedlight, a Sigma 150 mm macro lens, a Stackshot 
macro rail package, and custom mounting fixtures. 
Software to control the camera and Stackshot hard- 
ware were used to automatically capture and stack a 
series of images for each diamond through a range of 
focal planes. The final processed images were used 
in this study to evaluate face-up appearance. 

We set up two different microscopes to help un- 
derstand the effect of blue fluorescence on diamond 
appearance under magnification. As shown in figure 
4, the standard GIA microscope contains a UV com- 
ponent in the fluorescent overhead lamp and from 
the halogen bulb in the recessed light chamber used 
for darkfield illumination. The other testing micro- 
scope, an LED-based system, has no UV peak but 
does have some emissions in the wavelength range 
of 400 to 420 nm from the overhead lamp. The dark- 
field illumination of this testing microscope contains 
absolutely no UV or observable wavelengths below 
420 nm (i.e., it is completely lacking a UV compo- 
nent]. Photos of stones under the microscope were 
taken by camera through the ocular lens. 


Figure 4. Light spectra collected from a standard GIA microscope overhead fluorescent lamp and darkfield illumi- 
nation in the recessed light chamber (halogen) show that both contain a UV component (left). For comparison, 
spectra from an LED testing microscope with no UV component (either in the overhead lamp or in darkfield illu- 


mination) are shown on the right. 
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Box A: MEASURE WHAT YOU SEE—COLOR AND FLUORESCENCE 


Whenever an object is viewed, the color seen is a result of 
the interaction of the light source, the viewer, and the ob- 
ject. In attempting to achieve an accurate and consistent 
color and fluorescence intensity evaluation, it is impor- 
tant to use a standardized lighting environment that cre- 
ates reproducible measurement results that characterize 
color and fluorescence intensity in a quantitative fashion. 


Light Sources and Iluminants. A light source is a physical 
device that emits light with relative energy distribution 
in the ultraviolet to visible spectral range. It can be turned 
on and off and used in visual color evaluation. 

The color temperature of a light source is the tempera- 
ture of an ideal black-body radiator that radiates light of a 
color comparable to that of the light source, expressed in 
kelvins (K). There are three common color temperature 
ranges: warm light (2700 K to 3000 K), cool white (3000 K 
to 5000 K), and daylight (5000 K to 6500 K). 

An illuminant is an emission spectrum defined math- 
ematically by a relative spectral power distribution that 
may or may not be physically achievable as a source. 

By CIE definitions, the commonly used “illuminant 
A” represents incandescent light from a tungsten fila- 
ment and the “illuminant F” series represents a range of 
fluorescent lamps. Both can be readily reproduced. The D 
series illuminants represent natural daylight and include 
D65 (which refers to average zenith daylight at noon with 
a correlated color temperature of approximately 6500 K) 
and D50 (which typically refers to horizon daylight in the 
early morning or late afternoon with a correlated color 
temperature of approximately 5000 K). Unlike illuminant 
A and F series, the D series illuminants were defined as 
having specific correlated color temperature, chromatic- 
ity, and spectral power distribution, without correspon- 
ding standard light sources (visit https://cie.co.at/ for 
more information). Although natural daylight is com- 
monly referred to as a standard light, the appearance and 
spectral characteristics of natural daylight are affected by 
various conditions such as the season, time of day, atmos- 
pheric conditions, and altitude. All of these factors affect 
how we can accurately and consistently evaluate color 
appearance under natural daylight. Thus, the use of sim- 
ulated daylight has become the standard and accepted 
method for accurate color quality evaluations in many in- 
dustries such as paints, plastics, textiles, graphic arts, and 
computer technology. It is important to note that various 
common sources available in the market to simulate day- 
light may be quite different in spectral power distribution 
from each other and even from any real natural daylight. 
Sunlight at the earth’s surface typically has a UV compo- 
nent between 3% and 5% (calculated from “Reference 
Solar Spectral Irradiance: Air Mass 1.5,” National Renew- 
able Energy Laboratory, www.nrel.gov/grid/solar- 
resource/spectra-am1.5.html). Therefore, a standardized 
daylight spectrum containing a UV component is essen- 
tial to providing realistic, accurate, and consistent color 
and fluorescence intensity evaluations for diamond. 
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Figure A-1. Light can interact with a faceted diamond in 
several different ways, as shown here. 


Light Interaction with Diamonds. When light strikes a di- 
amond, a small fraction of the light is reflected while the 
rest is transmitted through the stone. As the light passes 
through, it may be refracted, absorbed, or scattered by 
atomic-scale defects in the diamond structure or inclu- 
sions, and it can be internally reflected by specially 
arranged facets in a well-cut diamond. Ultimately, the re- 
sultant wavelengths of light that exit the stone and return 
to the observer create the color of the diamond (figure A- 
1). Scattering occurs when the transmitted and internally 
reflected light interacts with microscopic foreign particles 
or atomic-scale structural imperfections, causing the light 
to change directions. In most cases, scattering is thought 
to be responsible for an apparent reduction in contrast and 
a hazy appearance. When the particulate matter that is 
often responsible for light scattering is the same size or 
smaller than the wavelength of light in the visible range 
(400-700 nm), the scattering will cause a milky opales- 
cence phenomenon known as the Tyndall effect. While 
scattering does affect appearance, absorption of the light 
by atomic-scale defects tends to have the greatest impact 
on diamond color by preventing particular wavelengths 
from being transmitted to our eyes. Additionally, when 
the UV component of light is absorbed by certain diamond 
defects, additional light of a different wavelength in the 
visible range is often emitted, and this is known as fluo- 
rescence. In this paper, we specifically examined the im- 
pact of blue fluorescence (by far the most common 
fluorescence color in natural diamond) on the appearance 
of faceted diamonds. 


Color Space. There are different color spaces defined by the 
color science community to communicate and express the 
color of objects. GIA describes color in terms of hue, tone, 
and saturation (King et al., 1994). Hue refers to the dia- 
mond’s characteristic color, tone to the color’s relative light- 
ness or darkness, and saturation to the color’s depth or 
strength. In this study, we use CIE L*C*H color space (figure 
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Lightness. 


Figure A-2. Conventional color space includes three at- 
tributes: lightness, chroma, and hue. 


A-2) according to GIA convention to evaluate color attrib- 
utes and accurately express color and fluorescence intensity 
measurements in numerical terms. In this color space, L in- 
dicates lightness (also referred to as tone), C represents 
chroma (also known as saturation), and H is the hue. 


Lightness (tone): The attribute by which a perceived color 
is judged to be equivalent to one of a series of grays ranging 
from black to white (ASTM, 1996). 


Chroma (saturation): The attribute used to indicate the 
color’s degree of departure from a gray of the same light- 
ness (ASTM, 1996). It typically refers to a color’s purity, 
intensity, or saturation. 
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Hue: The attribute of color perception by means of which 
a color is judged to be red, orange, yellow, green, blue, pur- 
ple, or intermediate between adjacent pairs of these, con- 
sidered in a closed ring (ASTM, 1996). 


Due to system limitations, HSL color space was used 
for color evaluation in the face-up measurement system. 
While broadly comparable to LCH, the HSL color space 
consists of H indicating hue angle, S representing satura- 
tion, and L indicating lightness (H and L are defined above, 
while S correlates with chroma). 


Color and Fluorescence Measurements. To help readers bet- 
ter understand the correlation of color terminology with 
the visual appearance of diamonds, figure A-3 shows images 
of four GIA research stones with numerical values for light- 
ness, chroma, and hue using the color measurement exper- 
iment setup with a halogen light source with daylight filter. 
All of the research stones are in the D-to-Z yellow hue 
range, and chroma measurements are indicative of the GIA 
color grades D, H, J, and L. 

Figure A-4 shows a different set of four research 
stones under UV light (365 nm). Their blue fluorescence 
intensities are indicated by the lightness measurement 
under UV, which corresponded to Faint and Strong fluo- 
rescence descriptions as reported by GIA. These are use- 
ful examples to show that each fluorescence description 
covers a range of actual fluorescence intensities. Samples 
A and B are both described as having Faint fluorescence, 
while samples C and D are reported as Strong, despite 
the obvious differences in lightness and apparent fluores- 
cence intensities. 


Diamonds under UV LED 


FL lightness = 14.8 
Faint fluorescence 


Figure A-4. Flu- 
orescence meas- 
urements on a 
set of GIA re- 
search stones 
show the corre- 
lation between 
fluorescence in- 
tensity and 
lightness. 
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Figure 5. Trends of chroma, lightness, and hue can be seen under different UV intensities using the table-down color 
measurement system on D, F, G, and H color sample sets. The four consecutive data points in each color and fluores- 
cence value (from left to right in each grouping) represent data collected at UV increments of <1%, 2%, 3%, and 5%. 
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Figure 6. Stones in the F color set with fluorescence descriptions of None and Very Strong are seen without UV and 
with high UV intensities from the table-down color measurement system, along with corresponding attributes. 


Modulation Transfer Function Measurement System. 
A modulation transfer function (MTF) measurement 
system was configured using a sample chamber, a 
lens-camera assembly, a light source with tunable UV 
content, and a micro slide with a sinusoidal array. The 
MTF measurement system uses image processing 
technology to produce percentage contrast values 
from the sinusoidal array target. Box B explains how 
MTF can be used to assess diamond transparency. 


RESULTS 


Table-Down Color. Similarly sized diamonds repre- 
senting a cross section of color grades and fluores- 
cence descriptions were measured on the table-down 
color measurement system (table 3). Each sample 
was measured under the same lighting environment 
with UV content of <1%, 2%, 3%, and 5% at 368 
nm. Figure 5A shows how chroma values change 
with different UV intensities for D-, F-, G-, and H- 
color diamonds with fluorescence descriptions of 
None, Faint, Medium, Strong, and Very Strong. Dia- 
monds with fluorescence descriptions of None or 
Faint show a negligible difference in chroma values 
as the UV content increases. Those with Medium 
fluorescence start to show a slight decrease in 
chroma values as UV content increases. Diamonds 
with Strong or Very Strong fluorescence descriptions 
show obvious reductions in chroma values with in- 
creasing UV content. The color can change as much 
as two color grades for diamonds with Very Strong 
fluorescence as UV content increases from <1% to 
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5%. The D-color diamond with Very Strong fluores- 
cence shows a sharp reduction in chroma between 
<1% and 2% UV content, followed by a sharp in- 
crease in chroma as UV content increases to 3% and 
5%. The reduction in chroma corresponds to a desat- 
uration of the subtle yellow color component as it 
becomes “neutralized” by blue fluorescence; the in- 
crease in chroma is caused by the fluorescence emis- 
sion, which begins to dominate the color and shifts 
the hue from yellow toward blue. 

Figures 5B and 5C show how lightness and hue 
values for these diamonds change under different UV 
intensities. For lightness, D- and F-color diamonds 
do not show an obvious change as UV content in- 
creases, whereas nearly all G- and H-color diamonds 
show a consistent decrease in lightness values across 
fluorescence descriptions. Diamonds with fluores- 
cence descriptions of None or Faint show negligible 
changes in hue value as UV content increases. Dia- 
monds with Medium fluorescence start to show 
some change in hue value with higher UV content, 
and those with Strong or Very Strong fluorescence 
show sharp changes in hue value as UV content in- 
creases. The D-color diamond with Very Strong flu- 
orescence shows a significant change in hue value, 
from 100 to-80, as UV content increases to 3%. This 
dramatic change in hue value represents a hue 
change from yellow to blue. 

The diamonds in the F color set with fluorescence 
descriptions of None and Very Strong are shown in 
figure 6 in lighting environments with no UV con- 
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Figure 7. The same stones in the F color set from figure 6 are seen here without UV and with maximum UV inten- 
sities from the face-up imaging system, along with corresponding attributes. 


tent (<1%) and with relatively high UV content (5%) 
when table-down color measurements were made. 
When we add UV to the lighting environment, there 
is no obvious color change in the diamond with a flu- 
orescence description of None. The diamond with 
Very Strong fluorescence, however, shows a desatu- 
rated color as UV is added to the lighting environ- 
ment. This demonstrates how blue fluorescence can 
neutralize a yellow color in some diamonds by the 
complementary color principle. The hue angle 
moved from normal yellow (95) to blue (82), and the 
chroma value decreased from 2.3 to 0.8. 


Face-Up Color. Faceted diamonds (table 3) with a 
range of fluorescence descriptions were imaged using 
light with incrementally higher UV content. For each 
face-up image, a square region confined to the table 
of the diamond was selected for measurement. The 
average hue, saturation, and lightness for the array of 
pixels in the selected area were calculated for each 
image. A diamond's face-up color is affected by the 
pattern and reflections from light return, which de- 
pend mainly on cutting parameters. Thus, the quan- 
tified hue, saturation, and lightness values in this 
process are not comparable to the color derived from 
the table-down color measurement system. Using 
the stone with a fluorescence description of None in 
each color grade as the baseline, the resulting values 
are compared to the level of UV content for the re- 
lated images to examine the effect of UV on the face- 
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up color and appearance of diamonds with different 
fluorescence descriptions. 

The color of diamonds with weak or no fluores- 
cence is shown to be unaffected by UV, while the color 
of diamonds with stronger fluorescence is systemati- 
cally altered. The stones in the F color set with fluo- 
rescence descriptions of None and Very Strong from 
the face-up imaging system show that for diamonds 
with little to no fluorescence, the color and appear- 
ance do not change with the addition of UV, but for 
diamonds with fluorescence, the addition of UV 
causes the hue and lightness values to increase and 
saturation to decrease. This makes sense if we con- 
sider that the mechanism of fluorescence converts in- 
visible UV light into visible light, thereby increasing 
the observed light return. Saturation values for dia- 
monds with fluorescence are reduced with exposure 
to UV as the blue fluorescence neutralizes their nor- 
mally yellow hue. However, if the measured hue 
changed from the yellow to blue range, we may see a 
slight increase in saturation with increasing UV (figure 
7, bottom). Our results are consistent with the face- 
up trends visually observed by Moses et al. (1997), 
which suggested that the strongly fluorescent dia- 
monds were perceived to have a better color appear- 
ance when viewed face-up. 


Transparency. Microscope Imaging. Figure 8 shows 
a D-color diamond with Very Strong fluorescence (left) 
next to a nonfluorescent D-color diamond (right) 
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CONTEMPORARY JEWELLERY AND 
SILVER DESIGN by E. D. S. Bradford, 
published by Pitman Publishing Corporation, 
New York, Toronto, London. $6.00. 134 
pages including index, excellently illustrated. 
Reviewed by B. Butler. 

This well-illustrated book can not fail to 
be of interest to those who are studying 
present day design in silver and jewelry, and 
also to all those who are interested in mak- 
ing, buying or selling examples of art in 
silver and design. 

As Mr. Bradford explains in the introduc- 
tion, the object of the book has not been an 
attempt to teach but only to summarize 
those present day trends in Great Britain in 
respect to design, execution and craftsman- 
ship in silver and jewelry. 

In the first section of the book the author 
describes silver designers at work in Britain 
today, pointing out that a new school of 
British design is being born. He discusses 
the work of leading designers, the reasons 
which underlie the change in British design, 
and uses excellent iflustrations to empha- 
size his remarks. He then considers how con- 
ditions of function affect practical design in 
tea and coffee services. In natural sequence 
he then points out the necessity for coopera- 
tion between the manufacturer and designer 
and stresses the common error made by de- 
signers in not realizing some of the diffi- 
culties experienced by manufacturers in turn- 
ing a design into a finished product. 

In his discussion of jewelry today he 
brings out the effect fashion has on modern 
design which is reflected in today’s trend to- 
ward gem-set jewelry. He continues this dis- 
cussion by bringing out the importance of 
the smail-worker, the artists who design 
those various objects which range from gem- 
set compacts to the engraved gold cigarette 
boxes. He concludes this section by describ- 


ing styles in costume jewelry in which both 
fashion and fancy are active. 

The last chapter sums up the importance 
of scientific research in devising new meth- 
ods and techniques which offer advantages 
to the designer in both silver and jewelry. 

The skillful use of illustrations through- 
out and the well written discussions achieve 
the author's purpose in compiling a refer- 
ence book which students, teachers or de- 
signers, as well as the average reader can 
turn to either for purpose of study or plea- 
sant reading. 

SCHMUCK UND EDELSTEINKUND- 
LICHES TASCHENBUCH (Pocket Book 
of Jewelry and Gemstones) 6y Drs. Karl 
F, Chuboda and Eduard J. Gubelin, Pub- 
lished in Germany by Verlag Bonner Uni- 
versitats-Buchdruckerie Gebr. Scheur G. M. 
B. H. Reviewed by Martin L. Ehrmann. 

A new book on the identification of gem- 
stones has just appeared in Germany. Essen- 
tially, this book is a pocket book of gem 
identification. It contains two color plates, 
150 black and white plates, and 27 tables 
containing gemological data. Its most note- 
worthy aspect is the alphabetical arrange- 
ment of the best-known gemstones, with 
nomenclature as used by the trade, gem col- 
lectors, and gemologists throughout Ger- 
many. It also gives several simple methods 
for identifying the most popular gemstones. 

The glossary of gemological terms seems 
to be complete, as are the localities of the 
more important gemstones. The chapter on 
inclusions in gemstones and in synthetics and 
doublets is very thorough. 

The book contains an appendix of 124 
photomicrographs, some of which appeared 
in the recent book published by the Gemo- 
logical Institute of America, “Inclusions as 
a Means of Gemstone Identification,” by Dr. 
Eduard J. Gubelin. 
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under the same lighting condition (samples from the 
D color set in table 3). With the same color grade and 
similar proportions, the diamond with Very Strong 
fluorescence appears slightly more “milky white” 
than the diamond with no fluorescence; the pattern 
of the diamond with Very Strong fluorescence also 
looks softer than the pattern in the diamond with no 


D color, NON FL 


Figure 8. The stones 
with Very Strong fluores- 
cence and None in the D 
color set are shown 
under the same micro- 
scope setup for trans- 
parency evaluation. 


fluorescence, which is very crisp and sharp. We have 
examined many diamonds with the same color grade, 
similar proportions, and fluorescence descriptions 
ranging from None to Very Strong that do not have a 
hazy appearance (figure 9A). We also observed two di- 
amonds, one with a fluorescence description of None 
and the other with Strong fluorescence, that showed 


Figure 9. Diamond images with different degrees of haziness/transparency are plotted by fluorescence intensity. 
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With UV 


Without UV 


Figure 10. Sets of dia- 
monds with different 
UV intensities were 
examined and imaged 
under microscope 
darkfield illumination, 
with and without UV 
content. 


the same degree of slight haziness (figure 9B). We 
have seen diamonds with Medium and Strong fluo- 
rescence that have very obvious haziness (figure 9C), 
and a diamond with Faint fluorescence that was so 
milky it received a Fancy White color grade (figure 
9D). Given that there is no significant correlation be- 
tween the occurrence of haziness and fluorescence 
intensity from our observations, we believe there is 
no inherent link between the two. 
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In order to distinguish between haziness created by 
light scattering and contrast loss due to fluorescence, 
pairs of diamonds with pertinent differences were 
compared microscopically in two different darkfield 
lighting environments (figure 4]: one containing UV 
and one without UV. With UV, the diamond with a 
fluorescence description of None appears quite clear, 
while the diamond with Strong fluorescence looks 
very hazy (figure 10A, left). Without UV, the diamond 
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Figure 11. MTF measurement is shown for a diamond 
with Medium fluorescence. The reduction in percent- 
age contrast values under UV excitation indicates 
contrast loss due to fluorescence. 


with Strong fluorescence is still hazy, though possibly 
to a somewhat lesser degree (figure 10A, right). Thus, 
it appears that fluorescence is not the main contribu- 
tor to the haziness of this diamond. Figure 10B shows 
two G-color diamonds with no apparent haziness. 
Viewed under the microscope lighting with UV con- 
tent (left), it is easy to see blue luminescence from the 
diamond with Very Strong fluorescence. However, 
this diamond does not show obvious haziness under 
lighting environments with or without UV content. 
The last pair shown (figure 10C) have Strong fluores- 
cence. Without UV, one appears clear while the other 


is hazy. With UV content, we observe the same thing. 
However, it appears that the haziness of the diamond, 
together with the fluorescence, makes the stone look 
brighter and whiter. 


Modulation Transfer Function. Contrast reproduc- 
tion and optical resolution of diamond samples with 
a range of fluorescence intensities were measured 
using modulation transfer function analysis as de- 
scribed in box B. Measurements were made while the 
samples were exposed to UV and while they were not 
exposed to UV. By comparing measurements of sam- 
ples with different fluorescence intensities, the effect 
of fluorescence on contrast reproduction and optical 
resolution can be observed. For this study, contrast 
measurements collected with and without UV are 
normalized to a single maximum measured contrast. 

Figure 11 shows differential percentage contrast 
measurements for one diamond plate with Medium 
fluorescence. In this figure, the x-axis units are line- 
pairs per millimeter and the y-axis units are normal- 
ized percentage contrast. Because the contrast values 
for the series collected with UV exposure are less than 
the contrast values for the series collected without UV 
exposure, a reduction in contrast due to UV exposure 
is measured in this fluorescent diamond plate. 

The differences in contrast between measure- 
ments made with and without UV exposure for the 
13 diamond plates included in this study are shown 
in figure 12. Fluorescent samples are shown to have 
reduced contrast when exposed to UV, while inert 
samples are unaffected. The summed contrast dif- 
ference for each sample is plotted against fluores- 
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Figure 12. Contrast loss 
under UV excitation 
was determined on 13 
diamond plates. 
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Box B: MEASURE WHAT YOU SEE—TRANSPARENCY 


When looking at a gem diamond, an observer usually fo- 
cuses on color, clarity, and cut. Rarely does transparency 
come to mind, as most people assume that all gem dia- 
monds are completely transparent. This is not always 
the case, however, and reduced transparency can have a 
significant effect on a diamond’s appearance. While 
transparency can be assessed visually, that approach 
tends to be subjective and difficult to quantify. Evaluat- 
ing the contrast in a stone is a more objective approach 
to this problem. 


Transparency: The degree of regular transmission, and 
thus the property of a material by which objects may be 
seen through a sheet of that material (ASTM, 1996). 


Haziness: An appearance produced by the scattering of 
light in a specimen, responsible for the apparent reduction 
in contrast of objects viewed through it (ASTM, 1996). 


In optical science, a modulation transfer function 
(MTF) is routinely used to measure the ability of an op- 
tical component to transfer contrast at a given resolu- 
tion—i.e., its optical transparency. Optical components 
(a lens, for example) can cause resolution and contrast to 
be reduced (figure B-1, top) when used in an optical sys- 
tem. This effect can be characterized by measuring light- 
ness across a series of equally spaced, alternating black 
and white lines imaged through the lens (figure B-1, bot- 
tom) and calculating contrast as the difference in light- 
ness between the black and white lines. Then, by 
comparing this contrast measurement to a maximum 


measurable contrast, using the formula in figure B-2, the 
percentage contrast can be determined. Percentage con- 
trast measurements using a range of line-pair frequencies 
describe the transparency of the lens. We adapted this 
concept to evaluate the transparency of diamond plates 
with different fluorescence intensities under lighting en- 
vironments with and without a UV component. An op- 
tical target from Edmund Optics with line-pair 
frequencies ranging from 2, to 256 lp/mm (line-pairs per 
millimeter) was used for this study. 


Diamond Plates. MTF was used to measure the trans- 
parency of the diamond plates, which are placed between 
a lens-camera assembly and an optical target (figure B-3, 
A). An image is captured and cropped to include only the 
area of interest. A custom application calculates the av- 
erage lightness value for each column of pixels in the 
image and uses those values to identify the locations of 
a series of local maxima and minima that correspond to 
the location of line-pairs in the optical target (figure B-3, 
B). Lightness values at these locations are paired together 
across each row of pixels, and their differences in value 
are assembled into a density plot to observe their distri- 
bution. The average value in the data set is used to cal- 
culate the normalized percentage contrast for that target 
(figure B-3, C). The percentage contrast values are calcu- 
lated using an image of a plate taken with no UV stimu- 
lation against an image taken with UV stimulation; 
therefore, the plate is being measured against itself. 
Doing this removes concerns about path length differ- 
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Figure 13. Correlation was observed between fluorescence intensity and contrast difference from measurements 


made with and without UV. 


cence intensity in figure 13 and shows a correlation 
between these two factors. Replicated measurements 
for three samples are included in this figure to demon- 
strate measurement repeatability. The observed 
changes in contrast difference do not correlate with 
strain intensity or diamond type, strongly suggesting 
that the contrast loss is primarily due to fluorescence. 


DISCUSSION 

Illumination Standardization. Fluorescence is an in- 
trinsic property of more than 30% of the diamonds 
seen by GIA’s laboratory (Moses et al., 1997). Some in 
the diamond trade argue that because typical office 
lighting lacks 365 nm and 385 nm UV content, it re- 
veals the “true color” of diamonds. Based on figure 14, 
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we can see that office lighting does in fact contain 
some amount of UV light. We also need to keep in 
mind that blue fluorescence caused by the N3 defect 
can be activated by wavelengths up to 420 nm (Luo 
and Breeding, 2013). If a lighting environment includes 
light in the 390-420 nm range, a diamond’s color will 
be viewed with some amount of blue fluorescence 
from the N3 defect. While most commercial light 
sources do contain light in the 400-420 nm range (blue 
light) but little in the UV range (<400 nm), our work 
investigates the effects of varying the amount of UV 
light (and thus the fluorescence produced) on a dia- 
mond’s appearance. Consider, for example, a fluores- 
cent lamp with no emission below 390 nm (figure 15). 
A diamond with strong fluorescence (left) glows blue 
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Figure 14. A compari- 
son of the UV content 
of common light 
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color measurement sys- 
tem (CM) used for this 
study, the GIA Dia- 
mondDock, the GIA 
microscope overhead 
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in this light, while a nonfluorescent diamond (right) 
does not. This illustrates the importance of using stan- 
dardized illumination with fixed UV content to define 
the color grade of a diamond. 

UV content is typically reported as a peak inten- 
sity output percentage normalized to a certain wave- 
length. However, depending on the shape and 


(King et al., 2008). 


—— GIA Diamond Dock 


— GIA Microscope (Overhead) —= GIA Microscope (Well) 


position of the UV peak, the fluorescence reaction 
will differ and consequently the visual appearance of 
the fluorescence and its effect on diamond color will 
also be different (Luo and Breeding, 2013). In order to 
consistently evaluate fluorescence and its effects on 
overall appearance, we again emphasize that an 
agreed-upon standard of illumination for color meas- 


Figure 15. Two G-color stones with similar size were imaged for comparison under the overhead lamp from the 
testing microscope with no UV peak at 365 nm but with wavelength in the 390-420 nm range. 
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Figure 16. Two samples containing N3 were excited 
with narrow bands of light and the emission spectra 
were recorded. The area under the N3 zero-phonon 
line was calculated for each spectrum and plotted 
against its excitation wavelength, with both plots 
being normalized to one. Data obtained from Luo 
and Breeding (2013). 


urement and visual observation with a fixed UV con- 
tent of specific known wavelength is essential. 


Fluorescence N3 Center Excitation Curve. An im- 
portant metric when considering a light source is 
how much UV light it contains. However, quantify- 
ing the amount of UV contained in a light source is 
not a straightforward thing to do in a way that is use- 
ful in understanding the effect of fluorescence inten- 
sity. Different wavelengths of UV light will excite 
the N3 defect at different efficiencies, meaning dif- 
ferent excitation wavelengths of a given intensity 
will produce different intensities of emission. 

To get an idea of how the different wavelengths 
affect the N3, we used data from a previous study 
where two samples were run on a luminescence 
spectrometer that excited the sample with a narrow 
band of light and recorded the emission spectrum 
(Luo and Breeding, 2013). Figure 16 shows the nor- 
malized area under the N3 zero-phonon line against 
the excitation wavelength. We can see that from 225 
to 275 nm, there is essentially no emission for the 
excitation used. From 275 to about 340 nm, there is 
a slow increase, and then from 340 to 395 nm there 
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is a rapid increase. Above 395 nm, the excitation 
band overlapped too much with the N3, so accurate 
area measurements were not possible. The shape of 
these plots tracks with the previously reported pho- 
toluminescence excitation (PLE) spectrum of the 440 
nm side band of the N3 (Luo and Breeding, 2013). 

A light source used to inspect or grade diamonds 
may contain a distribution of UV light intensities as 
a function of wavelength. Each of these wavelengths 
will interact with the N3 defect and, based on the ef- 
ficiency of absorption and fluorescence reaction, con- 
tribute varying amounts to the total visual 
fluorescence. If we use the area under the N3 zero- 
phonon-line (ZPL) as a proxy for visual fluorescence 
intensity, we can see that the wavelength of the UV 
source will affect the intensity of the fluorescence. 
In theory, based on the chart in figure 16, we would 
expect a stone containing only N3 excited with a 
given intensity of pure 350 nm light to be approxi- 
mately one-third as bright as the same stone excited 
with an equal intensity of pure 375 nm light. 

Figure 14 shows the UV component of a number 
of common light sources, all normalized to the full 
spectrum’s value at 560 nm. If we take these spectra 
and multiply them by the normalized N3 area 
curves and integrate that total area, we can compare 
the relative fluorescence brightness we would expect 
from each light source. To compare different light 
sources, we calculated the integrated area under the 
normalized N3 area excitation curves (N3) multi- 
plied by the UV component of the listed light source 
(normalized to 560 nm) from 360 to 395 nm. In table 
5, we see some surprising results. The expected flu- 
orescence brightness for the table-down color meas- 
urement system with 0% UV LED power is not 0, 
but is over half the value of the system at 100% UV 
LED power, due to a slight UV component of the 
LEDs used to generate the “white light” portion of 
the spectrum. This is important to note because 
even a system labeled as a “white light” source may 
contribute to fluorescence. 


Blue Fluorescence Effect on Color and Brightness. 
GIA has consistently used approximately 2% UV 
content in the GIA DiamondDock. Using the GIA 
DiamondDock as a standard for UV content (table 
5), if diamonds with similar color but different fluo- 
rescence intensities are brought into an environ- 
ment with higher UV content—such as outdoors 
under sunlight—we would not expect any observ- 
able change in color or brightness among diamonds 
with fluorescence descriptions of None, Faint, or 
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Medium. In contrast, we should see changes in color 
and brightness in diamonds with Strong or Very 
Strong fluorescence that make them appear more 
colorless in sunlight. If we view these same exam- 
ples in an environment with reduced UV content 
(such as most office lighting), the diamonds with flu- 
orescence descriptions of None, Faint, or Medium 
will appear unchanged while those with Strong or 
Very Strong fluorescence will appear more yellow 
and less bright. 


Blue Fluorescence Effect on Transparency. When we 
view a nonfluorescent diamond, we typically see a 
very distinct pattern with sharp boundaries between 
dark and light areas (figure 8, right) created by the 
facet arrangement. If we look at this pattern in a di- 
amond with Very Strong fluorescence, in a lighting 
environment with some UV content (figure 8, left), 
we see that the fluorescence makes the stone 
brighter; however, because the dark areas are less 
dark and the light areas gain a blue hue from the flu- 
orescence, contrast is reduced. For this study, we fo- 
cused on the round brilliant cut; other shapes or 
cutting styles were not evaluated and may be affected 
differently. From our MTF studies, contrast loss was 
measureable at line-pair frequencies less than 20 
Ip/mm for plates with Medium, Strong, or Very 
Strong fluorescence. Five senior diamond graders at 
GIA were given the same micro slide used in the 
MTF measurements and asked to note the highest 
frequency of line-pairs they could resolve in a stan- 
dard grading environment with a 10x loupe. The 
graders reported anywhere between 32 lp/mm and 48 
Ip/mm as the limit of their visual resolution. There- 
fore, any contrast difference measured at frequencies 


TABLE 5. Comparison of N3 excitation curves by various 
UV light sources. 


Light Source ae 
GIA microscope overhead light 11.09 
Office light 16.41 
Color measurement system with no UV 18.18 
GIA microscope well light 18.71 
Color measurement system with UV 30.95 
GIA DiamondDock 36.62 
Daylight — cloudy day 40.22 
Daylight — sunny day 73.96 


Total integrated area = J27°N3 x UV dA 
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less than 40 Ip/mm could potentially be noticeable 
to a diamond grader under controlled conditions. 

Several studies (Gu et al., 2019; Eaton-Magafia et 
al., 2019) have suggested that a milky or hazy appear- 
ance observed in Fancy white, type IaB diamonds is 
due to nano-inclusions or complex structural defects 
known as dislocation loops. Light scattering (see the 
Tyndall effect in box A) caused by these imperfec- 
tions creates the milky or hazy appearance in these 
diamonds and affects their transparency. When ob- 
served with a diamond in the face-up orientation, 
scattering will cause a contrast loss in the facet pat- 
tern similar to that caused by fluorescence. When a 
diamond is strongly fluorescent and also contains 
light-scattering structural defects, these producers of 
contrast loss seemingly combine to cause a notice- 
ably milky or hazy appearance. 


Characterization of Contrast Loss Caused by Fluo- 
rescence and Haziness. Both fluorescence and light 
scattering cause contrast loss when looking at a dia- 
mond face-up, and it can be difficult to distinguish 
between their effects. We designed a bulk contrast 
evaluation system and explored its ability to measure 
contrast loss. In this evaluation, no considerations 
were made regarding the cause of haziness in the 
sample, which could be fluorescence, nano-inclu- 
sions, or dislocation loops—we only measured the 
contrast in the face-up pattern. The x-axis units in 
figure 17 are lightness, where 0 is darkest and 100 is 
lightest. The y-axis units describe the quantity of pix- 
els in the image that have the corresponding light- 
ness value. For a relatively clear diamond (top), we 
see the largest distance between the majority of dark 
pixels and the majority of the lightest pixels. As the 
sample gets hazier (middle and bottom], we see con- 
trast loss (and a shrinking of this distance between 
the majority of the lightest and darkest pixels}—pix- 
els that make up the dark areas in the facet pattern 
are lighter, and the lightest areas in the facet pattern 
are darker. The authors consider this bulk contrast 
evaluation method a relatively easy and consistent 
way to evaluate haziness and its impact on clarity 
grading of diamonds. 


CONCLUDING REMARKS 


Among the D-to-Z color gem diamonds that fluo- 
resce, our results strongly suggest that the color will 
be noticeably impacted only in those few that show 
Strong to Very Strong blue fluorescence. Of course, 
the degree of impact depends largely on the amount 
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Figure 17. The bulk contrast measurement used in our study provides a relatively easy way to evaluate the face-up 


appearance of diamonds. 


of UV component in the lighting source, meaning 
that a standardized lighting environment with a 
fixed amount of UV is critical for consistency in the 
color grading of diamonds. The GIA DiamondDock’s 
UV content of ~2% provides an appropriate compro- 
mise between the UV content in sunlight (3% to 
5%) and that in most fluorescent and LED illumina- 
tion sources used indoors (less than 1%). 

We observed that stronger fluorescence produces 
some contrast loss in gem diamonds. However, our 
results show that this contrast loss from strong fluo- 
rescence does not by itself cause the milky or hazy 
appearance observed in some diamonds by the trade. 
Atomic-scale defects in the diamond structure or 
nano-inclusions appear to be the main causes of the 
milky or hazy appearance. The occurrence of strong 
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fluorescence in combination with these features may 
cause a diamond to appear even milkier or hazier, but 
we saw no evidence that strong fluorescence alone 
produces noticeable haziness in diamonds that did 
not already contain light-scattering structural defects 
or nano-inclusions. The bulk contrast method pre- 
sented here may also serve as a reliable way to quan- 
titatively evaluate the effect of contrast loss on 
apparent transparency in future diamond grading 
processes. We are reviewing these quantitative and 
semi-quantitative results to see how they might be 
included in GIA grading reports. We believe this new 
information will help to create more accurate infor- 
mation in the trade and ultimately allow consumers 
to select diamonds based on unbiased scientific and 
aesthetic factors. 
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The various tibles of physical properties 


are extremely effective. Of particular note 
is the chart on specific gravity of the most 
important transparent gemstones, It is in 
graph form, and the desired specific gravity 


is quickly determined by glancing at the left 
side of the table for the name of the gem- 
stone. On the right side, the various colors 
of each stone are described. These tables 
should prove most helpful to the layman and 
the advanced gemology student. 

The book is written in German. 


Costuming... 


(Continued from 338) 


Colored stone jewelry has a definite func- 
tion in costuming. It contributes a part to 
the whole costume quite distinct from its 
intrinsic beauty and value. As an accent 
the face it focuses attention there. 
Conversely, a too generous bosom can, by 
jewelry’s form and color, be seemingly 
minimized by placement of pins or clips 
high on the neckline, and off center. 

Effective use of colored stone jewelry 
cin help a woman to feel that one gown 
becomes many, because various jewelry 
picces act as a contrast in texture or in 
color, or as harmonizing accessories. In 
addition, her jewelry can assist in creating 
a desired mood. Thus, her evening jewels 
will undoubtedly be more elegant than 
jewelry worn while shopping or at home. 

The jeweler, who has succeeded in con- 
vincing his customer that jewelry should be 
the first consideration when about to pur- 
chase new apparel, will succeed not only in 
the sale of more jewelry but will help put 
jewelry in the class of a necessity and thus 
help make his customers’ trips to the jew- 
elry store more frequent and not just on 
special gift-buying occasions. 

We have talked with women who have 
hecome convinced that they should choose 


near 


their gowns with a thought in mind of the 
jewelry they possess. Several have told us 
that it is now a pleasure to plan their cos- 
tumes as they have a definite aim in mind 
where formerly they were simply the vic- 
tim of whims. 

As women enlarge their collection of real 
jewelry pieces, the possibility for wearing 
clothes they once thought impossible will 
become apparent. In short, dressing—once 
considered a problem—will become a real 
pleasure and the jeweler will have contrib- 
uted to their greater happiness. 


Collection... 


(Continued from 334) 


fine stones without a profit, so that they 
could be purchased with the, regretably, 
limited funds of the Museum. 

There are still a few gaps, as we men- 
tioned at the outset. The collection needs a 
fine faceted ruby, a good Kashmir sapphire 
that will serve as a guide to gemstone 
quality, and a similarly typical emerald. It 
needs better labels and it needs, badly, good 
illumination. Most of all it needs the sup- 
port and the encouragement of the nation’s 
jewelers. Its visitors come from every corner 
of the globe, they are not just New Yorkers. 
The American Museum is a truly national 
museum, for all that it is partly supported 
by the City of New York. No trip to New 
York is complete without a visit to the 
Museum. No greater encouragement to the 
purchase of fine gemstones and gem-set 
jewelry could be found by the jewelers of 
the country than the stimulation of a trip 
through the collection in the Morgan Hall. 
The jeweler will find that his support of 
the Museum’s educational work will be well 
repaid; he should send his customers who 
visit the city into the Museum, and he 
should cooperate with the Museum in any 
way that he possibly can. He will find that 
it will pay him. 


FALL. 1953 
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DETECTION OF COLOR TREATMENT AND 
OPTICAL BRIGHTENING IN CHINESE 
FRESHWATER “EDISON” PEARLS 


Chunhui Zhou, Joyce Wing Yan Ho, Sally Chan Shih, Tsung-Han Tsai, Ziyin Sun, 
Stephanie Persaud, and Li-Jian Qi 


Color origin is an important part of pearl identification for gemological laboratories. Freshwater cultured pearls 
can exhibit a wide range of colors, which can be either naturally formed or artificially modified by post-harvest 
treatments. The most common color treatments are dyeing and irradiation. In this project, a group of 23 fresh- 
water “Edison” pearls (a trade name referring to near-round to round freshwater bead cultured pearls invented 
and produced by Zhejiang Grace Pearl Jewellery Co Ltd in China), reportedly with a mix of natural and treated 
colors, were analyzed using various gemological and advanced instrumental techniques in order to distinguish 
their color origin. A number of techniques, including microscopic observation, long-wave UV fluorescence ob- 
servation, long-wave and short-wave fluorescence spectroscopy, Raman spectroscopy, and trace element analy- 
ses, were used in this study. Of the 23 freshwater samples, 19 have been confirmed as bead cultured pearls and 
4 have been identified as non-bead cultured pearls. In addition, seven samples have been identified as color- 
treated, while five of the remaining 16 samples were also identified as being optically brightened (a process 
commonly used on freshwater cultured pearls to improve appearance factors such as luster). Our results proved 
that color treatment in these freshwater pearls could be confidently identified using this combination of tech- 
niques, as could optical brightening processes that are routinely applied to untreated, naturally colored fresh- 
water cultured pearls post-harvest. 


of cultured pearls, and the majority are cul- 

tured in freshwater environments such as 
rivers, lakes, and ponds (Cartier and Ali, 2013; Zhu 
et al., 2019). Over the last several decades, advances 
in freshwater culturing techniques have also signifi- 
cantly improved the quality of Chinese freshwater 
cultured pearls on the market, such as Ming pearls 
and “Edison” pearls, to the point where these round 
bead cultured products can rival saltwater cultured 
pearls such as akoya, South Sea, and Tahitian pearls 
(Scarratt et al., 2000; Akamatsu et al., 2001; Fiske and 
Shepherd, 2007; Hanni, 2011; Karampelas, 2012; 
Zhou and Zhou, 2015; Otter et al., 2017; Li et al., 


(ett China is the world’s largest producer 
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2018; Bui et al., 2019). The term “Edison pearl” 
specifically refers to the bead cultured pearls pro- 
duced by Grace Pearls of China, while “Ming pearl” 
is a more generic term that describes high-quality 
bead cultured freshwater pearls produced by other 
producers. Recently, stricter enforcement of the Chi- 
nese government’s environmental policies has im- 
pacted the output of freshwater cultured pearls, as 
many farms were closed down due to pollution prob- 
lems (Zhou and Lu, 2018). Increasing demand for 
high-quality freshwater cultured pearls in China and 
around the world will likely shift the production to- 
ward larger, rounder, and more attractive colored 
pearls in the future. 

Detection of color treatment is an important part 
of pearl identification in gemological laboratories, 
both for saltwater and freshwater pearls (Elen, 2001; 
Wang et al., 2006; Karampelas et al., 2007, 2011, 
Zhou et al., 2012, 2016; Tsai and Zhou, 2020). Fresh- 
water cultured pearls, in particular, can exhibit a 
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Figure 1. Five loose “Edison” Chinese freshwater cultured pearls (11-14 mm) surrounded by a 17-inch necklace 
featuring variously colored round Edison pearls (10.5-13.5 mm). Photo by Robert Weldon/GIA, courtesy of Betty 
Sue King, King’s Ransom. 
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Figure 2. Twenty-three freshwater Edison pearls ranging in size from 7.63 x 7.46 mm to 13.60 x 13.46 mm were ex- 
amined in this study; these pearls show various bodycolors that are either natural or modified. Photos by Sood Oil 


(Judy) Chia. 


wide variety of coloration, including white, cream, 
yellow, orange, brown, pink, and purple. In addition 
to various artificial color modification treatments, 
freshwater cultured pearls are also routinely 
processed after harvest by bleaching and optical 
whitening and brightening using optical brightening 
agents (OBA) (Zhou et al., 2020). These two processes 
have very different mechanisms: Bleaching removes, 
or reduces the concentrations of, the color-causing 
pigmentations within pearls, while optical brighten- 
ers add an artificial optical effect to pearls, making 
them look less yellow by increasing the overall 
amount of blue light emitted due to these chemicals’ 
blue fluorescence properties. It is important to be 
able to differentiate naturally colored pearls from 
their treated counterparts from a gemological labo- 
ratory point of view, which is the underlying reason 
for this study. 

The global pandemic that started at the beginning 
of 2020 caused little disruption to the production of 
freshwater cultured pearls in China, as the harvest 
usually takes place at the end of the year and the Chi- 
nese government’s fast control of the virus mini- 
mized the impact. However, the export of freshwater 
cultured pearls has been significantly affected, and 
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dealers are trying to boost domestic sales by empha- 
sizing a strong online presence (Zhou and Chen, 
2020). The parent company of Grace Pearl, Zhejiang 
Dongfang Shenzhou Pearl Group, continues to de- 
velop new freshwater pearl products such as the 
“China Red” (orange and red variety of Edison pearls) 
and “mini-Akoya” (small white-colored bead cul- 
tured pearls), which have gained popularity in the 
market (Wong, 2020). The capability to accurately de- 
tect color treatment can further increase consumer 
confidence when purchasing these high-quality 
freshwater pearl products, such as the loose pearls 
and necklace shown in figure 1. 


MATERIALS AND METHODS 


The present study focuses on the identification of 
treated freshwater cultured pearls from a group of 23 
variously colored samples (figure 2). These pearls 
were supplied by Zhejiang Grace Pearl Jewellery Co 
Ltd in China, the original producer of so-called “Edi- 
son” pearls. The 23 undrilled samples range in size 
from 7.63 x 7.46 mm to 13.60 x 13.46 mm. These 
were reportedly grown in the cultured pearl farms 
owned by the company. Such pearls are usually bead 
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nucleated using Hyriopsis cumingii or hybrids of the 
Chinese Hyriopsis cumingii and the Japanese Hyri- 
opsis schlegelii mussels. Some of these samples were 
further treated post-harvest by the producer to en- 
hance their appearance attributes such as bodycolor, 
overtone, or luster. These samples contained initial 
labels stating “treated” and “natural,” however, no 
information of optical brightening was mentioned. 
We regarded these pearls as “unknown” samples and 
performed the same testing procedures regardless of 
the labels. 

All samples were examined using various stan- 
dard gemological techniques, including visual obser- 
vation under a gemological microscope, microscopic 
imaging using a Nikon SMZ 1500 stereomicroscope, 
observation of the fluorescence reactions under a 
conventional 5-watt long-wave UV (LWUV) (365 nm) 
lamp, and real-time microradiography (RTX) analysis 
using a Pacific X-ray Imaging (PXI) GenX-90P system 
with a 4-micron microfocus, 90 kV voltage, and 0.18 
mA current X-ray source, fitted with a PerkinElmer 
4”/2” dual-view flat panel detector. 

A number of advanced instrumental techniques 
were also applied in this study. These include Raman 
spectroscopy using a Renishaw inVia Reflex micro- 
Raman spectrometer system with a 50x magnifica- 


In Brief 


¢ Cultured freshwater “Edison” pearls can exhibit a wide 
range of colors, which can be either naturally formed 
or artificially modified by post-harvest treatments. 

e The color origin of these pearls can be confidently de- 
termined with a combination of conventional gemo- 
logical tests and advanced analytical methods. 

e Some naturally colored “Edison” pearls have also been 
subjected to an optical brightening process. 


tion Leica objective lens and a 514 nm argon-ion laser 
(scanning range from 100 to 1600 cm”), ultraviolet 
(UV) fluorescence spectroscopy under both long-wave 
UV excitation with a 385 nm LED light source 
(M385L2, Thorlabs) and an Avantes AvaSpec-Mini 
spectrometer (scanning range from 400 to 950 nm], 
and short-wave UV excitation with a 275 nm LED 
light source (M275L4, Thorlabs) and an Avantes 
AvaSpec-Mini spectrometer (scanning range from 300 
to 1100 nm). Trace element analyses were conducted 
using a Thermo Scientific ARL Quant’x energy-dis- 
persive X-ray fluorescence (EDXRF) spectrometer (cal- 
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ibrated with MACS-1 and MACS-3 carbonate stan- 
dards) and a Thermo Fisher Scientific iCAP Qc induc- 
tively coupled plasma—mass spectrometry, coupled 
with an Elemental Scientific NWR213 laser ablation 
system (LA-ICP-MS} (three spots on each sample’s 
surface, 55 um spot size). More details on these gemo- 
logical and instrumental methods for the application 
of pearl identification can be found in previously pub- 
lished papers (Zhou et al., 2017, 2019; Nilpetploy et 
al., 2018; Homkrajae et al., 2019; Sturman et al., 
2019; Tsai and Zhou, 2020). 


RESULTS 


Gemological Observations. All 23 samples were ei- 
ther round or near-round, ranging from 7.63 x 7.46 
mm to 13.60 x 13.46 mm and from 3.04 ct to 17.47 
ct. Their bodycolors exhibited various hues such as 
pink, gray, purple, orange, yellow, or brown in differ- 
ent degrees of tones and saturations. Standard real- 
time microradiography analysis revealed that the 
majority contained a drilled bead nucleus, as ex- 
pected for Edison pearls. However, four of the 23 
samples showed irregular linear internal growth fea- 
tures found in many freshwater non-bead cultured 
pearls (Scarratt et al., 2000; Krzemnicki et al., 2010), 
although their external appearances were indistin- 
guishable from the rest of the samples in this group. 
The four non-bead cultured pearls were FWO2, FWO3, 
FW05, and FWO7, which were all relatively small (8— 
9 mm). Technically these pearls were not considered 
Edison pearls, and they were probably formed by ac- 
cident when the bead nuclei were rejected by the 
mussels during growth. 

Under a conventional gemological microscope, all 
of the pearls appeared to have even color distribution. 
Minor color concentration spots were found on the 
surface of five samples (FW0O2, FWO7, FWO8, FW17, 
and FW23), yet they were rather sporadic and diffi- 
cult to see because they were small and faint. Nev- 
ertheless, FWO8 and FW17 appeared to be color 
treated based on their bodycolors, possessing 
“golden” colors that looked very unnatural to the un- 
aided eye and under the microscope. In the authors’ 
experience, such color appearances are almost non- 
existent in freshwater cultured pearls. Furthermore, 
while freshwater pearls may exhibit varying degrees 
of fluorescence under LWUV excitation based on 
their bodycolor intensities (usually weaker fluores- 
cence with darker or more saturated colors), the 
strong, spotty, and more bluish fluorescence found in 
five of the samples (FWO1, FW04, FW06, FW11, and 
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Figure 3. The 23 pearls displayed different fluorescence reactions under LWUV excitation, indicating that FWO1, 
FW04, FW06, FW11, and FW19 might have been optically brightened. While exhibiting similar fluorescence inten- 
sity, FW18’s fluorescence hue looked less bluish and was consistent with its light bodycolor. FWO8 and FW17 dis- 
played unusual orangy yellow fluorescence potentially due to the dye on their surfaces. The rest of the group was 
inert under LWUV excitation. Photos by Sood Oil (Judy) Chia. 


FW19) suggested that they had been optically bright- 
ened. The remaining pearls were either inert under 
LWUV excitation or exhibited an even yellowish or 
whitish reaction (figure 3). In order to confidently 
identify color treatments and optical brightening 
processes, additional advanced testing techniques 
were employed. 


Advanced Testing Results. Raman spectroscopy has 
long been one of the most important spectroscopic 
techniques used in identifying natural pigments in 
some mollusk shells and pearls, in addition to con- 
firming their major mineral constituents (mainly 
aragonite but also rarely calcite and vaterite) (Karam- 
pelas et al., 2007; Soldati et al., 2008a,b; Karampelas 
et al., 2009; Bersani and Lottici, 2010; Wehrmeister 
et al., 2011; Karampelas et al., 2019a,b). It is particu- 
larly useful in detecting natural polyenic molecules 
in freshwater pearls, thus enabling the separation of 
naturally colored and treated-color pearls. Raman 
spectroscopic analysis with a 514 nm argon-ion laser 
revealed aragonite peaks at 703/705 cm (doublet) 
and a main peak at 1086 cm due to the v, in-plane 
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bending mode and the v, symmetric mode, respec- 
tively, for all samples. However, six of the 23 pearls 
(FWO7, FWO8, FWO9, FW17, FW20, and FW23} 
showed significantly reduced aragonite peaks and 
higher fluorescence background. Besides aragonite 
Raman peaks, strong polyene peaks in the approxi- 
mate ranges of 1125-1134 and 1508-1527 cm7! due 
to v, vibration from stretching of C-C single bonds 
and v, vibration from stretching of C=C double 
bonds were observed for 14 of the 23 samples in this 
study (figure 4). In addition, minor bands at around 
1017 and 1298 cm that are also associated with poly- 
ene pigments were found on these pearls. Upon closer 
examination, the main polyenic peaks can be divided 
into two groups with subtle Raman shift differences: 
one group exhibiting peaks between 1125-1128 cm 
and 1508-1511 cm (FW03, FW05, FW10, FW11, 
FW12, FW13, FW15, FW16, and FW22], while the 
other group exhibits peaks between 1133-1134 cm" 
and 1526-1527 cm! (FW04, FW06, FW14, FW18, and 
FW21). The rest of the pearls showed high back- 
ground fluorescence or lacked any pigment peaks 
(figure 5), indicating their artificial color origin, ex- 
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Figure 4. Representa- 
tive Raman spectra of 
naturally colored fresh- 
water pearls (FWO03 in 
blue and FW14 in red), 
both exhibiting main 
aragonite Raman peaks 
at 703/705 and 1086 
cnr. In addition, FW03 
showed natural pig- 
ment peaks at 1128 and 
1511 cnr, which were 
slightly shifted to 1134 
and 1527 cnr™ for 
FW14. Spectra are not 


T T 
1000 800 


RAMAN SHIFT (cm-') 


cept FWO1 and FW19, which had very light bodycol- 
ors to start with. Based on Raman results, seven col- 
ored pearls in this group have been identified as 
treated (FWO2, FWO7, FWO8, FWO9, FW17, FW20, 
and FW23). This also matched with the microscopic 
observations discussed in the previous section, where 
the five pearls showing minor surface color concen- 
trations were all confirmed by Raman spectroscopy 
as color treated. 

While Raman spectroscopy was effective in de- 
tecting the organic pigments in naturally colored 
freshwater pearls, further trace element analyses 
using EDXRF and LA-ICP-MS techniques provided 
additional information on the nature of the dye ma- 
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terials as they were particularly useful in detecting 
the artificial inorganic pigments. Five of the seven 
treated pearls (FWO2, FWO7, FWO9, FW20, and FW23) 
were found to contain an abnormally high amount 
of silver (Ag) on their surfaces with both analytical 
techniques, indicating the dark colors were modified 
using silver nitrate. The concentrations of Ag found 
on the surfaces of these pearls ranged from 306 to 
2.850 ppm, while no detectable amount of Ag was 
found on the rest of the samples. The other two 
treated-color “golden” pearls (FWO8 and FW17) may 
have been modified by organic dyes, as neither 
EDXRE nor LA-ICP-MS detected any anomalies in 
their trace element concentrations. However, certain 


Figure 5. Representa- 
tive Raman spectra of 
color-treated freshwater 
pearls (FWO7 in red and 
FW08 in green) show 
increasing background 
fluorescence toward 
higher wavenumbers, 
significantly reduced 
aragonite peaks, and a 
lack of natural pigment 
peaks, compared to the 
naturally colored fresh- 
water pearl (FWO3 in 
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blue). Spectra are not 
baseline corrected. 
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Figure 6. Short-wave UV fluorescence spectra of the 
pearls showed various fluorescence intensities at 
around 320-360 nm under SWUV excitation. The 
naturally colored pearls (in red) produced a higher 
fluorescence signal compared to the color-treated 
pearls (in green). In addition, two samples (FWO1 
and FW19, in blue) also showed strong fluorescence 
at around 420-430 nm, an indication of optical 
brightening. Spectra are cut off to better present the 
area of interest (320-360 nm). 


elements such as F, Cl, PS, N, and C cannot be prop- 
erly measured by LA-ICP-MS due to their high first 
ionization energy and interferences. The 16 un- 
treated pearls were also tested with EDXRF and LA- 
ICP-MS; none of them contained Ag or any other 
unusual trace element concentrations. 

More recently, short-wave UV fluorescence spec- 
troscopy has been applied to pearls in order to check 
the fluorescence from their organic content. The 
amino acid tryptophan is a major UV fluorophore 
found in nacre. It has an absorption band at around 
280 nm and can subsequently fluoresce at around 
320-360 nm, a key indicator of whether the nacre 
has been treated or processed, as many of the treat- 
ments and processes can reduce this fluorescent fea- 
ture (Lakowicz, 2006; Hiramatsu and Nagai, 2010; 
Tsai and Zhou, 2020, 202.1). It was found that treated 
or heavily processed pearls would exhibit reduced 
nacre fluorescence intensity in this region. A quick 
check on all of the samples agreed with the Raman 
results, where all of the seven color-treated pearls 
emitted very low fluorescence (<25 counts per mil- 
lisecond under the current instrument setup) com- 
pared to the 14 naturally colored pearls (>70 counts 
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per millisecond) (figure 6]. The two light-colored 
pearls (FWO1 and FW19) also showed lower nacre 
fluorescence and an additional strong peak around 
420-430 nm due to an optical brightening process 
(Zhou et al., 2020). However, SWUV fluorescence 
spectroscopy is not an ideal method for detecting op- 
tical brightening, as these chemicals typically pro- 
duce their maximum fluorescence signal under 
LWUV excitation. Figure 7 shows the pearls’ fluores- 
cence under long-wave UV excitation; five pearls ex- 
hibited more prominent fluorescence near 420-430 
nm, suggesting that they were processed by optical 
brighteners. These are the two light-colored pearls 
(FWO1 and FW19), as well as the three natural-color 
pearls (FW04, FWO6, and FW11). The result is also 
consistent with visual observation under LWUV ex- 
citation, as all five pearls displayed strong bluish flu- 
orescence that was readily visible (figure 2). A 
summary of all the samples, how they were labeled 
by the vendor, and their final identification results 
is shown in table 1. 


DISCUSSION 


Freshwater Edison pearls have emerged as a popular 
type of cultured pearl in the market during the past 
decade. Their near-round shape and variety of at- 


Figure 7. Long-wave UV fluorescence spectra of the 
five optically brightened pearls (FWO1, FW04, FW06, 
FW11, and FW19, in blue) exhibited much higher 
fluorescence at the 420-430 nm region compared to 
a non-brightened pearl (FW03, in red). 
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TABLE 1. Summary of general descriptions and characteristics of the pearl samples studied, sample label information, and 
final identification results. 


Detected Treatment 


Sample ID Image Weight (ct) Size Shape Color Identification Label Information or Process 
FWO1 3.04 7.63 x 7.46 mm NR Light pink BC No indication of Optically brightened 
treatment 
FWO2 S 3.86 8.22 mm NR Dark bluish gray NBC Color treated Color treated 
FWO3 4.06 831mm NR Strong pinkish NBC No indication of No indication of 
; . : purple treatment treatment 
FWo4 s 4.20 8.40 x 8.25mm NR __ Pinkish orange BC Be a of Optically brightened 
FWO5 @ 4.32 8.47 mm NR Pinkish purple NBC Nemecatone:  “Moindicatowes 
treatment treatment 
bap at No indication of ; ‘ 
FWO06 » 4.47 8.61 mm NR Brownish pink BC iréatmnent Optically brightened 
FWO7 ey 4.59 8.73 x 8.58 mm NR eee NBC Color treated Color treated 
FWO08 © 4.62 8.66 mm R a ae BC Color treated Color treated 
FWO9 r-) 4.83 8.80 mm NR Dark bluish gray BC Color treated Color treated 
FW10 @ 4.84 ae & Mencsbiows BC No indication of No indication of 
treatment treatment 
saps No indication of ; . 
FW11 ~ 5.03 8.90 mm R Pinkish purple BC ffeatment Optically brightened 
EW12 519 9.07 mm R Brown BC No indication of No indication o 
' : treatment treatment 
FW13 “9 10.11 11.35 mm NR Pinkish brown BC Ne indieasomen, J No-angieaten 
treatment treatment 
EW14 ’ 11.23 fiF4e tava R Strong pinkish BC No indication of No indication o 
, , , orange treatment treatment 
No indication of No indication o 
FW15 @ 11.61 11.94 x 11.70 mm NR Orange-brown BC treatment treatment 
: No indication o 
FW16 e-9 12.14 12.07 mm NR Purplish brown BC Color treated treatment 
FW17 ® 12.80 12.25 x 12.08 mm NR i fd BC Color treated Color treated 
FWI8 R 14.70 12.84 mm NR Pinkish orange BC nomneeaener Ne aesone: 
treatment treatment 
FW19 15.04 12.90 mm R Wey tient BC No indication of Optically brightened 
© orangy pink treatment 
FW20 @ 15.15 13.12 x 12.74mm = NR Dark gray BC Color treated Color treated 
* pee No indication of No indication of 
FW21 aS 15.26 12.98 x 12.77 mm NR Purplish pink BC nedimnent treatment 
’ Strong purplish No indication of No indication of 
FW22 > 15.44 13.12 x 12.65 mm NR pink BC treatment ireatment 
FW23 e-9 17.47 13.60 x 13.46 mm NR sas BC Color treated Color treated 


Abbreviations: NR = near-round, R = round, BC = bead cultured, NBC = non-bead cultured 
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tractive non-neutral fancy bodycolors represent a 
significant improvement in Chinese freshwater cul- 
tured pearl quality. Many of these Edison pearls ex- 
hibit intense bodycolors in the three main hue 
categories: purple, pink, and orange. These pearl col- 
ors are affected predominantly by the donor oyster’s 
nacre color, which has been known to be genetically 
determined and inherited (McGinty et al., 2010; 
Karampelas and Lombard, 2013; Ky et al., 2014; 
Wang et al., 2020). For freshwater pearls, it is also 
known that polyenic pigments (such as unmethy- 
lated and partially methylated polyenes) containing 
various chain lengths of alternating double and sin- 
gle carbon-carbon bonds are responsible for color ap- 
pearance (Soldati et al., 2008a; Karampelas et al., 
2.007, 2009, 2019a). In addition to the effect of ge- 
netic inheritance, it is also possible that various 
carotenoid pigments similar to the natural pigments 
found in freshwater pearls are used as food additives 
during the culturing process to enhance the pearls’ 
colors, a common practice that can be found in 
other aquatic industries (Liao and Miao, 2013; 
Pereira da Costa and Miranda-Filho, 2020). These 
dietary supplements will be absorbed and metabo- 
lized by mussels growing in the culturing farms, 
which in turn can be transformed into their own 
natural pigments. However, this is not considered a 
form of treatment, and whether the samples ob- 
tained for this study underwent this practice is not 
known to the authors. 

Our study suggested that both color treatment 
and optical brightening have been applied to fancy- 
color freshwater Edison pearls, and their identifica- 
tion can be achieved by a combination of 
conventional gemological methods (microscopic ob- 
servation and long-wave fluorescence observation) 
and advanced instrumental techniques (Raman spec- 
troscopy, trace element analyses, and long-wave and 
short-wave UV fluorescence spectroscopy). It is 
worth noting that conventional UV-Vis reflectance 
spectroscopy is a very effective method to identify 
color treatment in golden or dark-colored saltwater 
pearls (Elen, 2001; Wang et al., 2006; Karampelas et 
al., 2011; Zhou et al., 2012, 2016). However, the iden- 
tification of color treatment in freshwater pearls 
using UV-Vis reflectance spectroscopy is more chal- 
lenging and less effective in our experience with 
these samples (results not shown). Freshwater pearls 
can exhibit many different colors with various tones 
and saturations, without easily identifiable charac- 
teristic absorption peaks such as the 700 nm absorp- 
tion band found in Tahitian pearls. Among all the 
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techniques, Raman spectroscopy can provide posi- 
tive identification of natural color origin by the de- 
tection of polyenic pigments found on the surface of 
the pearls. The differences in polyene-related peak 
positions at 1125-1134 and 1508-1527 cm between 
two groups of samples (purplish and brownish hues 
vs. orangy and pinkish hues) are most likely due to 
the different carbon-carbon single- and double-bond 
chain lengths, with longer chain polyenes producing 
lower-frequency Raman bands (Hedegaard et al., 
2.006). On the other hand, trace element analyses 
such as EDXRF and ICP-MS can effectively identify 
certain color-treated pearls, especially those treated 
with silver nitrate. Subsequent short-wave UV fluo- 
rescence spectroscopy can further separate natural 
and treated pearls based on their nacre fluorescence 
under UV excitation, confirming the results obtained 
by other techniques. One sample in our study (FW16) 
was initially labeled as treated when it was received 
by us. However, both gemological and advanced test- 
ing results confirmed that this pearl’s color was of 
natural origin, and there were no indications of opti- 
cal brightening. While we cannot rule out any other 
undetectable processes that could be applied to 
pearls, we believe this is most likely a result of sam- 
ple mislabeling or misplacement from the source. 

White pearls and those with very light hues, es- 
pecially akoya and freshwater cultured pearls, are 
routinely processed or treated by various methods 
after harvest. Bleaching is the most prevalent and is 
often used in addition to maeshori treatment, an um- 
brella term for various types of luster enhancement 
(Otter et al., 2017). Optical brightening agents are 
also used sometimes in conjunction with bleach- 
ing/maeshori to further enhance the appearance of 
the pearls. This additional process can be detected 
using long-wave fluorescence spectroscopy, as the 
brightening agents will fluoresce at a specific wave- 
length (around 420-430 nm) under long-wave excita- 
tion (Zhou et al., 2020). While some aspects regarding 
the impact of optical brightening on fancy-color 
freshwater pearls remain inconclusive, this study re- 
vealed that some naturally colored freshwater pearls 
have also been subjected to this process. Although 
their color is not affected by the optical brightening, 
their luster could benefit from this process, which 
can increase the pearls’ reflection in the visible spec- 
trum. Finally, we did not observe any optical bright- 
ening process applied to color-treated pearls in this 
group of samples, based on both visual observation 
of their fluorescence under LWUV and spectroscopic 
results. 
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CONCLUSIONS 


This study proves that GIA’s current testing protocols 
are effective in detecting color treatments in freshwa- 
ter cultured pearls. The color origin of fancy-color 
Edison pearls can be confidently determined with a 
combination of conventional gemological tests and 
advanced analytical methods. Raman spectroscopy, 
trace element analyses, and short-wave UV fluores- 
cence spectroscopy all proved useful in separating 
natural and treated colors. In addition, some naturally 
colored Edison pearls in the trade have been subjected 
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to an optical brightening process. This treatment can 
also be identified using long-wave UV fluorescence 
observation and spectroscopic methods, through the 
detection of characteristic fluorescence peaks at 
around 420-430 nm caused by the brightening agents. 
While these samples only represented a small pool of 
this unique type of cultured pearl product, the treat- 
ment and optical brightening features are quite char- 
acteristic and could be applied to other types of 
freshwater cultured pearls in the market such as Ming 
pearls and traditional non-bead cultured pearls. 
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THE GIA 7 PEARL VALUE FACTORS 
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frequently referred to as “The Queen of 

Gems,” pearls have long been one of the most 
sought-after gemstones in both the jewelry industry 
and the world at large. Their unique appearance and 
the affordability of cultured pearls in the market have 
allowed their popularity to grow exponentially over 
the years. 

Pearls form in a wide variety of sizes, shapes, and 
colors, and there are numerous different types of 
pearls, both natural and cultured. This diversity cre- 
ated the need for a way to distinguish their various 
appearances and qualities. Consequently, a number 
of different grading systems were developed within 
the pearl industry over the years. The competing, 
often company-specific methods and coded terminol- 
ogy made the systems difficult to understand and 
employ consistently. Agreeing on a universal ap- 
proach to classify pearls has remained one of the 
main challenges facing the pearl industry. 

The idea of devising a pearl classification system 
similar to GIA’s 4Cs system for diamonds first ap- 
peared in Gems & Gemology in 1942 (Rietz, 
1942a,b). The author suggested that pearls could be 
grouped into several categories such as gem quality, 
extra-fine quality, fine quality, good quality, fair 
quality, imperfect, and poor quality, based on several 
factors, namely shape, luster, surface blemishes, 
color distribution, and iridescence (commonly re- 
ferred to as orient). This approach was further im- 
proved by GIA’s Richard T. Liddicoat Jr., who in 1967 
proposed a new system based on the seven pearl 
value factors (Liddicoat, 1967). Continued refinement 
eventually resulted in the development of GIA’s cur- 
rent pearl classification system, called the GIA 7 
Pearl Value Factors. This comprehensive pearl clas- 
sification system offers a detailed description of the 


p rized by many cultures throughout history and 
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appearance of loose pearls, strands, and pearls in jew- 
elry. It is a systematic approach to evaluation, 
through consistent methodology and common ter- 
minology that both industry professionals and con- 
sumers can understand (Zhou, 2019). This approach 
and the terminology of GIA’s updated system have 
already been adopted in many parts of the pearl in- 
dustry for classifying and describing pearls. 

The wall chart presented here is based on a poster 
presentation from the 2018 GIA International Gemo- 
logical Symposium (Ho and Shih, 2018). It provides 
the definitions and classification terminology for 
each of the seven value factors—size, shape, color, 
luster, surface, nacre, and matching—as well as dig- 
ital images to illustrate various examples. 

Pearls fall into one of two varieties: nacreous (re- 
sembling mother-of-pearl with lustrous nacre) and 
non-nacreous (such as conch or melo pearls, lacking 
lustrous nacre but often displaying flame structure 
on the surface). This system applies to nacreous 
pearls (see figure 1) and exclusively for the three 
dominant types of saltwater cultured pearls: akoya, 


Figure 1. The GIA 7 Pearl Value Factors system 
classifies pearls according to size, shape, color, Ius- 
ter, surface, nacre, and matching. Composite photo 
by GIA staff. 
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Figure 2. This akoya strand can be described using the GIA 7 Pearl Value Factors. Size: 5.51 to 8.82 mm. Shape: 
Near-round. Color (Overtone): Variously colored (Variously colored). Luster: Excellent. Surface: Lightly spotted. 
Matching: Very good. Nacre: Acceptable. Photo by Sood Oil (Judy) Chia. 
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South Sea, and Tahitian. A color scale for all types 
of nacreous cultured pearls and physical master sets 
of the three types of pearls were created to ensure a 
very high degree of consistency. Every GIA labora- 
tory location that provides pearl services uses the 
same classification system and meticulously 
matched master sets to produce repeatable results. 
Adopting GIA’s pearl classification terminology 
throughout the gem and jewelry industry would fos- 
ter improved communication within the trade and, 
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GIA 7 Pearl Value Factors Chart 


To purchase a laminated wall chart showing GIA’s 


approach to classifying and describing pearls, go to 
store.gia.edu or scan the QR code on the right. 


by default, bridge the communication and confi- 
dence gap between buyers and sellers using easily 
understandable language. 

This wall chart is intended as a comprehensive but 
simplified overview of how GIA gemologists classify 
pearls using the GIA 7 Pearl Value Factors system (see 
figure 2, for example). While GIA employs an exten- 
sive set of master pearls to achieve maximum consis- 
tency in pearl classification, we hope the chart serves 
as a useful reference for all of our readers. 
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NAMAK MANDI: A PIONEERING GEMSTONE 
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Figure 1. In this regional map, red lines trace the routes from the mines of various gemstones to the Namak Mandi 
market. Abbreviations: KPK = Khyber Pakhtunkhwa; AJK = Azad Jammu and Kashmir. 


Bio into Peshawar for the first time, a for- 
eign tourist might be surprised to learn that 
amid the clutter of buildings in this historical city 
lies an important gem trading center. This market 
serves a wide range of buyers and sellers from 
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Afghanistan, Uzbekistan, Tajikistan, and Iran who 
deal with locally mined gemstones from Azad 
Jammu and Kashmir, Gilgit-Baltistan, and parts of 
Khyber Pakhtunkhwa in Pakistan (figure 1). They 
might also be surprised that this trading hub does not 
have a modern name. Namak Mandi, meaning “salt 
market” in Urdu, was originally established decades 
ago as a trading center and storage facility for salt 
(Hussain, 2015). Fifty years ago, no one could have 
imagined it becoming a primary trading center for 
rough and faceted gemstones in Pakistan. The au- 
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thors led an excursion to Namak Mandi to document 
its transformation into a gem trading hub and to un- 
derstand the variety of gemstones and commerce 
taking place in the market. 


FROM SALT TO GEMSTONES: 

NAMAK MANDI’S TRANSFORMATION 

Namak Mandi is the largest market in Pakistan for 
trading rough gemstones (figures 2 and 3). There is 
no record of exactly when it made the quantum leap 
from salt market to becoming Pakistan’s pioneering 
trading hub for gemstones. According to anecdotal 
evidence, Namak Mandi’s gemstone market began in 


Figure 2. An overhead 
view of the Namak 
Mandi gem market. The 
immediately visible 
buildings on the right 
and left of the street 
below are collectively re- 
ferred to as Namak 
Mandi; this street has 
gained popularity as 
“Pareshan Chowk,” 
which literally means 
“intersection of anxiety.” 
Every day, in the late af- 
ternoon, retailers and 
dealers anxiously stand 
by to sell their goods to 
the buyers and window 
shoppers. Photo by Sha- 
keel Anwar Khan. 


the 1970s. Since there were only a handful of traders, 
the market did not operate systematically and there 
were no trade standards. With the Soviet invasion of 
Afghanistan, the influx of millions of Afghan 
refugees into Pakistan turned out to be a blessing in 
disguise. First, the number of traders multiplied as 
Afghan entrepreneurs penetrated the gem market. 
Afghan and local dealers from mining areas began to 
migrate with their stones and established themselves 
in Peshawar (figure 1). In fact, Afghan traders soon 
became the driving force for the market, accounting 
for 60-70% of sales up until 2007. Those from Kunar 
Province of Afghanistan exported tourmaline (figure 


Figure 3. Goods being sold at Pareshan Chowk (intersection of anxiety). Left: A retailer selling prayer beads (tas- 
beeh) made of medium- to low-quality gems. Right: Before buying gemstones, locals usually prefer to check them 


in natural light. Photos by Shakeel Anwar Khan. 
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4A) to Namak Mandi, along with spodumene from Figure 4. A: Tourmaline (5.0 x 4.5 x 2.0 cm) from 
Nuristan (figure 4B; Rehman et al., 2020) andemer- -Nuristan, Afghanistan. B: Spodumene (11.4 x 4.0 x 1.4 
ald from the Panjshir region. Within Pakistan, mer-  ©™) from Nuristan. C: Emerald in matrix (5.2 x 3.9 x 
chants from Swat Valley (Khyber Pakhtunkhwa] 2:5 cm) from Swat, P. akistan. D: Aquamarine cry stal 
traded emerald (figure 4C), while those from the (7.1 x 4.9 x 4.4 cm) from Gilgit, Pakistan. E: Pink 
Gilgit-Baltistan region brought aquamarine (figure fopee Oy oO cn) pom Ravens, Men be 


: : istan. F: Faden quartz (7.5 x 2.0 x 1.0 cm) from 
4D), and pink topaz came from Katlang, a township Baluchistan, Pakistan. G: Petroleum quartz (2.5 x 1.6 


in the Mardan District (figure 4E). ; ; x 1.3 cm) from Baluchistan. H: Brookite (3.3 x 2.0 x 
Many inhabitants of different regions of Pakistan 7. cm) from Baluchistan. Photos by Ghulam 


also moved to Peshawar for the gemstone trade. Mustafa, Khalid Habib, and Bilal Omar. 
These included Chitral, Skardu, Swat, Karachi, 


140 Fietp RePorr Gems & GEMOLOGY SUMMER 2021 


Rawalpindi, and Islamabad. More recently, traders 
from Baluchistan Province have also entered the 
market, introducing stones such as Faden quartz 
with an internal thread-like pattern (figure 4F), 
quartz with yellowish to deep yellow petroleum in- 
clusions (figure 4G; as described by Laurs, 2016), and 
brookite (figure 4H). The 1980s saw the Namak 
Mandi market gain international attention. Still, it 
was not without a downside: Police and local offi- 
cials often believed that the people involved in the 
gemstone business were money launderers. In inter- 


FIELD REPORT 


views with experienced tradesmen, it became clear 
that because there was no legal framework for ex- 
tracting, processing, and trading of gemstones, the of- 
ficials likened it to the narcotics trade. 


ESTABLISHMENT OF EXPORTERS’ ASSOCIATION 
With Afghan merchants leading the expansion of 
gemstone trading in Namak Mandi, it was not sur- 
prising to see them establishing a stronghold, as they 
possessed knowledge of the market on a local and in- 
ternational level. In a move to somewhat formalize 
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the trade and, perhaps, to check the Afghan monop- 
oly, local traders led a move to register their busi- 
nesses with the All Pakistan Commercial Exporters 
Association (APCEA), established in 1984. In 1988, 
the Ministry of Commerce granted it official recogni- 
tion to assist exporters registered with the organiza- 
tion. The APCEA caters to the needs and challenges 
faced by exporters from all industries. Since Namak 
Mandi’s exporters did not have an official agency that 
could handle their needs (e.g., quick processing of ex- 
ports and payment of export duties), they found it ex- 
pedient to register their businesses with the APCEA. 
The association plays a positive role for Namak 
Mandi in many ways. By informing the authorities 
about the significance of the gemstone trade for the 
local economy, it saves traders and exporters from po- 
lice harassment. It also actively supports exporters in 
processing their documents at customs offices for sale 
abroad. Owing to the commercial success of Namak 
Mandi with the support of the APCEA, the gemstone 
sector has become more prominent, and many local 
traders are keen to know more about this lucrative 
trade to capitalize on this market. The APCEA also 
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organizes an international gemstone exhibition each 
year in the capital city of Islamabad. 


Gemstone Business Tree. The gemstone business in 
Namak Mandi and in Pakistan as a whole can be cat- 
egorized into three main groups of dealers: 


1. Rough and Faceted Stones: This category is 
comprised of those who have some lapidary 
skills. It is worth mentioning that there is no 
professional organization in Pakistan delivering 
lapidary training. Since most of the local lapi- 
daries are not formally educated, each would de- 
velop specialist knowledge about a specific type 
of gemstone. In Namak Mandi, it is common to 
find dealers who specialize in emerald, kunzite, 
aquamarine, or tourmaline. These dealers invest 
their money in a specific gemstone and are con- 
sidered experts in determining the base price of 
that particular type of gemstone. 


2. Mineral Specimens: Specimen dealers can be 
grouped into two categories: the local traders 
who showcase mineral specimens in shops at 
Namak Mandi, and those who understand on- 


Figure 5. Lapis lazuli 
from Afghanistan. Sell- 
ers usually wet the sur- 
face with water to 
better reveal color and 
texture. The lapis sell- 
ers usually polish a side 
of each slab (left) and 
fashion cabochons (bot- 
tom right) so that a 
buyer can easily check 
their quality. Photos by 
Shakeel Anwar Khan. 
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line selling and export mineral specimens to 
Canada, Australia, the United States, and other 
developed countries. The latter comprise al- 
most 80% of specimen dealers. They often take 
pictures and videos of local traders’ collections 
of mineral specimens for online marketing. If a 
customer demands a specific item, an online 
trader, after negotiating the price with the local 
(shopkeeper) trader, adds his profit to the price 
and parcels it off. Most exporters do this type 
of business because there is almost zero risk of 
losing one’s money. That is, they can make 
money without having to buy and keep the 
specimens in rented shops; like the middlemen, 
they make money without incurring financial 
risk. 


3. Ornamental Stones: Namak Mandi’s ornamen- 
tal stone dealers mostly deal in lapis lazuli and 
nephrite. World-famous lapis lazuli comes from 
Afghanistan (figure 1). The exquisite color of 
lapis from Kokcha in Badakhshan Province is 
especially popular (figure 5). There are many 
mines in Badakhshan, some of which are sim- 
ply named mine 1, 2, 3, and so forth. Mine 4 is 
particularly esteemed among the traders. The 
mine is referred to as Ma’dan-e-char, Persian 
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Figure 6. Nephrite buy- 
ers often inspect the 
rough (both indoors 
and outdoors) with a 
strong dual-intensity 
flashlight (A). The buy- 
ers usually examine the 
color, texture, and 
transparency of the 
rough. They also pay 
attention to how much 
of the material could 
be used to make prof- 
itable jewelry. This 
nephrite is from the 
Hamid mine in the 
Mohmand area, Khyber 
Pakhtunkhwa. B and 
C: Spoons and daggers 
shaped out of nephrite. 
Photos by Shakeel 
Anwar Khan. 


for “mine 4.” Lapis lazuli from this mine has 
an exceptionally vivid blue color, with very lit- 
tle or no pyrite and calcite. At Namak Mandi, 
the mere mention of a lapis coming from Ma’- 
dan-e-char is considered a guarantee of quality. 
As this gemstone hails from Afghanistan, most 
lapis traders tend to be of Afghan origin. 


Within Pakistan, nephrite mostly comes from the 
Mohmand region of Khyber Pakhtunkhwa (figure 1). 
The area produces some of the world’s most brightly 
colored emerald green nephrite (figures 6 and 7). Ac- 
cording to interviewees, nephrite from the Hamid 
mine and the Siraj mine in the Mohmand region are 
in especially high demand in China. Chinese con- 
sumers desire its emerald green color and absence of 
black oxide spots. While some of the nephrite from 
Khyber Pakhtunkhwa is used in jewelry and for dif- 
ferent types of carvings and beads for sale in the local 
market, most of it is exported to China, Hong Kong, 
and Japan. 


Merchandising Tactics and Negative Effects. There 
is a saying in Namak Mandi: “Demand a lot from 
God and your customer.” This quote is seen as the 
way to become profitable in business endeavors. An- 
other saying goes, “If you learn the tricks of trading 
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Figure 7. Bangles and different decorative materials 
made of nephrite. The nephrite shown in the photos is 
from the Hamid mine in the Mohmand area of Khy- 
ber Pakhtunkhwa. Photos by Shakeel Anwar Khan. 


in Namak Mandi, you can deal in any market in the 
world.” Keeping this in mind, below we highlight a 
few pricing and trading tactics. 

Colored gemstones have no internationally rec- 
ognized pricing mechanism. Seemingly aware of this, 
Namak Mandi traders tend to take advantage, inflat- 
ing their stone prices using various tactics, such as 
declaring a higher cost price than what they actually 
paid. First, when a dealer (Mr. A) indicates the slight- 
est interest in a gemstone, Mr. B might witness this 
display of interest and take a gamble and buy a spec- 
ulative stake with Mr. A without exchanging money. 
That is, if Mr. A buys a gemstone for US$1,000, Mr. 
B will swear that its value is at least US$1,500 and 
that if he could afford it, he would have bought it for 
at least that price. Similarly, if Mr. A has more busi- 
ness “friends,” each of them will make similar 
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claims to drive the price even higher. In this way, a 
gemstone purchased for just US$1,000 will have its 
price raised many times. Thus, when Mr. A is about 
to sell it, he will swear to a customer—often in the 
presence of his business associates—that he bought 
it for US$3,000, and thus he will set its price at 
around US$4,000. This ritual of increasing the price 
of a gemstone by solemn oaths and buying a specu- 
lative stake without exchanging a good has devel- 
oped out of religious reasons. That is, for religious 
reasons, a Namak Mandi trader would take solemn 
declarations from his business peers to set a new cost 
price of his item while avoiding any allegation of dis- 
honesty when telling people of the new cost price. 

Second, some families engaged in mining resort 
to another tactic. The mine owner inflates the cost 
price by giving each family member a share in every 
piece of extracted gemstone. The price cost of a 
stone, normally determined by adding the costs of 
labor, machinery, transportation, and so forth, is de- 
termined in this case by showing it to experienced 
tradespeople and the like. If the experts set a “cost 
price” of US$1,000 and a mine owner has four family 
members, then he will count a share of US$500 for 
each of the four family members. It is important to 
highlight that this only occurs verbally, without ever 
giving the shares to the family members. This will 
increase the stone’s cost price by US$2,000 (US$500 
each x 4), resulting in a new price of US$3,000. 

Third, gemstones coming for auction from 
Afghanistan are dealt with in a different way. Bidders 
tend to engage in blind bidding for the stones. Hun- 
dreds of bidders will buy a share in a specific lot with- 
out ever seeing a single gemstone. According to the 
conventions of the Islamic faith, one cannot buy 
something that exists only in the abstract. Nonethe- 
less, the practice of buying shares in an unseen lot of 
gemstones at auction has become a mainstream prac- 
tice at Namak Mandi. 

Finally, traders tend to be inconspicuous about 
their inventory, not displaying gemstones and closing 
the curtains once customers enter their stores. They 
use these tactics so that other traders do not see the 
stones they are showcasing to their customers; it also 
allows them to avoid price competition with their 
competitors. 

Customers and traders alike frequently become 
disheartened, believing they have been cheated or 
have paid far above market price. Some eventually 
leave the gemstone industry altogether. These ques- 
tionable business practices seem to reflect a persist- 
ent notion that government bureaucracies in 
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Pakistan do not function to serve the masses. Citi- 
zens often have to request access to information, 
such as import/export policies, that is constitution- 
ally guaranteed as a “fundamental right.” For in- 
stance, the drive to register one’s business with the 
APCEA was a purely voluntary effort among gem- 
stone traders. That is, a state agency or department 
did not direct or advise them how to effectively and 
smoothly import and export gemstones: It was the 
business acumen of a few entrepreneurs that led to 
the custom of registering one’s firm with the 
APCEA. Likewise, some traders are now taking the 
initiative in addressing ethical issues in pricing and 
trading tactics, albeit slowly. Most importantly, ac- 
cording to some interviewees, customers’ ability to 
quickly share their concerns regarding trading prac- 
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Jewelry manufacturers 


tices at Namak Mandi on social media platforms, es- 
pecially Facebook, is incentivizing dealers to become 
more responsible and ethical. 

Regardless of the ethical norms regarding price 
setting, Pakistan’s largest auctions take place in 
Namak Mandi, and the highest bids are often placed 
by local merchants. Namak Mandi’s merchants fre- 
quent trade shows and other exhibitions such as 
those held in China, the Tucson show in the United 
States, and Bangkok. They import many stones into 
Pakistan and export them to other countries. 


Gemstone Supply Chain at Namak Mandi. As illus- 
trated in figure 8, there are two ways for a gemstone 
to go from the mine to the end user through the 
Namak Mandi gem market. The first route is 
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Figure 9. The angoora faceting process used by cutters at Namak Mandi. A: A rough peridot. B: The pre-formed, 
dopped peridot. C: Instead of a modern faceting machine, local lapidaries use the angoora to save weight and 
maximize profits. D: The completed faceted peridot. Photos by Shakeel Anwar Khan. 


through the main contractor—the individual who 
leased the mine. After mining, the gems are sorted 
according to quality. Whenever stones are bought 
from him directly, he will narrate a long story re- 
counting how much money was spent on leasing 
and mining. Known as the toughest negotiator, the 
main contractor always demands a very high price 
for his product. Such sellers mostly deal in rough 
gems: The high-quality samples often go to the in- 
ternational market, while the medium- to low-qual- 
ity material is sold locally at Namak Mandi or 
elsewhere in Pakistan. 

A second route through which a gemstone travels 
from mine to market is through the subcontractor. 
He has two sources for collecting gemstones: the 
mine owner and the miners themselves. Usually, 
miners have a labor production sharing agreement 
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with the subcontractor. As depicted in the flowchart 
(figure 8], miners sell off their share to subcontrac- 
tors. The subcontractor selling the mined product 
(rough and faceted) in Namak Mandi and elsewhere 
is more like a middleman or a commission agent. Be- 
cause miners do not have the know-how and requi- 
site financial resources for dealing with traders at 
Namak Mandi and other markets, they have to rely 
entirely on selling the items to subcontractors. Ac- 
cording to our information, miners are at liberty to 
sell their product at local auctions but prefer subcon- 
tractors, who offer fairer deals. 


PERSISTENT AND EMERGING TRENDS 

A first-time visitor to Namak Mandi who has some 
knowledge of gemstone trading hubs such as China, 
Thailand, and Sri Lanka would immediately notice 
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that it has probably some of the lowest-quality cut- 
ting. Namak Mandi’s cutters still use a tool called 
the angoora, shown in figure 9C. The angoora is a 
metallic handle, one side of which is bent in such a 
way that it works as a base for angular positioning of 
the tool. On its opposite side (toward the thumb side 
in figure 9C), it has an adjustable hole with a copper 
screw to hold the wooden dop-stick, called a 
khandee (figure 10) in Pashtu. The tool does not have 
any angle settings. It is also important to highlight 
that the entire process using the angoora and 
khandee is done by hand, using the unaided eye. 
Before cutting and polishing with the angoora, a 
lapidary first pre-forms a gemstone, either by hand 
or using a khandee. This is done to shape the stone 
so that it can be easily and firmly mounted on the 
top of the khandee (figures 9A and 9B). To dop the 
stone, the lapidary uses a combination of superglue 
and hot wax that is wrapped around the top of the 
khandee to firmly fix a gemstone onto it for faceting. 
The combination of glue and wax is referred to lo- 


Figure 10. The khandee (wooden dop-stick) used with 
the angoora for faceting gemstones. Photo by Bilal. 
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cally as ma’waa. The stone is manually positioned 
in the hot wax, a skill that takes years to develop. 
The next task is to place the crown angles, which is 
also done entirely by hand. Next, the lapidary inserts 
the khandee into the angoora. Since the angoora 
does not have angle settings, it is entirely up to the 
ability and experience of the lapidary to meticulously 
shape the stone, checking and rotating it every few 
seconds to place facets evenly according to the design 
desired by the customer. 

Once the faceting is complete, the lapidary takes 
the stone out of the angoora to facet the table. Next, 
a copper lap is used to polish the stone. Here again, 
the entire process is done by hand. For instance, 
while observing a local lapidary, Mr. Sajid, we no- 
ticed that he regularly used kerosene to wipe the sur- 
face of the copper lap clean. He would also apply 
diamond powder to achieve the required polish. 
Once the process was done, the gemstone was re- 
moved from the khandee and flipped upside down to 
follow the same procedure to facet and polish the 
pavilion. It took Mr. Sajid about an hour to complete 
the entire faceting and polishing process (figure 11). 
Mr. Sajid also informed us that some stones could 
take longer if the desired shape had a more complex 
pattern with many more facets than standard cuts. 
While the process is time-consuming, most traders 
doing business outside Pakistan recut the stones in 
Thailand, Sri Lanka, or China to increase their value 
in the international market. 

Nonetheless, the angoora’s use is justified on two 
grounds. First, it saves stone weight, allowing for a 
higher price per carat. According to the local lapi- 
daries using the angoora, modern faceting results in 
loss of weight. Our understanding is that because 
they lack formal training and education, Namak 
Mandi’s lapidaries do not have the proper know-how 
of a modern faceter. Hence, they justify clinging to 
the angoora by saying that it retains weight. Second, 
in the words of Mr. Sajid, an angoora expert: “Just as 
we prefer an Afghani handmade carpet over a ma- 
chine-made piece, so do people [in/around Namak 
Mandij prefer a stone faceted with angoora.” This re- 
mark, which was echoed by other lapidaries and re- 
tailers, can be interpreted in two ways. First, it is 
worth mentioning that mastering a modern faceting 
machine might cognitively require a higher level of 
formal education than using an angoora, but to be- 
come an expert in using the angoora, one must in- 
vest years of apprenticeship under an ustad (mentor). 
Modern faceting is counterintuitive to the decades- 
old tradition of ustad-shagird (mentor-mentee). It 
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Figure 11. A highly experienced cutter, Mr. Sajid, guided the authors through the entire process of faceting with the 


angoora. Photo by Shakeel Anwar Khan. 


could also be argued that because experienced an- 
goora users took years to master the art, they have a 
vested interest in continuing the tradition rather 
than accepting a change that, besides requiring an in- 
vestment of time and financial resources, would ul- 
timately wipe out their hard-earned skills. 

In addition to the angoora culture, we docu- 
mented Namak Mandi’s online gemstone market. 
Somewhere around 2.010, a handful of traders in Pe- 
shawar started doing business on eBay. At the time, 
this was a niche marketing strategy for exporting 
gemstones from Pakistan to the rest of the world, but 
it enabled them to gain repeat and long-term cus- 
tomers. Many merchants, particularly those originat- 
ing from Afghanistan, would introduce the younger 
generations to the gemstone industry. The younger 
traders began to find innovative ways of selling their 
products. But Namak Mandi faces two obstacles in 
achieving the full potential of online sales. First, eBay 
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accounts are usually linked to the most popular pay- 
ment system, PayPal, which does not operate in Pak- 
istan. Sellers tend to migrate abroad and set up their 
accounts from countries such as Thailand. Second, 
rogue traders tend to generate negative perceptions 
of the Pakistani gemstone market. They create Face- 
book accounts, attracting buyers with flowery lan- 
guage, and then sell them gemstones for 
above-market price or defraud their customers by 
providing the wrong stones altogether. The sellers 
also use camera effects to completely misrepresent 
the true features of the stone. In most cases, eBay 
closes such accounts. Although the fraud rate has 
fallen dramatically as eBay introduces new measures 
to combat these transactions, such practices have 
hindered Namak Mandi’s online gemstone market. 
Thus, scandals and stories regarding online fraud are 
gradually making inroads for more ethical and re- 
sponsible trading. 
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Finally, Pakistani women are starting to buy and 
sell gemstones online, which could be a game 
changer. Pakistan’s gem trade in general and Namak 
Mandi, in particular, is a male-dominated market- 
place. Women tend to avoid trading in such a “hos- 
tile’ market. To navigate around this challenge, 
women entrepreneurs are doing business on eBay. 
Many are brokers: They arrange deals between 
traders in Pakistan and buyers who are based locally 
or globally. Since the few women who have entered 
the online marketplace are reportedly doing business 
quite ethically, they could ultimately influence their 
male counterparts to operate just as ethically, lest 
they lose their share of the market. 


CONCLUSIONS 


Over the last 50 years, Namak Mandi has evolved 
from a salt storage and trading market into a thriving 
gemstone business hub pulling local and Afghan 
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traders. The exchange of rough and faceted stones, 
mineral specimens, and ornamental stones has 
turned it into a pioneer gemstone market in Pakistan. 
This transformation has come about with the sole 
support of APCEA and, literally, zero support from 
the relevant government departments. Nonetheless, 
the local and online business at Namak Mandi has 
been marred by complaints about unethical business 
practices. These primarily include: (1) occasionally 
duping the customers with low-quality gemstones 
and (2) charging exorbitant prices for the merchan- 
dise. Similarly, the lack and non-acceptance of mod- 
ern faceting facilities potentially hinder Namak 
Mandi’s traders from firmly finding a niche in or com- 
peting with regional gemstones centers in Thailand, 
China, India, or Sri Lanka. By and large, women 
traders’ recent entry into the market, who reportedly 
do business ethically and responsibly, could pave the 
way for improving business culture overall. 
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Atypical Dyed BERYL 


A green stone mounted in a ring was 
recently submitted to the New York 
lab. The ring’s prongs prevented a full 
reading of the stone’s refractive index, 
but a maximum reading of 1.578 indi- 
cated the material was potentially 
beryl. Face-up, the even distribution of 
color made an identification of emer- 
ald appear likely (figure 1). However, 
careful microscopic examination re- 
vealed an even distribution of thin 
green zoning resembling mica platelets 
typical of amazonite (figure 2). Oblique 
fiber-optic lighting exposed a network 
of incipient basal cleavage perpendicu- 
lar to the c-axis (figure 3). Using a 
handheld spectroscope, a characteristic 
of dyed green beryl was observed: a 
broad absorption band in the red region 
in the absence of chromium lines. 
Denser green color concentrations 
were also present in larger surface- 
reaching fissures. 

While dyed beryl is occasionally 
submitted to GIA, it is mostly translu- 
cent and immediately identifiable due 
to its unnatural color. This impressive 
emerald imitation was the first of its 
kind submitted to the New York or 
Carlsbad labs. It serves as an impor- 
tant reminder that careful, methodical 
gemological testing is necessary to de- 
tect these subtler treatments. 


Tyler Smith 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. A mounted green stone with a superficial resemblance to emer- 


ald was later revealed to be dyed beryl. 


CVD Laboratory-Grown DIAMOND 
With Counterfeit GIA Inscription 

In recent months, GIA has seen a 
number of laboratory-grown dia- 
monds submitted for update or ver- 
ification services with counterfeit 
inscriptions referencing GIA natu- 
ral diamond reports (“GIA labora- 
tory prevents attempted fraud,” 
GIA press release, May 17, 2021, 


Figure 2. Thin, evenly distributed 
concentrations of green dye in the 
beryl, as seen through the table. 
Field of view 1.76 mm. 
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https://www.gia.edu/gia-news- 
press/gia-lab-prevents-attempted- 
fraud). One recent example is a 3.07 ct 
round brilliant submitted to the 
Antwerp lab for update service (figure 
4). It bore an inscription matching a 
GIA report for a natural diamond that 
had been submitted in 2018. Micro- 
scopic examination quickly revealed, 


Figure 3. Basal cleavage under 
oblique illumination. Shallow 
cavities can be seen toward the 
top, where the fissures reach the 
surface of the stone. Field of view 
2.90 mm. 
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Figure 4. This 3.07 ct CVD lab- 
grown diamond was submitted 
with a counterfeit GIA inscrip- 
tion that corresponded to a previ- 
ously graded natural diamond. 


however, that the inscription was in 
fact fraudulent. Further analysis indi- 
cated a laboratory-grown origin. 
Comparison showed an attempt 
to precisely match the laboratory- 
grown diamond to the information 
contained in the original report (table 
1). Both were round brilliants with ex- 
cellent cut properties and very close 
in carat weight and measurements. 
The natural diamond, however, did 
have a slightly better color and clarity 
(G-IF compared to H-VVS,}. The clar- 
ity grade of the laboratory-grown dia- 
mond (VVS,) was set by two types of 
inclusions: pinpoints and needles. 
Further analysis of the laboratory- 
grown diamond was performed using 
advanced spectroscopic techniques. 


Figure 5. DiamondView imaging 
confirmed CVD growth and sub- 
sequent HPHT treatment. 


Las Notes 


TABLE 1. Comparison of the natural diamond submitted to GIA in 
2018 and the laboratory-grown diamond submitted with a counterfeit 


inscription in 2021. 


Natural Laboratory-grown 
Weight (ct) 3.078 3.075 
Shape Round brilliant Round brilliant 
Measurements (mm) 9.33-9.38 x 5.74 9.39-9.41 x 5.76 
Girdle Slightly thick Medium 
Cut Excellent Excellent 
Symmetry Excellent Excellent 
Polish Excellent Excellent 
Color G H 
Long-wave UV fluorescence None None 
Clarity IF WSs, 
Inclusions - Pinpoints, needles 
Diamond type la lla 


Whereas the original diamond was type 
Ia and had a high concentration of ni- 
trogen such that it saturated the detec- 
tor in the one- phonon region 
(1335-1085 cm), Fourier-transform in- 
frared (FTIR) analysis revealed that the 
newly submitted diamond was nomi- 
nally type Ila. The spectrum showed 
the weak presence of isolated nitrogen 
at 1344 cm” and the absence of both 
the 3107 cm and the CVD-specific 
NVE? band at 3123 cm. Photolumi- 
nescence (PL) spectra taken with vari- 
ous laser excitation wavelengths and at 
liquid nitrogen temperature showed 
the strong presence of the SiV- doublet 
(736.6/736.9 nm), a defect commonly 
observed in CVD laboratory-grown di- 
amonds. This strong SiV- center was 
also conspicuous in the UV-Visible ab- 
sorption spectrum taken at liquid ni- 


trogen temperature. Other defects de- 
tected with PL spectroscopy were 
strong NV* (575 and 637 nm) centers, 
a strong H3 (503.2 nm) center, and 
weak nickel-related defects (883/884 
nm doublet). 

DiamondView imaging displayed 
a typical CVD growth structure with 
a green-blue layered pattern and 
banded layers, indicating a start-stop 
growth (figure 5). A weak greenish 
blue phosphorescence was observed 
after switching off the UV source. 

Based on all the observations, we 
concluded this was a CVD laboratory- 
grown diamond that had undergone 
HPHT treatment after growth. As 
with all laboratory-grown diamonds 
submitted to GIA, it was then in- 
scribed with “LABORATORY- 
GROWN” (figure 6, left). The 


Figure 6. In accordance with GIA procedures, the LABORATORY- 
GROWN inscription was added to the girdle (left) and the counterfeit 
report number inscription was rendered illegible (right). 
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Figure 7. A Melo pearl measuring 
20.50 x 19.25 x 18.85 mm and 
weighing 55.10 ct. A fine crack is 
visible across the center of the 
surface. 


counterfeit inscription was overwrit- 
ten (figure 6, right) and a new GIA re- 
port number was placed on the girdle. 

This example demonstrates the 
importance of careful examination to 
verify a diamond’s origin. A close 
comparison of the CVD diamond 
with the earlier report on a natural di- 
amond showed a very precise attempt 
at matching. 


Ellen Barrie and 
Sally Eaton-Magana 


Melo PEARL Found in a Melo Shell 


Over the years, there have been a 
number of reports relating discoveries 
of natural pearls in edible oysters 
(e.g., Fall 2019 Gem News Interna- 
tional, pp. 439-440; Fall 2020 Lab 
Notes, pp. 420-422). However, simi- 
lar discoveries are much rarer in gas- 
tropods, such as species of the Melo 


Figure 9. Microradiographs in two directions showed no obvious internal 
growth structure. Only a fine dark line showed in one orientation, 
which corresponded to a surface-reaching crack (left, indicated by the 


white arrows). 


genus. Such finds often make head- 
lines, as was the case recently in 
Thailand when a few discoveries 
were reported on social media. One of 
these remarkable stories, titled “A 
delicious find,” was posted on 
www.facebook.com/GIAEducation on 
April 9, 2021. It detailed the discovery 
of a large oval orange Melo pearl meas- 
uring 20.50 x 19.25 x 18.85 mm and 
weighing 55.10 ct that was submitted 
to GIA’s Bangkok laboratory for test- 
ing in September 2020 (figure 7). The 
owner claimed to have accidentally 
found this pearl in an inexpensive 
Melo shell he purchased with another 
shell from a local market in Rayong 
Province, eastern Thailand. 

This note offers additional detail 
on the pearl that was the subject of 
that story. To the eye, the pearl looked 
exactly as a Melo pearl should. Its size 
and color were consistent with that 
type of pearl, and it exhibited various 


flame structure patterns on its surface: 
short patchy flames, thin elongated 
flames, and “triangular” flames remi- 
niscent of Christmas trees (figure 8). 
These features were consistent with 
flame structures previously observed 
on Melo pearls (D.J. Content, Ed., 
Pearl and the Dragon: A Study of Viet- 
namese Pearls and a History of the 
Oriental Pearl Trade, Houlton, Maine, 
1999, pp. 90-92; H. Htun et al., “Melo 
‘pearls’ from Myanmar,” Fall 2006 
Gwe, pp. 135-136; V. Pardieu, “Con- 
cise Field Report: Melos and their 
pearls in Vietnam,” GIA Research 
News, https://www.gia.edu/ongoing- 
research/melo-pearls-from-vietnam, 
2009). Some other associated minor 
surface features were visible, together 
with a long fine crack traversing one 
area (figure 8, left). Microradiography 
revealed no obvious internal growth 
structure (figure 9). Only the fine 
crack previously mentioned showed 


Figure 8. Various flame structure patterns visible on the pearl’s surface: short patchy flames with a fine surface- 
reaching crack (left), thin elongated flames with some minor natural features (center), and flames reminiscent of 
Christmas trees (right). Fields of view 19.20, 7.20, and 3.60 mm, respectively. 
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as a dark fine line in the correct ori- 
entation (figure 9, left, indicated by 
the white arrows). The absence of any 
surface modification and the presence 
of natural surface features, in addi- 
tion to the lack of banded structure 
typically observed in shell samples, 
proved this was a pearl and not an im- 
itation fashioned from Melo shell 
(Summer 2006 Lab Notes, pp 166- 
167, N. Sturman et al., “An imitation 
Melo pearl,” GIA Research News, 
https://www.gia.edu/gia-news- 
research/imitation-melo-pearl, 2011). 

Spectral analyses using Raman, 
photoluminescence (PL), and UV-Visi- 
ble (UV-Vis) spectroscopy proved the 
pearl’s color was of natural origin. 
Raman spectra revealed features at 701, 
705, and 1085 cm! identifying arago- 
nite, together with polyenic peaks at 
1130 and 1520 cm" responsible for the 
orange coloration. These polyenic 
peaks are consistent with other natu- 
rally colored porcelaneous pearls (S. 
Karampelas et al., “Polyacetylenic pig- 
ments found in pearls and corals,” 30th 
International Gemmological Confer- 
ence Proceedings, 2007, pp. 49-51; 
Summer 2018 Lab Notes, pp. 211-212). 

An interesting declaration made by 
the pearl’s owner probably explains the 
presence of the fine eye-visible surface 
crack. The Melo shell containing the 
hidden pearl was boiled, and the Melo 
pearl was only discovered when the 
meat was being prepared for consump- 
tion. Hence, it is likely that the tem- 
peratures and duration applied during 
the cooking process caused the crack’s 
formation. This point has been men- 
tioned by a number of pearl traders 
during discussions with lab gemolo- 
gists over the years, so it seems an im- 
portant consideration when such 
cracks are observed. Even so, the no- 
table size, unmodified surface, per- 
fectly formed oval shape, and intense 
natural color all combined to make 
this a desirable and special pearl. 


Nanthaporn Nilpetploy 


Imitation MOLDAVITE 


Recently GIA’s Carlsbad laboratory 
received for identification a 46.13 ct 
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Figure 10. Acid-etched flow lines 
on artificial glass imitating mol- 
davite. Field of view 2.34 mm. 


yellowish green rough stone. The lack 
of a polished flat surface prevented a 
refractive index reading, while the 
specific gravity was measured as 2.45. 
Under microscopic examination, very 
few gas bubbles were found and some 
straight, approximately evenly spaced 
surface features were observed (figure 
10). Closer examination revealed 
these features were likely artificially 
acid-etched flow lines. The presence 
of gas bubbles coupled with flow lines 
led the author to infer an artificial 
glass or a natural glass, possibly mol- 
davite, though moldavite has more 
natural-looking flow lines (figure 11). 
The SG reading was also slightly 
higher than the expected SG of 2.36 
for moldavite. Additionally, mol- 
davite typically contains numerous 
gas bubbles. Suspecting an artificial 
glass, the author analyzed the stone 
with a Fourier-transform infrared 
(FTIR) spectrometer. The FTIR read- 
ing showed absorption bands at ap- 
proximately 2900 and 3480 nm, 
which confirmed an artificial glass. 
Moldavites are a form of tektite, 
an impact glass created by the melting 


Figure 11. Natural flow lines on 
moldavite. Field of view 7.19 mm. 
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of rock caused when a meteorite 
strikes the earth’s surface. The most 
famous moldavites, found in southern 
Bohemia in the Czech Republic, were 
formed by the impact of the meteor 
that created the Ries crater 500 km 
away in southern Germany 14.7 mil- 
lion years ago. With rising prices for 
moldavite over the past few years, 
moldavite imitations have become 
more prevalent (Spring 2015 Gem 
News International, pp. 103-104). 


Michaela Stephan 


Exquisite OPAL Strand 


The Carlsbad laboratory recently re- 
ceived for identification a strand of 28 
graduated round gray beads displaying 
spectacular play-of-color (figure 12). 
At the time of inspection, the strand 
weighed 115.5 grams total. Standard 
gemological properties were consis- 
tent with opal. All 28 beads had a spot 
RI reading of approximately 1.39 and 
fluoresced very weak yellow under 
short-wave UV and weak yellow to 
long-wave UV. No indications of dye, 
color treatment, clarity enhancement, 
or coating were present. All of the 
beads showed a natural play-of-color 
phenomenon under microscopic ex- 
amination. A single drop of water was 
placed on the surface of each bead and 
observed under direct transmitted 
light in brightfield mode in the micro- 
scope. Each bead absorbed the water, 
revealing them to be porous. There- 
fore, it was concluded that all 28 
beads were natural hydrophane opal 
with natural color. Crazing was not 
observed in any of them. 

Hydrophane opals are porous 
enough to absorb water, which can 
cause a change in appearance and a 
temporary increase in weight. It is 
therefore not advisable to immerse 
them in water (Fall 2013 Lab Notes, 
pp. 175-176). 

This opal strand was remarkable 
due to the unusually bright and vibrant 
spectral play-of-color seen evenly 
across all 28 beads. Play-of-color in pre- 
cious opal is caused by light interacting 
with stacked submicroscopic silica 
spheres. Light waves bend as they pass 


Summer 2021 153 


Figure 12. This spectacular opal strand displayed unusually bright, 
vibrant play-of-color across all 28 beads. 


between these spheres, causing the 
light to diffract into the spectral colors 
of the rainbow. The resulting color is 
determined by the size of the spheres. 
For example, approximately 0.1 micron 
spheres produce a violet color and ap- 
proximately 0.2, micron spheres display 
a red color (https://www.gia.edu/opal- 
description). 


Michaela Stephan 


Transparent RHODONITE with 
Clarity Enhancement 

Recently the Carlsbad laboratory re- 
ceived a transparent vivid orangy red 
rhodonite for identification service 
(figure 13). Standard gemological test- 
ing revealed a double refractive index 
of 1.727-1.738, and a specific gravity 
of 3.66 was obtained. The stone was 
inert to both long-wave and short- 
wave UV light. These properties were 
consistent with rhodonite (R. Webster, 
Gems, 5th ed., rev. by P.G. Read, But- 
terworth-Heinemann, Oxford, 1994, p. 
365). Rhodonite, with the formula 
CaMn,Mn{Si,O,.] (mindat.org), is a 
member of the triclinic crystal system 
and occurs in manganese-bearing 
rocks. 

During microscopic analysis, scat- 
tered curved needle-like inclusions 
(figure 14) were observed as well as 
fractures with  clarity-enhancing 
residue that also contained high-relief 
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areas where gas bubbles were trapped 
(figure 15). Although the source of 
this particular rhodonite is unknown, 
curved needle inclusions in transpar- 
ent rhodonite from Brazil were previ- 
ously reported in 2004 and 2008 (Fall 
2004 GNI, pp. 260-261). The appear- 
ance of the needle-like inclusions was 
consistent with those previously 
identified as cummingtonite (P. Lev- 
erett et al., “Ca-Mg-Fe-rich rhodonite 
from the Morro da Mina mine, Con- 
selheiro Lafaiete, Minas Gerais, 
Brazil,” The Mineralogical Record, 
2008, Vol. 39, pp. 125-130). 

In addition to Brazil, Australia is 
a well-documented source of gem- 
quality rhodonite (P. Millsteed et al., 
“Inclusions in transparent gem 


Figure 14. These scattered ran- 
domly oriented curved needle- 
like inclusions are likely the 
mineral cummingtonite. Field of 
view 2.56 mm. 
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Figure 13. A large 11.32 ct 
thodonite showing vivid orangy 
red color and visible needle-like 
inclusions. 


rhodonite from Broken Hill, New 
South Wales, Australia,” Fall 2005 
GwG, pp. 246-254). Despite being 
clarity enhanced, this saturated gem- 
quality rhodonite was exceptional for 
its bright vivid color, transparency, 
and size. 


Amy Cooper 
RUBY 
Amphibole Mineral Inclusions in 
Mozambique Ruby 


Amphibole, a mineral supergroup 
with a diverse chemical composition 
of the general formula AB,C.T,O,,W,, 


Figure 15. Low-relief fractures 
with high-relief trapped gas bub- 
bles offer proof of clarity en- 
hancement in the faceted 
transparent rhodonite. Field of 
view 3.12 mm. 
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Figure 16. Densely distributed 
amphibole inclusions in ruby. 
Field of view 9.40 mm. 


where A = C1 (vacancy), Na‘, K*, Ca?*, 
Pb’, Lit; B = Na‘, Ca**, Mn**, Fe, 
Mg?*, Lit; C = Mg?*, Fe", Mn2", Al?*, 
Fe, Mn**, Cr, Ti, Lit; T = Si*, Al, 
Ti*, Be”; and W = OH, O*, F-, CI, is 
a collectors’ item as a loose stone; its 
members are known as constituent 
minerals of nephrite (X. Feng et al., 
“Characterization of Mg and Fe con- 
tents in nephrite using Raman spec- 
troscopy,” Summer 2017 GWG, pp. 
204-212). In addition, amphibole ap- 
pears as crystal inclusions in both 
ruby and sapphire reported from 
Mozambique and Kashmir (e.g., Win- 
ter 2018 Lab Notes, pp. 435-436). Re- 
cently, the GIA lab in Tokyo received 
a Mozambique ruby densely included 
with rounded anhedral crystals (fig- 
ures 16 and 17). The Raman pattern of 
the surface-reaching crystals most 
closely matched the RRUFF reference 


Figure 17. Photomicrograph of 
rounded anhedral amphibole 
crystals. Field of view 3.25 mm. 
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Figure 18. The Raman spectrum of the amphibole mineral inclusions 
(blue) and the reference spectrum of pargasite from the RRUFF database 


(RO60072). 


spectrum (no. 060072) of the calcic 
amphibole pargasite (figure 18). The 
Raman peak at 669 cm" corresponded 
to the symmetric stretching vibration 
of T elements, which are tetrahedral 
ring structures composed mainly of 
the Si-O,-Si linkage (O, = bridging 
oxygen) and often used to fingerprint 
various amphibole species (N. Wae- 
selmann et al., “Nondestructive de- 
termination of the amphibole 
crystal-chemical formulae by Raman 


spectroscopy: One step closer,” Jour- 
nal of Raman Spectroscopy, Vol. 51, 
No. 9, 2020, pp. 1530-1548). The 
FTIR pattern showed some peaks be- 
tween 3600 and 3800 cm in the prin- 
cipal OH-stretching region of 
octahedral metal components, which 
are C cations in the general formula 
of amphibole (figure 19). The FTIR 
pattern showed a peak at 3643 cm in 
addition to peaks at 3671 and 3704 
cm:!, suggesting the possibility that 


Figure 19. The FTIR spectrum of the Mozambique ruby, indicating the 
amphibole-related peaks between 3600 and 3800 cm. The 3309 cm 


peak is associated with corundum. 
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other elements such as Fe occupied 
those sites typical of pargasite in some 
portions (e.g., M.C. Day et al., “Gem 
amphiboles from Mogok, Myanmar: 
Crystal-structure refinement, infrared 
spectroscopy and short-range order— 
disorder in gem pargasite and fluoro- 
pargasite,” Mineralogical Magazine, 
Vol. 83, No. 3, 2019, pp. 361-371). 
The FTIR spectra of corundum be- 
tween 2000 and 5000 cm“! were very 
useful for the identification of mineral 
inclusions in corundum. This is the 
first known report of an FTIR pattern 
identifying amphibole mineral inclu- 
sions in corundum. 


Kazuko Saruwatari and 
Masumi Saito 


Chrysoberyl Inclusions in Flux- 
Grown Ruby 

The Tokyo laboratory recently re- 
ceived a 3.02 ct red pear-shaped mixed 
cut measuring 10.93 x 7.04 x 5.03 mm 
(figure 20). Standard gemological test- 
ing yielded a refractive index of 1.765- 
1.773; a hydrostatic specific gravity of 
4.00; absorption lines at 693, 476, and 
468 nm; and a broad absorption band 


Figure 20. This ruby proved to be 
a flux-grown synthetic ruby with 
chrysobery1 inclusions. 
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Figure 21. These natural-looking 
hexagonal colorless crystals and 
the small nest of inclusions in the 
flux-grown ruby (top of image 
and around the hexagonal crys- 
tals) could be mistaken for natu- 
ral corundum inclusions. Field of 
view 1.41 mm. 


between 500 nm and 610 nm seen 
using a handheld spectroscope. All of 
these properties were consistent with 
ruby. The stone displayed strong red 
fluorescence under both long-wave 
and short-wave UV. 

Microscopic examination revealed 
numerous hexagonal colorless inclu- 
sions as well as small colorless inclu- 
sions that resembled zircon nests often 
found in natural corundum (figure 21). 
Also observed were features suggesting 
the possibility of flux-grown corun- 
dum: hexagonal dark reflective long 
prisms and platelets (figure 22) and 
healed fissures filled with flux residues 
(figure 2.3). 


Figure 23. Fingerprints in the 
flux-grown ruby could also be 
mistaken for natural residue- 
filled fingerprints. Field of view 
1.23 mm. 


Laser ablation-inductively cou- 
pled plasma—mass spectrometry (LA- 
ICP-MS) detected high amounts of Be 
(35.3-37.1 ppma), Cr (1733.5-2047.2 
ppma), Rh (0.6-1.0 ppma), and Pt (0.5— 
1.1 ppma). Elements normally present 
in natural corundum such as Mg, Ga, 
and V were not detected. The chem- 
istry indicated a flux growth process. 

Earlier work has shown numerous 
transparent, colorless hexagonal tab- 
ular “ghost-like” inclusions in 
Chatham flux-grown sapphire (R.E. 
Kane, “The gemological properties of 
Chatham flux-grown synthetic orange 
sapphire and synthetic blue sap- 
phire,” Fall 1982 G&G, pp. 140-153). 
In that study, X-ray diffraction analy- 
sis (XRD) revealed that the pattern of 
the ghost-like inclusions was identi- 


Figure 22. The hexagonal dark reflective long prisms (left) and platelets 
(right) observed in the sample are common inclusions in flux-grown syn- 
thetic corundum. Field of view 1.28 mm. 
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Figure 24. The Raman spectrum of the chrysobery1 inclusion compared to 


that of the known reference. 


cal to that of chrysoberyl. That study 
also stated that Chatham, who was 
successful in synthesizing sapphire by 
the flux method, added heavy concen- 
trations of beryllium, which ex- 
plained the presence of chrysoberyl 
and the high beryllium trace element 
content. More recently, natural-look- 
ing transparent hexagonal crystals in 
a flux-grown pink sapphire have also 
been reported (Fall 2017 Lab Notes, 
pp. 367-368). There was no surface- 
reaching transparent crystal in that 
pink synthetic sapphire, but the small 
amounts of beryllium suggested the 


possibility of chrysoberyl. In the pres- 
ent laboratory-grown ruby, fortu- 
nately, one of the transparent crystals 
reached the surface. With Raman 
spectroscopy, we were able to identify 
it as chrysobery]l (figure 2.4). 

The beryllium concentration of 
this laboratory-grown ruby (up to 37 
ppma) indicated possible beryllium 
diffusion treatment. High chromium 
(up to 2047 ppma) resulted in a vivid 
red color. With such a highly satu- 
rated bodycolor, we cannot deny the 
possibility of beryllium diffusion, 
though the signature orange rim was 


not found using immersion tech- 
niques. The numerous chrysoberyl 
crystals offer important evidence that 
the beryllium was already excised 
during the flux growth process. Beryl- 
lium diffusion of corundum requires 
exposure to extreme heat (above 
1780°C; J.L. Emmett et. al., “Beryl- 
lium diffusion of ruby and sapphire,” 
Summer 2003 GWG, pp. 84-135). 
These chrysoberyl inclusions do not 
show the typical indications follow- 
ing heat treatment, meaning this 
stone was not beryllium diffused after 
its growth. 

With LA-ICP-MS and Raman 
spectroscopy, we were able to confirm 
that flux-grown laboratory-grown 
ruby with high beryllium content 
could indicate the presence of natural- 
looking chrysobery] crystals. 


Yuxiao Li 
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Iridescent Abalone Shell 


The glowing rainbow-colored image resembling a topo- 
graphic map in figure 1 was captured over the polished sur- 
face of an abalone shell. Abalone is a common marine 
gastropod (univalve mollusk) belonging to the family Hali- 
otidae and the genus Haliotis. Abalone mollusks are dis- 
tributed along coastal waters worldwide and associated 
with rocky habitats. They are well known as nutrition-rich 
seafood, and their ear-shaped shells are also popular in jew- 
elry owing to their uniquely vibrant iridescent nacre 
known as mother-of-pearl. 


Figure 1. The surface of this colorfully iridescent 
abalone shell resembles a topographic map. Photo- 
micrograph by Michaela Stephan; field of view 
23.14 mm. 
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Iridescence is an optical phenomenon frequently ob- 
served in gem materials, as well as in nacreous shells and 
pearls. Orient is the specific term for the iridescent effects 
attributed to interference and diffraction of light in the 
multilayered aragonite platelet structure. Shells and pearls 
produced by the Haliotis species generate the highest de- 
gree of iridescence, with a full range of distinct rainbow 
colors. These colors are caused by the fine grating structure 
created by the thin and closely packed nacre layers, similar 
to that of a diffraction grating (T.L. Tan et al., “Iridescent 
colours of the abalone shell (Haliotis glabra),” Journal of 
Gemmology, Vol. 29, No. 7/8, 2005, pp. 395-399). This ex- 
traordinary property lends a charming appearance to shell, 
pearl, and assembled cultured blister “pearls” (mabe) pro- 
duced by abalone mollusks and makes them widely popu- 
lar in the gem and jewelry industry. 


Artitaya Homkrajae and Michaela Stephan 
GIA, Carlsbad 


Colorful Inclusions in Diamond 


Inclusions can be found in a variety of different gem- 
stones; they create a window that allows the viewer to 
picture a stone’s formation history. Diamond possesses 
the ideal characteristics for preserving these features. 
Chemically inert and durable, it is the perfect host for 
inclusions. 


About the banner: This topaz crystal from Minas Gerais, Brazil, shows 
interesting circular etch patterns on a prism face, while subsurface frac- 
tures display vivid interference colors. This image was taken using epi- 
scopic differential interference contrast microscopy. Photomicrograph by 
Nathan Renfro; field of view 1.44 mm. 
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In general, inclusions in gem diamonds are considered 
undesirable. While extremely common in a number of 
forms, they almost always lower the clarity grade of a di- 
amond to varying degrees depending on their type, size, 
quantity, and location. This happens because they are 
“imperfections” within the crystal that can ultimately af- 
fect the way light interacts with the stone, detracting from 
the overall brilliance of a properly faceted gem. In some 
cases, however, inclusions can make a diamond uniquely 
special. 

Recently the New York lab examined two gem-quality 
diamonds (figure 2) possessing vivid green and purplish 
pink inclusions. With Raman spectroscopy, the green in- 
clusions were identified as enstatite and diopside while 
the purplish pink inclusion was identified as pyrope garnet 
(figure 3). Both are common in ultramafic rocks, typically 
from a peridotite host. Chromium, an element character- 


Figure 2. The 2.56 ct dia- 
mond oval (left) con- 
tains green crystals of 
diopside and enstatite, 
while the 1.48 ct round 
brilliant (right) contains 
a purplish pink pyrope 
garnet. Photos by Towfiq 
Ahmed. 


istic of the earth’s very deep rocks, is the chromophore re- 
sponsible for both the green and the pink within these dif- 
ferent minerals. The different lattice environments within 
these minerals results in distinct octahedral Cr-O bond 
lengths, and therefore they differ in light absorption and 
color produced. The vivid green color and shape of the 
diopside and enstatite are similar to those of the inclu- 
sions captured in The Microworld of Diamonds: A Visual 
Reference Guide, by John I. Koivula (Gemworld Interna- 
tional, Northbrook, Illinois, 2000). As these diamonds 
formed, they enveloped the inclusions. 

It is rare to see such high-quality diamonds with these 
types of inclusions. These timeless diamonds possess valu- 
able relics of Earth’s beginnings, making their clarity fea- 
tures noteworthy. 

Stephanie Persaud, Anthony Galati, and Paul Johnson 
GIA, New York 


Figure 3. Microscopic observation revealed a green chromium-colored diopside in the 2.56 ct diamond (left) and a 
purplish pink pyrope garnet inclusion in the 1.48 ct diamond (right). Photomicrographs by Stephanie Persaud; field 
of view 1.00 mm (left) and 2.50 mm (right). 
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Garnet in Sapphire 


The author recently examined a 3.26 ct sapphire that 
changed from green-blue in fluorescent light to reddish 
purple in incandescent light. The color-change sapphire 
contained a large eye-visible crystal inclusion (figure 4). Mi- 
croscopic examination of the singly refractive inclusion re- 
vealed garnet’s characteristic dodecahedral crystal shape 
with rounded edges. 

Of all the possible inclusions contained within sapphire, 
garnet is a rare and beautiful occurrence. When garnet crys- 
tal inclusions do occur, they often indicate an origin of Tan- 
zania or the U.S. state of Montana (E.J. Gtibelin and J.L. 
Koivula, Photoatlas of Inclusions in Gemstones, Vol. 3, 
Opinio-Verlag Publishers, Basel, Switzerland, 2008, pp. 228— 
242). In this sapphire, a large vibrant orange garnet is fol- 
lowed by a trail of dust-like rutile particles, much like an 
asteroid streaking across the night sky. 


Michaela Stephan 


Neptunite Inclusion in Benitoite 


The authors recently examined a round, slightly zoned 
blue and near-colorless faceted benitoite that contained an 
interesting inclusion. Microscopic observation revealed a 
well-formed euhedral semitransparent reddish brown 
crystal surrounded by fine short needles and fluid finger- 
prints (figure 5). Because of the color and structure of the 
inclusion, both neptunite and joaquinite were considered 
as the possible identity. In benitoite, these minerals are 
often found in association and may have a similar color to 
the inclusion observed in this particular example. One 
method of separating neptunite from joaquinite is 
pleochroism. A yellow-orange, orange, and deep red 
pleochroism is consistent with neptunite, while light yel- 
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Figure 4. This sapphire 
contains a beautiful 
garnet inclusion and a 
trail of dust-like rutile 
particles. Photomicro- 
graph by Michaela 
Stephan; field of view 
4.79 mm. 


low and colorless pleochroism is consistent with joaquinite 
(webmineral.com). This inclusion showed a reddish orange 
to red pleochroism that was more consistent with neptu- 
nite. Raman analysis confirmed the host crystal was beni- 
toite and the orangy red inclusion was neptunite, which has 
been previously documented (E.J. Giibelin and J.I. Koivula, 
Photoatlas of Inclusions in Gemstones, Vol. 1, 5th ed., 
2008, Opinio-Verlag Publishers, Basel, Switzerland, p. 416). 
Benitoite is a barium titanium silicate (BaTiSi,O,). This 
rare gem is found primarily in San Benito County, Califor- 
nia, though it also occurs in other locations worldwide. 
Neptunite’s chemical formula is KNa,Li(Fe*,Mn),Ti,Si,O,,, 
and it also occurs in San Benito County. Neptunite is found 
in association with other minerals in New Mexico, Green- 
land, and Canada, to name just a few (W.L. Roberts et al., 
Encyclopedia of Minerals, 2nd ed., 1990, Van Nostrand 
Reinhold, New York, pp. 603-604). The gem-quality beni- 
toite material comes from the Benitoite Gem mine and the 
Junnila Claim (B. Laurs et al., “Benitoite from the New Idria 
District, San Benito County, California,” Fall 1997 GWG, 
pp. 166-187). This faceted benitoite contains one of the best 
examples of neptunite in benitoite seen by the authors. 


Amy Cooper and Nathan Renfro 
GIA, Carlsbad 


Xenomorphic Olivine Inclusion in Diamond 


The author recently examined a faceted diamond that 
contained an oddly shaped near-colorless crystal with a 
low-relief tension crack surrounding it. The inclusion 
was identified by Raman spectroscopy as olivine, a 
rather common inclusion in diamond. The remarkable 
thing about this particular example was its shape, which 
consisted of three spokes intersecting at approximately 
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120° (figure 6). This is not the shape one would typically 
associate with the orthorhombic mineral olivine, but 
there is an explanation for the unusual morphology of 
this inclusion. 

As diamonds form at extreme temperature and pres- 
sure conditions, they can impose their morphology on 
syngenetic minerals that become included in them. When 
a guest mineral adopts the host diamond’s morphology, 
this is known as xenomorphism. The triangular morphol- 
ogy seen here suggests that the olivine inclusion is ori- 
ented parallel to an octahedral crystal face of the host 
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Figure 5. This faceted 
benitoite contains a 
small reddish brown 
inclusion of neptunite 
that was identified by 
Raman spectroscopy. 
Photomicrograph by 
Nathan Renfro; field of 
view 1.20 mm. Cour- 
tesy of Michael 
Jakubowski. 


diamond crystal. This is one of the most unusually 
shaped inclusions observed in diamond examined by the 
author. 


Nathan Renfro 


Bent Rutile in Rock Crystal Quartz 


The authors recently examined a polished quartz disk with 
an unusual rutile (TiO,) inclusion (figure 7). Although ru- 
tile in quartz is reasonably common and has been well doc- 
umented, this “bent” rutile was a fun oddity as it also 


Figure 6. This three- 
spoke radial inclusion of 
olivine owes its unique 
morphology to the ex- 
treme temperature and 
pressure applied to it. 
This mineral inclusion 
forced to adopt the 
shape of its host is an 
example of xenomort- 
phism. Photomicrograph 
by Nathan Renfro; field 
of view 2.25 mm. 
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contained small orangy sagenitic twinned rutile needles 
extending from the primary bend in the rutile needle. Ru- 
tile is most often seen as fine, straight needles (E.J. Gtbelin 
and J.I. Koivula, Photoatlas of Inclusions in Gemstones, 
Vol. 2, 2005, Opinio-Verlag Publishers, Basel, Switzerland, 
pp. 627 and 630). Rutile can play many roles as an inclu- 
sion and may contribute to phenomenal effects as well as 
to the bodycolor of an overall transparent colorless quartz 
(figure 8). While the exact cause of the bent nature of this 
rutile inclusion is unknown, the stone is a fascinating ex- 
ample of the unusual formation of inclusions in gems. 


Amy Cooper and Nathan Renfro 


Yellow Fluid Inclusions in Transparent Sodalite 


The authors recently examined a 7.17 ct transparent, near- 
colorless sodalite submitted for identification service (figure 
9). Sodalite is typically encountered as a semitransparent to 
opaque, violetish blue stone with white calcite veining re- 
sembling lapis lazuli. 

Hackmanite is the sulfur-bearing variety of sodalite ex- 
hibiting tenebrescence (D. Kondo and D. Beaton, “Hack- 
manite/sodalite from Myanmar and Afghanistan,” Spring 
2009 GWG, pp. 38-43). Tenebrescent minerals reversibly 
change color when exposed to UV light—from light purple 
to saturated purple, in the case of hackmanite. While this 
stone showed the strong orange fluorescence reportedly 
found in hackmanite, no change in color was observed. This 
was perhaps due to the short exposure time during testing. 

Microscopic observation revealed greenish yellow two- 
phase fluid inclusions reminiscent of petroleum in quartz 
(figure 10). Unlike petroleum in quartz, the fluid inclusions 
were inert to long-wave UV light. Raman spectra of the gas 
bubble and surrounding liquid were matched to gaseous 
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Figure 7. Brownish red 
“bent” rutile with ad- 
ditional orangy needles 
displaying sagenitic 
twinning. Photomicro- 
graph by Nathan Ren- 
fro; field of view 11.28 
mm. Courtesy of Mike 
Bowers. 


hydrogen sulfide and hydrogen sulfide in solution, respec- 
tively. Methane-related peaks were also present in the liq- 
uid phase. These sulfur-rich fluid inclusions provided 


Figure 9. This 7.17 ct colorless sodalite was remark- 
ably transparent and contained interesting fluid in- 
clusions. Photo by Sean-Andrew Z. Pyle. 
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Procedures 


for 


Cutting and brading 
of 


Diamonds 


by 


GEORGE R. KAPLAN 


In one respect, human behavior is as pre- 
dictable as the “grain” of a diamond; the 
layman's inevitable reaction to his first sight 
of a rough diamond will be, “It looks like 
dirty broken glass; I wouldn’t pick it up on 
the street if I saw it lying there.” 

That’s a good, if unpoetic description of 
the rough diamond’s appearance. It’s usuaily 
heavily frosted, irregular, and even jagged in 
shape, yet easily indentified by its adaman- 
tine luster, aad by its basically octahedral 
shape. The carbon atoms which make up 
the diamond are always arranged, with a 
precision inconceivable to the human mind, 
in a form of cubic octahedral space-lattice, 
and this atomic arrangement always finds 
some expression either on the surface or on 
the inclusions in the diamond. These are the 
clues which enable the diamond cutter to 
find the “grain” (cutting direction) of the 
diamond. 

The diamond’s hardness is unique. It is 
far harder than any other substance known 
to man. To the jeweler, and to his customer, 


this is important because therefore, the dia- 
mond, for all practical purposes, perma- 
nently resists weathering and all normal abra- 
sion. The diamond is the only substance 
which can be worn for generations and still 
retain the exact appearance it had the day 
it was cut. It is possible with the diamond to 
“eat cake and still have it’’ — indefinitely. 
However, the diamond’s hardness is not infi- 
nite; anyone familiar with the use of dia- 
monds in industry knows that diamond 
points used in the dressing of grinding 
wheels do eventually wear down. 

While the diamond is hard, it is also 
brittle. It is well-known that a sharp blow 
by a hard object, particularly on a thin 
portion of the diamond, may result in chip- 
ping or breaking. Certain diamonds are more 
apt to break than others due to excessive 
internal strain which can be compared to 
a coiled spring under Pressugg within the 
diamond. Any sharp blow or temperature 
change may allow this “spring” to expand, 
shattering the stone. For example, it is very 
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Figure 8. The polished transparent rock crystal quartz containing the bent rutile inclusion. Photo by 
Robert Weldon. 
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interesting geological evidence of the stone’s formation, 
making this rare sodalite even more exceptional. 


Ezgi Kiyak and Tyler Smith 
GIA, New York 


Quarterly Crystal: Heavily Etched Blue Beryl 
Crystals Reportedly from Pakistan 


In previous Micro-World columns, the Quarterly Crystal 
entry has showcased exceptional crystalline specimens mas- 
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Figure 10. These green- 
ish yellow fluid inclu- 
sions were identified as 
hydrogen sulfide in so- 
lution. The gas bubble 
was matched to hydro- 
gen sulfide gas. Pho- 
tomicrograph by Tyler 
E. Smith: field of view 
1.99 mm. 


terfully crafted by geological forces. In some cases, however, 
it is the darker destructive forces of nature that produce a 
fine mineral specimen. In 2018, Raza Shah (Gems Parlor, 
Fremont, California) began unearthing heavily etched dark 
blue beryl crystals from Khyber Pakhtunkhwa in northern 
Pakistan. Bryan Lichtenstein (3090 Gems, San Francisco, 
California) submitted three of these crystals to GIA’s Carls- 
bad lab for identification services (figure 11; see also B.M. 
Laurs and G.R. Rossman, “Dark blue beryl from Pakistan,” 
Journal of Gemmology, Vol. 36, No. 7, 2019, pp. 583-584). 


Figure 11. Three blue 
beryl crystals showing 
the heavily etched and 
corroded appearance 
typical of this material. 
The largest crystal is 
236.8 g, while the other 
two weigh 16.1 g (left) 
and 13.8 g (right). Photo 
by Diego Sanchez. 
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Figure 12. The use of differential interference contrast imaging illustrates the complex growth and subsequent 
etching processes that lent the beryl crystals their unique appearance. These views are essentially parallel to the 
c-axis (left) and perpendicular to the c-axis (right). The left image shows terraced, stepped patterns created during 
crystal growth that are crosscut by oriented, elongate etch pits. Photomicrographs by Aaron Palke; field of view 
2.88 mm. 


The hexagonal barrel shape that must have character- 
ized the crystals in their initial state is still apparent de- 
spite the heavy etching. The geological conditions 
responsible for beryl growth apparently persisted long 
enough for many of these crystals to grow to extreme sizes; 
the largest recovered so far weighs 236.8 g. At some point, 
these crystals appear to have fallen out of equilibrium with 
their natural environment and the bery] started dissolving 
back into the earth. Microscopic observation of the cor- 
roded surfaces shows how the dissolution process is con- 


trolled by the beryl crystal structure, with dissolution pits 
and the skeletal remnants of the beryl constrained by the 
underlying crystal lattice. Differential interference contrast 
(DIC) microscopy can be used to highlight both growth and 
dissolution features in the same image (figure 12). While 
Pakistan is an important source of aquamarine crystals and 
gems, this heavily etched dark blue aquamarine is truly a 
unique find. 
Aaron C. Palke 
GIA, Carlsbad 
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COLORED STONES AND ORGANIC MATERIALS 


Unique metal sulfide inclusion in “Bing Piao” red agate 
from Liangshan, China. Over the past decade, with the dis- 
covery of “Nanhong” agate ore deposits in Sichuan 
Province, a significant amount of this material has been 
mined in Meigu County, located in the northeast of Liang- 
shan Yi Autonomous Prefecture. Commercial gem mines 
in Meigu County are located in three main areas, including 
Jiu Kou, Wa Xi, and Lian He. Field observations show that 
the ore body is found either in the interlayer fissures and 
cavities of Permian Emeishan basalt crystallized from 
siliceous hydrothermal fluid or as conglomerates of the 
Permian Leping Formation. 

Previous reports found that “Nanhong” agate is colored 
by natural hematite inclusions. Moreover, these agates are 
divided into five major categories, including “Bing Piao” (a 
Chinese term that refers to their inclusions “floating on 
ice”). This type of agate (see figure 1, left) is colorless and 
contains red hematite particles distributed in attractive 
patterns. 

Recently, a special type of “Bing Piao” red agate called 
“black grass” agate by merchants appeared in the market at 
Liangshan. A bead of this material (figure 1, right) was ob- 
tained for examination at the National Gold-Silver Gem & 
Jewelry Quality Supervision & Inspection Center (Sichuan). 

Gemological properties of the semitransparent bead, in- 
cluding its RI of 1.54 and hydrostatic SG of 2.65, suggested 
agate; this was confirmed by FTIR spectroscopy. Magnifica- 
tion revealed tiny red inclusions that were identified as 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Figure 1. The cabochon on the left is a normal “Bing 
Piao” red agate measuring 12.50 x 19.60 x 10.11 mm. 
The bead on the right, approximately 11.80 mm in 
diameter, is a special type of “Bing Piao” red agate. 
Photo by Su Xu. 


hematite by Raman spectra (peaks at 225,244, 291, 410, 610, 
and 1320 cm) using a 785 nm laser. In addition to these at- 
tractive red forms made of hematite, the bead hosted many 
unusual black mineral particles displaying various shapes 
such as blades, planar clusters, and the like (figure 2). When 
viewed with reflected light, microscopic observations of 
their opaque, anhedral form and metallic luster suggested 
the particles were likely an iron sulfide. A Raman spectrum 
obtained from a surface-reaching black particle showed two 
major peaks at 342 and 377 cnr, matching well with pyrite, 
according to the RRUFF database (reference spectrum 
R100166), as shown in figure 3. 

To obtain confirmation, the bead was polished down 
to a plate to perform chemical analysis and phase identi- 
fication of the black particles using a scanning electron 
microscope in combination with an energy-dispersive 
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Figure 2. These antennae-like inclusions consist of dot- 
like black minerals, coupled with red inclusions. Pho- 
tomicrograph by Xiaoping Shi; field of view 9.00 mm. 


spectrometer (SEM-EDS) equipped with an electron 
backscatter diffraction (EBSD) detector. Qualitative analy- 
sis revealed the expected major elements of Fe, As, and S, 
along with minor Si, likely from the agate host. This was 
consistent with pyrite composition. The EBSD analyses 
indicated a cubic structure, and a search of the NIST 
Structural Database using Aztec software revealed a 
match for pyrite (FeS,). 


Figure 3. The black particle was identified as pyrite 
based on comparison with Raman reference spectra 
from the RRUFF database. Spectra are offset verti- 
cally for clarity. 
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Except for Liangshan, such distinctive black minerals 
of various forms have not been found in other “Bing Piao” 
red agate deposits. The pyrite particles, as inclusions that 
are unique to “Bing Piao” red agate from Liangshan, may 
therefore be considered reliable indicators of origin. Further 
gemological studies on these inclusions are required to 
construct the database for origin determination. 


Su Xu and Dapeng Chen 

National Gold-Silver Gem & Jewelry 

Quality Supervision & Inspection Center (Sichuan) 
Xiaoping Shi 

Sichuan Provincial Coal Design & Research Institute 


Natural freshwater pearls from Europe: Russia, Scotland, 
and Germany. The Carlsbad laboratory received eight Eu- 
ropean freshwater (FW) pearls from coauthor ES for gemo- 
logical and chemical characterization (figure 4). Although 
the exact locations and times of discovery were not 
recorded, all the samples were obtained directly by ES 
from reputable sources in each country. The first three 
samples are of Russian origin and were obtained by Russ- 
ian fisheries biologist Valery Ziuganov during his studies 
of the Varzuga River, Kola Peninsula, in the 1990s (E. 
Strack, “European freshwater pearls: Part 1-Russia,” Jour- 
nal of Gemmology, Vol. 34, No. 7, 2015, pp. 580-593; E. 
Strack, “Freshwater pearls from Russia,” Margaritologia 


Figure 4. The eight European natural freshwater 
pearls reportedly produced by Margaritifera margari- 
tifera mussel species, collected from freshwater 
sources in Russia, Scotland, and Germany. Photo by 
Diego Sanchez. 
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TABLE 1. Internal structures of eight European freshwater 
pearls revealed by RTX and u-CT analyses. 


Sample . 
number, origin, Macro image 
and weight 


No. 1, Russia - 
Le7 ct € ty 


No. 2, Russia 
1.83 ct 


RTX image u-CT image 


| a 


No. 3, Russia 
2.68 ct 


No. 4, Scotland 
0.70 ct 


No. 5, Scotland 
1.52 ct 


No. 6, Germany 
0.94 ct 


No. 7, Germany 
1.61 ct 


No. 8, Germany 
2511 et 


newsletter, No. 11, 2018). Two samples from Scottish 
rivers were provided in 2004 by Cairncross Jewellers, the 
only company allowed to buy pearls from the fishers in 
Perth, Scotland. The last three are from Ltineburg Heath 
in northern Germany and were supplied around 1997 by 
a local family that had collected and fished for pearls over 
the decades. European FW natural pearls have reportedly 
been produced for centuries from mussels belonging to 
the Margaritifera margaritifera species, which has been 
referred to as the “freshwater pearl mussel” (E. Strack, 
Pearls, Rithle-Diebener-Verlag, Stuttgart, Germany, 
2006). Today, most natural FW pearls produced in North 
America and cultured FW pearls from Asia form in vari- 
ous mussel species within the Unionidae family. Both 
families are member of the Unionoidea superfamily. 
The samples exhibited two different surface structures: 
nacreous and non-nacreous. Upon examination with a 
loupe and microscope, samples 1-4 (see table 1) exhibited 
nacreous surfaces, with fine overlapping platelets visible 
under high magnification. Surface wrinkling was also seen 
in single areas on samples 1 and 3, along with fine surface 
fractures; the wrinkled feature in each was previously 
noted as a characteristic of a FW environment (Strack, 
2015, 2018). The nacreous samples ranged from 0.70 to 
2.68 ct and measured from 4.77 x 4.33 mm to 7.08 x 6.72 
mm. According to GIA classification procedures, their 


168 Gem News INTERNATIONAL 


shapes were semi-baroque, baroque, and circled oval, while 
their bodycolors varied from light pinkish brown to light 
purplish pink and very light pinkish brown. Sample 3 
showed a dull surface lacking luster and overtone, while 
the other three displayed orient and pink overtones. 

Conversely, samples 5-8 exhibited a non-nacreous sur- 
face appearance and lacked overlapping platelets character- 
istic of most FW pearls. They ranged from 0.94 to 2.11 ct 
and measured from 5.12 mm to 7.32 x 6.98 mm. The 
shapes were uniformly round, oval, and drop, and all the 
samples were brown-yellow. At higher magnification, 
using strong illumination such as fiber-optic lighting, all 
the pearls displayed mosaic or cellular surface patterns of 
differing sizes and shapes. The small cells, which looked 
like pinpoint features in lower lighting conditions, resulted 
in a dimpled surface texture (figure 5). A cellular pattern 
was also observed in a small area on the base of sample 1. 
The non-nacreous appearance and cellular surface struc- 
tures resembled those commonly observed on pen pearls 
from the Pinnidae family (N. Sturman et al., “Observa- 
tions on pearls reportedly from the Pinnidae family (pen 
pearls),” Fall 2014 GwG, pp. 202-215), as well as some 
non-nacreous non-bead cultured pearls from the Pinctada 
maxima mollusk (A. Manustrong et al., “Known non- 
nacreous non-bead cultured pearls and similar unknown 
pearls of likely cultured origin from Pinctada maxima,” 
GIA Research News, 2019, https://www.gia.edu/gia-news- 
research/known-non-nacreous-non-bead-cultured-pearls). 
Non-nacreous natural pearls from Pteria species mollusks 
have also reportedly displayed hexagonal-like cellular pat- 
terns (S. Karampelas and H. Abdulla, “Black non-nacreous 
natural pearls from Pteria sp.,” Journal of Gemmology, Vol. 
35, No. 7, 2017, pp. 590-592). 


Figure 5. At higher magnification, the four non-nacre- 
ous pearls displayed mosaic or cellular surface pat- 
terns of different sizes and shapes. This image shows 
the cellular structure on the surface of sample 7 when 
illuminated with a fiber-optic light. Photomicrograph 
by Nathan Renfro; field of view 1.00 mm. 
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Figure 6. Raman spectra of all eight samples obtained 
using an 830 nm diode laser revealed clear aragonite 
peaks, a doublet at 702 and 705 cnt (magnified in 
the inset), and a single intense band at 1085 cnr". 
These results allowed the four non-nacreous pearls to 
be separated from pen pearls, which are normally 
composed of calcite (Sturman et al., 2014). Spectra 
are offset vertically for clarity. 


Under long-wave ultraviolet radiation (365 nm), the 
nacreous samples exhibited weak bluish yellow fluores- 
cence over most of the surface, while a yellow reaction was 
observed on the limited yellowish brown areas. The non- 
nacreous samples exhibited uniform weak to moderate 
chalky yellow fluorescence similar to that reported for pen 
pearls (Sturman et al., 2014), but different from the strong 
orangy red fluorescence observed in non-nacreous Pteria 
pearls (S. Karampelas and H. Abdulla, 2017). 

A Raman spectrometer was used to examine the surface 
composition of all the pearls, initially using a 514 nm argon- 
ion laser. Owing to the high background fluorescence ob- 
served in most of the samples, an 830 nm laser provided 
better peak resolution. Clear aragonite peaks at 702, 705, 
and 1085 cm" were recorded in all the samples (figure 6), 
and the results allowed the four non-nacreous pearls to be 
separated from pen pearls, which are normally composed of 
calcite (Sturman et al., 2014). Raman spectra collected using 
the 514 nm laser revealed weak polyene peaks at approxi- 
mately 1125 cm™ and 1512 cm in samples 1, 3, and 4, in- 
dicating their colors were natural. Polyene peaks were not 
observed in samples 2 and 5-8, possibly due to the samples’ 
high fluorescence. The 830 nm laser is not helpful in resolv- 
ing polyenic peaks. Surface observations did not reveal color 
modification in any of the samples. 

UV-Vis reflectance spectra were collected from the 
smoothest and most homogeneously colored area of each 
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sample in the 250-800 nm range. An absorption feature at 
about 280 nm that is usually observed in nacreous pearls 
was clearly seen in samples 1-4 but absent in samples 5— 
8. Samples 1, 2, and 4 showed reflection minima in the 
blue to yellow range, which corresponds with their pre- 
dominantly pink hue. These results correlate with those 
in a previous study on naturally pink FW pearls of natural 
origin from the Mississippi River System in the United 
States (Summer 2019 GNI, pp. 282-285) and with reports 
on natural-color FW cultured pearls from Hyriopsis species 
mollusks (S. Karampelas et al., “Role of polyenes in the 
coloration of cultured freshwater pearls,” European Journal 
of Mineralogy, Vol. 21, No. 1, 2009, pp. 85-97; A. Ab- 
duriyim, “Cultured pearls from Lake Kasumigaura: Pro- 
duction and gemological characteristics,” Summer 2018 
GwaG, pp. 166-183). Owing to the very light color of sam- 
ple 3, the spectrum obtained was nearly flat, as would be 
expected for white pearls, and hence no features of any sig- 
nificance were observed. The spectra obtained from sam- 
ples 5-8 showed a lower reflectance than the four 
previously reported samples due to their more saturated 
colors. All the spectra showed similar patterns, with an in- 
cline from 400 to 750 nm in the visible region, comparable 
to the reported spectra of dark-colored pen pearls (Sturman 
et al., 2014) and non-nacreous non-bead cultured pearls 
from Pinctada maxima (Manustrong et al., 2019). 

Table 1 shows the internal structures of the eight sam- 
ples using real-time microradiography (RTX) and X-ray 
computed microtomography (y-CT). Sample 1 and all the 
non-nacreous samples showed clear organic-rich concen- 
tric ring structures with faint radial features radiating out- 
ward from the center across the concentric rings. The 
radial structures are associated with cellular surface pat- 
terns. All three sections of sample 2 showed weak growth 
arcs corresponding to their shapes. Sample 3 exhibited a 
wavy concentric growth pattern together with a dark or- 
ganic-rich patch, while p-CT analysis revealed a small dark 
core in the structure. Sample 4 displayed the least amount 
of visible structure—only a few very faint growth arcs, 
even when examined using p-CT. Cracks of varying 
lengths and degrees of visibility were present in the sam- 
ples. The structures observed confirmed their stated natu- 
ral origin. However, a smaller nucleus with a lighter gray 
core next to the main nucleus in sample 7 did raise some 
concerns. If the pearl was submitted to a gemological lab- 
oratory without any known provenance, the smaller struc- 
ture could be mistaken for the lighter gray carbonate 
“seed” features sometimes found in saltwater non-bead 
cultured pearls (M.S. Krzemnicki et. al., “Tokki pearls: Ad- 
ditional cultured pearls formed during pearl cultivation: 
External and internal structures,” 32nd International 
Gemmological Conference, 2011, https://www.ssef.ch/wp- 
content/uploads/2018/01/SSEF_Tokki_pearls.pdf). How- 
ever, the authors are not aware that this type of feature has 
ever been reported in non-bead cultured pearls from a FW 
environment. 
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Figure 7. All the European 
pearl samples contained 
Mn levels below 500 ppm, 
which helped separate 
them from the majority of 
freshwater pearls previ- 
ously studied. Mn and Sr 
levels obtained by LA- 
ICP-MS analysis were con- 
sistent with the EDXRF 
results. Yellow spots repre- 
sent results from Ameri- 
can natural pearls 
(USA-NAT), red spots 
from American cultured 
pearls (USA-CUL), green 
spots from Chinese NBC 
pearls (CH-NBC), and pur- 
ple spots from American 
natural pearls from the 
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Chemical compositions were initially analyzed by en- 
ergy-dispersive X-ray fluorescence (EDXRF) spectrometry, 
and some of the samples were tested twice in different po- 
sitions. Most samples contained relatively low manganese 
(Mn) levels (0 to 240 ppm) compared to the majority of nat- 
ural and cultured FW pearls in GIA’s database. The usual 
Mn range observed is between 150 and 2000 ppm. Samples 
1, 3, and 6-8 showed Mn concentrations below 50 ppm. It 
was interesting to note that in sample 5, Mn was absent at 
one end but present (170 ppm) at the opposite end. Addi- 
tionally, the samples with low Mn levels (<50 ppm) did not 
show visible reaction under X-ray excitation (H. Hanni et 
al., “X-ray luminescence, a valuable test in pearl identifi- 
cation,” Journal of Gemmology, Vol. 29, No. 5/6, 2005, pp. 
325-329), as would be expected for such low traces of the 
element. Strontium (Sr) contents were relatively low (< 
1000 ppm) in all the samples, which is characteristic of FW 
origins. However, the very low concentration of Mn and 
lack of X-ray fluorescence reactions could create some 
doubts and lead to some misidentifying them as saltwater 
(SW) pearls. 

Detailed trace element concentrations were analyzed 
using laser ablation-inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) with the same parameters used 
in previous FW pearl studies (A. Homkrajae et al., “Prove- 
nance discrimination of freshwater pearls by LA-ICP-MS 
and linear discriminant analysis (LDA),” Spring 2019 
GwG, pp. 47-60; Summer 2019 GNI, pp. 282-285). At least 
three ablation spots were tested on each sample, and the 
results for the 22 elements selected are shown in table 2. 
The five elements (sodium, magnesium, Mn, Sr, and bar- 
ium) found to be useful discriminators in the differentia- 
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Mississippi River System 
peoe (USA-LP). 


tion of FW from SW pearls and in classifying FW pearls 
from different sources are bolded in the table. Mn and Sr 
contents obtained were consistent with the EDXRF results. 
All the samples contained low Mn levels (<500 ppm), sep- 
arating them from the majority of FW pearls previously 
studied (figure 7; see Homkrajae et al., 2019; Summer 2019 
GNI, pp. 282-285). The ternary diagram of relative percent- 
ages between Ba, Mg, and Mn that was used to verify the 
growth environment conditions of the questionable FW 
pearls in previous studies (Homkrajae et al., 2019; Summer 
2019 GNI, pp. 282-285) was used once again to confirm 
the formation environment of the six samples containing 
low levels of Mn (below 100 ppm). All six samples plotted 
alongside those of the FW pearls previously studied, con- 
firming their FW origin. These results also help to distin- 
guish non-nacreous samples from saltwater non-nacreous 
non-bead cultured pearls produced by Pinctada maxima 
(Manustrong et al., 2019). The values of these five discrim- 
inant elements, as well as those for lead (Pb), correspond 
with the chemical results reported on natural FW pearls 
produced by Margaritifera margaritifera mollusks found 
in the Spey River, Scotland (S. Karampelas et al., “Chemi- 
cal characteristics of freshwater and saltwater natural and 
cultured pearls from different bivalves,” Minerals, Vol. 9, 
No. 6, 2019, p. 357). The Sr-Ba concentration plot is also 
shown in figure 8. This result supports the observation 
made by Karampelas et al. (2019). Furthermore, the pearls 
from each European locality could be separated from each 
other in this plot, though it should be noted that this was 
based on a very limited number of known samples. 

For centuries, the freshwater mussel species Margari- 
tifera margaritifera was abundant in the rivers and streams 
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TABLE 2. LA-ICP-MS chemical composition values (in 
ppmw) of the European pearls studied. 


Element Maximum Minimum? Average? Detection Limits 
Li 1.64 bdl 0.15 0.013 
B 98.0 bdl 16.7 0.12 
Na 2300 1150 1760 1.55 
Mg 1890 31.8 163 0.016 
P 292 8.23 134 0.76 
K 475 3.83 78.5 0.11 
Ca 404000 389000 395000 24.9 
Ti 0.27 bdl 0.27 0.045 
Cr 1.82 bdl 0.83 0.13 
Mn 426 8.42 135 0.014 
Fe 209 167 173 0.36 
Co 0) bdl bdl 0.12 
Ni 0.78 0.51 0.56 0.022 
Cu 24.2 0.87 6.79 0.029 
Zn 1.66 bdl 0.37 0.030 
Ga 10.1 0.59 3.72 0.039 
Sr 1170 382 751 0.034 
Y 0.037 0 0.004 0 
Mo 0.61 bdl 0.061 0.002 
Ba 381 22.5 147 0.009 
La 0.016 0) 0.003 0 
Pb 0.19 bdl 0.062 0.006 


*bdl = below detection limits 
Data below detection limits is treated as zero when calculating average values 


of Europe, and the pearls produced were part of European 
culture and history. The American native mussel species 


BaVS. Sr 


5000 


500 


Ba (ppmw) 


50 


followed a similar path. However, environmental changes, 
and the impact of pollution from industry and agriculture 
have damaged ecosystems and directly affected the mus- 
sels’ habitat and lifespan (Strack, 2006). Freshwater pearl 
fishing in Europe is currently prohibited or under regula- 
tion due to the decline of mussel populations. Studying 
these rare European FW natural pearls provided valuable 
data that has enlarged GIA’s identification database, offer- 
ing a useful reference for the gemological community. 


Artitaya Homkrajae and Ziyin Sun 
GIA, Carlsbad 


Elisabeth Strack 
Hamburg, Germany 


Sally Chan Shih 
GIA, New York 


Unique non-bead cultured freshwater pearls from Lake 
Biwa, cultured for 14 years. Lake Biwa in Shiga Prefecture 
has been producing pearls since 1928, when commercial 
freshwater pearl culturing first started in Japan. Although 
production decreased in the late twentieth century due to 
environmental issues and the declining mussel population 
(S. Akamatsu et al., The current status of Chinese fresh- 
water cultured pearls,” Summer 2001 GwG, pp. 97-113), 
Biwa pearls harvested in the twenty-first century, as well 
as vintage ones, are popular in the Japanese market. Hyri- 
opsis schlegelii, an indigenous freshwater mollusk found in 
the lake prior to the 1980s, was originally used as the host 
for pearl culturing before it was replaced by the hybrid Hyri- 
opsis schlegelii x Hyriopsis cumingii freshwater mollusk. 
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Figure 8. American and 
Chinese freshwater 
pearl samples studied 
previously, together 
with the samples from 
this study, were plotted 
in the Sr-Ba concentra- 
tion plot. This result 
supports the observa- 
tion made by Karam- 
pelas et al. (2019). 
Although the study was 
based on a limited sam- 
ple pool, the pearls from 
each European locality 
could also be separated 
using this plot. 
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Figure 9. The two Biwa pearl samples that were cul- 
tured for 14 years and acquired from Jinbo Pearls, 
measuring 19.75 x 10.38 x 9.84 mm (pearl A, left) and 
23.48 x 12.36 x 11.08 mm (pearl B, right). Photo by 
Shunsuke Nagai. 


GIA’s Tokyo laboratory received for study 28 pearl 
samples with a stated Biwa provenance from Jinbo Pearls, 
a Shiga-based company that deals exclusively with fresh- 
water pearls from Lake Biwa. Two of the largest samples 
(figure 9), weighing and measuring 16.08 ct, 19.75 x 10.38 
x 9.84 mm (pearl A) and 22.85 ct, 23.48 x 12.36 x 11.08 
mm (pearl B), respectively (figure 10, left), were selected 
for further detailed study. The intriguing fact was that 
they were reportedly grown over a period of 14 years— 
from 2002 to 2016. This is an unusually long growth pe- 
riod, since freshwater non-bead cultured (NBC) pearls 
normally take three years to form in Japanese farms. 
However, the farm where these samples originated was 
abandoned by the owner due to personal issues. Remark- 
ably, several mussels were found alive when the farm was 
rechecked before being officially closed by the owner’s rel- 
atives in 2016. These two pearls were collected from two 
of the surviving mussels. 

Real-time microradiography (RTX) examination re- 
vealed a faint linear feature along the length of each pearl 
(figure 10, center). X-ray computed microtomography (p- 
CT) analysis showed these features more clearly and re- 
vealed an additional small dark void at the end of pearl A’s 
linear structure (figure 10, right). Their internal structures 
corresponded well to other non-bead cultured freshwater 
pearls described in previous studies (M.S. Krzemnicki et al., 
“X-ray computed microtomography: Distinguishing natural 
pearls from beaded and non-beaded cultured pearls,” Sum- 
mer 2010 GWG, pp. 128-134). Additionally, optical X-ray 
fluorescence analysis showed a strong yellowish green re- 
action with weak yellowish orange areas within some im- 
perfections around the circumference of the pearls 
(indicated by white arrows, figure 11, A-2 and B-2). 

Each pearl was cut in half (cut surfaces were cleaned 
with isopropyl alcohol) and the examination results were 
compared with those obtained prior to sawing. Surpris- 
ingly, both showed stronger reddish orange optical X-ray 
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Figure 10. Left: Macro images of pearls A and B. Pho- 
tos by Nanthaporn Nilpetploy. Center and right: The 
internal structures as revealed by RTX and p-CT 
analysis, respectively. 


fluorescence reactions within small areas along the central 
structure lines (RTX and u-CT analysis) visible on each 
sawn face (figure 11, A-4 and B-4) than on any external sur- 
face areas when the pearls were intact. Such reactions are 
sometimes seen in natural and freshwater cultured pearls 
(Summer 2013 Lab Notes, pp. 113-114; Spring 2019 Lab 
Notes, pp. 94-96; S. Karampelas et al., “Chemical charac- 
teristics of freshwater and saltwater natural and cultured 
pearls from different bivalves,” Minerals, Vol. 9, No. 6, 
2019, article no. 357, pp. 16-17). It was especially interest- 
ing that the reactions seemed to correlate with the dull 
frosty white surface areas along the central structure lines 
on the sawn-faces when observed under the microscope at 
higher magnifications (indicated by black arrows in figure 
12, A-3 and B-3). This observation was consistent with pre- 
vious studies on freshwater cultured pearls (Spring 2019 
Lab Notes, pp. 94-96). 

Raman analysis of these areas showed they consisted 
of two CaCO, polymorphs: aragonite and vaterite. Arago- 
nite features were visible at 701, 704, and 1085 cm, while 
vaterite features were noted at 740, 750, 1075, and 1090 
cm. Aragonite and vaterite in cultured FW pearls have 
previously been recorded (U. Wehrmeister et al., “ Vaterite 
in freshwater cultured pearls from China and Japan,” Jour- 
nal of Gemmology, Vol. 30, No. 7/8, 2007, pp. 399-412; 
ALL. Soldati et al., “Structural characterization and chem- 
ical composition of aragonite and vaterite in freshwater 
cultured pearls,” Mineralogical Magazine, Vol. 72, No. 2, 
2008, pp. 579-592; H. Ma et al., “Vaterite or aragonite ob- 
served in the prismatic layer of freshwater-cultured pearls 
from South China,” Progress in Natural Science, Vol. 19, 
No. 7, 2009, pp. 817-820). Furthermore, calcite was also 
detected in pearl A, where peaks at 280, 714, and 1085 cm! 
were observed. The first two peaks were isolated and did 
not appear in association with any other peaks (groupings 
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bad practice to heat a diamond in setting, 
etc. and then to cool it in water. Because 
diamonds scratch or even chip other dia- 
monds, it is also bad practice to throw jew- 
elry together in a box, even if that box is 
somewhat padded on the inside. Any con- 
tact between diamonds will injure both to 
some degree; probably more diamonds and 
jewelry are injured inside a ‘‘safe’ jewelry 
box than anywhere else. The remedy is 
simple; don’t permit the individual pieces 
of jewelry to touch each other. 

Diamonds are actually softer in some 
directions than in others. This is a result 
of the orientation of the atoms making up 
the diamond. The hardness of any direction 
in the diamond varies with the density of 
the atomic structure in that direction. Dia- 
mond polishing can only be successfully done 
because hardness varies with different direc- 
tions in the same plane. The softest available 
direction in any plane in the diamond is 
called the ‘‘grain’’ by the diamond polisher 
or sawyer, as that is the direction along 
which he can. cut the stone. These difficult 
hardnesses are always predictable, since they 
are a function of the constant atomic 
structure. 


To the diamond cleaver, “grain” is act- 
ually not the softest, but the hardest avail- 
able direction. The cleaver is not interested 
in finding the softest possible direction—he 
wants the most fragile direction; the direc- 
tion in which the diamond will split most 
easily; these are parallel to the octahedral 
faces. There are eight octahedral faces, which, 
since they are in pairs parallel to each other, 
yield four directions along which the dia- 
mond may be cleaved. These four planes of 
relative fragility exist regardless of the out- 
ward shape of a gem diamond. 


The process of cleaving is essentially the 
same as splitting wood with a chisel. The 
first step after it has been determined just 
where and in what direction the diamond is 
to be cleave#is to dig a groove in the dia- 
mond by using sharp-edged pieces of dia- 
mond as tools. In the diagram, (Figure 1) 


E 


e Figure 1 Cleaves are parallel 
to ABC, ACD, BCE, CDE. 


the four cleaving directions are: ABC, ACD, 
DCE, BCE. The groove must run exactly in 
the direction of the cleavage plane and 
should be so located on the stone that it 
lies as far as possible from the other cleavage 
planes. The reason is obvious; the diamond 
should be allowed only one easy direction of 
cleavage—the one chosen by the cutter. The 
groove must be sharply etched, that is, the 
cross-section of the groove must resemble 
a "V”. This is achieved by using progres- 
sively sharper and sharper diamond ‘‘sharps” 
as the groove grows deeper. It is then pos- 
sible to insert a steel wedge in the groove 
and have it rest about half-way up the sides 
of the groove instead of on the bottom. A 
sharp tap on the wedge now will not only 
produce a downward force, it will also cause 
spreading forces which split the diamond 
apart. The groove has been so placed, how- 
ever, that the diamond only has one conve- 
nient direction in which to split, and there- 
fore, falls into two pieces exactly as planned 
by the cleaver, with the cleaved surfaces 
shining smooth. 

Cleaving is quick, it is safe in the hands 
of an expert, but it is wasteful. The cleaved 
pieces usually bear almost no resemblance 
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Figure 11. The fluorescence reactions of both pearl samples under optical X-ray fluorescence. The pearls prior to 
sawing (A-1, B-1) showed strong yellowish green reactions, with some weak yellowish orange areas within some im- 
perfections around their circumference (white arrows, A-2, B-2). The sawn pearls (A-3, B-3) showed strong yellowish 
green reactions, with stronger reddish orange areas in some positions (A-4, B-4). Images by Kwanreun Lawanwong. 


or doublets), proving they were another CaCO, polymorph. 
Up until recently, calcite had not been reported in fresh- 
water cultured pearls, though it was found in a small area 
of pearl A in this study and was also noted in a pearl dis- 
cussed in a recent study (S. Eaton-Magana et al., “Raman 
and photoluminescence mapping of gem materials,” Min- 
erals, Vol. 11, No. 2, 2021, article no. 177, pp. 24-27). 
Further advanced analysis of the cross sections’ trace 
element concentrations was conducted using laser abla- 
tion-inductively coupled plasma—mass spectrometry (LA- 
ICP-MS). The reddish orange fluorescent areas were shown 


to contain much higher Mg (1250 ppmw for pearl A and 
22.60 ppmw for pearl B) and lower Na (1210 ppmw for pearl 
A and 1310 ppmw for pearl B) concentrations than other 
areas of the samples not exhibiting the reaction (Mg lower 
than 77 ppmw and Na higher than 1930 ppmw). This result 
is consistent with those detailed in the literature (Soldati 
et al., 2008; Eaton-Magana et al., 2021). The results seemed 
to correspond with the Raman data, and the different Mg 
and Na ratios helped to separate aragonite and vaterite, 
though it is difficult to differentiate calcite from either 
without performing Raman analysis. 


Figure 12. Photomicrographs of the cross sections showing some dull white frosty surfaces (black arrows, A-3, B-3) 
that correspond to the areas showing reddish orange fluorescent reactions under optical X-ray fluorescence. Field 
of view 19.20 mm (A-1, B-1), 14.40 mm (A-2, B-2), and 2.88 mm (A-3, B-3). Photos by Kwanreun Lawanwong. 
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Figure 13. Two faceted quartz with agate inclusions 
from Brazil, weighing 66.61 ct and 12.28 ct (shown in 
two positions and in short-wave UV). Photos by 
Jaroslav Hyrsl. 


Vaterite within the structure of NBC FW pearls is 
thought to be related to the biomineralization process that 
results following the tissue/mantle insertion (Wehrmeister 
et al., 2007), and its presence is a strong indicator of a cul- 
tured origin. These two unique pearls are a part of 28 Biwa 
pearl samples collected over various time frames. Since 
they are worthy of being singled out for discussion, this 
brief report is a precursor to a more detailed review of both 
pearls and the other Biwa pearl samples referenced. 


Nanthaporn Nilpetploy 
GIA, Bangkok 


Yusuke Katsurada 
GIA, Tokyo 


Agate inclusion in quartz from Brazil. Agates are undoubt- 
edly one of the most common precious stones from Brazil. 
They come from basalts in the state of Rio Grande do Sul, 
on the border with Uruguay. This region is probably also the 
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source of several unusual faceted quartz samples, purchased 
by the author in Brazil in 2019. These stones are up to 35 
mm long and, except for abundant two-phase inclusions, 
contain flat, irregularly shaped inclusions. On two stones 
(figure 13), these inclusions reach the surface and show a 
typical agate structure, with several black, gray, and light 
brown layers. Their identity was proved by very weak quartz 
peaks in the Raman spectrum. Unexpected was their strong 
fluorescence in UV light, which is much stronger in short- 
wave UV. This fluorescence is concentrated in gray layers 
and is very likely caused by a trace presence of uranium, 
quite common in many agates and opals. 


Jaroslav Hyrs1 (hyrsI@hotmail.com) 
Prague 


Mobile inclusions in a decorative quartz object. A client 
recently submitted an interesting transparent, highly pol- 
ished, barrel-shaped object for identification. It weighed ap- 
proximately 109.2 g, measured approximately 90 x 37 x 22 
mm, and clearly exhibited a long brown internal feature 
(figure 14) containing multi-phase inclusions along the 
length of the predominantly colorless body. Standard 
gemological testing resulted in an RI reading of 1.55 (spot) 
and SG value of 2.61. Microscopic examination revealed 
fluid, fingerprint, and crystal inclusions typical of a natural 
growth environment. As a result, the object was identified 
as natural quartz, which was confirmed by FTIR and 
Raman analysis. 

However, the most notable feature of this specimen was 
its unique and impressive mobile inclusion scene. On first 
impression, the long brown inclusion appeared to be a crys- 
tal, but it turned out to be a negative crystal filled with 
countless tiny mobile brownish particles (figure 15) and a 
large colorless mobile gas bubble. The mobility of these in- 


Figure 14. A partial view of the long irregularly 
shaped brown negative crystal running along the 
length of its quartz host. Photomicrograph by Lai Tai- 
An Gem Lab; field of view 6.42 mm. 
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Figure 15. The countless tiny brown particles together 
with part of the large colorless bubble within the neg- 
ative crystal. Photomicrograph by Lai Tai-An Gem 
Lab; field of view 4.57 mm. 


clusions within the brown negative crystal was cleverly in- 
corporated into the final design, as the lapidary fashioned the 
object into a barrel form with flat faces at either end. This al- 
lowed the object to be flipped over like an hourglass, so that 
all the mobile inclusions would be set in motion (figure 16; 
see video at https://www.gia.edu/gems-gemology/summer- 
202.1-gemnews-mobile-inclusions-quartz). It was also noted 
that the gas bubble moved at a faster rate than the tiny par- 
ticles, which made the object even more captivating. The 
ambient temperature also appeared to affect the speed at 
which the inclusions moved—the higher the temperature, 
the faster the rate. 

Although the identification of this quartz specimen 
was straightforward, it was a pleasure to see the artistry 
employed in its fashioning that permitted its inclusions to 
be easily seen to maximum effect. 


Larry Tai-An Lai (laitaiangemlab@gmail.com) 
Lai Tai-An Gem Laboratory, Taipei 
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Multi-color sapphires reportedly from the Garba Tula dis- 
trict, Isiolo County, Kenya. The Garba Tula sapphire de- 
posit, located in Isiolo County in central Kenya, is a unique 
igneous gem-corundum producing area. It is a productive 
source of blue, green, and yellow sapphires (C. Simonet et 
al., “The Dusi (Garba Tula) sapphire deposit, Central 
Kenya-A unique Pan-African corundum-bearing mon- 
zonite,” Journal of African Earth Sciences, Vol. 38, 2004, 
pp. 401-410). Figure 17 shows the overall color appearance 
of 28 Garba Tula sapphires recently examined in this study. 
They were purchased from a reliable dealer at the Tucson 
gem shows in 2019. It was noticed that their color varied 
from dark blue to yellow through various shades of blue and 
green. Some showed strong yellow and blue zoning, while 
samples with bluish and greenish color banding were also 
observed. Interestingly, one of the sapphires exhibited a 
color-change appearance (indicated by the black arrow in 
figure 17). Windows were polished into the samples in 
order to study their internal features and collect chemical 
data. For some samples, windows were polished parallel to 
the c-axis for spectroscopic measurements. 

The studied materials revealed a slightly higher refrac- 
tive index (1.761-1.773) than typical metamorphic sap- 
phires. The other standard gemological properties were 
typical of natural corundum. The vast majority of these 
Garba Tula sapphires (75%) displayed no fluorescence 
under long-wave UV radiation, while 18% fluoresced red 
and the remainder showed zoned orange fluorescence (with 
very weak red fluorescence or none). The fluorescence in- 
tensity to long-wave UV of Garba Tula sapphires is gener- 
ally very weak to weak. However, they were totally inert 
to short-wave UV light. 

The characteristic inclusions observed from these 28 
Garba Tula sapphire samples are presented in figure 18. 
More than 90% were included with irregular brownish 
needles and platelets identified by Raman as hematite/il- 
menite (Y. Katsurada et al., “Golden sheen sapphire and 
syenite/monzonite-hosted sapphire from Kenya,” Fall 


Figure 16. A series of 
images showing the 
movement of the tiny 
brown particles and 
the large bubble in the 
barrel-shaped object. 
The denser particles 
drop toward the bot- 
tom and the bubble 
rises to the top. When 
flipped over, the 
process starts again, 
reminiscent of an hour- 
glass. Photo by Lai Tai- 
An Gem Lab. 
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Figure 17. Color-calibrated photos of sapphires (0.602-7.133 ct) reportedly from the Garba Tula area in the Isiolo 
region of Kenya. The black arrow indicates the color-change sapphire. Photo by Sasithorn Engniwat. 


2018 G&G, pp. 322-323), formed either as planes along the 
color banding or as a group or cloud. These multiple twin- 
ning planes, commonly associated with parallel and/or in- 
tersecting growth tubes, were found in more than 80% of 
the stones. A few samples contained numerous single and 
scattered clusters identified by Raman spectroscopy as zir- 
con crystals (figure 18, right), sometimes with fine rutile 
needles and reflective particle clouds, but with fewer irreg- 
ular brownish platelets. Fingerprint inclusions as well as 
the other crystal inclusions identified using Raman spec- 


troscopy and the RRUFF reference database, such as apatite 
and mica, were occasionally observed in the Garba Tula 
sapphires studied. Moreover, crystals of carbonate minerals 
were also previously reported in Garba Tula sapphire (Y. 
Katsurada et al., 2018). However, they typically lack sharp 
growth structure and milky clouds, as frequently seen in 
Madagascar and Sri Lanka. 

FTIR spectra obtained from the sapphires often showed 
one or more diagnostic features: a single 3309 cm peak as 
well as OH-related mineral features such as boehmite, 


Figure 18. Typical inclusions presented in the sapphires from Garba Tula, Kenya. Left and center: A plane of irregu- 
lar reflective needles that showed brownish color using fiber-optic lighting and diffused lighting, respectively; field 
of view 2.88 mm. Right: Numerous single and clusters of zircon crystals, some with tension fractures; field of view 
4.8 mm. Photomicrographs by C. Khowpong and S. Wongchacree. 
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kaolinite, and gibbsite. It was noticed that every sample 
exhibited a single 3309 cm peak without any subordinate 
peaks, while the boehmite and kaolinite were observed 
often (>70%) with a small percentage (18%) showing the 
gibbsite mineral feature. 

Interestingly, the UV-Vis-NIR spectrum of greenish 
blue to blue sapphires from Garba Tula exhibited a meta- 
morphic-type sapphire spectrum, with strong Fe**-related 
absorption features at 377, 388, and 450 nm and also an 
Fe?-Ti* intervalence charge transfer (A.C. Palke et al., 
“Geographic origin determination of blue sapphire,” Win- 
ter 2019 GWG, pp. 536-579). A broad band centered at 880 
nm, which is typically used to indicate basalt-hosted sap- 
phire, was not observed. 

LA-ICP-MS showed comparable trace element chem- 
istry profiles between the different color areas of the 
stones, as presented in table 1. The Garba Tula corundum 
contains significant amounts of Fe and small amounts of 
Ti. High Fe content ranging from 1555-3177 ppma and 
2121-2943 ppma were detected in greenish blue to blue 
and yellowish to greenish zones, respectively, while the Ti 
concentration ranged from 3-41 ppma. The high amounts 
of Fe were also higher than those of Mogok (Myanmar) and 
Tunduru (Tanzania) sapphires, which have been previously 
reported as high-Fe metamorphic sources (W. Soonthorn- 
tantikul et al., “An in-depth gemological study of blue sap- 
phires from the Baw Mar mine (Mogok, Myanmar),” GIA 
Research News, 2017, https://www.gia.edu/gia-news- 
research/blue-sapphires-baw-mar-mine-mogok-myanmar). 
Therefore, the chemical composition of the Garba Tula 
sapphires, particularly their high Fe, is not common for 
metamorphic sapphire deposits. 

The discovery of this source for yellow, green, and blue 
sapphires could be interesting for the gem trade. The ma- 
terial represents a true challenge for gemologists working 
on origin determination, as their formation is quite com- 
plicated. Although some properties and chemistry of the 
Garba Tula sapphires are comparable to the corundum 
xenocrysts originating from alkali basalt fields, their UV- 
Vis-NIR and FTIR spectra and their internal features are 


not consistent with typical basalt-related sapphires. The 
inclusion scene might, in some aspects, overlap between 
high-Fe metamorphic and basalt-related sapphires. The re- 
flective/iridescent brownish platelets can be seen in meta- 
morphic sapphires from Mogok, Myanmar, as well as in 
basalt-hosted sapphires from Thailand and Ethiopia. But 
none of the glassy melt inclusions usually observed in 
basalt-related sapphires were noticed in the Garba Tula 
sapphires. One hypothesis is that they formed in the same 
way as the basalt-related stones but just were not brought 
to the surface by the basalt. Therefore, a combination of 
multiple techniques can be useful in the origin determina- 
tion of sapphires from Garba Tula. 


Ungkhana Atikarnsakul 
GIA, Bangkok 
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Rare mixed type IaB-Ib diamond with a long-lasting phos- 
phorescence. Phosphorescence is an optical effect in 
which electromagnetic radiation absorbed by a substance 
is released relatively slowly in the form of light. Long-last- 
ing UV phosphorescence of more than 10 seconds’ dura- 
tion is an extremely rare property in natural diamonds, 
normally limited to hydrogen-rich type Ia chameleon and 
type IIb diamonds. 

Recently, a natural round brilliant weighing 0.20 ct (E- 
F color, VS,-SI, clarity) was submitted to Stuller Inc. by a 
client for a custom design. During our diamond screening 
process, using a phosphorescence imaging-based screening 
device, the diamond was automatically identified as having 
an HPHT-grown origin, conflicting with the client’s natu- 
ral origin disclosure. Secondary testing, using a fluores- 
cence spectroscopy-based screening device, identified the 
diamond as having a natural origin. Under magnification, 
only a few pinpoints were spotted. 

Due to the ambiguous results, the gem was sent to 
Stuller’s Gem Lab for further analysis. The FTIR spectrum 
(figure 19) showed a mixed diamond type comprising low 


TABLE 1. Trace element chemistry of Garba Tula sapphires with different color areas. 


Concentrations (ppma) 
Color area 

Mg Ti Vv Cr Fe Ga 
Greenish blue | Range 2-29 3-32 0.2-9.0 0.4-55.0 1555-3177 10-85 
to blue Average 7 11 1.6 6.2 2615 36 
Yellowish and | Range 2-34 3-41 0.2-8.0  bql-37 2121-2943 12-45 
greenish Average 9 10 21 = 2622 32 
Detection limits 0.076 0.163 0.012 0.161 1.665 0.008 


*bql = below quantification limits 
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FTIR SPECTRUM 


Figure 19. The 0.20 ct 
diamond’s FTIR spec- 
trum. The insets show 
the type IaB aggregate 
nitrogen at 1175 and 
1010 cnr (top inset) 
and IIb boron (bottom 
inset) at 3725 and 2803 
cnr, confirming a 
mixed-type stone. 
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levels of aggregated nitrogen (IaB) and boron (IIb), indicating 
a natural origin. Similar results were given using fluores- 
cence spectroscopy, which identified N3 peaks, associated 
with natural origin. Photoluminescence spectroscopy, using 
a 532, nm laser under liquid nitrogen temperature (77 K), pro- 
vided results supporting the other instruments and confirm- 
ing the absence of synthetic origin-related peaks. 

In order to identify the cause of the false positive results 
from the first screening device, the diamond was placed in 
a SWUV cabinet to analyze its phosphorescence effect. 
Once excited, the stone emitted a strong bluish green phos- 
phorescence for about 120 seconds (figure 20). 

The emitted color and the unusually long duration of the 
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effect are typically associated with HPHT-grown diamonds. 
Consequently, these properties triggered the false positive 
results in the phosphorescence imaging-based screening de- 
vice. In this case, the rare combination of natural diamond 
types, which includes a boron component, was probably the 
reason for the unusual phosphorescence. 

This case demonstrates the complexity of diamond ori- 
gin identification and the need for multiple diamond 
screening devices, each with a different screening technol- 
ogy, to cover all possibilities and ensure a 100% correct 
identification. 

Guy Borenstein and Sean Oneal 
Stuller Inc. 


Figure 20. The 0.20 ct 
diamond's phosphores- 
cence, as seen immedi- 
ately after exposure to 
UV radiation (left) and 
after 60 seconds of 
elapsed time (right). Im- 
ages by Guy Borenstein. 
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SYNTHETICS AND SIMULANTS 


Calcareous coral and epoxy composite. Red calcareous 
coral is very popular in the Taiwanese market and has be- 
come far more expensive over the decades due to limited 
production and increasing demand. Red calcareous coral is 
usually cut into polished branches, beads, carvings, or 
cabochons. Recently, a bangle was submitted as calcareous 
coral to Taiwan Union Lab of Gem Research (TULAB) for 
identification service. It had a typical coral-red color (figure 
21), though it was unusual to see a carved bangle due to 
the sizes of natural coral specimens that are found. 

Standard gemological testing revealed that the refrac- 
tive indices of this bangle were consistent with calcareous 
coral, at 1.48-1.65. However, its specific gravity of 2.27 was 
less than that of calcareous coral (2.6-2.7). Moreover, the 
short-wave ultraviolet fluorescence of this bangle pre- 
sented a unique pattern of patches with chalky white to 
orange fluorescence next to each other (figure 22). Micro- 
scopic observations indicated that the patch-like fluores- 
cence seemed to correspond to fragments of red calcareous 
coral, while the fragments were bonded with red material 
in which few bubble inclusions were found (figure 23). 

To further confirm the identity of this bangle, the 
patches and the bonding material in between them were 
analyzed by Raman spectroscopy, and the resulting spectra 
were then compared with those of epoxy and red calcare- 
ous coral reported in the literature (figure 24; see K.E. 
Chike et al., “Raman and near-infrared studies of an epoxy 


Figure 21. The carved bangle submitted as “red cal- 
careous coral.” Photo by Shu-Hong Lin. 
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Figure 22. Short-wave ultraviolet fluorescence of the 
bangle presented a pattern of separate patches fluo- 
rescing white to orange. Photo by Kai-Yun Huang. 


resin,” Applied Spectroscopy, Vol. 47, No. 10, 1993, pp. 
1631-1635; S. Karampelas et al., “Identification of the en- 
dangered pink-to-red Stylaster corals by Raman spec- 
troscopy,” Spring 2009 GwWG, pp. 48-52). The results 
showed that the fluorescing patches were natural calcare- 


Figure 23. The microscopic image of the carved 
bangle indicated that the fluorescing patches 
seemed to be fragments of red calcareous coral, 
while the gaps between the fragments were filled 
with red foreign material with few bubble inclu- 
sions. Photomicrograph by Yu-Shan Chou; field of 
view 5.46 mm. 
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Figure 24. The Raman 
spectra of the bangle 
matched those reported 
in the literature for red 
calcareous coral and 
epoxy resin, which 
meant the bangle was 
composed of fragments 
of red calcareous coral 
(A: Raman peaks at 
704, 1087, 1128, and 
1515 cm) and epoxy 
filling (B: Raman peaks 
at 638, 822, 1112, 1183, 
and 1606 cnr"). The 
stacked spectra are 
baseline-corrected and 
normalized. 


Point A: Coral Fragment 


Point B: Epoxy Resin Filling 
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ous coral, while the bonding material in between was 
epoxy resin. 

This kind of composite product was likely made by 
bonding the stacked coral fragments with red epoxy resin 
to form a bulk material, which was then processed into 
carvings, cabochons, or even bangles. Although the coral- 
epoxy composite product looked similar to natural calcare- 
ous coral, it could be accurately distinguished through 
specific gravity, ultraviolet fluorescence reaction, micro- 
scopic observation, and Raman spectroscopy. 

Shu-Hong Lin 

Institute of Earth Sciences, 

National Taiwan Ocean University 

Taiwan Union Lab of Gem Research, Taipei 


Kai-Yun Huang 
Taiwan Union Lab of Gem Research, Taipei 


Yu-Shan Chou 
Taiwan Union Lab of Gem Research, Taipei 


ANNOUNCEMENTS 


Mignone Halls of Gems and Minerals. The American Mu- 
seum of Natural History in New York City has reopened 
one of the most beloved spaces for gem enthusiasts with 
the unveiling of the Allison and Roberto Mignone Halls 
of Gems and Minerals on June 12, 2021. After a four-year 
closure, the 11,000-square-foot halls, which house more 
than 5,000 specimens sourced from 98 countries, have 
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been completely redesigned and reinstalled to tell the in- 
triguing story of how mineral diversity arose on our 
planet. This exciting public event reflects the reopening 
of New York City. 

The American Museum of Natural History has a long- 
standing history with minerals and gems that dates back 
to its founding in 1869. In the 45 years since the previous 
iteration of the gem and mineral halls opened, the scien- 
tific fields of mineralogy and geology have advanced sig- 
nificantly, and the new design reflects these advancements. 
The halls were organized by Dr. George E. Harlow, curator 
of the Department of Earth and Planetary Sciences, to 
showcase to the public the current scientific understanding 
of gems and minerals, the geological conditions and 
processes by which they form, and introduce the relatively 
novel concept of mineral evolution. 

Mineral evolution, one of the central themes, seeks to 
explain how more than 5,500 mineral species came into 
existence when there were no minerals for hundreds of 
millions of years after the Big Bang. The new halls show 
how changing conditions on Earth allowed more chemi- 
cally diverse minerals to arise. They highlight one of the 
most important changes, which is the evolution of life 
that filled the atmosphere with free oxygen, enabling col- 
orful, highly oxidized minerals. These are the same col- 
orful minerals we associate with the gemstones humans 
have used to decorate themselves for thousands of years. 

The redesigned space no longer resembles a simulated 
subterranean mine, with the multi-leveled carpeted inte- 
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rior that the previous iteration was known for. Instead, an 
open-floor concept allows visitors to wander seamlessly be- 
tween the different displays and exhibits. It has three main 
divisions: the Mineral Hall, the Gem Hall, and the Melissa 
and Keith Meister Gallery for temporary exhibitions. 
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Figure 25. One of the 
two giant amethyst 
geodes displayed at the 
entrance of the Mineral 
Hall. This geode 
weighs 11,000 Ibs. 
(5,000 kg). Photo by 
Augusto Castillo. 


Entering the Mineral Hall, the visitor is welcomed by a 
pair of towering amethyst geodes that formed nearly 135 
million years ago (figure 25). The scale and rich purple color 
of the massive geodes command attention and set the tone 
for the rest of the space. Behind the geodes, the center of 
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Figure 26. The Singing Stone is a massive 7,200 Ib. (3265 kg) block composed of the copper ore minerals azurite and 
malachite. Its name comes from the high-pitched sounds produced when the stone absorbed and released moisture 
from the air. The stone no longer sings now that it sits in a controlled environment. Photo by Augusto Castillo. 


the Mineral Hall contains mineral specimens organized by 
formation environment: igneous, pegmatitic, metamorphic, 
hydrothermal, and weathering. Highlights include the 


Singing Stone, a massive block composed of blue azurite 
and green malachite that was collected in 1891 from Bisbee, 
Arizona (figure 26), and a 14,500 lb. slab from upstate New 
York that is studded with garnets measuring up to one foot 
across (figure 27, opposite page). 

The west wall of the Mineral Hall has a running display 
dedicated to the systematic classification of minerals. The 
display contains 659 specimens arranged by chemical com- 
position, increasing in complexity across the wall. An in- 
teractive periodic table that can be used to explore forming 
minerals stands at the center of the west wall. The four cor- 
ners of the Mineral Hall explore the overarching scientific 
concepts of minerals, from their evolution and diversity to 
their properties and how they have been used by humans 
from prehistory to the present day. Adjacent to the gallery 
of minerals and light is the Gem Hall. It features a dazzling 


Figure 28. The 563 ct Star of India, the world’s largest 
gem-quality blue star sapphire. Photo by D. Finnin/ 
©AMNH. 
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to any diamond shape in vogue today, and 
therefore, the resulting polished stones may 
weight only 30 to 35% of their original 
rough weight, thus only about two-thirds 
the yield obtainable by sawing the diamond. 
Despite these disadvantages, certain dia- 
monds must be cleaved; reasons are either 
one or several of the following: 


e Figure 2 


Flaws following the cleavage plane, 

Figure 2. 

These flaws may be cracks, clouds, zonal 
color bands or inclusions oriented along the 
cleavage planes. Cleaving through this plane 
A to B yields two clean fragments. 


0 


« Figure 3 


Full or partial twinning, Figure 3. 
Twinned stones cannot be practically sawed, 
Since most diamonds are 180° twins, sawing 


WINTER 1953-54 


directions or grain, in one half, is not grain 
in the other half. The usual way to divide 
such a stone is to cleave it through the twin 
plane from A to B achieving two single crys- 
tals which now lose all the unfortunate (for 
the cutter) characteristics of the twin. 


A 


© Figure 4 


Shape, Figure 4. 

Certain diamonds are so shaped that cleaving 
is actually more efficient than sawing. Here 
is one common shape with well-developed 
etch figures or pits where the octahedral 
points should be. It is easy to see that cleav- 
ing from A to B yields much larger stones 
than sawing from C to D, where the result- 
ing pieces would be much too flat. 

A diamond with one or more unusually de- 
veloped dodecahedral faces may present a 
similar situation. 


e Figure 5 


Location of flaws, Figure 5. 

If all or most flaws can be eliminated with 
a single cleave A to B and cannot be reached 
with a single sawing, the advantages of a 


357 


Figure 27. A towering 14,500 Ib. (6,577 kg) slab studded with giant garnets. The garnets formed more than 1 billion 


years ago, when the original rock transformed at pressure 8,000 times greater than atmospheric pressure and at 
about 1500°F (815°C). Photo by Augusto Castillo. 
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display of nearly 2,500 objects, including precious stones, 
carvings, and jewelry from the museum’s world-class col- 
lection. Highlights include the 563 ct Star of India (figure 
28), the largest gem-quality star sapphire known, and the 
632 ct Patricia emerald, the largest gem-quality emerald re- 
ported from the Chivor mine in Colombia (figure 29). 

In addition, the Melissa and Keith Meister Gallery is a 
rotating exhibit gallery newly added to the Halls of Gems 
and Minerals. Beautiful Creatures, curated by jewelry his- 
torian Marion Fasel, features animal-themed jewelry cre- 
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Figure 29. The 632 ct 
Patricia emerald, dis- 
covered in 1920 by a 
local miner, is the 
largest gem-quality 
emerald reported from 
the Chivor mine in 
Colombia. Photo by D. 
Finnin/©CAMNH. 


ated over the last 150 years. The exhibit included more 
than 100 jewels from the world’s great jewelry houses or- 
ganized into three categories: land, water, and air. Its time 
frame coincides with the founding of the American Mu- 
seum of Natural History in 1869 and explores the extraor- 
dinary diversity of the animal kingdom and the inspiration 
that it has provided for jewelry designers. Beautiful Crea- 
tures is on display through September 19, 2021. 
Augusto Castillo 
GIA, New York 
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Pinctada maxima Pearls from Operated 
Mollusks, Sudoite in Ceramic-Age 
Caribbean Jewelry, Persian Turquoise 
Field Report, and More 


We invite you to cozy up with the new Fall edition of GéG! Travel to Western Australia as we 
continue the series on Pinctada maxima pearls, this time with a focus on cultured pearls 
harvested directly from operated marine mollusks. Then let two historical articles transport you 
back in time with the discovery of Ceramic-Age objects fashioned from sudoite in the Lesser 
Antilles and a look at the state of Iran’s Neyshabur turquoise mine, the source of treasures dating 


back to the Neolithic period. 


This issue opens with parttwoina — 472 examination of lapidary craft from 
three-part series on Pinctada maxima i : ee 

five archaeological excavations in the 
pearls. Artitaya Homkrajae and 
fellow GIA researchers investigate the French West Indies has revealed the use 
internal structures of 86 saltwater gf q rare gem material: sudoite.” 
cultured pearls collected directly from operated mollusks off 
the coast of Western Australia. Real-time microradiography and X-ray computed microtomography revealed several 
broad growth structural types, some of which may overlap with their natural counterparts. This study illustrates some of 
the challenges laboratories face, as the distinction between non-bead cultured and natural pearls is not always clear. 


An examination of lapidary craft from five archaeological excavations in the French West Indies has revealed the use of a 
rare gem material: sudoite. In the second article of this issue, Alain Queffelec and coauthors provide a mineralogical and 
geological analysis of nine sudoite objects to understand the provenance of the material and the trade networks of 
Amerindian cultures from the Early Ceramic period. 


Next, Philippe Belley and Aaron Palke compare trace element chemistry and visible light absorption spectra of two 
purple gem spinels from Luc Yen, Vietnam, and Badakhshan, Afghanistan. Their study presents the first reported 
example of a saturated purple color in spinel attributed to chromium and cobalt. 


Historically, the Neyshabur mine has produced the majority of Iranian turquoise, which possesses a unique color and 
quality and has been prized by civilizations dating back to the Neolithic period. In this field report, Bahareh Shirdam 
and coauthors uncover the current state of the Neyshabur mine and document the different techniques used to extract 
this vivid blue to green gem turquoise. 


Highlights from the Lab Notes section include a unique emerald cabochon with two distinct chatoyant bands, the 
creative use of manufactured glass to imitate star sapphire, and zircon with unusual color-change behavior when viewed 
under different illuminants. Explore the inner beauty of gemstones with the Micro-World section, featuring a stunning 
apatite crystal floating over a cloud of silk in a star sapphire, a diamond with an octahedral-shaped cloud inclusion resem- 
bling a six-pointed star, and hematite reminiscent of a blossoming rose in aquamarine. In Gem News International, youl 
find a study on mabe pearl cultivation in the French territory of Mayotte, as well as a report on Fura Gems’ inaugural 
auction for rough untreated Mozambican rubies, and much more. 


We hope you enjoy this exciting Fall edition of Gems & Gemology! 


OH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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SNM ARTICLES 


INTERNAL STRUCTURES OF KNOWN 
PINCTADA MAXIMA PEARLS: CULTURED 
PEARLS FROM OPERATED MARINE MOLLUSKS 


Artitaya Homkrajae, Nanthaporn Nilpetploy, Areeya Manustrong, Nicholas Sturman, 
Kwanreun Lawanwong, and Promlikit Kessrapong 


Saltwater non-bead cultured pearls, sometimes referred to as “keshi,” are byproducts of the bead cultured pearl 
cultivation process and are mainly composed of solid nacre, in keeping with natural pearls. They often form as in- 
dividual pearls or may be seen as additional features on the surfaces of some bead cultured (BC) pearls, sometimes 
known as “Tokki pearls.” The 86 saltwater cultured samples in this study, comprising 74 non-bead cultured (NBC) 
pearls and 12 BC pearls with intriguing additional surface features, were collected directly from the gonads of op- 
erated Pinctada maxima mollusks by two of the authors during a visit to a pearl farm. They were collected in order 
to study the internal structures using real-time microradiography and X-ray computed microtomography analyses. 
Three structural types—including organic-rich concentric, void, and linear—were observed in the NBC samples, as 
expected for saltwater NBC pearls produced by Pinctada species. The structures were also observed within the as- 
sociated additional features related to the bead nuclei in the BC pearl samples. The internal features of most of the 
NBC samples permitted them to be separated from their natural counterparts. Nevertheless, a limited number of 
NBC samples contained particular structural forms similar to those observed in known P. maxima natural pearls 
previously studied, or they contained complex overlapping features that do not conform to the majority of structures 
observed in NBC pearls in this study and previous publications. This illustrates the challenges GIA and other gemo- 
logical laboratories face with some pearl identification cases. Therefore, GIA’s procedure in addressing such cases 
is discussed and demonstrated. Since the pearl identification stated on reports is an opinion based on a reference 
collection database and the gemologist’s experience, possible differences of opinion among various gemologists and 
organizations are hardly surprising. This study on known cultured pearls provides additional reliable data that is es- 
sential in consolidating GIA’s reference collection database on the internal structures of pearls. 


oyster), Pinctada margaritifera (the black- 

lipped pearl oyster), and Pinctada fucata 
(martensii) (“the akoya pearl oyster”) are the main 
mollusks of the Pinctada genus that are commer- 
cially farmed. They are routinely used to produce 
bead cultured (BC) pearls and, as a consequence, 
sometimes also produce non-bead cultured (NBC) 
pearls (Otter et al., 2014; Sturman et al., 2016; Nilpet- 
ploy et al., 2018a). P. maxima is the largest species in 
the genus (Scarratt et al., 2012) and generally requires 
a minimum two-year growth period to yield BC 
pearls with the thickest nacre layers of all BC pearls 


Passe maxima (the silver- or gold-lipped pearl 


See end of article for About the Authors and Acknowledgments. 
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(Gervis and Sims, 1992; Cartier and Krzemnicki, 
2016). Cultured pearls from the P. maxima mollusk 
are often referred to as “South Sea” in the market. 


Australia is the largest producer of white P. max- 
ima (silver-lipped) cultured pearls, while Indonesia, 
Myanmar, and the Philippines are major producers of 
“golden” P. maxima (gold-lipped) cultured pearls. The 
farms producing these pearls are located between the 
Tropic of Cancer and the Tropic of Capricorn, which 
coincides with the native P maxima mollusk’s geo- 
graphic distribution. The silver-lipped shells are found 
mostly south of the equator, while the gold-lipped 
shells populate the region north of the equator (Strack, 
2006). 2 maxima mollusks used for pearl culturing 
production in Australia are predominantly wild- 
caught shells collected in accordance with the annual 
quota that takes the shell sizes into account (between 
120 and 175 mm shell length) and allows fishing 
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Figure 1. A selection of P. maxima cultured pearls (pictured with a P. maxima shell) randomly drawn from a total of 
86 pearl samples examined. These consist of NBC pearls as well as BC samples with additional features attached to 
the surface (“Tokki pearls”). The largest center pearl measures 22.05 x 14.07 x 13.24 mm. Photo by Nuttapol Kitdee. 


within specific commercial pearl oyster fishery zones 
(Western Australia Department of Fisheries, 2016). 
Hatchery-bred shells are also used to supplement the 
wild stock (Gervis and Sims, 1992; Southgate and 
Lucas, 2008). Although BC pearls are the primary pro- 
duction goal, some NBC pearls are also unintention- 
ally produced as a secondary product. 

The general technique for cultivating saltwater BC 
pearls was originally developed for the Japanese akoya 
pearl culturing industry before being accepted for other 
culturing operations globally (Otter et al., 2017). It be- 
gins with the insertion of a bead nucleus (referred to as 
a seeding or nucleation process), along with a small 
piece of mantle tissue (saibo in Japanese) that is cut 
from a donor mollusk in a grafting process and subse- 
quently inserted into the gonad of a living host mol- 
lusk (Al-Alawi et al., 2020; Sturman et al., 2020). Shell 
bead nuclei are usually fashioned from American fresh- 
water mussels of the Unionidae family such as wash- 
board (Megalonaias nervosa), ebony (Fusconaia ebena), 
and three-ridge (Amblema plicata), which are the most 
widely used source material for saltwater BC pearl pro- 
duction (Hsu et al., 2016; Sturman et al., 202.0). Other 
materials have been used on an experimental basis in 
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place of traditional shell beads, including plastic, resin, 
gemstones, dolomite, bironite, organic gelatinous poly- 
mer (superabsorbent polymer, or SAP), low-quality nat- 
ural pearls, freshwater NBC pearls, and shell beads 


In Brief 


e Bead cultured (BC) pearls are primary products of pearl 
cultivation, and some non-bead cultured (NBC) pearls 
occur as a byproduct. NBC pearls are composed 
mainly of solid nacre, similar to natural pearls. 


e 74 NBC and 12 BC pearls with intriguing additional sur- 
face features were collected directly from the gonads of 
operated Pinctada maxima mollusks, and their internal 
structures were analyzed using RTX and p-CT. 


¢ Organic-rich concentric, void, and linear structural 
types were observed in the NBC samples and presented 
as associated additional features in the BC samples. 


¢ Most NBC samples contained characteristic internal 
features that differentiated them from their natural 
counterparts. Nevertheless, some NBC samples 
showed particular structural forms comparable to the P 
maxima natural pearls previously studied. 
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produced from Tridacna shell (Snow, 1999; Hanni et 
al., 2010; Cartier and Krzemnicki, 2013; Cartier et al., 
2013; Scarratt et al., 2017; Kessrapong and Lawanwong, 
202.0). However, none have matched the success of tra- 
ditional freshwater mussel shell nuclei or been widely 
adopted for commercial use. 

The grafted mantle tissue ideally consists of the 
outer ectoderm layer containing epithelium cells 
that are responsible for shell and pearl formation via 
the production of calcium carbonate (CaCO,) poly- 
morph aragonite in a brick-type arrangement, as well 
as organic matrix that is composed of proteins and 
polysaccharides (Crichton, 2019). Together these are 
referred to as nacre or mother-of-pearl (MOP). The 
epithelium cells within the gonad exist as a result of 
the grafted mantle tissue and are involved in the bio- 
mineralization process, while the host’s gonad is the 
reproductive organ and cannot procreate CaCO, 
(Hanni, 2012). After insertion, the epithelium cells 
multiply by cell division and link together to form a 
pearl sac that surrounds the bead nucleus and subse- 
quently deposits nacre to form a pearl. Since this 
pearl sac is a result of the cultivation process, it is 
sometimes referred to as a “cultured pearl sac” in 
this study to differentiate it from a pearl sac that is 
naturally formed without any human intervention. 
The location from which mantle cells were extracted 
determines the type of calcium carbonate polymorph 
that results (Marie et al., 2012). Genetics, as well as 
the suitability of the mantle tissue selected, greatly 
impact the properties and quality of the resulting 
pearl (Otter et al., 2017). Therefore, the mantle tissue 
is usually selected from donor mollusks that have 
produced superior quality MOP exhibiting high lus- 
ter and desirable color. Additionally, it is important 
to ensure that the transplanted mantle tissue main- 
tains good contact with the bead nucleus and that 
the bead’s resulting encapsulation by the pearl sac is 
as complete as possible before the nacre is secreted 
in order to form a high-quality BC pearl. The pearl 
sac will continue to produce nacreous layers around 
the bead nucleus as long as conditions are suitable 
for the host to do so or until the pearl is harvested. If 
the mantle tissue is not ideal, or the initial develop- 
ment of the pearl sac is not optimal, the pearl sac and 
additional features formed during nacre deposition 
may result in a baroque and/or lower-quality pearl. 
After harvesting the first BC pearls, farmers usually 
re-nucleate the mollusk, as the existing pearl sac is 
still productive and will accept a second bead (second 
operation). The P. maxima mollusk can be operated 
on up to three times, although in very rare cases four 
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operations have occurred (Gervis and Sims, 1992). 
The number of operations will be determined by the 
mollusk’s health and the quality of pearl produced. 

In cases where the grafted mantle tissue separates 
from the bead, the mantle tissue continues to secrete 
nacre and the formation of a pearl sac is still possible. 
If the pearl sac does form, it is possible for an NBC 
pearl to develop (Southgate and Lucas, 2008; Hanni, 
2012). It is also possible that individual epithelium 
cells will break away from the main mantle tissue 
during the first operation to form additional pearl 
sac(s). Such accidental pearl sacs function in the 
same way by secreting nacre and may form an unin- 
tentional NBC pearl, in parallel with the creation of 
the intended BC pearl forming in the primary pearl 
sac created by the original mantle tissue (Strack, 
2006). This additional NBC pearl may form as a fea- 
ture on the surface of a BC pearl, which may subse- 
quently detach from the surface and appear to be a 
separate individual NBC pearl later. A BC pearl with 
an additional feature(s) attached to the surface is also 
known as a “Tokki pearl” (figure 1 and table 4; see 
also Krzemnicki et al., 2011). Tokki is a Japanese 
term referring to a surface protuberance. In yet an- 
other scenario, the bead nucleus is ejected from an 
already formed or partially formed pearl sac and an 
NBC pearl forms in its place (figure 2). 

NBC pearls are mainly composed of nacreous lay- 
ers similar to their natural counterparts, and they are 
often referred to as “keshi” in the market. However, 
this Japanese term (meaning “poppy seed”) was orig- 
inally used for natural saltwater seed pearls measur- 
ing 1-3 mm (Sturman and Al-Attawi, 2006), before 
being applied to byproducts found in the mantle area 
of Japanese akoya cultured pearls (Landman et al., 
2001; Hanni, 2006). The World Jewellery Confedera- 
tion (CIBJO) states that the use of “keshi” alone is 
misleading and inappropriate, and instead recom- 
mends using the term with a qualification such as 
“keshi cultured pearl” (CIBJO, 2020). The term 
“Keshi” is not used on GIA pearl reports. 

Three internal structural types—organic-rich con- 
centric, void, and linear—have been reported in the 
majority of NBC pearls previously studied (Hanni, 
2006; Wehrmeister et al., 2008; Sturman, 2009; 
Krzemnicki et al., 2010, 2011; Sturman et al., 2016, 
2017; Nilpetploy et al., 2018a; Manustrong, 2018; 
Manustrong et al., 2019; Al-Alawi et al., 2020). Most 
NBC pearls show characteristic structural features be- 
longing to these three groups that allow gemologists 
to differentiate them from natural pearls. However, 
some NBC pearls contain particular forms of these 
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structures that are comparable with those observed 
in natural pearls, or they contain complex overlapping 
structures that do not correspond with the structures 
typically observed in NBC pearls. Moreover, some 
natural pearls also possess structures that resemble 
those observed in NBC pearls. These can be challeng- 
ing to correctly identify, especially when the pearls 
are submitted without any provenance (Scarratt et al., 
2012; Sturman et al., 2019; Homkrajae et al., 2021). 
To better understand the characteristic internal fea- 
tures of P maxima NBC pearls, as well as BC pearls 
with associated additional surface growths, the au- 
thors studied a selection of NBC and BC pearls grown 
in cultured pearl sacs and harvested directly from the 
gonads of operated mollusks. The various types of in- 
ternal structure recorded in these samples are pre- 
sented here, the second in a series of three articles 
that investigate the internal structures of P. maxima 
pearls produced by different growth mechanisms. The 
natural pearls retrieved directly from unoperated wild 
mollusks were covered in Homkrajae et al. (2021), and 
the final article will address pearls that form in the 
mantle area or adductor muscle, or are found attached 
to the shell of operated wild and hatchery mollusks. 


Figure 3. A map showing the location of the Paspaley 
Pearling Company farm near Middle Osborn Island 
in Western Australia, where GIA collected cultured 

pearls from operated P. maxima mollusks. Image from 
Google Maps. 
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Figure 2. One example 
where the authors (AH 
and NN) found an 
ejected shell bead nu- 
cleus (7.53 x 6.94 mm) 
inside a mollusk’s 
gonad. When the shell 
was opened, a pea crab 
(Pinnotheres villosu- 
lus), which has a sym- 
biotic relationship with 
P. maxima mollusks 
(Scarratt et al., 2012), 
was observed next to 
the ejected bead. A 
6.92 x 4.95 mm NBC 
pearl (inset) was found 
together with the bead. 
Photos by Nanthaporn 
Nilpetploy. 


MATERIALS AND METHODS 


In October 2014, two members of GIA’s pearl team 
(authors AH and NN) visited a farm owned and op- 
erated by the Paspaley Pearling Company located 
near Middle Osborn Island, off the coast of the Kim- 
berley region in Western Australia, approximately 
560 km southwest of Darwin (figure 3). The purpose 
of the trip was to collect known samples of South Sea 
cultured pearls (again, see figure 1), particularly NBC 
pearls, directly from cultured pearl sacs that had de- 
veloped from pieces of mantle tissue inserted into 
the gonads of host mollusks. Throughout the seven- 
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cleave are obvious; yield is sacrificed to 
greater clarity. 


e Figure 6 


Location of flaws plus distorted shape, 
Figure 6. 

In this case, there is usually a combination 
of cleaves or of a cleave (CD) and a saw 
(AB). In this example, three clear pieces are 
obtained. Since drawings are only two di- 
mensional, the really complicated problems 
of diamond division cannot be depicted—but 
they are often as interesting and intricate as 
problems in chess. 


> 
O 


Cc 


e Figure 7 


Sawing, Figure 7. 

Sawing, on the other hand, is slow, but the 
shapes it yields are the most economical pos- 
sible, and often achieve percentages of over 


50%. The reason for this is quickly seen. 
Sawing is performed in the cubis directions 
(A to B) and thus the sawed surfaces repre- 
sent the largest possible cross-section of the 
diamond. Opposite this large surface, which 
becomes the table of the gem, is the natural 
point of the octahedron, which becomes the 
culet of the gem (c). 

The saw used in cutting through the 
hardest substance in the world is a soft 
phospher-bronze disc hardly thicker or stiffer 


‘than a sheet of paper. Of course, a mixture 


of diamond dust and oi] must be rubbed into 
the outer edge of the saw so that it will cut 
into the diamond. It is interesting to note 
that this abrasive charge is self-perpctuating. 
The diamond dust scraped off the saw is re- 
placed by the diamond dust removed from 
the diamond being sawed, so that the soft 
metal disc can be used indefinitely unless 
some accident occurs or it is used to try to 
saw a diamond “off the grain”’ in a relatively 
hard direction. In order to speed up the ac- 
tion of the saw, and indeed, to get through 
the diamond at all in some cases, it is some- 
times necessary to shift the point of attack as 
when sawing wood around a knot one will 
saw a little from here and a little from there. 
For this reason, the sawing machine is cap- 
able of fine adjustment in every possible di- 
rection, and the pressure which the saw ex- 
erts upon the diamond can be adjusted. The 
length of time that diamonds take in sawing 
is highly variable. For example, a one carat 
stone can usually be sawed in six to eight 
hours. However, an exceptional stone may 
require a week of incessant mancuvering by 
the sawyer to get through a twisted condition 
or an included twin. Two carat stones on 
the average require eight to twelve hours on 
the saw. Three carat stones on the average 
require twelve to twenty-four hours, and 
so on, so that a ten carat stone can be sawed 
through in twenty hours or may take five 
times that long depending on the stone. 
Fortunately, one sawyer can tend a whole 
battery of machines, often as many as twenty- 
five to thirty-five, and thus can saw a great 
many stones at the same time. 
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TABLE 1. Examples of NBC pearls from operated mollusks with organic-rich concentric structures (type 1). 


Position where found 
in the mollusk 


Sample details 


Macro image RTX image p-CT image 


1-1 
(3rd operation wild shell) 
0.35 ct 
3.95 x 3.82 x 3.08 mm 


1-2 
(3rd operation wild shell) 
0.29 ct 
3.92 x 3.78 x 3.51 mm 


1-3 
(3rd operation wild shell) 
0.66 ct 
4.80 x 4.77 mm 


1-4 
(3rd operation wild shell) 
0.30 ct 
4.10 x 3.75 mm 


1-5 
(3rd operation wild shell) 
0.33 ct 
4.04 x 3.35 mm 


1-6 
(3rd operation wild shell) 
1.05 ct 
6.04 x 5.63 mm 


1-7 
(2nd operation hatchery shell) 
2.08 ct 
7.97 x 6.39 mm 


1-8 
(3rd operation wild shell) 
1.80 ct 
6.57 x 6.50 x 5.95 mm 


Dark gray core 


The position of the pearl in the mollusk is indicated by a red arrow. 


day visit, nearly 925 mollusks from approximately 
10,000 operated shells available were inspected, and 
a total of 86 cultured pearls (74 NBC and 12 BC) were 
selected for this study. Only the BC pearls with in- 


190 INTERNAL FEATURES OF CULTURED PEARLS FROM PR. MAXIMA 


triguing surface protrusions were selected from the 
numerous BC pearls recovered. 

GIA created pearl sample classification codes to 
differentiate the degrees of origin dependability, as 
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TABLE 1. (continued). 


Position where found 


Sample details in the mollusk 


Macro image 


RTX image p-CT image 


1-9 
(3rd operation wild shell) 
0.30 ct 
4.13 x 3.56 x 3.42 mm 


1-10 
(3rd operation wild shell) 
0.09 ct 
2.60 x 2.47 mm 


1-11 
(Ist operation wild shell) 
0.18 ct 
3.24 x 3.20 mm 


1-12 
(3rd operation wild shell) 
0.62 ct 
5.00 x 4.11 mm 


1-13 
(2nd operation hatchery shell) 
1.19 ct 
6.26 x 5.89 mm 


1-14 
(2nd operation hatchery shell) 
0.97 ct 
5.66 x 4.03 mm 


1-15 
(Ist operation wild shell) 
0.09 ct 
2.81 x 2.72 mm 


1-16 
(2nd operation hatchery shell) 
0.30 ct 
3.80 x 3.72 mm 


Off-round (spindle-shaped) core 


The position of the pearl in the mollusk is indicated by a red arrow. The white arrows indicate the light gray CaCO, “seed” features 


(more radiopaque) observed. 


previously described by Homkrajae et al. (2021; see 
table 1 of that article). Since 86 pearl samples in this 
study were harvested in situ from the gonads of 
freshly opened mollusks by two of the authors and 
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their positions were documented by photos and 
videos, they are of known origin and may accord- 
ingly be classified as B1 samples (Homkrajae et al., 
202.1; see table 1). 
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SUMMARY OF INTERNAL STRUCTURES: CULTURED PEARL SAMPLES 


= 


. Organic-rich concentric | 
and dark gray core 


Organic-rich concentric 
and light gray core 


Organic-rich concentric 
and off-round 
(spindle-shaped) core 


Organic-rich concentric 
and light gray CaCO, 
“seed” feature 


3. Linear 
4. Bead nucleus and 
3 
organic-rich concentric =a 
Bead nucleus and void az 4 


Bead nucleus and linear 


15 (20%) 


| 34 (46%) 


NUMBER OF SAMPLES 


Figure 4. Summary of the four main internal structural types, including any variations found in the 86 cultured 
pearl samples studied (types 1-3 are observed in NBC and type 4 only in BC). The percentage of each structure 


recorded in the 74 NBC pearl samples is also shown. 


The majority of the host mollusks (90%) were 
wild shells collected from the ocean floor, while the 
remainder (10%) were hatchery produced. The age 
and operation history of the host mollusks varied. 
Some were older and had already been operated on 
three times, while others were younger and had only 
been operated on once. The measurements and 
weights of the 74 NBC pearls ranged from 1.80 x 1.61 
x 1.28 mm to 10.42 x 10.30 x 8.50 mm, and from 0.02 
to 6.28 ct. The 12 BC pearls measured from 14.80 x 
13.06 x 12.35 mm to 32.51 x 15.62 x 15.40 mm and 
weighed from 14.31 to 43.33 ct. 

The samples were loaned to GIA, and their internal 
structures were recorded using real-time microradiog- 
raphy (RTX) and X-ray computed microtomography 
(u-CT). The RTX analysis was performed using a Pa- 
cific X-ray Imaging GenX-90P X-ray system with 4- 
micron microfocus, 90 kV voltage, and 0.16 mA 
current X-ray source with an exposure time of 200- 
400 milliseconds per frame, combined with a 
PerkinElmer 1512 flat-panel detector with an average 
maximum of 128 frames and 74.8 micropixel pitch 
with 1944 x 1536 pixel resolution on all the samples. 
The samples that showed intriguing or indistinct 
structures were selected for more detailed viewing 
with u-CT. The u-CT work was carried out with a Pro- 
Con CT-mini X-ray system with a 5-micron microfo- 
cus, 90 kV voltage, and a 0.18 mA X-ray current 
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source. Two detectors with a frame grabber card were 
used to capture the results: a Hamamatsu C7921CA- 
29 flat-panel detector with 50 micropixel pitch and 
1032 x 1032 pixel resolution, and a Varex 1207 flat- 
panel detector with 74.8 micropixel pitch and 1536 x 
864 pixel resolution. RTX and y-CT data were col- 
lected in GIA’s Bangkok laboratory. Photomicrographs 
were obtained to show certain features in greater de- 
tail using a Nikon SMZ18 stereomicroscope with an 
SHR Plan Apo 1x objective lens and NIS-Elements im- 
aging software. As with Homkrajae et al. (2021), the 
purpose of this work was only to investigate the sam- 
ples’ internal characteristics. 


OBSERVATIONS AND RESULTS 


The characteristic internal features observed in the 
86 cultured pearl samples using RTX and p-CT 
analyses can be categorized into four broad growth 
structural types (figure 4). Types 1-3 correspond to 
NBC samples, and type 4 applies to BC samples only. 


1. Organic-rich concentric 

2.. Void 

3. Linear 

4. Bead nucleus and associated additional features 


Thirty NBC and eight BC pearls from the samples 
studied were selected as representative samples to 
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show the variations in the internal structures of the 
four main structural types and to serve as a reference 
for future pearl identification. Information and re- 
sults for each sample are shown in tables 1 to 4. The 
sample number, weight, measurements, and the 
number of times the mollusk was operated on are 
listed in the first column. The second column con- 
tains images showing the position of the pearl in 
each shell when retrieved (indicated by a red arrow). 
Macro, RTX, and »-CT results, respectively, are 
shown in the third through fifth columns. Since RTX 
and p-CT are microradiography techniques, all the 
relevant images in this study are shown in a 
grayscale intensity scheme. Thus, the internal 
growth patterns/features display varying intensities 
of gray corresponding to the differing X-ray densities 
or radiopacity of the materials that make up the 
pearls. CaCO, polymorphs such as aragonite (nacre 
or shell bead) are mineralized materials that are 
denser to X-rays (more radiopaque) than organic-rich 
material or voids (i.e., areas filled with gases and/or 
liquids) that are more radiolucent and allow more X- 
rays to pass through (Wehrmeister et al., 2008; Stur- 
man, 2009; Otter et al., 2014). Therefore, aragonite 
typically appears light gray, while organic-rich mate- 
rial or voids have a darker gray to black intensity. 
[Note: In this article, the description of an internal 
structure as “dark gray” and “light gray” corre- 
sponds to its X-ray density, not its actual color.] 


Type 1: Organic-Rich Concentric Structures. Various 
organic-rich concentric structures were observed in 
30 of the NBC pearl samples. Sixteen were selected 
as representative of these structures (table 1). Or- 
ganic-rich concentric structures were visible as dark 
gray concentric layered areas in the center and occu- 
pied a large portion of the pearl’s volume in most 
samples. The concentric structures in samples 1-4, 
1-13, and 1-15 occupied most of the pearls’ interior, 
and only a thin light gray layer corresponding to 
nacre was present on the outermost surface. 

Most of the RTX images of the samples contained 
a dark gray (more radiolucent) or light gray (more ra- 
diopaque) core at the center of the concentric struc- 
tures, similar to some observations in natural P. 
maxima pearls (Homkrajae et al., 202.1). However, 
the core in each of these samples differed in size and 
form from those observed in the natural pearls. Only 
sample 1-1 showed a dark gray core consistent with 
those often encountered in natural pearls. Yet it is 
worth noting that the large area covered by the con- 
centric structure and the lack of obvious growth fea- 
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tures in the nacre overlying the structure are obser- 
vations consistent with NBC pearls examined previ- 
ously. This combination of features could lead to a 
wide range of opinions from different gemologists. 
The rest of the samples showed a light gray core com- 
posed of denser X-ray material similar in radiopacity 
to the outer nacreous layer. The majority of the cores 
appeared rounded (samples 1-2. through 1-8 and 1-12 
through 1-16), and only three samples displayed off- 
round (spindle-shaped) forms (samples 1-9 through 1- 
11). The sizes of the light gray core varied from large, 
in sample 1-2, to a tiny spot in sample 1-8. These 
cores resemble ones observed in natural pearls, 
though the very large cores in samples 1-2 and 1-3 
have not been observed in any natural pearls to our 
knowledge. In sample 1-6, a twin center consisting 
of organic-rich concentric features with two light 
gray cores, one larger than the other, is intriguing as 
a similar twin structure was reported in a 0.11 ct nat- 
ural pearl from a Pinctada maculata mollusk 
(Nilpetploy et al., 2018b). Nevertheless, the concen- 
tric growth layers in the center of sample 1-6 are 
much larger and more evenly spaced, and the distinct 
round light gray cores in the center of each organic- 
rich feature, one larger than the other, are also absent 
in the natural P. maculata pearl (figure 5). Moreover, 
the acicular features shown within the organic-rich 
area in the natural P. maculata pearl are not present 
in sample 1-6. These differing aspects may also result 
in a wide range of identification calls. In the authors’ 
opinion, the structure corresponds more closely with 
NBC pearls, and thus GIA would consider this pearl 
to be NBC. This is confirmed by the sample’s prove- 
nance. Although an oval core has been observed in a 
natural pearl (Homkrajae et al., 202.1), the authors be- 
lieve that the spindle-shaped cores in samples 1-9 
through 1-11 have only been reported in NBC pearls. 

Light gray CaCO, “seed” features of various size, 
shape, and quantity were revealed in different posi- 
tions within the concentric structures (samples 1-12 
through 1-16, indicated by the white arrows in table 
1). These “seed” features are generally rounded and 
contain no discernible structure within, aside from 
sample 1-15 where the “seed” feature is irregularly 
shaped and a growth ring is present inside. Such 
CaCO, “seed” features have previously been reported 
in South Sea and P. margaritifera (Tahitian) NBC 
pearls (Krzemnicki et al., 2010, 2011; Nilpetploy et 
al., 2018a), and they do not exist in any natural P. 
maxima pearls previously examined (Homkrajae et 
al., 202.1). The presence of such CaCO, “seed” fea- 
tures in association with organic-rich concentric 
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Figure 5. Macro images, RTX images, and p-CT slices of sample 1-6 (top row), and a 0.11 ct natural P. maculata 
pearl (bottom row) previously studied by Nilpetploy et al. (2018b; see sample I). Both pearls show similar twin or- 
ganic-rich concentric features. However, sample 1-6 exhibits larger and more evenly spaced growth layers that in- 
corporate two light gray cores at the center of each, one larger than the other, while the P. maculata natural pearl 
lacks these features and shows acicular formations within the organic-rich area. Photos by Sasithorn Engniwat. 


structures is therefore a strong indicator of NBC for- 
mation. Additional details on similar CaCO, “seed” 
features found in some non-nacreous P. maxima 
NBC pearls were covered by Manustrong et al. (2019; 
see table 4). 

Some NBC pearls showed ambiguous structures or 
failed to reveal enough evidence to conclusively iden- 
tify their origin. Samples 1-5 and 1-8 are good exam- 
ples. Both showed relatively small areas of dark gray 


concentric layers, the light gray cores were small and 
rounded, no CaCO, “seed” features appeared to exist, 
and a few growth structures were visible in the over- 
lying nacre. In particular, the growth pattern of sample 
1-8 (magnified in figure 6) closely resembles structures 
often observed in natural pearls from various Pinctada 
species (Krzemnicki et al., 2010; Scarratt et al., 2012; 
Nilpetploy et al., 2018b; Homkrajae et al., 2021) and 
is comparable to a 0.30 ct known natural P. maxima 


Figure 6. p)-CT slices in three directions of sample 1-8 reveal a small area of organic-rich concentric structure, a 
tiny light gray core, and a few growth structures in the surrounding nacre. No CaCO, “seed” features were ob- 
served within the organic structure. All these observations are consistent with natural pearls, not NBC pearls. 
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Figure 7. Macro images, RTX images, and p1-CT slices of sample 1-8 (top row) and a 0.30 ct known natural P. max- 
ima pearl (bottom row) previously studied by Homkrajae et al. (2021; see sample 2-9). Both pearls show similar in- 
ternal structures. The light gray cores are relatively small, as are the dark gray concentric layers, and subtle 
growth patterns surround the central structures. Photos by Sasithorn Engniwat. 


pearl sample (figure 7) previously studied by Homkra- 
jae et al. (2021; see sample 2-9). It would be challenging 
to correctly identify such a pearl as NBC according to 
its known provenance, and it would almost certainly 
be classified as natural in standard laboratory testing 
conditions. 


It is also interesting to note that some pearl sam- 
ples were found together in the same mollusk and 
share similar internal characteristics. For example, 
samples 1-9, 1-10, and 1-12 were found together, and 
a BC pearl was also recovered from the same mol- 
lusk. They revealed large organic-rich concentric 
structures and lacked any growth structures in the 
surrounding nacreous areas. Samples 1-9 and 1-10 
contained a spindle-shaped core, while sample 1-12’s 
core is very small and rounded but also accompanied 
by a couple of “seed” features. Based on the combi- 
nation of these internal characteristics, all three 
pearls would be classified as NBC. Samples 1-13 and 
1-14 were found in the gonad next to one another, as 
shown by the images in the second column in table 
1. While their organic-rich concentric structures are 
quite different in pattern and size, it was intriguing 
to note that both pearls contained the CaCO, “seed” 
features within the concentric structure (magnified 
in figure 8). Another observation of note is that most 
of the samples in this group exhibited a nacreous sur- 
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face, much like the vast majority of NBC P. maxima 
pearls, yet six samples displayed a non-nacreous sur- 
face. The external and internal characteristics of 
these non-nacreous NBC pearls were recorded in a 
detailed study by Manustrong et al. (2019), and two 
samples from that study are also included here (sam- 
ples 1-4 and 1-11). Sample 1-7 showed both nacreous 
and non-nacreous surfaces. The nacreous surface ex- 
hibited a platy structure, while the non-nacreous part 
showed transparent features that were circular and 
bumpy, similar to those of the six non-nacreous sam- 
ples included in this study. 


Type 2: Void Features. Void and linear features are in- 
ternal cavities or areas filled with gas and/or liquid 
phases, which are more transparent to X-rays (radi- 
olucent) and appear on RTX and p-CT images as var- 
ious tones of gray, usually dark, depending on size 
and volume. Because voids generally occupy a greater 
area than linear features (thin or slender voids) and 
therefore look different, they have been separated 
into different structural types in this article. Voids 
are often seen in saltwater NBC pearls, and gemolo- 
gists use them to separate NBC from natural pearls. 
While 2. maxima mollusks produce the majority of 
NBC pearls seen in the market, other Pinctada 
species also produce them (Wehrmeister et al., 2008; 
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Sturman, 2009; Krzemnicki et al., 2010; Sturman et 
al., 2016, 2017; Nilpetploy et al., 2018a; Manustrong, 
2018; Al-Alawi et al., 2020). Thus, it was unexpected 
that only 10 of the 74 NBC pearls in this study dis- 


Figure 8. p-CT slices in 
three directions of sam- 
ples 1-13 (top row) and 
1-14 (bottom row) re- 
veal some light gray 
CaCO, “seed” features 
within the concentric 
structures of both sam- 
ples. They were found 
next to one another in 
the gonad of the same 
mollusk. 


played void features. Four were selected to show the 
various types of voids encountered (table 2). Most of 
the voids observed in this study were elongated (i.e., 
ellipse and ovoid cavities filled with gas and/or liquid 


TABLE 2. Examples of NBC pearls from operated mollusks with void features (type 2). 


Sample details 


2-1 
(1st operation wild shell) 
3.35 ct 
8.65 x 8.24 x 6.83 mm 


2-2 
(Ist operation wild shell) 
2.48 ct 
7.92 x 6.77 x 6.41 mm 


2-3 
(Ist operation wild shell) 
2.70 ct 
9.30 x 6.90 x 5.63 mm 


2-4 
(Ist operation wild shell) 
1.37 ct 
6.56 x 5.32 mm 


Position where found 
in the mollusk 


Macro image RTX image p-CT image 


The position of the pearl in the mollusk is indicated by a red arrow. 
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Figure 9. y1-CT slices in three directions of sample 2-4 reveal a combination of dark gray and light gray features in- 
side the elongate void. This type of void is rarely observed in NBC pearls, and it has similarities to some previ- 
ously observed in natural pearls. 


phases) and oriented along the longest direction of 
the pearl. The light gray, representing the overlying 
nacre around the voids, was generally tight or only 
contained a few growth lines comparable with most 
NBC pearls in the type 1 group. Although only single 
voids were observed in samples from this study, dou- 
ble or multiple voids are sometimes observed in NBC 
pearls (Sturman et al., 2016). 


Sample 2-1 revealed a large void that took up 
nearly half of the pearl’s volume. However, the void 
is not entirely empty, as a dark gray material can be 
seen within the virtually black center. This material 
could be a semi-solid organic-rich phase that is 
found in many voids in pearls both natural (Homkra- 
jae et al., 2021) and cultured (Otter et al., 2014, 
Nilpetploy et al., 2018a). However, the organic-rich 
feature lacks any fine growth structure, which is un- 
characteristic of natural pearls. Based on the large 
void’s absence of any clear growth structure in the 
organic-rich area, the pearl would be identified as 
NBC. The hollow slender void present in sample 2- 
2.is characteristic of voids found in many saltwater 
NBC pearls. Sample 2-3 showed a central cavity 
with an inner light gray feature with a radiopacity 
similar to that of the nacre. This type of void feature 
has been reported in some NBC pearls from P. mar- 
garitifera (Nilpetploy et al., 2018a) and Pinctada fu- 
cata (martensii) (Manustrong, 2018). It has also been 
observed in some saltwater NBC pearls submitted 
for examination in GIA’s global laboratory locations. 
Sample 2-4 displayed a combination of dark gray and 
light gray features inside the elongated void that is 
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sometimes observed in NBC pearls (magnified in fig- 
ure 9). However, similar alternating dark and light 
gray patterns have been observed in some natural 
pearls (Homkrajae et al., 2021), and thus it is possible 
that some gemologists would identify this pearl as 
natural. Conversely, some gemologists could inter- 
pret the elongated shape and position of the void to 
be more typical of NBC pearls. This complex diver- 
gence reveals the challenges gemologists face in 
pearl identification, and an inconclusive opinion 
may well be the result. 


Type 3: Linear Structures. Linear structures are the 
most common type encountered in NBC pearls pro- 
duced by various mollusks originating from saltwa- 
ter and freshwater environments (Scarratt et al., 
2000; Hanni, 2006; Sturman, 2009; Krzemnicki et 
al., 2010; Sturman et al., 2016, 2017; Nilpetploy et 
al., 2018a; Manustrong, 2018; Al-Alawi et al., 2020; 
Kessrapong and Lawanwong, 2020). Not surpris- 
ingly, almost half of the NBC samples showed linear 
features, and 10 samples with various forms of these 
are presented in table 3. Samples 3-1 through 3-4 
showed classic linear structures typically observed 
in NBC pearls. The extended linear feature displayed 
is the dominant structure seen running the length 
of each pearl. Even though samples 3-1 and 3-2 look 
different externally, they were harvested from the 
gonad of the same mollusk and share similar linear 
structures. 

The linear structures visible in samples 3-5 
through 3-10 are more complex, and some are seldom 
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TABLE 3. Examples of NBC pearls from operated mollusks with linear structures (type 3). 


Sample details 


Position where found 
in the mollusk 


Macro image RTX image p-CT image 


3-1 
(3rd operation wild shell) 
5.37 Ct 
14.18 x 9.16 x 6.29 mm 


3-2 
(3rd operation wild shell) 
0.39 ct 
4.36 x 3.40 mm 


3-3 
(3rd operation wild shell) 
3.06 ct 
11.65 x 7.00 x 5.45 mm 


3-4 
(1st operation wild shell) 
1.21 ct 
6.92 x 4.95 mm 


3-5 
(3rd operation wild shell) 
0.28 ct 
3.96 x 3.49 x 2.76 mm 


3-6 
(2nd operation hatchery shell) 
0.535 ct 
6.31 x 3.89 x 2.90 mm 


3-7 
(3rd operation wild shell) 
0.22 ct 
3.37 x 3.11 mm 


3-8 
(3rd operation wild shell) 
0.70 ct 
5.51 x 4.78 x 3.60 mm 


3-9 
(3rd operation wild shell) 
3.96 ct 
15.30 x 6.28 x 5.65 mm 


3-10 
(2nd operation hatchery shell) 
2.10 ct 
9.88 x 7.20 x 5.14 mm 


The position of the pearl in the mollusk is indicated by a red arrow. The white arrows indicate the small linear or void structures at the 


core of each defined demarcation. 
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Figure 10. p1-CT slices in three directions of sample 3-5 reveal a dark gray line inside an area of organic-rich 
growth. Although the linear feature appears characteristic of NBC pearls, the organic-rich growth structure is more 
typical of natural pearls. 


encountered in NBC pearls. Therefore, the identifica- 
tion of some NBC pearls is not straightforward. Sam- 
ple 3-5 revealed a pear-shaped dark gray, organic-rich 
structure with an unclear associated darker feature in 
the RTX image that appears more likely to be a natural 
pearl structure. However, the dark feature shows up 
more clearly (magnified in figure 10) when analyzed 
by a high-resolution u-CT unit, and it appears to be 
more linear and thus possibly more characteristic of 
some NBC pearls. Yet this feature does not correspond 
with the majority of linear associated structures ob- 
served in NBC and natural pearls, and therefore an in- 
conclusive opinion may result. However, some 
gemologists may consider the linear feature sufficient 
evidence to identify this pearl as NBC, which would 
be consistent with its recorded provenance. 

Distinct layered growth structures enclosing a 
linear feature, as shown in samples 3-6 and 3-7, are 
not typically encountered in NBC pearls. This is be- 
cause NBC pearls generally lack any growth 
layers/features in the surrounding nacre, as has al- 
ready been noted, although the linear features in the 


center commonly correspond with those observed in 
other NBC pearls. Moreover, similar growth layers 
of alternating light and dark gray features related to 
the difference in organic content have been observed 
in some natural pearls (Homkrajae et al., 2021; see 
figure 15). Samples 3-8 through 3-10 showed combi- 
nation structures consisting of multiple cores or seg- 
ments, as well as linear features. Samples 3-8 and 3-9 
revealed a long linear structure in the main body 
with shorter linear or void features in the center of 
each segment (table 3, indicated by the white ar- 
rows}. On the other hand, the main body of sample 
3-10 showed only growth rings and no evidence of a 
linear feature (magnified in figure 11). Only when the 
other segments were inspected were linear or void 
features revealed (table 3, indicated by a white 
arrow). The structures presented in samples 3-8 and 
3-9 are more characteristic of NBC pearls (Nilpetploy 
et al., 2018a). While the linear features visible in the 
small segments point to an NBC origin, the overall 
structure of sample 3-10 is doubtful and this pearl 
may be considered inconclusive. 


Figure 11. p-CT slices in three directions of the largest segment of sample 3-10 only revealed growth rings. How- 
ever, linear features and voids are present in other parts. The overall internal structure is doubtful and points to an 


NBC origin. 


Sy, 
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There is only one process in which “grain” 
plays no part — that is “bruting,” or turning 
the stone round on a lathe. The diamond to 
be rounded is mounted in a lathe and held 
there either by a special cement or by me- 
chanical means or both. It is then turned 
against a lathe tool consisting of another 
diamond which itself is being roughly 
shaped. This is the only cutting process in 
which a considerable amount of diamond 
dust is recovered. For this purpose a little 
box is placed just under the cutting machine. 
Bruting doesn’t depend on grain because it is 
essentially a chipping operation, where each 
diamond is continually breaking tiny bits off 
the other. When properly done, the chips 
are microscopic in size and the girdle smooth 
and even. When forced, the stone is not 
round, the girdle is rough, and may even 
be “bearded” meaning that the girdle may 
exhibit thousands of small hair-like fissures. 

Up to this point the diamond has been 
cleaved or sawed through its inclusions to 
provide clean pieces, and these pieces have 
been roughly shaped in bruting, but the dia- 
mond still looks dull and lifeless. It is in 
polishing that the beauty inherent in the dia- 
mond is brought out. Practically any facet on 
the diamond can be polished, but only in cer- 
tain directions; each facet has one softest 
direction which the polisher calls “grain.” 
A million diamonds lined up the same way 
would have the same grain on each of their 
facets, but as soon as that facet is changed 
slightly in its orientation the grain — the 
softest direction — changes as well. One of 
the arts of the diamond polisher is to polish 
as close as possible to the theoretically ideal 
grain. 

The theory behind polishing grains is 
simple. The polishing abrasive is diamond 
dust, and since there are countless millions 
of these particles used on each facet these 
particles are arranged in random directions. 
The effective hardness of all these particles is 
the average hardness of all diamond direc- 
tions, and, therefore, these particles will not 
effectively polish a diamond in any direction 
harder than the average. Thus, the necessity 
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for finding soft directions on any facet we 
polish. 

The diamond to be polished is held in a 
small vise called a “dop” which in turn is 
foxed by a length of very pliable copper wire 
to a long arm called a “tang.” This is then 
allowed to rest on the abrasive diamond dust- 
covered surface of the lap, which is a large 
iron wheel revolving in a horizontal plane at 
about two thousand RPM. The wire, con- 
necting the “‘dop” and the “tang,” permits 
of extremely fine adjustments in position 
of the diamond while being polished; that 
is how the skillful polisher can make all 
the facets exactly the shape and size they 
should be, and can have the edges of the 
facets meet exactly where they should, in 
a definite pre-determined point. It must be 
remembered that the polisher not only must 
exactly shape each facet, but he must also 
do so while constantly changing the direc- 
tion in which he is polishing these facets 
so that he stays in the grain. 

Polishing brings out the brilliance and 
fire inherent in the diamond; but it only 
achieves the maximum brilliancy and fire 
possible if certain rules are observed strictly 
and exactly. 

First, the stone must be symmetrical (if a 
brilliant cut, round) and there must be no 
irregularities or blemishes marring the polish. 

Second, the table (measuring from bezel 
to bezel) must be just over 53% of the 
stone’s diameter, uniform and centered. 

Third, the bezel (main top) facets should 
be equal, properly located, should make an 
angle of 34° with the plane of the table. 

Fourth, the pavilion (main bottom) fac- 
ets should be equal, properly located, and 
should make an angle of 41° with the plane 
of the table. 

Fifth, the girdle should be smooth, even 
and just thick enough to resist chipping. 

Sixth, the culet should be centered, round 
and large enough to resist chipping (the 
culet should never be large enough to be 
seen with the naked eye). 

Seventh, the stars and top breaks should 
be equal in depth. 
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TABLE 4. Examples of BC pearls from operated mollusks with a bead nucleus and associated 
additional features (“Tokki”) (type 4 only in BC). 


Position where found 


pemple details in the mollusk 


Macro image RTX image y-CT image 


Bead nucleus and organic-rich concentric 


4-1 
(3rd operation wild shell) 
14.77 ct 
15.78 x 12.14 mm 


4-2 
(3rd operation wild shell) 
18.12 ct 
15.12 x 13.47 mm 


4-3 
(3rd operation wild shell) 
17.22 ct 
18.39 x 12.05 mm 


4-4 
(3rd operation wild shell) 
38.51 ct 
23.75 x 16.30 x 16.15 mm 


4-5 

(3rd operation wild shell) 
23.99 ct 

21.90 x 14.28 x 14.12 mm 


4-6 

(3rd operation wild shell) 
26.53 ct 

19.90 x 13.28 x 13.05 mm 


4-7 
(3rd operation wild shell) 
21.86 ct 
14.53 x 14.24 x 14.13 mm 


4-8 
(3rd operation wild shell) 
24.78 ct total 
15.44 x 15.14 x 14.68 mm 
and 6.10 x 5.37 x 4.19 mm 


bes y 7 


The position of the pearl in the mollusk is indicated by a red arrow. 
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Figure 12. p-CT slices in three directions of sample 4-3’s feature revealed an organic-rich concentric structure that 
formed next to the bead nucleus. The small dark gray concentric area, tiny light gray core, and growth layers sutr- 
rounding the dark gray area are similar to some observed in natural rather than NBC pearls. 


Type 4: Bead Nucleus and Associated Additional Fea- 
tures. Twelve BC pearls with potentially intriguing 
additional features were selected from the many BC 
pearls recovered during the harvest. These additional 
features displayed organic-rich concentric, void, and 
linear features similar to the structures typically en- 
countered in NBC samples; eight representative sam- 
ples are shown in table 4. The additional features 
directly affected the pearls’ external appearance, 
often resulting in baroque shapes. Although the 
pearls possessed additional features, their main body 
contained a bead nucleus and thus they would be 
classified as BC pearls. These extra features can form 
next to the bead nucleus (samples 4-1, 4-4, and 4-5) 
or independently from the bead nucleus and still be 
firmly attached to the outer nacreous layers (samples 
4-2, 4-3, and 4-6). They may also form independently 
from the BC pearl and be loosely attached to the sur- 
face, where they are likely to separate later and be- 
come individual NBC pearls (samples 4-7 and 4-8). 

As with all bead cultured pearls examined by RTX, 
the bead nuclei showed a distinct round dark gray fea- 
ture at the interface between the beads themselves and 
the point of initial nacre contact. Some demarcation 
rings are more obvious than others, usually depending 
on the amount of organic matter deposited by the mol- 
lusk after the nucleation procedure has ended and the 
initial recovery period takes place. Straight parallel 
lines related to the banded structure of the shell bead 
nucleus, or boundaries delineating multiple sections 
of shell used to create laminated beads (Manustrong 
and Lawanwong, 2020), are also sometimes observed 
inside the main demarcation boundary. 

Organic-rich concentric structures visible on sam- 
ples 4-1 through 4-3 manifest themselves as rounded 
protrusions on the pearl surface. This type of addi- 
tional feature is commonly associated with BC pearls 
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and has been reported in cultured pearls produced by 
Pinctada species mollusks (Krzemnicki et al., 2010, 
2011; Al-Alawi et al., 2020). They may form as single, 
double, or multiple growths. RTX and p-CT analyses 
revealed the dark gray organic-rich concentric struc- 
tures constituting the majority of the features in sam- 
ples 4-1 and 4-2. This is in keeping with the 
structures of most type 1 NBC samples, and to a 
lesser degree with the organic-rich concentric struc- 
tures found in the natural P maxima pearls previ- 
ously reported by Homkrajae et al. (2021); see type 2 
in that article. In contrast, sample 4-3 showed an or- 
ganic-rich concentric structure similar to that of 
some natural pearls. The structure consisted of a 
small dark gray concentric area, a tiny light gray core, 
and growth structure surrounding the dark gray area 
(magnified in figure 12). If this additional feature were 
to become detached, resulting in a separate pearl, it 
would be challenging to identify the origin correctly. 
The additional features in samples 4-4 through 4-8 ex- 
hibited voids or linear structures. Those in samples 
4-4 and 4-5 are associated directly with the bead nu- 
clei, while the feature in sample 4-6 forms in the cen- 
ter and is not in contact with the bead nucleus. 
Sawing would be required to separate the additional 
features from the main bead cultured pearl in samples 
4-1 through 4-6, as they are firmly attached to each 
other. Samples 4-7 and 4-8 showed a fine linear struc- 
ture at the center of their additional features. When 
harvested, they were loosely attached to the main BC 
pearls. Later, the thin nacreous and organic-rich layer 
that bonded the features to the main BC pearls dried 
out, resulting in the separation of individual NBC 
pearls. Remnants of the organic-rich bond that held 
the two sections of sample 4-7 prior to separation, as 
well as the area where both segments were attached, 
are shown in figure 13. 
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Figure 13. Photomicrographs of sample 4-7, showing the area where both segments were loosely attached at the 
time of harvest (A and B; field of view 19.20 mm and 4.80 mm, respectively). Over time, the bonding dried out 
and the two parts separated into individual pearls: NBC on the left and BC on the right (C; field of view 19.20 


mm). Photos by Nanthaporn Nilpetploy. 


DISCUSSION 

Various forms of internal structure were observed in 
the 74 NBC P. maxima pearls studied, although they 
can simply be classified into three broad types: or- 
ganic-rich concentric structures (40%), void features 
(14%), and linear structures (46%). These three struc- 
tural types were also noted as associated additional 
features in 12 BC pearls investigated. More impor- 
tantly, certain forms of these structures were re- 
ported in some natural pearls, which highlights the 
challenges in separating some NBC from natural 
pearls, especially when tested in laboratory condi- 
tions and their provenance is unknown (Sturman et 
al., 2019). 

Organic-rich concentric structures have been re- 
ported in cultured pearls produced by Pinctada 
species mollusks (Krzemnicki et al., 2010, 2011; 
Sturman et al., 2017; Nilpetploy et al., 2018a; Manus- 
trong et al., 2019; Al-Alawi et al., 2020), and some 
natural pearls formed by various mollusk species 
(Krzemnicki et al., 2010, Scarratt et al., 2012; Stur- 
man et al., 2014, Karampelas et al., 2017; Nilpetploy 
et al., 2018b; Homkrajae et al., 2021). Some differ- 
ences noted by the authors could be useful indicators 
in distinguishing NBC pearls from their natural 
counterparts. The organic-rich concentric areas in 
most NBC samples are generally large and cover over 
half of the pearl’s interior, whereas the concentric 
layered areas in natural samples tend to occupy a rel- 
atively small portion of the interior. The concentric 
rings within the organic-rich areas are more distinct 
and uniformly arranged in NBC samples than in nat- 
ural pearls, although in some NBC samples the rings 
seem to cross over and merge with others. This uni- 
formity is not observed in natural samples. An un- 
even or “spotty” appearance was visible in the dark 
concentric layered areas of some NBC samples but 
not apparent in the natural pearls. Dark and light 
gray cores were observed within the dark concentric 
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organic structures of both NBC and natural pearls, 
but only one NBC sample exhibited a dark core. In 
contrast, many of the natural pearls contained a dark 
gray core, which would seem to indicate a natural 
rather than NBC origin. The light gray cores usually 
appeared tight (radiopaque) and rounded in both 
kinds of pearls, yet the very large light gray cores 
were only observed in NBC pearls, while the major- 
ity of light gray cores seen in the natural pearls were 
small. The off-round (spindle-shaped) light gray cores 
and light gray CaCO, “seed” features observed in dif- 
ferent positions within the dark gray organic-rich 
concentric structures were found in NBC but not 
natural pearl samples. When two or more of these 
characteristic features are combined, they provide 
sufficient proof to classify a pearl as NBC. Addition- 
ally, the dark gray organic-rich concentric structures 
within most of the NBC samples appeared uniformly 
symmetrical in shape with near-round, oval, and but- 
ton outlines, while those in the natural pearls were 
of various shapes and many appeared asymmetrical. 


Voids and linear structures are known to be key 
identification features for NBC pearls produced by 
Pinctada species mollusks (Wehrmeister et al., 2008; 
Sturman, 2009; Krzemnicki et al., 2010; Sturman et 
al., 2016, 2017; Nilpetploy et al., 2018a; Manustrong, 
2.018; Al-Alawi et al., 2020). However, a small percent- 
age of natural saltwater pearls have also been shown 
to contain these two structural types (Scarratt, 2019, 
Homkrajae et al., 2021). Around 14% and 46% of all 
NBC pearl samples studied in this work displayed 
void and linear features, respectively. Both structural 
types, especially the linear structures encountered in 
NBC samples in this study and previous studies, share 
the common characteristic of being elongated and ex- 
tending the length of the pearl. Usually, the linear fea- 
tures also extend over half of the pearl’s length. Voids 
in natural pearls range in size and can be large, but in 
Homkrajae et al. (2021) the samples appeared to oc- 
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cupy relatively small portions, approximately 30% or 
less of the pearl’s volume, and revealed organic-rich 
growth features within the voids when examined by 
u-CT. These differences are helpful in distinguishing 
NBC from natural pearls. By comparison, linear struc- 
tures are the most challenging to interpret in natural 
pearls. However, linear structures are typically ob- 
served in NBC pearls and less frequently in natural 
pearls, although the chances increase when extremely 
baroque pearls are considered. All the natural samples 
that were found to contain linear features tended to 
be baroque (Homkrajae et al., 2021), whereas linear 
features were observed in both baroque and symmet- 
rically shaped NBC pearls such as the oval and drop 
shapes (samples 3-2. and 3-4). Therefore, any pearl with 
a distinct linear feature would most likely be identi- 
fied as NBC. 

What follows are the identification characteristics 
observed for the three main structural categories 
from the known natural and NBC P. maxima pearl 
samples (figure 14). The first category includes the 
structures that were only found in natural pearl sam- 
ples. The structures that fall into this category are (1) 
tight or minimal growth that lack any clear internal 
growth features or only showed a few weak growth 
patterns; (2) an organic-rich concentric structure and 
patchy light and dark gray center resulting from dif- 
ferences in the organic content within these areas; 


Natural Pearl Samples 


Internal structures observed 
only in natural pearl samples 


Tight or minimal growth 

© Organic-rich concentric 
and patchy light and dark 
gray center 


¢ Dense core 


¢ Marine organism nucleus 
entombed by nacre 
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(3) a dense, solid light gray core not enclosed by any 
clear organic-rich concentric structure; and (4) a ma- 
rine organism entombed by nacre deposition. Se- 
verely fractured central internal structures were 
found only in natural pearl samples (Homkrajae et 
al., 202.1; see samples 6-5 and 6-6), yet they appear to 
be related to later stages of the pearls’ formation and 
not their initial formation. Therefore, this type of 
structure may also be observed in NBC pearls and 
cannot be used as an indicator of a pearl’s identity. 

The second category involves the internal struc- 
tures that are only found in NBC samples, including 
(1) an organic-rich concentric structure and off-round 
(spindle-shaped) core and (2) an organic-rich concen- 
tric structure and accompanying light gray CaCO, 
“seed” feature. 

The last category includes overlapping structures 
that have been observed in natural and NBC pearl 
samples. Therefore, they are less indicative of any 
specific type of pearl unless certain internal charac- 
teristics previously mentioned are considered. These 
structures include (1) an organic-rich concentric 
structure and dark gray core, (2) an organic-rich con- 
centric structure and light gray core, (3) void features, 
and (4) linear structures. 

Lastly, NBC pearls often form after the mollusk 
has rejected the bead nucleus and the empty pearl sac 
continues to produce an accidental pearl. This can 


NBC Pearl Samples 


Figure 14. A diagram 
illustrating the three 
main categories of in- 
ternal structures as 
radioimages. The two 
circles represent inter- 
nal structures ob- 
served only in known 
natural P. maxima 
pearl samples in 
Homkrajae et al. 
(2021, left) and 
known NBC P. max- 
ima pearl samples in 
this study (right). The 
area of overlap repre- 
sents internal struc- 
tures found in both 
natural and NBC 
pearl samples. 
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occur during the first operation or in any subsequent 
operations the mollusk endures during its life. It is 
worth noting that many of the NBC pearl samples 
with distinct linear features formed in mollusks fol- 
lowing their second or third operation, and they often 
exhibit a flattened baroque shape. This observation 
is in agreement with studies by Hanni (2006) and 
Krzemnicki et al. (2010). Additionally, organic-rich 
concentric structures were discovered in NBC pearls 
from all three operations, and BC pearl samples with 
the additional surface features were produced by 
mollusks following the third operation. 


CONCLUSIONS 


Organic-rich concentric structures, void features, and 
linear structures are the three main structural types 
found in the NBC pearl samples studied, and within 
the additional features found on the BC pearls exam- 
ined. The majority of the NBC samples exhibited one 
of two typical internal characteristics—relatively 
large voids or distinct linear features—helping prove 
their cultured origin. Other structural features help 
identify pearls as NBC when observed in conjunction 
with each other or with the two main NBC struc- 
tures. These include a large light gray core, an off- 
round (spindle-shaped) core, and light gray CaCO, 
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ACKNOWLEDGMENTS 

The authors wish to extend their appreciation to Paspaley Pearling 
Company, Australia, for loaning the samples to GIA’s Bangkok lab- 
oratory for this study and inviting GIA staff to visit Australia to re- 
trieve the pearls in person. We also wish to thank Tom Moses and 
Kenneth Scarratt for their support and for making the trips to Pas- 
paley possible. Sasithorn Engniwat’s assistance in providing the 
macro images in all the tables is also greatly appreciated. Lastly, 
we would like to thank the peer reviewers for valuable and con- 
structive comments that improved this article. 


Cartier L-E., Krzemnicki MLS., Rere J. (2013) Pearl or gemstone? 
Galatea pearls: A ‘new’ pearl product from French Polynesia. 
33rd International Gemmological Conference, Hanoi, Viet- 
nam, pp. 64-66. 

CIBJO, The World Jewellery Confederation (2020) The Pearl Book. 
CIBJO Pearl Commission, 79 pp. 

Crichton R. (2019) Biological Inorganic Chemistry: A New Intro- 
duction to Molecular Structure and Function, 3rd ed. Université 
Catholique de Louvain, Belgium, https://doi.org/10.1016/C2016- 
0-01804-1 

Gervis M.H., Sims N.A. (1992) The Biology and Culture of Pearl 
Oysters (Bivalvia: Pteriidae). ICLARM Studies and Reviews 
21, Manila, Philippines, 49 pp. 


Gems & GEMOLOGY FALL 2021 


Hanni H.A. (2006) A short review of the use of ‘keshi’ as a term to 
describe pearls. Journal of Gemmology, Vol. 30, No. 1/2, pp. 
51-58. 

(2012) Natural pearls and cultured pearls: A basic concept 
and its variations. Australian Gemmologist, Vol. 24, No. 11, 
pp. 258-266. 

Hanni H.A., Krzemnicki M.S., Cartier L. (2010) Appearance of new 
bead material in cultured pearls. Journal of Gemmology, Vol. 
32, No. 1, pp. 31-37. 

Homkrajae A., Manustrong A., Nilpetploy N., Sturman N., 
Lawanwong K., Kessrapong P. (2021) Internal structures of 
known Pinctada maxima pearls: Natural pearls from wild ma- 
rine mollusks. GwG, Vol. 57, No. 1, pp. 2-21, 
http://dx.doi.org/10.5741/GEMS.57.1.2 

Hsu T., Zhou C., Homkrajae A., Ho J.W.Y., Yazawa E., Padua P. 
(2016) Freshwater pearling in Tennessee. GIA Research News, 
October 7, https://www.gia.edu/gia-news-research/freshwater- 
pearling-tennessee 

Karampelas S., Al-Alawi A.T., Al-Attawi A., Scarratt K. (2017) 
Natural pearls found from Pinctada radiata in the Kingdom of 
Bahrain: Characteristic structures, comparison and identifica- 
tion. 35th International Gemmological Conference, Wind- 
hoek, Namibia, pp. 103-104. 

Kessrapong P., Lawanwong K. (2020) Atypical bead cultured Pinc- 
tada maxima pearls nucleated with freshwater non-bead cul- 
tured pearls. GIA Research News, April 6, 
https://www.gia.edu/doc/Atypical-Bead-Cultured-Nucleated- 
with-Freshwater-NBCP.pdf 

Krzemnicki M., Friess D., Chalus P., Hanni H.A., Karampelas S. 
(2010) X-ray computed microtomography: Distinguishing natural 
pearls from beaded and non-beaded cultured pearls. GWG, Vol. 
46, No. 2, pp. 128-134, http://dx.doi.org/10.5741/GEMS.46.2.128 

Krzemnicki M.S., Muller, Hanni H.A., Gut H.-P., Diiggelin 
M. (2011) Tokki pearls: Additional cultured pearls formed 
during pearl cultivation: External and internal structures. 
32nd International Gemmological Conference, Inter- 
laken, Switzerland, https://www.ssef.ch/wp-content/up- 
loads/2018/01/SSEF_Tokki_pearls.pdf 

Landman N.H., Mikkelsen P.M., Bieler R., Bronson B. (2001) 
Pearls: A Natural History. Harry N. Abrams, Inc., New York, 
232 pp. 

Manustrong A. (2018) Gems News International: Very small akoya 
cultured pearls. G&G, Vol. 54, No. 1, pp. 103-105, 
https://www.gia.edu/gems-gemology/spring-2018-gemnews- 
very-small-akoya-cultured-pearls 

Manustrong A., Lawanwong K. (2020) Lab Notes: Saltwater bead 
cultured pearl with laminated nucleus. G#G, Vol. 56, No. 1, 
pp. 138-139, https://www.gia.edu/gems-gemology/spring-2020- 
labnotes-cultured-pearl-laminated-nucleus 

Manustrong A., Kessrapong P., Lawanwong K., Nilpetploy N., 
Homkrajae A. (2019) Known non-nacreous non-bead cultured 
pearls and similar unknown pearls of likely cultured origin 
from Pinctada maxima. GIA Research News, September 4, 
https://www.gia.edu/gia-news-research/known-non-nacreous- 
non-bead-cultured-pearls 

Maric B., Joubert C., Tayalé A., Zanella-Cléon L., Belliard C., Pique- 
mal D., Cochennec-Laureau N., Marin F., Gueguen Y., Mon- 
tagnani C. (2012) Different secretory repertoires control the 
biomineralization processes of prism and nacre deposition of 
the pearl oyster shell. Proceedings of the National Academy of 
Sciences, Vol. 109, No. 51, pp. 20986-20991, 
http://dx.doi.org/10.1073/pnas.1210552109 

Nilpetploy N., Lawanwong K., Kessrapong P. (2018a) Non-bead 
cultured pearls from Pinctada margaritifera. GIA Research 

News, April 27, https://www.gia.edu/ongoing-research/non- 
bead-cultured-pearls-from-pinctada-margaritifera 

(2018b) The gemological characteristics of Pipi pearls re- 


INTERNAL FEATURES OF CULTURED PEARLS FROM P. MAXIMA 


portedly from Pinctada maculata. GWG, Vol. 54, No. 4, pp. 
418-427, http://dx.doi.org/10.5741/GEMS.54.4.418 

Otter L.M., Wehrmeister U., Enzmann F., Wolf M., Jacob D.E. 
(2014) A look inside a remarkably large beaded South Sea cul- 
tured pearl. G@wG, Vol. 50, No. 1, pp. 58-62, 
http://dx.doi.org/10.5741/GEMS.50.1.58 

Otter L.M., Oluwatoosin B.A., Huong L.T., Hager T., Jacob D.E. (2017) 
Akoya cultured pearl farming in eastern Australia. GG, Vol. 53, 
No. 4, pp. 423-437, http://dx.doi.org/10.5741/GEMS.53.4.423 

Scarratt K. (2019) A recent expedition to acquire & charac- 
terise natural pearls from Australian Pinctada [video pres- 
entation]. The Pearl Symposium, November 21, 
https://www.youtube.com/watch?v=0gu3467SaBY 

Scarratt K., Moses T.M., Akamatsu S. (2000) Characteristics of nu- 
clei in Chinese freshwater cultured pearls. G&G, Vol. 36, No. 
3, pp. 98-109, http://dx.doi.org/10.5741/GEMS.36.2.98 

Scarratt K., Bracher P., Bracher M., Attawi A., Safar A., Saeseaw 
S., Homkrajae A., Sturman N. (2012) Natural pearls from Aus- 
tralian Pinctada maxima. GWG, Vol. 48, No. 4, pp. 236-261, 
http://dx.doi.org/10.5741/GEMS.48.4.236 

Scarratt K., Sturman N., Tawfeeq A., Bracher P., Bracher M., 
Homkrajae A., Manustrong A., Somsa-ard N., Zhou C. (2017) 
Atypical “beading” in the production of cultured pearls from 
Australian Pinctada maxima. GIA Research News, 
https://www.gia.edu/gia-news-research/atypical-beading-pro- 
duction-cultured-pearls-australian-pinctada-maxima 

Snow M. (1999) Bironite: A new source of nuclei. Pearl Oyster Bul- 
letin, No. 13, pp. 19-21. 

Southgate P.C., Lucas J.S (2008) The Pearl Oyster. Elsevier, Oxford, 
574 pp. 

Strack E. (2006) Pearls. Rithle-Diebener-Verlag, Stuttgart, 
Germany. 

Sturman N. (2009) The microradiographic structures of non-bead 
cultured pearls. GIA Research News, https://www.gia.edu/gia- 
news-research-NR112009 

Sturman N., Al-Attawi A. (2006) The “keshi” pearl issue. G#G, 
Vol. 42, No. 3, p. 142. 

Sturman N., Homkrajae A., Manustrong A., Somsa-ard N. (2014) 
Observations on pearls reportedly from the Pinnidae family 
(Pen pearls) Ge#G, Vol. 50, No. 3, pp. 202-215, 
http://dx.doi.org/10.5741/GEMS.50.3.202 

Sturman N., Bergman J., Poli J., Homkrajae A., Manustrong A., 
Somsa-ard N. (2016) Bead-cultured and non-bead-cultured 
pearls from Lombok, Indonesia. G#G, Vol. 52, No. 3, pp. 288- 
297, http://dx.doi.org/10.5741/GEMS.52.3.288 

Sturman N., Manustrong A., Lawanwong K., Kessrapong P., 
Somsa-ard N., Homkrajae A. (2017) “Golden” Pinctada max- 
ima non-bead cultured pearls with an emphasis on their in- 
ternal structures. Proceedings of the 35th International 
Gemmological Conference, Windhoek, Namibia, pp. 100-102. 

Sturman N., Otter L.M., Homkrajae A., Manustrong A., Nilpetploy 
N., Lawanwong K., Kessrapong P., Jochum K.P., Stoll B., Gotz H., 
Jacob D.E. (2019) A pearl identification challenge. G&G, Vol. 55, 
No. 2, pp. 229-243, http://dx.doi.org/10.5741/GEMS.55.2.229 

Sturman N., Lawanwong K., Kitdee N., Chodhry D. (2020) Vietnam: 
Shell nuclei, pearl hatcheries, and pearl farming. G&G, Vol. 56, 
No. 3, pp. 402-415, http://dx.doi.org/10.5741/GEMS.56.3.402 

Wehrmeister U., Goetz H., Jacob D.E., Soldati A., Duschner W., 
Xu H., Hofmeister W. (2008) Visualization of the internal struc- 
tures of cultured pearls by computerized X-ray microtomogra- 
phy. Journal of Gemmology, Vol. 31, No. 1/2, pp. 15-21. 

Western Australia Department of Fisheries (2016) Pearl Oyster 
Fishery: Western Australian silver-lipped pearl oyster (Pinctada 
maxima) resource harvest strategy 2016-2021, Version 1.0. 
Fisheries Management Paper No. 276, 
http://www.fish.wa.gov.au/Documents/management_papers/f 
mp276.pdf 


Gems & GEMOLOGY FaLL 2021 205 


a AOS ARTICLES 


FIRST IDENTIFICATION OF SUDOITE IN 
CARIBBEAN CERAMIC-AGE LAPIDARY 
CRAFTSMANSHIP 


Alain Queffelec, Ludovic Bellot-Gurlet, Eddy Foy, Yannick Lefrais, and Emmanuel Fritsch 


Lapidary craftsmanship was an important part of the material culture of Amerindians in the Antilles during the 
Early Ceramic period (400 BCE to 400 CE). Exhaustive analysis of archaeological beads and pendants from the 
French islands of the Lesser Antilles has revealed a green lapidary material used for the production of nine ar- 
tifacts from five archaeological sites: sudoite. This di-trioctahedral member of the chlorite group has the rela- 
tively simple chemical formula of Mg,Al,Si,AlO,,(OH),. Previously unknown in sizes suitable for carving, it 
has never before been identified in any lapidary production and therefore warranted a multi-analytical nonde- 
structive approach to confirm this identification. The analysis was conducted through Raman spectroscopy, 
FTIR spectroscopy, and X-ray diffraction. The texture and the chemical composition were assessed through 
SEM-EDS. Color, UV luminescence, and other gemological parameters were studied through standard gemo- 
logical methods, UV-Vis-NIR spectroscopy, and fluorimetry. Finally, the provenance of the material is consid- 
ered following a geological approach. The recovery of sudoite artifacts in several archaeological Amerindian 
sites of the Lesser Antilles supports the already established theory of a pan-Caribbean trade network as old as 
the first several centuries Before the Common Era. 


uring the Early Ceramic age, between 400 

[) BCE and 400 CE (Bérard, 2019), a people from 
northeastern South America appropriated the 

entire Lesser Antilles, replacing or assimilating the 
inhabitants of these Caribbean islands (Hofman et al., 
2007; Wilson, 2007; Nagele et al., 2020). Indeed, these 
fishermen-cultivators arrived on the islands with a 
great innovation: ceramic technology. Several cultural 
components existed within this period, with a com- 
mon background called Saladoid, named after the site 
of Saladero (Rouse, 1992; Bérard, 2019). The inhabi- 
tants of the West Indies at this time possessed a com- 
plex culture, some characteristics of which are 
common to the different islands and sub-periods. 
These include certain ceramic decorations, simple 
lithic tools, the important use of shells for tools and 
adornment, and distinctive funerary practices (Bérard, 
2013). The lapidary craft, which will be of particular 
interest to us in this work, is very diversified in terms 
of both forms and raw materials (Cody, 1993; Murphy 
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et al., 2000; Queffelec et al., 2018; Falci et al., 2020, 
Queffelec et al., 2020). These materials and artifacts 
are the subject of various studies examining the sup- 
ply, distribution, and trade networks of the fisher- 
men-cultivators who inhabited the entire archipelago 
but whose origins can be traced back to the northeast- 
ern part of South America. 


In Brief 


e Analysis of beads and pendants from several archaeo- 
logical sites in the Lesser Antilles has revealed the first 
documented use of sudoite in lapidary craftsmanship. 

e A multi-analytical process was applied to confirm and 
describe this material in detail through non-invasive 
means. 

¢ The provenance of this material is hypothesized to 
come from ophiolite suture zones located in the 
Greater Antilles or Mesoamerica. 


An exhaustive study of the ornamental objects of 
this period recovered from archaeological sites in the 
French West Indies has revealed a material not men- 
tioned in the classic list of “green rocks” used for 
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Figure 1. The nine Amerindian archaeological objects identified as sudoite. The beads on the left are, from top to 
bottom: SM-02-033, GD-02-028, and SM-02-086. The pendants in the center are, from left to right: GD-09-001, GD- 
02-003, and GD-01-017. The beads on the right are, from top to bottom: GD-01-020, GD-01-019, and MA-02-027. 
The central artifact is 43.5 mm high. Photos by Alain Queffelec. 


the craft: sudoite. This mineral belonging to the 
chlorite group was named by G. Miller (Miller, 
1961; v. Engelhardt et al., 1962) in honor of Toshio 
Sudo (1911-2000), professor of mineralogy at the 
University of Tokyo and a pioneer of clay science 
(Kohyama, 2.000). It is a sheet silicate (and thus easy 
to carve}, more precisely a magnesium-rich di-trioc- 
tahedral chlorite found mainly in hydrothermal or 
high-pressure/low-temperature (HP/LT) metamor- 
phism contexts. Its relatively simple chemical 
makeup, Mg,Al,Si,AlO,,(OH),, does not contain any 
rare or unusual elements. 

Few other chlorite-group minerals have been re- 
ported as gems (Bukanov, 2006), and sudoite is not 
listed in any gemological compilation (e.g., Desautels, 
1973; Arem, 1987; Duda and Relj, 1999; Manutchehr- 
Danai, 2005; O’Donoghue, 2006). It is thus necessary 
to confirm the mineralogical composition of these 
nine ornamental objects, initially carried out by 
Raman spectroscopy and for five artifacts by X-ray dif- 
fraction, using a multi-analytical approach that entails 
nondestructive methodologies applicable to archaeo- 
logical objects. This mineralogical study will be sup- 
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plemented by a geological analysis in order to provide 
a better understanding of the distribution and poten- 
tial provenance of this rare lithic material. 


MATERIALS 


Archaeological Artifacts. The nine archaeological ob- 
jects studied in this work were discovered in five ar- 
chaeological excavations carried out in Guadeloupe, 
Martinique, and Saint Martin (figure 1 and table 1). 
A thorough description and the archaeological con- 
text surrounding the artifacts can be found in previ- 
ous publications (Bonnissent, 2008; Queffelec et al., 
2018, 2020, 2021). The inventory numbers are taken 
from the database that records all the lapidary objects 
from the Lesser Antilles (Queffelec et al., 2021). The 
inventory codes consist of two letters identifying the 
island on which the object was found, two digits in- 
dicating the archaeological site on this island, and 
three digits indicating the number of the object in the 
site. Of these nine artifacts, five were the subject of 
extensive study in Bordeaux and Paris, while four 
have only been analyzed on-site using mobile instru- 
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TABLE 1. Description of the nine sudoite artifacts examined in this study. 


Inventory no. Island Archaeological site Weight (g) Dimension (mm) Type Excavator (year) 
GD-01-017* Guadeloupe — Gare Maritime 0.48 13.9x7.2x4.2 | Zoomorphic — Romon (2006) 
pendant 
GD-01-019* Guadeloupe — Gare Maritime 0.51 7.9x7.9x 6.1 Subspherical | Romon (2006) 
bead 
GD-01-020* Guadeloupe — Gare Maritime 0.06 4.2x4.2x2.1 Discoid bead — Romon (2006) 
GD-02-003 Guadeloupe Morel 14.2 43.5x18.5x14.5  Zoomorphic — Durand (1987) 
pendant 
GD-02-028* Guadeloupe Morel 0.47 8.6 x 8.6 x 4.7 Bitronconic — Delpuech (1995) 
bead 
GD-09-001* Guadeloupe Cathédrale 1.78 19.7 x 13.2x6.4 | Zoomorphic Bonnissent (2004) 
Basse-Terre pendant 
MA-02-027 — Martinique Vivé 0.3 6.4 x 6.8 x 3.3 Discoid bead — Giraud (1999) 
SM-02-033 Saint Martin Hope Estate 0.1 5.6 x 5.2 x 3.1 Discoid bead — Henocq (1994) 
SM-02-086 Saint Martin Hope Estate 0.3 7.2.x 7.0 x 3.2 Discoid bead — Henocq (1994) 


*Artifacts studied in detail in Bordeaux and Paris. 


ments during two study missions to the Antilles 
(table 1). 


Mineralogy. Sudoite is a phyllosilicate of the chlorite 
group, with a stacking of sheets (figure 2) formed of 
T-O'-T layers (T: layer composed of tetrahedra; O’: 
layer composed of octahedra) separated by O layers 
(Brigatti et al., 2011). In the T-O'-T layers, the T lay- 
ers are formed of (Si,Al)O, aluminosilicate tetrahe- 


dra. They enclose a layer of octahedra whose vertices 
are O? anions or (OH) hydroxyl groups, while the 
octahedral center is occupied by a cation. 

Sudoite, within the chlorite group, is one of the 
minerals of the di-trioctahedral subgroup (table 2). 
This implies that the octahedral cationic sites of the 
T-O'-T sheets are two-thirds (di-) occupied by triva- 
lent cations, here Al**, creating O' sites of the for- 
mula AlO,(OH),. The octahedral cationic sites of the 


Figure 2. Representation of the sudoite mineralogical structure, projected down the b-axis. Modified after the 


cookeite structure (Wikimedia Commons). 
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TABLE 2. Classification of the minerals from the 
chlorite group as a function of octahedral site 
composition (modified after Bailey, 1980). 
Mineral name 


Layer T-O’-T Interlayer space O 


Dioctahedral Dioctahedral Donbassite 


Dioctahedral Trioctahedral Cookeite, sudoite 


Trioctahedral Dioctahedral Unknown 
Brunsvigite, chamosite, 
clinochlore, diabantite, 
penninite, ripidolite, 
sheridanite, thuringite 


Trioctahedral Trioctahedral 


O sheets are occupied entirely (tri-) by bivalent 
cations Mg?*, creating O sites of the formula 
Mg,(OH),. 

This structure and the cationic composition of 
the octahedral sites lead to a sudoite formula of 
Mg,Al1,Si,AlO ,,(OH),. This ideal formula is some- 
what different from the formulas derived experimen- 
tally, which always contain a variable but not 
negligible proportion of iron in substitution for alu- 
minum at O' sites (e.g., Billault et al., 2002; Ruiz 
Cruz and de Galdeano, 2005). 


METHODS 


With the dual objective of confirming the character- 
ization as sudoite and presenting a first series of 
gemological parameters for this material, several 
methods of gemological and mineralogical character- 
ization were deployed on five archaeological objects 
(table 1), which were temporarily removed to Bor- 
deaux, France. As for the objects that remained in 
their Caribbean curation site, mineralogical identifi- 
cation relied on portable Raman spectroscopy and 
basic observation. 

The objects were observed with the unaided eye, 
using a 10x triplet loupe and a Leica Z16APO macro- 
scope, and photographed. Their dimensions were 
measured with an electronic caliper, and their mass 
and density were recorded using a hydrostatic bal- 
ance (Mettler-Toledo XS104) or a conventional bal- 
ance (Kern TAB 20-3) for objects that remained in the 
Caribbean. Whenever possible, the refractive index 
of the objects taken to France was measured using a 
spot reading method, despite the inherent difficulty 
of doing so on poorly polished objects. Ultraviolet 
(UV) luminescence was observed and photographed 
under short-wave (254 nm) and long-wave (365 nm} 
UV light (Vilber Lourmat VL-6LC, 6W per tube). We 
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examined the optic character of the more translucent 
artifacts using a GIA Gem Instruments polariscope. 

Various complementary methods were applied to 
the objects when possible in order to confirm and re- 
fine our knowledge of this material. Raman mi- 
crospectroscopy was the first method applied, being 
used routinely on all the archaeological objects studied 
in the project to characterize the lithic materials used 
by the Amerindians to produce ornamental objects in 
the Saladoid period. The five objects that could be 
taken to France were analyzed by a Bruker Senterra 
Raman microspectrometer equipped with a 532 nm 
laser, and a 1200-line diffraction grating resulting in a 
resolution of 3 to 5 cm™. The objects were analyzed 
repeatedly and at several locations on each sample 
with a 50x objective and a nominal laser power of 20 
mW in order to confirm the representativeness of the 
measured signal. Four objects were analyzed at their 
place of storage in Martinique, Guadeloupe, and Saint 
Martin during a second phase of the project (table 1) 
using a portable Raman spectrometer. This Horiba 
Jobin-Yvon HE532 Raman microspectrometer was 
equipped with a fixed 920 lines/mm parabolic grating 
to record the signal in a fixed spectral window from 
80 to 3300 cnr! with a spectral resolution of about 5 
cm. The analyses were conducted using a long work- 
ing distance 50x objective with a 532 nm laser whose 
power was modulated to about 10 mW on the sample. 

Infrared spectroscopy was carried out in attenu- 
ated total reflection (ATR) mode using a Bruker 
Alpha spectrometer, measuring absorbance between 
400 and 4000 cm" with a resolution of 4 cm™. In all, 
48 scans were carried out to obtain a spectrum of suf- 
ficient quality, despite the difficulties encountered in 
positioning the objects and creating sufficient optical 
contact between the diamond crystal of the ATR and 
the archaeological artifact without damaging it. 

The objects’ mineralogical composition was con- 
firmed by X-ray diffraction. The analyses were carried 
out using a Rigaku RU200BH X-ray generator, with 
the Ka line of molybdenum (A = 0.709 A). Measure- 
ments were performed either in macrobeam (100 um) 
in transmission (if the artifact was sufficiently thin] 
or in microbeam (30 pm) in low-angle (~5°) reflection 
configuration (figure 3). The diffraction image was 
recorded and stored on a photostimulated image de- 
tector. After scanning, the image was converted to a 
20 diagram using Fit2D software (Hammersley, 2016). 
Using Bruker’s Diffrac-EVA software, the diagram 
was then compared to reference databases from the 
International Centre for Diffraction Data (ICDD) 
(Gates-Rector and Blanton, 2019). 
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Eighth, the bottom breaks should extend 
34, of the way from the girdle to the culet. 

Ninth, the polished diamond should be 
60% as high as wide, with two sevenths of 
this height above the girdle and five-sevenths 
below. 

Tenth, the narrow cross-section of all cuts 
of diamonds are governed by the same rules. 

Any deviation from the above ten com- 
mandments of diamond cutting will result 
in loss of life, leakage of light and in con- 
fusion of reflections. There is no permissable 
reason for an improperly cut diamond. There 
is no reason to sacrifice the essential beauty 
of the diamond to achieve the lesser aims of 
greater weight or increased productivity in 
manufacture. 

After the diamond is finished in cutting, 
it must be graded for size, for color, for 
clarity (freedom from flaws) and, last but 
most important, for cutting. Grading for 
size, of course, in properly cut stones, merely 
involves weighing the stone. In improperly 
cut stones, grading for size is far more com- 
plicated, as then both “spread” and weight 
are taken into account to achieve the most 
favorable possible assortment for the seller. 

Color grading can be made into a rela- 
tively objective process. The colorimeter is 
one way in which the personal factor is re- 
duced; a similarily useful yardstick is the 
use of master grading stones, which can be 
evaluated on the colorimeter if you wish to 
have your color grading system correspond 
to the American Gem Society standards. In 
some respects, master grading stones, if not 
superior to the colorimeter, are at least more 
flexible, for they can be used to grade fluor- 
escent stones, blues and browns, as well as 
whites and yellows. 

Color grading, even with the aid of master 
stones, should be done in light as white and 
as constant as possible. The ideal is uninter- 
rupted north light on a clear day; failing 
this, the Diamondlite gives good results. The 
poorer the available light the more essential 
the master stones become. The background 
should be as pure a white as possible and 
arranged in a groove so that the diamonds 


can be examined and compared for color 
girdle up. 

It is advantageous to have master stones 
not only for the grades one normally stocks, 
but also for all the other standard color 
grades. This offers protection in purchasing, 
in selling (to debunk the claims of over- 
enthusiastic competitors), and in case of 
trade-ins. It is important also to know the 
fatio in price between different grades in 
your color box. These ratios can, in general 
act as guides when comparing other sizes, or 
other perfections of the same colors. For 
example, if a flawless half-carat of color “X” 
will be worth twice as much as a half-carat 
V.V.S. of color “Y’’. Similarily, a flawless 
carat stone of color ‘“X”’ will be worth about 
twice as much as a flawless color “Y”’ stone. 
These ratios are useful only when comparing 
generally similar goods. Stones of fair to fine 
color will not show the same ratios as stones 
of extremely poor color; stones of good 
clarity will not show the same ratios as 
stones which are heavily imperfect. 


Clarity, in a diamond, refers to the ease 
with which light passes through the stone. 
Inclusions are serious in the degree to which 
they interfere with this passage and, there- 
fore, with the brilliance of the stone. A small 
inclusion near the culet, since it is reflected 
all over the stone, often is considered a more 
serious defect than a much larger inclusion 
near the girdle; a small, sharply opaque may 
be much worse than a large translucent in- 
clusion. Inclusions in diamonds are made up 
of three general classes; the more or less 
spherical pin-points, grains or clouds; the 
long feathers and fissures; and last, the in- 
clusions running in planes, the fezels, the 
knot lines, and the zones of discoloration. 
Each of these types are serious when they 
interfere with the essential beauty of the dia- 
mond—its brilliance. Just as in colors of the 
diamonds, different grades of perfection bear 
specific value ratios to each other. In similar 
goods, these ratios hold good in all regular 
sizes and colors. However, shifts in the 
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Macrobeam (100 pm) 
in transmission mode 


Microbeam (30 pm) 
at low-angle (5°) 


stimulated detector is not visible in these images. Photos by Eddy Foy. 


A portable energy-dispersive X-ray fluorescence 
(EDXRF) spectrometer allowed qualitative and semi- 
quantitative characterization. These analyses were car- 
ried out using a Bruker Tracer 5i spectrometer, set at 
15 kV, 100 pA, 300 s, with a 28 micron aluminum filter 
to remove the L-lines from the rhodium X-ray tube. 
Since the artifacts did not systematically cover the 
whole measurement window, and their thickness was 
variable, the measured signal of all samples was nor- 
malized at 11 keV. Finally, to ensure that certain lines 
did not come from the measuring device itself, a Teflon 
pellet was analyzed with the same device, since this 
material is supposed to contain only elements that 
cannot be measured by X-ray fluorescence. This Teflon 
measurement was carried out without a filter so that 
the L lines of rhodium could be clearly distinguished. 

For quantitative analysis, the objects were ana- 
lyzed by scanning electron microscope coupled with 
energy-dispersive X-ray spectroscopy (SEM-EDS) in a 
JEOL ITSOOHR microscope (FEG source). The SEM 
images and EDS spectra were acquired without carbon 
coating in a low-vacuum mode (here 40 Pa). The im- 
ages were acquired with a backscattered electron de- 
tector, while the EDS analysis was performed with 
two Oxford Ultimax 100 detectors at 20 kV for 30 s, 
producing spectra with 4.0-4.5 million counts. The 
chemical quantifications by SEM-EDS in atomic % 
were converted into atoms per formula unit, normal- 
ized to an anionic composition of O,,(OH), so that 
they could easily be compared with the chemical for- 
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mulae known in the literature, both the theoretical 
formula of the mineral and those measured on natural 
samples (Bailey and Lister, 1989; Ruiz Cruz and de 
Galdeano, 2005). The results were also normalized to 
an anionic composition of O,,(OH), for comparison 
with illite. To estimate the volume analyzed, Monte 
Carlo simulations were conducted in the Casino V2 
program (Drouin et al., 2007) using the current (20 kV), 
matrix composition (Mg, Al, Si, O}, and specific grav- 
ity (2.65) as parameters. 

Two spectrometers were used to obtain the UV- 
Vis-NIR absorbance spectra of the archaeological ob- 
jects: a Magilabs GemmoSphere and a PerkinElmer 
Lambda 1050 equipped with a 3D accessory and an in- 
tegrating sphere. Measurements with the first instru- 
ment provided limited resolution and spectral range 
(approximately 1.3 nm from 365 to 1000 nm), while 
the second instrument allowed a resolution of 1 nm 
in the spectral range from 2300 to 300 nm but required 
a specific assembly with an accurate placement of the 
sample upstream of the integrating sphere. 

For fluorimetry, we used a Horiba Fluorolog 3. 
After measuring an emission spectrum with an ex- 
citation light set at 420 nm, at a resolution of 1 nm, 
we obtained an excitation spectrum for the most lu- 
minescent object, also at a resolution of 1 nm. In ad- 
dition, we obtained 3D luminescence spectra, which 
represent a series of emission spectra (along the x- 
axis) obtained for a regular sequence of excitation 
wavelengths (along the y-axis). These 3D spectra 
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TABLE 3. Gemological characteristics of the sudoite samples. 


Long-wave UV luminescence 


Inventory no. Color Opacity _— Specific gravity Refractive index intensity atdidoler 
GD-01-017 Light gray Translucent 2.625 ~1.55 Weak green 
GD-01-019 edu Translucent 2.433 1.50-1.60 Inert 

gray-green 
Gp-01-020 _Light gray to Opaque 2.244 = Weak green 
dark green paq . 
Medium dark 
GD-02-003 grayish green Translucent — = = 
Gp-02-028  Lightgray to dark transiucent = 2.583 = Inert 
grayish green 
Light brown to 
GD-09-001 medium dark Opaque 2.645 ~1.55 Moderate green-yellow 
grayish green 
Light to medium 
MA-02-027 gap grayish brown Translucent — _— — 
SM-02-033 Very light gray Translucent — — — 
SM-02-086 Light grayish green Translucent — — — 


Some samples were not measured due to their location in the Antilles or their poor polish. 


thus illustrate the variation of the emission within 
the range of possible excitation wavelengths. 


RESULTS 


Gemological Properties. Standard gemological obser- 
vations and measurements were carried out (table 3). 
Some parameters could be measured only for objects 
that could be studied outside their place of conserva- 
tion. The samples here show a certain diversity in 
terms of opacity and specific gravity. On the other 
hand, they are all polycrystalline and therefore al- 
ways appear bright between crossed polarizers; their 
color is rather homogeneous. Observations revealed 
a laminated structure, identifiable in some curva- 
tures of the object, where these intersect the main 
plane of lamination (figure 4). Despite the difficulties 
in determining the refractive index with a refrac- 
tometer because of the shape and poor polish of the 
surface of these archaeological objects, three values 
between 1.50 and 1.60 were observed, consistent 
with the values given for chlorite-group minerals, 
which range between 1.56 and 1.68 (Albee, 1962). 
Albee (1962) also specifies that a relative decrease in 
the refractive index is expected when the filling rate 
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of octahedral sites decreases and the magnesium con- 
tent increases relative to that of iron. In the presence 
of a di-trioctahedral member of the chlorite group, 
containing almost only magnesium, it is therefore 


Figure 4. This image of the surface of artifact GD-01- 
017 shows the laminar texture of the material. Photo- 
micrograph by Alain Queffelec. 
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GD-01-019 


Figure 5. SEM-BSE images of the structure of sudoite, typical for a phyllosilicate (artifacts GD-01-020, GD-01-017, 


and GD-01-019). Images by Yannick Lefrais. 


logical to observe low values in the reported range. 
No reactions to gemological filters (Chelsea or Han- 
neman) were noted, and no specific absorption was 
visible with a handheld spectroscope. 


High-Magnification Observation. Backscattered elec- 
tron (BSE) images acquired by SEM confirm the 
lamellar structure of the artifacts (figure 5). They also 
reveal alternating lighter and darker lamellae in 
some areas of some artifacts (figure 6). This change 
of grayness level indicates a slight change in chemi- 
cal composition, with the lighter sheets incorporat- 
ing heavier elements. Finally, the whole surface of 
the artifact GD-01-020 shows multidirectional 


GD-02-028 


e 


*GD=09-001 
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groups of sub-parallel lamellae (figure 5, left) that are 
not observed in the other samples, where lamellae 
are poorly organized at a larger scale. 


X-Ray Diffraction and Phase Analysis. The diffrac- 
tion patterns demonstrate the polycrystallinity of the 
samples and a varying degree of preferential orienta- 
tion (figure 7). When compared to the PDF2-ICDD 
crystallographic database, X-ray diffraction clearly 
confirms the attribution of this material to the chlo- 
rite group, and to sudoite in particular (figure 8). The 
distinction between sudoite and clinochlore is not 
easy to make by XRD analysis alone, as noted by Bai- 
ley and Lister (1989). Three characteristics of the dif- 


Figure 6. SEM-BSE 
images show lighter 
sheets in areas of some 
artifacts, revealing 
slight changes in the 
chemical composition 
toward heavier ele- 
ments (artifacts GD-02- 
028 and GD-09-001). 

| Images by Yannick 

| Lefrais. 
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Figure 7. Diffraction patterns (from image plate) obtained in transmission (GD-01-017 and GD-01-020) and low- 

angle reflection mode (GD-01-019, GD-02-028, and GD-09-001). The observation of complete Debye-Scherrer rings 
rather than just dots demonstrates the polycrystalline character of the samples, including some preferential orien- 
tation leading to darker points. 


fraction pattern are mentioned: smaller d(060) values 
for sudoite (listed as 1.515 A in table 4 of their work) 
than clinochlore (1.52-1.56 A), a d(001) value 
“slightly smaller” for sudoite, and a “more intense” 


X-RAY DIFFRACTOGRAMS 
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peak for the (003) reflection (observed near 4.70 A) in 
the sudoite pattern. As for our artifacts, we were able 
to measure d(060) values of 1.518 A (GD-01-017), 
1.509 A (GD-01-019), 1.515 A (GD-01-020), 1.507 A 


—— GD-01-020 

— GD-09-001 

— GD-02-028 

—— Sudoite (PDF 19-0751) 
— Clinochlore (PDF 46-1322) 
—— Natrolite (PDF 45-1413) 
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Figure 8. Diffracto- 
grams obtained on 
three of the five 
Amerindian artifacts, 
in transmission or low- 
angle mode. Sudoite 
diffraction pattern PDF 
19-0751 fits better than 
clinochlore, especially 
for the d(060). Note the 
presence of natrolite in 
different proportions. 
Note also that the x- 
axis is logarithmic. 
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Figure 9. Raman spectra 


showing the consis- 
tency of the measure- 
ments from different 
samples. Spectra are off- 
set vertically for clarity. 


T T T 
200 400 600 800 1000 


RAMAN SHIFT (cm™) 


(GD-02-028), and 1.509 A (GD-09-001). We also ob- 
served a very intense (003) reflection in most sam- 
ples, but our measurements were obtained on 
massive samples and not powder, so the relative in- 
tensity of the peaks cannot be considered represen- 
tative. Therefore, the data obtained strongly suggest 
identification of sudoite, and the presence of acces- 
sory clinochlore may explain some shoulders and the 
peak at 1.535 A (e.g., sample GD-09-001). 

This X-ray method probes a larger volume than 
the very small volume excited by the laser in Raman 
microspectroscopy. This resulted in the identifica- 
tion of an additional mineral for three of the samples 
(GD-01-019, GD-02-028, and GD-09-001), namely 
natrolite Na,(Al,Si,O,,)-2H,O, which is a mineral of 
the zeolite family (figure 8). Natrolite was not iden- 
tified at the microscopic scale with Raman spec- 
troscopy (figure 10B). The proportion of this mineral, 
which is highly variable, is difficult to estimate with- 
out a Rietveld refinement, which cannot be achieved 
with our mode of measurement. 


Vibrational Spectroscopy. Raman spectroscopy, the 
only method applied to all the artifacts presented in 
this study, illustrates the homogeneity of the com- 
position of these different lapidary objects (figure 9). 
These results were obtained with desktop equipment 
on five artifacts. The other four objects were identi- 
fied as made of the same material, with analysis car- 
ried out in museums and other curatorial sites using 
a portable Raman spectrometer (not shown). A very 
good agreement can be observed between our results 
and the only published spectrum for the mineral su- 
doite (Reynard et al., 2015) (figure 10A), with a cor- 
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T 
1200 


respondence of peak positions not observed with the 
more common mineral of the chlorite family, 
clinochlore (figure 10B). Sudoite is positively identi- 
fied through sharp and intense bands at 264 and 564 
cm". The bands located between 3300-3600 cm 
and 3600-3800 cm originate from vibrations of the 
Al-OH and (Mg, Fe]-OH bonds, respectively (Reynard 
et al., 2015). Analyzing multiple points on the surface 
of the archaeological artifacts led to the recognition 
of rare clinochlore grains, which are probably acces- 
sory minerals (as already suggested by XRD charac- 
terization), and also of some gypsum, probably the 
result of pollution on the surface of the samples, 
which were excavated from coastal sediments. 
Infrared spectroscopy (figure 11) confirmed the at- 
tribution of the material to the di-trioctahedral chlo- 
rite group based on the spectral features in the region 
of the hydroxyl bond vibrations: The band at 3584 
cm! originates from vibrations of the (Mg, Fe)-OH 
bonds, while the presence of two wide bands in the 
3300-3500 cm! region is interpreted as two different 
OH-O distances in the interlayer hydroxyl sheets and 
thus distinctive of the di-trioctahedral structure 
(Farmer, 1974; Shirozu and Ishida, 1982; Madejova et 
al., 2017). The characteristic splitting of the Si-O 
stretching band around 1000 cm”! in clinochlore, 
which is absent from our measurements, also sup- 
ports the identification as sudoite (Madejova et al., 
2017). Because of the shape and fragility of the ob- 
jects, some spectra were difficult to obtain, particu- 
larly for the small bead GD-01-020. Comparison 
with spectra from the literature shows a shift of the 
main bands in the 400-1200 cm! region by approxi- 
mately 30 cm". The sharp band at 830 cm, attrib- 
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Figure 10. A: Compari- 
son between the Raman 
spectra obtained on arti- 
fact GD-01-019 and the 
sudoite spectrum deter- 
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mined by Reynard et al. 
(2015, figure 1). B: Com- 
parison between the 
Raman spectra obtained 
on artifact GD-01-019 
and reference spectra for 
clinochlore and natrolite 
from the RRUFF data- 
base (Lafuente et al., 
2016). Spectra are offset 
vertically for clarity. 
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uted to the (SiA1JOOH bond (Farmer, 1974), however, 
shows agreement between our experiment and the 
literature and therefore seems to rule out measure- 
ment artifacts. Discrepancies between the data from 
the literature and our measurements for the archae- 
ological artifacts remain to be explained. 


Chemical Characterization. A high degree of chemi- 
cal homogeneity was observed in EDXRF analysis 
(figure 12). The major elements are clearly Mg, Al, 
and Si, consistent with the formula of sudoite, espe- 
cially taking into account the low efficiency expected 
for light elements with this method. We also noted 
the presence of impurities such as P, S, Cl, K, Ca, Ti, 
V, Fe, and Zn, as well as very low contents of Mn and 
Ga. The argon (Ar) peak is an artifact related to air in 
the measured volume. 
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SEM-EDS analyses provide quantification in good 
agreement with the theoretical composition of sudoite 
(table 4) and with the published chemical composi- 
tions for different sudoite samples from around the 
world (table 5). Comparative chemical analysis of the 
light and dark laminae observed in the BSE image 
shows a higher potassium and/or barium content, cor- 
related with a decrease in magnesium for the light 
gray sheets (table 6). The balance of charges, modified 
by potassium (1+) instead of magnesium (2+), is com- 
pensated by a decrease in aluminum (3+) in favor of 
silicon (4+). The composition of the light gray sheets 
could approach a mixed composition between sudoite 
and illite, which would be consistent with the possible 
presence of illite, a mineral often associated with su- 
doite (Billault et al., 2002, Ruiz Cruz and de Galdeano, 
2005). Mixed layers of sudoite with other phyllosili- 
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cates have been observed in Transmission electron 
microscope (TEM) analysis (Ruiz Cruz and de 
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Figure 11. Clinochlore 
and sudoite FTIR spec- 
tra reported in the liter- 
ature (A) and measured 
ATR-mode spectra from 
archaeological artifacts 
(B). K represents kaoli- 
nite (Billault et al., 
2002). Spectra are offset 
vertically for clarity. 


Galdeano, 2005). However, the observation and meas- 
urement parameters used during the SEM analysis, op- 
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Figure 12. EDXRF spec- 
tra obtained on the five 
exported artifacts with 
identified peaks. The 
lower spectrum is for 
Teflon, measured as a 
blank. The Ni peak la- 
beled with an asterisk 
is from the device. The 
intensity is displayed 
in logarithmic scale for 
better clarity of the en- 
tire signal, especially 
for the light elements. 
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TABLE 4. Chemical composition for different sites on each sudoite artifact, measured with SEM-EDS (SD 
standard deviation on three measurements) under low-vacuum conditions. 


Measurement site O+OH Na Mg Al __ Si P S cl K Ca Ti Vv Mn Fe Sr Ba 
GD 02-028/Site1 Mean 18 0.04 1.88 3.78 3.04 0.01 bal bql 0.04 0.01 bql bdl bdl 0.19 bdl  bdl 
SD — 0.01 0.05 0.02 0.04 <0.01 — = 0.01 0.01 _ = — 001 — — 
GD 02-028/Site2 Mean 18 0.04 2.47 3.42 2.55 0.01 0.01 bql 0.21 0.02  bdl bdl bql 0.25 0.01 0.01 
SD — 0.01 0.16 0.04 0.05 <0.01 <0.01 — 0.07 0.01 = = — 0.02 0.01 0.01 
GD 01-019/Site1 Mean 18 0.02 1.68 3.44 3.63 0.01 bql 0.01 0.05 0.03 bql bdl bdl 0.12 bdl  bdl 
SD — 0.01 0.07 0.10 0.15 <0.01 — _ <0.01 0.02 0.01 = = — <001 — — 
GD 01-019/Site3 Mean 18 0.03 1.98 3.72 3.02 0.02 0.01 bql 0.02 0.02 bd bdl bdl 0.16 bdl  bdl 
SD — 0.00 0.13 0.07 0.05 0.01 <0.01 0.01 0.01 0.01 = _ — 00T — — 
GD 01-020/Site1 Mean 18 0.08 1.55 3.37 3.60 0.04 0.01 0.02 0.12 0.10 0.01 bdl bdl 0.11 bdl  bdl 
SD — 0.02 0.13 0.18 0.21 0.01 <0.01 0.01 0.03 0.03 <0.01 — — <001 — — 
GD 01-020/Site2 Mean 18 0.05 1.80 3.60 3.24 0.02 bql 0.01 0.12 0.04  bdl bdl bdl 0.12 bdl  bdl 
SD — 0.02 0.08 0.09 0.08 0.01 = 0.01 0.03 0.01 _ _ — 001 — — 
GD 01-017/Site1 Mean 18 0.02 1.97 3.82 3.07 0.01 0.01 bql 0.05 0.01 bql bq bdl 0.05 bdl — bdl 
SD — <0.01 0.04 0.02 0.03 <0.01 <0.01 — 0.02 <0.001 — = — <0.01 — — 
GD 01-017/Site2 Mean 18 0.02 1.93 3.75 3.10 0.01 0.01 0.01 0.05 0.05 bal bql bdl 0.06 bdl — bdl 
SD — <0.01 0.04 0.03 0.03 <0.01 <0.01 <0.01 0.01 0.02 => = — 001 — — 
GD 09-001/Site1 Mean 18 0.02 1.90 3.80 3.08 0.01 0.01 0.01 0.07 0.02 bd bdl bdl 0.08 bdl  bdl 
SD — <0.01 0.02 0.01 0.01 <0.01 <0.01 <0.01 0.01 <0.001 — — — <001 — — 
GD 09-001/Site3 Mean 18 0.03 1.71 3.74 3.20 0.02 0.01 0.01 0.17 0.03 bal bdl bdl 0.08 bdl  bdl 
SD — 0.01 0.13 0.06 0.08 0.02 — 0.01 0.08 0.02 — — — 003 — — 


Values in atoms per formula unit normalized to an anionic composition of O,,(OH),. bq! = below quantification limit. bd! = below detection limit (<0.01 atom %). 


timized for well-focused images of the structure in 
low-vacuum conditions, did not make it possible to 
measure only the very thin light gray sheets. Indeed, 
Monte Carlo simulations indicate that the volume an- 
alyzed would be 3-4 pm wide and 3.0-3.5 um deep. 
The natrolite phase, identified by X-ray diffraction 
in samples GD-09-001, GD-02-028, and GD-01-019, 
was not identified during the SEM analysis, based on 
either morphological or chemical data. A few mas- 
sive grains, lacking any sheet structure, were ana- 
lyzed, revealing a slightly different chemistry. They 
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were richer in sodium and silicon, with less magne- 
sium and aluminum, but still far from the composi- 
tion of natrolite (table 5). The analyzed volume given 
the parameters used (3-4 pm wide and 3.0-3.5 um 
deep), being unfortunately larger than the grains 
themselves (1.0—-1.5 pm), prevents us from being con- 
clusive about this. Nevertheless, those grains were 
very few in number in the artifacts and do not seem 
to explain the significant diffraction peaks for this 
mineral phase when present. It is, however, possible 
that a more in-depth examination of the artifacts ex- 
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TABLE 5. Mean composition of the archaeological assemblage, compared with the 
theoretical composition of sudoite (from IMA), with the experimental composition from the 
literature (Bailey and Lister, 1989; Ruiz Cruz and de Galdeano, 2005), and with theoretical 


clinochlore and natrolite. 


O+OH Na Mg Al Si K Ca Mn Fe 
P Mean 18 OOe} 0) Sosy SINS) 0.08 0.03 bql 0.12 
Archaeological 
samples 

SD — 0.02 0.24 0.18 0.30 0.06 0.03 — 0.06 

Theoretical sudoite 18 2 4 3 
Mean (Bailey and Lister, 1989) 18 0.07. 1.81 3.81 3.11 0.06 0.08 0.02 0.14 
SD a O07 O3v OG OLild 0.06 O05: 0.01 0.12 

Mean (Ruiz Cruz and de 

Galdeano, 2005) 18 0.12 1.80 3.82 3.10 0.05 bql bql 0.25. 
SD — 0.09 0.17 0.04 0.08 0.02 — — 0.04 

Theoretical clinochlore 18 5 2 3 

Theoretical natrolite 12 , 2 3 


Values in atoms per formula unit normalized to an anionic composition of O,, 


(OH),. bg! = below quantification limit. 


hibiting natrolite by XRD could reveal the distribu- 
tion and structure of this zeolite mineral. 


Origin of Color and UV Luminescence. The visible 
absorption spectra show a continuum of absorption 
in the violet and the blue; a very wide, shallow trans- 
mission band in the green; and absorption rising in 
the orange and red that is sample-dependent but al- 
ways greater than in the green (figure 13A). This ex- 


plains the observed overall green color component 
in these objects, as described by Fransolet and Bour- 
guignon (1978). The spectra obtained are also quite 
close to those of other chlorite group minerals ana- 
lyzed in the literature (Bishop et al., 2008), although 
it is not clear whether the Fe?*-Fe** charge transfer is 
involved with the bands delimiting the transmission 
window. The relatively sharp band at 375 nm (26666 
cm!) could be attributed to 4E(D) spin-forbidden 


TABLE 6. Composition of the lighter sheets observed on the backscattered electron image 
(figure 6), compared to the composition of the illite sheets analyzed by Ruiz Cruz and de 


Galdeano (2005). 


Measurement location Spectra O+OH Na Mg Al Si K Ca Fe Ba 
GD-02-028/Site 2 6 12 0.04 0.50 2.67 2.37 0.55 0.03 0.06 0.04 
GD-02-028/Site 2 7 12 0.04 0.59 2.65 2.33 0.51 0.03 0.07 0.03 
GD-09-001/Site 4 42 12 0.01 0.73 2.43 2.63 0.39 0.01 0.03 bdl 
GD-09-001/Site 4 43 12 0.01 0.67 2.42 2.69 0.42 0.01 0.03 bdl 

— Laie ieee 12 0.26 0.13 2.65 3.27 065 — 0.06 = 
Standard deviation — — 0.21 0.05 0.16 0.12 0.19 — 0.03 — 


Values in atoms per formula unit normalized to an anionic composition of O 


atom %). 


10 


(OH),. bd! = below detection limit (< 0.01 


218 —SuDOME IN EARLY CARIBBEAN LAPIDARY CRAFTSMANSHIP 


Gems & GEMOLOGY FALL 2021 


UV-VIS-NIR ABSORPTION SPECTRA 


Figure 13. UV-Vis-NIR 
absorption spectra 
measured on the ar- 
chaeological samples 
with the GemmoSphere 
instrument (A) and the 
Perkin Elmer instru- 


ment (B). The spectra 
for clinochlore and 
chamosite are from 
Bishop et al. (2008, fig- 
ure 6). Spectra are off- 
set vertically for clarity. 
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transitions of isolated Fe** (Krebs and Maisch, 1971; 
Palanza et al., 2010). The continuum from the UV 
into the visible region is thus likely related to the 
O*-Fe* charge transfer, and it explains the brownish 
yellow color component in some samples. The wide 
bands around 440 and 660 nm vary together, and 
may correspond with the position of the bands of V** 
absorption as proposed for vanadium-doped glass by 
Johnston (1965, figure 1) and Wang et al. (2015). They 
are indeed the most important for the samples con- 
taining the most vanadium (figure 12 and table 4). 
While the Fe”*-Fe* transitions could also have been 
a candidate for one of these bands, the variation in 
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intensity of the broad absorption bands does not cor- 
relate with the concentration levels of this element, 
and their position is not similar to the band reported 
in the literature at around 710 nm (14100 cm!) for 
chlorite (Mattson and Rossman, 1987). However, 
Mattson and Rossman (1987) also indicate that the 
position of absorption bands due to Fe?*-Fe** charge 
transfer is highly variable. It is interesting to note 
that the value of 710 nm would, on the other hand, 
correspond very well to wide bands observed in 
clinochlore and chamosite, two other minerals from 
the chlorite group. The wide band in the near-in- 
frared, around 830-850 nm and extending well into 
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Thoughts on 


Cause of Color 


In 


Precious Upal 


by 


G. FRANK LEECHMAN 


It is commonly said that. opal is amorp- 
hous, but this general statement is, perhaps, 
not strictly correct. There are so many varie- 
ties that they cannot reasonably be put all 
under one heading. It is true that common 
opal may be amorphous, but X-ray investi- 
gation shows that this mineral has normally 
some regular internal structure, (References 
6 et sequi). 

Precious opal must not be confused with 
common opal, particularly as it obviously 
contains areas with definite formation. 
Casual examination will show, in any piece 
of precious opal, the presence of bright col- 
ored patches. With a small loupe these are 
seen to be composed of numbers of approxi- 
mately parallel threads lying side by side in 
each area. Under the microscope (using obli- 
que lighting, not substage illumination), the 
structure is quite obvious and bears a distinct 


resemblance to asbestos, crocidolite and cha- 
toyant or cat’s eye quartz. The fibres form 
small sheets, not necessarily flat, and the 
edges of the sheets are often rectilinear, 
which implies crystallization, in contrast to 
the curves seen on the edges of fractures. 

It is frequently said that the color is pro- 
duced by interference caused by cracks, but 
the patches which show the colors are not 
similar to the typical fracture of opal, and 
in nearly all cases the colors are not inter- 
ference colors (which are necessarily poly- 
chromatic), but are pure prismatic mon- 
ochromatic hues. (See note A). Further, if 
these are cracks which have been invaded by 
a secondary incursion, why, it may reason- 
ably be asked, do we never see any larger 
cracks? Then again no air is found trapped, 
liquids are enclosed, sometimes with large 
air bubbles, but in opal no patches of 


WINTER 1953-54 


361 


GD-01-019 GD-02-028 GD-09-001 


the visible range, could be attributed to Fe”* in octa- 
hedral position (Spinolo et al., 2007), its intensity 
correlating with the iron content observed using 
EDXRF (figure 12) and SEM-EDS (table 4). Thus the 
transmission window is essentially due to iron: on 
the UV side essentially by the O?--Fe** charge trans- 
fer, and on the red side by Fe**, with modulation by 
some V**. 

Finally, water vibrations explain the 958 nm band, 
as well as absorptions at 1424 and 1474 nm (figure 
13B), while O-H bond stretching corresponds to the 
1401 nm band (Hunt, 1977; Clark et al., 1990; Clark, 
1999; Bishop et al., 2008). These absorption bands 
could also be interpreted as the water vibrations in 
the natrolite structure because of their similarity 
with the spectra obtained by Clark et al. (1990) for 
this mineral. The absorptions between 1400 and 
1500 cm" are actually the most intense for samples 
GD-01-019, GD-02-028, and GD-09-001, which are 
the three samples exhibiting the most intense natro- 
lite X-ray diffraction peaks. 

Figure 14 and table 3 group the ultraviolet lumi- 
nescence observations. Under short-wave UV light, 
none of the five objects tested show significant lumi- 
nescence. Under long-wave UV light, three of the five 
objects tested are homogeneously luminescent, with 


220 SuDOME IN EARLY CARIBBEAN LAPIDARY CRAFTSMANSHIP 


Figure 14. Lumines- 
cence of the sudoite 
samples under short- 
wave (top) and long- 
wave (bottom) UV 
light. Photos by Alain 
Queffelec. 


GD-01-017 GD-01-020 


low to moderate intensity, and show a green to green- 
yellow color. None show any phosphorescence. 
Since the strongest long-wave UV luminescence 
was observed for samples GD-09-001 and GD-01-017 
(figure 14), these two artifacts were also subjected to 
spectrofluorimetric measurements (figure 15). Note 
that it is indeed the two samples with the lowest iron 
content that show this luminescence, as is often the 
case due to the luminescence quenching character of 
iron, linked to the O?-Fe* charge transfer (Fritsch and 
Waychunas, 1994). The emission spectrum with 420 
nm excitation is very similar for the two artifacts (fig- 
ure 15, A and B}, suggesting a common origin. The 
spectrum is asymmetrical, wider on the red side, with 
probably several components. The maximum is lo- 
cated around 525 nm in the green. Yet the emission 
covers the entire visible spectrum, inducing a whitish 
color appearance. The greater sensitivity of the human 
eye to green wavelengths than blue wavelengths, com- 
bined with the color of the object itself that may be 
seen through the luminescence, results in an observed 
luminescence color of green-yellow. The 3D spectra 
obtained on the most luminescent object, GD-09-001, 
indicate that the luminescence reaches a maximum 
at 435 nm. Wavelengths lower than 420 nm could not 
be tested because the measured emission spectrum 
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Figure 15. A and B: Luminescence emission spectra with 420 nm excitation for GD-09-001 and GD-01-017, respec- 
tively. (T1c/R1c is the corrected intensity measured by the detector normalized to the corrected intensity of the 
emission source.) C: 3D luminescence spectra emitted by GD-09-001 for different excitation wavelengths. 


starts at that point. The same 3D spectra were ob- 
tained for GD-01-017 (not shown), and the results 
were similar. This excitation maximum at 435 nm is 
somewhat reminiscent of the absorption maximum 
observed around 440 nm in UV-Vis-NIR spectroscopy, 
potentially attributed to vanadium. It is also the sam- 
ples richest in vanadium that show the strongest ab- 
sorption bands at 440 and 850 nm and exhibit this 
luminescence, but V** is not a common emitter and 
there are many other possibilities, such as a color cen- 
ter or another trace element ion. Although there are 
several emissions known for chlorites, the only cause 
of emission explicitly identified is Cr°* (Gaft et al., 
2005; Czaja et al., 2014). 


DISCUSSION 


Importance of the Multi-Analytical Approach. The 
identification of sudoite large enough to be carved de- 
serves certain analytical efforts in order to unam- 
biguously confirm its mineralogical nature. To this 
end, several types of analysis (physical, chemical, and 
structural) have been cross-matched. A more com- 
mon mineral from the chlorite group, whose similar 
characteristics could lead to confusion with sudoite, 
is clinochlore. In particular, its X-ray diffractogram 
is similar to that of sudoite, and it would have been 
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very difficult to formally exclude it, especially given 
the particular measurement conditions required by 
archaeological samples. It was possible, though, to 
rule out clinochlore thanks to the results of vibra- 
tional and UV-Vis spectroscopy as well as elemental 
analyses that confirmed a composition matching 
that of sudoite. Raman spectra and the sheet struc- 
ture could have led to a misidentification as pyro- 
phyllite or muscovite on the basis of some main 
Raman bands, but the XRD, FTIR, and chemical 
analyses precluded this possible confusion. 
Clinochlore and natrolite are present as accessory 
minerals in some samples. The former is identified 
very rarely by Raman spectroscopy, as only a few 
points on the surface of the artifacts show 
clinochlore, and in XRD. The latter is present in the 
XRD pattern of some artifacts. 

As a material used to produce lapidary artifacts, 
one could also be interested in its characterization 
by more classic gemological methods. Unfortunately, 
the polycrystalline nature, limited polish, and shape 
and size of the objects, as well as the absence of a 
non-archaeological reference material, have limited 
the possibilities of these approaches (e.g., the rather 
variable specific gravity and the difficulty of measur- 
ing the refractive index). The green color could be re- 
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Figure 16. Photograph and microphotograph of a commercial sample of sudoite, showing the existence of centi- 
meter-sized radial nodules. Courtesy of www.dakotamatrix.com. 


lated to the sum of Fe**-, Fe**-, and V**-related absorp- 
tion bands, leaving mostly a shallow transmission 
window in the green. The UV luminescence of the 
material is documented for two samples, but its 
cause remains unclear. 


Geological Origin. Sudoite has previously been iden- 
tified in various geological contexts. The main type of 
rock in which sudoite is found has undergone low- 
temperature/high-pressure metamorphism in a sub- 
duction context (Fransolet and Bourguignon, 1978; 
Goffé et al., 1988; Ruiz Cruz and de Galdeano, 2005). 
The stability field of sudoite is between 240 and 
380°C, and between 4 and 8 kbar (Goffé et al., 1988). 
In this context, it can come from an intermediate 
stage of metamorphism between a dickite assemblage 
and a chlorite + paragonite + chloritoid assemblage, in 
which it is found associated with pyrophyllite, which 
is not the case for our samples (Ruiz Cruz and de 
Galdeano, 2005). It may also result from retrograde 
metamorphism, as proposed in Oman, with a decrease 
in pressure synchronous with a slight increase in tem- 
perature (Goffé et al., 1988). Sudoite can form from 
kaolinite in the last stages of diagenesis, above 200°C 
(Daniels et al., 1990), and it is also encountered in a 
hydrothermal context, at temperatures higher than 
200°C (Beaufort et al., 2015). 

Sudoite is usually found in the form of fine clay 
(Billault et al., 2002; Lauf, 2010). Small rosettes up to 
1 mm in diameter can form (Beaufort et al., 2015), as 
can scaly films (Gaines et al., 1997, cited in Lauf, 
2010). Only one occurrence of centimeter-sized su- 
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doite large enough to be carved could be found in the 
literature (figure 15 in Lauf, 2010), underscoring the 
rarity of such samples. Beaufort (2015) writes: 
The only type of hydrothermal system in which su- 
doite has been reported in large amounts and in large 
volumes of altered rocks are unconformity-related ura- 


nium deposits (Percival and Kodama, 1989; Billault et 
al., 2002; Beaufort et al., 2005). 


He more recently confirmed this to the authors: 
“With respect to ... sudoite occurrences in the Pale- 
oproterozoic basins of Canada and Australia, the con- 
cept of massive can only be applied on a microscopic 
scale, because on a macroscopic scale this mineral is 
always associated with other clay minerals such as 
illite and kaolinite or dickite. To my knowledge, 
there is no gem sudoite in this type of geological con- 
text” (D. Beaufort, pers. comm., 2019). Rare larger- 
volume samples consist of agglomerates of radial 
structures, with color and transparency close to those 
observed in the artifacts we studied (figure 16). They 
strongly resemble one studied and shown in, unfor- 
tunately, a poor-quality photograph (figure 2 in Jige 
et al., 2003). These agglomerates are also reminiscent 
of the structures observed by electron microscopy on 
sample GD-01-020 (figure 5). 


Provenance of the Antillean Archaeological Raw Ma- 
terial. The tectonic context of the Caribbean presents 
high-pressure/low-temperature (HP/LT) metamor- 
phic rocks, especially due to the numerous subduc- 
tion zones (Garcia-Casco et al., 2011; see figure 17). 
The suture of these subduction zones produced ophi- 
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olite (Garcia-Casco et al., 2006; Lewis et al., 2006), 
which can be the site of sudoite crystallization, as is 
the case in Oman (Goffé et al., 1988). Metapelites 
(metamorphic rocks resulting from the transforma- 
tion of fine clay-rich sediments from the alteration 
of continental crust) subjected to a metamorphism 
of blueschist facies of low intensity can produce 
rocks containing magnesian chlorites and in partic- 
ular sudoite (Goffé et al., 1988; Schreyer, 1988; Theye 
et al., 1992). Rocks formed under HP/LT conditions 
in the blueschist facies, common in the Caribbean 
and consistent with the presence of natrolite in some 
samples, would thus be an excellent candidate for the 
provenance of this material. It should also be noted 
that the morphology of the sudoite we observed 
under the electron microscope (figures 13 and 14) dif- 
fers greatly from Canadian hydrothermal crystalliza- 
tions (figure 2 in Billault et al., 2002). This criterion 
may also indicate that HP/LT metamorphism is 
more likely to be involved in the crystallization of 
sudoite than hydrothermal metamorphism. 

The presence of sudoite in the Lesser Antilles 
adds to an existing set of converging clues in the min- 
eralogy of gem materials used in Amerindian lap- 
idary craftsmanship that indicate “long-distance” 
transport of the raw material. These raw materials, 
for which no precise source has been clearly stated, 
originate from rocks that do not naturally exist in the 
Lesser Antilles and must therefore come from the 
South American continent and/or the Greater An- 
tilles (Cody, 1993; Murphy et al., 2000; Queffelec et 
al., 2018, 2020). Previous studies of hard rocks such 
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as jadeitite, used for the manufacture of a polished 
ax, have already highlighted such trade networks 
from the Greater Antilles to the Lesser Antilles (e.g., 
Harlow et al., 2006; Garcia-Casco et al., 2013; Schertl 
et al., 2019). The greenish translucent material su- 
doite could therefore have been part of the batch of 
exotic colored rocks brought to the Lesser Antilles as 
part of the pan-Caribbean trade network described 
for this period (e.g., Rodriguez, 1993; Hofman et al., 
2007; Rodriguez Ramos, 2.010; Laffoon et al., 2014). 
It should also be noted that a source of nephrite, a 
material frequently found in collections of ornamen- 
tal objects from the same period, was recently dis- 
covered on the northern coast of Colombia (Acevedo 
Gomez et al., 2018), not that far from the Panaman- 
ian or Costa Rican ophiolites. 

Of the nine artifacts identified as sudoite, eight are 
of centimeter-sized dimension, consistent with most 
of the other lithic beads and pendants of Amerindian 
cultures (e.g., Murphy et al., 2000; Queffelec et al., 
2018, 2020; Falci et al., 2020). Such small pieces re- 
quire only limited sizes of mineralization. Only one 
pendant (GD-02-003) has a size of several centimeters. 
Even though such large volumes of raw material may 
be rare, they must have been available at the outcrop 
itself to be exploited by the Amerindians, since it is 
unlikely that this kind of sheet silicate does occur in 
secondary deposits given its fragility. These outcrops 
must be of very limited dimensions, which may ex- 
plain the absence of known localities so far. 

All of these objects were found on three islands of 
the French Lesser Antilles distributed along the 


Sutures 
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Figure 17. Plate tec- 
tonic configuration and 
major structural fea- 
tures in the Caribbean 
region, with the pres- 
ence of ophiolites re- 
ported (after figure 1 in 
Garcia-Gasco et al., 
2006). The red rectan- 
gle on the right repre- 
sents the area where 
the nine artifacts were 
recovered from archae- 
ological excavations. 
Modified after Garcia- 
4 Gasco et al. (2011). 
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Caribbean arc. Sudoite has been identified in every 
archaeological site that delivered dozens of lapidary 
artifacts known for these three islands. This under- 
scores the possibility that this newly identified lap- 
idary material could also be found among the 
archaeological collections of other islands distributed 
in the same cultural network, if detailed analytical 
studies were carried out. Identifying this material in 
archaeological collections will require analytical 
techniques such as Raman spectroscopy, which is 
not systematically used by archaeologists, especially 
in the Caribbean. 


CONCLUSIONS 


Sudoite was unambiguously identified using a multi- 
analytical strategy combining methods both struc- 
tural (Raman and infrared spectroscopy, X-ray 
diffraction, SEM) and chemical (XRF and EDS). This 
magnesium-rich di-trioctahedral sheet silicate from 
the chlorite group is confirmed to be the raw material 
used by the Amerindians of the Early Ceramic period 
in the Lesser Antilles to create the nine personal or- 
naments in this study. It is also the first time this 
material has been identified as being used for lapidary 
craft from any period, and the first time it has been 
described in sizes suitable for carving. The origin of 
the color and the long-wave UV luminescence prop- 
erties have also been explored by means of UV-Vis- 
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PURPLE GEM SPINEL FROM VIETNAM AND 
AFGHANISTAN: COMPARISON OF TRACE 
ELEMENT CHEMISTRY, CAUSE OF COLOR, 
AND INCLUSIONS 


Philippe M. Belley and Aaron C. Palke 


This study compares two purple gem spinel samples with regard to trace element chemistry and visible light ab- 
sorption spectra, and presents the first reported example of a spinel with a saturated purple color caused pre- 
dominantly by chromium and cobalt. Sample VN, from a placer deposit in the Luc Yen district of Vietnam, 
exhibited strong saturation, orange-red fluorescence in UV, and magnesite and graphite inclusions. Sample AF 
was from Badakhshan, Afghanistan, with light to medium saturation and containing phlogopite, amphibole, and 
probable fluid inclusions. UV-Vis-NIR spectra are compared along with trace element chemistry. Sample VN is 
colored primarily by cobalt (17.9 ppma) and chromium (593 ppma), with minor color contribution from Fe 
(2437 ppma), and contains significantly more cobalt than typical Cr-enriched red, pink, and purple gem spinels 
(<6 ppma Co). The dominant contributions of chromophores Cr3* and Co** to the color of sample VN are re- 
sponsible for its higher color saturation than that of sample AF, which is colored dominantly by Fe?* and Fe?* 
(3089 ppma total Fe) and contains negligible concentrations of other chromophores (<10 ppma V**, Cr**, and 
Co”*). In the Vietnamese purple spinel, the relatively low Fe concentration is likely crucial in creating the at- 
tractive saturated color. This sample is enriched in Co, Ni, Cr, V, Zn, and Ga. In contrast, the purple spinel from 
Afghanistan is relatively impoverished in all trace elements except Fe and Mn. Sample VN represents an approx- 
imate intermediate between natural gem spinel populations colored dominantly by Cr** vs. dominantly by Co**. 
Cr3+-, (Fe?*,Fe**)-, and Co**-dominant (in terms of color) gem spinels are easily differentiated by chemical com- 
position using a discrimination plot of Co/Cr vs. Co/Fe, but this is not valid for spinel dominantly colored by V** 
or containing significant concentrations of Fe. 


em-quality spinel occurs in a variety of colors 
( ’ as a result of a diverse array of possible chro- 

mophores and chromophore combinations 
(Schmetzer et al., 1989; Andreozzi et al., 2019): com- 
binations of Fe** and Fe** (light blue/violet to green 
to black with increasing Fe concentration; Halenius 
et al., 2002); Co” (blue; Shigley and Stockton, 1984, 
D Ippolito et al., 2015); Cr°* (red); and V** (orange; An- 
dreozzi et al., 2019). Vivid spinels colored by cobalt 
(blue) and chromium (red) are particularly sought 
after in the gem trade. Purple spinel (figure 1) is gen- 
erally colored by Fe or by a combination of Cr, V, and 
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subordinate Fe (Andreozzi et al., 2019). The current 
study compares the chemical composition and color 
of two purple spinel samples, from Vietnam and 
Afghanistan (figure 2), to each other and in the 


In Brief 


e A purple sample from the Luc Yen district of Vietnam is 
colored primarily by Co** and Cr**, with only minor 
contribution of Fe** and Fe** to visible light absorption. 


In contrast, a purple spinel from Badakhshan, Afghani- 
stan, is colored exclusively by Fe** and Fe**, contain- 
ing negligible concentrations of other chromophores. 


Purple coloration of spinel caused by a combination of 
Co?" and Cr?* is more saturated than that caused by 
egy neae 
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Figure 1. The vivid colors seen in fine gem-quality 
spinel are derived from the mixing between multiple 
different chromophores in a range of ratios and con- 
centrations, as in this fine 13.52 ct violetish purple 
spinel. Courtesy of the Dr. Edward J. Giibelin Collec- 
tion. Photo by Robert Weldon/GIA. 


broader context of all gem spinel. One is a saturated 
purple sample from a placer deposit near Khao Ka in 
the Luc Yen district of Vietnam (figure 3). The second 


Badakhshan, 
Afghanistan 


BAY OF BENGAL 


GULF OF 
THAILAND 


475 Miles 
Figure 2. Map of Asia showing the geographic origin of 
the two spinel samples: Badakhshan Province in 
Afghanistan and the Luc Yen district of Vietnam. 


sample is a purple spinel with light to medium satu- 
ration, mined from a marble-hosted deposit in 
Badakhshan, Afghanistan (figure 4). 


Figure 3. This placer deposit, the source of sample VN, is situated in rice paddies at Khao Ka in the Luc Yen district 
of Vietnam. Photo courtesy of Geir Gussids (Balder Gems), 2017. 
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color have air adjacent to them, as are to be 
seen, for instance, in iris quartz. It should 
not be difficult to obtain a piece of opal 
(either precious or common) which is ob- 
viously cracked, so that a comparison may be 
made between the actual crack and the hypo- 
thetical. It will be seen that there is great 
dissimilarity not only in (a) the outlines, 
and in (b) the contours of the areas, the 
one being almost flat, the other nearly con- 
choidal, but also (c) the internal surfaces of 
true cracks are not fibrous or striated and 
(d) the quality of the color genefated is 
quite different, as different as oil on water 
is from a rainbow. 

Some of the earlier writers (Hauy, Beh- 
rens, Brewster, Butschli, Reference 1 - 4) 
suggest that the cracks are regularly striated, 
if so, would that not prove that the opal is 
not completely amorphous? The areas are 
certainly striated, being formed of parallel 
fibers—layers of silica threads—but they do 
not appear to be fracture surfaces. 

Sosman (Reference 5) has described the 
precristobalite state of quartz as consisting 
of silica threads which he says may com- 
mence to form at high temperatures while 
the silica is still gaseous. In the liquid state 
the simple tetrahedra will have linked up 
into fragile chains of colloidal dimensions, 
free to move and orient themselves as the 
temperature slowly decreases until cristo- 
balite in the solid state is formed. When 
SiO tetrahedra are generated in water, simi- 
lar chains will be built up by simple poly- 
merization, forming a colloidal hydrosol. 
If this gels rapidly, truly amorphous com- 
mon opal will be produced, but, as stated 
previously some structure (believed to be 
cristobalite) is usually present, and when 
a considerable degree of orientation is pos- 
sible, due to very slow gelation, precious 
opal will normally result. 

In order that brilliant colors may be em- 
itted it is necessary that, apart from the 
development of the chains and sheet struc- 
ture, the inter-ionic spacing must be such 
that the space lattice constant in any given 
direction will be a near harmonic of the 


362 


wave-length of the color of the beam seen 
from that direction, as is the case in X-ray 
diffraction work. 

Specimens have been obtained showing 
definite formation on fractured surfaces of 
precious opal, in the form of striated blocs. 

Many pieces of opal (probably over 2000) 
have been critically examined and indica- 
tions of a ‘‘film-pack’’ structure are clear. It 
appears probable that the silica threads in 
the sol link up into sheet structure (of 
cristobalite rather than of quartz) and that 
in good specimens several sheets develop 
one behind the other like cards in a deck. 
Where the optical effects are most strong 
it is suggested that the spacing between the 
sheets or films is accurately related to the 
wave-length of a specific color, so that rays 
entering laterally between the films will be 
reflected and transmitted frontally in moni- 
tored rhythm, each film receiving colored 
reflections from the one behind and passing 
these forward in beat with the others. Thus 
the unusual brilliancy of precious opal—a 
brilliancy only equalled by that of total 
internal reflection — is accounted for, the 
changes of color are explained and also the 
purity of hue. 

Examination of a specimen of precious 
opal will show that it consists of colored 
patches with clear opaline material between 
them. This is clearly visible in water opal 
and in some Mexican opal, where careful 
inspection will show that the areas emitting 
color are actually individual crystalline de- 
velopments. In high quality gem material the 
large number of film-packs is confusing, but 
in less colorful specimens the shape and for- 
mation of individual discrete lattices may 
be studied, and the strength of the evidence 
appreciated. 

Details of the geological conditions neces- 
sary for the production of opal need not be 
given here, but the results of detailed work 
indicate two major points. First, that the 
impervious layer of sandstone over the beds 
— the duri-crust — is essential to the forma- 
tion of precious opal as it permits very 
little evaporation below it, so that the sol 
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a Gee aoe) TES aed 
Figure 4. The purple spinel deposit in Badakhshan, 
Afghanistan. Photo courtesy of Ikram Muhammad 
and ANAAR Gems, 2017. 


MATERIALS AND METHODS 


Materials. The Vietnamese spinel (sample VN, figure 
5) was acquired from Geir Atle Gussias and Mai Tran 
of Balder Gems. They purchased it from miners on- 
site at the Khao Ka alluvial deposit, northeast of Na 


5mm 


Figure 6. Spinel sample AF from Badakhshan, 
Afghanistan. Photo by Aaron Palke. 


Ha, An Pht, in the Luc Yen district (approx. 
2.1°58'54.37" N, 104°50'44.77" E; see also Chauviré et 
al., 2015). Mr. Gussias suspected that the spinel sam- 
ple was enriched in both cobalt and chromium due to 
its unusual color; he has reported a similarly satu- 
rated purple stone, faceted and just under 2. ct from 
the same placer locality. The Luc Yen region is un- 
derlain by supracrustal metamorphic rocks including 
significant quantities of marble, the typical source 
rock for gem spinel (Chauviré et al., 2015 and refer- 
ences therein). The purple spinel (sample AF, figure 
6) from a metacarbonate outcrop in the Badakhshan 
Province of Afghanistan (the “Parawara mine” in 
Boehm, 2017) was mined in 2017 and donated by gem 
and mineral dealer Ikram Muhammad. Samples VN 


Figure 5. Spinel sample VN from the Luc Yen district, Vietnam (12.5 x 5.0 mm). A: In daylight (left) and incandes- 
cent (right) illumination. B: In long-wave UV (365 nm). Photos by Aaron Palke. 


A 
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Figure 7. GIA reference samples GIA-Cr (A, 2.641 mm thick) and GIA-Co (B, 1.053 mm thick). Photos by 


Aaron Palke. 


and AF were flat-polished for UV-Vis spectrometry at 
GIA’s Carlsbad laboratory, with thicknesses of 2.155 
mm and 4.486 mm, respectively. 

Two spinel samples from the GIA collection pro- 
vided reference UV-Vis spectra of Co?-dominant, and 
Cr*+-dominant spinel color end members for use in 
assessing the color contribution of these chro- 
mophores in sample VN. The spinel dominantly col- 
ored by Cr* is vivid pink (GIA sample 
100305165116, 2.641 mm thick, named “GIA-Cr”; 
figure 7A) and the spinel dominantly colored by Co** 
is vivid blue (GIA sample 100305162587, 1.053 mm 
thick, named “GIA-Co”; figure 7B). 


Methods. Electron Probe Microanalysis (EPMA). For 
EPMA analysis, the samples were mounted in epoxy 
pucks and polished. Chemical compositions were ob- 
tained with a JEOL JXA-8230 electron microprobe 
(University of Ottawa) in wavelength-dispersion 
(WD) mode. The operating voltage was 20 kV, with 
20 nA beam current and 5 pm beam diameter. 
Counts were collected for 20 seconds for each ele- 
ment. The following standards were used (all K@): 
hematite (Fe), chromite (Cr, Co, Al, Mg), rutile (Til, 
tephroite (Mn), pentlandite (Ni), vanadinite (V), and 
gahnite (Zn). Matrix correction calculations were 
performed using the Armstrong/Love-Scott (PZ) 
method (Armstrong, 1988). Limits of detection were 
0.01 wt.% (MgO, Al,O,), 0.02 wt.% (V,O,), and 0.03 
wt.% (Cr,O,, FeO, CoO, NiO, MnO). 

Trace Element Analysis. Laser ablation-inductively 
coupled plasma—mass spectrometry (LA-ICP-MS) 
analyses of samples VN and AF were performed using 
a 193 nm ArF excimer laser ablation system (ASI Aus- 
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tralia RESOlution M-50-LR) connected to an Agilent 
7700x quadrupole ICP-MS at the Pacific Centre for 
Isotopic and Geochemical Research at the University 
of British Columbia in Vancouver, Canada. Measure- 
ments were performed for 40 s at a laser repetition 
rate of 5 Hz, 20 ns pulse width, using a spot size of 89 
pum. On-sample fluence was 3 J/cm’. Ablation was 
carried out under a helium atmosphere. A mixture of 
He (from the sample cell) and Ar served as carrier gas 
and was admixed with N, for signal enhancement. 
The mass spectrometer was tuned for sensitivity, 
ThO/Th <0.2% and a mass bias with 238/232~101%. 
Spots were pre-ablated to remove surface contamina- 
tion, followed by 40 s of ablation and a 30 s washout 
time. The following masses were collected: ’Li, "Be, 
UB “Ti, !V, 8Cr, 5Mn, Fe, °Co, “Ni, ’Zn, and Ga. 
Measurements on the following elements were col- 
lected but not detected in the spinel samples: Sc, Cu, 
Sr, Y, Zr, Hf, Ta, and rare earth elements. Calibration 
was carried out by standard-sample bracketing using 
the silicate glass SRM NIST 610 as the external stan- 
dard and *Mg as the internal standard using values 
from EPMA (table 1). USGS basalt glass reference ma- 
terial BCR-2G (Rocholl, 2007) was cross-checked for 
quality control and was within the range consistent 
with values in the GeoReM database (Jochum et al., 
2005). The coefficient of variation for individual trace 
element measurements in BCR-2G is <6%, with the 
exception of Be (~11%} and B (~38%). Measured B 
concentrations varied unpredictably despite drift cor- 
rection, and thus the data was rejected. Data reduc- 
tion was performed using the Iolite v.3.0 software 
(Paton et al., 2011). 

LA-ICP-MS trace element data was collected for 
samples GIA-Cr and GIA-Co at GIA using a Thermo 
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TABLE 1. EPMA analyses of chemical composition 
in purple spinel samples. 


Sample no. VN AF 
Color Purple Purple 
Origin Khao Ka, Vietnam Badakhshan, Afghanistan 
No. of spots 4 5 
Weight % SD Weight % SD 
MgO 26.17 0.10 26.69 0.09 
Al,O, 70.85 0.25 71.50 0.14 
TiO, 0.01 0.01 0.01 0.01 
V,0, 0.03 0.01 <0.02 
CO), 0.22 0.02 <0.03 
MnO <0.03 <0.03 
FeO 0.86 0.02 1.08 0.01 
CoO <0.03 <0.03 
NiO <0.03 <0.03 
ZnO 1.44 0.05 <0.03 
Total Ce x8) 99.28 
Normalized to 32 oxygens 
Mg 7.504 7.620 
Al 16.062 16.137 
Ti 0.001 0.001 
Vv 0.005 — 
Cr 0.033 _— 
Mn _ — 
Fe 0.138 0.173 
Co — _— 
Ni _ — 
Zn 0.205 _ 
i 23.948 23.931 


SD = standard deviation 
Limits of detection (wt.%): 0.01 (MgO, Al,O,), 0.02 (V,O,), and 0.03 
(Cr,O, FeO, CoO, NiO, MnO) 


iCap-Q ICP-MS coupled to an Elemental Scientific 
Lasers NWR213 nm laser ablation system with a fre- 
quency-quintupled Nd:YAG laser (213 nm wave- 
length with 4 ns pulse width). Ablation was carried 
out with 55 pm spot sizes with fluence around 8+1 
J/cm? and a 15 Hz repetition rate. NIST 610 and 612 
glasses were used as external standards with “Mg set 
as the internal standard with a value assigned at 17.08 
wt.%. Masses analyzed include ’Li, ’Be, *’Ti, *'V, *Cr, 
Mn, “Fe, °Co, °Ni, Zn, and °Ga. The trace ele- 
ment compositions of GIA reference samples are re- 
ported in table 2. 

Parts per million by weight (ppmw) values were 
converted to parts per million atoms (ppma) using 
the following formula: 


[ppma] = [ppmw] x (mol. wt. of spinel)/(7 x atomic wt. of element) 


where 7 is the total number of atoms in one formula 
unit of spinel. 
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Spectrophotometry. Ultraviolet/visible/near-infrared 
(UV-Vis-NIR) absorption spectra were measured 
using a custom-built setup equipped with an Ocean 
Optics HR4000 CCD spectrometer and an Avantes 
light source incorporating both halogen and deu- 
terium light sources. Light was transmitted to the 
sample placed at the entrance to an integrating 
sphere and then to the detector using fiber-optic ca- 
bles. Data was collected with one accumulation 
using an integration time of 10 s at wavelength in- 
terval of 0.76 nm and spectral resolution of 0.90 nm 
from 300 to 800 nm. 


Reference Spectra and Absorption Peak Assignment. 
The UV-Vis spectrum for purple spinel sample VN 
was compared to two reference spectra: a Cr-domi- 
nant spinel spectrum (vivid pink, GIA-Cr) and a Co- 
dominant spinel spectrum (vivid blue, GIA-Co). The 
spectra were selected for their highly dominant ab- 
sorption signature by the chromophore of interest 
with negligible absorption by other chromophores. 
The spectra contain very small Fe? absorption peaks 
that were imperceptible when the spectra were scaled 
down for data processing. 

The reference chromophore absorption peaks 
(wavelength in nm) are averages for Mg-Al spinel 
samples reported by Andreozzi et al. (2019) and D’Ip- 


TABLE 2. LA-ICP-MS analyses of trace element 
concentrations in samples used for Cr and Co 
reference spectra. 


Sample GIA-Cr GIA-Co 
Color Vivid pink Vivid blue Detection 
No. of spots 6 3 limit 
Avg. Avg. SD | Avg. Avg. SD 
ppmw ppma_ ppma} ppmw ppMma_ ppma}  ppmw 
Li WO B21 ie W230 62 0.08 
Be 2.27 5.1 0.5 | 2.98 6.75 3.22 0.58 
Ti 9725) AA 30 Hogss silo 1.4 0.4 


Vv 176 = =70.2 5.4 131 52.6 1.1 
Cr 3640 
Mn 8.7 3.2 0.3 137, 50.8 1.2 0.2 
Fe 127 46.1 Bal 
Co bdl bdl 569 197 6 0.02 
Ni bdl bdl 
Zn 358 «111 9 819 256 30 0.3 


Ga 35.4 10.3 0.8 152 44,7 yee] 0.04 
SD = standard deviation 
bdl = below detection limits 
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Figure 8. Inclusion scenes in spinel sample VN. A: Magnesite crystals that occasionally coexist in composite inclu- 
sions along with graphite (field of view 1.26 mm). B: Needle-like inclusions (field of view 3.57 mm). Photomicro- 
graphs by Aaron Palke. 


polito et al. (2015; cobalt only): (MCr°*) 349.4365, 
387.3352, 420.9564, 531.5635, 570.5204; (MV**} 
394.2329, 541.0837; (MFe**) 458.5660, 476.2484, 
(TFe*) 374.2733, 386.7225, 406.9652, 554.5731, 
587.8204, 798.6127; ("Mn?*) 428.2166; (™Co?*) 
552.6287, 588.0105, 630.7159. 


Raman Spectroscopy Analysis. Raman spectra of 
inclusions in the spinels were collected with a Ren- 
ishaw inVia Raman microscope system. The Raman 
spectra of the inclusions were excited by a Stellar- 
REN Modu Ar-ion laser producing highly polarized 
light at 514 nm and collected at a nominal resolu- 
tion of 3 cm in the 2000-200 cm”! range. Each 
spectrum was accumulated three times with a col- 
lection time of 10 s at 20x or 50x magnification. In 
many cases the confocal capabilities of the Raman 
system allowed inclusions beneath the surface to be 
analyzed. 


RESULTS 


Sample Descriptions. Samples VN and AF are trans- 
parent with few inclusions. Sample VN, 3 mm in 
thickness (later polished to 2.155 mm}, had a 
medium tone, strong saturation, purple hue, weak 
to moderate orange-red fluorescence under long- 
wave (365 nm) ultraviolet radiation, and a very 
slight color change between daylight (standard 6500 
K fluorescent bulb) and incandescent illumination 
(standard halogen incandescent bulb at ~2700 K); 
see figure 5, A and B. Sample AF 5 mm in thickness 
(later polished to 4.486 mm), had a medium tone, 
moderate saturation, and purple hue (figure 6) and 
was nonfluorescent when exposed to long- and 
short-wave UV. 
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Inclusions. The purple spinel from Vietnam con- 
tained several distinct mineral inclusions. Raman 
spectroscopy allowed the identification of several 
black platelets as graphite and several colorless min- 
erals as magnesite, which are also known to occur in 
red gem spinel from Vietnam (Malsy et al., 2012). Oc- 
casionally, composite inclusions of graphite and mag- 
nesite were seen (figure 8A). Additional inclusions in 
sample VN were observed but could not be positively 
identified with Raman, such as platelet-like colorless 
crystals (potentially phlogopite crystals) and needle- 
like inclusions that resembled rutile inclusions (fig- 
ure 8B) seen in other gem minerals. Among the 
inclusions seen in the Afghan spinel were fields of 
negative crystals (presumably hosting fluid inclu- 
sions), tiny black dust-like particles, and colorless 
mineral inclusions. Some of these inclusions were 
identified by Raman spectroscopy as phlogopite. The 
elongate inclusion in figure 9 was identified by 
Raman spectroscopy as an amphibole-group mineral, 
but the peaks overlapped with the background spinel 
signal, precluding conclusive amphibole species 
identification. 


Chemical Composition. Spinel compositions were 
measured using EPMA and LA-ICP-MS, where the 
EPMA data (table 1) is used to provide major and 
minor element composition, including Mg for use as 
an internal standard for LA-ICP-MS. 

The purple spinel from Vietnam (sample VN) con- 
tained significant concentrations of multiple chro- 
mophores (table 3): 593 ppma Cr, 17.9 ppma Co, 84.8 
ppma V, and 2437 ppma Fe. The purple spinel from 
Afghanistan (sample AF) was very poor by compari- 
son in most chromophore elements—namely Ni, Zn, 
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Figure 9. Pseudohexagonal platelets of phlogopite (cir- 
cled in yellow) and secondary fluid inclusions, to- 
gether with a prismatic amphibole, in spinel sample 
AEF. Photomicrograph by Aaron Palke; field of view 
4.79 mm. 


and Ga—but contained more Fe (3089 ppma) and Mn 
(56.8 ppma). 


Absorption Spectra. In the absorption spectrum of 
sample VN, two transmission windows occurred be- 
tween ~430 and 510 nm (blue-green range of visible 
spectrum], and above 650 nm (red range of the visible 
spectrum). The absorption was characterized by two 
broad peaks centered at approximately 390 and 545 
nm, in addition to a characteristic cobalt peak at ~630 
nm (figure 10). The absorption spectrum profile for the 
purple spinel from Afghanistan was flatter than for the 
Vietnamese sample, with peaks at 558 nm (broad), 383 
nm, 370 nm, two small peaks at 455 and 475 nm in 
the trough between the former, and a significant and 
rapid increase in absorption at wavelengths below 360 
nm (figure 10). The absorption bands are consistent 
with those of iron (D’Tppolito et al., 2015). 


DISCUSSION 

Color. Sample VN had characteristic absorption 
maxima attributed to Cr* at ~530 and ~390 nm; Co”* 
at ~620 nm (the reference absorption is 630 nm, from 
D Ippolito et al., 2015); and ™Fe** (shoulder at ~370 
nm; figure 10; Andreozzi et al., 2019). To better illus- 
trate the color contribution of cobalt and other chro- 
mophores in this Vietnamese purple spinel, reference 
spectra of spinels colored by Co”* and Cr** were used 
to perform scaled subtractions from the VN spec- 
trum (reference peaks for Co* at ~620 nm and Cr** 
at ~389 nm; similar to the method of Palke and Sun, 
2018). The reference spectra (GIA-Co and GIA-Cr] 
showed imperceptible color contributions by other 
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chromophores when scaled down for the subtraction, 
and therefore they did not noticeably reduce peaks 
from other chromophores in the resulting difference. 
The resulting subtracted spectra (figure 11) clearly 
demonstrated that sample VN was dominantly col- 
ored by both Co” and Cr**, while the color contribu- 
tion by TFe** (e.g., the peak at 374 nm) was present 
but negligible. Color contribution by V** is possible 
and difficult to quantify due to peak overlaps with 
Cr**, but when present it is relatively minor (see for 
example, absorption spectra of Cr-V-bearing spinels 
in Malsy and Klemm, 2010). A notable feature of the 
VN absorption spectrum is a relatively prominent 
“shoulder” at ~620 nm, which demonstrates a note- 
worthy effect of Co** on the color of this purple 
spinel even without data processing. Sample VN is 
the first described example of natural purple spinel 
in which both Cr** and Co are the prominent con- 
tributors to the coloration and are roughly equally 
weighted (e.g., similar absorption peak heights above 
background for each chromophore, resulting in a dis- 
tinctly purple hue), as opposed to Cr**-(Fe**,Fe**)-dom- 
inant or Fe (Fe?*,Fe**) alone (e.g., Schmetzer et al., 
1989; Malsy and Klemm, 2010). Kuksa et al. (2019) 
presented compositional data and a photograph of a 
Vietnamese spinel described as “bluish” (within the 
reference sample known as sample 5), which ap- 


TABLE 3. LA-ICP-MS analyses of trace element 
concentrations in purple spinel samples. 


Sample VN AF 


Color Purple Purple Deteston 
No. of spots 4 3 net 
Avg. Avg. SD | Avg. Avg. SD 
ppmw ppma_ ppma |ppmw ppMma_ ppma} ppmw 
Li 23 69 1 13 3g) 2 0.5 
Be 10 23 2 2 5 1 0.9 
Ti BN Iso WS) || 373 150) Bal 5.8 
Vv 210 848 3.5 | 22.9 9.2 0.7 0.3 


Cr 1499 593 3g) (©.3) DS O35) 5.4* 


Mn 89.9 33.7 0.6 | 152.8 56.8 0.7 4.8 
Fe 6617 2437 24 | 8447 3089 10 Dod 
Co 51.4 17.9 0.3 5.6 139 0.1 0.2 
Ni IS WAS Ox | 133 416 0.3 1.6 
Zn 10510 3310 110 | 214 67 a Fd 
Ga 302 89 1 Oy 28 1 O)3) 


SD = standard deviation 
Sc <1.5 ppmw, Cu <0.7 ppmw 
*Cr detection limit for sample AF = 4.3 ppmw 


Gems & GEMOLOGY FALL 2021 


UV-VIS-NIR ABSORPTION SPECTRA 
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Figure 10. UV-Vis-NIR 
absorption spectra of 
spinel samples VN (pur- 
ple) and AF (light purple). 
Chromophore absorption 
bands after D’Ippolito et 
al., 2015 (Co**) and An- 
dreozzi et al., 2019 (other 
elements). 
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peared vivid blue with a slight purplish hue in the 
figure. This sample appeared dominantly colored by 
cobalt with subordinate chromium, and its chemical 
composition is discussed further below. 

Purple spinel sample VN has a higher color sat- 
uration than purple sample AF (colored by ™Fe”* 


UV-VIS-NIR ABSORPTION SPECTRA 
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with minor “Fe**), which is shown by the greater 
peak-trough difference in absorption spectrum (fig- 
ure 10). This is evidently due to the greater visible 
light absorption by Cr** and particularly Co?* per 
unit of concentration compared to the predominant 
iron chromophore, Fe” (e.g., ~20x molar absorptiv- 


Figure 11. UV-Vis-NIR 
absorption spectra for 


sone Cr VN (purple), VN with 
= scaled subtraction of a 
= reference spectrum of 
nae : ial 

oeues Mn Co-bearing vivid blue 
ee Co spinel (pink), and scaled 
"VN subtraction of both Co- 
ee tich and Cr-rich spinel 
— VN (Co) 

— GIA-Cr reference spectra (gray). 
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The Co-dominant (GIA- 
Co, scale factor 0.095, 
blue) and Cr-dominant 
(GIA-Cr, scale factor 
0.082, red) spectra are 
included for comparison. 
Chromophore absorp- 
tion bands after D’Ippo- 
lito et al., 2015 (Co) and 
Andreozzi et al., 2019 
(other elements). 
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ity of Co” relative to Fe**, Chauviré et al., 2015), 
but could also be accentuated by VN’s red fluores- 
cence. Therefore, the combination of elevated 
cobalt (17.9 ppma) and chromium (593 ppma) con- 
centrations as the dominant chromophores result 
in an attractive purple color that is more saturated, 
with stronger red and blue hues, than spinel colored 
primarily by ™Fe?*. Sample 3 from Kuksa et al. 
(2019), a brownish purplish red spinel from Viet- 
nam, also serves as an interesting comparison to 
purple sample VN. Sample 3 contained a similar 
concentration of Cr, slightly over half the Co con- 
centration, and four times the Fe concentration. 
Unlike sample VN, which is purple primarily due 
to Cr and Co, Kuksa et al.’s sample 3 was brownish 
purplish red, likely representative of a color defined 
primarily by Cr and Fe. Kuksa et al. (2019), did not 
measure light absorption, so the causes of color 
have not been quantified. 

Spinel sample VN represents the “missing link” 
in Schmetzer et al.’s (1989) spinel color/chromophore 
diagram, being roughly intermediate between the red 
(Cr**) and blue (Co**) end members. 


Chromophore Trace Elements in Gem Spinels. 
Cobalt-enriched spinel, generally vivid blue in color, 
typically contains low Cr concentrations (<60 ppma; 
Hanser, 2013; Chauviré et al., 2015; Kuksa et al., 
2019), with two outliers known from Vietnam. One 
Cr-rich outlier (1111 ppma Cr and 1236 ppma Co; 
Chauviré et al., 2015) reported from Vietnam is vivid 
blue in color with no visible reddish or purplish hues, 
indicating that cobalt has a much higher molar ab- 
sorptivity than chromium, similar to cobalt’s higher 
molar absorptivity relative to iron (Chauviré et al., 
2015). The other outlier, sample 5 of Kuksa et al. 
(2019), has a vivid slightly purplish blue color. Purple 
spinel sample VN appears to be approximately com- 
positionally intermediate between Cr-dominant 
pink/red spinels and Co-dominant blue spinels, 
whereas sample 5 is intermediate between sample 
VN and Co-dominant blue spinels, as shown in a plot 
comparing the relative concentrations of Co to Cr, 
and Co to Fe (figure 12). 

Most Cr-enriched spinels (red, pink, magenta, and 
orange gem spinels) are very poor in cobalt (Co <6 
ppma; Malsy and Klemm, 2010), and thus their color 
is largely determined by Cr**, V**, and Fe (Fe**,Fe**) 
concentrations (Schmetzer et al., 1989; Andreozzi et 
al., 2019). Among spinel trace element compositions 
recorded in the scientific literature, only Kuksa et 
al.’s (2019) sample 3 has a cobalt-to-chromium ratio 
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similar to that of sample VN. However, their sample 
3 is poorer in cobalt overall (10.6 ppma) and four 
times richer in iron than VN. Thus, sample VN is 
primarily an intermediate between a Cr-dominant 
red spinel and a Co-dominant blue spinel, while sam- 
ple 3 is intermediate between spinels having Cr** and 
Fe (Fe?*,Fe**) as the dominant chromophores, respec- 
tively. This also correlates with their relative posi- 
tions in a chemistry-based discrimination plot (figure 
12). Unlike Kuksa et al.’s sample 3, VN has a suffi- 
ciently high Co** concentration and low Fe (Fe?*,Fe**} 
concentration so as to be colored strongly saturated 
purple with an absorption spectrum showing clear 
characteristic absorption maxima from both Cr** and 
Co**. 

While sample VN plots intermediate to Cr-dom- 
inant and Co-dominant spinels in a plot of Co/Cr vs. 
Co/Fe (figure 12), sample AF plots in the iron-domi- 
nant portion (Cr-poor, high Co/Cr, low Co/Fe). Over- 
all, gem spinels appear to be easily differentiated 
according to dominant chromophores using a chem- 
ical discrimination plot of Co/Cr vs. Co/Fe, although 
this plot will not work well for spinel in which V** is 
the dominant chromophore, or for spinel based on 
Fe”*/Fe** relative abundance or with elevated Fe con- 
centrations (e.g., green and black Fe-rich spinels; 
Halenius et al., 2002). 


CONCLUSIONS 


The purple spinel sample from the Khao Ka placer 
deposit in the Luc Yen district of Vietnam (sample 
VN) was colored primarily by cobalt (17.9 ppma) 
and chromium (593 ppma), with minor iron (2437 
ppma] and possibly vanadium (84.8 ppma). It con- 
tained significantly more cobalt than typical 
chromium-enriched gem spinels (<6 ppma Co). The 
similarly important contributions of cobalt and 
chromium to visible light absorption, the first such 
natural example to be reported, resulted in a purple 
of higher saturation than in the purple spinel sam- 
ple from Afghanistan, which only had an iron chro- 
mophore (3089 ppma Fe; <10 ppma V, Cr, and Co). 
In the Vietnamese purple spinel, a relatively low 
iron concentration was also essential in creating an 
attractive saturated color, as shown by a compari- 
son with a similar but more iron-rich spinel from 
the same region. 

The purple spinel from Vietnam was enriched in 
chromium, cobalt, vanadium, gallium, and zinc rel- 
ative to the sample from Afghanistan, which was 
poor in all chromophore elements with the exception 
of being slightly richer in iron and manganese. 
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Co/Cr vs. Co/Fe (ATOMIC) PLOT 
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Figure 12. Co/Cr vs. 
Co/Fe (atomic) plot dis- 
criminating between 
spinel of different domi- 
od nant chromophores, cat- 
egorized by color 
A category. Data sources: 
Vivid blue 1: Kuksa et 
al., 2019; Chauviré et al, 
2015 (SATBLU); Hanser, 
2013. Vivid blue 2: Sam- 
ple GIA-Co (present 
study). Vivid purplish 
blue: Kuksa et al., 2019 
(sample no. 5). Sky blue: 
Chauviré et al., 2015. 
Grayish to violet blue: 
Chauviré et al., 2015 
(GREBLU); Hanser 2018; 
D’Ippolito et al., 2015 
(Nat. 2). Pinkish violet: 
Kuksa et al., 2019 (sam- 
ple no. 1). Pink (Tajik- 
istan) and average for 
pink, purple, red, and or- 
ange spinel from Myan- 
mar and Vietnam: Malsy 
and Klemm, 2010. Red: 
Kuksa et al., 2019. Pur- 
plish brownish red: 
Kuksa et al., 2019 (sam- 
ple no. 3). Sample GIA- 


x VN = Vivid purplish blue ® Pink (Tajikistan) 

x AF & Sky blue m Red 

@ Vivid blue 1 © Grayish to violet blue @ Average for pink-purple-red- 
A Vivid blue 2 a Pinkish violet orange (Myanmar + Vietnam) 


Cr is excluded from the 
plot due to being an ex- 
treme outlier with Co/Cr 
< 4.85 x 10°. 


The Vietnamese purple spinel represents an ap- 
proximate intermediate between natural spinel pop- 
ulations colored dominantly by chromium and those 
colored dominantly by cobalt. A vivid purplish blue 
spinel from Vietnam reported by previous authors 
represents an intermediate more strongly weighted 
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toward cobalt. Gem spinels of different colors are eas- 
ily differentiated by chemical composition using a 
discrimination plot of Co/Cr vs. Co/Fe, but this is 
valid for spinel not dominantly colored by V* or con- 
taining elevated concentrations of Fe (e.g., green and 
black Fe-rich spinel). 
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takes many years to gel. Secondly, many con- 
ditions have to be fulfilled before precious 
opal, natural silica gel, can be deposed. 
(See note B). Of these the amount of silica 
is important, as an excess of this results in 
the opaque common opal known as potch. 
However, if the excess is only slight the 
silica may show as small discrete particles 
suspended in the gel which give the appear- 
ance of an indefinite blue mist, while a little 
more silica will appear as stronger blue 
clouds having definite outlines. Further in- 
creases cause more cloudiness and pale blue, 
grey or milky potch forms, according to 
the size and quantity of the silica particles to 
(Reference 17). 

The production of color may be illus- 
trated by hand specimens or micro-slides 
showing five nominal stages. First, the in- 
definite blue misty patches and, second, the 
definite blue clouds already mentioned. The 
third stage is best seen in clear water-opal 
or fire-opal—individual sheets or films, vari- 
colored, tenuous and evanescent, approxi- 
mately planar, with rectilinear edges. 

With further crystal development we get 
obvious fibers — the main body of the stone 


INTER - LAMINAR, 
SPACING 


= $2 


MONOCHROMATIC 


is partially amorphous, but in it are areas 
where the silica threads have had time to 
orient themselves into bands, regular and 
fairly bright, each built up of many molecu- 
lar layers, suitably spaced in the lattice and 
so reflecting definite wave-lengths. The fifth 
stage shows the final, yet still incipient, crys- 
tallization in the gel. The fibers have linked 
up laterally to form sheets and these are 
found to be in blocs or film-packs which con- 
trol the light so that in any specific direction 
a monochromatic beam is transmitted, other 
wave-lengths being damped out. 

Successive films act in support of each 
other, after the manner of resonators, and 
thus a much greater proportion of the light 
is emitted than would be reflected from a 
single unsupported film. (See note C). 

In conclusion we may summarize by say- 
ing that the colors are not caused by refilled 
ctacks (which would prove a cause of weak- 
ness. See reference 15), but apparently by 
incipient structural development of a crys- 
talline nature whose lattice constants are 
in mathematical harmony with the wave- 
lengths of the rays emitted. 
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PERSIAN TURQUOISE: THE ANCIENT TREASURE OF 


NEYSHABUR 


Bahareh Shirdam, Andy H. Shen, Mingxing Yang, Zahra Mokhtari, and Hamed Fazliani 


Figure 1. This gold ring with a phoenix motif features a Neyshabur turquoise (13 x 17 mm), with a 0.02 ct ruby on 
each side and diamond accents. Courtesy of Taktala Jewelry, Tehran. 


urquoise is an opaque, blue to green gem material 
that has been worn, used, and appreciated by dif- 
ferent civilizations for thousands of years. Originally 
called piruzeh in Persian, the gem has spiritual value 
in Persian culture is such that its name carries the 
meanings of victory, triumph, and prosperity. In Per- 
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sian literature, turquoise has been celebrated by 
poets, and various legends and beliefs are associated 
with it (Vinogradov et al., 1966). 

Archeological discoveries from the Deh Luran 
Plain in western Iran indicate that turquoise was first 
utilized around 7000 BCE (Hole et al., 1969). The 
quantity of turquoise artifacts discovered in burial 
sites suggests the importance of this mineral in this 
ancient civilization’s traditions. While the estimated 
age of these artifacts is valid, no scientific study has 
linked them to any specific deposit. 
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TABLE 1. Deh Luran Plain zones with evidence of turquoise ornaments. 


Period Chronology Zone Province 
7000 BCE Ali Kosh Ilam 
Neolithic 
6500 BCE Mohamad-Djaffar Ilam 


The Neyshabur (Latinized as Nishapour) deposit 
is known for yielding turquoise with unique color 
and quality. This production has historically been 
known as “Persian turquoise” (figure 1), yet Iran’s 
turquoise deposits were never limited to Neyshabur. 
Other important mines include the Baghu deposit in 
southern Semnan Province and the Shahr-i Babak de- 
posit in western Kerman Province, the latter of 
which was mentioned in Marco Polo’s Book of the 
Wonders of the World between 1390 and 1430 (Weis- 
gerber, 2004). 

Located in the Razavi Khorasan Province of 
northeastern Iran, 53 km from the city of Neyshabur, 
the Neyshabur mine has produced the majority of 
Iranian turquoise for more than a millennium. Yet in 
recent decades there have been claims that the mine 
is on the verge of closure, that its turquoise quality 
has diminished, or that it is running out of material. 
Such claims often carry enormous weight with con- 


sumers. After visiting the Neyshabur turquoise mine 
in 2020, a report was conducted on the current state 
of the mine. This article seeks to uncover the facts 
and offer objective insight on the current state of the 
Neyshabur turquoise mine. 

According to Hole et al. (1969), the earliest Persian 
turquoise artifacts were discovered in the Deh Luran 
Plain in western Iran. Radiocarbon dating suggests that 
turquoise beads found in burial sites from the Ali Kosh 
and Mohamad-Djaffar zones date back to 7000 BCE 
and 6500 BCE, respectively (table 1). 

These turquoise ornaments came in various 
forms such as beads, pendants, and piercings. The 
most interesting group of turquoise beads was asso- 
ciated with one of the burials from the Mohamad- 
Djaffar zone, where two beads and a piercing referred 
to as a labret were found (figure 2). The highly pol- 
ished beads were found near the neck, and the labret 
lay near the breastbone. 


Figure 2. A: Turquoise ornaments associated with a burial in the Mohamad-Djaffar zone. On the top and bottom 
are beads, possibly from a pendant, while the middle ornament is a piercing referred to as a labret. B: The position 
of the turquoise artifacts in the burial. C: An actual photo of the burial. These images from Hole et al. (1969) are 
used with permission of the University of Michigan Museum of Anthropological Archaeology. 
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Figure 3. A: Locations of Iran’s main turquoise mines. B: The 


Quchan-Sabzevar magmatic belt (Eshbak et al., 


2019). C: Geological map of the Neyshabur mine, 1:10000 scale (Ghiasvand et al., 2017). 


It should be noted that turquoise has not been 
known to occur in the Mohamad-Djaffar zone, which 
is part of the Ali Kosh historical site (figure 3A). The 
closest possible source is at least 900 km away. 


LOCAL GEOLOGY 

The Neyshabur turquoise mine is located at the far 
east end of the Quchan-Sabzevar magmatic arc (fig- 
ure 3B). This arc in northeastern Iran indicates a 
complex tectonic-magmatic evolution and is charac- 
terized by extensive magmatic activity with a range 
of geochemical signatures. Magmatic activities 
started there during the Cretaceous, peaking during 
the Eocene (40 Ma) and then continuing into the Plio- 
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Pleistocene (2, Ma). The volcanic and plutonic rocks 
of the arc can be divided into three groups (Spies et 
al., 1984), including Eocene intermediate igneous 
rocks, Oligocene acidic igneous rocks, and Miocene- 
Pleistocene alkaline basalts. 

Major rock units of the Neyshabur mine are di- 
vided into three groups: volcanic, subvolcanic intru- 
sions, and hydrothermal breccia (Ghiasvand et al., 
2017). Although the volcanic rocks of trachyte and 
andesite are most widespread in the area (figures 3C 
and 4), subvolcanic intrusions such as monzosyenite 
and monzodiorite have outcrops inside the mine. 
Primary minerals of volcanic and subvolcanic units 
include pyrite, magnetite, specularite, chalcopyrite, 
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Figure 4. A volcanic mass outcrop in the eastern part of Raish Mountain. The village of Ma’adan is visible in the 
center. Photo by B. Shirdam. 


and bornite. Secondary minerals are turquoise, chal- 
cocite, hematite, covellite, and goethite. 


THE NEYSHABUR TURQUOISE MINE 
Previously owned by various organizations, the 
Neyshabur turquoise mine became a cooperative in 
2003. It is currently owned by shareholders who are 
all residents of Olia and Sofla, the two parts of 
Ma’adan village (figure 4). Some of these shareholders 
work in the mine, while the rest manage businesses 
related to cutting or selling. 

The mine is located at Raish Mountain, where 
turquoise has been recovered for millennia. Tradi- 
tionally, wherever a turquoise vein was exposed on 
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the mountain surface and its value was recognized, 
the vein would be followed down into the ground by 
either strip mining or digging short tunnels. 
Another technique, deep-vein mining, was the 
most difficult and dangerous in centuries past. 
Whereas once only gold and silver were considered 
valuable enough to justify digging underground in 
other parts of the world, turquoise carried such im- 
portance in Persian culture that some deep shafts in 
the mountain date back many centuries. After a suit- 
able site was found, tunnels were excavated in the 
rock to remove the vein. Narrow vertical shafts were 
driven through the rock, widening out to horizontal 
galleries where the ore was found. Sometimes hori- 
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Figure 5. 3D image of Raish Mountain and the Neyshabur mine’s three principal tunnels. The compass arrow 


points north. From Google Earth. 


zontal adits! from a hillside were driven as well. 
Working below ground, the miners had to deal with 
the need for lighting and the dangers of poor ventila- 
tion. Some of these old mining operations are still 
standing, while others have collapsed. 

Today the Neyshabur turquoise mine consists of 
three active tunnels, shown in figure 5: Main, Dom, 
and Zahk. Each will be discussed separately. 


Main Tunnel. The Main tunnel consists of four major 
active tunnels: Chah Abdar’, Ardalani, Sabz*, and 
Rokub. Starting from the Main tunnel (main drift*) 
(figure 6), the first crosscut leads to the mine’s shaft 
and the downward path to Chah Abdar (figure 7). The 
shaft, a vertical passageway for ventilation and mate- 
rial transport, is equipped with a hoist and extends 80 
m underground. At regular intervals along the shaft, 
horizontal openings are driven toward turquoise layers 
that lie 11 levels® below the main drift. Chah Abdar is 
on the lowest level of the mine, reaching groundwater 
that leaks into the tunnel. The manway path for ac- 
cessing Chah Abdar is constructed of downward stairs 
(figure 8), ramps, and winzes’. 

The first and second access tunnels are called 
Ardalani and Sabz, respectively (figure 6). They have 
active stopes® and raises’ ascending to nine active 
floors, 30 m above the main drift. The raises are ex- 
cavated in the form of an inclined path or manway 
ladders (figure 9). The Main tunnel, more than 2 km 
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in length, is not only used as a transport drift but also 
has stopes on its path. The Rokub tunnel is actually 
part of the Main tunnel. It begins around 700 m from 
the tunnel’s entrance and covers such a large area 
that it has been divided into Rokub I and Rokub II 
(figure 7). 

One characteristic of the Neyshabur mine is the 
height variation of its tunnels. This is most obvious 
in the Main tunnel, which begins at 1.5 m high and 
gradually increases to 3 m or higher, where old stopes 
were excavated. 

The rock units exposed in the Main tunnel can 
be divided into volcanic units, hypabyssal intrusive 
rocks, and hydrothermal breccia (Ghiasvand et al., 
2.017). Volcanic rocks, including trachyandesite and 


‘Horizontal passages driven from the surface into the side of mountain. 
°The tunnel’s original Persian name, “Asli,” literally translates to 
“Main.” 

3Persian for “water well.” 

‘Persian for “green.” 


SAll horizontal or subhorizontal openings made in a mine are generi- 
cally known as “drift.” 

Horizontal openings on a working horizon in a mine. 

Vertical connections between different levels driven from an upper 
level downward. 

®Openings made in the process of extracting ore and minerals. 


Vertical connections between different levels driven from a lower 
level upward. 
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Figure 6. Schematic view showing part of the Neyshabur underground turquoise mine. 


andesite, occupy a large part of the Main tunnel. The 
texture of these bedrocks is porphyritic and their 
matrix is mainly fine-grained. Subvolcanic intrusive 
rocks with a combination of quartz monzosyenite 
porphyry and monzodiorite porphyry are exposed in 
the Sabz tunnel. The texture of these rocks is por- 
phyritic with a medium-grained matrix. 

A hydrothermal breccia unit is observed in the be- 
ginning of the Main tunnel and in the downward 
path to Chah Abdar (figure 6). The existence of dif- 
ferent geological units, host rocks, and elemental 
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anomalies causes variation in turquoise color and 
quality. For example, veins from the Sabz tunnel’s 
stope have a significant greenish color (figure 10], 
while turquoise from Ardalani’s upper level exhibit 
a blue color (figure 11). 


Dom Tunnel. This name is short for the Persian 
dovom, meaning it is the second tunnel. As shown 
in figure 12, Dom is located 70 m above the main 
tunnel. There are nine levels above and three levels 
below the Dom tunnel’s entrance level. 
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1. Ardalani tunnel 


2. Sabz tunnel Prospecting area 


3. Chah Abdar tunnel 
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Figure 8. The winze path down to the Chah Abdar 
tunnel. Photo by B. Shirdam. 


O Tunnel entrance 
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to level 1 (stairs) 
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: — 
CY A 100 m 


® Active stope 


Figure 7. In this map of the Main tunnel, A is the en- 
trance and B is the end of the tunnel. The compass 
arrow points north. 


The same geological units of the Main tunnel are 
observed in this one, though volcanic rocks and specif- 
ically andesite are more widespread. Subvolcanic in- 
trusive rocks are highly altered in this tunnel. 

Thick veins of turquoise (figure 13) were observed 
in the stopes, but most significant was the array of dif- 
ferently colored turquoise observed together (figure 14) stope. Photo by B. Shirdam. 
in the upper floors of the tunnel. Signs of older mining 
activities were observed in many places, where the 
roof was unusually high and later backfill of the stope While smaller than the Main and Zahk tunnels, 
had caused a slightly steep slope (figure 15). Dom is the most difficult to navigate. Even though we 
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Figure 13. Thick vein of turquoise from the Dom tun- Figure 14. An array of blue to green turquoise colors. 
nel. Photo by B. Shirdam. Photo by B. Shirdam. 


Figure 15. An old stope 
that has been back- 
filled to create a path 
for miners. Photo by R. 
Shirdam. 
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by B. Shirdam. 


were instructed many times before entering the mine 
to follow the lights to reach active stopes, Dom’s 
maze-like path sometimes caused serious confusion. 


Zahk Tunnel. Located in the northeastern part of the 
mine, the Zahk tunnel’s entrance is nearly 100 m 
above the Main tunnel (figure 12). While Zahk ap- 
pears smaller at the entrance than the Main and Dom 
tunnels, it has so many levels that it is divided into 
upper Zahk and lower Zahk. As the name indicates, 


Figure 17. Turquoise from the upper Zahk tunnel. 
Photo by B. Shirdam. 
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Figure 18. A turquoise vein from the lower Zahk 
tunnel. Photo by B. Shirdam. 


upper Zahk is applied to the 15 levels above the en- 
trance that have been excavated up in the mountain 
for more than 60 m. Lower Zahk (figure 16) consists 
of four levels below the tunnel’s entrance, with a 
depth of 20 m (again, see figure 12). Since lower Zahk 
is just above the Dom tunnel, its tailings are dumped 
down into the eastern wing of the Dom tunnel and 
then transported out of the mine. 

The upper levels of upper Zahk have the thickest 
turquoise veins of the entire mine (figure 17). Fine 
turquoise veins in the Neyshabur mine are usually 
around | to 2 cm thick but sometimes reach 4 cm 
thick in upper Zahk. Among the three tunnels, Zahk 
is currently twice as productive as the others. Visit- 
ing the stopes of lower Zahk, we observed that the 
vein color tended more toward blue (figure 18), while 
upper Zahk contained both blue and greenish blue 
turquoise (again, see figure 17). 

Volcanic rocks were again the primary bedrocks 
of the tunnel. Signs of silicic and argillic alterations 
were noticeable. 

The Neyshabur mine is essentially a work in 
progress, involving not only turquoise extraction but 
also its exploration. As observed in figure 7, the 
prospecting areas have been highlighted after geolog- 
ical and geochemical studies, and these are expected 
to expand the mine. Another tunnel not explained in 
this article, called “Khoraj,” is an exploration tunnel 
that is expected to be joined to the mine network in 
the future (figure 19). 


Mining. Due to the irregular distribution of turquoise 
veins, stope and pillar (figure 20B) is the main mining 
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the south of the mine, and it is expected to join the 
mine’s network below the Main tunnel. Photo by R. 
Farkhari. 


system applied in the Neyshabur mine. This is con- 
sidered a variant of the room-and-pillar system 
shown in figure 20A, with a notable difference in the 


location and order of pillars. Wherever turquoise 
veins are observed, a stope is excavated, leaving the 
mine’s untouched material working as pillars. When 
the stope’s roof contains numerous turquoise veins, 
Neyshabur’s stope-and-pillar system changes to cut 
and fill, in which the stope’s floor is filled with a 
layer of mine waste material. 

Stoping, the process required for extracting 
turquoise veins, is conducted by drilling and blasting. 
Every working day, after the miners have left, the 
drilling crew enters the tunnels, drilling blast holes 
inside the walls (figure 21). To minimize damage to 
turquoise veins, the number of blast holes is limited 
and their distance from the veins is controlled. As 
this is a primary deposit with hard host rocks, pneu- 
matic drilling is carried out using compressed air to 
drive a rotating percussion drill bit. The compressed 
air generated is distributed across the mine via an ex- 
tensive piping network (figure 22). 

After the drilling crew leaves the tunnels, the blast- 
ing crew begins their work, inserting predetermined 
amounts of explosives into the drill holes. After the 
mine’s complete evacuation, the blasting is carried out 
and the mine is left to ventilate blast fumes until the 
next morning. The next day, any wall or stope where 
work is to be performed is examined for cracks or 
other signs of stress or weakness. 


Ventilation. Ventilation in the mine is mostly natu- 
ral. As a result of centuries of traditional mining, 
many deep shafts and openings connect the moun- 
tain’s surface to the tunnels. The depth of these old 
shafts reaches to more than 80 m in some places. 
Due to the temperature difference between the 


Figure 20. Comparison of the more orderly room-and-pillar mining system (A) and the irregular distribution of the 


stope-and-pillar system used at Neyshabur (B). 


Pillar Room 


A 
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Note A: The colors of thin plates are 
produced by the cancellation of certain wave- 
lengths, leaving all the others operative — 
thus if yellow were obliterated we should 
see a mixture of those remaining — red, 
orange, green, blue and violet —a rather 
unpleasant tone, far from monochromatic 
and deficient in brightness, since all the yel- 
low is missing; these peculiar shades are 
typical of interference colors, but are never 
seen in precious opal. Here the white light 
is analysed by refraction and becomes pris- 
matic. Its monochromatic nature can be dem- 
onstrated experimentally, with the sodium, 
strontium or other flames. 


Note B; In order for precious opal to 
form, the following conditions appear 
necessary: — 


1. The ground waters must have lost all 
their soluble salts (NcC1, CaSO, etc.). 


2. The ground waters must contain soluble 
silicates, NagSi0g (colloidal). 


3. The surface waters must contribute an 
acid radicle, precipitating silica. 


4. Concentration of the solutions must be 
sufficient to develop a light mobile gel 
yet not so high as to produce excess 
silica (potch). 


5. The pH value of the initial sol must 
be suitable (pH5 — pH7). 


6. Temperature must be satisfactory. (40° 
— 60°F). 


7. Gelation must be extremely slow, im- 
plying impervious strata above. 


8. The development of the structure must 
accord with a suitable wave-length. 


Note C: Assuming that each film normally 
reflects to the front only 20% of the total 
light falling on it laterally, then we should 
get a nominal brilliance of 20%. But one 
film in support will increase this by a further 


16% (i.e. 20% of the 80% transmitted by 
the first) ; another film as an resonator will 
add a further 13% and a third a further 
10%, making a total of 59% reflected — 
three times as bright as the original 20%. 
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mountain’s surface and the mine, air flows through 
and creates natural ventilation. In the wintertime, it 
is colder outside the mine than inside. Warm air is 
lighter than cold, so the warm air rises through the 
shafts, drawing in fresh, cold air. In the summertime, 


a Figure 21. A drilling 
= crew prepares to dig a 
blast hole. Photo by M. 
Bakhshandeh Zahmati. 


the cool air in the mine settles, drawing in warm air 
through openings. 

After blasting, when the ventilation is not com- 
pleted by the next morning, portable ventilators are 
sometimes used to speed up the process. 


Figure 22. Compressed air tubes in the tunnels. Photo by R. Azizi. 
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Figure 23. In the stopes, the supervisor watches from above as the miners sort turquoise. Photos by B. Shirdam. 


Working Area. The miners work in groups, each of 
which is responsible for a stope. These groups usu- 
ally have three to five people (figure 23), plus a super- 
visor who oversees them as they sort, classify, and 
cob the extracted turquoise in situ. The turquoise is 
sorted and classified based on its color, quality, vein 
thickness, shape, and toughness and then placed in 
bags to be transported to the mine’s storeroom. 

Although waste rocks are removed through shafts 
and by wagons (figure 24), the turquoise bags are car- 
ried out by miners themselves to avoid any unnec- 
essary damage. All tunnels and their access drifts 
have rail tracks. Once the wagons are filled with 
waste rocks, they are hauled out by locomotive and 
sent to a dump. 


Figure 24, At the Dom tunnel’s entrance, the wagons are 
returned to the mine after emptying the waste. Photo by 
B. Shirdam. 
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TURQUOISE PRODUCTION 
Among Iran’s three main turquoise deposits, only 
the Neyshabur mine is dedicated to turquoise pro- 
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turquoise with the host rock attached (B), chalky turquoise (C), and turquoise chips (D). Photos by B. Shirdam. 


duction. Baghu turquoise is from the Kuh Zar mine, 
a gold and copper deposit, and Shahr-I Babak 
turquoise comes from the Meiduk mine, a porphyry 
copper deposit. The mining strategies at Kuh Zar 
and Meiduk are focused on the extraction of gold 
and copper, respectively, rather than turquoise. De- 
spite the fine color of Baghu turquoise, the Kuh Zar 
mine currently reports no official production of 
turquoise. On the other hand, the Meiduk open-pit 
mine is working with the Shahr-I Babak turquoise 
cooperative to manage the turquoise extracted in the 
process of copper mining. Open-pit mining has 
caused an unstable turquoise yield. When there is a 
turquoise vein on one of the horizontal levels known 
as benches, the mine can produce an average of three 
tons per month, but otherwise there could be no pro- 
duction for months. More information on the Kuh 
Zar and Meiduk mines will be published in subse- 
quent reports. 

With more than 200 workers, an average produc- 
tion of four tons of rough turquoise per month, and 
an annual production of 40 to 42 tons, Neyshabur is 
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Iran’s largest turquoise mine. Although the Main tun- 
nel is the largest, as shown in table 2, more than 70% 
of the mine’s turquoise comes from the Zahk tunnel. 


Mine to Market. Turquoise Quality. Rough turquoise 
from Neyshabur is classified into four categories based 
on color, porosity, shape, and size. 


Type I: Turquoise nuggets and slabs. Nuggets and 
slabs are the result of cavities and veins filled by 
turquoise. These are quite compact, usually flawless, 
and have been separated from the host rock during 
extraction (figure 25A). Nuggets and slabs display 
even color and can produce high-end finished 
turquoise. 

Color is divided into three grades according to sat- 
uration. The first grade offers the most vivid colors. 
A second grade, called “half color”! among locals, 
shows a less saturated blue and green compared to 


t’Nim rang” in Persian. 
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the first grade, while the third grade has a pale to 
white hue. It should be noted that the classification 
of turquoise color is a subjective matter and varies 
depending on trade, culture, fashion trends, supply, 
and personal opinion (Lowry and Lowry, 2010). These 
three color grades for type I turquoise apply for all 
rough turquoise categories. 


Type II: Turquoise with the host rock attached. 
Turquoise veins, slabs, and nuggets that are sold with 
the host rock attached fall into this category (figure 
25B). If the vein or seam is thick and carries an even 
and vivid color, it would easily rival the first grade of 
turquoise. A spiderweb pattern is the result of cut- 
ting this type of turquoise. 


Type III: Chalky turquoise. This comes in light to 
pale blue, green, and white colors and in various sizes 
(figure 25C). The material is porous and requires 
treatment. Depending on porosity and color, chalky 
turquoise undergoes a different process for stabilizing 
and color enhancement. 


Type IV: Turquoise chips. After sorting and packing 
the rough turquoise in bags, some small pieces are 
left that have been broken, either during extraction 
or transport (figure 25D). These pieces that vary in 
color and quality are sold as chips and often used for 
turquoise inlay (e.g., figure 29). 


It is important to mention that the Neyshabur 
mine does not apply any treatment and only sells the 
stones in their natural form. All treatments are ap- 
plied in lapidary and turquoise inlay workshops. 


Auctions. Whenever a certain amount of turquoise 
has been accumulated, the Neyshabur cooperative 
sends out a call for sale and holds an auction in the 
mine’s yard (figure 26). Bags of turquoise are brought 
out, and a base price is offered based on the general 


TABLE 2. Rough turquoise production of the 
Neyshabur mine in 2020. 


Tunnel Production (kg) 
Main 5,103 
Dom 6,884 
Zahk 30,315 
Total 42,302 
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Figure 26. A turquoise auction taking place in the 
mine’s yard. Photo courtesy of the Neyshabur 
turquoise mine cooperative. 


quality of the raw material. Finally, the auction be- 
gins, and each bag is sold to the highest bidder. The 
cooperative’s auctions are limited, usually holding 
three to four sessions per year. 

The main purchasers of turquoise at these auc- 
tions are lapidaries, jewelry companies, and gem- 
stone traders from Mashhad, Neyshabur, and 
Esfahan. Local lapidary workshops from Ma’adan vil- 
lage have access to a set share of rough turquoise an- 
nually that can be purchased at a lower price without 
participating in auctions. 


Turquoise Lapidary and Products. Although the art 
of cutting and polishing turquoise has a long history 
in Iran (Vidale and Lazzari, 2016; Hole et al., 1969), 
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Figure 27. Slabbing 
rough turquoise in a 
lapidary workshop in 
Mashhad. Photo by M. 
Bakhshandeh. 


the lapidary industry has grown in recent decades. cabochon cutting has always been standard, even in 
More than 300 lapidary workshops have been estab- _ recent jewelry designs (figure 28). 
lished in Ma’adan village and the city of Neyshabur. 

Mashhad, Tehran, Esfahan, and Neyshabur are 
the main centers for Iranian turquoise cutting, and 
they also have an active export market due to 
tourism and international flights. Most of the foreign 
clients are from Singapore, Kuwait, the United Arab 
Emirates, and Spain (Ahmadi et al., 2018). Yet it is 
important to mention that Iranian turquoise does not 
occupy a large portion of the global market. 

About 60% of the yield from Neyshabur requires 
treatment. Unless the slabs and veins are very thin, 
the first color grade of turquoise from categories I and 
II does not require any treatment and lends itself to 
cutting and polishing without enhancement (figure 
27). The second color grade may require treatment, 
depending on the cutter’s judgment. Chalky 
turquoise, on the other hand, will break unless it is 
stabilized. While the idea of wearing untreated 
turquoise may sound appealing, exposure to chemi- 
cals, oils, perfume, sweat, and even sunlight and heat 
can cause its color to change. As traders in Iran put 
it, the turquoise will “die.” 

Since turquoise is an opaque gemstone, the cut- 
ting styles are limited. While faceting is an option, 


Figure 28. Neyshabur turquoise (12 x 18 mm) with a 
spiderweb pattern and framed with diamond accents, 
set in gold. Courtesy of Taktala Jewelry, Tehran. 
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The mine also yields turquoise chips that are 
widely used in Iran for inlay. This handicraft, which 
originated in the city of Mashhad, is done by placing 
the chips in a mosaic pattern on the surface of plates, 
dishes, ornaments, decorative objects, and wall art 
(figure 29). 
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Figure 29. Turquoise 
inlay on copper handi- 
crafts housed in the 
Aghajani Gallery, 
Tehran. Photo by B. 
Shirdam. 
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CONCLUSIONS 

The site visit conducted in 2020 (figure 30) suggests 
that with three tunnels extracting an average of 40 tons 
per year, the mine is in fact quite active and still ex- 
panding. While turquoise evaluation is based on qual- 
ity rather than geographic origin, the vivid colors and 


Figure 30. Author B. 
Shirdam (in the back- 
ground) with miners in 
the Sabz tunnel. Photo 
by R. Shirdam. 
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untreated nature of cut turquoise from the Neyshabur 
mine have been often found alluring (figure 31). 
Despite the Neyshabur mine’s productivity and 
tradition, this turquoise has yet to find its place in 
the global market. It has been plagued by claims that 
the mine is closing. Also, the generic term “Persian 
turquoise” has been hindered by inconsistent quality 
and pricing standards, causing some customers to 
question the product. Although most turquoise in 
the global market is either stabilized or treated, Iran- 
ian traders insist on focusing on untreated turquoise. 


256  FieLD REPORT 


Figure 31. This Persian 
turquoise necklace de- 
signed by Suzanne 
Belperron, also shown 
on the cover of this 
issue, contains gradu- 
ated beads measuring 
6.3-14.68 mm and a 
diamond clasp. Photo 
by Robert Weldon/GIA; 
courtesy of Sima G. 
Ltd., New York. 


While the untreated version of the gemstone may be 
important to some customers, its high price, limited 
quantity, and sensitivity to chemicals are a drawback 
for others. In recent years many private companies 
in Iran have focused on treatment, improving the 
quality of second and third color grade material to 
produce commercial-quality turquoise for trading in 
the domestic and global market. 

With a cohesive marketing and pricing strategy, 
turquoise from Neyshabur and other Iranian mines 
could once again compete in the global market. 
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HPHT-Processed DIAMOND with 
Counterfeit GIA Inscription 

In June 2021, GIA’s Antwerp lab re- 
ceived a diamond treated by high pres- 
sure and high temperature (HPHT) 
that was falsely inscribed with a GIA 
report number referencing an un- 
treated diamond originally graded by 
GIA in 2010. The diamond was sub- 
mitted for Update service, in which a 
stone is matched to its previous report 
and regraded based on its current con- 
dition. Careful comparison of the dia- 
mond with its accompanying report 
number showed that the weight and 
grading parameters were very similar, 
but certain differences readily led to 
the conclusion that this was not the 
same stone. 

The HPHT-processed diamond was 
around brilliant weighing 1.497 ct and 
measuring 7.30-7.34 x 4.50 mm (figure 
1), while the original diamond weighed 
slightly more (1.502 ct) and measured 
7.29-7.34 x 4.56 mm. They had the 
same clarity (IF) and fluorescence 
(none) but different color grades (D for 
the original diamond, E for the HPHT- 
processed diamond). 

Additional conclusive differences 
were detected when the newly sub- 
mitted stone was further analyzed 
with advanced spectroscopic tech- 
niques. Whereas the diamond from 
2010 was type Ia, the submission from 
202.1 tested as type Ila. Photolumines- 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. Face-up view of the 
1.497 ct, E-color HPHT-processed 
diamond submitted in 2021 for 
update service. 


cence (PL) spectroscopy using various 
laser excitation wavelengths con- 
firmed a natural origin, but with color 
enhancement by HPHT treatment. 

In addition to a clearly fraudulent 
inscription (not pictured), microscopic 


Figure 2. Remnants of the origi- 
nal GIA report number could 
still be detected on the girdle of 
the diamond (in addition to the 
fraudulent inscription, which is 
not pictured). 
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examination of the girdle revealed 
remnants of an original GIA inscrip- 
tion (figure 2). Based on this informa- 
tion, we found that this 
HPHT-processed stone had already 
been submitted to GIA in 2013 but 
was repolished afterward in an at- 
tempt to obscure the original inscrip- 
tion. Our records showed that in 2013, 
the diamond was also inscribed with 
“BELLATAIRE” (indicating HPHT 
treatment), but this information had 
been removed from the girdle and the 
remnants were even less visible than 
the original GIA inscription. 

In addition to issuing a new report 
for this HPHT-treated diamond, GIA 
made the fraudulent inscription un- 
readable, according to standard proce- 
dure, and the stone was inscribed 
with “TREATED COLOR’ (figure 3). 

The Antwerp lab had recently re- 
ported a similar case of fraud, but that 
concerned a laboratory-grown dia- 
mond with a counterfeit inscription 
referencing a natural diamond (Sum- 


Figure 3. “TREATED COLOR” 
was inscribed on the girdle after 
spectroscopic analysis confirmed 
that the color of the stone was 
enhanced by HPHT treatment. 
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Figure 4. In this 1.93 ct double cat’s-eye emerald, the chatoyant bands in- 
dicated by yellow arrows are observed from different angles of lighting. 


mer 2021 Lab Notes, pp. 150-152). 
Both types of fraud are common in the 
marketplace and show the impor- 
tance of careful verification of not 
only a diamond’s growth method (nat- 
ural versus laboratory-grown) but also 
its color origin. 


Ellen Barrie, Sander Teuthof, and 
Sally Eaton-Magana 


EMERALD 


A Unique Double Cat’s-Eye Emerald 
Chatoyancy is generally produced by 
light reflection from numerous paral- 
lel needle-like inclusions or fibrous 
structures when a stone is skillfully 
fashioned as a cabochon. Stones such 
as emerald, chrysoberyl, and scapolite 


are known for the cat’s-eye effect (see 
Summer 2015 Gems News Interna- 
tional, pp. 200-201). Recently GIA’s 
Tokyo laboratory examined a unique 
green marquise double-cabochon 
stone, weighing 1.93 ct and measuring 
11.88 x 6.68 x 4.79 mm, that offered a 
particularly interesting example of 
chatoyancy (figure 4). 

This stone had a spot refractive 
index of 1.58 and a specific gravity of 
2.74, and standard gemological prop- 
erties indicated that it was emerald. 
The stone characteristically had a 
ridgeline and a high-dome structure 
(figure 5) containing numerous reflec- 
tive oriented needles and tubes (figure 
6) parallel to the width and perpendi- 
cular to the length of the stone. It was 
noteworthy that the light reflection 


Figure 5. Emerald cabochon fashioned with a high-dome structure and 
ridgeline. The width of the stone is 6.68 mm. 


Figure 6. Numerous parallel nee- 
dles and tubes causing chatoy- 
ancy. Field of view 1.75 mm. 


from the inclusions created two dis- 
tinct chatoyant bands along the 
length of the ridgeline (figure 4) under 
overhead light. These chatoyant 
bands were observed from different 
angles of lighting, as shown in figure 
4. This double cat’s-eye effect might 
result from a combination of face an- 
gles, inclusions, and the high-dome 
cabochon structure and ridgeline. 
Such an unusual cutting style could 
be responsible for creating this double 
cat’s-eye (figure 7). The principle of 
double cat’s-eye seen in this emerald 
is different from those of the dual- 
color double star effect rarely seen in 
ruby, sapphire, and quartz (e.g., K. 


Figure 7. The double cat’s-eye seen 
in the emerald results from the 
light reflection from oriented inclu- 
sions and the cutting style, as 
shown in this diagram. 


Light source 


Reflected light from 
inclusions causing 
double cat’s-eye 


Oriented inclusions 
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A Process 


for Hecovering 


Alluvial Diamonds 


by 


R. G. WEAVIND 
(Diamond Research Laboratory—]ohannesburg) 


Diamonds are found in kimberlite pipes 
which are of igneous origin, and also in 
alluvial deposits which are formed when 
the pipes are eroded by the action of wind 
and water. 

To recover the diamonds which occur in 
kimberlite is a comparatively simple mat- 
ter since it only requires the application of 
the diamond and kimberlite mixture to a 
sloping greased surface. The diamonds 
which are non-wettable adhere to the 
grease, while the kimberlite is washed 
away by a stream of water which is applied 
over the surface of the grease for that 
purpose. 

Alluvial diamonds, however, in many 
cases will not stick to grease. Their surfaces 
have become wettable due to the attach- 


ment of water soluble salts with which they 
have been in contact at some stage of their 
existence. Until recently, the only method 
evolved to recover the diamonds which do 
not adhere to grease, was to pick them by 
hand out of the gravels in which they oc- 
curred. This method is very inefficient, 
costly, and encourages theft. 

To overcome these difficulties, the prob- 
lem of recovering these diamonds efficiently 
was studied by the Diamond Research Lab- 
oratory. After some investigation, it was 
found that it is possible to alter the sur- 
face state of these diamonds from the wet- 
table to the non-wettable and thus render 
them recoverable‘on grease. This is accom- 
plished by treating the diamondiferous 
gravels, after suitable gravity concentration, 


WINTER 1953-54 


365 


Figure 8. Eleven semitranslucent to opaque green and brown fossilized 
shells. Most of these specimens show clear shell outlines with green emer- 


ald grains. 


Schmetzer et al., “Dual-color double 
stars in ruby, sapphire, and quartz: 
Cause and historical account,” Sum- 
mer 2015 GwG, pp. 112-143). This is 
a unique example of an unusual opti- 
cal effect due to the cutting style and 
inclusion scene. 


Makoto Miura 


Fossilized Shell Consisting of 
Emerald 
Fossilized shells can be replaced by 
various types of gemstones, such as 
quartz and chalcedony (Spring 2014 
Gem News International, p. 77), opal 
(A. Cody and D. Cody, The Opal 
Story: A Guidebook, Melbourne, 
2008), and demantoid garnet (Winter 
2013 Gem News International, pp. 
257-258). In rare cases, emerald may 
also participate in the petrification of 
the shell and form pseudomorphs. 
Recently, the Hong Kong labora- 
tory received 11 fossilized shells com- 
posed primarily of emerald, measuring 
13.00 x 8.20 x 6.16 mm to 24.54 x 16.72 
x 12.57 mm and weighing 3.22 to 20.63 
ct (figure 8). Most of them preserved 
the distinctive gastropod shell outlines, 
with different degrees of weathering. 
Under magnification, numerous small 
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light green to green anhedral emerald 
crystals contained very fine fluid inclu- 
sions associated with well-formed 
brassy pyrite grains (figure 9), which is 
one of the most common mineral in- 


clusions in Colombian emeralds (S. 
Saeseaw et al., “Geographic origin de- 
termination of emerald,” Winter 2019 
Gwe, pp. 614-646}. An X-ray radio- 
graph further revealed the spiral skele- 
ton of the shell and scattered pyrite 
crystals (figure 10). The polycrystalline 
emerald was deposited evenly through- 
out the specimens, indicating complete 
replacement. 

Fossilized gastropods were re- 
ported from the Matecaiia tunnel of 
the Gachala emerald mine in Colom- 
bia (P. Vuillet et al., “Les émeraudes de 
Gachala, Colombie,” Le Regne Min- 
eral, No. 46, July/August 2002, pp. 5- 
18). Gachala is not a principal emerald 
mining district but can produce high- 
quality material. (D. Fortaleche et al., 
“The Colombian emerald industry: 
Winds of change,” Fall 2017 GWG, pp. 
332-358). It is located on the Lower 
Cretaceous fossiliferous sedimentary 
rocks of the Eastern Cordillera Basin 
(B. Horton et al., “Construction of the 
Eastern Cordillera of Colombia: In- 
sights from the sedimentary record,” 
in J. Gomez and D. Mateus-Zabala, 
Eds., The Geology of Colombia, Chap- 


Figure 9. Well-formed pyrite is a common accessory mineral associated 
with Colombian emerald. Field of view 14 mm. 
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Figure 10. Clear shell structure and internal banding are shown in the X-ray 
radiograph (top left) of a fossilized shell measuring 22.06 x 14.85 x 10.32 
mm and weighing 14.89 ct (top right). Scattered pyrite crystals (yellow in 
the colorized image on the bottom left) are deposited in a fossilized shell 
measuring 13.91 x 11.89 x 9.32 mm and weighing 5.07 ct (bottom right). 


ter 3, Vol. 3, 2020, Servicio Geoldgico 
Colombiano, Publicaciones Geol6gi- 
cas Especiales 37, pp. 67-88), where 
pyrite and emerald crystallized during 
the circulation of hydrothermal min- 
eralizing fluids in black shales (G. 
Giuliani and L. Groat, “Geology of 
corundum and emerald gem de- 
posits,” Winter 2019 GwaG, pp. 464— 
489) and subsequently precipitated to 
form the fossilized shells. 


Ching Yin Sin and Xiaodan Jia 


GLASS Imitation of Star Sapphire 


The market for sapphire simulants 
and synthetics is plentiful, as sapphire 
is likely the most popular of all col- 
ored stones. The high cost of natural, 
gem-quality sapphire means it is not 
obtainable for much of the world’s 
population. This has opened the doors 
of creativity to produce blue stones 
with high luster resembling the natu- 


Las Notes 


ral material. Recently, the author ob- 
tained a parcel of blue cabochons with 
an unusual star pattern resembling 
star sapphire (figure 11). After a series 
of tests were performed, the material 
was identified as manufactured glass. 

Gemological investigation re- 
vealed an average specific gravity of 
2.46 and a refractive index of 1.40. 
The cabochons were inert to long- 
wave ultraviolet radiation but exhib- 
ited strong chalky blue fluorescence 
under short-wave ultraviolet radia- 
tion. Observation under a microscope 
revealed gas bubbles shallow to the 
surface within the blue regions of the 
stones and small conchoidal fractures 
along the girdles. One cabochon was 
cut in half vertically for further scien- 
tific investigation (figure 12). This 
cross section uncovered a large core of 
white glass raised to the surface of the 
dome in a star pattern. Flow lines 
were also visible within the white 
glass core. Finally, a thin layer of blue 
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Figure 11. Glass cabochons with 
weights ranging from 0.47 to 1.29 
ct were obtained by the author. 
The stones displayed white six- 
ray stars across their domes, re- 
sembling star sapphire. 


glass around the perimeter of the 
cabochon was seen in the cross sec- 
tion, creating the bodycolor of the 
stone (again, see figure 12). 

Asterism is an optical phenome- 
non that can be defined as a star- 
shaped concentration of reflected or 
refracted light from inclusions within 
a gemstone cut en cabochon. Genuine 
asterism is also mobile if the stone 
and/or light source is moved. These 


Figure 12. A vertical cross section 
of the glass cabochon showcases 
the internal structure and diag- 
nostic flow lines imitating star 
sapphire. 
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Figure 13. These 10 CVD-grown diamonds submitted to the New York laboratory were fairly large (2.24 ct to 5.90 
ct) with high color grades (D to F) and excellent clarity (VVS, to VS,). 


glass imitation star sapphires, how- 
ever, do not exhibit genuine asterism, 
as their stars were simply molded into 
shape and are fixed in place. 

Glass imitations span the gamut 
of gemstones. Faceted transparent col- 
orless glass is one of the oldest and 
simplest diamond simulants. Glass 
beads coated with pearlescent paint 
are a common pearl imitation, and 
colored glass of various opacities is ca- 
pable of imitating almost any colored 
gemstone. Recent GWG articles on 
colored stone imitations include “ Ar- 
tificial glass imitating a Paraiba tour- 
maline” (Winter 2020 Lab Notes, pp. 
518-520), “Greenish blue glass imi- 
tating gem silica” (Summer 2020 
Gem News International, pp. 314— 
315), and “Glass bangles” imitating 
jadeite and nephrite (Spring 2019 Lab 
Notes, pp. 93-94). 


Britni LeCroy 


LABORATORY-GROWN DIAMONDS 


New CVD Material Submitted for 
Analysis 

Since the introduction of its new digi- 
tal Laboratory-Grown Diamond serv- 
ice, GIA has recently seen a vast 
increase in the number of diamonds 
grown by chemical vapor deposition 
(CVD). These are often large and of ex- 
ceptional clarity. The New York labo- 
ratory recently examined a batch of 10 
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large, high-quality CVD-grown dia- 
monds from a single client, Shanghai 
Zhengshi Technology. The diamonds 
ranged from 2.24 ct to 5.90 ct and 
came in a variety of fancy shapes, as 
well as the standard round brilliant 
cut. All of them had high color grades, 
ranging from D to F, and excellent 
clarity, with grades between VVS, and 
VS, (figure 13). 

The diamonds were all identified 
as type Ila using Fourier-transform in- 
frared (FTIR) spectroscopy, with the 
3123 cm peak that is attributed to 


most as-grown CVD synthetics and 
the 3017 cm peak that can be found 
in treated CVD synthetics both no- 
tably absent from their spectra. PL 
spectroscopy using a 514 nm laser re- 
vealed SiV (737 nm], NV- (637 nm}, 
and NV° (575 nm) centers in all of the 
diamonds. Also observed was the 
596/597 nm doublet, a feature com- 
monly seen in as-grown CVD diamond 
indicating no treatment was applied 
(figure 14) (S. Odake, “Melee dia- 
monds: Metal defects and treated 
color,” Fall 2018 GWG, p. 304). 


Figure 14. PL spectrum showing the 596/597 nm doublet observed in an 


as-grown CVD diamond. 
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Figure 15. Each CVD-grown diamond showed a strong birefringence pat- 
tern displaying many interference colors. The pattern is not disrupted by 
the presence of pinpoint inclusions in the diamonds. Field of view 19.27 

mm (left) and 1.26 mm (right). 


The diamonds showed strong bire- 
fringence when viewed under cross- 
polarized light, exhibiting both low 
and high interference colors (figure 
15). DiamondView imaging revealed 
mostly blue, purple, or pink fluores- 
cence, with blue-violet dislocations 
that were clearly observed in all of the 
diamonds tested. More notable was 
the absence of the striations com- 
monly seen in CVD diamonds, which 
indicate start-stop growth and chang- 
ing growth conditions (figure 16). The 
absence of striations implies that 
these diamonds might have been 
grown in one continuous step—the 
fact that the dislocations appear to be 
homogenous and uninterrupted sup- 
ports this theory. 

This group of lab-grown diamonds 
possessed high clarity and high color 
for as-grown material, demonstrating 
the potential for large lab-grown dia- 
monds to make large inroads in the 


gem diamond market. With continu- 
ing improvements to growth technol- 
ogy, lab-grown diamond identification 
faces many challenges. While large 
batches of CVD synthetics from dif- 
ferent manufacturers have been doc- 
umented by GIA in the past (e.g., W. 
Wang et al., “CVD synthetic dia- 
monds from Gemesis Corp.,” Sum- 
mer 2012 GwG, pp. 80-97), this set 
offers insight into potential new CVD 
growth conditions for CVD synthetic 
diamonds. 


Elina Myagkaya and Paul Johnson 


Laboratory-Grown Diamond with 
Internal Laser Markings 

With the recent influx of laboratory- 
grown diamonds into the market and 
to aid consumer awareness of dia- 
mond origin, manufacturers are often 
marking their laboratory-created dia- 


Figure 16. DiamondView imaging revealed homogenous, unbroken dis- 
locations without the distinct banding that is common in CVD-grown 


diamonds. 


Figure 17. The 2.44 ct pear-cut 
CVD-grown diamond with inter- 
nal spiral markings. 


monds using internal inscriptions. 
The New York laboratory recently ex- 
amined a 2.44 ct pear-shaped CVD 
(chemical vapor deposition) grown 
diamond with unusual internal spiral 
markings (figure 17). 

The three spiral markings were 
black and all in the same plane (i.e., at 
the same depth). The line thickness of 
these markings was about 40 microns 
(figure 18), whereas laser inscriptions 
are generally less than 20 microns. It 
was suspected that these markings 
were created by accidental laser dam- 


Figure 18. Micro image of the 
largest spiral marking; the line 
thickness is 40 microns. 
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Figure 19. These four non-nacreous pink and light pink pearls submitted for identification weighed (left to right) 
1.30, 2.88, 4.41, and 5.88 ct. 


age rather than laser inscription. 
Raman mapping of the surface above 
the markings revealed a much broader 
diamond Raman peak compared to 
the rest of the crystal. This is the re- 
sult of laser damage to the crystal lat- 
tice. Further Raman mapping using 
confocal settings identified a graphite 
peak at about 1620 cm". This offered 
proof that a laser, graphitizing the di- 
amond, had created the markings. 

The “inclusions” likely resulted 
from the laser marking the surface; 
this is done to provide a template to 
guide the polisher in producing the 
final shape. The intent would have 
been to score the surface; however, 
the laser appeared to have been inad- 
vertently focused below the surface, 
resulting in the unusual internal 
markings. 

As the markings are internal and 
graphitized, they are considered clar- 
ity features. The clarity grade was de- 
termined to be SI, followed by a 
report comment stating, “Clarity 
grade is based on manufacturing rem- 
nants that are not shown.” 


Paul Johnson, Stephanie Persaud, 
and Cori Bulgrin 
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Dyed Non-Nacreous PEARLS 


Recently, 90 items purported to be 
pearls were submitted to GIA’s 
Bangkok laboratory for identifica- 
tion. While the majority were con- 
firmed to be natural pearls, four 
samples warranted further study. 
Each of these four samples exhibited 
a non-nacreous surface, and on first 
impression they appeared to be 
conch pearls owing to their pink and 
light pink coloration. Their measure- 
ments ranged from 6.53 x 5.11 x 4.92 
mm to 10.64 x 10.46 x 7.28 mm, and 
they weighed 1.30, 2.88, 4.41, and 
5.88 ct, respectively (figure 19). 


Observation through a 10x loupe 
and a microscope revealed that the 
samples were non-nacreous pearls. 
However, it was also readily apparent 
that the colors had been modified and 
were not natural. The 1.30 ct pearl ex- 
hibited the flame-like structure rou- 
tinely observed in pearls such as 
conch, but the obvious red dye visible 
over the entire surface made it diffi- 
cult to determine whether the flame 
structure was really present (figure 
20A). The 2.88 ct pearl displayed a 
subtle flame structure, and some pink 
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dye was visible on the surface and 
within many surface blemishes (fig- 
ure 20B). Some surface areas of the 
4.41 ct pearl showed the original 
bodycolor (figure 20C), but much of 
the surface showed the same dye fea- 
tures seen in the previous two pearls. 
Finally, the 5.88 ct pearl exhibited a 
nice flame pattern throughout, with 
some surface areas on the base and 
circumference modified by working 
(The Pearl Book, CIBJO Pearl Com- 
mission, 2020; N. Nilpetploy et al., 
“A study on improving the surface ap- 
pearance of low-quality Pinctada 
maxima bead cultured pearls,” GIA 
Research News, March 24, 2021). 


The color origin of this pearl was 
a little more challenging to identify 
because most areas were a lighter 
color, and as a result, the color modi- 
fication evidence was harder to see 
with the unaided eye. However, mag- 
nification revealed pink dye concen- 
trations within cracks on the base and 
in some surface-reaching structural 
features (figure 20D). Real-time micro- 
radiography (RTX) revealed a variety 
of structures within the pearls. The 
organic-rich and void features ob- 
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Figure 20. A: Red dye visible within surface-reaching features of the 1.30 
ct pearl; field of view 3.60 mm. B: Red dye concentrated in and around 
surface-reaching features of the 2.88 ct pearl; field of view 2.88 mm. C: An 
underlying white area where the red dye did not cause discoloration of 
the 4.41 ct pearl. Flame structure is evident in the white area; field of 
view 7.20 mm. D: Clear flame structure with areas of pink dye concen- 
trated in the surface features of the 5.88 ct pearl; field of view 7.20 mm. 


served could be interpreted as charac- 
teristic of some non-bead cultured 
pearls. While they may be considered 
suspect, similar features have been 
observed in natural non-nacreous 
pearls (E. Fritsch and E.B. Mi- 
siorowski, “The history and gemol- 
ogy of Queen conch ‘pearls’,” Winter 
1987 G&G, pp. 208-221; S. Singbam- 
roong et al., “Observations on natural 
non-nacreous pearls reportedly from 
Tridacna (clam) species),” 34th Inter- 
national Gemmological Conference, 
Vilnius, Lithuania, 2015; Summer 
2018 Lab Notes, pp. 211-212). To 
date, there have been no reports of 
any commercially produced non- 
nacreous cultured pearls in the mar- 
ket. Thus, based on __ surface 
observations and their internal struc- 
tures, they were identified as treated- 
color natural non-nacreous pearls. 


Further examination under long- 
wave ultraviolet radiation showed a 
weak to moderate red reaction over 
the colored areas, while the white 
area on the 4.41 ct pearl and the 
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lighter-colored areas on the 5.88 ct 
pearl exhibited bluish reactions of 
moderate to strong intensity. Ultravi- 
olet-visible (UV-Vis) reflectance spec- 
tra revealed absorption features 


expected for pink pearls in the visible 
range, but the absorption patterns dif- 
fered from those typical of naturally 
colored conch pearls. Raman spectra 
collected using a 514 nm laser re- 
vealed peaks (doublet) related to the 
vibration modes of aragonite at 702 
and 705 cm:'. All of the pearls showed 
additional weak peaks at 485, 640, 
and 827 cm and less-defined features 
between 1000 and 1700 cm. How- 
ever, none were associated with the 
polyenic peaks observed in most nat- 
urally colored non-nacreous pearls 
(Summer 2017 Lab Notes, pp. 230- 
231; Summer 2018 Lab Notes, pp. 
211-212). The photoluminescence 
spectra also differed from those ex- 
pected for naturally colored pink 
conch pearls and lacked the obvious 
polyenic peaks routinely observed in 
such pearls (figure 2.1). 

Surface observation using the 
loupe and microscope combined with 
the results obtained from advanced 
analyses on the colored surface areas 
led us to conclude that the colors of 
the four pearls had been modified. 
While this is not so surprising when 
it comes to nacreous pearls, it is, from 
the author's experience, more unusual 
to encounter color-modified natural 
non-nacreous pearls. Since these sam- 


Figure 21. Photoluminescence spectra of the four pearls together with the 
spectrum of a pink conch pearl from GIA’s reference database. The spectra 
of the treated pearls differ from that of the conch pearl, which shows a se- 
ties of very clear polyenic peaks. These peaks are characteristic of many 


naturally colored porcelaneous pearls. 
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ples appeared visually similar to 
conch pearls, we can speculate that 
the original white or lightly colored 
pearls were dyed pink to imitate those 
produced by the Queen conch mol- 
lusk (Lobatus gigas, formerly known 
as Strombus gigas). This would make 
sense based on consumer demand in 
the market. However, the exact rea- 
son for treating these particular sam- 
ples is unknown. 


Areeya Manustrong 


ZIRCON with Unusual 
Color-Change Behavior 

The Carlsbad laboratory recently had 
the chance to examine a 4.60 ct cush- 
ion-cut zircon with truly unusual 
color behavior. Standard gemological 
testing confirmed that the stone’s 
properties were consistent with zir- 
con: an over-the-limit RI, an SG of 
4.72, weak yellow fluorescence in 
short-wave UV and no fluorescence in 
long-wave UV, and a typical uranium- 
related pattern in the spectroscope 
with a prominent sharp peak at 653 
nm. The zircon’s color was green 
using a standard white light fluores- 
cent illuminant with a color temper- 
ature of 5500 K (figure 22). The stone’s 
color was also checked using a stan- 
dard incandescent illuminant, but 
there was no discernible difference 
from the cool fluorescent illuminant 
(table 1). However, the color of the zir- 
con was markedly different using 
white light LEDs with variable color 
temperature from 2700 K (warm) to 
6500 K (cool), where the color went 
from grayish purple in cool LED light 
to green in warm LED light (figure 
23). Notably, the color observed in the 
cool LED light was quite similar to 
the color seen when the stone was 
taken outside and observed in diffused 
daylight. 

The discrepancy between the col- 
ors seen using the cool fluorescent il- 
luminant (green) and either daylight 
or the cool LED illuminant (grayish 
purple) can be understood by studying 
the absorption spectrum of the zircon 
compared to the emission spectrum 
of the cool fluorescent bulb (figure 2.4). 
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TABLE 1. Color behavior of the color-change zircon under different 


illuminants. 


Iluminant 


Observed color 


Incandescent (2700 K) 


Daylight (overcast afternoon, Carlsbad, Calif.) 


Cool fluorescent (6500 K) 


Warm LED (2700 k) 


Cool LED (6500 Kk) 


Green 
Grayish purple 
Green 


Green 


Grayish purple 


Figure 22. The color of the 4.60 ct zircon is shown in standard cool fluores- 
cent illumination (left) and in warm (2700 K) LED illumination (right). 
There was little difference in bodycolor when viewed under the two light 


Sources. 


The perception of cool white light 
output from the fluorescent bulb is 
achieved with two relatively sharp 
emission bands at about 435 nm and 
545 nm, which is in contrast to the 


much smoother broad-band emission 
pattern of true daylight. One of the 
sharp emission bands in the fluores- 
cent illuminant overlaps significantly 
with sharp absorption bands in the 


Figure 23. The color of the 4.60 ct zircon is shown in LED illumination 
with cool white light at 6500 K (left) and in warm white light at 2700 K 


(right). 
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Figure 24. The visible absorption spectrum of the color-change zircon (top) 
compared to the emission spectrum of a standard cool (6500 K) fluores- 
cent illuminant showing the overlap of sharp emission bands from the flu- 
orescent light and sharp absorption bands in the absorption spectrum 
(dashed line). Also shown is the emission spectrum of the cool (6500 K) 
LED used in the lab for color grading at GIA. 


zircon at 424 and 433 nm. The fact 
that a significant portion of the blue 
emission from the fluorescent bulb is 
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selectively absorbed by the zircon 
skews its color away from the blue 
color that ought to be observed in true 
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daylight. This blue can also be ob- 
served using cool LEDs, which tend to 
have smoother broad emission pat- 
terns more closely resembling black- 
body radiation patterns of true 
daylight and incandescent light. This 
unusual color-change behavior is only 
expected in gems with sharp absorp- 
tion bands, likely related to either rare 
earth or actinide elements. Of partic- 
ular note, these color-change zircons 
are occasionally recovered from the 
gem mining areas around Mogok, 
Myanmar. For these gems, LEDs 
should provide a more reliable color 
grading illumination environment 
than fluorescent light sources. 


Aaron Palke 
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Apatite in Blue Sapphire 


One of the beauties of working with gemstones is that each 
time you peer into a stone, you get a glimpse of the universe 
held within. When we first examined the scene from figure 
1 ina star sapphire, we were delighted with the view. A fea- 
ture that immediately stands out is the triangular crystal, 
which displays terraced growth features and iridescence on 
the surface when illuminated with a fiber-optic light. Analy- 
sis with micro Raman revealed that this crystal is apatite. 

What makes the scene even more stunning is the way 
the crystal seems to float over a cloud of rutile silk. This 
same silk is what creates asterism in the stone. 

While in this case the apatite crystal resides in a sap- 
phire from Sri Lanka, apatite has also been reported in 
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corundum from a variety of sources, including 
Afghanistan, Cambodia, Madagascar, Myanmar, Nigeria, 
Pakistan, Tanzania, Thailand, the United States, and 
Vietnam. 

Apatite can be found not only in ruby and sapphire 
from different origins, but also in many other types of 
gems. In our laboratory, we have encountered apatite in- 
clusions in emerald, spinel, and garnet. 

Apatite is a relatively common mineral, so it is not 
surprising to find it so often as an inclusion. Although it 
may occur frequently, in this instance it is anything but 
mundane. 


E. Billie Hughes 
Lotus Gemology, Bangkok 


Figure 1. An apatite 
crystal is suspended 
over a cloud of rutile 
silk in this untreated 
star sapphire. Photo- 
micrograph by E. Billie 
Hughes; field of view 6 
mm. 
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Figure 2. This natural 2.01 ct Fancy Light brownish 
greenish yellow diamond octahedron was faceted to 
highlight an octahedral-shaped cloud inclusion. 
Photo by Nathan Renfro. 


Faceted Octahedral Diamond with 
Octahedral-Shaped Inclusion 


Recently, the authors examined a 2.01 ct faceted diamond 
octahedron (6.28 x 5.98 x 7.14 mm) with a Fancy Light 
brownish greenish yellow color grade that showed a dis- 
tinctive internal appearance (figure 2). Microscopic exam- 
ination revealed an octahedral-shaped inclusion scene 
composed of minute inclusions and clouds. The faceting 
arrangement of the diamond was likely meant to high- 
light the octahedron. Viewed from one perspective, the 
hexagonal facet shows the internal octahedron in such a 
way that the inclusion scene resembles a six-pointed star 
(e.g., figure 3; see the video at https://www.gia.edu/gems- 
gemology/fall-2021-microworld-diamond-octahedral- 
inclusion). Similar octahedral-shaped inclusions have 
been encountered before in natural diamonds (Winter 
2015 Lab Notes, pp. 428-429; Spring 2011 Lab Notes, pp. 
50-52). 

Oftentimes, such symmetrical clouds are dark-colored 
or gray (W. Wang and W. Mayerson, “Symmetrical clouds 
in diamond—The hydrogen connection,” Journal of Gem- 
mology, Vol. 28, No. 3, 2002, pp. 143-152). These can also 


About the banner: This sunstone from Tanzania contains numerous 
platelets of hematite that are responsible for the aventurescence in this 
phenomenal gem. Photomicrograph by Nathan Rentro; field of view ap- 
proximately 5 mm. 
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Figure 3. The faceting pattern for this diamond in- 
cludes four hexagonal facets that provide a win- 
dow of the octahedral-shaped inclusion. From this 
viewing angle, the octahedron resembles a six- 
pointed star. Photomicrograph by Nathan Renfro; 
field of view 4.69 mm. 


contain evidence of hydrogen, nickel-related defects, or 
graphite (S. Eaton-Magana et al., “Inclusion and point de- 
fect characteristics of Marange,” Diamond and Related 
Materials, Vol. 71, 2016, pp. 20-29). At higher magnifica- 
tion, the individual inclusions that combine to create the 
cloud can be seen (figure 4). 

The cloud inclusion resulted in an SI, clarity grade. The 
diamond exhibited no fluorescence to long-wave UV and 
blue N3-related fluorescence within the diamond when ex- 


Figure 4. This detail of one of the octahedron’s ver- 
tices indicates that the cloud comprises small inclu- 
sions. The portion of the octahedral cloud closest to 
the vertex within this image has a depth of approxi- 
mately 1.8 mm below the hexagonal-shaped facet. 
Photomicrograph by Sally Eaton-Magana; field of 
view 1.50 mm. 
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with a solution of Oleic acid in water which 
is made alkaline with caustic soda. By reg- 
ulating the time of application and the 
strength of the solution, it can be arranged 
that mainly the diamonds present in the 
concentrate are affected, the surfaces of the 
gravel particles do not become non-wettable 
to any great extent and consequently do not 
stick to the grease when the treated mix- 
ture is applied in the ordinary way. 


There is, however, one disadvantage to 
this method of treating the diamonds. The 
dust which is always present with the gravel 
is rendered water repellent to some extent 
by the Oleic acid solution and rapidly coats 
the surface of the grease to which the dia- 
mondiferous mixture is applied. When this 
happens, the diamonds in the mixture are 
prevented from coming into contact with 
the grease and consequently will not stick. 
No separation is then possible. It is, unfor- 
tunately, not possible to wash the dust out 
of the gravel before treatment. 


To overcome this difficulty caused by the 
dust it was necessary to devise a machine 
that was capable of continuously producing 
a fresh grease surface. The machine is 
known as a ‘grease belt.” 


The grease belt which was developed at 
the Diamond Research Laboratory consists 
of an endless rubber belt, two feet wide, 
which is mounted on two drums about 
seven feet apart. The belt travels across a 
flat table, which provides the necessary sup- 
port for the section of the belt between the 
two drums. The upper surface of the belt 
is covered with a layer of grease. 


The belt is driven by a 4 hop. electric 
motor geared to one of the drums and the 
belt moves at a speed of 14 feet a minute. 


The whole unit is mounted in a steel 
framework so that the transverse axis of 
the belt is inclined at about 14 degrees to 
the horizontal. The longitudinal axis of 
the belt is arranged at right angles to the 
direction of the flow of gravel. 


At one end of the belt is a box to hold 
the grease to be applied to the belt sur- 
face. A weighted piston in the box forces 
the grease through the box and on to the 
belt. Before coming into contact with the 
belt, however, the grease is warmed by elcc- 
trical heating elements which are placed at 
the bottom of the box. This ensures that 
the grease in the box is softer than that on 
the belt, and can thus be applied to pro- 
duce a perfectly even and smooth surface 
of grease. 

An  electrically-heated scraper is placed 
at the opposite end of the belt, and is ad- 
justed so that the edge of the scraper just 
touches the surface of the grease on the 
belt. As the belt turns, the scraper removes 
the diamonds and anything else that ad- 
heres to the grease. Any grease that is 
removed by the scraper is replaced from the 
box as the belt rotates. 

After treatment with the Oleic acid so- 
lution the diamondiferous gravels are 
dropped from a height of a few inches on 
to the surface of the grease belt. A stream 
of water flows over the grease and washes 
the wettable gravel particles away. The 
treated diamonds stick to the grease, and 
are taken out of the water stream by the 
sideways rotation of the belt. As they reach 
the scraper, the diamonds drop off into a 
receptacle, which stands in a tank of boiling 
water. The boiling water removes any 
grease that adheres to the diamonds; and 
the diamonds are taken periodically from 
the receptacle. 

The grease belts and the chemical process 
are used to treat the larger sizes of the 
gravel on one of the alluvial mines in Af- 
rica, and the process is shortly to be in- 
stalled at another mine. After more than 
a yeat’s operation, continuous and careful 
sampling of the plant tailings has revealed 
that more than 99 per cent of the diamonds 
have been recovered by this method. 
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Figure 5. Left: This false-color PL map was compiled from thousands of spectra (each pixel is 15 microns in size) 
and plots the intensity of a peak centered at 694 nm (associated with nickel and often seen in hydrogen clouds). 
The detection of this peak corresponds well with the hydrogen cloud. The data were collected with 532 nm excita- 
tion at liquid nitrogen temperature, and the peak intensity is normalized by ratioing to the diamond Raman peak. 
Right: These two spectra were collected from a “red” and “blue” portion of the PL map. The diamond Raman 
areas are scaled equally. The cloud inclusions indicated elevated concentrations of peaks that include those at 694 
and 700.5 nm; outside of the inclusion, there are increased concentrations of NV- at 637 nm. 


posed to the deep UV within the DiamondView. The cloud 
inclusion itself showed no distinctive fluorescence com- 
pared to the rest of the diamond. The IR absorption spec- 
trum indicated the presence of strong nitrogen aggregates 
and a strong hydrogen peak at 3107 cm associated with 
the N,VH defect. The visible/near-infrared absorption spec- 
trum contained typical cape features and a hydrogen-re- 
lated band at 835 nm. The hydrogen features detected in 
the IR and Vis-NIR absorption spectra correspond with the 
presence of the octahedral cloud inclusion. 
Spectroscopically, the most interesting results came 
from photoluminescence (PL) mapping of the octahedral- 
shaped cloud inclusion. This was performed at liquid ni- 
trogen temperature using 532 and 455 nm excitations. 
Using 532 nm excitation, we saw elevated concentrations 
of peaks at 694 and 700.5 nm within the cloud inclusion 
(figure 5). The elevated concentrations of these peaks are 
consistent with previously characterized hydrogen clouds 
(e.g., Fall 2020 Lab Notes, pp. 416-419). The 694 and 700.5 
nm peaks are ascribed to nickel and are often seen in hy- 
drogen-rich diamonds (K. Iakoubovskii and G.J. Adri- 
aenssens, “Optical characterization of natural Argyle 
diamonds,” Diamond and Related Materials, Vol. 11, No. 
1, 2002, pp. 125-131). In the 455 nm PL mapping, a nickel- 
nitrogen-related defect at 496.7 nm called the S3 center (T. 
Hainschwang et al., “The Rhodesian Star: An exceptional 
asteriated diamond,” Journal of Gemmology, Vol. 34, No. 
4, 2014, pp. 306-315) was also detected within the cloud. 
Outside of the inclusion, we detected higher concentra- 
tions of the NV- defect (principal emission at 637 nm). 
While the faceting pattern dramatically highlights the 
octahedral-shaped inclusion to resemble a six-pointed star, 
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the cloud is not confined to a narrow focal plane as it might 
appear in figures 2 and 3. Instead, the cloud spans through- 
out much of the volume of the faceted stone. Creative 
faceting by the polisher provides a unique perspective on 
the cloud inclusion that makes this unusual diamond even 
more memorable. 


Sally Eaton-Magana and Nathan Renfro 
GIA, Carlsbad 


Alpesh Vavadiya 
GIA, Mumbai 


Hematite “Rose” Inclusion in Aquamarine 


Recently, a 23.67 ct pear cabochon aquamarine with light 
greenish blue color and poor clarity was sent to the Taiwan 
Union Lab of Gem Research (TULAB) for identification. 
Microscopic observation of this aquamarine from the basal 
direction showed a number of negative crystals and black 
to brown hematite, confirmed by Raman spectroscopy. 
Hematite inclusions in gems usually appear in shapes such 
as flaky, striped, dendritic, or filamentous. Yet the hematite 
inclusions in this aquamarine seem to resemble a rose blos- 
som composed of mathematical fractals (figure 6). It is 
worth mentioning that the rose form of hematite is com- 
mon in hand specimens but rarely seen as inclusions. Pho- 
tomicrography with brightfield illumination reveals this 
unique inclusion that shares a dash of science and romance. 
Shu-Hong Lin 

Institute of Earth Sciences, 

National Taiwan Ocean University 

Taiwan Union Lab of Gem Research, Taipei 
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Parisite Crystals in a Colombian Emerald 


The author recently examined a 1.21 ct transparent faceted 
emerald. Gemological observation and chemical and spec- 
troscopic analysis indicated that this natural emerald orig- 


Figure 7. Parisite crystals in an emerald from 
Colombia, shown under oblique fiber-optic illumi- 
nation. Photomicrograph by Kyaw Thu; field of 
view 0.125 mm. 
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Figure 6. The aquama- 
rine cabochon showed 
a fractal-like hematite 
inclusion with the 
beautiful outline of a 
rose. Photomicrograph 
by Shu-Hong Lin; field 
of view 0.64 mm. 


inated from Colombia. Moreover, microscopic examination 
with a combination of oblique fiber-optic and darkfield il- 
lumination presented the classic jigsaw pattern with a 
three-phase inclusion; this type of primary fluid inclusion 
is relatively common in Colombian emeralds. Interestingly, 
oblique fiber-optic illumination detected some colorless 
transparent crystal inclusions surrounded by fluid, as seen 
in figure 7. 

Raman microspectrometry analysis of the well-formed 
prismatic crystals indicated that the unusual fluorocarbon- 
ate minerals were parisite. These very rare parisite mineral 
inclusions have been found only in emeralds from the 
Muzo mine (Winter 1982 Lab Notes, p. 230; E.J. Gttbelin 
and J.I. Koivula, Photoatlas of Inclusions in Gemstones, 
Vols. 1-3). 


Kyaw Thu 
S Gemmological Institute 
Yangon, Myanmar 


Iridescent Botryoidal Growth in Untreated 
Akoya Pearl 


Cultured akoya pearls (Pinctada fucata) are typically ad- 
mired for their high luster and desirable overtone. Nearly 
all pearls from this species undergo color treatment before 
entering the market. One untreated akoya pearl examined 
by the author exhibited an iridescent and botryoidal sub- 
surface appearance when viewed with a fiber-optic light 
under microscopic magnification (figure 8). This was in 
sharp contrast to the pearl’s appearance without magnifi- 
cation, which showed a light gray bodycolor and smooth 
surface. 


Gems & GEMOLOGY FALL 2021 271 


Figure 8. Iridescent and botryoidal subsurface growth seen in a pair of untreated akoya pearls. Note the nacre lines 
visible at the surface (top right of image B), giving context to the unusual growth and phenomenon below the sur- 
face. Photomicrographs by Britni LeCroy; field of view 3.57 (A) and 2.34 mm (B). 


The light gray bodycolor of the pearl was caused by 
large voids or gaps surrounding its bead nucleus, which 
could be seen using real-time X-ray microradiography 
(RTX). Akoya pearls possess very thin nacre platelets that 
are transparent to translucent when viewed under strong 
lighting, allowing the viewer to see into the deeper layers 
of the pearl. The strong iridescence was caused by light in- 
terference within alternating layers of aragonite and con- 
chiolin—the two substances that create nacreous pearls 
and that also have different refractive indices. Specifically, 
this iridescence is caused when incoming overhead light is 
reflected from the surfaces between the successive arago- 
nite and conchiolin layers. When the reflected light rays 
from a bottom layer of nacre interfere with the incoming 
light, iridescence is created. In pearls, this feature is known 


as orient (E. Fritsch and G.R. Rossman, “An updated on 
color in gems. Part 3: Colors caused by band gaps and phys- 
ical phenomena,” Summer 1988 GwG, pp. 81-102). The 
underlying botryoidal structure combined with the irides- 
cence from the overlying nacre was responsible for the un- 
usual pattern or orient seen in this akoya pearl. This is the 
first time the author has encountered such a phenomenon 
in a pearl. 


Britni LeCroy 
GIA, Carlsbad 


Fascinating Fluid Inclusions in Chinese Ruby 


Gem rubies from the Yuanjiang deposit in Yunnan 
Province, China, host mineral inclusion assemblages com- 


Figure 9. Fluid inclusion mimicking a snake in Yuanjiang ruby from China (left). The diagram on the right shows 
the details of this “snake.” Photomicrograph by Wenqing Huang; field of view 0.26 mm. 
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Figure 10. This Yuanjiang ruby from China con- 
tains an interesting fish-like fluid inclusion. 
Photomicrograph by Wengqing Huang; field of view 
0.17 mm. 


parable with those in rubies from other marble-hosted de- 
posits (W.Q. Huang et al., “Trace element geochemistry 
and mineral inclusions constraints on the petrogenesis of 
a marble-hosted ruby deposit in Yunnan Province, China,” 
Canadian Mineralogist, Vol. 59, No. 2, 2021, pp. 381-408). 
Moreover, the fluid inclusion scenes in rubies from all of 
these deposits are also similar (G. Giuliani et al., “Fluid in- 
clusions in ruby from Asian marble deposits: Genetic im- 
plications,” European Journal of Mineralogy, Vol. 27, No. 
3, 2015, pp. 393-404). 

Two rubies from the Yuanjiang deposit showed several 
interesting fluid inclusions. The most impressive one 
strongly resembles a snake raising its head (figure 9). The 
other mimics a fish (figure 10). As shown in figures 9 and 
10, the whole fluid cavity was split into two parts, both of 
which show a bubble. Raman spectroscopy analysis identi- 
fied the transparent tabular crystals in the snake as diaspore 
(figure 9). The “snake” also hosted a solid inclusion of ar- 
senopyrite (FeAsS); the needle on its head could not be char- 
acterized by Raman spectroscopy due to its fineness. The 
fluid composition was dominated by CO, with minor com- 
ponents such as H,S, COS, and CH,, as revealed by Raman 
spectra and microthermometry. How these special inclu- 
sions formed has been speculated elsewhere (W.Q. Huang, 
“Fluid inclusion and titanite U-Pb age constraints on the 
Yuanjiang ruby mineralization in the Ailao Shan-Red River 
metamorphic belt, southwest China,” Canadian Mineralo- 
gist, 2021, accepted). This morphology-forming process has 
been explained by two mechanisms that evolved step by 
step. The first is morphological ripening that resulted in neg- 
ative shapes of fluid inclusions; the second consists of sub- 
sequent reactions between the trapped H,O and the host 
corundum during the cooling of the inclusion, generating a 
diaspore that segregated the fluid completely. 

Inclusions (mostly mineral inclusions) in gemstones 
that mimic scenery and landscapes are fascinating and rel- 
atively common. One novelty inclusion, an interesting 
“fried egg” of epigenetic residue trapped in a fissure, was 
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recently found in rock crystal quartz (Fall 2020 GWG 
Micro-World, pp. 430-431). However, such novelty inclu- 
sions, especially fluid inclusions mimicking animals, are 
exceptionally rare. 


Wengqing Huang (67019822@qq.com) 

National Center of Supervision and Inspection on 
Quality of Gold and Silver Products 

Nanjing Institute of Product Quality Inspection 
Nanjing, China 


Tourmaline in Paraiba Tourmaline 


The authors examined the 3.21 ct Paraiba tourmaline 
shown in figure 11. The stone was moderately included 
with fine thread-like trichite fluid inclusions, growth 
tubes, and many fractures. Growth tubes are often open on 
one or both ends and may contain epigenetic minerals en- 
capsulated within such as limonite, cookeite, hematite, 
prosopite, and tourmaline (E.J. Giibelin and J.I. Koivula, 
Photoatlas of Inclusions in Gemstones, Vol. 2, pp. 763, 
764, and 780-781). In this tourmaline, we observed a long 
prismatic crystal that had a morphology consistent with 
tourmaline, which was confirmed using Raman spec- 
troscopy. This offered an interesting example of a gem 
tourmaline that contained a tourmaline inclusion. 


Sudarat Saeseaw and Suwasan Wongchacree 
GIA, Bangkok 


Willemite in Topaz 


The authors recently had the opportunity to examine a 
28.61 ct transparent freeform custom-cut study block of 
colorless topaz (figure 12) from Jos in Plateau State, Nigeria, 
that hosted a very large forest green inclusion of chlorite 
with an intricate stepped surface structure. Magnification 
showed that the chlorite inclusion was partially rimmed by 


Figure 11. A tourmaline inclusion in Brazilian 
Paraiba tourmaline. Photomicrograph by Suwasan 
Wongchacree; field of view 4.8 mm. 
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transparent near-colorless crystals (figure 13) identified by 
laser Raman microspectrometry as willemite (Zn,SiO,), a 
trigonal zinc silicate. 

The willemite crystals in this topaz fluoresced bright 
yellow-green to short-wave ultraviolet radiation, giving the 
chlorite a partial fluorescent halo. This is the only known 
example of the mineral willemite as inclusions in topaz 
from any locality. 

In addition to the willemite, bright bluish green patches 
of color on the chlorite might be the microcline feldspar 
amazonite, but Raman analysis could not identify them. 


Figure 13. Transparent colorless willemite crystals ap- 
pear to be tumbling down the slope of a large chlorite 
inclusion in a Nigerian topaz. Photomicrograph by 
Nathan Renfro; field of view 4.02 mm. 
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Figure 12. This 21.36 x 
14.94 x 9.44 mm custom- 
cut study block of 
topaz from Jos, Nigeria, 
is host to several inter- 
esting inclusions. Photo 
by Diego Sanchez. 


There were also some tiny rounded opaque inclusions with 
metallic luster that resembled metal sulfides. Bright red epi- 
genetic hematite was found in one surface-reaching cleavage 
crack, and a few tiny transparent brownish yellow high-relief 
crystals of sphalerite were also present with the willemite. 


John I. Koivula and Nathan Renfro 
GIA, Carlsbad 


Quarterly Crystal: Fibers and Rods in Euclase 


From time to time in the laboratory, we run into problems 
that we just cannot resolve. Just such a situation was re- 
cently encountered when we examined a very unusual 
10.82 ct transparent euhedral crystal of orange-pink euclase 
measuring 14.71 mm wide, pictured in figure 14. We knew 
from experience that the natural surface striations on this 
transparent crystal would make conclusive identification 
of the inclusions difficult at best. The euclase crystal, re- 
cently recovered during limited mining in Livramento de 
Nossa Senhora in Bahia, Brazil, was acquired from Luciana 
Barbosa of the Gemological Center in Asheville, North 
Carolina. The cause of the unusual padparadscha-like or- 
ange-pink color of this euclase production was determined 
to result from impurities of Mn* (L. Gilles-Guéry et al., 
“Mn* and the pink color of gem-quality euclase from 
northeast Brazil,” accepted by American Mineralogist, 
202.1). 

On examination with a gemological microscope, we 
observed fine branching fibers and rods of white to red- 
brown color suspended in the euclase (figure 15). The red- 
brown color of some of the inclusions suggested epigenetic 
alteration at some point. As shown in the photomicrograph 
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in figure 16, we observed a tiny hollow cylindrical void 
containing a dark brown fluid and a mobile gas bubble. The 
color of the fluid made it difficult to clearly see the gas bub- 
ble, unless it was moving. 

As we suspected, laser Raman microspectrometry 
could not pin down the identification of the inclusions. 
Raman testing only showed the peaks for the euclase host. 
We also tried energy-dispersive X-ray fluorescence (EDXRF) 
to pick up any hints of unusual chemistry, but again useful 
information eluded us. After several tries at both Raman 


Figure 15. Attempts to identify these acicular inclu- 
sions discovered in the 14.71 mm euclase crystal 
proved unsuccessful. Photomicrograph by Nathan 
Renfro; field of view 2.56 mm. 
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Figure 14. The orange- 
pink color of this 10.82 
ct Brazilian euclase is 
reminiscent of pad- 
paradscha sapphire. 
Photo by Diego Sanchez. 


and EDXRE, we finally realized that destructive analysis 
would be needed for a clear identification of the inclusions. 
Since this well-formed euclase crystal has a very rare and 
unusual color, we decided not to use destructive analysis. 
We would keep the euclase intact, to be enjoyed as a gem 
mineral specimen. 


John I. Koivula and Nathan Renfro 


Ian Nicastro 
San Diego, California 


Figure 16. With a dark brown fluid and a moving 
bubble, this tiny cylindrical void was a surprising dis- 
covery. Photomicrograph by Nathan Renfro; field of 
view 0.288 mm. 
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Gagan Choudhary, Gem Testing Laboratory, Jaipur, India (gagan@gjepcindia.com) 
Christopher M. Breeding, GIA, Carlsbad (christopher.breeding@gia.edu) 


COLORED STONES AND ORGANIC MATERIALS 


Fura Gems’ inaugural ruby sale. Fura Gems hosted its first 
sales event for rough Mozambican rubies in August and 
September 2021. The international gem mining and mar- 
keting company has assets in Colombia (emerald), Australia 
(sapphire), and Mozambique (ruby). After previous sales 
events for Colombian emeralds in the first months of 2021, 
the firm now offered its rubies to the trade for the first time. 

Mozambican rubies have been available in the trade 
since 2009, and the region quickly became one of the most 
important sources for the red variety of corundum. Fura is 
only the third company to bring rubies to the trade in a for- 
malized tender. During the first years after the deposit’s dis- 
covery in 2009, gems were recovered by artisanal miners 
and traded locally. 

In 2014, the first large-scale sale of Mozambican rubies 
by an organized mining group took place. During that ten- 
der, Gemfields offered nearly two million carats of rough 
ruby, and they have hosted 14 auctions since then. Mus- 
tang Resources hosted a rough ruby tender in 2017, which 
was not well received by the trade. Fura took over existing 
ruby mining permits and equipment in Mozambique from 
various companies, including Mustang Resources, acquir- 
ing the largest ruby mining license in the country. 

Invited buyers were able to view Fura’s rubies in Jaipur 
and Bangkok, locations that host the largest colored stone 
manufacturing industries in the world. Each company was 
able to view the stones over two days in a secured space. 
Precautions against COVID-19 included a limited number 
of attendees per day, which caused the entire event to last 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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more than 24 days across the two locations. This allowed 
all potential buyers ample time to inspect the rough rubies. 

The rough gems were offered in pre-graded schedules, 
based on size and color. The grading system was designed 
with the gem cutting process in mind, especially aiming for 
the most commonly used calibrated sizes. Stones with sim- 
ilar hues are put in the same category, creating separate 
classes for stones with purer red color vs. those with a 
stronger orangy/purplish tint. Stones with lower saturation 
are separated from those with stronger saturation. Specific 
grades are designed to highlight those with lighter colors 
that would result in fancy sapphires such as pink and red- 
dish orange. 

All stones were offered as found in the mine and un- 
treated. A significant percentage of Mozambican rubies can 
benefit from heat treatment to lighten the color, but this 
decision was left to the final buyer. While heat treating ru- 
bies might improve their appearance, it can also lower the 
value in the current market. This is especially true for 
larger stones. 


Figure 1. Small lots made up of stones weighing 
more than 1 g often showed more color variety 
within a single grade. Photo by Wim Vertriest; 
courtesy of Fura Gems. 
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The material showed a wide range of red tints, includ- 
ing strong orangy and purplish colors, but most goods still 
fell within the color range of ruby. Some stones had lighter 
saturation that could result in fancy sapphires, especially 
pinkish materials. This is in line with the regular produc- 
tion from Montepuez, Mozambique, that we have seen 
over the last decade. Rubies with a dark tone, sometimes 
referred to as “closed color,” were rare at this tender. All 
the material showed some fluorescence under long-wave 
UV, a feature that is absent in certain types of classic 
Mozambican ruby. 

Over 63 kg of rough ruby was offered (figures 1 and 2). 
The vast majority of the rough weighed under 0.5 g, but 
with a bulky shape that would result in a good yield. A few 
hundred stones weighed more than 0.5 g, and some excep- 
tional pieces exceeded 2 g. 

The rough rubies had the typical rounded crystal ap- 
pearance of gems found in secondary deposits, as was con- 
firmed by Fura, which mines the material from gravels that 
contain a higher concentration of rubies. This is in contrast 
with primary deposits, where gems are extracted directly 
from the host rock. 

Evaluating rough rubies is a challenging affair. Before 
assigning a value to a parcel, buyers had to account for each 
stone’s final shape and cutting style, weight, and potential 
improvement through treatment. They submitted closed 
bids via an online platform before the closing date. On clos- 
ing day, Fura reviewed all the offers and, once accepted, no- 
tified the successful buyers. 

The company reported that 35 of the 47 lots sold, in- 
cluding all high- to medium-grade lots. They also an- 
nounced that the price per carat for goods in the calibrated 
sizes exceeded expectations. According to several ruby 
dealers, this category is in highest demand and the material 
was most attractive. 
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Figure 2. The majority 
of the stones offered 
were on the smaller side 
(below 0.5 g). These lots 
were highly desired by 
manufacturers for their 
intense colors and 
bulky appearance, 
which will result in 
smaller finished stones 
with a saturated body- 
color. Photo by Wim 
Vertriest; courtesy of 
Fura Gems. 


This auction comes at a time when the industry is 
struggling for rough stones, as many of the regular supply 
chains have been disrupted by the COVID-19 pandemic. 
The manufacturers have a clear hunger for rough rubies, 
though they also have limited financial reserves. Neverthe- 
less, the addition of Fura as a Mozambican rough ruby sup- 
plier, along with Gemfields and the artisanal mining 
community, makes for an exciting change in the gem scene. 


Wim Vertriest and Pitchaya Lopiti 
GIA, Bangkok 


Mabe cultivation in Mayotte. The Laboratoire Francais de 
Gemmologie (LFG) received some mabe samples (figure 3) 
from Antoine Ganne of the Mayotte-based company Nuru 
Kombe for gemological characterization. According to the 
company, these samples were cultivated in Pteria penguin 
bivalves in a lagoon off the coast of Mayotte. This French 
territory is situated in the Indian Ocean between north- 
western Madagascar and northeastern Mozambique, with 
one main island and several islets. 

Mabe is the Japanese term designating an assembled 
cultured blister, traditionally from Pteria penguin but 
nowadays from other mollusks as well (CIBJO Pearl Com- 
mission, The Pearl Book, CIBJO, Milan, 2020, 79 pp.). 
Mabe is made of purpose-grown cultured blisters that have 
been cut from their shell. The original bead upon which 
they grew is removed, and the cavity is filled with various 
synthetic materials. It is then backed by a layer of shell, 
with the assemblage held together by an adhesive. 

The studied samples ranged from light brown to brown 
(some of a “golden” color) with pronounced secondary col- 
ors such as blue, green, and red (again, see figure 3). Under 
the microscope, all samples presented the characteristic 
nacreous structures associated with overlapping layers of 
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Figure 3. These assembled cultured blisters (mabe) showing a curved top (left) and flat bottom (right) were culti- 
vated in Mayotte. The largest is 21 mm in diameter. Photos by LFG. 


aragonite. The curved and flat sides looked very similar, 
suggesting they originated from the same mollusk species. 
The samples reacted purple to red under a long-wave UV 
lamp and remained inert under short-wave UV lamp exci- 
tation. Those with a more pronounced brown color exhib- 
ited a stronger intense luminescence. A_ similar 
luminescence reaction was observed in cultured pearls 
from Pteria sterna from Mexico (L. Kiefert et al., “Cultured 
pearls from the Gulf of California, Mexico,” Spring 2004 
GwG, pp. 26-38). This response is due to a type of por- 
phyrin (a tetrapyrrole with a cyclic structure) that also 
plays an important role in the samples’ coloration. 

Raman analysis using a 514 nm laser revealed bands as- 
sociated with aragonite along with a series of bands from 800 
to 1600 cm characteristic of porphyrins (S. Karampelas et 
al., “Raman spectroscopy of natural and cultured pearls and 
pearl producing mollusc shells,” Journal of Raman Spec- 
troscopy, Vol. 51, No. 9, 2020, pp. 1813-1821}. Photolumi- 
nescence spectra obtained using a Raman spectrometer and 
the same laser excitation presented bands in the orange and 
red part of the electromagnetic spectrum at about 620, 650, 
and 680 nm (figure 4). The relative intensity of these bands 
can vary. Luminescence spectra using a xenon lamp with 365 
nm excitation presented similar bands with additional bands 
at about 435, 465, and 525 nm. The latter bands are possibly 
linked to the nacre of the samples, while the triplet of bands 
at 620, 650, and 680 nm has been attributed to a uropor- 
phyrin (Y. Iwahashi and S. Akamatsu, “Porphyrin pigment 
in black-lip pearls and its application to pearl identification,” 
Fisheries Science, Vol. 60, No. 1, 1994, pp. 69-71). 

The UV-Vis reflectance spectra of the samples featured 
a series of bands with various relative intensities at about 
380, 400, 460, and 495 nm, along with a band at about 280 
nm (figure 5). The latter band is linked to organic matter 
and the nacreous part of the samples, and the series is pos- 
sibly linked to porphyrins (Kiefert et al., 2009). 
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All samples were inert under X-ray and EDXRF analysis, 
with an Mn content below the detection limit and Sr con- 
tents ranging from 3180 to 5280 ppm, indicating saltwater 
origin. X-ray microradiographs (figure 6) showed lighter 
tones at the rim, indicating a higher-density material such 
as calcium carbonate (usually aragonite) in the case of nat- 
ural and cultured pearls, while the darker tones in the core 
indicated lower-density material such as organic matter and 
resin (S. Karampelas et al., “Real-time microradiography of 
pearls: A comparison between detectors,” Winter 2017 


Figure 4. Photoluminescence spectrum of a brown 
mabe sample from Mayotte using a Raman spectrom- 
eter under 514 nm laser excitation. Three bands ap- 
pearing at the orange and red parts of the 
electromagnetic spectrum at about 620, 650, and 680 
nm are linked with uroporphyrin. 
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Figure 5. The UV-Vis spectrum of a brown mabe sam- 
ple from Mayotte displays bands at about 380, 400, 
460, and 495 nm that are linked to porphyrin, along 
with a band at about 280 nm that is linked to nacre 
and organic matter. 


Gwe, pp. 452-456). The samples, which could be called 
“mabe” or “assembled cultured blister” according to the 
current CIBJO standards, had a nacre thickness from 0.4 to 
1 mm (again, see figure 6). 

Mabe from Mayotte has only appeared recently in the 
market. The exact supply is still unknown, and other sim- 
ilar products are cultivated in other parts of the world, in- 
cluding Southeast Asia, Australia, and some Pacific island 
nations (P.C. Southgate and J.S. Lucas, The Pearl Oyster, 
2008, Elsevier, Amsterdam). Nevertheless, this material 
could help develop the economy of Mayotte, where all the 
operations take place and jewelry pieces with a French 
touch are locally made. 


Sophie Leblan, Ugo Hennebois, Aurélien Delaunay, 
Bérengére Meslin Sainte Beuve, Annabelle Herreweghe, 
and Stefanos Karampelas (s.karampelas@lfg. paris) 
LFG, Paris 
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SYNTHETICS AND SIMULANTS 


Honey brown and light yellow hydrogrossular: An uncom- 
mon jade imitation. Hydrogrossular or hydrogarnet is a 
translucent to opaque, water-bearing calcium aluminum sil- 
icate garnet that commonly shows microcrystalline texture. 
It has a range of colors: brown, colorless, green, gray, pink, 
and yellow. The most popular is the shade of green known 
in the trade as “Transvaal jade” or “African jade.” Recently, 
the GIT-Gem Testing Laboratory (GIT-GTL) received two 
samples of hydrogrossular garnet for identification: the light 
yellow carved pendant (~70 ct, 36 x 21 mm) and the honey 
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Figure 6. X-ray microradiographs of two mabe from 
Mayotte show a lighter rim due to higher-density ma- 
terial (calcium carbonate), while the darker tones at 
the core represent a lower-density material such as 
resin. The top sample (21 mm in diameter) has a 
nacre thickness of 0.4 mm. The bottom sample (13 
mm in diameter) has a nacre thickness of 1 mm. Im- 
ages by S. Leblan, LFG. 


brown oval cabochon (8 ct, 15 x 12 mm) shown in figure 7. 
These are not typical colors used for jade imitations. 
Standard gemological testing of the honey brown cabo- 
chon showed a specific gravity of ~3.66 and a refractive 
index of ~1.71, while those of the light yellow piece were 


Figure 7. This light yellow carving (36 x 21 mm) and 
honey brown cabochon (15 x 12 mm) were identified 
as hydrogrossular. Photo by C. Kamemakanon; cour- 
tesy of Pachara Chonlakit. 
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Testing 
Drilled Pearls 
with 
Ultra Violet Light 


by 


JOHN G. ELLISON 


There has been a general tendency for 
gemologists to refrain from testing pearls 
by simple methods, due to the inconsist- 
encies common to any form of testing short 
of the advanced x-ray or endoscope methods. 
Of course the expense involved in the latter 
equipment makes it prohibitive for all but 
the larger laboratories. The purpose of this 
article is to outline a simple test that may 
be used on drilled pearls. 

The basic instruments necessary for this 
form of testing are a source ‘of ultra violet 
light and some form of strong magnifica- 
tion, preferably a microscope. Since both of 
these instruments are available in any well 
equipped laboratory, no added expense is 
entailed. 

It is a well known fact that nearly all 
cultured pearls are highly fluorescent under 
ultra violet radiation whereas but a small 
quantity of natural pearls fluoresce strongly. 
In addition, although the mother-of-pearl 
core in a cultured pearl also fluoresces, it 
normally has a different degree of fluores- 
cence than the outer coating. In like manner 
it has been noted that each of the different 
layers of a natural pearl fluoresce to a dif- 
ferent degree. 

As noted in the title of this article, this 
method is only of assistance with those 


pearls which possess a drill hole. And for 
best results the drill hole must be freed of 
all foreign matter, such as cement, dirt, etc. 

The pearl in question is placed in the 
microscope so the drill hole may be observed 
and the ultra violet unit is placed in such 
a position as to stimulate fluorescence in 
the pearl. It is usually advisable to bring 
the fluorescent unit into as close proximity 
as possible to the pearl since the stronger 
the fluorescence the easier will it be to 
observe these characteristics. 


By observing the sides of the drill hole 
you will be able to note, in the case of most 
natural pearls, the different layers fluores- 
cing in different degrees or in the case of 
those which do not fluoresce in this manner, 
the diffused lighting provided by this method 
will tend to make the separation between 
layers stand out much more distinctly than 
would be observed under normal illumina- 
tion. The sharp division between layers 
would appear at one point only on a normal 
cultured pearl, i.e. between the nucleus and 
the outer coating. 

The accuracy of this form of testing will 
be largely dependent on practice and famil- 
jarization, therefore one should begin by 
testing pearls of known identity. 


WINTER 1953-54 


367 


Figure 8. The microscopic observation of the honey brown hydrogrossular sample (left) revealed a fine-grained aggre- 
gate structure and color patches (white arrow), as compared with the coarse-grained aggregate structure of the brown 
jadeite sample (right). Oblique fiber-optic light. Photomicrographs by S. Promwongnan; field of view ~14 mm. 


undeterminable due to the nature of the mounting and 
carving. Nonetheless, both stones exhibited weak red flu- 
orescence to long-wave UV and were inert to short-wave 
UV radiation, and displayed massive fine-grained aggregate 
structures with a translucent glassy appearance (figure 8, 
left), which was quite different from the coarse-grained ag- 
gregate structure of jadeite (figure 8, right). 

The identity was also confirmed by advanced testing. 
The Raman spectra of both samples showed dominant 
peaks at 374, 415, 548, 825, and 879 cm! and other 
smaller peaks at 246, 278, 508, 627, and 1005 cm (figure 
9) that matched perfectly with the spectrum of grossular- 
ite in the RRUFF reference database (RO40065). Semi- 
quantitative chemical analyses of both stones revealed 


RAMAN SPECTRA 


enriched contents of silica, calcium, and aluminum, 
which are closely consistent with grossularite, a calcium- 
aluminum garnet. 

The infrared spectrum of the honey brown cabochon 
sample, measured in reflection mode between 580-1400 
cm, showed characteristic reflectance peaks at 616, 843, 
866, and 954 cnr! that are similar to the spectra of the hy- 
drogrossular reference sample (figure 10) as well as green 
hydrogrossular (see Fall 2015 GNI, pp. 342-343). Note that 
the reflectance spectrum should be almost identical to the 
transmission spectrum of the sample, and the same fea- 
tures should be observed in both cases. 

The infrared spectra of both samples, measured in 
transmission mode between 1000 and 5000 cm! and dis- 
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Figure 10. The infrared 
spectrum in reflection 
mode of the honey 
brown sample (blue 
line) exhibits character- 
istic reflectance peaks 
of hydrogrossular garnet 
at 616, 843, 866, and 
954 cm, as compared 
with the spectrum of 
the hydrogrossular refer- 
ence sample (purple 
line). The spectrum of 
the light yellow sample 
was not measured due 


— Study sample 
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played in % transmittance, showed very strong broad ab- 
sorption bands between ~3000-4000 cm! that are some- 
what similar to the spectrum of our hydrogrossular 
reference sample (figure 11), and coincide with water-re- 
lated absorption bands of hydrogrossular (>5 wt.% H,O) 
centered at 3598 and 3662, cm (see G.R. Rossman and 
R.D. Aines, “The hydrous components in garnets: Grossu- 
lar-hydrogrossular,” American Mineralogist, Vol. 76, No. 
7-8, 1991, pp. 1153-1164). In comparison, our grossular 
(tsavorite and hessonite) samples reveal much narrower ab- 
sorption bands between 3500-3700 cm (figure 11). Thus, 
the presence of very strong broad (water-related) absorption 
bands has confirmed that both stones submitted for inves- 
tigation were indeed hydrogrossular. 
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TRANSMITTANCE 


to the nature of the 
carving. 


In summary, the gemological properties, Raman spec- 
tra, and chemical compositions of the light yellow and 
honey brown samples are consistent with those of grossu- 
lar garnet. However, the infrared spectra showing character- 
istic transmission peaks of hydrogrossular at 616, 843, 866, 
and 954 cnr! and very strong occurrence of structural water 
(i.e., significant OH replacing Si in tetrahedral sites) have 
confirmed that these two stones are indeed hydrogrossular 
rather than grossular garnet. It is worth noting that one of 
the materials commonly used to imitate jade is fine-grained 
aggregate hydrogrossular garnet, not single-crystal garnet. 


Supparat Promwongnan (psupparat@git.or.th), 
Budsabakorn Srisataporn, and Jirapit Jakkawanvibul 
Gem and Jewelry Institute of Thailand (GIT), Bangkok 


Figure 11. Infrared spectra 
by transmission mode of the 
honey brown and light yel- 
low samples (blue and red 
lines, respectively) show 
very strong broad (water-re- 
lated) absorption bands be- 
tween ~3000-4000 cm as 
compared with the spectra 
of a hydrogrossular reference 
sample (purple line) and 
grossular (tsavorite and hes- 
sonite) samples (green and 
black lines, respectively). 
The vertical dashed lines at 
3598 and 3662 cm™ mark 
water-related absorption 
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Pink aventurine quartz with alurgite inclusions. “Straw- 
berry quartz” is not a strictly defined term in gemology but 
generally recognized in the market as single-crystal quartz 
with numerous striped or flaky hematite inclusions, which 
cause a pink to red overall appearance (D.I. Belakovskiy, 
“New acquisitions of the Fersman Mineralogical Museum, 
Russian Academy of Sciences (1997-2001),” New Data on 
Minerals, Vol. 38, 2003, pp. 101-112). Strawberry quartzes, 
due to limited mine production and rough sizes, are usually 
cut into beads, cabochons, or faceted stones or used for 
small carvings, all very popular products in the Taiwanese 
market. 

Recently, a bangle was submitted for identification serv- 
ice to the Taiwan Union Lab of Gem Research (TULAB) as 
strawberry quartz (figure 12). The bangle had a brownish 
pink color in appearance and had a number of orangy pink 
to orangy red flaky crystals visible under the microscope. It 
had a refractive index of 1.54 and a specific gravity of 2.60. 
The material was found to be crystal aggregates through a 
polariscope and showed aventurescence under penlight. 

In order to identify this material and its inclusions, the 
bangle was analyzed with micro-Raman spectrometry and 
the RRUFF database. It was found that the material was ac- 
tually polycrystalline quartz and the red flaky inclusions 
were muscovite (KAI,(Si,Al)O,,(OH,F),) (figure 13). SEM- 
EDS analysis of the inclusions exposed to the surface further 
verified them as iron-bearing muscovite; however, EDXRF 
analysis revealed trace amounts of manganese in addition 
to iron. In other words, this bangle should be defined as 
brownish pink aventurine quartz with pink to red mus- 
covite inclusions. In comparison to those strawberry quartz 
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Figure 12. This bangle was submitted as “strawberry 
quartz” to TULAB. Photo by Shu-Hong Lin. 


with hematite inclusions, the red muscovite showed slight 
differences under the microscope. Hematite inclusions in 
strawberry quartz are usually striped, hexagonal, or irregular 
flaky crystals with medium to very dark red color under the 
microscope (figure 14, left); however, the red muscovite in- 
clusions in the sample were mostly rounded flaky crystals 
with medium light to medium orangy red color (figure 14, 


right). 
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— Quartz (R150074) 


Figure 13. Raman spec- 
tra comparisons be- 
tween the red inclusions 
and those of quartz and 
muscovite from the 
RRUFF database identi- 
fied the bangle as aven- 
turine quartz with 
orangy red muscovite 
inclusions. The stacked 
spectra are baseline-cor- 
rected and normalized. 
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Figure 14. Microscopic images of the red striped and irregular flaky hematite in strawberry quartz (left) and the 
orangy red muscovite (alurgite) inclusions in the pink aventurine quartz sample (right). Photomicrograph by Shu- 
Hong Lin; field of view 1.26 mm. 


Moreover, the visible light absorption spectra of the 
bangle were analyzed and compared to those of mica on 
the Mineral Spectroscopy Server of Caltech. The pink 
aventurine quartz presented absorption peaks at 445, 454, 
515, and 548 nm (figure 15), consistent with the spectrum 
of alurgite (GRR727, Mineral Spectroscopy Server of Cal- 
tech), which is a reddish purple variety of muscovite. 

Since “strawberry quartz” is not a strictly defined mar- 
keting name, consumers should notice that there are actu- 
ally different types of quartz with various inclusions sold 
with the same trade name. As an atypical strawberry 
quartz material, pink aventurine quartz with alurgite can 
be distinguished with hematite-included strawberry quartz 


Figure 15. The visible light absorption spectrum of the 
pink aventurine quartz was compated to the reference 
spectrum of mica (Mineral Spectroscopy Server of 
Caltech); results revealed that the visible light ab- 
sorption spectra were consistent with that of alurgite. 
The overlapped spectra are normalized. 
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through the methods of polariscope, microscope, and 
micro-Raman spectroscopy. 
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TREATMENTS 


FTIR observation on sapphires treated with heat and pres- 
sure. Characteristics of sapphires heated with pressure 
have been discussed in several gemological publications in 
the past few years (e.g., M.S. Krzemnicki et al., “Sapphires 
heated with pressure — A research update,” InColor, Vol. 
42,, 2019, pp. 86-90). As previously reported, heat with 
pressure treatment is commonly applied to Sri Lankan sap- 
phires, in either untreated geuda or conventionally heated 
blue sapphires, to enhance the blue color. The material has 
been treated at high temperature (approximately 1200- 
1800°C) with an application of pressure at nearly 1 kbar, 
using the facilities at HB Laboratory Co., Ltd. (H. Choi et 
al., “Sri Lankan sapphire enhanced by heat with pressure,” 
The Journal of the Gemmological Association of Hong 
Kong, Vol. 39, 2018, pp. 16-25). 

Fourier-transform infrared (FTIR) spectroscopy is consid- 
ered a useful tool in revealing heat treatment of corundum 
(e.g., C.P. Smith, “A contribution to understanding the in- 
frared spectra of rubies from Mong Hsu, Myanmar,” Journal 
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of Gemmology, Vol. 24, 1995, pp. 321-335). Previous studies 
reported a great variability of FTIR spectra for sapphires 
heated with pressure, and FTIR spectra of this treated ma- 
terial generally showed a unique pattern of hydroxyl-related 
broad bands in the 2800-3500 cnr! range, with the promi- 
nent position at around 3050 cm (e.g., Krzemnicki et al., 
2019). The origin of the resulting distinct IR broad bands has 
not been clearly determined. As discussed in Krzemnicki et 
al. (2019), broad bands centered at around 3050 cm in sap- 
phires heated with pressure share similar IR features ob- 
served in some acceptor-dominated corundum—heated or 
unheated natural materials, as well as laboratory-grown 
samples. (Acceptors refer to ions with the charge of —1 rela- 
tive to the lattice, such as Mg’* in corundum; see E.V. Du- 
binsky et al., “A quantitative description of the cause of 
color in corundum,” Spring 2020 GWG, pp. 2-28.) 
According to a previous study (M.D.T. Phan, “Internal 
characteristics, chemical compounds and spectroscopy of 
sapphire as single crystals,” PhD dissertation, University of 
Johannes Gutenberg Mainz, 2015, https://d- 
nb.info/1075170532/34), iron (Fe**) content in corundum 
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can affect the position of the 3310 cm IR peak. In sapphires 
heated with pressure, the starting material is generally lim- 
ited to Sri Lankan stones. Since blue sapphires from Sri 
Lanka typically contain relatively low Fe concentrations 
(A.C. Palke et al., “Geographic origin determination of blue 
sapphires,” Winter 2019 GWG, pp. 536-579), the starting 
materials used in the study were expanded to various de- 
posits, including Myanmar, Madagascar, Sri Lanka, Mon- 
tana, Australia, Nigeria, Cambodia, and Thailand, to cover 
a wide range of Fe contents presented in natural corundum 
(figure 16). The 36 untreated and 8 conventionally heated 
blue sapphires were treated using heat with pressure under 
the conditions reported in Choi et al. (2018). Their FTIR 
spectra and chemical analysis using laser ablation—induc- 
tively coupled plasma—mass spectrometry (LA-ICP-MS) 
were measured in the same analysis area to observe 
whether there was any change in FTIR spectra for different 
amounts of Fe. After heat with pressure treatment, the vast 
majority of treated sapphires in this study (>90%) showed 
essentially the same hydroxyl-related IR broad bands in the 
2800-3500 cm! range with different prominent band posi- 
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tions at around 3050, 3130, or 3200 cm" (figure 17). The IR 
broad band centered at around 3050 cm with related bands 
at ~3130 and ~3200 cm (figure 17A) can be observed in sap- 
phires heated with pressure that contained Fe <700 ppma 
(figure 18, circle), whereas IR broad bands with comparable 
band intensities at around 3050, 3130, and 3200 cnr (figure 
17B) can be found in treated sapphires with 550-1350 ppma 
Fe (figure 18, triangle). At relatively high Fe concentrations 


(>900 ppma) (figure 18, square), the FTIR spectra of sap- 
phires heated with pressure displayed IR broad bands with 
a prominent band position at around 3200 cm (figure 17C). 
In the overlapped Fe range of the samples (500-700 ppma 
Fe and 900-1350 ppma Fe), different IR patterns could be 
obtained, possibly due to heterogeneity of the samples and 
different characteristics of analytical techniques—bulk 
analysis for FTIR and spot analysis for LA-ICP-MS. 
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to FTIR patterns A, B, 
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from figure 17. 
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This study shows other possible FTIR spectra patterns 
that might be observed in sapphires heated with pressure, 
as well as prominent IR bands of the treated material that 
can shift position with different Fe concentrations. 


Wasura Soonthorntantikul and Sudarat Saeseaw 
GIA, Bangkok 


Aaron Palke and Shane McClure 
GIA, Carlsbad 


Heat treatment effects on the behavior of the 3161 cm fea- 
ture in low-iron metamorphic yellow sapphire. Heating is 
the most common treatment to improve the color and/or 
clarity of corundum. Untreated natural yellow sapphires 
from metamorphic deposits often have low color satura- 
tion; therefore, heat treatment is typically performed to in- 
tensify the yellow coloration. However, the chemical 
composition of the stones, the heating temperatures em- 
ployed, the duration of the treatment process, as well as the 
composition of the furnace atmosphere—reducing or oxi- 
dizing—are also important factors that influence the color 
alteration (K. Nassau, “Heat treating ruby and sapphire: 
Technical aspects,” Fall 1981 GewG, pp. 121-131, J.L. Em- 
mett et al., “Treatments,” in R.W. Hughes, Ed., Ruby @ 
Sapphire: A Gemologist’s Guide, 2017, pp. 197-247). 

The identification of heat treatment in a yellow sap- 
phire is challenging for gemologists. Apart from visible in- 
clusion changes, Fourier-transform infrared (FTIR) 
absorption spectra are one of the few remaining clues to 
identify the treatment of low iron content metamorphic 
yellow sapphires. These sapphires as formed are acceptor 
dominated when [Mg”*] > [Ti**] + [Si**] with the charge 
compensation being accomplished totally or partially by 
hydrogen (H*) (E.V. Dubinsky et al., “A quantitative de- 
scription of the causes of color in corundum,” Spring 2020 
GwG, pp. 2-28). In corundum, H+ forms a bond with oxy- 
gen creating OH. It is the OH that is responsible for the 
broad peak at 3161 cm" (and the series of peaks at 3161, 
3242, and 3355 cmv!) when associated with Mg?* (C.P. 
Smith et al., “Infrared spectra of gem corundum,” Fall 
2006 GWG, pp. 92-93). However, the origin of the 3161 
cm! peak is not well understood. The article by N. 
Fukatsu et al. (“Incorporation of hydrogen into magne- 
sium-doped a-alumina,” Solid State Ionics, Vol. 162, 2003, 
pp. 147-159) showed that when OH is incorporated into 
Mg**-doped synthetic sapphire, the 3161 cm peak was 
not present but a broad band appeared in the 3000 cm“ re- 
gion. If the hydrogen is eliminated either in nature or in 
the laboratory, the trapped hole (h*) forms to provide 
charge compensation. The trapped hole pairs with Fe**, 
creating a trapped-hole-Fe* (h*-Fe**) pair, which is a very 
strong yellow chromophore in corundum. In this report, 
the authors aim to study the effects of heat treatment in 
changing the 3161 cm! feature and creating the yellow 
coloration. 

Twelve yellow sapphires reportedly from Sri Lanka and 
Madagascar that initially displayed a weak to strong 3161 
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cm peak or a 3161 cm series in FTIR were selected for 
heat treatment in an oxidizing atmosphere (air) at 500°, 
700°, 900°, and 1050°C for a fixed duration of six hours at 
each temperature. For a final step, some stones were heated 
at 1550°C in pure oxygen to assure the complete elimina- 
tion of hydrogen. The samples were fabricated as optical 
wafers with at least two polished surfaces perpendicular 
and/or parallel to the c-axis. The samples possess a suffi- 
ciently large and clean area to get high-quality FTIR spec- 
tra. After each heat treatment step, FTIR spectra were 
collected at the same position for each sample by fixing it 
in an identical position in the sample holder. 

Heat treatment can cause the H* to move to different 
sites by diffusion or at sufficiently high temperatures to 
diffuse completely out of the sample. The diffusion coeffi- 
cient of hydrogen in corundum is exponentially dependent 
on temperature. After heat treatments at 500°C and 700°C, 
the intensities of 3161 cm peaks and the color appearance 
of the stones were essentially unaltered. Thus, there is lit- 
tle outward diffusion for a sample of this size. However, 
heating at 900°C and above for six hours in air will begin 
to diffuse the hydrogen out of the lattice. As the hydrogen 
begins to diffuse out, trapped holes form and pair with Fe** 
to maintain charge compensation, increasing the yellow 
coloration. 

At the same time, the amplitude of the 3161 cm feature 
will decrease proportionally. The test at 1550°C for six hours 
was conducted in pure oxygen to eliminate any possibility 
of the water vapor in air contributing hydrogen. With this 
last step, the outward diffusion of all the hydrogen in the 
stone was complete, eliminating OH peaks in FTIR spectra 
and maximizing the yellow trapped-hole coloration. 

Figure 19 shows these heating processes as applied to 
stones from Sri Lanka with a strong 3161 cm feature and 
to some of the stones from Madagascar with a weak 3161 
cm! feature. As expected, both types exhibited a similar 
diffusion reduction in the initial hydrogen content with 
temperature and time. The coloration of some of the Mada- 
gascar stones was zoned, with areas colored by the h*-Fe* 
pair, by h*-Fe** plus Fe**, and some by Fe* only, depending 
on the distributions of Fe* and h*-Fe* in the stone. Usually, 
the zones in which h’-Fe** is dominant will increase yellow 
coloration with high-temperature heat treatment by remov- 
ing the hydrogen, whereas the areas with Fe* alone are 
rarely strongly zoned. 

Interestingly, a characteristic peak at 3161 cm™ in cer- 
tain Sri Lankan samples could be occasionally transformed 
to the broadband series in 3000 cm" region with a broad 
band at 2625 cm“! when heated at 900°C and above in air, 
as presented in figure 20. Previously, the 3000 cm broad 
band series has been reported as indicative of heat treat- 
ment observed in Punsiri-type heated blue sapphires (G. 
DuToit et al., “Beryllium treated blue sapphires: Continu- 
ing market observations and update including the emer- 
gence of larger size stones,” GIA Research News, 2009, 
https://www.gia.edu/gia-news-research-nr62.609) and could 
be observed in unheated high-Fe yellow sapphires from 
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basalt-hosted deposits, such as Thailand and Australia (Fall 
2016 GNI, pp. 325-327). However, the 3000 cm broad 
band series could also be found in heat-treated Sri Lanka 
yellow sapphires, as seen from this study. 

In summaty, heat treatment was carried out in an oxi- 
dizing atmosphere to increase the trapped-hole color cen- 
ters and deepen the yellow coloration. Sri Lankan samples 
colored mainly by the h*-Fe* pair can produce stronger yel- 
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low coloration by heat treatment, but only at high temper- 
atures (900°C and above). The heating temperature at 
900°C starts to change the 3161 cm" peak/series in FTIR 
and the color appearance in metamorphic yellow sapphires. 
It may well be that heating for a much longer time at 
900°C would more completely diffuse out the hydrogen. 
The amplitude of the 3161 cm" peak is insignificantly al- 
tered when heated at low temperature (below 700°C) but 


Figure 20. Sri Lankan 
sample no. 2801 showing 
a 8161 cm" series (red) 
in FTIR with initially 
light yellow color, then 
altered to 3000 cm-! 
broad band series (blue) 
with a bit stronger yel- 
low zone after heating at 
900°C for six hours. Fi- 
nally, the broad bands 
disappeared (green) and a 
much stronger yellow 
coloration was generated 
at 1550°C, thickness 
3.748 mm, 190 + 41 
ppma Fe. 


Unheated 


Heated at 900°C 
for six hours 


Heated at 1550°C 
for six hours 
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can be greatly reduced when heated at 900°C and above, 
and sometimes converted to the 3000 cm broadband se- 
ries, and then it disappears at much higher heating tem- 
perature. Although the 3000 cm broadband series might 
not be indicative of heat treatment in basalt-related yellow 
sapphires, it is able to indicate heat treatment in Sri 
Lankan yellow sapphires. Careful consideration should be 
exercised when using FTIR to identify heat treatment in 
corundum. 


Ungkhana Atikarnsakul 
GIA, Bangkok 


John L. Emmett 
Crystal Chemistry 
Brush Prairie, Washington 


Spectroscopic characteristics of low-temperature heated 
blue to violet spinel. Although spinel is rarely treated, 
there have been some heated spinels available in the 
trade. The effect of heat treatment on pink to red spinel 
has been previously reported (e.g., S. Saeseaw et al., “Dis- 
tinguishing heated spinels from unheated natural spinels 
and from synthetic spinels,” 2009, GIA Research News, 
https://www.gia.edu/gia-news-research-NR32209A; A. 
Peretti et al., “Heat-treatment of spinel,” in World of Mag- 
nificent Spinels: Provenance and Identification, GRS Gem- 
research Swisslab, 2015, pp. 269-278). Chromium-bearing 
spinel with pink to red color generally becomes darker after 
heat treatment, and the clarity of spinel containing partic- 
ulate clouds can be significantly enhanced by heating be- 
tween approximately 950° and 1150°C (S. Saeseaw et al., 
2009). 

In addition to the most popular pink to red spinel, an- 
other important and desirable variety is blue spinel, espe- 
cially with a vibrant cobalt blue color. The dominant 
chromophores in blue to violet spinel includes Fe** and Fe** 
at both tetrahedrally (T) and octahedrally (M) coordinated 
sites of spinel structure as well as Co” at the T site (G.B. 
Andreozzi et al., “Color mechanism in spinel: A multi-ana- 
lytical investigation of natural crystals with a wide range of 
coloration,” Physics and Chemistry of Minerals, Vol. 46, 
2019, pp. 343-360; V. D’Ippolito et al., “Color mechanism 
in spinel: Cobalt and iron interplay for the blue color,” 
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Figure 21. Color-cali- 
~ brated photos of blue to 
f SN violet spinels before heat- 
4 : 


4 


\ eee.” ing (left) and after heating 

; at 1000°C for four hours 

ay = (right). There are three 
e» groups of spinel samples 
- iar in this study: violet (top 

row), iron-dominated 

; cer blue (middle row), and 

ae) \ cobalt-dominated blue 
; 2 (bottom row). Photos by 
Fra Sasithorn Engniwat. 


Physics and Chemistry of Minerals, Vol. 42, 2015, pp. 431— 
439). Previous works have revealed the application of cobalt 
diffusion treatment to enhance blue color in spinel (e.g., S. 
Saeseaw et al. “GIA lab reports on a new cobalt diffusion 
treatment of natural spinel,” GIA Research News, 2015, 
https://www.gia.edu/gia-news-research/cobalt-diffusion- 
natural-spinel-report). A study on the heat treatment of blue 
spinel without external chemical diffusion is lacking in the 
literature, to our knowledge. 

To understand the change of chromophores in blue to 
violet spinel caused by heat treatment, this preliminary 
study involved exploratory heat treatment of samples 
from various localities: Madagascar, Myanmar, Tanzania, 
and Vietnam. The samples were separated into three 
groups: violet, iron-dominated blue, and cobalt-domi- 
nated blue spinel (figure 21, left). UV-Vis-NIR spectrum 
of representatives in each group show relatively similar 
absorption spectra (figure 22), consisting of a strong UV- 
edge absorption at approximately below 330 nm; multi- 
ple absorption bands between 350 and 1100 nm of Fe”, 
Fe** at T and M sites; and multiple bands between 500 
and 670 nm of Co** at the T site (Andreozzi et al., 2019; 
D’Ippolito et al., 2015). With a very similar absorption 
pattern between violet and blue iron-dominated spinels, 
the difference in color appearance is associated with dif- 
ferent intensity of absorption bands which is more in- 
tense in iron-dominated blue spinel due to higher Fe 
concentrations (Andreozzi et al., 2019). The spinel sam- 
ples were heated at 600°, 700°, 800°, 900°, and 1000°C in 
air and held for four hours at each heating temperature. 
Progressively heating from 600° to 1000°C showed that 
violet color changed little in this temperature range, 
whereas blue spinel became more grayish after heating 
at approximately 800°-900°C (figure 21, right). Heat 
treatment could affect the color appearance of iron-dom- 
inated blue spinel colored much more than cobalt-dom- 
inated blue spinel. After heat treatment (figure 23), the 
spectra displayed generally broader absorption bands, 
with less prominent bands below 650 nm and more 
prominent bands at around 920 nm. The broadening of 
the chromium emission peak in photoluminescence 
spectroscopy (PL) is an effective criterion for detecting 
heat treatment in spinel (e.g., Saeseaw et al., 2009; Peretti 
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Figure 22. Representative UV-Vis-NIR spectra of unheated spinels for the three color groups. They have relatively 
similar absorption spectra with different intensities and some band positions, depending on Fe and Co contents. A 
series of Fe absorption bands in the spectrum consists of Fe* at T site ('Fe*+) bands at approximately 371, 385, 400, 
558, 580, and 780 nm; Fe? at M site (“Fe?*) band at around 920 nm; Fe* at M site (“Fe*) band at 457 nm; MFe?*- 
MFe* intervalence charge transfer (IVCT) band at about 655 nm; and Co” at T site ("Co**) bands at approximately 
$58, 580, and 625 nm (Andreozzi et al., 2019; D’Ippolito et al., 2015). Fe and Co concentrations reported in the fig- 


ure were analyzed by LA-ICP-MS. 


et al., 2015). PL spectra of the treated samples in this 
study were also analyzed and showed that the Cr emis- 
sion peak of the material broadened after heating at 
800°-900°C. The change in color and spectroscopic data 
after heat treatment resulted from a direct spinel trans- 
forming to a partially inverse spinel (R. Widmer et al., 
“Effects of heat treatment on red gemstone spinel: Sin- 
gle-crystal X-ray, Raman, and photoluminescence study,” 


Physics and Chemistry of Minerals, Vol. 42, 2015, pp. 
251-260) as well as the changes of valence and site dis- 
tribution of Fe chromophores in the spinel structure. The 
less desirable blue color of the treated spinel in this pre- 
liminary study, regardless of any improvement in clarity, 
suggests that the heat treatment of the blue to violet 
spinels was likely unintentional. In addition, as demand 
for gray colored spinels has increased in the trade over 


Figure 23. UV-Vis-NIR spectra comparisons of cobalt blue (top), blue and violet spinels (bottom) in figure 22, be- 
fore heating (solid line) and after heating at 1000°C for four hours (dashed line). Broader absorption bands, with 
less prominent bands below 650 nm and more prominent bands at around 920 nm, were observed. 
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An Unusual 


Characteristic 


of Gemstones 


by 


JOHN G, ELLISON 


For several years the ‘‘feel’’ of polished 
surfaces of different gem species has been 
recorded in an effort to confirm the im- 
pression that noticeable differences did exist 
between different gems. Obviously a test 
based on the comparative adherency of a 
stone to one’s finger as the stone is rubbed 
does not fall into the category of important 
tests. 

However, to those familiar with the pro- 
cedure at least an occasional advantage will 
be gained. 

To verify and apply the findings listed 
below, one’s hand must be free of excessive 
moisture and skin oils and also the stone 
itself must be reasonably clean. The next 
step is simply to grasp the stone between 
the thumb and forefinger in a manner that 
enables a surface, preferably the table to 
be rubbed. Larger stones should be tested 
first since the larger facets tend to emph- 
asize the differences. However, to one fa- 
miliar with the test, even small stones of 
less than one carat in size will yield a char- 
acteristic “feel.” In order to test the ‘‘feel” 


of small stones a slight variation in testing 
methods is required. In such cases, the 
stone is rolled between thumb and forefinger, 
under pressure. This provides a larger area 
to be tested and yields much of the charac- 
teristic ‘‘feel’’ of the stone. For practice, a 
garnet and glass doublet is suggested as this 
will best illustrate the method to be em- 
ployed and also demonstrate the difference in 
“feel” between top and bottom portions 
of the stone. The reaction to rubbing a 
stone in this manner is that the surface will 
either feel smooth (slick) or it will tend to 
be sticky. 

Although the following list of stones has 
only been divided into two classifications, 
namely slick and smooth, it will be found 
that the degree of smoothness or stickiness 
varies with each species or variety. How- 
ever, since most commercial stones are not 
polished to their ultimate and other factors 
such as grease, skin moisture, etc. affect the 
“feel” of the stone, it would be best to ad- 
here strictly to this list for the most accurate 
results. 
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Figure 24. The GIA Library # Museum Facebook page stimulates spirited discussion among gemologists, biblio- 
philes, and gem enthusiasts. Photo composite by Robert Weldon/GIA. 


the past few years (Spring 2019 GNI, p.130), some con- 
cerns about heat treatment in gray spinels should be 
raised. 


Wasura Soonthorntantikul and 
Vararut Weeramongkhonlert 
GIA, Bangkok 


Aaron C. Palke 
GIA, Carlsbad 
ANNOUNCEMENTS 


GIA Library and Museum Facebook group. Dedicated to 
the beauty and fascination of gemological books and min- 
eral exhibits, the Richard T. Liddicoat Gemological Library 
& Information Center and the GIA Museum launched a 
Facebook group on August 2, 2021. 

The group has attracted over 600 bibliophiles, museum 
curators, gemological enthusiasts, students, researchers, 
and experts worldwide. It aims to provide greater digital 
access to our library and museum and stimulate enthusi- 
astic discussion of the many themes covered in our collec- 
tion of books, periodicals, and exhibits (figure 24). These 
subjects include gemology, geology, mineralogy, jewelry 
manufacturing, design, jewelry history, localities, and the 
gem industry. 

Features include library-curated video segments and book 
reviews, commentary on rare bookplates or covers, and short 
interviews with notable library patrons. The Facebook group 
also highlights specific rare books from the library’s digital 
collection on the Internet Archive (https://archive.org/ 
details/gialibrary). A growing proportion of the library’s no- 
table rare books and manuscripts are digitized and offered to 
the public—free of charge. Over 700 books have been digi- 
tized, and the project is ongoing. The museum provides 
unique glimpses and the stories behind some of the amazing 
gems and minerals from GIA’s collection. 

To become a member of this group, please visit 
https://www.facebook.com/groups/gialibraryandmuseum 
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James Shigley receives Robert M. Shipley Award. Dr. James 
E. Shigley (figure 25), GIA’s distinguished research fellow, 
has received the American Gem Society’s Robert M. Shipley 
Award for his significant contribution to the science of 
gemology. The prestigious award was announced at the AGS 
Conclave in Dallas on September 13. Dr. Shigley was unable 
to attend the ceremony but was honored at GIA’s Carlsbad 
campus by president Susan Jacques, research colleagues, and 
family, where he was presented with a plaque and pin ac- 
knowledging his decades of commitment to gem research. 
During his almost 40-year career with the Institute, 
Shigley has authored or coauthored more than 85 Gems & 
Gemology articles, edited the G#G In Review book series, 
and been the face of GIA’s research mission, lecturing ex- 
tensively on gems and gem identification. He is also the 
recipient of the 2017 AGS Lifetime Achievement Award. 


Figure 25. Dr. James Shigley is the 2021 recipient of 
the American Gem Society’s Shipley Award. Photo by 


Kevin Schumacher. 
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Burmese Blue Sapphire and Peridot 
from Mogok and a History of Emerald 
Mining in Habachtal, Austria 


Welcome to the Winter 2021 issue of Gems & Gemology! This exciting conclusion to the 
volume year features new content examining blue Burmese sapphires, the source of rich 
olive color peridot in Pyaung-Gaung, and the history of emerald mining in Austria’s 
Habachtal region. 


Our lead article by Wasura Soonthorntantikul and coauthors features an extensive gemolog- 
ical analysis of 248 blue sapphires from Mogok, a source long known for producing 


high-grade material. This study uses “a9 ovtensive gemological analysis of 
samples collected on a series of expedi- 


tions by GIAS field gemologists over 248 blue s app hi res fr om Me ogok, see 
the last decade, filling a gap in modern analytical data. Findings indicate that the sapphires 


show a wide range of blue color intensities but maintain a very consistent inclusion scene. 


Next, Montira Seneewong-Na-Ayutthaya and fellow researchers investigate the internal, spectroscopic, and 
chemical features of peridot from the Pyaung-Gaung area in the Mogok township of Myanmar. This location is an 
essential source of high-quality peridot, producing rough both large in size and rich in olive green color. A combi- 
nation of various gemological tests and advanced analytical methods presented in this study prove effective in 
differentiating Pyauang-Gaung peridot from other sources. 


The final article delves into the mining history of Austria's Habachtal region, which is considered one of the early 
emerald deposits, with references dating back to 1797. In part one of this two-part series, Karl Schmetzer traces the 
history of the Habachtal emerald mine through several centuries up to World War I, using largely unpublished 
works sourced from Austrian and German archives. 


As always, our regular columns offer an assortment of gemological findings from around the globe. Highlights of 
the Lab Notes section include an impressive diamond faceted as the iconic Apple Inc. logo, exquisite antique 
spectacles crafted with diamond and emerald lenses in mid-seventeenth-century India, and an exceptionally large 
and well-saturated orange sapphire from Sri Lanka. The Micro-World section presents a demantoid faceted to 
showcase spectacular “horsetail” inclusions, a remarkable example of rainbow graining in a yellow diamond, and an 
unusual occurrence of a hematite crystal hosting a network of rutile crystals. In Gem News International, stay up to 
date with recent studies on biogenic carbon in pink corundum from southern West Greenland, the latest on 
mining the Yogo sapphire deposit in Montana, and a new blue zircon deposit discovered in Malawi. 


Finally, this issue includes the debut of an exciting addition to our regular columns, Colored Stones Unearthed, 
exploring the formation of colored stones from the crust-mantle and below. This first installment covers some of 
the gemstones that provide important information on the mineralogy, composition, and evolution of the earth, 


including peridot, sapphire, and ruby. 


We hope you enjoy the Winter issue of Gems & Gemology! 


Dott 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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BLUE SAPPHIRES FROM MOGOK, MYANMAR: 
A GEMOLOGICAL REVIEW 


Wasura Soonthorntantikul, Ungkhana Atikarnsakul, and Wim Vertriest 


Burmese sapphires are among the most coveted colored gemstones in the world. The historical importance of 
this source and the fine quality of its high-grade material contribute to the legendary status of these gems. Since 
Mogok is such a long-known source, there are many classic studies available, but modern analytical data are 
often missing or not up to current standards. This article summarizes the characteristics of Burmese sapphires, 
including standard gemological properties, inclusion observations, and spectroscopic and trace element analyses. 
This information was collected from hundreds of blue sapphires that GIA’s field gemologists sampled while vis- 
iting different mining regions in Mogok over the past decade. Our observations indicate that these sapphires 
show a wide range of blue color intensities but very consistent inclusion scenes. Trace element chemistry did 
not show any significant differences between various regions apart from a wider range of Fe concentrations in 
sapphires from north of Mogok. Rare observations such as orange fluorescence and unusual FTIR spectra can 


be attributed to the chemical compositions of the sapphires. 


ogok is the most legendary gemstone source 
M<: Myanmar; its fabled rubies have been 

highly desired for centuries. Perhaps equally 
sought-after by connoisseurs but less known to the 
general public are its blue sapphires (figure 1). Mogok 
is one of the oldest sapphire sources, but its sapphires 
have always faced challenges in gemological circles. 
Their beauty was often not acknowledged in older 
days, but this changed dramatically in recent 
decades. In light of the increasing demand for origin 
determination services, separating blue sapphire 
sources has become important for gemological labo- 
ratories. Collecting reliable samples had been ex- 
tremely challenging due to limited access to the 
mines and the rarity of blue sapphire in Mogok. This 
paper aims to summarize the current knowledge of 
Mogok sapphires based on extensive gemological 
analysis of samples collected during field expeditions 
in the last decade, combined with data available in 
the gemological literature. 


INTRODUCTION TO MOGOK SAPPHIRES 


Myanmar and Mogok. The Asian country of Myan- 
mar, formerly known as Burma, is located on the 
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crossroads between Southeast Asia, the Indian Sub- 
continent, and China. From 200 BCE to 800 CE, the 
land was controlled by a group of city-states, often 


In Brief 


Mogok sapphires have been treasured for centuries, yet 
modern gemological studies are scarce and most rely 
on limited samples. This study summarizes all gemo- 
logical data for Burmese sapphires collected in the field 
by GIA gemologists. 


The most common inclusions are silk and twin planes, 
and their appearance can potentially distinguish them 
from other sources. 


Fourier-transform infrared (FTIR) spectra of the studied 
Mogok sapphires frequently display hydroxyl-related 
mineral features, while UV-Vis-NIR spectra commonly 
show a pattern typical for metamorphic deposits. 


Trace element chemistry analyses by LA-ICP-MS did 
not reveal any significant differences between the sap- 
phire-producing zones in the Mogok area. The trace el- 
ement chemistry of Burmese sapphires also shows 
overlap with other metamorphic sapphire sources. Ori- 
gin determination still relies heavily on observation of 
inclusions. 


referred to as the Pyu city-states. This state structure 
was replaced by a line of larger kingdoms after the 
Burmans drove out the Pyu in the ninth century. 
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Among the earliest was the Pagan Kingdom, which 
laid the foundation for the nation that later became 
modern-day Myanmar. This can be seen as the foun- 
dation of the Burmese language and culture, includ- 
ing the adoption of Theravada Buddhism as the state 
religion. The ancient capital, now referred to as 
Bagan and designated as a UNESCO World Heritage 
Site, is one of the main tourism destinations in the 
country. This kingdom eventually fell to Mongol in- 
vasions, after which it took centuries to recover and 
reunify the nation under the Toungoo Dynasty in the 
mid-sixteenth century. In 1752, it was replaced by 
the Konbaung Dynasty, which continued the admin- 
istrative reforms set out by the previous rulers. Ini- 
tially, the Konbaung rulers tried to resist increasing 
pressure from European colonial powers. In 1885, 
after they lost the third Anglo-Burmese war, Burma 
was completely annexed into the British Empire. 
The earliest writings from European explorers 
mentioned the close connection between the differ- 
ent Burmese empires and their vast gem resources 
(Hughes et al., 2017; Temple, 1928; Penzer, 1937). 
Later explorers with better-documented journals pro- 
vided detailed firsthand accounts of the “markets 
stocked in rubies and sapphires” (d’Amato, 1833; 
Luard, 1926-1927). Evidently, the British colonists 
took great interest in all natural resources, including 
gemstones. During the annexation, large-scale oper- 
ations were leased out to mining firms for the first 
time. These were most successful in the late 1890s 
and early 1900s. World War I shifted economic prior- 
ities, and the importance of gemstone mining sub- 
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Figure 1. Three rough 
samples and three 
faceted sapphires (from 
left: 7.63, 9.77, and 
7.44 ct) from the Baw 
Mar mine at Kyatpyin 
in the Mogok region of 
Myanmar. Photo by 
Robert Weldon/GIA. 


sided (Brown, 1927; Hughes et al., 2017). European 
control was only briefly interrupted during World 
War II when Japanese forces took control of Burma. 
Colonial rule lasted until 1948, when Burma gained 
its independence from the British Empire. 

In 1962, only 14 years after the country gained its 
independence, the military regime took control of 
the state. The military junta, also referred to as Tat- 
madaw, changed the name of the country to Myan- 
mar in 1989. They refused to give up their total 
power until 2011, when the ruling military party was 
reformed. However, the military kept tight control 
on the young democracy, and after the 2020 elections 
it once again took control of the country in a new 
coup d’état in February 2021. 

The Mogok region is located in central Myanmar, 
around 120 km northeast of Mandalay (figure 2). The 
area is located on the western side of the Shan 
Plateau and flanked by the Ayeyarwady (Irrawaddy) 
River to the west. The rugged terrain is characterized 
by steep hills and numerous streams cutting through. 
The main city is located at an elevation of 1100 m, 
but the surrounding mountains can reach nearly 
2300 m. Due to high rainfall and warm summers, 
vegetation is abundant and the jungle quickly re- 
claims abandoned areas. During winter, the temper- 
atures at higher elevations can dip below the freezing 
point. 

The name “Mogok” is used to describe many 
things and can lead to some confusion. It is important 
to know which “Mogok” is being referred to. The 
town of Mogok is where much of the gem trading ac- 
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Figure 2. Mogok Valley 
just after sunrise. Mist 
fills the valleys and 
mixes with smoke from 
the wood fires used to 
cook breakfast and heat 
homes, especially during 
the winter months. Pho- 
tos by Wim Vertriest. 


tivity takes place and is near many of the historical 
gem mines. Mogok township is the administrative 
area comprising Mogok city, Kyatpin, and other sur- 
rounding towns. More than 170,000 people live in the 
township. The Mogok Stone Tract, a term introduced 
by the British administration, does include the Mogok 
township but stretches much farther north. 

The Mogok administrative area consists of differ- 
ent settlements. Figure 3 covers the extent of the 
Mogok township and indicates some notable towns. 
The main population concentrations are in the cities 
of Mogok and Kyatpin, which lie in the heart of the 
gemstone mining areas. In the rest of this article, the 
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term “Mogok” refers to the wider area, not exclu- 
sively to the town or a single mine. 

Foreigners cannot visit freely and must have per- 
mission from the appropriate authorities and be ac- 
companied by a government-approved guide at all 
times. Mogok has been subject to sudden closures 
and has always been difficult to enter. Even when all 
paperwork has been approved, permits can be re- 
tracted at the last minute. 


Mogok Sapphire. While Mogok is commonly associ- 
ated with rubies, its variety of gems is unmatched. 
Apart from ruby, the other important stones are 
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spinel, sapphire, and peridot. Rare collector minerals 
such as painite and johachidolite have been discov- 
ered there. Mogok’s finest sapphires are of excep- 
tional quality, and a Burmese origin is considered one 
of the most desired localities, surpassed only by 
Kashmir (Hughes et al., 2017). Today, Burmese sap- 
phire is held in high esteem by the trade, but this was 
not always the case. 

At the end of the nineteenth century, Burmese 
sapphires were considered too dark (Streeter, 1892). 
Only in the middle of the twentieth century did these 
stones acquire the reputation they hold today. Smith 
(1972) wrote that no other source produced sapphires 
as superb as Burma’s. Brown and Dey (1955) took a 
more modest approach: “It has been stated that 


Figure 3. Map of the 
Mogok township and 
some nearby towns. 
Gem mines extend to 
the north slope of the 
mountains north of 
Bernard-Myo and also 
to the south. 


Burmese sapphires as a whole are usually too dark for 
general approval, but this is quite incorrect; next to 
the Kashmir sapphires they are unsurpassed.” 

As with all origins, only some of the stones recov- 
ered have the desired color, size, and clarity, and thus 
origin is not synonymous with quality. The best 
Mogok sapphires have a saturated, rich, intense blue 
color, sometimes with a light violet component. But 
Mogok sapphires are by no means restricted to these 
typical rich blue colors. A wide range of tone and sat- 
uration in blue color is found, from pale icy blue and 
delicate periwinkle to dark navy blue (figure 4). Fine 
star sapphires have also been reported from the west- 
ern area, near Kin (Hughes and Win, 1995). While 
Mogok rubies are much more common in the trade 


Figure 4. Mogok sapphires are traditionally known for darker blue colors, but in reality a vast range of blue tones 
and saturations can be found in the mines around Mogok, as shown in this image. Photo by Robert Weldon/GIA. 
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Figure 5. An invitation for a cup of tea quickly turned into a sapphire extravaganza in this gem trader’s front yard, 
near the town of Bernard-Myo in northern Mogok. Blue and fancy sapphires were shown, and a lively debate about 
the blue gems lasted for nearly an hour. Photo by Wim Vertriest. 


than their blue cousins, the size of Burmese sapphires 
is one of the reasons for their fame. Finished gems 
larger than 100 carats have been documented, and 
gray-blue corundum crystals weighing several kilo- 
grams have been recovered, although the latter were 
not facetable. 

Blue sapphires are found all over the Mogok area, 
but the town of Pein-Pyit and the Chaung-Gyi Valley 
to the northeast of Mogok city in particular are 
known to produce a blue sapphire of various intensi- 
ties and tones. The northern town of Bernard-Myo 
and the north-south trending valley it lies in have a 
thriving sapphire mining and trading scene next to 
the large peridot mines found in this area. The area 
to the west and northwest of Kyatpin, with main cen- 
ters in Baw Mar and Kyauk-Sin, hosts some of the 
largest mines. Many smaller mines are in the 
Thurein-Thaung/Yadana-Kaday-Kadar area a bit far- 
ther south. Blue sapphires are also found on the 
Mogok Stone Tract’s western border in river gravels 
near the towns of Kin and Kabaing. The large second- 
ary deposits in the lower parts of the valleys once held 
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significant volumes of sapphire that washed down 
from the surrounding mountains, but most of these 
are now exhausted. 

Sapphire dealers in Mogok pay very close atten- 
tion to the source of the rough (figure 5). It is believed 
that sapphires from western Mogok maintain their 
rich blue color in various orientations, while those 
from the eastern parts may take a greenish tint when 
the c-axis is not precisely perpendicular to the table 
(Hughes and Win, 1995). Some sapphires from 
Bernard-Myo have a stronger violet component, 
making them too dark, or a strong green component 
(Halford-Watkins, 1935). However, these are anec- 
dotal observations from traders, and some of these 
views can be quite dated. There have been no exten- 
sive studies to back them up. 


GEOLOGY AND MINING OF THE MOGOK 
SAPPHIRE DEPOSITS 


Regional Geology of Mogok. Due to limited access, 
complicated geological history, degree of weathering, 
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Gemstone or Substitute 


Almandite Garnet 
Amber 

Andradite Garnet 
Beryl (All) 
Chalcedony 
Chrysoberyl 
Corundum 
Diamond 

Glass 
Heat-treated Zircon 
Hematine 
Hematite 

Jadeite 

Jet 

Labradorite 

Lapis 

Microline 
Natural Zircon 
Nephrite 

Opal 

Orthoclase 
Peridot 

Plastics 

Pyrope Garnet 
Quartz 

Rhodolite Garnet 
Spinel 
Spodumene 
Synthetic Corundum 
Synthetic Emerald 
Synthetic Rutile 
Synthetic Spinel 
Topaz 
Tourmaline 
Turquois 

Yellow Peridot 


“Touch” or “Feel” 


Smooth 
Sticky 
Sticky 
Sticky 
Sticky 

Smocth 

Smooth 
Sticky 
Sticky 
Sticky 
Sticky 
Sticky 
Sticky 
Sticky 
Sticky 
Sticky 
Sticky 

Smooth 
Sticky 
Sticky 
Sticky 
Sticky 
Sticky 

Smooth 
Sticky 

Smooth 

Smooth 
Sticky 

Smooth 
Sticky 

Smooth 

Smooth 

Smooth 

Smooth 
Sticky 

Smooth 
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and thick vegetation cover, the local geology of 
Mogok is not well understood. Only recently have 
advanced geological studies taken place, but they are 
focused on larger scale structures and not directly on 
gem-forming processes. 

The area is part of the Mogok Metamorphic Belt, 
a geological feature that extends over 1500 km from 
the Andaman Sea in the south to the edge of the East- 
ern Himalayas in the north. Marbles metamorphosed 
under high amphibolite- and granulite-facies condi- 
tions are the dominant lithology in this belt, but a 
variety of high-grade metamorphic and intrusive 
rocks are found (figure 6). 

In the Mogok and Kyatpin valleys, where gem 
minerals are most common, the marbles have been 
intruded by charnockite and syenite intrusions, form- 
ing sills. The center of the valley consists of this unit 


and stretches WSW-ENE, dipping to the south. Most 
intrusions are concordant with the marble layering 
(figure 6). While the exact age of the marble is unclear, 
it formed in the Tethys Ocean, which completely dis- 
appeared with the collision of the Indian Subcontinent 
with Asia (Iyer, 1953; Oo, 2011; Searle et al., 2007; Za- 
hirovic et al., 2012). The syenite intrusions have been 
dated, but interpretation of these ages is not conclu- 
sive since some of them might have been reset in later 
stages. Most dates place the intrusions in the early 
Jurassic period (170-163 Ma), although others point to 
a younger age (67-22, Ma). These younger dates overlap 
with the intense metamorphism associated with the 
formation of the Himalayas and have probably been 
overprinted (Searle et al., 2020). 

Field observations have determined the presence 
of several sills, with Taung-Met syenite being the 


Figure 6. The geology in Mogok is dominated by a WSW-ENE trending marble layer that dips to the south. In be- 
tween these marbles are numerous syenite and charnockite layers. Toward the south is a suite of gem-barren 
metamorphic rocks. The western border of Mogok is defined by the Kabaing granite, which has several pegmatite- 
related gem deposits associated with it. From Searle et al. (2020). 
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most obvious with a thickness of 400 m. This intru- 
sion is among the most resistant rocks and stands out 
in relief as the hill range north of Mogok and Kyatpin 
cities and includes the highest point in the Mogok 
area (Taung-Met-Taung Mountain; again, see figure 
6). The syenite-charnockite rocks can have variable 
mineralogical components, but field observations 
suggested that the syenites, in combination with mar- 
bles and skarn, are more closely related to gem for- 
mation than the charnockites (Searle et al., 2020). 
Nevertheless, charnockites have been described as 
the source for sapphire and other gem mineralizations 
in Sri Lanka (Rupasinghe and Dissanayake, 1985). 

The intrusions developed extensive calc-silicate 
skarns in the marble. The increased heat from the 
hot intrusions combined with the low Si-activity in 
them created the right conditions for corundum for- 
mation. It is in these skarn zones, limited to a struc- 
tural distance of 1-2 km from the intrusion, that 
most rubies and sapphires are found. Field observa- 
tions indicate that sapphire typically forms closer to 
the intrusions (Searle et al., 2020). 

In the immediate vicinity of the intrusions, meta- 
somatized zones form around them. This metasom- 
atization results in the formation of mineralized 
zones that are often rich in mica but might also con- 
tain sodalite, lazurite, and others, depending on the 
local conditions (Searle et al., 2020). 

This means that Mogok was subjected to a local- 
ized metamorphic event related to the intrusions of 
the charnockite-syenites, probably in the early Juras- 
sic period. The entire region underwent granulite-fa- 
cies metamorphism in the late Cretaceous to the 
early Miocene. 

Intrusions of leucogranite and associated peg- 
matites that are most likely related to the large 
Kabaing granite intrusion to the west are also found 
(Gardiner et al., 2014, 2016; Iyer, 1953; Themelis, 
2008). These are also related to gem mineralization 
but are more likely the source of pegmatite-related 
gemstones (topaz, aquamarine, etc.) that appear to be 
more common toward the west of Mogok. These in- 
trusions are much younger and only intruded after 
peak metamorphic conditions passed (22-18 Ma) 
(Searle et al., 2020). In western Mogok, they overlap 
alongside the older syenite intrusions, but their in- 
teraction might have triggered the formation of new 
minerals. 

Toward the north, there is a large ultramafic body. 
There is still an ongoing debate whether this intruded 
during later metamorphism or represents an ophiolitic 
mantle rock (Searle et al., 2017; Thu, 2007). 
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Geology of Mogok Sapphire Deposits. While ruby 
and spinel from Mogok formed in relatively pure 
marbles, the formation of sapphire is less understood 
and likely more complicated (Garnier et al., 2008). 
Most studies agree that the intrusions played a sig- 
nificant role in the formation of blue corundum in 
Mogok. Still, there is little clarity whether these in- 
trusions are directly responsible for sapphire miner- 
alization or are just one of the factors that played a 
role. Field observations have shown a strong link be- 
tween the distribution of gem corundum and the 
syenite/charnockite intrusions, although the gems 
themselves only formed during later metamorphism 
(Searle et al., 2020). Many of the intrusions were Si- 
poor, which meant that they had the capacity to 
leach silicon from the host rocks, leaving an environ- 
ment enriched in aluminum, which is required for 
corundum formation. The reverse process can also 
occur, where silicon is removed from the intrusion 
by the host rock. This way, the intrusion can be de- 
silicated and relatively enriched in Al, thus forming 
a suitable environment for corundum. This rock is 
sometimes referred to as plumasite (Giuliani et al., 
2014). Some studies found strong indicators that the 
sapphires found in the syenite intrusions might be 
xenocrysts. In other words, they did not form in the 
syenitic magma but rather were picked up and 
brought to the surface (Turnier and Harlow, 2017). 
Given the complex geology of the Mogok gem area, 
we cannot exclude the possibility that there are mul- 
tiple types of sapphire-forming processes responsible 
for its wealth of blue sapphire. 

While the geological formation of Mogok sapphire 
is not yet fully understood, it is obviously unrelated 
to alkali basalt extrusions. Some of the richest sap- 
phire deposits on our planet are associated with 
basalts, and these gems are often referred to as 
basaltic or magmatic. Typical localities are Thailand, 
Nigeria, and Australia. They share similar gemolog- 
ical and mineralogical characteristics, which sets 
them apart from the second group of sapphires, 
known as metamorphic. These metamorphic sap- 
phires are found mainly in Sri Lanka and Madagascar, 
as well as Mogok. While the geological formation of 
these sources is not well understood, they do share 
sufficient spectroscopic and gemological similarities 
to group them together. These similarities make it 
challenging to determine the exact geographic origin 
of metamorphic sapphires. 


Mining Techniques. Mogok’s sapphires are mainly 
mined in secondary deposits. In these deposits, crystals 
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have been released from the host rock. Due to various 
processes, often related to transport in water, the heav- 
iest minerals are concentrated. This concentrate is 
called byon in Myanmar and contains a mixture of sev- 
eral minerals, including corundum, spinel, tourmaline, 
and topaz, depending on the location (figure 7). 
Gemstone mining has a long tradition in Mogok, 
and several mining methods are used for sapphire 
(Hughes et al., 2017). The first type is called twin-lon, 
where a narrow shaft is sunk into the ground to reach 
the byon. Once the byon is reached, horizontal tunnels 
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Figure 7. A miner washes 
byon that was trapped 
between large boulders. 
The use of simple tech- 
niques allows them to 
access areas that cannot 
be reached with heavy 
equipment. In the far 
western part of Mogok, 
near the Kin Valley, min- 
ers find blue sapphire 
and spinel mostly in 
these gem-rich gravels. 
Photo by Wim Vertriest. 


branch out to remove as much valuable material as 
possible. This system is comparable to traditional gem 
mining in many parts of the world, although the scale 
is often smaller. Since flooding is a serious risk, this 
method is often limited to the dry season. The second 
type is the hmyaw-dwin method, a form of hillside 
open-pit mining (figure 8). Water is used to loosen up 
and wash away mud and light minerals, leaving be- 
hind heavier crystals such as corundum and spinel. 
This concentrate is then washed. Since this technique 
uses a lot of water, it is preferred in the wet season. 


Figure 8. This modern 
hmyaw-dwin mine 
combines high-pressure 
water jets with an exca- 
vator. The water breaks 
up muddy areas, and 
the excavator removes 
large, worthless boul- 
ders and exposes fresh 
ground. The muddy 
water carries the 
smaller gravel and gem- 
stones down to a gravel 
pump. This slurry is 
pumped to a washing 
plant, where the gems 
are separated from 
other materials. Photo 
by Wim Vertriest. 
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Figure 9. There are a few sapphire mines in Mogok 
where people extract the blue gems directly from the 
host rock. Following underground tunnels, they trace 
gem-rich zones. In many places, the rock is fairly 
weathered and manual tools are sufficient. On rarer 
occasions, blasting is required in the sapphire mines. 
Photo by Wim Vertriest. 


Cave mining, or Ju-dwin, is also common in 
Mogok but is mainly used for spinel and ruby since 
they form directly in the marble that hosts the caves. 
Sapphire formation is not directly linked to the mar- 
ble formation; as a result, the blue gems are much 
less common in cave deposits. 

Hard-rock mining has become more common in 
Mogok since most of the secondary deposits are be- 
coming exhausted. Several sapphire mining operations 
have switched to this technique, although they are not 
comparable in size with the massive ruby operations 
that work primary deposits in deep tunnels. This 
method follows gem-rich zones through the rock and 
excavates them. Explosives are often required to blast 
through the rock in the ruby mines, but most sap- 
phire-hosting rocks are so weathered that the gems 
can be removed manually, without the use of heavy 
equipment (figure 9). The gem-rich rocks are brought 
to the surface and further processed to release the 
gems from their matrix. Even the largest operations 
working in the primary deposits rely heavily on man- 
ual labor in places where gems are more abundant. Re- 
moval of overburden or barren rock is often done with 
heavy equipment such as excavators. 
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MATERIALS AND METHODS 

Blue sapphires included in this study were collected 
from different areas in the Mogok Stone Tract by GIA 
field gemologists during expeditions between 2014 
and 2019 (figure 10). The stones were separated into 
groups based on their mining area. This should allow 
us to see any variations based on location and to po- 
tentially test claims made by traders. While this se- 
lection covers most of the important areas, we 
acknowledge that not every sapphire mine in Mogok 
is represented. Nevertheless, all areas that are locally 
known to produce significant quantities of gem-qual- 
ity sapphire are included in this study. 

A total of 248 Mogok samples were separated into 
six groups based on geographic mining location in the 
Mogok Stone Tract area (figure 3): 21 from North 
(Bernard-Myo area), 32, from Northeast (Chaung-Gyi 
Valley), 22 from East (Pein-Pyit village and Hta-Yan- 
Sho mine}, 83 from Northwest (Baw Mar and Kyauk- 
Sin mines), 40 from West (Yadanar-Kaday-Kadar, 
Thurein-Thaung, Man-Taw-Tin, Kyauk-Tya-That, and 
Baw-Lon-Gyi mines, located between Kabaing and Ky- 
atpin}, and 50 from Far West (Kin Valley) (table 1). 

These samples were studied in three forms: 230 
rough samples with one or more polished surface win- 
dows, to focus on inclusions; 12. optical wafer samples 


Figure 10. GIA field gemologists inspect a parcel of 
small blue sapphires in the northern part of Mogok, 
near the village of Chaung-Gyi. These samples were 
classified as E-type since they were purchased from a 
trader in the town. Photo by Wim Vertriest. 
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TABLE 1. Sample types of the studied Mogok blue sapphires in GIA’s 


reference collection.* 


Classitéation North Northeast East Northwest West Far West 
(21) (32) (22) (83) (40) (50) 

A type: Mined by = = = = = = 

GIA gemologist 

B type: Mining observed _ 2 = — 6 — 

by GIA gemologist 

C type: Purchased from _ -_ 14 = 5 — 

miner at the mine 

D type: Purchased from = 5 8 73 3 — 

miner, not at the mine 

E type: Purchased in the a4 25 ae 10 DG 50 

local market 


“From Vertriest et al. (2019). The numbers in parentheses represent the numbers of samples from each area. 


with a set of parallel polished surface windows ori- 
ented either perpendicular or parallel to the crystal’s 
c-axis (Thomas, 2009); and six faceted samples. 

Standard gemological properties such as refractive 
index (RI), birefringence, and hydrostatic specific grav- 
ity (SG) were measured on all samples. A standard 
gemological UV lamp with long-wave (LW) and short- 
wave (SW) radiation at 365 and 254 nm, respectively, 
was used for fluorescence observations. Microscopic 
examination was performed with GIA binocular mi- 
croscopes at 10x to 70x magnification, using various 
lighting including darkfield, brightfield, diffused, and 
fiber-optic illumination. Photomicrographs were cap- 
tured with Nikon SMZ 18 and 1500 systems at differ- 
ent magnifications and lighting. 

Ultraviolet/visible/near-infrared (UV-Vis-NIR) 
spectra were collected on the 12 optical wafer sam- 
ples with a Hitachi U-2900 spectrophotometer spe- 
cially modified at GIA to include a rotatable polarizer 
to allow the separate collection of the ordinary (o-) 
and extraordinary (e-) rays at a wavelength resolution 
of 1.5 nm. Fourier-transform infrared (FTIR) spectra 
were measured on all 248 samples using a Thermo 
Nicolet 6700 FTIR spectrometer operating with a 4x 
beam condenser accessory at a resolution of 4 cm. 
A Renishaw inVia Raman microscope fitted with a 
514 nm argon-ion laser was used to identify mineral 
inclusions, when possible. This was also used for 
photoluminescence (PL) analysis with a 457 nm laser 
excitation at room temperature. 

Trace element chemical analyses were performed 
on all samples using laser ablation-inductively cou- 
pled plasma—mass spectrometry (LA-ICP-MS) tech- 
nology with a Thermo Fisher Scientific iCAP Q 
ICP-MS coupled with a Q-switched Nd:YAG laser 
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ablation device operating at a wavelength of 213 nm. 
The laser conditions used were 55 zm diameter laser 
spots with a fluence of approximately 10 J/cm? and a 
repetition rate of 10 Hz. The dwell time of each spot 
was 40 s. The forward power was set at 1350 W, and 
the typical nebulizer gas flow was approximately at 
0.80 L/min. A special set of corundum reference 
standards was used for quantitative analysis of Be, 
Mg, Ti, V, Cr, Fe, and Ga (Stone-Sundberg et al., 
2.017), whereas NIST Standard Reference Materials 
610 and 612 glasses were used for other elements. All 
elemental measurements were normalized on Al as 
the internal elemental standard. 


RESULTS AND DISCUSSION 


Gemological Properties and Appearance. Generally, 
sapphires produced from various areas in the Mogok 
Stone Tract have a range of blue color from light to 
strong saturation (figure 11). The standard gemolog- 
ical properties of the studied materials are typical of 
natural corundum: RI of 1.760-1.770, birefringence 
of 0.008-0.009, and hydrostatic SG of 3.81-4.04. 
Viewed under a standard gemological UV lamp 
(365 and 254 nm}, the vast majority of Mogok blue 
sapphires in this study (81%) showed no fluorescence 
under long-wave UV radiation, while 10% fluoresced 
red (without zoned orange fluorescence). The remain- 
der displayed zoned orange fluorescence (with very 
weak or no red fluorescence) in near-colorless to light 
blue color zones. The fluorescence intensity under 
long-wave UV was generally weak to moderate. It 
should be noted that the red and orange fluorescence 
observed in these blue sapphires is caused by differ- 
ent defects (figure 12) and can appear together when 
observed with a gemological UV lamp. Orange fluo- 
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rescence is relatively common in metamorphic blue 
sapphire from other sources, such as Sri Lanka and 
Madagascar (Hughes et al., 2017). In figure 12, a stone 
with red fluorescence showed R-line emission at 
693.0 and 694.4 nm that is caused by Cr**. The or- 
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Figure 11. Color- 
calibrated photos of 
blue sapphire samples 
from six different re- 
gions in the Mogok 
Stone Tract, Myanmar. 
Note that visual color 
intensity also depends 
on the sample thickness, 
ranging here from 0.68 
to 3.55 mm. Photos by 
Sasithorn Engniwat. 


ange fluorescent region displayed an additional emis- 
sion band at around 640 nm that is related to trapped 
hole chromophores (Hughes et al., 2017). In natural 
corundum, the reaction under long-wave UV is gen- 
erally stronger than that in short-wave UV. This was 


Figure 12. The emission 
spectrum of the orange 
zoned fluorescence of 
Mogok sapphire from 
the West area (orange 
line) and that of the red 
fluorescence of another 
sample from the Far 
West area (red line), 
using 457 nm laser exci- 
tation. Examples of or- 
ange zoned (top right) 
and red (bottom right) 
fluorescence of the sam- 
ples under long-wave 
UV (365 nm). Photos by 
Nuttapol Kitdee. 
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LONG-WAVE UV OBSERVATION 
100 - 
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60 5 
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MOGOK AREA 


confirmed in the studied Mogok sapphires, which 
were all inert under short-wave UV light. 

The graph in figure 13 shows the observed fluores- 
cence color under long-wave UV for Mogok sapphires 
in six different regions. Among the studied samples, 
blue sapphires from the West and East areas showed 
the highest percentage (40%) displaying a fluorescent 
reaction. Among the samples with observable fluo- 
rescence, the North samples displayed only red fluo- 


West (40) 


Inert 
@ Red 
@ Orange 


Figure 13. The long- 
wave UV fluorescence 
reaction distribution of 
Mogok blue sapphires 
from different areas. A 
majority of the samples 
showed no fluorescence 
under long-wave UV. 
The numbers in paren- 
theses represent the 
number of samples 


from each area. 
Far West (50) 


rescence, whereas the samples from other areas ex- 
hibited both red and orange zoned fluorescence. 


Microscopic Observation. The studied samples from 
the Mogok Stone Tract area presented similar internal 
features and exhibited many inclusions commonly 
seen in classic Mogok blue sapphires reported previ- 
ously (Gtibelin and Koivula, 2008; Hughes et al., 2017; 
Themelis, 2008), as summarized in table 2. Figure 14 


Figure 14. The distribution of common internal features in blue sapphires from different mining regions along the 
Mogok Stone Tract. The numbers in parentheses represent the number of samples from each area. 
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TABLE 2. General observation of blue sapphires from the Mogok Stone Tract area, Myanmar. 


re re North Northeast East Northwest West Far West Literature? 
e (21) (32) (22) (83) (40) (50) 

Weight (carats) 0.21—4.26 0.22-2.14 1.04—27.36 0.07—4.26 OMT =6:1'5 0.28-5.89 = 

Color Light to strong Light to strong _Light to Light to strong Light to strong Light to strong _ Light to strong 


blue blue, a few medium blue 
with violetish 


tint 


Fluorescence —_ Generally inert 


Generally inert under long-wave and short-wave UV; sometimes weak to medium red 


blue, a few blue, a few blue blue, some 
with violetish — with violetish with violetish 
tint tint tint 


Generally inert, 


observation under long- and/or orange zoned under long-wave UV weak red to 
wave and orange from 
short-wave UV; Cr-bearing 
sometimes stones may be 


weak red under 
long-wave UV 


Internal Needles/silk, Needles/silk, Needles/silk, 
features polysynthetic — polysynthetic —_ polysynthetic 
twinning, twinning, twinning, 
growth tubes, growth tubes, _ fingerprints, 
fingerprints, fingerprints, and negative 
and negative and negative crystals. 
crystals. crystals. Generally 
Generally Generally uniform blue 
uniform blue uniform blue color. 
color, lacking a_ color. 
sharp blue 
boundary. 
Solid Apatite, calcite, Feldspar, mica, Apatite, 
crystalline corundum, rutile, spinel, feldspar, mica, 
inclusions feldspar, mica, green sheets, spinel, zircon, 
monazite, and tiny and tiny 
nepheline, opaque black — opaque black 
zircon, and crystals crystals 


green sheets 


observed under 
long-wave UV 


Needles/silk, Needles/silk, Needles/silk, Polysynthetic 
polysynthetic — polysynthetic —_ polysynthetic —_ twinning, 
twinning, twinning; twinning, growth tubes, 
growth tubes, growth tubes, —_ growth tubes, rutile silk, 


fingerprints, 
and negative 


fingerprints, 
and negative 


fingerprints, 
and negative 


secondary fluid 
inclusions, and 


crystals. crystals. crystals. negative 
Generally Generally Generally crystals. Even 
uniform blue uniform blue uniform blue blue color, 
color. color, lacking a_ color, lacking a_ rarely with 
sharp blue sharp blue color banding, 
zone. zone. and lacking 
sharp growth 
zoning. 
Apatite, Apatite, calcite, Apatite, calcite, Apatite, 
feldspar, mica, feldspar, mica, feldspar, mica, _ brookite, 
rutile, spinel, nepheline, rutile, dolomite, 
zircon, green rutile, scapolite, fergusonite, 
sheets, and tiny scapolite, spinel, zircon, _ feldspar, 
opaque black — zircon, and and tiny gibbsite, mica, 
crystals tiny opaque opaque black = monazite, 
black crystals crystals nepheline, 
pargasite, 
rutile, spinel, 
uraninite, 
zircon, and 
pyrrhotite 


@Gtibelin and Koivula (2008), Themelis (2008), Kan-Nyunt et al. (2013), Saengbuangamlam et al. (2016), and Hughes et al. (2017). 


illustrates the distribution of internal features com- 
monly observed in the studied Mogok sapphires sepa- 
rated by mining locations. The most common 
inclusion types are rutile needles/silk; they were ob- 
served in more than 80% of the samples. Silk can occur 
in various patterns, often overlapping with those of 
other metamorphic deposits, such as Sri Lanka and 
Madagascar (Palke et al., 2019). They can consist of 
densely packed short needles, a mix of short and long 
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needles in zones or discrete bands, and sometimes ar- 
rowhead patterns (figure 15, A-C). Mogok sapphires can 
also have irregular/flaky iridescent platelets, presum- 
ably ilmenite (Kan-Nyunt et al., 2013), bands/zones of 
coarse particles with short needles, and rounded/elon- 
gated reflective platelets (figure 15, D-G). When oblique 
fiber-optic light is reflected from the surface of the silk, 
the needles/platelets exhibit iridescent colors (e.g., fig- 
ure 15, Aand D, and figure 16, left). Using other lighting 
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Figure 15. Patterns of silk and needles in Mogok sapphires. A: Iridescent rutile silk with arrowhead pattern 
observed with a fiber-optic light from the appropriate angle. B: Densely packed rutile short needles in dis- 
crete bands. C: A mix of short and long rutile silk. D: Irregularly shaped reflective platelets and needles. E: 
Bands of coarse particles mixed with short needles. F: Intersection of elongated reflective thin films. G: Re- 
flective rounded platelets mixed with short needles. H: A mix of whitish and brownish silk. Photomicro- 
graphs by C. Khowpong (A, E, F), U. Atikarnsakul (B, D, G), S. Wongchacree (C), and V.L. Raynaud-Flattot 
(H). Fields of view: 1.40 mm (A), 3.10 mm (B), 1.40 mm (C), 2.40 mm (D), 1.80 mm (E), 3.65 mm (F), 0.80 
mm (G), and 1.05 mm (H). Shown in fiber-optic (A—G) and darkfield illumination (H). 
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Figure 16. This Mogok sapphire shows densely packed irregular platelets and needles. This type of silk appears re- 
flective and iridescent when a fiber-optic light is shone through at an appropriate angle (left) and brownish when 
viewed with other lighting conditions (right, diffused illumination). Photomicrographs by Ungkhana Atikarn- 


sakul; field of view 1.50 mm. 


conditions, the rutile silk commonly appeared whitish 
(e.g., figure 15, B and G], while irregular/flaky platelets 
generally look brownish (e.g., figures 15H and 16, right). 
Irregular brownish platelets (presumably ilmenite) are 
noticeably seen in the sapphires containing high iron 
(Fe) content (>800 ppma Fe). 

Other frequently observed features are poly- 
synthetic twin planes on the rhombohedron and 
growth tubes along twin planes. Twinning is usually 
present as multiple planes, sometimes intersecting in 
the samples (figures 14 and 17, left). Rose channels 


(growth tubes at twin intersections) are occasionally 
filled by boehmite/diaspore (figure 17, right) (Notari 
et al., 2018). 

In Mogok sapphires, healed fissures or fingerprints 
can be present in various ways, such as folded, coarse, 
zig-zag fluid, and fingerprints where individual nega- 
tive crystals are easily recognized (figure 18, A-D). In 
addition, the blue sapphires from Mogok sometimes 
contain large negative crystals surrounded by irides- 
cent fluid thin films (“rosettes”) (figure 19) (Raynaud 
and Vertriest, 2017). Mogok sapphires typically have 


Figure 17. Intersecting twinned sectors viewed under crossed polarizing filters are sometimes observed in Mogok 
sapphires (left). Intersecting growth tubes filled by boehmite can also be present along twinned planes (right), usu- 
ally suggesting a Burmese origin. Photomicrographs by Ungkhana Atikarnsakul; field of view 7.20 mm (left) and 
1.20 mm (right). 
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Jewelers 


Notebook Memories 


Part IV 


by 


GEORGE MARCHER, C.G. 


After we had warmed our shivering car, 
we left the scene of the Rain Dance in Zuni 
and proceeded back to Gallup. We arrived 
soon after midnight ready for a warm fire 
and a refreshing sleep. 

Early after breakfast we began a series 
of one day trips to visit certain dealers with 
whom we had previously done business. One 
of these journeys led us to the headquarters 
of a certain Indian trader whose name, as 
well as the exact location, I cannot recall, 
although the incident is one that sticks. His 
simple hut where he conducted his business 
with the Indians was off the highway a short 
distance on a level stretch of barren sand. 
After unsuccessfully showing him some of 
my turquois and variscite our leavetaking 
was interrupted as we suddenly heard the 
clatter of horses hooves and a horde of young 
Indians appeared. Believing that they would 
like to buy even though the trader didn’t, I 


asked him whether I might show them the 
material I had. Very graciously he replied, 
“O.K. Sell ’em if you can.” 

Placing a little table at my disposal he 
went on about his business, while I quickly 
opened some papers of large stones and 
spread them out for their inspection. Imme- 
diately they became mildly excited — picking 
up the stones and rushing to the door with 
them for better light, stirring around apply- 
ing the lighted match test to them for the 
presence of paraffin, and returning back 
again for other stones. They all looked alike 
to me and I could not understand a word of 
what they said to me or to one another except 
a brief “no” when they came back to the 
table. No sale. Soon they all vanished as 
suddenly as they had appeared. Though they 
had left our sight, they would not be leaving 
our memory as I discovered on closing the 
stone papers they did not seem to be as full. 
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Figure 18. Healed fractures in samples from Mogok. A: Folded fingerprint. B: Coarse and slender healed fractures 
with iron stains. C: Fluid fingerprint with a zig-zag pattern. D: Fingerprint-like plane of tabular negative crystals. 
Photomicrographs by Suwasan Wongchacree (A and B) and Charuwan Khowpong (C and D). Field of view: 2.40 
mm (A), 2.88 mm (B), 1.80 mm (C), and 1.10 mm (D). Shown in fiber-optic (A—C) and darkfield illumination (D). 


an even blue color. However, in a small percentage _ served (figure 20). Color zoning with sharp, well-de- 
(approximately 10%) of the studied samples, diffused fined boundaries can sometimes be seen, though rare 
blue color zoning lacking sharp boundaries canbe ob- (figure 21). Only three out of 248 samples in this 


Figure 19. This Mogok sapphire contains a negative 


crystal surrounded by iridescent thin films. Photomi- Figure 20. Diffuse blue zoning can be seen in Mogok sap- 
crograph by Suwasan Wongchacree, fiber-optic illumi- phires. Photomicrograph by Suwasan Wongchactree, dif- 
nation; field of view 1.44 mm. fused illumination; field of view 14.4 mm. 
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Figure 21. The straight and sharp blue zoning in this 
Mogok sapphire from the Northwest area is very rare. 
Photomicrograph by Charuwan Khowpong, fiber- 
optic illumination; field of view 1.40 mm. 


study—from the East, Northeast, and Northwest 
areas—display straight and sharp blue bands. 


Multiple mineral crystals were found in the Mogok 
sapphires (table 2), but they are not diagnostic evi- 
dence for Burmese origin. In this study, apatite, calcite, 
corundum, feldspar, mica, monazite, nepheline, rutile, 
scapolite, spinel, and zircon, as well as green sheets 
and tiny opaque black crystals were observed and 
identified (figure 22, opposite page). Most of these 
mineral crystals, except for scapolite, are reported in 
previous studies for blue sapphires (Gtbelin and 
Koivula, 2008; Themelis, 2008; Kan-Nyunt et al., 
2013; Saengbuangamlam et al., 2016; Hughes et al., 
2017). Scapolite inclusions have been identified in 
Burmese rubies (Kammerling et al., 1994), and to our 
knowledge this is the first reporting of scapolite in 
Burmese sapphires. The occurrence of specific mineral 
inclusions in Mogok sapphires identified by Raman 
spectroscopy is summarized in figure 23, with feldspar 
and mica being the most common. 


Infrared (IR) Absorption Spectroscopy. The infrared 
absorption region of interest in corundum is approx- 


Figure 23. This graph shows the percentage of the samples that contained at least one conclusively identified crys- 
tal. The most common crystals in Mogok sapphire are feldspar and mica. The numbers in parentheses represent 


the number of samples from each area. 
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Figure 22. Mineral inclusions in Mogok sapphires. A: Rounded transparent colorless feldspar crystal. B: Trans- 
parent brownish mica crystal. C: Prismatic transparent apatite crystal. D: Rounded, unevenly shaped transpar- 
ent rutile crystal. E: A row of prismatic transparent scapolite crystals. F: A group of rounded transparent zircon 
crystals. Zircon is more often seen as a single crystal. G: Low-relief transparent corundum crystals associated 
with small negative crystals. H: Birefringent crystals of corundum in G viewed with crossed polarizing filters. 
I: Rounded transparent yellowish monazite crystal. J: Rounded transparent flat nepheline crystals. K: Un- 
evenly shaped flat green transparent crystals (presumably mica). L: A group of small, blocky black opaque 
crystals. Photomicrographs by Charuwan Khowpong (A, B, G, H, K) and Ungkhana Atikarnsakul (C, D, E, F, I, 
], L). Field of view: 1.80 mm (A), 2.40 mm (B), 1.44 mm (C), 2.70 mm (D), 2.70 mm (E), 1.00 mm (F), 1.80 mm 
(G), 1.80 mm (H), 1.20 mm (I), 1.20 mm (J), 3.65 mm (K), and 1.05 mm (L). Shown in fiber-optic (A—C, E-F, L), 
darkfield (D, G, J), brightfield illumination (H-I), and diffused illumination (K). 


imately 1800-4000 cm-', which is related to hydroxyl 
(OH) absorption. IR spectroscopic information can 
help detect heat treatment in corundum, such as the 
presence of a series of sharp peaks at approximately 
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3309, 3232, 3187, and 3368 cm (Smith, 1995), and 
also reveal the presence of several OH-related min- 
eral inclusions. The vast majority of Mogok samples 
in the study (>90%) showed at least one diagnostic 
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Figure 24. Unpolarized FTIR absorption spectra of the studied Mogok blue sapphires showed several features in 
the mid-infrared region between 1800 and 4000 cm. A: A prominent band at 3161 cnr", sometimes associated 
with related bands at 2420, 3240, and 3355 cnr". B: A single peak at 3309 cnr (without related bands at 3232 and 
3186 cm"). C: A combination of kaolinite (Kao) and boehmite (Boe) features with distinct bands at 3500-3800 
and 1800-3600 cnt", respectively. D: Gibbsite with distinct features at 3300-3800 cm". 


IR feature (figure 24): the single 3309 cm peak 
(Beran and Rossman, 2006), the 3161 cm! peak 
sometimes associated with side bands at 2420, 3240, 
and 3355 cm (Smith and Van der Bogert, 2006), and 
some OH-related mineral absorption features, such 
as diaspore, boehmite, kaolinite, and gibbsite (Smith, 
1995; Beran and Rossman, 2.006). 

Figure 25 shows the distribution of FTIR features 
observed in samples from each region in the Mogok 
Stone Tract. Mineral features were observed in 
more than 80% of the samples from all regions. The 
single 3309 cm" peak is present in the samples from 
each area, whereas the 3161 cm! feature can be 
found in a small percentage (<5%) of Northeast, 
East, Northwest, and Far West samples. We noted 
that the studied sapphires exhibiting the 3161 cm"! 
IR feature frequently show orange zoned fluores- 
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cence, which is related to trapped-hole defects (as 
mentioned in the Gemological Properties and Ap- 
pearance section). 


UV-Vis-NIR Absorption Spectroscopy. All spectral- 
quality samples from the Mogok Stone Tract exhib- 
ited similar UV-Vis-NIR spectra, as shown in figure 
26. The spectra generally consist of Fe**-related absorp- 
tion features with a shoulder at 330 nm and peaks at 
377, 388, and 450 nm, and also a Fe”*-Ti* intervalence 
charge-transfer feature with a broad band centered at 
580 nm in the o-ray or at 700 nm in the e-ray spectrum 
(Dubinsky et al., 2020). Sometimes, the shoulder at 
330 nm of an Fe*-Fe** pair is not observed due to the 
samples’ relatively high Fe concentration (Dubinsky 
et al., 2020). The spectra shown in figure 26A are typ- 
ical of the metamorphic-type sapphire spectrum 
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Figure 25. The distribu- 
tion of FTIR features 
seen in Mogok sap- 
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(Smith, 2010; Palke et al., 2019). Some high-Fe Mogok 
sapphires show a weak broad absorption band in the 
near-infrared region around 880 nm in addition to Fe* 
and Fe**-Ti* absorption features in the UV-Vis region 
(figure 26B). This feature is common in basalt-related 
sapphires but not typically associated with untreated 
classic metamorphic sapphires (Kan-Nyunt et al., 
2013; Soonthorntantikul et al., 2017). This 880 nm ab- 
sorption band is possibly related to Fe clusters (Hughes 
et al., 2017). 

Spectroscopic characteristics of Mogok blue sap- 
phires in this study were also summarized in table 3. 


West (40) 


Far West (50) sent the number of 
samples studied from 


each area. 


Trace Element Chemistry. LA-ICP-MS data ana- 
lyzed in inclusion-free and/or less particle-included 
areas for the studied Mogok blue sapphires are re- 
ported in table 4. Significant levels of Mg, Fe, Ti, and 
Ga with a few ppma of V and Cr were measured in 
those samples (see also Peucat et al., 2007; Kan- 
Nyunt et al., 2013; Atikarnsakul et al., 2018). The 
overall data exhibited a wide range of Fe concentra- 
tions from 100 ppma to 2300 ppma. The Mg and Ti 
concentrations can vary a lot depending on the pres- 
ence of microinclusions (nanometers to nearly mil- 
limeters in size), with big differences between the 


Figure 26. Two representative polarized UV-Vis-NIR absorption spectra of Mogok sapphires revealed Fe-related 
absorption at 330, 377, 388, and 450 nm in both the o- and e-rays and Fe**-Ti* intervalence charge transfer at 
580 nm in the o-ray, which is responsible for blue color in corundum. A: The absence of the 880 nm band is typ- 
ical of metamorphic-type sapphire. The sample is from the North area, optical path length 1.059 mm, 1457 + 36 
ppma Fe and 42 + 5 ppma Ti. B: The o-ray exhibited an additional weak broad band around 880 nm, possibly 
due to Fe clusters. The sample is from the Northwest area, optical path length 1.008 mm, 1496 + 100 ppma Fe 


and 19 + 2 ppma Ti. 
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TABLE 3. Spectroscopic characteristics of blue sapphires from the Mogok Stone Tract area, Myanmar. 


Mininw ares North Northeast East Northwest West Far West 
8 (21) (32) (22) (83) (40) (50) 
OH-related OH-related ObH-related OH-related OH-related ObH-related 


mineral features 
and/or single 


mineral features 
and/or single 


mineral features 
and/or single 


mineral features 
and/or single 


mineral features 
and/or single 


mineral features 
and/or single 


FTIR 3309 cm peak  3309cm™ peak  3309cm™peak  3309cmpeak  3309cm™peak 3309 cm peak 
spectra are usually are usually are usually are usually are usually are usually 
present present; 3161 present; 3161 present; 3161 present present; 3161 
cm peak may cm peak may cm peak may cm peak may 
be observed be observed be observed be observed 
Fe-related absorption peaks at 330, 377, 388, and 450 nm and Fe?*-Ti** intervalence charge transfer broad band 
UV-Vis-NIR centered at 580 nm in the o-ray spectrum. 
spectra A broad band centered at 880 nm in the o-ray spectrum can be observed in relatively high-Fe sapphires (this study 


and Kan-Nyunt et al., 2013). 


inclusion-free and the cloudy areas. Significant 
amounts of Ga, typically observed in natural corun- 
dum, were also detected in all samples in this study. 
Apart from those six elements, some other ele- 
ments, including Be, Zr, Nb, Sn, Hf, Ta, W, and Th, 
are sometimes present with very low concentrations 
when analyzed on areas containing particles. Traces 
of Be can be present in natural untreated sapphires 
in cloudy areas with a high particle density, and it is 
frequently associated with Nb, Ta, light rare earth 
elements, and/or Th (Shen et al., 2007; Lu and Shen, 
2011). In the studied samples, the concentrations of 
natural Be range from about <0.5 to 2.6 ppma; Zr, 
Nb, Sn, Hf, Ta, W, and Th are generally below detec- 
tion limits, and they can be measured in quantities 
of up to 0.5 ppma Zr, 0.8 ppma Nb, 7 ppma Sn, 0.02 
ppma Hf, 4 ppma Ta, 9 ppma W, and 0.5 ppma Th. 


Fe CONCENTRATION DISTRIBUTION 
100 - 


805 


% OF SAPPHIRES 


0 | | | | | | 


Trace element concentration distributions in 
Mogok sapphires from different regions are shown in 
figures 27 and 28 for Fe and Cr, respectively. Samples 
from the North, Northeast, East, and Northwest fre- 
quently had relatively high Fe content compared to 
those from the West and Far West areas (figure 27). 
All regions generally showed little to no Cr concen- 
trations (figure 28), which corresponds with the lack 
of fluorescence generally observed in the samples 
(figure 13). 

Mogok sapphires are part of the metamorphic 
group, which also includes Sri Lanka, Madagascar, 
and Kashmir, as well as some lesser-known sources. 
Comparing trace element chemistry of Mogok sap- 
phires with the other two major deposits (Sri Lanka 
and Madagascar) reveals a significant overlap be- 
tween these sources (figure 29). In some cases, trace 


m <250 ' 
Pears Figure 27. The Fe con- 
centration distribution 
m 500-750 : ; 
(in ppma) in Mogok 
750-1000 oe ; 
sapphires in this study, 
mone. 208 separated by region. 
m 51500 


The sapphires from 
each region show rela- 
tively high Fe concen- 
trations in general. The 
numbers in parentheses 
represent the number of 
samples from each area. 
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TABLE 4. Trace element profiles? of 248 Mogok blue sapphires in this study. 


Mogok area 


Concentration in ppma 


Mg Ti Vv Cr Fe Ga 
a a ne 
Northeast (32) "oa on a ‘4 a 06 — , ie 1 
East (22) 11-83 10-82 123 bdl-10 599-1566 6-26 

(46) (38) 2») (0.4) (947) (15) 
Northwest (83) as at bd ie ea 53 ate 5-82 
West (40) 1 a ran a aE 1 oe Ee 66 ee 
SE a en 
Detection limit 0.03-0.4 0.07-0.5 0.01-0.04 0.06-0.4 0.8-5 0.01-0.02 


Mogok area 


Concentration in ppmw 


Mg Ti Vv Cr Fe Ga 
North (21) 8-145 28-137 0.7-110 bdl-520 594-6340 27-140 
45) (101) (22) (37) (2925) (68) 
Northeast (32) 0.7-76 14-185 0.2-42 bdl-270 657-6209 37-174 
27) (65 (10) (11) (3308) (89) 
East (22) 13-99 24-193 3-7 bdl-25 1640-4289 20-89 
5)5)) (89 (5) (1 (2594) (51) 
6-125 14-265 bdl-110 bdl-390 835-6420 17-280 
Northwest (83) 30) (70 (4) (5 (3015) (92) 
West (40) 1.3-113 16-260 2-62 bdl-403 284-3741 34-191 
39) (92 (17) (44) (1443) (78) 
8-130 33-290 1-55 bdl-194 277-5061 30-178 
Far West (50) 50) (105) (7) (5 (1687) (75) 
Detection limit 0.04-0.5 0.2-1.2 0.02-0.1 0.2-1 2-14 0.03-0.07 


Data reported in minimum to maximum values, average in parentheses. 
bd] = below detection limit. 


element profiles can support reliable origin determi- 
nation, but this type of data is seldom conclusive, 
even after advanced statistical data analysis. Origin 
determination of metamorphic sapphires still relies 
heavily on the inclusion scene (see Palke et al., 2019). 


CONCLUSIONS 


Mogok is among the classic and most coveted 
sources of sapphires, which means their properties 
have been studied for ages. This article attempts to 
summarize the characteristics of these magnificent 
blue gems based on samples collected by GIA field 
gemologists during more than 10 expeditions to the 
Mogok area in Myanmar. 


BLUE SAPPHIRES FROM MoGok, MYANMAR 


The geology of the Mogok sapphire deposits is still 
not well understood. Still, in recent years many studies 
on the geology of Mogok and the overall genetic 
processes of sapphires are rapidly leading to new in- 
sights into the formation of gem-quality corundum 
mineralization. 

A detailed gemological study showed that blue 
sapphires from Mogok can vary from very pale to 
very saturated blue colors (figure 30). While most of 
the stones are inert under UV light, some show red 
fluorescence related to trace amounts of chromium, 
and a small fraction show zoned orange fluores- 
cence linked to trapped holes in the corundum 
structure. 
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Inclusion scenes are similar in sapphires from dif- 
ferent regions of the Mogok Valley, with silk in 
many forms being the main internal feature. Al- 
though crystal inclusions are relatively uncommon, 
mica and feldspar are most commonly encountered. 
A variety of other minerals were also detected, but 
they were much rarer. Scapolite is one of those rare 
inclusions, and this study is the first to report its 
presence in Mogok blue sapphires. The crystal in- 


T T 
Northwest (83) West(40) Far West (50) 


1 from each area. 


clusions are not conclusive for determining geo- 
graphic origin. The appearance of silk, twin planes, 
and fingerprints can indicate the Burmese origin of 
a sapphire. 

Color zoning was observed in only 10% of the 
samples. Burmese sapphires show a very diffuse 
transition from blue to colorless zones. Only a few 
samples in our study showed some sharp blue-col- 
orless color zoning. 


Figure 29. Trace element plots of the studied Mogok sapphires and other metamorphic sources (Sri Lanka and 
Madagascar) from the GIA field gemology reference collection showing considerable overlap. 
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Figure 30. This parcel of sapphire rough was examined at a dealer’s office in Mogok, Myanmar. Photo by Robert 
Weldon/GIA. 


FTIR spectra are typically dominated by mineral 
features such as kaolinite and gibbsite. UV-Vis-NIR 
spectra are dominated by bands related to Fe**-Ti* 
intervalence charge transfer and other peaks associ- 
ated with Fe** species. In some stones with higher Fe 
concentrations, a small broad band is present at 880 
nm, which is not commonly associated with un- 
treated metamorphic sapphires. 

Trace element chemistry revealed a wide range 
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of Fe concentrations, although the maximum values 
were much higher in the sapphires from the eastern 
part of Mogok than those from western Mogok. 
Chromium concentrations were very low, and 
stones with an increased Cr content typically 
showed a slightly altered color (violetish tint) and 
red fluorescence. Natural beryllium can be detected 
in Burmese sapphires, but it is always measured in 
particle-rich areas. 
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Quite certainly I had disposed of turquois 
that I ‘wot not of.” Later, on mulling the 
matter over in my mind, I wished that I had 
scratched around in the deep sand by the 
door where our dusky visitors had stood. 
We all try to think well of our American 
Indian, but the opinion is frequently voiced 
among those who deal extensively with them 
that they think we owe them more and more 
for “this good land of ours.” 


After completing our visits around Gallup 
we proceeded to Albuquerque to make that 
city our headquarters for another short 
period of exploration. Feeling an urge to 
visit another turquois property down near 
Douglas, we soon headed in that direction. 

Our rough and narrow dirt road led us 
through the ghost town of Tombstone, and 
it happened to be nearing the ghostly time 
of night. In fact, it was almost too late to 
disturb any of the unghostly souls who 
inhabited this placid place of the past. 
Having secured the information we needed, 
we rode on to a lodging place near enough 
to our destination to be able to arrive early 
enough to see the mine in daylight. 

On our way early the next morning we 
found few opportunities to get information 
about where the property was, and how to 
get there. Finally, we met a rancher who was 
quite familiar with the place and the owner. 
After giving us the needed traveling infor- 
mation he concluded with this admonition: 

“When you get there be alert and cau- 
tious: the owner (whose name I do not 
recall) patrols the property, more or less, 
with a rifle on his shoulder and he might 
show resentment toward unknown visitors. 
He’s quick on the trigger. Not long ago he 
entered into an agreement with a man to 
work the mine on some sort of sharing, or 
percentage, deal. He figured he got a trim- 
ming, and he ordered the man to get off 
and stay off. Later, when the man came back, 
the owner recognized him from a distance 
and called out to him to ‘git.’ When the 


poacher stood still and remonstrated with 
him he fired two rifle shots that landed un- 
comfortably close, and the battle was won.” 

Moving on in a mood quite willing to 
heed the well-intended advice, we finally 
arrived at his little cabin without incident. 
We were pleasantly greeted by his half- 
breed common-law wife, who informed us 
that he was not in, but would return soon. 
Invited in, we had not long to wait till he 
arrived, stood his rifle in a corner, and 
listened attentively to my introduction and 
explanation of my mission. My companion 
was well armed with a full flask in his 
luggage and I will add, to my frequent 
embarrassment, he was always quick on the 
draw. 

As soon as the amber fluid was dispensed 
with “Happy Days Were Here Again’ and 
friendly relations were firmly established. 
Although I am not a teetotaller I never 
could get used to the alcoholic approach. 
However, I was assured by this companion 
and others that it was the “open sesame” 
to good business relations with all the 
mining folks. I still don’t believe it. 

After a brief discussion of the history of 
the mine and of his recent unpleasant ex- 
perience with the share leasor, he invited 
us to stay over night and go to the mine 
several miles away in the morning. His 
wife proved to be an excellent cook, and 
after a good sleep and a delicious break- 
fast the three of us drove up to the mine. 

I was amazed at the immensity of the 
excavation. As we climbed down and down 
over huge rocks and little the great arched 
dome, or ceiling, seemed to be a hundred 
feet high. It was easy to believe the assertion 
of the owner that much work had been done 
there by the Indians before the white man 
came with his stecl and explosives. 

According to the findings of the archae- 
ologists, a method used by the Indians to 
conquer the hard turquois-bearing rock was 
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GEMOLOGICAL CHARACTERIZATION OF 
PERIDOT FROM PYAUNG-GAUNG IN 


Mocok, MYANMAR 


Montira Seneewong-Na-Ayutthaya, Wassana Chongraktrakul, and Tasnara Sripoonjan 


The Pyaung-Gaung area in the Mogok township of Myanmar is one of the essential sources of high-quality peridot 
for the international gem trade. Pyaung-Gaung peridot possesses an attractive deep olive green color and can 
be found in large sizes (>10 ct) in the market. It has long been mined from ultramafic rocks, largely dunite, at 
a primary deposit near Bernard-Myo. Internal features consist mainly of circular decrepitation halos (“lily pads”), 
fluid inclusions, and fiber tufts. Common mineral inclusions are dark biotite-phlogopite and chromite, sometimes 
coexisting with serpentine, magnesite, chlorite, and talc. Pyaung-Gaung peridot also contains olivine inclusions 
not previously found in peridot from other locations. 2D and 3D cross-plots of the trace element contents of 
Cr, V, Co, Sc, Ni, and Ti provide helpful separations among Burmese, Chinese, and Pakistani localities. 


forsterite. It belongs to the olivine group, an 

isomorphous series whose main members are 
forsterite (magnesium silicate, Mg,SiO,), fayalite 
(iron silicate, Fe,SiO,), and tephroite (manganese sil- 
icate, Mn,SiO,) (Sinkankas et al., 1992; Deer et al., 
2013). It crystallizes in the orthorhombic system 
with a rhombus-shaped habit (figure 1, right). In gen- 
eral, peridot yields a range of colors, including pale 
yellowish green to deep green, greenish brown to 
brown, and rarely brown with a dull, vitreous/greasy 
luster. The most desired and valuable color is satu- 
rated green without any tinge of yellow or brown. 
The green color is caused by iron content (Fe?*) 
within the structure. 

Among the major modern localities, the primary 
sources of peridot are peridotite xenoliths in alkali 
basalts (United States and China) (Shen et al., 2011) 
and serpentinized dunites showing recrystallized 
olivine in tension gashes in sheared dunite bodies 
(Pakistan) (Bouilhol et al., 2015). Several articles have 
presented geological and mineralogical data for gem 
peridot deposits worldwide, including Zabargad 
(Egypt), Arizona (United States), Mogok (Myanmar), 


Diss is a gem-quality variety of the mineral 
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Yiqisong (China), Kohistan (Pakistan), the Central 
Highlands of Vietnam, and localities in Ethiopia and 
Tanzania (Giibelin, 1981; Jan and Khan, 1996, 
Fuhrbach, 1998; Thuyet et al., 2016). Other studies 
have focused on peridot’s gemological, chemical, and 


In Brief 


Peridot from Pyaung-Gaung in Mogok occurred in 
ultramafic rocks and later recrystallized during a tec- 
tonic event. 


Various inclusions found in these peridot samples pro- 
vide an indication of retrograde metamorphism and/or 
recrystallization. 


Tufts of very fine fibers and distinctive protogenetic 
olivine are found to be diagnostic inclusions in 
Pyaung-Gaung peridot. 


LA-ICP-MS trace element analysis can separate 
Pyaung-Gaung peridot from one deposit in China and 
another in Pakistan. 


spectroscopic characteristics (e.g., Stockton and Man- 
son, 1983; Koivula and Fryer, 1986; Fritsch and Lulzac, 
2004; Adamo et al., 2009; Bouihol et al., 2015; Surour, 
2018; Sripoonjan et al., 2019; Zhang et al., 2019). 
Mogok is well known as one of the single most 
important sources of high-quality ruby, sapphire, and 
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Figure 1. Left: Five faceted peridot samples from the Pyaung-Gaung mine in Mogok, Myanmar, weighing 5.18- 
7.52 ct, were examined in this study. Right: This 15.0 x 16.9 x 6.5 mm rough crystal showing a rhombus-shaped 
tabular habit and rounded faces, with minor white carbonate and talc, is also from the Pyaung-Gaung mine. 


Photos by T. Sripoonjan. 


spinel (Kane and Kammerling, 1992; Waltham, 1999). 
But Mogok is also a significant supplier of large, fine 
peridot to the global gem trade. Mogok peridot has 
been known since the fifteenth century (Iyer, 1953). 
Its intense green is quite distinct and sometimes com- 
parable to that of Pakistani peridot, but with a slight 
difference in clarity. Much of the finest-color peridot 
comes from Myanmar and Pakistan (GIA, n.d.). 

The peridot mines at Mogok lie in the Pyaung- 
Gaung, Htin-Shu Taung, and Bernard-Myo areas 
(Thu and Zaw, 2017). Of these, the Pyaung-Gaung 
mines produce the finest color and largest sizes. 
Pyaung-Gaung peridot is typically yellowish green, 
while the highest-quality stones possess a rich olive 
green color (figure 1). Harlow and Thu (2014) studied 
samples in peridotite rocks from Pyaung-Gaung and 
compared them with those from the original Sapat 
deposit of Pakistan and the ancient Zabargad Island 
deposit of Egypt. They suggested that Mogok peridot 
was recrystallized in a cavity containing hydrous 
fluid of olivine, with the help of Earth’s tectonic ac- 
tivity. However, no insight into the gemological 
characteristics of peridot from Mogok has been 
widely available. 

In May 2019, two of the authors (MS and TS) had 
the opportunity to visit the Pyaung-Gaung mine, 
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where they witnessed the mining process, collected 
firsthand information, and briefly examined olivine 
samples on-site. The first sample group (five faceted 
stones and ten pieces of larger rough) was purchased 
from miners in the area, and additional samples were 
obtained through various marketing channels in 
Mogok. The present article provides an update on the 
Pyaung-Gaung peridot deposit. 


GEOLOGICAL SETTING 


Mogok is known as one of the world’s oldest and 
most famous gem sources. The gem-rich area of 
Mogok (also known as the “Mogok Stone Tract”) is 
located in Kathe District of Upper Burma, 200 km 
northeast of Mandalay (Kyaw Thu, 2007). The area is 
situated in the central part of the Mogok Metamor- 
phic Belt (MMB], which is composed mainly of rocks 
such as marble, gneiss, quartzite, and calc-silicate, as 
well as various types of igneous rocks from felsic to 
ultramafic (Iyer, 1953; Phyo et al., 2019). The complex 
structure involving folds and faults indicates that 
Mogok has been subjected to several major tectonic 
processes over extended periods of time, and this 
yielded a wide range of mineral assemblages and gem 
materials (e.g., ruby, sapphire, peridot, and spinel) that 
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Figure 2. The Pyaung-Gaung peridot deposit is located in Bernard-Myo, north-northwest of Mogok township. Modi- 
fied after Thu (2007), Themelis (2008), and Kan-Nyunt et al. (2013). 


are the result of magmatic/metamorphic events in 
the area (Kane and Kammerling, 1992) (figure 2). 
Mogok has been mined for gemstones from both pri- 
mary deposits (underground and open pits) and sec- 
ondary deposits (in alluvial and eluvial placers). 

The Pyaung-Gaung peridot mining area is located 
approximately 10 km north-northwest of the town of 
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Mogok (again, see figure 2) and situated on a ridge 
along Taung Me Mountain, the highest mountain in 
the Mogok metamorphic complex, underlain by large 
granitic intrusives of biotite microgranite (Kabaing] 
(Iyer, 1953; Harlow and Thu, 2014; Sripoonjan et al., 
2017). Kyaw Thu (2007) suggested that the Kabaing 
granite intruded into the peridotite at Pyaung-Gaung, 
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pit dug into the peridot-rich area of the peridotitic host rock. D: Serpentinized fine-grained dunite, the precursor 
host rock of gem-quality peridot, was abundant around the mine. Photos by T. Sripoonjan. 


indicating the possible emplacement of ultramafic 
rocks during the early Jurassic and generally earlier 
than the Mogok Metamorphic Belt. However, peridot 
from Pyaung-Gaung is derived from ultramafic rocks 
that occurred as a layered intrusion in the associated 
garnet-biotite gneiss (Kabe). The area has been mined 
mainly for fine-quality peridot in the outcrops of pre- 
cursor dunite, an olivine-dominant variety of peri- 
dotite, as this rock was commonly present around the 
mine area. Nevertheless, well-formed crystals are usu- 
ally found in veinlets and pockets within fine-grained 
serpentinized peridotites (Kyaw Thu, 2007), partly due 
to recrystallization of olivine in tension gashes or tec- 
tonic fractures during lateral displacement and uplift 
along the Momeik fault (Lin, 2014; Bouilhol et al., 
2015; Thu and Harlow, 2017) (figure 3). 

Traditional mining methods are used at the 
Pyaung-Gaung peridot deposits. The rock along the 
hillside is drilled with a jackhammer and blasted off 
with dynamite. This results in an extensive network 
of tunnels, generally 3-5 m wide and extending in- 
ward or downward to more than 50 m deep. Within 
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the tunnels, the miners use a pneumatic hammer or 
primitive tools such as hammer and chisel to extract 
peridot embedded in the partially serpentinized 
dunite host rock along the tunnel walls. An electric 
generator is used for lighting and power tools (figure 
4). Amine cart and rope system transports the mined 
material and equipment out from the tunnels. For 
safety reasons, we were not allowed to see the in situ 
samples after the fresh exposure of rock was cut open. 
However, the rough peridot is typically extracted and 
collected from the mines, followed by cleaning, cut- 
ting, and polishing locally in the town of Mogok be- 
fore entering the gem markets. 


MATERIALS AND METHODS 


Samples. All together, 33 peridot samples from the 
Pyaung-Gaung area were collected and used for this 
study. These consisted of five faceted stones weigh- 
ing from 5.18-7.52 ct each (again, see figure 1) and 28 
pieces of rough stones from 1.78-29.02 ct each (figure 
5). The rough stones were divided into two groups: 
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Figure 4. A: Miners entering the tunnel of an underground mine at the Pyaung-Gaung peridot deposits. B: A miner 


drills the rock along the tunnel wall with a pneumatic hammer to extract the peridot samples. C: Miners working 
in the main tunnel. Photos by M. Seneewong-Na-Ayutthaya (A) and T. Sripoonjan (B and C). 


10 larger stones purchased directly from a local rough stones had a rich olive green color; the smaller 
miner and 18 smaller ones from a reliable supplierin ones were yellowish green. All of the rough stones 
the town of Mogok. All faceted stones and larger were cut and polished with a Facetron faceting ma- 


Figure 5. The 28 Pyaung-Gaung peridot rough samples, 1.78-29.02 ct, collected and examined for this study. Photo 
by T. Sripoonjan. 
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chine to have two parallel windows (regardless of ori- 
entation) for gemological and spectroscopic investi- 
gation. Standard gemological instruments were used 
to measure refractive indices (RIs), specific gravity 
(SG), pleochroism, and fluorescence reaction to long- 
wave (~365 nm) and short-wave (~254 nm) ultraviolet 
lamps. In addition, this study used GIT-GTL peridot 
reference samples for elemental comparison and dis- 
crimination. These reference samples comprised 15 
Pakistani peridots obtained from highly trusted 
traders from Pakistan and 26 Chinese peridots pro- 
vided directly by Yanbian Fuli Olivine Mining Co., 
Ltd. of China. The GIT-GTL reference samples all 
ranged in size from 1.60 to 9.80 ct. 


Microscopic Analysis and Spectroscopy. Internal fea- 
tures and photomicrographs were observed at 10x— 
75x magnification with a Zeiss Stemi 508 standard 
binocular gemological microscope attached to a 
Canon EOS 5D Mark III digital camera. Incident, 
darkfield, reflected, and oblique illumination tech- 
niques were employed to investigate internal char- 
acteristics. A polarizing filter was used to reduce the 
doubling effect from the birefringence of peridot. 

A Renishaw inVia Raman microscope with a 532 
nm laser was used for identifying mineral inclu- 
sions in the samples. Raman spectra were collected 
in the range of 1500-200 cm!. The laser output 
power was 45 watts, and the spot size was 1.5 pm. 
The exposure time per scan was 10 s. The mineral 
inclusions were identified and compared with the 
RRUFFE and Renishaw mineral databases through 
Thermo Scientific’s Spectral ID software. Unori- 
ented ultraviolet/visible/near-infrared (UV-Vis-NIR) 
spectra were collected from 350 to 1500 nm with a 
PerkinElmer Lambda 1050 spectrophotometer using 
a data interval of 3 nm and a scan speed of 405.07 
nm/min operating with a 150 integrating sphere ac- 
cessory. Fourier-transform infrared spectroscopy 
(FTIR) was carried out using Thermo Scientific 
Nicolet iN10 FTIR microscope (mid-IR spectra, 
1200-500 cm-') in reflection mode at 4 cm” resolu- 
tion and 128 scans. 


Chemical Analysis. Quantitative chemical composi- 
tion was analyzed by an electron probe micro-analyzer 
(EPMA), JEOL model JXA-8100. The analyses were 
carried out with an accelerating voltage of 15 kV and 
beam current of 25 nA, using a focused beam (smaller 
than 1 pm). Measurement times were set at 10 s for 
both the peak and background counts of all analyzed 
elements, leading to an empirical detection limit of 
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TABLE 1. Summary of gemological properties of 
peridot from Pyaung-Gaung, Mogok. 


Properties Observation data 
Rich olive green (faceted stones and 
Color larger rough samples) and yellowish 
green (smaller rough samples) 
Diaphaneity Transparent 
RI 1.648-1.689 
Birefringence 0.030-0.041 
SG SIA SNS 


Weak to moderate: green and 


Pleochroism ; 
yellowish green 


Inert to long-wave and short-wave 


Fluorescence reaction aa 
UV radiation 


about 0.005 wt.%. For quantitative analyses, most of 
the standards used for calibration were pure oxide and 
mineral standards, including quartz for Si, periclase 
for Mg, manganosite for Mn, nickel oxide for Ni, fay- 
alite for Fe, and wollastonite for Ca. 

Laser ablation-inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) was applied to analyze 
the trace element concentrations, using a Thermo 
Scientific iCAP RQ series ICP-MS coupled with an 
Elemental Scientific Lasers NWR-213 Nd:YAG laser 
ablation system. The laser employed a 10 Hz pulse 
rate and 55 um diameter spot size. The energy den- 
sity was about 9 J/cm?. Ablation was carried out in a 
He atmosphere, and the sample gas was mixed with 
Ar before entering the plasma. The gas background 
for pre-ablation was measured for 30 s to remove sur- 
face contamination, followed by a measurement 
time of 60 s and an elapsed interval time of 30 s. 
NIST-SRM 610 and 612 glasses reference materials 
were used as the external calibration standards 
(Jochum et al., 2011). Data reduction was carried out 
using Thermo Scientific’s Qtegra Intelligent Scien- 
tific Data Solution software to analyze the following 
elements: Li, Be, B, Na, Mg, Al, Sc, Ti, V, Cr, Mn, Co, 
Ni, Cu, Zn, Rb, Sr, Y, Zr, Nb, Cs, Ba, Hf, Ta, Th, U, 
Pb, and the rare-earth elements from La to Lu. 


RESULTS AND DISCUSSION 


Gemological Properties. The gemological properties 
of the 33 studied stones are summarized in table 1. 
Again, the colors were rich olive green for the faceted 
and larger rough samples and yellowish green for the 
smaller samples. All of the samples were transparent. 
RI and birefringence values fell in the range of 1.648- 
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Figure 6. Internal features of Pyaung-Gaung peridot. Left: A typical lily pad inclusion with a black chromite crys- 
tal in the center surrounded by a decrepitation halo; field of view 2.8 mm. Right: Typical discoid fissures around 


tiny inclusions; field of view 5.6 mm. Photomicrographs by M. Seneewong-Na-Ayutthaya. 


1.689 and 0.030-0.041, respectively. SG varied be- 
tween 3.24 and 3.36. The samples showed weak to 
moderate pleochroism in green and yellowish green. 
All were inert to both long-wave and short-wave UV 
radiation. 


Microscopic Characteristics. One of the most com- 
mon inclusions of the Pyaung-Gaung peridot was the 
so-called lily pad (figure 6). These are round to oval- 
shaped decrepitation halos surrounding dark chromite 
or other mineral inclusions. 

Other common inclusions were opaque black oc- 
tahedral chromite crystals, sometimes containing 
tension fractures oriented in three dimensions (figure 
7), similar to those previously noted in peridot from 
the United States and China (Koivula, 1981; Koivula 


and Fryer, 1986; Sripoonjan et al., 2019; Zhang et al., 
2019). 

Moreover, most of the samples contained abun- 
dant small olivine inclusions that have not been re- 
ported in peridot from other locations (figure 8). Some 
olivine crystals were surrounded by partially healed 
fissures (figure 8, A and B). One of the included crys- 
tals was cut open on the surface of the host peridot 
and identified by Raman spectroscopy and subse- 
quent EPMA and LA-ICP-MS analyses (see figure 15 
and the Chemical Composition section below). 

Careful observation showed that the external 
shapes of the olivine inclusions were partly resorbed, 
probably due to the change of environment during 
the host’s crystallization (Harlow and Thu, 2014; 
Patil et al., 2017; Thu and Harlow, 2017). As such, 


Figure 7. Internal features of Pyaung-Gaung peridot. Left: A dark octahedral chromite crystal; field of view 1.8 
mm. Right: An isolated octahedral chromite crystal surrounded by tension fractures; field of view 2.2 mm. Photo- 
micrographs by M. Seneewong-Na-Ayutthaya. 
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Figure 8. Internal features of Pyaung-Gaung peridot. A and B: An olivine crystal surrounded by partially healed 
fractures in a peridot host; field of view 3.8 mm. C-E: Olivine crystal inclusions in a peridot host; field of view 
7.5 mm. F: Cluster of olivine crystals with wispy or smoky veils along with partially healed fractures; field of 
view 7.5 mm. Photomicrographs by M. Seneewong-Na-Ayutthaya. 


these olivine inclusions could be crystals from an 
earlier generation incorporated into the peridot host, 
making them “protogenetic” inclusions (Giibelin 
and Koivula, 2005). These protogenetic olivine inclu- 
sions may be considered a diagnostic characteristic 
of Pyaung-Gaung peridot. 
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Some solid inclusions occasionally found in these 
samples appeared to be biotite-phlogopite micas (fig- 
ure 9A) and rutile (figure 9B), as well as secondary 
magnesite, serpentine, and talc (figure 9C). In addi- 
tion, an inclusion assemblage of chromite, secondary 
magnesite, and chlorite surrounded by white serpen- 
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tine was found in one sample (figure 10). Except for 
the biotite-phlogopite micas, all were identified by 
Raman spectroscopy. 

Chromite is often found within olivine-rich cu- 
mulates and occurs as small grains in ultramafic rock 
associated with serpentine, talc, and magnesite 
(Barnes, 1998; Salem et al., 2012). Some metamor- 
phisms can also produce predominantly chlorite in 
association with talc (Sharp and Buseck, 1988). The 
presence of serpentine is commonly referred to as a 
hydration reaction (serpentinization) that occurred 
when olivine was infiltrated by aqueous fluids, while 
talc and magnesite were produced through a carbon- 
ation reaction when carbon dioxide (CO,) was pres- 
ent (Kelemen and Hirth, 2012; Lafay et al., 2018). The 
combined hydration and carbonation processes could 
be an indication of retrograde alteration in these 
Mogok peridot as the result of tectonic movements 
(Jan and Khan, 1996; Kelemen and Hirth, 2012; Bouil- 
hol et al., 2015; Tzamos et al., 2020). 

In faceted samples, low magnification commonly 
revealed unidentified tufts of very fine fibers (proba- 
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Figure 9. Internal fea- 
tures of Pyaung-Gaung 
peridot. A: Unidentified 
flat crystals (probably 
phlogopite-biotite 
micas) of various sizes; 
field of view 3.8 mm. B: 
A rutile inclusion; field 
of view 1.8 mm. C: In- 
clusions of magnesite, 
serpentine, and talc (the 
inclusion in the center 
was cut open and iden- 
tified by Raman spec- 
troscopy); field of view 
2.2 mm. Photomicro- 
graphs by M. Senee- 
wong-Na-Ayutthaya. 


Rutile 


bly chrysotile; G. Harlow, pers. comm., 202.1) that re- 
sembled black needles (figure 11). 

Healed fissures (figure 12, A—C) and fluid-like in- 
clusions (figure 12D) were regularly present and ex- 
hibited wide variation in appearance. Burmese 
peridot, as a product of partial metamorphism, has 
undergone recurring inner damage during the growth 
process. Asa result, healing fissures and fluid-like in- 
clusions formed within it from the process of contin- 
uous repair in the crystal itself during the 
recrystallization process (Gtibelin and Koivula, 
2.004). Unfortunately, these inclusions could not be 
identified by Raman spectroscopy. Also observed in 
the Pyaung-Guang peridot were needle-like inclu- 
sions (figure 12E) showing an iridescent effect in re- 
flected light. 


Spectroscopy. UV-Vis-NIR Spectra. The UV-Vis-NIR 
absorption spectra of the Pyaung-Gaung peridot sam- 
ples all showed similar patterns, as illustrated in fig- 
ure 13. The absorption coefficient («) was calculated 
from the true absorbance in an uncorrected ab- 
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to build hot fires against it until a sudden 
dash of cold water would crack off pieces 
containing the much-desired turquois. (How 


much a carat would you estimate?) 


Back to the mine. The hard rock and nar- 
row seams of beautiful blue were quite like 
the La Cerrillos showing, only there were 
more little streaks of turquois. On the dump 
outside, and along the path for a quarter of 
a mile away, we found—and were permitted 
to keep—attractive specimens that contained 
layers of turquois about one eight of an 
inch—too thin to work satisfactorily. Later 
I chipped and ground away the rock on one 
side to leave the dark blue facing for beauti- 
ful specimens — some with plane surfaces, 
others undulating to follow the gentle curves 


of the gem layer. 


Having completed our personally con- 
ducted tour of this prehistoric mine we re- 
turned to the mine owner’s car and bumped 
our way back over the little used road. After 
we had enjoyed another simple but savory re- 
past we expressed our appreciation and de- 
parted. I then turned another page in my 
gemological experiences and we started on 
our return trip northward. 


One time we needed to travel late into 
the night to get to a trading post where 
we could sleep. At that time there were 
long distances between stopping points, and 
habitations along the way were almost non- 
existent. Since it had been snowing, melt- 
ing and then freezing, careful driving on 
the narrow turnpike road was important. A 
momentary glance to my left revealed an 
unusual pattern in the snowy side of a bluff 
we were passing and I remarked to my com- 
panion, “See the windows in the side of that 
hill.” For some unaccountable reason the 
snow had melted away from several regu- 
larly spaced oblong patches of white that 


appeared much like frosted windows in the 
dim moonlight. It interested my companion. 
“Look, George, it does look like windows. 
Look at it.” My look was about a fifth of a 
second too long; when I snapped back to my 
driving the car was gently veering to the 
opposite side of the road. But there was no 
halting it or turning it back to the “straight 
and narrow.” Like a willful animal it kept 
right on going down the edge and finally 
rolled over on its side about five feet below 
the road level. I landed uncermoniously 
against my laughing companion. As he did 
not own the car and the stock of gemstones 
he was in a frame of mind to see more 
humor in our predicament than I did. Brac- 
ing myself as well as I could against 
the wriggling man beneath me I began 
pushing up the door to crawl out. The 
heavy “lid” resisted my efforts as if it 
willed to keep me there as a prisoner, 
Finally I succeeded in holding it up and 
getting out. Then the problem of what 
to do in the situation confronted us. After 
turning off the ignition to avoid any chance 
of fire, I searched for possible leakage of 
gasoline or battery fluid, but both seemed 
all right. While pacing back and forth on 
the roadway we were soon cheered by seeing 
headlights approaching from far down the 
straight away road. Quickly getting our flash- 
lights from the car, we stationed ourselves 
on either side of the road, and began waving 
them as the car approached, To convince this 
other midnight traveler that we were not 
hold-up men we turned our lights frankly 
upon ourselves and also pointed them to- 
ward our helpless car. Stopping his machine 
a short distance from us the stranger stepped 
cautiously out with his gun under his coat 
and listened to our tale of woe. He was a 
trader. 


372 


GEMS & GEMOLOGY 


RAMAN SPECTRA 


20000 5 
ae Chromite Magnesite 
Olivine 30000 — 1095 8 
16000 4 
a = 60000 4 
E 120004 = 
rn iZ2) 
& & 40000 
& 8000-4 E 
z z 326 
562 896 20000 4 
4000 4 
737 
T T T T T T T T T T T T 
200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400 
RAMAN SHIFT (cm) RAMAN SHIFT (cm) 
20000 40000 — 
Chlorite Serpentine 
395 P 
> > 
E = 
wn nN 
ra, Zz 
Lo ae 
E = 
Zz Zz 


200 400 600 800 1000 


RAMAN SHIFT (cm*) 


T 
1200 


T T T 
1400 200 300 


T T T T T T T T 1 
400 500 600 700 800 900 1000 1100 1200 


RAMAN SHIFT (cm) 


Figure 10. An assemblage of mineral inclusions comprising chromite, magnesite, and chlorite, surrounded in part 
by serpentine; field of view 5.6 mm. Their Raman spectra were used to prove the mineral species. Photomicrograph 


by M. Seneewong-Na-Ayutthaya. 
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Figure 11. Tufts of very fine fibers (probably chrysotile) in a Pyaung-Gaung peridot; fields of view 1.8 mm (left) and 


3.8 mm (right). Photomicrographs by M. Seneewong-Na-Ayutthaya. 


sorbance (A) and the thickness (t) of the sample in 
centimeters, according to the equation below (Du- 
binsky et al., 2020): 


0 =2.303A/t 
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} 
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The figure 13 spectrum displays a broad absorption 
band peak at 1050 nm, a shoulder at about 864 nm 
in the near IR, and additional weak bands at 381, 402, 
453, 495, and 633 nm. The gradual increase in ab- 
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Figure 12. Internal fea- 
tures of Pyaung-Gaung 
peridot. A: A tiny crys- 
tal surrounded by 
superimposed partially 
healed fractures; field 
of view 9.0 mm. B: Par- 
tially healed fissures 
showing a fingerprint- 
like attribute; field of 
view 5.6 mm. C: A typi- 
cal healed fracture; 
field of view 4.5 mm. 
D; Fluid-like inclu- 
sions; field of view 1.8 
mm. E: Needle-like in- 
clusions with an irides- 
cent effect; field of view 
2.8 mm. Photomicro- 
graphs by M. Senee- 
wong-Na-Ayutthaya. 
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Figure 13. This representative non-polarized UV-Vis- 
NIR spectrum of Pyaung-Gaung peridot is character- 
ized mainly by Fe* absorption features. 


sorption from the visible to the UV region allows a 
broad transmission window minimum at around 560 
nm, giving rise to the green coloration of the stone. 
The absorption feature of this Burmese peridot is 
usually attributed to Fe?*, which is a main chro- 
mophore contributing to the green color. This spec- 


Figure 14. A representative FTIR spectrum obtained 
from a Pyaung-Gaung peridot. All the marked absorp- 
tion bands are related to internal Si-O vibrations 
(Burns and Huggins, 1972). 
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Figure 15. Laser spots (marked by arrows) show 
where an olivine inclusion and the peridot host were 
analyzed by LA-ICP-MS. Photomicrograph by M. Se- 
neewong-Na-Ayutthaya; field of view 1.8 mm. 


troscopic feature is also observed in peridot from 
other localities (e.g., Adamo et al., 2009; Thuyet et 
al., 2016; Sripoonjan et al., 2019). 


FTIR Spectra. A representative FTIR spectrum of 
the Pyaung-Gaung peridot samples is shown in fig- 
ure 14. Characteristic mid-IR spectra revealed sev- 
eral absorption bands located at 1053, 980, 950, 902, 
845, 627, 552, and 536 cm:!. These bands were as- 
signed to internal Si-O vibrations (Burns and Hug- 
gins, 1972). Although the IR patterns are quite 
similar to those of Sardinian peridot (reported in 
Adamo et al., 2009), the maxima positions of all IR 
bands can be shifted to either lower or higher fre- 
quency values depending on the content of iron 
(Fe?*), as previously suggested by Duke and Stephens 
(1964), Burns and Huggins (1972), and Jovanovski et 
al. (2006). 


Chemical Compositions. Olivine Inclusion. To un- 
derstand the chemical relationship between the 
olivine inclusion and the host crystal, major element 
(by EPMA) and trace element concentrations (by LA- 
ICP-MS) of a cut-open inclusion and nearby host 
crystal were analyzed (see figure 15). The results, pre- 
sented in table 2, showed that the major contents of 
SiO,, MgO, CaO, FeO, MnO, and NiO and trace con- 
tents of Li, B, Na, Al, Sc, Ti, V, Cr, Mn, Co, Ni, Zn, 
Ge, and Zr of the inclusion and the host are relatively 
similar. 
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TABLE 2. Contents of major elements (by EPMA) and trace elements (by LA-ICP-MS) of the host peridot 


sample and the olivine inclusion (average and range). 


Chemical composition 


Host peridot 


Olivine inclusion 


Detection limit 


Major contents (wt.%) of two spot analyses by EPMA 


ae ese a6) a1 hore 0.005 
vee ee eee 0.005 
— Peers revere 0.005 
ae (0.01-0.07 gees 06 0.005 
Ne one ae tars ai 0.005 
oo pigizaes anes 0.005 

Total 100.01 100.71 

(100.01-100.1) (99.12-102.31) 
Trace contents (ppmw) of two spot analyses by LA-ICP-MS 
a barsse ne OWS 
5 oe Geeaiee 0.45 
Me were (31 ees) 9.45 
al SED) Pe 0.66 
ss S61 628) eo 19) 0.08 
i 1 eae ees, 1.90 
7 (hdl0.58) nee: 53) 0.08 
= Bean eae 0.36 
om (841 eae ) See aes 0.05 
ee (espa eee re 0.07 
x 3775.53 3481.55 se 
(3733.27-3817.78) (3449.87-3513.22) 

zu (a1 (Gan eee 0.01 
oe (1 es ee 0.30 
2 Ream ees) 0.01 


@bdl: below detection limit 
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TABLE 3. Chemical composition of peridot samples from Pyaung-Gaung and other 


localities by EPMA? (average and range). 


Pyaung-Gaung, 


Yigisong, China 


Sapat, Pakistan 


Chemical composition Myanmar 
(33 samples) (26 samples) (15 samples) 
Oxides (wt.%) 
SiO 42.62 40.94 42.58 
2 (41.90-43.20) (40.30-42.48) (42.03-43.13) 
MeO 50.04 DOL? 48.24 
8 (49.23-50.77) (50.03—-50.79) (46.95—-50.50) 
FeO 7.64 8.42 8.32 
(7.25—7.88) (7.69-9.05) (6.57—9.58) 
0.10 On 0.12 
ven (0.09-0.16) (0.09-0.15) (0.09-0.15) 
NiO 0.15 0.06 0.12 
(0.02-0.34) (0.02—0.14) (bdlb-0.32) 
CaO 0.03 0.05 0.00 
(bdl-0.12) (bdl-0.16) (bdl-0.02) 
Total 100.59 100.18 99.93 
(98.49-102.47) (98.13-102.77) (95.64—-103.7) 
Cations per 4 oxygen 
Sj 1.024 0.996 1.068 
(1.022-1.021) (0.997—1.007) 1.053-1.015) 
M F793 1.832 1.804 
8 (1.791=1.789) (1.796—-1.845) 1.772-1.754) 
Fe 0.154 0.171 0.175 
0.148-0.156 0.159-0.180 0.138-0.189 
Mn 0.002 0.002 0.003 
0.002—0.003 0.002—0.003 0.002—0.003 
Ni 0.003 0.001 0.002 
0.000-0.006 0.000-0.003 0.000-0.006 
Ca 0.001 0.001 0.000 
0.000-0.003 0.000-0.004 0.000-0.001 
Stim 2.976 3.004 2.926 
2.974—2.979 3.003—2.993 2.947-2.985 
Me/(Mg+Fe) 0.921 0.915 0.912 
Mg/(=M?*) 0.918 0.913 0.909 


'Minimum detection limits for EPMA analyses (wt.%): 0.005 for all oxides. °bdl: below detection limit. 


Major and Trace Elements. The compositions of major 
elements by EPMA and trace elements by LA-ICP-MS 
of the peridot samples from the three localities of 
Pyaung-Gaung, Yiqisong in China, and Sapat in Pak- 
istan (GIT-GTL reference samples) are presented in ta- 
bles 3 and 4, respectively. The chemical composition 
of Pyaung-Gaung peridot ranged from 92.00% to 
92.37% forsterite (Mg,SiO,) and 7.63% to 8.00% fay- 
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alite (Fe,SiO,), suggesting a mantle source. The com- 
position of major elements was 50.04 wt.% MgO and 
42.62 wt.% SiO,, averages similar to those of peridot 
from Yigisong and Sapat. The FeO, MnO, NiO, and 
CaO contents were nearly identical across the three lo- 
calities. The average MnO and NiO contents were 0.10 
wt.% and 0.15 wt.%, respectively, indicating the 
olivine was from a mantle origin (Ishimaru and Arai, 
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TABLE 4. Trace element concentrations of peridot samples from Pyaung-Gaung 
and other localities by LA-ICP-MS (average and range). 


Chemical 
composition 


Pyaung-Gaung, 
Myanmar 
(33 samples) 


Yiqisong, China 
(26 samples) 


Sapat, Pakistan 
(15 samples) 


Detection limit 


Average trace element values (ppmw) 


: 4.59 3.18 4.43 sige 
(45-1577) (1.58-9.99) (1.46-9.25) 
B 21 O25) 7/10) 0.45 
(4.40-46.24) (2.03-33.52) (13.56-125.79) 
ee 46.02 128.03 102.80 we 
(23.04-97.75) (53.14-261.01) (25.49-572.09) : 
Al 44.24 117.08 37.88 0.66 
(19.50-103.14) (60.67—227.14) (9.62—148.40) i‘ 
11.52 10.33 23.84 
ae (8.19-15.92) (8.09-12.39) (8.25-46.50) a8 
Ti (37 18.04 R52) 1.90 
(6.35-57.94) (8.99-30.44) (6.05-31.84) 
1.88 $64 1.58 
™ (1.01-7.69) (2.15-8.11) (0.52-6.05) O08 
Cr 36.46 (224 43.54 0.36 
(12.83-68.97) (51.40-252.18) (6.49-160.62) 
Mn 914.16 1017.62 1214.88 0.05 
(788.54-1097.55)  (850.90-1149.53) _ (1013.86-1424.91) 
Ga 142.67 (ILI 154.92 0.07 
(123.46-167.77) (132.14-170.41) (134.56—-178.57) . 
" 3371.39 3348.46 2036.65 ie 
(2761.62-3965.21) (2964.32-3813.38)  (1208.84-2675.79) 
- 62.75 68.35 25.52 an 
(40.86-119.95) (50.01-99.25) (15.63-41.24) 
2.82 3.57 4.10 
Ge (0.44—5.77) (2.36-7.77) (2.14-8.04) 0.30 
0.07 0.03 0.07 
cA (bdl-0.99) (bdl_0.41) (bdl-0.74) eu 


@bdl: below detection limit 


2008). The atomic proportions were recalculated to 
present the ratios of Mg/(Mg+Fe}, for which all loca- 
tions had a similar value. 

The average trace element contents of peridot 
from the three origins, listed in table 4, show some- 
what similar concentrations. Ni was the most abun- 
dant trace element, followed by Mn, Co, Na, Al, Zn, 
Cr, Sc, Ti, B, Li, Ge, V, and Zr. The Pyaung-Gaung 
peridot contained higher concentrations of Ni and Zn 
than the Sapat peridot but lower B, Na, Sc, and Mn. 
The Yiqisong peridot possessed higher Na, Al, and Cr 
contents than the Pyaung-Gaung samples. Previous 
studies showed that the formation of Yigisong peri- 
dot was related to serpentinization (Zhang et al., 
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2019) and/or spinel lherzolite that was quite similar 
to those of peridot from Sardinia and Vietnam 
(Adamo et al., 2009; Thuyet et al., 2016). In contrast, 
the study of Harlow and Thu (2014) indicated that 
samples from Pyaung-Gaung and Sapat shared a sim- 
ilar origin. The next section of this study reveals 
some differences in trace element concentration that 
are very helpful for geographic origin determination. 


Origin Determination. The trace element data were 
then displayed and discriminated in 2D plots of Al- 
Mn, Cr-Ni, Sc-Cr, Co-Mn, V-Ni, and V-Mn (figure 16} 
and 3D plots of Ni-Co-V, Ni-Ti-Cr, Ni-Ti-V, Cr-V-Sc, 
Co-V-Sc, and Cr-V-Co (figure 17). The 2D and 3D 
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Figure 16. 2D scatter plots of trace element contents in peridot from the three geographic origins. 
Gems & GEMOLOGY WINTER 2021 


PERIDOT FROM MoGok, MYANMAR 


333 


3D SCATTER PLOTS 
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Figure 17. 3D scatter plots of trace elements in peridot from the three localities. Plots oriented to show origin separations. 
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cross-plots showed a positive correlation and proved 
very useful in separating Pyaung-Gaung peridot from 
the Yiqisong and Sapat deposits for the samples and 
reference materials measured. Although overlap may 
occur between some Pyaung-Gaung and Yiqisong 
data points in the 2D plots, the 3D cross-plots pro- 
vide a very helpful and straightforward way to deter- 
mine the origin of peridot from these three deposits. 
While Ni can be precisely determined using EPMA, 
this technique is less accurate for other elements at 
lower concentrations (Shen et al., 2011; Leelawatana- 
suk et al., 2011). LA-ICP-MS has been proven to be 
an efficient method for origin determination of these 
peridot by chemical fingerprinting. However, statis- 


PERIDOT FROM MoGok, MYANMAR 


Figure 18. This 17.69 ct 
oval-cut peridot is from 
the Bernard-Myo area 
of Mogok, Myanmar. It 
is part of the GIA Col- 
lection. Photo by 
Robert Weldon/GIA. 


tical approaches such as discriminant or multivariate 
analysis may be needed since they can potentially 
provide additional data to enhance the certainty of 
the provenance assignment and reduce error. 


CONCLUSIONS 


Gemological investigation indicates that Burmese 
peridot from the Pyaung-Gaung area of Mogok (figure 
18) contains tufts of very fine fibers and distinctive 
protogenetic olivine inclusions. These diagnostic 
mineral inclusions, as well as inclusions of chromite, 
magnesite, and chlorite, provide evidence that retro- 
grade metamorphism and/or recrystallization oc- 
curred in tension fractures or veinlets during a 
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tectonic event. These inclusions can be used as a lo- 
cality-specific feature for geographic origin determi- 
nation in combination with chemical analysis by 
LA-ICP-MS. Based on our data, 2D and 3D cross- 
plots of the trace element contents of Al, Sc, Ti, V, 
Cr, Mn, Co, and Ni are relatively efficient discrimi- 
nators to distinguish peridot from the major produc- 
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After listening to our brief story he threw 
a quick glance at the object of our plight, 
then raced back to his car. With the preci- 
sion of a one-man wrecking crew he yanked 
an emergency tow rope from his belongings, 
threw one end of it over the car and worked 
it back underneath and deftly tied it to the 
framework. Switching his car cross-wise the 


road and hitching the other end of the rope 
to his bumper, he pulled the old Buick 


proudly up again on its four wheels. 

Then he jumped in and drove it a half 
block or so to a point where he could run 
it up on the roadway. A deed well done — 
a friend in need, a good Samaritan. With 
the swiftness of his arrival, he drove off into 
the night, and I have never seen him since. 

To dispose of some of the Indian jewelry 
and rugs accumulated during our various 
trips, while the depression was still on we 
cooperated with a man named Ralph Dodge, 
who had provided a big car and trailer 
and had driven “F.A.” around through the 
Indian country. 

The plan was for Dodge to supply a small 
troupe of Indian dancers to appear on an 
upper floor of a department store while 
we, in turn, were to supply the Indian mer- 
chandise to the store on consignment for 
a few days. 

The sale was preceded by a few days of 
advertising to make the event known to 
everyone who was interested in Indian lore 
and Indian merchandise. A large part of the 
upper floor was assigned for the entertain- 
ment and the Navajo handicrafts. 

The entertainment was to consist of Nav- 
ajo men dancing and playing Indian music 
on their simple instruments. Of course the 
dancers were to be dressed in their native 
costumes complete with feathered headress. 


In October of 1932 such a show was 
scheduled in O’Connor’s, San Francisco. I 
personally was to go up with the jewelry 
while Dodge was to take the rugs and his 
troupe of half a dozen Indians. I went 
separately. 

During that particular period buses were 
still hectoring the railroads and competing 
for passengers, while unauthorized cars were 
hectoring the buses. If one wanted to drive 
his own car to San Francisco he could go to 
a special agent who operated only from a 
desk and tell him how many passengers he 
could accommodate, as well as the time of 
his departure. After reaching his destination 
he would later receive his cutrate fare less 
a commission for the man with the desk. 

Being anxious to save anything I could 
during this tough period, I went into such 
a place in the next block from our store and 
paid for a round trip. On the way up to San 
Francisco we were in luck as our driver was 
a fine fellow with a good and also pleasing 
personality. For the sake of better gasoline 
mileage, he maintained a fairly steady gait 
up hill and down, as well as when passing 
other cars. This trick he had learned during 
an earlier time when he had been a regular 
bus driver. No laws had been passed at that 
time to suppress these pirate passenger car- 
riers, so motor cycle cops had been instructed 
to try to spot such cars and catch them ex- 
ceeding the speed limit if possible. Knowing 
the limit to be 45 miles per hour, he care- 
fully held the speedometer at a safe and 
steady 43. After reaching San Jose late in 
the evening, and dropping off a couple of 
women passengers at their respective desti- 
nations, we proceeded to San Francisco, 
arriving at about 11:00 P.M. 


(To be continued) 
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SNPS ARTICLES 


HISTORY OF EMERALD MINING IN THE 
HABACHTAL DEPOSIT OF AUSTRIA, PART I 


Karl Schmetzer 


The sources of emeralds used in Roman jewelry as well as jeweled pieces (including crowns and book covers) 
dating from antiquity to the Middle Ages and before the discovery of the Colombian emerald deposits in the 
sixteenth century remain an ongoing matter of controversy. Two potential localities dominate the discussion: 
the mines in the Eastern Desert of Egypt and the Habachtal deposit in Austria. The first published reference to 
the Habachtal emerald occurrence dates to 1797. The majority of publications from the nineteenth and twentieth 
centuries agree that Samuel Goldschmidt, a jeweler from Vienna, purchased the mountain area in which the 
Habachtal emerald occurrence is located and commenced mining soon thereafter, in the early 1860s. A later 
period from the mid-1890s to about 1914 is frequently mentioned, in which the mine was owned and worked 
by an English company. However, further details regarding both periods and the various transitions of ownership 
and further circumstances of emerald mining before World War | are rarely given and often are not consistent, 
and activities in the times before the 1860s and between 1870 and 1890 are obscure. Using a wide selection of 
materials from Austrian and German archives, largely unpublished, the author seeks to trace the history of the 


Habachtal mine through several centuries and to fill gaps left by existing publications. 


the Ptolemaic, Roman, Byzantine, and Islamic eras 

in Egypt's Eastern Desert, in the Wadi Sikait and 
Gebel Zabara regions.! Far less certainty exists with 
respect to emeralds from the Habachtal deposit, lo- 
cated in the Pinzgau region of Salzburg Federal State, 
Austria (figure 1). Similar to the Egyptian deposits, it 
has been speculated that the emerald deposit in 
Habachtal might have been known to the Celts and 
Romans,” with some even going so far as to suggest 
that the deposit had been exploited and mined by the 
Romans.’ Absent, however, is any written document 
or clear archaeological evidence to verify a link to the 
Romans or Celts.* Nor do the few studies aiming to 
establish an empirical link between emeralds in his- 
torical jewelry and recently mined stones from 
Habachtal (through trace element determination, in- 
clusion study, and other approaches) offer any con- 
clusive support.° The problem is due to the fact that 
a clear distinction between emeralds from the differ- 
ent mining regions in Egypt and Habachtal has not 
yet been worked out in the few existing studies. For 
the Middle Ages, the famous Saint Louis emerald of 


| t is established that emeralds were mined during 


See end of article for About the Author. 
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the crown of France was assigned to the Habachtal 
occurrence using oxygen isotopic composition val- 
ues.° Furthermore, several references (see, e.g., the 
Early Evidence of Mining section later in this article) 
indicate emerald mining in Austria from the six- 
teenth to eighteenth centuries. 

The present paper aims to contribute to the min- 
ing history of emeralds in Habachtal and first to eval- 
uate the sources referring to the period from the 
sixteenth to eighteenth centuries, which would—ac- 
cording to the present knowledge—indicate early 
published accounts of the mining of Habachtal emer- 
alds. Furthermore, a chronicle of emerald collection, 
mining activities, and ownership up to World War I 
is given, starting with the first known mention of the 
emerald location in Habachtal in a scientific journal 
by K.M. Schroll’ at the end of the eighteenth century 
and the beginning of mining operations in the early 
1860s by Samuel Goldschmidt, followed by an Eng- 
lish company in 1895. The people in the background, 


'Shaw et al., 1999; Rivard et al., 2002. 

?See Ward, 1993; Gonthier, 1998. 

3Giuliani et al., 2000. 

‘Ertl, 1982; Grundmann, 1991; Grundmann and Koller, 2003. 
5See Calligaro et al., 2000; Krzic et al., 2013. 

®Giuliani et al., 2000; Stehrer, 2000. 

7Schroll, 1797. 
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controlling the English firm within two different 
working periods, have not been identified. Conflicts 
with the Austrian administration and other prob- 
lems, which caused a first group of English owners 


In Brief 


e The Habachtal emerald occurrence in Austria was ini- 
tially known as a secondary deposit, first described in 
1797. The primary emerald source was discovered 
some decades later, in the 1820s. 


e Prior to the late eighteenth century, single stones may 
have been found on occasion, but there is no verifiable 
evidence of formal mining activities. 

¢ Open-pit and underground mining were first per- 
formed by Samuel Goldschmidt for a few years in the 
early 1860s. 

¢ Ownership of the Habachtal property was transferred 
to the English firm Emerald Mines Limited in 1896 and 
remained under that entity until 1913. Two periods 
within that interval saw underground mining, under the 
control of different English individuals, before owner- 
ship reverted to Austrian citizens in 1914. 


of the property to sell the firm in 1906 and a second 
group of English owners to fail completely in emerald 
recovery, are also presented. 
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Figure 1. A: Emerald crys- 
tal from Habachtal, 2.0 
cm in length, on a matrix 
of biotite schist. Photo by 
G. Martayan; private col- 
lection. B: Emerald crys- 
tal from Habachtal, 12 
mm in length and weigh- 
ing 15 ct, found in 1972 
and displaying extraordi- 
nary quality. Photo by 
Tobias Weise; collection 
of Christian Weise. C: 
Emerald crystal from 
Habachtal, 4.5 cm in 
length and weighing 128 
ct, found in the mid- 
1970s, one of the largest 
of gem quality discovered 
at the locality in the 
twentieth century. Shown 
in reflected light (left) and 
transmitted light (right); 
courtesy of Kristall- 
museum Riedenbursg. 


THE HABACHTAL LOCALITY 


The Habachtal (meaning Habach Valley), through 
which Habach Creek runs, lies within a network of 
valleys in a mountainous region known as the 
Grofvenediger [Great Venetian] area, named after the 
Grofvenediger peak (3662 m) located to the south. A 
series of five such parallel valleys containing epony- 
mous creeks flowing essentially south-north all lead 
toward the larger Salzach River, flowing west-east in 
the Salzach Valley (figure 2). The Habach Valley is 
flanked on the west by the Untersulzbach and Ober- 
sulzbach Valleys and on the east by the Hollersbach 
and Felber Valleys. The two larger municipalities in 
the Salzach region are Neukirchen (to the west of 
Habach Valley) and Bramberg (to the east). 
Historically, extensive mining activities have 
been reported for the Pinzgau region. In the Unter- 
sulzbach and Hollersbach Valleys, notable copper 
mining has been documented since the early six- 
teenth century. Lead- and zinc-bearing ores have also 
been mined to a lesser extent. In the Habach Valley, 
mining mainly for lead and silver has frequently been 
reported over the course of many centuries.* 


®Schroll, 1792, 1799; Pillwein, 1839; von Kirsinger, 1841; Ritter von 
K6chel, 1859; Fugger, 1881; Lahnsteiner, 1980; Gruber and Ludwig, 
1982; Hénigschmid, 1993; Feitzinger et al., 1998; Lewandowski, 
2008; Seifriedsberger, 2008. 
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Figure 2. Map of a portion of the Oberpinzgau (the western part of the Pinzgau region) where the Habachtal 
(Habach Valley) is located. Habach Creek flows through the valley, and the Habachtal emerald mine is located on 
the eastern flanks of the valley; additional valleys with their eponymous creeks are to the east and west. Mountain 
ridges are shown in gray, and the hammer and pick symbol indicates the emerald mine. Modified after Pechris- 


tener, Austria location map, Open Database. 


The Habachtal emerald mine is located on the 
eastern flanks of the valley, approximately 70 km 
east of Innsbruck, the capital of Tyrol, Austria. The 
main emerald-bearing host rocks in the occurrence 
are biotite-, actinolite-, tremolite-, and talc-schists, 
or mixtures thereof (see again figure 1).° In addition 
to green emeralds, gray to blue beryls (aquamarines) 
are also found, while other beryllium minerals such 
as phenakite or chrysoberyl are rare. Occasionally, 
beryl and emerald crystals are discovered together in 
the matrix, but zoned crystals consisting of gray or 
bluish aquamarine and emerald are extremely un- 
usual. Four mining galleries exist today at an eleva- 
tion between 2,100 and 2,200 m above sea level, and 
on the surface of the hill, emerald-bearing solid rocks 
(e.g., biotite schist) are found sporadically. 


EARLY EVIDENCE OF MINING 


In determining the earliest written evidence of 
Habachtal emerald mining, contemporary thinking 
tends to look in one or more of three general direc- 
tions. To find early references, the author contacted 
the people involved at present in Habachtal emerald 
mining and the local Bramberg Museum’s staff respon- 
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sible for the mineral collection. The author was in- 
formed” of a reference describing the destruction of 
the Habachtal emerald mines prior to 1600, which 
could confirm emerald mining in the sixteenth cen- 
tury. The reference in question turned out to be a pub- 
lication by Herbert Aulitzky."' Other views center on 
material resulting from a 1669 journey by the Danish- 
Italian scientist Niels Stensen (figure 3).!” Yet another 
series of works cites a 1727 mining chronicle as the 
oldest description, which has now been identified by 


°Grundmann, 1991. 

1A. Steiner, pers. comm., 2019; E. Steinberger, pers. comm., 2019. 
"Aulitzky, 1973. Herbert Aulitzky (1922-2012) was a professor at 
the Institut fr Wildbach- und Lawinenverbauung, Universitat fuir 
Bodenkultur in Vienna. 


Niels Stensen (1638-1686), also known as Nicolaus Steno, studied 
medicine in Copenhagen, publishing on topics involving anatomy 
and medicine, before dedicating his interest to the fields of paleontol- 
ogy, stratigraphy, and crystallography. From 1666 to 1672, Stensen 
worked in Florence under the Grand Dukes of Tuscany Ferdinand II 
and Cosimo III de’ Medici. His principal work on earth sciences, 
Prodromus on Solids, published in 1669 in Florence, is considered 
the beginning of modern stratigraphy and geology. In 1675, Stensen 
renounced his scientific career and was ordained a Catholic priest, 
becoming a bishop in 1677. Scherz, 1987; Hansen, 2009; Hauschke, 
2019. 
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Figure 3. Portrait of Niels Stensen (Nicolaus Steno or 
Nicolaus Stenonius), likely painted circa 1670 in Flo- 
rence, when Stensen was in his early thirties. Uffizi 
Gallery, Florence. 


the present author as the voluminous treatise by Franz 
Ernst Briickmann (1697-1753; figure 4), a medical doc- 
tor and scientist. Beyond such written references, a 
fourth piece of early evidence comes in the form of 
oral traditions that have long assumed that particular 
emeralds must have come from Habachtal. All four 
approaches, despite having been accepted uncritically 
and without further evaluation for decades, fall short 
of establishing any formal mining at Habachtal. 


The Aulitzky Reference and the Possibility of Late 
Sixteenth-Century Emerald Mining at Habachtal. 
The work by Aulitzky listed and described natural dis- 
asters (translated from German): “The mines in the 
Tauern region, which were still active in this period 
lend of the sixteenth century, after 1572], were threat- 
ened by torrents. In 1593, the structures and buildings 
of the emerald mine in the Habachtal were completely 
damaged.”!3 Although Aulitzky cited no supporting 
reference, the basis would appear to be a text by Jos. 
Lorenz discussing the effects of landslides and water 
from the Habach Creek and commenting (also trans- 
lated from German): “The slopes of this valley fre- 
quently create huge landslides. In 1593, one of these 
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Figure 4. In a mining chronicle published in Braun- 
schweig in 1727, the medical doctor and scientist 
Franz Ernst Briickmann referred to “emeralds” from 
the village of Bach in Bavaria, which has repeatedly 
been misinterpreted as a description of emeralds from 
the Habach Valley. The “emeralds” from Bach, how- 
ever, have since been identified as green fluorites. 
This copper engraving by E.L. Creite was published in 
the 1727 mining chronicle. 


landslides damaged the structures and buildings of the 
existing mines.” 

Lorenz’s generic reference merely to mines thus 
offers no proof of emerald mines, a misapplication 
borne out by descriptions of the same 1593 event de- 
tailing that destructive landslides covered the en- 
trances of tunnels to silver mines in the Gamskogel 
area but making no mention of emerald mines.'* As 


SAulitzky, 1973. 
“41 orenz, 1857. 
'5See Reisigl, 1786; Vierthaler, 1816; von Kirsinger, 1841; Wallmann 


1870; Lehmann, 1879; Stiny, 1938; Lahnsteiner, 1980; Rohr, 2007; 
Seifriedsberger, 2007. 
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Figure 5. View of the former mining area of Gamsko- 
gel. Old tunnels and the remains of buildings are still 
accessible near Peitingalm (left). The site of the large 
landslide in 1593 that covered the adits of tunnels to 
silver mines is indicated with arrows. Photo from 
2000 by J. Seifriedsberger. 


Gamskogel is located on the western flanks near the 
entrance of the Habach Valley, a landslide moving in 
the direction of the Salzach River (figure 5) would 
have had no impact on emerald mines located in the 
middle of the valley on the eastern flanks. 


Niels Stensen’s Trip to the Habachtal (1669). As de- 
scribed by Gustav Scherz, Stensen’s journey took 
place between 1668 and 1670, when the scientist 
traveled through Italy and various European territo- 
ries, beginning and ending in Florence." First visiting 
Rome, Naples, Bologna, and Murano (a small island 
near Venice], Stensen reached Innsbruck in May 1669. 
There he was a guest of Anna de’ Medici (1616-1676; 
figure 6), the sister of Ferdinand II de’ Medici, Grand 
Duke of Tuscany, and also the widow of Archduke 
Ferdinand Charles of Austria, the governor of Tyrol. 
Contemporaneous with Stenson’s travels, Anna de’ 


'Scherz, 1955. Dr. Gustav Scherz (1895-1971) was a Catholic priest, 
born in Vienna. In 1922, he moved to Copenhagen. A focus was his 
scientific research on Niels Stensen, which he began in the late 
1930s. Scherz published multiple articles and several books concern- 
ing Stensen’s life and edited a collection of his letters. 

Scherz, 1952, 1955, 1971; Zirkl, 1982; Sobiech, 2008. The original 
text of Anna’s letter was published by Scherz and later cited by other 
authors. Scherz did not differentiate between the concepts of an 
emerald occurrence versus an emerald mine. Letter of Gustav Scherz 
to Josef Lahnsteiner, June 19, 1954, Archive of Alfred Lahnsteiner, 
Hollersbach. 


'Scherz, 1987; Kardel and Maquet, 2013. 
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Medici wrote a letter dated June 16, 1669, to her 
brother Ferdinand in Florence." The letter noted that 
Stensen had visited and reported on the salt works of 
Hall (“saline d’Hala” in the original Italian text) and 
the silver mines of Schwaz (“miniere di Sboz”). Anna 
continued that she was now waiting for his return 
from “the emeralds” (“de’smeraldi”), where he had 
traveled to examine what could be done, suggesting 
that Anna was already aware of the occurrence and 
expected further details about the locality and the fea- 
sibility of future mining activities. 

As the letter referred only to “emeralds” in the 
original Italian text and not to emerald mines as in 
some later translations,'* it cannot prove the exis- 


Figure 6. Portrait of Anna de’ Medici by G.V. Morandi, 
circa 1666. In a letter to her brother in Florence, dated 
1669, Anna reported that Niels Stensen had visited 
several mining locations and that she was waiting 
for his return from, and account of, a further trip to 
the emerald occurrence. There is general agreement 
that Habachtal was the locality signified, and the 
letter is the earliest written document known to date 
referencing these emeralds from Austria. Courtesy of 
Museum of Art History, Vienna. 
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tence of emerald mines at Habachtal. There is, 
nonetheless, general agreement that Habachtal was 
the locality signified. This conclusion is further but- 
tressed by a catalog of rocks, minerals, and fossils 
prepared by Stensen circa 1671-1672 in Florence. Ti- 
tled Indice di cose naturali, it listed samples in the 
Grand Duke’s collection, some of them collected by 
Stensen himself. Items 259 to 304 primarily repre- 
sented samples collected from 1669 to 1670 during 
his European journey, some explicitly from Tyrol.!” 
Item 279 described a collection of various crystals, 
including quartz, emeralds, amethysts, and garnets, 
thus implying that Stensen might have been able to 
obtain emeralds from the Habachtal occurrence dur- 
ing the trip. 


The Mining Chronicle by Briickmann (1727). In the 
third commonly cited reference, the 1727 mining 
chronicle, Briickmann collected information about 
more than 1,600 mines worldwide, mainly from the 
literature.”° The portion describing the Prince-Arch- 
bishopric of Salzburg made no mention of emeralds. 
Conversely, the section dealing with Bavaria included 
the following entries (translated from German]: 


¢ Donaustauff [referring to the modern munici- 
pality of Donaustauf], 2 miles from Regenspurg 
[the modern city of Regensburg], here great 
quantities of occidental amethysts and emer- 
alds are mined. 


e Bach, a village, nearby green emeralds and blue 
amethysts are mined. 


A revised and more detailed version published in 
1730 after samples had been obtained from the local- 
ity repeated the foregoing entries and added that 
Briickmann could not find any special properties of 
these materials, that they were fragile, and that it 
would be extremely difficult to cut and polish sam- 
ples from the occurrence.”! 


'Scherz, 1956, 1958. 

20Bruckmann, 1727. 

*1Briickmann, 1730 (with identical title but designated part Il). 
Pichler, 1865; Freed, 1999; Dopsch and Lang, 2012. 

31 ehner, 1669, 1702, 1718; Furnohr, 1952. 

*4V/iernstein, 1987; Jacob, 2006. 

Flurl, 1792. 

26Mineralienatlas — Fossilienatlas, Grube Kittenrain (Sch6nfarbiges Berg- 
werk), https:/Avww.mineralienatlas.de/lexikon/index.php/Deutschland/ 
Bayern/Oberpfalz%2C%2 0Bezirk/Regensburg%2C%20Landkreis/ 
Donaustaufer%20Revier/Grube%2 0Kittenrain%20%28Sch%C3% 
Bonf%C3 %A4rbiges%20Bergwerk%29 

27Scherz, 1955. 
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From this information, it becomes extremely 
unlikely that Habachtal could be the place under 
discussion. From a geographical perspective, the 
Pinzgau, in which the Habachtal is located, be- 
longed to the Prince-Archbishopric of Salzburg from 
1228 until 1803.” Furthermore, various maps of the 
Prince-Archbishopric of Salzburg from the first half 
of the eighteenth century clearly identify the 
Habach Valley (figure 7). Instead, given the place- 
ment in Bavaria, it appears that Britckmann gath- 
ered his information from three editions of a 
booklet by the medical doctor Johann Lehner (born 
1623), describing a center for balneotherapy in the 
modern-day city of Bad Abbach, a few kilometers 
south of Regensburg.” Mentioned in the booklet’s 
dedication to the Duke of Bavaria is an occurrence 
of emerald and amethyst located at Bach near 
Donaustauf, with the stones even being found to- 
gether within a single piece of host rock. Lehner 
wrote that the information was given to him by an 
old stonemason in 1652. 

These clues, in turn, add a further mineralogical 
aspect eliminating any Habachtal connection. The 
Bach-Donaustauf area is a mining region east of Re- 
gensburg, and it was a significant source of fluorite 
for several hundred years, especially in the nine- 
teenth and twentieth centuries.%* An early descrip- 
tion mentioned fluorite mining activities in 1703 and 
1704 and referred to old tunnels dug even earlier.?° 
Due to the intense green and violet coloration of the 
fluorites, one of the mines in the area was known as 
the “Schénfarbiges Bergwerk,” translating to “beau- 
tifully colored mine.””* Stated bluntly, there is little 
doubt that Briickmann’s Bavarian “emeralds” were 
green fluorites. 

This only serves to highlight the danger of uncrit- 
ical repetition and the extent to which information 
can become entrenched in modern thinking. To cite 
just a few twentieth-century examples, Scherz wrote 
(translated from German):?’ 


It is known nowadays, that old necklaces from Pinz- 
gau, in the Salzburg area, contain amongst beautiful 
regional gemstones such as amethysts and topazes also 
emeralds. The oldest written description, which men- 
tions these emeralds, is found in a mining chronicle, 
published in Braunschweig in 1727. This book lists the 
ores, rocks and stones of the Duchy, to which the Pinz- 
gau area belonged to at this time. In the chronicle, a 
village Bach (Habach) is described, where green emer- 
alds and blue amethysts are recovered, which might 
indicate a systematic mining already at the time given. 


Edward J. Giibelin (1913-2005) likewise noted: 
“Tn a mining chronicle published in 1727 the emerald 
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of Habachtal is mentioned among ores, rocks and 
stones of the Duchy of Bavaria, to which the area be- 
longed in the eighteenth century.” This statement 
was then relied upon by John Sinkankas, who reiter- 
ated the misconception.” 

The cited examples from Scherz and Giibelin 
were in turn premised on various articles by Dr. 
Hans Hanke* that repeatedly made analogous refer- 
ences to the 1727 mining chronicle but never explic- 
itly identified Briickmann as the author. 
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Figure 7. A: Detail from a 
map by J.B. Homann, 
Nuremberg 1715, of the 
Prince-Archbishopric of 
Salzburg (Archiepiscopa- 
tus Salisburgensis), en- 
larged to show a portion 
of the Pinzgau west of 
Zell am See. The area be- 
tween Hollersbachtal and 
Sulzbachtal, now known 
as Habachtal, was re- 
ferred to as Harbachtal 
during the eighteenth 
century (Tal means val- 
ley; for further explana- 
tion of the name, see also 
Fabri, 1786). A mining 
symbol for copper is 
shown in the Sulzbach- 
tal, and a mining symbol 
not related to a specific 
metal is shown between 
the Harbach and 
Sulzbach Valleys. B: 
Map of the Prince-Arch- 
bishopric of Salzburg 
(Archiepiscopatus Salis- 
burgensis) by J.B. 
Homann, Nuremberg 
1715. The territory of the 
Archbishopric is high- 
lighted in yellow, and 
Habach Creek is high- 
lighted in red. The creek 
flows into the Salzach 
River and is designated 
on the map by the old 
name Hdrbach. The por- 
tion of the map enlarged 
in figure 7A is also out- 
lined in red. Both maps 
courtesy of Bayerische 
Staatsbibliothek, Munich. 


Oral Traditions from the Eighteenth Century. It ap- 
pears that, in addition to Anna de’ Medici, local resi- 
dents were aware of the deposit in the eighteenth 


*8Gubelin, 1956a, b. 
2°Sinkankas, 1981. 


30See Hanke, 1938, 1939, 1944. Dr. Hans Hanke (1908-1969) stud- 
ied geology in Innsbruck and later moved to Salzburg. He worked as 
a scientific journalist and editor, publishing multiple articles regarding 
the Alps. 


Gems & GEMOLOGY WINTER 2021 


Figure 8. An inventory of the property and possessions 
of Anna Maria Rottmayrin from Bramberg, a wealthy 
farmer’s widow, listed two emerald rings owned at her 
death in 1732. The stones are assumed to have been 
sourced from the Habachtal occurrence. The painting 
represents her circa 1700; photo by Christina Nébauer. 


century or earlier, collecting and making use of the 
stones before any mineralogical account of the emerald 
occurrence was ever published. For instance, the in- 
ventory of a wealthy farmer's widow from the village 
of Bramberg (see again figure 2), Anna Maria 
Rottmayrin (1648-1732, figure 8), listed two emerald 
rings owned at her death, and that tabulation has oc- 
casionally been relied upon as evidence of use and even 
mining of Habachtal emeralds during the period.*" 
Furthermore, oral tradition links the emeralds in 
monstrances housed in churches of the Pinzgau and 
Salzburg areas to the Habachtal deposit.** Although 
Colombian emeralds were already available in Eu- 
rope during the era, the churches’ proximity to 
Habachtal renders such an assumption not unreason- 
able. Nonetheless, the logic should not be stretched 
too far, as recently demonstrated by investigation of 
emeralds in the pectoral cross of Dominikus Hage- 
nauer (1746-1811), presented to him by his father 
upon his election in 1786 as abbot of St. Peters in 
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Salzburg. Despite a long-accepted tradition within 
the monastery that the gemstones had come from 
the Habachtal deposit, a recent examination by mi- 
croscopy and energy-dispersive X-ray fluorescence 
(EDXRF) established them as Colombian emeralds.** 

Even if there is no indication of regular mining in 
the eighteenth century or before, the collection of a 
limited number of emeralds in Habachtal and their 
use for jewelry over centuries is always possible. 
However, objects with numerous stones of high qual- 
ity are always suspicious, especially if they originate 
from periods in which Colombian emeralds were al- 
ready available in Europe. 


FIRST DESCRIPTION OF HABACHTAL 
EMERALDS (1797) AND EVENTS UNTIL THE 
START OF MINING IN 1861 


Leaving aside these four commonly traveled but mis- 
leading paths, the first valid published reference to the 
Habachtal emerald occurrence dates to a 1797 treatise 
by Kaspar (Caspar) Melchior Schroll (1756-1829; see 
box A) dealing with minerals from Salzburg.** Schroll 
simply reported that a prismatic emerald crystal was 
discovered in a piece of mica schist from that locality. 
No further information is given. A rapid succession of 
additional references followed in mineralogical and ge- 
ological texts,*° indicating the information was readily 
available, albeit with some variance in naming con- 
ventions. In the early decades of the nineteenth cen- 
tury, the older designation Heubachtal for the valley 
was particularly common,** and a number of varia- 
tions in the name were seen between the sixteenth 
and nineteenth centuries.*’ 


*'Lahnsteiner, 1959; Pech, 1976; Honigschmid, 1993. 

Hanke, 1958; Hagn, 2019. 

3K. Schmetzer and H.A. Gilg, unpublished results, 2020. 

*Schroll, 1797; see also Géttingische Anzeigen von gelehrten 
Sachen, Vol. 1, Part 83, May 27, 1797, pp. 817-821. 

35See Reus, 1801; Hatiy, 1804; Mohs, 1804; Klaproth and Wolff, 
1810; Zappe, 1817; Jameson, 1820. 

*°A note elucidating the name identity between Heubachtal 
(Heubachthal) and Habachtal (Habachthal) is given, for example, by 
Ritter von Zepharovich, 1859. 

*7In numerous maps from the sixteenth to nineteenth centuries, the 
creek now known as Habach Creek was designated Harpach (six- 
teenth and seventeenth centuries, with the exception of Habach in 
Diickher, 1666), Harbach (eighteenth century), or Habach (nineteenth 
century). Multiple examples are depicted by Schaup, 2000; see also 
the early geography text by Fabri, 1786. In mining documents from 
the sixteenth century, Heebach was also used. See Urkunden 
Salzburg, Erzstift (1124-1805), SLA, OU 15501 02, January 1550, 
SLA, OU 1552 III 10, March 1552; 
https://www.monasterium.net/mom/AT-SLA/Erzstiftv/fond. 
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Box A: THE QUEST FOR EARLY HABACHTAL EMERALD SAMPLES—THE COLLECTIONS OF 
K.M.B. SCHROLL AND M. MIELICHHOFER IN SALZBURG 


The first published reference to emeralds from the 
Habachtal occurrence appeared in the 1797 edition of a 
treatise entitled Grundriss einer Salzburgischen Miner- 
alogie (Outline of Salzburg’s Mineralogy) by the scien- 
tist Kaspar (Caspar) Melchior Balthasar Schroll 
(1756-1829). An interesting point to consider is whether 
the material used by Schroll for his description, or sim- 
ilar pieces from the region and era, remain available in 
collections today. 

Schroll joined the administration of the Prince-Arch- 
bishopric of Salzburg in 1777 as a trainee in the mining 
department (Bergwerkspraktikant). In 1780, he was sent 
to the Freiberg Mining Academy in Saxony (Bergakademie 
Freiberg) to study mineralogy, geology, and mining. He 
then returned to Salzburg in 1792 and thereafter held mul- 
tiple roles within the Prince-Archbishopric’s mining ad- 
ministration, including becoming a mining inspector 
(Bergrat) in 1793. During the subsequent interim between 
the end of the Prince-Archbishopric (1803) and Salzburg’s 
accession to the Austrian Empire (1816), he served in sev- 
eral high-ranking positions, and from 1823 until his death 
in 1829 Schroll was the head of the mining administra- 
tion.! Schroll authored works focusing on Salzburg’s min- chee PDA pe 
eralogy, and it was the second edition of the above-cited MY ner Ae eis 


A 


¢ 


B igure A-1. Title page of the 179 7 edition of Kaspar Mel- Figure A-2. The collection of Mathias Mielichhofer con- 
chior le althasar Schroll's treatise on the mineralogy of tains a small number of samples bearing emeralds from 
the Prince-Archbishopric of Salzburg, which incorpo- Habachtal, thereby demonstrating the sizes of crystals 
rated the first description of Habachtal emeralds pub- found in the early decades of the nineteenth century. 
lished in a scientific text. Copper engraving by B. Weinmann, undated; courtesy of 


= Austrian National Library, Vienna. 


G run d r 1 £ Ss treatise, published in 1797 (figure A-1), that contained the 
first brief description of Habachtal emerald material. Ac- 
einer. Salzburgifchen his aca 5 cording to Schroll, the emerald was found by chance when 
breaking up a piece of mica schist. Schroll also dedicated 
oeee a portion of his practical work to improving ore processing 
bina fyftematifche Anzeige der bis itzt ‘bee and smelting. 

’ Sr iinerslien des Faritenthome und. teefifte A generation later, Mathias Mielichhofer (1772-1847; 
bie, figure A-2) followed a similar career path in Salzburg. 
} Salzbur g Mielichhofer joined the mining department as a trainee 
bee y in 1794 and was sent to the Freiberg Mining Academy 
| yon from 1803 to 1805. He went on to become a mining in- 
‘ spector in 1823 and held that position until his retire- 
Ky _Kafp. Melchior Schroll. ment in 1843. In addition to his activities centered on 
mineralogy and mining, Mielichhofer also became 

“Hoch Bergrathe , und Mitgliede der Sozietat known for several discoveries in the field of botany. 

“der Bergbaukunde, 


'Gtinther and Lewandowski, 2002. 
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Hecovery ol 


Alluvial Diamonds 
by 


Electrostaic Separation 


by 


A. A, L, LINHOLM 
(Diamond Research Laboratory—]obannesburg) 


In this issue of Gems & Gemology, an 
article appears describing the grease belt 
process which is used to recover alluvial 
diamonds. For a number of reasons this 
process is difficult to apply satisfactorily to 
diamonds which are smaller than 3 mm. 
To separate the smaller stones from the 
gravels in which they occur, the Diamond 
Research Laboratory in Johannesburg has 
made use of the fact that diamonds are very 
poor conductors of electricity whereas the 
great majority of the gravel particles are 
better conductors. This is the principle of 
Electrostatic Separation. 

An electrostatic separator consists essen- 
tially of an earthed electrode and a charged 
electrode placed opposite each other and 
fairly close together. A high tension field 
is maintained between the two electrodes, 
the charged electrode being of positive po- 
larity. When a mixture of diamonds and 
gravet is passed through the high tension 
field, all particles obtain an induced 
charge. The gravel particles, being rela- 
tively good conductors, allow their charge 
to leak away to earth as they pass over the 
earthed electrode of the separator. In this 
way they acquire negative potential and 
are, therefore, attracted towards the posi- 


tive high tension electrede. The induced 
charge on the surface of the nonconductive 
diamonds cannot leak away quickly enough, 
they retain their positive charge, and are 
therefore repelled from the high tension, 
electrode. A separation is thus achieved. 

In the process developed by the Diamond 
Research Laboratory to recover the smaller 
diamonds on one of the South African al- 
luvial mines, the diamondiferous gravels 
are first sized and subjected to gravity con- 
centration. In this way the lighter constitu- 
ents are removed and the original quantity 
considerably reduced. The heavy concen- 
trates which contain the diamonds.are then 
cleaned by a milling process, aftér which 
the —G mm. fraction is screened out, dried 
in an oil-fired rotary drier and fed to the 
electrostatic separator. 

The separator which is used is capable of 
separating diamonds as large as 6 mm. from 
the gravels in which they occur. In this ma- 
chine there are six superimposed stages, 
each of which has a rotating, earthed, 
metal roll electrode, serving as a feed roll, 
and two non-metallic, stationary electrodes 
opposite the metal roll. The electrodes and 
the feed roll are eight feet long. The hot, 
dry gravel is uniformly fed on to the metal 
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The mineralogical collections compiled by both 
Schroll and Mielichhofer were later acquired by St. 
Peter’s Archabbey, a Benedictine monastery in Salzburg 
(figure A-3). Albert Nagnzaun (1777-1856), a passionate 
mineral collector who became abbot of St. Peter’s in 
1818, bought the two collections in 1819 and 1839, re- 
spectively, to enlarge the existing collection of the 
monastery.” Schroll’s collection contained around 9,000 
to 10,000 pieces, and Mielichhofer’s consisted of approx- 
imately 3,000 samples. In the most recent decade, a proj- 
ect was undertaken by Norbert E. Urban to catalog the 
archabbey’s collection, endeavoring in particular to as- 
sign the various items to the collectors from whence 
they came. The work relied not only on extant original 
labels but also old inventories. 

Among the items identified to date as most likely 
sourced from the Schroll collection, none can properly 
be characterized as emerald. There is, however, a beryl 
crystal in matrix that, although lacking the green color 
to be considered emerald, has an original label describing 
the locality of provenance as “Leckbachscharte im 
Habachtal.” The crystal is 29 mm in length and has a di- 
ameter of 4.5 mm. 

Pieces assigned to the Mielichhofer collection, in 
contrast, include two emerald samples. The first is a 
crystal in matrix, 18 mm in length (figure A-4), and the 


?Rolshoven, 2009. 
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Figure A-3. The mineral 
collection of St. Peter’s 
Archabbey in Salzburg in- 
cludes the original collec- 
tions of Kaspar Melchior 
Balthasar Schroll and 
Mathias Mielichhofer, 
mine inspectors with ca- 
reers spanning from the 
late 1700s through the 
early 1800s. Copper en- 
graving by F. X. Kinnig, 
1769; courtesy of St. 
Peter’s Archabbey, 
Salzburg. 


Figure A-4. Emerald crystal in matrix, 18 mm in length, 
from Habachtal, with an original label indicating that it 
derived from the Mathias Mielichhofer collection ac- 
quired in 1839 by St. Peter’s Archabbey, Salzburg. Photo 
by K. Schmetzer. 
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Figure A-5. Portrait of Prior Vital Jager by G. Scheiben- 
zuber, 1923. Prior Jager oversaw the mineral collection 
of St. Peter’s Archabbey, Salzburg, for many years and 
was able to purchase various samples of emerald in 
matrix from Habachtal during the early decades of the 
twentieth century. St. Peter’s Archabbey, Salzburg, In- 
ventory No. M737. 


second is a crystal fragment of 5 mm in matrix. These 
examples indicate the sizes and quality of emerald 
crystals found during the early decades of the nine- 
teenth century, at that time mainly from the second- 
ary deposit downhill, and making their way into the 
collections of high-ranking individuals within the 
Salzburg mining administration. In particular, their 


The new occurrence caused great interest because 
the only known source at the time was Colombia. 
The Russian deposits in the Urals would not be dis- 
covered for approximately three decades, and al- 
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Figure A-6. Emerald crystals in matrix from Habachtal, 
with the largest crystal measuring 7 mm in length. The 
sample was purchased for the collection of St. Peter's 
Archabbey, Salzburg, in the early twentieth century. 
Photo by K. Schmetzer. 


nature would imply that facet-quality emeralds were 
extremely rare during the era. 

For further comparison and context, the mineral col- 
lection of St. Peter’s also incorporates samples purchased 
by Prior Vital Jager (1858-1943; figure A-5), who oversaw 
the collection for many years. Some emerald samples in 
matrix, bought in the early decades of the twentieth cen- 
tury, represent material mined during the period when 
the Habachtal occurrence was owned by the English en- 
tity Emerald Mines Limited. An illustrative example (fig- 
ure A-6) contains several emerald crystals, the largest 
with a length of 7 mm. Again, such samples show that a 
significant percentage of the material mined at Habach- 
tal consisted of collector specimens, not of the size and 
quality necessary for faceting. A pattern that began with 
the yield obtained by Samuel Goldschmidt thus contin- 
ued during the time of Emerald Mines Limited and 
would be borne out by the tangled history of the mine 
thereafter. 


though the deposits in Egypt were known from de- 
scriptions in antiquity, they had been lost in the East- 
ern Desert for centuries and would only be 
rediscovered two decades later. 
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Figure 9. A: The emerald occurrence is located high in the mountain range above the Habach Valley, in a small 
side valley that includes the secondary deposit known as Leckbachgraben, Leckbachrinne, or Sedl (arrows). The 
summit area is called Leckbachscharte and represents the transition to the neighboring Hollersbach Valley. B: The 
large scree field (boulder field) below the outcrop of the emerald-bearing host rocks has traditionally been 
searched by mineral collectors hoping to find emerald specimens. The arrow points to a small hut for a compressor 
and other mining tools, built in the second half of the twentieth century. An entrance to one of the underground 
mining galleries is located close to the hut but is not visible in this view. Photos from 2009 by E. Burgsteiner. 


During the early nineteenth century, the Habachtal 
occurrence was exclusively a secondary source, as the 
primary emerald-bearing schists would not be discov- 
ered until at least 1815.°° Secondary samples were col- 
lected in the valley close to the primary occurrence and 
downhill from the emerald-bearing host rocks in a field 
area known as Leckbachrinne, Leckbachgraben, or Sedl 
(figure 9), and these were offered in the mineral trade 
as well. A detailed description, again referring only to 
secondary materials, was provided in 1821 by the Mu- 
nich mineral dealer Jakob Frischholz, who visited the 
locality on several occasions in the 1810s to search for 


samples.” Even an 1830 travel report mentioned the 
“famous Habachtal emeralds” but did not refer to any 
mining activities, although it did note, most likely for 
the first time, the existence of the uphill primary 
source.*° Only later would it be noted that “emeralds 
were broken [harvested] from the Smaragdpalfen [a pri- 
mary emerald-bearing cliff of biotite-schist] at mortal 
danger.’”*' More specifically, collectors hung on ropes 
at the steep cliff but were only able to break off a lim- 
ited number of crystals in matrix.” 

Habachtal stones obtained during this era, mostly 
prismatic crystals in matrix but no faceted stones, 


38Von Petersen, 1816. Magnus von Petersen (1764-1832) was born in the Duchy of Schleswig, at that time part of Denmark. He studied in Kiel 
and was a major in the army of the Duchy of Mecklenburg-Strelitz. He also served as educator (Hofmeister) of the Princes of Thurn and Taxis at 
Regensburg (1813-1822), and in that role he was able to travel to various foreign locales to collect or purchase minerals. Such samples were then 
submitted to notable scientists for research, such as David Brewster in Edinburgh. On a trip through Tyrol and Salzburg in 1815, Petersen bought 
several emerald samples in the municipality of Muhlbach, east of Bramberg. After his death, his collection was sold in several parts within Ger- 
many, but also to collections in France and England, by his wife, Antoinette von Petersen. 

*Frischholz, 1821. Jakob (Jacob) Frischholz (1778-1820) was a mineral dealer working in Munich from at least 1808. His written oeuvre in- 
cluded articles dealing with minerals from Tyrol and a publication on the cutting and engraving of gemstones (1820). Through his work, 
Frischholz traveled widely to collect or purchase samples, and he was involved in the description of several new or rare mineral species. After 
his death, his widow Anna (1778-1837) took over operation of the mineral trade business. 

“Der Bote fiir Tirol und Vorarlberg, Vol. 1830, No. 20, March 11, 1830, p. 4; for the primary source, see also Russegger, 1835. 

“Von Kirsinger, 1841; Peters, 1854; Lipold, 1863; Wallmann, 1870; Fugger, 1878. 


“Von Rosenfeld, 1863. 
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can be found in numerous collections, including 
those of Schroll and his successor in Salzburg, Mathi- 
as Mielichhofer (1772-1847) (see again box A). 


THE LEGAL CONTEXT OF AUSTRIAN 
MINING LAW 


Attendant to the transition to formal mining, it is im- 
portant to understand the legal context. Applicable 
throughout the Austro-Hungarian Empire from the 
mid-nineteenth century on was the General Austrian 
Mining Law dated May 23, 1854.4 That statute estab- 
lished a bifurcated regime, differentiating between min- 
erals regulated by the scheme set forth therein 
(vorbehaltene Mineralien) and minerals regulated only 
by broader and more generalized commercial legisla- 
tion (nicht vorbehaltene Mineralien). For ores and min- 
erals covered by the mining act, rights to and 
ownership of mined minerals were controlled inde- 
pendently of the land from which they were extracted. 
Any exploitation of covered minerals would begin with 
an application for an initial exploration and develop- 
ment permit (referred to hereafter as an exploration per- 
mit). Such would authorize early exploratory and 
development activities, including limited mining, even 
underground, until it could be determined whether the 
deposit was of economic value. Under such an explo- 
ration permit, the holder was entitled to a largely un- 
restricted right of access for the purposes covered by the 
permit and could not be constrained or limited by the 
landowner. Once economic value was ascertained, a 
mining privilege would need to be granted for further 
exploitation, and the holder of such mining rights—not 
the landowner—would own the underlying minerals. 
For ores and minerals not falling within the purview 
of the mining act, rights and ownership remained with 


*See Niedermayr, 1988, 2003; Grundmann, 1991. 

“4See commentaries by von Granzenstein, 1855; Stamm, 1855; 
Manger, 1857; Leuthold, 1887; Schliiter, 1938; Schoen, 1939. 

“See Manger, 1857; Haberer and Zechner, 1884. 

“Vienna Holdings, Jewish Family Lists, Archive of the Jewish Com- 
munity in Vienna; family name also written Goldschmid or Gold- 
schmitt. 

“See Redl, 1813; Wiener-Zeitung, No. 119, May 26, 1820, p. 5. Two of 
Samuel Goldschmidt’s brothers, Salomon Johann Nepomuk Gold- 
schmidt (1808-1855) and Wilhelm Goldschmidt (born 1814), eventu- 
ally joined their father, operating as “J. Goldschmidt & Sdhne.” Upon 
the father’s death and Wilhelm’s departure, Salomon continued the 
business as “J. Goldschmidt & Sohn.” Wilhelm then briefly associated 
with Samuel before running his own short-lived company from 1842 to 
1844. Salomon would also go on to lease the Hungarian opal mines 
from 1845 to 1855, which lease was then maintained by his widow 
Emilie and son Adolf Louis until 1880. Semrad, 2015. For genealogy of 
the Goldschmidt family, see also Gaugusch, 2011; Semrad, 2012. 
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the landowner. Any commercial activities would be 
circumscribed by the Austrian Trade, Commerce and 
Industry Regulation Act of 1859 and/or, to the extent 
relevant, the Austrian Decree for the Admission of For- 
eign Joint-Stock Companies of 1865. 

Complicating the framework was the fact that the 
mining law of 1854 provided no explicit list of the min- 
erals to which it applied. Rather, applicability had to 
be decided on a case-by-case basis. While in some in- 
stances coverage was obvious—such as with copper, 
lead, or zinc minerals from which large quantities of 
metal could be extracted—in other cases, controversy 
could arise. According to the generally accepted legal 
interpretation, gemstones were excluded, meaning 
that emerald would typically be treated as the property 
of the landowner.** However, to the extent that gem- 
quality emeralds might be produced as an adjunct to 
beryllium minerals and ore extracted under separate 
rights per the mining law, they could be sorted, faceted, 
and sold by the permit holder. The result was a legal 
loophole that facilitated bypassing the rights that a 
landowner would otherwise hold to the gemstones. 

An additional complication came from the fact 
that while mining privileges were granted for specific 
minerals or ores, exploration permits could be ob- 
tained merely by specifying a geographic area. Thus, 
as a practical matter, exploration permits were in gen- 
eral sought as an initial step to maximize options, re- 
gardless of the intended mineral target. Two types of 
permits appear to have been available, one covering a 
broader area and the other covering a smaller circle. 
The former could comprise an entire valley, a moun- 
tain range, and so forth, while the latter covered a cir- 
cle with a radius of 425 meters (referred to as a 
Freischurf). Insofar as exploration permits were not ex- 
clusive, it was possible for multiple, overlapping per- 
mits to be granted to different parties, meaning that 
several individuals or companies could be authorized 
to perform activities in the same area (figure 10). 


MINING HISTORY OF THE HABACHTAL 
EMERALDS (1861-1914) 


Property Under the Goldschmidt-Brandeis Family 
(1861-1894). Mining for emerald in Habachtal com- 
menced in the early 1860s, guided by Samuel Gold- 
schmidt (1810-1871), a jeweler from Vienna who 
established a firm operating as “S. Goldschmidt” in 
1839. Samuel Goldschmidt hailed from a family in- 
volved in the gemstone and jewelry trade. His father, 
Joseph Goldschmidt (1789-1841),*° founded a busi- 
ness in that field in Vienna in 1813.’ In the following 
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decades, Joseph Goldschmidt and his three sons were 
involved in several Vienna-based gem and jewelry 
firms. 

Following publication of a geological study of 
emerald-bearing rocks in Habachtal by Karl Ferdi- 
nand Peters, a geologist at the k.k. geologischen 
Reichsanstalt (Austrian geological survey),** in Au- 
gust 1861 Samuel Goldschmidt obtained an explo- 
ration permit for the entire Habachtal Valley, 
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Figure 10. Under Aus- 
trian law, overlapping 
exploration permits 
could be granted to 
multiple parties, as 
seen in this map for the 
area of the Habachtal 
emerald mine from the 
1940s and 1950s. Three 
different individuals— 
Hans Jarolim (greenish 
yellow), Johann Zieger 
(purple), and Julius 
Burger (blue)—had 
each been authorized 
to perform activities 
over several circles 
with a radius of 425 m 
each. File Beryl Bram- 
berg, Collection of W. 
Gtinther, Archive of the 
Bergbau- und Gotikmu- 
seum Leogang. 


including the western and eastern slopes.” Gold- 
schmidt undertook exploration for samples in the 


“Peters, 1854. Karl (Carl) Ferdinand Peters (1825-1881) was a geolo- 
gist at the k.k. geologischen Reichsanstalt from 1852 to 1855. Later 
he became a professor for geology and mineralogy at multiple univer- 
sities, including those in Budapest, Vienna, and Graz. 

“Initial permit dated August 29, 1861, for a term of one year, with ad- 
ditional one-year extensions dated August 15, 1862, and August 1, 
1863. Archive of the Municipality of Bramberg. 
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Figure 11. Markus Vinzenz Lipold, a geologist at the 
k.k. geologischen Reichsanstalt (Austrian geological 
survey) in Vienna, guided Samuel Goldschmidt on his 
excursion to Habachtal in 1861. Portrait 1869, by 
Karl Scharak. 


summer of 1861,°° assisted by Markus Vincenz 
Lipold (figure 11),5' and their efforts proved success- 
ful. Insofar as mining of gemstones was not sanc- 
tioned through the mining law but only through land 
ownership,®*” Goldschmidt in November 1861 ob- 
tained authorization to buy the area of interest. A 
purchase from the governmental treasury of 175 Joch 
(approximately one square kilometer; figure 12) was 
consummated in February 1862 for 1,000 Gulden 
(equivalent to about 2,000 Kronen, or US$400 ac- 
cording to the exchange rate for the era). The parcel 
included portions situated in two different tax re- 
gions, namely Habach (Area No. 850) and Hollers- 
bach (Area No. 317) (figure 13). 

In late spring 1862, the S. Goldschmidt firm pre- 
sented emerald crystals in host rock, found in the 
large scree field (boulder field) of the Leckbackrinne 
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Figure 12. Page one of the notarized contract between 
the Austrian government and Samuel Goldschmidt 
setting forth the area purchased and the price. 
Archive of Peter Lausecker, Kirchhundem, Germany. 


downhill from the primary emerald-bearing biotite 
schist, at the Agricultural, Industrial and Art Exhibi- 
tion in London.** Regular mining started in 1862, 
combined with further exploration activities in 1863. 
Through that work, it became apparent that the pri- 
mary emerald-bearing rock was not confined to the 


Haidinger, 1861. 

5'Bergrath Markus Vincenz (Marko Vincenc) Lipold (1816-1883) 
worked as a geologist at the k.k. geologischen Reichsanstalt from 
1849 to 1867. From 1867 on, he was the director of the mercury 
mine at Idria. Verhandlungen der Geologischen Reichsanstalt, Vol. 
1883, No. 9, pp. 183-184. 

See von Granzenstein, 1855; Stamm, 1855; Manger, 1857; 
Leuthold, 1887. 

*3Notarized contract between k.k. Forstamt Zell am See (Forstaerar) 
and Samuel Goldschmidt, February 10, 1862, Peter Lausecker refer- 
ence collection; Habachtal emerald mine file (Edelsteinbergwerk im 
Habachthale), entry March 29, 1862, Mittersill land registry office 
(Grundbuchamt Mittersill), Grundbucheinlage 155, Parzelle 850 und 
Parzelle 317, Archive of Salzburg Federal State (Land Salzburg, Lan- 
desarchiv) (hereinafter cited only to the Mittersill land registry office); 
Salzburger Zeitung, No. 108, May 12, 1862, p. 3; Bukowina, No. 55, 
May 20, 1862, p. 2; Volks- und Schiitzen-Zeitung, Vol. 17, No. 63, 
May 26, 1862, p. 5; Grundmann, 1979; Lausecker, 1986; 
Lewandowski, 1997. 

Wiener Zeitung, No. 263, November 12, 1861, pp. 1-2; Salzburger 
Zeitung, No. 108, May 12, 1862, p. 3; Waldheim’s /llustrierte Zeitung, 
No. 21, May 24, 1862, pp. 2-3; Arenstein, 1862; Peters, 1862. 


Gems & GEMOLOGY WINTER 2021 


Blam 


whan din cd da ah da ew. 
Poveyatl. NBEO dew Trurt tn Speen 
ew Baw Gyre Tarint Loldrchwmridt , 4 - 
wn thi, A 


ADT Lor 1086 Se. 


Figure 13. A map dated 1868 showing the area incorporating the emerald occurrence purchased by Samuel Gold- 
schmidt from the Austrian government. Included is the stone residence labeled “Smaragdhaus” (emerald house, 
green arrow), built for the miners by Goldschmidt and still known as “Goldschmidthtitte” (Goldschmidt’s hut). 
Two other huts in the area, designated Sedl-Alm (blue arrow), may also have been used by the miners or emerald 
collectors at various times. Remains of these buildings are still visible. In the notarized contract from February 
1862, the area purchased by Goldschmidt was given in old Austrian units as a parcel of 175 Joch, consisting of 
Area No. 850 (131 Joch 1086 KI [Klafter]) and Area No. 317. Archive of the Municipality of Bramberg, with a ham- 
mer and pick symbol showing the approximate position of the mining area added by the author. 


so-called Smaragdpalfen but, rather, extended to 
larger areas of mica schist.*° 

During Goldschmidt’s operation of the property, 
only open-pit surface mining was performed until 
August 1863.°° Thereafter, three tunnels were appar- 
ently dug (figure 14).°’ A stone residence was con- 
structed nearby to provide accommodations for the 
miners. Historical documentation referred to the 
structure as “Smaragdhaus” (emerald house, see 
again figure 13), and it is still known as “Gold- 
schmidthiitte” (Goldschmidt’s hut). In his jewelry 
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store in Vienna, Goldschmidt offered Habachtal 
rough emerald crystals in matrix and published ad- 
vertisements aimed at mineral collectors (figure 15).** 
Conversely, the quantity of facet-quality emeralds 
was too low either to support advertisement or to sus- 


*Lipold, 1863. 


Letter by S. Goldschmidt, August 20, 1863. Archive of P. Semrad, 
Bergen, The Netherlands. 


5’Lipold, 1863; Wallmann, 1870. 
58Fremden-Blatt, Vol. 18, No. 127, May 8, 1964, p. 23. 
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Figure 14. Four underground galleries in Leckbach- 
graben (A—D) were worked by the English firm Emer- 
ald Mines Limited, after initial tunneling had begun 
under Samuel Goldschmidt. An occurrence of large 
phenakite crystals (ph) is also shown. Photo from Au- 
gust 1977; courtesy of G. Grundmann. 


tain mining operations, which terminated after only 
a few years.° 

Nonetheless, it appears that at least a limited 
number of faceted Habachtal emeralds found their 
way into the production of jeweled pieces during 
the period. Potentially illustrative is a silver goblet 
lid made by the Hermann Ratzersdorfer jewelry fac- 
tory in Vienna between 1850 and 1880 (figure 16A) 
and decorated with emeralds. Based on their visual 
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Figure 15. The S. Goldschmidt firm ran an adver- 
tisement in the daily newspaper Fremden-Blatt in 
May 1864 offering mineral collectors rough emer- 
alds in matrix from the company’s proprietary mine 
in Salzburg. 


appearance—heavily included with a mainly light 
to medium green color (figure 16B; see also box A 
and figure 17}]—these could have originated from 
the deposit. 

Goldschmidt died in July 1871. As his will, with 
a final codicil from 1869,°! did not provide for dispo- 
sition of the Habachtal mine, ownership fell to his 
daughters Jeanette (1846-1924) and Friederike (1851- 
1911). Jeanette’s husband, Albert Brandeis,” oversaw 
affairs related to the mine. 


Peters, 1867; Trautwein, 1870; correspondence between the Mittersill tax office and the municipality of Bramberg, April 1874, Archive of the 
Municipality of Bramberg. The correspondence stated that Goldschmidt mined for two years only, but it is unclear whether this implies one sea- 
son each of open-pit mining (1862) and underground mining (1863) or two years of underground mining (1863 and 1864). 

Leitmeier, 1938; Eberl, 1972; Lausecker, 1986. A death notice published in the daily newspaper Neue Freie Presse (No. 2479, July 21, 1871, p. 
16) described Goldschmidt as a jeweler, a jewelry evaluator at the “Lord High Steward’s Office,” an honorary citizen of Vienna, and a member 
of several scientific associations. 

“Will of Samuel Goldschmidt, 1856, with codicils, Archive of the City of Vienna [Wiener Stadt- und Landesarchiv]. 

Albert Brandeis (1844-1910) was a descendant of the Weikersheim-Brandeis family of merchants and bankers mainly involved in the Viennese 
“M.H. Weikersheim & Comp.” and related entities. In the 1870s, he served on the boards of directors at various banks and insurance compa- 
nies. From 1882 on, he was one of the directors of the IIlyrische Quecksilberwerke Gesellschaft located in Idria (Idrija), in present-day Slovenia. 
For several centuries, the Idria area was one of the largest mercury-producing regions worldwide. Given this connection, Brandeis likely became 
knowledgeable about matters related to mining and mining investments. However, he apparently was not a particularly successful businessman. 
Die Presse, Vol. 35, No. 76, March 17, 1882, p. 7; Will of Albert Brandeis, 1910, Archive of the City of Vienna (Wiener Stadt- und Landesarchiv); 
Amtsblatt zur Wiener Zeitung, No. 19, January 24, 1911, p. 3. 
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Figure 16. A: Silver goblet lid depicting Ceres, the goddess of agriculture, manufactured by the Hermann Ratzers- 
dorfer jewelry factory in Vienna and consistent in style with the type of Renaissance revival jewelry produced 
there between 1850 and 1880. B: The lid is decorated with emeralds that, according to visual features such as color 
and inclusions, could have originated from the Habachtal deposit. The diameter of the lid is 155 mm, and the 
emeralds are approximately 6 x 4 mm (top and middle rows) and 6 x 5 mm (bottom row). Photos by Manfred 
Wild, Emil Becker company, Idar-Oberstein. 


Following Goldschmidt’s death, the mine appears 
to have been leased on one or more occasions. Infor- 
mation provided in the 1930s by Ernst Samuel Bran- 
deis (1872-1942), Albert’s son, suggests that the mine 
was leased for a few years under a contract terminat- 
ing in 1875 and bringing to a close formal mining ac- 
tivities.* In contrast, an anonymous report circa 
1917 implies that the mine was leased to Andreas 
(Andra) Bergmann (1813-1882) from Innsbruck for five 
years and to Alois Wurnitsch (1834-1909) from Bram- 
berg® for six years. Both were involved with the epi- 
dote deposit in the Untersulzbach Valley, west of 
Habachtal. Wurnitsch discovered the material in ap- 
proximately 1865, and his friend Bergmann leased and 
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worked the deposit, with interruptions, from about 
1867 to 1881. It is feasible that they pursued limited 
mining or exploration at Habachtal in conjunction 


3] eitmeier, 1938. 

Anonymous (written on paper with the company logo “Carl Staudt, 
Holzhandlung, Traunstein,” most likely by A. Hager), Das Smaragd- 
Bergwerk im Habachthale, circa 1917, 6 pp., Archive of the Munici- 
pality of Bramberg. 

®5Alois Wurnitsch moved in 1882 or even before to Bramberg, where 
he died in 1909 and some of his family members continued to live. 
Archive of the Municipality of Bramberg, J. Seifriedsberger, pers. 
comm., 2020. 

Ritter von Zepharovich, 1869; Seemann et al., 1990, 1993; Giin- 
ther, 1994. 
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Figure 17. These emeralds used by G. Grundmann for 
his research on Habachtal show the typical quality 
coming out of the mine in the 1960s and 1970s. Cour- 
tesy of G. Grundmann. 


with their other activities. This is verified by the pur- 
chase of two emeralds (together with minerals from 
the Untersulzbach epidote deposit) by the British Mu- 
seum in London from the Bergmann company in 1872 
and 1883.°’ The first example is a crystal in matrix, 
and the latter is an extraordinarily large crystal of 3.3 
cm in length and 82 ct in weight (figure 18). Reported 
as having been found during this period was another 
large single crystal of 3.5 cm in length and 2 to 3 cm 
in diameter, a specimen now in the collection of the 
Natural History Museum, Vienna. 

After the leaseholds terminated, the emerald 
mine rested largely dormant for the next two 
decades, with locals making occasional small-scale 


®’R. Hansen, Natural History Museum, London, pers. comm., 2021. 
°8Salzburger Volksblatt, Vol. 4, No. 71, March 30, 1874, p. 3; Tscher- 
mak, 1874. 

Freie Stimmen, Vol. 12, No. 13, January 30, 1892, pp. 1-3. 
Report by Josef Lahnsteiner, 1942 (relying upon personal communi- 
cation with Karl Wurnitsch), Archive of Alfred Lahnsteiner, Hollers- 
bach. 

71Notarized contract between Friederike Goldschmidt and Albert 
Brandeis, March 1, 1894, Mittersill land registry office, Archive of 
Salzburg Federal State; Habachtal emerald mine file, entry March 9, 
1894, Mittersill land registry office; Grundmann 1979; Lausecker, 
1986. 
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Figure 18. This emerald crystal from Habachtal, 3.3 
cm in length and weighing 82 ct, was sold by the 
Bergmann company in 1883 to the British Museum, 
London; it is one of the largest samples from Habach- 
tal found in the nineteenth century. Courtesy of the 
Natural History Museum, London, © The Trustees of 
the Natural History Museum, London. 


finds.” More intense activity was not entirely absent, 
however, as Wurnitsch continued to work in the 
area, even using dynamite, assisted by his son Karl 
(1871-1949, figure 19).”° 

In March 1894, Albert Brandeis purchased 
Friederike’s half of the property for a symbolic price 
of 200 Gulden (equivalent to about 400 Kronen, or 
US$80 according to the exchange rate for the era).”! 


Transfer to the English Emerald Mines Limited 
(1894-1896). Nonetheless, it seems that the Brandeis 
family did not wish to take on the expense or risk of 
developing the mine and instead turned to family 
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roll by means of electromagnetic vibrating 
units. Each stage of the machine removes 
a certain quantity of gravel from the feed, 
the remainder passing to the next lower 
stage for further concentration. The dia- 
mondiferous concentrates from the sixth 
stage fall into a locked bin under the ma- 
chine from which they are periodically re- 
moved. The capacity of this machine is 
about 1.2 tons of —6 mm. gravel an hour, 
and for every ton of gravel treated about 
eight pounds of gravel containing diamonds 
are removed as a concentrate. Ninety-nine 
per cent of the diamonds originally present 
in the gravel are now contained in this con- 
centtate from which they are easily picked 
out by hand. 


In addition to the large separator de- 
scribed above, the Diamond Research Labor- 
atory has also produced a smaller version 
known as a Laboratory Model. The labora- 
tory model has only one stage and can only 
treat a small quantity of diamondiferous 
concentrate. It is useful for the investiga- 
tion of problems dealing with the recovery 
of small diamonds and it is also used to re- 
treat the concentrates from the 8° machine. 
When this is done, instead of having all 
the diamond present in one ton of gravel 
contained in eight pounds of gravel, the 
concentration is further increased so that 
only two pounds of gravel remain, thus 
making it still easier to recover the dia- 
monds. A further use of this machine is to 
recover the very small diamonds from con- 
ventional grease table concentrates; these 
diamonds are too small to be separated by 
eye. In this form the Laboratory model sepa- 
rator is used on the mines in which the dia- 
monds are found -in kimberlite pipes. 


Uiamonds 
(continued from page 360) 


market may alter these ratios; for example 
heavily imperfect stones in the last five years 


have steadily increased in value as compared 
to flawless stones of the same size, color 
and cut. 

Cutting has already been discussed; there 
is only one proper cutting and all deviation 
from that reduces the value of the stone to 
the degree that it interferes with the purpose 
of cutting — the achievement of maximum 
brilliancy and fire. For example, the facets 
which most control the passage of light 
through the diamond are the pavilion facets, 
and therefore, the most serious defects in 
cutting occur when these facets are too high 
or too shallow. Next most important are 
aberrations in the other main facets; the 
bezels, the table and the culet. Of course, a 
slight defect in the table, for example, is 
worse than a slight defect in the pavilions. 
To sum up, all stones should be properly cut, 
but if one must grade an improperly cut 
stone, it is essential that its value be appro- 
priately discounted; faults in cutting may 
reduce the value of a diamond by as much 
as fifty per cent. 

The essential beauty of the diamond; the 
quality which sets it aside from the other 
colorless transparent stones is the brilliancy 
and fire which can be brought out in the dia- 
mond by proper cutting. Faults in cutting 
are the defects which most easily interfere 
with this maximum brilliancy and, therefore, 
are the defects which can be seen most easily 
even at a distance. It is astonishing that jew- 
elers who would never dream of handling a 
watch with imperfect lettering or of hand- 
ling a warped piece of china wil] countenance 
sloppy or “swindled” work in the diamonds 
they sell. It is also true that, just as a 75 watt 
bulb looks larger when lit than a 60 watt 
bulb of the same size, just so does the really 
brilliant diamond look larger than another 
poorly polished diamond of equal size. Fin- 
ally, more and more, to the point where it 
is approaching unanimity, the most success- 
ful retail establishments of this country are 
insisting on fine cutting — on maximum bril- 
liancy —in all of the grades of diamonds 
they handle;— and one can’t argue with 
success. 
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Figure 19. In the decades after Samuel Goldschmidt’s 
death in 1871, only limited mining activities took 
place in Habachtal, including under lease to Alois 
Wurnitsch. His son, mountain guide Karl Wurnitsch 
(seen here), occasionally worked with his father in the 
area. Photo circa 1928; courtesy of E. Burgsteiner. 


connections (figure 20). James Montague Leverson 
(1828-1908), the husband of Jeanette Brandeis’s 
cousin Henrietta, had established a wholesale dia- 


mond business in London in 1870, which operated 
under the name “‘Leverson, Forster & Co.” from 1883 
to 1906 and then as “James A. Forster & Sons” until 
its formal dissolution in 1975.” Leverson, Forster & 
Co. also traded in high-value diamonds, such as the 
Imperial’ and the Sancy,”* and held concessions for 
diamond mining in British Guiana.” Principals and 
family members involved in various interconnected 
businesses—which over time extended to a sub- 
sidiary in Vienna,” efforts to exploit the historical 
emerald mines in Egypt,” and services as directors for 
a multiplicity of mining businesses’—included 
Leverson and his son Louis George Leverson (1860- 
1909) and James Amos Forster (1845-1919) and his 
son Allan Amos Forster (1874-1946). 

After being contacted by Albert Brandeis,” asso- 
ciates of Leverson, Forster & Co. traveled to the 
Habachtal mine and may even have supervised pre- 
liminary mining or exploration as a preface to any 
decision to invest.*° They also apparently communi- 
cated the opportunity to another British diamond 
merchant, Anton Dunkels (1844-1911), also known 
as Anton Dunkelsbuhler or Anton Dunkelsbiihler. 
His company was one of the largest wholesale dia- 
mond companies in London and one of the ten Lon- 
don-based companies forming the central diamond 
selling syndicate in 1890.*! 

In February 1896, Emerald Mines Limited was 
registered in London, with an address at Holborn 
Viaduct 29-30 identical to that of Leverson, Forster 
& Co., to “acquire and work an emerald mine in 
Austria.” James Amos Forster, Louis George Lever- 
son, his cousin David Harry Leverson (1858-1935), 
Anton Dunkels, and Albert Brandeis were named as 
directors (see again figure 20).** The stated capital 
was £60,000 (about US$300,000 according to the ex- 


”The London Gazette, May 11, 1883, p. 2517, January 9, 1891, p. 180, February 11, 1975, p. 1935; Grace’s Guide to British Industrial History: 


Who’s Who in Business, 1914. 
Spencer, 1911. 
74Mitchell, 1984; Fort, 2012. 


British Guiana’s mining industry, The Mining Journal, Railway and Commercial Gazette, Vol. 74, 1903, pp. 89, 185, 362, 418, 625. 
Kleine Mitteilungen, Journal der Goldschmiedekunst, 1903, p. 166; Neue Freie Presse, No. 13935, June 13, 1903, p. 20. 


77Mac Allister, 1900; Streeter, 1903. 
Skinner, 1892. 


Die Zeit, Vol. 9, No. 2714, April 16, 1910, p. 5. Although certain texts suggest that Leverson, Forster & Co. was alerted to the Habachtal oppor- 
tunity by Alois Wurnitsch, this supposition is unsupported and contrary to logic. It is hardly conceivable that Wurnitsch, primarily a mineral col- 
lector and mountain guide, would have selected and contacted a London-based wholesale diamond merchant regarding Habachtal in the 
absence of any potential known connection to the firm. See Lahnsteiner, 1980; Hénigschmid, 1993. 

®°Leitmeier, 1938; Eberl, 1972; Honigschmid, 1993. A visit to Bramberg by James Amos Forster was documented in 1894, and various materials 
prepared by Austrian authorities offer 1895 as the date mining commenced on behalf of Leverson, Forster & Co. 


51 enzen, 1966. 
®2Skinner, 1899. 
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Figure 20. Relationships within and between the Austro-Hungarian Brandeis and Goldschmidt families and the 
English Leverson and Forster families. With regard to a key connecting link, Jeanette Brandeis, born Gold- 
schmidt, and Henriette Leverson, born Goldschmidt, were cousins. The directors of Emerald Mines Limited are 


highlighted in red. 


change rate for the era), divided in 60,000 shares of 
£1 each. The company purchased the mine in May 
1896 from Albert and Jeanette Brandeis, with pay- 
ment in the form of 10,220 shares* (17 percent of the 
total number of shares). From that point, Albert Bran- 
deis apparently played only a limited role in the min- 
ing venture, at least publicly. 


Property Under Emerald Mines Limited and Con- 
trolled by Leverson, Forster & Co. (1896-1906). Be- 
ginning in 1896, Emerald Mines Limited exploited 
the emerald deposit for several years.** English and 
Austrian mining engineers were hired to guide op- 
erations.*° The years 1898-1901 saw a succession 
involving Allan Amos Forster,*° the engineer 


®3Notarized contract between Albert Brandeis/Jeanette Brandeis and Emerald Mines Limited, May 11, 1896 (London) and May 20, 1896 (Vi- 
enna), Mittersill land registry office, Archive of Salzburg Federal State; Habachtal emerald mine file, entry May 23, 1896, Mittersill land registry 
office; Lausecker, 1986. See also Die Zeit, Vol. 9, No. 2714, April 16, 1910, p. 5; Salzburger Volksblatt, Vol. 40, No. 87, April 19, 1910, pp. 4-5; 
Grundmann, 1979; Honigschmid, 1993; Lewandowski, 1997. There is some inconsistency concerning the purchase price paid to the Brandeis 
family. A figure of 10,220 shares was presented in the original contract and by Grundmannn and Lewandowski; the 1,022 shares mentioned by 
H6nigschmid were presumably a typographical error. Conversely, a figure of 14,720 shares was given in a 1910 statement by Leslie Clarke dur- 
ing court proceedings in Berlin and reported in Die Zeit and Salzburger Volksblatt. 

“File “Illegal mining in Bramberg,” Akte Bergwesen XII B/1 1910, Emerald Mines Limited Aktiengesellschaft in London, unbefugter Bergbaube- 
trieb in Bramberg, 1902-1910, Archive of Salzburg Federal State (Land Salzburg, Landesarchiv), collecting documents from the period between 
1902 and 1910 (hereinafter for convenience cited as File “Illegal mining in Bamberg,” with dated reference to a particular document if available 
and generally without further details for facts repeated in several documents). 


>For the 1899 season, Albert Brandeis offered the position as head of mining operations to the Austrian geologist Othenio Abel (1875-1946), 


but Abel declined the offer. See Ehrenberg, 1975. 


®°File “Illegal mining in Bramberg,” document dated June 29, 1902; see also box B. 
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Fothringham [Fotheringham?],*’ the Cornish mine 
manager “Captain” John Ackerley Penhall (1842- 
1911; see figure B-1),** and the Austrian mining en- 
gineer Paul Hartnigg (1839-1904).*° 

For the early years of English ownership, few de- 
tails regarding the precise nature of the operations 
are available via original documentation, but more 
generalized information about the mining activities 
can be found.”© The mine was worked underground 
in four galleries (see again figure 14) during the sum- 
mer periods, extending four to five months from May 
or June to September or October, depending on 
weather conditions.”! Initially, 12-20 miners were 
employed, later growing to 20-30 workers together 
with two mining engineers (figure 21}. The possibil- 
ity of building a cable railway to transport the emer- 
ald-bearing rocks down to the valley for washing and 
separating was considered.” Significant production 
was reported for the early years of the twentieth cen- 
tury, with annual numbers such as 68,000 carats one 
year and 32,000 carats of milky, cloudy stones plus 
7,000 carats of greener emeralds another year.*® The 
cleaner material was sent to India for cutting and 
brought to the international market as “Indian emer- 
ald.” Nonetheless, it appears that very few stones of 
substantial size, quality, and value were found in the 
area.” 

Despite these efforts, the ensuing years would 
bring a confluence of three factors that prevented 
Emerald Mines Limited from establishing a sustain- 
able operation. First, as stated above, was a lack of 
profitability. Given the high percentage of un- 
earthed material that was turbid and heavily in- 
cluded, financial benefit is doubtful. Second, 
access to the mine was dangerous, hampered by fre- 
quent heavy rock falls encompassing up to several 
hundred cubic meters in volume. E. Weinschenk, a 
geologist and petrologist who worked in the area 
from 1890 to 1894, reported that he was unable to 
visit the occurrence to obtain study samples and 
that treacherous conditions had in general hindered 
mining in the region.?® Third, the company was 
beset by legal difficulties related to regulatory com- 
pliance, authorization, and permits necessary for 
the type of work being undertaken. 

Early on, an exploration permit had been granted 
pursuant to the mining law in June 1893, with the 
term subsequently extended in June 1896.” Allan 
Amos Forster, the lead mining engineer at the time, 
then declared in 1898 that the emeralds within the 
talc- and chlorite-schist were only a byproduct of ex- 
ploration activities that sought minerals for which 
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mining would be covered by the mining law. 
Forster’s statement was accepted at that point with- 
out examination by the mining administration in 
Wels.” 

The situation shifted in March 1902 when the 
Ministry of the Interior in Vienna began investigat- 
ing the activities of Emerald Mines Limited in 
Habachtal. A letter was sent to the local state gov- 
ernment in Salzburg questioning whether the Eng- 
lish company had applied for appropriate permits for 
a foreign firm to work in Austria. The government 
was also concerned that the company had underre- 
ported its export values to avoid fees and taxes.” As 
the year progressed, Austrian authorities on both re- 
gional and local levels (in Salzburg, Zell am See, 
Wels, and Linz) became involved in the investiga- 
tion. All ultimately concluded that the principal 
product was emeralds of gem quality, that the main 
interest of the company was emerald mining, and 
that the work was not related to exploration for 
other minerals.!° Moreover, with an invested capital 
of 35,000 Gulden (equivalent to 70,000 Kronen) and 
wages totaling 45,320 Kronen paid to miners from 


®Eberl, 1972. The information provided by Lausecker (1986) and 
Grundmann (1991) about Allan Amos Forster and Fothringham was 
all based upon Eberl’s publication, and no other reference was avail- 
able to those authors. G. Grundmann, pers. comm., 2019; P. 
Lausecker, pers. comm., 2019. 

88The Mining Journal, Railway and Commercial Gazette, Vol. 69, No. 
3350, November 4, 1899, p. 1314; The Cornishman, February 25, 
1904, p. 5, April 27, 1911, p. 4; The Mining Journal, Vol. 43, No. 
3949, April 29, 1911, p. 442. During this era, mine “captains” were 
experienced miners who were responsible for organizing all under- 
ground activities at the mines. John Buckley, pers. comm., 2020. 
®°Salzburger Chronik ftir Stadt und Land, Vol. 37, No. 138, June 19, 
1901, p. 4. 

Lammer, 1897; Treptow, 1899. 

"File “Illegal mining in Bramberg”; Salzburger Volksblatt, Vol. 29, No. 
3, February 10, 1899, p. 2; Salzburger Chronik ftir Stadt und Land, 
Vol. 36, No. 236, October 16, 1900, p. 6; Vol. 37, No. 138, June 19, 
1901, p. 4. 

° Salzburger Volksblatt, Vol. 54, No. 174, July 31, 1924, p. 7. 

See The Mining World, Vol. 26, January 26, 1907, p. 111; Sterrett, 
1907; Leitmeier, 1938; Eberl, 1972; Lausecker, 1986. The years given 
for these production figures vary from 1902 to 1904 in different refer- 
ences. However, due to the fact that the mine was closed from 1903 
to 1905, the information must necessarily refer to the mine yield for 
1902 or before. 

°4Lausecker, 1986. 

See Leitmeier, 1938. 

*“Weinschenk, 1891, 1896; later visits were prevented by the English 
mine owners. 

File “Illegal mining in Bramberg,” document dated June 29, 1902. 
File “Illegal mining in Bramberg,” document dated August 7, 1902. 
File “Illegal mining in Bramberg,” document dated March 10, 1902. 
1File “Illegal mining in Bramberg.” 
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Figure 21. Up to 30 miners 
worked the different gal- 
leries of the Habachtal 
emerald mine during the 
last decade of the nine- 
teenth century and first 
decade of the twentieth cen- 
tury, when the property was 
owned by the London-based 
Emerald Mines Limited. A: 
The Leckbachgraben and its 
boulder field. B: Miners and 
mining engineers at the en- 
trance to the C gallery. C: 
Sorting and washing of the 
emerald-bearing host rocks 
in front of the C gallery. D: 
Entrance to the D gallery. E: 
The Goldschmidthtitte with 
snow in autumn. F: Access 
route between the Gold- 
schmidthiitte and the mine. 
G: Transporting wood for 
tunnel stabilization. Cour- 
tesy of E. Burgsteiner, Mu- 
seum of Bramberg, and 
Archive of the Municipality 
of Bramberg. 
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1896 to 1902,!°! the activity was deemed to be com- 
mercial in nature, exceeding any preliminary, non- 
commercial character that could still be related to 
early exploration and development. Consequently, 
rulings issued on June 29, 1902, from Zell am See 
and on February 8, 1903, from Salzburg declared the 
activity of Emerald Mines Limited in Habachtal il- 
legal and directed the company to apply for any 
legally required permits and authorizations. The rul- 
ings in turn were sent to the firm’s representative in 
Austria, the Vienna lawyer Dr. Ernst Bum (1855- 
192,7).!°2 The miners were informed by mail in late 
May 1903 that operations would not resume for the 
upcoming summer season.!% 


‘In 1910, a miner was paid 12 Kronen per week. Peter Nag/ v. Emer- 
ald Mines Limited, Bezirksgericht Mittersill, November 17, 1911, Mit- 
tersill land registry office. Extrapolating from this figure and assuming 
five months of work in the annual mining period, the resultant com- 
putation suggests payment of 250 Kronen for one miner per year, 
leading to an average workforce of approximately 26 miners for the 
seven years from 1896 to 1902. 

'@File “Illegal mining in Bramberg.” 

103Salzburger Chronik fiir Stadt und Land, Vol. 39, No. 117, May 26, 
1903, p. 3; see also Salzburger Volksblatt, Vol. 40, No. 87, April 19, 
1910, pp. 4-5. 

‘File “Illegal mining in Bramberg”; Budwinskis Sammlung der Er- 
kenntnisse des k.k. Verwaltungsgerichtshofes, 1906; Reif, 1908. 
'5See Thompson, 1906a; Die Zeit, Vol. 9, No. 2714, April 16, 1910, 
p. 5; Salzburger Volksblatt, Vol. 40, No. 87, April 19, 1910, pp. 4-5. 
'6Talking Machine News, July 1, 1905, p. 27. 

’Who’'s Who in Mining and Metallurgy, London, publ. by The Mining 
Journal, 1910, p. 116. 

‘Thompson, 1906a, b; Kunz, 1907; Die Zeit, Vol. 9, No. 2714, April 
16, 1910, p. 5; Salzburger Volksblatt, Vol. 40, No. 87, April 19, 1910, 
pp. 4-5. 

‘The partnership between Louis George Leverson and James Amos 
Forster in Leverson, Forster & Co., London, was dissolved the same 
year, in July 1906. The Vienna subsidiary of Leverson, Forster & Co. 
was formally dissolved in early 1908, with a new company “James A. 
Forster & SOhne” having already been established in Vienna in March 
1907. The Times (London), Issue 38084, July 28, 1906, p. 17; Wiener 
Zeitung, No. 78, April 5, 1907, p. 23; Neue Freie Presse, No. 15687, 
April 23, 1908, p. 25. 

"Skinner, 1907. 

"South Bucks Standard, July 3, 1908, p. 2, July 17, 1908, p. 7; The 
Bucks Examiner, July 17, 1908, p. 6; The Times (London), Issue 
40423, January 17, 1914, p. 3. 

‘Thompson, 1906b. 

"See M.INST.M.M., 1908 (indicating that the mine was also worked in 
1907); South Bucks Standard, August 14, 1908, p. 2 (quoting Leslie 
Clarke as stating in August 1908 that “the emerald mine in Austria had 
remained closed during the past year”); File “Illegal mining in Bram- 
berg,” document dated October 25, 1909 (concluding that Emerald 
Mines Limited was not actively mining in Habachtal by October 1909); 
Berliner Volkszeitung, Vol. 58, No. 230, May 20, 1910, p. 2 (quoting 
Leslie Clarke as stating that the mine “is closed since two years”); Die 
Zeit, Vol. 9, No. 2747, May 20, 1910, p. 4; Prager Tagblatt, Vol. 34, No. 
139, May 22, 1910, p. 13; Leitmeier; 1938; Lewandowski, 2008 (men- 
tioning that all activities were canceled in 1907). 
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Emerald Mines Limited appealed the rulings at 
the administrative level, but the company’s argu- 
ments attempting to continue operations under the 
mining law were found baseless, and the previous 
decisions were upheld by the government on Febru- 
ary 11, 1905. A petition was then filed with the 
Supreme Administrative Court in Vienna, resulting 
in a final decision against the company on June 28, 
1906.'°% The court affirmed that Emerald Mines 
Limited’s production at Habachtal did not fall 
within the purview of the mining law and thus re- 
quired compliance with the more general Trade, 
Commerce and Industry Regulation Act, the Aus- 
trian Decree for the Admission of Foreign Joint- 
Stock Companies, and any associated regulatory 
requirements and permits. 

Meanwhile, the London leadership of Emerald 
Mines Limited had opted not to reopen the Habach- 
tal mine after the 1903 closure,! instead seeking to 
sell the company. 


Property Under Emerald Mines Limited and Con- 
trolled by Northern Mercantile Corporation Lim- 
ited (1906-1911). Northern Mercantile Corporation 
Limited, a Manchester firm with an office in Lon- 
don, founded in 1904 and involved in the phono- 
graph business,!° engaged Edmund Spargo & Sons, 
a mining and commissions execution company 
from Liverpool,'” to investigate the mine in 1905. 
After receiving the report, Northern Mercantile 
Corporation Limited in 1906 purchased the shares 
of Emerald Mines Limited for 10% of the nominal 
value (i.e., £6,000, equivalent to £0.1 per share), 
thereby acquiring the principal asset, the Habachtal 
mine.!° A new board of directors was installed for 
Emerald Mines Limited, with only Albert Brandeis 
retaining his position and all members of the Lever- 
son and Forster families ceasing any involvement.'” 
The group comprised Leslie Clarke, William King, 
FE.K. MacMorran, and the aforementioned Albert 
Brandeis.!!° Clarke, from the insurance industry, 
and King, previously a shipowner, maltster, and 
grain importer, were both to serve as mining bro- 
kers for Emerald Mines Limited.!"' 

From that point, actual mining operations appear 
to have been sporadic at best, with more attention 
focused on financial markets. The mine was re- 
opened in 1906, with one of Edmund Spargo’s sons 
hired to provide oversight for a four-month period 
from July to October.!!? Although documentation is 
ambiguous, certain statements suggest that mining 
activities stopped after the 1906 or 1907 seasons.'* 


Gems & GEMOLOGY WINTER 2021 361 


A guard was posted for security purposes for a few 
years thereafter, but even that effort was eventually 
terminated.''* The only action that indicated a po- 
tential desire to recommence was the hiring of Peter 
Nagl (1860-1947, figure 22) from Bramberg in July 
and August 1910 for 12 Kronen a week, but his salary 
was never paid.''® Accounts suggesting that the Eng- 
lish company blasted the main occurrence shortly 
before leaving, in order to hide the best material,!'® 
find no documented support. 

Mining operations at the now Manchester-based 
firm might also have been hampered by regulatory 
difficulties similar to those of its predecessor. The 
company applied to register as required for a foreign 
company in Austria, but the application was incom- 
plete, and requests from the administration to com- 
plete the filing went unanswered. Even as late as the 
final available documentation dated February 1910, 
no authorization had been granted.'’ The absence is 
corroborated by the Compass — Finanzielles Jahrbuch 
fiir Oesterreich-Ungarn, a financial and industrial 
handbook listing all national joint-stock companies 
and those foreign companies that were registered and 
had permission to work in the Austro-Hungarian Em- 
pire, which never included Emerald Mines Limited 
in any of its volumes from 1907 to 1914.1!8 

Rather, the focus had turned to attracting in- 
vestors. Materials such as an anonymous letter to the 
editor published by the Institution of Mining and 
Metallurgy in London, dated February 12, 1908, pre- 
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Figure 22. The final 
known action by Emer- 
ald Mines Limited that 
appears to have been 
taken with an underly- 
ing intent to recom- 
mence mining at 
Habachtal was the hir- 
ing of Peter Nagl (pic- 
tured here with his 
wife) in July and Au- 
gust 1910, but his 
wages were never paid. 
Members of the Nagl 
family were involved 
for decades in emerald 
mining at Habachtal. 
Courtesy of Museum of 
Bramberg. 


sented a glowing picture of prospects.!!° There, after 
discussing the emeralds originating from Muzo, 
Colombia, the letter professed: 


It appears that almost the only other recognized emer- 
ald mine of importance at present in operation is lo- 
cated in the Salzburg Mountains in Austria, operated 
by an English company called “Emerald Mines, Lim- 
ited,” having their registered office at 37 Princess 
Street, Manchester. These mines are situated only 50 
hours from London, near Bramberg railway station, at 
an altitude of from 7.000 to 8.000 feet above the sea. 
The mining rights extend over about 600 acres of spe- 
cially selected ground, and are practically freehold. Up 
to 1906 over 200.000 carats had been produced in the 
previous ten working seasons. Of this quantity 56.000 
carats were obtained during the last three months’ de- 
velopment,'”° from a depth of not exceeding 200 feet 
from the face of the mountain, so that the potentialities 
of the property are undoubted. 


Each year as the workings develop in depth, the quality, 
colour, and size of the emeralds distinctly improve. The 


Koenigsberger, 1913; Leitmeier, 1938. 


"Peter Nagl v. Emerald Mines Limited, Bezirksgericht Mittersill, No- 
vember 17, 1911, Mittersill land registry office. 


"See Lackner, undated. 


File “Illegal mining in Bramberg,” documents dated September 30, 
1909, February 12, 1910. 


"8See Compass — Finanzielles Jahrbuch ftir Oesterreich — Ungarn 
1912, Vol. 45, Band II, Vienna, 1911, Compassverlag, Vienna, 1752 
pp.; see also Prasidialbureau des k.k. Finanzministeriums, 1917. 
119M.INST.M.M., 1908. 


Most likely referring to the 1907 mining period. 
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Figure 23. In the years 1909 and 1910, Prince Francis 
Joseph of Braganza became involved in a financial 
scandal during which he was offered, and purchased 
at vastly inflated values, shares of Emerald Mines 
Limited and “emerald” samples (later proven to be 
glass) said to originate from the Habachtal mine. The 
photo shows the young prince, circa 1900, in a uni- 
form of the armed forces of the Austro-Hungarian 
Empire. Courtesy of Osterreichische Nationalbiblio- 
thek, Wien. 


deepest workings have so far only attained a depth of 
about one-fourth of that of the Muzo mines, and as the 
geological surroundings and emeraldiferous matrix are 
analogous to the Muzo mines, no greater assurance can 
possibly be desired as to the certainty of the highest qual- 
ity of this precious gem being eventually obtained as the 
workings become prosecuted in depth. All elements of 
speculation may therefore be considered absent. 


The Emerald Mines, Limited, have also acquired the 
freehold amethyst mines in the Schlusselstein, Com- 
mune of Bergheim, Alsace,!*! and they were carefully 
investigated for the company by Mr. E.J. Spargo, M.F., 
EGS., of Liverpool, and Mr. William King, director of 
Emerald Mines, Limited, who is a well-known expert 
and connoisseur in precious stones and gems. 


The general media similarly reported positive 
news, including the availability of 50,000 carats of 
rough emeralds of high value as well as thousands of 
shares being offered or sold by Clarke and King at val- 
ues starting at a nominal £1 per share.'” 
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Conversely, the financial statement from Emerald 
Mines Limited itself for the period ending December 
31, 1908, reported “cash in hand and emeralds in 
stock £100.” The lack of profitability was further 
reiterated by the fact that no dividend was ever paid 
to the shareholders of the company.!*4 In addition, 
while the entity Emerald Mines Limited continued 
to exist, an order was issued in March 1909 by the 
Manchester County Court to wind down Northern 
Mercantile Corporation Limited.!*° 

Moreover, beyond even the puffery recounted 
above, certain transactions involving shares in and 
the leadership of Emerald Mines Limited erupted in 
financial scandal and litigation during the 1909 to 
1911 period. Although details remain obscure, Prince 
Francis Joseph (Franz Josef) of Braganza (figure 2.3)!*° 
was offered Emerald Mines Limited shares totaling 
£200,000 in purported value (50,000 shares at a value 
of £4 per share, in total equivalent to about 4.7 mil- 
lion Kronen, or US$1 million at the time) by an im- 
postor playing the role of a millionaire and member 
of the American Vanderbilt family. Likewise, 1,009 
emeralds with a claimed value of £125,000 in total 
were offered to and purchased by the prince but later 
found to be glass. In the ensuing litigation, the im- 
postor was sentenced to three years in prison in Lon- 
don in 1911. The precise roles of Clarke and King are 
uncertain, but they, too, were targeted. Clarke, who 
had been involved in several of the financial transac- 
tions, was imprisoned in Berlin in 1910 and formally 
sentenced to six months incarceration in 1911. King 
was initially arrested in London but was released 
shortly thereafter. !?’ 


"The referenced amethyst mines of Schliisselstein were a long- 
known occurrence of agate and amethyst quartz, near Bergheim in 
the Alsace region of France, where amethyst was found in a vein as 
banded amethyst quartz. According to available descriptions, the ma- 
terial was merely ornamental and not facet-quality amethyst. Voltz, 
1828; Benecke et al., 1900; Panzer, 1961. 

'2South Bucks Standard, July 3, 1908, p. 2, July 17, 1908, p. 7; The 
Bucks Examiner, July 17, 1908, p. 6. 

123Skinner, 1910. 

4Die Zeit, Vol. 9, No. 2748, May 21, 1910, p. 6. 

®5Supplement to the Manchester Courier, March 26, 1909, p. 4. 
”6Prince Francis Joseph (1879-1919) was an Austrian citizen, god- 
child of Franz Joseph |, Emperor of Austria, and grandson of the Por- 
tuguese King Miguel |, who reigned 1828-1834. 

75ee Neuigkeits Welt-Blatt, Vol. 37, No. 44, February 24, 1910, pp. 
31-32; Neue Freie Presse, No. 16349, February 26, 1910, p. 9; Die 
Zeit, Vol. 9, No. 2714, April 16, 1910, p. 5, Vol. 9, No. 2747, May 
20, 1910, p. 4; Neue Freie Presse, No. 16430, May 21, 1910, p. 4; 
Teplitz-Sch6nauer-Anzeiger, Vol. 50, No. 106, September 10, 1910, 
p. 5; Pester Lloyd, Vol. 58, No. 8, January 10, 1911, p. 1; The New 
York Times, February 16, 1911. 
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Box B: MINING PHOTOS FROM THE ERA OF EMERALD MINES LIMITED 


Operations on-site at Habachtal during the ownership of 
the English firm Emerald Mines Limited were overseen 
by a succession of English and Austrian mining engineers 
whose actual activities at the property are sparsely docu- 
mented. Allan Amos Forster (1874-1946; figure B-1) filled 
that role at the outset, when the entity was controlled by 
Leverson, Forster & Co., and “Captain” John Ackerley 
Penhall (1842-1911; figure B-2), for instance, was respon- 
sible for the 1899 season. Nonetheless, photos from the 
era can offer a degree of contemporaneous insight to the 
workings (figures B-3 and B-4; see also figure 21). 

Interestingly, in a substantial number of mining, 
mineralogical, and gemological publications that en- 
deavor to cover the Habachtal locality and its history, all 
depictions of the period appear to draw from a group of 
photos taken or owned by a single individual, Ernst 
Richard Horeis (born 1874), during the late nineteenth 
and early twentieth centuries, before 1903. 

Ernst was the son of Ferdinand Horeis, a Juwelen- 
Agent (jewelry agent) in Vienna during the last decade of 
the nineteenth century through 1901 whose business was 
pursued by his younger son Emil Horeis (born 1877) from 
1902 on.” While nothing links Ernst formally to his fa- 
ther’s firm, he likely enjoyed some connection to the gem- 
stone business through his father and, as a young man in 
his twenties, came into contact with Emerald Mines Lim- 
ited. Although few details are ascertainable, Ernst seems 


364 — History OF HABACHTAL, Part | 


Figure B-1. Allan A. Forster 
led mining operations at 
Habachtal during several sea- 
sons in the last decade of the 
nineteenth century and first 
decade of the twentieth cen- 
tury. Left: Photo from the win- 
ter of 1899-1900, taken during 
the “Queen Cleopatra’s Emer- 
ald Mines Expedition” in 
Egypt. See MacAlister (1900) 
and Claremont (1913); a sim1- 
lar photo with Forster and 
other members of the expedi- 
tion is available online.' 
Right: A 1935 photo from the 
Forster family album; cour- 
tesy of Maureen Mary Brett. 


to have done some work for Emerald Mines Limited that 
led to the company owing him 5,102 Kronen. A lien in 
such amount was recorded in his favor against the com- 
pany at the Mittersill land registry office via an entry 
dated November 18, 1909, on the basis of a November 16, 
1909, judgment by the court in Salzburg.’ After his asso- 
ciation with Emerald Mines Limited, Ernst apparently fol- 
lowed a different path, operating as a merchant. 


Figure B-2. “Cap- 
tain” John Acker- 
ley Penhall, an 
experienced miner 
from Cornwall, 
was responsible for 
emerald recovery 
on-site during the 
1899 season at 
Habachtal. Photo 
from The Cornish- 
man, December 
1906. 
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Linking Ernst to the photos involves a confluence of 
circumstantial evidence. At present, a significant number 
of these oft-seen photos are archived in three substantially 
similar collections, one of them housed at Bramberg Mu- 
seum and the other two archived at the municipality of 
Bramberg. The collection at Bramberg Museum takes the 
form of an album. The photos in the album are undated 
and in general are labeled only with short notes such as 
“Bergwerk” (mine) or Habach.‘ The album itself, however, 
incorporates illuminating notations memorializing its cre- 
ation and its donation to the museum. To wit, a dedica- 
tion reads, “Herrn Allan A. Forster zur Erinnerung an das 
schéne Habachthal” (Mr. Allan A. Forster to remember 
the beautiful Habachthal) and is signed by Ernst R. Horeis. 
The donation inscription on the same page offers, “To the 
Habachthal museum from the Son of the Englishman 
who worked this mine in the early 19 hundreds” and is 
signed “J.B. Forster 19-7-72.” 

John Bryan Forster (1908-1979; figure B-5) was the son 
of Allan Amos Forster, a relationship that clarifies the 
provenance of the album. The annotations together also 
verify the association of Ernst Richard Horeis with the 
early period when Emerald Mines Limited was under the 
control of Leverson, Forster & Co. and his close connec- 
tion with the first mining engineer and son of James Amos 
Forster, one of the directors of Emerald Mines Limited. 
Nonetheless, the precise nature of Ernst’s activities for the 
company remains obscure. The amount of more than 
5,000 Kronen eventually owed to him per the lien 
recorded would have equated to the annual compensation 
for approximately 25 workers during the 1896 to 1902 pe- 
riod, when Emerald Mines Limited was under the control 
of Leverson, Forster & Co. That amount was likely not 
merely the annual salary of a single individual, even if he 
worked as a director, presumably signaling a multi-year 
association. John Bryan himself would follow in the foot- 


'https://www.gettyimages.de/detail/nachrichtenfoto/chipping-out-an- 
emerald-this-image-shows-dr-grote-with-nachrichtenfoto/980049796 


*Archive of the City of Vienna (Wiener Stadt- und Landesarchiv), pers. 


comm., 2020; Lehmann’s Allgemeiner Wohnungs-Anzeiger nebst 
Handels- und Gewerbe-Adressbuch fiir die k.k. Reichs-Haupt- und 
Residenzstadt Wien und Umgebung, Volumes 32-52 (1890-1910). 
*Archive of Salzburg Federal State, pers. comm., 2020. Specifics are 
minimal because the original file for the Salzburg litigation was not 
preserved. 

“E. Burgsteiner, pers. comm., 2019. 

°Eberl (1972) mentioned that Emil Horeis, the younger of the two 
brothers, worked for Emerald Mines Limited as a director until 1904, 
but available facts suggest a potential mistaking of the two brothers. 
Lausecker (1986) and Grundmann (1991) repeated this based solely 
on what had been stated by Eberl, without recourse to further docu- 
mentation. P. Lausecker, pers. comm., 2019; G. Grundmann, pers. 
comm., 2019. 

°The London Gazette, February 11, 1975, p. 1935; Maureen Mary 
Brett, daughter of John Bryan Forster, pers. comm., 2020. 


HISTORY OF HABACHTAL, PART | 


Figure B-3. Up to 30 miners worked the different galleries 
of the Habachtal mine in the late nineteenth and early 
twentieth centuries, when the property was owned by the 
London-based Emerald Mines Limited. Here the miners 
and mining engineers are at the entrance to the D gallery. 
Courtesy of P. Lausecker. 


steps of his father and grandfather as a precious stones 
merchant and the last owner of James A. Forster & Sons 
(the name under which the company operated after 1906), 
which closed in 1975 following his retirement.° 
Corroboration of the linkage of the photos to the 
Habachtal mine generally and to the name Horeis more 
particularly is offered by the two collections alluded to 
above, archived with municipality of Bramberg. One was 
in the possession of the descendants of Peter Staudt, who 
purchased half of the mine from his brother Anton Hager 
in 1920 (see part II of this article in the Spring 2022 issue), 
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and was donated a few years ago to the municipality.’ 
The other was provided to the municipality accompa- 
nied by a note indicating that images were photographed 
by “Horeis” from “1898-1902”.8 This collection had ini- 
tially been given by the photographer, also characterized 
without documentary support as a director of the 
Habachtal mine, to the gem cutter Drazky from Vienna.’ 

The dating referenced for the photos is also a logical 
range and more consistent with the known circum- 
stances than the various dates between 1902 and 1908 
often assigned by the multiple publications reusing the 
photos (with different years even being quoted for the 
same photo). As explained in the main text, mining ac- 
tivities ceased in 1903 (following the 1902 season) after 
a series of more or less productive years, and no further 
work took place on-site until after the shares of Emerald 
Mines Limited were transferred in 1906 to the Northern 
Mercantile Corporation Limited. Meanwhile, all mem- 
bers of the Leverson and Forster families ceased involve- 
ment with the mine at the time of the transition. 

Consequently, the weight of evidence indicates that 
the photos in the album and the collections at the munici- 
pality of Bramberg (as well as similar collections owned 
by other individuals) were taken prior to 1903 and photo- 
graphed or owned by Ernst Richard Horeis. The images 
thus represent the situation at the end of the nineteenth 
century or beginning of the twentieth century. 


“Brigitte Leitermann, granddaughter of Peter Staudt, pers. comm., 
2020; 

5Materials left by R. Eberl at his death, Archive of the Municipality 
of Bramberg. 

°Eberl, 1972. 
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Figure B-4. Miners and 
mining engineers at 
Habachtal during the era 
when the English firm 
Emerald Mines Limited 
held the property in the 
late 1800s and early 
1900s. The man in the 
center resembles the Eng- 
lish miner “Captain” 
John Ackerley Penhall 
(see figure B-2). Archive 
of the Municipality of 
Bramberg. 


Figure B-5. John Bryan Forster inherited from his father, 
Allan Amos Forster, an album presented by Ernst Richard 
Horeis that contained photos from the Habachtal at the 
end of the nineteenth century or beginning of the twenti- 
eth century. The younger Forster, shown here, donated 
the album to Bramberg Museum in 1972. Photo from the 
mid-1970s; courtesy of Maureen Mary Brett. 
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DE BEERS REVEALS 
DIAMOND STOCKS 

Sir Ernest Oppenheimer, of De Beers Con- 
solidated Mines, says that, contrary to pub- 
lic opinion, stocks are not fabulous nor 
is mining restricted. 

In an effort to clear away the mystery 
which has surrounded the De Beers policy of 
not revealing the value of stones in stock, 
they have issued figures and a complete 
denial of the “bags full of diamonds” mis- 
conception. 

At the end of 1952 De Beers held 311,946 
pounds sterling worth of diamonds at cost 
of production and Consolidated Diamond 
Mines of South West Africa had a stock 
of 414,055 pounds worth at cost of pro- 
duction. The Diafnond Corporation had a 
stock worth 5,782,832 pounds sterling at 
cost of purchase. 

Sir Ernest referred to another erroneous 
impression, that the diamond companies 
mine in such a way as to restrict production 
to cause an artificial shortage which would 
keep diamond prices at unreasonably high 
levels. He points out that this view is con- 
tradicted by two important principles which 
operate in the diamond trade. The first is 
that the selling arrangements in force contain 
provisions by which each producer is guar- 
anteed, over a period of years, that however 
hard the general trade conditions are, his 
sales will not fall below an agreed minimum. 
The second is that the industry has always 
equipped its mines to operate at their max- 
imum capacity. 

When the trend of prices and demand has 
warranted it, considerable sums have been 
spent in reopening old mines which pre- 
viously could not be exploited economically. 

There are no agreements among producers 
to restrict output, and mining is governed 
by the nature of deposits and capacity of the 
equipment. 


Book Heviews 


PRAKTISCHE EDELSTEINKUNDE éy 
Dr. Ing. Walther Fischer, Verlag Gustav 
Feller-Nottuln, Ketturg / Rubr, Germany. 
Paper-bound, $4.00. 187 pages, 48 figures, 
5 tables, 3 plates. Reviewed by Dr. W. F. 
Foshag. 


This book was written by this well-known 
German mineralogist for the professional 
and amateur lapidary. Dr. Fischer was direc- 
tor of the State Museum of Mineralogy 
and Geology, Dresden, for 20 years, and is 
now director of the trade schools of Idar- 
Oberstein, including the School for Dia- 
mond, Gem and Gold-Working. In addition 
to his own broad scientific knowledge of 
gemology he has had the accumulated knowl- 
edge of some of the master cutters of Idar- 
Oberstein available to him. 


The first half of the book relates to cry- 
stallography, crystal-physics and  crystal- 
optics as they concern the cutting, polishing 
and proper orientation of gems. This part 
of the book is the most interesting to the 
professional gemologist. The exposition of 
these subjects is not too detailed or too 
technical for the ordinary reader, yet scien- 
tifically presented. This section, although 
succinctly written, contains all the pertinent 
information. Examples are frequently given 
to illustrate the use or importance of the 
characteristics discussed. Attention is called, 
for instance, to the hazards of cutting or 
mounting a stone showing anomalous bire- 
fringence, or the application of wetting a 
stone to distinguish diamond from glass. 
This reviewer knows of no book for the 
gemologist that presents these subjects in a 
more concise and readily understandable 
manner. 

The second half of the book is devoted 
to 62 gem mineral species and their varie- 
ties. This part is interesting chiefly to the 
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Figure 24. In 1913, the Habachtal emerald property 
was bought by Peter Meilinger (pictured), at that time 
mayor of the municipality of Bramberg, together with 
councilmen Alois Kaserer and Johann Blaikner. Un- 
dated photo; courtesy of E. Burgsteiner. 


Transfers Back to Austrian Ownership (1911-1914). 
By the close of the first decade of the twentieth cen- 
tury, the liabilities of Emerald Mines Limited owed 
in Austria, including debts to certain individuals such 
as Ernst Reichard Horeis from Vienna (born 1874; see 
box B), to the municipality of Bramberg, and to vari- 
ous governmental authorities for taxes and fees, had 
accumulated to 41,658 Kronen (approximately 
US$8,500 according to the exchange rate at the time). 
Repeated demands for payment were ignored, and, 
consequently, the tax administration in Mittersill ini- 
tiated a foreclosure action in September 1911.18 

In conjunction with these efforts, a report was 
prepared for the Mittersill court in August 1912 by 
the geologist Dr. Theodor Ohnesorge of the k.k. geo- 
logischen Reichsanstalt, Vienna, who had previously 
worked in the Pinzgau.'”? The report described the 
geology of the area and characterized the rocks 
crossed by the four underground galleries (designated 
A, B, C, and D) used during the English ownership 
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(see again figure 14). The two lower galleries, A and 
B, did not cross the emerald-bearing biotite schist, re- 
ferred to as Smaragdmutter (emerald mother), and 
were useless. The two upper galleries, C and D, 
crossed an emerald-bearing schist that reached a 
thickness of up to 2, m in the part accessible through 
the D gallery. However, the adit to the D gallery was 
blocked by rock masses and needed to be reopened. 
Taking into account the low quality of the emeralds 
for faceting purposes, Ohnesorge calculated a value 
for the property of 8,000 Kronen. 

Meanwhile, as the legal machinations moved for- 
ward, the emerald deposit apparently remained of in- 
terest to the Brandeis family. In 1912, the chemical 
engineer Ernst Brandeis applied for and obtained an ex- 
ploration permit for the area of the Duchy of Salzburg, 
but there is no evidence of any practical outcome.!*° 

Insofar as the foreclosure sale proceedings initi- 
ated in 1911 failed to attract buyers, ownership of the 
property was transferred to the municipality of Bram- 
berg in January 1913.'°! At the end of the year, in De- 
cember, the property was purchased by a group of 
farmers and municipal leaders from Bramberg, 
namely Alois Kaserer, Johann Blaikner, and Peter 
Meilinger (figure 24).!°? The price was 6,000 Kronen, 
and ownership was formally transferred in February 
1914.'*° Tt appears that no systematic emerald mining 


"8K/eine Volkszeitung, Vol. 81, No. 317, November 16, 1935, p. 4; 
Lewandowski, 1997. 

°Ohnesorge, T., Geologisches Gutachten tiber den Smaragdbergbau 
im Habachtale, 4 pp., Archive of the Geologische Bundesanstalt, Vi- 
enna. Copy, undated, 6 pp., Archive of the Municipality of Bramberg. 
Dr. Theodor Ohnesorge (1876-1952), a geologist at the k.k. geologi- 
schen Reichsanstalt, later the Geologische Bundesanstalt, in Vienna 
from 1904 to 1925, worked for many years in the Alps of Salzburg 
and Tyrol. See Wiener Zeitung, No. 52, March 3, 1907, p. 6. 

Die Zeit, Vol. 11, No. 3367, February 9, 1912, p. 13. 

''Habachtal emerald mine file, entry January 16, 1913, Mittersill 
land registry office; Kleine Volkszeitung, Vol. 81, No. 317, November 
16, 1935, p. 4; Lewandowski, 1997. Later, Emerald Mines Limited 
was formally dissolved in the UK in 1921. Skinner, 1922. 
'2Notarized contract between the municipality of Bramberg and 
Alois Kaserer/Johann Blaikner/Peter Meilinger, December 6, 1913, 
Mittersill land registry office, Archive of Salzburg Federal State; 
Habachtal emerald mine file, entry February 14, 1914, Mittersill land 
registry office. At the time of the 1913 transaction, Peter Meilinger 
(1879-1936) was serving as the mayor of Bramberg, and Alois 
Kaserer (1866-1930) and Johann Blaikner (1855-1933) were both 
serving as councilmen for municipality. Each of the latter two had 
previously been the mayor as well, from 1900 to 1906 and 1906 to 
1908, respectively. Meilinger’s term in the position extended from 
1911 to 1919. Volksfreund, Vol. 22, No. 1, January 7, 1911, p. 4; 
Josef Seifriedsberger, pers. comm., 2020. 

'33Salzburger Volksblatt, Vol. 58, No. 240, October 18, 1928, p. 7; 
Lausecker, 1986; Lewandowski, 1997; see also Aitkens, 1931; von 
Arx, 1984; Grundmann, 1991; Exel, 1993. 
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was undertaken by the three new owners, either in 
1914 or in the first years of World War I. 


Outlook. The second part of the article will cover 
various mining activities between 1916 and the end 
of the 1940s. After a relatively stable period between 
1920 and 1927 under a German and an Austrian 


ABOUT THE AUTHOR 


owner, the mine was sold to a Swiss company that 
did not have the financial resources for active mining 
operations. A conflict over control of the mine 
started in 1932, which ended in another ownership 
transfer. Further mining was then performed under 
another Swiss entity until 1939. Immediately after 
World War II, small-scale mining resumed. 


Dr. Schmetzer is an independent researcher residing in Petershausen, near Munich, Germany. 
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Lab Notes 


Editors 


Thomas M. Moses | Shane F. McClure 


Color-Zoned Cat’s-Eye 
CHRYSOBERYL 


Chatoyancy occurs when light is re- 
flected from certain oriented inclu- 
sions in a cabochon-cut gemstone. To 
be chatoyant, a group of fibers or nee- 
dles or other reflective inclusions must 
be oriented parallel to the cabochon 
base. Usually these fibers and/or nee- 
dles are dense and included throughout 
the stone, but occasionally there are 
cases with localized distribution of 
such inclusions. 

GIA’s Tokyo laboratory examined a 
brownish green cabochon set in a ring 
with numerous near-colorless round 
and marquise brilliant cut accent 
stones. The center stone showed 
pleochroism and a spot RI reading of 
1.75. The spectrum observed with a 
handheld spectroscope clearly showed 
the 444 nm band, consistent with 
green/yellow cat’s-eye chrysoberyl. 
Natural inclusions were observed 
under the microscope, as described 
later. For confirmation, an FTIR spec- 
trum was collected; it showed peaks at 
2163, 2403, and 4150 cm that are 
characteristic of natural chrysoberyl 
(C.M. Stockton and R.E. Kane, “The 
distinction of natural from synthetic 
alexandrite by infrared spectroscopy,” 
Spring 1988 GWG, pp. 4446). 

In this stone, we can see obvious 
color zoning with a fixed whitish 
band in the middle between transpar- 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. A color-zoned cabochon measuring 16.33 x 16.07 x 10.27 mm set 
in a ring. Left: Distinct zoning with cloud-like inclusions is visible as a 
white band in the middle. Right: The stone displays chatoyancy when il- 


luminated with fiber-optic light. 


ent brownish green portions (figure 1, 
left). This white part is semi-transpar- 
ent/translucent due to dense clouds 
with minute fibrous inclusions (figure 
2)these features typically cause cha- 
toyancy in cat’s-eye chrysoberyl. The 
cloud inclusions were not only on the 
cabochon surface but also located 
below the surface. As shown in figure 
1 (right), this stone displayed distinct 
chatoyancy in the white zone. Even 
when viewed from an off-center direc- 
tion, reflected light striking the 
clouds below the surface created the 
weak chatoyancy in the brownish 
green portions, which had no clouds 
or fibrous inclusions. 

For the purpose of showing phe- 
nomena, stones with such localized 
inclusions can sometimes be oriented 
to place the inclusions at the base of 
the cabochon (Winter 2017 Lab 
Notes, pp. 459-460). Uneven distribu- 
tion of included zones requires care- 


Gems & GEMOLOGY 


ful observation of the inclusion to 
likewise produce a good chatoyancy 
effect. This type of localized inclu- 


Figure 2. Dense clouds contain- 
ing minute fibrous inclusions 
create the cat’s-eye phenomenon. 
Larger blurry needles are visible 
within the cloud inclusions in 
the white portion. Field of view 
3.0 mm. 
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Figure 3. This 1.13 ct Fancy yel- 
low diamond resembles the 
iconic Apple logo. 


sion can sometimes lead cutters to be 
creative to maximize the appearance 
of the stone and the phenomenon. 


Yusuke Katsurada 


DIAMOND 


Novelty Cut Diamond Faceted as 
Iconic Apple Logo 

A novelty cut 1.13 ct Fancy yellow 
diamond was recently submitted to 
the Carlsbad laboratory for color ori- 
gin and identification service. The di- 
amond was cut in the shape of a 
bitten apple and bore a striking resem- 
blance to the iconic Apple logo found 
on Apple Inc. products (figure 3). Stan- 
dard FTIR absorption spectrum iden- 
tified it as a type Ia diamond with 
high nitrogen concentration. Standard 
UV-Vis spectroscopy revealed the typ- 


Figure 5. These antique spectacles contain diamond (left) and emerald (right). 


Figure 4. The novelty cut dia- 
mond showed strong blue fluores- 
cence under long-wave UV light. 


ical UV-Vis absorption spectra of cape 
diamond, with the N2 (478 nm) and 
N32 (415.2, nm) defects that are respon- 
sible for the fancy yellow color in the 
“Apple” diamond. The stone showed 
strong blue fluorescence when ex- 
posed to long-wave UV radiation, typ- 
ical of cape diamond (figure 4). 

New cutting styles of diamonds 
are often designed either for efficient 
light return and weight retention 
properties or to resemble other items. 
Examples of the latter include the 
sword-shaped diamond with “fire and 
ice” fluorescence (Fall 2020 Lab 
Notes, pp. 416-419) and the “seated 
Buddha” (Fall 1996 Gems News, p. 
215). This particular diamond was 
most likely fashioned in the shape of 
an apple as a novelty and to retain 
weight, as the stone showed signifi- 
cant windowing, which suggests that 


the rough was too shallow to allow for 
more efficient light return. This 
unique shape for a faceted diamond is 
a welcome addition to the wide range 
of novelty cut diamonds currently 
available in the trade. 


Maryam Mastery Salimi and 
Najmeh Anjomani 


Two Pairs of Antique Mughal 
Spectacles with Gemstone Lenses 


Lenses play a major role in the daily 
work of a gemologist, from magnifica- 
tion using a loupe or microscope to 
the optics used in conjunction with 
lasers from advanced testing instru- 
ments. Even our eyes contain organic 
lenses, which we use to see the world. 
In many cultures, seeing the world in 
completely new ways is often achiev- 
able by means of introspection such 
as contemplative moments or medi- 
tation, but sometimes all one truly re- 
quires is a pair of glasses. 

Recently, GIA’s New York labora- 
tory had the spectacular opportunity 
to observe and analyze two pairs of 
truly unique antique spectacles (figure 
5). The two spectacles have a storied 
connection dating back to the height 
of the Mughal Empire. Their lenses 
are crafted from diamond and emer- 
ald, respectively. According to infor- 
mation provided by the client and 
independent researchers, the two 
pairs of spectacles were likely fash- 
ioned in mid-seventeenth century 
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Figure 6. Left: Overlapping mid-infrared spectra of both lenses revealed them to be type Ia diamonds. Right: Two 
strain images, one of each lens, under cross-polarized light showing natural growth structure and internal stress 
during natural diamond formation. Field of view 19.27 mm. 


India, a period in the Mughal Empire 
that had an established lapidary tradi- 
tion and artisans with the expertise to 
accomplish such creations. Informa- 
tion submitted by the client suggests 
that the lenses may have been cut 
from the same rough diamond and the 
same rough emerald, respectively. 
Further evidence suggests that while 
the fashioning of the lenses dates back 
to the seventeenth century, the 
frames date from the late nineteenth 
century based on design and style. 
The first of the two spectacles, 
called Halgeh-Ye Nur or “Halo of 
Light,” consists of two transparent 
near-colorless modified pear-shaped 
lenses in a yellow metal frame sur- 
rounded by numerous transparent 
near-colorless stones of various 
shapes and cuts. The client requested 
that only the two near-colorless trans- 
parent lenses be tested. Infrared spec- 
tra and strain images were collected 
as part of the testing (figure 6). Both 
lenses were identified as natural type 
Ia diamonds, sharing matching spec- 
tra when overlapped. The strain im- 
ages revealed natural growth 
structures and internal stress during 
diamond formation. While GIA’s in- 
vestigations were limited in scope to 
identifying the gem material set in 
each pair of spectacles, the evidence 


374 Las Notes 


as a whole seems to suggest that the 
lenses were cleaved from the same 
large diamond rough. 

The second pair of spectacles, 
called Astaneh-Ye Ferdaws or “Gate 
of Paradise,” consists of two transpar- 
ent green pear-shaped lenses in a 
white and yellow metal frame set 
with two green rectangular step cuts 
and numerous near-colorless stones of 


various shapes and cuts. According to 
information provided by the client, 
the pear-shaped lenses originate from 
a single natural emerald that origi- 
nally weighed more than 300 carats. 
Both spectacles are consistent with 
the design and style of the late nine- 
teenth century and are believed to 
have been upgraded to the fashion of 
the time. 


Figure 7. A field of jagged three-phase inclusions hosting gas bubbles, 
colorless cubic crystals, and aqueous liquid. Field of view 1.99 mm. 
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Figure 8. Opaque black grains were also observed, consistent with inclu- 
sions observed in emeralds from Colombia. Field of view 1.26 mm. 


The client requested that both 
green transparent lenses as well as all 
45 of the surrounding near-colorless 
stones be tested. Microscopic obser- 
vation, one of the main identification 
methods for emeralds, revealed an in- 
clusion scene typical for emeralds 
from Colombia: classic jagged three- 
phase inclusions hosting a gas bubble 
and a cubic colorless crystal sus- 
pended in fluid (figure 7). It is well es- 
tablished that these daughter crystals 
are halides, commonly rock salt, de- 
rived from the saline brine contained 
in the primary fluid inclusion (EJ. 
Giibelin and J.I. Koivula, Photoatlas 
of Inclusions in Gemstones, Vol. 3, 
2008, Opinio-Verlag Publishers, Basel, 
Switzerland, p. 427). Unidentified tiny 
opaque black grains were also ob- 
served (figure 8), but otherwise the 
lenses were relatively inclusion free. 
Examination of minor fissures seen 
near the gem’s surface using ultravio- 
let light and microscopic observation 
indicated the presence of an oil or 
resin, but this is not believed to have 
affected the overall appearance. 
Therefore, the emeralds were classi- 
fied as having “no indications of clar- 
ity enhancement.” 

Standard gemological testing re- 
vealed a refractive index of 1.577 to 
1.583 with a birefringence of 0.006. 
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Examination between crossed polar- 
izing filters showed a uniaxial optic 
figure. The pleochroism was green to 
blue-green, and a handheld spectro- 
scope revealed a typical emerald 
spectrum. These properties and ob- 
servations confirmed that the green 
transparent lenses were natural 
emeralds. 

All 45 of the transparent near-col- 
orless stones surrounding the two 
emerald lenses were identified as di- 
amonds using GIA’s iD100 device, 


microscopic observation, and addi- 
tional advanced testing. 

Even by today’s standards, these 
astonishing curiosities are objects of 
technical mastery by the artisans and 
the brilliant vision of the patrons who 
commissioned the spectacles. From 
these fine examples of Mughal crafts- 
manship, to more modern examples 
such as synthetic sapphire sunglasses 
made for Sir Elton John (see Winter 
1997 Lab Notes, p. 296), we continue 
to be pleasantly surprised by gem ma- 
terials passing through GIA that have 
been fashioned into unique items 
such as these lenses. We imagine Sir 
Elton would approve of these Mughal 
spectacles. 


Christopher Vendrell, Augusto 
Castillo, and Emily Jones 


Pink EUCLASE 


GIA’s Tokyo laboratory had the op- 
portunity to examine an orangy pink 
faceted stone, weighing 4.08 ct and 
measuring 13.00 x 9.90 x 5.23 mm, 
with a hydrostatic specific gravity of 
3.09 (figure 9). It had optically biaxial 
features based on trichroic colors of 
yellowish orange, pale orange, and 
orangy pink, and refractive index val- 
ues of 1.652-1.671 with a birefrin- 
gence around 0.019. The stone was 
inert to ultraviolet light sources. 


Figure 9. The 4.08 ct orangy pink euclase. Parallel pink color zoning is 


observed under the table. 
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Transparent platy crystals and 
straight graining were observed under 
the microscope (figure 10). There 
were no signs of treatment such as 
coating or clarity enhancement. 
Gemological properties matched eu- 
clase, which was confirmed by com- 
paring the Raman spectrum with the 
RRUFF database (reference spectrum 
RO50032). 

Euclase is one of several collector's 
minerals discovered in the eighteenth 
century in Brazil (D. Atencio, “The 
discovery of new mineral species and 
type minerals from Brazil,” Brazilian 
Journal of Geology, Vol. 45, No. 1, 
2015, pp. 143-158) and classified as a 
beryllium aluminum hydroxide sili- 
cate, with an ideal chemical formula 
of BeAISiO,(OH). Crystals are found 
worldwide and occur in a range of col- 
ors such as colorless or white, blue, 
green, and yellow (e.g., S.M. Stockl- 
mayer, “A new occurrence of euclase 
in Western Australia,” Australian 
Journal of Mineralogy, Vol. 18, No. 2, 
2017, pp. 39-44). Gem-quality pink 
euclase was first reported in 2018 
(M.B. Leybov, “Denver 2018: ‘Miner- 
als of Mexico,’” Mineralogical AIl- 
manac, Vol. 24, No. 1, pp. 58-63), and 
this color is considered rare. 
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Figure 11. UV-Vis spectrum of this orangy pink euclase. The 470 and 540 
nm absorption peaks probably originated from Mn* and the 381 nm 


peak from Fe*. 


The causes of color for euclase 
have been discussed in many studies 
(e.g., E. Gtbelin, “Sapphire-blue eu- 
clase, anew collector’s gem,” Winter 
1978-1979 GwG, pp. 104-110; M. 
Mattson and G.R. Rossman, “Identi- 
fying characteristics of charge trans- 
fer transitions in minerals,” Physics 
and Chemistry of Minerals, Vol. 14, 
No. 1, 1987, pp. 94-99; S. Stockl- 
mayer, “Blue euclase from Zimbabwe 


Figure 10. Transparent platy crystal inclusions and aligned particles 
were observed. Field of view 1.85 mm. 
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—a review,” Journal of Gemmology, 
Vol. 26, No. 4, 1998, pp. 209-218). Ac- 
cording to these three previous stud- 
ies, blue to green color in euclase is 
believed to be caused by an Fe?*-Fe** 
charge transfer and Fe?*-Ti* transi- 
tions or the presence of trivalent iron. 
Moses et al. (Summer 1993 Gem 
Trade Lab Notes, pp. 125-126) re- 
ported a greenish blue euclase colored 
by chromium. Gilles-Guéry et al. 
(“Mn** and the pink color of gem- 
quality euclase from northeast 
Brazil,” American Mineralogist, 
202.1, in press) determined that pink 
coloration due to the absorption be- 
tween green to blue with two broad 
peaks at 470 and 540 nm is caused by 
Mn**, while the orange hue is related 
to the rising slope in the UV domain 
combined with an additional absorp- 
tion peak at 381 nm originating from 
Fe**. This stone showed a UV-Vis ab- 
sorption spectrum (figure 11) similar 
to the pattern due to Mn** reported by 
Gilles-Guéry et al. (2021), and trace 
Mn concentrations around 60 ppm 
were detected by LA-ICP-MS. These 
characteristics suggest that the 
orangy pink color seen in this stone 
is possibly caused by manganese. 
This is the first such example exam- 
ined at GIA. 


Mari Sasaki, Makoto Miura, and 
Kazuko Saruwatari 
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lapidary, but contains much of interest to 
the gemologist. The subject includes a very 
brief section on the properties of the mineral, 
a short discussion of the important producing 
localities, the distinguishing characteristics 
of the gem, and a paragraph concerning op- 
timum proportions of the stone, and the 
proper polishing laps and abrasives for the 
best results. The chief criticism that may, be 
made of this part of the book is that the 
American localities cited are often inconse- 
quential producers, as, for instance, Amelia 
Court House, Virginia, for golden beryl; 
Branchville, Connecticut, and Maine for 
kunzite and others. 

This book differs from other recent works 
on the lapidary art in that it does not dis- 
cuss equipment and techniques, but the fun- 
damental scientific principles of gem cutting 
and the basic properties of gemstone min- 
erals that influence their proper elaboration. 
For this reason it will have more interest for 
the professional gemologist than other works 
intended primarily for the hobbyist. It is in 
all respects an authoritative scientific work. 


DIAMOND TECHNOLOGY by Paul 
Grodzinski, published by N. A. G. Press 
Lid., London, 1953. 784 pages. $10.00. 

This completely up to date book on the 
production methods for diamonds and gem- 
stones should prove extremely valuable to 
any person interested in the manufacture or 
sales of gem diamonds and industrial dia- 
monds, abrasives, machine tools, and those 
interested in the lapidary art. A listing of 
the chapter headings best describes the tre- 
mendous scope of the subject material cov- 
ered. These include: Grinding and Polishing 
Diamonds, Grinding and Polishing Gem- 
stones, Bruting, Dividing Diamonds and 
Gemstones (cleaving), General Survey of 
Grinding and Polishing, Technology of Ma- 
chining Methods, Drilling and Boring Holes, 
Carving and Engraving, Polishing Gemstones 
for Jewellery (English spelling), Diamond 
Powder — Its Production and Use, Manu- 
facture of Watch and Instrument Jewels, 


Manufacture of Diamond and Sintered Car- 
bide Dies, Grinding and Lapping of Sintered 
Carbides, Industrial Diamonds — Selection 
and Orientation, Setting Diamonds in Tools, 
and Production of Piezo-Electric and Optical 
Crystals. The Appendix is a gold mine of 
general information and the Bibliography is 
very complete and up to date. The book in- 
cludes 486 illustrations and 93 tables as well 
as both subject and name index. 


As a mechanical engineer, the author 
uses an engineering approach to all the sub- 
jects covered but keeps his wording simple 
and direct. He has been actively engaged in 
the study of the applications of diamonds 
and other hard materials since 1926 and has 
been head of the Industrial Diamond In- 
formation Bureau, a part of the Research 
Organization of Industrial Distributors, Ltd., 
since 1943, carrying out the research work 
for the African Diamond Producers Associa- 
tion. Certainly, few men are as well qualified 
as Paul Grodzinski to write such a book 
and fewer would put forth the time and 
effort needed to assemble the information 
it contains. 


MANUAL FOR GEOMETRICAL CRYS- 
TALLOGRAPHY by Caleb Wroe Wolfe. 
Published by Geopublishing Company, Wa- 
tertown, Massachusetts, 1953. $4.00 


C. W. Wolfe, Professor of Geology at 
Boston University, belong to the student of 
crystals an excellent text on crystal projec- 
tion, measurement, and the derivation from 
there of crystal geometry. 


The Manuel is in its nature an advanced 
text for—‘those who work extensively with 
crystals.” It takes up the study on the pre- 
sumption of an introduction such as that 
furnished by most elementary mineralogy 
courses or texts. The presentation is detailed 
and straightforward. 

To the student of crystals, the MANUAL 
FOR GEOMETRICAL CRYSTALLOGRA- 
PHY furnishes an invaluable addition to 
the literature now available. 
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Figure 12. Single-strand freshwater bead cultured necklace measuring 


10.33 x 10.18 mm to 13.36 x 12.72 mm. 


Vaterite Found on a Strand of 
Freshwater Cultured PEARLS 
Recently, GIA’s New York laboratory 
received a single-strand necklace with 
32 pearls for identification (figure 12). 
The pearls were white and near-round, 
ranging from 10.33 x 10.18 mm to 
13.36 x 12.72 mm in size and weighing 
81.50 grams total. Real-time microra- 
diography (RTX) analysis revealed that 
all of them had a bead nucleus. Chem- 


Figure 13. Irregular whitish 
patches were visible on the sur- 
face of many of the pearls. 
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ical analysis by EDXRF spectrometry 
showed a high manganese concentra- 
tion and low strontium, indicating 
they formed in a freshwater environ- 
ment. During examination of the 
strand, random white patches were ob- 
served on the surface of many of the 
pearls. These irregular patches ap- 
peared overgrown on the surface and 
crystalline-like (figure 13). 

X-ray fluorescence analysis re- 


Figure 14. X-ray fluorescence 
analysis of the strand showed a 
yellowish green reaction along 
with a reddish orange reaction on 
the irregular white patches. 


vealed a strong yellowish green reac- 
tion around each pearl, while the ir- 
regular white surface patches showed 
a reddish orange reaction with mod- 
erate intensity (figure 14). 
Additionally, Raman analysis of 
the nacreous surface and the irregular 
white patches revealed they consisted 
of two calcium carbonate polymorphs: 
aragonite and vaterite, respectively 
(figure 15). Aragonite peaks were ob- 


Figure 15. Raman analysis found aragonite peaks at 701, 704, and 1085 
cnr and vaterite peaks at 740, 750, 1075, and 1090 cnr". 
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served at 701, 704, and 1085 cm“, va- 
terite peaks were at 740, 750, 1075, and 
1090 cm. 

Formation of the shells and pearls 
relies on the epithelial cells of the mol- 
lusk. Aragonite and calcite are the two 
most common calcium carbonate 
polymorphs found in pearls, while va- 
terite is the third most common and 
also the least stable form. Vaterite has 
only been found in freshwater pearls 
so far (Li Qiao et al., “Special vaterite 
found in freshwater lackluster pearls,” 
Crystal Growth & Design, Vol. 7, No. 
2, 2007, pp. 275-279; Summer 2021 
Gem News International, pp. 171- 
174). Although the reason why vaterite 
formed on the pearls’ surface is un- 
known, the defect is one of the most 
unusual formations seen, especially in 
an entire strand. 


Sally Chan Shih 


Star RHODOCHROSITE 


The Carlsbad laboratory received a 
19.44 ct semitransparent orangy pink 
round cabochon for identification (fig- 
ure 16). With the unaided eye, a four- 
rayed star could be seen across the 
dome. Standard gemological proper- 


Figure 16. This 19.44 ct orangy 
pink rhodochrosite contains a 
four-rayed star. 


ties, including a refractive index of 
1.68-1.58 with a birefringence blink 
and a specific gravity of 3.71, were 
documented and consistent with the 
gem species rhodochrosite. 

Asterism is created when light is 
reflected off well-aligned inclusions 


Figure 17. Fluid inclusions in a step-like pattern running parallel to the 
base of the rhodochrosite cabochon. Field of view 4.14 mm. 
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and returns as a star across the surface 
of the stone. Such stones are com- 
monly cut as cabochons to properly 
display this phenomenon. The aster- 
ism seen in this rhodochrosite was 
created from fluid inclusions that run 
parallel to the base of the cabochon 
(figure 17). The fluid inclusions were 
rhomboid in shape, which caused the 
star to have four rays. It is worth not- 
ing that the rays of the star did not 
cross perpendicular to each other, and 
this is due to the rhomboid fluid in- 
clusions intersecting at an angle not 
at 90°. 

Many gemstone species display as- 
terism, but this was the author’s first 
opportunity to see a star rhodochrosite. 
This 19.44 ct stone is a perfect exam- 
ple of why one should always keep an 
eye out for the unexpected. 


Nicole Ahline 


Exceptionally Large and 
Well-Saturated Orange SAPPHIRE 


The Carlsbad laboratory recently re- 
ceived an exceptionally large orange 
cushion mixed-cut sapphire weighing 
31.06 ct (figure 18) submitted for an 
identification and origin report. Stan- 


Figure 18. 31.06 ct well-saturated 
orange sapphire measuring 18.65 
x 13.85 x 11.81 mm. 
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dard gemological testing gave a refrac- 
tive index of 1.769-1.762 and a hydro- 
static specific gravity of 3.98, 
indicating corundum. This sapphire 
exhibits a saturated orange color that 
is attributed to the trace element 
magnesium in the stone’s crystalline 
structure. Microscopic examination 
showed altered crystals with healing 
and irregular bands of particles. These 
altered inclusions suggest that the 
stone underwent heat treatment. In- 
ternal characteristics similar to these 
are often found in sapphires from de- 
posits of metamorphic sources. Laser 
ablation—inductively coupled plasma- 
mass spectrometry (LA-ICP-MS) con- 
firmed the stone had a lower content 
of trace element iron. The chemistry 
and internal features of this gemstone 
indicate an origin of Sri Lanka. 

Rough material that will cut large, 
high-quality sapphires is rare, with 
most finished stones being less than 
five carats. Fine gem-quality exam- 
ples of more than ten carats are con- 
sidered very rare. The combination of 
a large size and a well-saturated or- 
ange color makes this 31.06 ct sap- 
phire a notable gemstone. 


Jessa Rizzo 


Figure 19. Face-up view of the 
2.81 ct flame-fusion synthetic 
sapphire with flux fingerprints. 
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Figure 20. This flux fingerprint in the lab-grown sapphire is similar to the 
fingerprints found in natural sapphire. Field of view 1.76 mm. 


Flux-Induced Fingerprints in Flame- 
Fusion SYNTHETIC SAPPHIRE 


The Carlsbad laboratory recently re- 
ceived a blue cushion mixed cut 
measuring 9.07 x 7.07 x 4.62 mm (fig- 
ure 19). Standard gemological testing 
gave a refractive index of 1.760-1.768, 
consistent with sapphire. Microscopic 
examination uncovered a fingerprint 


resembling those found in natural 
sapphires (figure 20). Closer examina- 
tion revealed the fingerprint to be a 
flux fingerprint. When the stone was 
immersed in mineral oil, curved color 
banding diagnostic of flame-fusion 
lab-grown sapphire became visible 
(figure 2.1). 


Typically, a flame-fusion-grown 


Figure 21. When immersed in mineral oil, curved color banding is visible 
along with a natural-looking flux fingerprint and large gas bubbles. Field 


of view 7.19 mm. 
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Figure 22. This 0.70 ct tourmaline 
shows unique surface patterns. 


ruby or sapphire with healed fractures 
has undergone a process known as 
“quench crackling,” where fractures 
are created in the stone by heating and 
subsequent rapid cooling. This stone 
did not show the characteristic cellu- 
lar fracturing created by this process, 
making the healed fractures appear 
even more natural. The randomly 
fractured stone had been immersed in 
a flux melt. The flux melt filled and 
partially healed the fractures while 
the stone gradually cooled, which re- 
sulted in natural-looking fingerprints 
of residual flux. This treatment is 
usually seen in flame-fusion synthetic 
rubies (K. Schmetzer and F.-J Schupp, 
“Flux-induced fingerprint patterns in 
synthetic ruby: An update,” Spring 
1994 G&G, pp. 33-38). 


Michaela Stephan 


Unique Circuit Board-Like Surface 
Pattern on TOURMALINE 


The Tokyo laboratory recently re- 
ceived a 0.70 ct blue-green oval mod- 
ified brilliant measuring 6.62 x 4.99 x 
3.10 mm (figure 22). Standard gemo- 
logical testing yielded a refractive 
index of 1.620-1.640, uniaxial inter- 
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Figure 23. The circuit board-like features point mainly in three directions 
on the crown (left) and are aligned in only one direction on the pavilion 
(right). Field of view 3.95 mm (left) and 2.91 mm (right). 


ference pattern, and a hydrostatic spe- 
cific gravity of 3.10, all consistent 
with tourmaline. No Cu was detected 
with energy-dispersive X-ray fluores- 
cence (EDXRF). UV-Vis-NIR spec- 
trometry did not show Cu absorption 
bands but did show a strong Fe ab- 
sorption. This stone, therefore, did 
not meet the requirement to be desig- 
nated as a Paraiba tourmaline, whose 
dominant coloring agent of green/blue 


must be Cu (LMHC Information 
Sheet #6, 2012). 

Microscopic observation revealed 
a unique networked pattern, resem- 
bling the pattern of a circuit board, 
covering the overall surface of the 
stone. The surface features mainly 
pointed in three directions on the 
crown but did not show a clear three- 
directional pattern on the pavilion 
(figure 23). Viewed under reflected 


Figure 24. Some features on the table facet, photographed in reflected 
light, were parallel to the polish lines. Field of view 3.80 mm. 
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Figure 25. Features similar to the tourmaline’s superficial fractures have 
been seen on the surface of rough crystals such as this Burmese spinel 
with fractures that likely result from strain in the crystal lattice. Field of 
view 2.35 mm. 


light, some features at the table facet 
were parallel to the “polish lines” (fig- 
ure 24). No evidence of coating and no 
color concentration along the pattern 
were found. The conoscope image 
with crossed polarized filters showed 
that the table facet was perpendicular 
to the c-axis. Because tourmaline be- 
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longs to the trigonal crystal system, 
the features appeared to be crystallo- 
grapically aligned. That could also ex- 
plain why the patterns were different 
between the crown and the pavilion. 
We also observed tension cracks 
surrounding fluid inclusions, which 
indicated the possibility of heat treat- 
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ment. In addition, this color of tour- 
maline is commonly heat treated to 
improve its color. 

Because the unique patterns were 
related to the crystal structure, they 
may have been caused by thermal 
shock related to heat treatment and/or 
acid etching. Similar crystallographi- 
cally aligned surface features have 
been found on rough crystals of Tan- 
zanian tourmaline and Burmese spinel 
(figure 25; N. Renfro, pers. comm., 
202.1). What caused this pattern and 
how it came to be revealed on a 
faceted stone remains a mystery. More 
samples and further experiments are 
needed to unravel the cause of these 
unique and interesting patterns. 


Yuxiao Li and Yusuke Katsurada 
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Unusual Composite Apatite-CO, Inclusions in 
Sapphires from Ohn Bin Yee Htwet, Myanmar 


Routine investigation of a parcel of sapphires from Ohn Bin 
Yee Htwet near Mogok in Myanmar revealed something 
unexpected. Unusual composite inclusions were observed 
where one part of the inclusion exhibited flat, crisp, angu- 
lar planes, while the other part showed an irregular and 
rough surface (figure 1). Raman spectroscopy identified the 
two phases as apatite (the flat, crystalline-looking area) and 
CO, (the rough and irregular surface). 

The rough and irregular part of the inclusion also 
showed a gas bubble within the fluid CO,, which disap- 
peared when warmed in the well light of the microscope 
as the gas and liquid homogenized. These inclusions gen- 
erally sit atop a dense nest of rutile silk. The rutile silk is 
tightly clustered in the core of the sapphire crystals and 
terminates rather abruptly. A myriad of inclusions is often 


Figure 1. Composite apatite/CO, inclusion in a sap- 
phire from Ohn Bin Yee Htwet. Photomicrograph by 
Aaron Palke; field of view 1.99 mm. 
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Figure 2. A myriad of inclusions at the boundary be- 
tween the dense, silky core and the unincluded rim. 
Photomicrograph by Jonathan Muyal; field of view 
1.76 mm. 


found at the boundary between the dense, silky core and 
the unincluded rim (figure 2). 

While both apatite and CO, are routinely observed in 
sapphires from a variety of sources, finding both phases in 
a single inclusion is unexpected and has not been previ- 
ously reported, to the author’s knowledge. It is hypothe- 
sized that these inclusions formed when apatite was 


About the banner: Numerous hexagonal flakes of hematite and ilmenite 
are scattered throughout this obsidian from the Jemez Mountains, New 
Mexico, causing a silvery aventurescence. Photomicrograph by Nathan 
Rentro; field of view 2.04 mm. 
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Figure 3. Chondrodite crystal in a red spinel from 
Mogok viewed under darkfield, diffuse, and fiber- 
optic illumination. Photomicrograph by Charuwan 
Khowpong; field of view 1.05 mm. 


trapped within the sapphire and created a growth block- 
age, thus allowing the fluid present (CO,) to adhere to the 
surface of the apatite and sapphire to become included as 
well. 


Aaron C. Palke 
GIA, Carlsbad 


Chondrodite in Red Spinel from Mogok, Myanmar 


Myanmar, formerly known as Burma, is one of the world’s 
leading sources of gemstones. This includes red spinel with 
remarkable color, clarity, and appearance. A 1.507 ct red 
spinel collected from the Thit Saint Kone mining area in 
Mogok is part of GIA’s research collection. Its inclusion 
scene is dominated by a single round crystal with small 
trigons and a rough surface texture (figure 3]. The crystal 


Figure 4. The surface of the black oval cabochon dis- 
played a vivid example of the diagnostic polyp structure 
in black coral, shown using reflected light. Photomicro- 
graph by Britni LeCroy; field of view 2.90 mm. 


was identified as chondrodite by Raman spectroscopy. 
Chondrodite is a magnesium-rich variety within the hu- 
mite mineral group. This mineral requires relatively high 
temperature and pressure conditions to form, which are 
found in the Mogok Metamorphic Belt. Chondrodite forms 
during contact metamorphism of magnesium-rich lime- 
stones and felsic intrusions. 

Since chondrodite and spinel are both found in meta- 
morphosed Mg-rich marbles, it makes sense that they 
occur in association. Nevertheless, the combination of 
both minerals has rarely been documented in gems and, as 
such, is a potential indicator of Burmese origin in gem- 
quality red spinel (M.M. Phyo et al., “Spinel from Mogok, 
Myanmar—A detailed inclusion study by Raman micro- 
spectroscopy and scanning electron microscopy,” Journal 
of Gemmology, Vol. 36, No. 5, 2019, p. 423). 


Charuwan Khowpong 
GIA, Bangkok 


Natural Black Coral with Polyp Structure 


The authors recently examined a large black oval cabochon 
that was opaque with a slight waxy luster. Microscopic ex- 
amination revealed a layered concentric tree-like structure 
when a fiber-optic light was used, as well as round ring- 
like spherical structures. These observations are consistent 
with coral, and these individual spheres are referred to as 
polyps (figure 4). This is a great example of the diagnostic 
surface structure produced when black coral is cut and pol- 
ished into a cabochon. Oblique fiber-optic lighting revealed 
an intense orangy brown and black pattern, also consistent 
with the polyp structure of natural black coral (figure 5). 
This was the clearest example of this polyp structure the 
authors have examined in black coral. For additional infor- 
mation and images on black coral, see E.W.T. Cooper et al., 


Figure 5. Using oblique fiber-optic illumination, the 
orangy brown color and polyp structure were clearly 
visible. Photomicrograph by Britni LeCroy; field of 
view 2.90 mm. 
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Figure 6. This demantoid was faceted to better reveal 
the “horsetail” inclusions. The sample is 8 mm in 
diameter. Photo by U. Hennebois. 


Guide to the Identification of Precious and Semi-precious 
Corals: In Commercial Trade, World Wildlife Fund, Van- 
couver, Canada, 2011. 


Amy Cooper and Britni LeCroy 
GIA, Carlsbad 


Faceted Demantoid Garnet with Spectacular 
“Horsetail” Inclusions 


The Laboratoire Francais de Gemmologie (LFG) received 
for analysis an example of the yellowish green variety of 
andradite garnet known as demantoid. The gem was cut in 
such a way that spectacular “horsetail” inclusions are an- 
chored at the center of the table (figure 6). These inclusions 
are actually fibers (figure 7), which are present in some de- 
mantoids from the Ural Mountains (Russia) but also from 
Val Malenco (Italy), Baluchistan (Pakistan), as well as from 
Kerman (Iran) (W.R. Phillips and A.S. Talantsev, “Russian 
demantoid, czar of the garnet family,” Summer 1996 
G&G, pp. 100-111; Spring 2007 Gem News International, 
pp. 65-67; I. Adamo et al., “Demantoid from Val Malenco, 
Italy: Review and update,” Winter 2009 GWG, pp. 280- 
287; I. Adamo et al., “Demantoid from Balochistan, Pak- 
istan: Gemmological and mineralogical characterization,” 
Journal of Gemmology, Vol. 34, No. 5, 2015, pp. 428-433). 

The exact origin and composition of the “horsetail” in- 
clusions in demantoids are still under discussion. Those in 
demantoids from Russia, Italy, and Pakistan were reported 
to be chrysotile, and those from Iran calcite. On the other 
hand, a recent study of these inclusions in some demantoid 
garnets from the Ural Mountains showed that these might 
be hollow channels, sometimes containing minerals from 
the serpentine group, possibly the result of superficial 
weathering (A.Y. Kissin et al., “‘Horsetail’ inclusions in the 
Ural demantoids: Growth formations,” Minerals, Vol. 11, 
No. 8, 2021, article no. 825). Thus, the exact mechanism 
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Figure 7. Fibrous inclusions in a demantoid gar- 
net. Photomicrograph by U. Hennebois; field of 
view 1 mm. 


of formation of the “horsetail” inclusions in demantoid 
garnets is again open for discussion. 


Ugo Hennebois, Aurélien Delaunay, and 
Stefanos Karampelas (s.karampelas@lfg. paris) 
LFG, Paris 


Emmanuel Fritsch 
University of Nantes, CNRS-IMN, France 


Radioactive Green Diamond 


The rarity of naturally colored green diamonds has created 
the demand for artificially irradiated green diamonds. One 
2.42, ct green diamond recently examined by the author 
showed signs of radiation treatment by the use of radioac- 
tive salts (figure 8). Microscopic analysis revealed telltale 
green mottled and shallow radiation stains over large areas 


Figure 8. Green diamond treated with radioactive 
salts. Photo by Diego Sanchez. 
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Figure 9. A mottled green appearance was visible on 
the table facet of the green diamond treated with 
radioactive salts. Photomicrograph by Nathan Renfro; 
field of view 4.70 mm. 


of the stone, causing its green bodycolor (figure 9). These 
radiation stains were produced by exposing a cut and pol- 
ished diamond to radioactive salts for an extended period. 
The inert to ultraviolet light radiation stains were easily 
visible against the diamond’s blue fluorescence seen in the 
DiamondView (figure 10). 

Treatment using radioactive salts (such as radium) is 
not often used anymore, as this method may produce dan- 
gerously radioactive diamonds. Today, most artificially ir- 
radiated diamonds are treated with a low-energy electron 
beam (Spring 2013 Lab Notes, pp. 46-47). When tested 
with a Geiger counter, this stone was revealed to be 
weakly radioactive. 


Michaela Stephan 
GIA, Carlsbad 


Rainbow Graining in Diamond 


One of the more subtle inclusion scenes gemologists some- 
times observe in natural diamonds is the presence of crystal- 
lographically oriented structural defects known as “internal 
graining.” Often resulting from octahedral and cubic growth 
sectors of a diamond crystal competing for space during 
growth, these structural disconformities present as colorless, 
whitish, reflective, colored, and rarely rainbow varieties of 
graining (J.I. Koivula, The Microworld of Diamonds, Gem- 
world International, Northbrook, Illinois, 2000). Colorless 
graining is the most common type encountered, while 
whitish graining is somewhat less common and shows, as 
the name implies, a hazy white appearance in the immediate 
area of the structural defect zone. Colored graining often oc- 
curs when plastic deformation along the cleavage direction 
results in color causing defects in the diamond crystal lattice. 
If the defects are numerous enough, they can impart a body- 
color, which in the case of pink and red diamonds greatly en- 
hances their value. Reflective graining occurs as a result of 
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Figure 10. This diamond’s blue fluorescence provides 
strong contrast to the inert radiation stains, as shown 
by the DiamondView. Image by Michaela Stephan; 
field of view 8.265 mm. 


excess strain buildup from the crystallographic defects. The 
diamond's accumulated strain is released by separating along 
cleavage planes, leaving a reflective, mirror-like separation 
as the most obvious characteristic of this type of graining. 
The rarest of all types is known as “rainbow graining.” In 
these remarkable stones, the structural defects in the dia- 
mond’s crystal lattice are ordered layers, which act as a dif- 
fraction grating to reveal a vibrant display of spectra colors 
(Summer 2007 Lab Notes, p. 155). 

Recently, the author had the opportunity to examine 
a spectacular example of a yellow diamond containing 
prominent rainbow graining (figure 11). When the stone 
was rocked and tilted, the rainbow colors would appear 
and disappear (see the video at https://www.gia.edu/gems- 
gemology/winter-2021-microworld-rainbow-graining- 


Figure 11. This yellow diamond displayed a remark- 
able example of rainbow graining that appears and 
disappears as the stone is tilted. Photomicrograph by 
Nathan Renfro; field of view 4.64 mm. 


Ee 


Gems & GEMOLOGY Winter 2021 385 


diamond). The elusive beauty of this type of graining and 
the difficulty with which it is observed make this type of 
graining a rare and welcome sight in natural gem diamonds. 


Nathan Renfro 
GIA, Carlsbad 


Monazite (?) in Quartz 

We recently examined an interesting 10.54 ct transparent, 
colorless, square modified step cut with a slightly convex 
table facet (figure 12). The faceted rock crystal quartz host, 
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Figure 12. This 10.54 ct 
rock crystal quartz is 
host to a transparent 
yellow mineral inclu- 
sion. Photo by Annie 
Haynes. 


measuring 11.82 x 11.77 x 9.57 mm, is from Itinga in 
Minas Gerais, Brazil, and came to us from Luciana Barbosa 
at the Gemological Center in Asheville, North Carolina. 

The gem played host to an eye-visible transparent yel- 
low crystal located near its center, which was visible from 
several directions. On examination with a gemological mi- 
croscope, we observed a transparent yellow angular crystal 
of what appeared to be monazite, with a skirt of small 
stress cracks, suspended in the quartz (figure 13). 

Laser Raman microspectrometry was not able to iden- 
tify the inclusion because it was too deep in the host; all it 


Figure 13. The transpar- 
ent yellow monazite (%) 
inclusion in the rock 
crystal quartz and the 
stress cracks immedi- 
ately surrounding it are 
both clearly visible in 
this image. Photo- 
micrograph by Nathan 
Renfro; field of view 
4.86 mm. 
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returned were quartz peaks. Energy-dispersive X-ray fluo- 
rescence (EDXRF) also failed to produce hints of unusual 
chemistry on the inclusion. After several attempts at 
Raman and EDXRE we realized that destructive analysis 
would be needed to clearly identify the yellow crystal, but 
destructive analysis was not possible. 

As a result, we turned to optical mineralogy and the 
crystal habit shown by the well-formed inclusion. Morpho- 
logically, the inclusion looked like monazite crystals we 
have encountered in the past, and it appeared to be mono- 
clinic. The yellow color also suggested monazite. The in- 
clusion showed its birefringent (anisotropic) nature with 
bright interference colors in polarized light (figure 14). A 
small condensing lens was used to pull a partial biaxial in- 
terference figure from the inclusion. The crystal had weak 
pleochroism, and a Becke line test showed that the inclu- 
sion had a higher refractive index than the surrounding 
host quartz. All of these findings could lead to its identifi- 
cation as monazite. But there is still a nagging uncertainty, 
so we are left with “monazite (?).” 


John I. Koivula and Nathan Renfro 
GIA, Carlsbad 


Spiral Nacre in Natural Pearl 


Nacreous pearls are known to have platelet growth resem- 
bling fingerprints or topographic maps, but a less common 
appearance is nacre with a concentric spiral pattern. The 
feature is sometimes seen in small patches in unprocessed 
saltwater pearls. One recent example was exceptional as it 
showed spiral formations throughout its entire surface (fig- 
ure 15). The pearl was determined to be a natural saltwater 
pearl from the Pinctada genus. Nacre is composed of arag- 
onite crystals and conchiolin protein, with the crystals act- 
ing like bricks and the protein acting like mortar. The 
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Figure 14. The mon- 
azite (2) inclusion 
shows its birefringent 
(anisotropic) nature 
with bright interference 
colors in polarized 
light. Photomicrograph 
by Nathan Renfro; field 
of view 3.06 mm. 


explanation for spiral patterns is complex and involves the 
development of screw dislocation defects during nacre for- 
mation as predicted by the Burton-Caberra-Frank theory 
(J.H.E. Cartwright et al., “Spiral and target patterns in bi- 
valve nacre manifest a natural excitable medium from 
layer growth of a biological liquid crystal,” PNAS, Vol. 106, 
No. 26, 2009, pp. 10499-10504). 

Britni LeCroy 


Windmill Zoning in Tourmaline 


Tourmaline often displays color zoning. Popular examples 
include parti-color tourmaline (color zoning perpendicular 
to the c-axis) and watermelon tourmaline (pink and green 
color zoning parallel to the c-axis). A more peculiar type of 


Figure 15. Concentric spiral nacre formations seen on 
a natural saltwater pearl. Photomicrograph by Britni 
LeCroy; field of view 2.34 mm. 
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Figure 16. Colorless windmill-shaped zoning in tour- 


maline, as seen with diffused light. Photomicrograph 
by Britni LeCroy; field of view 9.60 mm. 


abundant colorless zoning with windmill structures (figure 
16) was seen by the author in a 8.55 ct pink faceted tour- 
maline. The table was cut perpendicular to the length of 
the crystal to reveal the windmill zoning as parallel to the 
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c-axis, terminating at the crown and pavilion. This charac- 
teristic was visible with or without the use of a microscope. 
However, diffused transmitted light was necessary for ob- 
servation in both cases. The stone did not possess any other 
visible inclusions, but some areas showed fully formed col- 
orless hexagonal zoning following the c-axis. This feature 
bore a mild resemblance to windmill inclusions seen in 
sphalerite (Summer 2020 G@G Micro-World, p. 295). 


Britni LeCroy 


Quarterly Crystal: Rutile on Hematite 


When we think of the micro-world of gems and minerals, 
we usually think of transparent to translucent host mate- 
rials. However, there are also a number of opaque minerals 
used as gems that are composed of chemical elements such 
as copper, iron, and titanium. One of these is hematite. 
Recently we had the opportunity to study an unusual 
hematite crystal sent by Ali Shad of Shad Fine Minerals in 
Gilgit-Baltistan, Pakistan. The geographic source for the 
hematite crystal pictured in figure 17 is the Yangslo mine, 
located in the Basha Valley of Gilgit-Baltistan. At 178.33 
ct and 39.83 mm in the longest direction, this “floater” 


Figure 17. Measuring 
39.83 mm and weigh- 
ing 178.33 ct, this Paki- 
stani hematite crystal 
is host to a geometric 
outer skin of sagenitic 
rutile. Photo by Diego 
Sanchez. 
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hematite crystal (with no points of attachment to the sur- 
rounding rock) plays host to a sagenitic network of epitax- 
ial, surface-oriented, opaque dark gray acicular rutile 
crystals as large as 4 mm in length. 

Using laser Raman microspectrometry, the identifica- 
tion of the sagenitic crystals was confirmed as rutile. En- 


Rainbow Graining in Diamond 


To see video of a yellow diamond containing spectacular 


rainbow graining, go to www.gia.edu/gems-gemology/ 
winter-2021-microworld-rainbow-graining-diamond 
or scan the QR code on the right. 


Figure 18. The sagenitic 
epitaxial structure of 
the acicular rutile crys- 
tals on the surface of 
this hematite gives the 
substrate an other- 
worldly appearance. 
Photomicrograph by 
Nathan Renfro; field of 
view 11.28 mm. 


ergy-dispersive X-ray fluorescence (EDXRF) analysis showed 
the dominant presence of iron and titanium, with a trace of 
manganese. As shown in figure 18, the euhedral rutile crys- 
tals were situated on the hematite crystal in the form of a 
geometric sagenitic boxwork. 

John I. Koivula and Nathan Renfro 
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Colored Stones from the Deep 


Minerals used as gemstones are all around us—for exam- 
ple, feldspar minerals [(Na,K,Ca)Al,, Si, .O,] and quartz 
(SiO,) that make up the bulk of the earth’s crust—and if 
we were to observe the earth’s mantle down to about 400 
km deep, we would find an abundance of the mineral 
olivine [(Mg,Fe),SiO,], known as peridot in the gem trade 
(figure 1). However, most minerals we encounter would 
not be considered gems due to their small grain size, lack 
of transparency, undesirable colors, or lack of durability for 
ornamental purposes. Gem-quality minerals require very 
specific conditions of pressure, temperature, and chemistry 
to occur. These unique geological environments are quite 
uncommon, leading to the rarity of fine-quality gemstones 
in the earth. 

In previous issues of Gems & Gemology, the “Dia- 
monds from the Deep” column addressed aspects of cur- 
rent research on diamond geology. To a geologist, diamonds 
and their inclusions are ideal tools to study the deep earth 
(below about 35 km), a region totally inaccessible to tradi- 
tional geological studies involving field mapping and petro- 
logical observations of hand samples collected at or near 
the earth’s surface. On the other hand, most colored gem- 
stones are formed in the crust—the outermost rocky layer 
of the earth, reaching down to a depth of roughly 35 km. 
Still, colored stone deposits are geologically diverse, and 
many gem-quality crystals do come from the earth’s man- 
tle or the very deepest parts of the crust. The formation of 
colored stones from the crust-mantle transition and below 
will be the focus of our first installment of this new col- 


Editors’ note: Questions or topics of interest should be directed to Aaron 
Palke (apalke@gia.edu) or James Shigley (ishigley@gia. edu). 
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umn. Future installments will appear in the journal on a 
periodic basis and will focus on geological concepts related 
to colored stones that readers now regularly encounter in 
articles on gems and gem localities. If there are topics of 
interest for future installments, readers are encouraged to 
contact the column editors. 


Colored Stones and the Deep Earth 


We will now describe some of the colored gemstones that 
provide important information on the mineralogy, compo- 
sition, and evolution of the earth. 


Figure 1. “Healing Sisters” rings with Four Peaks 
amethyst and San Carlos peridot, both from the San 
Carlos Apache Reservation in Arizona. These stones 
represent the geological diversity of colored stone for- 
mation from the earth’s near surface in the crust 
(amethyst) to the mantle (peridot). Photo by Maha 
Tannous; courtesy of Apache Gems. 
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Peridot. If one wanted to lay hands on a rock formed deep 
in the earth’s mantle, the barren deserts in northern Ari- 
zona would be the place to go. On the San Carlos Apache 
Indian Reservation, there are fields of geologically recent 
(~one-million-year-old) lava flows containing xenoliths of 
the mantle rocks these magmas passed through on their 
way to the surface. The alkali basalts in this area are a 
dull, dark gray color, but occasionally they contain vividly 
colored nodules composed of crystals or grains of apple 
green olivine and darker green pyroxene |(Ca,Mg,Fe]SiO,] 
minerals (figure 2). San Carlos Apache tribal members 
mine the basalts to recover the gemmy olivine (peridot) 
contained within the nodules. Because the peridot-bearing 
nodules are considered a close analogue for the bulk com- 
position of the earth’s mantle, the olivine is widely used 
as a starting material for experimental geochemical stud- 
ies aimed at interpreting the dynamics and evolution of 
the mantle (e.g., Kubo et al., 1998; Liu et al., 2005; Tollan 
et al., 2018). Similar xenolith-rich alkali basalts found in 
China, Australia, and Vietnam provide information on the 
composition of the earth’s mantle since, as stated earlier, 
olivine is a principal mineral phase. 


Volcanically Sourced Sapphire and Ruby. Another glimpse 
deep into the earth comes from volcanically associated rubies 
and sapphires. These types of gem corundum (AL,O,) are 
found predominantly near the continental margins of Aus- 
tralia and Southeast Asia, where they are associated with vo- 
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Figure 2. Faceted peridot 
sitting atop a 1.029 kg 
peridot nodule contained 
within the host basalt. 
The nodule of peridot 
was sourced from the 
earth’s mantle brought 
up as a xenolith in the 
basalt as it traveled to 
the earth’s surface. Photo 
by Orasa Weldon. 


luminous alkali basalt extrusions that acted as the mecha- 
nism of transportation to bring these gems to the surface. 
Some volcanically transported sapphires are found in the U.S. 
state of Montana, as well as where other volcanic formations 
such as rhyolites (silica-rich volcanic rocks) or lamprophyres 
(potassic, magnesium-/iron-rich volcanic rocks) would have 
been involved. In contrast to many colored stones, these sap- 
phires and rubies formed in an extensional rather than a 
compressional tectonic setting in the crust. In this situation, 
thinning of the crust allowed for upwelling and eruption of 
magmas largely derived from the mantle, such as alkali 
basalts. It is important to point out that the sapphires and 
rubies were only transported by these basalts—not formed 
within or by the basalts themselves. Analysis of inclusions 
within the basalt-related gem sapphires—including feldspar, 
pyrochlore |(Na,Ca},Nb,O,(OH,F)], zircon (ZrSiO,), and melt 
inclusions—indicates their formation from syenitic-type 
magmas. These sodium-rich silicate magmas likely formed 
near the boundary between the earth’s crust and mantle and 
may be related to metasomatism, or the circulation of hot 
fluids, in the earth’s mantle (Graham et al., 2008; Giuliani 
and Groat, 2019). The basalt-related rubies likely formed 
from a more aluminous and mafic (magnesium- and iron- 
rich) protolith. The rubies have been suggested to have 
formed through metamorphism of such protoliths, although 
the identification of melt inclusions in these basalt-related 
rubies suggests the involvement of melting or magmatic 
processes in their formation (Palke et al., 2018). 
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Deep Crustal Gems. The rocks at the earth’s surface con- 
tain a tremendous record of the geological evolution of our 
planet. Since the beginning of the earth’s history, the pri- 
mary dynamic force has been the slow transfer of heat 
from deep in the core and mantle to the surface. This heat 
transfer is the engine for convection in the mantle and the 
slow drift of the tectonic plates at the surface. Earth’s con- 
tinental crust has grown and evolved with these processes, 
meaning the crust serves as a sort of record of tectonic ac- 
tivity. Many geologists have spent their careers tracing out 
fault lines, dating rocks, and connecting the dots on geo- 
logical formations to understand how the continents have 
been variously ripped apart and sutured together again. 
Geologists specializing in tectonics use specific tectonic 
events, especially orogenic (or mountain-building) events 
involving the collision of two or more continents, as 
markers of the passage of geological time. In fact, most 
colored stone deposits are the direct result of these colli- 
sional orogenic events, with the intense heat, pressure, 
and fluid movement generated acting as the catalyst for 
crystallization of gemmy crystals of corundum, beryl 
(Be,AL,Si,O,,), and garnet [(Ca,Mg,Fe),(Al,Fe),Si,O,,]. How- 
ever, some of these gems were formed at more extreme 
conditions and record a view of the deep earth not seen in 
most other precious stones. 

Modern collisional tectonic events are generally initi- 
ated with subduction of oceanic crust beneath the conti- 
nental crust and down into the mantle. Subduction of the 
oceanic crust has been linked to the formation of deep di- 
amonds as far down as the lower mantle (Smith and 
Nestola, 2021). This process is also responsible for the for- 
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mation of one of the most sought-after colored stones: 
jadeite jade (figure 3). A high-pressure mineral rich in 
sodium, aluminum, and silicon, jadeite (NaAISi,O,) is a 
unique record of the fate of rocks and fluids subducted into 
the earth. Estimates of the geological conditions for jadeite 
mineralization indicate depths from below about 20 km to 
an astonishing 80 km below the surface of the earth (Stern 
et al., 2013; Harlow et al., 2015). At these great depths, the 
immense pressure of the overlying rock column enhances 
the solubility in water of certain chemical components, in- 
cluding sodium, aluminum, and silicon. The fluids trapped 
by the subducted oceanic crust (mostly water) can dissolve 
these necessary chemical components from their host rock 
and migrate upward into the overlying mantle wedge in- 
cluding oceanic crustal rocks, and forming the so-called 
mélange matrix. As these fluids make their way up into 
the mélange matrix, the dissolved chemical components 
precipitate out and crystallize jadeite in veins representing 
the original fluid flow pathways. The truly astonishing as- 
pect of this is the fact that these deep rocks can now be 
found right at the earth’s surface. Jadeite deposits represent 
the movement of subducted material from 20-80 km up to 
the surface in exhumation channels either during or after 
the cessation of subduction and collision (figure 4). Jadeite 
deposits are useful as markers and indicators, both geo- 
graphically and temporally, of fossil subduction and colli- 
sional tectonic events. 

One final example of a colored gemstone recording 
deep geological processes comes from the Dora Maira gar- 
nets found in the Italian Alps (figure 5). These are unique 
in the world in being nearly pure pyrope garnets 


Figure 3. Sawn jadeite 
boulders, 650 kg total. 
Jadeite formed in an- 
cient subduction zones 
where the circulation of 
fluids brought together 
all the necessary chemi- 
cal components to form 
jadeite. These pieces 
clearly demonstrate the 
involvement of fluid 
flow in the formation of 
the jadeite. Photo by 
Wim Vertriest. 
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Figure 4. Schematic diagram of a jadeite formation environment in a subduction zone. As oceanic crust is sub- 
ducted, material builds up in an accretionary prism. Further down, jadeite forms in a high-pressure serpentinite 
mélange at roughly high-pressure, low-temperature (HPLT) conditions. To reach the surface, this jadeite must be 
transported from 20 to 80 km in exhumation channels. Lithological variations and thermal structures are modified 
after Gerya (2011). High-pressure serpentinite mélange, location of exhuming high-pressure rocks, and environment 
of jadeite formation are based on Stern et al. (2013). Used with permission from Tsujimori and Ernst (2014). 


(Mg,AL,Si,O,,). Their formation would have required ex- _ of these garnets and their host rocks indicate formation 
treme pressures as well as a very magnesium-rich andrel- —_ at depths of around 120 km (Chopin and Schertl, 1999). 
atively iron-poor source (protolith). Petrological studies | This means Dora Maira pyrope garnets formed in the di- 


Figure 5. Pyrope garnets 
_ from Dora Maira, Italy. 
These garnets formed 
as part of the earth’s 
continental crust was 
subducted down to 120 
km in the diamond sta- 
bility field. The faceted 
stones range from 0.50 
to 1.69 ct. Photo by 
Diego Sanchez; cour- 
tesy of Todd Wacks, 
Tucson Todd’s Gems. 
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Box A: How Do WE KNOW THE INTERNAL STRUCTURE OF THE EARTH? 


Figure A-1 shows the layered structure of the earth. The 
crust makes up the uppermost rocky layer down to about 
35 km, with the mantle below. The mantle extends down 
to about 2,890 km and is divided into three parts: the 
upper mantle, the lower mantle, and an intermediate 
transition zone between the two from 410 to 660 km. 
The divisions are based on major changes in the miner- 
alogy and physical properties of each layer. While the 
crust is mostly made up of quartz and feldspar minerals, 
the mantle is more magnesium- and iron-rich and silica- 
poor. The upper mantle is believed to be dominantly 
composed of minerals olivine, garnet, and pyroxenes. The 
major distinction between the upper and lower mantle is 
the transition to a mineralogy dominantly composed of 
bridgmanite [(Mg,Fe]SiO,] in the lower mantle with var- 
ious phase transformations occurring in the so-called 
transition zone. Below the mantle is the core from 2,890 
km to the earth’s center. The core is made of an iron- 
nickel metal alloy and is divided into the solid inner core 
and molten outer core. Meteorites represent planetary 
cores formed at very different pressures and tempera- 
tures, and their minerals, such as olivine, are used to un- 
derstand Earth’s core and structure. 

But first, how do we know what we claim to know 
about the interior structure of the deep earth? The fur- 
thest underground humans have gone to directly observe 
deep rocks is 4 km below the surface at the Mponeng gold 
mine in South Africa. The deepest rocks brought to the 
surface directly in drill core sections have come from the 
Kola Superdeep Borehole in northwestern Russia, which 
reached depths of 12.26 km. However, this is only a frac- 
tion of the expected thickness of 35 km for the continen- 
tal crust in this region. Indirectly, by geophysical 
methods and/or by analyzing parts of the deep earth 
brought to the surface by geological processes, geoscien- 
tists have been able to reconstruct the earth’s interior. 

Geoscientists can use several ways to study the inte- 
rior of the earth: 


1. The study of rocks, formed deep in the lower crust or 
upper mantle, that are brought to the earth’s surface by 
geological activity. 

The collision of two continental plates can create 
conditions where one plate is carried (or subducted) by 
tectonic forces beneath an adjacent plate. This subduc- 
tion can transport crustal rocks down into the upper 
mantle, where they undergo metamorphism. Because 
they are less dense than the surrounding mantle rocks, 
these altered crustal rocks are sometimes gradually lifted 
back toward the surface and often carry with them pieces 
of mantle. When exposed at the surface by erosion, they 
become accessible to geologic study. 

Volcanic eruptions, which produce igneous rocks 
such as basalt and andesite, occur along mid-oceanic 


394 COLORED STONES UNEARTHED 


ridges and above subduction zones. Igneous magmas can 
incorporate fragments of rocks (called xenoliths) as well 
as minerals (called xenocrysts) from regions of the lower 
crust or upper mantle through which the magmas pass. 
The example most familiar to gemologists is the trans- 
port of diamonds from deep in the earth to the surface 
by kimberlite or lamproite magmas. 


2. The study of inclusions in lower crustal or upper man- 
tle xenocrysts (crystals of different origin (xeno-) in- 
cluded within an igneous body such as diamond, garnet, 
olivine (peridot), and pyroxene) that sometimes incorpo- 
rate inclusions of mineral grains that originated from the 
deep environment of xenocryst formation. Inclusions in 
diamonds are particularly important as they are insu- 
lated deep in the earth from alteration and other miner- 
alogical changes over extended periods of geologic time. 
Some mineral inclusions containing certain radioactive 
elements can be age-dated to give some idea of when the 
host xenocryst formed. 


3. Experimental studies carried out in a laboratory can 
also be used to understand the deep earth. Several types 
of high-pressure and high-temperature experiments can 
be conducted in order to better understand the forma- 
tion, physical properties, and behavior of minerals and 
rocks under lower crust and upper mantle conditions. 
Such experiments allow geoscientists to verify observa- 
tions of geological features made in the field. In these 
experiments, researchers artificially recreate the ex- 
pected chemical composition of various parts of the 
earth—either the crust or mantle—and apply high pres- 
sures and temperatures to simulate conditions deep in 
the earth. Recovery of the experimental charge can 
allow insight into the mineralogy and composition of 
the deep earth. 

The use of a diamond anvil cell allows researchers to 
subject small fragments of a test material to extreme 
pressures by compressing the material in a pressure 
medium between the polished culets of two small dia- 
monds. A tiny piece of ruby is included within the cell 
as a pressure indicator (since the wavelengths of the flu- 
orescence emission of ruby are known to change with 
pressure). The test material within the cell can be heated 
by external or internal means. It can also be viewed 
through the transparent anvils. While at high pressures 
such as those existing within the earth, the test material 
can be studied by absorption and emission spectroscopy 
and X-ray diffraction techniques. 


4. Geophysical studies allow us to measure and record 
time and intensity variations in energy and other types 
of signals traveling through the earth. These methods 
help determine changes in physical properties such as 
density and acoustic behavior among different rock 
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Figure A-1. Schematic diagram of the internal structure of the earth showing the crust, upper and lower mantle, and 
outer and inner core. The layered structure is a result of changes in mineralogy caused by changes in composition 
and/or increasing pressure and temperature with increasing depth. The cutaway diagram is not drawn to scale. 


types. Anyone who has ever experienced an earth- 
quake knows that energy waves travel from the source 
of the event. With an extensive network of seismome- 
ters deployed around the world, scientists can docu- 
ment the trajectories of seismic waves from 
earthquakes and underground explosions. These seis- 
mic waves can travel along the surface and below the 
surface, where they can be reflected through or re- 
fracted by the different internal zones. In an analogous 
fashion, variations in magnetic, gravitational, electri- 
cal, and electromagnetic signals (measured at the sur- 
face and in boreholes and sometimes obtained by 
regional aerial surveys) can also help us understand 
the earth’s internal structure. 
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5. Planetary studies and meteorite research have allowed 
scientists to gain information about the earth’s interior. 
Meteorites originate from inside the solar system, and 
most are fragments of asteroids that broke apart long ago 
in the “asteroid belt” located between Mars and Jupiter. 
The iron-nickel alloy composition of a number of mete- 
orites is thought to be similar in composition to the 
molten inner core of the earth. These so-called chon- 
dritic meteorites are particularly useful for understand- 
ing the composition of the earth, as these are thought to 
have “primitive” compositions representing the original 
composition of the solar system. The compositions of 
these chondritic meteorites can also be used as a proxy 
or an estimate of the bulk composition of the earth. 
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amond stability field at a depth where some lithospheric 
diamonds may have been sourced (Hermann, 2003). The 
Dora Maira garnets could only have formed in what were 
originally continental crustal rocks, which generally can- 
not be subducted to such great depths due to the generally 
buoyant nature of the continental crust. The Dora Maira 
deposit is proof that in some extraordinary conditions 
during continental collisional events, some continental 
crust can be essentially subducted into the earth. What is 
even more surprising is that age-dating of zircons associ- 
ated with these garnets suggests that the Dora Maira mas- 
sif would have moved from a depth of around 120 km in 
a timescale of only 5-6 Ma, an astonishingly brief period 
in a geological sense. 
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Colored Stones and the Earth’s Crust 

Geological study of the deep earth is fundamental to an un- 
derstanding of plate tectonics, the earth’s evolution, and the 
overall dynamics of our planet. However, most colored 
stones are formed through geological processes at work from 
a few tens of kilometers deep right up to the earth’s surface, 
essentially. The interplay between the solid, rocky crust and 
the hydrosphere (all the earth’s water), the atmosphere, and 
the biosphere (all the earth’s life) gives rise to an enormous 
diversity of geological conditions, many of which are capable 
of producing fine gemstones through geological timescale. 
The processes occurring in the earth’s crust that are respon- 
sible for colored gemstone deposits will be the primary focus 
of future installments of this column. 
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Biogenic carbon in pink corundum from southern West 
Greenland. Some of the oldest ruby is found in the south- 
ern part of West Greenland. Although the most famous lo- 
cality is the Aappaluttoq deposit—where corundum is 
hosted by igneous rocks (N. Keulen et al., “Formation, ori- 
gin and geographic typing of corundum (ruby and pink sap- 
phire) from the Fiskenzsset complex, Greenland,” Lithos, 
Vol. 366-367, 2020, article no. 105536)—several smaller 
occurrences are found throughout the region. A number of 
these smaller occurrences are hosted by metamorphosed 
sedimentary rocks that were tectonically interleaved with 
ultramafic rocks (figure 1). Fluid-assisted movement of sil- 
ica from the metasedimentary rocks to the ultramafic 
rocks and reverse movement of minor amounts of 
chromium during metamorphism have been proposed to 
cause the chemical conditions necessary for ruby growth. 

Pink corundum from these smaller occurrences con- 
tains various types of mineral inclusions, most notably ru- 
tile and graphite (figure 2). Two recent studies investigated 
these rocks with the goals of dating the absolute timing of 
corundum growth, understanding the corundum formation 
mechanisms, and determining the origin of graphite (V. van 
Hinsberg et al., “The corundum conundrum: Constraining 
the compositions of fluids involved in ruby formation in 
metamorphic melanges of ultramafic and aluminous 
rocks,” Chemical Geology, Vol. 571, 2021, article no. 
120180; C. Yakymchuk et al., “Corundum (ruby) growth 
during the final assembly of the Archean North Atlantic 
Craton, southern West Greenland,” Ore Geology Reviews, 
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Vol. 138, 2021, article no. 104417). Samples were collected 
from an occurrence near the town of Maniitsoq and from 
a second occurrence on Storg Island to the northeast of 
Greenland’s capital, Nuuk. 

Rutile inclusions are about 2.5 billion years old at both 
localities, based on uranium—lead geochronology. However, 
the pink corundum may be slightly older than this, given 
that the isotopic clock in rutile may only start sometime 
on the post-growth cooling history. Nevertheless, this con- 
strains the timing of corundum growth during the final sta- 
bilization of the continental crust in the region. 

This research also analyzed the carbon isotope compo- 
sition of graphite to determine its origin. In general, bio- 


Figure 2. Pink corundum from the Maniitsog locality 
containing a macroscopic inclusion of graphite. Photo 
by Kristoffer Szilas. 
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Figure 1. Field relationship of aluminum-rich metasedimentary rocks with ultramafic rocks at the Maniitsog pink 
corundum occurrence in Greenland. Corundum is found along the boundary between these two rock types. Photo 
by Kristoffer Szilas. 
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genic activity modifies carbon isotopes; living organisms 
preferentially incorporate the lighter isotope (!*C) compared 
with the heavier isotope (°C). Graphite from the Storg Is- 
land location was very enriched in the lighter isotope and 
was interpreted as a bona fide organic signature, which sug- 
gests that the graphitic carbon was originally part of a living 
organism. Graphite from the Maniitsoq pink corundum lo- 
cality was less enriched in the lighter carbon isotope, but 
the isotope signature was still most consistent with a bio- 
genic origin. Although the presence of carbon of biogenic 
origin is not surprising given the sedimentary nature of the 
host rocks, the research team modeled the chemical condi- 
tions necessary for corundum growth and suggested that 
the presence of graphite created the conditions in the rocks 
that facilitated corundum formation at the imposed depths 
and temperatures of metamorphism. 

Although the recognition of biogenic carbon in the 
form of graphite in pink corundum occurrences is based on 
a limited number of samples, future work should be able 
to determine how widespread this association is in south- 
ern West Greenland. In addition, in situ analysis of carbon 
in graphite inclusions using secondary ion mass spectrom- 
etry would help further test the hypothesis of a biogenic 
origin of graphite in 2.5 billion-year-old pink corundum. 
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Update on mining activity at Yogo Gulch, Montana. The 
Yogo sapphire deposit, discovered more than 100 years ago, 
has seen renewed mining interest over the last few years. 
The fame of Yogo sapphires was established in the first few 
decades the deposit was worked by the London-based New 
Mine Sapphire Syndicate. Then, a catastrophic flood in 
1923 destroyed the mine infrastructure and operations 
ground to a halt. Production was sparse and unpredictable 
for the next several decades. Notable events in the modern 
history of Yogo Gulch include the arrival of Chikara Ku- 
nisaki and the Roncor Corporation in 1973, which drilled 
the 3,000-foot Kunisaki tunnel at the old American mine, 
and the discovery of a new extension of the sapphire-bear- 
ing dike to the west of the deposit, which became the Vor- 
tex mine. Since 2017, there has been renewed interest in 
bringing back large-scale mining operations, and the au- 
thors had the chance to observe these activities firsthand 
in the summer of 2021. 

In 2017, Don Baide, a jeweler out of Bozeman, acquired 
the Vortex mine and started revamping the underground 
operations to bring the mine back online. In the 1990s, a 
modern 3,000-foot spiral ramp descending 475 feet was in- 
stalled at Vortex. Due to years of inactivity, Baide and his 
miners have had to spend considerable time pumping 
water out of the underground shafts and rehabilitating the 
mine, but they are now working through the winter down 
to the 400-foot level (figure 3). They have uncovered new 
exposures of the sapphire-bearing dike rock and expect to 
process ore from this level by the end of 2021. 

While Vortex is the most recently worked mine at Yogo 
Gulch, the bulk of the deposit lies to the east of Yogo Creek 
in what has become known as the Roncor property. This 
includes the old English mine at the far east of the deposit 


Figure 3. Underground 
operations in the Vor- 
tex mine at Yogo 
Gulch, Montana. Photo 
by Don Baide. 
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(figure 4), as well as the Kelly Coulee and the American 
mine (figure 5). In 2021, anew venture, Yogold U.S.A. Cor- 
poration, was created and acquired a lease to resume min- 
ing operations on the Roncor property. Yogold spent the 
summer mining open cuts of the Yogo dike as well as in- 
stalling a washing plant to recover sapphires. Yogold is also 
actively rehabilitating the Kunisaki tunnel, which has been 


Figure 4. A large por- 
tion of the Roncor 
property is home to 
the Gadsden house 
(lower left) and the 
eastern portion of the 
Yogo dike, which 
stretches for miles as a 
long trench (white 
arrow). Photo by 
Nathan Renfro. 


dormant for nearly 35 years. They plan to resume under- 
ground mining through the Kunisaki tunnel and signifi- 
cantly increase sapphire recovery underground. 

The jewelry company Parle’ of Pocatello, Idaho, has a 
strategic partnership with Yogold to market loose stones 
and manufacture jewelry featuring Yogo sapphires. Also of 
interest, documentary filmmaker Orin Mazzoni is produc- 


Figure 5. A view up the valley known as Kelly Coulee to the west of Yogo Creek. Photo by Aaron Palke. 
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Figure 6. A miner shows off his collection of Yogo sap- 
phires. Photo by Aaron Palke. 


ing a short film featuring the Yogo deposit that should be 
of interest to anyone fascinated by these brilliant blue 
gems. The film is expected to be released in early 2022. 

There are certainly many more treasures to be un- 
earthed at this rich deposit. While Yogo sapphires often 
carry a premium in the gem market for their rich corn- 
flower blue color (figure 6) and lack of treatment, the higher 
overhead costs of mining in the United States pose the 
main challenge. But with sustained and serious mining ac- 
tivity in progress, the gem trade may be seeing more of the 
famous Yogo sapphire in the coming years. 
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Banded turquoise from Zhushan County, Hubei Province, 
China. Zhushan County in China’s Hubei Province is the 
world’s most abundant source of commercial gem-grade 
turquoise (F. Xu, “Study on turquoise in Shiyan City, Hubei 
Province,” Shanghai Art # Crafts, No. 3, 2017, pp. 30-32). 
It produces turquoise with special patterns, including 
“raindrop,” “Tang tricolor,” “growth layer,” “spiderweb,” 
“water grass vein,” and “Ulan flower” (L. Liu et al., 
“Unique raindrop pattern of turquoise from Hubei, 
China,” Fall 2020 GwG, pp. 380-400). Turquoise materials 
with growth layers display a yellow, red, brownish red, 
brown, blue, or blue-green banded structure, occasionally 
accompanied by tiny colored spots. This pattern is called 
“banded turquoise” in the trade. The gemological and min- 
eralogical characteristics, color origin, and origin traceabil- 
ity of common turquoise have been well studied. However, 
there are few reports on banded turquoise, which is highly 
valued in the Chinese market. 

Six specimens of banded turquoise were obtained 
through long-term cooperation of local miners from the 
turquoise market in Zhushan. The specimens displayed 
numerous bands with various colors, including blue, green, 
yellow, red, and brown (figure 7). The band profiles of sam- 
ples T1, T3, T4, and T6 were separated according to color 
for investigation (figure 8). Specimens T3 and T5 were se- 
verely damaged during the cutting process and could not 
meet the requirements of FTIR testing, but they were 
measured to analyze the composition and structure. The 
FTIR absorption spectra, which were typical of those for 
turquoise, were essentially identical in the various bands 
within a sample (figure 8). The FTIR absorption fingerprint 
peaks of turquoise, produced by the vibrations of the phos- 
phate group, range from 483 to 653 cm! and from 1000 to 


Figure 7. Banded 
turquoise specimens 
from Zhushan County, 
China. Photos of the six 
specimens show the 
variation in the color 
and width of the bands 
as well as the sharpness 
of the boundaries be- 
tween bands. Photos by 
Tianting Lei. 
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Figure 8. Division of bands and FTIR spectra of specimens T1, T3, T4, and T6, which were sliced open. A: T1-1 
through T1-6, six bands. B: T3-1 through T3-6, six bands. C: T4-1 through T4-7, seven bands. D: T6-1 through T6-5, 
five bands. Photos by Tianting Lei. 
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Figure 9. SEM microtopography of different bands in 
samples T1, T2, T3, and T6. Images by Tianting Lei; 
field of view 13.5 pm. 


1200 cm, respectively. The FTIR absorption peaks of the 
functional group area, characterized by the vibrations of 
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water molecules and hydroxyl ions (Q.L. Chen et al., 
“Turquoise from Zhushan County, Hubei Province, 
China,” Fall 2012 GWG, pp. 198-204), are located near 842, 
787, 1659, 3087, 3290, 3461, and 3508 cm. 

The banded turquoise microcrystals were characterized 
by platy, columnar, and layered structures visible with scan- 
ning electron microscopy (SEM) (figure 9). The samples had 
a disorderly crystal structure, except for the deep green band 
(T6-2) with specific directionality. The more deeply satu- 
rated turquoise had higher density, less porosity, and more 
compactness than the lighter-colored turquoise. The edges 
of the blue band turquoise (T1) microcrystals were straight 
and clear with sharp corners (T1-5), while the red and brown 
band turquoise microcrystals did not show sharp corners 
(T1-2, T1-4). The same was true for specimens T2 and T3. 
The edges of the turquoise microcrystals were always 
straight, while the corners of blue band turquoise microcrys- 
tals (T2-2, T3-1) were sharper than those of the red bands 
(T1-2) and yellow bands (T3-3, T3-5) in the same samples. 

The chemical compositions for turquoise (as a micro- 
crystalline aggregate mineral) obtained from electron probe 
microanalysis (EPMA) are often not completely consistent 
with the theoretical value, which is mainly due to the 
mixed weathering and leaching of minerals. The chemical 
composition of bands in specimens Tl, T3, and T5 is 
shown in table 1. There was little difference in the chem- 
ical composition of each band within the same turquoise, 
except for the FeO, content in specimen T1. Additionally, 
there was no obvious linear relationship between the con- 
tent of other major elements and the color change of 
turquoise in each band. In specimen T1, the FeO, contents 
of the red band (T1-2), brownish red band (T1-3), brown 
band (T1-4), and tan band (T1-6) were higher than that of 
the blue band (T1-1, T1-5). 

Although bands in this turquoise showed obvious color 
differences, there was no obvious difference in the infrared 
spectrum and chemical composition of each band. The crys- 
tallinity of blue bands was higher than that of the red, 
brown, and yellow bands. An explanation of the formation 
mechanism of this material needs further investigation. 


Tianting Lei, Yan Li, Fengshun Xu, and Mingxing Yang 
Gemmological Institute, 
China University of Geosciences, Wuhan 


Blue zircon reportedly from Malawi. Blue zircon is perhaps 
best known from Cambodia, with most if not all of the ma- 
terial recovered as brown stones that turn blue upon heat- 
ing. Recently, Brent Smith of Phoenix Gems supplied us 
with a parcel of rough and cut zircons (figure 10) reportedly 
from a new deposit in Malawi. According to Smith, the 
mine is located in southern Malawi, near Maripa in the dis- 
trict of Chikwawa. The Michigan-based Phoenix Gems is 
in partnership with Malawi locals Jepther Ngwira and 
Matthias Chimbuto, who oversee mining. Heat treating 
and cutting operations are handled by Smith in the United 
States. Smith also reported that fewer than 10 kg of mate- 
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TABLE 1. Composition of bands in turquoise samples T1, T3, and T5 by EPMA (wt.%). 


Band 


AIO, SiO, Na,O _—~wPO,, FeO, CaO ZnO SO, K,O CuO ‘Total? 
T1-1 35.940 6.092 0.029 31.022 1.326 0.068 0.094 0.145 0.149 8.765 83.630 
T1-2 36.840 4.414 0.251 32.129 1.413 0.091 «(0.169.132 0.236 = 7.862 83.537 
Tiles 36.772 2.953 0.296 31.542 2.514 0.279 0.121 0.166 0.188 8.126 82.956 
T1-4 35.248 4.952 0.604 +=. 29.431 2.856 = 0.165. 0.131 0.096 = 0.382 7.777 81.642 
T1-5 38.735 3.758 0.022 31.996 =—1.304 = 0.057 —S (0.065.173 0.224. 7.529 83.863 
T1-6 37.119 2.387 0,033.» -32.065 2.903 0.089 S076 = 0.151 (0.045. 8.087 — 82.955 
T3-1 35.935 1.522 0.027 32.943 5.049 0.059 0.052 = 0.432,—Ss 0.017, «9.231 85.267 
13-2 35.317 1.802 0.007 32.292 6.712.083.0021 s(0.401S «0.032: 9.186 =~ 85.853 
13-4 36.824 0.820 0.024 32.802 5.377 0.073 0.053 0.393 0.029 9.251 85.646 
T5-1 35.453 3.782 = 0.049. 32.527 2.307 0.062, —Ss«0.490 0.310 = 0.099 7.750 81.433 
T5-2 33.467 6.691 0.007 29.844 2.060 0.039 0.393 0.268 0.095 7.064 80.198 
T5-3 34.804 4.224 0,043 32.337 2.945. 0.076 ~—0.543, «0.313. :0.092,- 7.277 81.654 
15-4 34.643 3.464 0.029 31.540 3.315 0.083 0.551 0.320 0.090 7.389 80.424 
T5-5 34.303 3.266 = 0.035. = 31.620. 2.309 = 0.091.586 (0.344. 0.101 = 7.407 — 80.062 
T5-6 34.787 4.207 0.049 31.619 2.569 = 0.060 (0.604. = (0.334. = (0.094. 7.303 81.626 
Ideal” 37.600 34.900 9.780 82.280 


“Turquoise contains an ideal H,O content of 17.72% (J. Cejka et al., “Raman and infrared spectroscopic study of turquoise minerals,” Spectrochimica 
Acta Part A: Molecular and Biomolecular Spectroscopy, Vol. 149, 2015, pp. 173-182). Because this has not been tested in this experiment, the total 
content of the measured elements is less than 100%. 

The ideal contents of Al,O,, P,O,, and CuO in turquoise come from the literature (Cejka et al., 2015). 


rial has been produced to date, much of which he has heat blue and some bicolor blue and colorless stones. So far, 
treated using a proprietary process to produce a range of _ only about 20 stones have been faceted. 


Figure 10. This suite of 
zircons, reportedly from 
Malawi, shows un- 
heated brown starting 
material, examples of 
rough material after 
heat treatment, and six 
examples of faceted 
stones (the largest stone 
weighs 7.70 ct). Photo 
by Diego Sanchez; cour- 
tesy of Phoenix Gems. 
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Gemological testing revealed properties consistent with 
blue zircon, including a refractive index that was over the 
limit of the RI liquid (with a value of 1.81), a hydrostatic 
SG of 4.52, and a handheld visible spectrum typical for zir- 
con, with the most prominent feature being a sharp absorp- 
tion line visible at about 654 nm. Exposing the rough blue 
stones to long-wave ultraviolet light for more than 90 sec- 
onds did not induce any UV reaction or obvious change in 
color, as has been previously reported in blue zircon (N. 
Renfro, “Reversible color modification of blue zircon by 
long-wave ultraviolet irradiation,” Fall 2016 GWG, pp. 246- 
251). Microscopic examination revealed minute needle-like 
inclusions, partially healed fractures, and prominent blue 
and colorless zoning, although the stones were relatively 
free of inclusions. The unpolarized ultraviolet/visible/near- 
infrared (UV-Vis-NIR) spectrum consisted of a broad absorp- 
tion band centered at approximately 640 nm, which is the 
cause of the observed blue color and is seen in the absorp- 
tion spectrum of blue zircons from other localities. Laser 
ablation-inductively coupled plasma-—mass spectrometry 
(LA-ICP-MS) chemical analysis confirmed the bulk compo- 
sition was consistent with zircon, and major trace elements 
included the rare earth elements yttrium and hafnium as 
well as transition metals titanium and scandium. 

In all, this new source of blue zircon reportedly from 
Malawi has the potential to yield some beautiful finished 
stones and is a welcome addition to the gem trade. 


Nathan Renfro, Ziyin Sun, and Aaron Palke 
GIA, Carlsbad 


DIAMONDS 


Historic sales of pink and blue diamonds from the Argyle 
mine. In October 2021, nearly one year after the end of op- 
erations at the Argyle mine in Western Australia, Rio Tinto 
sold its final production of pink and blue diamonds. The 
company announced that the 37th Argyle pink diamond 


Figure 11. Five diamonds that headlined the final 
Argyle pink diamond tender, titled “The Journey 
Beyond.” Courtesy of Rio Tinto. 
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Figure 12. A selection of blue and violet diamonds 
from Rio Tinto’s “Once in a Blue Moon” tender. Cour- 
tesy of Rio Tinto. 


tender collection of 70 rare pink and red diamonds deliv- 
ered record-breaking prices across individual diamonds and 
for the overall collection. This year’s edition was con- 
ducted in a series of virtual and face-to-face viewings. High- 
lights from the sale (shown left to right in figure 11) were 
the 2.03 ct Fancy Deep pink Argyle Lumiere, the 1.79 ct 
Fancy Vivid purplish pink Argyle Stella, the 2.05 ct Fancy 
Intense pink Argyle Solaris, the 3.47 ct Fancy Intense pink 
Argyle Eclipse, and the 1.01 ct Fancy red Argyle Boheme. 
(For more on Argyle’s pink diamond sales, see J.M. King et 
al., “Exceptional pink to red diamonds: A celebration of 
the 30th Argyle diamond tender,” Winter 2014 GWG, pp. 
268-279.) 

Along with the pink diamond tender, Rio Tinto sold its 
final collection of Argyle blue and violet diamonds (figure 
12), which the mine has produced sporadically over the years 
(see C.H. van der Bogert et al., “Gray-to-blue-to-violet hy- 
drogen-rich diamonds from the Argyle mine, Australia,” 
Spring 2009 GwG, pp. 20-37). The entire lot of 41 diamonds 
totaling 24.88 carats was purchased by a single bidder. 


Stuart Overlin 
GIA, Carlsbad 


SYNTHETICS AND SIMULANTS 


Epoxy-tfilled chalcedony as an imitation for “candy agate.” 
A special kind of agate known as “candy agate” is produced 
in the Alxa Plateau of Inner Mongolia. This type of agate 
usually comes in irregular shapes and granular gravels, 
with a diameter ranging from several millimeters to several 
centimeters (figure 13). In addition to a variety of bodycol- 
ors, these agates occasionally present color zoning between 
the inner core and the outer layer. These candy agates have 
been very popular during the past few years, especially in 
the Taiwan market. 
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Figure 13. Rough stones of candy agate from the Alxa 
Plateau of Inner Mongolia are usually found in irregu- 
lar shapes and granular gravels, as shown in this pic- 
ture. Photo by Shu-Hong Lin. 


Recently, several strings of beads were submitted to the 
Taiwan Union Lab of Gem Research (TULAB) as candy 
agate (figure 14). The outer layer of the beads was colorless 
and semitransparent, and the inner core presented various 
colors of green, purple, orange, yellow, or greenish blue. 
These agate beads did not have any fissures extending from 
the surface to the inner core but only a drill hole penetrat- 
ing each bead so they could be threaded together to make 
a bracelet. Gemological testing identified the beads as chal- 
cedony, but the unusually bright color of their inner cores 
looked unnatural and thus aroused suspicion. 

To verify whether the center color of these beads was 
natural, the beads were further analyzed by Raman spec- 
troscopy with 785 nm laser excitation at the surface and 
about 1-2 mm deep into the colored inner core. Compar- 
isons of the resulting spectra with those reported in previ- 


Figure 14. A string of beads submitted to TULAB as 
“candy agate.” Photo by Kai-Yun Huang. 
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Figure 15. The Raman spectra of the outer layer and 
the inner core of the beads matched those expected for 
chalcedony (K.]. Kingma and R.]. Hemley, “Raman 
spectroscopic study of microcrystalline silica,” Ameri- 
can Mineralogist, Vol. 79, 1994, pp. 269-273) and epoxy 
resin (K.E. Chike et al., “Raman and near-infrared 
studies of an epoxy resin,” Applied Spectroscopy, Vol. 
47, No. 10, 1993, pp. 1631-1635). The stacked spectra 
are baseline-corrected and normalized. 


ously published studies identified the materials as chal- 
cedony and epoxy resin (figure 15), which means that these 
“candy agates” were likely chalcedony beads hollowed out 
and filled with colored epoxy resin. Under microscopic ob- 
servation (figure 16), some of the beads even had bubble in- 
clusions in their inner cores, further supporting the 
possibility of epoxy filling. To understand how these beads 
were made, we asked the owner to provide samples cut in 
half for further testing. Microscopic observation of the 
cross-sections revealed that the beads were somehow hol- 
lowed out through the drill hole and then filled with col- 


Figure 16. One bead showed a few bubble inclusions 
in its orange core. Photomicrograph by Shu-Hong Lin; 
field of view 3.06 mm. 
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its drill hole (A), greenish blue epoxy filling (B), and 
colorless chalcedony (C). Photomicrograph by Yu- 
Shan Chou; field of view 2.83 mm. 


ored epoxy resin (figure 17). Finally, a second drilling was 
performed along the original drill hole after the epoxy resin 
had hardened. 

The colored inner core, which makes the agate special 
and valuable, is common in natural candy agate from the 
Alxa Plateau. The imitation candy agate in this study could 
be defined as a new type of epoxy-filled chalcedony which 
showed similar colored cores to natural candy agate. The 
most effective non-destructive methods for identifying this 
product are Raman spectroscopy and microscopic observa- 
tion, but the results may be affected by the location of the 
inner core and the transparency of the chalcedony. 

Shu-Hong Lin 

Institute of Earth Sciences, 

National Taiwan Ocean University 

Taiwan Union Lab of Gem Research, Taipei 


Yu-Shan Chou and Kai-Yun Huang 
Taiwan Union Lab of Gem Research, Taipei 


“Floating Flower” inclusions in aventurine quartz bangle. 
While gemologists use data to identify a gem, consumers 
can only judge the identity of an object by its appearance, 
which may lead to differences of opinion in the market. 
The identification of the material is not difficult for labs, 
but the present case is a good example of the misunder- 
standings that can happen outside of a gem lab. A recent 
submission highlighted this situation. A difference of opin- 
ion between a seller and buyer over the identity of a bangle 
resulted from the appearance created by “floating flower” 
features (akin to falling blossoms) visible with the unaided 
eye. One party believed the features were more consistent 
with icy jadeite jade, while the other thought they were 
more in keeping with albite. Analysis in our laboratory 
proved neither was correct. 

The object weighed approximately 37 g and measured 
72 x 10 mm, and it appeared semitransparent to transpar- 
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Figure 18. Bangles of similar appearance fashioned 
from different materials: jadeite jade (top), albite 
(middle), and aventurine quartz (bottom, client sam- 
ple). All exhibit green “floating flower” inclusions. 
Photos by Lai Tai-An Gem Lab. 


ent with a white bodycolor incorporating light green to 
green inclusions (bottom photo in figure 18). A spot RI of 
around 1.54 was obtained, together with an SG of approx- 
imately 2.66. Both excluded jadeite jade as a candidate, but 
albite was still an option. Further examination by FTIR ab- 
sorbance and Raman spectroscopy (785 nm laser) ruled out 
albite and confirmed the material was aventurine quartz 
(figure 19). Typically, aventurine quartz is not as transpar- 
ent as the material from which the bangle was fashioned, 
and this contributed to the misidentification as “jadeite 
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Figure 19. FTIR (top) 
and Raman (bottom) 
spectroscopy confirmed 
the client’s bangle was 
fashioned from aven- 
turine quartz. Peaks 
observed in the FTIR 
spectra (main peaks at 
1176, 1089, and 480 
cm) and Raman spec- 
tra (main peak at 463 
cm") did not match 
those expected for al- 
bite or jadeite jade. 
FTIR and Raman spec- 
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jade,” especially given the presence of the green “floating Further examination of the disorderly green mineral in- 
flower” inclusions. clusions (figure 20, left) using a Chelsea filter revealed a 


Figure 20. Left: The disorderly, flaky green mineral inclusions were clearly visible in the bangle. Field of view 5.5 
mm. Right: The green inclusions appeared red through a Chelsea filter when illuminated by strong daylight illu- 
mination. Photos by Lai Tai-An Gem Lab. 


Gem News INTERNATIONAL Gems & GEMOLOGY Winter 2021 409 


distinct red color under strong daylight illumination— 
characteristic of fuchsite mica (figure 20, right). 

In the past, clients have mistaken highly translucent 
albite containing “floating flower” inclusions as jadeite 
jade, and vice versa. This particular case proves that the 
same misidentification may apply to examples of highly 
translucent aventurine quartz containing inclusions often 
observed in jadeite jade and albite. 


Larry Tai-An Lai (laitaiangemlab@gmail.com) 
Lai Tai-An Gem Laboratory, Taipei 


CONFERENCE REPORTS 


GSA Meeting - GIA Session. A session of presentations on 
gemological research topics, organized by GIA, took place 
during the recent annual meeting of the Geological Society 
of America (GSA) in Portland, Oregon (October 10-13, 
202.1). Aaron Celestian of the Natural History Museum of 
Los Angeles began the oral presentations with a description 
of a famous piece of furniture—the Borghese-Windsor Cab- 
inet—created in Italy around 1620. The large, multi-drawer 
wooden cabinet was decorated with semi-precious gems, 
including agate and lapis lazuli. A study of the geographic 
origin of the agates indicated that most were from the Idar- 
Oberstein area of Germany, with the remainder from an- 
other source. The early construction date of the cabinet 
makes Brazil an unlikely source for the agate; another pos- 
sibility would have been India. 

Cisil Badur of the Department of Geosciences of 
Auburn University in Alabama reported on plagioclase 
sunstones from the Columbia River basalts in Oregon that 
exhibit a schiller effect due to oriented copper inclusions. 
Argon-argon geochronological data indicate that the sun- 
stones are younger in age than the host basalt. The author 
suggests this age discrepancy might be due to argon loss 
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over geological time from the feldspar crystals, or it could 
be explained by the host basalt having been formed during 
a younger period of regional volcanism. A second talk on 
copper in Oregon sunstones was given by Shiyun Jin of 
GIA (figure 21). Rapid diffusion of copper in labradorite 
feldspars can induce red or green colors and aventurescence 
depending on the size of the exsolved copper particles. 
These tiny particles produce a red color by selective ab- 
sorption of incident light or, in larger specimens, a green 
color by scattering red and orange light. 

Rhiana Henry of the Department of Earth, Ocean and 
Atmospheric Sciences of the University of British Columbia 
investigated the sodium and water contents of the main va- 
rieties of beryl to develop a method to calculate water con- 
tents in beryl based on the more easily measured sodium 
contents. Rachelle Turnier of the Geoscience Department 
of the University of Wisconsin in Madison investigated oxy- 
gen isotope contents of sapphire from a variety of primary 
and secondary sources in Montana. She found a wide range 
of 8!8O values in the corundum samples. This large range 
suggests that the Montana sapphire deposits originated from 
corundum formation in a variety of protolith source rocks. 
Aaron Palke of GIA studied what was initially thought 
might represent a rare new group of sapphire from the Rock 
Creek deposit in Montana. Although displaying a crystal 
shape and inclusions typical of sapphires from this area, 
these new sapphires exhibited low iron and gallium compo- 
sitions. Dr. Palke emphasized the need for caution in using 
trace-element contents to decipher the geological origins of 
gem corundum and reported that these pale or yellow-col- 
ored sapphires do not represent a new group of material. 
Rather, they are typical Rock Creek sapphires that exhibit 
very low iron and gallium contents. 

Zinc-enriched, fracture-filled, and fibrous overgrowths 
on classic Paraiba tourmaline crystals from Brazil were de- 
scribed by Darrell Henry from the Department of Geology 


Figure 21. Speaking at 
the GSA annual meet- 
ing, Shiyun Jin of GIA 
presents his research 
on the rapid diffusion 
of copper in Oregon 
sunstones. Photo by 
Robert Weldon. 
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Figure 22. A poster illustrating the spectroscopic char- 
acteristics of blue spinel before and after heat treat- 
ment. Photo by Cathy Jonathan. 


and Geophysics at Louisiana State University in Baton 
Rouge. Such features are not observed in cuprian tourma- 
lines from Nigeria or Mozambique, and thus they may be 
diagnostic of the original Paraiba material. Yicen Liu of the 
Gems and Technological Material Laboratory of Tongji 
University in Shanghai detailed the color mechanism and 
effects of heat treatment on spectral features and color for 
pink spinel from the famous Kuh-i-Lal deposit in Tajik- 
istan. Che Shen of the Munsell Color Science Laboratory 
at the Rochester Institute of Technology described a 
method to calculate the color appearance of optically uni- 
axial colored gemstones. 

Gabriela Farfan of the Department of Mineral Sciences 
of the Smithsonian Institution in Washington, DC dis- 
cussed the effect of environmental factors on freshwater 
pearl mineralogy and chemistry. In a study of a lake in Ken- 
tucky, the pearl samples recorded oxygen isotope ratios and 
crystallographic signatures that could be correlated with 
seasonal variations in lake temperature, dissolved oxygen, 
and light levels at a one-meter depth. Chunhui Zhou of 
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GIA reported the discovery of disordered dolomite crystals 
in the central internal structure of a natural pearl from a 
Cassius species mollusk. 

Matthew Hardman of GIA discussed the use of multi- 
dimensional statistical analysis of the peak intensities of 
certain visible and near-infrared spectral features of irradi- 
ated green diamonds with and without green radiation 
stains. This type of spectral analysis offers a new approach 
to understanding the lattice defects in diamonds that result 
from natural and artificial radiation exposure. Roy Bassoo 
of GIA reported on a study of deuterium-hydrogen ratios 
in the low water content of nominally anhydrous minerals 
(such as olivine, enstatite, and garnet) found as inclusions 
in diamonds from the Guiana Shield in South America. 
This isotopic information could provide evidence for the 
geological conditions of diamond formation and growth in 
the upper mantle. Ira Litvak-Kochavi of the Department 
of Chemical Sciences at Ariel University in Israel discussed 
the results of a study of the influence on paramagnetic de- 
fect centers in diamond at the high temperatures (900°C or 
higher) that occur during facet polishing. 

In addition to the talks, GIA staff members prepared 
several poster presentations for the session. Jennifer Stone- 
Sundberg reviewed a quantitative description of the causes 
of color in corundum in terms of six major chromophore 
elements. Stephanie Persaud described five diamonds that 
exhibited a temporary color change from gray to yellow or 
blue when subjected to extremely low, liquid-nitrogen tem- 
peratures. Wasura Soonthorntantikul discussed the spec- 
troscopic characteristics of both unheated and heat-treated 
blue spinels (figure 22). Heating tended to produce a less de- 
sirable grayish blue color. Paul Johnson reported on several 
light blue to purple type Ia diamonds that owe their color 
to a lattice defect associated with artificial irradiation. Dona 
Mary Dirlam presented a map that showed localities in 
Central Asia, Southeast Asia, Africa, and Sri Lanka (as well 


Figure 23. Dona 
Dirlam (left) and Bar- 
bara Dutrow (right) 
pose in front of a map 
highlighting colored 
stone and pearl sources 
utilized in seven- 
teenth-century Indian 
jewelry. Photo by 
Robert Weldon. 
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as Europe and the Americas) that were the sources of col- 
ored stones and pearls used for jewelry purposes in India 
during the seventeenth century (figure 23). Troy Ardon re- 
viewed the different spectral features found in type I and 
type II pink diamonds. Evan Smith discussed the discovery 
of metallic inclusions with a heavy iron isotopic composi- 
tion in high-quality type Ila colorless diamonds. This com- 
position is attributed to the subduction of iron minerals 
formed by serpentinization of oceanic peridotite. Yusuke 
Katsurada described a study of iron and copper absorptions 


The World's Foremost 
Authority in Gemology 


412 Gem News INTERNATIONAL 


Figure 24. Robert Wel- 
don talks with visitors 
at the GIA booth. Photo 
by Cathy Jonathan. 


in the spectrum of blue/green Paraiba tourmalines and a 
method to determine whether a particular elbaite would 
correctly be classified as a cuprian tourmaline. 

Overall, the 2021 GSA annual meeting saw strong at- 
tendance and notable interest in the gemology sessions and 
exhibits (figures 24 and 25). The 2022 event is scheduled 
for October 9-12 in Denver. 


James Shigley 
GIA, Carlsbad 
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Figure 25. Nathan Renfro 
(left) and James Shigley 
(center) chat with confer- 
ence attendees. Photo by 
Cathy Jonathan. 
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Yellow Topaz from Germany, Emerald 
Mining in Austria s Habachtal Region, a 
Return to Tucson, and More... 


Welcome to the Spring 2022 issue of Gems ¢ Gemology! For our industry, February is 
marked by the Tucson gem shows, and we're delighted to share content from our highly 
anticipated return to Tucson. With our two feature articles, our regular columns, the 
debut of a new regular feature, and the annual GeG Challenge, there’s something for 


everyone in this issue. 


In our lead article, Manuela Zeug and coauthors explore yellow topaz from the 
Schneckenstein crag in Saxony, Germany. The article provides a comprehensive summary 
of mineral, chemical, and spectroscopic investigations of Schneckenstein topaz, with an 
emphasis on luminescence studied by excitation-emission spectroscopy. This study offers a 


new perspective on previous mineralogical studies, which focused mainly on crystal forms 
and trace element geochemistry. 


Our second feature article revisits the history of emerald mining in Austria’s Habachtal region. In the second 
installment of his two-part series, Karl Schmetzer traces the history of the Habachtal mine during the era between 
World Wars I and II, using a variety of largely unpublished sources from Austrian and German archives. 


Our regular features have much to offer, too. Among the variety of snapshots in Lab Notes, we report on two 
notable laboratory-grown diamonds recently examined by GIA: a new record-size CVD diamond and one with 
unusual laser drill holes. Micro-World offers a glimpse into the inner landscapes of gemstones, including a before- 


and-after comparison of an oiled apatite cabochon, a complex “Wore de ligh ted to share content fr oni 


fluid inclusion in topaz, and a garnet crystal inclusion in ; _ 
our highly anticipated return to Tucson.” 


aquamarine. Our Gem News International section features 
more than 30 pages of coverage from the 2022 Tucson shows, with market updates, interesting and noteworthy 
finds, and interviews with dealers, cutters, and designers. Other highlights from Gem News International include a 
study of irradiation treatment in amber and the discovery of davemaoite in a diamond from the earth’s lower 
mantle. 


This issue also includes the debut of an exciting new section: Diamond Reflections. In his first installment, Evan M. 
Smith explores the potential role of modern-day deep-focus earthquakes on diamond growth. 


Also in this issue: Be sure to take the annual Ge~G Challenge quiz, which offers the chance to test your 
gemological knowledge of our feature articles from 2021. And we congratulate the winners of this year’s Dr. 
Edward J. Gitbelin Most Valuable Article Award. 


We hope you enjoy the Spring edition of Gems & Gemology! 


OH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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GEM TOPAZ FROM THE SCHNECKENSTEIN 
CRAG, SAXONY, GERMANY: MINERALOGICAL 
CHARACTERIZATION AND LUMINESCENCE 


Manuela Zeug, Lutz Nasdala, Chutimun Chanmuang N., and Christoph Hauzenberger 


Yellow topaz from the Schneckenstein crag in Saxony, Germany, is a famous and historically important gemstone. 
Surprisingly, mineralogical studies of the material are comparably scarce and have focused mainly on crystal 
forms and trace element geochemistry. The present study provides a mineral-chemical and spectroscopic char- 
acterization of Schneckenstein topaz and its inclusions taking into consideration past and current research re- 
sults. Particular emphasis lies on the photoluminescence (PL) behavior of the material. Schneckenstein topaz 
appears inert under common long-wave (~365 nm) and short-wave (~254 nm) UV light sources. In contrast, 
excitation wavelengths in the 400-440 nm range are much more efficient in exciting pinkish red emission that 


is assigned to trace levels (10-40 ppm) of Cr** incorporated at the six-coordinated Al** site. 


stein crag in western Saxony, Germany, has 

been a source of gem-quality topaz. Gemstone 
mining at Schneckenstein had its short zenith in the 
second quarter of the eighteenth century. Profes- 
sional exploitation started in 1727, by furrier and 
draper Christian Kraut of Auerbach, with permis- 
sion of the impoverished landowner von 
Triitzschler. Only a few months later, Augustus the 
Strong (1670-1733; as Friedrich August I Elector of 
Saxony, and as August II King of Poland and Grand 
Duke of Lithuania) purchased the property from von 
Triitzschler and authorized Kraut to expand mining 
activities—with the precondition that Kraut would 
surrender the largest and most beautiful stones to 
him (Buchner, 1740). From then on, the Schnecken- 
stein workings were called the Kénigskrone (“Kings 
Crown”) mine. The finest topaz crystals were ex- 
tracted during the following decade and a half. A lot 
of extraordinary quality had been ordered in 1732 by 
the late Augustus the Strong, but it was his son 
Friedrich August II (1696-1763; from 1733 Elector of 
Saxony and as August III concurrently King of 
Poland and Grand Duke of Lithuania) who commis- 
sioned their setting in objets d’art. Several of these 
items of enormous cultural and historical value are 


| — more than three centuries, the Schnecken- 


See end of article for About the Authors and Acknowledgments. 
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2 GERMAN TOPAZ FROM THE SCHNECKENSTEIN CRAG 


now in the collection of the Green Vault in Dresden 
(figure 1). Another significant historical piece is a 
crown containing 485 topaz gemstones from 
Schneckenstein, which was ordered by George III of 
Great Britain and Ireland (1738-1820) for his wife 
Charlotte, on the occasion of their mutual corona- 
tion in 1761 (Charpentier, 1778). This crown is pre- 
sumed to be lost, supposedly disassembled for use 
for other jewelry (Vollstadt and Lahl, 1997). 


In Brief 


¢ Topaz from the Schneckenstein crag appears virtually 
inert under common short-wave and long-wave UV 
sources but shows fairly intense pink to red Cr?+-related 
luminescence when illuminated with violet light. 


High F/OH ratio (F 84 at.%), high Ge (40-70 ppm), 
and low Ga (2-3 ppm) support late-stage topaz forma- 
tion under hydrothermal conditions. 


Annealing leads to nearly complete bleaching. As color 
is not related to Cr+ (10-40 ppm), the material hence 
is not “Imperial” topaz. 


Cr3+-related photoluminescence is not a suitable means 
to distinguish between “Imperial” and other topaz. 


Despite several attempts to resume mining in the 
second half of the eighteenth century, topaz produc- 
tion never again became as profitable as in the early 
days, and professional mining finally ceased in 1796. 
However, the decline of the Schneckenstein topaz 
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Figure 1. Historical objects containing Schneckenstein topaz, from the former possession of Friedrich August II 
(Elector of Saxony; and as Augustus III concurrently King of Poland and Grand Duke of Lithuania). All speci- 
mens were handcrafted in 1734 by Johann Heinrich Kohler in Dresden and are now in the collection of the Green 
Vault in Dresden. Left: Rattan walking stick with a 2.3-cm-tall topaz knob (inventory number VIII 253). Right: 
Selection of five (out of 48) coat buttons (2.1-2.2 cm diameter; inventory number VIII 248) and five (out of 36) 
cuff links (1.8 cm; inventory number VIII 249), all cushion-cut topaz set in gold. Photos by Jtirgen Karpinski; 


courtesy of the board of the Green Vault in Dresden. 


as acommercial gemstone coincided with increased 
interest in it as a mineralogical object, both in terms 
of scientific and collector’s items. 

One of the first descriptions of the occurrence was 
made by counselor of mines, chemist, and mineralo- 
gist Johann Friedrich Henckel in 1737 (Henckel, 
1737), who was inspector of the Schneckenstein crag 
in 1739. A more detailed description, which included 
not only sketches of the crag seen from all four car- 
dinal directions but also sketches of topaz crystals 
and specimens, was compiled in 1744 by Johann 
Gottlieb Kern, who worked until 1741 as an ap- 
praiser in Freiberg, Saxony, Germany (published 
posthumously; cf. Kern, 1776). Another early (and 
perhaps the first colored) drawing of a Schnecken- 
stein topaz specimen was sketched by the French 
painter and draftsman Francois Louis Swebach-Des- 
fontaines, published as plate LIV in Histoire Na- 
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turelle — Régne Minéral (Gautier D’Agoty, 1781; see 
also Wilson, 1995). 

Soon thereafter, two publications of historical sig- 
nificance appeared. In his Traité de Minéralogie, the 
famed mineralogist René Just Hatiy (1743-1822), 
often referred to as the “father of modern crystallog- 
raphy,” illustrated and described in detail crystal 
forms of Schneckenstein topaz (Haitiy, 1801). Results 
of thorough measurements of these crystals eventu- 
ally contributed to the elaboration of Hatiy’s “law of 
rational indices.” In 1817, another famous mineral- 
ogist, Carl Friedrich Christian Mohs (1773-1839), in- 
cluded the Schneckenstein topaz as a reference 
material for a hardness of 8 (Mohs, 1822) in what is 
today known as the Mohs hardness scale (e.g., Deer 
et al., 2013). In the more recent past, Schneckenstein 
topaz was studied mainly in terms of its geochemical 
peculiarities, in particular as a major host for germa- 
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Figure 2. Left: Location of the Schneckenstein crag (marked by a solid red circle in the inset map) in the western 
contact aureole of the Eibenstock granite (modified after Jaschke and Unger, 2007, and Sebastian, 2013). Right: 
Cross-sectional profile of the Schneckenstein breccia (simplified after Baumann and Gorny, 1964). 


nium (Schr6én, 1968; Seim and Schweder, 1969, Bre- 
iter et al., 2013b). 

Since 1938 the Schneckenstein crag has had the 
status of a natural monument. The area is fenced, 
and collecting and especially digging is strictly pro- 
hibited. Nevertheless, small topaz crystals of fairly 
good quality can still be found in the weathering de- 
bris. For additional historical information concerning 
Schneckenstein topaz, the reader is referred to the 
comprehensive descriptions of Vollstadt and Lahl 
(1997), Leithner (2008), and Lahl (2012). 


GEOLOGICAL BACKGROUND 


The Schneckenstein crag is located on the western 
slope of Kiel Mountain, about 10 km southeast of the 
town of Falkenstein/Vogtland (figure 2, left). Its for- 
mation is related to the Eibenstock tourmaline granite 
(part of the Nejdek-Eibenstock massif; Breiter, 2012), 
whose emplacement was about 319.8 + 1.0 Ma (mil- 
lion years ago) (Tichomirowa and Leonhardt, 2010). 
The Schneckenstein crag is situated about 400 m 
away from the granite body, within its contact aureole 
(Forster et al., 1999; see again figure 2, left). During 
granite intrusion, several diatremes formed. These 
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were filled with quartz porphyries or breccia that un- 
derwent pneumatolytic overprinting “greisenization” 
(Baumann and Gorny, 1964). The Schneckenstein crag 
represents the top of a breccious vent filling that re- 
sisted weathering (figure 2, right). Greisenization is as- 
signed to a two-stage process: (1) tourmaline 
formation due to boron infiltration and (2) topaz for- 
mation—that included partial tourmaline replace- 
ment—from fluorine-rich solutions. The breccia 
consists of fist-sized fragments of a quartzite-schist- 
like rock cemented by topaz and quartz crystals. With 
increasing depth, the tourmaline content increases at 
the expense of topaz (Schréder, 1915; Baumann and 
Gorny, 1964). This is known because a lower level of 
the Schneckenstein breccia was drilled from a mining 
tunnel of the nearby Grube Tannenberg tin mine. 
Gem-quality topaz crystals worth cutting were mostly 
found in cavities and druses in the uppermost regions 
of the crag. 

Topaz originates predominantly from granitic 
pegmatites (as in Brazil, the Ural Mountains, and 
Namibia) or from vapor cavities in rhyolite lava 
flows (as at the Thomas Range in the state of Utah 
and the Chivinar volcano in Argentina). By contrast, 
hydrothermal topaz formation in a late greiseniza- 
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tion stage is decidedly rare. To the best of our knowl- 
edge, only one genetic analogue of the Schnecken- 
stein topaz exists worldwide, namely the topaz 
occurrence in the tin-bearing quartz porphyry of 
Mount Bischoff, Tasmania (Twelvetrees and Petterd, 
1897; Wright and Kwak, 1989). 


MATERIALS AND METHODS 


Thirteen topaz crystals (0.47-3.86 g) were selected 
for the present study (figure 3). Seven of them were 
collected at the Schneckenstein crag during a field 
trip in 2014, three were provided from the museum 
collection of the Vogtlandisch-B6hmisches Miner- 
alienzentrum Schneckenstein, and three are from 


the mineral collection of the Institut ftir Mineralogie 
und Kristallographie (University of Vienna). Three 
of the specimens were embedded in araldite epoxy, 
ground, and polished for Raman spectroscopic and 
chemical analyses. After completion of Raman spec- 
troscopy and trace element analysis, the mount was 
coated with carbon for electron probe microanalysis 
(EPMA). Two raw (i.e., unprepared) crystals that 
were particularly clear and virtually free of inclu- 
sions were used for photoluminescence (PL; includ- 
ing excitation-emission) spectroscopy. These two 
specimens were then placed in a platinum crucible 
subjected to dry annealing in air (at 550°C for 48 hl, 
and PL analyses were repeated. 


Figure 3. Topaz sample material investigated in the present study (height of the tallest crystal is 18 mm). The two 
colorless samples (lower left) were initially yellow and became bleached upon heat treatment at 550°C for 48 h. 
The one-inch sample mount in the background contains three doubly polished crystals embedded in epoxy; it was 
subjected to spectroscopy, EPMA, and LA-ICP-MS analysis. Photo by Manuela Zeug. 
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Mass densities were determined by weighing 
samples in air and in distilled water (a drop of liquid 
detergent was added to reduce surface tension]. Re- 
fraction measurements were done using a Kriiss 
ERG6O1-LED refractometer equipped with a diode 
lamp emitting 589 nm light. 

Major-element analyses were performed on a 
JEOL JXA-8530FPlus HyperProbe EPMA system op- 
erated at 15 kV and 10 nA. Counting times were 10s 
for major and 30 s for minor elements. A topaz refer- 
ence crystal was used for calibrating major elements 
(F-Ka, Si-Ka, and Al-Ka). For calibrating the instru- 
ment for minor elements, reference materials in- 
cluded diopside NMNH117733 (Mg-Ka and Ca-Ka], 
microcline NMVNH143966 (K-Ka, albite (Na-Ka), gar- 
net (Fe-Ka), ilmenite NUNH96189 (Ti-Ka), rhodonite 
(Mn-Ka], and tugtupite (Cl-Ka). The three NUNH 
reference materials are Smithsonian microbeam stan- 
dards (Jarosewich, 2002; and references therein) and 
all others are in-house reference materials. Detection 
limits were determined according to Toya and Kato 
(1983) as the threefold background noise. Further 
EPMA details are described in Nasdala et al. (2021). 

Trace element analysis was done by means of 
laser ablation-inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) using an Agilent 7500cx 
quadrupole ICP-MS unit coupled with an ESI 
NWR193 laser ablation system. A 193 nm laser op- 
erated with 8 Hz repetition frequency was used, re- 
sulting in ~6.5 mJ/cm? energy density at the sample 
surface. The spot size was set to 75 pm and the dwell 
time was 20 ms per element. A gas blank was ac- 
quired for 25 s prior to 50 s of ablation time. The ab- 
lated material was transported with He (gas flow rate 
0.75 L/min) to the spectrometer unit. NIST standard 
glasses SRM610 and SRM612 (Jochum et al., 2011) 
were used for external calibration, and Si was meas- 
ured as the internal standard. SRM612 was used for 
data reduction of all elements. USGS reference glass 
BCR-2G (Jochum et al., 2016) served for monitoring 
possible beam drift and was reproduced within 10% 
relative error. GLITTER 4.0 software (Griffin et al., 
2008) was used for data reduction. For more analytical 
details, see Kruzslicz et al. (2020). 

Raman spectra were obtained at room tempera- 
ture using a dispersive Horiba LabRAM HR Evolu- 
tion system equipped with an Olympus BX-series 
optical microscope and a Peltier-cooled, Si-based 
charge-coupled device detector. Spectra were excited 
with the 473 nm emission of a diode-pumped solid- 
state laser (8 mW at the sample surface). A 100x ob- 
jective (numerical aperture 0.90) was used. The 
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scattered light was dispersed with an 1800 
grooves/mm diffraction grating, resulting in spectral 
resolution of 1.2 cm™. Further experimental details 
are described elsewhere (Zeug et al., 2018). 

Photoluminescence emission spectra, excitation 
spectra, and excitation-emission matrices were ob- 
tained from a crystal that was virtually free of major 
inclusions by means of a Horiba Fluorolog-3 system 
equipped with double-grating excitation and emis- 
sion monochromator (gratings with 1200 
grooves/mm) and R928P photomultiplier detector. 
Xe-lamp excitation (450 W) was used, and excitation 
correction was performed using an internal reference 
photodiode. Spectra and maps were obtained with an 
activated dark offset, resulting in noise reduction. 
With this system, excitation source, and settings, 
emission can be reliably obtained in the wavelength 
range 250-850 nm. Bandpass for excitation spectra of 
the 683 nm emission band was set to 1 nm. Excita- 
tion spectra were obtained in the wavelength range 
of 250-700 nm with a step width of 0.5 nm. Emission 
spectra (bandpass 1 nm and step size 0.2 nm) were 
excited with 407 nm excitation wavelength and ob- 
tained in the wavelength range 555-800 nm. For the 
excitation-emission map, step size and bandpass 
were set to 2, nm for excitation and 1 nm for emis- 
sion, respectively. 


RESULTS AND DISCUSSION 


General Properties. All samples studied here showed 
different shades of pale yellow, which is the most typ- 
ical color of Schneckenstein topaz. This color is 
rather low-grade for gemological uses; it is commonly 
referred to as “wine yellow” (figure 4). After anneal- 
ing, samples were “bleached” and became nearly col- 
orless. All samples were transparent and appeared 
inert under short-wave and long-wave UV lamps. The 
crystals had a short prismatic habit with well-devel- 
oped terminations. Most of them contained diverse 
gaseous, liquid, and/or solid inclusions, with sizes of 
up to several hundred micrometers. SG values aver- 
aged 3.52. + 0.01, and the RI was 1.607-1.616. 


Chemical Composition. The chemical composition 
of Schneckenstein topaz is summarized in table 1. 
The samples had generally low levels of non-formula 
constituents. The calculated chemical formula is 
Al, 9994; 91 On 00 Foss OH p16). Note that the F content 
measured here (17.4 + 0.5 wt.%) is higher than the 
values of 14.4-14.5 wt.% reported by Bauer (1902) and 
lower than the value of 19.5 + 0.6 wt.% reported by 
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Figure 4. Four specimens of vivid “wine yellow” topaz with quartz from the Schneckenstein crag. Top left: The 
largest topaz crystal is 18 mm tall. Top right: The crystal in the center is 17 mm tall. Bottom: Both large crystals 
are 14mm tall. The top right specimen is from the private collection of L. Nasdala; the other three specimens are 
in the mineral collection of TU Bergakademie Freiberg (inventory numbers MiSa56852, MiSa59082, and 
MiSa57016, respectively). Photos by Andreas Massanek (top left and bottom right), Manfred Wildner (top right), 
and Jeff Scovil (bottom left). 


Ribbe and Rosenberg (1971), but it coincides well 
with the results of Breiter et al. (2013b; 17.9-18.5 
wt.%, or ~1.75 apfu). Based on the inverse correlation 
of OH/F ratio and formation temperature (Barton, 
1982), the lower F content compared with pneuma- 
tolytic columnar topaz from the Erzgebirge (“pyc- 
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nite” with F > 1.8 apfu) points to late-stage formation, 
presumably under hydrothermal conditions (Breiter 
et al., 2013b). 

Ge concentrations of 40-70 ppm and Ga concen- 
trations of 2-3 ppm determined herein correspond 
reasonably well with results of previous studies (~69 


Gems & GEMOLOGY SPRING 2022 7 


RAMAN SPECTRUM 
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Figure 5. Raman spec- 
trum of a topaz from 
Schneckenstein (second 
crystal from the left in 
figure 3, random sam- 
ple orientation). The 
intensity of the 
hydroxyl-stretching 
region (between 3500 
and 3800 cnt") has been 
(x4) increased four times for 
better recognizability. 
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ppm Ge by Goldschmidt and Peters, 1933; 50-86 
ppm Ge by Seim and Schweder, 1969; 42-116 ppm 
Ge and 2-4 ppm Ga by Breiter et al., 2013b). Compa- 
rably high Ge but low Ga values again support low- 
temperature topaz formation: Greisenization leads 
to Ge enrichment due to the uptake in newly formed 
hydrothermal topaz, while Ga is dissipated by hy- 
drothermal fluids (Breiter et al., 2013a). 


Raman Spectroscopy. The Raman spectrum of 
Schneckenstein topaz (figure 5) shows the typical fin- 
gerprint pattern of this mineral’s Raman-active vibra- 
tions (for band assignment, see Beny and Piriou, 1987). 
The OH stretching range is dominated by a clearly 
asymmetric band. This asymmetric band shape is due 
to an unresolved splitting of two bands, with a band 
at ~3650 cm"! that corresponds mainly to “OH,” of 
Pinheiro et al. (2002), and a low-intensity shoulder 
near ~3640 cm" that is assigned to “OH,.” Such an 
OH band pattern, along with the generally low OH 
band intensity, points to topaz with high F/OH ratio, 
with a fraction of OH at the (EOH) site of about 15 
mol.% (Pinheiro et al., 2002). The latter corresponds 
well with our chemical data (table 1). 

Raman analyses of inclusions (often showing two 
or more phase assemblages; figure 6) yielded a range 
of phases, including gaseous CO,, liquid H,O, rutile, 
apatite, a xenotime-group mineral, clinochlore, and 
quartz. Fluid inclusions may be described as multi- 
phase, vapor-rich two-phase or three-phase inclu- 
sions. We were unable to identify small opaque 
inclusions that probably consisted of one or more ore 
mineral(s). Colorless cubic-shaped crystals did not 
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yield any Raman band pattern; it appears reasonable 
to assume they are halite. 


Photoluminescence Spectroscopy. Results of PL 
spectroscopic analyses are presented in figure 7. A 
reasoning for why such data should preferably be 
plotted on an energy-equivalent scale such as the 
wavenumber, instead of on a wavelength scale (as is 
commonplace in gemological papers), is provided in 
box A, along with some additional remarks on lumi- 
nescence terminology. 

The emission spectrum (figure 7, top right) is dom- 
inated by a narrow doublet in the red range, at ~14632 
and ~14720 cm (~683.4 and ~679.4 nm, respectively), 
assigned to the split, spin-forbidden d-d transition 
*E>4A, of trace Cr** (commonly referred to as R, and 
R, lines). This doublet is superimposed on a broad 
emission feature in the 12500-15500 cm! (approxi- 
mately 800-645 nm) range, which is due to the spin- 
allowed ‘T,-*A, transition of Cr** (Tarashchan et al., 
2006). The broad band is modulated by lower-intensity 
bands at ~14080 cm"! (~710 nm) and ~14400 cm"! 
(~694 nm) whose assignment remains an open ques- 
tion. They have been interpreted as emissions of pairs 
and clusters of Cr** ions (Gaft et al., 2003) and phonon 
satellites (Tarashchan et al., 2006), respectively. The 
spectral positions of the two R lines correspond to Cr** 
in a fully fluorinated environment—that is, a 
(CrO,F,)” site (O’Bannon and Williams, 2019)—which 
supports again the above interpretation of the sample 
as topaz with a low OH/F ratio. The emission spec- 
trum remained virtually unchanged after sample an- 
nealing (figure 7). Differences with emission patterns 
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TABLE 1. Mean chemical composition of Schneckenstein topaz. 


Major oxides and constituents (EPMA) 


Constituent? Concentration Calculated formula’ MDL® 
(wt.%) (apfu) (wt.%) 

SiO, 32.95 + 0.50 Si 1.01 0.114 

Al,O, 55.07 + 0.51 Al 1.99 0.111 

ER@s 1152 22 0,71 OH Oa 

F 17.43 + 0.48 F 1.69 0.085 

—O=F 7.34 + 0.20 O 4.00 

Total 99.64 + 0.98 ~ anions 6.00 


Trace elements (LA-ICP-MS) 


Element® Isotope measured Concentration MDL 

(ppm) (ppm) 
Mg 24 Soff Il 22 13! 0.441 
Ti 49 34.3 + 10.9 1.429 
V il TOV SOA 0.054 
Cr 53 23.4 + 13.6 1.522 
Ga 71 2.40 + 0.42 0.113 
Ge 74 65.1 + 12.8 0.561 


All errors are quoted at the 2a level. EPMA, n = 18; LA-ICP-MS, n = 15 for Mg and Ge and n = 33 for all other 
trace elements. 

*Constituents (with detection limits in wt.% in parentheses) CaO (0.013), K,O (0.013), Na,O (0.036), TiO, 
(0.019), FeO (0.037), MnO (0.36), MgO (0.019), and Cl (0.013) were also analyzed, but mean concentra- 
tions were below the EPMA detection limits. 

Calculated on the basis of 3 cations per formula unit. 

“Minimum detectability limit = (2\2 x \NB x Cstd)/(NnP) according to Toya and Kato (1983); NB = back- 
ground counts, Cstd = concentration in standard, and NnP = net peak counts. 

4H,O calculated from stoichiometry. 

©The following elements were also analyzed (detection limits in ppm in parentheses), but mean concentrations 
were below the LA-ICP-MS detection limits: Li (0.301), Be (0.178), B (0.958), Mn (0.597), Co (0.049), Ni 
(0.234), Cu (0.782), Zn (1.014), Rb (0.117), Sr (0.021), Y (0.018), Zr (0.032), Nb (0.022), Sn (0.296), Cs 
(0.085), Ba (0.166), La (0.020), Ce (0.017), Pr (0.017), Nd (0.105), Sm (0.108), Eu (0.030), Gd (0.103), Tb 
(0.019), Dy (0.063), Ho (0.014), Er (0.051), Tm (0.016), Yb (0.070), Lu (0.017), Hf (0.067), Ta (0.018), Pb 
(0.289), Th (0.022), and U (0.020). 


of other Cr**-bearing gem minerals are explained by 
different crystal-field effects (that is, distortion of elec- 
tronic levels in a non-isotropic environment). For a 
more detailed discussion, see box B. 


GERMAN TOPAZ FROM THE SCHNECKENSTEIN CRAG 


The Schneckenstein topaz is certainly not unique 
but perhaps somewhat special, because this material 
does not show noticeable Cr**-related absorption but 
fairly intense Cr°**-related emission. The majority of 
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Figure 6. Plane-polarized transmitted-light photomicrographs showing the diversity of single- and multiphase in- 
clusions in Schneckenstein topaz (bottom center crystal in figure 3). V—vapor (predominantly CO,). L—liquid 
(predominantly HO). The occurrence of halite (colorless cubic-shaped crystals) is assumed but could not be con- 


firmed, because crystals did not yield any Raman spectra. Abbreviations of names of minerals and mineral groups 
according to Whitney and Evans (2010): Ap—apatite; Clc—clinochlore; Hl—halite; Qz—quartz; Rt—rutile; Xtm— 
xenotime; Zrn—zircon. Photomicrographs by Manuela Zeug. 


other pale gem topaz (originating from Namibia, Pak- 
istan, and the Ural Mountains) that we tested did not 
show any luminescence. The PL characteristics of “Im- 
perial” topaz with its much higher, coloration-affecting 
Cr** content—on the order of hundreds of ppm (Taran 
et al., 2003; Schott et al., 2003; Krzemnicki, 2017; 
Gauzzi et al., 2018)—is widely similar to that of the 
Schneckenstein topaz. High emission intensity of the 
Schneckenstein material in spite of its low Cr** content 
may in part be assigned to particularly low concentra- 
tions of luminescence “quenchers,” such as Fe?*. 


Excitation Spectroscopy. The excitation spectrum 


(figure 7, bottom), obtained for the most intense PL 
signal at ~683.4 nm, shows two main broad signals 
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in the ranges 16000-18800 and 22400-25800 cm! 
(approximately 625-530 and 445-390 nm). The spec- 
trum is widely similar to that of a light violet topaz 
(300 ppm Cr) from Ouro Preto, Brazil, presented by 
Tarashchan et al. (2006). Already Hoover and Theisen 
(1993) had studied the excitation of Cr**-related emis- 
sion of pink topaz; however, these authors did not 
present any excitation spectra but merely mentioned 
its wide similarity to that of ruby, emerald, red spinel, 
and green jade. The two broad bands correspond to the 
main electronic absorption levels and are assigned to 
intense PL following Cr*-related electronic excitation 
(‘A,-‘T, and ‘A,— 4T, transitions, respectively). For 
detailed discussions of the energy difference (“Stokes 
shift”) between +A,>‘T, absorption and ‘T,> 4A, 
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Figure 7. Top left: Color-coded excitation-emission matrix (visualizing the emission intensity at variable 
wavenumber/wavelength upon excitation with light of variable quantum energy, consisting of a total of 56,250 
individual data points) for topaz from Schneckenstein. The matrix is presented along with selected emission 
spectra (emission intensity under 407 nm excitation obtained at variable wavelength; top right) and excitation 
spectra (intensity of the ~14632 cm [~683.4 nm] emission under variable excitation; bottom). In the emission 
and excitation plots, spectra of a natural topaz specimen and its heat-treated analogue (bottom left crystal in fig- 
ure 3) are shown. Spectral ranges that are not visible to the human eye are underlain in gray. Diagonal dark red 
lines in the main emission-excitation matrix, and corresponding narrow lines in the excitation spectra (here 
marked by asterisks), are analytical artifacts (emission = excitation, and emission = 1/2 x excitation energy). 
Note that the 407 nm laser used herein is much more efficient for exciting Cr** emission than common UV lamp 
sources (spectral positions marked with arrows in the bottom plot). Emission and excitation spectra of the an- 
nealed sample are shown with vertical offset for clarity. 
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Box A: LUMINESCENCE—NOMENCLATURE AND SPECTRAL VISUALIZATION 


Luminescence describes the general ability of minerals 
and other matter to emit UV, visible and/or IR light after 
valence electrons have experienced energetic excitation. 
If emission occurs upon spontaneous energy release from 
the excited state, the process is named according to the 
initial energetic excitation (such as photoluminescence 
after excitation by photons of electromagnetic radiation, 
chemoluminescence for emissions whose energy origi- 
nated from a chemical reaction, or cathodolumines- 
cence after excitation by electrons]. In contrast, 
non-spontaneous release of excited electrons from so- 
called electron traps requires energetic stimulation (in 
addition to the initial energetic excitation); here the 
emission process is named according to the type of stim- 
ulation (such as optically stimulated luminescence). 

It should be noted that there is general confusion of 
terms in the published literature. Excitation and stim- 
ulation are often used interchangeably, and even more 
often fluorescence is used when luminescence is 
meant. Fluorescence and phosphorescence are two 
terms that relate to different delay-time regimes caused 
by different types of electronic transitions. Fluorescence 
describes emission upon quick spontaneous decay of 
the energetically excited state, typically within less 
than 10 microseconds, due to spin-allowed electronic 
transitions. By contrast, phosphorescence is emission 
based on comparably slow spontaneous decay of the en- 
ergetically excited state (between tens of microseconds 
and several hours), related to spin-forbidden electronic 
transitions. The subdivision into fluorescence and 
phosphorescence is applied mostly to photolumines- 
cence. A non-PL example is the “glow” of white phos- 
phorous, a permanently refreshed fluorescence-type 
chemoluminescence. 

Emissions of ions of transition metals arise mostly 
from slow, spin-forbidden electronic transitions, and 
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hence their common description as “fluorescence” is 
misleading. One of the most prominent examples is the 
Cr*+-related emission of ruby (lifetime of the excited 
state is several milliseconds), which actually belongs to 
phosphorescence (Jones et al., 2020) but has mostly—and 
not quite correctly—been described as fluorescence (e.g., 
Brown, 1964; Tsai and D’Haenens-Johansson, 2021). The 
bottom line is that if the exact type of electronic transi- 
tion causing the observed emission is unknown, or if an 
emission consists of several different components, the 
use of the general term Juminescence is preferred. 

Another issue, especially in the gemological litera- 
ture, is how to visualize spectra whose signals are based 
on electronic transitions (this applies not only to lumi- 
nescence but also to optical absorption). Most individual 
spectral signals that relate to electronic transitions are 
symmetric in energy. For this reason, spectra—espe- 
cially in cases when data evaluation is intended—need 
to be plotted on a scale that is proportional to the quan- 
tum energy of the detected light, such as the wavenum- 
ber (in units of cmr!). By contrast, wavelength (i.e., the 
inverse of the wavenumber) is a physical parameter that 
is not proportional to photon energy. Spectra that are 
plotted on the usual wavelength scale are therefore dis- 
torted—that is, compressed in their high-energy region 
(blue to UV) and stretched in their low-energy (red and 
near-infrared) region (see figure A-1). Consequently, fit- 
ting spectra that are plotted on the wavelength scale 
with the assumption of symmetric (Gaussian and/or 
Lorentzian) band shapes must yield biased fit results. 
For this reason, excitation and emission shown in fig- 
ures 7 and B-1 are plotted on the wavenumber scale. 
However, we are well aware of the general preference 
for wavelengths in the gemological community, and we 
also provide the (not evenly spaced) wavelength scale on 
a second abscissa axis for convenience. 
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Figure A-1. A spectrum 
consisting of two perfectly 
symmetric bands of the 
same energy width (left) 
is significantly distorted 
when plotted on the 
wavelength scale (right). 
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EXCITATION SPECTRA 
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Figure 8. Excitation spectrum 
of Schneckenstein topaz (ob- 
tained from the bottom left 
crystal in figure 3 before an- 
nealing), visualizing the inten- 
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sity of the Cr**-related 
emission at 14632 cm'/683.4 
nm depending on the excita- 
tion energy. Spectra of ruby 
(14403 cm/694.3 nm) and 
emerald (14620 cm/684 nm) 
are shown for comparison. 
Spectra are shown with vetti- 
cal offset for clarity. Breaks in 
the excitation spectra (marked 
by asterisks) are analytical ar- 
tifacts (emission = excitation, 
and emission = 4 x excitation 
energy). Note the shift of the 
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emission, see for instance Kisliuk and Moore (1967) 
and Marfunin (1979). 

The excitation spectrum is similar but not iden- 
tical to absorption patterns of “Imperial” topaz 
(Petrov et al., 1977; Schott et al., 2003; Krzemnicki, 
2017; Smith, 2020). The difference between absorp- 
tion and excitation spectra is because a certain frac- 
tion of the absorption in natural, untreated topaz is 
due to defect-related color centers (Petrov, 1977, 
1978). Note that annealing of such color centers 
causes significant color change after thermal treat- 
ment (Schott et al., 2003; Greenidge, 2018). The latter 
is especially true for the yellow Schneckenstein 
topaz that, after dry heating in air at 550°C for 48 h, 
was found to turn near-colorless (while retaining the 
Cr**-related PL). 

The excitation spectrum indicates that common 
gemological UV lamps with ~365 nm and ~254 nm 
excitation wavelengths are decidedly inefficient 
sources to induce Cr**-related emission from topaz. 
In contrast, PL is readily excited by illumination by 
either orange to greenish yellow or by blue to violet 
light. For instance, a 407 nm laser (see again figure 7, 
bottom) or a 390 nm LED lamp emit light that is ef- 
fectively absorbed by Cr**-bearing topaz and thus ex- 
cite pink to red luminescence with relative ease, 
whereas a 385 nm LED was found to be less efficient. 

The excitation characteristics of other Cr**-bear- 
ing gem minerals may be similar but not necessarily 
identical to that of topaz. This is due to their differ- 
ent crystal-field strengths that, among others, control 
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two main absorption bands 
among the three minerals. For 
band assignment, see 
Tarashchan et al. (2006). 


the energetic difference of *T, and *E levels (figure 8; 
see also box B). 


Excitation-Emission Spectroscopy. The excitation- 
emission matrix of Schneckenstein topaz shown in 
figure 7 is the color-coded visualization of quantum 
energy and intensity of the emission with respect to 
the quantum energy of the excitation. Such a matrix 
is generated by measuring the emission intensity at 
variable spectral positions (potentially comprising 
the long-wave UV, visible, and NIR ranges) and at dif- 
ferent excitation energies. Note that such plots have 
also been described as three-dimensional lumines- 
cence spectra (with excitation energy, emission en- 
ergy, and intensity as the three dimensions) or as 
excitation-emission maps. We prefer not to use the 
latter term, to avoid possible confusion with hyper- 
spectral maps where multiple point analyses are con- 
ducted at different x and y coordinates, whereas a 
matrix consists of multiple analyses obtained at the 
very same sample location. For the principle of the 
technique, the reader is referred to the fundamental 
description in Marfunin (1979), more specific eluci- 
dations are given in box B of Zhang et al. (2020). 
The emission intensity of the Schneckenstein topaz 
varies strongly with the excitation energy, whereas the 
principal spectral pattern of the emission does not. 
Note that the coloration distribution in the excitation- 
emission matrix does not show significant diagonal fea- 
tures (for a contrasting example, see figure 4G of Zhang 
et al., 2020). This indicates that the emission does not 
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Box B: LUMINESCENCE RELATED TO TRIVALENT CHROMIUM 


Several gem minerals incorporate minor amounts of Cr** 
at a lattice site that is six-coordinated to O* (and possibly 
other anions). Examples include corundum, beryl, 
chrysoberyl, diopside, garnet, tourmaline, and topaz. 
However, absorption (i.e., coloration) and emission re- 
lated to Cr** may vary appreciably (see also figure 8 in 
Tsai and D’Haenens-Johansson, 2021). This is because of 
so-called crystal-field effects: The six-coordinate octahe- 
dral Cr** site is variably distorted from its ideal octahe- 
dral symmetry, due to various arrangements of 
neighboring atoms, depending on the respective host 
mineral’s crystal structure. 

In contrast to optical absorption processes, only the 
two lowest-energy excited levels of six-coordinate octa- 
hedral Cr** (i.e., the narrow, split ?E level and the broad, 
thermally populated *T, level) are significant for the 
emission of light. In different host minerals, these levels 
have unequal energy differences relative to one another 
and relative to the electronic ground state (*A,), finally 
resulting in different emission characteristics. This is vi- 
sualized (greatly simplified) in figure B-1. 

For Cr** in corundum, the energy difference AE be- 
tween *E and ‘T, is comparably large. The two levels 
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hence do not “overlap” at room temperature, and direct 
4T, — 4A, relaxation does not occur, but excited electrons 
undergo a so-called fast intersystem crossing (ISC) from 
the “T, singlet to the energetically favorable 7E triplet- 
excited state (Kisliuk and Moore, 1967). Emission of 
chromium-bearing corundum is therefore dominated by 
the two narrow R lines (spin-forbidden *E — ‘A, transi- 
tion). In contrast, AE is much smaller for Cr** in beryl, 
resulting in energetic preference and hence significant 
contribution of the spin-allowed ‘T, — “A, relaxation at 
room temperature (Kisliuk and Moore, 1967). The latter 
is detected as an intense broad band underlying the two 
R lines (figure B-1). Chromium-bearing topaz has inter- 
mediate AE and therefore practically represents an inter- 
mediate state between the two former minerals. Here, 
‘T, and ’E states are in virtual thermal equilibrium at 
room temperature (Gaft et al., 2003; Tarashchan et al., 
2006). The Cr**-related emission of topaz therefore con- 
sists of nearly equal contributions of the two narrow R 
lines (and their vibrational satellites) related to the spin- 
forbidden *E — ‘A, transition, and a broad band related 
to the spin-allowed *T, — *A, transition (Gaft et al., 2003; 
Tarashchan et al., 2006; O’Bannon and Williams, 2019). 


Figure B-1. Room-tempera- 
ture emission spectra re- 
lated to Cr** in three 
common gem minerals, 
along with greatly simpli- 
fied sketches of the lowest 
electronic levels. Rather 
minor variations in energy 
differences among corre- 
sponding electronic levels 
result in apparently differ- 
ent PL patterns: In ruby, 
electrons are transferred 
non-radiatively from the *T, 
2E to the split °E level (wavy 
black arrow), and the en- 
ergy is released radiatively 
(that is, under emission of 
PL) only upon *E > “A, 
transition (red arrows). In 
oF the other two minerals, in- 
creasing portions of elec- 
trons undergo a radiative 


5 4T, — 4A, transition and 


correspondingly fewer elec- 
trons are transferred to the 

°E level (visualized by vary- 
ing thicknesses of lines). 
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Figure 9. Two photos of the second crystal from the left in figure 3 (1.6 g, 9.5 mm tall). Left: White-light photo 
showing the common pale yellow bodycolor. Right: The crystal emits pink to red luminescence under 407 nm illu- 
mination. Photos by Manfred Wildner. 


consist of several components with different excitation 
characteristics. Rather, the emission is assigned solely 
to Cr** substituting for Al* (Gaft et al., 2003, 
Tarashchan et al., 2006; O’Bannon and Williams, 2019). 


CONCLUSIONS 

The present article provides a comprehensive sum- 
mary of past and present mineral-chemical and spec- 
troscopic investigations of the _ historical 
Schneckenstein topaz, with emphasis on lumines- 
cence studied by excitation-emission spectroscopy. 
It is, to the best of our knowledge, only the third ex- 
citation-spectroscopy study of topaz, and the first 
that was conducted on non-“Imperial” topaz. The 
Schneckenstein material is characterized by remark- 
ably low contents of non-formula elements and a 
high F/OH ratio. The latter is also reflected in the 
Raman spectra by the OH-band pattern with its com- 
parable low intensity. The PL spectra reveal the typ- 
ical Cr**-luminescence pattern in topaz, and no 
additional luminescence bands are present. The de- 
termined values for Ge (40-70 ppm) and Ga (2-3 
ppm) are mainly consistent with results from previ- 
ous studies (Goldschmidt and Peters, 1933; Schr6n, 
1968; Seim and Schweder, 1969) and coincide with 
an assumed topaz formation in a late hydrothermal 
state following pneumatolytic greisenization (Breiter, 
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2013a). To the best of our knowledge, this is the first 
study that provides microscopic images of, and ana- 
lytical data for, the manifold inclusions in Schneck- 
enstein topaz. Inclusions identified by means of 
Raman spectroscopy were apatite, rutile, quartz, zir- 
con, and a xenotime-group mineral. The assumed as- 
signment of cubic crystals in multiphase inclusions 
as halite will require further study. 

The excitation-emission spectroscopy technique 
is a rather recent advancement of excitation spec- 
troscopy, which is becoming more important in the 
analysis of gemstones. Successful applications of ex- 
citation-emission spectroscopy include studies of 
Cr**-colored gem minerals (Hoover and Theisen, 
1993); amber (Bellani et al., 2005; Jiang et al., 2020, 
Zhang et al., 2020); opal (Fritsch et al., 2015); and dia- 
mond (Luo and Breeding, 2013). In the present case, 
excitation-emission spectroscopy provides simple 
reasoning for the apparent luminescence inertness of 
yellow topaz observed under UV illumination. Exci- 
tation energies of Cr** electronic levels in topaz do not 
coincide with quantum energies of light that is emit- 
ted by short-wave and long-wave UV lamps used in 
conventional gem testing. By contrast, short-wave- 
length visible (i.e., violet) light is remarkably efficient 
in exciting readily visible pinkish PL (figure 9) that is 
caused by Cr** concentrations as low as ~25 ppm. 


Gems & GEMOLOGY SPRING 2022 15 


ABOUT THE AUTHORS 

Dr. Manuela Zeug and Dr. Chutimun Chanmuang N. are re- 
searchers, and Prof. Dr. Lutz Nasdala is chairholder for Mineral- 
ogy and Spectroscopy, at the Institut fur Mineralogie und 
Kristallographie, University of Vienna. Prof. Dr. Christoph Hauzen- 
berger is chairholder for Petrology and Geochemistry at the Insti- 
tute of Earth Sciences - NAWI Graz Geozentrum in Graz, Austria. 


ACKNOWLEDGMENTS 
Three of the topaz crystals investigated were kindly made available 


REFERENCES 


Barton M.D. (1982) The thermodynamic properties of topaz solid 
solution and some petrologic applications. American Mineral- 
ogist, Vol. 67, pp. 956-974. 

Bauer M. (1902) Hermann Albert Weber: Ueber die Aufschliessung 
der Silikate durch Borsdureanhydrid und tiber eine neue Meth- 
ode zur Bestimmung des Fluors im Kryolith. Review of inau- 
gural dissertation (Heidelberg 1900, 38 pp.). Centralblatt fiir 
Mineralogie, Geologie und Paldontologie, pp. 504-507. 

Baumann L., Gorny S. (1964) Neue tektonische und petrographische 
Untersuchungsergebnisse in der Zinnerzlagerstatte Tannenberg- 
Miuhlleiten. Freiberger Forschungshhefte C, Vol. 181, pp. 89-118. 

Bellani V., Giulotto E., Linati L., Sacchi D. (2005) Origin of the blue 
fluorescence in Dominican amber. Journal of Applied Physics, Vol. 
97, No. 1, article no. 016101, http://dx.doi.org/10.1063/1.1829395 

Beny J.M., Piriou B. (1987) Vibrational spectra of single-crystal 
topaz. Physics and Chemistry of Minerals, Vol. 15, No. 2, pp. 
148-154, http://dx.doi.org/10.1007/BF00308777 

Breiter K. (2012) Nearly contemporaneous evolution of the A- and 
S-type fractionated granites in the Krusné hory/Erzgebirge Mts., 
Central Europe. Lithos, Vol. 151, pp. 105-121, 
http://dx.doi.org/10.1016/j.lithos.2011.09.022 

Breiter K., Gardenova N., Kanicky V., Vaculovié T. (2013a) Gal- 
lium and germanium geochemistry during magmatic fraction- 
ation and post-magmatic alteration in different types of 
granitoids: A case study from the Bohemian Massif (Czech Re- 
public). Geologica Carpathica, Vol. 64, No. 3, pp. 171-180, 
http://dx.doi.org/10.2478/geoca-2013-0018 

Breiter K., Gardenova N., Vaculovié T., Kanicky V. (2013b) Topaz 
as an important host for Ge in granites and greisens. Miner- 
alogical Magazine, Vol. 77, No. 4, pp. 403-417, 
http://dx.doi.org/10.1180/minmag.2013.077.4.01 

Brown G.C. Jr. (1964) Fluorescence lifetimes of ruby. Journal of Applied 
Physics, Vol. 35, pp. 3062-3063, http://dx.doi.org/10.1063/1.1713175 

Buchner J.G. (1740) Lapidibus pretiosis in Voigtlandia reperiendis. 
Acta Physico-Medica Academiae Caesareae Leopoldino-Car- 
olinae Naturae Curiosorum Exhibentia, Vol. 5, pp. 101-105. 

Charpentier J.RW. (1778) Mineralogische Geographie der 
Chursdchsischen Lande. Siegfried Leberecht Crusius, Leipzig. 

Deer W.A., Howie R.A., Zussman J. (2013) An Introduction to the 
Rock-Forming Minerals, 3rd ed. Berforts Information Press, 
Stevenage, UK, 510 pp. 

Forster H.-J., Tischendorf G., Trumbull R.B., Gottesmann B. (1999) 
Late-collisional granites in the Variscan Erzgebirge, Germany. 
Journal of Petrology, Vol. 40, No. 11, pp. 1613-1645, 
http://dx.doi.org/10.1093/petroj/40.11.1613 

Fritsch E., Megaw P.K.M., Spano T.L., Chauviré B., Rondeau B., 
Gray M., Hainschwang T., Renfro N. (2015) Green-luminescing 
hyalite opal from Zacatecas, Mexico. Journal of Gemmology, 
Vol. 34, No. 6, pp. 490-508. 


16 GERMAN TOPAZ FROM THE SCHNECKENSTEIN CRAG 


by Steffen Gerisch, and sample preparation was done by Andreas 
Wagner. Gerald Giester, Michael Loitzenbauer, and Roland Seitz are 
thanked for experimental help. Alexander Repstock and Wolfgang 
Zirbs assisted in acquiring literature. Michael Gaft is thanked for 
helpful discussions. We are indebted to Dirk Weber for providing im- 
ages of historical objects, and the board of the Green Vault in Dres- 
den for permission to use the images herein. Andreas Massanek, 
Jeff Scovil, and Mantred Wildner are thanked for photographs of 
topaz specimens. Constructive comments and suggestions of three 
anonymous reviewers are gratefully acknowledged. 


Gaft M., Nagli L., Reisfeld R., Panczer G., Brestel M. (2003) 
Time-resolved luminescence of Cr** in topaz Al,SiO,(OH,F),. 
Journal of Luminescence, Vol. 102-103, pp. 349-356, 
http://dx.doi.org/10.1016/S0022-2313(02)00532-X 

Gautier D’Agoty F. (1781) Histoire naturelle ou exposition 
générale de toutes ses parties, gravées et imprimées en 
couleurs naturelles. 1. Régne minéral. Paris (self-published). 

Gauzzi T., Graca L.M., Lagoeiro L., Mendes L.C., Queiroga G.N. (2018) 
The fingerprint of imperial topaz from Ouro Preto region (Minas 
Gerais state, Brazil) based on cathodoluminescence properties and 
chemical composition. Mineralogical Magazine, Vol. 82, No. 4, 
pp. 943-960, http://dx.doi.org/10.1180/minmag.2017.081.078 

Goldschmidt V.M., Peters C. (1933) Zur Geochemie des Germa- 
niums. Nachrichten von der Gesellschaft der Wissenschaften 
zu G6ttingen. Mathematisch-Physikalische Klasse, Fach- 
gruppe IV, Vol. 33, pp. 141-166. 

Greenidge D. (2018) Investigations of color center phenomena in 
topaz and quartz through electron spin resonance with refer- 
ence to optical absorption and nuclear magnetic resonance: Im- 
plications for extended mineral applications. Malaysian 
Journal of Fundamental and Applied Sciences, pp. 142-149, 
http://dx.doi.org/10.11113/mjfas.v14n1-2.958 

Griffin W.L., Powell W., Pearson N,J., O'Reilly S.Y. (2008) GLIT- 
TER: Data reduction software for laser ablation ICP-MS. In P. 
Sylvester, Ed., Laser Ablation ICP-MS in the Earth Sciences: 
Current Practices and Outstanding Issues. Mineralogical As- 
sociation of Canada, Québec, pp. 308-311. 

Hatiy R.J. (1801) Traité de Minéralogie. Chez Louis, Paris. 

Henckel J.F. (1737) De Topasio vera Saxonum, orientali non infe- 
riore. Acta Physico-Medica Academiae Caesareae Leopoldino- 
Carolinae Naturae Curiosorum, Vol. 4, pp. 316-320. 

Hoover D.B., Theisen A.F. (1993) Fluorescence excitation-emission 
spectra of chromium-containing gems: An explanation for the 
effectiveness of the crossed filter method. Australian Gemmol- 
ogist, Vol. 18, No. 6, pp. 182-187. 

Jarosewich E. (2002) Smithsonian microbeam standards. Journal of 
Research of the National Institute of Standards and Technology, 
Vol. 107, No. 6, pp. 681-685, https://doi.org/10.6028/jres.107.054 

Jaschke U., Unger B. (2007) Der Vogtlandatlas. Regionalatlas zur 
Natur, Geschichte, Bevélkerung, Wirtschaft, Kultur des séch- 
sischen Vogtlands. Klaus Gumnior, Chemnitz, Germany. 

Jiang X., Zhang Z., Wang Y, Kong F. (2020) Gemmological and 
spectroscopic characteristics of different varieties of amber 
from the Hukawng Valley, Myanmar. Journal of Gemmology, 
Vol. 37, No. 2, 144-162. 

Jochum K.P., Weis U., Stoll B., Kuzmin D., Yang Q., Raczek L., 
Jacob D.E., Stracke A., Birbaum K., Frick D.A., Giinther D., En- 
zweiler J. (2011) Determination of reference values for NIST 
SRM 610-617 glasses following ISO guidelines. Geostandards 


Gems & GEMOLOGY SPRING 2022 


and Geoanalytical Research, Vol. 35, pp. 397-429, 
http://dx.doi.org/10.1111/j.1751-908X.2011.00120.x 

Jochum K.P., Weis U., Schwager B., Stoll B., Wilson S.A., Haug G.H., 
Andreae M.O., Enzweiler J. (2016) Reference values following 
ISO guidelines for frequently requested rock reference materials. 
Geostandards and Geoanalytical Research, Vol. 40, No. 3, pp. 
333-350, http://dx.doi.org/10.1111/j.1751-908X.2015.00392.x 

Jones Z., Hinds J., Woznichak S., Calamai A. (2020) Revisiting the 
room-temperature metastable E lifetime in ruby for an upper 
division phosphorescence laboratory experiment. Journal of 
Undergraduate Reports in Physics, Vol. 30, No. 100004, 
http://dx.doi.org/10.1063/10.0002044 

Kern J.G. (1776) Vom Schneckensteine oder dem sédchsischen 
Topasfelsen. Edited and published by LE. von Born. Wolfgang 
Gerle, Prague. 

Kisliuk P., Moore C.A. (1967) Radiation from the *T, state of Cr** 
in ruby and emerald. Physical Review, Vol. 160, No. 2, pp. 307— 
312, http://dx.doi.org/10.1103/PhysRev.160.307 

Kruzslicz A.B., Nasdala L., Wildner M., Skoda R., Redhammer G]J., 
Hauzenberger C., Wanthanachaisaeng B. (2020) Black spinel — 
a gem material from Bo Phloi, Thailand. Journal of Gemmol- 
ogy, Vol. 37, No. 1, pp. 66-79. 

Krzemnicki M.S. (2017) Rarities and collector stones recently 
tested at SSEF. Facette, No. 23, pp. 8-10. 

Lahl B. (2012) Kénigliche Topase vom Schneckenstein — Edelsteine 
aus dem Vogtland. Chemnitzer Verlag, 144 pp. 

Leithner H. (2008) Famous mineral localities: The Kénigskrone 
topaz mine, Schneckenstein, Saxony, Germany. Mineralogical 
Record, Vol. 39, No. 5, pp. 355-367. 

Luo Y., Breeding C.M. (2013) Fluorescence produced by optical defects 
in diamond: measurement, characterization, and challenges. GWG, 
Vol. 49, No. 2, pp. 82-97, http://dx.doi.org/10.5741/GEMS.49.2.82 

Marfunin A.S. (1979) Spectroscopy, Luminescence and Radiation 
Centers in Minerals. Springer, Berlin, 352 pp. 

Mohs F. (1822) Grund-Rifs der Mineralogie. Erster Theil: Termi- 
nologie, Systematik, Nomenklatur, Charakteristik. Arnold’sche 
Buchhandlung, Dresden. 

Nasdala L., Wildner M., Giester G., Chanmuang N. C., Scicchi- 
tano M.R., Hauzenberger C. (2021) Blue dravite (“indicolite”) 
from the Elahera gem field, Sri Lanka. Journal of Gemmology, 
Vol. 37, No. 6, pp. 618-630. 

O'Bannon E.F., Williams Q. (2019) A Cr** luminescence study 
of natural topaz Al,SiO,(F,OH), up to 60 GPa. American 
Mineralogist, Vol. 104, No. 11, pp. 1656-1662, 
http://dx.doi.org/10.2138/am-2019-7079 

Petrov I. (1977) Farbuntersuchungen an Topas. Neues Jahrbuch ftir 
Mineralogie, Abhandlungen, Vol. 130, No. 3, pp. 288-302. 

(1978) Farbe, Farbursachen und Farbveranderungen bei 
Topasen. Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 27, pp. 3-11. 

Petrov I., Schmetzer K., Eysel H.H. (1977) Absorptionsspektren 
von Chrom in Topas. Neues Jahrbuch ftir Mineralogie Monat- 
shefte, Vol. 8, pp. 365-372. 

Pinheiro M.V.B., Fantini C., Krambrock K., Persiano A.I.C., Dantas 
M.S.S., Pimenta M.A. (2002) OH/F substitution in topaz stud- 
ied by Raman spectroscopy. Physical Review B, Vol. 65, pp. 1- 
6, http://dx.doi.org/10.1103/PhysRevB.65.104301 

Ribbe P.H., Rosenberg P.E. (1971) Optical and X-ray determinative 
methods for fluorine in topaz. American Mineralogist, Vol. 56, 


GERMAN TOPAZ FROM THE SCHNECKENSTEIN CRAG 


pp. 1812-1821. 

Schott S., Rager H., Schiirmann K., Taran M. (2003) Spectroscopic 
study of natural gem quality “Imperial”-topazes from Ouro 
Preto, Brazil. European Journal of Mineralogy, Vol. 15, No. 4, pp. 
701-706, http://dx.doi.org/10.1127/0935-1221/2003/0015-0701 

Schréder M. (1915) Erlduterungen zur geologischen Spezialkarte 
des K6énigsreiches Sachsen, Nr. 144, Blatt Falkenstein. Wil- 
helm Engelmann, Leipzig, 81 pp. 

Schrén W. (1968) Ein Beitrag zur Geochemie des Germaniums. 
Chemie der Erde, Vol. 27, pp. 193-251. 

Sebastian U. (2013) Die Geologie des Erzgebirges. Springer Spek- 
trum, Berlin, Heidelberg, 270 pp. 

Seim R., Schweder P. (1969) Untersuchungen zum Germaniumge- 
halt im Topas. Chemie der Erde, Vol. 28, pp. 83-90. 

Smith C.P. (2020) ColorCodex™ — A new tool for the gemstone 
and jewelry industry. InColor, No. 45, pp. 84-90. 

Taran M.N., Tarashchan A.N., Rager H., Schott St., Schtirmann 
K., Iwanuch W. (2003) Optical spectroscopy study of variously 
colored gem quality topazes from Ouro Preto, Minas Gerais, 
Brazil. Physics and Chemistry of Minerals, Vol. 30, No. 9, pp. 
546-555, http://dx.doi.org/10.1007/s00269-003-0356-9 

Tarashchan A.N., Taran M.N., Rager H., Iwanuch W. (2006) Lu- 
minescence spectroscopic study of Cr** in Brazilian topazes 
from Ouro Preto. Physics and Chemistry of Minerals, Vol. 32, 
No. 10, pp. 679-690, http://dx.doi.org/10.1007/s00269-005- 
0042-1 

Tichomirowa M., Leonhardt D. (2010) New age determinations 
(Pb/Pb zircon evaporation, Rb/Sr) on the granites from Aue- 
Schwarzenberg and Eibenstock, Western Erzgebirge, Germany. 
Zeitschrift fiir Geologische Wissenschaften, Vol. 38, No. 1-2, 
pp. 99-123. 

Toya T., Kato A. (1983) JEOL Practical techniques for microprobe 
analysis. JEOL Training Center, Tokyo, 193 pp. 

Tsai T.-H., D’Haenens-Johansson U.ES. (2021) Rapid gemstone 
screening and identification using fluorescence spectroscopy. 
Applied Optics, Vol. 60, No. 12, pp. 3412-3421, 
http://dx.doi.org/10.1364/A0.419885 

Twelvetrees W.H., Petterd W.F. (1897) On the topaz quartz porphyry 
or stanniferous elvan dykes of Mount Bischoff. Papers and Pro- 
ceedings of the Royal Society of Tasmania, pp. 119-128. 

Vollstadt H., Lahl B. (1997). Der Schneckenstein. In M. Glas, 
Ed., Topas - Das prachtvolle Mineral, der lebhafte Edelstein. 
extraLapis, No. 13, pp. 26-37. 

Whitney D.L., Evans B.W. (2010) Abbreviations for names of rock- 
forming minerals. American Mineralogist, Vol. 95, No. 1, pp. 
185-187, http://dx.doi.org/10.2138/am.2010.3371 

Wilson W.E. (1995) Fabien Gautier d’Agoty and his ‘Histoire Na- 
turelle Regne Mineral’ (1781). Mineralogical Record, Vol. 26, 
No. 4, pp. 65-76. 

Wright J.H., Kwak T.A.P. (1989) Tin-bearing greisens of Mount Bischoff, 
northwestern Tasmania, Australia. Economic Geology, Vol. 84, No. 
3, pp. 551-574, http://dx.doi.org/10.2113/gsecongeo.84.3.551 

Zeug M., Nasdala L., Wanthanachaisaeng B., Balmer W.A., Corfu 
F.,, Wildner M. (2018) Blue zircon from Ratanakiri, Cambodia. 
Journal of Gemmology, Vol. 36, No. 2, pp. 112-132. 

Zhang Z., Jiang X., Wang Y., Kong F., Shen A.H. (2020) Fluorescence 
characteristics of blue amber from the Dominican Republic, 
Mexico, and Myanmar. G&G, Vol. 56, No. 4, pp. 484-496, 
http://dx.doi.org/10.5741/GEMS.56.4.484 


Gems & GEMOLOGY SPRING 2022 17 


NMOS ARTICLES 


HISTORY OF EMERALD MINING IN THE 
HABACHTAL DEPOSIT OF AUSTRIA, PART II 


Karl Schmetzer 


Published information about the history of the Habachtal emerald mine in the era between World War | and World 
War II is limited and superficial. Subsequent to the departure of Emerald Mines Limited, the English company that had 
owned the property since 1896, the Habachtal mine was owned or controlled by Austrian, Swiss, Italian, or German 


companies or citizens. The names of various companies and individuals who were actively mining for some time in the 


Habach Valley are mentioned in numerous papers, books, or newspapers. The relationships between them and the 


property owners mentioned in files of the Mittersill land registry office are frequently unknown and the reasons for 


numerous transitions of ownership, followed by changes of the mining entities that operated the deposit, are not clearly 


seen. Using a wide selection of materials from Austrian and German archives, largely unpublished, the author seeks 
to trace the history of the Habachtal mine through this period and to fill the gaps left by existing publications. Activities 
and events after 1945 and the present situation are also briefly described. 


that no regular mining occurred in the Habach 

Valley up until the end of the eighteenth century. 
After the secondary deposit in Habachtal was de- 
scribed in 1797, emeralds were collected in the val- 
ley, and regular mining commenced in the early 
1860s after the discovery of the primary deposit. For 
several decades, from about 1865 to 1895, only minor 
activities took place in the primary and secondary 
parts of the deposit. In contrast, major activities with 
up to 30 miners are seen under English guidance and 
ownership by Emerald Mines Limited, from 1896 to 
1913. Thereafter, the ownership reverted to three 
Austrian citizens: Alois Kaserer, Johann Blaikner, 
and Peter Meilinger, all landowners and farmers in 
the area. However, the outbreak of World War I pre- 
vented them from starting any regular mining on a 
larger scale and prompted them to sell the property. 
This is the starting point for part two of the Habach- 
tal investigation. 

The first half of the twentieth century brought 
numerous transitions in ownership and various min- 
ing activities (see figure 1) that also have, until now, 
not been described in detail with regard to the un- 


| n the first part of this article, it has been shown 


See end of article for About the Author and Acknowledgments. 
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published original documents preserved mainly in 
Austrian and German archives. In part two, the focus 
is laid upon this era. It will illustrate the problems 
that occurred in emerald mining, the individuals in- 
volved, and their success or failure in emerald recov- 
ery in Austria. 


MINING HISTORY OF THE HABACHTAL 
EMERALDS (1916-1939) 


Property Under Anton Hager and Peter Staudt (1916- 
1927). In October 1916, landowners Kaserer, 
Blaikner, and Meilinger resold the property for 15,000 
Kronen (approximately US$1,900 at the time) to 
Anton Hager (figure 2), an Austrian citizen then re- 
siding in Traunstein, Germany.! Prior to that trans- 
action, Hager had already applied for several 
exploration permits in the area.? Circa 1917, an 


‘Notarized contract between Alois Kaserer/Johann Blaikner/Peter 
Meilinger and Anton Hager, October 26, 1916, Mittersill land registry 
office, Archive of Salzburg Federal State; Habachtal emerald mine 
file, entry January 5, 1917, Mittersill land registry office. Anton Hager 
(1872-1940) was a timber merchant involved in his stepfather’s com- 
pany at Traunstein, originally hailing from the area of Zell am See in 
the Pinzgau and then living in Traunstein from 1900 to 1926. He 
moved in 1926 to the community of Gnigl (which in 1935 became 
part of Salzburg). Franz Haselbeck, Traunstein City Archive, pers. 
comm., 2020; Brigitte Leitermann, granddaughter of Peter Staudt, 
pers. comm., 2020. 

*File Bezirkshauptmannschaft Zell am See, BH Zell 1936 Al — 7587, 
Archive of Salzburg Federal State. 
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Figure 1. The Madonna emerald, on permanent display at Bramberg Museum, is an exceptional specimen found at the 
Habachtal deposit in 1970. It measures approximately 30 cm tall. Photo by K. Schmetzer; courtesy of Alois Steiner. 
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tal mine was 
purchased by timber merchant Anton Hager, an 
Austrian citizen residing in Traunstein, Germany. 
Photo circa 1925; courtesy of B. Leitermann. 


anonymous memorandum was written, likely by 
Hager, describing the history of the Habachtal emer- 
ald mine and its current condition.* Certain com- 
ments hinted at a possible intent for future emerald 
mining, and it was noted that the adit to the D 
gallery was still blocked by rocks and needed to be 
reopened. 

In July 1918, Hager began efforts to restore the 
property with five laborers, and that work continued 
in the following years.* Additional exploration per- 
mits were sought by Hager in 1918, and he also ap- 
plied that same year for permits for talc production 
near the emerald deposit.° During that era, talc was 
mined for various applications such as cosmetics, 
pharmaceutical products, glass, specialized papers, 
leather, textiles, and soap.° Mining engineer Heinrich 
Stuchlik (figure 3) of Traunstein provided Hager with 
estimates for a supply of 200 wagons per year with a 
reserve for 100 years, even speculating as to whether 
the talc occurrence might extend over the mountain 
ridge to allow economic mining for talc in the adja- 
cent Hollersbach Valley as well.’ 
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Beginning in August 1918, Hager searched for a 
chemist and/or a partner to invest alongside him in 
the Habachtal venture.* A figure of 800,000 Kronen 
was proposed as the amount necessary for mining 
and transport of the rough talc downhill.’ Finding no 
takers, in September 1920 Hager sold a one-half in- 
terest in the property to his half-brother Peter Staudt 
(figure 4) from Traunstein for 31,000 Kronen"? (ap- 
proximately US$100 at the time). An entity under 
the name Talk- und Edelsteinbergwerk Habachthal 
(Talc and Gemstone Mine Habachthal) was founded 
in 1920 for purposes of the venture.''! Hager and 
Staudt resumed emerald mining that same year” and 
continued to consider activities in the area not re- 
lated to gemstones, such as the extraction of talc and 
even asbestos from the schistose rocks.!° 

Investigation of mining prospects proceeded in 
1920 and 1921. Inspection reports of the area were pre- 


*Anonymous, Das Smaragd-Bergwerk im Habachthale, Archive of the 
Municipality of Bramberg, circa 1917, 6 pp. The exposé was pre- 
pared on stationery from the desk of “Carl Staudt, Holzhandlung, 
Traunstein” and likely written by Hager. 

“File “Beryll Bramberg,” mining documents collected by W. Gunther, 
Archive of the Bergbau- und Gotikmuseum Leogang. 

5File Bezirkshauptmannschaft Zell am See, BH Zell 1936 Al — 7587, 
Archive of Salzburg Federal State. 

Wenzel, 1921. 

“Letters from Heinrich Stuchlik to Anton Hager (dated December 5, 
1918, August 7, 1919, and August 12, 1921), Archive of the Munici- 
pality of Bramberg. Stuchlik was born in the Austrian part of Silesia 
near Troppau, now in the Czech Republic, and studied at the Imperial 
and Royal School of Mining in Leoben. Early in life, Stuchlik focused 
on coal, publishing in 1887 about the deposit in his home village of 
SchGnstein. In the late 1880s, he moved to Bavaria and worked at the 
coal deposit in the Peissenberg area, serving from 1897 to 1905 as 
head of the mining administration. From 1905 to 1912, he was the 
administrator for the saltworks of Traunstein. During World War I, 
Stuchlik was involved in mining in Romania. See Haselbeck, 2019. 
Salzburger Volksblatt, Vol. 48, No. 179, August 7, 1918, p. 5. 

*Letter from unknown sender (signature illegible) to Anton Hager, Au- 
gust 19, 1919, Archive of the Municipality of Bramberg. 

‘Notarized contract between Anton Hager and Peter Staudt, Septem- 
ber 27, 1920, Mittersill land registry office, Archive of Salzburg Fed- 
eral State; Habachtal emerald mine file, entry December 4, 1920, 
Mittersill land registry office. Peter Staudt (1883-1948) was a timber 
merchant in Traunstein, leading a large company with up to 20 work- 
ers that had been founded by his father Carl Staudt in 1897 and re- 
mained in existence until 1928. Franz Haselbeck, Traunstein City 
Archive, pers. comm., 2020; Brigitte Leitermann, granddaughter of 
Peter Staudt, pers. comm., 2020. 

"File “Beryll Bramberg,” mining documents collected by W. Gunther, 
Archive of the Bergbau- und Gotikmuseum Leogang; Compass, In- 
dustrielles Jahrbuch — Osterreich, Vol. 61, 1928, p. 388. 

"File Bezirkshauptmannschaft Zell am See, BH Zell 1936 Al — 7587, 
Archive of Salzburg Federal State; Salzburger Volksblatt, Vol. 58, No. 
240, October 18, 1928, p. 7; Grundmann, 1979; Lausecker, 1986; 
Lewandowski, 1997; Dullmann, 2009. 

'3Salzburger Volksblatt, Vol. 54, No. 174, July 31, 1924, p. 7. 
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Figure 3. In the late 1910s and early 1920s, mining en- 
gineer and administrator Heinrich Stuchlik evaluated 
the Habachtal property for Hager, focusing in particu- 
lar on the use of the deposit for industrial recovery of 
talc. He also prepared a subsequent report in 1928 
during the mine’s ownership by the Swiss firm Ak- 
tiengesellschaft flir modernen Bergbau. Photo circa 
1910; courtesy of the Historical Archive of the City of 
Traunstein. 


pared by engineer Ludwig Autzinger of the firm Abi- 
hag in Linz and Graz'* (who also published his results 
in 1922) and by mine foreman Johann Hanisch (figure 
5),5 and chemical analyses of talc were commissioned 
from laboratories in Salzburg, Vienna, and Munich. 
Besides noting that the mine was well maintained and 
all entries to the four galleries were accessible, 
Autzinger focused on potential production." For talc, 
he calculated 400 railway wagons (with 10,000 kg per 
wagon) per year by open-pit mining, with reserves for 
200 years. For emerald, Autzinger used a wildly opti- 
mistic yield reported to him for the period of the Eng- 
lish ownership of 5 kg (25,000 carats) of clean emeralds 
per week and projected similar totals. (Note that this 
figure was never reached even during one complete 
season, and such a weekly yield would have made sell- 
ing the mine financially irrational.) Hanisch’s report 
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Figure 4. Following an unsuccessful search for a partner 
to invest in the Habachtal venture, Hager sold a one- 
half interest in the property to his half-brother Peter 
Staudt (pictured), also a timber merchant from Traun- 
stein. Photo circa 1925; courtesy of B. Leitermann. 


centered on the mine’s condition and recent efforts to 
prepare it for operation, advising that the previously 
decrepit galleries had been renovated in 1920 and that 
safety measures had been undertaken.!” Also in 1920, 
H. Obpacher of the Mineralogical-Geological Labora- 
tory at the Munich Technical University examined 


“Ludwig Autzinger (1890-1964) studied civil engineering at the 
Technical University of Vienna from 1908 to 1915 and served as an 
assistant at the school in 1917. He subsequently worked in various in- 
dustrial capacities, including director of a fertilizer factory. In 1939 he 
emigrated to the United States. 

"Johann Hanisch (b. 1885) was a foreman at the Mitterberg copper 
mine (owned by Mitterberger Kupfer-Aktiengesellschaft) near 
Mihlbach at the Héchkénig from 1916 to 1924. The deposit had 
been known since the Bronze Age. 

'eAutzinger L., Uber das Talk- und Smaragdbergwerk in Habach, Post 
Bramberg im Pinzgau, July 1920, 4 pp. + map, Archive of the Munici- 
pality of Bramberg; see also Autzinger, 1922. 

“Hanisch J., Bericht iber den Smaragdbergbau oberhalb der Séllalpe 
im Habachtal, January 20, 1921, 2 pp., Archive of the Municipality of 
Bramberg. 
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Figure 5. In 1920 Johann Hanisch, foreman at the Mit- 
terberg copper mine near Miihlbach, prepared one of 
the reports commissioned by Hager and Staudt in 
view of resuming mining operations after World War 
I. Photo circa 1920; archive of W. Gtinther at Mining 
and Gothic Museum Leogang. 


the talc-bearing rocks. Petrographic thin sections were 
prepared to determine the mineral assemblage, and 
methods for processing and cleaning the talc and as- 
bestos were evaluated.!* 

Based on the production figures provided by 
Autzinger, a detailed business plan was developed by 
K.E. Moldenhauer from the Institute for Chemical 
Technology at the Munich Technical University and 
presented to Hager and Staudt in December 1920. 
The cost for open-pit mining of talc, underground 
mining of emeralds, and transportation of the ore 


'8Obpacher H., Begutachtung von Gesteins- und Mineralproben 
(vorgelegt von Dipl. Ing. Moldenhauer) aus dem Talk-Asbest- und 
Smaragdvorkommen im Habachtal am Grossvenediger, December 
18, 1920, 9 pp., Archive of the Municipality of Bramberg. 
'Moldenhauer K.E., Das Talkum-, Asbest- und Smaragd-Vorkommen 
im Habachtal (Oberpinzgau) und seine Verwertung, December 1920, 
36 pp, Archive of the Municipality of Bramberg. 

2°File Bezirkshauptmannschaft Zell am See, BH Zell 1936 Al — 7587, 
Archive of Salzburg Federal State; Schiffner, 1940; File “Beryll Bram- 
berg,” mining documents collected by W. Giinther, Archive of the 
Bergbau- und Gotikmuseum Leogang. 
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downhill was estimated, as was the outlay for recom- 
mended supporting facilities. An electric power plant 
was to be built, along with facilities for separating 
emeralds from host rock, grinding and sieving talc 
ore, magnetic separation of iron-bearing components, 
and drying, weighing, packing, and transporting the 
refined talc powder to the railway station. The emer- 
ald and talc business lines were said to require a com- 
bined investment in the range of 8,500,000 German 
marks (approximately US$150,000 at the time). 
Nonetheless, the enterprise was expected to be prof- 
itable based on the unrealistic estimated 5 kg per 
week yield and value of 250,000 marks per kilogram 
of emerald rough, amounting to weekly revenue of 


In Brief 


¢ The Habachtal property was purchased in 1916 by the 
Austrian Anton Hager, who mined it with his German 
half-brother Peter Staudt until 1927. 

e In 1927, the mine was sold to the Swiss company Ak- 
tiengesellschaft fiir modernen Bergbau. 

e Beginning in 1932, control of the Habachtal mine be- 
came a subject of ongoing legal controversies between 
different parties. Against that backdrop, the mine was 
leased to an Italian citizen. Ownership was then trans- 
ferred in 1933 to three German and Swiss individuals: 
Max Gaab, Meta Geist, and Florian Prader. 

e After the conflicts were resolved, the Swiss firm 
Smaragd Aktiengesellschaft, formed in 1934, took over 
mining activities from 1935 to 1939. 

e German lawyer Max Gaab acquired another part of the 
mine in 1941, and ownership has remained with 
Gaab’s descendants since his death in 1953. 


1,250,000 marks (approximately US$22,,000) from the 
emerald line alone. 

In 1921, Hager and Staudt applied for and received 
the requisite working permits for the mine, and an 
application for permission to install the plant and 
transport facilities for the talc production was filed 
by Hager the same year. Operations on site in 1921 
were supervised by Austrian mining engineer Josef 
Gerscha (1864-1941, figure 6), who was forced to deal 
with the lack of proper maintenance of the galleries 
for more than a decade following the activities of the 
English proprietors.”° 

While talc production seems never to have ad- 
vanced beyond preliminary or experimental stages, 
and the intended facilities were never constructed, 
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Figure 6. Efforts in 1921 to return the Habachtal 
mine to production were overseen by Austrian min- 
ing engineer Josef Gerscha, who had to contend with 
the fact that the tunnels had not been maintained for 
several years. Undated photo; archive of the TU 
Bergakademie Freiberg, Germany. 


emerald mining was undertaken on a larger scale.”! 
An unknown number of workers was employed in 
the enterprise, and Anton Hager Jr. (figure 7), son of 
the owner, joined in the effort.” Between 1923 and 
1926, extensions were added to the extremities of the 
D gallery tunnel system (figures 7 and 8) and German 


21See Fritz, 1972. 


Anton Hager Jr. (1902-1980) was born in in Traunstein. He later 
studied mechanical engineering at the engineering school in Mitt- 
weida, Saxony, from 1921 to 1923. 

°3Dr. Max Brennekam (1870-1954) studied at the universities of Tubin- 
gen, Halle, and Greifswald and wrote a dissertation on the philosophy 
of Immanuel Kant (1895). In the following years, he worked as a 
schoolteacher in the Berlin region. After World War I, Brennekam 
shifted his focus to mining, spending a period from 1921 to 1928 in 
Austria. Together with his son Otto Brennekam (1899-1960), he 
served on the board of directors of the firm Kohle und Erz Aktienge- 
sellschaft, which was founded in 1923 in Berlin and operated several 
gold mines in Austria. The 1940s found Brennekam as the owner of a 
feldspar mining company in Tirschenreuth, Bavaria. Montanistische 
Rundschau, Vol. 15, No. 22, 1923, p. 525; letter from K. Martius to W. 
von Seidlitz, June 21, 1938, Lagerstattenarchiv Osterreichische Geolo- 
gische Bundesanstalt Wien; Eberl, 1972; Beate Heinrich, Archive of 
the Municipality of Tirschenreuth, pers. comm., 2020. 
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Figure 7. Top: This map of the D gallery drawn by 
Anton Hager Jr. in 1923 shows that the far reaches of 
tunnel system intersected the targeted emerald-bear- 
ing talc- and biotite-schists (light blue and yellow). 
Courtesy of E. Burgsteiner. Bottom: Engineer Anton 
Hager Jr. was the son of the mine owner. Photo circa 
1927 in front of the adit to the mine; courtesy of B. 
Leitermann. 


Dr. Max Brennekam (figure 9) took over responsibil- 
ity as mining engineer for operations.” The record 
indicates that Hager and Staudt experienced solid 
emerald production in some years but that market- 
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Figure 8. Map of the C and D galleries of the Habach- 
tal emerald mine, the oldest known sketch showing 
both galleries, drawn by Anton Hager Jr. in 1924 and 
updated in 1926. Archive of the municipality of 
Brambersg. 


ing and sales were ineffective.2* Meanwhile, in Feb- 
ruary 1924 an option to purchase the property was 
recorded with the Mittersill land registry by Hager 
and Staudt in favor of Adolf Eichmann, an investor 
and merchant of electrical devices from Linz, but it 
terminated the same year without exercise.”° 


Conflicts Over Interests in the Property (1927-1934). 
The property was eventually sold in October 1927, 
and ownership transferred along with several explo- 
ration permits held by Hager to the Swiss firm Ak- 
tiengesellschaft fiir modernen Bergbau, located in 
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Chur.” This company had been registered in October 
1927, with a stated capital of 100,000 Swiss francs 
(approximately US$19,000 at the time) and an initial 
board of directors consisting of Alfred Mannesmann 
(president) and Hermann Hoesch, both German in- 
dustrialists; Hans Nipkow (vice president), Emil Frey, 
Bartholome Jeger, and Florian Prader (figure 10),’’ all 
Swiss engineers or bankers; Conde de Santa Maria de 
la Sisla, a Spanish citizen and member of parliament 
representing Madrid; and Christian Buol, a lawyer 
from Zurich. A German banker named Justus H. Vo- 
geler replaced Buol in 1929.8 A local office was set 
up in the Senningerbrau, an inn in Bramberg.”” The 
purchase price was 66,000 Swiss francs, to be paid in 
two equal installments by January 1 and May 1, 
1928, respectively,*° and liens were recorded against 
the property to ensure full payment. 

After the sale, mining resumed for approximately 
four weeks in the name of the new owner. Bren- 
nekam and Anton Hager Jr. stayed on, providing op- 
erational guidance for a team of eight miners.*! The 
emerald-bearing rocks were hauled in containers from 
the mine down to the valley in Bramberg for washing 
and crystal separation, the same procedure that had 
been utilized by Hager and Staudt for some time.” 

Such efforts notwithstanding, regulatory and fi- 
nancial problems quickly intervened. Brennekam, 
serving as local representative for the mine owner, 
was directed to apply for a working permit for the 
Swiss Aktiengesellschaft ftir modernen Bergbau, but 


*4Eberl, 1972. 

*5Option declaration given by Anton Hager/Peter Staudt in favor of 
Adolf Eichmann, February 24, 1924, Mittersill land registry office, 
Archive of Salzburg Federal State; Grundmann, 1979. 

*6Notarized contract between Anton Hager/Peter Staudt and Aktienge- 
sellschaft fiir modernen Bergbau, October 13, 1927, Mittersill land 
registry office, Archive of Salzburg Federal State; Habachtal emerald 
mine file, entry November 30, 1927, Mittersill land registry office; 
Montanistische Rundschau, Vol. 20, No. 9, 1928, p. 278. 

?7Florian Prader (1883-1946), a Swiss engineer from Zurich, owned 
several construction companies engaged in the building of railways, 
bridges, and power plants. Schweizerische Bauzeitung, Vol. 127, No. 
12, March 23, 1946, pp. 148-149. 

28Schweizerisches Handelsamtblatt, Vol. 45, No. 249, October 24, 
1927, p. 1874; Vol. 47, No. 257, November 2, 1929, p. 218. 
?°L_ausecker, 1986. 

*°Notarized contract between Anton Hager/Peter Staudt and Aktienge- 
sellschaft fiir modernen Bergbau, October 13, 1927, Mittersill land 
registry office, Archive of Salzburg Federal State; Habachtal emerald 
mine file, entry November 30, 1927, Mittersill land registry office. 
3'File Bezirkshauptmannschaft Zell am See, BH Zell H1 2286-1933, 
Archive of Salzburg Federal State. 

*Ibid. See also Leitmeier, 1929/1930 (recounting a presentation given 
in March 1929 but adding observations from summer 1929 at the lo- 
cality prior to final publication in 1930). 
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Figure 9. Dr. Max Brennekam guided mining operations on site during the 1920s, when the prop- 
erty was owned by Anton Hager and Peter Staudt. After the mine was sold to the Swiss entity 
Aktiengesellschaft flir modernen Bergbau, he stayed on for several weeks at the end of 1927, but 
he left Austria in mid-1928. Brennekam is shown with a group of miners at the entrance to one 
of the galleries during the 1920s. The inset portrait of Brennekam is circa 1927. Photos courtesy 
of E. Burgsteiner. 
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Figure 10. The Swiss engineer Florian Prader served as 
one of the directors of Aktiengesellschaft fiir moder- 
nen Bergbau, which purchased the Habachtal prop- 
erty in 1927. He later loaned money to the company 
and subsequently joined with Max Gaab and Meta 
Geist in purchasing the Habachtal property out of 
foreclosure in 1933. Undated photo from Schweizer- 
ische Bauzeitung (1946). 


he was unable to do so in the absence of consent from 
Switzerland, which was not forthcoming over several 
months. Brennekam left Bramberg and moved back 
to Berlin in June 1928.°° 

The company also failed to pay the second install- 
ment of the purchase price, leading Hager and Staudt 
to initiate foreclosure proceedings.* The property was 
valued at 67,000 Austrian shillings, and the lowest ac- 
ceptable purchase price was deemed to be 44,354 
shillings (equivalent to the unpaid 33,000 Swiss 
francs).*° The auction scheduled for December 1, 1928, 
was averted, however, when Aktiengesellschaft ftir 
modernen Bergbau was able to obtain a loan of 50,000 
reichsmark (equivalent to about US$11,900 at the 
time) on November 6 from Hans (Johann) Streubert, a 
mine owner and entrepreneur from Munich who also 
held interests in the neighboring Hollersbach Valley.** 

Hager and Staudt were paid the remaining pur- 
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chase price, and their liens against the property were 
released on November 9, 1928,3” while a new lien in 
favor of Streubert was recorded at the Habachtal emer- 
ald mine file of the Mittersill land registry office. Con- 
sidering all the information available, Staudt had lost 
a substantial amount of money operating the Habach- 
tal mine.** Approximately two weeks later, on No- 
vember 2.1, 1928, Streubert transferred his interest in 
the three-year loan in equal parts to Max Gaab (figure 
11) and Meta Geist (figure 12). 

In December 1928, Smaragd-Bergbau Habachtal 
GmbH was founded in Mittersill to serve as the Aus- 
trian operating entity for the Swiss owner. Streubert, 
working from Munich, led the new firm.*° However, 
no regular mining took place from 1928 through the 


3File Bezirkshauptmannschaft Zell am See, BH Zell H1 2286-1933, 
Archive of Salzburg Federal State. 


+4Salzburger Volksblatt, Vol. 58, No. 240, October 18, 1928, p. 7; Vol. 
58, No. 243, October 22, 1928, p. 8; Vol. 58, No. 244, October 23, 
1928, p. 8. 

5Reichspost, Vol. 35, No. 293, October 20, 1928, p. 7; Linzer Volks- 
blatt, Vol. 60, No. 246, October 23, 1928, p. 9. 

*Notarized contract between Hans Streubert and Aktiengesellschaft 
ftir modernen Bergbau, November 6, 1928, Mittersill land registry of- 
fice, Archive of Salzburg Federal State; see also Salzburger Chronik, 
Vol. 64, No. 275, November 30, 1928, p. 4; Reichspost, Vol. 35, No. 
335, December 2, 1928, p. 7. Hans (Johann) Streubert (1866-1941) 
was born in Regenstauf, near Regensburg, Bavaria. He later resided in 
Munich and was active in mining operations at various localities in 
Austria. Between 1925 and 1929, he was one of the owners of the 
company Hollersbacher Zink- und Bleibergwerke. Grazer Volksblatt, 
Vol. 47, No. 69, February 21, 1914, p. 6; Montanistische Rundschau, 
Vol. 11, No. 6, 1919, p. 182; Vol. 15, No. 7, 1923, p. 115; Vol. 15, 
No. 16, 1923, p. 352; Salzburger Volksblatt, Vol. 55, No. 295, De- 
cember 30, 1925, p. 7; Compass, Industrielles Jahrbuch - Osterreich, 
Vol. 60, 1927, p. 410; Salzburger Volksblatt, Vol. 58, No. 186, August 
14, 1928, p. 9. 

*’Notarized contract between Anton Hager/Peter Staudt and Aktienge- 
sellschaft fiir modernen Bergbau, November 9, 1928, Mittersill land 
registry office, Archive of Salzburg Federal State. 

*®Peter Staudt thereafter closed his timber company in Traunstein in 
December 1928 and subsequently worked for the administration of 
the city of Traunstein. Company registration file, entry December 6, 
1928, Archive of the City of Traunstein (Stadtarchiv Traunstein); 
Brigitte Leitermann, granddaughter of Peter Staudt, pers. comm., 
2020. 

*°Notarized contract between Hans Streubert and Max Gaab/Meta 
Geist, November 21, 1928, Mittersill land registry office, Archive of 
Salzburg Federal State. Max Gaab (1866-1953) was a lawyer from 
Munich. Meta Geist (1879-1966), residing in Munich and Fisch- 
bachau, Bavaria, was the daughter of food and coffee merchant 
Adolph Brougier and the widow of Theodor Geist, owner of Geist & 
Breuninger, a grain wholesaler in Munich. Gaab’s private apartment 
and the office of his law firm, both in Munich, were destroyed during 
World War II, leaving no documentation regarding events before 
1945. Ingrid von Klitzing, granddaughter of Max Gaab, pers. comm., 
2020. 

“Although Hans Streubert worked from a Munich office, the com- 
pany was registered only in Austria and not in Germany. 
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Figure 11. At the end of the 1920s, Munich lawyer 
Max Gaab acquired a one-half interest in a loan that 
had been extended to Aktiengesellschaft flir moder- 
nen Bergbau, the Swiss owner of the mine, and also 
made an additional loan to the company. In the ensu- 
ing years, Gaab and his family would become the 
sole owners of the Habachtal property. Photo from the 
1920s; courtesy of Ingrid von Klitzing. 


remaining period of Aktiengesellschaft fiir modernen 
Bergbau’s ownership.*! Instead, only limited explo- 
ration, maintenance of the tunnels, and trial mining 
ensued.” In June 1929, Gaab loaned a further 5,000 
reichsmark (equivalent to about US$1,900 at the time} 
to Aktiengesellschaft ftir modernen Bergbau,* and 


Figure 12. The remaining one-half interest in the 1928 
loan to Aktiengesellschaft fiir modernen Bergbau was 
transferred to the wealthy widow Meta Geist, living 
in Munich and Fischbachau, Bavaria, who supported 
Max Gaab in his efforts and investments. Photo circa 
1940; courtesy of Ingrid von Klitzing. 


mining expert Wilhem Miiller was hired for trial min- 
ing and evaluation, which he did that month with 
seven workers.“ On the basis of 1,800 emeralds total- 
ing 3,600 carats recovered during his time on site, with 
2% of the crystals (72 carats) of facet quality, Muller 
compiled a report calculating annual income of 61,500 
reichsmark, enough for profitability. He also prepared 
a map of the different galleries (figure 13) and offered 


“File Bezirkshauptmannschaft Zell am See, BH Zell H1 2286-1933, Archive of Salzburg Federal State; Leitmeier, 1929/1930. 


* Salzburger Volksblatt, Vol. 58, No. 294, December 24, 1928, p. 9; File Bezirkshauptmannschaft Zell am See, BH Zell H1 2286-1933, Archive 
of Salzburg Federal State; Letter from E. Klein to W. Miller, August 1, 1929, File “Beryllium,” Osterreichische Geologische Bundesanstalt, Vi- 


enna. 


“Notarized contract between Aktiengesellschaft fiir modernen Bergbau and Max Gaab, June 4, 1929, Mittersill land registry office, Archive of 


Salzburg Federal State. 


“Wilhelm Miller (born 1885) was educated at the mining school in Diedenhofen (now Thionville), Lorraine. He worked in the mining field in 
Lorraine and elsewhere and was involved in diamond recovery in the German colony of South-West Africa (now Namibia) before World War I. 
From 1920 to 1930, he was a manager of the Kappel/Schauinsland lead-zinc mine near Freiburg in southwest Germany, which had a staff of 
more than 200 miners. Miller lived in the Freiburg area during the 1950s. File “Akten des Bergmeisters Erzbergwerke Schauinsland,” 1920, Lan- 
desbergdirektion Freiburg; http://www.freiburg-postkolonial.de/Seiten/personen.htm; Heiko Wegmann, pers. comm., 2020; Helge Steen, pers. 


comm., 2020; B. Steiber, pers. comm., 2020. 
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CS D Stollen und seine Bave 
C3 C Stollen und seine Bave 


02 verbrochene a. unzugdngliche Baue 


Figure 13. In June 1929, German mining expert Wil- 
helm Miiller examined the mine upon request of the 
Swiss owner Aktiengesellschaft ftir modernen Berg- 
bau. Miiller prepared a report including this map, 
which was redrawn and published by Leitmeier 
(1937). 


detailed suggestions for how to target exploration for 
emerald-bearing schist in the C and D galleries.* After 
his departure, exploration was led by E. Klein, who 
even then continued to communicate with Miller for 
counsel and expertise.** 

In 1930, the Habachtal mine apparently became 
caught up in yet another financial scandal. A pur- 
ported company under the name Deutsch-Oster- 
reichische Edelsteinbergwerks Gesellschaft was 
allegedly established in Munich to collect capital and 
issue shares in support of the “owner” of the mine, 
which was incorrectly referred to as the operating en- 
tity Smaragd-Bergbau Habachtal GmbH.*’ Both a 
memorandum and a related business plan were pre- 
pared in service of those aims.‘® The anonymous 
memorandum listed a board consisting of four direc- 
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tors of the Swiss parent company—namely Hoesch, 
Buol, Vogeler, and Conde de Santa Maria de la Sisla— 
as well as three German citizens (Friedrich Ritter von 
Heinzelmann, Heinrich Paxmann, and Friedrich Graf 
Larisch). The business plan offered a glowing picture 
of the mine’s potential and commercial relevance. 

Emphasizing that the mines in Colombia were 
closed and those in the Urals completely exploited, 
the business plan considered the possibility of eco- 
nomic production not only of gem-quality emeralds 
but also beryllium-bearing minerals and talc. The 
plan cited earlier reports by mining engineer Emil 
Sporn from 1928,4? by Stuchlik also from 1928, and 
by Miller from 1929, somehow arriving at a property 
value of 684,000 reichsmark (or approximately 
US$163,000 at the time), an emerald yield of 60,000 
carats in 1930, and a profit of 267,000 reichsmark in 
1932, despite the obvious disparity with the more re- 
alistic figures tabulated by Miiller. 

Whether these missives had any impact on the in- 
vestors targeted is unknown, but an examination by 
the Munich Chamber of Commerce in June 1930 re- 
vealed that no such company was legally registered 
there.” It was later suggested that the alleged entity 
was linked to several individuals involved in other 
mining swindles in Germany who were sentenced to 
prison in 1932.°! 

Subterfuges aside, the actual mine owner Ak- 
tiengesellschaft fiir modernen Bergbau spent much of 
the 1930s enmeshed in a web of litigation and admin- 


Miller, W., Smaragdvorkommen Habachtal — Salzburg, June 1929, 
7 pp., File “Beryllium,” Osterreichische Geologische Bundesanstalt 
Wien; Letter from W. Miller to A. Cissarz, December 25, 1939, 
Lagerstattenarchiv Osterreichische Geologische Bundesanstalt Wien; 
Miller, W., Smaragd — Beryll — Vorkommen Habachtal, March 26, 
1940, 2 pp., Lagerstattenarchiv Osterreichische Geologische Bundes- 
anstalt Wien; File “Beryll Bramberg,” mining documents collected by 
W. Ginther, Archive of the Bergbau- und Gotikmuseum Leogang. 
“Letter from E. Klein to W. Miller, August 1, 1929, File “Beryllium,” 
Osterreichische Geologische Bundesanstalt Wien. 

“File “Beryl-Emerald-Habachtal” (Beryll-Smaragd-Habachtal), Bun- 
desministerium fiir Landwirtschaft, Regionen und Tourismus, Montan- 
behérde West, Salzburg (containing multiple documents from the 
period 1930 to 1978, hereinafter cited as File “Beryl-Emerald- 
Habachtal,” Montanbehorde West, Salzburg). 

“°File “Beryl-Emerald-Habachtal,” Montanbehdrde West, Salzburg. 
“Emil Sporn (b. 1869) studied at the Imperial and Royal School of 
Mining in Leoben and worked for the Austrian mining administration 
for several decades from 1896 until 1919. Beginning in 1920, he 
resided in or near Salzburg and worked for several mining compa- 
nies. He was last referenced in the Archive of the City of Salzburg as 
of January 1945. 

50File “Deutsch-Osterreichische Edelsteinbergwerks Gesellschaft,” 
1930, Munich Chamber of Commerce. 

5'Innsbrucker Nachrichten, Vol. 79, No. 181, August 8, 1932, pp. 5-6. 
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TABLE 1. Parties involved in the legal dispute over the Habachtal mine, 1932-1933. 


Interested individual or entity 


Aktiengesellschaft fir modernen 
Bergbau (Chur, Switzerland) Dr. Max Duschl (Salzburg) 
Christian Schad (Berlin) 


Rudolf Nocker (Bramberg, Austria) 
and Habach Weggenossenschaft 


(Bramberg) Austria) 


Hugo Ullhofen (Mittersill) and 


Angelo De Marchi (Milan and Rome) Dn aeataw Rie y ae 


Max Gaab (Munich) and Meta Geist 


(Fischbachau, Germany) Ba eel 


Dr. Max Duschl 


Florian Prader (Zurich) 


Gottfried Forster (Innsbruck, Austria) 


Lawyer or representative 


Dr. Karl Sender (Zurich) and 


Julius Burger, engineer (Munich) 


Dr. Gustav Freytag (Mittersill, 


Dr. Felix Friedrich (Innsbruck) 


Engineer or other supporting personnel 


Othmar Kelb, mining engineer 


Josef Késtler, mining engineer 


Gottfried Forster, “geologist” 


istrative proceedings, one in Switzerland and several 
in Austria. The opening salvo occurred when both 
Gaab and Geist, as creditors, filed separate lawsuits in 
Austria against the company for nonpayment of debts 
and interest.* Those were apparently resolved through 
loans extended to the company by board member 
Prader and a Munich bank, which also resulted in fur- 
ther lien encumbrances against the property.** This of- 
fered minimal respite, however, because a Swiss 
bankruptcy proceeding was opened in October 1931 
but was then terminated three days later, without dis- 
solution of the company, on account of a lack of any 
assets of value in Switzerland for distribution. 
Aktiengesellschaft fiir modernen Bergbau remained 


the owner of the mine, and ensuing controversies 
shifted to Austria. The early years of the decade saw 
in particular several different groups of associates seek- 
ing to establish or pursue interests in the property (see 
table 1).°° Beginning in the 1930s, exploration permits 
were registered for the Habachtal area by Munich min- 
ing engineer Julius Burger®* in the name of Christian 
Schad (figure 14, left) and as directed by his father, Dr. 
Carl Schad (figure 14, right).5” Existing permits held by 
others were also purchased by and transferred to Chris- 
tian Schad. At that time, technical progress had devel- 
oped several lucrative applications for beryllium ore 
and metal (e.g., for X-ray tube windows and metallur- 
gic processes), rendering Habachtal an increasingly in- 


°°Max Gaab v. Aktiengesellschaft ftir moderenen Bergbau and Meta Geist v. Aktiengesellschaft ftir moderenen Bergbau, Bezirksgericht Mittersill, 
May 21, 1930, Mittersill land registry office, Archive of Salzburg Federal State. 


*3Notarized contract between Florian Prader and Aktiengesellschaft ftir modernen Bergbau, June 26, 1931, Mittersill land registry office, Archive 


of Salzburg Federal State. 


4Schweizerisches Handelsamtsblatt, Vol. 49, No. 254, October 31, 1931, p. 2318. 


File “Beryl-Emerald-Habachtal,” Montanbehérde West, Salzburg; File “Status of Beryl as Ore Mineral” (Vorbehaltener Charakter des Berylls), 
Bundesministerium ftir Handel und Verkehr, 166.786 — O.B. — 1932, Austrian State Archive, Vienna (Osterreichisches Staatsarchiv, Vienna); Flo- 
rian Prader v. Habach Weggenossenschatt, Bezirksgericht Mittersill, C 145/1932, Archive of Salzburg Federal State; Gottfried Forster v. Angelo De 
Marchi, Bezirksgericht Mittersill, C 132/1933, Archive of Salzburg Federal State. 


°Julius Burger (1893-1977) was an engineer from Munich who had been involved in multiple mining projects in Austria, including coal mining 
near Lechaschau, Tyrol. He moved from Munich to Kitzbiihel, Austria, in 1934 and later returned to Munich in 1947. Contemporaneous with 
his involvement with Christian Schad in the Habachtal emerald project, Burger remained engaged in several other mining ventures in Austria, 
such as one in Rettenbach, during the 1930s and 1940s. Assisting with the work in Habachtal was Austrian mining engineer Josef Heinrich 
Kostler (1878-1935). Mitteilungen Uber den Osterreichischen Bergbau, Vol. 1, 1920, p. 44; Schmidegg, 1955; City Archive of Kitzbtihel, pers. 
comm., 2020; City Archive of Munich, pers. comm., 2020. 

*’Christian Schad (1894-1982), a painter from Berlin, was apparently never active on site in Habachtal and is thus considered an investor in the 
undertaking. The investment in Habachtal emerald mining was initiated by his father Dr. Carl Schad (1866-1940), a notary from Munich, using 
Christian’s name mainly for tax reasons. Carl also invested large sums in various other mining projects, especially in Italy, which eventually led 
to substantial losses. Archive of Salzburg Federal State; Richter, 2020. 
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teresting target.°* Reports were prepared in 1931 and 
1932 by Professor Hans Leitmeier (figure 15) from Vi- 
enna University, at the request of Aktiengesellschaft 
fir modernen Bergbau and the Schad/Burger team, 
with a possible joint venture in view.” Leitmeier con- 
cluded that although the emeralds (figure 16) were not 
of a sufficient quality for economical mining, the ex- 
traction of beryl for metallic ore would be. 

However, before further steps could be taken by 
Schad, Burger, or Aktiengesellschaft fiir modernen 
Bergbau, the Swiss company was sued in the court in 
Mittersill by Rudolf Nocker and the entity Habach 
Weggenossenschaft, both of Bramberg, to recover al- 
leged liabilities of 625 Austrian shillings arising in 


Figure 14. In the early 
1930s, multiple explo- 
ration permits in the 
Habachtal area were 
registered in the name 
of the painter Christian 
Schad (left, circa 1930) 
from Berlin. The invest- 
ments were initiated by 
his father, Dr. Carl 
Schad (right, circa 
1934-1935), a notary 
from Munich. Photos 
courtesy of Christian 
Schad Stiftung Aschaf- 
. fenburg, Museen der 
Stadt Aschaffenburg. 


1930 and 1931. When initial attempts to resolve the 
matter by leasing the property for 500 shillings per 
year were unsuccessful, the court named Hugo UII- 
hofen (1886-1973), a schoolteacher from Mittersill, re- 
ceiver of the property. Ullhofen, in turn, leased the 
Habachtal emerald mine to Angelo De Marchi, a 
farmer and landowner from Milan,*! via a contract 
dated July 27, 1932, and running from August 1932 to 
October 1933.°% De Marchi had become aware of the 
property through Gottfried Forster, a self-described ge- 
ologist active throughout Austria in searching for min- 
ing deposits and familiar with Habachtal since 
approximately 1930.° 

As noted in materials prepared by De Marchi’s rep- 


Waagen, 1936. 


5°File “Beryl-Emerald-Habachtal,” Montanbehdrde West, Salzburg (with only the 1932 report remaining available in the file). Hans Leitmeier 
(1885-1967) was a professor of mineralogy and petrography at Vienna University who dedicated a substantial percentage of his scientific re- 
search to alpine mineralogy and deposits. In addition to the 1931 and 1932 reports, Leitmeier in 1938 published a history of the Habachtal de- 
posit, based largely on personal communication with Ernst Brandeis, grandson of Samuel Goldschmidt. However, such recollections were 
premised on memories some 35 years after the fact and not necessarily consistent with what can be derived from contemporaneous documenta- 
tion. A further historical summary published by Leitmeier (1946) suffers from similar discrepancies, particularly as relates to the era between 


1918 and 1939. See Hammer and Pertlik, 2014. 


6°Salzburger Chronik, Vol. 68, No. 112, May 17, 1932, p. 6; Salzburger Volksblatt, Vol. 62, No. 112, May 17, 1932, p. 6. 

“Angelo De Marchi was born in 1882 in the municipality of Amatrice northeast of Rome. For the 1932 and 1933 period, addresses in both 
Milan and Rome are noted, and references can be found to the “De Marchi group of investors from Rome,” suggesting that De Marchi main- 
tained both landholdings in Milan and business connections in Rome. File Bezirkshauptmannschaft Zell am See, BH Zell H1 2286-1933, 
Archive of Salzburg Federal State; File “Beryl-Emerald-Habachtal,” Montanbehorde West, Salzburg. 


@Ullhofen, H., undated report covering 1930-1953, Archive of E. Burgsteiner, 2 pp. 


Gottfried Forster v. Angelo De Marchi, Bezirksgericht Mittersill, C 132/1933, Archive of Salzburg Federal State. Gottfried Forster (1882-1942) was 
born in Bozen (Bolzano), then part of the Austro-Hungarian Empire and now part of Italy. Forster was a painter by training but characterized himself 
as a geologist. The year 1924 saw him active in the Hollersbach Valley, east of Habachtal. By the 1930s, he had been operating as a purported ex- 
ploration geologist for more than two decades in various parts of Austria, searching primarily for gold, copper, lead, and zinc deposits. Forster also 
applied for exploration permits and tried to sell the mining rights; some of his efforts were apparently deemed fraudulent. See Innsbrucker 
Nachrichten, Vol. 56, No. 152, July 8, 1909, p. 5; Tiroler Volksblatt, Vol. 49, No. 3, January 8, 1910, p. 8; Der Tiroler, Vol. 30, No. 36, March 25, 
1911, p. 5; Tiroler Anzeiger, Vol. 10, No. 11, January 9, 1917, p. 6; Meraner Tagblatt, Vol. 38, No. 67, April 13, 1920, p. 1; Tiroler Anzeiger, Vol. 15, 
No. 57, March 10, 1922, p. 4; Salzburger Volksblatt, Vol. 54, No. 50, February 29, 1924, p. 4; Der Landsmann, Vol. 25, No. 106, May 8, 1924, p. 2. 
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Figure 15. Professor Hans Leitmeier of Vienna Univer- 
sity authored various reports concerning the Habach- 
tal mine in the early 1930s. Their premise was that 
although emerald mining at Habachtal was not eco- 
nomical, the extraction of beryl for beryllium ore 
could be. Photo at the entrance to D gallery circa 
1935. Archive of Peter Lausecker. 


resentative, attorney Dr. Gustav Freytag from Mitter- 
sill, the condition of the mine in 1932 was very poor. 
The mine had not been maintained for several years, 
and the galleries had been rendered nearly inaccessi- 
ble by illegal mining activities and uncontrolled blast- 
ing (figure 17).° De Marchi invested 25,000 Austrian 
shillings (equivalent to approximately US$1,790 at 
the time) and employed 15-20 miners to recommence 
operations, with Forster serving as mine manager.© 
Authorization for recovery operations pursuant to the 
Trade, Commerce and Industry Regulation Act was 
sought through a September 1932 application. While 
that was pending, their first season’s efforts enabled 
the transport in October 1932 of 16 boxes of rough 
material with a total weight of 500 kg over the Alps 
to Italy.” 
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Figure 16. Habachtal emeralds often display a bright 
green coloration but are fractured and heavily in- 
cluded. For that reason, only a small fraction of pris- 
matic rough crystal material is of facetable quality. 
Shown here are emerald crystals with lengths of up to 
15 mm from the Habachtal deposit, on a matrix of bi- 
otite schist measuring approximately 19 x 6 cm, ac- 
companied by light bluish gray aquamarines (lower 
right). Photo by K. Schmetzer; private collection. 


Not surprisingly, Schad and Burger were disqui- 
eted by the turn of events. Only two weeks into the 
De Marchi lease, Burger—again acting on behalf of 
Schad—instigated a regulatory proceeding at the 
mining administration in Wels that would protect 
their rights by:® 


1. Ensuring unrestricted access in accordance 
with the existing exploration permits, thus al- 
lowing for further development activities in the 
galleries (§ 100-103 of the mining law). 


“Gottfried Forster v. Angelo De Marchi, Bezirksgericht Mittersill, C 
132/1933, Archive of Salzburg Federal State. Dr. Gustav Freytag 
(1881-1947) was a judge in Salzburg before starting his own law firm 
there in 1925. In 1931 he moved to Mittersill in Pinzgau, where he 
continued to work as a lawyer. 

Ibid. See also Leitmeier, 1938; Lausecker, 1986; Honigschmid, 
1993; Lewandowski, 1997. 

®°File “Beryl-Emerald-Habachtal,” Montanbehérde West, Salzburg. 
°’Gottfried Forster v. Angelo De Marchi, Bezirksgericht Mittersill, C 
132/1933, Archive of Salzburg Federal State. 

®®File “Beryl-Emerald-Habachtal,” Montanbehdrde West, Salzburg. 
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2. Granting mining titles for the property, as 
would be feasible if beryl were declared to be 
an ore mineral of economic value covered by 
the mining law (§ 40-44). 


Aktiengesellschaft fiir modernen Bergbau was in- 
volved in that proceeding, represented by attorney 
Dr. Max Duschl from Salzburg.” Following negotia- 
tions, a preliminary ruling was made by the head of 
the mining administration (or Berghauptmann). On 
September 13, 1932, Dr. Franz Aigner (figure 18)” 
deemed beryl to be covered by the mining law, a re- 
versal of the administration's earlier stance. The vic- 
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Figure 17. One piece of 
evidence introduced in 
legal proceedings in 
1932 was a map of the 
Habachtal mine appar- 
ently prepared by copy- 
ing and coloring the 
map drawn by Anton 
Hager Jr. in 1924 and 
updated in 1926. The C 
gallery (red) was not ac- 
cessible at the time, 
while the D gallery 
(blue) could be ac- 
cessed. File “Beryl- 
emerald-Habachtal,” 
Montanbehdorde West, 
Salzburg. 


tory was short lived, however. An inspection at the 
mine the next day found only limited quantities of 
beryl, such that mining could not be considered of 


6°Dr. Max Duschl (1870-1949) began his career as a lawyer in 1903 
and continued in that field in Salzburg for nearly five decades. He 
was assisted by the Austrian mining engineer Othmar Kelb (1871— 
1947). 

Dr. Franz Aigner (1872-1962) studied law in Vienna and mining in 
Leoben. He began his career at the Austrian mining administration in 
1903, serving as staff member in Wels from 1910 and as head of the 
department from 1913 to 1936, responsible for mining activities in 
the Habach Valley. Werneck, 1988; Giinther and Lewandowski, 
2002. 
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Figure 18. In 1932, Dr. Franz Aigner was the head of 

the Austrian mining administration located at Wels. 
Dr. Aigner was responsible for overseeing and ruling 

in the regulatory controversies targeting the Habach- 
tal emerald mine. 1930s photo from Montanistische 

Rundschau (1935). 


economic value and no mining privileges could be 
granted. De Marchi and his workers had apparently 
hidden some locations in the galleries where the tun- 
nels crossed rocks with high concentrations of beryl 
and emerald. As a result, Schad and Burger main- 
tained only a right of admission to the property for 
further development, in hopes of proving the mine 
to be economically viable for the extraction of beryl 
as beryllium ore.”! 

Yet another tactic was pursued by the lien holders 
Gaab, Geist, and Prader, the latter of whom also held 
exploration permits in the area. All were represented 
by Duschl. Seeking to maximize options, Duschl in- 
stigated litigation on behalf of Gaab and Geist at the 
court in Salzburg and on behalf of Prader at the court 
in Mittersill, with both suits seeking to overturn the 
Mittersill court’s decision to appoint Ullhofen as re- 
ceiver.” Although neither suit achieved greater rights 
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for the petitioning lien and permit holders, given the 
nature of their interests, a procedural error identified 
by Duschl did cause the Mittersill court on Novem- 
ber 20, 1932, to revoke Ullhofen’s appointment as re- 
ceiver, which rendered invalid the contract between 
Ullhofen and De Marchi.” 

In light of these developments, De Marchi ap- 
pealed the decisions of both the Wels mining admin- 
istration and the Mittersill court, while continuing 
his efforts to obtain a working permit for emerald re- 
covery under the Trade, Commerce and Industry 
Regulation Act.” Complicating such attempts were 
multiple additional lawsuits that entangled De 
Marchi during the same timeframe. His former mine 
manager Forster sued in May 1933, claiming inade- 
quate compensation and a right under a June 1932 
agreement to at least 25% of the mine’s profit.”> De 
Marchi was also involved in actions pending in Italy. 
For reasons beyond the scope of this study, after he 
had returned to Italy in October 1932, De Marchi 
risked imprisonment if he reentered Austria.’”° Pur- 
suit of the Austrian proceedings was not curtailed, 
however, as they could be handled locally by his at- 
torney Freytag. A measure of success in his appeal of 
the Mittersill court’s ruling was achieved when the 
Supreme Court in Vienna reinstated the lease con- 
tract with Ullhofen in April 1933. De Marchi also fi- 
nally obtained a working permit in July 1933.”’ His 
appeal of the administrative ruling, on the other 
hand, was dismissed in September 1933 by the Min- 
istry for Trade and Traffic on procedural grounds, and 
no final decision about the coverage of beryl under 
the mining law was made.” 


File “Beryl-Emerald-Habachtal,” Montanbehorde West, Salzburg. 
“\bid.; Florian Prader v. Habach Weggenossenschatt, Bezirksgericht 
Mittersill, C 145/1932, Archive of Salzburg Federal State. 

File “Beryl-Emerald-Habachtal,” Montanbehorde West, Salzburg; 
File “Beryll Bramberg,” mining documents collected by W. Gunther, 
Archive of the Bergbau- und Gotikmuseum Leogang. 

“File “Beryl-Emerald-Habachtal,” Montanbehorde West, Salzburg. 
Gottfried Forster v. Angelo De Marchi, Bezirksgericht Mittersill, C 
132/1933, Archive of Salzburg Federal State. 

bid. 

File Bezirkshauptmannschaft Zell am See, BH Zell H1 2286-1933, 
Archive of Salzburg Federal State; File “Beryll Bramberg,” mining 
documents collected by W. Gunther, Archive of the Bergbau- und 
Gotikmuseum Leogang. Notably, even the Austrian embassy in Rome 
and the Italian consulate in Innsbruck had become involved in the 
proceedings. 

File “Status of Beryl as Ore Mineral” (Vorbehaltener Charakter des 
Berylls), Bundesminsterium fiir Handel und Verkehr, 166.786 — O.B. 
— 1932, Austrian State Archive, Vienna. This action also saw interven- 
tion by the Italian Embassy in Vienna. 
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the large boulder field serving as a secondary deposit 
where emeralds were also found. Undated photo from 
Miuhlviertler Nachrichten (1935). 


Nonetheless, all of De Marchi’s legal machina- 
tions eventually came to naught as a result of the 
foreclosure of the property instigated by Gaab and 
Geist in May 1933.” A foreclosure auction was held 
on August 31, 1933, and creditors Gaab, Geist, and 
Prader purchased the property for 12,806 Austrian 
shillings (approximately US$770 at the time], an 
amount less than the total outstanding liabilities.*° 
Because the other pending legal actions had pre- 
cluded De Marchi from taking any practical steps to 
work the mine between the time his lease was for- 
mally reinstated in April and the August sale, any 
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rights were effectively vitiated before they could be 
acted upon in practice. 

The next several years saw a shifting of applicable 
exploration permits among interested parties, as well 
as the formation of a new entity. Certain existing per- 
mits held by De Marchi, Schad, Freytag, and Forster 
were terminated, while others held by Schad were ex- 
tended. New permits were applied for by and/or 
granted to De Marchi, Schad, Freytag, and Foérster.*! 


Property Under the Swiss Smaragd Aktienge- 
sellschaft (1934-1939). By June 1934, the company 
Smaragd Aktiengesellschaft had been established in 
Schaffhausen, Switzerland, with a stated capital of 
35,000 Swiss francs (approximately US$11,000 at the 
time) in 35 equal shares.** The initial shareholders 
consisted of one Swiss citizen and four Germans: 
Prader, Geist, Gaab, Schad, and Burger.** Schad con- 
tributed nine exploration permits in exchange for 14 
shares, becoming a major holder, and the property 
was leased to Smaragd Aktiengesellschaft by owners 
Gaab, Geist, and Prader for a 30-year term. 

In 1935, Prader’s construction company from 
Zurich led endeavors to reeommence operations at 
the Habachtal site (figure 19) on behalf of Smaragd 
Aktiengesellschaft. That year he requested from 
Miller a copy of the 1929 report** and employed 10- 
12 workers to safeguard the property and form a plan 
for further activities.*> Subsequent years saw mining 
by Smaragd Aktiengesellschaft continued on a low 


Ibid. 

®°Schweizerisches Handelsamtsblatt, Vol. 52, No. 46, February 24, 
1934, p. 503; Order, Bezirksgericht Mittersill, March 26, 1934, Mit- 
tersill land registry office, Archive of Salzburg Federal State; Habach- 
tal emerald mine file, entry November 13, 1933, Mittersill land 
registry office. Smaragdbergbau Habachtal GmbH, the Austrian oper- 
ating entity of the Swiss Aktiengesellschaft fiir modernen Bergbau, 
was formally dissolved in 1937. Salzburger Volksblatt, Vol. 67, No. 
142, June 24, 1937, p. 8. 

®'Reported frequently in Montanistische Rundschau, Vols. 25-27, 
1933-1935. 

82 Schweizerisches Handelsamtsblatt, Vol. 52, No. 150, June 30, 1934, 
p. 1811; Montanistische Rundschau, Vol. 35, No. 44, 1935, T.Mo. 44. 
83File “Beryl-Emerald-Habachtal,” Montanbehérde West, Salzburg; 
File Bezirkshauptmannschaft Zell am See, BH Zell 1937 J5 — 5423, 
Archive of Salzburg Federal State; File Bezirkshauptmannschaft Zell 
am See, BH Zell 1938 H1 — 12261, Archive of Salzburg Federal State. 
®4Letter from W. Miller to A. Cissarz, December 25, 1939, Lagerstat- 
tenarchiv, Osterreichische Geologische Bundesanstalt Wien. 

®5File Bezirkshauptmannschaft Zell am See, BH Zell 1936 Al — 7587, 
Archive of Salzburg Federal State; File “Beryll Bramberg,” mining 
documents collected by W. Gunther, Archive of the Bergbau- und 
Gotikmuseum Leogang; Salzburger Chronik, Vol. 71, No. 202, Sep- 
tember 3, 1935, p. 9; Alpenlandische Rundschau, No. 621, Septem- 
ber 7, 1935, p. 10. 
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in the second half of the 1930s. Photos courtesy of E. Burgsteiner. 


level, led by Burger from 1936 to 1938 with five to 
seven miners mentioned in various documents for 
the 1936 to 1938 seasons.* Local press from the pe- 
riod reported recovery of emeralds as gemstones (fig- 
ure 20), with the permits contributed by Schad 
allowing Smaragd Aktiengesellschaft to pursue si- 
multaneous exploration and development for the 
type of beryl mining that would be regulated by the 
mining law.*’ Leitmeier published two additional 
studies during the era, focusing on geology and the 
genesis of emerald formation (figure 21).°° By 1939, 


Burger was no longer employed by the company. Op- 
erations that year, the final year of the firm’s work 
on site, amounted only to one engineer, one fore- 
man, and several miners searching exclusively for 
emeralds.*? Freytag at that point served as legal rep- 
resentative for the company in Austria.” 
Meanwhile, in 1937 the mine’s former owner 
Anton Hager had filed a lawsuit against Smaragd Ak- 
tiengesellschaft and Christian Schad, with Gaab, 
Burger, and Dr. Carl Schad also becoming involved.”! 
Details are vague, however, and no tangible substan- 


5°File Bezirkshauptmannschaft Zell am See, BH Zell 1936 Al — 7587, Archive of Salzburg Federal State; File Bezirkshauptmannschaft Zell am 
See, BH Zell 1938 H1 — 12261, Archive of Salzburg Federal State; File “Beryll Bramberg,” mining documents collected by W. Giinther, Archive 
of the Bergbau- und Gotikmuseum Leogang; Salzburger Chronik, Vol. 73, No. 147, July 1, 1937, p. 6; Der Wiener Tag, Vol. 16, No. 5047, July 3, 


1937, p. 5; Leitmeier, 1938. 


®File Bezirkshauptmannschaft Zell am See, BH Zell 1938 H1 — 12261, Archive of Salzburg Federal State; Vé/kischer Beobachter, Wiener Aus- 


gabe, No. 169, September 2, 1938, p. 12. 
88] eitmeier, 1937, 1938. 
®Hanke, 1939. 


°°Montan-Handbuch ftir die Ostmark und die Stidost-Lander, Vol. 20, 1940, Verlag Rudolf Bohmann, Vienna, p. 20. 


°'See Dr. Max Duschl v. Christian Schad, et al., Salzburg court, March 5, 1943, File CSSA 4826-2018, Christian Schad Stiftung Aschaffenburg, 
Museen der Stadt Aschaffenburg (a related suit over nonpayment of legal fees). The file for the primary case before the Salzburg court, characterized 
as “extremely complicated,” is no longer preserved in the archive of Salzburg Federal State. Land Salzburg, Landesarchiv, pers. comm., 2020. 
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Figure 21. Geological 
map of the rocks found 
in the vicinity of the 
Habachtal deposit lo- 
cated east of the Habach 
Creek, after Leitmeier 
(1937). Indicated fea- 
tures include: the Alpen- 
rose guest house (4), 
grazing pasture (8), 
Goldschmidthiitte (9), 
the mining area (10), 
Legbachscharte (11), 
schwarze Wand (12), 
Nasenkogel (13), 
Graukogel (14), and vari- 
ous agricultural areas or 
guesthouses (1-3 and 5- 
7). Numbers are repro- 
duced in red. The solid 
line represents the 
mountain ridge of the 
Habach Valley. 


2.22] Boulders and gravel covering the surface 


29) 


Amphibolite 
(0M += Serpentine og 


tive impact on the status of the mine or those con- 
nected thereto is apparent. 


HABACHTAL IN THE MODERN ERA (1940 TO 
PRESENT) 


As the decade turned, recovery of beryl as an ore min- 
eral was discussed several times between 1939 and 
1941 at the Reichsstelle fiir Bodenforschung in Vienna, 
now controlled from Berlin,” but no practical mining 
operations were undertaken.” Burger now evaluated 
for Frankfurt-based Gold- und Silberscheideanstalt™ on 
the feasibility of mining for beryllium ore and even ini- 
tiated efforts in 1940 to gain control of the mine, al- 
though those led to no tangible result either.” 
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Rocks of the “emerald series” 


In December 1940, the shareholders decided to 
dissolve Smaragd Aktiengesellschaft, and the process 
was finalized approximately one year later, rendering 
the shares worthless. During the 1941 to 1942 pe- 
riod, Gaab then purchased the third of the Habachtal 
property owned by Prader for 4,000 Swiss francs (ap- 


Danner, 2015. 

Danner, 2014. 

Later known as Degussa AG. 

File “Beryl-Emerald-Habachtal,” Montanbehorde West, Salzburg; 
File “Beryll Bramberg,” mining documents collected by W. Giinther, 
Archive of the Bergbau- und Gotikmuseum Leogang. 


°°Schweizerisches Handelsamtsblatt, Vol. 59, No. 23, January 28, 1941, 
p. 186; Vol. 60, No. 12, January 17, 1942, p. 129; Richter, 2020. 
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Figure 22. In the period shortly after World War II, Hans Zieger (left) served as an administrator at Habachtal, 
overseeing limited activity and assisted primarily by only one miner. Photo from 1948; courtesy of A. Lahnsteiner. 


proximately US$930 at the time), raising his share to 
two-thirds.?’ 

No minining activities were documented during 
the rest of World War II. After the war, only limited 
mining was performed by a few individuals during 
the summer months. The mine was administered 
primarily by the pianist Hans Zieger (1892-1953, fig- 
ure 22), who began working in Habachtal in late 1945 
under a contract with Gaab.”* Zieger was also named 
administrator of the property by the U.S. Allied 
Commission for Austria, and he operated for many 
years with only one miner.” 


Details of developments and activities at Habach- 
tal after World War II are generally beyond the scope 
of this study and have been well covered by other au- 
thors.!© Various individuals or groups of individuals 
were involved on a temporary basis, and the possi- 
bility of mining the property for beryllium ore con- 
tinued to come up for discussion in several forums, 
but nothing was pursued.!°! 

Meanwhile, upon Gaab’s death in 1953, his inter- 
est was split between his son Karl Gaab (1901-2000, 
figure 23), a Munich lawyer, and daughter Irma 
Sauter. Karl Gaab later bought his sister’s one-third 


°’Notarized contract between Florian Prader and Max Gaab, October 29, 1941 (Munich) and May 22, 1942 (Zurich), Mittersill land registry of- 
fice, Archive of Salzburg Federal State; Habachtal emerald mine file, entry November 25, 1942, Mittersill land registry office. 


°*®Contract between Max Gaab, Franz Maybéck, Leo Weiss, and Hans Zieger, October 4, 1945, Archive of Erwin Burgsteiner, Bramberg. 


®USACA 1945-1950, Records of the Property Control Branch of the U.S. Allied Commission for Austria, File Sch 398, Property of Meta Geist 
and Max Gaab, 24 pp. https://www.fold3.com/image/306445403?terms=Gaab and Hausmann, 1950. 


1See Eberl (1972), Pech (1976), Lausecker (1986), Grundmann (1991), Exel (1993), Lewandowski (1997), and Burgsteiner (2002). 


''See File “Beryl-Emerald-Habachtal,” Montanbehérde West, Salzburg; Kirnbauer, F., Gutachten tiber das Beryllvorkommen Habachtal einschl. 
Aufschlugplanung, October 1, 1955, 18 pp.; File “Beryllium,” Osterreichische Geologische Bundesanstalt Wien; Smaragdbergwerk fiir Atomin- 


dustrie, 1956. 
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Figure 23. After the death of his father in 1953 and 
various purchase transactions over the ensuing years, 
Munich lawyer Karl Gaab became the sole owner of 
the Habachtal property from 1964 until his death in 
2000. Photo from the 1970s; courtesy of Ingrid von 
Klitzing. 


share in 1962 and the final one-third held by Geist in 
1963 (transactions formally registered in 1963 and 
1964, respectively).!° Until his death, Karl Gaab re- 
mained the sole owner, attempting to protect the 
property to the extent possible. A comparison of 
maps prepared between the 1920s and the 1980s 
shows that as the decades passed, certain sections of 
the mine collapsed and additional areas were dug (fig- 
ure 24, opposite page). 

At present, the Habachtal emerald mine is still in 
private possession and since 1985 has been main- 
tained by the Steiner family from Bramberg. Since 
2001, Alois Steiner and his son Andreas (figure 25) 
have overseen operations. Three to four individuals 
work in the D gallery from mid-June to September or 
October. The finds have included emeralds in matrix 
sold to mineral collectors (figures 26 and 27), as well 
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Figure 25. The Habachtal emerald mine has been 
maintained since 1985 by the Steiner family from 
Bramberg. Andreas Steiner is seen here at the entrance 
to the D gallery. Photo from 2009 by E. Burgsteiner. 


as limited quantities of material used in both faceted 
(figure 28) and rough form to produce Habachtal emer- 
ald jewelry pieces.!% 


'©Habachtal emerald mine file, Mittersill land registry office, Archive 
of Salzburg Federal State. 


‘Andreas Steiner, pers. comm., 2019; Claudia Steiner, pers. comm., 
2019. 


Gems & GEMOLOGY SPRING 2022 


Figure 24. Four maps of a portion of the D gallery at the Habachtal mine, in the area where the emerald-bearing 
talc and biotite schists were reached, illustrate developments over the course of approximately seven decades: A: 
Hager (1923). B: Hager (1924/1926). C: Leitmeier (1937) after Miiller (1929). D: Grundmann (1991). Solid lines rep- 
resent accessible areas, while dashed lines indicate collapsed, inaccessible sections. Comparison reveals that early 
parts of the tunnels worked by Hager and Staudt (1) soon collapsed. After World War II, the main access to the 
end of the gallery (2) collapsed and a new tunnel (3) was prepared. 
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Figure 26. An emerald crystal 22 mm in length on a matrix of talc schist, mined in 2019 at the Habachtal deposit 
under the Steiner family. Photo by K. Schmetzer; courtesy of Andreas Steiner. 


Figure 27. At the Habachtal emerald deposit, gray or blue beryl (aquamarine) is also found occasionally. Even 
rarer are color-zoned crystals such as those shown here on a biotite schist matrix (see arrow for the color zoning). 
The sample on the left measures 20 x 8 cm; the length of the two color-zoned crystals (right) is approximately 1 
cm. Photos by K. Schmetzer; courtesy of private collection. 
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DISCUSSION AND CONCLUSIONS 


Contemporary thinking about the history of emerald 
mining at Habachtal during the sixteenth to eigh- 
teenth centuries has been based largely on perpetu- 
ated misinterpretation of several early references. 
Some look to the report by Aulitzky (1973) that mis- 
took a 1593 landslide as an event destroying assumed 
emerald mines on the eastern slope of the valley, 
when in fact the disaster buried adits to the silver 
mines at Gamskogel on the western slope. Others 
rely on a 1727 mining chronicle by Briickmann, 
which in turn was based on editions of a booklet by 
Lehner (1669, 1702, 1718), all of which erroneously 
referred to green and violet fluorites from the Bach 
mining area near Donaustauf as emeralds and 
amethysts. Even aside from the mineralogical mis- 
take, to connect Bach and Donaustauf in Bavaria to 
Habachtal in Austria is geographically baseless. 
However, this did not stop a number of well-known 
twentieth-century authors from repeating the error 
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Figure 28. Faceted 
Habachtal emeralds 
from the H.A. Hanni 
collection at SSEF in 
Basel, Switzerland. The 
largest gem measures 
9.4 mm in length and 
weighs 2.9 ct. Photo by 
H.A. Hdnni. 


(see Scherz, 1955; Giibelin, 1956a,b), which is still 
found in more recent texts.! 

Yet another misinterpretation, albeit more sub- 
tle, derives from the first known written but unpub- 
lished reference to Habachtal emeralds in a 1669 
letter by Anna de’ Medici, which mentions Danish- 
Italian scientist Niels Stensen’s journey to the re- 
gion. For some to have stretched mention of an 
occurrence in the original language to imply mining 
is unjustified. Only limited collection by locals dur- 
ing the era seems supportable. The first publication 
on the occurrence was written by Schroll (1797) as 
part of a geological and mineralogical description of 
Salzburg, and the primary source was identified 
some decades later in the 1820s. 

Thereafter began the mining history at Habachtal, 
a saga fraught with twists, turns, starts, stops, hopes, 


104Stehrer, 2000. 
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TABLE 2. History of emerald mining in Habachtal. 


Date 


June 1669 


1797 


1816 
1821 


Summer 1861 
February 1862 


Starting in 1862 


1871 
March 1894 
1894 

1895 

May 1896 
1896-1902 
1902-1906 
1905 

1906 

1906 and 


possibly 1907 


1909-1911 


January 1913 


December 1913 


October 1916 
1917-1919 


September 1920 


1921-1927 


October 1927 


Event 


Danish-ltalian scientist Niels Stensen travels to the emerald occurrence, an event memorialized in a letter from Anna 
de’ Medici of Innsbruck to her brother in Florence. 


The first published description of the Habachtal emerald occurrence is presented in a scientific treatise by Kaspar 
Melchior Schroll. 


Magnus von Petersen reports having visited the secondary deposit in 1815. 
Jakob Frischholz, a mineral dealer from Munich, authors a detailed description of the emerald material. 


Jeweler Samuel Goldschmidt undertakes an excursion to the Habachtal locality, assisted by Bergrath M.V. Lipold from 
the Austrian geological survey. 


Samuel Goldschmidt purchases from the government the parcel containing the Habachtal occurrence. 


For several years under Goldschmidt’s ownership, emerald recovery is pursued, first using open-pit methods and later 
digging three tunnels. 


Goldschmidt dies. Ownership of the Habachtal property transfers to his daughters Jeanette and Friederike, and the site 
is leased for a few years to third-party operators. 


Albert Brandeis, Jeanette’s husband, purchases Friederike’s half of the property. 


After being contacted by Albert Brandeis, representatives of Leverson, Forster & Co. from London visit the Habachtal 
site in view of a possible investment. 


Preliminary mining activities at Habachtal are undertaken on behalf of Leverson, Forster & Co. 


The Habachtal property is purchased by the London-based Emerald Mines Limited, an entity established earlier that 
year with a board of directors comprising members of the Leverson and Forster families, as well as Albert Brandeis. The 
purchase price is paid in shares of the new company. 


Under the control of Leverson, Forster & Co., Emerald Mines Limited exploits the emerald deposit for several years via 
four tunnels, with on-site operations guided by English and Austrian mining engineers. 


Administrative and legal proceedings are instigated by Austrian authorities questioning the regulatory propriety of 
Emerald Mines Limited’s activities at Habachtal. 


Spargo & Sons from Liverpool investigates the Habachtal property at the behest of the Manchester-based Northern 
Mercantile Corporation, which is considering an acquisition. 


Northern Mercantile Corporation purchases the shares of Emerald Mines Limited, with all members of the Leverson 
and Forster families ceasing involvement and only Albert Brandeis formally remaining a director. 

Mining activities are renewed and pursued on a limited basis under the control of Northern Mercantile Corporation. 
Certain transactions involving shares of Emerald Mines Limited and purported Habachtal emeralds, an Austrian prince, 
and directors William King and Leslie Clark erupt in financial scandal and litigation. 


The Habachtal property is transferred by the court in Mittersill to the municipality of Bramberg, as a consequence of 
outstanding liabilities. 


The Habachtal property is purchased by a group of three farmers and municipal leaders from Bramberg (Alois Kaserer, 
Johann Blaikner, and Peter Meilinger). 


Austrian citizen Anton Hager purchases the Habachtal property. 
Hager considers mining for both emerald and talc, searching for a partner to invest alongside him in the Habachtal property. 
Hager sells a one-half interest in the property to his half-brother Peter Staudt. 


Investigation of mining prospects proceeds, with inspection reports, chemical analyses, and a business plan being 
prepared to target not only emerald but also industrial talc production. However, the extensive investment for the talc 
operations is never made and only emerald mining occurs, with Max Brennekam responsible for activities on site. 
Anton Hager Jr. draws the first detailed maps of the C and D galleries. 


Ownership of the Habachtal property is transferred to the Swiss firm Aktiengesellschaft ftir modernen Bergbau, located in 
Chur, with the price to be paid in two installments. Max Brennekam stays on, working for the company in 1927 and 1928. 


42 HisToRY OF HABACHTAL, PART II 


Gems & GEMOLOGY SPRING 2022 


TABLE 2 (continued). History of emerald mining in Habachtal. 


Date 


October— 
November 1928 


December 1928 


1928-1931 


1930-1934 


9) 


1932-1933 


August 1933 
June 1934 
1935-1939 


December 1940 


1946 


Event 


Hager and Staudt initiate foreclosure proceedings because the second installment of the purchase price remained 
unpaid, but auction is avoided when Aktiengesellschaft fur modernen Bergbau receives a loan from Hans Streubert 
of Munich. Streubert then transfers his interest in the loan to Max Gaab and Meta Geist from Munich. 


Smaragd-Bergbau Habachtal GmbH is founded in Austria to serve as the local operating entity for the Swiss Aktien- 
gesellschaft fir modernen Bergbau. Streubert, working from Munich, leads the new firm. 


Wilhelm Miller is initially hired for trial mining and evaluation, and the period sees a dubious call for investors, 
consideration of mining for three targets (emeralds, beryllium ore, and talc), further loans from Max Gaab and Flo- 
rian Prader, and limited actual mining activities. Aktiengesellschaft flr modernen Bergbau also becomes the subject 
of a Swiss bankruptcy proceeding that terminates after three days without dissolution. 


Multiple exploration permits are registered and later prolonged in the Habachtal area by Julius Burger from Munich in 
the name of the painter Christian Schad from Berlin. 


Hugo Ullhofen is named receiver of the Habachtal property by the Mittersill court, and he in turn leases the mine to 
the Italian Angelo De Marchi. 


A web of litigation and administrative proceedings ensues in the wake of efforts by several groups of associates seeking 
to pursue interests in and control over the Habachtal mine, with prominent names being Schad/Burger, De Marchi/ 
Ullhofen, Gaab/Geist, and Prader. 


Gaab, Geist, and Prader become owners of the Habachtal property upon purchase at a foreclosure auction. 


A new Swiss entity Smaragd Aktiengesellschaft is established in Schaffhausen, with initial shareholders consisting of 
Schad, Burger, Gaab, Geist, and Prader. Gaab, Geist, and Prader lease the Habachtal property to the company. 


Smaragd Aktiengesellschaft undertakes limited mining activities. 
The shareholders of Smaragd Aktiengesellschaft dissolve the company. 


With Gaab having acquired Prader’s one-third interest in the Habachtal property in the early 1940s, Hans Zieger 
starts limited mining activities under a contract with Gaab. Zieger is also named administrator of the property by the 


U.S. Allied Commission for Austria. 


For a summary of ownership transitions after 1950 and an overview of present mining activities, see the article text. 


and disappointments (see table 2). The property was 
held by the state in the first half of the nineteenth 
century and sold in 1861 to jeweler Samuel Gold- 
schmidt from Vienna, who was the first to undertake 
systematic recovery of emeralds. Open-pit activities 
began in 1862, followed by tunneling, but efforts 
were canceled after a few years of limited success. In 
1896, Goldschmidt’s heirs sold the Habachtal prop- 
erty to the British firm Emerald Mines Limited, 
which in turn was owned or controlled by a succes- 
sion of two different British groups. The first, from 
1896 to 1906, was the London-based diamond mer- 
chant Leverson, Forster & Co. and individuals con- 
nected therewith. Mining was performed in the 
summer months for seven or eight years, with some 
intervening inactive seasons. Legal troubles led to 
the transfer of shares in 1906 to the Northern Mer- 
cantile Corporation Limited of Manchester. Under 
new leadership, only limited mining without great 
success was pursued in 1906 and possibly 1907. By 
1913, mounting liabilities, particularly to the munic- 
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ipality of Bramberg, resulted in the mine being re- 
turned to public ownership before being resold in the 
ensuing decades to a series of Austrian, German, and 
Swiss private individuals and entities. 

After World War I, mining recommenced under 
Hager, an Austrian citizen, and his half-brother 
Staudt, a German citizen, with the production of talc 
for industrial purposes also being considered. De- 
tailed geological reports of the locality and business 
plans were prepared, but the requisite investment for 
actualization never materialized. In late 1927, the 
property was purchased by the Swiss firm Aktienge- 
sellschaft fiir modernen Bergbau. The outcome, how- 
ever, was just one month of mining in 192.7 and a few 
weeks in 1928 and 1929 before liabilities and legal 
troubles overtook any hope of a sustainable business. 
Rivalries between multiple groups interested in the 
property and its prospects, not only for emeralds but 
also for beryllium as an ore mineral, erupted in a wel- 
ter of litigation and regulatory proceedings. Key play- 
ers included the team of Schad and Burger, who were 
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particularly active in seeking exploration permits; 
Gaab, Geist, and Prader, who held liens in the prop- 
erty as a consequence of extending loans to Ak- 
tiengesellschaft ftir modernen Bergbau; and the 
Italian investor De Marchi, to whom the property 
had been leased in 1932 by the court-appointed re- 
ceiver Ullhofen. In the midst of the litigation and ad- 
ministrative actions, De Marchi was only able to 
engage in active mining for the single 1932 season. 

Eventually, a foreclosure initiated by Gaab and 
Geist resulted in a public auction in 1933, where the 
property was purchased by Gaab, Geist, and Prader, 
with ownership thereafter held in three equal shares. 
Another Swiss entity, Smaragd Aktiengesellschaft, 
was established in 1934 in Schaffhausen, with the ma- 
jority of those individuals pursuing mining at Habach- 
tal joining together as shareholders. Notably, Schad 
contributed a number of exploration permits, while 
Gaab, Geist, and Prader leased the property to the 
company. Nonetheless, only limited production ef- 
forts were undertaken between 1935 and 1939, ter- 
minating in 1940 with the common refrain of 
insolvency and the dissolution of Smaragd Aktien- 
gesellschaft. Control of the property narrowed down 
to the three owners Gaab, Geist, and Prader, before 
subsequently being consolidated in the Gaab family. 
The Habachtal property finally ended up as private 
German property, maintained today by the Steiner 
family from Bramberg. 

In summaty, it appears that from 1862 to 1939, 
active mining took place at Habachtal only during a 
series of relatively brief and disjointed periods: 


1. For a few years starting in 1862, by Goldschmidt 
via open-pit methods and later tunneling 

2. In the 1870s by lessees contracting with Gold- 
schmidt’s heirs 

3. From 1896 to 1902 by the British entity Emer- 
ald Mines Limited under the control of Lever- 
son, Forster & Co., which worked underground 
using four galleries 

4. In 1906 and possibly into 1907 by the Emerald 
Mines Limited under the control of Northern 
Mercantile Corporation Limited 

5. Intermittently between 1920 and 1927 by 
Hager and Staudt 

6. Briefly in 1927 and 1928 or 1929 by the Swiss 

firm Aktiengesellschaft fiir modernen Bergbau 

In 1932, by De Marchi 


8. From 1935 to 1939 by the Swiss entity Smaragd 
Aktiengesellschaft 


a” 
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The success of any of the eras, and the broader 
question of the value of the Habachtal property for 
mining purposes, are difficult to intuit from the his- 
torical record left behind. Problems in that regard de- 
rive both from the backgrounds of the principals and 
from the disparate purposes underlying different re- 
ports or appraisals. As to the participants, it is no- 
table that only Goldschmidt and the London-based 
diamond merchants had deep roots in and knowledge 
of the gemstone market. Later owners and directors 
were merchants hailing from other fields—bankers, 
civil engineers, and attorneys—who in turn were as- 
sisted by civil, technical, and mining engineers, ge- 
ologists, and mine foremen. Notably absent were any 
skilled gem merchants truly able to assess the com- 
mercial value of the mined rough. 

Concerning the different purposes of reports and 
appraisals, there is a marked divergence between fig- 
ures or values offered in a regulatory sphere versus 
an investment setting. For example, Emerald Mines 
Limited reported to the mining administration that 
material was nearly worthless to minimize payment 
of taxes and fees. Mining administrator Aigner took 
a similar view, commenting that emerald mining in 
Habachtal had never been profitable. Leitmeier re- 
ported the same, but his remarks might have been 
biased toward starting commercial production of 
beryl as an ore mineral. The counterpoint provided 
by figures aimed at drawing investment is dramatic. 
By way of examples, in 1920 Autzinger estimated 
production of 5 kg of export-quality emeralds per 
week, and in 1930 Deutsch-Osterreichische Edel- 
steinbergwerks Gesellschaft calculated profitability 
at several hundred thousand marks per year. Such in- 
flated figures led to repeated financial failures for 
both companies and individuals, with perhaps only 
Miiller’s 1929 report having identified the real prob- 
lem—only 2% of the emeralds recovered were of 
facet quality. 

In the final analysis, it seems that between 1862 
and 1939, emerald mining at Habachtal was only 
economical, at least in part, for brief periods under 
Leverson, Forster & Co. and De Marchi. That said, 
it is likely that even with the limited quantity of 
gem-quality rough, small-scale mining guided by ex- 
perienced mining engineers or geologists, combined 
with distribution of emeralds in matrix for collectors 
and facet-quality rough for gem cutters by trade ex- 
perts through the right channels, could have been 
profitable. That is the state of affairs at Habachtal 
today. 
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Many thanks to the members of G&G’s Editorial Review Board for voting this year. 
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Lab Notes 


Editors 


Thomas M. Moses | Shane F. McClure 


DIAMOND 


HPHT-Processed Natural Type la 
Diamond 

There are two types of high-pressure, 
high-temperature processes related to 
diamond: HPHT treatment and 
HPHT diamond growth. HPHT labo- 
ratory-grown diamonds were devel- 
oped in the mid-1950s, with the first 
gem-quality production in the early 
1970s and extensive production be- 
ginning in the 1990s. 

HPHT treatment to change the 
color of natural diamonds was discov- 
ered as a byproduct of annealing natu- 
ral diamond anvils. The General 
Electric Company (GE) and Lazare Ka- 
plan International marketed the first 
commercial HPHT-treated color dia- 
monds in March 1999 (K. Schmetzer, 
“Clues to the process used by General 
Electric to enhance the GE POL dia- 
monds,” Winter 1999 GWG, pp. 186- 
190). The same machines, such as a 
hydraulic press that produces ex- 
tremely high pressure and temperature 
environments, are also used to treat 
both mined and laboratory-grown dia- 
monds. HPHT treatment can change 
the color of diamonds or make them 
colorless. 

A natural 5.20 ct type Ia SI, Fancy 
Dark yellowish brown diamond with 
natural anhedral crystal inclusions 
was submitted to the New York labo- 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. This 5.17 ct Fancy Deep yellow-orange HPHT-treated diamond 
was resubmitted to the New York laboratory. 


ratory for grading services and re- 
turned. After being treated, it was re- 
submitted as a 5.17 ct type Ia SI, 


Fancy Deep yellow-orange diamond 
(figure 1), with the disclosure that it 
had been HPHT processed. After 


Figure 2. Table-down images showing the diamond before HPHT treat- 


ment (left) and after (right). 
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Figure 3. This natural anhedral crystal was formed during diamond 
growth and acquired a graphitized halo after HPHT treatment. Field of 
view approximately 1.26 mm. 


analysis, the diamond was confirmed 
to have been treated using an HPHT 
process that changed the color from a 
dark yellowish brown to a deep yel- 
low-orange (figure 2). After the HPHT 
process, each of the natural anhedral 
crystal inclusions developed a graph- 
itized halo (figure 3). In the natural 
diamond, the visible/near-infrared 
(Vis-NIR) absorption spectrum 
showed a slight 550 nm band—a fea- 
ture that may impart a pinkish color 
component depending on its absor- 
bance and other features present 
within the diamond. After HPHT 
treatment, there is instead an in- 
crease in absorption from ~500 nm 
toward the lower wavelengths, this 
absorption rise is due to the creation 
of single, isolated nitrogen (figure 4). 

As expected (ILM. Reinitz et al., 
“Identification of HPHT-treated yel- 
low to green diamonds,” Summer 
2000 G&G, pp. 128-137), FTIR data 
from after the HPHT treatment 
showed that a peak associated with 
isolated nitrogen at 1344 cm was in- 
troduced, the ~1363 cm platelet peak 
was diminished, and the natural amber 
center at ~4165 cm was destroyed 
(figure 5). Since the spectroscopic data 
changed after treatment, crystal inclu- 
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sions plotted on the original grading 
diagram for this diamond confirmed it 
was the same stone. The 550 nm band 


in the Vis-NIR absorption spectrum re- 
lated to a pink or brown diamond is 
stable at lower temperatures of HPHT 
treatment. Since the 550 nm band was 
not detected after the process, we be- 
lieve this diamond was treated at the 
higher end of the HPHT regime or for 
a prolonged duration that required re- 
polishing, which caused it to lose three 
points of carat weight. 

While there are many different 
treatments that can be performed on 
diamonds, HPHT treatments are per- 
manent and require a stable and con- 
trolled environment. In this stone, the 
treatment resulted in some of the ni- 
trogen aggregates being split apart into 
single, isolated nitrogen that intro- 
duced new color centers and altered the 
color of the treated stone. The treat- 
ment also graphitized inclusions; how- 
ever, this change was not sufficient to 
lower the clarity grade. As technology 
advances, HPHT treatments are be- 
coming more common for both natural 
and laboratory-grown diamonds. 


Sally Ruan 


Figure 4. Vis-NIR spectra show the untreated natural diamond with the 550 
nm band (orange line). After HPHT treatment (blue line), the 550 nm band 
is not apparent. Instead, there is an increase in absorption from 500 nm to- 
ward the lower wavelengths (higher energy). Spectra are offset for clarity. 
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MID-IR SPECTRA 
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Figure 5. The B region of the mid-infrared spectrum shows a new isolated nitrogen peak at 1344 cnr! and a di- 
minished ~1363 cnr platelet peak after HPHT processing (orange line). The A region of the mid-infrared shows 
that the natural amber center at ~4165 cm (shown in orange) was destroyed after HPHT processing. The spec- 


tra are baseline corrected. 


Large Green and Yellow Diamonds 
Colored by Nickel Impurities 
Diamonds colored by nickel impu- 
rities were previously thought to only 
occur in lower carat weights and with 
weaker color saturations. However, 
the Carlsbad laboratory recently re- 
ceived several large examples with 
strongly saturated color. Among the 
stones examined, a Fancy Intense 
green-yellow cushion weighing 5.02 
ct, a Fancy yellow-green pear weigh- 
ing 5.03 ct, and a Fancy Intense green- 
yellow pear weighing 5.06 ct were the 
most notable (figure 6). 
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Gemologically, these diamonds 
were mostly free of inclusions except 
for faint internal graining and small 
reflective platelets. Along with natu- 
ral inclusions, FTIR spectra showed 
that all three stones were type IaA, 
confirming that these are naturally 
mined diamonds and not of synthetic 
origin. Vis-NIR spectra revealed an 
asymmetrical absorption band 
around 670 nm and a notable peak at 
883 nm for all three (figure 7). These 
features in the UV-Vis-NIR strongly 
suggest that the color is caused by the 
presence of nickel-related defects. 
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Previously, the largest and most 
intensely colored gem diamonds re- 
ported to have been colored by 
nickel defects were a 2.54 ct Fancy 
Light greenish yellow diamond (see 
Fall 2013 Lab Notes, pp. 173-174) 
and a 2.81 ct Fancy Intense yellow- 
ish green diamond (W. Wang et al., 
“Natural type Ia diamond with 
green-yellow color due to Ni-related 
defects,” Fall 2007 GWG, pp. 240- 
243). 

The stones described in the pres- 
ent report are nearly twice as large 
and have significantly more sat- 
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Figure 6. Large gem diamonds with strong color saturations resulting from 
nickel-related impurities. Top: 5.02 ct Fancy Intense green-yellow cushion. 
Bottom left: 5.03 ct Fancy yellow-green pear. Bottom right: 5.06 ct Fancy 


Intense green-yellow pear. 


urated hues. Therefore, it appears 
that nickel-colored diamonds can 
occur over a wider range of sizes and 
color saturations than previously 
suspected. 


Jamie Price 


Nail-Head Spicule in a Russian 
EMERALD 


Recently, a 1.86 ct transparent green 
pear mixed cut (figure 8) was sub- 
mitted for identification to the Carls- 
bad laboratory. Initial testing 


Figure 7. Vis-NIR spectra collected from each diamond show a strong 
asymmetrical absorption band around 670 nm along with a distinct peak 


at 883 nm. These defects together, with the lack of any other color-causing 
defects, indicate that nickel is the main cause of color. 


VIS-NIR SPECTRA 


— 5.06 ct Fancy Intense green-yellow 
—— 5.03 ct Fancy yellow-green 
— 5.02 ct Fancy Intense green-yellow 


670 
| 


ABSORBANCE (a.u.) 


DASE, 
0.105 
0.05 + 
0.00 — T T T T T 
400 500 600 700 800 900 
WAVELENGTH (nm) 
Las Notes Gems & GEMOLOGY 


Figure 8. A 1.86 ct transparent 
green pear mixed-cut emerald. 


produced the following results: refrac- 
tive index values of 1.582-1.590, bire- 
fringence of 0.008, doubly refractive, 
and a hydrostatic specific gravity of 
2.73. The long-wave UV reaction was 
red with a blue fluorescence in sur- 
face-reaching fractures from the clar- 
ity enhancement. These results were 
consistent with natural emerald. 
Trace element chemistry of the host 
emerald collected via laser ablation— 
inductively coupled plasma—mass 
spectrometry (LA-ICP-MS) matched 
well with GIA’s Russian emerald 
chemistry reference data. 

While the identification of any 
gem requires further testing with a va- 
riety of instruments, in most cases 
the stone’s natural or synthetic origin 
can be determined conclusively by 
features seen under magnification. 
Nail-head spicules are typically asso- 
ciated with synthetic hydrothermal 
(and occasionally flux-grown) emerald 
and synthetic quartz, but they are also 
occasionally found in natural gems 
such as beryl, sapphire, spinel, tour- 
maline, and quartz (G. Choudhary 
and C. Golecha, “A study of nail-head 
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Watch Jewels 
of the Past 


by 


ALVIN A. KLEEB 


The pride of possessing a fine watch is 
often based more upon the number of 
jewels it contains than on its time-keeping 
qualities or the workmanship evidenced in 
its construction. The kind of jewels or the 
purpose they serve makes little difference 
to most people, provided there are at least 
seventeen of them. 

My watch repairing experience of over 
25 years, both as a vocation and as an avo- 
cation, in addition to a keen interest in 
antique watches, long ago taught me that 
the exact number of jewels is relatively un- 
important. A more recent interest in the 
field of gemology, however, roused my cur- 
iosity regarding the materials used for 
watch jewels. The stock answer of “rubies, 
sapphires and garnets’’ may have been true 
for the era immediately preceding the ac- 
ceptance of synthetic corundum for such 


purposes, but what was used before that? 

A fairly complete set of gem testing in- 
struments and several cigar boxes full of 
antique watches and movements made un- 
necessary an exhaustive search for litera- 
ture on the subject. Such literature as I 
eventually found usually consisted of one or 
two sentences in a book or article if it were 
mentioned at all. Putting all of these sen- 
tences together resulted in a very incom- 
plete story particularly with regard to the 
materials used. 

The invention of watch jeweling is usu- 
ally attributed to Nicolas Facio in the year 
1703. Early literature on the subject is very 
scarce, however. 

G. H. Baillie, the noted British author- 
ity on antique timepieces, in his book 
Clocks and Watches: An Historical Biblio- 
graphy (N.A.G. Press Ltd., London, 1951) 
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Figure 9. Nail-head spicule in the natural emerald from figure 8. Field of 


view 2.01 mm. 


spicule inclusions in natural gem- 
stones,” Fall 2007 G&G, pp. 228-235; 
K. Schmetzer et al., “Multicompo- 
nent inclusions in Nacken synthetic 
emeralds,” Journal of Gemmology, 
Vol. 26, No. 8, 1999, pp. 487-500). 


Nail-head spicules are wedge-shaped 
two-phase (liquid and gas) inclusions 
capped by crystals that act as growth 
obstacles (figure 9). During growth of 
the host crystal, a small crystal or 
platelet is deposited on its surface. As 


the crystal continues to grow past the 
inclusion, a tapered void is created, 
which traps the hydrothermal growth 
medium such that, upon cooling, it 
becomes two phases consisting of liq- 
uid and a gas bubble (Choudhary and 
Golecha, 2007). 


Maxwell Hain 


Dyed FLUORITE 
Two pieces of green rough weighing 
358.03 and 454.27 ct (figure 10) were 
recently sent to the Carlsbad labo- 
ratory for an emerald identification 
and origin report. Standard gemolo- 
gical testing could not be performed 
due to the rough surfaces and size of 
the stones. Raman spectroscopy was 
used to aid in the identification (figure 
11), and the Raman spectra were con- 
sistent with the mineral fluorite. 
Internally and externally, both 
pieces showed typical massive habit 
fluorite features. Small octahedral 
crystals were scattered along the sur- 
faces, and perfect cleavage in four di- 


Figure 10. These two rough pieces weighing 454.27 and 358.03 ct were identified as dyed fluorite. 
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Figure 11. Overlay of the Raman spectra of one of the dyed fluorite sam- 


ples and a known emerald sample. 


rections was documented. Cleavage is 
not a gemological property of emer- 
ald, and octahedral cleavage is a key 
identifying feature for fluorite. Weak 


color banding could be seen with dif- 
fused lighting, but the most abnormal 
observation with both of these stones 
was the presence of obvious dye con- 


Figure 12. Obvious dye concentrations within surface-reaching fractures. 
Field of view 7.26 mm. 
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centrations along their fractures (fig- 
ure 12). 

Fluorite naturally comes in a wide 
range of colors and can have multiple 
colors in a single crystal. These stones 
are a careful reminder to analyze 
every stone thoroughly for proper 
identification and to detect the most 
uncommon of treatments. 


Nicole Ahline 


Repaired GRANDIDIERITE 


Recently the Carlsbad laboratory re- 
ceived for identification services a 
transparent bluish green stone weigh- 
ing 1.43 ct and measuring 7.47 x 6.31 x 
4.06 mm (figure 13). Standard gemolo- 
gical testing revealed a refractive index 
of 1.58-1.62 on both the crown and pa- 
vilion, suggesting that both the crown 
and pavilion were grandidierite. This 
was confirmed using FTIR and Raman 
spectroscopy. Microscopic examina- 
tion showed a very large fracture that 
broke continuously around the entire 
stone. Closer inspection revealed that 
the fracture was filled (figure 14), and 
this filling was holding the stone to- 
gether, indicating that the stone was 
likely broken into two pieces and then 
repaired with a resin or glue. 


Figure 13. Flattened gas bubbles 
caught in the break of a filled 
fracture are visible face up in this 
1.43 ct repaired grandidierite. 
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Figure 14. Flattened gas bubbles caught in the filling of the large fracture 


that breaks continuously through the entire pavilion and some of the 


crown. Field of view 4.79 mm. 


Grandidierite is a very rare min- 
eral, and transparent gem-quality ma- 
terial was not found in the market 
until 2015 (Winter 2015 Gem News 
International, pp. 449-450). Named 
after French naturalist Alfred Grandi- 
dier (1836-1912), grandidierite was 
first discovered in 1902 at the cliffs of 
Andrahomana on the southern coast 
of Madagascar (D. Bruyere et al., “A 
new deposit of gem-quality grandi- 
dierite in Madagascar,” Fall 2016 
GwaG, pp. 266-275). This is the first 
repaired grandidierite GIA has seen to 
date. 


Michaela Stephan 


LABORATORY-GROWN DIAMOND 


New Record Size for CVD 
Laboratory-Grown Diamond 
Growth technology of single-crystal 
diamond has advanced significantly in 
the last two decades for both the high- 
pressure, high-temperature (HPHT) 
and chemical vapor deposition (CVD) 
methods. In addition to many other ap- 
plications, laboratory-grown diamonds 
have become an expanding segment of 
the jewelry industry. Records for crys- 
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tal size and quality are frequently 
broken. In this note, GIA’s New York 
laboratory reports on a new record for 
CVD laboratory-grown diamond. 


This square modified brilliant dia- 
mond produced by Shanghai Zhengshi 
Technology Co. Ltd. (figure 15) 
weighed 16.41 ct and measured 13.97 
x 13.87 x 9.56 mm, with G color and 
VVS, clarity. The strong graining dis- 
tributed throughout it created a 
“wavy” appearance (see the video at 
www.gia.edu/gems-gemology/spring- 
2022.-lab-notes-new-record-size-CVD). 
In addition, a few tiny pinpoints were 
present. Absorption spectroscopy in 
the infrared region revealed this was a 
typical type Ia diamond. Except for ab- 
sorptions from the diamond itself, no 
other defect-related absorption was de- 
tected in this region. Photolumines- 
cence spectroscopy collected at liquid 
nitrogen temperature with 514 nm 
laser excitation (figure 16, left) showed 
emissions from NV centers with zero- 
phonon lines (ZPL) at 575.0 and 637.0 
nm with moderate intensities. Clear 
emissions from SiV- at 736.6 and 736.9 
nm were detected. Weak emissions at 
596 and 597 nm, which are specific to 
CVD diamond and also unstable at 
high temperature, were recorded over- 
lapping with sidebands of the NV°. 


Figure 15. The new record size for CVD laboratory-grown diamond— 
16.41 ct, with G color and VVS, clarity—has been achieved by Shanghai 
Zhengshi Technology Co. Ltd. This is an as-grown diamond; no post- 
growth treatment was applied for color improvement, either before or 
after faceting. 
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Figure 16. Left: The photoluminescence spectrum with 514 nm laser excitation under liquid nitrogen temperature 


showed typical features of as-grown CVD diamond. Right: In the photoluminescence spectrum with 457 nm laser 
excitation under liquid nitrogen temperature, weak emissions from the 3H defect and from the 467.6 nm center 


were recorded. 


Photoluminescence spectroscopy with 
457 nm laser excitation (figure 16, 
right) detected weak emissions at 
503.5 nm (3H) and 467.6 nm. Similar 
to the emission at 596 and 597 nm, the 
467.6 nm center is CVD-specific and 
would be annealed out at very high 
temperature. No emission from the 
H3 defect was observed. All these 
spectroscopic features confirmed this 
was a CVD diamond with no post- 
growth treatment to improve the 
color. 

Images collected under deep short- 
wave UV excitation showed strong or- 
ange-red fluorescence with banded 


Figure 17. Fluorescence imaging 
with deep short-wave UV excita- 
tion showed the typical orange- 
red fluorescence of as-grown CVD 
diamond with irregular blue 
“banding.” Up to seven growth 
layers were revealed. 
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blue regions (figure 17). The blue “col- 
umns” were nearly perpendicular to 
the table and extended almost con- 
tinuously to the pavilion and culet. 
This feature was consistent with both 
the strong lattice dislocations ob- 
served under the microscope with 
crossed polarizers (figure 18) and its 
observable graining. Up to seven 
growth steps were revealed in the flu- 
orescence and cathodoluminescence 
images (figure 19), with each layer of 


similar thickness. This square mod- 
ified brilliant diamond was faceted 
with its table face parallel to these 
layers for maximum weight retention, 
while keeping excellent proportions 
and symmetry. 

For CVD growth, this 16.41 ct dia- 
mond broke the record previously 
held by a 14.60 ct diamond (emerald 
cut, F color, VS, clarity) produced in 
India, which surpassed the previous 
record of 12.75 ct (round brilliant, F 


Figure 18. The large CVD diamond showed very strong dislocations under 
crossed polarizers, the main cause of its wavy appearance. 
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Figure 19. Cathodoluminescence imaging also revealed the seven growth 
steps. The dark dots in this image are related to the lattice dislocations. 


color, VVS, clarity), both reported last 
year (“IGI certifies world record 14.60 
ct lab grown diamond,” IGI Gem- 
Blog, August 31, 2021). In compari- 
son, the largest colorless or 
near-colorless HPHT _ laboratory- 
grown diamond is 15.32 ct (cushion 
cut, H color, I, clarity); see Summer 
2018 Lab Notes, pp. 217-218. The 
largest laboratory-grown diamond of 
any kind tested by GIA so far is a 
20.23 ct cushion cut (Fancy Vivid yel- 
lowish orange, VS,) produced using 
the HPHT method in 2019. GIA will 
continue to follow the development 
of laboratory-grown diamonds to en- 
sure that all are properly identified. 


Wuyi Wang, Stephanie Persaud, and 
Elina Myagkaya 


Unusual Laser Drill Holes in a 
Laboratory-Grown Diamond 
Diamonds with dark inclusions have 
been laser drilled to enhance their 
clarity for more than 60 years. The in- 
ternal inclusion is drilled from the 
diamond surface and then acid-boiled 
to bleach it out. GIA has identified 
many natural diamonds treated by 
this technique, but the Carlsbad labo- 
ratory recently received for a colored 
diamond identification and origin re- 
port an undisclosed laboratory-grown 
diamond with unusual laser drill 


holes. 
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The diamond was a Fancy yellow 
cushion modified brilliant weighing 
2.02 ct. Gemological and spectrosco- 
pic analysis confirmed it was an 
HPHT-grown synthetic diamond. 
The diamond was attracted to a 
small magnet due to the numerous 
metallic inclusions. No strain was 
visible under crossed polarizers, and 
DiamondView imaging showed the 
typical cuboctahedral HPHT growth 
pattern. 


Clarity was low due to the pres- 
ence of numerous large flux inclu- 
sions, so laser drilling was likely 
done to enhance the appearance and 
clarity. One of the laser drill holes 
connected to a large flux inclusion 
can be seen in figure 20. A metallic 
flux inclusion cannot be bleached as 
some mineral inclusions can and so 
it must be dissolved out, which 
could pose additional challenges to 
improving the clarity. It appears 
there was an unsuccessful attempt to 
remove the flux, as the inclusion was 
still eye visible. 

Three clusters of intersecting laser 
drill tubes resembling corals were ob- 
served (figures 21 and 22). We could 
see numerous roundish openings on 
the surface filled with dark materials. 
Raman spectroscopy confirmed they 
were all non-diamond carbon materi- 
als. Here the laser beam was likely re- 
flected off a flux inclusion and 
refocused to a new point farther than 
intended, resulting in the unusual 
branching pattern. Other flux inclu- 
sions could have been successfully 
dissolved by acid because they were 
smaller than the one in figure 20 or 
because there were more drilled tubes 
for the acid to enter. This may have 


Figure 20. Flux inclusion in a laboratory-grown diamond connected to a 


laser drill hole. Field of view 3.57 mm. 
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Figure 21. Clusters of unusual laser drill holes in a laboratory-grown diamond. Fields of view 3.57 mm (left) and 


2.61 mm (right). 


caused the unique crossed tubes in- 
side the stone. Burn marks on the sur- 
face next to some of the laser drill 
holes might have been due to the heat 
generated by the laser beam (figure 
22). 

This diamond was identified as a 
laboratory-grown diamond. It was is- 
sued a laboratory-grown colored dia- 
mond report stating, “Laser drill holes 
are present.” 


Najmeh Anjomani and Troy Ardon 


Hydrothermal SYNTHETIC RUBY 


Hydrothermal synthetic ruby was first 
introduced to the market in the 1960s 
(A. Peretti and C.P. Smith, “An in- 
depth look at Russia’s hydrothermal 
synthetic rubies,” JewelSiam, April- 
May 1993, pp. 96-102). The hydrother- 
mal process is very slow and requires 
high heat and very high pressure (400- 
600°C, 5,000-30,000 psi), mimicking 
the conditions deep in the earth that 
result in the formation of natural ruby. 
In this method, the corundum seed 
plates are suspended inside the growth 
chamber and nutrients are placed in 
the bottom. Slowly the nutrients dis- 
solve and form a solution which de- 
posits new synthetic corundum 
growth onto the seed crystal. The size 
of the synthetic crystal depends on the 
size of the seed, amount of nutrient so- 
lution, and time. 
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The Carlsbad laboratory recently 
received a 4.55 ct transparent cush- 
ion-cut hydrothermal synthetic ruby 
for an identification report (figure 23). 
This type of laboratory-grown ruby is 
seldom submitted to the laboratory 
today, though they were more prev- 
alent in the 1980s. Gemological test- 
ing yielded an RI of 1.761-1.769 anda 
specific gravity of 3.99. Its fluores- 
cence reaction was strong red to long- 
wave and medium red to short-wave 


UV radiation, and its pleochroism was 
orangy red to purplish red. These 
properties are typical of most rubies, 
natural or laboratory grown. 

Chemical analysis was done by 
EDXREF and showed a high amount of 
chromium (1550 ppma), low iron (153 
ppma}, titanium (25.5 ppma), no gal- 
lium, and very low vanadium (2.24 
ppma), which matches the synthetic 
corundum chemistry. 

Magnification showed characteris- 


Figure 22. Burn mark on the surface next to laser drill holes. Field of view 


2.01 mm. 
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Figure 23. Photos of the hydrothermal synthetic ruby in daylight and 


short-wave UV light. 


tic internal features of hydrothermal 
synthetic corundum such as subparal- 
lel striations and angular/zigzag (chev- 
ron) graining using a_ standard 
gemological microscope in conjunc- 
tion with fiber-optic light or diffused 
light (figure 2.4). 


The baseline-corrected spectra 
showed very strong water peaks in 
the region between 3200 and 3600 
cm, which is strongly indicative of 
hydrothermal synthetic origin. (The 
instrument was baseline corrected to 
remove the water signal from the at- 


Figure 24. The chevron growth structure observed in the hydrothermal 


synthetic ruby. Field of view 4.79 mm. 
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Figure 25. The DiamondView 
image of the chevron growth pat- 
tern in the hydrothermal synthetic 
ruby. Field of view 8.63 mm. 


mosphere as well as having the sam- 
ple chamber purged with dry air to 
minimize the detection of water from 
the atmosphere.) Luminescence im- 
ages in an ultra-short-wave UV radi- 
ation DiamondView showed an 
interesting chevron growth pattern as 
well with red fluorescence, further 
confirming hydrothermal synthetic 
origin (figure 25). 

While hydrothermal synthetic 
rubies are not as common in the gem 
trade today, it is helpful to review the 
distinctive features and characteris- 
tics that make them identifiable. 


Shiva Sohrabi and 


Najmeh Anjomani 
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CHALLENGE 


The following 25 questions are from the four 2021 issues of Ge/G. Please refer to the feature articles in those 
issues to find the single best answer for each question. 


Visit gia.edu/gems-gemology to take the Challenge online. Entries must be received no later than Monday, 
August 1, 2022. All entries will be acknowledged with an email. 


Score 75% or better, and you will receive a certificate of completion. Earn a perfect score, and your name also 
will be listed in the Fall 2022 issue of Gems & Gemology. 


1. Distinguishing natural from cultured 
pearls 


A. can always be accomplished with 
RTX and p-CT. 

B. relies upon trace element chemical 
analysis. 

C. is never possible by visual 
examination. 

D. is not always possible. 


2.Which chromophore has the highest 
molar absorptivity in spinel? 
A. Co** 
[B, Ci 
C, le 
ID), We" 


3. Haziness in colorless diamonds 
A. results exclusively from strong 
fluorescence. 
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B. results exclusively from nano- 
inclusions. 

C. is directly proportional to 
fluorescence. 

D. can be evaluated by contrast loss. 


4. Sapphires from Mogok 
A. characteristically show orange fluo- 
rescence to long-wave UV. 
B. were considered too dark about a 
century ago. 
C. are found mainly in primary 
deposits. 


D. generally show strong color zoning. 


5. Linear structures in pearls 
A. are generally regarded as indicative 
of non-bead cultured pearls. 


B. are exclusive to saltwater non-bead 
cultured pearls. 
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C. are always found with organic-rich 
material. 


D. are common in natural freshwater 
pearls. 


6. Non-bead cultured pearls 
A. are carefully planned with tissue 
grafting. 
B. are all known as “Tokki pearls.” 
C. only form in wild mollusks. 
D. are formed unintentionally. 


7. Sudoite is a green mineral 

A. used extensively throughout the 
Early Ceramic age. 

B. that occurs as massive nodules in 
the Caribbean. 

C. identified in ancient Amerindian 
carvings. 

D. commonly used to imitate jadeite. 
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8. Color-treated freshwater pearls 

exhibit 

A. weaker SWUV fluorescence than 
untreated pearls. 

B. high background fluorescence with 
Raman. 

C. unusually strong aragonite Raman 
peaks. 

D. strong LWUV fluorescence. 


9. Resin filling of turquoise 

A. is only performed on non-matrix- 
containing material. 

B. improves appearance by reducing 
porosity. 

C. is accomplished within several 
hours. 

D. does not increase stability. 


10. Which of the following is diagnostic 
of peridot from Mogok? 
A. Protogenetic olivine inclusions 
B. Chromite crystal inclusions 
C. “Lily pad” inclusions 
D. Olive green color 


11. Saturated purple spinel 

A. can be colored by combinations 
including iron, chromium, vana- 
dium, and cobalt. 

B. is found only in the Luc Yen district 
of Vietnam. 

C. is more valuable than saturated 
purple diamond. 

D. does not contain iron. 


12. Purple Chinese freshwater pearls 
A. fluoresce intensely to both long- 
wave and short-wave UV. 
B. always show strong pigment peaks. 
C. can be color-treated or untreated. 
D. are always optically brightened. 


13. Chlorite-group minerals 
A. are commonly used as gem 
materials. 
B. have high hardness and toughness. 
C. are generally transparent. 
D. are sheet silicates. 


14. The Namak Mandi gem market 
A. is primarily for the trading of 
faceted stones. 
B. has rigid pricing guidelines for 
goods. 
C. used to be a trading center for salt. 
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18. 


20. 


D. is exclusive to Pakistani traders. 


. Peridot from Pyaung-Gaung 


A. is almost never found in sizes over 
five carats. 

B. was found to be comparatively 
sodium-poor. 

C. is generally found in secondary 
deposits. 

D. is generally bright apple green in 
color. 


. Of the turquoise deposits in Iran, 


what is unique about Neyshabur? 

A. Only recently has it produced the 
majority of Iranian turquoise. 

B. It is the only one dedicated to the 
production of turquoise. 

C. It is the only one producing 
turquoise with fine color. 


D. Its material is treated before leaving 


the mine. 


. For a uniaxial crystal, the ELc (o-ray) 


absorption spectrum corresponds to 
light traveling through the crystal 
A. ina direction halfway between 


parallel and perpendicular to the c- 


axis (optic axis). 
B. perpendicular to the c-axis (optic 
axis). 
C. parallel to the c-axis (optic axis). 
D. in any direction. 


The angoora is 

A. part of a hand-operated faceting 
apparatus. 

B. a local authority in Namak Mandi. 

C. a tool for evaluating gem clarity. 

D. a highly mechanized device. 


. Mining of emerald from the 


Habachtal deposit in Austria 

A. involved large groups of miners 
working year-round. 

B. is clearly documented back to the 
Roman Empire. 

C. was very profitable in the nine- 
teenth century. 


D. is very dangerous from the primary 


source. 


Which of the Neyshabur tunnels 
produces turquoise with a greenish 
color? 

A. Chah Abdar in the Main tunnel 
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Pale 


BD, 


D3. 


B. 


C. 
D. 


Sabz in the Main tunnel 
Dom 
Zakh 


A spindle-shaped core in a pearl 
indicates it 


A. 


B. 


C. 
D. 


could be non-bead cultured or 
natural. 

is non-bead cultured. 

is bead cultured. 

is natural. 


Mogok sapphire inclusion scenes 


A. 


B. 


Cc, 
D. 


almost always contain zircon 
crystals. 

are distinct and diagnostic. 
are dominated by silk. 

never contain apatite. 


Fluorescence in colorless diamonds 


A. 


B. 


C. 


D. 


can occur with a light source 
labeled as UV-free. 

always improves the color grade of 
a diamond. 

is only stimulated by ultraviolet 
light. 

increases transparency. 


24. To generate an accurate unpolarized 
spectrum of a uniaxial polished 
crystal of known orientation with a 
given light source, one must use 


DS). 


To take the Challenge online, 


A. 


C. 
ID). 


weighted combinations of the o- 
ray and e-ray visible transmission 
spectra. 


. weighted combinations of the o- 


ray and e-ray visible absorption 
spectra. 

a polariscope and dichroscope. 
the Beer-Lambert law. 


Habachtal emeralds 


A. 


were widely available in the eigh- 
teenth century. 


. are easily confused with Colom- 


bian emeralds. 


. are mainly suitable for mineral 


collectors. 


. are generally clean and facetable. 
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attempted to catalog all known literature 
on mechanical timepieces written before 
1800. The items are listed by date with a 
brief resume of their contents. As usual, 
very little is to be found concerning jewels. 
Following is a quotation of part of page 
132: 
“1704. FACIO DI DUILLIER, PETER 
AND JACOB DEBAUEFRE. 
“Petition to Parliament for the exten- 
sion of their Patent for jewels in pivots 
in watches. 
“MS. of one sheet in Library of the 
Clockmakers’ Company, Guildhall. 
“A Bill was brought into Parliament 
and read a second time, and was then 
opposed by the Clockmakers’ Company 
on the ground that jewels had been used 
before the date of the Patent. As evi- 
dence of prior use, a watch was pro- 
duced, made by Ignatius Huggcford, 
who died before 1698. In this watch a 
large ruby was fixed in the blued stcel 
cock and, on this evidence, the petition 
was dismissed. The watch is now in the 
collection of the Clockmakers’ Company 
at the Guildhall, and the ruby has beca 
found to be ornamental only, covering 
an ordinary brass blind pivot hole. 
“1704. FACIO DI DUILLIER, NICO- 
LAS. 
“Reasons for an Act Intituled, An Act 
for the further Encouragement of tbe 
New Art, or Invention, of Working and 
Applying of Precious and more common 
Stones for the greater Perfection of 


Watches, Clocks and other Engines.! 
“Among the reasons is ‘The incredible 


Tediousness and Difficulty of Working, 
in Rubies and other Precious Stones, 
some Holes almost as small as a Hair 
and of Figuring and Polishing them ... 
will require that the hands of very many 
Subjects be imployed.’ ”’ 

“Reasons of the English Watch and 
Clockmakers against the Bill to confirm 
the Pretended New Invention of using 


1. “‘4pp. 12-% x 6% inches. British Museum. 


Precious and Common Stones about 
Watches, Clocks and other Engines.” 
“This begins: One Nicolas Facio Gent 
and Peter and Jacob Debaufre Watch- 
makers, have under pretence of a New 
Invention, obtained Letters Patent, dated 
the ist of May, 1704, for Fourteen Years, 
to have the sole use of working Precious 
and more common Stones ... to be im- 
ployed in Clockwork and Watchwork 
. not for ornament only, but as an in- 
ternal and useful Part of the Work or 
Engine itself: And now, before One 
Year of the time spent, apply for an Act 
of Parliament to confirm the same, and 
to enlarge their Term. 
“The reasons are based on want of sub- 
ject matter for invention, and no men- 
tion is made of Huggeford’s watch.” 
The following quotation from Baillie’s 


preface will serve well as a brief back- 


ground for the subject under consideration: 


2. 


“Some unknown person, at an unknown 
date (probably the end of the thirtecnth 
century), invented the verge escapc- 
ment and made a mechanical clock possi- 
ble. This escapement remained in com- 
mon use, without a material change, for 
five and a half centuries. For three and 
a half centuries, it was the essential part 
of every clock and watch. But its im- 
mediate effect was the start of a revolu- 
tion in time-reckoning, a change through- 


out Europe from the canonical hours of 
the Church to the equal hours of our 


present system. The change was radical, 
because the period between two canoni- 
cal hours was from two to four hours, 
varying with the season; it was grad- 
ual, following the erection of public 
clocks, over a period, roughly, from 1350 
to 1450. 

“An inventor responsible for so much 
deserves a name. 

“Another unknown person at an un- 
known date (probably late fifteenth cen- 
tury), devised a spiral spring to drive 


“App. 12% x 6% inches. British Museum. 
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Rare Blue Apatite Inclusion in Smoky Quartz 


A natural smoky quartz with an obvious mineral inclusion 
at the center of the stone (figure 1) was recently observed 
by the author. Raman analysis confirmed that this mineral 
was apatite. The apatite had very light blue color and a 
hexagonal twinned morphology. Under cross-polarized 
light, the inclusion showed interference colors, confirming 
its doubly refractive nature (figure 2). 

Apatite is a phosphate mineral with the chemical for- 
mula of Ca.(PO,),(Cl/F/OH). Generally, smoky quartz and 
apatite can occur under the same geologic conditions, in- 
cluding pegmatitic hydrothermal environments. Apatite is 
commonly a protogenetic inclusion, but it can occasionally 
result from a later stage and be considered a syngenetic in- 
clusion in quartz. The rounded shape of this apatite exam- 
ple suggests a protogenetic inclusion, one that would be a 
welcome sight for any gemologist examining stones in a 
microscope. 

Nattapat Karava 
GIA, Bangkok 


Apatite Oiling: Before and After 


Fissure filling of gemstones is an age-old treatment that 
can improve a stone’s clarity (Fall 2020 Gem News Inter- 
national, pp. 443-444). By introducing oil or other fillers 
such as resin into the stone, the treater can minimize the 
appearance of fissures. 

Recently we had the opportunity to observe this treat- 
ment up close in an apatite cabochon brought to our labo- 
ratory for photography while it was still untreated. Then 


About the banner: Dark exsolution stringers of magnetite show vivid inter- 
ference colors using reflected light in this yellow scapolite from Tanzania. 
Photomicrograph by Nathan Renfro; field of view 4.08 mm. Courtesy of 
Arsaa Gems and Minerals. 
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Figure 1. A hexagonal apatite inclusion in smoky 
quartz. Photomicrograph by Nattapat Karava; field of 
view 6.3 mm. 


the sample was oiled by Jeffery Bergman and returned to 
the laboratory for observation and photography. 


Figure 2. A hexagonal apatite inclusion with interfer- 
ence colors in smoky quartz, viewed in cross-polarized 
illumination. Photomicrograph by Nattapat Karava; 
field of view 6.3 mm. 
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Figure 3. Left: On the base of this apatite cabochon (15 x 15 x 13 mm), a large, reflective fissure can be observed with 
fiber-optic illumination. Right: After the oil filling, the same fissure is much less noticeable and the iridescent reflec- 
tive area is considerably smaller, enhancing the sample’s clarity. Photos by E. Billie Hughes. 


Figure 4. A close-up of the fissure before and after oil treatment, shown in diffuse fiber-optic illumination. Left: Before 
oiling, the fissure is easily visible and highly reflective. Right: After oiling, the reflection is more muted and less notice- 
able, with only a small highly reflective area remaining. Photomicrographs by E. Billie Hughes; field of view 10 mm. 


Upon examination before and after, the effects of the 
treatment were clear. On the base of the cabochon, a large, 
reflective fissure became less visible after oiling (figure 3). 
Using fiber-optic illumination, it was apparent that the 
filler had diminished the reflective appearance of the fis- 
sure, with only small highly reflective areas remaining (fig- 
ure 4). Darkfield illumination also revealed a stark 
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difference in appearance: The filler had rendered large dark 
areas filled with air nearly invisible (figure 5). 

This microscopic observation serves as a reminder of 
the significant impact clarity enhancement can have on 
gems of all types. 

E. Billie Hughes 
Lotus Gemology, Bangkok 


Figure 5. Left: Before filling, 
transmitted light shows dark 
areas where air has become 
trapped in the fissure, making 
it more visible. Right: Treat- 
ment with oil minimizes the 
dark areas, enhancing clarity. 
Photomicrographs by E. Billie 
Hughes; field of view 27 mm. 
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Acicular Troughs Coincident with Green Stains on 
Rough Diamond Surface 


The author acquired an alluvial rough diamond from 
Guyana showing unique surficial features that do not ap- 
pear to have been documented elsewhere. The specimen 
was a twinned crystal consisting of two intergrown octahe- 
dral crystals, ~0.12 ct in weight, with numerous flat-bot- 
tomed hexagonal etch features and trigons and a nearly 
pervasive green skin (figure 6). Most interesting were fine, 
linear, and randomly oriented features on the diamond sur- 
face that were spatially associated with the green stains 
(figure 7). Radiation stains are known to cause localized ex- 
pansion in diamond (L. Nasdala et al., “Radio-coloration of 
diamond: A spectroscopic study,” Contributions to Min- 
eralogy and Petrology, Vol. 165, 2013, pp. 843-861; S.C. 
Eaton-Magafia and K.S. Moe, “Temperature effects on ra- 
diation stains in natural diamonds,” Diamond and Related 
Materials, Vol. 64, 2016, pp. 130-142). These features also 
cross-cut trigons, implying that they post-date the dia- 
mond’s growth in the earth’s mantle and its surface disso- 
lution within the kimberlite magma (figure 8). These 
features may be the result of localized dissolution caused 
by proximal acicular, radioactive, and as yet unknown 
minerals, leaving behind a cast impression. Green color in 
diamond can be produced by natural irradiation of the crys- 
tal lattice by exposure to radiation from proximal and ad- 
jacent radioactive grains (e.g., zircon, monzonite, uraninite, 
and K-feldspar) or salts dissolved in percolating fluids sur- 
rounding the diamond (C.M. Breeding et al., “Natural-color 
green diamonds: A beautiful conundrum,” Spring 2018 
G&G, pp. 2-27). Gamma, alpha, or beta radiation emanat- 
ing from these sources are thought to cause collections of 


Figure 6. A ~0.12 ct green-skinned diamond from 
Guyana. Photo by Roy Bassoo. 


defects and impurities within the diamond. Gamma and 
beta radiation have low energies and long penetration 
depths producing green bodycolors. Due to its high energy, 
alpha radiation has the shortest penetration depth and only 
within the first 25 ym of the diamond surface, creating 
green skins, stains, and spots. 


Figure 7. Left: A magnified view of green radiation stains on an unpolished diamond surface in transmitted light. 
Right: An image of the same surface in reflected light with the radiation staining (outlined in red) and preserved 
acicular troughs. Photomicrographs by Roy Bassoo; field of view 0.5 mm. 
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Although unusual, radiation-related surface features 
have been previously documented (e.g., Spring 2021 GWG 
Micro-World, pp. 66-67). The ones seen in this diamond 
from Guyana appear to be unique, however. It is quite 
likely that these features are pervasive in placer diamonds 
but have not been studied in detail. 


Roy Bassoo 
GIA, Carlsbad 


Figure 9. A 7.98 ct blue aquamarine faceted by the 
author to display the garnet crystal within. Photo by 
Jessa Rizzo. 
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Figure 8. A further mag- 

| nified view of the green 
radiation stains on an 
unpolished diamond sutr- 
face in transmitted light 
(left) and an image of the 
same surface in reflected 
light with the radiation 
staining outlined in red 

_ and preserved acicular 
troughs which cross-cut a 
‘ \ flat-bottomed trigon 

PS @- (right). Photomicrographs 
Ss WS  SCOy Roy Bassoo; field of 
SSE view 0.25 mm. 


Spessartine Garnet in Aquamarine 


The author recently had the opportunity to examine and 
facet a sample of aquamarine rough. The aquamarine, re- 
portedly from Pakistan, was acquired from gemstone 
dealer Ali Shad of Shad Fine Minerals (Gilgit-Baltistan, Pa- 
kistan). The rough was specifically selected for the large 
red garnet inclusion within. In preparation for faceting, the 
stone was oriented with the garnet inclusion as the pri- 
mary focus. After careful planning and execution, a 7.98 ct 
modified emerald cut was achieved, highlighting the garnet 
crystal under the table facet (figure 9). Oblique fiber-optic 
illumination was used to observe the internal features of 
the aquamarine, revealing a well-formed red spessartine 
garnet crystal with iridescent colors along the garnet and 
aquamarine interface (figure 10). This is one of the most 


Figure 10. The red spessartine garnet showed vibrant 
interference colors along the interface with the aqua- 
marine host. Photomicrograph by Nathan Renfro; 
field of view 5.63 mm. 
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beautiful inclusions the author has seen in an aquamarine, 
and it is noteworthy as the gem was faceted to display the 
inclusion rather than to conceal or remove it. 


Jessa Rizzo 
GIA, Carlsbad 


Hematite Crystals in Diamond 


A 1.51 ct G-color diamond with I, clarity recently caught 
the authors’ attention due to several brownish orange in- 
clusions. These tiny crystals, only a few nanometers in 
size, were concentrated along two fractures in the stone 
(figure 11). They were identified using Raman spectroscopy 
as hematite (Fe,O,). Although it is common to find oxide 
staining within fractures in diamond, crystalline oxide in- 
clusions such as these are a rarity. The concentration of 
the hematite crystals along the cracks suggests that, rather 
than being syngenetic inclusions, these are secondary (epig- 
enetic) minerals. They likely precipitated inside the frac- 
tures when the diamond interacted with fluids while being 
stored in the crust. This rare sight offers a glimpse into the 
long and unique journey each diamond takes to the earth’s 
surface. 


Abadie Ludlam, Tingyen Yeh, and David Kondo 
GIA, New York 


Hyalite with Magnificent Internal Features 


The Laboratoire Frangais de Gemmologie (LFG) received 
for analysis a 1.83 ct hyalite, also known as opal-AN: an 
amorphous (A) opal containing hydrated silica molecules 
that are network forming (N) (E. Fritsch et al., “Green-lu- 
minescing hyalite opal from Mexico,” Journal of Gemmol- 
ogy, Vol. 34, No. 5, 2015, pp. 490-508). This is one of the 
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Figure 11. Several small 
brownish orange crystals 
found within the fracture 
of a diamond were iden- 
tified as hematite. Photo- 
micrograph by Abadie 
Ludlam; field of view 
1.26 mm. 


rarest varieties of gem-quality opal. The gem fluoresced 
green under long-wave ultraviolet (365 nm) and, with more 
intensity, under short-wave UV (254 nm), due to U® in the 
form of uranyl (UO,)}* (E. Gaillou et al., “Luminescence of 
gem opals: A review of intrinsic and extrinsic emission,” 
Australian Gemmologist, Vol. 24, No. 8, 2011, pp. 200- 
201). A purple fluorite (identified by a micro-Raman spec- 
trometer; figure 12) and a series of cube-shaped cavities 
were visible (figure 13) in the hyalite, which appear to be 
all interconnected. Sometimes these cavities also contain 
small crystals of fluorite relics detected by Raman. Thus, 
these cavities may be the result of the partial dissolution 


Figure 12. Purple fluorite cube, identified by micro- 
Raman spectroscopy, in a hyalite. Photomicrograph 
by U. Hennebois; field of view 1.2 mm. 
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Figure 13. Interconnected cavities observed in a hyalite 
containing partially dissolved fluorite relics identified 
by Raman spectroscopy. Curved growth layers are also 
observed in the background. Photomicrograph by A. 
Delaunay; field of view 2 mm. 


of fluorite crystals. This would explain their cubic mor- 
phology, which cannot be explained by the dissolution of 
amorphous hyalite. 

Between crossed polarizers, high-order interference 
colors were observed (figure 14), as expected for this gem. 
This is due to anomalous birefringence linked with the 
strain present between the curved growth layers of hyalite. 
Also, a fluid inclusion was observed in the intersection of 
the botryoids (again, see figure 14). This inclusion is com- 
posed mostly of gas, suggesting that this hyalite was de- 
posited from a gaseous phase. Although some of these 
features have been previously observed in hyalite, it is rare 
to see them all in the same sample. To the best of our 
knowledge, this is the first reporting of pronounced cubic 
cavities in hyalite. 


Ugo Hennebois, Aurélien Delaunay, and 
Stefanos Karampelas (s.karampelas@lfg.paris) 
LFG, Paris 


Emmanuel Fritsch 
University of Nantes, CNRS-IMN, France 


“Fishbone” Inclusion in a Burmese Peridot from 
Mogok 

Recently, an 83.25 ct cushion faceted peridot with medium 
dark yellowish green color and good clarity was sent to the 
Taiwan Union Lab of Gem Research (TULAB) for identifi- 
cation service. This peridot, reported by the owner as from 
Mogok, Myanmar, was relatively rare in the Taiwanese 
market because of its impressive size, color, and clarity. 
Microscopic examination revealed a few short needle in- 
clusions and a fishbone-shaped inclusion (figure 15), the 
latter of which is common in peridot from this origin. The 
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Figure 14. This fluid inclusion contains mostly a gas- 
eous phase. It is trapped at the intersection of curved 
botryoidal growth zones and presents high-order inter- 
ference colors obvious between crossed polarizers. Pho- 
tomicrograph by U. Hennebois; field of view 1 mm. 


backbone appeared to be a long prismatic crystal with 
some vertical cleavage planes along it, while the smaller 
branches were composed of parallel tabular inclusions that 
might result from epitaxial exsolution. Due to peridot’s 
strong birefringence, brightfield illumination and plane po- 
larized light were adopted to reduce the interference and 
obtain clear microscopic images. 


Shu-Hong Lin 

Institute of Earth Sciences, 

National Taiwan Ocean University 

Taiwan Union Lab of Gem Research, Taipei 


Figure 15. The fishbone-like inclusion in the Burmese 
peridot. Photomicrograph by Shu-Hong Lin; field of 
view 1.32 mm. 
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Figure 16. An extraterrestrial-like inclusion with irides- 
cent color observed in a Mozambique ruby using fiber- 
optic illumination. Photomicrograph by Nattapat 
Karava; field of view 6.3 mm. 


Extraterrestrial-Like Inclusion in 
Mozambique Ruby 


A 3.03 ct stone submitted to GIA’s Bangkok laboratory 
was identified as a ruby from Mozambique with no indi- 
cation of heating. Microscopic examination revealed a 
hypnotizing inclusion that resembled an extraterrestrial 
standing among specks of nebulae and waving its hand 
(figure 16). It had a large head and very thin legs, with two 
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outstretched hands. This large, eye-visible inclusion was 
a colorless crystal among the particulate clouds. It 
showed iridescent color using fiber-optic illumination 
and was identified by Raman analysis as mica. Mica in- 
clusions in Mozambique rubies usually have a pseudo- 
hexagonal shape with fringes (small expansion fractures) 
and can be found with a rosette pattern around them 
(“Rubies from the Montepuez area [Mozambique],” GIA 
Research News, 2013). This is another example of parei- 
dolia observed in gems, the tendency to interpret an in- 
clusion as some other object. 


Nattapat Karava 


An A-maze-ing Fingerprint in Spinel 

Of the variety of inclusions that can be seen in spinel, per- 
haps the most familiar are angular octahedral crystals. In 
many cases, we even see these crystals arranged in neat 
rows, forming delicate “fingerprint” inclusions. 

However, spinel fingerprints can also take on other ap- 
pearances, as observed in a Vietnamese sample that re- 
cently passed through our laboratory (figure 17). This stone 
contained a partially healed fissure with a maze-like pat- 
tern that was evident when lit with darkfield illumination. 
With the addition of diffuse fiber-optic illumination, small 
angular areas of the channels seemed to light up with a 
highly reflective appearance. Myriad inclusion scenes 
make spinel a fascinating gem to observe. 


E. Billie Hughes 


Figure 17. A web-like fin- 
gerprint creates a maze- 
like pattern in this spinel 
from Vietnam, observed 
with darkfield and dif- 
fuse fiber-optic illumina- 
tion. Photomicrograph 
by E. Billie Hughes; field 
of view 5 mm. Courtesy 
of Vitalit Gems. 
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Figure 18. This complex fluid inclusion in topaz is composed of minute solid crystals, an aqueous liquid, and an 
immiscible CO, fluid. When cooled below 31.5°C, the CO, is in a liquid state with a vapor bubble trapped in the 
CO, liquid (left). When gently warmed, the CO, vapor bubble shrinks (center) until it ultimately disappears (right) 
as the CO, is homogenized into a single phase. Photomicrographs by Nathan Renfro; field of view 1.93 mm. 


Complex Fluid Inclusion in Topaz 


A blue topaz recently examined by the authors contained 
an interesting and complex fluid-filled negative crystal that 
revealed some remarkable behavior when cooled down. 
The contents of this three-phase fluid inclusion were very 
small solid phases, and carbon dioxide fluid trapped within 
an aqueous immiscible liquid, which has been previously 
documented (E.J. Gibelin and J.I. Koivula, Photoatlas of 
Inclusions in Gemstones, Volume 2, Opinio Verlag, Basel, 
Switzerland, 2005, p. 731). When the stone was cooled 
below approximately 31.5°C, the carbon dioxide fluid 
turned into liquid and gaseous states consisting of a mul- 
titude of tiny vapor bubbles nucleating and coalescing into 
a single larger bubble of gaseous CO, within the liquid CO, 
(see the video at www.gia.edu/gems-gemology/spring- 
202.2-microworld-complex-fluid-inclusion-topaz). This type 
of complex inclusion results in a CO, vapor bubble trapped 
within a liquid CO, bubble that is trapped within an aqueous, 
immiscible liquid (figure 18, left). If the stone is warmed 
above 31.5°C, the liquid and gaseous CO, phases are homog- 
enized into a single-phase fluid, causing the vapor bubble to 
shrink (figure 18, center) and ultimately disappear (figure 18, 
right). Similar behavior of CO, trapped in negative crystals 
has been previously documented in sapphire (Spring 2016 
G&G Micro-World, pp. 78-79). The extraordinary behavior 
of this fluid inclusion in topaz is a delight for any gemologist. 


Nathan Renfro and John I. Koivula 
GIA, Carlsbad 


Vietnamese Skyline 


In the red spinel from Vietnam’s Luc Yen district in figure 
19, layers of iridescent needles stretch skyward like a fu- 
turistic skyline from a science fiction novel. Such hogbo- 
mite-filled dislocations are a common sight in red, pink, 
and blue spinel from Vietnam. According to Gtibelin and 
Koivula (Photoatlas of Inclusions in Gemstones, Volume 
2, Opinio Verlag, Basel, Switzerland, 2005), hogbomite 
(Mg,Fe),(Al,Ti);O,9 is found in spinel via isomorphous 
replacement. 


Wimon Manorotkul 
Lotus Gemology, Bangkok 
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YAG with Flux-Filled Fingerprints 


The author recently examined a 3.58 ct yellowish green 
yttrium aluminum garnet, a manufactured product 
known in the trade as “YAG,” that contained numerous 
large flux-filled fractures. The flux material crystallized 


Figure 19. Hogbomite-filled dislocations in a Viet- 
namese spinel. Photo by Wimon Manorotkul; vertical 
field of view 4 mm. 
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in the fractures formed interesting geometric shapes that 
showed birefringent interference colors when viewed be- 
tween crossed polarizers, reminiscent of stained glass 
windows (figure 20). It is possible this YAG was inten- 
tionally fractured and filled with flux to more convinc- 
ingly imitate tsavorite grossular garnet. Although the 
flux inclusions in this example were quite beautiful, 
such inclusions are not common in this manufactured 
gem material. 


Michaela Stephan 
GIA, Carlsbad 
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Figure 20. Flux-filled 
fractures displaying geo- 
metric shapes and irides- 
cent colors when viewed 
through crossed polar- 
izers. Photomicrograph 
by Michaela Stephan; 
field of view 2.9 mm. 


Quarterly Crystal: Hillocks on Beryl 


Whenever we study natural uncut gem minerals, we care- 
fully examine all outer surfaces for any photogenic etch 
figures or growth hillocks that might yield interesting and 
educational photographs. For this issue’s Quarterly Crystal, 
we recently had the opportunity to study a very well- 
formed, gem-quality aquamarine crystal supplied by Ali 
Shad of Shad Fine Minerals in Gilgit-Baltistan, Pakistan. 
The aquamarine, pictured in figure 21, was reportedly from 
the Qandahar mine, located in the Braldu Valley, Shigar 
District, Gilgit-Baltistan, Pakistan. 


Figure 21. Measuring 
22.28 mm in length and 
weighing 31.06 ct, the 
outer pinacoidal surface 
on the termination of 
this Pakistani aquamar- 
ine crystal is decorated 
with numerous hexago- 
nal growth hillocks. 
Photo by Nathan Renfro. 
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Figure 22. The generally uniform size of the numerous 
growth hillocks on the terminal pinacoid of the aqua- 
marine is clearly shown in this shadowed reflected 
light image. The bright colors result from light inter- 
acting with thin-film separations in the body of the 
aquamarine. Photomicrograph by Nathan Renfro; 
field of view 7.97 mm. 


At 31.06 ct with corresponding measurements of 
22.28 x 14.50 x 11.24 mm, this aquamarine did not show 
etch figures on any of its crystal faces, proving that the 
beryl had not gone through post-growth dissolution. 
However, examination showed that the pinacoid was 
completely covered with small hexagonal growth hillocks 
(figure 22) of the type discussed by John Sinkankas in 
Emerald and Other BeryIs (1981) and illustrated on page 


Complex Fluid Inclusion in Topaz 


To see video of a topaz containing a remarkable complex 


fluid inclusion, go to www.gia.edu/gems-gemology/ 
spring-2022-microworld-complex-fluid-inclusion-topaz 
or scan the QR code on the right. 


Figure 23. The complexity of some of the hexagonal 
growth hillocks on the pinacoid of the aquamarine is 
shown in closer detail in this differential interference 
contrast image. Photomicrograph by Nathan Renfro; 
field of view 2.32 mm. 


273. The hillocks on the terminal pinacoid, which were all 
generally of the same small size, blanketed the termination 
completely. Under high magnification, the hexagonal hil- 
locks appeared very complex in form (figure 23). Their 
sharp, pristine, geometric habit once again illustrated that 
post-growth dissolution of this crystal had not taken place. 


John I. Koivula and Nathan Renfro 


Micro-WorRLD 
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a clock, combined with a device to se- 
cure a constant force from the spring. 
He made portable clocks and, eventually, 
watches possible. 

“Then came a revolution in time-keep- 
ing. Galileo discovered that the pendu- 
lum was a time-keeper in itself and, in 
1658, the great Dutch physicist Huygens 
showed how to combine a pendulum 
with a clock. A little later, in 1675, he 


discovered a time-keeper suitable for a 
watch—a balance with a spiral spring. 
Before these discoveries, the whole of 


the clock or watch took part in the time- 

keeping. After them, the office of the 

previous mechanism was reduced merely 
to keeping the pendulum or balance 
swinging and to counting its swings.” 

Of particular significance is this quota- 
tion from Baillie’s resume of Christaan 
Huygens book The Pendulum Clock, or 
Geometrical Demonstration of the Motion 
of Pendulums applied to Clocks, written in 
1673. 

“Huygens says that experience has shown 
that the best way of avoiding friction in 
the rotation of the vertical arbor is to 
make the lower end of hardened steel 
and let it rest on a flat diamond. As far 
as I know this is the first mention of an 
endstone.”” 

It is evident, therefore, that the credit for 
discovering the use of gemstones as fric- 
tion free bearing surfaces should actually 
go to Christaan Huygens the man who 
made possible clocks and watches as we 
now know them. Nicolas Facio apparently 
made the first hole jewels and may have 
been first to apply them to a watch. 

So far my search for literature on watch 
jewels written since 1800 has been nearly 
as limited as that which Baillie found for 
the preceding 150 years. It is evident, there- 
fore, that I have discovered a relatively un- 
explored field and have the equipment with 
which to make the exploration. 

In my collection are several dozen 
watches with large colorless plate jewels. 


They represent early Walthams and How- 
ards, English watches from 1800 to 1875, 
and also French and Swiss watches of the 
same period. I had always assumed the 
jewels to be colorless sapphire. Since I 
wanted to preserve my watches, I started 
by making only a few random tests. To my 
surprise the first jewels I tested on the re- 
fractometer all seemed to have a refractive 
index of 1.75 instead of 1.77. I had never 
heard of absolutely colorless chrysoberyl, 
nor had I heard of chrysobery! being used 
for watch jewels. So I removed several of 
the jewels from a badly damaged watch 
plate and took them to the Gemological In- 
stitute’s Los Angeles laboratory to confirm 
my findings. | 

I found some members of the GIA staff 
rather skeptical, although Dick Liddicoat 
did express the opinion that chrysobery! 
seemed a perfectly logical stone for such a 
purpose. Their findings confirmed mine, 
however, and to cinch the argument the 
jewels just floated in clerici solution which 
had a specific gravity of 3.75. 

A more careful examination of a few 
more watches revealed that some of the 
chrysoberyl jewels had a slight olive color. 
Some had a girasol effect, wherein a pale 
blue light seemed to float inside the stone. 
My first reaction was to suspect orthoclase 
moonstone, although the idea did not seem 
to make sense, considering its hardness and 
cleavage tendencies. The girasol stones 
tested 1.75 on the refractometer like the 
others, however, indicating that they were 
a colorless varity of cymophane. 

Watch jewels, of course, represent rela- 
tively thin sections, so it is possible that 
even the stones which appeared absolutely 
colorless would have showed some color 
in the original crystal. 

Having discovered the chrysobery! jewels, 
I made no further tests for several months, 
but I did search for confirming literature 
on the subject with little or no success. 
Eventually I tested some more colorless 
jewels from an English watch, and_ this 
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Deep-Focus Earthquakes: 


Editor: Evan M. Smith 


The Heartbeat of a Diamond Factory? 


The geological landscape around us evolves so slowly that 
it can appear static, but the rigid tectonic plates that make 
up the outer layer of our planet drift across its surface over 
time. Interactions between plates result in large-scale 
bumping, grinding, and breaking of rocks that we feel as 
earthquakes. Some earthquakes originate from below the 
rigid outer layer of plates, even from depths greater than 
about 300 km where rocks are expected to be under too 
much confining pressure to break by brittle failure. Instead 
of being related to multiple plates jostling together, these 
deep earthquakes are always associated with cold, lone 
plates that have sunken down into the warmer convecting 
mantle through the process of subduction. The nature and 
cause of these so-called deep-focus earthquakes remain 
poorly understood, but recent research suggests they 
might have something to do with the growth of top-qual- 
ity gem diamonds. 

Asa sinking or subducting plate, also colloquially called 
a “slab,” descends into the mantle, the pressure and tem- 
perature increase. Changing conditions can cause some 
minerals to melt or undergo phase changes that release 
water. Recent slab modeling shows that the measured 
depths of deep-focus earthquakes coincide with the depth 
where melts and fluids should be released from some slabs, 
especially those that are relatively cold to begin with 
(Shirey et al., 2021). The release of melts and fluids at depths 
beyond 300 km potentially serves to trigger these deep- 
focus earthquakes. Shirey et al. (2021) also linked this earth- 
quake activity to the formation of sublithospheric or 


Editor’s note: Questions or topics of interest should be directed to 
Evan Smith (evan.smith@gia.edu). 
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super-deep diamonds, which have been connected with 
subducted material and both carbonatitic melts and hy- 
drous fluids in previous studies (Walter et al., 2008; Harte, 
2010; Pearson et al., 2014; Smith et al., 2016, 2018; Thom- 
son et al., 2016b; Smith and Nestola, 2021). Here we will 
explore the connection between deep-focus earthquakes 
and the growth of diamonds—specifically the variety 
known as CLIPPIR diamonds (Cullinan-like, Large, Inclu- 
sion-Poor, Pure, Irregular, and Resorbed) that make up 
many of the type II diamonds in the gem market (Smith et 
al., 2016, 2017). 


Deep-Focus Earthquakes 


An earthquake in the crust is caused by a sudden brittle 
failure of rock, often along a preexisting, large-scale frac- 
ture where two plates meet, called a fault. Tectonic plates 
move at a pace of a few centimeters per year, about the 
same rate our fingernails grow, but the motion is not 
smooth and continuous at the boundaries between plates. 
Friction along faults resists the motion. Stresses build up 
until they cause sudden brittle failure and movement that 
can shake Earth’s interior and surface. The vibrations or 
seismic activity can cause serious damage to buildings and 
infrastructure, or they can be so slight that they are only 
detected with sensitive instruments called seismometers. 
Scientists have been recording earthquake activity for 
more than a century, with increasing degrees of sophisti- 
cation, accumulating a tremendous amount of data. With 
multiple seismometers recording the same earthquake, it 
is possible to calculate where it originated within the earth. 
The location in the earth where an earthquake starts is 
called the hypocenter, while the location directly above it 
at the surface is called the epicenter. When mapped out 
over time, earthquakes near the surface trace out faults, 
marking the boundaries between mobile tectonic plates. 
There is also important information conveyed by the 
depth of earthquake hypocenters. Figure 1A shows a his- 
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togram of the depth of earthquakes worldwide, revealing 
two humps or modes in the data. The first and most promi- 
nent mode peaks within the uppermost 100 km and drops 
off exponentially with depth (Frohlich, 2006). These shal- 
lower earthquakes are associated with movements along 
faults between tectonic plates, especially where plates 
push together, at subduction zones and continental colli- 
sions (figure 1B). Deeper earthquakes, plotted all the way 
down to 700 km in figure 1A, are associated with subduct- 
ing plates and record their activity as they sink into the 
mantle. 

Initially, earthquake activity coincides with dehydra- 
tion and the release of fluids from sediment and crust in a 
subducting slab. Seismicity tapers off sharply down to a 
depth of 300 km, and it is expected that dehydration and 
loss of volatiles from the slab are largely complete by this 
point. There should be no further earthquakes as the slab 
continues to descend into the mantle. For this reason, the 
deep-focus earthquakes below about 300 km that peak in 
a second mode at 500-600 km are anomalous (figure 1A). 

Deep-focus earthquakes are a subject of active research. 
Several ideas have been proposed to explain them. One of 
the proposed mechanisms is that subducting slabs contain 
hydrous minerals in their interior from previous interac- 
tion with seawater at the surface, which eventually break 
down as the slab warms up, releasing water and promoting 
brittle failure within the slab (Omori et al., 2004). This idea 
is singled out here because it ties in with the modeling 


work by Shirey et al. (2021), who refined the idea and con- 
nected it with recent observations from CLIPPIR (~type Ila) 
and type Ib diamonds. 


A Primer in Plate Tectonics 


It is clear that deep-focus earthquakes are linked with sub- 
duction, so it is important to clarify some of the concepts 
of plate tectonics before moving further. The rigid outer 
layer of the earth that makes up the plates in figure 1B is 
called the lithosphere, and it rides on the weak and plastic 
(but not molten) rock beneath the lithosphere, shown sim- 
ply as white space under the plates. The lithosphere is an 
open-faced sandwich of two components, with the crust 
on top and a portion of rigid mantle rock beneath it. The 
bottom of the lithosphere or plate is a mechanical bound- 
ary where the mantle rocks transition from rigid and brittle 
to weak and plastic. The weak and flowing mantle beneath 
the lithosphere is sometimes specified as the sublitho- 
spheric mantle or convecting mantle, which extends all 
the way down to the outer core at 2900 km. 

There are two very different kinds of lithosphere. Con- 
tinents, including their underwater continental shelf ex- 
tensions, are made of continental lithosphere, whereas 
ocean floors are made of oceanic lithosphere (figure 1B). 
Continental lithosphere is thicker, more buoyant, and rel- 
atively stable through geologic time. Oceanic lithosphere 
is thinner, denser, and has a relatively finite life cycle. 


Figure 1. Earthquake depth distribution and overview of plate boundaries. A: Depth distribution of earthquakes 
worldwide (note the logarithmic scale). Most “regular” earthquakes occur at depths shallower than 200 km, and 
the frequency decreases with depth. Earthquakes deeper than about 300 km stray from this pattern, and there is 
an anomalous mode of activity around 500-600 km. The histogram shows magnitude 5 and greater earthquakes 
for a 40-year period (1964-2004) in the EHB (Engdahl-van der Hilst-Buland) catalog (Engdahl et al., 1998). B: A 
simplified schematic cross section of the earth, showing interactions between tectonic plates. Most earthquake 
activity occurs by interactions between these rigid plates near the surface, especially where plates push together, 
at subduction zones and continental collisions. Deeper earthquakes are spatially associated with subducted 
plates and must occur by a different mechanism that remains poorly understood. 
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Figure 2. These large type Ila diamonds are good examples of CLIPPIR diamonds, which are the kind of top gem- 
quality diamonds produced in the sublithospheric mantle, potentially in association with deep earthquakes. The 
diamonds shown are from the Letseng mine in Lesotho and range from 14 to 91 ct. Note the irregular morpholo- 

gies, including surfaces that are both broken and substantially resorbed. Photo by Robert Weldon/GIA; courtesy 
of Gem Diamonds Ltd. 


Oceanic lithosphere is created almost continuously at 
the spreading centers of mid-ocean ridges. On either side 
of a ridge, the plates gradually spread apart. Eventually, 
in 20 to 200 million years, the oceanic lithosphere bends 
and sinks down into the convecting mantle, a process 
called subduction (figure 1B). The creation and subduc- 
tion of oceanic lithosphere are ongoing. The rate of 
spreading at mid-ocean ridges and convergence at subduc- 
tion zones often differs and is not necessarily balanced in 
the same ocean basin, so oceans are dynamic regions that 
can open and grow or shrink and close. The opening of 
the Atlantic Ocean, for example, is facilitated by the cre- 
ation of new oceanic lithosphere along the mid-Atlantic 
ridge. There is currently no subduction of oceanic litho- 
sphere around the Atlantic’s perimeter. The Pacific 
Ocean, however, is almost completely surrounded by sub- 
duction zones where oceanic lithosphere is subducting 
down into the mantle and fueling arc volcanoes that 
make up the Pacific Ring of Fire. 

Nearly all the oceanic lithosphere on Earth is younger 
than about 200 million years old. Modern-style plate tec- 
tonics is thought to have been operating for about the past 
3 billion years (Earth is 4.5 billion years old) (Shirey and 
Richardson, 2011). Over this time, several oceans have 
opened and closed (Wilson, 1966) along with the assembly 
and breakup of various continental configurations, such as 
the supercontinent Pangaea. 
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Super-Deep Diamond Factories 


Hundreds of kilometers down inside the earth, where sub- 
ducting slabs reach perhaps 360-750 km, there may be 
blossoming domains of diamond growth. Most mined dia- 
monds are thought to originate from shallower depths 
within the continental lithosphere at about 150-200 km, 
but some (estimated to be approximately 2%) originate 
from below the continental lithosphere. These are known 
as sublithospheric or super-deep diamonds. Despite being 
a relatively rare mineral, diamond can form in multiple dif- 
ferent ways. The variables that lead to different kinds of 
diamond include the host rock type, the composition of 
the diamond forming fluid, how carbon resides in the fluid 
and surrounding mantle, and the pressure and temperature 
conditions. Individual diamond deposits at the surface 
often contain several distinct populations that can be rec- 
ognized by studying mineral inclusions or other features, 
such as their morphology, internal growth history, nitrogen 
content and aggregation, and carbon isotopic composition 
(e.g., Stachel and Harris, 2008). 

The study of sublithospheric diamonds over the past 
few decades has been dominated by small (usually <1 ct), 
generally non-gem quality diamonds from the Juina region 
of Brazil and various other localities worldwide (see re- 
views by Stachel et al., 2005; Kaminsky, 2012; Harte and 
Hudson, 2013; Smith and Nestola, 2021). In the past few 
years, however, it has been discovered that the prevalence 
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of sublithospheric diamonds is greater than previously 
thought and includes some of the largest and highest-qual- 
ity gem diamonds (Smith et al., 2016, 2017, 2018). Dia- 
monds such as the exquisite type Ila (containing no 
detectable nitrogen by FTIR) gems from the LetSeng mine 
(figure 2) are now recognized to belong to the sublitho- 
spheric variety termed CLIPPIR diamonds. These are ar- 
gued to account for most of the type Ila diamonds in the 
gem marketplace, amounting to about 1% of diamonds 
(Smith et al., 2017). Similarly, rare type IIb diamonds 
(boron-bearing), which can be blue in color, have also been 
shown to be sublithospheric (Smith et al., 2018). 

A connection to subducted oceanic lithosphere is an 
emerging theme common to many sublithospheric dia- 
monds, based mainly on the composition of mineral inclu- 
sions (Walter et al., 2008, 2011; Bulanova et al., 2010; 
Burnham et al., 2015; Ickert et al., 2015; Seitz et al., 2018; 
Smith et al., 2018; Thomson et al., 2016a). CLIPPIR and 
type IIb diamonds have also been linked to subducted slabs 
and to serpentinized peridotite in the mantle portion of 
slabs in particular. Serpentinization is a complex series of 
reactions between water and rock, resulting in the forma- 
tion of hydrous (water-bearing) minerals such as serpentine 


from normally anhydrous minerals such as olivine. The 
strongest piece of evidence for this connection between di- 
amonds and serpentinites comes from measurements of 
iron isotopes in inclusions trapped in CLIPPIR diamonds 
(Smith et al., 2021). The iron in these inclusions has an iso- 
topic signature produced during serpentinization reactions 
between seawater and the ocean floor. In order for this sig- 
nature to be trapped in CLIPPIR diamonds, deeply sub- 
ducted serpentinized oceanic lithosphere must have 
contributed to their formation. In a sense, subducting slabs 
are like conveyor belts feeding raw materials down to hid- 
den super-deep diamond factories at 360-750 km depths. 
Exactly how these diamonds make their way upward to 
shallower depths where they can be swept up to the surface 
in volcanic eruptions of kimberlite magma remains an 
open question, however (figure 3). 


Earthquakes and Diamond-Forming Fluid 


Slabs gradually warm up as they subduct into the mantle. 
The temperature change with depth is called a geotherm. 
About half of Earth’s subducting slabs trace out warmer 
pathways, while the remainder are colder, depending on the 


Figure 3. Mantle cross section showing a relatively cool subducting slab, with an inset histogram of earthquake 
frequency (from figure 1). Profiles on the right show the slab surface and interior temperature during subduction. 
Where the slab surface temperature intersects the solidus of carbonated mid-ocean ridge basalt (MORB), partial 
melting may occur (red arrows). At the far right, a cold slab interior remains within the dense hydrous magne- 
sium silicates (DHMS) stability field until the slab stalls and warms up, causing the breakdown of these hydrous 
phases and the release of hydrous fluid (blue arrows). Large white and smaller brown diamond symbols signify 
the growth of high-quality gem diamonds (CLIPPIR and type IIb) and low-quality, generally non-gem sublitho- 


spheric diamonds, respectively. Poorly understood mechanisms transport some diamonds upward where they can 
be swept up in kimberlite eruptions and mixed with common lithospheric diamonds (small black diamond sym- 
bols). Modified from Smith and Nestola (2021) with carbonated MORB solidus from Thomson et al. (2016b) and 
DHMS stability field from Harte (2010). 
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Figure 4. Evidence of hy- 
drous fluid presence 
during diamond growth. 
This inclusion of breyite 
(photomicrograph and 
bottom Raman spec- 
trum) within a blue type 
IIb diamond is inter- 
preted to have been 
trapped as CaSiO;3 per- 
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age of the slab and the speed at which it subducts. Warmer 
slabs generally lack deep earthquakes, which appear to be 
unique to colder slabs. Shirey et al. (2021) examined slabs 
around the world and modeled their temperature change 
with depth as they heat up during subduction into the 
mantle. They also made a careful comparison between 
earthquake locations, slab geotherms, and the expected 
mineralogy and phase changes within slab rocks. Overlay- 
ing the slab geotherms onto phase diagrams helps to illus- 
trate where water-bearing phases break down and release 
fluid, such as the relatively well-accepted loss of most 
water from warm slabs at relatively shallow depths (<200 
km). This is the activity that generates melt and fuels arc 
volcanoes such as those of the Pacific Ring of Fire. Cold 
slabs, however, can partially bypass this shallow dewater- 
ing process and transport a budget of carbonate and water 
to depths beyond 300 km, where its later release can cause 
deep-focus earthquakes (figure 3). 

The cold slabs can be thought of as having a carbonated 
crust component and a hydrated/serpentinized mantle 
peridotite component that lies shielded beneath the crust, 
toward the interior of the slab. The deep release of carbon- 
atitic melt and hydrous fluid from each component, respec- 
tively, is shown in the two depth profiles in figure 3. The 
carbonated crust (mid-ocean ridge basalt, or MORB) of the 
slab surface will intersect a deep depression in its solidus, 


76 DIAMOND REFLECTIONS 


Photomicrograph by 
E.M. Smith; field of 
view 0.65 mm. 
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the curve describing the beginning of melting, meaning it 
exceeds the melting temperature. Beyond this point, car- 
bonate melting (red arrows) is expected to occur within the 
top/crustal portion of the slab. 

For hydrated/serpentinized mantle peridotite inside the 
slab, its stability also depends on temperature. If it remains 
cool, the serpentine can metamorphose into higher-pressure 
water-bearing minerals called dense hydrous magnesium 
silicates (DHMS) rather than breaking down. DHMS phases 
are a good vehicle for transporting water, with some carry- 
ing as much as 10% or more water by weight. The geo- 
therm for the interior of cold slabs remains in the DHMS 
stability field far beyond a depth of 300 km (far right in fig- 
ure 3). The slab in figure 3 is shown deflecting as it reaches 
the top of the lower mantle (at 660 km), where there is a 
change in mantle density and deformability. As the slab 
stalls and warms up, DHMS phases break down to form 
minerals that carry much less water, thereby causing water 
release (blue arrows in figure 3). These are the mechanisms 
proposed to trigger not only deep-focus earthquakes but also 
super-deep diamond growth (Shirey et al., 2021). 

Inclusions in the smaller, lower-quality varieties of sub- 
lithospheric diamonds often show evidence of growth from 
carbonatitic melts derived from slabs (Walter et al., 2008), 
but hydrous/aqueous fluids have also been implicated for 
some samples (Wirth et al., 2007; Pearson et al., 2014; Palot 
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et al., 2016). Serpentinite in subducting slabs can be rela- 
tively enriched in boron, meaning that the eventual break- 
down of hydrous minerals from serpentinized peridotite 
can release boron-bearing hydrous fluid, which has been 
linked with the formation of type IIb (boron-bearing) dia- 
monds (Smith et al., 2018). Figure 4 shows a calcium sili- 
cate (breyite) inclusion with methane and hydrogen in a 
type Ib diamond. The original mineral inclusion may have 
been relatively hydrogen-rich upon trapping because it 
crystallized from, or was exposed to, hydrous fluids. Sub- 
ducted serpentinized peridotite is also a key ingredient for 
CLIPPIR diamond growth, on the basis of recent iron iso- 
tope measurements (Smith et al., 2021). 


Broken Diamonds 


Evidence of natural deformation and breakage in diamond 
is not uncommon. For example, this evidence can be in the 
form of plastic deformation lines or internally fractured di- 
amond overgrown by new layers of pristine diamond. Fea- 
tures such as these attest to the occasional turbulent 
conditions in the mantle, even before diamonds are picked 
up and scrambled by kimberlite eruptions. Little is known 
about the circumstances responsible for these features. 
Sublithospheric diamonds in particular bear evidence 
of deformation and breakage, typically having irregular 
morphologies with broken and resorbed surfaces. CLIPPIR 
diamonds, which can reach thousands of carats (including 
the 3,106 ct Cullinan), often have surfaces that appear to 


be broken (figure 2). Some of those broken surfaces on large 
diamonds have high degrees of resorption or chemical dis- 
solution, to an extent that would consume any small dia- 
monds nearby (Gurney and Helmstaedt, 2012). For this 
reason, such extreme resorption is unlikely to be associated 
with volcanic transport in a kimberlite where smaller dia- 
mond crystals survive. This indicates that the resorption, 
and in turn some of the breakage of large CLIPPIR dia- 
monds, occurred early in the diamond’s history. 

In addition to diamond breakage, some sublithospheric 
diamonds have internal evidence of more subdued brittle 
fractures that have healed rather than separated (figure 5). 
Network-like patterns of dislocations inside these dia- 
monds often conform with the healed fractures rather than 
being cross-cut by them, suggesting the deformation and 
fracturing was followed by a protracted period of annealing 
in the mantle to allow the network pattern to develop. 
Again, this points to sublithospheric diamond deformation 
and breakage that is not due to kimberlite activity. 

If fluid and melt release from deeply subducted slabs 
causes both deep-focus earthquakes and diamond growth, 
it is worth considering how diamonds might be affected by 
earthquakes. Breakage and other signs of deformation 
could potentially be related to diamond growth in a dy- 
namic setting punctuated by deep-focus earthquakes. Ob- 
viously, more research is needed to decipher the natural 
deformation history of diamonds. Nevertheless, it is inter- 
esting to speculate on a possible connection between dia- 
mond breakage and deep-focus earthquakes. 


Figure 5. Evidence of the incredibly dynamic setting in which these diamonds form. A: Deep-UV luminescence 
image of a type Ila diamond with irregular blue lines (see arrows) that may be healed fractures lying within a typi- 
cal dislocation network pattern. Image by E.M. Smith; field of view 5.92 mm. B: Cathodoluminescence image of a 
type IIb diamond with an irregular dislocation network pattern that encloses several long straight segments, reach- 
ing up to 600 pm, interpreted as healed segments of brittle fracture/cleavage within an otherwise plastically de- 
formed and annealed diamond. Image by E.M. Smith; field of view 2.39 mm. 
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Scientific Significance 


Subduction is a fundamental aspect of plate tectonics that 
is driven by Earth’s internal heat engine—the means by 
which heat escapes from the mantle and core. It forces us 
to consider plate tectonics not just as a system of plates at 
Earth’s surface but also as a process that involves the ex- 
change of material between the surface and the deeper con- 
vecting mantle over time (figure 1B). During its time at the 
seafloor, oceanic lithosphere interacts with seawater over 
many millions of years. Water can circulate into fractures 
and react with the basaltic and peridotitic rocks that make 
up the oceanic lithosphere. As the aged and modified 
oceanic plates subduct, they now carry sediments, pore flu- 
ids, altered oceanic crust, and serpentinized peridotite 
along for the ride. 

The sediments, water, and carbonate in the upper por- 
tion of the slab may be stripped off at shallower depths in 
the subduction zone (<200 km) where they fuel arc volca- 
noes, but some carbonated crust and serpentinized peri- 
dotite can be transported deeper. Deep-focus earthquakes 
and diamonds may be a product of some slabs, namely 
those that have remained cooler during subduction, carry- 
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ing a budget of carbonate in altered ocean crust and hy- 
drous minerals in serpentinized peridotite down to 300 to 
700 km. The deep cycling of carbon and water has a big im- 
pact on the behavior of Earth’s interior, how it moves and 
melts. 

These large-scale processes are relevant for the evolu- 
tion of the atmosphere, the distribution of water at the sur- 
face, and the formation of continents over geological time. 
All of these parts of the dynamic earth are connected. De- 
spite the proven 1 to 3 billion-year-old ages of many gem 
diamonds that come from the lithosphere, there is no rea- 
son that diamonds cannot be forming in the present. If di- 
amonds and deep earthquakes are truly related, as 
described by Shirey et al. (2021), the implication is that 
modern-day earthquakes herald the formation of new dia- 
monds. In this sense, subduction drives a sort of modern 
diamond factory—one that has the potential to produce 
some of the largest and most valuable diamonds known 
(including type Ila and type IIb diamonds). Diamonds and 
earthquakes, while fascinating in their own right, are two 
of the most powerful tools we have to unravel the inner 
workings of our planet. 


Many thanks to Dr. Steven B. Shirey for insightful discussion and suggestions that helped to improve this column. 
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TUCSON 2022 


Sellers and buyers alike were delighted to be back at Tucson 
for the show season after a two-year absence. As the world 
enters a new phase of the pandemic, the gem and jewelry 
industry is also preparing for the post-pandemic era. Atten- 
dees embraced precautions such as social distancing and face 
coverings (figure 1). Although social gatherings were much 
less crowded than usual, the atmosphere and business at the 
shows were as strong as before, if not better. 

Due to travel restrictions, the international presence 
was down, but that did not affect vendor attendance at the 
main AGTA GemFair at the Tucson Convention Center, 


Figure 1. Customers select goods at the AGTA Gem- 
Fair. Photo by Tao Hsu. 
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ey — — 
Figure 2. A stone decor dealer’s booth at the Kino 


Gem & Mineral Show. Open to the public, the show 
saw steady foot traffic. Photo by Tao Hsu. 


where the majority of exhibitors had strong U.S. represen- 
tation. The Gem & Jewelry Exchange (GJX) show was 
slightly affected, with some booths left empty by foreign 
dealers who could not make it to Tucson this year. Vendor 
attendance in the satellite shows outside of the convention 
center area remained strong, as observed by the authors at 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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the Pueblo Gem & Mineral Show, the Kino Gem & Min- 
eral Show (figure 2), and the 22nd Street Mineral, Fossil, 
Gem & Jewelry Show. 

Many exhibitors felt that while foot traffic was lighter 
than usual, buyers were focused on purchasing targeted 
goods to restock inventory. Meanwhile, the pandemic’s in- 
fluence on the supply side of the value chain was just start- 
ing to show. Therefore, this Tucson show season provided 
avery good opportunity to prepare for a potential shortage 
in the coming months (figure 3). 

The variety of gems and jewelry traded at the shows re- 
mained consistent with previous years. The “big three” — 
ruby, sapphire, and emerald—still dominate the market 
(figure 4), with the intake at the GIA Show Service Lab re- 
flecting this. Collector minerals and gems such as mete- 
orite, gahnospinel, fluorite of various colors, opalized 
fossils, cerussite, and colemanite continued to attract a 


Figure 4. An 8.23 ct star ruby cut by David Nassi. 
Photo by Robert Weldon; courtesy of 100% Natural 
Ltd. 
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Figure 3. Left: The Pueblo Gem & Mineral Show was an ideal place to source rough gems of all kinds. Right: Cut- 
ting services were provided at multiple shows open to the public. Photos by Tao Hsu. 


niche market clientele (figure 5). Also in high demand were 
fantasy cuts, rose cuts, briolettes, and mineral or rock 
slices. Jewelry designers on a mission to fulfill special or- 
ders sourced gems such as Montana sapphire, Oregon sun- 
stone, Arizona turquoise, Washington nephrite jade, and 
other American gems. 

Vendors have never been more creative in terms of 
their products and business savvy. To fulfill the ever-grow- 
ing demand for one-of-a-kind creations, gem cutters, 
carvers, and jewelry manufacturers have put more thought 
and individuality into their pieces (figure 6). Products man- 
ufactured with a high level of sophistication such as inlaid 
jewelry or gems were prominent at the show (figure 7). 
Many vendors have shifted more business online over the 
past two years to combat limited foot traffic in stores. 
Newly formed companies, meanwhile, have often started 
completely online or done most of their business online. 


Figure 5. A 45 ct green fluorite from New Mexico. 
Dealers carried fluorite of all colors and cutting styles 
at both the AGTA and GJX shows. Photo by Emily 
Lane; courtesy of Barker & Co. 
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time I found that I was dealing with quattz. 
Just plain rock crystal. Further tests re- 
vealed more watches with quartz jewels. 
This made it apparent that the old English 
jewel makers were not particular what they 
used. Perhaps they used any stone they 
were able to procure. If so, all the stones 
harder than quartz were possibilities, and 
perhaps even some of the softer stones could 
have been used. 

My project began to take on the aspects 
of an interesting search. My next goal was 
to find a watch with beryl jewels. I started 
testing jewels in more watches of my own 
and mentioned the project to some of my 
brother members in the National Associa- 
tion of Watch and Clock Collectors. They 
lent me several plates and movements. 

One of the first I checked had the beryl 
jewels I was looking for. I lost no time in 
purchasing it. It is an English watch marked 
John Hornby, Parr Street, Liverpool, No. 
26116. (See Figure 10.) I would estimate 
that it was made between 1815 and 1825. 
The upper plate jewels, as in most English 
watches of that period, are in individual 
brass settings held in the plate by two or 
three screws. I removed a couple of them 
and ground down the bezel of the sctting 
around the edges of the stone, so the flat 
side of the jewel was flush with the brass. 
This way the stone made good contact 
with the refractometer, and there was still 
sufficient lip on the bezel to hold the stone 
firmly in the setting. These tested 1.58 on 
the refractometer and showed a birefring- 
ence of approximately .006. The other two 
jewels contained the characteristic straight 
hairlike needles, so there was no question 
that they were beryl. 

Some of the jewels on the lower plate 
were set into a strip of brass which was 
screwed to the plate under the dial. Since 
the watch was not complete anyway, I 
eventually decided to remove the lower jew- 
els from the brass strip and test them also. 
These had a refractive index of 1.75 and 
a specific gravity slightly greater than 3.50, 


indicating chrysoberyl again. All five jew- 
els on the lower plate proved to be chryso- 
beryl. The upper balance hole jewel was 
also chrysoberyl. The upper balance cap 
jewel was diamond. 

I had now found beryl plate jewels in a 
watch, but this watch contained chrysobery! 
also. It immediately became evident that 
if I was to be thorough in this search 
I must start at the beginning again. I had 
made complete tests covering all the stones 
in only a few watches and had assumed 
that if one plate jewel was quartz, beryl, 
or chrysoberyl all the others were the same. 
I was aware that the balance jewels were 
often different from the plate jewels. In 
fact, in English lever watches the upper 
balance cap jewel is usually diamond and 
the hole jewels often ruby or sapphire. 

My next step was to start a more sys- 
tematic search by testing all the stones in 
some top plates. I soon found several plates 
containing both beryl and chrysoberyl. Also 
quartz and beryl. It was now quite evident 
that if I was to discover all the kinds of 
stones used, I must check all the jewels in 
every watch I inspected. I had been avoid- 
ing this approach because of the time and 
difficulties involved, which included com- 
pletely disassembling the watches. In many 
of the watches I had found it possible to 
remove one or two of the top plate jewel 
settings without any further disassembly. 
Since I wished to keep my watch collection 
intact, I eventually adopted a modified ap- 
proach which eliminated positive identtfica- 
tion of certain jewels if it meant damag- 
ing the watch or if too much time would 
be involved. 

It is of course possible to make posi- 
tive identification of some stones without 
using a refractometer, particularly if the 
stones are red. Many ruby and garnet stones 
can be identified with a dichroscope, polari- 
scope, and microscope. If the stone is ruby 
— as are many balance hole jewels, and 
pallet stones — the identification can often 
be made with a dichroscope and micro- 
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Figure 6. Left: Rock and metal wall decor in combination with metal art at the Kino show. Right: A 22.98 ct 
carved citrine crafted in Jaipur, India; courtesy of Artisav Jaipur. Photos by Tao Hsu. 


GIA relished in the much-anticipated return to Tucson 
this year, enthusiastically gathering the latest from the 
shows to share in this report. Our coverage includes mar- 
ket updates, interesting and noteworthy finds, and uplift- 
ing accounts from dealers, cutters, designers, and more. 

The following contributed to this report: Erin Hogarth, 
Erica Zaidman, Robert Weldon, Albert Salvato, Wim Ver- 
triest, Lisa Neely, and Nathan Renfro. 


Tao Hsu and Lisa Kennedy 
GIA, Carlsbad 


Figure 7. Gemstone-inlaid bangles from David R. 
Freeland Jr. Designs at the Pueblo Gem & Mineral 
Show. Photo by Lisa Kennedy. 
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COLORED STONES AND ORGANIC MATERIALS 


Large, rare faceted collector gems. Barker & Co. (Scottsdale, 
Arizona) exhibited remarkable stones at this year’s AGTA 
show, including some extremely fine, rare gemstones for 
collectors. Two of their collector stones, colemanite and 
phosphophyllite, stood out for their record-breaking size. 
The colorless colemanite in figure 8, a modified trian- 
gular brilliant weighing 7.36 ct, is believed to be one of the 
largest faceted examples of its kind. Colemanite is known 


Figure 8. A 7.36 ct colorless, modified triangular bril- 
liant-cut colemanite displayed at the AGTA show. 
Photo by Emily Lane; courtesy of Barker & Co. 
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Figure 9. The evolution of a 45.42 ct rough phosphophyllite in the hands of Stacy Whetstone (left). It took four 
weeks to cut and finish the stone due to its heat sensitivity (center). The finished 17.52 ct bluish green, modified 
triangular brilliant-cut phosphophyllite was displayed at the AGTA show (right). Left and center photos courtesy 


of Barker & Co.; right photo by Emily Lane. 


to fluoresce a strong yellow under ultraviolet light and 
phosphoresce green. 

The strongly saturated bluish green hue of a 17.52 ct 
phosphophyllite echoed that of some of the finest hues of 
Paraiba tourmalines, though the stone is very different both 
structurally and chemically. Phosphophyllite was named in 
1920 as a homage to its phosphate composition and perfect 
leaf-like cleavage (from the Greek phyllon, meaning “leaf”). 
Ann Barker of Barker & Co. explained that this particular 
phosphophyllite has a significant provenance. Once owned 
by author and renowned mineral collector Dr. Peter Ban- 
croft, it was mined in the famed Potosi mine of Bolivia in 
1958. Many years later, prize-winning gem cutter Stacy 
Whetstone took the striking 45.42 ct rough and expertly 
faceted the material into the finished 17.52 ct rounded tril- 
lion (figure 9). Given phosphophyllite’s considerable heat 
sensitivity, the gem took four weeks to cut and finish. 

Colemanite and phosphophyllite, like other collector 
stones, are seldom faceted due to their low hardness (4.5 
and 3-3.5, respectively) and durability issues. As collector 
stones, they hold a unique position in the gem and jewelry 
industry, valued for expanding private collections. In recent 
years, with the help of a little luck and a lot of talent, col- 
lector stones are being seen more in jewelry. 


Lisa Kennedy and Tao Hsu 


Custom knives by Loren Feldman. Some of the most in- 
teresting discoveries in Tucson came courtesy of Loren 
Feldman (Feldman Custom Knives, Gold Canyon, Ari- 
zona). His knives are works of art constructed from some 
of the rarest materials on Earth—and other planets. A visit 
to Feldman’s booth is a fascinating walk through history 
that reveals geological treasures such as Tyrannosaurus rex 
bones, woolly mammoth tusks, and meteorites that fell to 
the earth millions of years ago. 

Remarkably, Feldman has only been making knives for 
seven years. He describes his introduction to the craft and 
training as pure luck. Collecting rocks and minerals since 
he was a young boy, Feldman impressed custom knife 
maker Robert Stratton with his enthusiasm at the 22nd 
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Street show in Tucson. After a fourth visit to the booth, 
Stratton generously offered to teach Feldman everything 
he knew about the craft. At the end of the training, he al- 
located part of his Tucson booth space to help Feldman get 
his start in the business. Feldman said that after his ap- 
prenticeship, “it took me about two years full-time to con- 
sider my work what I considered good. It took me about 
three years to pay all my bills. And seven years later, it’s 
the happiest I’ve ever been as far as a profession.” 
Feldman’s knife handles are crafted from minerals, 
gems, and fossilized dinosaur bone. One of his favorites is 
a knife made of gem dinosaur bone from nine different di- 
nosaurs (shown on the cover of this issue). He explained 
that only 1/20 of 1% of all dinosaur bone turns into gem, 
describing it as a miracle of nature because it is only cre- 
ated under very specific conditions. During this process, 
the dinosaur bone undergoes a transformation that leaves 
the bone with a beautiful pattern of color and texture (fig- 


Figure 10. Loren Feldman holds a piece of gem di- 
nosaur bone, displaying the variety of colors and tex- 
tures he can choose for his knives. Photo by Robert 
Weldon; courtesy of Loren Feldman. 
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ure 10). Of all the materials he uses, he gets the most ex- 
cited about gem dinosaur bone because it’s so scarce and 
highly coveted (figure 11). Feldman also makes his handles 
from rare gems and minerals from all over the world, such 
as charoite from Siberia, Ammolite from Alberta, green 
jade from British Columbia, black jade from Western Aus- 
tralia, dumortierite from Mozambique, lapis lazuli from 
Afghanistan, labradorite from Madagascar, and agate from 
Northern Mexico. 

Equally impressive are Feldman’s blades. Made of fine 
American Damascus steel, the blades are one of three 
types: carbon, stainless steel, or mosaic. Feldman also 
crafts blades from iron meteorites that fell to the earth mil- 
lions of years ago (figure 12). Feldman noted that while rare 
and expensive, meteorite has been used to make knives 
throughout history, adding that at least one meteorite 
blade was found in King Tut’s tomb. 

Feldman purchases some of the material he uses but 
also does his own exploration and digging. Each summer, 
he visits a friend’s ranch in Montana to dig for dinosaur 
bone, and any bone recovered is sent to a lab for identifica- 
tion. He recently found enough T: rex bone to make a knife. 
Feldman noted that he’s never seen another knife maker 
incorporate T. rex bone. 

Each knife comes with a sheath made of premium 
leather or exotic skin such as alligator, snake, or ele- 
phant—“all legally obtained,” Feldman said. About half 
of Feldman’s customers also purchase stands, which are 
crafted with the same rare materials, including dinosaur 
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Figure 11. Feldman 
studies a piece of gem 
dinosaur bone he cut, 
contemplating how to 
incorporate it in the 
knife handle. Photo by 
Robert Weldon; cour- 
tesy of Loren Feldman. 


bone, woolly mammoth tusk, and fine gemstones, and are 
often chosen to coordinate with the materials in the 
knife. 

When asked what he enjoys most about his business, 
Feldman revealed that his favorite part is attending the 
shows and talking with customers. “Doing these events 
and meeting the collectors, the hunters, the scientists, mu- 
seum curators, and the professors. I love learning more 
about the products I sell. Just about everything that I share 
with my customers, I learned here at this very show.” 


Figure 12. A finished six-inch knife featuring a mete- 
orite blade and gem dinosaur bone handle. Photo by 
Robert Weldon; courtesy of Loren Feldman. 
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For Feldman, business is better than ever. The pan- 
demic has increased the demand for his handmade cre- 
ations. He explained that customers have been treating 
themselves during a time when they've been deprived of 
so much. His clientele, which includes collectors, in- 
vestors, ranchers, hunters, and culinary artists, has kept 
him busy for the past two years. 


Erica Zaidman 
GIA, Carlsbad 


Social media success for Black Opal Direct. At the GJX 
show, Justin Thomas (New South Wales, Australia) told us 
about Black Opal Direct’s success on social media during 
the pandemic, his efforts to share opal knowledge, and a 
black opal with a special story. Founded in 1961 by 
Thomas’s father, Jurgen, and owned and operated by 
Thomas and his wife, Ruth, Black Opal Direct specializes 
in black opal from Lightning Ridge. 

Thomas said most of their customers come from 
YouTube and Instagram. In the last three years, their 
YouTube subscriber count has increased from 30,000 to 
170,000. He said views fluctuate between 500,000 and 3 
million a month, averaging about a million. This led to a 
tripling of sales over the last two years, though their busi- 
ness has now returned to normal. “It was a dream run,” 
Thomas said. “I believe those days are over.” He acknowl- 
edged that they have been fortunate in a time when many 
businesses around the world failed due to the pandemic. 
Without YouTube, he said, they would have weathered the 
last two years but would not be doing nearly as well. 

Black Opal Direct began selling on eBay more than a 
decade ago. They determined that a million people per 
month were searching the Internet for the word “opal.” 
Within a few months of starting to sell rough on eBay, 
sales were strong; then they built their website and 
brought their eBay customers to it. Thomas created a 
YouTube channel (figure 13) around the same time as the 
eBay store, but it was only three years ago that he started 
posting videos more frequently. 

“As the channel grew, it started to morph into more en- 
tertainment videos, showing them how fun it is to cut an 
opal, and my funny side, so they can see my personality,” 
he said. “I think in social media you have to show a lot 
more and a little bit of vulnerability. If you can connect in 
that way, in the heartstrings way, people will trust you a 
lot more and are much more likely to buy from you.” 

Thomas believes his videos are helping the whole in- 
dustry because he does not push sales. “I don’t even give 
the link to my website very often,” he said. “It’s all about 
the love of opal, how to cut it, how to mine it. It also helps 
the world understand opal.” 

According to Thomas, the opal industry is very secre- 
tive, and he is probably the first person to share so openly 
through social media how to cut opal. He said many had 
thanked him at the show, saying they learned how to cut 
opal from his videos and in some cases quit their jobs to go 
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into the opal business. “I think it’s awesome to be able to 
share that abundance,” he said. 

Thomas learned to cut opal from his father, who moved 
to Australia from East Germany in the ‘60s and began min- 
ing in Lightning Ridge. Jurgen Thomas’s tools included a 
pick, shovel, and candle. When he began cutting, he used 
a manual Singer sewing machine that he converted by 
adding a corundum grinding wheel. “He’s passed away 
now, and all that knowledge is only with me,” Justin 
Thomas said. Despite the positive response of those learn- 
ing from his videos, he said, many cutters are unhappy be- 
cause he’s giving away prized secrets. “That knowledge—if 
that’s gone with my dad, and it goes with me, and my son 
never takes it up, it’s wasted,” he said. “Why let it go?” 

Thomas emphasizes the quality of social media follow- 
ers over the number. “Even if you’ve got a hundred follow- 
ers, they could be a hundred genuine followers because 
they genuinely like you,” he said. “Say up to five percent 
of those people may buy. You grow from that.” 

When Thomas cuts a highly valuable opal from rough 
on camera, he often does a dance. “They love it,” he said. 
“There's always a comment before they watch a video: ‘I 


Figure 13. Black Opal Direct’s YouTube channel 
helped dramatically increase sales during the last two 
years. 
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hope this one gets a dance!’” He has also been testing Tik- 
Tok. “I always make jokes so they can see that I’m human, 
I’m personable, I can make an idiot of myself. I thought 
TikTok could be a good place for me to concentrate on 
those parts of my videos. I had a lot of followers quickly, 
who want to see me dancing.” 

Some competitors have tried to copy him—unsuccess- 
fully, according to Thomas, because “their heart’s not in 
it.” Some also criticize his style. “I get lots of people saying 
‘You're an idiot’ or ‘You're a clown’ or ‘Why are you danc- 
ing?’ Water off a duck’s back. I try to focus on all the people 
that love me.” 

After years of working out of their home, the Thomases 
recently purchased a warehouse and built a cutting work- 
shop there. Thomas said their subscribers have loved 
watching the small business grow. “I love this industry so 
much and I love what I do so much that it’s addictive,” he 
said. “Giving more and more to the subscribers and to my 
followers, going to the next level. So watch this space.” 

Thomas showed us a 10.65 ct black opal (figure 14), 
which he calls “the ultimate black opal.” Its vivid colors, 
patterns, and strong play-of-color make it extraordinary. 
One of his father’s friends, who mined with him at Light- 
ning Ridge in the ‘60s, brought it to Thomas two years ago 
after finding it almost directly under the shed his father 
lived in back then. 


Erin Hogarth 
GIA, Carlsbad 


Spectacular yellow sapphire from Sri Lanka. A return to 
the Tucson shows meant the opportunity to see the latest 
findings and designs from the Kreis family—stunning yel- 
low sapphire from Sri Lanka. As G#G has reported in pre- 
vious Tucson reports from 2014, 2015, and 2017, father 
Stefan buys the rough, mother Sonja designs the jewelry, 
and Alexander cuts the gems for the family business (Kreis 
Jewellery GmbH, Niederworresbach, Germany). Locating 
the sapphire rough in Sri Lanka required a combination of 
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Figure 14. A 10.65 ct 
black opal found in 
Lightning Ridge by one 
of Jurgen Thomas’s 
friends, at a location al- 
most directly under 
where Jurgen lived 
nearly 60 years ago. 
Shown in diffused (left) 
and direct (right) light- 
ing. Photos by Robert 
Weldon; courtesy of 
Black Opal Direct. 


planning and luck, relying on the family’s previously es- 
tablished network while also acting on rumors of possible 
sources. Two successful trips in 2020 and 202.1 yielded five 
exceptionally large rough stones from five different de- 
posits in the area surrounding Ratnapura, Sri Lanka (figure 
15). 


Figure 15. This 160 ct yellow sapphire rough was 
found in a deposit outside of Ratnapura, Sri Lanka. 
Photo courtesy of Kreis Jewellery GmbH. 
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Figure 16. The yellow sapphires faceted by Alexander 
Kreis were set in a bracelet designed by Sonia Kreis. 
Photo courtesy of Kreis Jewellery GmbH. 


Back in Germany, Alexander cut the five rough stones, 
and Sonja designed an exquisite bracelet (figures 16 and 17) 


Figure 17. The stunning finished bracelet features 
five yellow sapphires from Sri Lanka with a total 
weight of 168.27 carats. Photo courtesy of Kreis 
Jewellery GmbH. 


Gem News INTERNATIONAL 


to complete a suite of jewelry for a private collector. (Her 
previously designed pieces included a pendant, brooch, ring, 
necklace, and earrings.) The family aimed to create a har- 
mony between the gems and the materials used, concentrat- 
ing on gold colors that would not overshadow the sapphires. 
Alexander opted for a traditional cut for the outer shape but 
faceted the back to allow for more cross-reflection, mimick- 
ing this faceting in the diamonds that appear on the side of 
the bracelet. The creative combination of faceting and de- 
sign perfectly captures the sunlight, creating magnificent re- 
flections for the admirer. With an impressive total weight 
of 168.27 carats (containing 50.33, 32.80, 33.70, 23.98, and 
27.46 ct sapphires), the bracelet is truly a breathtaking sight. 


Erica Zaidman 


Gray “spinel sisters.” At the AGTA show, 100% Natural 
Ltd. (New York) took center stage with some large, ex- 
tremely rare gemstones spared of treatments of any kind. 
Two stones that caught the authors’ attention were a pair of 
exceptionally cut and nearly loupe-clean gray spinels weigh- 
ing 69.96 ct (figure 18) and 11.78 ct (figure 19). There has 
been an increase in demand for gray spinel the past few years 
(Spring 2019 GNI, p. 130). Supply has remained relatively 
consistent, but larger, fine-quality stones are still quite rare. 

Both of the gray spinels were cut from the same rough, 
weighing just over 220 ct and mined in Myanmar. Though 
famed for its rubies, Myanmar also produces equally fine 
red and pink spinel, as well as a range of other colors, in- 
cluding gray. 

Master lapidarist and AGTA Spectrum Award winner 
David Nassi of 100% Natural Ltd. explained that gray spinel 
can appear lifeless and overly dark if cut poorly. His decision 
to create two “spinel sisters” from the same rough resulted 


Figure 18. David Nassi’s 69.96 ct antique cushion- 
cut, loupe-clean gray spinel. Prized in the trade for its 
metallic-like sheen, gray spinel of this size, quality, 
and color is extremely rare. Photo by Robert Weldon. 
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Figure 19. The finest gray spinel is a pure neutral gray, 
without a blue or violet secondary color component, 
as exemplified by this 11.78 ct antique pear shape ex- 
pertly cut by David Nassi. Photo by Robert Weldon. 


from a fissure running through the large piece of rough (fig- 
ure 20). The 11.78 ct stone provided more of a challenge, as 
the shape of the rough piece was a bit flat and asymmetrical 
when sawn from the larger stone. Inspired by a large 
Mozambique stone he cut many years ago, Nassi expertly 
fashioned this piece into an antique pear shape, perfectly 
complementing the larger 69.96 ct antique cushion cut (to 
watch video of the “sister spinels,” visit www.gia.edu/gems- 
gemology/spring-2022-gemnews-gray-spinel-sisters). 

Nassi and the authors agree that gray spinel has been 
an underappreciated treasure in the trade for a while now. 
Its presence at the AGTA show gives us hope that gray 
spinel is gaining the popularity it deserves. 

Lisa Kennedy and Tao Hsu 


Michael Traurig: An opal dealer’s battle with COVID-19. 
At the AGTA show, Michael Traurig (Jayson Traurig Bros. 
of Australia—Phoenix, Arizona, and Sydney, Australia) 
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told us about his hospitalization for COVID-19 in Phoenix 
beginning in June 2020. “I went into shutdown,” he said. 
“Heart, lungs, kidneys. I was on dialysis. I was on a respi- 
rator. I became diabetic.” 

Doctors put him on a life-support machine that acts as 
the heart and lungs outside the body. He said that up until 
that time, few people in the world with COVID-19 had sur- 
vived the procedure. He was taken off and put back on the 
machine several times and visited by top doctors in the 
Phoenix area. “The ICU nurses called me magic because 
they put you on the machine to die basically,” he said. 
After 30 days, he was sent to a rehab facility in order to free 
the hospital bed. “I coded one more time in rehab and they 
jumpstarted me,” he said. “A few days later, everything 
started working again.” Today he is no longer diabetic. 

At a second Phoenix hospital, where Traurig underwent 
surgery to remove the dialysis tubes, the staff had heard 
his story. “The head OR nurse looked at me and said, ‘Oh, 
you're the one.’ I was the hope shot for the nursing staff 
because nobody else had lived through it.” 

Traurig went home in September, more than two months 
after he was admitted. He had lost 70 pounds. “I couldn’t 
stand up,” he said. “I was jelly. I had to learn to walk. So I 
got a dog. And she walked me every day, twice a day.” 

“Tt’s worth sharing my story if I can get even one person 
to put on a mask,” he said. 

Before contracting COVID-19, Traurig had a successful 
show in February 2020. But a month later, 85% of the sales 
hadn’t been paid for, and he got the stock back. “Because 
everybody’s business shut down,” he said. He had used most 
of his funds to buy stock for Tucson because his business 
had changed in recent years due to changes in the industry 
and in the company. “I ended up mostly broke,” he said. 

After his hospital stay, people began calling him and 
finding out what had happened. “They started throwing 
me a few bones,” he said. “And I started getting some busi- 
ness. They've been kind.” When he made his first purchase 
in months, a large batch of loose opals from a supplier in 


Figure 20. The large 
rough gray spinel before 
(left) and after being 
sawn (right) because of 
a fissure in the rough. 
Not pictured is an addi- 
tional small chipped-off 
piece weighing 3.32 ct, 
leaving open the possi- 
bility of a future third 
spinel sister. Photos 
courtesy of David Nassi. 
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Figure 21. A selection of opals at Jayson Traurig Bros. 
of Australia’s booth at the AGTA show. Photo by 
Erin Hogarth. 


Australia, they let him pay it off over time. “There’s never 
credit given normally when you buy opals,” he said. They 
sent him more shortly before this year’s show. He had sev- 
eral displays of opal at the booth (figure 21) but said he had 
not yet been able to buy enough stock to make a living. 
“But it’s okay,” he said. “You realize who the friends are.” 


Figure 22. Cover of the Summer 1988 issue of GAG 
featuring the 26 ct “Jason” boulder opal, which has 
since been sold. Photo © Harold & Erica Van Pelt; 
opal courtesy of Jayson Traurig Bros. Pty. Ltd. 
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Traurig’s father, John, and uncle, Tom, began working 
in the opal business in 1969. Jayson Traurig Bros. was the 
only non—North American member when AGTA was 
founded in 1981, the same year Michael bought into the 
business (Jayson = J’s son). In 1988, one of their boulder 
opals—which was later sold—was featured on the cover of 
Ge#G's Summer issue (figure 22). 

Traurig and his father are both red-green colorblind. 
He said they had both learned to compensate and that 
lighting makes a difference. During GIA’s Gem Identifi- 
cation course in the ’70s, John was given permission to 
ask what color a stone was because he couldn’t identify 
alexandrite’s color change. “I remember him coming 
home and laughing,” Traurig said. “During the exam he 
never asked the question. He said, ‘If I had to ask, I knew 
it was alexandrite.’” 

Traurig spoke about how the opal business and his busi- 
ness have changed in the last 20 years. More dealers have 
joined the industry, and older miners have stopped mining. 
He noted that there are far fewer mining concerns today. 
In the ’80s and 90s, they used to have three people to work 
the booth. “There were people who were trying to always 
be next to us because of the overflow. We were the draw. 
We stopped being the draw. It’s okay.” 

Traurig also visited Tucson last April. “It was my tour 
of ‘I’m alive, I’m here, and I can walk,’” he said. “People 
were really welcoming and wonderful.” 


Erin Hogarth 


Conversation with True Blue Opals and Gems. At the 
AGTA show, we spoke with Natassa Patel, who along with 
her mother, Salma, owns and operates True Blue Opals and 
Gems (Tucson and Gold Coast, Queensland, Australia). 
While they typically specialize in black opal from Light- 
ning Ridge (figure 23), the closure of Australia’s state bor- 


Figure 23. A 13.12 ct black opal from Lightning Ridge, 
19.7 x 14.4 x 7 mm. Photo by Robert Weldon; cour- 
tesy of True Blue Opals and Gems Inc. 
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Figure 24. A Yowah boulder opal or “Yowah nut” weighing 312.6 ct and measuring 74.6 x 67.3 x 22.6 mm (detail 
on the right). Photo by Robert Weldon; courtesy of True Blue Opals and Gems Inc. 


ders during the pandemic prevented them from traveling 
there. Canceled trade shows and the inability to see clients 
face-to-face also limited business, but their online sales in- 
creased and they began sourcing from Queensland’s Yowah 
and Koroit boulder opal fields. The majority of the stones 
at the booth were Yowah and Koroit boulder opal, with 
only one showcase of black opal. 

“Circumstance made us specialize in Yowah and Ko- 
roit,” Natassa said. “I think my mom has taught me that, 
to make the opportunity. We could have just left it at home 
because everybody’s chasing black opal, but we didn’t. We 
believe in it.” 

According to Natassa, buyers don’t want “generic” 
stones anymore, and opal is “very non-generic.” She said 
boulder opal (figures 24 and 25) is “like a bouquet of flow- 


ers” with its immense variety of colors and patterns. “I 
think it appeals to the uniqueness we all want to feel, with 
our imaginations running wild in trying to see landscapes 
and faces and paintings that are so prevalent in the patterns 
of boulder opals,” she said. 

Natassa said that despite the common belief that an- 
ticipating customer demand is the way to success, it’s im- 
portant to her and her mother “to stay true to ourselves 
and sell what we like.” She added that if you focus on per- 
suading people by sharing knowledge rather than on trends, 
you can create a trend. “I like to pave the road. I don’t like 
to follow: I want to go first.” 

When True Blue began exhibiting in Tucson in the early 
2000s, they often had to educate customers on black opal. 
Natassa estimated that the number of opal dealers at the 


Figure 25. Boulder opals: “Rainbow Jungle” (left), 73.53 ct and 52 x 25 x 7 mm, and “Red Lantern” (right), 188 ct 
and 54.8 x 41.4 x 22.0 mm. Photos by Robert Weldon; courtesy of True Blue Opals and Gems Inc. 
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Tucson shows has increased perhaps tenfold since, which 
has increased customer understanding of the gem. Boulder 
opal has become more popular, but they still have to in- 
form people about Yowah and Koroit boulder opal. 

“No matter if we sell one stone or a hundred stones, 
the focus, for me, should still be the same,” Natassa said. 
“To bring something new, to educate people. What’s the 
point of doing all this, if people still misunderstand opal or 
they don’t see the value in it?” 

Natassa noted that while many more designers use opal 
now, customers are still coming to terms with pricing. She 
attributes this to a lack of understanding of opal mining: 
The cost of opal is difficult to standardize because there are 
too many variables in its mining. “If you find one pocket 
in five years, and you've spent half a million dollars in min- 
ing, then that parcel is half a million plus,” she said. “And 
sometimes there’s a drought—no water to wash the dirt to 
see if there’s opal trace.” 

True Blue celebrated their 20th anniversary last year, 
but Salma’s passion for opal goes back further. After the Pa- 
tels moved from Vanuatu to the Gold Coast in 1988, Salma 
was free to wander the shops while Natassa and her siblings 
were in school. She became fascinated with the black opals 
that were so different from the familiar gold and diamonds. 
After learning they were from Lightning Ridge, she traveled 
there with an opal dealer friend in the early 1990s. “I think 
it’s something that she was called to,” Natassa said. “I 
think what happened to her was what happened to me.” 

In 1995, Salma bought a small store on the Gold Coast, 
initially focusing on small parcels. Natassa helped her 
mother on nights and weekends while attending univer- 
sity, although she wasn’t interested in gemstones at first. 
“Ym assertive, but I’m not aggressive,” she said. “I didn’t 
know how to push them.” 

Salma’s first visit to Tucson was in 1995, and a few 
years later she exhibited at the Globex Gem and Mineral 
Show (now held at the Red Lion Inn). In 2002, after Natassa 
finished her master’s degree, she went to live with family 
in New Jersey and look for a job in finance. Salma asked 
her to help at that year’s show, but Natassa was still reluc- 
tant about selling. Salma promised she only had to stand 
behind the booth and rely on set prices. Natassa made a 
good salary based on commission over the two-week show. 
“Tt took her a while, but she convinced me to join the busi- 
ness,” she said. 

Soon Natassa started going to the opal fields with 
Salma and doing the smaller trade shows in Tucson. “I’m 
a good listener, I think,” Natassa said. “And I believe I’m 
a good observer. So I learned quickly. It just kind of started 
rolling off my tongue eventually.” 

Since then, Natassa has only missed the Tucson shows 
twice, once while completing the Accredited Gemologist 
program at the Asian Institute of Gemological Sciences 
(AIGS) in Bangkok. “I felt that opals weren't in the main- 
stream,” she said. “There was so much misinformation.” 
She wanted to be able to explain opal in gemology terms 
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“because it’s this mysterious stone to most people.” She 
found she loved gemology and being in the lab. “I love the 
microscope,” she said. “It’s pretty cool to see opals under 
microscopes.” 

True Blue’s first AGTA show was in Las Vegas in 2005. 
Natassa got a call on opening day offering them the booth 
of an exhibitor who hadn't showed. “Back then we didn’t 
have any money,” she said. “We used to put stuff on credit 
cards.” The cost of the booth was $7,000—the cost of the 
entire trip. “I’m thinking, how are we going to do these 
two booths? Is there enough stock to spread around? Plus 
seven grand. Plus it’s already opening. Then we said okay— 
we'll just do it.” Their first big sale that day wasn’t an opal 
but a giant clam (Tridacna gigas) pearl they’d bought a few 
days prior, for which another exhibitor paid $10,000 cash. 
“So we covered our booth,” Natassa said. 

“We're blessed, because there have been difficult times 
for us personally and financially over the last 28 years,” 
Natassa said. “For my mum, even more so because she was 
on her own before me. All these things I’ve learned from 
her, day in, day out.” 

Natassa recalled that in the early years some customers, 
expecting a male dealer, would ask where the owner was. 
“They just assumed that we weren't. A client would say, 
‘Go ask your boss if I can get a better deal on this.’ I'd say, 
‘Well, Iam the boss, and this is the price.’ It’s easier now.” 

Natassa and Salma try to find niches in the local mar- 
ket, such as opal beads (figure 26), which they began selling 
in the late 2000s. The beads use the precious part of the 
opal as well as the potch. “The really dark potch is jet 
black,” Natassa said. “If you can wear a black spinel strand, 
you can wear a potch opal strand.” 

Natassa revealed that she never intended to stay in the 
opal business this long. “But I think it’s God’s plan for me,” 
she said. “I don’t think I could do anything else.” She hopes 


Figure 26. Faceted beads of black opal from Lightning 
Ridge totaling 45.15 carats. Each bead is 4 x 4 x 3 
mm. Courtesy of True Blue Opals and Gems Inc. 
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scope. Sometimes it is necessary to tilt the 
stone at several different angles before the 
dichroism will show up, particularly if it 
is a small, light-colored stone. 

Considerable evidence of a visual nature 
can be gained by a binocular microscope. 
Needle-like inclusions can often be seen in 
both ruby and garnet jewels, as well as 
other characteristic inclusions. The polish 
and surface luster will usually give some 
evidence of the stone's possible identity. 
Also the amount of wear can be noted, 
which will help to identify the softer stones. 

Very few of the garnets used as watch 
jewels will light up completely in the polari- 
scope. Most of them seem to remain com- 
pletely dark. 

Balance hole jewels cannot often be con- 
veniently tested on a refractometer, but I 
have made spot tests on the curved por- 
tion of some hole jewels and obtained fair- 
ly distinct readings. Good refractive index 
readings can nearly always be obtained 
from a balance cap jewel, however, and 
since both stones must withstand similar 
stresses, I have assumed that any stone 
used for balance hole jewel material would 
also find its way into cap jewels. 

The fact must also be considered that 
any stone used in the escapement is more 
subject to breakage if the watch is dropped. 
Therefore, it might have been replaced 
during the lifetime of the watch, which 
may have included the lifetimes of several 
owners. 

With these things in mind I have rarely 
used specific gravity tests in my watch 
jewel identification, and use of the refrac- 
tometer has been confined principally to plate 
and cap jewels. I eventually found it was 
not always necessary to grind a plate jewel 
setting down flush with the stone to obtain 
the refractive particularly if the 
bezel holding the jewel was a shallow one. 
A jewel in a deep bezel or in a bezel high 
on one side may read low on a refrac- 
tometer, if a reading is obtained at all, so it 
takes a little experience and judgment to 


index, 


safely eliminate this step. The refractive in- 
dex liquid will make sufficient contact for 
a good reading on a large proportion of the 
jewels in settings and also on those set 
directly in the upper plate or in bridges. 
The liquid, being a mixture of methylene 
iodide and sulphur is corrosive to watch 
plates, and will leave a dark tarnish stain 
if not completely removed. When I test the 
jewels of a watch in running condition, I 
usually overhaul the watch at the same 
time. The plates must be cleaned, and it is 
not much more trouble to clean all the parts 
before reassembly. 

Now let us determine what the early 
American watchmakers did and said with 
regard to watch jeweling. 

The oldest American watch I have was 
given to me when I was a high school 
student and a neophyte watchmaker. I used 
it as one of my early practice pieces and 
later disassembled it to use as repair parts. 
Fortunately I had no call for parts to fit an 
18 size key-wind Waltham. It eventually 
occurred to me that such a watch was a 
rarity and would be much more valuable 
in running condition, so I made the neces- 
sary repairs and reassembled the parts. As a 
result I still have Waltham No. 1525 (See 
Figure 1) as a part of my collection. The 
top plate is engraved ‘Dennison, Howard 
& Davis,” the names of the founders of the 
company. It was one of the first watches 
produced after the factory was moved to 
Waltham, Massachusetts, in 1854. 

The plate jewels are colorless and those 
in the top plate are one-eighth inch in di- 
ameter. Some have long fine needles and 
other inclusions characteristic of beryl. 
Those I was able to test have a refractive 
index of 1.58. They all appear to be orig- 
inal. Most of the jewels in the escapement 
are probably replacements, so testing them 
would not give us the desired information. 

Another Dennison, Howard & Davis 
watch, serial No. 4702, also has colorless 
beryl plate jewels. These come the closest 
to having a faint blue body color of any 
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Figure 27. Salma and Natassa Patel of True Blue 
Opals and Gems at their AGTA show booth. Photo 
by Erin Hogarth. 


someone in the family will take over and operate True Blue 
when she and her mother no longer can. 

The Patels (figure 27) have been discussing what to do 
when they return to Australia. They have considered split- 
ting their stock fifty-fifty between black and boulder opal. 
“Black will always be king of all opal,” Natassa said. 
“That’s our favorite. We grew up on black opal, so we can’t 
help ourselves.” 


Erin Hogarth 


Washington Jade update. At the AGTA show, Rod and 
Nathaniel Cook of Washington Jade (Edmonds, Washington) 
told us about shifting their focus to cat’s-eye blue and bluish 
green nephrite jade (figure 28). (We first spoke with them in 
2019—see Spring 2019 GNI, pp. 124-125.) They initially in- 
tended to concentrate on the mid-tier jewelry market, but 
the non-chatoyant nephrite was not valuable enough to be 
cost-effective. About two years ago, they saw that two small 
pieces of chatoyant nephrite were drawing the most atten- 
tion. This year, they cut 100 chatoyant stones from rough. 

“Tt was a matter of finding something unique to our de- 
posit that was a high enough grade of material that it 
would have broad market appeal,” Nathaniel said. “People 
seem to really like not necessarily the really sharp eyes, 
but the really strong eyes, even if it’s sort of a broad eye 
that moves across the stone. They’re very charismatic and 
sort of bold.” 


92 Gem NEWS INTERNATIONAL 


Rod said they find better material each year. “The blue 
sort of validated the whole operation,” he said. “We have 
pretty good demand emerging for the rough. Partially be- 
cause around the world, supplies are down. We hear ru- 
mors that Siberia is not producing like it used to, that the 
surface material is pretty much gone—and going under- 
ground is to be avoided.” The host material is also selling 
very well for high-end lapidary work. 

Nathaniel has been cutting the rough since 2019. Orient- 
ing it for cutting can be tricky, he said, but understanding 
how it forms has shown him how to orient and process it. 
He first locates the line between the two dark sides of the 
nephrite (the directions where the eye moves back and forth), 
which he calls the “axis of chatoyance.” Then he starts slab- 
bing the stone parallel to this axis. Some adjustment is re- 
quired within the slabs to ensure correct orientation of the 
finished stone. To cut cabochons, he pays attention to the 
direction of the cat’s-eye and cuts calibrated sizes and shapes 
either parallel or perpendicular to that alignment. 

Nathaniel explained that the material requires slightly 
different tools than most lapidaries use because of its vari- 
able hardness: The ends of the axis of chatoyance are very 
hard, but around it is much softer. After some trial and 
error, he began using inflatable sanding drums for much of 
the shaping process because they are gentler. 

Processing the material also informs how they harvest 
it with their low-impact mining methods. “Nathaniel is 
integrating all the way from harvesting to finished stones,” 
Rod said. “With that information, we can go up there and 
selectively harvest. It’s like noninvasive surgery. We can 
essentially find the critical stuff.” 

According to Rod, many carvers are accustomed to ma- 
terials like quartz, which is very hard and uniform in all di- 


Figure 28. A chatoyant bluish green nephrite ring: 
3.14 ct marquise cabochon (10.92 x 7.65 mm), 0.1 
carats of round diamonds, and 14K yellow gold. 
Photo courtesy of Washington Jade. 
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rections. He said educating the market on chatoyant 
nephrite will take a few years. “We've realized in this indus- 
try it’s not something you can throw money at and make it 
happen. It’s pretty much listening to customer wants.” 

Rod showed us a piece of rough with a striking banded 
chatoyant pattern that resembles New Zealand's rarest, 
most prized jade. The New Zealand material has cultural 
significance and is often called piptwharauroa jade because 
its pattern is reminiscent of the breast feathers of the 
piptwharauroa (shining bronze cuckoo) bird. The claim 
contains a lot of the material, but they have not yet 
processed much of it. So far most of what they have found 
is unstable due to fractures, but they are looking into sta- 
bilization and may still find larger quantities of stable ma- 
terial. Rod expects to have more at next year’s show. 

“Our strategy is organic growth over the next few years 
using AGTA as the high end, and it appears that’s enough 
to get people showing up and buying rough,” he said. “So 
stay tuned.” 


[Editor’s note: The term “cat’s-eye jade” is a trade term 
and a misnomer. Although this material falls within the 
mineral series that constitutes nephrite jade, nephrite is 
characterized by its fibrous, interlocking felted structure, 
which gives it the toughness that is so important to jade. 
The cat’s-eye material is made up of parallel fibers, which 
is why it has an eye. However, this structure does not pos- 
sess the toughness required for a jade. The GIA laboratory 
would refer to this material as “cat’s-eye actinolite.” ] 


Erin Hogarth 


Many faces of wavellite. A well-known collector mineral, 
wavellite (Al,(PO,),(OH);-5H,O), is named after its discov- 
erer, British surgeon Dr. William Wavell. Wavellite mineral 
specimens seen on the market often occur as botryoidal ag- 
gregates. The crystal clusters are usually spherical in ap- 
pearance. When the spheres are broken open, the cross 
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Figure 29. This specimen of wavellite in matrix 
shows the mineral’s characteristic radiating pattern. 
Photo by GIA. 


sections show their signature radiating pattern formed by 
acicular-shaped crystals (figure 29). 

Wavellite is not a gem material renowned for its bril- 
liance or breathtaking colors, but its unique appearance 
does trigger curiosity and creativity. At the AGTA show, 
James Carpenter of Unconventional Lapidarist (Hot 
Springs, Arkansas) showed the authors a variety of wavel- 
lite cabochons and slabs and shared how he stabilizes the 
material for jewelry use. 

All wavellite carried by Unconventional Lapidarist is 
sourced from Arkansas, one of the well-known sources for 
this gem. When used in jewelry, wavellite must be stabi- 
lized (figure 30) to make the piece durable. This is due to 
both the relatively low hardness of the material (3.5-4) and 


Figure 30. Left to right: 


Wavellite rough before 
treatment, stabilized 
rough, a slab of stabi- 
lized rough with all the 
waste host rock 
trimmed off, and two 
pieces of polished stabi- 
lized wavellite cabo- 
chons (89 and 405 ct, 
respectively). Photo by 
Tao Hsu; courtesy of Un- 
conventional Lapidarist. 
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Figure 31. This wavellite cabochon is of high quality. 
Some of the spheres were sliced open to show the ra- 
diating pattern, while others were left untouched. 
Wrapped in gold-plated wires, the cabochon weighs 
150 ct, with a blue apatite mounted at the top. Photo 
by Tao Hsu; courtesy of Unconventional Lapidarist. 


its occurrence in the host rock. Arkansas wavellite formed 
in veins cementing together brecciated sandstone/chert 
host rock. Therefore, the majority of wavellite specimens 
occur as very thin slabs or small spherical bodies. 
Carpenter noted that 99% of the production needs sta- 
bilization for the materials to withstand further processing. 
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He developed his own resin for this stabilization process. 
This resin is hydrophobic, meaning it is water resistant, 
and environmentally and biologically friendly. The mate- 
rial is impregnated with this resin in a vacuum under very 
high pressure and then cured and sliced. Slicing helps re- 
veal where the wavellite is embedded in the host rock. 
Host rock that bears no wavellite is trimmed off before fur- 
ther polishing. Restabilization is sometimes necessary, es- 
pecially when cabochons are to be made, to ensure the 
finished product is durable when set in jewelry. The yield 
of this process is only about 15%, with 85% waste. 
Stabilized wavellite can then be polished to cabochons 
(figure 31) and mounted in jewelry, with high-quality ma- 
terial revealing an attractive botryoidal structure of rounded 
segments and/or radiating patterns with beautiful colors. 
The slab can also be utilized without much polishing (figure 
32, left). The latter option works perfectly for stones show- 
ing the botryoidal exterior. When one turns this type of 
cabochon on its side, some of the broken spheres clearly 
show the radiating pattern, adding appeal to the jewelry 
piece (figure 32, right). Wavellite can be collected as mineral 
specimens or used as decor and jewelry material. 


Tao Hsu and Lisa Kennedy 


CUTS AND CUTTING 


Stephen M. Avery: Celebrating half a century in gem cut- 
ting. Approaching his 50th anniversary in the business, 
Stephen M. Avery (Lakewood, Colorado) reflected on his 
journey to becoming an award-winning lapidary artist, de- 
tailing his signature cuts and gem sets and offering advice 
to up-and-coming gemstone cutters. Since starting his career 
at the age of 17, Avery has accumulated a remarkable 
amount of cutting experience. But even after all this time, 
the part he enjoys most is continuing to find new challenges. 


Figure 32. Left: This 
piece of wavellite slab 
kept the original look of 
the rock with its botry- 
oidal habit. Right: The 
view from the side re- 
veals the radiating pat- 
tern on the cross 
sections of sliced-open 
spheres. Photos by Tao 
Hsu; courtesy of Uncon- 
ventional Lapidarist. 
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Figure 33. With names like “Flaming Comet” and “It’s 
a Zoisite Party,” Avery’s gem sets have enchanted for 
decades. This three-piece set consists of a 6.22 ct golden 
tourmaline flanked by two aquamarines, 5.14 carats 
total. Photo by Sara Rey; courtesy of Stephen M. Avery. 


Avery was not born into the business and began his ca- 
reer by enrolling in the American School of Diamond Cut- 
ting. He learned the foundations of diamond cutting from 
the prestigious diamond cutter Leonard Ludel. A few years 
later, he found himself working for Stradley Lapidary in 
Colorado, where he made the instinctual move from dia- 
monds to colored stones. He describes this as a moment of 
clarity, as he was bored with the lack of creativity in cut- 
ting standard round brilliant diamonds. Avery noted that 
at the beginning of his career in the late 1970s, he was 
“bringing something unknown to the colored stones busi- 
ness: diamond cutting quality to colored gemstones.” 

Avery started to create gem sets—suites of intricately 
cut gemstones that fit perfectly together (figure 33}—about 
40 years ago. He describes them as something that started 
experimentally and has exploded in popularity. When it 
comes to creating his gem sets and sourcing the right 
stones, he has learned that patience pays off. He explained 
that some colors will negatively impact other colors, and 
some colors when paired will read neutral. The most grat- 
ifying outcome occurs when all the gemstones used look 
better when they’re together. 

Throughout his career, Avery has fashioned numerous 
signature cuts. His very first signature cut was a Portuguese- 
cut trilliant, which took three years to design. Another early 
signature cut was the Triopp cut (figure 34), a triangular cut 
born out of anger when the perfect trillion preform had an 
inclusion in the corner. He ground it out, only to discover a 
completely new concept in faceting. He then went on to cre- 
ate the OVOB cut, an oval opposed bar cut, and most re- 
cently the Diamondback, a recreation of the checkerboard 
cut to fit elongated pieces of gem rough (figure 35). 

His exquisite attention to detail and understanding of 
color and light enable Avery to cut award-winning, one-of- 
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Figure 34. When skill and experimentation combine, 
something as brilliant as Avery’s signature Triopp cut 
is born. This stunning example is a 9.79 ct chrome 
tourmaline measuring 14.5 mm. Photo by Sara Rey; 
courtesy of Stephen M. Avery. 


a-kind faceted gemstones. The majority of his pieces require 
designers to create custom settings. He has relationships 
with several skillful designers who allow him to share his 


Figure 35. Avery’s Diamondback cut is a blessing to 
stones longer than 50 mm. This 73.22 ct tourmaline 
measures 11.1 x 79.3 mm. Photo by Sara Rey; cour- 
tesy of Stephen M. Avery. 
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Figure 36. 2019 AGTA Spectrum Award-winning ear- 
rings designed by Adam Neeley with a pair of indicol- 
ite tourmalines cut by Stephen Avery, weighing 41.45 
carats total. Other stones are tsavorite garnets (3.34 
carats total) and diamonds (2.42 carats total) set in 
purple titanium, 14K white gold, and green VeraGold. 
Photo by Sara Rey; courtesy of Stephen M. Avery. 


vision for the piece and then take it from there. His talent, 
in combination with the talent of these designers, has 
earned him many “Best Of” titles in the AGTA Spectrum 
Awards. Avery cut a matching pair of Afghanistan indicolite 
tourmalines that were 2018 AGTA Cutting Edge Awards 
first-place winners in Pairs and Suites. The following year, 
those same tourmalines won yet again in the Spectrum 
Awards, in earrings designed by Adam Neeley (figure 36). 
Avery shared his advice for emerging gem cutters: 
“Learn all the techniques, then challenge the rules. If you 
want to do something and you don’t have the technique, 
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you're going to have to invent it. And that’s okay—it just 
hasn’t been done because you didn’t do it yet.” 

To see an interview with Avery, visit www.gia.edu/gems- 
gemology/spring-2022-gemnews-stephen-avery. 


Lisa Kennedy and Tao Hsu 


Skull carved of meteorite. At the AGTA show, Nature’s 
Geometry (Tucson) had on display a life-sized skull carved 
of meteorite (figure 37). The skull, “Gaia,” was a collabora- 
tion between Lee Downey of Artifactual Studios (Tucson and 
Bali, Indonesia) and Balinese artist Ida Bagus Alit. It was 
carved from two pieces of the Gibeon iron meteorite, which 
landed in prehistoric times after bursting into pieces upon 
coming through the atmosphere. Its fragments are scattered 
over a large area in Namibia. Based on radiometric dating, 
the meteorite is estimated to be around four billion years old. 
Long before Westerners documented it in the early 1800s, 
the Nama people used pieces of it as weapons and tools. 

Downey and Alit worked on the carving from March 
2015 to January 2020 in the workshop Downey shares with 
Ratu Pedanda Manuaba, a high priest of Bali. In Balinese cul- 
ture, meteorites are seen as powerful, and meteorite iron is 
used to make traditional keris (daggers) for ceremonial use. 

The Gibeon meteorite’s makeup is about 90% iron and 
8% nickel, with small amounts of cobalt and phosphorus. 
Downey said the material is somewhat soft and sticky. The 
critical aspects were maintaining the proportions and watch- 
ing for potential imperfections in the material. “Cracks and 
pockets of odd space junk can pop up,” he said. “Luckily 
Gaia was basically flawless. She was difficult but forgiving.” 

The work was done using hacksaws, steel grinders, and 
rotary carving setups. Protective gear was required when 
using cutting burrs because the tiny shards coming off the 
skull were “like little razor blades flying around.” Based on 
models of the human skull, a sphere-shaped piece of the 
meteorite was carved for the upper cranium and a block for 
the jaw, which is articulated and removable. Roughly 159 
Ibs. (72, kg) of material were cut and ground away to form 
the 39 lb. (18 kg) skull. After carving, the skull was fully 
polished to a chrome-like finish. 

The final step was etching with a weak acid to reveal the 
meteorite’s fine octahedrite structure, visible in the pattern 
on the skull’s surface. The pattern, known as a Widmanstat- 
ten pattern or Thomson structure, is composed of inter- 
woven bands of kamacite and taenite (iron-nickel alloys) and 
develops over millions of years of very slow cooling. It is re- 
vealed only through cutting, polishing, and etching. 

The brown line on top of the skull is an inclusion of 
tridymite, a silica polymorph. Tridymite is also found on 
Earth, the moon, and Mars, and in planet-forming disks of 
dust and gas around stars. 

Downey has previously described the human skull as 
“undeniably sure to register emotions in all of us. It has all 
the fear of death, the reminder of being alive, and the pos- 
sibility of something greater in store...out there in the mys- 
terious beyond.” 
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“The intense gravity of this extraterrestrial metal is it- 
self a mystery of life,” he said. “Four billion years old and 
counting, the long travel to arrive on Earth, the rare beauty 
of the crystal patterns that can only form in the vacuum of 
space. The symmetry of the entire tale is beyond human 
comprehension.” 


Erin Hogarth 


Puzzle-like gemstone designs. At the AGTA show, Rare 
Earth Mining Co. (Trumbull, Connecticut) offered a vast 
array of fine and unusual gem materials unavailable any- 
where else in the trade. Among the opalized wood, Tiffany 
stone, honeycomb petrified wood, and many other varieties 
was one of the most expansive Steve Walters collections 


seen at Tucson (figure 38). 
nN 
® . 7 


gl O99 


Pan 
3) 
w o- 
Z é ‘ 
3° e 
2 
[oa 
w 
i 
i) 
= 
= 
w 
> 
a 
ke 
7) 


STEVE WALTERS 


Gem News INTERNATIONAL 


Figure 37. A skull 
carved from the 
Gibeon meteorite, 
which landed in 
Namibia in prehistoric 
times. The brown line 
is a tridymite inclu- 
sion. Exhibited by Na- 
ture’s Geometry at the 
2022 AGTA show in 
Tucson. Photo by 
Robert Weldon; cour- 
tesy of Lee Downey. 


While Walters himself did not attend the show this 
year, Rare Earth Mining Co. was eager to detail his work 
for us. A master gemstone carver specializing in one-of-a- 
kind gemstone designs in Utah, Walters has been in the 
business for more than 50 years. He creates his carvings for 
jewelry designers, to help them achieve a unique look. 

Walters’s designs feature a perfect mix of traditional 
and exotic gemstones, expertly paired and carved to create 
a dramatic shape and color story. All done by hand, Walters 
uses titanium to bridge together and inlay the different 
gemstones. 

Among the wide variety of gemstones used in Walters’s 
carvings were onyx; chrysocolla; tourmalinated and ruti- 
lated quartz; amethyst, citrine, and ametrine with striking 
color zones; rock crystal quartz backed with onyx and gold 
foil; lapis lazuli; various agates; Australian and pink opals, 
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Figure 38. Trays of 
Steve Walters’s unique 
gemstone carvings dis- 
played at the 2022 
AGTA show in Tucson. 
Photo by Tao Hsu; 
courtesy of Rare Earth 
Mining Co. 
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and meteorite. Every piece is finished with a mother-of- 
pearl backing with his signature (figure 39), ready to be set 
into a showstopping piece of jewelry. 


Lisa Kennedy and Tao Hsu 


JEWELRY DESIGN 


One-of-a-kind designs from Zoltan David. 2022 marks the 
42nd year in the industry for iconic jewelry designer Zoltan 
David (figure 40). At the AGTA show, the authors had an 
opportunity to converse with David about his passion, ca- 
reer, and inspired jewelry creations. 

Curiosity and the drive to create led David to his career 
in metalsmithing. For David, creativity can be furthered by 
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Figure 39. Left: This cit- 
rine “flame” top is con- 
nected to a chrysoprase 
“main body.” Next to 
the chrysoprase is a 
portion made of a black 
chalcedony backing, 
covered by 24K gold 
leaf and capped by rock 
crystal quartz. The 
piece is completed with 
a freeform ametrine. 
Right: All pieces have a 
mother-of-pearl back- 
ing with Steve Walters’s 
signature. Photos by 
Kevin Schumacher. 


an in-depth understanding of the materials and skillful ma- 
neuvers. While modern technology allows for efficient jew- 
elry sketching and design, the lack of knowledge about 
metals—base or precious—limits the execution of a great 
design or even the creativity of the design itself. David’s jew- 
elry pieces reflect this philosophy. Each of his creations is a 
three-dimensional “architecture,” which must be viewed 
from multiple directions to fully appreciate its beauty. 

The “Time” pendant (figure 41) is David’s most recent 
award-winning design. In 2020, this piece won second 
place in the Business/Day Wear category of the AGTA 
Spectrum Awards. This pendant features a 19.54 ct fantasy- 
cut citrine as the center stone, surrounded by eight sus- 
pended metal elements forming two circles. The metal 
elements are made of iridescent blue and purple steel with 


Figure 40. Zoltan David 
working at the bench in 
his studio, located in his 
store in Austin, Texas. 
Photo by Patti David. 
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Figure 41. Exotic metals such as the iridescent blue and 
purple steel in the “Time” pendant are Zoltan David's 
signature. 24K gold inlay is also a Zoltan David dis- 
tinction. This piece features a 19.54 ct citrine. Photo by 
Robert Weldon; courtesy of Zoltan David. 


24K textured yellow gold inlays, a signature patented tech- 
nique invented by David. In addition, all these metal ele- 
ments are suspended and well connected with each other. 
David wanted to create a sense of rotation with this design: 
All elements rotate around the center of the universe, try- 
ing to find the perfect balance. 

More than four decades of knowledge building and 
practice have made David's jewelry pieces the perfect 
combination of metal art and architectural construction. 
The “Mirror Mirror” pendant (figure 42) represents the 
continuous exploration and technique refinement by the 
master designer. To fully understand this piece, one needs 
to carry out a jewelry “anatomy.” Starting from the center 
of the pendant, an elongated oval pink opal is encased by 
a cut piece of mother-of-pearl, which was carved and in- 
laid with beaded pure platinum. The mother-of-pearl is 
surrounded by polished surgical steel and inlaid with 24K 
engraved and shaped rose gold. All of these elements are 
nestled in a framework of green gold leaves. From the side 
view, diamonds mounted in the surgical steel layer are ex- 
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Figure 42. Zoltan David’s “Mirror Mirror” pendant 
combines multiple innovative techniques and materi- 
als. The piece features platinum inlays in the mother- 
of-pearl surrounding the pink opal center stone, 
highly polished surgical steel as the base frame (left), 
a leaf wreath made of green gold wrapping around the 
outer edge of the whole piece, and diamonds 
mounted in the steel base (right). Photos by Robert 
Weldon; courtesy of Zoltan David. 


posed through the space between the green gold leaves (fig- 
ure 42, right). 

Although renowned for his metalsmithing, David is 
also drawn to spectacular colored stones. The “Ruby 
Flight” ring (figure 43), a piece from the Duchess collec- 
tion, features a 2.45 ct Burmese ruby. The ruby is held by 
18K gold prongs between two platinum wings inlaid with 
24K gold. The engraved and shaped gold inlays form pat- 
terns on both sides of the wings. The interior walls of the 
wings are set with melee diamonds in between the gold in- 
lays, while the exterior walls are set with melee rubies 
along the inlaid lines. More than 300 melee rubies also dec- 
orate the edges of the wings. The shank of the ring is also 
one of a kind, made up of three components: a melee dia- 
mond stud band sandwiched by the bottom of the two 
wings. 
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Figure 43. The “Ruby Flight” ring is representative of 
Zoltan David's stone selection and construction of a 
complex jewelry piece. Photo by Robert Weldon; cour- 
tesy of Zoltan David. 


From the start, David has been an eager learner and has 
never stopped his exploration of the metalsmith profession. 
He is involved in all aspects of his business: designing, craft- 
ing, and trading each one of his creations. As David said, he 
would like to keep traveling along this journey by continu- 
ously surpassing himself. 

To see interviews with David, visit www.gia.edu/gems- 
gemology/spring-2022-gemnews-zoltan-david. 


Tao Hsu and Lisa Kennedy 


Old techniques reimagined: Maki-e pearls. At the AGTA 
show, Eliko Pearl (New York) exhibited a series of unusual 
cultured pearls, many of which were worked after cultur- 
ing to create unique pieces of art. Among these, maki-e 
pearls caught the authors’ attention. 

Maki-e is an ancient Japanese lacquer technique that 
translates to “sprinkled picture” and is said to have orig- 
inated more than 1,200 years ago. A fine brush is used to 
paint a design with lacquer, which is then sprinkled with 
gold powder before the lacquer dries. More lacquer may 
then be painted again over the design and polished. For 
centuries, the meticulous technique has been used to 
decorate screens, inré (a type of small case worn in tradi- 
tional Japanese culture; figure 44), Japanese letter boxes, 
and other vessels, and it has now been adapted for use on 
pearls. 
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Figure 44. An inro dating back to eighteenth-century 
Japan with gold maki-e and mother-of-pearl inlay. 
Courtesy of Getty Images. 


A representative from Eliko Pearl explained that each 
pearl is decorated by hand using a combination of urushi 
lacquer and 24K gold powder overlay, with abalone shell 
inlay (figure 45). The natural lacquer is derived from the 
sap of the urushi tree, which is native to Japan, China, Viet- 
nam, and Southeast Asia. Sap can be harvested from a sin- 
gle tree for 14 to 15 years, during which the tree only yields 
about 200 grams of material. The sap also goes through a 
lengthy treatment process before it can be used as a lac- 
quer. After application, the urushi lacquer must cure in a 
high-humidity environment (70-90%) in a series of thin 
layers. The time-consuming and laborious process of har- 
vesting, processing, and applying the lacquer on pearls 
makes urushi lacquer a costly material, but the finished 
maki-e pearl is a treasured piece of art. 
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The décor adorns Tahitian pearls predominantly and 
can be found on matching pairs as well as single pieces. 
Prices vary from piece to piece based on the detail of the 
design and the size and shape of the pearl, with the most 
expensive shape being round (figure 46). 


Lisa Kennedy and Tao Hsu 


Blue sapphire Lord of the Rings pendant. At the AGTA 
show, Jeffrey Bilgore of New York exhibited a sapphire, di- 
amond, and platinum pendant (figure 47) inspired by The 
Lord of the Rings. From initial inspiration to delivery of 
the just-finished pendant midweek at the show, the piece 
was 15 years in the making. 

“T read it in high school,” Bilgore said of the beloved 
trilogy. “I read it again in college. Then I read it to my son 
when he was little, and when he was older he read it to 
me.” 

The 19.30 ct unheated light blue Sri Lankan sapphire 
briolette rotates within the platinum setting, accented by 
177 round Flawless to VVS round brilliant diamonds (0.86 


Figure 46. Trays of Tahitian maki-e pearls offered by 
Eliko Pearl at the 2022 AGTA show in Tucson. 
Available in a range of sizes in matching pairs and 
single pieces. Photo by Lisa Kennedy; courtesy of 
Eliko Pearl. 
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Figure 45. A pair of 
Tahitian pearls deco- 
rated with 24K gold 
maki-e and abalone 
shell inlay (left). A sin- 
gle near-round Tahitian 
pearl, decorated by the 
same technique in a 
flower motif (right). 
Photos by Emily Lane; 
courtesy of Eliko Pearl. 


carats total). The pendant is modeled after the Phial (vial) 
of Galadriel, which the elf queen Lady Galadriel gives to 
hobbit Frodo Baggins for light and protection during his 
journey to Mordor. The vial contains water from her foun- 
tain, which holds the light and power of the elves’ cher- 
ished star Earendil. 

“The Star of Eadrendil is the North Star at night and the 
star you see in the dawn,” Bilgore said. “It gives you hope in 
the darkness and brings you strength.” He said the pendant 


Figure 47. Platinum pendant with a 19.30 ct unheated 
light blue Sri Lankan sapphire briolette and 177 
round brilliant diamonds, 0.86 carats total. Photo by 
Robert Weldon; courtesy of Jeffrey Bilgore. 
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beryl I have seen in watches to date. The 
lower balance cap jewel, which also appears 
to be original, is chrysoberyl. 

Beryl is also used in the top plate of a 
Waltham, engraved Wm. Ellery, made 
probably in the 1860’s. However, another 
Waltham top plate, marked Appleton, 
Tracy & Co., No. 150962, made about 1864, 
contains nearly colorless chrysoberyl jewels. 
A top plate of the same style but much 
later date, marked Waltham Watch Co., 
has garnet jewels of a reddish purple color. 
These stones remained dark in the polari- 
scope, and the refractive index was ap- 
parently above the range of the refracto- 
meter. Needles in one of the jewels were 
characteristic of almandite. 

Concerning jeweling at the Waltham 
factory during these early years, I have 
patched together the following information 
from several sources. Aaron Dennison 
brought a jewel maker named Sibley back 
with him from England in 1850 when he 
made his trip to purchase material, tools 
and supplies to start the new watch factory. 
Sibley made a few aquamarine jewels for 
the earliest watches, but these were aban- 
doned in 1852. Jewels were then imported 
from England until after the factory was 
moved to Waltham late in 1854. 

About this time Napoleon Bonaparte 
Sherwood went to work for the company 
and was eventually placed in charge of the 
jeweling department. He proceeded to revo- 
lutionize the whole system as far as jewel- 
ing was concerned, including the invention 
of tools and machinery for the improved 
processes. N. B. Sherwood gives a fairly 
complete description of the method used in 
handturning and opening watch jewels in 
his book Watch and Chronometer Jewel- 
ing, published by George H. Hazlitt Co., 
Chicago, 1869. My paper bound third edi- 
tion, purchased about 1930, contains no 
copyright date. Perhaps the publishers felt 
that the date would not encourage sales, 
even though little had been written on the 
subject. On page 20 Sherwood says, “For 


watch and chronometer purposes the only 
really useful stones are sapphire, ruby, 
chrysolite and aquamarine . . . In our esti- 
mation chrysolite is the most valuable of 
all stones for jeweling.” 

As evidence that chrysolite meant to him 
what chrysoberyl does to us, he made the 
following statement when comparing chry- 
solite and aquamarine. “These two gems 
are the only ones in which the rare metal 
glucinium has been detected.” 

Glucinium, by the way, is now common- 
ly known as beryllium. 

The E. Howard & Co., Boston, descrip- 
tive catalog for this period reads on page 
5 as follows: 

“This watch is furnished either plain or 
jewelled in aquamarine, chrysolite or ruby, 
with plain or chronometer balance.” 

E. Howard & Co. watch, serial No. 4249, 
from my collection, was probably made be- 
fore 1860. (Mr. Howard left Waltham in 
1857 and started his own watch factory in 
Boston shortly thereafter.) The stones that 
I have tested so far in this watch indicate 
that it contains ruby, sapphire and chryso- 
beryl. The balance hole jewels and pallet 
stones appear to be sapphire, but it is diffi- 
cult to distinguish sapphire from chryso- 
beryl in spot tests. To date, however, I have 
never been able to make a positive identifi- 
cation of anything other than ruby, sapphire 
and garnet used as pallet stones in any 
watch. 

The Kerney and Swartchild jeweler’s sup- 
ply catalog for 1882 lists chrysolite, aqua- 
marine and ruby plate jewels among the 
United States Watch Company materials. 
Material catalogs of the 1920's, however, 
list only four kinds of jewels — ruby, sap- 
phire, garnet and diamond. 

Diamond cap jewels were listed only for 
Elgin and Waltham watches; whereas ruby, 
sapphire and garnet were used for plate 
jewels. Garnet roller jewels and pallet 
stones were listed by nearly all of the 
American companies, including Hamilton, 
even though garnet was used nowhere else 
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“symbolizes all the good energies of hope and faith that add 
light to the world and protect those that it shines on.” 

The concept for the pendant came to Bilgore when he 
bought a diamond briolette in 2004, a year after establish- 
ing his own business. Prior to that, he spent 16 years as the 
primary gem buyer for Oscar Heyman. He began sketching 
the design but then sold the diamond. Over the next 
decade, he continued to refine the design. He eventually 
acquired a pair of light blue sapphires and began developing 
the piece with a jeweler about five months before the 
AGTA show. 

“The Lord of the Rings is a story about our world, the 
power of faith, and good vs. evil,” Bilgore said after the 
show. “Today, with all that is going on in Ukraine, it seems 
even more meaningful. The story shows how wars destroy 
everything and put groups against groups for no good rea- 
son. That only trust and faith in each other and in the pos- 
itive powers of love and respect can conquer all.” He added 
that the story—with its elves, dwarves, hobbits, and other 
beings—is also about diversity. “No matter your size, 
shape, color, or type, everyone has value and strengths.” 

“Others have attempted to replicate the Phial of Gal- 
adriel, but not quite like this,” he said. “If you have any- 
thing going on in your life, put it around your neck and 
you'll be protected. You'll get through it.” 


Erin Hogarth 


A pink sapphire ring with a message. At the AGTA show, 
Rachel Chalchinsky (Color Source Gems, New York) 
showed us a triple-halo ring (figure 48) designed to com- 
memorate surviving breast cancer. “It’s hard to live with 
it and go on,” she said, “but once you do, you feel power- 
ful.” After her diagnosis in August 2018 and finishing 
chemotherapy in January 2019, she wanted to “replace” 
the tumor with “something good and positive.” 

Chalchinsky had three requirements for the center 
stone: that it be pink, for breast cancer awareness; the same 
size as the tumor (11 mm); and heated, to symbolize the 
radiation treatments she received in March 2019. After 
nearly three years of searching, she found a 5.18 ct heated 
mixed-cut pink sapphire measuring 11.0 x 9.4 mm. 

“Tused to have very big curly red hair, and I wanted to 
represent that in the ring,” she said. “Now I have grayish 
hair. So I put orange sapphire around the outside. Then on 
the inside, I used white diamonds to represent gray hair. 
And on the side of the ring, I used the breast cancer ribbon. 
Thad that graduated to fit on the sides of the band and set 
it all in rose gold.” 

When people admire the ring, Chalchinsky often tells 
them the story behind it “to bring awareness that people 
need to get their diagnostic tests and not wait.” She noted 
that delaying or avoiding her annual mammogram and ul- 
trasound could have resulted in a more serious prognosis. 
Chalchinsky said her story compels people to share their 
experiences with cancer. “It becomes almost like a bonding 
because we've all been through these emotional journeys.” 
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Figure 48. Sapphire ring designed by Rachel Chalchin- 
sky: 5.18 ct heated mixed-cut pink sapphire (11.0 x 
9.4 mm), 1.24 carats of diamonds, 0.36 carats of no- 
heat padparadscha sapphires, and 0.65 carats of or- 
ange sapphires, set in 18K rose gold. Photo by Robert 
Weldon; courtesy of Color Source Gems. 


Chalchinsky also uses Instagram to share the message. 
During Breast Cancer Awareness Month in October, she 
posts photos of pink stones, sometimes in pairs, asking 
people to get checked and make sure their loved ones do 
so as well. “T’ll say, ‘Ask your mom. Ask your loved ones. 
Nag them—take them by the hand to go with them.’” 

Chalchinsky recognizes she is fortunate to have had ex- 
cellent healthcare and supportive family and friends—and 
that many women undergo more invasive surgery or have 
a worse outcome. In 2021, Color Source Gems donated 
funds to White Plains Hospital in Westchester County, 
New York, to cover 10 mammograms for uninsured 
women. 

“In Judaism they say that if you can rescue one person, 
you're saving the world,” Chalchinsky said. “I really feel 
that is extremely important—that we all help each other.” 


Erin Hogarth 


MARKETING 


Market reaction to the pandemic: Insights from exhibitors. 
When COVID-19 evolved from a regional crisis to a global 
pandemic, the gem and jewelry trade abruptly paused for a 
short period and then gradually recovered to the pre-pan- 
demic level. To investigate the trade’s reaction, the impact 
on business, and market trends over the past two years, the 
authors took advantage of the Tucson show to survey the 


exhibitors. 
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BUSINESS SCALE 


Fewer than 10 employees 
HM 11-25 employees 
26-50 employees 
HM More than 50 employees 


YEARS IN BUSINESS 


lM Less than 5 years 
lM 5-10 years 
HM 10-20 years 

More than 20 years 


Figure 49. The majority of the 35 exhibitors surveyed have a small-scale business and more than 20 years in the 


industry. 


This brief report presents outcomes from written sur- 
veys conducted with 35 randomly selected AGTA and GJX 
show exhibitors. The survey consists of two portions: gen- 
eral information about the business, and six pandemic- and 
market trend-related questions. All 35 exhibitors based 
their responses on their own experiences, with a very lim- 
ited number of “not applicable” answers that were not in- 
cluded in the findings. 

Nearly all respondents identified themselves as whole- 
salers, with a couple of exceptions as designers or miners. 
The authors noticed that some exhibitors played multiple 
roles: wholesaler, retailer, and sometimes even designer. 
While traditional roles in the gem and jewelry industry still 
carry on, the boundaries between them have become 


blurred. More than 70% of the exhibitors surveyed have 
fewer than 10 employees, and 85% of them are industry 
veterans with more than 20 years’ experience in the trade 
(figure 49). Although the pool is small, it aptly reflects the 
nature of the gem and jewelry business in general, with 
small-scale business as the majority, but often with gener- 
ations of commitment to the industry. 

When asked about the impact of the pandemic on their 
business, most responded that it was most impactful at the 
beginning of the crisis, but recovery has been quite smooth 
since then. Some did express concern about the post-pan- 
demic supply issues. Two-thirds of the interviewees stated 
that more business shifted online over the past two years, re- 
sulting in marketing and selling strategy changes (figure 50). 


Figure 50. Due to mobility restrictions caused by the pandemic, most companies have shifted at least some busi- 
ness online to adapt to the new normal. This often required changes in sourcing, marketing, and selling strategies. 
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GEM BEST SELLERS 
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Notably, the relatively new businesses, many with less than trading of gems and jewelry, some had difficulties capitaliz- 
five years in the trade, often started with more business on- _ ing on it, particularly with colored stones since buyers still 
line than offline. Though sellers mostly embraced online __ prefer to check the quality in person. 
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CONSUMER CONCERN ABOUT TRACEABILITY 


{) No consumer concern 
Bf Increase in traceability concern 
No impact 
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Figure 52. Many of the exhibitors surveyed noticed 
an increase in consumer concern about traceability, 
but the majority of them said it does not impact 
their business. 


To investigate the types of stone and jewelry sales over 
the past two years, the authors asked the selected ex- 
hibitors to circle the corresponding items, with many cir- 
cling multiple answers in each category. These questions 
covered gemstone species, jewelry, precious metal, and 
pearl types, with the understanding that while diamond 
sales continue to dominate the market, they are not the 
focus for the exhibitors surveyed. Not surprisingly, the 
“big three” still dominate sales, with sapphire leading the 
trend (figure 51, top), and tourmaline and spinel immedi- 
ately following the big three. As for jewelry types, rings 
and earrings lead the way (figure 51, middle). Yellow gold 
still sells the best, with platinum as the second best seller 
(figure 51, bottom). Several pearl dealers circled their best 
sellers, but the authors found that overall sales were quite 
evenly distributed among the four major cultured pearl 
types. 

As traceability is a hot topic in the trade, the authors 
also asked two related questions about whether respon- 
dents noticed increased consumer concern on traceability. 
If they answered yes, they were asked whether it affected 
how they do business. The result shows that about two- 
thirds of them noticed the concern, and two-thirds of those 
who noticed the concern did not feel that it affected their 
business (figure 52). 

As the world enters the post-pandemic era, it is 
worthwhile to continue monitoring how the market re- 
acts to the changes and how tradespeople adapt to the 
new normal. 


Tao Hsu and Lisa Kennedy 
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RESPONSIBLE PRACTICES 

a aa] 
Mercury Free Mining pilot program. In late 2021, Mercury 
Free Mining (MFM), the Alliance for Responsible Mining 
(ARM), and GIA joined with Peruvian artisanal and small- 
scale gold miners (ASGM) to launch a new program in- 
tended to find alternatives to mercury in gold mining. The 
partners are bound in recognizing the reliance on artisanal 
and small-scale gold mining to produce major quantities of 
an extremely valuable commodity. This situation unfortu- 
nately perpetuates the leading cause of anthropogenic mer- 
cury pollution. The pilot program aims to proactively 
develop mercury alternatives in two gold mines, increasing 
their sustainability, building a traceable ASGM gold sup- 
ply, and acting as a major leap in the MFM research team’s 
understanding of how we can ultimately eradicate mercury 
in gold mining. 

Mercury Free Mining, the program lead, is a nonprofit 
organization founded by Toby Pomeroy, a lifelong gold- 
smith, jeweler, and passionate advocate for responsible 
sourcing. Founded in 2019 with the mission of eradicating 
mercury, MFM has been building a community of jewelers 
supporting efforts to provide the nearly 20 million ASGM 
with efficient and nontoxic mercury alternatives where 
presently unavailable. 

MFMs research and deployment team, led by the au- 
thor, a geometallurgist, fosters novel sociotechnical solu- 
tions to address the issues facing ASGM with a focus on 
finding suitable mercury alternatives. This is a challenge. 
Gold is nonreactive to most chemicals (mercury being one 
of the only exceptions) and coincides with dense black 
sands that are difficult to mechanically separate (figure 53). 


Figure 53. Gold and dense black sands in a tradi- 

tional wooden batea, shown by a Colombian miner 
at Oro Verde. Typically, mercury is used to separate 
the two materials. Photo courtesy of Toby Pomeroy. 
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Figure 54. In this photo 
from November 2020, 
Kenyan miners in 
Kakamega County 
press amalgam in a pan 
to remove excess water. 
Amalgam is a mixture 
of mercury and gold 
produced by adding 
mercury to concen- 
trated gold ores. This 
method puts miners in 
direct contact with 
mercury, a potent neu- 
rotoxin that can be ab- 
sorbed through the 
skin. Photo courtesy of 
Ruth Epwoka. 


The team’s methodologies rely upon the miners’ desire to about implementing mercury alternatives that are more 
maximize earnings by recovering more gold from the raw __ effective and less harmful is scarce. Without this, miners 
ores while also minimizing harmful social, health,anden- have no choice but to rely upon a multi-generational 
vironmental side effects. Currently, reliable information neurotoxin in order to earn an income (figure 54). 


Figure 55. Miners wash 
the gold ores and use a 
sluice to collect gold 
within the slurry. 
Sluices are one of the 
most common tools 
used in artisanal and 
small-scale mining to 
concentrate gold. This 
simple configuration 
can capture ~20-70% of 
gold based on ore type, 
water flow, feed rate, 
and other specifications 
geometallurgists deter- 
mine through research. 
Photo courtesy of Ruth 
Epwoka. 
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GIA granted $50,000 to jumpstart the pilot. Since then, 
MEM has collaborated with ARM engineers and Peruvian 
miners to collect representative mineral samples for use in 
testing a suite of innovative gold concentrators. MFM is part- 
nering with six mineral processing experts to evaluate their 
respective technologies based on key performance indicators 
such as throughput, gold recovery, and concentration ratio. 
Spread across three continents, the testing will evaluate a 
large swath of potential mercury alternatives, helping to 
gather critical information on how different processors are 
suited for various gold ores (figure 55). This stage of the proj- 
ect will draw from advanced engineering and science to per- 
form thorough analyses in an accurate and timely manner. 

Following the testing, the results will be holistically 
synthesized by the MFM research team with respect to the 
many complexities of the miners’ unique situations. This 
will include a mercury comparison to understand the true 
viability for the miners to adopt an alternative. Stakeholder 
discussions will then determine whether the miners ulti- 
mately decide to adopt one of the mercury-free technolo- 
gies. If so, the team will help implement the transition to 
mercury-free methods and conduct observational research 
to better define the impact on the health of miners and their 
communities. 

The completion of this pilot program in 2022 will mark 
a turning point in MFM’s ability to minimize the global 
impacts of mercury by having a tested and verified frame- 
work that can translate to additional mercury elimination 
projects as MFM expands. Following the pilot, the MFM 
team will publicly release the first report documenting the 
research process and results in complete detail. This and 
future reports can be used freely by miners and organiza- 
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tions to enhance the ability to safely source gold. For those 
interested in learning more, collaborating, or using these 
methods elsewhere, please contact the author. 


Caelen Burand (caelen@mercuryfreemining.org) 
Mercury Free Mining 
Tucson 


TREATMENTS 


es 
Sugar/heat-treated opal. Treatments can cause harm when 
they are not disclosed properly, but without treatments, 
fewer gem resources would find their usage in the jewelry 
trade. At the AGTA show, the authors had the rare oppor- 
tunity to talk with James Carpenter from Arkansas-based 
Unconventional Lapidarist about sugar/heat treatment on 
porous rough opal. 

Sugar and acid treatment is one of the most commonly 
used methods to enhance opal. In the trade, this treatment 
is usually applied to matrix opal from Andamooka, Aus- 
tralia, a particularly porous material. The finished product 
is often referred to as “Andamooka matrix opal” or “An- 
damooka rainbow matrix opal” by the trade. This treatment 
was presented as a hot sugar bath followed by a hot acid bath 
(G. Brown, “Treated Andamooka matrix opal,” Summer 
1991 GwG, pp. 100-106). The chemical reaction between 
sugar and acid then deposits carbon to the porous structure 
of the opal as black dots. The treatment darkens the back- 
ground color of the opal and therefore makes the play-of- 
color stand out more. 

Carpenter revealed that he treated the opal without 
using acid to gain a similar result. The opals, either slices 


Figure 56. From left to 
right: rough Anda- 
mooka matrix opal, a 
slice after treatment, 
and a 72 ct finished 
freeform cabochon. 
Photo by Tao Hsu; 
courtesy of Unconven- 
tional Lapidarist. 
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or cabochons, were first soaked in a hot 50% sugary water 
solution for 6 to 9 hours. After cooling down from the hot 
sugar bath, the pieces were patted dry and then tightly 
wrapped in aluminum foil. Carpenter emphasized that 
tight wrapping is especially important because a loose wrap 
causes the sugar to sweat out and possibly generate more 
cracks in the material. The well-wrapped materials were 
then heated in a toaster oven at 450-500°F for about 4 
hours. After the final cooling, the materials were polished 
to finished products or retreated if necessary, revealing a 
dramatic change from start to finish (figure 56). 


Tao Hsu and Lisa Kennedy 


ANNOUNCEMENTS 


Fifth annual Gianmaria Buccellati Foundation Award win- 
ner. Meghan Simmons, a graduate of GIA’s Jewelry Design 
program at the Carlsbad campus, received the fifth annual 
Gianmaria Buccellati Foundation Award for Excellence in 
Jewelry Design. The award was presented at the GIA 
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Figure 57. The winning 
design from the 2021 
Gianmaria Buccellati 
Foundation Award for 
Excellence in Jewelry 
Design, created by 
Meghan Simmons, a 
Carlsbad graduate of 
the GIA Jewelry Design 
program. 


Alumni Collective’s “Night at the Museum” event held 
during the AGTA GemFair Tucson. One of 11 finalists, 
Simmons competed against more than 80 students from 
GIA’s seven campuses. Her winning earring design (figure 
57), inspired by the abstract artist Wassily Kandinsky, em- 
phasizes the use of line and shape with gold, diamonds, and 
blue sapphires. 

Simmons will spend a week in Italy, traveling from Flo- 
rence to Venice to Milan, and will meet with a representa- 
tive from the foundation. 

Larry French, chief officer of North American strategies 
for the foundation, said, “This competition was born out 
of the life and work of Gianmaria Buccellati. We congrat- 
ulate not only all the students who participated in this 
year’s design competition but also the talented instructors 
from GIA who guided the students on this beautiful art.” 

The 2022 Gianmaria Buccellati Foundation Award for 
Excellence in Jewelry Design competition is underway 
and open to students in GIA’s Jewelry Design courses who 
meet the eligibility requirements. For more information, 
visit gia.edu/buccellati-foundation-award-jewelry-design. 
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2022 Tucson Photo Gallery 
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Helen Serras-Herman’s “Pluto #) Persephone—Rulers of the Underworld” carving features a 59.98 ct Oregon 
sunstone from the Dust Devil mine and a 280 ct gem-quality silica chrysocolla and quartz with malachite. The 
piece is 110 x 55 x 38 mm, with a base carved in wax and cast in sterling silver. The silver faces depicted repre- 


sent the spirits of the underworld, with the Greek gods Pluto and Persephone sitting above them. Courtesy of 
Helen Serras-Herman. 
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“The Royal Tapestry,” created by Parisian jeweler 
Cristofol, contains 26,649 individual gems—emerald, 
tuby, sapphire, and diamond—set in 18K gold. A team 
of more than 10 artisans spent more than 16,000 hours 
to complete it, in addition to the five years needed to 
source, cut, and calibrate the gems. The 122 x 71 cm 
tapestry has more than 100,000 gold prongs and weighs 
over 40 Ibs. Owned by a private collector, this piece is 
on display at the new Alfie Norville Gem and Mineral 
Museum in Tucson. 
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im many watches and in the best grades not 
at all. 

From a gemological point of view the 
important thing to consider is that the early 
American watchmakers did know what 
stones they were using for watch jewels. 
All the stones I have found in American 
watches to date have been mentioned in the 
meager literature on the subject. The aqua- 
marine they speak of is so light in color 
that it could more properly be called 
goshenite. Chrysoberyl was referred to as 
chrysolite at that time, and many of their 
rubies I would call pink sapphire. These 
are mere technicalities, however. The gar- 
net used was principally almandite, but py- 
rope was used by some companies. Beryl 
and chrysoberyl was limited to a few of the 
earlier companies, and diamond was seldom 
used. Very few American watches contained 
more than three varieties of jewels. 


Concerning European watch jewels the 
story is a little more involved, particularly 
with regard to watches of English manu- 
facture. A watch made by Joseph Johnson, 
Liverpool, serial No. 13468, contains beryl, 
chrysoberyl, sapphire, garnet and diamond. 
Johnson was a prolific maker who catered 
to the American trade about 125 years ago. 
I have also found his watches with quartz 
plate jewels. 

White sapphire is often found in the 
plates and briages of Swiss and French 
watches, but was seldom used by the Eng- 
lish. 1 did test one English top plate, how- 
ever, which contained three white sapphire 
jewels and one nearly colorless spinel with 
a slight bluish cast. It was the first color- 
less stone I had found which remained 
dark in the polariscope. A refractive index 
of 1.72 and a string of included octohedral 
chrystals left no doubt that spinel should 
also be included among the stones used for 
watch bearings. 


I have not found quartz or spinel men- 
tioned in any literature on the subject. Rock 


crystal was sometimes used to make watch 
cases, and I have heard of transparent top 
plates being made of it. Carnelian was used 
extensively by the French for clock pallet 
stones. Sherwood says that they also used 
agate, but it was inferior to the carnelian 
because of its stratification which prevented 
forming a uniform surface. While on the 
subject of clocks, I might mention that I 
once repaired a wooden clock with ivory 
bearings. 

Red glass was often 2se4 to fool some 
unsuspecting buyer who thought he was 
getting a bargain in a fine 21 jewel watch. 
Usually these were glass caps which did 
not even touch the pivots, and a red cellu- 
loid washer was placed over the upper cen- 
ter bearing. 


The L. H. Keller Company, New York, 
jeweler’s supply catalog for 1900 lists 
polished ruby, polished garnet, unpolished 
garnet and common glass hole jewels, so it 
is quite probable that some glass found its 
way into good watches as replacements. 

I have run fairly complete tests on nearly 
fifty watches so far, including several made 
between 1750 and 1790 which had garnet 
and diamond balance cap jewels. I have 
also tesced a great many unset jewels from 
various sources. I still have several dozen 
watches with jewels large enough for test- 
ing, so I plan to write a future article after 
I have been able to conduct and compile 
the results of a more thorough search. 


In the meantime I would be interested in 
knowing whether any of you gem enthusi- 
asts have found this phase of gemology 
of sufficient interest to conduct a few tests 
of your own. If you should happen to find 
any stone not mentioned or a watch with 
yellow, orange, blue or green jewels in it, 
I would be pleased to have you write to 
me in care of the Los Angeles headquar- 
ters of G.I.A. I may never find those gros- 
sularite, tourmaline, topaz or zircon watch 
jewels, but I am still looking. 
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Corundum crystals often exhibit growth features such as these eye-visible trigons. Helen Serras-Herman, best 
known for her carving expertise, left these crystals intact to emphasize the natural growth features as design ele- 
ments, with simple gold wire turning them into pendants. Courtesy of Helen Serras-Herman. 


These sugarloaf cut gems, a 5.62 ct sapphire and a A 234 ct cat’s-eye topaz from Mozambique. Courtesy 
9.00 ct emerald, are of excellent color and clarity. of Meg Berry. 
Courtesy of Crown Color. 
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Inspired by the beautiful geometry of the Art Deco era, Zoltan David’s “Deco Drama” pendant features a 4.30 ct 
tourmaline along with 24K gold inlay and diamonds totaling 0.44 carats. Courtesy of Zoltan David. 
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Zoltan David’s “Twilight” pendant is inspired by the colors of the evening sky. It features a 24.06 ct Ethiopian opal 
set in titanium, inlaid with 24K gold, and accented with diamonds, blue sapphires, pink sapphires, tsavorite garnets, 
and spessartine garnets on a multi-strand steel chain. Courtesy of Zoltan David. 


This functioning compact powder box and lipstick set, with a hand-engraved floral motif, is encrusted with emer- 
alds, rubies, sapphires, and diamonds. Fashioned in gilded silver, the set was made in Russia circa 1930. Courtesy 
of Jewelerette & Co. 


This 14.62 ct color-change zircon (believed to be from Sri Lanka or Myanmar) was fashioned in Thailand. The gem 
appears bright green in incandescent light, changing to violet in daylight. Courtesy of Bryan Lichtenstein, 30/90. 


Although cerussite is rarely faceted due to its softness (3-_ + Opals are generally one-of-a-kind gemstones and rarely 

3.5 on the Mohs scale) and distinct cleavage, this 2.65 ct found as a matching pair, even as doublets. These 7 cm 

faceted gem exhibits remarkable dispersion. Courtesy of | Australian opal doublets, set in 18K recycled rose gold ear- 

Gembridge. rings, were inspired in form and texture by the Azores is- 
land chain. Courtesy of Eve Streicker, Original Eve. 


This fully terminated rhodonite crystal from the Con- Coveted by the Indian Mughal emperors during the 


selhero region of Minas Gerais, Brazil, weighs 133.5 g seventeenth and eighteenth centuries, Colombian 
and measures 52 x 33.9 x 29.4 mm. The 46.19 ct oval emeralds were often allowed to retain their hexagonal 
gem is of remarkable clarity and quality for rhodonite, outline and then carved and fashioned using Gol- 
which is generally used for ornamental carvings and conda diamond tools. This 49.08 ct emerald exhibits 
cabochons. Courtesy of Jean Claude Nydegger. a floral motif. Courtesy of a private collection. 


This superb 50.09 ct color-change sapphire from Sri Lanka goes from purple to blue in incandescent and daylight, 
respectively. Courtesy of Pioneer Gems. 


> 
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Jewelry clients increasingly seek gold that is equitably mined and not harmful to the environment. This 18K yellow 
gold “Oasis Medallion” pendant uses recycled gold and features F-color, VS, diamonds (0.17 carats total) and a 2.41 ct 
blue sapphire from Sheehan Sapphires, Sri Lanka. Made of Fairmined 18K yellow gold, the ring contains 0.09 carats of 
diamonds and a 2.19 ct pink sapphire. Courtesy of Lester Oehler and Juleia Dooley of Toby Pomeroy. 


All photos by Robert Weldon. 


REGULAR FEATURES 


COLORED STONES AND ORGANIC MATERIALS 


Cuprite and malachite in agate from the Yanyuan region, 
Sichuan. The Yanyuan region in China’s Sichuan Province 
is rich in agates known for their vibrant colors, including 
pink, purple, and green. Dendritic inclusions are common 
in agates from many areas but rarely seen in agates from 
Yanyuan. Recently, our interest was drawn to a 9.40 g gray- 
purple carved pendant submitted for identification (figure 
58) that displayed peculiar dendritic inclusions. The piece 
was reported by the client to be from Yanyuan. 

Standard gemological testing of the pendant yielded a 
spot refractive index of 1.54, and Fourier-transform infrared 
(FTIR) spectroscopy was used to confirm the identity of the 
pendant. Microscopic observation revealed a blue-green 
spherical mineral surrounded by copper-red dendritic in- 
clusions (figure 59), which appeared to have a metallic lus- 
ter under reflected light. 

The red inclusions in the exposed surface and the blue- 
green inclusion nearby were analyzed with Raman spec- 
troscopy. The analyses showed that the red inclusions were 
cuprite (Cu,O) and the blue-green sphere was malachite 
(Cu,(CO;)OH,), both of which were confirmed by energy- 
dispersive X-ray fluorescence (EDXRF) testing (figure 60). In 


Figure 58. This 9.40 g gray-purple pendant was identi- 
fied as agate. Photo by Su Xu. 
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Figure 59. Microscopic observation of the pendant re- 
vealed copper-red dendritic inclusions and a blue- 
green spherical inclusion. Photomicrograph by Su Xu; 
field of view 1.5 mm. 


the Raman spectra of the inclusions, the peak at 464 cm" 
was assigned to the agate host (figure 60). 

While copper inclusions have been previously reported 
in purple chalcedony (Spring 2019 GG Micro-World, p. 
111) and chrysocolla chalcedony (M. Ye and A.H. Shen, 
“Gemmological and mineralogical characteristics of 
chrysocolla chalcedony from Taiwan, Indonesia and the 
USA, and their separation,” Journal of Gemmology, Vol. 
37, No. 3, 2020, pp. 2622.80), this is the first time we have 
identified two kinds of copper-bearing inclusions in agate 
from Yanyuan. 


Su Xu and Dapeng Chen 
National Gold-Silver Gem & Jewelry 
Quality Supervision & Inspection Center, Sichuan 


Unusual repair of a natural emerald. A 5.24 ct bluish green 
emerald (figure 61) was presented to the State Gemmolog- 
ical Centre of Ukraine for identification and determination 
of the presence of treatment. The client reported that this 
stone was mined in Colombia. The stone exhibited a refrac- 
tive index of 1.566-1.571, birefringence of 0.005, hydro- 
static specific gravity of 2.67, moderate pleochroism with 
bluish green to green colors, and a very weak pink fluores- 
cence to long-wave and short-wave UV. Qualitative analysis 
using EDXRF spectroscopy showed major amounts of vana- 
dium, chromium, and iron and minor amounts of gallium. 

Magnification with a gemological microscope revealed 
an abundance of fluid growth tubes, as well as two-phase 
and three-phase inclusions. Thick masses of gray matter 
were revealed inside the cracks of the emerald. Infrared 
spectroscopy (FTIR) was subsequently performed to ana- 
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Green-blue spherical inclusion 
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Cuprite (RO50374) 

Malachite (RO50508) 


Figure 60. Comparison 
between the Raman 
spectra obtained for the 
two kinds of inclusions 
found in the agate and 
reference spectra for 
cuprite and malachite 
from the RRUFF data- 
base. Spectra are offset 
for clarity. 
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lyze this gray substance. Epoxy resin peaks at 3060, 3035, 
3000, 2964, 2932, and 2871 cm~ confirmed an epoxy resin 
treatment (M.L. Johnson et al., “On the identification of 
various emerald filling substances,” Summer 1999 GWG, 
pp. 82-107). 

DiamondView imaging clearly revealed the epoxy resin 
filler within the fissures as a series of blue lines extending 
over the entire surface against the emerald’s red-fluorescing 
bodycolor (apparently due to the presence of the Cr** im- 
purity). Additionally, careful examination from all sides of 
the stone revealed a patch in one of the corners. This patch 


Figure 61. Examination of this 5.24 ct clarity-en- 
hanced emerald revealed unusual repair work. Photo 
by Iurii Gaievskyi. 
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was covered with rounded pits and glowed strong blue in 
the DiamondView (figure 62). In daylight, there was a clear, 
even border between the patch and the emerald (figure 63). 
EDXREF analysis showed additional admixtures of potas- 


Figure 62. DiamondView imaging of a patch applied 
to a corner of the emerald. Image by Iurii Gaievskyi. 
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Figure 68. The clear, even border between the patch 
and the emerald, shown in daylight. Photomicro- 
graph by Iurii Gaievskyi; field of view 4.0 mm. 


sium and calcium on the side of the patch. All of these 
properties suggest that glass was the raw material for this 
patch, which was presumably used to conceal a damaged 
part of the cut emerald. This kind of repair is extremely 
unusual for cut stones. 


Iurii Gaievskyi (gaevsky@hotmail.com) 
State Gemmological Centre of Ukraine, Kyiv 


Inclusions and spectroscopic features of yellowish green en- 
statite. Gem-quality enstatite is the magnesium end mem- 
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ber of the enstatite-ferrosilite series in the clinopyroxene 
subgroup of the pyroxene group. While the most common 
color is brown, it can also be colorless, green, or gray. Myan- 
mar, Tanzania, and Sri Lanka are the main sources of gem- 
quality stones currently in the market. Enstatite can yield 
clean faceted gems but can also display four-, six-, or eight- 
rayed asterism. 

Enstatites have been documented many times from 
various sources. Six-rayed star brown enstatite was re- 
ported from India (W. Eppler, “Star-diopside and star-ensta- 
tite,” Journal of Gemmology, Vol. 10, No. 6, 1967, pp. 
185-188). Sri Lankan samples were reported in U. Henn 
and H. Bank, “Sternbronzit aus Sri Lanka,” Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 40, No. 2— 
3, pp. 145-148. Star enstatite from Madagascar was de- 
scribed in T. Cathelineau, “Six-rayed star enstatite from 
Madagascar,” Journal of Gemmology, Vol. 36, No. 8, 2019, 
pp. 688-690. Four-rayed star brown enstatites from Sri 
Lanka were documented in E.J. Gtibelin and J.I. Koivula, 
Photoatlas of Inclusions in Gemstones, Volume 3, Opinio 
Publishers, Basel, Switzerland, 2008. Faceted brown ensta- 
tite was reported in Koivula et al., “Gemmological inves- 
tigation of a large faceted East African enstatite,” Journal 
of Gemmology, Vol. 21, No. 2, 1988, pp. 92-94. Yellowish 
green enstatites from Africa were discussed in K. Schmet- 
zer and H. Krupp, “Enstatite from Mairimba Hill, Kenya,” 
Journal of Gemmology, Vol. 18, No. 2, 1982, pp. 118-120, 
as well as in B.M. Laurs et al., “Yellowish green enstatite 
(and star enstatite) from Tanzania,” Journal of Gemmol- 
ogy, Vol. 36, No. 8, 2019, pp. 691-693. Norwegian stones 
were documented in F. Schmitz et al., “Polymer-filled star 
enstatite from Norway,” Journal of Gemmology, Vol. 35, 
No. 2, 2016, pp. 98-101. 

Recently, GIT Gem Testing Laboratory (GIT-GTL) re- 
ceived six bright yellowish green enstatite samples weigh- 
ing 0.65 to 2.78 ct (figure 64) that were reported by author 
SD to be from Africa. The stones appeared fairly similar to 
the previously documented four-rayed star yellowish green 


Figure 64. Two faceted 
and four cabochon 
bright yellowish green 
enstatites. Left to right: 
a 1.02 ct pear (sample 
no. e102), 1.32 ct cush- 
ion (e132), 2.78 ct cush- 
ion (e278), 1.44 ct pear 
(e144), 0.65 ct oval 
(e065), and 0.67 ct 
modified triangle 
(e067). Photo by C. 
Kamemakanon; cour- 
tesy of American-Thai 
Trading. 
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enstatite from Tanzania documented by Laurs et al. (2019). 
In that article, needle-like inclusions were found to be the 
cause of the four-rayed asterism, but their mineralogical 
identity was not reported. 

Of the six stones examined in this study, four were 
cabochons displaying a four-rayed star effect while two 
were faceted (figure 64). The five stones with at least one 
polished flat surface gave refractive indices of a = 1.655- 
1.660, B = 1.661-1.665, and Y = 1.668-1.669, with a birefrin- 
gence of 0.009-0.014, and are therefore biaxial positive. 
The spot RI reading of one cabochon without a flat surface 
was ~1.66. The hydrostatic specific gravity of all samples 
was 3.22-3.25. All these values fall well within the range 
of enstatite. The stones appeared weak orange under the 
Chelsea color filter and showed moderate yellow and yel- 
lowish green pleochroism. All were inert to both long- 
wave and short-wave UV. 

The main diagnostic internal features were the two sets 
of dense and regularly oriented needle-like inclusions (fig- 
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Figure 65. A and B: 
Using oblique fiber- 
optic lighting, the four- 
rayed star enstatite 
cabochons reveal two 
sets of densely and reg- 
ularly oriented fine nee- 
dle-like inclusions 
intersecting at approxi- 
mately 57° to 60°. C-E: 
The pear cabochon 
shows patches of 
densely oriented 
minute white particles 
(C), a plane of oriented 
tubes partially filled 
with small brownish 
white to colorless mag- 
nesite crystals (D), and 
oriented tubes filled 
with magnesite (E). F: 
Rectangular platelets 
and needle inclusions 
with bright interference 
colors in the modified 
triangle. Photomicro- 
graphs by S. Promwong- 
nan; fields of view 3.6 
mm (A—D) and 1.5 mm 
(E-F). 


ure 65, A and B). The two sets measured on the same plane 
at the top of three cabochons (e278, e132, and e144) were 
found to intersect at an approximate angle of 57° to 60°, 
producing the four-rayed star effect seen on the cabochon 
surface (figure 64). While the two faceted stones also con- 
tained fine needle-like inclusions, they were not cut to dis- 
play a star. 

Close examination also uncovered two sets of needles 
that did not produce asterism. In addition, patches of 
densely oriented minute white particles (figure 65C) anda 
plane of oriented short tubes (figure 65, D and E) were 
found in one stone (e144). These tubes were partially filled 
with tiny brownish white to colorless crystals identified 
by Raman spectroscopy as magnesite (figure 66). The pres- 
ence of epigenetic magnesite (MgCO,) could have resulted 
from alteration of the host enstatite. The other feature con- 
sisted of sparse rectangular platelet inclusions occurring in 
various directions within the dense mesh of needle inclu- 
sions (e067, figure 65F). 
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Figure 1 


e Waltham #1525. Made 
about 1855. Plate jewels are 
colorless beryl. 


Figure 2 


* Elgin #371. This 
model sold for $117. in 
1867. Plate jewels are 
garnet. Escapement 
contained ruby and 
sapphire. 
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Figure 66. Raman spec- 
tra of the exposed fine 
needle inclusions plus 
host mineral (green 
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The Raman spectra of all host mineral samples, 
recorded using 532, nm laser excitation, similarly showed 
dominant peaks that matched the enstatite reference spec- 
trum from the RRUFF database (not shown here). More- 
over, the Raman spectrum of the exposed fine needle 
inclusions plus host mineral in one sample (e078) gave the 
superimposed peaks of rutile (440 and 610 cm) and ensta- 
tite (238, 343, 662, 685, 1010, and 1030 cm”), consistent 
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line) show the superim- 
posed peaks of rutile 
and enstatite that 
match with the RRUFF 
reference spectra (black 
and blue lines, respec- 
tively). Similarly, the 
spectra of exposed 
white to colorless crys- 
tals in short tubes plus 
host mineral (red line) 
display peaks of mag- 
nesite and enstatite 
that match with the 
RRUFF reference spec- 
tra (pink and blue 
lines, respectively). 
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with the RRUFF reference spectra in figure 66. Similarly, 
the Raman spectrum of exposed white to colorless crystals 
in short tubes plus the host in a sample (e144) showed over- 
lapping peaks of magnesite (213, 330, 737, and 1094 cm") 
and enstatite, also consistent with the RRUFF reference 
spectra. The identity of the rectangular platelet inclusions, 
however, could not be resolved due to their sparsity and 
their depth below the surface. 
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Polarized ultraviolet/visible/near-infrared (UV-Vis-NIR) 
spectra of a sample (e132) showed features dominated by 
broad absorption bands of Fe** in the NIR region centered 


Figure 67. Polarized UV- 
Vis-NIR absorption spec- 
tra of an enstatite (e132) 
showing a dominant 
Fe**-related broad band 
around 900 nm and ad- 
ditional Fe**-related ab- 
sorptions at 1750 nm in 
addition to a continuous 
rise from ~700 nm to- 
ward the UV with 
smaller absorptions at 
427, 506, and 546 nm. 
The iron absorptions are 
superimposed by two 
broad bands around 
420-490 nm and 600- 
700 nm due to the pres- 
ence of V* plus trace 
Cr* in the stone lattice 
(see table 1). Spectra are 
offset for clarity. 


at ~900 and ~1750 nm (figure 67). The spectra rise contin- 
uously from ~700 nm toward the UV with small Fe** peaks 
at 427, 506, and 546 nm in the visible range (Cathelineau, 


TABLE 1. Chemical contents of the six enstatite samples measured by EDXRF in this study and those of 
previously reported yellowish green enstatites from Africa. 


Element oxides (wt.%) 
Sample no./locality 
MgO Al,O, SiO, CaO TiO, V,O, Cr,O, MnO Fe@s ZnO 
e278 31.53 7.65 58.92 0.08 0.07 0.07 0.02 0.32 1.28 0.05 
e065 S110 7.34 58.05 0.14 0.13 0.13 0.04 O55 2.41 ‘Oni 
e067 31.16 7.14 58.24 0.12 0.13 0.15 0.06 0.59 2.30 0.10 
e102 31.05 6.29 59119 0.14 0.11 0.11 0.04 0.70 2.24 0.13 
e132 30.88 7.34 58.19 0.12 0.14 0.13 0.03 0.56 2.50 0.12 
e144 26.49 8.09 Be) IS) 0.21 0.25 0.22 0.07 1.04 4.26 0.24 
oe and Krupp, | 38.97 3.60 55.57 n.a.© n.a. na. 0.22 na. 1.62 naa. 
Tanzania (Laurs et al., 2019) mene nr nr [nr 0.12 0.14 0.01 0.52 2.00 nr. 
’Electron microprobe 
PEDXRF 
‘n.a. = not analyzed 
4n.r. = not reported 
Detection limits: ~O.01 wt.% for all elements. 
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TABLE 2. Comparison of the localities and physical properties of gem enstatites from this study and those 


reported previously. 


Color-causing 


Locality Color Asterism Inclusion features Properties ae References 
RI 
T : a = 1.655-1.660 
oneal Rutile needles Bis SVE z 
(probable Yellowish green 4 rays 57°_60° a 6 = 1.661-1.665 Res V2 Grea This study 
locality) = 11668=1-669 
SG = 3.22-3.25 
; ; RI = 1.660-1.669 
Tanzania Yellowish green 4 rays Needles Ve Laurs et al. (2019) 
SG = 3.25 
: None RI=1.652-1.662 Ree ese Schmetzer and 
Kenya Yellowish green (faceted) — een re", Cr Krupp (1982) 
a= 1.662 
= 1.667 
Tanzania Brown Nene Parallel needles B — Koivula et al. (1988) 
(faceted) y = 1.673 
SG = 3.33-3.41 
: Hollow channels, Henn and Bank 
Sri Lanka Brown 6 rays 57° and 61° — — (1991) 
. . a : Giibelin and 
Sri Lanka Brown 4 rays Rutile or sillimanite — — Koivula (2008) 
‘ Possible rutile needles, 
India Brown 6 rays 57° and 64° — — Eppler (1967) 
RI 
n,, = 1.685 
Norway Brown 4 rays IImenite, 64° n, = 1.693 Fe** selina tal: 
: B . (2016) 
n,= 1.697 
SG = 3.35 
° ° ih Cathelineau 
Madagascar Brown 6 rays Needles, 57° and 62 — Fe (2019) 


2019). In addition, these iron absorption features were su- 
perimposed by absorption bands around 420-490 nm and 
600-700 nm due to the presence of V** with trace Cr** (see 
table 1). These two bands cause the absorption of the vio- 
let-blue and orange-red ends of the visible spectrum. Such 
overlapping absorption features allow the transmission 
window in the green to the yellow region, giving rise to the 
bright yellowish green color (Laurs et al., 2019). The origin 
of the absorption band at ~2220 nm, however, could not be 
resolved. 

Semi-quantitative EDXRF chemical analyses revealed 
enriched contents of silicon (58.1-59.2 wt.% SiO,}, magne- 
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sium (26.5-31.5 wt.% MgO], and aluminum (6.3-8.1 wt.% 
ALO,), with trace amounts of iron, calcium, titanium, 
vanadium, chromium, manganese, and zinc (table 1). Fur- 
thermore, the end-member compositions were calculated 
and appeared close to the enstatite end members (92.0— 
96.2% enstatite, 3.5-7.5% ferrosilite, and 0.3-0.5% wol- 
lastonite) of the enstatite-ferrosilite series. 

In summary, the attractive bright yellowish green col- 
ors of these enstatites are caused by the combination of sig- 
nificant iron and vanadium with a trace of chromium 
substituting magnesium in the crystal lattice. The four- 
rayed asterism phenomenon is caused by light reflection 
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from two sets of very dense fine rutile needle inclusions 
intersecting one another at approximately 57° to 60°. The 
similarity of these stones and those reported by Laurs et al. 
(2019) (tables 1 and 2) leads us to conclude these stones 
could also be from Tanzania. 


Supparat Promwongnan, Visut Pisutha-Arnond, 
Wilawan Atichat, Thanong Leelawathanasuk, and 
Cheewaporn Suphanan 

Gem and Jewelry Institute of Thailand (GIT), Bangkok 


Scott Davies 
American-Thai Trading, Bangkok 


Star topaz from Vietnam. In addition to ruby, sapphire, 
spinel, tourmaline, garnet, and aquamarine, Vietnam is a 
source of topaz, discovered in many mining areas of several 
northern and Central Highlands provinces. These crystals 
are mainly colorless or very light to light blue. In 2020, we 
purchased a star topaz, reported to be from Lam Dong, 
Vietnam (figure 68). It was cut and sold by a gem setter in 
Ho Chi Minh City. 

This transparent oval cabochon weighed 271.76 ct and 
measured 43.98 x 32.16 mm and 19.12 mm tall. Observed 
with the unaided eye under a spotlight, it had a visible 
eight-rayed star effect. Testing at Liu Gemological Re- 
search and Application Center revealed the following stan- 
dard gemological properties: refractive index—1.620-1.62,7 
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Figure 68. The 271.76 
ct topaz was very light 
blue and transparent 
under daylight (A). Di- 
recting the flashlight 
as reflected light on 
the dome caused an 
eight-rayed star effect. 
Because of the wide 
light zone, the ray ex- 
tending along the 
stone was blurred 
when the light was di- 
rected at the dome (B) 
and became more de- 
fined as the stone was 
moved (C and D). Pho- 
tos by Le Ngoc Nang. 


(measured on the flat polished bottom); hydrostatic specific 
gravity—3.56; biaxial optic figure under the polariscope; 
inert to long- and short-wave UV radiation; very weak 
pleochroism (colorless to light blue}; and two-phase inclu- 
sions and needle-like inclusions. These characteristics con- 
firmed a natural topaz. 

We directed a flashlight as reflected light on the top of 
the stone, keeping the background dark to accentuate the 
phenomenon. An eight-rayed asterism appeared, caused 
by a strong band of light that extended along the length of 
the stone. This band of light formed the two main arms 
of the star. Six sharper arms extended from the main band. 
These six arms were formed by three bands—one perpen- 
dicular to the main light band and the other two inclined 
to it. Depending on the stone’s orientation, the arms of the 
inclined light bands were split into two parts or crossed 
the intersection of the main light band and the light band 
perpendicular to it. Each pair of inclined arms formed an 
angle of ~98° (i.e., the single light band was inclined at 
~49° to the main light band). The length and width of the 
rays changed when we directed the light at different angles 
(figure 68). See video of this effect at www.gia.edu/gems- 
gemology/spring-2022-gemnews-star-topaz-from-Vietnam. 

Under the microscope, we recorded white needle-like 
inclusions but could not identify them. They were oriented 
in four directions, and this was responsible for the eight- 
rayed star effect. These inclusions did not form long nee- 
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Figure 69. Needle-like inclusions arranged in four 
directions, viewed here from the top of the stone, cre- 
ated the asterism effect in the Vietnam topaz. Photo- 
micrograph by Le Ngoc Nang. 


dles but slightly elongated dashes that were unevenly dis- 
tributed in the stone (figure 69). This uneven distribution 


Figure 70. Bravais lattice with base-centered ortho- 
rhombic system (left). On the (001) plane, the needle- 
like inclusions aligned in four directions to form an 
eight-rayed asterism (right). 
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of inclusions explains why some rays became blurred or 
vanished while others were continuous and sharp. 

Topaz has been documented to have chatoyancy, four- 
rayed asterism (Spring 2007 GNI, p. 73; Summer 2008 
GNI, pp. 182-183), and six-rayed asterism (M. Steinbach, 
Asterism—Gems with a Star, MPS Publishing and Media, 
Idar-Oberstein, Germany, 2016). However, there have been 
no reports of topaz with eight-rayed asterism. The or- 
thorhombic system has four Bravais lattices: primitive, 
base-centered, body-centered, and face-centered. When the 
topaz crystal has a base-centered lattice, the needle-like 
inclusion will align to four directions on the (001) plane: 
two perpendicular directions of a and b, and two diagonal 
directions intersected at the center of the top and bottom 
faces of the lattice. These directions are perpendicular to 
the c-axis (figure 70). When the light reflects off these in- 
clusions, an eight-rayed asterism will appear. A typical ex- 
ample of an orthorhombic mineral with an eight-rayed 
asterism was bronzite, introduced by Steinbach (2016). 
Nevertheless, this eight-rayed star topaz was a rare and in- 
triguing case. 


Le Ngoc Nang 

Liu Gemological Research and Application Center and 
University of Science, Vietnam National University 
Ho Chi Minh City 


Pham Minh Tien 
Liu Gemological Research and Application Center 
Ho Chi Minh City 


DIAMONDS 


The discovery of davemaoite, the CaSiO, perovskite, in a 
diamond from Earth’s lower mantle. Common silicate 
minerals such as olivine and garnet convert to other phases 
when brought to great depths in the planet, where they are 
subjected to extreme pressures. It has long been thought 
that two of the most common phases at depth in Earth 
have the perovskite structure. They have long been known 
from experimental studies in which they have been called 
magnesium silicate perovskite (MgSiO,) and calcium sili- 
cate perovskite (CaSiO,). Only recently has the magnesium 
silicate perovskite been found in nature, in a meteorite, 
where it was characterized and named bridgmanite (O. 
Tschauner et al., “Discovery of bridgmanite, the most 
abundant mineral in Earth, in a shocked meteorite,” Sci- 
ence, Vol. 346, 2014, pp. 1100-1102). More recently, the 
calcium silicate perovskite has been found in a diamond 
and sufficiently characterized to be given a mineral species 
name (O. Tschauner et al., “Discovery of davemaoite, 
CaSiO,-perovskite, as a mineral from the lower mantle,” 
Science, Vol. 374, 202.1, pp. 891-894). 

Diamonds are one of the few minerals that bring us 
samples of the minerals found in the deep earth. Diamonds 
serve as chemically inert and nearly volume-conserving 
hosts for these minerals, thereby allowing them to retain 
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Figure 71. A typical coated diamond from Orapa. 
This is not the stone studied, but rather one from the 
same batch and locality with approximately the 
same color and size. Photo by George Rossman. 


their composition and in some cases even their original 
structure. The examination of the inclusions in an 81 mg 
(~0.405 ct) octahedral diamond from Orapa, Botswana, has 
resulted in the discovery of the high-pressure form of 
CaSiO, in the perovskite structure occurring as a natural 
mineral in the diamond (figure 71). This phase has been ap- 
proved by the International Mineralogical Association 
with the name davemaoite, named in honor of Dave (Ho- 
kwang) Mao, for his contributions to understanding the 
deep-mantle geophysics and petrology of our planet. 

Experimental studies in the laboratory have indicated 
that CaSiO, assumes the perovskite structure at depths be- 
tween 420 and ~2700 km. This phase, first synthesized in 
1975 (L. Liu and T. Ringwood, “Synthesis of a perovskite- 
type polymorph of CaSiO,,” Earth and Planetary Science 
Letters, Vol. 28, 1975, pp. 209-211), is only thermodynam- 
ically stable at pressures greater than 200,000 atmospheres 
(20 GPa). Furthermore, the rate of back-conversion to low- 
pressure polymorphs is rapid if the pressure is lowered. 
Consequently, the natural mineral is unlikely to survive 
transport from the deep earth to the surface. 
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Figure 72. The polished slab of the diamond contain- 
ing davemaoite showing the round spots where the 
grains were excavated for LA-ICP-MS analysis. Photo 
by Aaron Celestian. 


Davemaoite was first identified and characterized within 
a diamond studied at the Advanced Photon Source at Ar- 
gonne National Laboratory in Illinois, where an X-ray beam 
was focused to a 0.5 x 0.5 um spot. Calcium-rich inclusions 
in the diamond were first located. Two inclusions, 4 x 6 ym 
and 4 x 16 um in size, were examined with X-ray diffraction. 
They both produced a perovskite pattern. Their identity was 
further confirmed by infrared spectroscopy. Theoretically, a 
cubic perovskite has no Raman pattern, and none was ob- 
tained from these inclusions. The inclusions were next ex- 
cavated from the surrounding diamond and analyzed with 
laser ablation—inductively coupled plasma—mass spectrom- 
etry (LA-ICP-MS) (figure 72). Their composition corre- 
sponded to the calcium silicate perovskite. 

Davemaoite is significant in Earth’s deep mantle because 
it acts as a host to many elements that are incompatible 
with upper-mantle minerals, fulfilling a role that garnet 
plays in the upper mantle. Davemaoite may be the most 
geochemically important phase in the lower mantle because 
it will act as a repository in which the radioactive, heat-gen- 
erating elements thorium and uranium become concen- 
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trated. Calculations suggested that davemaoite was en- 
trapped in the host diamond at pressures of at least 290,000 
atmospheres and temperatures of at least 1400 K. These di- 
amonds from Orapa are also noteworthy because in addition 
to davemaoite, a high-pressure form of ice was found as a 
solid inclusion within them where the diamond's internal 
pressure was great enough to maintain the ice in the solid 
form, allowing it to be characterized as the new mineral 
species ice-VII (O. Tschauner et al., “Ice-VII inclusions in di- 
amonds: Evidence for aqueous fluid in Earth’s deep mantle,” 
Science, Vol. 359, 2018, No. 6380, pp. 1136-1139). 


George R. Rossman 
Division of Geological and Planetary Sciences 
California Institute of Technology 


Oliver Tschauner 
Department of Geoscience 
University of Nevada, Las Vegas 


Natural near-colorless type IIb diamond. While colorless 
to near-colorless HPHT laboratory-grown diamonds usu- 
ally contain detectable boron impurities (classified as type 
IIb; see S. Eaton-Magania et al., “Observations on HPHT- 
grown synthetic diamonds: A review,” Fall 2017 GwG, pp. 
262-284), it is uncommon to encounter a boron-bearing di- 
amond of natural origin due to its rarity (0.02% of natural 
gem diamonds; E.M. Smith et al., “Blue boron-bearing di- 
amonds from Earth’s lower mantle,” Nature, Vol. 560, No. 
7716, 2018, pp. 84-87). The boron concentrations in natu- 
ral diamonds are generally low (typically <1 ppm), but 
boron is such an efficient coloring agent that it imparts a 
blue color to most type IIb diamonds. However, exceptions 
still exist. For example, when boron absorption is accom- 
panied by absorptions from plastic deformation, the com- 
bined effects may give rise to other colors (e.g., yellowish 
green; Spring 2012 Lab Notes, pp. 47-48; see also Summer 
2009 Lab Notes, p. 136). Occasionally, some type IIb dia- 
monds are near-colorless because their boron concentra- 
tions are too low to cause a blue color (e.g., E. Fritsch and 
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Figure 73. FTIR spectrum of the sample showing a 
band (2802 cnr") characteristic of type IIb diamond. 


K. Scarratt, “Natural-color nonconductive gray-to-blue di- 
amonds,” Spring 1992. GWG, pp. 35-42), but they are far 
from common. Therefore, any near-colorless type IIb dia- 
mond submitted to a gem laboratory should be given par- 
ticular attention to determine its possible lab-grown origin. 

Recently, we had the opportunity to examine such an 
example. This 0.24 ct round brilliant cut had an I color grade 
due to its grayish component, usually seen in natural type 
Ib diamond. Fourier-transform infrared (FTIR) absorption 
spectroscopy detected a weak band at 2802 cm (figure 73), 
characteristic of uncompensated boron, and identified the 
sample as type IIb. The diamond was inert to both long- and 
short-wave ultraviolet radiation. When observed with the 
DiamondView, it exhibited blue fluorescence and moderate 
blue-green phosphorescence (figure 74). The dislocation net- 


Figure 74. DiamondView 
imaging of the 0.24 ct dia- 
mond revealed blue fluo- 
rescence (left) and 
moderate blue-green 
phosphorescence (right). 
Subtle dislocation net- 
works on the table (red 
arrow) that resulted from 
plastic deformation, typi- 
cally observed in type Ila 
and IIb diamond, are con- 
sistent with a sublithos- 
pheric origin. Images by 
Wenqing Huang. 
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Figure 75. Photolumi- 
nescence spectra from 
the type IIb diamond 
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under 473 nm and 532 
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works observed on the table (figure 74, left), typically seen 
in some natural type Ia and IIb diamonds but not previously 
described for lab-grown diamonds, suggest a natural origin. 
Further evidence of natural origin came from photolumines- 
cence (PL) spectroscopy and inclusion analysis. 

Multiple laser excitations (473, 532, and 633 nm) were 
used to characterize its photoluminescence features at liq- 
uid nitrogen temperatures. The PL spectrum measured 
with a 473 nm excitation revealed the presence of nitro- 
gen-related defect H4 (496.0 nm) (figure 75, top). PL spec- 
troscopy using a 532 nm laser (figure 75, bottom) revealed 
the occurrence of GR1, NV°, and a sharp peak at 648.2 nm 
that is probably related to interstitial boron, all of which 
have been documented previously in type IIb diamonds (S. 
Eaton-Magania et al., “Natural-color blue, gray, and violet 
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diamonds: Allure of the deep,” Summer 2018 GWG, pp. 
112-131). Nickel defect-related peaks (883/884 nm), a com- 
mon feature in HPHT laboratory-grown diamonds of vari- 
ous colors, were not detected with any of these excitations. 

Magnification indicated several solid inclusions (figure 
76), mostly in the crown, that resulted in its SI, clarity 
grade. The inclusion scenes were consistent with those de- 
scribed in natural type Ib blue diamonds (Smith et al., 
2018). Namely, they tended to show a tiny satellite-like ap- 
pearance composed of the main inclusion and accompany- 
ing decompression cracks. Raman spectra using a 532 nm 
laser revealed that two of these inclusions were coesite (fig- 
ure 77). This feature confirmed the diamond’s natural ori- 
gin. Coesite is a relatively common inclusion in 
lithospheric diamonds that formed at depths of ~150-200 


Figure 76. Inclusions 
(outlined in red circles) 
observed in the type IIb 
diamond tended to 
show a satellite-like ap- 
pearance. Fields of view 
are 2.5 mm (left) and 2 
mm (right), respectively. 
Photomicrographs by 
Wengqing Huang. 
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Figure 77. Raman spectra of mineral inclusions in the type IIb diamond. Left: Baseline-corrected Raman spectra of a 
mineral inclusion (blue line) match the CaTiO, perovskite reference spectrum (light gray line) from Nestola et al. 
(2018). The included mineral could be perovskite or CaSiO, perovskite, since their Raman spectra are almost indistin- 
guishable. Right: Baseline-uncorrected Raman spectrum of a coesite inclusion inverted from the presumed stishovite, 
showing main bands at approximately 530, 272, and 195 cnr". Reference spectrum is from RRUFF-X050094. 


km. However, recent studies show that type IIb diamonds 
have a sublithospheric origin and are formed in the upper 
part of the lower mantle (Smith et al., 2018). For type IIb 
diamond formed at such depths, the coesite inclusion has 
not been considered to be in its original pristine form, but 
rather the back-transformation product from stishovite. 
Another inclusion showed bands matching roughly with 
perovskite (CaTiO,) (figure 77), but its precise mineralogy 
was difficult to determine. This is because the Raman 
spectra of perovskite and CaSiO, perovskite, both of which 
have been described in sublithospheric diamonds, are very 
similar (F. Nestola et al., “CaSiO, perovskite in diamond 
indicates the recycling of oceanic crust into the lower man- 
tle,” Nature, Vol. 555, No. 7695, 2018, pp. 237-241). No 
matter what exact mineral this inclusion corresponds to, 
its occurrence implies a sublithospheric origin for the host 
diamond. Other mineral inclusions could not be identified, 
probably because of their depth within the diamond. 

Due to the scarcity of natural type IIb diamonds, any 
near-colorless diamond that contains boron detectable by 
FTIR spectroscopy should be given close attention to deter- 
mine its origin. The near-colorless type IIb diamond exam- 
ined here, though rarely encountered, was identified as 
natural on the basis of its gemological and spectroscopic 
characteristics. 


Ting Shui 

China Geological Survey, Nanjing 

Wengqing Huang 

National Center of Inspection and Testing on Quality of 
Gold and Silver Products 

Nanjing Institute of Product Quality Inspection 
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SYNTHETICS AND SIMULANTS 

Barite-calcite composite as imitation “Wulanhua” 
turquoise from Hubei Province, China. “Wulanhua” 
turquoise is well known in the Taiwan and mainland 
China market. It has also been called “Ulan flower” 
turquoise in previous publications (L. Liu et al., “Unique 
raindrop pattern of turquoise from Hubei, China,” Fall 


Figure 78. The bracelet submitted as “Wulanhua” 
turquoise. Photo by Shu-Hong Lin. 
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2020 G&G, pp. 380-400). The term “Wulanhua” is a Chi- 
nese transliteration that means black orchid, and it usually 
refers to turquoise of medium dark to very dark blue color 
with a black spiderweb pattern found in Hubei Province. 

A bracelet recently submitted to Taiwan Union Lab of 
Gem Research (TULAB) as Wulanhua turquoise (figure 78) 
contained dark blue opaque beads with a black spiderweb 
pattern on the surface. The spot refractive index of these 
beads was about 1.62-1.63, close to that of turquoise. 
EDXRF analysis determined that the composition of the 
beads was inconsistent with that of turquoise 
(CuAL,(PO,),(OH),-4H,O). Instead, it was composed mainly 
of barium (Ba) and calcium (Ca). 

To further identify the composition, Raman spectra 
(785 nm laser) were analyzed and compared with those 
from the RRUFF database. The beads displayed mixed 
spectra of barite, calcite, and other unknown materials. 
With the consent of the client, a bead was cut into two 
halves and polished for more testing. One half was im- 
mersed in 95% ethanol for 72 hours to extract the dark 
blue dye (figure 79). After the ethanol volatilized, the blue 
precipitate was analyzed with Raman spectroscopy and the 
spectrum was compared with that of the bead and the spec- 
tra from the RRUFF database. Raman analysis and the ex- 
traction experiment revealed that this material was 
composed of barite and calcite with an unidentified blue 
dye (figure 80). Microscopic observation of the cross section 
suggested that the beads were made of irregularly shaped 
barite and barite with minor calcite particles with an un- 
known black filling as a bonding material (figure 81). 
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Figure 79. A bead from the bracelet was cut into two 
halves. One half was immersed in 95% ethanol for 72 
hours, clearly extracting the blue dye. Photos by Yu- 
Ho Li. 


The beads could be defined as a composite material 
made of barite (BaSO,), calcite (CaCO;), and blue dye. 


Figure 80. Raman spec- 
tra comparisons 
between the bead, the 
blue dye precipitate, 
and those of barite and 
calcite from the RRUFF 
database suggest that 
the bead consisted of 
barite, calcite, and blue 
dye. The stacked spectra 
are baseline-corrected 
and normalized. 
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Figure 4 


* Watch by Joseph John- 
son, Liverpool. Plate jew- 
els are chrysoberyl. The 
upper fourth jewel is 
colorless cymophane. Note 
2 mm. rose cut diamond 
cap jewel. 


Figure 3 


* English watch with large 
garnet plate jewels and dia- 
mond cap. Note drive chain 
wrapped around mainspring 
barrel. 


SPRING 1954 


11 


Figure 81. The cross section of one bead showed irreg- 
ularly shaped barite and barite with minor calcite 
particles, along with a black filling that could be 
some unknown bonding material. Photomicrograph 
by Shu-Hong Lin; field of view 8.56 mm. 


While visual observation and refractive index might not be 
enough to distinguish these beads from true Wulanhua 
turquoise, Raman spectroscopy and EDXRF analysis were 
able to reveal their true identity. 


Shu-Hong Lin 

Institute of Earth Sciences, 

National Taiwan Ocean University 

Taiwan Union Lab of Gem Research, Taipei 


Yu-Ho Li 
Institute of Earth Sciences, 
National Taiwan Ocean University 


Huei-Fen Chen 

Institute of Earth Sciences, 

National Taiwan Ocean University 

Center of Excellence for Oceans, 

National Taiwan Ocean University, Keelung 


TREATMENTS 


Amber filled with epoxy resin. Amber prayer beads are very 
popular in the Gulf countries. Due to this high demand, 
the Dubai Central Laboratory receives many of them for 
identification. Recently we noticed that a majority of the 
amber rosary samples received for identification contain 
an epoxy resin filling. These fillings are seen in cavities of 
different sizes but sometimes show up in tiny veins. 

The fillings are not always easy to detect without mag- 
nification because of the nearly identical luster of both 
amber and epoxy, but sometimes they are obvious, as 
shown in figure 82. Occasionally gas bubbles can be ob- 
served in epoxy fillings by microscope. Fillings may show 
a mixed reaction under both long-wave and short-wave UV 
radiation, and the fluorescence is more intense in long- 
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Figure 82. Epoxy resin is easily detected in the amber of 
this rosary. Photo by Nazar Ahmed Ambalathveettil. 


wave UV. Filled beads can be inert under UV or show weak 
to strong white or blue fluorescence (figure 83). 

To identify the fillings, we observed the rosary under 
the microscope, marked the suspected areas or spots, and 
analyzed them by Raman spectroscopy to confirm the pres- 
ence of fillings. The spectra were compared with those of 
amber and epoxy reported previously in GWG (figure 84; 


Figure 83. When exposed to long-wave UV radiation, 
the epoxy resin displayed weak to moderate white flu- 
orescence. Photo by Nazar Ahmed Ambalathveettil. 
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Figure 84. The Raman 
spectra of the bead and 
the cavity filling shown 
here matched with 
spectra previously 
reported in G&G for 
amber and epoxy resin. 
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see Fall 2013 GNI, pp. 181; Summer 2021 GNI, pp. 179- 
180). Nowadays, having an amber rosary tested by a gem- 
stone laboratory before buying can avoid a costly mistake. 


Nazar Ahmed Ambalathveettil (nanezar@dm.gov.ae), 
Nahla Yaqub Al Muhari, and Sameera Mohammed Ali 
Gemstone Unit, Dubai Central Laboratory 


Characteristics of amber with irradiation treatment. The 
organic gem amber is particularly popular in China, Eu- 
rope, the Middle East, and South Asia. With strong demand 
for rarer colors, some enterprises use electron accelerator— 
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charged particles or “Co gamma-ray radiation to irradiate 
amber and enhance its color from light yellow to orange- 
yellow and orange-red. 

As early as 2012, foreign suppliers tried to introduce ir- 
radiation-treated amber into the Chinese market. Due to 
the booming demand for natural golden and beeswax 
amber in the Chinese market, amber manufacturers had 
little interest in the irradiated products. After the market 
cooled in late 2015, irradiated amber emerged as a new va- 
riety (figure 85). Some irradiated amber (containing mi- 
crostructure defects in the original material before 
treatment) was accompanied by dendritic inclusions with 


Figure 85. A: Rough 
amber material after ir- 
radiation treatment. B: 
Irradiated amber prod- 
ucts with dendritic in- 
clusions. C: Irradiated 
amber pendants with- 
out root-like inclusions 
and irradiated amber 
with a red-white alter- 
nating pattern (far 
right). D: The current 
irradiated amber prod- 
ucts have much more 
natural color. Photos by 
Yamei Wang. 
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Figure 86. A: The irradiation treatment of amber via an IBA Rhodotron TT200 accelerator. B: The color improve- 
ment of sample 1 at different irradiation doses: before irradiation (B-1) and after irradiation doses of 10 kGy (B-2), 
150 kGy (B-3), and 200 kGy (B-4). C: Color enhancement and annealing of sample 2 with different irradiation 
doses: before irradiation (C-1) and after irradiation doses of 10 kGy (C-2), 170 kGy (C-3), and 200 kGy (C-5). C-4 
shows discoloration after heat treatment (10 minutes, 100°C) after cutting. Photos by Yamei Wang. 


color enhancement or change (figure 85B). The amber ma- 
terials used for irradiation treatment were selected from 
Baltic amber. After irradiation, the red color was usually 
internally uniform when the weathered skin was polished. 
Due to differences in original bodycolor and flow pattern, 
the irradiated amber with the superimposed red color can 
be red, orange-red, orange-yellow, or yellow-brown, or have 
a red-white alternating pattern (figure 85C, far right). Early 
irradiated amber from the end of 2015 was easy to identify 
due to the presence of dendritic inclusions. Recently, the 
generation of dendritic inclusions has been suppressed and 
the quality of the samples has improved (figure 85C). The 
dendritic inclusions are basically inhibited, and the irradi- 
ated amber will not produce them as long as there are no 
cracks or defects on the surface that can be broken down 
by the irradiation source. Moreover, the enhanced color via 
irradiation treatment is much more natural (figure 85D). 
The authors selected 13 Baltic rough amber samples for 
irradiation treatment via an IBA Rhodotron TT200 elec- 
tron accelerator to investigate the effects of different irra- 
diation doses on the color enhancement of amber (figure 
86A), considering that the utilization of high-energy 
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gamma-ray could change its color into red, possibly accom- 
panied by the introduction of dendritic inclusions. 

Since the irradiated amber on the market consists of 
Baltic amber, 12 of the 13 sample groups were Baltic amber 
(including transparent, translucent, and opaque yellow pol- 
ished double-sided wafers and round beads], and one group 
was Burmese amber. The irradiation dose ranged from 10 
to 200 kGy (1 kGy = 1000 J/kg), accumulated multiple 
times, and the samples began to display a red color at 150 
kGy. When the irradiation dose reached 200 kGy, the sam- 
ples turned obvious red, and the irradiation effect showed 
most clearly. The color changes of representative samples 
(1 and 2) under different radiation doses were selected; only 
sample 1 with surface cracks produced dendritic inclu- 
sions. When the irradiation dose exceeded 200 kGy, the 
samples turned varying degrees of red (figure 86B); sample 
2 most clearly showed the effect (figure 86C). 

The dendritic inclusions are triggered by microstructure 
defects (physically weak points) and extend like micro- 
fractures (figure 87). The roots usually start from the micro 
defects of amber and form a structural deterioration zone 
with microcracks. Under the high-energy electron beam, 
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Figure 87. Various appearances of the dendritic inclusions. Photomicrographs by Yamei Wang. 


the microcracks in the degradation zone expand rapidly and 
connect to form a submicroscopic “tree.” The continuous 
development of the submicroscopic tree forms the root-like 
whisker region with a macro fractal structure. The growth 
of dendrites can be regarded as a random growth process of 
fractal clusters composed of discontinuous microcracks. 

If the irradiated amber undergoes heat treatment at 
100°C for 10 minutes in an oven, its original color will be 


, 


restored (figure 88A and figure 85, C-4); the treated color 
can also fade and return to its original yellow after heating 
in a pressure furnace. But once the dendritic inclusion is 
formed, it is irreversible (figure 88B). After about a year in 
a natural environment, the induced color from irradiation 
will automatically fade (figure 88C). Along with a signifi- 
cant reduction in brightness, the color will no longer be 
uniform (figure 88D) and color spots will appear (figure 


Figure 88. Discoloration of irradiated amber. A: Two irradiated round beads cut into halves (top). Bottom left: the 
half bead heated in an oven at 90°C for 10 minutes fades to yellow; on the bottom right, the internal color is uni- 
form after irradiation. B: Heating the bead in the pressure furnace restores the original color but does not heal the 
root pattern. C: The irradiated color gradually fades after natural storage for 12 months. D: The color of irradi- 
ated amber becomes uneven after natural fading. E: Red spots appear at weak points of the dendrites. F: Red dots 
remain at the site of irradiation. Photos by Yamei Wang. 
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Figure 89. A: The UV-Vis-NIR spectra of natural and irradiated Baltic amber. B: The fluorescence characteristics of 
irradiated amber under a 365 nm UV lamp. Sample C-2 with a small irradiation dose of 10 kGy; sample C-4 
shows discoloration after heat treatment at 100°C for 10 minutes. Photo by Yamei Wang. 


88E). Even the original irradiation points are clearly dis- 
played as color spots after fading (figure 88F), indicating 
that the irradiated color is not stable. 

Some irradiated ambers with bright color and high trans- 
parency that lack the dendritic inclusions can be distin- 
guished using a conventional 365 nm ultraviolet lamp, but 
the treatment of lighter-colored amber is not as easy to dis- 
tinguish. The non-irradiated natural Baltic amber showed a 
strong absorption peak at 521 nm. The irradiated Baltic 
amber (orange-red) showed three characteristic peaks at 535, 
578, and 728 nm (figure 89A). Dendritic inclusions are com- 
mon in the earlier versions of irradiated amber. In addition, 
as the irradiation dose increases, the fluorescence intensity 
of the amber weakens. Under the 365 nm UV lamp, irradi- 
ated amber (samples C-3 and C-5 with irradiation doses 
higher than 150 kGy) has weaker fluorescence intensity 
than natural amber. Furthermore, the weaker florescence is 
superimposed on the darker bodycolor of orange-red (C-3, C- 
5). The fluorescence of amber with heat treatment (C-4) is 
the same as that of unirradiated natural sample (C-1). 


Yan Li, Yamei Wang, and Quanli Chen 
Gemological Institute, China University of Geosciences 
Wuhan 


ANNOUNCEMENTS 

——SESE>ESE_—————— = = SSS 
18th Annual Sinkankas Symposium. The 2022 Sinkankas 
Symposium, an annual event featuring presentations by spe- 
cialists in gem-related disciplines, will follow a virtual for- 
mat once again this year with pre-recorded sessions available 
on-demand. Sponsored by the Gemological Society of San 
Diego, the Geo-Literary Society, and GIA, the symposium 
will include 10 pre-recorded 30-minute presentations avail- 
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able to view from April 25 through June 6, highlighting 
alexandrite and other color-change gemstones (figure 90). 

Speakers will include Evan Caplan, William Larson, 
Cigdem Liile, Sally Eaton-Magana, Niveet Nagpal, Nathan 
Renfro, Stuart Robertson, Aaron Palke, George Rossman, 
Wim Vertriest, and Robert Weldon. The presentations will 
cover a variety of topics regarding alexandrite and other 
color-change gemstones, from characteristics and sources 
to market trends and photography. 

Registration closes June 1. The registration cost of $25 
includes a PDF of the symposium volume, available June 
23. Visit https://sinkankassymposium.net for more details. 


Figure 90. A 32.35 mm alexandrite twinned crystal 
and a 2.61 ct faceted alexandrite, both from Russia, 
shown in daylight (left) and incandescent light (right). 
Photos by Robert Weldon; courtesy of William Larson. 
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EDITORIAL 

Diamonds from Guyana, Ekanite from Sri Lanka, a New Amber Source in 
Vietnam, and More... 

Duncan Pay 


FEATURE ARTICLES 

A Look at Diamonds and Diamond Mining in Guyana 
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EDITORIAL 


Diamonds from Guyana, Ekanite 
from Sri Lanka, a New Amber Source in 
Vietnam, and More... 


Welcome to the Summer issue of Gems & Gemology! This installment is packed with interesting 
new content, including five feature articles ranging from reports on new and lesser-known gem 
sources to a study of the emeralds once embedded in the crown of Napoleon III. 


In our lead article, Roy Bassoo and Kenneth Befus explore diamonds and diamond mining in 
Guyana. Drawing on their own observations of diamonds from various alluvial deposits, coupled 
ya aa ee pe ie inte “..an overview of diamond production and 
and historical accounts, the authors 

provide an overview ofdiamond ining practices in Guyana, along with 
production and mining practices in fin dings on color.” 

Guyana, along with findings on 

color, morphology, nitrogen content, and luminescence. 


Our second article investigates the uneven shapes and surface features of ekanite from Sri Lanka. Lutz Nasdala and his team 
analyze ekanite fragments and ekanite-containing specimens of rock discovered near Ampegama, comparing the samples to 
those from other Sri Lankan sources to identify the processes that led to the distinctive shape and surface features. 


As part of an ongoing effort to research gemstones of historical significance, Stefanos Karampelas and coauthors present 
their analysis of 45 “emeralds” formerly set in the coronation crown of Napoleon III. Using nondestructive mobile 
spectroscopic and gemological means at Mines Paris - PSL, they verified that 41 of these 45 gems were emeralds, likely of 
Colombian provenance, while the remaining four were glass containing iron and/or copper. 


Next, a team led by Le Ngoc Nang examines the gemological properties and commercial potential of a newly discovered 
amber source on Phu Quoc island in Vietnam. They conclude that based on the high quality of the amber and the wide 
distribution of the host rock on the island, Vietnam’s only known amber locality may have a promising future in the market. 


In our final article, Dariusz Malczewski and colleagues present their study on natural radioactivity in nephrite. After 
examining 11 serpentinite-related nephrite samples from Poland, Russia, Canada, and New Zealand, the authors deter- 
mined that there is no radiological risk to handling nephrite and that the levels of the radioactive isotopes studied are 
very low. 


Our regular columns deliver interesting finds from around the world. Highlights from the Lab Notes section include a 
very rare large bright orange benitoite, the famed De Beers Cullinan Blue diamond, and pearls embedded with RFID 
devices. In Micro-World, the inner beauty of gems comes alive with an impressive blue apatite inclusion in garnet, eye- 
visible etch channels in a natural diamond, and a rock fragment exhibiting a very realistic eye pattern. Gem News 
International keeps you up to date with the latest developments, including unusual chatoyancy in omphacite fei cui jade, a 
company with a mission to support women in the gem trade, testing of color instability in yellow sapphire, and a 
museum exhibit celebrating a major tourmaline discovery in Maine. Colored Stones Unearthed returns to cover inclusions 
in gems, explaining how they form, how they are studied, and what they mean for gemologists and geoscientists. 


Finally, we invite you to join our Facebook group at www.facebook.com/groups/giagemsgemology. Since its launch in 
February 2020, our growing community has surpassed 25,000 members. Thank you for your continued support and 
interest in GerG! 


OH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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NMOS ARTICLES 


A LOOK AT DIAMONDS AND 
DIAMOND MINING IN GUYANA 


Roy Bassoo and Kenneth Befus 


Diamonds have been mined in Guyana for more than 130 years and are traded in major diamond centers in Belgium, 
Israel, and the United Arab Emirates. Notwithstanding this long history, the primary source rocks of Guyana’s dia- 
monds remain a mystery. The diamonds are likely detrital material derived from sedimentary rocks of the Roraima 
Supergroup, but a primary igneous, kimberlitic source has not been eliminated. Diamond exploration and mining 
in Guyana remain a mostly artisanal endeavor. In a similar fashion, scientific studies have rarely addressed these di- 
amonds’ provenance and formation, and very few were aimed at a gemological audience. Here we present a detailed 
gemological description of Guyana’s diamonds to serve as a comparison with other diamond populations in the 
Guiana Shield and globally. We use our direct observations of diamonds from various alluvial deposits in Guyana. 
We combine government reports and datasets as well as historical accounts to provide an overview of diamond 
production and mining practices in Guyana. Details concerning color, morphology, nitrogen content, and lumines- 
cence are also included. 


birthed a culture that is distinctly Guyanese (Rodney, 


Guyana (figure 1) is the continent’s only Eng- 

lish-speaking nation. Originally, Guyana was 
populated by the first nations of Akawaio, Carib, 
Patamona, Lokono, Macushi, Pemon, Waiwai, 
Wapishana, and Warao. Dutch, French, and finally 
English colonialism brought advances in agriculture 
and technology. Sadly, these advances were also in- 
tertwined with the violent history of transatlantic 
slavery and indentured servitude. Laborers from 
Ghana, Togo, India, China, and Portugal were 
brought to Guyana, either by force or voluntarily. 
The colonial economy was based on the cultivation 
of sugarcane throughout the nineteenth and twenti- 
eth centuries. Guyana’s legacy of colonialism has 
been one of violence, racism, and poverty, which 
peaked during the social upheavals of the 1960s 
(Spencer, 2007). It has been difficult for Guyana to 
fully divorce itself from its colonial past. However, 
Guyana today is a peaceful and diverse mix of cul- 
tures and ethnic groups from around the world. This 
little melting pot of different languages, clothing 
styles, cuisines, traditional dance, and music has 


S ituated on the northern edge of South America, 


See end of article for About the Authors and Acknowledgments. 
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1981, Ishmael, 2013; https://guyanatourism.com]. 
Guyana’s population is concentrated near the 
coastal deltas. Most of the population is engaged in 
agriculture, as the tropical climate, flat terrains, and 
fertile soils support sugarcane and rice cultivation. 
The scenery becomes increasingly pristine as one 
moves inland. Cultivated plains and infrastructure 
give way to tropical rainforests and rolling hills car- 


In Brief 


¢ Guyana has contributed to the global supply of dia- 
monds for more than 130 years. 


e Guyanese diamonds are prized for their clarity and 
green colors. 


¢ Morphology and luminescence suggest that recycled 
paleoplacer diamonds and more recent primary dia- 
monds coexist in the same deposit. 


Guyana’s alluvial deposits host not only diamonds and 
gold but also underexploited ruby, sapphire, and topaz. 


peted by the Amazon jungle. The country’s western 
boundary is dominated by the towering, flat-topped 
tepuis of the Roraima Mountains (figure 2). It is 
within the mountainous northwest where most of 
the diamond deposits are located. The lead author, 
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Figure 5 


¢ This English top plate contains three colorless 
sapphire jewels and one nearly colorless spinel. 


Figure 6 


*® Verge watch made about 1750 has 
diamond cap jewel only. 
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Figure 1. Google Earth satellite image of northern South America showing various diamond occurrences in Brazil 
(BV—Boa Vista, TE—Tepequém), Venezuela (CO—Los Coquitos, GU—Guaniamo), Guyana (EK—Ekereku, JW— 
Jawalla, KM—Kamarang, KU—Kurupung, KW—Konawaruk, MK—Maikwak, MM—Monkey Mountain), Suriname 
(NA—Nassau, RO—Rosebel), and French Guiana (DC—Dachine). 


a Guyanese native, grew up hearing about jungle 
diamonds found deep in the mountainous interior, 
a topic that sparked his imagination and scientific 
curiosity. 

Geologically, the diamond-bearing rocks that 
occur in the country’s interior are part of the Guiana 
Shield, which is exposed over ~3,000,000 km? along 


the northern margin of the Amazonian Craton (figure 
3). The evolution of the Guiana Shield was domi- 
nated by episodes of accretionary mountain-building 
events during Archean to Proterozoic times, evi- 
denced by outcrops of quartzite, schists, gneisses, 
greenstone belts, and amphibolites (Tassinari, 1997; 
Reis et al., 2000; Fraga et al., 2009; Kroonenberg et 


Figure 2. Left: Roraima Mountain tepuis (elevation ~2000 m) near the source of the Kurupung River in Guyana. 
Right: Outcrop of Roraima Supergroup rocks. Photos by Kenneth Befus. 
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Figure 3. Modern simplified geologic map of the Guiana Shield. The Amazonian Craton consists of the Guiana and 
Guaporé Shield, separated by fluvial cover of the Amazon drainage basin (Gibbs and Barron, 1993; Kroonenberg et 
al., 2016). Note the current extent of the Roraima Supergroup (red dashed border), from which most diamonds of 
the Guiana Shield are derived (AM—Amatuk, BV—Boa Vista, CO—Los Coquitos, DC—Dachine, EK—Ekereku, 
GU—Guaniamo, JW—Jawalla, KM—Kamarang, KU—Kurupung, KW—Konawaruk, MK—Maikwak, MM—Mon- 
key Mountain, NA—Nassau, RO—Rosebel, TE—Tepequém). Modified from Kroonenberg et al. (2016) and refer- 


ences therein. 


al., 2016). In western Guyana, the basement rocks of 
the Guiana Shield are unconformably overlain by 
the Roraima Supergroup, which is an interbedded, 
2300 m thick sequence of sandstones, conglomer- 
ates, and ash-fall tuffs with an age of 2.12-1.78 Ga 
(billions of years), deposited from rocks eroding from 
earlier greenstone terranes (Priem et al., 1973; Santos 
et al., 2003). Paleoproterozoic mafic dikes of the 
Avanavero Suite crosscut the entire Roraima Super- 
group sequence. 

Throughout much of the Phanerozoic (the time 
since the Cambrian ~541 million years ago}, the region 
has been a stable craton, only modified by erosion and 
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deposition of sedimentary sequences. The Upper Pro- 
terozoic was marked by a period of uplift with no ev- 
idence of sedimentation (Gibbs and Barron, 1993). 
Since the late Triassic, drainage patterns and deposi- 
tional systems have evolved in response to faulting 
and rifting associated with the opening of the Atlantic 
Ocean. Where cratonic igneous and metamorphic 
rocks are buried, Guyana’s jungle interior is underlain 
by acomplex network of high alluvial, terrace, alluvial 
flat, riverbed, buried channel, and plateau deposits (fig- 
ure 4). These repeated cycles of erosion and deposition 
have led to complex diamond placer deposits with 
variable provenances and timing. 
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Figure 4. Top: Buried 
alluvial diamond de- 
posit underlying a fine- 
grained aeolian sand 
deposit, with Guyanese 
geotechnician Nigel 
Blackman standing for 
scale. Photo by Roy 
Bassoo. Bottom: Close- 
up view of an alluvial 
deposit. Photo by Uwe 
Van Dijk. 
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GUYANA’S DIAMOND PRODUCTION 
According to the Guyana Bureau of Statistics, mining 
accounted for ~12.% of the country’s GDP from 2000 


+ 2000 


+ 1600 Figure 5. Diamond pro- 
duction (green bars) in 
Guyana (Kimberley 
Process Rough Dia- 
mond Statistics, n.d.) 
and price of gold 
(dashed red line) per 
troy ounce (National 
Mining Association, 
n.d.). Also plotted is the 
historical average pro- 
duction per year (gray 
dashed line). 


+ 1200 


+ 800 


PRICE PER TROY OUNCE (USD) 


+ 400 


1991 2009 


to 2019. Gold is by far the most important mineral 
resource, accounting for ~82% of all exported ore re- 
sources by monetary value. Diamonds are third most 


Figure 6. Global price per carat value of diamond-producing countries for 2020 (left). Guyana’s historical diamond 
price per carat and average price per carat indicated by the gray dashed Iine (top right) and exports versus produc- 
tion (bottom right) (Kimberley Process Rough Diamond Statistics, n.d.). 
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important and currently account for 2% of all ex- 
ported ore materials (second is bauxite at 16%). His- 
torically, diamond production is intimately tied to 
gold mining because both tend to be found in the 
same alluvial deposits. When gold prices are low, 
miners tend to extract more diamonds, which is one 
explanation for the cyclical nature of diamond pro- 
duction in Guyana (figure 5). 

Although it is not well publicized, Guyana has 
contributed to the global supply of diamonds for 
more than 130 years. Their trade name has been 
“British diamonds,” hinting at the country’s colonial 
past (Persaud, 2010). In the twenty-first century, 
Guyana’s declared diamond production has averaged 
~68,000 carats per year (figure 5). In 2004, Guyana 
recorded its highest production to date of 445,540 
carats. From 2008 to 2012, there was a steady decline 
in production, likely exacerbated by financial chal- 
lenges associated with the 2008 global financial cri- 
sis. After 2012, there was a steady increase in 
diamond production. Production today, however, re- 
mains relatively low, which can be attributed to ris- 
ing gold prices (figure 5). With a historical average 
price per carat of US$175 (figure 6), Guyana’s dia- 
monds remain fairly profitable when compared to 
the global average price per carat of US$151 in 2020 
(figure 6, left). They fall within the per-carat price 
range of diamonds from Sierra Leone (US$186) and 
Botswana (US$148} (figure 6). Declared diamonds are 
taxed at a 3% royalty and 2% withholding tax 
(Guyana Geology and Mines Commission, 
https://ggmc.gov.gy/law/all). 

There remains room for expansion and increased 
production. Marketing is one such possible avenue 
to growth. From the 1920s to the 1980s, Guyana’s 
production was limited mostly to rough diamond 
sales in the UK, Trinidad, and Barbados (Lee, 1981). 
Since the 1990s, a growing number of Guyanese- 
owned and operated manufacturing houses have 
started to polish and set diamonds into beautiful 
pieces (figure 7). 


DIAMOND MINING IN GUYANA 


Diamond exploration has been driven mostly by 
Guyanese artisanal miners who prospect along river- 
banks for unconventional, and locally specific, detri- 
tal indicator minerals to which they ascribe fanciful 
names. “Sweetman,” “cantankerer,” “blue jacket,” 
and “tin” refer to waterworn quartz, ruby, sapphire, 
and rutile, respectively (figure 8). Other diamond in- 
dicator minerals include topaz, jasper, zircon, il- 
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Figure 7. This brownish yellow diamond from 
Guyana, a 1.01 ct pear brilliant measuring 7.39 x 
§.19 x 3.62 mm, is set beneath a colorless round bril- 
liant diamond. Photo by Nathan Renfro; courtesy of 
Michelle Bassoo. 


menite, gold, tourmaline, minor garnet, and 
chromite (figure 8). The Guyana Geology and Mines 
Commission (GGMC) is the regulatory body that 
oversees mining, safety, environmental protection, 
and education in diamond mining and geology. Al- 
though this resource is available, most miners are 
not well educated in prospecting or alluvial 
processes. Instead, they frequently rely on anecdotal 
evidence and superstition, only prospecting in areas 
that have produced diamonds in the past. The result 
is that the discovery and exploitation of new dia- 
mond deposits is very rare. Regardless, production 
has continued to provide income for artisanal miners 
for more than 100 years since the first discovery of 
diamonds in 1887 on the Potaro River (Lee, 1981). 
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Figure 8. Top left: Washed alluvial gravel sample in a batel (a gold panning tool made of iron with a riffled inte- 
rior). Top right: Accessory minerals found with Guyana diamonds, including rounded quartz, jasper, and rutile 
(field of view 17 cm). Photos by Uwe Van Dijk. Recovered corundum (bottom left) and topaz (bottom right) of var- 


ious colors. Photos by Roy Bassoo. 


Artisanal mining in Guyana was born in the 
decades after the abolition of slavery in 1838. Many 
freed slaves of predominantly West African heritage 
sought a livelihood away from the sugar plantations 
and their former slave owners (Josiah, 2011). 
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Prospecting and hand mining for gold and diamonds 
in the relatively unexplored and undeveloped inte- 
rior offered both literal and metaphorical independ- 
ence. Toward the end of the nineteenth century, 
these artisanal miners were called “pork knockers” 
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Figure 9. Wood carving (left) and historical photograph (right) of an unknown early twentieth-century Afro- 
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Guyanese “pork knocker” at the Guyana National Museum, which shows how little capital investment was re- 
quired to pursue economic independence. To his left is a small sluice box for filtering gold and diamonds from 
sediment called a “tom and box” (Lee, 1981). Notice he carries on his head an iron batel of conical shape and rif- 
fled interior used not only for panning but also to protect the wearer from the sun. He also carries cooking utensils, 
a cutlass, and a handcrafted wooden pipe for smoking. Worn just below his left knee is a red cotton cloth, believed 
to protect against rheumatoid arthritis and ensure good fortune. The wariishi secured to his head is handwoven 
from palm fronds and serves as a supply basket. Photos by Roy Bassoo. 


(figure 9). This nickname is likely a creolization of 
“pork noshers,” a label applied to artisanal miners 
because of their consumption of salted and cured 
pork. It is theorized that a predominantly Jewish di- 
amond merchant class coined this term (J. 
Krakowsky, pers. comm., 2019). Legendary pork 
knockers, spinning tales of fist-sized diamonds and 
hills topped with gold, have stirred the public’s 
imagination. The stories of Makantali, who wore all 
white and flung money into the air when arriving at 
the port of Bartica, and Gold Dawg, who became the 
first person in his village to own a car (Bascom, 
1996), add enchantment to the mining industry in 
Guyana even today. 

Artisanal “pork knocking” today is typically a 
small-scale, independent or cooperative effort. Oper- 
ations are conducted on a tribute basis, where an ar- 
tisanal miner receives a share of the proceeds. These 
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miners divert water channels using mud and wood 
dams. Pickaxes and shovels are used to move 
prospective diamond gravels into manmade ponds 
screened with 0.2-1.0 cm sieves. Sediment <0.2 cm 
is discarded into the holding ponds. The artisanal 
miners also excavate small pits of 6-7 m depth that 
are shored up using cut timber (Lee, 1981). Larger 
groups of miners may form collectives and syndi- 
cates. Alternatively, claim owners contract small 
teams to prospect alluvial deposits. Individual min- 
ers are sometimes paid a salary, but diamonds are 
often used as currency in the jungle for purchasing 
fuel, services, and food (Persaud, 2010). Complemen- 
tary activities that support the mining industry in- 
clude food service, bookkeeping, and cleaning. 
Larger-scale ventures rely upon heavy equipment and 
techniques borrowed from the gold industry. Placer 
deposits are removed by an excavator and formed 
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Figure 10. Top: Hy- 
draulic mining of allu- 
vial deposits. Photo by 
Roy Bassoo. Bottom: Ex- 
amining a sieve “wash” 
for diamonds. Photo by 
James Herbison. 
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Figure 11. A campsite of artisanal miners. Photos by Roy Bassoo. 


into a slurry using hydraulic techniques, and this 
slurry is then pumped to a sluice box and jig to ex- 
tract both gold and diamonds (figures 10-12). Heavy 
minerals, including diamond, are then handpicked 
from the rest of the washed and sieved minerals and 
stored for sale (see video at www.gia.edu/gems- 
gemology/summer-2022-diamonds-from-guyana). 
In the early years, a “bush trader” ventured into 
the field to sell food, liquor, and equipment in ex- 
change for diamonds. This practice has evolved to be- 
come more stationary, where a bush trader owns a 
property near a port town specifically for transactions. 
Today, miners often carry their own diamond parcels 
to the capital city of Georgetown, visiting different 
brokers to gather quotes before confirming a sale. The 


economics of the diamond trade in Guyana are influ- 
enced heavily by market fluctuations, fuel supply, and 
the rainy season. Heavy rains in May-June and Sep- 
tember—October significantly limit mining activity. In 
the offseason, miners seek alternative forms of em- 
ployment in the construction, security, or food service 
industries. However, off-season unemployment is 
widespread (J. Krakowsky, pers. comm., 2019). Miners 
are often poorly educated on the relative value of in- 
dividual diamonds in their parcels, tending to rely 
solely on carat weight as the metric of value. There is 
a need for educational outreach in this regard, where 
an improved understanding of how rough diamonds 
are manufactured into cut diamonds would improve 
the negotiating position of local miners. 


Figure 12. A typical small- to medium-scale diamond mining operation in Guyana using a diamond jig attached 


to a sluice box. Photo by Roy Bassoo. 
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Excavated alluvial placer 
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Figure 13. Top left: Guyanese diamonds recovered by artisanal mining. Top right: Gem-quality Guyanese dia- 
monds. Photos by Kenneth Befus. Bottom: Selected specimens highlighting color and morphology. Photo by 
Nathan Renfro. 
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Figure 14. Left and center: Two greenish blue Guyanese diamonds (~0.27 and ~0.10 ct) from the GIA collection, 
donated by Roger Krakowsky. Photos by Roy Bassoo. Right: A larger diamond with a green skin (~6 ct). Photo by 


James Krakowsky. 


GUYANA’S DIAMONDS 


Color and Size. Economically viable diamonds in 
Guyana are small, mostly ranging from 0.1 to 0.4 ct. 
Diamonds with sizes up to 10 ct have been found but 
are uncommon. The largest gem-quality stones ever 
recovered were 56.75 and 42 ct, found in the Ewang 
region in 1926 and in the Perenong region in 2001, 
respectively (Persaud, 2010). Polished Guyanese dia- 
monds are predominantly near-colorless, with ap- 
proximately 93% of them G-J and 7% K-M, and very 
rarely in white or near-opaque bodycolors (J. 
Krakowsky, pers. comm., 2019). 

Of special note, many of Guyana’s rough dia- 
monds (~42,%} display green to green-blue skins or 
green spotting that covers up to ~100% of the surface 
area (figure 13). While diamonds with a green body- 
color are rare (figure 14} (Bassoo et al., 202.1), they are 
relatively abundant in Guyana compared to other 
sources such as Brazil, Ghana, and Zimbabwe (Breed- 
ing et al., 2018). Guyana has a relatively higher abun- 
dance of green diamonds because the placer diamonds 
may have resided within the sedimentary environ- 
ment for up to two billion years (Bassoo et al., 2021). 
Diamonds thus may accumulate radioactive damage 
over hundreds of millions of years. Alpha, beta, and 
gamma radiation from nearby radioactive minerals 
such as zircon, monazite, and potassium feldspar cre- 
ated vacancy and interstitial defects in the diamonds. 
Photoluminescence spectroscopy reveals these va- 
cancy defects to have a zero phonon line (ZPL) at 741 
nm and are classed as the GR1 or neutral vacancy (V°) 
defect. Vacancy defects absorb in the red portion of 
the visible spectrum and, in the presence of nitrogen 
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defects, reflect/transmit green wavelengths. Further- 
more, the type of radiation influences the intensity 
and depth of green color penetration in the diamond, 
with gamma radiation creating the deepest penetra- 
tion of green color and alpha radiation the least 
(Breeding et al., 2018; Eaton-Magajia et al., 2018). 


Morphology and Surface Textures. Guyana’s dia- 
monds range in crystal shape from octahedral to do- 
decahedral and occasionally display flattened cuboid 
forms. Twinned diamonds and aggregates are rare. 
Fine stepped, lamellar trigonal faces are common, 
whereas flat faces and sharp edges are not. Resorption 
textures such as terraces, teardrop hillocks, and dis- 
solution pits are found in 95% of the diamonds (figure 
15). Flat-bottom dissolution pits including trigons ac- 
count for ~69% of all dissolution pits and frequently 
penetrate into the {111} crystal faces (Bassoo et al., 
2021). Most of the octahedral diamonds have resorbed 
edges and can be fully resorbed to dodecahedrons. 
Late-stage etching features such as corrosion sculp- 
tures, shallow depressions, ruts, and glossy surfaces 
are observed in two-thirds of the diamonds. 

Edge abrasion, found in 44% of the abraded dia- 
monds, is the most commonly observed surface tex- 
ture (figure 15). Most Guyanese diamonds have 
some degree of surface abrasion from minor 
scratches and edge abrasion. Some have no apparent 
surface abrasion, however. This distinction subdi- 
vides Guyana’s diamonds into 85% abraded and 
15% non-abraded (Bassoo et al., 2021). Abraded dia- 
monds may reflect an older population with a long 
history of repeated transport within streams and 
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Figure 15. Examples of Guyanese diamond surface morphology. Photos by Roy Bassoo. 


rivers. Non-abraded diamonds may reflect a shorter 
distance and/or time of transport. Alternatively, the 
15% non-abraded population may be derived from 
undiscovered kimberlites or lamproites (Bassoo et 
al., 2021). Abraded and non-abraded diamonds also 
display differences in luminescence. 


Luminescence. Guyana’s diamonds display lumines- 
cence colors of blue, green, orange, yellow, red, and 
turquoise (figure 16) (Bassoo et al., 2021). Of 472 dia- 
monds, the abraded diamonds dominantly show 
green to turquoise (~60%) and some blue (~20%]) 
cathodoluminescence responses. Non-abraded dia- 


Figure 16. Luminescence responses of Guyana’s diamonds. UV luminescence (280-315 nm) response colors (top) 
and cathodoluminescence response colors (bottom). Photos by Roy Bassoo. 
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monds_ cathodoluminesce predominantly blue 
(~60%) and moderate green to turquoise (~25%). Ul- 
traviolet (UV) luminescence (280-315 nm) also yields 
a distinction between abraded and non-abraded sam- 
ples. Abraded diamonds luminesce green (~85 %) pre- 
dominantly with very minor orange, red, and yellow 
(~8%). In contrast, ~50% of the non-abraded dia- 
monds show green UV luminescence, and a larger 
proportion (~45%) exhibit none at all. 
Cathodoluminescence spectroscopy reveals de- 
fect changes preserved within diamonds that have 
resided within metasedimentary rocks for billions 
of years. Cathodoluminescence spectroscopy is a 
technique that can be used to infer primary or sec- 
ondary diamond sources. Most kimberlite-derived 
diamonds have a blue luminescence response (Bu- 
lanova, 1995; Lindblom et al., 2005). Blue lumines- 
cence is often related to the N3 defect (ZPL ~503 
nm), which consists of three nitrogen atoms sur- 
rounding a vacancy (Clark et al., 1992; Shigley and 
Breeding, 2013). Metamorphosed paleoplacers, such 
as those in Guyana, tend to preserve a smaller pop- 
ulation of blue luminescent diamonds compared to 
green and other luminescence response colors (Bruce 
et al., 2011; Kopylova et al., 2011). Green lumines- 
cence could be related to the H3 to H4 defect, con- 
sisting of more complex arrangements of four 
nitrogen atoms surrounding two vacancies (H3) or 
two nitrogen atoms separated by a vacancy (H4) 
(Shigley and Breeding, 2013). A change from blue lu- 
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minescence to green or other colors corresponding 
with a shift in ZPL from ~503 nm to higher 
wavenumbers has been observed in diamonds from 
unmetamorphosed and metamorphosed rocks, re- 
spectively (Iakoubovskii and Adriaenssens, 1999, 
Collins et al., 2005; Bruce et al., 2011). The Roraima 
Supergroup, from which Guyana’s abraded dia- 
monds are likely derived, has been metamorphosed 
to zeolite and greenschist facies (Beyer et al., 2015). 
This observation may explain the relative propor- 
tion of blue to green luminescence response colors 
of Guyanese diamonds. 


Composition and Inclusions. The carbon isotope 
composition (6'C) of Guyanese diamonds ranges 
from —2.8 to -16.1%o, similar to that of Brazilian dia- 
monds (Tappert et al., 2006). The carbon isotopic 
composition of Guyana’s diamonds indicates they 
formed from upper mantle rocks (Bassoo et al., 
2021). Nitrogen contents can be as high as ~2000 
ppm, with >50% being type IaAB (figure 17). A 
small percentage (~9%} are type IaB, having more 
nitrogen platelets. Type Ila and IaA diamonds are of 
similar abundances, within 6% of each other. No 
type IIb or Ib diamonds have been reported. The ni- 
trogen type and concentration were used to derive 
a residence temperature of ~1120°C, indicating that 
Guyanese diamonds are lithospheric (Bassoo et al., 
2021). Inclusion composition also indicates an 
upper mantle origin. 


I Type laA 
HH Type laAB 
i Type laB 
HH Type lla 


Figure 17. Distribution 
of nitrogen type in 
Guyanese diamonds 
(Bassoo et al., 2021). 
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Inclusions occur in ~15% of the diamonds and 
have been identified by comparing their Raman spec- 
tra with those in the RRUFF spectra database (La- 
fuente et al., 2016; Bassoo et al., 2021). Most of the 
inclusions in Guyanese diamonds consist of 
forsterite, enstatite, and chromite, indicating the di- 
amonds formed from peridotitic upper mantle rocks. 
There are some diamonds that contain rutile, coesite, 
and clinopyroxene, and these are interpreted to have 
formed from eclogitic upper mantle rocks (Bassoo et 
al., 2021). Raman thermobarometry of entrapped 
olivine and Cr-pyrope inclusions indicates internal 
pressures of ~6.2, GPa, again lending evidence to their 
formation in the upper mantle (Bassoo and Befus, 
2021). Guyana’s diamonds are typical of peridotitic 
to eclogitic cratonic diamonds. 


COMPARISONS TO OTHER DIAMONDS FROM 
NORTHERN SOUTH AMERICA 


Guyana’s diamonds are part of a larger story about the 
evolution of cratons and residence within sedimentary 
systems. Their morphological and geochemical fea- 
tures compare and distinguish them from other dia- 
monds of the Guiana Shield in northern South 
America (figure 18). Important deposits occur in 
Brazil, Venezuela, Suriname, and French Guiana. 
Alluvial diamonds are mined in Brazil and Suri- 
name. In the Guiana Shield portion of northern 
Brazil, diamonds are recovered from alluvial terraces 
shed from conglomerates of the Tepequém Forma- 
tion (Santos et al., 2003; Reis et al., 2017). The dia- 
monds are generally 2-3 mm in size and occur in a 
flattened octahedral to dodecahedral form. They are 
colorless to gray, oftentimes resorbed, and contain 
peridotitic-type inclusions such as forsterite (Aratijo 
et al., 2011). The Tepequém Formation represents a 
regional high-energy, depositional basin that was a 
diamond sink, synchronous with emplacement by 
several episodes of kimberlite volcanism within the 
Guiana Shield during the middle Paleoproterozoic 
(>2.0 Ga) (Santos et al., 2003; Schulze et al., 2006). In 
Suriname, alluvial diamonds are thought to be de- 
rived from rocks of the Rosebel Formation (Naipal et 
al., 2020). These are colorless to brown to slightly 
green, and green skins are common (figure 18, top). 
Resorption textures including trigons and frosting are 
common, and inclusions such as forsterite and ensta- 
tite are peridotitic. French Guiana is also home to 
primary diamond-bearing igneous sources, but these 
are metamorphosed ultramafic and pyroclastic 
shoshonites or lamprophyres found in the Dachine 
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region. These diamonds are very small (~1 mm], gray- 
ish yellow to brown, irregular to cuboid (figure 18, 
middle), and mostly contain sulfide inclusions (Car- 
tigny, 2010; Smith et al., 2016). 

Alluvial diamond data from Venezuela is difficult 
to assess because illegal mining and smuggling are 
prevalent (e.g., Blore, 2006). Also, most alluvial de- 
posits are located in inaccessible parts of the Amazon 
jungle near the Brazil and Guyana borders, where iso- 
lated Amerindian tribes such as the Yanomami are 
leery of outsiders (Heylmun, 2001). Further west in 
Venezuela is the Guaniamo area, where there exists 
a unique deposit of primary diamond-bearing kim- 
berlite dikes (Capdevila et al., 1999; Channer et al., 
2001; Kaminsky et al., 2000, 2004; Smith et al., 
2016). Guaniamo diamonds are small, ranging from 
1 to2mm, and colorless to gray with common green 
skins, frequently occurring in resorbed dodecahe- 
drons and octahedrons (figure 18, bottom). Diamonds 
from Guaniamo contain inclusions of the predomi- 
nantly eclogitic variety, including almandine garnet, 
clinopyroxene, rutile, ilmenite, pyrrhotite, and co- 
esite (Taylor, 1999; Kaminsky et al., 2000). 


CONCLUSIONS 


Guyana’s diamonds are found in gravels along the 
eastern edge of the Roraima Supergroup. Most origi- 
nate as paleoplacers from as yet unknown rocks of 
the Roraima Supergroup. Similar alluvial diamonds 
are found in nearby Venezuela, Brazil, and Suriname, 
suggesting the Roraima is a common source. Indeed, 
these paleoplacers represent a regional diamond ter- 
rane with a lateral extent of at least 450,000 km. Di- 
amonds from Guyana are of scientific interest 
because they are survivors of >2 Ga of weathering 
and erosion. As such, they are >2 billion-year-old 
xenocrysts from the mantle, brought to the surface 
by some of the earth’s oldest kimberlite or lamproite 
eruptions. They are an important source of informa- 
tion on the cratonic root of northern South America 
during the Paleoproterozoic (Schulze et al., 2006; Bas- 
soo and Befus, 2021). 

There is opportunity for expanded economic use 
of Guyana’s diamonds. Although small, they are val- 
ued for their lack of color and their clarity, especially 
as melee stones. Artisanal mining practices result in 
a relatively low price point, and they are not subject 
to prohibitive taxation. With continued exploration 
efforts, new paleoplacer deposits are sure to be dis- 
covered. The discovery of a primary kimberlite de- 
posit should not be expected, but abrasion and 
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Figure 18. Top: Diamonds (0.10-2.12 ct) from Suriname; from Naipal et al. (2020). Middle: French Guiana dia- 
monds; from Cartigny (2010). Bottom: Alluvial diamonds from Guaniamo, Venezuela. Photo by Maha Tannous; 
courtesy of Ric Taylor. 
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luminescence information could indicate that some 
stones have experienced little transport and thermal 
alteration. We also recognize an opportunity for the 
exploration and improved recovery of other gem- 
stones. Ruby, sapphire, and topaz are considered in- 
dicator minerals for gold and diamonds. There is no 


ABOUT THE AUTHORS 

Dr. Bassoo is a Guyanese geoscientist and consulting geologist 
who is currently a postdoctoral researcher at GIA in Carlsbad, 
California. Dr. Befus is a petrologist and volcanologist who serves 
as a professor of geology at Baylor University in Waco, Texas. 


REFERENCES 


Aratijo D.P., Santos R.V., Souza V., Chemale E., Dantas E. (2011) 
Diamantes Serra do Tepequém: Resultados preliminares. 12th 
Simposio da Amazonia, October 2-5, 2011, Boa Vista, Roraima, 
Brazil. 

Bascom H. (1996) Makantali. Carifesta XI, Georgetown, Guyana. 

Bassoo R., Befus K. (2021) Composition of the sub-cratonic mantle 
of the Guiana Shield inferred from diamond-hosted inclusions. 
Geochemistry, Geophysics, Geosystems, Vol. 22, No. 6, 
http://dx.doi.org/10.1029/2021GC009841 

Bassoo R., Befus K., Liang P., Forman S., Sharman G. (2021) Deci- 
phering the enigmatic origin of Guyana’s diamonds. American 
Mineralogist, — Vol. 106, No. 1, pp. 54-68, 
http://dx.doi.org/10.2138/am-2020-7486 

Beyer S.R., Hiatt E.E., Kyser K., Drever G.L., Marlatt J. (2015) 
Stratigraphy, diagenesis and geological evolution of the Paleo- 
proterozoic Roraima Basin, Guyana: Links to tectonic events 
on the Amazon Craton and assessment for uranium mineral- 
ization potential. Precambrian Research, Vol. 267, pp. 227-249, 
http://dx.doi.org/10.1016/j.precamres.2015.06.017 

Blore S.G., Ed. (2006) The lost world: Diamond mining and smug- 
gling in Venezuela. Partnership Africa Canada, Ottawa, Oc- 
casional Paper, Vol. 16, 20 pp. 

Breeding C.M., Eaton-Magania S., Shigley J.E. (2018) Natural-color 
green diamonds: A beautiful conundrum. Ge#G, Vol. 54, No. 
1, pp. 2-27, http://dx.doi.org/10.5741/GEMS.54.1.2 

Bruce L.E., Kopylova M.G., Longo M., Ryder J., Dobrzhinetskaya 
L.F. (2011) Luminescence of diamonds from metamorphic 
rocks. American Mineralogist, Vol. 96, No. 1, pp. 14-22, 
http://dx.doi.org/10.2138/am.2011.3467 

Bulanova G.P. (1995) The formation of diamond. Journal of Geo- 
chemical Exploration, Vol. 53, No. 1-3, pp. 1-23, 
http://dx.doi.org/10.1016/0375-6742(94)00016-5 

Capdevila R., Arndt N., Letendre J., Sauvage J.F. (1999) Diamonds 
in volcaniclastic komatiite from French Guiana. Nature, Vol. 
399, No. 6735, pp. 456-458, http://dx.doi.org/10.1038/20911 

Cartigny P. (2010) Mantle related carbonados? Geochemical in- 


154 DIAMONDS FROM GUYANA 


common knowledge regarding their quality or 
sources. Tourmaline is also present but has only been 
documented as schorl. Such diverse gem and mineral 
wealth bodes well for future discoveries in this Eng- 
lish-speaking nation with an established gemstone 
mining and trade network. 


ACKNOWLEDGMENTS 

The authors sincerely thank James Krakowsky (general manager 
of Kays Diamond Enterprise Ltd.) for his gemological input and 
samples donated for study. Gordon Nestor (manager at the 
Guyana Geology and Mines Commission) provided valuable lo- 
gistical support. We are grateful to Jim Shigley of GIA for his en- 
couragement to prepare this article for the gemological 
community. We also thank Rachelle Turnier and Aaron Palke of 
GIA for their assistance in identifying corundum specimens. 


sights from diamonds from the Dachine komatiite (French 
Guiana). Earth and Planetary Science Letters, Vol. 296, No. 3- 
4, pp. 329-339, http://dx.doi.org/10.1016/j.epsl.2010.05.015 

Channer D.M.D., Egorov A., Kaminsky F. (2001) Geology and 
structure of the Guaniamo diamondiferous kimberlite sheets, 
south-west Venezuela. Revista Brasileira de Geociéncias, Vol. 
31, No. 4, pp. 615-630, http://dx.doi.org/10.25249/0375- 
7536.2001314615630 

Clark C.D., Collins A.T., Woods G.S. (1992) Absorption and lumi- 
nescence spectroscopy. In J.E. Field, Ed., The Properties of Nat- 
ural and Synthetic Diamond. Academic Press, London, pp. 
35-69. 

Collins A., Connor A., Ly C.-H., Shareef A. (2005) High-tempera- 
ture annealing of optical centers in type-I diamond. Journal of 
Applied Physics, Vol. 97, No. 8, article no. 083517, 
http://dx.doi.org/10.1063/1.1866501 

Eaton-Magania S., Breeding C.M., Shigley J.E. (2018) Natural-color 
blue, gray, and violet diamonds: Allure of the deep. G#G, Vol. 
54, No. 2, pp. 112-131, http://dx.doi.org/10.5741/GEMS.54.2.112 

Fraga L.M., Macambira M_J.B., Dall’Agnol R., Costa J.B.S. (2009) 
1.94-1.93 Ga charnockitic magmatism from the central part of 
the Guyana Shield, Roraima, Brazil: Single-zircon evaporation 
data and tectonic implications. Journal of South American 
Earth Sciences, Vol. 27, No. 4, pp. 247-257, 
http://dx.doi.org/10.1016/j.jsames.2009.02.007 

Gibbs A.K., Barron C.N. (1993) The Geology of the Guiana Shield. 
Oxford University Press, New York. 

Heylmun E.B. (2001) Placer diamonds in Venezuela. International 
California Mining Journal, Vol. 70, No. 7, pp. 21-23. 

Iakoubovskii K., Adriaenssens G.J. (1999) Photoluminescence 
in CVD diamond films. Physica Status Solidi (a), Vol. 172, 
No. 1, pp. 123-129, http://dx.doi.org/10.1002/(SICI)1521- 
396X(199903)172:1%3C123::AID-PSSA 123 %3E3.0.CO;2-E 

Ishmael O. (2013) The Guyana Story: From Earliest Times to In- 
dependence. Xlibris, Bloomington, Indiana. 

Josiah B. (2011) Migration, Mining, and the African Diaspora: 


Gems & GEMOLOGY SUMMER 2022 


Guyana in the Nineteenth and Twentieth Centuries. Palgrave 
Macmillan, Basingstoke, UK. 

Kaminsky FEV., Zakharchenko O.D., Griffin W.L., Channer 
D.M.DeR., Khacchatryan-Blinova G.K. (2000) Diamond from the 
Guaniamo area, Venezuela. Canadian Mineralogist, Vol. 38, No. 
6, pp. 1347-1370, http://dx.doi.org/10.2113/gscanmin.38.6.1347 

Kaminsky F.V., Sablukov S.M., Sablukova L.I., Channer D.M.D. 
(2004) Neoproterozoic “anomalous” kimberlites of Guani- 
amo, Venezuela: Mica kimberlites of “isotopic transitional” 
type. Lithos, Vol. 76, No. 1-4, pp. 565-590, 
http://dx.doi.org/10.1016/j.lithos.2004.03.035 

Kimberley Process Rough Diamond Statistics (n.d.) Public Statistics 
Area, https://kimberleyprocessstatistics.org/public_statistics 

Kopylova M.G., Afanasiev V.P., Bruce L.F., Thurston P.C., Ryder 
J. (2011) Metaconglomerate preserves evidence for kimberlite, 
diamondiferous root and medium grade terrane of a pre-2.7 
Ga Southern Superior protocraton. Earth and Planetary Sci- 
ence Letters, Vol. 312, No. 1-2, pp. 213-225, 
http://dx.doi.org/10.1016/j.epsl.2011.09.057 

Kroonenberg S.B., de Roever E.W.E.,, Fraga L.M., Reis N.J., Faraco 
T., Lafon J.-M., Cordani U., Wong Th.E. (2016) Paleoproterozoic 
evolution of the Guiana Shield in Suriname: A revised model. 
Netherlands Journal of Geosciences, Vol. 95, No. 4, pp. 491- 
522, http://dx.doi.org/10.1017/njg.2016.10 

Lafuente B., Downs R.T., Yang H., Stone N. (2016) The power of 
databases: The RRUFF project. In T. Armbruster and R.M. 
Danisi, Eds., Highlights in Mineralogical Crystallography. W. 
de Gruyter GmbH, Berlin, pp. 1-29. 

Lee RJ. (1981) Diamond production in Guyana. Journal of Gem- 
mology, Vol. 17, No. 7, pp. 465-479. 

Lindblom J., Hélsa J., Papunen H., Hakkanen H. (2005) Lumi- 
nescence study of defects in synthetic as-grown and HPHT 
diamonds compared to natural diamonds. American Miner- 
alogist, Vol. 90, No. 2-3, pp. 428-440, 
http://dx.doi.org/10.2138/am.2005.1681 

Naipal R., Zwaan J.C., Kroonenberg S.B., Kriegsman L.M., Mason 
P.R.D. (2020) Diamonds from the Nassau Mountains, Suri- 
name. Journal of Gemmology, Vol 37, No. 2, pp. 180-191. 

National Mining Association (n.d.) Historical gold prices — 1833 
to present, http://www.nma.org/pdf/g_prices.pdf 

Persaud K. (2010) The diamond industry and exploration for dia- 
monds in Guyana. Guyana Geology and Mines Commission. 

Priem H.N.A., Boelrijk N.A.I.M., Hebeda E.H., Verdurmen 
E.A.Th., Verschure R.H. (1973) Age of the Precambrian Ro- 
raima formation in northeastern South America: Evidence 
from isotopic dating of Roraima pyroclastic volcanic rocks in 
Suriname. GSA Bulletin, Vol. 84, No. 5, pp. 1677-1684, 


http://dx.doi.org/10.1130/0016-7606(1973)84%3C1677:AOT- 
PRF%3E2.0.CO;2 

Reis N.J., de Faria M.S.G., Fraga L.M., Haddad R.C. (2000) 
Orosirian calc-alkaline volcanism and the Orocaima event in 
the northern Amazonian Craton, eastern Roraima State. Re- 
vista Brasileira de Geociéncias, Vol. 30, No. 3, pp. 380-383. 

Reis N.J., Nadeau S., Fraga L.M., Betiollo L.M., Faraco M.T.L., 
Reece J., Lachhman D., Ault R. (2017) Stratigraphy of the Ro- 
raima Supergroup along the Brazil-Guyana border in the 
Guiana Shield, Northern Amazonian Craton—Results of the 
Brazil-Guyana Geology and Geodiversity Mapping Project. 
Brazilian Journal of Geology, Vol. 47, No. 1, pp. 43-57, 
http://dx.doi.org/10.1590/2317-4889201720160139 

Rodney W. (1981) A History of the Guyanese Working People, 
1891-1905. Johns Hopkins University Press, Baltimore. 

Santos J.O.S., Potter P-E., Reis NJ., Hartman L.A., Fletcher LR., Mc- 
Naughton N_J. (2003) Age, source and regional stratigraphy of 
the Roraima Supergroup and Roraima-like outliers in northern 
South America based on U-Pb geochronology. Geological Soci- 
ety of America Bulletin, Vol. 115, No. 3, pp. 331-348, 
http://dx.doi.org/10.1130/0016-7606(2003)115%3C0331: 
ASARSO%3E2.0.CO;2, 

Schulze D.J., Canil D.M., Channer D.M.D., Kaminsky EV. 
(2006) Layered mantle structure beneath the western 
Guyana Shield, Venezuela: Evidence from diamonds and 
xenocrysts in Guaniamo kimberlites. Geochimica et Cos- 
mochimica Acta, Vol. 70, No. 1, pp. 192-205, 
http://dx.doi.org/10.1016/j.gca.2005.08.025 

Shigley J-E., Breeding C.M. (2013) Optical defects in diamond: A 
quick reference chart. G&G, Vol. 49, No. 2, pp. 107-111, 
http://dx.doi.org/10.5741/GEMS.49.2.107 

Smith B.M., Walter J.W., Bulanova G.P., Mikhail S., Burnham A.D., 
Gobbo L., Kohn S.C. (2016) Diamonds from Dachine, French 
Guiana: A unique record of early Proterozoic subduction. Lithos, 
Vol. 265, pp. 82-95, http://dx.doi.org/10.1016/j.lithos.2016.09.026 

Spencer S. (2007) A Dream Deferred: Guyana, Identities Under 
the Colonial Shadow. Hansib Publications, London. 

Tappert R., Stachel T., Harris J.W., Muehlenbachs K., Brey G.P. 
(2006) Placer diamonds from Brazil: Indicators of the composi- 
tion of the Earth’s mantle and the distance to their kimberlitic 
sources. Economic Geology, Vol. 101, No. 2, pp. 453-470, 
http://dx.doi.org/10.2113/gsecongeo.101.2.453 

Tassinari C.C.G. (1997) The Amazonian Craton. In MJ. De Wit 
and MJ. Ashwal, Eds., Greenstone Belts. Clarendon Press, Ox- 
ford, pp. 558-566. 

Taylor R. (1999) Gem News: A visit to Venezuelan diamond 
mines. G&G, Vol. 35, No. 4, pp. 209-210. 


For online access to all issues of Gems & GEmoLoey from 1934 to the present, visit: 


gia.edu/gems-gemology 


DIAMONDS FROM GUYANA 


Gems & GEMOLOGY SuMMER 2022 155 


NMOS ARTICLES 


THE SHAPE OF EKANITE 


Lutz Nasdala, K.A. Geeth Sameera, G.W.A. Rohan Fernando, Manfred Wildner, Chutimun Chanmuang N., 


Gerlinde Habler, Annalena Erlacher, and Radek Skoda 


Despite its high thorium content, and consequent radioactivity, ekanite is still commonly traded in the Sri Lankan 


gem market. Gem-quality ekanite is derived from several gravel deposits in the country. However, rough speci- 


mens do not show rounded shapes that would be expected for stones transported by water; rather, they have 


remarkably uneven surfaces with multitudes of hollows, bumps, and cavities. Only after the recent discovery of 


ekanite in its host calc-silicate rock near Ampegama, Southern Province, can the striking shapes be understood. 
Fluid-driven alteration of ekanite, still inside the host rock, results in the formation of banded nodules with het- 
erogeneous disintegration rims of an earthy consistency. These rims are readily removed by weathering, whereas 


the interior remnant consisting of chemically and physically resistant, unaltered ekanite persists. 


a rare mineral, but when found, it frequently oc- 

curs with gem characteristics. Rough pebbles have 
remarkable outer shapes that show concave dents 
and hollows (figure 1). Apart from its shape, the 
gemological properties of ekanite resemble those of 
the borosilicate kornerupine. The most highly valued 
stones from Sri Lankan deposits are clear, transpar- 
ent, and show a vivid yellowish green that is remi- 
niscent of the tender leaves of banana plants (figure 
2). Most ekanite specimens are rich in inclusions and 
show a turbid aspect and in some cases four-rayed as- 
terism (Gtibelin, 1961). Ekanite (ideally Ca,ThSi,O,,) 
is a phyllosilicate whose thorium content of about 
24 wt.%, along with minor uranium, causes harmful 
radioactivity (Tennakone, 2011) that makes stones 
unsuitable for setting in daily-worn jewelry, though 
different assessments seem to exist. Ashbaugh (1988) 
found that gem ekanite is tens of times more radioac- 
tive than “low zircon” stones of comparable weight. 
Gtibelin (1961) came to the conclusion that ekanites 
could be worn in jewelry without any greater harm, 
whereas De Silva (2008) mentioned “three reported 
deaths due to keeping ekanites at close proximity to 
three gem dealers.” High-quality faceted ekanites are 
nevertheless highly sought-after collector items, 
even though prospective buyers should exercise safe 
handling. 


| n secondary gem deposits in Sri Lanka, ekanite is 
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Figure 1. This specimen (2.95 g, 22 mm in longest 
dimension) from Ellawala, Sabaragamuwa 
Province, shows the typical surface texture of rough 
ekanite found in Sri Lankan placers. Photo by Man- 
fred Wildner. 


Ekanite is named after its discoverer, Francis Leo 
Danvil Ekanayake (1898-1971), a Colombo-based 
customs officer and Fellow of the Gemmological As- 
sociation of Great Britain. Ekanayake’s contempo- 
raries considered him a capable and painstaking 
gemologist with a flair for the unusual (Mitchell, 
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1961), in addition to being well-versed in rare gem 
minerals (Gttbelin, 1961). In 1953, Ekanayake came 
across two unusual glassy cabochons in the local 
Colombo gem market that originated from a river- 
bed gem pit near Ellawala. Immediately he was con- 
vinced he had found a new gem species, whereas 
others considered the material to be devitrified nat- 
ural or antique glass (Mitchell, 1954). Ekanayake’s 
conviction was supported by the observation that the 
material, despite being a glass, contained numerous 
acicular inclusions having crystallographic orienta- 
tion (Mitchell, 1961). Investigations continued for 
more than seven years, until a note describing the 
new mineral was published (Anderson et al., 1961). 

The original ekanite was characterized as meta- 
mict by Anderson et al. (1961). The notion of metam- 
ict goes back to Bregger (1893), who used metamikte 
to describe a class of minerals that show well-shaped 
crystal forms despite being amorphous. Today, the 
term is applied irrespective of the outer form to de- 
lineate minerals that were initially crystalline but 
transformed to a glassy state due to internally or ex- 
ternally sourced irradiation over time (Hamberg, 
1914, Ewing et al., 1987; Ewing, 1994). It took more 
than two decades after the initial description until a 
non-metamict ekanite (tetragonal space group [422) 
was found in the Tombstone Mountains of Canada’s 
Yukon Territory (Szymanski et al., 1982). 


THE SHAPE OF EKANITE 


Figure 2. In transmitted 
light, many ekanite 
specimens show an at- 
tractive yellowish green 
color. The rough stone 
(2.90 g) measures 20 
mm in longest dimen- 
sion and the cut stones 
are 0.65 ct and 2.78 ct. 
All the specimens origi- 
nate from placers near 
Okkampitiya, Uva 
Province. Photo by 
Manfred Wildner. 


Over the intervening years, ekanite has been dis- 
covered in several other localities in Sri Lanka (Dis- 
sanayake and Rupasinghe, 1993; Mathavan et al., 
2.000; Nasdala et al., 2017; Sameera et al., 2020a,b; see 
figure 3) and other countries (e.g., Demartin et al., 
1982; Walstrom and Dunning, 2003; Russo et al., 


In Brief 


e Despite being found in gravel deposits, Sri Lankan gem 
ekanites do not show rounded but remarkably uneven 
shapes. 

¢ Only recently, ekanite was found in its calc-silicate 
host rock. 

e Here, ekanites show features of fluid-driven alteration 
progressing inward, and botryoidal growth of alteration 
products leads to convex surface shapes of the prod- 
uct-phase aggregates. 

e After weathering of the alteration products, chemically 
durable ekanite remnants having concave surface fea- 
tures are left. 


2.013). One remarkable feature of Sri Lankan ekanite 
is that most specimens, unlike other gems in placer 
deposits, are not water-worn crystals or rounded peb- 
bles. Rather, the rough material typically shows 
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shapes that—along with the green color—bear a strong 
resemblance to moldavite-type tektite (see again fig- 
ure 1; compare to Bouska, 1994; Hyrsl, 2015). The un- 
derlying causes of the rough surface textures in 
ekanite are discussed in the present paper, along with 
an explanation of why attempts by local gem dealers 
to enhance ekanite by heat treatment invariably fail. 


SAMPLES AND EXPERIMENTAL METHODS 


The authors have studied ekanite fragments and 
ekanite-containing specimens of calc-silicate rock 
we collected in a quarry near Ampegama (for a brief 
petrological description, see Sameera et al., 2020a), 
located about 20 km north-northwest of the city of 
Galle in Southern Province (see again figure 3). Ekan- 
ite specimens from Ellawala in Sabaragamuwa 
Province and Okkampitiya in Uva Province were 
photographed to illustrate the typical shapes of this 
mineral in Sri Lankan gem placers. These are the lead 
author’s samples, purchased from local miners. 
Four Ampegama rock samples containing ekanite 
were impregnated with Araldite epoxy and cut using 
a diamond saw blade. A polished section and an ex- 
posed 25 mm thin section attached to a glass slide 
were produced from each rock sample. Thin sections 
were carbon-coated for back-scattered electron (BSE) 
imaging and electron probe micro-analysis (EPMA), 
as described below. In addition, double-side polished 
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plane-parallel sections (250 and 1020 um thickness) 
were prepared from a separated ekanite fragment. 
After measuring the refractive index and obtaining 
optical absorption spectra, the slabs were heat- 
treated in air (the 250 mm slab at 1400°C and the 
1020 um slab at 750°C) for 48 h. After gentle repol- 
ishing, even the (now dull) 250 um slab was found to 
be still too thick for optical absorption spectroscopy 
and therefore thinned to 110 ym thickness. After we 
obtained another optical absorption spectrum, this 
slab was embedded in epoxy and subjected to chemo- 
mechanical repolishing with an alkaline colloidal sil- 
ica suspension on a polyurethane plate, for the 
removal of potential near-surface strain. After being 
coated with carbon, it was subjected to forward-scat- 
tered electron (FSE) imaging, as described below. 
Specific gravity was determined by weighing three 
ekanite chips in distilled water and in air. A drop of 
liquid detergent was added to the distilled water to de- 
crease surface tension. Refraction of the polished slab 
was measured using a Kriiss ER601-LED refractome- 
ter equipped with a diode lamp emitting 589 nm light. 
Both measurements were repeated five times. 
Macroscopic luminescence images were taken 
using a long-wave UV lamp or 385 nm LED illumina- 
tion. Photomicrographs of thin sections (including op- 
tical images in plane-polarized transmitted-light mode 
and luminescence images in reflected-light mode} 
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Figure 9 


e All jewels in this top plate 
are chrysoberyl. The two 
larger ones are colorless cy- 
mophane, 


Figure 10 


* Top plate of Eng- 
lish watch containing 
beryl jewels. All jew- 
els in bottom plate of 
same watch were chry- 
soberyl. 


were obtained by means of a modified Olympus BX- 
series microscope equipped with a USH-103OL mer- 
cury burner and DP 70 digital camera, using a 
UV-transmissive XL Fluor 4x/340 objective (numeri- 
cal aperture 0.28). Here, luminescence images were 
obtained with a beam splitter and filters in the optical 
pathway that allowed us to illuminate the sample 
with UV light (<370 nm wavelength) and to photo- 
graph only the sample’s visible emissions (>400 nm 
wavelength). BSE and FSE images were obtained in an 
FEI Quanta 3D FEG dual-beam field-emission gun 
scanning electron microscope (FEG-SEM) operated at 
15 kV and 4nA. The sample tilt was 70°, and the FSE 
detector position was adjusted to yield predominant 
orientation contrast. For the basic principles of FSE 
orientation-contrast imaging, see Prior et al. (1996). 
Major-element analyses were done using wave- 
length-dispersive X-ray spectrometry on a Cameca 
SX 100 EPMA system operated at 15 kV. The beam 
current was set to 20 nA for analyzing unaltered (or 
“fresh”) ekanite and 10 nA for alteration products. 
The focal-spot diameter of the electron beam was 8— 
10 um. The following minerals and synthetic mate- 
rials were used for calibration (lines analyzed and 
peak counting times are quoted in parentheses): an- 
dalusite (Al-Ka, 20 s), wollastonite (Si-K@, 20 s; Ca- 
Ka, 20 s), almandine (Fe-K@, 20 s), vanadinite 
(Pb-Ma, 120 s), CaTh(PO,), (Th-Ma, 20 s) and UO, 
(U-MB, 80 s). Background counting times were half 
of the respective peak counting times. Cameca’s 
Peaksight software, which is based on the method of 
Ziebold (1967), was used to calculate detection lim- 
its. Matrix correction and data reduction were done 
using the modified (Pz) routine of Merlet (1994). Ad- 
ditional EPMA experimental details are described 
elsewhere (Breiter et al., 2009; Skoda et al., 2015). 
Room-temperature optical absorption spectra were 
obtained using a Bruker IFS66v/S spectrometer 
equipped with a mirror-optics IR-scope II microscope 
and quartz beam splitter. The following combinations 
of light sources and detectors were used: W lamp and 
Ge detector (for the spectral range 7500-10000 cm“), 
W lamp and Si detector (10000-20000 cm), and Xe 
lamp and GaP detector (20000-26000 cm). All optical 
absorption spectra therefore consist of a combination 
of three sub-spectra, which were aligned to match in 
absorbance if necessary. Circular areas 200 pm in di- 
ameter were analyzed in transmission geometry. 
Room-temperature Raman spectra of inclusions 
in ekanite were obtained from chips and polished 
sections, and photoluminescence (PL) spectra of the 
alteration rims were obtained from thin sections. 
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Analyses were done using a Horiba LabRAM HR 
Evolution spectrometer. This dispersive system was 
equipped with an Olympus BX-series optical micro- 
scope and a Peltier-cooled, Si-based charge-coupled 
device detector. Raman spectra of the inclusions in 
ekanite were excited using a 473 nm diode laser (11 
mW at the sample), Raman measurements of the al- 
teration rims were conducted with a 633 nm He-Ne 
(10 mW) and a 785 nm diode laser (24 mW), and PL 
was excited using an external, air-cooled 407 nm 
diode laser (500 mW, unfocused laser beam). The 
emitted PL and Raman scattered light, respectively, 
were collected using a 50x objective (numerical aper- 
ture 0.50; free working distance 10.6 mm) and dis- 
persed using a diffraction grating with 1800 grooves 
per millimeter. The spectral resolution was about 1 
cm. More experimental details are described else- 
where (Zeug et al., 2018). 


RESULTS AND DISCUSSION 


General Characterization. Near Ampegama, ekanite 
is found as a rare constituent of a calc-silicate meta- 
morphic rock composed primarily of diopside, wollas- 
tonite, K-feldspar, and scapolite, occasionally together 
with minor fluorite and graphite (Sameera et al., 
2020a). Ekanite mostly occurs as xenomorphic nod- 
ules up to 3 cm in size. Many but not all of them are 
surrounded by orange to pale brownish alteration rims 
with an earthy consistency. In fresh conditions, the 
mineral is vivid olive green to yellowish green. Close 
to the alteration rims, it may in some cases show dis- 
coloration and appear greenish blue (figure 4A). The 
material is transparent and exhibits conchoidal to un- 
even fracture. Unaltered ekanite has a vitreous luster 
and is isotropic. As ekanite is in fact tetragonal, the 
observed isotropy indicates that the material is pres- 
ent in a metamict (ie., glassy) state. Its RI was 1.59 + 
0.01, and the SG was determined as 3.27 + 0.01. Ekan- 
ite is apparently non-luminescent under both long- 
wave and short-wave UV light. 

The results of EPMA chemical analyses are sum- 
marized in table 1. Ekanite from Ampegama, if unal- 
tered, has a relatively uniform chemical composition 
that corresponds to the formula Ca,Th, U,,Si,O,, 
(calculated on the basis of 20 oxygen atoms per for- 
mula unit). The composition is fairly similar to that 
of ekanite from Ellawala (Anderson et al., 1961) and 
Okkampitiya (Nasdala et al., 2017). To the best of our 
knowledge, no analysis of ekanite from Rakwana in 
Sabaragamuwa Province, Passara in Uva Province 
(both were quoted by Dissanayake and Rupasinghe, 
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Figure 4. A: Transmitted-light photo of a rough ekanite (field of view 6 mm) from Ampegama with alteration-induced dis- 
coloration and characteristic conchoidal fracture. It contains a large K-feldspar and numerous acicular inclusions. B: Needles 
in the glassy host have a crystallographically controlled orientation conforming to the host’s previously tetragonal symme- 
try (field of view 1.6 mm). C: Partially filled hollow needle (field of view 120 um). D: Xenomorphic thorite inclusion associ- 
ated with silica glass, wollastonite, and apatite (field of view 630 um). Photomicrographs by Chutimun Chanmuang N. 


1993), or Makumbura in Southern Province (Sameera Concordant ?Pb/8U and ?°’Pb/?°U ratios of ekan- 
et al., 2020b) has been undertaken thus far. ite from Okkampitiya (Nasdala et al., 2017) indicate 


TABLE 1. Mean chemical composition (in wt.%) of Ampegama ekanite and its alteration products, obtained by 
EPMA analysis. 


Major oxides? Unaltered ekanite Alteration rim (colorless) Alteration rim (brownish) Detection limit 
(n = 13) (n = 6) (n = 7) 

ALON OMB OrOm a? OS O0ER033 0.14 + 0.04 0.03 

SiO, 56.2 + 0.3 43.341.4 51.8 + 7.6 0.03 

CaO S26 ss O11) be 8 O)335) 8.13 + 4.26 0.05 

FeO 0.23 + 0.03 0.33 + 0.03 0.18 +0.11 0.07 

PbO 0.81 + 0.05 0.83 + 0.23 OLS2 22 (0.117 0.10 
ThO, 27.5+0.5 35.0 + 0.4 27.5 42.8 0.13 

UO, DEGIEEOLOS 301) se Os? PETOEEMEOS) O19 

Total 100.7 + 0.6 93.3 41.3 91.1434 


"The elements F, Na, Mg, P. Sc, Ti (all 0.05), Mn (0.07), Sr (0.15), Y (0.08), Zr (0.11), La (0.15), Ce (0.16), Pr (0.24), Nd (0.23), and Sm (0.12) were 
also sought for, but mean concentrations were below the EPMA detection limits (values in brackets, in wt.%). 
PAll errors are quoted at the 2c level. 


160 = THE SHAPE OF EKANITE Gems & GEMOLOGY SUMMER 2022 


that lead is mainly radiogenic and hence was widely 
excluded during the primary growth of this mineral. 
Assuming the same is true for the Ampegama ekanite, 
the measured mean concentrations of thorium (24.2 
wt.%)}, uranium (2.30 wt.%), and lead (0.75 wt.%; con- 
verted from the respective oxide concentrations quoted 
in table 1) are converted to a “chemical age” (Montel 
et al., 1996; Suzuki and Kato, 2008) of roughly 525 Ma. 
From this age and present thorium and uranium con- 
centrations, and using the equation of Murakami et al. 
(1991), a time-integrated self-irradiation dose of 14.0 x 
10° alpha events per gram of material is calculated. 
This value exceeds the threshold of Sri Lankan zircon 
to alpha-event amorphization (Zhang et al., 2000; Nas- 
dala et al., 2002) by about one order of magnitude. It 
explains the present glassy state of ekanite as resulting 
from extensive radioactive self-irradiation of initially 
tetragonal ekanite over long time periods. 

This assignment is also supported by microscopic 
observations. Similar to ekanite from Ellawala 
(Mitchell, 1961; Giibelin, 1961), the Ampegama 
ekanite contains numerous acicular fluid and two- 


phase inclusions that show a crystallographically 
controlled orientation of needles with the long axes 
at 90° angles to each other (figure 4, A and B). This is 
explained by the primary formation of tetragonal 
ekanite with crystallographically oriented inclusions 
within the host crystal, followed by irradiation-in- 
duced vitrification of ekanite that did not affect the 
orientations of the inclusions. Some of the needles 
are filled incompletely (figure 4C). Solid inclusions 
of irregular shape (figure 4D], determined by Raman 
spectroscopy, include thorite, quartz and silica glass, 
K-feldspar, apatite, wollastonite, and calcite. 


Optical Absorption and Heat Treatment. Optical ab- 
sorption spectra obtained from a natural ekanite slab 
and its heat-treated analogues are presented in figure 
5. The green color of natural (metamict) ekanite is due 
to two main spectral features. First, there is an absorp- 
tion continuum, tentatively assigned to defect-related 
“color centers” (see, for instance, Greenidge, 2018), 
that gradually increases toward the blue—violet-UV 
range of the electromagnetic spectrum. Second, there 


Figure 5. Optical absorption spectra of green metamict ekanite, its analogue annealed at 750°C (left; sample thick- 
nesses 1.02 mm), and a brownish green chip that was annealed at 1400°C (right; sample thickness 110 um). The 
reference spectrum of a green “low zircon” was obtained from sample N-17 (described in detail by Nasdala et al, 
2002). The reference spectrum of irradiation-spotted diamond is from Nasdala et al. (2013) and that of U*-doped 
ZrSiO, from Zeug et al. (2018). Reference spectra are presented on an arbitrary absorbance scale. Spectral ranges 
that are invisible to the human eye have gray background shade. Note the vast increase of the linear absorption 


coefficient after high-temperature treatment of ekanite. 
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is a pronounced absorption band in the red to orange 
range whose maximum lies near 15700 cm"! (637 nm 
wavelength). This band could be assigned to Fe** or 
Fe*-Fe* charge transfer (Smith, 1978; compare to Ten- 
nakone, 2011), which appears rather unlikely, how- 
ever, because of the low iron concentration of 0.18 
wt.% (converted from the FeO content of 0.23 wt.% 
quoted in table 1). Note that Okkampitiya ekanite (see 
again figure 2) is vivid yellowish green in spite of its 
even lower iron content of only 0.11 wt.% (Nasdala et 
al., 2017). Alternative assignments of the red-orange 
band include the—strongly broadened—analogue of 
the main U* absorption band in zircon (Kempe et al., 
2016), or an analogue of defect absorption in diamond 
(GR1 = neutral carbon vacancy; Clark and Walker, 
1973; Nasdala et al., 2013) or zircon (electron-hole de- 
fect; Kempe et al., 2016). In the case of the latter, it ap- 
pears likely that the red-orange absorption band of 
metamict ekanite is assigned to an oxygen-site va- 
cancy. Clarification of the issue might require syn- 
thetic ekanite to be subjected to ion-irradiation 
experiments. 

The green color is explained by the joint effect of 
a short-wavelength absorption continuum and a red- 
orange band that bracket a “reduced absorption win- 
dow” in the green to yellow range, at around 17850 
cm! (560 nm). The fact that ekanite also transmits 
well in the long-wavelength range below 15000 cm 
(above 665 nm) does not significantly affect the col- 
oration, because of the relatively poor sensitivity of 
the human eye in this spectral range. 

Although Sri Lankan ekanite typically has green 
hues that are quite attractive for gem purposes, local 
dealers have undertaken several—always ineffec- 
tive—attempts to enhance its color by heating. Pub- 
lished results on how metamict ekanite responds to 
heating are decidedly contradictory. According to An- 
derson et al. (1961), recrystallization of the metamict 
material to a tetragonal phase with a body-centered 
unit cell occurs in the range 650-1000°C. This unit 
cell was later assigned to “true crystalline ekanite” 
by Szymanski et al. (1982). At temperatures above 
1000°C, Anderson et al. (1961) observed remelting 
and formation of huttonite (ThSiO,). In contrast, 
Zeug et al. (2015) found that ekanite remains glassy 
and transparent up to 900°C, while the yellowish 
green color becomes slightly more bluish (see also fig- 
ure 5, left). Zeug et al. (2015) detected initial nucle- 
ation of several poorly ordered phases only at around 
1000°C. Between 1100 and 1450°C, crystalline ekan- 
ite formed, without any sign of melting. The 1450°C 
annealing product was identified as ekanite using X- 
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Figure 6. Forward-scattered electron (FSE) image of 
ekanite annealed at 1400°C showing predominantly 
crystal-orientation contrast. The majority of the 
flawed material (>98 vol.%) consists of polycrys- 
talline ekanite whose individual polygonal crystals 
have diverse orientations, indicated by different lev- 
els of gray. Image by Gerlinde Habler. 


ray powder diffraction and Raman spectroscopy (Nas- 
dala et al., 2017). In agreement with this latter result, 
heating of Ampegama ekanite to 750°C in the present 
study did not affect the metamict state, and heating 
to 1400°C yielded polycrystalline, tetragonal ekanite. 

Recrystallized ekanite has an unattractive appear- 
ance, as it is brownish green to pale brownish and non- 
transparent. Mitchell (1961) described it as 
“pyutty-colored.” Compared to the transparent metam- 
ict starting material, the increase of the absorption 
continuum toward low wavelengths is depleted, and 
the total absorbance is about 30-40 times higher (figure 
5, right). There are a number of narrow lines we assign 
to tetravalent uranium, based on their similarity to the 
absorption of U* in zircon (compare to Richman et al., 
1967; Mackey et al., 1975). The huge increase in total 
absorbance, visually recognizable from the loss of 
transparency, is assigned to the transformation of a 
glass to a polycrystalline compound. The texture of the 
annealing product is visualized through FSE imaging 
(figure 6): The material consists mainly of numerous 
polygonal, variably oriented ekanite crystals up to 50 
mm in size. Minor phases (USiO,, silica, Ca,Si,O,, and 
others) occur as inclusions inside the ekanite crystals 
or along grain boundaries. Note that in initial recrys- 
tallization stages in a glassy phase, nucleation of other 
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phases may be energetically favored (Capitani et al., 
2000). Also, high-temperature heating typically causes 
loss of the radiogenic lead, which in turn disturbs the 
initial equilibrium of Th+U+Pb with Ca and Si. Slight 
deviation of the total composition from that of ekanite 
necessarily leads to minor formation of other phases 
(for analogous effects in the annealing of zircon, see 
Nasdala et al., 2002). Both the presence of nanocrystals 
of these additional phases and the high number of grain 
boundaries of fine-grained ekanite aggregates cause 
loss of transparency and increased absorption. In sum- 
mary, heating of metamict ekanite below the temper- 
ature of spontaneous nucleation (about 1000°C) has 
minor effects, whereas high-temperature annealing of 
the material leads to the formation of a dull, polycrys- 
talline compound. The latter is therefore ill-advised in 
attempting enhancement. 


Study of Alteration Products. In the host rock, green 
ekanite is typically surrounded (or even completely 
replaced) by yellowish gray to ochre assemblages of 
secondary phases (figure 7A). These phases are inter- 
preted as products of fluid-driven alteration processes, 


which is supported by their strongly deficient EPMA 
totals (table 1). Deficient analytical totals of alteration 
products may be caused by the presence of light ele- 
ments that are not analyzed in the EPMA, and they 
may also be due to their common sub-micrometer 
porosity (Pointer et al., 1988; Nasdala et al., 2009). 

In plane-polarized transmitted light (figure 8), the 
alteration rims appear heterogeneous, often with a 
banded texture, and consist of colorless and brownish 
domains and zones. Compared to unaltered ekanite, 
the colorless alteration phase is strongly depleted in 
silicon and calcium, whereas thorium is notably en- 
riched (table 1). The brownish domains show pro- 
nounced heterogeneity. Some yield lower and others 
higher BSE intensity, compared to the neighboring un- 
altered ekanite (figure 8, far left images). Correspond- 
ingly the chemical composition of the brownish 
domains is decidedly heterogeneous, indicated by 
large standard deviations from the mean values (table 
1). In cross-polarized transmitted light (figure 8), the 
colorless alteration material does not show any inter- 
ference color, indicating that it has a glassy structure. 
The majority of brown regions, in contrast, show low 


Figure 7. A: Hand-specimen (width 10.5 cm) of calc-silicate rock from Ampegama, containing several clear, dark 
bottle-green ekanite nodules surrounded by yellow-to-ochre alteration products. Some smaller nodules are altered 
completely (three are marked by arrows). B: Only the alteration products show intense greenish luminescence 
under the long-wave UV lamp. C: PL image of a polished rock specimen (field of view 14 mm) obtained under 385 
nm LED illumination. Alteration of the central metamict ekanite has started from the outer rim and internal frac- 
tures. Photos by Manfred Wildner. 
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Figure 8. Two series of BSE, plane-polarized transmitted-light, cross-polarized transmitted light, and PL images 
(from left to right) showing heterogeneous alteration rims surrounding fresh metamict ekanite in the center. The 
alteration rims emit intense green, uranyl-related photoluminescence. 30 ym thin section; field of view 1.72 mm. 
BSE images by Chutimun Chanmuang N., all others by Lutz Nasdala. 


birefringence. In some of the dark brown regions (fig- 
ure 8, bottom row}, aragonite was detected, whereas 
the identification of all other alteration material using 
Raman spectroscopy failed, as no evaluable band pat- 
terns were obtained. Interestingly, there is no signifi- 
cant lead loss in the alteration products, compared to 
fresh ekanite. The virtually unvaried presence of lead 
in the alteration products may indicate either that 
these phases did not exclude lead upon formation or 
that alteration occurred soon after ekanite formation, 
with subsequent transformation of thorium and ura- 
nium to lead in the alteration products themselves. 
Further investigations will be needed to address this 
issue. 

Most of the alteration products show distinct 
greenish luminescence under UV or violet-blue ex- 
citation, while the fresh ekanite appears inert (figures 
7 and 8). A representative PL spectrum is presented 
in figure 9. We assign the broad-band green emission 
to hexavalent uranium ions that are present in the 
form of (UO,)** (i.e., uranyl) groups. The observation 
of green, uranyl-related emission is consistent with 
significant concentrations of uranium and relatively 
low concentrations of iron in the alteration products 
(table 1; compare to Gaillou et al., 2008). Only arag- 
onite-containing zones yield even more intense PL 
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(figure 8, far bottom right image); here the green 
uranyl-related band is overlain by a broad band in the 
orange-red range whose cause remains unknown. 
The PL spectra of many, but not all, uranyl-con- 
taining crystalline minerals show a pattern consist- 
ing of energetically equidistant bands (Gorobets and 
Sidorenko, 1974; deNeufville et al., 1981; Wang et al., 
2.008). Such patterns are also observed from natural 
opal (Fritsch et al., 2015; Othmane et al., 2016), syn- 
thetic glasses (Mahurin et al., 2003), and even uranyl 
ions and complexes in solutions (McGlynn and 
Smith, 1961; Moulin et al., 1995). For comparison, 
we collected the PL spectra of the uranyl-containing 
species metatobernite, hyalite, and a uranyl glass 
under the same conditions (figure 9). Thus, the pres- 
ence or absence of a pattern of equidistant bands does 
not depend on the host’s crystallinity. Such patterns 
are assigned to the coupling of electronic transitions 
with oscillations of the linear O=U=O groups. Ener- 
getic differences among neighboring bands depend on 
the frequencies of uranyl stretching vibrations and 
hence allow the calculation of U=O bond distances 
(Jones, 1959). The observation that the studied alter- 
ation rims yield non-structured emission is ascribed 
to an overlay of many vibrational modes, due to ex- 
tensive irregularity of U=O bonds caused by exten- 
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Figure 9. PL spectrum (407 nm excitation) of the green- 
Juminescing alteration rim surrounding ekanite, com- 
pared with the spectra of three other uranyl-bearing 
substances. 


sively irregular arrangements of nearest neighbor 
atoms in the glassy structure. 
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In optical microscopy, the practical benefit of the 
intense uranyl luminescence of the alteration prod- 
ucts is that the shape of the central remnant of fresh 
ekanite, which does not luminesce, is easily recog- 
nized (figure 10). The latter exhibits concave surface 
features analogous to that of rough ekanite speci- 
mens (compare to figure 1). The formation of concave 
surfaces is therefore explained by the alteration of 
ekanite in its host rock, whose identity for all sec- 
ondary deposits remains unknown. Fluid-driven al- 
teration presumably has progressed inward, resulting 
in concentrically grown reaction rims of secondary 
phases, at the expense of primary ekanite. 


CONCLUSIONS 


The physical properties, chemical composition, and 
general appearance of Ampegama ekanite are broadly 
similar to ekanite from other Sri Lankan locations, ex- 
cept that the material is not found in a secondary de- 
posit but in situ. In the calc-silicate host rock, 
fluid-driven chemical alteration decomposes primary 
ekanite, and the botryoidal growth of alteration prod- 
ucts leads to convex surface shapes of the product- 
phase aggregates, which in turn result in the concave 
shapes of the ekanite remnant. It is a simple conclu- 
sion by analogy that the same may have happened in 
the (still unknown) host rocks of ekanite found near 
Ellawala and Okkampitiya. After weathering of the 
host rock, the soft and earthy alteration products are 
effectively removed, leaving behind rough ekanite 
with their dimpled surface patterns. As rough ekanite 
specimens found near Ellawala and Okkampitiya gen- 


Figure 10. Pair of plane- 
polarized transmitted-light 
(left) and photoluminescence 
(right) photomicrographs of a 
strongly altered ekanite nod- 
ule in its host calc-silicate 
rock (30 ym thin section). 
The central, well-preserved 
remnant of metamict ekan- 
ite is colorless and non-lumi- 
nescent; its irregular shape 
corresponds to that of rough 
specimens found in placers. 
Photomicrographs by Lutz 
Nasdala; field of view 5.1 
mm. 
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erally show high degrees of preservation of such sur- 
face features, in most cases virtually without abrasion 
signs, transport pathways from the point of weather- 
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Forty-five “emeralds,” formerly set in the coronation crown of Napoleon III, were studied using nondestructive 


mobile spectroscopic and gemological means. Adorned with emeralds, diamonds, and gold, the crown was cre- 


ated in 1855 by royal jeweler Alexandre Gabriel Lemonnier but dismantled in 1887 for the auctioning of the 


French crown jewels. Some of the emeralds were donated to the Ecole des Mines (Paris School of Mines, now 


known as Mines Paris - PSL) in 1887, prior to the auction. Our examination revealed that 41 out of 45 gems 


were indeed natural emeralds, presenting no evidence of clarity enhancement. Their gemological characteristics 


and age suggest a Colombian provenance. The other four samples were determined to be artificial glass con- 


taining iron and/or copper and possibly other chromophores. These glass imitations could have been set when 


the crown was created or shortly thereafter. This study is part of an effort to examine gemstones of historical 


meaning and significance worldwide. 


established on June 15, 1530, by Francis I and 

enriched by later kings and emperors, such as 
Henry II, Henry IV, Louis XIV, Napoleon I, Louis 
XVIII, and Napoleon II. This important collection 
of loose gemstones and high-end jewelry included 
many significant gems: the Regent, Grand Sancy, 
and French Blue (later Hope) diamonds; the Grand 
Sapphire; and the Céte de Bretagne red spinel (see 
Bapst, 1889 and Morel, 1988 for details on the col- 
lection and its history). It is worth mentioning that 
most of the jewels were kept as individual stones 
and used in custom settings designed for each new 
sovereign, and then dismantled again when a succes- 
sor came to power. 

After the end of the French Empire, the crown 
jewels were exhibited twice in Paris, in 1878 at the 
Exposition Universelle (World’s Fair) and in 1884 in 
the State Room at the Louvre. Both exhibitions 


T= collection of the French crown jewels was 
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were heavily guarded and attracted large crowds of 
admirers. However, the popularity of the two events 
did not prevent the unprecedented sale of this na- 
tional treasure. 


In Brief 


¢ Forty-five “emeralds” formerly set in the coronation 
crown of Napoleon III were studied with nondestruc- 
tive mobile gemological and spectroscopic means. 


Of these, 41 samples were found to be natural emer- 
alds from Colombia without clarity enhancement. 


Four samples were found to be artificial glass con- 
taining iron and/or copper and possibly other 
chromophores; no evidence of recently fabricated 
glass was found. 


During the French Third Republic, most of the 
crown jewels were dismantled and sold at an auction 
at the Louvre, held May 12-23, 1887. The auction 
was intended to get rid of these symbols of royalty 
and empire. Some unset gems, however, were put 
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Figure 11 


e This fake railroad watch actually has 21 jew- 
els. Many so marked did not. Two of the six 
useless cap jewels are glass, two are pyrope. All 
other jewels are almandite. Red celluloid washer 
covers center bearing. 
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aside and given to various French museums, includ- 
ing the French Natural History Museum, the Louvre, 
and the Ecole des Mines, all in Paris. On February 8, 
1887, the Ecole des Mines received two small dia- 
monds, 915 pearls, 96 Colombian emeralds, 177 
Siberian amethysts, and 59 Brazilian pink topazes 
(figure 1). For additional historical background on the 
French crown jewels, see Morel (1988). 

Since the late twentieth century, the Louvre has 
bought back a few pieces of jewelry, which are on ex- 
hibit at the Apollo Gallery and in the Apartments of 
Napoleon III. The National Museum of Natural His- 
tory in Paris displays its loose gems from the French 
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16.79 carats total, and 
34 small emeralds 
weighing 10.03 carats 
total. Catalog no. 
M.4849, year 1887, 
ENSMP Mineralogy Mu- 
seum collection. Photo 
by Didier Nectoux; © 
Museum of Mineralogy, 
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crown jewels as part of the “Earth’s Treasures” ex- 
hibit. Most of the other gems and jewels are still in 
private collections, though a few have found their 
way into museums, including the Napoleon dia- 
mond necklace (Gaillou and Post, 2007) and the 
Hope diamond (Patch, 1976; Balfour, 1987; Post and 
Farges, 2014) at the Smithsonian Institution in Wash- 
ington, DC. 

This article presents the results of research con- 
ducted on emeralds formerly mounted in Napoleon 
IIl’s coronation crown. It follows previous scientific 
articles dedicated to the study of historic gems in mu- 
seums worldwide (e.g., Bosshart, 1989; Kane et al., 
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Figure 2. Left: A reproduction of the crown of Napoleon III, displayed at the Abeler collection of crowns and re- 
galia in Wuppertal, Germany. Modified from Wikimedia Commons. Right: The royal jeweler Lemonnier also pro- 
duced a very similar crown for Empress Eugénie in 1855. Photo by Stéphane Maréchalle; courtesy of RMN-Grand 


Palais (Louvre Museum). 


1990; Fritsch et al., 2007; Gaillou and Post, 2007; Gail- 
lou et al., 2010, 2012, 2022; Galopim de Carvalho, 
2.014; Post and Farges, 2014; Farges et al., 2015). These 
gems from the crown were kept in the vault of the 
museum of the Ecole des Mines in Paris until 2016, 
when the museum opened an exhibition of gems from 
the French crown jewels. The present paper is part of 
an ongoing project on the study of the gems previously 
adorning historic jewels, led by the French Gemmo- 
logical Laboratory (LFG) and the Museum of Mineral- 
ogy, Mines Paris - PSL, which owns the gems. 

The crown (figure 2, left) was created in 1855 by 
royal jeweler Alexandre-Gabriel Lemonnier and pre- 
sented at the “Exposition Universelle” in Paris the 
same year. Lemonnier’s very similar crown for Em- 
press Eugénie is shown in figure 2 (right). Napoleon 
IIl’s crown was adorned at the bottom part with eight 
large emeralds ranging from 14.5 to 23.7 ct (with a 
total weight of more than 150 carats) as well as eight 
large diamonds weighing 17.00 to 26.33 ct that were 
previously mounted in another royal crown. These 
diamonds included the 19.07 ct Grand Mazarin, the 
19.22 ct De Guise, and the 25.53 ct Fleur-de-Pécher. 
Fifty smaller “emeralds” were also incorporated: 34 
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rectangular step-cut stones forming an equator 
around the globe atop the crown (and topped with a 
diamond cross) with a total weight of 10.03 carats, 
and 16 round and oval brilliant-cut stones circling 
the midsection, with a total weight of 17.26 carats. 
Morel (1988, p. 338) notes that shortly after the 
crown’s creation, the eight large diamonds were re- 
moved and later used in other jewels of Empress Eu- 
génie, replaced by “strass” (artificial glass, possibly 
containing lead) imitations. Morel also noted that the 
emeralds were left set in the crown. 

Five years after the fall of the empire, the eight 
large emeralds were restituted to Empress Eugénie 
on October 5, 1875. In 1887, Napoleon III’s crown 
was melted down and the stones were separated into 
different suites. During the auction of the French 
crown jewels in May 1887, the eight large diamonds 
were sold to the highest bidder (the diamond cross 
was sold to the jeweler Boucheron earlier that year). 
The 50 smaller “emeralds” were part of the donation 
to the Ecole des Mines. Today, 33 of the 34 gems 
from the upper part of the crown as well as 12 of the 
16 gems from the midsection are cataloged in the 
Museum’s collection, and these are presented below. 
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MATERIALS AND METHODS 


Examined here are the 45 green stones, reportedly 
emeralds, that were donated during the Third Repub- 
lic’s historical deposit of 1887 into the collection of 
the Ecole des Mines (formally the Ecole Normale 
Supérieure des Mines de Paris, or ENSMP), now 
called Mines Paris - PSL. The catalog numbers of the 
school’s mineral, gem, meteorite, and rock collection 
still bear the initials “ENSMP,” all entered under a 
single catalog number: all entered under a single old 
catalog number: M. 4849. 

This study investigates some of the 96 emeralds 
that were part of this original donation; the 46 emer- 
ald beads are excluded. We only focus on the gems 
mentioned as “16 emeralds of 16.79 carats” and “34 
emeralds of 10.03 carats” in total weight (see again 
figure 1), as these can be traced back to the corona- 
tion crown of Napoleon III. Among the 50 emeralds 
donated in 1887, 45 of them are still in the museum’s 
collection, the curators having no record of the re- 
maining five. 


As the ENSMP collection has evolved over the 
135 years since the gems from the crown jewels ar- 
rived, the donation that was deposited under a single 
reference number was dispatched into several catalog 
numbers. The 50 emeralds from Napoleon III’s crown 
were divided into three series. The first series con- 
sists of the previously mentioned 34 emeralds from 
the top part of the crown, under the name ENSMP 
69880, 33 of which are still in the collection (figure 
3 and table 1; note that sample ENSMP 69880_5 is 
missing). The second series of 16 emeralds from the 
midsection of the crown was split into at least two 
catalog numbers—four stones under ENSMP 69881 
and eight under ENSMP 69866 (figure 4 and table 
1}—-while the last four remain missing. The reason 
for splitting this second series is not clear, but as we 
will see later, series ENSMP 69881 has characteris- 
tics unlike the others. 

As the set of 45 samples is considered a national 
treasure, the project had to be conducted on-site at 
the Museum of Mineralogy, Mines Paris - PSL. Be- 


Figure 3. The 33 emeralds of suite ENSMP 69880, originally set in the crown of Napoleon III, ranging from 0.180 to 
0.408 ct. Photo by Eloise Gaillou; © Museum of Mineralogy, Mines Paris - PSL. 
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TABLE 1. Properties of samples from the crown of Napoleon III. 


Reference number 


Weight (ct) 


Dimensions (mm) 


Shape/Cutting Style 


ENSMP 69866_1 


ENSMP 69866_2 


ENSMP 69866_3 


ENSMP 69866_4 


ENSMP 69866_5 


ENSMP 69866_6 


ENSMP 69866_7 


ENSMP 69866_8 


ENSMP 69880_1 


ENSMP 69880_2 


ENSMP 69880_3 


ENSMP 69880_4 


ENSMP 69880_6 


ENSMP 69880_7 


ENSMP 69880_8 


ENSMP 69880_9 


ENSMP 69880_10 


ENSMP 69880_11 


ENSMP 69880_12 


ENSMP 69880_13 


ENSMP 69880_14 


ENSMP 69880_15 


ENSMP 69880_16 


ENSMP 69880_17 


ENSMP 69880_18 


ENSMP 69880_19 


ENSMP 69880_20 


ENSMP 69880_21 


ENSMP 69880_22 


1.156 


1.071 


0.955 


1.339 


1.036 


0.929 


1.091 


0.854 


0.366 


0.299 


0.408 


0.293 


0.305 


0.317 


0.310 


0.342 


0.358 


0.214 


0.364 


0.361 


0.303 


0.343 


0.344 


0.315 


0.371 


0.331 


0.236 


0.317 


0.381 


7.12-7.19 x 3.48 


7.11-7.22 x 3.42 


6.90 x 6.23 x 3.67 


7.06-7.18 x 4.11 


7.10-7.21 x 3.23 


6.92-7.13 x 3.10 


6.95-7.19 x 3.40 


6.93-7.07 x 3.07 


4.67 x 3.73 x 3.05 


4.43 x 3.78 x 2.45 


4.77 x 3.81 x 3.23 


4.44 x 3.59 x 2.65 


4.60 x 3.69 x 2.52 


4.48 x 3.72 x 2.71 


4.14 x 3.85 x 3.03 


4.38 x 3.71 x 2.91 


4.65 x 3.73 x 2.90 


3.86 x 3.42 x 2.47 


4.54 x 3.72 x 3.03 


4.62 x 3.70 x 3.10 


4.67 x 3.67 x 2.66 


4.44 x 3.68 x 2.91 


4.61 x 3.70 x 2.80 


4.60 x 3.64 x 2.48 


4.63 x 3.74 x 3.06 


4.54 x 3.66 x 2.84 


3.88 x 3.45 x 2.44 


4.47 x 3.69 x 2.81 


4.70 x 3.71 x 3.18 


Round/Brilliant 
Round/Brilliant 
Oval/Brilliant 
Round/Brilliant 
Round/Brilliant 
Round/Brilliant 
Round/Brilliant 
Round/Brilliant 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 


Rectangular/Step 


Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 


Rectangular/Step 


Rectangular/Step 


Rectangular/Step 
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TABLE 1 (continued). Properties of samples from the crown of Napoleon III. 


Reference number 


Weight (ct) 


Dimensions (mm) 


Shape/Cutting Style 


ENSMP 69880_23 
ENSMP 69880_24 
ENSMP 69880_25 
ENSMP 69880_26 
ENSMP 69880_27 
ENSMP 69880_28 
ENSMP 69880_29 
ENSMP 69880_30 
ENSMP 69880_31 
ENSMP 69880_32 
ENSMP 69880_33 
ENSMP 69880_34 
ENSMP 69881_1 


ENSMP 69881_2 


ENSMP 69881_3 


ENSMP 69881_4 


0.318 


0.297 


0.240 


0.327 


0.245 


0.229 


OPA 


0.287 


0.233 


0.247 


0.221 


0.180 


0.939 


0.703 


0.929 


0.919 


4.54 x 3.61 x 2.64 


4.61 x 3.64 x 2.54 


3.87 x 3.47 x 2.68 


4.55 x 3.69 x 2.75 


BOI SO & LS7 


3.90 x 3.40 x 2.56 


BPO Or 5) Clee, 09) 


3.97 x 3.50 x 3.02 


4.34 x 3.88 x 2.08 


3.91 x 3.62 x 2.42 


SSH Soll x D27 


3.83 x 3.67 x 1.88 


5.86-5.87 x 4.04 


5.28-5.39 x 3.83 


5.84—-5.87 x 3.98 


5.80-5.83 x 3.92 


Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Rectangular/Step 
Round/Brilliant 
Round/Brilliant 
Round/Brilliant 


Round/Brilliant 


cause of this constraint, the samples were studied 
using LFG’s mobile spectrometers as well as classical 


Figure 4. A: The eight emeralds from suite ENSMP 69866, ranging from 0.854 to 1.339 ct. B: The four stones from 
suite ENSMP 69881, weighing from 0.703 to 0.939 ct. Photos by Eloise Gaillou; © Museum of Mineralogy, Mines 
Paris - PSL. 


STUDY OF GEMS FROM THE CROWN OF NAPOLEON III 


gemological tools. The samples and their dimensions 
are listed in table 1. All samples were examined with 
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classic gemological tools. Observation was performed 
using a Zeiss Stemi 508 binocular microscope (mag- 
nification up to 80x) equipped with a fiber-optic light 
source and an incorporated camera to acquire photos 
all mounted on an Eickhorst Gemmaster base. Lumi- 
nescence was examined using a 6-watt ultraviolet 
lamp (Vilber Lourmat VL-6.LC) with long-wave UV 
(365 nm) and short-wave UV (254 nm) light, equipped 
with a CN-6 darkroom (10 cm distance between the 
sample and the lamp). Refractive indexes were taken 
with a refractometer and mass and density with a 
hydrostatic balance. 

Raman and photoluminescence (PL) spectra were 
obtained using a mobile Raman spectrometer (Magi- 
labs GemmoRaman-532SG) with a 532, nm laser exci- 
tation and spectral resolution of 11 cm, ranging for 
Raman spectra from 200 to 2000 cm! (with 1 second 
exposure time and 4 accumulations) and for PL spectra 
from 540 to 760 nm (0.3 to 0.4 second exposure time 
and 30 accumulations). All spectra were acquired with 
the laser pointing at the table, the flattest part of the 
stone. Calibration of the Raman spectrometer was 
made with a diamond, using its 1331.8 cm™! Raman 
line. Due to this study requiring the use of a mobile 
instrument, the spectral resolution was over 10 cm". 
This precluded us from reaching a conclusion regard- 
ing the alkali content, which would have required the 
use of the exact position and full width at half maxi- 
mum of the band at 1070 cm" to differentiate emeralds 
containing either low or high concentrations of alkali 
elements (Huong et al., 2014; Bersani et al., 2014; 
Jehliéka et al., 2017; Karampelas et al., 2019). Indeed, 
in order to obtain the real shape of this band, relatively 
high spectral resolution (<2. cm) must be used in the 
acquisition of the Raman spectra. Moreover, the spec- 
tral resolution of the instrument could also affect the 
exact position of the PL bands. For example, if the spec- 
tral resolution is not optimal, the real shape of the band 
is not obtained and it appears broader and in slightly 
shifted positions. The suggestion that the exact posi- 
tion of the Cr** R, line can give information regarding 
an emerald’s country of origin (Moroz et al., 2000; 
Thomson et al., 2014) should be considered with cau- 
tion. Visible/near-infrared (Vis-NIR) spectra were ac- 
quired from 365 to 1000 nm using a mobile instrument 
(0.05 to 0.10 seconds acquisition time and 50 accumu- 
lations) with an integrating sphere (Magilabs Gemmos- 
phere). Fourier-transform infrared (FTIR) spectra were 
obtained with a mobile instrument (Bruker Alpha II) 
in the 400 to 8000 cm range (4 cm spectral resolu- 
tion and 100 scans) using a DRIFT accessory as a beam 
condenser (Hainschwang et al., 2006). 
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RESULTS AND DISCUSSION 


Gemological Properties and Appearance. Dimen- 
sions, weights, and shapes and cutting styles of the 
45 examined samples are presented in table 1. The 
first suite of 33 gems (ENSMP 69880) consists of rec- 
tangular step cuts, weighing from 0.180 to 0.408 ct 
(figure 3). The total weight of the 33 samples from 
series ENSMP 69880 is 9.919 carats instead of the 
10.030 carats mentioned in the archives, registering 
all 34 original samples. The second suite (ENSMP 
69866} is composed of eight roundish brilliants (one 
with a more oval shape}, weighing from 0.854 to 
1.339 ct, for a total weight of 8.431 carats (figure 4A). 
The last suite (ENSMP 69881) is composed of four 
round brilliants weighing from 0.703 to 0.939 ct (fig- 
ure 4B), for a total weight of 3.49 carats. 

All 33 rectangular gems of suite ENSMP 69880 
(figure 3) and all eight roundish gems of suite ENSMP 
69866 (figure 4A) presented a vivid green color. The 
four round-shaped stones from suite ENSMP 69881 
displayed instead an intense green with a slightly yel- 
lowish tint (figure 4B). The refractive index of sam- 
ples from series ENSMP 69866 and ENSMP 69880 
varied from 1.570 to 1.588, and their specific gravity 
values from 2.60 to 2.75, consistent with beryl. The 
color observed for those samples was consistent with 
the emerald variety of beryl. All samples were inert 
under UV lamp excitation, except for one (ENSMP 
69866_3) that exhibited a weak red fluorescence to 
long-wave UV only. This difference in fluorescence 
behavior could be explained by a slightly larger ratio 
of chromium to iron in this emerald, fluorescence is 
present when the ratio is significant and becomes 
less intense with a decrease in chromium to iron 
ratio (Bosshart, 1991b). 

Samples from series ENSMP 69881 presented 
completely different characteristics: a refractive 
index of about 1.64, a specific gravity between 3.56 
and 3.78 (depending on the stone), and a chalky yel- 
lowish fluorescence that was weaker to long-wave 
UV than to short-wave UV. The RI, SG, and UV re- 
action are similar to those observed in artificial glass 
containing lead (Nassau, 1980; Webster and Ander- 
son, 1983). 


Macroscopic and Microscopic Observations. Stan- 
dard macroscopic observation revealed surface-reach- 
ing cracks in some samples (figure 5). This could be 
attributed to multiple uses of gems in different jew- 
elry pieces over time. This practice of reusing gem- 
stones from the French crown jewels, sometimes 
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Figure 5. Photos of speci- 
mens from this study 
presenting visible cracks 
and fractures, possibly 
due to multiple uses in 
jewelry. A: ENSMP 
69866_3 (0.955 ct). B: 
ENSMP 69880_2 (0.299 
ct). C: ENSMP 69880_6 
(0.305 ct). D: ENSMP 
69881_3 (0.929 ct). Pho- 
tos by B.M.S. Beuve/LFG 
(A) and U. Henne- 
bois/LFG (B-D); 

© Museum of Mineral- 
ogy, Mines Paris - PSL. 


even recutting them, is well known (e.g., Bapst, 1889; Under the microscope, samples from suites 
Morel, 1988). The purpose was to create contempo- ENSMP 69866 and ENSMP 69880 (41 of the 45 stud- 
rary pieces of jewelry in style with the era, which ied samples) presented natural features such as multi- 
then could be used by the new ruler. Interestingly, | phase inclusions with jagged outlines, color zoning, 
sample ENSMP 69881_3 shows a conchoidal fracture transparent crystals (possibly carbonates), and gota de 
(figure 5D). aceite (Spanish for “drop of oil’) patterns (figures 6 
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. Figure 6. A: Color zon- 


ing observed in ENSMP 
69880_9; field of view 2 
mm. B and C: Multi- 
phase inclusions with 
jagged outlines observed 


| in ENSMP 69880_23 and 
) in ENSMP 69866_4; 


fields of view 1.2 and 
0.5 mm, respectively. D: 
A transparent crystal 
(possibly a carbonate) 
observed in ENSMP 
69880_22; field of view 1 
mm. Photomicrographs 
by Ugo Hennebois/LFG; 
© Museum of Mineral- 
ogy, Mines Paris - PSL. 


SUMMER 2022 175 


Figure 7. Gota de aceite structures observed in 
ENSMP 69866_2; field of view 1.5 mm. Photo- 
micrograph by Ugo Hennebois/LFG; © Museum of 
Mineralogy, Mines Paris - PSL. 


and 7). Inclusions with jagged outlines are observed 
in natural emeralds from Colombia and occasionally 
from Afghanistan, China, and a small occurrence in 
Zambia (specifically from Musakashi and not the 
more productive Kafubu deposits], as well as mines 
of more academic interest (Bosshart, 1991b; Saeseaw 
et al., 2014, 2019; Schmetzer, 2014; Krzemnicki et al., 
2021). The gota de aceite appearance such as that ob- 
served in ENSMP 69866_2 (figure 7) is documented 
in emeralds from Colombia but seldom observed in 
emeralds from other origins (Ringsrud, 2008; Hain- 
schwang, 2010; Fritsch et al., 2017). These structures 
display octagonal color zoning due to fibrous growth 
at a fast growth rate, followed by a later growth 
episode, possibly slower, which filled the space be- 
tween the fibers. The gota de aceite appearance is 
most likely due to light scattering at the irregular in- 
terface between the two growth episodes (Fritsch et 
al., 2017). No indications of treatment, such as the 
clarity enhancement applied to emerald since well be- 
fore the fourteenth century (Johnson et al., 1999, 
Kiefert et al., 1999), were observed microscopically in 
any of these samples. The four samples from suite 
ENSMP 69881 presented no mineral inclusions. Only 
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one displayed “flow patterns” (figure 8), along with 
bubbles characteristic of glass (Webster and Anderson, 
1983; Giibelin and Koivula, 1986). 


Raman Spectroscopy. Raman spectra of three repre- 
sentative samples, from suites ENSMP 69866 and 
ENSMP 69880, are presented in figure 9A. Spectra 
showed bands typical of beryl. The vibration at 
around 685 cm! is linked to Be-O stretching; at 
around 1070 cm~, the vibration is related to Si-O 
and/or Be-O stretching, along with a less intense 
band at around 1010 cm" due to Si-O stretching. The 
weaker bands between 200 and 600 cm! are linked 
to Si,O,, ring vibrations (Adams and Gardner, 1974; 
Hagemann et al., 1990; Kim et al., 1995; Moroz et al., 
2000; Bersani et al., 2014; Jehlicka et al., 2017). The 
spectra presented some differences in the relative in- 
tensities of the Raman bands (see again figure 9A). 
These result from the different crystallographic ori- 
entations in which the gems are cut and the spectra 
acquired. The band at around 685 cm is the most in- 
tense, with the bands at around 1010 and 1070 cm 
having a similar intensity (e.g., sample ENSMP 
69880_3, red line in figure 9A) when the spectrum is 
acquired with the laser beam parallel to the c-axis of 
the crystal. When spectra are acquired with the laser 
perpendicular to the c-axis of the crystal (e.g., sample 
ENSMP 69866_1, black line in figure 9A), the band 
at 1070 cm‘ is slightly more intense than that at 685 
cm, while the band at around 1010 cm is signifi- 
cantly less intense (Moroz et al., 2000; Bersani et al., 
2014, Jehli¢ka et al., 2017; Karampelas et al., 2019). 
All samples from suites ENSMP 69866 and ENSMP 
69880 (representing 41 of the 45 samples) showed the 


Figure 8. These “flow patterns” were observed in 
ENSMP 69881_3; field of view 2 mm. Photo- 
micrograph by Ugo Hennebois/LFG; © Museum of 
Mineralogy, Mines Paris - PSL. 
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Figure 9. Raman spectra obtained using a mobile instrument with 532 nm laser excitation, in the range of 200 to 
1200 cnr", of some typical samples (all spectra are shifted for clarity). A: Typical spectra for the ENSMP 69866 and 
69880 suites, showing vibrations characteristic of beryl. The differences from spectrum to spectrum are due to dif- 
ferent crystallographic orientations of the gems; the spectrum of 69866_1 is obtained nearly perpendicular to the c- 
axis, and the spectrum of 69880_8 is obtained nearly parallel to the c-axis. B: Typical spectra for the ENSMP 69881 
suite, showing large bands sometimes detected in glass, centered at slightly different positions. 


beryl-related Raman bands, which only differ in rel- 
ative intensity. 

Raman spectra of all samples from suites ENSMP 
69866 and ENSMP 69880 presented strong lumines- 
cence phenomena above 2.000 cm (i.e., from the yel- 
low to the red part of the electromagnetic spectrum). 
For that reason, it was impossible using this instru- 
ment to study the type I water (lacking a nearby al- 
kali ion) and type II water (with alkali ions nearby) 
vibrations appearing at around 3609 and 3598 cm", 
respectively (Huong et al., 2010; Bersani et al., 2014, 
Jehlicka et al., 2017; Karampelas et al., 2019). 

Raman spectra of two of the four samples from 
suite ENSMP 69881 are presented in figure 9B. The 
spectra showed broad bands at slightly different po- 
sitions, similar to those observed in glassy silicates, 
with Si-O stretching and bending and corresponding 
Raman bands at around 1000 cm and 500 cm", re- 
spectively (Colomban et al., 2006). Glasses are rela- 
tively poor Raman scatterers, and the signal-to-noise 
ratio of the mobile Raman instrument did not allow 
us to draw clear conclusions; however, the spectra 
are similar to those observed in lead glass (Colomban 
et al., 2006; Robinet et al., 2006; Ben Kacem et al., 
2017). This kind of glass (e.g., “flint glass,” which 
may display a relatively high refractive index—up to 


STUDY OF GEMS FROM THE CROWN OF NAPOLEON III 


2.00, depending on lead content—and dispersion) is 
known to have been manufactured for several cen- 
turies (Ben Kacem et al., 2017). 


Photoluminescence Spectroscopy. PL spectra of all 
ENSMP 69866 and ENSMP 69880 samples presented 
a sharp band at around 680 nm and another more in- 
tense sharp band at around 684 nm. These emission 
bands are linked to Cr** R, and R, lines, respectively, 
in the beryl structure. They are accompanied by a 
broad band in the red part of the visible range, centered 
around 710 nm (see two examples in figure 10A), pos- 
sibly also linked to chromium (Wood, 1965; Moroz et 
al., 2000; Thomson et al., 2014). Positions and relative 
intensities of the R lines presented some orientation 
effects (see again figure 10A). In the studied samples, 
the R, line ranged from 683.7 to 683.9 nm, similar to 
some emeralds from Colombia as well as some from 
Russia and Afghanistan (Thomson et al., 2014; Karam- 
pelas et al., 2019). 

The four ENSMP 69881 samples presented a 
broad PL band at 560 nm with a shoulder at around 
580 nm, less intense for sample ENSMP 69881_2 (fig- 
ure 10B, black line}, along with a broader band cen- 
tered at around 700 to 710 nm, with different relative 
intensities for the two samples (see again figure 10B). 
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Figure 10. Typical PL spectra of the samples studied, in the range of 540 to 750 nm (spectra are shifted for clarity). 
A: In the ENSMP 69866 and 69880 suites, PL bands related to chromium in the beryl structure in the red part of 
the electromagnetic spectrum are observed in all spectra. B: In the ENSMP 69881 suite, large bands possibly due to 
oxygen-related centers in glass are observed. Both spectra show the Raman bands below 570 nm. 


The bands in the green part are possibly due to oxy- 
gen deficiency-related centers (Skuja, 1998). In the 
red part of the spectra, the observed bands might be 
due to non-bridging oxygen-hole centers in glass 
(Sakurai et al., 1999). Green luminescence under UV 
light can be found in glass imitations of gems (Web- 
ster and Anderson, 1983). 


Visible/Near-Infrared (Vis-NIR) Spectroscopy. Two 
typical Vis-NIR spectra of samples from suites 
ENSMP 69866 and ENSMP 69880 are shown in figure 
11A. All 41 stones from these suites presented similar 
spectra. The broad absorptions at around 430 and 610 
nm are both linked to Cr** and V* in beryl. The two 
sharp bands of weak intensity at around 680 nm are 
due to Cr* R, and R, lines. No absorptions linked to 
iron are observed in the near-infrared part of the elec- 
tromagnetic spectrum (Wood and Nassau, 1968; 
Bosshart, 1991b; Saeseaw et al., 2014, 2019, Schmet- 
zer, 2014). Most natural emeralds from Colombia, as 
well as some from Afghanistan and a small occur- 
rence recently discovered in Zambia, present spectra 
without any absorption linked to iron, or with low- 
to medium-intensity bands linked to iron in the NIR 
region (Bosshart, 1991b; Saeseaw et al., 2014, 2019; 
Giuliani et al., 2019; Giuliani and Groat, 2019; 
Karampelas et al., 2019; Krzemnicki et al., 2021). The 
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slight differences in position and relative intensity of 
the absorption bands are also due to crystallographic 
orientation effects. The small sharp band at around 
960 nm is due to the presence of water in beryl. 

Figure 11B presents two Vis-NIR spectra of the 
suite of four ENSMP 69881 specimens, all four spec- 
tra being similar in shape. A large absorption band 
centered at around 800 nm due to Fe** and/or Cu”* is 
observed, along with a total absorption (cut off) from 
380 to 400 nm due to Fe** (or Fe**-S*) and a transmis- 
sion window in the green part of the visible range at 
around 510 nm (Schreurs and Brill, 1984; Carl et al., 
2007; Meulebroeck et al., 2010, 2011). Using this mo- 
bile Vis-NIR instrument, a clear image of the absorp- 
tion in the NIR (above 1000 nm) and in the UV 
(below 365 nm) cannot be obtained to better charac- 
terize the exact cause of the color. However, we ob- 
served no absorption bands due to elements used for 
recent glass coloration. For example, the use of 
chromium began after the second half of the nine- 
teenth century, and it was not observed in any of the 
studied glasses (Meulebroeck et al., 2016). 


Infrared (IR) Absorption Spectroscopy. Figure 12A 
presents a typical FTIR spectrum of a sample from 
series ENSMP 69866 (black line). At around 3500 
cm, a total absorption is observed, which is due to 
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Part V 


By George H. Marcher 


The next morning following our arrival 
I joined Dodge and we proceeded with the 
merchandise to O’Connors Department 
Store. A large area had been cleared to 
provide sufficient room for the dancers as 
well as space for the merchandise and the 
spectators. 

In the afternoon the Navajo entertainers 
arrived in full regalia. Dodge then took 
his place in the middle of the floor and 
gave a brief talk about how the Indians 
made their jewelry and wove the rugs. He 
explained briefly the significance of the vari- 
ous dances, and the program began. 

The music started and the thump, thump, 
thump of the Indian braves brought every- 
one to attention. At unexpected intervals, 
the dancers would let out an uninhibited 
war whoop that brought in more spectators. 
When the din stopped between numbers the 
clerks displayed the merchandise and made 
sales. 

To stimulate interest in Navajo jewelry 
during such sales we had found it helpful 
to have an Indian jeweler prominently placed 
in the salesroom to demonstrate the crude 
methods employed. One of the dancers, 
Homer Vance, had spent several years in 


that manner in Hollywood. Homer, who 
was also a Navajo priest, was well versed 
in Indian lore. To decorate his jewelry, he 
had a large variety of punches, or stencils, 
made of steel with which to impress various 
decorations and emblems into the metal 
with a hammer before bending the piece 
into a ring or bracelet. 

After the shows agreed on had been com- 
pleted, we checked the remaining stock and 
packed the bulky part into Dodge’s trailer 
while I took charge of the jewelry. 

Now that we were ready to return home, 
I visited the San Francisco “man at the 
desk” and was assigned a “berth” in a fine 
Packard. This was driven by a man whose 
conversation sounded much like that of the 
villains seen on the screen of those days 
punctuated with a few fancy words which 
would have been censored. 

Soon after we had started he decided that 
he should have another passenger whose 
name had been given him by the desk man. 
Promptly he veered off the course and 
crossed over to Oakland on the San Mateo 
Bridge, which cost him $1.50 and 20 miles 
of travel, only to find the man had tired of 
waiting and left by some other means of 
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Figure 11. Visible/near-infrared (Vis-NIR) spectra from 365 to 1000 nm of representative samples of the different 
suites. All spectra are shifted for clarity. A: Representative spectra of suites ENSMP 69866 and 69880. Bands re- 
lated to both chromium and vanadium in the beryl structure are observed at around 430 and 610 nm. Crystallo- 
graphic orientation can affect the exact position and relative intensity of these bands. B: Representative spectra of 
suite ENSMP 69881. These show a large band centered at around 800 nm, possibly due to ferrous iron (and/or cop- 
per), and a cutoff from 380 to 400 nm, possibly due to ferric iron (possibly with the participation of sulfur). 


vibrations linked to the stretching of water mole- 
cules in the beryl structure. The combination water 
bands are situated in the range of 4500 to 8000 cm”!. 
For example, a series of bands at around 5270 cm"! 
due to type I water (without an alkali ion nearby) and 
type II water (with alkali ions nearby) can be ob- 
served (Wood and Nassau, 1967, 1968). In the NIR re- 
gion at about 1400 nm (7142 cm"), the absorption is 
due to type I water; at around 1408 nm (7102 cm-'}, 
the band is due to type II water (figure 12, A and B). 
Using the mobile FTIR instrument, the signal-to- 
noise ratio in the NIR (i.e., above 6500 cm7!) was 
sometimes low and the bands were not always well 
resolved (see again figure 12A). However, in all spec- 
tra of samples from suites ENSMP 69866 and 
ENSMP 69880, the bands due to type I water were of 
equal or greater intensity than those due to type II 
water. This characteristic was also observed for 
emeralds with low alkali element concentration, 
such as those from Colombia (Saeseaw et al., 2014; 
Karampelas et al., 2019). From 2200 to 2850 cm!, 
some weak bands linked to H,O, D,O, CO,, and 
chlorine were observed (de Donato et al., 2004; 
Rondeau et al., 2008). Notably, beryl’s FTIR spectra 
also presented strong crystallographic orientation 
phenomena: The relative intensity of these bands 
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varied when spectra were acquired under different 
crystallographic orientations. No bands linked to 
clarity enhancement of emerald, which are com- 
monly observed at around 3000 cm" (Johnson et al., 
1999; Kiefert et al., 1999), were identified in any of 
these samples. 

In figure 12A, a typical spectrum of a sample from 
the ENSMP 69881 suite is also presented in red. It is 
similar to the FTIR spectrum produced by other ar- 
tificial glasses (Stephan, 2020; Cooper et al., 2020). 
Below 3200 cm, large bands due to combination 
modes and overtones of silicate glasses are observed. 
The bands at around 3500 cm are possibly due to 
symmetric stretching of water molecules and/or 
stretching vibrations of the Si-OH group. The weaker 
bands at around 4500 cm7! are due to combination 
Si-OH modes (Efimov and Pogareva, 2006). 


Summary of Results. Of the 45 samples, 41 were con- 
firmed to be emerald (suites ENSMP 69866 and 
69880). As these stones are of gem quality and were 
set in the crown of Napoleon II in 1855, we can ex- 
clude any “young” emerald provenances, such as 
mines in Zambia and Zimbabwe, or even historic de- 
posits with emeralds of lesser gem quality, such as 
those in Egypt and Austria (Giuliani et al., 2000, 2019). 
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Figure 12. FTIR spectra of representative samples in this study. All spectra are shifted for clarity. A: FTIR spectra in 
the range of 2000 to 8000 cnr* for samples ENSMP 69866_5 and ENSMP 69881_3. Bands characteristic of vibra- 
tions in the beryl structure are observed in the black spectrum, and large bands linked to glass are observed in the 
red spectrum. B: FTIR spectrum in the range of 1300 to 1500 nm (about 7692-6666 cm) of sample ENSMP 
69866_5. The intensity of the band at about 1400 nm (due to type I water) is stronger than the intensity of the 


band at about 1408 nm (due to type II water). 


From the sixteenth century until the early twentieth 
century, the vast majority of gem-quality emeralds 
originated from Colombia (Keller, 1981; Bosshart, 
1991a, Giuliani et al., 2000; Schmetzer et al., 2020). 
The existence of the specific inclusion scene (e.g., 
three-phase inclusions with jagged outlines and gota 
de aceite}, the fact that the NIR band related to type 
I water in beryl is of equal or greater intensity than 
the band related to type II water (signifying the pres- 
ence of relatively low concentrations of alkali met- 
als), and the absence of iron-related absorption bands 
in the Vis-NIR spectra all suggest that the samples 
came from Colombian mines. None of the samples 
presented microscopic or spectroscopic evidence of 
clarity enhancement. Emeralds with similar charac- 
teristics are found in other jewels from the same pe- 
riod (Keller, 1981; Karampelas and Worle, 2022). 
The microscopic and spectroscopic data of the four 
samples from suite ENSMP 69881 were found to be 
consistent with artificial glass. This was first ac- 
counted for in the museum’s internal gem identifica- 
tion report by one of the authors (FM), who made the 
determination using classic gemological tools in the 
2010s. Their relatively high refractive index and spe- 
cific gravity values point toward artificial glass con- 
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taining lead. The spectroscopic characteristics of the 
artificial glasses from Napoleon III’s crown do not 
present any evidence of a recently fabricated glass. It 
is therefore possible that these imitations were part of 
the 1887 donation and not substituted at a later stage 
at the museum. Still, the cut and shape differ signifi- 
cantly from the identified emeralds, suggesting they 
were not set at the same time as the original crown’s 
creation in 1855. Instead, they could have been re- 
placements shortly thereafter, when the eight large 
main diamonds were removed for use in other jewels 
created for Empress Eugénie (Morel, 1988). 

Additional nondestructive measurements of the 
trace elements with a well-calibrated energy-disper- 
sive X-ray fluorescence (EDXRF] spectrometer might 
help to further study the fabrication of the green 
glasses and also support the Colombian origin of the 
emeralds. Moreover, the use of a Raman spectrometer 
with more than one laser excitation wavelength and 
better spectral resolution, combined with the use of 
spectrometers covering the UV region down to 250 
nm and the NIR up to 1500 nm, would provide fur- 
ther assistance in identifying the fabrication of the 
green glasses and further confirming the emeralds’ 
Colombian origin. 
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CONCLUSIONS AND PERSPECTIVES 


In all, 41 out of 45 samples from ENSMP 69866 and 
ENSMP 69880 showed natural inclusions along with 
standard gemological observations characteristic of 
emerald. The Vis-NIR spectra presented absorption 
bands characteristic of Cr** and V**, while iron-related 
bands were not observed in any of the spectra. In the 
NIR region, as analyzed by FTIR spectroscopy, the 
bands due to type I water were of equal or greater in- 
tensity than those due to type II water. A combination 
of spectroscopic and classic gemological methods 
points to Colombia as the most likely source of these 
41 natural emeralds, given the crown’s age. 

The four samples from suite ENSMP 69881 pre- 
sented different characteristics. Classic gemological 
testing methods identified them as artificial glasses 
containing lead. Their Vis-NIR spectra revealed Fe?* 
and/or Cu? as well as Fe** (or Fe**-S?-) as the main 
causes of their coloration. We uncovered no evi- 
dence of the glass having been recently fabricated. 
Consequently, it is possible that these four artificial 
glass stones were set in the crown prior to their do- 
nation to the Ecole des Mines. Morel (1988, p. 338) 
reports that the eight large diamonds were removed 
from the crown not long after its creation and re- 
placed by “strass” (glass imitations, possibly con- 
taining lead). The substitution of these green glass 
stones for the original emeralds could have occurred 
at the same time. 

As part of an ongoing collaboration between the 
LFG and the Mineralogy Museum of the Ecole des 
Mines, the authors will continue investigating other 
gems that once belonged to the French crown jewels. 
It is only logical that in addition to exhibiting these 
gems, the Museum seeks to understand the science 
behind them, as educational and outreach tools. As 
this set of gems is considered a priceless national 
treasure, such studies can only be conducted within 
the Museum, using classical nondestructive gemo- 


ABOUT THE AUTHORS 

Dr. Karampelas (s.karampelas@lfg. paris) is chief gemologist, Mrs. 
Herreweghe, Mr. Hennebois, Mrs. Leblan, and Mrs. Meslin Sainte 
Beuve are gemologists, and Mr. Delaunay is director, at the Labora- 
toire Francais de Gemmologie (LFG) in Paris. Dr. Gaillou (eloise.gail- 
lou@minesparis.psl.eu) is curatrix, Mrs. Maouche is exhibit 
specialist, Mr. Lechartier is technician, and Dr. Nectoux is curator 
and director, of the Museum of Mineralogy, Mines Paris - PSL. 


STUDY OF GEMS FROM THE CROWN OF NAPOLEON III 


logical tools and mobile spectrometers. In the last 
two decades, several instruments useful for charac- 
terizing gems in situ have been developed in mobile 
versions, drawing the interest of researchers from 
various disciplines (Reiche et al., 2004; Petrova et al., 
2012; Barone et al., 2016; Panczer et al., 2021; Karam- 
pelas and Worle, 2022). 

Only a few gemstones that once belonged to crown 
jewels or regalia have been scientifically examined— 
some still belong to royalty (Spain and the United 
Kingdom, for example), while others have been stud- 
ied for their historical or artistic merit but not their 
gemological value. However, there has been a stronger 
desire over the last few decades to overcome these bi- 
ases, and some museums are putting national treas- 
ures under their microscopes and spectrometers, 
publishing and sharing their results. We can acknowl- 
edge George Bosshart for conducting one of the first 
gemological studies of the Dresden Green, a 41 ct di- 
amond from one of the oldest museums in the world, 
the Green Vaults (1723) in Dresden, Germany 
(Bosshart, 1989). As the French crown jewels were dis- 
persed in 1887, a few pieces eventually landed in mu- 
seums equipped with instruments and researchers 
willing to study great and historical gem treasures, 
such as the Hope diamond and the Napoleon diamond 
necklace at the Smithsonian Institution (Gaillou and 
Post, 2007; Gaillou et al., 2010, 2012, 2022, Post and 
Farges, 2014) and the Grand Sapphire of Louis XIV at 
the National Museum of Natural History in Paris 
(Farges et al., 2015). These gemstones are all remark- 
able not only for their history and consummate lap- 
idary and jewelry skills, but also for the overall quality 
of the stones themselves and our understanding of 
their geologic and geographic origin. We can only hope 
that more museums will allow in situ nondestructive 
studies of their gemstones, whether set in jewels or 
not, in order to tell the full story and offer these treas- 
ures the appreciation they deserve. 
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CHARACTERISTICS OF NEWLY DISCOVERED 
AMBER FROM PHU QUOC, VIETNAM 


Le Ngoc Nang, Pham Trung Hieu, Lam Vinh Phat, Pham Minh Tien, Ho Nguyen Tri Man, and Ha Thuy Hang 


The authors examine the gemological properties and commercial potential of a new source of amber, discovered 


in 2020 on the Vietnamese island of Phu Quoc. It is the only known amber locality in Vietnam so far. The Phu 
Quoc amber possesses reddish orange to orangy yellow hues and is transparent, with sizes up to 10 cm. The 
samples exhibited strong blue fluorescence under ultraviolet light (both long-wave and short-wave). Internally, 
they displayed disk-like inclusions and gas bubbles, but few botanical inclusions were found. Their characteristic 


FTIR peaks can be distinguished from those of amber found in other sources worldwide. Although amber from 
Phu Quoc is a recent discovery and has only been investigated in two small areas, its commercial potential is 
promising based on the samples’ quality and the wide distribution of the host rock on the island. 


resin (Ross, 1999), comes from several sources 

globally, most notably the Baltic region, Myan- 
mar, the Dominican Republic, and Indonesia. Amber 
from each locality shows distinctive characteristics. In 
2020, a sandstone miner working on the Vietnamese 
island of Phu Quoc came across an orange-yellow ma- 
terial buried inside the sandstone layers. He collected 
loose and bedrock-hosted samples, the largest up to 10 
cm (figure 1), and submitted them to Liu Gemological 


A mber, an organic gemstone fossilized from tree 


Figure 1. Amber from Phu Quoc: matrix measuring 
approximately 6 x 10 cm and a 1.69 ct, 11.93-9.41 x 
4.98 mm cabochon of transparent, orangy red amber 
set in a 14K gold ring. Photo by Le Ngoc Nang. 
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Research and Application Center (LIULAB) in Ho Chi 
Minh City, where they were identified as amber. With 
the miner’s help, the authors visited the site to collect 
amber samples. During our field trip, we found a sec- 
ond deposit, also in a sandstone mine, located about a 
kilometer from the first amber outcrop (figure 2). 


In Brief 


Vietnamese amber was first discovered on the island of 
Phu Quoc in 2020. 


The amber is characterized by strong blue fluorescence 
under UV lighting and weak green fluorescence under 
daylight-equivalent illumination. 


Amber nodules were found in sandstone, accompa- 
nied by veins of black jet. The wide coverage of sand- 
stone on the island suggests the possibility of additional 
discoveries. 


Phu Quoc amber’s gemological properties are rela- 
tively similar to those from other global sources, but it 
can be differentiated by FTIR spectroscopy. 


In the present study, Phu Quoc amber was char- 
acterized with standard gemological methods and 
Fourier-transform infrared spectroscopy (FTIR). Our 
results, combined with other published data from 
Baltic, Burmese, and Dominican amber (Wolfe et al., 
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Figure 2. Geological map of northern Phu Quoc, from Duong et al. (1998) and modified by Le Ngoc Nang (2021). 
The two study areas (1 and 2) were visited in November 2020. 


2009; Leelawatanasuk et al., 2013; Sun et al., 2015; 
Zhang et al., 2020), allowed us to compare the Phu 
Quoc samples with amber from commercially im- 
portant sources. 


AMBER FROM PHU Quoc, VIETNAM 


GEOLOGICAL SETTING 


The island of Phu Quoc lies in the Gulf of Thailand, 
about 45 km off the southwestern coast of Vietnam. 
The island has an area of 574 km2. The terrain con- 
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depth of 15-20 m at site 1. Photos by Lam Vinh Phat. 


sists mainly of low mountains, with the highest peak 
standing at 607 m (Duong et al., 1998). The amber 
sites found so far are in an area that is easily accessi- 
ble by vehicle. 

The geological formations in Phu Quoc are 
mostly sandstone and siltstone from the Miocene to 
the Holocene. The Phu Quoc amber source lies in 
the northern center of the island (figure 2), mainly 
containing Neogene sedimentary rocks, and is di- 
vided into two parts. The lower part is interbedded 
conglomerate, sandstone, and gray and green silt- 
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stone, distributed on the eastern margin of the is- 
land; the upper part is jet- and amber-bearing quartz 
sandstone with cross-bedding structure, distributed 
throughout most of northern Phu Quoc (My and 
Linh, 2005). The upper part is unconformably over- 
lain by Holocene sediments. 

The Phu Quoc amber is hosted in gray to whitish 
gray and fine- to medium-grained sandstone (My and 
Linh, 2005; Fyhn et al., 2010) (figure 3). Found in 
sandstone as nodules, samples are nearly round or 
distorted oval in shape, varying in size from a few 
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centimeters to 10 centimeters. The boundary be- 
tween amber and sandstone is clear but uneven and 
difficult to detach (figures 1 and 3). Surrounding 
amber in sandstone is black jet in the form of plates, 
with veins in matrix ranging in size from a few cen- 
timeters to several tens of centimeters. Part of the 
amber boundary is in contact with the sandstone, 
and the rest is attached to the jet. The sedimentary 
rocks containing amber are situated at a depth of 
about 15-20 m and are about 30 m thick, accompa- 
nied by lamellar-like jet. The amber-bearing sedi- 
mentary rock is quartz sandstone with massive 
structure. Rock-forming minerals are >90% quartz 
and <10% cement (sericitized clay minerals), as seen 
under a petrographic microscope (figure 4]. 


MATERIALS AND METHODS 


A total of 38 amber samples (31 loose samples and 
7 samples in matrix) were collected from two loca- 
tions (sites 1 and 2) on November 17 and 18, 2020. 
These consisted of 26 samples (22 loose and 4 in 
matrix) from site 1 and 12 samples (nine loose and 
three in matrix) from site 2. In addition, we received 
three samples (two loose and one in matrix) from 
the sandstone mine worker from site 1. Twelve of 
the Phu Quoc samples were used for research analy- 
sis: two loose samples (nos. 1 and 2) from the mine 
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worker, and ten samples (nos. 3-12: eight loose and 
two in matrix) from the authors’ set of 38 samples 
from both sites (figure 2). The samples were chosen 
based on size and quality. Five samples were cut 
into cabochons by one of the authors (PMT), and 
seven were kept rough (figure 5). For refractive index 
and FTIR measurements, the authors selected rough 
samples that had at least one flat-polished surface, 
were free of pores, and weighed more than 5 ct. The 
amber-bearing sandstones consisted mainly of 
amber and jet. 

We used three additional samples from Myanmar 
(A-3), the Baltic Sea (Poland, A-2), and the Domini- 
can Republic (A-1) to compare with the Phu Quoc 
amber by conducting gemological testing and FTIR 
advanced analysis at LIULAB (figure 5). Those three 
samples belong to the collection of minerals and 
gems of the Faculty of Geology, University of Sci- 
ence, Ho Chi Minh City. 

Standard gemological methods were used to con- 
firm the identity of the studied samples as amber. The 
amber’s color was observed under a 60 W GLS LED 
daylight bulb (5000-GO00K). Specific gravity values for 
samples 1-6 and 9-12, were measured using a hydro- 
static scale, and their refractive indexes were recorded 
with a standard gemological refractometer. A polar- 
iscope was used to observe optical features on the 


Figure 4. An amber- 
bearing sandstone thin 

| section containing 
quartz (Qtz) and a 
small amount of cement 
(Cm; mainly sericitized 

_ clay minerals) surround- 
ing the quartz grains. 
Photomicrograph by Ha 
Thuy Hang; field of view 
0.6 mm. 
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Figure 5. The amber samples used in this study were in bedrock, rough, or cut into cabochons. Samples 1-12 are 
from Phu Quoc, A-1 from the Dominican Republic, A-2 from the Baltic region, and A-3 from Myanmar. Photos by 
Le Ngoc Nang. 


same samples. Fluorescence reaction was tested on all 
the samples under ultraviolet light, both long-wave 
(365 nm) and short-wave (254 nm). Internal features 
were observed under a Carton SPZV50 gemological 
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microscope with 7x to 50x magnification. A 3 pm thin 
section of amber-bearing sandstone was examined 
under an Olympus CH-2 petrographic microscope at 
magnifications of 100x, 200x, and 400x. 
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transportation. On returning to our original 
route and reaching Salinas we forked off on 
the wrong road and about 1:00 a.m. found 
we were in Monterey. Back we went again 
to continue down through the night toward 
Los Angeles. One of the three men pas- 
sengers was sitting with the driver. In the 
course of their conversation the driver took 
out a revolver and tilted the cylinder out to 
prove it was not loaded, while he discussed 
small fire arms and their respective merits. 
One interesting tidbit in his revealing con- 
versation was something as follows: 

“T bought this car in Denver. It’s not all 
paid for yet. Of course I am not supposed 
to have it out of Colorado ’til it is all paid 
for but I got around that all right; as soon 
as I left the state I sent in another pay- 
ment which they accepted. Now they can’t 
do nuthin’ about it. Of course I ain’t got no 
pink slip, but I know what to do about that 
too. Just got to go to the Department of 
Moior Vehicles and tell ‘em I Jost it, etc., 
etc., I can get a new one.” 


As we drove along he, in a rather stern 
voice, suggested that we should recompense 
him for some of the extra travel on the de- 
tours. Most of us did for it seemed like a 
good policy at the time. 

My gripful of silver jewelry was tied on 
the trunk rack behind the car and I had ex- 
pressed concern several times that it might 
loosen and fall off. On passing through 
Hollywood on our way into Los Angeles I 
asked to be dropped off near my home so I 
could freshen up before going on into town. 
“You come along with me,” he sternly re- 
plied and kept right on driving. 

He was planning to demand more money 
for the trip when he reached the “desk” 
and he thought he might want all of us for 
witnesses. As we reached our destination I 
decided it would be safe to tell him where 
I was going and about my cheap jewelry on 
the rack. 

“I thought you had something in there 
of special value,’ he said. “You seemed 
to be watching it so much.” When he 


learned that I would not be far away in 
case he needed me he let me unload near 
the store—and so goodbye! 


Before finally closing this series of ar- 
ticles I should like to discuss certain mat- 
ters connected with the zircon. Again turn- 
ing back the leaves of my experiences, my 
first knowledge of this strange gemstone 
was derived from a small parcel of them in 
my brother's original stock. It consisted of 
an admixture of the usual Ceylon colors, 
such as dull leaf greens, browns and whites. 
But among them were a few that we called 
“red zircons” that were different from anv 
that I have seen in the market in recent 
years. By “red’’ I do not mean to suggest a 
color approaching that of a ruby or a garnet. 
Neither do I refer to the reddish type that 
so closely resembles the “Spanish topaz,” nor 
quartz. These stones that I am attempting to 
describe after so many years were of a dull 
brick-red color that seemed to emerge from 
a subdued green. Puzzling, isn’t it? When 
they were offered to us by Eastern dealers 
we were informed that such stones were 
considered very chvice in Ceylon, and we 
had to pay substantially more for them. In 
looking back into the pre-gemological days 
J wonder whether these “desirable zircons” 
might not have been identified as some other 
gem. Could they have been chrysoberyl? 
Perhaps of a quality that would now be 
classed as alexandrite? Frankly I do not 
know. According to the reputation of the 
Ceylonese of that period they were habitu- 
ally lax in regard to the identity of the 
gems they sold. 


Continuing the vicissitudes of the other 
varieties of zircon, about 1906 I extended 
my “road selling’ into the East going only 
to the larger cities. Among several kinds 


of stones that we had recut to improve their 
brilliancy, such as amethysts, citrinites and 


our ‘white topaz” (quartz), two 
papers of white and brown zircons. Practi- 
cally the only store lighting used in those 
early days was the clear-glass incandescent 
light. This was excellent to bring out the 


were 


SPRING 1954 
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For all samples, a hot needle test was applied to 
check for the characteristic scent of natural resin. We 
also checked the reaction to acetone as a means of 
separating amber from copal. Amber does not react 
with acetone, while copal reacts with acetone after 
20 seconds (Ross, 1999). 

Twelve amber samples—nine from Phu Quoc 
and one each from the Baltic Sea, Myanmar, and the 
Dominican Republic—were analyzed using an Agi- 
lent Cary 630 FTIR spectrometer. Data were ac- 
quired with a spectral range of 4000-650 cm", a 
resolution of 8 cm~!, and a scan time of 32 s. 


RESULTS AND DISCUSSION 


Under daylight-equivalent illumination, the amber 
samples from Phu Quoc were predominantly reddish 
orange or orangy yellow. Black patches and spots in 
some samples (6 and 10) were preserved flora (tree 
bark). The samples exhibited predominantly subvit- 


reous to resinous luster, and many samples displayed 
good transparency (figure 5). The samples also exhib- 
ited a white streak. 


Gemological Characteristics. The specific gravity val- 
ues of the 10 tested samples ranged from 1.03 to 1.04, 
corresponding to the SG of amber (Ross, 1999; Sun et 
al., 2015). These same 10 samples were singly refrac- 
tive and had refractive index values ranging from 
1.540 to 1.543, also consistent with amber (Ross, 1999; 
Sun et al., 2015) (table 1). Under long-wave and short- 
wave UV light, all Phu Quoc amber samples displayed 
strong to very strong light blue fluorescence (figure 6, 
top). They emitted green fluorescence on the surface 
under daylight-equivalent illumination (figure 6, bot- 
tom right) or against a dark background. The fluores- 
cence phenomenon of the Phu Quoc amber is similar 
to that of Dominican and Indonesian amber (Poinar, 
2010; Leelawatanasuk et al., 2013; Liu et al., 2014, 


Figure 6. Luminescence of Phu Quoc amber. All of the samples emitted strong to very strong light blue fluores- 
cence in both long-wave (top left) and short-wave (top right) UV light. The bodycolor of Phu Quoc amber sample 
3 is reddish orange (bottom left) and emitted weak green fluorescence under daylight-equivalent illumination 
(bottom right). Photos by Le Ngoc Nang. 
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TABLE 1. Gemological properties of amber from Phu Quoc, Vietnam. 


Sample no. Weight (ct) Color Shape SG RI Inclusions 

1 7/2 Yellowish orange Irregular 1.04 1.540 Spangle, gas bubble 
2 22:11 Intense reddish orange Irregular 1.06 1.541 Spangle, gas bubble, flora 
3 Tope Reddish orange Irregular NA NA Gas bubble, flora 
4 10.03 Intense reddish orange Irregular 1.04 1.542 Gas bubble, flora 
5 5.18 Orangy red Irregular 1.05 1.540 Gas bubble, flora 
6 5.10 Brownish yellowish orange Pear 1.05 1.541 NA 

7 12277 Yellow Roundish nodule NA NA NA 

8 76.40? Reddish orange In matrix NA NA Gas bubble, flora 
9 1.69 Reddish orange Oval 1.05 1.541 Spangle, gas bubble 
10 1.99 Intense bluish reddish orange Drop 1.04 1.543 Gas bubble 

11 0.82 Reddish orange Oval 1.04 1.542 Spangle, gas bubble 
12 1.05 Orangy yellow Oval 1.03 1.542 Spangle, gas bubble 
A-1 4.68 Yellow Near-round 1.04 NA None 

A-2 7.16 Orangy yellow Near-round 1.07 1.542 Spangle, gas bubble 
A-3 11.94 Yellow-orange Drop 1.03 1.540 Gas bubble, insect 


“Total weight of sample, including host rock, in grams. NA: not available 


Kocsis et al., 2020; Zhang et al., 2020). However, the 
Phu Quoc amber showed weaker fluorescence under 
daylight than Dominican or Indonesian amber. 

Hot needle testing on all 12 amber samples re- 
leased the natural scent of resin, distinguishing it from 
the burning scent of synthetic polymer (Ross, 1999). 
None of the Phu Quoc samples reacted to acetone, 
proving they were amber and not copal (Ross, 1999). 


Optical Characteristics. Under the polariscope, the 
Phu Quoc amber presented the phenomenon of al- 
ternately blinking light and dark when rotated every 
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45°. Although there are no detailed studies to explain 
the phenomenon, this optical characteristic known 
as anomalous double refraction (ADR) is commonly 
seen under a polariscope. Accordingly, internal stress 
helps to explain the degree of anomalous extinction 
in amber (Kratochvil, 2009). 


Internal Characteristics. The Phu Quoc samples con- 
tained four types of internal characteristics: gas bub- 
bles, disk-like inclusions (spangle) with a colorless 
core inside, round-film inclusions, and flora inclusions 
(figure 7 and table 1). Gas bubble inclusions indicating 
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the origin as tree resin (viscous and cool) are found in 
amber from most sources worldwide. In Phu Quoc 
samples, the gas bubble inclusions were accompanied 
by a typical flow structure. The disk-like inclusions 
contained air bubbles at the center, suggesting the 
condition of Phu Quoc amber, which were influenced 
by geothermal heat due to sedimentary depth (depth 
of burial) (Ross, 1999). Round-film inclusions are quite 
commonly seen, and they are also the spangles that 
reflect light to create interference colors. The flora in- 
clusions were remnants of reddish brown wood fibers. 
Significantly, insects were not found in any of the 
amber samples inspected, unlike amber from most 
other sources (Penney, 2016). 


FTIR Analysis. The FTIR spectra of the Phu Quoc 
samples shown in figure 8A include peaks at 2923, 
2861, 2100, 1695, 1455, 1379, 1261, 1156, 970, and 
815 cm. The FTIR results of Baltic, Burmese, and 
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Dominican amber are shown in figure 8, B-D. The re- 
sults were consistent with previously published FTIR 
spectra of Burmese amber (Jiang et al., 2020), Baltic 
amber (Guiliano et al., 2007; Wolfe et al., 2009), and 
Dominican amber (Xin et al., 2021). 

Phu Quoc amber exhibited an absorption band at 
around 2900 cm! with two peaks at 2923 and 2861 
cm, representing the stretching vibration of the sp* 
hybridized C-H bond of the methyl and methylene 
groups (Guiliano et al., 2007). These are the typical ab- 
sorption bands of amber and plastic or materials con- 
taining the C-H bond. 

In the range of 2800-1800 cm, Phu Quoc amber 
displayed a weak band at 2100 cm! caused by alkyne 
C=C stretching, which was similar to that of Domini- 
can samples. Meanwhile, Burmese and Baltic amber 
did not show any significant bands in this region. 

The spectral range between 1800 and 1200 cm for 
Phu Quoc amber included a peak at 1455 cm: for 


Figure 7. Inclusions in 
Phu Quoc amber. A: A 
spangle with an inclu- 
sion at the center. B: 
Gas bubbles assembled 
with botanical rem- 
nants. C: A spangle 
with interference colors. 
D: Tree bark remnants. 
Photomicrographs by Le 
Ngoc Nang; fields of 
view 4.5 mm (A and C) 
and 5.5 mm (B and D). 
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methylene (CH,] bending and another at 1379 cm for 
methyl (CH) bending (Pavia et al., 2014). The strong 
absorption bands at 1695 and 1261 cm" are related to 
C=O stretching and C-O carbonyl bonds, respectively 
(possibly ester and acid). The simultaneous presence 
of the peaks shows that there are many types of car- 
bonates in this amber’s composition (Sun et al., 2015). 
In the 1800-1200 cm” range, the spectral absorption 
bands were similar to those of the Dominican samples. 
Meanwhile, the absence of a 1261 cm peak in 
Burmese and Baltic amber differentiated them from 
Phu Quoc amber. 

Between 1200 and 800 cm7, the Phu Quoc amber 
displayed weak absorption peaks at 1156, 970, and 
815 cm, while Burmese, Baltic, and Dominican 
amber displayed medium absorption peaks at 1149, 
1031, 975, and 813 cm. The weak 1156 cm peak is 


assigned to C-O stretching of tertiary alcohol (Pavia 
et al., 2014). Additionally, the Baltic amber presented 
a spectral peak at 888 cm. For Phu Quoc amber, no 
peaks were detected at 3048, 1642, and 887 cm, 
proving it was genuine amber rather than copal (Sun 
et al., 2015). 

The FTIR spectra of Phu Quoc samples exhib- 
ited characteristics similar to those of Baltic, 
Burmese, and Dominican amber. However, the 
spectra of Phu Quoc amber displayed some charac- 
teristics unique to the deposit. The existence of 
1261 and 1156 cm“ bands and the absence of 3450 
and 1149 cm! peaks revealed distinguishing fea- 
tures in both composition and polymer structures. 
These differences play an important role in defining 
the geographic origin of amber from global sources 
(including Phu Quoc amber). 


Figure 8. FTIR spectra of amber from Phu Quoc (A) and other sources (B—D). 
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Figure 9. Gem-quality amber from Phu Quoc: an 11.16 ct rough and cabochons weighing 1.02-1.40 ct. Photo by Le 


Ngoc Nang. 


COMMERCIAL POTENTIAL 


Based on our initial evaluation, Phu Quoc amber is 
of high enough quality to be suitable for jewelry 
manufacturing (figures 1 and 9). The color ranges 
from highly valued yellowish orange to orangy red, 
similar to that of Baltic and Burmese amber. Most 
are transparent, especially the samples smaller than 
1 cm. The Phu Quoc amber is suitable for cabochons 
and carvings. Although we carried out our research 
within a small area, the sandstone formation (amber 
host rock) covers almost the entire island (My and 
Linh, 2005), suggesting the possibility of finding 
amber over a wide area. While these factors signal 
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the commercial potential of Phu Quoc amber, fur- 
ther assessment is needed. 


CONCLUSIONS 


Standard gemological properties, FTIR spectroscopy, 
and other tests confirmed that the samples represent 
the first Vietnamese source of amber. The material’s 
attractive color, transparency, and size make it suit- 
able for jewelry. In addition, the wide distribution of 
the Neogene sandstone host rock on this island in- 
dicates strong commercial potential. With the dis- 
covery of amber on Phu Quoc, Vietnam could 
become an important supplier of this organic gem. 
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a SAN MO ES ARTICLES 


NATURAL RADIOACTIVITY IN SELECT 
SERPENTINITE-RELATED NEPHRITE SAMPLES: 
A COMPARISON WITH DOLOMITE-RELATED 
NEPHRITE 


Dariusz Malczewski, Michat Sachanbinski, and Maria Dziurowicz 


The published literature offers only a few records of direct measurement of the natural radioactivity in nephrite. 
The present study used high-purity germanium (HPGe) low-background gamma-ray spectrometry to measure 
activity concentrations of primordial radionuclides in 11 serpentinite-related nephrite (ortho-nephrite) samples 
from deposits in Poland, Russia, Canada, and New Zealand, along with three samples of rodingite and serpen- 
tinite from a nephrite deposit in Nastawice, Poland. All nephrite samples exhibited very low “K, ?°°Th, and ”°U 
activity concentrations that fell within the range of published values for ultrabasic and basic rocks. The nephrite 
samples from Jordanéw (Poland) gave the highest uranium and thorium activity concentration values. Two sam- 
ples of plagiogranitic rodingite showed significantly higher 72°U and ?*°Th activity concentrations than the values 
measured for nephrite. Nephrite thorium and uranium concentrations correlated strongly (r = 0.98), and the 
corresponding Th/U ratios appear unique according to geographical location. The mean estimated potassium, 
thorium, and uranium concentrations from ortho-nephrite analyzed here were compared with corresponding 
mean values previously reported for dolomite-related nephrite (para-nephrite). The comparison indicates that 
the ortho-nephrites studied have similar uranium concentrations but lower mean potassium concentrations and 


higher mean thorium concentrations than those reported for para-nephrite in the literature. 


ephrite jade is an almost monomineral rock 
N made of full-grained (felted), cryptocrystalline 
amphiboles (actinolite and tremolite) (Lobos 
et al., 2008; Adamo and Bocchio, 2013; Gil et al., 
2020; Gao et al., 2020). Nephrite usually appears 
green with varying degrees of saturation but may also 
exhibit white, gray, black, yellow, brown, and red col- 
oration (Luo et al., 2015; Gil et al., 2020). In most 
cases, the color of nephrite is influenced by Cr**, Fe**, 
and Fe** ions that produce a wide range of light to dark 
green hues (Suturin et al., 1980; Hobbs, 1982). The in- 
tensity of the green coloration is mainly a function of 
the total iron content (Wilkins et al., 2003; Grapes and 
Yun, 2010). This sometimes creates mottled, striped, 
or veined varieties with marbled patterns. 


See end of article for About the Authors and Acknowledgments. 
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196 — RADIOACTIVITY IN SERPENTINITE-RELATED NEPHRITE 


Nephrite’s internal structure typically appears fi- 
brous, with an intricately woven microstructure of 
thin tremolite filaments and microtubules that form 
kidney-like shapes. The name “nephrite” thus de- 
rives from the Greek word for kidney (Loboé et al., 
2.008). It is characterized by a high degree of compact- 
ness and coherence as well as extreme compressive 
strength. One nephrite from British Columbia, 
Canada, exhibited a fracture strength of about 200 
MN m~ (Makepeace and Simandl, 2001). By contrast, 
nephrite has a hardness of approximately 6.5 on the 
Mohs scale. The specific gravity of nephrite usually 
ranges between 2.90 and 3.06 (Zaba, 2006). The main 
global economic deposits of nephrite jade occur in 
Canada, Russia, China, the United States, South 
Korea, New Zealand, Australia, Poland, Italy, and 
Switzerland. These are usually classified as: 


1. Endogenic deposits formed as a result of geo- 
logical processes of internal origin. The origin 
of these deposits relates to serpentinites 
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(ortho-nephrite, serpentinite-related nephrite) 
and dolomites (para-nephrite, dolomite-re- 
lated nephrite). 


2.Exogenic deposits representing secondary 
placer deposits of nephrite blocks associated 
with river and stream sediments, for instance, 
in East Sayan (Russia), New Zealand, and 
British Columbia (Canada). 


This study measured the radioactivity concentra- 
tion of °K, ?Th, and *U in ortho-nephrite samples 
from five known nephrite deposits using gamma-ray 
spectrometry. A major goal of this research was to as- 
certain whether, as valued decorative stones and 
gemstones, nephrite may pose a radiological risk to 
those who handle them, such as artisans or collec- 
tors. The authors also sought to compare Th/U ratios 
of ortho- and para-nephrite. As a secondary goal, the 
research sought evidence that Th/U concentration 
ratios vary with the geographic origin of nephrite. 
The results were compared with limited data avail- 
able from previous studies on samples from the same 
localities. Previously published data consist prima- 
rily of potassium concentrations but also include 
thorium and uranium concentrations reported for 
para-nephrite and obtained by other analytical meth- 
ods (Leaming, 1978; Lobos et al., 2008; Grapes and 
Yun, 2010; Burtseva et al., 2015; Gil et al., 2015). 

Dolomite-related nephrite forms at the contact 
between dolomite marble and a granitic intrusion or 
siliceous metasediments (Nichol, 2000; Yui and 
Kwon, 2002; Gil et al., 2015). Different formation 
processes cause ortho-nephrite and para-nephrite to 
vary in terms of their concentrations of transition 
metals and trace elements. Due primarily to lower 
iron and chromium concentrations, para-nephrite 
displays lighter colors ranging from white to light 
green (Luo et al., 2015). Ratios of iron to magnesium 
and concentrations of chromium, nickel, cobalt, and 
manganese distinguish para-nephrite from ortho- 
nephrite. Along with trace element concentrations, 
hydrogen and oxygen stable isotopic ratios have 
been used to determine the geographic origin of se- 
lect dolomite-related nephrite deposits (Gao et al., 
2020). As many concentrations of minor elements 
overlap for both types of nephrite, expanding the 
range of trace element determinations and overall 
geochemical datasets could refine models and crite- 
ria for distinguishing dolomite-related and serpenti- 
nite-related nephrite. Expanded geochemical 
datasets also offer greater accuracy and precision to 
studies of nephrite provenance. 
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Consensus holds that ortho-nephrite forms due to 
initial rodingitization and subsequent serpentinite 
transformation under the influence of gabbroic or acid 
magma injection (Gil et al., 2015). Genetic relations 
between these phases and associated rock types thus 
warranted investigation of both serpentinite and 
rodingite that co-occur at the Nastawice locality. 


In Brief 


¢ Gamma-ray measurements indicate very low “°K, 
°32Th, and 73°U activity concentrations in 11 serpenti- 
nite-related (ortho-nephrite) samples. 

¢ Two samples of plagiogranitic rodingite from a nephrite 
deposit in Nastawice (Poland) showed significantly 
higher *°8U and Th activity concentrations than those 
measured for nephrite samples. 

¢ Thorium and uranium concentrations correlate posi- 
tively and linearly in the ortho-nephrites analyzed. 

e Nephrite, a valued decorative stone and gemstone, does 
not pose a radiological risk to artisans or collectors. 


MATERIALS AND METHODS 


This study analyzed samples of gem-quality ortho- 
nephrite originating from Poland (Nastawice, Jor- 
danow), Russia (Siberia, East Sayan), Canada (British 
Columbia), and New Zealand (South Island). Pol- 
ished nephrite samples referred to as NS1, NS2, and 
NS3 (table 1 and figure 1, A-C) were collected by M. 
Sachanbinski from an active serpentinite and 
nephrite quarry in Nastawice (Loboé et al., 2008). 
Raw jade samples referred to as JR1, JR2, and JR3 
(table 1 and figure 1, D-F) belong to the collection of 
M. Sachanbinski and come from the historic jade 
quarry in Jordanow (Prichystal, 2013). Nephrite in 
Nastawice and nearby Jordan6éw occurs in serpenti- 
nite of the Gogotéw-Jordanéw Massif (GJM), which 
forms part of the Sleza Ophiolite, itself part of the 
Mid-Sudetic Ophiolite (Gil, 2013; Gil et al., 2020). 
These nephrites occur as irregular bodies within the 
so-called black wall, a chlorite body within a contact 
zone of rodingite dikes and serpentinite. The serpen- 
tinites in Jordanéw and Nastawice host completely 
transformed gabbro and plagiogranites as well as par- 
tially rodingitized leucogranites. Nephrite from Jor- 
dan6w and Naslawice is considered of high 
gemological quality and usually appears green but 
without uniform coloration. Varied shades of green 
create unique patterns on the material’s surface. 
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Figure 1. Photographs of ortho-nephrite samples analyzed. A: From Nastawice (NS1), 7 cm in length. B: From 
Nastawice (NS2), 7 cm in length. C: From Nastawice (NS3), 3 cm in length. D: From Jordanéw (JR1), 4.cm in 
length. E: From Jordanéw (]JR2), 4 cm in length. F: From Jordanow (]R3), 4 cm in length. G: From Siberia (SB1), 3 
cm in length. H: From Siberia (SB2), 3 cm in length. I: From Siberia (SB3), 3 cm in length. J: Bear carving from 
British Columbia (CN1), 7 cm in length. K: From New Zealand (NZ1), ~7 cm across. All photos by D. Malczewski. 
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rainbow colors of dispersion and caused 
the zircons to resemble diamonds quite close- 
ly whether they were white or brown, Even 
with my limited experience I could discern 
a superiority in them as compared to our 
equally well cut “white topaz.” However, I 
found great difficulty in getting jewelers to 
buy even two or three white zircons along 
with the watery white quartz. After my best 
efforts had been expended, I had to return 
home with a substantial part of both parcels. 
Still ringing in my ears after more than 40 
years was their usual reply. “No. At $2.00 
to $3.00 per 
rather handle ‘white topaz’ at only $1.00 
to $2.00 each. Nobody will notice the dif- 
ference.” 


carat for white zircons? I'd 


Who today would buy white quartz to 
sell instead of a zircon? 

As soon as World War I was 
around the world travel began. All such 
steamers stopped at Colombo, Ceylon, where 
zircons were prominently displayed to at- 
tract the tourists. They bought them freely. 
After they had taken them home and showed 
them to friends and relatives, the demand 


over 


for zircons of various colors increased. 
Gradually their diamond-like density of 
brilliance and dispersive rainbow colors 


gained recognition, and white topaz bril- 
Hants became obsolcte. 

At the end of the second decade a dis- 
covety in the Far East occurred that gave 
the zircon trade an impulse of international 
importance. It was learned that certain vari- 
eties mined in Indo-China could be altered 
in color from an uninteresting brown to a 
beautiful sky blue. Immediately much specu- 
lation started concerning the method em- 
ployed by the cutters in Siam to produce this 
radical color change. The stone soon became 
an object of mystery. What accounted for 
this color change? Some of the blue ones 
were found to revert to brown again, and 
the bleached white ones sometimes did like- 
wise. Was the blue color induced by heating 
in the presence of certain reported chemi- 
cals? No one in this country succeeded in 


making that experiment work. Some brown 
ones would obstinately refuse to turn white 
when heated. Heating caused some of them 
not only to change their color, but also 
caused them to increase drastically in speci- 
fic gravity. Before long a Danish scientist 
discovered the new metallic element, haf- 
nium, in the zircon, which is present in 
variable amounts. The Siamese cutters re- 
mained very close mouthed about the secret 
color manipulation. Now, the most. satis- 
factory explanation is that zircons differ in 
their composition and some of them will 
respond to heat by turning blue while others 
react differently due to this variable com- 
position. 

During the early part of 1920, an un- 
expected parcel of these blue stones came 
to me from Bangkok, Siam. They were the 
first I had ever seen. Insofar as I have been 
able to learn, this parcel was one of the 
first shipments of blue zircons to this coun- 
try. I was very pleased to get such new and 
beautiful stones before anyone else seem- 
ingly knew about them. At that time there 
was no jeweler in town who came close to 
making a specialty of colored stones and 
with considerable satisfaction and pride I 
took the parcel of zircons to him. Re- 
luctantly he picked out about $45.00 worth 
of these blue beauties to be paid for within 
30 days. About the time that the bill came 
due he called on me to ask me to take back 
the stones as he could not sell them. 

Before white zircons became wel] known 
among dealers we were occasionally ap- 
ptoached in our store by a couple of inno- 
cent looking young men of about the same 
age to inquire about white zircons. 

“We want to see your best,” the spokes- 
man would declare. ‘Nothing flawed, but a 
good white color and well cut.” 

On showing them the stones, preferably 
three quarters of a carat or a little larger, 
they both would carefully examine them 
under their pocket magnifier and would 
reject any not up to their standard, Even 
the girdles were required to be unpolished 
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Actinolite represents the main mineral comprising 
nephrite, and secondary minerals include chlorite, 
antigorite, grossular, chromite, and iron oxides. 

Russian nephrite samples SB1, SB2, and SB3 (table 
1 and figure 1, G—I) belong to the collection of M. 
Sachanbinski. These were donated by a Russian ge- 
ologist during the International Mineralogical Asso- 
ciation conference in Novosibirsk, Russia, in 
September 1978. The samples come from the Ospa 
deposit located in the East Sayan nephrite-bearing 
area (southern folded periphery of the Siberian cra- 
ton). This deposit represents an apo-ultrabasic 
nephrite (Burtseva et al., 2015). Nephrite from the de- 
posit appears greenish blue in color and exhibits dif- 
ferent degrees of saturation (Suturin et al., 1980). 
Mineral compositions consist primarily of actinolite 
and tremolite fibers, pyroxene, diopside, serpentine, 
talc, chromite, graphite, and fuchsite. Accessory 
mineral content ranges from 0.5 to 1.5%. All of the 
above-mentioned nephrite samples from Nastawice 
and Jordanow (Poland) and Siberia (Russia) will be do- 
nated to the Mineralogical Museum of the Univer- 
sity of Wroctaw (Poland). 

Canadian sample CNI1 is a dark green nephrite 
carved in the form of a small bear (table 1 and figure 
1J). This carving also belongs to the collection of M. 
Sachanbifski and was purchased during the 17th Gen- 
eral Meeting of the IMA in Toronto in August 1998. 
It was made by a First Nations artisan using material 
from British Columbia, where more than 50 nephrite 
occurrences have been reported. These consist of in- 
dividual blocks, talus blocks, boulder fields, and in 
situ bodies that occur primarily at contacts between 
serpentinite and cherts, or other metasedimentary and 
igneous rocks formed in submarine environments. 
Secondary minerals in the nephrite include spinel, 
diopside, uvarovite, titanite, chlorite, and talc (Leam- 
ing, 1978; Makepeace and Simandl, 2001). 

Nephrite sample NZ1 from the South Island of 
New Zealand exhibits a waxy luster and blackish 
green color (table 1, figure 1K). This sample was do- 
nated to the Mineralogical Museum at the Institute 
of Earth Sciences, University of Silesia by L. 
Sajkowski, a Polish geologist living and working in 
New Zealand. Grapes and Yun (2010) describe this 
nephrite from northern Westland as occurring as rare 
pebbles and boulders weighing up to several tons, 
found in glacial outwash gravels and till. They also 
appear in streams and rivers that drain the nephrite 
source area of the pounamu ultramafic rocks located 
in the northern part of the Southern Alps (Ireland et 
al., 1984; Cooper, 1995). 
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Samples RN1, RN2, and RNB represent rodingite 
(table 1). Rodingite is a rare type of metasomatic 
rock consisting of grossular, diallage, and accessory 
magnetite, apatite, and serpentinized olivine. It can 
be enriched in epidote, prehnite, and vesuvianite 
(Bell et al., 1911; O’Brien and Rodgers, 1973; Hatzi- 
panagiotou and Tsikouras, 2001; Kobayashi and 
Kaneda, 2010; Heflik et al., 2014). The samples and 
rock type are considered to have high ornamental 
value. The analyzed samples belong to the collec- 
tion of S. Madej from the University of Wroctaw 
and come from an active serpentinite and jade 
quarry in Nastawice. Dubinska et al. (2004) distin- 
guish two types of rodingite. The first type, boninite 
rodingite, contains relict clinopyroxene and vesu- 
vianite, garnet, and diopside. The second type, pla- 
giogranite rodingite, contains relics of checkerboard 
albite and hydrogrossular, clinozoisite, zoisite, and 
late diopside. Macroscopically, samples RN1 and 
RN2 (plagiogranite rodingites; figure 2, A and B) ex- 
hibit alternating, fine-grained, light and pink-col- 
ored laminae and medium-grained, dark gray 
laminae. In their study of the phase compositions 
of this type of rodingite, Szeteg (2006) reported 
quartz (approx. 63%), zoisite (approx. 25%), carbon- 
ate-hydroxyl apatite, hydrogrossular, albite, and 
smaller amounts of apatite, titanite, chromite, 
uraninite, and thorianite. Sample RN3 (boninite 
rodingite) (figure 2C) exhibits dull to light green 
color and varied mineral composition. 

Sample SRN (table 1, figure 2D) belongs to the 
collection of M. Sachanbinski and represents a typi- 
cal serpentinite from the deposit in Nastawice. Ser- 
pentinites occurring there formed as a result of 
complex, long-term transformation of harzburgite 
and lherzolite (Dubifska and Gunia, 1997). These be- 
long to the Gogoléw-Jordanéw Serpentinite Massif 
of the Sleza Ophiolite and probably formed at around 
400 Ma (million years ago) (Gil et al., 2015). The ser- 
pentinite from Nastawice appears dark green in color 
and consists primarily of antigorite and sometimes 
contains olivine, bronzite, diallage, diopside, and 
hornblende. They sometimes resemble nephrite or 
are nephritized to varying degrees. Subordinate min- 
erals include magnesite, braunite, chromite, apatite, 
garnet, and others. Macroscopically, these minerals 
are prized for their decorative value. The use of ser- 
pentinite as tools or decorative objects dates back to 
the Neolithic (around 3000 BCE) in Lower Silesia. 
The stone was originally used in tools and weapons 
(e.g., axes, knives, and hoes) and is used today in or- 
namental objects (see box A). 
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Figure 2. Samples of rodingite and serpentinite from Nastawice. A: Plagiogranitic rodingite (RN1), 4. cm in length. 
B: Plagiogranitic rodingite (RN2), 6 cm in length. C: Boninitic rodingite (RN3), 6.5 cm in length. D: Serpentinite 
(SRN), 6 cm in length. All photos by D. Malczewski. 


The activity concentrations (in Bq kg") of the nat- 
urally occurring radionuclides in nephrite, rodingite, 


Box A: USE OF NEPHRITE JADE 


The practical and ornamental use of nephrite jade by hu- 
mans dates back to at least the early Neolithic. Because 
its fracture yields sharp, durable edges, nephrite was ini- 
tially used to make axes, knives, scrapers, and other sim- 
ple cutting tools. A pile deposit discovered along the 
shores of Lake Constance, Switzerland, contained 30,000 
jade axes weighing a total of 6000 kg (Hobbs, 1982; 
Prichystal, 2013). A younger Stone Age site near Jor- 
danow (Jordansmuhl) in Lower Silesia, Poland, is inter- 
preted as a serpentinite and nephrite mining and 
processing center (Prichystal, 2013). A block of jade 
weighing over two tons excavated from the Jordanéw 
site in 1889 was on display in the New York Metropoli- 
tan Museum of Art (Gil, 2013). 
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and serpentinite samples, shown in table 1, were 
measured using a GX4018 gamma-ray spectrometry 


Jade continues to be used for ornamental and decora- 
tive objects such as jewelry and art. Some of the highest- 
quality nephrite, referred to as pounamu in the Maori 
language, is mined in New Zealand (Hobbs, 1982; Prichys- 
tal, 2013). The Maori utilized jade for ornaments, art, and 
tools—in the latter case until the introduction of metal in 
the nineteenth century. Chinese culture and artwork have 
featured jade since its earliest inception, and jade carving 
is particularly well developed in East Asia (Douglas, 2005; 
Wang, 2011). Nephrite jade has been considered a symbol 
of wealth and power, and thus many jade artifacts have 
survived intact into modern times. From antiquity to the 
present day, nephrite jade has been considered a store of 
value and items made from it have been prized as gifts. 
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TABLE 1. Measured radionuclide activity concentrations and calculated weight concen- 
trations of “°K, Th, and ?°8U from ortho-nephrite, rodingite, and serpentinite samples.* 


40K 22Th 238L) 

Rock/Sample Bq kg Total K wt.%? Bq kg" ppm Bq kg ppm 
Nephrite 

NS1 1.5 0.005 0.5 0.12 1.6 0.13 
NS2 2 0.004 0.6 0.15 1.8 0.15 
NS3 30 0.018 2.0 0.49 4.5 0.36 
JRI 17 0.055 4.4 1.08 19) 1.34 
JR2 13 0.042 4.7 1.16 20 1.62 
JR3 14 0.045 4.3 1.06 17 1.38 
SB1 Dil 0.016 1.9 0.47 6.2 0.50 
SB2 6.8 0.022 2.0 0.49 58) 0.48 
SB3 Sl 0.016 1.9 0.47 6.6 0.53 
CN1 BY 0.087 0.8 0.20 12 0.10 
NZ1 4.2 0.014 1.5 0.37 1.3 0.11 
Rodingite 

RN1 14 0.045 130 32.0 292 23.6 
RN2 28 0.091 18 4.43 72 13 
RN3 2.7 0.009 4.6 TS 10 0.81 
Serpentinite 

SRN 1 0.003 0.7 0.17 1:1 0.09 


@Measurement uncertainties are plotted with this data in figures 4—7. 


The following conversion factors were used: K (wt.%) = °K (Bq kg~!)/309.11; Th (ppm) =?Th (Bq kg~')/4.06; 
and U (ppm) = #U (Bq kg-1)/12.35 (International Atomic Energy Agency, 2003). Uncertainties fell within 5— 


10% of measured values for activity concentrations below 2 Bq kg". 


system at the Laboratory of Natural Radioactivity, 
Institute of Earth Sciences, University of Silesia 
(Malczewski et al., 2018a, 2018b; see also box B). The 
system uses a high-purity germanium (HPGe} detec- 
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tor (45.2% efficiency] in a lead and copper shield (10.2 
cm) with a multichannel-buffer Lynx instrument. 
The energy resolutions of the detector were 0.8 keV 
at 122 keV and 1.7 keV at 1330 keV. Each sample was 
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analyzed for 96 h. The activity concentrations of 
°3-Th and **U were determined based on the gamma- 
ray activity concentrations of ?°T], ?Pb, and ?°Ac 
for thorium, and ?!*Pb and ?*Bi for uranium. Ra- 
dionuclide activity concentrations were calculated 
from the following gamma-ray transitions (energy in 
keV]: °K (1460.8}, TI (583.1, 860.5, 2614.5), Pb 
(238.6, 300.1), 2"4Pb (242, 295.2, 351.9); 2"4Bi (609.3, 
1120.3, 1764.5], and Ac (338.32, 911.6, 964.6, 
969.1). Laboratory Sourceless Calibration Software 
(LabSOCS) and Genie 2000 v.3.4 software packages 
were both used to analyze spectra, calibrate effi- 
ciency, and determine radionuclides. 

Consistency of the activity concentrations calcu- 
lated for gamma-ray transitions for a given multiline 
radionuclide (e.g., ?°°T1, *!“Bi, 2*Pb, and ??8Ac) were 
checked using line activity consistency evaluator 
(LACE) analysis. For all measurements, the multiline 
radionuclides gave activity concentration ratios ap- 
proaching unity. The average minimum detectable 


Box B: NATURAL RADIOACTIVITY 


Natural radioactivity results from the spontaneous decay 
of naturally occurring radioisotopes. All elements having 
an atomic number greater than 83 consist only of radioac- 
tive isotopes. The three natural types of radioactive nuclei 
decay include alpha (a, emission of helium nuclei), beta (f, 
emission of electrons or positrons), and gamma (y, emis- 
sion of the shortest electromagnetic waves) decay. The SI 
unit of radioactivity is the becquerel (Bq), equal to one 
decay per second. The becquerel replaced the curie (Ci), 
the unit equal to 3.7 x 10° disintegrations per second or 
the radioactivity of 1 g of Ra (1 Bq = 0.27 x 107° Ci). The 
main source of radioactivity in minerals, rocks, and soils 
derives from the Th, “*U, #8U decay series, and “°K (non- 
series). The ?’Th, ?°U, and *8U series consist of 6 a and 4 
B, 7a and 4, and 8 a and G B decays, respectively. Many 
of the a and B decays are accompanied by gamma-ray ra- 
diation. The major gamma transitions from potassium, 
thorium, and uranium are commonly used in estimating 
weight concentrations based on measured activity concen- 
trations. Due to the low natural abundance of *°U (0.72% 
of natural uranium), the activity concentration of this iso- 
tope is usually negligible compared to that of **U. Its ac- 
tivity concentration is thus not taken into account. 
Typical soils and carbonate rocks give average °K, 
22Th, and*8U activity concentrations of 400, 30, and 35 
Bq kg? and 80, 7, and 27 Bq kg", respectively (Van 
Schmus, 1995; UNSCEAR, 2000). Among the most com- 
mon rock types, acidic igneous rocks such as granite and 
rhyolite give the highest radioactivity values. These typ- 
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activity concentration (MDA) for measured radionu- 
clides was 0.1 Bq kg. Figure 3 shows examples of 
gamma-ray spectra for nephrite samples NS1 and JR1 
and rodingite sample RN1. 


RESULTS AND DISCUSSION 


Table 1 lists measured activity concentrations for “K, 
32Th, and *8U in Bq kg" and calculated potassium 
(wt.%)], thorium (ppm), and uranium (ppm) concentra- 
tions for nephrite, rodingite, and serpentinite samples. 


40K, As seen in figure 4 and table 1, the “°K activity 
concentrations recorded for nephrite samples analyzed 
ranged from 1.2. Bq kg! for NS2. to 27 Bq kg! for CN1. 
Nephrite from Nastawice, Jordanéw, and Siberia gave 
average values of 2.7, 15, and 5.7 Bq kg", respectively. 
The New Zealand nephrite (NZ1) had an intermediate 
value of 4.2 Bq kg". The average value for all samples 
was 9.1 Bq kg" (figure 4). These values exceed *°K ac- 


ically range from 900-1400, 50-200, and 37-72 Bq kg" 
for “°K, *?Th, and *°U, respectively. 

The activity concentration index assesses radiologi- 
cal hazards to human health posed by building materials, 
including rock surfaces used in paneling or countertops. 
The European Union standard index J, as defined by the 
European Atomic Energy Community (2013), represents 
the sum of three isotopic fractions expressed as: 


= Ara rs An ‘ Ax 
300 Bq kg? 200 Bq kg 3000 Bq kg 


where A,,, Ay, and A, represent Ra (?*8U), ?°Th, and 
4K (Bq kg") activity concentrations in surroundings or 
material. The value of index J should not exceed unity, 
which corresponds to the indoor dose rate of 1 mSv yt. 
The sievert (Sv) is the SI unit of equivalent dose and ef- 
fective dose equal to 1 J kg?. The external hazard index 
H_ is also commonly used to evaluate the radiological 


risk of building materials. It is calculated as follows: 


RL Ara a Am " Ax 
* 370 Bq kg? 259Bqkg? 4810 Bqkg* 


An H,, index equal to unity corresponds to an external 
gamma-ray dose of 1.5 mSv y" from a material. With a 
few exceptions, the overwhelming majority of rock 
building materials are characterized by J and H,, values 
less than one. All ortho-nephrites measured in this 
study have extremely low average J and H., values of 
0.04 and 0.03, respectively. 
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GAMMA RAY SPECTRA 
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MEASURED “°K ACTIVITY CONCENTRATION VALUES 
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tivity concentration values estimated from ultramafic nite (1 Bq kg") but fell below average values measured 
rocks (~ 0.3 Bq kg"; Van Schmus, 1995) and serpenti- in gabbros from Lower Silesia (73 Bq kg", Plewa and 


MEASURED 227Th ACTIVITY CONCENTRATION VALUES 
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MEASURED 738U ACTIVITY CONCENTRATION VALUES 
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Figure 6. Measured ?°U 
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values. The thick hori- 
zontal line represents 
the average ?°U value 
from all samples in this 
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the *°°U activity con- 
centration for the ser- 
pentinite sample (SRN). 
The thin vertical lines 
are error bars. 
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Plewa, 1992). Typical granites give values ranging from 
900-1400 Bq ke". 


232Th. As seen in table 1 and figure 5, the nephrite 
from Jordanow had the highest activity concentra- 
tion values associated with Th series isotopes. Val- 
ues of 4.3, 4.4, and 4.7 Bq kg! yielded an average 
*32Th activity concentration of 4.5 Bq kg!. The sam- 
ples from Siberia and Nastawice (NS3) showed the 
second-highest values at about 2 Bq kg!. Sample 
NZ1 had a similar value of 1.5 Bq kg!. The samples 
from Nastawice (NS1 and NS2) gave the lowest ?°Th 
activity concentrations of 0.5-0.6 Bq kg!. Sample 
CN1 also had a low value of 0.8 Bg kg". All samples 
combined gave an average *’Th activity concentra- 
tion of 2.2 Bq kg" (figure 5). All measured activity 
concentrations exceeded values reported for ultraba- 
sic rocks of an order of 10% Bq kg! (Van Schmus, 
1995). The ??Th activity concentration for all sam- 
ples except NS1 and NS2 exceeded that measured 
from SRN (0.7 Bq kg"). Activity concentrations for 
nephrite samples analyzed fell below the average es- 
timated for gabbros from Lower Silesia (6.4 Bq kg") 
and well below that previously estimated for gran- 
ites, which give ?’Th activity concentrations ranging 
from 50-200 Bq kg" with an average of 70 Bq kg? 
(Eisenbud and Gesell, 1997). 
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38U, Table 1 and figure 6 show that the nephrite sam- 
ples from Jordanow had the highest average activity 
concentration associated with *°U series isotopes (19 
Bq kg"). Samples from Siberia gave the second-high- 
est average value at 6.3 Bq kg!. Samples CN1 and 
NZ1 showed the lowest ?*°U activity concentrations 
of 1.2 and 1.3 Bq kg", respectively. As with their “°K 
and *?Th values, the NS1 and NS2 nephrites from 
Nastawice gave lower *°U activity concentration val- 
ues (1.6 and 1.8 Bq kg") relative to sample NS3 (4.5 
Bq kg"). All samples had higher #*°U activity concen- 
tration values than those measured from ultrabasic 
rocks (~0.1 Bq kg"; Van Schmus, 1995) and from the 
serpentinite sample SRN (1.1 Bq kg"). As shown in 
figure 6, the **U activity concentration average of 7.7 
Bq kg! measured for all nephrite samples exceeded 
the average of 4.1 Bq kg! measured from gabbros 
(Plewa and Plewa, 1992). This relatively high value 
arises from the significantly higher ?°Th activity con- 
centration measured in the nephrite samples from 
Jordanow. The calculated mean for the ortho- 
nephrites analyzed fell below the previously reported 
average values for granite of 40 Bq kg? (Eisenbud and 
Gesell, 1997). 

This study also compared “°K, ?Th, and **°U ac- 
tivity concentrations from ortho-nephrite with those 
previously measured from marbles using the same 
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technique. Calcite marbles from the Stawniowice 
quarry (Lower Silesia, Poland) and Alpine marbles 
from the vicinity of Aussois (France) gave average 
°2Th activity concentration values of 2.4 Bq kg! 
(Malczewski and Zaba, 2012; Moska, 2019). This ap- 
proximated average value for ?°Th (2.2 Bq kg") was 
measured from the ortho-nephrites analyzed. The 
°38UJ activity concentrations in calcite marbles ranged 
from 16-23 Bq kg". Nephrite **U activity concentra- 
tions ranged from 2 to 20 Bq kg! with an average 
value of ~8 Bq kg!. The measured “°K activity con- 
centrations for calcite marbles ranged from 12-80 Bq 
kg", while that for nephrite ranged from 1.2-27 Bq 
kg? with an average of 9 Bq kg". The dolomite mar- 
bles collected from the Stawniowice mine gave “K 
activity concentrations of 122 Bq kg! and?” Th activ- 
ity concentrations of 5 Bq kg". These exceeded values 
measured from calcite marbles, but the two rock 
types exhibited similar *U concentrations of ~13 Bq 
kg". The ortho-nephrites analyzed gave comparable 
>2Th and ?°U activity concentration values but lower 
4K activity concentration values relative to those of 
calcite and dolomite marbles. Based on their analyses 
using an HPGe detector, Fares et al. (2011) reported a 


higher average ***U activity concentration of 57 Bq 
kg" for commercial marbles from Egypt. 


Rodingite. As noted earlier, the rodingite samples as- 
sociated with the Nastawice and Jordanéw nephrite 
deposits classify as boninite (RN3) and plagiogranite 
rodingite (RN1 and RN2). As shown in table 1 and 
figure 7, sample RNI gave the highest °U and ?”Th 
activity concentrations of 292 and 130 Bq kg", re- 
spectively. These values significantly exceed the ac- 
tivity concentrations of all examined nephrites and 
activity concentrations of typical granites of 40 and 
70 Bq kg? for **U and *”Th, respectively (Eisenbud 
and Gesell, 1997). Sample RN2 also exhibited high 
uranium activity concentration but lower thorium- 
related activity concentration relative to sample 
RNI1. The high #*U and *?Th activity concentration 
values in RN1 and RN2 rodingite samples likely re- 
flect the presence of accessory zircon, thorianite, and 
uraninite (Szeleg, 2006). As expected, sample RN3, 
which was collected from a body in direct contact 
with the nephrite-bearing zone, exhibited signifi- 
cantly lower *°U and ?”Th activity concentrations 
than samples RN1 and RN2. Activity concentrations 
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Figure 7. Measured *°K, 
°32Th, and *°U activity 
concentration values 
for rodingite. The thin 
and thick horizontal 
lines respectively show 
the average °*’Th and 
°38U] activity concentra- 
tions in typical granites 
(Eisenbud and Gesell, 
1997). The thin vertical 
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measured from RN3 for #°U (10 Bq kg") and Th (5 
Bq kg") exceeded those observed in ortho-nephrite 
samples from Nastawice, Siberia, British Columbia, 
and South Island but resembled those measured from 
the Jordanéw samples. The rodingite samples exhib- 
ited relatively low “K activity concentrations with a 
mean value of 15 Bq kg", which exceeded the mean 
value of 9.1 Bq kg! measured from the nephrite sam- 
ples. As with ?°U and *”Th activity concentrations, 
sample RNS gave the lowest “K activity concentra- 
tion of 3 Bq kg!. Samples RN1 and RN2 gave higher 
activity concentrations of 14 and 28 Bq kg". These 
resembled values measured from the Jordanéw 
nephrite samples and from CNI1. 


Comparison of K, Th, and U Concentrations with 
Previous Data. Concentrations estimated for potas- 
sium (wt.%), thorium (ppm), and uranium (ppm) 
showed similar trends among the samples as those 
observed for the “K, ??Th, and #°U activity concen- 
tration values. Nephrite potassium concentrations 
varied from 0.004 wt.% for sample NS2. to 0.087 
wt.% for sample CN1, and the samples overall gave 
a mean value of 0.03%. Concentrations estimated for 
potassium, thorium, and uranium generally resem- 
bled the few previously obtained results for ortho- 
nephrite from the same locations. The nephrite 
samples from Nastawice in particular showed similar 
potassium concentrations. Lobos et al. (2008) report 
average potassium concentrations of 0.004, 0.008, and 
0.016 wt.% for three types of nephrite based on elec- 
tron microscope analysis. These values correspond to 
“0K activity concentrations of approximately 1.2, 2.5, 
and 5.0 Bq kg" and thus agree very well with activity 
concentrations measured from samples NS1, NS2, 
and NS3 by gamma-ray spectrometry (table 1). 
Prompt gamma neutron activation energy analysis 
(PGAA) indicated a bulk-rock potassium concentra- 
tion of about 0.016 wt.% for the Jordanow nephrite 
sample. This value corresponds to a “°K activity con- 
centration of less than 5 Bq kg! (Gil et al., 2015). The 
concentration value and associated “K activity con- 
centration fell below values obtained by this study for 
the three samples from Jordanow, which gave an av- 
erage potassium concentration of 0.050 wt.% and an 
average “K activity concentration of 15 Bq kg" (table 
1). Extensive studies by Leaming (1978) and Nichol 
(2000) report an average potassium concentration of 
0.038 wt.% and a corresponding “°K activity concen- 
tration of 12 Bq kg! for Canadian nephrite from 
British Columbia. Gamma-ray measurements (table 
1) of sample CN1 indicate a higher but comparable 
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“°K activity concentration value of 27 Bq kg" (0.087 
wt.%). Grapes and Yun (2010) report average potas- 
sium concentrations for South Island nephrite of 
0.012 wt.% based on electron microprobe analysis. 
These correspond to a *°K activity concentration of 
3.8 Bq kg" and fall within the measurement uncer- 
tainty of potassium values obtained for sample NZ1 
(4.2 Bq kg? and 0.014 wt.%). The above-mentioned 
literature sources provide no data on thorium and ura- 
nium concentrations. 

Ortho-nephrite samples from the East Sayan area 
exhibit relatively large differences in potassium, tho- 
rium, and uranium concentrations. Inductively cou- 
pled plasma—mass spectrometry (ICP-MS) analysis 
gave average potassium concentrations of 0.05 wt.% 
(16 Bq kg" of *K) for samples from the area (Burtseva 
et al., 2015). This value exceeds the average value of 
0.016 wt.% (6 Bq kg" of °K) obtained for samples 
SB1, SB2, and SB3. Burtseva et al. (2015) reported av- 
erage thorium and uranium concentrations for nine 
samples of 0.06 ppm (~0.3 Bq kg™ for thorium) and 
0.05 ppm (~0.6 Bq kg" for uranium). The present 
study obtained mean thorium and uranium activity 
concentrations of 1.9 and 6.2 Bq kg", corresponding 
to concentrations of 0.48 and 0.51 ppm from East 
Sayan nephrite (table 1). 


Comparison of K, Th, and U Concentrations Meas- 
ured from Para-Nephrite. Luo et al. (2015) present de- 
tailed laser ablation-inductively coupled—mass 
spectrometry (LA-ICP-MS) trace element data for 
138 samples collected directly from eight major 
dolomite-related nephrite deposits in East Asia. Fig- 
ure 8 compares mean potassium, thorium, and ura- 
nium concentrations reported in Luo et al. (2015) 
with results from ortho-nephrite samples reported 
in this study. As seen in figure 8A, the ortho- 
nephrites exhibit an average potassium concentra- 
tion of 0.03 wt.%, whereas the para-nephrites from 
East Asia exhibit an average potassium concentra- 
tion of 0.07 wt.% (22 Bq kg") with standard devia- 
tions of 0.02 and 0.04%, respectively. Nichol (2000) 
reports a mean potassium concentration of 0.1 + 0.02 
wt.% for para-nephrite samples from southern Aus- 
tralia. This corresponds to a “K activity concentra- 
tion of approximately 30 Bq kg!, a value that 
resembles that measured for sample CN1, which 
gave the highest “°K activity concentration among 
the ortho-nephrite samples (table 1). Similarly, 
dolomite-related nephrite from Val Malenco (Italy) 
had a mean potassium concentration of 0.04 + 0.004 
wt.%, which slightly exceeded the average values 
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CALCULATED AVERAGE CONCENTRATIONS 
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Figure 8. Comparison of calculated average concen- 
trations of potassium (wt.%), thorium (ppm), and ura- 
nium (ppm) in ortho-nephrites (serpentine-related, 
darker green bar) analyzed in this study and from 
para-nephrite (dolomite-related, lighter green bar) 
data reported by Luo et al. (2015). The thin vertical 
lines are error bars. 


obtained for ortho-nephrites reported here. A con- 
centration of 0.04 wt.% potassium corresponds to a 
“K activity concentration of about 12 Bq kg. This 
estimate resembles values measured for the Jor- 
danow nephrites (table 1). Results also show that the 
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mean potassium concentration calculated from 
ortho-nephrite “°K activity concentration generally 
falls below that measured for para-nephrite (figure 
8A). However, potassium concentrations often over- 
lap for both types of nephrite. Serpentinite-related 
nephrites gave an estimated average thorium con- 
centration of 0.55 + 0.30 ppm, which exceeds that 
estimated for para-nephrite (0.26 + 0.18 ppm or 1.1 
+ 0.7 Bq kg") by a factor of two (figure 8B). The rela- 
tively large dispersion of thorium concentrations for 
both types of nephrite means that value ranges par- 
tially overlap. Excluding the Jordanéw samples with 
the highest thorium concentrations gives a calcu- 
lated mean of 0.35 for the remaining serpentinite-re- 
lated nephrites. This value still exceeds the values 
estimated for dolomite-related nephrite. As shown 
in figure 8C, serpentinite-related nephrites gave an 
average U concentration of 0.63 + 0.57 ppm, while 
dolomite-related nephrites had an average uranium 
concentration of 0.74 + 0.44 ppm (9.1 + 5.4 Bq kg"). 
Ortho-nephrite and para-nephrite showed very sim- 
ilar average uranium concentrations, but samples 
from different nephrite deposit locations give rela- 
tively variegated values. In summary, the relatively 
large standard deviations associated with calculated 
mean potassium, thorium, and uranium concentra- 
tions suggest that these parameters alone would not 
be enough to clearly distinguish ortho-nephrite from 
para-nephrite but may serve as approximate indica- 
tors of host rock type, especially in terms of their 
potassium and thorium parameters. 


Correlations Between Th and U Concentrations. As 
seen in figure 9, ?°Th and ?*U concentrations corre- 
late strongly in ortho-nephrites analyzed and give a 
correlation coefficient of 0.98. A fitted line shows 
samples NS1 and NZI deviate slightly from this 
trend. Figure 9 shows that Jordanéw samples 
(JR1-JR3) form a distinct data cluster with uranium 
concentrations ranging from 1.3 to 1.7 ppm and tho- 
rium concentrations from 1.0 to 1.2 ppm. All other 
ortho-nephrite samples range from about 0.1 to 0.6 
ppm in terms of both uranium and thorium concen- 
trations. A gap of 0.7 to 1.3 ppm for uranium and 0.6 
to 1.0 for thorium thus exists between the Jordanow 
samples and others. Excluding the CN1 sample, other 
samples also show strong K-Th and K-U correlations 
(table 1). 

The dolomite-related nephrites from deposits in 
East Asia studied by Luo et al. (2015) showed weaker 
correlations between average thorium and uranium 
concentrations. These gave average thorium concen- 
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as if they were diamonds. When they had 
found a few that met with their approval, 
they would buy without quibbling over price 
provided it was not excessive. 

Now what do you suppose they were up 
to? Feeling quite secure, they were in some 
cases quite willing to talk about what they 
planned to do, which was to borrow money 
on the zircons by palming them off as dia- 
monds on unsuspecting pawnbrokers. 

Their method usually was to mount the 
stone in a simple Tiffany ring, like an en- 
gagement ring, admonishing the setter to 
avoid any nicks in the top of the zircon 
that might be made by the setter’s file. 
They would then pick out a certain pawn- 
broker they believed vulnerable and take 
the ring into his place between daylight and 
darkness. From here on the touching words 
might be something like this: 

“J just landed in town and expected to 
find a job waiting for me, but I won't be 
able to go to work for another week. I need 
some money, and I would like to know 
how much you can lend me on this ring?” 

Glancing at it casually and observing 
good brilliancy the broker looks the ring 
over under his eye loupe and seeing no 
flaws says, “Forty dollars.” 

With sadness in his manner the young 
man hesitates a few moments then accepts, 
regretfully explaining that he was hopeful 
of getting a little more than that. But he 
has made a $29.00 profit and the pawn- 
broker has just bought a ring, even if he 
does not know it. 

Occasionally the pawnbroker would be 
wise and retort, “I can’t lend you any- 
thing on that ring. It isn’t even a dia- 
mond.” 

In which case, the youth would reply, 
“That can't be so. I bought it for a dia- 
mond and always believed it to be one.” 

According to my experiences, these boys 
usually worked in pairs, but why I have 
never learned. Perhaps one was a lookout 
of some sort. 

Another zircon “operator” traveled all 


over the United States working the same 
racket from Florida to California. When I 
met him he was no longer interested in 
buying zircons, but wished to have a book 
written about his experiences. For at least 
an hour he recounted his adventures nam- 
ing brokers in Los Angeles, Long Beach 
and many other cities. In a town in South 
Dakota, the duped pawnbroker through 
some local technicality had him worried 
enough to leave town just ahead of the 
police. 

To digress for a moment I would like 
to relate a couple of his more interesting 
experiences. He got into the “zircon rack- 
et’ quite by accident when he was ap- 
proached by a stranger in a bar who wished 
to sell him a ring. The man showed him 
a beautiful brilliant stone about 214 carats 
in size which he would sell him for $50.00. 
He explained that he had just bought it 
and was afraid that it was “hot” and 
needed the money. The sale was made and 
our friend.now had the ring. The follow- 
ing morning he became suspicious and de- 
cided to take the ring to a jeweler friend 
who identified it as a zircon worth about 
$20.00. Our friend had noticed, however, 
that his jeweler friend had to study the 
ring quite carefully and lengthily before 
he had made his decision. He began to 
wonder what a pawnbroker would offer 
him for the ring and suited the action to 
the word by heading immediately for such 
a broker. When he arrived he boldly de- 
clared, “I need to borrow a hundred dol- 
lars on my ring. Can I get it?” 

Looking the ring and the stone over, the 
pawnbroker agreed to give him a hundred 
dollar loan on it and the transaction was 
completed. 

As he left the shop he couldn’t believe 
how easy it had been. A fifty dollar profit 
just like that! Back to his jeweler friend 
where he bought two or three rings with 
good looking zircons and he was on his 
way. 

Another incident occurred in Long Beach. 
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Figure 9. Correlation 
between thorium (ppm) 
and uranium (ppm) for 
ortho-nephrites ana- 
lyzed in this study. The 
solid line represents the 
linear fit of Th (ppm) = 
0.16 + 0.62 x U (ppm), 
with a correlation coef- 
ficient of r = 0.98. 
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trations of 0.07 to 0.70 ppm and uranium concentra- 
tions from 0.2 to 1.4 ppm. Data from these para- 
nephrites show a high degree of visible scatter, and 
linear regression gives a correlation coefficient of 0.42 


U vs. Th 


0.8 - 


r=0.42 


0.7 


0.6 - 


0.5 4 


0.4 - 


Th (ppm) 


0.3 - 


0.2 - 


0.15 


(figure 10). The weaker correlation between thorium 
and uranium concentrations for para-nephrite (figure 
10) compared to that observed for ortho-nephrite (fig- 
ure 9) most likely arises from greater differentiation of 


Figure 10. Correlation 
between thorium (ppm) 
and uranium (ppm) for 
para-nephrites based on 
data reported in table 2 
of Luo et al. (2015). The 
solid line represents a 
linear fit of Th (ppm) = 
0.13 + 0.17 x U (ppm), 
with a correlation coef- 
ficient of r = 0.42. 
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Th/U CONCENTRATION RATIOS 
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Figure 11. Concentra- 
tion ratios of Th/U. The 
thick horizontal line 
shows the average for 
ortho-nephrites in the 
present study. The thin 
horizontal line shows 
the average for para- 
nephrites based on data 
reported by Luo et al. 
(2015). The thin vertical 
lines are error bars. 
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thorium and uranium concentrations in dolomites 
(and carbonates in general), which are the host rocks 
for para-nephrite. 


NEPHRITE SAMPLE NO. 


Th/U Concentration Ratios. As shown in figure 11, 
Th/U ratios for the serpentinite-related nephrites 
vary from 0.70 to 3.51 with an average value of 1.30. 
The average Th/U concentration ratios were 1.11 + 
0.12, 0.73 + 0.02, and 0.95 + 0.05 for nephrite from 
Nastawice, Jordanow, and Siberia, respectively. 
Nephrite from these locations can be differentiated 
within standard deviations based on their Th/U ratio 
(figure 11]. Despite its higher thorium and uranium 
concentrations, sample NS3 gave a Th/U ratio simi- 
lar to that of samples NS1 and NS2. Samples CN1 
and NZ1 gave relatively higher Th/U ratios of 2.03 + 
0.14 and 3.51 + 0.25, respectively. 

The data presented by Luo et al. (2015) indicates 
a calculated mean Th/U value of 0.5 for dolomite-re- 
lated nephrite. This value falls below the value of 1.3 
estimated for serpentinite-related nephrite by the 
present study (figure 11). The calculated values of 1.3 
and 0.5 for serpentinite- and dolomite-related 
nephrite (respectively) resemble Th/U concentration 
ratios in the host rocks. Serpentinites and their peri- 
dotite protoliths both exhibit a Th/U ratio of approx- 


210 = RADIOACTIVITY IN SERPENTINITE-RELATED NEPHRITE 


imately 2 (Van Schmus, 1995; Pasquale et al., 2001). 
As listed in table 1, the serpentinite from Nastawice 
(SN1) gave a ratio of 1.9, which approaches the mean 
value estimated for ortho-nephrite. Previous studies 
of dolomite and dolomite marble using gamma-ray 
spectrometry show that the average Th/U ratio for 
these rocks is about 0.5 (Chiozzi et al., 2002; Mal- 
czewski et al., 2005; Malczewski and Zaba, 2012; 
Moska, 2019). Generally, carbonate rocks have a 
mean Th/U value of 0.8 (Van Schmus, 1995). Again, 
the average value of the Th/U ratio calculated for the 
para-nephrites based on the results obtained by Luo 
et al. (2015) agrees well with those reported for car- 
bonate rocks and especially dolomites. 


CONCLUSIONS 


This study reports gamma-ray spectrometric analy- 
sis of serpentinite-related nephrite samples from 
several well-known global localities. Measurements 
indicate very low “°K, ?Th, and 78U activity con- 
centrations that pose no radiological risk. Measured 
activity concentrations fell below values reported 
in the literature for acid igneous rocks. By contrast, 
the mean “°K, ?°?Th, and *°U activity concentration 
values exceeded average values reported in litera- 
ture sources for ultrabasic rocks and, to a lesser ex- 
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Figure 12. This 90 x 20 mm nephrite carving is from the Kutcho Jade mine in northwest British Columbia, 
Canada. Photo by Robert Weldon; courtesy of Jade West Group. 


tent, for serpentinites. Compared to gabbroic rocks _ hibited lower “°K and *”Th activity concentrations 
from Lower Silesia (Poland), the ortho-nephrites ex- _ and slightly higher **U activity concentrations. The 
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measured serpentinite-related nephrites were char- 
acterized by extremely low average values of radio- 
logical hazard indices I and H,. of 0.04 and 0.03, 
with the upper levels of both indices equal to unity. 
Calculated thorium (ppm) and uranium (ppm) con- 
centrations strongly correlate. Nephrite from 
Nastawice, Jordanéw, and Siberia show distinct 
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Th/U ratios, indicating that this parameter may dis- 
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Rare Orange BENITOITE 


A bright orange benitoite (figure 1) 
weighing 2.29 ct was recently ex- 
amined at the Carlsbad laboratory. 
Standard gemological testing re- 
vealed a refractive index of 1.756 to 
over the limit (OTL) and a specific 
gravity of 3.68. The fluorescence re- 
action was strong orange in long- 
wave ultraviolet light and medium 
blue in short-wave UV (figure 2). 
The benitoite was slightly color- 
zoned orange and blue; the blue por- 
tion’s pleochroism was very light 
blue and darker blue, while the or- 
ange portion’s pleochroism was 
orangy yellow and dark orange. Mi- 
croscopic examination showed al- 
tered crystals with discoid fractures 
(figure 3) and strong doubling. The 
discoid fractures were consistent 
with heated benitoite. 

Benitoite is a barium titanium sil- 
icate (BaTiSi,O,) known as the Cali- 
fornia state gem, and it only occurs in 
gem quality in San Benito County, 
California. The New Idria District 
produces medium to medium-dark 
blue and lighter blue colors. Accord- 
ing to a previous study published in 
GwG, pink and colorless examples 
are considered rare. In addition, heat 
treatment of lighter-color or colorless 
benitoite may result in an orange 
color. Since only a small portion of 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. The size and bright 
color of this 2.29 ct orange 
benitoite are exceptionally rare. 


the treated material successfully 
changes color, orange benitoite is con- 
sidered rare (B.M. Laurs et al., “Beni- 
toite from the New Idria District, San 
Benito County, California,” Fall 1997 
Gw&G, pp. 166-187). 


Figure 3. The orange benitoite 
contained several discoid frac- 
tures with healed fringes, consis- 
tent with heat-treated benitoite. 
Field of view 2.33 mm. 


This benitoite was faceted by Bill 
Vance of Vance Gems, who stated 
that the rough was colorless prior to 
heat treatment. The bright orange 
color and large size make this an ex- 
ceptional example of orange benitoite. 
Very few of these have been examined 
at GIA, and this 2.29 ct gemstone is 
the largest example we have observed. 


Amy Cooper and Nathan Renfro 


Figure 2. The orange benitoite’s response to long-wave (left) and short- 


wave UV (right). 
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Figure 4. This set consists of a 48.68 ct piece of manmade glass (left), 9.17 
and 6.21 ct laboratory-grown sapphires with resin imitation of matrix on 
the surface (center), and an 8.46 ct natural blue sapphire rough (right). 


Interesting Set of 
BLUE “ROUGH” GEMSTONES 


The selling of simulants and syn- 
thetics mixed with parcels of natural 
stones is an old form of deception. It 
usually happens close to mines, 
where inexperienced buyers assume 
the gemstones come directly from 
the source—and where advanced 
testing is likely not available prior to 
the purchase. 

The Carlsbad laboratory recently 
received a group of four blue rough 


stones (figure 4) submitted as natural 
sapphire for identification and origin 
reports. The largest weighed 48.63 ct 
and measured approximately 22.88 x 
19.67 x 15.19 mm. The material was 
partially fashioned, with evidence of 
polish lines on the surfaces. Careful 
microscopic examination revealed 
multiple gas bubbles, distinct flow 
marks associated with blue coloration, 
and conchoidal fractures. Weak snake 
pattern bands were observed under the 
polariscope. The hydrostatic specific 


Figure 5. A resin imitation of matrix on the surface of a laboratory-grown 


sapphire. Field of view 7.19 mm. 
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gravity was 2.48. These observations 
suggested a glass imitation, which was 
confirmed by comparing the infrared 
spectrum with that of manmade glass. 

The next two were more convinc- 
ing imitations of natural sapphire. 
They weighed 9.17 and 6.21 ct and 
measured approximately 16.00 x 10.06 
x 8.30 mm and 10.31 x 9.38 x 8.71 
mm, respectively. Resin that coated 
the surface (figure 5) resembled matrix 
composed of natural minerals com- 
monly seen on natural corundum 
rough. The resin started to melt with 
the touch of a hot pointer. Brownish 
materials trapped in cavities resembled 
iron oxide stains one would expect to 
see in natural rough. Though difficult 
to see inside of the stones due to their 
rough surfaces, a few gas bubbles were 
observed through a small transparent 
area. Raman spectroscopy matched co- 
rundum, and immersion in water (fig- 
ure 6) revealed curved blue banding. 
Laser ablation-inductively coupled 
plasma—mass spectrometry (LA-ICP- 
MS) detected no gallium and revealed 
trace elements of impurities consistent 
with synthetic corundum. Hydrostatic 
specific gravity values were 3.76 and 
3.59, respectively. Both values were 
below the SG of corundum (3.9-4.05), 
a result of the lower SG of the resin on 
the surface. Both were reported as la- 
boratory-grown sapphire with a com- 
ment stating, “Imitation matrix and 
resin is present on the surface.” 


Figure 6. Curved blue banding 
visible in the 6.21 ct laboratory- 
grown sapphire immersed in 
water. 


SUMMER 2022 215 


The last piece of rough was a blue 
stone weighing 8.46 ct and measuring 
13.85 x 9.89 x 7.60 mm. The frosted 
natural surface made it difficult to see 
inside the stone, but some natural- 
looking fingerprints and strong, 
straight inky blue banding were ob- 
served. The Raman _— spectrum 
matched with corundum, and a hy- 
drostatic SG of 3.96 confirmed it. The 
stone was immersed in methylene io- 
dide to confirm the zoning was 
straight and not curved. Medium 
chalky blue fluorescence to short- 
wave UV and a strong 3309 cm! 
series in its Fourier-transform infrared 
(FTIR) spectrum proved that heat 
treatment had been applied to the 
stone. LA-ICP-MS revealed natural 
chemistry, including about 200 ppma 
iron and other trace elements such as 
gallium (~25 ppma), vanadium (~3.5 
ppma)}, magnesium (~35 ppma), chro- 
mium (~1.5 ppma), and titanium (~80 
ppma). Based on appearance, color 
zoning, and chemistry, this stone was 
reported as natural sapphire, heat 
treated, with Madagascar as the coun- 
try of origin. 

This was an interesting study of 
how synthetics and simulants can be 
mixed with their natural counterparts 
to misrepresent a parcel. However, 
careful examination and standard 
gemological testing are usually 
enough to identify them correctly. 


Najmeh Anjomani 


DIAMONDS 


The Type IIb De Beers Cullinan 
Blue Diamond 


Type IIb blue diamonds are extremely 
rare in nature. When people think of 
blue diamonds, the Hope diamond im- 
mediately springs to mind. The famed 
45.52, ct Fancy Deep grayish blue 
cushion-cut treasure, now housed in 
the Smithsonian National Museum of 
Natural History in Washington, DC, 
has a long and fascinating history. 
First examined by GIA in 1960 and 
graded by GIA in 1988 (R. Crowning- 
shield, “Grading the Hope diamond,” 
Summer 1989 GWG, pp. 91-94), it 
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Figure 7. The 15.10 ct De Beers 
Cullinan Blue diamond. 


shares many special gemological char- 
acteristics with other rare type IIb 
(boron-containing) diamonds such as 
the Wittelsbach-Graff, once assumed 
to be cut from the same rough crystal 
as the Hope. Here we report another 
special diamond of this group. 
Recently graded by GIA and the re- 
cipient of a special monograph report 
was a 15.10 ct (17.47 x 11.53 x 7.94 
mm) Fancy Vivid blue cut-cornered 
rectangular step cut. Named the De 
Beers Cullinan Blue diamond (figure 7; 
see video at www.gia.edu/gems-gem- 
ology/summer-2022-lab-notes-de- 
beers-cullinan-blue), it was cut from a 
39.34 ct rough type IIb diamond crys- 
tal mined by Petra from the Cullinan 


(formerly Premier) mine in South Af- 
rica. Compared to the Hope and Wit- 
telsbach-Graff, both of which were 
mined in the Golconda region of India, 
the De Beers Cullinan Blue has some 
important similarities in gemological 
and spectroscopic features but shows 
clear variations. Natural type IIb blue 
diamonds over 10 carats are exceed- 
ingly rare. 

The blue color is distributed 
evenly throughout the stone. Visual 
observation under a gem microscope 
revealed a very clean stone. No in- 
clusions or graining were observed. 
Accordingly, the diamond received a 
clarity grade of Internally Flawless. 
Under conventional long-wave and 
short-wave UV radiation, it showed 
no observable fluorescence or phos- 
phorescence. This feature is dramat- 
ically different from that of the Hope 
and Wittelsbach-Graff, two large 
type Ib blue diamonds that exhibit 
strong and prolonged red phospho- 
rescence to conventional short-wave 
UV radiation. 

The absorption spectrum in the 
mid-infrared region showed typical 
absorption features related to boron 
in diamond, such as strong absorp- 
tion at ~2800 cm! and a weak absorp- 
tion peak in the range of 1332-1200 
cm! (figure 8). The intensities of 
these absorptions indicated a high 


Figure 8. The mid-infrared spectrum of the type IIb De Beers Cullinan 


Blue diamond. 
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Figure 9. Observed with cross- 
polarized light was a strong ta- 
tami strain pattern with a dark 
gray color. 


concentration of uncompensated 
boron of ~0.33 ppm. Natural type IIb 
diamonds typically contain 0.24-0.36 
ppm (E. Gaillou et al., “Study of the 
Blue Moon diamond,” Winter 2014 
G&G, pp. 280-286). The diamond’s 
boron concentration is close to that 
of the Hope (~0.36 ppm) and higher 
than that of the Wittelsbach-Graff 
(~0.19 ppm). Absorption from boron 
is the main contributor of color in 
natural type IIb diamonds. 
Observation with a gemological 


Figure 10. Under very strong 
short-wave UV, a weak aqua blue 
fluorescence with a subtle net- 
work of dislocations was ob- 
served (top). After exposure, a 
weak pinkish red phosphores- 
cence was observed (bottom). 
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microscope equipped with crossed po- 
larizers revealed a clear tatami pattern 
with a dark gray color (figure 9). Both 
the Wittelsbach-Graff and the Hope 
have different patterns and higher in- 
terference colors, a good indication 
that the De Beers Cullinan Blue has a 
much less distorted lattice structure. 
Under very strong short-wave UV, 
this diamond showed a weak aqua 
blue fluorescence with a subtle net- 
work of dislocations in the crystal 
structure, a pattern clearly different 
from the tight mosaic patterns ob- 
served in the Hope and the Wittels- 
bach-Graff (figure 10) (Gaillou et al., 
2014). 

These blue diamonds are among 
the rarest of gems. Recent research (E. 
Smith et al., “Blue boron-bearing dia- 
monds from Earth’s lower mantle,” 
Nature, Vol. 560, No. 7716, 2018, pp. 
84-87) has demonstrated that their 
boron derived from pieces of the 
earth’s crust sinking to the extremely 
deep depths of diamond formation. 
The gemological characteristics of the 
De Beers Cullinan Blue suggest it is 
one of these superdeep diamonds. Its 
combination of Fancy Vivid blue color 
grade in a step cut (a cut that does not 
enhance color, unlike other faceting 


styles) (see video), 15.10 ct weight, and 
Internally Flawless clarity grade is ex- 
ceptionally rare. It will remain one of 
the world’s most important diamonds. 


Paul Johnson, A’Dhi Lall, Madelyn 
Dragone, and Stephanie Persaud 


The Grass Is Always Greener... 


The Carlsbad laboratory recently ex- 
amined a 0.97 ct Fancy grayish green 
diamond submitted for colored dia- 
mond grading service. Microscopic 
examination revealed a colorless dia- 
mond with green radiation stains 
scattered across the pavilion (figure 
11). 

These radiation stains were par- 
ticularly unusual due to their linear 
appearance and resembled blades of 
grass in their morphology and color. 
These stains were prevalent along in- 
tentionally preserved rough natural 
diamond surfaces on the pavilion. 
Faceted surfaces along the pavilion 
were polished with particular effort 
to retain some of the green radiation 
stains. The resultant internal reflec- 
tion of green light to the table created 
a uniform green bodycolor in this rare 
and beautiful diamond. 


Figure 11. Blade-like green radiation stains. Also indicated is the 
boundary of the close-up view of the green stains in figure 12. Field of 


view 2.9 mm. 


Figure 12 
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Radiation’stain 


Figure 12. Radiation stains on the rough diamond’s surface also pen- 
etrate to a polished side (left). Viewed with reflected light, the surface 
shows acicular indentations coincident with green stains (right). 


Surface photomicrographs | re- 
vealed long, linear, and acicular in- 
dentations concentrated near the 
center of the radiation stains (figure 
12). Indentations crosscut flat-bot- 
tomed trigons, suggesting they post- 
dated diamond dissolution in the 
earth’s mantle (e.g., R. Tappert and M. 
Tappert, Diamonds in Nature: A 
Guide to Rough Diamonds, Springer, 
Heidelberg, 2011). The green stains 
along the polished surface indicate 
that the radiation stains penetrated 
some depth into the diamond. These 
features have been observed pre- 
viously at GIA (e.g., Spring 2021 
G&G Micro-World, pp. 66-67; Spring 


2022. GWG Micro-World, pp. 64-65) 
and may result from acicular to tabu- 
lar radioactive minerals precipitating 
directly on the diamond surface in a 
paleoplacer to recent alluvial environ- 
ment (e.g., R. Lauf, Mineralogy of 
Uranium and Thorium, Schiffer Pub- 
lishing, Ltd., Atglen, Pennsylvania, 
2016). Radiation damage created va- 
cancies in the diamond lattice, which 
absorb red light and reflect green light, 
resulting in the green color of the ra- 
diation stains. Uncharged or neutral 
vacancies produce a photolumines- 
cence response near the 741 nm zero 
phonon line called the GRI1 defect 
(e.g., J.E. Shigley and C.M. Breeding, 


Figure 13. Left: Map of the integrated area beneath the GR1 defect peak of 
the radiation stains on the diamond surface, derived from photolumines- 
cence spectroscopy. Right: Reflected light image of the surface showing ra- 
diation stains (outlined in red) coincident with acicular indentations. The 
measurements were taken with a 532 nm laser at 1 mW power, 25 zm 
confocal spot size, 5 zm step size, and 100 Hz. 
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“Optical defects in diamond: A quick 
reference chart,” Summer 2013 
GwG, pp. 107-111). The GR1 defect 
area from photoluminescence spectra 
can be measured and mapped to indi- 
cate the spatial distribution of this de- 
fect coincident with the radiation 
stains (figure 13). 

It is unusual to see green radiation 
stains of this shape that correspond 
with indentations on a diamond sur- 
face. These features could be a com- 
monly overlooked characteristic of 
green diamonds. 


Michaela Stephan, Roy Bassoo, and 
Lo Combs 


10 ct HPHT-Treated CVD 
LABORATORY-GROWN DIAMOND 


Recent years have seen several size 
milestones for faceted diamonds 
grown by chemical vapor deposition 
(CVD). In all the published reports 
that commented on treatment, these 
record-size CVD diamonds were indi- 
cated to be as-grown and with no in- 
dications of post-growth treatment 
(Winter 2016 Lab Notes, pp. 414-416; 
“IGI Hong Kong certifies largest CVD 
grown diamond to date,” 2020, 
https://www.igi.org/gemblog/igi- 
hong-kong-certifies-largest-cvd- 
grown-diamond-to-date/; Spring 2022 
Lab Notes, pp. 54-56). For other re- 
cent milestone CVD diamonds re- 
ported within the trade, we could not 
confirm whether they were as-grown 
or treated. At the time of publication, 
the current benchmark is a 30.18 ct 
H-color diamond reportedly grown by 
Ethereal Green Diamond (Rapaport 
News, June 12, 2022). 

Against this backdrop, a notable 
10.04 ct CVD-grown diamond (figure 
14) was recently submitted to the 
Carlsbad laboratory for a laboratory- 
grown diamond report. This emerald- 
cut stone with G color and VS, 
clarity had several growth remnants, 
including a cloud of dark non-dia- 
mond carbon. As with all laboratory- 
grown diamonds, it underwent 
extensive testing including spectro- 
scopy to verify its CVD origin. IR ab- 
sorption spectroscopy identified it as 
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He approached a pawnbroker with several 
fine looking pieces that the broker agreed 
would be satisfactory security for around 
$350.00. This happened to be more cash 
than was available in the office and the 
two of them walked a block or so to the 
broker’s bank. On the way to the bank the 
“operator” said the broker kept the stones 
very carefully in his own possession lest 
there might be a change of mind regard- 
ing such an excellently secured loan from 
the broker’s viewpoint. At the bank the 
deal was made and they parted company, 
each secure in his mind that they had got- 
ten the best of the other. 

If these pawnbrokers had taken an in- 
terest in learning about some of the gem- 
stones they came in contact with, they 
would have recognized these as zircons 
quite easily by observing the doubling of 
the back facet edges while viewing them 
through the top. However, they had to 
learn the hard way, caring nothing about 
knowledge of any gemstone but the dia- 
mond. 


At this point I should like to examine 
other aspects of this “gemstone of mys- 
tery.” Gradually this startlingly new variety 
of this old, but Itttle known gem with 
twinkling glints of the rainbow through its 
sky-blue body color acted as a spearhead 
to open wide the market for all zircons. 
It soon became evident, though, that the 
public — the buyers — decreed that only 
the blue and the white zircons were to 
dominate. The leaf-green stones were too 
dull in appearance to command interest; 
the golden and brown colors failed to pre- 
sent the dispersive glints with enough em- 
phasis to gain popular approval. Some of 
the public were greatly fascinated with 
these new blue stones, others were at- 
tracted to the white ones because they so 
well imitated diamonds. On the other hand 
some dealers obstinately refused to deal in 
zircons of any kind because of their 
brittleness. For too long a time these deal- 
ers had let their customers believe that if 


a gemstone was natural “it would never 
lose its luster through wear.” How could 
they now reverse their attitude and sell 
zircons when they had to tel! their custom- 
ets “you can’t wash dishes wearing these 
stones without ruining their beauty.” 
Nevertheless the public still wanted zir- 
cons, and if certain dealers declined to sell 
them, they bought them elsewhere. In the 
midst of these plus and minus influences 
the sale of zircon grew immensely. How- 
ever, some of the other influences which 
affected the market may prove of interest. 


In the course of my selling to the trade 
on the Pacific Coast I discovered many new 
selling methods utilized by retailers in sell- 
ing zircons, not all of which were com- 
pletely ethical. Some of the smaller stores 
featured attractive eye-catching displays of 
zircons of both blue and white varieties. 
Some of the dealers would secure plates of 
clean white quartz crystal groups into 
which were placed a lot of fine zircons, 
while around the plates they would dis- 
play the mounted pieces — rings, brooches, 
etc. The rest of the large window then was 
filled with white glass-stone jewelry with 
no line of demarcation, The entire display 
was then brilliantly illuminated. On the 
awning for everyone to read was a sign — 
A ONE CARAT ZIRCON RING FOR 
$1.00. According to what I have been told, 
when prospective customers went in to see 
the $1.00 ring they were shown a small 
silver ring with a poor zircon that scarcely 
anyone would want. Once in the store the 
prospect got a fast sales talk in an effort 
to interest him in a larger, better quality 
zircon at, of course, a much higher price. 
What was the result of this? The buying 
public who saw these various misleading 
signs decided that zircons had become cheap 
since they evidently were selling at $1.00 a 
carat. People who would see the dazzling 
display in the various windows began to 
think since zircons were so plentiful they 
couldn't have any value. This combination 

(Continued on page 27) 
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Figure 14. This 10.04 ct G-color 
CVD-grown diamond proved to 
have been HPHT treated. 


type IIb with an uncompensated 
boron concentration of ~2 ppb. Spec- 
tral features such as the lack of a 468 
nm peak in photoluminescence 
along with the coloration in the Dia- 
mondView fluorescence imaging (fig- 
ure 15) confirmed it had undergone 
post-growth treatment (W. Wang et 


Figure 15. The green and blue flu- 
orescence colors in this Diamond- 
View image confirm post-growth 
treatment of the 10.04 ct CVD- 
grown diamond. 
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al., “CVD synthetic diamonds from 
Gemesis Corp.,” Summer 2012 
GwaG, pp. 80-97). 

Many CVD-grown diamonds are 
subjected to high-pressure, high-tem- 
perature (HPHT) treatment after 
growth to remove a brownish appear- 
ance caused by extended defects (such 
as vacancy-related complexes). The 
brown color often correlates with a 
faster CVD growth rate, which the 
manufacturer uses knowing the color 
can be reduced by treatment after- 
ward. It appears that when manufac- 
turers create a CVD diamond of 
record-setting size, the growth is per- 
formed so slowly that subsequent 
HPHT treatment is not required for a 
colorless to near-colorless grade. 

While some 80% of colorless to 
near-colorless CVD-grown diamonds 
have been subjected to post-growth 
treatment to reduce their brownish 
coloration (S. Eaton-Magania et al., 
“Laboratory-grown diamond: A gem- 
ological laboratory perspective,” Jour- 


nal of Gems & Gemmology, Vol. 23, 
No. 6, 2021, pp. 25-39), this treatment 
is not often applied to larger stones. 
Therefore, evidence of HPHT treat- 
ment in a CVD-grown diamond larger 
than 10 carats is noteworthy. These 
products will likely become more 
commonplace in the future. 


Sally Eaton-Magana 


PEARLS 


A Reported Cassis Pearl from 
Key West, Florida 


The Carlsbad laboratory recently ex- 
amined an oval non-nacreous pearl 
weighing 29.78 ct and measuring 17.86 
x 15.64 x 14.58 mm (figure 16). The 
pearl possessed a uniform pinkish or- 
ange bodycolor and a porcelaneous sur- 
face with flame structures. The flames 
were short and wide and tapered to a 
point. This fine, well-formed flame 
structure looked like a homogeneous 
spotted pattern throughout the pearl’s 


Figure 16. This oval pinkish orange porcelaneous pearl weighing 29.78 ct 
and measuring 17.86 x 15.64 x 14.58 mm was reportedly found in a queen 
helmet conch (Cassis madagascariensis), shown on the left with various 
Cassis species shells. Shells courtesy of Robin Willis. 
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Figure 17. Left: This porcelaneous pearl exhibited a fine, well-formed flame structure covering the entire surface, 
and a homogeneously spotted pattern was visible with the unaided eye. Right: Under magnification with fiber- 
optic illumination, the wide and spiky flame structure was evident. Field of view 2.90 mm. 


surface (figure 17, left), yet the flame 
forms were evident at high magnifica- 
tion under the microscope (figure 17, 
right). Subsequently, Raman spectro- 
scopic analysis with a 514 nm argon- 
ion laser verified the pearl was 
composed of aragonite, with peaks at 
154, 181, 192, 207, 704, and 1085 cm" 
(J. Urmos et al., “Characterization of 
some biogenic carbonates with Raman 
spectroscopy,” American Mineralo- 
gist, Vol. 76, 1991, pp. 641-646); two 
strong polyene peaks at 1131 and 1523 
cm were indicative of natural color 
(C. Hedegaard et al., “Molluscan shell 
pigments: An in situ resonance Raman 


Figure 18. RTX imaging revealed 
the growth structure of the pearl: 
an ovalish void-like feature of 
less radiopacity in the center and 
a growth ring in the outer area. 
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study,” Journal of Molluscan Studies, 
Vol. 72, No. 2, 2006, pp. 157-162). 
Real-time microradiography (RTX) re- 
vealed a dark gray oval void-like fea- 
ture in the center and a growth ring in 
the outer area of the pearl (figure 18). 
Such a void can be found in natural 
pearls from a number of porcelaneous 
pearl-producing mollusks. 

Orange porcelaneous pearls are 
produced from various marine gastro- 


pod species such as queen conch (Lo- 
batus gigas), Melo species, Cassis 
species, and horse conch (Fasciolarii- 
nae subfamily). The flame characteris- 
tics and pinkish orange bodycolor of 
this pearl were unlike those of orange 
porcelaneous pearls previously sub- 
mitted to GIA. The client who sub- 
mitted the pearl stated that it was 
found inside a queen helmet conch in 
the early 1960s by Bert Matcovich (fig- 


Figure 19. This photo shows the pearl and the queen helmet shell in 
which it was found. Photo courtesy of the Bert Matcovich family. 
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ure 19), who owned a shell shop in Key 
West, Florida. Born into a family of 
shellers with more than 60 years of ex- 
perience, Matcovich fished the waters 
off Key West for conchs and visited 
local shrimp boats daily in the 1960s 
to purchase various types of shells. 
This pearl was a remarkable discovery. 

Queen helmet, also known as em- 
peror helmet, is the common name 
for a marine gastropod species called 
Cassis madagascariensis, which be- 
longs to the Cassidae family. The 
species is generally distributed in the 
tropical western Atlantic, including 
the Caribbean Sea (J.H. Leal, “Gastro- 
pods,” in K.E. Carpenter, The Living 
Marine Resources of the Western 
Central Atlantic, Vol. 1, Rome: Food 
and agriculture organization of the 
United Nations, 2002, pp. 99-127). 
Queen helmet shells have large, thick 
whorls with short spires, and three 
rows of knobs often appear on the 
body. They have a flat large parietal 
shield next to an aperture, and the 
color ranges from pale cream to deep 
salmon, often with a dark orangy 
brown color between the “teeth” (see 
again figure 19). Owing to their signif- 
icant thickness, these colorful shells 
are widely used for cameo carving. 

Cassis pearls typically have a fine 
and slender flame structure, often 
with intersecting flames. Their colors 
traditionally range from light orange 
to orangy brown, sometimes with 
patchy color. This pearl was unlike 
typical Cassis pearls examined by 
GIA, and its mollusk identity could 
not be confirmed with gemological 
testing. Nonetheless, this fine large 
natural non-nacreous pearl and its 
discovery story from six decades ago 
are noteworthy. 


Artitaya Homkrajae, Michaela 
Stephan, and Amiroh Steen 


RFID Device Embedded in South 

Sea Bead Cultured Pearl Necklaces 
New technologies are increasingly 
being applied to cultured pearls, and 
it is exciting to witness developments 
in pearl traceability. GIA’s Bangkok 
laboratory recently received two 
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Figure 20. A: Necklace of South Sea bead cultured pearls, 14.80-15.90 
mm in diameter. B and C: Real-time microradiography (RTX) revealed 
one bead cultured pearl in the necklace containing an RFID device 
showing an obvious demarcation of typical shell bead nuclei. The em- 
bedded electronic component is visible as a white opaque stepped 
square feature. D: When aligned at right angles to the previous direc- 
tion, the electronic component is harder to see but can be observed 
within a long, sharp laminated plane separating the two parts of the 


shell bead nucleus. 


South Sea bead cultured pearl neck- 
laces, each consisting of 29 pearls 
ranging from 14.80 to 15.90 mm in 
diameter (strand A, figure 20A) and 
14.40 x 14.20 mm to 16.20 mm in di- 
ameter (strand B, figure 21 A). General 
observation under a binocular micro- 
scope revealed clear aragonite plate- 
lets characteristic of nacreous pearls, 
with no indications of treatment. 
Real-time microradiography (RTX) 
revealed obvious demarcation features 
separating the shell bead nucleus from 
the overlying nacre layers. The nacre 
thickness range was consistent with 
bead cultured pearls produced by the 
Pinctada maxima mollusk (N. Stur- 
man et al., “Bead cultured and non- 
bead cultured pearls from Lombok, 
Indonesia,” Fall 2016 G&G, pp. 288— 
297). However, the most striking fea- 
ture was the presence of some 
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electronic components within a few of 
the pearls. They were visible as opaque 
white squares with a stepped pattern 
in keeping with previously examined 
samples containing radio-frequency 
identification (RFID) devices (H.A. 
Hanni and L.E. Cartier, “Tracing cul- 
tured pearls from farm to consumer: A 
review of potential methods and solu- 
tions,” Journal of Gemmology, Vol. 33, 
No. 7-8, 2013, pp. 239-246; Spring 
2020 Lab Notes, pp. 134-136). Interest- 
ingly, only a single pearl in strand A 
(figure 20, B-D) and five pearls in 
strand B (figure 21, B-D) contained an 
RFID device. The device is usually po- 
sitioned off the center of the bead to 
avoid being drilled. 

GIA’s Hong Kong lab has also 
begun seeing similar features in re- 
cent submissions (figure 22, A-B). The 
team compared the RTX data with 
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Figure 21. A: Necklace of South Sea bead cultured pearls, 14.40 x 14.20 
mm to 16.20 mm in diameter. B—D: RTX analysis revealed five bead 
cultured pearls containing an off-center RFID device within the shell 
bead nucleus. 


C-D) and confirmed that they were 
identical. The previous studies men- 


some known bead cultured pearls 
containing an RFID device (figure 22, 


Figure 22. A: Necklace of South Sea bead cultured pearls, 10.04-12.21 mm 
in diameter. B: RTX analysis of one of the pearls in the necklace revealed 
an RFID device. C: The internal structure was compared with two known 
bead cultured pearls containing RFID devices from GIA Hong Kong’s ref- 
erence collection, and they proved to be identical. D: RTX clearly showed 
the outline of the square RFID device, as well as the sawn plane and 
small recess where the RFID device had been placed. 
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tioned earlier describing RFID devices 
in bead cultured pearls have shown 
that these nuclei are produced by a 
patented pearl technology invented by 
Fukui Shell Nucleus Factory, which 
also supplies laminated beads to cer- 
tain pearl farms. This explains the 
link between the laminating tech- 
nique and its application in the pro- 
duction of RFID shell beads. 

The use of RFID shell beads is 
known to assist in the storage of cer- 
tain data such as a pearl farm’s loca- 
tion, mollusk data, and harvest date. 
However, a specific RFID reader is re- 
quired to retrieve the data, so we 
were unable to obtain the infor- 
mation stored within these particu- 
lar devices. Since the RFID devices 
do not influence their external ap- 
pearance, the pearls containing a 
shell bead nucleus with such compo- 
nents are still identified as bead cul- 
tured pearls. Because the RFID 
device could increase the weight and 
have a misleading effect if unde- 
tected, a special comment is rou- 
tinely included on GIA pearl 
identification reports as a means of 
disclosure. While pearl tracing tech- 
nology has not been extensively 
adopted by the cultured pearl indus- 
try, the increasing number of elec- 
tronic devices in shell bead nuclei 
submitted to the laboratory is note- 
worthy. GIA will continue to mon- 
itor and provide updates to the pearl 
trade and consumers. 


Nanthaporn Nilpetploy and 
Ying Wai Au 


Combination of Phenomena in 

Star and Cat’s-Eye Color-Change 
SAPPHIRE 

The Tokyo lab recently examined a 
transparent 20.49 ct violet to purple 
color-change double cabochon sap- 
phire, measuring 16.67 x 14.69 x 8.51 
mm (figure 23) with a specific gravity 
of 3.99 and a spot refractive index of 
1.77. Usually a star sapphire is only 
polished on one side, and the unpol- 
ished side does not show any phenom- 
ena. But this stone was polished on 
both sides, which resulted in a unique 
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Figure 23. This 20.49 ct star sap- 
phire with a combination of 
phenomena exhibited a color 
change from violet (top) to pur- 
ple (bottom). Side A is shown in 
these photos. 


combination of phenomena. Side A 
displayed a six-rayed star. Side B also 
displayed a six-rayed star, but one line 


Figure 24. Side A: Intersecting sets of parallel needle inclusions producing 
six-rayed asterism. Field of view 5.8 mm. The photomicrograph is not 


aligned with the inset. 


containing two of the rays was much 
stronger, which made the phenome- 
non reminiscent of a cat’s-eye. 


Figure 25. Side B: Set of parallel needle inclusions producing chatoyancy. 
Field of view 5.8 mm. The photomicrograph is not aligned with the inset. 
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Chatoyancy is displayed when 
light reflects off a set of dense parallel 
elongated inclusions, such as 
needles; asterism occurs when such 
a set of inclusions is oriented in mul- 
tiple directions. In the case of this 
stone, side A with the distinct six- 
rayed star had three sets of dense par- 
allel needles and platelets close to 
the surface, intersecting at 60° angles 
(figure 24), which is common with 
six-rayed asterism. Side B also had 
three sets of these needles close to 
the surface, but the needles were 
more concentrated in one of the di- 
rections, producing a cat’s-eye effect 
(figures 24 and 25). Interestingly, the 
chatoyancy in Side B and one line of 
asterism in Side A are contributed by 
the same group of needles. 

Although color-change star sap- 
phire is not particularly rare, color- 
change cat’s-eye sapphire is far less 
common. Color-change sapphire with 
asterism on one side and chatoyancy 
on the other is without question a 
“phenomenal” gem. 


Masumi Saito and 
Yusuke Katsurada 
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Figure 26. The 1.62 ct bicolor 
copper-bearing tourmaline. 


Bicolor Cuprian TOURMALINE 

A bicolor gem has two colors in one 
stone. Ametrine is a well-known bi- 
color gem, a purple and yellow quartz 
combining amethyst and citrine. In 


TABLE 1. Mn, Fe, and Cu concentrations on each side of the 
bicolor tourmaline, measured by LA-ICP-MS (in ppmw, average 


of three spots). 


Mn Fe Cu 
Bluish green 22826 566 7850 
Dark yellowish green 17233 11287 4953 
Detection limit (ppmw) Foils 3.10 0.11 


addition to the ametrine variety of 
quartz, other colored gemstones such 
as corundum and tourmaline can be 
naturally bicolor, although most of 
them do not have a specific variety 


Figure 27. Vis-NIR absorbance of the whole tourmaline (top), the bluish 
green portion (middle), and the dark yellowish green portion (bottom). 
Copper absorption is in the red (approximately 730 nm) and near-infrared 
regions (approximately 980 nm). Iron absorption is only in the red region 
(approximately 730 nm). Spectra are stacked for clarity. 
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name. Most bicolor gem materials are 
cut to show different colors that are 
obvious when viewed in face-up 
orientation. 

The Tokyo laboratory recently ex- 
amined a bicolor rectangular step cut 
weighing 1.62 ct and measuring 9.14 
x 5.47 x 3.71 mm (figure 26). The 
color was gradually distributed from 
bluish green to dark yellowish green 
along the length. This stone was 
doubly refractive with a refractive 
index of 1.620-1.640 and a specific 
gravity of 3.10. Microscopic observa- 
tion revealed networked fluid inclu- 
sions and strong doubling. The stone 
was identified as tourmaline by these 
gemological features. 

Paraiba tourmaline, a certain type 
of copper-bearing tourmaline, has 
been one of the most sought-after 
gemstones in the trade over the last 
three decades. In 2012, the Laboratory 
Manual Harmonisation Committee 
(LMHC) updated the definition of Pa- 
raiba tourmaline as “a blue (electric 
blue, neon blue, violet blue), bluish 
green to greenish blue, green (or yel- 
lowish green) tourmaline of medium- 
light to high saturation and tone 
(relative to this variety of tourmaline), 
mainly due to the presence of copper 
and manganese.” Visible/near-infrared 
(Vis-NIR) absorption was collected 
with GIA’s custom-made UV-Vis spec- 
trometer to determine the chromo- 
phore. To be considered Paraiba 
tourmaline, the copper-related absorp- 
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tion needs to be dominant and the 
color appearance should be within the 
defined range. 

Non-polarized absorption spectra 
of the whole stone showed two bands 
in the red and near-infrared regions 
(figure 27, black line). To measure the 
spectra of each color separately, one 
half of the gem was covered with 
opaque black cardboard to allow light 
to pass through only one color at a 
time. The results indicated that the 
dominant chromophore was different 
(figure 2.7; bluish green and dark green 
lines at the middle and bottom, re- 
spectively)—the bluish green part is 
colored by copper, whereas the dark 
yellowish green part is colored by 
iron (P.B. Merkel and C.M. Breeding, 
“Spectral differentiation between 
copper and iron colorants in gem 
tourmalines,” Summer 2009 GWG, 
pp. 112-119]. 


The trace element composition of 
each differently colored region was 
analyzed by laser ablation—-induc- 
tively coupled plasma—mass spec- 
trometry (LA-ICP-MS). As shown in 
table 1, the bluish green side shows 
lower iron (566 ppmw) and higher 
copper (7850 ppmw), and the dark yel- 
lowish green side shows higher iron 
(11287 ppmw) and lower copper (4953 
ppmw). Comparing the different Vis- 
NIR absorption patterns of these por- 
tions (figure 27), the association of 
copper and iron for each color portion 
is in agreement with Merkel and 
Breeding (2009). By virtue of its color 
and its chromophore, only the bluish 
green portion is consistent with the 
definition of Paraiba tourmaline. 

Sometimes we encounter cuprian 
tourmaline with chemical zoning, 
which has varying trace element con- 
centrations within. A drastic differ- 
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ence, as in the case of this bicolor 
tourmaline with a non-Paraiba iron- 
colored portion, is not typical. The 
dark yellowish green part could have 
been polished off to make this a typi- 
cal Paraiba tourmaline. 


Yusuke Katsurada 
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Apatite Cluster in Zambian Emerald 


This author recently studied a 1.68 ct faceted emerald 
containing several inclusions, including blocky fluid in- 
clusions, transparent brownish crystals, needles, and 
particle clouds. These inclusions as well as the trace ele- 
ment chemistry supported a Zambian geographic origin. 
The emerald also exhibited elongated transparent crys- 
tals that resembled amphibole. In this case, Raman spec- 
troscopy confirmed the mineral as apatite. Interestingly, 
this apatite formed a distinct inclusion cluster consist- 
ing of a large hexagonal prismatic crystal (a morphology 
typical of the mineral) associated with a multitude of 
rod- and bamboo-shaped crystals in various directions 
(figure 1). Other solid crystals observed in Zambian em- 
erald include mica, actinolite (amphibole), quartz, zir- 
con, and chromite. 

Apatite, a common phosphate mineral, has previously 
been reported in various forms and in many other types of 
gems such as corundum, spinel, feldspar, and garnet, and 
it is not surprising to find it in emerald. However, this is 
the first time the author has encountered this fantastic 
form of apatite in emerald. 


Ungkhana Atikarnsakul 
GIA, Bangkok 


About the banner: The surface of this synthetic amethyst shows a multitude 
of rhombohearal crystal faces. Photomicrograph by Nathan Renfro; field of 
view 15.67 mm. 
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Blue Apatite in Tanzanian Garnet 


In the micro-world, it can be challenging to identify inclu- 
sions based on sight alone, as many minerals can have a sim- 
ilar appearance. Occasionally, though, some inclusions have 
characteristic features that can aid in their identification. 

Recently this author had the opportunity to observe a 
pyrope-spessartine garnet, reportedly from Lindi Province, 
Tanzania, that contained blue crystal inclusions ensconced 
among intersecting needles (figure 2). Analysis with micro- 
Raman spectroscopy identified the inclusions as apatite. 
Apatites are known for their bright blue hues, and these 
inclusions offered an attractive example. 


Figure 1. An inclusion cluster consisting of a hexago- 
nal prismatic apatite crystal and many rod- and bam- 
boo-shaped crystals of apatite in a Zambian emerald. 
Photomicrograph by Ungkhana Atikarnsakul, field of 
view 3.60 mm. 
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While this sample hails from Tanzania, blue apatite has 
previously been reported as an inclusion in garnet from 
Madagascar (Winter 2020 GWG Micro-World, p. 526). 
These inclusions’ distinctive appearance may help gemol- 
ogists recognize the material in other samples, but further 
analysis should be performed to identify them definitively. 


E. Billie Hughes 
Lotus Gemology, Bangkok 
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Figure 2. Blue apatite 
crystals are beautifully 
framed by prominent 
rutile needles in a gar- 
net from Tanzania. 
Photomicrograph by E. 
Billie Hughes; field of 
view 3.5 mm. 


Large Diamond Inclusion in Diamond 


Recently, the authors examined a 2.01 ct Faint green round 
brilliant diamond with a fascinating diamond crystal in- 
clusion that displayed a transparent, ghost-like appearance. 
Due to the large size of this nearly invisible crystal, the 
stone was given a clarity grade of SI,. 

Photomicrography was used to document the features 
of this inclusion. Triangular etch features, also known as 
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Figure 3. Trigons seen on a diamond crystal inclu- 
sion visible through the crown of a round brilliant 
diamond. Photomicrograph by A’Dhi Lall; field of 
view 2.11 mm. 


trigons, were seen on the inclusion (figure 3). These are typi- 
cally natural growth markings of diamonds, confirming the 
inclusion as diamond. The diamond crystal inclusion ap- 
peared to have sharp and easily recognizable faces. Images 
with cross-polarized light show strain between the inclu- 
sion and the host diamond (figure 4). A DiamondView 
image also reveals the diamond crystal inclusion (figure 5). 

Generally, the beauty and value of a diamond increase 
with the absence of inclusions. Yet the presence of a dia- 
mond inclusion gave this diamond a certain distinction, 
which in the authors’ opinion added to its beauty and value. 


Luthfia Syarbaini, A’Dhi Lall, and Paul Johnson 
GIA, New York 
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Figure 5. DiamondView image of the diamond inclu- 
sion in the diamond host. Image by Luthfia Syarbaini. 


Natural Diamond with Extensive Network of 
Etch Channels 


The authors recently examined a 5.19 ct type Ila natural 
diamond (figure 6) displaying numerous etch channels (fig- 
ure 7). Etch channels are open tubes whose formation is re- 
lated to dissolution processes within the stone. They form 
due to the dissolution of dislocations inside the crystal dur- 
ing or after growth and can result in various patterns; most 
commonly, they form as trigons or rarely as channels that 
appear as parallel lines, zigzags, or “worm-like” structures 
(T. Lu et al., “Observation of etch channels in several nat- 
ural diamonds,” Diamond and Related Materials, Vol. 10, 
2001, pp. 68-75, and references therein; Spring 2018 GWG 


Figure 4. Strain be- 
tween the host dia- 
mond and the diamond 
inclusion is revealed by 
the interference colors 
in cross-polarized light. 
Photomicrograph by 
A’Dhi Lall; field of view 
13.55 mm. 
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The Structure 


and Uptical Behavior 


of lridescent Upal 


by 


SIR C. V. RAMAN 
and 
A. JAYARAMAN 


EDITOR’S NOTE: This article has been re- 
printed through the courtesy of the Indian 
Academy of Sciences Publication, Volume 
XXXVI, Section A, Number 5. Of neces- 
ity the article has been somewhat condensed 
from its original length. 


The remarkable and very beautiful effects 
exhibited by iridescent opal have long been 
known and have made it one of the most ad- 
mired of gems. In the finest specimens, the 
play of colour takes the form of localized 
interna] reflections exhibiting hues of extra- 
ordinary brilliance and saturation which vary 
from place to place over the area of the gem 
and change in a surprising manner with the 
angle of incidence of the light. Not the least 
part of the beauty of a fine opal is the 
orange-red colour of the transmitted light 
which may be seen reflected back by the rear 
surface of the gem and then appears all the 
more vivid by reason of its contrast with the 
greens and blues so frequently seen in the 
Spectroscopic examination re- 
reflections and the 


iridescence. 
veals that the internal 
corresponding extinctions in the transmitted 
light are highly monochromatic. From this, 


it is evident that they are consequent on the 
presence within the material of regularly 
stratified layers in great number. Indeed, the 
existence of such stratifications is not just a 
hypothesis. When a gem-opal is examined 
through a microscope which has arrange- 
ments for illuminating the object from above 
the stage and viewing it by the internally re- 
flected light, the lamellar structure of the 
material becomes immediately evident. In 
not a few cases, geometric patterns of a very 
striking character are observed (see Figures 
1 to 4). 

A reasonable hypothesis which would fit 
the observed character of the stratifications 
as well as the optical effects to which they 
give rise is that iridescent opal consists of 
alternate layers of two crystalline modifica- 
tion of silica of slightly different refractive 
index. In a recent paperl, we presented evi- 


SPRING 1954 


21 


Figure 7. A network of natural etch channels gives 
this diamond a distinctive appearance. Most of the 
channels have a width of ~100-150 pm, while some 
(e.g., lower left) show evidence of brown radiation 
stains. Photomicrograph by Nathan Renfro; field of 
view 4.69 mm. 


Figure 6. This 5.19 ct diamond with I color and I, 8 
clarity displays numerous etch channels visible to the network of etch channels in this diamond resulted in an I, 


eye. Photo by Annie Haynes. clarity grade. 
Photoluminescence (PL) mapping using 455 and 532 


nm laser excitation (figures 8 and 9) revealed an increase 
in the GR1, 3H, and TR12 centers along the walls of the 
Micro-World, pp. 66-67). Etch channels terminate at typi- etch channels; all of these centers are defects associated 
cally rhombic openings visible at the surface of the stone —_ with radiation exposure. The nitrogen vacancy centers NV° 
(Spring 2018 G&G Micro-World, pp. 66-67). The extensive —_(zero-phonon line [ZPL] at 575 nm) and NV- (ZPL at 637 


Figure 8. Left: False-color map showing the peak area intensity of the radiation-related TR12 center (ZPL at 469.9 
nm); this 455 nm PL map was compiled from 18,768 spectra collected at 45 jm pixel size. Right: The false-color 
map overlain with a reflected light image of the table facet. Most of the etch channels seen in the false-color map 
correspond with an opening observed on the table. 
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nm) were also concentrated along these channels. The con- 
centration of these defects along the etch channels suggests 
that radioactive fluids once flowed through the tubes. The 
radioactive fluids had an impact on the areas in direct con- 
tact, creating elevated concentrations of radiation-related 
peaks. Other prominent PL peaks along the cavities were 
centered at 474, 598.75, and 461.5 nm. The radiation in 
these fluids would have been low enough to not create 
much observable staining, as patches of green to brown 
color associated with radiation staining were not observed 
in most of the etch channels. However, there were some 
isolated spots of green radiation stains and some channels 
with a brownish appearance (figure 7) and elevated concen- 
trations of radiation-related features (figures 8 and 9). Ad- 
ditionally, the exposure to radioactive fluids must have 
occurred after the diamond was brought to the near-surface 
region following kimberlite eruption, as these radiation-re- 
lated features would not withstand the high temperatures 
within the mantle. 

Similar radiation features have previously been ob- 
served in another stone with cavities (Spring 2020 Lab 
Notes, pp. 126-127), but to a much lesser degree. The ex- 
tensive network of etch channels within this diamond is 
one more example of the extraordinary possibilities within 
the natural world. 


Taryn Linzmeyer and Sally Eaton-Magana 
GIA, Carlsbad 


Eye Pattern in a Rock Fragment 


Recently, the authors encountered a partially polished 
rock fragment measuring 14.50 x 9.43 x 2.43 mm and 
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Figure 9. GR1/Raman 
peak area ratios calcu- 
lated from the 532 nm 
PL map (inset) cutting 
across multiple channels 
along the orange line. 
Higher GR1/Raman 
areas are concentrated 
along the etch channels. 
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weighing 3.45 ct that exhibited a very realistic eye pattern 
(figure 10). Various shades of yellow and green material 
formed the pupil and iris, while a distinctive white outline 
surrounded the iris as a sclera. Microscopic observation 
revealed different microcrystalline minerals. Raman spec- 
troscopy identified pyroxene, feldspar, and quartz as the 
most abundant minerals. Energy-dispersive X-ray fluores- 
cence (EDXRF) analysis revealed silicon as the dominant 
element, while traces of iron and potassium were also de- 
tected. 

Naturally formed eye patterns in gems are rare but do 
exist, such as a “dragon's eye” in a fire agate (Winter 2015 
G&G Micro-World, p. 441) and a radial eye structure in a 
sapphire (Summer 2017 GG Micro-World, pp. 244-245). 
While the textures in rocks are much more diverse than 
those in single-mineral gemstones, observing such a 
unique feature is always exciting. 

Ching Yin Sin 
GIA, Hong Kong 


Piradee Siritheerakul 
GIA, Bangkok 


Fracture-Filled Emerald with Mysterious 
Filler Patterns 


Emeralds are known to have natural cracks or fractures. 
The filling of surface-reaching fractures with various oils 
and resins is the most common practice to minimize frac- 
tures to improve an emerald’s appearance. The author re- 
cently examined a 3.04 ct emerald that revealed a 
mysterious filler pattern along the fractures, resembling a 
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labyrinth and convolution (figure 11). Fracture filling can 
be identified using various methods. In this case, it dis- 
played a chalky fluorescence under long-wave ultraviolet 
flashlight and was also detected with simple microscopic 
observation and fiber-optic lighting. The internal graining, 
irregular two-phase inclusions, and long needles within 
this stone indicated a natural origin. This was a unique and 
visually interesting pattern in the fracture filling material 
of an emerald. 


Ungkhana Atikarnsakul 
GIA, Bangkok 


Figure 10. An eye pat- 
tern complete with 
pupil, iris, and sclera is 
clearly visible in this 
rock fragment. Photo- 
micrograph by Polthep 
Sukpanish; field of view 
12.5 mm. 


Flux-Grown Synthetic Beryl Overgrowth 


Most of the synthetic beryl currently on the market has 
been created by a hydrothermal process. Hydrothermally 
grown crystals have obviously different crystal forms com- 
pared to their natural counterparts. Hydrothermal syn- 
thetics are often easily identified by their typical zigzag- or 
chevron-patterned graining and color zoning. Flux-grown 
synthetics, though less common, are able to form more 
natural-looking crystals. However, despite having natural 
forms, flux synthetics contain many unusual inclusions 
that clearly distinguish them from their natural counter- 


Figure 11. Emerald filler with labyrinth- and convolution-like pattern. Photomicrographs by Ungkhana Atikarnsa- 


kul; fields of view 2.0 mm (left) and 2.7 mm (right). 
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Figure 12. Doubly terminated flux synthetic beryl 
crystal, measuring 32.45 x 30.36 x 25.29 mm. Photo 
by Annie L. Haynes. 


parts. Copper platelets that form within the crystal either 
from contamination or intentionally introducing metal in 
the growth material are obvious indications of synthetic 
origin. Flux fingerprints are another easily observed type 
of inclusion unique to flux synthetic crystals. 

Weighing 211.78 ct, the hexagonal doubly terminated 
crystal in figure 12 looks like a natural beryl crystal at first 
glance. Eye-visible well-formed copper platelets and wispy 
flux fingerprints indicate that the stone did not form natu- 
rally. A closer look revealed reddish clouds of well-formed 
minute copper platelets and copper crystals. Euhedral red 
rod-like crystals of columbite were scattered throughout, 
similar to those in a natural sample. Partially healed ten- 
sion cracks with white secondary flux particles were also 
present. A few areas throughout the crystal had unique thin 
angular and jagged films containing blue flux liquid and gas 
bubbles (figure 13). Areas with higher clarity reveal the 
boundary between the natural aquamarine seed crystal and 
the flux overgrowth. This stone is a product of synthetic 
flux beryl overgrowth on a natural aquamarine seed crystal 
produced in a Russian synthetic gem facility. 


Jamie Price 
GIA, Carlsbad 


“Boomerang” Inclusion in a Rough Topaz 

A 21.46 ct colorless rough topaz was recently submitted to 
Taiwan Union Lab of Gem Research (TULAB) for identifi- 
cation service. Microscopic observation showed a few pris- 
matic brown inclusions with submetallic luster. One of the 
inclusions was a unique twinned crystal composed of two 
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Figure 13. A suite of columbite rods, copper crystals, and 
a large air bubble seen within a film of blue flux liquid. 
Photomicrograph by Jamie Price; field of view 7.19 mm. 


prismatic crystals forming a 120° intersection angle. With 

its shape and backdrop, the twinned crystal resembled a 

boomerang flying across the sky (figure 14). This inclusion 

was later confirmed to be tantalite-(Mn), based on Raman 

spectroscopy and comparison with the RRUFF database. 

Polarized light and reflected illumination were adopted to 

reduce doubling and obtain clearer photomicrographs, and 
the images were processed to extend depth of field. 

Shu-Hong Lin 

Institute of Earth Sciences, 

National Taiwan Ocean University 

Taiwan Union Lab of Gem Research, Taipei 


Tsung-Ying Yang, Kai-Yun Huang, and Yu-Shan Chou 
Taiwan Union Lab of Gem Research, Taipei 


Figure 14. The “boomerang” inclusion in this topaz 
was confirmed by Raman spectroscopy to be a 
twinned crystal of tantalite-(Mn). Photomicrograph 
by Shu-Hong Lin; field of view 0.71 mm. 


an 
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Quarterly Crystal: Cinnabar in Fluorite 


This issue’s Quarterly Crystal deals with a 362.09 ct crystal 
cluster of fluorite and calcite recently examined by the au- 
thors. The 55.79 x 42.80 x 38.63 mm specimen was color- 
less and transparent to translucent and played host to 
several small bright red to dark red well-formed trigonal 
crystals, visible in figure 15. These crystals were all situ- 
ated on the same growth plane in the fluorite portion. 
The fluorite and calcite specimen was obtained from Jordi 
Fabre of Fabre Minerals in Barcelona. It is from the Emilio 
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Figure 15. Several bright 
red to dark red well- 
formed trigonal crystals 
of cinnabar highlight 
the interior of the flu- 
orite crystals in this flu- 
orite and calcite cluster 
from Spain. Photo by 
Diego Sanchez. 


mine in the Caravia mining area in the Asturias region of 
northwestern Spain. The Emilio mine is known to produce 
fluorite crystals with inclusions of various sulfides, including 
cinnabar. Therefore, the pure red bodycolor of these inclu- 
sions, together with the trigonal symmetry shown in figure 
16, strongly suggested they were cinnabar. Using Raman mi- 
crospectrometry, we were able to identify the inclusions as 
cinnabar, thereby confirming our initial impression. 


John I. Koivula and Nathan Renfro 
GIA, Carlsbad 


Figure 16. A combination 
of optical microscopy 
and Raman analysis 
served to identify the tri- 
gonal inclusions as the 
mercury sulfide cinnabar. 
Photomicrograph by Na- 
than Renfro; field of view 
2.35 mm. 
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Inclusions in Gemstones 


James E. Shigley, Aaron C. Palke, John I. Koivula, and Nathan D. Renfro 


Gem inclusions are mineral crystals or cavities filled with 
fluid and/or gas that occur in a host gemstone. Many gems 
contain microscopic inclusions (ranging in size from >1 
mm down to submicroscopic nanoscale inclusions) that 
can reveal much about the host material. As a result, the 
use of the microscope (or loupe) to examine these inclu- 
sions offers one of the most important methods available 
for gem identification. 

Inclusions are important for determining the natural, 
synthetic, or treated character of a gem, and for establishing 
the likely geographic origin of a valuable colored stone. In 
addition to their usefulness for identification, inclusions 
cause certain distinctive and desirable optical phenomena 
such as asterism and chatoyancy, as well as some of the fea- 
tures used in clarity grading. In this new installment of 
“Colored Stones Unearthed,” we will discuss inclusions in 
gems—how they form, how they are studied, and what they 
mean not only for gemologists but also for geoscientists. 


Brief History of Inclusion Studies 


While the study of inclusions might seem to be a modern 
concept requiring the use of advanced microscopes with 
sophisticated optical lenses, early naturalists did have 
some basic knowledge of how inclusions could be used to 
understand the geological history of a gem. Consider 


Editors’ note: Questions or topics of interest should be directed to Aaron 
Palke (apalke@gia.edu) or James Shigley (ishigley@gia. edu). 
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amber, for instance. By observing insects trapped in amber, 
Pliny the Elder was able to conclude that amber represents 
fossilized tree resin (Ball, 1950) (figure 1). 

However, it was only much later that inclusions began 
to be classified and studied in a more systematic fashion. 
The pioneering scientist Robert Boyle was perhaps one of 
the first to describe inclusions in gems—‘“a specimen of 
quartz with a cavity containing a fluid with a moveable gas 
bubble, and reddish brown hair-like inclusions in 
amethyst” (Boyle, 1672). With the improvements in design 
and functionality of optical microscopes beginning in the 
late 1700s, scientists started to use them to examine tiny 
features in rocks and minerals (Kile, 2003, 2013). Déodat 


Figure 1. Inclusions of insects entombed in amber, 
such as these two wasps captured in an eternal em- 
brace, offered ancient naturalists a clue to the geolog- 
ical origins of this gemstone. Photomicrograph by 
John I. Koivula. 
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de Dolomieu discussed the presence of a hydrocarbon fluid 
(petroleum oil) in quartz in 1792. In 1819, Chester Dewey 
detailed a quartz specimen from Massachusetts that dis- 
played a cavity containing a liquid with a moveable bubble 
and several black or brown particles (1818, pp. 345-346). 
Noted scientists Humphry Davy (1822), David Brewster 
(1826, 1827, 1844, 1845a,b, 1863], and William Nicol (1828) 
each described minerals that contained inclusions consist- 
ing of one or more fluids and moveable gas bubbles. In 
1854, Johann Reinhard Blum and his coauthors published 
a book discussing various mineral inclusions they had ob- 
served. By linking observations on mineral inclusions and 
host rock formation, Henry Clifton Sorby (1858) became 
one of the founders of the geological science of petrography 
with an article titled “On the microscopical structure of 
crystals, indicating the origin of minerals and rocks.” An 


Figure 2. Oriented in- 

§ clusions such as the ru- 
tile needles in this ruby 
were recognized as the 
cause of asterism early 
on in the study of inclu- 
sions. Photomicrograph 
by Nathan Renfro; field 
| of view 1.80 mm. 


1862 article by Gustav Rose identified the presence of ori- 
ented, needle-like inclusions, such as those seen in the star 
ruby in figure 2, as the cause of asterism in minerals. The 
first descriptions of inclusions specifically in gem minerals 
were published in several articles by Henry Sorby in 1869 
and by Isaac Lea between 1866 and 1876. Other reports on 
solid and fluid inclusions in various minerals followed (e.g., 
Hartley, 1876, 1877). 

The use of inclusions to understand a gem’s geological 
growth environment can be understood with the examples 
shown in figures 3-6. Ruby derived from extremely pure 
calcite (CaCO;) marble, as in the deposits of Mogok, Myan- 
mar, often contains calcite inclusions (figure 3), whereas 
magnesium-rich spinel from the same geological region in 
Mogok will likely contain magnesium-rich dolomite 
[CaMg(COs),]| (figure 4). Similarly, emeralds from mica-rich 


Figure 3. The geological growth environment of marble-hosted rubies from Myanmar (left) is reflected in their in- 
ternal features, such as calcite inclusions (right). Photos by Robert Weldon (left; courtesy of William F. Larson) and 


Nathan Renfro (right; field of view 1.44 mm). 
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Figure 4. Left: Magnesium-rich spinel often forms in impure marbles where the magnesium-rich mineral dolomite 
is present. Right: These spinels contain inclusions where carbonate minerals are more likely to be dolomite than 
calcite, as seen in this dolomite-filled negative crystal. Photos by Robert Weldon (left) and Nathan Renfro (right; 


field of view 1.30 mm). 


rocks called schists, such as Russian emeralds, often con- 
tain mica inclusions (figure 5). On the other hand, emeralds 
from the hydrothermal deposits in Colombia, where the 
gems occur in veins rich in carbonate, quartz, and pyrite, 
often contain inclusions of carbonate minerals. Figure 6 
shows an exceptional example of a carbonate inclusion, 
which itself contains a pyrite inclusion that perfectly 


matches the mineralogy seen in many emerald-bearing 
hand samples from Colombia. 

Beginning in the 1940s, the well-known European 
gemologist Eduard Gtibelin began publishing a series of im- 
portant articles in Gems &) Gemology and Journal of Gem- 
mology on inclusions and the evidence they could provide 
on the geologic and geographic origin of the host gemstone 


Figure 5. Emeralds from mica-rich schists, such as Russian emeralds (left), display inclusions that give away their 
geological origins, such as fields of dark mica platelets (right). Photos by Robert Weldon (left; courtesy of R.T. Boyd 


Limited) and Nathan Renfro (right; field of view 2.04 mm). 
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Figure 6. Left: Emerald from Chivor, Colombia, on carbonate and pyrite matrix. Right: Inclusions in Colombian 
emeralds provide evidence of their unique geological origins, such as this pyrite within a carbonate inclusion. Pho- 
tos by Robert Weldon (left; courtesy of Cornerstone Minerals and Greg Turner) and Jonathan Muyal (right; vertical 


field of view 2.34 mm). 


(e.g., Gtibelin, 1944-1946, 1948, 1950, 1953, 1969, 1974). 
Dr. Giibelin’s publications were followed by several impor- 
tant books on gem inclusions coauthored by John Koivula 
(1986, 2005, 2008) that have been widely used and appre- 
ciated by the gemological community. Hollister and Craw- 
ford (1981), Roedder (1984), Samson et al. (2003), and Chi 
et al. (2020) contributed technical summaries on fluid in- 
clusion research. 


Inclusions in Minerals and Gems 


Minerals frequently contain small inclusions of foreign ma- 
terials (solids, liquids, and gases) that were trapped during 
mineral formation, and these can be seen with magnifica- 
tion. Crystals that formed during metamorphism by solid- 
state recrystallization, or almost entirely in the solid state 
without significant involvement of fluids, can display solid 
inclusions. Those that occur in igneous and sedimentary 
rocks were formed in the presence of a geological fluid and, 
as a result, can contain single or multiphase inclusions of 
that fluid (as well as solid or vapor inclusions). These geo- 
logical fluids consist of high-density silicate or carbonatite 
melts, low-density water-rich fluids or vapors, and, in rare 
cases, organic hydrocarbons (oils). Following crystallization, 
the mineral crystals in all of these rock types can become 
cleaved or fractured one or more times, and these cleavages 
and fractures can later become healed in the presence of liq- 
uid or gaseous fluids. Tiny amounts of these fluids can re- 
main as inclusions along the healed zone (figure 7). The 
crystal form of the host mineral typically determines the 
morphology of these fluid inclusions. Fluid inclusions usu- 
ally have a geometric, angular shape that reflects the typical 
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crystal forms of the host. For this reason, these fluid inclu- 
sions are often referred to as “negative crystals.” 

While either solid or liquid at the time of their original 
entrapment in crystals at high temperatures in the earth, 


Figure 7. Fluid inclusions with exsolved gas bubbles and 
daughter crystals in a beryl host. These fluid inclusions 
entered the host through a fracture. The fracture healed 
itself, trapping blebs of this fluid with the negative crys- 
tal form seen here. Photomicrograph by Nathan Renfro. 
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Figure 8. This glassy melt inclusion within a Montana sapphire (left) was originally trapped as a fluid magma that 
quenched to a glass upon cooling. This can be seen when these inclusions are polished down to the surface. The 
material inside the inclusion does not flow away, indicating it has quenched to a solid, glassy state (right). Photo- 
micrographs by Aaron Palke; fields of view 1.26 mm (left) and 0.72 mm (right). 


inclusions can undergo phase changes during cooling of the 
host crystals as the host rocks are brought toward the 
earth’s surface. Near the surface, inclusions of fluids nor- 
mally remain as fluids, while melt inclusions normally so- 
lidify to some type of glass or other solid (figure 8). In some 
cases, a fluid can separate into two fluids that are immis- 
cible (i.e., do not mix with one another at cooler tempera- 
tures). Solid inclusions can also undergo changes to 
lower-density or secondary alteration phases. 

At elevated temperatures in the earth, minerals can ac- 
commodate greater amounts of foreign impurity elements 
in their crystal structures. But when the minerals cool in 
the earth’s crust, these impurity elements can no longer be 
contained, and they are usually expelled from the structure 
(exsolved) as inclusions of different minerals (such as rutile 
needles in sapphire). At lower pressures and temperatures 
near the earth’s surface, gases originally dissolved in inclu- 
sion fluids can also be exsolved as distinct gas bubbles 
within water or carbon dioxide or some other fluid. Sec- 
ondary or “daughter” crystals can also form by coming out 
of the solution from the fluid in the inclusion (figure 7). 

Inclusions occur either individually or in small groups. 
Sometimes they are abundant enough to affect the trans- 
parency of the host mineral. They often occur randomly in 
the host crystal. But they may also form along certain crys- 
tallographic directions, color zones, or healed fractures, or 
they can occur in geometric patterns related to the crystal 
symmetry of the host. Solid inclusions can exhibit their 
own crystal shape, have a rounded or irregular appearance, 
or adopt the negative crystal shape of the host mineral. 
Gemologists categorize inclusions based on their appear- 
ance (shape, size, transparency, color, luster, contrast with 
the host, and orientation) and their association with other 
mineral inclusions. 

Inclusions and their host gemstones can have various 
age relationships with one another, although this forma- 
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tion relationship cannot always be clearly established 
based on visual or other evidence. Protogenetic primary 
solid inclusions were present before the host mineral 
formed, and the mineral grew around and entrapped 
them—these may display irregular or partly dissolved 
shapes. Syngenetic primary solid, liquid, or gas inclusions 
formed at the same time as the host mineral by being 
trapped on growing crystal faces. Solid inclusions some- 
times have well-formed crystal shapes that represent either 
their morphology or a morphology imposed on them by the 
host. Epigenetic secondary inclusions formed after the host 
by exsolution along a rehealing cleavage or fracture. 


Scientific Study and Geological Importance of 
Inclusions 


The study of solid and fluid inclusions provides a way for 
the scientist to reconstruct events and processes in the ge- 
ological past. Fluid inclusions represent actual, and often 
quite rare, samples of the geological fluids that existed at 
some time in the history of rocks and minerals. As such, 
they can provide information on the physical and chemical 
conditions that were present during and after rock forma- 
tion. In particular, studies of inclusions can reveal infor- 
mation on: 


Temperature: When a mineral and the fluid inclusions 
within it cool over geologic time, they shrink at different 
rates. The inclusion fluid shrinks faster than the solid crys- 
tal host, and this difference is evident in the exsolution 
over time of a gas bubble within the fluid at temperatures 
existing near the earth’s surface (see figure 9). Through 
gradual, controlled heating of the crystal sample and ob- 
serving when the gas bubble disappears back into the fluid 
(homogenizes), one can estimate the temperature that ex- 
isted when the inclusion itself first formed. 
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dence which supports this hypothesis derived 
from a study of the X-ray diffraction patterns 
of hyalite which is a material having a com- 
position similar to that of gem-opal and ex- 
hibiting optical phenomena of a similar na- 
ture. Further studies have since been carried 
out by us in which X-ray cameras of higher 
resolving powers were used and the resulting 
photographs were precisely measured. They 
have enabled us to reach the definite con- 
clusion that the two modifications of silica 
present in hyalite are respectively low-tridy- 
mite and high cristobalite. X-tay studies have 
also been made by us with common opal 
which occurs in massive form with a waxy 
lustre. These have led to a similar conclusion 
regarding the nature of the latter material. 

The X-ray patterns of gem-opal are dif- 
fuse, thereby making it less easy than in the 
case of the crypto-crystalline materials hya- 
lite and common opal to identify the nature 
of the atomic groupings which appear in 
the alternating layers of the lamellar struc- 
ture. Nevertheless, a careful examination of 
the patterns leaves little room for doubt 
that, as in the case of the iridescent hyalite, 
we are concerned with two modifications of 
silica present side by side in it, one of them 
having a structure resembling that of low- 
tridymite and the other that of high-cristoba- 
lite. Comparative studies of the optical be- 
haviour of hyalite and of gem-opal made by 
us confirm this finding and establish this as 
the origin of the iridescence exhibited by 
these materials. 

As is well known, agate and chalcedony 
are massive forms of silica which X-ray 
studies show to consist of crystallites of 
quartz. The latter are frequently grouped to- 
gether in specific orientations, thereby giving 
rise to the characteristic banding of the ma- 
terial, as has been shown by us in a recent 
paper”. Prima-facie, one may expect that two 
other crypto-crystalline forms of silica should 
also be forthcoming in nature consisting re- 
spectively of low-tridymite and low-cristoba- 
lite. The latter expectation, at least, is found 
to be fully justified. Some years ago, a white 


and compact porcelain-like material was col- 
lected by one of us on the open terrain not 
far from Indore in Central India. It was 
usually found associated with agate, but oc- 
casionally also appeared as separate masses. 
The density of the material has been deter- 
mined and lies between 2.32 and 2.35, 
thus excluding the possibility of its being 
chalcedony. The density approximates close- 
ly to the known value of low-cristobalite, 
and examination by X-ray diffraction meth- 
ods confirms this identification. On heating 
the substance to about 300° C., it transforms 
completely to high-cristobalite, and on cool- 
ing reverts again to low-cristobalite. 

It is clear from the X-ray patterns that 
the cristobalite is present in the material in 
random orientations and in a highly divided 
form, the particle size indicated being about 
1 # in diameter. This is confirmed by opti- 
cal observations. A slice about half a milli- 
meter thick cut from the material and 
polished on both sides regularly transmits 
light of a deep red colour which is unpolar- 
ized. From these observations again, one in- 
fers that the crystallites are of small dimen- 
sions and are randomly orientated. The most 
significant result that emerges is that high- 
cristobalite is unstable at ordinary tempera- 
ture even when in a fine state of subdivision 
and reverts immediately to low-cristobalite. 

Another material examined by us in detail 
is common opal with a waxy lustre, two large 
lumps of which were purchased from a min- 
eral dealer in New York. The material is 
translucent in thick layers, but in smaller 
thicknesses of the order of a millimeter trans- 
mits light freely. The density of the material 
is 2.02 and its refractive index 1.440. On 
heating to about 800° C., it becomes opaque 
and white and also loses about 10% of its 
weight, presumably due to the loss of ab- 
sorbed water. 

The density of gem-opal ranges between 
2.1 and 2.2, and its refractive index be- 
tween 1.45 and 1.46. The density and the 
refractive index of hyalite are respectively 
2.0 and 1.44 respectively, these lower val- 
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Figure 9. When warmed slightly by the well light of a microscope, the carbon dioxide and gas bubble fluid inclu- 
sion in this quartz will homogenize to a single fluid (left). When cooled slightly, this fluid separates into distinct 
gas and fluid phases (right). Photomicrographs by Nathan Renfro; field of view 2.56 mm. 


Pressure: Once the chemical composition of the fluid in- 
clusions is identified, scientists can use experimental lab- 
oratory data on similar fluids to get a sense of the pressures 
that existed at the time and the environment in which the 
inclusions were trapped in the host mineral. 


Density: With data on chemical composition, along with 
the density and individual volume of the various phases 
present in a fluid inclusion, the total average density of all 
the phases in the inclusion can be calculated. This result 
is important for understanding the types of fluids and their 
circulation in the earth’s crust. 


Chemical Composition: The liquids, the solids, and in 
some cases the gases present in inclusions can be analyzed 
to obtain information on the chemical environment of in- 
clusion formation in the earth’s crust and mantle. Inclu- 
sions provide important geological information on the deep 
earth that may not be available from any other source. 


Geologic Age Dating: When solid inclusions in mineral 
crystals contain small amounts of radioactive trace ele- 
ments, it is possible to determine the geologic age of the 
inclusion (figure 10). Radioactive elements undergo a spe- 
cific decay over known periods of geologic time, so careful 


Figure 10. A zircon inclusion polished down to the surface of the host sapphire, viewed in backscattered electron 
imaging (left) and cathodoluminescence imaging (right) using scanning electron microscopy (SEM). Secondary ion 
mass spectrometry (SIMS) analysis pits are seen in the image on the left. These analytical tools are able to deter- 
mine the age of the zircon inclusion, giving an upper limit on the age of the sapphire host. Images by Rachelle 


Turnier, University of Wisconsin/GIA. 
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determination of these elements can be used to calculate 
mineral formation ages. 


Application of Inclusion Research: The abundance and 
frequent occurrence of inclusions in a variety of geologic 
samples offers numerous opportunities for inclusion stud- 
ies that support a multitude of geological investigations, 
such as: 


e Verifying the geologic conditions of formation of ore 
deposits, providing a tool for the field exploration of 
new deposits 


e Determining the conditions of formation, mineral- 
ogy, and geologic history of rocks found in many 
types of crustal and upper mantle environments 
(some results cannot be obtained any other way) 


e Inspecting fluid inclusions that contain hydrocar- 
bons, which can be important for oil exploration 


e Determining the metamorphic or magmatic prove- 
nance of certain minerals found today in sediments 
and sedimentary rock formations 


e Ascertaining the conditions and geological ages of 
diamonds and coexisting mineral phases in the 
lower crust and mantle 


e Hypothesizing the conditions of geotectonic events 
such as crustal formation and subduction, mountain 
building and erosion, volcanism, metamorphism, 
and sedimentation 


e Studying trapped organisms and vegetation found as 
fossil inclusions in amber to provide information on 
the ancient biosphere 
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e Using gases trapped in inclusion fluids to study the 
ancient atmosphere 


Gemological Importance of Inclusions 


For the gemologist, inclusion studies combined with doc- 
umentation of standard physical properties provide the 
basis for gem identification. In some instances, particular 
inclusions uniquely identify a gemstone and its geographic 
origin. Observation of inclusions is carried out using a 
gemological microscope and various lighting configura- 
tions. These may include brightfield, darkfield, fiber-optic 
lighting at different orientations to the sample, shadowing, 
use of polarizing or colored filters, and other image-pro- 
cessing techniques. Since the 1950s, inclusion photography 
has been an essential part of gemological education (see 
Koivula, 1981, 2003; Renfro, 2015a,b). 

Inclusions are often the key to determining the geo- 
graphic origin of gemstones. Some gems contain inclusions 
that are very specific to certain localities. Parisite inclu- 
sions in an emerald are a diagnostic indicator of Colombian 
origin (figure 11). In other cases, inclusions are one piece 
of the puzzle, such as the long, slender rutile silk seen in a 
Sri Lankan sapphire (figure 12). 

Inclusions are an important clue in identifying treat- 
ments applied to gemstones. The observation of internal 
diffusion of blue color around relict rutile silk in a sapphire 
offers evidence of high-temperature heat treatment meant 
to enhance the stone’s blue color (figure 13). Microscopy is 
arguably the most important way to identify many treat- 
ments such as heat treatment, dyes, and clarity enhance- 
ment through fracture filling. 


Figure 11. Parisite in- 
clusions in emerald are 
a diagnostic indicator 
of a Colombian origin. 
Photomicrograph by 
Jonathan Muyal; field 
of view 0.82 mm. 
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Figure 12. Long, slender rutile silk inclusions in sap- 
phire are an indicator, although not diagnostic, of a Sri 
Lankan origin. Photomicrograph by Nathan Renfro. 


Inclusions as Natural Art 


Inclusions in gems serve as visual works of natural art 
(figure 14). Fortuitous geological processes in the earth 
created these inclusions in natural, untreated gems with- 
out any human intervention. Their shape, appearance, 
color(s), and in some cases the constraints imposed by the 
crystal symmetry of the mineral host all combine to cre- 
ate an inclusion “scene” that is entirely unique and never 
to be repeated. The artistic nature of inclusions is perhaps 
best illustrated by a series of photomicrograph charts cre- 
ated by Nathan Renfro and others that have appeared in 
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Figure 13. The rutile silk in this sapphire has been 
dissolved into the corundum lattice by heat treat- 
ment at high temperature, creating blue coloration 
around the partially dissolved silk. Photomicrograph 
by Nathan Renfro. 


Gems & Gemology since 2016 (Renfro et al., 2016; 
2017a,b; 2018; 2019; 2021). 

The field of gemological research exists at a fascinating 
intersection between the cold, dispassionate scientific 
method and the impassioned and provocative world of aes- 
thetics and art. So perhaps it is fitting that these inclusions 
that tell us so much about the history and genesis of gems 
can also move and touch us as works of art. Future install- 
ments will further explore the ways in which scientific in- 
quiry of the geology of colored stones can deepen our 
appreciation of these gems. 


Figure 14. Rutile needle 
inclusions in a quartz 
host. Cross-polarized 
light shows off the 
Brazil-law twinning in 
the quartz, creating a 
spectacular display of 
light. Photomicrograph 
by Nathan Renfro; field 
of view 20.05 mm. 
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Le SSS SS————— Ee) 
A large aquamarine with unusual etch features from Xin- 
jiang, China. Etch features are commonly seen in beryl 
crystals (e.g., T. Lu, “Interesting etch features and cavities 
in beryl and quartz,” Spring 2002, GNI, pp. 102-103). Their 
formation is related to various factors during or after crys- 
tal growth, both internal and external, including chemical 
composition, lattice defect types and their distribution, 
pressure-temperature conditions of the forming environ- 
ment, solvent composition, and dissolution time (R. Ku- 
rumathoor and G. Franz, “Etch pits on beryl as indicators 
of dissolution behaviour,” European Journal of Mineralogy, 
Vol. 30, No. 1, 2018, pp. 107-124). 

Recently, Shino Gold Jewelry (Shanghai) Co. submitted 
a large piece of rough aquamarine crystal to the National 
Gemstone Testing Center (NGTC) lab in Beijing for iden- 
tification service. The crystal, weighing 778 g (figure 1, 
top), was claimed to have been mined in the Altay region 
of Xinjiang, China. Standard gemological testing revealed 
a refractive index of 1.577-1.583 and a specific gravity of 
2.69. These values were typical for aquamarine and were 
confirmed by the infrared and Raman spectra. The numer- 
ous hexagonal etch features on the (0001) crystal face (fig- 
ure 1, bottom), combined with the contents in the fissures 
(mainly kaolinite and hematite) identified by Raman spec- 
troscopy, indicate that the crystal is of natural origin. No- 
tably, one of the etch features has not been previously 
reported to our knowledge—the crystal had two hexagonal 
dissolution cavities with openings about 3 mm in diame- 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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Figure 1. This 778 g (approximately 11 x 4 cm) aquama- 
rine crystal from Xinjiang displays a unique natural 
etch pattern (detail in bottom photo). Photos by Ting 
Zheng; courtesy of Shino Gold Jewelry (Shanghai) Co. 


Unusual etch channel 
and cavities 


ri 
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Figure 2. Schematic diagram of the etch feature par- 
allel to the c-axis of the aquamarine crystal. 


ter, connected by a hexagonal etch channel 4 cm long and 
parallel to the c-axis (figures 2. and 3). Interestingly, the etch 
channel appeared to be empty and penetrated throughout 
the crystal. 

The formation of this etch feature cannot be fully ex- 
plained at present. One possible explanation is that it is 
related to the defects (dislocations) parallel to the c-axis, 
which control the locations of the preferred dissolution 
process (T. Lu et al., “Observation of etch channels in sev- 
eral natural diamonds,” Diamond & Related Materials, 


Figure 4. A 0.22 ct emerald-cut red beryl (5.08 x 3.12 x 
1.91 mm). Photo by Huixin Zhao. 


Vol. 10, No. 1, 2001, pp. 68-75). Also, the formation of 

these special etch features is affected by different dissolu- 

tion rates in different directions of the crystal. The se- 

lected dissolution on the (0001) plane was very slow, while 

the dissolution rate along the c-axis was significantly 

faster, resulting in the special funnel-shaped etch pits con- 
nected by a very long etch channel. 

Ting Zheng (zhengt1990@foxmail.com), 

Qian Deng, and Taijin Lu 

National Gemstone Testing Center, Beijing 


Topaz crystals in red beryl. Gem-quality beryl comes in 
various colors, including green, yellow, pink, and rarely 
red, which has only been mined in the state of Utah to 


Figure 3. The etch features of the crystal: two hexagonal dissolution cavities connected by a hexagonal etch chan- 
nel. The channel (left) is about 4 cm long and empty throughout, and the openings have a hexagonal funnel shape 
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Figure 5. The infrared reflectance spectrum confirmed 
the identity of the red beryl. 


date. Recently, a red beryl (figure 4) was submitted to Guild 
Gem Laboratories in Shenzhen for identification. This 
emerald-cut sample weighed 0.22 ct and exhibited a highly 
saturated red color. The refractive index values of 1.562- 
1.569 and birefringence of 0.007 were consistent with 


Figure 6. The UV-Vis-NIR spectrum of the red beryl 
shows a weak peak at 370 nm (Fe*) and an intense 
peak at 540 nm (Mn**). 
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Figure 7. Exposed crystal inclusions in the red beryl 
showed a fine columnar shape and distinct cleavage 
fissures. Photomicrograph by Huixin Zhao; field of 
view 1.6 mm. 


beryl. Multiple analytical methods were applied, including 
FTIR and UV-Vis-NIR spectroscopy, and EDXRF for chem- 
ical analysis. FTIR confirmed the sample as beryl (figure 
5), and the UV-Vis-NIR spectrum showed a prominent 
manganese-related broad band centered at 540 nm, as well 
as a weak iron-inducted band at 370 nm (figure 6). 

EDXRF results showed that the beryl was rich in iron 
(16920 ppm) and manganese (2586 ppm), along with a trace 
amount of zinc (787 ppm). Such results were very close to 
previously reported values for red beryl from the Wah Wah 
Mountains of Utah: 15000 ppm iron, 2000 ppm man- 
ganese, and 700 ppm zinc, respectively (J.E. Shigley and E.E. 
Foord, ““Gem-quality red beryl from the Wah Wah Moun- 
tains, Utah,” Winter 1984 G&G, pp. 208-221). 

Microscopic observation revealed several two-phase 
fluid inclusions along the healed fissures, and purple-blue 
flashes were clearly seen within the open fissures, which 
indicated clarity enhancement by organic fillers. This was 
confirmed by FTIR, with peaks at 2854, 2871, 2927, and 
2963 cm. Two transparent crystal inclusions were present 
and exposed to the surface near the girdle, showing a pris- 
matic crystal habit (figure 7). Within the included crystals, 
a series of cleavage layers were prominent. Further testing 
by micro-confocal Raman spectroscopy in the 100-1200 
cm! range showed distinct peaks at 240, 267, 285, 332, 
430, 456, and 927 cm!, results that agree with topaz ac- 
cording to the RRUFF online database (figure 8). 

Topaz rhyolites are widely distributed across the west- 
ern United States, and red beryl occurs in topaz-bearing 
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Figure 8. The Raman 
spectrum of the crystal 
inclusion agreed with 
the topaz spectrum in 
the RRUFF database. 
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rhyolites (J.E. Shigley et al., “Red beryl from Utah: A re- 
view and update,” Winter 2003 GWG, pp. 302-313). 
Hence, it is not surprising to see topaz as a mineral inclu- 
sion in red beryl, although such an observation does not 
appear to have been reported before. 


Yujie Gao, Dan Ju (judan@guildgemlab.com), and 
Huixin Zhao 
Guild Gem Laboratories, Shenzhen, China 


Unusual cat’s-eye omphacite fei cui jade. A round cabo- 
chon set in a ring with round brilliant and rose-cut dia- 
monds (figure 9) was recently submitted to the National 
Center of Quality Inspection and Testing on Gold-Silver 
Products (NGGC) for examination. The center stone, 
measuring approximately 7.4 x 7.0 mm in diameter, pos- 
sessed a vivid green bodycolor and exhibited pronounced 
chatoyancy with a vibrant green sheen. FTIR analysis (fig- 
ure 10) revealed that the stone was natural untreated om- 
phacite-type fei cui jade, with a typical fingerprint 
spectrum corresponding with omphacite, a broad absorp- 
tion band centered at 3500 cm! caused by the hydrous in- 
terstitial minerals, and the functional group region 
showing no absorption of any organic filling material com- 
monly used in bleaching and filling treatment, such as 
Bisphenol A epoxy resin. Subsequent micro-Raman imag- 
ing and spectroscopic analysis confirmed the sample as a 
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fairly pure omphacite aggregate, considering that no other 
mineral impurity was observed or identified (figure 11). 


Figure 9. This green omphacite fei cui jade (7.4 x 7.0 
mm) displayed chatoyancy under fiber-optic light. 
Photo by Bowen Zhao. 
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Figure 10. Both the functional group region (left) and the fingerprint region (right) of the sample’s IR absorption 
spectrum were collected with a diffuse reflectance accessory. A K-K transform was applied to the fingerprint spec- 
trum collected. 


The strongest Raman peaks at 682 cm” and 1023 cm"! Element analysis with energy-dispersive X-ray fluores- 
were attributed to symmetrical Si-Ob-Si stretching/bend- | cence (EDXRF) showed that the sample’s major elements 
ing and symmetrical Si-O_, stretching, respectively. O, were silicon, calcium, aluminum, magnesium, and iron, 
refers to the bridging oxygens, while O., represents non- consistent with omphacite, whose IMA formula is 
bridging oxygens in silicon tetrahedra. (Ca,Na)(Mg,Fe,Al)Si,O,). It is well known that the Fe?*-in- 


RAMAN SPECTRA 


— Chatoyant omphacite 
— Omphacite R110038 
— Jadeite R050220 
Figure 11. The sample’s 
as Raman shift confirmed 
its mineral species. The 
J 1023 a sample matched well 
> an with the RRUFF spec- 
a trum for omphacite but 
rs differed considerably 
Z from the RRUFF spec- 
trum for jadeite. The 
spectra are shifted ver- 
tically for clarity. 
T T T T T T 
1200 1000 800 600 400 200 


RAMAN SHIFT (cm) 


248 Gem NEWS INTERNATIONAL Gems & GEMOLOGY SUMMER 2022 


ues being related to those for gem-opal at 
least approximately in the manner demanded 
by the Gladstone-Dale formula. The princi- 
pal difference between gem-opal and hyalite 
is that while the latter, as we have seen, 
gives a well-defined X-ray diffraction pattern, 
the pattern of the former is diffuse and re- 
sembles that of vitreous silica, though there 
are recognizable differences. 

The X-ray data point clearly to the con- 
clusion that the structure of gem-opal is es- 
sentially the same as that of hyalite, except 
that the crystallites are now much smaller, 
thereby tending to make the material simu- 
late a vitreous solid. 

The essential similarity between hyalite 
and gem-opal indicated by the X-ray data is 
supported by other facts of observation. One 
of the most striking features observed with 
gem-opal is the appearance of visible stratifi- 
cations in it. These are very conveniently ob- 
served with the aid of an ‘“Ultropak’’ micro- 
scope. In this arrangement, a conical beam 
of light is directed from above the stage on 
to the surface of the specimen and the latter 
is viewed by the light reflected from its in- 
terior and returned to the objective of the 
microscope. A great variety of geometric 
patterns are observed, a few particularly 
striking examples of which are reproduced 
as Figures 1, 2, 3 and 4. Figures 1 and 4 
refer to exactly the same portion of a particu- 
lar specimen but under slightly different 
conditions of illumination. Figure 2 refers 
to another area on the same opal. Figure 3 
is a particular area on the finest gem-opal 
in the collection of the Indian Institute. It 
will be scen from these pictures that the 
stratifications run in several directions simul- 
tancously and in fact the entire material is 
honceycombcd by them. The material is di- 
vided up into layers parallel to one, two or 
even three scts of parallel planes crossing 
each other. Tt is to be noted that hyalite also 
shows visible evidence of internal stratifica- 
tions. 

In examining the optical behaviour of 
regularly stratified media, the use of mono- 
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chromatic light is very helpful. We shall 
proceed to recount some observations made 
with opals, respectively in the light of a 
sodium vapour lamp and of a mercury arc. 

The finest opal in the collection of the 
Indian Institute is a square tablet which in 
diffuse daylight exhibits bright green, blue 
or violet flashes of internal reflection. In the 
light of a sodium vapour lamp, however, 
this brilliance disappears and the gem is 
scen transformed to an insignificant and un- 
satisfactory object exhibiting numerous de- 
fects, including especially a cloudiness over 
part of its area on one face in which no 
iridescence 1s visible even in diffuse daylight. 
Every one of the opals in the collection of 
the Institute which exhibits a green or blue 
iridescence resembles in the light of a sodium 
lamp a piece of common but rather turbid 
glass. Such disappearance of the iridescence 
is intelligible in the light of optical theory, 
for a regularly stratified medium ceases to 
reflect at any incidence if the wave-length 
of the light is greater than 2 ut, where # 
is the mean index and ¢ is the spacing of 
the stratifications. 

The opals which show up so badly in the 
light of the sodium lamp present a very 
different appearance in the light of a mercury 
arc. The difference between the mercury arc 
and diffuse daylight is however conspicuous 
in the colour exhibited by the internal re- 
flections, as also in the colour of the trans- 
mitted light. The former shows less variety 
than in daylight, while, on the other hand, 
the transmitted colours are more lively, being 
less diluted by the light of longer wave- 
lengths present in daylight. 

It is clear from the facts that the optical 
effects exhibited by transparent hyalite and 
by iridescent opal form a continuous se- 
quence in which there are three stages. In 
the first stage, the stratifications are too wide- 
ly spaced to result in internal reflections, but 
give rise to diffraction haloes or diffraction 
spectra in forward directions. In the second 
stage, the stratifications are too closely spaced 
to give diffraction effects in forward direc- 
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Figure 12. Two broad ab- 
sorption bands centered 
around ~430 and ~650 
nm were formed with the 
contributions of both 
iron and chromium. The 
692 nm peak convinc- 
ingly indicated the pres- 
ence of Cr**. 


LBs 

ae 

692 

Ld 
Zz 
Z 144 
[==] 
a 
° 
8 
2 10+ 

0.94 

T T T T T T T 1 
300 400 500 600 700 800 900 1000 


WAVELENGTH (nm) 


duced grayish bluish green bodycolor is most common 
among the green omphacite varieties. However, this cha- 
toyant sample was characterized by a relatively high 
chromium content (Cr,O, ~ 0.22 wt.%), producing a more 
saturated and purer green bodycolor rather than a dull green 
one. This color feature was confirmed by UV-Vis-NIR spec- 
troscopy, with only a single transmittance band centered at 
535 nm appearing in the visible range (figure 12). 

Microscopic observation with finely tuned fiber-optic 
light revealed a parallel-arrayed fibrous texture throughout 
the sample (figure 13). Meanwhile, a vague honeycomb- 
like pattern was observed at two specific sides near the gir- 
dle (the 12 and 6 o’clock positions of the cabochon in figure 
9). Thus, under reflected light the stone presented a cha- 
toyant sheen parallel to the ring band. 

Based on our current knowledge, this green omphacite 
fei cui jade was probably from Guatemala. Translucent fei 
cui jade with such fine texture, vivid green bodycolor, and 


agile 
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even color distribution has always been considered of high 
quality and rarity, but the chatoyancy of this sample offered 
additional value. 


Xiaoyu Lv, Bowen Zhao, and Xiaoying Lu 
National Center of Quality Inspection and Testing on 
Gold-Silver Products (NGGC), Shanghai 


Three-rayed asterism in quartz. Asterism is a well-known 
(if not the most familiar) optical phenomenon observed in 
numerous gem species. In transparent or translucent gem- 
stones, a series of parallel inclusions consisting of tiny nee- 
dles or channels produces a distinct light band by a complex 
process of scattering and reflection of light. If the gemstone 
is cut as a cabochon, the light band, which is oriented per- 
pendicular to the needle or channel axis, generally produces 
a sharp light line on the surface of the gemstone, an effect 
known as chatoyancy. If several series of parallel inclusions 


Figure 13. The om- 
phacite fei cui jade’s 
parallel-arrayed fibrous 
texture (left) and vague 
honeycomb-like pattern 
(right), shown in fiber- 
optic illumination. 
Photomicrographs by 
Bowen Zhao; fields of 
view 10.45 mm (left) 
and 8.81 mm (right). 
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TABLE 1. Properties of quartz samples showing a network of three-rayed stars. 


Sample Transparency Weight (ct) Shape Size Orientation of c-axis 
45 mm diameter aba 
A Transparent 287 Round! About 45° inclined to 
21 mm height the base 
52 mm diameter : 
B Transparent 463 Round Approximately parallel 
24 mm height to the base 
32 x 22 mm diameter 
C Transparent 69.5 Oval , Not determined 
15 mm height 
34 x 28 mm diameter : 
D Transparent 93.5 Irregular Approximately parallel 


13 mm height 


to the base 


are present, we observe several intersecting light bands pro- 
ducing asterism. The number of rays in a star depends on 
the number of intersecting light bands. For example, two in- 
tersecting light bands produce four-rayed stars, three inter- 
secting light bands produce six-rayed stars, and so on. 

A single star is observed if all needles or channels are 
oriented parallel to a single plane. If the inclusions are 
found in different planes, we might observe several stars 
on the surface of a cabochon or sphere (K. Schmetzer et al., 
“Dual-color double stars in ruby, sapphire, and quartz: 
Cause and historical account,” Summer 2015 GWG, pp. 
112-143). This effect can be due to the symmetry of the 
host, which causes several series of non-planar needles 
(e.g., in cubic spinel or garnet). Multi-asterism is also pro- 
duced by several series of needles that are independent of 
each other, as in quartz or beryl (K. Schmetzer and M. Glas, 
“Multi-star quartzes from Sri Lanka,” Journal of Gemmol- 
ogy, Vol. 28, No. 6, 2003, pp. 321-332). A combination of 
these two variants is observed in garnet. All different vari- 
ants may be designated as a “network of stars.” 

The present contribution describes three-rayed asterism, 
a phenomenon that does not really fit into the generally ac- 
cepted knowledge about the formation of asterism and 
multi-asterism. This variant of asterism in quartz is a rare 
optical phenomenon mentioned briefly by Gtbelin and 
Koivula (Photoatlas of Inclusions in Gemstones, Volume 2, 
2005, Opinio-Verlag, Basel, Switzerland, p. 548) and by Stein- 
bach (Asterism: Gems with a Star, 2016, MPS Publishing 
and Media, Idar-Oberstein, Germany, pp. 649-651). Hain- 
schwang (Fall 2007 GNI, pp. 261-262) observed two three- 
rayed stars on quartz cabochons with chlorite inclusions. 
The two stars had one ray in common and were observed 
upon rotation of the cabochon, with one of the three-rayed 
stars observed at another end of the ray that is shared by 
both stars. Hainschwang assumed that the optical phenom- 
enon was caused by the chlorite inclusions, but the forma- 
tion mechanism is not completely understood. 

Our observation is based on the examination of four 
star quartz samples, which came from the private collec- 
tion of one of the authors (MPS). The quartz cabochons 
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were purchased at various gem and mineral fairs and were 
said by the vendors to originate from Brazil; further details 
on locality are unknown. The properties of the cabochons 
are summarized in table 1. 

Upon first view, the samples showed broad light bands 
forming a three-rayed star, with all branches of the star 
originating from a center (figure 14). The single branches 
of the three-rayed stars move along the surface of the cabo- 
chons after rotation of the stone or a change of the position 
of the light source or the observer. So far, this observation 
is consistent with the features of light bands generally ob- 
served in asteriated gemstones. But in “normal” gemstones 
(e.g., star rubies or star sapphires), we see three intersecting 
light bands forming a six-rayed star. 


Figure 14. Asterism with a three-rayed star seen on 
a quartz cabochon (sample B) in reflected light 
with fiber-optic illumination. Photo by Martin P. 
Steinbach. 
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Figure 15. Upon rotation of sample A, the center of a three-rayed star moves to the girdle and another center of a 
three-rayed star comes into sight (D); upon further rotation, this star is also moved. The sequence A to F shows the 
optical phenomenon described. Photos by Karl Schmetzer; reflected light, fiber-optic illumination. 


Surprisingly, upon rotation of the cabochons it was de- 
tected that the samples did not show a single three-rayed 
star but a multi-star network. Rotating each quartz cabo- 
chon in a direction in which it was possible to follow one of 
the light bands on the cabochon’s surface, at some point this 
branch of the star ended in another center of a three-rayed 
star. Repeating this procedure, another center of a three- 
rayed star was occasionally detected, unless the branches of 
the three-rayed star ended at the girdle (figure 15). 

Figure 16 shows a schematic representation of the multi- 
star networks observed in the four samples. It must be un- 
derscored that the different patterns drawn represent lines 
on curved domes of the different cabochons. If the branches 
of the stars are in a position close to the girdle, some lines 


Figure 16. Schematic representation of the multi-star net- 
work observed on the four quartz cabochons (samples A- 
D in table 1). The red lines represent the light bands 
observed on the surface upon various rotations. The pat- 
terns in A and B were observed on the round cabochons; 
sample C was an oval cabochon, while sample D was an 
irregularly shaped cabochon. The direction of the c-axis 
for the three transparent samples is also indicated. 
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that appear almost straight in the middle of the cabochon 
will appear more or less curved. So far, due to the different 
orientations of the cabochons and the different shapes, each 
sample represents only part of a full star network that would 
be seen on the surface of a complete sphere. 

All the samples revealed a dense pattern of needle-like 
to fibrous inclusions (figure 17) typically described as rutile 
(J. Hyrsl and G. Niedermayr, Magic World: Inclusions in 
Quartz, 2003, Bode Verlag, Haltern, Germany, pp. 82-139). 
However, these inclusions are mostly bent or curved, and 
no series of parallel needles or channels were seen under 
the magnification of a gemological microscope (up to 
100x). It is uncertain how these curved rutile inclusions, 
sometimes described as “fibers” or “hairs,” contribute to 
the phenomenal pattern observed. 

The mechanism responsible for the observed multi-star 
network is unknown; it could be caused by structural fea- 
tures or inclusions. However, quartzes with similar rutile 
inclusion patterns from Brazil (as shown in figure 17) and 
elsewhere generally do not show three-rayed asterism or 
the type of three-rayed asterism network described here. It 
is possible to create a single three-dimensional network by 
a combination of the variants seen in figure 16, A-D. But 
this would be highly speculative, since we cannot (based 
on the samples available) prove that all variants seen so far 
contribute to one single pattern. 


Karl Schmetzer 
Petershausen, Germany 


Martin P. Steinbach 
Idar-Oberstein, Germany 
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Figure 17. Fibrous inclu- 
sions in a quartz cabo- 
chon from Brazil 
showing three-rayed as- 
terism. Photomicrograph 
by Karl Schmetzer; im- 
mersion, field of view 
7.6mm. 


A zircon with strong photochromic effect. Recently, a 6.54 
ct oval faceted gemstone with greenish blue color (figure 18, 
left) was sent to Taiwan Union Lab of Gem Research 
(TULAB) for identification. The specific gravity of this stone 
was 4.68, and the refractive index was over the limit of the 
refractometer. Microscopic observation showed strong bire- 
fringence. In addition to standard gemological testing, 
Raman spectroscopy and comparison with the zircon refer- 
ence spectrum R050203 from the RRUFF database (figure 
19) confirmed it was a zircon. It was particularly worth not- 
ing that this zircon showed a significant color change from 
greenish blue to very dark yellowish green (figure 18) when 
exposed to a long-wave ultraviolet lamp. 

To determine the extent of the color change and whether 
it was permanent or reversible, the zircon was first exposed 
to long-wave UV light for one minute and then under 1OW 
white LED light for another minute (the light sources were 
placed approximately 3 cm away from the gemstone). After 
repeating this process several times with each exposure one 
minute longer than the previous time, we confirmed that the 
color changed from medium light greenish blue with strong 
saturation to a medium dark greenish yellow with lower sat- 
uration after two minutes of long-wave UV light exposure. 
However, the greenish yellow color gradually returned to the 
stable greenish blue color after photobleaching with LED 
white light for 30 minutes. Therefore, the stone was a pho- 
tochromic zircon with reversible color change (as reported 
in N.D. Renfro, “Reversible color modification of blue zircon 
by long-wave ultraviolet radiation,” Fall 2016 GwG, pp. 246-— 
251). After the color change reached its full extent under 
long-wave UV light, the zircon was analyzed by visible spec- 
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Figure 18. This 6.54 ct zircon showed a significant color change from medium light greenish blue (left) to very dark 
yellowish green (right) after exposure to long-wave UV for two minutes, and the color was reversible during the 
photobleaching process with LED white light. Photos by Kai-Yun Huang. 


troscopy to record its continuous spectral change during the —_ range between 450 nm and 550 nm gradually increased dur- 
photobleaching process every six minutes (figure 20). The re- —_ ing the photobleaching process, and the greenish blue color 
sulting spectra revealed that the light transmittance in the __ finally returned to a stable state after 30 minutes. 


RAMAN SPECTRA 


— Zircon R0O50203 
— Greenish blue zircon 


Figure 19. The stacked 
Raman spectra of the 
greenish blue zircon 
and a zircon reference 
spectrum from the 
RRUFF database; spec- 
tra are normalized and 
baseline-corrected. 
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Figure 20. Visible spectra of the zircon (after UV light exposure) during the photobleaching process were recorded 
every six minutes. The gradually decreasing spectral change implied that the color tended to stabilize. 


Although this type of photochromic zircon has previ- 
ously been reported, a zircon over 6 ct with such a signifi- 
cant photochromic effect is still rare and worth noting, 
especially since it exhibited a distinct difference in hue, 
tone, and saturation. 

Shu-Hong Lin 

Institute of Earth Sciences, 

National Taiwan Ocean University 

Taiwan Union Lab of Gem Research, Taipei 


Yu-Shan Chou and Kai-Yun Huang 
Taiwan Union Lab of Gem Research, Taipei 


RESPONSIBLE PRACTICES 

[nS ES 
Myne London: Sourcing emeralds with a mission. In 2018, 
sisters Fiona Wellington and Kate Murray Gordos 
founded Myne London (www.mynelondon.co.uk), a Lon- 
don-based ethical emerald supplier with a goal of support- 
ing women in the gem trade. Their emeralds are sourced 
from lesser-known mines in Swat Valley, Pakistan, where 
they aim to create a sustainable and responsible emerald 
industry and a lasting positive economic impact in the 
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community. Inspired by their childhood memories of Pak- 
istan, Wellington and Gordos are dedicated to making 
Swat Valley’s emeralds globally recognized for their trace- 
ability and intense vivid green color (figure 21), all while 
empowering women. 

Myne London partners with local groups in the Swat 
Valley region, including miners and mine owners. In addi- 
tion to sourcing the emeralds directly from the miners, 
Myne London is committed to keeping the lapidary work 
in Islamabad and providing opportunities for women. Part- 
nering with a local company, they train and hire Pakistani 
women to cut and polish the emeralds (figure 22), a profes- 
sion traditionally dominated in the region by men. Myne 
London, which employs a 75% female workforce, collabo- 
rates with jewelry designers worldwide—mainly women— 
to create exquisite pieces featuring the high-quality 
emerald melee, in addition to designing its own fine jew- 
elry collections. 

But Wellington and Gordos aspire to do even more for 
their female lapidaries. In 2021, they started the Myne Lon- 
don Foundation, a charitable organization designed to give 
their employees better access to education, which is lim- 
ited for girls in the country. Illiteracy rates are higher than 
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Figure 21. Emerald rough from Swat Valley, Pakistan. 
Photo courtesy of Myne London. 


50% for adult women in Pakistan. The money raised by 
the foundation assists the daughters of female employees 
with tuition costs, school uniforms, and transportation. 
Without money to pay for these costs, children in the 
northern regions of Pakistan often do not attend school. 
The foundation receives 10% of Myne London’s profits. 

In March 2022, Myne London hosted an inaugural char- 
ity ball for the foundation, raising nearly $20,000, which 
has already been put to good use in Pakistan. “We imme- 
diately actioned to pay for the daughter of one of our lap- 
idary workers to attend school from now on in Islamabad. 
She is six years old. We plan to provide this for her for as 
long as she wishes to stay in education,” said Wellington. 
“We also are committed to find ways to support girls in 
sport, because that is a great leveler and improves confi- 
dence as well as health.” 

Outside of Pakistan, Myne London continues its ethos 
of women’s economic empowerment by collaborating with 
women around the world in jewelry design. Last year, the 
company partnered with Los Angeles-based jewelry de- 
signer Octavia Zamagias of Octavia Elizabeth, who shares 
the same social goals. Using 18K gold, Zamagias created 
several stunning pieces featuring Swat Valley emeralds (fig- 
ure 23). Looking ahead, Myne London is planning jewelry 
collaborations with three other talented women—two 
based in London and the other in Florence. 

The firm recently partnered with Opsydia, a gemstone 
security specialist, to permanently place its brand logo be- 
neath the surface of the Swat Valley emerald melee. En- 
couraged by Opsydia’s success placing identifiers in melee 
diamonds, Myne London aims to promote traceability 
using this innovative technology. 

With all their success in Swat Valley, Myne London 
hopes to expand to other areas of the world someday, using 
the same model for ethics, traceability, and women’s em- 
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Figure 22. Eighty percent of the Pakistani lapidaries 
working in the Myne London workshop are women. 
Photo courtesy of Myne London. 


powerment. But for now, they remain focused on the 
women and emeralds of Swat Valley. 


Erica Zaidman 
GIA, Carlsbad 


Figure 23. Ring designed by Octavia Elizabeth in 18K 
gold featuring 1.24 carats of Swat Valley emerald. 
Photo courtesy of Octavia Elizabeth/Myne London. 
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Figure 24. This 11.30 ct sample (18.9 x 14.0 x 8.8 mm) 
was found to be a triplet composed of colorless glass 
and quartz held together by green cement. Photo by 
Biqian Xing. 


SYNTHETICS AND SIMULANTS 


Unusual glass-and-quartz triplet imitation of emerald. Re- 
cently, an 11.30 ct emerald-cut sample sold as an emerald 
(figure 24) was provided by an anonymous jewelry manu- 
facturer, who suspected an imitation. It resembled a natu- 
ral emerald with its vivid bluish green color, inclusion 
abundance, and a vitreous luster. However, examination 
identified it as a glass-and-quartz triplet, an occasionally 
convincing imitation of emerald. 
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When examined via water immersion in a direction par- 
allel to the girdle plane, one can observe that this triplet was 
made of two pieces of colorless material (crown and pavil- 
ion), with a green cement slice in between (figure 25). Using 
water for the immersion test to observe the internal charac- 
teristics did not corrode the sample and yielded better ex- 
perimental results. No inclusions were observed in the 
crown. Microscopic examination revealed two-phase (liquid 
and gas) inclusions, cracks (figure 26A), and lace-like par- 
tially healed fissures in the pavilion (figure 26B). In the mid- 
dle cement layer, no gas bubbles were observed along the 
separation plane in the assemblage, unlike doublets previ- 
ously described (H.A. Hanni and U. Henn, “Modern dou- 
blets, manufactured in Germany and India,” Journal of 
Gemmology, Vol. 34, No. 6, 2015, pp. 479-482, Spring 2019 
Lab Notes, p. 92). However, the very thin layer of solidified 
cement (approximately 10 ym thick; figure 26C) showed a 
maze-like pattern under the microscope (figure 26D). 

This triplet had refractive indexes of 1.515 (crown) and 
1.544-1.553 (pavilion) and a hydrostatic specific gravity of 
2.59. Its fluorescence under long-wave UV radiation was 
green for the crown and blue-white for the pavilion (affected 
by the fluorescence of the cement) and inert for both the 
crown and pavilion under short-wave UV radiation. No ob- 
vious absorption was observed with a handheld portable 
spectroscope, and no reaction was observed with the 
Chelsea filter. 

The EDXRF and FTIR results identified the crown as 
soda-lime-silica glass (69.97 wt.% SiO,, 15.25 wt.% Na,O, 
and 8.94 wt.% CaO) with characteristic peaks at 1061 (asym- 
metric vibration modes of the Si-O-Si network), 770 (sym- 
metric vibration modes of the Si-O-Si network), 968 
(stretching vibration of the Si-O non-bridging oxygen group), 


Figure 25. Illuminated with 
diffused transmitted light 
with water immersion, the 
assembled nature of this 
11.30 ct triplet was obvious 
in profile view (top image 
shows a slight downward 
view, and bottom image 
shows a slight upward 
view). The pavilion is 
nearly colorless (both top 
and bottom images) due to 
the refraction and scatter- 
ing of the green cement by 
a large number of inclu- 
sions, while the crown is 
colorless and clean under a 
certain observation angle 
(bottom image). Photo by 
Bigian Xing. 


Soda-lime-silica glass 


Quartz 


Soda-lime-silica glass 


Quartz 
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Figure 26. Microscopic 
observation of the 
triplet revealed numer- 
ous cracks (A), fluid in- 
clusions, and lace-like 
partially healed fissures 
(B) in the pavilion. C: 
The cement slice could 
be seen under reflected 
light (as shown by the 
arrow). D: A maze-like 
pattern in the cement 
slice. Photomicrographs 
by Biqian Xing; fields of 
view 2.51 mm (A), 
10.37 mm (B), 2.71 mm 
(C), and 1.15 mm (D). 


and 465 cnr" (Si-O-Si and O-Si-O bending modes) (figure 27) temperature of soda-lime silicate glass,” Journal of the Amer- 
(A. Agarwal and M. Tomozawa, “Determination of fictive | ican Ceramic Society, Vol. 78, No. 3, 1995, pp. 827-829; S.I. 


FTIR SPECTRA 
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Figure 27. FTIR spec- 
troscopy identified the 
crown of the triplet as 
glass (peaks at 1061, 
968, 770, and 465 cm) 
and the pavilion as 
quartz (peaks at 1174, 
1140, 1084, 800, 781, 
693, 540, 488, and 454 
cm), Spectra are 
stacked for clarity. 
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Ammaet al., “Specular reflectance (SR) and attenuated total 
reflectance (ATR) infrared (IR) spectroscopy of transparent 
flat glass surfaces: A case study for soda lime float glass,” 
Journal of Non-Crystalline Solids, Vol. 428, 2015, pp. 189- 
196). The pavilion was identified as quartz, with 99.54 wt.% 
SiO, and characteristic FTIR peaks at 1174, 1140, 1084 (an- 
tisymmetric stretching vibrations of the SiO, tetrahedron), 
800 (SiO, symmetric stretching), 781 (SiO, symmetric 
stretching), 693 (Si-O-Si bending transition modes), 540, 488, 
and 454 cm! (figure 2.7) (A. Hahn et al., “Using Fourier trans- 
form infrared spectroscopy to determine mineral phases in 
sediments,” Sedimentary Geology, Vol. 375, 2018, pp. 27— 
35). Unfortunately, the green cement was too thin to analyze 
with a micro-infrared spectrometer or Raman spectrometer. 
The triplet was a typical imitation of emerald but sur- 
prisingly convincing when viewed table-up with the un- 
aided eye. With its extremely thin cement slice, maze-like 
pattern, and lack of bubbles, even a jewelry manufacturer 
might mistake it for emerald. This investigation reminds 
us that the examination of potentially composite stones 
cannot be ignored. 
Biqian Xing, Guanghai Shi, and Wenqing Liu 
China University of Geosciences, Beijing 


TREATMENTS 
oe] 
Ruby: An expensive mistake. Gemologists at Bangkok’s 
Lotus Gemology recently received a 6 ct ruby for identifi- 
cation. Declared to be an untreated ruby from Mozam- 
bique, the stone featured a superb vivid red color of a type 
that is often termed “pigeon’s blood” in the trade. As it was 
also of good clarity and well cut, it was obvious we were 
dealing with a gem of potentially high value. 

The UV-Vis-NIR spectrum was typical for ruby/syn- 
thetic ruby. The infrared spectrum revealed peaks at 3309 
and 3232 cnr. The 3232 cm peak generally indicates that 


Figure 28. Silk in corundum often unmixes into two dif- 
ferent solid phases, one highly reflective (rutile) and the 
other of lower relief (ilmenite or hematite-ilmenite). 
When the Mozambique ruby was heated, the lower-re- 
lief crystals began to break down, developing irregular 
white patches, as shown in the yellow circle. Photom1- 
crograph by Richard W. Hughes; field of view 1 mm. 


a stone has been subjected to artificial heat treatment. We 
proceeded to examine the gem in the microscope, where we 
found two additional pieces of evidence of heat treatment. 

The first feature was rutile silk of a type that is typical 
of rubies from East Africa. In these stones, the silk consists 
of high-relief needles of rutile with attached unidentified 
“daughter” crystals of another substance of lower relief. In 
the case of heat-treated stones, the daughter crystals will 
sometimes show a partial breakdown (“GIA Lab reports on 
low-temperature heat treatment of Mozambique ruby,” 
GIA Research News, April 28, 2015). Small amounts of 
breakdown in the form of irregular white patches were 
found in this stone (figure 28). 

But the most obvious evidence of heat treatment was 
the presence of spall marks (figure 29), which are solidified 


Figure 29. Spall marks on the surface of the Mozambique ruby prove it was heat treated after cutting and polish- 
ing. Note that some of the spall marks have dark halos around them. Photomicrographs by Richard W. Hughes; 
fields of view 2.0 and 2.5 mm. 
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tions, but result in reflections backwards to- 
wards the source. Finally, we have a third 
stage when the stratifications are too closely 
spaced to give any effects at all, unless the 
wave-length of the light is sufficiently small. 
In the crypto-crystalline hyalites, we would 
naturally expect the first stage to be common- 
est, and the second stage less common. In the 
gem-opals, on the other hand, where the 
material is approaching the vitreous condi- 
tion, the stratifications may be expected to 
be much finer and the third stage therefore 
attained, unless the wave-length of the light 
is chosen sufficiently small. We do indeed 
have opals which exhibit a bright yellow or 
red iridescence. But those with a green, blue 
or violet iridescence are commoner, indica- 
ting that the more closely-spaced stratifica- 
tions are favoured. 

In studying the optical behaviour of opal 
rather more closely, we may adopt one of 
two different methods. In the first method, 
we view the opal directly or through a micro- 
scope, illuminating it from one direction and 
viewing it in another, and vary those direc- 
tions. The second method is the same as de- 
scribed in our earlier paper. We illuminate 
the opal by an intense narrow pencil and the 
light reflected backwards is received on a 
white screen held not too far away from the 
specimen, a small aperture in the screen per- 
mitting the iJluminating pencil to pass 
through and fall on the opal. The complete 
pattern of reflected, diffracted or scattered 
light returned by the opal is then visible on 
the screen. 

Observations made in the manner de- 
scribed disclose a great variety of effects in 
different cases. With some specimens, we 
observe a bright spot or a group of bright 
spots constituting a reflection-pattern prop- 
erly so-called. There are also cases in which 
no pattern appears but only a diffuse area 
of light on the observing screen, its colour 
being the same as that of the observed opal- 
escence of the specimen. Opals giving bril- 
liant localized reflections give, in general, 
complex patterns composed of bright spots, 


bright coloured streaks of light and brilliant 
diffraction spectra crossing each other in dif- 
ferent directions, the whole pattern altering 
rapidly as the opal is moved with respect 
to the illuminating pencil of light. Even 
those opals which are not of much value as 
gems, exhibiting colour only in tiny specks 
or spots on a non-iridescent background, give 
interesting patterns of various kinds. 

It would take us too far from the main 
purpose of the paper to describe or discuss 
the reflection patterns of opal in greater de- 
tail. We may, however, make a brief refer- 
ence to the behaviour of a particularly inter- 
esting specimen in our collection. This is a 
so-called “black opal’’ in other words, a layer 
of opal on a background of opaque ferrugin- 
ous material. When it is illuminated by a 
narrow pencil of sublight, the pattern seen 
on the viewing screen is a single bright streak 
of light covering a wide range of angles and 
exhibiting the usual sequence of colours seen 
in a diffraction spectrum. The distribution 
of intensity in the spectrum is however 
anomalous, a concentration of intensity ap- 
pearing at one place and a dark gap else- 
where, the position of the former altering 
with the inclination of the reflecting surface 
to the incident pencil of light. Examination 
of the specimen under the microscope reveals 
the presence of parallel striations over its 
area. These presumably represent the strati- 
fications of the opal meeting the surface of 
the specimen obliquely. That in these circum- 
stances a diffraction spectrum appears and 
not a simple reflection is scarcely surprising. 

The X-ray investigation of the structure 
of the crypto-crystalline hyalites reported in 
an earlier paper has now been revised using 
cameras of higher resolving power. Precise 
measurements of the resulting photographs 
reveal that low-tridymite and high-cristoba- 
lite are present associated with each other in 
this material. Investigation of the structure 
of common opal exhibiting a waxy lustre 
leads to similar results. From a detailed ex- 
amination of the diffuse X-ray patterns given 
by gem-opals as well as a comparative study 
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Figure 30. Left: Before a fade test, this approximately 10 ct sapphire displayed a strong orange hue. Right: After the 
fade test, the orange color became less pronounced and the stone appeared yellow. Photos by Ronnakorn Manorotkul. 


droplets of material on the surface that melted or were dis- 
solved during heating. These spall marks across the stone 
showed that the ruby had been heated after cutting and not 
repolished following the treatment. We can only guess 
about the reasons for heating such a valuable gem, but 
there is no doubt that this particular roll of the dice was a 
losing gamble because the potential improvement in ap- 
pearance is slight compared to the large price difference be- 
tween untreated and heated ruby. We concluded that this 
was a heat-treated Mozambique ruby. 
Richard W. Hughes 
Lotus Gemology, Bangkok 


Yellow sapphires with unstable color. In recent years, one 
concern our laboratory has heard from clients and from 
other gemologists is the issue of color stability in corun- 


Figure 31. A cluster of glassy discoids suggests that 
this sapphire has been heat treated. Photomicrograph 
by E. Billie Hughes; field of view 4.0 mm. 
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dum. Some sapphires, particularly those with a strong yel- 
low component (including padparadscha sapphire), contain 
unstable color centers that may fade when the stone is ex- 
posed to light and/or heat (K. Nassau and G.K. Valente, 
“The seven types of yellow sapphire and their stability to 
light,” Winter 1987 G&G, pp. 222-231). We regularly test 
for this in the laboratory by conducting a fade test. Most of 
the sapphires we encounter that have an unstable color are 
unheated stones. 

Recently an orange sapphire of approximately 10 ct was 
submitted for testing (figure 30). Microscopic examination 
revealed signs of heat treatment, with partially dissolved 
silk, several glassy discoids (figure 31), and melted crystals 
(figure 32). A fade test was conducted by placing the stone 
approximately 5 cm under a 120-watt incandescent spot- 
light for at least an hour, and a dramatic difference was ob- 


Figure 32. This small crystal with a melted appear- 
ance provides evidence that the specimen has under- 
gone heat treatment. Photomicrograph by E. Billie 
Hughes; field of view 3.5 mm. 


SumMMER 2022 259 


Gems & GEMOLOGY 


Figure 33. Before a fade test, the unheated sapphire of approximately 18 ct displayed a highly saturated yellow hue 
(left). After a fade test involving light and mild heat, the color faded to a pale yellow (right). Once the stone was 
exposed to sunlight for 30 minutes, the more intense yellow color displayed before the fade test came back. The 
sapphire was then subjected to a light-only fade test, and the more saturated yellow color remained stable. Photos 


by Ronnakorn Manorotkul. 


served. The color had changed from orange to a vivid yellow 
(again, see figure 30). 

Under normal conditions, high-temperature heat treat- 
ment (at least 1200-1300°C) will bleach any color centers 
that might be present. This suggests that the orange color 
was activated after the heat treatment. It is possible that this 
occurred either by subjecting the stone to artificial irradiation 
or by placing it in sunlight (Nassau and Valente, 1987). How- 
ever, we are unable to state definitively what process was 
used to activate the orange color. 

Several weeks later, we tested another yellow sapphire 
of approximately 18 ct (figure 33). In this instance, the 
stone’s features were consistent with those of unheated 
sapphire. Again, a fade test was performed with the 120- 
watt spotlight, which mildly warmed the stone to approx- 
imately 100°C. Its color also faded after the fade test, and 
the owner was informed. The owner explained that they 
had previously put the sapphire in direct sunlight, which 
would have brought the color back to what was likely its 
stable state, a process described by Nassau. 

To test this, we placed the stone in direct sunlight for 
30 minutes, and the more intense yellow color did return. 
Unfortunately, placing the gem in direct sunlight behind a 
window in our office did not have the same effect. 

Upon seeing the color return after being placed in direct 
sunlight, we decided to try another fade test, this time using 
alight source that would not warm up the stone. An XD-300 
xenon light source was used, and the stone was placed within 
5 cm of a fiber-optic light guide connected to this source. 
After exposure to this cooler light source for over an hour, 
the color did not fade. This suggests that the mild heat of the 
120-watt spotlight, not just the light, faded the stone’s color 
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and that the more intense yellow color displayed after expo- 
sure to sunlight could indeed be considered the stable color. 

We have since adjusted our fade tests to be light-only 
by switching to this cooler light source to avoid the heat 
generated with the 120-watt spotlight. 

Our experience with these sapphires has been a fasci- 
nating case study in the color stability of yellow sapphire. 
This example reinforces the importance of considering all 
possibilities when testing stones in the laboratory. We do 
not fully understand the exact causes of these changes, and 
much remains to be learned. 


E. Billie Hughes 
Lotus Gemology, Bangkok 


AUCTION REPORTS 


LSS 
Spring 2022 auction highlights. The De Beers Cullinan 
Blue was the early buzz of the spring 2022 auction season, 
with the 15.10 ct Fancy Vivid blue step-cut diamond far 
surpassing Sotheby’s presale estimate of $48 million. Bring- 
ing $57.5 million, the diamond was the largest of its color 
to ever appear at auction and also the third most valuable 
diamond of any color to sell at auction. (To read more about 
GIA’s examination of the De Beers Cullinan Blue, see Lab 
Notes in this issue, pp. 216-217.) 

The season continued in Geneva, with Christie’s auc- 
tioning two diamonds weighing more than 200 ct each at 
the Magnificent Jewels sale on May 11, beginning with the 
largest white diamond ever sold at auction. Named the 
Rock (figure 34), the GIA-graded 228.31 ct, G-color, VS, 
pear-shaped diamond sold for $21.9 million, or $96,000 per 
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carat. The previous record holder for the largest white dia- 
mond sold at auction weighed 163.41 ct and was sold by 
Christie’s in 2017. 

The second diamond, the Red Cross (figure 35), re- 
turned to Christie’s for a third time at auction. It was first 
sold at Christie’s in 1918 to benefit the British Red Cross 
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Figure 34, At 228.31 ct, 
the Rock is the largest 
white diamond ever 
sold at auction. Photo 
courtesy of Christie’s. 


during World War I. At 205.07 ct, the GIA-graded Fancy In- 
tense yellow cushion cut fetched $14.3 million, or $70,000 
per carat, after 11 minutes of competitive bidding, setting 
an auction record price for a Fancy Intense yellow dia- 
mond. A portion of the proceeds benefited the Interna- 
tional Committee of the Red Cross. 
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A jadeite necklace (figure 36; opposite page) was the top 
lot at Christie’s May 25 Hong Kong sale, selling for $8.8 
million after 11 minutes of bidding. The stunning piece fea- 
tures 33 perfectly round, exceptionally large jadeite beads 
ranging from 12.3 to 15.0 mm in diameter, with an 11 ct 
Burmese ruby clasp surrounded by oval brilliant diamonds. 

In June, the focus returned to diamonds at Christie’s 
final Magnificent Jewels auction of the season in New 
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Figure 35. The 205.07 
ct Red Cross diamond 
set an auction record 
price for a Fancy In- 
tense yellow diamond 
at Christie’s Geneva 
Magnificent Jewels 
sale. Photo courtesy of 
Christie’s. 


York. The 103.49 ct Light of Africa (figure 37), the fifth 
most valuable colorless diamond ever offered at Christie’s, 
surpassed its presale estimate of $18 million, with the win- 
ning bid coming in at just over $20 million—an incredible 
$195,000 per carat. The GIA-graded emerald-cut type Ia 
diamond was cut and polished from a 299 ct rough stone 
unearthed from the Cullinan mine. 


Erica Zaidman 


Figure 37. The 103.49 ct 
Light of Africa diamond 
sold for an impressive 
$195,000 per carat at 
Christie’s Magnificent 
Jewels sale in New 
York. Photo courtesy of 
Christie’s. 
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Figure 36. This necklace featuring 33 jadeite beads was the top lot at Christie’s Magnificent Jewels sale in Hong 
Kong. Photo courtesy of Christie’s. 
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Figure 38. These 12 tour- 
malines from The Big 
Find will be featured in 
one-of-a-kind jewelry 
pieces. Photos courtesy 
of the Maine Mineral & 
Gem Museum. 


MUSEUM EXHIBITIONS 


The Big Find: Celebrating 50 years of Maine tourmaline. 
October 2022 will mark 50 years since North America’s 
largest and most significant unearthing of gem-quality 
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tourmaline. The astounding 1972 discovery, known as 
“The Big Find,” unveiled vast pockets of tourmaline of 
every color at an abandoned mine near the top of 
Plumbago Mountain in Newry, Maine. Yielding more than 
a ton of tourmaline rough from 1972 to 1974, The Big Find 
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reawakened gem mining in the state of Maine. To cele- 
brate the 50th anniversary of this historic discovery, the 
newly opened Maine Mineral & Gem Museum has big 
plans underway. 

The Big Find: A Legend Continues began last year 
when the museum sought jewelry designers from across 
the country to create jewelry using 12 stones from the 
1972 find, ranging in weight from 9.78 to 49.30 ct (figure 
38). Twelve designers selected by jury are now at work 
crafting one-of-a-kind pieces to be presented on October 
8, 2022, at a runway extravaganza in Newry. Event and 
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Figure 39. Tourmaline 
bears on a frosted quartz 
base, carved by Gerhard 
Becker using tourmaline 
from The Big Find in 
Newry, Maine. Gifted to 
GIA by John Staver and 
currently on loan to the 
Maine Mineral & Gem 
Museum. (See more 
tourmaline carvings 
from GIA’s collection at 
www-.gia.edu/gia- 
museum-tourmaline- 
carvings.) Photo by 
Orasa Weldon. 


ticket information can be found at https://mainemineral- 
museum.org/the-big-find/. 

The museum is also commemorating the anniversary 
with special tourmaline exhibits and guest lectures all 
year, including various Maine tourmaline carvings on loan 
from the GIA Museum (figure 39). After the event, all 12 
pieces of tourmaline jewelry will be on display at the 
Maine Mineral & Gem Museum and then at the 2023 Tuc- 
son Gem & Mineral Show before being auctioned off to 
raise money for the museum. 


Erica Zaidman 
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Figure 40. Inside the vault room of the Brilliance: The Art and Science of Rare Jewels exhibit. Photo courtesy of the 
Natural History Museum of Los Angeles County. 


Brilliance Exhibit at the Natural History Museum of Los 
Angeles County. A special exhibit of rare gems and miner- 
als, entitled Brilliance: The Art and Science of Rare Jewels, 
was recently displayed at the Natural History Museum of 
Los Angeles County. The exhibit was available for viewing 
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from December 8, 202.1, through February 21, 2022, in the 
Gem Vault in the museum’s Gem and Mineral Hall (figure 
40). Over one hundred spectacular objects—necklaces, 
bracelets, rings, earrings, and unmounted gems (many the 
creations of master jewelry designer Robert Procop])—were 


Figure 41. Left: The 
46.39 ct Fancy blue Ce- 
leste diamond and a 
100.92 ct colorless dia- 
mond were but two of 
the exquisite gems on 
display at the Natural 
History Museum of Los 
Angeles County. Right: 
This 108.03 ct blue sap- 
phire from Sri Lanka is 
exceptional in terms of 
its clarity, color, and 
size. Photos courtesy of 
the Natural History 
Museum of Los Angeles 
County; courtesy of 

j Robert Procop. 
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Figure 42. The 79.39 ct Royal Pink sapphire is, accord- 
ing to the designer, the largest vivid natural pink sap- 
phire in the world. Courtesy of Robert Procop. 


on display along with mineral specimens from the mu- 
seum’s collection. Colorless and fancy-color diamonds, ru- 
bies, sapphires, emeralds, as well as color-change and 
asteriated gems and other spectacular specimens, were rep- 
resented (figures 41 and 42). By allowing the public to view 
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and appreciate these unique treasures, this museum event 
provided an understanding of how gems and minerals are 
used today in a variety of fields, from jewelry design to sci- 
entific research. Crystals of gem minerals represent prod- 
ucts of some optimum conditions for natural mineral 
formation, and the study of rough and faceted gems is in- 
creasingly used by scientists today to better understand 
Earth’s history. 


James E. Shigley and Brooke Goedert 
GIA, Carlsbad 


Smithsonian’s Great American Diamonds exhibit. Two 
extraordinary American diamonds (figure 43) have found a 
home at the Smithsonian’s National Museum of Natural 
History, where they were unveiled as part of the new Great 
American Diamonds exhibit in June. The 16.87 ct Free- 
dom diamond, the largest faceted diamond of U.S. origin, 
was fashioned from a 28 ct crystal unearthed at Colorado's 
Kelsey Lake mine in 1997. The cushion-cut diamond is 
now set in a ring donated by Robert E. and Kathy G. Mau. 
The second diamond on exhibit, the emerald-cut Uncle 
Sam, was faceted from the largest uncut American dia- 
mond crystal ever discovered at 40.23 ct. Uncovered at 
Arkansas’ Crater of Diamonds in 1924, the flawless 12.42 
ct pinkish brown stone was recently recovered from a pri- 
vate collection (after being missing for decades) and do- 
nated by Peter Buck. This is the first time the Uncle Sam 
has been exhibited in more than 50 years. 

While diamonds from the United States are exception- 
ally rare, the two mines in Colorado and Arkansas pro- 
duced tens of thousands of carats of rough diamonds, from 
1919 to 1926 at the Crater of Diamonds and 1996 to 2001 
at Kelsey Lake. “Most people are surprised to learn that di- 
amonds have been mined in the United States, and as the 


Figure 43. Left: The 16.87 
ct Freedom, from Kelsey 
Lake in Colorado, is the 
largest faceted diamond 
from the U.S. Right: The 
12.42 ct Uncle Sam is the 
largest faceted diamond 
from Arkansas, cut from 
a 40.28 ct crystal uncov- 
ered at the Crater of Dia- 
monds. Photo by James 
Tiller and Brittany M. 
Hance; courtesy of De- 
partment of Mineral Sci- 
ences, Smithsonian 
Institution. 
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national museum, we are delighted to introduce these great 
American diamonds to our visitors,” said Dr. Jeffrey Post, 
the museum’s curator-in-charge of gems and minerals. 
Joining these two impressive donations in the Great 
American Diamonds exhibit are two uncut diamonds from 
the museum’s existing collection. The Canary, a golden 
yellow crystal weighing 17.85 ct, is one of the largest uncut 
diamonds from Arkansas. The 6.45 ct Colorado, which dis- 
plays the typical octahedral shape of a natural diamond 
crystal, was recovered from the kimberlite host rock during 
mining operations at Kelsey Lake. As part of the Smith- 
sonian’s National Gem and Mineral Collection, these four 
stones are among more than 10,000 precious stones and 
pieces of jewelry, including the iconic Hope diamond. 


Erica Zaidman 


ANNOUNCEMENTS 


GIA Alumni Collective. GIA’s alumni association has anew 
name, a fresh look, and up-to-date features. With a mission 
to connect GIA graduates around the world, provide oppor- 
tunities for continuing education, and foster networking 
throughout the gem and jewelry industry, the GIA Alumni 
Collective (figure 44) builds on the association’s long history 
with updates that better reflect the creativity, technical 
savvy, entrepreneurship, and vitality of GIA’s alumni. 
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Figure 44. The new GIA 
Alumni Collective of- 
fers a robust educa- 
tional and networking 
platform for GIA gradu- 
ates worldwide. 


After successfully completing a GIA program or course, 
alumni can register for the Collective and stay informed 
about all the resources available to them by visiting the new 
GIA Alumni Collective website. The new online commu- 
nity, collective.gia.edu, serves as a “central hub” where 
members can add their profile to the directory, engage and 
connect directly with other members and global chapters, 
join “virtual” chapters, register to attend professional 
events, access more than 20 Continuing Education semi- 
nars at a 10% discount, and more. 

“The new GIA Alumni Collective website and online 
community is a reflection of our diverse alumni network. 
The collaboration with chapter leaders and other members 
brings new energy and a modern look that connects our 
global network and provides a space to experience the fu- 
ture of gems and jewelry,” says Cathryn Ramirez, execu- 
tive director of alumni development and continuing 
education at GIA. 

GIA has more than 155,000 active alumni in 58 chapters 
spanning the globe—33 in the Americas, 16 in Asia, and 
three apiece in Europe, the Middle East, and Africa. While 
chapters host their own meetings and events, chapters often 
co-host to provide additional networking opportunities. The 
GIA Alumni Collective hosts annual events at the AGTA 
Tucson and JCK Las Vegas trade shows where hundreds of 
alumni from all over the world meet up with longtime 
friends and colleagues and foster new relationships. 
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of the iridescent hyalites and opals, it is con- _balite and low-tridymite is responsible for 
cluded that in both of these materials, the the iridescence. 
presence of alternating layers of high-cristo- 
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EDITORIAL 

The Geographic Origin of Diamonds, Sapphire from China, and Pigments 
Sourced from Gem Materials 

Duncan Pay 


FEATURE ARTICLES 

Methods and Challenges of Establishing the Geographic Origin of Diamonds 
Evan M. Smith, Karen V. Smit, and Steven B. Shirey 

Examines the current available means of determining the geographic origin of gem-quality 
diamond, which are based largely on trace element and isotopic characteristics. For now, no 
method exists for determining the provenance of a random individual diamond. 


Sapphire Beneath the Rich Black Soil of Muling, Northeastern China 

Yimiao Liu and Ren Lu 

A comprehensive look at the gemological features and advanced analysis of blue and fancy- 
color sapphire from the agricultural area of Muling, China. 


Gems on Canvas: Pigments Historically Sourced from Gem Materials 

Britni LeCroy 

Explores the use of gem materials as pigments in works of art, from the earliest cave paint- 
ings to the modern era. 


Color Mechanism and Spectroscopic Thermal Variation of Pink Spinel 
Reportedly from Kuh-i-Lal, Tajikistan 

Yicen Liu, Lijian Qi, Dietmar Schwarz, and Zhengyu Zhou 

A detailed spectroscopic investigation of the color of pink spinel reportedly from the Kuh-i- 
Lal deposit in the Pamir Mountains of Tajikistan. 
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Diamond Reflections 
Examines the variety of fluid inclusions contained within diamond, which reflect the 
natural processes that created and modified these gems deep within the earth’s mantle. 
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EDITORIAL 


The Geographic Origin of Diamonds, 
Sapphire from China, and Pigments 
Sourced from Gem Materials 


Welcome to the Fall 2022 edition of Gems & Gemology! This issue delivers fascinating new 
content, offering four feature articles ranging from the hot topic of diamond origin to an in- 
depth look at the role gem materials have played in art throughout history. 


In our lead article, Evan Smith and coauthors explore the methods and challenges associated 
with determining the geographic origin row, . 
Bee Beene“. the only definitive method to establish 
of diamonds. Current approaches have eS 
attempted to associate trace element diamond OrLgin depends On preserving 


characteristics with specific origins, but gq retaining origin information from 

there is still no scientifically robust . pe ys » - 
the time of MINING... 

method to determine the geographic : 3 

origin of a given diamond. The authors conclude that the only definitive method to establish 

diamond origin depends on preserving and retaining origin information from the time of mining rather than 


determining it analytically. 


Next, authors Yimiao Liu and Ren Lu of the Gemmological Institute, China University of Geosciences in Wuhan, 
examine sapphire from a lesser-known source in Muling, China. Comparing their samples with sapphire from well- 
known sources worldwide, the authors report on the quality, gemological characteristics, and origin-related features with 
comprehensive analytical results. They determine that Muling sapphire is from a more diverse geological environment 
than the sapphire from many other regions. 


In our third article, join Britni LeCroy for a lesson in art history as she researches pigments historically sourced from gem 
materials. Covering hematite, azurite, malachite, lapis lazuli, bone, ivory, and cinnabar, the study investigates the evolu- 
tion of pigments in a wide array of artistic mediums, from ancient cave drawings to modern paintings. 


Finally, Yicen Liu and coauthors present their spectroscopic investigation of the color mechanism of pink spinel 
reportedly from Kuh-i-Lal in the Pamir Mountains of Tajikistan. To determine the cause of color, the group 
examines the mechanism of color change from room temperature to 1000°C using spectroscopic techniques and 
trace element analysis. 


Meanwhile, our regular features continue to deliver interesting findings from all over the globe. Highlights from the Lab 
Notes section include an exceptional natural-color 1.21 ct red diamond, a gota de aceite-like effect in a Brazilian emerald, 
and the first report of a natural pearl discovered in a Télescopium shell. Micro-World is packed with illuminating observa- 
tions from the inner landscapes of gemstones, offering a glimpse at an unusual brightly colored purple fluid in quartz, 
“smoke ring” inclusions in heated blue sapphire, and a large orange rutile inclusion in a “chameleon” diamond. Diamond 
Reflections returns with an exploration of fluid inclusions in natural diamond, highlighting the scientific value these 
inclusions offer from the great depths of the earth. In Gem News International, youll find an update from Mozambique’s 
ruby mines, a report on the first-ever Turquoise United conference in Albuquerque, and highlights from current gem 
and mineral exhibits at the San Diego Natural History Museum and the Perot Museum of Nature and Science in Dallas. 


We hope you enjoy the latest issue of Gems & Gemology! 


OH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 


Gems & GEMOLOGY FALL 2022 269 


TICLES 


METHODS AND CHALLENGES OF 
ESTABLISHING THE GEOGRAPHIC ORIGIN 
OF DIAMONDS 


Evan M. Smith, Karen V. Smit, and Steven B. Shirey 


There is growing interest in developing methods to deduce the geographic origin of diamonds. Most approaches 
have focused on trace elements within diamonds, which can be sensitive recorders of geological conditions dur- 
ing the growth of minerals. Gem-quality diamonds have ultra-low concentrations of trace elements, making 
them extremely challenging to analyze quantitatively. Nonetheless, high-quality trace element data from multiple 
studies reveal complex and variable patterns, but with striking similarities and overlap between worldwide de- 
posits. Diamond properties such as trace element or isotopic characteristics vary as a function of geological 
conditions that are not necessarily distinct and resolvable between diamonds of different geographic origin. We 
conclude that there has been no study by any method demonstrating unique and measurable characteristics 
that would allow for independent provenance determination of a random individual diamond. For now and the 
foreseeable future, the only definitive method to establish diamond origin depends on preserving and retaining 
origin information from the time of mining. 


Cullinan, and the 404.2 ct “4 de Fevereiro” dia- 
mond in figure 1, have high-profile histories that 
include their geographic provenance. Other dia- 


San famous diamonds, such as the Hope, the 


Figure 1. A remarkable 404.2 ct type Ia rough dia- 
mond recovered at the Lulo mine in Angola in 2016. 
The main stone fashioned from it was a 1638.4 ct D- 
color flawless emerald-cut diamond. Photo by Jian 
Xin (Jae) Liao. 
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monds with a known origin can occasionally be 
sourced in the marketplace or directly from miners. 
But for the majority of diamonds, this information is 
not preserved, instead becoming obscured as they 
move through the supply chain. To some extent, dia- 
mond provenance has not been seen as a valuable 
piece of information and is not presented as a relevant 
pricing factor the way it sometimes is for some other 
gemstones. Rough diamonds are typically bought and 
sold in lots or parcels based on physical characteristics, 
including color, clarity, size, and morphology. In as- 
sembling these parcels, it is common practice to mix 
diamonds of similar character from different mines. 
Faceted diamonds are sold mainly on the basis of the 
4Cs (color, cut, clarity, and carat weight) and may be 
mixed further. 

Beyond the historical or scientific interest in 
provenance, several recent developments have put 
diamond origin at the forefront of conversations in 
the industry and among consumers. Initially, this was 
driven by a need to track conflict diamonds and pre- 
vent their entrance into the trade. Now, with mount- 
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Box A: COMPARISON OF DIAMONDS TO OTHER GEMSTONES 


Methodologies for geographic origin determination of ru- 
bies, emeralds, and other gem materials cannot readily be 
applied to diamonds. This is due to fundamental differ- 
ences between diamonds and other gem materials. Dia- 
monds form in the mantle, much deeper than most other 
gemstones. Except for some mantle-derived olivine/peri- 
dot, most other gemstones form in the earth’s crust at rel- 
atively shallow depths. 

Minerals in the crust are the product of multiple melt- 
ing and differentiation processes that over time have cre- 
ated the crust. These processes concentrate certain 
elements (known as incompatible elements), which tend 
to partition into magma as rocks melt. Consequently, 
crustal rocks have relatively high concentrations of these 
otherwise rare incompatible elements. When gemstones 
form within crustal rocks, they naturally inherit higher 
concentrations of incompatible elements. Furthermore, 
the crust has great diversity in chemical composition, in 
contrast to the mantle’s more uniform composition. Be- 
cause of the chemical diversity of different geological en- 
vironments in the crust, gemstones formed in different 
crustal environments often have markedly different trace 
element compositions. For example, rubies can exhibit 
differences in certain trace elements (magnesium, tita- 
nium, vanadium, iron, and gallium) based on their forma- 
tion in igneous (basaltic and lamprophyric), metamorphic 
(granulitic and metalimestone)}, and metasomatic (skarn 
and pegmatitic) environments (Palke et al., 2019b). 

In some cases, it is possible to relate specific composi- 
tional features in these gemstones to the compositions of 
known and exposed crustal rocks in the different geologic 
settings. Determining trace element concentrations within 
crustal gemstones allows constraints to be placed on the 
geological setting they formed in, potentially allowing their 
geographic origin to be inferred. However, distinguishing 
crustal gemstones that are from the same kind of geological 
setting but from different geographic locations remains 


ing global sustainability efforts across all industries, 
consumers are interested in knowing the origin and 
impact of the goods they purchase. These social pres- 
sures have prompted direct efforts, by both privately 
and publicly funded research groups, to search for dis- 
tinct geographic signatures among diamonds (e.g., 
Watling et al., 1995; McNeill et al., 2009; Dalpé et al., 
2010; Rege et al., 2010; Coney et al., 2012; Melton et 
al., 2012, Brill et al., 2020; McManus et al., 202.0). 

A common goal has been to develop a database of 
measurable characteristics to compare diamonds from 
different sources. Trace element characteristics, in 
conjunction with other observations, have proven use- 
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challenging. Multiple layers of evidence, including geo- 
chemical and inclusion characteristics, often must be com- 
bined in order to better assess a gemstone’s origin. 

This challenge is even more pronounced for diamonds. 
Diamonds formed in the same kinds of geological settings 
are found spread across many different geographic loca- 
tions. The majority of diamonds form in the thick and an- 
cient portions of the continental lithospheric mantle. 
There are three main host rock types—peridotite, eclogite, 
and websterite—that are composed primarily of different 
proportions of only four minerals: olivine, orthopyroxene, 
clinopyroxene, and garnet. Compared to crustal rocks, the 
rocks of the mantle have limited mineralogical and chem- 
ical variability. Furthermore, the covalently bonded dia- 
mond lattice is extremely compact and regular, composed 
of only one major element, and cannot easily accommo- 
date the addition of substitutional and interstitial impurity 
elements. Only a few elements, such as hydrogen, boron, 
nitrogen, silicon, and nickel, fit into the diamond lattice. 
Other trace elements in diamond are thought to be present 
as nano-inclusions of fluid rather than occupying discrete 
crystal lattice sites (Melton et al., 2012; Krebs et al., 2019). 
Consequently, as a diamond grows, it incorporates ex- 
tremely low levels of trace elements compared to other 
minerals. Nitrogen, however, is a notable exception. 

Nitrogen is the most common impurity in natural di- 
amond. It can substitute for carbon in the diamond lat- 
tice, typically at concentrations of tens to hundreds of 
parts per million (ppm). Diamond has a median nitrogen 
value of 160 ppm, with 99% being <1400 ppm (Stachel, 
2014). It can occur as isolated nitrogen atoms (C centers], 
as aggregated pairs (A centers), or as groups of four atoms 
plus a vacancy (B centers) (Breeding and Shigley, 2009). 
Unfortunately, the nitrogen concentration and its degree 
of aggregation overlap completely among diamonds from 
around the world and cannot be used to determine geo- 
graphic origin. 


ful for origin determination of other gem materials 
(see box A). Similarly, trace element analysis using 
mass spectrometry has been regarded as the most 
promising approach for diamonds (Watling et al., 1995; 
McNeill et al., 2009; Dalpé et al., 2010; Rege et al., 
2010; Coney et al., 2012; Melton et al., 2012; Brill et 
al., 2020). One study has also used laser-induced 
breakdown spectroscopy (LIBS) for this application 
(McManus et al., 2020). This article will discuss these 
methods and the challenges they face. The reality at 
the moment is that there is no scientifically robust 
method to determine the geographic origin of any 
given diamond (Dalpé et al., 2010; Cartier et al., 2018; 
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Figure 2. Cathodoluminescence (CL) images of polished surfaces through the interior of two diamonds from the 
Attawapiskat area of the Superior Craton (Canada), obtained by scanning electron microscopy (SEM). Both dia- 
monds have a large internal range of nitrogen contents, which are governed by different fluid pulses—visible in CL 
as different growth zones with varying brightness. Secondary ion mass spectrometry (SIMS) spot analyses with 
8C and nitrogen content (atomic ppm) are indicated. Images from Smit et al. (2014). 


Krebs et al., 2019). All current, reliable, and available 
means of establishing provenance depend on retaining 
country-of-origin and/or mine-of-origin information, 
rather than determining this analytically. 


DIAMOND FORMATION AND ITS 
GEOLOGICAL FRAMEWORK 


One of the significant concepts emerging from the 
past century of diamond research is that there are 
many different ways diamonds can form, with the 
pertinent variables being the host rock type, the com- 
position of the diamond-forming fluid or melt, and 
the depth of formation (lithospheric or sublithos- 
pheric) (Shirey et al., 2013). There are distinct vari- 
eties of diamond that arise in nature, and, crucially, 
these varieties do not appear to have unique geo- 
graphic distributions overall. 

In general, diamonds form as carbon-bearing flu- 
ids flow through rocks in the mantle and the carbon 
crystallizes due to chemical reactions or changes in 
pressure or temperature. Studying the interior of di- 
amonds with cathodoluminescence has revealed that 
many diamonds exhibit multiple concentric growth 
layers, resulting from multiple fluid pulses and 
episodes of growth (figure 2; Shirey et al., 2013). The 
layers can have distinct carbon isotope compositions 
(SC), nitrogen concentrations, nitrogen isotope 
compositions (8!5N) (Stachel et al., 2022b), and per- 
haps other characteristics as well, such as trace ele- 
ment contents. Diamond trace element and isotopic 
composition are controlled by the elements present 
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in the parental carbon-bearing fluid, varying with the 
extent of interaction between the fluid and surround- 
ing host rock minerals (Weiss et al., 2015). 

The products of diamond formation in the earth’s 
mantle are surprisingly similar across many different 


In Brief 


¢ Most diamonds have formed by geological conditions 
that are not unique to any one geographic location. 

¢ Diamond characteristics have striking similarities and 
overlap on a global scale. 

¢ Currently, there is no reliable way to independently 
determine the geographic origin of a random individ- 
ual diamond. 

e A feasible alternative, though not without challenges, is 
to retain origin information from the time of mining. 


localities. Categorizing diamonds based on their min- 
eral inclusions provides much of the basis for our un- 
derstanding of different geological varieties of 
diamond. The major geological varieties defined by in- 
clusion mineralogy are shown in table 1. These repre- 
sent diamonds from the lithospheric mantle, formed 
at approximately 150-200 km, and exclude the rarer 
(<2.%) sublithospheric or “superdeep” varieties of dia- 
monds (Smith et al., 2017; Stachel et al., 2022). 
Diamonds we see at the earth’s surface have been 
carried up in magmas that form kimberlites (or, less 
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commonly, lamproites). The magma rips up pieces 
of diamond-hosting mantle rocks hundreds of kilo- 
meters below the surface. During this journey, man- 
tle rocks break apart and release diamonds into the 
magma, forming so-called xenocrysts (crystals for- 
eign to the magma). Individual kimberlite deposits 
at the surface often contain multiple populations of 
diamonds mixed together, which could have origi- 
nally crystallized in completely independent and 
episodic diamond-forming events within different 
host rocks. The spatial and temporal scale of dia- 
mond-forming events at depths in the mantle is not 
well understood because it is never exposed. Multi- 
ple eruption phases of a kimberlite may sample dif- 
ferent portions of the lithosphere. Compiling a 
complete picture of diamond characteristics from 
any given deposit means taking into account multi- 
ple dissimilar populations. Depending on the nature 


of the deposit, it could be difficult to judge whether 
a sample suite of diamonds is truly representative of 
that deposit. The situation may be more complex for 
alluvial deposits, which may contain diamonds 
eroded from multiple primary known or unknown 
kimberlite/lamproite sources. 

The known geological varieties of diamond, in- 
cluding the major categories outlined in table 1, are 
not geographically restricted. Diamond properties are 
a function of geology, not geography, and the geolog- 
ical controls for the most common varieties of dia- 
mond result in broad, overlapping similarities 
between many geographic settings. For example, the 
most well-studied diamonds, found in most deposits 
around the world, formed within harzburgite (a type 
of peridotite) host rocks, at comparable pressure and 
temperature conditions, from carbon-bearing fluids 
of similar composition (Shirey et al., 2013). These are 


TABLE 1. The most common geological varieties of diamond on the basis of 


mineral inclusions, modified from Stachel et al. (2022a). 


Peridotitic Eclogitic Websteritic Uncertain/ 
Nonspecific 
Cr-pyrope 
Olivine Grossular-almandine- 
: pyrope Almandine-pyrope 
Enstatite a eee : F p : 
Common Mele Omphacitic Diopside-augite Graphite (epigenetic) 
Cr-diopside clinopyroxene F 
; Enstatite 
Mg-chromite Fe sulfides* 
Fe-Ni sulfides* 
Rutile 
Coesite 
Occasional — Coesite — 
, Olivine 
Kyanite 
Corundum 
IImenite Graphite (primary) 
Coesite Magnetite Diamond 
Mg-ilmenite Fe-Mg-chromite Calcite 
Magnesite Phlogopite Dolomite 
2 Calcite K-feldspar Phlogopite Perovskite 
are 
Native Fe Titanite Goldschmidtite Amphibole 
Zircon Staurolite Apatite 
Phlogopite Zircon Eskolaite 
Yimengite Moissanite Sr-titanate 
Calcite Monazite 
Dolomite 


pyrrhotite + pentlandite + chalcopyrite + molybdenite (Kemppinen et al., 2018), with bulk Ni content 


>17 wt.% for peridotitic and <10 wt.% for eclogitic sulfides 
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the kinds of diamonds that contain rare vibrant purple 
Cr-pyrope garnets. The diamond exploration strategy 
is to search for these garnets and other indicator min- 
erals released by fragmentation of diamond-hosting 
rocks and dispersed in surficial sediments. The suc- 
cess of the strategy is underpinned by the fact that the 
predominant diamond formation processes are often 
similar from one deposit to the next worldwide. 
Searching for kimberlitic indicator minerals with the 
same composition as those from existing mines is an 
effective technique for finding new diamond-bearing 
kimberlites (Kjarsgaard et al., 2019). 


Physical Characteristics and Traditional Gemologi- 
cal Observations. Each diamond deposit encom- 
passes a range of diamond morphologies, surface 
textures, colors, and other characteristics. Some lo- 
calities have more visually distinctive rough dia- 
monds than others, which is noticeable upon 
examining parcels of diamonds from that locality. 
For example, the Ellendale mine in Australia pro- 
duced a large proportion of resorbed, smooth-sur- 
faced dodecahedral (or tetrahexahedral) yellow 
diamonds (Hall and Smith, 1984; Jaques et al., 1986). 
The Marange alluvial deposit in Zimbabwe has dia- 
monds with a nontransparent coating and radiation 
damage (Smit et al., 2018), while the Victor mine in 
Canada has produced a high proportion of well- 
formed, near-colorless octahedral crystals with few 
mineral inclusions (“The real value of Victor Proj- 
ect,” 2007). 

Of course, these are not the only examples of par- 
ticular features associated with certain diamond lo- 
calities. An unusual example is the porous, 
micro-polycrystalline diamond variety known as car- 
bonado. Although not of gem quality, it is interesting 
because it is only recovered from placer deposits in 
Brazil and the Central African Republic (Heaney et 
al., 2005). As another example, the Cullinan mine in 
South Africa is known as a chief source of boron- 
bearing, type Ilb diamonds (King et al., 1998). A ran- 
dom type IIb diamond circulating in the marketplace 
has a reasonable probability of being from Cullinan. 
The Argyle mine in Australia, which closed in 2020, 
was a leading producer of pink (and many brown) di- 
amonds. Argyle’s pink diamonds generally have 
highly aggregated nitrogen (more B centers than A) 
and a color that is associated with slightly more dif- 
fuse pink graining compared to pink diamonds from 
most other localities, which tend to have less aggre- 
gated nitrogen and a pink color associated with 
sharply defined glide planes (Gaillou et al., 2012). Ar- 
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gyle was also an almost exclusive source of rare blue 
to violet diamonds whose color is related to hydrogen 
(Eaton-Magana et al., 2018). The distinctive charac- 
teristics described here are helpful observations in 
terms of inferring the origin of some specific dia- 
monds or representative and unmixed parcels, but 
they are certainly not definitive. Experienced profes- 
sionals can reach an educated guess about the origin 
of diamond parcels, or even an individual diamond, 
but this judgment is highly subjective and cannot be 
easily verified. For the majority of polished or rough 
diamonds, there are no distinct characteristics that 
reveal the geographic origin. 


Carbon and Nitrogen Characteristics. Carbon and ni- 
trogen might seem to be a good way to fingerprint 
diamonds, given their high abundances and isotopic 
variations in this material. Such analyses could be 
performed on most diamonds. However, nitrogen 
abundance variations (measured by infrared ab- 
sorbance spectroscopy or even imaged with lumines- 
cence-based techniques) reveal that the nitrogen 
content can vary greatly between the growth zones 
of each diamond (figure 2), not to mention on the 
scale of millions of diamonds in a single mine. 

This variation in nitrogen content is due to the 
influx of different fluid pulses during diamond 
growth, each of which may have had a different ni- 
trogen content. Diamonds with an internal tenfold 
difference in nitrogen content have been documented 
through secondary ion mass spectrometry (SIMS), a 
technique that can obtain spatially resolved meas- 
urements (see the measurement locations superim- 
posed in figure 2) (Stachel et al., 2022b). These 
differences are averaged when using bulk analytical 
techniques such as infrared spectroscopy. Nitrogen 
abundance variability (within the limited range of 
possible concentrations) is so pervasive and occurs 
on such a small scale that nitrogen content alone is 
not a useful tool to distinguish diamonds from dif- 
ferent geological environments. 

Both carbon and nitrogen have two stable isotopes 
(2C, BC and 4N, /N)}, with the lighter atomic mass 
isotope of each element ('2C and !*N) comprising 
~99% of the isotopic composition of the respective 
element. Similar to nitrogen content, the entire 
global range of both 6!8C and 6!5N (the part per thou- 
sand variation of the ®C/?C and N/'4N ratios, with 
respect to a standard) may be represented within one 
deposit (figures 3 and 4). The main mantle range of 
dC is centered around —5%o, and the global 8!°C dis- 
tributions of diamonds that form in the two main 
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Figure 3. Within-locality range of 5'3C for five well-known localities: Diavik + Ekati (Lac de Gras), Kim- 
berley, Karowe, Cullinan, and Argyle. Delta values ($C) express the deviation of the '°C/'C ratio of di- 
amond samples relative to a known standard, expressed in permil (parts per thousand). At each locality, 
a range of values overlaps between peridotitic (histograms on the left) and eclogitic (histograms on the 
right) diamonds. There is also large overlap between localities, which makes it impossible to use 8'°C as 
a fingerprinting tool. The vertical gray band marks the main mantle range around —5%o. Data from 
Stachel et al. (2022b). 
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Figure 4. Distribution of carbon (5'C) and nitrogen (6“N) isotope compositions for worldwide peridotitic and 
eclogitic diamonds. Delta values (5'C and 6“N) express the deviation of the 8C/’C and %N/“N ratios of diamond 
samples relative to a known standard. Carbon and nitrogen isotope data exhibit distributions that primarily re- 
flect mantle host rock composition, irrespective of geographic origin. Generally, the same distributions are 
recorded from diamond deposits worldwide. Data from Stachel et al. (2022b). 


host rocks—peridotite and eclogite—have modes 
that overlap with this mantle range (figure 4). Con- 
sequently, the stable isotope composition of a dia- 
mond lends insight into the host rock and fluids from 
which the crystal formed, but it is not a geographi- 
cally distinct feature. Even if it were moderately 
helpful for origin determination, the time-consum- 
ing and expensive nature of stable isotope analysis, 
as well as the formation of ablation pits, makes it un- 
suitable for routine application to faceted diamonds. 


Trace Element Characteristics. Like any mineral, dia- 
mond contains minute amounts of elements other 
than those stated in its mineral formula (see box B). 
These so-called trace elements may provide a rich geo- 
chemical record of the conditions of mineral growth, 
potentially revealing differences between different de- 
posits. Trace elements can be present at concentra- 
tions from many parts per million (ppm) down to parts 
per billion (ppb), parts per trillion (ppt), or less, so there 
are enormous ranges of possible concentrations in nat- 
ural materials. In transparent, gem-quality diamond, 
the concentrations of trace elements are extremely 
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low, often in the ppt range, making them especially 
difficult to measure compared to other minerals. The 
first pioneering measurements of trace elements in 
gem-quality diamond were made by instrumental 
neutron activation analysis (INAA) (Fesq et al., 1973; 
Bibby, 1982), but the amount and quality of data were 
limited. It is worth noting that the neutron bombard- 
ment of INAA severely damages the appearance of the 
whole diamond being analyzed. 

Later studies have employed laser ablation—induc- 
tively coupled plasma—mass spectrometry (LA-ICP- 
MS), a widely used tool for measuring elemental 
compositions of many geological materials, including 
gemstones (Liu et al., 2013). Laser ablation involves 
vaporizing a small amount of the sample material by 
blasting a tiny crater into it with a laser. The liberated 
sample particles are ionized in a plasma to form a 
beam of atomic and small polyatomic ions, which are 
then continuously separated by mass/charge in a mass 
spectrometer (figure 5A). This technique has been ap- 
plied to many gemstones (see review in Groat et al., 
2019), including blue sapphire (Palke et al., 2019a), 
ruby (Palke et al., 2019b), and emerald, all of which 
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Box B: WHAT ARE TRACE ELEMENTS? 


Most of the rocks and minerals around us are made 
up of a relatively small selection of elements, includ- 
ing oxygen (O), silicon (Si), aluminum (Al), calcium 
(Ca), iron (Fe), magnesium (Mg), sodium (Na), and 
potassium (K), the most abundant elements in the 
earth’s crust. Just consider the mineral formulas of 
some common rock-forming minerals: quartz (SiO,), 
olivine ([Mg,Fe],SiO,), potassium feldspar (KAISi,Os), or 
what is regarded as the most abundant mineral at great 
depth within the earth, bridgmanite ([Mg,Fe]SiO,). 
Many elements on the periodic table do not make an 
appearance as major defining components of minerals 
and are present only in trace quantities. In geology, the 
term trace element generally refers to those elements 
making up less than about 0.1% by weight (1000 ppm) 
of a mineral, rock, magma, or other system (Shaw, 
2006). In a mineral, elements given in the mineral for- 
mula are essential structural constituents (Hanson and 
Langmuir, 1978) that impart distinct properties and 
make up the majority of the material. These are called 
major elements. The terms major and trace elements 


contain abundant trace elements that are relatively 
straightforward to measure. 

When it comes to transparent, gem-quality dia- 
mond, however, the ultra-low concentration of most 
trace elements is problematic. The low bulk concen- 
tration of trace elements means that high-quality 
data cannot be obtained by routine “online” LA-ICP- 
MS analysis of gem-quality diamond because most 
elements fall near or below the limit of detection 
(McNeill et al., 2009). Increasing the laser energy to 
ablate more diamond in an effort to overcome the 
low concentration carries the risk of uncontrolled 
fractionation at the ablation site during sampling and 
increased diamond destruction. For these reasons, ap- 
plying routine LA-ICP-MS techniques to gem-quality 
diamonds yields data that are generally not quanti- 
tative and whose uncertainties are difficult to evalu- 
ate (McNeill et al., 2009), making them of limited 
use for investigating diamond paragenesis and poten- 
tial geographic variability. For example, in a study of 
400 monocrystalline (nonfibrous) diamonds analyzed 
by LA-ICP-MS (Rege et al., 2010), the trace element 
patterns exhibited strong similarities regardless of ge- 
ographic locality or geological paragenesis. Early at- 
tempts such as this struggled to accurately 
characterize detection limits or demonstrate that the 
data produced were significantly different from in- 
strumental background. 
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can therefore refer to different elements depending on 
the material in question. Diamond is rather special, 
being composed solely of one major element, carbon. 
Other examples are gold, silver, and copper, all of which 
occur in their native form. In diamond, carbon is the 
only major element, whereas all other elements in this 
mineral are only present in trace quantities, often ex- 
pressed in parts per million (ppm), billion (ppb), trillion 
(ppt), and so on, by weight. 

The concentrations and relative abundances of trace 
elements can provide information about the way min- 
erals formed. Trace element analysis of diamond has 
primarily focused on unraveling the geological settings 
and elements involved in diamond formation, but a sec- 
ondary goal has been the forensic/gemological applica- 
tion of trying to distinguish geographic origin. The trace 
elements typically discussed in the context of dia- 
monds include Cs, Rb, Ba, Th, U, Pb, Ta, Nb, La, Ce, 
Pr, Sr, Nd, Sm, Hf, Zr, Eu, Ti, Gd, Tb, Dy, Y, Ho, Er, Yb, 
and Lu, as well as the lighter elements H, B, N, O, Na, 
Mg, Al, Si, Cl, K, Ca, Fe, and Ni. 


Aside from carbon, most elements do not incor- 
porate easily into the diamond crystal lattice as it 
grows, which is one of the reasons high-clarity dia- 
mond crystals have such low trace element concen- 
trations. A few trace elements such as hydrogen, 
boron, nitrogen, silicon, and nickel (also common 
in laboratory-grown diamonds) may be incorporated 
as defects in the diamond lattice. But the majority 
of trace elements of geological interest, when they 
do occur in gem diamond, are thought to be hosted 
as fluid nano-inclusions that are simply too small 
and sparse to see (Melton et al., 2012; Krebs et al., 
2.019, 2020). 

In contrast to the ultra-low trace element concen- 
trations in gem-quality diamond, a particular growth 
habit called fibrous diamond has diamond trace ele- 
ment concentrations that are at least two to four or- 
ders of magnitude greater (Weiss et al., 2008). Fibrous 
diamond has a cloudy appearance due to abundant 
sub-micrometer-sized high-density fluid (HDF) inclu- 
sions (Navon et al., 1988) and is generally not con- 
sidered gem-quality because of the diminished 
clarity. However, the abundance of HDF inclusions 
in fibrous diamond causes the bulk trace element 
contents to be high enough to analyze using LA-ICP- 
MS. Most trace element studies of diamond have fo- 
cused on fibrous diamond (Tomlinson et al., 2005, 
2009; Zedgenizov et al., 2007b; Rege et al., 2010, 
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Figure 5. Simplified schematic of analytical methods. A: Conventional “online” LA-ICP-MS. A gas stream carries 
the ablated sample directly into the plasma torch, where it is ionized and accelerated as a beam. In the mass spec- 
trometer, ions are separated based on mass/charge and their abundance can be quantified. B: “Offline” laser abla- 
tion combined with solution-based ICP-MS. Ablation takes place in a sealed vessel over an extended time, 
allowing a larger amount of ablated material to accumulate. Dissolving the ablated sample in acid allows it to be 
analyzed as a solution. C: The laser-induced breakdown spectroscopy (LIBS) technique. The laser striking the dia- 
mond creates a plasma, the emitted light of which can be separated into different wavelengths by a diffraction 
grating inside a spectrometer. The light spectrum can contain information about the elements and chemical bond- 


ing within the sample. 


Smith et al., 2012; Weiss et al., 2013; Klein-BenDavid 
et al., 2014). Even though these analyses are based on 
micro-inclusions hosted in diamond and not the di- 
amond itself, there is evidence that similar trace el- 
ement characteristics exist at lower concentrations 
in gem-quality diamond that do not contain visible 
inclusions (Jablon and Navon, 2016; Krebs et al., 
2019). This suggests that fibrous diamonds and their 
HDF inclusions are broadly informative of non- 
fibrous, gem-quality diamonds and provide an addi- 
tional basis for discussing the prospect of origin 
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determination (see the section “Fibrous Diamonds 
Bolster Our Insight into Trace Elements”). 
Returning to the more challenging analysis of 
gem-quality diamond, there is a modified laser ab- 
lation technique that can achieve superior results. 
McNeill et al. (2009) developed a sample pre-con- 
centration technique involving “offline” laser abla- 
tion (see box C; figure 5B). This technique was 
developed as an improvement over conventional 
“online” LA-ICP-MS, specifically to measure trace 
elements and some radiogenic isotopes in gem-qual- 
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Box C: “OFFLINE” LASER ABLATION TECHNIQUE 


This specialized method for measuring trace elements 
in diamond involves a pre-concentration step that allows 
a larger sample to be collected in a controlled fashion. It 
was developed by McNeill, Pearson, and colleagues at 
Durham University specifically for analyzing diamond 
(McNeill et al., 2009). The diamond is placed in an en- 
closed vessel with a window through which the laser can 
pass. Ablation takes place within this sealed vessel, al- 
lowing the ablated material to accumulate over the 
course of minutes or even hours. Compared to the direct 
uninterrupted ablation-to-analysis of LA-ICP-MS, this 
offline sampling technique means a much larger amount 
of diamond, and therefore a larger sample of trace ele- 
ments, can be ablated in a controlled way. The accumu- 
lated sample is then taken up in acid and analyzed by 
conventional solution-based ICP-MS. Analyzing solu- 
tions greatly simplifies standardization, circumventing 
the need for a diamond standard. Appropriate solution 
standards with elemental concentrations similar to that 
expected in diamond can easily be prepared. Weighing 
the diamond before and after ablation gives the mass of 
diamond ablated, providing a way to recast results as el- 
emental concentrations within the diamond. Offline ab- 
lation allows much higher volumes of analyte to be 
pre-concentrated before measurement rather than having 
the ablated material swept directly into a gas stream for 
analysis, as in LA-ICP-MS, effectively boosting what is 
known in analytical work as the signal-to-noise ratio by 
several orders of magnitude. 

To measure a signal, having a strong signal and hav- 
ing low background noise are equally important. An ex- 
ample of low signal-to-noise ratio occurs when the noise 
from city lights prohibits the signal of distant stars from 
being seen by curious stargazers. In rural areas, back- 
ground light is so low that even faint signals from stars 
can be seen. 

In analytical work, scientists must pay special atten- 
tion to the relative contributions of signal and noise. The 
limit of detection (LOD) provides a threshold level where 
weak signals cannot be confidently distinguished from 
background noise. One definition of the LOD is 3x the 
standard deviation of the blank/background (Currie, 
1968). However, we want to know how much of the el- 
ement there is, not just that it can be detected. For the 
exceptionally low trace element contents of most gem- 
quality diamonds, which may be only marginally above 


ity diamond (McNeill et al., 2009; Klein-BenDavid 
et al., 2010). Part of the aim in developing this ad- 
vanced methodology was to investigate whether 
trace elements can be linked to specific geographic 
origins (McNeill, 2011). 
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the background noise, McNeill et al. (2009) argued that 
amore stringent limit is needed: the limit of quantifica- 
tion (LOQ). This is defined as 7 to 10x the standard de- 
viation of the blank/background (Currie, 1968), and it is 
a better cutoff to ensure that the signal seen above the 
background can be used to calculate element concentra- 
tion. Data must exceed the LOQ (the minimum accurate 
quantifiable value) to be considered truly quantitative. 
A number of studies have reported conventional online 
laser ablation results from gem-quality diamonds but 
with such low signal-to-noise ratios that LOQ criteria 
could not be met (Rege et al., 2005, 2010; Coney et al., 
2012, Brill et al., 2020). If measurements do not exceed 
the LOQ, they may carry qualitative meaning, but large 
uncertainties will obscure comparison between samples, 
restricting their utility. 

Offline laser ablation with ICP-MS enables quantita- 
tive trace element data for gem-quality diamond. How- 
ever, the technique is not without drawbacks. The 
amount of diamond that must be ablated is large com- 
pared to the typical ablation crater involved in conven- 
tional LA-ICP-MS of other materials. For example, 
analyses of most colored gem materials using LA-ICP-MS 
would involve a spot size of 50-100 pm, meaning that an 
analysis can be performed on the girdle of a valuable ruby, 
sapphire, or emerald and would not be visible to the un- 
aided eye. For offline ablation ICP-MS of diamond, larger 
raster patterns of 500 x 500 pm are typical, extending sev- 
eral hundred micrometers deep into the diamond. In ad- 
dition to being (partially) destructive, the technique is 
slow. Whereas ablation and analysis in conventional LA- 
ICP-MS might extend for 40-180 s, offline ablation for dia- 
mond normally requires up to 4 hours (and in some cases 
up to 20-30 hours). More time is needed to carefully clean 
the diamond with ultra-pure acids prior to ablation, to pre- 
pare the ablated sample into a solution, and ultimately to 
complete the ICP-MS analysis. A high-tech and expensive 
clean lab is necessary to minimize contamination. All 
samples are processed in parallel with total procedural 
blanks so that the combined background (or noise) of trace 
elements present in all acids and materials involved can 
be measured. The stringent requirements are such that 
only two laboratories have done this rigorous level of 
analysis for gem-quality diamond, first at Durham Uni- 
versity and later at the University of Alberta by Pearson 
and colleagues. 


The offline laser ablation sampling technique per- 
mits meaningful quantitative measurement of trace 
elements in even the purest gem-quality diamonds, 
although it currently requires a substantial input of 
time, laboratory infrastructure, and analytical expert- 
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ise. This method is also moderately destructive, fur- 
ther barring its routine application to faceted gem di- 
amonds. It involves ablating a relatively conspicuous 
“pit” on the order of 500 pm wide and several hun- 
dred micrometers deep. Only a limited number of di- 
amond localities have been studied so far: 11 from 
Brazilian sublithospheric diamonds (Timmerman et 
al., 2019a); 10 from Koffiefontein, Letlhakane, and 
Orapa (Timmerman et al., 2019b); one from 
Udachnaya; one from Mir; one from Venezuela; 10 
from Cullinan (McNeill et al., 2009); 24 from Finsch, 
Newlands, and Victor (Krebs et al., 2019); and 10 from 
Akwatia, Ghana, and the De Beers Kimberley Pool, 
South Africa (Melton et al., 2012). In small sample 
sets, statistical analysis of variance and logistic regres- 
sion suggests significant differences between popula- 
tions (e.g., McNeill, 2011), but these differences 
appear less distinct upon analysis of a wider variety 
of diamonds. Differences may be apparent when con- 
sidering averaged trace element patterns from differ- 
ent localities, or even diamonds with sulfide versus 
silicate inclusions from a single locality, but compar- 
ing individual diamonds shows considerable overlap 
from one deposit to the next (Krebs et al., 2019). As 
discussed by Melton et al. (2012), some of these meas- 
urements may be skewed by the intersection of small 
mineral inclusions during the course of ablation, 
which may or may not be avoidable depending on the 
sample. This possibility requires additional care dur- 
ing ablation and later during interpretation. 
Although the data are limited, a key outcome of 
this work is the finding that many gem diamonds 
have trace element patterns comparable to those of 
fibrous diamonds (Krebs et al., 2019; Timmerman et 
al., 2019b). In support of such a connection, HDF in- 
clusions similar to those in fibrous diamonds have 
been reported within nonfibrous gem-quality dia- 
monds (from the Voorspoed and Venetia mines in 
South Africa, for example) trapped along the twin- 
ning planes of macles (Jablon and Navon, 2016). 
These results allow us to draw on the existing liter- 
ature on fibrous diamonds in the discussion of trace 
element use for geographic origin determination. 


FIBROUS DIAMONDS BOLSTER OUR INSIGHT 
INTO TRACE ELEMENTS 


There are marked similarities between fibrous dia- 
monds and gem-quality nonfibrous diamonds upon 
comparing the major element compositions of fluid 
inclusions and trace element compositions of bulk 
diamond (Jablon and Navon, 2016; Krebs et al., 2019). 
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The similarities suggest that the more extensive 
work on trace elements in fibrous diamonds also of- 
fers insight into gem-quality diamonds. Fibrous dia- 
mond trace element properties cannot be claimed as 
a proxy for all diamonds, as some diamond varieties 
are thought to be formed from distinctly different flu- 
ids, such as methane-bearing reduced fluids (Smit et 
al., 2016, 2019) and metallic Fe-Ni-C-S liquids (Smith 
et al., 2016, 2017). However, the connection between 
fibrous diamonds and transparent, nonfibrous dia- 
monds formed in the lithospheric mantle applies to 
many mined gem-quality diamonds derived from the 
lithospheric mantle. 

Fibrous diamonds are fluid-rich diamonds that 
trap small droplets of the diamond-source fluid as in- 
clusions during growth. They have a dendritic single- 
crystal growth habit (like a snowflake) that grows as 


Figure 6. Cuboid diamond (5 mm edge length) con- 
sisting of a cloudy fibrous diamond coat over a trans- 
parent octahedral core. A partial slice has been cut 
through the middle, revealing the internal structure. 
The red rectangle outlines the region of the photomi- 
crograph at bottom (field of view 1.5 mm), which 
shows a portion of the polished slice in transmitted 
light, with the micro-inclusions appearing as dark 
pinpoints. The reddish color is iron oxide staining in 
surface-reaching fractures. Photos by Evan M. Smith. 


Gems & GEMOLOGY FALL 2022 


MAJOR ELEMENT COMPOSITION FIELDS 


Si+Al 


Saline-high-Mg carbonatitic fluids 
-_ Silicic-low-Mg carbonatitic fluids 


I I I 
10 20 30 


MgO (wt.%) 


K+Na 


Ca+Mg+Fe 


Figure 7. Fields of major element composition for fluids in fibrous diamonds worldwide, which are often plotted 
in a molar composition ternary plot (atomic proportions). A: Four major fluid end-member compositions have 
been identified in fibrous diamonds: saline, high-Mg carbonatitic, low-Mg carbonatitic, and silicic. B: The car- 
bonatitic fluid compositions overlap in the ternary diagram but can be separated in a Cl vs. MgO plot. Data com- 
piled from Izraeli et al. (2001); Klein-BenDavid et al. (2004, 2007, 2009); Kopylova et al. (2010); Schrauder and 
Navon (1994); Shiryaev et al. (2005); Smith et al. (2012); Tomlinson et al. (2006); Weiss et al. (2009); and Zedgeni- 


zov et al. (2007a). 


a set of crystallographically controlled, space-filling 
branches in three dimensions, typically producing an 
overall cuboid shape (figure 6). The chemical compo- 
sition of HDF inclusions in fibrous diamonds has 
been measured by several methods, with electron 
probe microanalysis (EPMA) being the most com- 
mon. HDF compositions can be described in terms of 
four end members (figure 7). There is a silicic end 
member rich in Si, K, Al, Fe, and water; a low-Mg car- 
bonatitic end member rich in Ca, Fe, K, Mg, and car- 
bonate; a high-Mg carbonatitic end member rich in 
Mg, Ca, Fe, K, and carbonate; and a saline end mem- 
ber rich in Cl, K, Na, water, and carbonate (Navon et 
al., 1988; Izraeli et al., 2001; Tomlinson et al., 2006; 
Klein-BenDavid et al., 2007; Weiss et al., 2009). Com- 
positional variability between end members defines 
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a transitional array bridging the silicic and low-Mg 
carbonatitic end members. The well-populated com- 
positional array between silicic and low-Mg carbon- 
atitic end members may be explained in terms of 
near-solidus melt compositions with varying 
H,O/CO, ratios in eclogite host rocks leading up to 
diamond formation (Elazar et al., 2019). In contrast, 
the saline and high-Mg end members are more de- 
tached in compositional space. Only a few diamonds 
exhibit transitional compositions between saline and 
high-Mg carbonatitic end members (Klein-BenDavid 
et al., 2006) as well as between saline and silicic end 
members (Tomlinson et al., 2006; Weiss et al., 2009). 

Trace element measurements by mass spectrom- 
etry, with both traditional LA-ICP-MS and offline 
laser ablation ICP-MS, reveal high degrees of trace el- 


Gems & GEMOLOGY FaLL 2022 281 


ement enrichment in the fluids. Trace element pat- 
terns define two major groupings: one that is highly 
irregular, with prominent enrichments or depletions 
of particular elements, and another that is less irreg- 
ular (figure 8). Specifically, the more irregular group 
has depleted compositions of alkali (e.g., K, Rb, Cs) 
and high field strength elements (e.g., Ta, Nb) and en- 
riched large ion lithophile element concentrations 
(e.g., Ba, U, Th), while the less irregular group has 
lower large ion lithophile element concentrations 
(Tomlinson et al., 2009; Weiss et al., 2009, 2013; 
Klein-BenDavid et al., 2010; Smith et al., 2012;). The 
more irregular patterns are thought to relate to fluid 
interaction with the subcontinental lithospheric 
mantle, while the less irregular patterns may be a sig- 
nature of the convecting mantle beneath the litho- 
sphere (Weiss et al., 2013). 


By combining trace elements with strontium iso- 
tope analyses, the origin of the saline fluid end mem- 
ber has been linked to the involvement of subducted 
oceanic crust altered by seawater, because seawater 
is known to have a very enriched *’Sr/*°Sr isotope 
composition (Weiss et al., 2015). Furthermore, chem- 
ical evolution of such a fluid percolating through peri- 
dotitic and eclogitic rocks in the lithosphere is 
proposed to account for the compositional ranges of 
carbonatitic and silicic fluids (Weiss et al., 2015). 
High-Mg carbonatitic fluids may result from near- 
solidus melting in peridotite, while silicic-to-low-Mg 
carbonatitic fluids may reflect melting in eclogite 
(Tomlinson et al., 2009; Weiss et al., 2009, 2011, 
Klein-BenDavid et al., 2014; Elazar et al., 2019). Fi- 
brous diamonds therefore provide a key signal of the 
input of subduction-derived seawater fluids for fi- 


Figure 8. Trace element patterns in diamond define two prominent categories. One is a more irregular pattern with 
conspicuous enrichments or depletions of particular elements, while the other is less irregular. Trace element 
measurements from both fibrous diamonds and gem-quality diamonds can be highly variable, but they consis- 
tently exhibit characteristics of these two end members or their combinations, regardless of geographic prove- 
nance. The horizontal axis shows trace elements of geologic interest, while the vertical axis shows their 
concentration, normalized to primitive mantle model concentrations of McDonough and Sun (1995). Plotted data 


show fibrous diamond analyses from Weiss et al. (2013). 
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brous diamond growth. These fluids may also lead to 
metasomatism of the lithospheric mantle (Miller et 
al., 2014; Weiss et al., 2015). 

Fibrous diamonds and their purer gem-quality di- 
amond counterparts therefore reveal two overarching 
trace element patterns, thought to reflect two major 
geological processes governing their formation in the 
mantle. Measurements in both fibrous and gem dia- 
monds show that diamonds from different deposits 
can have similar patterns. For example, a striking 
similarity in trace element patterns has been found 
between suites of fibrous diamonds from two differ- 
ent Canadian deposits: the Wawa area of Ontario and 
the Ekati mine in the Northwest Territories (Smith 
et al., 2012). These findings suggest it might not be 
uncommon to encounter instances where complete 
overlap precludes an origin determination on the 
basis of trace elements alone. Conversely, diamonds 
from the same deposit can have dissimilar patterns, 
which is not surprising given the fact that many de- 
posits contain multiple diamond populations with 
geologically distinct sources in the mantle. 


Laser-Induced Breakdown Spectroscopy. As a com- 
paratively new analytical technique applied to dia- 
mond, LIBS might offer an alternative way to 
capture chemical characteristics. It involves focus- 
ing a rapidly pulsed laser (the same kind as used for 
LA-ICP-MS) onto the sample to form a plasma and 
analyzing the spectrum of light emitted to reveal the 
characteristic wavelengths from elemental and mo- 
lecular emissions (figure 5C; Senesi, 2014, Harmon 
and Senesi, 2021). The laser spot size is normally 
tens to hundreds of micrometers in diameter. Typi- 
cal detection limits for most elements are in the tens 
of ppm range (Harmon and Senesi, 2021), but modi- 
fied techniques such as double-pulse LIBS or 
nanoparticle-enhanced LIBS can potentially increase 
the signal-to-noise ratio and lower the detection lim- 
its (Koral et al., 2018). 

LIBS has a wide range of applications and has been 
used previously to characterize major and trace ele- 
ments in a variety of gemstones (Rossi et al., 2014), 
including efforts toward origin determination of ruby 
and sapphire (Kochelek et al., 2015). For gem-quality 
diamonds, most element concentrations fall well 
below LIBS detection limits. Nevertheless, each 
spectrum captures a complex combination of signals 
whose peak shapes and positions are affected by 
many variables. 

Multivariate statistical analysis can be used to 
recognize shared or differentiating features among 
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sample suites (Harmon and Senesi, 2021). It is possi- 
ble to compare entire emission spectra for differ- 
ences, which can potentially be used to recognize 
geological and geographical patterns, even if the spec- 
tra are not deconvoluted into properties such as trace 
element concentrations. This is a powerful capability 
of LIBS spectroscopy. Upon comparing spectra, how- 
ever, it is crucial to account for the fact that spectra 
collected in multiple analytical sessions can have sig- 
nificant differences arising from day-to-day 
changes—for example, in temperature, humidity, 
laser stability, and so on. To ensure data reliability, 
for LIBS or any other technique, it should be possible 
to measure a specimen multiple times, independ- 
ently, and reproduce the same result. 

One pilot study has attempted to use LIBS to dis- 
tinguish diamonds by their different geographic ori- 
gins. In this initial study involving multiple suites 
of 30 natural diamonds each, sourced from 12 dif- 
ferent localities, plus two suites of laboratory-grown 
diamonds, McManus et al. (2020) proposed that it 
was possible to discriminate between the diamonds 
from different sources. Variable elemental emis- 
sions were observed from H, C, N, Na, Mg, Al, Si, 
K, Ca, Ti, V, Cr, Fe, Co, Ni, Cu, Sr, Ba, O, Ne, and 
Ar (the carrier gas). However, these analyses were 
performed on natural rough surfaces cleaned only 
with isopropyl alcohol rather than extensive acid 
leaching (compare with McNeill et al., 2009), which 
means the LIBS spectra could include surface con- 
tamination (that could in itself be origin-specific). 
Even after apparently ablating down through the 
surface with successive laser pulses, lingering for- 
eign materials on the diamond surface and in shal- 
low surface-reaching fractures could overwhelm the 
comparatively scant abundance of trace elements 
actually inside a diamond. 

Regardless, a significant differentiating factor in 
the McManus et al. (2020) LIBS data lies with molec- 
ular C-C and C-N emissions (from the two most 
abundant elements in diamond, C and N)}, not just 
trace element characteristics. It is not clear what in- 
formation these C-C and C-N peaks contain. Poten- 
tially, the C-C and C-N molecular emissions vary as 
a function of carbon and nitrogen isotope composi- 
tion. Isotopic shifts in optical features are orders of 
magnitude greater for molecular emissions than for 
atomic emissions (Harmon and Senesi, 2021). The C- 
C and C-N peaks may also vary with nitrogen con- 
centration and nitrogen aggregation state. However, 
many measurements of these carbon- and nitrogen- 
related variables from previous studies using other 
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methods do not show geographic distinctions (e.g., 
figures 3 and 4). Although it is possible that C-C and 
C-N emissions, perhaps under the influence of trace 
elements or lattice defects, contain rich and complex 
information, the specific constituents with the po- 
tential to convey geographic differences remain un- 
certain. It is also unclear how to ensure data quality 
without first understanding the meaning of spectral 
features of interest. 

Alternatively, the observed C-N peaks reported 
by McManus et al. (2020) could reflect small and 
variable contributions from atmospheric nitrogen 
contaminating the argon gas flowing over the sample 
surface. This possibility cannot be dismissed, be- 
cause the study did not include any nitrogen-free di- 
amond samples or standards or measurements of the 
possible dynamically variable trace nitrogen content 
of the atmosphere in the ablation chamber. Also, the 
sensitivity of LIBS to nitrogen in diamond remains 
unclear. An unrelated study comparing point analy- 
ses in different crystallographic sectors of a labora- 
tory-grown diamond found differing C-C and C-N 
emission intensities that were argued to correlate 
with different assumed nitrogen concentrations 
(Lebedev et al., 2020), but again it is difficult to en- 
tirely rule out atmospheric influences. Without more 
details of the analytical routine and data handling, it 
is difficult to evaluate the results. 

As with any spot analysis, LIBS spectra collected 
from a single point may fail to account for internal 
heterogeneity. Diamonds often have heterogeneous 
growth layers in terms of nitrogen concentration, 
nitrogen isotope composition, and carbon isotope 
composition that may lead to non-uniform C-C and 
C-N emissions. The pilot study of McManus et al. 
(2020) does not appear to have explored spatial vari- 
ations within samples. In addition to heterogeneity 
within individual diamonds, it is also important to 
account for the fact that many diamond mines con- 
tain multiple populations with distinct properties. 
Future studies should attempt to capture these 
variables. 

A further challenge with LIBS is that the spectra 
contain artifacts specific to the instrument used, 
meaning spectra collected on a given instrument are 
best compared against others collected with the same 
equipment (Harmon and Senesi, 2021). Although 
LIBS offers many appealing aspects as an analytical 
tool, such as speed and simplicity, its suitability for 
evaluating and comparing gem-quality diamonds re- 
mains to be demonstrated. 
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PRESERVING GEOGRAPHIC ORIGIN 
INFORMATION FROM THE TIME OF MINING 


As an alternative to inferring origin based on an in- 
dependent assessment of diamond properties, find- 
ing a way to preserve this information from mine to 
market offers some advantages. If the origin is re- 
tained and certified through documentation or other 
means, it can be stated as a fact rather than as an in- 
ference or opinion, and it avoids the potential prob- 
lem of multiple localities having diamonds with 
unresolvable, overlapping physical and geochemical 
characteristics. Perhaps the greatest advantage is 
that it is a simple and straightforward approach that 
can be accomplished with existing tools, albeit with 
logistical challenges. 

There are now several industry initiatives for di- 
amond traceability, given increasing attention to cor- 
porate governance, environmental impact, and social 
responsibility. For example, De Beers has developed 
a traceability initiative called Tracr that uses 
blockchain, a secure digital record of transactions, to 
allow a given diamond to be traced from mine to 
market. Lucara has its own blockchain traceability 
with Clara Diamond Solutions. Alrosa has developed 
a laser nanomark (capable of being read at any time) 
to identify its rough diamonds in a way that survives 
cutting and polishing. Rio Tinto developed a trace- 
ability program to track diamonds from its Argyle 
mine (now closed) through the supply chain. 

Ultimately, traceability initiatives should encom- 
pass diamonds from both large-scale and artisanal min- 
ers. There is arguably a need for independent 
verification of origin information by third parties not 
involved in the sale of diamonds. Several such compa- 
nies offer ways to verify traceability from mines, 
through the supply chain, including Everledger, using 
blockchain; diamond technology company Sarine, 
with Diamond Journey Traceability; and SCS Global 
Services, through their SCS-007 standard, which in- 
volves verifying supply chain documentation as well 
as collecting chemical information (through a part- 
nered laboratory using LA-ICP-MS]. GIA also provides 
a provenance service called the Diamond Origin Re- 
port, which matches the physical and spectral charac- 
teristics of a polished stone with that of a previously 
submitted rough diamond from a disclosed locality. 
More recently, the Institute launched the GIA Source 
Verification Service, which verifies origin information 
using supply chain documents and invoices from vet- 
ted manufacturers and provides this information 
through its online GIA Report Check service. 
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This level of investment in traceability by multi- 
ple stakeholders is a promising step forward. Preserv- 
ing the geographic origin information is an exciting 
prospect not only for consumers, but also for dia- 
mond geologists. Just like fossils, meteorites, and 
mineral specimens, diamonds have a greater value to 
the consumer and to the scientist when they can be 
tied back to a specific community, geological setting, 
age, or process. 


CONCLUDING REMARKS 


Relative to mantle-derived diamond, gem minerals 
that formed in the crust are more amenable to infer- 
ring provenance on the basis of trace element analy- 
sis. Crustal minerals tend to incorporate higher 
concentrations of trace elements as they grow, and 
there is inherently more geochemical variability in 
crustal rocks (see the G#G Winter 2019 special issue 
on origin determination for colored gemstones). For 
example, trace elements have been widely employed 
with reasonable success for discriminating the mine 
of origin for ruby and sapphire (Saminpanya et al., 
2003; Abduriyim and Kitawaki, 2006; Peucat et al., 
2007; Pornwilard et al., 2011; Harlow and Bender, 
2013; Sutherland et al., 2015). But even under these 
more favorable circumstances, when two different 
localities offer similar geological settings there can 
still be problematic overlap in trace element charac- 
teristics, such as for deposits of marble-type ruby and 
metamorphic blue sapphire (Krebs et al., 2020). 

The recognized and resolvable varieties of natural 
diamond based on all measurable properties corre- 
spond to geological variables such as host rock type, 
the pressure and temperature conditions of crystal 
growth, and the composition of diamond-forming 
fluids. Generally these resolvable varieties, such as 
gem-quality lithospheric peridotitic or eclogitic dia- 
monds, are not restricted to a single geographic ori- 
gin. Instead, they occur across multiple deposits on 
a global scale, and multiple varieties can be observed 
within a single deposit. 

Diamonds from different deposits can have indis- 
tinguishable trace element characteristics, and dia- 
monds from the same deposit can have marked 
dissimilarities. The underlying patterns that have 
been recognized within trace element data are asso- 
ciated with geological processes, irrespective of geo- 
graphic origin. If there are features unique to 
individual deposits, they must be subtle features, 
masked by the more pronounced overarching geolog- 
ical variations that are responsible for characteristics 
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such as inclusion mineralogy or the appearance of en- 
riched versus non-enriched trace element patterns. 

Observations to date suggest that trace element 
analysis may not be a definitive approach for infer- 
ring diamond origin. Although current techniques 
to quantitatively analyze trace elements in diamond 
are time-consuming, expensive, and somewhat de- 
structive to the sample, these are not the principal 
hindrances. Even well-controlled, quantitative 
measurements made using offline laser ablation 
techniques do not appear to show distinct signa- 
tures associated with different mines. In other 
words, future improvements to methods for meas- 
uring trace elements are not necessarily expected to 
resolve this issue—and even if they could, it might 
not translate into a feasible routine service for 
faceted gem-quality diamonds. Importantly, any 
methodology must be capable of scaling up from 
preliminary studies involving hundreds of dia- 
monds to high-quality datasets involving hundreds 
of millions of diamonds in order to be viable for 
commercial origin determination. 

Given the interest and importance of this issue, 
it may be worth further exploring a combination of 
techniques using large sample suites. GIA continues 
to actively investigate this challenge to see whether 
some level of origin determination is possible, even 
if the odds of success appear to be low. For now, 
however, all reliable and rigorous services to estab- 
lish the geographic origin of a diamond depend on 
retaining country-of-origin and/or mine-of-origin in- 
formation from mine to market, rather than at- 
tempting determination through independent 
geochemical analysis. 

In short, the absence of a feasible method to ac- 
curately determine diamond origin is due to a com- 
bination of geological and analytical limitations: 


1. Diamonds from different mines often form by 
comparable geological processes in the mantle 
and have overlapping physical and chemical 
characteristics. 

2. Trace element data collected to date, though 
necessarily limited, show no clear evidence of 
distinct geographic signatures. 

3. Even if the initial results were encouraging, 
the only proven method for quantitative trace 
element analysis of gem-quality diamond is 
prohibitively slow, expensive, high-tech, and 
destructive. These limitations preclude a 
large global-scale investigation into origin 
discrimination. 
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Jewelers Notebook 
of Memories 


(Continued from page 20) 


of circumstances began to affect sales and 
frequently when I would offer zircons to 
other retailers they would turn me down. 
What could I say? Not much, but I had a 
very sour taste in my mouth. I regretted 
this “killing of the goose that laid the 
golden egg.” 

Now please look at another aspect of 
merchandising the zircon, which a jewelry 
firm in Portland utilized to make money 
with this beautiful stone. About 1926 they 
began to specialize in fine blue zircons. 
They bought the best and mounted them 
boldly into the best mountings. Every piece 
made for the stone was creditably designed. 
Some were merely beautiful artistic designs 
without diamonds and others were elabor- 
ately made with diamonds. The zircon 
business was thereby dramatized and placed 
into the jewelry class in a manner that was 
worthy of the attention and interest of the 
wealthier buying public. Zell Brothers, who 
had introduced this manner of merchan- 
dising zircons, gained a national reputation 
in the trade. They profited by this policy 
while their competitors shared the benefits. 
Long after the zircon business died in some 
areas, it continued good in the Northwest. 

Concerning zircons today, as the old say- 
ing goes “what goes up must come down.” 
Beginning as unknown gemstones they were 
appreciated by the public until a certain 
saturation point had been reached and then 
their sale started to slow down. About this 
time, a new stone came into the limelight 
and took the interest away from zircon in- 
sofar as the buying public was concerned. 
This then new stone is none other than 
synthetic rutile, or titania. Its marvelous 
display of prismatic colors eclipsed — the 
dispersion of the zircon to such a degree 


that the zircon market has been substantial- 
ly depressed. 


In bidding you a temporary goodbye, I 
wish to sum up my articles by pointing out 
that gemology to me represents not only my 
business and my hobby, but also a source 
of pleasure. If in reading these articles you 
have shared that feeling with me, then I 
shall feel a definite sense of accomplish- 
ment. All of us have had experiences with 
gemstones that are more than mere busi- 
ness experiences. In the future, I plan to 
try to bring to you other episodes concern- 
ing gemstones new and old, in the hope 
that you will approve and also continue to 
share my feeling in regard to gemology. 


Book Heviews 


FUNDAMENTALS OF PHYSICAL 
SCIENCE by Dr. Konrad Bates Krauskopf. 
New 3rd edition published by McGraw-Hill 
Book Company, New York; $6.00. Re- 
viewed by E. S. 

Dr. Krauskopf, professor of geochemis- 
try at Stanford University, has enlarged and 
revised to date his excellent work on the 
physical sciences in this new third edition. 
The Fundamentals of Physical Science was 
first published in 1941 and the second edi- 
tion came off the press in 1948. The chief 
value of Professor Krauskopf’s book is the 
excellent manner in which he has correlated 
the fundamental funds of knowledge accu- 
mulated in the fields of astronomy, chem- 
istry, geology and physics. Today’s scien- 
tific researcher finds his efforts combine so 
fully the important aspects of what he once 
considered separate scientific fields that such 
a correlation is invaluable. The reader is 
taken through the early theories developed 
in each of the fields and the effects upon 
these theories of later observation. Revisions 
of the original theories to fit today’s fund 
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SAPPHIRE BENEATH THE RICH BLACK SOIL 
OF MULING, NORTHEASTERN CHINA 


Yimiao Liu and Ren Lu 


The rich black soil of Muling in northeastern China yields not only abundant crops but also glittering gem corun- 
dum. In this study, gemological quality and characteristics and provenance-related features of sapphire from Mul- 
ing are first reported with comprehensive analytical results. Muling sapphire exhibits a wide spectrum of hue 
and saturation. Mineral inclusions (e.g., rutile, zircon, anorthite, and pyrope) as well as other distinctive internal 
features (e.g., polysynthetic twinning accompanied by intersecting tubes, iridescent hexagonal thin films, and 
angular color zoning) are identified by microscopic observation and Raman spectroscopy. Spectral features and 
trace element chemistry of the various colors of gem-quality Muling sapphire are analyzed by 
ultraviolet/visible/near-infrared spectroscopy and laser ablation-inductively coupled plasma—mass spectrometry. 
To assess the characteristics of Muling sapphire against well-known corundum sources worldwide, inclusion 
analysis and trace element discrimination diagrams are utilized. Analytical results indicate that Muling sapphire 
originated from a more diverse geological environment than typical magmatic or metamorphic origin. The Muling 


deposit shows great potential to produce fine gem-quality sapphire material. 


tion and consumption of gems and jewelry in 

the past two decades, and it is the fastest- 
growing consumer market for fine gemstones. Chi- 
nese consumers have led the positive growth trend 
in the global luxury market and are on track to claim 
the largest share of the market by 2025, according to 
a Bain & Company study (Lannes and Zhang, 2020). 
Awareness of colored stones—particularly the classic 
“big three” of ruby, sapphire, and emerald—has 
reached unprecedented heights in China in less than 
a decade. 

Despite its diverse geographic and geological 
landscapes, China has not been known historically 
as a producer of fine-quality gems such as ruby and 
sapphire. The only source of Chinese sapphire 
known to much of the world is Shandong, where 
large and clean but oversaturated blue sapphire is 
mined. During the 1980s and 1990s, other Chinese 
sources were also reported, mostly domestically, in- 


(eve has become a strong force in both produc- 
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cluding Penglai in Hainan Island and Mingxi in Fu- 
jian Province (all along the east coast of China) and 
described as classic magmatic sapphire deposits 
(Keller and Keller, 1986; Keller and Wang, 1986; 
Wang, 1988; Guo et al., 1992). Attempts to lighten 
the sapphire’s color from inky blue to a more mar- 
ketable color (Wang et al., 1992; Cheng et al., 2009) 
have been unsuccessful. This Chinese sapphire ma- 
terial was therefore considered of little economic 
value on the global gem market. The situation is 
similar with ruby production. Ruby has been re- 
ported from the Ailaoshan area in Yunnan Province 
and the Xinjiang Uyghur Autonomous Region with 
little specific description of its quality or gemologi- 
cal characteristics (Galibert and Hughes, 1995; J. 
Zhang et al., 2003; Huang et al., 2021). The percep- 
tion from such reports is that sapphire and ruby from 
China is not of fine quality. 

The perceived scarcity of domestic gem resources 
in China motivated the authors to investigate identi- 
fied corundum deposits for their potential. One is the 
Muling area, which lies on an exceptionally fertile 
black soil region (Sorokin et al., 2021). Our research 
reveals that hidden beneath this rich black soil is an 
underexplored resource of sapphire (figure 1). 
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Figure 1. These Muling sapphires (0.1-8.2 ct) in a variety of shapes and cuts demonstrate the full range of hue, sat- 
uration, and clarity coming from this deposit. Photo by Ren Lu. 


Reports about Muling’s mineral resources are lim- 
ited compared with those about other Chinese corun- 
dum deposits. Su (1990) first reported sapphire 
production in this area. Galibert and Hughes (1995) also 
mentioned the deposit briefly. Jianxun Sun, who 
worked on a geological survey of Heilongjiang Province, 
published studies about the geological characteristics 
of corundum deposits in this region (Sun et al., 2005) 
and documented the mineralogical features of Muling 
sapphire from a geological perspective (Sun, 1995). Qiu 
et al. (2007) investigated the geological background of 
Muling by analyzing zircon megacrysts. Chen et al. 
(2011, 2013) studied the gemological features of gem- 
quality zircon and garnet. However, no publication has 
drawn conclusions about the quality and the prove- 
nance-related characteristics of Muling sapphire. 

The present authors began systematic studies of 
Muling sapphire in 2014 and previously provided a 
brief introduction in G#G (Liu and Lu, 2016). Au- 
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thor RL’s research team studied gem-quality 
megacrysts (garnet, clinopyroxene, and orthopyrox- 
ene) hosted by the Cenozoic alkali basalts in the 


In Brief 


e The Muling deposit, in Heilongjiang Province of north- 
eastern China, produces fine sapphire material. 


¢ Muling sapphire exhibits a wide variety of hues and 
saturations. 
¢ Muling sapphire originated from a more diverse geo- 


logical environment than typical magmatic or meta- 
morphic origin. 


Muling area, providing more information on the 
parental magmatic systems of this area (Hu et al., 
2022). The comprehensive gemological features and 
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9 Muling dis yest RUSSIA 


9 Actual or potential deposits = 


MONGOLIA 


Figure 2. Geographic map of reported corundum oc- 
currences in China. The red marker on the upper right 
represents the Muling area. 


advanced analysis of Muling sapphire, including pre- 
liminary data to aid in origin determination, will be 
presented in this article. 


GEOGRAPHY AND HISTORY 


Muling, with a population of 320,000, is a very small 
community by Chinese standards. It lies in eastern 
Heilongjiang Province, near the Chinese-Russian 
border (figure 2). The Muling River flows through 
this mountainous city from north to south. Al- 
though small, Muling plays an important role. Lo- 
cated on exceptionally fertile land covered with 
black soil, the area has been referred to as the coun- 
try’s “grain basket” (Gu et al., 2018) (figure 3). Mul- 
ing is famous for its richness in natural resources, 
with a saying of “Two yellow, two black, and one 
treasure.” This refers to golden and yellow sun-cured 
tobacco (“two yellow”), coal and graphite (“two 
black”), and gemstones (“one treasure”). With the 
adjoining city of Suifenhe as one of the largest Sino- 
Russian centers, all of these products can be shipped 
across the country by highway. Although the high- 
latitude cold climate limits human activities, it pro- 
tects the natural environment and wild animals. 
Muling is part of the Northeast China Tiger and 


Figure 3. A vast expanse of brightly colored marigolds in a field of black soil in the Muling region. The gem-producing 


region lies in the distance. Photo by Ren Lu. 
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Leopard National Park. These precious animals are 
listed on the International Union for Conservation 
of Nature (IUCN) Red List of Threatened Species 
(Miquelle et al., 2011), and their populations are 
even rarer than that of the giant panda. A rugged, 
warm, and generous character defines the people 
who live here. 

The name Muling is a transliteration of a 
Manchurian word to contemporary Mandarin Chi- 
nese that means “horse breeding farm.” According 
to local annals (Editorial Committee of Muling, 
1989], it was reserved as a “royal forbidden area” and 
served as a horse range for the royal army in the Qing 
Dynasty (1636-1912 CE). This pristine region was 
untouched until World War II. After the establish- 
ment of the People’s Republic of China in 1949, new 
geological surveys targeting strategic ore deposits 
began throughout the country. Potential gem re- 
sources in the Muling area were originally recorded 
in these geological reconnaissance surveys. But it 
was not until the late 1980s that the public took no- 
tice. A series of studies were conducted by the Geo- 
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Figure 4. This photo of 
the Muling sapphire de- 
posit, taken in April 
2018, shows the trom- 
mel left unused. In this 
area, mining operations 
must cease for more 
than half the year be- 
cause of freezing tem- 

§ peratures. The authors 
visited the mining site 
in June 2018, when 
weather conditions per- 
mitted mining activi- 
2e— ties. Photo by Aijun Yi. 


logical Survey of Heilongjiang Province to search for 
gem resources. 

Starting in the late 1990s, Muling attracted the at- 
tention of gem traders from Thailand, who forged an 
agreement with the local government and brought in 
mining machinery. One of the machines was left in 
Muling and is still fully functional today (figure 4). 
Aijun Yi, former director of the mineral resource ad- 
ministration in Muling, participated in cooperative ex- 
ploitation. This cooperation continued until 2002, and 
he recalled that the total production of corundum dur- 
ing official mining activities from the late 1990s to 
2002. was 10,000 carats (Yi A., pers. comm., 2018). 
After that, commercial mining activities ceased until 
small-scale mining was carried out by a domestic min- 
ing company for a few months in 2017. Due to the pol- 
icy of prime farmland preservation, however, there is 
no mining in Muling as of the time of this writing. 
Local farmers usually collected gemstones such as 
corundum, garnet, and feldspar from the low-lying 
area downstream from the mountains, which is said 
to abound with precious stones. 
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Figure 5. Author YL sits on one of the local basalt columns measuring over 50 cm in diameter. Photo by Ren Lu. 


GEOLOGICAL SETTING 


Northeastern China belongs to the eastern segment 
of the Central Asian Orogenic Belt, which lies be- 
tween the North China Craton and the Siberian Cra- 
ton (Wilhem et al., 2012). This area underwent the 
tectonic evolution of the amalgamation during the 
Paleozoic (Wang et al., 2019), overprinted by circum- 
Pacific tectonic events since the early Mesozoic 
(Feng et al., 2019; Li et al., 2020), and then entered a 
phase of the extensive eruption of Cenozoic basalts 
(Pan et al., 2015). The Muling area lies at the north- 
ern section of the Dunhua-Mishan fault, a large 
thrust fault trending N50°E (Wang and Dou, 1997). 
The Dunhua-Mishan fault is a branch of the north- 
ern part of the N-S trending Tan-Lu fault (Wang et 
al., 2001; Y.Q. Zhang et al., 2003; Ling et al., 2017), 
cutting through the Shenyang, Dunhua, and Mishan 
areas and extending into Russia (Ling et al., 2017). 
The Tan-Lu fault is a classic example of lithospheric 
extension between the Xingmeng Orogenic Belt and 
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the Pacific subduction zone (Qiu et al., 2007; Ling et 
al., 2017). 

The corundum-related rocks in the Muling area 
belong to Tertiary basalts, including dense massive 
olivine basalt, basaltic pumice, amygdaloidal basalt, 
and taxitic basalt (figure 5; Sun et al., 2005). Dayan 
Ridge was the main mining site operated by miners 
from Thailand, producing large amounts of sapphire 
of almost all colors as well as a small quantity of ruby 
material. Another mine is found in the small village 
of Guangming. Villagers can occasionally find high- 
quality rough (mainly ruby). Other places such as Li 
Mountain, Gangouzi, and Hanconggou are also ac- 
cessible for villagers to collect rough gems (figure 6). 
These occurrences are all secondary deposits derived 
from basalts, which are regarded as the gem carrier 
(Sun, 1995). During the weathering process, heavy 
minerals are concentrated, including corundum, zir- 
con, spinel, magnetite, ilmenite, augite, garnet (al- 
mandine, pyrope), and hematite. 
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MATERIALS AND METHODS 


Samples. For this study, a few thousand pieces of 
rough corundum were gathered during and after the 
authors’ three field trips to Muling between 2014 and 
2018. More than 70% of these samples were donated 
by Mr. Yi, a lifelong resident who surveyed the Mul- 
ing region throughout his career. The authors found 
20% of the stones from the remnants of the Dayan 
Ridge deposit mined in the 1990s. Around 5% of the 
samples with high gem quality were purchased from 
local farmers through Mr. Yi, especially red samples 
(again, see figure 1). 

From our few thousand pieces of rough, 1,030 were 
grouped according to color (see figures 7 and 8). Of 
these, 311 polished samples were used for more de- 
tailed studies. The 311 stones were grouped according 
to color: the red group (“R,” including all samples with 
a dominant red hue—including pink, orangy pink, pur- 
ple, and purplish red), the light blue group (“LB”), the 
deep blue group (“DB”), the yellow group (“Y”), and 
the green group (“G”). 

The subsequent naming convention for samples 
is color coded (e.g., DB2 for deep blue sample no. 2). 
Near-colorless sapphires are not discussed in this 


paper. The analysis and discussion of low-saturation 
materials, including near-colorless sapphires, will be 
presented in a separate study. 

After visually and microscopically examining all 
samples, 311 stones with suitable size (0.5-3.0 ct) were 
selected, covering a full range of color and not affected 
by open fissures. Of those, 115 were faceted and 196 
were doubly polished into wafers for detailed gemo- 
logical observation and spectroscopic analysis. In ad- 
dition, 77 samples were analyzed for trace element 
compositions. These samples were chosen from pol- 
ished samples of each color group with variations in 
hue and saturation. Sample numbers of both faceted 
and wafer sets can be seen in table 1. Among all 
wafers, only those with desirable optical homogeneity 
underwent a complete set of spectroscopic and in situ 
trace element chemical analysis. Most of the visually 
transparent and homogeneous crystals were further 
found to exhibit various levels of twinning structures 
when illuminated under cross-polarized light. Wafers 
that were optically near perfect or only contained 
minor optical imperfections were also analyzed for a 
relatively complete set of spectroscopic characteriza- 
tions of each color group of samples. 


Figure 6. Geological map of corundum deposits in Muling, captured from a 1:200,000 geological map. Modified 
after Sun (1995). 
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Quaternary alluvial sediments 


Tertiary basalts 


Cretaceous Yilin Formation: 
liparophyre, andesite, and others 


Cretaceous Sipingshan Formation: sandstone, 
rudite interbedded with mudstone 


Proterozoic Heilongjiang Formation: 
labitite, mica-quartz schist 


i= ¥] Late Variscan Epoch: biotite granite 


e Corundum mines 
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| Book He vi ews 


of facts are indicated clearly. As Professor 
Krauskopf stated in the preface to his first 
edition: “It should likewise fill the need of 
the general reader, college trained or not, 
who seeks information about the methods 
of science and the place of science in our 
modern world. For either college student 
or general reader the book requires nothing 
in the way of preparation beyond a lively 
curiosity and a willingness to make some 
effort to train his mind in unaccustomed 
ways of thinking.” 


FIELD GUIDE TO ROCKS AND MIN- 
ERALS by Dr. Frederick H. Pough. 288 
illustrations; 333 pages; published by 
Houghton Mifflin Company, Boston; $3.75. 

The growth of mineral collecting as a 
hobby has been almost too rapid for the 
development of suitable texts. The heavy 
early sale reported on this book is both a 
measure of the demand in this field and the 
excellence of Dr. Pough’s answer to the 
problem. This book serves well both as an 
elementary laboratory manual and as a field 
guide. It is clear that Dr. Pough considered 
carefully the amateur collector’s problems be- 
fore undertaking the unusual approach that 
distinguishes this from texts for training pro- 
fessionals and which makes this book 
particularly useful to the amateur collector. 
A real effort has been made to emphasize 
common characteristics chemically or struct- 
urally in a manner which permits a general 
chemical! classification on the basis of physical 
properties. In his effort to simplify testing 
procedures Dr. Pough has placed heavy em- 
phasis on the use of ultra-violet in testing 
to what seems an advantageous degree. In 
addition he has given some good advice 
for the private collector not only as to col- 


lection methods but to collecting propriety 
and care of the specimens. 

“Ask permission before visiting private 
property if you can, and go easy on the ore 
piles you may find at a mine or quarry. Even 
a few pounds of some minerals, like beryl, 
are valuable and the quarry owner is not like- 
ly to be pleased to find his hoard stripped on 
a Monday morning after leaving it unguarded 
over a weekend. When you have the ownet’s 
permission do not abuse the collecting privi- 
leges granted you, for one bad experience 
will put the whole mineral collecting fra- 
ternity in a bad light. Do not clean out a 
locality or batter up crystals you cannot take 
out yourself; there will be other collectors 
after you. Encourage others to join in the 
hobby; from today’s collectors come to- 
morrow’s professional mineralogists. Join lo- 
cal mineral societies and work to improve 
their meetings. Study sume phase of mineral- 
ogy and make yourself a master of it; you 
will get as much out of your hobby as you 
put into it. Visit the museums and see what 
they have from your localities. Take a pride 
in them and give to them, because the mu- 
seums cannot exist without your support. 
Their only funds for the purchase of speci- 
mens are those you contribute.” 

Of the 333 pages, 235 pages are devoted 
to descriptions of the approximately 200 
minerals considered by Dr. Pough as best 
suited to the text. Undoubtedly no two min- 
eralogists would agree as to which of the 
estimated 2000 minerals should be described 
in a text of this sort. However we could find 
few about which we would be inclined to 
argue. The book contains 254 photographs, 
mostly of mineral specimens from the Ameri- 
can Museum of Natural History collection, 
and of these some 72 are in color. For the 
most part the color plates appear to be of 
high quality. 
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TABLE 1. Number of faceted and wafer samples from each color group of gem corundum 


from Muling, China. 


Color group Red? Light blue Deep blue Yellow Green Total number 
Wafers 78 43 52 10 196 
Faceted stones 34 29 36 10 6 115 
Wafers for trace 97 2 17 5 67 
element analysis 

Faceted stones for trace 4 1 3 1 10 


element analysis 


The red group includes pink, orangy pink, purple, and purplish red. 


Standard Gemological Testing. Standard gemological 
testing was performed at the gemological laboratory 
of the Gemmological Institute, China University of 
Geosciences in Wuhan. An optical duplex gem re- 
fractometer was used to measure the refractive index 
and birefringence of the polished stones. Fluores- 
cence was observed with long- and short-wave UV 
lamps (365 and 254 nm, respectively) in a darkened 
room. Specific gravity was determined hydrostati- 
cally with an electronic balance. 


Photomicrography. Internal features of the 311 pol- 
ished wafer and faceted samples were observed and 
recorded under different magnifications with a Leica 
M205 A camera and a LAS V4.12 system. Various il- 
luminations including darkfield, brightfield, diffused, 
and oblique, together with a fiber-optic light source, 
were utilized as necessary. 


Raman Spectroscopy. To identify mineral inclusions, 
Raman spectra of all 311 samples were obtained at the 
gemological laboratory of the Gemmological Institute, 
China University of Geosciences in Wuhan, using a 
Bruker Senterra R200-L Raman spectrometer fitted 
with a 532 nm laser and magnifications of 20x and 50x. 
The laser power was set at 10 mW. The spectra were 
collected in the confocal mode with a spectral resolu- 
tion of 5 cm"! and an integration time of 20 s. The ac- 
cumulation was set at 5 times until the signal-to-noise 
ratio of the spectra was above 10. Calibration was per- 
formed using the 520.5 cm" line of a silicon wafer. In 
all cases, the RRUFF database (rruff.info; Lafuente et 
al., 2015) was referenced when identifying inclusions. 


FTIR Spectroscopy. To detect potential trace-level hy- 
drogen in gem corundum and hydrous mineral inclu- 
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sions, Fourier-transform infrared (FTIR) spectroscopy 
was performed on all 196 wafered samples using a 
Bruker Vertex 80 spectrometer equipped with a Hy- 
perion 3000 microscope and a combination of beam 
splitters and detectors for the mid- to near-infrared 
ranges (7000-400 cm"). The magnification of the ob- 
jective lens was 15x. The spectral resolution was set 
at 2 cm! with 64 accumulations. 


UV-Vis-NIR Spectroscopy. To illustrate the major 
chromophores’ features, 196 doubly polished wafers 
covering the main color groups—red (including pink, 
orangy pink, purple, and purplish red), light blue, deep 
blue, yellow, and green—were analyzed with ultravi- 
olet/visible/near-infrared (UV-Vis-NIR) spectroscopy 
using a PerkinElmer 650s spectrometer with a 150 
mm integrating sphere accessory. To further clarify 
the quantitative relationship between trace elements 
and spectral absorption, samples were further screened 
and prepared to obtain UV-visible spectra in a more 
focused sampling area. UV-Vis-NIR spectra were col- 
lected using a JASCO MSV-5200 spectrometer 
equipped with a microscope and a 16x objective. The 
sampling area of 400 zm diameter covered the same 
area as the laser spots resulting from laser ablation— 
inductively coupled plasma—mass spectrometry (LA- 
ICP-MS) analysis. Spectra were collected in the 
300-1500 nm range. The spectral resolution was 0.1 
nm with a scan speed of 200 nm/min. 

Four deep blue sapphires with high clarity and no 
noticeable twinning structures (DB2, DB12, DB31, 
and DB35) were prepared as oriented wafers (perpen- 
dicular to the c-axis) and further studied for spectra in 
both orientations and for in situ chemical analysis. 
The optical qualities of samples in other color groups 
were affected by twinning to various degrees. Samples 
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with moderate or minor twinning were selected and 
cut into wafers for the analysis of microscopic-scale 
submillimeter spectroscopy and trace element chem- 
istry. Efforts were made to obtain fully oriented spec- 
tra. However, the optical conditions of the crystals did 
not allow us to precisely determine the orientation of 
each optic axis due to the twinning. For the red and 
light blue groups, partially oriented spectra (o-ray) of 
nine samples were obtained (sample nos. R5, R12, 
R20, R28, R41, LB3, LB7, LB19, and LB29). For the yel- 
low and green group samples, partial or non-oriented 
spectra were obtained (sample nos. Y3-7 and G1-5). 

The absorbance was first corrected by subtracting 
the loss of multiple reflections. The Sellmeier equa- 
tion for corundum was performed to determine a 
given sample’s refractive index and calculate all the 
reflections between the two surfaces (Tatian, 1984). 
Except for reflection, the internal scatter of inclusions 
(Lu, 2012) may impact the spectral baseline of natural 
corundum samples, unlike the high-purity synthetic 
corundum materials. Considering the potential near- 
infrared absorption centered at 880 nm, the spectral 
baseline was then corrected by subtracting the spec- 
tral offset at 1500 nm, where the chromophore’s fea- 
tures were insignificant. The spectroscopic data was 
converted to show absorption coefficient (a, cm=} 
using & = 2.303A/d, where A is absorbance and d is 
the path length in centimeters. 


Trace Element Analysis. LA-ICP-MS analysis was 
carried out at the State Key Laboratory of Geological 
Processes and Mineral Resources, China University 
of Geosciences in Wuhan. The instrument used was 
an Agilent 7500 ICP-MS combined with a GeoLas 
193 nm laser. Laser ablation conditions included a 44 
pm diameter laser spot size, a fluence of 12. J/em?, and 
a 6 Hz repetition rate. Each analysis incorporated a 
background acquisition of approximately 20 s (gas 
blank), followed by 50 s of main acquisition time and 
30 s of washout phase. Three spot analyses were per- 
formed on each sample. The widely used quantitative 
calibration standards of National Institute of Stan- 
dards and Technology (NIST) glass SRM 610 and U.S. 
Geological Survey (USGS) synthetic glasses BCR-2G, 
BHVO-2G, and BIR-1G (Jochum et al., 2005) were 
used as reference materials. The preferred values of 
element concentrations for the USGS reference 
glasses are from the GeoReM database (http://geo- 
rem.mpch-mainz.gwdg.de}. Each analysis was first 
normalized by aluminum, and then a time-drift cor- 
rection was applied using a linear interpolation (with 
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time) for every nine analyses according to the varia- 
tions of SRM 610 (Liu et al., 2008). Offline selection, 
integration of background, analyte signals, and quan- 
titative calibration were performed by ICPMSData- 
Cal (Liu et al., 2008). 

Units of ppmw and ppma were both used for the 
trace element content in this study. The unit ppmw 
was applied in the discrimination diagrams. One 
ppmw means that there is one microgram of trace el- 
ement in one gram of crystal. The unit ppma was ap- 
plied to discuss the impact of trace elements on 
coloration. One ppma means that there is one trace 
element atom for every million atoms of the host 
crystal (Emmett et al., 2003). 


RESULTS 


Sample Grouping Rules. Grouping of samples was 
mainly based on dominant chromophore series: Cr** 
for red (including pink, orangy pink, purple, and pur- 
plish red), Fe?'-Ti** pair for blue, and Fe** for yellow. 
Samples in the Fe**-Ti* series were further divided into 
light and deep blue, which exhibited differences in 
their crystal morphology and inclusion scenes and sug- 
gested differences in geological formation processes. 
Samples with Fe**and combined chromophores of Fe** 
and Fe'-Ti* were separated into yellow and green cat- 
egories, respectively. Analytical data from spec- 
troscopy and trace element chemistry are presented 
following the above chromophore categories. 


Gemological Properties. The Muling gem corundum 
samples in this study covered a wide spectrum of 
hue, encompassing blue, green, yellow, and red series 
(including pink, orangy pink, purple, and purplish 
red) and saturation ranging from light to deep. Sam- 
ples were divided into five groups according to the 
grouping rules above. Deep blue sapphire refers to 
those with a strong saturation (e.g., the faceted blue 
sapphire in the bottom center of figure 1). By con- 
trast, the light blue sapphire material had lower sat- 
uration and high transparency. Other color groups 
(red, yellow, and green) were within a narrower range 
of saturation than the spread between the deep blue 
and light blue groups. In addition to the grouping 
mentioned above, there were a few distinctively bi- 
color samples (less than 0.1%) that combined deep 
blue and yellow within a single stone. 

Samples in the different color groups generally dis- 
played distinct crystal morphology. Samples with 
high saturation (i.e., those in the deep blue group and 
the green group, and the very few deep blue and yel- 
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low bicolor samples) showed little effect from weath- 
ering and appeared mainly as broken pieces with rel- 
atively sharp edges or retained their original crystal 
shapes. Most of the deep blue rough exhibited euhe- 
dral and subhedral crystal shapes (such as barrel or 
tabular) with hexagonal prisms as the dominant crys- 
tal form (figure 7). Some showed six-ray trapiche pat- 
terns. The red group samples mainly displayed 
tabular rounded morphology, while a few showed a 
euhedral hexagonal shape. For the light blue and yel- 
low groups, the rough stones usually exhibited ero- 
sion surfaces with rounded shapes. 

Among all the samples collected from Muling, 
the largest rough stone reached 51 ct (a deep blue 
sample), with the weight of most stones in the 1-3 
ct range. The calculated proportions for each color 
group are provided in figure 8. The red group samples 
(including pink, orangy pink, purple, and purplish 
red) made up the largest proportion of all Muling gem 


Figure 8. A pie chart of the five color groups (plus near-col- 
orless) among the randomly selected ~1,030 Muling corun- 


dum samples. Among them, the red group (pink, orangy 


pink, purple, and purplish red) has the largest share, with 
57%. Deep blue and light blue samples account for 16% 
and 15%, respectively. The rest consist of yellow, green, 
and near-colorless samples (6%, 3%, and 3%, respectively). 
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Figure 7. Rough stones from 
Muling, representing the 
five color groups from this 
study: two light blue sap- 
phires (top left), four deep 
blue sapphires (bottom 
left), seven from the red 
group (including pink and 
purple samples; right), one 
green sample (bottom cen- 
ter), and one yellow sample 
(bottom right). The deep 
blue sapphires displayed 
well-developed barrel or 
tabular crystal shapes and 
predominantly hexagonal 
prisms. The light blue sap- 
phires showed rounded 
shapes and erosion sur- 
faces, while the red group 
consisted mainly of broken 
pieces with erosion surfaces 
or tabular crystals. The 
green and yellow samples 
were all broken pieces. 
Photo by Yimiao Liu. 


corundum, at 57%. Light blue and deep blue sap- 
phires accounted for 15% and 16%, respectively. Yel- 
low sapphires made up 6% of all samples, and green 
sapphires accounted for 3% (figure 8). 


PROPORTION OF MULING GEM CORUNDUM BY COLOR 
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TABLE 2. Gemological characteristics of studied wafer and faceted gem corundum samples from Muling, China. 


Color group Red? Light blue Deep blue Yellow Green 
Number of samples 112 WD 88 23 16 
Transparent to Transparent to Transparent to 
Transparency ; : ‘ Transparent Transparent 
semitransparent semitransparent semitransparent 
ny 1.758-1.760 1.758-1.760 760-62 1739 M52 1.760-1.762 
Refractive 
index 
n, 1.769-1.771 1.768-1.771 1.768-1.770 1.768-1.770 1.768-1.770 
Birefringence 0.008-0.009 0.008-0.010 0.008 0.008 0.008 


Dichroism 


Specific gravity 


Fluorescence 


Medium: pink to 
purplish red 


3.99-4.00 


Long-wave: 
Medium red 


Medium: light blue to 
blue 


3.97-4.12 


Inert 


Strong: blue to 


Weak: yellow to 


Strong: green to 


greenish blue colorless bluish green 
3.98—4.00 3.97-4.10 3.97-4.05 
Inert Inert Inert 


Short-wave: Weak red 


‘The red group includes pink, orangy pink, purple, and purplish red. 


Gemological characteristics by color group are 
summarized in table 2. The sample clarity ranged 
from transparent to semitransparent. Those crystals 
with high clarity and desirable color exhibited obvi- 
ous commercial potential after cutting (again, see fig- 
ure 1). Refractive index ranged from 1.760 to 1.769, 
and specific gravity was around 4.0 + 0.2. Samples in 
the red group showed medium red fluorescence 
under long-wave UV radiation and weak red under 
short-wave UV. Other color groups were inert under 
both long-wave and short-wave UV. 
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Internal Features. Representative photos were cho- 
sen to exhibit both common and rare internal fea- 
tures of the Muling sapphire after thoroughly 
examining the 311 faceted and wafer samples and 
documenting their microscopic characteristics. 
Microscopic examination combined with Raman 
spectroscopy revealed various mineral inclusions 
such as rutile, zircon, anorthite, and pyrope. Rutile 
needles were the most common mineral inclusion, 
occurring in a short arrowhead shape and displaying 
iridescence along certain orientations (see figure 9; 


Figure 9. Left: Long silk and 
short arrowhead needles in 
a pink sapphire, at 60°/120° 
angles. Right: Densely 
packed reflective particles 
in a light blue sapphire ob- 
served under oblique illumi- 
nation. Photomicrographs 
by Yimiao Liu; fields of 
view 0.98 and 1.56 mm, 
respectively. 
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Figure 10. The Raman spectrum of a zircon inclusion in a deep blue sapphire sample matched the reference spec- 
trum for zircon in the RRUFF database. Spectra are offset vertically for clarity. The inclusion is shown in the inset 
photo. Photomicrograph by Yimiao Liu; field of view 0.31 mm. 


this inclusion image comes from the top middle pur- 
ple sapphire in figure 1). Long silk was also common 
in Muling sapphire. 

Zircon inclusions were occasionally encountered 
in deep blue sapphire. These were transparent, well- 
developed prismatic crystals (figure 10), typically iso- 
lated and rarely clustered. Most of them measured 
up to 200 pm long. 

Prismatic and rounded, transparent calcium-rich 
plagioclase crystals (whose Raman spectra matched 
with anorthite) were discovered in a number of light 


blue sapphires (figure 11). Both the mineral identity 
and crystal morphology suggest a protogenetic origin 
(Koivula and Fryer, 1987). 

Garnet, identified by Raman spectroscopy as py- 
rope, rarely occurred as an inclusion and was only 
observed in two stones from the red group and one 
from the yellow group, all with well-developed crys- 
tal forms (figure 12). The size measured up to 200- 
300 pm. 

An unusual multicomponent inclusion was dis- 
covered in one purplish red sample. Micro-sized clus- 


Figure 11. The Raman spectrum of an anorthite crystal inclusion observed in a Muling light blue sapphire 
matched the reference spectrum for anorthite in the RRUFF database. Spectra are offset vertically for clarity. The 
inclusion is shown in the inset photo. Photomicrograph by Yimiao Liu; field of view 0.20 mm. 
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Figure 12. The Raman spectrum of a garnet inclusion observed in a Muling yellow sapphire matched the reference 
spectrum for pyrope in the RRUFF database. Spectra are offset vertically for clarity. The inclusion is shown in the 
inset photo. Photomicrograph by Yimiao Liu; field of view 0.59 mm. 


ters of crystals arranged in different orientations were —_13). Various clusters had different Raman spectra. The 
observed inside a hexagonal negative crystal (figure spectra for points A and B matched with sillimanite 


Figure 13. The Raman spectra of a multicomponent inclusion observed in a Muling purplish red sample, identified 
using Raman spectroscopy and referencing the RRUFF database. Spectra are offset vertically for clarity. The spec- 
trum of point A matched sillimanite, while point B matched anorthite. Double peaks near 700 cnr were present in 
the corundum matrix and in the other regions of this corundum sample and are not from inclusions. The inclusion is 
shown in the inset photo. Photomicrograph by Yimiao Liu; field of view 0.15 mm. 
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and anorthite, respectively. These two cluster types 
were most likely daughter minerals that crystallized 
from the included fluids as temperature decreased. 
Whitish linear inclusions were frequently ob- 
served in red and light blue samples. They occurred 
in specific directions: subparallel or intersecting with 


Figure 16. Well-defined hexagonal color zones in this 
deep blue stone indicate the crystallization process of 
the host sapphire. Photomicrograph by Yimiao Liu; 
field of view 3.94 mm. 
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\= me Figure 14. Left: Uniden- 


tified whitish linear in- 
clusions intersect in an 
angular-shaped pattern 
in a Muling purple sam- 
ple; field of view 3.16 
mm. Right: A pink sap- 
phire showed sub- 
parallel dotted lines 
with fringes; field of 

} view 3.25 mm. Photomi- 
crographs by Yimiao Liu. 


Figure 15. Left: Between 
crossed polarizers, this pur- 
ple sample shows polysyn- 
thetic twinning. The inner- 
lamellar spacing measured 
~0.9 mm. Right: A doubly 
polished purple sapphire 
wafer shows two sets of 
twinning planes with a 54° 
angle under cross-polarized 
light. Photos by Yimiao Liu. 


each other (figure 14). Magnification showed dotted 
lines with fringes (figure 14, right). These linear fea- 
tures were not positively identified by FTIR and 
Raman spectroscopy. Polysynthetic twinning was 
also common in red and light blue samples (figure 
15). Under cross-polarized light, multiple sets of 
twinning sometimes intersected with each other 
where linear inclusions occurred along the intersec- 
tions (figure 15, right). 

There are some other notable internal features in 
Muling sapphire. Angular color zoning was observed 
only in deep blue sapphire (figure 16), which has not 
been observed in the other color groups. 

Thin films occurred in both green and light blue 
sapphires (figure 17). Their hexagonal shapes or an- 
gular iridescent patterns were closely related to the 
crystallographic symmetry of the host sapphire. All 
of the thin films reflected light at the same time be- 
cause the crystal planes were identically oriented. 
Most were accompanied by a round elongated inclu- 
sion in the center. However, Raman spectroscopy 
failed to positively identify this type of inclusion. 

Fissures and fingerprints as secondary inclusions 
were usually observed in the edge area of rough 
stones (figure 18, left). Triangular growth features 
were also common on the surfaces of samples from 
all color groups (figure 18, right). 
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FTIR Spectral Features. FTIR spectroscopy was per- 
formed on 196 wafer samples in each color group. Ten 
percent of 52 deep blue wafers studied displayed peaks 
at 3310 and 3233 cm (see sample DB3 in figure 19), 
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Figure 17. Left: An elongated 
crystal inclusion within a 
thin-film decrepitation halo 
in a green sapphire, showing 
a geometric distribution of 
interference colors; field of 
view 0.42 mm. Right: An 
orthohexagonal thin film 
conforming to the sapphire’s 
crystal symmetry; field of 
view 0.86 mm. Photomicro- 
graphs by Yimiao Liu. 


Figure 18. Left: Fingerprints 
with tiny negative crystals 

| ina light blue sapphire, ob- 
served under oblique illumi- 
nation; field of view 1.82 
mm. Right: Surface details 
of a pink sapphire, showing 
triangular crystal growth 
terraces; field of view 2.28 
mm. Photomicrographs by 
Yimiao Liu. 


which can be assigned to the intrinsic OH defects 
(Beran and Rossman, 2006). Nevertheless, 90% of deep 
blue samples and samples from other color groups 
showed no significant peaks (again, see figure 19). 


Figure 19. The FTIR 
spectra of representative 
samples from each 
group. Samples DB3, 
DB12, and DB31 were 
selected to represent the 
deep blue group, in 
which DB3 displayed 
sharp peaks at 3310 and 
3233 cm. Samples Y3, 
LB19, G2, and R1 repre- 
sented other groups 
with no significant 
peaks shown in the 
4000-3000 cm range. 
Spectra are offset verti- 
cally for clarity. 
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TABLE 3. Concentrations of key trace elements in gem corundum from Muling, China. 


Color group Red? Light blue Deep blue Yellow Green 

Number of 31 13 20 7 

samples 

Number of 102 42 72 24 21 

analyses 

Dheee R M R Mean Ran Mean Ran Mean Ran Mean Detection 
Aleonte ange ean ange e ange ea ange ea ge lnmite 

ppmw? 
Mg 21-139 60 27-182 86 bdlt-212 40 7 Be 33-63 49 3 
Ti 16-203 74 28-261 128 41-1162 323 5-199 52 51-90 72 1.5 
Vv bdl-49.3 14.6 3D=3O/ 23.6 bdl-75.3 30.5 1.4-9.6 49 Su Ae9 16.2 0.2 
140-— 
Cr 1 970 bdl-293 39 bdl-74 14 bdl-94 30 bdl-33 9 4.9 
0274 
il939- 2948— 1834— 4530- A753 — 
Fe 7192 4251 9133 5651 13162 4958 12151 7155 8337 6380 BS 
Ni bdl-46 = bdl-56 6 bdl-31 = bdl-8484 71 bdl-12 — 4.5 
Ii98= 20.2 
Ga PNA) BW SAO R—7/S)5) AHS) 201.9 158.8 336.2 115.7 28.6-69.3 42.4 0.6 
ppma* 
Mg WANS 49 22-149 70 bdl-173 33 4-58 28 27-51 40 2 
Ti 7-88 32 12=113 54 17-505 137 2-86 22 21-39 31 0.7 
Vv bdl-19.7 a) pS —2379) 9.4 bdl-30.1 22 0.6-3.8 U2) 1.3-16.8 6.5 0.08 
Cr 54-3958 329 bdl-113 14 bdl-28 6 bdl-36 12 bdl-13 4 1.9 
1056- 1623— 1702— 

Fe 695-2576 1523 3271 2024 657-4714 1776 4352 2563 2986 2285 9 
Ni bdl-16 = bdl-19 2 bdl-10 bdl-288 24 bdl-4 _ 1.5 
Ga 6.2-16.4 10.7 6:6-2.1)-7 12.0 34.4-58.1 45.7 D.0-90.7) 3558) 8.2=19'9 12 0.2 
“The red group includes pink, orangy pink, purple, and purplish red. 

bobpmw = parts per million by weight or pg/g 

‘bdl = below the detection limit of the analysis; mean values below the relevant detection limits are omitted. 

4One abnormal high nickel value for yellow might have been caused by the instability of the instrument. 

*ppma = parts per million atomic; ppm. Kenolecular Weg pt Or ALON 

= , = x 

PP ae PPM = stomic weight of the element 
304 — SAPPHIRE FROM MULING, CHINA Gems & GEMOLOGY FALL 2022 


UV-VIS-NIR SPECTRA 


— RMI 


694, Cr3+, R line 


10 450, Fe** combination 
5 \ 


0 T T T 


40 
TS 
T —— R5 
§ 
 i0) 
Fd 
Ld . 
oO 25 -4| 330, Fe**-Fe** pair 
a 
oo 378, Fe**+-Fe** pair 
O 20 
rw) 388, Fe** 560, Cr**, U band 
Zz 
Oo 1 410, Cr?*, Y band 
= 
o 
a 
ie} 
i?) 
==) 
< 


Figure 20. UV-Vis-NIR 
spectra comparing two 
pink sapphires with dif- 
ferent saturations (sam- 
ple nos. R41 and R&). 
-* The areas analyzed are 
shown in the inset pho- 
tos, indicated by the 
white circles (400 um 
diameter). 
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Chemical Analysis. Seventy-eight samples from Mul- 
ing were measured by LA-ICP-MS, and the trace ele- 
ment composition varied according to bodycolor. Table 
3 shows regular concentrations and atomic concentra- 
tions of trace elements (magnesium, titanium, vana- 
dium, chromium, iron, nickel, and gallium) that may 
directly or indirectly impact the samples’ coloration or 
origin determination (for individual stone data, see sup- 
plementary information at https://www.gia.edu/gems- 
gemology/fall-2022-sapphire-from-china). Value ranges 
and corresponding mean values and detection limits are 
displayed in this table. Elements such as magnesium, 
titanium, vanadium, iron, and gallium, although with 
various concentrations, occurred in all groups regardless 
of color, while chromium occurred mainly in the red 
group. When the average value of elements was below 
the relevant detection limit, the data was omitted. Some 
isotopes such as °Be, Zr, °Nb, and !*'Ta displayed de- 
tectable values near detection limits sporadically, with 
one or two spots among all data. It is likely that laser- 
ablated microscopic particulates contained these ele- 
ments (Lu and Shen, 2011; Pardieu, 2013; Emori et al., 
2014). This data is not presented in table 3 because it is 
not directly related to the corundum. 

Other measured isotopes (’Li, 'B, “Sc, *°Mn, Co, 
“Zn, SRb, Sr, °Y, Mo, "Sn, Cs, 87Ba, 8°La, “Ce, 
M6NId, '4’Sm, !°Eu, 'SHf, !°W, and Th) were generally 
below detection limits or less than a few ppmw. Al- 
though silicon is common in corundum (Emmett et al., 
2017), it is beyond the scope of this article due to the 
poor detection limit caused by the mass interference. 
Furthermore, the explanation of coloration would be 
affected by the unaccounted incorporation of Si**. 
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UV-Vis-NIR Spectral Features. The main color hues 
and saturations of Muling sapphire were examined 
using quantitative UV-Vis-NIR spectroscopy. Data 
were collected in the range extending to 1500 nm in 
the infrared region, beyond which no known chro- 
mophores exist (see, e.g., figure 22). All trace element 
analyses were performed over the spectrally analyzed 
local areas. The two sets of data (spectral and chem- 
ical) are highly correlated via the application of a UV- 
visible spectrometer equipped with a microscope. 
The real chromophore mechanisms of samples from 
each color group were then determined according to 
the rules of impurity interactions in corundum (Em- 
mett et al., 2003, 2017). 


Red Group (Pink, Orangy Pink, Purple, and Purplish 
Red Sapphire). The main chromophore features of 
red group samples in different saturations are shown 
in figure 20. Non-oriented UV-Vis-NIR spectra were 
acquired due to the twinning structures in the red 
group samples. Pink sapphires R5 and R41, with 
chromium contents of 197 and 473 ppma, respec- 
tively, were selected as representative of the red group 
to demonstrate variations in saturation. As seen in fig- 
ure 20, these absorption spectra show evident Cr** fea- 
tures (i.e., Y band at 410 nm, U band at 560 nm, and 
R-line at 694 nm; Powell, 1998) superimposed by the 
Fe** absorptions (peaks at 378, 388, and 450 nm and a 
shoulder at 330 nm; Ferguson and Fielding, 1971 and 
1972). The heights of the U band and Y band are pos- 
itively associated with chromium content (table 4). 
Since the Fe**-Ti* pair is an effective chromophore 
with a strong absorption cross section (Dubinsky et 
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PERCY K. LOUD 


GEMOLOGICAL DIGEST 
LOUD RETIRES AS PRESIDENT 
OF WRIGHT, KAY & COMPANY 

The board of directors of Wright, Kay & 
Company, leading jewelers of Detroit, Mich’- 
gan, announced recently the retirement of its 
president, Percy K. Loud, who will continue 
to actively pursue his other interests. 

Percy K. Loud first joined the firm at the 
age of 12, serving as a holiday employee. 
Upon Robert Kay's retirement his progress 
and rapid development in executive roles 
soon led to a road of steady advancement. He 
was appointed secretary, followed by his 
promotion to the office of treasurer in 1919. 
He retained both positions until his elevation 
to president treasurer in 1944, He resigned 
the respons:hilities of treasurer in 1949. 
During the 43 yours he was associated with 
the firm, Mr. 
organizations and activities designed to raise 
the standards of the jewelery industry. 


Loud was active in many 


He has given many years of service to the 
advancement of the scence of gemology 
without recompense. Mr. Loud and Walter 


Jaccard of Kansas City organized the Nation- 
al Jewelers Research Group, Loud becoming 
the first secretary-treasurer and member of 
the Board of Directors. On the retirement of 
Jaccard, Loud became chairman. He also was 
active in the organization of the American 
Gem Society and became the first chairman 
of their International Committee. For many 
years Mr. Loud has contributed much to the 
growth of the Gemological Institute of 
America and was one of the members of the 
first Board of Governors, also serving as 
treasurer of the Institute from 1942 until 
1948. He is currently chairman of the Board 
of Governors of the Gemological Institute 
of America and a member of the Board of 
Trustees of the Endowment Fund. Mr. Loud 
also serves as Michigan representative of the 
Jewelers Vigilance Committee. 


BLUE DIAMONDS FROM ATOMS? 
An item appeared recently in the Wall 
Street Journal as follows: 


WANT A GREEN DIAMOND? 
ATOM RAYS MAKE THEM 

NEW YORK—Green or yellow dia- 
monds may become a jewelry fashion 
rage of the future. 

Scientists at the British atomic plant 
at Harwell, England, have been experi- 
menting with making such colored 
stones by bombarding regular water- 
white diamonds with atomic particles 
inside a nuclear reactor. The bombard- 
ment changes the structure of the dia- 
mond crystal, which in turn changes its 
color. 

Blue diamonds are occasionally found 
in nature and are worth much more than 
white ones. Dr. J. F. H. Custers, acting 
director of Diamond Research Labs, an 
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TABLE 4. Trace element compositions (in ppma) of representative red group 


samples (R41 and R5) from Muling, China.* 


Sample no. Mg Ti Vv 
BF 12 3.4 
R41 
(4) (1) (0.2) 
30 15 333) 
R5 
(1) (2) (0.4) 


Cr Fe 

473 910 
(7) (11) 
197 1821 
(5) (34) 


"Average concentrations of three LA-ICP-MS data in each sample are shown with the standard deviation (ppma) 


in parentheses. 


al., 2020), concentrations of a few ppma will produce 
observable coloration. The titanium in these two sam- 
ples with concentrations above 10 ppma (table 4) 
showed little effect on the spectra, perhaps due to the 
existence of magnesium (Emmett et al., 2003, 2017). 
Low amounts of other elements such as vanadium 
(table 4) had limited effect on the spectra. 


Light Blue Group. After carefully examining all 43 
light blue samples, the absorption spectra showed 
relatively consistent characteristics, as represented 
by sample LB19 (figure 21). Only non-oriented spec- 
tra were acquired because of the twinning structure 
in this group. The UV-Vis-NIR spectrum of LB19 dis- 
played typical Fe** absorptions (Ferguson and Field- 
ing, 1972, Hanni, 1994) as well as evident Fe?*-Ti* 
intervalence charge transfer absorption (i.e., Fe*-Ti* 
IVCT, band center at approximately 580 nm). The 


UV-VIS-NIR SPECTRUM 


trace element composition of LB19 demonstrates 
that the sample contains 100 ppma titanium, 2264 
ppma iron, and 142 ppma magnesium (table 5). The 
elements that could cause the sample to produce a 
blue color (i.e., titanium and iron) are all present in 
significant concentrations. And such concentration 
(i.e., 100 ppma, if all titanium is paired with iron) of 
the Fe’*-Ti* pair would produce a strong saturation 
(Dubinsky et al., 2020). However, both the visual ap- 
pearance and the absorption coefficient of the Fe?*- 
Ti** IVCT indicated a weak coloration of the stone. 
This is most likely due to the presence of the ele- 
ment magnesium. According to the rules of impurity 
interactions in corundum (Emmett et al., 2003, 
2017), titanium will preferentially pair with magne- 
sium before iron. In this case, the atomic content of 
the magnesium (142 ppma) is higher than that of ti- 
tanium (100 ppma). If all the titanium paired with 


Figure 21. UV-Vis-NIR 
spectrum of sample LB19 
representing the chro- 
mophore features of the 
light blue group. The 
area analyzed is shown 
in the inset photo, indi- 
cated by the white circle 
(400 pm diameter). 
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TABLE 5. Trace element composition (in ppma) of the light blue sapphire LB19 


from Muling, China.* 


Sample no. Mg Ti Vv 
142 100 4.2 
LB19 
(5) (2) (0.3) 


Cr Fe 
4 2264 
(1) (49) 


"Average concentrations of three LA-ICP-MS data of trace elements are shown with the standard deviation 


(ppma) in parentheses. 


magnesium, the stone would theoretically exhibit no 
blue color and there would be no absorption at 580 
nm. Therefore, elements (such as silicon) with higher 
energy levels than titanium probably exist in the 
crystal lattice and preferentially pair with magne- 
sium, allowing the remaining titanium to pair with 
iron and produce a light blue color. 


Deep Blue Group. The high clarity and homogeneous 
structure without twinning of the 52 Muling deep 
blue sapphires allowed us to prepare high-quality ori- 
ented wafers. Therefore, oriented quantitative spec- 
tra could be obtained in both o-ray and e-ray 
directions for the full range from 300 to 1500 nm. 
Two different types of UV-Vis-NIR spectra were 
found among all tested spectra of deep blue sapphire 
wafers. Both types of spectra exhibited significant 
Fe?-Ti* pair features and Fe* features in the ultravi- 
olet and visible regions. Oriented UV-Vis-NIR spectra 
of the first type, as represented by sample DB31, are 
displayed in figure 22. This type is the most common 


UV-VIS-NIR SPECTRA 


in more than 90% of the 52 deep blue wafers, with a 
strong and wide band in the near-infrared region (cen- 
tered at 880 nm). This strong absorption is a typical 
feature of basalt-related sapphire (Smith, 1978). Fig- 
ure 23 shows the oriented UV-Vis-NIR spectra of 
sample DB12, which illustrates the second type of 
spectra. Observed in less than 10% of deep blue sam- 
ples, this second type of spectra lacks the strong ab- 
sorption in the near-infrared region. 

The absorption coefficients for the 580 nm band 
were similar for samples DB31 and DB12. In oriented 
quantitative spectra, the height of a certain absorption 
is related to the chromophore concentrations, as the 
two stones are both deep blue with similar saturation. 
This suggests that the true Fe**-Ti** IVCT concentra- 
tions are of similar levels. Combined with the trace 
element data (table 6), sample DB31 has contents of 
224 ppma titanium, 1694 ppma iron, and 16 ppma 
magnesium. When magnesium content is scarce and 
titanium content is sufficient to pair with iron, a 
strong absorption occurs and a deep color is produced. 
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UV-VIS-NIR SPECTRA 
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Figure 23. Oriented UV- 
Vis-NIR spectra of sam- 
ple DB12 representing 
features of the second 
type of spectrum from 
the deep blue group, with 
inset photos showing the 
different directions. The 
white circles indicate the 
areas analyzed (400 pm 
diameter). 
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The trace element compositions of sample DB12 
showed contents of 149 ppma titanium, 3690 ppma 
iron, and 169 ppma magnesium. The atomic concen- 
trations of magnesium were analyzed to be higher 
than the concentrations of titanium. The high color 
saturation of this deep blue sapphire, caused by Fe?*- 
Ti* IVCT, implies a large amount of titanium paired 
with iron instead of magnesium. It is deduced that 
there is a large depletion of magnesium by silicon. Fur- 
thermore, the weak bands at 700 and 1100 nm in the 
oriented spectra of sample DB12 (figure 23) might be 
related to the high Fe** concentrations (Dubinsky et 
al., 2020). LA-ICP-MS confirmed sample DB12’s iron 
concentration of 3690 ppma (table 6). 


Yellow and Green Groups. Samples in the yellow 
and green groups mainly exhibited Fe** features in 
their non-oriented UV-Vis-NIR spectra. Samples Y3 


T 
1300 1500 


and G5 were selected as representative to exhibit the 
chromophore features (figure 24). The spectrum of 
yellow sapphire (sample Y3) showed weak absorp- 
tion in the visible light region with mainly Fe** fea- 
tures and a weak broad band at 570 nm. Compared 
to the yellow sample, the green sapphire (sample G5) 
showed relatively strong absorptions at Fe** peaks 
(377, 388, and 450 nm) and the 570 nm band (which 
might be associated with the V* transition; Schmet- 
zer and Bank, 1981), giving the stone a bluish green 
hue. The trace element data of these two samples 
(table 7) showed consistent results in their spectra, 
with iron the most significant impurity in both sam- 
ples. Other elements showed only minor concentra- 
tions in both the yellow and green samples. The 
existence of vanadium and titanium in sample G5 
might be the reason for the absorption at 570 nm, 
which would cause the green hue to appear. 


TABLE 6. Trace element composition (in ppma) of two deep blue sapphires (DB31 


and DB12) from Muling, China.* 


Sample no. Mg Ti Vv 
16 224 6.7 
DB31 
(4) (10) (0.3) 
169 149 20.9 
DB12 
(4) (3) (0.5) 


Cr Fe 

0) 1694 
(0) (47) 
15 3690 
(2) (92) 


"Average concentrations of three LA-ICP-MS data in each sample are shown with the standard deviation (ppma) 


in parentheses. 
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DISCUSSION rich plagioclase, and garnet. These internal features 


Provenance Characteristics of Muling Sapphire. Mul- 
ing sapphire comes in a wide range of colors and can 
display vivid color and high clarity, unlike sapphire 
from other magmatic deposits in China (Guo et al., 
1992, Wang et al., 1992; Cheng et al., 2009; Zhang et 
al., 2018). The high color saturation of unheated Mul- 
ing sapphire also reveals distinctive appearances 
compared to Montana sapphire (Emmett and 
Douthit, 1993; Hsu et al., 2017). The appearance is 
comparable to sapphire from other classic deposits 
such as Thailand or Madagascar. Therefore, addi- 
tional evidence is needed to identify the provenance 
features of Muling sapphire. 


Internal Features. Mineral inclusions in the Muling 
samples consisted of short rutile needles, euhedral 
prismatic zircon crystals, rounded prismatic calcium- 


(figures 9-15) are essential evidence of geographic ori- 
gin. Comparison with published papers and the GIA 
classification system (https://www.gia.edu/corun- 
dum-report-cover-source-type) confirms that Muling 
sapphire inclusions overlap with typical metamor- 
phic and magmatic sapphires. 

Long to short rutile needles were common in 
samples of almost all colors except for yellow (table 
8). Short arrow-headed needles, which were mainly 
encountered in light blue and red group samples 
from Muling, are regarded as the hallmark of 
Burmese origin and classic in Madagascar sapphire 
(Palke et al., 2019a,b) (table 5). However, rutile can- 
not be considered a decisive indicator of locality, as 
it is known to occur in corundum from various geo- 
logical origins (e.g., Gttbelin and Koivula, 1986; 
Palke et al., 2017, 2019a). 


TABLE 7. Trace element composition (in ppma) of a yellow sapphire (Y3) and a 


green sapphire (G5) from Muling, China.? 


Sample no. Mg Ti Vv 
41 20 Dodd 
V3) 
(1) (2) (0.2) 
39 29 6.7 
G5 
(3) (3) (0.2) 


Cr Fe 
ital 1730 
(1) (25) 
1 2199 
(0) (6) 


"Average concentrations of three LA-ICP-MS data in each sample are shown with the standard deviation (ppma) 


in parentheses. 
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The presence of polysynthetic twinning and lin- 
ear tubes or dotted lines in samples (figures 14 and 
15) other than the deep blue sapphire indicates a pos- 
sible high-pressure geological event that affected the 
corundum crystals during or after their crystalliza- 
tion. These inclusion combinations in light blue sap- 
phire as well as red group samples might lead to an 
association with metamorphic sapphire at first 
glance with the microscope. 

Zircon inclusions appeared only in deep blue sap- 
phires and exhibited magmatic features (detailed 
chemical composition and morphology information 
will be presented in a forthcoming paper by the au- 
thors). The hexagonal color banding in deep blue sap- 
phire is also reminiscent of magmatic sapphire (e.g., 
Cambodian and Ethiopian; Palke et al., 2019a). 


Chemical Features. Various discrimination diagrams 
of trace element concentrations and ratios have been 
used to distinguish corundum from different geo- 
graphic localities (e.g., Sutherland et al., 1998; Zaw 
et al., 2006; Abduriyim and Kitawaki, 2006; Peucat 
et al., 2007; Sutherland and Abduriyim, 2009; Zwaan 
et al., 2015). To explore the similarities and differ- 


ences between Muling sapphire and material from 
other deposits, chemical data are plotted with these 
diagrams against sapphire datasets from around the 
world. Recognizing the distinct differences in pro- 
portions of trace elements in the different color 
groups, discussions on blue samples and red samples 
(including pink to purple sapphire) are documented 
separately below. 


Blue Samples. The Ga/Mg ratio vs. Fe diagram and 
the Fe-Mg-Ti diagram proposed by Peucat et al. 
(2007) have been applied to geological typing of var- 
ious sapphire deposits (Schwarz et al., 2008; Zwaan 
et al., 2015). 

In the diagram of Ga/Mg ratio vs. Fe (figure 25), 
13 light blue sapphires plot in a relatively restricted 
area, showing overlap with Yogo Gulch sapphire 
from Montana and metamorphic (and metasomatic} 
sapphire. Considering their high iron content (3170- 
9130 ppmw)], the likelihood of a typical metamorphic 
origin (such as Sri Lanka) is rather low. The Ga/Mg 
ratio is 0.2-1.5. The 20 deep blue sapphires tend to 
be much more dispersed in between the fields of 
magmatic and metamorphic sapphire, with the 


TABLE 8. Inclusion type and frequency in different color groups of gem corundum 


from Muling, China. 


Color grou Red? Light blue Deep blue 
group § p 


Yellow Green 


Number of 


2 72 88 
samples 


a3 16 


Rutile needles 75% 
Zircon —_— — 9% 
Feldspar — 17% —_ 
Garnet 2% — = 
Twinning 

Linear/tubes 


Color zoning — — 85% 


100% 


“The red group includes pink, orangy pink, purple, and purplish red. 
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Ga/Mg ratio varying from 0.8 to 47 andiron content —_ure 26), the chemical fingerprint of Muling light blue 
of 1834-13162 ppmw. In the Fe-Mg-Ti diagram (fig- | and deep blue sapphire exhibits a consistent trend 


Fe-Mg-Ti 


A Muling deep blue sapphires 
A Muling light blue sapphires 


Mgx100 Tix10 
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Figure 25. Comparison of 
Ga/Mg ratio vs. Fe be- 
tween Muling blue sap- 
phire and metamorphic, 
magmatic, and Yogo 
Gulch (Montana) blue 
sapphire, modified after 
Peucat et al. (2007) and 
Zwaan et al. (2015). The 
13 Muling light blue sap- 
phires overlap with 
metamorphic and Yogo 
sapphires at their higher 
level of Fe concentration. 
The 20 Muling deep blue 
sapphires are plotted in 
the fields of both mag- 
matic and metamorphic 
sapphire. Note that both 
horizontal and vertical 
axes are displayed in log 
units rather than linear 
coordinates to display 
the data distribution in a 
more compact form. 


Figure 26. Fe-Mg-Ti dia- 
gram, modified after 
those of Peucat et al. 
(2007) and Zwaan et al. 
(2015), plotted in 
ppmw. The gray area in- 
dicates Yogo sapphire, 
while the green area 
refers to sapphire from 
secondary deposits else- 
where in Montana. Sap- 
phire from Mogok 
exhibits a distribution 
typical of metamorphic 
origins (pink area). The 
yellow rectangle indi- 
cates classic metamor- 
phic sapphire with low 
iron content. 
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Figure 27. Left: The Fe-Ga-Mg diagram to separate Muling light blue sapphire from Montana secondary deposit 
sapphire, modified after Peucat et al. (2007) and Zwaan et al. (2015), plotted in ppmw. Right: The Fe-Ga-Ti dia- 
gram to distinguish Muling light blue sapphire from Montana Yogo sapphire. Data for Montana sapphire from Ren- 


fro et al. (2018). 


from the Ga/Mg ratio vs. Fe diagram: Light blue sap- 
phire falls into the area of metamorphic sapphire 
(e.g., Mogok, Myanmar) and Yogo Gulch (Montana) 
sapphire along the iron-magnesium axis, while the 
deep blue sapphire is distributed in both magmatic 
and metamorphic areas. Since Muling’s light blue 
sapphire exhibits similarities with Montana sapphire 
(figures 25 and 26), two additional mathematical 
models are applied for further separation (figure 27). 
In an Fe-Ga-Mg diagram, Muling samples can be dis- 
tinguished partially from Montana sapphire—from 
both secondary deposits and the primary deposit at 
Yogo Gulch. And in an Fe-Ga-Ti diagram, Muling 
sapphire shows a somewhat different distribution 
from that of Yogo sapphire. 


Red Group Samples (Pink, Orangy Pink, Purple, and 
Purplish Red). Binary and ternary plots of the signif- 
icant trace elements chromium, titanium, iron, and 
gallium are the most widely used discriminants for 
geological formation environments (Garnier et al., 
2002; Rankin et al., 2003; Schwarz et al., 2008). In 
the plot of Fe,O, vs. Cr,O, proposed by Schwarz et 
al. (2008) to distinguish geological types, chemical 
fingerprints of Muling red group samples are mainly 
distributed in the field of magmatic-related ruby, 
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with high iron contents (figure 28). This plot also 
shows that the 31 red, pink, and purple samples over- 
lap with ruby from Winza, Tanzania. A few spots 
with higher chromium content overlap with Malawi 
ruby. Most of the analyzed samples in this group con- 
sisted of pink sapphire; only a limited number of 
highly saturated red samples were collected and an- 
alyzed due to their rarity in the surveyed locations. 
Thus, in general, the chromium levels for the entire 
group of Muling red samples appear low. 


Geological Origins of Muling Sapphire. Over the past 
30 years, corundum specimens from the Muling area 
have only been found in alluvial sediments, and the 
ultimate source rocks have not yet been located. The 
crystallization conditions for corundum are much 
too difficult to ascertain for these secondary deposits 
(Giuliani et al., 2014). 

Although the source rock of Muling sapphire needs 
further exploration, the internal features and the spec- 
tral and chemical analyses in this study provide some 
hints to their origin. The study of syngenetic and pro- 
togenetic inclusions makes it possible to extract valu- 
able information about the growth environment. 
Zircon inclusions in the deep blue samples can pro- 
vide age information on Muling sapphire (related in- 
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formation will be published in a forthcoming paper by 
the authors). Rounded anorthite inclusions in light 
blue sapphire revealed a higher formation temperature 
for the inclusion compared to the ideal crystallization 
point. The multiphase inclusion in a red group sample 
with daughter minerals (figure 13) indicated crystal- 
lization from a saturated liquid after it was trapped. 
And chemical compositions of sillimanite and anor- 
thite (daughter minerals) reflected a sample of the fluid 
in which the host crystal grew (Roedder, 1962). 

The UV-Vis-NIR spectra of the two types of deep 
blue sapphire display the diversity of the formation 
history of Muling sapphire. By observing the pres- 
ence or absence of the absorption band (related to 
the basaltic environment; Smith, 1978) in the near- 
infrared range centered around 880 nm of the UV- 
Vis-NIR spectra (figures 2.2 and 23), it is possible to 
quickly distinguish between two sapphires of differ- 
ent geological origins, even though they might be 
very similar in appearance and have been discovered 
from the same deposit. 

As for chemical characteristics, the plots in figures 
25-28 provide some information related to the growth 
environment of Muling sapphire. The light blue sap- 
phire material exhibits atypical metamorphic features 
with high iron concentrations. The deep blue sapphire 
material is distributed in the fields of both magmatic 
and metamorphic sapphire. However, these trace ele- 
ment diagrams should be used with caution since the 
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corundum coloration may strongly influence the re- 
sults of the discrimination (Wong et al., 2017; 
Sorokina et al., 2019), which may conflict with other 
evidence in deciphering the geological origin (Palke et 
al., 2018). Therefore, the FeO-Cr,O,-MgO-V,O, vs. 
FeO + TiO, + Ga,O, chemical classification diagram 
proposed by Giuliani et al. (2015) is applied for light 
blue and deep blue sapphire in figure 29 and for pink 
and purple sapphire in figure 30. As shown in figure 
29, most of the light blue sapphire is confined within 
the “metasomatic corundum” field, while few spots 
lie in the typical magmatic field. The deep blue sap- 
phire is divided into two parts. One part lies in the 
“metasomatic corundum” field. Other deep blue sap- 
phire lies in the overlapping area of the “sapphire in 
alkali basalts” field and the “sapphire in alkali 
basalts” field. Considering the overall geological back- 
ground and the information on zircon inclusions, deep 
blue sapphire showed a closer relationship with 
basalts. The red group samples lie mainly in the 
“metasomatic” field in this plot (figure 26), similar to 
the result for light blue sapphire. Only a few spots lie 
in the “ruby in mafic-ultramafics” field. Thus, the 
FeO-Cr,O,-MgO-V,O; vs. FeO + TiO, + Ga,O; diagram 
suggests the possibility of a metasomatic origin for 
Muling light blue sapphires and red group samples. 
However, there are still some uncertainties about 
the origins of geological formation conditions. The 
deep blue sapphire material exhibits two types of UV- 
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Figure 28. A binary plot 
of Fe,O, vs. Cr,O., 
modified after Schwarz 
et al. (2008). The chem- 
ical distribution of the 
31 reddish samples 
from Muling overlaps 
mainly with magmatic 
ruby from Thailand and 
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Figure 29. Trace element 
chemistry plot of FeO- 
Cr,O,-MgO-V,O,vs. FeO 
+ TiO, + Ga,O, for Mul- 
ing light blue and deep 
blue sapphire. Modified 
after Giuliani et al. 
(2015). 
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Vis spectra with distinctly different features in the 
near-infrared range (see figures 22, and 23), which re- 
veal different growth environments. Angular color 
zoning has never been observed in red, light blue, and 
yellow samples but is common in deep blue samples, 
also indicating different formation environments. 
Therefore, additional study is needed to explore the 
true origin of Muling sapphire. 
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CONCLUSIONS 


This study presented a comprehensive set of gemo- 
logical data on a deposit of fine-quality sapphire be- 
neath the fertile soils of northeastern China. 
Gemological characteristics including color, clarity, 
and carat weight indicate the quality of Muling sap- 
phire. The samples showed a full range of hues and 
saturations, and clarity ranged from transparent to 
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Figure 30. Chemical dis- 
tribution plot of FeO- 
Cr,0,-MgO-V,O, vs. FeO 
+ TiO, + Ga,O, for red 
group samples from Mul- 
ing. Modified after Giu- 
liani et al. (2015). 
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semitransparent. Most samples weighed 1-8 ct, with 
the largest rough sample reaching 51 ct. Microscopic 
observation revealed rutile needles, tubes, hexagonal 
zoning, and twinning, along with mineral inclusions 
(such as anorthite and zircon) as typical internal fea- 
tures in Muling sapphire. 

Quantitative analyses with spectroscopy and trace 
element chemistry determined correlations between 
chromophore mechanisms and trace elements for 
each color group of samples. The spectra of blue sap- 
phire material also indicated a mixture of geological 
formation environments, which were evidenced by 
their different appearances. Analyses of chemical data 
utilizing multiple discrimination models further 
demonstrated that Muling has a more diverse geolog- 
ical environment than typical magmatic or metamor- 
phic settings. Deep blue samples showed dispersed 
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chemical fingerprints across magmatic and metamor- 
phic sapphire. Light blue samples were more consis- 
tent with chemical compositions of metamorphic (or 
metasomatic) sapphire. Red group samples mainly 
showed metasomatic features with high iron con- 
tents. Muling sapphire, known for being of predomi- 
nantly basaltic origin, produced wide color varieties 
from a rather limited geographic area. This deposit is 
a rare example that is distinctly different from com- 
mon alkali basaltic deposits (e.g., Australia or Shan- 
dong, China). 

The study of Muling sapphire enriched our knowl- 
edge of basalt-related gem corundum with various 
gemological and geological characteristics. The geo- 
logical formation origin of Muling sapphire is a subject 
that deserves further study, and the exploration of 
their aesthetic qualities will continue as well. 
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Gemological Uigests 


industry-supported group, recently 

broke the story of the British scientists 

shenanigans in warning jewelers how to 
spot artificially made blue diamonds 
from natural ones. 

Evidently this was picked up from an ar- 
ticle, ARTIFICIAL COLORATION OF 
DIAMONDS published in the Review OP- 
TIMA in December 1953. When we noticed 
this statement, we wrote to Dr. J. F. H. Cus- 
ters, director of research of the Diamond Re- 
search Laboratories in Johannesburg. In his 
reply, Dr. Custers stated that diamonds were 
colored blue artificially for the first time at 
the Harwell Atomic Energy Research Estab- 
lishment. He said that the coloration is per- 
formed by making use of a beam of electrons 
as generated in a Van de Graaff machine. 
The Van de Graaff machine provides a 
means by which a very high voltage may be 
obtained. In his letter Dr. Custers informed 
us that the Diamond Research Laboratory is 
at the moment engaged in an extensive pro- 
gram embracing various methods for the dis- 
crimination of artificial blue diamonds and 
natural blue diamonds. To quote Dr. Custers: 


“These methods are still in the Laboratory 
stage, but progress made so far has shown 
that it will be possible to establish without 
any doubt whether a diamond has been 
coloured artificially. We feel that these meth- 
ods can be simplified to such a stage where 
they will be suitable to be applied by a lay- 
man. Apart from this, this artificial coloura- 
tion of diamonds is being patented so that 
we will be in a position to protect the dia- 
mond interests, 


We do not think that diamonds can be 
made blue by making use of a cyclotron, but 
it might be possible under very special con- 


ditions, to introduce a blue colouration by 
means of neutrons. For this, however, a nu- 
clear reactor would be required. Under ordi- 
nary conditions, diamonds will turn green 
when bombarded by neutrons.” 
GEMOLOGICAL DIGESTS AWARD 
ANNOUNCED FOR YOUNG 
JAPANESE SCIENTISTS 

Elmer W. Ellsworth, Ph.D., of Tulsa, 
Oklahoma, importer of Horiguchi cultured 
pearls and Business Manager of the Ameri- 
can Association of Petroleum Geologists, in 
1952 established a Best Paper Award for 
research in pearl culture. This award is 
offered annually as a measure of encourage- 
ment to young Japanese scientists engaged in 
cultured pearl research. Each year a selection 
is made of the best original paper published 
in Japanese by Japanese scientists under 35 
years of age, by the following committee: 
Chairman, Prof. Keeichi Omori, of the In- 
stitute of Mineralogy, Petrology and Eco- 
nomic Geology, of Tohoku University; Dr. 
Shinjiro Kobayashi, Prof. of Biology, Hok- 
kaido University; Dr. Takeo Imai, Prof. of 
Biology, College of Agriculture, Tohoku 
University; Dr. Isam Motomura, Prof. of 
Biology, Tohoku University; Mr. Kiyohiko 
Otsuka, Yamato Chemical Ind. Co., Ltd. 
(Tokyo); Dr. Jun-ichi Takahashi, President 
of Shinshu University; Dr. Manjiro Wata- 
nabe, Dean of Faculty of Science, Tohoku 
University; Mr. Hiroshi Yokose, President 
of Fuji Pearl Co., Ltd., (Tokyo). 

Two young scientists were selected to 
share the 1952 award, each receiving $25.00. 
These two papers are “Daily Rhythmic Ac- 
tivities of Byssus Secretion in Pearl Oysters, 
Pinctada Martensi?’ by Ryogo Yuki; “On 
the Abnormal Lamellae of Cultured Pearls 
and the Environmental Conditions under 
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GEMS ON CANVAS: PIGMENTS HISTORICALLY 
SOURCED FROM GEM MATERIALS 


Britni LeCroy 


Pigments have been sourced from gemstones and gem materials for centuries. These colors have been applied 
to ancient cave drawings, classical canvas paintings, and modern artworks, revealing the evolution of the human 
creative experience as well as the history and progression of studies such as anthropology and chemistry. Red 
ochre, sourced from hematite, is one of the oldest pigments, used by early humans and even Neanderthals. Azu- 
rite was the backbone of blue pigments during the medieval and Renaissance periods. Malachite’s use as a col- 
orant can be traced back to 6000 BCE in Egyptian cosmetics and as late as the nineteenth century in Impressionist 
paintings. Certain colors, such as the red of cinnabar, diminished in popularity with the invention of more af- 
fordable synthetics. Other pigments, such as bone black, continue to be manufactured and used today. The most 
noble of all pigments, ultramarine sourced from lapis lazuli, was so costly and valuable that only the wealthiest 
members of society could afford it, and its use in paintings was reserved for these patrons. Lastly, an inference 
can be drawn that pigment evolution correlates with the rise of significant art movements, each causing a fun- 
damental shift in the history of art. 


bearers with powerful symbols of status and al- 

lure. Because of their high value, gems are re- 
searched with nondestructive methods to feed 
growing public interest in areas such as geographic 
origin, synthesis, and treatment. For a gemologist, 
causing damage to a stone is a cardinal sin. For a 
painter in the past, gem materials were coveted for 
their pigment potential. For centuries, perfectly vi- 
able gemstones met their fate between a mortar and 
pestle before becoming immortalized as paint on a 
canvas, mural, or cave wall. These pigments com- 
memorated color as a means of communication be- 
yond the limits of written or spoken language. Gem 
materials such as hematite, azurite, malachite, lapis 
lazuli, bone, ivory, and cinnabar have all played roles 
as pigments throughout history—for some, a role as- 
sumed long before their use as gem materials (figure 
1). Pigment research is an important field encom- 
passing geologists, artists, anthropologists, histori- 
ans, and even gemologists who contribute their 
knowledge and expertise to a subject where these dis- 
ciplines converge. 


iE wearing and collecting of gems mark their 
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Pigment can be defined as the component of paint 
that contributes color (Siddall, 2018). Natural inor- 
ganic pigments are derived from rocks or minerals that 
have been processed to extract and concentrate the 
material’s coloring agent (figure 2). Synthetic pigments 
are often chemically identical to their natural coun- 


In Brief 


¢ Gem materials have been used as pigments by artists 
for thousands of years. These colors can be seen in an- 
cient cave paintings and modern canvas works alike. 

¢ Historically, many of these pigments were very expen- 
sive and therefore only available to wealthy consumers 
such as churches and royal families. 

e A correlation can be seen between pigment technology 
and historical art movements. 


terparts but have been produced artificially. This dis- 
tinction in a pigment’s origin might seem negligible, 
but that is hardly the case. Synthetics strive to be 
chemically pure, and their crystal sizes are highly uni- 
form. Natural pigments are never compositionally ho- 
mogeneous, as rocks and minerals do not form in 
sterile environments. These slight imperfections in a 
natural pigment’s particle size and structure after pro- 
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Figure 1. Historical pigments pictured with their source companions. Left to right: bone, cinnabar, hematite, mala- 
chite (with coarse pigment powder), lapis lazuli (ultramarine), and azurite (with fine pigment powder). Bottom 
center: cinnabar and azurite pigment. Gem materials gifted to GIA by Richard Marcus (mammoth ivory slice), 
Francisco Bank (hematite rough), the Hauser family in memory of Joel and Barbara Hauser (polished malachite), 
Zohreh Armini (polished lapis lazuli), and Josephine Scripps (azurite rough). Photo by Robert Weldon. 


cessing give the color a unique fingerprint, an individ- 
ualized hue that reflects light in a more complex man- 
ner than its corresponding synthetic. This property 
means that no two malachite greens or cinnabar reds, 
for example, are exactly alike—a quality that is cher- 
ished among artists. When applied to a canvas, the 
subtle gritty texture of natural-color paint can be seen 
and felt after drying, lending a more natural appear- 
ance. This quality of naturalness is similarly appreci- 
ated in gemology. Chemical impurities and physical 
changes that occur during a natural mineral’s forma- 
tion create visual interest within the stone by means 
of inclusions, bodycolors, or color zoning, all of which 
are commonly researched and cataloged as modalities 
of science and art. 

Binders are the second component of paint, hold- 
ing the pigment particles in a concentrated suspen- 
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sion and then keeping the color in place after the 
paint has dried. Historically, binders have included 
natural substances such as egg yolk (tempera), lin- 
seed and poppy seed oil, tree resins, animal glues, 
saliva, milk, gelatin, and even blood (Carr, 2002). 
Even with the advent of manmade complex chemical 
binders, which are commonplace in acrylic paints, 
linseed oil and gum arabic (a hardened tree sap) are 
still widely used. 

The study of pigment spans centuries and con- 
tributes to the greater understanding of science and 
art. Identifying the provenance of minerals present 
within pigments of a specific work relays anthropo- 
logical information about the trade routes and move- 
ment of people during the period in which the piece 
was created. An evolution in color technology, in- 
cluding advances in chemical and industrial 
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Hematite 
Fe,O, 


Azurite 
Cu,(CO,),(OH), 


Malachite 
Cu,CO,(OH), 


Lapis Lazuli 
Blue colored by 
member(s) of the 
sodalite group. 


Bone and ivory 
Carbon after charring 


Cinnabar 
Hgs 


processes, can also be inferred by comparing the first 
cave drawings with the acrylic paintings seen in art 
museums today. The former consists of natural pig- 
ments such as ochres (derived from iron oxides), 
charcoal, and simple organic colors, while today’s 
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Figure 2. Gem materi- 
als and their correspon- 
ding pigments. The 
faceted cinnabar is 
courtesy of the Dr. Ed- 
ward ]. Gtibelin Collec- 
tion, and the polished 
hematite is courtesy of 
the GIA Collection. 
The other gem materi- 
als were gifted to GIA 
by Vincent Manson 
(polished malachite 
| slice), Bill Pinch (pol- 
ished azurite rough), 
Ebert &# Company 
(lapis lazuli carving), 
and Richard Marcus 
(mammoth ivory slice). 
The malachite and azu- 
rite pigments are of 
coarse variety. Gem 
photos by Diego 
Y Sanchez and Dylan 

: Hand. Pigment photos 
by Nathan Renfro. 


paintings very often contain 100% lab-created col- 
oring agents. The advent of affordable, mass-pro- 
duced synthetic pigments is the culmination of 
hundreds of years of research. Prior to this revolu- 
tionary development, creating paint was expensive 
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Box A: ART CONSERVATION AND RESTORATION 
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Figure A-1. Raman analysis is conducted on Raphael’s Scuola di Atene (The School of Athens). © Renishaw plc. 


A more recent application of pigment research is in the 
area of art conservation and restoration. The practice is 
more of a science than an art, with pieces undergoing 
exposure to a variety of testing methods that are also 
commonplace in gemological laboratories. These in- 
clude visible and Raman spectroscopy, as well as fluo- 
rescence techniques including infrared, ultraviolet, and 
X-ray. First, ultraviolet fluorescence reveals the presence 
and condition of organic materials and varnishes. X-ray 
fluorescence gives information about the elemental 
composition, while infrared can uncover the original un- 


and highly laborious—each hue had to be mixed by 
hand, either by the artist or an assistant. Minerals 
needed for color often traveled great distances from 
the original source before reaching the artist, in- 
creasing the cost. The act of painting itself was re- 
served for those who could afford this luxury or 
those fortunate enough to be employed by royal fam- 


GEMS ON CANVAS 


derdrawing and areas with paint loss. Raman spec- 
troscopy (figure A-1) is used to identify minerals within 
the paint. 

But the real magic is in the visible spectroscopy, 
which reveals the exact visible spectrum produced by 
the pigment. The spectrum is then matched to known 
pigments through an established database. This allows 
for exact color replicas to be used during the restoration 
process, thereby ensuring significant works of art re- 
main compositionally correct for future generations to 
admire. 


ilies, the wealthy class, or the church. This is why 
most historical paintings are religious depictions or 
portraits of royalty and aristocrats. 

The overlap of the scientific and historically artis- 
tic realms of gemstones (see box A) is a conversation 
not often encountered. The monetary worth and cul- 
tural significance of gems can be far inferior compared 
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Figure 3. Red hematite crystals in quartz. Photo- 
micrograph by Nathan Renfro; field of view 7.22 mm. 


to the value of the artworks they contribute to as pig- 
ments. Hematite, azurite, malachite, lapis lazuli, 
bone, ivory, and cinnabar have all been significant 
contributors to fine art throughout history (figure 2). 
While most of these pigments have been replaced by 
synthetic equivalents, some are still used to this day. 


HEMATITE 


One of the earliest gemstones known to have been 
used as pigment is hematite. The dark, metallic color 
associated with gem-quality hematite is a result of 
densely stacked deep red microscopic crystals that 
ultimately absorb most visible-color wavelengths. 
Hematite’s red color can be seen when the mineral 
exists as either pulverized powder or thin crystals 
that allow light to pass through (figure 3). As one of 
the few gemstones with metallic luster, the iron 
oxide hematite crystallizes in the trigonal crystal sys- 
tem with the simple chemical formula of Fe,O3. Its 
height of popularity as a gem was likely in the Vic- 
torian era, when it was used extensively in mourning 
jewelry. 

Within the realm of art, the powdered pigment 
form is referred to as red ochre and has been used 
from the dawn of artistic expression. Red ochre can 
also be produced by heating the mineral goethite 
(FeOOH, yellow ochre), most commonly sourced 
from limonite rock (Siddall, 2018). The use of red 
ochre as a pigment has been recorded in works of art 
from all periods and traditions around the world, from 
the Pleistocene to the present day (Siddall, 2018). The 
first use of red ochre was likely in cave paintings and 
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as body paint. It was later used to represent blood in 
burial and fertility rites (Leonida, 2014), in addition 
to applications in sun protection, medicine, adhe- 
sives, and ceramic paint (Siddall, 2018). 

The influence of red ochre on pigments is unpar- 
alleled. From the prehistoric art era (before 500 BCE) 
to the contemporary era, red ochre is pervasive. The 
earliest cave paintings from every habitable conti- 
nent on Earth, revealing humans at their most prim- 
itive artistic abilities, feature red ochre. One 
well-known and researched example featuring this 
color is the cave art of Lascaux in France, dated to 
roughly 19,000 years ago (Musée d’Archéologie Na- 
tionale, n.d.), depicting wildlife such as bison and 
horses (figure 4). A younger example is the eerie 
Cueva de las Manos in Argentina, created 13,000 to 
9,500 years ago (UNESCO World Heritage Conven- 
tion, n.d.), which shows painted hand silhouettes 
(figure 5). It has become widely accepted by scholars 
that the adoption of red ochre is synonymous with 
the beginnings of art and therefore human intellec- 
tual evolution. In fact, the use of ochre and tool- 
making are two significant advances in human 
evolution, with the latter universally acknowledged 
as an indicator of humankind’s intellectual, social, 
and cultural development (Wreschner et al., 1980). 
It can be theorized that the uniting of art and sci- 
ence began to take form with the use of red ochre. 

The Blombos Cave archaeological site along the 
southern Cape coastline of South Africa has proved 
to be a major anthropological discovery related to red 
ochre. The pigment uncovered exists not as an appli- 
cation but as raw red ochre contained in abalone 
shells that slowly became buried by sands as they lay 
abandoned on the cave floor over thousands of years. 
Other materials found with the shells and ochre in- 
clude cobbles, bones from seals and antelope, and 
stone tools. Together, these objects are believed to 
constitute prehistoric artistic “tool kits” dated to 
roughly 100,000 years old. Henshilwood and van 
Niekerk (2012) documented these materials and in- 
terpreted their significance: “What these findings tell 
us, is that the artisans who lived in Blombos Cave 
100,000 years ago had the capacity for abstract 
thought, multi-tasking, long-term planning and an 
elementary knowledge of chemistry.” 

Until recently it was believed that cave painting 
was an exclusive trait of Homo sapiens. In 2018, a 
team of paleoanthropologists published data on ura- 
nium-thorium dating of a series of simple drawings 
found inside three Spanish caves. The works exam- 
ined in that study consisted of dots, lines, discs, and 
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Figure 4. The famous Hall of the Bulls in the Lascaux Caves contains early cave paintings rendered in red ochre. 


Photo by Jojan/CC BY 4.0. 


hand stencils, all created by red ochre (Netburn, 
2018). All three were found to be at least 64,800 
years old, which predates the arrival of humans in 
Europe by at least 20,000 years (Hoffmann et al., 
2018). Neanderthals exclusively populated this re- 
gion of modern-day Europe at the time, implying 
that the artists were indeed Neanderthals. Proof of 
their ability to create art helps dispel the popular 
misconception that Neanderthals were mentally in- 
ferior to Homo sapiens. 

Nearly every canonized artist has used red ochre 
at some point. The color was also a traditional ingre- 
dient in sanguine, a type of chalk colored by red ochre 
(figure 6). Leonardo da Vinci grew fond of the material, 


Figure 5. The entrance of Cueva de las Manos reveals red 
ochre hand stencils created by ancient Argentinian tribe 
members. Photo by Pablo A. Gimenez/CC BY SA 2.0. 
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featuring it in numerous drawings during the Renais- 
sance period. Da Vinci is credited with being the first 
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major artist to use this ochre variety (Millidge, 2003), 
and Michelangelo continued its reach. This period 
also popularized the use of red ochre in fresco murals. 
Paul Gauguin, one of the most famous painters of the 
Post-Impressionist movement, made it a staple of his 
palette. Red ochre’s importance to modern artworks 
is incalculable. Twentieth-century masters such as 
Pablo Picasso, Mark Rothko, and Andy Warhol cre- 
ated works featuring the color, bringing it full circle. 
While most natural pigments have been far surpassed 
by synthetic pigments, red ochre is the exception. Red 
ochre paints continue to be predominantly made with 
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Figure 6. Elisha Kirkall’s 
mezzotint print in san- 
guine (chalk colored by 
red ochre) from the 
early eighteenth century 
is a reproduction of 
Raphael’s The Holy 
Family of Francis I 
(1518). Photo courtesy 
of the National Gallery 
of Art, Washington, DC. 


natural hematite or heated goethite due to the abun- 
dance and low cost of these materials. 


AZURITE AND MALACHITE 

Malachite, Cu,(CO,)(OH),, is perhaps the first vivid 
green pigment (Bergslien, 2012). A basic carbonate of 
copper, it is the weathered form of the blue parent 
mineral azurite, (Cu,**(CO,),(OH),), and possesses a 
similar chemical formula. Azurite and malachite are 
rarely found exclusive from one another and form in 
exposed areas of copper ore. Both minerals have a 
monoclinic crystal structure and a low Mohs hard- 
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ness of 3.5-4.0. Malachite has been used extensively 
as a decorative material since antiquity. Azurite’s 
decorative use has been far more limited by its low 
durability and high likelihood of breaking along 
cleavage planes. It has mainly been reserved for pig- 
ments. 

Possibly the earliest application of azurite and 
malachite came in the form of cosmetics. Malachite 
pigment can be traced to ancient Egypt, where it was 
used as an eye paint during the predynastic period, 
spanning from 6000 BCE to 3100 BCE (Gettens and 
FitzHugh, 1993b). Likewise, high-purity, coarsely 
ground azurite particles have been traced to Ne- 
olithic female and infant burial sites at the Central 
Anatolian site of Catalhéyik (modern-day Turkey) 
and dated to 6700 BCE (Siddall, 2018), where the 
mineral was also likely used as a cosmetic material. 
The same era saw both minerals used in the Middle 
East to color soapstone ornaments, beginning around 
4500 BCE (Ball, 2002). 

Although azurite is far less abundant than mala- 
chite, azurite pigment has been utilized more widely. 
It was the most important blue pigment in Europe 
throughout the medieval period (figure 7) and en- 
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_ Figure 7. Pacino di 

| Bonaguida’s The 
Martyrdom of Saint 
Lawrence from the Lau- 
dario of Sant’Agnese, 
circa 1340. This page 
from an illuminated 
manuscript features a 
brilliant blue azurite 
tempera background as 
well as gold leaf ap- 
pliqué. Photo courtesy 
of the Getty Open Con- 
tent Program. 


joyed peak use during the Renaissance (Gettens and 
FitzHugh, 1993a). This is because of its dual role as 
not only a royal color but also as an underpaint for 
the lavish ultramarine (a pigment from lapis lazuli). 
Both pigments were used for centuries in Japan, in 
Ukiyo-e style paintings (sixteenth through nine- 
teenth centuries; Gettens and FitzHugh, 1993a,b) and 
malachite in screen and scroll paintings to the pres- 
ent day (figure 8). Historical Chinese artworks also 
feature the two extensively, spanning hundreds of 
years. 

Copper and copper-containing metals are most 
commonly associated with bright green patina, a 
color and pigment material known as verdigris. Chi- 
nese history reveals one cunning application of mala- 
chite in imitation of verdigris. Beginning around 
1000 CE, patina—the surface discoloration of certain 
metals from long periods of oxidation—became as- 
sociated with ancient bronzes unearthed in China 
(Craddock, 2003). This feature became a sought-after 
trait among antique bronze collectors, offering a 
sense of authenticity. Bronze statues excavated and 
collected during the Song (960-1279 CE), Ming 
(1368-1644 CE], and Qing (1644-1911 CE) dynasties 
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Gemological Digests 


which These Lamellae are Formed” by Nori- 
mitsu Watabe. 

Similar awards are made in this country in 
various branches of science particularly by 
the societies and associations in the fields. 
Such Best Paper Awards have given national 
recognition to brilliant young scientists in 
these fields and serve the industry well in 
stimulating fundamental research. It is Dr. 
Ellsworth’s hope that capable young scien- 
tists in Japan can be similarly encouraged in 
contributing to the scientific aspects of the 
cultured pearl industry. 

The following is a translation of a pub- 
lished Japanese report on the 1952 award 
announced in May of 1953. 


“Professor Omori states: The annual 
award of $25.00 is not a large amount, but 
its significance lies in the favor and interest 
shown by a foreign scholar to our pearl 
industry. Heretofore, many foreigners have 
been very much interested in cultured pearls, 
but this interest has been confined to just the 
production and business aspects of the indus- 
try. This award is the first interest directed 
to the fundamental research on the cultured 
pearl. As a qualification of his scholarship, 
Dr. Ellsworth confined the age of a candi- 
date to 35 years or younger, a fact which 
reveals his interest in the future of the cul- 
tured pearl industry. 


“At the present time, our country is lead- 


ing all other countries in research on cultured 
pearls. This award will encourage more re- 
search and help young scientists recognize 
the imputtance of their work, which in turn 


will keep up our country’s prominent stand- 
ing. Appreciating the significance of this 


matter, our commuttee made its selections 
with extreme serrousness.” 

We tech that Dr. Ellsworth is to be con- 
gratulated on his action in this case. Such 


encounmement is certain to be helpful to 
the younp. scientists, 


SIMPLE MEANS TO DISTINGUISH 
YELLOW CHRYSOBERYL AND 
YELLOW SAPPHIRE 

by Robert Crowningshield, Gem Trade Labo- 
ratory. 


It has occurred to the writer that a sim- 
ple means of distinguishing between yellow 
chrysoberyl and yellow sapphire is possible 
when a refractometer is available but not 
monochromatic light nor a spectroscope. 
Particularly do students have difficulty in 
making this separation as white light read- 
ings are indistinct. A simple test is to use a 
drop of pure methylene iodide (R.I. 1.74) 
instead of the normal contact liquid. If a 
portion of the spectrum is seen in the blue- 
violet, we are dealing with chrysoberyl. The 
green and yellow components will be beyond 
the index of the liquid. A sapphire tested 
under the same conditions will not show any 
spectral colors, only the liquid reading will 
appear. 


This test has been satisfactory for a large 
number of stones tested including those 
with flat surfaces and cabochon shaped 
stones, though with less success with the 
latter. 


Of course, where monochromatic light or 
a spectroscope are available, this test would 
be pointless. However, most gemologists 
who have a refractometer will have access 
to pure methylene iodide. 


Other lower index liquids such as mix- 
tures of bromoform and Xylene which have 
a reading of 1.56 should help in the same 
manner to distinguish between natural and 
synthetic emerald. Unfortuately the mix- 
tures available to the writer at the time of 
experimentation are not successful as they 
produce a spectrum themselves when in con- 
tact with a stone. Some experimenter may 
hit upon a liquid which will work in this 
instance. 
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Figure 8. Irises at Yatsuhashi (Eight Bridges) by ee Korin, ee the ae Bee century. These famous 
screens feature a flat malachite green and deep azurite blue on gold foiled paper. The two minerals also coexist in 
nature. Photo courtesy of the Metropolitan Museum of Att. 


were often imitated by carefully painting replicas 
with malachite pigment to achieve a faux patina ef- 
fect. Blue azurite patina is less prevalent but still pos- 


In European easel painting, malachite was vitally 
important from the fourteenth to seventeenth cen- 
turies, until the rise of copper greens such as verdigris 


and copper resinate (Eastaugh et al., 2004). Synthetic 
green pigments replaced malachite around 1800 
(Bergslien, 2012). Malachite experienced a brief resur- 
gence later in the nineteenth century, and it was dur- 
ing this period that Pierre-Auguste Renoir painted 
Chrysanthemums (figure 9). Renoir helped solidify the 
Impressionist movement along with contemporaries 
such as Monet, Cézanne, Degas, and Manet. Impres- 
sionism is distinguished by short, coarse brushstrokes 
creating a spontaneous unfinished appearance, vibrant 
color palettes, and themes of nature. The movement 
was bolstered by readily available premade oil paints 
in tubes (Newman et al., 2019). This brought unprece- 
dented mobility, allowing pioneering artists to take 
their work outdoors. The movement thrived from the 
mid- to late nineteenth century and is considered the 
most important influence on modern art, since it did 
not follow established conventions. 


sible in specific conditions. 


} Figure 9. Renoir’s Chrysanthemums (1881-1882, oil on 
| canvas) utilizes green malachite pigment and exem- 
plifies the Impressionist style. Photo courtesy of the 
i Art Institute of Chicago. 
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its : % Tae pe TL hat AR eS 
Figure 10. Malachite (left) and azurite (right) display contrasting saturations resulting from different particle sizes. 
The soft pastel saturation shown at the top of each photo is a result of very fine pigment grains measuring an avet- 
age of 30 um (malachite) and 20 1m (azurite). The vibrant, strongly saturated variety shown at the bottom of each 
photo is due to larger, coarser particles averaging 100 zm and 220 1m, respectively. Photomicrographs by Nathan 


Renfro; field of view 14.10 mm. 


One inconvenience drove malachite and azurite 
into obscurity as pigments: the fact that their color 
is dependent on particle size (figure 10). Finely 
ground material offers a preferable texture for can- 
vases but reduces the color to an undesirable milky 
pastel. Coarse particles offer a radiant hue but are 
difficult to paint in layers. Azurite became obsolete 
in the nineteenth century with the invention of the 
artificial pigment Prussian blue (Gettens and 
FitzHugh, 1993a). 


LAPIS LAZULI 


Lapis lazuli is a complex metamorphic rock consist- 
ing of a variety of minerals, often including calcite, 
pyrite, diopside, amphibole, and feldspathoid sili- 
cates, among others. The blue color source within 
lapis remains an open question. Lazurite is com- 
monly believed to be the blue constituent, but sev- 
eral publications have credited the mineral hatiyne. 
The two minerals, along with sodalite and nosean, 
are members of the sodalite group. Several studies 
have shown that haiiyne (sulfate member) rather 
than lazurite (sulfide member] is consistently the 
dominant species in lapis from Sar-e-Sang in 
Afghanistan and Baffin Island in Canada (Hassan et 
al., 1985; Fleet et al., 2005; Moore and Woodside, 
2014). Meanwhile, specimens from the Coquimbo re- 
gion of Chile have been characterized as lazurite- 
dominant (Coenraads et al., 2000). 

Of all the natural pigments created throughout his- 
tory, ultramarine, a blue derived from lapis lazuli, 
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reigned supreme. Cennino Cennini was a fifteenth- 
century Italian painter and author of The Craftsman’s 
Handbook (1437), an artist’s manual on methods and 
techniques that remains remarkably relevant today. 
Cennini held the pigment in the highest regard: “UI- 
tramarine blue is a color illustrious, beautiful, and 
most perfect, beyond all colors; one could not say any- 
thing about it, or do anything with it, that its quality 
would not still surpass.” During its prime, the blue 
was deemed so sacred that it was reserved for the most 
important works and only the holiest of religious fig- 
ures. Ultramarine was said to be as expensive as an 
equal weight of gold. Its high cost was due to the in- 
convenience of only one source location supported by 
the arduous procedure required to process the rock 
into pure pigment. Lapis lazuli’s life as a pigment can 
be traced to the origins of human civilization itself. 
While blue seems abundant in nature given the 
color of the sky and sea and other smaller examples, 
none of these actually contain a blue pigment. Instead, 
the blue color of the sky is a result of light scattering 
off the molecules in the atmosphere, called Rayleigh 
scattering. Sea water is blue due to the preferential 
absorption of long-wavelength (red) light. The cause 
of blue in both cases is a result of light physics rather 
than chemical properties. Only a handful of plants 
and animals possess a genuine blue pigment. This left 
few options for artists of the past. Azurite was pre- 
dominant from the medieval period to the Renais- 
sance (Plesters, 1993). Its limitation is a typically green 
undertone that cannot be removed. In contrast, ultra- 
marine often contains a violet to purplish undertone 
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trast to its carbonate host rock. Photos by Gary Bowersox. 


(figure 2), creating an unequivocal color that came to 
be associated with divinity. 

Due to its geological rarity, lapis lazuli sourced in 
antiquity originated from a single location—the Sar- 
e-Sang mines in the Badakhshan Mountains of north- 
eastern Afghanistan (Siddall, 2018) (figure 11). Lapis 
mining at Sar-e-Sang began in the Stone Age, with 
lapis jewelry found in graves of the Mehrgarh people 
(a Neolithic settlement located in present-day south- 
west Pakistan) dated to 7000 BCE. 

Lapis was exported to the ancient Sumer civiliza- 
tion of Mesopotamia around 3000 BCE before arriv- 
ing in Egypt during predynastic times and becoming 
prevalent by the First Dynasty (ca. 3100-2900 BCE) 
(Moore and Woodside, 2014). Egyptians utilized lapis 
in jewelry and decorative inlays, medicinal prepara- 
tions, and cosmetic pigments. Perhaps the most fa- 
mous artifact of ancient Egypt, the funerary mask of 
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the pharaoh Tutankhamun, features a variety of in- 
laid gems: obsidian, white quartz, lapis lazuli, 
turquoise, amazonite, carnelian, and other stones 
(Reeves, 2015). A portion of the lapis inlay serves as 
Tutankhamun’s eyeliner, a representation of the cos- 
metic pigment worn by the elite. 

The earliest discovery of ultramarine was in oil 
paintings on cave walls in Bamiyan, Afghanistan, 
likely created in the late sixth century and consisting 
of Buddhist subjects drawn in semi-Indian, semi-Per- 
sian style (Gettens, 1938). Significantly, this finding 
also revealed the oldest known use of oil as a binder 
(Cotte et al., 2008). Ultramarine emerged in Europe 
during the early medieval period (Siddall, 2018) and 
rose in popularity into the fourteenth to mid-fif- 
teenth centuries, when it was used heavily in panel 
paintings and illuminated manuscripts (Plesters, 
1993). In paintings from the fourteenth to sixteenth 
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sieving were not sufficient (Plesters, 1993). The ac- 
cessory minerals, especially pyrite, would darken and 
discolor ultramarine’s brilliant blue if not extracted. 
Cennini documented the extraction process in The 
Craftsman’s Handbook, and his method is still used 
today. It involves repeatedly crushing and sieving the 
highest-quality lapis. The powder is then worked 
into a dough with various waxes and kneaded under 
a liquid solution of lye. The fine blue particles slowly 
precipitate out of the dough and into the solution, 
while heavier materials such as pyrite are retained. 
Once the liquid has evaporated, one is left with ul- 
tramarine. The process can take up to several 
months—another factor influencing its high cost. 
The ensuing centuries saw ultramarine blue ascend 
to unequaled prestige in Europe, and works featuring 
the color went on to achieve everlasting fame (figures 
13 and 14). 


Figure 13. This blue drapery around the arms of the 
Virgin Mary is perhaps the most vivid example of ul- 
tramarine in classical art, in Giovanni Battista Salvi 
da Sassoferrato’s The Virgin in Prayer (1640-1650, oil 
on canvas). Photo courtesy of the National Gallery of 
Art, Washington, DC. 


Figure 12. Illuminated manuscripts were one-of-a- 
kind, ornately illustrated books typically devoted to 
Christian scripture or themes. They often featured 
the Virgin Mary and Christ in robes of ultramarine 
blue that became synonymous with their image. This 
page from Georges Trubert’s Book of Hours (1480- 
1490) combines tempera colors, gold leaf, inks, and 
metallic paints on parchment. Photo courtesy of the 
Getty Open Content Program. 


centuries, the highest-quality ultramarine was re- 
served for the cloaks of Christ and the Virgin Mary 
(Plesters, 1993) (figure 12). Ultramarine was the most 
expensive pigment during its prime, meaning it 
could only be used sparingly (Plesters, 1993). 
Ultramarine’s popularity was bolstered by the 
mass publication of the process required to extract 
pigment from lapis lazuli. Because lapis lazuli is a 
rock containing various accessory minerals such as 
calcite and pyrite, the measures used in the prepara- 
tion of azurite such as simple milling, washing, and 
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Figure 14. Girl with a Pearl Earring (ca. 1665, oil on canvas), Johannes Vermeer’s most celebrated painting, depicts 
a girl wearing an ultramarine turban and an exceptionally large pearl earring. Pearl was the most valuable of gems 


at the time. Other pigments include cinnabar (lips) and bone black (background and the turban’s shadows). Photo 
courtesy of the Mauritshuis, The Hague. 
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While ultramarine most often appeared in Chris- 
tian art, it was sometimes used to create a pictur- 
esque sky on canvas. The sky’s features mimicked 
those of lapis lazuli, whose scintillating pyrite and 
globules of calcite in a sea of deep blue resemble stars 
and clouds. This hallmark is seen in Bacchus and 
Ariadne (figure 15), one of Titian’s most famous 
works, which also incorporates azurite, malachite, 
and cinnabar. 

For a color as fabled as ultramarine, it is only fit- 
ting that its decline would also be chronicled. In 
1824, France’s Society for the Encouragement of Na- 
tional Industry announced a contest for synthesiz- 
ing artificial ultramarine, with a prize of 6,000 
francs (Plesters, 1993). Four years later, a process 
was discovered and Jean Baptiste Guimet was 
named the winner. This synthetic, often referred to 
as “French ultramarine,” sold for approximately 
one-tenth the cost of the natural material. In the 
mid-nineteenth century, it was manufactured 
throughout Europe and quickly outsold the natural 
variant, as it still does today. 
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Figure 15. A meeting of 
Greek mythological fig- 
ures is imagined in Tit- 
ian’s Bacchus and 
Ariadne (1523, oil on 
canvas). Ariadne (far 
left) wears a robe in ul- 
tramarine and a red 
vermilion sash. Ultra- 
marine is also featured 
in the sky and distant 
landscape. Malachite is 
used in the green fo- 
liage to the right of 
Bacchus. The sea and 
greener areas of the dis- 
tant landscape are 
composed of azurite. 
Photo courtesy of the 
National Gallery of 
Art, Washington, DC. 


BONE AND IVORY 


For centuries, bone and ivory have been used to cre- 
ate black pigments. These materials are complex, 
consisting of both organic and inorganic com- 
pounds. Most recent studies have identified the 
composition as carbonate hydroxylapatite (Eastaugh 
et al., 2004). When bone or ivory is heated in the ab- 
sence of oxygen via a closed crucible, black pigment 
is produced. The carbon source is primarily the pro- 
tein collagen (Winter and FitzHugh, 2007), which is 
incorporated in the matrix of the material. 

Bone is one of the oldest known gem materials. 
Recently, archaeologists discovered a more than 
46,000-year-old aboriginal nose ring made of bone at 
a site in Western Australia, the oldest bone imple- 
ment found on the continent (Langley et al., 2016). 
A variety of animal bones have been used as pigment 
source material throughout history, including cattle 
and lamb and possibly even human remains in earlier 
centuries (Finlay, 2002). Documents from the current 
largest producer of bone black pigment in the United 
States, Ebonex Corporation, specify charcoaled cow 
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bone as their source material (Ebonex Corporation 
Activity Report, 2018). 

The Roman naturalist Pliny the Elder credited the 
development of ivory black to Apelles, the most no- 
table painter of ancient Greece, though none of his 


Figure 16. A single piece of carved ivory, ca. 1390- 
1352 BCE, holds six pigment cakes and is inscribed 
with the name “Amenhotep III,” the ninth pharaoh 
of the Eighteenth Dynasty of Egypt. Photo courtesy of 
the Metropolitan Museum of Art. 
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works have survived (Pliny, 77 CE). As the name im- 
plies, genuine ivory black was created from ivory 
wastes. These wastes were in relative abundance from 
the fifteenth to nineteenth centuries, as ivory was 
widely traded throughout many parts of the world. It 
was fashioned into jewelry, tools, weapons, contain- 
ers, musical instruments, billiard balls, and other nov- 
elties (Smithsonian National Museum of African Art, 
2019). Ivory black pigment was manufactured until 
the end of World War II (Kremer Pigmente, 1985). Due 
to species protection measures, all ivory black sold on 
the market today must be sourced solely from old 
stock (Kremer Pigmente, 1985) or be composed of 
high-grade bone black (Winter and FitzHugh, 2007). 
Ivory black is reportedly more intensely black than 
bone black, but this is arguably due to the pigment 
simply being more carefully made, since ivory has al- 
ways been more scarce than bone (Winter and 
FitzHugh, 2007). Ivory was also used for paint palettes 
in previous centuries (figure 16). 

Bone black has been found in prehistoric, Egypt- 
ian, Greek, Roman, medieval, and Renaissance art 
(Coles, 2018}. Optical microscopy revealed its use on 
gravestones in ancient Greece from the third to sec- 
ond century (Winter and FitzHugh, 2007). Ivory and 
bone black have been scientifically identified in 
western European art dating from at least the fif- 
teenth century into the twentieth century, including 
works by Tintoretto, Rubens, Rembrandt, Manet, 
and Renoir (Winter and FitzHugh, 2007). An exten- 
sive analysis of works in the Museum of Pablo Pi- 
casso in Paris concluded that 62 of his paintings 
contained either ivory or bone black (Winter and 
FitzHugh, 2007). Modern artist Kazimir Malevich, 
who founded the Suprematism movement and (along 
with Picasso) helped propel and popularize abstract 
art, featured ivory black in his signature geometric 
style (figure 17). 

The process for creating white pigment from bone 
can be duplicated in the presence of oxygen. Essen- 
tially the ash that remains after all organic material 
has been destroyed, bone white was first used in the 
Neolithic period (Coles, 2018), primarily as a paper 
preparation in metalpoint drawing. In this technique, 
a soft metal writing utensil (silver, gold, or copper) 
grazes across a paper that has been primed, usually 
with bone white pigment mixed with rabbit skin glue. 
Bone ash possesses a slightly abrasive quality, allowing 
the metal to exfoliate and adhere to the primed sur- 
face, similar to a modern graphite pencil against paper. 
Graphite eventually became more popular because it 
was easier to use, causing metalpoint to fade into ob- 
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Figure 17. Kazimir Malevich’s Painterly Realism of a 
Football Player—Color Masses in the 4th Dimension 
(1915, oil on canvas) features ivory black, artificial ul- 
tramarine blue, and vermilion red. The work is 
painted in the Suprematist style, a movement focused 
on geometric shapes and a limited range of colors. 
Photo courtesy of the Art Institute of Chicago. 


scurity. While bone ash has little use as a modern-day 
pigment, bone black is still sold at art stores. 


CINNABAR 


Cinnabar (Hg§) is an intensely colored mercury sul- 
fide mineral and the principal ore of mercury. It is 
not abundant in the earth’s crust, and only a handful 
of important deposits occur in Europe, the Middle 
East, and Asia. It is usually found with a massive 
habit, though well-formed, gem-quality single crys- 
tals are occasionally discovered (figure 2). Its hue is a 
strikingly vivid red with a strong orange component, 
unlike the comparatively dark and common red 
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ochre. In its simplest form, cinnabar’s color is derived 
from simply crushing and grinding the mineral in a 
stone mortar. A synthetic form, commonly referred 
to as vermilion, has existed for several centuries and 
is obtained from synthesizing mercury and sulfur. 
After ultramarine, cinnabar was historically the most 
valuable and prestigious pigment in the trade, with 
Spanish and Chinese sources being the most signifi- 
cant (Siddall, 2018). 

One of the earliest uses of cinnabar as pigment was 
in the Middle East in Catalhoytik, an early human set- 
tlement from 7100 BCE to 5700 BCE, where it has 
been found in paintings and burial contexts (Camur- 
cuoglu, 2015). Of the more than 800 Dead Sea Scrolls 
discovered in Israel and considered the world’s earliest 
copies of biblical books, four fragments have been 
shown to contain red ink composed of cinnabar (Nir- 
El and Broshi, 1996). Ancient Romans indulged in the 
use of the pigment in wall paintings, assigning it great 
importance and sacred associations (Spindler, 2018) 
(figure 18). Pure cinnabar pigment could turn black 
when exposed to light, prompting the Roman scholars 
Vitruvius and Pliny the Elder to use a coating of oil or 
wax in their work (Eastaugh et al., 2004). Recent stud- 
ies have shown that this discoloration is actually as- 
sociated with cinnabar that has either been exposed 
to halogen or contains traces of chlorine (Eastaugh et 
al., 2004). 

Cinnabar also experienced a widespread cultural 
diffusion in China. During the Shang and Zhou dy- 
nasties (1600-256 BCE), it was used for strewing of 
remains in grave burials, presumably to preserve the 
dead (Gettens et al., 1993). Treasured in Chinese 
alchemy, cinnabar was an important ingredient in 
recipes for preparing the philosopher’s stone (a myth- 
ical substance believed to turn common metals into 
gold) and medieval pharmaceutical elixirs (Gettens 
et al., 1993). Traditional Chinese medicine prescribed 
powdered cinnabar to treat a variety of medical con- 
ditions including skin infections and intestinal dis- 
orders (Liu et al., 2008). Many of these cinnabar 
remedies are still used in Chinese medicine. 

Cinnabar pigment was used considerably in Chi- 
nese lacquerware—a material that dates to 7000 BCE 
and is still produced today (Siddall, 2018). Lacquer is a 
resin primarily sourced from the tree species Toxico- 
dendron vernicifluum. When exposed to oxygen and 
dried, it transforms into a natural plastic that is resist- 
ant to heat and water. Lacquerware is created from a 
base of turned wood with 30 to 200 layers of lacquer 
applied (Metropolitan Museum of Art, 2009). Once 
hardened, lacquer can be elaborately carved into geo- 
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metric motifs or extraordinary representations of earth, 
water, or sky (figure 19). These items were most often 
colored red and became known as “cinnabar lacquer.” 
Vermilion is an artificially created cinnabar that 
can be produced through either a wet or dry process. 
The dry process may have been invented in China be- 
fore spreading west through Arab traders, with the 
first documentation of this process originating in the 
eighth century (Gettens et al., 1993). Medieval recipes 
for dry-process vermilion involve combining mercury 
with molten sulfur and heating until the compound 
sublimes and condenses. The final product is a red 
crystalline modification of mercury sulfide. It is then 
treated with an alkali solution to remove free sulfur, 
washed, and ground under water in preparation as pig- 
ment. The wet process, discovered in the seventeenth 
century, calls for the combination of mercury sulfide 
and a heated solution of ammonium or potassium 
sulfide. This process was more cost efficient and be- 
came the favored method of vermilion production in 
the West. Obscure in the eighth century, vermilion 
had become mainstream by the fourteenth century 
(Gettens et al., 1993). Unlike malachite and azurite, 
cinnabar and vermilion are strong light absorbers 
whose colors are preserved at all particle sizes. 
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Figure 18. This Roman 
fresco features what is 
believed to be a Mace- 
)} donian queen or 

© princess (seated) play- 

| ing a gilded kithara be- 
side her daughter or 
younger sister. Both are 
| adorned with gold 
bracelets, earrings, and 
| headbands with a cen- 
_ tral medallion, suggest- 
ing royalty. The 
background features a 

| profuse display of ex- 
pensive cinnabar pig- 
ment. Wall painting 
from Room H of the 
Villa of P. Fannius 
Synistor at Boscoreale, 
ca. 50-40 BCE. Photo 
courtesy of the Metro- 
politan Museum of Art. 


Vermilion was an important color in illuminated 
manuscripts as it was used to paint the rubricae (text 
written/printed in red ink for emphasis) and imagery. 
It became a staple from the fourteenth century onward 
(Gettens et al., 1993), appearing in the works of Ver- 
meer (figure 14), Titian (figure 15), and Degas (figure 
20). In the early nineteenth century, cadmium red was 
introduced and began to take the place of vermilion 
(Melo and Miguel, 2010), which had already surpassed 
cinnabar in production and usage. Cadmium pigments 
have since become the standard for brilliant, lightfast, 
and weather-resistant yellow, red, and orange paints. 


CONCLUSIONS 


Many historical pigments led double lives as gem 
materials, and both commodities have retained value 
over time. While the beauty of gems is appreciated 
by society, art viewers are often unaware that ac- 
claimed paintings from the prehistoric to postmod- 
ern eras feature colors obtained from ornamental 
materials. Pigments and gems are further inter- 
twined by their ability to reveal anthropological in- 
formation about humankind’s comprehension of the 
natural world. With a better understanding of chem- 
istry, the synthesis of both pigments and gemstones 
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Figure 19. Objects carved from cinnabar lacquer. Left: A stem cup with lychee and vines, from late-fifteenth/early- 
sixteenth century China. Right: A covered box with butterflies, gourds, and scrolling vines, from eighteenth-cen- 
tury China. Photos courtesy of the Art Institute of Chicago. 


inevitably followed. The availability of a variety of | merely a psychological reflection of and reaction to 
gem materials shaped the development of pigments, our environment, the conversation of art has con- 
which in turn shaped the history of art. As art is _ tributed to the shaping of humankind itself. 


Figure 20. Combing the 
Hair (La Coiffure) by 
Edgar Degas (1896, oil 
on canvas) is a near- 
monochromatic celebra- 
tion of red, showcasing 
vermilion, red ochre, 
and red lead pigments. 
Photo courtesy of the 
National Gallery of Art, 
Washington, DC. 
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This year, readers from all over the world took the 2022 Gems & Gemology Challenge. Participants tested 


their knowledge by answering questions from the Spring 2022 issue. Those who earned a score of 75% or 


higher received a GIA Certificate of Completion. Participants who scored a 92% or higher are listed below. 


See pages 60-641 of the Spring 2022 issue for the questions. 
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AOS ARTICLES 


COLOR MECHANISM AND SPECTROSCOPIC 
THERMAL VARIATION OF PINK SPINEL 
REPORTEDLY FROM KUH-I-LAL, TAJIKISTAN 


Yicen Liu, Lijian Qi, Dietmar Schwarz, and Zhengyu Zhou 


The color mechanism of pink spinel from Kuh-i-Lal in the Pamir Mountains of Tajikistan was studied using photo- 


luminescence, mid-infrared, and ultraviolet/visible spectroscopy. This included studying the variations in spectra after 


heating to a series of temperatures ranging from 300° to 1000°C. Laser ablation—-inductively coupled plasma—mass 


spectrometry was used to measure the trace elements present. The results reveal that the color is caused by the com- 
bined effect of spin-allowed transitions of Cr**, Fe**, V**, and Fe?*-Fe** intervalence charge transfer mechanisms. The 
photoluminescence spectra show that during heat treatment, the intensity of the N, peak (687 nm) and the full width 


half maximum of the R-line and N-lines increase with temperature. Following heating in the range of 750°-825°C, 


there is a linear relationship between temperature and the ratio of integral areas of the R-line and N-lines. The mid- 


infrared spectra indicate that the band at 581 cm" (v3) gradually disappears during the heating process, which is 
likely related to the variation of octahedral M-O and tetrahedral T-O bond length in the spinel lattice. 


formula (A, _B,)"(A;B, ;)“O,, in which A repre- 

sents divalent cations such as Mg?*, Fe, Zn”*, 
Mn**, Co*, or Ni**, while B represents trivalent 
cations such as A]**, Cr**, V**, or Fe**, IV and VI repre- 
sent the tetrahedral site and octahedral site respec- 
tively, and i is the degree of distortion. Gem-quality 
spinel is composed mainly of MgAl,O,. Due to the 
different chromophoric ions contained within the lat- 
tice, spinel comes in a diverse range of colors. For ex- 
ample, spinel containing Co** is commonly blue 
(Shigley and Stockton, 1984; Fregola et al., 2014; 
Chauviré et al., 2015; Long et al., 2018). Iron-rich 
spinel appears blue, green, or pink when iron is the 
dominant minor element. When iron largely replaces 
magnesium in the main lattice, spinel appears black 
(De Souza et al., 2001; Taran et al., 2005; Lenaz and 
Lughi, 2013; Andreozzi et al., 2019). Cr*+- and V*+- 
bearing spinel is typically orange, red, or magenta 
(Malsy and Klemm, 2010; Widmer et al., 2015; Giu- 
liani et al., 2017; Maliékova et al., 2021). Yellowish 
green spinel is related to high manganese content 
(Andreozzi et al., 2019), while high zinc content is 


em is a series of metal oxides with the general 


See end of article for About the Authors and Acknowledgments. 
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commonly associated with a dark blue or dark green 
color (Fregola et al., 2014). 

Spinel from the Kuh-i-Lal deposit in Tajikistan (fig- 
ure 1) is mainly pink and purple, and it formed in the 
Goran metamorphic series of southwest Pamir 
Plateau. The lithology of the Golan area is high-grade 
metamorphic rock, and spinel occurs in the forsterite 


In Brief 


¢ Spin-allowed transitions of Cr**, Fe**, V** , and Fe**-Fe** 

intervalence charge transfer lead to the color of pink 

spinel. 

The intensity of the R-line and N-lines at 680-692 nm 

in the PL spectrum are independent of the Cr’* content. 

¢ Thermal treatment widens the FWHM of R-line and N- 
lines, corresponding to changes in the classes of Cr?* 
ions in spinel. 


The disappearance of the v, band at 581 cm with 
heating is likely related to the increasing M-O and de- 
creasing T-O bond lengths. 


lens of magnesian skarn. These forsterite lenses gen- 
erally range in length from 10 cm to 5 m, with a max- 
imum of 30 m (Hubbard et al., 1999). At Kuh-i-Lal, 
spinel often coexists with enstatite, magnesite, phlo- 
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gopite, pyrrhotite, pyrite, rutile, uvite, and graphite, in 
the mining area (Grew, 1994). Its formation is related 
to the tertiary collision between the Eurasia plate and 
the Indian Subcontinent in the Himalayan Orogenic 
Belt (Garnier et al., 2006; Malsy and Klemm, 2010). 

While there has been no systematic and specialized 
spectroscopic research on samples from Kuh-i-Lal, 
spinel has been investigated for decades. Wood and 
Imbusch (1968) calculated the crystal field parameters 
of Cr** in spinel. Strek et al. (1988) analyzed the ultra- 
violet/visible (UV-Vis) spectra and photoluminescence 
(PL) spectra, concluding that MgA1,O, spinel was af- 
fected by the spin-allowed transitions *A,,—>‘T,, and 
‘A,,>T|, of Cr* ions. Dickson and Smith (1976) ana- 
lyzed the combination of UV-Vis and Mossbauer spec- 
tra of spinel at room temperature, explaining the effect 
of iron on the optical spectra. Halenius et al. (2010) 
used the Racah B parameter, which can be calculated 
from the energies of bands on UV-Vis spectra, to prove 
that the number of Cr-O bonds was related to Cr** 
content. Taran et al. (2005) and Fregola et al. (2014) 
studied the spectra of Fe** and Fe** in gahnite-her- 
cynite and found that the d-d absorption spectra of Fe”* 
in the near-infrared region are related to pressure. An- 
dreozzi et al. (2019) classified two categories of color: 
(1) iron-poor orange, red, and magenta spinel and (2) 
iron-rich pink, blue, and green spinel. The former 
group of colors is mainly caused by the spin-allowed 
transition of Cr** and V** ions, while the latter group 
is due to the function of Fe, , and Fe*. 

A topic of particular importance to the gem and 
jewelry trade is the heat treatment of spinel to im- 
prove its appearance. We already have some knowl- 
edge about the heating process used: Mohler and 
White (1995) studied the PL spectrum of Cr** of 
spinel and found that the change of temperature in- 
variably affects the phonon line structure of Cr**. 
Neutron diffraction, Raman spectroscopy, single- 
crystal diffraction, and other methods were used to 
explore the change of cation distribution and lattice 
parameters of spinel during the heating process (Pe- 
terson et al., 1991; Cynn et al., 1992; Redfern et al., 
1999, Méducin et al., 2004; Minh and Yang, 2004; 
Uchida et al., 2005; Slotznick and Shim, 2008). Wid- 
mer et al. (2015) analyzed the changes in the PL spec- 
trum and Raman spectrum of red spinel under 
heating conditions. It was found that the lattice pa- 
rameters changed with temperature and pressure, re- 
sulting in a sudden change of intensity and full width 
at half maxima (FWHM) of peaks in the PL spectrum. 

Spinel is a traditionally popular gem featuring 
high transparency and desirable colors. Since 2000, 
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Figure 1. This faceted spinel was mined in the Kuh-i- 
Lal deposit of Tajikistan and weighs slightly more 
than 20 ct. Photo by Vincent Pardieu/Gtibelin Gem 
Lab (2008); courtesy of Edigem. 


it has seen a large price increase in China. The mines 
of Kuh-i-Lal have been an important source for cen- 
turies (the famous Black Prince’s ruby from the 
British Imperial State Crown is said to have been 
mined there). To date, however, there has been no 
systematic study on the characteristic spectroscopy 
of spinel from this mining area. In this paper, the 
spectroscopic thermal variations and chromophoric 
mechanism of pink spinel reportedly from Kuh-i-Lal 
were studied using UV-Vis spectroscopy, PL spec- 
troscopy, and mid-infrared spectroscopy, combined 
with laser ablation-inductively coupled plasma-— 
mass spectroscopy (LA-ICP-MS) and heat treatment, 
to reveal the structural changes following different 
heat treatment temperatures and the function of in- 
ternal chromophoric elements. 


MATERIALS AND METHODS 


In this study, we collected 20 gem-quality pink spinel 
samples reportedly from the Kuh-i-Lal region. The 
samples were purchased by author DS during field 
trips to the Namak Mandi gem market in Peshawar 
(Pakistan) in 2000 and 2001 and from Tajik, Afghan, 
and Pakistani dealers in Bangkok between 2014 and 
2019. Samples ranged from 0.781 to 4.360 ct. Refrac- 
tive index measurements were acquired with a desk- 
top refractometer on all samples, and hydrostatic 
specific gravity values were obtained on the same 
samples. Each crystal had either one or two polished 
windows, ensuring that internal characteristics could 
be clearly observed and spectral testing could be car- 
ried out. The sample details are listed in table 1. 


Gems & GEMOLOGY FALL 2022 339 


TABLE 1. Description and gemological characteristics of pink spinel from Kuh-i-Lal, Tajikistan. 


Sample no. Photo Color Weight (ct) Refractive index Specific gravity 
SP-01 Deep pink 1.866 1.714 3.56 
SP-02 Pink 1.265 1.713 3.55 
SP-03 Light pink 1.260 e712 3.57 
SP-04 Pink 1.178 1.714 3.57 
SP-05 Deep pink 1.900 1.711 3.58 
SP-06 Pink 0.971 1.710 3.57 
SP-07 Light pink 0.781 i 3.57 
SP-08 Pink 1.995 1.712 3.56 
SP-09 Deep pink 1.909 1.713 3.57 
SP-10 Pink 0.849 1.713 3.55 


Spectroscopy was performed at the Laboratory of 
Gem and Technological Materials, Tongji University 
in Shanghai. PL spectra were obtained between 560 
and 850 nm using a confocal Raman spectrometer 
(Horiba Jobin Yvon LabRAM HR Evolution). All 
spectra were measured using an excitation wave- 
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length of 532 nm. The acquisition time was 5 s, and 
two scans with the 50x objective of the microscope 
were performed. All spectra were collected using a 
power of 50 mW and a confocal aperture of 50 pm. 
Twenty samples for UV-Vis absorbance spectra 
were cut and polished on two parallel sides. Each sam- 
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TABLE 1 (continued). Description and gemological characteristics of pink spinel from Kuh-i-Lal, Tajikistan. 


Sample no. Photo Color Weight (ct) Refractive index Specific gravity 
SP-13 Pink 2.101 1.713 3.57 
SP-29 Deep pink 3.345 1.713 3.56 
SP-30 Light pink 2.220 1.711 3.55 
SP-34 eed Pink 4.360 72 3.57 
SP-36 => Deep pink 2.870 1.710 3.55 
SP-37 Zon Light pink 0.823 1.710 3.58 
“e 
SP-42 % Light pink 1.930 1.712 3.55 
SP-43 Light pink 1.218 1.711 3.58 
SP-47 as Deep pink 1.141 1.711 3.58 
SP-50 x, Deep pink 2.760 1.713 3.55 
—=—= 


ple had a thickness of 1.52 to 2.54 mm. UV-Vis absorp- 
tion spectra were obtained with a UV-Vis spectrome- 
ter (PerkinElmer Lambda 650s). The spectra were 
obtained with a resolution of 1 nm, a scan speed of 
2.66.75 nm/min, a photomultiplier (PMT) response of 
0.4 s, anda scan range of 300-800 nm. 
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Mid-infrared reflectance spectra were measured 
with a Bruker Tensor 27 FTIR spectrometer equipped 
with a reflectance accessory. The spectra were 
recorded with a resolution of 4 cm and 32 scans. 
The scan speed was 10 kHz with a raster of 6 mm in 
the range of 400-4000 cm!. The absorbance of the 
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TABLE 2. Transition metal element contents of pink spinel from Kuh-i-Lal, obtained by LA-ICP-MS (the range 


of values for each sample is based upon three spots). 


Sample MgO Al,O,; Vv Cr Mn Fe Co 
(wt.%) (wt.%) (ppmw) (ppmw) (ppmw) (ppmw) (ppmw) 
SP-01 29.9-30.1 68.9-69.0 201-205 753-894 108.4-116.2 3577.8-3577.8 1.0-1.5 
SP-02 29.6-29.9  69.1-69.4 317-355 426-444 123.9-123.9 2411.1-2488.9 0.7-9.6 
SP-03 29.8-30.1 68.8-69.3 331-347 MOR? 123.9-131.7 2411.1-2488.9 0.6-1.0 
SP-04 30.2-30.3 68.7-68.9 354-391 457-501 108.4-123.9 2411.1-2722.2 0.6-1.2 
SP-05 29.9-30.1 68.9-69.2 286-300 432-699 123.9-123.9 2411.1-2566.7 0.5-0.9 
SP-06 30.2-30.3 — 68.5-68.8 314-347 469-873 123.9-131.7 2333.3-2644.4 0.7-1.4 
SP-07 29.9-30.1 68.9-69.3 232-314 384-766 123.9-123.9 2255.6-2488.9 0.6-1.2 
SP-08 30.3-30.5 68.7-68.8 286-311 290-338 123.9-131.7 2100.0-2488.9 0.8-1.1 
SP-09 29.8-29.9 69.1-69.1 187-192 630-699 108.4-108.4 3577.8-3733.3 0.8-1.5 
SP-10 29.1-30.1 69.0-69.9 268-283 371-412 108.4-116.2 2644.4-2722.2 0.3-0.5 
SP-13 30.1-30.4 — 69.0-69.3 283-288 182-365 116.2-116.2 2488.9-2644.4 0.6-0.9 
SP-29 29.8-30.1 68.9-69.2 271-273 669-695 108.4-108.4 2722.2-3188.9 0.7-0.8 
SP-30 30.3-30.7 —- 68.6-68.8 293-446 253-421 108.4-116.2 1944.4-2333.3 OGAD 
SP-34 30.4-30.5  68.4-68.6 318-332 368-446 123.9-131.7 2644.4-2877.8 0.3-0.8 
SP-36 29.5-29.8  69.2-69.6 378-394 397-551 116.2-116.2 2566.7-2722.2 0.7-0.8 
SP-37 30.731.0 68.2-68.5 358-373 136-178 100.7-108.4 1633.3-2177.8 0.3-1.0 
SP-42 30.5-30.7 68.4-68.4 254-340 365-426 123.9-123.9 2722.2-2800.0 0.6-1.3 
SP-43 29.6-30.4  68.6-69.6 265-339 318-464 108.4-116.2 2100.0-2566.7 0.6-0.9 
SP-47 30.0-30.5 68.4-68.9 153-165 701-920 100.7-108.4 3655.6-3655.6 0.8-1.0 
SP-50 29.8-30.1 69.0-69.3 262-269 303-364 116.2-116.2 2488.9-2722.2 0.5-1.0 
eae 0.0015 0.0032 0.5 52.9 5.4 124.4 0.7 
Imits 
Pink 
eee _ - 68-815 68-1436 154.9-542.1 2722.2-27377.8 = 
et al., 2019) 
Magenta 
cae = = 476-952 1505-7115 0-154.9 1011.1-4900.0 = 
et al., 2019) 


Note: ppmw = parts per million by weight. 


samples was calculated from the reflectance data 
through Kramers-Kronig analysis. 

Trace element analyses were performed on all 20 
samples using LA-ICP-MS at Wuhan Sample Solution 
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Analytical Technology Co., China, using an Agilent 
7900 mass spectrometer with a GeoLas HD coherent 
excimer laser ablation system (193 nm ablation wave- 
length and 5 Hz frequency with an energy of 80 mj). 
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Three measuring points (64 um diameter) were se- 
lected for each sample. The data were calibrated using 
multiple external standards: NIST SRM 610, NIST 
SRM 612, BCR-2G, BHVO-2G, and BIR-2G. The 
ICPMSDataCal 10.8 software was used for data pro- 
cessing. Detailed information on the instrument set- 
ting and data processing follows the description of Liu 
et al. (2008). 

Because spinel contains many crevices, it is easy 
for samples to fracture during the heating process. 
Two samples with sufficient clarity (SP-05 and SP-34) 
were selected for heat treatment, one of which (SP- 
34) was cut into four small pieces of about 2 x 2 x 1 
mm. These five pieces of crystal (SP-05, SP-34.1, SP- 
34.2, SP-34.3, and SP-34.4) were heated to tempera- 
tures of 300°, 500°, 600°, 650°, 700°, 750°, 775°, 800°, 
825°, 850°, 875°, 900°, and 1000°C at a heating rate of 
10°C/min. After reaching the target temperature, the 
samples were annealed for one hour, and then the 
pieces were cooled to room temperature at a rate of 
20°C/min in the switched-off furnace. Unfortunately, 
sample SP-34.4 broke apart during the heating 
process, so data will only be reported for the remain- 
ing four samples. The PL and mid-infrared spectra 
were recorded after heating to different temperatures, 
and the spectral measurement parameters were the 
same as those for samples with no heating. 

The peak fitting process was evaluated using 
PeakFit version 4.12 (Systat Software Inc., Palo Alto, 
California), with the shape and width of the peaks 
varied. According to Taran et al. (2005), we assume 
that band shapes are Gaussian, and a combination of 
Gaussian and Lorentzian curves was used to fit these 
spectra. The peak analysis (FWHM and integration 
of R-line and N-lines) in PL spectra were calibrated 
using OriginPro 2018 (OriginLab, Northampton, 
Massachusetts). 


RESULTS 


Chemical Composition. Spinel with the ideal struc- 
ture MgAl,O, is allochromatic, and therefore pure 
spinel is colorless. Color is caused by transition 
metal elements in the crystal lattice. One detailed 
study (Andreozzi et al., 2019) divided spinel of differ- 
ent colors into two groups: 


1. Iron-poor orange, red, and magenta spinel: col- 
ored by the combined effect of iron, chromium, 
and vanadium 

2. Iron-rich pink, blue, and green spinel: attrib- 
uted to the increase of Fe,,, and Fe** (Andreozzi 
et al., 2019). 
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Figure 2. A typical UV-Vis absorption spectrum of 
pink spinel from Kuh-i-Lal. 


In the present study, the main transition metal el- 
ement of Kuh-i-Lal pink spinel was iron, ranging 
from 1633.3 to 3733.3 ppm. The samples also con- 
tained small amounts of chromium and vanadium. 
Chromium varied from 136.0 to 920.0 ppmw, and 
vanadium content ranged from 153.0 to 446.0 ppmw. 
In addition, there were other transition metal ele- 
ments such as manganese (100.7-131.7 ppmw) and 
cobalt (0.3-9.6 ppmw). The LA-ICP-MS test results 
of all samples are presented in table 2. 


UV-Vis Absorbance Spectra. A representative UV-Vis 
absorbance spectrum of pink spinel from Kuh-i-Lal 
is shown in figure 2. In general, the UV-Vis ab- 
sorbance spectrum of spinel from this locality can be 
divided into three zones: 


1. an absorption band at 389 nm, with a shoulder 
at 416 nm (band A) 

2. a wide absorption band with absorption max- 
ima at 542 nm (band B) 

3. a set of weak and narrow absorption bands at 
around 700 nm with absorbance fluctuations 


The detailed characteristics of the absorption peak 
at 685 nm in the third zone could not be observed 
with the UV-Vis spectrometer, so the peak was 
recorded by the photoluminescence spectrometer and 
described in detail below. 

The deuterium lamp’s emission at 319.2 nm 
causes the noise at 319 nm, while the noise from 319 
to 370 nm is caused by the signal instability of the 
deuterium lamp. (The light source for the rest of the 
range was a tungsten lamp.) 
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PL SPECTRA 


Figure 3. Top: A repre- 
sentative photolumi- 


nescence spectrum of 
Kuh-i-Lal pink spinel 
SP-42 at room tempera- 
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The iron-poor orange, red, and magenta spinel ex- 
amined by Andreozzi et al. (2019) have absorption 
patterns similar to those from the present study. 
Meanwhile, the iron-rich pink, blue, and green spinel 
from that earlier study have an obvious absorption 
band at around 458+18 nm. 


PL Spectra. A typical photoluminescence spectrum 
of Kuh-i-Lal spinel is shown in figure 3. The PL spec- 
tra of all the samples displayed the same pattern of 
emission lines but with different intensities. The PL 
spectra of spinel from Kuh-i-Lal and Myanmar are 
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688 690 


very similar and can be divided into five regions 
(Malickova et al., 2021): 


i. a group of emission lines in the area of 650- 
680 nm (with the strongest intensities at 672, 
674, and 675 nm) 

ii. 680-690 nm (with the sharpest and highest 
emission line at 685.6 nm) 

iii. 690-702 nm (including a group of emission 
lines of 695, 698, and 700 nm, with the 
strongest intensity at 698 nm) 

iv. 702-712 nm (including a group of emission 
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PL SPECTRA 


INTENSITY ——> 


Figure 4. Photolumines- 
cence spectra of pink 
spinel sample SP-05 
after heating at the 
specified temperatures. 
The dashed lines repre- 
sent the maxima for 
each peak from the dif- 
ferent PL regions. N, ex- 
ceeds the emission line 
at 685.6 nm (R-line) 
after heating to about 
825°C, while the 
FWHM of these emis- 
sion lines gradually 
widened following 
heating at higher tem- 
peratures. 


T 
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WAVELENGTH (nm) 


lines of 705, 707, and 709 nm, with maxima at 
707 nm) 


v. 712-725 nm (including two emission lines at 
717 and 722 nm} 


In the PL spectra of Cr**-bearing spinel at room 
temperature, the R-line, a very strong and sharp emis- 
sion line located at 685.6 nm (figure 3, top), is formed 
by the spin-forbidden transition 7E(*G)—>*A,(*F) of Cr°* 
(Phan et al., 2004; Widmer et al., 2015). The strength 
of the R-line is related to the different classes of sub- 
stitutional Cr* ions, and its generation reflects the ex- 
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istence of ideal coordinated Cr** (Phan et al., 2004, 
Widmer et al., 2015), which is recorded as Cr {ideal}. 
Saeseaw et al. (2009) first investigated the effect of heat 
treatment on PL spectra of pink spinel. According to 
that study, the FWHM is an important parameter to 
identify unheated spinel, which ranges from 0.82 to 
1.12 nm. The FWHM of samples in this research 
ranges from 0.85 to 0.93 nm. In addition to the R-line, 
there are also N-lines in region ii (figure 3, bottom). 

The effects of heat treatment on the PL spectra of 
spinel sample SP-05 (figure 4) are shown in the fol- 
lowing two respects: 
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Figure 5. Top: A repre- 
sentative absorption 
spectrum (converted re- 
flectance data) of Kuh-i- 
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1. After heating to 750°C, the luminescence inten- 
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sity at 687 nm (N,) in region (ii) gradually in- 
creased. N, exceeds the emission line at 685.6 
nm (R-line) after heating to about 825°C and pre- 
vails after heating up to 1000°C. The FWHM in- 
dicate a significant increase with heating. This 
change is no longer obvious after 850°C. 
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2. The baseline in parts (i), (iii), (iv), and (v) 


strengthened slightly following increasing 
heating temperature, and the FWHM of the 
original emission lines gradually widened si- 
multaneously. After heating to 850°C, the spec- 
tra only display emission lines with the highest 
intensity at 675, 696, 698, 700, 708, and 717 
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NORMALIZED CONCENTRATIONS 
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(Andreozzi et al., 2019) Figure 6. Normalized 
concentrations of FeO, 
(total content of iron 
oxide), V,O,, and Cr,O, 
for Kuh-i-Lal spinel 
samples (modified from 
Andreozzi et al., 2019). 
Hexagrams and squares 
represent samples from 
Andreozzi et al. (2019), 


while the diamonds 
represent pink spinel 


from the present study. 
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nm, while other lines are not distinguishable. 
Following heating at 1000°C, only wide emis- 
sion bands at 675, 698, 708, and 717 nm are still 
observable. 


Mid-Infrared Spectroscopy. This study only discusses 
the mid-infrared spectra of Kuh-i-Lal spinel in the 
range of 400-1000 cnr", because there is no absorption 
after 1000 cm"!. A typical mid-infrared spectrum is 
shown in figure 5 (top). With no heating, there are two 
characteristic bands, centered near 686 cm (v,) and 
513 cm (v,}. Additionally, a shoulder can be observed 
at 581 cm (v,). After heating to 650°C, this shoulder 
becomes less intense with rising temperature, and it 
disappears completely at 850°C (figure 5, bottom). 


DISCUSSION 


Coloration Mechanism. The color of spinel is as- 
signed by the chromophoric elements in its lattice. 
The LA-ICP-MS results show that pink spinel from 
Kuh-i-Lal contains a variety of trace transition metal 
elements, but not all transition metal elements con- 
tribute to color. Iron-rich pink, blue, and green spinel 
are mainly influenced by iron, while orange, red, and 
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magenta (including iron-poor pink) spinel are colored 
by the combined effect of iron, chromium, and vana- 
dium (Andreozzi et al., 2019). In Andreozzi’s electron 
probe microanalysis (EPMA) results, the iron content 
of pink and magenta spinel are similar (see table 2), 
but the contents of chromium and vanadium in their 
sample sets vary greatly because of limited samples 
(three samples in light pink, purplish pink, and red- 
dish pink respectively). Compared with their sam- 
ples, our samples have a lower concentration of 
chromium and vanadium. 

As shown in figure 6, the ternary diagram reflects 
that the distributions of iron, chromium, and vana- 
dium in our samples are close to those from An- 
dreozzi for both the pink samples and one of the 
magenta samples. Based solely on chemical compo- 
sition, it is hard to declare that the color mechanism 
of pink spinel in Kuh-i-Lal is caused by one of the 
categories mentioned by Andreozzi et al. (2019). 

The UV-Vis absorption spectra reveal the chromo- 
phoric mechanism of chromium and vanadium, and 
the UV spectral patterns of all samples were nearly 
the same (see figure 2 for an example spectrum). Ac- 
cording to Taran et al. (2014), the absorption bands 
of ~18,500 cm (540.54 nm) and ~25,400 cm (393.70 
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nm) can be attributed to Cr** spin-allowed transition 
‘A,,>"T,, and 4A,,>‘T,,. However, the absorption 
bands of V* also exist in this region, very close to the 
absorption bands of Cr**. The two strong absorption 
bands of V** at ~18,500 cm~ and ~25,400 cm‘ are as- 
signed to the d-d_ spin-allowed transitions 
8T,(F)=°T,(P) and °T,(F)°T,(F), respectively (An- 
dreozzi et al., 2019). 

Following a peak-fitting procedure outlined by 
Andreozzi et al. (2019) in order to separate (decon- 
volute) the overlapping absorption bands, six fitted 
peaks were distinguished using PeakFit 4.12, as 
shown in figure 7 (sample SP-42). Three absorption 
peaks at around 389 nm (1), 418 nm (2), and 456 nm 
(3) were obtained by deconvoluting the band A. 
Peaks (1) and (2) can be attributed to the d-d spin- 
allowed transition *A,,—> ‘T,,(*F) of Cr**, and peak 
(3) is caused by spin-forbidden transition °A,—*A,, 
‘E of Fe** ions. Two other absorption peaks are ob- 
tained by fitting band B, located near 527 nm (4) and 
567 nm (5), respectively. Peak (4) was assigned to 
*A,, > “T,.(4F) of Cr**, while peak (5) was caused by 
the spin-allowed transition °T,(3F) > °T,(3F) of V** 
(Halenius et al., 2010; Malsy and Klemm, 2010; 
Taran et al., 2014; Andreozzi et al., 2019). The last 
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peak is at 674 nm (6), which can be attributed to 
Fe*-Fe** intervalence charge transfer, possibly 
strengthened by exchange-coupled pair (ECP) inter- 
actions in Fe**-Fe** clusters (Andreozzi et al., 2001). 
The UV-edge absorption near 300 nm is attributed 
to the charge transfer transition of O* — Fe** (Malsy 
and Klemm, 2010; Taran et al., 2014; Andreozzi et 
al., 2019). 

Therefore, the color of pink spinel from Kuh-i-Lal 
is caused not only by Cr** and V**, but also by Fe** 
and Fe?'-Fe** intervalence charge transfer. 


Spectroscopic Thermal Variation Characteristics. 
The PL spectra of spinel mainly reflect the environ- 
ment of Cr** ions (Widmer et al., 2015). The PL spec- 
trum of Kuh-i-Lal pink spinel consists of an R-line, 
N-lines, and their phonon sidebands (PSB). The R- 
line located at 685.6 nm is formed by the spin forbid- 
den transition ?E(?G) — +A,(*F) of ideal coordinated 
Cr°*. It shows a very sharp emission line at room 
temperature (Phan et al., 2004; Widmer et al., 2015). 
Cr** generates a spectrum in each different class (i.e., 
position in the spinel lattice), including its own zero 
phonon line and its associated phonon sidebands. 
Cr** in the ideal class will also produce a phonon 
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Figure 7. Curve-fitting 
spectra of two bands in 
the UV-Vis absorption 
spectra of sample SP-42. 
Results of deconvolu- 
tion (pink lines) of the 
two bands in the ab- 
sorption spectrum (blue 
line) of sample SP-42. 
The dashed line is the 
baseline for curve-fit- 
ting. The goodness of fit 
(GOF) is 0.97. 
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sideband known as R-PSB, which are phonon side- 
bands of the R-line. However, the anti-Stokes line of 
R-PSB cannot be observed at room temperature (Mik- 
enda and Preisinger, 1981a). Lines that are neither R- 
line nor R-PSB are called N-lines. Due to the high 
intensity of the R-line at room temperature, N-lines 
are not as obvious. According to Widmer et al. (2015), 
the curve-fitting results of our samples show that 
three N-lines—N, (686.9 nm], N, (687.9 nm), and N, 
(689.4 nm|—can be identified in the PL spectrum in 
the range of 680-692 nm at room temperature, as 
shown in figure 8. The result of our samples matched 
those from Widmer et al. (2015). 

The tetrahedral position of standard spinel is usu- 
ally occupied by divalent cations, and the octahedral 
position is usually occupied by trivalent cations. For 
the ideal CrO, octahedron in spinel, six B** ions oc- 
cupy the octahedral cation positions of the adjacent 
octahedra and six A** ions occupy the tetrahedral 
cation positions of the adjacent tetrahedra. The Cr** 
in ideal CrO, octahedron can also be written as Cr 
{ideal}. The PL spectrum of Cr {ideal} contains the R- 
line (685.6 nm) and R-PSB (phonon sideband) lines 
only. However, the substitutional Cr** ions can oc- 
cupy the A and B positions at the same time in un- 
heated spinel. The cation distribution of the 
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— sP-42 
senes Fitted peaks 


Figure 8. Curve-fitting 
results of PL spectra 
(collected at room tem- 
perature). The solid line 
is the PL spectrum of 
SP-42, and the dashed 
lines are the deconvo- 
luted peaks of this un- 
heated sample. 


substitutional Cr** ions results in a number of differ- 
ent Cr* classes. There are 48 classes besides Cr {ideal}, 
and the distortion of [CrO,] is described by the degree 
of inversion (i), which is the ratio of A** in tetrahedral 
positions and A** in both tetrahedral and octahedral 
positions. Mikenda and Preisinger (1981b,c) estab- 
lished the curve of the degree of inversion (i) and dif- 
ferent Cr** classes. The degree of inversion of 
unheated spinel is usually below 0.1. Within this 
threshold, the greater the i value, the lower the pro- 
portion of Cr {ideal}, the higher the degree of lattice 
disorder, the stronger the intensity of N-lines, and the 
lower the R-line intensity. 

There are two causes of the formation of N-lines: 
the content of impurity ions (type I) and the defect of 
the main lattice (type II). The N-lines caused by type 
Ido not change with the lattice parameters of the host 
crystal but are only affected by the Cr** content in 
spinel. Therefore, in order to identify the attribution 
of N-lines, we only need to determine whether the 
strength of N-lines changes with chromium content. 

According to the comparison between the Cr** ion 
content obtained by LA-ICP-MS and the integral of 
normalized R-line and N-lines (680-692 nm), it was 
found in this study that the increase of Cr** ion con- 
tent in the sample has no effect on the strength of the 
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R-line and N-lines (figure 9). Therefore, we can ex- 
clude type I as the cause of N-lines in the PL spectrum 
of Kuh-i-Lal spinel. Therefore, we determined that the 
N-lines are caused by lattice defects. The normalized 
R-line integral does not change with the increase of 
Cr* ions, indicating that the proportion of Cr {ideal} 
and the degree of distortion vary little with heating. 

With no heating, the PL spectrum at 680-692 nm 
mainly shows the R-line at 685.6 nm and the N, line 
at 686.9 nm, which gradually becomes dominant after 
heating (see figure 4). This is because heating disturbs 
the lattice of the host spinel, which leads to the orig- 
inal Cr {ideal} transfer to other non-ideal classes. 

The FWHM is calculated based on the position of 
N, since it is dominant among the N-lines. The tem- 
perature dependence of the FWHM of sample SP-05 
upon heat treatment is presented in figure 10. The 
FWHM of the R-line and N-lines did not change sig- 
nificantly at first; it increased slightly after heating at 
600°C. After heating to 750°C, the FWHM of the R- 
line and N, continued to widen. After heating to 
825°C, these two peaks were overlapping and difficult 
to separate. The total FWHM increased slightly when 
the sample was heated to 900° and 1000°C, and the 
corresponding PL spectra show a wide and overlapping 
band. Most of the original emission lines in figure 8 
are difficult to distinguish after heating above 825°C. 

High-temperature conditions significantly affect 
the classes of Cr** ions in spinel. Figure 11 shows the 
temperature dependence of the integral ratio of the R- 
line and N-lines (in the range of 680-692 nm). After 


Figure 9. After integration of the normalized R- and 
N-lines, the impact of chromium content is more eas- 
ily observed. 
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Figure 10. The trend of FWHM of the R-line and N- 
lines (680-692 nm) for sample SP-05 during the heat- 
ing process, where SUM represents the sum of FWHM 
of the R-line and all N-lines. 


heating to temperatures less than 600°C, the ratio 
of the integral areas of the R-line and N lines in- 
creased slightly. At 600°C, the ratio of integral areas 
of the R-line to N-lines decreased slightly, dropping 
significantly after heating to 750°C and decreasing 
slightly again after heating above 825°C. In this in- 
terval of 75°C, the ratio of integral areas of the two 
is almost linear. The equation between temperature 
and the ratio of integral areas of the two in this 
range can be derived: 


Figure 11. Temperature dependence of the ratio of in- 
tegral areas of the R-line and N-lines (680-692 nm). 
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SP-05: R-=-0.01665T + 14.131 (1) R?= 0.989 
SP-34.1: R = -0.01405T + 12.172 (2) R= 0.998 
SP-34.2: R = -0.01453T + 12.559 (3) R2= 0.967 
SP-34.3: R = -0.01443T + 12.554 (4) R2=0.981 


where R symbolizes the value of the ratio of integral 
areas of the R-line and N-lines, and T is the temper- 
ature. The linear change of the ratio of integral areas 
can explain the transition of Cr** ions from ideal to 
non-ideal classes in similar amounts in the temper- 
ature range of 750°— 825°C. After heating to temper- 
atures above 825°C, the ratio of integral areas 
changes less dramatically than in the 750°-825°C 
range. At 850°C and above, the R-line and N-lines 
cannot be deconvoluted. 

The mid-infrared spectra of spinel can be charac- 
terized by two bands at around 686 cm=(v,) and 513 
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Figure 12. This pink 
spinel crystal in matrix 
from Kuh-i-Lal measures 
13.82 x 12.54 mm, while 
the faceted gem from the 
same locality weighs 
22.76 ct. Photo by Robert 
Weldon/GIA; courtesy of 
Pala International. 


cm! (v,), which are related to the bond energy be- 
tween cations and oxygen in the octahedral lattice. 
The band at around 581 cm='(v;) is assigned to the 
complex vibration of the octahedral and tetrahedral 
lattices, especially the octahedral lattice vibration 
(Preudhomme and Tarte, 1971a,b,c, 1972). 

Figure 5 (bottom) shows that v, changes markedly 
during the heating process: The intensity of v; begins 
to decrease with rising temperature after heating up 
to 650°C and almost disappears after heating to 
850°C. This could provide additional evidence to dis- 
tinguish between heat-treated and untreated spinel. 
However, the frequency of v, and v, fluctuate with 
increasing temperature, and no obvious change pat- 
tern can be observed. 

Widmer et al. (2015) measured the crystal parame- 
ters of spinel before and after heat treatment using sin- 
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gle crystal X-ray diffraction. When heated from room 
temperature to 1100°C, the octahedral M-O bond 
length changed from 1.9226 to 1.9333 A, and the tetra- 
hedral T-O bond length changed from 1.9361 to 1.9130 
A. At a temperature of 650°C, the M-O and T-O bond 
lengths were equal at 1.927 A (Widmer et al., 2015). 


During the heating process, the difference be- 
tween the two bond lengths decreases gradually. In 
this study, v, starts to change at 650°C, which indi- 
cates that the strength and frequency of v; are related 
to the relative length of M-O and T-O bonds. When 
the length of the M-O bond grows longer than that 
of T-O, v3 gradually decreases and finally disappears. 


CONCLUSIONS 


The main trace element of pink spinel from Kuh-i- 
Lal in Tajikistan (figure 12) is iron, though it also con- 
tains small amounts of chromium, vanadium, 
manganese, and cobalt. The chromium content is 
higher than that of vanadium in most samples, but in 
some light pink samples the chromium content is 
lower than that of vanadium. Pink spinel from Kuh- 
i-Lal owes its color to the presence of Cr**, V**, Fe**, 
and Fe*-Fe** intervalence charge transfer. The char- 
acteristic band A can be attributed to the spin-allowed 
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DIAMOND 


Exceptional Natural-Color Fancy 
Red Diamond 


The Carlsbad laboratory recently re- 
ceived a 1.21 ct Fancy orangy red 
round brilliant cut diamond (6.62-6.84 
x 4.14 mm; figure 1) for a colored dia- 
mond grading and identification re- 
port. Results of standard gemological 
testing and microscopic observation 
confirmed it had a natural color and 
no color treatment or clarity enhance- 
ment. The stone displayed faint fluo- 
rescence under long-wave UV and 
none under short-wave UV. Fourier- 
transform infrared spectroscopy indi- 
cated a type IaB diamond, while 
ultraviolet/visible (550 nm band and 
H3 [503.2 nm] center) and photolumi- 
nescence (PL) spectroscopy indicated 
natural color without any treatment. 
The 550 nm absorption band is closely 
linked to plastic deformation, which 
is clearly reflected in the broad emis- 
sion features in the PL results. Due to 
the extensive plastic deformation, 
some fractures could have developed. 

The rarity and high value of red 
diamonds has resulted in many at- 
tempts to reproduce this color 
through treatment or even laboratory 
growth procedures with post-growth 
treatment (S. Eaton-Magania and J.E. 
Shigley, “Observations on CVD- 
grown synthetic diamonds: A re- 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. This 1.21 ct round bril- 
liant diamond is notable for its 
size and natural Fancy orangy 
red color. 


view,” Fall 2016 GwG, pp. 222-245; 
S. Eaton-Magana and J.E. Shigley, 
“Observations on HPHT-grown syn- 
thetic diamonds: A review,” Fall 2017 
G&G, pp. 262-284). However, treated 
red diamonds are often accompanied 
by purplish or brownish color compo- 
nents that are not desirable and are 
different from the purer hues of natu- 
rally red diamonds (W. Wang et al., 
“Treated-color pink-to-red diamonds 
from Lucent Diamonds Inc.,” Spring 
G&G 2005, pp. 6-19). Natural-color 
red diamonds are so rare that only 
around a couple dozen true red dia- 
monds are known to exist, and most 
of these are under half a carat. 

The exceptional natural-color 1.21 
ct Fancy orangy red diamond ex- 
amined here is a fine example of nat- 
ural-color red diamond. It has yet to 
be named. 


Maryam Mastery Salimi 
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Treated “Nickel-Rich” Green 
Diamond 

Natural-color green diamonds are ex- 
tremely rare. The cause of color for 
most green diamonds is attributed pri- 
marily to radiation damage resulting 
from exposure to radioactive ele- 
ments over geologic time (W. Wang et 
al., “Natural type Ia diamond with 
green-yellow color due to Ni-related 
defects,” Fall 2007 GwG, pp. 240- 
243). The New York laboratory re- 
cently received a 2.12 ct pear-shaped 
diamond measuring 9.52, x 7.24 x 4.27 
mm that was graded as Fancy yellow- 
green (figure 2), and testing attributed 
the color to several mechanisms. 


Figure 2. This 2.12 ct Fancy yel- 
low-green diamond owes its color 
to both the nickel-related absorp- 
tion band and the artificially in- 
troduced GR1 absorption. 
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Figure 3. DiamondView imaging reveals greenish yellow fluorescence that 
is typical for nickel-rich diamond. 


Microscopic examination  re- 
vealed dark crystals and clouds 
throughout the stone, and infrared 
spectroscopy confirmed it was a type 


Ia diamond. DiamondView imaging 
showed greenish yellow fluorescence 
(figure 3), typical for “nickel-rich” 
diamond. 


Figure 4. UV-Vis-NIR spectra show the nickel-related absorption band and 
883 peak in both a natural diamond from the GIA database and the 2.12 
ct treated diamond. In addition, the spectrum for the treated diamond 
shows the GR1 peak around 740 nm. Spectra are offset vertically for clarity. 
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The ultraviolet/visible/near-in- 
frared (UV-Vis-NIR) absorption spec- 
trum showed a_ nickel-related 
absorption band at around 670 nm, a 
peak at 883 nm (an attributed peak in 
“nickel-rich” diamonds), and a GR1 
(general radiation damage) peak at 
about 740 nm (figure 4). This is an un- 
common combination of spectral fea- 
tures in diamond. The Ni-related 
absorption band is usually responsible 
for the green color in this type of dia- 
mond (Fall 2013 Lab Notes, pp. 173- 
174; Spring 2022 Lab Notes, pp. 
50-51). In this particular diamond, the 
yellow-green color saturation can be 
attributed to both the nickel-related 
absorption band and the GR1 absorp- 
tion. We have not observed these two 
features together in natural-color 
green diamond. Additional testing 
and gemological observations con- 
firmed that the GR1 peak was artifi- 
cially introduced, and we concluded 
that the color was treated. The color 
was likely a lighter and less saturated 
green before treatment. 

This stone illustrates the impor- 
tance of combining gemological 
observations with spectroscopic char- 
acteristics to separate natural- and 
treated-color green diamonds. 


Luthfia Syarbaini and Paul Johnson 


Gota de Aceite—Like Effect in a 
Brazilian EMERALD 
Internal optical effects can provide use- 
ful information to help identify gem- 
stones and understand their nature and 
geographic origin. For example, gota de 
aceite, a roiled or “drop of oil” appear- 
ance seen in Colombian emeralds, is 
considered to be caused by irregular- 
ities in the crystal structure due to 
rapid growth triggered by alteration of 
the growth conditions (e.g., R. Rings- 
rud, “Gota de aceite: Nomenclature 
for the finest Colombian emeralds,” 
Fall 2008 GwG, pp. 242-245, Winter 
2017 Lab Notes, pp. 460-461). 
Recently, GIA’s Tokyo laboratory 
examined a 2.99 ct step-cut emerald 
measuring 10.17 x 8.12 x 5.50 mm (fig- 
ure 5) for geographic origin determina- 
tion. This stone exhibited a unique 
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Figure 5. This 2.99 ct Brazilian 
emerald displayed a roiled ef- 
fect similar to the gota de aceite 
phenomenon. 


roiled growth structure resembling the 
gota de aceite effect (figure 6, left) at an 
angle nearly perpendicular to the table 
facet. The gota de aceite structure was 
visible parallel to the c-axis of the em- 
erald based on microscopic and polari- 
scopic observations. From other 
directions such as girdle to girdle, the 
effect was not visible and columnar 
growth structure was observed. The 
emerald also contained numerous re- 
flective raindrop-like needles and tubes 
(figure 6, right) and irregular two-phase 


inclusions. This stone had a refractive 
index range of 1.580-1.588 and showed 
no reaction under a Chelsea color filter. 
The ultraviolet/visible/near-infrared 
spectrum showed a significant Fe 
broad band at around 810 nm. These 
internal and standard gemological fea- 
tures did not match Colombian origin, 
with the exception of the gota de aceite 
effect. Laser ablation—-inductively cou- 
pled plasma—mass spectroscopy re- 
vealed a high iron concentration 
(4540-4800 ppmw) and medium potas- 
sium (230-254 ppmw) and lithium (62- 
68 ppmw) contents. A Brazilian origin 
was determined based on inclusions 
and trace element composition (S. Sae- 
seaw et al., “Geographic origin deter- 
mination of emerald,” Winter 2019 
GwaG, pp. 614-646). 

The gota de aceite optical phe- 
nomenon has been used as a charac- 
teristic feature of classic Colombian 
emeralds, but a similar pattern was 
previously reported in a Zambian em- 
erald (Winter 2017 Lab Notes, pp. 
460-461). The similarity in the 
growth pattern suggests that the 
growth conditions causing the rapid 
emerald crystallization were similar, 
although the geological origins and 
chemical compositions of both emer- 
alds are different. As several micro- 
scopic studies on emerald have 


concluded (e.g., S. Saeseaw et al., 
“Three-phase inclusions in emerald 
and their impact on origin determina- 
tion,” Summer 2014 Gw@wG, pp. 
114-132; Winter 2017 Lab Notes, pp. 
460-461), inclusions and internal fea- 
tures may not always be helpful in de- 
termining geographic origin, and the 
gota de aceite effect may not offer 
enough evidence for Colombian 
origin. Careful observation of other 
inclusions combined with advanced 
testing is required for origin deter- 
mination of emerald. 


Makoto Miura 


Treated Orange and Pink CVD 
LABORATORY-GROWN DIAMOND 


Recently, GIA received two similarly 
treated diamonds grown by chemical 
vapor deposition (CVD): a 2.00 ct 
Fancy Deep orange and a 3.00 ct 
Fancy Vivid orangy pink (figure 7). A 
database search revealed that the 
Fancy Deep orange was the first CVD- 
grown diamond with an unmodified 
orange color ever submitted to GIA. 
CVD-grown diamonds with an orangy 
pink color are far more common, and 
the 3.00 ct sample provided for an in- 
teresting comparison. From examina- 
tion of the  visible/near-infrared 


Figure 6. Internal features observed in the 2.99 ct Brazilian emerald. Left: Gota de aceite—like optical effect with 
columns resembling drops of oil. Note that this image was taken at an angle parallel to the c-axis. Right: Numer- 
ous raindrop-like needles and tubes. Fields of view 3.10 and 2.46 mm. 
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Figure 7. These 2.00 ct Fancy Deep orange (left) and 3.00 ct Fancy Vivid 
orangy pink (right) CVD-grown diamonds were subjected to multiple 
treatments including HPHT processing, irradiation, and low-temperature 
annealing to achieve the final color grades. 


(Vis-NIR) absorption spectra, both 
samples had similar features and 
likely underwent similar treatment 
processes (figure 8). The subtle differ- 
ences in relative peak intensities were 
sufficient to create the distinctly dif- 
ferent appearances and color grades. 


The Vis-NIR absorption spectra 
for both CVD-grown diamonds 
showed nitrogen vacancy centers 
(principal absorption for NV° at 575 
nm and NV- at 637 nm), 594 nm peak, 
and the GRI center. Both samples 
also displayed strong absorption of the 


Figure 8. The 2.00 ct Fancy Deep orange and the 3.00 ct Fancy Vivid 
orangy pink CVD-grown diamonds underwent similar post-growth treat- 
ments and show similar defect centers in their Vis-NIR absorption spec- 
tra, including the NV centers, 594 nm, SiV-, and GR1. However, subtle 
differences in relative defect concentrations lead to their distinct color ap- 
pearances. Although very small, the GR1 defect was also detected in the 
absorption spectrum of the 2.00 ct CVD-grown diamond. Spectra are off- 


set vertically for clarity. 
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SiV- center (737 nm). In the Fancy 
Deep orange sample, the NV centers 
exhibited lower absorption than in 
the orangy pink sample and also a 
slightly greater SiV-related absorp- 
tion, which helped shift the transmis- 
sion window from the red (i.e., pink) 
toward the orange. 

Based on the comparatively low 
value of the 468 nm emission peak de- 
termined by 457 nm photolumines- 
cence spectroscopy, both CVD-grown 
diamonds showed evidence of high- 
pressure, high-temperature (HPHT) 
treatment; they were subsequently ir- 
radiated to generate the radiation- 
related features that included the 594 
nm peak and the GRI center. Irradia- 
tion was followed by low-temperature 
annealing, which was intended to gen- 
erate additional NV centers without 
fully annihilating the GR1 center. The 
594 nm center is a radiation-related 
defect in nitrogen-containing dia- 
monds. In the IR absorption spectra of 
both CVD-grown diamonds, small 
peaks at 1344 cm! were observed. 
From those peaks, the single nitrogen 
concentration could be estimated as 
~1 ppm (S. Eaton-Magana and J.E. 
Shigley, “Observations on CVD- 
grown synthetic diamonds: A review,” 
Fall 2016 GeG, pp. 222-245). 

Both samples presented red fluores- 
cence when excited by the deep UV 
wavelengths of the DiamondView, a 
feature that is consistent with the 
strong nitrogen-vacancy centers in 
these CVD-grown diamonds. How- 
ever, neither sample showed any no- 
ticeable photochromic effects from the 
deep UV exposure, something that can 
occur in CVD-grown diamonds due to 
charge transfer of the NV centers or 
the SiV- centers (S. Eaton-Magana et 
al., “Laboratory-grown diamond: A 
gemological laboratory perspective,” 
Journal of Gems and Gemmology, 
202.1, Vol. 23, No. 6, pp. 25-39). 

The Fancy Deep orange sample 
was interesting to observe, as unmod- 
ified orange colors are extremely rare 
among natural diamonds and, until 
now, laboratory-grown samples. Sub- 
tle engineering of defect concentra- 
tions during post-growth treatment 
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Figure 9. The 1.72 ct yellowish brown and black non-nacreous (porcela- 
neous) pearl with Telescopium telescopium shells provided by the client. 
The intact shell is approximately 70 x 35 mm and the sawn shell is ap- 
proximately 84 x 41 mm. Inset: An enlarged image of the pearl. 


can lead to vastly different results in 
the color grades. 


Sally Eaton-Magana and 
Paul Johnson 


A Non-Nacreous Pearl Reportedly 
from Telescopium telescopium 
GIA’s Bangkok laboratory recently ex- 
amined a yellowish brown and black 
non-nacreous button-shape pearl 
weighing 1.72 ct and measuring 6.64 
x 6.53 x 5.07 mm. The pearl exhibited 
an attractive porcelain-like luster. 

The client informed GIA that the 
pearl was found in a Telescopium tele- 
scopium shell. This edible snail (N. 
George et al., “DNA barcoding of gas- 
tropod Telescopium telescopium (Lin- 
naeus, 1758) found at the Karachi 
coast, Pakistan,” Journal of Animal 
and Plant Sciences, Vol. 31, No. 5, 
2021, pp. 1530-1536) was retrieved 
from an abandoned shrimp pond near 
a mangrove forest in Krabi, Thailand. 
The story of the pearl’s discovery was 
widely publicized in the local media. 
Though the client was unable to sub- 
mit the shell from which the pearl 
was extracted, they provided us with 
samples of the same type of shell for 
further study (figure 9). 
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Observation through a 10x loupe 
and a microscope revealed long cracks 
traversing the darker side of the pearl 
(figure 10A). No polishing lines or ev- 
idence of surface or color modifica- 


tion were observed, indicating that 
the shape and color were natural. The 
pearl and shells exhibited flame struc- 
tures similar to those routinely ob- 
served in pearls such as those from 
the horse conch (Summer 2018 Lab 
Notes, pp. 211-212). Intersecting and 
overlapping flame structures typically 
observed in pearls from the Cassis 
genus (Fall 2012, Lab Notes, pp. 211- 
212) were also detected on the pearl 
(figure 10B) and shells (figure 10C). 
However, the banded structure ob- 
served on the cut shells (figure 10D) 
was not visible on the pearl, ad- 
ditional evidence that the client’s 
item was a pearl and not an imitation 
fashioned from shell. 

Real-time microradiography con- 
firmed a natural whole pearl, as 
growth arcs close to the center and 
surface-reaching cracks were revealed 
(figure 11). As expected, energy-dis- 
persive X-ray fluorescence analysis 
detected calcium as a major compo- 
nent in the pearl and shells, while 
manganese levels of less than 15 ppm 
and strontium levels ranging from 
1005 to 2675 ppm verified a saltwater 


Figure 10. A: Obvious long cracks traversing the pearl’s darker side; field 
of view 7.20 mm. B: Intersecting flame structure on the pearl; field of view 
2.40 mm. C: Intersecting flame structure on a cross section of the shell; 
field of view 4.80 mm. D: Banding and flame structure on a cut area of 


shell; field of view 4.80 mm. 
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Figure 11. Real-time microradio- 
graphy revealed growth arcs close 
to the center and surface-reach- 
ing cracks (red arrow). 


formation environment. The pearl’s 
natural color was substantiated using 
additional advanced spectroscopic 
methods. Raman spectra collected 
using a 514 nm argon ion laser on the 
pearl and shells (figure 12) revealed 
peaks related to the vibration modes 
of aragonite at 703, 1085, and 1464 


cm, polyenic-related peaks at 1017, 
1105-1120, 1297, and 1490-1500 cnr! 
(S. Karampelas et al., “Polyacetylenic 
pigments found in pearls and corals,” 
30th International Gemmological 
Conference, Moscow, 2007; L. Berga- 
monti et al., “The nature of the pig- 
ments in corals and pearls: A 
contribution from Raman spectro- 
scopy,” Spectroscopy Letters, Vol. 44, 
No. 7-8, 2011, pp. 453-458); and an 
additional peak at 1175 cm that is 
also likely related to polyene. 
Surface observations and data col- 
lected from the pearl and shells using 
analytical methods appeared to sup- 
port the claim that the pearl formed in 
this mollusk species. However, this 
can only be confirmed by conducting 
DNA barcoding analysis, which is a 
destructive test. This report adds to 
the growing list of natural pearls found 
in edible oysters and snails described 
in the literature (e.g., Winter 1995 
Gem News, pp. 280-281; K. Scarratt 
et al., “A note on a pearl attached to 
the interior of Crassostrea virginica 


Figure 12. Raman spectra of the pearl and a shell obtained using a 514 nm 
argon ion laser revealed peaks related to the vibration modes of aragonite 
at 703, 1085, and 1464 cnr" (obscured by stacking); polyenic-related peaks 
at 1015, 1120, 1296, and 1493 cnr’; and an additional peak at 1175 cnr 
that is also likely related to polyene. Spectra are offset vertically for clarity. 
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(Gmelin, 1791) (an edible oyster, com- 
mon names, American or Eastern 
oyster),” Journal of Gemmology, Vol. 
30, No. 1-2, 2006, pp. 43-50; Fall 2019 
Gem News International, pp. 439- 
440, Fall 2020 Lab Notes, pp. 420-422, 
Summer 2021 Lab Notes, pp. 152- 
153). However, this is the first time a 
natural pearl has reportedly been dis- 
covered in a Telescopium species. Its 
unique appearance and characteristics 
provided a rare opportunity for GIA 
gemologists to examine and record 
data from a natural pearl originating 
from this marine snail. 


Areeya Manustrong, Kwanreun 
Lawanwong, Ravenya Atchalak, 
and Nanthaporn Nilpetploy 


Rare Kashmir Star SAPPHIRE 


A rare star sapphire of Kashmir origin, 
mounted in a combination ring and 
pendant (figure 13), was recently ex- 
amined in the New York laboratory. 
Kashmir has long been regarded as the 


Figure 13. An approximately 15 
ct blue Kashmir star sapphire set 
in a combination ring and pen- 
dant with near-colorless pear and 
marquise brilliants. 
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Figure 14. Wispy stringers among sharp milky bands of microscopic par- 


ticles. Field of view 3.57 mm. 


most sought-after source of blue sap- 
phire since the deposit’s discovery in 
the late nineteenth century. Words 
such as “sleepy” or “velvety” are often 
used to describe their characteristic ap- 
pearance, which can be attributed to 
the scattering of light as it interacts 
with “milky” bands of microscopic 
particles within the stone. Due to the 
locality’s limited production, Kashmir 
sapphires are scarce in the market, and 
star sapphires are particularly uncom- 
mon (R.W. Hughes et al., Ruby & Sap- 
phire: A Gemologist’s Guide, 2017, 
RWH Publishing/Lotus Publishing, 
Bangkok, p. 477). 

This blue cabochon star sapphire 
was estimated to weigh around 15 ct. 
A spot reading gave an approximate re- 
fractive index of 1.76, matching corun- 
dum. Microscopic inspection revealed 
sharp, angular milky bands and particle 
streamers (figure 14), both features that 
are typical of Kashmir sapphires. Sev- 
eral sparse short silk needles were also 
observed (figure 15). Asterism in corun- 
dum is generally caused by the reflec- 
tion of light off of exsolution rutile silk 
needles. This sapphire’s star, however, 
was generated by light reflected from 
the crystallographically oriented bands 
of minute particles. 

Further testing of the sapphire’s 
spectral and chemical properties 
was carried out to help determine 
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its geographic origin. Laser abla- 
tion-inductively coupled plasma-— 
mass spectrometry revealed a trace 
element chemistry consistent with 
stones of known Kashmir origin, 
based on GIA’s internal reference data. 
This, coupled with the material’s in- 
ternal characteristics, confirmed that 
the star sapphire was in fact from 
Kashmir. No evidence of heat treat- 


ment was detected. While the major- 
ity of corundum on the market is 
heated to improve color, high-quality 
sapphires from Kashmir are generally 
left untreated. 

Kashmir sapphires are rare enough 
in their own right. Furthermore, a 
large star sapphire from this historic 
locality is truly an extraordinary sight, 
and certainly a first for the author. 


Emily Jones 


SYNTHETIC MOISSANITE 


Fraudulently Inscribed Synthetic 
Moissanite 


Stones with fraudulent GIA inscrip- 
tions are frequently reported. To verify 
diamond identity, GIA recently an- 
nounced a diamond matching service 
using GIA Match iD, based on laser 
inscription imaging. In most cases of 
fraud, the inscribed material is dia- 
mond (Fall 2017 Lab Notes, p. 366), 
but there has also been a report involv- 
ing non-diamond materials (Fall 2020 
Lab Notes, pp. 424-425). A similar 
case was recently identified. 

The Mumbai laboratory received a 
1.71 ct square modified brilliant (figure 


Figure 15. Several short needles of exsolution silk amid the abundant par- 


ticle stringers. Field of view 1.85 mm. 
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Figure 16. This 1.71 ct square 
modified brilliant bears a fraudu- 
lent GIA inscription. 


16) for update service. The girdle was 
inscribed with “GIA” and a number 
matching an existent report, although 
the font was different from that of an 
actual GIA inscription (figure 17). The 
inscribed report number matched one 
for a natural diamond, a 1.71 ct square 
modified brilliant cut. Compared with 
a typical laser inscription from the 
GIA laboratory, this one was signifi- 
cantly different. Gemological and 
spectroscopic examination confirmed 
that the brilliant was synthetic mois- 
sanite. In addition to diamonds and 
synthetic moissanite, GIA has pre- 
viously identified laser inscriptions on 
cubic zirconia, diaspore, emerald, gar- 
net, ruby, sapphire, spinel, tanzanite, 
and other materials. 


Shoko Odake 


Figure 17. The fraudulent inscrip- 
tion on the synthetic moissanite. 


=, 
cla a 


Las Notes 


A Synthetic Moissanite Presented 
As Natural Diamond Rough 


A 7.42 ct light bluish green specimen 
(figure 18) submitted to the New York 
lab for a colored diamond identifica- 
tion and origin report was identified 
as a synthetic moissanite crystal 
carved to resemble a natural diamond 
rough. Since synthetic moissanite re- 
sembles diamond at a glance and has 
a similar specific gravity and “heft,” 
it could easily be mistaken for natural 
diamond. The sample was first iden- 
tified as synthetic moissanite using 
Fourier-transform infrared (FTIR) 
spectroscopy (figure 19). The resulting 
data displayed a distinctive moissa- 
nite spectrum, with peaks occurring 
at 2079, 2297, and 2392 cm” (A.M. 
Hofmeister et al., “Optical constants 
of silicon carbide for astrophysical ap- 
plications,” Astrophysical Journal, 
Vol. 696, No. 2, 2009, pp. 1502-1516). 
This finding was confirmed with an 
analysis of the Raman spectrum, 
which showed strong 767, 788, and 
798 cm! peaks, also consistent with 
synthetic moissanite (figure 20). Al- 
though natural moissanite does exist, 


Figure 18. This 7.42 ct light 
bluish green synthetic moissa- 
nite, submitted as a diamond, 
displays triangular features on 
each of the octahedral faces. 


crystals are tiny and fragmented. 
Gem-quality specimens have not yet 
been found (Summer 2014 Gem 
News International, pp. 160-161). 


Figure 19. The peaks at 2079, 2297, and 2392 cnr displayed in this FTIR 
spectrum are consistent with synthetic moissanite. 
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Figure 20. Raman spectroscopy confirmed the identification as synthetic 
moissanite, with peaks at 767, 788, and 798 cm. (The sharp peak at 970 
cnt! suggests a hexagonal 6H type of silicon carbide.) 


The turbid and stained 7.42 ct 
synthetic moissanite was shaped 
into a slightly rounded octahedron 
with prominent stepped edges. Octa- 
hedra belong to the cubic crystal 
class; both natural and synthetic SiC 
belong to the trigonal class and al- 
ways display hexagonal prismatic to 
tabular forms. It was concluded that 
the synthetic moissanite rough had 
been carved into an octahedron, and 
that the detailing of the stepped 
edges and coarse textures were spe- 
cifically chosen to imitate the ap- 
pearance of a natural diamond 
octahedron that had been partially 
resorbed by kimberlitic magma, such 
as the natural diamond in figure 21. 
Although sharp and well-formed dia- 
mond octahedra are occasionally 
found preserved in mantle rocks en- 
trained in kimberlitic eruptions, the 
vast majority of natural diamond 
crystals are exposed to corrosive 
kimberlitic fluids during their ascent 
through the cratonic mantle and dis- 
play a wide variety of resorption tex- 
tures (R. Tappert and M.C. Tappert, 
Diamonds in Nature: A Guide to 
Rough Diamonds, 2011, Springer 
Verlag, Heidelberg, Germany). 
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This investigation is a reminder to 
take caution when identifying gem- 
stones, as intentional material pro- 
cessing steps such as these may be 
used to deceive consumers and could 
damage the integrity of the gem trade. 


Courtney Robb and Sarah Arden 


Cat’s-Eye Paraiba TOURMALINE 
With Copper Inclusions 

The Tokyo laboratory recently re- 
ceived a 1.33 ct greenish blue oval 
cabochon measuring 6.83 x 6.17 x 
3.55 mm (figure 22) and displaying a 
cat’s-eye effect. Standard gemological 
testing yielded a refractive index of 
1.620-1.640, a uniaxial optical sign, 
and a hydrostatic specific gravity of 
3.08, all consistent with tourmaline. 
Ultraviolet/visible/near-infrared spec- 
trometry showed the absorption band 
at 900 nm, which is greater than the 
one at 700 nm, indicating the greenish 
blue color of this sample was dom- 
inated by copper (P.B. Merkel and 
C.M. Breeding, “Spectral differentia- 
tion between copper and iron color- 
ants in gem tourmaline,” Summer 
2009 G&G, pp. 112-119). This stone 
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Figure 21. Exposure to kimber- 
litic fluids rich in O, and H,O 
creates varied shapes and tex- 
tures in natural diamond octa- 
hedra. This natural green 
diamond, known as the “Ma- 
tryoshka” (Spring 2020 Lab 
Notes, pp. 127-129) has resorbed 
points and edges as well as tri- 
gonal etching on the {111} faces. 


meets the requirement for designa- 
tion as a Paraiba tourmaline (Labo- 
ratory Manual Harmonisation 
Committee Information Sheet #6, 
2012). Laser ablation-inductively cou- 
pled plasma—mass spectrometry indi- 
cated a high copper concentration of 
11741-14794 ppmw. The high copper 
(over 10000 ppmw) is limited to Bra- 


Figure 22. This 1.33 ct cat’s-eye 
Paraiba tourmaline with copper 
inclusions shows a golden 
chatoyancy. 
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Figure 23. The copper inclusions on the lower right are partially reflecting 


light. Field of view 3.5 mm. 


zilian origin (Y. Katsurada et al., 
“Geographic origin determination of 
Paraiba tourmaline,” Winter 2019 
Gwa, pp. 648-659). 

As previously reported (Winter 
2018 Lab Notes, pp. 438-439), cat’s- 
eye Paraiba tourmaline usually in- 
cludes groups of parallel tube-like 
inclusions that create the phenome- 
non. However, that was not the case 
for this tourmaline. 


Different from normal cat’s-eye 
Paraiba tourmaline, the band of re- 
flected light in this stone was 
stronger, with metallic luster. Micro- 
scopic examination revealed a fluid 
inclusion network, rounded metallic 
inclusions, and growth tubes, with 
many golden-colored dendritic inclu- 
sions causing the cat’s-eye effect (fig- 
ures 23 and 24). Raman spectroscopy 
could not be used to identify the in- 


clusions, which were too thin and did 
not reach the surface. Such inclusions 
in Paraiba tourmaline have been re- 
ported and identified as natural 
copper (F. Brandstatter and G. Nieder- 
mayr, “Copper and tenorite inclu- 
sions in cuprian-elbaite tourmaline 
from Paraiba, Brazil,” Fall 1994 GWG, 
pp. 178-183). The natural copper in- 
clusions were aligned in the same di- 
rection, parallel to each other, and 
reflected the light to cause the chatoy- 
ant effect. This also explains why the 
reflective light band in this stone 
looked different from other cat’s-eye 
Paraiba tourmaline. 

While some cat’s-eye Paraiba 
tourmalines have been examined in 
GIA laboratories, this is the first 
with chatoyancy caused by copper 
inclusions. 


Yuxiao Li 
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Figure 24. The copper inclusions aligned in the same direction appear brownish and black (left) and together dis- 
play golden luster when the light enters from a certain direction (right). Field of view 2.3 mm. 
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Breyite Inclusion in Diamond 


Sublithospheric or “superdeep” diamonds are rare, esti- 
mated to make up only 1-3% of mined diamonds globally. 
They are recognized on the basis of their mineral inclu- 
sions. Breyite (CaSiO,) is one of the minerals sometimes 
encountered in this curious geological family of diamonds. 
Diamonds containing breyite are often interpreted to come 
from depths greater than 360 km, where the breyite would 
have initially had a high-pressure perovskite-type crystal 
structure. The perovskite-structured CaSiO, would have 
changed to the breyite crystal structure in response to the 
drastic decrease in pressure during the diamond's journey 
to the surface. Alternatively, it is theoretically possible that 
breyite could be trapped directly in a diamond at much 
shallower depths, say within 150-200 km, although such 
an occurrence within a known lithospheric diamond has 
yet to be encountered. 

The breyite inclusion in figure 1 was recently observed 
in a 1.00 ct D-color type Ila diamond submitted to GIA’s 
New York laboratory. Raman spectroscopy was used to 
identify it as breyite. This large inclusion, 450 pm in its 
longest dimension, is colorless and transparent. A conspic- 
uous healed fracture surrounds it, containing graphite 
(black) and smaller “sub-inclusions” of breyite that appear 


About the banner: This topaz from Madagascar contains a negative crys- 
tal etch tube, highlighted in blue using Rheinberg illumination. Photo- 
micrograph by Nathan Renfro; field of view 2.21 mm. Stone courtesy of 
the John Koivula Inclusion Collection. 
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to emanate from the main inclusion. Based on this breyite 

inclusion, the diamond is suspected to be sublithospheric 
in origin. 

Evan M. Smith and Kyaw Soe Moe 

GIA, New York 


Small “Surprise” in Elbaite Tourmaline 


Recently, a 0.86 ct orange-yellow elbaite tourmaline cabo- 
chon was submitted to Taiwan Union Lab of Gem Re- 
search (TULAB) for identification service. The stone 
contained many prismatic and round xenocrysts. Among 
these inclusions was a prismatic crystal associated with a 


Figure 1. A breyite inclusion in diffuse illumination. 
Doubling of some features to the right and left of the 
inclusion is an artifact of viewing through multiple 
pavilion facets. Photomicrograph by Evan M. Smith; 
field of view 1.58 mm. 
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Figure 2. The “exclamation point” inclusions were 
identified as diopside crystals using Raman spectro- 
scopy. Photomicrograph by Shu-Hong Lin; field of 
view 4.11 mm. 


round crystal, a composition resembling an exclamation 

point (figure 2). The crystals were later confirmed to be di- 

opside using Raman spectroscopy. Darkfield illumination, 

plane polarized light, and extended depth of field were 

adopted to obtain a clear microscopic image of this little 
“surprise” inside the gemstone. 

Shu-Hong Lin 

Institute of Earth Sciences, 

National Taiwan Ocean University 

Taiwan Union Lab of Gem Research, Taipei 


Tsung-Ying Yang, Kai-Yun Huang, and Yu-Shan Chou 
Taiwan Union Lab of Gem Research, Taipei 


MicrRo-WoRLD 


Figure 3. This 27.76 ct pear-shaped double cabochon 
contained several fluid inclusions with a vibrant pur- 
ple component. Photo by Annie Haynes; courtesy of 
Mike Bowers. 


Unusual Purple Fluid in Quartz 


Recently the authors examined a 28.93 mm long, 27.76 ct 
transparent pear-shaped double cabochon rock crystal 
quartz that contained numerous fluid-filled negative crys- 
tals (figure 3). Oddly, some of the negative crystals also 
hosted a brightly colored purple liquid in addition to what 
appeared to be a colorless liquid, the two liquid phases 
being immiscible (figure 4). 


Figure 4. Several fluid- 
filled negative crystals 
were present in this 
rock crystal quartz cab- 
ochon, a few of which 
contained a highly un- 
usual brightly colored 
purple liquid. Photomi- 
crograph by Nathan 
Renfro; field of view 
14.50 mm. Courtesy of 
Mike Bowers. 
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Discrimination Between 
Natural Blue Diamonds 
and Uiamonds 
Coloured Blue Artificially 


by 


J. F. H. CUSTER, Ph.D. 


and 


H. B. DYER, Ph.D. 


Diamond Research Laboratory, Johannesburg 


Nearly all diamonds, as found in nature, 
are coloured, although generally this colour 
is weak. A yellowish or light brown colour 
is quite common, pink and orange diamonds 
are fairly rare; once in a while a green dia- 
mond is found, blue diamonds are sometimes 
found in special mines, and pure water-white 
diamonds are highly valuated because they 
are both rare and optically highly attractive. 
They show a vivid fire and high light 
flection” in all parts of the visible spectrum, 
as they absorb very little ight. It is, how- 
ever, not quite correct to call them white or 


“re- 


blue white. White is a surface colour which 
is applicd to certain light reflecting surtaces 
which also are more or less highly diffusing, 
such as white paper, white paint, white tex- 
tiles, etc. We do not say that pure water, 
which also has no absorption in the visible 
spectrum, is white. It is colourless. 


It is well known that pure ‘white’ and 
blue diamonds are highly priced. Blue dia- 
monds differ from pure ‘white’? diamonds 
in that they are distinctly blue in colour. 
They are only found in a few mines, ot 
which the Premier Mine in South Atrica is 
the most important. 

One of the items of the research pro- 
gramme of the Diamond Research Labora- 
tory is to try to establish a relation between 
the minor elements in the diamonds and 
their colour, for the colour of most dia- 
monds ts thought to be due to the presence 
of some impurity and such elements as iron, 
silicon, titanium, calcium, etc. often tound 
in diamonds, might be responsible. Another 
item is the exact specification of diamond 
colours by means of a system like the LCI. 
chromaticity co-ordinates. It would be very 
valuable if the colour indication of diamonds 
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Not all of the fluid inclusions within this quartz con- 
tained the purple component. However, all of the purple 
liquid-hosting negative crystals did contain partially 
healed, limonite-stained fractures intersecting them. 
This suggests that the purple fluid may have entered the 
negative crystal cavities through a post-growth or sec- 
ondary process rather than homogeneous entrapment 
during growth. 

While colored fluid inclusions have been previously re- 
ported in quartz—colors that include blue, yellow, and or- 
ange (see e.g., Spring 2004 Gem News International, pp. 
79-81; Spring 2006 Gem News International, p. 71}—this 
is the authors’ first observation of a purple fluid trapped 
within quartz. Unfortunately, Raman spectroscopy to iden- 
tify the fluid was unsuccessful, as the fluid was too deep 
in the crystal. While the composition of the fluid is un- 
known, as well as the conditions under which the fluid en- 
tered the quartz, there is no obvious indication that it 
resulted from an artificial process. However, the possibility 
of such artificial tampering cannot be ruled out entirely. 
This fascinating purple fluid inclusion is one of the stran- 
gest and most interesting the authors have examined. 


Nathan Renfro and John I. Koivula 
GIA, Carlsbad 


Large Orange Rutile Inclusion in a 
“Chameleon” Diamond 


The author recently received for analysis a 1.51 ct round 
brilliant diamond with very light green color and SI, clarity. 
The diamond exhibited “chameleon” properties, showing 
a clear color change from green to yellow upon heating 
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with an alcohol lamp. An ~0.2 mm orange inclusion was 
clearly visible on the crown (figure 5). The crystal was par- 
tially enclosed, confirming it was an actual inclusion 
rather than a crystal adhered to the diamond surface. It was 
also partially exposed, enabling simple Raman spectro- 
scopy for identification without the spectra showing any 
contribution from the diamond itself. The crystal was de- 
termined to be rutile (TiO,), suggesting an eclogitic origin. 

Rutile inclusions in diamond are themselves relatively 
uncommon, and we rarely see such a large, eye-catching 
crystal. Rutile inclusions can also provide useful clues 
about a diamond's age. Geochemists can determine the age 
of rutile crystals by measuring the concentration of iso- 
topes of various elements that are present at parts-per-mil- 
lion concentrations, allowing for constraints on the age of 
the diamond itself (see A.K. Schmitt et al., “U-Pb ages of 
rare rutile inclusions in diamond indicate entrapment syn- 
chronous with kimberlite formation,” Lithos, Vol. 350- 
351, 2019, article no. 105251). It will be interesting to see 
what scientific information this rare inclusion in diamond 
may reveal. 


Mike Jollands 
GIA, New York 


“Smoke Rings” in a Non-Beryllium-Diffused 
Sapphire 

When analyzing corundum for evidence of heat treatment, 
one of the most useful and standard methods for gemolo- 
gists is microscopic examination (N.D. Renfro et al., “In- 


clusions in natural, synthetic, and treated sapphire,” 
Summer 2017 GWG, pp. 213-214). Inclusion suites can 


Figure 5. An orange ru- 
tile crystal partially 
enclosed on the crown 
of a faceted diamond 
(the sharp line from 
top left to bottom right 
is the facet junction). 
Photomicrograph by 
Tyler Smith; field of 
view 0.8 mm. 
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start to alter at temperatures as low as 200°C. As the tem- 
perature rises, many inclusions start to show clear evidence 
of heat treatment, such as the internal diffusion of tita- 
nium, resulting in a spotty blue color, and discoid tension 
cracks with healed fringes around crystals. Standard tem- 
perature heat treatment for corundum happens between 
500° and 1700°C, whereas high-temperature heat treat- 
ment, such as beryllium diffusion, occurs at temperatures 
above 1750°C. These high temperatures can modify inclu- 
sions in a way that renders them unidentifiable, suggesting 
that a stone may have undergone beryllium diffusion. 
While examining a heated blue sapphire recently, the 
author observed “smoke ring” inclusions throughout it 
(figure 6) using fiber-optic illumination. Trace element 
chemistry analysis of the blue sapphire via laser ablation— 
inductively coupled plasma—mass spectrometry revealed 
no signs of beryllium. This came as a surprise, as this dis- 
location pattern is associated with beryllium-diffused co- 
rundum. These “smoke ring” dislocations are consistent 
with sapphires that have been heated at high temperatures, 
but chemistry ruled out beryllium diffusion treatment. 
This sapphire offers a striking example of why continuous 
documentation of inclusions, in both treated and untreated 
gemstones, is an important tool in gemstone analysis. 


Nicole Ahline 
GIA, Carlsbad 


Stellate Zircon in a Paraiba Tourmaline 


While examining a 1.17 ct blue-green Paraiba tourmaline 
with a fiber-optic light, the author observed a remarkable 
set of stellate inclusions (figure 7). The striking suite con- 
sisted of one larger cluster with scattered smaller needles 


trailing behind it. Reflective lighting revealed needles break- 
ing the surface with a different luster from the host tourma- 
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Figure 6. This “smoke 
ring” pattern was ob- 
served in a heat-treated 
blue sapphire. While 
this pattern is com- 
monly associated with 
beryllium-diffused blue 
sapphires, no beryllium 
was detected in this 
stone. Photomicrograph 
by Nicole Ahline; field 
of view 7.39 mm. 


line. Raman spectroscopy identified the needles as zircon. 

Tourmalines form in a pegmatite environment and 
contain inclusions that reflect this type of growth, most 
notably fluid inclusions, transparent crystals, and tubular 
inclusions. Zircon has been observed in tourmaline as pris- 
matic or rounded crystals. The zircons in this 1.17 ct Pa- 
raiba tourmaline were atypical as they were needles and in 
a stellate formation. This type of zircon morphology has 
been previously documented in morganite (Winter 2013 
Lab Notes, pp. 253-254), but stellate inclusions, specifi- 
cally those composed of zircon, are a rather unique find. 
The stellates in this Paraiba tourmaline make the gem- 
stone quite unusual. 


Nicole Ahline 


Figure 7. Zircon needles in a stellate formation ob- 
served in a 1.17 ct blue-green Paraiba tourmaline. 
Photomicrograph by Nicole Ahline; field of view 
2.18 mm. 
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Figure 8. Weighing 
751.95 ct, this parallel 
cluster of two quartz 
crystals contains a di- 
rectional phantom 
plane composed of nu- 
merous green to near- 
colorless hexagonal 
inclusions. Photo by 
Adriana Gudino. 
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Quarterly Crystal: Panasqueira Quartz 


With its relatively high hardness and high degree of trans- 
parency, colorless rock crystal quartz is the perfect host for 
an abundance of fluid and mineral inclusions. As a com- 
mon crustal mineral, it sometimes forms as solid single 
crystals and crystal clusters. 

This issue’s Quarterly Crystal, a 751.95 ct double 
crystal measuring 110.54 x 50.30 x 24.82 mm from Minas 
da Panasqueira in Portugal (figure 8), comes from the per- 
sonal collection of Jordi Fabre of Fabre Minerals in Barce- 
lona. Examination of the two parallel quartz crystals 
revealed numerous colorless to green, transparent to 
translucent euhedral inclusions, identified by Raman 
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Figure 9. The translucent 
green-colored crystals 
along the phantom 
plane in the Portuguese 
quartz were identified as 
fluorapatite by Raman 
analysis. Photomicro- 
graph by Nathan Renfro; 
field of view 12.47 mm. 


analysis as fluorapatite (figure 9). Some of these fluora- 
patite inclusions surrounded a much larger dark brown- 
ish orange protruding crystal confirmed as cassiterite 
(figure 10). 

The colorless to green fluorapatite crystals show direc- 
tional deposition and are along a phantom plane, situated 
only on one side of the quartz specimen. This suggests that 
they are syngenetic with the quartz host. 

Quartz is relatively common at the Panasqueira mine. 
This “floater” quartz crystal group, which is recrystallized 
at its base, is an excellent host for the numerous inclusions 
of fluorapatite and the solitary cassiterite crystal. 


John I. Koivula and Nathan Renfro 


Figure 10. Using Raman 
microspectrometry, this 
single protruding dark 
brownish orange crystal 
was identified as cassit- 
erite. Photomicrograph 
by Nathan Renfro; field 
of view 13.64 mm. 
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DIAMOND REFLECTIONS 


Editor: Evan M. Smith 


The Liquids Lurking Inside Your Diamonds 


Diamonds are dense, solid crystals of carbon. In top gem- 
quality form, a diamond appears to be a pristine, uniform, 
transparent material. It may be hard to believe, but even 
the highest-clarity natural diamonds are thought to contain 
nanometer-sized droplets of fluid. They are too small to 
see, even at high magnification with an optical microscope. 
And these are not the only kinds of fluid found in dia- 
monds. Sometimes there are larger fluid inclusions, big 
enough to see with a microscope, that have either been 
trapped during diamond growth or have entered along 
small fractures that have healed and sealed themselves 
shut while the diamond was still deep within the earth’s 
mantle. Some diamonds even contain colorful iridescent 
fluid mixtures of carbon dioxide and nitrogen. All of these 
fluids are reflections of the various natural processes that 
create and modify diamonds. 


Fluids Trapped in Fibrous Diamonds 


The discussion of liquid or fluid in diamond begins with 
something called fibrous diamond, which is generally not 
used as a gem because of its poor clarity. Fibrous diamonds 
contain abundant micrometer-sized inclusions (typically 
0.1-1.0 pm) that render them cloudy or turbid in appear- 
ance. They often take the form of imperfect cube-shaped 
crystals or coatings atop octahedral diamonds (figure 1). Fi- 
brous diamonds are thought to crystallize rapidly, and in- 
clusions readily become trapped between their “fibers” or 
microscopic dendrites during growth (Kamiya and Lang, 
1965; Navon et al., 1988; Sunagawa, 1990). 


Editor's note: Questions or topics of interest should be directed to 
Evan Smith (evan.smith@gia.edu). 
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Diamond growth in the mantle occurs at a depth of 
about 150-200 km and sometimes even deeper. Most 
forms of diamond growth, including fibrous diamond 
growth, occur by metasomatism, meaning the interaction 
between carbon-bearing fluids and preexisting host rocks 
(Haggerty, 1999; Stachel et al., 2005). As this fluid perco- 
lates along grain boundaries and cracks, it can undergo 
changes in temperature, pressure, or composition that 
cause its dissolved carbon to crystallize as diamond. A cen- 
tral aim of diamond research has been to understand what 
kinds of carbon-bearing fluids (or melts) contribute to dia- 
mond growth. In this respect, fibrous diamonds have of- 
fered considerable insight. 

The abundant inclusions in fibrous diamonds are well- 
preserved samples of carbon-bearing, diamond-forming flu- 
ids (Navon et al., 1988). A range in fluid compositions has 
been observed, with four distinct “end-member” compo- 
sitions: silicic, saline, high-magnesium carbonatitic, and 
low-magnesium carbonatitic (Navon et al., 1988; Izraeli et 
al., 2001; Tomlinson et al., 2006; Klein-BenDavid et al., 
2007; Weiss et al., 2009). During the time of diamond 
growth, the fluid being trapped as inclusions was a single 
phase, without bubbles or crystals. Water makes up 10-25 
wt.% of this fluid, with the remainder being dissolved ma- 
terial (Weiss et al., 2010; Elazar et al., 2019). Considering 
the high initial dissolved content, they are sometimes 
called high-density fluid (HDF) inclusions. However, when 
a kimberlite or related volcanic eruption carries a fibrous 
diamond up to the earth’s surface, the cooler and lower- 
pressure conditions cause daughter crystals of silicate, car- 
bonate, and other solids to form within the inclusions. The 
result is an inclusion containing multiple solid daughter 
phases and a residual fluid phase. These watery, carbon- 
bearing fluid inclusions represent snapshots of the parental 
diamond-forming fluid for fibrous diamonds. Interestingly, 
similar fluids may be involved in the growth of most trans- 
parent, gem-quality diamonds (Jablon and Navon, 2016; 
Krebs et al., 2019). 
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Gem-Quality Diamonds 


Why do scientists think there is a link between transparent 
gem-quality diamonds and the palpable cloudiness of fluid 
inclusions in fibrous diamonds? Part of the answer comes 
from macle twinned gem-quality diamonds. One study 
that searched for inclusions trapped along macle twin 
planes encountered fluid micro-inclusions in eight speci- 
mens from two localities, and the fluid compositions fell 
within the range of those seen in fibrous diamonds world- 
wide (Jablon and Navon, 2016). This finding was used to 
argue that fibrous and non-fibrous diamonds can form from 
the same kinds of parental fluids. 

The second part of the answer lies in trace elements. 
Diamonds are made of a single major element, carbon, but 
also contain trace amounts of many other elements of the 
periodic table. The absolute and relative abundances of 
these elements represent a geochemical ledger that reflects 
the specific conditions and ingredients contributing to the 
growth of any given diamond. Comparing the trace ele- 
ment characteristics of transparent gem-quality diamonds 
with cloudy fibrous diamonds reveals striking similarities 
(Krebs et al., 2019). The similarity of trace element signa- 
tures provides an additional piece of evidence that many 
gem-quality diamonds crystallize from roughly the same 
kinds of fluids as those trapped in fibrous diamonds. Rather 
than occurring as substitutional or interstitial atoms in the 
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Figure 1. Examples of fib- 
rous diamond. The pol- 
ished slice (left) is roughly 
a {100} section through a 
fibrous cuboid. The bro- 
ken diamond (right) is 
roughly a {110} section 
through a fibrous coat 
and a transparent, non-fi- 
brous octahedral core. 
Photos by Evan M. Smith; 
fields of view 4.51 mm 
(left) and 5.38 mm (right). 


diamond crystal lattice, the trace element signatures meas- 
ured in gem-quality, transparent diamonds are proposed to 
come from sub-microscopic nano-inclusions of fluid like 
those of fibrous diamonds, but present in lower abundance. 
It implies that high-clarity, optically transparent diamonds 
that appear to be inclusion-free are actually laced with 
small droplets of fluid that are simply too small to see. 


Exotic Metallic Liquid 


There are multiple ways diamonds can form in nature, in- 
volving different host rocks, at different depths within the 
earth, and different kinds of diamond-forming fluids. We 
are still learning about all the different kinds of diamond- 
forming fluids, but we know there are multiple distinct 
groups. The range of saline-silicic-carbonatitic fluids found 
in fibrous diamond is just one of these groups. Some dia- 
monds crystallize from completely different kinds of fluids. 
For example, we now have compelling evidence that some 
diamonds crystallize from methane-rich fluid (Smit et al., 
2016) or even iron-rich metallic liquid (Smith et al., 2016). 
The latter are mixtures of iron, nickel, carbon, and sulfur 
that were molten at the time of diamond growth but now 
exist as solid inclusions (figure 2). Inclusions like these that 
are solid now at the ambient conditions of the earth’s sur- 
face, but were molten liquid at the time of entrapment, are 
sometimes called melt inclusions. 


| Figure 2. Left: A type Ia 
diamond (4.12 ct, D 
color) with metallic in- 
clusions. Photo by Jian 
Xin (Jae) Liao. Right: 
The large metallic inclu- 
sion has a localized 
round, graphitized frac- 
ture extending from its 
top end. Photomicro- 
graph by Evan M. Smith; 
field of view 1.42 mm. 
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The solidified metallic liquid in figure 2 is a kind of in- 
clusion that has been observed repeatedly in what can be 
called “CLIPPIR” diamonds (Smith et al., 2016, 2017). This 
is a variety of sublithospheric or super-deep diamond that 
originates from an estimated 360-750 km deep in the 
earth. Large, colorless (D color), type Ila diamonds often be- 
long to this family. In fact, the initial recognition of this 
diamond variety stems from recurrent observations in the 
gem trade that larger, higher-quality diamonds have a 
greater tendency to be type Ila. The CLIPPIR acronym cap- 
tures their distinguishing physical properties: Cullinan- 
like, Large, Inclusion Poor, Pure, Irregular, and Resorbed. 

Out of 83 inclusion-containing CLIPPIR diamonds in 
one study, 67 had inclusions with metallic melt (Smith et 
al., 2017). The relative abundance of metallic melt inclu- 
sions is one of the features that makes these diamonds so 
interesting. The origin of this metal has been illuminated 
by measuring the isotopic composition of iron (Smith et 
al., 2021). The iron can be traced back to a process called 
serpentinization, where water chemically reacts with the 
rocks in oceanic tectonic plates. Iron from seafloor serpen- 
tinization was carried deep into the earth by the action of 
oceanic tectonic plates sinking down into the mantle, a 
process called subduction. After sinking down to 360-750 
km, the serpentinized rocks contribute to the growth of 
CLIPPIR diamonds and are responsible for supplying the 
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Figure 3. Left: A polished di- 
amond slice (3.7 mm x 3.7 
mm) with healed fractures 
and fluid inclusions. Right: 
The fluid inclusions display 
thin-film interference colors 
and have irregular polygo- 
nal boundaries governed by 
the diamond recrystalliza- 
tion as the fracture healed 
(field of view 245 um). Pho- 
tos by Evan M. Smith. 


exotic metallic liquid sometimes trapped as inclusions. 
Tracing out this deep subduction pathway for serpen- 
tinized oceanic rocks is important for our understanding 
of how water, carbon, and other materials get transported 
from the earth’s surface down into the convecting mantle 
over millions of years. 


Healed Fractures 


Fluid micro-inclusions in fibrous diamonds, invisible nano- 
inclusions in some gem-quality diamonds, and metallic 
melt inclusions in CLIPPIR diamonds are all examples of 
primary inclusions. This means they were trapped during 
diamond growth. It is also possible to trap material post- 
growth in fractures. If a fracture allows fluid to penetrate 
into a diamond and conditions allow the fracture to heal, it 
can trap some of the fluid as an inclusion. So-called finger- 
print inclusions in corundum and other minerals also arise 
from secondary, post-growth fluid trapping along fractures. 

A colorful instance of fluid trapped in a healed fracture 
in diamond is shown in figure 3. This is an alluvial dia- 
mond from the Ebelyakh River, Siberia. Alluvial diamonds 
from this region sometimes have discontinuous, black 
graphitic features inside them that trace out healed fracture 
networks. Under closer examination, these healed frac- 
tures regularly host fluid inclusions (Tomilenko et al., 


Figure 4. Left: A 3.66 ct oc- 
tahedral diamond crystal 
(shown beside a millimeter 
scale) with silicate melt in- 
clusions in healed frac- 
tures. The black and red 
ink marks are for planning 
prior to polishing for re- 
search purposes. Right: The 
largest inclusion (under the 
crosshairs) has a 4 microm- 
eter wide pinkish bubble of 
nitrogen visible at the top 
end (field of view 180 pm). 
Photos by Evan M. Smith. 
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1997, 2018). The inclusions in figure 3 contain a mixture 
of carbon dioxide (CO,) and nitrogen (N,), identified using 
Raman spectroscopy and microthermometry (Smith et 
al., 2015). These inclusions are often only a few microm- 
eters thick, and thin-film interference gives them a col- 
orful, iridescent appearance (like the colorful swirls seen 
in soap bubbles). The CO,-N, inclusions are a snapshot 
of a free-flowing fluid that could have been percolating 
along crevices and between grains of the solid surround- 
ing eclogitic host rock when this diamond sat in the man- 
tle at a depth of 150-200 km (Ragozin et al., 2002; Smith 
et al., 2015). 

Figure 4 shows another example of fluid trapped in a 
healed fracture in a diamond, this one from the Democratic 
Republic of the Congo. In this case, the fluid is best de- 
scribed as an ultramafic (magnesium-rich and silica-poor) 
silicate melt (Smith et al., 2014). When this melt solidified, 
it exsolved a nitrogen-rich (N,) fluid phase that is visible 
as a pinkish-colored bubble within the largest melt inclu- 
sion (figure 4, right). Similar solidified melt inclusions were 
observed in a diamond from the Roberts Victor mine in 
South Africa (Smith et al., 2014) as well as in a yellow 
faceted diamond of unknown origin, shown in figure 5. The 
yellow diamond contains numerous transparent inclusions 
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Figure 5. A 1.06 ct yel- 
low diamond (A) con- 
taining a series of 
healed fractures with 
silicate melt inclusions 
(B-D). At bottom left 
(C), the healed fracture 
has interrupted the 
quality of polishing and 
appears as a surface 
grain line, indicated by 
arrows. Top left photo 
by Jian Xin (Jae) Liao. 
Photomicrographs by 
Evan M. Smith; fields of 
view 1.15 mm (B) and 
1.42 mm (C and D). 


that lie together in an irregular planar configuration defin- 
ing a healed crack. Individual inclusions are spatially con- 
fined to the plane of the crack, with larger inclusions 
having flattened, tabular shapes. Some inclusions are rod- 
like in shape or are grouped in lineaments that define the 
receding edge of the crack during healing. Raman spec- 
troscopy shows that these solidified melt inclusions are 
dominated by olivine. The process responsible for making 
secondary silicate melt inclusions like these remains un- 
certain and requires further study. 


Concluding Remarks 


The fluid inclusions shown here—whether liquid, gaseous, 
or solidified melts—are only some of what have been en- 
countered in natural diamonds, and future research is 
likely to uncover more. In the geological world, it is com- 
mon to encounter fluid inclusions in minerals, but those 
found in diamonds have exceptional scientific value be- 
cause of their deep mantle origin. Diamond is the only 
mineral that routinely captures and preserves fluids from 
great depths inside our planet and gets transported up to 
the earth’s surface. Thanks to their gem properties, we can 
both admire and learn from these crystals. 
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could be placed on a sound and objective 
basis. In this article we shall not go any 
deeper into this aspect of diamond colour. 


We also know that diamonds may be 
coloured artificially by bombarding them 
with atomic projectiles —that is, particles 
which are found in the atom, either in or 
outside the atomic nucleus, and which have 
been given high speeds in one way or an- 
other. For the production of fast neutrons, a 
nuclear reactor is generally used. Protons 
and deuterons may be accelerated to high 
speeds in a cyclotron or a linear accelerator, 
whilst fast electrons can be produced in vari- 
ous ways, perhaps the most common being 
the Van de Graaff generator, which may also 
be used to accelerate protons and deuterons. 


When a diamond is placed in the path of, 
for example, a beam of fast neutrons, these 
neutrons penetrate into the crystal, and col- 
lide with the atoms of the crystal lattice. 
Some of these collisions will be sufticiently 
violent to eject the atom from its lattice site, 
into some interstitial position. The atom 
may even be given so much energy by the 
bombarding fast neutron that it comes to 
rest only after having knocked several other 
atoms from their normal positions. This dis- 
placement of atoms is known as radiation 
damage. Associated with this damage in the 
crystal, is the absorption of light by elec- 
tronic transitions previously forbidden in 
the undamaged lattice. 

We know that diamonds which are irradi- 
ated by fast neutrons in an atomic pile turn 
green.! Other colours have been reported 
after deuteron bombardment.2 When a dia- 
mond: crystal is bombarded by electrons, it 
will turn blue, under favourable conditions. 
This artificial blue colouration is nearly in- 
distinguishable by eye from the colour shown 
by a natural blue diamond, although it is 
readily detectable when the artificially col- 
oured diamond has the shape of a rectangular 
block. It will then be seen that the coloura- 
tion is superficial, as the depth of penetra- 
tion of the bombarding electrons is only 
about 0.5 millimetre. However, when the 


table facets of a brilliant cut diamond have 
been irradiated and made blue, it is difficult 
to distinguish such a stone from a genuine 
blue diamond, as nearly all the incident 
light, and the light which is reflected from 
the back facets pass through the table. Dis- 
crimination is, however, not very difficult 
when we do not have to rely upon the eye 
alone, but examine other non-visible parts 
of the spectrum as well. Before going into 
this somewhat more deeply, we will first 
mention a most remarkable property of all 
natural blue diamonds, a property which will 
make it an extremely simple matter to estab- 
lish whether the colour of a blue diamond 
is natural or not. It has been found that all 
natural blue diamonds are electrically con- 
ductive, even at fairly low potentials of the 
order of 100 volts. We have, in the course 
of the Jast year, tested about 50 natural blue 
diamonds, both whole stones and cleavages, 
varying in weight from 100 carats to 0.1 
carat. On the application of 125 volts acros: 
these diamonds they all carried an electric 
current which differed from stone to stone.® 
This current is usually of the order of 0.1 
milliamp, but it may be much larger. A dia- 
mond of size 3 x 5 x 5 millimetre passed, 
initially, a current of about 1 milliamp, 
which increased gradually to about 5 am- 
peres. At this current the diamond becomes 
red hot; therefore the current should be al- 
lowed to flow only for a short time in order 
not to ruin the diamond. 


This conductivity is, in all probability, a 
structural property of this special type of 
diamond which has been classified as type 
IIb.4 Electrons trapped at crystal imperfec- 
tions play an important role in this con- 
ductivity. When the temperature of the dia- 
mond rises gradually, due to the heat de- 
veloped by the electric current, these elec- 
trons will be raised to the conduction band 
of the. diamond, where they can take part in 
the current which will thus increase. 


A very simple method for discriminating 


between artificially coloured and natural bluc 
diamonds would therefore be to measure 
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MORE ON ORANGE LUMINESCENCE IN 
CORUNDUM 


We have read with great interest the Winter 2021 article 
entitled “Blue sapphires from Mogok, Myanmar: A gemo- 
logical review,” by Wasura Soonthorntantikul et al. (pp. 
292-317). The authors conducted a fairly complete bibli- 
ographical review and a qualitative characterization using 
gemological, spectroscopic, and chemical techniques, im- 
proving our knowledge of Mogok’s rare and renowned blue 
sapphires. In the process, the authors associate the 640 nm 
emission band of orange luminescence with “trapped hole 
chromophores,” quoting Hughes et al. (2017), that section 
of the book being based on Segura’s gemology dissertation 
at the University of Nantes (Segura, 2013). We wish to add 
further details regarding orange luminescence in corun- 
dum, from Mogok and elsewhere. In particular, we re- 
cently conducted a rather extensive study of this 
luminescence, making it possible to describe in further de- 
tail the defect(s) involved. 

Dr. Soonthorntantikul and her associates state that 
“the remainder displayed zoned orange fluorescence (with 
very weak or no red fluorescence) in near-colorless to light 
blue color zones,” as seen in their figure 12. For Mogok, or- 
ange luminescence has also been described in the yellow 
zone of a blue sapphire (Ho et al., 2018, pp. 128-129). Ac- 
tually, for all sapphires worldwide, orange luminescence is 
absent from blue zones and may be found only in near-col- 
orless or yellow domains. This behavior can be explained 
for all corundum. Indeed, the blue color is related to the 
Fe-Ti charge transfer, and thus blue zones contain iron, also 
as Fe**, as can be seen in their UV-visible absorption spec- 
trum (see figure 26 of Soonthorntantikul et al.). In blue 
zones, the O?-Fe** charge transfer absorbs the ultraviolet 
range, taking away the source of energy necessary to in- 
duce luminescence. Thus, it acts as a luminescence 
quencher for orange and red emissions. 

Regarding the nature of the defect involved with or- 
ange fluorescence, the locution “trapped hole chro- 
mophore” does not describe the atomic structure in which 
the hole is trapped. Our team proposes a more complete 
description deduced from the careful characterization of a 
collection of nearly 100 orange-luminescing corundum 
(Vigier et al., 2021a,b). Based on luminescence excitation 
spectra and other arguments, the orange luminescence has 
been related to a color center or defect including two oxy- 
gen vacancies. An oxygen vacancy is a missing oxygen 
atom in the lattice (figure 1), which can be created by 
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chemical means during growth or induced by irradiation 
after growth, for example. Such a defect is called an F-cen- 
ter, or even V,, (Kréger-Vink notation) in the physics com- 
munity. An oxygen vacancy may contain zero, one, or two 
unpaired electrons. Thus, when there are two vacancies 
from two oxygens, each containing two electrons, four 


Figure 1. A schematic of the F, center, believed to be 
responsible for the orange luminescence in corundum 
(Vigier et al., 2021a,b). Two adjacent AlO,, octahedra 
in the corundum (a-Al,O,) structure are represented 
here. Two oxygen vacancies are present (noted with 
two “e-” each, for the two electrons). X** stands for a 
divalent cation, most likely Mg”. 
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electrons are electrically compensated in the corundum 
structure by the presence of two divalent cations (see also 
Emmett et al., 2003). This double defect is an F, center, 
compensated by two divalent ions such as Mg”*, Be**, and 
rarely Mn** (again, see figure 1). The concentration of such 
defects is not known but may be very small (of the order 
of parts per million or less), as luminescence is a very ef- 
ficient way to detect defects. The chemical results pre- 
sented in Soonthorntantikul et al. (2021) explicit that 
there are always traces of magnesium, which is consistent 
with this proposed structure. 

Furthermore, concerning the relation between orange 
luminescence and infrared absorption, the authors state: 
“We noted that the studied sapphires exhibiting the 3161 
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We truly appreciate the letter from Maxence Vigier and Dr. 
Emmanuel Fritsch for the detailed information on defects 
for orange luminescence in corundum and also for sharing 
their experience with this feature. Their letter is very help- 
ful and improved our knowledge on this luminescence. We 


cm IR feature frequently show orange zoned fluores- 
cence...” This is true for Mogok samples and—in our ex- 
perience—for some metamorphic yellow sapphires 
(generally from Sri Lanka). However, for other corundum 
(natural, synthetic, or treated), we did not note any corre- 
lation of the 3161 cm™ band with orange luminescence. 

We hope these additional scientific details will be help- 
ful to better understand the little-studied orange lumines- 
cence in sapphire and will nicely complement the work of 
Dr. Soonthorntantikul and her colleagues. 


Maxence Vigier and Emmanuel Fritsch 
University of Nantes 

CNRS, Institut des Matériaux Jean Rouxel, IMN 
Nantes, France 
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noted the feature in a few samples but did not further ex- 
plore this, since it would have taken us outside the scope 
of the article. 


Wasura Soonthorntantikul, Ungkhana Atikarnsakul, 
and Wim Vertriest 
GIA, Bangkok 
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COLORED STONES AND ORGANIC MATERIALS 


Atypical “box bead” cultured pearls. Gemologists are 
aware of two main types of bead cultured pearls—bead cul- 
tured (BC) and atypical bead cultured (aBC). BC pearls are 
cultured with the typical round, predominantly freshwater 
shell bead nuclei, while aBC pearls are cultured with any 
material that is not typical. Atypical bead nuclei include 
fancy-shaped shell beads, pearls of any kind, plastic beads, 
gemstones, or other materials of various shapes. GIA’s 
Bangkok laboratory received five loose undrilled pearls as 
research samples for examination. These were reportedly 
sold as “tissue box pearls” in the Indian market by a trader 
known to some GIA staff. Externally they exhibited a 
smooth surface with luster resembling that of South Sea 
Pinctada maxima cultured pearls. The samples ranged 
from 8.00 x 7.26 x 6.05 mm to 9.93 x 7.86 x 5.86 mm, 
weighing between 2.50 and 3.49 ct, and exhibited a baroque 
form with a white to cream color (figure 1). 
Microradiographic examination revealed unusual box- 
shaped demarcation outlines uncharacteristic of traditional 
BC pearls (figure 2). To the author’s knowledge, this kind 
of internal rectangular shape is never seen in natural pearls. 
Sample 2, revealed an additional structural feature extend- 
ing from the shorter side of the “box bead” (see red arrow 
in figure 2). Sample 3 possessed two distinct radio-translu- 
cent areas around the box-shaped outline; these are ex- 
pected for voids or certain organic-rich features in pearls. 
Samples 4 and 5 also showed similar radio-translucent fea- 
tures, but to a lesser extent. Since the rectangular internal 
structures are not observed in natural pearls, the clear de- 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu or GIA, The Robert Mouawad 
Campus, 5345 Armada Drive, Carlsbad, CA 92008. 
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marcation features with a box-shaped outline are enough 
to identify these as aBC pearls. 

The box-shaped beads clearly influenced the external 
shapes of their pearl hosts when they formed within the 
mollusks, as seen in figure 1. Samples 2. and 3 were cut in 
half for further examination of their internal structures. 
Under magnification, each half showed an obvious demar- 
cation between the box-shaped bead and the nacre over- 
growth. The “box beads” appeared to be more translucent 
than traditional beads and exhibited platy structure and 
banding in some areas, proving they were fashioned from 
shell. Additionally, the feature in sample 2 possessed a ra- 
dial structure and appeared somewhat translucent. Obser- 
vation through a gemological microscope revealed that the 
gaps around the nucleus in sample 3 were in fact voids 
with areas of dark organic-rich material, likely conchiolin, 
present within (figure 3). 

Another point of interest was the inert reaction of the 
shell nuclei in each half of both samples under optical X- 


Figure 1. The five “box bead” cultured pearls exam- 
ined ranged from 8.00 x 7.26 x 6.05 mm to 9.93 x 7.86 
x §.86 mm. Photo by Lhapsin Nillapat. 
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ray fluorescence. Since most freshwater bead nuclei show 
strong yellowish green or greenish yellow reactions, it was 
clear that the “box beads” were not fashioned from fresh- 
water mussel shells. 

Energy dispersive X-ray fluorescence (EDXRF) results 
of the “box bead” nuclei, outer nacre layers, and the radial 
calcitic area revealed major amounts of calcium, along 
with high levels of strontium ranging from 1209 to 1986 
ppm, and manganese below 63 ppm. The low levels of 
manganese detected by EDXRF corresponded to the inert 
optical X-ray fluorescence reaction (figure 4), as the inten- 
sity of any reaction is directly correlated to the manganese 
levels (P. Kessrapong et al., “Atypical bead cultured Pinc- 
tada maxima pearls nucleated with freshwater non-bead 
cultured pearls,” GIA Research News, April 6, 2020, 
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Figure 2. The five “box 
bead” cultured pearls 
(top) together with their 
X-ray computed micro- 
tomography (1-CT) 
slices showing the obvi- 
ous rectangular bead de- 
marcations resembling 
a box shape (bottom). 
The red arrow indicates 
the additional structural 
feature observed within 
sample 2. Photos by 
Lhapsin Nillapat. 


https://www.gia.edu/gia-news-research/atypical-bcp-nu- 
cleated-with-nbcp). The high strontium and low man- 
ganese concentrations indicated saltwater origin. 

Under long-wave ultraviolet radiation, the sawn sur- 
faces exhibited a bluish reaction. Sample 2: showed addi- 
tional very weak orangy reactions associated with the 
columnar feature partially surrounding the bead (figure 5). 

Short-wave UV fluorescence spectra were also collected 
from the pearl surfaces using a GIA-developed spectrome- 
ter. The spectra showed two distinct peaks around 330 and 
360 nm with counts above 10,000, indicating the surfaces 
were not processed using bleach or any whitening/bright- 
ening agents (C. Zhou et al., “Detection of color treatment 
and optical brightening in Chinese freshwater ‘Edison’ 
pearls,” Summer 2021 GwG, pp. 124-133). 


Figure 3. A: Cross sec- 
tion of sample 2. 

B: Radial columnar 
structures, identified as 
calcite by Raman, ob- 
served in an area within 
the nacre overgrowth 
covering sample 2’s 
bead nucleus. C: Cross 
section of sample 3. D: 
Magnified view of one of 
the void features with 
dark organic-rich mate- 
rial attached to the 
inner surface. Photos by 
Ravenya Atchalak; 
fields of view 14.40 mm 
(A and C), 7.20 mm (B), 
and 2.88 mm (D). 
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Figure 4. The cross sections of sample 2 (top left) and 
sample 3 (top right) under white light and their inert 
reactions under X-ray fluorescence (bottom). Photos 

by Ravenya Atchalak. 


Raman analysis using 514 nm laser excitation on the 
“box bead” surfaces and outer nacreous layers of the sawn 
surfaces showed typical aragonite features at around 
701/704 cm (doublet) and 1085 cm~!. The columnar radi- 
ating area on sample 2 was also analyzed, revealing features 
at around 154, 281, 711, and 1085 cm that were consistent 
with calcite (J. Urmos et al., “Characterization of some bio- 
genic carbonates with Raman spectroscopy,” American 
Mineralogist, Vol. 76, 1991, pp. 641-646). 

All the data obtained from the advanced testing meth- 
ods as well as observation under magnification prove the 
“box bead” nuclei were fashioned from saltwater shell. 
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Figure 5. The cross sections of sample 2 (top left) and 
sample 3 (top right) under white light and their reac- 
tions under long-wave UV (bottom). Photos by 
Ravenya Atchalak. 


Although this is not the first time GIA has encountered 
saltwater cultured pearls containing non-traditional bead 
nuclei, the box shape of the beads in this sample group has 
never been documented in the gemological literature and 
is therefore notable. 

Ravenya Atchalak 
GIA, Bangkok 


A type of multi-colored quartz with oriented inclusions, 
reportedly from Brazil. A special quartz called “Auralite 
23” in the Chinese trade has recently appeared in the 
Donghai jewelry market in Jiangsu Province (figure 6). Sell- 


Figure 6. Multi-colored 
quartz traded in the Dong- 
hai jewelry market in 
Jiangsu Province, China. 
Photo by Qingfeng Wu. 
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ers claim the material is from Brazil. The quartz is very 
similar to amethyst from Minas Gerais, Brazil (B.M. Laurs 
and N.D. Renfro, “Amethyst from Brazil with interesting 
inclusion patterns,” Journal of Gemmology, Vol. 35, No. 
6, 2017, pp. 468-469). 

Four color zones (purple, red, greenish gray, and a sec- 
ond purple zone) are displayed when observed along the 
threefold axis. Sometimes, a separate golden zone can be 
formed (e.g., figure 7, B and C). The purple and greenish 
gray zones in the upper part of figure 7D are well defined, 
while the red and purple zones in the lower part show al- 
ternating growth bands. After cutting, substantial oriented 
inclusions can be found in each color zone. Golden 
“broom-like” inclusions observed in the purple zones are 


Golden zone 


Figure 7. A: External 
characteristics of a piece 
of rough “Auralite 23” 
quartz measuring 8.2 x 
5.5 x 3.7 cm. Well-devel- 
oped rhombohedrons 
can be found on one 
side of the quartz, and 
the other side displays 
an uneven pyramidal 
shape with parallel stri- 
ations. B: Five color 
zones and substantial 
oriented inclusions. C: 
Golden “broom-like” 
inclusions form a beau- 
tiful independent zone. 
D: Alternating purple 
and red zones. Photos 
by Zhuoxuan Li. 


Purple zone 


Greenish 
gray zone 


Red zone 


regularly distributed along the growth direction. Greenish 
gray horsetail-like inclusions are found in the middle of the 
quartz. In addition, red platelet inclusions appear in the red 
zone (figure 8). Notably, the platelet inclusions are seem- 
ingly restricted to this red zone and thus generate an agate- 
like zoning. 

A multi-colored quartz slice was purchased and re- 
searched. The Fourier-transform infrared (FTIR) transmis- 
sion spectra—with weak peaks at 3584 and 2331 cm", 
medium strong peaks at 2924, 2850, 2671, 2597, 2498, and 
2136 cm, and strong peaks at 3454 and 2242, cm7!—indi- 
cate that this is a natural quartz (figure 9). 

Raman analysis identified the typical inclusions in the 
purple zones, with peaks at 246, 300, 387, 415, 550, and 


Figure 8. Three representative solid inclusions in the multi-colored quartz. A golden “broom-like” inclusion in the 
purple region (A), greenish gray horsetail-like inclusions in the greenish gray region (B), and red platelet inclusions 
in the red region (C). Photomicrographs by Huizhen Huang; fields of view 1.35 mm, 0.6 mm, and 0.71 mm. 
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Figure 9. Fourier-trans- 
form infrared (FTIR) 
transmittance spectrum 
of the imaged quartz sam- 
ple. A slice of the tested 
multi-colored quartz is 
shown in the inset. 
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685 cnr! as goethite. The red platelet inclusions with peaks 
at 225, 245, 293, 411, 499, 611, and 1321 cm" are hematite 
(figure 10). The greenish gray horsetail-like inclusions 
could not be identified by Raman spectroscopy, so we car- 
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ried out electron probe microanalysis (EPMA). The chem- 
ical analysis of these inclusions are mainly iron (45.49- 
46.51 wt.%) and sulfur (51.34-51.87 wt.%), indicating that 
they are FeS, inclusions. 


Figure 10. Raman spectra of representative solid inclusions are shown along with the Raman reference spectra 
from the RRUFF database. Left: The purple zone contained a substantial amount of golden “broom-like” inclu- 
sions that matched with goethite. Right: The red platelet inclusions produced a Raman spectrum corresponding to 
hematite. The black numbers in this figure indicate the Raman peaks of the inclusion, and the gray numbers ind1- 


cate the peaks of the quartz. 
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Considering the multi-colored zones and different ori- 
ented inclusions, this quartz likely formed and crystallized 
in multiple stages. However, the origin of this special pat- 
tern still remains unclear and is worth further research. 


Huizhen Huang, Quanli Chen, and Yan Li 
Gemmological Institute, 
China University of Geosciences, Wuhan 


Update from Mozambique’s ruby mines. Mozambican ru- 
bies have revolutionized the dynamics of the ruby trade 
since their debut on the global gem scene in 2009. GIA has 
been following the evolution of the deposits around Mon- 
tepuez in the Cabo Delgado Province of northern Mozam- 
bique since the very beginning (see W. Vertriest and S. 
Saeseaw, “A decade of ruby from Mozambique: A review,” 
Summer 2019 GeG, pp. 162-183). In August 2022, a GIA 
field gemology team visited the mining area to document 
the current state of mining and to collect samples for fu- 
ture studies. 

In less than a decade, the balance has shifted from an 
informal environment dominated by artisanal miners and 
foreign buyers to a situation that is mostly under the con- 
trol of large-scale miners who bring these rubies directly 
to the global market. 

There are currently three of these major operations 
working in the area east of Montepuez. 


e¢ Montepuez Ruby Mining (MRM): A partnership be- 
tween Gemfields and local partner Mwiriti that has 
been mining rubies since 2012. Gemfields also 
mines Zambian emeralds at the Kagem mine. 

e Fura Gems: This company has been involved in 
Mozambican ruby mining since 2019. Some of their 
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concessions were previously worked by Mustang Re- 
sources. Fura is also actively mining Colombian 
emerald and Australian sapphire. 


e GemRock: Owned by luxury jewelry brand Dia- 
Color, this operation has been active on the ground 
since 2019. 


In terms of geological formation, the ruby mineraliza- 
tion in the Montepuez area is not yet fully understood. 
The gems are generally described as amphibole-related 
corundum since the associated rocks are rich in amphi- 
bole. This mineral also dominates the inclusion scene of 
these gems. 

While some primary mineralization is known and these 
ruby-bearing bodies are areas of interest for the mining 
companies, the rubies are seldom mined from the host rock. 
Nearly all of the mining activity is focused on the second- 
ary deposits. These weathered gravel layers are rich in ru- 
bies and referred to locally as camada. This type of material 
is easy to mine, and the value of the ruby found here is 
higher than that in the primary deposits. The original host 
rock may contain higher volumes, but the majority of this 
corundum tends to be of very low grade. The exploration 
strategies of the mining companies focus heavily on iden- 
tifying the extent, thickness, and distribution of the sec- 
ondary gravels throughout their respective concessions. 
Understanding the geological formation of the corundum 
in this geological setting is a continuing process. Explo- 
ration teams are actively delineating and characterizing the 
ore bodies that hold the primary mineralization. 

All three large-scale operations extract these ruby-rich 
gravels by stripping the overburden with excavators. This 
exposes the camada, which is dug up and stockpiled near 
the wash plants (figure 11). Local variations of the gravel 


Figure 11. Mining of the 
gravels at Mugloto pit 3 
in the MRM concession. 
The gravel layer is 
around 30 cm thick. The 
material on top has a 
distinct reddish tint that 
is typical for sediments 
in tropical environ- 
ments. Under the layer 
of gravel, the weathered 
basement rock is more 
grayish in color. Photo 
by Wim Vertriest; cour- 
tesy of MRM. 


Gems & GEMOLOGY FALL 2022 383 


layers can provide additional challenges. In some areas the 
sediment cover is less than 50 cm thick, which means the 
shallow gravel layer contains an abundance of roots, 
branches, and other organic material, making it harder to 
process further down the line. In other areas, the gravels 
are buried over 15 m deep, requiring serious effort and plan- 
ning to strip the overburden. The ruby-rich layers them- 
selves can vary from 10 to 150 cm; in some cases, multiple 
layers are present. The main one is always lying directly 
on the (extremely weathered) basement rock, which often 
consists of amphibolites, gneisses, and occasional felsic 
pegmatite veins. 

While washing the rubies out of the gravel sounds very 
straightforward, this is a complex engineering process that 
requires careful monitoring and control. The gravels are 
unsorted, with quartz boulders up to 30 cm in diameter, 
but can also have a significant clay content. Processing 
them is no easy task and requires many steps of separating 
by size as well as various techniques to break up sediment 
clusters and concentrate the ore. Sizing is routine, but the 
other steps require considerable effort. At all of the large 
mining operations, logwashers, rotating trommels, and 
high-pressure water jets are used to break up clay clumps 
(figure 12). Concentration of the gravels (i.e., removal of 
the unwanted minerals) focuses on separating based on the 
specific gravities of the components of the sediment. Ruby 
is relatively dense compared to most other minerals such 
as feldspar and quartz. The most convenient method is 
using a pulsating jig where the waterlogged gravels move 
across a screen with barriers while getting pushed up ver- 
tically. This allows lighter materials to wash over the jig 
while denser minerals are concentrated at the bottom. 
While simple, this technique has its limitations, and sev- 
eral of the mines have progressed to more advanced tech- 
niques that allow for more precise separation and/or higher 
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Figure 12. The first step in 
the wash plant at Fura is 
the feeding bin (top left), 
where material enters the 
washing process. While 
the material moves down 
through the bins, water is 
added and a first screen- 
ing removes large boul- 
ders. The trommel serves 
a dual function, breaking 
up clay lumps and screen- 
ing out oversized materi- 
als. This image captures 
the first of seven steps to 
reduce the gravel to a con- 
centrate rich in ruby, 
which is then handled in 
the sort house. Photo by 
Wim Vertriest; courtesy of 
Fura Gems. 


capacity, such as dense media separators and rotating pans 
in which a slurry with a precisely controlled density is used 
to separate heavier mineral fractions. 

All of these techniques require large volumes of water. 
Plant operators assume that every metric ton of gravel 
processed requires 1000 liters of clear water. This water 
consumption was a decisive factor for development of the 
wash plant. For instance, a nearby river can serve as a 
cheap and constant supply of water, while boreholes are a 
much more costly alternative. As such, considerable effort 
is put into recycling water using settling ponds, cyclones, 
and flocculants. This allows much of the water, sometimes 
up to 90%, to be reused in the cleaning process. 

With three large-scale mines operating in the area, the 
volumes of gravel processed are immense. The combined 
washing capacity of the three mines is more than 500 met- 
ric tons per hour. 

The final product coming out of the wash plant is an 
intensely concentrated mix of heavy minerals enriched in 
ruby, though considerable portions of garnet, iron oxides, 
and other minerals are still present. Initially simple tech- 
niques such as manual sorting were used to handpick the 
rubies from this mix. As these operations grew, however, 
more advanced technology has been applied. Optical sort- 
ing devices are able to recognize rubies by their fluores- 
cence and separate them from the mix. Most mines use 
these devices nowadays, often with manual control of the 
rejects since the machines are not flawless. In a final step, 
the mix of rubies is graded based on clarity, color, and size. 
Some mines perform this detailed and specialized task at 
company headquarters, while others do so at the mine. 
During the final stages of concentrating the rubies, security 
procedures become increasingly strict. Automatic sorting 
and gloveboxes (figure 13) are used to avoid contact with 
the rubies. The final grading, which must be done manu- 
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ally by experienced specialists, is heavily supervised in se- 
cured spaces. This is one reason why some companies pre- 
fer to do this at their headquarters. 

The further development and growing importance of 
these large-scale mining operations has also brought 
changes to the artisanal mining communities. These 
garimpeiros mined 100% of Mozambique’s rubies in the 
first years after the discovery in 2009. Only in 2014 did the 
first rubies from large-scale mining reach the international 
market, through an auction hosted by MRM. Not all of 
these small-scale miners are local; many traveled from 
other provinces in Mozambique or even from neighboring 
countries such as Tanzania. In recent years, the importance 
of the garimpeiro in Mozambique’s ruby market has been 
in decline. Legal codes were adjusted to make unlicensed 
mining a crime, allowing government officials to intervene 
with the artisanal mining activities that took place on the 
licenses of the large companies. As compensation, the gov- 
ernment created areas designadas that were assigned to 
the artisanal miners. However, these are often small and 
nearly barren. At the moment, these areas cover an area of 
four square kilometers. The mining licenses secured by the 
large-scale mining companies cover over 2,000 square kilo- 
meters. Conflicts over mining rights have created consid- 
erable tension between established powers and the local 
communities. Some of these disputes are only now coming 
to light or are just beginning to be felt. 

But the most drastic impact on the artisanal mining 
community has probably been the sanctions against the 
foreign buyers in the neighboring towns. Ruby buyers, 
mainly from Asia, have worked from offices near Mon- 
tepuez to buy directly from the garimpeiros since 2008- 
2009, but their numbers have been drastically reduced in 
recent years. This has almost completely eliminated the 
main clientele for the artisanal ruby miners. During GIA’s 
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Figure 13. At GemRock, 
the concentrate from the 
wash plant is fed onto a 
conveyor belt where 
teams of sorters hand- 
pick the rubies. The 
workers are using glove- 
boxes to prevent physi- 
cal access to the stones. 
At the end of the shift, 
the rubies are collected 
and inspected. Photo by 
Wim Vertriest; courtesy 
of GemRock. 


visit in 2016, huge numbers of garimpeiros (tens of thou- 
sands of them) could be seen working and traveling 
throughout all the mining concessions east of Mon- 
tepuez. During GIA’s recent 10-day expedition in August 
2022, only 37 artisanal miners were seen in the same area. 
Most of the artisanal activity has moved farther east to- 
ward the city of Chiure, where the garimpeiros are min- 
ing more recent river sediments that are rich in rubies. 
Many have returned to their home villages, while some 
of the locals have found employment with the large min- 
ing companies. 

The Cabo Delgado Province is currently experiencing 
social and political turmoil. Religious extremist groups 
under the name Ahlu-Sunna wa al Jama’a have been grow- 
ing more violent. This has forced many people to abandon 
their villages and relocate to the southern reaches of the 
provinces, where the mines are located. One company re- 
ported that the number of people residing on their mining 
license increased from 1,500 to more than 20,000 in less 
than one year. 

The local political structure also lacks the strength to 
successfully empower the local communities. All large- 
scale miners pay significant royalties and taxes to Mozam- 
bique’s central government. Unfortunately, many of these 
funds fail to reach the historically underprivileged commu- 
nities surrounding the mines in the northern Cabo Delgado 
Province. This only amplifies social unrest. Many local 
projects have been set up by the large companies as part of 
their own corporate social responsibility programs, focusing 
on a sustainable food supply, transportation, and healthcare. 

The last five years have brought dramatic change to ruby 
mining around Montepuez. Nowadays the dominant players 
are the larger operations and no longer the garimpeiro com- 
munity with their associated trading network. These large- 
scale miners have immensely upgraded and professionalized 
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their conductivity. This could be done by 
bringing two metal points into contact with 
the diamond and by applying about 100 volts 
across the points. A milli-ammeter will then 
show a current if the diamond is a natural 
blue, it will not when the diamond is a nor- 
mal stone which has been made blue ar- 
tificially.For with a very few exceptions, all 
diamonds which are not blue belong to either 
type I, which is most common, or to the rarer 
type Ila, both being non-conductors of elec- 
tricity. 

There are two other methods suitable for 
the discrimination of blue diamonds. One 
method refers to the absorption by the dia- 
mond of ultraviolet light, the other to ab- 
sorption in the infra red region of the spec- 
trum. It has been found that natural blue 
diamonds have a low absorption of radiant 
energy in the ultraviolet. They are transpar- 
ent down to about 2250A°, also a property 
of type Ila diamonds. They differ, however, 
from type Ila diamonds not only in their 
electrical conductivity, but also in their 
phosphoresence. We therefore, have classi- 
fied the natural blue diamonds as a different 
type; i.e. Ilb. The common type I, how- 
ever, absorbs very strongly at wavelengths 
shorter than about 3000 Angstrom, either 
before or after having been made blue. It is, 
therefore, a simple matter to discriminate 
between a natural blue diamond of type IIb 
and an artificially coloured type I, by means 
of a filter which is selectively transparent at 
about 2700A°. 

Type Ha diamonds, we have seen, do not 
absorb strongly in this part of the spectrum 


in their natural state, but after having been 
irradiated with electrons, show a clearly 
observable absorption which will again assist 
in distinguishing a natural blue diamond of 
type IIb from an artificially coloured type 
IIa. 

In both cases, that is type I and type Ia 
made blue artificially, a photoelectric cell 
which is sensitive at 2700A° can be used as 
a detector, or as an alternative, a substance 
which fluoresces when irradiated by radiant 
energy of 2700A° wavelength may be ap- 
plied. 

It has also been established that natural 
blue diamonds show a very strong absorp- 
tion in the infra red, in the region from 1 
to 2 microns, whereas neither type I nor 
type IIa absorb appreciably in this part of 
the spectrum, even after irradiation with 
electrons. Again a filter transparent for radi- 
ant energy of about 1 to 2 microns in com- 
bination with a suitable infra red sensitive 
detector can be used for distinguishing be- 
tween natural and artificial blue diamonds. 
The detector may be an image-converter tube 
or a thermopile. 

All these devices are still in the laboratory 
stage. It is, however, felt that a few of these 
could be simplified to such an extent as to 
make them a simple tool in the hands of a 
layman who will thus be in a position to 
verify simply and rapidly whether the colour 
of a blue diamond is natural or man-made. 
It is also felt that the diamond gem trade 
will benefit in this way as the buyer will 
want to know the origin of the diamond 
colour. 
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Figure 14. This bracelet containing 12 mm beads was 
submitted as “root amber.” Photo by Tsung-Ying Yang. 


their operations since their initial exploration and early min- 
ing phases. They have integrated more sophisticated tech- 
niques in both the gravel processing and the sorting. Larger 
fleets of machinery and fine-tuned wash plants allow huge 
volumes of ruby ore to be handled. This has resulted in a 
more stable ruby supply to the international markets. 

However, the situation on the ground remains unsta- 
ble, with social unrest growing in the wider areas where 
the ruby mining is happening. Only time will tell how this 
situation will evolve. 


Wim Vertriest and Sudarat Saeseaw 
GIA, Bangkok 
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SYNTHETICS AND SIMULANTS 


Pressed amber imitation of “root amber.” Root amber, a 
commercial variety of burmite (amber from northern 
Myanmar), is popular in the Taiwanese market. As the 
name suggests, root amber resembles tree roots and usually 
has a dark brown to light yellow color with creamy swirls 
caused by the mixing of fine calcite particles and resin dur- 
ing the sedimentation of the amber (Y. Wang, Amber 
Gemology, China University of Geosciences Press, Beijing, 
2018, p. 244). 

Recently, a bracelet was submitted to Taiwan Union 
Lab of Gem Research (TULAB) as root amber (figure 14). 
This bracelet consisted of a string of dark brown beads with 
light yellow creamy swirls. The refractive index of these 
beads was about 1.54 by spot reading, which was consis- 
tent with the RI of amber, and the beads showed uneven 
medium blue to faint yellow fluorescence under long-wave 
UV light. Microscopic observation of the beads revealed 
slight differences from natural root amber. First, the yellow 
switls appeared to have a coarse texture rather than 
smooth. Second, the brown regions seemed to show a 
vaguely granular structure. The beads were further inves- 
tigated under a microscope with long-wave UV illumina- 
tion and compared with those of natural root amber. The 
results of fluorescence microscopy revealed that these re- 
gions did, in fact, show a granular structure with particle 
sizes ranging from tens to hundreds of microns, while the 
natural root amber appeared relatively fine-grained and ho- 
mogeneous under the same lighting (figure 15). Raman 
spectroscopic analysis and comparison with both the 


Figure 15. Pressed 
amber imitations and 
natural root amber. 
Under white light, the 
pressed amber (A) ap- 
peared less homoge- 
neous than natural 
root amber (C). Granu- 
lar structure of the 
pressed amber (B) re- 
vealed under long- 
wave ultraviolet light, 
whereas natural root 
amber showed rela- 
tively even fluores- 
cence (D) under the 
same long-wave UV 
lighting. Photo- 
micrographs by Kai- 
Yun Huang; field of 
view 4.23 mm. 


FALL 2022 


Gems & GEMOLOGY 


RAMAN SPECTRA 


INTENSITY ——~> 


— Calcite R040170 
— Imitation root amber bead 
— Amber reference 


Figure 16. Raman spec- 
tra comparisons be- 
tween the spectrum of 
the bead, amber refer- 
ence (TULAB), and that 
of calcite from the 
RRUFF database sug- 
gested that the bead 
consisted of calcite and 
amber. The peaks at 
1645 and 1450 cm! 
may be assigned respec- 
tively to v(C=C) and 
8(CH,) modes in fossil 
resin. The stacked spec- 
tra are baseline-cor- 
rected and normalized. 
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RRUFF database and the internal amber references com- 
piled by TULAB confirmed that these beads were made of 
amber and calcite particles (figure 16). Previous studies 
also pointed out that the strongest peaks at 1645 and 1450 
cm” may respectively be assigned to v(C=C) and 6(CH,) 
modes in fossil resin (R.H. Brody et al., “A study of amber 
and copal samples using FT-Raman spectroscopy,” Spec- 
trochimica Acta Part A, Vol. 57, No. 6, 2001, pp. 1325- 
1338). To summarize, the amber bracelet should be defined 
as an imitation—specifically, a pressed amber mixed with 
calcite powder during the manufacturing process. 

Although pressed amber has long existed in the trade, 
the addition of calcite powder made this sample a better 
imitation of natural root amber and more difficult to dis- 
tinguish by standard gemological testing. The best identi- 
fication method for such an imitation is observation with 
fluorescence microscopy. 


Shu-Hong Lin 

Institute of Earth Sciences, 

National Taiwan Ocean University 

Taiwan Union Lab of Gem Research, Taipei 


Tsung-Ying Yang, Kai-Yun Huang, and Yu-Shan Chou 
Taiwan Union Lab of Gem Research, Taipei 


Synthetic sapphire with Rose channels. The Laboratoire 
Frangais de Gemmologie (LFG) received a 15.84 ct light 
purplish blue corundum for identification (figure 17). 
Under the microscope, clouds of bubbles similar to those 
seen in synthetic corundum were observed (figure 18), 
along with twinning planes and hollow channels known 
as Rose channels (figures 18 and 19). The Rose channels, 
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which are always found at the intersection of twin lamel- 
lae, were crystallographically oriented along the edges of 
the rhombohedral faces and formed angles of about 90° 
(again, see figure 18), these features are normally seen in 
natural corundum (F. Notari et al., “‘Boehmite needles’ in 
corundum are Rose channels,” Fall 2018 GwG, p. 257). 
Rose channels and twinning lamellae are common in 
natural corundum but seldom reported in synthetic corun- 
dum, including one instance in a Ramaura flux synthetic 
ruby (E. Fritsch et al., “Are boehmite needles in corundum 
Rose channels?” Geophysical Research Abstracts, Vol. 20, 
EGU2018-19493, 2018). This is because the twinning 


Figure 17. A 15.84 ct light purplish blue synthetic sap- 
phire measuring 15.35 x 14.05 x 8.25 mm. Photo by 
U. Hennebois. 
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Figure 18. Clouds of bubbles, Rose channels, and 
twinning planes in the synthetic corundum under 
crossed polarizers. Photomicrograph by U. Hen- 
nebois; field of view 3 mm. 


lamellae is most often formed via deformation twinning 
and results from post-growth events; thus, it is frequently 
observed in natural samples. 

The sample was inert under long-wave UV and pre- 
sented strong blue luminescence under short-wave UV. No 
gallium was detected with energy dispersive X-ray fluores- 
cence, which further confirms that this corundum was 
synthetic (S. Muhlmeister et al., “Separating natural and 
synthetic rubies on the basis of trace-element chemistry,” 
Summer 1998 GwG, pp. 80-101). DiamondView imaging 
showed curved growth lines, characteristic of Verneuil 
flame-fusion synthetic corundum (figure 20). Rose chan- 
nels in corundum were linked in the past with boehmite 
needles and the characteristic absorptions in the 1500- 


Figure 19. Clouds of bubbles, Rose channels, and 
twinning planes in the synthetic corundum. Photo- 
micrograph by U. Hennebois; field of view 10 mm. 
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Figure 20. DiamondView imaging revealed curved 
growth lines characteristic of synthetic Verneuil 
corundum. Image by A. Herreweghe; field of view 
10 mm. 


4000 cm region (Notari et al., 2018); however, no absorp- 
tions were observed in this region of the FTIR spectrum. 

Although by far most common in natural corundum, 
the presence of Rose channels and twinning planes in syn- 
thetic corundum serves as evidence that these features 
alone cannot be used to confirm natural origin. 


Ugo Hennebois, Aurélien Delaunay, 

Annabelle Herreweghe, and Stefanos Karampelas 
(s.kKarampelas@Ifg.paris) 

LFG, Paris 
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TREATMENTS 


Gemological characteristics of low-temperature “gel- 
filled” turquoise. In the past decade, low-temperature “gel- 
filled” turquoise (X. Yating and Y. Mingxing, “Filling 
material and characteristic of polymer-impregnated 
turquoise in Anhui Province,” Journal of Gems and Gem- 
mology, Vol. 21, No. 1, 2019, pp. 20-30) has been sold in 
the Chinese market. This special gel filling treatment is 
quite different from previous resin-filling or impregnation 
treatments (L. Liu et al., “Technical evolution and identi- 
fication of resin-filled turquoise,” Spring 2021 GwG, pp. 
22-35). The rough turquoise materials are soaked in a 
polymer composite gel at -10° to -15°C (without pressure} 
for filling and enhancement of appearance. According to 
the information obtained from a turquoise factory in 
Shiyan city, Hubei Province, the process can be generally 
summarized as follows: 


1. The rough turquoise material is selected, cut, 
washed, and dried at about 100°C. 


2. The material is immersed in a polymer composite 
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gel solution, then put in the refrigerator and soaked 
at -10° to -15°C for 7-10 days. 

3. The turquoise material is removed from the refrig- 
erator and heated from room temperature to 80° at 
1°C/min, followed by soaking at 80°C for four hours. 


4. The material is further heated by ramping the tem- 
perature from 80° to 120°C at 1°C/min, followed by 
soaking at 120°C for eight to ten hours. 


5. The turquoise material is then cooled from 120°C to 
room temperature at 3°C/min. 


6. After removal from the furnace, the gel residue is re- 
moved by polishing off the surface layer. 


ae 


% 
Gel-filled turquoise 
under normal light 


Untreated turquoise 
under normal light 


Gel-filled turquoise 
under UV light 


Untreated turquoise 
under UV light 
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Figure 21. Untreated 
rough turquoise mate- 
tial produced in 
Zhushan County, 
Hubei Province, China, 
including one piece (in- 
dicated with the dotted 
line) that was selected 
to be cut into several 
square pieces. Photo by 
Andi Zhao. 


The authors selected a piece of rough turquoise material 
(figure 21) produced in Zhushan County in Hubei Province, 
China, and cut it into several square pieces. According to 
the above treatment process, the turquoise was filled using 
the gel solution provided by the turquoise factory in Hubei. 
The material before treatment (N-1) was light whitish blue, 
with uneven color distribution, and black impurities were 
locally distributed. After treatment, the material’s color deep- 
ened to a more desirable blue-green and became more uni- 
form (figure 2.2), still retaining the original black impurities. 
After polishing, the surface of the gel-filled turquoise had a 
waxy luster and the hydrostatic specific gravity changed 
from approximately 2.32 to 2.21 due to the lower SG of the 


Figure 22. These images 
show the untreated 
turquoise, the gel-filled 
turquoise, and the gel solu- 
tion in glassware under 
normal light (A—-C) and 
under UV light (D-F). Pho- 
tos by Andi Zhao. 


( 


under normal light 


Gel 
under UV light 
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FTIR SPECTRA 
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Figure 23. FTIR spectra of the gel, untreated turquoise, and low-temperature gel-filled turquoise. The characteristic 
peaks for gel-filled turquoise are a series of peaks at 2966, 2928, 1727, 1637, 1456, 1405, 1378, 1324, and 1297 cnr 


that are caused by the gel. 


gel (approximately 1.00). The turquoise before treatment 
showed medium-light bluish white fluorescence with an 
abundance of white spots. After treatment, it showed uni- 
form medium bluish white fluorescence (figure 22) under 
long-wave UV fluorescence. The turquoise was inert to 
short-wave UV before and after treatment. The light yellow 
gel solution showed a strong bluish white fluorescence along 
the edge of the glassware under long-wave UV and was inert 
under short-wave UV. 

Fourier-transform infrared (FTIR) spectra of the gel and 
turquoise samples (before and after treatment) are shown 
in figure 23. Typical peaks for turquoise were observed, 
namely two absorption peaks at 3509 and 3463 cm! caused 
by the stretching vibration of hydroxyls (OH) (Q. Chen et 
al., “Turquoise from Zhushan County, Hubei Province, 
China,” Fall 2012 GwG, pp. 198-204). Due to strong hy- 
drogen bonding associated with the hydroxyl groups, the 
absorption peaks are relatively sharp. The absorption peaks 
at 3288 and 3077 cm"! caused by OH stretching of water 
molecules are relatively flat, while the peak associated with 
the bending vibration of water is near 1637 cm” and the in- 
tensity of the absorption peak is relatively weak. There are 
four absorption peaks produced by the PO, stretching vibra- 
tion between 1000 and 1200 cm“, which appear near 1153, 
1006, 1056, and 1010 cm. In addition, the gel-filled 
turquoise showed a weak absorption peak (2928 cm) 
caused by a CH, stretching vibration and a strong stretching 
vibration peak (1727 cm!) caused by C=O (Yating and 
Mingxing, 2019). A series of weak small absorption peaks 
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also appeared at 1456, 1324, and 1297 cm. These spectral 
peaks are consistent with the FTIR spectra of the gel. The 
spectral peaks can also be used to distinguish between un- 
treated and gel-filled turquoise. Gas chromotography—mass 
spectrometry identified the main components of the gel as 
methyl isocrotonate (C,H,O,, 46.05 wt.%], cyclooctate- 
traene (C,H,, 35.8 wt.%), and oxirane (C,H,O, 5.93 wt.%). 
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CONFERENCE REPORTS 


Inaugural Turquoise United conference. The first-ever 
Turquoise United conference was held August 11-13, 2022, 
in Albuquerque, New Mexico. This multifaceted event was 
organized and hosted by Joe Dan Lowry and his son Jacob, 
part of a fifth-generation family in the turquoise industry. 
All activities took place in the Turquoise Museum 
(www.turquoisemuseum.com), owned and operated by the 
family and the Albuquerque Convention Center (figure 24). 

Turquoise has been treasured and used by many differ- 
ent cultures for thousands of years. As an aggregate gem- 
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Figure 24. Left: The entrance to the Turquoise Museum. Photo by Jacob Lowry/Turquoise Museum. Right: A corner 


in the origin display room shows rough and polished samples from Tyrone and Cerrillos, two well-known deposits 
in New Mexico. Photo by Tao Hsu. 


stone, it also poses a challenge for traders. Possibly more 
so than for any other gemstone, the buying, selling, and 
owning of a turquoise piece can be an intensely personal- 
ized experience. A combination of factors including color, 
matrix pattern, specific mine origin, and the presence or 
absence of treatment come into play, making each piece 
unique. Turquoise United provides a platform for everyone 
involved in the trade to gather as a community and discuss 
important topics. About 100 delegates from different coun- 
tries attended the inaugural event, including miners, cut- 
ters, treatment experts, dealers, television shopping 
network suppliers, collectors, jewelry designers, enthusi- 
asts, consumers, appraisers, and scientists. GIA sent re- 
search and education representatives to connect with the 
turquoise community and learn from the experts. We had 
the opportunity to interview over 10 industry experts, in- 
cluding members of the domestic and international trade, 
miners, and artisans involved in turquoise treatment and 
the manufacture of imitation turquoise (figure 25). The 
content gathered will be highlighted in future GIA educa- 
tional programs. 

A wide variety of activities made this educational con- 
ference enjoyable. An evening gala and auction kicked off 


Figure 25. Russell Twiford III holds a massive resin im- 
itation of turquoise he created, which is now displayed 
at the Turquoise Museum. Photo by Aaron Palke. 
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Figure 26. Left: Attendees enjoy a conversation about Southwestern-style jewelry design and manufacture out- 
side the Turquoise Museum. Right: Joe Dan Lowry and son Jacob were the auctioneers at the kickoff gala. Photos 


by Tao Hsu. 


the event (figure 26). Auction items included finished 
turquoise pieces, specimen and finished stone sets, and a 
bracelet featuring more than 200 inlay pieces designed and 
donated by GL Miller (Studio GL, Albuquerque). All other 
items were provided by the museum, and the proceeds will 
be allocated for future Turquoise United events. Delegates 
had the opportunity to view representative items from do- 
mestic and international sources such as Yungaisi, China 
(figure 2.7). All items were auctioned by the end of the gala. 
Each attendee received a gift bag containing a piece of 
turquoise, including some nice cabochons. 


Figure 27. A 9.32 ct backed turquoise from Yungaisi, 
China, purchased during the auction at the Turquoise 
United conference. Photo by Aaron Palke. 
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During the day sessions, experts including Joe Dan 
Lowry, GL Miller, and author AP hosted identification pan- 
els at the Turquoise Museum (figure 28). Panelists evalu- 
ated the identity and origin of various turquoise jewelry 
pieces submitted by participants. The panel attracted con- 
sumers and enthusiasts who shared the stories behind their 
treasures. In the turquoise collector community, mine ori- 
gin is an extremely important aspect. Turquoise enthusi- 
asts often spend a lifetime putting together a collection of 
quality pieces from the most important turquoise mines, 
especially from the American Southwest. Lowry and 


Figure 28. Turquoise enthusiasts and consumers brought 
their jewelry pieces to the identification panel experts, 
who shared their opinions on the pieces and answered 
questions from the audience. Photo by Tao Hsu. 
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Figure 29. Top: Joe Dan Lowry proposes a turquoise 
grading system alongside a panel of experts. Photo by 
Tao Hsu. Bottom: A look at the color scale and mas- 
ter stones for blue turquoise included in Lowry’s grad- 
ing system. Photo by Joe Dan Lowry. 


Miller impressed the audience with their knowledge of his- 
toric turquoise mine characteristics, and engaged in much 
discussion about the complexity involved in conclusive 
identification and origin determination. 

Two evening discussion panels took place in the Albu- 
querque Convention Center, with one focused on the vi- 
sion and educational function of Turquoise United and the 
other on turquoise grading. The authors participated in 


both panels along with delegates from all aspects of the in- 
dustry. Author TH noted the current lack of turquoise-re- 
lated educational programs and the potential industry 
benefit of reaching a broader audience not limited just to 
turquoise traders. 

The second panel centered on Joe Dan Lowry’s proposal 
for a turquoise grading system that could be applied inside 
and outside of the turquoise community (figure 29). 
Lowry’s grading system is based on an unsurpassed collec- 
tion of turquoise master stones of various qualities from 
global sources accumulated by the Lowrys over five gen- 
erations. In the proposed grading system, origin is consid- 
ered separately from other quality factors. A scoring 
system is based on a scale of 0 to 100, with the most im- 
portant factor being color (70% of the final score) and ad- 
ditional consideration given to the aesthetics of the matrix 
(20%) as well as “zat” (10%), a combined description of 
the dynamic and boldness of both the color and the matrix 
patterns. Different levels of “zat” can be described as dy- 
namic and bold in contrast to dull, flat, or uninteresting. 
After the quality evaluation and considering the impor- 
tance of origin in many cases, the result would be com- 
bined with the condition of the piece (treated or untreated), 
cut, weight, and backing to give the buyer a complete pic- 
ture of the stone. The panelists had a lengthy discussion 
on the applicability of the grading system, and author AP 
shared his views on consistency and potential market im- 
pact with the attendees. 

In addition to the educational activities, a small-scale 
turquoise show took place in the courtyard of the museum. 
A dozen dealers participated, displaying rough and finished 
turquoise to attendees (figure 30). To keep the event focused, 
dealers could only sell turquoise stones and not finished jew- 
elry. Turquoise from the southwestern United States, Mex- 
ico, China, and Iran were all featured at the show. 


Figure 30. Left: A turquoise show attendee checks out polished pieces from multiple southwestern U.S. deposits. 
Photo by Tao Hsu. Right: An assortment of high-quality natural Persian turquoise cabochons; the one being held 


weighs about 19 ct. Photo by Aaron Palke. 
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Surrounded by historic turquoise mines (figure 31) and 
Native American communities that have contributed enor- 
mously to the popularity of turquoise in the United States 
through their iconic turquoise jewelry designs, Albu- 
querque was the perfect setting for the conference. The an- 
nual Santa Fe Indian Market (SFIM), held every August, is 
also in close proximity. This year marks the hundredth an- 
niversary of this famous event celebrating Native American 
arts and fashion, which features turquoise and turquoise 
jewelry. While the second Turquoise United conference is 
set for Albuquerque, the Lowrys are already planning future 
events and considering other important turquoise centers 
to host the conference as well. 


Tao Hsu and Aaron Palke 
GIA, Carlsbad 


ANNOUNCEMENTS 


Ahmadjan Abduriyim receives JAMS award for applied 
mineralogy. The Japan Association of Mineralogical Sci- 
ences (JAMS) has named Dr. Ahmadjan Abduriyim as the 
recipient of its 2021 award for applied mineralogy (figure 
32). As president of Tokyo Gem Science and director of 
GSTV Gemological Laboratory in Tokyo, Abduriyim was 
recognized for his contributions to applied mineralogy. 

Abduriyim holds a PhD in mineralogy and geology 
from Kyoto University and is a former senior manager and 
senior scientist at GIA’s Tokyo laboratory. A longtime 
Ge#G contributor and editorial review board member, Ab- 
duriyim has published numerous articles on topics related 
to diamonds, colored stones, and organic gem materials in 
various journals, including G#WG, Journal of Gemmology, 
and Australian Gemmologist. 
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Figure 31. The historic 
Tiffany mine in the Cer- 
rillos mining district. 
This pit was mined 
many hundreds of years 
ago by Native Ameri- 
cans before contact 
with European cultures. 
Photos by Aaron Palke. 


Abduriyim’s research has covered geographic origin 
determination of major gemstones, advanced testing of 
colored stones, and the application of laser ablation-in- 


Figure 32. Dr. Ahmadjan Abduriyim (left) receives the 
2021 Japan Association of Mineralogical Sciences 
(JAMS) award for applied mineralogy. 
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ductively coupled plasma—mass spectrometry (LA-ICP- 
MS} in the gemological field. Most recently, Abduriyim 
has worked to integrate information obtained from the 
following three areas of research: the collection of geolog- 
ical data and gem samples from field surveys of mines 
worldwide, the application of high-precision analytical 
methods, and the construction of a database for the latest 
geographic origin determination and individual identifi- 
cation. He and his team are currently researching the use- 
fulness of LA-ICP-MS in measuring trace elements and 
U-Pb isotope dating for geographic origin determination. 

Meanwhile, Abduriyim recently honored Akira 
Chikayama, Japan's “Father of Gemology,” by opening a 
museum featuring Chikayama’s collection of rocks, min- 
erals, and gemstones at GSTV Gemological Laboratory 
(figure 33). Chikayama, an esteemed gemology instruc- 
tor, collected rock, mineral, and gemstone samples from 
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= Figure 33. A view of the 
GSTV Gem Museum in 
Tokyo, exhibiting the 
extensive gem and min- 
eral collection of the 

_ late Akira Chikayama. 
Photo by Ahmadjan 
Abduriyim. 


international mines and trade shows for use in his 
courses, eventually amassing a collection of more than 
30,000 specimens. After his passing in 2007, the collec- 
tion went unused until Abduriyim had the opportunity 
to view it in 2016 and envisioned creating a museum to 
share the collection with the world. In May 2022, the 
GSTV Gem Museum opened, displaying Chikayama’s 
vast collection as well as several hundred books and mag- 
azines. On display are more than 600 rock specimens, 
2,000 mineral specimens, 25,000 rough gemstones/gem- 
stones in matrix (figure 34), 500 transparent crystals, 
2,500 faceted stones, and 300 synthetic and imitation 
stones. The museum is not only an exhibition of 
Chikayama’s collection, but also a place for visitors to 
learn about the fascinating world of gemology. 


Erica Zaidman 
GIA, Carlsbad 


Figure 34. A portion of 
Chikayama’s crystal 
specimens featured in 
the GSTV Gem 
Museum. Photo by 
Ahmadjan Abduriyim. 
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The Nature of Jade 


by 


DR. RAYMOND J. BARBER 


Answers to four questions regarding jade 
will here be ventured. Why was it so 
named ? What is its elemental makeup? How 
can it be recognized? Where has it been 
found? 

Jade is an exotic mineral. It invites 
thoughts of far places, and the vague shad- 
ows of antiquity. Tides of human destiny, 
and struggles for power were swayed by 
its discovery. To the stone-age man, when 
survival was ever in doubt, the possession of 
jade gave peculiar advantages because it 
could be sharpened to an edge that would 
not shatter. Later, with more ordered secur 
ity, the permanence and beauty of jade 
moved the lapidary artists to dedicate their 
lives to carving symbols of ancient faiths and 
customs. 

Even the word “‘jade’”’ is alien, and reflects 
the supernatural, for these stones were held 
in awe by primitive folk of both East and 
West. Marco Polo, returning from Cathay, 
told about stream pebbles sculptured into 
wondrous forms so sacred that they were 
withheld from common view. Cortez found 
that the Indians of the New World valued 
certain green stones more highly than gold. 
He sent back to Spain some that had been 


cleverly carved as idols or amulets, which 
were described as predras de yjada or ‘‘stones 
of the groin” because the natives believed 
them capable of preventing pains in the side. 
Sir Walter Raleigh, on his voyages to Ameri- 
ca, found among the Spanish settlers of 
Guiana curious idols cut from the same 
kind of green stones which they, too, called 
piedras de yjada. He took some back to Eng- 
land, where they were much admired; but 
the long Spanish name was difficult for the 
English tongue, so that soon it was shortened 
to ijada and finally jade. 

Thus, also, the French /’ejade and later 
‘jade’, the Italian giada; and the modern 
Spanish ‘jade’. Though they have their sepa- 
rate pronunciations, all came from the same 
Latin root lium, and the Greek e/lein, mean- 
ing flank or groin. Even the Persian word 
for jade, yashm, seems related to the same 
tradition. 

Among ancient races the protective bene- 
fits of jade were thought to be so inclusive 
as to offer a veritable panacea for any ill- 
ness. All over Asia it was believed that an 
amulet of jade would ward off lightning. 
The South Sea Island tribes thought that if 
some of the powdered mineral were swal- 
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Hidden Gems at the San Diego Natural History Museum. 
Known locally as The Nat, the San Diego Natural History 
Museum is making good use of unoccupied space with its 
Hidden Gems exhibit. Spanning the five floors of the mu- 
seum, the 2,000 square foot vertical gem and mineral exhibit 
fills the space outside of the elevators on each floor, provid- 
ing a permanent home to more than 100 specimens from 
the museum’s collection, many of which had not been on 
display prior to the exhibit’s opening. In this vertical explo- 
ration, visitors can expect to be wowed with a different ex- 
perience as they reach each level of the museum. 

Each floor has its own theme designed to showcase the 
diversity of minerals from all over the world. Fluorescent 
minerals are aglow under black lights on the lower level. 


Figure 36. An image of quartz agate from Chi- 
huahua, Mexico, scanned from the specimen and 
used to create wallpaper featured on Level 4 of the 
museum. Photo courtesy of the San Diego Natural 
History Museum. 
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. Figure 35. A gem pocket 
replica highlighting var- 
ious gems and minerals 
mined in San Diego 
County, including tour- 
maline, quartz, kunzite, 
aquamarine, and mica. 
Dubbed the “Miner’s 
Fantasy Mine,” this 
replica combines vari- 
ous gems and minerals 
in the same pocket for 
illustrative purposes 
only. Photo courtesy of 
the San Diego Natural 
History Museum. 


Level 1 displays a sampling of gems from all over the world, 
with a special case dedicated to birthstones from GIA. Level 
2. is comprised entirely of gems mined locally in San Diego 
County, California, including quartz, topaz, and hot pink 
tourmaline. This level also features a replica gem pocket 
full of gemstones found in the area (figure 35). Level 3 fo- 
cuses on the application of minerals in the real world, in- 
cluding a section highlighting the minerals used to make 
cell phones. Finally, Level 4 covers geologic diversity, pre- 
senting a wide array of gems and minerals of different col- 
ors, shapes, and sizes. After experiencing all five floors, 
visitors leave with an understanding of the many roles of 
gems and minerals—aesthetic, geological, and practical. 

The walls and ceilings of the exhibit also deserve hon- 
orable mention. Large-scale murals produced by scanning 
various mineral specimens and printing them on the wall- 
paper create the feeling of walking into the featured min- 
eral (figure 36). And a 24-foot sculpture modeled after the 
crystalline structure of silicate dangles from the ceiling. 

Hidden Gems is a long-term exhibit and will occupy 
the space outside the elevators for the near future, until the 
museum unveils another innovative exhibit to fascinate 
visitors. For now, Hidden Gems is a vertical delight for all 
to see. Visit https://www.sdnhm.org/exhibitions/hidden- 
gems/ to learn more. 


Erica Zaidman 


The Year of Mineralogy at the Perot Museum. 2022 is the 
International Mineralogical Association’s designated year for 
celebrating the history, development, and role of mineralogy, 
with a goal of promoting public interest in mineral studies. 
The association aims to emphasize mineralogy’s critical role 
in technology and society and to highlight the future of min- 
eralogy through the exploration of new and environmentally 


Gems & GEMOLOGY FALL 2022 


conscious methods for extracting the minerals used today. 
To help carry out this mission, the Perot Museum of Nature 
and Science in Dallas has created the Year of Mineralogy ex- 
hibit (figure 37) in the Lyda Hill Gems and Minerals Hall 
(https://www.perotmuseum.org/exhibits/halls/lyda-hill- 
gems-and-minerals-hall/). 

With more than 5,700 minerals identified to date, and 
more added each year, there is no shortage of specimens to 
display. Each of the exhibit’s 10 cases educates visitors 


Figure 38. This striking example of lapis lazuli, a rock 
composed of minerals including lazurite, pyrite, and 
calcite, is on display in the exhibit. From the Sar-e- 
Sang mine in the Kokcha River area of Badakhshan 
Province, Afghanistan. Photo courtesy of the Perot 
Museum of Nature and Science; specimen courtesy 
of Keith and Diane Brownlee. 
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Figure 37. The Year of 
Mineralogy at the Perot 
Museum of Nature and 
Science in Dallas fea- 
tures 10 cases filled 
with fascinating sam- 
ples demonstrating the 
importance of the min- 
eral world around us. 
Photo courtesy of the 
Perot Museum of Na- 
ture and Science. 


with spectacular examples to illustrate various mineral 
properties. The first case defines what a mineral is, show- 
ing specimens such as lapis lazuli and lazurite (figure 38). 
Chemical composition and crystal structure are explained 
in the second case, while the remainder are dedicated to 
the various properties of minerals, including hardness, 
tenacity, streak, luster (figure 39), and color. 

“By understanding mineral characteristics, like hard- 
ness, magnetism, and specific gravity, we are able to find 


Figure 39. The resinous appearance of this sphalerite 
specimen highlights the mineral property of luster. 
From the Picos de Europa Mountains, Asturias, Spain. 
Photo courtesy of the Perot Museum of Nature and 
Science; specimen courtesy of Gail and Jim Spann. 
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solutions to many modern industrial problems and im- 
prove our overall well-being,” said Kimberly Vagner, direc- 
tor of gems and minerals at the Perot Museum. 

On display until April 24, 2023, the exhibit is an oppor- 
tunity for all ages to acquire a deeper understanding of the 
mineral world around us. Can’t make it to Dallas before 
April 24? Follow the museum’s Lyda Hill Gems and Min- 
erals Hall on Instagram for posts highlighting some of the 
magnificent minerals on display. 


Erica Zaidman 


IN MEMORIAM 


Andrew Cody. Australian opal leader Andrew Cody (figure 
40) passed away on September 12, 2022, at the age of 71. 
Internationally regarded as one of Australia’s foremost opal 
wholesalers, cutters, and exporters, Cody was instrumental 
in the establishment of opal as Australia’s national gem- 
stone and the development of standard opal nomenclature. 
Collecting fossils, gemstones, and minerals since the 
age of 12, Cody began cutting opal in 1964 after a class trip 
to the famous deposit at Coober Pedy. In 1971, at the age of 
20, he established Cody Opal, a wholesale opal and gem 
cutting business, which later began exporting worldwide. 
Cody was the joint founder of the National Opal Collection, 
an Australian opal and opal jewelry supplier with show- 
rooms and museums located in Sydney and Melbourne. 
Over the course of his career, Cody served in a number 
of leadership positions, including president of the Aus- 
tralian Gem Industry Association and president of the In- 
ternational Colored Gemstone Association. He was 
awarded honorary fellowships from the Australian Gem- 
mological Association and the Gemmological Association 
of Great Britain. Also an author, Cody published two 


Figure 40. Andrew Cody was one of Australia’s lead- 
ing opal authorities and made numerous contribu- 
tions to the industry. Photo by Tao Hsu. 


books. Australian Precious Opal — A Guide Book for Pro- 
fessionals (1991) was followed by The Opal Story: A 
Guidebook (2010), written with his brother Damien and 
published in six languages. 

For more than 50 years, Cody worked tirelessly to pro- 
mote Australian opal across the global gem industry, leav- 
ing an enduring legacy. We extend our condolences to his 
family and friends. 


For online access to all issues of Gems & GEmoLoey from 1934 to the present, visit: 


gia.edu/gems-gemology lade 
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inside a 10.5 mm Galatea Pearl cultured with a synthetic turquoise bead. Courtesy of Chi Huynh. MIX 
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EDITORIAL 


Low-Temperature Heating of Mogok 
Ruby, Copper-Diffused Feldspar, 
Porcelain-Ireated Turquoise, and the Work 
of Gem Artist Chi Huynh 


Welcome to the Winter 2022 edition of Gems & Gemology! This issue concludes our volume 
year with studies on identifying treatments in various colored gemstones anda field report on 
the inspiring work of an award-winning gem artist. 


In our lead article, E. Billie Hughes and Wim Vertriest examine the difficulty of detecting low- 
temperature heat treatment in ruby. Using careful microscopic examination, they observed that 
many types of solid inclusions —« ates : ; 
alc eis Many types of solid inclusions in Mogok ruby 
including calcite, mica, spinel, samples...were sensitive to heat treatment at 

and zircon, were sensitiveto Joey temperatures between 600° and 1100°C.” 
heat treatment at lower 

temperatures between 600° and 1100°C. Additionally, Raman analysis of calcite and spinel 
inclusions provided complementary evidence of low-temperature heat treatment. 


Next, Qingchao Zhou and colleagues present their findings on identifying copper diffusion treatment in red andesine 
feldspar, which has been in question for more than a decade. Conducting experiments on both colorless labradorite and 
light yellow andesine feldspar to modify their color, the authors studied the samples’ fluorescence characteristics and 
verified that strong fluorescence provided key evidence of treatment. 


A team led by Liying Huang contributes our third article, which distinguishes a newer treatment technique used to 
mimic the color and luster of high-quality untreated turquoise. Known in the Chinese trade as “porcelain-treated” 
turquoise, this material can be identified by its surface features in combination with low specific gravity, strong luster, and 
trace element chemistry. 


In our final feature article of this issue, Tao Hsu and coauthors profile the groundbreaking work and artistry of Chi 
Huynh, the designer behind Galatea: Jewelry by Artist. During a visit to the Galatea store and workshop, Huynh 
shared several of his innovative designs and patents, along with stories of inspiration as an artist and pioneer in the 
jewelry industry. 


GeG’s regular columns continue to offer exciting gemological findings from all over the world. Highlights from Lab 
Notes include an extraordinarily large cat’s-eye emerald reportedly from Brazil, details of pearl submissions to GIA labs 
worldwide, and the largest extraterrestrial peridot examined at GIA to date. Observations of fascinating gemstone inclu- 
sions are captured in the Micro-World section, sharing a glance at spiral-like “horsetail” inclusions in demantoid, a bluish 
green omphacite crystal in a Fancy brown-pink diamond, aegirine crystals in two rare samples of poudretteite from 
Mogok, and more. Colored Stones Unearthed returns in this issue, focusing on gem minerals that form in magmatic 
environments. Finally, in Ger News International, catch up on the latest information from around the globe, including 
the observation of an extremely rare hellandite inclusion in a ruby from Mogok and coverage of the 2022 Geological 
Society of America annual meeting. 


We hope you enjoy the latest issue of Gems & Gemology! 


DH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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FEAT 


Mal ARTICLES 


A CANARY IN THE RUBY MINE: 
LOW-TEMPERATURE HEAT TREATMENT 
EXPERIMENTS ON BURMESE RUBY 


E. Billie Hughes and Wim Vertriest 


Detection of heat treatment below 1200°C in ruby and sapphire can present challenges to gemologists, as alterations 
to the material are often subtle. In this study, the authors heated Burmese ruby samples from Mogok, Myanmar, at 
temperatures ranging from 600° to 1500°C. The samples were documented using macrophotography, photomicrog- 
raphy of inclusions, ultraviolet fluorescence imaging, and spectroscopic analysis (Raman, ultraviolet/visible/near- 
infrared, and infrared) to record any changes, with a focus on features that could help detect heat treatment. 


A wide variety of solid inclusions, including calcite, mica, spinel, and zircon, were found in Mogok ruby. Many 
of those were found to be sensitive to heat treatment with regard to morphology and phase transition; their re- 
actions varied depending on a number of factors such as size, distance from the surface, and species. Microscopic 
examination provided useful visual indications of heat treatment, even at lower temperatures. Raman analysis 
of calcite and spinel inclusions also proved valuable in providing complementary evidence of low-temperature 


heat treatment. 


ue to the value and rarity of fine gems, early 

[) pioneers developed techniques to treat lower- 

quality material, including fracture filling 

and heat treatment. With ruby and sapphire, records 

of heat treatment go back more than a thousand 
years (Al-Beruni, 1989). 

Heat-treatment temperatures were pushed higher 
as furnace technology improved with the advent of 
electricity, reaching temperatures of 1500°-1800°C 
(corundum melts at 2040°C). Thankfully, this type 
of treatment tends to be easy to spot because the high 
temperatures produce significant alterations (Hughes 
et al., 2017). Although technological advances have 
allowed for a wider range of treatments, many con- 
sumers still appreciate the natural beauty of gems, 
and there is a premium on untreated ruby and sap- 
phire of high quality. 

Because of this market premium, some treaters 
have returned to heating ruby at lower temperatures, 
hoping to evade detection. In other cases, extremely 
high heat is not required to create the desired change. 
Whatever the reason, identification of low-tempera- 
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ture-treated ruby is often challenging for laboratory 
gemologists. Thus, this study aims to find useful in- 
dicators that corundum has been heat treated at 
lower temperatures. 


BACKGROUND 


This project focuses specifically on marble-related 
ruby, for which Mogok (figure 1) is the most impor- 
tant source in terms of value. Most research on low- 
temperature treatment has been focused on East 
African amphibole-related ruby and so-called meta- 
morphic sapphire from extensive secondary de- 
posits in Madagascar and Sri Lanka (Pardieu et al., 
2015; Sripoonjan et al., 2016; Hughes and Perkins, 
2019). 

We define high-temperature treatment as that 
which involves the dissolution of secondary-phase 
microcrystals. In corundum, the most common of 
these microcrystals is rutile silk, which tends to dis- 
solve with heat at temperatures of approximately 
1200°-1350°C. Thus, treatment in this temperature 
range is considered the boundary between “low” and 
“high” heat in corundum (Hughes et al., 2017). 

Rutile silk in ruby and sapphire comes from a va- 
riety of sources. As a result, its altered appearance 
has become a key indicator of heat treatment. But be- 
cause rutile tends to be affected by heat only at 
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1200°C or above, it is not a reliable indicator of 
lower-temperature heat treatment. Thus, we wanted 
to determine whether other types of solid inclusions 
are more sensitive to heat at lower temperatures. 

Mica and amphibole crystals, for example, are 
commonly seen in Mozambique ruby but do not al- 
ways react to heat in the same way. Mica crystals 
have been reported to be the more sensitive of the 
two, frequently displaying visual alteration after 
treatment at low temperatures, while amphibole 
crystals are less likely to display damage when 
heated to the same temperatures (Pardieu et al., 
2015). 

In a previous era, coal miners learned to be cau- 
tious of the air quality while mining. Dangerous 
gases such as carbon monoxide could build up in a 
mine, causing illness or even death. To prevent this, 
miners began bringing canaries down into the mine. 
These birds are highly sensitive to poisonous gases, 
so if one died it was a signal to evacuate. From this 
came the expression “canary in a coal mine,” refer- 
ring to an early warning of potential trouble. 

Our experiments aimed to detect something sim- 
ilar: an “early” warning at lower temperatures that 
could signal heat treatment in corundum. What crys- 
tal inclusions might act as the metaphorical canary 
in our ruby mine? 


MATERIALS AND METHODS 

Samples. A total of 46 samples from Mogok were se- 
lected for study. For this project, the authors did not 
analyze rubies from the Mong Hsu area, which is the 
second major ruby mining area in Myanmar (Peretti 
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Figure 1. A faceted 
heated ruby from 
Mogok, Myanmar, 
weighing more than 3 ct, 
stands out against a 
backdrop of untreated 
ruby rough from the 
same origin. The striking 
appearance of Mogok 
ruby is highly sought 
after. Photo by Wimon 
Manorotkul; faceted 
ruby courtesy of Kiart- 
tichatra Intarungsee. 


et al., 1995). While Mong Hsu also produces ruby of 
commercial importance, its appearance and internal 
features make it distinct from the Mogok material. 
Mong Hsu stones tend to have fewer crystal inclu- 
sions, making the Mogok material better suited for 
these experiments. Research on low-temperature 
heat treatment of Mong Hsu ruby would be a fasci- 
nating avenue for further study but was beyond the 
scope of this project. 

Samples 1-44 were selected from a larger parcel 
of rubies reportedly from Myanmar that was pur- 
chased from a Burmese trader in Bangkok. Examina- 
tion of the parcel showed that all had characteristics 
(inclusion scene, fluorescence, and trace element 
composition} consistent with those of untreated ruby 
from Mogok. The samples were chosen for their in- 
teresting solid inclusions as well as their color range 
from pink to red. 

In addition, samples 45 and 46 were selected from 
GIA’s reference collection. Both rubies were collected 
directly by GIA gemologists from mine rejects in the 
village of Baw-Lon-Gyi in Mogok. Sample 46 was cho- 
sen because it had areas free of inclusions that made 
it suitable for high-quality ultraviolet/visible/near-in- 
frared (UV-Vis-NIR) spectroscopy. Samples 1-45 were 
polished into unoriented wafers measuring approxi- 
mately 1.4-3.2 mm in thickness, with diameters rang- 
ing from 2.2 to 5.7 mm. Due to the nature of the rough 
ruby crystals, most of these wafers were oriented ap- 
proximately perpendicular to the c-axis, resulting in a 
color dominated by the more purplish o-ray compo- 
nent. Sample 46 was polished into a wafer with sur- 
faces oriented perpendicular to the c-axis with a 
tolerance of less than 2°, ideal for spectroscopy. 
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Of the 46 samples, 15 were chosen for heating ex- 
periments (samples 4, 8, 10, 11, 12, 17, 18, 22, 25, 30, 
37, 39, 40, 45, and 46). These were selected to repre- 
sent the diversity of mineral inclusions observed in 
ruby from Mogok. The 31 samples that were not 
heated were analyzed to identify and document their 
inclusions. 


Photography and Photomicrography. Photos were 
taken with a Canon EOS 6D camera with a 65 mm 
lens mounted to a copy stand. The samples were 
placed on a light box illuminated by an XD-300 
xenon white light source. 

Samples were observed before and after each 
round of heat treatment using an Olympus SZX16 
microscope with an SDF PLAPO 0.8x objective lens. 
Photomicrographs were taken with the same micro- 
scope, connected to a Canon EOS 6D camera using a 
Spot Imaging DE25TMT microscope adapter. Ilumi- 
nation was provided by a modified Motic darkfield 
base, supplemented by fiber-optic illuminators. 


Raman Spectroscopy. To identify mineral inclu- 
sions, Raman spectra were obtained using a Ren- 
ishaw inVia Raman system fitted with a 514 nm 
argon-ion laser attached to a Leica DM2.700M mi- 
croscope. Spectra were collected in the range of 
200-1200 cm-!. The grating was 1800 1/mm with a 
spectral resolution of 1 cm~!. Exposure time was 10 
sat 100% light power using a 6 mW laser. Accumu- 
lations were set at a minimum of three until the 
spectra’s signal-to-noise ratio was greater than 10 
and the major identifying peaks could be visually 
resolved from the background noise. Calibration 
was performed using the 520.5 cm” line of a silicon 
water. In all cases, entries from the RRUFF database 
(Lafuente et al., 2015) were used as references when 
identifying inclusions. Spectral comparisons were 
performed with Renishaw Wire (version 3.4) soft- 
ware. This analysis was conducted on most solid 
crystals and repeated on selected crystals after each 
heating step. All spectra were collected at room 
temperature. 


UV-Vis-NIR Spectroscopy. For samples 4, 8, 10, 11, 
12, 17, 18, 22, 25, 30, 37, 39, and 40, UV-Vis-NIR 
spectroscopy was conducted with a Magilabs Gem- 
moSphere UV-Vis-NIR spectrometer before and after 
each stage of heating. The wavelength range was 
365-1000 nm, with a resolution of 1.3 nm and an in- 
tegration time of 40 ms. 


402 ~Low-Tewp Heat TREATMENT OF BURMESE RUBY 


With samples 45 and 46, UV-Vis-NIR spectra were 
collected with a Hitachi U-2910 spectrophotometer 
using a wavelength resolution of 1.5 nm. The spectra 
obtained were corrected by calculating the reflection 
loss from the refractive index data, and the data was 
converted to show their absorption coefficients (a, 
cm-') using o = 2.303A/d, where A is absorbance and 
dis the path length in centimeters. The ruby samples 
were mounted in wax-coated aluminum plates with 
a 1 mm hole to ensure consistent measurements 
throughout the experiment. 


Infrared Spectroscopy. Fourier-transform infrared 
(FTIR) spectroscopy was performed using a Bruker 
Tensor 27 spectrometer before and after each stage of 
heating on the 15 heated samples. Each specimen 
was placed on a Pike DRIFTS attachment and 
scanned 16 times at a resolution of 4 cm. 


Trace Element Analysis. Trace element chemical 
analyses were performed on all samples using laser 
ablation-inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) technology with a Thermo 
Fisher Scientific iC AP Q ICP-MS coupled with a Q- 
switched Nd:YAG laser ablation device (Electro Sci- 
entific Industries Inc. New Wave NWR213) operating 
at a wavelength of 213 nm. The laser ablated spots 
were 55 um in diameter, created using a laser fluence 
of approximately 10 J/cm? with a repetition rate of 
10 Hz and a dwell time of 40 s. The forward power 
was set at 1350 W, and the typical nebulizer gas flow 
was at approximately 0.80 L/min. A special set of 
corundum reference standards was used for quanti- 
tative analysis of beryllium, magnesium, titanium, 
vanadium, chromium, iron, and gallium (Stone- 
Sundberg et al., 2017, 2021), whereas NIST Standard 
Reference Materials 610 and 612 glasses were used 
for other elements. All elemental measurements 
were normalized on aluminum as the internal ele- 
mental standard. 


Ultraviolet (UV) Fluorescence Imaging. The 15 
heated samples were observed in both long-wave and 
short-wave UV radiation using two different meth- 
ods. One method was with a standard UV light box. 
We used an Ultraviolet Products UVLS-26 EL Series 
UV lamp using a 6-watt bulb, with a long-wave light 
source at 365 nm and a short-wave light source at 
254 nm. We also placed each specimen in a Magilabs 
custom-designed deep-UV fluorescence system, con- 
sisting of a fluorescence microscope equipped with a 
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lowed just before death it would prevent 
decomposition of the body. Indeed, the 
aborigines of many lands believed so fully 
in its power to protect the spirit during its 
wanderings toward the Other World, that 
their jade weapons and fetishes were buried 
with them in the tombs. 

Even as it had such wide repute among 
primitive tribes for bodily protection, jade 
was believed by the philosophers of ancient 
China to have benevolent cultural and spir- 
itual values. To Confucius the clear tinkling 
of a jade bell was ineffably divine music. 
The fingering of a smooth, well-rounded ob- 
ject of jade was considered helpful in at- 
taining the perfect.calm needed for contem- 
plation. Thus, in that far country, jade be- 
came symbolic of the five cardinal virtues: 


Charity, Modesty, Courage, Justice, and 
Wisdom. Indeed, revered as embodying in- 
finite goodness, it was too sacred to be worn 
for decoration, because “The greatest rever- 
ance admits of no ornament,” certainly not 
of jade — the very "Jewel of Heaven.” 
Meanwhile, with the awakening of sci- 
ence in Europe and America, archaeologists 
delving into the remains of ancient peoples 
were finding Neolithic tools and weapons 
of jade in France and Switzerland; Egypt 
and Asia Minor; New Zealand, the Mar- 
quesas, and New Caledonia; Middle Ameri- 
ca, British Columbia, and Alaska. All of 
these artifacts were much alike in being 
made of green, hard, and compact rock. 
Before metals were known, it was the tough- 
ness of jade that made it especially valuable; 


© The author standing with Mr. Chang Wen Ti behind a 3600 pound 
boulder of nephrite jade, which was found near Lander, Wyoming, and 


now is in the front yard of Mr. Chang's home, Los Angeles. 
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Figure 2. The 15 ruby samples from the experiments, before heat treatment and after each stage of heating. 
While the overall bodycolors did not show significant changes, there were changes to clarity as the inclusions al- 
tered. Sample 30 in particular showed a dramatic change in color due to the alteration of iron staining in a large 
fissure. Four samples (8, 11, 30, and 37) broke apart during heat treatment. We continued to heat the larger of 
the two pieces in subsequent rounds. Photos by Sora-at Manorotkul. 


high-intensity pulsed xenon flash lamp with an in- 
terference bandpass filter at 228 nm. 

Fluorescence photography was taken with the 
samples placed in the Magilabs system attached to a 
Wild M400 Photomakroskop with an attached 
Canon EOS 6D camera. For long-wave images, we 
used an external Convoy S2+ 4-watt UV flashlight. 
For short-wave images, we used the built-in illumi- 
nation from the Magilabs system at 228 nm. 


HEATING EXPERIMENT 


Sample Selection. As previously mentioned, 15 of the 
46 samples examined were selected for heat treatment 
experiments. Thirteen of the samples (numbers 4, 8, 
10, 11, 12, 17, 18, 22, 25, 30, 37, 39, and 40) were cho- 
sen for their diverse inclusion scenes featuring a wide 
variety of solid inclusions. Two additional samples 
(numbers 45 and 46) were selected with a focus on 
spectroscopy. These had areas that were free of inclu- 
sions. Sample 45 was on the lighter end of the color 
range and 46 on the darker end, giving us examples of 
how different shades might react to heat treatment. 


Heat Treatment. For the first four rounds of heat 
treatment, the 15 samples chosen were placed on a 
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piece of synthetic corundum felt and heated in a Vul- 
can 3-550 oven in air, which is an oxidizing atmos- 
phere. They were heated to 600°, 750°, 900°, and 
1100°C and kept at their maximum temperature for 
four hours. After each heating round, the samples 
were cooled down to room temperature and data was 
collected on each sample. 

The specimens were also heated for a final round 
by John Emmett (Crystal Chemistry, Brush Prairie, 
Washington} and Eric Braunwart (Columbia Gem 
House, Vancouver, Washington). Treatment condi- 
tions were 1500°C in a flowing oxygen atmosphere 
for five hours in a Thermal Technology Inc. 3060 fur- 
nace. This round took the stones into the realm of 
high-temperature heat treatment. 


RESULTS AND DISCUSSION 


Appearance. All 15 heated ruby samples were exam- 
ined and photographed before and after heat treat- 
ment under controlled lighting conditions. Across 
the various rounds of heating, the 15 selected sam- 
ples did not display significant alteration in body- 
color, but we did notice many inclusion changes. 
One of the most notable was to sample 30, which 
contained a large fissure with orange iron staining. 
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1100°C 


1500°C 


Figure 3. When heated to 1500°C, a cluster of inclu- 
sions on the left side of sample 10 became less obvi- 
ous. On the right side, the alteration of a sphene 
crystal created clarity issues. Photos by Sora-at 
Manorotkul. 


After the first round of heating, the stain deepened 
in color; this change was eye visible (see figure 2). 

Another dramatic change was that some rubies 
broke apart during heat treatment. Samples 30 and 
37 split after heating to 900°C, while samples 8 and 
11 split after heating to 1500°C. Following this 
1500°C heating round, another small corner of sam- 
ple 30 broke off, but we were unable to recover the 
fragment. For the rubies that broke apart, we contin- 
ued to heat the larger of the two pieces. 

In many cases, the treatment affected clarity. Fig- 
ure 3 compares sample 10 after heating to 1100°C and 
1500°C. The left side of the specimen shows a darker 
fissure beginning to heal as well as a cloud of rutile 
silk that is less visible, improving the clarity of that 
side of the stone. But on the right side, a sphene crystal 
melted and lowered the clarity in that section. 


INTERNAL FEATURES 

Solid Inclusions. A variety of mineral inclusions 
were identified in the 46 samples using Raman spec- 
troscopy. The most common solid mineral inclusion 


Figure 5. In sample 6, a pair of calcite crystals stands 
out above a cloud of undissolved rutile silk needles. 
Note the twinning planes in both crystals, a common 
feature for calcite. Photomicrograph by E. Billie 
Hughes; field of view 2 mm. 


observed was calcite (figures 4-5). Mica (figure 6), zir- 
con (figure 7), and spinel (figure 8) were also fre- 


In Brief 


¢ Microscopic observation of inclusions in Mogok ruby 
can provide evidence of low-temperature heat treat- 
ment. The appearance of calcite, mica, spinel, and zir- 
con crystals can be particularly useful. 


e Raman analysis of calcite and spinel inclusions can 
provide strong evidence of heat treatment, even at 
lower temperatures. 


¢ Chalky short-wave UV fluorescence reactions provide 
strong evidence of higher-temperature heat treatment. 


quently observed. Rutile and sphene (titanite) were 
occasionally seen. Apatite, CO,-rich fluid inclusions, 


Figure 4. A: In sample 5, transmitted light reveals a variety of transparent rounded crystals of relatively high relief 
compared to the surrounding corundum. They appear to be nearly colorless. B: The same crystals in darkfield illu- 
mination. C: Between crossed polarizers, the same crystals display interference colors, suggesting that they are 
doubly refractive. Micro-Raman analysis identified these as calcite. Photomicrographs by E. Billie Hughes; field of 
view 2 mm. 


A 
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Figure 6. A mica crystal in sample 28, surrounded by 
a cloud of undissolved rutile silk. While this type of 
silk is a hallmark of untreated Burmese ruby, it can 
also be seen in stones heated at relatively low temper- 
atures. Photomicrograph by E. Billie Hughes; field of 
view 3 mm. 


diaspore, feldspar, garnet, iron sulfide, and scapolite 
were detected infrequently in our ruby samples. 


Inclusion Documentation. Each specimen was ex- 
amined and photographed in the microscope before 
and after every stage of treatment. The changes to 
solid inclusions tended to follow a pattern as the 
samples were heated to increasing temperatures. No- 
table changes included the following: 


1. Alterations to fissure stains: Epigenetic iron 
staining in fissures in corundum is known to 
be impacted by heating to temperatures as low 
as 350°C (Koivula, 2013). In our experiments, 
the staining stood out in one ruby in particular: 
sample 30. Even after our first round at 600°C, 
this staining displayed a dramatic change in ap- 
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Figure 7. A zircon crystal in an untreated Burmese 
ruby, sample 41. Zircon was a frequent inclusion in 
the Burmese ruby samples. Photomicrograph by E. 
Billie Hughes; field of view 2 mm. 


pearance, becoming a brighter, deeper reddish 
orange. This is visible in the background of fig- 
ure 9. 

2. Formation and subsequent healing of fissures: 
One of the first changes noted was that shiny, 
smooth fissures began to develop around some 
solid minerals, often at temperatures as low as 
600°-750°C. When heated to temperatures of 
900°C and higher, these fissures tended to heal, 
often starting at the outside edges (figures 10- 
12). This healing often took the form of elon- 
gated channels. As the samples were heated 
further, these channels “necked down” and 
separated into shorter, more bubble-like 
shapes (Roedder, 1984). These partially healed 


Figure 8. Spinel crystals, such as this one in sample 
15, were seen frequently in the Burmese ruby sam- 
ples. Photomicrograph by E. Billie Hughes; field of 

view 3 mm. 


Gems & GEMOLOGY Winter 2022 405 


transparent crystal in the center is 
spinel, and on the right is a calcite 
crystal containing liquid CO,. B: 
The background color has changed 
dramatically because the color of 
the stained fissure in the back- 
ground has altered significantly. The 
ruby’s bodycolor does not appear to 
have undergone major change. C: 


The crystal to the right has exploded, leaving a small surface-reaching hole. On the top left, a glassy discoid can be 
seen around a small crystal. D: The staining in the background has again changed color. E: Much alteration is visi- 
ble, with partially healed fissures in several spots. Photomicrographs by E. Billie Hughes; field of view 2 mm. 


Unheated 


Figure 10. A: A transparent rounded 
zircon crystal in sample 4. B: A 
large, shiny fissure has developed. 
C: The fissure has begun to heal at 
the edges, creating a “fingerprint” 
pattern at the top and leaving a 
glassy area at the bottom. D: The 
fissure has further healed, producing 
many fine channels, while the 
glassy area has largely disappeared; the texture of the surface of the zircon crystal itself has also altered and become 
less smooth. E: The fingerprint has expanded, and many of the elongated channels have “necked down” to form 
smaller bubble-like features. Photomicrographs by E. Billie Hughes; field of view 1.5 mm. 


1100°C 1500°C 


fissures form what gemologists often refer to 
as “fingerprints.” 

. Alterations in the appearance of solid mineral 
inclusions: The solid inclusions themselves 
also tended to follow a pattern in response to 
increasing temperatures. In addition to devel- 
oping fissures, many crystals began to display 
changes in opacity and texture as they were 
heated to progressively higher temperatures. 
Their tendency was to become less transparent, 
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often developing a white interior. In many 
cases they also developed a more textured ex- 
terior, sometimes becoming so “frosted” that 
they appeared opaque. The mica crystals in 
sample 40 showed some of the most dramatic 
changes in texture (see figure 13). Heating to 
900°C caused linear features to become much 
less visible. After heating to 1500°C, the crystal 
was barely recognizable, with a frosty appear- 
ance resembling a fresh dusting of snow. 


WINTER 2022 


Ya) Figure 11. A: An elongated mica 

= crystal surrounded by several 
smaller crystals in sample 8. B: 
There is little noticeable change ex- 
cept at the top left, where a small 
fissure has formed. C: The scene 
shows obvious signs of heat alter- 
ation. In addition to the fissures 
1500°C J seen earlier, glassy discoids appear 
around crystals in the background, 
and a shiny fissure is conspicuous around the biotite crystal in the foreground. D: Some fissures have begun to heal; 
the glassy fissure around the biotite crystal has developed elongated channels, and the partially healed edges of the 
glassy discoid at the top of the frame have started to neck down and become wider. E: The scene has changed dra- 
matically; glassy discoids and partially healed fissures with a melted appearance are visible across the field of view, 
and the biotite crystal has developed an immobile gas bubble in its center. Images A and B were captured with 
darkfield illumination; diffused fiber-optic illumination has been added in C-E to reveal the fissures more clearly. 
Photomicrographs by E. Billie Hughes; field of view 1.5 mm. 


One of the calcite crystals shown in figure 14 __ white filling after it was heated to 750°C. Following 
went from transparent to displaying a translucent the next round at 900°C, the white area expanded to 


Figure 12. A: A calcite crystal from sample 40, shown in its untreated state. B: A glassy fissure has developed 
around the crystal. C: The edges of the fissure have begun to heal and assume a cloudy appearance. D: Further 
healing in the fissure. E: Almost all of the glassy areas have disappeared as the fissure has healed. Meanwhile, the 
calcite crystal has become more opaque. F: Darkfield illumination shows detailed channels in the fingerprint 
around the calcite, which is becoming whiter and more opaque. Photomicrographs by E. Billie Hughes; field of 
view 2.2 mm. 


Unheated 


1100°C 
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mica crystals, and the striations have become much less prominent. C: Significant changes are observed, with the 
entire area on and around the crystals assuming a frosty white appearance. Photomicrographs by E. Billie Hughes; 


field of view 3 mm. 


Unheated 


the point where the whole crystal was opaque. These 
observations were not limited to calcite inclusions 
but were seen across a variety of solid inclusions. 
Similar patterns were noted with mica (figure 15), 
spinel (figures 16 and 17), sphene (figure 18), iron sul- 
fide (figure 19), diaspore (figure 20), primary rutile 
(figure 21), scapolite (figure 22), feldspar (figure 23), 
and apatite (figures 24-26). 


Solid Inclusions Most Sensitive to Heat. Some of the 
solid inclusions stood out as particularly sensitive to 
heat at lower temperatures. In certain samples, some 
calcite crystals began to show a reaction even after 
the first round of heating to 600°C. This can be seen 
in sample 8 (figure 14) and sample 40 (figure 12). Zir- 
con (figure 10), mica (figures 11, 13, and 15), and 
spinel (figures 16 and 17) crystals began to display 
changes after heating to 750°C. 

Fortunately for gemologists, these highly sensi- 
tive solid inclusions were also the most common in- 
clusions in the rubies studied, providing a useful 
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Figure 14. A: A group of transparent calcite crystals in sample 8. B: A large 
glassy fissure has formed around the cluster. C: The crystal second from 
the right has changed in texture and become slightly opaque; the one on 
the far right has also developed a fissure that has begun to heal. D: Note 
the significant changes to the crystal second from the right, which has 
taken on a whitish appearance and become opaque. Photomicrographs by 
E. Billie Hughes; field of view 2 mm. 


visual aid when trying to detect low-temperature 
heat treatment. 

Scapolite, which we found in fewer samples, also 
began to show changes at the slightly higher temper- 
ature of 900°C (see figure 22). This makes it another 
helpful sign of heat, but one that we expect to see less 
frequently. 


Solid Inclusions Less Sensitive to Heat. Other solid 
inclusions had to be heated to higher temperatures 
before they displayed clear visual changes. Crystals 
of sphene (figure 18), primary rutile (figures 20 and 
21), and feldspar (figure 23) in our specimens did not 
show changes until they were heated to 1100°C. 
Some apatite crystals also began to display alteration 
at this temperature, but one apatite in sample 46 did 
not display clear changes until the last round of heat- 
ing to 1500°C (figure 26). 


Impact on Rutile Silk. One of the hallmarks of ruby 
from Mogok is the presence of rutile silk, often in 
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Figure 15. A: In sample 25, the 
three hexagonal crystals on the left 
are mica, while the crystal at top 
right is garnet. The scene also con- 
tains nests of undissolved rutile 
silk in intersecting needles. B: 
Shiny fissures appear around three 
of the four crystals. The crystal 
third from the left does not display 
a fissure, despite being mica like 
the first two crystals. The garnet 


does display a fissure, however. C: All four crystals have altered, and the fissures have begun to heal at the edges. D: 
More changes can be noted as existing fissures have expanded and healed further. New fingerprints have developed 
to the right of the garnet crystal. Through four rounds of heat, the rutile silk in the background remains unaltered. 
E: Fissures now show significant alteration, with cloudy areas and drippy channels. The three mica crystals on the 
left have become more transparent and contain several immobile gas bubbles. In the background, the rutile silk 
needles have altered significantly, partially dissolving into shorter, broken needles and dotted particles. The previ- 
ously “silky” area appears more transparent. Photomicrographs by E. Billie Hughes; field of view 3 mm. 


dense nests of unbroken needles (see figure 6). In fact, 
the point at which rutile silk begins to dissolve is often 
cited as the boundary between “low-temperature” and 
“high-temperature” heat. Rutile generally begins to 
dissolve at around 1200°-1350°C (Hughes et al., 2017). 

This was supported by the results of the experi- 
ment. In all the samples we heated, the rutile silk 
showed no noticeable change after heating up to 
1100°C. Even as other features began to change, the 


rutile silk needles remained intact. After heating to 
1500°C, the rutile silk dissolved from needles into 
small dotted particles. In some instances, it dissolved 
to such an extent that it was no longer visible. This 
dissolution is particularly clear in figure 15, where 
the silk that was still intact across the stone at 
1100°C has largely dissolved after heating to 1500°C, 
leaving behind just a few short dotted needles and 
particles. 


Figure 16. A: This transparent spinel crystal in sample 39 retains the same appearance through subsequent rounds 
of heating to 600°, 750°, and 900°C. B: The spinel crystal has begun to change in appearance and started to develop 
elongated lines. C: The crystal has taken on a frosty, whitish appearance. Photomicrographs by E. Billie Hughes; 


field of view 1.5 mm. 


Unheated 1100°C 
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1500°C 
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Figure 17. A: Sample 39 shows a 
spinel crystal in the center, with a 
small crystal to the top right. B: 

gy, The large crystal has developed a 
» glassy fissure. C: The smaller crys- 
tal also has a shiny fissure. Dif- 
fused fiber-optic illumination has 
; been added to the transmitted 

~)) light used in the other steps to 

~ better highlight the fissures. D: 


The fissures begin to heal, creating fingerprints around the crystals. E: The fissures have expanded and appear 
cloudier. The larger crystal’s surface has altered, while the smaller crystal displays a more rounded, bubble-like 
appearance. Photomicrographs by E. Billie Hughes; field of view 3 mm. 


1500°C 


Immobile Bubbles. Another notable change to 
solid inclusions was the development of immobile 
bubbles, which only appeared after heating to 
1500°C. These features are particularly clear in the 
mica crystals in figures 11 and 15 and the scapolite 
in figure 22. 
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Figure 18. A: A sphene crystal stands out in high relief in sample 10. 
Heating to 600°, 750°, and 900°C created no noticeable changes. B: The 
first signs of change, with small fissures forming on the edges of the crys- 
tal. Subtle changes to the texture are also visible inside the crystal, 
which appears less smooth. C: Changes to the crystal’s interior become 
easier to see in darkfield illumination. D: Dramatic changes, as fissures 
around the sphene expand and create drippy channels with a melted ap- 
pearance; the surface is now frosty and opaque. Photomicrographs by E. 
Billie Hughes; field of view 1.5 mm. 


When these inclusions reach higher temperatures, 
they start to break down. Hydrous minerals and car- 
bonates will release volatiles such as water and car- 
bon dioxide when they break down into other 
minerals. This results in the separating of a vapor 
phase and a remaining solid phase. In the case of cal- 
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Figure 19. A: Sample 18 contains a variety of interesting inclusions. 
On either side of this fissure are two angular sulfide crystals set 
against a background of rutile silk needles. B: The sulfide crystals 
display subtle fissures at their edges, but the rest of the scene appears 
unaltered. C: Significant differences appear. Large, shiny fissures have 
developed, and opacity changes are visible, particularly in the lower 
sulfide crystal, which now appears whiter and cloudier. In the back- 
ground, the rutile silk is still intact. D: Many fissures have appeared 
and begun to heal, partially obstructing the view. However, there are 


notable changes. The sulfide crystal at the top right has developed an 
immobile gas bubble. In the background, the rutile silk needles have dissolved. Photomicrographs by E. Bil- 


lie Hughes; field of view 2 mm. 


Figure 20. A: A variety of solid in- 
clusions are present in sample 22. 
At left is a crystal containing dias- 
pore, on the right are several trans- 
parent spinel crystals, and at the 
bottom right is a dark, rounded 
crystal of primary rutile. B: Changes 
are already visible, with a glassy fis- 
sure around the diaspore crystal on 
the left. Diffused fiber-optic illumi- 


nation has been added to the transmitted light used for the other images in this set to accentuate the fissure. C: A 
fissure has also developed around the top of the spinel crystal. Again, diffused fiber-optic illumination has been 
added. D: The fissures that developed in previous stages have begun to heal and form fingerprints. E: These fissures 
heal further and melted-looking channels appear. Photomicrographs by E. Billie Hughes; field of view 2 mm. 


cite, the breakdown product consists of the mineral 
lime (CaO) and the gas carbon dioxide. Depending on 
the complexity of the mineral, the solid phase after 
breakdown can consist of various components, or it 
might start to melt (congruently or incongruently) at 
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higher temperatures. Upon quenching, these phases 
do not have time to crystallize as a single entity. The 
newly formed phases are preserved, with the solids 
in a glassy state. Since this glassy material occupies 
less volume than the previous crystal, the result is 
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Figure 21. A: Sample 37 shows dark crystals of primary rutile, along with clouds of exsolved rutile silk. B: Small 


fissures have begun to form around some of the primary rutile crystals. C: The fissures have expanded and begun 
to heal, though the primary rutile crystals appear unaltered and the rutile silk needles in the background are in- 
tact. Photomicrographs by E. Billie Hughes; field of view 2 mm. 


a 


Figure 22. A: This scapolite crystal in sample 12 displays a distinctive shape, similar to a lowercase “r.” B: The scapolite 
begins showing signs of alteration. Diffused fiber-optic illumination was added to the darkfield illumination used for 
the previous image to highlight the shiny fissures that developed around the scapolite. C: Major changes are evident, as 
many fissures have formed and then healed with elongated channels that have a drippy appearance. The scapolite crys- 
tal has developed opaque areas and immobile gas bubbles. Photomicrographs by E. Billie Hughes; field of view 2 mm. 


. aS 


A 


Unheated 


Figure 23. A: A cluster of feldspar crystals in sample 37 that show no alteration through several rounds of heating. 
B: The feldspar crystals are intact and appear unaffected by heat. However, discoid fissures appear in the back- 
ground at the top left and bottom right. C: Many more fissures have developed, including some around the 
feldspar crystals in the center. Photomicrographs by E. Billie Hughes; field of view 1.7 mm. 


an inclusion with a combination of solids (crystalline 
or glassy) and a vapor phase, seen as an immobile 


bubble (Roedder, 1984). 
Raman Spectroscopy and Heat Treatment. Raman 


spectroscopy detects a shift in phonons of scattered 
light when it interacts with a material (the “Raman 
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shift”), this shift is characteristic for each mineral. 
Every peak in the spectrum corresponds to a specific 
vibration between molecules within the mineral. 
While each mineral has a characteristic spectrum 
defined by its crystal structure, many other vari- 
ables can influence the vibrations and thus the final 
spectrum. 
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better than any other stone it was durable 
under hard use, and retained its edge with- 
out fracture. Also, in addition to its lustrous 
beauty for inspiring admiration, it was this 
same quality of toughness that permitted the 
carving of intricate designs without fear of 
breakage. 

Perhaps because of the widespread belief 
in its benign influence over health and for- 
tune, beliefs that were fostered no doubt by 
the merchants, it seemed that everyone 
wanted to own some jade amulet for guard- 
ing against evil. Traders, therefore, profiting 
by the demand, substituted commoner kinds 
of green stones, until there was some confu- 
sion and doubt in separating real jade from 
among the many imitations. Fortunately 
there were some who could tell the differ- 
ence, and they wanted to have a specific 
name to identify this valuable mineral. It 
had at times been called “‘axe-stone”’ because 
of that use by the cave-men; but, finally out 
of regard for its reputed efficacy in curing 
renal diseases, the name “nephrite’’, from the 
Greek nephros meaning kidney, was intro- 
duced in 1789 by Professor A. G. Werner 


© Aclose view of the reddish-brown 
surface of the jade boulder in front 
of Mr. Chang's home. The picture 
shows the fibrous 
crystals of nephrite that have been 


in natural size, 
etched in relief by centuries of wind 
and weather on the open prairie of 
Central Wyoming. 


at Freiberg, Saxony. 

It would have been well if the popular 
term “‘jade” could have been reserved for 
none other than the anciently revered ne- 
phrite; but History must be served as well 
as Science. New discoveries cause changes of 
fashion, and it was even so in the Orient. 
The native mineral that was called in China 
yu, which had been venerated there for three 
thousand years, was being superseded by a 
more brilliant, crystalline stone found in 
northern Burma. Although the first of this 
“new” jade probably reached the royal pal- 
aces in the T’ang or Sung dynasty, toward the 
end of the first millenium of the Christian 
Era, it did not come into known use among 
the common people of China until about 
two hundred years ago, in the Ch’ien Lung 
dynasty (1736-1796 A.D.) Yet because of 
its ceremonial use indicating sovereign pow- 
er, and for exhibit at court functions, it had 
acquired importance equal to that of the 
more ancient nephrite. The name applied by 
the Chinese to this newer jade was yu fei 
ts'ui, because the several bright colors in the 
mineral from Burma reminded them of the 
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Unheated 


1500°C 


Variations in the crystal structure can cause sub- 
tle shifts in the spectrum. This includes substitution 
of certain elements, lattice damage due to radioac- 
tivity, and compressed structures due to pressure. 

The exact position of the peaks is variable and de- 
termined by the conditions under which the analy- 
sis is done, as well as the exact composition of the 
mineral (Gillet et al., 1993). We believe that while 
the mineral is at room temperature, the pressure on 
the inclusion is significantly higher since it is still 
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Figure 24. A: At the bottom are rounded apatite crystals in sample 37. To- 

} ward the top left are dark primary rutile crystals, and at top center are trans- 
{| parent feldspar crystals. B: A portion of the sample has broken at the bottom 
right corner, yet the scene appears largely unaltered. C: One of the small ru- 
tile crystals at top left has a dark, shiny discoid around it, and glassy fissures 
appear in the background at the top. Small fissures are developing around 
the apatite crystals at the bottom. D: The shiny dark discoid in the top left 
corner has expanded, and large drippy fingerprints are prominent across the 
scene. Photomicrographs by E. Billie Hughes; field of view 3 mm. 


1100°C 


Figure 25. A: Sample 37 shows a rounded apatite crystal next to a fissure, 
with rutile silk needles at the bottom. B: Part of the sample has broken at 
the site of the fissure, as seen on the right of the image. Still, the apatite 
crystal does not show clear signs of alteration. C: A shiny fissure has de- 
veloped around the crystal, indicating heat damage. D: The crystal has a 
more frosty texture, and the fissure around it has begun to heal. Photo- 
micrographs by E. Billie Hughes; field of view 1 mm. 


completely encased in its ruby host. This means 
that the pressure in the inclusion is the same as 
when it was trapped by the growing ruby deep in the 
earth. 

Another challenge faced in this study comes 
from the nature of the host material. While confo- 
cal Raman spectroscopy allows one to focus on a 
specific point within the gem, the laser light still 
has to travel through the corundum host. Ruby ab- 
sorbs much of the 514 nm wavelength and emits 
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Figure 26. Left: Sample 46 contains a rounded apatite crystal (the larger crystal on the left with the dark triangle) 
and a small transparent zircon crystal immediately to its right. Remarkably, the apatite crystal remains unchanged 
until the last round of heating. Right: After heating to 1500°C, the apatite crystal has developed a partially healed 
fracture around it and become more whitish and opaque. The zircon crystal to the right of it has developed a mot- 
tled appearance with a few spots in its interior. On the far right, a partially healed fissure has developed. Photomi- 
crographs by E. Billie Hughes; field of view 1.5 mm. 


light (fluorescence) as a result. This will always 
overlay the Raman spectrum and may overpower 
it to such a degree that the weaker Raman inclu- 
sion spectrum drowns in the noise of the ruby’s flu- 
orescence. Despite the high background noise 
introduced by fluorescence, major peaks of corun- 
dum can still be observed. This is characterized by 
a major peak at 415 cm! and smaller peaks at 640, 
375, 750, and 575 cm (in decreasing order of rela- 
tive intensity). 


RAMAN SPECTRA 


— Unheated — 600°C — 750°C 


We explored the use of Raman spectroscopy to 
observe structural changes in solid inclusions in 
Burmese ruby. It is intuitively understood that heat 
treatment destroys inclusions, but at lower temper- 
atures it can also anneal any crystal damage in the 
inclusions, especially in inclusions that tend to con- 
tain radioactive elements, which has been observed 
in Madagascar sapphires (Saeseaw et al., 2020). In our 
experiments, we focused on the Raman spectra of 
the calcite, spinel, and apatite inclusions. 


—900°C + —1100°C 
Figure 27. Raman spec- 


tra of calcite (the crys- 


INTENSITY ——~> 


tal on the far left in 
sample 8; see figure 14). 
The main feature of the 
spectra, the peak at 
1080 cm, remained 
consistent after each 
round of heating. Spec- 
tra are offset vertically 
for clarity. 
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Calcite. The Raman spectra of carbonate minerals 
are characterized by a strong peak in the range of 
1080-1095 cm"! and minor peaks around 155, 280, 
and 715 cm=! (Krishnamurti, 1957). For calcite crys- 
tals, one interesting case study is that of sample 8 
(figure 14), which shows four large carbonate crystals 
lined up. These calcite crystals exhibit two different 
behaviors in their Raman spectra during successive 
rounds of heat treatment. 

Three of the crystals displayed minimal changes, 
where the peak shape remained similar. These are 
the same crystals that exhibited no significant visual 
changes during low-temperature treatment. Figure 
27 shows the Raman spectra of the crystal on the far 
left, which remained similar throughout the heating 
process. 

In contrast, one crystal from this series (the third 
from the left) looked very similar to the others in its 
unheated state but reacted strongly to heating. During 
the first two heating steps (600°C and 750°C), its ap- 
pearance and Raman spectrum barely changed. At 
900°C and above, the Raman spectra show a signifi- 
cant widening of the main carbonate peak as well as 


RAMAN SPECTRA 


— Unheated 


— 600°C 


— 750°C 


INTENSITY ——~> 


a slight shift to higher wavenumbers (see figure 28). 
Visually, the crystal started to turn white and opaque. 
The peak between 1080 and 1090 cm" corresponds 
to the symmetric stretching of C-O bonds of carbon- 
ate (CO,); such a reduction in the sharpness and in- 
tensity of this peak means that the carbonate is 
decomposed. Additional peaks appearing around 360 
cm! match with lime (CaO). At higher temperatures, 
calcite breaks down into lime and CO,, which is prob- 
ably what we observed here. The Raman spectra did 
not reveal the presence of CO,, most likely due to its 
low concentration. It might also have escaped via 
(hairline) fractures that developed during treatment. 
We observed the same reaction in the calcite in- 
clusion in sample 30, but here the breakdown did not 
start until 1100°C. Thermal decomposition of calcite 
under atmospheric pressure typically takes place in 
the range of 750°C (Harker and Tuttle, 1955). These 
observations of unaltered calcite at temperatures 
above the reported decomposition temperature show 
that there are other factors playing a role. Probably 
the most prominent variable is the pressure under 
which the inclusion is encased in the host mineral. 


— 900°C + —1100°C 

Figure 28. Raman spec- 
tra of calcite (the crys- 
tal third from the left in 
sample 8, see figure 14). 
After heating to 900°C, 
the spectrum showed 
significant changes. 
Note how the peak at 
1080 cm widens and 
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RAMAN SHIFT (cm) 


Position of 
carbonate peak 


Unheated 1087.12 
600°C 1086.89 
750°C 1086.57 
900°C 1088.15 
1100°C 1090.13 


Low-TemP Heat TREATMENT OF BURMESE RUBY 


T T T 1 
900 1000 1100 1200 


Full width at half maximum 
(FWHM) of carbonate peak 


becomes less sharp, 
which corresponds to 
the changes observed in 
the crystal as it be- 
comes white and 
opaque. This corre- 
sponds to calcite being 


Bie transformed into lime. 
6.53 Spectra are offset verti- 
62 cally for clarity. 

20.08 

14.88 
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The observation of how both the appearance and 
spectra of the same types of mineral inclusions can 
vary, despite having been heated to the same temper- 
ature, is one of the more thought-provoking results 
of these experiments. In some cases, as seen with cal- 
cite, even the same types of mineral inclusions in the 
same sample can react differently. This highlights 
the variety of factors that can influence the behavior 
of crystals during heat treatment, which are dis- 
cussed later in this article. Because of the numerous 
factors that can have an impact, it is difficult to pin- 
point just one reason for the inclusions’ differing re- 
sponses to heat. 


Spinel. Another common inclusion in Burmese ruby 
is spinel. In the last two decades, several heat treat- 
ment studies have been performed on gem spinel, 
often focused on nondestructive analytical detection 
techniques (Saeseaw et al., 2009; Widmer et al., 2014). 
Most of the work has concentrated on the photolumi- 
nescence of spinel, where changes in the emission 
spectrum are reliable indicators of heat treatment. Un- 
fortunately, this technique cannot be used for spinel 
inclusions in ruby, since the photoluminescence spec- 
trum would be dominated by that of the chromium- 
rich host corundum, so instead we focused on the 
Raman spectrum. 

The Raman spectrum of spinel is dominated by a 
single sharp peak in the range of 405-420 cm=!, with 
additional peaks around 670 and 770 cm". We did 
not observe any changes in the spectra of the spinel 
inclusions after the first heating step (at 600°C), but 
after heating to 750°C, the peak widened signifi- 
cantly (see figure 29). This effect became more pro- 
nounced at higher temperatures. The position of the 
peak also shifted to slightly higher wavenumbers. 
Our observations match those observed in gem 
spinel crystals. 

These changes correspond to an increased disor- 
der in the spinel crystal lattice starting at tempera- 
tures around 600°-700°C (Yamanaka and Takéuchi, 
1983; Wang et al., 2019). This characteristic can be a 
relevant criterion for treatment detection. Visual ob- 
servation of the spinel crystal revealed little change 
during heating, but changes in the Raman spectrum 
after treatment above 700°C can be strong indicators 
of low-temperature treatment. 


Apatite. The spectrum of apatite is dominated by the 
phosphate peak around 965 cm-!. This peak remained 
stable throughout the entire heating experiment, 
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even during high-temperature treatment at 1500°C 
(see figure 30). Both the peak position and full width 
at half maximum (FWHM) of the main apatite peak 
remain constant, although a slight widening of the 
peak is observed during treatment at the highest 
temperature. 

The thermal stability of apatite depends on its 
exact composition, especially the anion group that is 
part of the mineral. In geological conditions these are 
typically F-, Cl, OH, and, in rarer cases, CO,*. 
While there is no exact analysis of the apatite species 
in Burmese ruby, there are strong indications that 
they are chlorine-rich (Bieri et al., 2010). This apatite 
variety does not decompose at higher temperatures 
and has a melting temperature above 1500°C (Tén- 
suaadu et al., 2011). As a result, it remains unaffected 
by treatment at low temperature and into the high- 
temperature ranges as well. 


Factors That Affect How Inclusions React to Heat. 
Our observations revealed that even inclusions of 
the same type did not always react to heat treatment 
the same way at the same temperature. For example, 
in sample 25 (figure 15), two of the three mica crys- 
tals developed fissures after heating to 750°C, yet a 
third mica crystal showed no signs of heat alter- 
ation. Meanwhile, a garnet crystal in the same sam- 
ple also developed a fissure during the same round 
of heating. 

While one might expect inclusions of the same 
type of material to react similarly to heat at the same 
temperature, in reality the issue is more complex. A 
perfect example is the series of four calcite crystals in 
sample 8 (figure 14), all of which looked similar in 
their unheated states but reacted differently during 
the experiment. Several factors can affect how inclu- 
sions react to heat, including the following (J. Koivula, 
pers. comm., 2021; J. Emmett, pers. comm., 20211): 


e Type and chemical composition: The iden- 
tity of each inclusion can affect how it reacts 
to heat. Every solid mineral has its own 
unique coefficient of thermal expansion, 
which is the tendency of matter to increase 
in volume in response to an increase in tem- 
perature. If the inclusion expands more rap- 
idly than the host, the added pressure can 
produce stress fractures. This can happen 
both naturally and as a result of artificial heat 
treatment (Wang et al., 2006). The identity of 
the crystal also determines its chemical sta- 
bility at higher temperatures. 
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RAMAN SPECTRA 


—Unheated —600°C — 750°C 


— 900°C —1100°C 


INTENSITY ——~> 


RAMAN SHIFT (cm) 


Position of strongest spinel peak 


Unheated 407.19 
600°C 406.58 
750°C 410.10 
900°C 415.24 
1100°C 417.23 


e Size: The expansion of a larger inclusion as it 
is heated tends to create more dramatic 
changes. 

e Relative orientation and shape: The orienta- 
tion and/or shape of an inclusion may have an 
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Figure 29. Raman spec- 
tra of the spinel crystal 
in sample 30 (see figure 
9). After the first round 
of heating to 600°C, the 
spectrum remained 
consistent, but notable 
changes occurred after 
heating to 750°C. The 
peak between 405 and 
420 cm-' widened and 
shifted to a slightly 
higher wavenumber, a 
trend that continued 
with heating to higher 
temperatures. Spectra 
are offset vertically for 
clarity. 


impact because all host crystals have their own 


directions of weakness. 


Inclusions within inclusions: Included solids 
may contain their own inclusions of various 


types. 
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Figure 30. Raman spec- 
tra of an apatite inclu- 
sion in sample 46 (see 
figure 24). The spectra 
remained fairly consis- 
tent after each round of 
heating, with just a 
slight widening of the 
peak around 965 cnr! 
after heating to 1500°C. 
Some spectra show the 
host corundum, with 
peaks at around 380, 
420, and 750 cnr". Spec- 
tra are offset vertically 
for clarity. 
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¢ Location: Proximity to the surface or to other 
inclusions may affect how an inclusion reacts. 


e Trapping pressure and temperature: The pres- 
sure and temperature under which an inclusion 
was trapped within its host can have an impact. 


e Melting point: Solid minerals with lower melt- 
ing points are in general more sensitive to heat 
treatment than those with higher melting 
points. 


UV-Vis-NIR Spectroscopy. UV-Vis-NIR spectros- 
copy showed a typical spectrum for Burmese ruby 
(figure 31). The color is determined nearly exclu- 
sively by the Cr** chromophore, which is character- 
ized by two strong absorption bands at around 400 
and 560 nm. 

One sample (sample 46) was analyzed after each 
round of low-temperature treatment as well as after 
high-temperature treatment. This ruby was selected 
because it had an area relatively free of inclusions 
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that made it ideal for spectroscopy. Changes in the 
absorption spectrum were minimal during the low- 
temperature treatment at 1100°C. After high-temper- 
ature treatment (1500°C), the shoulder at around 330 
nm started to become stronger (see figure 31). 

This 330 nm band is typically linked to iron (Du- 
binsky et al., 2020). Formation of the chromophore 
composed of Fe**-Fe* pairs is unlikely due to the low 
concentration of iron in this material. Even at a low 
iron concentration, it is possible that trapped holes 
associated with iron are formed, which can add sig- 
nificant yellow color to the stone. However, these 
iron features should also create sharp bands at 378 
and 450 nm, which are absent here. As such, the ori- 
gin of the 330 nm band cannot be explained by these 
known iron-related chromophores. 

We did observe silk dissolution during treatment 
at high temperatures, but the low iron concentra- 
tions and relatively high magnesium content prevent 
any Fe*-Ti* intervalence charge transfer from form- 
ing and creating blue color in the stone. 


— 100% = —1500°C 


Figure 31. UV-Vis-NIR 
spectra of sample 46, 
with two strong absorp- 
tion bands at around 
400 and 560 nm. The 
table shows the trace el- 
ement concentrations 
(in ppma) measured 


Ruby from Baw-Lon-Gyi, 
Mogok, Myanmar 

Wafer plane: c-axis 
Thickness: 1.385 mm 


280 380 480 580 
WAVELENGTH (nm) 

Mg aT SIV 

Sample 46 Spot 1 17 21 53 

Sample 46 Spot 2 16 16 51 

Sample 46 Spot 3 18 19 51 

Sample 46 Spot 4 19 20 50 
Detection limit (ppma) 0.46 0.51 0.04 
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680 780 with LA-ICP-MS. The 
four spots cover the area 
where the absorption 

8Cr s7Fe “Ga spectra were collected. 
Photo by S. Engniwat. 

525 9 10 

443 7 10 

283 8 10 

336 7 10 

0.44 4.72 0.02 
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Unheated 


1500°C 


1500°C 


Figure 32. A: Sample 17 displays a strong red fluorescence in long-wave UV illumination prior to heating. B: After 
heating to 1500°C, the sample continues to display strong red fluorescence in long-wave UV. The area on the right 
with more visible red fluorescence is due to light striking inclusions that have altered, rather than a change in the 
stone’s bodycolor. C: The ruby displays a medium red fluorescence in short-wave UV prior to heating. D: The sample 
develops a medium chalky fluorescence reaction in short-wave illumination after heating to 1500°C. Photos by E. 


Billie Hughes. 


While we did notice these subtle changes in the 
UV-Vis-NIR spectrum, there was no visible change 
in bodycolor. 


Infrared Spectroscopy. FTIR spectra of all 15 heated 
samples were obtained before and after each round 
of heating. No significant changes were noted after 
any round of treatment. While some corundum dis- 
plays the 3309 series of peaks at 3309, 3232, and/or 
3185 cm! after heat treatment, these were not de- 
tected in the ruby samples used in our experiments. 
This is a vivid reminder for gemologists of the im- 
portance of observing all evidence. While the pres- 
ence of the 3232 cm"! peak within the 3309 series 
may be an indication of heat, the lack thereof does 
not constitute proof of an untreated stone. 


Low-TemP Heat TREATMENT OF BURMESE RUBY 


Ultraviolet Fluorescence Imaging. Long-Wave Fluo- 
rescence. The long-wave UV fluorescence reactions 
of all 15 specimens subjected to heat treatment were 
observed before and after each round of heating. Be- 
fore heating, they displayed very strong red fluores- 
cence in long-wave UV. No changes in this 
long-wave fluorescence were observed after any of 
the heating rounds. While some samples appeared 
slightly different at first glance, this was due to 
changes in the inclusions, which in some instances 
created larger fissures that reflected more light, 
rather than a change in the bodycolor. One example 
of this can be seen in figure 32, where sample 17 was 
photographed before and after heating to 1500°C. 
The sample displays strong red fluorescence in both 
images. But in the second image, the right side of the 
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Unheated 


1500°C 


Figure 33. Left: Sample 18 displays a strong red fluorescence in short-wave UV before heat treatment. It retains 
this appearance after heating to 600°, 750°, 900°, and 1100°C. Right: After heating to 1500°C, it displays a zoned 
chalky fluorescence in short-wave UV. Photos by E. Billie Hughes. 


specimen shows more bright red areas where light 
is reflecting off fissures that developed with heat 
treatment. 


Short-Wave Fluorescence. We also observed the 
short-wave UV fluorescence reactions of all 15 spec- 
imens before and after each round of heating. Before 
heating and in subsequent rounds, they displayed a 


strong pinkish red fluorescence. After the initial 
rounds of heating to lower temperatures, we ob- 
served no significant change in their reactions to 
short-wave UV. Once the rubies were heated to 
1500°C, significant changes were observed. At this 
point, the samples all developed a strong zoned, 
chalky pinkish red fluorescence. In some specimens, 
the reaction was clearly more pinkish red than be- 


Figure 34. Left: Sample 12 displays strong red fluorescence in short-wave UV before heating and with each subse- 
quent round until the highest temperature round. Right: At a relatively high temperature of 1500°C, it develops a 
medium chalky fluorescence. The bright round chalky features here are molten material that has hardened on 


the surface. Photos by E. Billie Hughes. 


Unheated 
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1500°C 
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Unheated 


1500°C 


Figure 35. Left: Sample 46 displays a strong red short-wave fluorescence in its unheated state. Like the other 
samples tested, it did not display any change in appearance in short-wave UV illumination until after the last 
round of heating. Right: After heating to 1500°C, the ruby displays a clear, zoned chalky appearance in short- 


wave UV. Photos by E. Billie Hughes. 


fore heating, as seen in figures 32 and 33. With some 
samples, the chalkiness was spread across the ruby, 
while in others the chalky areas were more promi- 
nently zoned. Sample 18 (figure 33) showed chalky 
areas following a clear, angular zone pattern. 

Brighter chalky areas concentrated in rounded 
spots were also seen (see figure 34). Closer observa- 
tion revealed that these are from molten material 
that attached and cooled on the surface, rather than 
from features inside the samples. Treaters will usu- 
ally repolish or even acid-clean a stone after it has 
been heated to remove this type of foreign sub- 
stance, although remnants may be visible upon close 
microscopic examination. In sample 46 (figure 35), 
the chalky area seen in short-wave UV after heat 
treatment is sharply delineated from the rest of the 
stone. 

When corundum is heated and rutile dissolves, 
this releases Ti**. Areas with a high concentration of 
rutile microcrystals and rutile silk can then have a 
high concentration of Ti*, which creates zoned areas 
with chalky fluorescence (Hughes et al., 2017). Sam- 
ple 18 (figure 33) offers a clear example of the chalk- 
iness associated with a zoned cloud of partially 
dissolved silk. 

A crystal must always be charge-balanced. When 
a rutile needle begins to dissolve into corundum 
during heat treatment, Ti** is forced into solid solu- 
tion, and this upsets the charge balance. The disso- 
lution of rutile into corundum is much like a 
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“cylinder” that expands in diameter with time over 
the course of heating. At the outer edge of this 
cylinder, the Ti** concentration is essentially zero, 
while the concentration of TiO, is highest at the 
center. At some point between these extremes, the 
concentration of Ti* that dissolves into the corun- 
dum becomes greater than those of potential accep- 
tors such as Fe?* and Mg*, which are the easiest 
means of achieving charge balance. At that point, 
Ti* begins to be charge-compensated by aluminum 
vacancies rather than by Mg” and Fe?*. One alu- 
minum vacancy has a relative charge of -3 com- 
pared to the neutral lattice, so one vacancy charge 
compensates three Ti**. It is the various combina- 
tions of aluminum vacancies and Ti* ions that flu- 
oresce chalky white under short-wave UV light (J. 
Emmett, pers. comm., 2022). 

In this experiment, chalky fluorescence was ob- 
served in all samples after heat treatment. This sug- 
gests a relatively higher concentration of Ti** and 
lower concentrations of iron and magnesium in the 
rubies. In corundum containing high concentrations 
of iron and magnesium, the fluorescence appears 
weaker or inert (Hughes et al., 2017). 


CONCLUSIONS 


The presence of low-temperature-heated ruby on the 
market can present a challenge for gemologists try- 
ing to detect treatment. While features such as the 
appearance of rutile can provide a well-known and 
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helpful indicator for heat treatment at higher tem- 
peratures, these tend not to change noticeably at 
lower temperatures. Observation of short-wave UV 
fluorescence reactions yielded similar results. When 
heated to 1500°C, the samples developed a distinc- 
tive chalky appearance that could help separate 
them from unheated material. However, heating to 
lower temperatures did not produce this telltale 
sign, nor did the UV-Vis-NIR spectra of the samples 
yield diagnostic evidence of heat treatment. There- 
fore, gemologists must rely on other observations to 
detect low-temperature heat treatment. 
Fortunately, in our experiments with heat treat- 
ment of Burmese ruby, we observed many types of 
solid inclusions—including calcite, mica, spinel, and 
zircon—that are sensitive to heat at lower tempera- 
tures between 600° and 1100°C. Careful microscopic 
observation of these crystals can act as our proverbial 
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plumage of the kingfisher bird — fe for the 
reddish tinge just under the outside rind of 
the boulders, and ¢s’a7 for the pluish-green 
of the inside core. 


When this splendent crystalline jade was 
mined more freely in Burma, some of it 
came gradually into the hands of traders, 
and through them found its way to Europe. 
Thus, about the middle of the nineteenth 
century a French mineralogist, Augustine 
Alexis Damour, saw some of these recent 
jades from China and India, and noticed 
that they were different from the more an- 
cient Oriental pieces. Also, many of the pre- 
historic axes then being found in Europe 
were unlike the nephrite jade. At about this 
time, also Damour, remarked a similarity to 
some Mexican stones that had come to 
France by way of Spain. Previously he had 
determined by chemical analysis that ne- 
phrite was a lime-magnesia silicate, usually 
with more or less iron. Now he found that 
the crystalline jades, though they came from 
very widely separated sources, and differed 
slightly from each other, all were essentially 
silicates of soda and alumina. The established 
name of “jade” could not be denied to ne- 
phrite, which was famed in literature and 
represented in many of the great museums, 
where objects of antiquity and beauty were 
treasured, Yet here was a new mineral, look- 
ing much like the other, and already accepted 
in China, and in Europe, as ‘jade’. To dis- 
tinguish between the two for the pur- 
poses of science another name was needed, 
and Damour in 1863 proposed jadeite. 

These two similar but distinct minerals, 
therefore, nephrite and jadeite, are equally 
entitled to be called jade. Thus, the first of 
the questions posed at the start of this paper 
has been explored. And so, having found 
the historical sources of the word jade, and 
the precise distinctions, there comes the 
question: What is it made of, that it should 
be so remarkable ? 

Though both of the jade minerals are sili- 
cates, as correctly reported by Damour, the 
basic elements in nephrite are calcium and 


magnesium, while those essential to jadeite 
are sodium and aluminum. Jades found in 
different places, however, and under diverse 
conditions, vary somewhat in their make-up. 
Indeed, the physical and chemical influences 
that must have combined to produce jades 
are obscure, and explanations of their modes 
of origin, therefore, are somewhat contro- 
versial. 

White nephrite, though physically dense, 
is chemically equivalent to fibrous, asbesti- 
form tremolite. Each fibre of tremolite is a 
separate crystal, but nephrite is so compact 
that it seems to lack any crystal form. In 
the greenish-gray varieties, and through all 
shades of green to almost black nephrite, 
more and more of the magnesium has given 
place to ferrous iron, until by such inter- 
change it becomes like actinolite, at the other 
end of the amphibole series. Not infrequent- 
ly, also, it contains more or less adsorbed 
water. Then, too, if some other metallic ele- 
ments, such as manganese or chromium, 
were present at the time of formation, they 
might take the place of some of the mag- 
nesium, with resultant modifications of color. 
Sometimes an accessory mineral such as 
graphite, magnetite, or chromite, will cause 
black spots or gray shades in an otherwise 
clear green. 

Most of the colors of jade are due, prob- 
ably, to various compounds of iron. When 
present as finely divided magnetite, iron may 
cause black and gray tones; as ferric hy- 
droxide it produces yellows and browns; 
ferrous silicates cause shadings from pale 
green to almost black; ferric silicates could 
account for yellows, browns, and even 
blacks; some silicates of iron might even 
give rare bluish tints. Since iron may occur 
in more than one condition in a single speci- 
men, the percentage of total iron shown in 
a chemical analysis would not suffice to 
explain the colorings that might characterize 
its appearance. 

The Chinese lapidaries have descriptive 
names for many nephrite colorings and tex- 
tures. They distinguish “mutton fat, hog’s 
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FLUORESCENCE CHARACTERISTICS OF TWO 
CoOpPER-DIFFUSED PLAGIOCLASE FELDSPARS: 
LABRADORITE AND ANDESINE 


Qingchao Zhou, Chengsi Wang, and Andy H. Shen 


Natural-color labradorite sunstone from Oregon has been available for more than a century. In the first decade 
of the 2000s, a type of “red andesine feldspar” was unveiled at the Tucson gem shows, and its origin remains an 
open question. There is still no convenient method that can quickly and reliably determine whether a red ande- 
sine feldspar has been treated. For this study, both colorless labradorite and light yellow andesine feldspars were 
copper diffusion treated to modify their color to mimic natural labradorite sunstone. Systematic studies of the 
fluorescence characteristics of both untreated and treated labradorite and andesine feldspars as well as natural 
gem-quality sunstone from Oregon and Ethiopia were conducted. Under 320 nm excitation, strong fluorescence 
emission near 394 nm and weak fluorescence emission near 554 nm were observed in the spectra of copper- 
diffused red labradorite and andesine feldspar. For comparison, natural red and green labradorite sunstone ma- 
terial from Oregon and Ethiopia were tested, and these exhibited substantially weaker fluorescence emission 
around 394 nm, similar to the untreated nearly colorless labradorite and light yellow andesine feldspar samples. 
This fluorescence characteristic, due to the presence of Cu‘ ions in the plagioclase crystal structure, can poten- 


tially help to identify copper diffusion treatment. 


(NaAlISi,O,), and anorthite (CaAl,Si,O,) as end 

members, is one of the most important rock- 
forming minerals in the earth’s crust, and those of 
high quality can be used as gemstones. The main 
feldspar gems on the market include moonstone, sun- 
stone, amazonite, and iridescent rainbow labradorite. 
Among them, sunstone exhibits a strong golden and 
red metallic luster due to microscopic metallic inclu- 
sions. But there is a special kind of labradorite sun- 
stone—Abgy 3,ANso 79, Where Ab is albite and An is 
anorthite—that not only shows “schiller” (aventures- 
cence) but also presents brilliant red and green body- 
colors. Currently, the reported localities of this kind 
of natural labradorite sunstone are the USS. state of 
Oregon and the Afar region of Ethiopia (Johnston et 
al., 1991; Kiefert et al., 2019; Sun et al., 2020). This 
material is highly valued and favored by many gem 
carvers and collectors for its unique optical properties. 


Finan with orthoclase (KAISi,O,), albite 


See end of article for About the Authors and Acknowledgments. 
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Research on the color origin of labradorite sun- 
stone has been ongoing since its discovery. In the be- 
ginning, researchers identified copper as the 
color-causing element in red labradorite sunstone. 
Quantitative analysis of labradorite sunstone with 
different colors verified this, but classical crystal field 
theory (absorption bands of Cu* or Cu* ions) cannot 
provide a reasonable explanation. Previous studies 
compared the absorption spectra of red labradorite 
sunstone with that of “ruby glass” containing copper 
nanoparticles and found that the absorption peaks of 
these two different materials are very similar 
(Hofmeister and Rossman, 1985; Rossman, 2011). 
This result suggests that the presence of copper 
nanoparticles contributes to the color in labradorite 
sunstone. Nishida and Kimata (2002) analyzed cop- 
per microinclusions in natural labradorite sunstone 
by combining chemical composition results with 
characteristic X-ray imaging by element. They sum- 
marized that the transparent red color of the Oregon 
sunstone is due to the distribution of mixtures of 
both native copper and cuprites in oval-shaped thin 
films, while the transparent green color is due to the 
distribution of similar mixtures in short micro- 
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columns. However, due to technical limitations, the 
existence of copper nanoparticles in natural sunstone 
had not been directly verified. In Wang et al. (2019), 
authors CW and AHS from the present study directly 
observed the microscopic morphology of copper 
nanoparticles in natural sunstone by means of fo- 
cused ion beam and transmission electron mi- 
croscopy (FIB-TEM]. 

Because of the high price and market potential of 
natural sunstone, a new variety of red and green an- 
desine feldspar (Ab) ;>An3 959) was unveiled during 
the 2006 Tucson gem shows (Rossman, 2011). The 
gem sellers claimed that this red andesine feldspar 
came from a new locality in China, which attracted 
the attention of major gem research institutions 
around the world. Since then, the mining of natural 
red and green andesine in Tibet has been a subject of 
controversy (Hughes, 2011a; Schorr et al., 2012). The 
similar appearances of the red andesine feldspar and 
natural Oregon labradorite sunstone have led many 
gemologists to examine whether the Tibetan red an- 
desine feldspar material is natural and untreated 
using two approaches: analytical technology (Ross- 
man, 2011; Peretti et al., 2011a,b) and on-site inspec- 


In Brief 


¢ High-quality natural-color labradorite sunstone is 
highly valued in the commercial market. But the 
question of whether red andesine feldspar in the 
market is treated by copper diffusion remains con- 
troversial, and techniques for identifying this treat- 
ment are urgently needed. 


The fluorescence spectra differences shown by 
labradorite and andesine feldspar before and 
after copper diffusion experiments reveal that 
strong fluorescence around 394 nm under 320 
nm excitation is potentially key evidence in 
identifying this treatment. 


The natural red and green labradorite sunstone sam- 
ples from Oregon and Ethiopia analyzed in this study 
exhibited weak fluorescence under 320 nm excita- 
tion, similar to the untreated nearly colorless labra- 
dorite and light yellow andesine feldspar samples. 


tion (Abduriyim et al., 2008, 2009a,b; Abduriyim and 
Laurs, 2010; Hughes, 2010, 2011b; Wang et al., 2011). 
The identification of copper diffusion treatment 
might be possible using a combination of several ad- 
vanced techniques, such as elemental fingerprints 
and isotope ratio determination of copper and argon, 
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but most of these are expensive, destructive, and not 
widely available. 

The treatment methods used in the marketplace 
to modify colorless plagioclase feldspar to red and 
green color are not completely understood. Many re- 
searchers have tried to generate red and green colors 
using copper diffusion experiments, typically by plac- 
ing colorless or light yellow feldspar in a zirconia 
powder containing a small amount of copper and 
then performing a high-temperature diffusion treat- 
ment (Emmett and Douthit, 2009; Thirangoon, 2009; 
Wang, 2012; Cao, 2013). By adjusting the diffusion 
temperature, different shades of red colors can be ob- 
tained. Specifically, Emmett and Douthit (2009) 
treated nearly colorless labradorite feldspar at 1000°, 
1100°, and 1170°C for 160 hours. Cao (2013) treated 
light yellow andesine feldspar at 1100°, 1150°, and 
1200°C for 24, 48, and 72 hours, respectively. Except 
for some microscopic characteristics caused by heat 
treatment such as black particles, lath-like hollow 
channels, and pipe-like growth tubes, no direct iden- 
tification evidence of treatment was reported in these 
diffusion experiments. 

Nevertheless, we still believe that copper diffusion 
experiments offer the best means of revealing whether 
red andesine feldspar has been treated by copper dif- 
fusion. This research systematically reports on copper 
diffusion experiments and the fluorescence character- 
istics excited by the 305-335 nm ultraviolet light, 
which is seldom used in gem identification. 


MATERIALS AND METHODS 


Samples. A total of 29 natural nearly colorless or light 
yellow labradorite and andesine feldspar samples and 
red labradorite sunstones were used in this study. The 
near-colorless and light yellow stones were used for 
copper diffusion experiments, and all samples were 
analyzed for composition and studied spectroscopi- 
cally. These samples (figure 1 and table 1) were cate- 
gorized into four groups, A through D. Group A 
contained eight nearly colorless labradorite feldspar 
samples from Oregon, all purchased by one of the au- 
thors (AHS) from an Oregon miner at the Tucson Gem 
and Mineral Show (TGMS). Group B contained four 
light yellow andesine feldspar samples from Inner 
Mongolia, China, purchased by one of the authors 
(QZ) from a miner there. Group C consisted of 13 nat- 
ural red or green labradorite sunstone samples from 
different mines in Oregon, on loan from GIA: five 
from Ponderosa, five from Dust Devil, and three from 
Sunstone Butte. Group D comprised four natural red 
labradorite sunstone samples from Ethiopia, on loan 
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Figure 1. The 29 natural labradorite sunstone and plagioclase feldspar specimens used in this study. Groups A and C 
are from Oregon, United States; group B is from Inner Mongolia, China; and group D is from Afar, Ethiopia. In Group 
C, the top five stones are from the Ponderosa mine, the middle three samples (first one imaged in two orientations) are 
from the Sunstone Butte mine, and the bottom five samples are from the Dust Devil mine. Photos by Qingchao Zhou. 


from Gtibelin Gem Lab. Samples in groups A and B 
were copper diffusion treated in our laboratory, and 
the fluorescence and composition characteristics of 
the samples in groups C and D were compared to the 
samples in groups A and B. 


Copper Diffusion Treatment. The nearly colorless 
and light yellow labradorite and andesine feldspar sam- 
ples were precleaned with aqua regia, buried in a diffu- 
sant, and placed in a tube furnace for heating in an air 
atmosphere. In the corundum crucible, the diffusant 


used was a mixture of CuO powder (0.05 g) and ZrO, 
powder (5.00 g), with both powders having a purity of 
99.9%. The heating and cooling rates were set to 
5°C/min, with a soak temperature of 1170°C and a soak 
time of 72 hours. After the tube furnace was cooled to 
room temperature, the diffusion-treated feldspar sam- 
ples were removed, and all samples were repolished to 
remove damage and surface contamination. 


Characterization Techniques. Images of all the sam- 
ples were captured in a light box (D55 light source) 


TABLE 1. Natural labradorite sunstone and plagioclase feldspar samples used in 


this study. 
Group Locality Number of Weight (ct) Description Purpose 
samples 
Oregon, Rough, nearly Diffusion in the 
a United States Mees colorless authors’ lab 
B Inner Mongolia, 4 0.46-1.78 Rough, light Diffusion in the 
China yellow authors’ lab 
Oregon, ie Rough, red and : 
C United States 13 2.77-N9.13 green For comparison 
D Afar, Ethiopia + 0.53-5.54 Rough, red For comparison 
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Figure 2. Untreated 
natural labradorite 
feldspar rough samples 
from group A and their 
corresponding fluores- 
cence spectra. Note 
that the excitation 
wavelength is 320 nm. 
Inset photo by 
Qingchao Zhou. 
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under identical conditions to compare color changes. 
Fluorescence spectra were collected using a Jasco FP- 
8500 spectrofluorometer with a xenon lamp light 
source. 3D fluorescence spectral data was collected 
with a 2000 nm/min scan speed. The excitation 
wavelengths varied from 2.00 to 500 nm, with a step 
size of 5 nm and an excitation bandwidth of 5 nm. 
The emission spectra were collected with a starting 
wavelength 10 nm longer than the excitation wave- 
length and up to 750 nm, with the bandwidth set to 
2.5 nm and a data interval of 1 nm. The photomulti- 
plier tube (PMT) voltage was fixed at 600 V for all 
samples to compare the fluorescence intensity. The 
2D emission spectra (340-750 nm) were measured 
with an excitation wavelength of 320 nm at a re- 
sponse time of 0.5 seconds, a scan speed of 1000 
nm/min, and a starting wavelength 20 nm longer 
than the excitation wavelength. For all samples, the 
parameter settings of the instrument remained un- 
changed. Rhodamine B was used as a calibrator of flu- 
orescence intensity and dissolved in ethanol to form 
a solution of 5 ug/mL. Under the same fluorescence 
test conditions, the emission wavelength of the Rho- 
damine B solution was 565 nm and the fluorescence 
emission intensity was 4500 cps. 

Trace element analyses were conducted by laser 
ablation—inductively coupled plasma—mass spectrom- 
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etry (LA-ICP-MS). Detailed operating conditions for 
the laser ablation system and the ICP-MS instrument 
and data reduction were the same as those described 
by Liu et al. (2008). Laser sampling was performed 
using a GeoLas 2.005 system (laser wavelength of 193 
nm, energy density of 14 J/cm?, helium carrier gas, ab- 
lation spot size of 44 um, repetition rate of 8 Hz, and 
laser pulse of 480). An Agilent 7500a ICP-MS instru- 
ment (radio-frequency power of 1350 W and dwell 
time of 6 ms) was used to acquire each individual data 
set. Element concentrations were calibrated against 
multiple reference glasses (BCR-2G, BIR-1G, and 
BHVO-2G) without applying internal standardiza- 
tion. The values of element concentrations used for 
the U.S. Geological Survey reference glasses are from 
the GeoReM database  (http://georem.mpch- 
mainz.gwdg.de}. Offline selection and integration of 
background and analyte signals as well as time-drift 
corrections and quantitative calibrations were per- 
formed by ICPMSDataCal. Two spots were measured 
for each sample, and the spots were selected in the 
colored area for the colored samples. 


RESULTS AND DISCUSSION 
Appearance, Fluorescence Spectra, and Copper Con- 


centration of Nearly Colorless Labradorite Feldspar. 
According to the LA-ICP-MS data in table 2, the un- 
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TABLE 2. Generalized trace element profiles of all feldspar samples in this study in parts per million weight 


(ppmw) and mol.% end members. 


Key trace element concentrations (ppmw) 


mol.% end members? 


Li Mg Cu Ga Sr Ab An Or 
Ponderosa mine: Natural Oregon labradorite sunstone (red) 
Range 6.1-22.0 838.8-1144.5 25.5-182.6 12.4-13.3 404.2-437.1 | 32.02-33.89 65.79-67.58 0.31-0.40 
Average 15.4 1036.2 128.6 12.9 415.3 32.80 66.87 0.33 
Dust Devil mine: Natural Oregon labradorite sunstone (red) 
Range 0.5-27.4 846.0-1017.7 0.1-85.1 15.8-17.0 522.0-641.6 | 34.46-36.90 62.26-64.84 0.70-0.84 
Average 15.1 906.9 54.5 16.3 562.3 35:93 63.71 0.76 
Sunstone Butte mine: Natural Oregon labradorite sunstone (red and green) 
Range 0.3-20.6 720.3-844.8 0.4-57.1 14.3-16.9 515.5-653.6 | 33.79-35.92 63.32-64.42 0.69-2.31 
Average 7.1 797.0 19.7 15.1 574.2 34.87 63.88 1.26 
Natural Ethiopian labradorite sunstone (red) 
Range 2.0-3.9 329.1-543.5 0.7-18.3 17.1-20.2 258.3-729.4 | 35.61-36.68 62.05-63.96 0.42-1.26 
Average 3.1 420.1 7.3 18.8 396.7 36.24 63.13 0.63 
Natural Oregon labradorite (nearly colorless) 
Range 3.1-17.7 827.9-930.8 0.1-18.6 15.5-17.4 524.8-542.1 | 35.08-37.19 62.01-64.19 0.73-0.80 
Average 8.0 889.8 7.8 16.6 534.4 36.28 62.95 0.77 
Oregon labradorite after copper diffusion treatment (red) 
Range 14.6-61.4 818.9-912.3 217.7-1086.0 14.2-16.5 510.6-608.5 | 33.46-35.56 63.65-65.83 0.69-0.79 
Average 35.2 865.3 668.5 1536 568.4 34.65 64.60 0.75 
Natural Inner Mongolian andesine (light yellow) 
Range 76.6-123.4 454.7-583.6 0.3-1.1 15.0-16.8 1041.3-1060.1} 52.16-53.07  43.70-44.68 3.17-3.22 
Average 101.6 496.1 0.7 16.1 1053.6 52.61 44.19 3.20 
Inner Mongolian andesine after copper diffusion treatment (red) 
Range 9.0-9.4 475.2-497.6 599.8-789.5 15.9-17.8 1060.0-1074.9} 51.66-52.03 44.77-45.15 3.20-3.21 
Average 93 486.2 694.7 16.5 1064.7 51.91 44.89 3.20 


@Abbreviations: Ab = albite, An = anorthite, Or = orthoclase 


Detection limits: 4.25—10.98 ppmw Na, 68.82-285.67 ppmw Ca, 5.85-15.78 ppmw K, 0.78-3.25 ppmw Mg, 0.33-1.49 ppmw Li, 0.63—2.47 ppmw 


Cu, 0.09-0.53 ppmw Ga, and 0.03-0.12 ppmw Sr 
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Uniform color 


Darkening 


Intermittent color 


Figure 3. The copper-diffused labradorite feldspar samples used in this study (1.73-4.15 ct). Note that the surfaces 
were repolished after copper diffusion treatment. Photo by Chengsi Wang. 


treated feldspar crystals from Oregon are classified 
as labradorite, and the average mass concentration 
of copper is 0.1-18.6 ppmw. The labradorite feldspar 
crystals were transparent and nearly colorless (figure 
2 inset} before the high-temperature copper diffusion 
treatment. The Oregon labradorite feldspar rough 
samples used ranged in weight from 1.73 to 4.15 ct. 
Figure 2. shows the fluorescence spectra of the un- 
treated labradorite feldspar samples, which exhibit 
weak fluorescence emission peaks centered in the 
wavelength range from 400 to 420 nm under 320 nm 
excitation. The intensity of the fluorescence emis- 
sion peak is 100-600 cps. It must be mentioned that 
there is another set of fluorescence emission peaks 
at ~350 nm. These weak fluorescence emissions 
may be related to the presence of copper or other 
trace elements contained in the feldspar crystals, but 
this has not been verified. 


FLUORESCENCE OF CopPER-DIFFUSED FELDSPARS 


Changes in Labradorite Feldspar Appearance, Fluores- 
cence Spectra, and Copper Concentration After Cop- 
per Diffusion Treatment. Figure 3 shows the eight 
labradorite feldspar samples after copper diffusion 
treatment. To better show the color changes, the sur- 
faces of all samples were repolished after treatment. 
It can be clearly seen from the figure that a wide va- 
riety of phenomena were produced, consistent with 
those reported by others (Emmett and Douthit, 2009). 
In some cases, it appears the copper diffuses by bulk 
(or lattice) diffusion and the red color distribution is 
uniform; in others, pipe or short circuit diffusion is 
predominant and the red areas in the samples are in- 
termittently distributed. In addition, the areas that 
were in contact with the diffusant and have not been 
repolished show obvious damage and darkening. 
From the 3D fluorescence pattern of a red 
labradorite feldspar diffused in the authors’ laboratory 
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(figure 4), we found that the fluorescence emission 
consisted of two emission peaks at 389 and 554 nm, 
with their corresponding optimal excitation wave- 
lengths at 305 and 335 nm. After identifying the main 
emission peaks, a specific excitation wavelength of 
320 nm was chosen to balance the intensity of these 
two emission peaks. We chose the excitation wave- 
length of 320 nm so that the fluorescence emissions 
at both 389 nm and 554 nm could be excited well. 
The fluorescence spectra in figure 5 show that all 
the diffused red labradorite samples exhibit two typi- 
cal fluorescence emission peaks under the 320 nm ex- 
citation. Instead, the fluorescence emissions at ~350 
nm in untreated labradorite samples disappeared. The 
wavelength of the first emission peak is 390.7-396.3 
nm with an intensity of 3550-4992, cps, while the 
wavelength of the second emission peak is ~554 nm 
with an intensity of 232-620 cps. The spectral param- 
eters are summarized in table 3. The different fluores- 
cence characteristics of the labradorite feldspar 
samples under 320 nm UV light before and after cop- 
per diffusion treatment are shown in the figure 5 inset. 
The untreated sample shows no obvious fluorescence, 
but the treated one exhibits intense purple-red fluo- 
rescence. Based on the fluorescence spectra or fluores- 
cence characteristics, it is potentially possible to 
determine whether a labradorite feldspar has under- 
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Figure 4. The 3D fluores- 
cence pattern of a red 
labradorite feldspar dif- 
fused in the authors’ 
laboratory shows two 
emission maxima at 389 
and 554 nm and their 
corresponding optimal 
excitation wavelengths 
at 305 and 335 nm. 
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gone copper diffusion treatment. Although we are not 
aware of any copper-diffused red labradorite feldspar 
currently on the market, it is indeed feasible to prepare 
red labradorite with this treatment. 

According to the LA-ICP-MS data in table 2, the 
copper concentration of these labradorite feldspar 
samples increased from 0.1-18.6 ppmw to 217.7— 
1086.0 ppmw with treatment. Therefore, we specu- 
late that these two fluorescence emission peaks are 
related to copper. Based on previous studies of copper, 
CuO, Cu,O, and CuZr,(PO,), (Boutinaud et al., 1992, 
1995; Lutz et al., 1997; Puppalwar et al., 2011), we at- 
tribute the strong fluorescence emission peak near 
394 nm to Cut ions, and the fluorescence emission 
peak near 554 nm to the Cu*-Cu* dimers (Zhou et al., 
2.02.2.a,b,c). The dimers form when the Na‘ sites in 
labradorite are simultaneously occupied by two Cut 
ions with a rather short Cu-Cu distance of 2.40 A— 
i.e., below the interatomic distance in copper metal 
(2.56 A). In other words, the typical fluorescence 
spectra or characteristics that are used to identify our 
diffusion-treated red labradorite feldspar can be ex- 
plained by the residual Cu* ions within the feldspar. 


Appearance, Fluorescence Spectra, and Copper Con- 
centration of Light Yellow Andesine Feldspar. Accord- 
ing to the LA-ICP-MS data in table 2, the untreated 
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Figure 5. Fluorescence 
spectra of the eight dif- 
fusion-treated red 
labradorite feldspar 
specimens from group 
A. Note that the excita- 
tion wavelength is 320 
nm. The inset photos 
show the appearance of 
a labradorite feldspar 
before and after copper 
diffusion experiment 
under D565 light and 
320 nm UV light. Pho- 
tos by Qingchao Zhou. 
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feldspar crystals from Inner Mongolia are classified as 
andesine, and the average mass concentration of ele- 
ment copper is 0.3-1.1 ppmw. The andesine feldspar 
crystals are transparent and light yellow (figure 6 inset) 
before the high-temperature copper diffusion treat- 
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ment. The weights of the Inner Mongolian andesine 
feldspar rough samples ranged from 0.46 to 1.78 ct. 
Figure 6 shows the fluorescence spectra of the un- 
treated andesine feldspar samples, which exhibit weak 
fluorescence emission in the 400-410 nm wavelength 


TABLE 3. Summary of fluorescence parameters of all samples in this study. 


Wavelength (Cu*) Intensity (Cu*) 


Locality 


Wavelength (Cu*-Cu* 


Intensity (Cu*-Cut* 


(nm) (cps) dimer) (nm) dimer) (cps) 
Ponderosa, Oregon 388.2-389.0 433-877 ~554 119-21 
Dust Devil, Oregon —-392.1-393.5 292-568 Not obvious —_ 
Pane, 394.2-405.2 207-360 Not obvious = 
Oregon 
eevee 402.1-413.0 74-367 Not obvious me 
Ethiopia 
Labradorite samples 
diffused in the 390°7-396'3 3550-4992 ~554 232-620 
authors’ lab 
Andesine samples 
diffused in the 397.4-398.6 3942-6486 ~554 243-495 


authors’ lab 
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range under 320 nm excitation. The intensity of the 
fluorescence emission peak is 190-550 cps. It must be 
mentioned that there is another set of fluorescence 
emission peaks at ~350 nm. These weak fluorescence 
emissions may also be related to the presence of cop- 
per or other trace elements contained in the feldspar 
crystals, but this has not been verified. 


Changes in Andesine Feldspar Appearance, Fluores- 
cence Spectra, and Copper Concentration After Cop- 
per Diffusion. The insets in figures 6 and 7 show the 
appearance of four andesine feldspar samples before 
and after copper diffusion treatment, respectively. The 
color of these samples changed from light yellow to 
light red. The fluorescence spectra in figure 7 clearly 
show that all of the copper-diffused red andesine 
feldspar samples also exhibit two typical fluorescence 
emission peaks under 320 nm excitation. Instead, the 
fluorescence emissions at ~350 nm in untreated ande- 
sine samples disappeared. The wavelength of the first 
emission peak is 397.4-398.6 nm with an intensity of 
3942-6486 cps, while the wavelength of the second 
emission peak is ~554 nm with an intensity of 243- 
495 cps. These spectral parameters are summarized in 
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table 3. According to the LA-ICP-MS data in table 2, 
the copper concentration of these andesine feldspar 
samples increased from 0.3-1.1 ppmw to 599.8-789.5 
ppmw following copper diffusion treatment. The re- 
lated changes in copper concentration and fluores- 
cence of group B andesine feldspar subjected to copper 
diffusion are essentially the same as those of group A 
labradorite feldspar. We found that the strong fluores- 
cence emission of diffusion-treated red labradorite and 
andesine feldspar is potentially a key indicator of treat- 
ment, since the strong fluorescence is difficult to at- 
tenuate through post-annealing treatment. 


Appearance, Fluorescence Spectra, and Copper Con- 
centration of Natural Labradorite Sunstone from Ore- 
gon and Ethiopia. To determine whether the 
fluorescence characteristics observed in our copper- 
diffused red feldspar samples matched those of natu- 
ral red labradorite sunstone from different localities, 
we systematically characterized untreated red 
labradorite sunstone from three different mines in 
Oregon and also from Ethiopia. To our knowledge, 
the typical fluorescence spectra or characteristics of 
copper-diffused red feldspar under 305-335 nm UV 


Figure 6. Untreated nat- 
ural andesine feldspar 
rough samples from 
group B and their corre- 
sponding fluorescence 
spectra. Note that the 
excitation wavelength 
is 320 nm. Inset photo 
by Qingchao Zhou. 
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lard, camphor, or melting snow” for different 
whites. ‘Chicken bone” designates the pecul- 
iar ivory-like quality that has resulted from 
chemical action on burial jades. Similarity to 
different vegetal colorings is recognized as 


“Jeaf-, lettuce-, apple-, or spinach-green” 


“Moss tangled in snow” is vividly descrip- 
tive of a feathery green, variegated with sur- 
rounding white. 


If the original jade rock had been long 
exposed to groundwater and weather, part 
or all of the metallic mottlings might have 
become oxidized to yellows and browns. 
Even within the same ledge there might have 
been local changes that resulted in variations 
of color. Thus, the whitest translucent ne- 
phrite may be obtained from a deposit that 
is mostly grayish or brownish white. 

As in nephrite, so also with jadeite, vari- 
ous colors are caused by admixtures of differ- 
ent tinting elements such as iron in various 
chemical forms, chromium, nickel, or vana- 
dium. Ideally white jadeite is the normal 
silicate of sodium and aluminum, classified 
in the pyroxene group of minerals, with per- 
centages of 15.4 soda, 25.2 alumina, and 
59.4 silica. Pure jadeite of exactly this com- 
position is possible, but when actual speci- 
mens from different places are analyzed they 
are found to vary appreciably, even in the 
basic part of their structure. This is especi- 
ally to be noted in jadeites from Middle 
America, nearly all of which contain some 
calcium and magnesium, corresponding to 
the diopside molecule of the same crystal 
structure, replacing part of the sodium and 
aluminum of the ideal formula. 

There is one unusual variant of normal 
jadeite, called (Greek 
chloras, green, plus melas, black) which 
formerly was deemed to be a third jade 
mineral. Later studies have shown, however, 
that it is really jadeite, though containing an 
unusual admixture of ferrous iron which 
imparts to it a dark-green, sometimes nearly 
black, color. Hatchets of this material were 
found among the remains of the Stone Age 
men that lived during neolithic time in the 


“chloromelanite” 


pile-dwellings on Lake Neuchatel in Switzer- 
land. Also, a few archaeological pieces of it 
have been reported from Mexico. 


Among the many color variations of jade 
there are certain ones peculiar to jadeite. Of 
these the most notable is the translucent 
“imperial”, sometimes called ‘‘emerald’’ 
green, but described more exactly — by com- 
parison with the Ridgway color standards — 
as ‘‘viridian-green”. This, which probably is 
caused by the presence of chromium and 
perhaps traces of other metallic oxides, is the 
“king chuang-fei ts’ui” of the Chinese; 
and the guetzaliteli or esmeralda jade of the 
ancient Mexicans. Two other colors not 
found in nephrite are mauve, a delicate 
lavender tint thought to be caused by a little 
manganese or vanadium, and an odd bluish- 
gray-green perhaps due to a slight admixture 
of vanadium and beryllium. Finally, there is 
the bright tomato-red jadeite that sometimes 
occurs as a thin layer near the outside crust 
of some boulders found in the river-banks 
of the Burma jade-field, and caused by oxida- 
tion of the iron, perhaps with a little vana- 
dium. 

After these observations on the essential 
compositions of the two separate kinds of 
jade, first as fundamental silicates and then 
as modified by tinctures that cause such wide 
ranges of color, there comes the question, 
“How can jades be recognized and positively 
identified?” 

Even in China there was not always clear 
distinction between the two kinds of jade. 
The lapidaries, as a rule, did not have scien- 
tific knowledge of the minerals they were 
carving. In many cases, therefore, either kind 
had been called yx, together with some other 
word to indicate the color of the stone or its 
place of origin. Indeed, although these two 
minerals are differently constituted, so that 
chemically they are distinct, they look much 
alike. Uniformly green pieces, for example, 
resemble each other very closely in outward 
appearance, especially when highly polished. 
Upon careful observation, however, partic- 
ularly with the aid of a hand lens, the neph- 
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Figure 7. Fluorescence 
spectra of copper-dif- 
fused red andesine 
feldspar samples from 
group B. Note that the 
excitation wavelength 
is 3820 nm. The inset 
photo shows the appear- 
ance of the andesine 
feldspar samples after 
the copper diffusion ex- 
periment under D55 
light. Photo by 
Qingchao Zhou. 
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light excitation have not been previously published 
or reported. 

Figure 8 shows the appearance of the selected 17 
natural labradorite sunstones from different localities, 
arranged by decreasing fluorescence intensity from left 
to right in each row. The natural labradorite sunstones 
show various shades of red, and a small number of 
samples appear green (AD741) or display red-green 
dichroism (AD777). The color distribution of these 
natural labradorite sunstones analyzed is mostly un- 
even, but all of them exhibit good transparency. 

All the natural labradorite sunstones exhibit con- 
siderably weaker fluorescence emission than the cop- 
per-diffused red labradorite feldspar samples (figure 9). 
The emission wavelength of the labradorite sun- 
stones from Ponderosa is 388.2-389 nm, and that of 
the labradorite sunstones from Dust Devil is 392.1- 
393.5 nm. The range of peak intensity values at 554 
nm of the labradorite sunstones from Ponderosa is 
only 433-877 cps, and that for the labradorite sun- 
stones from Dust Devil is only 292-568 cps. In terms 
of the fluorescence spectra, the natural labradorite 
sunstones from the Sunstone Butte mine in Oregon 
and the Afar region of Ethiopia are somewhat like 
those of the nearly colorless labradorite feldspar sam- 
ples in figure 2. The emission wavelength fluctuates 
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in a relatively wide range (394.2-413.0 nm), and the 
peak intensity is also very weak (74-367 cps). These 
spectral parameters are also summarized in table 3. 
For the natural labradorite sunstones from the Sun- 
stone Butte mine with dichroism (AD777), the fluo- 
rescence emission spectra of both the red and green 
orientations were tested, and the results were basi- 
cally the same. The inert fluorescence of sample 
AD777 under 320 nm UV light is shown in the inset 
of figure 9. The natural labradorite sunstone samples 
in figure 8 are arranged by the decreasing peak inten- 
sity in each row, but no direct correlation was found 
between fluorescence emission intensity and the 
color appearance of natural labradorite sunstone. 

The fact that natural labradorite sunstone occurs 
in Oregon is recognized by gemological research in- 
stitutions around the world. By comparing the fluo- 
rescence spectra of the copper-diffused labradorite 
feldspar samples with the natural labradorite sun- 
stone, we have observed that strong fluorescence is 
potentially key evidence for copper diffusion treat- 
ment in labradorite, since none of the natural 
labradorite sunstones tested exhibited fluorescence of 
the same strength. 

According to the LA-ICP-MS data in table 2, the 
copper concentration of natural labradorite sunstones 
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Figure 8. Natural labradorite sunstones from different localities in Oregon and Ethiopia (1.73-4.15 ct). Row 1 (top): 
Ponderosa mine, Oregon. Row 2: Sunstone Butte mine, Oregon. Row 3: Dust Devil mine, Oregon. Row 4 (bottom): 
Ethiopia. The corresponding GIA or Giibelin Gem Lab sample number is marked in the figure. Two polarization di- 
rections were imaged for AD777. Photo by Qingchao Zhou. 
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Figure 9. Fluorescence spectra of natural labradorite sunstones from Oregon (Ponderosa, Dust Devil, and Sunstone 
Butte mines) and the Afar region of Ethiopia. Note that the excitation wavelength is 320 nm. The appearance of typ- 
ical natural labradorite sunstones (A186, AD777, A275, FPET-04) under D55 light and 320 nm UV light are shown 
in the upper right insets for each set of spectra. Inset photos by Chengsi Wang. The weaker emission can be seen in 


the center-inset enlargement plots. 


from different localities is 0.1-182.6 ppmw, which is 
lower than that of the copper-diffused red labradorite 
feldspar samples (217.7-1086.0 ppmw). The compar- 
ative analysis of the natural labradorite sunstones re- 
veals that the fluorescence intensity apparently has 
no direct correlation with the copper concentration 
measured by LA-ICP-MS, because the valence state 
of copper was not considered. Therefore, we infer that 
the weak fluorescence is due to the fact that copper 
in natural labradorite sunstone is mainly present in 
the metallic zero-valent form (Cwu®), since copper mi- 
croinclusions (such as copper flakes) have been ob- 
served in many natural labradorite sunstones. 


FLUORESCENCE OF CoppER-DIFFUSED FELDSPARS 


Table 3 summarizes the fluorescence emission 
wavelengths and peak intensities of the samples tested, 
including the natural labradorite sunstones from dif- 
ferent localities and the copper-diffused red labradorite 
and andesine feldspars we experimentally produced. 

Figure 10 presents a plot of fluorescence intensity 
vs. major peak wavelength of Cu* using the data 
summarized in table 3, which displays an obvious 
separation between the natural labradorite sunstones 
before and after copper diffusion treatment. The dis- 
crimination between natural labradorite sunstone 
(weak fluorescence) and copper-diffused labradorite 
feldspar (strong fluorescence) is very high. Moreover, 
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the corresponding coordinates of all the copper-dif- 
fused red andesine feldspars are distributed in the 
area of strong fluorescence. Although the number of 
natural labradorite sunstones we analyzed is limited, 
they represent most of the localities worldwide, and 
we introduced red labradorite and andesine feldspar 
samples diffused in our laboratory as the control 
group. Therefore, we believe that the proposed iden- 
tification method using fluorescence spectroscopy 
holds promise for copper diffusion treatment of 
labradorite. 


CONCLUSIONS 


In this study, we applied a copper diffusion treatment 
to nearly colorless or light yellow labradorite and an- 
desine feldspars in order to modify their colors to 
mimic natural red/green labradorite colors. We found 
that the typical fluorescence emissions at 390-398 nm 
and at approximately 554 nm were stronger in the 
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treated material. By comparing the fluorescence spec- 
tra of the labradorite and andesine feldspars before and 
after copper diffusion, the presence of strong fluores- 
cence (320 nm excitation) was verified as key evidence 
of treatment in this study. Moreover, the natural 
labradorite sunstones from Oregon and Ethiopia ana- 
lyzed exhibit weak fluorescence (320 nm excitation), 
similar to the untreated nearly colorless labradorite. 

As anon-destructive testing method, fluorescence 
spectroscopy can be quickly applied to the question- 
able stones to identify very high emission counts and 
to decide if detecting high copper levels with LA-ICP- 
MS is warranted. Admittedly, more stones need to be 
tested to further validate the reliability and accuracy 
of this method. We still believe this new identifica- 
tion method will help to verify the authenticity of 
material from Tibet or other regions as new localities 
of natural sunstone, increasing confidence for con- 
sumers in purchasing these gems. 
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COMPOSITION AND 


SPECTRAL CHARACTERISTICS OF 
PORCELAIN- TREATED TURQUOISE 


Liying Huang, Quanli Chen, Yan Li, Zuowei Yin, Fengshun Xu, Xinxin Gao, and Yang Du 


To meet the ever-increasing demand for high-quality natural turquoise, a novel treatment technique utilizing an 


inorganic additive appeared in the Chinese market around 2019. Turquoise with this treatment bears a strong 


resemblance to high-quality natural turquoise, with a fine structure and high surface luster, and is known in the 


Chinese trade as “porcelain-treated” turquoise. This material was characterized by routine gemological methods, 


environmental scanning electron microscopy, and spectroscopic methods including infrared, ultraviolet/visible, 


energy-dispersive X-ray fluorescence, and laser Raman spectroscopy. The infrared and ultraviolet/visible re- 


flectance spectra of porcelain-treated turquoise are difficult to distinguish from untreated turquoise. However, 


porcelain-treated turquoise can be effectively identified by its surface features in combination with low specific 


gravity, strong luster, high silica concentration (>8.29 wt.%), high atomic ratio of iron to aluminum (>0.22), 


and low atomic percentage of phosphorus (<37.5%). 


phate with a general chemical formula of 

CuA1,(PO,),(OH),-4H,O. It is widely distributed 
across localities such as China, Egypt (Mansour, 
2014), Chile (Evans and Southward, 1914), the United 
States (Harbottle and Weigand, 1992; Hedquist 2016), 
Iran (Beale, 1973; Ovissi et al., 2017), and Mexico (Za- 
linski, 1907; Weigand et al., 1977). The main Chinese 
sources are Hubei Province (Chen et al., 2012), 
Shanxi Province (Luo et al., 2017), the Xinjiang 
Uyghur Autonomous Region (Liu et al., 2018), Anhui 
Province (Chen and Qi, 2007), and Henan Province 
(Zhou and Jiang, 2005). Zhushan County in Hubei is 
the world’s largest commercial source, and material 
from there usually develops dark iron veins because 
of its association with phosphate, iron, and copper 
ores (Tu, 1997). 

Turquoise with various colors, fine texture, and 
moderate hardness has generally been used as carving 
material. The earliest turquoise artifacts in China 
were found at the Jiahu site in Wuyang County, 
Henan Province, and were dated back to 7000-5800 


“| thee is hydrous copper aluminum phos- 


See end of article for About the Authors and Acknowledgments. 
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BCE (Yang et al., 2017). Porcelain is a world- 
renowned Chinese invention that originated from 
pottery around the middle of the Shang Dynasty in 
the sixteenth century BCE (Song, 2008). The term 
“porcelain” is used in China to describe the finest 


In Brief 


¢ A novel “porcelain” treatment technique for turquoise 
produces a color and luster extremely similar to that of 
high-quality untreated turquoise. 


¢ Treatment with silicate filling may be used on porous 
or “loose” turquoise. 


Porcelain-treated turquoise can be identified by its sur- 
face features and a combination of characteristics such 
as low specific gravity, strong luster, and high silica 
content (>8.29 wt.%). 


luster of turquoise, and high-quality material with 
such luster is referred to as “natural porcelain” 
turquoise (box A). This term was adopted because of 
the resemblance to the soft, bright, and long-lasting 
luster of porcelain. The luster of turquoise depends 
on the structure (density) of the material and the 
quality of polish. 
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Figure 1. The appearance of natural high-quality turquoise and porcelain-treated turquoise. Left: Natural high- 
quality turquoise with various colors (the rightmost bead has a diameter of 10.0 mm). Right: Porcelain-treated 
turquoise with appearance and colors similar to those of natural high-quality turquoise (the smallest bead meas- 
ures 6.0 x 5.0 mm). Photos by Liying Huang. 


In the current Chinese market, natural turquoise 
is broadly divided into three categories according to 
density: porcelain, medium-quality, and porous (box 
A). Porcelain turquoise is sought after for its high lus- 
ter, uniform color, compact texture, and high hard- 
ness. Sky blue porcelain turquoise is regarded as the 
finest quality. Porous turquoise of low hardness and 
very light color is regarded as the lowest in quality. 

Turquoise is typically a polycrystalline aggregate. 
Its various colors are attributed to the differences in 
the type and content of its constituent elements 
(Luan et al., 2004). Water content and porosity can 
also affect the color (Foord and Taggart, 1998; Chen, 
2009; Liu, 2019). As weathering increases, both crys- 
talline and structural water in turquoise are lost, re- 
sulting in a reduction in the structural integrity and 
a lightening of its color (Chen, 2009). If the space be- 
tween grain boundaries is small, turquoise usually 
has low porosity, high density, high hardness, bright 
color, and strong surface luster. Conversely, if the 
space between microcrystals is large, the porosity 
will be high with low hardness (Chen, 2009), which 
will result in light-colored turquoise with low sur- 
face luster. These pores can be filled, to a certain ex- 
tent, by wax/resin/polymer injection or immersion 
treatment methods to enhance luster and color. Pore 
filling not only facilitates turquoise processing but 
also increases stability and durability (Koivula et al., 
1992, McClure et al., 2010; Ou et al., 2016). 

In recent decades, the supply of high-quality 
turquoise has steadily fallen in the Chinese market 
(Chen, 2009), causing higher prices. Most low- and 
medium-quality natural turquoise has a light or un- 
even color, low luster, porous texture, and a tendency 
to crack (Chen et al., 2010a). These problems make it 


PORCELAIN- TREATED TURQUOISE 


difficult to meet the ever-increasing consumer de- 
mand. Therefore, imitations and “optimized” (treated) 
products have been on the rise in the world market. 
Some merchants use other natural gemstone materials 
to imitate the color of turquoise by dyeing (Xie et al., 
2010; Zhu et al., 2016; Schwarzinger and Schwarzinger, 
2017), and there are a few synthetic versions available 
(Choudhary, 2010; Pristacz et al., 2013). However, 
these are not accepted in the Chinese market. 

To enhance the color, texture, and density of low- 
and medium-quality turquoise, the main method is 
to inject an organic binder under atmospheric or 
higher pressures (Koivula et al., 1992; McClure et al., 
2010). This process maximizes yield while improving 
durability. This treatment can be detected by infrared 
absorption spectroscopy, in which absorption bands 
are produced by the typical v,(CH,) symmetrical 
stretching vibration, v,,(CH,) asymmetric stretching 
vibration, and (C=C) stretching vibration of organic 
polymers (Xu and Di, 2018). 

Surprisingly, a novel technique utilizing an in- 
organic additive was introduced to the Chinese 
market in 2019. This method uses an inorganic 
binder to effectively improve the luster and color 
of low- and medium-quality material so that it re- 
sembles high-quality turquoise (figure 1). The 
study of this “porcelain-treated” turquoise is rela- 
tively new, and there are few reports on the process 
itself. Only Deng et al. (2019) have studied a spe- 
cific porcelain treatment and the silicate solution 
used, in which the molar ratio of the sodium sili- 
cate to potassium silicate was 3.5:1.0. Meanwhile, 
many merchants treat turquoise to raise its price 
but do not disclose the details of the process. At 
present, the identification of porcelain-treated 
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Box A: CATEGORIES OF TURQUOISE IN THE CHINESE MARKET 


bas. 


Figure A-1. A variety of high-quality “natural porcelain” turquoise products from Hubei Province. A: Sky blue, 56.7 x 
35.2 x 24.6 mm, 56.20 g. B: Greenish blue, 32.6 x 25.7 x 10.6 mm, 12.25 g. C: Bluish green, 36.2 x 28.0 x 13.0 mm, 13.92 
g. D: Yellowish green, 15.5 x 16.3 x 19.2 mm, 6.5 g. E: Sky blue, 15.9 mm diameter, 5.68 g. F: Greenish blue, 64.7 x 37.5 x 
19.2 mm, 48.75 g. Photos by Ren Fei, Jin Yu Turquoise Company. 


The turquoise used for “porcelain” treatment is mostly 
porous, with a loose texture. Silicate filling is used to en- 
hance its color and luster, imitating the appearance of 
high-quality untreated turquoise. Following this process, 
the material is called “porcelain-treated” turquoise. The 
related terms are defined as follows. 


turquoise is challenging, and some labs may mis- 
takenly identify it as untreated. Our investigation 
found that more than 10% of the turquoise in the 
Chinese jewelry market is treated with a silicate 
inorganic binder. Most porcelain-treated turquoise 
is sold as untreated, which is detrimental to the 
market. 


440 = PORCELAIN- TREATED TURQUOISE 


“Natural porcelain” turquoise (specific gravity >2.70): 
High-quality turquoise with high density, high hard- 
ness (5.5-6.0), bright color, and high surface luster. This 
material is particularly sought after because its luster 
resembles porcelain after polishing (figures A-1 and A- 
2, A and B). 


MATERIALS AND METHODS 

Samples. A total of 14 untreated and 26 porcelain- 
treated samples were examined in this study (table 
1). All the samples from Zhushan County were ob- 
tained through the long-term cooperation between 
our research group and miners from the local market. 
Samples from the Guangzhou jewelry market had no 


Gems & GEMOLOGY WINTER 2022 


Figure A-2. The appearance of different qualities of natu- 
ral turquoise. A: Greenish blue “porcelain” turquoise, 
14.5 mm diameter, 4.86 g. B: Greenish blue “porcelain” 
turquoise, 14.5 mm diameter, 4.80 g. C: Medium-quality 
material, 12.0 mm diameter, 3.80 g. D: Porous material 
prior to treatment, 10.0 mm diameter, 1.5 g. Photos by 
Ren Fei, Jin Yu Turquoise Company. 


Medium-quality turquoise (SG 2.50-2.70): Density, 
hardness (4.5-5.5), and color are between “natural 
porcelain” and porous turquoise, with medium surface 
luster (between waxy and earthy) (figure A-2, C). 


Porous turquoise (SG <2.50): Also known as loose 
turquoise, with light blue to bluish white color and low 
surface luster, usually soft or even friable (hardness 
<4.5). Treatment methods such as the Zachery process 
(Fritsch et al., 1999), wax injection (Chen, 2009), and 
dyeing are often used to enhance its appearance (figure 
A-2, D). 


origin record. All 40 specimens were polished (figure 
2). To study the internal color distribution and the 
compositional and structural changes of the porce- 
lain-treated turquoise, five of the samples after treat- 
ment were cut in half and polished (figure 3). The 
specimens were divided into two groups: P (porce- 
lain-treated) and N (natural-color untreated). 


PORCELAIN- TREATED TURQUOISE 


The porcelain-treated specimens in this study 
were sky blue, whitish blue, bluish green, yellowish 
green, greenish blue, brownish blue, and brownish 
green. Some displayed an uneven color distribution, 
and many (such as P4, P5, P8, and N1) had irregular 
white patches on the surface. All the porcelain- 
treated samples had a waxy luster (table 1, where H 
refers to half beads of porcelain-treated turquoise; see 
also figure 2). 


Standard Gemological Testing. Specific gravity (SG) 
of all specimens was recorded using a hydrostatic bal- 
ance. Microscopic observations were carried out with 
a Leica M205A stereo microscope. Both tests were 
conducted at the Gemmological Institute, China 
University of Geosciences in Wuhan (GIC). 


Infrared Spectroscopy. Infrared spectroscopy analysis 
was carried out using a Bruker Vertex 80 Fourier- 
transform infrared spectrometer at GIC. A small 
amount of sample and KBr powder (weight ratio of 
1:150) were mixed, ground, and pressed to make a 
KBr tablet for transmission spectroscopy. The follow- 
ing conditions were used to test the tablet: 220 V 
scanning voltage, 6 mm raster, 10 kHz scanning rate, 
32, scans, 400-4000 cm! range, and 4 cm" resolution. 
Baseline corrections were made using Bruker’s OPUS 
spectroscopy software. 


Ultraviolet/Visible (UV-Vis) Spectroscopy. A UV-Vis 
spectrophotometer (PerkinElmer Lambda 650 S) was 
used to test the samples’ color characteristics at GIC. 
The test conditions were as follows: surface reflec- 
tion method, 1 nm resolution, 100 ms collection 
time, a deuterium lamp excitation source at a color 
temperature of 2850 K, and a wavelength range of 
250-800 nm. 


Energy-Dispersive X-Ray Fluorescence (EDXRF) 
Spectroscopy. Chemical composition was deter- 
mined by energy-dispersive X-ray fluorescence using 
a ThermoFisher ARL Quant’x EDXRF analyzer 
equipped with a rhodium-palladium X-ray tube and 
a Peltier-cooled detector at GIC. The analyses were 
performed using a voltage of 0 to 50 kV, a current of 
1.98 mA, and a spot size of 1.5 mm_. Testing was car- 
ried out based on the turquoise working curve estab- 
lished by Liu and Yang (2018). The details of the 
turquoise working procedures were established as 
follows: Liu and Yang (2018) conducted laser abla- 
tion-inductively coupled plasma—mass spectrometry 
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TABLE 1. Characteristics of turquoise samples from this study. 


Group Sample Color Shape Luster SG Weight (g) Market Source 
PI Whitish blue Drilled bead Waxy 1.95 0.190 Zhushan 
P2 Sky blue Drilled bead Waxy 2.35 1.662 Guangzhou 
P3 Whitish blue Drilled bead Waxy 2.14 3.094 Guangzhou 
P4 Sky blue Drilled barrel Waxy 2.39 4.006 Guangzhou 
PS) Sky blue Drilled bead Waxy 2.44 5.249 Guangzhou 
P6 Greenish blue Drilled bead Waxy 2.33 2.190 Zhushan 
P7 Bluish green Drilled bead Waxy 2.47 2.538 Zhushan 
P8 Sky blue Drilled bead Waxy 2.63 2.922 Zhushan 
P9 Whitish blue Drilled bead Waxy 1 2.074 Guangzhou 
P10 Green-blue Drilled bead Waxy 1.93 2.129 Zhushan 
P11 Whitish blue Drilled bead Waxy ROD 0.175 Zhushan 
z P12 Whitish blue Drilled bead Waxy 1.89 0.203 Zhushan 
§ Pils Brownish blue Drilled bead Waxy 2.38 2075 Guangzhou 
5 P14 Sky blue Drilled bead Waxy 2.41 2.051 Guangzhou 
5 P15 Sky blue Drilled bead Waxy 250 157 Guangzhou 
P16 Whitish blue Drilled bead Waxy 1.94 1.085 Zhushan 
PUY Whitish blue Drilled bead Waxy Delle) 1.000 Zhushan 
P18 Yellowish green Drilled bead Waxy 2.55 4.485 Guangzhou 
P19 Sky blue Drilled bead Waxy 2.45 1.385 Guangzhou 
P20 Whitish blue Drilled bead Waxy 2.13 2.191 Guangzhou 
P21 Brownish green Drilled bead Waxy 236 5.296 Guangzhou 
H1 Whitish blue Half bead Waxy 2.15 0.059 Zhushan 
H2 Sky blue Half bead Waxy Deas) 1.100 Guangzhou 
H3 Whitish blue Half bead Waxy 2.38 0.344 Zhushan 
H4 Yellowish green Half bead Waxy 29) 1.236 Guangzhou 
H5 Sky blue Half bead Waxy 2.41 1.792 Zhushan 
N1 Whitish blue Block Waxy 2.48 8355 Guangzhou 
N2 Yellowish green Block Waxy 2.66 1.002 Zhushan 
N3 Whitish blue Drilled barrel Waxy Bees) 1.239 Zhushan 
N4 Sky blue Block Weak porcelain 2.68 3.518 Zhushan 
N5 Greenish blue Drilled barrel Weak porcelain DT) 6.647 Zhushan 
™ N6 Whitish blue Drilled bead Earthy 2.50 1.683 Zhushan 
& N7 Sky blue Block Waxy 2.64 3.029 Zhushan 
2 N8 Greenish blue Block Waxy 2.65 0.713 Zhushan 
= N9 Greenish blue Block Waxy 2.58 2.128 Zhushan 
N10 Sky blue Drilled bead Waxy 2.61 1.301 Zhushan 
N11 Whitish blue Drilled bead Waxy 2.56 1373) Zhushan 
N12 Whitish blue Block Earthy 2.58 0.830 Zhushan 
N13 Whitish blue Drilled barrel Earthy 2.60 0.880 Zhushan 
N14 Whitish blue Block Earthy 2.49 0.581 Zhushan 
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rites are seen to be uniformly compact 
throughout, often with a peculiar oily look, 
while the jadeites show a distinctly crystal- 
line, or at least a scaly-fibrous texture. 

Jade boulders of either kind, when sub- 
jected to the constant flowing of sandy water, 
will show some of their true colors. If they 
are on land, however, so as to be exposed 
to continuous weathering, the nephrites 
usually will have a brownish-red, rather 
shiny skin, while the jadeites are likely to be 
more buff-colored and with rather a sandy 
crust. 

A rounded piece of nephrite will be ex- 
ceedingly hard to break, for although its 
scratching-hardness is only 5.5 to 6.5 on the 
Moh Scale (tale being No. 1, and diamond 
10) yet, by reason of the interlaced fibers, it 
is one of the toughest of all minerals. When 
a freshly broken chip has been obtained, it 
usually will be seen to have a somewhat dull, 
flaky appearance, and on thin edges the better 
gtades will be more or less translucent. It 
will feel colder to the touch than ordinary 
rocks, and will have a certain resonance 
when struck sharply. Finally, laboratory tests 
will be required for positive proof of identity. 

Nephrite is not attacked by acids. A thin 


splinter, when heated intensely before a 
blowpipe changes to a cloudy white, and 
fuses with difficulty to a gray slag. It is 
somewhat heavier than most non-metallic 
minerals. Its specific gravity, depending on 
the amount of iron present, will be within 
the range from 2.91 to 3.01, though but 
rarely will any be found as heavy as 3.00. 
Chemical or spectrographic analysis, supple- 
mented by examination of thin sections under 
the petrographic microscope, will give the 
exact identification. 

Jadeite is harder than nephrite but is not 
quite so resistant to fracture. Its range on 
the hardness scale is from 6.5 co 7.0, so that 
it will scratch glass but will itself resist 
attack by a steel file. It feels distinctly cold 
to the touch, and its heavier density can 
readily be noticed. The specific gravity varies 
somewhat because of slight differences in 
composition, but usually it is 3.33 to 3.50. 
This is important for distinguishing it from 
nephrite and other greenish minerals that 
sometimes have been mistaken for jade. 

A very convenient means of measuring 
specific gravity is by the use of heavy liquids. 
Almost all nephrites will float on liquid 3.0, 
whereas most jadeites will sink rapidly in 


© The Barranca de Toliman in the state of Hidalgo, Mexico, from which a discovery of 
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Figure 2. Ten of the porcelain-treated turquoise samples (P1—P10) and four of the untreated specimens (N1—N4) 


characterized in this study. Photos by Liying Huang. 


(LA-ICP-MS] testing on a different set of 26 pieces of 
untreated turquoise from Zhushan, nine uniform 
color test positions were selected for each sample, 
and the average value was taken as the standard 
value of each sample. Twenty-one of 26 turquoise 
samples with a composition gradient were selected 
as reference standards, and the working curve of an- 
alytical elements was established. Ten elements (alu- 
minum, silicon, phosphorus, potassium, calcium, 
copper, iron, vanadium, chromium, and zinc) were 
selected for examination. 


Raman Spectroscopy. A Raman spectrometer (Bruker 
Senterra R200L) was used to explore the abnormally 
high SiO, content in the porcelain-treated turquoise 
at GIC. The laser wavelength was 532 nm, the laser 
power was 20 mW, and the acquisition time was 30 
s. The laser spot size was 50 um, the resolution was 
9-15 cm, and the test range was 34-1500 cmt. 


Environmental Scanning Electron Microscope 
(ESEM). A Quanta 200 environmental scanning elec- 
tron microscope was used to observe the structural 


Figure 3. Porcelain-treated turquoise samples in group P that were cut in half for internal studies (red points indi- 


cate EDXRF testing locations). Photos by Liying Huang. 
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SPECIFIC GRAVITY OF PORCELAIN-TREATED VS. UNTREATED TURQUOISE 
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characteristics of the porcelain-treated specimens at 
the State Key Laboratory of Geological Process and 
Mineral Resources, China University of Geosciences 
in Wuhan (CUG). The test conditions were as fol- 
lows: room temperature of 15° to 20°C, a relative hu- 
midity of <80%, an acceleration voltage of 20 kV, 
and a magnification of 7x to 10°x. Secondary elec- 
tron images were collected. Three porcelain-treated 
samples (P4, H2, and H3)and one untreated 
turquoise sample (N14) were selected to obtain cross 
sections of polished areas coated with 10-20 nm of 
gold using SEM. 


RESULTS AND DISCUSSION 


Gemological Properties. All the porcelain-treated and 
untreated turquoise samples were tested for their 
standard gemological properties. 


Specific Gravity. Turquoise is a polycrystalline ag- 
gregate, and its surface pores easily absorb water. 
Therefore, specific gravity (table 1) should be 
recorded within 2. seconds after immersion (He et al., 
2018). The SG of the untreated samples ranged from 
2.35 to 2.69, with an average of 2.57. There was a 
limited number of untreated turquoise samples in 
the test set, and previous studies have shown that 
the SG of untreated turquoise with a poor texture is 
typically less than 2.50, while turquoise with a high- 
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quality texture generally has an SG greater than 2.70 
(Chen, 2009; Xu et al., 2021). 

The SG of the porcelain-treated specimens ranged 
from 1.89 to 2.56, with an average of 2.26 (figure 4). 
The porcelain-treated whitish blue samples’ SG 
range was 1.89-2..38 (average of 2.05), while the un- 
treated whitish blue samples’ range was 2.35-2.61 
(average of 2.51). The porcelain-treated sky blue sam- 
ples’ SG range was 2..33-2.63 (average of 2.44), while 
the untreated sky blue samples’ range was 2.62-2.68 
(average of 2.65). Untreated sample data from Chen 
(2009) and Xu et al. (2021) are also in this range. As 
can be seen, the average SG of porcelain-treated 
turquoise (both whitish blue and sky blue) was lower 
than the average SG of untreated turquoise. 

The luster and hardness of untreated turquoise are 
related to its density (Wang, 1986; Foord and Taggart, 
1998). The denser the structure and the higher the 
hardness, the stronger the luster. Untreated porcelain 
turquoise shows a strong waxy to glassy luster after 
polishing, while porous material has an earthy to 
weak waxy luster. The porcelain-treated specimens 
in this study generally had a higher luster (waxy to 
weak porcelain). Their density was similar to that of 
low-quality turquoise typically chosen for treatment. 
Hence, the combined characteristics of low density 
and strong surface luster can be used to identify 
porcelain-treated material. 
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Morphological Characteristics. Most of the porce- 
lain-treated specimens purchased at the Zhushan 
market were whitish blue. They had waxy luster and 
a uniform color distribution, such as sample P1 in 
figure 2. The porcelain-treated turquoise specimens 
purchased in the Guangzhou market had various col- 
ors, including sky blue, whitish blue, and yellowish 
green. Some of the samples from both markets had 
high color saturation and waxy luster, such as sam- 
ples P2-P10 in table 1. 

Microscopic examination of porcelain-treated 
specimens P1, P5, and P10 showed obvious granular 
transparent crystals and fibrous filaments at pore 
channels and near the depressions of iron lines (figure 
5). Specimen P1 originally had a waxy luster, but one 
week in an ambient environment (humidity above 
50%) dulled its luster (figure 6, left) and left a blue 
spot on the surface (figure 6, right). Specimen H4 had 
a nonuniform color distribution with deep color 
along the edge and a bleached appearance along the 
iron vein. We attributed this uneven distribution to 


Figure 5. Surface charac- 
teristics of porcelain- 
treated samples P1 and 
P10. Left: Fibrous fila- 

_ ments at the edge of a 
drilled hole on P1. Right: 
Fibrous filaments near 
the depression of an iron 
vein on P10. Photomicro- 
graphs by Liying Huang. 


Fibrous filaments 


immersion in the filling material during treatment 
(figure 7, left). A round, transparent blob of melt with 
a greasy luster appeared on the surface of specimen 
P10 (figure 7, right). 

Magnification and SG testing revealed that the 
stability of porcelain-treated turquoise is related to 
the density of the rough material before enhance- 
ment. Higher density produces a more stable color 
and luster. Because turquoise with high density is less 
porous, the filling material does not easily come out 
of the pores and the treatment is relatively stable. 


Chemical Composition Analysis. All the porcelain- 
treated samples (P1—P21 and H1—HS5) and ten of the 
untreated specimens with good luster (NI-N5 and 
N7-N11) were measured for major elements with 
EDXRE All the porcelain-treated turquoise and some 
untreated samples (N1-N4) were also analyzed by 
Raman spectroscopy. Two or three different locations 
with uniform color were selected for each specimen, 
and each test location was tested twice with the av- 


Figure 6. Surface characteristics of porcelain-treated turquoise sample P1. Left: After one week in a humid atmos- 
phere, the surface changed from waxy in luster and uniform in color to an earthy luster with brown spots. Right: A 
blue spot also appeared on the surface of sample P1 after one week in an unstable ambient atmosphere. Photos by 


Liying Huang. 
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Nonuniform color 


Figure 7. Surface characteristics of porcelain-treated turquoise samples H4 and P10, respectively. Left: H4 had a 
nonuniform color distribution, with deep color along the edge and a bleached look along an iron vein. Right: A 
round, transparent spot of melt with a greasy appearance on the surface of sample P10. Photos by Liying Huang. 


erage value reported with detection limits in table 2. 
The main chemical compositions of the porcelain- 
treated and untreated turquoise were similar, com- 
posed mainly of CuO, Al,O,, and P,O., with traces 
of FeO, (including Fe,O, and FeO), ZnO, SiO,, K,O, 
and CaO. Turquoise’s ideal chemical formula is 
CuAl,(PO,),(OH),-4H,O, in which iron can replace 
some of the aluminum and zinc can replace copper 
(Zhang et al., 1984; Foord and Taggart, 1998; Chen, 
2009; Liu, 2019). The ideal formula in weight per- 


centage of oxides was 37.60% Al,O,, 34.90% P,O., 
9.78% CuO, and 17.72% H,O. The original EDXRF 
test results do not include water (the total oxide con- 
tent is approximately 100%}, so we accounted for 
water by multiplying by 0.8228 (100% minus the 
17.72% attributable to water). The results of these 
calculations are presented in table 2 (note the approx- 
imately 82% total for all of the measured samples) 
and plotted in figure 8. Figure 8 plots the differences 
between the major elements of porcelain-treated and 


TABLE 2. Element concentrations (in wt.%) in porcelain-treated and untreated turquoise, measured by EDXRF. 


Oxide Porcelain-treated 


Untreated Untreated sample N2 Ideal turquoise Average detection limit 

min-max (avg.) min-max (avg.) min-max (avg.) (wt.%) 
Al,O, 14.75-28.49 (23.78) 22.65-32.62 (29.51) 30.72-31.16 (30.93) 37.60 0.16 
P.O, 22.03-34.18 (29.81) 31.44-38.22 (35.73) 35.82-36.17 (36.04) 34.90 0.12 
CuO 7.16-11.37 (9.19) 0.82-11.38 (7.06) 0.82-0.88 (0.85) 9.78 0.0038 
FeO, 1.12-16.95 (4.14) 0.29-14.42 (4.00) 0.94-0.95 (0.95) — 0.0042 
ZnO 0.00-1.29 (0.17) 0.11-10.28 (2.47) 9.78-10.28 (10.02) _ 0.014 
SiO, 8.30-29.45 (14.15) 1.11-8.01 (2.57) 2.50-2.84 (2.71) — 0.33 
K,O 0.03-0.94 (0.14) 0.06-0.26 (0.11) 0.06-0.08 (0.07) _ 0.0061 
CaO 0.02-0.64 (0.19) 0.05—-0.93 (0.18) 0.05—-0.08 (0.06) —_ 0.0047 
H,O na na na Wh = 
Total? 81.57 81.63 81.63 100 —_ 


@na = not analyzed 
The given totals were added up from the average wt. % of the porcelain-treated and untreated turquoise, which did not include the content of H,O. 


446 — PORCELAIN- TREATED TURQUOISE 


Gems & GEMOLOGY 


WINTER 2022 


MAJOR OXIDE CONCENTRATIONS OF PORCELAIN-IREATED TURQUOISE AND UNTREATED TURQUOISE 
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Figure 8. A-F: Major oxide concentrations corrected for water of porcelain-treated turquoise (black) and untreated 
turquoise (red). The different shapes represent different specimens (P1-P21, N1—N5, and N7—N11), while the blue 
line in the SiO, plot is the minimum value of the SiO, content of porcelain-treated turquoise. 
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Figure 9. The Raman spectrum of quartz in untreated 
turquoise specimen N2. 


natural turquoise. Among them, sample N2 had a 
ZnO to CuO weight percentage ratio greater than 
1.0, making it a copper-zinc turquoise (Foord and 
Taggart, 1998). 


The silica concentrations of all of the porcelain- 
treated samples were above 8.29 wt.%, generally 
higher than that of untreated turquoise. The silica 
contents of all the untreated samples tested in this 
study were all lower than 8.29 wt.% (the silica con- 
tent of most untreated turquoise is <3 wt.%) (figure 
8). Occasionally, the silica content of untreated 
turquoise can be high due to the existence of associ- 
ated minerals, such as quartz and some clay miner- 
als. In those cases, the elevated silica content was 
caused by associated minerals, according to the 
Raman spectroscopy results (figure 9). It was inferred 
that the binder used in the porcelain treatment con- 
tained silicon. 

The weight percentages of aluminum + iron, cop- 
per + zinc, and phosphorus were converted into 
atomic percentages and plotted as the vertices of a 
ternary diagram (figure 10]. It can be seen that un- 
treated and porcelain-treated turquoise occupy two 
different areas, with some overlap. The atomic per- 
centage of phosphorus in untreated turquoise is gen- 
erally greater than 37.5%, significantly higher on 
average than in porcelain-treated turquoise. Data of 
untreated turquoise from Xu et al. (202.1) are in agree- 
ment with our findings (blue points in figure 10). 
Therefore, the relationships between aluminum + 
iron, copper + zinc, and phosphorus are a useful 


Figure 10. Left: Ternary diagram showing the composition of untreated (including data from Xu et al., 2021) and 
porcelain-treated turquoise in terms of copper + zinc, aluminum + iron, and phosphorus. Right: A partial enlarge- 
ment of the ternary diagram. The atomic percentage of phosphorus in untreated turquoise is generally greater than 
37.5%, significantly higher on average than in porcelain-treated turquoise. 
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ATOMIC RATIO/RELATIONSHIP DIAGRAMS 
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Figure 11. Diagrams showing the relationship be- 
tween copper vs. zinc (A) and aluminum vs. iron (B) 
in atomic percentage. C: Atomic ratio of iron and alu- 
minum scatter diagram, in which the dashed line is 
the boundary value of Fe/AI ratio between porcelain- 
treated and natural turquoise (0.22). The Fe/Al ratio 
of porcelain-treated turquoise is higher. 
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means of separation. In addition, two-dimensional 
separation plots were generated between zinc and 
copper and between iron and aluminum (figure 11, A 
and B). It is impossible to distinguish porcelain- 
treated turquoise through the content relationship of 
zinc and copper. Figure 11 (B and C) shows some sep- 
aration between untreated and porcelain-treated 
turquoise. Because the Fe/Al ratio of porcelain- 
treated turquoise (>0.22) is higher than that of un- 
treated turquoise, it can potentially be distinguished 
by its iron/aluminum ratio. 

Among the tested samples, the silica content of 
untreated specimen N2 was as high as 8 wt.%. Micro- 
scopic observation found a light-colored mineral with 
a transparent glassy luster, which was identified as 
quartz by Raman analysis (figure 9). The Raman shifts 
of 1091 and 816 cm” were caused by asymmetric and 
symmetrical stretching vibrations of Si-O-Si, and the 
peak values were low. The bending vibration Raman 
shift of Si-O-Si was 474 cm:!, and its peak was the 
highest. All the characteristic scattering peaks were 
sharp, and the full width at half maximum was small, 
indicating high crystallinity (Krishnan, 1945; Krish- 
namurti, 1958). Comparing the Raman spectra of un- 
treated and porcelain-treated turquoise, there is little 
difference in spectral peaks from previous studies 
(Cejka et al., 2015; Stubma and Andragiova, 2021) (fig- 
ure 12). In the 2800-3000 cm range, some porcelain- 
treated material exhibited a weak peak, while 
untreated turquoise did not. The peak at the position 
of 2800-3000 cm! may be attributed to the asymmet- 
rical stretching vibration and stretching vibration of 
CH, (Chen et al., 2010b). This peak often occurs in 
turquoise treated with an organic binder. This peak 
from porcelain-treated turquoise at the position of 
2800-3000 cm! (figure 12) is weak due to low spectral 
resolution, so the material cannot be identified as 
porcelain-treated from this peak. Since the EDXRF 
test found a high concentration of silicon in the 
porcelain-treated turquoise, it was inferred that the 
fillings are inorganic (containing silicate). 

To explore whether the high silica content is 
caused by the porcelain treatment, three test positions 
of equal distance from the edge to the center of the 
split samples in group P (figure 3) were measured with 
EDXRE. Each different test location was tested twice 
and averaged. The silica content near the edge was 
higher than that at the center, indicating that the high 
silica content of the porcelain-treated turquoise was 
due to the enhancement process (figure 13) and the ob- 
served variations from sample to sample were caused 
by the silicon-containing filling. 
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Figure 12. Raman spec- 
troscopy of untreated 
(N1) and porcelain- 
treated (P2, P4) 
turquoise. The Raman 
spectrum characteristics 
of the treated and un- 
treated turquoise are 
consistent. Inset: The 
close-up of the 2800- 
3200 cnr! range shows 
that porcelain-treated 
(P2, P4) turquoise has a 
broad and weak absorp- 
tion band around 2850- 
2950 cnr, while 
untreated turquoise does 
not. Spectra are offset 
vertically for clarity. 
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Infrared Spectroscopy Features. All the porcelain- 
treated and untreated turquoise specimens were meas- 
ured with infrared spectroscopy. The obtained infrared 
absorption spectra were divided into two regions: 


Figure 13. Distribution of silica in three different loca- 
tions in the porcelain-treated specimens (H1—H5) 
based on EDXRF results. From the edge position to 
the center position, the samples show different de- 
grees of silica concentration decrease. 
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4000-1300 cm (region I) and 1300-400 cm7 (region 
Il). In the ideal turquoise structure, group theory analy- 
sis shows that there are two PO,* units in nonequiv- 
alent positions, two H,O units in nonequivalent 
positions, and four OH units in nonequivalent posi- 
tions. Different units have different vibration charac- 
teristics. The vibration modes and frequencies of OH, 
H,O, and PO,? units determine the infrared absorp- 
tion spectra of turquoise (Lind et al., 1983; Fritsch and 
Stockton, 1987; Chen, 2009; Cejka et al., 2015). 


Untreated Turquoise. The absorption characteristics 
of untreated turquoise in region I were consistent 
with previous research (Chen et al., 2007). The ab- 
sorption near 3500-3400 cm! corresponds to the 
(OH) stretching vibration, the absorption near 3300- 
3000 cm! is a 8(H,O) stretching vibration, and the 
peak near 1640 cm! is the 8(H,O) bending vibration 
(figure 14, left). 

Untreated turquoise showed four vibration mode 
frequencies of PO,* in region II. The 1200-1000 cm! 
asymmetric stretching vibration absorption peak was 
v,(PO,*), the four-fold set of peaks with strong ab- 
sorbance. There was a v,(PO,*) symmetrical stretch- 
ing vibration frequency near 900 cm=!, with weak 
absorption. A 5{OH) out-of-plane bending vibration 
frequency was located near 840 and 786 cm. The 


Gems & GEMOLOGY WINTER 2022 


bending vibration frequency of v,(PO,*) was near 
646, 595, 549, and 476 cm!, and a symmetrical bend- 
ing vibration frequency of v,(PO,°-) was near 470-410 
cm=! with weak absorption. Its main peak was near 
1100 cm (figure 14, left). 


Porcelain-Treated Turquoise. The porcelain-treated 
turquoise in region I showed an absorption peak 
caused by the stretching vibration of v(OH) near 3511 
and 3465 cm‘, an absorption peak caused by the 
stretching vibration of v(H,O) near 3300 and 3087 
cm-', and an absorption peak caused by the bending 
vibration of (H,O) near 1640 cm (figure 14, right). 
Those absorption peaks were basically the same as 
those of untreated turquoise (Farmer, 1974). 

The infrared absorption spectroscopy characteris- 
tics of porcelain-treated turquoise in region II showed 
that 1160, 1108, 1060, and 1020 cm were the asym- 
metric stretching vibration absorption peaks of 
v,(PO,*) (figure 14, right). The symmetrical stretch- 
ing vibration frequency of v,(PO,*-) was near 900 
cm, the out-of-plane bending vibration frequency of 
d(OH) was located at 840 and 786 cnr, and the bend- 
ing vibration frequency of v,(PO,*) was near 649, 
609, 580, and 476 cm!. The symmetrical bending vi- 
bration frequency of v,(PO,*-} was located near 470- 
410 cm, its absorption was weak, and some samples 
did not show this peak. The main peak of most sam- 


ples was 1108 cm, consistent with that of the un- 
treated specimens. 

According to Farmer (1974), the absorption peak 
caused by the v(Si-O-Si] stretching vibration was near 
1100-1000 cm" with strong absorption. The v(Si-O- 
Si) asymmetric stretching vibration frequency was 
near 1089 cm with strong absorption. The v(Si-O- 
Si) symmetric telescopic vibration frequency splits 
at 800 and 781 cm", and the asymmetric and sym- 
metrical variable angle vibrations were located at 696 
and 464 cm7|, respectively. The asymmetric stretch- 
ing vibration of phosphate v,(PO,?-) was located at 
the strong absorption of 1100-1050 cm, and the 
symmetrical stretching vibration of v,(PO,*) was lo- 
cated at 970 cm, which is very weak. A weak bend- 
ing vibration of v,(PO,°-) was located at the 
absorption wavelength of 630-540 cm, and a weak 
symmetrical bending vibration of v,(PO,?-) was lo- 
cated at the absorption wavelength of 470-410 cm"! 
(Farmer, 1974). 

The absorption peak of the v(Si-O-Si) asymmetric 
stretching vibration was similar to that of the 
v;(PO,*} asymmetric stretching vibration, the ab- 
sorption peak of the v(Si-O-Si} symmetrical stretch- 
ing vibration was similar to that of the 6(OH) 
out-of-plane bending vibration, and the v(Si-O-Si) 
symmetrical stretching vibration absorption peak 
was close to that of the v,(PO,*) bending vibration 


Figure 14. Left: Infrared absorption spectra of untreated turquoise (N2-N5). Right: Porcelain-treated specimens 
(P1—-P5). The FTIR characteristics of the two groups are consistent. Spectra are offset vertically for clarity. 
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Figure 15. UV-Vis re- 
flectance spectra of un- 
treated (N1 and N5) 
and porcelain-treated 
(P2 and P10) turquoise 
samples. Their UV-Vis 
characteristics are es- 
sentially identical when 
comparing similar col- 
ors between treated and 
untreated. 


0 T T 


T 
500 600 


WAVELENGTH (nm) 


absorption peak. It was difficult to distinguish the 
presence of Si-O-Si without careful comparison. 

We detected no peaks of organic matter in the in- 
frared spectrum, and the infrared absorption peak of 
Si-O was very similar to that of PO,*. 


UV-Vis Reflectance Spectrum Features. All the 
porcelain-treated and untreated specimens were 
measured with UV-Vis spectroscopy. In turquoise, 
copper is in a distorted octahedral coordination with 
six oxygens in an edge-sharing arrangement with 
pairs of alumina octahedra, and iron presumably re- 
places aluminum (Zhang et al., 1984; Foord and Tag- 
gart, 1998; Chen, 2009; Liu, 2019). The broad and 
strong absorption band near 620-750 nm is produced 
by the d-d electron transition of Cu**. The d-d elec- 
tron transition of Fe** produces an absorption band 
near the violet region at 425 nm, while the weak ab- 
sorption band in the ultraviolet region at 370 nm is 
caused by the Fe* electron transition and charge trans- 
ferring from O? to Fe** (Foord and Taggart, 1998; 
Chen, 2009). The UV-Vis reflectance spectra of porce- 
lain-treated turquoise (figure 15) show a broad absorp- 
tion band in the yellow to red region (620-750 nm) and 
two absorption peaks in the purple region (~422 and 
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429 nm), which are almost identical to the UV-Vis ab- 
sorption spectra of untreated turquoise. N5 and P10 
are greener than N1 and P2 and have more iron, so 
their absorptions are stronger at 422 and 429 nm. 


Basis for Identifying Porcelain-Treated Turquoise 
Using Nondestructive Methods. Both untreated and 
porcelain-treated turquoise can be identified through 
nondestructive testing, focusing on the appearance 
and composition characteristics of porcelain-treated 
turquoise (see the flowchart in figure 16): 


1. the combination of strong surface luster and 
low density 

2. fibrous filaments and potentially an area with 
greasy luster on the surface 

3. high atomic ratio of iron to aluminum (>0.22) and 
low atomic percentage of phosphorus (<37.5%) 

4. high silica content (>8.29 wt.%) in at least five 
test sites. 


The silicon content at multiple test locations 
(without evidence of minerals that would account for 
it) is the decisive basis for identification of porcelain 
treatment, while the surface features and atomic 
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*® A jadeite boulder of finest gem quality that was imported by Mr. Chang Wen Ti 


from Mogaung, Burma. Weighing 15 pounds, it measures 8x 5Y by 5 inches. The 


eight '‘windows’’ were ground out and polished by the government taxing agent at 


Mogaung, in order to disclose the intrinsic quality of the stone for appraisal of its 


value. The circular black-ink mark, at the top, was stamped on the boulder by the 


assessor at the time of official clearing, as proof that the 334% per cent ad valorem 


tax had been paid. The Chinese characters on the under side read, ‘‘Yu Hwa — 


Number Kwang Second — One Piece — Weighing twelve catties.’ 


pure methyl iodide — sp. gr. 3.32. Testing 
with a blow-pipe also will readily distin- 
guish between the two kinds of jade. As 
stated above, nephrite turns white at first, but 
does not melt until after Jong, intense heat- 
ing. Jadeite, on the other hand, fuses easily 
to a transparent bubbly globule, and colors 
the flame a bright sodium yellow. 

When thin sections are examined under 
the microscope, nephrite will be seen to con- 
sist of many indefinitely outlined areas 
which, with higher powers, show wavy and 
uneven bundles of interwoven fibers, some- 
times in clusters or radiating tufts, that 
merge into one another as the stage is re- 
volved. Though separate crystals can scarcely 
be discerned, some fibers indicating the cleav- 
age and optical properties of hornblende 
may sometimes be seen. 

On the contrary, when a section of jadeite 
is examined under such magnification it 
shows clearly defined, individual crystals in- 
terlocking as a mosaic. Usually, also, some 
crystals exhibiting the features of augite or 
diopside may be found in some sections. In 
fact, x-ray diffraction studies have shown 


that a molecular structure similar to diop- 
side is characteristic of all the monoclinic 
pyroxenes: jadeite, acmite, and spodumene 
of the sodium-lithium-aluminum-iron group; 
as well as clinoenstatite, diopside, heden- 
burgite, and augite of the calcium-magne- 
Differences in 
the maximum extinction angles — from about 
6° for acmite to nearly 54° for augite —- serve 
to identify the various species. This angle 
for jadeite is from 30° to 36°, while that of 
diopside is from 37° to 44°. 

For quick approximation of the essential 
contents, and of all minor accessory elements 
in specimens thought to be jade, the spectro- 
graph is very useful. Quantitative chemical 
analysis will then disclose the exact propor- 
tions of all constituent elements. 

By such tests it is possible to determine 
the identity of nephrite or jadeite pieces that 
may be presented for examination, and even 
sometimes to discern evidences pointing to 
the sources whence they came. If, however, a 
supply of rough stone is wanted, where 
might it be found? 

Since both of these minerals are products 


sium-aluminum-iron — series. 
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SEPARATION OF NATURAL AND PORCELAIN-TREATED TURQUOISE 


General and microscopic observations 
Color, luster, specific gravity, morphological characteristics 


1. Low SG, strong 
surface luster 


2. Fibrous filaments, 
greasy melted area 


on the surface 


Gem species identification 


Infrared, UV-Vis, and Raman spectroscopy Turquoise 


Fe/Al ratio >0.22, 


Major oxides quantification 
P <37.5 atom% 


Energy-dispersive X-ray fluorescence 


SiO, content >3% SiO, content <3% 


Diagnostic SiO, testing 
Five test sites selected for EDXRF testing 


SiO, content of at least one test 


High SiO, content 
site is between 3% and 8.29% 


(>8.29%) in all test sites 


Raman testing 
Raman spectroscopy performed at high-SiO,-content sites 


Characteristic peaks Characteristic peaks 
with unassociated minerals with associated minerals 


Porcelain-treated turquoise Natural turquoise 


Figure 16. Identification flowchart for porcelain-treated turquoise. The blue boxes represent 
laboratory testing, while the gray boxes represent test results. The yellow stars indicate key dis- 
tinguishing features. 
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Figure 17. Morphological characteristics of untreated and porcelain-treated turquoise. The structure of 
untreated turquoise (N14) is shown via SEM imaging with 10,000x magnification (A) and 6,000x magni- 
fication (B). C and D: Microcrystal boundaries of porcelain-treated turquoise (H3) are blurred and pores 
are filled by colloidal material. E and F: The microcrystals inside sample H3 are columnar and plate- 
shaped. 
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content are the auxiliary basis. In the identification 
process, however, it is still necessary to comprehen- 
sively consider all four factors. 


ESEM. Three porcelain-treated specimens with dif- 
ferent densities (P4, H2, and H3) and one untreated 
specimen (N14) were examined with ESEM. 
Turquoise is triclinic and has a mostly cryptocrys- 
talline structure with very large pores (Cid-Dresdner, 
1965; Foord and Taggart, 1998; Chen, 2009; Abdu et 
al., 2011). Fine crystals can be observed under an elec- 
tron microscope, mostly in the form of thin columns, 
plates, and scales. Figure 17 (A and B) shows the struc- 
ture of untreated turquoise under 10,000x and 6,000x 
magnification, respectively. In specimens with differ- 
ent densities, there are also differences in the arrange- 
ments of microcrystals; turquoise with high density 
has a compact arrangement and small pores, whereas 
turquoise with low density has a loose, disorderly 
arrangement and large pores (Cid-Dresdner, 1965). 
Three porcelain-treated specimens (P4, H2, and 
H3) were selected for SEM examination, and their 
structural characteristics were compared with those 
of untreated turquoise. For observation of each split 
specimen, three test positions were selected from 
edge to center. SEM images of porcelain-treated 
turquoise near the edge of the test sites are shown in 
figure 17 (C and D}. Microcrystals within porcelain- 
treated turquoise lack the typical columnar and plate- 
like crystals of untreated turquoise aggregates. These 
microcrystals within porcelain-treated turquoise are 
approximately lath-shaped with a disorderly distribu- 
tion, and they have rounded microcrystalline edges 
and blurred boundaries. Also, gel-like colloids (e.g., 
figure 17C) distributed between the pores of micro- 
crystals and the crystal surface can be seen (the pores 
between crystals are no longer visible). As shown in 
figure 17 (E and F), the test location near the center 
was less affected by the porcelain treatment and the 
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crystals are columnar and plate-shaped, with observ- 
able edges and pores. 

The surface characteristics produced by porce- 
lain treatment are obvious, while the effect within 
the stone is less evident, similar to the EDXRF re- 
sults. SEM imaging shows that the morphology near 
the center of porcelain-treated turquoise is similar 
to that of untreated turquoise, with complete crys- 
tal shapes, obvious pores, and a disorderly arrange- 
ment of microcrystals. SEM is a useful technique to 
distinguish untreated from _ porcelain-treated 
turquoise through identification of microcrystal 
morphologies and colloid distributions. However, it 
is not suitable for routine gem identification be- 
cause of its destructiveness. 


CONCLUSIONS 


Porcelain-treated turquoise can be reliably separated 
from natural turquoise if a certain combination of 
characteristics are present: low specific gravity, 
strong surface luster, surface features (including fi- 
brous filaments, greasy melted areas, and color dis- 
tribution), high silica content (>8.29 wt.%)}, a high 
atomic ratio of iron to aluminum (>0.22), a low 
atomic percentage of phosphorus (<37.5%), and evi- 
dence of colloid-filled pores with SEM examination. 
High silica content is the most diagnostic feature of 
porcelain treatment, while low SG combined with 
strong luster and high atomic ratio of iron to alu- 
minum are auxiliary identification criteria. However, 
it is necessary to comprehensively evaluate all four 
factors to make a final determination. The infrared 
and UV-Vis absorption spectra characteristics are ba- 
sically the same for untreated and porcelain-treated 
turquoise and therefore not useful for separation. 
SEM observation of surface micromorphology pro- 
vides distinct evidence of porcelain treatment but re- 
quires coating with carbon or gold, making it 
unsuitable for routine identification. 
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NEVER STOP INNOVATING: GEM ARTIST CHI! HUYNH 
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Figure 1. A look inside Adamas Jewelers in San Dimas, California, operated by Chi Huynh and his brother Kiet. 
The store carries Galatea’s jewelry and is decorated with Huynh’s wood carvings and paintings, including the 
boat-style showcases inspired by the family’s journey from Vietnam. Photo by Tao Hsu. 


A elegant jewelry design enhances the beauty of 
a gemstone, transforming it into a wearable 
work of art. The designer behind Galatea: Jewelry by 
Artist seeks to bring the world’s beauty to life 
through art, innovation, science, and technology. 
Named for the ancient Greek myth of a beautiful 
statue that comes to life, Galatea was established in 
1994 by Chi Huynh (figures 1 and 2). The story of 
Galatea reflects Huynh’s vision of expressing his cre- 
ative ideas and innovation through jewelry. Using 
near field communication technology, jewelry from 
his Momento collection can store precious memo- 
ries that are easily accessed with a smartphone. The 
Blossom collection uses ambient temperature 
changes to mimic the blooming of a flower. These 
and other groundbreaking works have earned Huynh 
numerous accolades in the industry. In early 2022, 


See end of article for About the Authors. 
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the authors had the opportunity to visit the store 
and workshop he co-owns and operates with his 
brother Kiet in San Dimas, California. During the 
visit, Huynh shared his experiences, inspirations, 
and passion for jewelry-making innovations. 


Figure 2. Chi Huynh, founder and owner of Galatea: 
Jewelry by Artist. Photo by Kevin Schumacher. 
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Figure 3. Chi Huynh as an infant with his parents and 
siblings in South Vietnam. Courtesy of Chi Huynh. 


ENTERING THE JEWELRY BUSINESS 

Chi Huynh, the youngest of eight (figure 3), was 
born in South Vietnam, where his father was a well- 
respected jeweler. As a child, he learned about jew- 
elry making from his father and was tasked with 
making simple wedding bands until they were per- 
fectly round. Huynh came to understand his father’s 
lesson: “If you want to be a good jeweler, it takes 
skill and repetition.” 

In 1980, when Huynh was 12 years old, his fam- 
ily fled in a small boat after the fall of South Viet- 
nam. A violent storm left the boat drifting on the 
ocean for more than two weeks. After being robbed 
by pirates and nearly dying of hunger and thirst, they 
were rescued by a Thai fisherman, first reaching a 
refugee camp in Thailand and then Los Angeles (fig- 
ure 4). Through this life-altering journey and near- 
death experience, Huynh realized the gift of life and 
vowed to bring beauty into the world. Today, he con- 
siders himself an artist who creates jewelry out of a 
sense of curiosity, inspired by the natural beauty of 
the universe. 

Arriving in the United States without knowing any 
English, Huynh used drawing as a tool to express him- 
self and interact with others. At a young age, he rec- 
ognized visual arts as a universal language and means 
of communication. He explored different forms of art, 
including painting, sculpting, music, and poetry, seiz- 
ing every opportunity to read and learn. 
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Huynh’s father eventually started a new jewelry 
business. But following his father’s path as a jeweler 
did not appeal to Huynh, who desired a more creative 
outlet. Nevertheless, in the early 1990s, he joined his 
father and brother at the JCK Show in Las Vegas to 
learn more about the industry. He noticed that most 
exhibitors carried similar jewelry styles, few of 
which intrigued him. This motivated him to create 
something different, and out of this Galatea was born 
in 1994. Inspired by the Greek myth, Galatea repre- 
sents Huynh’s vision of creating jewelry that comes 
to life. 

Lacking the funds to start a large-scale business, 
Huynh initially used his sculpting and carving tal- 
ents to hand-carve wax models for other manufac- 
turers. He loved the challenge and became a 
well-known carver in the industry. But when that 
challenge waned, he decided to make his own jew- 
elry. To him, making jewelry meant more than just 
design sketches—it meant bringing new concepts to 
the industry. 


MAJOR GEM AND JEWELRY INNOVATIONS 

The authors were intrigued not only by Huynh’s 
beautiful jewelry collections on display at the 
Galatea workshop, but also by more than a dozen 
patents granted for his products. Asked what inspires 
his ideas, Huynh said, “Jewelry is like a painting. It 
enters the eyes, enters the mind, and then touches 
the heart. Therefore, it starts from what it means to 
you. Creativity is a process of expressing oneself or 
losing oneself in a process of living. If you want to 
truly see the world, you need to learn to see with the 
eyes of a child. See it without label and see it as what 


Figure 4. Refugee documentation from 1980 for Chi 
Huynh at age 12 (right) and his brother Kiet. Cour- 
tesy of Chi Huynh. 
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it is, so you can truly see it for itself through your 
own vision.” 

Huynh has brought groundbreaking jewelry de- 
sign concepts to the industry by expressing himself 
and applying various innovations. The following sec- 
tions highlight some of Huynh’s products, which 
often combine several of his techniques into one 
piece of jewelry. 


Diamond in a Pearl. The Diamond in a Pearl collec- 
tion (figure 5) was Galatea’s first, created in 1999 as 
an expression of Huynh’s love for his wife. When a 
mollusk is irritated by a foreign object, such as a 
grain of sand, it secretes nacre, or mother-of-pearl, to 
surround the irritant, resulting in a beautiful pearl. 
In this design, the diamond represents the grain of 
sand, signifying pain or hardship in life, and the pearl 
surrounding it represents love that relieves the pain. 
This collection symbolizes how true love can endure 
and thrive to become something beautiful. 

This design required extensive experimentation 
to find a way to avoid damaging the pearl while 
drilling a large hole to hold the precious metal 
mounting and the diamond. Huynh discovered he 
could achieve this goal with machinery and tools not 
commonly used by jewelers. 


Carved Pearls. One of the most important considera- 
tions for pearl consumers is a smooth surface free of 
blemishes (Liddicoat, 1967). This is true for both nat- 
ural and cultured pearls. While many believe that a 
pearl is carved to remove surface imperfections, that 
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Figure 5. The Diamond in 
a Pearl collection, Huynh’s 
first, is designed to illus- 
trate a pearl’s formation 
and symbolizes how true 
love can survive hardship. 
This jewelry set, named 
“Rhythm of Life,” features 
a combination of pearl 
carving and Diamond in a 
Pearl techniques. The pen- 
dant contains a 12 mm 
carved Tahitian pearl, and 
each earring contains a 10 
mm carved Tahitian pearl. 
The whole set is mounted 
with 14K white gold. 
Courtesy of Chi Huynh. 


is not the case for Galatea. Huynh believes that no 
carving process can turn a low-quality pearl into a 
high-quality one. Instead, a carved pearl must start as 
a good-quality pearl. The carving gives the piece orig- 
inality and individuality. (Due to the rarity of natural 
pearls, Huynh carves only cultured pearls of good 
quality.) The carved pearl technique was patented in 
2006 (Huynh, 2.006). 

Huynh primarily uses Tahitian pearls for carving, 
as well as some South Sea and freshwater pearls, 
from round to baroque shapes (figures 6-8). Huynh 
considers baroque pearls especially pleasurable to 
work with, since their sizes and shapes allow more 
usable space for the carver’s imagination and combi- 
nation with other techniques such as “druzy in a 
gem” (Huynh, 2018a, 2018b) (figure 7). Akoya pearls 
are not ideal given their small size and thin nacre, 
which is insufficient for all of the carving details. 

Pearls with a nacre thickness of 1.0 to 1.5 mm are 
suitable for carving. With his pearl culturing and har- 
vesting experience, Huynh has discovered that even 
if the bead nuclei were placed at the same time and 
the pearls were harvested together, the nacre thick- 
ness would vary considerably between the pearls. To 
choose pearls for carving, he drills a tiny hole to 
check the nacre condition and determine whether 
standard gemstone carving tools can be applied. 
Carving patterns are designed based on the theme of 
the jewelry and the pearl’s nacre thickness and sur- 
face appearance (figure 8). If carved pearls are to be 
combined in a bracelet or necklace, Huynh chooses 
pearls that will achieve a harmonious look (figure 9). 
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Carved pearls are incorporated in many other 
Galatea collections (figure 10). This design concept 
becomes even more intriguing when paired with 


Figure 7. Because non-bead cultured freshwater 
pearls are composed mostly of nacre, the carving can 
be extended deep into the pearl’s body, allowing for 
more creativity. This “Pearl Garden” pendant was 
constructed using a 22 x 15 mm carved baroque 
freshwater pearl with lab-grown diamond and natu- 
ral ruby, emerald, and garnet druzy placed within 
(Huynh, 2006). Courtesy of Chi Huynh. 
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| Figure 6. Tahitian, 
F golden South Sea, 
and freshwater 
carved pearl neck- 
laces from the 
Galatea collection. 
Photo by Artitaya 
Homkrajae. 


gems and precious metals (figure 11]. Carved pearls 
have unlimited uses, as they are created for wearers 
who don’t simply follow trends. 


Figure 8. The “Lightness of Being” pendant symbol- 
izes freedom and was inspired by Huynh’s favorite 
bird. The main 15 x 11 mm Tahitian pearl body was 
hand-carved to imitate the body of a peacock, and 
the pearl’s color matches its feathers. Courtesy of 
Chi Huynh. 
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Galatea Pearls (Gem Bead Cultured Pearls). Galatea 
Pearls combine Huynh’s imaginative carving talent 
with the beauty of gemstones and pearls together. 
This idea was born when a pearl was accidentally 
damaged during the carving process, exposing a shell 
bead at the surface. Consequently, Huynh thought it 
would be interesting to experiment with using gem- 
stones instead of mussel shells to trigger the growth 
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Figure 9. Each pearl in 
this suite was carved 
with a different pat- 
tern. The harmonious 
appearance of a jew- 
elry piece or suite is an 
important considera- 
tion when combining 
carved pearls. Coutr- 
tesy of Chi Huynh. 


of nacre, with the intent of revealing the gem’s 
beauty inside the carved pearl. 

Carrying out this idea was no easy task. The pearl 
culturing process begins with the insertion of a suit- 
able bead nucleus into a host mollusk. A biologically 
incompatible bead often results in bead ejection by the 
mollusk, difficult incision healing caused by too much 
gravitational force from the bead, or improper nacre 


Figure 10. Carved 
pearls can be mounted 
with a variety of col- 
ored gemstones such 
as the “Lily” jewelry 
set shown here. The 
set is made of 11 mm 
hand-carved freshwa- 
ter pearls and emerald 
mounted with 14K 
yellow gold. Courtesy 
of Chi Huynh. 
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of deep-seated disturbance of original rocks, 
any search for new deposits should be 
directed toward metamorphic areas. Jade of 
either kind is scarce. Until recently natural 
deposits of nephrite were known only in 
three widely separated regions: Central 
Asia; New Zealand, and other South Pacific 
islands; Alaska, and British Columbia. For 
jadeite there was only one known deposit in 
all the world — the Kachin Hills in Upper 
Burma. 

Long before the Christian Era, nephrite 
was obtained by the Chinese from Khotan, 
an oasis of Eastern Turkestan in the Pro- 
vince of Sinkiang, China. The jade was 
found first as pebbles and boulders along 
two rivers: the Kara-Kash, meaning “black 
jade’; and the Yurung-Kash, or “white 
jade.”’ These flow out of the K’un-lun moun- 
tains and unite just north of the city of 
Khotan. Much later, not until the 11th. or 
12th. century A. D., bed-rock deposits of 
“mountain jade” were found in the vicinity 
of Yarkand, some twenty days journey from 


© Close-up view of the buff-colored surface, or 


Khotan, toward the headwaters of the Kara- 
Kash, high in the K’un-lun mountains. There 
it occurred as veins and lenses in crystalline 
hornblendic schist and zeolitic rock con- 
taining albite. The middle of the veins was 
usually of common green jade, while along 
the sides, and in close contact with the zeoli- 
tic country rock, there was grayish to white 
nephrite. Bright-green jade of a higher trans- 
lucency occasionally was found in thin veins, 
seldom more than one or two inches wide; 
but there were some veins of pale green 
nephrite as much as ten feet thick, contain- 
ing numerous inclusions of magnetite. This 
mountain-jade was quarried for centuries, 
until the Chinese were driven out of Turke- 
stan by Yakub Beg and his Mahometan 
followers, who conquered that region in 
1865. The mines were then abandoned, and 
have not been worked since — at least not 
extensively as before. 

There are legends of jade stones having 
been found in Shensi Province of China 
proper, in very ancient times, but these tradi- 


‘rind,’’ of the boulder of Burmese 


jade seen on the opposite page. The outside diameter of the black tax-mark is 1% 


inches, by which the size of the crystals of jadeite can be judged. 
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deposition. Moreover, a bead nucleus must possess a 
thermal expansion coefficient equivalent to that of the 
pearl’s nacre, so that they expand to the same degree 
from the heat generated during drilling and carving. 
Otherwise, the pearl can crack or break apart. 
Culturing pearls with gem materials that have dif- 
ferent properties from the nacre posed an enormous 
challenge. However, Huynh remained determined, 
speaking with experienced pearl farmers and contin- 
uing to experiment with a variety of gem materials. 
The process required great patience over the course of 


Figure 11. In this 
“Mother’s Love” pen- 
dant, a large pearl was 
carved to resemble a 
bird’s nest and deco- 
rated with small gem- 
stone druzy, a round 
pearl, and a bird made 
of gold. Photo by 
Kevin Schumacher. 


thousands of implantations, and each batch of exper- 
iments took 18 months to two years to yield results. 
Huynh’s experimentation revealed that black- 
lipped Pinctada margaritifera, the mollusk species 
that produces Tahitian pearls, yielded the highest- 
quality Galatea Pearls. This mollusk is large enough 
to accommodate beads about 8 mm in diameter 
while allowing enough nacre thickness to grow over 
the bead (figure 12). After years of effort, gem bead 
cultured pearls were successfully produced and 
patented internationally in 2004 and domestically in 


Figure 12. A Galatea Pearl begins with a gem bead nucleus implanted in the gonad area of the mollusk, a proce- 
dure similar to that using a traditional shell bead nucleus. This series of photos shows the progression from insert- 
ing a synthetic turquoise bead (left) to a finished Tahitian bead cultured pearl with the synthetic turquoise as a 


nucleus (bottom right). Courtesy of Chi Huynh. 
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Figure 13. The Galatea Pearl uses synthetic turquoise 
or other gem material as a bead nucleus to produce a 
bead cultured Tahitian pearl. Later the pearl is hand 
carved to display the beautiful blue color of the 
turquoise, highlighting the contrast against the dark 
nacre. The pearls in this necklace are about 10.5 mm 
in diameter. Photo by Kevin Schumacher. 


2.006 as Galatea Pearls (Huynh, 2004, 2.006; figure 
13). When harvested, the gem beads are entirely cov- 


ered by dark nacre produced by the mollusk and will 
reveal a dramatic contrast after carving. 

Beads used in Galatea Pearls include synthetic 
turquoise (made specifically for this process), red 
coral, and opal, as well as natural topaz, citrine, 
amethyst, amber, and other gems (figure 14). The 
technique can also be applied to the Pinctada max- 
ima mollusk that produces South Sea pearl because 
the species and culturing technique are closely related 
to those of Tahitian pearls. The success of “Edison” 
pearls—near-round to round Chinese freshwater bead 
cultured pearls typically 10-14 mm in diameter, in 
orange, pink, and purple hues (Zhou et al., 2021} of- 
fers an opportunity to apply the technique to fresh- 
water cultured pearls as well. Galatea Pearls are also 
featured in other collections, such as Diamond in a 
Galatea Pearl (figure 15). 


Two-Way Shape-Memory Jewelry. Shape-memory 
jewelry takes advantage of nitinol, a self-expanding 
titanium and nickel alloy commonly used in heart 
stents. During cardiac surgery, a stent is inserted to 


Figure 14. These Galatea Pearls were created with synthetic opal (left) and natural amber (right). The gem bead 
cultured Tahitian pearls were entirely covered by nacre when harvested and later carved by hand to display the 
gem bead underneath the surface. The pendant on the left features a 16 mm Tahitian pearl and a ruby, while the 
pearls in the jewelry set on the right are 10-11 mm in diameter. Courtesy of Chi Huynh. 
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Figure 15. Galatea Pearls are combined with other techniques to create unique looks. This Galatea pearl pendant 
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(11.5 mm in diameter) and pair of earrings (10.0 mm in diameter) were carved to resemble sakura flowers, and 


each was set with a diamond. Courtesy of Chi Huynh. 


expand an artery or blood vessel and improve circu- 
lation (Ohkata, 2011). In medical use, the nitinol 
functions in one direction only, to expand in response 
to human body temperature. But this alloy can be 


Figure 16. Shape-memory jewelry in the Blossom col- 
lection uses nitinol, a self-expanding titanium and 
nickel alloy that can transform in response to heat. 
This ring’s four flower petals are embedded with niti- 
nol wires trained to gradually open and close based on 
temperature. Courtesy of Chi Huynh. 
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“trained” to move two ways by bending the wire to 
the shape desired and then returning to its original 
shape. The repetition of this process allows the move- 
ment to be imprinted in the metal; the more training, 
the better the memory. The “memory” of the trained 
wire can be erased by heating it to about 750°F 
(400°C). The wires can then be used as is or embedded 
into other precious metals to make it move (figure 
16). The Blossom collection features this innovation, 
patented in 2019 (Huynh, 2.019), using trained nitinol 
wires coupled with small pearls as the petals of a 
flower surrounding a larger center pearl. The wire 
petals respond to heat to transform their shape. The 
flower gradually blossoms in warm temperatures and 
closes when it is cool, just as a living flower reacts to 
warm sunlight and cool nights (figures 16 and 17; see 
video at www.gia.edu/gems-gemology/winter-2022- 
gem-artist-chi-huynh). Using a blow-dryer and a glass 
of cold water, Huynh demonstrated the Blossom 
ring’s function. The motion of the ring was carefully 
orchestrated and meticulously trained to bend to cer- 
tain angles based on the size variation and arrange- 
ment of the smaller pearls and the placement of the 
ring on a finger. The use of nitinol wires makes each 
piece in the Blossom collection come to life. 

Nitinol wires are durable, so it is not easy to break 
or distort them. But in the event they are accidentally 
distorted, applying heat using a cup of hot water or a 
blow-dryer will restore the wires to their original form. 


Momento Jewelry. A pocket watch inherited from 
Huynh’s father inspired the Momento collection. For 
Huynh, the watch was not only a valuable accessory 
but also held memories of his father. Huynh pon- 
dered the idea of creating jewelry that could store 
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Figure 17. This ring from the Blossom collection features nitinol wires paired with small pearls placed around a 
larger center pearl to resemble a flower. The flower slowly opens in response to increased temperature (left) and 
closes when it cools (right). The Tahitian pearl is 10.5 mm in diameter, while the freshwater pearls range from 1.5 
to 3.0 mm in diameter and the diamonds have a total weight of 0.30 ct. Courtesy of Chi Huynh. 


memories to pass on to loved ones. He considered 
embedding a tiny computer chip into jewelry to store 
memories but realized that battery power would 
complicate construction and sustainability. 

While collaborating on a wireless technology proj- 
ect with friends, Huynh became aware of near field 
communication (NFC) microchips, which use short- 
range electromagnetic radio technology. This tech- 
nology allows two NFC-compatible devices to 
communicate or transfer data when they are physi- 
cally touching or within approximately four centime- 
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ters of each other (Ortiz, 2008). An NFC microchip is 
able to store and transfer data but is a very small pas- 
sive object that does not require a battery or an inter- 
nal power source. An embedded NFC device is 
powered by an electromagnetic field between its an- 
tenna and another NFC antenna in the metal case of 
a digital device such as a mobile phone or tablet 
(Homkrajae, 2020; Lathiya and Wang, 2.020) (figure 
18). Similar in concept to the electric current created 
when a magnet passes through a metal coil, the elec- 
tricity generated is just enough to power the device. 
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The main challenge in creating the Momento col- 
lection was the NFC device's inability to operate 
when placed in a jewelry piece. The jewelry is a 
metal housing that acts as a Faraday cage, not allow- 
ing electricity to flow into the NFC device. But after 
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/ 
\ 3 Figure 18. Huynh experi- 
mented with different 


NEC chips and various 
methods that allow two 
NFC devices to commu- 


nicate. Photo by Kevin 
fe Schumacher. 
a yaar <4 


extensive testing, Huynh overcame this obstacle and 
patented the product in 2014 (Huynh, 2018c) (figure 
19). The product features a housing that hosts a “dou- 
ble-decker” structure. The gemstone is located in the 
upper deck and functions as the cover of the NFC 


Diamond 


Topaz reflector, designed to 

give the diamond more light; Figure 19. Detail of the 

covers the NFC chip construction of a 
Momento pendant. 
Patented by Galatea, 


Momento NRC chip nos. US9824310B2 and 


W02017180099A1. 
Courtesy of Chi Huynh. 
Waterproof cover 
Antenna (no battery is needed) 
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chip, the antenna, and the surrounding bezel forming 
the lower deck. The bezel is highly electrically con- 
ductive and permits near field communication with 
the NFC chip. 

This NFC application has been used in nearly all 
Galatea designs, including carved pearls, Galatea 
Pearls, and shape-memory jewelry, adding an element 
of meaning to the finished pieces (figure 20). The Mo- 
mento collection uses a Galatea mobile application 
to transmit data between the jewelry and the user’s 
mobile phone or tablet. The NFC chip can store a va- 
riety of digital assets, including images, audiobooks, 
songs, videos, health records, and more (figure 21). 
Special precautions are required when a Momento 
piece needs repair, as the NFC assembly can tolerate 
heat only up to 175°F (80°C), though only tempera- 
tures above 700°F (370°C) will destroy the chip. 

Huynh sees each piece in the Momento collec- 
tion as a digital keepsake and time capsule that can 
live on for generations. He continues to research 


Figure 21. A mobile application is used to transmit 
data between the NFC chip inside the jewelry and a 
mobile device. Courtesy of Chi Huynh. 
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Figure 20. White fresh- 
water pearl “carnations” 
accented with rubies 
and set in 14K white 
gold with teardrop- 
shaped Momento pearls, 
each holding a tiny NFC 
chip ready to store a va- 
riety of digital assets and 
precious memories. 
Courtesy of Chi Huynh. 


new possibilities for NFC chips, including higher 
storage capacity. 
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Figure 22. This ring features a 14K gold setting and a 
white DavinChi Cut topaz. Courtesy of Chi Huynh. 


DavinChi Cut. In addition to carving cultured pearls, 
Huynh excels in the art of gemstone cutting. The 


DavinChi collection was born out of Huynh’s curios- 
ity about color and light as he considered the differ- 
ent colors that appear on the bottom surface of a 
DVD. He began to study the physics of light and 
learned how light travels and reacts with different 
media. The result was a special patented cut designed 
to make a gem refract its surroundings such as other 
gems, light, and images (Huynh, 2011). This creates 
the illusion of a gem changing colors when viewed 
from different angles. The name “DavinChi” was in- 
spired by a statement in Leonardo da Vinci's note- 
books: “Be a mirror, absorb everything around you 
and still remain the same.” 

At first glance, a DavinChi Cut gem appears to be 
upside-down (figure 22). Yet the stone is carefully de- 
signed. Each facet angle is precisely calculated to es- 
tablish the right focal point to ensure that an object 
behind the stone is refracted by every facet. This is 
clearly visible when one draws a letter on a piece of 
paper and places the DavinChi Cut stone on top of 
the letter. The letter is refracted by every facet on the 
gem (figure 23). Faceting a DavinChi Cut stone re- 
quires great lapidary skill. 

Although the DavinChi Cut works with most 
types of gemstones, the cut stone must not cancel 
the colors of the smaller gems placed behind it. 


Figure 23. These illustrations demonstrate the design and function of a DavinChi Cut stone. Each facet is posi- 
tioned at a precisely calculated angle so that an object placed behind the stone is refracted by all of the facets. 


DAVINCHI CUT STONE DESIGN AND FUNCTION 


1. Each facet is designed to externally refract light of different 
colors at a calculated angle. 


3. DavinChi Cut topaz (not an upside-down stone). Each facet 
must have a precise angle to correctly refract colors. 
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2. An example of a character (the letter C) refracted externally into 
every facet of the gem. 


External color 


4. The DavinChi Cut changes color from red to green, pink, purple, 
or multiple colors depending on the lighting conditions, viewing 
angle, and color of the object placed behind the gemstone. 
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Therefore, light-colored or colorless stones work best 
for the DavinChi Cut. The distance between the 
DavinChi Cut stone and the smaller gems is also im- 
portant. The viewer must look at the whole con- 
struction from above to see the illusion of color 
change (figure 2.4). 


ALL-AROUND ARTIST 

Before he started making jewelry, Huynh was a 
woodcarver and painter, and today many of these 
works decorate his store and studio (figure 25). He 
also enjoys writing poetry and making music. 
“The Secret of Life Is in the Seed,” which received 
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Figure 24. The top view of a 
DavinChi Cut pendant. Courtesy 
of Chi Huynh. 


a 2018 JCK Jewelers’ Choice Award, unites several 
of Huynh’s artistic talents (figure 26). The center 
of the piece features a beautiful drop-shaped Tahit- 
ian pearl as the fruit. The pearl was partially carved 
open and mounted with red tourmalines, repre- 
senting the seeds. Above the fruit is a small branch 
with green leaves and a pinkish red flower. Both 
were hand-painted with lacquer rather than enam- 
eled. Below the seed is a drop-shaped citrine repre- 
senting the morning dew. Curiosity about his 
surroundings motivates and inspires Huynh to 
keep inventing new concepts and creating other 
artistic forms of expression. 
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Figure 25. Huynh painted the “Invisible String of Unity” in 1997 to illustrate the universal connection between 
people and nature. Courtesy of Chi Huynh. 
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THE FUTURE OF GALATEA 


Experimentation continues on the Momento collec- 
tion and other shape-memory jewelry. In 2022, the 
authors saw newly developed men’s jewelry collec- 
tions incorporating Huynh’s supreme carving skills 
(figure 27) and NFC chips, as well as other small 
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Figure 26. “The Secret of 
Life Is in the Seed” 
blends Huynh’s jewelry 
design and painting tal- 
ents. Winner of a 2018 
]CK Jewelers’ Choice 
Award, the piece fea- 
tures a large Tahitian 
drop pearl resembling a 
fruit, tourmalines as the 
seeds, a citrine to repre- 
sent a dewdrop, and 
leaves and a flower 
painted by hand with 
lacquer rather than 
enameled. Courtesy of 
Chi Huynh. 


gadgets used in jewelry pieces such as magnet-linked 
and stationed-pearl bracelets and necklaces. 

Since his first day as a jeweler, Chi Huynh has 
kept bringing new concepts, techniques, and prod- 
ucts to the industry. Huynh’s wisdom, curiosity, 
and passion have built Galatea’s reputation in the 
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tions have not been authenticated. 

The only other known source of nephrite 
in Central Asia is near the western end of 
Lake Baikal in Siberia. During the early 
nineteenth century boulders of jade were re- 
ported by travellers in that region; and in 
1850 the stone was found in place along the 
Onot River, in the Botogol Mountains of Ir- 
kutsk, by a French engineer named J. P. Ali- 
bert. Also, he discovered nearby a large de- 
posit of graphite, which later was worked by 
Faber, the Bavarian pencil manufacturer. In- 
deed, some of the green nephrite from that 
region is speckled with black inclusions — 
which were thought to be graphite but more 
probably are magnetite — causing a charac- 
teristic appearance called by the Chinese 
“spinach jade’’. 

These sources of nephrite would have 
continued to be all important for supplying 
the lapidary trade of Canton, Shanghai, and 
Peking, except for the increasing popularity 
of the Burmese jadeite. The Chinese always 
have venerated the whitest white nephrite, 
which came mostly from Khotan in Eastern 
Turkestan; but for the other colors they pre- 
ferred the more brilliant jadeite. Ever since 
it came into general notice in China, this 
new jade from Upper Burma had been gain- 
ing in popularity. So, for more than a hun- 
dred years, the Kachin and Shan miners 
would dive for loose jade stones in the Uru 
River, or pick and wash the rough rocks from 
the conglomerate beds along its banks, appar- 
ently content with their river diggings, and 
making no effective search for the source of 
these erratic boulders. 


It was not until about 1881 that any bed- 
rock deposit of this mineral was found, and 
then it was quite by accident. A Kachin 
hunter, following an elephant that he had 
wounded, was led five or six miles into the 
hills northwest of the main Uru River, where 
eventually the beast fell. Then, it is said that 
before undertaking the labor of removing the 
tusks for their ivory, the man gathered to- 
gether a few stones on which he built a fire 
to cook some rice. But, while he was eating 


his meal, one of the larger stones split open 
from the heat, and there, inside the whitish 
rind, appeared the crystal green of fine 
jadeite. So he started digging in the red 
earth, where, at less than four feet deep, he 
struck bedrock. And when he cleaned off the 
loose dirt, there was the jadeite vein, where 
the famous Tawmaw mines were soon to be 
exploited. 

Naturally, when news of this great dis- 
covery got about, there was a rush of miners 
to the new field; and it was not long before 
this outcrop was being worked to its full 
extent — about 300 yards long and 200 wide. 
Then, when this ground had been all taken 
up, the later prospectors spread north and 
south of Tawmaw, and, by digging deeper, 
uncovered three other deposits of jadeite. 
All four of these have been called dykes, but 
they are more like sills since they dip at such 
low angles — only 20° to 30° from the hori- 
zontal. Although many exploratory pits were 
dug all over the region, there are only about 
twelve productive mines on the four jadeite 
sills, all within an area roughly eleven miles 
long by two miles wide. In some of these 
mines there is a very thick mantle of red 
earth, underlain by as much as twelve feet 
of serpentine, before the valuable mineral is 
reached; but then, in some parts, the jade 
vein is as much as ten feet thick. The deepest 
shaft among the outcrop mines is fifty feet 
to the jadeite. 

Except for the Chinese merchants who go 
to the region in order to buy directly, from 
the miners, there are few outside visitors to 
this inhospitable jungle. However, in 1892, 
F. Noetling made a geological reconnaissance 
of the jade fields. His observations were re- 
ported in the 1892 issue and those of 
A. W. G. Bleek in the 1907 Records of the 
Geological Survey of India. Then came the 
thorough researches in the field by H. L. 
Chhibber from 1928 to 1931, published in 
his Mineral Resources of Burma. The com- 
plex rock formations in that remote region, 
therefore, have become known. 

(to be continued) 
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jewelry market and garnered several design awards. 
As consumers seek originality and individuality 
through innovative, one-of-a-kind jewelry, his tech- 


ABOUT THE AUTHORS 


Figure 27. Winner of a 
2022 JCK Jewelers’ 
Choice Award in the 
Men’s category, “Mystic 
Wolf” from the Muze 
collection highlights 
Huynh’s talent as a 
sculptor. Courtesy of 
Chi Huynh. 


niques and patents will continue to influence the 
market, opening doors for future generations of gem 
artists. 


Dr. Hsu is director of gemology content and professional development, and a technical editor of Gems & Gemology, at GIA in Carlsbad, 
California. Ms. Homkrajae is a supervisor of pear! identification, and Mr. Schumacher is photo/video producer of Gems & Gemology, at 


GIA in Carlsbad. 
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Four-Rayed Star CHRYSOBERYL 


GIA’s Tokyo laboratory recently re- 
ceived a brownish green cabochon set 
in a white metal ring with numerous 
near-colorless marquise brilliants and 
tapered baguettes (figure 1). The stone 
measured approximately 12.21 x 9.20 
x 8.17 mm. Standard gemological 
testing showed weak green and yel- 
low pleochroism and a spot refractive 
index reading of 1.75, as well as a 
strong diagnostic iron-related 444 nm 
band observed with a handheld spec- 
troscope. These properties were con- 
sistent with chrysoberyl. At first 
glance the cabochon seemed to dis- 
play chatoyancy, which would make 
this a cat’s-eye chrysoberyl. However, 
there was not just a single band of re- 
flected light but two bands intersect- 
ing at a 90° angle, so the phenomenon 
was actually four-rayed asterism. 
Chatoyancy is usually created by 
light reflecting off of parallel needles 
or tube-like inclusions in a cabochon- 
cut gemstone. Microscopic observa- 
tion revealed two sets of inclusions. 
One consisted of dense minute par- 
ticles aligned in one direction produc- 
ing a thick band of reflected light 
(oriented diagonally in figure 2). The 
other set was composed of needles 
oriented along the same direction as 
the thick band of light. These needles 
created a second band of reflected 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. Chrysoberyl showing 
two bands of reflective light dis- 
playing four-rayed asterism. 


light perpendicular to the orientation 
of the needles. Together, these re- 
flected bands of light resulted in the 


Figure 2. In the star chrysobery1, 
short needles and dense minute 
particles were perpendicular to 
each other. The particles reflect 
light and caused the thick band’s 
orientation (seen diagonally 
here). Field of view 3.7 mm. 


unique combination of two intersect- 
ing cat’s-eyes. 

Four-rayed stars are common in 
diopside, garnet, and spinel. But they 
are very rare in chrysoberyl, which 
makes this stone notable. 


Yuxiao Li and Yusuke Katsurada 


A Closer Look at Internal Etch 
Channels in DIAMOND 


The Carlsbad laboratory recently re- 
ceived a 1.02 ct cushion-cut Fancy 
Deep brownish yellowish orange dia- 
mond (figure 3). The yellowish color 
of this type Ib/IaA diamond is mainly 
attributed to single substitutional ni- 
trogen atoms in the diamond lattice. 
In addition to the presence of multiple 
pinpoint inclusions, the diamond con- 
tained a bundle of internal etch chan- 
nels extending from a_ single 
irregular-shaped opening on the girdle 
(figures 3 and 4). 

Narrow etch channels are rarely 
observed in gem diamonds. Etch chan- 


Figure 3. A 1.02 ct Fancy Deep 
brownish yellowish orange dia- 
mond with subsurface etch chan- 
nels (upper right). 
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Figure 4. A bundle of internal 
etch channels extending from a 
single opening on the girdle. Field 
of view 2.44 mm. 


nels can form due to dissolution of the 
diamond crystal by fluids/melts in the 
mantle, or during eruption to the sur- 
face (T. Lu et al., “Observation of etch 
channels in several natural dia- 
monds,” Diamond and Related Ma- 
terials, Vol. 10, No. 1, 2001, pp. 68-75; 
J.W. Harris et al., “Morphology of 
monocrystalline diamond and its in- 
clusions,” Reviews in Mineralogy 
and Geochemistry, Vol. 88, No. 1, 
2022., pp. 119-166). Defects in the dia- 
mond structure such as lattice disloca- 


Figure 6. Trigons visible in a sub- 
surface diamond etch channel. 
Field of view 1.00 mm. 


tions are local areas of structural 
weakness, which are more susceptible 
to etching. In this diamond, multiple 
narrow etch channels originate from a 
single surface opening (figure 5), re- 
flecting selective diamond dissolution 
as fluids permeated through the stone. 

An intriguing feature observed 
along the walls of the internal etch 
channels consisted of multiple trian- 
gular etch pits known as trigons (fig- 
ure 6). Trigons are one of the most 
common features found on the sur- 


Figure 5. An irregular-shaped opening on the girdle where fluids/melts per- 
meated through the diamond and formed the internal etch channels. 


Field of view 1.26 mm. 


faces of rough diamonds, with var- 
ious sizes, depths, and shapes (e.g., 
flat- or point-bottomed, attributed to 
etching by oxidizing fluids/melts; 
Harris et al., 2022). When present on 
diamond surfaces, trigons are re- 
stricted to the octahedral crystal face 
and may occasionally form parallel 
rows that follow the orientation of 
plastic deformation lines (often called 
“grain lines” in the trade, caused by 
dislocation of carbon atoms along oc- 
tahedral planes). In faceted diamonds, 
trigons are usually removed by pol- 
ishing but are occasionally preserved 
on the girdle. Conversely, trigons re- 
ported within internal diamond etch 
channels are extremely rare (Lu et al., 
2001). The occurrence of trigons 
within a subsurface channel indicates 
etching along the octahedral crystal 
face of this diamond. 


Mei Yan Lai and Matthew Hardman 


An Extraordinarily Large Cat’s-Eye 
EMERALD 


Emerald in cabochon form sometimes 
displays a chatoyant effect, and com- 
paratively large cat’s-eye emeralds are 
highly sought after. GIA’s Tokyo labo- 


Figure 7. An unusually large 
cat’s-eye emerald weighing ap- 
proximately 126 ct. 
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Figure 8. Inclusions observed in the large cat’s-eye emerald. A: Rain-like inclusions; field of view 2.18 mm. B: Un- 
known whitish granular flake-like inclusions; field of view 5.70 mm. C: Aggregates of tiny whitish feldspar crys- 
tals confirmed by Raman spectroscopy; field of view 3.60 mm. 


ratory recently examined an extraor- 
dinarily large semitransparent green 
cabochon measuring 31.3 x 26.2 x 
20.9 mm and weighing approximately 
126 ct (figure 7). The stone had a spot 
refractive index of 1.58 and showed 
specific chromium absorption lines in 
the red through a handheld spectro- 
scope, and standard gemological prop- 
erties identified it as emerald. 

The emerald contained numerous 
reflective rain-like inclusions creating 
a chatoyant effect (figure 8A), whitish 
granular flake-like inclusions (figure 
8B), and aggregates of tiny whitish crys- 
tals which were identified as feldspar 
by Raman spectroscopic analysis (fig- 
ure 8C). The ultraviolet/visible/near- 
infrared absorption spectra showed two 
broad bands of Cr** at 430 and 600 nm, 
with a large Fe** band at around 850 nm 
and an Fe** broad band at 372 nm. 
Trace element chemical results using 
laser ablation-inductively coupled 
plasma—-mass spectrometry showed 
that this emerald had a high iron con- 
centration (2800-2930 ppmw) and me- 
dium potassium range (67.8-74.3 
ppmw), characteristics similar to the 
published data of emeralds from the 
Belmont mine in Minas Gerais, Brazil 
(e.g., S. Saeseaw et al., “Geographic 
origin determination of emerald,” 
Winter 2019 GWG, pp. 614-646). Inclu- 
sions observed in this emerald were 
also consistent with a Brazilian origin 
(again, see figure 8). 

Brazil is a well-known source of 
large emerald crystals. One previous 
report (Summer 2015 Gem News In- 
ternational, pp. 200-201) described a 
43 ct Brazilian cat’s-eye emerald. The 
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cat’s-eye emerald examined here is 
notable for its size and transparency, 
and it is one of the largest examined 
by a GIA laboratory to date. 


Makoto Miura 


A “Cobalt Blue” GAHNOSPINEL 


GIA’s Bangkok laboratory recently ex- 
amined an intense blue 1.01 ct trans- 
parent oval mixed cut (figure 9). 
Standard gemological testing revealed 
a refractive index of 1.742 and a hy- 
drostatic specific gravity of 3.96. The 
stone was inert to long-wave and 
short-wave UV light. Microscopic ob- 
servation revealed dense intersecting 
needles, iridescent thin films, par- 
ticulate clouds, and flaky whitish in- 
clusions. Laser ablation—inductively 
coupled plasma-mass spectrometry 
(LA-ICP-MS) was used to obtain oxide 
weight percentages (wt.% oxides) of 


Figure 9. This 1.01 ct gahnospinel 
had an intense “cobalt blue” 
color. 
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aluminum, iron, magnesium, and 
zinc to calculate the chemical for- 
mula of the stone. It was determined 
to be (Mgp 64Fe?* ppZMp 34)AL,O,. All of 
these properties were consistent with 
gahnospinel, which is a zinc-rich va- 
riety of the spinel group. Its chemical 
properties result from zinc substitut- 
ing for magnesium in a solid solution 
series with end members gahnite 
(ZnAl,O,) and spinel (MgAI,O,). 
Interestingly, gahnospinel is usu- 
ally found with a more muted dark 
blue to dark greenish blue color, but 
this intense blue specimen contained 
cobalt as the primary coloring agent, 
similar to “cobalt blue” gem spinel. 
Ultraviolet/visible (UV-Vis) spectro- 
scopy showed significant amounts of 
absorption attributable to cobalt at 
approximately 550, 593, and 622 nm 
(figure 10), with additional contrib- 
ution from iron at approximately 
456, 550, and 593 nm (G.B. An- 
dreozzi et al., “Color mechanism in 
spinel: A multi-analytical investiga- 
tion of natural crystals with a wide 
range of coloration,” Physics and 
Chemistry of Minerals, Vol. 46, 2019, 
pp. 343-360; V. D’Ippolito et al., 
“Color mechanism in spinel: Cobalt 
and iron interplay for the blue color,” 
Physics and Chemistry of Minerals, 
Vol. 42, 2015, pp. 431-439). The sig- 
nificant amount of cobalt (198-224 
ppmw) from LA-ICP-MS data and the 
reddish Chelsea filter reaction pro- 
vided strong evidence that the in- 
tense blue color was induced by 
cobalt. While blue cobalt spinel and 
gahnite have been previously re- 
ported (see J.E. Shigley and C.M. 
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Figure 10. The UV-Vis spectrum of the gahnospinel showed a series of ab- 
sorption bands at approximately 550, 593, and 622 due largely to Co** 
with additional minor contributions from Fe** and Fe** absorption bands 
at approximately 456, 550, and 593 nm. 


Stockton, “‘Cobalt-blue’ gem spi- 
nels,” Spring 1984 GwG, pp. 34-41; 
T. Stephan et al., “On the colour 
mechanism of blue gahnite from 
Nigeria,” Journal of Gems & Gem- 
mology, Vol. 38, No. 2, 2022, pp. 
183-193), to our knowledge this is 
the first report of blue gahnospinel 
predominantly colored by cobalt. 


Narint Jaisanit 


Figure 11. A cream-colored but- 
ton-shaped loose pearl weigh- 
ing 2.32 ct, submitted for 
identification. 
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Calcite Found on the Surface of a 
Saltwater “Nacreous” Pearl 

The Hong Kong laboratory recently 
examined a loose pearl weighing 2.32 
ct and measuring 8.45 x 7.27 x 5.36 
mm (figure 11). Externally, the cream- 
colored pearl did not look out of the 
ordinary and exhibited a soft luster 
with a relatively clean surface. Ex- 


Si 
Figure 12. The pearl exhibited 
overlapping surface platelets typi- 
cally found in nacreous pearls. 
Field of view 1.10 mm. 


amination through a binocular micro- 
scope revealed typical overlapping 
platelets, pits, and scratches. No coat- 
ing, surface working, or other indica- 
tions of treatment were observed 
(figure 12). 

Real-time microradiography (RTX] 
revealed a distinct boundary with 
twin growth structures consisting of 
normal growth layers that followed 
the shape of the pearl (figure 13). No 
structural characteristics of any 
known type of cultured pearl were ob- 
served, so the pearl was identified as a 
natural pearl. Energy-dispersive X-ray 
fluorescence analysis showed high 
levels of strontium and no traces of 


Figure 13. RTX examination revealed a clear boundary running across the 
pearl as well as structures associated with natural formation. 
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Figure 14. Raman spectra of three spots on the pearl’s surface exhibit main 
peaks at 156, 282, 712, and 1087 cnr’ that are diagnostic of calcite. 


manganese. This, together with its 
lack of visible fluorescence to X-ray 
luminescence, confirmed its saltwater 
origin. 

Despite the typical saltwater nac- 
reous pearl surface appearance, Raman 
analysis on three random spots with 
514 nm laser excitation revealed that 
the pearl’s platelet surface was com- 
posed of calcite rather than aragonite, 
with peaks at 156, 282, 712, 1087, and 
1437 cm! (figure 14) (J. Urmos et al., 
“Characterization of some biogenic 
carbonates with Raman _ spectro- 
scopy,” American Mineralogist, Vol. 
76, 1991, pp. 641-646). 

Nacreous pearls are typically 
composed of small polygonal tablets 
of aragonite arranged in laminar 


layers (L. Addadi and S. Weiner, “A 
pavement of pearl,” Nature, Vol. 389, 
1997, pp. 912-915). Up until the ex- 
amination of this specimen, Raman 
analysis on submitted pearls and re- 
search samples exhibiting overlap- 
ping platelet layers has always 
shown a mineral composition of 
aragonite. Calcite is usually found in 
the form of mosaic or cellular pat- 
terns on the surface of some types of 
pearls, or in the prismatic internal 
layers. This is the first time GIA has 
encountered a “nacreous-looking” 
pearl showing calcite when tested in 
different positions on its surface, 
which is unique and certainly wor- 
thy of note. 


Cheryl Ying Wai Au 


Two Black Non-Nacreous Bead 
Cultured Pearls from 

Pinctada margaritifera 

The laboratory in Carlsbad recently 
received for identification two black 
pearls, one near-round and one button. 
The near-round pearl weighed 15.16 
ct, while the button weighed 22.19 ct, 
with dimensions of 13.17 x 13.02 mm 
and 14.81 x 14.52 mm, respectively. 
Both displayed a similar vitreous 
luster and a non-nacreous surface ap- 
pearance (figure 15). The button- 
shaped pearl also exhibited a nacreous 
surface on a small circled area at the 
base (figure 16). Microscopic examina- 
tion using fiber-optic illumination re- 
vealed that the non-nacreous surface 
was composed of a mosaic or cellular 
pattern, resulting from the acicular na- 
ture of the individual calcite crystals. 
Some fine surface lines were also pres- 
ent in random directions across the 
cellular structures (figure 17). These 
cellular structures resembled those 
commonly observed on pen pearls 
from the Pinnidae family (N. Sturman 
et al., “Observations on pearls re- 
portedly from the Pinnidae family 
(pen pearls),” Fall 2014 G&G, pp. 202— 
215). 

A Raman spectrometer with 514 
nm argon-ion laser excitation was used 
to examine the surface composition. 
The non-nacreous surfaces of both 
pearls showed a calcite spectrum with 
peaks at 712, and 1085 cnr, and arago- 
nite peaks at 705 and 1085 cm were 


Figure 15. Left: Two black pearls, a 15.16 ct near-round and a 22.19 ct button, shown on the nacreous interior surface 
of a Pinctada margaritifera shell. Right: The pearls both had a similar vitreous luster and a non-nacreous surface. 


478 Las Notes 


Gems & GEMOLOGY 


WINTER 2022 


Nacreous surface 
with aragonite 
platelet structure 


Non-nacreous surface with 
calcite cellular structure 


“ai 


Figure 16. The button-shaped pearl displayed two different surface appear- 
ances. The main body was composed of a non-nacreous surface with calcite 
cellular structure, while the circled area at the base of the pearl had a nac- 
reous surface with an aragonite platelet structure. Field of view 16.24 mm. 


recorded on the nacreous surface at the 
circular base of the button-shaped 
pearl. Energy-dispersive X-ray fluores- 
cence chemical analysis showed low 
levels of manganese and high stron- 
tium content, confirming the pearls 
formed in a saltwater environment. 
The large size, black bodycolor, and 
cellular structure of the pearls looked 
similar to the unusual non-nacreous 
natural pearls reportedly from Pteria 
species (S. Karampelas and H. Abdulla, 
“Black non-nacreous natural pearls 
from Pteria sp.,” Journal of Gemmol- 
ogy, Vol. 35, No. 7, 2017, pp. 590-592) 
and a bead cultured (BC) pen pearl 
(Winter 2014 GNI, pp. 305-306) pre- 
viously reported. Under long-wave ul- 
traviolet radiation (365 nm), the pearls 
exhibited very weak yellow fluores- 
cence that differed from the strong 
orangy red fluorescence observed in 
non-nacreous Pteria pearls. Real-time 
microradiography (RTX) revealed a 
round bead nucleus in the center of 
both pearls, indicating BC pearl origin 
(figure 18) similar to the previously re- 
ported BC pen pearl. Nevertheless, 
the ultraviolet/visible reflectance 
spectrum collected on the button 
pearl’s nacreous surface showed a 
typical reflectance feature at 700 nm, 
a key mollusk identification feature 
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attributed to Pinctada margaritifera 
pearls (K. Wada, “Spectral character- 
istics of pearls,” Gemological Society 
of Japan, Vol. 10, No. 4, 1983, pp. 3- 
11, in Japanese). The reflectance fea- 
tures at 405 and 495 nm normally 
observed in naturally colored gray to 
black nacre of P. margaritifera shells 
were also present. Combining the cel- 
lular surface structures, BC origin, 
saltwater environment, and spectro- 
scopic characteristics, we were able to 
conclude that both were non-nac- 
reous BC pearls from the P. margari- 
tifera mollusk. 


Figure 17. The non-nacreous sur- 
face of both pearls exhibited a 
similar cellular structure that 
could be viewed under high mag- 
nification using fiber-optic illu- 
mination. Some fine surface lines 
were present in random direc- 
tions across the cellular struc- 
tures. Field of view 1.59 mm. 


All pearls are formed from cal- 
cium carbonate (CaCO,) polymorphs 
such as aragonite and calcite to- 
gether with organic substances as 
well as water. The most common 
form of CaCO, in pearls is a layered 
structure of aragonite platelets. This 
structure is the reason pearls display 
a nacreous surface and pearly luster. 
A non-nacreous surface indicates a 
pearl that formed from CaCO, but 
not with an aragonite platelet micro- 
structure. Conch and Melo pearls are 
non-nacreous pearls that possess an 
aragonite fibrous or lamellar struc- 
ture that display flame-like surface 
patterns. Scallop pearls are non-nac- 
reous pearls made of calcite in a hon- 
eycomb patchwork of cells. Pen 
pearls mentioned previously are 


Figure 18. RTX imaging revealed a round bead nucleus in the center of 
each pearl, indicating the pearls were bead cultured. 
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Plugged area 
55 


Figure 19. The 169.05 ct filled pearl, viewed from its face (left) and base 
(right). Note the indented feature on the base through which the filler ma- 


terial was inserted prior to plugging. 


another type of calcite pearls with a 
cellular structure. 

These two special occurrences are 
the first non-nacreous BC pearls from 
P. margaritifera identified by GIA. 
Cultured pearls from this mollusk, 
both BC and non-bead cultured, typi- 
cally display a nacreous surface and 
are often referred to as “Tahitian” 
pearls in the market. Genetics is prob- 
ably the most important factor in- 
fluencing the biomineralization of a 
pearl, yet many other factors can be 
involved such as water environment 
and health of the mollusk. Organic 
substances also play an important role 
in the biomineralization process (C. 
Jin and J. Li, “The molecular mecha- 
nism of pearl biomineralization,” An- 
nals of Aquaculture and Research, 
Vol. 4, No. 1, 2017, p. 1032). In nature, 
many living organisms elaborately 
control the formation of biominerals 
for specialized functions such as me- 
chanical support, protection, and min- 
eral storage. Some mollusk species 
may produce different structures 
under certain circumstances. 


Forozan Zandi, Artitaya Homkrajae, 
and Stephanie Shaw 


A Partially Hollow Natural Blister 

Pearl Filled with Foreign Materials 

Over the centuries, India has main- 
tained its reputation as a natural pearl 
trading center. Since the launch of 
GIA’s pearl identification service in 
Mumbai in May 2022, the laboratory 
has received a variety of interesting 
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items for identification. One that 
stood out owing to its size and inter- 
nal structure was a unique partially 
hollow natural blister pearl with un- 
identified fillers (figure 19). 

The very large baroque white pearl 
weighed 169.05 ct (33.81 g) and meas- 
ured 43.12 x 28.83 x 19.26 mm. How- 
ever, on initial examination, its “heft” 
(perceived weight compared to its ac- 
tual weight in comparison to its size} 


felt heavier than it should have. While 
the pearl’s face-up side exhibited minor 
surface blemishes and good nacre con- 
dition (figure 20A), its base showed a 
deep oval indentation that looked a bit 
suspect to the unaided eye and needed 
further detailed examination. Under 
40x magnification, the area revealed a 
distinct boundary with remnants of a 
transparent adhesive around it (figure 
20B). Evidence of heavy working and 
polishing on and around the base was 
also clearly visible (figure 20, C and D). 

Many loose nacreous baroque or 
semi-baroque pearls of this size are 
hollow to some degree, and most turn 
out to be blister pearls that were at- 
tached to the shell and removed at 
some point (“An unusual pearl,” GIA 
Research News, March 31, 2009) or 
were shell blisters. In order to ensure 
the durability of these hollow pearls, 
and sometimes to add weight and in- 
crease their perceived value, they are 
filled with various materials such as 
metals, resins, waxes, shell, and other 
pearls (Fall 2013 Lab Notes, pp. 172- 


Figure 20. A: The pearl’s face showed minor surface blemishes; field of 
view 8.00 mm. B: The plugged area (boundary indicated by arrows) on the 
base with remnants of an adhesive around the oval opening; field of view 
1.60 mm. C and D: Smoothed nacre layers provide evidence of heavy 
working and polishing on the base; field of view 3.00 mm. 
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Internal cavity 


Figure 21. Opaque (white) areas indicate that metal pieces were placed within the pearl’s large internal cavity 
(left). Natural growth arcs and a small darker organic-rich area are visible at the pearl’s base (right). 


173) and fashioned to improve their 
external appearance. Although the ini- 
tial examination indicated that this 
pearl was likely filled with foreign ma- 
terials, further analysis was required. 
Real-time microradiography re- 
vealed a large organic void/cavity filled 
with a radiopaque white material, 
probably small metal fragments or 
metal shavings (figure 21; see also 
Summer 2019 Lab Notes, pp. 251- 
254). Areas of greater radio-transpar- 
ency suggested that some type of 
bonding or stabilizing material, pos- 
sibly adhesive, may have been used to 
hold the foreign pieces in place, and 
there also appeared to be one other 
type of radiolucent material within the 
cavity. The pearl was examined in sev- 
eral directions in order to further ana- 
lyze the internal structure and fillings. 
The outline of the void was smooth 
and blended with the external shape of 
the pearl. The outer nacre layers re- 
vealed fine growth arcs and a small or- 
ganic-rich area was visible at the base, 
both of which aligned more with the 
growth features of a natural pearl. It 
was clear that this was originally a 
blister pearl or shell blister that had 
been cut from a shell, and that the in- 
dented area, which was the opening on 
the base of the pearl, was the point of 
attachment that was subsequently 
plugged. X-ray fluorescence proved 
that the pearl formed in a saltwater en- 
vironment since most of its surface ap- 
peared inert and only a small area at 
the base displayed a very light greenish 
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yellow reaction uncharacteristic of a 
freshwater environment. 
Energy-dispersive X-ray fluores- 
cence spectrometry on two areas (face 
and base) showed low or below detec- 
tion levels of manganese and higher 
strontium levels, above 1000 ppm, 
both characteristic of a saltwater envi- 
ronment. The higher strontium levels 
coupled with the large size indicated 
that the mollusk from which the pearl 
originated was Pinctada maxima. 
Raman analysis using a 514 nm 
laser excitation on two spots (face and 
base) of the surface produced high flu- 
orescence due to the pearl’s light color 
and showed a doublet at 702 and 705 
cm! as well as a peak at 1085 cm” in- 
dicative of aragonite. The photolumi- 
nescence spectra also displayed high 
fluorescence together with the arago- 
nite peaks, as observed via Raman, 
typical of most nacreous pearls. Ultra- 
violet/visible/near-infrared spectra 
within the 220-850 nm range col- 
lected from the face and base were as 
expected for white to light cream-col- 
ored pearls and showed a predomi- 
nantly high reflectance. The presence 
of a prominent 280 nm absorption fea- 
ture coupled with moderate yellow 
reaction under long-wave UV excita- 
tion indicated that bleaching had 
most likely not been carried out. 
After conducting a full analysis, 
GIA concluded that this sample most 
likely formed as a hollow natural 
blister pearl attached to its shell host. 
At some point, it was removed and the 
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attachment area left an opening into 
the pearl. It was eventually worked 
and filled with foreign fillers (metal 
shavings/pieces and possibly some 
other materials) to improve its dur- 
ability and make it suitable for setting; 
without the filling, it would not be us- 
able in jewelry. The size, spectral char- 
acteristics, and chemistry were also 
consistent with a Pinctada maxima 
host mollusk. 


Roxane Bhot Jain, Abeer Alalawi, 
Nicholas Sturman, and 
Chunhui Zhou 


Large Faceted Pallasitic PERIDOT 


Peridot, the green gem variety of the 
mineral olivine, is a relatively com- 
mon gemstone known for forming as 
irregular nodules in lava flows or as 
large crystals within pockets of solidi- 
fied rock throughout many areas of 
the world. Rarely, this stone can also 
be sourced from stony iron meteorites 
that have survived their flaming pas- 
sage through Earth’s atmosphere. 
These peridot-containing meteorites 
are known as pallasite, and the gems 
they contain are known as pallasitic 
peridot. Due to the extreme con- 
ditions endured by extraterrestrial 
stones, examples of faceted pallasitic 
peridot usually weigh less than half a 
carat (A.H. Shen et al., “Identification 
of extraterrestrial peridot by trace ele- 
ments,” Fall 2011 GwG, pp. 208- 
213). A recent submission to the 
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TABLE 1. Concentrations of trace elements (in ppmw) in a pallasitic peridot. 


Element Faceted stone 
Vv 12.00 

Li 0.48 

Ni 173 

Mn 2090 

Zn 6.59 

Co 6.47 


Extraterrestrial range* 


Terrestrial range* 


9.18-23.4 0.11-4.46 
0.21-0.96 1.10-14.5 
8.93—1 12 1770-4070 
1920-2490 772-1410 
5.20-9.98 9.04-67.4 
4.37-19.6 84.8-147 


*From A.H. Shen et al., “Identification of extraterrestrial peridot by trace elements,” Fall 2011 


G&G, pp. 208-213. 


Carlsbad laboratory saw the largest 
client-submitted example to date at 
2.32 ct (figure 22). The gem possessed 
characteristic inclusions such as thin, 
stacked red platelets (figure 23, left) 
and coarse, high-relief fingerprints 
(figure 23, right). 

At GIA, extraterrestrial peridot is 
distinguished from the terrestrial va- 
riety by either energy-dispersive X-ray 
fluorescence or laser ablation-induc- 
tively coupled plasma—mass _ spec- 
trometry (LA-ICP-MS} analysis of the 
trace elements vanadium, lithium, 
nickel, manganese, zinc, and cobalt 
(Shen et al., 2011). LA-ICP-MS analy- 
sis of these elements in the stone was 
diagnostic of pallasitic peridot when 


compared to published terrestrial and 
extraterrestrial data (Shen et al., 2011) 
(table 1). 

Pallasite is named in honor of ge- 
ologist Peter Simon Pallas, who first 
documented a stony iron meteorite 
with “rounded and elongated drops of 
a very brittle but hard, amber-yellow, 
transparent glass” discovered in Kras- 
noyarsk, Siberia, in 1749. At the time, 
suggestion of an extraterrestrial origin 
was daring. However, this theory 
gained support, and by 1794 additional 
scientific publications accepted the 
idea (J. Sinkankas et al., “Peridot as an 
interplanetary gemstone,” Spring 
1992 GWG, pp. 43-51). Today, palla- 
site is believed to have formed within 


Figure 22. The face-up view of a 
2.32 ct faceted pallasitic peridot, 
the largest extraterrestrial peridot 
seen at GIA to date. 


asteroids containing an iron-nickel 
core and a silicate mantle (R.T. Dodd, 
Meteorites: A Petrologic-Chemical 
Synthesis, Cambridge University 
Press, Cambridge, UK, 1981, 368 pp.). 


Britni LeCroy 
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Figure 23. Left: Planar, brownish red thin films are a distinctive inclusion in pallasitic peridot; field of view 1.26 
mm. Right: Coarse fingerprints are a common inclusion in both terrestrial and extraterrestrial peridot; field of 
view 1.99 mm. 
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The Gem and 
Urnamental Stone Market 


of Hong Kong Today 


by 


COMMANDER JOHN SINKANKAS, U.S.N. 


The British Crown Colony of Hong Kong 
comprises several islands and a section of 
the mainland near the southeastern extrem- 
ity of the China coast. Two major cities, Vic- 
toria and Kowloon, face each other across a 
busy harbor through which much trade is 
carried on. Hong Kong has no import or ex- 
port duties and therefore acts as.a free port 
and being centrally located in the Far East, is 
possibly the major trade port in the whole 
area. Inevitably as a result of Communist 
domination of the mainland, much wealth 
in the form of easily portable valuables has 
found its way there including gemstones, 
jewelry, and more particularly objects of 
art of all kinds. In the central district of 
Victoria and also in Kowloon, a surprisingly 
large number of shops deal in these objects 
and display huge quantities of classical Chi- 
nese att works as well as the far less tasteful 
modern productions. 

Gemstones as a whole are scarce and 
limited both in variety and quality. Ceylon 
gems are fairly common but scarcely im- 
portant while a considerable number of dia- 


monds can be had as well as jade of gem 
quality. Several English firms offer diamonds 
with the usual guarantees of quality, color, 
etc. and they are recommended to anyone 
who cares to purchase one in this port. A 
considerable number of poor to indifferent 
star stones may be had but none can be said 
to be good buys. Gem quality jade is quite 
common and seems to be offered everywhere 
in any size and in any of the subtle degrees 
of quality accorded this stone by the Chinese. 
Along Queen’s Road is an area of native 
jewelry shops which all follow the same 
layout and sell almost precisely the same 
goods. Each store is open at the front and 
is lined on each side with glass table-top 
cases illuminated by blazing lights. On one 
side are sold gold rings and gold pendants 
which seem to be popular with the poorer 
classes as a portable nest-egg, while on the 
other are sold jade jewelry of all types plus 
some tourmaline pendants and _ synthetic 
rings. Outside the stores are individual 
guards equipped with shotguns, mute testi- 
mony to past unpleasantries. Finer quality 
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Arsenopyrite in Smoky Quartz 


The authors recently examined a smoky quartz gem with 
interesting bladed inclusions of arsenopyrite (FeAsS), an 
iron arsenic sulfide mineral. The inclusions generally oc- 
curred as thick blades with striated faces in a dark gray 
color (figure 1). One such inclusion that was exposed to the 
surface and polished through showed a silvery gray color- 
ation. Energy-dispersive X-ray fluorescence testing revealed 
significant amounts of iron and arsenic, consistent with 
the mineral arsenopyrite. The stone was reportedly from 
the Huanggang mine in Inner Mongolia, China. It was also 
reported that this stone was cut from a single large crystal 
that yielded approximately 20 such gems with arsenopyrite 
inclusions. Also present were numerous fluid inclusions, 
some of which showed vibrant thin-film interference 
colors in reflected light (figure 2). These are the first arse- 
nopyrite inclusions the authors have examined in Mongo- 
lian quartz. 


Nathan Renfro and John I. Koivula 
GIA, Carlsbad 


Unusual “Horsetail” and Columnar Inclusions in 
Demantoid 


Demantoid, a gem variety of andradite garnet, sometimes 
contains “horsetail” inclusions, a type of fibrous inclusion 


About the banner: Stalks of copper minerals and spherical green con- 
cretions are seen throughout this rock crystal quariz from the Ray 
copper mine in Arizona. Photomicrograph by Nathan Renfro; field of 
view 28.20 mm. 
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Figure 1. Blades of the iron arsenic sulfide mineral 
arsenopyrite seen in a smoky quartz from the Huang- 
gang mine in Inner Mongolia. Photomicrograph by 
Nathan Renfro; field of view 4.67 mm. 
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Figure 2. Fluid inclusions that showed vibrant interfer- 
ence colors in reflected light were also observed in the 
smoky quartz. Photomicrograph by Nathan Renfro; 
field of view 4.36 mm. 


commonly seen in demantoid from Russia (e.g., W.R. Phil- 
lips and A.S. Talantsev, “Russian demantoid, czar of the 
garnet family,” Summer 1996 G&G, pp. 100-111). Recent 
studies have shown that these horsetail inclusions from 
Russian demantoid are in fact hollow tubes partially filled 
with serpentine (e.g., A.Y. Kissin et al., “Horsetail’ inclu- 
sions in the Ural demantoids: Growth formations,” Min- 
erals, Vol. 11, No. 8, 2021, article no. 825). 

Recently, the authors had an opportunity to examine 
a unique yellowish green demantoid weighing 0.73 ct. 
Horsetail inclusions often occur in a radial form, but 
these were quite unusual, showing random spiral- or coil- 
like structures throughout the stone (figure 3). Raman 
spectroscopic analysis identified these inclusions as ser- 
pentine. While their formation remains an open ques- 


Figure 3. Fibers of serpentine were observed through- 
out this demantoid garnet in an unusual randomly 
curved pattern. Photomicrograph by Shunsuke Nagai; 
field of view 2.00 mm. 


tion, horsetail inclusions may suggest complicated geo- 
logical conditions such as decompression (again, see Kis- 
sin et al., 2021). 

Also of interest in this stone were two-phase columnar 
negative crystals containing mobile gas bubbles (figure 4). 
Based on analysis of the OH stretching region of Raman 
spectra (e.g., M.C. Caumon et al., “Fused-silica capillary 
capsules (FSCCs) as reference synthetic aqueous fluid in- 
clusions to determine chlorinity by Raman spectroscopy,” 
European Journal of Mineralogy, Vol. 25, No. 5, 2013, pp. 
755-763; Winter 2015 Gem News International, pp. 446- 
448), these inclusions were determined to be mainly com- 
posed of saline solutions, possibly a mix of water and small 
amounts of sodium chloride, although the composition of 
the gas phase was not detected. 


Figure 4. Columnar two-phase negative crystals containing mobile gas bubbles were another unique feature seen 
in the demantoid garnet. Photomicrographs by Makoto Miura; field of view 1.06 mm. 
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Figure 5. This particle cloud, a typical inclusion in 
diamond, shows an iridescent appearance and is 
grouped in a triangular shape viewed in fiber-optic il- 
lumination. Photomicrograph by Aprisara Semapong- 
pan; field of view 2.8 mm. 


Fluid inclusions in demantoid garnet have previously 
been reported (again, see Winter 2015 GNI, pp. 446-448). 
However, the columnar shape of the two-phase inclusions 
seen here is quite unusual considering the cubic crystal 
system of the host andradite garnet. These two-phase in- 
clusions could be related to the formation of hollow canals 
within the host demantoid in the presence of water, al- 
though we are not yet able to determine how these neg- 
ative crystals formed in this peculiar shape. 


Shunsuke Nagai, Masumi Saito, and Makoto Miura 
GIA, Tokyo 


A “Galaxy” within a Diamond 


The 2.01 ct, D-color, I,-clarity type IaB diamond in figure 
5 reveals an intriguing cloud of particles grouped in a tri- 
angular shape. These tiny crystal and particle cloud inclu- 
sions resemble a galaxy, as if seeing the Milky Way at 
night. 

The DiamondView image in figure 6 reveals blue fluo- 
rescence with a hazy triangular glowing area that matches 
perfectly with the position of the particle cloud in figure 5. 
Furthermore, this type IaB natural diamond displays a fi- 
brous pattern in the DiamondView instead of the tree-ring 
pattern that is typical in type Ia diamond. This fibrous pat- 
tern is related to a weak B-aggregated (B-center; 4N+V) signal 
in Fourier-transform infrared spectroscopy. 

Finding and analyzing inclusions in diamonds is fasci- 
nating, as you never know where the next diamond will 
lead you—perhaps you will even discover your own galaxy. 


Aprisara Semapongpan 
GIA, Bangkok 
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Figure 6. DiamondView imaging of the type IaB dia- 
mond reveals a fibrous pattern and a hazy triangular 
cloud area with blue fluorescence. Image by Aprisara 
Semapongpan. 


Omphacite in Pink Diamond 


Photomicrography of colored crystal inclusions is a field of 
seemingly endless possibilities in the realm of colored 
stones. With regard to diamond, however, the possibilities 
are far more limited. This is due to the growth origin of dia- 
mond within the earth’s mantle—an environment few other 
minerals are able to endure. While colored crystal inclusions 
in diamond are uncommon, known possibilities include gar- 
net, diopside, corundum, olivine, kyanite, and omphacite, 
the latter of which was seen in the Fancy brown-pink dia- 
mond in figure 7 and identified via Raman spectroscopy. 


Figure 7. A bluish green omphacite crystal with sur- 
rounding stress fractures seen in a Fancy brown-pink 
diamond. Photomicrograph by Britni LeCroy; field of 
view 1.42 mm. 
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Omphacite is a mineral within the clinopyroxene solid 
solution series, which also contains the members jadeite, 
diopside, and aegirine. It typically occurs in eclogite, a 
high-pressure, high-temperature metamorphic rock also 
containing garnet. Eclogites form from igneous oceanic 
crust that has subducted into the mantle. The presence of 
an omphacite inclusion proves the diamond formed in an 
eclogitic environment. This is a rare inclusion not often 
seen at GIA. 


Britni LeCroy 
GIA, Carlsbad 


Aegirine in Poudretteite 


Originally discovered in Canada in the 1960s and named 
for the family that owned the rock quarry where it was 
found, extremely rare poudretteite was recognized as a 
new mineral in 1986. In 2000, the first gem-quality stone 
was discovered in Mogok, Myanmar. Recently, local 
miners found a new poudretteite deposit near Pein-Pyit 
village in the northeastern part of Mogok town. Some of 
these mined poudretteite gemstones contained unusual 
green crystal inclusions (figure 8). 

The author examined two rough gem-quality light 
pink stones weighing about 1.065 and 1.104 ct. Gemolo- 


Figure 8. An aegirine crystal inclusion in poudretteite 
rough from Mogok, viewed with oblique fiber-optic il- 
lumination. Photomicrograph by Kyaw Thu; field of 
view 2.3 mm. 
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gical observation and Raman analysis confirmed that the 
two samples were poudretteite. The green crystal inclu- 
sions were present as both single crystals and sprays of 
acicular crystals in a radial pattern (figure 9). They had a 
mostly prismatic crystal shape with a bright yellowish 
green color. Micro-Raman analysis identified them as 
aegirine, the first discovery of this mineral in poudretteite 
from Mogok. Aegirine commonly occurs in alkaline ig- 
neous rocks, nepheline syenites, carbonatites, and pegma- 
tites. This mineral inclusion could be an indicator of 
Mogok origin. 


Kyaw Thu 
S Gemmological Institute, Yangon, Myanmar 


“Electromagnetic Wave” Inclusion in 

Mong Hsu Ruby 

Recently the author examined a vivid red 1.18 ct cushion- 
cut ruby. This ruby contained several inclusions, such as 
distinctive hexagonal zoning with a blue core, a cloud of 
snowflake-like particles, and ladder-like particles. These 


Figure 9. Aegirine inclusion showing sprays of acicular 
crystals in poudretteite rough from Mogok (darkfield 
and oblique fiber-optic illumination). Photo- 
micrograph by Kyaw Thu; field of view 0.84 mm. 
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inclusions combined with chemical analysis indicated a 
geographic origin of Mong Hsu, Myanmar. Interestingly, 
fiber-optic illumination revealed an electromagnetic wave- 
like pattern of particles (figure 10). Although whitish par- 
ticles are common in Mong Hsu rubies, this electromagnetic 
wave pattern is truly unique. 


Narint Jaisanit 
GIA, Thailand 
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Figure 10. An electro- 
magnetic wave-like pat- 
tern of whitish dust in 
Mong Hsu ruby. Photo- 
micrograph by Narint 
Jaisanit; field of view 
1.70 mm. 


Volcano-Shaped Internal Feature in 

Trapiche-Like Sapphire 

Trapiche-like sapphires with hexagonal color zoning have 
been found in the Changle area of Shandong Province, 
China. Samples examined by the authors possessed a brown- 
black hexagonal core and a distinct six-rayed pattern (figure 
11). The six rays or fibrous arms were oriented perpendicular 
to the sides of the core and the hexagonal growth structure. 


Figure 11. Each of these 
trapiche-like sapphires 
from Changle, Shan- 
dong Province, has a 
brown-black hexagonal 
core in the center and 
six white radiating 
arms. Three of the four 
sample slices weigh ~3.1 
ct with a thickness of 
~2.1 mm; the sample 
slice on the bottom right 
weighs ~0.7 ct with a 
thickness of ~1 mm. 
Photos by Sugin Xia. 
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Figure 12. Inclusions along the white arms of trapiche-like sapphire. A: Thin-film inclusions display colorful in- 
terference colors under reflected light. B: Triangle-shaped fissures, which are perpendicular to the crystallo- 
graphic c-axis, resemble overlapping hills, including a volcano just right of center. These fissures show spectral 
interference colors under reflected light. C: In transmitted light, the pattern of inclusions resembles a Chinese 
landscape painting with a volcano in it. Photomicrographs by Xiaojing Lai; fields of view 0.30 mm (A) and 0.15 
mm (B and C). 


Graphite was randomly distributed in the dark core region 
in this sapphire, identified by Raman spectroscopy. 
Through further microscopic observation, we found 
that these fibrous arms were composed of thin-film fluid 
inclusions and fine fissures generally parallel to their 
elongation direction (figure 12). Many of these inclusions 
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were two-phase, containing both gas and liquid, and a few 
were gas-liquid-solid three-phase. Interestingly, the fis- 
sures were triangular, scalloped, striped, or irregular in 
shape and about 10 to 40 pm in size, with spectral inter- 
ference colors (figure 12A). With overhead lighting, the 
internal features presented a dramatic scene reminiscent 
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of a post-eruption volcano surrounded by overlapping 

hills and rivers (figure 12B). In transmitted light, however, 

the same features resembled a Chinese landscape paint- 

ing, and the previous “rivers” looked more like clouds 

surrounding the volcano and hills (figure 12C). The inter- 

nal features found in this sapphire are interesting to gem- 
ologists both scientifically and artistically. 

Xiaojing Lai and Sugin Xia 

Gemmological Institute, 

China University of Geosciences, Wuhan 


Figure 13. This new 
chalcedony from Indo- 
nesia, which one dealer 
is marketing under the 
trade name “Aquadite,” 
contains numerous in- 
clusions composed of 
copper and copper min- 
erals such as red cu- 
prite, blue chrysocolla, 
and green malachite. 
The largest triangular 
cabochon weighs 78.80 
ct. Photo by Annie 
Haynes; courtesy of 
Yianni Melas. 


Copper “Confetti” Inclusions in Chalcedony 


Recently the author examined an interesting new variety 
of chalcedony from Indonesia (figure 13). Samples were 
sourced from Greek dealer Yianni Melas in order to doc- 
ument the new material. Gemologically, the properties are 
consistent with chalcedony, including a refractive index of 
1.54 and a specific gravity of 2.56. However, this material 
is particularly notable for its mineral inclusions. Much like 
confetti thrown in the air as a celebration, a multitude of 
blue, green, and metallic inclusions (figure 14) were scat- 


Figure 14. The Indonesian chalcedony contains vibrant inclusions such as greenish blue chrysocolla (A), green 
malachite, and well-formed crystals of native copper that has in some cases altered to the deep red mineral cu- 
prite (A, B, and C). Photomicrographs by Nathan Renfro; fields of view 10.27 mm (A), 4.17 mm (B), and 4.77 


mm (C). 
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Figure 15. Left: This 3.07 ct purplish pink “dragon” garnet, as seen in daylight-equivalent lighting, displays eye-vis- 
ible blue apatite inclusions. Right: Red fluorescence in the garnet due to chromium, as seen using long-wave UV. 


Photos by Jessa Rizzo; courtesy of Ravenstein Gem Co. 


tered throughout the chalcedony matrix. Advanced testing, 
including Raman spectroscopy and energy-dispersive X-ray 
fluorescence analysis combined with microscopic observa- 
tion, confirmed the presence of chrysocolla, malachite, 
native copper, and cuprite. 

Melas plans to market this new material under the 
trade name “Aquadite.” This fascinating chalcedony from 
Indonesia should be a popular gem for any collector who 
enjoys unique examples of vibrantly colored chalcedony. 


Nathan Renfro 


Garnet with Apatite Inclusions 


The authors recently examined a 3.07 ct garnet sample ac- 
quired from Ravenstein Gem Co. by author NR. This gem 
material, marketed online as “dragon” garnet as an allusion 
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to the mythical creature’s changing eye color, was reportedly 
from a new find at an undisclosed locality in Africa. It is also 
notable that Lotus Gemology has reported similar material 
from Tanzania (Summer 2022. Ge)G Micro-World, pp. 226- 
227). The garnet was a delicate purplish pink color under 
daylight-equivalent lighting (figure 15, left) and showed a 
fairly strong red fluorescence when exposed to long-wave ul- 
traviolet light (figure 15, right). Also of note, this sample, as 
well as many of the other examples showcased online, con- 
tained vibrant blue inclusions of apatite (figure 16) as well 
as typical needle-like silk and minute fluid inclusions. 
Gemological testing revealed a refractive index meas- 
urement of 1.741 and a hydrostatic specific gravity of 3.81. 
Further gemological testing with laser ablation—induc- 
tively coupled plasma—mass spectrometry revealed the 
major composition to be pyrope (61.5 mol.%), spessartine 


Figure 16. Blue apatite 
inclusions and rutile 
needles were prominent 
throughout the “dragon” 
garnet reportedly from a 
new find in Africa. 
Photomicrograph by Na- 
than Renfro; field of 
view 2.40 mm. 
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UV-VIS-NIR SPECTRUM 
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Figure 17. The garnet’s UV- 
Vis-NIR spectrum suggests 
the color results mainly from 
manganese, iron, chromium, 
and vanadium. Narrow 
bands at 409, 422, and 430 
nm are related to manganese 
in the garnet structure, while 
absorption bands related to 
iron are at ~465 and 488 nm 
(Z. Sun et al., “Quantitative 
definition of strength of chro- 
mophores in gemstones and 
the impact on color change 
in pyralspite garnets,” Color 
Research and Application, 
Vol. 47, 2022, pp. 1134-1154). 
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(29.0 mol.%), grossular (6.5 mol.%), and almandine (2.6 
mol.%), a chemistry consistent with pyralspite-series gar- 
nets. Notable trace elements in significant quantities were 
chromium (660 ppmw) and vanadium (343 ppmw) in ad- 
dition to the rare earth elements yttrium (1206 ppmw), er- 
bium (222 ppmw}), and ytterbium (420 ppmw). The 
ultraviolet/visible/near-infrared (UV-Vis-NIR) spectrum re- 
vealed absorption bands that were consistent with the 
chemical analysis (figure 17), indicating that the color of 
the garnet results from a mixture of manganese, iron, chro- 
mium, and vanadium. Raman analysis confirmed the blue 
inclusions as apatite. It is also notable that the garnet sam- 
ple showed a weak color change in daylight compared to 
various non-standardized, commercially available LED 
types of lighting, changing from purplish pink to pink-or- 
ange. Photoluminescence testing with a 514 nm laser re- 
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vealed a strong chromium-related emission, consistent 
with the red fluorescence observed with long-wave UV ex- 
posure (figure 18). 

The strong red fluorescence, color change under certain 
LED lights, and presence of significant rare earth elements 
and vibrant blue apatite inclusions make it quite interest- 
ing for any gem collector. 


Jessa Rizzo, Nathan Renfro, and Ziyin Sun 
GIA, Carlsbad 


Quarterly Crystal: Etching on Laurentthomasite 


The micro-world of gems and minerals involves the study 
of not only fluid and solid inclusions but also any signifi- 
cant surface features caused by growth and/or etching. 
When a rough crystal is fashioned into a gemstone, most 


Figure 18. The photo- 
luminescence spectrum 
collected from the gar- 
net using a 514nm 
laser revealed chro- 
mium-related emission 
consistent with the ob- 
served red fluorescence 
under long-wave UV 
excitation. 
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jewelry is available from several large and 
long-established firms of European origin. 

Fine quality gem jade is difficult to get 
in the raw form due to the unsettled condi- 
tions surrounding the jade producing areas 
of Upper Burma. Three or four auctions a 
year are held at-Rangoon where buyers from 
Hong Kong send representatives to bring 
back the alluvial boulders for processing 
either in Victoria or at other points on the 
mainland. Top notch quality is, as always, 
rare and expensive but lesser quality grades 
are abundant and a very brisk trade is car- 
ried on in mounted jade jewelry. Because 
of the policy of the United States toward 
trade with Communist China, gem jade is 
acceptable if brought in mounted in jewelry 
— loose pieces are NOT acceptable at cus- 
toms. In order to fill the urgent demands 
for jade jewelry, local jewelers in Hong 
Kong not only have started up cutting estab- 
lishments but have also created overnight a 
large and thriving precious metal manufac- 
ture for making the mounts. There is little 
experience in these hastily contrived shops 
however, and the general quality of mount- 
ings in gold and platinum show altogether 
too plainly the lack of skill and the almost 
frantic haste with which the various metal- 
working operations were completed. There 
are many hollow back rings in thin rolled 
sheet simulating cast forms, rather poorly 
soldered throughout. The art of casting is 
not too well known and most pieces are 
built-up from simple sheet and wires. The 
finishing and buffing also leaves much to 
be desired. 


In regard to stone carvings two distinct 
classes of work are to be noted at even the 
first glance — the old traditional work of 
painstaking care and design, and the newer 
work which displays a slick finish and an 
almost universal artistic ineptitude. None 
of these carvings may be admitted in the 
United States at the present time and every 
shopkeeper is not loath to bemoan this fact 
since it leaves him with a splendid but 
static stock because the best customers are 


barred from buying. This ruling by the Fed- 
eral Government is not quite fair since most 
of the pre-war work had no active connec- 
tion with Communist industry while the new 
work is definitely made in Communist China. 
Perhaps those who imposed this rule recog- 
nized the futility of trying to distinguish be- 
tween the two since this can be done ordi- 
natily only by someone well-acquainted with 
the differences in style, finish, and raw ma- 
terials employed, and presumably the ordi- 
nary tourist could be sold a new piece as old 
without being aware of the difference until 
Shop- 
keepers were reluctant to discuss the origin 
of the new pieces but some were honest 
enough to admit that they were done on the 
mainland. A few claimed they were executed 
in Macao, the Portuguese colony only a few 
miles distant from Hong Kong but this is 
probably not the case at all. The sheer vol- 
ume of new work would indicate a large 
and well-organized industry and not some 
impromptu gathering of refugee lapidaries. 


the denouement came at customs. 


Recent works employ a great deal of the 
so-called ‘Soochow Jade,” a fine quality 
translucent serpentine which is easily worked 
and capable of taking a high polish. A con- 
siderable amount of Brazilian gem material 
is also in evidence particularly the charac- 
teristic rose quartz, smoky quartz, and cit- 
rine. Much of the rock crystal undoubtedly 
comes from that country also. Brazilian chal- 
cedony is also heavily employed as well as 
carnelian and agate. Some shopkeepers ad- 
mitted purchasing supplies of rough from 
abroad and sending these stocks over to the 
mainland to be carved to their order. They 
all appear to be anxious to get more rough 
but never having been faced before with this 
particular aspect of the business, they frank- 
ly do not know where to turn to establish 
business connections. 

Old works of classical design are very 
common and stocks are substantial, only a 
fraction of the total stock ever appearing 
upon the shelves. There is little question 
that Hong Kong represents the largest gather- 
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if not all surface features of any importance are removed 
during the lapidary process. So when we encounter an in- 
teresting gem crystal, we always take the opportunity to 
examine the natural surfaces for any interesting evidence 
of growth or dissolution. 

With that in mind, we recently studied a rough-sur- 
faced etched hexagonal crystal of laurentthomasite (figure 
19) from Madagascar that measured 11.24 x 9.76 x 4.32 
mm and weighed 3.71 ct. Laurentthomasite, with the 
chemical formula Mg,K(Be,Al)Si,,O., is a relatively recent 
mineral approved in 2019 by the International Mineralog- 
ical Association (IMA) as a new species in the milarite 
(osumilite) group. It was named after French mineral 
dealer Laurent Thomas. 


Figure 19. This deeply 
etched 11.24 mm 
laurentthomasite crys- 
tal from Madagascar 
displayed a rich green- 
ish blue color. The or- 
ange color patches are 
epigenetic limonitic res- 
idue. Photo by Annie 
Haynes; courtesy of 
Arkfeld Minerals. 


The rough surface of the laurentthomasite prevented the 
application of standard gemological testing. With magnifi- 
cation, however, we were able to observe a uniaxial optic 
figure from the crystal in polarized light. As expected, the 
dichroism displayed was a greenish blue down the optic axis 
direction and greenish yellow perpendicular to the c-axis. 
Under UV radiation, the crystal’s reaction was inert. 

Examination of the surface using differential interfer- 
ence contrast microscopy showed an abundance of hexa- 
gonal etch features, some with a rather dramatic 
architecture. Reflecting the hexagonal symmetry of the 
laurentthomasite, as shown in figure 20, these dissolution 
features were targeted for photomicrography. 


John I. Koivula and Nathan Renfro 


Figure 20. Some of the dissolution features observed on the etched surface of the laurentthomasite crystal were 
reminiscent of decorative hexagonal tiles, as seen using differential interference contrast (left) and diffuse trans- 
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mitted light (right). Photomicrographs by Nathan Renfro; field of view 1.44 mm. 
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Gems Formed in Magmatic Rocks 


The rigid outer layers of the earth (the lithosphere) are 
composed of minerals and rocks. Minerals are natural 
chemical compounds that form in certain geological envi- 
ronments and sets of physical and chemical conditions. In 
the lithosphere, the main mechanisms for mineral forma- 
tion are cooling and solidification from igneous magmas, 
crystallization from high-temperature hydrothermal solu- 
tions or vapors, crystallization from low-temperature aque- 
ous solutions, and solid-state mineral recrystallization 
during metamorphism. Gem minerals can be formed by 
any of these mechanisms. 

Minerals have specific chemical compositions and 
arrangements of constituent atoms (i.e., crystal structure). 
Approximately 5,800 mineral species are currently recog- 
nized by the International Mineralogical Association (IMA), 
most of them rare and narrowly distributed. Despite the va- 
riety of mineral species, almost 97% of the earth’s crust is 
made up of a few elements: oxygen, silicon, aluminum, iron, 
calcium, sodium, potassium, and magnesium. Hence, the 
crust is dominated by a small handful of minerals containing 
these elements (feldspars, quartzes, pyroxenes, amphiboles, 
and micas). While these minerals are occasionally found as 
gem-quality pieces, most natural gems are rarer mineral 
phases that fortunately occur in specific deposits as crystals 
of a size and quality that can be faceted or polished. 

This edition of Colored Stones Unearthed will focus on 
gem minerals that form in magmatic environments (figure 
1). Other environments of gem formation will be discussed 
in future columns. 


Editors’ note: Questions or topics of interest should be directed to Aaron 
Palke (apalke@gia.edu) or James Shigley (ishigley@gia. edu). 
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Figure 1. These examples of gem minerals that formed 
in magmatic environments are part of GIA’s Eduard 
Gtibelin Collection. From top to bottom and left to 
right: 29.96 ct sanidine feldspar from Germany, 53.00 
ct peridot from Myanmar, 11.58 ct zircon from Thai- 
land, 20.66 ct topaz from Utah, 2.05 ct sapphire from 
Thailand, 18.36 ct pyrope garnet from the Czech Re- 
public, 19.55 ct black spinel from Thailand, and 2.50 
ct ruby from Thailand. Photos by Robert Weldon. 
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Mineral Formation in Magmas 


Magmatic minerals form during the cooling and crystal- 
lization of magmas (molten rock) in certain portions of the 
earth’s lithosphere and at the surface (figure 2). These mag- 
mas vary in chemical composition, but for most the dom- 
inant chemical component is silica (SiO,). The amount of 
SiO, in a magma dictates many of the properties and erup- 
tive behaviors of volcanic events, and silica concentration 
can tell researchers a great deal about the geological history 
of a magma. Basalts, for instance, are silica-poor magmas 
(typically ~50 wt.%), while rhyolites have high silica con- 
tents (typically >70 wt.%). Magmas can form when tem- 
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Figure 2. Eruption of the 
Tungurahua volcano in 
Ecuador. Various gem 
minerals can crystallize 
from molten magmas in 
the earth’s crust or when 
the magmas erupt at the 
surface. Magmas also 
bring up pieces of man- 
tle or crustal rocks 
called xenoliths that are 
of great value for scien- 
tific study. Courtesy of 
Sebastian Crespo 
Photography/Moment/ 
Getty Images. 


peratures rise in the earth and melting of preexisting rocks 
occurs in the lower crust or upper mantle. Decreases in 
pressure or the introduction of water or other volatile com- 
ponents can also result in the production of magma deep 
within the earth. Once formed, magmas can either travel 
through the crust via fissures, form large magma-filled 
chambers in other rocks, or be erupted at the earth’s sur- 
face through volcanic vents (figure 3). 

Whatever their origin, the cooling of magmas results 
in the crystallization of igneous rocks, which are classi- 
fied according to their texture and mineral composition 
(table 1). As the magma’s temperature decreases and it 


Figure 3. This diagram 
illustrates various loca- 
tions where molten 
magmas can reside in 
the crust above a large 
magma chamber, as 
well as the channels or 
conduits by which they 
can reach the surface to 
form volcanoes: active 
magma chamber (A), 
mantle xenolith in 
chamber (B), laccolith 
(C), sill (D), dike (E), 
and volcanic conduit 
(F). Modified from 
Johnson et al. (2017). 
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TABLE 1. Classification of igneous rocks based on mineral composition and texture. 


Category Felsic Intermediate Mafic Ultramafic 
>10% quartz : 
>10% quartz i ; 20-85% plagioclase 
Mineral 5 >50% plagioclase 6 Olivine and 
a >50% feldspar 15-50% pyroxene 
Composition >10% orthoclase [MOINS 


<15% mafic minerals Ee 
<15% mafic minerals 


>35% olivine 


Texture 

ee Granite, syenite, AF 
PUSSY d granodiorite, and Diorite Gabbro Bendeuteand 
(coarse-grained) nareliic pyroxenite 
Aphanitic Rhyolite, dacite, : 
(fine-grained) and trachyte Andesite Basalt _ 


Porphyritic (large 
crystals in fine- 
grained matrix) 


Porphyritic rhyolite  Porphyritic andesite 


Vesicular (porous) Pumice Pumice 


Glassy (vitreous) Obsidian Obsidian 


Andesitic tuff 
or breccia 


Pyroclastic 
(fragmental) 


Rhyolitic tuff 
or breccia 


begins to solidify, mineral formation can occur below the 
surface (to form intrusive or plutonic or phaneritic rocks 
with coarser grain size due to slower gradual magma 
cooling). Alternatively, magma that is erupted at the sur- 
face will solidify quickly, often leading to small grain 
sizes of the constituent minerals (to form extrusive or 
aphanitic rocks) (figure 4). 


Porphyritic basalt — 


Scoria — 


Basaltic tuff or breccia — 


Volcanic Eruptions 


A volcano forms above an underground magma chamber 
and is created where the magma is vented or erupted at the 
earth’s surface. Volcanoes occur at specific locations of the 
crust that are associated with the creation, lateral move- 
ment, and then subduction of crustal plates. Most volcanoes 
are located along boundaries of crustal plates, either at di- 


Figure 4. Two examples of important igneous rocks. Rhyolite (left) is an aphanitic extrusive igneous rock, while 
granite (right) is a phaneritic intrusive igneous rock. They are similar in chemical composition but differ in the size 
of their constituent mineral grains because they cool and solidify at different rates under different geological con- 
ditions. Photos by James St. John/Wikipedia Commons. 
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Mantle 
hot spot 


Convergent 
plate boundary 


Divergent 
plate boundary 


Convergent 
plate boundary 


Divergent 
plate boundary 


Figure 5. The lithosphere—the solid outer portion of the crust—consists of crustal plates that gradually move later- 
ally over geologic time scales due to convection in the underlying molten asthenosphere. Plates form and then sep- 
arate along divergent plate boundaries. They come together with one plate colliding or being subducted beneath 
an adjacent plate along convergent boundaries. Slow movement of crustal plates has resulted in the continents 
changing position relative to one another in the geologic past. Plate collisions produce uplifted mountain ranges 
along the collision boundary, as in the Himalayas and the Andes, as well as deep oceanic trenches. Most volca- 
noes are located along mid-ocean ridges and continental rift zones and along subduction zones. Some also occur 
within crustal plates, where they form above “hot spots” in the underlying asthenosphere. Plate movement over a 
hot spot can produce a chain of nearby volcanic islands such as those in Hawaii. 


vergent plate boundaries (mid-ocean ridges or continental 
rift zones where crustal plates separate) or convergent plate 
boundaries (subduction zones where plates collide). Some 
volcanoes also occur within crustal plates where they form 
above “hot spots,” anomalously hot areas of the upper man- 
tle. Below Hawaii, for example, successive islands were cre- 
ated as the crustal plate gradually moved over a thermal 
feature where magmas were generated (figure 5). 

Depending on their chemical composition, silica-poor 
magmas like basalts are very fluid when erupted (and non- 
explosive}, and they flow down the gentle slopes of volca- 
noes as molten lava (a shield volcano such as Mauna Kea 
in Hawaii). Other, more silica-rich magmas like rhyolites 
are much more viscous and explosive. When erupted, they 
form higher steep-sided volcanoes that often produce vio- 
lent ash cloud explosions or pyroclastic debris flows, de- 
positing the particle material along the margins of the 
volcano or over the surrounding countryside (e.g., a strato- 
volcano such as Mount Vesuvius in Italy). 

Magmas may solidify underground to form various 
types of intrusive igneous rock bodies. Depending on size 
and shape, geologists use terms to describe these rock bod- 
ies (all of which may be later exposed at the earth’s surface 
by geological processes such as folding, faulting, crustal up- 
lift, and weathering; see again figure 3): 
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e Dike: a narrow rock body that cuts across other 
rocks 


e Sill: a narrow rock body that runs parallel to sedi- 
mentary layers 


e Diapir: a domed body of igneous rock that has been 
forced upward into brittle overlying rocks 


e Pluton (or batholith): a large mass of igneous rock 


¢ Laccolith (or lopolith): a body of igneous rock that 
bulges upward or downward 


Magma Crystallization 


Minerals in the crust crystallize from magmas over a range 
of temperatures (~1300° to ~750°C). Most magmas are 
silica-based compositions and classified according to their 
silica content, from silica-poor magmas like basalts (~50 
wt.% SiO,) to intermediate magmas like andesites (~60 
wt.% SiO,) to silica-rich magmas like rhyolites (>70 wt.% 
SiO,). Silicate magmas are dominated by oxygen and sili- 
con, and they contain lesser amounts of aluminum, cal- 
cium, magnesium, iron, sodium, and potassium as well as 
rarer elements. Non-silica-based magmas such as carbon- 
atites are much less common and can form only under spe- 
cific geological conditions. 
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Sorosilicates (Double Island) 
Si,O,> units 
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Nesosilicates (Island) 
SiO,* units 
Olivine: (Mg, Fe),SiO, 
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Inosilicates (Single Chain) 
Si,O,*" units 
Pyroxenes: e.g., (Mg, Fe)SiO, 


Phyllosilicates (Sheet) 
Si,O,7" units 
Phlogopite: KMg,(AISi,O,,)(OH) 


3~ 10 a 


The silica tetrahedron (SiO,) is the basic building block 
of all silicate minerals. It consists of a central silicon atom 
bonded to four oxygen atoms that form a tetrahedral 
arrangement. Silica tetrahedra can also bond to one another 
by sharing one or more of their oxygen atoms to form more 
complex tetrahedral arrangements (such as pairs, single or 
double chains, rings, sheets, and frameworks of bonded 
tetrahedra; see figure 6). These tetrahedra are further con- 
nected by atoms of other elements to form the crystal 
structures of various silicate minerals such as olivine, epi- 
dote, pyroxenes, amphiboles, beryl, mica, and feldspars, to 
name a few. 

Several geologic factors influence the evolution of 
magma composition and crystallization. These include the 
initial composition of the magma source, the presence of 
volatiles such as water or elements like fluorine in the 
magma, partial melting of rocks at the source, interaction 
with melted or unmelted (restite) minerals, interaction 
with or assimilation of wall rocks, mixing of magmas, sep- 
aration of magmas into immiscible melts, loss of volatile 
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of the earth’s crust. By 
sharing one or more of 
the oxygen atoms, these 
tetrahedra can bond to- 
gether in various ways 
(such as pairs, single and 
double chains, rings, 
sheets, and frameworks 
of tetrahedra). Silicate 
minerals are classified 
according to the linkage 
of their silica tetrahedra, 
or their degree of poly- 
merization, as shown by 
these illustrations. Illus- 
trations produced using 
the VESTA software 
package (Momma and 
Izumi, 2011). 
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phases (degassing), fractional crystallization of minerals, 
and accumulation of early-formed minerals. As a result of 
these factors, the overall composition of the magma, and 
the minerals that crystallize from it, changes over time. 
Common silicate mineral formation takes place from the 
magma at progressively cooler temperatures in a specific 
sequence. This sequence is schematically described by 
Bowen’s reaction series (figure 7). This reaction series illus- 
trates the differences between minerals that typically crys- 
tallize from magmas at high temperatures (e.g., olivine, 
pyroxenes, amphiboles, micas, and calcium-rich feldspar) 
and those that typically crystallize at lower temperatures 
(quartz, micas, and potassium-rich feldspar). If early-formed 
minerals are separated from a magma, the removal of those 
components changes the composition of the remaining 
magma, generally leading to more silica-rich compositions 
(figure 8). Bowen’s reaction series can also be considered 
from the bottom up in that the lower-temperature minerals 
at the bottom of the diagram are also the first to break down 
during partial melting. The presence of silica-rich minerals 
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BOWEN’S REACTION SERIES 


Discontinuous branch 


Ny 


Continuous branch Rock type 
Plagioclase Ultramafic 
(peridotite) 
Matic 
(gabbro/basalt) 


Intermediate 
(diorite/andesite) 


Felsic 
(granite/rhyolite) 


Figure 7. Based on field observations and experimental studies, geologists in the early 1900s began to recognize 
that the common silicate minerals form at specific temperature ranges from a cooling magma. This sequence of 
crystallization is known as Bowen’s reaction series, named after geologist Norman L. Bowen. Higher and inter- 
mediate temperatures are associated with mafic and intermediate magmas, while lower temperatures are associ- 
ated with felsic (silica-rich) magmas. At higher temperatures, the sequence has two branches. The continuous 
branch describes the evolution of plagioclase feldspars from calcium-rich to more sodium-rich. The discontinu- 
ous branch describes the sequence of formation of different minerals as temperatures decrease. Although geolo- 
gists now recognize some exceptions, this concept is still accepted as the general model of silicate mineral 


formation from cooling magmas. 


like quartz, micas, and potassium-rich feldspar at the bot- 
tom of the diagram demonstrates that the early-formed 
magmas during partial melting tend to be silica-rich. Re- 
moval of such partial melts can produce rhyolitic magmas. 

Magmatic rock environments are also important 
sources for ore deposits—economic and minable concen- 
trations of gold, silver, copper, nickel, platinum, 
chromium, vanadium, cobalt, and other elements that are 
not found in large amounts in most silicate minerals. 

Hydrothermal and pegmatitic deposits of gems, al- 
though related to magmatic activity, will be discussed sep- 
arately in future editions of this column because of their 
importance for certain gem deposits. 


Gem Mineral Formation from Magmas 


Magmatic gems form either by crystallization of the magma 
at depth or at the earth’s surface, and occasionally in rock 
cavities from a gas phase (a vapor) released during magma 
cooling. Magma eruptions can also bring up mineral crystals 
or fragments of deeply formed crystals or rocks (including 
some gem minerals) derived from other sources—geologists 
refer to them as xenocrysts or xenoliths. 
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When exposed at the surface, igneous rocks often 
weather and decompose to form smaller particles. Resistant 
minerals (such as diamond or corundum) can remain in the 
sedimentary environment and become concentrated in sec- 
ondary alluvial deposits by the movement of water. Such 
deposits are sources for several important gem minerals. 
Over time, long-distance water transport of gem crystals 
also can winnow out fractured crystals: Those that survive 
the journey can be waterworn but of higher quality. 

Although gem mineral formation from magmas is the 
subject of this column, some of these same minerals can also 
form by other geological processes such as metamorphism. 


Diamond. Most gem diamonds formed between 1.0 and 
3.5 billion years ago and at depths between 150 and 250 
km in the lower crust and upper mantle (and in some cases 
in the lower mantle as deep as 800 km; see Smith et al., 
2017). It is now understood that their formation took place 
from carbon-containing fluids, based on studies of tiny in- 
clusions of minerals and fluids found within diamonds, al- 
though the details of this growth process are still the 
subject of geological study. Once formed, the diamonds 
were carried to the earth’s surface by eruptions of kimber- 
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MAGMA COMPOSITION 


A (Low Silica) B (High Silica) 


Stage 1 Stage 2 Stage 3 Stage 4 
Olivine Olivine and Pyroxene Pyroxene and Plagioclase Plagioclase 
~1300°C ~750°C 


Magma cooling and solidification 


Figure 8. With the cooling and solidification of magmas, mineral formation proceeds in a series of steps illustrated 
by the discontinuous branch of Bowen’s reaction series in figure 7. These simplified diagrams illustrate stages of 
fractional crystallization of common minerals from a silicate magma. If the starting magma is ultramafic or 
basaltic in composition (A), during cooling it changes in chemical composition as different minerals form in se- 
quence from the melt. In these diagrams, olivine crystallizes first (stage 1), followed by olivine and pyroxene (stage 
2), pyroxene and plagioclase feldspar (stage 3), and finally plagioclase feldspar (stage 4). These crystals are sepa- 
rated from the melt as layers at the bottom of the magma chamber, and the remaining magma (B) gradually be- 
comes more silica-rich (more viscous). The remaining magma becomes depleted in elements that were 
incorporated in the earlier-formed minerals, and it is enriched in elements that were not easily accommodated in 
these minerals. Modified from Johnson et al. (2017). 


litic or lamproitic magmas (figure 9). Deeply formed dia- _ the mantle to a depth where they could be caught up in 
monds were slowly transported upward by convection in erupting igneous magmas. Diamond formation was de- 


Figure 9. Diamond crystals 
(1.24-22.32 ct) and samples 
of diamond-bearing kim- 
berlite. Photo by Orasa 
Weldon. The loose crystals 
were donated to GIA by De 
Beers as part of the Sir 
Ernest Oppenheimer Stu- 
dent Collection. 
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Figure 10. Green grains of peridot filling gas cavities 
in basalt from the San Carlos Apache Indian Reserva- 
tion in Arizona. Photo by Robert Weldon. 


scribed in more detail by Shirey and Shigley (2013) and by 
Smit and Shirey (2018, 2019). At the surface, diamonds are 
recovered by mining of primary kimberlite ore and from 
secondary alluvial deposits. Harris and Staebler (2017) and 
Smit et al. (2022) provided recent reviews of diamond ge- 
ology, genesis, and occurrence. 


Olivine (Peridot). Olivine is a magnesium-iron silicate 
mineral with the formula (Mg,Fe),SiO, and a crystal struc- 
ture consisting of isolated silicate tetrahedra joined by 
metal cations. It is one of the first minerals to crystallize 
from silicate magmas, and it occurs in mafic (low SiO), 
high MgO and FeO) and ultramafic (very low SiO, at <45 
wt.% and high MgO and FeO) igneous rocks that are low 
in silica such as gabbro and basalt. Magnesium-rich 
olivines (forsterite) are more common than iron-rich 
olivines (fayalites) and constitute most gem peridot. 
Olivines are primary components of the earth’s upper man- 
tle (see again figure 8). Much of the peridot on the gem mar- 
ket comes from alkali basalt eruptions that originated in 
the mantle and carried up large chunks of mantle rocks (in- 
cluding olivine and pyroxene crystals) as xenoliths 
(Koivula, 1981). These constitute the major deposits in the 
USS. state of Arizona (figure 10) and Jilin, China. 

Other peridot deposits form as a result of hydrothermal 
fluid circulation through very magnesium- and iron-rich 
mantle rocks called peridotites, which were brought up to 
the earth’s surface during continental collisional events. 
These are represented by the deposits in Myanmar, Pak- 
istan, and the classical historical source of gem peridot on 
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Zabargad (Saint John’s) Island in the Red Sea of Egypt (fig- 
ure 11). However the olivine reaches the surface, it quickly 
weathers and decomposes to form clays. 

Rare iron-nickel meteorites that contain crystals of 
olivine are known as pallasites (Sinkankas et al., 1992, 
Shen et al., 2011). Several recent publications have dis- 
cussed olivine formation in magmatic igneous rocks as 
well as gem peridot (Revheim, 2015; Wilson, 2020; Wallace 
et al., 2021; Seneewong-Na-Ayutthaya et al., 2021). 


Quartz. Quartz (SiO,) and its color varieties (mainly 
amethyst, citrine, rose quartz, and smoky quartz) have been 
gem materials since ancient times as crystals, crystal frag- 
ments, and cryptocrystalline aggregates (such as chalcedony 
and agate). It is a principal constituent of granites and other 
silica-rich igneous rocks where it has crystallized from 
molten magmas. Amethyst-filled cavities and geodes in 
basaltic lava flows are an important source of gem crystals. 
Quartz is resistant to weathering and is commonly found 
as fragments, sometimes waterworn, in alluvial sediments 
and soils. 


Figure 11. A 69.30 g (346.5 ct) peridot crystal from 
Zabargad (Saint John’s) Island in the Red Sea. Photo 
by Robert Weldon. 
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Feldspar. Feldspars are an important group of potassium- 
sodium (alkali feldspars: [K,Na]AISi;0.) or sodium-calcium 
minerals (plagioclase feldspars: NaAlSi;0,-CaAl,Si,Os) 
whose structures are based on a three-dimensional network 
of silica or alumina tetrahedra. They exhibit extensive 


Figure 13. Pyrope garnet grains concentrated from an 
exposed and weathered portion of the Vargem 1 kim- 
berlite seen on the banks of the Santo Indcio River 
near Coromandel in Minas Gerais, Brazil. These 
bright red grains are an important indicator mineral 
in exploring alluvial sediments for diamond-bearing 
kimberlites. Photo by Robert Weldon. 


Figure 12. Labradorite 
feldspar crystals in 
pieces of weathered 
basalt from the Pon- 
derosa mine in Harney 
County, Oregon. Photo 
by Adriana Gudino. 


chemical solid solutions within the group. Feldspars crys- 
tallize from a variety of magma compositions, beginning 
with more calcium-rich phases to more sodium-rich phases 
with decreasing magma temperatures (figure 8). Potassium- 
rich feldspars are among the last minerals to form from a 
magma. Feldspars are important constituents of both intru- 
sive (granites or diorites) and extrusive (rhyolites or an- 
desites) igneous rocks. As a group, they compose about 60% 
of the earth’s crust. Feldspars weather to form clay minerals 
and are not usually found in alluvial deposits, as they are 
not resistant enough. They are commonly opaque but 
sometimes occur as transparent crystals suitable for 
faceting (orthoclase, microcline, and oligoclase; see figure 
12) or as crystals that exhibit optical phenomena such as 
aventurescence (sunstone, or rainbow lattice sunstone; 
Johnston et al., 1991; Pay et al., 2013; Jin et al., 2022), adu- 
larescence (moonstone), or iridescence/labradorescence 
(labradorite) that are cut as faceted stones or cabochons. 


Garnet. Garnets are an important group of approximately 
20 minerals represented by several valuable gemstones 


such as demantoid, hessonite, rhodolite, and tsavorite. 
They exhibit a wide variation in chemical composition— 
the common species are often referred to as “pyralspite” 
garnets [(Mg,Fe,Mn)3A1,(SiO,)3] and “ugrandite” garnets 
[Ca3(Cr,Al,Fe),(SiO,)3]. Some garnets can display a color 
change under different lighting conditions, while others ex- 
hibit optical phenomena such as asterism because of sym- 
metrically oriented acicular inclusions. Some garnet species 
are common minerals, while others occur less frequently. 
Like olivine, the crystal structure of garnet consists of iso- 
lated silica tetrahedra linked by a variety of metal cations 
in several structural sites. They occur widely in metamor- 
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ing of classic Chinese art works in all media 
today whether it be refugee wealth or de- 
livered there in behalf of hidden Communist 
sellers. Pieces range from the small impedi- 
menta of the Chinese costume such as pocket 
pieces, buckles, pendants, etc. to museum 
specimens of enormous size. All gradations 
of quality and artistic execution are avail- 
able and one needs only to look around to 
see every period of Chinese jade carving 
represented. There is a brisk focal trade 
among the natives for small pieces of jade 
which no Chinese in his right mind would 
be without. Even poverty-stricken coolies and 
sampan dwellers sported jade bracelets or 
small pendants while several others whom I 
questioned in higher positions of society 
were only too willing to show the piece they 
had either in their pocket or suspended by a 
thong from the trousers belt. Larger and 
important pieces moved slowly but steadily 
into the hands of local merchants whose 
coffers are filled by the increasingly brisk 
trade which characterizes Hong Kong today, 
but this is only a small dribble of business 
at best and the important market of the 
United States still remains closed for the 
present. 

Because the first thing a person recognizes 
about a carving is the identity of that miner- 
al, I will discuss those commonly noted in 
Hong Kong and the use to which they were 
put. This will, I believe, serve best in 
familiarization. 
eQUARTZES AND ALLIED MATERIALS 

Rock crystal is very common both in an- 
tique pieces and in newer pieces. Older 
works do not possess quite the hard glassy 
polish of the more recent productions and of 
course show entirely different styles and 
subjects. Seated gods are a favorite subject 
for newer pieces as well as small squat vases 
and urns, and willowy Kuan Yins or god- 
desses of mercy. Details of work are strained 
and inclined to be angular but surface fin- 
ishes are superb. Older works show far more 
grace in the employment of curves but the 
polish seems more velvety in texture. Favor- 


ite antique subjects are urns and vases of all 
kinds, some in the typical formal style but 
others in double and single bud vases repre- 
senting the trunk of a pine tree covered 
with sprays of needles and branches of the 
sacred fungus. Adequate supplies of excel- 
lent rock crystal were hard to come by in 
the old days and most of the older pieces 
show veils of inclusions or other flaws. In 
contrast to this the newer pieces are virtually 
flawless pointing strongly to the likelihood 
that Brazilian material is used. The largest 
piece made from rock crystal was a magnifi- 
cent capped vase standing almost 24” high 
and about 6” in its largest diameter. The 
cover and upper part were highly orna- 
mented and bore loose rings suspended from 
the jaws of beasts while the body of the 
vase was carved in rounded geometric pat- 
terns in shallow relief. This was truly a 
specimen worthy of addition to any collec- 
tion, private or public. 

A considerable number of pieces made 
from fairly milky material were also noted 
including a rather unique snuff bottle which 
had been prepared from a crystalline aggre- 
gate. This tiny work of art showed the 
hexagonal intergrowth of rock crystals near 
their bases and by transmitted light displayed 
a reticulated pattern similar to a honeycomb. 
A few carvings of tourmalinated and rutilat- 
ed quartz were also seen but all were of very 
poor quality except several snuff bottles in 
which the dispersion of the needles gave a 
very pleasing effect. Sometimes snuff bottles 
of rock crystal would be cut cameo fashion to 
take advantage of a layer of chlorite inclu- 
sions but this technique was most often used 
with agates and some jades. 

Citrine was noted only in a few instances 
and all of these were patently modern work 
although done well artistically and of course 
superbly finished. It was assumed that the 
raw material came from Brazil since citrine 
in large sizes has never been common from 
Chinese sources. 

Smoky quartz appeared rather frequently 
in modern pieces and the same remarks made 
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Figure 14. An almandine garnet in rhyolite from Gar- 
net Hill in White Pine County, Nevada. Photo by 
Robert Weldon. 


phic rocks, and to a lesser extent as an accessory phase in 
igneous rocks such as granites, granitic pegmatites, gabbros, 
and basalts. Pyrope is an important indicator mineral used 
in the search for diamond-bearing kimberlites (figure 13). 
The mineral also forms in the crust or upper mantle and is 
brought up to the surface by ascending magmas or by geo- 
logic uplift of deep rocks. While most gem-quality garnet 
on the market would be considered metamorphic or hy- 
drothermal in origin, on occasion they are found in cavities 
of erupted igneous rocks like rhyolites, where they were 
formed by gases released by the cooling magmas (figure 14). 
Garnets are resistant to abrasion and chemical weathering, 
so they can remain in sediments and become concentrated 
in alluvial deposits. A review of garnets and their geological 
occurrences was provided by Gilg et al. (2008). 


Spinel. The magnesium-aluminum oxide spinel (MgAI1,O,) 
is one species in a group of minerals referred to by the same 
name that have a similar crystal structure but varied chem- 
ical composition. Depending on the minor elements pres- 
ent, it occurs in a variety of colors, with the red variety long 
being recognized as a gemstone that in earlier times was 
often referred to as “carbuncle” or “Balas ruby” 
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Figure 15. A rough multicolored sapphire crystal 
weighing more than 30 ct from the Changle region of 
China. Photo by Robert Weldon. 


(“Badakhshan ruby” from Tajikistan) in confusion with 
ruby. Spinel is a common mineral in metamorphic rocks, 
but it can also form as an accessory mineral in mafic igneous 
rocks that are poor in silica and alkali elements. The condi- 
tions of formation of a silica-free oxide mineral such as 
spinel from a silica-containing mafic igneous magma are 
still a matter of debate among geologists. Spinel is an im- 
portant constituent of peridotite in the upper mantle and in 
kimberlites. Because of its hardness, lack of cleavage, high 
specific gravity, and resistance to weathering, spinel is found 
concentrated in secondary alluvial sediment deposits. 


Corundum. Ruby and the many colors of sapphire of the 
mineral corundum (A1,O;) are among the most important 
and valuable gemstones because of their occurrence as col- 
ored transparent crystals suitable for faceting or polishing. 
Corundum is colorless when pure, but the potential pres- 
ence of minor elements (namely chromium, titanium, and 
iron) can act as coloring agents (Dubinsky et al., 2020). The 
structure consists of a hexagonal close-packed arrangement 
of oxygen atoms with aluminum and/or other elements oc- 
curring in structural sites. The gem material may display 
asterism and color-change behaviors. Corundum is found 
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in metamorphic rocks as well as low-silica syenites, peg- 
matites, and other less common igneous rocks (Simonet et 
al., 2008; Palke et al., 2019a,b). The mineral also occurs as 
xenocrysts in igneous alkali basalts; however, rapid weath- 
ering of basalt at the earth’s surface means that most ruby 
and sapphire of igneous origin are encountered as loose 
crystals or fragments in alluvial sediments (figure 15). As 
with spinel, the conditions of formation of a silica-free 
oxide mineral such as corundum from a silica-containing 
mafic igneous magma remain a matter of debate among ge- 
ologists (Giuliani and Groat, 2019). Nonetheless, sapphire 
and ruby from the alkali basalt—related deposits have glassy 
silicate melt inclusions that represent some primordial 
magma from when the gem corundum was growing. This 
indicates that although the sapphire and ruby were 
xenocrysts in the alkali basalts that carried them to the 
surface, they must have a magmatic origin from deep 
within the earth. Because of its toughness, hardness, and 
resistance to weathering, and because the igneous host 
rocks decompose at the earth’s surface, corundum is often 
found as a detrital mineral in sediments and secondary al- 
luvial deposits. 


Zircon. Zirconium is an uncommon element in the earth’s 
crust, so zircon (ZrSiO,) only occurs as small accessory crys- 
tals or grains in a wide variety of rocks. Larger transparent 
crystals are less common, so gem zircon suitable for faceting 
is rare. The structure is composed of isolated silica tetrahe- 
dra bonded together by zirconium atoms. The mineral is 
normally reddish to yellowish brown, but other colors such 
as blue and green also occur as a result of trace elements in 
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Figure 16. A topaz crys- 
tal on rhyolite matrix 
from the Thomas 
Range, Juab County, 
Utah. Photo by Robert 
Weldon. 


the crystal structure, radiation exposure, or natural or arti- 
ficial heating. The mineral’s hardness and chemical resist- 
ance to weathering mean that it is frequently preserved in 
sediments and sedimentary rocks. Most of the gem-quality 
zircon on the market is related to alkali basalt deposits 
where the zircon are found as xenocrysts. This is similar to 
the deposits of magmatic gem corundum, and both are often 
found in the same deposit. 

Because they often contain small amounts of radioac- 
tive uranium or thorium, zircon crystals provide an impor- 
tant way to date the geologic age of their host minerals or 
sediments, including some of the oldest minerals dated so 
far (4.4 billion years for zircon from one locality in Aus- 
tralia). The presence of radioactive minerals causes damage 
to the crystal structure, so these zircon are described as 
metamict with an opaque appearance and lower hardness, 
refractive index, and specific gravity. 


Topaz. Topaz, with the formula Al,SiO,{E.OH),, is an alu- 
minosilicate mineral that contains fluorine and/or hydroxyl 
(OH) ions. The requirement for fluorine limits the range of 
geological environments for topaz formation. This mineral 
occurs in open veins or voids forming at low to moderate 
temperatures in later-stage, silica-rich igneous rocks such 
as granites, pegmatites, and rhyolites in which a fluorine 
fluid or vapor appears to have been present (such as the his- 
torical topaz occurrence at Schneckenstein, Germany; Zeug 
et al., 2022). Certain rare granites are so enriched in fluorine 
that topaz is an essential mineral constituent of the rock. 
Topaz crystals that grow from late-stage magmatic vapors 
are also found in cavities in rhyolites (figure 16). Although 
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inclusion in a Cambodian ruby; field of view 1.26 mm. B: A glassy melt inclusion with gas bubbles in a peridot from 
Papakolea Beach on the island of Hawaii; field of view 1.30 mm. C: A glassy melt inclusion containing a gas bubble 
along with oriented inclusion needles in a sapphire from Queensland, Australia; field of view 0.71 mm. D: A gas bub- 
ble inclusion in a labradorite feldspar from Oregon; field of view 3.59 mm. During the eruption of the host basaltic 
magma, the release of confining pressure on the feldspar xenocryst allowed the gas bubble to expand to fill a larger 
volume of space along a fracture. Photomicrographs by Aaron Palke (A and C) and Nathan Renfro (B and D). 


it is not as hard as other gem minerals and has a tendency 
to cleave perpendicular to the long axis of the crystal, topaz 
is resistant enough to be preserved as waterworn crystals 
or fragments in alluvial sediments. Often colorless, the 
mineral can also be blue, yellow, brown, or reddish orange. 
The crystals are usually transparent and sometimes large. 
Staebler et al. (2011) reviewed the geological occurrence of 
this gem mineral. 


Inclusions in Magmatic Gems 


Gems that crystallize from cooling magmas can exhibit 
micro-features visible with a gemological microscope. In ad- 
dition to solid inclusions (such as oriented needles in a mag- 
matic ruby or sapphire), probably the most distinctive 
micro-feature is a rounded or irregular melt inclusion, which 
represents a solidified bubble of the silicate magmatic melt 
present when the host gemstone was crystallizing. Upon 
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cooling, the melt was quenched to a glass, which may con- 
tain a gas bubble and perhaps tiny crystals that formed from 
the glass. Figure 17 presents a compilation of melt inclu- 
sions that offer proof of a magmatic geological origin. 


Conclusions 


From partial melting deep within the earth to post-em- 
placement processes in volcanic eruptions, many of the 
world’s finest gemstones were derived from magmatic ac- 
tivity. The study of these gemstones can provide geological 
insights into the generation of magmas within the earth, 
their transport to the earth’s surface, and modes of volcanic 
processes after eruption. Magmatic gemstones offer many 
clues to the earth’s evolution and the geological processes 
that shaped our world. The next installment of Colored 
Stones Unearthed will focus on gemstones formed through 
metamorphic processes. 
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Figure 1. The 9.63 ct pink grossular garnet reportedly from Mogok (A) fluoresced very strong red under long-wave 
UV (B) and weak chalky red under short-wave UV radiation (C). Photos by Qian Zhang. 
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Grossular with strong red fluorescence. The authors re- 
cently encountered a pink garnet rough reportedly from 
Mogok, Myanmar. The garnet was characterized by a light 
pink color in daylight, and it showed unusual strong red 
fluorescence under long-wave ultraviolet radiation and a 
weak chalky red reaction under short-wave UV (figure 1). 
A previously published report on grossular garnet showed 
similar fluorescence under long-wave UV, but the short- 
wave UV reaction was very different (M.S. Krzemnicki, 


Editors’ note: Interested contributors should send information and illustra- 
tions to Stuart Overlin at soverlin@gia.edu. 
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“Pink grossular garnet from Mogok,” Facette, No. 26, 
2020, pp. 26). 

Raman spectroscopy identified the garnet as grossular. 
Electron probe microanalysis determined that the compo- 
sition was consistent with that of nearly pure grossular 
with major elements of calcium, aluminum, and silicon 
(Cas y4A], o93Six.¢g3011.¢85), and laser ablation—inductively 
coupled plasma—mass spectrometry (LA-ICP-MS) testing 
revealed trace elements of titanium, vanadium, man- 
ganese, and others (table 1). The pink coloration was due 
to two weak bands between 470 and 600 nm in the 
UV/visible absorption spectrum, Geiger et al. (1999) sug- 
gested they are related to Mn* (C.A. Geiger et al., “Rasp- 
berry-red grossular from Sierra de Cruces Range, Coahuila, 
Mexico,” European Journal of Mineralogy, Vol. 11, No. 6, 
1999, pp. 1109-1113). 

A photoluminescence spectrum recorded with 325 nm 
laser excitation displayed a strong narrow band at 604 nm 
accompanied by some weaker bands at 583, 595, 617, 631, 
645, and 660 nm (figure 2). Gaft et al. (2013, 2022) pub- 
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Figure 2. The photoluminescence spectrum collected 
on the grossular using 325 nm excitation at 300 K. 


lished two papers about the luminescence of grossular (M. 
Gaft et al., “Laser-induced time resolved luminescence of 
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natural grossular Ca;AL,(SiO,)3,"” Journal of Luminescence, 
Vol. 137, 2013, pp. 43-53; M. Gaft et al., “Zero-phonon 
Mn?” luminescence in natural grossular Ca,A1,(SiO,),,” 
Journal of Luminescence, Vol. 248, 2022, article no. 
119001). Our result is consistent with their 2022 result. 
They proposed that such luminescence emission may be 
related to the presence of Mn”. 

In order to describe the pink grossular fluorescence fea- 
tures in detail, 3D fluorescence spectral data (i.e., excita- 
tion-emission mapping or EEM) was collected at room 
temperature using a Jasco FP-8500 fluorescence spectrom- 
eter (figure 3). The excitation wavelengths varied from 350 
to 630 nm, with a step size of 1 nm and an excitation band- 
width of 5 nm. The emission spectra were collected from 
400 to 680 nm, with the bandwidth set to 2.5 nm and a 
data interval of 0.1 nm, showing five obvious emission 
wavelengths at 604, 617, 631, 645, and 660 nm and their 
corresponding optimal excitation wavelength at 388 nm. 

To our knowledge, this is the first time a detailed fluo- 
rescence analysis of pink grossular has been documented. 


Qian Zhang and Andy H. Shen 
Gemmological Institute, 
China University of Geosciences, Wuhan 
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Figure 3. The 3D con- 


tour map of the pink 
grossular’s fluorescence 
spectrum. The stacked 
excitation spectra are 
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TABLE 1. LA-ICP-MS trace element chemistry (in ppmw) of the pink grossular. 


Ti Vv Cr Mn Fe Nb Sn Nd 
Spot 1 272 10.8 8.50 66.4 30.9 85.2 16-7 0.21 
Spot 2 226 12.4 8.09 61.8 48.9 96.1 10.5 0.71 
Spot 3 219 12.8 bdls 59.4 bdl 97.1 10.3 0.39 
Spot 4 265 9.05 bdl 66.0 35.3 83.4 16.5 0.19 
Spot 5 280 9.06 6.31 75 bdl 75.9 Dine 0.34 
se 1.58 0.15 4.21 1.68 23.70 0.07 1.31 0.16 


@bdl: below detection limit 


Extremely rare hellandite inclusion found in a Mogok ruby. 
Recently, Guild Gem Laboratories (Shenzhen) received a 
0.45 ct ruby (figure 4) for origin determination. Standard 
gemological testing, including a refractive index of 1.762— 
1.770 and specific gravity of approximately 4.00, and 
Fourier-transform infrared spectroscopy confirmed its iden- 
tity as corundum. Additionally, energy-dispersive X-ray flu- 
orescence revealed extremely low iron (247 ppmw) and 
relatively high chromium (3819 ppmw) and vanadium (448 
ppmw) concentrations, consistent with those in marble- 
hosted samples. 

Microscopic observation showed a typical inclusion 
scene for Burmese ruby from Mogok, including nested con- 


Figure 4. This 0.45 ct oval-shaped ruby, measuring 
4.25 x 3.65 x 3.24 mm, exhibited a highly saturated 
red color. Photo by Huixin Zhao. 
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centrations of fine, long to short rutile needles (figure 5) 
and irregular calcite crystals (figure 6). To our surprise, two 
transparent brownish crystals (figure 7) were observed. 
Their slightly corroded state indicated these crystal inclu- 
sions’ protogenetic origin. Micro-Raman spectroscopy 
using 473 nm laser excitation produced some interesting 
results. Raman analysis showed several distinct peaks at 
207, 238, 298, 317, 349, 423, 475, 574, 793, 868, 987, and 
1018 cnr’, consistent with those of hellandite according to 
the RRUFF database (figure 8; see B. Lafuente et al., 2015, 
https://rruff.info/about/downloads/HMC1-30.pdf). These 
hellandite inclusions are rarely observed in ruby from any 
origin. 

Hellandite, a rare borosilicate mineral with the pro- 
posed ideal formula of (Ca, REE),{Y, Ce},A1,(B,Si,O,,)(OH),, 
comes in various colors, including colorless, brown, 
brownish red, gray, green, and yellow. First found in 
granitic pegmatite in Norway, hellandite belongs to the 


Figure 5. Dense, nested concentrations of silk in the 
ruby suggest an origin of Mogok, Myanmar. Photomi- 
crograph by Huixin Zhao; field of view 1.13 mm. 
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Figure 6. A series of irregular calcite crystals in the 
ruby from Mogok. Photomicrograph by Huixin Zhao; 
field of view 1.84 mm. 


monoclinic crystal system. Its crystal structure was deter- 
mined on a specimen from Predazzo, Italy, and described 
as B,Si,O,, chains parallel to the c-axis (M. Mellini and S. 
Mellini, “Hellandite: A new type of silicoborate chain,” 
American Mineralogist, Vol. 62, No. 1-2, 1977, pp. 89-99). 
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Figure 7. These two transparent brownish hellandite 
crystals found in a Mogok ruby possibly represent a 
new ruby inclusion. Photomicrograph by Huixin 
Zhao; field of view 1.70 mm. 


Myanmar’s ruby deposits occur in marbles intercalated 
with gneisses that are sometimes intruded by granitoids 
(G. Giuliani and L.A. Groat, “Geology of corundum and 
emerald gem deposits: A review,” Winter 2019 GwG, pp. 
464-489). Therefore, we speculate that hellandite crystals 


— Brownish mineral 
— Hellandite RO61013 


Figure 8. Raman analy- 
sis identified the two 
transparent brownish 
crystals shown in figure 
7 as hellandite. Spectra 
are offset for clarity. 
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Figure 9. This bangle, weighing 40.10 g, was identified 
as quartzite. Photo by Su Xu. 


in the granitoids intruding gneiss were captured by ruby 
when the ruby formed. 

To our knowledge, this is the first time hellandite has 
been observed in ruby. This finding allows for a better un- 
derstanding of included minerals in the ruby from the ge- 
ological setting of the Mogok mine. 


Xueying Sun, Yujie Gao (peter.gao@guildgemlab.com), 
and Qi Han 
Guild Gem Laboratories, Shenzhen 


Quartzite bangle with fuchsite inclusions. Jadeite jade ban- 
gles are always popular in the Chinese market. With high 
prices and rising demand for these products, a bangle with 
an appearance similar to jadeite was encountered recently. 

The bangle was submitted to the National Gold-Silver 
Gem & Jewelry Quality Inspection Center (Sichuan) for 
identification. It was semitransparent with a white and 
green bodycolor resembling that of jadeite (figure 9). How- 
ever, standard gemological testing showed a refractive 
index of 1.54 and a specific gravity of 2.67, values that were 
both significantly below those of jadeite and more in line 
with quartz. It showed no reaction under Chelsea filter. 
Using a polariscope, the material was found to be com- 
posed of polycrystalline aggregates. Microscopic examina- 
tion revealed a granular aggregate structure and different 
microcrystalline mineral inclusions. 

The identity was further confirmed by analytical test- 
ing. Fourier-transform infrared (FTIR) reflectance spec- 
troscopy showed peaks at 489, 537, 691, 778, 798, 1105, and 


512 Gem News INTERNATIONAL 


FTIR SPECTRUM 


80 


60 


40 


REFLECTANCE (%) 


20 


T T T T T 
600 800 1000 1200 1400 
WAVENUMBER (cm) 


Figure 10. The bangle’s infrared reflectance spectrum 
exhibited characteristic peaks at 489, 537, 691, 778, 
798, 1105, and 1178 cnr' that are typical for quartzite. 


1178 cm" that were consistent with the characteristic spec- 
trum of quartzite (sometimes referred to as “quartzose”) (fig- 
ure 10) (X. Jin et al., “Gemmological and vibrational 
spectrum characteristics of micaceous quartzose jade ‘straw- 
berry crystal’,” Journal of Gems &) Gemmology, Vol. 23, No. 
3, 2021, pp. 20-28). Energy-dispersive X-ray fluorescence 
(EDXRF) analysis revealed trace amounts of iron throughout 
and chromium exclusive to the green inclusions. 

These green flaky inclusions were slightly oriented. 
Raman combined with EDXRE analysis identified them as 
fuchsite (K(Al,Cr),(AISi,O,9)(OH),), a green chromium-col- 
ored variety of muscovite (figure 11A) (Fall 2013 GNI, pp. 
183-184). Additionally, brassy yellow inclusions in a range 


Figure 12. The UV-Vis spectrum of the green area 
showed two broad absorption bands centered at 423 
and 600 nm in addition to a weak peak at 684 nm, in- 
dicating the presence of chromium. 
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for citrine apply here. Older smoky quartz 
pieces were made from much flawed material 
of a dingy and inky color which appears dull 
and lifeless alongside the Brazilian. It is be- 
lieved that the old supplies of smoky quartz 
came from Japan. 


Rose quartz has always been a favorite ma- 
terial with the Chinese carvers and numer- 
ous specimens of both old and new work 
may be seen. The recent carvings are made 
from the superb Brazilian material some- 
times remarkably free of imperfections and 
always of a fairly intense color. Older speci- 
mens using material from unknown sources 
is paler and the hue seems to tend toward 
the yellow side. Favorite subjects for older 
works are extremely massive rectangular 
vases and short squat urns with a minimum 
of thin appendages, their relative simplicity 
is no doubt due to the cracked nature of 
much rose quartz which prevents too much 
delicate work. Modern pieces from the Bra- 
zilian rough are somewhat more elaborate 
and also include many animal subjects as 
well as vases and urns. Much of the raw 
material is superb but is wasted effort in 
view of the lack of artistic merit. 

Aventurine quartz from India was seen in 
only two instances and both were rather poor 
specimens. One shopkeeper who had some 
carving work done on the side showed me 
a piece of ‘‘jade’’ which had been sent to him 
by a dealer in the United States and which 
turned out to be aventurine of poor quality. 
He stated that his cutters had much difficulty 
in polishing the material, the surface always 
remaining pitted. I pointed out the fuchsite 
inclusions to him and explained that it was 
not really jade that he had but a type of 
quartz with specks of mica and the under- 
cutting of these specks were the cause of 
the trouble. He was not convinced that it 
was quartz until I demonstrated a hardness 
test on a piece of white nephrite. His ex- 
perience may be the main reason why aven- 
turine has never been popular with the Chi- 
nese even though it is known that the 
source of this material has been open to 


them for many years. 

Amethystine quartz was relatively rare 
and always commanded a high price. In ap- 
pearance the material is basically rock crystal 
with patches and areas of true amethyst 
which may or may not be carved so as to take 
advantage of the contrast afforded. None of 
the carvings noted were good. Quite a few 
sets of beads in amethyst are offered for sale 
and each bead shows very strong and patchy 
lines of coloration quite unlike modern Bra- 
zilian material, from this it may be safely 
assumed that Brazilian material is not used 
at all for today’s work. 

Chalcedony in grayish or bluish-gray 
tones of extreme uniformity is very common 
in carvings especially for egg-shell-thin 
bowls and dishes. A favorite technique seems 
to be to supply the surfaces of these objects 
with a delicate fluting convex on the outside 
and concave inside, reduced to almost play- 
ing card thickness. None of these were large, 
seldom exceeding 4 inches in a major di- 
mension. Fine blue chalcedony was occa- 
sionally noted but the rare color demanded 
a different treatment and accordingly this 
material was carved in massive bowls with 
pierced sprays of flowers and branches on the 
outside. Once in a while the gray chalcedony 
is crossed by a strongly contrasting band of 
white agate and in such cases the band was 
placed to coincide with the girth. Agate as 
such is seldom encountered except in snuff 
bottles where cameo-type carving can be 
used to great advantage, some are extremely 
clever and deserve a place in any collection. 

The well-known Indian moss agate is sur- 
prisingly rare but several snuff bottles were 
noted of this material as well as a rather fine 
screen carved in relief about 6 inches by 4 
inches but suffering from too much stiffness 
of design. Moss agates of other types were 
common in bottles particularly a type in 
which sard was intergrown with dark green 
moss. No moss agate was noted in any large 
piece. The type of agate called ‘‘tube agate” 
was seen in several examples of snuff bottles. 
One splendid bottle noted in a well-known 
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Figure 11. Photomicrographs and Raman spectra of inclusions in the bangle (black) and the reference 
spectrum in the RRUFF database (red): flaky fuchsite (A), brassy yellow pyrite (B), white dolomite 

(C), and brown rutile (D), shown in darkfield illumination (A) and reflected light (B—D). Photomicro- 
graphs by Su Xu; fields of view 0.2 mm (A), 1 mm (B), 0.8 mm (C), and 0.05 mm (D). See B. Lafuente 
et al. (2015), https://rruff.info/about/downloads/HMC1-30.pdf. Spectra are offset vertically for clarity. 
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Reconstructed root amber 
from small fragments 


Reconstructed root amber 
from small fragments 


Plastic 
root amber 
imitation 


Natural Burmese 
Reconstructed root amber 
root amber 


from powders 


Figure 13. Left to right: Reconstructed root amber (assembled from small fragments and from powders), natural 
Burmese root amber, and plastic imitation. Photos by Yilei Feng. 


of sizes were confirmed as pyrite (figure 11B) using Raman 
spectroscopy. Raman also identified some white blocky in- 
clusions in a nearby area as dolomite (figure 11C), as well 
as some tiny brown rutile inclusions found as irregular, 
randomly scattered grains (figure 11D). 

Ultraviolet/visible spectroscopy corresponding to the 
green areas showed two broad absorption bands at about 423 
and 620 nm, with a weak peak at 684 nm (figure 12). These 
features have been assigned to Cr* in fuchsite. 

To our knowledge, fuchsite contained in quartzite is usu- 
ally uniformly scattered in the form of tiny flakes. The un- 
even distribution of green fuchsite that resulted in patches 
of green in this bangle is noteworthy. The patchy green spots 
resemble the color concentrations often observed in jadeite. 
Despite the bangle’s resemblance to jadeite, gemological 
tests such as refractive index, microscopic observation, and 
infrared and Raman spectroscopy readily identify it. 

Su Xu 

National Gold-Silver Gem & Jewelry 

Quality Inspection Center, Sichuan 

Xiaoping Shi 

Sichuan Provincial Coal Design & Research Institute 


SYNTHETICS AND SIMULANTS 


Identification of natural, reconstructed, and imitation root 
amber. Natural root amber is a variety of Burmese amber 
with a distinct appearance, good luster, and deep color [Y. 
Wang, Amber Gemology, China University of Geosciences 
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Press, Beijing, 2018, p. 145). Root amber was named for its 
similarity in color and structure to tree roots. Root amber 
beads are popular in the Chinese market, and the Guangzhou 
Gemstone Testing Center receives many of them for identi- 
fication. Recently we have noticed three different types sub- 
mitted for identification (figures 13 and 14): natural root 
amber, reconstructed root amber (assembled from either 
pressed powders or small fragments), and plastic imitations. 
Specific gravity (SG) was measured for three natural 
Burmese root amber samples (N-1 through N-3), three sam- 
ples reconstructed from pressed powders (M-1 through M- 
3), three samples reconstructed from pressed fragments (M-4 
through M-6), and three plastic imitations (P-1 through P- 
3). The SG of most varieties of regular Burmese amber sam- 
ples is within 1.020-1.050, except for root amber and reddish 
amber (1.060-1.110). Overall, the natural root amber had 
higher SG (1.044-1.107) than that of regular Burmese amber 
and much lower SG than that of the reconstructed root 
amber from pressed amber powders (1.133-1.137) and plastic 
imitations (1.161-1.167). The root amber reconstructed from 
pressed fragments, meanwhile, had an SG of 1.075-1.077. 
The variations in SG of the reconstructed amber were due 
to differences in internal structure and/or gas porosity. 
Most importantly, the internal features of the samples 
were quite different. There were some cellular or porous 
structures in the natural Burmese root amber (figure 15A). 
The typical red-brown dots of Burmese amber could be de- 
tected in both transparent and opaque zones (figure 15B). 
The flow-like pattern of natural Burmese root amber can be 
lamellar, annular, or flocculent, and there are natural tran- 
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Figure 14. Natural Burmese root amber beads (N-1 through N-3), root amber beads reconstructed from pressed 
amber powders (M-1 through M-3) and small fragments (M-4 through M-6), and plastic root amber imitations (P-1 
through P-3). Photos by Yilei Feng and Zhaoyi Li. 
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Figure 15. Row 1: Internal features of natural Burmese root amber beads: cellular or porous structures (A), red-brown 
dots in both transparent and opaque zones (B), and the lamellar flow-like pattern with a natural color transition (C). 
Row 2: Root amber beads reconstructed from pressed amber powders: a flow-like pattern formed by an accumulation 
of powders (D and E) and a granular texture (F). Row 3: Root amber beads reconstructed from small fragments of 
pressed amber: clear and rigid borders of the fragments (G and H) and a small granular texture seen in a larger patch 
structure (I). Row 4: Plastic root amber imitations showing ribbon-, string-, or ring-like patterns (J-L, respectively). Pho- 
tomicrographs by Yilei Feng and Zhaoyi Li. Fields of view: 10.6 mm (A), 9.0 mm (B), 5.6 mm (C), 2.80 mm (D), 10.4 
mm (E), 7.7 mm (F), 11.3 mm (G), 10.7 mm (H), 9.3 mm (1), 5.6 mm (J), 5.0 mm (K), and 4.9 mm (L). 


sitions between varying colors (figure 15C). The internal fea- displayed an unnatural flow-like pattern similar to the veins 
tures of the root amber reconstructed from pressed powders __ of a leaf (figure 15, D-E). Under higher magnification, these 
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samples displayed a granular texture (a sugar- or sand-like 
pattern with apparent broken particles), confirming that 
small amber micro-particles had been pressed (figure 15F). 
There were very clear and rigid borders in the root amber re- 
constructed from fragments (figure 15, G and H). Some gran- 
ular texture could still be found in these samples (figure 15]). 
The flow-like pattern of plastic imitation is mostly ribbon-, 
string-, or ring-like, with a sense of separation between the 
brown matrix and the obvious boundaries (figure 15, J-L). 
Using Fourier-transform infrared (FTIR) spectroscopy, 
the plastic imitations were quickly identified in the mid- 
infrared range (3500-500 cm'). The extremely strong peak 
at 1731 cmr!, three peaks of increasing intensity (1240, 
1192, and 1148 cm}, and other peaks suggest that the ma- 
terial is an amino resin (figure 16, blue line). The vibration 
peaks of functional groups of natural root amber mainly ap- 
pear at 2928, 2860, 1720, 1458, 1375, 1227, 1141, 1028, and 
974 cnr, consistent with the main FTIR peaks of Burmese 
amber (figure 16, green line). The obvious “Baltic shoulder” 
(Y. Wang et al., “Characteristics of hydrothermally treated 
beeswax amber,” Fall 2019 GwG, pp. 370-387), composed 
of a broad and weak absorption shoulder at 1265 cm: and a 
sharp peak at 1158 cm" as well as an absorption peak near 
887 cnr, appeared in two reconstructed root amber speci- 
mens (figure 16, pink and purple lines). It can be inferred that 
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2928 
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these two reconstructed samples were pressed from rough 
Baltic amber. 


Yan Li, Yilei Feng, and Zhaoyi Li 
Gemmological Institute, 
China University of Geosciences, Wuhan 


Yamei Wang 

Gemmological Institute, 

China University of Geosciences, Wuhan 
Guangzhou Gemstone Testing Center, 
China University of Geosciences, Wuhan 


Synthetic rock crystal quartz cluster with natural-looking 
inclusions. A client recently submitted for identification 
the piece shown in figure 17, assuming it to be a natural 
mineral specimen. It weighed 1114 g, measured 119 x 126 
mm, and contained colorless transparent to semitranspar- 
ent crystals. Eye-visible inclusions as well as numerous 
tiny crystals and some minute powdered material were 
seen around the cluster’s base. 

Standard gemological testing yielded a refractive index 
of 1.542-1.555, a specific gravity of 2.65, and inert reactions 
under long- and short-wave UV radiation, properties consis- 
tent with quartz. Microscopic examination revealed obvious 
fluid and two-phase inclusions (figure 18). Examination by 


— Natural root amber 

—— Reconstructed root amber (powder) 
— Reconstructed root amber (fragment) 
== Plastic root amber imitation 


Figure 16. FTIR spectra 
of natural, recon- 
structed, and imitation 
root amber in the mid- 
infrared range (3500-500 
cnr"). Spectra are offset 
vertically for clarity. 
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Fourier-transform infrared (FTIR) spectroscopy showed an 
absorbance region in the 400-1600 cm range, also consis- 


Figure 18. Magnification revealed obvious fluid and 
two-phase inclusions within the crystals. Photomicro- 
graph by Lai Tai-An Gem Lab; field of view 4.60 mm. 
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Figure 17. The cluster 
specimen weighing 
1114 g and measuring 
119 x 126 mm. Photo 
by Lai Tai-An Gem Lab. 


tent with quartz, and Raman spectroscopy confirmed the 
identification. However, the most important data came 
from the FTIR analysis in transmission mode in the 1000- 
6000 cm range. A characteristic peak of synthetic quartz 
at 3584 cm (figure 19) was observed, while peaks consis- 
tent with natural quartz (3378, 3482, and 3595 cm") were 
not detected. Similar spectra were collected from the other 
crystals in the group, confirming a synthetic origin (S. 
Karampelas et al., “Infrared spectroscopy of natural vs. syn- 
thetic amethyst: An update,” Fall 2011 G&G, pp. 196-201, 
Winter 2015 Lab Notes, pp. 439-440). 

Synthetic quartz crystal clusters are not new to the 
market, but as the use of synthetic quartz has increased, 
such crystal specimens have become available on numer- 
ous online shopping platforms. Surprisingly, most of them 
are sold as “natural quartz clusters.” One of the common 
trade methods for separating natural and synthetic quartz 
clusters is to observe the striations on the prism faces. In 
natural quartz, the striations form horizontally (perpendic- 
ular to the c-axis), while synthetic quartz typically displays 
diagonal or triangular striations (figure 20) (Winter 2016 
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Figure 19. A peak at 3584 cnr in the FTIR spectrum proved the rock crystal quartz specimen was synthetic (red). 
In contrast, a natural quartz reference sample analyzed by our lab exhibits peaks at 3378, 3482, and 3595 cm! 


(black) that were absent in the sample. 


G&G Micro-World, pp. 425-426). This method may aid in 
identification but should not be considered diagnostic, 
since the striations can be faked. 

When synthetic quartz clusters are fashioned into pol- 
ished products, the potential of misidentifying them as 
“natural quartz” increases significantly, especially with 
inexperienced consumers and small-scale labs lacking an- 
alytical equipment. In such cases, the inclusion scene is 
almost identical to that observed in natural quartz, and 
the helpful prismatic face growth lines disappear. There- 
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fore, members of the trade should be cautious when han- 
dling synthetic quartz, although the crystal clusters may 
be somewhat easier to identify. 


Larry Tai-An Lai (laitaiangemlab@gmail.com) 
Lai Tai-An Gem Laboratory, Taipei 


Red-dyed spodumene imitating ruby. A semitranslucent 
deep red oval faceted gem, measuring 13.88 x 9.08 x 5.88 
mm and weighing 5.72 ct (figure 21), was recently submit- 


Figure 20. Natural 
quartz’s horizontal 
prismatic striations, 
relative to the c-axis 
(left, reference sample), 
were instead diagonal 
in the synthetic quartz 
cluster studied (right). 
Because striations can 
be faked, they should 
not be considered diag- 
| nostic. Photos by Lai 
Tai-An Gem Lab. 
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Figure 21. A semitranslucent 5.72 ct red-dyed spodu- 
mene, presented as “red corundum.” Photo by Guy 
Borenstein. 


ted to Stuller Inc. by a client for a custom design. The stone 
was presented as “red corundum.” But initial quality con- 
trol testing showed a biaxial refractive index of 1.659-1.678 
with a birefringence of 0.019, which did not correspond 
with corundum. 

Due to the incorrect identity, the stone was sent to 
Stuller’s gemological laboratory for further analysis. Stan- 
dard gemological testing revealed a specific gravity of 
3.237, with a moderate orange reaction to long-wave UV 
and a very weak reaction, along the fractures, to short- 
wave UV, typical of spodumene species. Further analysis, 
using a 532 nm Raman laser, also provided well-matched 
results for spodumene (LiAl(SiO,),). Although the col- 
lected results clearly pointed to spodumene, the deep red 
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color it displayed was questionable and required further 
investigation. 

Unpolarized ultraviolet/visible/near-infrared (UV-Vis- 
NIR) spectroscopy showed two merging broad bands cen- 
tered at 530 and 561 nm (figure 22). The former is probably 
associated with the Mn* chromophore (H.U. Rehman et 
al., “An X-ray absorption near-edge structure (KANES) 
study on the oxidation state of chromophores in natural 
kunzite samples from Nuristan, Afghanistan,” Minerals, 
Vol. 10, No. 5, 2020, article no. 463), while the latter was 
previously reported as associated with red dyeing (K. 
Schmetzer et al., “Dyed natural corundum as a ruby imita- 
tion,” Summer 1992, GWG, pp. 112-115). A possibly iron- 
and manganese-related shoulder at 430 nm (R. Lu, “Color 
origin of lavender jadeite: An alternative approach,” Winter 
2012 GwG, pp. 273-283) was also observed. 

Fourier-transform infrared (FTIR) spectroscopy revealed 
peaks at 2954, 2924, 2872, and 2854 cm (figure 23), typical 
of a universal paraffin oil filler (M.L. Johnson et al., “On 
the identification of various emerald filling substances,” 
Summer 1999 GwG, pp. 82-107; L. Kiefert et al., “Identi- 
fication of filler substances in emeralds by infrared and 
Raman spectroscopy,” Journal of Gemmology, Vol. 26, No. 
8, 1999, pp. 501-520). Under deep UV illumination (<225 
nm), the foreign filler in the surface-reaching fractures flu- 
oresced strongly pink while the spodumene host rock was 
inert. The effect was especially prominent in a cavity near 
the girdle (figure 2.4). 

Microscopic examination verified the FTIR, UV-Vis- 
NIR, and deep UV findings and revealed surface-reaching 
cleavages and fractures filled with a red foreign substance 
(figure 2.5), as well as natural inclusions. 

The recorded results confirmed the gem as a red-dyed 
spodumene. Although spectroscopy identified some man- 
ganese, the lack of pink/red reaction under deep UV sug- 
gests a low concentration (Lu, 2012). Therefore, the authors 
assume that the starting material was either colorless or 
very pale pink spodumene. 


Figure 22. The unpolar- 
ized UV-Vis-NIR spec- 
trum of the dyed 
spodumene shows a 
broad band centered at 
561 nm due to the red 
dye. The band centered 
at 430 nm may be re- 
lated to an intervalence 
charge transfer species 
between neighboring 
iron and manganese, 


T T T T T T T 
380 420 460 500 540 580 620 


WAVELENGTH (nm) 


520 Gem News INTERNATIONAL 


while the band at 530 
nm may be related to 
Mn*. 
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Figure 23. The FTIR 
spectrum of the dyed 
spodumene shows a se- 
ries of peaks at 2954, 
2924, 2872, and 2854 
cnr", associated with a 
typical universal paraf- 
fin oil. 
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Introducing red dye to intensify the color of corundum 
is a longstanding practice (Schmetzer et al., 1992). To the 
best of our knowledge, however, this is the first time a spo- 
dumene has been treated with a colored oil to imitate ruby. 
The result masks the true identity of the gem, and without 
gemological testing, an uneducated trader could misiden- 
tify it as a color-enhanced ruby. 


Guy Borenstein and Sean O’Neal 
Stuller Inc. 
Lafayette, Louisiana 


CONFERENCE REPORT 


GSA 2022 annual meeting. The Geological Society of 
America (GSA) held its annual meeting October 9-12 in 
Denver, Colorado. GIA’s tenth technical session, entitled 
“Gemological Research in the Twenty-First Century— 


Figure 24. Deep UV imaging of the spodumene’s sur- 
face showed strong luminescence of the dye within a 
cavity as well as surface-reaching fractures. Image by 
Guy Borenstein; field of view 6.25 mm. 
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Gem Materials and Localities,” featured twelve oral pre- 
sentations and five posters (figure 26), covering broad topics 
including diamond, sapphire, tourmaline, sunstone, 
nephrite, and other gem materials. 


Colored Gemstones and Other Subjects. The session started 
with recent research on colored gemstones. Dr. Peter 
Heaney (Pennsylvania State University, State College] 
opened with a keynote presentation addressing the struc- 
tural coloration in colored gemstones that is produced by 
micro- or nano-structures. This structural coloration results 
from the interference of nanoparticle inclusions with light 
waves, including film interference, diffraction grating, scat- 
tering, and photonic crystals. Nanoparticles were character- 
ized by a variety of techniques, including scanning electron 
microscopy (SEM), focused ion beam (FIB), transmission 
electron microscopy (TEM], and atomic force microscopy 
(AFM). Dr. Heaney summarized his group’s state-of-the-art 


Figure 25. Color concentration within surface-reach- 
ing fractures confirmed dye treatment in the spo- 
dumene. Photomicrograph by Guy Borenstein; field of 
view 2.66 mm. 


Gems & GEMOLOGY WINTER 2022 521 


Figure 26. GSA 2022 oral and poster presenters. Left to right: Elina Myagkaya, Shiyun Jin, Che Shen, Stephanie Per- 
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saud, Roy Bassoo, Rhiana Henry, Alexander Goodsuhm, Rachelle Turnier, Yusuke Katsurada, Mei Yan Lai, 
Matthew Hardman, Christopher Breeding, Evan Smith, and Peter Heaney. Photo by Robert Weldon. 


research on iridescent gemstones, including three-dimen- 
sional photonic arrays of hematite (Fe,O,) nanoneedles, 
quasi-periodic void layers in goethite (FeOOH), blazed grat- 
ings of Brazil twinning in iridescent quartz, and hierarchical 
oscillation layers in iris agate. Continuing with the topic of 
structural colorization, Dr. Shiyun Jin (GIA, Carlsbad) in- 
vestigated the cause of special colors (green, red, and water- 
melon) and the optical effects of pleochroism in Oregon 


Figure 27. Aaron Palke presented the various types of 
melt inclusions in Montana’s secondary sapphire. 
James Shigley (seated) moderated the session. Photo 
by Robert Weldon. 
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sunstone. The absorption and scattering power of copper 
nanoparticles in sunstone was tested with experimental 
absorption/scattering spectra and modeling based on 
Maxwell’s equations. By comparing his experimental re- 
sults and simulations, Dr. Jin concluded that the metallic 
copper nanoparticles in Oregon sunstone absorb and scat- 
ter incident light differently with respect to light polariza- 
tion, thus yielding various color effects. Che Shen (Munsell 
Color Science Laboratory, Rochester Institute of Technol- 
ogy) studied the color change in sapphire caused by varying 
the amounts of six major chromophores (V**, Cr**, Fe**, 
Fe*-Ti*, h-Cr**, and h-Fe*). Using chromatic adaptation 
transformation (CAT), the color of sapphire under daylight 
and incandescent light were modeled by combining various 
chromophores. Shen concluded that blue/purple sapphire 
is caused by Fe**-Ti* and Cr**, green/reddish brown sapphire 
by Fe*'-Ti* and Fe**, and pink/purplish brown sapphire by 
Fe*-Ti*, Cr**, and Fe*. 

Other oral presentations focused on sapphire formation. 
Dr. Aaron Palke (GIA, Carlsbad) investigated the multiple 
types of melt inclusions in Montana’s secondary sapphire, 
especially silica-rich felsic, sulfide, and polycrystalline 
melts (figure 27). The presence of multiple types of melt in- 
clusions indicates that these sapphires are of magmatic ori- 
gin. Further research on Montana sapphire by Alexander 
Goodsuhm (GIA, Carlsbad) constrained the formation con- 
ditions for Montana sapphire using zircon concentrations in 
rutile inclusions. Zircon concentrations in rutile inclusions 
ranged from 194 to 1340 ppm using inductively coupled 
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store had a beautiful black dendritic growth 
in a matrix of warm light brown sard, the 
carver had carefully cut away the intervening 
material in such a fashion that the layer con- 
taining the growth was of uniform depth and 
color intensity. 

Carnelian in extremely bright orange and 
orangy-red colors is quite common especially 
in modern work. Typical objects are bowls 
heavily ornamented with detached branches 
and sprays of carnelian surrounding the 
matrix part which is generally the unaltered 
grayish chalcedony. In a number of cases a 
large number of cracks were noted which 
may indicate that such pieces obtain their 
bright hues from heat treatment. While on 
the subject of artificial colors in agate, it 
may be interesting to remark that no dyed 
chalcedony or agate of any kind was seen. 


AMBER 

In the past, Burma has provided many 
large pieces of almost flawless red amber 
and these can be seen today in fair number 
in completed pieces. Urns and animal carv- 
ings are favorite subjects while many ex- 
tremely dark-appearing amber pieces of more 
recent vintage turn out to be pressed amber 
made by the Germans for the Chinese trade. 
These specimens are also red but so dark 
that they must be held close to a strong 
light to see any color at all. The swirling 
and patchiness is easily visible and is proof 
of origin. The extremely dark color is in- 
teresting for this pressed amber since it 
indicates the addition of some artificial color- 
ing agent. Bright yellow and golden amber 
is far more rare than the red and seems in- 
ordinately prized by the merchants but for 
what reason I could not find out, — no doubt 
there is something special about it since 
the Chinese seldom do anything without 
good reason, although it be based on an 
entirely superstitious property of the ma- 
terial. One carving of animals grouped into 
a compact assemblage is worthy of mention, 
— it was roughly 6 inches in length and 
about 4 inches tall. The surface was unusual- 
ly free from the crazing which commonly 


befalls older pieces of amber but some dis- 
coloration was noted on thin edges. 


TURQUOISE 

Turquoise of good blue is very common 
in all kinds of jewelry and carvings. The 
latter- sometimes reach amazingly large pro- 
portions as for example one ornate carving 
seen of a group of figurines with approxi- 
mate dimensions of 10 inches by 8 inches. 
This type of turquoise is said to come from 
the mainland and is nodular in form with 
dark matrix. The large carvings seem to 
be prepared from gatherings of these no- 
dules into compact lumps but smaller carv- 
ings of several inches in height come from 
relatively pure material. The carvings are 
generally of rather poor workmanship and 
are finished to no more than a gloss while 
beads, cabochons, and carved sets are often 
highly polished. Baroque beads are popular 
either as polished angular fragments or as 
spiderweb nuggets. They are extremely at- 
tractive but their lustre and feel indicates 
the use of an impregnating wax to heighten 
the gloss and enrich the color. Some older 
carvings show considerable loss of color 
which often fades into a peculiar pale pur- 
ple, although this may be some sort of 
chemical alteration. One such specimen 
when examined closely displayed the un- 
mistakable cross-hatching of ivory and 
indicated a unique use for that versatile 
material. The deep blue Persian turquoise 
was not noted at all and neither was any 
American material. 
SERPENTINE 

Every curio store in Hong Kong carries a 
wide assortment of “Soochow Jade,” a vari- 
ety of serpentine remarkable for providing 
highly translucent, fine-grained material in 
large flawless blocks. The clearest kind is a 
very pale green reminiscent of jadeite, while 
others are a dark oily green only somewhat 
translucent, a brilliant yellow with a green- 
ish tinge, and a host of intermediate colors. 
Sometimes a piece is seen of a number of 
different colors including red in which case 
it is carved to imitate a jadeite piece with 
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plasma-—mass spectrometry. Missouri River sapphire was 
suggested to form at a higher temperature (~750°C) than 
Rock Creek sapphire (~660°C). Dr. Rachelle Turnier (GIA, 
Carlsbad) studied sapphire from Myanmar, Madagascar, and 
Sri Lanka, pairing photoluminescence (PL) spectra and trace 
element contents. Dr. Turnier observed that Cr* in sapphire 
is an efficient luminophore with intense red luminescence 
emission. Chromium in the corundum lattice can overcome 
high iron concentration and still cause intense lumines- 
cence. For example, 3 ppmw Cr* and 2500 ppmw Fe** can 
still yield luminescence of 1,000,000 counts/s/mW. 

Other colored gemstone studies included beryl (oral), 
tourmaline (oral), and nephrite (poster). Dr. Rhiana Henry 
(Earth, Ocean and Atmospheric Sciences Department, Uni- 
versity of British Columbia, Vancouver) investigated struc- 
tural changes in response to chemical composition variation 
in beryl (Be,A1,Si,O,,). Beryl’s crystal structure was analyzed 
using single-crystal X-ray diffraction (XRD), and chemical 
composition was acquired via electron microprobe analysis 
(EPMA). She concluded that beryl’s crystal structure could 
be calculated using the average ionic radii of the measured 
cations at the aluminum site (octahedron site} and the beryl- 
lium site (one of the tetrahedron sites). Dr. Yusuke Kat- 
surada (GIA, Tokyo) investigated the dominant 
chromophores (Fe”* and Cu") in cuprian Paraiba tourmaline. 
Oriented wafers were prepared to collect both o-ray and e- 
ray ultraviolet/visible/near-infrared (UV-Vis-NIR) absorption 
spectra. Copper and iron concentrations were measured 
with laser ablation—inductively coupled plasma—mass spec- 
trometry. This study contributes to the simulation of unpo- 
larized UV-Vis-NIR spectrum and the approximation of 
copper and iron concentrations in cuprian tourmaline. Ping 
Li (Tongji University, Shanghai) demonstrated nephrite’s mi- 
crostructure as an indicator of origin. Nephrite microstruc- 
ture, including grain size and mineral aggregation, were 
observed under the petrographic microscope. Nephrites 
from Xiaomeiling, Maxianshan, and Longxi in China under- 
went different extents of tectonism and metasomatism. 

In recent years, GIA’s Research and Development depart- 
ment has broadened its areas of interest, which was demon- 
strated in two other presentations. Dr. Matthew Hardman 
(GIA, Carlsbad) investigated the capability of machine learn- 
ing to classify treated/untreated and synthetic/natural gem- 
stones. More than 3,000 PL spectra of diamonds and 500 sets 
of trace element data of pearls were studied using the Boruta 
statistical algorithm. This approach identified PL peaks at 
67.6, 503.2, 524.3, and 575.0 nm as important in identifying 
the treatment of CVD lab-grown diamond. Using machine 
learning, Dr. Hardman confirmed that manganese concen- 
tration is significant in identifying seawater or freshwater 
origin in pearls. Dr. Sona Taijiryan (GIA, Carlsbad) presented 
a poster on the main gem trading routes of the early modern 
period, from 1500 to 1800 CE. By translating an eighteenth- 
century manuscript from an Armenian gem merchant in 
India, Dr. Tajiryan demonstrated the East-West trade routes 
for the most popular gems in the first half of that century, 
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including Indian diamonds, Southeast Asian rubies and 
spinels, Colombian emeralds, Sri Lankan pearls, and 
Mediterranean corals. 


Diamonds. Dr. Evan Smith (GIA, New York) investigated 
a 910 ct type Ia diamond from Lesotho to indicate its for- 
mation in the mantle. This type of large and highly pure di- 
amond is commonly known as CLIPPIR (Cullinan-like, 
large, inclusion-poor, pure, irregular) diamond. Inclusions 
such as cohenite (Fe,C), troilite (FeS), and metallic Fe-Ni- 
C-S melt were identified using synchrotron X-ray diffrac- 
tion at Argonne National Laboratory. The geochemistry of 
these inclusions confirmed a sublithospheric origin of the 
host diamond and provided evidence that during the dia- 
mond’s formation, subduction of basaltic ocean crust to the 
lower mantle was occurring. Dr. Mei Yan Lai (GIA, Carls- 
bad) shared her recent doctoral research completed at the 
University of Alberta, which investigated lithospheric man- 
tle composition and volatile recycling in the West African 
Craton. Inclusion mineralogy, major/trace elemental com- 
position, and carbon/nitrogen host isotopic analyses for 105 
diamonds from the Koidu mine in Sierra Leone were sys- 
tematically analyzed. Dr. Lai indicated two significant and 
distinct episodes of eclogitic diamond formation in Koidu 
diamonds: cores precipitated from crustal melts and rims 
formed from mantle-derived melts. 

Other presentations examined diamond in sedimentary 
systems. In alluvial environments, alpha radiation can 
cause a green or brown surface color. Dr. Christopher M. 
Breeding (GIA, Carlsbad) reported on his recent study of a 
rare pink stain in a natural type Ib Fancy brownish yellow 
diamond, a feature also caused by radiation damage. PL 
spectroscopy suggested that high concentrations of nitro- 
gen-vacancy (NV-) defects caused the pink color. It was sus- 
pected to have originated as a green diamond that turned 
pink as a result of higher temperature burial. Also, Dr. Roy 
Bassoo (GIA, Carlsbad) reported on various thermal anneal- 
ing experiments on natural colorless diamonds to imitate 
diamond residence in a natural sedimentary system. Nitro- 
gen content and aggregation, defect concentration, and lu- 
minescence color response upon heating were studied using 
Fourier-transform infrared (FTIR) spectroscopy, PL spec- 
troscopy, and optical UV luminescence, respectively. Dr. 
Bassoo concluded that diamonds in a sedimentary system 
do not change their bodycolor, but such a system can influ- 
ence defect-related luminescence. 

GIA poster sessions highlighted three interesting col- 
ored diamond projects. First, Sarah Arden, Abadie Ludlam, 
and Elina Myagkaya (GIA, New York) presented their study 
on etch channels in a 3.17 ct pink type Ila diamond. A pro- 
fusion of meandering (“worming”) channels of various 
lengths embedded in this pink diamond were observed 
with micro X-ray computed tomography (CT). High strain 
was observed under the polariscope, and GR1 defects were 
mapped as clusters around etch channels using PL. The au- 
thors hypothesized two possible formation mechanisms 
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Figure 28. The GIA booth attracted GSA attendees from all over the world. In the foreground, Nathan Renfro 


speaks with a visitor. Photo by Cathy Jonathan. 


for the etch channels’ formation: (1) a type of line defect 
causing localized strain that is more vulnerable to dissolu- 
tion and/or (2) Rose channels caused by micro-twinning 
and subsequently etched by mantle fluids. Skyelar Caplan 
(GIA, New York) reported a new color center (525 nm) as 
the cause of type Ia Fancy pink diamond. The 525 nm band 
together with an H-related 835 nm broad band caused a 
transmission for yellow and green light (610-660 nm) and 
resulted in a pink color. The 525 nm band observed in the 
UV-Vis absorption spectrum was related to high nickel 
content. Stephanie Persaud (GIA, New York) investigated 
two types of color-changing diamonds, chameleon and 
cryogenic, using spectroscopic analysis. Chameleon dia- 
mond changes from grayish green to orangy yellow upon 
heating, while cryogenic diamond changes from dark gray 
to light yellow when cooled to freezing temperatures. The 
cause of color change upon heating/cooling was attributed 
to changes in energy within the electron band gap. 

In addition to the research talks and posters, GIA’s booth 
in the exhibition hall also attracted many visitors. Robert 
Weldon (GIA, Carlsbad) hosted a demonstration of the use 
of light and camera settings for gemstone photography. He 
shared the stories and knowledge behind his photographs 
of the Hope diamond, the Dom Pedro aquamarine, and 
other notable gems. Nathan Renfro (GIA, Carlsbad) demon- 
strated techniques for inclusion photomicrography (figure 
28) using different types of light sources. 

An evening reception jointly hosted by GIA and the 
Mineralogical Society of America was held on October 11. 
The event provided gemologists and mineralogists with a 
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great opportunity to exchange ideas and facilitate collabo- 
ration. In another GSA technical session, Dr. James Shigley 
shared GIA research opportunities with early-career min- 
eralogists and crystallographers. Overall, the 2022 GSA 
Meeting attracted strong attendance and notable interest in 
the gemology technical sessions and exhibits. We look for- 
ward to the 2023 GSA meeting, scheduled for October 15- 
18 in Pittsburgh, Pennsylvania. 


Si Athena Chen, Tao Hsu, and James E. Shigley 
GIA, Carlsbad 


AUCTION REPORTS 


Fall 2022 auction highlights. The astounding results of col- 
ored diamond sales in the spring auction season (Summer 
202.2, GNI, pp. 260-263) left expectations high for fall. Pink 
diamonds set the scene for the beginning of the season, 
starting with a bang at a Sotheby’s stand-alone sale in Hong 
Kong in October. Selling for $57.7 million, almost three 
times its estimate, the 11.15 ct Williamson Pink Star (fig- 
ure 29) became the second most valuable jewel ever sold 
at auction. After 20 minutes and 50 bids, the GIA-graded 
natural Fancy Vivid pink internally flawless cushion- 
shaped diamond broke the record price per carat for any di- 
amond or gemstone sold at auction, at $5.2 million a carat. 

The colored diamond trend headed downward the fol- 
lowing month with the Fortune Pink (figure 30) at 
Christie’s Magnificent Jewels sale in Geneva, selling below 
expectations at the lower end of its estimate. Fetching $28.9 
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Figure 29. The 11.15 ct Williamson Pink Star is set in 
an 18K pink and white gold ring, along with 1.41 
carats of trapeze-cut diamonds and 0.14 carats of bril- 
liant-cut pink diamonds. Courtesy of Sotheby’s. 


million, the GIA-graded 18.18 ct stone is the largest pear- 
shaped Fancy Vivid pink diamond ever sold at auction. 


Figure 30. The 18.18 ct Fortune Pink sold in Geneva 
for $28.9 million. Courtesy of Christie’s. 
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Figure 31. Surrounded by pink diamonds, this 31.62 
ct Fancy blue diamond pendant sold within its esti- 
mate at $11.8 million. Courtesy of Christie’s. 


Another pink diamond, a 13.15 ct emerald cut, was 
slated to lead Christie’s December Magnificent Jewels sale 
in New York before it was withdrawn weeks before the auc- 
tion and later revealed as alleged stolen property. A 31.62 
ct Fancy blue diamond pendant (figure 31) was then placed 
as the top lot of the auction. The GIA-graded pear modified 
brilliant cut, noted by Christie’s as the largest of its kind to 
appear at auction, garnered $11.8 million, toward the lower 
end of the estimate. Three other blue diamonds offered by 
Sotheby's from the De Beers Exceptional Blue collection 
drew lackluster results throughout the season. Two were 
left unsold, and one was withdrawn prior to auction. 

In an unexpected conclusion to the season, the Golden 
Canary (figure 32) sold below its estimate at $12 million. 
Without a reserve, Sotheby’s anticipated the 303.10 ct pear- 
shaped Fancy Deep brownish yellow diamond to secure more 
than $15 million in the New York auction. Still, the diamond 
became the third most valuable diamond ever sold at auc- 
tion, Sotheby’s noted. As the largest flawless or internally 
flawless and largest pear-shaped diamond graded by GIA to 
date, the Golden Canary can be traced back to a young girl’s 
discovery of an 890 ct rough near her uncle’s house in the 
Democratic Republic of the Congo in the early 1980s. The 
407.48 ct Incomparable, the largest of the 15 finished stones 
from the rough diamond, was recently transformed into the 
Golden Canary to improve its color and shape. 
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The real surprise of Sotheby’s New York auction—and 
perhaps the season—was the sale of a ring featuring a 6.25 
ct emerald recovered from the legendary 1622 shipwreck of 
the Nuestra Senora de Atocha. The ring sold in just five 
minutes for $1.2 million, more than 17 times its estimate. 
All proceeds were donated to humanitarian efforts in 
Ukraine. 

Erica Zaidman 
GIA, Carlsbad 


IN MEMORIAM 


Peter Keller. Gems &) Gemology mourns the passing of Dr. 
Peter Keller (figure 33) on November 8, 2022. Keller dedi- 
cated 50 years of his life to the gemological community 
and made countless contributions to GIA and GWG. 
Born in 1947 in Allentown, Pennsylvania, Keller became 
interested in rocks and minerals at an early age. After ob- 
taining his undergraduate degree in geology from George 
Washington University, Keller earned a master’s degree and 
a PhD in geology and earth science from the University of 
Texas. Keller began his career as curator of the Gem and 


Figure 32. The 303.10 ct Golden Canary, recently recut 
from the Incomparable, became the third most valu- 
able diamond sold at auction. Courtesy of Sotheby’s. 
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Figure 33. Dr. Peter Keller during his time as director 
of education at GIA. Photo by GIA. 


Mineral Hall at the Natural History Museum of Los Angeles 
County before joining GIA as director of education in 1980. 
For more than a decade, Keller was instrumental to 
Ge#G as an author and as associate editor. In the first half of 
the 1980s, he wrote several landmark articles documenting 
his visits to gem deposits worldwide. “Emeralds of Colom- 
bia” (Summer 1981) received third place in G#G’s annual 
Most Valuable Article awards. He was a key contributor to 
Gw#G’s Spring 1986 special issue on China, reporting on the 
emerging gem resources in various Chinese provinces. 

In addition to writing for G#G, Keller wrote and pub- 
lished two influential books, Gemstones and Their Origins 
(1990) and Gemstones of East Africa (1992). He even ven- 
tured into filmmaking earlier in his career, serving as as- 
sociate producer on a documentary film titled Gems of the 
Americas, which was coproduced by the Natural History 
Museum of Los Angeles County and GIA. 

Keller spent much of his career as president and CEO 
of the Bowers Museum in Santa Ana, California. He is sur- 
vived by his wife, children, stepchildren, and grandchil- 
dren. We extend our deepest condolences to his family, 
friends, and colleagues. 


ERRATUM 


In the Fall 2022 article “Gems on Canvas: Pigments His- 
torically Sourced from Gem Materials,” the photos in fig- 
ures 13, 15, and 20 were credited to the National Gallery 
of Art in Washington, DC, in error. The photos are courtesy 
of the National Gallery in London. 
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Sapphire from Montana’s Secondary 
Deposits, Colombian Emerald Morphology, 
the 2023 Tucson Shows, and More... 


Welcome to the Spring 2023 issue of Gems & Gemology! A new volume year kicks off 
with our recap of the Tucson gem shows, where buyers, sellers, and industry professionals 
from all over the globe converge. And with two major feature articles, our regular sections, 
and the annual GeG Challenge, this issue is sure to captivate readers. 


In our lead article, Dr. Aaron Palke and coauthors present their study of the gemological 
characteristics of sapphire from Montana's secondary deposits. Using Rock Creek, 
Missouri River, and 


Dry Cottonwood be article also details the fascinating history of 
Creek samplesina sapphire mining in these three Montana mining 
variety ofcolors, = c¢ricts, which still hold substantial resources.” 


the authors provide 
typical inclusion scenes and trace element chemistry fingerprints. The article also details the fascinating history of 
sapphire mining in these three Montana mining districts, which still hold substantial resources. 


Next, Dr. Karl Schmetzer and Gérard Martayan investigate the less common morphological and growth 
phenomena of Colombian emerald samples to understand their growth and post-growth history. Based on their 
observation of 15 isolated emerald crystals and seven specimens in matrix using optical methods, they offer insight 
into the different patterns, with a goal of expanding the database of morphological features in Colombian emerald. 


Our regular features provide informative snapshots, beginning with Lab Notes. Highlights from the section 
include a rare example of the purple collector gem anhydrite, a heart-shaped golden South Sea cultured pearl 
displaying natural shape and color, and the largest sample of synthetic rutile examined at GIA to date. Explore the 
inner landscapes of gemstones in our Micro-World section, where you'll see rare cloud inclusions resembling a 
starry night in diamond, a macroscopic mineral inclusion cluster in a Pakistani aquamarine crystal, a three-phase 
inclusion in alexandrite, and more. Diamond Reflections returns in this issue, this time exploring plastic deforma- 
tion in diamond. Our Gem News International section begins with nearly 30 pages covering the 2023 Tucson gem 
shows, ranging from the latest trends and market updates to noteworthy designs, followed by an opulent photo 
gallery packed with finds from the shows. The GNI regular features include various pearl discoveries from around 
the world and a new source of ruby from Liberia. 


Finally, test your gemological knowledge of our 2022 feature articles in the annual G¢&G Challenge, and find out 
which articles received the Dr. Edward J. Giibelin Most Valuable Article Award. 


We hope you enjoy the latest issue of Gems & Gemology! 


OH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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NMOS ARTICLES 


GEMOLOGICAL CHARACTERIZATION OF 
MONTANA SAPPHIRE FROM THE SECONDARY 
DEPOSITS AT ROCK CREEK, MIssOURI RIVER, 
AND Dry COTTONWOOD CREEK 


Aaron C. Palke, Nathan D. Renfro, Jeffrey R. Hapeman, and Richard B. Berg 


Montana has produced large volumes of sapphire from secondary deposits for more than 150 years. While early 


production was mostly for industrial use as watch and instrument bearings, modern heat treatment technology 
has enabled the deposits to be worked profitably as gemstone mines, bringing more of this material to the gem 
and jewelry trade than ever before. Although pale blue and pale green sapphires make up the bulk of the pro- 
duction, fine Montana sapphire comes in nearly every hue, including yellow, orange, purple, and pink, along 
with very rare finds of ruby. Secondary Montana sapphire shares some similarities with those from Umba and 
Songea in Tanzania, but it is generally straightforward to separate them on the basis of inclusion scenes and 


trace element chemistry fingerprints. 


American West stumbled upon one of North 
America’s most important gemstone de- 
posits, discovering sapphire in several locations in 
Montana. These were first recovered along the Mis- 
souri River near Helena, and additional deposits were 
later found at Rock Creek and Dry Cottonwood 
Creek. The sapphires recovered from these secondary 
deposits generally have overlapping properties and 
are collectively referred to as “Montana sapphire.” 
[Note that these are distinct in their gemological 
properties from “Yogo sapphires,” which are mined 
from Montana’s only primary deposit, at Yogo Gulch; 
see Renfro et al. (2017).] Surprisingly, the secondary 
deposits were not initially mined for fine jewelry- 
grade sapphire but for gold and for industrial-grade 
sapphire to use as watch and instrument bearings. 
While the deposits produce many stones with ex- 
ceptional natural color, the majority require (or at 
least benefit from) carefully controlled high-temper- 
ature heat treatment to enhance their color for the 
jewelry market. Various heating procedures—in both 


N early 160 years ago, gold prospectors in the 


See end of article for About the Authors and Acknowledgments. 
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2 MONTANA SAPPHIRE FROM SECONDARY DEPOSITS 


oxidizing and reducing environments at high tem- 
peratures—can be used to either create or intensify 
a variety of colors (e.g., Emmett and Douthit, 1993). 
Whether heated or with a natural, untreated color, 
secondary Montana sapphire occurs in a wide range 


In Brief 


e Sapphires have been produced from three secondary 
deposits in Montana for more than 150 years. 


Most sapphires produced are less than 1 ct and require 
heat treatment to improve their color. However, large 
unheated stones of several carats are available in the 
market. 


Montana sapphires have characteristic inclusion suites 
and chemical profiles that allow their origin to be con- 
fidently identified. 


of sizes and colors including blue, green, yellow, or- 
ange, purple, and pink (figures 1-5). With the rein- 
troduction of large-scale mining 25-30 years ago and 
the recent acceleration of mining activities at Mis- 
souri River and especially Rock Creek, fine Montana 
sapphire is available in the gem and jewelry market 
in quantities never seen before. It is also growing in 
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Figure 1. Top production from Rock Creek from the 2021 mining season, in rough and cut form. The rough stones 
range from 10.05 to 67.15 ct and the faceted stones from 3.09 to 12.18 ct. The yellow sapphire at top center was 
named the Yellowstone sapphire and is part of the Somewhere in the Rainbow collection. For the faceted stones, the 
blue stone on the left and the two blue stones on the bottom are heated, while the others are unheated. Note that 
one of the rough stones is missing in the faceted stone layout. Photos by Robert Weldon; courtesy of Potentate Min- 


ing, LLC. 


popularity with the increasing emphasis on trans- 
parency and traceability in supply chains within the 


Figure 2. At 17.04 ct, this natural-color (unheated) 
rough sapphire crystal from Eldorado Bar on the Mis- 
souri River is exceptionally large for Montana’s sec- 
ondary deposits. Photo by Orasa Weldon; courtesy of 
Pala International. 


jewelry industry. Demand is also increasing as con- 
sumers become more interested in the less saturated 


Figure 3. The “Bitterroot Flower” brooch by Paula 
Crevoshay contains nearly 400 Montana sapphires: 79 
pink (6.03 carats total), 116 yellow (7.46 carats total), 
and 202 additional fancy-color (16.26 carats total). 
Photo by Robert Weldon; courtesy of Paula Crevoshay. 
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the artisan placing the red in much the same 
manner as he would if he had the finer ma- 
terial to work with. It is understood that 
much of the carving in this material is done 
in Canton while hard stones are still pro- 
duced only at Peking. 

This highly translucent serpentine is cus- 
tomarily carved into long and slim goddesses, 
cranes, animals, and other figurines. The 
lapidary techniques are excellent but the 
final product is usuallv offensive artistically. 
Dark green serpentine is made up also to 
imitate dark green spinach jade but again 
the lack of excellent artistry soon betrays the 
inferior material employed. Much of this 
material is made up into cheap flat trays 
patterned after a lotus leaf with up-curled 
rims. Bright yellow rough is prepared into 
baroque cabochons and strung up on beads, 
they are quite attractive. 

In spite of the inferior material used, ser- 
pentine carvings are far from cheap, very 
often a similar genuine jade piece can be 
purchased for nearly the equivalent amount. 
The reason given for this high cost is that 
modern workers demand wages by the day 
and as a result, the work costs have risen 
greatly. There is no doubt that a market 
exists for these carvings but it is too bad 
that most tourists who buy go away with the 
conviction that they have a jade piece, the 
shopkeepers always using this term to iden- 
tify “Soochow Jade’”’ and only furnishing 
more details when pressed. In size, carvings 
may reach as tall as 18 inches and as much 
as 8 inches across, gencrally being quite 
flawless. 


FLUORITE 

Not one shopkeeper in a dozen admits 
that the green fluorite which is for sale 
everywhere is not ‘Green Quartz,” — the 
name first supplied upon inquiry. This cheap 
material also occurs in large blocks but is 
seldom clear except in the smallest objects. 
Its price is also out of proportion to its in- 
trinsic value in spite of most of the carvings 
being in atrocious taste and flawed to dis- 
figurement. Somehow both fluorite and ser- 


pentine have been sold in enough quantity 
to raise the price to unreasonable levels in 
contrast to comparable pieces carved from 
the much harder nephrite and other stones. 
Both fluorite and serpentine are fragile and 
easily susceptible to damage yet it must be 
supposed that a clever sales campaign con- 
vinces unwary and uninformed buyers that 
they are getting something good at a cheap 
price. 

Subjects in fluorite may be almost any- 
thing but are generally massive and blocky 
in recognition of the difficulty of working 
this mineral. The effort expended is crude 
in quality and surface finishes are quite 
poor, the impression received is one of sheer 
mass and little else. In color most pieces are 
a rather fine green but sometimes purple is 
noted in small areas. Cracks are often iron- 
stained and highly disfiguring in such cases. 
BERYL 

Very little beryl of any kind was noted, 
sometimes some pale aquamarine and golden 
beryl could be seen as baroque cabochons, 
beads, or in snuff bottle stoppers. Excellent 
quality material was totally absent. 

LAPIS LAZULI 

Ordinary Afghanistan lapis is fairly com- 
mon in jewelry and in carvings but top grade 
intense blue is not. One or two carvings were 
seen in which patches of fine blue afforded 
a pleasing and striking contrast to the white 
speckled matrix but lower grades suffered 
from the common fault of being entirely 
too dark. In size, carvings ranged from 
speckled pieces around 12 inches across 
to one superior specimen of excellent color 
which was about 5 inches in maximum di- 
mension. The latter was very carefully carved 
with good crisp detail and bore an unusually 
high polish for lapis. Its price compared 
with that of an outstanding jade carving 
of about the same size. No Chilean material 
was seen but some pieces may have been 
Lake Baikal rough. 

TOURMALINE 

Pink to deep pink material is seen every- 

where mounted in jewelry but never in a size 
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Figure 4. This “Fiume” ring features a wide range of 
colors seen in Montana sapphire. The sapphires are all 
heat treated, with 2.07 total carat weight. Photo cour- 
tesy of Raintree Jewelry. 


blue and teal and fancy-color sapphires that are com- 
mon in Montana. Fortunately, these sapphires have 
unique gemological and chemical characteristics 
that allow their geographic origin to be confidently 
determined. 


MATERIALS AND METHODS 


Samples. The Montana sapphires examined in this 
study are from a variety of sources. The bulk of the 
samples were collected in 2015 by GIA gemologists 
at the Potentate mine at Rock Creek and from Cass 
Thompson’s mining operation at Eldorado Bar on 
the Missouri River. Additional samples came from 
the collections of the authors and were generally 
sourced directly from current operations at Rock 
Creek and Missouri River. Sapphires from the South 
Fork of Dry Cottonwood Creek were donated by Dr. 
John Emmett, director of Crystal Chemistry in 
Brush Prairie, Washington, who obtained them from 
the mining operations of American Gem Corpora- 
tion in 1994-1995. Observations described in this 
study come primarily from the more than 800 sap- 
phires in the GIA Colored Stone Reference Collec- 
tion gathered from the sources described above. 
Additional sapphires were provided from the collec- 
tion of John I. Koivula, GIA’s analytical microscopist. 
The largest sapphire studied was the 67.15 ct Yellow- 
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stone sapphire, but most were much smaller, from 
less than a carat to several carats in size. Seventy- 
three Montana sapphires were included in our laser 
ablation-inductively coupled plasma—mass spec- 
trometry (LA-ICP-MS) trace element measure- 
ments, as well as 19 sapphires from Songea, 
Tanzania, and 17 from Umba, Tanzania. The Songea 
and Umba sapphires were either collected directly 
in the field by GIA field gemologists or donated by 
Dr. Emmett. 


Ultraviolet/Visible/Near-Infrared | (UV-Vis-NIR) 
Spectroscopy. Spectra were collected with a 
PerkinElmer Lambda 950 UV-Vis spectrophotometer 
(PE 950) in the 200-1000 nm range, with 1 nm spec- 
tral resolution. Spectra presented were collected 
from samples oriented as wafers perpendicular to the 
optic axis, which allows collection only of the ordi- 
nary ray (o-ray) spectrum. Samples used in heat 
treatment experiments were mounted on aluminum 
plates with 1 mm apertures during spectroscopy. 
They were set in place using wax to allow the same 
region of the sample to be measured before and after 
heat treatment. 


Fourier-Transform Infrared (FTIR) Spectroscopy. 
FTIR spectra were collected using a Thermo Fisher 
Nicolet 6700 FTIR spectrometer equipped with an 
XT-KBr beam splitter and a mercury-cadmium-tel- 
luride (MCT) detector operating with a 4x beam con- 
denser accessory. The resolution was set at 4 cm! 
with 1.928 cm! data spacing. 


Raman Spectroscopy. Inclusions were identified, 
when possible, using Raman spectroscopy with a 
Renishaw inVia Raman microscope system. The 
Raman spectra of the inclusions were excited by a 
Modu-Laser Stellar-REN Ar-ion laser producing 
highly polarized light at 514 nm and collected at a 
nominal resolution of 3 cm in the 2000-200 cm=! 
range. In many cases, the confocal capabilities of the 
Raman system allowed inclusions beneath the sur- 
face to be analyzed. 


LA-ICP-MS. Trace element chemistry was collected 
by LA-ICP-MS using a Thermo Fisher iCAP Qc ICP- 
MS, coupled to an Elemental Scientific Lasers NWR 
213 laser ablation system with a frequency-quintu- 
pled Nd:YAG laser (213 nm wavelength with 4 ns 
pulse width). Ablation was carried out with 55 pm 
spot sizes, with a fluence of 8-10 J/cm? and repetition 
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Figure 5. Early gold prospecting led to the discovery of Montana sapphire. This gold nugget from Scratchgravel Hills 
measures about 4 x 7 cm; courtesy of Bill Larson. The rough sapphires and the necklace containing rough sapphires 
and a 3.5 ct lavender spinel cut by Larry Woods are courtesy of Diana Widman. Photo by Robert Weldon. 
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rates of 20 Hz. The isotope ?’Al was used as an inter- 
nal standard at 529250 ppmw, and synthetic and nat- 
ural corundum reference materials were used as 
external standards (Stone-Sundberg et al., 2017). De- 
tection limits ranged from 0.1-0.3 ppma for magne- 
sium, 0.5-2.0 ppma for titanium, 0.03-0.2 ppma for 
vanadium, 0.06-1.3 ppma for chromium, 1-5 ppma 
for iron, and 0.03-0.07 ppma for gallium. Trace ele- 
ment values are reported here in parts per million on 
an atomic basis rather than the more typical parts per 
million by weight unit used for trace elements in 
many geochemical studies. Units of ppma are the 
standard used in GIA laboratories for corundum, as 
they allow a simpler analysis of crystal chemical 
properties and an understanding of the color mecha- 
nisms of sapphire and ruby. Conversion factors are 
determined by a simple formula that can be found in 
table 1 of Emmett et al. (2003). 


Heat Treatment. Some heat treatment studies were 
carried out at the commercial heating facility operated 
by Dale Siegford of the Sapphire Gallery in Philips- 
burg, Montana. Treatments were claimed to have 
been at 1400°C, but other details of this commercial 
treatment were not disclosed. Additional heat treat- 
ment experiments were carried out at GIA’s experi- 
mental heating facility using a Thermal Technology 
Model 1000-3560-FP24 muffle tube furnace, similar 
to the system used in Emmett and Douthit (1993). 


Gemology. Standard gemological instruments were 
used to measure refractive index, birefringence, spe- 
cific gravity, and pleochroism. Microscopic observa- 
tion was performed using either a Nikon Eclipse 
LV100 compound microscope or Nikon SMZ1500 
binocular microscope outfitted with a Nikon DS-Ri2 
camera for recording images. Differential interfer- 
ence contrast (DIC) images were taken on the LV100. 
Also used were a Nikon SMZ25 stereomicroscope 
equipped with dual fiber-optic illuminators, darkfield 
and brightfield illumination, polarizing filters, and a 
Nikon DS-Ri2 camera. 


HISTORY 


Like much of the American West, the history of 
Montana is told in the story of gold. The original 
prospectors who discovered the state’s sapphire de- 
posits generally had little in the way of mineralogi- 
cal, much less gemological, knowledge. While these 
prospectors did stumble upon one of the most impor- 
tant gem deposits in the North American continent, 
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they were mainly targeting gold, whose value was 
much more obvious than the shiny dense pebbles of 
sapphire they sometimes found in their jigs and pans. 
When the first sapphires were discovered in 1865 at 
the Missouri River, their range of natural colors did 
not suit the gem and jewelry industry of that time— 
that happened 30 years later, when bright blue sap- 
phires were found at Yogo Gulch. However, when 
sapphires were found in abundance at Rock Creek in 
1892, another lucrative market opened up for these 
stones as watch and instrument bearings (figure 6). 
In fact, mining efforts until the late 1920s were 
driven almost entirely by the search for gold and the 
use of sapphires as watch bearings. The bulk of the 
sapphires mined in Montana had ended up being 
used for industrial purposes. The availability and af- 
fordability of synthetic ruby and sapphire (grown by 
the Verneuil process) in the 1920s and 1930s ended 
the first great heyday of sapphire mining in Montana 
(Berg, 2014). After some small-scale mining to sup- 
port the war effort in the 1940s, the major operations 
in this early period ended shortly after World War II. 
It was not until the introduction of advanced heat 
treatment procedures that these deposits became 
economically viable again. 

The following sections will document each of the 
three secondary sapphire deposits in more detail. His- 
torical information in this section comes primarily 
from the works of Berg (2007, 2014) and Berg and 
Landry (2018), which are currently the most compre- 
hensive historical works on sapphire mining in these 
deposits. These three publications contain original 
historical research based on archived historical re- 
sources and interviews with primary historical fig- 
ures. When possible, the primary published source of 
information is cited; however, when no citation is 
provided, it should be understood that the primary 
reference is the original historical research in Berg 
(2007), Berg (2014), or Berg and Landry (2018) for Dry 
Cottonwood Creek, Rock Creek, and Missouri River, 
respectively. Additional sources of historical informa- 
tion are Kunz (1890), Pratt (1906), Clabaugh (1952), 
Emmett and Douthit (1993), Garland (2002), Barron 
and Boyd (2015), Hsu et al. (2017), and Kane (2020). 


Missouri River. The first influx of European settlers 
into the Montana territory began in 1862 with the 
discovery of rich gold placers in Grasshopper Creek 
at the town of Bannack. With rumors of gold circu- 
lating, prospectors would seek their fortune up and 
down nearly every creek and river in the territory, no 
matter how large or small. Gold in abundance would 
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Figure 6. Watch bearings fashioned out of Montana sapphires in various stages of completion. The leftmost pile 
contains rough sapphires ready for fabrication, and the pile second from the left contains sapphires ground to 
wafers of standard thickness to be drilled out to produce bearings. The four piles to the right show finished natural 
sapphire watch bearings. Photo by Robert Weldon; courtesy of the Sapphire Gallery. 


be found the next year at Virginia City in Alder 
Gulch and, importantly, at Last Chance Gulch near 
Helena. 

The first report of sapphire came in 1865, when 
gold prospector Ed Collins found several while work- 
ing a gravel deposit along the Missouri River near He- 
lena at what came to be known as Eldorado Bar. The 
stones were found not in the river itself, but in gravel 
beds sitting atop bedrock just off the banks of the river, 
sometimes several hundred meters above water level. 
Over the years, similar deposits were identified along 
a roughly 21 km stretch of the Missouri River, with 
eight major gravel bars eventually worked to some ex- 
tent. Collins was apparently unsure what to make of 
the gemmy stones he found, so he sent them east to 
Tiffany & Co. in New York and other parties overseas 
(“Eldorado Bar sapphires,” 1867). The gems were iden- 
tified as sapphire, although the discovery generated lit- 
tle attention (Browne, 1868, p. 50). These gravel bars 
sitting alongside the Missouri River were also rich in 
gold, so mining activities continued regardless. 
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The earliest workings on these bars involved hor- 
izontal drifts cut through the gravel beds, which al- 
lowed miners to avoid the labor of removing the 
several meters of overburden that typically overlie 
the sapphire- and gold-bearing gravels (figure 7). Hy- 
draulic mining, which had been used at other gold 
camps, would have been more efficient. Yet here, as 
in much of the American West, this advanced min- 
ing technique was limited by access to water. De- 
spite their proximity to the Missouri River, the 
gravel beds were at a higher elevation than the river 
level, so the water would have to be pumped up to 
the gravel beds or brought in from elsewhere. The 
first major mining efforts commenced in 1868, when 
the Eldorado Ditch Company completed a ditch 
from Trout Creek, at a higher elevation than the 
Missouri River, to bring water to the upper terraces 
of Eldorado Bar (figure 8). This allowed the gravel 
beds to be worked by hydraulic mining, in which 
high-pressure jets of water were employed to wash 
sapphire-bearing gravels into sluice boxes with riffles 
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set up at intervals to capture sapphire and gold (figure 
9). This led to the consolidation of smaller claims on 
Eldorado Bar, creating larger and more efficient oper- 
ations. The process of consolidation continued until 
1872, when original discoverer Ed Collins joined 
with seven partners to control a 641 hectare claim 
encompassing most of the upper terrace of Eldorado 
Bar. 

During a lull in mining in the 1880s, brothers 
Frank D. and Thomas H. Spratt began buying up and 
staking new mining claims, especially on Eldorado 
Bar. In 1887, with the financial backing of a third 
brother, Augustus N. Spratt, they incorporated the 
Trout Creek Mining Company and began actively 
marketing the sapphires on a national and interna- 
tional scale. In 1890, an English syndicate was 
formed to market Missouri River sapphires. The syn- 
dicate ended up purchasing properties on Ruby Bar 
owned by Frank and Edgar Langdon, as well as prop- 
erties belonging to the Spratt brothers at French Bar 
and their Eldorado Bar claims. The English syndicate 
now controlled most of the profitable workings and 
was incorporated as the Sapphire and Ruby Company 
of Montana, Ltd. with initial public stock offerings 
of 400,000 shares at £1 (“Montana’s precious stones,” 
1891; “Sapphire and Ruby Company prospectus,” 
1891). Sapphire and gold production commenced 
swiftly, with drift mining utilized initially and hy- 
draulic mining techniques applied later. The Spratt 
brothers also incorporated the Spokane Sapphire 
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Figure 7. Mining opera- 
tion at Dana’s Bar. The 
piles of rock are from the 
trenches below. Photo 
by Edgar H. Train be- 
tween 1870 and 1879, 
Lot 026 B3F15.03 Dana’s 
Bar, Montana Historical 
Society Photograph 
Archives. 


Company as a subsidiary of the Sapphire and Ruby 
Company of Montana, Ltd. to mine Spokane Bar. 

Given the worldwide interest being generated 
about the Missouri River deposit, other mining en- 
terprises came along as well. Notably, Henry Math- 
eson acquired claims on Emerald Bar and brought in 
water with the use of a steam pump. Matheson soon 
sold out to a group of investors out of Helena forming 
the Montana Gold and Gem Company. 

Despite the budding success of Missouri River 
sapphires, which were featured at the 1893 Chicago 
World’s Fair, the economic Panic of 1893 crippled the 
market for them. This was compounded, in no small 
part, by the discovery in 1895 of sapphires at Yogo 
Gulch whose natural cornflower blue color was pre- 
ferred in the gem market. Shortly thereafter, the Sap- 
phire and Ruby Company of Montana, Ltd. went 
bankrupt and its properties reverted to Augustus N. 
Spratt, who reformed his holdings as the Eldorado 
Gold and Gem Company. 

In 1911, the lowest terraces of Eldorado and 
Spokane Bars were submerged with the completion 
of the Hauser Dam and the creation of Hauser Lake. 
While it may seem a pity to flood precious gem- 
bearing gravels, the advantages of the newly created 
lake did not go unnoticed. Most notably, in 1938, the 
Perry-Schroeder Mining Company was formed and 
purchased a Yuba bucket-line dredge. The Perry- 
Schroeder Mining Company was one of the few op- 
erations allowed to continue mining gold throughout 
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Figure 8. The flume tak- 
ing water from Trout 
Creek to the sapphire 
and gold mining opera- 
tions at the Missouri 
River. In this view, the 
flume is crossing Trout 
Creek itself, with the 
water taken from further 
upstream. Photo by W.H. 
Jackson during the 1869- 
1871 Hayden Survey. Lot 
032 B5FO9.03a Trout 
Creek Flume, Montana 
Historical Society Photo- 
graph Archives. 


World War II despite War Production Board Order L- _ strategic materials. The company was only allowed 
208, which shut down gold mining operations across _ to continue mining gold because it was also produc- 
the country in order to focus extraction efforts on ing industrial sapphire, which was in short supply 


Figure 9. Hydraulic 
mining at French Bar 
along the Missouri 
River between 1870 
and 1879. PAc 97-32.9, 
Montana, Montana His- 
torical Society Photo- 
graph Archives. 
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given that the synthetic sapphire manufacturers 
were all located in Europe at the time. The Yuba 
dredge continued mining for gold and sapphires until 
1947, marking the end of the historic mining activi- 
ties on the Missouri River. In the ensuing years, sev- 
eral smaller operations continued to mine for 
sapphire along the gravel bars of the Missouri River. 
Their efforts have been fueled by the development of 
high-temperature heat treatment processes to im- 
prove the sapphire colors, making them more desir- 
able in the global gem and jewelry market. Today, the 
mining is nearly all concentrated on Eldorado Bar, 
where small-scale miners work some virgin gravels 
but mostly the tailings left over from the Perry- 
Schroeder Mining Company in the 1940s. As that 
dredging operation was also tailored to recover gold, 
the company’s sapphire recovery was fairly low com- 
pared to modern operations, and many sapphires 
were left behind. 

Between 1988 and 1993, Sam Speerstra mined six 
million carats of sapphire from Eldorado Bar (Berg 
and Landry, 2018). Adjacent to American Gem Cor- 
poration’s main lease, Gem Resources Management 
Corporation mined Eldorado Bar from 1988 to 1992. 
While American Gem Corporation’s primary mining 
activities were focused at Rock Creek (see “Rock 
Creek” history section below), their press release 
from September 1994 indicated that consulting geol- 
ogists and engineers had completed bulk sample test- 
ing on 260 of the nearly 1,200 acres (105 of 485 ha) at 
Eldorado Bar controlled by the company (O’- 
Donoghue, 1995). These tests were conducted to de- 
termine occurrence and grades (carats per cubic yard) 
and indicated considerable sapphire reserves at Eldo- 
rado Bar. American Gem Corporation also conducted 
test sampling across the river channel at Dana’s Bar. 
The company never moved beyond the testing 
phases, electing instead to concentrate its efforts at 
Rock Creek and Dry Cottonwood Creek. 

Present-day mining includes operations of the 
Spokane Bar mine and Gold Fever Rock Shop (cur- 
rently the largest operation), Neal Hurni with Lewis 
and Clark Sapphires, Blaze Wharton with Blaze-N- 
Gems, Bruce Scharf and Blue Jewel mine, Don John- 
son with Obsessed Over Gems, and Tim Beard along 
Gruell’s Bar. Another notable operation in the recent 
past is that of Mac Mader, who constructed a suction 
dredge in use from 1983 to 1986 to recover gold and 
sapphire from Hauser Lake. In 2012, Mader used a 
handheld suction dredge operated from a small barge- 
mounted washing plant on Hauser Lake near French 
Bar. 
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Rock Creek. The discovery of sapphire in the Rock 
Creek district is often attributed to one Emil Meyer, 
a German immigrant who later partnered with Swiss 
native L.J. Moffat to work the deposit (“Sapphire 
mined on Rock Creek after 1892 discovery there,” 
2.019). However, some reports attribute the discovery 
to M.H. Bryan Sr. of Philipsburg, who claimed to 
have been prospecting for gold on the West Fork of 
Rock Creek when he noticed several bright stones at 
the bottom of each pan of dirt. He collected the 
stones and simply gave the choice gems to his grand- 
children to play with. Regardless of who truly dis- 
covered the deposit, or whether they found it more 
or less contemporaneously, the recorded date of dis- 
covery is 1892. An article from the September 3, 
1892, edition of The Anaconda Standard (“New sap- 
phire fields,” 1892) indicates that local prospectors 
were already aware of the rich sapphire diggings and 
were actively preparing to start working the deposit. 

While this deposit is colloquially referred to as 
“Rock Creek,” sapphires have largely been mined 
from several tributary gulches that cut into the moun- 
tain to the north of the West Fork of Rock Creek. The 
two most important, especially in the early days of 
mining, were Anaconda Gulch and Sapphire Gulch, 
but mining has taken place at numerous gulches as 
well as in placers along the banks of the West Fork of 
Rock Creek, in an area called the Meadow. Also of par- 
ticular note for this deposit is the relative lack of gold, 
especially compared to the Missouri River deposit. 
What Rock Creek lacks in gold it more than makes 
up for with an overwhelming abundance of sapphire. 
Rock Creek has produced more than any other deposit 
in Montana, including Yogo Gulch, likely eclipsing all 
of them combined by nearly a factor of 10. All told, at 
least 70 metric tons of sapphire have been mined from 
the Rock Creek area (Berg, 2014). However, this esti- 
mate does not include the mid-1990s yield of nearly 4 
million carats by the American Gem Corporation or 
significant recent production from Potentate Mining 
(Kane, 2020). In fact, Rock Creek is the only secondary 
deposit in Montana to be worked only for its sapphire 
content (gold is recovered there as well but has never 
been the primary focus of mining). 

The early years saw the deposits worked mostly 
by smaller operations. Figures of note from the first 
few years include 400,000 carats of sapphires pro- 
duced by William Knuth of Helena and William Mof- 
fitt of Philipsburg in 1900, of which 25,000 carats 
were fit for cutting. L.J. Moffat and Emil Meyer were 
two of the important early miners at Rock Creek. 
Moffat’s Swiss heritage may have helped position 
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these stones in the industrial sapphire market, as 
most of the production was used by fine watchmak- 
ers in Switzerland. Their importance in the early 
days of mining was recognized with the naming of 
sapphire-bearing gulches. Meyer Gulch was a produc- 
tive tributary of Sapphire Gulch, and Moffat has two 
gulches named in his honor: the Little Moffat and the 
Big Moffat. 

The most important era of overall production at 
the Rock Creek deposit began in 1901, when articles 
of incorporation were filed for the American Gem 
Mining Syndicate, based in St. Louis. The company 
was incorporated by David Jankower of London and 
New York; Paul A. Fusz, Moses Rumsey, and Charles 
D. McLure of St. Louis; L.S. McLure of San Diego; and 
William Knuth of Helena. The American Gem Min- 
ing Syndicate was capitalized with $300,000, with 
Jankower holding 299,996 shares and one share each 
distributed to Fusz, Rumsey, A.B. Ewing, and C. 
McLure (“Sapphire mined on Rock Creek after 1892 
discovery there,” 2019]. In 1902, the American Gem 
Mining Syndicate patented claims at the Ruby Placer 
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Figure 10. A 1908 map 
of the mining claims of 
the American Gem Syn- 
dicate at Rock Creek. 
The various placers are 
labeled along with 
water-carrying ditches 
and streams. Map A- 
457, Plat of the claims 
of the American Gem 
Mining Syndicate, Gran- 
ite County, 1908, Mon- 
tana Historical Society 
Photograph Archives. 


in upper Sapphire Gulch, the Star Placer in lower Sap- 
phire Gulch, and the Anaconda Placer in Anaconda 
Gulch. The company would continue acquiring land 
and patenting placer claims through 1915 (figure 10). 

As with the Missouri River deposit, water has al- 
ways been the limiting factor in mining operations 
at Rock Creek. Water flowing through the gulches 
was insufficient to sustain major mining activity. 
With the vast capital it raised, the American Gem 
Mining Syndicate solved this problem at Rock Creek 
by constructing a series of ditches and flumes. The 
first was Cralle’s Ditch, likely in 1904, which 
brought water from Stony Lake to the McLure placer 
at the upper end of Sapphire Gulch, although the 
water was likely used in Anaconda Gulch as well. In 
1912, the Upper Sapphire Ditch was completed, tak- 
ing water from the North Fork of the West Fork of 
Rock Creek to the head of North Fork Coal Gulch 
and the head of Anaconda Gulch. An additional un- 
named ditch was also constructed, bringing water 
from the West Fork of Rock Creek upstream 1,200 m 
to the west to Sapphire Gulch. 
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The water from these ditches and flumes sup- 
ported mining activities during the two most produc- 
tive years of 1906 and 1907, which yielded 6,482.3 
kg and 6,639.9 kg of sapphire, respectively. Mining 
was carried out by either ground sluicing or hydraulic 
mining. During these years, mining activities were 
intense and the mine often operated 24 hours a day. 
From 1903 to 1928, while the American Gem Mining 
Syndicate was working the deposit, 46.4 metric tons 
of sapphire were produced (Berg, 2014). 

Meanwhile, times were changing with increasing 
competition from synthetic ruby and sapphire, espe- 
cially starting in the 1920s. Although Auguste 
Verneuil grew his first flame-fusion rubies in 1883, 
the material did not become widely available until 
the 1910s, when he expanded his enterprise. As more 
and more flame-fusion ruby and sapphire reached the 
market, and as the quality of the laboratory-grown 
material improved, Montana sapphire could not 
compete. Facing a dire financial situation, the Amer- 
ican Gem Mining Syndicate sold most of its claims 
to Charles Carpp Jr. and J. Walt Kaiser. The two 
worked the deposit until 1943 and produced about 
2.8 metric tons of sapphire, largely through hydraulic 
mining (Clabaugh, 1952). They apparently intended 
to sell the sapphires as gemstones but were unsuc- 
cessful due to the typically pale colors of the natural 
rough. Therefore, most of the production still went 
to the industrial sapphire market. 

After Carpp and Kaiser stopped mining in 1943, 
the Rock Creek properties passed through several 
hands. Carpp and Kaiser sold to Sally and Bill Eaton, 
who operated a fee dig for tourists. The Eatons in 
1966 sold the Meadow property along the West Fork 
of Rock Creek to Marc Bielenberg and the gulch 
properties to Wilfred Chaussee, who formed the 
Chaussee Sapphire Corporation and continued run- 
ning the tourist operation. This operation was later 
passed to Wilfred’s daughter and son-in-law, Yvette 
and Kenneth Clevish. The Clevishes sold in 1980 for 
$1 million to Ted Smith, who renamed the operation 
the Gem Mountain Sapphire Corporation. In the 
meantime, Marc Bielenberg sold the Meadow prop- 
erty in 1978 to Skalkaho Grazing, Inc., which con- 
structed a floating wash plant in 1982 near the 
confluence of the Anaconda and Coal gulches with 
the West Fork of Rock Creek. 

Still, mining activities during this period never 
approached the production by the American Gem 
Mining Syndicate in the early twentieth century. 
However, another technological advance on the hori- 
zon would change the fate of Rock Creek sapphire. 
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In the 1970s, the Thai gem trade developed and per- 
fected high-temperature heat treatment procedures 
to dramatically improve the color and clarity of pale 
and milky sapphires, creating deep, rich blue sap- 
phires. The original material used was the milky 
geuda sapphire from Sri Lanka, but it was soon real- 
ized that the same heat treatment method could be 
applied to secondary Montana sapphire with out- 
standing results. In the early 1980s, a Mr. McCarthy 
of Helena was reportedly the first person in Montana 
to use this high-temperature heat treatment to im- 
prove the color of a Montana sapphire; however, the 
process was perfected in a technical sense in the 
1990s and scrupulously detailed in the work of Em- 
mett and Douthit (1993). 

With the ability to transform color through heat 
treatment, the economics of mining and marketing 
Montana sapphire changed for the better. In 1994, a 
new player entered the scene when American Gem 
Corporation purchased much of the gem-producing 
areas of the Rock Creek district, including the Dann 
Placer and Anaconda Bench as well as the holdings of 
the Gem Mountain Sapphire Corporation. All told, 
American Gem Corporation reported production of 
more than four million carats of gem-quality rough 
sapphire, of which more than two million heat- 
treated faceted sapphires to date have been sold into 
the international market (Kane, 2020). While Ameri- 
can Gem Corporation, a public company listed on the 
Toronto Stock Exchange, carried out a high-profile 
marketing campaign, their efforts never materialized 
into a steady supply of gems, and the company reor- 
ganized as an e-commerce entity in 1999. At this 
point, Chris Cooney purchased their claims at the 
Anaconda and North Fork Coal gulches, where he 
now operates a mining and fee-dig tourism operation 
called Gem Mountain. At the same time, logging 
company RY Timber acquired the rest of the patented 
claims in the Rock Creek deposit. 

The next chapter in the Rock Creek story is being 
written by Potentate Mining. In 2011, Potentate pur- 
chased Eureka Gulch on the north side of the moun- 
tain and became the largest landholder on Gem 
Mountain in 2014 after purchasing most of the south 
side of the mountain from RY Timber. Over the 
years, Potentate has actively developed its claims and 
now operates a modern operation utilizing state-of- 
the-art mining technologies to produce sapphire in 
an environmentally friendly manner while making 
efficient use of limited water resources. Among the 
advances implemented are a new gravel-processing 
facility with a separate gold circuit to maximize gold 
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recovery, as well as a water clarifier to ensure the re- 
turn of clean water to the pristine mountain streams. 
In 2020, Potentate finalized the purchase of the 
Meadow property and now controls the bulk of the 
sapphire-bearing areas of the Rock Creek deposit. Po- 
tentate is pursuing an aggressive marketing cam- 
paign to put Montana sapphire in a prominent place 
in the world market. 


Dry Cottonwood Creek. Sapphires were first found 
by gold prospectors in the South Fork of Dry Cotton- 
wood Creek near the city of Butte in 1889 (Kunz, 
1894). Mining commenced shortly thereafter by the 
Northwest Sapphire Company of Butte, which em- 
ployed hydraulic mining as well as dredging opera- 
tions at the South Fork of Dry Cottonwood Creek 
(Struthers and Fisher, 1903). One of the more signif- 
icant mining enterprises involved the Variegated Sap- 
phire Company, which in 1905 installed a 
bucket-line dredge at the Grand Pre Flats, an open 
area along the South Fork of Dry Cottonwood Creek. 
The dredge worked an area 24-30 m wide, removing 
12 m of gravel per day and recovering both gold and 
sapphire. In 1907, ownership of the enterprise trans- 
ferred to Mr. West Dodd of Des Moines, but this op- 
eration ended by 1911, only to be briefly revived in 
1914 by Nat Simon. However, Simon abandoned it 
after one season of low gold yield and sapphires that 
were pale and not marketable. In 1908, the Consoli- 
dated Gold and Sapphire Mining Company of Butte 
installed another dredging operation about 1.5 km 
from the Grand Pre Flats, downstream from the 
South Fork of Dry Cottonwood Creek. This effort 
was short-lived as well due to the low concentration 
of gold and the difficulty of selling the sapphires in 
the gem and jewelry industry. 

Interest in the Dry Cottonwood Creek deposit re- 
vived during World War II due to the shortage of in- 
dustrial laboratory-grown sapphire coming from 
Europe, but there was no production in those years. 
Significant mining did not resume until the 1990s, 
when American Gem Corporation acquired claims 
here and at Rock Creek and Missouri River. Ameri- 
can Gem Corporation purchased land in 1993 from 
Scott Wurster, who had in turn acquired it from Marc 
Bielenberg, who had previously owned claims in the 
Rock Creek district. The advent of high-temperature 
heat treatment made Montana sapphire much more 
attractive to the gem and jewelry industry with the 
rich vivid blue and fancy-color gems that could be 
produced. In 1995, American Gem Corporation 
mined 400,000 carats of sapphire from Dry Cotton- 
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wood Creek (Kane, 202.0). However, the Dry Cotton- 
wood Creek sapphires did not react as well to heat 
treatment as those from Rock Creek (J.L. Emmett, 
pers. comm., 202.2), and American Gem Corporation 
abandoned operations there in 1996 to focus on Rock 
Creek. In the same year, Gem River Corporation 
began mining sapphires in the Grand Pre Flats, but 
mining stopped in 1998 and the area was reclaimed 
for nature. No serious mining efforts have taken 
place at Dry Cottonwood Creek since then. How- 
ever, the Dry Cottonwood Creek sapphires do react 
well to heat treatment in an oxidizing environment 
to produce variegated yellow and orange colors (R.E. 
Kane, pers. comm., 2022). With changing market be- 
havior and growing interest in such fancy-color sap- 
phires, Dry Cottonwood Creek has the potential to 
become a viable mining property. 


CHARACTERISTICS OF THE DEPOSITS 


Geology. The rugged terrain and landscapes of west- 
ern Montana are the product of both ancient and 
modern geological forces at work. The very oldest 
rocks encountered in the sapphire-producing areas be- 
long to the Proterozoic Belt supergroup, which forms 
the bedrock underlying much of the Missouri River 
and Rock Creek deposits and also represents much of 
the Belt Mountains seen to the east of the Missouri 
River deposits. The Belt supergroup includes 
metasedimentary rocks deposited between 1470 to 
1370 Ma ina sedimentary basin formed at the margin 
of the North American Craton and some other un- 
known ancient landmass. The Belt supergroup, an ac- 
cumulation of sediments an astonishing 15 km thick 
at its maximum extent, provides many clues to the 
ancient movement of the earth’s protocontinents. But 
these primeval geological formations serve as nothing 
more than the backdrop of the gemological story. At 
the Missouri River, these ancient formations are sim- 
ply the bedrock upon which the sapphire-bearing 
gravels were deposited. The Proterozoic Belt super- 
group formation here is in the form of an argillite, a 
low-grade metamorphosed version of a sedimentary 
shale or claystone. At Rock Creek, the Belt super- 
group rocks include metasedimentary rocks that un- 
derlie Cenozoic volcanic formations, which are 
apparently related to the gem deposits. 

The story of sapphire formation begins much later 
in the earth’s history, during the Cenozoic era. While 
the sapphires occur in secondary deposits, field ob- 
servations indicate in each case that the original host 
rock is most likely related to Cenozoic volcanic for- 
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large enough to afford even a modest carv- 
ing. As a jewelry stone it must be much ad- 
mired by the Chinese who use it extensively 
for pendants and beads. Very often a set of 
beads of another material will be terminated 
by a carved and highly polished pendant of 
deep rich hue while paler pieces are used 
for beads, baroque cabochons and for snuff 
bottle caps where it seems extremely popu- 
lar. The color, structure and size of the 
tourmaline objects leads one to believe that 
here is some of the old stock produced at 
the turn of the century from the famous gem 
mines of San Diego County, California, and 
still available after all these years since about 
1912 when major production ceased. 
Multi-colored tourmalines were seen in 
only a few instances and none of the ma- 
terial bore any resemblance to Brazilian 
rough regardless of color. The common green 
types for example, were not seen at all. 


MALACHITE 

Two distinct types of malachite were 
noted — a fincly patterned dark-toned ma- 
terial with many small pockets at the in- 
tersections of the botryoidal growths and a 
lighter colored material of large bold pat- 
tern which was obviously new and easily 
identifiable as African stock of recent years. 
Both kinds were very expensive, even the 
modern carvings costing far more than one 
would expect from their size. None of the 
pieces were large incidentally, the largest 
seen being a natural bowl-shaped vessel 
created by slight modification from a thin 
spherical growth of malachite which was 
smoothed here and there and then polished 
after a fashion. In dimensions this specimen 
was about 10 Older 
pieces display a gloss finish while new speci- 
mens show a higher luster. Outside of the 


inches in diameter. 


few “in-the-round’” pieces, some malachite 
was noted in beads and in cabochons. 
CORUNDUM 

A very dark red, finely fractured corundum 
was scen in a few instances .as baroque 
cabochons in either pendants or bracelets. 


In color it was very similar to brownish- 


SUMMER 1954 


red almandine garnet. Other than these, no 
corundums were noted except star sapphires 
and rubies. 

ODDS AND ENDS 

Almandine garnet was noted in round 
beads; a statuette of massive realgar was seen 
in one shop — it was very unusual but al- 
most completely defaced by the ravages of 
time and exposure to light. The shopkeeper 
was aware of its poisonous qualities curious- 
ly enough. 

J ADES 

Both nephrite and jadeite are extremely 
common in jewelry and in carvings. Every 
imaginable implement, ornament, object of 
art, etc. can be had in varying qualities and 
in many but not all colors. Prices are very 
consistent for similar pieces from shop to 
shop, indicating the complete familiarity of 
merchants with the selling prices of their 
competitors. Good to excellent pieces are 
widespread and each shop regardless of 
where it is in relation to the better class 
shopping districts, usually has a few pieces 
to show. Old established shops naturally 
have specimens to suit anyone’s purse up to 
and including very wealthy connoisseurs. 

In age, jades range from Ming upwards 
for the most part while earlier pieces are far 
more rare. Only one store had in stock ar- 
chaic jades dating back to the Hsia — Shang 
— Chou dynasties and these were only 
smallish pieces or fragments. Recent carvings 
are sometimes good but like those executed 
in other hard stones are apt to be highly 
polished but devoid of imagination. Massive 
carvings are available as well as delicate and 
small pieces. The very dark green black- 
spotted nephrite yields large blocks and 
many bigger pieces are cut from this ma- 
terial. One magnificent vase comes to mind 
in particular, — it was a rather simple 
basic form but was completely covered with 
shallow relief decoration, restrained and 
tasteful. 

In size this vase measured approximately 
22 inches tall, 9 inches in diameter, with 
walls of about 14 inch thickness. 

(to be continued) 
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mations erupted around 50 Ma. From about 160 to 
50 Ma, the entire western seaboard of North America 
was a convergent margin, with the ancient Farallon 
plate being subducted beneath the North American 
continent. Subduction of the Farallon plate led to sig- 
nificant volcanism throughout the western United 
States, Canada, and Mexico. The volcanic formations 
in the region of the sapphire deposits are related to 
the late stages of this period, when a flat-lying Faral- 
lon slab started to roll back and eventually detach as 
it continued its descent into the earth’s mantle. As 
the sapphire-bearing volcanic formations were 
weathered and broken down, the sapphires were lib- 
erated and entrained in the rich gem gravels being 
mined to this day. The following sections will briefly 
describe the relevant formations in each deposit. 


Missouri River Geology. There is very little geological 
context remaining to explain the deposits at Missouri 
River, where sapphires are recovered from gravel beds 
sitting atop bedrock terraces above water level (figure 
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11). The sapphire-bearing gravel beds are composed 
predominantly of locally sourced material. This 
means there are limited options to consider for poten- 
tial bedrock sources of the sapphire. Further compli- 
cating matters is that the Missouri River here has 
been flooded by the construction of the Hauser Dam 
and subsequent creation of Hauser Lake, limiting po- 
tential exposures of sapphire-bearing lithologies. The 
Proterozoic Belt supergroup argilites immediately un- 
derlying the gravel beds are not suitable lithologies 
for corundum formation, and the same is true for the 
Paleozoic and Proterozoic metasedimentary rocks of 
the nearby Big Belt Mountains and the Paleozoic sed- 
imentary rocks in the Spokane Hills. 

What little evidence we have comes from one 
small sapphire-bearing sill found at French Bar.! 


‘Note that while sapphire-bearing sills have been reported at both 
French Bar and Ruby Bar, Berg and Landry (2018) pointed out that 
historical analysis proved these two bars are the same, and thus it is 
likely that only one sapphire-bearing sill has been discovered. 
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Based on chemical analysis and petrographic obser- 
vations of thin sections of the volcanic rock, Berg and 
Palke (2016) described it as a basaltic trachyandesite 
composed of biotite and augite phenocrysts in a ma- 
trix of plagioclase microlites. Rare corundum-bearing 
xenoliths have been found composed of calcic plagio- 
clase, augite, garnet, margarite, and spinel (Berg and 
Dahy, 2002). 

Importantly, Berg and Palke (2016) used LA-ICP- 
MS to analyze the chemistry of sapphires found in 
situ in this (sub)volcanic formation, and the results 
demonstrated that their trace element profiles are 
consistent with the gem sapphires found in the 
gravel beds. This indicates that these volcanic forma- 
tions are viable sources of the Missouri River sap- 
phires. While this single volcanic formation is surely 
too small and has too low a sapphire concentration 
to have supplied gems for the entire Missouri River 
deposit, it suggests a likely geological origin of the 
sapphires, with the implication that other similar 
sapphire-bearing (sub]volcanic formations must have 
been present but were weathered away almost en- 


tirely. Additionally, many sapphires from the Mis- 
souri River are found with thin encrustations of 
spinel adhering to their surface. This spinel is in- 
ferred to result from a reaction between the corun- 
dum and magnesium and iron sourced from mafic 
magmas that transported the sapphires to the sur- 
face. This spinel rim is not found on sapphires from 
Rock Creek or Dry Cottonwood Creek and is not 
even found on all Missouri River sapphires. 


Rock Creek Geology. In the Rock Creek area, sap- 
phires are found in gravel beds in gulches cutting into 
Gem Mountain (figure 12). The dominant formations 
in the area are rhyolitic lava flows, dikes, and tuffa- 
ceous and volcaniclastic formations that overlie 
metasedimentary rocks of the Proterozoic Belt super- 
group. Given that sapphires are found in the gulches 
cutting up into the mountain, their source must have 
been local. The volcanic formations here are rela- 
tively silica-rich and rhyolitic in composition. Rhy- 
olite lava flows cap the ridges separating the 
sapphire-rich gulches, while the more readily eroded 
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tuffs and volcaniclastic units are less well preserved. 
No other volcanic formations have been identified in 
the immediate area, although it has been postulated 
that there may be hidden plugs of lamprophyres or 
other mafic volcanics in the area that have supplied 
the sapphires (Barron and Boyd, 2015). Notably, Berg 
(2014) did identify a basaltic dike exposed along a 
road cut 4 km east of Sapphire Gulch. No sapphires 
have been found in this dike, but to the authors’ 
knowledge it has never been studied thoroughly. 
Still, this basaltic dike is likely too small and too far 
from the deposit to be a viable source of the sap- 
phires. While no sapphires have been found in situ 
in any volcanic rocks here, Berg (2014) did identify 
some with what was described as a “rhyolitic” en- 
crustation. This encrustation was observed on an- 
other sapphire by Belley (2022), with scanning 
electron microscopy (SEM) images confirming that 
the adhering crust was composed of quartz, plagio- 
clase, and potassium feldspar. Importantly, Rock 
Creek sapphires are never found with the spinel en- 
crustation found on some Missouri River sapphires, 
which is likely formed by interaction with magne- 
sium and iron in the mafic transporting magma at 
Missouri River. This observation seems to suggest a 
mafic source is less likely at Rock Creek. With the 
enormous volume of sapphire produced at Rock 
Creek, the original source rock must have been ex- 
tensive, decreasing the likelihood of a hidden source 
that was weathered away. Given the prevalence of 
rhyolitic volcanics in the area, the evidence suggests 
that rhyolitic volcanism is a likely source of the sap- 
phires in this deposit. 


Dry Cottonwood Creek Geology. Sapphires at Dry 
Cottonwood Creek are found in gravels and second- 
ary deposits. Bedrock is composed of volcanic for- 
mations from the Eocene-age Lowland Creek 
Volcanics. These overlie Cretaceous granitic rocks 
of the Boulder Batholith, which contacts the Low- 
land Creek Volcanics near the western boundary of 
the Grand Pre Flats on the South Fork of Dry Cot- 
tonwood Creek. The Lowland Creek Volcanics are 
predominantly composed of welded tuffs and lava 
flows of dacitic composition. No other volcanics or 
other geological formations exist in the immediate 
area. While no thorough field studies have been per- 
formed to identify the source of the sapphires, the 
Lowland Creek Volcanics seem to be a likely origi- 
nal bedrock source, given the likely volcanic origin 
of all Montana sapphire and the paucity of other pos- 
sible sources. 
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Origin of the Secondary Montana Sapphires. Given 
the relative lack of hard rock geological evidence in 
these secondary deposits, one must search elsewhere 
for clues about the ultimate origin of these sapphires. 
In fact, while the original sapphire-bearing host rocks 
have mostly weathered away, remnants of the an- 
cient sapphire-producing geological environments 
have been preserved within the sapphires as inclu- 
sions. Besides hexagonal bands of silk and rutile par- 
ticles, among the most commonly encountered 
inclusions are fluid inclusions of an unusual nature. 
These often have the appearance of typical two-phase 
fluid inclusions seen in other gems. However, if one 
were to cut into one of these fluid inclusions, the 
fluid material would be frozen in place and not leak 
out of the sapphire as expected. These fluid inclu- 
sions represent blebs of magma and indicate that the 
fluid present during sapphire growth was a molten 
silicate rock. Upon transport to the surface in vol- 
canic events, the sapphires must have cooled quickly 
enough to quench these melts into glasses. 

The compositions of the melt inclusions are 
broadly similar across the three deposits, suggesting 
similar conditions of geological formation. The melts 
coexisting during sapphire growth were poor in MgO 
and FeO, moderately enriched in Na,O, K,O, and 
CaO, and (surprisingly) relatively rich in SiO,. The 
melts can be classified as dacites or rhyolites accord- 
ing to the total alkali silica (TAS) diagram of Le Bas 
et al. (1986). Of particular note is that these melts are 
all quartz-normative, meaning that if cooled in an 
isolated system, they should have precipitated 
quartz. This seems counterintuitive at first, as it is 
well known that corundum and quartz cannot coex- 
ist under ordinary geological conditions. However, 
it is possible for corundum to coexist with a quartz- 
normative melt in the case of an incongruent (or 
peritectic) melting reaction. The presence of quartz- 
normative melts then suggests a genetic model in 
which the secondary Montana sapphires grew 
through partial melting of some aluminum-rich rock 
(e.g., an anorthosite or some similar plagioclase-rich 
igneous rock). In this model, the magmas that trans- 
ported the sapphires to the surface in volcanic 
events might have also been responsible for sapphire 
formation by initiating partial melting of the pro- 
posed aluminum-rich protoliths. In this scenario, 
the sapphires could still be foreign to the transport- 
ing magmas but would not be accidental xenocrysts. 
In fact, based on observations of rhyolitic secondary 
melt inclusions, Palke et al. (2017) suggested the 
possibility that some sapphires at Rock Creek may 
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not be xenocrysts at all if the partial melting event 
that produced the rhyolites seen at the surface also 
produced the sapphires entrained in this magma. Of 
course, proving or disproving this hypothesis would 
be challenging. At Missouri River, the basaltic tra- 
chyandesite magma that likely transported some of 
the sapphires is significantly different from the melt 
inclusions seen in those stones, confirming their 
identity as xenocrysts. The Lowland Creek Volcanics 
at Dry Cottonwood Creek have not been thoroughly 
studied, and their relation to the melt inclusions seen 
in those sapphires is less clear. 

The sapphires’ origin from some calcium- and 
aluminum-rich protolith such as an anorthosite is 
also supported by the prevalence of calcium- and 
aluminum-rich mineral inclusions such as anor- 
thite-rich feldspar and (clino)zoisite. Other genetic 
models have been proposed, mostly based on the use 
of trace element chemistry wherein the low gallium 
and other trace element patterns were thought to 
suggest a metasomatic or metamorphic origin for 
the sapphires (Garland, 1992; Zwaan et al., 2015). 
Such an origin, however, seems to be contradicted 
by the pervasiveness of silicate melt inclusions, 
which indicate that the sapphires grew in the pres- 
ence of a silicate magma. 


GEMOLOGICAL CHARACTERISTICS OF 
SECONDARY MONTANA SAPPHIRE 


Physical Properties. Sapphires from Montana’s sec- 
ondary deposits yield some unique characteristics 
that make them distinct from other sapphires around 
the world. While basic physical properties such as re- 
fractive index and specific gravity offer no significant 
differences, the inclusion suite and trace element 
chemistry can help to distinguish secondary Mon- 
tana sapphire. However, it should be noted that the 
characteristics of individual faceted sapphires from 
Montana's secondary deposits overlap significantly, 
and these gems cannot currently be reliably sepa- 
rated from each other. 

In general, sapphires from Montana’s secondary 
sources naturally occur in a wide range of hues, in- 
cluding blue, green, yellow, orange, pink, and purple 
(figures 13-19). Most of these colors are somewhat 
pale, especially when unheated (figures 13 and 14). 
Vibrant, saturated colors do occasionally occur nat- 
urally, but they are more common in heated stones 
(figures 15-17). Montana sapphire has become in- 
creasingly popular in nonstandard cutting styles (fig- 
ures 18-19). Parti-colored sapphires are frequently 
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Figure 13. Faceted unheated Montana sapphires set in 
18K gold. Photo by Orasa Weldon; courtesy of Diana 
Widman. 


observed, especially for heated stones with a yellow 
or orange core and a blue, green, pink, or violet rim 


Figure 14. This “Twilight” ring showcases some of the 
common range of colors seen in Montana sapphire. 
The sapphires are unheated, with 3.80 total carat 
weight. Photo courtesy of Earth’s Treasury. 
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(figure 20). Some sapphires exhibit a weak to mod- 
erate color change when observed in incandescent 
to daylight illumination (figure 21). Colors generally 
change from shades of pink or orange (incandescent) 
to green or violet (daylight). Rubies are also some- 
times found (figure 22). Palke and Hapeman (2019) 
reported only 29 g of rough ruby crystals recovered 
from more than 400 kg of mine production at Poten- 
tate’s operation at Rock Creek. While truly red gem 
corundum from Montana’s secondary sapphire de- 
posits are rare, examination of the collection of 


Figure 15. The “Conchita 
Sapphire Butterfly,” a 
collaboration between 
gem dealer/gemologist 
Robert Kane and jew- 
elry designer Paula 
Crevoshay, highlights 
the variety and color 
range of heat-treated 
secondary sapphires 
from Montana. The 18K 
yellow gold butterfly is 
set with 331 round bril- 
liant sapphires and two 
cabochon-cut sapphires, 
totaling 27.97 carats. 
The butterfly was do- 
nated by Kane and 
Crevoshay to the Smith- 
sonian Institution’s Na- 
tional Gem Collection 
in 2007. Photo by 
Harold and Erica Van 
Pelt; courtesy of Robert 
E. Kane. 


Robert Kane (Fine Gems International, Helena) un- 
covered numerous examples of rubies from color- 
graded parcels of pink sapphire. While rare, these 
Montana rubies do exist and may be encountered in 
the market. Other examples of Montana ruby are 
known, including one particularly large faceted gem 
weighing 1.70 ct (Malaquias, 2018). 

Sapphire rough from these deposits generally occurs 
as small crystals measuring a few millimeters in diam- 
eter, but larger stones have been found. Notably, the 
unheated blue sapphire known as the “Big Sky” sap- 


Figure 16. A suite of heated Montana sapphires, 0.76-1.04 ct, displaying a range of colors. Courtesy of Rachel Hill, 


Americut Gems. 


18 MONTANA SAPPHIRE FROM SECONDARY DEPOSITS 


SPRING 2023 


Gems & GEMOLOGY 


phire, which sold in 2015 for $394,000, weighed 12.54 
ct (Kane, 2020). Rough crystals as large as 37.78 ct have 
been reported from Eldorado Bar (Berg and Landry, 
2018), while the Rock Creek deposit has produced 
stones as large as the faceted 12.62 ct heated stone re- 
covered by Potentate Mining known as the “Montana 
Queen” (@potentatemining, May 27, 2019). Potentate 
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Figure 17. Various colors 
of heated Missouri River 
sapphire, ranging from 
0.16 to 1.65 ct. Photo by 
Tino Hammid; courtesy 
of Fine Gems Interna- 
tional and American 
Sapphire Company, © 
Robert E. Kane. 


also recovered a large crystal from Rock Creek in 2018 
weighing 64.14 ct, known as the “Ponderosa” sapphire, 
as well as a 67.15 ct yellow sapphire recovered in 2021 
that cut a 12.18 ct stone called the Yellowstone sap- 
phire. This is currently part of the Somewhere in the 
Rainbow collection (again, see figure 1). Rock Creek 
also produced a notable 39.14 ct stone in 2008 that was 
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recovered from the Anaconda Bench at Gem Mountain 
(Berg, 2014). The largest crystal reported from Dry Cot- 
tonwood Creek weighed 22 ct but had a flat shape and 
therefore a low yield when cut into a gem (Berg, 2007). 
While small stones under a carat are the main produc- 
tion from Rock Creek, figure 1 shows a suite of the 


Figure 18. With their 
nonstandard colors, 
Montana sapphires 
have become popular 
for cutters experiment- 
ing with nontraditional 
cutting techniques. 
This 4.17 ct unheated 
sapphire cut by Nadine 
Marshall was sourced 
from the Missouri 
River. Courtesy of Ob- 
sessed Over Gems. 


finest and largest sapphires produced by Potentate dur- 
ing the 2021 mining season in their rough and polished 
states. 


Optical Measurements and Specific Gravity. Stan- 
dard gemological testing of Montana sapphire reveals 


Figure 19. Montana sapphires in a range of shapes and colors. All are heated, and the faceted stones range from about 
0.20 ct for the 3 x 5 mm kite shapes on the left to 2.11 ct for the hexagon on the right. Photo by Dillon Sprague; cour- 


tesy of Columbia Gem House. 
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Figure 20. Parti-colored sapphires are occasionally 
found in Montana and can combine a wide range of 
colors. These examples, ranging from 1.62 to 3.20 ct, 
are all heated. Photo by Jeffrey R. Hapeman. 


properties one would expect for corundum. The av- 
erage refractive index measured is 1.760-1.770, and 
the birefringence typically ranges from 0.008 to 
0.010. The specific gravity ranges from 3.98 to 4.01, 
also consistent with corundum. 

FTIR spectra of Montana sapphire can show a va- 
riety of features (figure 23). Commonly seen is a weak 
single peak at 3309 cm. This peak is believed to be 
related to hydrogen in the corundum structure asso- 
ciated with titanium substituting for aluminum 
(Moon and Phillips, 1991). Also common in secondary 
Montana sapphire is a peak at about 3220 cm. A sim- 
ilar peak is often seen in Yogo sapphire as well (Renfro 
et al., 2018), but its origin is unknown. Finally, many 
Montana sapphires show the collection of broad ab- 


Figure 22. A suite of nine unheated rubies from the 
Rock Creek deposit ranging from 0.17 to 0.58 ct. 
Photo by Kevin Schumacher; courtesy of Jeffrey R. 
Hapeman, Earth’s Treasury, Inc. 


sorption bands centered around 3000 cm that is 
often referred to as the “Punsiri peaks” but will be re- 
ferred to here as the acceptor-dominated 3000 cm"! 
series, given that these peaks are related to hydrogen 
associated with acceptor ions, in this case Mg”, in 
the corundum (Fukatsu et al., 2003; Sangsawong et 
al., 2016). The acceptor-dominated 3000 cm"! series 
is not an indicator of heat treatment for Montana 
sapphire, as these peaks sometimes occur naturally. 
In fact, this series of peaks is very common in un- 
heated Rock Creek sapphire but only occasionally 
found in Dry Cottonwood Creek sapphire and almost 
never in Missouri River sapphire. The commercial 
importance of this finding will be discussed later in 
the section dealing with heat treatment. The peak at 


Figure 21. Some secondary Montana sapphires exhibit a color change between incandescent illumination (left) and 
daylight (right). These examples are unheated and range from 0.74 to 0.83 ct. Photos by Robert Weldon; courtesy 


of Jeffrey R. Hapeman, Earth’s Treasury, Inc. 
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Figure 23. Representative FTIR spectra showing expected features for Montana sapphire, including a single 
3309 cm peak (A), a 3220 cm peak (B), and the acceptor-dominated 3000 cnr! series (known as the “Punsiri 


peaks,” C). 


322.0 cm" can be used as an indicator of a secondary 
Montana or primary Yogo origin, but the other FTIR 
features such as the 3309 cm peak and the accep- 
tor-dominated 3000 cm series of peaks are observed 
in sapphires from many other origins. Montana sap- 
phire from all the secondary deposits may also show 
mineral inclusion peaks in their FTIR spectra, espe- 
cially for kaolinite or gibbsite. 


Shape of Rough Crystals/Morphology. The sapphire 
from Montana’s secondary deposits is generally tabu- 
lar or blocky in shape and can also appear somewhat 


Figure 24. SEM image showing the surface of a Rock 
Creek sapphire. The hillocks on the surface are typi- 
cal of Rock Creek sapphire. Image by Richard Berg 
(modified from Berg, 2022). 
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less commonly as hexagonal prisms. The rough stones 
also tend to show a rounded appearance, which might 
cause one to suspect they have been subjected to 
rounding by abrasion from water transport. However, 
close examination with a microscope often reveals 
pronounced geometric patterns on the surface with ei- 
ther the hillocky-type texture seen at Rock Creek or 
dissolution-type etch features (figures 24-26). In fact, 
the sapphire morphology from the three deposits gen- 
erally differs enough to allow identification of the ori- 
gin of parcels of rough sapphires, even if individual 
stones cannot be traced back to their source. For in- 


Figure 25. Hillocky structure on the surface of a rough 
sapphire from Rock Creek shown with differential in- 
terference contrast imaging. Photomicrograph by 
Aaron Palke; field of view 2.88 mm. 
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Creek showing etch features on the basal pinacoid surface (left, perpendicular to the c-axis) and on the prismatic 
crystal face (right, parallel to the c-axis). Photomicrographs by Aaron Palke; field of view 0.72 mm. 


stance, some 25% of sapphires from Missouri River 
have an incomplete or spotty dark green coating of 
spinel in depressions on the surface, as seen in the 
SEM image in figure 27. This feature is not seen in 
sapphire from Rock Creek or Dry Cottonwood Creek. 
Dry Cottonwood Creek sapphire shows etching along 
twinning planes as seen in figure 28, which is less 
common in Rock Creek and Missouri River sapphire. 
Finally, Rock Creek sapphire often has growth 
hillocks on the basal surface, some with flat surfaces 
resembling miniature mesas (figure 24). Examples of 
rough from each deposit are shown in figure 29. 


Figure 27. SEM image of the surface of a sapphire 
from Missouri River showing the spinel coating some- 
times seen in stones from this deposit but never in 
sapphire from Rock Creek or Dry Cottonwood Creek. 
Image by Richard Berg. 


Figure 30 shows typical shapes for the crystals 
found at all three locations. The two most com- 
monly encountered shapes are hexagonal prismatic 
crystals with slightly developed rhombohedral faces 
(figure 30, A and B). Many show development of the 
hexagonal bipyramidal faces as well (figure 30, A and 
C). Crystals typically exhibit six-fold or three-fold 
symmetry on the basal pinacoid; figure 30B shows a 
classic raised trigonal pyramid on the basal pinacoid. 
There are slight variations between the three de- 
posits in the prevalence of the various crystal shapes. 
For example, the majority of the crystals from Dry 


Figure 28. As seen in this SEM image, sapphires from 
Dry Cottonwood Creek are often dissolved or etched 
along parallel grooves following twin planes. Image 
by Richard Berg (modified from Berg, 2022). 
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A Tribute 


To 
Arthur lremayne 


by 


ROBERT WEBSTER, F.G.A. 


The news that Arthur Tremayne passed 
away suddenly on Saturday the 20th of 
March came as small surprise to the writer, 
for when he last saw A. T. as he was affec- 
tionately called by all who knew him well, it 
could be seen that Tremayne was a very 
sick man. 

Arthur Tremayne is best known to gem- 
ologists through THE GEMMOLOGIST. 
This journal was one of the first publications 
ever to be devoted entirely to gemology. 
THE GEMMOLOGIST was a product of 
the versatile brain of Arthur Tremayne and 
its present world-wide circulation will ever 
be a monument to his name. The writer per- 
sonally owes a debt of gratitude to those 
first issues in 1931; for it was through those 
early pages that acquaintance was made with 
the Chelsea Polytechnic gem classes and a 
career in the science of gemology started. 

The initial publication of THE GEM- 
MOLOGIST was not A.T.’s first essay into 
gemology. About 1909 ,he had commenced 
a general correspondence course for jewel- 
lers which included a study of gemstones. 


In 1911 this was voluntarily discontinued to 
allow a fresh course prepared by I. G. Jar- 
dine for the recently formed Educational 
Committee of the National Association of 
Goldsmiths to go ahead. Later Tremayne 
became a member of this committee, now 
renamed the Gemmological Committee. In 
May, 1931, Arthur Tremayne made the pro- 
posal that resulted in this committee becom- 
ing a branch of the National Association of 
Goldsmiths to be known as the Gemmologi- 
cal Association. A. T. became its first Honor- 
able Secretary. 

The writer first met the dynamic personal- 
ity of Arthur Tremayne at his Old Street 
premises during 1935 — the beginning of a 
happy association which lasted for nearly 
twenty years. A. T. was educated at the 
Coopers Company School and began his 
working life in a pawnbrokers shop — as did 
the writer. Never completely satisfied unless 
he could be active in other fields of en- 
deavor; A. T. undertook the study of watch- 
making in his limited spare time. In later 
years this study stood him in good stead 
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Figure 29. Photos of representative lots of unheated rough from each of Montana’s secondary sapphire deposits: 
Rock Creek (A), Missouri River (B), and Dry Cottonwood Creek (C). The ruler in each photo is in millimeter scale. 


Photos by John Emmett. 


Cottonwood Creek are tabular hexagonal crystals 
(figure 30C), while elongated hexagonal prisms (fig- 
ure 30D) are particularly common at Missouri River. 
At Rock Creek, most of the crystals have been so 
heavily etched/resorbed that most of their crystal 
faces are obscured, although color zoning and the pat- 
terns of rutile inclusions follow these crystal faces 


Figure 30. Typical shapes seen in rough Montana sap- 
phires. Crystal forms include pinacoidal faces (pc), 
prismatic faces (p), rhombohedral faces (r), and py- 
ramidal faces (py). Most common shapes are pris- 
matic crystals modified by pyramidal and/or 
rhombohedral faces (A and B); flattened, tabular 
hexagonal crystals terminated by rhombohedral, py- 
ramidal, and pinacoidal faces (C); and elongate pris- 
matic crystals (D). 


cA) A 
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and can reveal the structure even in heavily etched 
crystals. Despite this variation at each locality, crys- 
tals of all of these shapes can be found at any of the 
deposits. 


Microscopic Features. Secondary sapphires from Mon- 
tana contain a wide array of inclusions, and these are 
a powerful tool in confirming a Montana origin. In 
natural, unheated Montana sapphire, the most com- 
mon features are bands of rutile silk, often arranged in 
hexagonal patterns, either as dense hexagonal clouds 
(figure 31, A and B) or in a loosely packed but overall 
hexagonal pattern (figure 31, C and D). The individual 
particles making up the clouds may be relatively long, 


Figure 31 (opposite page). Typical inclusion scenes in un- 
heated (A-F) and heated (G and H) secondary Montana 
sapphires. A: Dense, hexagonal particulate clouds in a 
Missouri River sapphire. B: Hexagonal particulate clouds 
made up of small to medium-sized rutile needles in an 
unheated orange sapphire from Rock Creek. C: More 
loosely packed hexagonally arranged silk in an unheated 
sapphire from Rock Creek. D: Fiber-optic illumination re- 
veals interference colors from flattened silk particles in 
this Rock Creek sapphire. E: The rare rubies occasionally 
found in Montana have essentially the same inclusions 
as the sapphires, such as the flattened rutile silk in this 
Rock Creek ruby. F: The flattened platelet-like silk in 
sapphires from Missouri River often has unusual mor- 
phology, with an atoll-like inclusion at the head of a 
platelet particle. G: Blue color zones leaking out of proto- 
genetic rutile inclusions in a heat-treated sapphire from 
Rock Creek. H: Patchy blue color zoning in a Dry Cot- 
tonwood Creek sapphire, caused by dissolution of bands 
of rutile silk into the corundum lattice. Photomicro- 
graphs by Nathan Renfro (A, G, H) and Aaron Palke (B- 
F); fields of view 3.31 mm (A), 4.79 mm (B), 4.79 mm (C), 
4.57 mm (D), 1.26 mm (E), 1.26 mm (F), 2.19 mm (G), 
and 3.31 mm (H). 
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slender needles varying in size all the way to very 
short, stubby, or dusty particles. In some cases, the 
particles take on a flattened, platelet-like shape and 
are highly reflective, often showing iridescent inter- 
ference colors with the use of an intense fiber-optic 
light due to a thin-film effect (figure 31, D-F). 

Given that the majority of Montana sapphires on 
the market have been heat treated to enhance their 
colors, attention must be paid to the inclusions that 
can help the gemologist confidently identify this treat- 
ment. The most obvious effect of heat treatment on 
Montana sapphire is internal diffusion of blue col- 
oration from rutile inclusions and silk. This can be 
seen as patchy blue color zones that precisely match 
the original patterns of the rutile silk. This is most 
easily observed using diffuse transmitted illumina- 
tion, but fiber-optic illumination can be useful as well. 
This will lead to patchy blue color zoning surrounding 
bands of silk that are partially or nearly completely 
dissolved into the corundum lattice (figure 31G) as 
well as dark, inky spots surrounding protogenetic ru- 
tile inclusions (figure 31H). More examples will be 
shown in the section on heat treatment below. 

On rare occasions, rutile silk may be dense enough 
to produce a star sapphire when cut in cabochon form 
(figure 32A). Yet star sapphires from Montana are ex- 
ceedingly rare, and the star is usually poorly devel- 
oped. Many of them show interesting coloration, with 
yellow or orange zones in the core of the crystal, 
which is most prominent in heat-treated stones (figure 
32B). Twinning with tube-like structures at the inter- 
section of twin planes is fairly common in sapphires 
from Dry Cottonwood Creek but may occasionally be 
seen in sapphires from Rock Creek and Missouri 
River. These features are observed in sapphires from 
other deposits as well (Hughes, 2017) and have been 
referred to as “Rose channels” (Notari et al., 2018). 
(Note that Rose channels have been referred to erro- 
neously in the past as “boehmite needles.”) Large, 
blocky protogenetic rutile inclusions are common in 
stones from all the Montana secondary deposits (figure 
32). In this study, garnets were occasionally encoun- 
tered in sapphires from Dry Cottonwood Creek (figure 
32D). Although Zwaan et al. (2015) observed garnet 
inclusions in sapphire from Rock Creek and Missouri 
River, the present authors have not; these inclusions 
are likely rare compared to material from Dry Cotton- 
wood Creek. Garnet inclusions could then be consid- 
ered a likely indicator of Dry Cottonwood Creek 
origin. Sapphires from all three deposits are likely to 
contain inclusions of clinozoisite, which takes on an 
elongate form (figure 32E), sometimes with multiple 
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fractures or cleavages perpendicular to the direction 
of elongation. Sapphires from Dry Cottonwood Creek 
are also more likely to contain zircon inclusions, es- 
pecially in clusters and galaxies of crystals resembling 
rice grains (figure 32F). Zircon inclusions are rare in 
sapphire from Rock Creek and Missouri River. 

Mica inclusions may be seen and range from 
nearly colorless to pale shades of yellow to occasional 
dark orange hues (figure 33A). Colorless rounded 
feldspar inclusions are fairly common as well from 
all three deposits. Note that a number of other min- 
eral inclusions were documented by Zwaan et al. 
(2015) and compiled in a table of occurrence. While 
many of the sapphires they studied appear to have 
been heated, Zwaan et al. (2015) report a more exten- 
sive list of minerals identified in their study and from 
other literature sources as well. 

In some rare sapphires from Missouri River, un- 
usual multiphase inclusions have a negative crystal 
morphology in which the shape of the inclusion is 
constrained by the crystal forms of the corundum 
host and not by the minerals inside the inclusion. 
These multiphase inclusions are composed of mica, 
spinel, and some other unidentified phases (figure 
33B). These inclusions are interpreted to have been 
entrapped initially as a melt phase, which recrystal- 
lized post-entrapment. In fact, melt inclusions with 
a negative crystal shape are quite common in second- 
ary Montana sapphire. They often are surrounded by 
decrepitation halos, which may be partially healed 
and show iridescent interference colors (figure 33C). 
In many cases, these inclusions look like standard 
two-phase fluid inclusions (figure 33, D and E). How- 
ever, when one of these inclusions is cut into at the 
surface of a stone, the apparently fluid phase does not 
flow away but is frozen in place (figure 33F). These 
inclusions were trapped as a relatively silica-rich 
melt (Palke et al., 2017) that coexisted with the sap- 
phires as they were growing. After being emplaced at 
the earth’s surface, the sapphires must have cooled 
quickly enough to quench the melt phase into a 
glass. Note that while these inclusions resemble the 
“melted crystal” inclusions seen in heat-treated sap- 
phires, it is not correct to apply this term to these in- 
clusions. These are properly called “melt 
inclusions,” as they were included as a melt and do 
not represent crystalline inclusions melted by artifi- 
cial heat treatment. Therefore, observation of this 
type of inclusion is not, in and of itself, evidence of 
heat treatment in Montana sapphire. Identification 
of heat treatment is more reliably carried out by ob- 
servation of the altered crystalline inclusions, the al- 
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Figure 32. A: Dense rutile silk in a star sapphire from Rock Creek. B: Yellow core in a heated sapphire from Mis- 
souri River. C: Protogenetic rutile inclusion in a Rock Creek sapphire. D: Garnet inclusion in a sapphire from Dry 
Cottonwood Creek. E: Clinozoisite inclusion in a Dry Cottonwood Creek sapphire. F: Field of zircon inclusions in 
a sapphire from Dry Cottonwood Creek. Photomicrographs by Nathan Renfro (A-E) and Aaron Palke (F); fields of 
view 2.56 mm (A), 6.26 mm (B), 1.30 mm (C), 2.82 mm (D), 2.09 mm (E), and 1.26 mm (F). 


tered nature of rutile silk particles, and/or color dif- 
fusion around rutile or silk particles. 

Also worth mentioning are sulfides assuming a 
negative crystal shape. These inclusions are dark 
black in darkfield illumination but may display a 
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highly lustrous surface with the use of a fiber-optic 
light (figure 34). They are always accompanied by a 
decrepitation halo where sulfide material has leaked 
out into the surrounding corundum host. The nega- 
tive crystal morphology and observation of a 
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Figure 33. Inclusions in natural-color (unheated) secondary Montana sapphire. A: Mica inclusions in a Rock Creek 
sapphire. B: Missouri River sapphire with an unusual multiphase inclusion composed of mica, spinel, and other 
unidentified phases. C: Two negative crystal inclusions with a partially healed decrepitation halo in a Missouri 
River sapphire. D: Field of glassy melt inclusions in a Rock Creek sapphire. E: Single glassy melt inclusion with a 
decrepitation halo in a Rock Creek sapphire. F: Glassy melt inclusion breaking the surface of a Missouri River sap- 
phire. Photomicrographs by Nathan Renfro (A and B) and Aaron Palke (C-F); fields of view 2.09 mm (A), 1.31 mm 
(B), 2.34 mm (C), 0.71 mm (D), 1.26 mm (E), and 0.71 mm (F). 


polyphase mineral assemblage by SEM analysis sug- _ present during sapphire formation in addition to the 
gests that these are an additional type of melt inclu- more silica-rich melts described above. In the au- 
sion. In this case, a sulfide melt must have been _ thors’ experience, these sulfide melt inclusions are 
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Figure 34. Inclusions in natural-color (unheated) secondary Montana sapphire. A: Sulfide inclusion in a Missouri 
River sapphire, shown in darkfield illumination. B: The same sulfide inclusion as in A, but with fiber-optic illumi- 
nation. C: Sulfide inclusion in a Missouri River sapphire with a decrepitation halo where molten sulfide material 
leaked out into a fracture in the corundum host. D: Field of sulfide inclusions in a Missouri River sapphire. Pho- 
tomicrographs by Aaron Palke; fields of view 1.26 mm (A-C) and 4.79 mm (D). 


seen almost exclusively in sapphires from Missouri 
River and Dry Cottonwood Creek, though they are 
not common even then. Although sulfide inclusions 
have been noted in a few Rock Creek sapphires (J.I. 
Koivula, pers. comm., 2022), screening of thousands 
of samples by the authors has not identified this in- 
clusion in Rock Creek sapphire. 


Inclusions/Microscopic Observations of Other Non- 
Classical Sapphires. The sapphires most likely to be 
confused with Montana sapphire are those from 
Songea in Tanzania. Sapphires from Umba in Tanza- 
nia may also show some generally similar character- 
istics, but the inclusions are generally distinct 
enough to clearly separate them from secondary 
Montana sapphires. The first thing one might notice 
is the overall similar color range among all these de- 
posits, which tends to include light-toned, low- to 
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medium-saturation pastel hues of blues, greens, yel- 
lows, oranges, purples, and pinks. Beyond the initial 
impression from the bodycolor, one may find evi- 
dence to separate these sapphires down the ocular 
barrel of a microscope. Umba sapphires especially 
tend to have distinct inclusion features, the most 
common of which is heavy, repeated twinning. 
Under cross-polarized light, the variously twinned 
sectors may create a unique mosaic of colors (figure 
35A). The boundaries between twinned sectors are 
often prominent and may be filled in with some sec- 
ondary aluminum oxy-hydroxide minerals (figure 
35B). Fields of clustered and single zircon inclusions 
are quite common in Umba sapphires (figure 35C). 
Dense aggregations of silk are not as common as in 
Montana sapphires; however, the silk that can be 
seen often takes on a platy but very angular appear- 
ance (figure 35, D-F). 
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Figure 35. Typical inclusions in Umba sapphires. A: Multiple twinned sectors in cross-polarized light. B: Secondary 
aluminum oxy-hydroxide minerals formed in the intersection of twins. C: Clusters of zircon inclusions. D: 
Platelet-like reflective particles with iridescent thin-film interference colors using fiber-optic illumination. E: 
Platelet inclusions. F: Silk in an Umba sapphire, from elongate needles to platelet-like inclusions. Photomicro- 
graphs by Aaron Palke (A, B, D, and F), Charuwan Khowpong (C), and Ungkhana Atikarnsakul (E); fields of view 
3.57 mm (A), 1.42 mm (B), 2.90 mm (C), 2.34 mm (D), 4.64 mm (E), and 2.90 mm (F). 


Songea sapphires may have inclusion features blocky to angular or needle-like protogenetic rutile 
that could look somewhat similar to secondary Mon- _ inclusions (figure 36, A and B). The silk in some 
tana sapphire inclusion features. Often seen are Songea sapphire can somewhat resemble the silk in 
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Figure 36. Representative inclusions in Songea sapphires. A: Protogenetic rutile inclusions with lobe-shaped 
fringes. B: Two slender rutile inclusions. C: Typical pattern of rutile silk in a Songea sapphire, including sparsely 
distributed medium to long silk and billowy clouds of particles. D: Small rutile dust and needles alongside 
unidentified colorless crystals. E. Reflective silk and platelet particles. F. Reflective, scattered silk and particles. 
Photomicrographs by Aaron Palke (A-C, E, and F) and Nathan Renfro (D); fields of view 1.26 mm (A and B), 2.34 
mm (C), 1.79 mm (D), 1.76 mm (E), and 2.34 mm (F). 


Montana sapphire. However, it is generally much (figure 36, C-F]. Songea sapphire generally does not 
more sparsely distributed and may appear in some- have the well-formed hexagonal bands of silk seen in 
what randomly placed patches and as flecks of silk the Montana sapphire. 
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TABLE 1. Comparison of trace element compositions (in ppma) of sapphires from Montana’s secondary 


sources and other deposits.? 


Number of 


Mg Ti Vv Cr Fe Ga 
samples 

Secondary 
Montana 51 31 2) 3 6 1600 13 
(blue, green, (S= ni) (3-109) (1-9) (bdl-43) (610-2750) (7-18) 
yellow, colorless) 
Secondary 
Montana 09 25 29 6 742 1900 15 
(pink sapphire (11-49) (9-81) (1-27) (32-2400) (620-2960) (11-20) 
and ruby) 
Songea, Tanzania 19 17 20 11 106 2580 14 
(various colors (9-33) (12-33) (3-21) (37-218) (2130-3650) (13-20) 
Umba, Tanzania 17 23 25 10 19 1330 16 
various colors (bdlb—-45) (1-83) (1-23) (bdl-95) (430-2640) (7-30) 
Myanmar 219 Al 53 6 Bil 928 24 
various colors (bdl-1510) (6-1018) bdl-73 (bdl-1260) (172-3041) (5-82) 
Madagascar 263 30 128 6 7 598 20 
various colors (bdl-167) (bdl-1942) bdl-43 (bdl-276) (46-2717) (4-51) 
Sri Lanka 104 42 133 8 4 330 24 
various colors (bdl-390) (4-1410) bdl-49 (bdl-74) (bdl-1070) (3-92) 
Deecuon! Enis 0.1-0.3 0.5-2.0 0.03-0.2 0.06-1.3 1-5 0.03-0.07 
ppma) 


“Averages are shown first, with the full range given in parentheses. 
bd] = below detection limit 


Trace Element Chemistry. Sapphires from the sec- 
ondary Montana deposits are classified by gemolo- 
gists as “non-classical” sapphires. In essence, this 
means they are distinct from both the typical meta- 
morphic sapphires (from Myanmar, Sri Lanka, Mada- 
gascar, and Kashmir) and the typical magmatic, 
basalt-related sapphires (from Australia, Thailand, 
Cambodia, Nigeria, and Ethiopia). Their inability to 
fit into the standard metamorphic/magmatic di- 
chotomy is also seen in their trace element chem- 
istry. As is typical for non-classical sapphires, the 
secondary Montana sapphires have relatively high 
iron contents, suggesting a magmatic origin, while 
the relatively low-gallium, higher-magnesium con- 
tents and low-gallium/magnesium ratios suggests a 
metamorphic origin. This discrepancy was pointed 
out in Palke et al. (2017), which showed that the 
Montana sapphires plot in both the metamorphic 
and magmatic domains in the Fe vs. Ga/Mg and Fe- 
Mgx100-Tix10 discriminant diagrams of Peucat et al. 
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(2007) as well as the Cr/Ga vs. Fe/Ti diagram of 
Sutherland et al. (1998). 

The general trace element characteristics of the 
secondary Montana sapphire deposits are summa- 
rized in table 1, where they are broadly compared 
with sapphires from other deposits. Note that the 
trace element chemistry of Montana’s three sec- 
ondary deposits broadly overlaps except for a few 
very high-titanium Rock Creek sapphires, so they 
will be considered together here as a single group. 
There is some degree of overlap between the Mon- 
tana sapphires and a small subset of higher-iron 
sapphires from the classical metamorphic deposits 
of Madagascar and Myanmar (figure 37); however, 
sapphires from these deposits can generally be dis- 
tinguished by careful observation of their inclusion 
characteristics (Palke et al., 2019). The sapphires 
that are more likely to be confused with the sec- 
ondary Montana sapphires are those from Umba 
and Songea in Tanzania. There is broad overlap in 
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most trace elements for these deposits (figure 38). 
Iron contents are higher on average for Songea, and 
gallium contents of some Umba sapphires are 
much higher, but overall these elements cannot 


consistently be used for separating the Montana 
sapphires. But for Montana sapphires occurring in 
colorless, green, blue, and yellow ranges, the trace 
element vanadium is a useful identifier. In partic- 


Mg VS. Ti 
120- 
@ Secondary Montana 
> (blue, green, yellow, colorless) 
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_ e (pink, red) 


Ti (ppma) 


B Songea, Tanzania 


A Umba, Tanzania Figure 38. Plot of Mg vs. 


Ti (in ppma) of the sec- 
ondary Montana sap- 
phire compared to other 
deposits whose stones 
may have generally 
similar gemological 
properties. 
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© Arthur Tremayne at his desk in Latymer Court. 


when his publishing house produced periodi- 
cals and books on horology. 

Tremayne first started publishing during 
the first World War; at the same time work- 
ing in a draftsman’s office on war produc- 
tion. He was medically unfit for service in 
the Armed Forces. 

Advertising and publicity, for which he 
had such a flair, was always his first interest. 
After a few years with Pollards, the London 
Storefitters, he again returned to the world 
of publicity. He was for a short time Hon- 
orable Treasurer of the Incorporated Society 
of Advertising Consultants, and later their 
Vice-President. 

In 1925, Tremayne formed N.A.G. Press, 
Ltd., to publish the GOLDSMITHS JOUR- 
NAL, and in August, 1931, he started THE 
GEMMOLOGIST. Two months after 
World War II started Tremayne brought 
out THE INDUSTRIAL DIAMOND RE- 
VIEW. This was with the assistance of Paul 
Grodzinski, and again was the first in the 
field in a new and increasingly important 
subject. A year later Tremayne’s premises at 


Old Street was razed to the ground by the 
fury of the enemy bombers and everything 
on the premises was consumed in the flames. 
Unlike many another man, A. T. was un- 
daunted and next day opened in temporary 
offices loaned by Ingersolls. Subsequently he 
moved to the premises at Latymer Court at 
Hammersmith which has since been the post- 
war home of N.A.G. Press, Ltd. 

Stubborn in character; impetuous in ac- 
tion, Arthur Tremayne was a staunch friend 
but could be a bitter enemy to those whom 
he felt had crossed his path. His direct 
speaking often antagonized those who did 
not see eye to eye with him, but even they 
could not dispute his sincerity of purpose 
and the foresightedness of his policies. There 
are few who can replace his wide knowledge 
of all things in the jewellry and watchmak- 
ing industries and the trade is the poorer for 
it, 

Arthur Tremayne was 74; leaving a widow 
but no heirs. N. A. G. Press, Ltd., will carry 
on with Eric M. Bruton, F.G.A., as the 
Editor. 
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ular, the vanadium vs. iron plot can separate most 
Montana sapphires from Umba and Songea sap- 
phire (figure 39). The caveat is that this does not 
apply to pink sapphire and ruby from Montana, 
which have higher vanadium concentrations that 
overlap with sapphire from Songea and Umba. 


Heat Treatment of Montana Sapphires. The previous 
section outlined various internal characteristics with 
an eye toward establishing the provenance of un- 
heated Montana sapphire from the Rock Creek, Mis- 
souri River, and Dry Cottonwood Creek deposits. 
However, the majority of these sapphires entering the 
market have been heat treated at high temperatures 
to improve their color, making them more desirable 
for use in jewelry. This treatment fundamentally al- 
ters the sapphires’ internal characteristics as well as 
their spectroscopic properties. 

It is important to note that, due to their unique 
chemistry, Montana sapphires require specialized 
and carefully controlled heating environments that 
can typically be obtained only in modern resistance- 
style furnaces. The specific technical requirements 
for the heat treatment of Montana sapphire were re- 
alized in the pioneering scientific work of Emmett 
and Douthit (1993). These involve careful control of 
not only heating temperatures and duration but also 
oxidation environments using gas-mixing furnaces. 
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Emmett and Douthit’s technology was used to heat 
the production of the American Gem Corporation 
in the 1990s and is currently employed by a small 
handful of heat treatment facilities in the United 
States. 

This section chronicles the journey of several sap- 
phire wafers through the heat treatment process with 
careful documentation of their inclusions and spec- 
troscopy before and after heating. Additionally, the 
samples were cut as oriented wafers with the c-axis 
(or the optic axis) perpendicular to the plane of the 
wafer. This allows for only the o-ray spectrum to be 
collected, while the extraordinary ray (e-ray) spec- 
trum cannot be observed. Note that this section is not 
meant to be an exhaustive review of the heat treat- 
ment process for Montana sapphires, but is intended 
to give readers an overview of key features that can 
identify heat-treated Montana sapphires and to 
demonstrate the effects of heat treatment on stones 
that are commercially available. More technical de- 
tails about the heat treatment process can be found 
in Emmett and Douthit (1993). The first three exam- 
ples were heated by Dale Siegford of the Sapphire 
Gallery in Philipsburg, Montana, and conditions of 
heating were not disclosed. The fourth and fifth ex- 
amples were heated at GIA’s experimental heat treat- 
ment facility with carefully controlled conditions 
described below. 
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Example 1: Colorless and Cloudy to Blue. The first 
example illustrates the most advantageous outcome 
for heat treatment of Montana sapphires. The stone 
was initially colorless but quite cloudy and included 
(figure 40, left). The transmitted light photo of the 
unheated stone shows dense, hexagonal bands of ru- 
tile silk that scatter light, creating brown to yellow- 
ish patches. While some unheated Montana sapphire 
can be cut into exceptional colorless or slightly gray- 
ish gems, this stone’s cloudiness makes it undesir- 
able for faceting. However, heat treatment causes a 
dramatic change in the sapphire’s appearance, creat- 
ing a rich blue coloration where there were once 
patches of cloudy silk (figure 40, right). 

The change in color is also seen in the UV-Vis spec- 
tra of this sapphire before and after heating (figure 41). 
The unheated sapphire showed narrow absorption 


UV-VIS SPECTRA 


Figure 40. The Rock 
Creek sapphire in exam- 
ple 1, measuring 9.5 x 
8.2 mm, before (left) 
and after (right) heat 
treatment shows the 
blue coloration intro- 
duced during treatment. 
The gray circle on the 
left shows the position 
of the UV-Vis spectro- 
scopic measurement. 
Photos by Aaron Palke. 


bands at 377, 388, and 450 nm related to Fe** and a 
gradual upward slope from the near-infrared to the 
ultraviolet region, caused by scattering of light from 
the rutile silk. The most obvious change caused by 
heating is the creation of broad, intense absorption 
bands at 580 and 880 nm. The 580 nm band is re- 
sponsible for the stone’s blue coloration, as it absorbs 
most of the red light passing through by way of the 
excitation of an intervalence charge transfer ([VCT) 
between Fe** and Ti* (Dubinsky et al., 2020). This 
band increases in intensity as rutile silk is dissolved 
into the corundum structure, where the titanium 
ions introduced can pair locally with iron ions in a 
charge-balancing substitution of Fe?*+Ti* for two 
ions of Al**. The origin of the 880 nm band is not well 
understood but may be related to clusters of Fe**, Fe**, 
and/or Ti** cations in the corundum structure 
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Figure 42. Example 1 before heat treatment under fiber-optic illumination (A), after heat treatment under fiber- 
optic illumination (B), and after heat treatment under diffuse transmitted illumination (C). Photomicrographs by 
Aaron Palke; field of view 4.08 mm. 


(Hughes et al., 2017). Of particular note is that while 
unheated blue Montana sapphires have a UV-Vis 
spectrum reminiscent of a typical metamorphic blue 
sapphire, with an 880 nm band that is less intense 
than the 580 nm band (Palke et al., 2019), this heated 
blue Montana sapphire has a UV-Vis spectrum that 
resembles a magmatic, basalt-related blue sapphire, 
with an 880 nm band that is more intense than the 
580 nm band. This “reversal” of the UV-Vis spec- 
trum in heated sapphire has been documented by 
both Emmett and Douthit (1993) and Hughes and 
Perkins (2019), and it should provide the basis for 
careful application of this classification scheme for 
heated blue sapphires. The other notable difference 
for the heated sapphire is the decrease in absorption 
in the near-UV and blue/green region of the spectrum 
from about 350 to 500 nm. This is caused by the dis- 
solution of rutile particles into the corundum struc- 
ture and the consequent reduction in light scattering, 
which enhances the blue coloration caused by the 
Fe/Ti* IVCT. 

Finally, evidence of heat treatment can be found 
through careful microscopic observation. The pris- 
tine, unaltered silk in the unheated stone is a mix- 
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ture of long needles as well as clouds of smaller par- 
ticles either aligned with the hexagonal growth pat- 
terns of the corundum or forming less-regular 
patterns not ostensibly constrained by the corundum 
lattice (figure 42A). Also seen are some reflective 
platelet inclusions at the top left and bottom center 
of figure 42A. The heated stone still shows signifi- 
cant scattering of light from these rutile particles 
using fiber-optic illumination, indicating that the 
particles have not fully dissolved into the corundum 
structure. The long rutile needles have been com- 
pletely destroyed by heat treatment, but the overall 
pattern and distribution of smaller, cloudy rutile par- 
ticles has not changed dramatically (figure 42B). 
More conclusive evidence of heat treatment comes 
from observing the distribution of blue coloration 
seen using diffuse transmitted illumination (figure 
42.C) and comparing it to the distribution of incom- 
pletely dissolved rutile inclusions (figure 42B). The 
blue coloration in this sapphire shows a nearly exact 
correlation with the incompletely dissolved rutile 
clouds, providing conclusive evidence of high-tem- 
perature heat treatment. Also notable is that with 
the use of intense fiber-optic illumination, the blue 


Figure 43. The Rock Creek 
sapphire in example 2, 
measuring 11.7 x 7.2 mm, 
before (left) and after 
(right) heat treatment 
shows the blue color intro- 
duced by heat treatment. 
The gray circles on the 
right show the positions of 
the UV-Vis spectroscopic 
measurements. Photos by 
Aaron Palke. 
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coloration does seem to emanate from the especially 
dense cloudy regions such as the sector seen in the 
top center of the photomicrograph in figure 42B. 


Example 2: Brownish Blue to Blue. Our second ex- 
ample involves a sapphire with a fairly well-devel- 
oped blue coloration in its unheated state. However, 
the extremely dense, cloudy nature of this stone, es- 
pecially in its core, would have made it unsuitable 
for faceting. In this stone, the silk lends a brown col- 
oration. As shown in the before/after photos taken 
with diffuse transmitted light (figure 43), these 
brownish cloudy regions take on an intensely satu- 
rated blue color after heat treatment. 

This intensification of blue color can also be seen 
in the UV-Vis spectra collected in two spots in the 
core and rim of the sample before and after heating. 
In the unheated state, both the core and rim have a no- 
ticeable broad absorption band at 580 nm related to 
Fe*/Ti* IVCT as well as narrow Fe*-related absorption 
bands at 377, 388, and 450 nm (figure 44). The un- 


— Unheated, rim 
— Heated, rim 


—— Unheated, core 
pms Coed ely Figure 44, UV-Vis spec- 
tra of example 2 in its 
unheated and heated 
state. Two spectra were 
collected in both states 
in the core and rim of 
the crystal demonstrat- 
ing the creation of blue 
coloration after heat 
treatment. 


heated core also has a pronounced rise in absorption, 
and its decrease in wavelength from the near-IR to the 
near-UV is caused by scattering from the densely con- 
centrated rutile silk particles. After heating, the 580 
nm band increases dramatically in the core and slightly 
in the rim. Increased clarity (and decreased scattering] 
is also important for improving the blue color in the 
core, as there is also a significant decrease in absorption 
in the ~350-500 nm region caused by dissolution of 
light-scattering silk. Similar to example 1 above, the 
heated stone has what would appear to be a magmatic, 
basalt-related blue sapphire absorption spectrum, with 
the 880 nm band more intense than the 580 nm band. 
This is in contrast to the ostensibly metamorphic blue 
sapphire spectrum in the unheated stone. 

Finally, microscopic observations are useful for 
identifying the high-temperature heat treatment of 
this sapphire. The unheated sapphire shows an ex- 
tremely dense concentration of silk, largely com- 
posed of medium to long needles, especially in the 
core (figure 45A). The long needles have become par- 


Figure 45. Example 2 before heat treatment with fiber-optic illumination (A), after heat treatment with fiber-optic 
illumination (B), and after heat treatment with diffuse transmitted illumination (C). Photomicrographs by Aaron 
Palke; field of view 4.79 mm. 
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tially dissolved into the corundum in the heated sap- 
phire (figure 45B). The use of fiber-optic illumination 
reveals that the silk has not completely dissolved and 
can still scatter light quite intensely. Importantly, in 
the heated stone, the light scattering off the remnant 
clouds has a distinct blue color as a result of the 
leaching of Ti** ions locally into the corundum. The 
correlation between dense blue coloration and the 
remnant rutile clouds can be seen more clearly with 
the use of diffuse transmitted illumination (figure 
45C), clearly demonstrating heat treatment. 


Example 3: Light Blue to Deeper Blue. The next ex- 
ample involves a light blue sapphire with sparse silk 
arranged in a hexagonal pattern, which is made ob- 
vious in diffuse transmitted light by the brownish 
coloration of the silk. Heat treatment increased the 
blue coloration by dissolving some of this silk into 
the corundum structure (figure 46). The change in 
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Figure 46. The Rock Creek 
sapphire in example 3, 
measuring 9.5 x 9.2 mm, 
before (left) and after 
(right) heat treatment 
shows creation of blue 
color by heat treatment. 
The gray circle on the left 
shows the position of the 
UV-Vis spectroscopic 
measurement. Photos by 
Aaron Palke. 


color is, perhaps, less obvious from the UV-Vis spec- 
tra (figure 47). The absolute intensity of absorption 
at 580 nm is not significantly different before and 
after treatment. The main difference is the decreased 
absorption between ~350-500 nm caused by reduc- 
tion in scattering when the fine rutile silk is dis- 
solved into the corundum, allowing more blue light 
to be transmitted. While not as obvious, the 580 nm 
band likely becomes more intense as well, although 
its increased intensity may be masked by the de- 
crease in absorption related to scattering. Note that 
while the 880 nm band does increase after heating, 
this change is not significant enough to make it more 
intense than the band at 580 nm. 

Microscopic observation reveals significant alter- 
ation of the rutile silk upon heating. Before heating, 
the silk was composed of a mixture of long, medium, 
and short needles and particles arranged in a hexago- 
nal pattern (figure 48A). After heating, the long and 


— Unheated 
— Heated 


Figure 47, UV-Vis spectra 
of example 3 in its un- 
heated and heated state 
demonstrating the deep- 
ening of blue coloration 
by heat treatment. 
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Figure 48. Example 3 before heat treatment with fiber-optic illumination (A), after heat treatment with fiber-optic 
illumination (B), and after heat treatment with diffuse transmitted illumination (C). Photomicrographs by Aaron 
Palke; field of view 2.34 mm. 


medium silk are completely decomposed and the 
hexagonal clouds of particles are made up of very fine, 
dusty particles (figure 48B). Also notable is the small 
inclusion in the core with the concentrically aligned 
decrepitation halo (figure 48A, top center). After heat- 
ing, the decrepitation halo has become filled with 
some residual material, likely from the melting or al- 
teration of the originally intact central inclusion. Fi- 
nally, the most conclusive evidence of heat treatment 
comes from comparing the distribution of partially 
dissolved silk using a fiber-optic light and blue patches 
of coloration using diffuse transmitted light (figure 
48C). The correlation between the remnant silk 
clouds and the blue zones of color allows for easy iden- 
tification of heat treatment in this case. 


Example 4: Effect of Cooling Rate. While the precise 
heating conditions for the above experiments are not 
known, additional tests have been carried out at 
GIA’s experimental heat treatment facility. In the 
first experiment, a cloudy, pale blue stone with sig- 


nificant rutile particles and silk was heated at 
1700°C for 12 hours in a reducing atmosphere com- 
posed of 0.33 atm partial pressure of H, and 0.67 atm 
partial pressure of CO,. The sapphire was cooled 
slowly at a rate of 4°C/minute. This was done twice 
to ensure the sapphire reached a steady state at these 
conditions. The same sapphire was heated again at 
the same conditions but quenched rapidly by placing 
it in a crucible affixed to an alumina rod that can be 
retracted from the bottom of the muffle tube. In this 
way, the sapphire is cooled from 1700°C to about 
1000°C in 1-2 minutes and then further cooled to 
room temperature in roughly 15 minutes. The spec- 
tra and photos of the sapphire after various stages of 
heat treatment demonstrate the deeper blue color of 
the rapidly cooled sapphire compared to the slowly 
cooled heating (figures 49 and 50). When the sapphire 
is slowly cooled, the titanium dissolved into the 
corundum can start to exsolve as rutile (TiO,} as the 
solubility of titanium in corundum decreases with 
decreasing temperature. As the rutile particles pre- 


Figure 49. The sapphire in example 4, measuring 8.1 x 6.5 mm: unheated (A), heated to 1700°C and slowly cooled 
(B), and heated to 1700°C and rapidly cooled (C), showing a deeper blue color with rapid cooling. The gray circle 


shows the area of analysis. Photos by Aaron Palke. 
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cipitate and grow during cooling, the titanium exits 
the corundum lattice, causing a reduction in the 
Fe**-Ti* intervalence charge transfer band and a re- 
duction in the blue coloration. Rapid cooling 
quenches in the high-temperature solubility of tita- 
nium in the corundum lattice and retards exsolution 
of rutile upon cooling. Note, however, that rapid 
cooling does not lead to complete dissolution of ru- 
tile silk and particles in the sapphire, as seen in the 
photomicrographs in figure 51. The use of intense 
fiber-optic lighting shows that even the rapidly 
cooled sapphire has an abundance of light-scattering 
rutile particles. The presence of these rutile particles 


— Unheated 
— Heated, slow cool 
—— Heated, rapid cool 


Figure 50. UV-Vis spec- 
tra of example 4 in its 
unheated, heated 
(slowly cooled), and 
heated (rapidly cooled) 
states demonstrating 
the increased Fe?*-Ti* 
IVCT band at 580 nm, 
with rapid cooling lead- 
ing to deeper blue color. 


suggests either that rutile was never fully dissolved 
into the corundum lattice at 1700°C or that even 
with rapid cooling there was still some very rapid 
exsolution of rutile. 


Example 5: Creation of Trapped-Hole Coloration. 
For one final example, we consider two sapphires 
with entirely different responses to heat treatment. 
Many Montana sapphires are heated to create or in- 
tensify yellow or orange color by creating what is re- 
ferred to as a “trapped hole.” This trapped-hole 
chromophore involves a Mg** atom substituting for 
Al** with a missing electron on a nearby oxygen 


Figure 51. Rutile silk and particles in example 4 in the unheated (A), heated (slowly cooled, B), and heated (rapidly 
cooled, C) states showing the existence of rutile particles even in the heated and rapidly cooled sapphire. Photomi- 
crographs by Aaron Palke; field of view 3.57 mm. 
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Figure 52. The Rock Creek sapphire in example 5, measuring 0.8 x 0.5 mm: unheated (A), heated to 1200°C in pure 
O, (B), and heated to 1700°C in pure O, (C). The gray circle shows area of analysis. Photos by Aaron Palke. 


anion for charge balance (a trapped hole). This leaves 
the oxygen anion with a charge of —-1 and causes it to 
absorb light at 450 nm, creating intense yellow or or- 
ange color (see Dubinsky et al., 2020). Some heaters 
who specialize in treating Montana sapphire will 
carry out what is referred to as a “fancy burn” in an 
oxidizing atmosphere to bring out yellow and orange 
hues. The creation of trapped-hole absorption centers 
by heating Montana sapphires in an oxidizing envi- 
ronment was carefully documented by Emmett and 
Douthit (1993). 

Many heated fancy-color sapphires will display an 
intense yellow or orange core where the trapped-hole 
chromophore is developed. This heating needs to be 
carried out in an oxidizing environment in order to 
create a trapped hole. Heating in reducing environ- 
ments can facilitate the charge balance of Mg?* by 


UV-VIS SPECTRA 


ABSORPTION COEFFICIENT (cm) 


oxygen vacancies instead of the trapped hole on the 
O- anion. 

Figures 52-55 show the results of an oxidizing 
heat treatment run on two sapphires, one from Rock 
Creek (figures 52. and 53) and one from Dry Cotton- 
wood Creek (figures 54 and 55). Both were heated 
once at 1200°C in a pure O, atmosphere for 12 hours, 
then heated again at 1700°C ina pure O, atmosphere 
for 12 hours. 

The sapphire from Rock Creek developed an or- 
ange core after heating in O, at 1200°C (figure 52). 
The UV-Vis spectrum shows this change, with an in- 
crease in absorption in the region from 350 to 500 nm 
(figure 53). The difference between the heated and un- 
heated spectra shows the creation of the trapped-hole 
absorption band centered at around 480 nm. The neg- 
ative dip in the difference spectrum centered at about 
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Figure 53. UV-Vis spec- 
tra of example 5 from 
Rock Creek: unheated, 
heated to 1200°C for 12 
hours in pure Os, and 
heated to 1700°C in 
pure Os. 
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Figure 54. The Dry Cottonwood Creek sapphire in example 5, measuring 7.2 x 6.7 mm: unheated (A), heated to 
1200°C in pure O, (B), and heated to 1700°C in pure O, (C). The gray circle shows area of analysis. Photos by 


Aaron Palke. 


580 nm indicates that heating also reduced the Fe**- 
Ti* intervalence charge transfer absorption. Heating 
at 1700°C resulted in a negligible change in color, pos- 
sibly with a slight increase in the trapped-hole absorp- 
tion band in the UV-Vis spectrum. 

The sapphire from Dry Cottonwood Creek did not 
develop the trapped-hole chromophore after heating 
at 1200°C (figure 54). The only change at this lower 
temperature was a lightening of the blue color due to 
a reduction in the Fe”*-Ti* IVCT absorption (figure 
55). The trapped-hole chromophore is only developed 
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in this sample by heating at the higher temperature 
of 1700°C in pure O, (figure 55). This sapphire also 
developed blue color in its rim during heating due to 
dissolution of rutile particles and introduction of Ti** 
cations into the corundum structure, leading to cre- 
ation of Fe**-Ti* IVCT chromophores. 

The fundamental difference in the behavior dur- 
ing the oxidizing heat treatment is in the way excess 
Mg” cations are charge-balanced in the original un- 
heated sapphire. The FTIR spectrum of the Rock 
Creek sapphire here contained the acceptor-domi- 
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Figure 55. UV-Vis spec- 
tra of example 5 from 
Dry Cottonwood Creek: 
unheated, heated to 
1200°C for 12 hours in 
pure O,, and heated to 
1700°C in pure Op. 
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Figure 56. Heat-treated Rock Creek sapphires; the largest rough stone weighs 4.62 ct. Photo by Jeff Scovil; courtesy 


of Potentate Mining. 


nated 3000 cm series (the “Punsiri band’), which 
is caused by H' cations charge-balancing excess Mg”* 
cations. This hydrogen is easily burned away at rel- 
atively low temperatures (i.e., 1200°C), leaving the 
Mg” to be charge-balanced by a trapped hole when 
heated in an oxidizing environment (J.L. Emmett, 
pers. comm., 2022). The Dry Cottonwood Creek sap- 
phire did not have the acceptor-dominated 3000 cm" 
series in its FTIR spectrum, indicating that any ex- 
cess Mg” would have been charge-balanced by oxy- 
gen vacancies. Trapped holes in this case can only 
be created by diffusion of aluminum vacancies into 
the sapphire to annihilate oxygen vacancies, thereby 
allowing Mg?* to be charge-balanced by trapped 
holes instead of the oxygen vacancy (J.L. Emmett, 
pers. comm., 2022). But diffusion of aluminum va- 
cancies requires extreme temperatures and long 
heating times, which is why this is only seen in the 
sapphire heated at 1700°C for 12, hours and not when 
heated at the lower temperature of 1200°C. Only a 
small number of Montana sapphires have been 
heated this way at GIA’s experimental heat treat- 
ment facility so far. However, in many years of heat 
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treating Montana sapphires from all three secondary 
deposits, Dr. Emmett has observed significant differ- 
ences in the way sapphires from these deposits react 
to oxidizing heat treatment. Missouri River sapphires 
do not have the acceptor-dominated 3000 cm“ series 
in the infrared and therefore require high tempera- 
tures in oxidizing conditions to develop trapped-hole 
coloration. On the other hand, Rock Creek sapphires 
often have the acceptor-dominated infrared features 
at 3000 cm (see figure 23) and frequently react well 
to an oxidizing fancy burn at temperatures as low as 
1200°C. According to Dr. Emmett, a small propor- 
tion of Dry Cottonwood Creek sapphires have the 
acceptor-dominated 3000 cm features and will de- 
velop yellow or orange color at 1200°C, but more fre- 
quently these require higher temperatures around 
1700-1800°C. 


CONCLUSIONS 


With large volumes of Montana sapphire being pro- 
duced in consistent and reliable quantities (figure 56), 
the secondary Montana sapphire deposits are some 
of the most important American gem mines in mod- 
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Letter to the Editor 


A letter was recently received from Albert J. 


Breebaart, Nijmegen, Holland, in which he zeports 
on an interesting yellow-green synthetic spinel as 


follows: 

“While controlling a sending of cut syn- 
thetics from Germany, my eye fell upon one 
stone in particular, a yellow-green synthetic 
spinel round 10mm. This stone looked rather 
dull, compared with others of the same kind; 
examination with a 8x loupe gave as result 
that the stone contained a great many tiny 
inclusions. I decided to see about it under 
the microscope and who describes my aston- 
ishment when I found that the stone con- 
tained, besides elongated gaseous inclusions, 
many inclusions with a distinct two-phase 
like appearance! Having not heard about 
such inclusions in synthetics, I contacted the 


Gemmological Association of Great Britain 
and sent them some photo-micrographs, 
which I’d taken of the inclusions in the 
meantime. They were greatly interested and 
the stone was sent to England for further 
examination. The result was that there really 
appeared to be two-phase inclusions, besides 
the elongated gas bubbles, more common in 
synthetics. Holding the stone in a pair of 
tweezers and using dark-field illumination, 
the inclusions showed to be laying in a 
curved zone, when looking perpendicular to 


& 
¥ 


the direction of the light rays. This curvature 
is probably to be explained by the fact that 
the inclusions are orientated parallel to the 
domed top surface of the original boule. 
“Meanwhile I was lucky to find another 
stone from the same parcel, certainly cut 
from the same boule, showing two-phase in- 
clusjons as well if not more distinct than in 
the first stone. The first stone thereupon was 


exchanged with the Gemmological Associa- 
tion for an andalusite, still lacking in my 
collection. 

“The stone now in my possession shows 
the two-phase inclusions very clearly and 
they even show distinct crystal forms, which 
could be considered negative crystals. One 
question remains to be answered: how is the 
formation of such inclusions in synthetics to 
be explained? From Dr. Gubelin’s book IN- 
CLUSIONS AS A MEANS OF GEM- 
STONE IDENTIFICATION I’d_ learned 
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ern times. The material fits a wide variety of market 
demands, from heated goods under 1 carat size to 
rare, fine, unheated sapphires up to several carats. 
Aggressive marketing by Potentate Mining and its af- 
filiates as well as by independent artisanal miners, 
especially through social media, has driven up inter- 
est in these gemstones both domestically and in the 
international gem and jewelry market. Identifying 
the origin and treatments for Montana sapphires can 
be relatively straightforward based on inclusions and 
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MORPHOLOGY OF COLOMBIAN EMERALD: 
SOME LESS COMMON CASES AND THEIR 
GROWTH AND DISSOLUTION HISTORY 


Karl Schmetzer and Gérard Martayan 


The morphology of Colombian emerald, including growth and dissolution features of their faces, gives insight 
into growth and post-growth history of individual crystals. A collection of 15 isolated crystals and seven emeralds 
in matrix was studied by optical methods. The authors observed layered growth of prismatic, dipyramidal, and 
basal sectors that leads to crystals with prismatic to columnar or rarely pyramidal habit. In the latter case, pris- 
matic growth sectors were not developed. The visual appearance of the crystal faces at the surface was influenced 
by etch patterns with the formation of cavities, pits, pointed hillocks, and stepped grooves, followed occasionally 
by layered overgrowth. Skeletal growth led to the formation of cavities in crystals, some of them resembling 
empty cups with planar bottoms. In these crystals, the basal faces showed indentations or deep cavities, sur- 
rounded by shells or rims of emerald, bound on both vertical surfaces by prism or dipyramidal faces. Emeralds 
in the form of slightly conical empty tubes also belong to the latter group. Possible relationships to trapiche 
emeralds and samples exhibiting the gota de aceite effect are discussed. 


originating from different mines is rather simple _alds in the form of prismatic, empty “cups” with pla- 

and formed by a small number of external crystal nar bottoms (Weldon et al., 2016). In most references, 
faces. We observe two dominant planes, the basal 
pinacoid and the first-order hexagonal prism, occa- 
sionally in combination with small second-order ° 
‘e eee ee In Brief 

exagonal prism faces and first- and/or second-order 
hexagonal dipyramids (Goldschmidt, 1913; Schwarz The surface texture of Colombian emerald crystals re- 
and Giuliani, 2002; Moore and Wilson, 2016). The in- veals details about growth and post-growth history. 
ternal growth pattern of such samples, which nor- Several crystals show indications of natural etching in 
mally show prismatic habit, consists of growth aggressive fluids, and some samples have undergone 
planes parallel to the external crystal faces (Kiefert several subsequent growth and corrosion steps. 
and Schmetzer, 1991). 

Occasionally, natural emerald and beryl crystals 
show etching and dissolution features (an overview 
of the pertinent literature is given in box A). Other 
growth features are due to skeletal and polygonal 
growth of beryl crystals (see box B). Both growth fea- 
tures are related to the observations made in this ar- 
ticle for Colombian emerald crystals. 

Rarely mentioned are emerald crystals with con- 
ical habit (Johnson, 1961a,b}—or vasos in the form of | such emeralds with conical habit (figure 1) or emer- 

ald vasos or cups (figure 2) have been briefly men- 
See end of article for About the Authors and Acknowledgments. tioned . : have only been pictured without 
Ges & GrMo.oay, Vol. 59, No. 1, pp. 46-71, considering a possible growth mechanism. In the fol- 
http://dx.doi.org/10.5741/GEMS.59.1.46 lowing discussion, we will use only the term “cups” 
© 2023 Gemological Institute of America for both slightly different variants. 


| n general, the morphology of Colombian emerald _ slightly conical empty tubes (Klein, 1941)—or emer- 


In crystals with a conical shape, only basal and 
dipyramidal growth sectors were developed. 


Skeletal growth is observed in emeralds showing the 
form of empty cups or emeralds with indentations on 
the basal face. 


Within the empty cups, polygonal growth of small 
emerald columns is observed. 


46 MORPHOLOGY OF COLOMBIAN EMERALD Gems & GEMOLOGY SPRING 2023 


MORPHOLOGY OF COLOMBIAN EMERALD 


Gems & GEMOLOGY 


Figure 1. This Colom- 
bian emerald (sample 
10, 25.0 mm in length) 
shows conical habit in 
the upper part and pris- 
matic habit in the 
lower part; the base is 
covered with numerous 
pointed hillocks. Photo 
by G. Martayan. 
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Box A: LITERATURE ON DISSOLUTION FEATURES OF BERYL AND EMERALD CRYSTALS 


Etch pits on basal, prismatic, and pyramidal faces of 
Colombian emerald have been described or depicted by 
a few authors (e.g., Honess, 1917, 1929; Medina et al., 
1983; Moore and Wilson, 2016). Considering the min- 
eral beryl in general, various forms of tiny cavities or 
pits have been observed with different shapes reflecting 
the symmetry of the individual basal, prismatic, or 
dipyramidal crystal faces (figure A-1). In addition, the 
shape of etch patterns varies between samples from dif- 
ferent localities (Kurumathoor and Franz, 2018). It has 
also been mentioned that while some faces of crystals 


might show etch pits, other faces of the same crystal are 
completely free of such textures (Petersson, 1889; 
Arzruni, 1894; Vrba, 1895; Tschermak, 1897; Kohlmann, 
1908; Sinkankas, 1981). 

These generally observed features of etch patterns in 
beryls from numerous localities are consistent with the 
results of etching experiments performed in the labora- 
tory (Taube, 1895/1896; Feklichev, 1963). Such experi- 
mental processes were done in various acidic or basic 
solutions, but normally only for periods of seconds to 
minutes. 


=| 


o K 
le] x 


“76 


Figure A-1. Shape of etch 
pits observed optically on 
prismatic m and a faces, 
on the basal pinacoid c 
and on dipyramidal s 
faces of numerous beryl 
crystals from Brazil. After 
KohlImann (1908). 
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Examination at high magnification by optical and 
electron microscopy reveals that the patterns of vari- 
ously shaped cavities developed by natural or artificial 
etching show stepped surfaces of various forms (Scandale 
et al., 1990; Sunagawa and Urano, 1999; Sunagawa, 2003; 
Demianets et al., 2006; Dem’yanets and Ivanov-Schitz, 
2009; Kurumathoor and Franz, 2018). 

All these observations, however, are different from 
the effects of heavy dissolution, in which the crystals’ 
original surfaces are completely or partially dissolved, 
forming more or less deep cavities or grooves (Ford, 1906; 
Zedlitz, 1941; Bartoshinsky et al., 1969; Koivula, 1981; 
Lyckberg et al., 2009; Tempesta et al., 2011). Such heavy 
resorption has been mentioned for beryl from specific lo- 
calities—e.g., California, Brazil, or Ukraine (figure A-2)— 
and it has also been shown for emerald from Colombia 
(figure A-3, left). 

Furthermore, it should be mentioned that heavy etch- 
ing can produce pointed forms consisting of single or mul- 
tiple tapering tips representing the residue of the former 
as-grown basal plane (figure A-3, right; see Penfield and 
Sperry, 1888; Penfield, 1890; Lacroix, 1896; Sunagawa, 
2005; Moore and Wilson, 2016). This feature is also seen 
in the heavily etched Colombian emerald shown in figure 
A-3, left. 


Figure A-2. Yellow and greenish yellow beryl crystals 
from the Volodarsk mining area in Ukraine showing 
heavily dissolved surface patterns due to natural etching 
and dissolution subsequent to the crystal growth 
process. Crystal length: 61 mm (left) and 43 mm (right). 
Photos by Peter Lyckberg. 


Figure A-3. Left: A heavily etched Colombian emerald crystal from Muzo measuring 27 mm in length. The basal pinacoid 
is completely dissolved, leading to numerous pointed hillocks; the growth sectors related to the a prism faces are optically 
reflective. Photo by Jeff Scovil. Right: Etched beryl crystal from Pont de Barost, Haute-Vienne, France, showing a com- 
pletely dissolved basal face with numerous pointed hillocks. From Lacroix (1896). 
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Box B: LITERATURE ON SKELETAL AND POLYGONAL GROWTH OF BERYL CRYSTALS 


From the literature, beryls with hexagonally outlined 
rims or walls are known from different pegmatites. 
Within these main walls, highly variable, irregularly 
shaped to hexagonally outlined areas of beryl are found, 
with other pegmatite minerals filling the remaining 
space (figure B-1). These beryls, designated as “skeletal” 
or “shell” crystals, mostly consist of a rim or shell en- 
closing additional beryl shells or rims and other peg- 
matite minerals (Hunt, 1892; Shaub, 1937; Johnston, 
1945; Norton et al., 1962; Beus, 1966; Sinkankas, 1981). 
It is not mentioned in the works cited whether the beryl 
inside the dominant surrounding wall represents parts 
of a single crystal, connected to the main wall or rim, or 
independent individual crystals. 

From the viewpoint of crystal growth, in skeletal 
crystals with incomplete planes, crystal edges grow in 
favor of plane faces (Sunagawa, 1981, 1999). This is of 
course dependent on the growth environment. In the 
flux synthesis of emerald, for example, it is possible to 
grow skeletal crystals with depressions of the m prism 
face (Oishi et al., 1994). 

On the other hand, the polygonal growth of small 
beryl columns on a basal plane of a larger crystal and the 
subsequent overgrowth of this structure by later genera- 
tions of beryl was described by Sahama (1966) and is 
shown in figure B-2. 

Visually, a beryl crystal depicted by Hills (1890) and 
shown in figure B-3, seems to show both growth features: 
skeletal and polygonal growth. In this sample, we ob- 
serve a rim surrounding a larger cavity. Within this cav- 
ity, we observe irregular walls or columns, which end at 
different heights in the cavity with small crystal faces. 


Figure B-2. Sketch of a beryl crystal showing polygonal 
growth of small individual pyramidal beryI1 crystals 
ending in basal faces; this morphological structure is 
seen on the surface and within the crystal. In the latter 
case, this area was overgrown in subsequent growth 
steps. From Sahama (1966). 


oe. A 2 3 4 
cm 
Beryl Feldspar Quartz Tourmaline 


Figure B-1. Slices of three beryl crystals from Alto Cruzeiro, 
Paraiba, Brazil, with skeletal growth structure. Three slices 
were cut from each sample oriented perpendicular to the c- 
axis. Within an outer skeletal rim or shell of beryl, further 
beryl crystals and other pegmatite minerals were observed. 
From Johnston (1945). 


Figure B-3. Surface structure in a beryl from Mount An- 
tero, Colorado, with a rim surrounding a larger cavity 
with irregular walls or columns developed within the 
cavity. From Hills (1890). 
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Of commercial interest, in addition to facetable 
material without special structural properties, are 
samples with a fixed six-rayed pattern with or with- 
out a central core—designated “trapiche” emerald 
(Bernauer, 1926; Nassau and Jackson, 1970; Pignatelli 
et al., 2015; Schmetzer, 2019; Smith, 2021) or sam- 
ples with an internal growth pattern named gota de 
aceite (Spanish for “drop of oil”) (Gtibelin, 1944, 
Bosshart, 1991; Ringsrud, 2008; Hainschwang, 2008; 
Schmetzer, 2009; Gao et al., 2017). 

Some of the morphological features mentioned 
above, such as the various forms of the trapiche pat- 
tern, have been studied in detail to evaluate the 
growth mechanism. The gota de aceite effect has 
also been properly described, but its formation, either 
by dissolution (etching) or polygonal growth and, in 
both models, by subsequent overgrowth of the sur- 
faces of the small hillocks or columnar crystals 
formed in the first step, is still a matter of discussion 
(Bosshart, 1991). 

In a recent publication, Pignatelli et al. (2022) de- 
scribed several Colombian emeralds with unusual 
habits. According to their results, the growth mecha- 
nism of two emerald cups, one spongy emerald crystal, 
and one spear-shaped sample is mainly due to etching 
(post-growth dissolution), and the morphology of an 
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Figure 2. In sample 17 
(26 mm in length), a 
base of black shale (not 
visible) is covered with 
numerous albite, cal- 
cite, and pyrite crystals. 
In this matrix, five 
emerald crystals are 
embedded, two of them 
developed in the form 
of empty cups. The 
emerald cup on the 
right is 5.5 mm long. 
Photo by G. Martayan. 


emerald crystal with a horseshoe-shaped appearance 
is related to incomplete, nonuniform growth caused 
by mineral inclusions acting as growth obstacles. 

The present paper tries to contribute to the un- 
derstanding of these less common morphological and 
growth phenomena of Colombian emerald and offer 
descriptions and understanding of different patterns 
mentioned, especially by enlarging the database for 
such rare samples with remarkable morphological 
features. These samples provide a unique opportu- 
nity for investigation, but their rarity limits the in- 
vestigation to nondestructive methods. In this way, 
the paper would further contribute to our under- 
standing of the growth and post-growth history of 
Colombian emerald. 


MATERIALS AND METHODS 


The present study is based on examination of 15 iso- 
lated emerald crystals and seven specimens with 
emerald crystals in mineral assemblages with albite, 
calcite, dolomite, and pyrite on gray or black shales 
(table 1). All samples are from a private collection 
and were purchased within the last 20 years in Bo- 
gota or near emerald mines in Colombia. This does 
not necessarily indicate that all samples were un- 
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TABLE 1. Properties of the examined emerald crystals. 


Matrix 
Sample no. — specimen Emerald crystal . 14, Crystal faces‘ Surface features of , 
and locality dimensions dimensions (mm)? Weight and habit emerald crystals Remarks Figures 
(mm) 
ake Crystal on gray L 11.8, 4 Associated minerals: 
1: Chivor shale, 40 x 28 D35 22.7 g c,m;columnar Growth steps on m dolomite, pyrite 4 
L 18.0 ree Irregular openings inc, Cavities below c, larger 
2: La Pita — ey 18.61 ct teens etch pits and grooves than the different 5 
D 11.1-12.0 columnar : 
onm openings 
Crystal on Clit), Bh, [O) Oy Irregular Openings in c, 5 , 3 
3: Chivor black shale, D ae 5 21.4¢ elongated partly deeply etched m ieee alae 6 
41 x 30 . : tabular growth sectors geile) 
Partly deeply etched m 
: L311, G.mMyay growth sectors; in other 
sane _ D 7.1-7.6 11.42 ct columnar parts, growth steps on _ 
m 
5: La Pita or L 10.0, : : Growth striations on the 
Muzo D 4.0 O-O7CE Sac cenica) sides of the pyramid _ Eon 
. F L 8.8, c; conical and Growth striations on 
e  Eahia - D 2.0-2.1 care prismatic part both parts _ oD 
. ; IL fhe}. c; conical and Growth striations on 
eve te D 2.5-2.8 ape: prismatic part both parts _ Seu 
C,M, a, S, Pp; Growth steps on 
ee L 9.8, partly conical conical surface and on Groth tubes along the c- 
GChiver _ D 4.8-5.1 ee with tabular —_m faces of the tabular axis in tabular part ? 
part part 
120.8 Ean Growth steps on m, Residual dark gray 
9: Muzo (2) — mee 10.76ct %'" % * Pr finer structures on the (carbonaceous) material 10 
D 10.8-12.1 conical ‘ ; 25 
conical part in cavities 
Growth steps, mainly 
L 25.0, m, a; partly Rel anise Extensions of growth 
10: La Pita _ D (top) 15.0-16.6, 35.87 ct conical with POM CaT SUNACE, BIO sectors confined to thea 1 and11 
steps on m of the : 
D (bottom) 9.5-13.0 columnar part anit prism 
columnar part; hillocks 
onc 
Indentations on c : ‘ 
ane Crystal on gray (LASS, GC, lM, ey, Uh, (0, 3 L Associated minerals: 
Rene shale, 56 x 37 D 3.5-4.1 a ee columnar GOUT SES OH calcite, pyrite es 
prismatic faces 
Crystals on ageregaleo! 1 Indentations on c of all 
pes y parallel crystals; cm, a; Associated minerals: 12B and 13, 
12: Chivor dark gray shale, | 50.0 g crystals, growth steps f : : 
argest L 12.5, columnar ‘ : pyrite, dolomite, albite | A and D 
51 x 37 on prismatic faces 


D 5.0-6.5 


earthed within this period or in the last few years— 
some of them might originate from Colombian col- 
lections, with samples being kept there for several 
years or even decades before they were offered for sale. 
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According to the general knowledge of emerald 
formation in the various Colombian deposits, all of 
the emeralds grew in cavities and were removed by 
the miners, either as isolated crystals or in matrix. 
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TABLE 1 (continued). Properties of the examined emerald crystals. 


Matrix 
Sample no. — specimen Emerald crystal . 14, Crystal faces® Surface features of , 
and locality dimensions dimensions (mm)? Weight and habit emerald crystals Remarks Figures 
(mm) 
Three aggregates of 
Crystals on nine, eight, or three , Indentations on c of all | Associated minerals: 
erates % Gaim : ‘ v, UAC ainel 135, 
13: Chivor gray shale, parallel crystals; 31.1¢ crystals, growth steps calcite, dolomite, albite, 
columnar d é F B and C 
44 x 29 largest L 16.5, on prismatic faces pyrite 
D 6.5-7.5 
Crystal on : Deep indentations on c, : : . 
14: Chivor black shale, L6.3, 14.6¢ OM ee growth steps on Associated minerals: 14 
D 3.8-6.0 columnar : : calcite, albite, pyrite 
49 x 22 prismatic faces 
4 _ Deep indentations on c, 
15: Chivor — Eo? 4, W7mige Glee fk; growth steps on Color zoning 15 
D 6.6-7.1 columnar ‘ : 
prismatic faces 
L 10.8 c,m,a,s, Pp; Open cup, growth steps Ineoulen shaped 
16: Chivor — ae 6.37 ct PREM ag chee hillocks and columns in 16 
D 7.3-8.7 columnar on prismatic faces cup 
CuO ls |b 5.5, 
D 2.5-3.0 
Five crystals cup 2: D 3.0 fae a 
‘ on black shale; lel 120) Open cups, growth a Tee acne yt, 
17: Chivor ’ crystal 1: Mh 4.5g c,m; columnar f irregularly shaped 2 and 17 
26 long, 11-20 D2.0 steps on m ; : 
> : hillocks and columns in 
wide 
crystals 2 and 3 both cups 
are smaller 
crystal 3: L 3.8 
_ Open cup, openings Irregularly shaped 
18: Chivor — Peon 1s.5ect CNPP? sicoin p, growth steps — framework of walls in 18 
D 9.2-10.0 columnar : : 
on prismatic faces cup 
eae L 3.0 and 7.8, Glin), 11, WHO: S, Internal channels filled 
Ie Guia a DI7.3=7.5 ca Te: f, k; columnar eiatEeUp with fine-grained beryl He 
L 13.0 Pyrite at the bottom of 
20: Chivor — “ 1.96 ct c,m, p Partial cup the cavity, internal 20, left 
D 3.5-4.5 
channels 
Cee IL 2.0), i Pyrite at the bottom of : 
21: Chivor — D 4.0-5.5 1.41 ct c,m,a Partial cup the cavity 20, right 
c,m, a; : ; 
be ‘ Slightly conical tube 
22: Chivor — ee 1.63 ct elpnigated Etch eiand preoves along the c-axis through 21 and 22 
D 3.4-4.4 columnar, on prismatic faces 


slightly conical 


the complete crystal 


‘Ll represents the length of the emerald crystal, D represents measurements of diameters between two m prismatic faces. 

‘Weights of samples with emerald crystals in matrix are given in grams; weights of isolated emerald crystals are given in carats. 

“Based on a cell with a:c ratio of 1:0.996; basal pinacoid c {0001}, first-order hexagonal prism m {1010}, second-order hexagonal prism a {1120}, dihexagonal prism 
i {2130}, first-order hexagonal dipyramids p {1012} and u {1071}, second-order hexagonal dipyramids s {1122} and f {3362}, and dihexagonal dipyramid k {2131}. 


For the evaluation of growth history, it is impor- 
tant to look at all morphological features of a sample 
as a summary and not only at isolated crystal faces. 
The morphology of the samples was examined visu- 
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ally, and crystal faces were determined by goniomet- 
ric measurements and/or by the measurement of an- 
gles between crystal faces in the microscope. 

The samples were studied exclusively by nonde- 
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LETTER TO EDITOR—Continued. 

that synthetic spinel sometimes imposes 
crystal faces to its included bubbles and so 
these negative crystals may be formed. How- 
ever where could the liquid in the cavities 
come from? The Gemmological Association 
gave me as theoretical answer, that under 
certain ideal circumstances, it might occur 
that the hydrogen and oxygen of the blow- 
pipe fused at a ratio of 2 to 1, thus forming 
water. Due to the terrific heat in the furnace, 
however, this water would be evaporated 
immediately and perhaps it was included as 
vapor during the growth of the boule, and 
on cooling partly condensed into water again 
and thus filled the cavities, previously formed 
by the vapor.” 


INDUSTRIAL DIAMOND TRADE 
NAMES INDEX 


Fifth edition, 1954. Compiled jortntly by 
Industrial Diamond Information Bureau and 
Industrial Diamond Review, 124 pp, N.AG. 
Press, Ltd., 226 Latymer Court, London, 
W6. Price 35.6d. 


This Trade Names Index first published in 
1954 has been thoroughly revised and now 
contains about 2,500 trade names. A data 
sheet supplement gives information on a 
number of subjects to users and producers 
of diamond tools and the physical and chemi- 
cal properties of diamond, the crystallog- 
raphy of diamond and the care of diamond 
truing tools, shaped diamond tools, glaziers 
diamonds, are covered. Further a list of 
diamond tool standards as established in 
England and other countries is given as well 
as a comparison of fine sieve sizes. The Trade 
Names Index does not only contain regis- 
tered trade names but also generally used 


Book Heviews 


abbreviations and names of firms which have 
a special standing in the trade. A classified 
index covering over 20 individual groups is 
added so that trade names which are used in 
any particular branch of the industries using 
and working hard materials, can easily be 
found. 


A HISTORY OF JEWELLERY 1100- 
1870 by Dr. Joan Evans. 10 color plates; 176 
glossy halftones; 48 line drawings; 240 
pages; published by Pitman Publishing Com- 
pany, New York, Toronto, London; $17.50. 


During the long and important period 
covered by this book, the jewelry industry 
underwent great evolutionary changes. The 
art of faceting gems was perfected and metal- 
lic alloys were developed. The art of metal 
working reached a high level of quality, 
enamels and enamelling techniques were per- 
fected and new minerals were discovered and 
utilized as gems. 

These facts, the new and improved mate- 
rials with which to work plus the develop- 
ment of highly trained craftsmen and craft 
techniques resulted in new design and fash- 
ion trends. 


Dr. Evans has expertly described these 
developments and illustrated her book so that 
the reader is able to understand and to see 
portrayed the jewelry extant at given periods. 

The preparation involved in this book and 
the assimilation of the material required a 
keen insight and appreciation of jewelry on 
the part of the author as well as a great deal 
of effort and research. The finished product 
is worthy of Dr. Evans’ ability and effort. 
Her book is a refreshing and welcome addi- 
tion to gemological literature and will be 
welcomed by libraries, students, designers, 
jewelers and connoisseurs of jewelry. 
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structive methods, especially by optical microscopy 
at low magnification (up to 80x). A few transparent 
samples of appropriate size were also examined in 
immersion using benzyl benzoate as the immersion 
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Figure 3. Morphology of 
Colombian emeralds 
observed in the present 
study. A-D: Most sam- 
ples show dominant m 
prism and basal c faces; 
occasionally we also 
observed smaller a 
prism faces in combina- 
tion with s, p, andu 
hexagonal dipyramids. 
E: Furthermore, two of 
the crystals showed ad- 
ditional small i prism 
faces in combination 
with f and k dipyra- 
mids. Drawings by K. 
Schmetzer. 


liquid. For such rare materials (isolated emerald crys- 
tals or matrix specimens), no destructive techniques 
(e.g., slicing or polishing of the crystals) could be ap- 
plied nor any coating of the samples for an investiga- 
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tion at higher magnification in the scanning electron 
microscope. 

In one sample, the identity of the substances filling 
the growth tubes was determined by a combination of 
X-ray diffraction (using a Bruker D8 Advance Eco X- 
ray diffractometer), energy-dispersive X-ray fluores- 
cence (EDXRE, using a portable Bruker Tracer II-SD 
EDXRE analyzer), and Raman spectroscopy (using an 
Ahura First Defender portable Raman device). Part of 
the filling could be removed easily with a needle and 
was made available in that way for examination. 


RESULTS AND DISCUSSION 


General Aspects. Some general aspects of crystal 
morphology will be described first, which can help 
to characterize the individual samples. 


Morphology. Most isolated emerald crystals were 
slightly distorted (e.g., with different diameters meas- 
ured between opposite prisms) but with clearly de- 
fined faces. Nine of these crystals were columnar to 
prismatic, and six were conical, some of them with 
prismatically developed areas. The emeralds on six 
of the seven matrix samples showed columnar to 
prismatic habit, and only one crystal on matrix was 
tabular with significant differences of thickness be- 
tween prism faces in different directions. 

Idealized crystal drawings are presented in figure 
3. Considering the columnar to prismatic crystals 
and the tabular crystals in our sample set, dominant 
crystal faces were the first-order hexagonal prism m 
{1010} and the basal pinacoid c {0001}. These were fre- 
quently in combination with a smaller second-order 
hexagonal prism a {1120}, and/or first-order hexago- 
nal dipyramids p {1012} and u {1011}, and/or a second- 
order hexagonal dipyramid s {1122}. In addition, two 


crystals showed small dihexagonal prism faces i 
{2130}, in combination with the second-order hexag- 
onal dipyramid f {3362} and the dihexagonal dipyra- 
mid k {2131}. The faces determined on conical or at 
least partly conical crystals were identical to those 
observed on all other emeralds. 

So far, the morphology is consistent with the pub- 
lished literature data above and information deter- 
mined from photos of Colombian emerald crystals in 
numerous publications. The two dipyramids f and k 
are rarely found in Colombian samples, as previously 
mentioned by Vrba (1881). 


Growth Features on Crystal Faces. Numerous 
Colombian emerald crystals from the present study 
showed growth features on crystal faces, especially 
elongated stepped surface structures on m prism 
faces (figure 4, A and B). These as-grown surface fea- 
tures represent layered growth in subsequent growth 
steps and resemble contour lines in topographic 
maps. In sample 1 shown in figure 4, different layers 
are already seen with the unaided eye, but normally 
the steps between subsequent layers are smaller and 
need examination by optical microscopy. To best ob- 
serve the layered surface structures with optical mi- 
croscopy, reflected light is ideal (figure 4C). Similar 
growth layers on the basal pinacoid of the majority 
of Colombian emeralds, if present, are less pro- 
nounced and often not observable at the magnifica- 
tion applied in this study. 

These observations are consistent with the exist- 
ing literature about growth mechanisms of beryl crys- 
tals. Similar stepped growth layers of surfaces of beryl 
crystal faces have been described by various authors 
(von Kokscharow, 1881; Himmel and Schmidt-Zittel, 
192.7; Griffin, 1951a,b; Seager, 1953; Grigor’ev, 1965; 


Figure 4. A and B: In sample 1 (11.8 mm in length), stepped surface structures on different prismatic m faces of a 
Colombian emerald crystal represent layered growth in subsequent growth steps. C: Best observation of such lay- 
ered stepped growth structures is achieved in reflected light. Photos by G. Martayan (A and B) and K. Schmetzer 
(C; field of view 6.0 mm). 
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Figure 5. Sample 2 (18.0 mm in length), a columnar emerald that has been heavily corroded by natural etching. A: 
The basal plane shows irregularly shaped openings to larger cavities below this face. B: The m prism planes show 
etch structures, especially irregularly oriented grooves between hillocks. C: Details of the etch structures with 
grooves and hillocks, seen on the m prism face in image B, which are covered by micro-steps as seen in reflected 


light. Photos by K. Schmetzer; field of view 3.5 mm (C). 


Sinkankas, 1981; Sunagawa and Urano, 1999; Suna- 
gawa, 2003; Demianets et al., 2006). 


Characteristics of Individual Groups of Samples with 
Respect to Growth or Post-Growth Surface Patterns. 
Emeralds with Dissolution Features. A group of 
three samples with “common” habit (samples 2, 3, 
and 4) showed pronounced dissolution features with 
partially dissolved (corroded) crystal surfaces. In the 
groups describing samples with extraordinary and 
rare habits in the following sections, some emeralds 
that have undergone dissolution are also mentioned. 
To understand the various observations, one general 
aspect should be mentioned at the beginning of this 
section: Some of the crystals examined in this study 
show strong etching and dissolution features only at 
part of the surface. This indicates that only these 
parts of the emerald crystals were exposed to the ag- 
gressive dissolution fluid and the other parts of the 
crystals were shielded from the fluid. It can be as- 
sumed that such shielding processes were caused by 
different minerals of the assemblage found in Colom- 
bian emerald deposits, which were in close contact 
with the emeralds’ as-grown surfaces (crystal faces). 
In the present state, these minerals are at least par- 
tially dissolved or broken away, now exposing the 
crystal faces of the emeralds for visual examination. 

Sample 2 (figure 5A) with columnar habit (see fig- 
ure 3B) shows distinct corrosion features. The basal 
face reveals several irregularly shaped openings to a 
cavity below this plane, which is larger than the open- 
ings, extending widely into the crystal. Prism faces 
are completely covered by etch structures (figure 5B). 
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Between the deep irregular grooves, small hillocks are 
observed that show micro-steps on the surface (figure 
5C). These micro-steps resemble the pattern pro- 
duced as fine structure in etch pits by artificial disso- 
lution of beryl crystals (see box A). It is unknown and 
must be examined in additional samples, which are 
not available at the moment, whether this pattern 
and the form of the irregularly shaped grooves are re- 
lated to the common inclusion features of Colombian 
emerald (e.g., feathers and healed fractures). 

Sample 3 with tabular habit shows a completely 
and irregularly dissolved surface of the m prism, but 
the smaller a prism is not corroded (figure 6A). Only 
small parts of the original surface of the m prism are 
still present, reflecting under appropriate illumina- 
tion (figure 6B). In this case, we can speak of a pre- 
ferred dissolution of the m prism compared to the a 
prism face. The basal face shows irregularly termi- 
nated openings to deep cavities, but part of this face 
contains no dissolution features (figure 6C), and 
therefore it might be concluded that this face was 
shielded by minerals from the dissolution fluid. 

Sample 4 shows long prismatic habit with first- 
and second-order m and a prism faces (figure 3A). To- 
ward one end of the crystal, the prism faces show 
growth steps of an almost undistorted surface (figure 
7A). This part represents about one-third of the 
length of the crystal. The remaining part is exten- 
sively etched, deeply corroded on m faces and to a 
much lesser extent on a prism faces (figure 7, A and 
B). In some areas, the m prism faces are completely 
dissolved to an area with numerous grooves and 
hillocks. In contrast, we observe highly reflective 


Gems & GEMOLOGY SPRING 2023 


Figure 6. A: Sample 3 (23.6 mm in length), a heavily corroded emerald crystal with a completely dissolved surface 

related to the m prism face, but with a small protruding area related to the a prism that is almost free of corrosion. 
B: Only small areas of the original surface of the m prism are still reflective. C: The c basal pinacoid reveals irregu- 
larly shaped holes leading to cavities below this face. Photos by G. Martayan (A and C), and K. Schmetzer (B); 


field of view 7.6 mm (B). 


ledges of the a prism protruding from the dissolved 
m growth sectors (figure 7B). This indicates that, as 
also observed in sample 3, the a prism sectors were 
less intensely corroded. At the end, one basal pina- 
coid is only influenced slightly or not at all by corro- 
sion, while the other basal plane on the other end of 
the crystal is heavily dissolved (figure 7, C and D). 
Evaluation. Comparing these observations with 
descriptions from the known literature (box A), it is 
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concluded that samples 2-4 have undergone a heavy 
natural dissolution process in which the original sur- 
faces of the crystal faces were partially or completely 
dissolved by natural etching. In other words, the pat- 
terns observed in our Colombian samples are related 
to intense natural etching processes causing at least a 
partial dissolution of the as-grown crystal faces and 
creating deep cavities and irregular grooves between 
hillocks with stepped surfaces. All three crystals show 


Figure 7. Sample 4 (31.1 
mm in length), a 
columnar emerald that 
has been heavily cor- 
roded by natural etch- 
ing. One end of the 
crystal (A, upper left) 
still shows natural crys- 
tal faces, while the rest 
of the sample shows 
completely dissolved m 
prism faces (A and B) 
and highly reflective 
but still undissolved 
smaller a prisms (B). At 
one end, the basal face 
is only slightly corroded 
(C), while the basal 
face at the other end of 
the crystal is heavily 
corroded (D). Photos by 
K. Schmetzer; field of 
view 9.5 mm (C and D). 
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various dissolution features on different surfaces. 


Sample 4, for example, shows heavy dissolution from 
one end with a dissolved basal c face to almost two- 
thirds of its length, while the other end with basal c 
face to about one-third of its length is barely affected. 
In samples 2 and 3, it seems that the basal c faces were 
partially shielded from the dissolution fluid. 

An emerald with pointed forms (sample 10) 
caused by natural etching will be described in the 
next section. 


Emerald Crystals with Conical Habit or Conical 
Zones. Several samples showed, at least partly, a con- 
ical habit, comparable to six-sided pyramids. 
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Figure 8. A: Emerald 
crystals with pyramidal 
or partly pyramidal 
habit: sample 5 (left, 
10.0 mm in length), 
sample 7 (center, 8.8 
mm in length), and 
sample 6 (right, 8.8 mm 
in length). B: Surface 
texture of the pyrami- 
dal emerald crystal 
(sample 5) showing 
growth lines related to 
the basal pinacoid c 
(center) and pyramidal 
faces p (left and right). 
C: Complex surface tex- 
ture of a partly pyrami- 
dal, partly prismatic 
crystal (sample 7) 
showing a complex pat- 
tern related to pyrami- 
dal faces (lower part) 
and to basal, pyrami- 
dal, and prism faces 
(upper part). The 
growth direction of the 
crystals shown in A—C 
is always from the bot- 
tom to the top. Photos 
by G. Martayan (A) and 
K. Schmetzer (B and C); 
fields of view 2.4 mm 
(B) and 2.4 mm (C). 


Referring to the observations made in this study 
for samples 5-10, the authors must underscore that 
with the optical methods applied, we only can de- 
scribe the features representing the last stage of 
growth and/or dissolution. 

Three relatively small emerald crystals, desig- 
nated samples 5, 6, and 7, show the habit of a six- 
sided pyramid or the habit of a six-sided pyramid 
combined with a six-sided prism (figure 8A). The sur- 
face texture of the pyramidal sample 5 shows growth 
steps related to basal and pyramidal growth layers 
(figure 8B). The basal growth layers are visible as stri- 
ations perpendicular to the c-axis, which indicate al- 
ternating basal and dipyramidal faces. The surface 
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texture of samples 6 and 7 is more complex. In the 
pyramidal parts, growth steps related to basal and py- 
ramidal layers are seen; in the prismatic parts, the 
crystals show textures related to basal, dipyramidal, 
and prism faces (figure 8C). These observations were 
confirmed in immersion with transmitted light (not 
shown). In the conical parts of all three samples, no 
growth layers related to prism faces were developed. 
In contrast, the prismatic parts of samples 6 and 7 are 
quite “normal,” with growth zones related to basal, 
pyramidal, and prismatic faces. 

Sample 8 consists of a conical and a tabular part (fig- 
ure 9). At the upper (conical) end of the crystal, we ob- 
serve a perfect basal face in combination with part of 
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the m prism faces and s and p dipyramids (see figure 
3C). Next to this end of the crystal, we observe a con- 
ical part, followed by a tabular area. The diameter of 
this tabular area is slightly larger than the crystal’s di- 
ameter at the upper end. Growth steps are found on 
the surfaces of the conical area (figure 9C) and on the 
tabular part. Only the outer area of the tabular part 
contains growth channels (hollow tubes) parallel to the 
c-axis. In transparent areas of the conical part, internal 
growth planes parallel to the basal pinacoid c and par- 
allel to two hexagonal dipyramids p and u are observed 
in immersion (figure 9D]. These features indicate 
growth in subsequent layers, but without development 
of prismatic growth sectors in this area of the crystal. 


Figure 9. A and B: Sam- 
ple 8 (9.8 mm in length), 
an emerald crystal with 
conical shape and a tab- 
ular part, with a pyrite 
crystal attached to the 
tabular part. C: Growth 
steps on the surface of 
the conical part of the 
crystal. D: Viewed in 
immersion, internal 
growth planes parallel 
to the basal face c and 
parallel to the hexago- 
nal dipyramids p and u, 
as well as a three-phase 
inclusion with two salt 
cubes and one gas bub- 
ble in a liquid-filled 
cavity (arrow); the c- 
axis runs vertically. 
Photos by K. Schmetzer; 
fields of view 5.7 mm 
(C) and 2.2 mm (D). 


Gems & GEMOLOGY SPRING 2023 59 


Sample 9 is of conical shape. At the upper (wide) 
end of the crystal, we observe a perfect basal face in 
combination with part of the m prism faces and s and 
p dipyramids (figures 3C and 10A). The m prism faces 
reveal growth steps (figure 10B), while the conical 
part is covered with finer surface structures. We ob- 
serve irregularly shaped grooves, hillocks covered by 
micro-steps, and openings of deep cavities or inden- 
tations (figure 10C). Comparing these surface tex- 
tures with those of corroded emerald samples 2, 3, 
and 4, these parts of sample 9 were exposed to an ag- 
gressive fluid causing dissolution. Within some of 
the indentations mentioned, residual dark gray car- 
bonaceous material is captured (figure 10D). 

Sample 10 shows an even more complex mor- 
phology. The crystal consists of a conical part that is 
followed by a prismatic part at the lower end of the 
crystal (figures 1 and 11A). The prismatic part is nar- 
rower than the conical part at its upper end. The sur- 
faces on both parts show growth steps (figure 11, B 
and C). Protruding from both parts are two areas with 
extensions of growth sectors confined by the second- 
order hexagonal prism a, which are as thick as the 
upper end of the conical part (figure 11A). The basal 
pinacoid is covered by tiny pointed hillocks (figures 
1 and 11D). By varying the crystal’s orientation with 
respect to the light source, positions can be found 
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where multiple small crystal faces covering different 
hillocks reflect light simultaneously (figure 11D). 

Evaluation. The growth history of natural beryl 
crystals frequently shows multiple subsequent 
growth steps that might be separated by partial dis- 
solution from natural corrosion and etching. The dif- 
ferent steps of growth history of such samples have 
been characterized by a combination of optical and 
X-ray topography methods, especially for oriented 
slices of the original crystals (Scandale et al., 1990; 
Sunagawa and Urano, 1999; Sunagawa, 2003). 

In our study, all samples of this group show one 
common morphological feature: a tapered appear- 
ance, at least in parts of the crystal. This feature is 
caused by a growth process in which no prismatic 
growth sectors were developed during crystal growth. 
This indicates that the conical appearance is caused 
by basal and pyramidal sectors growing together, 
which are seen on the surface of the crystals in re- 
flected light or in immersion in transmitted light. In 
the conically developed sample 5, we observe only 
such basal and pyramidal growth layers. Samples 6 
and 7, in addition to a conical part, developed pris- 
matic parts in later growth stages (see again figure 8). 

Samples 8, 9, and 10 are emerald crystals with an 
even more complex growth history. In all three sam- 
ples we observe growth stages in which basal and 


Figure 10. A: Sample 9 
(20.8 mm in length), an 
emerald crystal with coni- 
cal shape, with basal pina- 
coid c, small m prism 
faces, and hexagonal s 
dipyramids. B: Growth 
steps on the surface of one 
of the m prism faces, 
viewed almost perpendicu- 
lar to the c-axis. C: 
Hillocks with fine micro- 
steps between irregularly 
shaped groves on the sur- 
face of the conical part. D: 
Residual dark gray car- 
bonaceous material cap- 
tured in indentations on 
the surface of the conical 
part. Photos by K. Schmet- 
zer; fields of view 4.5 mm 
(B), 3.5 mm (C), and 7.6 
mm (D). 
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prismatic 


dipyramidal growth sectors were developed, but 
without development of related prismatic growth 
layers. These growth stages without formation of 
prismatic growth layers apply at least to part of the 
crystal’s growth history. 

In the tabular area of sample 8, we observe growth 
channels parallel to the c-axis, which were not seen 
in the tapered part of the crystal. The diameter of the 
tabular area is larger than the diameter of the conical 
part at its upper end. This might indicate a later par- 
tial overgrowth of a crystal with conical habit and, 
in this later growth period, the development of a tab- 
ular area, on top of the tapered part of the crystal (see 
again figure 9). 

Sample 9, at its wider end, has a short prismatic 
area and a long, tapered cone. This cone shows dis- 
solution features on its surface. These features indi- 
cate an etching process of the conical part after 
crystal growth and a subsequent growth step with 
the formation of prismatic layers at the end of the 
crystal (see again figure 10). 

Sample 10 has likely undergone several growth 
and corrosion processes. The residual parts of pris- 
matic a growth zones and the small pyramids or 
hillocks forming the end of the conical part of the 
crystal indicate strong corrosion after an initial 


MORPHOLOGY OF COLOMBIAN EMERALD 


Figure 11. A: Sample 10 
(25.0 mm in length), an 
emerald with conical habit 
in the upper left and pris- 
matic habit in the lower 

\ right; the base is covered 
with numerous hillocks; a 
protrusion at the conical 
part represents a growth 
sector confined to the prism 
a. B: Stepped surface texture 
of the prismatic part. C: 
Growth steps at the pris- 
matic part (bottom) and the 
conical part (top), and the c- 
axis runs vertically. D: On 
the basal face, the surfaces 
of the hillocks consist of nu- 
merous small faces that re- 
flect light; viewed oblique 
to the c-axis. Photos by K. 
Schmetzer; fields of view 
5.7 mm (B), 9.5 mm (C), 
and 5.0 mm (D). 


growth step (see references cited above}. Skeletal 
growth (see box B and examples below) with pointed 
pyramids and sharp hillocks has never been men- 
tioned in any beryl and is therefore considered very 
unlikely for this morphological structure. 

After corrosion, we observe several subsequent 
growth steps, in which an area with prismatic growth 
layers and the conical zone with basal striations were 
developed. Obviously, in one of these growth steps, 
only basal growth layers without prismatic areas were 
formed. It is not completely understood whether the 
prismatic m growth sectors in the lower part of the 
crystal were grown before or after the conical zone 
with tapered surface of the crystal (see again figure 11). 


Emeralds with Incomplete Growth of the Basal 
Face. Several variants of incomplete growth of the 
basal pinacoid were observed. 

Samples 11, 12, and 13 show incomplete growth 
of the basal face c, a pattern that could be described 
as resembling surface indentations. Sample 11 (figure 
12A) is a single emerald crystal on matrix and reveals 
well-developed prism and pyramidal faces. Sample 
12 (figure 12B) is an aggregate of approximately 11 
crystals, grown parallel to each other with somewhat 
different lengths. All crystals of this aggregate show 


Gems & GEMOLOGY SPRING 2023 61 


C + i , 
ao bea 


Figure 12. Emeralds with surface indentations on the basal face, developed as either a single crystal (A: sample 11, 
4.1 mm in largest diameter) or as aggregates of parallel emerald crystals (B and C: samples 12 and 13 with crystal 
length up to 12.5 mm and 16.5 mm, respectively). Photos by G. Martayan. 


incompletely developed c faces. Sample 13 (figure 
12C) is similar to sample 12, but with three such ag- 
gregates consisting of approximately nine, eight, and 
three emerald crystals. All basal faces have a stepped 
micro-texture consisting of numerous layers stacked 
parallel to the c-axis of the emerald crystal (figure 13, 
A-C). These structures occasionally end at the level 
of the horizontal surface of the rim, but some columns 
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or other structures have different heights within the 
rim. In addition, all three samples have a step-like tex- 
ture on prism faces and no etch features. A represen- 
tative example of that pattern is shown in figure 13D. 

Samples 14 and 15 show somewhat deeper inden- 
tations on the basal faces. Sample 14 has an almost 
continuous rim parallel to the basal face and inside 
several hillocks within the indentation zone (figure 


Figure 13. A-C: The 
stepped micro-texture 
of emeralds with in- 
completely developed 
basal planes shows 
stacked layers parallel 
to the c-axis. D: Growth 
steps on the m prism 
face of one of the crys- 
tals in figure 12B. 
Shown here are sample 
12 (A and D) and sam- 
ple 13 (B and C). Photos 
by K. Schmetzer; fields 
of view 11.5 mm (A), 
7.6 mm (B and C), and 
4.6 mm (D). 
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14, left). Part of these hillocks in the form of tiny 
columns end with faces parallel to the base (figure 
14, right), but lower than the horizontal surface of 
the rim, which is formed by the incomplete basal 
face of the crystal. Sample 15, with similar appear- 
ance, shows an almost colorless region that ends in 
a basal face with indentations (figure 15A). The end 
of the crystal with these indentations is separated 
from the main part by a small zone with intense 
green coloration (figure 15B). This demonstrates that 
at the beginning of the growth of this zone with a 
length of about 1.5 mm along the c-axis, growth con- 
ditions were different compared to the earlier growth 
stages. Hollow channels parallel to the c-axis are 
found in all parts of the crystal. The areas parallel to 
the basal face show growth steps (figure 15C). 
Several crystals were formed as “emerald cups.” 
Sample 16 is a crystal with columnar habit in the 
form of an open cup. The morphology consists of 


Figure 14. Left: Sample 14 
(6.0 mm in largest diame- 
ter), a crystal with an al- 
most continuous rim 
surrounding growth areas 
ending in small basal faces, 
but at a different height 
along the c-axis compared to 
the horizontal surface of the 
tim. Right: Reflective areas 
of the rim and the small 
columns inside this rim end- 
ing in tiny crystal faces par- 
allel to the basal pinacoid. 
Photos by G. Martayan (left) 
and K. Schmetzer (right). 


first- and second-order prism faces in combination 
with first- and second-order hexagonal dipyramids 
(figure 3C and figure 16, A and B). The m prism faces 
are planar; no growth steps or etch features were vis- 
ible in the optical microscope with the magnification 
applied. The wall thickness of the cup varies between 
0.8 and 1.4 mm. Irregularly shaped hillocks or 
columns cover the bottom of the cup, which forms a 
clear boundary with the other part of the crystal (fig- 
ure 16C). In a view parallel to the c-axis, a micro- 
structure is observed forming a three-dimensional 
framework of walls, columns, and hillocks at the bot- 
tom of the cavity (figure 16D). Part of the columns 
or irregular walls end in planar faces parallel to the 
basal pinacoid (figure 16, A and B). 

Sample 17 is a piece of black shale covered by al- 
bite, calcite, and pyrite crystals. Embedded in this 
matrix are five emerald crystals (figures 2 and 17A). 
Two of these are columnar and hollow, forming deep 


Figure 15. A: Sample 15 (37.4 mm in length), an emerald crystal with color zoning; at one end, the sample reveals a 
continuous rim surrounding growth areas ending in small basal faces. B: Growth and color zoning (arrows) of the 
crystal along the c-axis. C: Areas of the rim and small columns inside the rim with planes parallel to the basal pina- 
coid appear bright in reflected light, viewed parallel to the c-axis. Photos by K. Schmetzer; field of view 3.6 mm (C). 
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NEW HOME FOR LONDON LAB 
By Robert Webster, F.G.A. 

The laboratory of the Diamond, Pearl & 
Precious Stone Trade Section of the London 
Chamber of Commerce recently moved to 
new premises at 15, Hatton Garden. Al- 
though only some two blocks south of the 
old premises, Number 15 is more in the 
heart of the stone trade and is more con- 
veniently situated to the transport services. 

The laboratory had been located at Num- 
ber 55, Hatton Garden since July, 1929, and 
it was with sensible nostalgia that the staff 
departed from the old premises. Expiration 
of lease was the main reason for the change, 
but the prospect of a better situation helped 
to influence the move. Number 55 suffered 
badly from enemy action during the war, 
both from the bombing by enemy aircraft 
and from the V2 rocket which fell with such 
terrible results on nearby Smithfield market. 
A number of the rooms of the laboratory 
premises were in very bad condition in 1946 
with a number of windows still boarded 
up as a result of the bomb damage repair. 
All through the war years the Director, Mr. 
B. W. Anderson, had been practically single- 
handed, and with part-time service in the 
Auxiliary Fire Service, could do little to 
clean up the successive devastations. Since 
1946 much has been done to straighten up 
the rooms, but 55 Hatton Garden nevér re- 
turned completely to its original pristine 
condition. 

The new premises consist of six rooms: of 
vatious dimensions which are ideal for the 
laboratory functions. The front room with 
two large windows looking out to the front 
has been allocated to the administration and 
affords facilities for the reporting and cleri- 
cal duties. Besides containing the safe, the 
trade balance and the aperiodic balance, a 
working bench for the microscopic and re- 
fractometric testing of gemstones is pro- 


© General view of the administration 


room, 


vided, The extensive library and reference 
specimens are mainly housed in this room. 

Behind this main room is a long narrow 
room which has been divided into two, a 
smaller section forming the waiting lobby 
and the larger part for reception. This latter 
room contains the main telephone and a 
fully equipped bench for stone testing. 


(|= | L 


© Instrument bench in front room showing 
Beck microscopes and the refractometer 
with diamond prism. 


At the rear of the reception room are the 
two main instrument rooms, lit by fluorescent 
tube lighting. The adjacent and smaller of 
these rooms contains the two main endo- 
scopes for testing drilled pearls; a baise- 
lined table for cutting the pearls from their 
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Figure 16. A: Sample 16 
(10.8 mm in length), an 
emerald crystal devel- 
oped in the form of a 
cup. B: The basal plane 
of the cup reflects to- 
gether with the basal 
faces of small hillocks 
or columns in the cup. 
C: The bottom of the 
cup is located in the 
upper half of the crys- 
tal, as indicated by ar- 
rows. D: Framework of 
irregular hillocks, 
columns, and walls on 
the bottom of the cup 
in a view parallel to the 
c-axis. Photos by G. 
Martayan (A) and K. 
Schmetzer (B—D); field 
of view 4.6 mm (D). 


cups with one open end (figure 17B). The cups have _ space of the cups with irregularly shaped planes. 
a wall thickness of approximately 0.5 mm. The bot- Other planes at the ends of the tiny crystals in the 
tom of each cup is covered with emerald hillocks or hollow cups reflect together with the residual basal 
columns, which frequently end within the hollow _ face of the rims (figure 17C), indicating that some of 
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Figure 17. A: In sample 17 (26 


= mm long), a base of black 


shale (not visible) is covered 
with albite, calcite, and pyrite 
crystals. In this matrix, five 
emerald crystals are embed- 
ded, two of them as deep cups 
(center) and three as “nor- 


= mal” emeralds (lower right 


and left). B: Details of the two 
emerald cups (5.5 mm long on 


Ae j the right). C: In reflected 


light, the basal plane of one 


y cup appears bright together 


with the basal faces of small 
hillocks or columns in the 


) cup. D: Growth steps on the 


surface of one m prism face of 
a cup. E: Growth steps on the 
surface of the m prism face of 
a “normal” emerald crystal. 
Photos by K. Schmetzer (A, 
C-E) and G. Martayan (B); 
field of view 7.6 mm (C-E). 
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the hillocks or columns also end in faces parallel to 
the basal pinacoid. The m prism faces of the cups 
show growth steps (figure 17D). 

The three other emerald crystals are “common” 
columnar crystals with prismatic and basal faces (fig- 
ure 17A), which also show growth steps on m prism 
faces and no etch features (figure 17E). 

Sample 18 is the largest crystal, in the form of a 
deep open cup (figure 18, A and B). Morphologically, 
the columnar and somewhat distorted crystal shows 
several prism faces and hexagonal dipyramids (see 
figure 3, C and D). The main opening at one end is in 


Figure 18. A and B: Sam- 
ple 18 (19.6 mm in 
length), an emerald crys- 
tal developed in the 
form of a deep cup. B 
and C: Openings at one 
end are developed in the 
basal pinacoid but also 
in the largest p dipyra- 
mid (arrows); within the 
cup, a framework of ir- 
regularly shaped thin 
emerald walls is present. 
D: The crystal faces at 
the inner surface of the 
wall are oriented paral- 
lel to the outer prism 
faces. E: Growth steps 
on the surface of anm 
prism. Photos by K. 
Schmetzer; fields of view 
11.5 mm (D, vertical) 
and 5.1 mm (E). 


the basal pinacoid, but holes are also developed in the 
largest p dipyramid (figure 18C). The cup’s wall 
thickness ranges from 1.5 to 2.0 mm. Within the cup, 
a framework of irregularly shaped thin emerald walls 
is present (figure 18, B and C). The main walls of the 
inner surface of the rim are oriented parallel to prism 
faces (figure 18D). The outer m prism faces are cov- 
ered by growth steps (figure 18E). 

Sample 19 is considered to be a half cup. Formally, 
the sample is described as a crystal formed of two 
parts. The first part shows platy habit, with two basal 
c faces and m, a, and i prism faces (figure 19A). On 


Figure 19. A: Sample 19 (7.8 mm in length), an emerald crystal in the form of a half cup developed with two parts: 
as a platy part with lower and upper basal pinacoid (white arrows) and an upper curved rim surrounding about 
half of the area of the platy part; this rim is terminated by a small basal face (red arrow). B: Stepped surface of the 
basal face on top of the horizontal surface of the rim. C: View of the inner surface of the circular rim on top of the 
platy part, in this orientation with reflective steep k hexagonal dipyramids, the elongated cavities are filled with 
fine-grained white beryl. Photos by G. Martayan (A) and K. Schmetzer (B and C); field of view 14.5 mm (B). 
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the upper side of the first part of the crystal, a curved 
rim is formed that encircles about half of the area 
formed by the prism faces of the first part. This rim 
is considered to be the second part of the crystal. On 
top of this rim, we observe a small area with a 
stepped surface in an orientation parallel to the basal 
pinacoid (figure 19B). We can consider this to be the 
end of the second part of the crystal. 

The other faces of the outer surface of the rim are 
the already mentioned prism faces m, a, and iin com- 
bination with u, p, s, f, and k dipyramids. Not only are 
the f and k dipyramidal faces rarely observed in 
Colombian emerald, but they are also rarely observed 
in the mineral beryl as a whole. These faces are steeper 
than the commonly observed u, p, and s dipyramids 
and are inclined 18.2° and 18.5° to the c-axis. The open 
structure of the rim allows us to determine the faces 
at the inner surface of this rim, which are the common 
prism faces in combination with the two steep dipyra- 
mids f and k (figure 19C). The open cavities formed at 
the inner surface of this rim, elongated parallel to the 
c-axis, are partially filled with a white fine-grained ma- 
terial, which was determined to consist mainly of 
beryl with small admixtures of quartz and albite (iden- 
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tified by a combination of X-ray diffraction, EDXRE, 
and Raman spectroscopy). 

Samples 20 and 21 are also incomplete cups with 
only partially developed walls or rims. In both sam- 
ples, the bottom of the internal cavity is filled with 
pyrite crystals, surrounded by an incomplete circle 
of walls (figure 20). In sample 20, the outer m prism 
faces show growth striations parallel to the c-axis, 
and the internal surface of the walls displays open 
channel structures, comparable to the open channels 
observed in sample 19. The outer and inner surfaces 
of the rim in sample 21 are completely flat. 


Emerald Crystal with an Internal Channel. Sample 
22. is an elongated tube that is open at both ends. From 
top to bottom, the external form of the tube is slightly 
conical, and the channel inside it is also wider at one 
end, following the external form of the tube (figure 21). 
The tube was cut at the thinner bottom of the sample, 
showing a hole with a small diameter (figure 21, left). 
This indicates that the original crystal might have 
been closed at its end. At the other end with the larger 
opening, the thickness of the tube walls ranges from 
about 0.2. to 0.6 mm, with an opening between 2.5 and 


Figure 20. Emerald crys- 
tals in the form of in- 
complete cups with 
pyrite crystals at the 
bottom of the cavities, 
which are surrounded 
by incomplete rims. 
Sample 20 on the left is 
13.0 mm in length, and 
sample 21 on the right 
is 9.0 mm in length. 
Photos by G. Martayan. 
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3.5 mm in diameter. The diameter of the channel 
through the crystal at the other end is approximately 
1.0 mm. Outside, the tube is terminated by m prism 
faces, which show etch features—i.e., the original sur- 
face of the tube is partially dissolved (figure 22). The 
horizontal part of the wall or rim oriented parallel to 
the basal pinacoid (see figure 21B) reveals small pits, 
most likely due to etching. 

Evaluation. Samples 11-21, all originating from 
Chivor, show the same phenomenon: incomplete 
growth of the basal face, but with a different degree 
of development. In general, our Colombian samples 
display an upper rim surrounding indentations (see 
again figures 12 and 13) and somewhat deeper depres- 
sions (figures 14 and 15) or somewhat higher walls or 
rims surrounding deeper cavities (figures 16-20). In 
other words: The patterns observed in cups of various 
depths in samples 16-21 or in emeralds with deeper 
indentations of basal faces in samples 14 and 15 re- 
flect deeper indentation patterns on basal planes than 
those observed in samples 11-13. 


MORPHOLOGY OF COLOMBIAN EMERALD 


Figure 21. Emerald crys- 
tal (sample 22, 14.4 mm 
in length) in the form of 
a slightly conical hol- 
low tube (left), with 
openings at both ends 
(right). The lower end of 
the crystal (right, inset) 
was cut artificially and 
shows a hole (arrow). 
Photos by K. Schmetzer. 


The rims or walls end with faces oriented perpen- 
dicular to the c-axis, and the outer surface of the 
rims are formed by various prismatic and pyramidal 
faces. The inner surface of the walls or rims are 
formed by the same faces, mainly first- and second- 
order prism faces and occasionally in combination 
with steep dipyramids. This means that the outer 
and the inner outlines of the skeletal beryl walls are 
parallel to prismatic and steep dipyramidal faces. 
Within these depressions or cavities, we observe ir- 
regular walls or columns, which end at different 
heights in the cavities with small basal faces. In 
samples 15 and 16, it is clearly indicated that the 
inner bottom of the cavities is confined to a zone of 
strong color zoning, which indicates a change of 
growth conditions at this stage of crystal growth (see 
again figures 15 and 16). 

Considering the patterns described for beryl with 
skeletal and polygonal growth (box B), we conclude 
that the morphology seen in Colombian emerald 
samples 11-19 can be understood as a combination 


Figure 22. The surface of 
sample 22 is partially dis- 
solved by corrosion—i.é., 
no Clear reflective plane is 
seen. The same area of the 
crystal is shown in trans- 
mitted light (left) and in 
reflected light (right). Pho- 
tos by K. Schmetzer; field 
of view 9.5 mm. 
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of both growth phenomena: skeletal growth of the 
walls and polygonal growth of columns and walls in- 
side the cavities. Or we could describe the pattern 
observed as the growth of a dominant wall and the 
growth of small columns or pyramids within the area 
surrounded by the rim. Samples 20 and 21 clearly 
show inhibited growth of emerald (skeletal growth) 
due to pyrite obstacles, forming cavities with incom- 
plete walls. 

Sample 22, the elongated emerald tube, also origi- 
nates from Chivor. Considering samples 11-21 and 
the heavily corroded samples 2-4, our understanding 
of etch patterns in beryl (summarized in box A), and 
our knowledge about the surface structure of non-cor- 
roded emerald crystals (sample 1, figure 4, and other 
examples in this paper), we interpret the growth his- 
tory of this sample as skeletal growth followed by 
etching and partial dissolution of the outer and inner 
faces of the crystal, i.e. the outer and inner surfaces of 
the walls, but with no regrowth after etching. 

Pignatelli et al. (2022) explained the growth of 
several Colombian emeralds developed as cups with 
conical or prismatic shape simply as etching 
processes, without taking skeletal growth into con- 
sideration. While we take into consideration a com- 
bination of skeletal growth and post-growth etching 
for one sample (see description and growth evalua- 
tion of sample 22), we cannot support the idea that 
all growth structures and morphological patterns of 
samples 11-22 are due to “simple” etching processes. 
We conclude that, for samples 11-21, they are not 
even partly related to etching processes. 

To support our conclusions with further argu- 
ments, we observed several growth features in this 
group of samples that are not consistent with the 
idea of etching, starting at an as-grown basal plane. 
In other words: 


e Etching would not create internal prism faces, 
which form the dominant pattern of inner sur- 
face of the circular rims. 

e Etching would not stop and form the bottom of 
cavities just at the height of a strong color zon- 
ing along the c-axis of the crystals. 

e Etching would form stepped surfaces and cavi- 
ties, but in our samples we observe instead the 
presence of small basal faces at the end of pyr- 
amids or columns of different height within the 
cavities. 

e The layered appearance of the surface of the 
rim and the m prism faces of the crystals does 
not reflect etching structures. 
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All these features indicate that the described mor- 
phology of this group of crystals cannot be explained 
simply by etching processes of the basal face. It can- 
not be assumed that the different morphological 
forms described are due to etching, starting at one 
planar basal face and leaving the rest of the crystal, 
especially all prism faces, without any clear sign of 
etching. 


Comparison with Properties Observed in Cut Stones. 
It has already been mentioned in various studies that 
the heavily included areas between the transparent 
basal and prismatic growth sectors of Colombian 
trapiche emerald are intensely corroded (e.g., 
Bernauer, 192.6; Nassau and Jackson, 1970; Pignatelli 
et al., 2015). In general, Colombian trapiche emeralds 
consist of a basal growth sector in the form of a ta- 
pered core and six prismatic growth sectors. The core 
and the six prismatic growth sectors and each of the 
prismatic sectors are separated from others by areas 
with high concentration of mineral inclusions and 
carbonaceous material. The basal growth sector 
mainly consists of basal and occasionally of pyrami- 
dal growth layers, but without any prismatic growth 
areas. 

Corrosion, in general, commences at crystal de- 
fects that could be lattice defects or areas at trapped 
inclusions. Sample 9 described here might represent 
the final stage of such corrosion processes. The general 
appearance is reminiscent of the central tapered core 
of trapiche emerald (figure 23). Furthermore, we ob- 
served etch structures and residual dark gray carbona- 
ceous material. This indicates that the tapered sample 
examined in this paper might be the core of a trapiche 
emerald that was separated from its prismatic growth 
zones by etching processes. If this interpretation is cor- 
rect, the prismatic growth layers at the upper end of 
the crystal (see figure 10B) might be understood as 
later overgrowth of the tapered crystal. 

The irregularly shaped hillocks, columns, or walls 
within the cavities of the samples with surface in- 
dentations on basal faces—i.e., the emerald cups de- 
scribed in samples 11-19—resemble the internal 
growth structure found in the so-called gota de aceite 
emeralds (figure 24; e.g., Bosshart, 1991; Ringsrud, 
2008; Hainschwang, 2.008; Schmetzer, 2009; Gao et 
al., 2017). An overgrowth of the polygonal patterns 
within such a crystal, especially in crystals with shal- 
lower indentations as seen in samples 11-13 (figures 
12 and 13), in further growth steps would result in 
emerald crystals with the characteristic gota de 
aceite structural inclusion pattern. It is plausible 
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Figure 23. Left: Diagram of a trapiche emerald con- 
sisting of two tapered cores representing basal growth 
sectors (green) and six prismatic growth sectors (after 
Schmetzer, 2019). Right: The outline of sample 9 con- 
forms to the shape of one of the basal growth sectors 
in trapiche emerald. 


that, with changing environmental growth condi- 
tions, such further growth steps could take place. A 
general scenario with a multistep growth history has 
already been proposed by various authors (e.g., Gii- 
belin and Koivula, 2008; Ringsrud, 2009; Schwarz 
and Curti, 2020; Sun and Goa, 2.02.2). 
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SUMMARY AND CONCLUSIONS 


Most Colombian emeralds show a columnar to pris- 
matic habit with growth steps or growth layers on 
prism faces, which can be seen occasionally even 
with the unaided eye. Several groups of samples with 
specific morphological patterns on the surface have 
been studied and described. However, some of the 
samples from our study theoretically could be 
grouped into several different categories, simply be- 
cause they have undergone several subsequent 
growth stages and dissolution processes (e.g., sample 
10). Because optical observation allows us to exam- 
ine only the last result of such multistep growth 
processes, not all morphological features of the emer- 
ald crystals in the post-grown and post-dissolved 
state can be completely understood. 

Heavily etched crystals show dissolved m prism 
sectors, whereas the a prism zones are less affected by 
the dissolution process. The deep cavities or grooves 
seen in the post-growth dissolved state have a stepped 
microstructure on m prism faces. The basal pinacoid, 
in some cases, reveals irregularly shaped openings to 
cavities below that face, but this face may also be dis- 
solved in a way to show tiny pointed hillocks. Because 
the degree of etching varies within a single emerald 
crystal, it is concluded that such samples were par- 
tially shielded from contact with other minerals of the 
natural assemblage from the etching fluid. 

Conically developed emerald crystals, in general, 
show only growth layers related to basal and dipyra- 
midal growth faces, but no prismatic growth sectors 
were developed in such crystals. The morphology of 
such samples resembles the basal growth sectors of 
Colombian trapiche emerald. 

Emerald cups showing a skeletal rim with pris- 
matic or dipyramidal faces forming its outer and inner 
surface reveal more or less deep indentations on the 
basal face. In some cases, the walls or rims form deep 


Figure 24. Patterns seen in 
faceted Colombian gota de 
aceite emeralds display nu- 
merous irregular hillocks, 
columns, or walls. The left 
image is viewed in immer- 
sion, parallel to the c-axis. 
Photomicrographs by K. 
Schmetzer (left) and M.P.H. 
Curti, Bellerophon Gemlab 
(right); fields of view 1.9mm 
(left) and 1.6 mm (right). 
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cavities of prismatic or conical cups or even elongated 
central tubes within the crystal. Within the cavities 
of these cups, starting from a basal plane growth layer, 
we observe tiny columns or pyramidal crystallites, 
which frequently end in small basal faces. If such sur- 
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face structures are overgrown subsequently with new 
emerald, the final result would show a crystal with 
an internal growth structure containing an inclusion 
pattern resembling the pattern described as gota de 
aceite in Colombian emerald. 
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Purple ANHYDRITE 


Recently, the Carlsbad laboratory re- 
ceived a 2.13 ct transparent purple oc- 
tagonal step cut, measuring 7.32 x 
6.34 x 6.01 mm (figure 1), for a colored 
stone identification service. Micro- 
scopic observation showed twinning 
planes, cleavage cracks, needle-like 
inclusions, fluid fingerprints, and 
strong doubling of many internal fea- 
tures, confirming the stone was 
doubly refractive (figure 2). 

Standard gemological testing re- 
vealed a specific gravity of 2.97 anda 
refractive index of 1.570-1.615 witha 
birefringence of 0.045. The refractive 
index measurement also indicated the 
stone was biaxial positive, and a biax- 
ial interference figure was resolved 
using a conoscope and polarized light. 
Purple and light purple pleochroism 
was observed using a dichroscope. 
The specimen had no fluorescence re- 
action when exposed to long- and 
short-wave UV light. These character- 
istics were consistent with the rare 
collector gem anhydrite. 

Raman spectroscopy confirmed 
that the stone was anhydrite. Using 
polarized ultraviolet/visible/near-in- 
frared spectroscopy, we were able to 
determine that the purple color re- 
sulted from a prominent absorption 
band centered at around 550 nm. A 
sharp absorption feature was also ob- 
served at 307 nm. 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. This 2.13 ct purple stone 
was identified as the rare collec- 
tor gem anhydrite. 


Anhydrite is a calcium sulfate with 
the chemical formula CaSO,,. It is not 
well suited for use in jewelry due to its 
low hardness of 3.5 on the Mohs scale 
and its perfect cleavage in one direc- 
tion. This orthorhombic mineral is 


commonly formed by the dehydration 
of gypsum, which has the chemical 
formula CaSO,-2H,O, and can have 
multiple colors ranging from colorless 
to pale blue, light pink, and brown that 
is colored by impurities. Occurrences 
of purple anhydrite have been reported 
in Switzerland, Iran, and Sri Lanka 
(see, respectively, Spring 1998 Gem 
News, p. 60; Fall 2000 Gem News, p. 
262; Fall 1988 Gem News, p. 179). 

Faceted gem-quality and single- 
crystal anhydrite is rare, and while 
the Carlsbad laboratory has examined 
a couple of anhydrite gems, they were 
mostly aggregates bluish in color. 
This is the first example of a transpar- 
ent purple faceted single crystal anhy- 
drite examined at GIA’s Carlsbad 
laboratory. 


Maria Estela Almeida and 
Nathan Renfro 


Figure 2. Twinning planes and fluid fingerprints were observed throughout 
the faceted purple anhydrite. Field of view 3.89 mm. 
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Figure 3. A 7.26 ct modified 
round brilliant identified as pink 
pyrope garnet. Courtesy of Bill 
Vance. 


Pink Pyrope GARNET 


The Carlsbad laboratory received a 
7.26 ct pink modified round brilliant 
(figure 3) for a colored stone identifi- 
cation report. Standard gemological 
testing revealed that the stone was 
singly refractive with a refractive 
index (RI) of 1.741 and a hydrostatic 
specific gravity (SG) of 3.77, properties 
consistent with garnet. Internally the 
stone was quite clean, with microsco- 
pic examination revealing scattered 
short needles. 

The garnet group is composed of 
more than 20 species, all of them 
sharing the basic chemical formula 
X;Y,(SiO,);,. Five of these species are 
common within the jewelry indus- 
try: almandine, andradite, grossular, 
pyrope, and spessartine. Andradite 
and grossular are ugrandite garnets; 
they have calcium in the X site of 
their chemical formula. Almandine, 
pyrope, and spessartine are all pyral- 
spite garnets containing aluminum 
in the Y site. Isomorphous replace- 
ment, in which one chemical ele- 
ment substitutes for another in a 
mineral’s crystal structure, makes it 
possible for garnets to be a chemical 
mixture of two or more garnet 
species. GIA gemologists use a gar- 
net’s gemological properties and 
chemistry to categorize the stone 
into its particular species. 


Las Notes 


Chemical analysis revealed that 
the 7.26 ct stone was a pyralspite gar- 
net due to the high aluminum con- 
centration (values expressed in wt.%: 
MgO 18.50%, Al,O; 23.05%, SiO, 
41.32%, CaO 1.89%, TiO, 0.05%, 
V,O; 0.02%, Cr,0; 0.04%, MnO 
11.93%, Fe,O; 3.17%). The composi- 
tion of this garnet and its gemological 
properties were consistent with py- 
rope, which has an RI of 1.73-1.75, an 
SG of 3.78 (+0.009/-0.016), and mag- 
nesium dominating the X site and 
minor amounts of manganese and 
iron. Pyrope garnet, though, has a color 
range of red to reddish orange and col- 
orless. Pink pyrope garnet is incredibly 
rare, especially in stones of this size. 

Pyrope-spessartine can have a 
bodycolor similar to pyrope but has 
an RI range of 1.75 to over the limit 
and an SG of 3.78, both higher than 
the values documented for this pink 
garnet. The fact that garnet can be a 
mixture of species can make the iden- 
tification of these stones challenging. 
This example is an important re- 
minder to carefully analyze a garnet’s 
gemological properties to accurately 
identify it and how the laboratory can 
use chemical analyses as validation. 


Nicole Ahline 


Libyan Desert GLASS Bangle 
Bracelet 


Libyan Desert glass is a light green or 
yellow natural glass which is com- 
posed of almost 98% silica. It is a type 
of tektite formed by meteorite impact 
in the desert and the fast quenching of 
the silica-rich melt produced. It was 
first reported by Clayton and Spencer 
in 1934 (F. Fréhlich et al., “Libyan De- 
sert Glass: New field and Fourier trans- 
form infrared data,” Meteoritics and 
Planetary Science, Vol. 48, No. 12, 
2013, pp. 2517-2530) and is found in 
Egypt’s Western Desert. Common in- 
clusions are bubbles, cristobalite, dark 
brown streaks, and black iron oxides 
(J.A. Barrat et al., “Geochemistry and 
origin of Libyan Desert glasses,” Geo- 
chimica et Cosmochimica Acta, Vol. 
61, No. 9, 1997, pp. 1953-1959). 
Recently, GIA’s Hong Kong labo- 
ratory examined a transparent light 
yellow bangle bracelet measuring 
66.12 x 13.10 mm and weighing 
144.67 ct (figure 4). It had a spot re- 
fractive index of 1.44 and revealed 
weak yellow fluorescence in short- 
wave UV. The chemical composition, 
determined by qualitative analysis 
using energy-dispersive X-ray fluores- 
cence, was nearly pure silica with 


Figure 4. A 144.67 ct Libyan Desert glass bangle measuring 66.12 x 


13.10 mm, 
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® The spectrograph and spectrometer 
table, Mr. Webster's Endoscope and wall! 


points and controls for the arc. 


strings and for counting them, a binocular 
microscope that is handy for any special 
examinations. In one corner of the room is 
set up the equipment for absorption spectro- 
scopy — a 500 watt projection lamp, micro- 
scope, with spectroscopes of all types in a 
handy drawer. A flask of water to condense 
the light and to act as a heat filter and 
similar flasks containing copper sulphate 
solutions for use in conjunction with spec- 
trum filters for “crossed filter” experiments 
are also provided. The opposite corner holds 
the table supplied with gas points for bun- 
sen and meker burners for any chemical 
experiments requiring heat. 


©@ The set-up for absorption spectroscopy 
and crossed filter observations. 


In the furthest rear room, nearly as large 
as the front room, the back wall is the 
bastians of the Roman Catholic Church of 
St. Ethreldreda’s in Ely Place, whose founda- 
tions are said to be Roman in origin. In this 
room are housed the X-ray and electrical 
equipment. These consist of the main X-ray 
set (described in GEMS & GEMOLOGY, 
Spring, 1950), and the smal! Philips “Meta- 
lix’” portable set, which was in reserve and 
rarely used in the old laboratory. This is 
now set up permanently and is available 
for immediate operation. 


® The two X-ray machines. 


The Abbe-Pulfrich refractometer with 
sodium discharge lamp are housed in a 


® The Abbe-Pulfrich 
sodium lamp. 


refractometer and 


suitable recess in this room, as are the long 
and short wave ultraviolet light sources. 
Arranged down the middle of the room at 
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Figure 5. Various shapes of gas 
bubbles were dispersed individ- 
ually and in clusters in the Lib- 
yan Desert glass bangle. The row 
of gas bubbles in this image re- 
sembles peas in a pod. Field of 
view 2.40 mm. 


minor amounts of iron, strontium, 
potassium, titanium, and zirconium. 

Based on the differences in molec- 
ular vibrations detected with Fourier- 
transform infrared (FTIR) analysis, it 
was determined that the molecular 
structure of Libyan Desert glass is sig- 
nificantly different from that of other 
pure silica glasses. It has a higher ratio 
of discontinuities and defects in the 
tetrahedral (SiO,) network (F. Frohlich 
et al., 2013). Microscopic observation 
revealed common inclusions in glass 
such as numerous gas bubbles (figure 
5) and flow structure. This bangle also 
presented abundant white spherulites 
identified by Raman spectroscopy as 
cristobalite (a polymorph of silica). 
These spherulites were small and in- 
dividually dispersed throughout the 
glass (figure 6). The presence of this 


Figure 6. White spherulites in the 
bangle were identified as cristo- 
balite by Raman analysis. Field 
of view 5.98 mm. 
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high-temperature low-pressure silica 
phase indicates a natural high-tem- 
perature formation. From all the gem- 
ological, FTIR, and Raman data 
collected, this bangle was identified as 
Libyan Desert glass. 

Most Libyan Desert glass is tubu- 
lar in shape, and some are approx- 
imately spherical or rod-like (R.A. 
Weeks et al., “Libyan Desert glass: A 
review,” Journal of Non-Crystalline 
Solids, Vol. 67, No. 1-3, 1984, pp. 593- 
619). Those fragments are usually 2 to 
63 mm in size, so it is surprising to 
examine this material in the form of 
a bangle bracelet. 


Ching Yin Sin 


PEARLS 


“Atypical Beads”: Variations of Two 
Types of Nuclei 

Atypical bead cultured pearls (aBCP) 
are occasionally encountered during 
laboratory testing. The nuclei used 
can take the form of various un- 
drilled, partially drilled, or even 
drilled materials including natural 
pearls (abalone, scallop, turban 
species, Pteria species, and Pinna 
species), freshwater non-bead cul- 
tured pearls, coral, plastic, small 
shells, faceted sapphire beads of var- 
ious colors, glass, quartz, and agate 
(“Atypical ‘beading’ in the production 


of cultured pearls from Australian 
Pinctada maxima,” GIA Research 
News, February 13, 2017). Four 
aBCPs (figure 7) were recently discov- 
ered in a group of 50 loose pearls sub- 
mitted to GIA’s Mumbai laboratory. 

Externally, the four white to light 
cream-colored aBCPs looked similar 
to the other pearls submitted in the 
lot. When viewed under 40x magnifi- 
cation, their surfaces exhibited a typi- 
cal nacreous surface of overlapping 
aragonite platelets. Energy-dispersive 
X-ray fluorescence spectrometry on 
all four revealed manganese levels be- 
tween 13.30 ppm and 45.60 ppm and 
strontium levels between 1064 ppm 
and 1822 ppm, characteristic of a salt- 
water environment. Interestingly, op- 
tical X-ray fluorescence (XRF) of pearl 
1 revealed a strong yellowish green re- 
action, while pearls 2, 3, and 4 were 
inert. The ultraviolet/visible reflec- 
tance spectra collected on the four 
pearls showed weak absorption fea- 
tures at around 320-420 nm. Raman 
analysis using 514 nm laser excitation 
showed the expected doublet at 
702/705 cm" and peak at 1085 cnr", 
indicative of aragonite. 

Real-time microradiography (RTX) 
and X-ray computed microtomography 
(u-CT) analysis revealed a variety of in- 
ternal structures that required interpre- 
tation. RTX imaging of pearl 1 showed 
a thin irregular demarcation close to 


Figure 7. Four loose atypical bead cultured pearls weighing 3.30 to 8.53 ct. 
Pearls 1-4 are shown from left to right. 
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Sample 
details 


Surface image 


Pearl 1 
Button 
5.50 ct 


Pearl 2 
Drop 
3.30 ct 


Pearl 3 
Oval 
6.53-ct 


Pearl 4 
Button 
5.87 ct 


RTX image 


y-CT image 


Figure 8. Surface appearance and internal structures of the four atypical bead cultured pearls. Fields of view 2 mm, 
0.6 mm, 2.86 mm, and 16.3 mm. 


the surface which was not continuous. 
On viewing the p-CT, the demarcation 
was more discernible and followed the 
irregular outline of the pearl (figure 8, 
row 1). An irregularly shaped fresh- 
water shell bead was clearly used as the 
nucleus, hence the strong yellowish 
green reaction observed in the optical 
X-ray fluorescence unit (figure 9, left). 
Under transmitted light, banding 
within the bead nucleus was also ob- 
served (figure 9, right); externally, the 
pearl had notable indentations on its 
surface. 

Pearl 2 hosted the most interesting 
nucleus of the four. A rectangular “tis- 
sue-box” shaped bead, likely a piece of 
cut saltwater shell given the almost 
identical radio-opacity to that of its 
host, was evident in the RTX and p- 
CT images (figure 8, row 2) (Fall 2022 
Gem News International, pp. 378- 
380). Externally, the pearl was 
smooth, lustrous, and free of any sur- 
face blemishes. 

The RTX and p-CT images of 
pearl 3 revealed an obvious demar- 
cation with a linear structure at the 
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center of the nucleus and a small “or- 
ganic tail-like feature” at one end 
within the boundary separating the 
bead from the overgrown cultured 
nacre (figure 8, row 3). All features 
were consistent with a saltwater non- 
bead cultured pearl being used as the 
bead nuclei. The lack of growth arcs 
around the demarcation was possibly 
due to rapid nacre deposition during 


the culturing process (“Atypical 
‘beading’ in the production of cul- 
tured pearls from Australian Pinctada 
maxima,” GIA Research News, Feb- 
ruary 13, 2017). This pearl exhibited 
distinct surface scratches that were 
visible without magnification. 

Pearl 4 also showed a strong de- 
marcation feature on the RTX and p- 
CT images. However, the central area 


Figure 9. Left: Pearl 1 revealed a strong yellowish green reaction under 
optical X-ray fluorescence. Right: Undulating shell banding visible 

within the sample’s shell bead nucleus using transmitted light; field of 
view 6.75 mm. 
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Figure 10. A group of 12 pearls ranging from 7.38 x 6.49 x 6.05 mm to 10.61 x 9.05 x 8.05 mm and weighing 44.37 
carats total. 


differed from the other three pearls, as 
it showed a void-like feature in the 
middle (figure 8, row 4). The bead nu- 
cleus used in the process was most 
likely a saltwater non-bead cultured 
pearl based on the fact that the pearl 
was inert to XRF, in keeping with 
pearl 3, despite the relatively thin 
nacre layers that would allow a fresh- 
water bead to react. The pearl was 
also unusual because it possessed 
three nearly flat “bases” with concave 
features at the center of each. This 
raised questions about its identity 
even before X-ray examination, since 
the authors have rarely observed nat- 
ural pearls with such features. 

This is not the first time GIA has 
encountered aBCPs, but to receive 
four with variations on two types of 
nuclei—atypical shell (not typical 
round shell beads) and non-bead cul- 
tured pearls—in one lot was very in- 
teresting. This proves that such pearls 
are still circulating in the market and 
are being mixed with natural goods in 
an attempt at deception (Fall 2011 Lab 
Notes, pp. 229-230). Given the spec- 
tral data collected (S. Karampelas, 
“Spectral characteristics of natural- 
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color saltwater cultured pearls from 
Pinctada maxima,” Fall 2012 GWG, 
pp. 193-197) and the pearls’ internal 
structures and external appearance (A. 
Homkrajae et al., “Internal structures 
of known Pinctada maxima pearls: 
Cultured pearls from operated marine 
mollusks,” Fall 2021 GwG, pp. 186- 
205), it is apparent that all four of 
them formed within Pinctada species 
mollusks, most likely Pinctada max- 
ima. Atypical bead cultured pearls 
have always been an interesting and 
sometimes challenging subject. With 
modern equipment and practical pearl 
testing experience, laboratories such 
as GIA aim to remain one step ahead 
of the possible experiments used by 
cultivators. 


Rajesh S. Patel, Abeer Al-Alawi, 
Lubna Sahani, and Nicholas Sturman 


Treated Freshwater Non-Bead 
Cultured Pearls with an Antique 
Appearance 

GIA’s Mumbai laboratory recently re- 
ceived for identification a group of 
nine drilled and three undrilled pearls 
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weighing 44.37 carats total and rang- 
ing in size from 7.38 x 6.49 x 6.05 
mm to 10.61 x 9.05 x 8.05 mm. The 
nine drilled pearls appeared to be old, 
while the three undrilled pearls 
looked whiter and much newer over- 
all (figure 10). The shape of the sam- 
ples varied, and the nine drilled pearls 
possessed a notable “aged” yellow 
coloration, which was also evident on 
some areas of the three undrilled 
whiter pearls. 

The older-looking pearls possessed 
a dull luster, but the nacre condition 
was good. Microscopic examination 
at 70x magnification soon revealed 
that the color was concentrated on 
the outer layers and within surface- 
reaching features, proving that the 
color was not natural and a treatment 
had been used to alter their appear- 
ance (Summer 2017 Gem News Inter- 
national, pp. 255-256). 

Although the color of pearls can 
change over time due to various 
causes (e.g., care factors such as stor- 
age conditions and contact with 
chemicals}, these changes tend to be 
very gradual and develop over many 
years. This is partly due to their bio- 
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Figure 11. Two of the samples showing uneven surface coloration and 
color concentrations around the large drill holes. The worked surfaces 
around the drill holes are also clearly visible. Field of view 6.00 mm. 


genic composition, which mainly 
consists of calcium carbonate with 
traces of organic substances, residual 
substances, and water. Dry environ- 
ments are generally not advisable as 
they may result in surface alterations 
and, in rare cases, weight loss. The 
color can also change over time 
through wear and tear and the accu- 
mulation of external contaminants, 
so further analysis was required to 
prove whether these pearls naturally 
discolored over time or were treated 
to look antique, thereby inflating 
their value (M.S. Krzemnicki, “Fake 
historic provenance: ‘Aged’ cultured 
pearls,” Facette, No. 25, 2019, p. 28). 

Visually, it was readily apparent 
that the drill holes were very large in 
relation to the size of the pearls. 
When viewed with a 10x lens or 
under a gemological microscope at 
70x, color concentrations were ob- 


Figure 12. An area of underlying 
white color below the treated sur- 
face of one of the samples. Field 
of view 5.00 mm. 
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served around the drill holes of all 
nine drilled pearls. The surfaces were 
also heavily worked around the drill 
holes and did not resemble the wear 
and tear that might be expected on 
antique pearls. The surfaces of the 
nine drilled samples (2-4 and 7-12) 
were also slightly etched, indicating 
possible exposure to a mild acidic so- 
lution to create an “aging” effect. 


Strikingly, the color was not typical 
of natural-color pearls (Summer 2017 
Gem News International, pp. 255- 
256) and appeared to be restricted to 
the surface and around the drill holes 
(figure 11). Areas on some pearls also 
revealed the original underlying 
white color, further proof of treat- 
ment (figure 12). 

Next, we needed to determine 
whether the pearls originated from a 
saltwater or freshwater environment, 
and whether they were natural or cul- 
tured. Real-time microradiography re- 
vealed small central twisting 
void-like features surrounded by fine 
growth lines typical of freshwater 
non-bead cultured pearls (figure 13), 
consistent with those produced by 
Chinese farms (K. Scarratt et al., 
“Characteristics of nuclei in Chinese 
freshwater cultured pearls,” Spring 
2000 GwG, pp. 98-109). The fresh- 
water origin was confirmed when the 
pearls fluoresced a strong yellowish 
green color upon exposure to X-ray 
fluorescence, and further substanti- 


Figure 13. The internal structures of four of the pearls showed twisted 
void-like features surrounded by fine growth arcs characteristic of non- 
bead cultured freshwater pearls. The two wide vertical gray features seen 


in pearls 3 and 4 are the drill holes. 
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ated by manganese values ranging 
from 500 to 1700 ppm and strontium 
values from 800 to 1000 ppm, ob- 
tained by energy-dispersive X-ray flu- 
orescence spectroscopy. 

Since Raman spectroscopy is also a 
valuable analytical tool for differenti- 
ating natural versus treated color in 
pearls, 514 nm ion-argon laser excita- 
tion was used on the surfaces. The re- 
sults revealed a doublet at 702 and 705 
cm, as well as a peak at 1085 cm" in- 
dicative of aragonite, which is seen in 
the majority of pearls. High back- 
ground fluorescence, often characteris- 
tic of treated-color pearls, was also 
noted in the drilled pearls. The photo- 
luminescence spectra obtained dis- 
played high fluorescence more typical 
of treated pearls, as well as the ex- 
pected aragonite peaks. Other than the 
suspiciously high fluorescence, no 
other peaks characteristic of dyeing 
were observed. 

All observations and results indi- 
cated that the nine drilled pearls had 
been treated to make them look an- 
tique. Pearls 1, 5, and 6 were predomi- 
nantly white and showed only 
minimal evidence of any artificial 
aging attempts. These three showed a 
reaction to long-wave UV fluorescence 
more indicative of routine processing 
carried out on freshwater pearls. We 
concluded that these freshwater non- 
bead cultured pearls were also treated 
to make them appear aged. Hence, the 
report stated that these were fresh- 
water non-bead cultured pearls from 
the Unionidae family and that pearls 
2-4 and 7-12 had been color modified. 
Since the majority of the surfaces of 
pearls 1, 5, and 6 remained white and 
only showed insignificant areas of dis- 
coloration, the modified color descrip- 
tion was not applied. 


Andrew Aron, Abeer Al-Alawi, and 
Nicholas Sturman 


Heart-Shaped Golden South Sea 
Cultured Pearl 

The heart shape has been a world- 
wide symbol of love and romance for 
centuries. GIA’s New York laboratory 
recently received a golden-colored 
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Figure 14. A heart-shaped golden 
South Sea pearl pendant measur- 
ing 17.78 x 11.65 x 9.07 mm and 
weighing 1.93 g (including the 
18K yellow metal findings). 


heart-shaped pearl pendant that drew 
our attention. The pearl was re- 
portedly produced in the Philippines, 
which is a major source of golden 
South Sea cultured pearls. Upon rou- 
tine gemological and advanced in- 
strumental examination—including 
microradiography, ultraviolet/visible 
spectroscopy, manganese and stron- 
tium contents from energy-dispersive 
X-ray fluorescence, and reaction to 
long-wave UV—we concluded that it 
was an atypical bead cultured pearl 
from the Pinctada maxima species, 
commonly known in the trade as a 
South Sea cultured pearl (figure 14), 
and its heart shape and golden color 
were entirely natural. 


Unlike the traditional bead cul- 
tured pearls typically nucleated with 
spherical shell bead nuclei, a heart- 
shaped bead nucleus was used in this 
pearl to achieve its unique shape. 
Hence, it was described as an “atypi- 
cal bead” cultured pearl (aBCP) ac- 
cording to GIA’s pearl identification 
terminology. Real-time microradiog- 
raphy (RTX) and X-ray computed mi- 
crotomography (CT) clearly revealed 
the internal structure of a heart- 
shaped bead nucleus (figure 15). The 
nacre coverage, averaging 0.80 mm 
thick, was evenly distributed all 
around the nucleus, demonstrating 
that the heart shape of the pearl was 
consistent with the shape of the nu- 
cleus. Magnification revealed no signs 
of surface working or treatment, sug- 
gesting the pearl was in its original 
form after harvest. It displayed a 
strong orangy yellow color that is 
highly sought after among South Sea 
pearls. Ultraviolet/visible reflectance 
and photoluminescence spectroscopy 
further confirmed its natural color 
origin (C. Zhou et al., “Update on the 
identification of dye treatment in yel- 
low or ‘golden’ cultured pearls,” 
Winter 2012 GwG, pp. 284-291). 

Although this was not the first 
time a heart-shaped pearl has been ex- 
amined in the lab, it is very rare to see 
a whole pearl with such a perfect non- 
round cultured shape. Previous sub- 
missions have either been identified 
as mabe pearls (assembled cultured 
blisters) or have had poorly defined 
heart shapes. Mabe pearls are not con- 


Figure 15. X-ray images from RTX (left) and CT (right) show the demar- 
cation of a heart-shaped bead nucleus with an average nacre thickness of 
0.80 mm. 
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sidered whole pearls and often possess 
a thin nacre dome top (Fall 2021 Gem 
News International, pp. 277-279). 
Due to the thin nacre, their shape is 
easier to control. Therefore, fancy- 
shaped nuclei are commonly used in 
mabe pearls. 

Many atypical bead cultured pearls 
have been studied and examined over 
the years at GIA (“Atypical ‘beading’ 
in the production of cultured pearls 
from Australian Pinctada maxima,” 
GIA Research News, February 13, 
2017; Fall 2022 Gem News Inter- 
national, pp. 378-380). However, the 
majority of the end products are very 
different from the original shape of the 
nuclei. This remarkable use of an 
atypical bead nucleus to achieve a per- 
fect shape in a cultured pearl suggests 
recent improvements in pearl cultur- 
ing techniques. 


Joyce Wing Yan Ho and 
Emiko Yazawa 


A Gastropod Shell in a Unique 
Shell Blister 


Natural blister pearls and natural 
shell blisters have long been a subject 
of debate for gemologists and can be 
very challenging to definitively iden- 
tify (see G#G Lab Notes from Fall 
1992, Spring 1995, Winter 1996, 
Winter 2015, Summer 2016, and 
Spring 2018). According to the World 
Jewellery Confederation (CIBJO), a 
natural blister pearl forms when a 
natural pearl detaches itself from the 
pearl sac and attaches to the inner 
wall of the shell, while a natural shell 
blister is an internal protuberance 
that forms on a shell’s inner surface. 
It is usually caused by a foreign object 
accidentally finding its way into the 
space between the mantle and shell 
surface. 

GIA’s Mumbai laboratory recently 
examined an interesting dark greenish 
brown baroque-shaped blister at- 
tached to a portion of shell weighing 
2.60 g (13.00 ct) total and measuring 
approximately 25.54 x 18.11 x 7.79 
mm (figure 16). 

Examination under 40x magnifi- 
cation revealed a graduated hexagonal 
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Figure 16. The natural shell blister attached to a portion of the shell on 
which it formed, weighing 2.60 g (13.00 ct) total and measuring 25.54 x 


18.11 x 7.79 mm. 


structure on the shell base (figure 17, 
A and B). The shell was cut and 
worked around the edges, and growth 
layers were visible when the cut sur- 
faces were examined. Exposure to X- 
ray fluorescence yielded no reaction 
for the shell blister. Energy-dispersive 


X-ray fluorescence spectrometry on 
two areas (top and base} revealed man- 
ganese levels below the detection 
limit, and strontium levels of 1470 
ppm (top) and 2431 ppm (base) were 
consistent with those expected for 
saltwater pearls. 


Figure 17. Photomicrographs show graduated cellular structures from the 
natural shell blister examined in the Mumbai laboratory (A and B; fields 
of view 4mm and 3 mm, respectively) compared to those from a known 
Pinnidae shell from GIA’s Bangkok laboratory (C and D; fields of view 4 


mm and 3 mm, respectively). 
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Figure 18. Top row, left to right: RTX images of the face, the right side, and the length or thickest direction re- 

veal a prominent gastropod shell measuring approximately 8.30 x 5.75 mm within the shell blister. Bottom row: 
u-CT images show the structures for the same three directions and provide even clearer details of the entombed 
gastropod. 


Real-time microradiography (RTX), 
shown in the top row of figure 18, re- 
vealed a pleasant surprise. An obvious 
and intriguing gastropod shell was 
hidden beneath the overlying layers, 
which resulted in further study using 
X-ray computed microtomography (y- 
CT) (figure 18, bottom row). The mi- 
nute details of a unique marine 
gastropod exoskeleton measuring ap- 
proximately 8.30 x 5.75 mm were ob- 
served within a void feature, and the 
overlying growth layers on the face 
side (the surface that grew within the 
mollusk it formed in) revealed mini- 
mal growth arcs. Marine gastropods 
are known to vary in size, and the 
class consists of many thousands of 
species (A. Nutzel., “Larval ecology 
and morphology in fossil gastropods,” 
Paleontology, Vol. 57, No. 3, 2014, pp. 
479-503). These observations pro- 
vided enough evidence to make a 
clear distinction between a shell 
blister, such as this sample, and a 
shell blister pearl (“Natural shell 
blisters and blister pearls: What’s the 
difference?” GIA Research News, Au- 
gust 26, 2019). 
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The ultraviolet/visible reflectance 
spectra showed a prominent feature at 
around 450 nm and weaker features at 
320, 330, 450, and 460 nm proving 
that the sample’s color was natural 
and lacked any treatment. Raman 
analysis using 514 nm laser excitation 
showed a series of peaks at 158, 186, 
204, and 213 cm; a weak peak at 280 
cm; a doublet peak around 701-704 
cm-|; and a strong peak at 1085 cm. 
These were indicative of aragonite. 
The photoluminescence spectra were 
also consistent with the Raman and 
displayed high fluorescence and arag- 
onite-related peaks. These results 
were unexpected given the cellular- 
looking structure observed through 
the microscope, as this type of struc- 
ture usually results in Raman spectra 
indicative of calcite. 

While the lustrous dark color and 
the cellular-looking structure indi- 
cated the host shell was likely a 
species from the Pinnidae family, it 
was not clear given the spectral data 
collected (N. Sturman et al., “Observa- 
tions on pearls reportedly from the 
Pinnidae family (pen pearls),” Fall 2014 
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G&G, pp. 202-215). When the surface 
structures were compared to photo- 
micrographs of known Pinna species 
shell from GIA’s Bangkok laboratory 
(figure 17, C and D), the results showed 
some similarity. However, Raman 
spectra indicative of calcite were ob- 
tained for the Bangkok research collec- 
tion samples, which differed from the 
sample studied here. The Atrina vex- 
illum species may have been respon- 
sible for producing the natural shell 
blister, and this would explain the 
aragonite-related Raman peaks since 
this mollusk is known to produce 
pearls with an aragonitic structure. 
However, since Atrina species pearls 
are often nacreous when aragonite is 
present and the sample in question 
was non-nacreous, the contradicting 
data still leaves some doubt as to the 
true identity of the host. Nevertheless, 
this example of a shell blister encom- 
passing a gastropod shell represents a 
noteworthy phenomenon of nature 
that is rarely encountered. 


Jayesh Surve, Abeer Al-Alawi, and 
Nicholas Sturman 
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Figure 19. A large cavity partially filled with synthetic overgrowth on the pavilion of a heated Burmese ruby in 
darkfield lighting (left) and reflected lighting (right). Field of view 7.19 mm. 


RUBY with Interesting Synthetic 
Overgrowth 
The Carlsbad laboratory received a 
3.02 ct ruby for a colored stone iden- 
tification and origin report. Standard 
gemological testing was consistent 
with ruby: a hydrostatic specific 
gravity of 3.96 and a ruby spectrum 
in a handheld spectroscope. Inter- 
nally, the stone displayed white 
flakes in a hexagonal formation and 
roiled graining. Partially healed fis- 
sures with residue, which result 
from heating in the presence of a 
flux, were also documented. The in- 
clusion scene, along with the stone’s 
trace element chemistry collected 
using laser ablation—inductively 
coupled plasma—mass spectrometry 
(LA-ICP-MS), were consistent with 
Burmese ruby. This ruby was not 
treated by beryllium diffusion, as no 
beryllium was detected by LA-ICP- 
MS. The curious feature of this 
stone was a large cavity on the pa- 
vilion that was partially filled with 
synthetic overgrowth that was ob- 
served in the microscope (figure 19). 
Synthetic overgrowth can be a by- 
product of heating a piece of corun- 
dum at high temperatures, with or 
without the presence of a flux. This 
creates an environment in the crucible 
that allows for the partial dissolution 
of corundum and can result in syn- 
thetic corundum overgrowth on the 
surface and in cavities of the heated 
stone. Synthetic overgrowth is typi- 
cally an aggregated structure of hexa- 
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gonally shaped, platy crystals (Fall 
2002 GwG Lab Notes, pp. 255-256). 
When viewed in reflective lighting, 
there is no luster difference between 
the host corundum and the synthetic 
overgrowth, as the two materials have 
the same refractive index. The gaps 
that could be observed between the 
crystals in this stone showed how 
they grew in different orientations. 
Synthetic overgrowth is common 
enough that it should always be 
looked for in corundum that has un- 
dergone high-temperature heat treat- 
ment. There are cases where 
synthetic overgrowth can be observed 


using polarized light, but careful anal- 
ysis is required because the over- 
growth can completely fill cavities 
and be inconspicuous. 


Nicole Ahline 


Exceptionally Large 
SYNTHETIC RUTILE 


The Carlsbad laboratory received three 
light yellow modified round brilliants 
weighing 11.13, 11.91, and 110.18 ct 
(figure 20) for identification reports. 
Standard gemological testing revealed 
the stones to be synthetic rutile based 


Figure 20. Three large synthetic rutile brilliants weighing 11.13, 110.18, 
and 11.91 ct. Courtesy of Arya Akhavan. 
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Figure 21. UV-Vis-NIR absorption spectra comparing the 110.18 ct and 
11.13 ct synthetic rutile studied, here demonstrating the effect of alumi- 
num doping in the smaller stone to produce a nearly colorless appearance. 


on over-the-limit refractive index 
readings and extreme fire and dou- 
bling, an identification that was sup- 
ported by Raman spectroscopy. 

Of particular note was the aston- 
ishing size of these stones. The 110.18 
ct synthetic rutile is the largest en- 
countered in the GIA laboratory. Even 
the smaller 11.13 ct and 11.91 ct 
stones are much larger than normal 
for this material, which is usually 
seen in sizes up to several carats. The 
owner of the stones indicated that the 
manufacturer had to modify their fur- 


nace to accommodate growth of the 
110.18 ct crystal. Also notable were 
the novel facet pattern and precision 
cutting usually only seen in the high- 
end collector market. 

Interestingly, the two smaller 
stones had a much lighter yellow 
color than the 110.18 ct stone, which 
was notable even considering the 
shorter light path length through the 
smaller stones. Chemical analysis 
using laser ablation—inductively cou- 
pled plasma-mass_ spectrometry 
showed a higher concentration of alu- 
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minum in these two samples (~80 
ppm Al compared to ~3 ppm). The 
difference in color was also demon- 
strated in the ultraviolet/visible/near- 
infrared absorption spectra (figure 2.1). 
This finding aligns with the practice 
of growing rutile doped with small 
amounts of aluminum to bring the 
appearance of the material closer to 
nearly colorless (C-H. Moore, “Rutile 
boule and method of making the 
same,” U.S. Patent 2,715,070, issued 
August 9, 1955). Additionally, the 
owner indicated that the two smaller 
rutile crystals were grown by Na- 
tional Lead Co. between 1961 and 
1964, while the larger stone is from a 
modern producer. 


Aaron Palke 
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METHODS AND CHALLENGES OF ESTABLISHING THE GEOGRAPHIC ORIGIN OF 
DIAMONDS 


FALL 2022 
Evan M. Smith, Karen V. Smit, and Steven B. Shirey 


Evan Smith is a senior research scientist at GIA in New York. His primary research focuses on 
the geology of gemstones and serves to highlight diamonds as some of the most scientifically 
valuable materials on Earth. Dr. Smith holds bachelor’s and master’s degrees in geological engi- 
neering from Queen’s University and a PhD in geology from the University of British Columbia. 
Karen Smit has been conducting research on the origin of natural diamonds and studying dia- 
monds from mines worldwide for 15 years, publishing much of her work in scientific journals. 
She holds a PhD in geology from the University of Alberta and a master’s in geochemistry from 
the University of Cape Town. Formerly a research scientist at GIA in New York, Dr. Smit is cur- 
rently a senior lecturer in isotope geochemistry at the University of the Witwatersrand in 
Johannesburg. Steven Shirey is a senior staff member in the Earth and Planets Laboratory of the 
Carnegie Institution for Science. Dr. Shirey’s main interests include diamonds as the deepest 
probe of plate tectonics, the igneous evolution of the earth, and the emergence of the continents. 
He holds a PhD from the State University of New York at Stony Brook and is a fellow of the 
American Geophysical Union, the Geochemical Society, the Geological Society of America, and 
the Mineralogical Society of America (of which he is a former president). 


Weeond Place 


GEMS ON CANVAS: PIGMENTS HISTORICALLY SOURCED FROM GEM MATERIALS 


FALL 2022 
Britni LeCroy 


Karen Smit Steven Shirey 


Britni LeCroy is a staff gemologist at GIA in Carlsbad, California. She obtained a bachelor’s 
degree in geoscience from the University of Texas at Dallas before receiving gemology diplomas 
from GIA and the Gemological Association of Great Britain. A frequent contributor to G&G, her 
areas of interest include pearls, organic gem materials, and historical gemology. 


Wind Place 


A CANARY IN THE RuBY MINE: LOW-TEMPERATURE HEAT TREATMENT EXPERIMENTS ON 
BURMESE RUBY 


WINTER 2022 
E. Billie Hughes and Wim Vertriest 


-“ 


Britni LeCroy 


E. Billie Hughes is a gemologist and cofounder of Lotus Gemology in Bangkok. An award-winning 
photomicrographer and sought-after lecturer, she has delivered talks on gemology around the 
world. She is a graduate of the University of California, Los Angeles. Wim Vertriest is manager of 
field gemology at GIA in Bangkok, where he curates GIA’s colored stone reference collection. He 
obtained a master’s degree in geology (geodynamics and geofluids) from KU Leuven in Belgium. 


E. Billie Hughes Wim Vertriest 


Many thanks to the members of G&G’s Editorial Review Board for voting this year. 
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@ Chemical reagents in dark room. 


one end are tables accommodating the quartz 
spectrograph, which can be changed for the 
spectrometer if required, and the necessary 
arcs supplied by metered direct or alternating 
current from convenient plug points. The 
Fulmen electric muffle furnace is also situ- 
ated in this room. 


© Mr. Webster in dark room. 


At the rear of the X-ray machines is a 
commodious dark room which is equipped 
with a convenient bench, a washing sink 
with water supply, and a Kodak dark room 
lamp with interchangeable filters. The dark 
room also houses the cupboard for chemi- 
cal glassware, a table and wall shelves for 
the bottles of chemical reagents. 

The staff are finding the new premises, 
with its more compact arrangement, much 
more convenient to work in and are looking 
forward to many happy years of routine and 
research. 


INCLUSIONS IN A MADAGASCAN 
YELLOW BERYL 
By Robert Webster, F.G.A., 

Recently it has been the writer’s privilege 
to examine a yellow beryl from Madagascar 
which showed inclusions which do not ap- 
pear to be common to other berrls. 

The specimen examined was not a faceted 
stone but a section of a prismatic crystal 
cut and polished so as to show two pairs of 
parallel faces. One pair being at right angles 
to the vertical crystal axis — that is parallel 
to the basal pinacoid, and the other pair at 
right angles to these and thus parallel to the 
vertical axis. The ends of the block were 
formed by the natural prism faces of the 
original crystal; thus producing a trape- 
zoidal outline. 

Probably due to the inclusions, the reflec- 
tions from the polished surfaces showed a 
golden metallic lustre not unlike the golden 
flashes seen in some labradorites. 

Microscopic examination of the internal 


structure revealed a veritable “jardin’’ of 
inclusions of various types. There were seen 


© General picture of the inclusions seen 

in the yellow beryl. (Owing to time taken 

to set up camera, the inner libella had 

disappeared due to heat from the micro- 
scope lamp.) 
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Three-Phase Inclusion in Alexandrite 


Natural gemstones form under very intense conditions that 
allow for a wide range of interesting phenomena and inclu- 
sions to occur within them. Environmental conditions 
within the earth’s crust influence the types and amounts of 
inclusions that occur. Various categories of inclusions, such 
as crystals or structural defects, for example, are widespread 
among almost all gem species. On the other hand, there are 
less frequent types of inclusions that form only under spe- 
cific geological conditions and are found only in certain gem 
species. Although less common, it is possible to observe up 
to three phases of matter within a single inclusion suite. 
At conditions slightly above room temperature (i.e., in 
the well light of a gemological microscope}, the largest 
jagged cavity pictured here contains multiple separate crys- 
tals and a transparent colorless fluid (figure 1). At a tem- 
perature below 31.2°C, the fluid separates into liquid and 
multiple bubbles of carbon dioxide gas are released (figure 
2). Differences in environmental conditions during forma- 
tion influence the amount of static pressure within the 
stone, which explains why some three-phase inclusions are 
visible at room temperature while others are only visible at 
lower temperatures (see J.I. Koivula, “Carbon dioxide fluid 
inclusions as proof of natural-colored corundum,” Fall 1986 
GeG, pp. 152-155). Despite the shape and the relief of the 


About the banner: Acicular inclusions of the blue mineral dumortierite are 
present throughout this quartz crystal from Brazil. Photomicrograph by 
Nathan Rentro; field of view 5.68 mm. 


Gems & GEMOLOGY, VOL. 59, No. 1, pp. 84-91. 
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Figure 1. Top: Negative crystal in an alexandrite contain- 
ing a fluid and crystals at room temperature. Bottom: 
Below 31.2°C, multiple gas bubbles appear. Photo- 
micrographs by Jamie Price; field of view 1.99 mm. 
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Figure 2. Close-up view distinctively pointing out 
the locations of the crystals (blue arrows) and gas 
bubbles (white arrows). Photomicrograph by Jamie 
Price. 


crystals present, the overall appearance of this alexandrite’s 
multiphase inclusion is comparable to the typical jagged 
three-phase inclusions that are distinctive for Colombian 
emerald. 


Jamie Price 
GIA, Carlsbad 


Apatite in Hackmanite 


Hackmanite, Na,A1,Si,O,,(CL,S), is a variety of sodalite no- 
table for its tenebrescence. When kept in darkness, samples 
can fade to pale purple and even gray or translucent to 
opaque white. When exposed to long-wave ultraviolet il- 
lumination, they can display a strong orange fluorescence 


Figure 3. A hackmanite with a faded purple color 
after storage in the dark (left), illuminated with long- 
wave UV light (center), and after removal from a few 
seconds of exposure to the long-wave UV light (right). 
The color has deepened after exposure to UV light. 
Photos by Ronnakorn Manorotkul. 


reaction. After exposure to sunlight or artificial light with 
a UV component, samples can quickly develop a much 
stronger color. One hackmanite sample recently examined 
by the author (figure 3) showed this phenomenon. 
Another hackmanite was submitted that displayed an 
interesting elongated white inclusion (figure 4, left) that was 
identified by micro-Raman as apatite. As we examined the 
sample in the microscope, we tried exposing it to a 6-watt 
long-wave UV light for approximately one second. Almost 
immediately, a change was observed. The hackmanite de- 
veloped a more vibrant purple color that is clearly displayed 
in figure 4 (right). 
E. Billie Hughes 
Lotus Gemology, Bangkok 


Figure 4. Left: In darkfield illumination, a white apatite crystal is visible in the hackmanite. Right: After expo- 
sure to long-wave UV light for approximately one second, a dramatic change can be seen. The overall color of the 
hackmanite is now a more vivid shade of purple. Photomicrographs by E. Billie Hughes; field of view approx- 


imately 5 mm. 
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Inclusions in Chondrodite 


The authors recently examined a 4.63 ct orangy yellow 
pear modified brilliant (figure 5). The gemological proper- 
ties as well as infrared and Raman spectroscopy identified 
the stone as chondrodite. 

Microscopic observation revealed a lively inclusion 
scene with colorless reflective and iridescent platy inclu- 
sions (figure 6). Dark, highly reflective platelets of graphite, 
which can be associated with low-relief colorless crystals 
of various minerals (figure 7), were also confirmed by 
Raman analysis. 


Figure 6. Platy inclusions were observed throughout 
the chondrodite. Photomicrograph by Nathan Renfro; 
field of view 4.11 mm. 


Figure 5. This 4.63 ct 
chondrodite contained 
irregular multiphase 
and reflective irides- 
cent platelets with a 
bright orangy yellow 
color. Photo by Adriana 
Gudino; courtesy of Bill 
Vance. 


Chondrodite, Mg;(SiO,),(E.OH), is a member of the hu- 
mite group. This rare mineral occurs primarily in meta- 
morphosed limestones and dolomites (W.L. Roberts et al., 
Encyclopedia of Minerals, 2nd ed., Van Nostrand Reinhold, 
New York, 1990, p. 170). If contact metamorphism occurs 
in an area with sufficient magnesium, chondrodite and 
other associated magnesium-bearing minerals such as spi- 
nel, phlogopite, and tremolite may form. 

Chondrodite has been found to originate from Tanza- 
nian localities at Mahenge (Winter 2011 Gem News Inter- 


Figure 7. Dark, highly reflective platelets of graphite as 
well as unidentified low-relief colorless inclusions of mul- 
tiple minerals were also observed in the chondrodite. Pho- 
tomicrograph by Nathan Renfro; field of view 0.91 mm. 
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national, p. 316), Sumbawanga (Winter 2007 Gem News 
International, pp. 377-379), and Tanga (B. Clark, “Chon- 
drodite reportedly from Tanga, Tanzania,” Journal of Gem- 
mology, Vol. 34, No. 8, p. 655). It has also been identified 
as an inclusion in a spinel from Mogok, Myanmar (Winter 
2021 GWG Micro-World, p. 383). The gemological proper- 
ties of this stone were consistent with material from Ma- 
henge, but the origin could not be confirmed. 

Chondrodite is an uncommon mineral and even more 
rare as a gemstone. This exceptional example of a bright 
orangy yellow color, faceted by Bill Vance of Vance Gems, 
showcases the types of inclusions that can be found in this 
gemstone. 


Kendra Carty and Amy Cooper 
GIA, Carlsbad 


A “Flying Insect” in Diamond 

The authors recently examined a 0.75 ct type IaA Fancy 
Light brownish yellow diamond. This diamond, with a 
clarity grade of I,, contained at least 10 orange inclusions, 
the largest one ~500 pm in its longest dimension. A par- 
tially exposed orange inclusion resembled a flying insect, 


with “flapping wings” and “antennae” caused by fractures 
around the inclusion (figure 8). Raman spectroscopy re- 
vealed the inclusion to be pyrope-almandine-grossular gar- 
net, (Mg,Fe,Ca),A1,(SiO,),, a major constituent mineral of 
eclogite. 

Eclogite and peridotite are the major diamond host 
rocks in the lithospheric mantle. Worldwide, the ratio of 
diamonds with eclogitic mineral inclusions to those with 
peridotitic inclusions is ~1:2 (T. Stachel and J.W. Harris, 
“The origin of cratonic diamonds — constraints from min- 
eral inclusions,” Ore Geology Reviews, Vol. 34, No. 1-2, 
2008, pp. 5-32). 

Although the presence of inclusions generally reduces 
a diamond’s clarity grade, diamonds containing visually 
identifiable mineral inclusions are uncommon. Studies of 
some smaller diamonds (~2 mm) from South Africa and 
Botswana revealed a low abundance of inclusion-bearing 
diamonds (about 1% in a total of one million diamonds ex- 
amined; Stachel and Harris, 2008). For a gem-quality dia- 
mond to contain more than 10 mineral inclusions is 
therefore notable. 


Mei Yan Lai and Taryn Linzmeyer 
GIA, Carlsbad 


Figure 8. This partially exposed orange garnet inclusion with surrounding fractures in a brownish yellow diamond 
resembled a flying insect. Photomicrograph by Mei Yan Lai; field of view 1.58 mm. 
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Starry Night in Diamond 


In astronomy, a star cloud is defined as a group of many 
stars. A diamond recently submitted to GIA’s Surat lab con- 
tained cloud inclusions resembling a starry night (figure 9). 
This diamond was a 0.53 ct D-color natural round brilliant 
with SI, clarity. Fourier-transform infrared absorption spec- 
troscopy indicated a type IaAB diamond with low nitrogen 
content of about 5 ppm. Each of the cloud inclusions had 
apparently randomly placed dendrites. The star field in this 
stone appeared comparable to a diamond described pre- 
viously (Fall 2017 G@G Micro-World, p. 369); however, the 
individual clouds in that diamond resembled crosses of uni- 
form orientation that corresponded with the cube face. 

Photoluminescence (PL) mapping using 455, 532, and 
633 nm excitations was used to determine whether optical 
features could be detected within the cloud inclusions, as 
that analysis method has proven useful with cloud features 
in other diamonds (Fall 2020 Lab Notes, pp. 416-419). Ho- 
wever, the PL maps were inconclusive, as no distinctive 
features were detected within the star-shaped inclusions. 
In deep ultraviolet fluorescence imaging, they appeared to 
be contained within the same growth zone (figure 10). 

The inclusion suite was an interesting collection of 
cloud formations and a delightful discovery in this unusual 
diamond. 


Sally Eaton-Magana and Stephanie Shaw 
GIA, Carlsbad 


Alpesh Vavadiya 
GIA, Surat 


Xenomorphic Garnet in Diamond 


Garnet is a nesosilicate mineral belonging to the cubic 
crystal system. The crystal habit most commonly assumed 
by this mineral is a dodecahedron. A garnet crystal with 
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Figure 9. Rare cloud in- 
clusions were observed 
in a 0.58 ct D-color dia- 
mond. Photomicrograph 
by Nathan Renfro; field 
of view 2.389 mm. 


rare octahedral morphology was recently encountered in 
the form of a xenomorphic inclusion within diamond. 
Xenomorphism is the process by which a growing mineral 
forces a syngenetic mineral inclusion to adopt a crystal 
habit familiar to the host (J.I. Koivula, The MicroWorld of 
Diamonds, Gemworld International, Northbrook, Illinois, 
2000). Xenomorphic crystals may also be referred to as “an- 
hedral” since they lack their own characteristic crystal 
shape in favor of the host’s. However, it should be noted 
that not all anhedral included mineral crystals are xeno- 
morphic. As an octahedron is the most common diamond 
habit, the garnet inclusion grew into this form, complete 
with triangular growth marks visible on one of the octahe- 
dral faces (figure 11). Xenomorphism in diamond can also 
occur with mineral inclusions that do not belong to the 


Figure 10. This deep ultraviolet fluorescence 
DiamondView image shows that the cloud inclusion 
features appear to be contained within a single 
growth zone. Image by Sally Eaton-Magana. 
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cubic crystal system, and these can be forced into other 
diamond habits. For example, a monoclinic crystal of di- 
opside may be forced into a cuboctahedral habit. Xeno- 
morphic crystals are just one of many unique inclusion 
types possible within diamond. 


Britni LeCroy and Virginia Schwartz 
GIA, Carlsbad 


Arrow-Patterned Negative Crystals in Sapphire 


Negative crystals are a common inclusion in corundum 
and often rupture upon exposure to moderate heat treat- 
ment. The author recently analyzed a sapphire containing 
a series of negative crystals arranged in an arrow-like pat- 
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Figure 11. A purplish 
pink xenomorphic oc- 
tahedral garnet crystal 
seen in a diamond. 
Note the trigons on the 
upper right octahedral 
face and stress fractures 
around the intersec- 
tions of the crystal 
faces. Photomicrograph 
by Britni LeCroy; field 
of view 1.26 mm. 


tern (figure 12). Careful examination revealed a partially 
healed fissure intersecting one of the negative crystals, in- 
dicating the stone had been subjected to heat treatment. 

Fortunately, this spectacular pattern of negative crys- 
tals endured the heat treatment process, decorating the in- 
ternal micro-world of this sapphire. 


Piradee Siritheerakul and Tao Shiu Hei 
GIA, Bangkok 


Unusual Solid Inclusions in Flame-Fusion Ruby 


The author recently examined unusual dark red solid in- 
clusions in a flame-fusion laboratory-grown ruby. Standard 
gemological testing yielded a refractive index of 1.760- 


Figure 12. Negative 
crystals arrayed in an 
arrow-like pattern. 
Photomicrograph by 
Suwasan Wongchacree; 
field of view 1.07 mm. 
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Figure 13. Numerous natural-looking dark red solid 
inclusions were observed in a flame-fusion labo- 
ratory-grown ruby. Photomicrograph by Ezgi Kiyak; 
field of view 2.9 mm. 


1.768, a chromium emission line in red using a handheld 
spectroscope, medium red fluorescence under long-wave 
UV, and weak red fluorescence under short-wave UV. 
These properties were consistent with ruby. Microscopic 
examination using brightfield illumination revealed nu- 
merous dark red inclusions (figure 13) that resembled crys- 
tals commonly seen within natural corundum. 

Furthermore, magnification showed characteristic in- 
ternal features of flame-fusion ruby such as curved striae 
and gas bubbles. The strong curved growth lines and nu- 
merous gas bubbles (figure 14) suggested that this was an 
early type of flame-fusion ruby. Although flame-fusion co- 
rundum is widely available in the marketplace, it is un- 
usual to encounter a specimen containing natural-looking 
dark red solid inclusions. These inclusions are possibly un- 
melted alumina powder, and the fact that Raman was un- 
able to identify something other than alumina supports 
this (E.J. Gittbelin and J.I. Koivula, Photoatlas of Inclusions 
in Gemstones, Volume 3, Opinio Publishers, Basel, Switz- 
erland, 2008). 

Identification of the natural or laboratory-grown origin 
of a stone with this type of natural-looking inclusion can 
be difficult. Careful observation is needed to correctly iden- 
tify such a specimen’s origin. 

Ezgi Kiyak 
GIA, New York 


Quarterly Crystal: Columbite(?) in Beryl 


Those in the gem and mineral community can appreciate 
the near-perfection of a beautifully crystallized mineral 
specimen or a well-cut gemstone. But these surfaces are 
only the exterior, covering a complex, multilayered story 
within. These internal contents often remain unknown 
unless we choose to explore below the surface. Somewhat 
like trees and their rings, minerals and gems form as con- 
centric, typically crystallized layers, recording the devel- 
opmental details within each layer through changes in 
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Figure 14. Strong curved growth lines and numerous 
gas bubbles and dark solid inclusions were present in 
the flame-fusion ruby. Photomicrograph by Ezgi 
Kiyak; field of view 2.9 mm. 


temperature, pressure, and chemistry. While some of these 
growth details are submicroscopic and remain hidden dur- 
ing microscopic observation, other features such as min- 
eral inclusions and encapsulated fluids are waiting to be 
discovered. In a very real sense, inclusions and their devel- 
opmental sequencing in their host gems and minerals are 
descriptions of mineralogical genetics. 

Researchers focused specifically on inclusions usually 
cannot outbid serious gem and mineral collectors for crys- 
tals and fashioned gems with interesting internal targets. 
As a result, many such “gems” end up in private collec- 
tions, and their inclusions are rarely, if ever, fully doc- 
umented. This is a tremendous missed opportunity, 
because inclusions contain geological information that 
tells a story about themselves and their host. 

For this issue’s Quarterly Crystal, we recently had the 
opportunity to document a well-formed gem-quality, trans- 
parent, very light greenish blue terminated hexagonal crys- 
tal of aquamarine, with a small amount of light brown 
matrix at the base and a clearly visible inclusion cluster at 
the near center (figure 15). The aquamarine was obtained 
from Muntazir Mehdi of Shad Fine Minerals International 
in Gilgit-Baltistan, Pakistan. The geographic source was re- 
portedly the Kharguluk mine in Baltistan Province. 

At 56.00 ct with corresponding measurements of 26.36 
x 16.09 x 15.02 mm, this aquamarine played host to an 
easily eye-visible tight cluster of randomly arranged dark 
reddish brown to black bladed crystals (figure 16) that re- 
sembled the mineral columbite-(Mn), Mn**Nb,O,, as 
shown by E.J. Gtibelin and J.I. Koivula (Photoatlas of Inclu- 
sions in Gemstones, Volume 2, Opinio Verlag, Basel, Switz- 
erland, 2005, pp. 263, 319). 

Micro-Raman has significantly reduced the time re- 
quired to instrumentally identify many inclusions. Some 
inclusion identifications that once took hours can now be 
made in a matter of minutes using this technique. The 
Raman instrument can also analyze some subsurface in- 
clusions at depths of more than a millimeter in certain fa- 
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Figure 15. Measuring 
26.36 mm in length and 
weighing 56.00 ct, this 
Pakistani aquamarine 
crystal is host to an eye- 
visible 7.20 mm min- 
eral inclusion cluster. 
Photo by Annie Haynes. 


vorable instances, which means inclusions do not needto stone. Due to the value of this inclusion specimen, we 


be exposed to the surface. opted to forgo destructive analysis and keep the beryl crys- 
After several Raman attempts from different directions, __ tal intact for future gemological exploration. 

we realized that destructive analysis would be needed to John I. Koivula and Nathan Renfro 

clearly identify the inclusion cluster deep within this GIA, Carlsbad 


Figure 16. None of the 
analytical techniques at 
our disposal were able 
to conclusively identify 
the mineral making up 
the 7.20 mm inclusion 
cluster. The distinctive 
morphology shown by 
these inclusions 
strongly suggests that 
the cluster is composed 
of columbite-(Mn) crys- 
tals. Photomicrograph 


Pe q ; 
% ’ ey by Nathan Renfro; field 
bi | of view 10.28 mm. 
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issues to find the single best answer for each question. 
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Score 75% or better, and you will receive a certificate of completion (PDF file). Earn a perfect score, and your 
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. Nearly half of the diamonds from 
Guyana 
A. have green spotting or skins. 
B. are found as aggregates. 
C. reach 10 carats in size. 
D. possess D color. 


2. Heating ruby to 600°C may 

A. significantly alter the Raman spectra 
of any spinel inclusions. 

B. cause fissures to begin forming 
around solid inclusions. 

C. affect sphene and apatite inclusions 
the most. 

D. alter the appearance of any mica 
inclusions. 


3. Geographic origin determination of 


diamonds 


A. is reliant upon identification of 
inclusions. 


B. is reliant upon trace element 
analysis. 


G&G CHALLENGE 


C. is reliant upon carbon dating. 
D. is not currently possible. 


4. Only the most important paintings 
were allowed to use this natural 
pigment during its prime. 

A. Ultramarine 
B. Red ochre 
C. Cinnabar 
D. Azurite 


5.Amber from Phu Quoc, Vietnam 
A. is mostly opaque. 
B. is almost exclusively pale yellow in 
color. 


C. commonly contains fauna. 
D. commonly contains gas bubbles 
and spangles. 


6. Schneckenstein topaz 
A. is currently an important commer 
cial gemstone. 
B. likely formed at low temperatures. 
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C. has high levels of trace impurities. 
D. rivals Imperial topaz in color. 


7.The higher the silica content detected 
in turquoise, the more likely 
A. it will command a higher per-carat 
price. 
B. it will have a higher specific gravity. 
C. its bodycolor will be sky blue. 
D. it has been porcelain treated. 


8. Chinese sapphire from Muling 

A. is mostly yellow, green, and blue in 
color. 

B. is always heavily weathered in its 
rough form. 

C. shows remarkable optical homo- 
geneity. 

D. can be blue and yellow bicolor. 


9. Today, the Habachtal emerald mine 
A. produces emeralds similar to those 
from Colombia. 
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B. produces a small amount of min- 
eral specimens and facetable 
rough. 

C. is one of several Austrian emerald 
mines. 

D. is no longer in operation. 


10. Which gem is considered too 
radioactive for daily wear? 
A. Green diamond 
B. Nephrite jade 
C. Ekanite 
D. Amber 


11. A gem bead cultured pearl 

A. is of the highest quality if produced 
using a freshwater “Edison” pearl. 

B. must use a bead with a thermal ex- 
pansion coefficient similar to that 
of nacre. 

C. involves incorporating a diamond 
in a pearl. 

D. is always under 8 mm in diameter. 


12. How do the optical data plots for 
Schneckenstein topaz differ using a 
wavenumber versus a wavelength 
scale? 

A. Wavenumber data is directly pro- 
portional to photon energy. 

B. Wavelength data is directly propor- 
tional to photon energy. 

C. At lower energies, wavelength data 
is compressed. 

D. There is no difference. 


13. What happens to pink spinel after 
heating to 1000°C? 

A. The full width half maximum 
(FWHM) of its R- and N-lines de- 
crease. 

B. Its R-line becomes less dominant 
than its N-lines in a PL spectrum. 

C. The saturation of its pink bodycolor 
decreases significantly. 

D. Its Cr3* ions transition from non- 
ideal to ideal classes. 


14. The red color in plagioclase feldspars 
A. increases in saturation with in- 
creasing Cut concentration. 

B. is only seen in copper-diffused 

material. 
C. cannot be fully explained today. 
D. is due to Cu** in the lattice. 
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15. 


20), 


Geographic origin determination of 

diamonds versus colored stones is 

complicated by the fact that 

diamonds 

A. form in a much less chemically 
diverse environment. 

B. can only contain three possible 
mineral inclusions. 

C. do not contain incompatible ele- 
ments. 

D. have too high a refractive index. 


. “Natural porcelain” turquoise is 


separated from “porcelain-treated” 

turquoise by 

A. infrared and UV-Vis spectroscopy. 

B. infrared, UV-Vis, and Raman spec- 
troscopy. 

C. color, refractive index, and surface 
luster. 

D. specific gravity, silica content, and 
Raman spectroscopy. 


.A possible origin discriminator for 


nephrite may be its 

A. ratio of thorium to uranium. 
B. degree of compactness. 

C. concentration of iron. 

D. depth of green color. 


. Blue sapphires from Muling 


A. are mined exclusively from source 
rocks. 

B. all show angular color zoning. 

C. are not all formed by the same ge- 
ological process. 

D. are clearly metamorphic in origin. 


. Copper diffusion treatment of near- 


colorless plagioclase feldspars 

A. increases the fluorescence intensity 
at around 400 nm. 

B. reduces the concentration of 
Cut-Cu* dimers. 

C. imparts a red color only to 
labradorite. 

D. imparts a red color only to ande- 
sine. 


Why are diamonds from Guyana 

commonly green? 

A. They were damaged by radioactiv- 
ity. 

B. Their color comes from inclusions. 


Gems & GEMOLOGY 


C. They contain high levels of nickel. 
D. They are generally type IIb or Ib. 


21. Low-temperature heat treatment of 
ruby 

A. covers the range of temperatures 
from 600-1500°C. 

B. involves the dissolution of second- 
ary-phase microcrystals. 

C. does not always produce the same 
reactions for inclusions of the same 
type. 

D. reliably produces telltale visual fea- 
tures. 


22. Heat treatment of ekanite to improve 
color 
A. is performed on virtually all com- 
mercially sold material. 
B. results in a green similar to peridot. 
C. has not been successful. 
D. removes yellow tints. 


23. In ancient times, white pigment was 

created by 

A. heating bone in the absence of 
oxygen. 

B. heating bone in the presence of 
oxygen. 

C. heating ivory in a closed crucible. 

D. finely grinding hematite. 


24. Jewelry that incorporates near field 

communication (NFC) microchips 

A. requires the NFC microchip to be 
placed in a Faraday cage. 

B. must be larger to accommodate a 
battery. 

C. can easily be found with an app on 
your smartphone. 

D. cannot be subjected to tempera- 
tures greater than 700°F (370°C). 


25. The emeralds from the coronation 

crown of Napoleon III 

A. came from the Habachtal emerald 
mine. 

B. contain the gota de aceite optical 
effect in many cases. 

C. were all cut specifically for this 
crown. 

D. were clarity enhanced. 


To take the Challenge online, 
please scan the QR code. 
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to be many small cavities which appeared to 
be simple 2-phase inclusions; but the larger 
cavities, of which there were a great num- 
ber, revealed that the contents were more 
complex. These cavities, sometimes straight- 
sided negative crystals, often with the cavity 
edges roughened cither by erosion of the 
faces or by crystalline deposition on their 
inner edges, were found to contain the usual 


© Cavities in the beryl show- 
ing the inner bubble, and 
eroded effect of cavity 


surfaces. 


bubble. However, in many of these bubbles 
there was a smaller bubble inside them, and 
this inner bubble tended to disappear after 
being warmed by the heat of the microscope 
lamp, returning again when the stone cooled. 
This is the effect so elegantly described by 
Sir David Brewster in his letter to Sir Wal- 
ter Scott!. The inner libeila shows quite a 
good relief and gradually decreased in size 


® Cavities in the beryl after 
the heat from the microscope 
lamp had caused the inner 


bubble to disappear. 
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DIAMOND REFLECTIONS 


Editor: Evan M. Smith 


Plastic Deformation: How and Why 
Are Most Diamonds Slightly Distorted? 


Extreme hardness is one of the most well-known physical 
properties of diamond. It is difficult to imagine this same 
material bending or squishing like putty, but many natural 
diamonds have evidence of plastic deformation (figure 1). 
This process is even responsible for creating the value be- 
hind the most expensive diamonds sold at auction to date, 
by both per-carat price and total price. Specifically, the 
11.15 ct Williamson Pink Star that sold for $57.7 million 
and the 59.6 ct Pink Star that sold for $71.2 million owe 
their Fancy Vivid pink colors to plastic deformation. 


Figure 1. A 4.56 ct rough diamond with plastic defor- 
mation lines, highlighted in the sketch on the right. 
Deformation has occurred along a set of parallel inter- 
nal slip planes. The planes appear as thin ridges on 
the diamond's surface, exposed by natural dissolution 
of the surface by fluids (i.e., resorption). In fact, the 
whole surface has been resorbed into this overall 
dodecahedroid shape, decorated by elongate hillocks 
and plastic deformation lines, both fine features rep- 
resenting slight interruptions and imperfections in the 
diamond crystal lattice. Images by Evan M. Smith. 
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Plastic deformation does not always lead to pink color, 
though. More commonly the result is brown color. Our un- 
derstanding of brown color in diamond has improved in the 
last 20 years, in part due to the need to screen for decol- 
orizing high-pressure, high-temperature (HPHT) treatment. 
Most mined diamonds have at least some amount of 
brown color due to plastic deformation, varying from dark 
to barely noticeable (Harris et al., 1979; Fisher, 2009; Do- 
brinets et al., 2013). In other instances, where the deforma- 
tion is less intense, there may be no color imparted. Plastic 
deformation is one of the most prevalent features in natu- 
ral diamond (Urusovskaya and Orlov, 1964; Harris et al., 
1979). It is a natural phenomenon thought to occur some- 
time after a diamond crystallizes, during its residence deep 
in Earth’s mantle and/or during its volcanic journey up to 
the surface. 


What Is Plastic Deformation? 


When stresses act on a solid, they can cause it to deform, or 
change shape, in one of three ways. There is elastic defor- 
mation, the kind of deformation that springs are designed 
for. When you remove the stress, it “springs” right back into 
its original shape. Brittle deformation is the kind of defor- 
mation at play when a water glass falls to the floor and shat- 
ters. The material fractures and breaks apart. Finally, there 
is plastic deformation, the kind of deformation associated 
with putty. The material deforms into a new shape but the 
change is lasting, even after removing the stress. 


Editor's note: Questions or topics of interest should be directed to 
Evan Smith (evan.smith@gia.edu). 
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Figure 2. Left: Simplified 
drawing of a diamond lattice 
with a dislocation. The red 


dotted circle shows the dislo- 


regular order of the bonding 
structure results in an extra 
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half-plane of carbon atoms, 


shown in orange. Stress on 
the crystal, indicated by 


black arrows, allows stepwise 


bonds that causes the dislo- 


cation and half-plane to 


Carpet with a wrinkle 


A familiar wire paper clip can serve to demonstrate de- 
formation. If you bend it just slightly, it will deform elas- 
tically and return to its unbent shape. The elastic behavior 
is what allows a paper clip to hold on to a few sheets of 
paper. If you bend it beyond a certain point, the bend be- 
comes permanent. This is plastic deformation. If you bend 
it back and forth a few times in one spot, the paper clip will 
break. 

Often we see just one of these three mechanisms dom- 
inate, whether it is elastic, brittle, or plastic. Deformation 
behavior depends on many factors, such as the tempera- 
ture, how much stress is applied, and, of course, what kind 
of material it is. For diamond, temperature is a key factor. 
If you tried to squeeze, twist, or stretch a diamond at room 
temperature, the elastic deformation would be minimal. It 
is among the most rigid of all known materials. If it is sub- 
jected to high stresses, diamond tends to exhibit brittle de- 
formation by cracking or chipping. But at higher 
temperatures, diamond begins to exhibit plastic deforma- 
tion. Experiments show that significant plastic deforma- 
tion requires temperatures above approximately 900°C 
(DeVries, 1975; Weidner et al., 1994). 


How Does Diamond Deform Plastically? 


Many metal objects, including paper clips, deform plasti- 
cally under conditions we can easily create and deform to 
a degree that is obvious. Our understanding of how crys- 
talline solids deform is underpinned by engineering studies 
of metals, such as steel used for car frames and bridges. 
Aluminum foil is an example of a metal whose plastic de- 
formation behavior can be felt as we shape and conform it 
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move to the right along a slip 
plane (blue dashed Iine). 
Right: The dislocation has 
moved all the way to the 
right and out of the crystal so 
that it no longer exists. The 
dislocation and its movement 
can be thought of as a carpet 
with a wrinkle. 


in the kitchen. Although we cannot feel and observe dia- 
mond deformation in the same way, it involves the same 
basic principles at the atomic scale. During plastic defor- 
mation, atomic bonds are breaking and re-forming along 
imperfections called dislocations. Plastic deformation in 
all crystalline solids, including diamond, is accomplished 
by the creation and movement of dislocations (Nesse, 
2017). 

A dislocation is a linear (one-dimensional) disruption in 
the regular, repeating atomic structure. Figure 2. shows a 
simplified illustration of a dislocation in a crystal lattice. 
The dislocation is shown end-on, and the crystal lattice ap- 
pears to have an extra half-plane of atoms, shown in orange 
(figure 2), which resembles a half sheet of paper inserted 
into an otherwise orderly paper stack. This is an edge dis- 
location, one of two major dislocation types. The second 
type is a screw dislocation, which has a different geometry. 

Dislocations allow a crystal to deform plastically little 
by little as bonds break and re-form. The crystal as a whole 
remains fully intact, as only a small number of its bonds 
are broken at any given time. A dislocation is much like a 
wrinkle in a carpet (figure 2, bottom). A carpet could be 
moved by introducing a wrinkle and working it across the 
carpet. Most of the carpet remains in contact with the floor, 
but moving the wrinkle shifts the carpet slightly by break- 
ing and reestablishing contact with the floor. Similarly, as 
dislocations move through a crystal, they can allow atomic 
layers to move with respect to one another. Systematic 
movement of many dislocations can allow the whole crys- 
tal to deform plastically when subjected to stress. 

Given that crystals are orderly structures, it should 
come as no surprise that dislocation movement is not ran- 
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dom. The crystal structure constrains the dislocation move- 
ment into certain configurations and directions. In figure 2, 
dislocation movement or “slip” occurs along a plane 
(shown as a blue dashed line) that is parallel to the atomic 
layering. In diamond, slip occurs along octahedral or {111} 
planes, with the direction of slip within those planes being 
described by <110>, together giving a “slip system” de- 
scribed as {111} <110> (Evans and Wild, 1965). In other 
words, when diamond deforms, the deformation takes place 
along internal {111} planes, which is the same orientation 
as the faces of an octahedron-shaped diamond crystal. And 
the three lines defining the edges of that triangular octahe- 
dral face have a <110> orientation, which illustrates the 
three possible directions of slip within that octahedral 
plane. Slip planes will contain many dislocations, not just 
one, and deformation can be spread across multiple dislo- 
cations and multiple slip planes simultaneously. 


What Does It Look Like? 


Plastic deformation involves the creation and movement 
of dislocations through the diamond crystal lattice. Even 
though this is something that happens at the atomic scale, 
it does leave some visible signs. Figure 1 shows plastic de- 
formation lines as a series of fine parallel ridges on a dia- 
mond’s surface. These lines trace out where the internal 
{111} slip planes meet the outer surface of the diamond. 
They stand out because the diamond surface is resorbed, 
meaning it has been partially dissolved or etched by natu- 
ral fluid or magma (Smit and Shirey, 2020). The slip planes 
do not etch at the same rate as neighboring regions of the 
crystal, resulting in surface relief and lines visible to the 
unaided eye. 

Plastic deformation lines (figure 1) are the archetypal fea- 
ture of plastically deformed diamonds (Harris et al., 2022). 
They are frequently but variably observed within some dia- 
monds from most diamond deposits (Harris et al., 1979). 
However, only diamonds with resorbed surfaces can show 
deformation lines (Gurney, 1989). On primary octahedral 
crystal faces, evidence of plastic deformation can occasion- 
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ally be observed as rows of trigons (figure 3). These negative 
trigons are small pits where the diamond has been etched 
away preferentially due to the presence of dislocations. Each 
row of trigons marks a separate {111} plane. 

In addition to dislocation movement on {111} planes, a 
related plastic deformation mechanism can lead to the 
crystal lattice being distorted into a totally new orienta- 
tion. This abrupt and localized change in crystal lattice ori- 
entation is called mechanical twinning or deformation 
twinning. Unlike twins arising from growth, such as 
macles (Harris et al., 2022), mechanical twins in diamond 
are strictly from deformation (Titkov et al., 2012; Yu et al., 
2012). This process is sometimes called glide, and the re- 
sulting mechanical twin planes are called glide planes 
(Nesse, 2017). In fact, the rows of trigons in figure 3 tech- 
nically reveal glide planes, which in this case are associated 
with a pink color. The close-up (figure 3, right) shows that 
the trigons are connected by thin pink lines, actually pink 
lamellae viewed end-on, that correspond to glide planes. 
Pink lamellae like these are typically about 1 micrometer 
thick and may consist of multiple closely spaced mechan- 
ical twins (Gaillou et al., 2010). 

A more dramatic example of mechanical twinning is 
shown in figure 4. A sharp step in surface topography runs 
all the way around this large rough diamond like a belt and 
perfectly traces out a {111} plane. This is a ~0.5 mm thick 
mechanical twin zone, where the diamond has been dis- 
torted and the lattice reoriented as a result of applied stress. 
Again, the new lattice orientation is not random, but rather 
a symmetrical mirror image so that the different lattice ori- 
entations match up neatly at the interface between the 
twinned region and the rest of the diamond on either side. 
Natural broken cleavage surfaces intersecting the mechan- 
ical twin (figure 4, left) demonstrate the change in crystal 
orientation by a corresponding change in the cleavage di- 
rection within the ~0.5 mm thick twinned zone. 

Rough diamonds and their naturally sculpted surfaces 
can reveal a lot about their deformation history. Thank- 
fully, since plastic deformation happens internally, it is still 
possible to observe it once a diamond is cut and polished. 


Figure 3. Left: A 0.31 ct pink 
octahedral diamond crystal 
with rows of negative 
trigons indicating that plas- 
tic deformation has taken 
place. Right: This close-up 
shows the horizontal rows 
of trigons marking the loca- 
tion of pink {111} glide 
planes approximately 1 wm 
thick. Photomicrographs by 
Evan M. Smith; fields of 
view 3.57 mm (left) and 
0.71 mm (right). 
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Figure 4. Two views of a large rough diamond with a pronounced mechanical twin plane. This 812 ct diamond, 

named the Constellation, has both freshly cleaved surfaces (left) and natural resorbed surfaces (right). Both views 
show a kink that wraps around the entire surface and defines an internal {111} twin plane where the crystal orien- 
tation is reversed with respect to the rest of the diamond. The diamond is 6.6 cm in its longest dimension. Photos 


by Jian Xin (Jae) Liao. 


Polarizing filters are a simple yet powerful tool for this ap- 
plication, whether using a polariscope or a gem microscope 
(Renfro, 2015). Viewing a diamond using crossed polarizing 
filters is an easy way to see anomalous birefringence, 
which in natural diamond is typically the result of plastic 
deformation (figure 5). With this technique, a perfect, un- 
strained diamond should appear uniformly dark inside. 
Bending and twisting of the light as it passes through de- 
formed (strained) regions of the diamond will result in a 


pattern of anomalous birefringence, such as banding, mot- 
tling, or cross-hatching. 

Plastic deformation can also be observed using cathodo- 
luminescence imaging or deep UV fluorescence imaging 
(e.g., DiamondView). These techniques are especially use- 
ful for examining polished diamond surfaces, where slip 
planes can appear as bright or dark lines (figure 6, left). An- 
other deformation-related pattern sometimes revealed 
with these methods is dislocation networks (figure 6, 


Figure 5. A natural type Ila diamond with evidence of plastic deformation. Examination with a microscope using 
crossed polarizing filters (left) reveals internal banding of dark/light and interference colors due to strain-related 
anomalous birefringence. In this diamond, the geometry of the banding correlates with the appearance of unusual 
whitish graining (right). The hazy whitish graining may be caused by plastic deformation. Photomicrographs by 


Evan M. Smith; field of view 4.79 mm. 
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Figure 6. Deep UV fluorescence images of deformation features. Left: Deformation lines in the pavilion of a round 
brilliant diamond, with two distinct sets of parallel lines that trace out octahedral or {111} slip planes. Right: A dislo- 
cation network pattern, appearing as a dark mesh against a bright background in the left portion of the diamond but 
as a bright mesh against a dark background toward the right. Images by Evan M. Smith; field of view is 4.66 mm. 


right), which have a cellular appearance resembling mud 
cracks or a fine mesh (De Corte et al., 2006). Dislocation 
networks are thought to be the result of not just plastic de- 
formation, but also a period of recovery at high tempera- 
tures that allows the dislocations to reorganize into a more 
stable configuration (Hanley et al., 1977). This process may 
be similar to hammering or working metals and then heat- 
ing them up to relax and reconfigure the tangled disloca- 
tions that have been introduced. Sublithospheric or 
superdeep diamonds often have dislocation network pat- 
terns, and it has been suggested that their formation is pro- 
moted by low nitrogen content and/or high temperatures 
(Smith et al., 2019). 


How Does Plastic Deformation Cause Color? 


In 1999, General Electric and Lazare Kaplan International 
announced that HPHT processing could be applied as a com- 
mercial treatment to decolorize brown diamonds (Vagarali 
et al., 2004). This spurred research into the cause of brown 
color, which up until that point had been poorly understood. 
Visual indications of deformation had long been recognized 
to correlate with the presence of brown and to a lesser extent 
pink colors in diamond (Urusovskaya and Orlov, 1964; Har- 
ris et al., 1979). Internally, these colors often concentrate 
along slip planes, glide planes, or less distinctly along “grain- 
ing,” all of which are deformation features. Theoretical 
modeling and experiments played important roles in linking 
brown color to dislocation movement and the creation of 
vacancies in the crystal structure (Avalos and Dannefaer, 
2003; Hounsome et al., 2006; Barnes et al., 2007). 

A vacancy is a missing atom in the crystal lattice. Va- 
cancies can be created during plastic deformation when 
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multiple dislocations interact or jogged dislocations move 
through the crystal (Leipner et al., 2000, 2003). At the high 
temperatures necessary for plastic behavior, these vacan- 
cies are mobile and tend to cluster into groups. These small 
groups of vacancies can absorb visible light and cause color. 
Vacancy clusters made up of about 40-60 vacancies are 
thought to be responsible for the common brown color in 
diamond (Avalos and Dannefaer, 2003; Hounsome et al., 
2006; Barnes et al., 2007). 

The cause of deformation-related pink is believed to be 
similar but involves a broad absorption band centered near 
550 nm that is not fully understood (Gaillou et al., 2010). To 
be fair, not all brown and pink color is attributable to plastic 
deformation, but it is the leading cause (Harris et al., 1979, 
Fisher, 2009). An excellent review of brown and pink color 
in diamond was presented in Eaton-Magania et al. (2018). 


What Causes the Deformation? 


It is plain to see that many natural diamonds bear evi- 
dence of plastic deformation, but it is not intuitively ob- 
vious why this should be the case. There must be some 
geological processes that lead to compression or shearing 
forces that occasionally deform diamonds. The geological 
process should be neither too gentle, because the relatively 
soft silicate host rocks should simply flow around the di- 
amonds, nor too violent, which would break diamonds 
rather than plastically deform them. Several theories have 
been proposed. 

Kimberlites and related eruptions that bring diamonds 
from the mantle up to the surface could have the power to 
deform diamonds. The magmatic journey is thought to be 
relatively violent, however, and it is clear that diamonds 


Gems & GEMOLOGY SPRING 2023 


can break as they ascend within a kimberlite (Harris et al., 
202.2). This may mean that the conditions are too forceful 
and chaotic to develop significant plastic deformation. The 
early stages leading up to an eruption could also provide 
opportunities for diamond deformation. 

Another possibility is that diamond deformation is re- 
lated to the movements at the lithosphere-asthenosphere 
boundary, where the base of a rigid continental tectonic 
plate meets underlying weak, mobile rocks at a depth of ap- 
proximately 200 km (Stachel et al., 2018). This would in- 
volve shearing between the lithosphere, the rigid host rock 
where most diamonds form, and the asthenosphere, the un- 
derlying warm flowing rock that is the topmost part of the 
convecting mantle. 

Yet another theory suggests that deformation in some 
settings might be related to the movement of tectonic 
plates, specifically oceanic lithosphere sinking into the 
mantle by the process of subduction (Bulanova et al., 2018). 
Subduction and the motion of tectonic plates could also 
play a role in the deformation of super-deep diamonds. The 
formation of these diamonds has been linked to deep-focus 
earthquakes (Shirey et al., 2021), which could involve lo- 
calized shearing and faulting, potentially favorable condi- 
tions for plastic deformation of diamonds. 


ACKNOWLEDGMENT 


The deformation histories recorded within natural di- 
amond are valuable for studying Earth’s interior. In the fu- 
ture, it may be possible to constrain the temperature, 
pressure, and strain rate (i.e., the speed of deformation) re- 
quired to produce the various features we observe. This 
information about deep mantle processes would help paint 
a clearer picture of how and why rocks deep inside the 
earth move around over geologic time. 


Diamonds Bear Witness to Our Active Planet 


The fact that natural diamonds frequently contain evi- 
dence of deformation reminds us that Earth is not a static 
ball of rock. As far as we know, Earth is the only planet 
with active plate tectonics, meaning its outer layer is made 
up of multiple moving plates (Condie and Pease, 2008). The 
processes of mantle convection and subduction mean 
Earth’s interior is on the move as well. Measurable effects 
of these mechanisms exist in the chemical and isotopic 
composition of diamonds and their inclusions. But what 
makes a diamond’s plastic deformation features special is 
that they are a visible, tangible testament to rock and 
magma churning, shearing, and moving about inside our 
active planet. 


Many thanks to Dr. Steven B. Shirey for discussion and suggestions that helped to improve this column. 
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TUCSON 2023 


This year’s Tucson shows were well attended, and many 
vendors were relieved by the strong sales. In fact, the only 
“complaint” from vendors this year was that for many it 
was too busy to take even a short break away from their 
booths. Some vendors reported selling less than in 2022, 
but still more than in pre-COVID years. 

Supply chain issues resulting from lack of output during 
the pandemic are still being felt. For many sellers demand 
often exceeded supply, especially for fine-quality colored 
stones, and prices are increasing to reflect that. With this in- 
crease expected to continue, the heavy booth traffic could 
be due to consumers buying as much as possible at these 
price points. This corresponds with comments from Nathan 
Renfro on the GIA show services laboratory, which received 
a near-record number of submissions this year. As for the 
trends in materials submitted to the lab, he indicated a typ- 
ical mix of the major stones: mainly ruby, sapphire, emerald, 
Paraiba tourmaline, and alexandrite. 

At the AGTA GemFair and Gem & Jewelry Exchange 
(GJX) shows, sapphire, large freshwater pearls from China, 
and Ethiopian opal were among the eye-catching gems. 
Sapphire was once again a top seller, with blue and un- 
treated colors doing especially well. Many fancy-color sap- 
phires, including ones in saturated hues such as magenta, 
were available (Pantone’s Color of the Year for 2023 is Viva 
Magenta) (figure 1). There were multiple sellers of akoya, 


Editors’ note: Interested contributors should send information and illus- 
trations to Stuart Overlin at soverlin@gia.edu. 


Banner photo of Afghan kunzite by Robert Weldon; courtesy of Dudley 
Blauwet, Mountain Minerals International. 
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Tahitian, and “Edison” pearls in both venues. Most no- 
tably, “Edison” pearls were available in much larger sizes 
and with more saturated colors than in years past (figure 
2). Non-nacreous pearls were also featured more promi- 
nently. Ethiopian opal, first introduced in Tucson in 2009, 
was very popular this year. It has climbed from a novelty 
to a gemstone found in top designer luxury jewels, such as 
the Zoltan David necklace shown on the cover of this issue 
and the pin featuring both Ethiopian opal and conch pearls 


Figure 1. This ring from Graff features a 3.95 ct pink 
sapphire and 7.5 carats of diamond in a spiral design. 
Photo by Robert Weldon; courtesy of Jewelerette Co. 
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Figure 2. Left: “Edison” pearls were available in large sizes and attractive colors. Photo by Si Athena Chen; cour- 
tesy of AWB Jewelry. Right: A strand of “Edison” pearls of various colors, in sizes from 14 to 16 mm. Photo by 
Mimi Travis; courtesy of Yen’s Jewelry & Accessories. 


in figure 3. Tourmaline from newly discovered pockets in The demand for one-of-a-kind gems was apparent in all 

San Diego County’s Pala District was also on display. aspects—cut, color, and even inclusions. Nontraditional 
cuts such as slices, fantasy cuts, rose cuts, kites, and tablets 
were readily found in gems ranging from rutilated quartz 

Figure 3. This pin features a 63.92 ct Ethiopian opal to diamond (figure 4). Beyond nonstandard cuts, stones 

with 23.85 carats of conch pearl, 5.88 carats of natural 

pearl, and 15.85 carats of diamond, set in platinum. 

Photo by Robert Weldon; courtesy of Pioneer Gems of Figure 4. Earrings featuring diamond slices and rose- 

New York. cut rubies. Photo by Mimi Travis. 
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as the stone warmed up till it finally dis- 
appeared. Some of the larger cavities appear 
to be filled with solid material, as though 


2 o 
6, 


® Filled cavities with ‘‘tails’’ looking like 


mice. 


the liquid had crystallized out, and some 
showed “tails” like the “mice’’ picture in- 
cluded in the illustrations. 

Other inclusions were six-sided platelets 
of bright or dull green colour. In some cases 
these platelets were covered in patches with 
a red or orange coating. Unlike the other 
inclusions which showed slight preferential 
orientation to the host crystal, these platelets 
were completely disoriented. When viewed 
through the polished planes which were 
parallel to the vertical crystal axis the stone 
was seen to contain a number of tube-like 
cavities, some with “tails’’ streaming from 
them at an angle of about 17 degrees. 


© Six-sided platelets seen in the Mada- 
gascan yellow beryl. 


@ Tubes seen 


in the beryl. These are 


parallel to the verticle crystal axis. 


The specimen, which weighed 4.215 
carats, was found to have a density of 2.71, 
and to have refractive indices of # - 1.581; 
—& - 1.575; #-€ 0.006. The dichroism was 
seen to be distinct; for the ordinary ray the 
colour was a light pinkish brown, and that 
for the extraordinary ray a yellow colour. 
The absorption spectrum showed two rather 
vague bands in the blue at about 4500A and 
4200A; a spectrum not unlike that for the 
yellow orthoclase which also emanates from 
the island of Madagascar. As would be ex 
pected, with a stone whose colouration is 
probably due to iron, no fluorescence could 
be observed by irradiation with long-wave 
(3650A), or short-wave (2537A)_ ultra- 
violet light, or by x-rays. In view of the 
reported radioactivity of the yellow beryl 
called Heliodor from Southwest Africa, a 
test for this effect was made by seeing if 
the stone would affect a photographic film. 
The plate was unaffected. 

Acknowledgment is made to W. F. Eppler 
of Bavaria who donated the specimen which 
these notes discuss. 

tJourn. of Gemmology. Vol. FV. No. 2. 

pp. 56-63. April, 1953. 

Here is printed the letter sent to Sir 
Walter Scott by Sir David Brewster in 
1835. 
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Figure 5. “Salt and pepper” diamonds containing eye- 
visible inclusions. Photo by Jennifer Stone-Sundberg; 
courtesy of Misfit Diamonds. 


with obvious inclusions were very popular. The appeal of 
these stones centers on their uniqueness. “Salt and pepper” 
diamonds with multiple eye-visible white, gray, and black 
inclusions were available loose (figure 5) and in jewelry 
items throughout the shows. Similarly, nontraditional col- 
ors for particular varieties, including color-change stones, 
pastel colors (such as “mint” tourmaline), teal, and bicolor 
stones, were trending (figure 6). Strong demand for these 
nontraditional or one-of-a-kind stones comes from small- 
scale individual designers with the ability to promote to a 
wide audience via social media. 

In 2020, we reported on the first Ethical Gem Fair in 
Tucson. This year, suppliers at the fair were pleasantly sur- 
prised by the number of large jewelry manufacturers who 
attended for the first time. The trend toward responsible 
sourcing, traceability, transparency in practices, and social 


awareness, which has long been a key differentiator for 
some jewelers, is clearly becoming more mainstream as 
customers increasingly demand to know more about the 
origin and impact of the stones they are purchasing. This 
year, jewelers at AGTA and GJX also emphasized the im- 
portance of providing an environmentally conscious prod- 
uct and the increasing demand from clients for full 
chain-of-custody information on stones. Similarly, many 
small-scale designers and buyers were seeking out gems 
mined in the United States, such as Montana sapphire, 
Oregon sunstone, and amethyst from the Four Peaks mine 
in Arizona. They noted high demand for these gems, which 
seem to satisfy consumer sustainability concerns. In many 
cases, the younger generation of jewelers has brought a 
focus on ethical and environmentally sound practices to 
multigenerational businesses. 

We hope you enjoy our coverage of the 2023 Tucson 
gem shows, where you'll find striking pieces we saw, the 
latest trends, mining updates, and more. 

The following contributed to this report: Lisa Neely, 
Mimi Travis, Nathan Renfro, Albert Salvato, and Wim 
Vertriest. 


Jennifer Stone-Sundberg, Si Athena Chen, 
Lisa Kennedy, Robert Weldon, and Erin Hogarth 


COLORED STONES AND ORGANIC MATERIALS 


Enormous cat’s-eye aquamarine. On the AGTA show’s 
opening day, we were on hand as Gary Bowersox and Kath- 
leen Kolt-Bowersox donated an extraordinary cat’s-eye 
aquamarine to Dr. Jeffrey Post, mineralogist and curator- 
in-charge of gems and minerals at the Smithsonian Na- 
tional Museum of Natural History (figure 7). 

The 586.43 ct untreated transparent light greenish blue 
aquamarine with a sharp cat’s-eye is from the Pech Valley 
pegmatite mine in Afghanistan. The rough (figure 8, left} 
weighed approximately 7,700 ct and was kept for 15 years 


Figure 6. An unusual 6.95 ct cushion-cut bicolor alexandrite from Madagascar displaying a color change from yel- 
lowish green and reddish brown in daylight (left) to yellowish orange and orangy brown in incandescent illumina- 
tion (right). Photos by Robert Weldon; courtesy of Bryan Lichtenstein, 3090 Gems, LLC. 
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before it was finally cut in 2017 by Rohitha Perera in Sri 
Lanka (figure 8, right). The Bowersoxes have several other 
cut gems from this find, with the next largest weighing in 
at 541.96 ct. 


Jennifer Stone-Sundberg and Si Athena Chen 
GIA, Carlsbad 


New violet orbicular chalcedony from Ethiopia. At the GJX 
show, the author encountered a relatively new find of violet 
chalcedony reportedly discovered in Ethiopia in 2019 (figure 
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Figure 7. Left: A 586.43 
ct cat’s-eye aquamarine 
donated by Gary Bower- 
sox and Kathleen Kolt- 
Bowersox to the 
Smithsonian National 
Museum of Natural His- 
tory gem collection. 
Photo by Robert Weldon; 
courtesy of the Smith- 
sonian National Mu- 
seum of Natural History. 
Right: Dr. Jeffrey Post 
(left) and Gary Bowersox 
| with the cat’s-eye aqua- 
marine. Photo by Kath- 
leen Kolt-Bowersox. 


9). Processed and brought to market as tumble-polished 
freeforms, the chalcedony was offered by Orbit Ethiopia Plc. 
According to managing director Tewodros Sintayehu, the 
mine is located in the Gamo Zone region, approximately 
600 km from Addis Ababa. The material was first discov- 
ered in the Gerese District and has since been found in the 
adjacent districts of Kamba and Garda Marta. Sintayehu 
noted that he had a very large quantity of the material 
stockpiled. 

The notable features of this material were its fairly vivid 
violet color as well as the multitude of white orbicular struc- 


| Figure 8. Left: Kathleen 
Kolt-Bowersox holding 
the 7,700 ct aquamarine 
rough before it was cut. 
Right: The rough aqua- 
marine was cut and pol- 
ished in Sri Lanka by 
Rohitha Perera. Photos 
by Gary Bowersox. 
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Figure 9. This relatively new type of violet chalcedony 
from Ethiopia (here, 75-198 ct) displays a wonderful 
pattern of white orbs. Photo by Annie Haynes; cour- 
tesy of Orbit Ethiopia Plc. 


tures distributed across the surface of the gems (figure 10). 
Microscopic examination revealed that the white color was 
related to a distinct botryoidal structure where a shallow 
outer layer of the gems contained all of the white areas. Be- 
cause the white orbs are confined to a shallow surface layer, 
this explains why the material was sold as tumble-polished 
nuggets: Cutting the material into cabochons would likely 
result in the loss of the white orbicular pattern. A few 
unidentified mineral inclusions were also observed with the 
microscope, but the cause of the outer layer’s white orb pat- 
tern remains unclear. 

This new material is quite remarkable for its beautiful 
pattern. Even if it is only made available as freeform tumble- 
polished stones, it will be a welcome addition to the chal- 
cedony market. 

Nathan Renfro 
GIA, Carlsbad 


Italian precious coral. Coral from the Mediterranean Sea 
has been harvested and used for adornments for thousands 
of years. More than 7,000 species are categorized as pre- 
cious, common, or reef coral. Precious coral is defined by 
the World Jewellery Confederation (CIBJO) Coral Commis- 
sion as “those that are used in jewelry and decoration, 
specifically red, pink, and white varieties with porcelain- 
like luster after polishing.” Italian coral harvested from the 
Corallium rubrum species is considered precious. 

At the GJX show, the authors spoke with Sergio Di 
Gennaro of Fulvio Di Gennaro Srl. (Torre del Greco, 
Naples) about the Italian coral market. The Mediterranean 
has been precious coral’s major source since it was first col- 
lected for ornamentation over 3,000 years ago, followed by 
Taiwan and Japan with smaller quantities. Beginning in the 
late 1970s, Mediterranean coral was threatened by over- 
harvesting. Di Gennaro explained that many strict regula- 
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Figure 10. White orb-like structures were confined to 
a shallow surface layer in the violet chalcedony from 
Ethiopia. Photomicrograph by Nathan Renfro; field of 
view 15.16 mm. 


tions for harvesting coral are in place today. Harvesting is 
limited to coral with trunks having a basal diameter of at 
least 7 mm recovered from 50 meters or deeper by licensed 
scuba divers. 

Precious coral is the exoskeleton of very tiny marine 
invertebrates, known as coral polyps. When a colony of 
polyps arrives in a particular area, they start to create the 
exoskeletons on rocks, growing upward in a branch-like or 
fan formation. Di Gennaro mentioned that divers do not 
harvest coral with active colonies as these will continue 
to grow and the future, larger coral will be more valuable. 
Divers therefore tend to harvest the coral where the colony 
has already left. Unlike other types of corals, such as com- 
mon and reef, these Mediterranean “deep sea” precious 
corals are not a natural habitat for other marine species. 
Reef coral species, which are a natural environment to 
many different marine species, are in many cases endan- 
gered and must be preserved. 

Di Gennaro explained that the quality of the coral de- 
pends on the locality. He showed us a piece of dark red 
coral (figure 11, left), which is the typical color of coral har- 
vested from northern Sardinia. It is a darker red due to 
cooler water temperatures from strong currents in the area. 
Coral from the southern portion of Sardinia (figure 11, cen- 
ter) tends to be lighter in color. Di Gennaro described this 
as a more “classic” color of Mediterranean coral. He also 
showed us a piece of reddish orange coral called “Sciacca,” 
named for a town in southern Sicily where the coral is har- 
vested (figure 11, right). Di Gennaro said that volcanic ac- 
tivity below the surface results in warmer water 
temperatures, which in turn causes a more orangy color. 

Di Gennaro emphasized the importance of sustainability 
in the coral industry, noting the heritage of the city of Torre 
del Greco, which was built on the art of processing coral. 
While current restrictions have reduced the amount of coral 
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being harvested compared to decades past, sustainable pro- 
duction will guarantee that we continue to see stunning 
Mediterranean precious coral for decades to come. 


Lisa Kennedy and Cristiano Brigida 
GIA, New York 


Exceptional gemstone acquisitions by the Kreis family. 
Kreis Jewellery (NiederwGérresbach, Germany) is known for 
master cutting expertise and distinctive jewelry design (see 
Spring 2022, GNI, pp. 86-87). At the GJX show, Stefan and 
Alexander Kreis showed us three recent gemstone acquisi- 
tions. 

First was a 155 g aquamarine crystal containing a two- 
phase liquid and gas inclusion measuring 4.3 cm long (figure 
12; see video at www.gia.edu/gems-gemology/spring-2023- 
gemnews-kreis-family-gemstones]. The crystal was found 
in the 1960s in Marambaia, Minas Gerais, Brazil, and had 
been part of a private collection before the Kreises obtained 
it in 2022. 

“It would even be a cuttable crystal,” Alexander said. 
“Of course we would never touch it because of the spe- 
cialty of the huge liquid inclusion. A liquid chamber that 
size in quartz would already be amazing,” he continued. 
“But having it in an aquamarine, which is totally intact— 
you have the complete termination. And look at the sheer 
size of that crystal.” 

Marambaia was known for large quantities of aquama- 
rine by 1900 and produced the 110.5 kg (244 Ib), 552,500 ct 
Papamel, discovered in 1910, the largest known gem-quality 
aquamarine crystal. The crystal that was the basis for the 
Dom Pedro, the largest cut aquamarine, weighed around 45 
kg (100 Ib) and was also from Marambaia. 

Stefan said they had received a 35.05 ct cat’s-eye alexan- 
drite (figure 13) that morning. He noted the size, exception- 
ally sharp eye, and superb color change for Sri Lankan 
alexandrite, which typically has a weaker color change than 
material from Russia and Brazil. Alexander pointed out that 
cat’s-eyes are less common in alexandrite than in other 
chrysoberyl. “A cat’s-eye alexandrite with a strong color 
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Figure 11. Mediter- 
ranean coral from dif- 
ferent regions. Left: 
Dark red fine coral 
from the northern coast 
of Sardinia. Center two 
pieces: “Classic” coral 
from the southern coast 
of Sardinia. Right: 
Orangy coral, termed 
“Sciacca,” from the 
coast of southern Sicily. 
Photo by Lisa Kennedy; 
courtesy of Fulvio Di 
Gennaro Srl. 


change like this one is extraordinary,” he said. “A size of 35 
carats is what makes it outstanding.” 


Figure 12. A 155 g aquamarine crystal containing a liq- 
uid and gas bubble inclusion. The crystal measures 
11.9 cm long and the inclusion 4.3 cm long. Photo by 
Robert Weldon; courtesy of Kreis Jewellery GmbH. 
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The Kreises also showed us a 7.08 ct padparadscha sap- 
phire (figure 14). “The color mixture of this stone is a real 
padparadscha color,” Stefan said. Alexander added that a 
range of colors fall into the padparadscha category, but 
“this is the perfect color.” 

The cat’s-eye alexandrite and padparadscha sapphire will 
undoubtedly inspire exquisite jewelry designs from Sonja 
and Vanessa Kreis. Sonja noted, “It is a very intuitive process 
in which we try to bring out a gem’s natural beauty in such 
a way that it blurs the boundaries between jewelry and art.” 


Erin Hogarth 
GIA, Carlsbad 


Rare double pseudomorph ikaite-calcite-opal. At the 
Pueblo Gem & Mineral Show, Graeme Dowton of Red 
Earth Opal (White Cliffs, Australia) exhibited rare double 
pseudomorph ikaite-calcite-opal gem specimens mined 
from the Naatji Nest mine at White Cliffs in New South 
Wales, Australia. Ikaite was initially substituted with cal- 
cite and then opalized, therefore making these double 
pseudomorph opals. Also called “pineapple opal” in the 
market due to the form of their clusters, they are found 


Figure 14. A 7.08 ct padparadscha sapphire. Photo by 
Robert Weldon; courtesy of Kreis Jewellery GmbH. 
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Figure 13. A 35.05 ct Sri 
Lankan cat’s-eye alexan- 
drite in daylight (left) 
and incandescent light 
(right). Photo by Robert 
Weldon; courtesy of 
Kreis Jewellery GmbH. 


exclusively in White Cliffs and typically occur within 
weathering-bleached siltstones and claystones. According 
to Dowton, no other type of gem-quality opal was found 
in the same layer where the pineapple opals were mined. 
During mining, it was noticed that two opals had formed 
within a few feet of each other but with distinctly different 
coloration: One displayed a rich spectrum of play-of-color, 
while the other showed almost no coloration. The 3,510 
ct Heart of Australia (figure 15) shows rich play-of-color 
and is considered one of the finest specimens of this type 
ever unearthed. In some of Dowton’s samples, the precur- 
sor calcite was not fully substituted by silica gel, and 
white calcite crystals can be observed (figure 16). 

Ikaite, CaCO,-6H,O, is a rare and metastable hydrated 
carbonate in sedimentary rocks that has only been identified 
in environments ranging from —2° to 7°C in nature (MLL. 
Vickers et al., “The ikaite to calcite transformation: Impli- 
cations for paleoclimate studies,” Geochimica et Cos- 
mochimica Acta, Vol. 334, 2022, pp. 201-216). The 
occurrence of ikaite suggests a period of very cold to near- 
freezing paleoclimate conditions in White Cliffs. At ambient 


Figure 15. The Heart of Australia, a 3,510 ct double 
pseudomorph ikaite-calcite-opal gem specimen, is 
considered one of the finest ever unearthed. Courtesy 
of Graeme Dowton. 
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Figure 16. The intergrowth of opal and its precursor 
calcite in pineapple opal. This specimen is 12 x 10 x 8 
cm and weighs 690 g. Photo by Si Athena Chen; cour- 
tesy of Graeme Dowton. 


temperatures (10°-30°C), ikaite transforms to more stable 
carbonate polymorphs such as calcite, aragonite, and/or va- 
terite. The ikaite and its following pseudomorphs act as pa- 
leothermometers (D. Shearman and A. Smith, “Ikaite, the 
parent mineral of jarrowite-type pseudomorphs,” Proceed- 
ings of the Geologists Association, Vol. 96, No. 4, 1985, pp. 
305-314). When the host sedimentary rocks were weath- 
ered, they released silica into groundwater. This silica-bear- 
ing groundwater contacted with calcite, which gradually 
dissolved and reprecipitated to opal over time (B. Pewkliang 
et al., “The formation of precious opal: Clues from the opal- 
ization of bone,” Canadian Mineralogist, Vol. 46, No. 1, 
2008, pp. 139-149). However, the detailed formation mech- 
anism of ikaite-calcite-opal in White Cliffs requires future 
investigation. 


Si Athena Chen and Jennifer Stone-Sundberg 


Cultured pearl market update. At the AGTA show, we 
spoke with several pearl dealers to acquire some insight 
into the current cultured pearl market. With demand for 
pearls trending upward in the secondary market, as re- 
ported by The Real Real in its Luxury Consignment Report 
in January 2023, it was easy to spot similar trends in other 
areas of the pearl market as well. 

Bead cultured (BC) pearls are the result of the deliberate 
insertion of a bead nucleus along with a small piece of 
mantle tissue into the gonad of a living host mollusk to 
start the growth of the cultured pearl, a process known as 
nucleation or grafting. Non-bead cultured (NBC) pearls 
need only a piece of tissue implanted into the gonad or 
mantle of a host mollusk to form. A technique originally 
developed and successfully operated in Japan before adop- 
tion by other global operations including Australia, the 
Philippines, Indonesia, French Polynesia, and China, the 
nucleation process is intricate and requires expertly trained 
technicians. 
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The pearl industry, like others, was adversely affected 
by the COVID-19 pandemic. Many dealers noted a supply 
shortage of the main types of cultured pearls: South Sea, 
Tahitian, akoya, and freshwater. According to dealers, 
many pearl farms, especially Tahitian, use Chinese and 
Japanese technicians to perform the critical nucleation 
step. Due to travel restrictions and border closures during 
the pandemic, many experts were unable to travel to these 
locations, resulting in smaller harvests since 2020. In some 
farming areas, there were not enough employees on-site to 
keep the mollusks in good health, and thus the mortality 
rate was high. Assuming grafting returned to normal levels 
by 2022, a greater influx of supply is expected in 2024, 
given the typical 24-month growth periods. Some dealers 
added that strong demand for cultured pearls from Chinese 
and other Asian consumers is contributing to the current 
global shortage. 

Small freshwater BC pearls from China (approximately 
2-4 mm) were more widely available at the show than in 
past years, in near-round to round shapes and in various 
colors including white, pink, purple, and orange (figure 17). 
Freshwater cultured pearls of this particular size are typi- 
cally NBC, normally oval (a potato-like shape), and can 
look similar to white saltwater Japanese akoya BC pearls 
of the same size. However, Gina Latendresse of American 
Pearl Company Inc. (Nashville, Tennessee) demonstrated 


Figure 17. Near-round to round small freshwater 
bead cultured pearls (approximately 2-4 mm) were 
widely available at the AGTA show in various colors 
including white, pink, purple, and orange. Photo by 
Artitaya Homkrajae; courtesy of Betty Sue King, 
King’s Ransom. 
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that upon closer inspection, the freshwater pearls more 
often show a rounded flat surface feature on an otherwise 
spherical pearl, a feature usually too small to affect basic 
shape (figure 18). This feature is also occasionally observed 
in other types of freshwater cultured pearls. 

Eliko Pearl Company (New York City) displayed numer- 
ous strands of Vietnamese akoya BC pearls with bodycolors 
ranging from silver to light gray and light bluish gray with 
exceptional orient (figure 19). These provide a greater selec- 


Figure 19. Vietnamese akoya bead cultured pearls in 
various colors ranging from silver to light gray to light 
bluish gray. The pearls were said to be unprocessed 
and untreated. Photo by Lisa Kennedy; courtesy of 
Eliko Pearl Company. 
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Figure 18. Left: Small 
round freshwater bead 

’ cultured (BC) pearls (top 
group of strands) and 
small round Japanese 
akoya BC pearls (bot- 
tom strands) appear very 
similar at first glance. 
Right: Upon closer in- 
spection, the freshwater 
pearls more often show a 
rounded flat surface fea- 
' ture. Photos by Artitaya 
Homkrajae and Lisa 

| Kennedy; courtesy of 
American Pearl Com- 
pany Inc. 


tion of colors compared to traditional akoya BC pearls. Some 
white, light cream, and cream pearls were also presented as 
unprocessed and untreated—steps normally used to improve 
appearance and alter color. However, many akoya BC pearls 
in the market have been processed to generate a classic 
white appearance. Vietnam has produced saltwater cultured 
pearls commercially since the 1990s and is expected to pro- 
duce approximately 2,000 kg per annum (N. Sturman et al., 
“Vietnam: Shell nuclei, pearl hatcheries, and pearl farming,” 
Fall 2020 G&G, pp. 402-415), which is significantly smaller 
than Japan’s anticipated annual production of approximately 
20 tons (roughly 18,000 kg) (T. Matsuyama et al., “Mass 
mortality of pearl oyster (Pinctada fucata (Gould)) in Japan 
in 2019 and 2020 is caused by an unidentified infectious 
agent,” Peer], Vol. 9, 2021, article no. 12180). 

Eric Yen of Yen’s Jewelry & Accessories Inc. (San Fran- 
cisco) and Alan Hakimian of Yoko London presented 
strands that combined multicolor pearls from different 
pearl types, offering variety and high fashion all at once (fig- 
ures 20 and 21). Both pointed out that making mixed and 
graduated color strands is an efficient use of all the pearls 
produced from a harvest, just one example of economic 
sustainability in the pearl industry. Producing only per- 
fectly matched color stands would lead to more waste. 

Overall, pearl dealers are looking forward to the return 
of the gem, jewelry, and pearl shows in Hong Kong in 2023, 
as these are some of the largest shows for cultured pearls. 
Many have not been able to attend since 2019 due to lock- 
down restrictions in Hong Kong. 


Lisa Kennedy 


Artitaya Homkrajae 
GIA, Carlsbad 


“Edison” pearls: Increasing market presence. Several ven- 
dors at both the AGTA and GJX shows carried large and at- 
tractively colored “Edison” pearls from China (see C. Zhou 
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Figure 20. This set of ombré pearl strands, made up 
of round Tahitian pearls with silver and gold South 
Sea pearls ranging from 10 to 10.4 mm, is also known 
as shikisai, which means “colors of four seasons” in 
Japanese. Photo by Mimi Travis; courtesy of Yen’s 
Jewelry & Accessories Inc. 


et al., “Detection of color treatment and optical brightening 
in Chinese freshwater ‘Edison’ pearls,” Summer 2021 GWG, 
pp. 124-134). These round freshwater bead cultured pearls 
generally ranged in size from 9 to 14 mm. Some baroque 
pearls were also offered. This year we saw deeper hues and 
more purple, bronze, copper, peach, and orangy pink colors 
than in the past; lighter colors such as white, cream, and 
light pink were more scarce. Popular trends included “rain- 
bow” strands of pearls featuring a mix of colors, strands with 
alternating blocks of color, and strands with metallic colors 
(figure 22). At GJX, we spoke with Amy Hansen of A&B Jew- 
elry (Honolulu, Hawaii) to learn about current purchasing 
trends and the latest developments at the pearl farms. 
Hansen indicated that “Edison” pearls are still finding 
their place in the market. Her designer clients are seeking 
larger pearls, and those in the 12-14 mm size range are 
doing particularly well, with pearls larger than 13 mm in 
highest demand. She explained the limits in producing 
larger pearls: Larger sizes (particularly greater than 14 mm 
in diameter) take much more time to culture, which greatly 
limits the yield of top-grade product with respect to shape, 
nacre, surface, and luster. As a result, the highest-quality 


Gem News INTERNATIONAL 


- : 

Figure 21. Mixed strand of 79 pearls ranging from 11.8 
to 14.8 mm, consisting of pink Chinese freshwater, 
black Tahitian, golden Indonesian, and white Aus- 
tralian bead cultured pearls. Also pictured is an ex- 
ceptionally large 20.4 mm South Sea bead cultured 
pearl, weighing 12 g. Photo by Robert Weldon; cour- 
tesy of Yoko London. 


“Edison” pearls in sizes over 14 mm are rare and consider- 
ably more costly. That said, she noted that “Edison” pearls 
are still a good value, available in an appealing variety of 
colors and sizes with a price point substantially below 
akoya and Tahitian saltwater cultured pearls. 

Hansen explained that the cultivation of “Edison” 
pearls in terms of bead size and culturing times is similar 
to that for saltwater Tahitian pearls. She described im- 
provements in the process, including Chinese freshwater 
pearl farmers moving inland to access cleaner rivers and 
lakes and using more sound environmental practices. The 
move to these newer locations has resulted in more colors 
being achieved, broadening the offerings of these pearls. 
Chinese freshwater cultured pearl production has also de- 
creased over the past five years as the focus has shifted 
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Figure 22. A graduated strand of “Edison” pearls in 
copper and bronze metallic colors, ranging from 9 to 
12 mm. Also shown are three loose pearls: 10 mm 
peach, 11 mm purple, and 11 mm copper. Photo by 
Robert Weldon. 


more to quality over quantity. The wholesale price of fine- 
quality “Edison” pearls is still considerably below that of 
similarly sized Tahitian and akoya pearls, but we expect 
the price gap to narrow somewhat as the quality and pop- 
ularity of these beautiful freshwater cultured pearls con- 
tinues to increase. 


Jennifer Stone-Sundberg and Si Athena Chen 


Spotlight on natural nacreous pearls. A natural pearl forms 
in the interior of a mollusk within a naturally formed pearl 
sac without human intervention. The use of natural pearls 
goes back thousands of years, and these biogenic gem ma- 
terials have been treasured in jewelry and adornment 
throughout human history. In general, pearls can be sepa- 
rated into two varieties based on surface structure: nacreous 
and non-nacreous. The nacreous pearls are more common 
in the market. These are formed by a layered structure of 
aragonite platelets together with organic substances as well 
as water, and they normally display a pearly luster. 
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At the AGTA show, Alex Vock of ProVockative Gems 
Inc. (New York City) shared some of his expertise in natu- 
ral saltwater nacreous pearls. With more than 30 years in 
the business, he is considered an industry leader specializ- 
ing in signed collectible jewelry, natural gemstones, and 
natural pearls. He had several pieces on display, including 
an attractive pair of natural pearl earrings set with un- 
heated Burmese rubies and unoiled emeralds (figure 23). 

Vock discussed the global market for natural nacreous 
pearls, noting that it was greatly diminished by the 1980s 
due to the prevalence of cultured pearls. However, regions 
such as many of the Gulf countries and India did not feel 
pressure from the cultured pearl market. These countries 
have led a resurgence of natural pearl’s popularity, specifi- 
cally with Basra pearls. These originate in the Arabian (Per- 
sian) Gulf, and their namesake is the city of Basra in Iraq. 
Historically, Basra was the center of natural pearl com- 
merce, with the greatest selection of natural pearls and the 
most informed dealers. 

Vock mentioned that the most prized natural nacreous 
pearls today are from either the Gulf region or Australia. 
Currently, both regions produce what dealers describe as 
“new material,” which are freshly harvested natural pearls. 
Natural pearls form in the mantle of the pearl mollusk 
shells, whereas cultured saltwater pearls grow inside the 
gonad of the mollusks. Many natural pearls have a large 
flat surface, similar to a button shape, because they grow 
against the mantle. For that reason, round, oval, and drop- 
shaped pearls are rarest and most valuable. 


Figure 23. A pair of earrings with unoiled emeralds 
weighing about 8 ct total, natural pearls measuring 
9.5-10.0 mm, unheated Burmese rubies weighing just 
under 5 ct total, and diamonds set in yellow gold. 
Photo courtesy of ProVockative Gems Inc. 
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Figure 24. Left: The mother shell (Mercenaria mercenaria) and an 18K gold ring featuring a 14.43 x 14.63 mm Iilac 
quahog pearl. Right: A rare collection of round quahog pearls ranging from 5.65 to 12.33 mm in diameter and in 
colors from white and beige to deep purple and tan. Photos by Robert Weldon; courtesy of ECIJA. 


When comparing pearls from the two regions, Vock ex- 
plained, there are some differences. Basra pearls usually 
have a warmer bodycolor, while Australian pearls tend to 
be whiter. Also, Basra pearls are often rounder than their 
Australian counterparts. In fact, the Gulf region has the 
highest percentage of round natural nacreous pearls of any 
producing area. He credited this to the smaller shell of the 
Gulf region mollusks. 

To see Alex Vock explain these common appearances 
with examples from his current collection, go to 
www.gia.edu/gems-gemology/spring-2023-gemnews- 
natural-nacreous-pearls. 


Lisa Kennedy and Artitaya Homkrajae 


Exceptionally rare pearls from ECIJA. At the GJX show, 
ECIJA (Santa Barbara, California) displayed a variety of nat- 
ural, wild, nacreous, and non-nacreous pearls, including 
conch, oyster, scallop, abalone, and quahog pearls. Only 
0.2% of all pearls in the current market are natural (S. 
Karampelas et al., “Raman spectroscopy of natural and cul- 
tured pearls and pearl producing mollusc shells,” Journal 
of Raman Spectroscopy, Vol. 51, No. 9, 2019, pp. 1813- 
1821), and the authors found the non-nacreous collection 
especially notable. 

ECIJA owner Aylene Norris and her husband, Jeremy 
Norris (Oasis Pearl), have been sourcing for 34 years and spe- 
cialize in natural pearls. For the first time in Tucson, ECHVA 
displayed a collection of round quahog pearls (figure 24). 
Quahog pearls are produced in the bivalve mollusk Merce- 
naria mercenaria (figure 24, left), a type of saltwater clam 
native to the Atlantic Ocean. These non-nacreous pearls 
consist mainly of fibrous aragonite and organic matter. They 
are often not perfectly spherical but form irregular shapes 
such as button or baroque, making this set of round quahog 
pearls extremely rare (figure 24, right). Moreover, they ex- 
hibited an attractive and strong porcelaneous surface with 
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sizes ranging from 5.65 to 12.33 mm in diameter. Quahog 
pearls are known for their unique range of colors, including 
white, beige, pink, lavender, purple, brown, and black. These 
2.1 quahog pearls showed a wide color range, from white and 
beige to deep purple and tan (figure 24, right). According to 
Jeremy, lilac and deep purple are the most desirable and 
command the highest price. The color of a quahog pearl is 
determined by various factors, including the clam species 
and environmental and geochemical conditions. 

Another rarity on display was a large (16.44 ct, 14.50 x 
14.36 x 11.95 mm) deep purple, button-shaped non-nacre- 
ous pearl showing an obvious flame structure at its surface 
(figure 25). This pearl formed from one of the many 
Spondylus species, also known as “thorny” or “spiny” oys- 
ters, which are harvested on the western coast of the Amer- 
icas as Spondylus princeps and Spondylus calcifer/limbatus. 


Figure 25. This non-nacreous pearl weighing 16.44 ct 
and measuring 14.50 x 14.36 x 11.95 mm is reportedly 
from a Spondylus calcifer/limbatus mollusk from the 
Sea of Cortez in Baja California. Photo by Robert 
Weldon; courtesy of ECIJA. 
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Contributors in this Issue 


COMMANDER JOHN SINKANKAS, U. S. Navy, Executive 
Officer of the aircraft carrier USS SAIPAN CVL-48 is currently 
based in the Far East. He joined the Navy as an Aviation Cadet 
in 1936 following his graduation from the Paterson, New Jersey 
State Teacher's College. In 1937 he received his Naval Aviator’s 


wings at Pensacola, Florida. 
As he explained, ‘Due to my entry in the Navy, I realized the 


impracticality of lugging around a mineral collection. As I had 
always been interested in the science of gemology, I undertook 
the study of gems and then studied lapidary work in 1947. I specialize in the cutting and 
polishing of extremely soft, brittle or other ‘difficult’ gemstones such as apatite, kyanite, 
cerussite, etc.” Commander Sinkankas received his Gemologist diploma in March, 1951. 

A number of cut specimens of Commander Sinkankas’ work are presently in the col- 
lection of the United States National Museum including a 578 carat oval brilliant 
aquamarine and a 50 carat step cut rock crystal. The rock crystal is unique in that it is 
cut from synthetic quartz, perhaps the first of such size ever to be cut. 

He is the dicoverer of the third known source of rhodolite garnet which is located 
in a fjord known as the Sondrestromfjord, just above the Arctic Circle in the West Coast 
of Greenland. This discovery was made in the summer of 1942. The garnet was sub- 
sequently submitted to the late Mr. John N. Trainer, distinguished mineral collector 
who specialized in garnets and who verified the identification. 

In addition to maintaining and adding to his fairly extensive collection of rare and 
unique gemstones, Commander Sinkankas has found time to write numerous articles for 
ROCKS AND MINERALS magazine and conducts the Amateur Lapidary column in that 
publication. He is also the author of ANYONE CAN CUT GEMS which is scheduled 
for publication by D. Wan Nostrand Company in the early part of 1955. 

His article, THE GEM AND ORNAMENTAL STONE MARKET IN HONG KONG 


TODAY appears in this issue on page 47. 


DR. RAYMOND JENNESS BARBER, Curator of Mineralogy 
and Petrology at the Los Angeles County Museum, after thirty 
years of mining engineering and fifteen of university teaching, 
now devotes most of his time to mineral science. Graduated 
from) Massachusetts Institute of Technology in 1906, he has 
traveled to many different countries in his mining practice and 
geological explorations. He was a special lecturer at Stanford 
University; Dean of the School of Mines at the University of 
Alaska; and lately on the staff of the school of Engineering at 
the University of Southern California. During various sojourns 
to Old Mexico, he became interested in the “jade question.” 

In 1951 and 1952 ~ spending most of his time in Oaxaca — he investigated this ques- 
tion for the Los Angeles County Museum. His article JADE IN MEXICO concerning 
his trip appeared in the Spring, 1952 issue of GEMS & GEMOLOGY. His discussion 
of the NATURE OF JADE appears in this issue on page 38- 
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Reportedly from calcifer/limbatus from the Sea of Cortez 
in Baja California, the pearl’s large size, attractive purple 
color, and strong flame structure set its value. Previously, 
GIA has reported that flame structure is usually caused by 
subsurface to surface-reaching acicular inclusions (Fall 2016 
Lab Notes, pp 303-304). Although several Spondylus pearls 
have been reported in G#G (Summer 2016 Micro-World, 
pp. 202-203; Fall 2016 Lab Notes, pp. 303-304), this is one 
of the largest and finest examples. 

ECIJA also featured other nacreous and non-nacreous 
pearls for designers and buyers, including conch, scallop, 
and abalone pearls. Each of these species exhibits unique 
shapes and colors. Conch pearls are typically oval in shape 
and exhibit white, beige, brown, yellow, orange, pink, and 
red colors. They range in size from 1 mm to over 20 mm. 
Scallop pearls from Nodipecten nodosus, also known as 
“Lion’s Paw” or “Mano de Leon,” form button, oval, and 
baroque shapes that range from white and brown to rare 
purple or maroon colors. These exhibit beautiful reflective 
mosaic-like patterns on their surface. Abalone typically 
produce conical or baroque-shaped pearls exhibiting a com- 
bination of vibrant colors and a mirror-like luster. Sym- 
metrical abalone pearls, especially in large sizes, are very 
rare. 

While GIA has developed seven value factors to evaluate 
the quality of nacreous pearls (size, shape, color, luster, sur- 
face, nacre, and matching; see J.W.Y. Ho and S.C. Shih, 
“Pearl classification: The GIA 7 Pearl Value Factors,” Sum- 
mer 2021 GWG, pp. 135-137 and accompanying wall chart), 
it is difficult to set the value for non-nacreous pearls due to 
their rarity and individual characteristics. In addition, de- 
mand dictates the value and price of rare pearls. An increas- 
ing demand for conch pearls has attracted buyers from all 
around the world. Jeremy indicated that conch pearls are es- 
pecially popular in the European, U.S., and Asian markets. 
Deep pink to red pearls exhibiting a strong flame pattern are 
the most desirable and have doubled in value over the last 


10 years, whereas pastel colors continue to be a more afford- 
able solution for designers and collectors alike. 


Si Athena Chen 


Chunhui Zhou 
GIA, New York 


New find of petroleum-included quartz from Madagascar. 
At the Tucson Gem and Mineral Show (TGMS), a new find 
of quartz with petroleum inclusions was offered for sale by 
Hidden Gem Gallery (Portland, Oregon). According to 
owner G. Moses Samora, the material is from the Andran- 
otokana Massif in the Alaotra-Mangoro region of eastern 
Madagascar. Petroleum inclusions in quartz have been 
seen for a number of years from many deposits, most no- 
tably from Baluchistan, Pakistan (Spring 2004 Gem News 
International, pp. 79-80). The petroleum in these quartz 
crystals from Madagascar appeared brownish yellow and, 
as with many other petroleum inclusions in quartz, reacted 
to long-wave UV light with yellow to blue fluorescence 
(figure 26). 

Microscopic examination revealed numerous complex 
fluid inclusions containing obvious brownish yellow pe- 
troleum, a gas bubble presumed to be methane, dark solids 
of what was likely asphaltite, and a colorless immiscible 
liquid that was probably water (figure 27). Interestingly, in 
some fluid inclusions the methane bubble was mobile pro- 
vided there was enough available space within the petro- 
leum-filled cavities. These components are consistent with 
petroleum fluid inclusions in quartz from other deposits. 
When exposed to long-wave UV light, the petroleum com- 
ponent strongly fluoresced light yellow (which appeared 
blue in the photomicrographs], as has been previously ob- 
served in similar material. The two crystals from this new 
deposit displayed a scepter morphology, which seems un- 
usual, though it remains unclear whether this is diagnostic 
for the locality or just unique to these specific examples. 


Figure 26. These two quartz crystal scepters containing a multitude of complex petroleum fluid inclusions (left) 
that fluoresce yellow to blue to long-wave UV light (right) are from a new deposit in Madagascar. The larger crys- 
tal weighs 11.05 ct and measures 22.81 mm in length. Photos by Annie Haynes; courtesy of Hidden Gem Gallery. 
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Figure 27. The new find of quartz from Madagascar contained complex fluid inclusions consisting primarily of pe- 
troleum, methane, asphaltite, and water (left). When exposed to long-wave UV light, the petroleum appeared to 
fluoresce a strong yellow. However, the digital camera used to capture the image registered the fluorescence as a 
blue color (right). Photomicrographs by Nathan Renfro; field of view 2.81 mm. 


Microscopic inclusions in quartz are enjoyable to ex- 
amine, and petroleum inclusions are of particular interest 
to the collector due to their spectacular UV reaction. The 
introduction of this new quartz find at the Tucson show is 
an exciting addition to the gem and mineral trade. 


Nathan Renfro and John I. Koivula 
GIA, Carlsbad 


Bright orange sapphire from Greenland. The Aappaluttoq 
mine in Greenland is home to the oldest known ruby- 
bearing rocks on Earth. These host rocks are nearly three 
billion years old (A. Polat et al., “New age (ca. 2970 Ma), 
mantle source composition and geodynamic constraints on 
the Archean Fiskenzsset anorthosite complex, SW Green- 
land,” Chemical Geology, Vol. 277, No. 1-2, 2010, pp. 1- 
20). This deposit was initially known for producing 
translucent to opaque ruby and pink sapphire, much of it 


Figure 28. A 1.28 ct heated pink round brilliant sap- 
phire. Photo by Robert Weldon; courtesy of Green- 
land Ruby. 


cut into cabochon form. However, transparent material has 
always been found in this mine and makes up about 5— 
10% of the production. 

At the AGTA show, Greenland Ruby displayed many 
examples of attractive transparent ruby and pink to orangy 
pink sapphire, including several fancy-color sapphires in 
sizes greater than one carat (figure 28; see also pp. 145-149 
of this issue). These fancy colors are achieved by heat treat- 
ing nearly colorless to slightly pink transparent material. 
A transparent bright orange sapphire weighing 0.89 ct and 
measuring 6.41 x 5.02 mm (figure 29) immediately caught 
our eye. Martin Viala, product manager for Greenland 
Ruby, shared with us a video of the original 1.07 g sapphire 
rough (visit www.gia.edu/gems-gemology/spring-2023- 
gemnews-bright-orange-sapphire-greenland]. This unusual 
stone was mined in late 2019 and heated in May 2022. 
Viala noted that it was a textbook example of a chromium 
trapped-hole (h*-Cr**) chromophore (E.V. Dubinsky et al., 


Figure 29. A 0.89 ct heated orange oval brilliant sap- 
phire. Photo by Robert Weldon; courtesy of Green- 
land Ruby. 
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Figure 30. A 7.94 ct rectangular step-cut rhodochrosite 
from the Sweet Home mine in Colorado’s Alma Min- 
ing District. Photo by Robert Weldon; courtesy of 
Barker & Co. 


“A quantitative description of the causes of color in corun- 
dum,” Spring 2020 GwG, pp. 2-28). 


Jennifer Stone-Sundberg and Si Athena Chen 


Sweet Home mine rhodochrosite from 1888. At AGTA, 
Ann Barker and Tori Lopez of Barker & Co. (Scottsdale, Ari- 
zona) exhibited a 7.94 ct rectangular step-cut rhodochrosite 
(figure 30) with a provenance dating back more than a hun- 
dred years. The stone is from the Sweet Home mine in Col- 
orado’s Alma Mining District, at an elevation of about 3,300 
m in the Rocky Mountains. 

Sweet Home was established as a silver mine in 1872. 
Miners initially discarded most of the rhodochrosite found 
in association with the silver ore because it interfered with 
the amalgamation process used then in silver mining. But 
the large, highly saturated, and nearly perfectly formed 
crystals later discovered there are some of the world’s finest 
rhodochrosite specimens. 

Rhodochrosite was first described in the mineralogical 
literature in 1813 based on specimens from what is now 
Romania. In 1887, George F. Kunz wrote of gem-quality 
rhodochrosite in Colorado, noting it was the first source 
with such large and transparent crystals. Most of the 
rhodochrosite available worldwide was light pink, opaque, 
and often banded—ttypically used for beads, cabochons, and 
carvings. This source introduced pink to red gem-quality 
single-crystal rhodochrosite, which is rare. The gemstone 
became more widely known in the late 1930s, after a Ger- 
man gemologist found large volumes in Argentina’s Cata- 
marca Province high in the Andes. (In Argentina, the use 
of rhodochrosite dates back to the ancient Incas, who are 
said to have believed it was the solidified blood of their 
fallen rulers.) 

The step-cut stone’s traceable history began in 1888, 
when a shaft collapse resulted in a 32.61 ct cleavage frag- 
ment. Miner Edward Abbott kept it and in 1925 gave it to 
Denver businessman Edwin Spray, who later owned the 
mine. The same year, Sweet Home miners found large spec- 
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imens on quartz matrix, many of which were sold to muse- 
ums in the U.S. and Europe. In 1968, the fragment made its 
way from Spray’s widow, Eleanor, through a friend of the 
family to geologist and mineral collector Charles Trantham 
in California. In 1981, Glenn Vargas, a gem and mineral 
dealer and university instructor, expertly cut the stone. 
Rhodochrosite often presents challenges for cutting due to 
its low hardness (3.5-4.0 on the Mohs scale) and perfect 
rhombohedral cleavage. 

Rhodochrosite mining at Sweet Home expanded signif- 
icantly in 1991—long after silver production ended in the 
1960s—when Eleanor Spray’s nephew, F. Leonard Beach, 
leased the property to a group of investors led by Collec- 
tor’s Edge Minerals. The group found several new pockets 
and in 1992, uncovered the Alma King, a 14.2 x 16.5 cm 
deep cherry red rhombohedron, the world’s largest known 
fine rhodochrosite crystal. 

The Sweet Home mine closed in 2004, but the group 
went on to develop the associated Detroit City mine, 
which has produced some fine specimens since 2019. 


Erin Hogarth 


New tourmaline pockets in San Diego County’s Pala Dis- 
trict. At the AGTA show, Bill and Carl Larson (Pala Inter- 
national, Fallbrook, California) shared details about new 
pockets uncovered at the Tourmaline King mine. The first 
was discovered in January 2022—the first major find at the 
mine in more than a hundred years, and the first in South- 
ern California since the “Big Kahuna” pocket at the Ocean- 
view mine in 2010. “We've hit off and on three or four 
pockets, some of which are very good,” Bill said. 

The Larsons showed us several stones, including a 
16.96 ct emerald-cut green tourmaline (figure 31) from 
rough found near the first pocket in 2022. Bill said the 
green tourmaline is relatively uncommon for the Pala Dis- 
trict. “The green has actually been transparent enough to 


Figure 31. A 16.96 ct emerald-cut green tourmaline 
from rough found near a new pocket at the Tourma- 
line King mine. Photo by Robert Weldon; courtesy of 
Pala International. 
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Figure 32. Rubellite tourmaline rough (440 g) from one 
of the Tourmaline King mine’s new pockets. Photo by 
Robert Weldon; courtesy of Pala International. 


facet,” Carl added. “That’s been the best material so far.” 
The new pockets have also produced about 3 kg of fine- 
color rubellite rough (figure 32). 

The Tourmaline King mine’s main tunnel produced 
eight tons during San Diego County’s massive output of 
tourmaline in the early nineteenth century, which also in- 
volved the Pala District’s Tourmaline Queen, Pala Chief, 
and Stewart mines, as well as Mesa Grande’s Himalaya 
mine. (There was a resurgence of mining at Pala in the 
1970s.) 

Around 1920, mine owner R.M. Wilke and his crew in- 
stalled a new tunnel below the main one. “They hit this 
very dangerous zone right before they hit the pegmatite,” 
Bill said. Here they encountered a shear zone that caused a 
roof collapse. Wilke abandoned mining efforts around 1922. 

Pala International’s mining partner, San Diego Mining 
Company, reclaimed the tunnel several years ago and began 
extending it in 2019. “They got to the dangerous area, and 
then they backed up about 10 meters and went around and 
hit the pegmatite,” Bill said. “Now they’re in from the front 
to the back, where we’re hitting tourmaline.” 

Carl recalled his initial look at the first new pocket. 
“Kiel Snyder stopped me and said, ‘Everyone else gave up 
here,’” he said. “He just believed in it and kept going. Then 
they hit a small pocket—nothing of note, but something 
that said, ‘There are stones here.’ I think they called that 
the ‘Never Give Up’ pocket. Within 10, 15 feet, they hit 
that first pocket.” 

The crystals were large and well formed, and the min- 
ers uncovered a very large terminated quartz crystal, a col- 
lector specimen. Carl said the crystals in this pocket lack 
the rubellite color and are not typical of the mine, making 
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them inadequate for cutting and cabbing. But in January of 
2023, they discovered a pocket of beautifully colored red 
rubellite, too included for faceting but suitable for cabbing 
and carving. “We’re hoping that we’ll hit some more 
gemmy transparent material,” he said. 

“It’s really exciting to have an active mine in Southern 
California because of its rich history,” Carl said. “At the 
turn of the century we were hitting a lot, and then it was 
vacant for so long. So to have some energy coming in with 
new material is exciting.” 


Erin Hogarth 


Vibrant green grossular garnet “Transvaal jade.” At the 
Pueblo show, Tom Schneider of TMS Gems (San Diego, 
California) offered “Transvaal jade” rough displaying an 
exceptionally vivid green color. Also known as “African 
jade” or “South African jade,” this is not a true jade 
(jadeite or nephrite). The stone is instead a grossular garnet 
whose trade name is derived from its massive habit and 
green color, and the type locality. Specimens of this mate- 
rial are typically more translucent and lighter in color (J. 
Frankel, “Uvarovite garnet and South African jade (hy- 
drogrossular) from the Bushveld Complex, Transvaal,” 
American Mineralogist, Vol. 44, No. 5-6, 1959, pp. 565— 
591). Nested in a fine-grained chromite matrix, the opaque 
green portion of the stone in figure 33 had a refractive 
index of 1.731 and was inert to both long-wave and short- 
wave ultraviolet radiation. 

The sample was identified as grossular garnet using 
Raman spectroscopy and further classified as a grossular- 
andradite garnet using X-ray fluorescence chemical analysis 
and the naming convention proposed in 1995 (MLL. John- 
son et al., “Gem-quality grossular-andradite: A new garnet 
from Mali,” Fall 1995 GwG, pp. 152-166). The chemical 


Figure 33. This 110.4 g partially polished rough 
grossular garnet “Transvaal jade” and three polished 
cabochons (41.95-92.87 ct) display unusually vibrant 
green colors between seams of dark chromite matrix. 
Photo by Diego Sanchez; courtesy of TMS Gems. 
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Figure 34. Alex Skachkov of Misfit Diamonds. Photo 
by Jennifer Stone-Sundberg. 


data show 80.83 mol.% grossular (Ca3A1,Si,;Oj2), 10.50 
mol.% uvarovite (Ca;Cr,Si;O,,), 7.11 mol.% andradite 
(Ca;Fe,Si,O,,), and trace amounts of other garnet. Garnets 
in the grossular to andradite range can show 4.64-20.91 
wt.% Fe,O, (Johnson et al., 1995) and typically have low 
chromium values (<0.23 wt.% Cr,Os) (C.M. Stockton and 
D.V. Manson, “A proposed new classification for gem-qual- 
ity garnets,” Winter 1985 GWG, pp. 205-218). Increased 
iron content will impart a yellow, orange, or brown color 
component, while the most intensely green stones owe 
their color to chromium and possibly vanadium (Johnson 
et al., 1995). The low iron content (2.49 wt.% Fe,O;) and 
elevated chromium content (3.50 wt.% Cr,O;) of this sam- 
ple likely resulted in its remarkable coloration. 

The chromium-rich nature of this particular specimen 
produced a beautiful vibrant green with a high-polish lus- 
ter, making it an outstanding example of this material. 


Kendra Carty and Amy Cooper 
GIA, Carlsbad 
DIAMONDS 


Misfit Diamonds: Beauty in the imperfect. At the AGTA 
show, we spoke with Alex Skachkov of Misfit Diamonds 
(Vancouver, Canada) about some of their unusual diamonds 
(figure 34). When asked what was popular, he showed us 
their aptly named “salt and pepper” diamonds (see also fig- 
ure 5 of the Tucson 2023 overview), which contained eye- 
visible black and white inclusions. These had a very 
distinct look and were cut into various nonstandard shapes 
(figure 35). 

Skachkov described the appeal of these unique and 
beautiful “imperfect” diamonds, particularly to younger 
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Figure 35. “Salt and pepper” diamonds. Left to right: 
a 4.30 ct hexagonal step cut, a 5.56 ct octagonal step 
cut, a 3.58 natural-color orange cushion cut, and a 
3.39 ct pear cut. Photo by Robert Weldon; courtesy of 
Misfit Diamonds. 


designers and consumers. In his words, younger customers 
are not necessarily interested in absolutely flawless gems. 
Rather, many are looking for gems that charm in their dis- 
tinctive and rare “perfect imperfection.” He noted that 
these diamonds are also a more budget-friendly option. In 
addition to the “salt and pepper” diamonds, we got a close 
look at diamonds and sapphires cut into nontraditional 
shapes, including slices (figure 36). 

Skachkov mentioned that many of their customers 
now look for full disclosure of the entire mine-to-market 
custody chain. Misfit Diamonds provides this information 
whenever possible, though at times their diamonds arrive 
in mixed-origin parcels, with stones from a variety of global 
locations. Moving forward, they aim to meet the challenge 
of reporting full chain of custody, as they predict increasing 
demand for this feature. 


Jennifer Stone-Sundberg and Si Athena Chen 


Figure 36. Nontraditional diamond cuts and slices in 
a range of sizes. Photo by Jennifer Stone-Sundberg; 
courtesy of Misfit Diamonds. 
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JEWELRY DESIGN 


Sean Hill: Exquisite jewelry designs. At the GJX show, 
Sean Hill of Tucson presented some striking jewelry de- 
signs with masterful control of shape and line. A gold ring 
set with diamond, blue sapphire, and fancy-color sapphire 
(figure 37) drew us into his booth. Dr. Hill, a self-taught 
jeweler, has been active designing and handcrafting jewelry 
since 1998, after a previous career as a university professor 
in literature and philosophy. His academic and philosoph- 
ical nature is immediately evident when discussing design, 
and his meticulous attention to space and volume becomes 
more apparent the longer one studies his pieces. The 
“Seven Sisters” ring in figure 37 raises each stone to a 
unique height above the flat base, filling the rectangle with 
an appealing placement of 17 colorless diamonds inter- 
spersed among 2.2 sapphires. 


Figure 38. “Rose Cut” 18K white gold and diamond 
earrings. The faceted diamonds are 1.5-2.0 mm in di- 
ameter. Photo by Robert Weldon; courtesy of Sean 
Hill Designs. 


Figure 37. The “Seven 
Sisters” ring in 18K 
gold with 17 bezel-set 
diamonds (0.55 carats 
total) and 22 sapphires 
ranging in size from 2.5 
to 4.0 mm in blue, or- 
ange, mandarin, pink, 
and green (3.15 carats 
total). Photo by Robert 
Weldon; courtesy of 
Sean Hill Designs. 


A stunning pair of 18K white gold earrings featuring 
both diamond slices and faceted diamonds (figure 38) is a 
case study in filling a plain geometric shape to bring it to 
life. As Dr. Hill said in describing the piece, “A rectangle 
is a basic shape, a self-imposed constraint. It is how you 
choose to fill it that makes it interesting.” Adding to the 
design quality, the rectangles are not actually flat but gen- 
tly curved so that the earrings fit seamlessly on the ear. 

A pair of 18K gold earrings with brilliant-cut diamonds 
and sapphires (figure 39) illustrates a modern and consid- 
ered take on the classic chandelier earring, with squares 
and rectangles outlining floating round gems on delicate 
strings of gold. Dr. Hill explained some of his jewelry phi- 
losophy: “ You can always take a stone for its beauty, color, 
and cut, set it into a finding, and it is all about the stone. 
But how do you make it into art?” 


Jennifer Stone-Sundberg and Si Athena Chen 


Figure 39. “Event Horizon” earrings in 18K gold, dia- 
mond (0.07 carats total), and orange, mandarin, pink, 
green, and blue sapphire (5.2 carats total). Photo by 
Robert Weldon; courtesy of Sean Hill Designs. 
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Figure 40. These handcrafted jewelry pens are created with silver, embellished with 24K gold, and inlaid with dia- 


mond, sapphire, and crushed emerald. Left: The peacock design is a miniature painting coated in clear enamel. 
Right: A pen with fine metal engraving and dimming just below the 24K gold nib. Photo by Robert Weldon; cour- 


tesy of Zeki Karaca. 


Zeki Karaca Jewelry: Luxury pens. Some of the most orig- 
inal work we saw at the GJX show included bejeweled pens 
made by Turkish designer Zeki Karaca (figure 40). These 
intricate pens feature exquisite details and fine craftsman- 
ship in metalworking, enameling, engraving, inlay, and 
stone setting. In addition to pens, Karaca also creates other 
desk items such as letter openers and magnifying glasses 
(figure 41). 

Born in Istanbul, Karaca has 41 years of jewelry-making 
experience, originally designing jewelry to sell in the Grand 
Bazaar. To apply his experience and creativity to different 


Figure 41. Silver magnifying glass with 24K gold em- 
bellishments, inlay, carvings, and diamonds. Photo 
by Robert Weldon; courtesy of Zeki Karaca. 
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designs and styles, he began making luxury pens and prod- 
ucts three years ago. He first ventured into these new prod- 
ucts by crafting silver gemstone handles for Damascus 
steel knives. After finding success there, he expanded to 
meet the demand for luxury pens, letter openers, and mag- 
nifying glasses. 

Each pen takes about six months to design and craft. 
All production steps are done by hand, making each item 
one of a kind. After designing an item, Karaca creates a sil- 
ver body using fold forming, with the folds created using 
emery sheets. Engraving is executed by a master engraver 
using different nibbed steel pens, and dimming is used to 
emphasize the engraving. Karaka incorporates diamond, 
sapphire, emerald, and ruby into the designs and uses 24K 
gold for design highlights. Miniature paintings, such as the 
peacock on the pen cap in figure 40 (left), are created by 
hand with a small brush and then coated with a transpar- 
ent enamel for protection. For micro-mosaics, gemstones 
such as emerald are crushed and added to the pen body, as 
seen in both pens in figure 40. The pen parts are welded to- 
gether with a laser, and then the 24K gold nibs are added. 

With high demand for his products from collectors, 
Karaca continues to explore additional high-end objects as 
well as custom designs for some clients. 


Jennifer Stone-Sundberg and Mimi Travis 
GIA, Carlsbad 


Brenda Smith Jewelry designs. Brenda Smith Jewelry has 
earned four AGTA Spectrum Awards to date for design ex- 
cellence. At this year’s AGTA designer showroom, Smith 
presented three masterpieces to the authors: two award- 
winning rings featuring pearl and blackened gold lace and 
an opulent pair of earrings featuring millefiori faces. 
Smith’s most prized creation is her Lace Ring design. 
She shared her white Lace Ring featuring a large cultured 
pearl accented with gold lace, sapphires, and diamonds (fig- 
ure 42.A), followed by a black Tahitian pearl Lace Ring with 
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Figure 42. A: This Lace Ring is crafted in 18K rose gold with blackened gold lace, featuring a cultured freshwater 
pearl measuring 16.5 mm in diameter, enclosed by natural-color pink and lavender sapphire round brilliants weigh- 
ing 2.86 carats total. The shank of the ring is embellished with 0.06 carats of diamonds. B: This Tahitian pearl Lace 
Ring is created in 18K white gold with sandblasted and blackened gold lace. The cultured Tahitian pearl measures 
16.0 mm and is surrounded by round brilliant diamonds, 1.35 carats total. The rubies in the shank weigh a total of 
0.08 carats. C: A handmade doily crocheted by Smith’s grandmother. Photos courtesy of Brenda Smith. 


blackened gold lace, rubies, and diamonds (figure 42B). In- 
spired by her grandmother’s handmade crocheted doily fea- 
turing a pineapple motif (figure 42.C), the rings were created 
as a tribute to her memory. In 2021, the white freshwater 
pearl ring won Best Use of Pearls in the AGTA Spectrum 
competition and the Tahitian pearl ring won the InDesign 
Award in the category of Pearl Jewelry Over $5,000. 


Figure 43. These “Gibson Girl” millefiori earrings in 
18K white gold contain Paraiba tourmalines (1.11 
carats total), pink tourmalines (1.54 carats total), and 
0.56 carats of aquamarine. Photo courtesy of Brenda 
Smith. 
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Smith’s one-of-a-kind “Gibson Girl” earrings (figure 43) 
are inspired by the Austrian symbolist painter Gustav 
Klimt. Klimt’s paintings combined realistic faces with geo- 
metric clothing, and Smith mirrored this style to create 
this high-end piece of jewelry. The technique used to create 
the girl faces is millefiori, which means “thousand flow- 
ers” in Italian and produces slices from canes with concen- 
tric and colorful patterns. Millefiori techniques can be used 
to make jewelry, decorative objects, candy, and art pieces. 
Creating these objects requires a skilled artisan who pos- 
sesses a deep understanding of material properties, consid- 
erable experience, and patience. American artist Barbara 
McGuire handcrafted the complex face canes for the ear- 
rings by arranging and embellishing polymer clays to create 
a lifelike image. Though millefiori objects are commonly 
used in decorative pieces, Smith’s design incorporates a 
harmonious blend of colored gemstones expertly paired 
and crafted to create a lively figure with a unique person- 
ality and color scheme, making it an extravagant and ele- 
gant piece of jewelry. 

Si Athena Chen and Jennifer Stone-Sundberg 


YNY Jewels: Designer Surbhi Pandya. A dazzling pair of 
carved tanzanite earrings (figure 44) caught our attention at 
the GJX show. Designer Surbhi Pandya of YNY Jewels (New 
York), who goes by the single name Surbhi, described the 
significance of the carving featured on each of the large un- 
heated tanzanite crystals. Depicted in violet and green is the 
lotus blossom, a flower with ancient cultural significance in 
India, rising with its deep roots from the mud without 
stains, symbolizing purity and strength. As the blossoms 
close up at night and reopen the next day, they also symbol- 
ize rebirth. Each carving is immediately surrounded by a 
ring of blue Kashmir sapphires and emeralds, followed by 
colorless diamonds and bright green tsavorite garnets. Each 
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Figure 44. Surbhi’s “Orient” earrings with tanzanite 
carvings surrounded by blue sapphires, emeralds, 
white diamonds, and tsavorite garnets with an upper 
flower-shaped dangle composed of faceted tanzanites, 
emeralds, and pink sapphires, all set in 18K white gold. 
The total diamond weight for the pair is 1.60 carats, 
and the total colored stone weight is 62.23 carats, 
48.32 carats of which are from the two tanzanite carv- 
ings. Photo by Robert Weldon; courtesy of YNY Jewels 
Inc. and Karats Inc. 


upper dangle contains faceted slices of tanzanite and emer- 
ald with a central hot pink sapphire. She also shared a pen- 
dant with a paisley-shaped unheated tanzanite similarly 


Figure 45. An 18K white gold pendant containing a 
paisley-shaped unheated tanzanite with a lotus blos- 
som carving, surrounded by pavé-set black diamonds 
and pink and purple princess-cut Sri Lankan sap- 
phires. The total weight of the diamonds is 1.00 
carats, and the colored stones total 23.40 carats. 
Photo by Robert Weldon; courtesy of YNY Jewels Inc. 
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Figure 46. Designer Surbhi. Photo by Jennifer Stone- 
Sundberg. 


containing a lotus carving (figure 45). She explained that the 
paisley shape represents continuity and life. 

Surbhi (figure 46) has been making jewelry for 20 years 
and was trained by her father, Yogendra Sethi, a renowned 
artist in India. She described designing jewelry as a journey 
filled with energy. She does not make jewelry to please her- 
self, but out of a drive to create things that speak to others. 
Surbhi shared stories of customers’ deeply personal con- 
nections with her jewelry, a profoundly rewarding experi- 
ence for her as an artist. 


Jennifer Stone-Sundberg and Si Athena Chen 


RESPONSIBLE PRACTICES 


Ethical supply chain practices in Africa with Virtu Gem. 
This year marked Tucson’s fourth Ethical Gem Fair, a mar- 
ket cooperative of ten responsibly sourced gemstone sup- 
pliers (see Spring 2020 GNI, pp. 177-179). The fair was held 
January 28-31 at the Scottish Rite Cathedral. Virtu Gem 
sells gemstones directly from artisanal mining communi- 
ties in Kenya, Malawi, and Zambia (figure 47) and debuted 
at the fair in 2022. We spoke with cofounder Susan 
Wheeler and Percy Maleta, Virtu Gem’s country exporter 
and ambassador in Malawi, about its beginnings, programs, 
and impacts. 

Wheeler said more new customers come to the Ethical 
Gem Fair each year. “All the large companies come by, 
too,” she said. “There were a lot this year that everybody 
was surprised by. I think that the awareness of what arti- 
sanal mining is and what it can be is spreading.” 
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Figure 47. Some of Virtu Gem’s larger gemstones from 
Kenya, Malawi, and Zambia at the Ethical Gem Fair. 
Clockwise from top: 45.00 ct citrine, 32.33 ct rutilated 
quartz, 9.80 ct aquamarine, 21.65 ct citrine, 9.99 ct 
aquamarine, 12.32 ct aquamarine, 17.20 ct aquama- 
rine, and 20.15 ct citrine (center). Photo by Robert 
Weldon; courtesy of Virtu Gem. 


Virtu Gem gives artisanal miners, cutters, and traders 
formal access to international markets and began as a proj- 
ect of Wheeler’s nonprofit Responsible Jewelry Transfor- 
mative (RJT). Virtu Gem’s programs also offer training in 
cutting and basic gemology and help miners improve 
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safety, labor, and environmental conditions at the mines, 
all with a focus on women. Their gemstone prices include 
a 10% premium that goes toward fulfilling the mining 
communities’ various needs. During the height of the 
COVID-19 pandemic, the premium was used for food 
drives in all three countries and personal protective equip- 
ment for Kenyan women miners; currently it goes to the 
purchase of safety equipment (figure 48). 

Wheeler and cofounders Jessica Hudson and Monica 
Gichuhi (figure 49) began selling gemstones from Zambia 
online in 2020, after the pandemic forced the cancellation 
of a conference they had planned there that would have 
provided a market for traders. “There was a call to action 
from the Organisation for Economic and Co-operative De- 
velopment (OECD) to support all the artisanal miners be- 
cause no one was coming to the country to buy their 
stones,” Wheeler said. The OECD’s Call to Action for Re- 
sponsible Mineral Supply Chains cited COVID-19’s dispro- 
portionate impact on artisanal and small-scale miners, who 
make up more than 80% of the global mining workforce 
and already face inequities in the supply chain. Wheeler 
and Hudson are both jewelry designers; Gichuhi is a found- 
ing member of the Association for Women in Extractives 
in Kenya (AWEIK). Her connections with mining associa- 
tions in Zambia were a starting point. 

Beginning in 2021, Virtu Gem received two grants 
through RJT from the World Bank’s Extractives Global Pro- 
grammatic Support fund. The fund’s purpose is to promote 
sustainable and inclusive mining in developing countries 
and thereby reduce poverty. The grants allowed them to ex- 
pand into Kenya and Malawi, hold virtual cutting work- 
shops, and implement CRAFT Code in eight mines. 
(“CRAFT” stands for Code of Risk mitigation for Artisanal 
and small-scale miners engaging in Formal Trade.) Virtu 
Gem also hired experienced international consultants. 


Figure 48. Artisanal 
emerald miners in 

¥ Zambia celebrate a do- 
| nation by Virtu Gem of 

safety equipment and a 
jackhammer. Photo 
courtesy of Virtu Gem. 
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“There’s been a huge amount of progress over the past 
two years,” Wheeler said. The funding helped Virtu Gem 
develop a strong foundation, she said, and grow enough 
to be able to pass any chain of custody standard for large- 
capacity buyers. 

While Virtu Gem has had success in all three countries, 
Wheeler said Kenya has seen the most because some in the 
trade already had Ultra Tec cutting machines and were sell- 
ing to the international market. “After the first few pur- 
chases we did, word spread,” she said. “People were 
showing up with 50 gems at a time to process.” Miners can 
also bring gems to the country coordinators for cutting. 

Virtu Gem’s gemstones are cut in each country and 
tracked with Provenance Proof Blockchain. They include 
amethyst, aquamarine, citrine, moonstone, rhodolite and 
other garnets, in all three countries; emeralds in Zambia; 
tsavorite in Kenya (figure 50); and color-change garnet in 
Malawi. The three countries also produce tourmaline in 
various colors, including pinkish orange (“sunset”) in 
Malawi and Zambia and golden in Kenya and Malawi. Pro- 
duction of morganite from newly discovered deposits in 
northern Malawi recently began. 

Virtu Gem has helped miners implement CRAFT Code 
at four mines in Zambia, two in Malawi, and two in Kenya. 
CRAFT Code is designed to improve safety, labor, and pay 
conditions through education at the mines. Its components 
include mine site certification, safety standards and equip- 
ment, and environmental planning, including carbon data 
tracking and reduction. 

CRAFT Code has an emphasis on protecting women, 
and Wheeler said they focused on women for the associated 
training. Focusing on woman-owned mines was more diffi- 
cult, however. “It’s a big challenge for women to own any 
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Figure 49. Left: Virtu 
Gem cofounders Jessica 
Hudson, Monica 
Gichuhi, and Susan 
Wheeler on a recent visit 
to Malawi. Right: Percy 
Maleta, the organiza- 
tion’s country exporter 
and ambassador in 
Malawi, examines a 
rough gemstone. Photos 
courtesy of Virtu Gem. 


land at all, especially in Zambia, Kenya, and Malawi,” 
Maleta said. In Zambia, two of the mines—one emerald and 
one amethyst—were woman-owned, and in Kenya they 
worked with a young woman whose family owned a mine. 

One of Virtu Gem/’s benefits is helping artisanal miners 
formalize their mining process. In Malawi, country coordi- 
nator Chiko Manda wanted to focus on rhodolite. Maleta 
said women account for roughly 80% of rhodolite produc- 
tion there (figure 51). Rhodolite is alluvial and best mined 


Figure 50. Rough tsavorite mined from a site in 
Kenya. Photo courtesy of Virtu Gem. 
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during the rainy season in Malawi, when the women are 
busy tending their gardens. Virtu Gem worked with a 
young couple, Ben and Tamara, who did not have a mining 
certificate. 

“The chief of the Chewa people didn’t want the women 
mining,” Wheeler recalled. “Ben had to go and prove him- 
self to the chief, that he wasn’t going to take advantage, 
and that the women could still do their agriculture.” Ben 
joined Virtu Gem’s calls with miners in Kenya and Zambia 
who shared advice. “He ended up getting permission to 
mine on the land and the blessing of the chief,” she said. 
“He sent me on WhatsApp a picture that he had gotten his 
certificate. He was so happy.” Maleta said that Ben recently 
received another land permit and is applying for a second 
mining certificate. “That was a way we could still work 
with the women,” Wheeler said. 

Wheeler mentioned the danger of holding a large 
amount of gemstones in an informal market, which Ben 
and Tamara encountered with a quantity of rhodolite. “You 
have the paradox of the women’s safety,” she said. “Every- 
body hears about it, and you get all these other dealers and 
traders coming in. How are they going to get a fair price? 
Yet they can’t hold on to it.” She said Ben called his friends 
and pleaded with them to purchase some of the rhodolite. 
She would like to see a formal system to address this type 
of scenario. 

Maleta said the past four or five years have seen an in- 
flux of Kenyans and Zambians to Malawi to buy gems, 
some of whom export them back home and misrepresent 
the source country. By exporting directly from Malawi, 
Virtu Gem has improved supply chain transparency. 

Maleta said Virtu Gem pays more than the informal 
market, but convincing people to participate can be a chal- 
lenge. “To have someone leave a stone with you and 
wait—for maybe two months, three months—it hasn’t 
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Figure 51. Artisanal 
rhodolite miners in 
Malawi. Photo courtesy 
of Virtu Gem. 


been easy,” he said. “But we have people who understand 
the process, who know that the stone they are leaving with 
Virtu will be sold, but also understand that if it’s not sold, 
it will be returned. That is trust.” 

“T was surprised by the lack of trust at the beginning,” 
Wheeler said. “We have to work hard to earn the trust from 
everybody in the gemstone community. We couldn’t have 
done this without our partner, Monica Gichuhi, working 
within the communities, and our country coordinators.” 
She mentioned Caroline Muchira in Kenya, who is also a 
cutter and a GIA Graduate Gemologist; Manda in Malawi; 
and Pauline Mundia in Zambia, a respected woman leader 
whom everyone calls “Mama Pauline.” 

“Living up to expectations is hard every single day,” 
Wheeler said. “Tucson is hard because we don’t own any- 
thing on display. Those are people sending us their stones 
that they've invested in. Before, they would have just sold 
them and not invested in separating parcels and cutting. 
That’s a lot of pressure. We’ve earned some of that trust, 
and we really have worked hard to earn that.” 

“Tt’s a dream come true for many to have their stones 
sold at this level,” Maleta said. “For us, for the country, for 
the people who are trading, the future is bright.” 


Erin Hogarth 


SYNTHETICS AND SIMULANTS 


Luminescent synthetic garnet-like crystals. At the 22nd 
Street show, the author spoke with Tim Challener of Tur- 
tle’s Hoard (Raleigh, North Carolina), who was selling some 
unique rough and faceted luminescent synthetic garnet-like 
crystals, which he referred to as “lumogarnets.” After 12 
years in the gem business, Turtle’s Hoard began selling only 
laboratory-made materials in March 2022. Challener noted 
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Figure 52. Yellow to greenish yellow faceted cerium- 
doped YAG “lumogarnets” ranging from 4 to 12 ct 
apiece. Photo by Lisa Kennedy; courtesy of Turtle’s 
Hoard. 


that their best-selling gemstone is Ce:LuAG, lutetium alu- 
minum garnet (Lu3A1;O;) doped with cerium. This material 
was introduced to the optics industry in the late 1990s and 
acts as a scintillator, a fluorescent crystal that absorbs high- 
energy radiation such as X-rays or gamma rays and reemits 
them as lower-energy visible light that is much easier to de- 
tect. LuAG is closely related to YAG electronically and both 
have the same garnet structure, yielding a gem with simi- 
larly excellent optical and gem properties (see figure 52). 

Yttrium aluminum garnet, known as YAG (Y3A1;Oyy), 
a lab-grown crystal that crystallizes in the cubic garnet 
structure, was one of the most popular diamond simulants 
from the 1960s to the mid-1970s due to its relatively good 
hardness (about 8.25 on the Mohs scale) and brilliance. 
Cartier’s replica of the 69.42 ct Taylor-Burton diamond fa- 
mously used YAG. Gadolinium gallium garnet, known as 
GGG (Gd3Ga;sOy), was the next garnet-like material to be 
used as a diamond simulant. GGG is slightly more brilliant 
and dispersive than YAG but scratches fairly easily due to 
its lower hardness (about 6.5 to 7.5 on the Mohs scale). 

Most of these garnet-like crystals are doped with vari- 
ous rare earth elements such as neodymium, erbium, 
cerium, and ytterbium. These dopants not only increase 
the materials’ value in the optics industry but also yield 
the variously colored synthetic garnet-like crystals seen in 
the gem and jewelry industry today. 

These synthetic garnet-like crystals are most com- 
monly produced by the Czochralski method, also known 
as the pulling method. In this melt process, the boule (a 
cylindrical synthetic crystal produced by a melt process) 
grows from a thin cylindrical seed crystal that is dipped 
into a melt of the desired garnet composition. The seed is 
rotated and then lifted very slowly at a controlled rate, al- 
lowing the melt to crystallize onto it. The material pro- 
duced is extremely pure, with few inclusions or none at all. 
However, the material is not actually made for the gem and 
jewelry industry, rather, those in the industry can only pur- 
chase some of the less-perfect material and off-cuts of the 
boules to facet and sell (figure 53). 
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Challener explained, “They are lab-created, but each one 
has its own history beyond its use as a gem. And while there 
have been conflicting messages about whether some lab- 
grown stones, particularly lab-grown diamonds, are truly 
eco-friendly, the materials we work with are an inevitable 
byproduct of necessary crystal growth. Our modern lives 
rely on these materials being grown—we can’t have cell 
phones without lithium niobate or modern PET scanners 
without scintillators—so there isn’t really any additional 
waste associated with them.” 

Turtle’s Hoard offered a variety of “lumogarnets,” includ- 
ing rough and faceted luminescent yellow and yellowish 
green cerium-doped GAGG (gadolinium aluminum gallium 
garnet, Gd,Al,Ga,O,,}, cerium-doped LuAG, and cerium- 
doped YAG (see again figure 52). In addition, they displayed 
rough grayish purple neodymium-doped YAG, rough and cut 
greenish blue ytterbium-doped YAG (figure 54), rough pink- 
ish orange erbium-doped YAG, and rough and faceted green 
chromium-doped YAG, a green stone with strong red fluo- 


Figure 53. The top of a YAG boule doped with cerium 
and neodymium and produced by the Czochralski 
method, measuring approximately 36 mm in dia- 
meter and 45 mm tall. Parts of the boule that cannot 
be used for scientific purposes can be sold to the gem 
and jewelry trade for faceting. Photo by Lisa 
Kennedy; courtesy of Turtle’s Hoard. 
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Figure 54. Greenish blue rough and cut ytterbium- 
doped YAG. The cabochon in front is 14 x 10 mm. 
Photo by Lisa Kennedy; courtesy of Turtle’s Hoard. 


rescence showing simultaneous flashes of green and red 
based on lighting, dubbed “Christmas garnet.” Although 
synthetic and possessing a garnet-like structure, YAG, GGG, 
LuAG, and GAGG are not synthetic garnet, since they lack 
the chemistry of any garnets known in nature. 


Lisa Kennedy 


EXHIBITS 


GIA Museum’s “Paint the Town Ruby Red” exhibit at 
TGMS. At the Tucson Gem and Mineral Show, the GIA 
Museum exhibited a Burmese ruby and diamond necklace 
and earrings against a backdrop of the necklace fluorescing 
in ultraviolet light (figure 55). The necklace contains 39 un- 
treated rubies from Mogok totaling 83.73 carats and 302 
diamonds totaling 42.62 carats. The largest ruby is 5.00 ct. 
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The exhibit highlighted the “magic ingredient”— 
chromium—that gives ruby not only its color but also its 
fluorescence. Mogok rubies are renowned for their high 
concentration of chromium and low concentration of iron. 
The latter element, if present in a high enough concentra- 
tion, quenches all or part of the red fluorescence produced 
by the chromium. This fluorescence is an important factor 
in the high value of Mogok rubies. 

TGMS began in 1955 and is one of the longest-running 
gem and mineral shows in the world. GIA Museum curator 
Terri Ottaway said she was thrilled at the opportunity to 
showcase such a gorgeous necklace and include a bit of 
chemistry and geology for the gem and mineral enthusiasts. 


Erin Hogarth 


GIA Library wins exhibit award at TGMS. GIA’s Richard 
T. Liddicoat Gemological Library and Information Center 
was awarded the Betty Clayton Gibson Memorial Trophy 
for Best Museum Exhibit for 2023 at the Tucson Gem and 
Mineral Show. The winning exhibit illustrated the impor- 
tance of mercury-free gold mining (figure 56). Historically, 
mercury has been used in artisanal and small-scale gold 
mining because of its ability to bond with gold to form an 
amalgam, but its high toxicity and negative effects on hu- 
mans and wildlife have led to increased emphasis on mer- 
cury-free options for mining gold. 

The exhibit featured a traditional wooden bowl used 
for gold panning, along with many of the library’s books on 
ecological jewelry and responsible and sustainable mining 
and jewelry practices. 

“This exhibit illustrates how mercury-free gold mining 
can have positive long-term implications for both gold 
miners and the environment,” said library director Robert 
Weldon. He noted that among all the deserving exhibits 
displayed at TGMS, the GIA Library’s stood out due to the 


Figure 55. The GIA Mu- 
seum’s “Paint the Town 
Ruby Red” exhibit at 
TGMS featured a 
Burmese ruby and dia- 
mond necklace and ear- 
rings, courtesy of Mona 
Lee Nesseth (Custom 
Estate Jewels) and a pri- 
vate collector. Photo by 
Terri Ottaway. 
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Merctiry-Free Mirting- 


Figure 56. The GIA Li- 
brary’s award-winning 

| exhibit on mercury-free 
| mining at the Tucson 
Gem and Mineral Show. 
Photo by Chris Rogers. 


importance of responsible mining and sustainability in the 
industry. 

In 2021, GIA provided a grant to Mercury Free Mining 
(MFM) and the Alliance for Responsible Mining (ARM). 
New methods for concentrating gold continue to be ex- 
plored and tested with the goal of significantly reducing, 
or even eliminating, the use of mercury in gold mining. 


Erica Zaidman 
GIA, Carlsbad 


ANNOUNCEMENTS 


Sixth annual Gianmaria Buccellati Foundation Award win- 
ner. Sara Guergova, a graduate of GIA’s Jewelry Design pro- 
gram in London, received the sixth annual Gianmaria 
Buccellati Foundation Award for Excellence in Jewelry De- 
sign. The 12 finalists and winner were announced at the GIA 
Alumni Collective’s “Night at the Museum” event held 
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during the AGTA GemFair in Tucson. Guergova, the first 
student from the London campus to win the award, designed 
a stunning bracelet featuring swans to represent together- 
ness and loyalty (figure 57). 

Created in partnership with the Gianmaria Buccellati 
Foundation in 2018, the award recognizes outstanding talent 
in design among GIA students worldwide. Larry French, 
chief officer for North America strategies at the foundation, 
said, “On behalf of the Gianmaria Buccellati Foundation, 
we want to congratulate Ms. Sara Guergova, this year’s win- 
ner, plus all the other finalists whose work so enriched this 
year’s competition. We also want to recognize the talented 
GIA design instructors who helped guide the students on 
their way to the final judging in Tucson.” 

The 2023 Gianmaria Buccellati Foundation Award for 
Excellence in Jewelry Design competition is underway and 
open to students in GIA’s Jewelry Design courses who meet 
the eligibility requirements. Visit www.gia.edu/buccellati- 
foundation-award-jewelry-design for more information. 


Figure 57. Sara Guer- 
gova’s winning design 
sketch for the 2022 Gi- 
anmaria Buccellati 
Foundation Award for 
Excellence in Jewelry 
Design, featuring gold, 
black onyx, ruby, dia- 
mond, tourmaline, and 
blue sapphire. 


SPRING 2023 


Gems & GEMOLOGY 


2023 Tucson Photo Gallery 


The pendant on the right is a miniature recreation of the “Bahia,” a massive rutilated 
quartz fashioned by Glenn Lehrer and Lawrence Stoller. Each pendant in the collection 
is carved from leftover raw material. The photo on the left is by Harold and Erica Van 
Pelt; courtesy of Glenn Lehrer. The photo on the right and the rest of the photos in this 
gallery are by Robert Weldon. 


— — 


This suite of cat’s-eye topaz cabochons of unknown origin features a 135.80 ct center stone. Courtesy of Mayer 
@) Watt. 


This brooch features a 13.27 ct Imperial topaz sur- In this beautifully matched pair of natural pearl ear- 
rounded by 8.50 carats of diamonds, mounted in 18K rings, each 10 ct round pearl sits atop an astonish- 
yellow gold. Courtesy of Jewelerette & Co. ingly large 32 ct pearl drop. Courtesy of Sima G. Ltd. 


A spray of “mango” quartz measuring 92 x 103 mm from the Boyacd Province in Colombia. The yellow coloration 
is believed to be due to the mineral halloysite. Courtesy of Cornerstone Minerals. 


This naturally formed azurite disc on kaolinite ma- A stunning pair of Alexandre Reza 18K gold earrings. 


trix, accompanied by a cluster of malachite, hails In this design, 112 diamonds (totaling 7.86 carats) 
from the Malbunka copper mine in Northern Terri- dangle from two emeralds (totaling 2.12 carats). 
tory, Australia. It measures 123 x 140 mm. Courtesy Courtesy of Jardin Jewels. 


of Fine Art Minerals and Ghulam Mustafa. 


Rough and carved hemimorphite, weighing 173.35 ct A vintage Fred of Paris demi-parure of earrings and a 
and 112.26 ct, respectively. Courtesy of Evan Caplan. bangle, set with diamonds, rubies, emeralds, and sap- 
phires. Courtesy of Jardin Jewels. 


This aquamarine spray cluster from Skardu, Pakistan, measures 160 x 102 mm. Courtesy of Fine Art Minerals and 
Ghulam Mustafa. 


FALL 1954 


See Inside Cover 


Indicolite from Afghanistan. The 116.7 ct crystal is Earrings and necklace in a jellyfish motif, set in 14K 
from Nuristan Province, and the 9.39 ct cut gem is yellow gold. The mabe pearls are from the Sea of 
from Kunav Province. Courtesy of Dudley Bauwet Cortez. Courtesy of Columbia Gem House. 

Gems and Mountain Minerals International. 


Master cutter Mark Gronlund combines natural Oregon A Cartier Les Oiseaux Libérés diamond, emerald, and 
sunstone with unheated Nigerian pink tourmaline inthis sapphire ring crafted in 18K white gold. Courtesy of 
7.35 ct doublet, shown in table and profile views. Cour- Jardin Jewels. 

tesy of Desert Sun Mining and Gems. 


Aptly named the “Ring of Fire,” this Ethiopian opal in matrix displays a square of dark opal surrounded by a ring 
of white opal. Courtesy of Ellie Gem Arts. 


This bicolor spodumene is from Nuristan Province, Afghanistan. Terminations of the crystal appear to mimic the 
mountain range from which it was mined. Courtesy of Dudley Blauwet Gems and Mountain Minerals International. 


Vintage diamond and carved emerald bracelet designed An art nouveau enameled necklace in a floral motif in- 

by Alexandre Reza. Courtesy of Jardin Jewels. corporating 20 seed pearls, four natural freshwater 
pearls, and a freshwater Mississippi dogtooth pearl. 
Courtesy of Bernard Nacht & Co./Under the Crown. 


This horn-shaped boulder opal measures 75.5 x 15.9 x 4mm and weighs 74.20 ct. Courtesy of Dufty Weis Opals Inc. 


REGULAR FEATURES 


COLORED STONES AND ORGANIC MATERIALS 


Pinctada radiata atypical bead cultured pearls from the 
UAE. Pearling is embedded in the culture and traditions of 
everyday life in the United Arab Emirates (UAE), especially 
in the trading center of Julfar. Abdulla Al Suwaidi, grand- 
son of one of the last traditional pearl divers in the UAE, 
took on the challenge of reviving the country’s pearling in- 
dustry. He succeeded in establishing the Suwaidi Pearl 
Farm in Al Rams, Ras Al Khaimah (RAK), in 2005. 
Suwaidi’s cultured pearl farm is recognized as the first of 
its kind in the Arabian (Persian) Gulf region. 

GIA’s Mumbai laboratory recently examined a quantity 
of cultured pearls obtained from the farm. The parcel con- 
tained variously shaped white to cream-colored pearls. Ex- 
amination by real-time microradiography (RTX) showed a 
variety of different internal structures including bead and 
non-bead cultured pearls, but two pearls in particular (fig- 
ure 58) revealed very interesting structures and were con- 
firmed to be samples from atypical “bead” culturing 
experiments conducted by the farm. Pearl A was light 
cream and near-round, weighing 0.87 ct and measuring 
5.13 x 4.93 mm, while pearl B was cream and button 
shaped, weighing 0.94 ct and measuring 5.42 x 5.12 x 4.93 
mm. When viewed under 40x magnification, both pearls 
exhibited a smooth surface and possessed typical nacreous 
overlapping aragonite platelets. 
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Additional RTX and X-ray computed microtomogra- 
phy (u-CT) analyses were conducted to further study the 
internal structures. RTX imaging of pearl A revealed a 
non-bead cultured pearl used as a “bead” nucleus (figure 
59). A light gray core surrounded by organic-rich concen- 
tric growth structures followed by finer growth arcs was 
visible. An obvious demarcation with a small organic tail- 
like feature just below the surface overgrown with cul- 
tured nacre was also apparent. The lack of growth arcs in 
the nacreous layers was due to rapid growth during the 
culturing process (“Atypical ‘beading’ in the production 
of cultured pearls from Australian Pinctada maxima,” 
GIA Research News, February 13, 2017). Similarly, pearl 
B revealed a natural pearl used as a “bead” nucleus (figure 
60), with a very small but clearly visible dark gray core 
surrounded by faint growth arcs. As with pearl A, a dis- 
tinct demarcation with organic-rich areas and a small or- 
ganic tail-like feature were evident just below the surface 
overgrown with cultured nacre. X-ray computed micro- 
tomography analysis of both samples revealed clearer im- 
ages of the demarcation between the “bead” pearls used 
as nuclei and the cultured nacre overgrowths. 

Optical X-ray fluorescence examination did not show 
any fluorescence in either sample. Energy-dispersive X-ray 
fluorescence spectrometry revealed manganese levels 
below detection limits and strontium levels of 1130 ppm 
for pearl A and 1446 ppm for pearl B. The results from both 
testing methods were consistent with a saltwater growth 
environment. The ultraviolet/visible reflectance spectra 
collected for both pearls showed features around 435 and 
460 nm and an additional weak band at 495 nm. These fea- 


Figure 58. Two atypical 
bead cultured pearls re- 
covered from Pinctada 
radiata mollusks from 
Abdulla Al Suwaidi’s 
farm in the UAE. Pearl 
A (left) weighs 0.87 ct, 
and pearl B (right) 
weighs 0.94 ct. Photo 
by Gaurav Bera. 
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tures are similar to spectral observations previously 
recorded for natural Pinctada radiata pearls (A. Al-Alawi 
et al., “Saltwater cultured pearls from Pinctada radiata in 
Abu Dhabi (United Arab Emirates),” Journal of Gemmol- 
ogy, Vol. 37, No. 2, 2020, pp. 164-179). Raman analysis 
using 514 nm laser excitation was carried out on the sur- 
faces of both pearls, and a doublet at 704/705 cm" as well 
as a peak at 1085 cm, indicative of aragonite, were ob- 
served. Weak polyenic pigment-related peaks at 1130 and 
1540 cm"! were only observed for pearl B and were associ- 
ated with its cream coloration. The photoluminescence 
spectra were also consistent with the Raman results and 
displayed high fluorescence together with the aragonite 
peaks, typical of most nacreous pearls. 

Using lower-quality pearls (both nacreous and non- 
nacreous), gemstones, and other materials as “bead” nuclei 
has been a known practice for the last decade (“Chasing cul- 
tured pearls at SSEF: Cultured pearls using a natural pearl 
as a bead,” 2020, https://www.ssef.ch/chasing-cultured- 
pearls-at-ssef-cultured-pearls-using-a-natural-pearl-as-a- 
bead/). Although not seen on a regular basis, atypical 
“bead” cultured pearls (aBCPs) are encountered in labora- 
tories from time to time and can be very challenging to 
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Figure 59. Top: RTX im- 
ages in three directions 
of the non-bead cultured 
pearl used as a “bead” 
with a distinct demarca- 
tion and an organic tail- 
like feature in pearl A. 
Bottom: p1-CT scans of 
pearl A. The tail feature 
is indicated by a yellow 
arrow. 


separate from some natural pearls. This would be espe- 
cially true of the two samples featured in this report: If ei- 
ther of them were drilled and mixed in strands with 
natural Gulf pearls, an experienced gemologist would find 
it difficult to separate them from the other pearls. The au- 
thors have encountered natural pearls with similar dis- 
tinct boundaries. It should also be noted that the aBCPs 
produced at the Suwaidi farm are the result of successful 
experiments, and they are not commercially available at 
the time of this writing. The farm continues to conduct 
various experiments and aims to restore the UAE's place 
in the global market by producing the finest Pinctada ra- 
diata cultured pearls available. 


Abeer Al-Alawi 
GIA, Global 


Lubna Sahani 
GIA, Mumbai 


Nicholas Sturman 
Bangkok 


Chunhui Zhou 
GIA, New York 


Figure 60. Top: RTX im- 
ages in three directions 
of a natural pearl used 
as a “bead” witha 
clear demarcation and 
an organic tail-like fea- 
ture in pearl B. Bottom: 
L-CT scans of pearl B. 
The tail feature is indi- 
cated by a yellow 
arrow. 
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Figure 61. Twelve Chilean abalone cultured pearls and two red abalone (Haliotis rufescens) shells with attached 
cultured shell blisters, as well as three 7 mm traditional freshwater shell bead nuclei used to culture the pearls. 
Photo by Emily Lane. 


Bead cultured abalone pearls from Chile. Abalone is the 
common name of the marine mollusk species that belongs 
to the Haliotis genus. Various abalone species are distrib- 
uted worldwide along cold coastal waters. They live in 
rocky habitats, attaching firmly with their muscular foot. 
Abalone is highly prized for its meat, shell, and pearls. Due 
to a marked decrease of abalone populations, harvesting 
wild-caught abalone is heavily regulated. Thus, approxi- 
mately 95% of the global abalone supply comes from farms 
around the world, in countries such as China, South Korea, 
South Africa, Chile, Australia, Taiwan, Japan, the United 
States, and New Zealand (P.A. Cook, “Worldwide abalone 
production statistics,” Journal of Shellfish Research, Vol. 
38, No. 2, 2019, pp. 401-404). 

Abalone’s ear-shaped shells and pearls are known for 
their unique, vibrant iridescent nacre, which is sought after 
in jewelry and decorative items. The iridescence phenome- 
non is also known as “orient,” and it is attributed to inter- 
ference and diffraction of light in the multilayered aragonite 
platelet microstructure and organic components. Due to the 
rarity of natural abalone pearls, most abalone products used 
in jewelry today are either abalone shells or assembled cul- 
tured shell blisters (also known as “mabe pearls”). 

The culturing of whole pearls in abalone mollusks 
started around the same time as shell blister culturing for 
producing mabe pearl (assembled cultured shell blister], 
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and various methods have been attempted over the years 
(C.Y. Wentzell, “Cultured abalone blister pearls from New 
Zealand,” Fall 1998 G&G, pp. 184-200; M. Monteforte and 
H. Bervera, “ Abalone pearl culture on the west coast of the 
Baja California peninsula, Mexico,” World Aquaculture, 
2010, pp. 12-17). However, due to abalone’s hemophilia 
and poor tolerance for chemicals and handling, any signif- 
icant cut could cause major bleeding, and the nucleation 
and implantation procedures could induce infection that 
prohibits the mollusk from producing nacre. Therefore, the 
success rate of bead cultured (BC) abalone pearls was al- 
ways low and the pearls were of unmarketable quality. 
After 10 years of experimenting, scientists from the Uni- 
versity of Antofagasta, Chile, have successfully created 
abalone BC pearls using a patented method for producing 
free pearls in abalone. Twelve of their cultured pearls and 
two abalone shells with a cultured shell blister attached (fig- 
ure 61) were submitted to GIA for study in May 2022. They 
were the pilot crop of a new pearl culturing technique using 
traditional freshwater shell bead nuclei (5 to 8 mm) inserted 
into grafting channels in the visceral mass of Haliotis 
rufescens (red abalone) imported into Chile from Mexico in 
the 1990s (figure 62, left) for abalone farming. The BC pearl 
cultivation takes place during the last 24-28 months of the 
abalone culture process that usually takes 48-52 months, 
allowing the abalone meat and the pearl to be harvested at 
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Figure 62. Abalone mollusks were grown in an aquaculture recirculation system in eight raceways of 5000 liters. 
A local kelp species (shown on the right) was used to feed the mollusks twice per week. Photos courtesy of Jorge 


Donoso Mena. 


the same time. The facilities include an aquaculture recir- 
culation system in eight raceways of 5000 liters, with con- 
tinuous aeration by blowers and a culture water flow of 5000 
liters per hour (figure 62, right). The local kelp species Lesso- 
nia trabeculata obtained from natural, sustainably managed 
sources is used to feed the mollusks twice a week. Despite 
a high rate of bead nucleus rejection, the survival rate of the 
mollusks after grafting has been 99% and is currently at 
15,000 grafted mollusks per trial, according to the farm. 
The cultured abalone pearls produced using this 
method displayed multicolored nacreous surfaces due to 
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strong iridescence, along with patches and stripes of dark 
brown organic materials. They exhibited a variety of 
baroque forms, and four samples possessed horn or tooth 
shapes often found in natural abalone pearls. A character- 
istic underlying botryoidal-like surface structure, usually 
observed on natural abalone pearls and shells, was also 
present (Fall 2015 Lab Notes, pp. 319-320). Real-time mi- 
croradiography (RTX) revealed a round bead nucleus in the 
majority of samples, and the nacre layer thickness sur- 
rounding the bead nuclei ranged from 0.10 to 1.20 mm (fig- 
ure 63). One sample lacked a bead nucleus and was 


Figure 63. RTX images 
reveal 5-8 mm round 
shell bead nuclei in a 
majority of the abalone 
samples (ABL), with the 
nacre layer thickness 
surrounding the bead 
nuclei ranging from 
0.10 to 1.20 mm. A 
bead nucleus was ab- 
sent in sample 2, only 
showing layered growth 
with void-related fea- 
tures. While it is con- 
sidered a non-bead 
cultured pearl, its inter- 
nal structure resembled 
the internal structure 
commonly found in 
natural abalone 
baroque pearls. Image 
by Amiroh Steen. 
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Figure 64. Raman spec- 
tra using 514 nm laser 
excitation showed high 
fluorescence background 
and weak peaks of arag- 
onite displayed at 704 
and 1085 cnr". These re- 
sults are consistent with 
10 natural abalone sam- 
ples selected for prelimi- 
nary comparison study. 
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identified as a non-bead cultured (NBC) pearl. Its layered 
growth with void-related features resembled the internal 
structure commonly found in natural abalone baroque 
pearls. 

Ten natural abalone pearls were selected for spectro- 
scopic and chemical comparison with the cultured pearl 
samples, and both types of samples showed similar results. 
No specific patterns were observed in ultraviolet/visible 


Figure 65. The cultured and natural abalone pearl 
samples were compositionally similar in trace ele- 
ment concentrations determined by LA-ICP-MS. 
However, the cultured samples contained lower 
boron and higher potassium than the natural pearls. 
All four tested spots of the NBC samples are clearly 
separated from natural samples in this plot. 
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reflectance and photoluminescence spectra, and Raman 
spectra showed high fluorescence background and weak 
peaks of aragonite at 704 and 1085 cm (figure 64). Energy- 
dispersive X-ray fluorescence analysis revealed all the sam- 
ples had very low or below detection limit manganese 
content and high levels of strontium ranging from 1100 to 
5000 ppm. High iodine levels were also detected in most 
samples, which is common in abalone. Trace element con- 
centrations determined by laser ablation-inductively cou- 
pled plasma—mass spectrometry (LA-ICP-MS) were 
compositionally similar in both sample types. However, 
the cultured samples contained lower boron and higher 
potassium contents. All four tested spots of the NBC sam- 
ples could be clearly separated from natural samples in the 
plot of boron vs. potassium contents (figure 65). Since the 
one NBC pearl showed an internal structure similar to that 
of natural abalone pearls, the plot can potentially be used 
to differentiate NBC pearls from natural samples. How- 
ever, further study on both sample types is required. Addi- 
tionally, all abalone samples showed higher strontium 
concentrations than Pinctada species previously studied. 
The success of abalone BC pearl production could be a 
promising addition to the gem and jewelry industry, and 
this study provided useful information for future reference. 


Artitaya Homkrajae, Amiroh Steen, 
Matthew Hardman, and Ziyin Sun 
GIA, Carlsbad 


Rubén Araya Valencia 

Alexander von Humboldt Institute of Natural Sciences, 
University of Antofagasta 

Jaime Pablo Maturana Zuniga 

Abalone Pearl Technology (APT SpA) 

Antofagasta, Chile 
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Figure 66. Two natural pearls recovered from Pinctada 
radiata mollusks by Bahraini divers, weighing 0.06 ct 
(pearl A, left) and 0.25 ct (pearl B, right). Photo by 
Gaurav Bera. 


Microscopic shells in natural pearls from Pinctada radiata. 
For centuries, natural pearl diving was Bahrain’s main in- 
dustry. The vast majority of natural pearls fished around 
the islands of Bahrain are found in the Pinctada radiata bi- 
valve (known in Arabic as mahar). These pearl beds have 
been known to produce the finest-quality natural pearls in 
the Arabian (Persian) Gulf region. Given the Gulf’s strate- 
gic trading location and the richness of its pearling indus- 
try, the pearls from this region are coveted by traders and 
collectors alike (R. Carter, “The history and prehistory of 
pearling in the Persian Gulf,” Journal of the Economic and 
Social History of the Orient, Vol. 48, No. 2, 2005, pp. 139- 
209). GIA’s Mumbai laboratory recently examined a quan- 
tity of these pearls obtained from two local Bahraini divers 
who claimed they were recovered from wild mollusks liv- 
ing in the nutrient-rich shallow waters off the coast of 
Sitra, one of Bahrain's 33 islands. 

Natural pearls from Pinctada radiata fished from 
Bahrain and the Gulf region in general have a wide range 
of shapes and colors. While most of the pearls examined 
showed a variety of interesting internal structures, two of 
them had a noteworthy feature: a minute shell contained 
within. Natural pearls are very rare and form inside mol- 
lusk shells, and a shell within a pearl within a shell is like 
nature’s version of a nesting doll. Such structures have 
been encountered by GIA on rare occasion (see Winter 
2015 Lab Notes, pp. 434-436). 

Both pearls were very small (figure 66). The smaller one 
(A) had a strong yellow bodycolor and an oval shape, weigh- 
ing 0.06 ct and measuring 2.07 x 1.93 mm. The larger round 
one (B} had a light cream color, weighing 0.25 ct and meas- 
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uring 3.30 mm in diameter. When viewed under 40x mag- 
nification, both exhibited typical nacreous overlapping arag- 
onite platelets. Real-time microradiography (RTX) and X-ray 
computed microtomography (H-CT) analyses were carried 
out to examine the internal structures in greater detail. 

A minute gastropod shell measuring approximately 
0.50 x 0.30 mm was observed in pearl A. The shell walls 
were very thin, and minimal growth arcs were present in 
the nacre surrounding it (figure 67). Marine gastropods are 
known to range in size from a few millimeters to more 
than a meter, so the size of the shell inside this pearl sug- 
gests it was from a juvenile gastropod just beginning to 
form its shell. The juvenile shell later forms the proto- 
conch or first whorls of an adult gastropod (A. Nutzel, “Lar- 
val ecology and morphology in fossil gastropods,” 
Paleontology, Vol. 57, Part 3, 2014, pp. 479-503). 

RTX imaging of pearl B revealed a minute shell that ap- 
peared to be a foraminifera test (shell), measuring approxi- 
mately 0.45 x 0.35 mm. Foraminifera are small unicellular 
marine organisms found on the sea floor. A thin layer of 
organic matter that appeared darker in the RTX and p-CT 
images seemed to envelop the foraminifera test, and a few 
growth arcs were observed within the surrounding nacre 
(figure 68). The u-CT scan was also rendered using special- 
ized software (C. Zhou et al., “New 3-D software expands 
GIA’s pearl identification capabilities,” GIA Research News, 
May 13, 2016) to create a three-dimensional image that 


Figure 67. The gastropod shell, measuring approxi- 
mately 0.50 x 0.30 mm, observed in pearl A. A: RTX 
image of the shell. B—D: p-CT scans of the shell in the 
X, Y, and Z directions, respectively. (The weak white 
rings on the lower right image are artifacts and not 
pearl-related structures.) 
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Figure 68. The foraminifera test, measuring approxi- 
mately 0.45 x 0.35 mm, observed in pearl B. A: RTX 
image of the foraminifera test. B—D: p-CT scans of the 
foraminifera test in the X, Y, and Z directions, respec- 
tively. (Again, the weak white rings on the lower right 
image are artifacts.) 


made it easier to see the external morphology of the shell 
within the pearl (figure 69). The foraminifera test appeared 
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multilocular, or multichambered, with tubular chambers 
arranged around a growth axis to form a beautiful milioline 
arrangement of chambers (A.R. Loeblich and H. Tappan, 
Foraminiferal Genera and Their Classification, Springer, 
New York, 1988). The minute size of the shells within these 
tiny pearls is a good indicator of their natural origin. 

Energy-dispersive X-ray fluorescence spectrometry on 
pearls A and B revealed low manganese levels of 39.0 ppm 
and 17.8 ppm and high strontium levels of 1768 ppm and 
1497 ppm, respectively, which is characteristic of formation 
in a saltwater environment. Raman analysis was also car- 
ried out using 514 nm laser excitation on the surface of each 
pearl. A doublet at 702 and 705 cm” as well as a peak at 
1085 cm indicative of aragonite were observed, along with 
minor polyenic pigment peaks at 1130 and 1530 cm. Pho- 
toluminescence (PL) spectra were also collected on both 
pearls. Pearl A revealed three broad peaks at 620, 650, and 
680 nm, characteristic of many naturally colored pearls, 
while pearl B showed clear aragonite peaks and low fluo- 
rescence. An ultraviolet/visible reflectance spectrum was 
collected only for pearl B within the 220-850 nm range, as 
pearl A’s size prevented the detector from obtaining a clear 
result. Faint features at 420 and 495 nm were, like the PL 
results, consistent with natural coloration. Similar spectral 
observations have previously been documented in natural 
Pinctada radiata pearls (A. Al-Alawi et al., “Saltwater cul- 
tured pearls from Pinctada radiata in Abu Dhabi (United 
Arab Emirates),” Journal of Gemmology, Vol. 37, No. 2, 
2020, pp. 164-179). 


Figure 69. 3D images 
constructed from L-CT 
scans of pearl B illustrate 
the morphology of the 
foraminifera test. Images 
by Emiko Yazawa. 
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The gemological examination of these Pinctada radi- 
ata pearls proved very rewarding, especially with regard to 
their internal structures. Research into what causes the 
formation of a pearl in the wild is ongoing. Hence, finding 
these minute shells that may be the initiation of growth 
in these two natural pearls is a truly rare circumstance. 


Nishka Vaz 
GIA, Mumbai 


Nicholas Sturman 
Bangkok 


Abeer Al-Alawi 
GIA, Global 


Color study of fancy sapphire from Greenland. Over the 
past 70 years, several ruby and pink sapphire localities have 
been documented in the region of Greenland’s capital city, 
Nuuk (P.W.U. Appel and M. Ghisler, “Ruby- and sap- 
phirine-bearing mineral occurrences in the Fiskenaesset, 
Nuuk and Maniitsog regions, West Greenland,” GEUS, 
Geological Survey of Denmark and Greenland, 2014). Sev- 
eral of these localities are currently exploited on a small 
scale by the local communities. In 2017, Greenland Ruby 
A/S started a large-scale mining operation at the Aappalut- 
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Figure 70. Part of the 
suite of sapphires stud- 
ied for this project 
(weighing 0.23-1.41 ct). 
Photo by Sasithorn 
Engniwat; courtesy of 
Greenland Ruby. 


toq ruby and pink sapphire deposit, located 160 km south 
of Nuuk. 

The corundum extracted at Aappaluttoq is heated in 
air at temperatures over 1500°C for several hours, with 
some flux added. In rare cases, the heating significantly al- 
ters the color of light pink and near-colorless sapphire, re- 
sulting in fancy-color sapphire. GIA recently studied a 
parcel of 22 of these fancy-color sapphires mined and 
treated by Greenland Ruby (figure 70). 

A combination of ultraviolet/visible/near-infrared (UV- 
Vis-NIR) spectra and trace element chemistry using laser 
ablation-inductively coupled plasma—mass spectrometry 
(LA-ICP-MS] were collected at GIA in Bangkok to identify 
the causes of color. For full quantification of the chro- 
mophores, it is necessary to do this analysis in oriented, 
clean samples with a known path length. Since most of the 
Greenland material is polished as cabochons and contains 
some inclusions, it is very challenging to calculate or even 
estimate the absorption coefficients. We limited ourselves 
to a rough interpretation of the chromophores based on the 
shape of the spectra. Orientation of the samples was esti- 
mated based on the pleochroism. 

Additionally, we could not precisely identify which 
area of the stone was analyzed during the spectroscopy, and 
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thus all UV-Vis spectra were bulk measurements and com- 
bined the color of different zones. In contrast, the LA-ICP- 
MS analysis was performed at very specific spots, allowing 
the analysis of specific zones. 

The literature describes six chromophores responsible 
for color in natural corundum (E.V. Dubinsky et al., “A 
quantitative description of the causes of color in corun- 
dum,” Spring 2020 GwG, pp. 2-28). Four of the chro- 
mophotres from that study are responsible for the colors in 
this suite. 

Most stones from the Aappaluttoq deposit are colored 
by the Cr** chromophore, giving them their typical pink to 
red color (figure 71). The intensity of the color is directly 
linked to the concentration of Cr**, which can go up to sev- 
eral 1000 ppma, and in exceptional cases even to 15,000 
ppma. Most of the lighter-colored material has a concen- 
tration of a few 100 ppma, resulting in a pink color. 

Depending on the orientation, it can appear more pur- 
ple (when viewed through the c-axis). In some cases, this 
is so strong that the face-up color of the stone is modified 
to an extent that it cannot be defined as ruby or pink sap- 
phire and falls into the fancy reddish purple range. Some 
of the stones develop a more orangy tone after treatment. 
(A bright orange oval brilliant seen at the 2023 Tucson 
shows is highlighted on pp. 115-116 of this issue.) This 
color can be attributed to the creation of trapped holes in 
combination with Cr* (figure 72). 

To create trapped holes, the chemical balance in the 
stone needs to be correct. Only when a stone is acceptor 
dominated will trapped holes be present. In the case of 
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Greenland ruby, this comes down to the balance between 
Mg” vs. Ti‘, Si**, and H*. Since the stones have all been 
treated in air (oxidizing atmosphere), we can assume that 
H* has diffused out of them. With the method used to meas- 
ure trace elements (LA-ICP-MS with a quadrupole MS), we 
cannot correctly quantify the Si‘ content in these stones. 
The possibility that Si* plays a role in the color cannot be 
excluded. Regardless, there is no indication here that Si** is 
required to tilt the balance of chromophores when compar- 
ing trace elements vs. observed color. Since we do not aim 
to quantitatively analyze the color, we ignore any potential 
presence of Si**. This means that the concentrations of Mg** 
and Ti* are the determining factors: Only if the amount of 
Mg” is larger than the Ti* concentration can trapped holes 
develop in sapphire from Greenland. 

Two ions in sapphire can pair with trapped holes: Fe* 
and Cr**. Since the trapped hole preferentially pairs with 
Cr**, this is the chromophore observed in these stones. The 
quantity of trapped holes that can form in corundum is 
very low, and as such, not all the Cr** couples with a 
trapped hole. The final color will be a combination of the 
trapped hole color and the pure Cr** chromophore, result- 
ing in a combination of pink to red and orange colors. 
Trapped holes are very strong coloring agents that can have 
a major impact even when their concentration is very low. 

The Fe** chromophore is the weakest one encountered 
in natural corundum. Very high concentrations of Fe** are 
required to create a yellow color, often exceeding several 
thousand ppma. Since the Greenland rubies have a maxi- 
mum iron concentration under 1500 ppma, this chro- 
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mophore creates only a very weak yellow color (figure 73). 
Other common chromophores are much stronger and more 
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Figure 72. The peaks at 
550 and 430 nm in the 
o-ray spectrum (black) 
suggest the presence of 
Cr**, causing pink to 
red in the stone. The 
trace element analysis 
(in ppma) shows a clear 
excess of Mg** com- 
pared to the Ti concen- 
tration, highlighting 
that trapped hole cre- 
ation is very likely. 
When we remove the 
absorbance spectrum of 
Cr* from the stone’s 
absorption spectrum 
(blue), it is obvious that 
the combination of Cr* 
with the trapped hole is 
the cause of the remain- 
ing color and the strong 
orange tint observed in 
the stone. 


common, which makes it very difficult to notice any color 
contribution by Fe**. Only when the Cr** concentration is 


Figure 73. This plot 
shows the o-ray spec- 
trum of a pale yellow 
sample (black) and a 
modified o-ray spec- 
trum where some con- 
tribution by Cr** is 
subtracted (blue). When 
the Cr* spectrum is re- 
moved, a pure Fe* spec- 
trum remains. This 
spectrum is character- 
ized by the double peak 
at 377-388 nm and one 
at 450 nm. The ratio of 
the 388 to 377 nm band 
suggests a relatively 
low Fe* chromophore 
concentration, which 
matches the observed 
color and analyzed 
chemistry (in ppma). 
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extremely low can we detect the pale yellow color from 
the Fe** chromophore. 

The Fe?*-Ti** chromophore creates a blue color in 
corundum and is relatively strong (figure 74). When ob- 
served in ruby from Greenland, its effect is usually limited 
to a slightly increased purplish hue in the chromium-rich 
corundum, occasionally modifying the color to a dominant 
purple hue. Only when the Cr** concentrations are ex- 
tremely low is there a chance for the corundum to have a 
blue color. We still observe some cloudiness after the treat- 
ment in the blue zones. 

We assume that this type of rough corundum had a 
milky appearance caused by a high concentration of fine 
rutile particles before treatment. During treatment at 
temperatures over 1200°C, some of the particles dissolved 
into the lattice, becoming available to pair with Fe” that 
was already present and creating a blue bodycolor. Due to 
the large amounts of Ti* that diffused into the crystal lat- 
tice, the iron was forced to remain in a reduced state 
(Fe**). 


UV-VIS-NIR SPECTRA 
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The nature of the treated corundum from Greenland 
makes high-quality spectroscopy a challenge. Neverthe- 
less, we were able to isolate and identify the chromophores 
responsible for the fancy colors observed in these sapphires. 

It is important to note that many of these fancy colors 
developed as a result of heat treatment. The trapped hole-— 
related chromophores only become visible after H* diffused 
out of the stone under oxidizing conditions. These same 
conditions also allow the iron to oxidize and create the pale 
yellow color by Fe** chromophores. The high temperatures 
were also required to dissolve rutile particles into the 
corundum lattice and form Fe-Ti pairs. 

While these fancy-color stones remain a curiosity, they 
make for a welcome addition from a mine that is known 
for its ruby and pink sapphires. 

Wim Vertriest, Charuwan Khowpong, 
and Polthep Sakpanish 
GIA, Bangkok 


Martin Viala 
Greenland Ruby 


Figure 74. The ex- 
tremely low Cr* con- 
tents allow other 
features to be domi- 
nant. In this case, Fe?*- 
Ti* charge transfers 
with a large peak at 
580-620 nm are respon- 
sible for a blue color. 
The absorption spec- 
trum of the stone also 
shows some features re- 
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tion of ruby material. Photo courtesy of Diamonds for Peace. 


Liberian ruby. A gemological education can often prove 
useful in the most unusual of circumstances. On a recent 
trip to rural Liberia with the Japan-based NGO Diamonds 
for Peace (DfP), the author discovered a previously unac- 
knowledged source of ruby. The original purpose of the 
visit was to deliver a rough diamond grading and valuation 
workshop to the miners working and living in 17 commu- 
nities across Liberia. During the trip, the author stayed in 
the town of Weasua, one of the larger mining communi- 
ties, to experience the standard of living and the general 
working conditions of the miners. The poverty is extreme. 
Most homes are without electricity, facilities, or running 
water, and only three functional water pumps exist for a 
population of 5,000, all of which place the health and the 
well-being of this community at risk. DfP has been work- 
ing with this community since 2018 and has made signif- 
icant inroads in supporting and improving the lives of these 
miners, but there is a long way to go, and strategies to aid 
their mission are continually being developed. 

It was therefore fortuitous that during the visit, the au- 
thor learned that there were other promising gem-quality 
minerals in the alluvial gravels the miners were collecting 
in their pursuit of diamond (figure 75). Upon initial inspec- 
tion while on-site, the author noted material resembling 
corundum (primarily ruby), garnet, topaz, rock crystal 
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quartz, and possible spinel. Samples were purchased from 
the miners for analysis, which came as a welcome surprise 
since they were unaware that these colored stones could 
carry any value (figure 76, left). 

The author subsequently analyzed all the samples at 
the Gemmological Certification Services (GCS) laboratory 
in London. Using advanced and standard gemological test- 
ing, the identity of all the presumed gem-quality minerals 
of the collected specimens was confirmed. Particular focus 
was placed on the rubies due to their apparent abundance 
at the mine site, with the hope of providing another means 
of income for this community. 

All ten samples tested were identified as corundum. 
Due to the nature of the rough material, standard testing 
was limited, beyond measuring specific gravity—which, 
averaging 4.0 across all samples, supported corundum. The 
ultraviolet/visible/infrared absorption spectrum, with its 
chromium-associated features, was also consistent with 
ruby. X-ray fluorescence analysis of the trace element 
chemistry revealed 1029-2377 ppm iron and 721-2915 
ppm chromium, with low levels of gallium (54 ppm) and 
vanadium (53 ppm). 

Generally, the color of the alluvial material collected 
ranged from pinkish gray to a deep purplish red, with sizes 
varying from 6 to 14 mm (1.45-15.90 ct), although the au- 
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thor was shown larger pieces on-site. All of the material 
showed a moderate to weak red fluorescence response in 
long-wave UV and inert to weak red in short-wave UV, 
consistent with high-iron ruby due to the quenching of 
Cr**-associated fluorescence by iron. The majority of the 
samples showed lamellar twinning, surface-reaching frac- 
tures, and iron staining. The material was translucent to 
opaque, meaning that clear observation of any other inclu- 
sions was limited. 

Although the material is not considered high-quality 
ruby, some of the better pieces have been polished to create 
attractive cabochons (figure 76, right). Diamonds for Peace 
is currently developing a business plan to monetize this 
material for the benefit of the community. The GCS labo- 
ratory will continue to support Diamonds for Peace as that 
organization explores this new potential avenue of income 
for the miners of Weasua. 


Beth West 
Gemmological Certification Services, London 


Forsterite in a purple Tanzanian spinel. Purple/violet 
spinel from Tanzania is popular in the gem market today. 
Recently, author JW encountered an oval-shaped purple 
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Figure 76. Left: One of 
the Liberian diamond 
miners displays some of 
the rubies she found 
while digging. Right: A 
ring mounted with a 
Liberian ruby. Photos 
by Diamonds for Peace 
(left) and Alex Herbert 
(right). 


gemstone reportedly from Tanzania (figure 77). Its refrac- 
tive index of 1.714 and hydrostatic specific gravity of 3.59 


Figure 77. This faceted purple spinel, weighing 0.51 ct 
and measuring 5.20 x 4.17 x 3.10 mm, was reportedly 
from Tanzania. Photo by Jinlin Wu. 
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indicated spinel. Its ultraviolet/visible/near-infrared (UV- 
Vis-NIR) absorption spectrum was characterized by a se- 
ries of absorption bands centered at 555 nm and several 
iron-related small bands centered at around 371, 385, 461, 
and 478 nm, as well as an extremely weak band at ~625 
nm for Co** (figure 78). This absorption profile revealed 
that iron (Fe** and Fe**) was the main coloring element 
(P.M. Belley and A.C. Palke, “Purple gem spinel from Viet- 
nam and Afghanistan: Comparison of trace element chem- 
istry, cause of color, and inclusions,” Fall 2021 G&G, pp. 
228-238). 

Energy-dispersive X-ray fluorescence analysis was per- 
formed to determine the sample’s trace element concentra- 
tion, which showed 10950 ppmw iron, 963 ppmw zinc, 52, 
ppmw chromium, 94 ppmw vanadium, and 9 ppmw cobalt. 
These results were similar to the chemical features of rep- 
resentative purple Tanzanian spinel: extremely high iron 
content, medium zinc content, and low chromium and 
vanadium contents (G. Giuliani et al., “Pink and red spinels 
in marble: Trace elements, oxygen isotopes, and sources,” 
Canadian Mineralogist, Vol. 55, No. 4, 2017, pp. 743-761). 

Microscopic observation revealed a colorless subhedral 
mineral, a dolomite with an unknown dark material at- 
tached (figure 79), and oriented short needles (figure 80). 
Raman spectroscopy identified the colorless mineral as 
forsterite. According to the RRUFF database (B. Lafuente 
et al., https://rruff.info/about/downloads/HMC1-30.pdf}, 
peaks at 822, 855, 918, and 963 cm"! were consistent with 
the main peaks of forsterite (figure 81). 
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As a rock-forming mineral, forsterite (Mg,SiO,) itself 
is common, especially in marble-hosted spinel. However, 
it is rarely observed in Tanzanian spinel and has been re- 
ported only once to our knowledge (E. Gtibelin and J.I. 
Koivula, Photoatlas of Inclusions in Gemstones, Vol. 2, 
Opinio Publishers, Basel, Switzerland, 2005, 829 pp.). 


Figure 79. A colorless subhedral forsterite (Fo) inclu- 
sion and a dolomite (Dol) inclusion with an unknown 
dark material attached. Photomicrograph by Jinlin 
Wu; field of view 0.66 mm. 
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Figure 80. Oriented short needles in the spinel. Photo- 
micrograph by Jinlin Wu; field of view 1.10 mm. 


In Tanzania, the primary deposits of spinel occur in 
marbles and calc-silicate rocks that belong to the Neopro- 
terozoic metamorphic Mozambique Belt (G. Giuliani et 
al., “Les gisements de rubis et de spinelle rouge de la 
Ceinture Métamorphique Néoprotérozoique Mozambi- 
caine,” Revue de Gemmologie, Vol. 192, 2015, pp. 11-18). 
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Under high-temperature conditions, spinel and forsterite 
are both stable mineral phases in marbles (Giuliani et al., 
2017). Spinel is found in marble or impure marble associ- 
ated with calcite, dolomite, forsterite, clinohumite, and 
phlogopite in deposits in Myanmar and Vietnam. Thus, 
forsterite is commonly seen as an inclusion in spinel from 
these sources (G. Giuliani et al., “Pink and red gem 
spinels in marble and placers,” InColor, No. 43, 2019, pp. 
14-28). 

It was noteworthy to see forsterite in the Tanzanian 
sample. This finding could indicate a similar formation 
environment between spinel in Tanzanian deposits and 
those in Myanmar and Vietnam. 


Jinlin Wu (wujl@ngtc.com.cn), Hong Ma, 

and Huihuang Li 

National Gemstone Testing Center Shenzhen Lab 
Shenzhen, China 


DIAMONDS 


Grayish blue CVD diamond colored by GR1 and SiV-. Sil- 
icon is a common impurity in chemical vapor deposition 
(CVD) laboratory-grown diamond. The silicon-related SiV- 
center, which has zero-phonon lines at 736.6 and 736.9 nm 


—— Forsterite RO40018 
— Colorless mineral 


Figure 81. Comparison 
of Raman spectra of the 
colorless mineral and 
forsterite in the RRUFF 
database. Peaks in the 
inclusion spectrum at 
312, 405, 664, and 766 
cnr? are from the host 
spinel. Spectra are offset 
vertically for clarity. 
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Figure 82. Left: This 1.63 ct grayish blue diamond was identified as a CVD synthetic, with its color caused by both 
the GR1 and SiV- centers. Photo by Xiaoyu Zhang. Right: Dark cloud-like non-diamond carbon inclusions. Photo- 


micrograph by Meng Li; field of view 0.25 mm. 


and is active in absorption and luminescence, is widely 
considered an identifying feature of CVD diamond. Gen- 
erally, the SiV- center is detected by photoluminescence 
spectroscopy and is not observed using absorption spec- 
troscopy for most CVD synthetics due to the low silicon 
content. The absorption spectra may reveal the presence 
of the SiV- center in the case of a relatively high silicon 
content, but rarely in amounts significant enough to affect 
the color. When the silicon content becomes particularly 
high, the absorption of SiV- is in sufficient concentration 
to influence the bodycolor of a diamond. It has been re- 
ported that the color of silicon-doped blue CVD diamonds 
produced by the PDC Company is attributed to strong ab- 
sorption of the rather intense SiV- center (A. Peretti et al., 
“New generation of synthetic diamonds reaches the mar- 
ket (Part A): Identification of CVD-grown blue diamonds,” 
Contributions to Gemology, No. 14, 2013, pp. 3-20). 
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National Gemstone Testing Center’s (NGTC) Beijing 
laboratory recently received a 1.63 ct grayish blue princess 
cut (figure 82, left) for identification. Standard testing iden- 
tified it as a CVD synthetic diamond. The sample showed 
an even color distribution. Microscopic investigation re- 
vealed abundant non-diamond carbon inclusions in the 
form of both crystals and clouds, with the clouds distrib- 
uted along the growth layer (figure 82, right). The 
visible/near-infrared (Vis-NIR) spectrum (figure 83), 
recorded at liquid nitrogen temperature, included a strong 
broad SiV- center defect at 737 nm next to an equally 
strong GR1 center. The diamond’s grayish blue bodycolor 
was attributed to both the strong GR1 center and the high 
intensity of the SiV- center, which produced preferential 
absorption in the red part of the spectrum. In addition, 
weak absorptions at 830, 856, and 946 nm (the SiV° center) 
were observed, which were also reported in CVD synthetic 


741 


Figure 83. In the Vis- 
NIR region, in addition 
to very strong absorp- 
tions at 737 nm (SiV-) 
and 741 nm (GR1), 
weak absorptions at 
830, 856, and 946 nm 
(SiV°) were observed. 
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The Nature of Jade 


Part I] 


by 


DR. RAYMOND J. BARBER 


. 


The oldest rocks related to the jadeite 
deposits of Upper Burma are Paleozoic lime- 
stones, now found in small isolated blocks 
associated with an extensive complex of 
ancient crystalline schists. These show local 
predominance of glaucophane (significant as 


containing the jadette molecule), horn- 
blende, chlorite, kyanite, vesuvianite, ido- 
crase (especially near the limestones), 


graphite, and talc. Inclusions of iron oxides, 
zircon, augite, garnet, zoicite, and chromite 
are frequently found. 

At about the close of the Cretaceous 
period, these basement rocks were invaded 
by a great mass of peridotite, which caused 
yet further changes in the invaded rocks 
along the contacts, and itself became grad- 
ually altered to serpentine. This serpentin- 
ized peridotite is now exposed as a roughly 
oval-shaped something over twelve 
miles long by four wide, northwest of the 
Uru River. In it are contained all of the out- 


area, 


crop mines of jadeite, 

The next igneous event was the outpour- 
ing of a granitic magma, in successive phases, 
which ended during early Eocene time as 
pegmatite and aplite dykes. Then, perhaps 
as end-products of the aplite intrusions, came 
the jadeite-albite dykes, or sills, that were 
injected into the serpentinized peridotites. 
And, finally, there came eruptions of pic- 
rites and volcanic breccias in the early Ter- 
tiary, followed by gabbro, granodiorite, 
quartz-porphyry, and rhyolite in late Ter- 
tiary time, which closed the succession of 
added primary rocks. 

During much of the long Tertiary period 
there was extensive surface erosion, and 
deposition of the 
shales; bluish, greenish, and yellowish sand- 
stones; and coarse tight gravels. These 
formed the high-bench conglomerates, which 
have been so extensively mined for jadeite 
boulders. When the present drainage system 


widespread resulting 


67 


Figure 84. DiamondView imaging showed green fluo- 
rescence with blue dislocations. The diamond also 
revealed a layered growth structure, indicating a 
start-stop cycling growth process typical of CVD dia- 
mond, as CVD diamond growth takes place layer by 
layer on the top surface of the growing crystal. Image 
by Xiaoyu Zhang. 


diamonds with high silicon content (Peretti et al., 2013; Z. 
Song et al., “Silicon-doped CVD synthetic diamond with 
photochromic effect,” Journal of Gems and Gemmology, 
Vol. 18, No. 1, 2016, pp. 1-5). 

Infrared spectroscopy showed features typical for type Ha 
diamond (i.e., no defect-related absorptions were detected). 
The diamond was inert to short-wave and long-wave ultra- 
violet illumination. Under the ultra-short-wave UV radia- 
tion of the DiamondView, the sample fluoresced green, with 
minor areas showing some blue dislocations. It also showed 
subtle growth striations and two parallel planes fluorescing 
stronger than the bulk of the crystal (figure 84). The sample 
did not phosphoresce. Photoluminescence (PL) spectra taken 
with various laser excitation wavelengths and at liquid ni- 
trogen temperature (figure 85) showed the presence of radi- 
ation-related features including very strong 3H at 503.5 nm, 
strong GR1 at 741 nm, and weak 486.3 nm. The PL spectra 
also indicated strong nitrogen-vacancy centers at 575 NV° 
and 637 NV- nm and multi-nitrogen defects such as H3 and 
H2, combined with the absence of the unassigned 596/597 
nm doublet that is normally seen in as-grown CVD syn- 


Figure 85. The PL spectrum of the grayish blue CVD 
synthetic diamond obtained with 473 nm excitation 
(A) showed that the H8 center (503.2 nm) and radia- 
tion-related features included very strong 3H at 503.5 
nm and weak 486.3 nm. B: 532 nm excitation revealed 
the NV centers and silicon-vacancy center that are 
typically observed in CVD-grown diamonds, along 
with strong GR1. C: 785 nm excitation showed the H2 
center at 986 nm. 
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thetics, suggesting that it had undergone post-growth high- 
temperature annealing before irradiation. 

The PL spectrum with 532 nm laser excitation also ex- 
hibited a rather large silicon doublet peak at 736.6/736.9 nm 
that dwarfs all other PL peaks, including the GR1 in the 
spectrum. The intensity ratio between the 736.6/736.9 nm 
PL peak and the diamond Raman peak was about 52. The 
PL spectrum reaffirmed that the 737 nm absorption peak of 
the ultraviolet/visible spectrum was the SiV- defect, and the 
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Figure 86. Top: A series of images showing the gradual change (left to right) in the phosphorescence of the 0.71 ct 
HPHT-grown colorless diamond after removing it from the LWUV source (left image) in increments of 30 seconds for 
150 seconds (right image). Bottom: The gradual change in phosphorescence after exposure to a SWUV source (left 
image) in increments of 30 seconds. The greenish blue and orange emissions decay differently, with the blue fading 
faster (~90 seconds, fourth image from left) than the orange (~240 seconds, right image). Images by Guy Borenstein. 


silicon content of this diamond was so high that it produced 
strong absorption in the red range of visible light and affected 
the color of the diamond together with the GR1 center. 


Wang Yang (wangyang@ngtc.com.cn), Xiaoyu Zhang, 
and Zhonghua Song 
NGTC, Guangzhou and Beijing 


HPHT-grown colorless diamond displaying unusual phos- 
phorescence effects. Phosphorescence longer than 10 sec- 
onds in reaction to ultraviolet radiation is regularly 
observed in colorless to near-colorless and blue-colored dia- 
monds grown by a high-pressure, high-temperature (HPHT) 
technique. The gemological laboratory of Stuller Inc. re- 
cently tested an HPHT-grown colorless (approximately E 
color grade with a blue-gray overtone) oval brilliant dia- 
mond weighing 0.71 ct that showed unusual fluorescence 
and phosphorescence reactions. 

When exposed to a long-wave ultraviolet (LWUV, 365 
nm) source for 60 seconds using a standard UV viewing 
cabinet, the stone emitted a gradually increasing strong or- 
ange fluorescence, followed by a long-lasting noticeable 
phosphorescence (~150 seconds, figure 86, top). The fluo- 
rescence and phosphorescence reactions demonstrated a 
nonuniform color distribution. Similar results were ob- 
served using other light sources, including 395 nm UV 
LED, 405 nm blue laser, a tungsten incandescent flashlight, 
and a fiber-optic halogen unit. 

Given that orange phosphorescence can also be gener- 
ated by low- and non-UV light sources, further analysis 
was performed using a series of spectral bandpass filters 
to identify other wavelengths that stimulate the orange 
phosphorescence. Testing demonstrated that medium- to 
strong-intensity light centered at around 430 nm produces 
the excitation. 
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Under short-wave ultraviolet (SWUV, 254 nm) radia- 
tion using a standard viewing UV cabinet and a De Beers 
PhosView instrument, the stone displayed a mix of 
strong greenish blue and medium orange zoned fluores- 
cence and phosphorescence (figure 86, bottom). The col- 
ored phosphorescing areas decayed at different rates, with 
the greenish blue fading faster than the orange (~90 sec- 
onds vs. ~240 seconds, with a half-life of about 25 and 35 
seconds, respectively). 

Deep-UV (<225 nm) imaging demonstrated a strong 
greenish blue fluorescence with a clear cuboctahedral struc- 
ture associated with HPHT growth (figure 87). After removal 


Figure 87. Deep-UV imaging of the 0.71 ct colorless 
diamond showing a cuboctahedral-structured lumi- 
nescence associated with HPHT growth. Image by 
Guy Borenstein. 
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from the excitation source, the stone displayed a phospho- 
rescence reaction similar to the reaction under SWUV. 

Infrared spectroscopy revealed a type IIb diamond with 
relatively high levels of electrically uncompensated boron 
at 4089, 2929, 2800, and 2455 cm! (figure 88). Photolumi- 
nescence spectroscopy with 532 nm laser excitation at liq- 
uid nitrogen temperature (77K) showed no results, except 
for the diamond’s first- and second-order Raman spectrum 
peaks, a common tendency in HPHT-grown colorless dia- 
monds (S. Eaton-Magania et al., “Observations on HPHT- 
grown synthetic diamonds: A review,” Fall 2017 GwG, pp. 
262-284). 

The two phosphorescence colors emitted and their rel- 
atively long duration are well-known properties of HPHT- 
grown diamonds (S. Eaton-Magafa and R. Lu, 
“Phosphorescence in type Ib diamonds,” Diamond and 
Related Materials, Vol. 20, No. 7, 2011, pp. 983-989; Eaton- 
Magana et al., 2017), and a blue-orange luminescence com- 
bination in one gem was also previously reported 
(Eaton-Magana and Lu., 2011, B. Deljanin et al., “NDT 
breaking the 10 carat barrier: World record faceted and gem- 
quality synthetic diamonds investigated,” Contributions to 
Gemology, Vol. 15, No. 1, 2015) but of weaker intensity. 
The laboratory-grown diamond's property of bicolor, decay- 
varying phosphorescence has been previously reported as 
well (K. Watanabe et al., “Phosphorescence in high-pres- 
sure synthetic diamond,” Diamond and Related Materi- 
als, Vol. 6, No. 1, 1997, pp. 99-106; Eaton-Magana and Lu, 
2011; Ulrika E.S. D’Haenens-Johansson et al., “Large color- 
less HPHT-grown synthetic gem diamonds from New Dia- 
mond Technology, Russia,” Fall 2015 GWG, pp. 260-279). 

Considering the HPHT growth method, the long-lasting 
greenish blue phosphorescence produced by exposure to 
SWUV and deep UV was expected. It was previously sug- 
gested to be related to nitrogen-boron donor-acceptor pair 
recombination (Watanabe et al., 1997). However, the or- 
ange phosphorescence demonstrated a new stimulation 
source. Its combination with the greenish blue phospho- 
rescence and the identified visible-light excitation wave- 
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Figure 88. The infrared 
spectrum of the 0.71 ct 
HPHT-grown diamond 
revealed it was type IIb 
with relatively high lev- 
els of uncompensated 
boron (for a colorless 
diamond) at 4089, 2929, 
2800, and 2455 cnr. 


1000 0 


length reinforces the theory that the recorded orange phos- 
phorescence is of a different donor-acceptor pairing. 

Light of 430 nm wavelength can be found in most fluo- 
rescent and all incandescent indoor light sources, as well as 
the desk lamps and color grading cabinets found in gemo- 
logical laboratories. Therefore, considering the possibility of 
more diamonds with this property in the market, their phos- 
phorescence produced from visible light makes it challeng- 
ing to assign a color in the colorless to near-colorless range 
for these diamonds during grading. Even under standard non- 
or low-UV output 6500K fluorescent bulbs, the orange lu- 
minescence generated by the source becomes noticeable, 
adding a yellowish overtone to the blue-gray bodycolor and 
changing its apparent color grade to approximately F to G. 
Such a change may impair the diamond grader’s ability to 
accurately assess the stone’s bodycolor. 


Guy Borenstein and Sean O’Neal 
Stuller Inc. 
Lafayette, Louisiana 


SYNTHETICS AND SIMULANTS 


Synthetic color-change wakefieldite. Author AA, a gem- 
stone cutter and collector of rare synthetic gems, recently 
submitted one rough and one faceted stone to GIA for sci- 
entific examination. The material, sourced from RG Crys- 
tals in Bangkok, was stated to be Czochralski-pulled, 
neodymium-doped yttrium orthovanadate, which is com- 
monly used in laser applications. It can also form naturally 
as the mineral wakefieldite-(Y), with an ideal chemical for- 
mula of YVO,. His first observation was a striking color 
change from pink or purple to a blue or even green color 
under various lighting conditions and viewing angles. The 
finished gemstone (figures 89 and 90) displayed strong fire 
due to the material’s very high dispersion. 

Wakefieldite is a rare tetragonal mineral belonging to 
the xenotime mineral family with an ideal general formula 
of (REE)VO,, where REE = Y, La, Ce, and Nd among other 
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rare earth elements. Its general physical and optical prop- 
erties include a hardness of 5, specific gravity of 4.25, uni- 
axial + optic sign with refractive indices of n,, = 2.000 and 
n, = 2.140, birefringence of 0.140, and dispersion of 0.084. 
With prominent, perfect cleavage and relatively low hard- 
ness, the material is difficult to polish. Natural wakefield- 
ite occurs as very small, non-gem crystals unsuitable for 
faceting; Czochralski-pulled materials represent the only 
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Figure 89. Faceted and 
rough synthetic wake- 
fieldite in LED lighting 
with 6400K color tem- 
perature. The faceted 
stone is 5.04 ct. Photo by 
Adriana Gudino; cour- 
tesy of Arya Akhavan. 


examples of faceted wakefieldite. In fact, this was the first 
faceted synthetic wakefieldite seen in a GIA laboratory. 
Chemistry and visible absorption spectra were collected to 
quantitatively study the striking color-change behavior. 
A polished wafer with 10.6 mm thickness was analyzed. 
Laser ablation—-inductively coupled plasma—mass spectrom- 
etry revealed the material was composed of mostly yttrium 
and vanadium, with 2.2% neodymium by weight (0.03 per 


Figure 90. The color 
change of the faceted 
synthetic wakefieldite, 
observed between day- 
light (left) and cool flu- 
orescent light F10 
(right). Photos by 
Aaron Palke; courtesy 
of Arya Akhavan. 
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Figure 91. The visible absorption spectra of neodymium-doped YVO, are shown with the relative power distribution 
curves of CIE illuminants F10 and D65 and an Eiko warm white fluorescent bulb with color temperature of 2800K. 


formula unit). Since Y** does not produce color on its own, 
the color must be derived from the addition of Nd* ions sub- 
stituting for Y* ions in the crystal lattice. Figure 91 shows 
polarized absorption spectra in the visible range collected 
with an ultraviolet/visible/near-infrared spectrometer for 
both the ordinary ray (o-ray) and extraordinary ray (e-ray). The 
expected color was calculated from the absorption spectra 
based on the formula described by Z. Sun et al. (“Quantitative 
definition of strength of chromophores in gemstones and the 
impact on color change in pyralspite garnets,” Color Research 
and Application, Vol. 47, No. 5, 2022, pp. 1134-1154). 

As shown in figure 92, the material exhibited a general 
pink to purple to violet color in most illuminants except 
the Eiko warm fluorescent light and the o-ray of CIE stan- 
dard illuminant F10, which represents a typical cool fluo- 
rescent light. In fact, the color-change behavior noticed by 
author AA could be replicated when comparing illuminant 
F10 to any of the other illuminants such as daylight or in- 
candescent light. Switching between warm incandescent 
light and actual cool daylight did not produce a dramatic 
change of color. The emission spectrum of F10 fluorescent 
light is mainly composed of sharp peaks at 435, 545, and 
610 nm (figure 91). Therefore, the color of the synthetic 
wakefieldite crystal under illuminant F10 is only deter- 
mined by the small absorption features at ~435, 541, and 
610 nm of the Nd* ions. Broadband emitters such as incan- 
descent light and actual daylight (D65 in figure 91), on the 
other hand, do not have these sharp emission features, so 


158 Gem News INTERNATIONAL 


the color was determined by the transmission windows in 
the spectrum (440-460, 490-500, 550-570, and 620-670 
nm), which remain constant when switching between these 
illuminants. This was confirmed by observation of the 
stone in outdoor conditions, which produced the same 
pinkish purple color seen in incandescent light. The use of 
warm fluorescent light (Eiko fluorescent light in figures 91 
and 92) with color temperature of 2800K also reproduced 
the greenish blue to blue color seen in cool fluorescent light 
(F10). It is also worth noting that the absorption features of 
Nd* ions at 541 and 610 nm were strongly dependent on 
the polarization of the light, resulting in a strong pleochro- 
ism (grayish purple for the o-ray and green-blue for the e- 
ray), only observed under F10 illuminant (figure 92). 

The color panels under two LED illuminants in GIA’s 
standard viewing box were also calculated in figure 92. The 
two LED lights, warm and cool, closely imitate the CIE 
standard illuminants A and D65. The two sets of color pan- 
els (A = LED warm pair and D65 = LED cool pair) are ex- 
tremely close to each other based on their L, C, and H 
(lightness, chroma, and hue) color coordinates. This study 
also illustrates the consistent results of GIA’s standard 
viewing box in grading gemstone color. 


Ziyin Sun, Shiyun Jin, Adriana Gudino, and 
Aaron C. Palke 

Carlsbad, California 

Arya A. Akhavan 

Surgical Precision Gems, Toronto 
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‘ F Eiko fluorescent Warm LED Cool LED 
Type of illuminant A D65 light 2800K F10 (2700K) (6700K) 
Ellc 
ee 60.95 58.78 57.88 65.36 61.11 58.90 
aan 32.98 38.38 23.92 18.17 33.40 41.35 
eee 335.97 327.63 285.84 325.25 339.28 329.74 
- ‘ Eiko fluorescent Warm LED Cool LED 
Type of illuminant A D65 light 2800K F10 (2700K) (6700K) 
Eic 
ee 61.72 61.29 58.90 66.00 61.53 61.30 
ae ' 26.68 30.16 27.83 22.54 26.58 32.28 
Soordinaes Hh). © 309.37 308.09 254.63 210.44 311.25 311.94 


Figure 92. Color panels of the 10.59 mm wafer in six different lighting conditions were calculated for both the o- 
ray and e-ray. In the top row, A and D635 are CIE standard illuminants for incandescent light and daylight. Eiko is 
a fluorescent bulb with color temperature of 2800K, while F10 is a CIE standard narrowband fluorescent illumi- 
nant. Warm (2700K) and cool (6700K) LEDs represent the illuminants in the GIA standard viewing box. 


TREATMENTS 


Heated purplish pink sapphire from Ilakaka (Madagascar) 
with colored monazite inclusions. The Laboratoire 
Francais de Gemmologie (LFG) received a 3.02 ct purplish 
pink sapphire (figure 93) for identification. Under the mi- 
croscope, zircon and monazite inclusions (figure 94) along 
with tubes (figure 95) were observed. This inclusion scene 
was characteristic of similarly colored sapphires from 
Ilakaka, Madagascar (W. Wang et al., “The effects of heat 
treatment on zircon inclusions in Madagascar sapphires,” 
Summer 2006 G&G, pp. 134-150; S. Saeseaw et al., “Low- 
temperature heat treatment of pink sapphires from Ilakaka, 
Madagascar,” Winter 2020 G&G, pp. 448-457). No indica- 
tion of heating was observed. Moreover, the monazite in- 
clusions were orange-brown. It was previously observed 
that monazite inclusions in pink sapphires turn colorless 
when heated above 600°C (see again Saeseaw et al., 2020). 

Using Raman spectroscopy, the full width at half maxi- 
mum (FWHM) of the band around 1010 cm due to anti- 
symmetric stretching vibration SiO, in the zircon structure 
and the band around 975 cmr due to PO, stretching vibra- 
tion in the monazite structure can decrease during heating 
of pink sapphires from Ilakaka (Wang et al., 2006; Saeseaw 
et al., 2020). The zircon and monazite inclusions were ana- 
lyzed using a Raman Renishaw inVia spectrometer, with a 
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514 nm diode-pumped solid-state (DPSS) laser, with about 
10 mW laser power on the sample, 50x long working dis- 
tance objective lens, confocal mode (100 microns entrance 
slit), 1800 lines/mm grating, and about 1.5 cm™ spectral res- 


Figure 93. A 3.02 ct heated purplish pink sapphire 
measuring 9.57 x 7.74 x 4.55 mm. Photo by Ugo 
Hennebois. 
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Monazite 


Zircon 


Figure 94. A series of colorless zircon inclusions and 
orange-brown monazite inclusions in the heated pur- 
plish pink sapphire. Photomicrograph by Ugo Hen- 
nebois; field of view 1.5 mm. 


olution. The FWHM of the most intense band of seven mon- 
azite inclusions at around 975 cm! ranged from 12.7 to 14.2 
cm, and those of 10 zircon inclusions at around 1010 cm! 
ranged from 6.4 to 7.8 cm. Both appeared to be sharper and 
less variable compared to FWHM in unheated pink sap- 
phires, which present zircon inclusions with FWHM of the 


Figure 95. Unaltered tubes in the heated purplish 
pink sapphire. Photomicrograph by Ugo Hennebois; 
field of view 2 mm. 
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main band from 7.1 to 21.7 cm™ and monazite inclusions 
with FWHM of the main band from 14.2 to 18.4 cm (Sae- 
seaw et al., 2020; M. Krzemnicki et al., “Zircon inclusions 
in unheated pink sapphires from Ilakaka, Madagascar: A 
Raman spectroscopic study,” Proceedings of the Online In- 
ternational Gemmological Conference, 2021, pp. 21-23; S. 
Karampelas et al., “Détection du traitement thermique a 
basse température des corindons,” Revue de Gemmologie 
af.g., No. 217, 2022, pp. 4-5). 

Unpolarized Fourier-transform infrared spectra in dif- 
ferent directions were collected using a Thermo Fisher 
Magna-IR560 with 4 cm" spectral resolution and 500 scans 
using a diffuse reflectance accessory as beam condenser. 
The sample presented a band at 3309 cm” and a less intense 
band at 3232 cm", which in pink sapphire is considered an 
indication of heating (Saeseaw et al., 2020). These bands are 
linked to different forms of titanium associated with hy- 
droxyl defects in corundum (E. Balan, “Theoretical infrared 
spectra of OH defects in corundum (a-Al,O,),” European 
Journal of Mineralogy, Vol. 32, No. 5, 2020, pp. 457-467). 

In line with previous experiments showing that mon- 
azite inclusions can keep their color after heating to 600°C 
(Saeseaw et al., 2020), the presence of colored monazite in- 
clusions alone cannot serve as evidence that a pink sapphire 
from Ilakaka is unheated. On the other hand, the presence 
of colorless monazite inclusions in pink sapphires from 
Ilakaka could be considered an indication of heat treatment. 


Ugo Hennebois, Aurélien Delaunay, and 
Stefanos Karampelas (s.karampelas@lfg.paris) 
LFG, Paris 


Chromophore behaviors (including the 880 nm absorption 
band) in an irradiated pink sapphire. Irradiation is a known 
process for enhancing color in corundum, particularly yel- 
low and pink sapphire. Recently, some rubies and pink sap- 
phires with bluish tint were reportedly treated with 
radiation (“LMHC makes progress on laboratory report har- 
monisation, discussed current challenges in detection of 
corundum treatments,” LMHC press release, March 14, 
2023). However, chromophore behaviors in irradiated 
ruby/pink sapphire have not been fully investigated. This 
report shows preliminary results of an experiment involving 
irradiated pink sapphire. An untreated Madagascar pink sap- 
phire with a blue modifier (figure 96) was fabricated as an 
optical wafer with two polished faces perpendicular to the 
c-axis for ultraviolet/visible/near-infrared (UV-Vis-NIR) 
spectroscopic study. Trace element chemistry was analyzed 
in the UV-Vis-NIR measurement area using laser 
ablation-inductively coupled plasma-mass spectrometry. 
This information can be used to link the visual color and 
the color-causing trace elements listed in figure 96. 

The spectrum of the untreated sample displayed broad 
absorption bands at ~400 and ~560 nm together with weak 
peaks at ~470 and at 693 nm, demonstrating that the Cr** 
chromophore was responsible for the pink color (blue line 
in figure 97; see E.V. Dubinsky et al., “A quantitative de- 


Gems & GEMOLOGY SPRING 2023 


-t 


Before irradiation 


After 500 kGy gamma radiation 


fo 


After fade test (6 hrs) 


Elements Mg Ti Vv Cr Fe Ga 

Concentration 30 +73 2144 asad (137 27 480 + 27 1541 
(ppma) 

Detection limits 0.05 0.14 0.01 0.17 22 0.01 


(ppma) 


‘average + standard deviation 


Figure 96. Color-calibrated photo of a 0.664 ct pink sapphire from Madagascar before and after irradiation, and 
after fade test using fiber-optic light for 6 hours. Path length/thickness: 1.514 mm. Photos by Sasithorn Engniwat. 


scription of the causes of color in corundum,” Spring 2020 
Gwe, pp. 2-28). This sample also showed a weak broad 
band at around 580 nm related to Fe**-Ti* pairs, which pro- 
duced a blue color, modifying the pink color from Cr** to 
purple-pink. Weak Fe**-related absorption features were 
also observed, represented by a broad band at ~330 nm and 
narrow peaks at 377, 388, and 450 nm. The iron-related 
chromophore only causes significant yellow color at rela- 
tively high iron concentrations (greater than ~1000 ppma) 
due to Fe** chromophores’ weak color strength. 


UV-VIS-NIR SPECTRA 


Fe™-Tit* 
580 


ABSORPTION COEFFICIENT (cm) 
oo 
oO 
i 


For our radiation experiment, the sample was treated 
with a gamma irradiation dose of 500 kGy at the Irradia- 
tion Center at the Thailand Institute of Nuclear Technol- 
ogy (public organization). After irradiation, the pink 
sapphire changed to a padparadscha-like coloration in 
which the subtle blue color was partially removed (figure 
96). The UV-Vis-NIR spectrum after irradiation showed a 
significant increase in absorption intensities at wave- 
lengths shorter than ~560 nm or longer than ~660 nm (red 
line in figure 97). To observe changes in chromophore be- 


— Before irradiation 
— After irradiation 
— Difference spectrum 


Figure 97. Polarized 
UV-Vis-NIR spectra 
comparisons of the pink 
sapphire before and 
after irradiation with a 
gamma irradiation dose 
of 500 kGy. The differ- 
ence spectrum revealed 
a significant increase in 
trapped hole paired 
with Cr* and the 880 
nm band in the irrad1i- 


Rr ene A Ie een ated pink sapphire. 
-0.5 T T T T T T T | 
300 400 500 600 700 800 900 1000 1100 
WAVELENGTH (nm) 
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UV-VIS-NIR SPECTRA 


ABSORPTION COEFFICIENT (cm) 


Figure 98. Polarized 
UV-Vis-NIR spectra 
comparisons of the pink 
sapphire after irradia- 
tion with a gamma irra- 
diation dose of 500 kGy 
and after the fade test. 
The difference spectrum 
between after irradia- 
tion and after fade test 
obviously shows the re- 
duction in the trapped 
hole paired with Cr* 
chromophore when ex- 
posed to intense light 


— After irradiation 
— After fade test 
—— Difference spectrum 
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700 800 
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havior caused by irradiation, the spectrum after irradiation 
was subtracted from the pretreatment spectrum. The dif- 
ference spectrum (green line in figure 97) revealed that this 
acceptor-dominated corundum with an atomic concentra- 
tion of magnesium greater than the sum of titanium and 
silicon concentrations created a strong absorption feature 
below ~560 nm to the UV region, which matches well 
with the trapped hole associated with the Cr** spectrum 
for causing orange coloration (Dubinsky et al., 2020). 
Using the absorption cross section information provided 
in Dubinsky et al. (2020), the concentration of trapped 
hole-Cr** chromophores induced by irradiation was ap- 
proximately 0.8 ppma in the sample. This chromophore 
had very high color strength, and therefore a noticeable 
color change could be observed with only a tiny concen- 
tration of the trapped hole paired with Cr** created after 
treatment. The Fe”'-Ti* chromophore also reduced by ap- 
proximately 0.7 ppma in the treated sample, resulting in 
less blue color modification. This slight lightening in blue 
color after irradiation is possibly due to the change in ox- 
idation state of iron (which would reduce the number of 
Fe+-Ti** pairs). In addition, the creation of orange color 
(trapped hole-Cr*") masked a certain portion of remaining 
blue color after treatment, as blue and orange are comple- 
mentary colors. The change in UV-Vis-NIR spectrum cor- 
responded with the change in color appearance caused by 
irradiation. 

When studying absorption features in the UV-Vis-NIR 
spectrum of corundum, a broad band centered at around 
880 nm in the red to near-infrared region is typically asso- 
ciated with basalt-related blue sapphire (e.g., A.C. Palke et 
al., “Geographic origin determination of blue sapphire,” 
Winter 2019 GWG, pp. 536-579). This band has little or no 
impact on color. In addition to basalt-related blue sapphires 
that are exposed to heat naturally, the 880 nm band can be 
induced in the spectrum of a metamorphic-type sapphire 
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aon saae a6 for several hours. 


that has been heat treated, such as heated Madagascar sap- 
phire (E.B. Hughes and R. Perkins, “Madagascar sapphire: 
Low-temperature heat treatment experiments,” Summer 
2019 GwG, pp. 184-197) or heated Rock Creek sapphire 
(J.L. Emmett and T.R. Douthit, “Heat treating the sap- 
phires of Rock Creek, Montana,” Winter 1993 GwG, pp. 
250-272). This feature can also be found in Mozambican 
ruby after heat treatment (S. Saeseaw et al., “Update on 
“low-temperature” heat treatment of Mozambican ruby: 
A focus on inclusions and FTIR spectroscopy,” GIA Re- 
search News, April 30, 2018). The origin of this band is not 
fully understood but may be related to iron clusters. 

The 880 nm band was absent in the UV-Vis-NIR spec- 
trum of this sample before treatment. Interestingly, this 
pink sapphire developed the 880 nm band after irradiation, 
with a significant intensity around 1.2 cm. Color stability 
testing is usually performed in gem laboratories for yellow 
to padparadscha sapphires that may contain unstable color 
centers (e.g., A.C. Palke et al., “An update on sapphires 
with unstable color,” GIA Research News, December 12, 
202.2, Summer 2022, GNI, pp. 259-260). After the color sta- 
bility test (figures 96 and 98), the orange coloration intro- 
duced by irradiation faded away after exposure to intense 
incandescent light due to the dissociation of the trapped 
hole paired with Cr**, whereas the 880 nm band remained. 
This preliminary observation suggests that the 880 nm 
band can be produced by an irradiation process, and this 
feature could provide some interesting evidence of treat- 
ment, either heat or irradiation, in pink sapphires and ru- 
bies. However, further studies would be needed to 
understand the development of the 880 nm absorption 
band. 


Wasura Soonthorntantikul and Wim Vertriest 
GIA, Bangkok 

Aaron Palke 

GIA, Carlsbad 
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gradually developed, the flood waters cut 
down through these high conglomerate beds, 
further sorting the jadeite boulders along 
the tributaries of the Uru River. Subjection 
to such stream erosion, and repeated scour- 
ings of sandy water, served to break off the 
jointed and fragile portions of the primary 
jadeite, leaving boulders of fine quality along 
the banks and in the river channels, to be 
won by the patient digging of the native 
miners. 


Thus completed the geologic 
processes whereby the world’s finest jewel 
jadeite was deposited in that out-of-the-way 
and pestilent region in Upper Burma. This 
is yet another instance — net uncommon in 
the mining industry — of a highly valuable 
mineral deposit being tucked away in a most 
uncomfortable place. 


were 


Regardless of nationality or faith, the 
miners always propitiated the Jade-Nats, or 
mountain spirits, before starting to work. 
They believed that, if these Nats were 
pleased, the mines would yield up the jadeite 
more quickly to the lucky digger. During the 
rainy season mining is done along the high- 
bench conglomerates, when water that has 
been diverted from a stream is caused to spill 
over the top of the bank, and so helps to 
expose and loosen the boulders being picked 
down by the miners. Then, when the rains 
have ceased — ordinarily in November — they 
go to the bedrock outcrop mines where 
about three months must be spent in bailing 
or pumping out the pits and cleaning off 
the accumulated mud, after which they can 
dig from about March until May, when the 
rains begin again. 

At the Tawmaw Dwingyi Mines the suc- 
cession of rocks from the surface downward 
is: 


(1) A very thick overburden of red earth, 
Serpentinized peridotite, 

(3) Thin, earthy, very light-green chlorite 
schist, 

(4) Siliceous, cherty, schistose serpentine, 

(5) Amphibolite schist, 


(6) Banded amphibole-albitite rock, 

(7) Albitite ]At some places _jadeite 
Loccurs as lenses in the 

(8) Jadeite | albitite, 

(9) Amphibolite. 


Nearly all the jadeite mined in Burma 
eventually reached China. Much was smug- 
gled eastward over the mountains; some was 
sent legitimately by camels or mules along 
the overland trade routes; but mostly it was 
carried westward by porters the sixty miles 
or more by trail to Mogaung. There it was 
taxed and stamped, then loaded on Irawaddy 
River craft for transport down to Rangoon, 
and thence by ocean boats to the Chinese 
ports. 


The dealers in Burma recognize eight com- 
mercial varieties of jadeite. The most highly 
prized, called Mya Yay, or Yay Kyauk, ts 
translucent and of a uniform, grass-green 
color. Next in calue is the Shweluz, which is 
light-green with bright-green spots and 
streaks. Lay Yay is clouded and semi-opaque. 
Hmau: Sit Sit is dark-green, and rather soft 
and brittle. Konpr, the reddish-brown vari- 
ety, is found only in boulders imbedded in 
red earth at the conglomerate mines. Kyauk- 
atha is a translucent white; and Pan-tha, a 
semi-opaque white. Finally, the Kyawé Ame. 
a slightly translucent greenish-black variety, 
is the commercial chloromelanite, in which 
the aluminum of normal jadeite has been 
replaced largely by iron. 


Such are the jade resources of Asia, from 
which have been supplied nearly all the 
demands of both East and West. Recently 
a small body of jadeite, in association with 
albite and quartz, has been reported from 
near the village of Kotaki, in Niigata Pre- 
fecture, Japan. This is of scientific interest, 
but the jade is not satisfactory for cutting 
since it has soft streaks of included tremolite 
and albite, and the color is not suitable for 
jewelry. 

Turning now to the southern hemisphere, 
among the islands of Oceania nephrite and 
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EDITORIAL 


Nickel-Diffused Spinel, Vietnamese 
Augite, Brown Mammoth Ivory, and 
More... 


Welcome to the Summer 2023 issue of Gems & Gemology! Loaded with noteworthy 
content, the articles in this volume cover timely topics, such as a new treatment process 
identified in natural spinel, a recent source of augite in Vietnam, and research identi- 
fying the origin of the surface color of brown mammoth ivory. 


In our lead article, Dr. Michael Jollands and fellow GIA researchers report on an undis- 
closed diffusion treatment process for spinel that is being used to convert lightly 
colored gems to hues 4 . . . 
rangi . iecnth ..an undisclosed diffusion treatment process 
blue. Testinga set of spinel _for spinel that is being used to convert lightly 
samples represented as ro] or eq] gems to hues ranging from green to 
“cobalt diffused” revealed ae § & gf 8 

that the stones were actually diffused with nickel. ue. 
With this treatment now present in the gem market, the authors suggest identification criteria for spinel 
samples within the green to blue color range. 


Next, a team led by Le Ngoc Nang investigates a variety of gem-quality augite from Dong Nai, Vietnam. The 
magnesium-rich augite, characterized by its intense dark orangy brown or dark green color under transmitted 
light, has potential use in jewelry and as a carving material. 


Another carving material, mammoth ivory, is typically found with a brown surface color. Our third article, from 
Zhaoying Huang and coauthors, examines the origin of this color. They determine that iron oxides and sulfides 

and manganese oxides and hydroxides crystallized on the mammoth ivory’s surface while underground, causing 

it to turn brown. 


Our regular columns offer a host of interesting finds from all over the globe, including an aquamarine 
displaying asterism, a CVD-grown diamond over 34 carats, and an exceptionally large South Sea cultured pearl 
in the Lab Notes section. Explore the inner wonders of gemstones in Micro-World, with a feather inclusion 
resembling a mountain range in natural diamond, metallic platelets in Brazilian Paraiba tourmaline, an 
intriguing metal sulfide crystal in garnet, and more. Colored Stones Unearthed returns in this issue, covering 
gemstones that formed through metamorphic processes. Highlights from the Gem News International section 
include the characteristics of treated rubies from Greenland as they become more common in the market, the 
2023 Sinkankas Symposium, and the latest auction season. Also in this issue, we put fire obsidian In the 
Spotlight. Tom Dodge’s impressive lapidary work reveals the vivid spectrum of iridescent colors in this rare 
volcanic glass found only in the Glass Buttes region of Oregon. 


Lastly, we invite you to join the GeG Facebook group (facebook.com/groups/giagemsgemology). Since its 
launch in February 2020, our growing community has surpassed 35,000 members. Thank you for your 
continued support and interest in Gems & Gemology! 


OH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 
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NMOS ARTICLES 


COLOR MODIFICATION OF SPINEL BY 
NICKEL DIFFUSION: A NEW TREATMENT 


Michael Jollands, Abadie Ludlam, Aaron C. Palke, Wim Vertriest, Shiyun Jin, Pamela Cevallos, Sarah Arden, 
Elina Myagkaya, Ulrika D’Haenens-Johannson, Vararut Weeramongkhonlert, and Ziyin Sun 


A set of faceted spinel with blue to green hues, marked as “cobalt diffused,” were obtained by researchers from 
GIA in Bangkok. Analyses of the absorption, luminescence, and chemistry of the stones have revealed that they 
were not diffused with cobalt, but instead with nickel. Laser ablation—-inductively coupled plasma—mass spec- 
trometry indicated high nickel concentrations (tens of thousands of ppma) at the edge of the stones, and a com- 
positional traverse across one spinel showed a decrease of nickel toward the core, consistent with diffusion 
treatment. The trace element concentrations in the cores were consistent with natural spinel, as were the re- 
fractive indices. A similar decrease in lithium concentration was also seen, suggesting that treatment was done 
in the presence of a flux melt. Absorption spectra recorded in the ultraviolet/visible/near-infrared region con- 
tained characteristic bands at 369, 381, 475, 597, and 639 nm. Annealing experiments conducted on one spinel 
demonstrated that the 475 nm band is sensitive to the oxygen partial pressure (pO,) in the experiment. The band 
increases in intensity following a high-pO, anneal, then decreases following an anneal at low pO,. Photolumi- 
nescence spectra were consistent with heated natural spinel. This treatment now exists in the gem market and 
should be considered a possibility in spinel with blue or green hues. 


approximately 0.51-1.19 ct and described as 

“cobalt diffused” was obtained by the research 
team at GIA in Bangkok. Of these, eight possessed 
the deep blue color characteristic of cobalt diffusion, 
while the others had lighter blue, greenish blue, 
bluish green, or blue-green color (figure 1). Wafers 
were cut from the core of several stones, and all 
showed diffuse color zonation, from more blue/green 
at the rim to near-colorless at the core (figure 2). 

The concentrations of various elements were 
recorded along culet-to-table transects in the wafers 
using laser ablation—-inductively coupled plasma- 
mass spectrometry (LA-ICP-MS). The expectation 
was that all stones would show simple cobalt diffu- 
sion profiles, meaning high cobalt concentrations at 
the edge, changing gradually to lower concentrations 
in the core. This has been well described by Saeseaw 
et al. (2015), Peretti et al. (2015), and Krzemnicki et 
al. (2017). For the deep blue stones, the result was as 
expected: high cobalt, thousands of atomic parts per 
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million (ppma) at the rim, changing gradually to low 
cobalt in the core. This is clear evidence of cobalt dif- 
fusion treatment. However, all other stones (i.e., 
those that were not deep blue) showed something 
quite different. The cobalt concentration in these 


In Brief 


¢ Nickel-diffused spinel was discovered in a parcel of 
spinel marked as “cobalt diffused.” 

¢ The diffusion treatment was likely conducted in the 
presence of a nickel-bearing flux melt, in an oxidizing 
atmosphere such as air or oxygen gas, potentially at 
temperatures exceeding 1500°C. 

¢ This treatment can be readily identified by high nickel 
content and the presence of bands at 597 and 639 nm 
in absorption spectroscopy. 


crystals was negligible, generally below a few atomic 
ppm. The nickel concentration, conversely, was ex- 
tremely elevated, generally around 10000 to 20000 
ppma at the rim and dropping to a few ppma in the 
core. An initial conclusion was that these “cobalt- 
diffused” spinels were actually nickel diffused. Sub- 
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sequent investigations using various absorption, lu- 
minescence, and fluorescence techniques along with 
gemological observations confirmed that the samples 


Figure 2. Wafers cut from the center of a nickel-dif- 
fused spinel (top) and a cobalt-diffused spinel (bot- 
tom). The cobalt-diffused stone was in the same 
parcel as the nickel-diffused stones, showing a clearly 
different hue and color intensity. Photos were taken 
using a Nikon SMZ1500 microscope with the wafers 
placed on a white diffuser plate. 


Nickel-diffused spinel 
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Cobalt-diffused spinel 


NICKEL DIFFUSION OF SPINEL 


Figure 1. Suite of 
faceted nickel-diffused 
spinel (0.67-1.01 ct) 
showing a range of 
color from blue to 
bluish green. Photo by 
Aaron Palke and Diego 
Sanchez. 


were indeed nickel diffused and that natural near-col- 
orless spinel was likely used as the starting material. 
Additionally, nickel was confirmed to be the main 
chromophore responsible for the modified color. 
These observations are described in detail below, 
along with the results of some preliminary experi- 
ments on the diffused stones, discussion of heat 
treatment methods, and some potential identifica- 
tion criteria. 


MATERIALS AND METHODS 


Materials. Twenty-four faceted spinel samples were 
purchased by GIA Bangkok for scientific examina- 
tion. These were all oval cut and weighed between 
0.51 and 1.19 ct. Eighteen of them (thirteen nickel- 
diffused and five cobalt-diffused) were left in their 
original faceted state, but three nickel-diffused and 
three cobalt-diffused stones were fabricated into dou- 
bly polished wafers perpendicular to the table. The 
wafers were polished on both faces using a tin alloy 
lap impregnated with 6 um diamond paste. Colors, 
weights, and forms (faceted or wafer) of the nickel- 
diffused stones are presented in table 1. 


Analytical Methods. Gemological Testing. A total of 
16 stones were studied using standard gemological 
methods at GIA in New York, Carlsbad, and 
Bangkok. The eight stones in the original parcel that 
were clearly cobalt diffused were not studied beyond 
identification of cobalt diffusion treatment. Refrac- 
tive indices were measured on faceted stones and on 
doubly polished wafers using a GIA-built refractome- 
ter. The fluorescence reactions to both long-wave 
(365 nm) and short-wave (254 nm) UV light were de- 
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TABLE 1. The 16 nickel-diffused spinel samples analyzed for this study. 


Sample no. Color? Original (faceted) weight (ct) Form 
17407059 Greenish blue 0.861 Faceted oval 
17407060 Greenish blue 0.764 Faceted oval 
17407068 Blue 0.674 Faceted oval 
17407066 Greenish blue 0.940 Faceted oval 
17407062 Greenish blue 0.895 Faceted oval 
17407061 Blue 0.906 Faceted oval 
17407070 Blue 1.009 Faceted oval 
17407067 Bluish green 0.812 Faceted oval 
17407058 Bluish green 1.045 Faceted oval 
17407064 Green 0.884 Faceted oval 
17407065 Green 0.940 Faceted oval 
17407071 Greenish blue 0.850 Faceted oval 
17407072 Greenish blue 0.553 Faceted oval 
17407057 Greenish blue 0.513 Wafer 
17407126 Greenish blue 0.513 Wafer 
17407123 Bluish green 1.192 Wafer 
17407124¢° Blue 0.827 Wafer 
17407069 Blue 0.827 Wafer 


Color was assessed visually on faceted stones. 
’17407057 and 17407126 were both cut from one stone. 
©17407124 and 17407069 were both cut from one stone. 


termined using mercury lamps. Additionally, faceted 
stones were viewed through a Chelsea color filter and 
also immersed in methylene iodide in order to ob- 
serve internal color variations. 


Energy-Dispersive X-ray Fluorescence (EDXRF). 
EDXRE spectra were recorded at GIA in Carlsbad by 
placing faceted stones in a Thermo Quant’X EDXRF 
spectrometer, operating at 12 kV and 1.92 mA, with 
an aluminum filter. Fluorescence was recorded be- 
tween 0 and 40 keV. These data are not quantified, 
so no detection limits are provided. 
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LA-ICP-MS. LA-ICP-MS data were recorded using a 
Thermo iCAP Q ICP-MS coupled to an Elemental Sci- 
entific 213 nm (Nd:YAG) laser ablation system via he- 
lium carrier gas. This was done using three identical 
LA-ICP-MS systems, at GIA in New York, Carlsbad, 
and Bangkok. Most stones were analyzed by ablating 
35 um circular spots on the girdles, at 20 Hz, with a 
~11 J/cm? fluence. The doubly polished wafers were 
ablated using the same conditions, but on one of the 
two main polished faces rather than on the girdle, and 
using a 50 pm circular spot with a centroid located at 
approximately 50 ym from the edge on the table side. 
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The analyzed elements (isotopes in parentheses) 
were lithium (’Li), beryllium (Be), magnesium (Mg), 
aluminum (?’Al), titanium (*’Ti), vanadium (°!V), 
chromium (**Cr), manganese (°°Mn)J, iron (°’Fe}, cobalt 
(°°Co}, nickel (Ni and/or °Ni), zinc (Zn), and gal- 
lium (Ga). Dwell times were between 0.01 and 0.05 s 
per isotope. To record a compositional transect across 
one doubly polished stone, the sample was moved 
below a stationary, continuously ablating 40 um cir- 
cular spot, with 20 Hz repetition rate and fluence 
around 7 J/cm?, while the ICP-MS counted continu- 
ously. Dwell times for the transect were 0.05-0.10 s 
per isotope, analyzing the same isotopes as listed 
above. Magnesium was not quantified in any analysis, 
but the compositional transect shows resolvable mag- 
nesium variation when calculated as magnesium/alu- 
minum (counts per second], which can still be used to 
understand relative magnesium concentrations along 
the transect. 

In all cases, background analyses were recorded for 
around 1 minute. The primary standard was NIST 
SRM 610 glass, using the reference values from 
Jochum et al. (2011). Data were processed using Iolite 
software (Paton et al., 2011), with ?’Al as the internal 
standard, initially assuming a constant value of 39.7 
wt.%. This implicitly assumes that nickel incorpora- 
tion into spinel is accomplished by removal of mag- 
nesium rather than aluminum. 

Detection limits were determined for each analy- 
sis using the Longerich et al. (1996) method, generally 
using at least 30 s of manually selected background. 
Minimum and maximum detection limits for all 
analyses, for each element, were: lithium: 0.1-0.6 
ppma; beryllium: 0.1-0.5 ppma; titanium: 0.04—0.2 
ppma; vanadium: 3-84 ppba; chromium: 0.06-0.36 
ppma; manganese: 9-140 ppba; iron: 0.4-1.9 ppma; 
cobalt: 2-30 ppba; nickel: 0.05-0.4 ppma; zinc: 13-68 
ppba; and gallium: 2-12 ppba. No correction was 
made for the decreasing aluminum content by weight 
associated with an increased nickel content. This is 
necessary for accurately determining concentrations 
by weight, given the difference in atomic mass be- 
tween nickel and magnesium (58.69 u and 26.98 u, 
respectively), again assuming that nickel incorpora- 
tion is associated with magnesium removal. The jus- 
tification is that even at around 5 wt.% nickel, the 
highest measured in this study, the discrepancy be- 
tween actual concentrations and calculated concen- 
trations is <3% (figure 3). Additionally, making this 
correction would require a priori assumptions about 
valence state and coordination environment of 
nickel, which cannot be confidently made. 
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MEASURED VS. ACTUAL Ni CONCENTRATIONS 
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Figure 3. Calculated discrepancies arising from the 
assumption that spinel is pure MgAI1,O, then using 
the appropriate value for the aluminum concentra- 
tion (39.7 wt.%) as an internal standard when reduc- 
ing LA-ICP-MS data recorded from stones with high 
nickel (in wt.%). The x-axis shows the actual nickel 
concentration, and the y-axis shows the concentra- 
tion that would be calculated using this internal 
standard value. At high concentrations, the nickel 
becomes systematically overestimated. The same de- 
gree of overestimation would be seen for all analyzed 
elements. In these stones, the nickel concentrations 
are still low enough (blue box) that the maximum in- 
accuracy from this calculation is around 3% in the 
most extreme case. 


In addition to collecting LA-ICP-MS data from the 
nickel-diffused stones in this study, we extracted 
data from a larger GIA database, from analyses of 
blue, green, green-blue, bluish green, and greenish 
blue spinel determined to be natural. This yielded 
1,495 individual analyses. These data were compiled 
for comparison with data from the diffused stones. 


Energy-Dispersive Spectroscopy (EDS) Mapping. EDS 
spectra were recorded from sample 17407069 follow- 
ing gold-coating, using an Oxford X-Max 20 EDS de- 
tector on a Zeiss EVO Ma 10 scanning electron 
microscope at GIA in New York, operating at 15 keV 
accelerating voltage, 30 nA current, and 71x magni- 
fication. The pixel dwell time was 60 us. Counts 
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were extracted from spectra as the maxima on the 
Ka bands of oxygen, aluminum, magnesium, and 
nickel. Post-processing was done on the extracted X- 
Y-counts matrices using MATLAB. Due to the large 
size of the area being mapped and analytical limita- 
tions, the total count rate was not constant; there- 
fore, all counts on aluminum, magnesium, and 
nickel were normalized to counts on oxygen. Addi- 
tionally, a swath of data (400 x 1291 point rectangle} 
was extracted from the larger data matrix along a 
table-to-culet transect and averaged parallel to the 
table, to give one-dimensional transects of oxygen- 
normalized counts. 


Ultraviolet/Visible/Near-Infrared | (UV-Vis-NIR) 
Spectroscopy. UV-Vis-NIR spectra were recorded in 
absorbance mode between 200 and 1500 nm from 
five doubly polished wafers using a Perkin Elmer 
Lambda 950 UV-Vis spectrometer at GIA in New 
York. Four of the wafers were nickel diffused (sam- 
ples 17407057, 17407124, 17407123, and 17407126), 
and one was cobalt diffused (17407125), with the lat- 
ter analyzed for comparison only. The wafers were 
mounted onto an aluminum plate containing a 0.5 
mm circular aperture located as close as possible to 
the stone’s edge. For the sample that was annealed 
experimentally (17407067), spectra were recorded 
from the whole stone using a using a custom-built 
UV-Vis system at GIA in Carlsbad, operating in 
transmission mode from 250 to 980 nm, with an in- 
tegrating time of 3000 ms and 3 accumulations. 


Photoluminescence (PL) Spectroscopy. PL spectra 
were recorded from 630 to 750 nm on the core and 
rim of one doubly polished wafer (sample 17407124) 
using a Renishaw inVia Raman microscope with a 
514 nm laser, 1800 1/mm grating, and a 5x objective 
at GIA in New York. The power and counting times 
were adjusted to obtain maximum signal while 
avoiding saturation. The high concentration of nickel 
appeared to be associated with quenched fluores- 
cence, which meant that higher power and longer ac- 
cumulation times were required for spectra recorded 
near the high-nickel rim. 


Diffusion Modeling. Diffusion is described using 
Fick’s first and second laws, two partial differential 
equations that can be thought of as defining the way 
in which particles spread out over space and time. In 
order to apply these laws to a real situation, the equa- 
tions must be solved for a given set of conditions, 
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which require approximations to be made regarding 
the geometry of the system (e.g., a stone) and the na- 
ture of the source of diffusing species (e.g., a high- 
nickel powder or melt placed into contact with the 
stone). The aim here is to determine Dt, which is the 
diffusion coefficient (D, in units of square meters per 
second, m2?/s) multiplied by the time (t, in units of 
seconds, s}. In this case, the diffusion coefficient is a 
number that describes how rapidly a given element, 
such as nickel, moves through spinel. 

In order to determine diffusion coefficients from 
the LA-ICP-MS transect, concentration vs. distance 
data were fitted to the solution of Fick’s second law 
describing diffusion in a one-dimensional semi-infi- 
nite medium, using a constant boundary condition 
(Crank, 1975): 


C[X,t]= Core (Coin Crore) tC (1) 


im dDt 


ore 


In this equation, x is the distance (in meters, m) 
from the edge, C is the concentration (in ppma) at the 
core (C.,,,.) and rim (C,,,,,) at a given distance at a given 
time (C(x,t)), and erfc is the complementary error 
function. 

This fitting was only done for half profiles, mean- 
ing the data were recorded from the core to the table, 
instead of table-to-culet or core-to-culet. This is be- 
cause the shape of the culet renders this solution to 
Fick’s second law inappropriate—the solution is 
strictly valid only for a plane sheet with infinite ex- 
tent. The flat table of a faceted stone is a reasonable 
approximation of this geometry, but the culet is not. 
The data was fitted to the model using nonlinear 
least squares regression implemented in MATLAB, 
with the output being Dt (units of m?). These Dt val- 
ues are presented as their base-10 logarithm. 


Experimental Methods. To complement analyses on 
the as-received stones, one faceted spinel (sample 
17407067, bluish green) was annealed at various tem- 
perature (T) and oxygen partial pressure (pO,) condi- 
tions, and then UV-Vis spectra were recorded on the 
whole spinel after each step. The aim was to deter- 
mine whether temperature and oxygen partial pres- 
sure could modify the defects present in the stone, 
and therefore potentially the color. Pure O, at atmos- 
pheric pressure has pO, = 1 atm. The O, content in 
air is 21%, and therefore pO, = 0.21 atm. The pO, can 
also be controlled by mixing gases. In one experiment, 
the furnace was filled with a mixture of CO, and H, 
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gases, which react to form CO, H,O, CH,, and O,, 
yielding a very low partial pressure of O,. A 2:1 mix 
of CO,:H, was used, giving pO, = 4 x 10° atm at 
1750°C (Prunier and Hewitt, 1981). Experiments were 
conducted in a 1000-3560-FP24 Thermal Technology 
gas mixing furnace. The temperature/time/pO, an- 
nealing conditions, for sequentially heating the same 
stone, were: (1) 1100°C for 10 hours at 1 atm, (2) 
1700°C for 18 hours at 1 atm, and (3) 1750°C for 40 
hours at 4 x 10% atm. 


RESULTS 


Gemological Observations. Gemological observa- 
tions were consistent with spinel. Refractive indices 
for the nickel-diffused samples were generally 1.718, 
but some samples had values as high as 1.725, possi- 
bly due to the increased concentration of nickel at 
the surface. All samples were inert to long-wave UV 
light. Most were also inert to short-wave UV, but a 
few showed faint chalky yellow fluorescence near 


NICKEL DIFFUSION OF SPINEL 


Figure 4. Nickel-diffused 
, spinel shows subtle 
| color concentration 
along facet junctions (A 
“and B) and features sug- 
+, gesting flux-assisted 

| healing of the fractures 
| during the heating 
YA) process (C-F). Photos 

| by Aaron Palke; fields 
of view 10.24 mm (A), 
2.90 mm (B), 2.34 mm 
(C and D), 1.76 mm (EB), 
and 1.99 mm (F). 


the edges when prepared as doubly polished wafers. 
All faceted stones had a weak to strong red reaction 
when viewed through the Chelsea color filter. The 
doubly polished wafers viewed in this way showed 
color zonation: red at the rim and colorless in the 
center. 

When immersed in methylene iodide, the faceted 
stones displayed a strong concentration of color 
around the rim of the stone (figure 4A}, sometimes 
with additional subtle color concentration along the 
facet junctions (figure 4B). Microscopic observations 
sometimes revealed this same color concentration 
along facet junctions, particularly at the keel of the 
stones, although the effect was more subtle here than 
in other treated material, such as titanium-diffused 
sapphire. The most striking microscopic feature was 
the abundance of artificially healed fractures, likely 
associated with the presence of a flux material during 
heating (figure 4, C-F). This is also supported by the 
trace element data, described below, which show 
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EDXRF SPECTRUM 


COUNTS PER SECOND 


Figure 5. An EDXRF 
spectrum of a nickel- 
diffused spinel (sample 
17407067) acquired at 
12 kV with an alu- 
minum filter. Distinct 
nickel fluorescence 
peaks are visible. The 
position of the main 
cobalt peak, absent in 
this spectrum, is shown 
by the dashed line. 
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high amounts of lithium at the stones’ edge—lithium 
is acommon component of flux material. 


Compositional Analysis. X-ray Fluorescence. EDXRF 
spectra of nickel-diffused stones (e.g., figure 5) con- 
sistently showed the strongest bands at 7.47 keV, in- 
terpreted as the sum of the nickel Ka lines (Ka, and 
Ka, at 7.48 and 7.46 keV, respectively), with an asso- 
ciated KB band at 8.26 keV. No nickel L lines are vis- 
ible in figure 5. Also clearly visible are Mg Ka (1.25), 
Al Ka (1.48), Fe Ka (6.40), Fe Kf (7.06), and Zn Ka 
(8.64). No Co Ka line is visible at 6.93 keV. 


LA-ICP-MS. Single Point Analyses. Table 2. shows 
the concentrations of measured trace elements, meas- 
ured either on the girdle of as-received faceted stones 
or at around 50 ym from the table in doubly polished 
wafers. The concentration of nickel at the edge of the 
spinel was high, around 10000-20000 ppma. These 
nickel concentrations are very high compared to nat- 
ural gem-quality spinel submitted for analyses at GIA 
(figure 6A). It should be noted, however, that the 
nickel end member of the spinel group (chihmingite, 
NiALO,) does exist in nature (Miyawaki et al., 2022). 

Along with elevated nickel, some but not all 
stones also contained high lithium concentrations, 
up to around 3000 ppma at the surface (see table 1). 
Such high lithium is rare in natural, untreated gem 
spinel (figure 6B). Concentrations of other elements, 
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even if added or removed during the diffusion treat- 
ment, were generally within normal ranges for gem 
spinel. Notably, this also includes beryllium (figure 
6C), despite the increasing concentration of beryllium 
toward the edge in the LA-ICP-MS transect, described 
below (figure 7). 

Additionally, the concentrations of all other meas- 
ured elements (titanium, vanadium, chromium, man- 
ganese, iron, cobalt, zinc, and gallium) were highly 
variable between stones. Preliminary analyses from the 
cores of other doubly polished wafers (samples 
17407047, 17407126, 17407123, and 17407069) showed 
different concentrations of elements other than nickel 
(see table 2) in areas apparently unaffected by diffusion, 
suggesting that these concentration variations relate at 


Figure 7 (opposite page). Concentrations of magne- 
sium, nickel, lithium, iron, zinc, vanadium, titanium, 
beryllium, manganese, gallium, chromium, and 
cobalt recorded along a ~3.3 mm culet-to-table tran- 
sect across a wafer cut from the core of a nickel-dif- 
fused spinel (sample 17407124). Magnesium is not 
quantified, so the y-axis in the top right plot is arbi- 
trary. Notably, nickel shows an extreme concentra- 
tion decrease from rim to core, whereas cobalt shows 
a very small decrease with sub-ppm concentration 
along the whole transect. The transects for elements 
showing clear concentration changes are replotted in 
figure 12 for the purpose of diffusion modeling. 
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other green stones have been used since 
ancient times by the aboriginal Maoris for 
tools, weapons, and personal adornment. 
Such archeological pieces have been collected 
on many of the islands of the South Pacific, 
and this has led to reports of jade being 
found in New Guinea, Tasmania, New Cale- 
donia, New Hebrides, Society Islands, and 
as far east as the Marquesas. Many of these 
worked pieces, however, were what is called 
“Oceanic Jade,’ which is lacking in lime, 
essential to nephrite, and so has more the 
character of the softer mineral serpentine. 
But the Maoris of New Zealand had only to 
go to their South Island for real nephrite 
jade. They could find it in several places 
along the western shore, particularly on the 
beaches, and in the glacial drift of the Tere- 
makau and Arahura Rivers in north West- 
land. 

These aborigines recognized six distinct 
varieties of their native jade. That most 
frequently found was called Kawakawa, with 
the familtar green shades of color, and partly 
translucent. Inanga, an opaque pearly white, 
varying to light gray and green, was uncom- 
mon and highly prized. Kahurangi, a highly 
translucent, pale green, was valued more 


than any other variety. Auhunga, of a rather 


dull appearance, had the green color of 
Kawakawa and the opacity of Inanga. Toto- 
weka (Weka’s blood) was a variety of Kawa- 
kawa with stains of red iron oxide. Finally, 
Raukaraka (Karaka, leaf) was of an olive- 
green color, often clouded with streaks of 
dull yellow. 

After the discovery of gold among the 
river gravels in 1857, the miners found many 
very hard rocks in their drifting, which, 
when broken, proved to be nephrite jade. 
Because of the iron-stained and bleached 
outer crusts of these boulders, however, 
which quite hid the fine green stone under- 
neath, they usually were cast aside as worth- 
less. After the beauty of polished jade came 
to be appreciated, however, many were re- 
covered and sold to the local jewelers. 

The richness of the gold “diggings” nat- 
urally attracted lode miners to the field, who 
found important copper and chrome deposits 
along a contact-zone between intrusive- 
olivine-garnet-pyroxene rocks and the lime- 
stone and slate sediments of Dun Mountain. 
Eventually these discoveries of economic 
minerals led to a geological survey of the 
whole Southern Alps, which disclosed an 
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CHEMISTRY OF NATURAL VS. Ni- DIFFUSED SPINEL 
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Figure 6. A: Kernel density plots of nickel concentrations measured on the girdles of nickel-diffused stones, along with 
the range of nickel concentrations seen in a subset of spinel (1,495 analyses) submitted to GIA. This subset includes nat- 
ural, untreated spinel with the following hues: blue, greenish blue, green-blue, blue-green, and bluish green. The nickel 
concentrations are considerably higher (100-10,000x) in the nickel-diffused stones. Also shown are the concentrations of 
lithium (B) and beryllium (C), both of which are also elevated at the rims, as shown in the LA-ICP-MS transect (figure 7). 
Lithium concentrations in diffused stones are generally higher than the natural range, but beryllium concentrations are 
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indistinguishable between natural untreated spinel and nickel-diffused spinel. 


least partially to different starting materials (i.e., differ- ditions. At this point, however, we cannot confidently 


ent natural spinel ) rather than different treatment con- _ describe the nature of the starting materials. 
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TABLE 2. Concentrations of trace and minor elements in nickel-diffused spinel (in ppma), 
measured using LA-ICP-MS on the girdle or near the edge of the spinel.? 


Sample no. Li Be Ti Vv Cr Mn Fe Co Ni Zn Ga 
17407059 924 79.0 5.9 19.1 59) 16.9 183 1.4 13929 250 50 
17407060 1084 44.7 13.3 16.7 17.8 14.6 174 1.1 17840 360 40 
17407068 1980 = 90.4 O7/ 22.9 147.4 24.1 396 129 i685 ODS 66 
17407066 1208 =. 28.2 13.8 29.1 3.8 6.7 182 0.6 8194 276 33 
17407062 185 31.0 De 19.0 0.9 14.2 180 1.2 19030 474 45 
17407061 1617 58.8 19.6 7.1 36.5 27.0 473 1.3 10746 = 150 36 
17407070 1g2 25) Moll 353 15,3 13.1 349 0.8 12021 288 43 
17407067 1343 69.9 8.0 29.6 5.3 38.5 420 1.1 14857 286 50 
17407058 222 16.6 5.0 13.8 18.5 6.0 169 0.7 10339 = 410 42 
17407064 1631 51.0 9.0 7.0 10.4 12.1 433 0.9 11399 458 56 
17407065 1773 26.5 6.6 7.4 12.0 8.9 333 0.6 10123 512 64 
17407071 1649 49.0 9.4 5.0 45.1 33.6 578 0.8 9961 204 34 
17407072 1640 41.5 29.4 6.9 54.3 28.8 500 0.8 11601 249 Al 
17407057 899 16.3 7.7 98.8 30.6 6.4 6 0.5 5794 451 64 
17407126 1024 18.2 8.5 98.3 29.4 5.8) 7 0.5 5177 478 ag) 
17407023 1338 116.9 19:7 7.8 15.8 62.1 13 0.4 4977 29). 79 
17407024 722 36.8 18.2 69.8 Ie? 10.9 14 0.8 7854 334 45 
17407069 1573 40.2 18.7 53.6 15.1 10.2 16 1.3 8298 330 42 


*Concentration values are means of 2-3 analyses. Concentrations in the last five samples were measured on doubly polished 
waters using 50 um diameter circular LA-ICP-MS spots with centroids 50 um from the edge of the spinel closest to the table. All 


others were measured using a 35 pm spot on the girdle on faceted stones. 


These data show that nickel appears to be a 
weak chromophore, as thousands to tens of thou- 
sands of ppma led to relatively weak colors. In con- 
trast, cobalt diffusion treatment requires only a few 
hundred to thousands of ppma cobalt to create deep 
blue colors (e.g., Saeseaw et al., 2015; Krzemnicki 
et al., 2017). This may relate to the incorporation 
mechanism of nickel, described below (in the 
“Nickel Incorporation Mechanism and Valence 
State” section). 
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Concentrations Recorded Along a Transect. In one 
stone where trace element concentrations were 
recorded along a central transect (sample 17407124), 
nickel, lithium, beryllium, zinc, manganese, and 
cobalt show decreasing concentrations from the rim 
to the core (figure 7), with U-shaped profiles. The 
largest concentration change is associated with nickel, 
from ~1 ppma in the core to ~5000 ppma at the rim. 
Cobalt shows the smallest change, from ~0.4 ppma at 
the core to ~0.8 ppma at the rim. Conversely, vana- 
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Figure 8. Maps of nickel, magnesium, and aluminum recorded by EDS from sample 17407069. Colors represent counts 
on nickel, magnesium, and aluminum normalized to total signal intensity by dividing by counts on oxygen (all Ko. 
lines). The normalization was necessary given nonconstant total signal across the mapped area. Color scales are set to 
maximize contrast; the ranges (normalized to oxygen) are O-0.04 for nickel, 0.85-1.2 for magnesium, and 1-2.6 for alu- 
minum. Also shown are profiles of magnesium and nickel, extracted from the maps in table-culet transects. 


dium, iron, and magnesium display inverted U-shaped 
profiles—i.e., lower concentrations at the rim than at 
the core. The magnesium profile is displayed sepa- 
rately, as this cannot be accurately quantified when 
using NIST SRM 610 as a primary standard and alu- 
minum as the internal standard. The likely reason is 
that the magnesium concentration in the NIST SRM 
610 standard glass is around three orders of magnitude 
lower than in the spinel. As a result, using the analyt- 
ical and data reduction routine described above, the 
quantified magnesium content is about 30% lower 
than expected. This is not problematic for estimating 
diffusion coefficients, though. Chromium and tita- 
nium show variable concentrations, but neither has a 
clear U-shaped or inverted U-shaped profile. Gallium 
shows no apparent concentration change. 


EDS. EDS has considerably higher spatial resolution 
than LA-ICP-MS but suffers from much poorer de- 
tection limits, so the only elements that could be 
measured were nickel, magnesium, aluminum, and 
oxygen (figure 8). Nickel shows a clear concentration 
decrease from rim to core. Magnesium shows the op- 
posite, which is discussed later, and aluminum 
shows no apparent zonation. The zonation pattern of 
nickel conforms to the faceted stone’s shape. 
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UV-Vis-NIR Spectroscopy. UV-Vis-NIR spectra 
recorded from the rims of double-polished wafers re- 
covered from as-received stones show main peaks at 
369, 381, 475, 597, and 639 nm (figure 9). These po- 
sitions are consistent with those present in spectra 
recorded from nickel aluminate powders synthesized 
for use as cyan dyes (Serment et al., 2020), nickel- 
doped single-crystal spinel (Jouini et al., 2007), and 
nickel-doped gahnite (ZnA1,O,; Lorenzi et al., 2006). 
Figure 9 also shows a spectrum recorded from a 
cobalt-diffused spinel, obtained in the same parcel as 
these nickel-diffused crystals, showing clearly differ- 
ent absorption band positions. 

Following the experimental anneal at 1100°C in 
pure O, (10 hours), the 475 nm band increased in inten- 
sity relative to the as-received stone (figure 10). There 
was no clear change in the intensity of the 369, 381, 
597, and 639 nm bands. There was no apparent change 
in the spectra following a subsequent higher-tempera- 
ture anneal in pure O, at 1700°C (18 hours). Following 
the 1750°C anneal in a low-pO, 2:1 CO,-H, mix (40 
hours), however, the 475 nm band was completely 
eliminated and the intensity of the 369, 381, 597, and 
639 nm bands decreased considerably, as did the overall 
absorbance. This is consistent with the final color, 
which was a much lighter blue than the original stone. 
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Figure 9. UV-Vis-NIR spectra recorded from the near-rim regions of doubly polished wafers fabricated from 
nickel-diffused spinel (bottom four curves). These were recorded by placing the stone over a 0.5 mm circular 
aperture, located as close as possible to the stone’s edge at the table. Images of the stones are shown. Also pre- 
sented are concentrations of nickel recorded using a 50 ym LA-ICP-MS spot, centered at 50 um from the 
stone’s edge at the table. This gives an approximation of the relative nickel concentration between stones, but 
is likely an overestimation of the mean nickel concentration in the area from which the UV-Vis-NIR spectrum 
was recorded given the nature of the nickel concentration gradients. Also shown are spectra recorded from a 
synthetic nickel aluminate (NiAl,O,; Serment et al., 2020), a single crystal of nickel-doped spinel (Jouini et al., 
2007), a synthetic nickel-doped gahnite (ZnAI,O,,) powder (Lorenzi et al., 2006), and a cobalt-diffused spinel. 
The positions of the main bands in the nickel-diffused material are denoted by dashed lines. Spectra are offset 


for clarity. 


PL Spectroscopy. PL spectra recorded with 514 nm 
excitation are shown in figure 11. Spectra of the 
nickel-diffused stones are similar to those of heat- 
treated natural spinel (Widmer et al., 2015), which 
is in line with visual observations of inclusions and 
refractive indices. As with most natural spinel, the 
spectra are dominated by bands attributed to 
chromium. The spectra show broadening of the 
band(s) at around 686 nm. 

PL spectra recorded near the spinel rims are dif- 
ferent from those recorded in the cores, with the 
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rim spectra showing a dominant band at 687.5 nm 
and core spectra showing a strong doublet with 
maxima at 685.6 and 687.3 nm. This difference in 
PL spectra may be associated with nickel, but it is 
notable that a spectrum recorded from a natural, 
unheated spinel with relatively high nickel 
(around 350 ppma) from GIA’s production database 
did not clearly display this feature. Spectra 
recorded from faceted stones using nonconfocal PL 
spectroscopy will likely show some combination 
of these spectra. 


Gems & GEMOLOGY SUMMER 2023 


UV-VIS-NIR SPECTRA Figure 10. UV-Vis spectra of 
faceted sample 17407067 be- 


fore and after heating experi- 
ments. The inset shows 
detail of the 475 nm band. 
The arrows in the inset show 
the order of experiments. 
Spectrum A was recorded 
from the as-received, nickel- 
diffused stone. Spectrum B 
was recorded after a 10-hour 
anneal at 1100°C in pure Os. 
Spectrum C was recorded 
after an 18-hour anneal in 
pure O, at 1700°C. Spectrum 
D was recorded after a 40- 
hour anneal at 1750°C in a 
2:1 H,:CO,; mix. Spectra 
were recorded in nearly the 
same position on the stone, 
so absorbance intensities are 
closely (but not exactly) 
comparable, as the stone’s 
300 400 500 600 700 800 900 position was not perfectly re- 
WAVELENGTH (nm) produced in each case. 
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Figure 11. PL spectra 
recorded from the rim 
and core of a nickel-dif- 
gas °°"? fused natural spinel 
(sample 17407124), re- 
vealing features charac- 
teristic of heating. Also 
shown is a spectrum 
from a natural, un- 
685.6 heated high-nickel 
spinel (>300 ppma 
nickel). Spectra are off- 
set for clarity. 
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normal metallic state with zero charge. Because the 
loss of electrons is oxidation, the expected result is 
that, all other things being equal, a spinel treated with 
nickel in an oxidizing environment (generally an at- 
mosphere having a high oxygen concentration, such 
as air), will have a relatively high ratio of Ni** to total 
nickel. Conversely, a spinel treated in a reducing (gen- 
erally low-oxygen) atmosphere will have a relatively 
high ratio of Ni** to total nickel. 

With two valence states, there are also two loca- 
tions for nickel incorporation in spinel, either on the 
tetrahedral or octahedral site. The terms “tetrahe- 
dral” and “octahedral” refer to the location of these 
cations in the crystal structure with respect to the O7 
anions (ions with a negative charge). A cation in a 
tetrahedral site in spinel is bonded to four O* anions, 
forming the shape of a tetrahedron with the cation in 
the center. In octahedral coordination, the cation is 
bonded to six O* anions, which form an octahedron. 
These octahedra and tetrahedra stack together to 
form the atomic structure of spinel. Overall, then, 
there are four main possibilities for nickel incorpora- 
tion, with two valence states (Ni** and Ni**) and two 
sites (octahedral and tetrahedral]. 

In natural spinel (MgA1,0,), which is likely to be 
the starting material for the diffusion treatment, Mg** 
mainly occupies the tetrahedral site, and Al** mostly 
occupies the octahedral site (O’Neill and Navrotsky, 
1983; Widmer et al., 2015). This can be described as a 
low “degree of inversion.” Chihmingite, NiAI,O,, is 
more complex because it tends toward an “inverse” 
spinel structure (having a high degree of inversion], 
meaning the octahedral sites are considerably occu- 
pied by Ni, and Al** tends towards tetrahedral sites 
(Datta and Roy, 1967; Porta et al., 1974; O’Neill et al., 
1991). This potentially means that a nickel-diffused 
spinel will show a degree of inversion that is interme- 
diate between MgAI,O, and NiAL,O,. 

While we do not have sufficient information to 
fully assign valence states and sites to the nickel in 
these diffused spinel, we can make some specula- 
tions based on the data collected. First, from the LA- 
ICP-MS traverse and EDS maps, the decrease in 
nickel concentration from the rim to the core of the 
stones, coupled with magnesium showing the oppo- 
site trend, suggests nickel primarily replacing mag- 
nesium—i.e., Ni?* and/or Ni** replacing Mg”. 

Second, the main visible absorption bands in the 
spectra of the nickel-diffused spinel, at 597 and 639 
nm, were assigned by, for example, Porta et al. 
(1974) and Serment et al. (2020), to nickel in tetra- 
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hedral coordination. The generally smaller bands at 
369 and 381 nm were associated with nickel in oc- 
tahedral coordination. The similarity between the 
absorption spectra of the nickel-diffused spinel and 
a spectrum of single-crystal nickel-doped spinel 
grown in a relatively low (but undefined) pO, argon 
atmosphere (figure 9; see also Jouini et al., 2007) sug- 
gests that the nickel is predominantly in its reduced 
form Ni. 

Third, the experimental results are useful for in- 
terpreting the 475 nm band, assigned by Sakurai et al. 
(1969) to nickel in tetrahedral coordination. This grew 
during a low-temperature (1100°C) anneal in pure O,, 
suggesting that it relates to Ni**. During longer and 
higher-temperature anneals in pure O,, the band did 
not increase further. When annealed at very low pO,, 
the 475 nm band was completely eliminated, which 
would be consistent with Ni* being reduced to Ni**. 
Therefore, we can assign this band to Ni** with some 
confidence. As the 475 nm band absorbs in the visible 
range, this suggests that the color of a nickel-diffused 
spinel can be fine-tuned after treatment by a second 
oxidation or reduction treatment. Oxidation leads to 
more greenish hues, while reduction removes the 
green and shifts the color into a more exclusively blue 
hue. 

Overall, the data suggest that the main nickel in- 
corporation mechanism responsible for the spinel’s 
color is Ni** replacing Mg** in tetrahedral coordina- 
tion, shown by the 597 and 639 nm bands. The 475 
nm band may be related to Ni* in tetrahedral coordi- 
nation. However, this does not mean that all nickel is 
in tetrahedral coordination; in fact, it might only be a 
small fraction of the Ni** (e.g., Porta et al., 1974), al- 
though we cannot directly address this with our data. 

This could explain the observation that nickel is 
apparently a weak chromophore in spinel. It is pos- 
sible, however, that the main chromophore is Ni in 
tetrahedral coordination, with a minor contribution 
of Ni**, but the majority of the nickel is Ni** in octa- 
hedral coordination. 


Diffusivities. Fits of the compositional profiles for 
nickel, lithium, iron, zinc, vanadium, beryllium, 
cobalt, and magnesium to equation 1 (from the “Dif- 
fusion Modeling” section) are presented in figure 12, 
along with values of Dt (with units of m’). These Dt 
values are also presented in figure 13. They increase 
in the following order: V<Ni<Mg<FexCo<Zn~Be<Li. 

Because the durations (t) of the heat treatment of 
the stones studied are not known, it is not possible 
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Figure 12. Profiles of lithium, beryllium, magnesium, vanadium, iron, cobalt, nickel, and zinc, as shown in figure 7, 
fitted to equation 1. Solid lines represent LA-ICP-MS data, while dashed lines represent the model fits. The “inter- 
face” is at the table of the stone. Also shown are the fitted values of Dt (presented as their base-10 logarithm)—i.e., 
the diffusion coefficient multiplied by the time. Note that magnesium is not quantified, but this has no effect on the 
Dt value, which is independent of concentration according to equation 1. 


to precisely or accurately obtain D from Dt. Like- 
wise, because the temperatures of the treatment are 
also not known to us, and because experimental 
datasets describing diffusion coefficients are ex- 
tremely limited in any case, neither can t be deter- 
mined using a known D. It is tempting to use the 
zonation in iron and magnesium to extract duration 
using iron and magnesium diffusion coefficients 
that have been determined experimentally (Sheng 
et al., 1992; Liermann and Ganguly, 2002), but the 
different measured D values for iron and magne- 
sium lead to a 3-4 orders of magnitude discrepancy 
at temperatures over 1500°C, notwithstanding the 
usual potential inaccuracies associated with data 
extrapolation. 

However, we can reasonably make two broad as- 
sumptions about the nature of the heat treatment. 
The first is that it is likely conducted at 1500- 
1700°C, the upper limit being both a safe tempera- 
ture to avoid partial melting in a spinel with 
considerable concentrations of impurities (i.e., 
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nickel) and the normal upper limit for continuous 
operation of standard high-temperature muffle fur- 
naces with molybdenum disilicide elements. The 
lower limit is conservative—based on previously 
published data (e.g., Sheng et al., 1992), it is unlikely 
that diffusion can lead to hundreds of micrometers 
of diffusive penetration into the stone. Given the 
economics of treatment, we assume a short duration 
(again, extremely conservative) of one hour to one 
week. 

With these very broad constraints, a range of D 
values for nickel can be estimated from Dt using t = 
3600 s (1 hour) and 6 x 10° s (1 week). These can then 
be placed onto an Arrhenius diagram, which de- 
scribes D (as its base-10 logarithm log,,D, in m?/s) as 
a function of temperature (as inverse temperature in 
Kelvins, 1/T). This is shown in figure 13, along with 
some other experimentally determined diffusion co- 
efficients for divalent cations in spinel as well as hy- 
drogen for comparison. Also shown is the diffusion 
coefficient estimated for beryllium in corundum by 
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Figure 13. Results of fitting data to equation 1. Plot A shows the Dt values from figure 12. Error bars represent 
95% confidence intervals. Where not visible, the 95% confidence interval is smaller than the marker size. 
Vanadium has the lowest diffusivity and lithium the highest. Plot B shows some estimations of nickel diffu- 
sion coefficients extracted from the Dt values in plot A, making broad assumptions about treatment duration 
and temperature. These are presented on an Arrhenius diagram, with the base-10 logarithm of the diffusion co- 
efficient plotted against the inverse temperature in K (temperatures in °C are presented at the top of the plot). 
Also shown are some experimentally determined diffusion coefficients for magnesium and iron (Sheng et al., 
1992; Liermann and Ganguly, 2002), which can be expected to behave similarly to nickel in this system, and 
hydrogen (Okuyama et al., 2012), which is the fastest-diffusing element in many minerals. A diffusion coeffi- 
cient of beryllium in corundum estimated by Emmett et al. (2003) is also included—this is important for a 
general understanding of diffusion treatment of gemstones. 


Emmett et al. (2003), which is pertinent for general 
considerations of heat treatment of gemstones. 
While these values are imprecise, they should pro- 
vide a useful starting point for future experimental 
efforts. 

The shapes of nickel diffusion profiles—i.e., the 
forms of concentration vs. distance data in figure 7— 
correspond almost perfectly to equation 1. This 
means that there is a smooth decrease in nickel con- 
centration, and associated color, from the edge of a 
spinel to the core. This implies that diffusion in this 
system is relatively simple, with little or no trapping 
behavior—such non-simple behavior could be ex- 
pressed as sharp color changes, as is often observed 
in titanium-diffused sapphires, for example. The 
likely diffusion mechanism would then involve a 
simple exchange of vacancies with Ni**, which has 
been proposed as one mechanism of Cr* diffusion in 
spinel (Posner et al., 2016). 
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Zonation Patterns. The zonation patterns extracted 
from the EDS map, shown in figure 8, can be used to 
provide some information regarding the heat treat- 
ment method. In the maps, we can see that the zona- 
tion patterns are broadly parallel to the edges of the 
stone, excluding the noise in the data. In other words, 
if contours were drawn defining regions of equal 
nickel concentration, they would generally have the 
same shape as the stone. 

In a mineral with cubic symmetry (such as spinel), 
diffusion treatment will lead to concentration contours 
that are smooth but generally parallel to the edges of 
the stone, regardless of the stone’s geometry. An ex- 
ample is shown in figure 14, where diffusion has been 
modeled in a simplified two-dimensional system for 
both a faceted shape and an example “rough” shape. If 
faceting is done before the diffusion treatment, then 
the contours of equal concentration will essentially 
match the shape of the faceted stone. This is what is 
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seen in the nickel-diffused spinel, as in figure 8. How- 
ever, if the diffusion treatment is done on a rough stone 
that is subsequently faceted, the contours will likely 
be intersected by the newly cut surface. In the example 
in figure 14, this would lead to a patchy appearance, 
with the degree of patchiness dependent on the relative 
geometries of the rough and faceted stones. 

What cannot be accurately determined using our 
data, though, is whether the faceting done before the 
diffusion treatment was complete or partial. The dif- 
fusion treatment could have been done on a partially 
faceted, unpolished stone, with final faceting and pol- 
ishing after the treatment. 

To demonstrate this process, two flame-fusion 
synthetic spinels were diffused with nickel at 1800°C 
in a furnace at GIA in Carlsbad, California. The two 
stones were completely colorless beforehand and 
facet patterns were roughly ground in. Diffusing 
these stones with nickel at 1800°C created a rich blue 
color as seen in the polished gems in figure 15. 
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It is also notable that local color concentrations 
were visible at facet junctions, which is consistent 
with diffusion treatment conducted after faceting. 


Speculations Regarding the Heat Treatment Method. 
The most salient lines of evidence in determining the 
heat treatment method are: 


e The presence of high nickel and lithium con- 
centrations at the stone’s edge. 


¢ The lower trace and minor element contents in 
the core (e.g., beryllium and zinc}, relative to the 
edge, measured using an LA-ICP-MS transect. 


e The PL spectra, which are consistent with 
heated natural spinel. 


e The presence of healed fractures. 


e The presence of a band in the UV-Vis-NIR spec- 
tra of all measured stones at 475 nm, which can 
be removed by annealing at low pO,,. 


Figure 14. Models showing 
the nickel zonation pat- 
terns that would be ob- 
served with diffusion 
treatment done before (left 
column) or after (right col- 
umn) faceting, using a 
generic “rough” shape. The 
zonation pattern broadly 
follows the shape of the 
stone, which would then 
be retained if the stone 
were faceted after diffu- 
sion treatment. These 
models were created using 
an explicit finite difference 
approximation of Fick’s 
second law in two dimen- 
sions, using an arbitrary 
initial concentration of 0 
and a constant boundary 
concentration of 1. Con- 
tours are at intervals of 
0.1, from 0.0 to 1.0. The 
girdle-to-girdle length in 
the model is 4 mm, the 
grid spacing is 10 pm, the 
modeled D is 10-8 m?/s, 
and the total modeled 
time is 2x 10° s. 


Faceting 
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Figure 15. Two synthetic spinels before and after a diffusion experiment carried out at GIA in Carlsbad, California. 
The stones were faceted by Jessa Rizzo (GIA) and weigh 9.25 and 14.72 ct. Photos by Kevin Schumacher. 


e The long diffusive penetration distances (over 
1 mm). 


¢ The nickel concentration variations in the EDS 
map, where zonation is approximately parallel 
to the edges of the stone. 


e The fact that the stones were mixed into a par- 
cel of cobalt-diffused spinel and sold as such. 


Overall, the evidence suggests the treatment of 
natural faceted or partially faceted spinel in the pres- 
ence of a high-nickel melt, where some lithium com- 
pound is used to enable flux melting. This is often 
advantageous because any adhered melt can be read- 
ily dissolved off the stone after treatment. As de- 
scribed above, the treatment is likely at high 
temperature (>1500°C), given the depth of the diffu- 
sion profiles as well as considerations of the econom- 
ics of heat treatment. The presence of the 475 nm 
band suggests that the treatment was done in an ox- 
idizing atmosphere, which could simply be air, be- 
cause this band is eliminated if annealed in a 
reducing gas mix. 

Finally, there is a possibility that the use of nickel 
rather than cobalt as a diffusant was accidental, or al- 
ternatively that the term “cobalt-diffused” is now 
used by some treaters as a generic term for diffusion 
treatment in spinel. 
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CONCLUSIONS 


Blue or green hues can be added to spinel by nickel dif- 
fusion. Spinel modified using this treatment method 
now exists in the gem trade. The possibility for color 
modification by nickel diffusion should be considered 
for any spinel with such colors. The following criteria 
are proposed for identifying nickel diffusion treatment 
in spinel: 


e High concentrations of nickel at the stone’s 
surface, potentially thousands of atomic parts 
per million or more. This may be associated 
with high lithium concentrations. 


e PL spectra characteristic of heated natural 
spinel, although we cannot rule out the possi- 
bility of treatment of lab-grown spinel. 

¢ Characteristic UV-Vis absorption spectra, with 
bands at around 370, 470, and 600 nm. 

e Subtle color concentrations at the facet junc- 
tions, although this may be limited if the 
stones are repolished after treatment. 

e Textures associated with flux-assisted healing 
of fractures. 


Overall, the treatment should be readily identifi- 
able using standard gemological techniques and 
equipment. 


Dr. Michael Jollands, Abadie Ludlam, Pamela Cevallos, Sarah Arden, Elina Myagkaya, and Dr. Ulrika D’Haenens-Johannson are re- 
searchers with GIA in New York. Dr. Aaron Palke, Dr. Shiyun Jin, and Ziyin Sun are with GIA in Carlsbad. Wim Vertriest and Vararut 


Weeramongkhonlert are with GIA in Bangkok. 
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extensive zone of magnesian rocks along the 
westerly slope of the range, comprising ser- 
pentine, peridotite, gabbro, pyroxenite, and 
tremolite-talc schists. These ultra-basic rocks, 
which had been intruded into the sheared 
graywaches and phyllites, were found to con- 
stitute a belt parallel to the granitic axis of 
the Alps, and to the trend of the whole 
island. 

During the progress of these detailed field 
studies, various deposits of nephrite were 
found at intervals throughout this zone of 
basic rocks in Nelson, Westland, and as far 
south as Lake Wakatipu in northwest Otago. 
The nephrite occurs as veins and nodules in 
dark-green and grayish-green serpentine, 
associated with talc-carbonate rocks. It has 
not been observed in extensive masses but as 
irregular bodies from a few inches thick up 
to as much as four feet through. Some of 
these mountain veins have been quarried for 
limited supplies of rough nephrite, but the 
New Zealand lapidaries still prefer stream- 
washed boulders from the rivers and beaches 
along the coast. 

Until recently the only jade known to 
occur in the South Pacific was the nephrite 


on New Zealand, just described, but in 1947 
W. P. de Roever reported a deposit of 
jadeite in place on the island of Celebes. It 
is said to have been found associated with 
acmite and albite in a quartz-lawsonite 
schist. So here again, as in Japan, patient 
searchers have been successful in uncovering 
another small deposit of this rare mineral; 
but since it has yielded no gem material, it 
is of interest only to scientists. 

The Eskimos along the Pacific coast of 
North America were quite as well aware of 
the value of jade as were the Maoris of the 
tropical islands far to the south. All along 
the coast of northwestern Alaska, from the 
Aleutian Islands to the mouth of the Mac- 
kenzie River, wherever the early mariners 
went ashore for supplies, they noticed the 
natives using tools made of green stone. 
When some of these implements were taken 
back to New Bedford by Captain J. A. 
Jacobsen, master of a whaling vessel returned 
from the Arctic, they were recognized as 
nephrite jade. This report started some sci- 
entists to theorizing about migrations of 
jade traders from Siberia, because no occur- 
rence of such mineral was known to exist 


© Contact of Brownish-red Jade- 
ite, small grained, with main 
body of Gray Jadeite (large, 
striated xi). Ura River Conglomer- 
ate, Burma. 50x. 
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GEM-QUALITY AUGITE FROM 


DONG NAI, VIETNAM 


Le Ngoc Nang, Lam Vinh Phat, Pham Minh Tien, Pham Trung Hieu, Kenta Kawaguchi, and Pham Minh 


Augite from Dong Nai Province in Vietnam occurs as xenocrysts hosted by Cenozoic basalt and its regolith. 
Found as irregularly shaped crystals a few millimeters to centimeters in size, these augites exhibit two dominant 
colors: brown and green. They are very dark in tone, making them appear almost black in reflected light and are 
translucent to transparent, with vitreous luster. Most of the samples’ gemological properties are similar except 
for refractive index and birefringence values, which are both higher in green augite. The brown and green augite 
samples show differences in Raman peak positions. The chemical composition as determined by electron probe 
microanalysis suggests that Dong Nai augite should be classified as magnesium-rich augite. This material is 
promising for jewelry use, as gem-quality material is readily found over a large area. 


group [(M2}(M1)(T),O,] with the general for- 

mula (Ca,Na](Mg,Fe,Al,Ti}(Si,Al),O, (Mori- 
moto, 1989), where M1 and M2 are octahedrally 
coordinated cation sites and T is a tetrahedrally co- 
ordinated cation site. Augite is most commonly 
found in mafic igneous rocks such as basalts and 
gabbros, as well as in ultramafic rocks (Anthony et 
al., 2001). The pyroxene group includes a wide range 
of well-known and highly valuable gem varieties 
used in jewelry, including jadeite (NaAISi,O,), spo- 
dumene (LiAISi,O,), diopside (CaMgSi,O,), and om- 
phacite ((Ca,Na}(Mg, Fe2*,Al)Si,O«) (Mei et al., 2003; 
O'Donoghue et al., 2006). However, augite is gener- 
ally not considered a gem material because most ex- 
amples are opaque, with unattractive colors (Hurwit, 
1988; Johnson et al., 1996). 

In 2018, two types of gem-quality augite appeared 
in the Ho Chi Minh City marketplace: dark green and 
dark orangy brown (figure 1). All of these were loose 
stones (faceted, cabochon cut, or carved). The gems 
appeared black in reflected light, but color could be 
seen in transmitted light. One dealer noted that they 
were mined in Dong Nai Province and initially mis- 
taken for diopside and tourmaline. The samples were 
later submitted to Liu Gemological Research and Ap- 
plication Center (LIULAB) and identified as augite. 


A ugite is amonoclinic member of the pyroxene 


See end of article for About the Authors and Acknowledgments. 
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After learning of this potential source of gem-qual- 
ity augite, the authors decided to visit the deposit. We 
began our study in the center of Dong Nai Province 
(figure 2), where we collected a large quantity of gem- 
quality samples during two field trips in May 2020 and 
October 2021. The augite occurred as xenocrysts 


In Brief 


¢ An abundant source of xenocrystic gem-quality augite 
was discovered in an alkali basalt formation in Dong 
Nai, Vietnam. 

¢ Dark green and dark brown are the two color varieties 
of this augite; except for RI, their gemological proper- 
ties are similar. 

e Raman spectroscopy helps differentiate the two vari- 
eties of augite and distinguish between green augite 
and diopside. 

e Augite from Dong Nai is suitable for fashioning in 
faceted, cabochon, and especially carved form. 


hosted by basalt bedrock, which was covered by a re- 
golith layer of basaltic laterite. This paper aims to 
identify the variety of augite from Dong Nai and de- 
scribe its formation and gemological characteristics. 


GEOLOGICAL SETTING 

The augite deposit is located in the center of Gia 
Kiem commune in the Thong Nhat district of Dong 
Nai Province (figure 3) in the southeast region of 
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Vietnam, about 90 km north of Ho Chi Minh City. 


Figure 1. The deep col- 
ors of green and brown 
augite from Dong Nai, 
observed in transmitted 
light. Top: The 9.78 g 
rough on the left yielded 
a 24.20 ct carving (24.99 
cm in height). Bottom: 
The 11.22 g rough on 
the left yielded a 56.10 
ct carving (36.50 cm in 
height). Photos by Le 
Ngoc Nang. 


trips to this area to collect samples and investigate 
the site. The sampling site is in the midland, a tran- 


In May 2020 and October 2021, we conducted field 
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Figure 2. View of a val- 
ley in Dong Nai, Viet- 
nam, where vegetation 
grows on the topsoil of 
the augite-bearing 
basaltic regolith. Photo 
by Lam Vinh Phat. 
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Figure 3. The augite oc- 
currence is hosted by a 
Cenozoic basaltic for- 
mation and Quaternary 
sediments along the 
stream in the valley. 
Modified from Son et 
al. (2005). 
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sition zone between the plains and the highlands. 
From the north, the terrain descends gradually to- 
ward the south, and temporary streams and springs 
carve through rolling hills. The average elevation is 
about 139 m above mean sea level, with the slope 
steepness varying from 30° to 80°. Landforms include 


184 = Gem-Qua.ity AUGITE FROM VIETNAM 


Bazanite - Alkaline basalt olivine, 


z= Jurassic sedimentary rocks 


10° 49’ 13” 


107° 16’ 23” 


@ Sample location 


vy — Stream 


a= Fault 
Z Road 


a plain of denudation and cinder cones (Son et al., 
2005; Bac and Bao, 2020). The plain of denudation oc- 
curs on Jurassic sedimentary rock, with the erosion 
surface dating to the Late Pliocene to Early Pleis- 
tocene, before the eruption of the basaltic lava that 
covers almost the entire erosion surface (Bac and Bao, 


Gems & GEMOLOGY SUMMER 2023 


! pt yl — 


Centimeter 


Transmitted light 


2020). The study location in Dong Nai is centered on 
a dormant volcano zone that was active during the 
period from the Neogene to the Quaternary (Bac and 
Bao, 2020) (again, see figure 3). The regolith is quite 
thick, containing mostly red and gray soils and some- 
times basaltic boulders. Due to the area’s tropical cli- 
mate, mechanical weathering also causes exfoliation 
on most of the bedrock. 

Dong Nai augite xenocrysts are found in basalt 
and its laterite (figure 4). In the mid-Pleistocene, the 
xenocryst-bearing basalt formed by volcanic erup- 
tion, resulting in a 70-200 m high terrain covering a 
large area. The augite-bearing basalt is dark bluish 
gray and light to dark gray and consists mainly of al- 
kaline olivine (Co and Hai, 1994; Son et al., 2005; Bac 
and Bao, 2020). The xenocryst-bearing basalt is of 
vesicular structure with a void ratio varying from 3% 
to 15% with round, oval, and sometimes irregular 
shapes. The average void size ranges from 0.5 x 1.0 
mm to 4.0 x 8.0 mm. In addition to pyroxene, other 
rock-forming minerals such as feldspar and clusters 
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Figure 4. Augite is 
abundant in Dong Nai 
Province and easy to 
, collect. A: Augite 
hosted by basalt. B: 
Augite buried in Iat- 
erite soil. C: Samples 
obtained during the 
field trips, which ap- 
pear black under re- 
flected light before 
revealing an orangy 
brown or a green color 
when observed in trans- 
mitted light. Photos by 
Lam Vinh Phat. 


Transmitted light 


of olivine are contained sparsely in the basalt, with 
xenocrysts ranging in size from 0.5 to 10.0 cm and 
clusters of olivine from 2 to 15 cm (1-2 mm per crys- 
tal) (Son et al., 2005; Bac and Bao, 2020). 

At a height of approximately 120 m above mean 
sea level, the augite-bearing basalt is weathered to 
varying degrees into brown to yellowish brown re- 
golith. The regolith is moderately thick, about 2-3 
m. The weathering profile contains the saprolite and 
the saprock of weathered basalt overlain by topsoil 
(Son et al., 2005). 

During land reclamation since 2019, farmers in 
Dong Nai have been collecting the augite by hand and 
shovel. No mining activity takes place in this area. 
The authors connected with three merchants who 
gather and cut these augites for sale as tourmaline or 
diopside. These merchants gather 120 kg of gem-qual- 
ity augite annually from the farmers and own 20,000 
carats of faceted material, none of which is exported. 
Their current consumer market is limited to Ho Chi 
Minh City and some Vietnamese provinces. 
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Figure 5. Augite samples from this study were fashioned as faceted gems, cabochons, and carvings. These are shown 
in reflected light (first and third rows) and transmitted light (second and fourth rows). Photos by Le Ngoc Nang. 


MATERIALS AND METHODS 


Samples. During the two field trips, we collected 
more than 100 samples ranging from 2.4 to 100 g (fig- 
ure 4C). We selected a total of 16 clear transparent to 
translucent samples (eight green and eight brown) for 
standard gemological testing as well as powder X-ray 
diffraction (XRD) and electron probe microanalysis 
(EPMA). We had 12 samples cut from the rough (fig- 
ure 5). These samples included six faceted pieces 
(brown samples Al, A2, and A3; green samples A7, 
A8, and A9); four flat-bottom cabochons (brown sam- 
ples A4 and A5; green samples A10 and A11); and 
two carved pieces (brown sample AG; green sample 
A12). All the faceted and cabochon samples were cut 
at a lapidary facility in Ho Chi Minh City, and the 
rest were carved by a freelance gem cutter in Ho Chi 
Minh City. We used the six faceted gems to analyze 
the Raman and Fourier-transform infrared spectra. 
Two other samples, a 15.56 ct transparent brown 
sample (A13) and a 12.08 ct transparent green sample 
(A14), had their surface impurities removed by a lap- 


186 = GeM-QUALITY AUGITE FROM VIETNAM 


idary machine before being ground for powder XRD 
analysis (figure 6). Lastly, a 34.36 ct brown sample 
(A15) and a 41.20 ct green sample (A16) were ground 
into thin sections for EPMA measurement (figure 6). 


Standard Gemological Methods. Standard gemolog- 
ical testing was performed on the fashioned augite 
samples (A1—A12) at LIULAB to determine their re- 
fractive index (RI), hydrostatic specific gravity (SG), 
and fluorescence reaction to long-wave (365 nm) 
and short-wave (254 nm) UV light. Optical proper- 
ties and pleochroism were observed with a polar- 
iscope and dichroscope, respectively. The physical 
appearance was documented using fiber-optic light- 
ing, both ambient and transmitted using a 60W GLS 
LED daylight bulb with a temperature of approxi- 
mately 5000-GO00K. For ambient lighting the set- 
tings were 8 volts and 10 watts, and for transmitted 
lighting the settings were 8 volts and 20 watts. Mi- 
croscopic features were viewed using a Carton 
7x-50x gemological microscope. 
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Figure 6. Rough augite samples before grinding and 
polishing for XRD (A13 and A14) and EPMA (A15 
and A16), shown in transmitted light. Photos by 
Pham Minh Tien. 


Analytical Methods. EPMA was performed on sam- 
ples A15 (brown) and A16 (green) using a JEOL JXA- 
8200 instrument. Analyses were obtained with an 
electron probe diameter of 3 pm, an accelerating volt- 
age of 15 kV, and a beam current of 20 nA, following 
the methods of Kawaguchi et al. (2022). Measure- 
ments of the oxides SiO,, TiO,, Al,O3, FeO, Cr,Os, 
MnO, CaO, Na,O, K,O, MgO, and P,O; were ob- 
tained to determine the variety of pyroxene (Linds- 
ley, 1983; Morimoto, 1989). The calibration 
standards included quartz for silicon, corundum for 
aluminum, manganosite for manganese, periclase for 
magnesium, nickel oxide for nickel, fayalite for iron, 
wollastonite for calcium, jadeite for sodium, and 
potassium titanium phosphate for potassium. 

XRD is a common technique used to identify a 
mineral based on the scattering of X-rays by the 
atoms in a crystal structure. The diffraction patterns 
were collected by a Bruker D2 Phaser powder XRD, 
using CuKa. (1.5406 A) radiation in the range of 5-75° 
20 with a scan speed of 0.02°/s, at 40 kV and 30 mA. 
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Brown sample Al3 and green sample Al4 were 
ground to a particle size of 5 um. We used X’Pert 
HighScore software to analyze the results and com- 
pare them to the standard data in the Inorganic Crys- 
tal Structure Database (ICSD). 

Raman spectroscopy was performed using a 
Horiba Xplora One Raman confocal microscope in 
the range of 0 to 3750 cm with three brown samples 
(Al, A2, and A3) and three green samples (A7, A8, 
and A9). Measurements were performed at a laser ex- 
citation wavelength of 532 nm, laser mode power at 
50%, and a 900 lines/mm diffraction grating, with a 
spectral resolution of 5 cm~!. The objective selected 
was of 50x magnification. Raman spectra were col- 
lected over 15 s with two signal accumulations. 

X-ray diffraction and Raman spectroscopy were 
conducted at the Institute of Chemical Technology, 
Vietnam Academy of Science and Technology. 
EPMA was performed at Hiroshima University in 
Japan. 


RESULTS AND DISCUSSION 


Appearance. The fabricated augite samples from 
Dong Nai were transparent to translucent, with vit- 
reous luster. All of them appeared black under day- 
light-equivalent lighting. When observed in 
transmitted light, they displayed one of two colors: 
dark green or dark orangy brown. 

Augite generally receives little attention in the 
jewelry industry because of its very dark appearance 
(see video at https://www.gia.edu/gems-gemology/ 
summer-2023-augite-from-vietnam). Dong Nai augite 
appears homogenously black and opaque in reflected 
light but transparent and dark green, or orangy brown, 
when viewed in transmitted light. Moreover, a low de- 
gree of fracturing with massive form allows Dong Nai 
augite to be well polished and fashioned, particularly 
as carvings and cabochons (figures 1 and 5). After eval- 
uating these features on the specimens processed from 
our samples, we concluded that augite from Dong Nai 
has potential application in the jewelry industry. 


Gemological Properties and Identification. The 
gemological properties of the Dong Nai augite sam- 
ples are described and summarized in table 1. Spe- 
cific gravity values ranged from 3.36 to 3.38. The RI 
values measured for the five brown samples were n, 
1.674-1.676 and n, 1.685-1.686, for a birefringence 
An of 0.009-0.012. RI values for the five green speci- 
mens were n, 1.683-1.688 and n, 1.703-1.706, for a 
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TABLE 1. Gemological properties of 16 augite samples from Dong Nai, Vietnam. 


sample: “Weight Color? Form SG 
no. (ct) 

Al 4.60 Dark orangy brown Faceted square 336 
A2 4.97 Dark orangy brown Faceted oval 3.34 
A3 10.08 — Dark orangy brown Faceted oval 3.37 
A4 12.70 Dark orangy brown = Oval cabochon = 3.34 
A5 8.51 Dark orangy brown Oval cabochon = 3.36 
A6é 31.55 Dark orangy brown Carving 3.35 
A7 12.65 Dark green Faceted oval Soh 
A8& 7.28 Dark green Faceted round 3.37 
AQ 3.89 Dark green Faceted rectangle 3.35 
A10 12.53 Dark green Oval cabochon — 3.36 
All 9.59 Dark green Oval cabochon — 3.34 
A12 14.18 Dark green Carving 3.35 
Al3 15.56 Dark orangy brown Rough B33) 
Al4 12.08 Dark green Rough 3:35 
A15 34.36 Dark orangy brown Rough 335 
A16 41.20 Dark green Rough 3.36 


ie Birefringence Pleochroism 
ny ng 
1.674 1.686 0.012 Brown to black 
1.672 1.682 0.010 Brown to black 
1.675 1.685 0.010 Greenish brown to black 
1.673 1.685 0.012 Brown to black 
1.672 1.682 0.010 Brown to black 
1.67° na‘ Deep green to blac 
1.685 1.705 0.020 Deep green to blac 
1.686 1.702 0.016 Deep green to blac 
1.685 1.702 0.017 Deep green to blac 
1.688 1.703 0.015 Deep green to blac 
1.688 1.705 0.017 Deep green to black 
1.70° na Deep green to black 
— — na Brown to black 
— —_ na Deep green to black 
— — na Brown to black 
— — na Deep green to black 


"Observed in transmitted light 
’Spot RI 
“na = not analyzed 


birefringence of 0.016-0.020. The RI values measured 
by spot reading method of two carved samples (A6 
and A12) were 1.67 and 1.70. All samples were biax- 
ial when viewed with a polariscope. None of them 
reacted to either long-wave or short-wave UV light. 
When viewed with a dichroscope, the green samples 
showed strong pleochroism from deep green to black 
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(table 1), while the brown stones showed brown to 
black. The Mohs hardness of the rough samples was 
about 5-6. All of these gemological properties were 
consistent with augite (Manutchehr-Danai, 2005). 
The gemological properties of the green and brown 
gems were similar except for RI and birefringence, 
which were higher for the green group (table 1). 
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The hardness of Dong Nai augite was lower than 
that of other pyroxene gem varieties such as jadeite 
(7.0-7.5), spodumene (6.5—7.0), and diopside (5.5-6.5). 
Yet the gemological properties of the green augite were 
nearly identical to those of chrome diopside, making 
it difficult to distinguish the two (Anthony et al., 2001). 


Internal Features. When examined with a gemologi- 
cal microscope, the 12 cut samples (A1—A12) revealed 
three types of features: fingerprint inclusions, solid 
inclusions, and twin planes. The fingerprint inclu- 
sions were the most common features, observed as 
flat roundish or oval shapes and associated with elon- 
gate fluid inclusions with pointed tips (figure 7). In 
one instance, a long solid black acicular inclusion 
pierced through the center of a fingerprint inclusion 
resembling a lily pad (figure 7A). This black inclusion 
was identified as amphibole by Raman analysis. The 
solid inclusions in figure 7B were broken silk-like 
crystals that only appeared “white” in reflected light 
(Bown and Gay, 1959) and were observed only in the 
brown group. These crystals were aligned in parallel 
clusters. Raman spectroscopy identified these silk- 
like crystals as magnetite. Lastly, the twin planes in- 
tersected the magnetite crystals (figure 7B). 
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Figure 7. The internal 
microscopic features of 
* Dong Nai augite. A: In 
sample A1, a long solid 
WW) black amphibole inclu- 
a sion pierces through the 
center of a fingerprint 
% inclusion resembling a 
wy lily pad. B: Sample A4 
shows white broken 
silk-like inclusions of 
magnetite that cross 
the twin planes. C and 
D: Thin films of finger- 
print inclusions were 
commonly found in 
both green and brown 
augites (A2 and A11, re- 
spectively). Photomi- 
crographs by Le Ngoc 
Nang; fields of view 4.5 
mm (A, C, and D) and 
5.5 mm (B). 


Chemical Composition and Species. EPMA was used 
to determine the chemical composition of two of the 
study samples (A15 and A16). Table 2 reveals some 
variability for all six oxides: SiO, 50.64-51.05 wt.%, 
ALO, 7.88-8.08 wt.%, FeO 5.97-6.33 wt.%, Cr,O, 
0.010-0.014 wt.%, CaO 15.12-15.74 wt.%, and an 
unusually high MgO content from 16.69 to 17.22 
wt.%. The total alkali (Na,O + K,O) fell between 1.25 
and 1.39 wt.%. There was a much higher amount of 
sodium than potassium. These oxide concentrations 
were comparable to the compositions of augite from 
the state of Montana and Stoffel, Germany (Anthony 
et al., 2001). In addition, the TiO, content of augite 
from Dong Nai (0.25-0.95 wt.%) was much lower 
than that of augite from Stoffel (4.33 wt.%} and within 
range of material from Montana (0.49 wt.%), while the 
MnO content of Dong Nai augite (0.16-0.19 wt.%) 
was slightly lower than augite from these other two 
locations. We noted that the Al,O,, MgO, and Na,O 
concentrations of Dong Nai augite were much higher 
than those of augite from Montana and Stoffel, while 
the opposite was true for CaO concentrations. Based 
on the measured data in table 2, the percentages of 
wollastonite (Wo = Ca,Si,O,), enstatite (En = 
Mg,Si,O,), and ferrosilite (Fs = Fe,Si,O,) in the ternary 


Gems & GEMOLOGY SUMMER 2023 189 


TABLE 2. Chemical composition (in wt.%) of six measured points from Dong Nai augite samples A15 and A16. 


Chemical Al5 A16 Detection limit 
composition 1 2 3 4 5 6 (wt.%) 
SiO, 50.90 50.64 BOIS DIEOS DOR 50.87 0.016 
TiO, 0.56 0.59 0.54 0.55 0.52 0.55 0.021 
Al,O; 8.08 7.88 8.08 Uy EOD, 8.02 0.012 
FeO 6.24 5.97 6.16 6.23 6.24 6.33 0.019 
MnO 0.10 0.14 0.12 0.16 0.13 0.14 0.017 
MgO 16.92 W732: 16.86 17.17 16.69 17.22 0.011 
CrhO; 0.010 0.013 0.013 0.011 0.012 0.014 0.010 
CaO 15.74 15.59 15.26 15.26 15.12 15.47 0.013 
P,O; bdl@ 0.02 bdl 0.01 0.01 0.03 0.012 
Na,O 1.39 1.28 1.28 1.29 1,25 1.27 0.014 
K,O bdl 0.01 bdl bdl bdl 0.02 0.009 
Total 99.93 99.32 99.25 99.64 98.63 99.92 

Atoms per formula unit, 6 O (charge balance) 
Si IEG3 5) 1.835 1.850 1.845 1.856 1.834 — 
Ti 0.015 0.016 0.015 0.015 0.014 0.015 — 
Al 0.343 0.336 0.346 0.337 0.341 0.341 = 
Fe3* 0.052 0.049 0.013 0.030 0.003 0.048 — 
Fe** 0.136 0.132 0.174 0.158 0.187 0.142 —_— 
Mn 0.003 0.004 0.004 0.005 0.004 0.004 = 
Mg 0.910 0.929 0.912 O92 0.910 O2925 —_— 
Cr 0.002 0.003 0.003 0.003 0.003 0.003 — 
Ca 0.608 0.605 0.594 OS 9il 0.592 0.597 — 
Na 0.097 0.090 0.090 0.091 0.088 0.089 — 

Ternary system (mol. %) 

ea 36.8 36.3 35.3 35.3 35.1 35.9 
eos 55.0 55.8 54.3 55.3 53.9 55.6 
ae 8.2 7.9 10.3 9.4 ei 8.6 


@bdl = below detection limit 
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° “Mutton Fat’ Nephrite from 
Khotan, Sinkiang Province, China. 
50x. 


anywhere in the western hemisphere. 

Then, in 1883 Lieutenant George M. 
Stoney, of the United States Navy, went 
north to the Arctic coast of Alaska on a re- 
lief expedition. He saw the green-jade tools 
of the Eskmos, and by adroit questioning 
learned that the rough stones came from 
“The Big River” that emptied into Kotzebue 
Sound through Hotham Inlet. Since this 
river never had been visited by white men, 
and the ship was to cruise farther north for 
two weeks, Lieutenant Stoney decided to 
spend this time reconnoitering thereabouts. 
So he landed at the entrance of Hotham In- 
let with a row-boat and two men. There he 
hired a native guide, and proceeded up one 
of the mouths of the Kobuk, 45 miles to 
the head of the delta, and then 40 miles 
above that on the main river. From there 
he had to turn back in order to meet the ship 
for the return voyage to San Francisco, but 
he determined to urge the advisability of 
comtinuing the exploration of “the big river’. 
Accordingly, he requested assignment to that 
task, and the following summer was given 
command of a well-supplied expedition for 
the purpose. 


The six months that he was allowed to be 
away from San Francisco gave only 42 days 
in the Arctic, but during that time he ex- 
plored the Kobuk River for 200 miles from 
its mouth. At a point about 150 miles up, 
the native guides pointed out a mountain on 
the north side of the river, where they said 
the jade came from. It was only about eight 
miles away between two tributary streams, 
which he named Hunt River and Ambler 
River, but he could not persuade them to 
go with him because they believed they 
would be held there by the mountain-spirit. 
They said that none but the Shaman could 
go, and then only after long preparatory 
fasting. Nothing daunted, however, Lieuten- 
ant Stoney took one of his seamen and 
walked over the oozing tundra, fording sev- 
eral streams, until the mountain was reached. 
He found quantities of green stone, from 
which he chiselled off some samples and 
returned to the river boat. But when these 
samples were submitted to Dr. Baird, head 
of the Smithsonian Institution, he was dis- 
appointed to learn that they were not jade. 

The following year, in the spring of 1885, 
Lieutenant Stoney was sent north again to 
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system were calculated to be 35.1-36.8%, 53.0- 
55.0%, and 7.9-11.1%, respectively. 


Chemical Formula. The elemental concentration 
data in table 2 show that the cations in the Dong Nai 
augite can be partitioned among tetrahedral T and 
octahedral M1 and M2 sites. Morimoto (1989) pro- 
vides a flow chart for these assignments. Using it, we 
derive a formula of (Cap osNao.o97Fe”*o 033M8o 254) 
(Mo .656Fe**o.053F €”* 098 Lip o15Alo.178)(Sii g3sAlo.165)O5 (sam- 
ple A15, spot 1), similar to the chemical formula of 
augite from Stoffel, Germany: (Cag 9; Nag 97Fe?*g 04) 
(Mgo.66Fe**o.,13F€**o.09 Tip ogALo.04) (Sti. 69Alo 3:)O¢ (Anthony 
et al., 2001). However, the ratio of cations in each 
site is distributed somewhat differently. At the M2 
position, the high amount of Mg”* and low amount 
of Ca?" in Dong Nai augite are the opposite of the 
Mg** and Ca** content in augite from Stoffel. Sec- 
ondly, the Al** content of Dong Nai augite is distrib- 
uted relatively equally at positions M1 and T, while 
most of the Al** in augite from Stoffel is concen- 
trated at position T. The substantial difference in 
cation distribution at the T, M1, and M2 positions 
between Dong Nai and Stoffel augites suggests a 
complicated isomorphic replacement in pyroxene in 
general and augite in particular, which depends 
mainly on temperature (Chen et al., 2021). 


The concentrations of aluminum and chromium 
allow augite to be distinguished from chrome diop- 
side. For chrome diopside from the Kola Peninsula in 
northwestern Russia, the chromium content is higher 
(0.52-1.45 wt.% Cr,O;) and the aluminum content is 
lower (1.34-3.80 wt.% AI,O,) (Zozulya et al., 2009). 
Similarly, chrome diopside from Schwartzenstein, 
Austria, shows high chromium content (1.06-1.47 
wt.% Cr,O;) and low aluminum content (0.07 wt.% 
Al1,O,) (Yamaguchi, 1961; Anthony et al., 2001). While 
chromium is the chromophore for chrome diopside, 
the chromium content in Dong Nai augite was negli- 
gible and could not be the cause of the dark green 
color. We infer that iron content controls the color in 
this augite. However, no direct evidence has yet been 
found, and this will require further study. 


X-Ray Diffraction. According to the X-ray diffraction 
results of brown sample A13 and green sample A14, 
the main peaks of Dong Nai augite matched those of 
augite sample 01-080-1864 from the ICSD (Levin, 
2.018) (figure 8). This confirmed that the studied sam- 
ples belong to the augite species, a species of mono- 
clinic pyroxene. 


Species. Based on chemical composition, the Dong 
Nai pyroxenes were plotted and classified using the 
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Figure 8. The XRD pat- 
terns of augite from 
Dong Nai (A and B) 
contain peaks consis- 
tent with the pattern of 
an augite sample from 


Sample A14 (green) 


Levin (2018). 


Augite ICSD 01-080-1864 
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pyroxene quadrilateral with end members diopside 
(CaMgSi,O, or Di), hedenbergite (CaFeSi,O, or Hd), 
enstatite (Mg,Si,O, or En), and ferrosilite (Fe,Si,O, 
or Fs) (Poldervaart and Hess, 1951). Wollastonite 
does not belong to the pyroxenes but to the pyrox- 
enoids, with the formula Ca,Si,O,. From table 2, the 
wollastonite, enstatite, and ferrosilite values were 
plotted in the pyroxene classification diagram, and 
the data fell within the augite field (figure 9). Based 
on Morimoto (1989) and the approval of the Com- 
mission on New Minerals and Mineral Names, the 
Dong Nai pyroxene should be described as magne- 
sium-rich augite. 


Raman Spectroscopy. The Raman spectra of the 
Dong Nai augite samples (brown Al, A2, and A3; 
green A7, A8, and A9) displayed peaks in the range 
of 100-1200 cm (figure 10), including four vibra- 
tional bands assigned to metal-oxygen bond (M-O} 
stretching and bending (100-400 cm“), Si-O-Si bend- 
ing (400-600 cm“), Si-O, stretching (600-700 cm", 
where O,, represents bridging oxygen}, and Si-O,,,, 
stretching (700-1200 cm", where O,,, represents 
nonbridging oxygen). The Raman spectra revealed 
some differences between brown and green augite. 


Figure 10. Raman spectra of the two Dong Nai sample 
groups indicate several differences between green 
augite (top) and brown augite (bottom) in the ranges 
of 350-420 cm! and 700-950 cm. Note that a sharp 
peak at 395 cnr in the green samples is not observed 
in the brown samples. In contrast, the peaks at 1116 
cnr and around 872 cm are present only in the 
brown samples. Spectra are offset for clarity. 
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The region from 100 to 400 cm exhibited both 
stretching and bending vibrations of the M-O 
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(Buzatu and Buzgar, 2010; Buzgar et al., 2013). The 
brown augite group showed peaks around 134, 231, 
339, and 370 cm-!, while the green group yielded 
peaks at 125, 231, 335, and 395 cm. We noticed that 
a strong peak at 395 cm! was found only in the 
green augites. Second, the 400-600 cm" region dis- 
played weak bands at 447, 481, 519, and 565 cm for 
the brown augite, and 459, 510, and 575 cm! for the 
green, all related to the bending vibrations of the Si- 
O group. A peak at 447 cm" in the brown group was 
missing in the green samples, whereas other vibra- 
tions were similar. Third, a sharp band in the range 
of 600-700 cm is attributed to Si-O,, stretching, lo- 
cated at 678 and 670 cm” for the brown and green 
samples, respectively. Lastly, the 700-1200 cm re- 
gion is related to Si-O,,,, stretching and presented a 
sharp line around 1005-1009 cm" for both groups, 
while the other bands were quite different. In partic- 
ular, we recorded peaks around 745, 872, 936, and 
1116 cm" for the brown augites and around 773 and 
908 cm! for the green samples. In particular, a peak 
at 1116 cm" was well defined in the brown samples 
but not observed in the green samples. Differences 
in the 700-1200 cm”! region are typically attributed 
to the substitution of silicon for aluminum (Buzatu 
and Buzgar, 2010). In summary, the Raman spectral 
features of Dong Nai augite displayed the two 
strongest bands in the 600-700 cm! range and 
around 700-1200 cm". 
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The peaks of augite are much stronger in the 700- 
1000 cm" region than those of diopside, which only 
has a peak at 865 cm (Buzatu and Buzgar, 2.010). 
Hence, this feature is useful to distinguish augite 
from diopside when the gemological properties are 
similar. 


CONCLUSIONS 


This study has clarified our understanding of the va- 
riety and characteristics of augite from Dong Nai 
Province in Vietnam. The pyroxene xenocrysts from 
Dong Nai are classified as magnesium-rich augite 
with the chemical formula (Cap ggg Nap 997Fe**.03g M8054) 
(Mgo.656F€**o.053F €”*0.098 Lip. o1slo.178)(Si:.sssLo 165). This 
material is characterized by its intense dark brown or 
dark green color, its vitreous luster, and its trans- 
parency or translucence. The gemological properties 
of the green and brown color varieties are identical 
except for the higher RI and birefringence values for 
the green samples. The Raman spectra indicate two 
sharp lines around 1005-1009 cm, assigned to Si-O, 
stretching, and 670-678 cm", related to Si-O, stretch- 
ing, along with weaker bands distributed in the 100- 
1200 cm region. Compared with brown augite, the 
green samples show considerable differences in the 
350-400 cm=! range and the 700-950 cm! range. 
Augite from Dong Nai has the potential for use in 
jewelry, particularly as a carving material, and is wor- 
thy of further scientific study. 


ACKNOWLEDGMENTS 

This research was funded by Vietnam National University, Ho Chi 
Minh City (VNU-HCM) under grant number B2023-18-11. We 
would also like to express our deep gratitude to Tran Ngoc Vien, 
who guided us to the study location during our research in the 
field. We are sincerely thankful to Yasuhiro Shibata of Hiroshima 
University for technical assistance with EPMA measurements. 


Bown M.G., Gay P. (1959) The identification of oriented inclusions 
in pyroxene crystals. American Mineralogist, Vol. 44, No 5-6, 
pp. 592-602. 

Buzatu A., Buzgar N. (2010) The Raman study of single-chain sili- 
cates. Analele Stiintifice de Universitatii “Al. I. Cuza” din Iasi, 
Seria Geologie, Vol. 56, No. 1, pp. 107-125. 

Buzgar N., Apopei A.L, Diaconu V., Buzatu A. (2013) The compo- 
sition and source of the raw material of two stone axes of Late 


Gems & GEMOLOGY SUMMER 2023 193 


Bronze Age from Neamt County (Romania) - A Raman study. 
Analele Stiintifice de Universitatii “Al. I. Cuza” din Iasi, Seria 
Geologie, Vol. 59, No. 1, pp. 5-22. 

Chen W., Li Y., La P., Xue Y., Li Z., Xu S., Sheng J. (2021) In- 
fluences of thermal treatment temperature on microstruc- 
tures and properties of glass-ceramics from gold tailings. 
Ferroelectrics, Vol. 579, No. 1, pp. 23-32, 
http://dx.doi.org/10.1080/00150193.2021.1903264 

Co M.C., Hai H.Q. (1994) Report on the result of geological map- 
ping and mineral exploration, Ho Chi Minh City East map se- 
ries, scale 1:50.000. South Vietnam Geological Mapping 
Division, General Department of Geology and Minerals of Viet- 
nam [in Vietnamese]. 

Hurwit K.N. (1988) Gem Trade Lab Notes: Augite, Chinese 
“onyx.” G&G, Vol. 24, No. 3, p. 170. 

Johnson M.L., McClure S.F., DeGhionno D.G. (1996) Some 
gemological challenges in identifying black opaque gem ma- 
terials. G@wG, Vol. 32, No. 4, pp. 252-261, 
http://dx.doi.org/10.5741/GEMS.32.4.252 

Kawaguchi K., Hayasaka Y., Minh P., Das K., Kimura K. (2022) Ori- 
gin and tectonic relationship of metagabbro of the Sambagawa 
Belt, and associated Karasaki mylonites of western Shikoku, 
Southwest Japan. Geosciences Journal, Vol. 26, No. 1, pp. 37- 
54, http://dx.doi.org/10.1007/s12303-021-0022-6 

Levin I. (2018) NIST Inorganic Crystal Structure Database 
(ICSD), National Institute of Standards and Technology, 
http://dx.doi.org/10.18434/M32147 

Lindsley D.H. (1983) Pyroxene thermometry. American Mineral- 
ogist, Vol. 68, No. 5-6, pp. 477-493. 


_ TAKE THE 2023 


Manutchehr-Danai M. (2005) Dictionary of Gems and Gemology, 
2nd ed. Springer, Berlin, Heidelberg, 1030 pp. 

Mei O., Qi L.-J., Hansheng L., Kwok B. (2003) Recent studies on 
inky black omphacite jade, a new variety of pyroxene jade. Jour- 
nal of Gemmology, Vol. 28, pp. 337-344. 

Morimoto N. (1989) Nomenclature of pyroxenes. Canadian Min- 
eralogist, Vol. 27, No. 1, pp. 143-156. 

O'Donoghue M., Ed. (2006) Gems: Their Sources, Descriptions, 
and Identification, 6th ed. Butterworth-Heinemann, Oxford, 
UK, 937 pp. 

Poldervaart A., Hess H.H. (1951) Pyroxenes in the crystallization 
of basaltic magma. Journal of Geology, Vol. 59, No. 5, pp. 472— 
489, http://dx.doi.org/10.1086/625891 

Son N.D., Du D.C., Hanh D.V., Nam L.D., Phuong H., Phuong 
D.T., Tue T., Van V.V. (2005) Geological mapping of mineral re- 
source and prospective zoning of Dong Nai Province, scale 
1:50.000, Dong Nai Department of Science and Technology [in 
Vietnamese]. 

Yamaguchi M. (1961) Chrome-diopsides in the Horoman and 
Higashi-Akaishi peridotites, Japan. Memoirs of the Faculty of 
Science, Kyusyi University. Series D, Geology, Vol. 10, No. 2, 
pp. 233-245, http://dx.doi.org/10.5109/1526111 

Zozulya D.R., O’Brien H., Peltonen P., Lehtonen M. (2009) Ther- 
mobarometry of mantle-derived garnets and pyroxenes of 
Kola region (NW Russia): Lithosphere composition, thermal 
regime and diamond prospectivity. Bulletin of the Geological 
Society of Finland, Vol. 81, No. 2, pp. 143-158, 
http://dx.doi.org/10.17741/bgsf/81.2.003 


EMS & 
EMOLOGY. 


There's still time to test your gemological knowledge! Scan the QR code to take the G&G 
Challenge quiz online. Answers must be submitted by Friday, September 1, 2023. Good luck! 


194  GeM-QUALITY AUGITE FROM VIETNAM 


SUMMER 2023 


Gems & GEMOLOGY 


The Science 
of Diamond 
Reporting. 


Continuing 
to lead the 
world of 
gemology 
forward with 
the GIA App. 


Secure 
An encrypted database 
protects your information. 


Efficient 


Worldwide access to 
diamond grading reports. 


Trusted 


The global standard for 
diamond grading, now at 
your fingertips. 


©2023 Gemological Institute of 
America, Inc. (GIA). All trademarks 
are registered trademarks owned 
by GIA. GIA is a nonprofit 501(c)(3) 
organization. All rights reserved. 


NMOS ARTICLES 


ORIGINS OF COLOR IN 
BROWN MAMMOTH IVORY 


Zhaoying Huang, Tao Chen, Jinyu Zheng, Duo Wang, and Xing Xu 


Mammoth ivory is a notable organic gem material, most commonly found with a brown surface color. To inves- 
tigate the origins of this color, Fourier-transform infrared spectroscopy, X-ray diffraction, and scanning electron 
microscopy with energy-dispersive X-ray spectroscopy were used to study the samples’ spectroscopic and min- 
eralogical characteristics, surface morphology, and chemical composition. Brown mammoth ivory is composed 
mainly of hydroxyapatite, carbonate hydroxyapatite, and collagen. With the dissolution and loss of organic mat- 
ter and phosphate anions, fissures and cracks formed. Subsequently, hematite, pyrite, pyrolusite, and manganite 
crystallized on the mammoth ivory’s surface and concentrated in the cracks of the cementum layer. The phase 
transformation processes during the burial time promoted the formation of iron oxides, manganese oxides, man- 
ganese hydroxides, and iron sulfides, which resulted in the brown surface color. 


restrial mammals in the world during the Late 
Pleistocene (approximately 350,000 to 10,000 
years ago), inhabiting the northern hemisphere, start- 
ing in Europe and extending as far east as North 
America (Zhou, 1978; Lister and Sher, 2001; Nogués- 


iE mammoth species were once the largest ter- 


ticity; this can be reflected by a corrugated texture in 
the cementum and a reduction in mechanical dam- 


Figure 1. Mammoth ivory carving with part of the 
brown surface retained to depict the characters. Cour- 


tesy of Duo Wang. 


Bravo et al., 2008). Mammoths disappeared toward 
the end of the Late Glacial period (approximately 
15,000 or 14,000 to 10,000 years ago). Their ivory has 
typically been extracted from natural permafrost de- 
posits near rivers, lakes, or basins (Saunders et al., 
1990; Cieszkowski et al., 2010). 

Mammoth ivory can provide biological informa- 
tion for the Pleistocene period, and paleontologists 
usually study mammoth tusks as fossils. These fos- 
sils yield insights into the genus classification, dis- 
tribution, migration, and evolution of mammoth, 
mainly on the Eurasian and North American conti- 
nents, providing more information about the pale- 
oenvironment and climate change during the 
Pleistocene (Saunders et al., 1990; Cieszkowski et al., 
2010; Han et al., 2013; Wooller et al., 2021). 

Mammoth ivory has a long history of use in jew- 
elry (e.g., figure 1) and artworks because of its beauty 
and pleasing texture (Saunders et al., 1990, 
Lazni¢kova-Galetova, 2015; Pitulko et al., 2015). The 
Schreger lines in mammoth ivory increase its elas- 
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805502 


805503 


age. High-quality mammoth ivory has a fine, smooth 
texture and high tensile strength, and it has a unique 
luster and feel when carved into ornamental objects 
or jewelry (Pitulko et al., 2015). Similar to elephant 
ivory, it exhibits fascinating colors and patterns and 
can take on a smoother polish than other organic raw 
materials (Pfeifer et al., 2019). Due to various inter- 


In Brief 


e¢ Mammoth ivory that can be used for jewelry and 
ornamental objects usually has a brown or blue-black 
surface, but the origin of the brown color on the sur- 
face had not been previously explained. 


Fossilization of the mammoth ivory during burial time 
caused the loss of collagen and promoted the forma- 
tion of iron oxides, iron sulfides, manganese oxides, 
and manganese hydroxides. 

e The iron oxides and sulfides and the manganese oxides 
and hydroxides crystallized on the mammoth ivory 
surface, causing it to turn brown. 


national bans on the sale of elephant ivory, mam- 
moth ivory has gradually replaced it as an organic 
gem (Martin, 2006; Qi et al., 2010; Yin et al., 2013). 
To date, gemological studies of mammoth ivory 
have focused mainly on the material’s composition, 
the crystallographic characteristics of inorganic 
minerals within, and the means of separating it 
from elephant ivory (Qi et al., 2010; Wu et al., 2013; 
Ngatia et al., 2019; Sun et al., 2022). Hydroxyap- 
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805504 


Figure 2. The five mam- 
moth ivory samples in 
this study weighed 4. 16- 
37.48 g and ranged from 
2.8x 2.5x 0.6.cm to 6.5 
x 3.0 x 1.0 cm. Photos 
by Zhaoying Huang. 


atite, Caj9(PO,),(OH),, is considered the main min- 
eral component in mammoth ivory (Sakae et al., 
2005; Shen et al., 2021; Sun et al., 2022). New- 
beryite (Mg(PO,OH]-3H,O), organic matter, quartz 
(SiO,), and vivianite (Fe**;(PO,),-8H,O) along with 
its oxidation products—e.g., metavivianite 
(Fe**Fe**,(PO,),(OH),-4H,O) and santabarbaraite 
(Fe**,(PO,),(OH);-5H,O}—have been found to exist in 
all structures of mammoth ivory (Shen et al., 2021). 
Research suggests that elephant ivory and mammoth 
ivory can be distinguished by the angles formed by 
their characteristic Schreger lines (Espinoza and 
Mann, 1993; Singh et al., 2006; Palombo et al., 2012). 
In mammoth ivory, this angle is generally less than 
the angle in elephant ivory (Qi et al., 2010). 

The surface of mammoth ivory usually has a 
brown color but is occasionally blue to dark blue or 
even black. Research on the origins of this surface 
color is scarce, however. A blue encrustation on 
some previously studied samples was identified as 
vivianite (McClure, 2001). 

In this paper, Fourier-transform infrared spec- 
troscopy (FTIR), X-ray diffraction (XRD), and scanning 
electron microscopy (SEM) with energy-dispersive X- 
ray spectroscopy (EDS) were used to study the mineral 
and chemical compositions and the surface morphol- 
ogy characteristics of brown mammoth ivory to illus- 
trate the origins of this color. 


MATERIALS AND METHODS 


Five mammoth ivory samples were chosen for this 
research (figure 2). Samples 805502, 805503, and 
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TABLE 1. Gemological characteristics of mammoth ivory samples for this study. 


Sample Weight Dimensions Specific Schreger line UV fluorescence 
. Surface color 
no. (g) (cm) gravity angles response 
805502 6.77 Defs) £8 Bossy SOLS 14335 100° pO es: Es Dark brown and brown 
Short-wave: Light blue 
Long-wave: Blue Reddish brown 
Boas as aoe se ahs A _ Short-wave: Light blue and milky white 
(enero Bite Brown and randomly 
805504 135 Bhs Ds O43 1.876 90° 8 Oa distributed reddish 
Short-wave: Light blue 
brown dots 
MI-3 31.29 52x2.9x«11 1.882 105° Long-wave: Blue Dark brown and 
. , , : , Short-wave: Light blue reddish brown 
MI-8 37.48 6.5%x3.0x1.0 1.837 95° Long-wave: Blue Mainly brown with local 


Short-wave: Light blue 


blue-black discoloration 


805504 (top row) were provided by the Gemmologi- 
cal Institute, China University of Geosciences in 
Wuhan. Samples MI-3 and MI-8 (bottom row) were 
collected from the Liwan Plaza jewelry market in 
Guangzhou. None of the samples included informa- 
tion about their original source. The five samples 
ranged from 2.8 x 2.5 x 0.6 cm to 6.5 x 3.0 x 1.0 cm 
and weighed 4.16-37.48 g. Each had a brown to dark 
brown surface, with sample MI-8 also displaying a 
blue-black area on the surface. 

All samples were tested at the Gemmological In- 
stitute and the State Key Laboratory of Geological 
Process and Mineral Resources, both at the China 
University of Geosciences in Wuhan. The color dis- 
tribution, surface fissures, and cementum layers 
were observed and photographed using a Leica 
M205A microscope camera. Ultraviolet fluorescence 
was observed using a Baoguang Instruments 
UV5000XL long-wave (365 nm) and short-wave (254 
nm) UV light. 

FTIR spectra were obtained with a Bruker Vertex 
80 Fourier-transform infrared spectrometer. The sur- 
face, cementum, and dentine layers were each tested. 
The following conditions were used: 220 V scanning 
voltage, 6mm raster, 10 kHz scanning rate, 32, scans 
in the range of 4000-400 cm", and a resolution of 4 
cm, with reflection modes from the Kramers-Kronig 
transform method applied. 

XRD patterns were collected by an X'Pert Pro X- 
ray diffractometer. The brown surface and cemen- 
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tum layer of the samples were pulverized to 200 
mesh powder for testing. The system was equipped 
with a conventional copper source (A=1.5406 A) at 40 
kV and 40 mA, with a scanning speed of 3.35°/min 
in the 26 range 3°-70° and a step size of 0.0167°/s. 

Surface morphology characteristics were acquired 
using a Quanta 450 FEG scanning electron micro- 
scope and a Thermo Fisher Helios G4 double-beam 
electron microscope at an accelerating voltage of 20 
kV. Both SEM instruments were equipped with an 
energy-dispersive X-ray spectroscope, operating at a 
voltage of 20 kV to collect chemical composition in- 
formation. Chemical compositions were analyzed 
using OxfordAztec 5.0 and calibrated using wollas- 
tonite (Ca), gallium phosphide (P), iron (Fe), man- 
ganese (Mn), ferrous disulfide (S), aluminum oxide 
(Al), silicon dioxide (Si), magnesium oxide (Mg), and 
potassium bromide (K). Because mammoth ivory has 
abundant cracks, fissures, and pores, the samples 
needed to be pretreated with resin to ensure that the 
SEM experiments could be performed under a vac- 
uum environment. A carbon film (approximately 10- 
20 nm) was deposited on the surface by sputtering to 
make the samples conductive. Backscattered elec- 
tron (BSE) mode was used to collect images. 


RESULTS 

Microscopic Observation. The gemological charac- 
teristics of the five samples are presented in table 1. 
Each sample showed the characteristic structure of 
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Figure 3. Photomicrographs of the surface of mammoth ivory. A: Uneven color distribution (sample 805502). B: 


Large crack (white oval, sample 805503). C: Two parallel cracks (yellow arrows) and tan dots (white ovals, sample 
805504). D: Irregular color distribution and darker brown cracks (white ovals, sample MI-8). E: Brown and darker 
brown areas of color interspersed (sample MI-3). F: Tan dots (white oval, sample MI-3). Photomicrographs by 


Zhaoying Huang. 


mammoth ivory on the surface and in cross section. 
The color distribution on the surface was not uni- 
form, displaying tan and dark brown colors with ir- 
regular tan dots and cracks distributed randomly 
(figure 3). Some large cracks were parallel to each 
other (figure 3, A and C). The cracks showed a darker 
brown color than the other areas (figure 3D), and the 
surface exhibited a waxy luster in reflected light. 


Cross-section images of the cementum are 
shown in figure 4. The cementum is a thick layer 
(approximately 4-7 mm) on the outside of the tusk. 
Its structure differs from the interior, which con- 
tains no Schreger lines but does have a layered struc- 
ture running parallel to the length of the tusk (figure 
4A). The cementum in mammoth ivory samples is 
much thicker than that of modern, unfossilized 


Figure 4. Photomicrographs of mammoth ivory cross sections, with Schreger line angles indicated by the blue 
lines. A: Sample MI-8 has a thick concentric top layer (4—7 mm thickness) and downward-penetrating brown 
crevices (yellow arrow). The angle of the Schreger lines is about 95°. B: Sample MI-3 has downward-penetrating 
brown crevices (yellow arrows) and transitional color. The angle of the Schreger lines is about 105°. C: Sample 
805502 shows obvious Schreger lines with an angle of about 100°. Photomicrographs by Zhaoying Huang. 
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Figure 5. UV fluorescence images of mammoth ivory under long-wave UV (A-D) and short-wave UV (E-H). A and 
E: UV fluorescence of sample 805502 cross section. B and F: UV fluorescence of the dentine in sample 805502. C 
and G: UV fluorescence of sample 805503 cross section. D and H: UV fluorescence of the dentine in sample 805504. 
Photos by Zhaoying Huang. 


Asian and African ivory (Yin et al., 2013). Compared 
to the surface, the cementum layer has fewer cracks. 
The brown color entered the samples’ cementum 
along the cracks from the surface (figure 4, A-C). 
From the surface to the cementum, the color be- 
comes gradually lighter (figure 4B). In the dentine 
layer, the angle of the Schreger lines ranged from 95° 
to 105° (except for sample 805503, which showed no 
obvious Schreger lines). This angle was lower than 
the mean value for Asian and African ivory, which 
is above 105° (Espinoza and Mann, 1993; Singh et al., 
2006). 


UV Fluorescence Characteristics. The mammoth 
ivory samples exhibited blue fluorescence under UV 
light (figure 5). The fluorescence intensity under 
long-wave UV (figure 5, A-D) was stronger than 
under short-wave UV (figure 5, E-H). The blue fluo- 
rescence is caused mainly by organic matter, so it is 
stronger in the dentine. The surface and some den- 
tine areas that underwent fossilization showed no 
fluorescence reaction (figure 5, B-D and F-H), indi- 
cating that the composition of the mammoth ivory 
had changed and some organic matter might have 
been lost. 


Infrared Spectra Characteristics. The infrared spectra 
of the surface, cementum, and dentine layers are 
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shown in figure 6. The spectral peaks at 2926 and 
2856 cm were related to collagen (Yin et al., 2013; 
Xu and He, 2015). In the three peaks known collec- 
tively as the collagen amide bond, these vibrations 
include a peak at 1653 cm” associated with C=O 
bond stretching, a peak at 1557 cm” associated with 
both an N-H bending vibration and a C-H stretching 
vibration, and the peak at 1241 cm" was associated 
with an N-H bending vibration and a C-N stretching 
vibration. An additional peak at 1457 cm~ was due 
to a C-H bending vibration. These four peaks in the 
range of 1600-1200 cm! were also related to the pres- 
ence of collagen (Huang et al., 2004; Qi et al., 2010; 
Wu et al., 2013; Shen et al., 2021). The peaks at 1418 
and 874 cm! were caused by a carbonate anion 
(CO,) group vibration, indicating that CO,” re- 
placed the phosphate anion (PO,*) group in mam- 
moth ivory. The peaks at 1054, 608, and 575 cm! 
were associated with PO,* group vibration (Zhou et 
al., 1999; Shen et al., 2021; Sun et al., 2022). There- 
fore, the mammoth ivory samples were found to be 
composed of inorganic matrix and organic protein. 
Comparing the infrared spectra of the surface and 
the dentine of our mammoth ivory samples, the ab- 
sorption peak positions were similar but the relative 
intensities were different for four of the samples. The 
exception was sample 805503, which is not severely 
fossilized and whose surface is not completely dis- 
colored, so the differences in the infrared spectra of 
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continue his explorations, and this time he 
was equipped to remain there for two sea- 
sons. His winter-quarters, called Fort Cos- 
mos, he built of logs on high fand about 175 
miles up the Kobuk River, a little above a 
tight-limit creek that the natives called 
Shungnak. Later he learned that this word 
meant “jade” in the native language. 
ample opportunity, and 
knowing better what to look for, he again 
visited what he had named Jade Mountain. 
Because of recent rains the journey was 
even more difficult than before, but once 
there he spent two days prospecting. In his 
own words: ‘The entire spur of mountains 
was of green stone and amongst it I found 
the jade. I also found asbestos in fhe strata 
of the rocks. I saw only a few marks that 
indicated visits of the natives.” That his find 
on this third attempt was really nephrite 
jade was verified by Professor Baird of the 
Smithsonian, and by Drs. Clark and Merrill 
of the United States National Museum. This 
was the first discovery of a natural deposit of 
jade in the Western Hemisphere. 

The surrounding schist and limestone 
rocks had been invaded by an _ extensive 


Having now 


® Green Nephrite with magne- 
tite inclusions from Lake Baikal, 
Siberia, U.S.S.R. 50x. 


ultra-basic intrusion that formed a range 
now called the Jade Hills, of which the 
highest rises to about 3,100 feet above sea 
level. Originally this intrusion probably was 
a peridotite but the constituent olivine and 
pyroxenes had been almost completely re- 
placed by serpentine. 

Jade Mountain is at the western end of 
this ultra-basic region, and although much 
lower than the wooded peaks in the back- 
ground, it is conspicuous to travelers on the 
Kobuk River because of its bare, whitish- 
green rocks. Near the top of the mountain is 
a narrow zone where areas of schistose ne- 
phrite outcrop within the slickensided ser- 
pentine. On fresh exposures this nephrite is 
green, but weathered surfaces are distinctly 
brown, quite in contrast with the enclosing 
serpentine. Irregular narrow seams of as- 
bestos — both chrysotile and tremolite — oc- 
cur within the nephritic bedrock. Associated 
minerals, besides the serpentine, are magne- 
site, antigorite, and magnetite. 

These relationships are not confined to 
Jade Mountain, but are found at various 
places from there easterly for a distance of 
forty miles or more, where the nephrite 
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Figure 6. The infrared spectra of mammoth ivory samples (by Kramers-Kronig transform). From the dentine to the 
surface, the intensity of absorption peaks related to collagen (in the range of 2900-2800 cnr and 1600-1200 cm") de- 


creases. Spectra are offset for clarity. 


the surface, cementum, and dentine are not obvious. 
For samples 805502, 805504, MI-3, and MI-8, the rel- 
ative intensities of the collagen bands decreased, 
while the intensity of the PO,* group vibration was 
unchanged. For example, the intensity ratio of the 
absorption peak at 1653 cm”! and the absorption peak 
at 1054 cm"! decayed from nearly one-half to less 
than one-third from dentine to surface. Also, the 
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peaks at 1557 and 1241 cm” are almost too weak to 
be observed in the surface’s infrared spectra. This in- 
dicates that organic protein components of mam- 
moth ivory decreased from the inner dentine layer 
toward the surface. Elephant ivory, on the other 
hand, shows almost no change in organic protein 
content between the two layers (Qi et al., 2010; Yin 
et al., 2013). 
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XRD PATTERNS 


INTENSITY ——> 


~~ Manganite ICDD PDF74-1631 


— Carbonate hydroxyapatite 


— ML-8 surface 
— MI-3 surface 
— MI-3 dentine 
— MI-8 dentine 


Hydroxyapatite 
ICDD PDFO01-1008 


Figure 7. Powder XRD 
Hematite ICDD PDF72-0469 


patterns of mammoth 
ivory samples. Charac- 
teristic peaks of hydrox- 
yapatite (HAP), 
hematite (Hem), man- 
ganite (Mnn), pyrite 
(Py), pyrolusite (Pyl), 
and carbonate hydroxy- 
apatite (CHA) can be 
distinguished in the 
XRD pattern. Spectra 
are offset for clarity. 


Pyrite ICDD PDF71-2219 
Pyrolusite ICDD PDF72-1984 


ICDD PDF19-0272 


T 
20 30 


20 (°) 


X-Ray Diffraction. The powder XRD patterns for the 
different layers of samples MI-3 and MI-8 are shown 
in figure 7. Most of the peaks—including the three 
strongest peaks at dy, = 3.44 A (20 = 25.82°), dy, = 
2.81 A (26 = 32.00), and d,,, = 1.94 A (20 = 46.84°}— 
belonged to hydroxyapatite, Ca,,(PO,),(OH),; see In- 
ternational Centre for Diffraction Data Powder 
Diffraction File (ICDD PDFO1-1008; Wang et al., 
2012). This indicates that hydroxyapatite is the dom- 
inant phase in mammoth ivory. Hydroxyapatite is 
generally amorphous in elephant ivory and was con- 
sidered to be amorphous in mammoth ivory as well 
(Sakae et al., 2005; Shen et al., 202.1; Sun et al., 2022). 
But after it has undergone burial and weathering, hy- 
droxyapatite in mammoth ivory is considered to be 
petrified, and its crystallinity can increase (Yin et al., 
2013; Xu and He, 2015). The crystallinity of hydrox- 
yapatite can be calculated by the full width at half 
maximum (FWHM) of the (002) peak using XrayRun 
software with Gaussian peak profile fitting, where a 
larger FWHM value indicates a lower crystallinity 
(Sun et al., 2022). The mean FWHM value of the (002) 
peak on the surface was 0.397° (standard deviation 
0.034°), compared to 0.596° (standard deviation 
0.017°) for the dentine. Therefore, the crystallinity of 
hydroxyapatite was higher on the surface. 
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ae | lt di {uh ul ii uu, 


Some weak peaks in the XRD patterns, especially 
from the surface, did not belong to hydroxyapatite 


TABLE 2. Powder XRD results of minor minerals in 
the mammoth ivory samples. 


Mineral 20 (°) d-spacing (A) (hkl) 
Hematite 24.04 a0 (012) 
Hematite 32.99 2/1 (104) 
Hematite 35.60 Med (110) 
Pyrolusite 28.48 3.13 (110) 
Manganite 26.58 335) (210) 
Pyrite 32.81 271 (200) 
re 
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(table 2), indicating other phases existed in the sam- 
ples. The peaks at dy), = 3.70 A (20 = 24.04°), dig, = 2.71 
A (20 = 32.99°), and dj) = 2.52 A (20 = 35.60°) were at- 
tributed to hematite (Fe,O,, ICDD PDF72-0469, Malik 
et al., 2014). The peak at d,,,=3.35 A (20 = 26.58°) was 
attributed to the strongest peak of manganite 
(MnO(OH), ICDD PDF74-1631; Lopez et al., 2002), the 
peak at dj, =3.13 A (26 = 28.48°| was attributed to the 
strongest peak of pyrolusite (MnO,, ICDD PDF72- 
1984, Costa et al., 2019}, and the peak at d,,, =2.78 A 
(26 = 32.14°) was attributed to the strongest peak of 
carbonate hydroxyapatite (ICDD PDF19-0272; Wei et 
al., 2003). This indicates that minor hematite, man- 
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Figure 8. BSE images of 
samples MI-3 (A and B) 
and MI-8 (C and D) 
showing newly formed 
particles (particles with 
brighter color) filling 
cracks and irregularly 
distributed on the non- 
crack area on the mam- 
moth ivory’s surface. 
The long dark lines in 
images C and D are pol- 
ish lines. 


ganite, pyrolusite, and carbonate hydroxyapatite ex- 
isted in mammoth ivory. Furthermore, the peak at 20 
= 32.8°-33.0° in the surface was broad and asymmet- 
rical, demonstrating that more than one diffraction 
peak merged in this area. The peak at 32.81° may be 
attributed to pyrite (FeS,), whose strongest peak is at 
dip = 2.71 A (ICDD PDE71-2219; Horng and Roberts, 
2018). Further evidence such as SEM-EDS is needed 
to prove the existence of hematite, pyrite, manganite, 
and pyrolusite on the surface. 


Morphology Characteristics. Figures 8 and 9 show 
the BSE images of the surface and a cross section of 


Figure 9. BSE images of 
_ the cementum layer in 
sample MI-8. Left: 
Cracks (indicated by 

_ yellow arrows) extend 
from the surface into 
the cementum. Right: 

« Tiny fissures (indicated 
__ by blue arrows) are ran- 
domly distributed in 
the cementum. 
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TABLE 3. Chemical composition (in wt.%) of mammoth ivory samples, obtained by EDS. 


Element MI-3 surface MI-3 cementum MI-8 surface MI-8 cementum 
Detection 
limit 
1 1 D 1 2 3 1 ; 
Ca 1.16 6.17 5.78 2.88 37.19 30.22 0.78 39.45 0.17 
P Dd 2 729i 17.34 0.47 1582 11.23 16.63 79) 0.18 
O 26.21 36.74 36.65 42.73 37.96 34.74 35.81 39.51 — 
Fe 65.53 37.66 Bi 32.02 8.92 2.74 44.69 2.05 0.26 
Mn 1.11 0.52 bdl? bdl bdl 17.56 bdl bdl 0.15 
S bdl bdl bdl 21.14 bdl 0.36 bdl bdl 0.12 
Si 2.04 bdl bdl bdl bdl bdl bdl bdl 0.09 
K 0.39 1.00 0.84 0.76 bdl 0.47 0.33 bdl 0.07 
Mg bdl bdl 0.61 bd bdl 0.48 1.76 113. 0.11 
Al 0.83 bdl 0.32 bd bdl 0.20 bdl bdl 0.07 
Na bdl bdl 1.20 bd bdl 0.34 bdl 0.68 0.13 
Ba bdl bdl bdl bd bdl 0.88 bdl bdl 0.17 
Ir bdl bdl bdl bd bdl 0.08 bdl bdl 0.45 
Total’ 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 — 


@bdl = below detection limit 


’Results were normalized. Oxygen was calculated by cation pairing based on 26 per formula unit. 


the cementum layer of samples MI-3 and MI-8. The 
contrast of the BSE image is related to chemical com- 
position. The elements with the higher atomic num- 
ber appear brighter. In figure 8, irregular particles 
with different size and contrast are distributed on the 
surface, indicating that elements with a higher 
atomic number than that of calcium coexisted with 
matrix hydroxyapatite (figure 8, A and B). In addition, 
some of the cracks observed on the surface were 
filled with brighter microparticles (figure 8C). The 
dark parallel lines are residual polish marks (figure 8, 
Cand D). 


In figure 9, an abundance of cracks can be seen in 
the cementum layer. The larger cracks were stretch- 
ing into the piece from the surface, and the direction 
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of stretching is perpendicular to the surface (figure 9, 
left). The tiny fissures were distributed randomly, 
some of them parallel to the surface (figure 9, right). 
Brighter microparticles were also observed in the ce- 
mentum in the mammoth ivory samples (figure 9, 
left). The quantity of these particles decreased from 
the surface to the interior. 


Chemical Composition. The surface chemical com- 
position of samples MI-3 and MI-8 was tested by EDS. 
The EDS data revealed that the matrix hydroxyapatite 
contained calcium, phosphorus, and oxygen, while the 
brighter microparticles were composed of iron, man- 
ganese, oxygen, and sulfur (table 3). Element mapping 
was used to explore the element distribution. As 
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Figure 10. Element 
maps from EDS data 
showing iron sulfide, 
manganese oxide, and 
manganese hydroxide 
mainly crystallized on 
the surface of sample 
MI-8. The BSE image 
(A) and an integrated 
element distribution 
map (B). EDS mapping 
of calcium (C), phos- 
phorus (D), iron (E), 
manganese (F), oxygen 
(G), and sulfur (H). 
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Figure 11. Element 
maps from EDS data 
showing iron oxide 
mainly crystallized on 
the surface of sample 
MI-8. The BSE image 
(A) and an integrated 
element distribution 
map (B). EDS mapping 
of calcium (C), phos- 
phorus (D), iron (E), 
manganese (F), oxygen 
(G), and sulfur (H). 


206  CoLoR IN BROWN MAMMOTH IvoRY Gems & GEMOLOGY SUMMER 2023 


shown in figure 10 (C and D) and figure 11 (C and D], 
calcium and phosphorus were the main elements on 
the surface and correspond to hydroxyapatite. The 
brighter-contrast areas (particles) were the same areas 
that had no calcium and phosphorus but instead con- 
tained iron, manganese, oxygen, and sulfur (E-H in fig- 
ures 10 and 11). As shown in the element maps, 
particles of manganese oxide and manganese hydrox- 
ide were concentrated in the cracks while iron oxide 
and iron sulfide particles were distributed evenly on 
the mammoth ivory’s surface, some of them concen- 
trated on the fissures. The iron sulfide particles (or 
their aggregations) were larger than the iron oxide par- 
ticles. Combining these findings with XRD results, it 
can be determined that these iron- and/or manganese- 
rich minerals are hematite (Fe,O,), pyrite (FeS,), pyro- 
lusite (MnO,}, and manganite (MnO(OH)). 


DISCUSSION 


Testing showed that our mammoth ivory samples 
were composed mainly of hydroxyapatite, carbonate 
hydroxyapatite, and collagen. Hydroxyapatite was 
characterized by carbonate anions replacing phos- 
phate anions during recrystallization. After burial, 
the mammoth ivory began to lose its organic matter 
and phosphate anions due to fossilization. At the 
same time, the mammoth ivory gradually formed 
fissures and cracks, which increased the dissolution 
and the loss of organic matter and phosphate anions. 
An abundance of irregular iron or manganese oxide 
particles (hematite and pyrolusite), manganese hy- 
droxide particles (manganite), and iron sulfide 
(pyrite) were found distributed on the surface, even 
penetrating the cementum layer. 

The fossilization processes led to changes in the 
mammoth ivory composition. The loss of collagen 
caused the inorganic components to become more 
susceptible to erosion by other substances in the ex- 
ternal aquatic environment (Edwards et al., 2005; 
Heckel et al., 2014). Manganese oxides, which are 
very common in the geochemical environment, were 
able to form on the substrate of mammoth ivory dur- 
ing fossilization (Reiche and Chalmin, 2008). Some 
reddish brown deposits in fossil ivories have already 
been proved to be iron oxides (hematite) or a mixture 
of iron and manganese oxides (Reiche and Chalmin, 
2008; Reiche et al., 2013). 

On the other hand, phosphate anions (PO,*) inter- 
act strongly with iron oxides. Phosphate anions can 
act as a template for hematite formation at all tem- 
peratures for most of the pH and phosphorus/iron 
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ratio ranges (G4lvez et al., 1997; Kim et al., 2022). The 
newly formed microminerals on the mammoth 
ivory’s surface are composed of iron and phosphate 
minerals, such as vivianite, that are usually unstable 
and easily transit to more stable phases (McConnell, 
1979; Shen et al., 2021). The phase transformation re- 
sulted in tiny spherical hematite nanoparticles ap- 
proximately 5 nm in size (Galvez et al., 1997; Kim et 
al., 2022). The iron phosphate mineral (vivianite) de- 
tected on one blue-black encrustation was thought to 
be the result of a chemical reaction of phosphate in 
mammoth ivory over a long period of time (McClure, 
2001). 

The fossilization of tusks may involve organic re- 
actions. Bacteria have been detected previously in 
mammoth ivory (Edwards et al., 2005). Both iron and 
manganese have chemical properties that tend to 
form complexes with various inorganic or organic 
compounds and undergo reactions such as adsorption 
or ion exchange on solid surfaces (Nealson, 1983). 
The life activities of microorganisms and changes in 
the environment, such as changes in temperature, 
humidity, and pH value, could affect the process of 
biomineralization (McConnell, 1979). These condi- 
tions can lead to changes in the ion valence of iron 
and manganese and the formation of oxides, hydrox- 
ides, or sulfides on the surface of mammoth ivory. 

As a result, the dissolution and loss of organic 
matter and phosphate anion from buried mammoth 
ivory provide more opportunities for the crystalliza- 
tion of iron oxides, manganese oxides, manganese 
hydroxides, and iron sulfides on the surface of the 
material. A combination of microscopic observation 
and comprehensive phase studies (FTIR, XRD, and 
SEM with EDS) revealed that on the surface of mam- 
moth ivory, pyrite is usually yellowish brown, 
hematite is mostly red or dark gray, and pyrolusite 
and manganite are generally black. These micromin- 
erals cause the brown surface color. 


CONCLUSIONS 


The main components of the mammoth ivory sam- 
ples from this study were hydroxyapatite, carbonate 
hydroxyapatite, and collagen, identified by FTIR, 
XRD, and EDS. From the inner dentine out toward 
the cementum layer, organic protein components de- 
creased and the crystallinity of hydroxyapatite in- 
creased. During burial time, fissures and cracks 
formed on the surface and cementum layer, and iron 
oxides (hematite), manganese oxides and hydroxides 
(pyrolusite and manganite), and iron sulfide (pyrite) 
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crystallized on the surface. These compounds were 
identified by XRD, SEM, and EDS. Through complex 
processes, fossilized mammoth ivory was covered 
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Star AQUAMARINE 


The Carlsbad laboratory recently re- 
ceived a grayish blue aquamarine for 
an identification report. The unique 
13.37 ct oval double cabochon dis- 
played a six-rayed star (figure 1). Stan- 
dard gemological testing revealed a 
spot refractive index of 1.570 and a 
hydrostatic specific gravity of 2.68. 
Raman analysis confirmed that the 
stone was beryl. 

Under magnification (figure 2), the 
stone displayed planes of negative 
crystals, film-like inclusions, ilme- 
nite, and reflective particles that re- 
sulted in a six-rayed star. Asterism in 
aquamarine is due to three sets of 
elongated channel-like or thin-film 
inclusions oriented in three different 
directions perpendicular to the c-axis 
(e.g., Spring 2004 Gem News Inter- 
national, p. 104; K. Schmetzer et al., 
“Asterism in beryl, aquamarine, and 
emerald—an update,” Journal of 
Gemmology, Vol. 29, No. 2, 2004, pp. 
66-71). Of all the aquamarines ex- 
amined at GIA laboratories, this was 
one of the first to display asterism. 


Jessa Rizzo 


Rare Faceted BRUCITE 


Gem-quality transparent blue brucite 
is a very rare, very soft and heat-sensi- 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Figure 1. A 13.37 ct grayish blue 
aquamarine displaying asterism. 


tive magnesium hydroxide (Mg(OH)),) 
with a Mohs hardness of approx- 


imately 2.5-3.0 and perfect cleavage. 
Brucite was named in 1824 in honor 
of the first person to describe the 
species: Archibald Bruce, an American 
mineralogist, physician, and editor of 
the American Mineralogical Journal. 
Recently the Carlsbad laboratory 
received for identification services a 
transparent greenish blue stone 
weighing 3.09 ct and measuring 9.74 
x 9.71 x 5.98 mm (figure 3). Microsco- 
pic observation revealed numerous 
scratches and abrasions on the sur- 
face, as well as strong doubling, some 
needles, and a large fracture. Standard 
gemological testing yielded a specific 
gravity of 2.37. Refractive index was 
not measured for fear of damaging this 
soft and fragile stone. A uniaxial optic 
character was observed with a polari- 


Figure 2. Negative crystals, film-like inclusions, and ilmenite were observed 
under magnification in the star aquamarine. Field of view 3.57 mm. 


Gems & GEMOLOGY 


SUMMER 2023 


seems to represent one of the phases of al- 
teration of the ultra-basic rocks of the re- 
gion. Most of it is opaque and so scaly as 
to be unfit for cutting. Some, however, es- 
pecially that found as wash-boulders in 
Jade Creek and the Shugnak River, is of 
gem quality from which deep-green, trans- 
lucent jade stones have been cut into excel- 
lent jewelry. 

Before proceeding farther southward to 
successive discoveries of jade minerals in the 
Amcricas, mention should be made of British 
Columbia. Along the lower reaches of the 
Fraser River, and of the Thompson River 
which flows into it from the east, the Selish 
Indians found quantities of nephrite jade 
boulders from which they made all manner 
of implements before the white explorers 
brought iron tools. These jades, too, were 
valuable articles of trade, which were bar- 
tered extensively from the Straits of Juan 
de Fuca to Yakutat Bay. From ancient vil- 
lages and sand burial mounds many scraping 
and cutting tools have been unearthed; and 
fetishes or ornaments of jade are worn by 
the older people, to whom they have de- 
scended from the past. Going northward 


© Green Nephrite from Monterey 
County, near Plaskett Cove, Calif- 
ornia. 50x. 


from Lytton for some 30 miles, water-worn 
and sand-polished jade boulders of moderate 
size still are found along the shores of the 
rivers and the smaller mountain streams, 
and among the placer mining debris of the 
gold-rush days. 

The original source of this nephrite has 
not been discovered, but undoubtedly it will 
be found in the belt of igneous and meta- 
morphic rocks that abound in the Cordillera 
of British Columbia through 
which these streams flow. 

About 1940 California came into the jade 
picture. Dark-green pebbles and sand-eroded 


mountains 


boulders of nephrite were picked up along 
the shingle-beaches of the Pacific Ocean from 
Plaskett Point to Cape San Martin in south- 
ern Monterey County. Not long afterward, 
the bed-rock source of the boulders was dis- 
covered near the base of the wave-worn sea- 
cliffs. There, in twisted, gray to white schist 
of a scaly to dense texture, the nephrite oc- 
curs as small pods and occasional lenses up 
to a foot or more thick. Though it is en- 
closed in the schist, it is always near in- 
trusive nodes of a great sill of green serpen- 


tine, which undoubtedly had much to do 
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Figure 3. A rare and very fragile 
3.09 ct brucite. 


scope and optic figure sphere. Raman 
spectroscopy confirmed the gem’s 
identity as brucite. Worldwide, this 
was the second brucite examined by 
GIA. 


Michaela Damba 


DIAMOND 


Natural Diamond with CVD-Like 
Fluorescence Pattern 

Fluorescence images collected using 
the DiamondView are very useful in 
identifying whether a diamond is nat- 
ural or laboratory grown (S. Eaton-Ma- 
gana and J.E. Shigley, “Observations 
on CVD-grown synthetic diamonds: 
A review,” Fall 2016 G&G, pp. 222- 
245). In many cases, type II natural 
diamonds show varying dislocation 
networks in these images. Mean- 
while, high-pressure, high-tempera- 
ture (HPHT) synthetic diamonds 
show cuboctahedral growth patterns, 
and chemical vapor deposition (CVD) 
laboratory-grown diamonds show 
growth striations. 

The Mumbai laboratory recently 
received a 0.40 ct colorless round bril- 
liant for diamond grading service. 
Spectroscopy identified it as a type Ila 
diamond, and it was examined further 
for color origin determination. 
DiamondView imaging showed un- 
common and interesting patterns. In 
figure 4, the lower right is dominated 
by green fluorescence while the upper 
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left shows mainly blue fluorescence, 
with a clear and straight boundary. 
Detailed examination revealed nu- 
merous sharp and clear dislocation 
lines in multiple orientations in both 
parts of this diamond. These disloca- 
tion lines were introduced by plastic 
deformation and provide strong ev- 
idence that the diamond crystallized 
in nature. It should be pointed out 
that the interface layer seen in the flu- 
orescence image is uncommon for 
natural diamonds but similar to that 
of CVD laboratory-grown diamonds. 
Further photoluminescence spectro- 
scopy analysis confirmed this natural 
diamond was treated by annealing 
under high pressure and high tem- 
perature to improve its color, reinforc- 
ing our assertion that advanced 
analytical study is often crucial in 
identifying a diamond. 

Natural grown diamonds with flu- 
orescence patterns similar to those of 
HPHT synthetic diamonds have also 
been reported previously (Spring 2013 
Lab Notes, pp. 45-46). With recent ad- 
vances in technology, manufactured 
diamonds with unique features have 
become more widely available on the 


market. Therefore, it is more impor- 
tant than ever to scrutinize each fea- 
ture to ensure the appropriate 
identification results in such scenar- 
ios. Since natural and manufactured 
diamonds are structurally identical, 
we often need to rely on advanced 
gemological and spectroscopic data, 
particularly for such low-nitrogen dia- 
monds, to correctly identify their 
origin. 

Manisha Bhoir and Shoko Odake 


Yellow Zoning in Pink Diamonds 

Recently GIA’s Carlsbad laboratory re- 
ceived a few unusual natural, nitrogen- 
rich type IaA pink diamonds for color 
origin and identification service. The 
pink color of these diamonds is 
caused by the 550 nm visible absorp- 
tion band, with the color concen- 
trated within parallel narrow bands 
known as pink graining (S. Eaton-Ma- 
gana et al., “Natural-color pink, pur- 
ple, red and brown diamonds: Band of 
many colors,” Winter 2018 GwG, pp. 
352-377). In diffused light, they dis- 
played faint yellow color zoning (fig- 


Figure 4. DiamondView imaging of the pavilion facets for this HPHT- 
treated natural diamond shows graining and zoning that resemble 
those of a laboratory-grown CVD diamond with HPHT treatment. The 
inset shows the DiamondView image of an HPHT-treated CVD-grown 
diamond. 


Gems & GEMOLOGY 


SUMMER 2023 211 


Figure 5. Fancy brownish pink pear and rectangular diamonds, each 
weighing 0.25 ct, shown in diffused light (A and C) and in long-wave UV 


light (B and D). 


ure 5, A and C). Further inspection 
under long-wave UV revealed strong 
yellow fluorescence confined to areas 
with yellow color zoning (figure 5, B 
and D). 

Photoluminescence (PL) spectra 
(excited by 514 nm laser) collected 
from the area with yellow zoning 
show a broad band centered at ~710 
nm. This broad emission band and 
corresponding strong yellow fluores- 
cence are typically observed in yellow 
or orange diamonds colored by the 480 
nm visible absorption band (C.M. 
Breeding et al., “Naturally colored yel- 
low and orange gem diamonds: The 
nitrogen factor,” Summer 2020 GWG, 
pp. 194-219). These gemological and 
spectroscopic features suggest that 
separate color centers produce pink 
and yellow colors within these dia- 
monds, though the 480 nm visible ab- 
sorption band cannot be detected with 
ultraviolet/visible/near-infrared (UV- 
Vis-NIR) spectroscopy (possibly due to 
the fact that the yellow color zone is 
volumetrically small compared to the 
rest of the diamond, and that the UV- 
Vis-NIR absorption spectroscopy is a 
bulk analysis technique). 

The mechanism of the formation 
of these unusual pink diamonds has 
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not been determined and to the au- 
thors’ knowledge, such diamonds 
showing localized regions colored by 
the 550 nm band and 480 nm band 
have not yet been documented. Since 
we know very little about the 
physics of the 480 and 550 nm visible 
absorption bands, their co-occur- 


Figure 6. A ring mounted with an 
estimated 5.56 ct brownish yel- 
low cat’s-eye cabochon resem- 
bling chrysoberyl. 
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rence within single diamonds might 
help us to better understand the 
structures of defects that are related 
to these features. By paying careful 
attention to the details of color and 
fluorescence zoning, more of these 
unusual rare pink diamonds may be 
identified. 


Shiva Sohrabi, Mei Yan Lai, and 
Sally Eaton-Magana 


GLASS Imitation of Cat’s-Eye 
Chrysoberyl 

The Hong Kong laboratory recently 
examined a ring mounted with an es- 
timated 5.56 ct brownish yellow cat’s- 
eye cabochon (figure 6). The client 
submitted the stone as cat’s-eye 
chrysoberyl, which it resembled at 
first glance. Standard gemological 
testing yielded a spot refractive index 
of 1.57, well below chrysoberyl’s 
range of 1.74-1.75. Under short-wave 
UV radiation, the stone displayed 
strong chalky fluorescence. Microsco- 
pic observation revealed long parallel 
tubes creating a cat’s-eye when 
viewed from the top and a honey- 
comb structure when viewed from 
the side of the stone (figure 7). This 
confirmed the material was fiber- 


Figure 7. The cabochon displayed 
the honeycomb structure 
frequently observed in fiber-optic 
glass. Field of view 2.00 mm. 
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optic glass, made by fusing together 
very thinly spun glass fibers. Infrared 
spectroscopy showed two broad ab- 
sorptions centered at 3500 and 2670 
cm associated with artificial glass, 
further validating our identification. 

Artificial glass has been used as an 
imitation for different gems such as 
star sapphire (Fall 2021 Lab Notes, pp. 
261-262), Paraiba tourmaline (Winter 
2020 Lab Notes, pp. 518-520), neph- 
rite and jadeite (Spring 2019 Lab 
Notes, pp. 93-94), and blue amber 
(Fall 2019 Gem News International, 
pp. 443-444). Its color and appearance 
can often lead to misidentification. 
Therefore, conducting basic gemolo- 
gical tests and observing the stone 
under a microscope is important, 
especially when the stone is set in 
jewelry. 


Tsz Ying Fong 


LABORATORY-GROWN 
DIAMOND 


CVD Diamond Over 34 Carats 


Chemical vapor deposition (CVD) 
growth technology has advanced sig- 
nificantly over the last two decades. 
In this study, we report on the largest 
CVD gem diamond GIA has encoun- 
tered, recently tested in the Hong 
Kong laboratory. This emerald-cut 
diamond weighing 34.59 ct and meas- 
uring 24.94 x 13.95 x 9.39 mm (figure 
8) was produced by Ethereal Green 
Diamond in India. It had G color and 
VS, clarity. Small black graphite in- 
clusions were found. Some stood 
alone inside the body, while others 
formed clusters of clouds located be- 
tween growth layers. Microscopic ob- 
servation showed a weak oily or wavy 
graining when looking through the 
table facet, a feature sometimes seen 
in CVD gem diamonds. It tends to ap- 
pear more prominently in CVD dia- 
monds with high amounts of strain 
and a strong birefringence pattern 
when viewed through crossed polar- 
izers (figure 9). 

Infrared absorption spectroscopy 
revealed no absorption related to ni- 
trogen, which is consistent with type 
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Ila diamond. However, a weak ab- 
sorption related to boron (an absorp- 
tion peak at ~2800 cm) was 
detected, corresponding to around 2 
ppb of boron impurity. This trace 
amount of boron was very likely due 
to contamination during diamond 
growth. There are different opinions 
on whether this trace contamination 
should be considered in diamond type 
classification. 

Photoluminescence (PL) spectro- 
scopy was performed at liquid nitrogen 
temperature (-196°C) with several 
laser excitations (figure 10). In addition 
to strong emissions from NV° and NV- 
centers at 575 nm and 637 nm, respec- 
tively, moderately strong doublet 
emissions from SiV- at 736.6 and 736.9 
nm were recorded. A weak emission at 
946.4 nm, possibly from the SiV° de- 
fect, was also observed. Other impor- 
tant emission features included a 
strong emission from the H3 defect at 
503.2 nm and a weak emission band 
with peaks at 566.0, 566.7, and 567.7 
nm. The emission at 467.6 nm, which 
is common in as-grown CVD dia- 
monds, was reduced by high-tempera- 
ture treatment. These observations 
and spectroscopic features confirmed 
that this CVD diamond was annealed 
under high pressure and high tempera- 


Figure 8. This 34.59 ct CVD- 
grown diamond (24.94 x 13.95 x 
9.39 mm), produced by Ethereal 
Green Diamond in India, is the 
largest GIA has tested. 


ture (HPHT) to improve its color ap- 
pearance. In contrast, no post-growth 
color treatment was applied to the 
16.41 ct CVD lab-grown diamond 
tested a year earlier in the New York 
laboratory (W. Wang et al., “New 


Figure 9. A high amount of strain and a strong birefringence pattern were 
observed using crossed polarizers. Field of view 15.92 mm. 
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Figure 10. Left: The PL spectrum with 514 nm laser excitation under liquid nitrogen temperature showed features 
of treated CVD diamond. Right: The PL spectrum with 457 nm laser excitation under liquid nitrogen temperature 
recorded a strong H3 defect and a negligible 467.6 nm center. 


record size for CVD laboratory-grown 
diamond,” GIA Research News, Janu- 
ary 27, 2022). 

DiamondView fluorescence imag- 
ing showed green and blue colors with 
a banded pattern. Typical CVD 
growth striations were clearly visible 
(figure 11). Green fluorescence was 
from the H3 defect, produced during 
HPHT annealing. This banded struc- 
ture revealed at least eight growth 
steps to achieve sufficient depth for 
this large diamond. Additionally, 
strong blue phosphorescence with 
similar banding was detected in the 
DiamondView. 

This very large CVD diamond rep- 
resents a milestone in CVD growth. 
Mined diamonds with similar size 


Figure 11. DiamondView imaging 
of the 34 ct CVD diamond re- 
vealed at least eight growth steps. 
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and quality are very rare. We will con- 
tinue monitoring developments in 
gem diamond growth technology to 
ensure all diamonds are properly iden- 
tified in GIA laboratories. 


Ka Wing Tam and 
Terry “Ping Yu” Poon 


CVD Diamonds with Invisible 
Markings 

Laser inscription is a common prac- 
tice that helps to easily identify a dia- 
mond. The inscriptions are so small 
as to be nearly impossible to read 
without magnification, but they can 
be easily read with a loupe or micro- 
scope to help match the diamond to a 


laboratory report. Laser inscription 
can be done on the girdle, on the 
center of the table, on a star facet, or 
under the table surface. Inscriptions 
under the table surface are very effec- 
tive from a security standpoint, as 
they require significant weight loss to 
remove. 

Recently, GIA labs in India tested 
two diamonds (1.93 and 0.60 ct) with 
interesting markings. No intentional 
markings were observed on these 
samples without magnification, nor 
could any be seen under a microscope. 
But when the diamonds were exposed 
to the deep ultraviolet light of the 
DiamondView, markings appeared 
(figure 12). Both samples were CVD 
laboratory-grown diamonds and 


Figure 12. Left: The DiamondView image of the 1.93 ct CVD laboratory- 
grown diamond shows numbers on the table facet. Right: The 0.60 ct 
CVD laboratory-grown diamond shows a logo mark on the star facet. 
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Figure 13. The Lord Hanumana pearl (left, 33.70 x 32.98 x 24.64 mm) and 
the Lord Ganesha pearl (right, 10.59 x 10.21 x 9.18 mm). 


treated with high pressure and high 
temperature after growth. The invisi- 
ble markings are thought to be caused 
by slightly different concentrations of 
defects, but we do not know how they 
were created. 

The invisible markings in these 
two diamonds suggest the possible in- 
troduction of a new security measure 
in diamonds, similar to the anti-coun- 
terfeiting measure used with pass- 
ports and banknotes upon exposure to 
a special light. 


Shoko Odake and Priyanka Kadam 


PEARLS 


Two Pearls of Indian Cultural 
Significance 

In India, pearls (also known as moti or 
mukta) and pearl-adorned jewelry 
have historically been coveted by the 
affluent and served as symbols of cul- 
tural importance for centuries. GIA’s 
Mumbai laboratory has tested various 
jewelry items set with pearls that 
were not only artistic in their design 
but also of great symbolic and reli- 
gious significance. Two recent sub- 
missions consisted of pearls fashioned 
into the likenesses of Indian deities 
(figure 13). The first was skillfully 
crafted to resemble Lord Hanumana, 
an Indian deity from the epic Ramay- 
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ana bearing the likeness of a vanara 
(an ancient race of forest-dwellers). 
The ornament had a total weight of 
24.91 g, and its surface was partially 
drilled in several positions. Yellow 
metal fittings set with green, white, 
yellow, and black enamel formed the 
head, eyes, body, and striped tail. A 
translucent red stone set on the pearl 
formed the tongue of the deity (figure 
14, left). This baroque pearl was white 
and light gray in color with orient and 
measured approximately 33.70 x 32.98 
x 24.64 mm. When viewed under 40x 
magnification, its surface showed 


typical nacreous structure with over- 
lapping aragonite platelets, and minor 
surface openings were present on 
some areas. Most of the surface had 
good nacre condition, but a few small 
areas of the nacre were damaged or 
worn, and remnants of an adhesive 
glue were visible around some of the 
decorative enamel inserts. 
Energy-dispersive X-ray fluores- 
cence (EDXRF) spectrometry analysis 
of the pearl showed manganese levels 
below the detection level of the in- 
strument and a higher strontium 
content of 1188 ppm. In addition, an 
inert reaction to X-ray fluorescence 
(XRF) confirmed saltwater origin. A 
moderate greenish yellow reaction 
was observed under long-wave ultra- 
violet radiation, and a weaker reac- 
tion of a similar color was noted 
under short-wave UV radiation. Such 
fluorescence reactions in nacreous 
saltwater pearls are often associated 
with pearls from the Pinctada-species 
mollusk. Real-time microradiography 
(RTX) imaging revealed the presence 
of a very large void that appeared to 
have been partially filled with a for- 
eign material (figure 14, right). The 
clearest evidence of the void was ob- 
served within the ornament’s head as 
a dark gray area beneath the nacre 
layer. The outline of this void was 
consistent with the external shape of 
the pearl, but the filling material par- 


Figure 14. Left: External appearance of the Lord Hanumana pearl. Right: 
RTX image showing the internal structure. Also indicated are the gem- 
stone tongue, the eyes, the tail, the void, and the filling. 
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Figure 15. Front view of the Lord Ganesha pearl (left) with a line drawing 
of features (center) and back view (right). 


tially masked the void in RTX and 
made it harder to see the complete 
structure clearly. (The radiopaque 
areas visible on the microradiographs 
represent the adornments decorating 
the pearl.) While large voids are more 
often associated with non-bead cul- 
tured pearls, the shape and form of 
this void resembled those associated 
with natural pearls. Hollow pearls are 
often filled (wholly or partially) with 
a variety of materials including wax, 
metal, resin, cement, and shell to in- 
crease the weight and inflate the per- 
ceived value (Winter 2022 Lab Notes, 
pp. 480-481). In the case of older 
pearls such as this one, filling can pro- 
vide enough solid material within the 
pearl to support all the metal adorn- 


ments, and it can also improve the 
durability of the item. 

Also submitted was a pearl por- 
traying Lord Ganesha (figure 13, right). 
The white undrilled, button-shaped 
pearl weighed 6.27 ct and measured 
10.59 x 10.21 x 9.18 mm. Its surface 
was carefully carved to resemble the 
Indian deity, with the head of an ele- 
phant and the seated body of a man on 
the front and a swirling pattern on the 
back (figure 15). EDXRF analysis re- 
sults showed a high manganese 
content of 598 ppm and relatively low 
strontium levels at 376 ppm. These 
readings were supported by a strong 
yellowish green fluorescence reaction 
when exposed to optical XRF (figure 
16, left), indicating the pearl was from 


Figure 16. X-ray fluorescence reaction (left) and an RTX image showing 
the Lord Ganesha pearl’s internal structure (right). A small twisted void 
and discoid features can be seen in the center. 
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a freshwater environment. RTX imag- 
ing revealed the presence of a small 
twisted void, along with discoid-like 
features (figure 16, right) typically seen 
in non-bead cultured freshwater pearls 
(K. Scarratt et al., “Characteristics of 
nuclei in Chinese freshwater cultured 
pearls,” Summer 2000 GWG, pp. 98- 
109). 

The transformation of pearls into 
valuable pieces of art is a specialized 
skill. Indian artists have mastered this 
ability and can transform pearls into 
symbolic pieces that have a special 
connection to ancient Indian scrip- 
tures. The laboratory staff at GIA in 
Mumbai continue to examine intrigu- 
ing pearls of historical and cultural 
significance in India. 


Nishka Vaz, Rajesh Patel, and 
Abeer Al-Alawi 


A Fascinating Large South Sea Bead 
Cultured Pearl 


A recent noteworthy submission to 
GIA’s Mumbai laboratory contained a 
loose round, undrilled white pearl 
with strong orient, weighing 54.96 ct 
and measuring 19.90 x 19.53 mm (fig- 
ure 17). Externally the pearl had a 
smooth, blemish-free surface and ex- 
hibited a homogeneous uniform color 
with a high luster. When viewed 
under 40x magnification, large and 
evenly spaced overlapping aragonite 
platelets were visible which helped 
account for the silky reflection on the 
surface. X-ray fluorescence (XRF) 
analysis gave a relatively inert reac- 
tion. Chemical analysis using energy- 
dispersive X-ray fluorescence 
spectrometry was performed on two 
surface areas. The data collected 
showed manganese levels on both 
areas below the detection level of the 
instrument and higher strontium 
levels of 1162 and 1163 ppm, confirm- 
ing the pearl formed in a saltwater en- 
vironment. A moderate greenish 
yellow reaction was observed under 
long-wave ultraviolet radiation, and a 
much weaker greenish yellow reac- 
tion was noted under short-wave UV. 

Due to the pearl’s large size, it was 
quite intriguing to see the growth 
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Figure 17. The large round bead cultured pearl weighing 54.96 ct and 


measuring 19.90 x 19.53 mm. 


structure revealed from within. Real- 
time microradiography (RTX) imaging 
showed an extremely small bead nu- 
cleus together with distinct growth 
arcs flowing in an even pattern 
around the nucleus proving it to be a 
bead cultured (BC) pearl. The excep- 
tional thickness of the nacre growth 
around the bead was particularly no- 
table (figure 18) (L.M. Otter et al., “A 
look inside a remarkably large beaded 
South Sea cultured pearl,” Spring 
2014 Gw&G, pp. 58-62). The size of the 
bead and the nacre thickness were 
measured using an option available on 
the RTX instrument, resulting in a 
reading of 6.122 mm for the thickest 
part of the bead and a range of 5.987 
to 6.283 mm, in four different direc- 
tions, for the overlying nacre. These 
measurements indicated a composi- 
tion of more than 96% nacre and less 
than 4% bead nucleus by volume. 
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The majority of beads used in the 
cultivation process of BC pearls are 


produced from freshwater mollusk 
shell (Unionidae) collected in the 
United States (A. Homkrajae et al., 
“Internal structures of known Pinc- 
tada maxima pearls: Cultured pearls 
from operated marine mollusks,” Fall 
202.1 G&G, pp. 186-205). Due to the 
high levels of manganese present in 
freshwater mollusks, such BC pearls 
would emit a weak or moderate yel- 
lowish green fluorescence when sub- 
jected to XRF analysis. This reaction is 
normally based on the size of bead nu- 
clei used in the cultivation process and 
the thickness of the surrounding nacre. 
Hence, the reaction observed via XRF 
for the pearl was relatively weak due 
to the thickness of its nacre over- 
growth (figure 19) (S. Karampelas et al., 
“Chemical characteristics of fresh- 
water and saltwater natural and cul- 
tured pearls from different bivalves,” 
Minerals, Vol. 9, No. 6, 2019, article 
no. 357). Taking all these factors into 
consideration—external appearance, 
dimensions, size of the bead nucleus, 
nacre thickness measurements, and 
chemistry data—the pearl was classi- 
fied as a BC pearl produced from the 
Pinctada maxima species. 

Over the decades, South Sea BC 
pearls have played an important part 
in the global pearl trade. Larger pearls, 
some more than 20 mm, were also 
produced, but these are very rare even 


Figure 18. RTX images revealing the pearl’s internal structure. Left: Diam- 
eter of the bead in four directions. Right: The size of the nacre thickness 
measurements around the bead from its demarcation up to the outer 


nacre in four directions. 
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Figure 19. X-ray fluorescence reaction comparison for a freshwater non- 
bead cultured pearl (A), a saltwater bead cultured pearl with thin to me- 
dium nacre thickness (B), and the examined pearl with relatively thick 


nacre (C). 


with today’s modern farming methods. 
Their uniquely large size, silky luster, 
and greater nacre thickness compared 
with BC pearls from other mollusks 
make them more attractive and du- 
rable. This has allowed them to estab- 
lish a prominent position in the 
cultured pearl value chain as the pri- 
mary choice of consumers looking for 
large white to cream, or “golden” BC 
pearls. As a result, they have been 
used by renowned jewelry designers in 
their exclusive collections. GIA con- 
tinues to test numerous South Sea 
cultured pearls, and this unique sub- 
mission to the Mumbai laboratory 
was particularly notable for its size 
and fine quality. 


Roxane Bhot Jain, Abeer Al-Alawi, 
and Chunhui Zhou 


Fine Linear Structures in Non-Bead 
Cultured Pearls 


Saltwater non-bead cultured (NBC) 
pearls are defined by the World Jew- 
ellery Confederation (CIBJO) as those 
without an internal bead nucleus that 
have “formed accidentally or inten- 
tionally by human intervention in 
marine pearl oysters.” These are com- 
monly referred to as “keshi” pearls in 
the trade. GIA’s Mumbai laboratory 
has received many pearl submissions 
that revealed internal structures typi- 
cal of NBC pearls such as large voids, 
elongated linear structures, and some 
with loose concentric “gaps.’”” How- 
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ever, a recent submission of 23 loose 
pearls for pearl sorting service proved 
quite challenging to identify. Exter- 
nally, all of them looked similar, with 
a white to light cream color and a me- 
dium to high luster. Some possessed 
a few surface blemishes, but on the 
whole they were quite clean and ap- 
peared cultured. 

A majority of the pearls in the lot 
exhibited concave bases, while a few 
showed bases with concentric, gradu- 
ating white to cream-colored rings, 
with distinct central white frosty 
patches which were part of the inner 
subsurface nacreous layers. Four 
pearls revealing different forms of lin- 


ear structures were selected from this 
lot. All were white and button 
shaped, with sizes ranging from 3.24 
x 2.55 mm to 10.33 x 6.84 mm (figure 
20). Externally, all their surfaces ex- 
hibited typical nacreous overlapping 
aragonite platelets, with a fingerprint- 
like pattern when viewed under 40x 
magnification. 

Energy-dispersive X-ray fluores- 
cence spectrometry on the four pearls 
revealed low manganese levels rang- 
ing between 12.60 and 41.10 ppm and 
high strontium levels between 1767 
and 2883 ppm. Additionally, optical 
X-ray fluorescence analysis yielded an 
inert reaction, thus confirming their 
saltwater origin. The pearls showed a 
moderate bluish green reaction when 
viewed under long-wave ultraviolet 
radiation and a weaker bluish green 
reaction under short-wave ultraviolet 
radiation. Raman analysis using 514 
nm laser excitation showed a doublet 
at 702 and 705 cm” and peaks at 1085 
and 1463 cm indicative of aragonite. 

Real-time microradiography (RTX) 
and X-ray computed microtomography 
(u-CT) analysis revealed internal struc- 
tures that were not straightforward 
and required more work to reach con- 
clusive results. RTX imaging of pearl 1 
showed a prominent, very fine central 
linear feature horizontal to the base 
(table 1, row 1). Analysis with p-CT re- 


Figure 20. Four non-bead cultured pearls (samples 1-4, left to right) weigh- 


ing 0.22 to 4.84 ct. 
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TABLE 1. Surface appearance and internal structures of four non-bead cultured pearls. 


RTX image 


Sample details Macro image 


i. 
Pearl 1 
0.22 ct - 
3.24 x 2.55 mm 

lle. 
Pearl 2 
0.35 ct a 


4.10 x 2.81 mm 


Pearl 3? 
0.81 ct 
5.00 x 4.27 mm 


Pearl 4 y 
4.84 ct 


10.33 x 6.84 mm 


@The red arrows indicate the identified linear features. 


y-CT image 


vealed a more obvious linear feature 
showing that it was unaligned with 
the other growth arcs that generally 
followed the shape of the pearl. This 
structure was observed in most of the 
samples in the submitted lot. Exter- 
nally, a small white frosty central spot 
was visible on the concave base sur- 
rounded by graduating circular rings. 
RTX images of pearl 2 revealed a 
small circular light gray core associ- 
ated with undefined gray arcs curving 
along the core in a distorted pattern 
(table 1, row 2). Moreover, only a cou- 
ple of weak growth arcs were ob- 
served in the outer nacre layers. The 
structure was very similar to those 
observed in some natural pearls with 
small dense cores, making it incon- 
clusive (A. Homkrajae et al., “Internal 
structures of known Pinctada max- 
ima pearls: Cultured pearls from op- 
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erated marine mollusks,” Fall 2021 
G&G, pp. 186-205). Further p-CT 
analysis helped define the main fea- 
ture, a short and fine linear structure 
accompanied by a minute void-like 
feature. 

RTX images for pearl 3 revealed a 
medium-size button-shaped central 
organic-rich core, which was radio- 
translucent and had a thin gray out- 
line (table 1, row 3). This was 
surrounded by numerous fine growth 
arcs that followed the shape of the 
core. Although this organic-rich core 
looked quite natural from the RTX 
images, 1'-CT images revealed a short 
linear feature in the center of the core, 
suggesting an NBC pearl. 

The largest sample, pearl 4, had 
been partially drilled, and the drill 
hole was quite large (table 1, row 4). It 
was unlike the thinner and shorter 
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drill holes often used for weight reten- 
tion in natural pearls. While the 
choice of drill hole thickness is not 
decisive evidence on its own, it may 
be a useful indicator (Spring 1986 Lab 
Notes, pp. 51-52; Summer 1986 Lab 
Notes, p. 111). Externally, the pearl 
had a rounded base and a circled cir- 
cumference with multiple deep in- 
dentations associated with the circled 
grooves. The RTX images showed mi- 
nute metal remnants (visible as radio- 
paque white specks) within the drill 
hole and extensive curved growth arcs 
throughout the pearl, with additional 
arcs located on adjacent boundaries. 
The pearl showed minimal tight 
growth structure, and its external ap- 
pearance aroused suspicion. Further 
examination via -CT analysis re- 
vealed a small linear feature that had 
been partially removed by the drilling. 
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Reaching a conclusion would be very 
challenging, if not impossible, using 
RTX analysis alone. 

Given the volume of button- 
shaped pearls the Mumbai laboratory 
has been testing, it is quite evident 
that large quantities of such pearls are 
circulating in the market. These pearls 
mostly have smooth surfaces and high 
untreated luster. The linear features 
could not be identified in all the pearls 
using RTX alone due to a number of 
factors including size, appearance, ra- 
diotranslucency, and orientation. It is 
not difficult to remove minute linear 
structures by drilling, and such pearls 
could easily be passed off as natural 
due to the presence of fine growth fea- 
tures around the center. But with the 
availability of advanced technology, 
especially p-CT imaging, remnants of 
the linear structure were evident in 
certain orientations. In some cases, 
with the proper alignment of the drill 
hole, such small linear structures may 
also be visible in the RTX images. This 
requires considerable skill and pa- 
tience to align, starting from the thick- 
est direction first with respect to the 
shape of the pearl and then reposition- 
ing the same pearl 90° in the profile 
view. Therefore, it may be risky to rely 
on RTX results alone (S. Karampelas et 
al., “X-ray computed microtomogra- 
phy applied to pearls: Methodology, ad- 
vantages, and limitations,” Summer 
2010 Gw&G, pp. 122-127). 

By analyzing these challenging in- 
ternal structures using modern equip- 
ment, GIA and other laboratories aim 
to protect consumers by creating 
awareness of them and minimizing 
the chances of misidentification. 


Gauri Sarvankar, Abeer Al-Alawi, 
Karan Rajguru, and 
Roxane Bhot Jain 


PLASTIC Imitations of Emerald 


GIA’s New York laboratory recently 
examined two imitations, each sub- 
mitted for an emerald identification 
report, that might have been convinc- 
ing to the untrained eye. One was a 
chess piece weighing 46.55 ct (figure 
21). At a glance, the knight appeared 
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Figure 21. An imitation emerald 
in the form of a chess knight 
measuring approximately 35.05 
mm in height. 


to be carved emerald with remnants 
of metallic yellow “matrix” still in- 
tact. However, the low heft and rel- 
atively warm feel of the piece 
suggested otherwise. Microscopic ex- 
amination revealed an aggregate 
structure composed of jagged blocks, 
clearly illustrated under long-wave ul- 
traviolet light due to its marked whit- 
ish fluorescence, typical of plastic 
(figure 22). The presence of gas bub- 
bles and bluish dye concentrations in- 
dicated that the material was in fact 
an assemblage. The lack of a polished 
surface prevented a refractive index 
reading. Infrared and Raman spectro- 


Figure 23. An assemblage of plas- 
tic and various minerals imitat- 
ing rough emerald in matrix, 
measuring approximately 51.79 
mm in height. 


scopy were used to identify the main 
component as plastic; no beryl was 
detected. The metallic yellow crystal 
fragments were identified as pyrite, 
consistent with matrix associated 
with natural emeralds, notably those 
from Colombia. 

The second imitation emerald (fig- 
ure 23) was in the form of an elongated 
hexagonal “rough” emerald crystal 
embedded in a “matrix” of white and 
metallic yellow crystals, with a total 
weight of 179.71 ct. It too appeared 
natural to the unaided eye, but micro- 
scopic examination quickly distin- 
guished the specimen as an imitation. 


Figure 22. A closer look at the knight’s head (left, in daylight) reveals the 
material’s aggregate structure when viewed under long-wave ultraviolet 


light (right). 
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with its formation. Associated minerals are 
tremolite-actinolite, talc, albite, quartz, cal- 
cite, and grossularite garnet. Most of the 
nephrite in place is of a drab, grayish-green 
to black color; but some of the loose boul- 
ders and pebbles from the beaches are fairly 
translucent light-green, and have made at- 
tractive polished gems of fine quality. 

The next discovery of California nephrite 
was in 1949 near Porterville, Tulare County. 
There, also, as on the shore of Monterey 
County, a great sill of peridotite invaded the 
local sandstone and shale, altering these 
weak sediments to schists. Then, with the 
eventual change of the peridotite to serpen- 
tine, lenses of nephrite developed within it, 
by interchange of elements from both sides 
of the contact. In the several tons of nephri- 
tic material that have been blasted from this 
deposit, there has been some good translu- 
cent jade of fine green color suitable for 
cutting into jewelry. 

In the following year, 1950, still another 
bedrock deposit of nephrite was found, this 
time in northern Marin County. It is on the 
easterly slope of Massa Hill, a part of the 
Vonsen ranch, near the Sonoma County line. 


Here again the jade occurs as small lenses 
and veinlets in sheared zones of surrounding 
serpentine, not far from the contact with 
schist containing albite, clinozoicite, and 
muscovite. Other associated minerals are: 
quartz, talc, glaucophane, epidote, chlorite, 
and chrysotile asbestos. The nephrite varies 
in color from pale olive-green to dark bluish- 
green, in places intergrown with white fib- 
rous tremolite and green actinolite. For the 
most part it is not of fine quality, but some 
very good stones of unusual color have been 
cut and polished from the translucent center 
of one of the dark bluish-green lenses. 
Near Lander, Wyoming, considerable in- 
terest was caused by the discovery, in the 
1930's, of a loose piece of fine nephrite in 
the Warm Springs country, not far from 
Granite Mountain. In 1939 a good-sized 
boulder was found on the prairie at the foot 
of Crook’s Mountain, and that caused nearly 
everyone in Lander to start jade hunting. 
Considerable quantities of “‘float’’ nephrite 
were picked up on the rocky slopes of the 
mountain, and occasionally there were pieces 
that weighed several hundred pounds. In 
1940 the largest single boulder, weighing 


© Contact of a veinlet of white 
jadeite with green serpentine 
from Clear Creek, San Benito 
County, California. 50x. 
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Figure 24. Gas bubbles and bluish green dye concentrations indicate that 
this “crystal” is in fact a manufactured product. Field of view 8.23 mm. 


The “emerald” portion of the rough 
contained large gas bubbles as well as 
bluish green dye concentrations (figure 
24), an overall blotchy color appear- 
ance, and parallel surface striations. 
This material was identified as plastic 
using Raman and infrared spectro- 
scopy. The surface striations were pre- 
sumably created in the mold or carved 
to resemble the texture of a rough em- 
erald crystal. Raman spectroscopy re- 
vealed that the smaller crystals mixed 
into the plastic were quartz and beryl. 
The white portion of the “matrix” was 
identified as calcite and the metallic 
crystals as pyrite, making this piece 
another convincing imitation of Co- 
lombian emerald. 

The natural materials incorpo- 
rated into these mostly plastic man- 
ufactured products might lead some 
astray upon first inspection. These 
two pieces demonstrate the need for a 
deeper inspection of all materials, re- 
gardless of how genuine they may 
seem on the surface. 


Emily Jones and Abadie Ludlam 


Las Notes 


Pink ZEKTZERITE 


Zektzerite, a member of the tuhualite 
group, is a very rare collectible min- 
eral currently mined from only two 
sources: Okanogan County in the 
U.S. state of Washington (Spring 2011 
Gem News International, p. 61), and 
the Darai-Pioz Valley in Tajikistan 
(L.A. Pautovet et al., “Zektzerite—oc- 
currence in Tadzhikistan,” Mineral- 
ogicheskii Zhurnal, Vol. 14, pp. 
75-78). With the chemical formula 
NaLiZrSi,O,;, these rare crystals are 
found in miarolitic cavities in riebeck- 
ite granite, along with many other rare 
minerals. The zektzerite crystals found 
in these locations are primarily be- 
tween 4 mm and 15 mm and usually 
yield small faceted gems weighing less 
than 2 ct. This material is typically 
found with a low transparency and 
muted color saturations. Perfect cleav- 
age in two directions and a brittle ten- 
dency make this fragile stone very 
difficult and risky to cut. Due to its 
low durability and overall dull appear- 
ance, collectors tend to leave zektzer- 
ite in its natural rough state. 
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Figure 25. An exceptional pink 
zektzerite, cut as a square modified 
step cut, measuring 8.08 x 7.39 x 
6.89 mm and weighing 2.95 ct. 


An outstanding example of faceted 
gem-quality zektzerite (figure 25) was 
recently submitted to GIA’s Carlsbad 
laboratory. The stone weighed 2.95 ct, 
measured 8.08 x 7.39 x 6.89 mm, and 
had a refractive index ranging between 
1.578 and 1.584. A specific gravity of 
2.81, along with Raman and infrared 
spectroscopic testing, all matched 
zektzerite, with no indication of dye or 
polymers. The outstanding pink color, 
relatively high clarity, and impressive 
size of this stone sets this specimen far 
above any other faceted zektzerite pre- 
viously reported. 


Jamie Price 
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Internal World of Aquamarine from Xinjiang 


The authors recently examined a batch of aquamarine sam- 
ples from the Xinjiang autonomous territory of China. Mi- 
croscopic observation revealed rich and colorful features. 

The aquamarines contained yellow-brown to black- 
brown inclusions. Microscopic observation and further 
Raman analysis confirmed that these dot-like, flaky, and 
dendritic yellow-brown to black-brown inclusions were he- 
matite. Interestingly, when observed with a microscope 
using LED white light illumination, the hematite inclu- 
sions appeared to extend from the center to the periphery, 
and the overall hexagonal shape resembled a rose floating 
on a calm sea (figure 1). 

Colors generated by interference phenomena are very 
common in gemstones. A number of thin-film liquid in- 
clusions were seen in the aquamarines, along with the 


Figure 1. Hematite inclusions extend from the center 
of an aquamarine sample from Xinjiang, China. Pho- 
tomicrograph by Yubing Chen; field of view 3.64 mm. 
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Figure 2. Thin-film liquid inclusions and visible inter- 
nal tubes parallel to the c-axis with spectral interfer- 
ence colors were observed in the aquamarine 
samples. Photomicrograph by Yubing Chen; field of 
view 0.70 mm. 


spectral interference color phenomenon parallel to the c- 
axis (figure 2). Many disk-shaped inclusions (figure 3) were 
also found. Stress fractures were caused by solid inclusions 
in the middle to the surrounding areas, and tubular frac- 
tures extended in the direction perpendicular to the disk- 
shaped fractures. The disks were filled with thin films of 


About the banner: Triangular etch features known as “trigons” are often 
seen on the surfaces of rough diamond crystals such as those shown 
here using differential interference contrast microscopy. Photomicrograph 
by Nathan Renfro; field of view 1.1 mm. 
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Figure 3. Disk-shaped fissures in the aquamarine 
were caused by solid inclusions in the middle with 
tubular fissures extending inward. Photomicrograph 
by Yubing Chen; field of view 1.50 mm. 


liquid, and the interference phenomenon could be seen 
under the microscope using oblique fiber-optic illumina- 
tion. The entire disk-shaped inclusion resembled a jellyfish 
floating in the sea. 


Yubing Chen, Jun Shu, Yanling Wang, and Qishen Zhou 
Gemmological Institute 
China University of Geosciences, Wuhan 


Clinochlore and Muscovite in 
Quartz from Colorado 


Recently the author encountered a parcel of quartz with 
phantom layers consisting of beautiful bluish green and 
white spheres (figure 4). Raman analysis identified the green 
spheres as clinochlore (figure 5), Mg,Al(A1Si,0,,)(OH)., a 
member of the chlorite group. Many of the white orbs ap- 
peared to be secondarily altered, presumably by fluids en- 
tering through fractures in the quartz host, though some 
showed no clear evidence of alteration. Raman analysis of 
one of the unaltered white spheres identified it as musco- 
vite, KAI,(A1ISi,O,9)(OH),. Minute dark brown to black 
spheres were also present and visually consistent with he- 
matite, but that could not be confirmed by Raman analysis. 

This material is from Larimer County, Colorado, where 
it was collected in 2020 by Nico Jackson. So far, three 
pockets of material have been discovered, with a total pro- 
duction of about 10 kg. While chlorite-group minerals are 
relatively common inclusions in quartz, the soft texture 
and greenish blue color of these clinochlore spheres are less 
common in the author’s experience. These green clino- 
chlore spheres with contrasting white muscovite spheres 
are a striking addition to the possible minerals seen in the 
micro-world of quartz. 


Nathan Renfro 
GIA, Carlsbad 
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Figure 4. This quartz crystal cluster from Larimer 
County, Colorado, contains numerous bluish green 
and white spherical inclusions on phantom growth 
planes. Photo by Annie Haynes; courtesy of Nico 
Jackson. 


An Iridescent “Insect Wing” in Diamond 


Diamond is very resistant to scratching and is often re- 
ferred to as the hardest mineral on Earth due to its compact 
crystal structure. However, diamond is not indestructible, 


Figure 5. These bluish green spheres in the quartz 
crystal were identified as clinochlore, and the white 
spheres were identified as muscovite. Photomicro- 
graph by Nathan Renfro; field of view 4.23 mm. 
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Figure 6. A subsurface feather in diamond resembling 
an insect wing, with visible iridescence caused by 
thin-film interference. Photomicrograph by Matthew 
Hardman; field of view 2.90 mm. 


and it can be fractured or even broken apart during ascent 
from the mantle to the earth’s surface through fast, violent 
kimberlite eruption. Collision with rocks in high-energy 
rivers also results in percussion marks on the surface of al- 
luvial diamonds (e.g., J.W. Harris et al., “Morphology of 
monocrystalline diamond and its inclusions,” Reviews in 
Mineralogy and Geochemistry, Vol. 88, No. 1, 2022, pp. 
119-166). Surface cracks extending into the interior of a 
diamond are referred to as “feathers” in the gem trade, and 
these often have a negative effect on the clarity grade. 

Fractures within diamond can cause fascinating optical 
phenomena on rare occasion. The authors recently ex- 
amined a 0.39 ct Fancy Deep brownish yellowish orange 
type Ib/IlaA diamond containing multiple feathers and 
graded as I, clarity. These natural features had not been 
filled with a clarity-enhancing material. The largest feather 
located on the table facet of the diamond resembled an iri- 
descent insect wing (figure 6). 

Iridescence is an optical phenomenon caused by inter- 
ference of light, typically seen in gemstones with cleavage 
or repeating submicroscopic structures (e.g., X. Lin and PJ. 
Heaney, “Causes of iridescence in natural quartz,” Spring 
2017 G&G, pp. 68-81). In this diamond, the feather’s iri- 
descence was due to thin-film interference caused by a thin 
film of air with a thickness similar to the wavelength range 
of visible light. As diamond and air have very different re- 
fractive indices, there is a phase difference between the in- 
cident light reflected from the upper and lower boundaries 
of the thin film, resulting in constructive and destructive 
interference. When viewed using a broadband light source 
(light consisting of a wide range of wavelengths), construc- 
tive or destructive interference intensifies or attenuates 
certain wavelengths (colors), respectively, producing a rain- 
bow-like interference pattern. 


Mei Yan Lai and Matthew Hardman 
GIA, Carlsbad 
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Patchy Yellow Trigon 


Occasionally, diamonds show irregularity in their color re- 
lated to heterogeneous distribution of atomic-level defects. 
“Yellow-skin” diamonds are evidence of this. Seen in fig- 
ure 7 is the rough surface of a 0.98 ct diamond that shows 
a trigon with patchy yellow coloration. The yellow color 
is caused by isolated nitrogen that is confined to the outer 
surface of the rough stone, making it look like the rough 
diamond has a “yellow skin.” 

Yellow diamonds colored by isolated nitrogen are 
known to have uniform to patchy or irregular color zoning 
(more information on naturally colored yellow and orange 
diamonds can be found in C.M. Breeding et al., “Naturally 
colored yellow and orange gem diamonds: The nitrogen 
factor,” Summer 2020 GWG, pp. 194-219). The color zon- 
ing (or lack of) correlates with the distribution of the ni- 
trogen in the diamond's crystal lattice as it grows. It is 
theorized that the “yellow skin” is from a subsequent 
growth event, making it younger than the colorless dia- 
mond it surrounds. 


Nicole Ahline 
GIA, Carlsbad 


Rainbow Mountain in Natural Diamond 


At GIA, we occasionally see diamonds with inclusions that 
resemble natural objects. A breathtaking example was re- 
cently observed in a 1.71 ct, H-color, I,-clarity natural dia- 
mond. The deep feather in figure 8 (top) shows an 
iridescence feature resembling Montana Arcoiris (Rainbow 
Mountain) in the Andes Mountains of Peru (figure 8, bot- 
tom). Thirty years ago, a diamond with a similar feature 
(Summer 1993 Lab Notes, pp. 123-124) was described as 
having iridescence due to a thin-film separation caused by 
a “V"-shaped dislocation. 


Figure 7. Trigons creating the impression of a thin 
and patchy “yellow skin” on a 0.98 ct rough dia- 
mond. Photomicrograph by Nicole Ahline; field of 
view 2.34 mm. 
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Figure 8. These irides- 
cence features observed 
in a 1.71 ct natural dia- 
mond (top) were rem- 
iniscent of Rainbow 
Mountain in Peru (bot- 
tom). Photomicrograph 
by Tejas Jhaveri; field of 
_ view 2.90 mm. Bottom 
photo courtesy of Daniel 
Sanchez Ibarra (Wiki- 
media Commons). 


As with the previously described diamond, the irides- 
cence in this diamond is only visible at some orientations. 
This memorable effect showcases the beauty of the natural 
world within the diamond. 


Tejas Jhaveri 
GIA, Mumbai 


Sally Eaton-Magania 
GIA, Carlsbad 


Musical Diamond 


Recently the author examined a 0.95 ct diamond with a 
special note. It only took one and a half beats to discover a 
dark crystal with a straight stress cleavage crack shaped 
like a dotted quarter note (figure 9). 

Crystals, cleavages, and other inclusions are common oc- 
currences that impact a diamond’s clarity grade. This dia- 
mond received a clarity grade of SI, or slightly included with 
inclusions noticeable to a skilled grader at 10x magnification. 


Michaela Damba 
GIA, Carlsbad 


Figure 9. A crystal with a stress halo and a smaller 
adjacent crystal resembles a dotted quarter note. Sev- 
eral reflections of such crystals with stress fractures 
are visible. Photomicrograph by Michaela Damba; 
field of view 2.90 mm. 
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“Snail” in Diamond 


While different types of inclusions often occur independ- 
ently within diamond, it is quite rare to find more than one 
occurring simultaneously, let alone in contact with each 
other. In figure 10 we have a unique example of a purple- 
red pyrope garnet crystal and green diopside crystal sus- 
pended together, having been captured within this natural 
4.00 ct near-colorless diamond during formation. Such in- 
clusions can be utilized to verify what environment a dia- 
mond may have formed in. In this case, the diamond’s 
genesis was likely in an ultramafic peridotite environment. 
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Figure 10. This “snail” 
inclusion was viewed 
through the upper half 
facet of a 4.00 ct near- 
colorless diamond. The 
purple-red “shell” was 
identified as pyrope gar- 
net, while the green 
“body” was determined 
to be diopside. Photo- 
micrograph by Chris- 
topher Vendrell; field of 
view 1.99 mm. 


The appearance of this unique inclusion series is playfully 
reminiscent of a snail. 


Christopher Vendrell 
GIA, New York 


Guest in Garnet: Metal Sulfide? 


Recently a faceted garnet containing a striking inclusion 
came across the author’s desk. The solid inclusion was 
opaque with a metallic luster and had an uneven surface 
containing numerous sharp protrusions (figure 11). Al- 


Figure 11. An opaque 
crystal, likely a metal 
sulfide, is suspended in 
a garnet. A combina- 
tion of darkfield and 
oblique fiber-optic illu- 
mination makes it ap- 
pear as though the 
crystal is hovering in- 
side the stone. Portions 
of the inclusion are du- 
plicated because of its 
split across several 
facet junctions, adding 
to the visual interest. 
Photomicrograph by E. 
Billie Hughes; field of 
view 4mm. 
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though we were unable to definitively identify the inclu- 
sion, its opaque dark nature and crenulated texture were 
consistent with a metal sulfide crystal. 

This inclusion scene inspired a variety of imaginative 
comparisons at our laboratory. Some thought it was rem- 
iniscent of the fire-breathing piranha plants from the 
Super Mario franchise, while others suggested it resem- 
bled a Ferrero Rocher chocolate. Regardless of what we 
might see in this piece, it is certain that we will continue 
to be fascinated by the delightful whimsy of Mother Na- 
ture’s micro-world. 


E. Billie Hughes 
Lotus Gemology, Bangkok 


Pink Sapphire with Graphite Inclusion 


Graphite inclusions in corundum can occur as minute 
bodies inside negative crystals alongside trapped diaspore 
and carbon dioxide. They can also appear as separate large 
metallic-looking hexagonal plates or jumbled clusters of 
small flaky crystals. Graphite in sapphire commonly oc- 
curs in those from Sri Lanka or Batakundi, Pakistan (V. Par- 
dieu et al., “Sapphires reportedly from Batakundi/Basil 
area,” GIA Research News, May 12, 2009). The author re- 
cently found a surprisingly well-formed hexagonal graphite 
platelet with surface etchings in a pink sapphire from Sri 
Lanka (figure 12). Taking into account the luster and struc- 
ture of the inclusion in this particular stone, it was identi- 
fied as graphite under the microscope. 

Graphite is a stable form of layered carbon occurring as 
a submetallic opaque mineral with a black to steel-gray 
color range. It typically forms in carbon-rich metamorphic 
rock or in pegmatite. Formation of this inclusion is de- 
pendent on the grade of metamorphism and temperature 
in the growth environment. It is rare to find such a clean 
example of a singular graphite inclusion demonstrating the 
crystal system it belongs to. This graphite inclusion in 
pink sapphire was a remarkably pristine example of this 
inclusion and host relationship. 


Jeffrey Hernandez 
GIA, Carlsbad 


Night Sky in Yellow Sapphire 


Fractures are usually not desired in gemstones, but in some 
cases they provide a great subject for photomicrography. 
When a 2.49 ct yellow sapphire from Ilakaka, Madagascar, 
was examined with a fiber-optic light, the scene in figure 
13 was revealed. It is reminiscent of a long-exposure pho- 
tograph of a star-filled sky with an extraterrestrial object 
floating in it. In reality, this is a globular iron stain in a 
large fracture, but the spotted iron staining evokes a far- 
away planet. The colorful curved lines are conchoidal pat- 
terns in the fracture. The combination of features makes 
the image seem as if viewed through a telescope rather 
than a microscope. 
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Figure 12. This pristine hexagonal platelet of graphite 
was seen in a pink sapphire from Sri Lanka. Photomi- 
crograph by Jeffrey Hernandez; field of view 1.99 mm. 


Illumination is very important for capturing the iri- 
descence effect. Only if a strong fiber-optic light is used 
at the correct angle relative to the fracture will the color- 
ful curved lines be highlighted. 


Charuwan Khowpong 
GIA, Bangkok 


An “Eye” on a Tridacninae Pearl 


The Tridacninae subfamily of giant saltwater clams con- 
sists of two genera: Hippopus and Tridacna. These bivalve 


Figure 13. This scene of an iron stain and numerous 
curved lines showing rainbow colors in a fracture re- 
sembles a scene from the night sky viewed through a 
telescope rather than a microscope. Photomicrograph 
by Charuwan Khowpong; field of view 2.85 mm. 
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Figure 14. A 4.77 ct near-round white Tridacninae 
pearl exhibited an attractive sheen-like flame struc- 
ture in a pattern resembling an eye when viewed in 
certain directions under a single white light source. 
Photomicrograph by Ravenya Atchalak; field of view 
7.20 mm. 


mollusks live only in the shallow waters of coral reefs in 
the tropical parts of the Indo-Pacific Ocean (E. Strack, 
Pearls, Riihle-Diebener-Verlag, Stuttgart, 2001, p. 60). They 
are known to produce white to cream non-nacreous pearls, 
with yellow or orange pearls less commonly found. Tridac- 
ninae pearls frequently exhibit a porcelain-like surface 
with a flame structure caused by stacked layers of arago- 
nite lamellae in a crisscross fashion. The sheen-like effect 
occurs when those lamellae interact with light (H.A. 
Hanni, “Explaining the flame structure of non-nacreous 
pearls,” Australian Gemmologist, Vol. 24, No. 4, 2010, pp. 
85-88]. Pearls with such characteristics are known as 
porcelaneous pearls. 
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A 4.77 ct near-round white Tridacninae pearl (figure 14) 
recently examined by the author displayed a well-arranged 
flame structure consisting of a wide base with spiky ends 
radiating outward from the apex of the pearl. Microscopic 
examination under fiber-optic light revealed a remarkable 
feature. A dramatic pseudo-chatoyancy occurred over the 
luminous flames, creating the appearance of an eye staring 
back at the observer. Pearls with prominent flame struc- 
tures and high sheen often contain striking features. 


Ravenya Atchalak 
GIA, Bangkok 


Ancient Script-Like Serpentine in Brown Peridot 


Peridot is a green olivine often characterized by “lily pad” 
inclusions and high birefringence causing a doubling ef- 
fect. Apart from its familiar green hue, peridot can also 
possess a brown color, though these gems receive little 
attention. 

Recently, the author found a xenocryst of peridot from 
southeast Vietnam that appeared black in daylight and 
brown through a transmitted light source. Standard gem- 
ological testing of a cabochon (2.51 ct) and two faceted 
stones (2.35 and 4.65 ct) that were cut from this xenocryst 
indicated peridot, but the specific gravity and refractive 
index gave higher results than the values for green peridot. 
Finally, the Raman spectra confirmed the identification as 
peridot. 

Microscopic examination did not reveal any typical 
“lily pad” inclusions. Instead, there were innumerable fas- 
cinating thread-like inclusions (figure 15). Some formed 
closed loops with round, oval, and distorted shapes meas- 
uring from a few nanometers to a millimeter. Others 
stretched or twisted together like tangled threads up to 2 
mm long. The display was reminiscent of an ancient script. 


Figure 15. Thread-like 
inclusions of serpentine 
resembling an ancient 
text. Photomicrograph 
by Le Ngoc Nang; field 
of view 2.50 mm. 
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Figure 16. A 2.52 ct oval modified brilliant Paraiba 
tourmaline. Photo by Adriana Gudino. 


Micro-Raman spectral analysis revealed these thread-like 
inclusions were serpentine. 

Examination of this brown peridot revealed an unex- 
pected inclusion scene quite different from the common 
inclusions found in green peridot. 


Le Ngoc Nang 

University of Science, Vietnam National University 
Ho Chi Minh City 

Liu Gemological Research and Application Center 


Interesting Metallic Platelets in a Brazilian 
Paraiba Tourmaline 


The authors recently examined the 2.52 ct saturated green 
oval modified brilliant shown in figure 16. The gemolo- 
gical properties, as well as trace element analysis using 


laser ablation-inductively coupled plasma—mass spec- 
trometry, confirmed this gem was a Paraiba tourmaline 
from Brazil. 

Microscopic observation revealed interesting metallic 
dark gray dendritic inclusions (figure 17). The metallic in- 
clusions were similar in shape to previously documented 
native copper inclusions in Paraiba tourmaline (E.J. Giibe- 
lin and J.I. Koivula, Photoatlas of Inclusions in Gem- 
stones, Volume 1, 2008, Opinio-Verlag Publishers, Basel, 
Switzerland, p. 167). Metallic inclusions with a dendritic 
pattern and similar brassy color in a Brazilian Paraiba tour- 
maline were previously identified as native copper (F. 
Brandstatter and G. Niedermayr, “Copper and tenorite in- 
clusions in cuprian-elbaite tourmaline from Paraiba, Bra- 
zil,” Fall 1994 G&G, p. 181). Because the inclusions in 
figure 17 are different in color from those previously doc- 
umented, they are probably not copper. However, Raman 
analysis was unsuccessful in identifying them. Based on 
their morphology and color, the authors speculate they 
could be ilmenite, which has been observed as skeletal in- 
clusions of a similar color in gems such as emerald. These 
are the first examples of dark gray skeletal metallic inclu- 
sions the authors have encountered in a Parafba tourmaline. 


Shiva Sohrabi and Amy Cooper 
GIA, Carlsbad 


Triplite Inclusions in Quartz from 

Yaogangxian, China 

Quartz is host to a wide variety of inclusions. Recently, the 
authors examined a 30.80 ct transparent faceted quartz 
with several pinkish orange crystal inclusions, from the 
town of Yaogangxian in Hunan Province, China (figure 18). 
This quartz was cut from a rough stone collected by a local 
miner. In this quartz, the pinkish orange inclusions were 
unique and attractive. 


Figure 17. Left: The skeletal formation that usually indicates very rapid growth of the mineral. Right: Skeletal for- 
mations showing a cross-hatch pattern. Photomicrographs by Shiva Sohrabi; fields of view 1.26 mm (left) and 2.95 
mu (right). 
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Figure 18. A 30.80 ct faceted quartz containing 
pinkish orange inclusions. Photo by Hongtao Shen; 
courtesy of Jinrui Dong. 


After grinding, one of these inclusions was exposed to 
the surface (figure 19). Raman spectroscopy and energy- 
dispersive X-ray fluorescence were used to identify the in- 
clusion as triplite. 

Triplite, (Mn?*,Fe?*),PO,(F,OH), is a rare phosphate min- 
eral that can be found as either a gem material or an inclu- 
sion. Most triplites are produced in pegmatite, as with 
quartz. Triplite inclusions have been reported in topaz 
(Summer 2016 Gw&G Micro-World, p. 205) and beryl 
(Spring 2020 G&#G Micro-World, p. 145). To the best of our 
knowledge, this is the first discovery of triplite as an inclu- 
sion in quartz. 


Qian Zhang and Xingtong Li 
Gemmological Institute 
China University of Geosciences, Wuhan 


Hongtao Shen 

State Key Laboratory of Geological Processes and 
Mineral Resources 

China University of Geosciences, Wuhan 


Quarterly Crystal: Geocronite in Fluorite 


A tight crystal cluster of bright apple-green fluorite and 
opaque silvery gray geocronite, Pb,,(Sb,As),S,,, was re- 
cently examined for this edition of Quarterly Crystal. The 
specimen shown in figure 20 measured 29.60 x 23.84 x 
18.35 mm, and the fluorite portion played host to several 
small, well-formed monoclinic crystals, all situated near 
the surface. The crystals appeared to be geocronite, a very 
rare sulfide containing lead, antimony, and arsenic. 

The specimen was obtained from Luciana Barbosa of 
Barbosa Minerals (Asheville, North Carolina). It came from 
a recent discovery at the Milpo mine in the Atacocha 
mining district of Pasco Province, Peru. The Milpo mine 
is known to produce fluorite crystals with inclusions of 
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Figure 19. Magnification of pinkish orange triplite in a 
transparent quartz from Yaogangxian in Hunan Prov- 
ince, China. Photomicrograph by Hongtao Shen; field 
of view 11.15 mm. 


various sulfides. Since the fluorite and geocronite are inti- 
mately intergrown, the opaque silvery gray bodycolor of 
the inclusions in the fluorite, together with their mono- 
clinic appearance shown in figure 21, strongly suggested 
geocronite. 

The next logical step was laser Raman microspec- 
trometry. Using this technique, we conclusively identified 
the inclusions as geocronite, thereby confirming our sus- 
picions. It should be noted that, to the authors’ knowledge, 
this is the first time geocronite has been identified as an 
inclusion in any mineral. 


John I. Koivula and Nathan Renfro 
GIA, Carlsbad 


Figure 21. A combination of optical microscopy and 
Raman analysis identified the opaque silvery gray 
monoclinic inclusions as the very rare sulfide geocro- 
nite. Photomicrograph by Nathan Renfro; field of 
view 2.39 mm. 
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® Green Nephrite from near 
Lander, Fremont County, Wyom- 
ing. 100x. 


114 tons was found, near Crook’s Mountain. 
This was bought by a Chicago enthusiast, 
James L. Kraft, and given intact to the Natu- 
ral History Museum of that city. By 1945 the 
published stories of “green-fortunes’’ had 
brought many prospectors to the town of 
Lander, which hummed with the excitement 
of a real “Jade rush’. But the dreams of 
quick and easy wealth were not realized, and 
the boom soon subsided because fewer and 
fewer boulders were found; and no bedrock 
source of gem-quality mineral was dis- 
covered. Eventually, though, a vein of 
brownish colored jade was located in the 
Granite Mountains; and a ledge of black 
neph tte is claimed to have been found high 
up in the Wind River Range. Neither of 
these, however, has yielded any translucent 
green stone comparable to that of the erratic 
boulders from Crook’s Mountain; and so the 
jade production of Wyoming is no longer 
active. . 

Artifacts of jadeite are continually being 
found in Mexico, Central America, and as 
far south as the Amazon River. The arche- 
ologists occasionally questioned natives as to 
where their ancestors obtained their supplies 


of chalchthuitl but without avail, and ap- 
parently no local source of the mineral was 
known to exist. Because of this, many peo- 
ple came to believe that all of the crude 
stone had been brought over from the Orient 
by sea-going traders. But when analyses of 
these American jades showed that they dif- 
fered from the Burmese variety both physi- 
cally and chemically, the belief in that for- 
eign source gradually gave way to a grow- 
ing conviction that the raw material came 
from local deposits, which eventually would 
be found. Among scientists who have inter- 
ested themselves in this problem there have 
come to be recognized three rather distinct 
varieties of mineral among the archeological 
jades of Middle America: the Mexican, the 
Guatemalan, and the Costa Rican. Though 
all are jadeite — only a very few nephrite 
pieces having been found -- each of the 
three varieties has features that serve to dif- 
ferentiate it from the other two. 

In Guatemala, especially, there has been 
intensive search for jade sources by well- 
organized expeditions among which special- 
ists in the different fields of science have 
collaborated. Encouragement came from the 
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Figure 20. This 29.60 x 
23.84 x 18.35 mm 
cluster of well-formed 
isometric fluorite and 
monoclinic geocronite 
crystals was recently 
discovered at the Milpo 
mine in Peru. Photo by 
Annie Haynes. 
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Gems Formed in Metamorphic Rocks 


Over the eons, the interminable shifting of Earth’s land- 
masses has dramatically altered the appearance of our 
planet’s surface. The existence of ancient supercontinents 
such as Gondwana and Rodinia has fascinated the public 
since the concept of “plate tectonics” became widely ac- 
cepted in the geological community in the 1960s. How- 
ever, the gradual shifting of tectonic plates is of more than 
just “cosmetic” importance. The entire evolution of the 
Earth system is intricately related to tectonic activity, from 
the development of life on Earth to the creation of gem- 
stone deposits. A previous installment of this column fo- 
cused on gemstones produced through magmatic 
processes, which are associated with and controlled by tec- 
tonic processes. These tectonic forces also produce gem- 
stone deposits by another process called metamorphism. 
In this process, gems form in the solid state in very specific 
situations when certain rocks experience an increase in 
pressure and temperature during tectonic events, with pre- 
existing minerals no longer being stable and being replaced 
by new ones. This edition of Colored Stones Unearthed 
will focus on metamorphic gemstones. 


Introduction to Metamorphism 


The term metamorphism derives from the Greek meta 
meaning “change” and morphos meaning “form.” The 
process of metamorphism describes changes in the miner- 


Editors’ note: Questions or topics of interest should be directed to Aaron 
Palke (apalke@gia.edu) or James Shigley (ishigley@gia. edu). 


Gems & GEMOLOGY, VOL. 59, No. 2, pp. 232-241. 


© 2023 Gemological Institute of America 


232 COLORED STONES UNEARTHED 


alogical and/or structural form of rocks in the earth’s crust. 
Generally, this happens with increased temperature and/or 
pressure in the earth. Metamorphism is part of the so- 
called rock cycle involving igneous, sedimentary, and 
metamorphic rocks (figure 1). Any of these rock types can 
be transformed into one of the others by processes of melt- 
ing and solidification (igneous), erosion and deposition 
(sedimentary), or increased pressure and temperature 
(metamorphic). 

One of the more obvious ways in which metamor- 
phism can be observed is in the physical appearance of a 
rock. At low pressure and temperature, rocks exposed to 
stress undergo brittle deformation, meaning they will 
break or fracture. However, at high pressure and tempera- 
ture, exposure to directional stress in the earth can cause 
rocks to behave more plastically, even folding up into 
themselves, such as the limestone and chert layers in fig- 
ure 2. 

Another possible change during metamorphism is the 
alteration of a rock’s mineralogical composition. All min- 
erals have specific sets of conditions at which they are sta- 
ble. These conditions can include pressure, temperature, 
and chemical composition of the rocks in which they exist, 
as well as the presence or absence of coexisting fluids of 
various compositions. The naturally occurring mineral ice 
serves as a great example. At the earth’s surface, at suffi- 
ciently low temperatures, liquid water will freeze and form 
ice. As the temperature rises above 0°C, this ice will melt 
and form liquid water again. We can also alter the stability 
of ice by introducing other chemical components. As any- 
one living in a colder climate knows, adding salt to ice can 
lower its freezing temperature, making it easier for fresh 
snow or ice to melt, thereby minimizing slipping hazards. 

The same concept applies to every other mineral, and 
it is usually expressed through the use of phase diagrams. 
These phase diagrams plot the stability fields of certain 
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Metamorphic rock (garnet) 


Figure 1. The concept of 
the rock cycle demon- 
strates the interplay be- 
tween sedimentary, 
metamorphic, and ig- 
neous rocks. Photos by 
Robert Weldon (courtesy 
of Cody Opal), Orasa 
Weldon, and John I. 
Koivula, respectively. 


Sedimentary rock (opal) 


Melting + solidification 


Igneous rock (peridot) 


minerals or mineral systems at various geological condi- forms the gem minerals kyanite, sillimanite, and an- 
tions. The most common phase diagram uses the variables _dalusite (figure 3), illustrates this concept. At conditions of 
pressure (P) and temperature (T). The phase Al,SiO;, which very high pressure but lower temperature, the stable form 


mY Figure 2. Layers of lime- 
stone and chert plasti- 
cally deformed and 
44, folded at high pressure 
and temperature during 
metamorphism. Photo 
4) by Dieter Mueller 

‘//, (dino1948)/licensed 
MY under CC BY SA 4.0. 
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Figure 3. Phase diagram for kyanite, sillimanite, and 
andalusite, all having the chemical composition of 
Al,SiO;. Also shown are mineral transformations 
with changing temperature or pressure as discussed in 
the text. 


of this phase is the mineral kyanite (figure 4). If a rock con- 
taining kyanite were heated up within the earth without 
changing the pressure, at a certain point it would cross over 
the boundary into the stability field of sillimanite (figure 
5) and all the kyanite would be transformed in the solid 
state to this new phase (points 1 to 2 in figure 3). Similarly, 
if pressure were to decrease at this point without any drop 


Figure 5. Sillimanite ranging from 7.85 to 9.91 ct. 
Photo by Robert Weldon; courtesy of Ivey Gemstones. 
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Figure 4. A 4.44 ct gem-quality kyanite from Kenya. 
Photo by Robert Weldon; courtesy of the Dr. Edward 
]. Gtibelin Collection. 


in temperature, the sillimanite would transform to anda- 
lusite (figure 6) if the temperature were low enough as it 
crossed over to the new stability field (points 2 to 3 in fig- 
ure 3). This diagram has helped metamorphic petrologists 
get a better sense of the metamorphic conditions experi- 
enced when one of these three mineral phases is encoun- 
tered in a rock. 

Of course, the earth is much more complicated than 
this simple Al,SiO; system. In nature, rocks are made up 
of multiple components, and the minerals making up the 
rocks often are not pure phases but solid solutions between 
different end-member compositions. Therefore, the min- 
eral assemblages observed depend not only on conditions 
of pressure and temperature but also on the composition 
of the original rock being metamorphosed (the protolith). 


Figure 6. Gem-quality andalusite weighing 23.75 ct 
(top left), 14.41 ct (top right), and 17.56 ct (bottom). 
Photo by Robert Weldon; courtesy of the Dr. Edward 
J. Gtbelin Collection (top) and Pala International 
(bottom). 


Gems & GEMOLOGY SUMMER 2023 


METAMORPHIC FACIES DIAGRAMS 
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Figure 7. Top: Metamorphic facies diagram showing general range of P-T conditions for different facies defined by 
their mineralogical assemblages and textural characteristics. Bottom: The same diagram, with typical mineralogi- 
cal assemblages delineating the different facies for a metapelitic rock (a metamorphosed sedimentary rock such as 
a mudstone). Modified from Planet Earth Lab (planetearth.utsc.utoronto.ca/VirtualMic/charts/index.html). 


Metamorphic petrologists use the concept of metamorphic 
facies to describe general ranges of metamorphic condi- 
tions at varying pressures and temperatures. Metamorphic 
facies are general ranges of pressure and temperature that 
produce a specific mineralogical assemblage that helps to 
identify those conditions at which a metamorphic rock 
formed. Figure 7 shows a diagram of these metamorphic 
facies from relatively low-grade prehnite-pumpellyite fa- 
cies to high-grade granulite or eclogite conditions. Also 
shown on the top diagram are dashed lines roughly indi- 
cating the boundary at which dry or hydrated granite will 
start to melt. While partially melted low-grade migmatites 
may still be considered essentially the product of metamor- 
phism, this represents the somewhat fuzzy boundary be- 
tween metamorphism and igneous processes. The different 
metamorphic facies are generally distinguished by broad 
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changes in mineral assemblages with changing metamor- 
phic conditions. The expected mineral assemblages for 
each facies for a metamorphosed pelitic rock (known as a 
mudstone) are also shown in figure 7. 


Types of Metamorphism 


There are multiple geological paths a rock can take toward 
metamorphism. The most straightforward is contact meta- 
morphism, in which rocks are heated up due to nearby in- 
trusion of a body of magma. Any changes to a rock’s 
mineralogical assemblage are due simply to an increase in 
temperature. It is assumed that there is essentially no ex- 
change of chemical components between a protolith and 
the intruding magma or associated fluid. It is, then, an iso- 
chemical form of metamorphism. 
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The more important form of metamorphism for gem- 
stone formation is regional metamorphism. In this case, 
rocks are buried deep within the earth and experience in- 
creased temperature and pressure as they become progres- 
sively buried. The most common scenario for this is during 
orogenic, or mountain-building, events when landmasses 
collide due to the shifting of Earth’s tectonic plates. The 
two most significant geological events leading to gemstone 
formation were the East African orogeny involving the col- 
lision of East and West Gondwana roughly 750-450 mil- 
lion years ago (Ma) and the Himalayan orogeny involving 
the collision of the Indian subcontinent with Asia starting 
about 60 Ma and continuing today. Gems from the East 
African orogeny are found across the eastern seaboard of 
the African continent as well as Sri Lanka, while gems 
from the Himalayan orogeny are located throughout 
Southeast and Central Asia in countries such as Vietnam, 
Myanmar, Pakistan, India, Afghanistan, and Tajikistan. 

While scientists are fond of compartmentalizing nature 
into discrete classifications, these rock classifications typi- 
cally have fuzzy boundaries and are not always clear-cut. For 
instance, classic metamorphism is considered to occur in 
the solid state without the melting of a rock or exchange of 
chemical components between different formations via flu- 
ids. However, this criterion is probably not strictly met, and 
most metamorphic reactions happen in the presence of 
some sort of fluid phase that may fundamentally alter the 
chemical composition of a metamorphic rock. Thus, the 
final form of metamorphism considered here is hydrother- 
mal metamorphism in which changes in pressure and/or 
temperature are accompanied by changes in the chemical 
composition of the protolith by infiltration of hydrothermal 
fluids. This may also be described as “metasomatism” to 
emphasize the importance of both metamorphic and hy- 
drothermal influences. For our discussion, this includes 
limestones or basalts that can be transformed into skarns or 
serpentinite, respectively, which in many cases may host 
gemstone deposits such as demantoid garnets. 


Metamorphic Gemstones 


Many of the world’s most important colored stone deposits 
are the product of metamorphism. Several of these deposits 
resulted from ancient to modern orogenic events when 
massive continental collisions buried rocks in the earth’s 
crust, fundamentally altering their mineralogical compo- 
sition and in some cases producing fine gemstones. Some- 
times hydrothermal fluids were an essential part of the 
process of gemstone formation in these metamorphic 
events. The following sections will provide a glimpse into 
the geological conditions of formation for some important 
metamorphic gemstones. 


Jade. The term jade refers to two distinct gem materials that 
are characterized as extremely tough, essentially monomin- 
eralic fine-grained stones prized for their use in jewelry or 
ornamental carvings. The first type includes jade composed 
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Figure 8. Rough jade boulder displaying a complex 
pattern not typically seen in finished gems. Photo by 
Wim Vertriest. 


dominantly of the pyroxene mineral jadeite (NaA1Si,O,) but 
can also include the related minerals omphacite 
[(Ca,Na)(Mg,Fe*, Al)Si,O,] or kosmochlor (NaCrSi,O,). This 
material is often referred to as fei cui. The second type is 
jade composed of amphibole minerals and is referred to as 
nephrite jade. 

Fei cui jade is produced in subduction zone settings 
where convergent tectonic plate margins cause oceanic crust 
to be subducted deep within the earth. The subduction of 
relatively cold oceanic crust into the upper mantle creates a 
high-pressure, relatively low-temperature environment that 
is ideal for crystallizing jadeite. These conditions would be 
referred to as the blueschist up to eclogite metamorphic fa- 
cies as seen in figure 7. Fei cui is essentially a rock and, as 
such, can record events in its geological history (figure 8). It 
occurs as veins or pods in bodies of serpentinized peridotites. 
These serpentinite bodies are the product of alteration of 
mafic or ultramafic igneous rocks by infiltrating fluids from 
the subducted oceanic crust in these geological settings. The 
same fluids responsible for serpentinization also likely 
played a role in the formation of jadeite. There is evidence 
that these jadeite bodies formed very deep within the earth, 
perhaps up to 80 km in depth, and were then exhumed or 
exposed later at the earth’s surface. 

Nephrite jade is dominantly composed of amphibole 
minerals usually varying between the  tremolite 
[Ca,Mg.SigO,(OH),] to ferro-actinolite [Ca,Fe;SigO,,(OH),| 
end members. Nephrite jade is the product of hydrother- 
mal metamorphism (or metasomatism) in which either (1) 
silica-rich fluids infiltrate dolomite-rich rocks, or (2) calctum- 
rich fluids from silicic rocks interact with serpentinites 
(Harlow et al., 2014). Metamorphic petrologists often de- 
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scribe the reactions implied above using reaction equations 
such as the following for the dolomite-related nephrite: 


5 Ca(Mg,Fe](CO3), + 8SiO,,, + H,O > Ca,(Mg,Fe],Si,O,,(OH), + 
3CaCO; + 7COa4 


or more simply 


5(dolomite) + 8(aqueous silica) + water —~ tremolite + 3(calcite) + 
7(aqueous carbon dioxide) 


These equations can help clarify the likely reactions 
that took place during metamorphic events and roughly 
track the metamorphic conditions required to facilitate 
these reactions. 


Ruby/Sapphire. Ruby and sapphire, gem varieties of the 
mineral corundum (Al,O,), can be broadly divided into 
metamorphic and magmatic varieties. The most significant 
deposits of metamorphic gem corundum were formed dur- 
ing two distinct geological events: the Pan African orogeny 
from 750 to 450 Ma and the Himalayan orogeny from 60 Ma 
to present. Sapphire from Sri Lanka, Madagascar, and Tan- 
zania and ruby from Mozambique and Madagascar formed 
in the Pan African orogeny, while the Himalayan orogeny 
formed sapphire in Kashmir and Myanmar and ruby in 
Myanmar, Vietnam, Afghanistan, and Tajikistan. Metamor- 
phic gem corundum forms in metamorphosed mafic or ul- 
tramafic rocks, marbles, gneisses, and metapelite complexes 
brought up to amphibolite or granulite facies conditions, 
generally at temperatures between 500° and 800°C (Giuliani 
and Groat, 2019). The rubies formed in the Himalayan 
orogeny at 620°-670°C at 2.6-3.3 kbar in marbles composed 


Figure 9. A primary ruby 
deposit in Mogok, Myan- 
mar, where rubies are 
mined directly out of the 
metamorphic marble 
created during the 

| Himalayan orogeny. 
Photo by Wim Vertriest. 


mostly of calcite (figures 9 and 10) within lenses of associ- 
ated minerals including phlogopite, muscovite, scapolite, 
margarite, spinel, titanite, pyrite, and/or graphite (Garnier 


Figure 10. A 97.3 ct rough ruby crystal on calcite 
(marble) from Myanmar. Photo by Robert Weldon; 
courtesy of Pala International. 
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Figure 11. An 8.85 ct tanzanite. Photo by Orasa Wel- 
don; courtesy of the Dr. Edward J. Gtibelin Collection. 


et al., 2008). Giuliani et al. (2015, 2018) also suggested the 
involvement of evaporate lenses within the original lime- 
stone protolith as a means of facilitating chemical exchange 
during metamorphism to form the rubies. In their model, it 
was suggested that molten evaporates may have infiltrated 
the carbonate layers, bringing along chemical components 
from clay layers and depositing corundum in veins and lay- 
ers within the marble. Metamorphic sapphire deposits, such 
as those in Sri Lanka, Madagascar, Kashmir, and India/Pak- 
istan, appear to require the involvement of metasomatic flu- 
ids infiltrating aluminum-rich protolith rocks during 
metamorphism to produce gem corundum (Atkinson and 
Kothavala, 1983; Silva and Siriwardena, 1988; Rakoton- 
drazafy et al., 2008; Dharmaratne et al., 2012). 


Tanzanite and Tsavorite. Tanzanite is the blue to violet va- 
riety of the mineral zoisite [Ca,A1,(SiO,)(Si,0,)O(OH)] (fig- 
ure 11), while tsavorite is the green gem variety of the 
garnet mineral grossular (Ca ;Al1,Si,O,,) (figure 12). Both 
were created in similar geological settings during the Pan 
African orogeny. The host rocks are a package of quartzite, 
graphitic gneiss and schist, calc-silicate rocks, and marble 
with lenses of meta-evaporites. The gems formed within 
nodules or lenses within these rocks. Tanzanite likely 
formed at around 420°C and 2-4 kbar of pressure (Giuliani 
et al., 2014), while metamorphic conditions in the forma- 
tions containing tsavorite likely reached around 600° 
750°C and 6-9.1 kbar (Malisa, 1987; Muhongo et al., 1999; 
Olivier, 2006). The original protoliths were sedimentary 
formations derived from continental weathering and later 
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metamorphism during continental collision. Some studies 
have indicated the likely role of evaporate lenses through 
open hydrothermal circulation within these sedimentary 
packages for formation of these gemstones (Olivier, 2006} 
as suggested for the following reaction for grossular (tsa- 
vorite) formation (Giuliani et al., 2014): 


3CaSO, + 2Al* + 3SiO, + 6H,O — Ca,AL,Si,O,, + 60, + 3H,S + 6H* 


where CaSO, is the mineral anhydrite and would have been 
sourced from evaporate lenses to create grossular garnet. 


Figure 12. Nodule of tsavorite garnet from Tsavo, 
Kenya, within the metasedimentary host rock along 
with gemmy crystals obtained from similar forma- 
tions. Photo by Vincent Pardieu/GIA. 
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Garnet. As shown in figure 7, garnets (especially pyrope- 
almandine-spessartine type garnets [(Mg,Fe,Mn),A1,Si;O,,] 
tend to form only at conditions of increased pressure and 
temperature in metamorphic events. In fact, geology stu- 
dents learning metamorphic petrology will use the appear- 
ance of garnet in the field as a general indicator of the 
metamorphic grade of the host rock. Many of the red- 
colored pyrope-almandine-spessartine (pyralspite) garnets 
in the gem trade were derived from metamorphic rocks 
such as garnet schists (figure 13). Many more pyralspite 
garnets, including many color-change garnets (figure 14), 
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Figure 13. Garnet schist 
from Alaska, 7.27 x 
8.00 in. Photo by Orasa 
Weldon. 


are found in the Mozambique Orogenic Belt in East Africa 
and Sri Lanka. Their formation is assumed to be metamor- 
phic in origin given the geological context, but they are 
generally found in secondary alluvial deposits. Therefore, 
their precise conditions of formation are typically not well 
understood because their original host rock is unknown 
and may have been completely removed by weathering. 
Most of these pyralspite garnets fit more squarely into 
the classical definition of solid-state metamorphism. But 
other gem garnets, such as demantoid, require more com- 
plicated metamorphic conditions involving not only in- 


Figure 14. A 5.44 ct pas- 
tel color-change pyrope 
garnet from Tanzania, 
faceted by Jason 
Doubrava. Photo by 
Robert Weldon; cour- 
tesy of Meg Berry. 
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Figure 15. A 10.02 ct Russian demantoid garnet. Photo 
by Robert Weldon; courtesy of Pala International. 


creases in pressure and temperature but also the circulation 
of fluids to facilitate their formation. Demantoid is the 
green gem variety of the mineral andradite (Ca;Fe,Si,O,,). 
These calcium-rich garnets form in two distinct geological 
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environments. The first type of demantoid is found in ser- 
pentinized ultramafic rocks as in the classic deposit in the 
Russian Ural Mountains but also in Iran and Pakistan 
(Karampelas et al., 2007; Adamo et al., 2009). Here, deman- 
toid forms in veins of serpentine mineralization cutting 
through peridotites and ultramafic rocks, facilitated by the 
circulation of hydrothermal fluids through these rocks. 
The second type is found in Madagascar and Namibia, and 
is related to skarn deposits in which the nearby intrusion 
of magma causes fluids to circulate through metasedimen- 
tary rocks rich in limestone or calc-silicate rocks (Pezzotta 
et al., 2011). Hand specimens of demantoid from both lo- 
cales demonstrate the difference in geology through min- 
eral associations: serpentinite-hosted demantoid occurs in 
a matrix of serpentine minerals (figures 15 and 16), while 
the skarn-hosted demantoid occurs in rocks dominantly 
composed of skarn minerals like diopside and wollastonite 
(figures 17 and 18). 


Summary 


Many of the world’s premier gemstone deposits were de- 
rived from conditions of extreme stress, pressure, and tem- 
perature deep in the earth’s crust. These gemstones often 
bear signs of these metamorphic processes in their inclu- 
sions, which can mirror their geological conditions of for- 
mation. The study of these gemstones can offer insight into 


Figure 16. Nodules of 
demantoid garnet in a 
28.87 g serpentinite rock. 
Photo by Aaron Palke. 
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® Green Jadeite from near 
Taxco, Guerrero, Mexico. 100x. 


discovery, by one of the expeditions sent out 
from the Carnegie Institution, of a 200- 
pound boulder of fine jadeite. It was found 
in a Mayan pyramid at Kaminal-juyu on the 
outskirts of Guatemala City, where no doubt 
it was kept for a supply of mineral from 
which to cut small pieces to be carved into 
ceremonial ornaments. A little of it had been 
so removed, but otherwise it was intact, and 
showed plainly that it came from a river-bed 
where it had been smoothed by the scouring 
action of sandy water. 

The opinion that its source was not very 
far away is now justified by the report that 
Robert E. Leslie has discovered the outcrop- 
ping of a lens of jadeite on the Motagua 
River near Guatemala City. Samples of the 
mineral, analyzed at the United States Na- 
tional Museum, were pronounced by Dr. 
William Foshag to be “diopside jadeite, ad- 
mixed with albite’. Thus, it corresponds 
with the many archeological jades from 
Middle America that have been similarly 
analyzed. 

Mr. Leslie writes that the rock immediate- 


ly surrounding the deposit is serpentine, but 
other details of the geological environment 
have not yet been fully studied. The outcrop 
shows no evidence of quarrying or mining, 
other than the presence of many broken 
pieces of impure jadeite strewn all about. 
Nevertheless, at a distance of only one kilo- 
meter, there is an archeological site where 
piles of chips and broken fragments of jade 
indicate an ancient cutting yard. Therefore, 
it may have been that here, as elsewhere, the 
vein material was too irregularly jointed and 
defective for good carving, so that preference 
was given to eroded boulders washed down 
from the outcrop into the streams, where the 
pounding of sandy water would have re- 
moved all but the hard core. 

As the first discovery of a natural deposit 
of jadeite in Middle America, this occurence 
in Guatemala is of great scientific import- 
ance, and it should stimulate the search for 
other sources of this valuable gem-stone, es- 
pecially in Costa Rica and Mexico. 

To those who have been studying the 
jade problem, it appears that this particular 
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Figure 17. An 11.63 ct demantoid garnet from 
Namibia. Photo by Robert Weldon; courtesy of Green 
Dragon Mine Company, Namibia. 


the earth’s history and the evolution of tectonic activity 
that led to their formation. The next installment of Colored 
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Figure 18. Skarn-hosted demantoid from Madagascar is 
hosted in rocks composed of typical skarn minerals such 
as diopside and wollastonite, among others. This speci- 
men measures 15 x 7 x 5 cm. Photo by Orasa Weldon; 
courtesy of the GIA Collection. 


Stones Unearthed will focus on the influence of sedimen- 
tary processes in the development of gemstone deposits. 
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COLORED STONES AND ORGANIC MATERIALS 


Unique Colombian emerald and matrix suite. The author 
recently examined a unique suite of cabochon stones con- 
sisting of emeralds with brown matrix weighing 112.25 
carats total (figure 1). This spectacular set is reportedly 
from the Muzo mine in Colombia. Similar material with 
matrix has been found in Chivor, but never of comparable 
quality. The miners decided to cut a matching set of cabo- 
chons that could be made into a necklace and a pair of ear- 
rings. In 2021, Misael Angel Rodriguez of Colombia 
brought this unique set to the Tucson gem shows, where 
it received considerable attention. It was later purchased 
by Desmond Chan and Davey Thomas of Gem Arts Inter- 


Figure 1. Emerald and matrix suite, 112.25 carats 
total. Photo by Jessa Rizzo. 
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Figure 2. Cluster of pyrite crystals in emerald and ma- 


trix. Photomicrograph by Jessa Rizzo; field of view 
1.99 mm. 


national and submitted to the AGTA Spectrum Awards, 
receiving honorable mention in 2022. To this day, the au- 
thor has yet to encounter such a remarkable set of match- 
ing emerald with matrix cabochons. 

Under the microscope, the matrix has a coarse, sand-like 
texture. Raman spectroscopy identified the matrix as prima- 
rily consisting of an aggregate of feldspar grains displaying a 
banded pattern. Under magnification, the green gem area 
showed jagged multiphase inclusions along with euhedral 
pyrite crystal inclusions (figure 2). Laser ablation—induc- 
tively coupled plasma—mass spectrometry and inclusion ob- 


Editors’ note: Interested contributors should send information and illus- 
trations to Stuart Overlin at soverlin@gia.edu. 
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Figure 3. The white and cream non-nacreous pearl 
weighing 0.29 ct and measuring 3.75 x 3.55 mm. 
Photo by Gaurav Bera. 


servation were consistent with a Colombian origin. It is re- 
markable to see such a well-matched suite of unusual emer- 
alds with matrix in the gem trade. 


Jessa Rizzo 
GIA, Carlsbad 


Calcite present in a pearl from Pinctada maculata. Pinc- 
tada maculata pearls, also known in the trade as “pipi 
pearls,” form in shells considered to be the smallest of all 
the Pinctada species. The shell size ranges from 2 to 6 cm 
and produces pearls ranging from 1 to 4 mm. However, some 
rare examples may reach up to 9 mm (Spring 2014 GNI, pp. 
89-90). Most pearls from this mollusk exhibit a yellow to 
“golden” color range, yet some are white to cream, orange, 
and gray. Round to near-round pearls are quite typical of the 
species, but other shapes may be found, as with all pearls 
(N. Nilpetploy et al., “The gemological characteristics of 
pipi pearls reportedly from Pinctada maculata,” Winter 
2018 GwG, pp. 418-427). They are distributed throughout 
French Polynesia and the Cook Islands and found in shallow 
waters and depths up to 20 meters. GIA’s Mumbai labora- 
tory had the opportunity to examine a quantity of these 
pearls, which were reportedly sourced from known divers 
who fished them from wild P. maculata mollusks off the 
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Cook Islands. The parcel contained 306 natural pearls of var- 
ious sizes and shapes, with measurements ranging from 2.87 
x 2.69 x 2.55 mm to 8.34 x 3.25 mm. 

Real-time microradiography (RTX) showed a variety of 
internal structures expected for natural pearls. Externally, 
most samples showed the typical nacreous overlapping arag- 
onite platelets (platy structure) and surfaces that ranged from 
clean to moderately blemished. However, one near-oval, bi- 
color white and cream pearl, weighing 0.29 ct and measuring 
3.75 x 3.55 mm (figure 3), revealed a very interesting surface 
structure under 40x magnification. The top part of the pearl 
exhibited a mosaic, or network of columnar calcite struc- 
tures in a cellular form (hexagonal and clustered), creating 
an uneven surface. This was similar to the appearance of 
non-nacreous pen pearls (N. Sturman et al., “Observations 
on pearls reportedly from the Pinnidae family (pen pearls),” 
Fall 2014 GwG, pp. 202-215). The bottom part had a com- 
bination of both: areas of nacreous overlapping aragonite 
platelets (the circular ring-like area around the base} and 
areas of columnar calcite structure (figure 4). The surface 
was unique among those observed in the lot, as it exhibited 
both polymorph forms of calcium carbonate (aragonite and 
calcite). To confirm the non-nacreous cellular areas ob- 
served, Raman analysis using a 514 nm laser excitation was 
carried out on three spots of the pearl’s surface (spots 1 and 
2, with cellular structure and spot 3 with platy structure). 
Spots 1 and 2 showed peaks at 280 and 712 cm, respec- 
tively, indicative of calcite. Spot 3 showed a doublet at 701 
and 704 cm! and a peak at 1085 cm, both characteristic 
features of aragonite (figure 5). 

RTX imaging revealed an organic-rich fine acicular fea- 
ture with no central core, associated with some concentric 
growth arcs (figure 6, left). X-ray computed microtomogra- 
phy (u-CT) showed a large central fine acicular feature with 
a small core showing its calcitic nature, surrounded with 
thick, dense organic-rich concentric growth arcs (figure 6, 
right). The internal structure of the pearl matched with the 
expected columnar structure observed on the surface, as 
noted in previous research reports. 

Energy-dispersive X-ray fluorescence spectrometry re- 
vealed a low manganese level of 16 ppm and a higher stron- 
tium level of 1286 ppm. Optical X-ray fluorescence was 


Figure 4. Left: Cellular 
calcite structure; field 
of view 0.5 mm. Right: 
Aragonite platy surface 
structure; field of view 
0.8 mm. Photomicro- 
graphs by Pfokreni 
Nipuni. 
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RAMAN SPECTRA 


Figure 5. The Raman 
spectra showed peaks 
at 280 and 712 cnr in- 
dicative of calcite 
(spots 1 and 2) and typi- 
cal aragonite features at 
701, 704, and 1085 cm! 
(spot 3). 
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inert, and both results are characteristic of the saltwater 
environment in which the pearl formed. The pearl showed 
a moderate bluish green reaction under long-wave UV ra- 
diation and a much weaker bluish green reaction under 
short-wave UV. It was also examined by the ultra-short UV 
wavelength (230 nm) of the DiamondView, which revealed 
a clear bluish reaction with fine cellular hexagonal colum- 
nar features typically indicative of calcite. 

Spectroscopic examination confirmed the presence of 
both calcite and aragonite. The top and bottom portions of 
this P. maculata pearl exhibited a combination of calcite 
and aragonite surface features aligned parallel to each 
other. Such external features are not typically observed in 
pearls from this mollusk, based on the extensive samples 
GIA has examined globally, which makes this pearl rare 
and interesting despite its lack of visual appeal. 


Anukul J. Belanke, Roxane Bhot Jain, and Nishka Vaz 
GIA, Mumbai 


Abeer Al-Alawi 
GIA, Global 
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An unusual metallic core in a natural Pinctada radiata 
pearl from Kuwait. The pearl (oyster) beds, or heirat in Ara- 
bic, around the State of Kuwait in the Persian (Arabian) Gulf 
have been known throughout history for producing some of 
the finest natural pearls. GIA’s Bangkok laboratory recently 
examined a quantity of these pearls obtained from a Kuwaiti 
pearl diver. The trusted diver said they were fished from wild 
Pinctada radiata mollusks at depths of 6 to 15 meters from 
one of the main pearl beds in the waters of Kuwait. The par- 
cel consisted of various shapes and colors ranging from 
white to light yellow, with a few colored pearls as well. 

The samples showed a variety of internal structures, 
but one round cream-colored pearl in particular, weighing 
0.23 ct and measuring 3.20 x 3.12 mm (figure 7], revealed 
an interesting structure using real-time microradiography 
(RTX) and X-ray computed microtomography (u-CT) analy- 
ses. When viewed under 40x magnification, the pearl’s 
smooth and high-luster surface exhibited typical nacreous 
overlapping aragonite platelets. 

RTX imaging revealed a very unusual small ovalish 
radiopaque white core located in the pearl’s center. The 


Figure 6. Left: RTX 
image revealing the cal- 
citic nature of the pearl. 
Right: u-CT scans 
showed a small core 
with a large acicular 
structure covering the 
entire area. 
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radiopaque core stood out in contrast to the rest of the 
pearl’s structure (figure 8), indicating that the feature was 
composed of a material containing elements with higher 
atomic numbers on the periodic table. The appearance of 


Figure 7. The cream- 
colored pearl weighing 
0.23 ct and measuring 
3.20 x 3.12 mm, shown 
against the anterior of a 
Pinctada radiata mol- 
lusk. Photo by Nuttapol 
Kitdee. 


on the pearl’s surface and showed a doublet at 702, and 705 
cm as well as a peak at 1085 cm indicative of aragonite. 
Weak polyenic pigment peaks associated with the pearl’s 
cream coloration were also observed at around 1135 and 


the core was typical of that seen for metals when examined 
by X-rays, such as the metal post within the drill hole of 
the pearl in figure 9. The core measured approximately 0.19 
x 0.15 x 0.13 mm and was surrounded by fine concentric 
rings with a small area of associated radiolucent organic- 
rich material. The small organic-rich area extending to- 
ward the outer growth layers appeared darker gray in the 
RTX and u-CT images. Although the metallic core created 
doubts about the pearl’s origin, the associated concentric 
ring structure surrounding it was more indicative of natu- 
ral origin. The p-CT scan images were also rendered using 
specialized software (“New 3-D software expands GIA’s 
pearl identification capabilities,” GIA Research News, 
May 13, 2016) to create a three-dimensional image that 
made it easier to visualize the form of the central metal 
core (figure 10; see video of the 3D model at 
www-.gia.edu/gems-gemology/summer-2023-gemnews- 
metallic-core-pinctada-radiata). 

Energy-dispersive X-ray fluorescence spectrometry re- 
vealed no manganese and a strontium level of 1400 ppm, 
which is characteristic of a saltwater environment. Raman 
analysis using 514 nm laser excitation was also carried out 


Figure 8. Top: RTX images revealing the entire volume 
of the pearl’s internal structure in two different direc- 
tions. Bottom: Slightly enlarged p-CT scans showing 
the radiopacity of the core more clearly. The darker 
areas are organic-rich. 
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Figure 9. RTX image of a bead cultured pearl reference 
sample with a metal post in the drill hole. The metal 
appears radiopaque and matches the appearance of the 
core feature in the pearl examined in the present study. 


1530 cnr. Ultraviolet/visible reflectance spectra showed 
features at around 410, 435, and 460 nm and an additional 
band at 495 nm, in keeping with observations previously 
recorded for Pinctada radiata pearls (A. Al-Alawi et al., 
“Saltwater cultured pearls from Pinctada radiata in Abu 
Dhabi (United Arab Emirates),” Journal of Gemmology, 
Vol. 37, No. 2, 2020, pp. 164-179). 


Although GIA was not permitted to cut the pearl in 
half or grind the surface down to reach the metal, we be- 
lieve the feature may be a metal oxide similar to one pre- 
viously documented (M.S. Krzemnicki, “Pearl with a 
strange metal core,” SSEF Facette, No. 24, 2018, p. 27). 
How this apparent metal found its way inside the mollusk 
is still a mystery. Since the diver found the pearl with other 
natural pearls that GIA also examined and confirmed, and 
it came from an area that lacks any pearl farms, it seems 
unlikely that a human inserted the metal core as a bead 
nucleus. It is possible that the core resulted from the pol- 
lution the region witnessed after the Gulf War in 1992, and 
a foreign metallic particle found its way into a mollusk. 
Residue from the shipping industry is another possibility, 
with potential pollution from the heavy volume of oil 
tankers and other vessels in the area. Hence, water con- 
tamination may be a convincing explanation for the un- 
usual structure observed in this unique and fascinating 
natural Kuwaiti pearl. 


Ravenya Atchalak and Kwanreun Lawanwong 
GIA, Bangkok 


Emiko Yazawa 
GIA, New York 


Abeer Al-Alawi 


Saltwater clamshell beads (Tridacna species) used in fresh- 
water cultured pearls. GIA’s Bangkok laboratory recently 
studied 23 intriguing freshwater bead cultured pearls pur- 
chased from a vendor in Hong Kong. They displayed an 
elongated baroque shape with a surface protuberance at 
one end, and they weighed approximately 20 ct apiece and 
ranged from 16.73 x 12.58 x 12.49 mm to 18.98 x 13.53 x 
13.43 mm (figure 11). Their shape and appearance are sim- 
ilar to saltwater bead cultured pearls known in the market 
as “Tokki pearls” (A. Homkrajae et al., “Internal structures 
of known Pinctada maxima pearls: Cultured pearls from 
operated marine mollusks,” Fall 2021 GwG, pp. 186-205). 

Real-time microradiography (RTX) revealed the dis- 
tinct round demarcation of a bead nucleus with additional 
void and/or linear features in all the samples, as expected 
from their external appearance (figure 12, left). However, 
the beads were more radiopaque and appeared lighter gray 
in RTX imaging than the traditional freshwater shell bead 
nuclei widely used in both saltwater and freshwater bead 
cultured pearl production (P. Southgate and J. Lucas, The 
Pearl Oyster, 2008, p. 286; “Freshwater pearling in Ten- 
nessee,” GIA Research News, October 7, 2016; N. Stur- 
man et al., “Vietnam: Shell nuclei, pearl hatcheries, and 
pearl farming,” Fall 2020 GWG, pp. 402-415). Numerous 
long, thick parasite tubes were visible within the beads, 


Figure 10. The 3D models generated using pt-CT scans 
show the blue area as the metallic core, while the sur- 
rounding area represents the pearl’s growth structure. 
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Figure 11. A strand of baroque-shaped freshwater bead cultured pearls shown with two Tridacna-species mollusk 
shells from GIA’s shell reference collection. Each sample weighs approximately 20 ct, ranging from 16.73 x 12.58 x 
12.49 mm to 18.98 x 13.53 x 13.43 mm. Photo by Nuttapol Kitdee. 


something not often seen in traditional beads (figure 12, 
right). Optical X-ray fluorescence imaging was used to ver- 
ify the pearls’ freshwater origin. They exhibited weak to 
moderate yellowish green fluorescence, confirming a 
freshwater origin. However, the reaction was much 
weaker than many freshwater bead cultured pearls of the 
same size and nacre thickness previously examined. These 
unusual characteristics observed in RTX and X-ray fluo- 
rescence imaging led us to cut two pearls in half to inves- 
tigate the bead nuclei. 

The cross sections revealed bead nuclei approximately 
12, mm in diameter. The beads appeared chalky white and 


) 
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opaque, unlike traditional beads that are commonly white 
to cream-colored and semitranslucent. Moreover, the beads 
exhibited a porcelain-like texture and a subtle flame pat- 
tern. We ground the surface of two additional samples to 
better understand the material. Banded structures of shell 
formation with subtle flame structures in between were 
present (figure 13). 

Energy-dispersive X-ray fluorescence was used to ana- 
lyze the elemental concentration of the outer nacre layer 
and the bead nuclei. The nacre layer showed a high level 
of manganese and low strontium content, confirming the 
pearls formed in a freshwater environment. Conversely, 


Figure 12. RTX imaging 
revealed shell bead nu- 
clei approximately 12 
mm in diameter en- 
tirely covered by the 
pearl’s approximately 1 
mm thick nacre (left), 
with numerous parasite 
channels in the beads 
(right). 
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Figure 13. Left: A cross section with the Tridacna fashioned shell bead nucleus inside showing fine subtle flames in 
between banded structures. Right: Magnified view of the clamshell bead’s flame structure. Photomicrographs by 
Kwanreun Lawanwong; fields of view 19.20 mm (left) and 7.20 mm (right). 


the bead nuclei showed high strontium (around 1000 ppm) 
and no manganese was detected, which are typical results 
for pearls from a saltwater environment. X-ray fluores- 
cence imaging of the cross section displayed a strong yel- 
lowish green reaction on the freshwater nacre due to high 
manganese content, while the saltwater bead nuclei were 
inert (figure 14). A Raman spectrometer with 514 nm 
argon-ion laser excitation was employed to analyze the 
bead nuclei composition, and double peaks at 701 and 705 
cm and a single peak at 1085 cm" of aragonite were 
recorded. Aragonite is a common component of shell and 
pearl. 

The large size, white color, porcelain surface appear- 
ance, banded structure with flames, saltwater formation 
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environment, and aragonite composition of the bead nu- 
clei suggested they were created from the clamshell of Tri- 
dacna-species mollusks. Fashioned shells from Tridacna 
species have been applied particularly in pearl imitations 
(see Summer 2014 Lab Notes, pp. 153-154; Spring 2015 
Lab Notes, pp. 62-63) but are not commonly used in cul- 
turing because they are easily broken during the drilling 
process. More importantly, shells from Tridacna species 
should be avoided for jewelry items or decoration since 
they are protected by the Convention on International 
Trade in Endangered Species of Wild Fauna and Flora 
(CITES), the international agreement that protects endan- 
gered species. 


Kwanreun Lawanwong 


Figure 14. An X-ray illu- 
minated cross section 
produced a strong yel- 
lowish green fluores- 
cence reaction on the 
freshwater pearl’s outer- 
most surface nacre 
layer, while the inner 
rounded saltwater 
clamshell beads showed 


an inert reaction. 
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Figure 15. “Rabbit hair” quartz samples with different colors. Photos by Shuqian Rui. 


Special hair-like inclusions in quartz. “Rabbit hair” quartz 
is a commercial variety of quartz with special inclusions. 
These inclusions resemble rabbit fur and are shorter and 
thinner than the typical rutile, tourmaline, or other acicular 
inclusions found in sagenitic quartz. To explore their inter- 
nal features, nine rabbit hair quartz samples were classified 
according to the color of their inclusions (figure 15): red (R1I- 
R4), yellow (Y1 and Y2), and white (W1—W3). The white rab- 
bit hair quartz is rarer than the other colors. 


Microscopic observation shows slight variation between 
the different colors of these hair-like inclusions. In the red 
rabbit hair quartz, massive curved red fibers are distributed 
evenly. They are mostly brownish red and less than 1 mm 
in length (figure 16A). The bright yellow needle-like inclu- 
sions are distributed regularly but with some localized dis- 
order. Some of the disordered parts form divergent bundles 
(figure 16B). The white inclusions seem to be hollow tubes, 
measuring approximately 1-2 mm (figure 16C). 


Figure 16. A: Fibrous inclusions in red rabbit hair quartz (sample R1). B: Needle-like inclusions in yellow rabbit 
hair quartz (sample Y2). C: The tubular inclusions in white rabbit hair quartz (sample W1). Photomicrographs by 
Shugian Rui; fields of view 0.71 mm (A), 0.91 mm (B), and 1.26 mm (C). 


Gem News INTERNATIONAL 


Gems & GEMOLOGY SUMMER 2023 249 


at dann : < " 


Yada tae eS 


Figure 17. The secondary electron images of the oblique section of the hollow tubes, outlined in yellow (sample 


W1). Images by Jinyu Zheng. 


Raman analysis identified the inclusions in samples 
W1, R1, and Y2. The hollow tubes in sample W1 with 
peaks at 208, 2.66, 355, 405, 465, 810, and 1083 cm! are the 
characteristic peaks of quartz. The fibrous red inclusions 
in sample R1 with peaks at 246, 295, 412, 612, and 1319 
cm are hematite. The yellow inclusions in sample Y2 
with peaks at 305, 394, and 694 cm” are goethite. 

The freshly exposed surface of sample W1 was observed 
by scanning electron microscope (SEM). Figure 17 shows 
the secondary electron images; the pits are oblique sections 
of exposed hollow tubular inclusions (left), and the mor- 
phology of parallel sections of hollow tubes can be observed 
as grooves (right). In the pits, SEM with energy-dispersive 
spectrometry indicated that the main composition was 
SiO,, and no other impurity minerals filled into the hollow. 

Fibrous hematite inclusions present in this study are 
rare in quartz, and their formation is likely related to the 
growth conditions (I. Sunagawa, Crystals: Growth, Mor- 
phology and Perfection, Cambridge University Press, Cam- 
bridge, 2005, p. 61). White hollow tubular inclusions might 
be the corroded product of hydrothermal fluids or weath- 
ering. In these processes, mineral inclusions were etched 
away, leaving the hollow tube with its original shape (Win- 
ter 2007 GNI, p. 370-373). However, the origin of yellow 
rabbit hair quartz still needs further research. 


Qian Zhang, Shugqian Rui, and Xingtong Li 
Gemmological Institute 

China University of Geosciences, Wuhan 
Jinyu Zheng 

School of Earth Sciences 

China University of Geosciences, Wuhan 


TREATMENTS 


Characteristics of treated rubies from Greenland. Rubies and 
pink sapphire from Greenland are a new addition to the 
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trade. The deposits have been known for decades, but only 
in the last three years have the finished gems become avail- 
able in the market. The vast majority of the material is 
mined by the company Greenland Ruby and disclosed as 
treated. The habits of the rough corundum crystals are tabu- 
lar, barrel, or rounded in shape. Their color ranges from dark 
red to very light pink, with a varying purplish or grayish cast. 

Since the stones are mined from a primary deposit, they 
are often attached to other minerals. Most are mechani- 
cally removed at the mine site during the highly auto- 
mated sorting process. At Greenland Ruby’s treatment 
facility, some stones might be further manually trimmed 
or clipped to remove more of the matrix. Next, the rubies 
and pink sapphires are intensely cleaned with strong acids. 
These dissolve most minerals but do not affect the corun- 
dum. Lime is used to neutralize the acid, sometimes leav- 
ing a thin white coating on the rough stones. 

After cleaning, the stones are heated with flux in cru- 
cibles and heated in electric furnaces for multiple hours at 
high temperatures (>1500°C). This method improves the 
clarity by healing thin fractures. Excess flux covers the 
rough stones in a thin glassy layer. After cooling, this prod- 
uct is polished as cabochons or beads. Higher-clarity pieces 
are faceted. The small amount of corundum produced by 
artisanal miners is treated in a similar fashion, but their 
exact procedures are not known. 

Inclusion scenes of untreated stones are described in 
C.P. Smith et al. (“Ruby and pink sapphire from Aappalut- 
toq, Greenland,” Journal of Gemmology, Vol. 35, No. 4, 
2016, pp. 294-306) and K. Thirangoon (“Ruby and pink sap- 
phire from Aappaluttoq, Greenland: Status of ongoing re- 
search,” GIA Research News, March 23, 2009). These 
studies highlight the unique and exotic suite of crystal in- 
clusions, including sapphirine and cordierite. We were able 
to complement these earlier works by studying some of the 
high-grade material recently produced by Greenland Ruby 
that has been treated. This is a very intense treatment pro- 
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mineral was venerated in Mexico from very 
early times. Some of the oldest pieces of 
carved jadeite have been found there in the 
excavations of ancient temples, and particu- 
larly in burials of high-priests and nobles. 
Some of these jades were inscribed with his- 
torical records. Of actually dated pieces, the 
earliest yet found has Mayan numeration 
corresponding to the year 96 B.C., but from 
correlative evidences there were others much 
older, going back more than a thousand years 
before the time of Christ. 

It is interesting to note that there appear 
to have been definite styles in the chosen 
color of jade stones. From researches of the 
distinguished histortan, Miguel Covarrubias, 
it seems that during the earliest ‘“Olmec’’ 
period (from about 1400 B.C.) blue-gray 
jadeite was predominant. In late Olmec, 
down to the beginning of Mayan domina- 
tion, the tendency seems to have been to- 
ward blue-green. Then, during the Classic 
Mayan period, which extended over most of 
the first millenium of the Christian Era, 
there commenced the preference for bright- 
green stone. This latter is further evidenced 
by the Mayan jades found in that royal tomb 
uncovered at Palenque, in the State of Chia- 
pas, by the eminent archeologist Alberto 
Ruz. Among the fabulous ornaments buried 
there, in the Temple of Inscriptions, were 
many pieces of highly polished jadeite equal 
in color and transparency to the best "‘im- 
perial-green” from Burma. 

Probably the ancients obtained their crude 
chalchihuitl as pebbles and washed-boulders 
from the channels and playas of mountain 
streams. The sizes and shapes of the original 
stones unquestionably influenced the form 
and design of the carving that was done so 
artistically, especially on the older archeolo- 
gical jades. Also this opinion is supported by 
the writings of the early Spaniards who re- 
corded in various Codices thetr observations 
of Indian culture. 


As to the places where the rough stones 
might have originated, something may be 
guessed from the concentrations of jade ob- 


jects that have been picked up after rain- 
storms, or dug from the ground by farmer's 
plows. But, since these might have been 
brought from a distance, more dependable 
guidance probably can be had from the 
Tribute Roll of Montezuma, which recorded 
the names of several towns that regularly 
supplied articles of carved jade for the over- 
lords of the Mexican court. It seems reasor- 
able to suppose that the allocation of such 
tributary requirements most likely would 
have been guided by knowledge of the possi- 
bility of fulfillment. Then, as a further guide, 
there is the geological limitation that jadeite 
would occur only where there are metamor- 
phic rocks favorable to its formation. And 
so, after having plotted the location of all the 
ancient towns that paid tribute of jade, as 
has been described elsewhere, and then de- 
limiting those areas by study of the country 
rocks, there appears a definite likelihood that 
jadeite most probably will be found by ex- 
ploration in the mountainous parts of the 
States of Guerrero, Oaxaca, Chiapas, or Vera 
Cruz, in Mexico. 

Farther to the south there are the peculiar 
deep blue-green jades of Costa Rica not yet 
traced to their source. Then, too, the mystery 
of the jade ornaments found in Venezuela 
and along the Amazon River stil] remains 
unsolved. But the several discoveries of local 
sources in other American regions where 
artifacts of jade abound, give encouragement 
to the belief that these, also, will yicld up 
their secrets eventually to methodical ex- 
ploration. 

Here, then, may well be concluded this 
paper, which gathers into one place the bits 
of information gleaned from many sources 
as to the nature of jade. Development of the 
names of the two varieties has been traced. 
Differences in mineral composition were 
then discussed. Various means of identifica- 
tion have been outlined. And, finally, there 
were described the manners of occurrence 
of all known deposits of jade, ending with 
a recital of those that beckon yet to be re- 
vealed. 


FALL 1954 


Figure 18. Greenland’s rubies are characterized by 
abundant twinning planes. The twinning planes are 
not altered by the treatment at a larger scale, but fea- 
tures associated with the twinning can be signifi- 
cantly affected by heating. Photo by S. Wongchacree; 
field of view 14.40 mm. 


cedure that significantly alters the inclusion scenes of 
Greenland’s rubies and pink sapphires. 

The most obvious internal features are linked to the 
omnipresent twinning in corundum from Greenland (fig- 
ure 18). The twinning planes themselves are not altered by 
the treatment. The so-called Rose channels, which are hol- 
low tubes at the intersection of twin planes, do show 
changes. Small fractures, often healed, develop around the 
linear features, while the tubes themselves usually take on 
a more spotted appearance when viewed at higher magni- 
fication (figure 19A). 

Most crystal inclusions show strong alteration, as ex- 
pected for high-temperature treatment. This makes the 
unique inclusion scene of Greenland ruby and sapphire un- 
recognizable. Many of these inclusions transform into 
“snowballs” with a white frosty opaque nature, often ac- 
companied by discoid fractures that can show signs of heal- 


ing (figures 19, B and C). In rare cases, crystal inclusions 
such as zircon remain unaltered. 

Less common in Greenland rubies are particles and 
platelets. Since they require a correct alignment of the ob- 
server, platelet, and light source to be detected, they are 
often overlooked. The particles are a mix of elongated and 
irregularly shaped platelets. Some could be described as 
short, stubby needles resembling arrowheads (figure 20, left). 
They can also appear in dense clouds of finer particles with 
a roughly hexagonal outline (figure 20, right). These look 
very similar to the features observed in East African rubies 
from Mozambique and Madagascar, where they are very 
common. These seem to be only subtly affected by the treat- 
ment. In rare cases, the platelets take a roughly hexagonal 
form with concentric brightness zoning, resembling a fried 
egg “sunny-side up.” These may be reminiscent of inclu- 
sions typically associated with Thai rubies, although Thai 
rubies almost never show the presence of other particles. We 
suspect that the unique appearance of these platelets is due 
to the intense heat they have been subjected to. 

Apart from the twinning features, the most obvious fea- 
tures in the treated stones are flux-healed fractures. These 
are caused entirely by the treatment and are diagnostic of 
flux healing. As such, they are completely unrelated to a 
specific origin. Remnants of the flux trapped in the healing 
fracture can appear as small irregular droplets or connecting 
worm-like tubes (figure 21, A and B). These might bear 
some resemblance to natural fingerprints, but they usually 
have a coarser appearance with more translucent whitish 
patterns. When the healing is incomplete, the flux can be 
present in the fractures as a glassy substance showing 
swirling patterns and trapped gas bubbles (figure 21C). 

The treatment has no impact on the corundum’s trace 
element chemistry. The composition of the studied suite 
is in line with the data reported in Smith et al. (2016). The 
only values that show some deviation are the titanium 
concentrations, which are lower in the samples analyzed 
in this study (12-102 ppmw vs. 81-1227 ppmw in Smith 
et al.). This might be explained by the higher quality of the 
samples and thus the absence of cloudy, rutile-rich zones 


Figure 19. A: The Rose channels take on a more spotted appearance and can have multiple partially healed frac- 
tures around them; field of view 1.44 mm. B: This crystal was completely destroyed; all that remains is a cottony 
“snowball” inclusion; field of view 1.80 mm. C: All of the inclusions in this cluster developed partially healed frac- 
tures around them; field of view 3.60 mm. Photomicrographs by S. Wongchacree (A) and C. Khowpong (B and C). 
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View. 


Figure 20. Left: The particles often appear as a mix of short needles, arrowheads, and more irregular shapes. Illumi- 
nating them requires the right orientation of the eye, particles, and light source. Right: Dense clouds of finer parti- 


cles are occasionally found in Greenland rubies. Photomicrographs by C. Khowpong; fields of view 2.40 mm (left) 
and 2.88 mm (right). 


that have higher titanium concentrations. As mentioned 
in earlier studies, the trace element composition of these 
stones can overlap with rubies that form in amphibolites, 
which are commonly encountered in East Africa (mostly 
Mozambique and Madagascar). 

Heat treatment with added flux clearly has a significant 
impact on the overall appearance and can be easily detected 
by the multitude of healed fractures. The treatment does 
alter some important internal features that can complicate 
origin determination. 

Martin Viala 

Greenland Ruby, Bangkok 

Wim Vertriest, Charuwan Khowpong, and 
Suwasan Wongchacree 

GIA, Bangkok 


A new treatment: Creating phantom structure in opal. 
Phantom structure in opal is a rare and interesting feature 


found only in Ethiopian opals (www.opalauctions.com/ 
learn/opal-information/phantom-ghost-of-the-opal). The 
phantom consists of a large spherical inclusion, white and 
opaque, that is enclosed by transparent, yellow, or colorless 
host opal—whimsical names include “ghost,” “egg,” and 
“mother and daughter” opal. The exotic combination of 
precious opal surrounded by transparent opal renders this 
material more attractive and valuable. So far, there has 
been little research on its characteristics and formation. 
At the end of 2021, while performing experiments on 
natural opal to test changes in transparency and the play- 
of-color effect with various solutions, the authors acciden- 
tally discovered how the phantom formed artificially in 
natural opal when immersing the stones in a mixture of 
water, oil, acetone, and other solutions (figure 22). As our 
curiosity continued to grow, we devised a treatment 
method to create a phantom in opal by adjusting the 
amount of solutions, time, and temperature. The phantom 
opal obtained by the treatment is visually similar to natu- 


Figure 21. A: This healed fracture has irregular droplets of flux that were trapped during healing. They stand out 
due to their high relief and more translucent appearance; field of view 2.88 mm. B: Connecting networks of 
trapped flux in a healed fracture; field of view 2.80 mm. C: Not all fractures were able to heal to the same degree. 
Swirling droplets of trapped flux and air reveal that a large portion of this fracture is actually filled with solidified 
flux rather than healed corundum; field of view 1.20 mm. Photomicrographs by C. Khowpong (A and B) and S. 


Wongchacree (C). 
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ral phantom opal (figure 23). The treatment is simple, but 
it creates a spectacular and bizarre structure that improves 
the stone’s appeal and value. 

To reproduce the treatment process, we randomly se- 
lected an opal sample purchased from a jewelry store in Ho 
Chi Minh City (the seller did not know the gem’s origin). 
The oval cabochon weighing 19.0 ct was white in body- 
color and semitranslucent, with weak play-of-color (dull 
orange, yellow, green, and blue). The gem was tested before 
and after treatment using standard gemological methods 
and Fourier-transform infrared (FTIR) spectroscopy with a 
spectral range from 650 to 4000 cm at Liu Gemological 
Research and Application Center. The refractive index was 
1.45 (spot method), and the hydrostatic specific gravity was 
1.72-1.85. The stone was inert to long- and short-wave ul- 
traviolet radiation. Examination with a gemological micro- 
scope revealed many black inclusions that might be black 
magnetite. FTIR spectroscopy displayed major absorption 
bands at 779, 999, and 1638 cm. The gemological proper- 
ties and FTIR analysis indicated natural opal. 

After the gemological examination, the opal was 
soaked in a mixture of 90% vegetable oil and 5% ethanol, 
and the mixture was boiled at 80°C. Treatment time de- 
pended on the sample size and the expected size of the 
phantom. With longer heating time, more of the “phan- 
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Figure 22. An 11.68 ct 
treated phantom opal 
in which the phantom 
structure appeared dur- 
ing experiments with 
various solutions. The 
sample is shown under 
daylight through the 
dome (left) and under 
halogen lighting 
through the bottom 
(right). Photos by Le 
Ngoc Nang. 


tom” was converted into transparent opal, resulting in a 
smaller center and larger surrounding transparent area. In 
this case, the author decided to treat the gem for 36 hours, 
and the finished artificial phantom was half the size of the 
host opal (figure 24). The shape of the phantom was similar 
to that of the host gemstone. Notably, the play-of-color 
area shrank after treatment. It went from covering the en- 
tire opal to just a thin layer at the outline of the phantom. 
Interestingly, the dull quality of the play-of-color did im- 
prove somewhat. 

The characteristics of an opal sample before and after 
treatment are shown in table 1. Three distinct features can 
be used to identify the artificial phantom. The first is the 
morphological similarity between the host opal and its 
phantom. Second, the treated phantom opal strongly lumi- 
nesces under long- and short-wave UV radiation as a result 
of the oil, while the natural opal is usually inert to weak 
green. Third, the FTIR spectra after treatment exhibit two 
additional significant peaks at 2853 and 2922 cmr!, attrib- 
uted to the symmetric and asymmetric stretching vibration 
of the aliphatic CH, group present in oil (N. Vlachos et al., 
“ Applications of Fourier transform-infrared spectroscopy to 
edible oils,” Analytica Chimica Acta, Vol. 573-574, 2006, 
pp. 459-465). The third feature is also the most noticeable 
evidence that the sample has been treated with oil. 


Figure 23. There is no 
significant visual differ- 
ence between an un- 
treated Ethiopian 
natural phantom opal 
(left, 35 ct) and a 
treated phantom opal 
(right, 6 ct). Photos by 
Le Ngoc Nang. 
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The treated sample was stored at room temperature 
under fluorescent lighting for three months to test the 
treatment’s stability. The phantom remained intact, lead- 
ing the authors to conclude that the treatment stabiliza- 
tion is permanent under normal conditions. The apparent 
stability of the transparent opal may be explained by the 
impregnated oil in the stone, which evaporates slowly. To 


TABLE 1. Gemological properties of a phantom opal 
before and after treatment. 


Property Before treatment After treatment 
Weight OSTIEGE 10.06 ct 
Bodycolor White Yellow 


Weak green-blue- 
yellow-orange 


Medium green-blue- 


Play-of-color 
y yellow-orange* 


Shape Oval Oval 
RI 1.45 1.45 
SG 1.72 1.85 
Fluorescence Inert EW. trong luc 


SW: Medium blue 


Transparency? Semitranslucent Transparent 


782, 1007, and 1645 
cm! 


782, 1007, 1645, 2853, 


HR peaks and 2924 cm" 


“The play-of-color on the outline of the phantom 
‘The transparency of the host opal 
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Figure 24. Left: The opal 
before treatment is semi- 
translucent white and 
shows a weak play-of- 
color. Right: After 36 
hours of treatment, the 
opal becomes transpar- 
ent light yellow, contain- 
ing a white phantom. 
Photos by Le Ngoc Nang. 


avoid damaging the treatment, however, careful handling 
is still advised when wearing a stone treated in this way. 
In gem trading, treated products must be disclosed. 
Treated phantom opal may appear commercially in the fu- 
ture, so it is important to disclose our treatment process 
used to create a phantom structure by impregnating opal 
with oil and heat, as well as the means to identify the treat- 
ment. More importantly, this report is intended to avoid 
confusion between natural and treated phantom opal. 


Le Ngoc Nang and Pham Minh Tien 

University of Science, Vietnam National University 
Ho Chi Minh City 

Liu Gemological Research and Application Center 


AUCTION REPORT 


Spring 2023 auction highlights. Following a lackluster start 
to the auction season in Hong Kong, all eyes were on the 
estate of late Austrian billionaire Heidi Horten in May, pre- 
sented by Christie’s in Geneva. Leading up to the three- 
part auction, the collection made headlines due to the 
controversial source of Horten’s wealth. (Horten’s late hus- 
band reportedly made his fortune buying businesses from 
Jews forced to sell well below value in Nazi Germany.} De- 
spite the controversy, the sale became the most lucrative 
jewelry auction in history, garnering $202.2 million and 
surpassing the 2011 auction of Elizabeth Taylor’s estate, 
which totaled $116 million. In accordance with her wishes, 
proceeds from Horten’s estate were donated to a founda- 
tion for medical research, child welfare, and access to the 
arts, while Christie’s pledged to donate part of its commis- 
sion to Holocaust-related charities. 

Also in Geneva, Sotheby’s rebounded from a disappoint- 
ing fall 2022 auction season for colored diamonds (Winter 
202.2, GNI, pp. 524-526) with the sale of the Bulgari Laguna 
Blu (figure 25). Cut by Bulgari in the 1970s for a private col- 
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Figure 25. The Bulgari Laguna Blu, an 11.16 ct Fancy 
Vivid blue diamond, was featured for the first time at 
auction in Geneva. Courtesy of Sotheby’s. 


lector, the 11.16 ct Fancy Vivid blue diamond made its auc- 
tion debut, selling just above its estimate at $25.2 million 
after only four minutes of bidding. As the highest-priced 


Figure 26. The 126.76 ct Internally Flawless Light of 
Peace diamond sold for $13.6 million. Courtesy of 
Christie’s. 
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Figure 27. The Estrela de Fura, a 55.22 ct ruby from 
Mozambique, became the largest and highest-priced 
ruby ever sold at auction. Courtesy of Sotheby’s. 


gem Bulgari has ever sold, the VS,, type IIb diamond also 
holds GIA’s highest color grade for a blue diamond. 

The season ended on a high note in June with the New 
York auctions. Leading Christie’s Magnificent Jewels sale, 
the 126.76 ct Internally Flawless Light of Peace diamond 
(figure 26) was offered without a reserve. Selling within its 
presale estimate, the GIA-graded type Ila diamond garnered 
$13.6 million. The largest stone cut from a 435 ct rough un- 
earthed in West Africa, the Light of Peace was once owned 
by the Zale family, who used the diamond to fund peace- 
supporting missions. To continue this legacy of goodwill, a 
portion of the proceeds from the auction will be donated to 
the United Nations High Commissioner for Refugees. 

At Sotheby’s Magnificent Jewels auction, two gems 
smashed multiple records. The Estrela de Fura (figure 2.7), a 
55.22, ct “pigeon’s blood” ruby, became both the largest and 
most expensive ruby ever to sell at auction, raking in $34.8 
million. The gem was cut from a 101 ct rough mined in 
Mozambique in July 2022, which made headlines as the 
largest gem-quality ruby ever discovered. Remarkable not 
only for its unprecedented size, the Estrela de Fura’s flores- 
cence, clarity, and vivid red hue rival that of Burmese rubies. 
A portion of the proceeds from the sale will help establish 
the Fura Training Academy in Mozambique, encouraging 
access for locals to education and technical training in areas 
such as mining, engineering, carpentry, and agriculture. 

Also selling for $34.8 million, the Eternal Pink (figure 
28), a 10.57 ct Internally Flawless Fancy Vivid purplish 
pink diamond, fell just short of its estimate but still sur- 
passed the previous record for a diamond of this color 
grade. The GIA-graded diamond, which was cut from a 
23.78 ct rough from Botswana, set a new record price per 
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Figure 28. The 10.57 ct Eternal Pink diamond set a 
new record per-carat price at $3.3 million. Courtesy of 
Sotheby’s. 


carat at $3.3 million. Sales of the Eternal Pink and the Es- 
trela de Fura helped Sotheby’s break two more records, be- 
coming the first auction to sell two items for more than 
$30 million each and achieving the highest total ever for a 
jewelry auction at Sotheby’s New York. The overall sale 
brought in $95.9 million, topping the house’s previous 
record of $65.1 million from April 2015. 


Erica Zaidman 
GIA, Carlsbad 


Figure 29. Susan Jacques accepts the Robert M. Ship- 
ley Award at the American Gem Society’s 2023 Con- 
clave in Louisville, Kentucky. Courtesy of AGS. 
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ANNOUNCEMENTS 


Susan Jacques receives Robert M. Shipley Award. Susan 
Jacques, GIA’s president and CEO, has received the Amer- 
ican Gem Society’s Robert M. Shipley Award, honoring her 
steadfast commitment to the jewelry industry. Named for 
the founder of GIA and AGS, the prestigious award was 
presented to Jacques at the AGS Conclave in Louisville, 
Kentucky, on May 2, 2023 (figure 29). 

Jacques previously served as president and CEO of Bor- 
sheims in Omaha, Nebraska, one of the nation’s largest in- 
dependent jewelry stores, where she reported directly to 
Warren Buffett. She served on GIA’s Board of Governors be- 
ginning in 1996 and held the chair position from 2008 to 
2013 before her appointment as president and CEO in 2014. 
Jacques holds a Graduate Gemologist diploma from GIA and 
is a fellow of the Gemmological Association of Great 
Britain. She is the sixth recipient from GIA to win the 
award. 


GIA Alumni Collective. The GIA Alumni Collective offers 
an exciting new networking platform for GIA graduates. 
The online community at collective.gia.edu allows a di- 
verse group of users to access both live and self-paced con- 
tinuing education seminars, join virtual chapters, connect 
with global alumni, and more. The site also puts GIA 
alums in the spotlight (figure 30), celebrating those who 
uphold the highest standards of GIA’s consumer protection 
mission. 

Deeta Thakural earned her Graduate Gemologist 
diploma at GIA’s Mumbai campus. As a fourth-generation 
jeweler, Thakural was drawn to design. Her award-winning 
collections blend organic shapes and rich hues that reflect 
the natural world. 

Mélanie Matthes studied at GIA’s Carlsbad campus, re- 
ceiving Graduate Gemologist, Pearls Graduate, and Applied 
Jewelry Professional diplomas. Her education, fascination 
with gemology, and love of history led to her career with a 
well-known auction house, handling some of the world’s 
most extraordinary jewelry pieces. 

Learning from GIA guided each member of the Hodge 
family down a different path. Aldis, a self-taught watch- 
maker and business owner, and his sister Briana, a visual 
specialist and photographer, encouraged their mother, 
Yolette, to explore her childhood fascination with diamonds 
and earn a Diamonds Graduate diploma. 

Visit https://collective.gia.edu/meet-the-collective.html 
to read stories from these alumni and more. 


Gemunes. Swiss-based Gemmologie & Francophonie has 
launched a French-language digital publication, Gemmes 
(figure 31). Released twice a year, the magazine covers a 
range of gem and jewelry topics and is open to submissions. 
Each article has an English-language abstract and figure cap- 
tions. The debut issue can be downloaded at gemmologie- 
francophonie.com/index.php/la-revue-gemmes. The second 
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Figure 30. Deeta 
Thakural, Mélanie 
Matthes, Yolette and 
Briana Hodge, and 
Aldis Hodge are some 
of GIA’s featured gradu- 
ates on the Alumni Col- 
lective website. 


issue, available in September, will examine lab gemology, 
art history, ethics, and more. 


CONFERENCE REPORTS 


2023 Sinkankas Symposium. The Nineteenth Annual 
Sinkankas Symposium was held at GIA in Carlsbad, Cali- 

fornia, on April 22. Cohosted by GIA and the Geo-Literary @ E MME S 
Society, the event’s theme was “San Diego County Gems Gere’ 

and Minerals.” Pink tourmaline, kunzite, spessartine gar- 
net, and aquamarine were the focus of 11 presentations (fig- 
ure 32). 

Emcee Robert Weldon (GIA, Carlsbad) welcomed the ca- 
pacity crowd to the first in-person Sinkankas Symposium 
since 2019. Dr. Raquel Alonso-Perez (Mineralogical and Ge- 
ological Museum, Harvard University] recounted the history 
of the Pala Chief mine starting in the nineteenth century. 
Bill Larson and son Will Larson (Pala International, Fall- 
brook, California) examined the tourmalines of the Pala 
Gem Mining District and the Himalaya mine, respectively. 
Brendan Laurs (Journal of Gemmology) overviewed the ge- 
ology of San Diego County pegmatites. Nathan Renfro (GIA, 
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Figure 31. The new French-language digital publication 
Gemmes, published by Gemmologie # Francophonie. 
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Figure 32. Brendan Laurs, Meg Berry, and Aaron Celestian at the Sinkankas Symposium. Photos by Judy Colbert. 


Carlsbad) showed fascinating inclusion features of various 
gem minerals from the county. Dr. Skip Simmons (Maine 
Mineral and Gem Museum, Bethel, Maine) detailed the tour- 
maline mineral group’s compositional variation, crystal struc- 
ture, and classification. 

Cal Graeber (Fallbrook, California) shared insights based 
on more than 50 years of experience mining and collecting 
San Diego County minerals. Lapidary artist Meg Berry 
(Megagem, Fallbrook, California) shared her decades of expe- 
rience cutting locally mined tourmalines and showed several 
of her award-winning creations. By video, Paula Crevoshay 
(Albuquerque, New Mexico) looked back on her love affair 
with the gems of Southern California, which have often been 
incorporated into her acclaimed jewelry designs. Dr. Aaron 
Celestian (Natural History Museum of Los Angeles County) 
spoke on the use of gems to illuminate art and science. Using 
the museum’s special exhibit of Crevoshay jewelry as an ex- 
ample, he explained its integration with social media and tra- 
ditional print media to communicate scientific content. Dr. 
George Rossman (California Institute of Technology, 
Pasadena) joined Dr. Aaron Palke (GIA, Carlsbad) in exam- 
ining the range of colors and color-causing elements in San 
Diego County gem minerals. 

The next Sinkankas Symposium, scheduled for May 
2024 in Carlsbad, will be on Burmese gems from Mogok. 


Sustainability conference at JCK. GIA participated in two 
panels on sustainability during the June 2023 JCK Las Vegas 
show. President and CEO Susan Jacques started the first 
panel by sharing with the audience the United Nations 
Brundtland Commission’s definition of sustainability: 
“Meeting the needs of the present without compromising 
the ability of future generations to meet their own needs.” 
A discussion covering GIA’s sustainability initiatives fol- 
lowed, highlighting the goal of building an inclusive and re- 
silient future for people and the planet. These initiatives 
focus on social inclusion, environmental protection, and 
economic growth—all interconnected and crucial for the 
well-being of individuals and societies. 

Sustainability has risen to the forefront of the gem and 
jewelry industry in the past ten years. A 2022 joint study 
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by the Boston Consulting Group (BCG) and Comité Col- 
bert estimated that 65% of consumers consider brands’ 
sustainability commitment when purchasing luxury prod- 
ucts, and McKinsey & Company projected that sustainabil- 
ity-influenced fine jewelry sales will go from 5-10% in 
2019 to 20-30% in 2025. 

GIA uses scientific and research-based expertise to ad- 
vance its crucial consumer-protection mission by driving 
transparency and bringing clarity to sustainability in the 
gem and jewelry value chain. In June 2023, GIA released 
its first sustainability report, developed in reference to the 
Global Reporting Initiative (GRI) framework and to the in- 
stitute’s first sustainability strategy. 

Looking ahead, GIA has outlined a sustainability strat- 
egy for the next two years. GIA’s 2025 sustainability strategy 
outlines the organization’s ambition for change, aiming to 
champion transparency by building resilience in the gem 
and jewelry sector through pioneering research and innova- 
tion, ultimately instilling greater confidence in GIA. The in- 
stitute will drive change from the inside out by building an 
inclusive culture and reducing its climate impact. Drawing 
on a science-led approach, GIA plans to improve traceability 
through digital tools. Collectively, the institute will accel- 
erate circularity, spearhead sustainability-related gemology 
research, and continue to raise awareness through responsi- 
ble education programs. By working together to champion 
transparency and build all-important trust, GIA intends to 
spark real, sector-wide sustainable change. 

The second panel gathered sustainability experts from 
across the industry: Sara Yood (Jewelers Vigilance Com- 
mittee), Iris Van der Veken (Watch and Jewelry Initiative 
2030), Josephine Silla-Afuwape (SCS Global Services), and 
consultant Christina Miller. The session began with vari- 
ous definitions of sustainability, followed by a discussion 
of how the industry collaborated on the Federal Trade 
Commission’s Green Guides. Panelists analyzed rising sus- 
tainability regulations in Europe and the U.S. and changing 
consumer behaviors. The presentation ended with key ini- 
tiatives needed to start a sustainability journey. 


Johanna Levy 
GIA, New York 
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Fire Obsidian’s Beguiling Spectrum 


Robert Weldon and Nathan Renfro | GIA, Carlsbad 


5 lie: Dodge (figure 1) has come to be associated with the natu- 
ral glass known as “fire obsidian.” Since 2014 he has champi- 
oned its vibrant beauty. He has also mined for it, for weeks at a 
time, at a private property owned by Emory Coons in the desolate 
Glass Buttes region of central Oregon in the United States (figure 
2). This volcanic terrain is easier to mine in late spring and summer. 

Dodge has spent years learning how to best fashion the mate- 
rial, first forming and then delicately polishing the glass at his lap- 
idary workshop in Phoenix, Arizona. Although it is challenging 
to visualize where the colors may lie in the rough, he has developed 
an affinity for locating iridescence in the raw material (figure 3). 
Interviewed at his lapidary studio in Phoenix in 2022, Dodge 
noted that even among his carefully selected chunks of glass, there 
are countless samples that simply do not show the effect, even after 
lapidary work. Others contain reflective layers that are not flat— 
when fashioned, they appear to billow and ripple like a wind- 
blown flag. 

Due to these nuances, which change from sample to sample, 
he takes time to carefully trim, fashion, and polish the pieces. He 


Figure 1. Tom Dodge was interviewed in February 2022 by GIA at 
his lapidary studio in Phoenix. Photo by Pedro Padua. 
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Figure 2. The Glass Buttes region of the U.S. state of Oregon. 


uses diamond abrasive cabochon-cutting equipment and optical- 
grade cerium oxide polishing powder to reveal vivid spectrums of 
undulating color and depth. While the exterior shapes he produces 
are large oval cabochons or tablets, the patterns and colors experi- 
enced in any piece, with proper lighting and orientation, are never 
replicated. 


Fire Obsidian 


“Obsidian, a natural volcanic glass, is not particularly rare,’ Dodge 
said, demonstrating how to shine a light on samples of his most vi- 
brant cabochons. “The material is widespread across the world. 
Most of it comes from the Western United States, but [it can be 
found] anywhere there are volcanic terrains. In North America, 
Mexico, and South America, there is an abundance.” 

Fire obsidian, so named for its vivid spectrum of colors, is rare 
and so far has been found in only one site within the Glass Buttes 
region of central Oregon. A rhyolitic dome field, Glass Buttes has 
vast quantities of obsidian in various patterns and varieties. But 
only a tiny percentage of it is suitable for fire obsidian. 

Dodge differentiates fire obsidian from so-called rainbow (or 
sheen) obsidian, which exhibits broad, mostly even bands of pastel 
colors. Much of that material comes from the Mexican state of 
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Notes on the 


Fracturing Around Zircon 


and 


Uther Gemstone Inclusions 


B. M. SHAUB, Ph.D. 


The study of inclusions in minerals has 
yielded much data that is invaluable in 
identifying some gemstones, but it is of 
much greater value in distinguishing natural 
stones from the synthetic or artificial ma- 
terials. The natural inclusions in minerals 
have been studied by mineralogists and 
petrographers from the invention of the 
petrographic or polarizing microscope to the 
present, a span of about one hundred years. 
The inclusions studied by the mineralogist 
or petrographer are, of course, in practically 
all cases, the same as those that occur in 
gems, for gem quality minerals are only the 
more perfect examples of certain mineral 
species. 

Probably the least understood of the in- 
clusions in gems are those referred to as 
zircon with its “halo,” “radto-halo” or 


“pleochroic halo.’’ The crystal forms of 
some of the so-called zircon crystal inclu- 
sions do not appear to be tetragonal but 
more closely resemble the orthorhombic 
forms. It is often difficult to determine 
accurately the crystal form of inclusions as 
the face edges are usually rounded and 
often the entire inclusion is decidedly 
rounded or it may consist of a rounded 
or irregular grain of the material rather than 
a crystal. 

A true pleochroic halo consists of a 
spherical zone or shell of the inclosing min- 
eral, about the included one. Such zones 
show definite pleochroic properties when 
rotated in polarized light. When observed 
in thin section on the stage ot the polariz- 
ing microscope they show up clearly about 
the inclusion as a dark circle at every 90° of 
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Figure 3. Dodge describes taking a chip off of the rough. This provides 
a “window” into the stone so he can spot flow bands in the glass. The 
flow bands give rise to the phenomenal colors, and provide guidance 


in his lapidary work. Photo by Pedro Padua. 


Jalisco and from northern California (C. Ma et al., “Micro-ana- 
lytical study of the optical properties of rainbow and sheen obsid- 
ian? Canadian Mineralogist, Vol. 39, 2001, pp.57-71). Obsidian 
typically appears black or brown and is generally translucent in 
smaller pieces. Impurities in the glass such as magnetite (an iron 
oxide) or manganese give the material its natural bodycolor. 
Beyond the bodycolor, though, it is the sudden flashes of vivid 
iridescent colors that give fire obsidian its distinctive appeal. 
“This is caused by a thin-film interference, when one type of 
the obsidian is in contact with another type of obsidian, such as 
an iron-rich obsidian. This contact zone interacts with light as 
light reflects from the surface, enters the material, and is in part 


bent due to the optical characteristics of glass—its angle of refrac- 
tion,” said Dodge. “This phenomenon resembles the color effect 
you see in soap bubbles, oil on water, or windshield wiper fluid in 
contact with the windshield... So when those two reflected por- 
tions of light come back to your eye, you'll see red, you'll see green. 
And if you move the stone or change the angle of the light, some 
areas of that stone will reveal or change the perceived colors. There 
must be two overlying layers that have a different refractive index, 
which produces this remarkable iridescence.” 

Dodge also noted that the flow bands of obsidian that exhibit 
color are very thin—between 300 and 700 nm (C. Maetal., “The 
origin of color in ‘fire’ obsidian” Canadian Mineralogist, Vol. 45, 
2007, pp. 551-557)—which means that stones must not be pol- 
ished to such an extent that the color spectrum is removed. When 
cut properly, often paralleling the flow structure in the glass, the 
optical effect is both sudden and stunning. Additionally, the flow 
structures give rise to unusual patterns that can resemble blades of 
grass, sections of ribbon, branches, or sharp blades. 

“They are just intrinsically beautiful. The more you look at 
them, the more they have to offer—the more you will see. I still 
spend time with some stones that I cut five years ago, and I see 
things that I didn’t see before.” 


Gemology of Fire Obsidian 

The gemological properties of fire obsidian from Glass Buttes, 
Oregon, are quite consistent with those of nonphenomenal ob- 
sidian. The refractive index measured on one sample was 1.469, 
with a hydrostatic specific gravity of 2.36. The material was inert 
to both long- and short-wave UV. Microscopic examination of the 
material revealed distinct, paper-thin dark layers as the source of 
the vibrant iridescence. These layers are composed primarily of 
nano-size crystals of magnetite, which result in thin-film interfer- 
ence colors (C. Ma et al., 2007). 

When illuminated properly with diffuse reflected light, a his- 
tory of the once molten glass is revealed in the vibrant patterns 
showing flow structures that have obviously been stretched, 
sheared, and compressed in ways that only a molten material can 
be. These structures are preserved in the solidified glass, an amor- 
phous material, and revealed only through human intervention 
with a keen eye and some basic lapidary equipment. 


The photo gallery on the following pages shows images of fire obsidian fashioned by Dodge. Because of the directionality and 


highly reflective character of glass, fire obsidian is often photographed immersed in liquid to reduce surface light reflections. The 


photomicrography reveals numerous flow structures and vibrant patterns of thin-film interference resulting from layers of nano- 


size magnetite particles. 


The photos are by Robert Weldon, and the accompanying photomicrographs are by Nathan Renfro. All specimens are from the 


collection of Tom Dodge. 
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Left: 75.58 ct, 47.5 x 38.9 mm. Right: field of view 8.95 mm. 


Left: 39.98 ct, 33.3 x 26.7 mm. Right: field of view 8.54 mm. 
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Top: 54.32 ct, S0 x 19 mm. 
Bottom: field of view 6.27 mm. 
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Left: 38.44 ct, 39.4 x 27.2 mm. Right: field of view 12.74 mm. 


Left: 87.87 ct, 56 x 30 x 7mm. Right: field of view 3.13 mm. 
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Left: 126.35 ct, 65.8 x 37.3 mm. Right: field of view 11.06 mm. 


Left: 36.12 ct, 31.8 x 22.8 mm. Right: field of view 4.57 mm. 
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FEATURE ARTICLES 

Yellow Sapphire: Natural, Heat-Treated, Beryllium-Diffused, and Synthetic 

John L. Emmett, Ungkhana Atikarnsakul, Jennifer Stone-Sundberg, and 

Supharart Sangsawong 

Investigates the various chromophores responsible for color in four types of yellow sapphire. 


Special Colors and Optical Effects of Oregon Sunstone: 

Absorption, Scattering, Pleochroism, and Color Zoning 

Shiyun Jin, Aaron C. Palke, Nathan D. Renfro, and Ziyin Sun 

Details the colors and optical effects caused by metallic copper inclusions in this gem- 
quality feldspar. 


Etch Pits in Heliodor and Green Beryl from the Volyn Pegmatites, 

Northwest Ukraine: A Diagnostic Feature 

Gerhard Franz, Oleksii A. Vyshnevskyi, Volodymyr M. Khomenko, Peter Lyckberg, and 
Ulrich Gernert 

Examines dissolution features of heliodor and green beryl from a Ukrainian pegmatite field 
and offers criteria to distinguish them from samples found in other localities. 


Iolite from the Thor-Odin Dome, British Columbia, Canada: 

Geology, Chemical Composition, Inclusions, and Cause of Chatoyancy 
Philippe M. Belley 

Reports on the geological setting and gemological properties of violet-blue gem cordierite 
from new deposits located in British Columbia. 
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and green. Carved from rough uncovered in the Sunstone Butte mine in Harney County, Oregon, the piece exhibits the FSC 
schiller effect, also known as aventurescence, caused by reflective copper platelets. Schiller and other optical effects of wwwisoorg 
Oregon sunstone are explored in a study featured in this issue. Photo by Robert Weldon; courtesy of Darryl Alexander. MIX 
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EDITORIAL 


Cause of Color in Yellow Sapphire, 
Plus Characterization of Oregon Sunstone, 
Ukrainian Beryl, and British Columbian lolite 


Welcome to the Fall 2023 issue of Gems & Gemology! This issue delivers four feature articles 
covering a range of colored stone topics, from a color study of yellow sapphire to a new source of 
violet-blue iolite in Canada. 


In our lead article, Dr. John Emmett and coauthors investigate the various chromophores 
responsible for color in four types of yellow sapphire—natural, heat-treated, beryllium-diffused, 
and synthetic. These a ; . : 
chromophores include Fe", ---/2vestigate the various chromophores responsible 
atrapped hole associated —_for color in four types of yellow sapphire—natural, 


with iron (h'Fe™),anda_ eae treated, beryllium-diffused, and synthetic.” 


combination of the two, all 
of which are involved in the coloration of natural and treated yellow sapphire. Synthetic yellow 
sapphire, on the other hand, is usually colored by the Ni** chromophore or by a combination of Ni** and Cr**. 


Next, Dr. Shiyun Jin and colleagues share their research on the special colors and optical effects caused by metallic copper 
inclusions in Oregon sunstone. Using samples from different mines in Oregon, they explore absorption and scattering, 
pleochroism, and color zoning in this gem-quality feldspar known for its wide range of beautiful colors. 


A team led by Dr. Gerhard Franz reports on the morphological characteristics of green beryl and the yellow beryl variety 
heliodor from the Volyn pegmatite field in Ukraine. The authors observe an abundance of characteristic etch pits 
throughout the samples and offer details on distinguishing Volyn green beryl and heliodor from those found in other 
localities. 


Dr. Philippe Belley contributes our final feature article, an examination of violet-blue iolite from new deposits in the Thor- 
Odin dome in British Columbia, Canada. Various samples are analyzed to reveal the nature of their chemical composition, 
mineral and fluid inclusions, and chatoyancy. The abundance of cordierite-rich rocks in the Thor-Odin dome indicates 
potential for future iolite discoveries in the area. 


GeG’s regular columns contain exciting gemological findings from all over the world. Lab Notes details recent noteworthy 
submissions to GIA’s laboratories, including a 4.04 ct ring fashioned from a single-crystal CVD-grown diamond, a 
nacreous atypical bead cultured pearl featuring a flame-like surface structure, and a heart-shaped ruby filled with zinc glass. 
Observations of fascinating internal features are captured in the Micro-World section, including a rare iridescent ferroperi- 
clase in brown diamond, bladed columbite crystals in topaz, and zigzag-patterned fingerprints in blue sapphire. Diamond 
Reflections returns in this issue, focusing on diamonds formed within eclogitic mantle host rocks. Finally, Gem News 
International offers brief studies of Burmese chameleon amber, Guatemalan omphacite jade, and other gem materials, as 
well as coverage of the recent Turquoise United conference and the Chicago Responsible Jewelry Conference. 


Congratulations to this year’s Gé~G Challenge participants who received a perfect score! See a list of the top scorers on 
page 322. Thank you to those who put their knowledge to the test. 


We hope you enjoy the latest edition of Gems & Gemology! 


DH 


Duncan Pay | Editor-in-Chief | dpay@gia.edu 


Gems & GEMOLOGY FALL 2023 267 


rotation. Most of the included minerals also 
show a high birefringence and relief. 

One cannot always make a positive identi- 
fication of the minerals causing a particular 
‘pleochroic halo although at times one can 
obtain the optical interference figure having 
the character of that of zircon, consequently 
pleochroic halos are most frequently said 
to be Not all 
minerals which contain zircon grains and/or 


due to radioactive zircon. 
crystals are pleochrotc. Minerals which are 
normally pleochroic show the halos best, 
as those in the mineral biotite, while the 
colorless minerals do not develop the pleo- 
chroic halos, but acquire in many instances 
an irregular persistant halo of a brownish- 
yellow color which is often arranged in a 
Such 
halos are sometimes referred to as being a 
“radio-halo”” and the fracturing about the 


stellate fashion about the inclusion. 


FIGURE 1 


* Enclosed zircon surrounded by 
a typical “halo” 
Photo courtesy E. Gubelin. 


FIGURE 2 
© Similar “‘halo’’ surrounded 
zircon inclusion 
Photo courtesy E. Gubelin. 


inclusion as being due to the forces of 
radioactivity. This, apparently, is not the 
case for the radioactivity of zircon is proba- 
bly never very strong. The mineral deposit 
at the Ruggles Mine near Grafton Center, 
New Hampshire, contains masses of zircon 
several inches across and these masses con- 
tain considerable amounts of uraninite as a 
three dimensional dendritic intergrowth. Al- 
though it is associated with uraninite the 
zircon is so weakly radioactive that a photo- 
graphic film exposed six weeks in contact 
with a section of the zircon yields no visual 
darkening upon being developed, while the 
associated uraninite produces a very strong 
exposure in 24 hours. The writer has 
studied the billion year old uraninite crys- 
tals inclosed in a clear glassy quartz from 
the McLear Pegmatite near Gouverneur, 
New York, and has found a complete ab- 
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YELLOW SAPPHIRE: NATURAL, HEAT-TREATED, 
BERYLLIUM-DIFFUSED, AND SYNTHETIC 


John L. Emmett, Ungkhana Atikarnsakul, Jennifer Stone-Sundberg, and Supharart Sangsawong 


Natural yellow sapphires are colored by one of two entirely different chromophores or by a combination of the 
two. These two chromophores are iron (Fe**) and a trapped hole paired with iron (h’-Fe**). The color saturation of 
the Fe? chromophore, as previously documented, does not linearly depend on its areal density, unlike the other 
five chromophores in natural corundum. It exhibits a complex dependence on areal density, a relationship that is 
explored here. Low-iron-content natural yellow sapphires are colored solely by the h*-Fe** chromophore. The yellow 
sapphires from Sri Lanka are colored in this way. Some of the basalt-hosted high-iron sapphires from Australia and 
Thailand are colored by h’-Fe** in addition to Fe**. Natural sapphires that are colorless or weakly yellow often 
develop strong yellow coloration via heat treatment. They depend on formation of the h’-Fe** chromophore for that 
change. In these natural stones that respond to heat treatment, one of two different internal chemistries is present, 
which must be altered to bring about the color enhancement. These two chemistries, which require two different 
heat treatment processes, are presented. The diffusion of beryllium into various types of sapphire can shift their 
chemistry from donor- to acceptor-dominated, forming the trapped hole, h’, which pairs with iron to produce the 
intense yellow coloration. Although crystals with the h’-Fe** chromophore were grown as a part of our study, syn- 
thetic yellow sapphires are not often colored by the same chromophores of natural sapphires. They are usually col- 
ored by the Ni* chromophore or by Ni** and Cr+. Somewhat surprisingly, the color saturation of Czochralski-grown 
nickel-doped sapphire can sometimes be enhanced by heat treatment. 


discussed in some detail for many years (e.g., 
Schmetzer et al., 1983; Nassau and Valente, 
1987). A clear understanding of the nature of the 
multiple types of yellow sapphire was inhibited by 
the lack of understanding of the individual chro- 
mophores and their individual absorption spectra. 
The chromophores that cause yellow color in natural 
corundum have been recently elucidated (Emmett et 
al., 2017a; Dubinsky et al., 2020), allowing the more 
detailed study of yellow sapphire and its heat treat- 
ment, presented here. This work intends to provide 
a clear basis for future study of yellow sapphire and 
its individual color stabilities. 
Yellow sapphires are found in a wide range of de- 
posits worldwide. They are colored by two entirely 
different chromophores: the iron (Fe**) chromophore 


ye complexities of yellow sapphire have been 


See end of article for About the Authors and Acknowledgments. 
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and the trapped hole paired with iron (h’-Fe**)' (figure 
1). These two chromophores represent the two ex- 
tremes of natural chromophore strength in corun- 
dum. In faceted stones up to several carats, a few 
thousand ppma of Fe** are required for good col- 
oration, while only a few ppma of h’-Fe*+ produce 
similar levels of color saturation (Dubinsky et al., 
2.020). It is not unusual for high-iron yellow sapphires 
from basalt-hosted deposits to be colored by both 
chromophores. In the past, the combination of these 
two chromophores in the same stone at dramatically 
different concentrations has impeded a complete un- 
derstanding of the cause of color. 

The h’-Fe** chromophore arises in natural stones 
that are acceptor dominated, meaning the divalent 
cation concentration exceeds the sum of the tetrava- 
lent cation concentration and the excess divalent 
cation concentration is not charge compensated by 


‘The symbol h’ is the symbol for an electron hole in Kréger-Vink 
notation, and h*-Fe** means that the hole has paired with an Fe** 
ion. See box B. 
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H* or oxygen vacancies. Because heating in an oxy- 
gen atmosphere can diffuse hydrogen out of the stone 
or oxidize the oxygen vacancies, colorless or weakly 
yellow stones can often be heat treated to create rich 
yellow gems. 

The total amount of iron in natural corundum 
ranges from a few ppma to nearly 5000 ppma. Iron in 
natural corundum can exist in two valence states: Fe** 
and Fe**. The cation site in corundum is trivalent 


In Brief 


e Natural yellow sapphires are colored by the iron (Fe**) 
chromophore or the trapped hole paired with iron 
(h*-Fe*+) chromophore, or a combination of the two. 


¢ Yellow coloration in colorless or weakly yellow sap- 
phire can be developed via heat treatment in an oxy- 
gen atmosphere to form the h*-Fe** chromophore 
under two different conditions, depending on if the 
stone contains hydrogen or not. 

e The addition of beryllium by diffusion in an oxidizing 
atmosphere can shift internal chemistry from donor- to 
acceptor-dominated, resulting in the formation of addi- 
tional trapped holes (h*) to pair with available Fe** and 
thus a stronger yellow coloration. 

e Unlike natural stones, synthetic yellow sapphires are 
usually colored by the Ni** chromophore or by Ni?* 
and Cr+. 


(Al**). When iron alone occupies this site, it will be 
primarily trivalent. For Fe* to exist in natural corun- 
dum, it must be charge compensated by a donor such 
as Si*, Ti*, H’, or one-half of an oxygen vacancy, as 
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Figure 1. These excep- 
tional natural yellow 
sapphires from Madagas- 
car (2.1-2.6 ct) represent 
both the Fe** chromo- 
phore and the trapped 
hole paired with Fe*. 
Photo by Ronnakorn 
Manorotkul/Lotus 
Gemology; courtesy of 
GemFever. 


the crystal must remain electrically neutral. Oxygen 
vacancies and H* only exist in natural corundum at 
low concentrations (a few ppma). Thus, any signifi- 
cant amount of Fe** can only exist if it is paired with 
Ti* or Si*. Concentrations of Ti** and Si** rarely ex- 
ceed a few hundred ppma in natural corundum, and 
it is unclear how much of that is actually in solution 
in the lattice. Some portion of the Si* and Ti* will 
also have to preferentially charge compensate Mg”* if 
present, as its level lies below that of Fe’* in the band 
gap. Only Fe”* charge compensated by H* ions or by 
oxygen vacancies would be expected to exhibit an Fe”* 
spectrum. Such spectra are expected to be in the near- 
infrared region and be very weak. If charge compen- 
sated by Ti* or Si*, extremely strong pair spectra will 
result (e.g., the Fe’*-Ti* pair resulting in the blue color 
of sapphire). 


MATERIALS AND METHODS 


The corundum samples in this study represent many 
different deposits around the world and were chosen 
from the Crystal Chemistry collection and GIA’s col- 
ored stone reference collection in Bangkok. Samples 
with three- and four-digit designations are from the 
Crystal Chemistry collection, while those with nine- 
to twelve-digit designations are from GIA’s colored 
stone reference collection. Samples used to character- 
ize the Fe* and h’-Fe** chromophores originated from 
Myanmar, Thailand, Cambodia, Sri Lanka, Australia, 
Nigeria, Cameroon, Rwanda, Nigeria, Kenya, and the 
United States (Montana). Additionally, several syn- 
thetic crystals were grown using the Czochralski 
method by Saint-Gobain Crystals and Detectors and 
by Teledyne FLIR Scientific Materials. A yellow syn- 
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thetic nickel-doped sapphire grown using the 
Verneuil method was purchased from RusGems in 
Bangkok. All wafer samples were crystallographically 
oriented using a crystal alignment instrument with 
the c-axis either perpendicular or parallel to the plane 
of the wafer (Thomas et al., 2014). Trace element con- 
centrations were determined either by laser ablation— 
inductively coupled plasma—-mass_ spectrometry 
(LA-ICP-MS]} using the current standards at GIA in 
Bangkok (Stone-Sundberg et al., 2017), by secondary 
ion mass spectrometry (SIMS) against ion implant 
standards at Caltech (Stone-Sundberg et al., 2020), or 
by both. In addition, ultraviolet/visible/near-infrared 
(UV-Vis-NIR) spectra of 102 of these wafer samples 
were measured, from which 24 were chosen for this 
study of the 450 nm Fe* band, as they represent equal 
concentration intervals of iron from most to least 
concentrated. Because the trace element concentra- 
tions in natural sapphires are often not uniform, the 
24 samples used for the study of the Fe** chromophore 
were measured at four points on each side of the sam- 
ple within the optical aperture of the sample plate. 
We required that the standard deviation of these eight 
data points be less than 6%. These sample selection 
criteria greatly minimized spatial concentration vari- 
ations. The iron concentration in these samples cov- 
ered the 56.5-4730 ppma region. The 450 nm Fe** 
absorption cross section” was too weak to accurately 
fit the curve below this lower value. 

In addition, large samples (25-50 g each) of rough 
stones in the 3.5-7.0 mm range were used for many 
individual heat treatment experiments to test for ac- 
ceptor domination before spectroscopic samples were 
chosen for these types of material. These stones were 
from the Rock Creek, Dry Cottonwood Creek, and El- 
dorado Bar deposits in Montana; Sri Lanka; the 
Chimwadzulu Hill deposit in Malawi, several Mada- 
gascar deposits; the Kings Plain deposit in New South 
Wales, Australia; and the Songea deposit in Tanzania. 

Optical absorption measurements were obtained 
with Hitachi 2900 and 2910 spectrophotometers at 
Crystal Chemistry and with a Hitachi 2910 at GIA 
in Bangkok. The Hitachi 2910 units were reengi- 
neered by Tim Thomas (Applied Materials, Portland, 
Oregon) to have a rotatable polarized optical beam so 
that both ELc and E||c spectra could be measured on 
wafers with the c-axis in the plane of the wafer. 
These instruments measure the spectra to a resolu- 


*The terms absorbance, absorption coefficient, absorption cross sec- 
tion, ion density, and areal defect density are defined in box A. 
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tion of 1.5 nm. The optical absorption data was cor- 
rected for the multiple reflections between the two 
optical surfaces of the sample wafers (see box A). 

Fourier-transform infrared (FTIR) spectra were 
measured using Thermo Nicolet 6700 and iS50 FTIR 
spectrometers operating with a Pike 4x beam con- 
denser accessory at a resolution of 2 cm". The FTIR 
spectrometer was also connected to an air compressor 
with a purge gas generator (Parker Balston model 75- 
52) to minimize water and carbon dioxide contamina- 
tion of the sample and the air in the sample chamber, 
as these compounds absorb light and obscure spectral 
peaks of interest. This helps to minimize moisture 
and carbon dioxide features, improve signal-to-noise 
ratio, and achieve a flat baseline. Spectra were col- 
lected from each sample through a hole of size chosen 
to accommodate a particular sample in the aluminum 
sample plate from the same location where the optical 
absorption spectra were collected. 

The low-temperature heat treatment experiments 
of wafer samples in air were conducted at GIA in 
Bangkok using a Thermolyne FB1400 benchtop 
1100°C muffle furnace manufactured by Thermo Sci- 
entific. The high-temperature (>1 100°C) experiments 
in controlled atmospheres were conducted by Crystal 
Chemistry and by Columbia Gem House (Vancouver, 
Washington) with modified Thermal Technology 
1000A graphite furnaces, using Coors Tek 998 alu- 
mina muffle tubes to allow the use of carefully con- 
trolled atmospheres. 

The beryllium diffusion experiments were con- 
ducted at Crystal Chemistry in the Thermal Technol- 
ogy furnace described above. Diffusion experiments 
were run at 1780° or 1800°C in pure oxygen for 33 
hours. This procedure is discussed at length in Em- 
mett et al. (2003). 

Color coordinates (Berns, 2000) were calculated 
from the sample’s transmission spectrum and the 
characteristics of the light source. Calculations of the 
color coordinates for a given color temperature were 
performed via Thermo Scientific’s GRAMS/AI spec- 
troscopy software, a general-purpose spectra manip- 
ulation code that includes color coordinate 
calculations. Among the many color coordinate sys- 
tems, the CIE 1976 L*a*b* system was chosen for its 
approximately uniform color space, and we selected 
a color temperature of 5000K. 


RESULTS 


The Fe** Chromophore. Fe** exists in essentially all 
natural sapphire. The resulting stones can be color- 
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Box A: PRESENTING DATA 


It is perhaps unfortunate, but like many other measure- 
ments that have been devised, there are multiple sets of 
units used to quantify the optical absorption features of 
gemstones, minerals, and other materials. 


— 


Figure A-1. Illustration of incident light being transmit- 
ted through a sample of a given thickness. 


Assuming zero reflection losses from the two sample 
surfaces in figure A-1, the Beer-Lambert law can be ex- 
pressed using several different units: 


2s = aie = 0-4 =10-4=10-*4= e-ed — e-9Cd 
T, 100 


(A-1) 


Where: 


I, = incident light intensity 
I = transmitted light intensity 
T = transmission in percent 


A =decadic true absorbance as measured by the 
spectrophotometer (a unitless ratio) 


a = decadic absorption coefficient in cm! 
d = sample thickness in cm 


€ = molar absorptivity in liter mole" cnr, also called 
the extinction coefficient 


c = chromophore concentration in moles per liter 

a = Naperian true absorption coefficient in cm 

C = chromophore concentration in absorbers per cm? 
o = true absorption cross section in cm? 

e = base of the natural logarithm = 2.71828... 


Absorbance 
Current commercial spectroscopic instruments measure 
the absorbance, A, in decadic units defined as: 


If, = 10 (A-2] 
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Thus, data presented in the literature in units of A are 
unambiguous. 


Absorption Coefficient 

Two different absorption coefficients are currently pres- 
ent in the literature. As a very general statement, physi- 
cists and materials scientists studying the absorption 
strength of ions in crystals and glasses tend to use: 


I/y = 10-4 = ed (A-3) 


This is the set of units we have used in this article and 
in Emmett et al. (2017a) and Dubinsky et al. (2020). It is 
also the system of units used in GIA’s colored stone ref- 
erence collection database. Chemists and mineralogists 
(e.g., Rossman, 1988) have generally expressed absorp- 
tion coefficient as: 


I/Iy= 10-4 = 10-#4 (A-4) 


These two representations are very simply related by: 
a = 2.303a (A-5) 


While we have used a and a to clearly show the differ- 
ence, a@ is often used in the literature for either absorp- 
tion coefficient. 

With the rise of multidisciplinary sciences and the 
rapid spread of materials science, the usage has become 
very mixed. In fact, one can often find both conventions 
in papers presented at the same technical meeting. It is 
important to note that just because the term absorption 
coefficient is used with the symbol a, it is not clear 
which system is in use unless the simple equation is 
stated. Therefore, it is very important for scientists to 
present the simple equation that defines their units in 
both published papers and presentations. 


Absorption Cross Section and Extinction Coefficient 
Now suppose we were to compare different chro- 
mophores in corundum, or the same chromophore in dif- 
ferent hosts, in terms of their absorption strength and 
the depth of color they produce. If we divide the absorp- 
tion coefficient by the concentration, C, of the chro- 
mophore, we can define an absorption cross section 
spectrum, o, which is independent of concentration or 
sample thickness, as shown in equation A-1. The absorp- 
tion cross section is calculated from a or A as: 


o =a/C = 2.303A/dC (A-6) 


The absorption cross section spectrum depends only 
on the characteristics of an individual chromophore ion 
(e.g., Cr**) and the particular host (i-e., corundum), and it 
is measured in square centimeters (cm?). The unit of 
square centimeters denotes an area, and one can think 
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of the cross section as the “area” of an individual ion as 
seen by the photons in a light beam. However, it does 
not represent the physical size of the ion. This absorp- 
tion cross section is used for comparisons in this article 
and in Dubinsky et al. (2020). 

In chemistry and mineralogy, epsilon (¢) is often used 
for the extinction coefficient, which is the same concept 
but in a different set of units. From equation A-1, we have: 


A=ecd (A-7]} 


As shown above, the units of € are liter mole? cm. The 
extinction coefficient for corundum is easily calculated 
from o by the following from equation A-1: 


10-«4 = e-ocd (A-8) 


Thus: 


€ = (2.615 x 10”)o (A-9] 


Figure A-2, compares the numerical values of the ex- 
tinction coefficient and the absorption cross section for 
the Cr** ion in corundum. The term extinction coeffi- 
cient is also called the molar absorptivity in some pub- 
lications, but the units are the same. 


Units Used on Plots 

A variety of descriptions are used on spectra plots when 
the axis values are far larger or smaller than can be easily 
represented without exponents. In figure A-2, the values 
plotted on the vertical axis range from 0 to 4 x 10° cm’. 
There are several ways in which these units have been 
represented in the literature: 


1. Absorption Cross Section x 10” cm? 
2. Absorption Cross Section in units of 10-? cm? 
3 Absorption Cross Section x 107? cm? 


In previous publications we have used unit 1, which 
is quantitatively correct but confusing to readers unfa- 
miliar with exponential notation (Emmett et al., 2017a; 
Dubinsky et al., 2020). Unit 2 is probably the clearest 


less, yellow, green, or blue, depending on the relative 
concentrations of the various trace elements present. 
This study examined 102 samples, from which 24 of 
the 102 data sets were chosen to represent the entire 
set based upon their evenly spaced representation of 
the iron concentrations for the 102 samples. Yellow 
sapphires colored primarily by iron are often found 
in basalt-hosted blue sapphire deposits. A single crys- 
tal will often contain both deep blue and deep yellow 
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and simplest but takes up more space on the graph. Unit 
3 is very common in the scientific literature, but it is for- 
mally incorrect since the numbers shown on the plot are 
0 to 4. As unit 2 is the clearest, we have chosen to use it 
instead of unit 1 in this article with the hope of elimi- 
nating ambiguity. 


Concentration Units 

Generally, there are two major ion concentration units 
in the literature: ions/cm? and moles/liter. The literature 
often uses ppma, which is ions/cm? divided by 10° (1 
ppma in corundum is 1.178 x 10!” ions/cm’). Moles/liter 
is easily converted to ions/cm*. One mole/liter equals 
Avogadro’s number divided by 1000 cm’, or 6.0221 x 107° 
ions/cm%. For corundum, | mole/liter equals 5111 ppma. 


Areal Density 

The areal density (p,) is simply the product of the ion 
concentration, in ions/cm* times the sample thickness, 
d, in cm. Thus, the units are ions/cm”. Under the color 
circles in this paper, we present the areal density in 
ppma-cm. This factor is: 


ppma-cm = Cd/(1.178 x 10" ions/cm*) (A-10) 


where 1.178 x 10" is the number of ions in 1 cubic cen- 
timeter of Al,O, determined by: 


1 ppma = SAp/M = 1.178 x 10” ions/cm? (A-11) 


where A is Avogadro’s number (6.022 x 10% 
molecules/mole), p is the density of corundum (taken as 
3.99 grams/cm?), and M is the molecular weight of 
corundum (101.961 grams/mole). 


Correction for Surface Reflection Losses 

To determine the true absorbance A as defined in equa- 
tion A-1 above, the instrument-measured absorbance, 
must first be corrected for the loss from multiple reflec- 
tions between the two polished surfaces of the sample. 
This is done by summing all the reflections between the 
two surfaces (T.S. Hemphill, pers. comm., 2011) and 


regions in varying proportions. Although bicolor 
stones are occasionally faceted, these will usually be 
cut as either blue or yellow gems, depending on the 
predominant color. Several of the high-iron samples 
from this study were bicolor stones containing well- 
defined blue and yellow regions. These samples were 
fabricated with their planes either perpendicular or 
parallel to the c-axis, depending on which orientation 
most clearly separated the blue and yellow regions. 
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UV-VIS-NIR SPECTRA 


ABSORPTION CROSS SECTION IN UNITS OF 10-'? cm? 


200 300 400 500 600 700 800 
WAVELENGTH (nm) 


using a three-term Sellmeier equation for corundum to de- 
termine the sample’s refractive index as a function of wave- 
length (Tatian, 1984). The index input data to the Sellmeier 
equation is a combination of all relatively recent data from 
the suppliers of high-purity synthetic corundum material 
used to fabricate high-purity optical elements. The Sell- 
Meier equation fit to these data was performed for us by 
John Trenholme (formerly with Lawrence Livermore Na- 
tional Laboratory) using TableCurve 2D software. Correct- 
ing for this loss, we have the true absorbance, A. This 
correction is important because it is greatest where the ab- 
sorption is least, and it is just this region of the absorption 


Figure 2, shows a selection of yellow wafers for spec- 
troscopy. Figure 3 shows a selection of the bicolor 
wafers. 

Often in the study of corundum chromophores, an 
effective procedure has been to grow a crystal con- 
taining only one chromophore. However, that proce- 
dure was not successful for Fe** because of 
decomposition and vaporization of the iron oxides at 
the Czochralski growth temperature. Thus, 23 of the 
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Figure A-2. UV-Vis-NIR 
plot of both the absorp- 
tion cross section and the 
extinction coefficient for 
oriented spectra of 

(GE YANO)>. 


EXTINCTION COEFFICIENT (liter mole“ cm) 


900 1000 1100 


spectrum that transmits the most intense light and thus 
contributes most to the color. This reflection correction 
has been made for all spectra presented in this article and 
for all spectra used in deriving these results. It is also im- 
portant to remember that very strong absorption peaks, 
if very narrow, will have little impact on color. 

Since commercial instrumentation is now available 
to measure the refractive index of flat samples at mul- 
tiple wavelengths, it is suggested that these technolo- 
gies be acquired by major gemological laboratories to 
add to their databases and to provide for correction of 
optical spectra of other gem minerals. 


24 natural samples chosen for this study were se- 
lected from a wide range of deposits worldwide. 
Figure 4 shows both the ELc and E||c absorption 
spectra of sample 1245, from the Garba Tula deposit 
in Kenya. This sample contains 3126 ppma iron. 
There are three absorption bands from Fe** and Fe** 
pairs in the visible region of the spectrum (Ferguson 
and Fielding, 1971, 1972; Krebs and Maisch, 1971) at 
450, 530, and 700 nm. Of these, the 450 nm band is 
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Figure 2. A selection of the 102 wafers studied for this 
report. The three pale yellow wafers are colored by 
Fe* only at a level around 2000 ppma, while the more 
color-saturated wafer with a blue edge is colored by a 
much higher concentration of Fe** (around 3500 
ppma). The deep yellow wafer is colored by Fe** and 
by h’-Fe*. Photo by John L. Emmett. 


by far the dominant cause of color. Because it absorbs 
in the blue region of the spectrum, the transmitted 
color is yellow. The 530 and 700 nm bands are broad 


UV-VIS-NIR SPECTRA 


Figure 3. A selection of bicolor wafers. The weak 
color saturation in the yellow areas of some samples 
results from fabricating them thin enough that both 
yellow and blue areas were well within the dynamic 
range of the UV-Vis-NIR spectrophotometers. Photo 
by John L. Emmett. 


and very weak. Taken together, this combination has 
little impact on color. The 450 nm E||c band is nearly 
identical to the ELc band, but the peak amplitude is 


Figure 4. UV-Vis-NIR 
absorption coefficient 


spectrum of sample 
1245, a bicolor sapphire 


from Kenya’s Garba 


Tula deposit. The spec- 
trum is taken in the yel- 
low region. The iron 


concentration in the yel- 
low region is 3126 + 65 


ppma, and the sample 


thickness is 0.99 mm. 
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about 16% less. Thus, we have focused our study of 
the iron chromophore on the 450 nm ELc band. 

In the course of previous work on the Fe* chro- 
mophore (Dubinsky et al., 2020), two unique features 
were observed with the 450 nm absorption band, 
which is the primary determinant of color. First, the 
peak absorption cross section increases with iron 
concentration; second, the full width at half maxi- 
mum (FWHM) of the band increases by about a factor 
of two from the lowest to the highest iron concen- 
trations (figure 5; see also figure 7 of Dubinsky et al., 
2020). Such increases in both peak absorption cross 
section and width of the 450 nm absorption band 
more than linearly increase the strength of the chro- 
mophore with concentration. Other chromophores 
in natural corundum do not show these changes and 
thus exhibit a constant strength with concentration. 

The concentration of Fe** in natural corundum 
ranges from <5 ppma to at least 4730 ppma. Since the 
450 nm Fe** absorption cross section is low (~10°° 
cm_?), optical measurements were limited to samples 
whose concentration was above 50 ppma. For exam- 
ple, the peak absorption coefficient at 450 nm of 
sample 1272 with 79.2 ppma anda thickness of 3.415 
mm is 0.042 cm. The peak absorbance as measured 
by the spectrophotometer is therefore 0.0062. At 10- 
20% of this peak value we see instrumental noise 
problems. Thus, spectrophotometer noise and sam- 
ple thickness determined the minimum concentra- 
tion used. Therefore, for this study we were limited 
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Figure 5. UV-Visible ab- 
sorption cross section 
spectra. The Elc ab- 
sorption cross section of 
the 450 nm absorption 
band of Fe** in corun- 
dum increases in ampli- 
tude and in width 
(FWHM) with increas- 
ing concentration (Du- 
binsky et al., 2020). 
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to using samples with Fe** concentrations that 
ranged from 56.5 to 4730 ppma. 

Of the samples used for this study, 24 were chosen, 
covering the range from 56.5 to 4730 ppma iron for the 
iron chromophore data presented here. The ELc spec- 
tra of these samples were accurately curve fit to make 
the best determination of the 450 nm band magnitude 
and shape. Curve fitting was performed with 
GRAMS/AI (Thermo Scientific) using a linear baseline 
plus four Lorentzian bands (as suggested by Dr. Ren 
Lu of the Gemmological Institute, China University 
of Geosciences in Wuhan). The usual variety of other 
band shapes were evaluated for the quality of the fit, 
and the Lorentzian bands produced the best match for 
four bands or fewer. 

Determining the baseline for the 450 nm Ec band 
presented some difficulty, as it was overlapped to 
some degree by the 388 nm Fe* band and by the 580 
nm Ec Fe**-Ti* band in the blue sapphires. Because 
these interferences vary widely in magnitude 
throughout the large number of samples used, it was 
necessary to modify the spectra of some of the deep 
blue sapphire samples so that the 450 nm band did 
not fall on a steeply rising portion of the Fe?*-Ti* 
band. The modification was achieved by subtracting 
successively larger portions of an Fe?*-Ti* spectrum 
from the sample spectrum until the minima on either 
side of the 450 nm peak were of the same amplitude. 
The spectrum used for this subtraction is the absorp- 
tion cross section determined for the Fe**-Ti* pair 
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(Dubinsky et al., 2020), multiplied by appropriate con- 
centrations. 

Even though the 450 nm band is quite narrow, 
the use of a linear baseline creates some error be- 
cause the background decreases toward the 450 nm 
peak from longer wavelengths and shorter wave- 


lengths. This error is estimated as <10% of the peak 
amplitude. A typical curve fit is shown in figure 6 
for a sample containing 447 ppma iron. Note the 
typical quality of the fit by comparing the experi- 
mental data final baseline with the fitted peak base- 
lined in figure 6. 
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PEAK ABSORPTION COEFFICIENT OF THE Fe** 450 nm BAND 
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Figure 7B. The absorp- 


tion coefficient is plot- 
ted as a function of the 


iron concentration. The 


red data point identifies 


the only synthetic sam- 


ple in this plot. 
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Figure 7A shows the 450 nm Fe* band peak ab- 
sorption cross section data as a function of iron con- 
centration of the 24 curve-fit samples. 

From this plot, we can see that the absorption 
cross section is essentially constant as the iron con- 
centration increases from low values up to ~700 
ppma. Above 700 ppma, it increases to a value at 
4730 ppma iron, which is about 4.5 times the low 
concentration value. The slope of the curve over the 
region from 900 to 4730 ppma iron is approximated 
by the proportionality given in equation 1, where o 
is the absorption cross section: 


ox [Fe] 0.75 + 0.08 (1) 
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10000 


In figure 7A, the lowest concentration measured 
was of a synthetic iron-doped crystal grown by Saint- 
Gobain Crystals and Detectors. The cross section of 
this sample (shown in red) is noticeably smaller than 
that of the three natural samples containing less than 
100 ppma iron. This may imply that the clustering 
of iron in corundum is dependent on the thermal his- 
tory of the sample. 

The data of figure 7A could also be presented as 
the 450 nm peak absorption coefficient versus the 
Fe** concentration. This allows an estimate of the 
Fe** concentration if the peak absorption coefficient 
has been measured, or vice versa. The plotting of data 
in this fashion is shown in figure 7B. 
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sence of halos or fracturing due to radio- 
activity. Neither were there any other effects 
produced by the radioactivity of this strong- 
ly radioactive mineral. In this instance the 
contraction of the uraninite during cooling 
was somewhat greater than that of the 
quartz which allows the crystals of uraninite 
to be sufficiently free within the quartz so 
that many crystals drop out completely upon 
breaking the quartz. 

Certain groups of minerals as the euxe- 
nite-polycrase group, also allanite and cyrto- 
lite as well as others have a variable composi- 
tion and contain varying amounts of the rare 
earth elements as well as elements of the 
radioactive series. These minerals are usually 
unstable and invert to an isotropic and 
amorphous structure although the crystal 
forms of the original mineral are well pre- 
served. During the transformation of these 
minerals there is a decided increase in vol- 
ume and a decrease in specific gravity as 
well as the index or refraction which, how- 
ever, usually remains well above 2. While 
these minerals are often slightly radioactive 
this property has practically no effect what- 
soever upon the inclosing mineral except 
in a few specific cases where the inclosing 
mineral is normally quite pleochroic. The 
prominent and conspicuous effect is the 
radial shattering of the inclosing mineral 
due to the greatly increased volume of the 
inclosed mineral during its structural change. 
This alteration is accompanied by the pene- 
tration of a minute quantity of the altera- 
tion products tnto the fractures about the 
inclusion. Most of the mineral inclusions 
which revert to an amorphous state usually 
carry some iron; consequently the alteration 
products will stain the inclosing mineral 
brown or yellowish-brown along the frac- 
tures. Such colorations are very irregular in- 


stead of being spherical and they sometimes 
clearly delineate the fractures developed by 
the inclosed mineral. 

The alteration of high zircon to the low 
form, with its accompanying increase in vol- 
ume, is accountable for the fracturing shown 
in Fig. 1, and the coloring along the frac- 
tures is undoubtedly due to the minute 
amount of colored alteration products which 
entered the fractures. 

One may inquire as to the effect of such 
inclusions in a gem. The answer is a simple 
one from a qualitative point of view. In 
each case of radial fracturing about an in- 
clusion within a gem there is a set of 
fractures which has developed about a center 
of internal expansive pressure. There may 
or may not be stresses still existing along 
the fractures which may cause them to in- 
crease in size if the gem is given a severe 
shock. As an example one may note that the 
fracturing about large crystals of allanite:— 
(1) is often so severe that the surrounding 
minerals as well as the allanite are so thor- 
oughly fractured that they will separate into 
many small pieces when the rock containing 
the allanite is broken across the included 
crystal. In gems, however, the inclusions are 
minutely small in comparison, and also 
small in comparison to the size of the gem, 
nevertheless the fracturing about certain in- 
clusions is a sign of possible weakness al- 
though it may be very infrequent that a gem 
or gem quality mineral specimen has split 
apart from this cause. 

One may, however, be reluctant to place 
as high a valuation upon an otherwise fine 
stone containing pronounced radial cracks 
about inclusions as he would if the inclu- 
sions were minerals which do not invert to 
another structure having an increased volume 
at a lower temperature. 
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450 nm Fe3* BAND SHAPE COMPARISON FOR MIN AND MAX CONCENTRATIONS 
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Figure 8. The ELc 450 
nm Fe* absorption 
coefficient plots show 
the band shapes for the 
sample with the lowest 
Fe* concentration and 
the sample with the 
highest Fe** concentra- 
tion studied. Peak values 
are normalized to 1.0. 
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As indicated earlier, in addition to the absorption 
cross section increase with concentration, the 
FWHM of the 450 nm peak also increases substan- 
tially with concentration. The strength of the Fe** 
chromophore is determined by both the peak absorp- 
tion cross section and the FWHM of the 450 nm 
band. Figure 8 compares the curve shape of the low- 
est- and highest-concentration samples. The peak 
value of each spectrum is normalized to 1.0. 

As shown in figure 8, the peak of the low-Fe** 
sample is at 449.5 nm while that of the high-Fe** 
sample is at 451.5 nm, a shift of about 2 nm. The 
shape of the band on the left side (short-wavelength 
side) at the half maximum wavelength doesn't 
change with iron concentration. However, the right 
side (long-wavelength side) of the peak changes sig- 
nificantly. The position of the half maximum in- 
creases significantly with concentration from about 
453 to about 466 nm, resulting in a doubling of the 
FWHM from about 13 nm to 26 nm going from 56.5 
ppma to 4730 ppma iron. 

The shifting of the long-wavelength half maxi- 
mum to longer wavelengths (lower energies) with 
concentration is an indication of the energy per ion 
reduction as a result of pairing or more complex clus- 
ter formation. 

Figure 9 shows the normalized spectra as in figure 
8, but with eight of the 24 curve-fit samples pre- 
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sented. Note that the half maximum on the short- 
wavelength side of the peak is nearly constant at 440 
+ 0.7 nm. Expanding the region of the graph around 
the short-wavelength half maximum shows that the 
spread is not systematic with concentration, but ap- 
parently nearly random. Thus, much of the spread is 
probably a result of slightly different calibrations of 
the three Hitachi spectrophotometers over several 
years. The two traces in figure 8 (which represent the 
Fe** concentration extremes) were measured on the 
same instrument by the same operator. The short- 
wavelength half maximum points are at 439.3 and 
440.0 nm, a difference of only 0.7 nm. 

The long-wavelength half maximum increases 
from 453.5 nm at the lowest concentration to 467.2 
nm at the highest. With this data on all 24 curve-fit 
samples, we can plot a curve, shown in figure 10, of 
the long-wavelength half maximum (left vertical 
axis) as a function of Fe** concentration. By taking 
the short-wavelength half maximum (right vertical 
axis] as 440 nm, figure 10 also presents the FWHM. 

With the quantitative data presented for the am- 
plitude and width of the 450 nm band of Fe**, we can 
now examine the dependence of the color on the 
concentration produced by this chromophore. The 
color produced by most corundum chromophores 
depends solely on the areal density (/,, in ions per 
cm”) of the chromophore. The areal density is simply 
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the product of the chromophore concentration (C, cm). The areal density is the number of chro- 
in ions per cm’) and the sample’s path length (d, in mophore ions in the sample per cm? as measured by 
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Sample no.: 1059 949 
Origin: Malawi Kenya 
Sample thickness: 0.095 cm 0.157 cm 
Fe** concentration (C): 1020 ppma 2960 ppma 
Scaled thickness (d): 0.652 cm 0.225 cm 
Areal density (p,): 665 ppma-cm 665 ppma-cm 


a light beam traversing the sample, as shown in 
equation 2: 


DewCa (2) 


For the chromium chromophore, a sample with 
500 ppma Cr** and a thickness of 1 cm has the same 
absorbance and color as a sample with 1000 ppma 
and a thickness of 0.5 cm, because it has the same 
areal density. The Fe? chromophore does not share 
this simple relationship because, as shown in figure 
7A, the absorption cross section is not independent 
of concentration. 

In addition to the peak cross section of the 450 nm 
Fe** band being dependent on concentration, the 
band’s FWHM increases with concentration (see figure 
10). Thus, the magnitude and shape of the band 
change with concentration. Since the strength of the 
Fe*+ chromophore depends on both factors, it exhibits 
a complex dependence on Fe* concentration. For 
these reasons, a color calculation for this chromophore 
requires both the concentration and the sample thick- 
ness. The concentration determines the peak cross 
section and the band shape. A series of band shapes for 
a range of concentrations is presented in figure 9 and 
in appendix 1 (https://www.gia.edu/doc/fall-2023- 
yellow-sapphire-chromophores-appendix1.pdf). 

To illustrate these relationships, we present three 
color circles in figure 11. These three color circles, 
calculated for a 5000K illumination and a 2° angle of 
observation, have the same areal density of 665 
ppma-cm. For a chromophore such as Cr**, all three 
color circles would be identical. As we have shown, 
however, the strength of the Fe** chromophore in- 
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Figure 11. These three 
color circles show the 
increase in chromo- 
phore strength with Fe* 
concentration at con- 
stant areal density. 
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creases with the density of Fe** ions in the sample, 
even at constant areal density. 

Sample 1121 in figure 11 has the highest Fe*+ den- 
sity (4730 ppma) and a strong yellow coloration, even 
though it is only 0.141 cm thick. The areal density 
of the sample is 665 ppma-cm. Sample 949 has a 
lower density at 2960 ppma; to calculate the color, 
the thickness has been increased to 0.225 cm, pro- 
ducing a matching areal density of 665 ppma-cm. 
Note that the color saturation is significantly re- 
duced. Finally, sample 1059 has a relatively low iron 
concentration of 1020 ppma. For the color circle, its 
thickness has been increased to 0.652. cm to provide 
a matching areal density of 665 ppma-cm. Again, 
there is a significant decrease in color saturation. For 
these reasons, strongly yellow sapphires colored only 
by iron usually have iron concentrations above 3000 
ppma. 

As demonstrated above, there is no single curve 
shape that characterizes the 450 nm Fe** absorption 
band. Thus, the effect of iron concentration on the 
color of ruby or blue sapphire must be calculated sep- 
arately for each concentration of either Cr** or Fe?'- 
Ti*, and Fe**. The most straightforward calculation 
would be to simply add in one of the curves pre- 
sented in appendix 1 to either of the other two chro- 
mophores’ spectra for each iron concentration. 

The weakest chromophore in natural corundum 
is Fe**. Yet some very deeply colored yellow sap- 
phires are found in basalt-hosted corundum deposits. 
These deeply yellow sapphires are colored by the 
combination of the Fe** chromophore and the h*-Fe** 
chromophore, and these will be discussed later. 
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The h’-Fe** Chromophore and Heat Treatment.’ Trace 
elements in the corundum lattice that have a valence 
less than the 3+ of aluminum are termed acceptors, 
while those with a valence of greater than 3+ are 
termed donors (Smyth, 2000). If the sapphire is accep- 
tor dominated, we have the following relationship:* 


[acceptors] — [donors] = [Mg + Ni**]- [Si* + Ti*]>0 (3) 


where square brackets indicate concentrations in ppma 
or ions/cm*. Since solids must be electrically neutral, 
acceptor excess will be charge compensated by either 
hydrogen ions, oxygen vacancies (V,2"), or trapped holes 
(h*) with a 1+ charge, as shown here: 


[Mg + Ni] — [Si#* + Ti*]-[H* + 2V2*+h‘]=0 (4) 


Whether in nature or in the laboratory, the elim- 
ination of the hydrogen ion and/or oxygen vacancies 
that are a part of the charge compensation of the ac- 
ceptor excess results in an increase of the trapped 
hole concentration to maintain charge neutrality. 
The trapped hole in corundum is an oxygen ion with 
a charge of -1 rather than the normal —2. The O! ion 
paired with Fe* is the absorbing specie that creates 
the yellow coloration, not the divalent ions (figure 
12; see also Dubinsky et al., 2020). 
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While equations 3 and 4 look simple, determining 
acceptor domination is not. Based on calibrated SIMS 
measurements at the California Institute of Technol- 
ogy, Division of Geological and Planetary Sciences 
(Stone-Sundberg et al., 2017, 2020), we have learned 
that silicon (Si**), a donor, is about as common in nat- 
ural corundum as magnesium (Emmett et al., 201 7b). 
Unfortunately, only a very small portion of the re- 
search samples at Crystal Chemistry and in GIA’s col- 
ored stone reference collection in Bangkok have been 
analyzed for silicon by SIMS. The majority of our 
samples have only been analyzed by quadrupole LA- 


3As discussed in Dubinsky et al. (2020), h* will pair with either Cr?* or 
Fe**. If both are present, it will preferentially pair with Cr**, which lies 
above Fe** in the band gap. The absorption spectra of h*-Cr** is very 
different from the h*-Fe** spectra, even with the excess Cr** spectra 
subtracted out. In this study, we discuss only stones with yellow col- 
oration that contain Fe** but not Cr**. 


“Nickel is included in these equations because it was discovered in 
significant concentrations in various types of natural sapphire by au- 
thor JS-S. For example, concentrations ranging from 1 to 15 ppma 
were found in the blue sapphires from Yogo Gulch, Montana. The va- 
lence of nickel in natural corundum depends on whether the sum of 
concentrations of all aliovalent elements results in acceptor or donor 
domination. Acceptor domination would make nickel 3+, while 
donor domination would make it 2+. Nickel as a chromophore in 
corundum will be addressed later in this article. 
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Figure 13. Sapphires from Rock Creek, Montana. The 
wafers in the top row are cut perpendicular to the c-axis 
and the wafers in the bottom row are cut parallel to the 
c-axis. These stones have been heat treated at 1200°C 
in oxygen. Photo by John L. Emmett. 


ICP-MS, which cannot accurately measure silicon in 
corundum due to close-in-mass interferences, and 
thus we cannot demonstrate acceptor domination. 

Even with measurements for all four trace ele- 
ments by SIMS, we often cannot determine whether 
or not a sample is acceptor dominated. This is be- 
cause the standard deviation (SD) of the acceptor ex- 
cess is the square root of the sum of the squares of the 
SDs for the concentrations of each of the four trace 
elements: magnesium, nickel, titanium, and silicon. 
Thus, the standard deviation of the acceptor excess 
can be large and can exceed the value of [h’] itself, 
making the determination of acceptor domination 
impossible. It is also important to note that our chem- 
ical analyses are only of several spots on the surface 
of fabricated wafer samples. We have learned from ex- 
amination of many heat-treated yellow sapphires that 
the acceptor domination in a given sample is often 
spatially nonuniform, and thus our analyses may not 
have covered the acceptor-dominated region. Spatial 
nonuniformity in natural corundum is more typical 
of aliovalent ions than isovalent ions. 

This spatial nonuniformity is typical of sapphires 
from Madagascar, Malawi, and most of the Montana 
deposits, as well as many of the stones from Sri Lanka. 
Examples of the nonuniformity of Rock Creek stones 
are given in Schmetzer and Schwarz (2.007) and also 
shown in figure 13. The yellow region in these stones 
appears as a smooth spot when viewed down the c- 
axis. Observed along an a-axis in this figure, it can be 
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Box B: KROGER-VINK NOTATION 


Defect chemistry is the study of point defects in imper- 
fect crystals. These include vacancies, interstitial atoms 
or ions, trace elements, electrons, or holes or any other 
deviation from the structure of a perfect crystal. Even ab- 
solutely pure crystals contain point defects at any tem- 
perature above absolute zero. 

The presence of defects is described as “disorder” in a 
crystal. Modern technological uses of crystalline materials 
in lasers, semiconductors, lithium batteries, fuel cells, and 
the like depend on controlled disorder. Allochromatic 
gems are gems that are colored by impurities. If they were 
completely pure, they would be colorless. The color of all 
allochromatic gems is produced by defects. Thus, all color 
in corundum is caused by defects. 

Writing the equations for chemical reactions among 
defects in a crystal is also called defect chemistry. In ad- 
dition to the normal rules for writing chemical reactions 
in a liquid or gas, the reactions in a crystal have addi- 
tional constraints. The set of rules for such reactions is 
as follows: 


1. Mass is conserved: The mass on both sides of a 
chemical reaction must be equal. 

2. Charge is conserved: The bulk of an ideal crystal 
is electrically neutral. Thus, charged defects must 
be created or destroyed in combinations that are 
electrically neutral. Atoms or molecules added to 
or removed from a crystal must be in electrically 
neutral combinations. 

3. Site balance is conserved: Cation or anion sites can 
only be created or destroyed in ratios correspon- 
ding to the stoichiometry of a perfect crystal. 
These are also electrically neutral combinations. 
This is the single most important difference be- 
tween chemical reactions in a crystal and those in 
a liquid or gas. 


The most commonly used formalism for writing 
chemical reactions with the rules above is the Kréger- 
Vink notation. The notations are as follows: 


1. The main symbol is the species, neutral or ion- 
ized, indicated by its usual chemical symbol. Va- 


seen that the acceptor-dominated region is far more 
spatially complex. 

Figure 14 shows natural yellow sapphires from Sri 
Lanka colored by this chromophore. The iron concen- 
tration in these stones typically ranges from 30 to 250 
ppma and is therefore far too small to contribute 
meaningfully to the coloration as an Fe** chromophore. 

To understand how trapped holes are formed, it is 
helpful to express the chemical reaction equations in 
Kréger-Vink notation (see box B). For simplicity, we 
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cancies are denoted by V. The symbol V for vana- 
dium is usually shown in a different font. 


2. A subscript indicates a lattice site labeled by its oc- 
cupant in a perfect crystal. An interstitial site is 
marked by the subscript i next to a chemical sym- 


bol. 


3. A superscript indicates the charge of the specie rela- 
tive to the charge of that site in a perfect crystal. One 
or more dots (") are used for extra positive charge(s). 
One or more slashes (/) are used for extra negative 
charge(s). An x is used for zero charge difference. 


Some examples of this notation for corundum are: 


e Cation and anions on proper sites Ali, O* 
e Jonized cation and anion vacancies Vs nV 
e Jonized cation and anion interstitials AIE? ©! 


i i 


e Tetravalent cation impurity on cation site Ti}, 

e Trivalent cation impurity on cation site Cri, 
/ 

M81 


e Trivalent anion impurity on anion site Ni 


e Divalent cation impurity on cation site 


e Divalent anion impurity on anion site of 


e Monovalent anion impurity on anion site F° 


e Electrons in the lattice e! 


e Electron holes in the lattice in 


Chemical reactions in corundum are written using 
these symbols. Isovalent ions, which are those ions with 
the same valence as aluminum or oxygen, can be incorpo- 
rated as follows: 


Al,O; 
Cr,0; —> 2Cr*,+ 30% 


(B-1) 
ALO; 
Fe,O, —> 2Fe%,+ 30% (B-2) 
Al,O; 
CaO. === 26760: (B-3) 


These equations show metal oxides being incorporated 


will assume that the only acceptor is magnesium and 
that the acceptor excess (Mg’.,...) is simply written 
as Mg’. 

Acceptor-dominated natural sapphire is often 
formed in a wet environment. Under these condi- 
tions, hydrogen provides the charge compensation, 
as shown here, and no trapped holes are formed: 


Al,O; po Des . 
> Mgii+5 03 + (OH); (5 


MgO+ : H,O 
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into an aluminum oxide (Al,O,) crystal. No point defects 
other than the metals themselves are being incorporated, 
because these trivalent metal ions can have the same va- 
lence as aluminum. 

When corundum crystals are heated in an oxygen at- 
mosphere, oxygen ions take oxygen sites on the surface 
of the crystal, resulting in the de facto formation of alu- 
minum vacancies on the surface and trapped holes for 
charge compensation. Oxidation in the bulk of the crys- 
tal is by inward diffusion of the resulting aluminum va- 
cancies and holes. The diffusion coefficient of these 
defects is several orders of magnitude greater than the 
diffusion of oxygen ions. Therefore, the following equa- 
tion is a good description of the process: 

J 0,6)“ 05 +2 vis 2m Bl 

Aliovalent ions, which have a valence different from 
that of aluminum or oxygen, can be incorporated into a 
corundum lattice by the creation of additional defects. 
For example, charge compensation of divalent ions can 
be achieved by incorporation of additional oxygen and 
by the formation of holes as shown here: 


3 


il ALO; | 0 
MgO+ A O,(g) —> Mgi)+ o} Ox+h* (B-5) 


In nature, when aliovalent ions are incorporated they 
are often charge compensated by other aliovalent ions. 
Here the magnesium is charge compensated by co-incor- 
poration of titanium: 


5 Al,0; i if 
MgO + TiO, —> Mg',,+Ti,,+30* (B-6) 


The use of Kréger-Vink notation eliminates several 
other conceptual reaction possibilities because of the ne- 
cessity of both charge and site balance. This formalism 
was proposed in Kréger and Vink (1956) and discussed in 
even greater detail in Kréger (1974). An excellent refer- 
ence from which to learn this approach is Smyth (2000). 


However, if the stones are later equilibrated in a 
warm, dry environment, part or all of the hydrogen may 
diffuse out of the stones, creating h’, as shown here: 


heat 3 


i < ei, pat, d 
Mgait 9 Oo + (OH), — Mgai+5 0; +h +5 Fg) (6) 


Since nearly all natural corundum contains sig- 
nificant Fe**, the trapped hole will associate with the 
Fe**, forming the h’-Fe** pair and creating the yellow 
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coloration (see footnote 3). These conditions are com- 
mon in sapphire from Sri Lanka and the Rock Creek 
deposit in Montana, where a range of colorless to 
weakly yellow stones occurs naturally. When the 
process shown in equation 6 occurs in nature, yellow 
sapphires are formed, as shown in figure 14. 

We usually do not think of hydrogen having a role 
in the visual color of gem corundum, as we assume 
the concentrations are very low (Beran and Rossman, 
2.006), a few ppma at most. Because their absorption 
cross sections are low (1-2 x 107? cm’), a change of 
only a few ppma in the valence of the transition 
metal chromophores will make little or no difference 
in the apparent color. However, the h’-Fe** pair has 
cross sections of 1-2, x 107” cm?, which means that a 
few ppma change can induce or eliminate intense 
coloration. 

The natural process shown in equation 6 can also 
be conducted in the laboratory. This is demonstrated 
in Atikarnsakul and Emmett (2021). If hydrogen-con- 
taining acceptor-dominated corundum is heated in 
an atmosphere that does not contain hydrogen or 
water vapor, the hydrogen will diffuse out of the 
stone. For time scales of one hour to several hours 
and temperatures in the 1000°-1400°C range, hydro- 
gen will be removed from samples whose thickness 
ranges from a few millimeters to a centimeter. 

Diffusion is described by the proportionality in 
the following equation: 


x « \(Dt) (7) 


which states that the diffusion distance, x, in cm is 
directly proportional to the square root of the diffu- 
sion coefficient, D, in cm?/sec, multiplied by the 
time, t, in seconds (Borg and Dienes, 1988). 
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The diffusion coefficient for hydrogen in alu- 
minum oxide has been studied by many authors 
(Fowler et al., 1977; Kronenberg et al., 2000; Fukatsu 
et al., 2003; Belonoshko et al., 2004; Serra et al., 2005; 
Doremus, 2006; Van Orman and Crispin, 2010), with 
little agreement in the values they determined. Ap- 
parently, the diffusion coefficient is sensitive to im- 
purities or structural issues in the crystal, but that 
remains to be quantified. For our rough estimates of 
the time at temperature required to remove the hy- 
drogen from our samples, the hydrogen diffusion co- 
efficient chosen is that given by Belonoshko et al. 
(2004), which at 1200°C is D = 1.3 x 10° cm?/sec. 
From this value we can calculate the time required 
at 1200°C to remove ~90% of the hydrogen from a 
given size and shape of sample (Shewmon, 1989). For 
a2 mm thick sample plate whose lateral dimension 
is large compared with 2 mm, the time is ~15 min- 
utes. For sample plates that have a lateral dimension 
that is only a few to several times their thickness, 
the times would be somewhat less. For larger sam- 
ples suitable for faceting, the times are significantly 
longer. For example, removing 90% of the hydrogen 
from a 1 cm diameter sphere at 1200°C would re- 
quire heating for approximately 1.5 hours. 

From our review of the literature, there is little 
consensus in the determination of the hydrogen dif- 
fusion coefficient in relatively pure sapphire crystals, 
and no information for natural crystals with the 
range and variety of trace elements found in gem sap- 
phire. The uncertainty is more than one order of 
magnitude. According to equation 7, the uncertainty 
of the time required is then also an order of magni- 
tude. Given the sensitivity of the yellow h’-Fe* col- 
oration to hydrogen content, that chromophore 
might be used as a basis for experiments determining 


Figure 14. Sri Lankan 
yellow sapphires rang- 
ing from 1.0 to 2.5 ct. 
The seven on the left are 
natural, and the four on 
the right are heat 
treated. Photo by Ron- 
nakorn Manorotkul/ 
Lotus Gemology; cour- 
tesy of Chaiyut 
Rungutaitawornsuk. 


Gems & GEMOLOGY FALL 2023 


5mm 


Figure 15. Left: Pale yellow natural sapphires from Sri Lanka. Right: The same sapphires after heat treatment at 
1400°C, in oxygen, for five hours to remove hydrogen. Photos by John L. Emmett. 


the hydrogen diffusion coefficient in natural or syn- 
thetic gem sapphire. 

Acceptor domination of weakly colored sapphires 
from a single deposit ranges from 0 to 90% of the 
samples: 0% of the samples from Songea in Tanza- 
nia, ~20% from Chimwadzulu Hill in Malawi, ~50% 
from Sri Lanka, and ~90% from Rock Creek in Mon- 
tana. Thus, it is important to initially test a large lot 
of small rough to determine the percentage that de- 
velop yellow coloration, in order to determine how 
many wafers must be fabricated to yield a few that 
turn yellow for the experiments and spectroscopy. 
This is the approach we have taken for this work, as 
presented below. 

As seen in figure 15 (left), Sri Lankan yellow sap- 
phires were initially a pale yellow color before heat 
treatment. Figure 15 (right) shows the same samples 
after heat treatment to quantitatively remove all hy- 
drogen. More than half of the heated stones developed 
stronger yellow coloration, and many of them show 
the enhanced color following straight or angular 
growth structures. Compare the stones in figures 14 
and 15. Thus far, it appears that nonuniform col- 
oration is characteristic of this chromophore in natu- 
ral corundum. 

Figure 16 shows the detail of Sri Lankan sample 
2802 undergoing this hydrogen removal process. 
Many natural Sri Lankan sapphires typically display 


Figure 16. A: FTIR spectra of sample 2802 from Sri 
Lanka. B: UV-Vis-NIR spectra of the same sample. C: 


The color alteration of the sample before and after 


heat treatment. The outlined area indicates the 
analysis area where the FTIR and UV-Vis-NIR spec- 
tra were collected. Thickness 2.811 mm, 194 + 26 
ppma iron. Photos by Sasithorn Engniwat. 
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a3161 cm OH peak or 3161 cm OH series in FTIR 
spectra, which indicates they are acceptor domi- 
nated. The connection of the 3161 cm" series with 
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Figure 17. Left: Run-of-mine samples from Rock Creek, Montana, selected only for size (3.0-5.5 mm), before heat 
treatment. Right: The same samples are shown after heat treatment at 1200°C in oxygen for 10 hours. Photos by 
John L. Emmett. 


high magnesium content (acceptor domination) was 
first described by Smith and van der Bogert (2006). 
Increased yellow coloration after heating (figure 
16C) is directly related to the reduction of the am- 
plitude of the OH-related peak at 3161 cm" (figure 
16A) (Atikarnsakul and Emmett, 2021) and in- 
creased strength of the h’-Fe** absorption band in 
UV-Vis-NIR spectra (figure 16B). Interestingly, the 
natural characteristic 3161 cm"! feature in certain 
samples could be occasionally transformed to the 
OH broadband series in the 3000 cm region with a 
broadband at 2625 cm-!, as shown in figure 16A 
when heated at 900°C in air. When heat treated at 
1550°C in pure oxygen, the hydrogen was completely 
removed, as shown by the disappearance of the OH 
absorption features from the FTIR spectra. With the 
removal of the hydrogen, the h’-Fe** absorption spec- 
trum and thus the yellow coloration increased. 

As mined, sapphire from Rock Creek in Montana 
has little coloration, which indicates that the accep- 
tor and donor concentrations are quite similar. In ad- 
dition, about 8% of the stones show some yellow 
coloration, although only a few would cut a fine yel- 
low gem. We also present hydrogen extraction results 
for this material, as it shows a different broadband 
OH absorption spectrum: the wide band 3000 cm! 
series. Interestingly, a few samples have both the 
3000 cm! series and the 3161 cm" series, but thus 
far none have shown only the 3161 cm" series. When 
hydrogen is diffused into magnesium-doped syn- 
thetic sapphire, the OH spectrum is a broadband at 
3000 cm (Fukatsu et al., 2003). Similarly, when hy- 
drogen is diffused into synthetic sapphire containing 
Ni** or Co**, the reduction of these dopants to the di- 
valent state is accompanied by the formation of the 
broad OH band at 3000 cm (Miller and Giinthard, 
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1966). These facts, combined with the conversion of 
the 3161 cm band to the 3000 cm" band in figure 
16A, emphasize how little we understand OH in 
corundum. It would be worthwhile to study these 
OH features in a wide variety of acceptor-dominated 
corundum to determine the correlation of the vari- 
ous OH bands with the trace element chemistry and, 
perhaps, the formation temperature. 

Figure 17 (left) shows run-of-mine samples of 
Rock Creek sapphire selected only for size (3.0-5.5 
mm). Figure 17 (right) shows the same samples after 
heating for 10 hours at 1200°C in oxygen. Nearly 
90% of the stones now show yellow coloration in 
some portion. 

The development of yellow color zones in Rock 
Creek sapphires is similar to that seen in Sri Lankan 
sapphire, but the yellow region is often limited to a 
smaller portion of the stone, as shown in figure 13. 
Figure 18A shows the FTIR spectra of Rock Creek 
sample 1021 before and after heat treatment at 1500°C 
for five hours in pure oxygen. The heat treatment 
process has fully removed all the hydrogen from the 
sample. 

Figure 18C shows the before and after photos of 
sample 1021. Heat treatment creates the strongly 
colored yellow spot that appears in the sample. Note 
that the optical measurement area is only centered 
on half of the yellow region (figure 18C, middle). A 
second sample plate was made so that optical meas- 
urements could also be centered on the yellow re- 
gion, as shown in figure 18C, right. 

Figure 18B shows the UV-Vis-NIR spectrum before 
and after heat treatment and in the second measure- 
ment area after heat treatment. The results revealed 
that the h*-Fe** spectrum increased significantly after 
heat treatment and was more obvious when the 
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analysis area was centered to be exclusively in the 
yellow area. By subtracting varying amounts of the 
h’-Fe* absorption spectrum from the spectrum in the 
second measurement area, we can determine that its 
concentration is approximately 6 ppma, the highest 
value measured thus far. 


Figure 18. A: FTIR spectra of sample 1021 from Rock 
Creek. B: UV-Vis-NIR spectra of the same sample. C: 
The color alteration of the sample before and after 
heat treatment, and another measurement area after 
heat treatment. The outlined area indicates the 
analysis area where the FTIR and UV-Vis-NIR spectra 
were collected. Thickness 1.710 mm, 978 + 111 ppma 
iron. Photos by Sasithorn Engniwat. 
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Yellow sapphires can also be created by heat treat- 
ment of an entirely different type of acceptor-domi- 
nated stone that does not contain hydrogen. If 
acceptor-dominated stones are formed at very low 
oxygen fugacity, the resulting reaction is: 


ALO; | 1 
MgO —> Mgi,+ OF +5,V," (8) 


where the charge compensation is by oxygen vacan- 
cies. The result of this reaction is a colorless stone. 
If such stones are then heat treated at high tempera- 
ture in an oxygen atmosphere, the oxidation reaction 
can be described as: 


1 ALO; 2 ’ 
5 O2(8) — 07 +3 Mat 2h (9) 


The oxidation is not caused by the inward diffusion 
of oxygen but by the inward diffusion of aluminum 
vacancies and holes formed on the surface. The com- 
bined reaction (equation 8 plus % equation 9) is: 


1 


Mg, +0842 us Oj +2 Vit h'=Mgh + 3 Os+H (10) 


1 1 
ges 

This reaction shows how acceptor-dominated, hy- 
drogen-free colorless stones can be heat treated in 
oxygen to create the h’-Fe** chromophore and thus 
the yellow coloration. The diffusion coefficient for 
the inward diffusion of aluminum vacancies and 
holes is much lower than the outward diffusion of 
hydrogen, so this reaction requires much higher tem- 
peratures and much longer times. 

At present we know of three sources for sapphire 
formed in this way. Pale to colorless stones are found 
at the Eldorado Bar deposit on the Missouri River in 
Montana, at the Chimwadzulu Hill deposit in 
Malawi, and at deposits in Madagascar. In each case, 
only a fraction (5-30%) of the run-of-mine stones ex- 
hibit this chemistry. To study the formation of the h’- 
Fe** chromophore in this entirely different chemistry, 
the following experiments were conducted. A large 
600 g parcel of Missouri River sapphire was processed 
through a precision splitter to make twelve 50 g test 
lots that were nearly identical. There were no identi- 
fiable yellow samples in the entire 600 g parcel. 
Twenty-five grams (one-half) of one of the test lots are 
shown in figure 19A. One each of the 50 g sublots 
were processed in pure oxygen in each of the follow- 
ing conditions: 1600°C for 10 hours (19B), 1700°C for 
10 hours (19C), 1800°C for 10 hours (19D), and 
1800°C for 31.6 hours (19E). The experiments at 
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The Urigin 
of 
GEMSTUNES 


by 


PROFESSOR DR. K. SCHLOSSMACHER 


Translated from the German by 


MARTIN L. EHRMANN 


Gemology, as an independent science, has 
been in existence for the past half-century. 
Much has been written about the mineralogi- 
cal properties of gemstones and the develop- 
ment of identification methods. Occurrence 
and localities are often mentioned, but with 
very little reference to origin. A complete 
summary on the subject of origin is con- 
spicuously absent. Therefore, a short but 
general review seems very important, and 
shall be given. Writing on this subject is 
especially interesting as it brings us close 
to the border fields of mineralogy, geology 
and the history of the origin of the earth. 

Direct observation can be based on our 
access to only a few thousand meters in the 
upper layers of the earth’s crust. This is 
called the silicate layer or lithosphere, which 
teaches to about twelve hundred kilometers 
deep. Then follows the sulfide-oxide layer 
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(twelve hundred to twenty nine hundred 
kilometers), which consists of metals in com- 
bination of sulphur and oxygen. Below that 
(twenty nine hundred to sixty three hundred 
and seventy kilometers) ties a core of iron 
nickel. We find from our observations that 
the locating and obtaining of useful minerals 
and gemstones are almost at the surface of 
the lithosphere. 

The silicate layer received its name from 
the fact that the greater part of its content 
consists of the element silicon, a metal. With 
oxygen, it builds’the silicte acid which, pure- 
ly crystallized in large quantities as quartz, 
appears in still larger quantities in combina- 
tion with other elements in which silicate 
is present. Most of the rock-building miner- 
als such as feldspar, mica, augite, horn- 
blende, and olivine are that type of com- 
bination. Also, in the gemstones we have 
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lower temperatures (1200°C and 1400°C) did not pro- 
duce any yellow stones. After heat treatment, all the 
yellow sapphires in the 50 g samples were sorted out 
and photographed separately, as shown in figure 19, 
B-E. 

The stones in figure 19E represent about 23% by 
weight of the 50 g lot. Plotting the data from these 
experiments indicates that increasing both the tem- 
perature and time should further increase the yield 
of yellow sapphire and the degree of color saturation. 

Comparing the heat treatment conditions of fig- 
ure 17 (right) and figure 19E shows the dramatic dif- 
ference between acceptor-dominated stones charge 
compensated with hydrogen and those charge com- 
pensated with oxygen vacancies. Sapphires from 
Chimwadzulu Hill in Malawi responded to high- 
temperature heat treatment in a similar way, with 
about 19% developing the yellow coloration. 

If the corundum has excess acceptors and is 
grown or later equilibrated in a high-oxygen-fugac- 
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ity natural environment, we have the following 
chemical reaction: 


ALO; 
* Mei) +30; + ht (11) 


1 
MgO +2 O,(g) 


which is the same as the after-heating result shown 
in equation 10. The interesting question is whether 
this condition occurs in nature to produce natural 
yellow sapphires. To answer this question, we need 
to find natural yellow sapphires whose coloration is 
due wholly or in part to the h*-Fe* pair yet show no 
OH absorption features in the FTIR spectrum. Such 
examples may be found in sapphires that are weakly 
or strongly yellow colored by Fe*. 

Finding such samples is difficult for several rea- 
sons. The 3000 cm: broadband usually has a much 
lower peak absorption coefficient than the 3161 cm! 
band, as it is much broader. Thus, determining that 
there is zero OH absorption was difficult, as most of 


Figure 19. A: One-half of 
a 50 g lot from a 600 g 
parcel of Missouri River 
sapphire, selected only 
for size (3.5-5.5 mm), 
before heat treatment. 
B: Yellow stones pro- 
duced from another 50 g 
lot after heat treatment 
at 1600°C in oxygen for 
10 hours. C: Yellow 
stones produced from 
another 50 g lot after 
heat treatment at 
1700°C in oxygen for 10 
hours. D: Yellow stones 
produced from another 
50 g lot after heat treat- 
ment at 1800°C in oxy- 
gen for 10 hours. E: 
Yellow stones produced 
from another 50 g lot 
after heat treatment at 
1800°C in oxygen for 
31.6 hours. Photos by 
John L. Emmett. 
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our research samples were rather thin. Additionally, 
weakly colored yellow sapphires that may also show 
these two characteristics are not often the focus of 
sample collection for research, as opposed to more 
strongly colored stones. 

At present, our best example of such a sample is 
yellow sapphire 4713 from Chanthaburi, Thailand, 
which shows these two characteristics. As shown in 
figure 20, there is no indication of the 3161 cm series 
or the 3000 cm! broadband series in this FTIR spec- 
trum, but the h’-Fe** pair absorption in the UV-Vis- 
NIR spectrum is clear from the increasing absorption 
coefficient from 600 to 500 nm. This sample is weakly 
colored, as it is only 0.465 mm thick. Two small peaks 
centered at around 2925 and 2852 cm=! are observed 
in the FTIR spectrum, but they are not a part of the 
3000 cm= broadband series. They are typically seen 
overlying various other mid-infrared spectral features 
as a result of oil contamination on the surface of the 
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1100 


stone or other materials present in open fractures. 
These peaks are related to the C-H stretching (2950- 
2850 cm) of organic matter (Tanykova et al., 2021), 
and the peak positions were the same as those of oil- 
impregnated emerald (Johnson et al., 1999). 

Presently, our only example of the equation 11 
phenomenon is sample 4713. Definitive proof that 
natural stones are indeed formed in this way will re- 
quire the collection of substantially more samples 
from a wider list of deposits. In addition, samples 
should be fabricated into significantly thicker wafers 
to facilitate the accurate measurement of their FTIR 
spectra. 


Combination of the Fe** and h’-Fe** Chromophores. 
Untreated high-Fe** yellow sapphires from basalt- 
hosted deposits such as Australia and Thailand often 
have a quite uniform yellow color. The color is 
caused mainly by the Fe** chromophore, but some- 
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form yellow coloration. This is because Fe** is solu- 
ble in corundum, easily replacing Al** because it has 
the same valence and a similar ionic radius. Unlike 
the chromophores containing aliovalent ions, Fe** 
solubility is not dependent on the presence of an- 
other ion. Perhaps more interesting is that these 
high-Fe** natural sapphires often incorporate the h’- 
Fe** chromophore as well. It is not unusual to find 
yellow sapphires colored by Fe** only and colored by 
both high Fe** concentration and the h’-Fe** chro- 
mophore in the same deposit. The Subera deposit in 
New South Wales, Australia, and the Khao Ploi 
Waen/Bang Kha Cha deposit in Thailand are two ex- 
amples of this phenomenon. 

Figures 21 and 22 compare two similar samples 
from Bang Kha Cha. Sample 941 (figure 21) is colored 
by Fe* only, while sample 940 (figure 22) is colored 
by both chromophores. Both samples exhibit a weak 
but broad OH band at 3000 cm:!. Sample 940 has a 
peak absorption of about 0.04 cm, while sample 941 
has a peak absorption of about 0.07 cm. 

As discussed earlier, when comparing color 
caused by the Fe** chromophore only, both the Fe** 
concentration and its areal density must be taken 
into account. Samples 940 and 941 differ in Fe** con- 
centration by only 5.1% and in areal density by only 
7.1%. Therefore, the 450 nm absorption bands of Fe** 
of the two samples are nearly equal. These samples 
offer a direct comparison of high-iron corundum with 
and without the h’-Fe** chromophore. 

The dramatic difference in the depth and character 
of the color between sample 940 and sample 941 is the 
result of the additional ~3.2 ppma of the h*-Fe* chro- 
mophore. When examining the spectra of yellow sap- 
phire samples with high concentrations of Fe**, it is 
very easy to discern which contain only Fe** and 
which contain some addition of the h*-Fe** chromo- 
phore. In figure 21 there is a distinct minimum be- 
tween the Fe* 450 nm band and the weak, broad Fe** 
band at 530 nm (Borg and Dienes, 1988). Depending 
on the Fe** concentration, the minimum between 
these two usually occurs between 490 and 502, nm. 
For sample 941, just 0.25 ppma of the h’-Fe* pair elim- 
inates the minimum. The 3.2 ppma of the h’-Fe* 
chromophore in sample 940 is determined by sub- 
tracting incremental amounts of it from the spectrum 
of sample 940 until the minimum at 500 nm is re- 
stored. Typical concentrations of 1 ppma or more of 
the h’-Fe** chromophore result in a linear increase in 
the absorption coefficient from 600 to 500 nm, which 
is very easy to visually recognize. That sample 940 
shows a well-saturated color and yet is only 1.43 mm 
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thick attests to the extraordinary strength of the h’- 
Fe** chromophore. 

The question naturally arises as to whether these 
high-iron stones, which also exhibit the h’-Fe** chro- 
mophore, respond to heat treatment. Figure 23 shows 
the result of some experiments. Figure 23A gives the 
FTIR spectra from sample 5270. This natural stone 
from Australia exhibits the 3000 cm"! OH broadband 
series, not the 3161 cm" series. This OH absorption 
has been eliminated by heating at 900°C for six hours 


Figure 23. A: FTIR spectra of Australian sample 5270. 
B: UV-Vis-NIR spectra of the same sample. C: The 
color alteration of the sample after heat treatment. 
The outlined area indicates the analysis area where 
the FTIR and UV-Vis-NIR spectra were collected. 
Thickness 1.240 mm, 3557 + 627 ppma iron. Photos 
by Sasithorn Engniwat. 
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Figure 24. This unusual gem from the Bang Kha Cha 
deposit is colored by a high concentration of both the 
Fe and the h*-Fe* chromophores. The color is re- 
ferred to as “Mekong Whisky.” Photo by Ronnakorn 
Manorotkul/Lotus Gemology. 


in air, and then by heating again at 1550°C for six 
hours in oxygen. Figure 23B illustrates that before 
heat treatment there is a minimum at ~495 nm, in- 
dicating the absence of the h*-Fe** chromophore. Heat 
treatment at 900°C substantially increases the depth 
of the yellow coloration, as shown in figure 23C. 


UV-VIS-NIR SPECTRA 
3.0 


The combination of high concentrations of both 
the Fe** and the h’-Fe** chromophores can create dra- 
matic colors, as shown in figure 24. 


Beryllium-Diffused Yellow Sapphires. The diffusion 
of divalent beryllium into natural corundum (Em- 
mett et al., 2003) adds to the concentration of accep- 
tor ions so that equations 3 and 4 become: 


[acceptors] — [donors] = [Be + Mg?* + Ni**] - [Si* + Ti*] > 0 (12) 
[Be* + Mg + Ni?*] — [Si* + Ti*] — [H* + 2V,%+bt]=0 (13) 


The addition of beryllium by diffusion in an oxidizing 
atmosphere primarily results in the formation of addi- 
tional trapped holes, which will form more h’-Fe* pairs 
with available Fe** and thus more yellow coloration. 
Because beryllium itself is not the chromophore, the 
coloration resulting from trapped holes formed by 
beryllium excess, by magnesium excess, or by both in 
excess is the same, as the chromophore is always h’- 
Fe**. We have demonstrated this fact by growing two 
crystals, the first doped with magnesium and iron and 
the second doped with beryllium and iron. 

The Elc absorption cross sections of the two h’- 
Fe** chromophores presented in figure 25 are nearly 
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Figure 26. Left: Near-colorless sapphires from the Dry Cottonwood Creek deposit in Montana, with an average 
stone size of 4-5 mm. Right: The same group of sapphires after beryllium diffusion. Photos by John L. Emmett. 


identical. A small vertical offset (0.127 x 10°’) result- 
ing from internal scatter in the crystal doped with 
beryllium and iron has been subtracted from its spec- 
trum in figure 25. 

Beryllium diffusion to alter the coloration of nat- 
ural corundum is conducted in an air or pure oxygen 
atmosphere at temperatures of 1800°C or above for 
several tens of hours. The diffusion experiments de- 
scribed here were conducted in the Crystal Chem- 
istry laboratory in a pure oxygen atmosphere, as were 
the experiments in Emmett et al. (2003). Heating in 
this way eliminates all of the H* and V,”* charge com- 
pensators, maximizing the degree of acceptor domi- 
nation and the h’-Fe** concentration. This maximizes 
the yellow coloration of sapphire. Commercially this 
process is often conducted in air. If conducting the 
diffusion process in air, the water vapor in the air can 
contribute hydrogen to the process, contributing to 
some reduction of the h’-Fe** concentration. In addi- 
tion, OH bands that would otherwise have been 
completely eliminated can appear in the FTIR spec- 
tra. This effect in synthetic sapphire is shown in 


Balmer and Krzemnicki (2015) and Sangsawong 
(2020). 

As previously discussed, sapphires that are color- 
less or weakly colored are usually neutral or slightly 
acceptor dominated. If such stones are beryllium dif- 
fused, a strong yellow color results from a substantial 
increase in h’-Fe** concentration. Figure 26 (left) 
shows a group of near-colorless sapphires from the 
Dry Cottonwood Creek deposit in Montana. The 
great majority of sapphires from this deposit show 
little coloration. Figure 26 (right) shows the result of 
beryllium-diffusing this group at 1800°C in oxygen 
for 33 hours. 

The amount of beryllium that can be added to 
natural corundum by diffusion often quite exceeds 
the acceptor excess that occurs in natural yellow sap- 
phire. Thus, it is possible that even donor-dominated 
blue sapphires can be converted to acceptor-domi- 
nated yellow sapphires by beryllium diffusion. We 
conducted an experiment to demonstrate that possi- 
bility using deep blue sapphire mined at Kings Plain, 
New South Wales, Australia (figure 27, left). 


Figure 27. Left: A group of run-of-mine deep blue sapphires from Kings Plain, New South Wales, Australia, with an aver- 
age stone size of 4-5 mm. Right: The same group of sapphires after beryllium diffusion. Photos by John L. Emmett. 
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Figure 27 (right) shows these stones after beryl- 
lium diffusion treatment. The majority of the blues 
have been converted to yellows, which are now ac- 
ceptor dominated. Although the color has been re- 
duced in degree, stones that were the deepest blue 
before diffusion have been lightened but remain 
donor dominated. 


Synthetic Yellow Sapphires. Synthetic yellow sap- 
phire, which is colored by the yellow h’-Fe** chro- 
mophore, was grown for the first time as a part of the 
study of the chromophores of natural corundum (Em- 
mett et al., 2017a). The yellow crystal grown by au- 
thor JS-S at Saint-Gobain Crystal and Detectors was 
doped with magnesium and iron to produce the h’- 
Fe** chromophore. Figure 28 shows sections of this 
Czochralski-grown boule, of which the three thick- 
est are 12 mm thick. The other three samples are bro- 
ken, providing some wedge sections. The h’-Fe* 
chromophore concentration is 2.1 ppma + 9%. Note 
the uniformity of color compared to the natural sam- 
ples colored with the same chromophore, which are 
often zoned. 

Historically, synthetic sapphires have usually 
been doped with nickel or by nickel and chromium 
to produce the yellow coloration. The chromophores 
used have typically been the transition metals and 
the Fe’*-Ti* pair. Thus, it is not surprising to see yel- 
low synthetic sapphire colored primarily with Ni*. 
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Figure 28. Synthetic 
sapphire colored only 
by the h’-Fe* chromo- 
phore. The three thick- 
est sections are 12 mm 
thick. Photo by John L. 
Emmett. 


It is also interesting that the nickel concentration 
used is quite low compared with the other transition 
metals. The yellow coloration from Ni* does not re- 
sult from transitions within the Ni* electronic struc- 
ture, but from a charge transfer transition from the 
Al,O, valence band to the Ni* ion (Tippins, 1970). 
What is most unusual is that this first charge transfer 
band of Ni** peaks is at 400 nm, providing significant 
absorption from 400 to 480 nm and thus strong yel- 
low coloration. All other transition metals studied to 
date have their first charge transfer band well into 
the UV, and thus these bands do not contribute to 
color. For example, the first charge transfer bands for 
Fe** and Cr* are at 259 and 178 nm, respectively (Tip- 
pins, 1970). Charge transfer absorption cross sections 
are typically a few hundred times stronger than the 
internal electronic transitions in transition metals, 
which is why low concentrations of Ni** contribute 
significant color. 

In the course of this study, we examined one crys- 
tal grown with the Verneuil process from RusGems 
in Bangkok and two crystals grown with the 
Czochralski technique by Milan Kokta at Saint-Gob- 
ain Crystals and Detectors. The Ni** concentration 
of the three crystals, analyzed by LA-ICP-MS at GIA 
and by SIMS at the California Institute of Technol- 
ogy, ranged from 1.6 to 8.0 ppma. To ensure that all 
the nickel was in the trivalent state, the spectro- 
scopic samples cut from the boules were annealed in 
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Figure 29. Sample 1162, a Ni**-doped sapphire cut 
from boule SS9. The c-axis is in the plane of the 
wafer, which measures 10.0 x 10.0 x 2.14 mm. Photo 
by John L. Emmett. 


oxygen at 1750°C for 10 hours. The oxygen anneal of 
one of the samples cut from the SS9 Czochralski- 
grown crystal increased the absorption coefficient of 


UV-VIS-NIR SPECTRA 


the first charge transfer band by a factor of about 
eight. This stems from the fact that the oxygen par- 
tial pressure of the growth atmosphere is approxi- 
mately 10° atmospheres, and thus only a portion of 
the nickel was in the trivalent state following 
growth. The Verneuil-grown crystal from RusGems 
was fully oxidized as received. It is unknown 
whether this condition resulted from the very differ- 
ent growth conditions of the Verneuil process or 
from an oxygen anneal following growth. 

Figure 29 shows sample 1162, cut from Czochral- 
ski boule SS9 after the oxygen anneal. Figure 30 shows 
UV-Vis-NIR absorption cross sections for both ELc 
and E||c before and after the oxygen anneal. The nickel 
concentration in this crystal is 3.58 ppma, as meas- 
ured by SIMS at the California Institute of Technol- 
ogy, and the thickness is 2.14 mm. 

As mentioned earlier, the reason for our interest 
in determining the Ni** absorption cross section is 
the fact that nickel in concentrations of up to 15 
ppma has been found in natural sapphire. We deter- 
mined its cross section, as we have done for the other 
natural chromophores in corundum. As shown here, 
only a few ppma of Ni* are necessary to produce sub- 


Figure 30. Sample 1162, 
a Ni**-doped Czochral- 


ski-grown sapphire. 
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stantial coloration. Since the absorption cross section 
in the visible region of Ni** exceeds even that of the 
h’-Fe* pair, only a few ppma in a neutral or acceptor- 
dominated stone would contribute strong absorption 
in the 400-480 nm region, adding additional yellow 
coloration. It is important to carefully study the ab- 
sorption spectra of stones containing >1 ppma nickel 
to determine whether there is a seventh natural chro- 
mophotre. The first six are discussed in Dubinsky et 
al. (2020). 


CONCLUSIONS 


This study of yellow sapphires was motivated by the 
lack of clarity in the literature as to the origin of the 
yellow coloration. In retrospect, this uncertainty was 
the result of three factors. First, the Fe** concentra- 
tion in natural stones spans a range of approximately 
4-4750 ppma, but only concentrations in the 
2000-4750 ppma range contribute significantly to 
yellow coloration. Second, the h*-Fe** chromophore 
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many silicates. 

When we locate a single place in which 
minerals are found thru the process of origi- 
nation, we call it a locality or deposit. We 
differentiate four large genetic cycles or 
groups of deposits: igneous rocks, sedi- 
mentary rocks, metamorphic rocks, and dis- 
integration or weathering development. 

For the study of gem localities, the dis- 
integration group and the igneous rocks are 
the most important, (on the earth’s surface). 
The name volcanic rocks indicates that an 
eruption of a volcano has taken place, but 
it actually embraces a much larger area. In 
an eruption of a volcano, large masses of 
tuff are spewed forth. From the crater flow 
the lava streams. The latter show us that 
somewhere in the depths of the earth, vol- 
canic molten masses must have existed in a 
flowing state at high temperatures. When 
deep-seated, these are called magma. We 
have further proof of this magma’s existence 
in the fact that when these masses cooled, 
they solidified in the form of rocks. Each 
granite has thus gone thru the magmatic 
process of development. 

The name igneous rock has been given 
to the solidified molten masses which occur 
in the depths, even if they were not caused 
by volcanic eruption. We differentiate those 
rocks that have solidified in the depths of 
the earth from those discharged by the lava 
streams. If parts of molten masses are caught 
in crevices of the earth and are thus solidi- 
fied, then you sometimes find a mineral de- 
posit that the miners commonly call a veinor 
lode. That is how the name “lodestone” 
originated. Gemstones occur in all three types 
of rocks, (under discussion here). 

The solidification of a magma in the 
depths of the earth is no simple process, 
but takes place in three phases. The first 
phase is the intramagmatic phase in which 
the molten masses, through a succession of 
crystallization of various mineral types, slow- 
ly turns to stone. That is how plutonic rocks 
originate. Known examples are the granites, 
diorites and gabbros. Gemstones of this 


phase are the diamonds, some garnets, the 
peridots and the labradorites, etc. 


By such crystallization processes the mol- 
ten mass is reduced. In the remaining re- 
sidual solution, there are present temporarily 
all those elements which have not amalga- 
mated into the stone-forming minerals up to 
this point. The further the crystallization 
process progresses, the more the solution 
residue is enriched. Mainly, they are the 
readily volatile ingredients of the magma, 
such as water, fluorine, chlorine, boron, sul- 
phur, carbonic acid, etc., as well as heavy 
and precious metals and a string of rare ele- 
ments. With the concentration of the readily 
volatile ingredients, the gas pressure rises 
in the residual liquid mass. Often, when the 
great pressure and/or heat develops, the 
magma surrounding the rock layers and 
parts of the residual magma, turn into meta- 
morphic rocks. 


Therewith begins the second phase of the 
magma solidification— the pegmatitic— 
pneumatolytic phase. Lodestones, or veins, 
are formed, of which the pegmatites are of 
the greatest importance as gem-bearing 
rocks, The pegmatite minerals are: tourma- 
line, topaz, most of the beryls including 
aquamarine, chrysoberyl, euclase, phenakite, 
etc. Tourmaline contains boron from the 
readily volatile ingredients of the magma. 
Topaz, fluorite, and the three last-mentioned 
gem minerals contain for this phase the 
characteristic element, beryllium. Besides the 
pegmatites, there are many other types of 
veins. None, however, is as important as 
the pegmatites in the formation of gem de- 
posits, and also of ore deposits. From the 
crevices in which the residual solutions 
penetrated, the second phase effect shows in 
the neighboring rocks of the earth’s crust. 
This happens in metamorphic rocks in which 
extensive decomposition processes and new 
crystallization takes place; in which contact 
rocks and contact minerals form. This whole 
process is called contact metamorphosis. De- 
posits of rubies and a large part of the 
sapphires, emeralds, nephrite, etc., are of 
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SPECIAL COLORS AND OPTICAL EFFECTS 
OF OREGON SUNSTONE: ABSORPTION, 
SCATTERING, PLEOCHROISM, AND 
COLOR ZONING 
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Oregon sunstone is a unique feldspar gemstone that displays a wide range of colors and optical effects due to the pres- 
ence of metallic copper inclusions of various sizes and shapes. Most striking are the distinct green and red colors 
caused by copper particles, sometimes with strong red to green pleochroism. Recent computation work suggests that 
copper particles can strongly absorb and/or scatter light depending on the relative orientations of the feldspar crystal, 
the copper particles, and the polarization of the incident light, resulting in dramatically different appearances of the 
same crystal when viewed (or cut) along different directions. Common optical properties of Oregon sunstone are de- 
scribed and explained in detail in this paper, based on the optical theories of metallic nanoparticles in anisotropic 
media. Notably, it was found that the red to green colors observed can only be explained by considering both selective 
absorption and scattering from copper particles. The absorption and extinction spectra of the copper inclusions in 
Oregon sunstone are measured for different crystal orientations and polarizations. The scattering effect of the copper 
particles is quantified by subtracting absorption from extinction, the result of which agrees closely with the computed 
optical properties of spheroidal copper nanoparticles. The orientation of the anisotropic copper particles relative to 
the optical indicatrix of the feldspar is described. The correlation between the copper concentration profile and the 
“watermelon” color zoning in some Oregon sunstones is examined and discussed, along with a comparison to the 
color zones in treated, copper-diffused feldspar. Further studies on the diffusion and dissolution mechanisms of copper 
in feldspar crystals are required to fully understand the geologic processes that create these special gemstones in 
nature, which may provide additional methods to differentiate between treated and untreated stones. 


regon sunstone is a significant feldspar gem- 
(_) sere with growing popularity, and certainly 

one of the most famous gemstones produced 
in the United States. Found in weathered lava flows, 
these basaltic phenocrysts have poorly developed 
cleavages and few inclusions or twins due to the dis- 
ordered structure resulting from a fast cooling rate (Ku 
et al., 2017; Jin et al., 2018, 2019), making them more 
suitable for faceting than other feldspar gemstones. 
Their popularity comes mainly from the wide range 
of appealing colors (figure 1), from the more common 
yellow, pink, orange, and red to the extremely rare 
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green-blue (www.oregonsunstoneguide.com/types- 
and-colors.html). Many of these colors have not been 
found in feldspar from anywhere else in the world. 
The term sunstone was originally defined (Andersen, 
1915) as the gem variety of aventurine feldspar, 
showing intense play of light and colors caused by 
strong reflections from thin oriented metallic inclu- 
sions of visible sizes, a phenomenon known as aven- 
turescence. The loosely defined word schiller is more 
commonly used to describe the aventurescence of 
sunstones in the gem community (the two terms are 
used interchangeably in this article). Most sunstones, 
such as those from India, Norway, and Tanzania, owe 
their aventurescence effect to hematite inclusions. 
Copper-containing aventurine feldspar was first doc- 
umented by Andersen (1917), who studied specimens 
reportedly from Modoc County, California. This 
county borders southern Oregon, an area hosting 
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Figure 1. Faceted Oregon sunstone crystals (2.75-7.71 ct) representing the variety of colors observed. Photo by 
Adriana Robinson. Courtesy of the GIA Museum. Gifts of Western Ventures (pear shape), Dust Devil Mining Co. 
(oval), and John and Laura Ramsey (emerald cut on the far right). 


many deposits known to produce gem-quality cop- 
per-included feldspars. Although many of the gem 
feldspars from Oregon that display red to bluish 
green colors do not technically fit the definition of 
“sunstone” due to their lack of reflective visible- 
sized inclusions, these copper-bearing gem feldspars 
from Oregon are all known as “Oregon sunstone” in 
the gem trade. 


In Brief 


¢ Oregon sunstones owe their colors to both absorption 
and scattering of light by copper particles. 


The absorbance of a scattering medium, such as a sun- 
stone, can be measured using an integrating sphere. 


The pleochroism of Oregon sunstone results from the 
interplay between the elongated copper particles and 
the biaxial feldspar matrix. 


Color zoning in a copper-bearing feldspar is controlled 
by diffusion. 


Copper inclusions in non-gem feldspar, though 
extremely rare, have been reported from localities 
such as Miyake-Jima in Japan and the Pinacate vol- 
canic field in Mexico (Rossman, 2011). Oregon is the 
only verified occurrence of gem-quality copper-bear- 
ing sunstone. Similar gem materials have been re- 
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ported from Ethiopia, though the deposit has not 
been independently verified (Kiefert et al., 2019; Sun 
et al., 2020). Moreover, copper has been shown to eas- 
ily diffuse into feldspar, which can create rich red col- 
ors in originally colorless or light yellow crystals 
(Emmett and Douthit, 2009; Zhou et al., 2021, 202.2). 
This discovery was made after a large quantity of red 
feldspar purportedly from Asia (Tibet) or Africa 
(Democratic Republic of the Congo) flooded the gem 
market, sparking controversy regarding the origin 
and authenticity of these gemstones (Rossman, 2.011; 
Abduriyim et al., 2011). Major and trace element 
compositions can be used to separate copper-bearing 
feldspar from different geological origins (Sun et al., 
2.02.0), and argon isotope analysis has been used to 
test high-temperature treatment (Rossman, 2.011). 
The diffused feldspars have much higher copper con- 
centrations than natural Oregon sunstones of similar 
color intensities (Sun et al., 2020; Jin et al., 202.2) and 
often show unnatural zoning patterns (McClure, 
2009). While natural Oregon sunstone is straightfor- 
ward to identify, there is not yet a simple and defin- 
itive way to confirm artificial copper diffusion in 
feldspar. 

The aventurescence effect in Oregon sunstone is 
obviously created by the copper flakes oriented along 
the cleavage planes of the feldspar crystals, as they 
can be observed optically under the microscope (or 
even with the unaided eye}. The origin of the body- 
color observed in some Oregon sunstone, on the 
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COLOR MAPS FOR SPHEROIDAL COPPER PARTICLES IN FELDSPAR 
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Figure 2. Calculated color maps from the computed UV-Vis spectra of spheroidal copper particles with different 
sizes (equatorial radius) and shapes (aspect ratio) under plane-polarized light. The particles of different sizes and 
shapes are schematically positioned on the maps, along with the polarization direction relative to the particles 


(marked with blue arrow). 


other hand, is less obvious. Although the correlation 
between the special colors and the copper content is 
unmistakable, the exact mechanism by which cop- 
per can create these various colors had been elusive. 
Hofmeister and Rossman (1985) first studied the ori- 
gin of color in relationship to the copper content and 
copper species in Oregon sunstone. They found that 
the red color in Oregon sunstone is the same as the 
color in red glass colored by copper/gold (“copper 
ruby glass”), both of which are caused by the optical 
properties of metallic copper colloids. In fact, copper 
and gold nanoparticles have been used to produce red 
glass for centuries, long before the physics and chem- 
istry behind it was understood (Nakai et al., 1999; 
Freestone et al., 2007; Ruivo et al., 2008). The more 
desired green-blue colors of Oregon sunstone are 
much more puzzling, because no nanoparticle-col- 
ored glass counterpart with similar colors has been 
manufactured. Hofmeister and Rossman (1983) first 
hypothesized that anisotropic colloids could be caus- 
ing the strong pleochroism often observed in green- 
blue Oregon sunstones, later supported by the 
observed correlation between the copper particle ori- 
entation and the color change (Farfan and Xu, 2008}, 
as well as the direct transmission electron mi- 
croscopy (TEM) observation of anisotropic copper 
nanoparticles (Wang et al., 2019). 
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A recent study computed the optical properties of 
spheroidal copper particles of various sizes and shapes 
embedded in feldspar, using methods based on simpli- 
fied solutions of Maxwell’s equations (Jin et al., 2022). 
The results explained the colors and pleochroism ob- 
served in both natural and treated copper-bearing sun- 
stones. Smaller copper particles mainly absorb blue 
and green light, which can create a vivid red color. 
Slightly larger particles strongly scatter red and orange 
light to allow more green and blue light to pass di- 
rectly through the crystal. Intense pleochroism can be 
created when elongated particles are aligned in the 
same direction, with the absorption and scattering 
much stronger when the polarization of the incident 
light is along the longer direction of the particles. A 
color map based on the computational results from Jin 
et al. (2022) is provided in figure 2, showing a rather 
dramatic change from red to green with increasing 
particle size and aspect ratio (the ratio between the 
long dimension and the short dimension of the parti- 
cle). The copper nanoparticles absorb and scatter light 
so effectively that only a small amount (~20 ppmw) of 
exsolved metallic copper can produce saturated colors 
in mostly transparent crystals. Thicker crystals with 
denser numbers of copper particles would quickly 
turn opaque, allowing only the red backscattered light 
to be observed. Optical effects present in copper-bear- 
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TABLE 1. Sunstone samples used in this study. 


: . Be aie Copper 

Sample no. Weight (ct) Locality Source Composition (ppmw)** Color 
SCH-001 11.78 eee Pacem AngyAbs,Or, 15-60 Strong schiller (figure 5) 

Sunstone Butte Collected by Strong red-green pleochroism 
SB-O01 ae mine, Oregon Shane F. McClure AnggAbsOr, aa (figures 6, 8, 9, 12) 

Ponderosa mine, Collected by “Watermelon” color with strong 
me oe Oregon Shane F. McClure meg 219 eee schiller (figure 15) 

Dust Devil mine, Collected by “Watermelon” color with slight 
A278 12.23 Oregon Shane F. McClure AnggAbs3Or, 2-100 schiller (figure 13) 

Dust Devil mine, : ; “Watermelon” color with moderate 
A314 10.96 Oregon Mariana Photiou Ang Ab3,Or, 5-120 schiller (figures 13, 15) 

Dust Devil mine, . ; “Watermelon” color with slight 
A319 11.80 Oregon Mariana Photiou AngzAb3,0r, 5-100 schiller (figures 13, 15) 
A110 0.66 Sy from M.P. Gem Corp AnAGLOR 500-700 Red-green pleochroism with 


zoning (figures B-2, 6) 


*The compositions and copper concentrations of the samples were analyzed using LA-ICP-MS. 


Detection limit = 0.015 ppmw. 


ing feldspar can be further complicated by the crystal’s 
low triclinic symmetry, resulting in complicated in- 
teractions between the light absorption/scattering by 
nanoparticles and the optical anisotropy of the matrix, 
the combination of which has not been studied in de- 
tail before. Given this newly published research about 
the optical properties of the copper particles, we revisit 
the colors and optical effects of Oregon sunstone in 
order to provide a comprehensive explanation of the 
special properties of this unique gemstone. 


MATERIALS AND METHODS 


The provenance, composition, copper concentration, 
and color of the seven samples studied in this paper 
are listed table 1. The chemical compositions and cop- 
per concentrations of the samples were analyzed with 
a laser ablation-inductively coupled plasma—mass 
spectrometer (LA-ICP-MS)}, consisting of a Thermo 
Scientific iCAP Qc ICP-MS connected to an Elemen- 
tal Scientific Lasers NWR213 laser ablation system 
(frequency-quintupled Nd:YAG laser operated in Q- 
switched mode at a wavelength of 213 nm and pulse 
duration of 4 ns). Standard glasses GSD-1G, GSE-1G, 
and NIST SRM 610 were used for external calibration. 
All samples were analyzed on a traverse from edge to 
edge through the center of the crystal, with a 55 pm 
diameter laser beam size at a 20 Hz repetition rate and 
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a fluence (energy density) of ~12 J/cm?. No obvious 
zoning of the major elements was observed; therefore, 
only the average composition is reported. The copper 
concentration showed various zonation and is listed 
as a range in table 1. 

All the samples were fabricated into wafers (not 
optically oriented) with at least two parallel polished 
surfaces for imaging and spectrometry analyses. The 
extinction spectra were collected on a PerkinElmer 
Lambda 950 ultraviolet/visible (UV-Vis) spectrome- 
ter, whereas the absorption spectra were collected 
with a GIA UV-Vis spectrometer, which is con- 
structed from an AvaSphere-50 integrating sphere, an 
AvaLight-DS deuterium light source, and a QE Pro 
high-performance spectrometer. Custom-blended 
Laser Liquid from Cargille with a refractive index of 
1.540 was used as an index-matching (immersion) 
liquid for orienting the feldspar crystals and measur- 
ing extinction spectra in different directions. 


ABSORPTION AND SCATTERING BY 
COPPER PARTICLES 


The feldspars containing copper inclusions are either 
colloids or suspensions, in which the copper particles 
are dispersed inside the feldspar host as a separate 
phase (see box A}. The copper particles larger than a 
few micrometers in size (copper suspension) are al- 
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Box A: DISPERSION SYSTEMS AND THEIR OPTICAL PROPERTIES 


Due to the second law of thermodynamics, everything 
in nature is a mixture of multiple components, resulting 
from the tendency to maximize entropy. Even the purest 
material created by humans, single-crystal silicon for 
making computer chips, contains a few impure atoms 
for every trillion silicon atoms. It is simply impossible 
to make anything 100% pure. Most of the mixtures are 
systems known as dispersions, in which distributed par- 
ticles of one material are dispersed in a continuous phase 
of another material. The two materials mixed in the dis- 
persion system can be in identical or different states of 
matter (gas, liquid, or solid). The dispersions can be di- 
vided into three different categories (solution, colloid, 
and suspension) with very distinct optical properties, 
separated by the sizes of the dispersed particles. 

Ina solution, the dispersed particles are at the atomic 
scale, resulting in a thermodynamically stable homoge- 
nous system with one single phase. Common examples 
of solutions are air, an alcoholic beverage, seawater, and 
metal alloys. Most allochromatic gemstones (sapphire, 
ruby, emerald, and alexandrite) are solid solutions with 
trace amounts of color-absorbing ions (e.g., chromium, 
iron, or titanium) or point defects (vacancies) evenly dis- 
solved in the crystal lattice of the gem mineral. Solutions 
almost exclusively absorb light through electron transi- 
tions (excitation) involving the dissolved ions and mol- 
ecules, which can result in a color for the transmitted 
light (with back lighting or internal reflection in the case 
of faceted stones). When light is shining from the side 
(perpendicular to the viewing direction), the light beam 
is invisible inside the solution (figure A-1) because no 


light is deflected to the observer by the solution. Al- 
though Rayleigh and Raman scattering is theoretically 
possible in a solution, these effects are so weak that they 
cannot be observed unless on an extremely large scale 
(for example, Rayleigh scattering by the atmosphere 
causes the sky to appear blue). 

In a suspension, the dispersed particles are at the mi- 
crometer scale or larger and optically visible (either under 
an optical microscope or without magnification). Suspen- 
sions are unstable heterogeneous mixtures, from which 
the suspended particles will settle out of the (fluid) mixture 
if left undisturbed for a prolonged period. Common exam- 
ples of suspensions include muddy water, sandstorms, and 
lava flow. Minerals and gemstones with eye-visible inclu- 
sions are also suspensions, such as aventurine feldspar, ru- 
tilated quartz, “horsetail’” demantoid, and star sapphire. 
The larger particles in suspension behave similarly to bulk 
macroscopic objects, which reflect and absorb light rays 
mostly on their surfaces. Depending on the particle den- 
sity, a light beam shining from the side can be outlined by 
the illumined particles in the suspension, if not completely 
blocked by the dense particles (figure A-1). 

A colloid is a dispersion with particle sizes in between 
those of solutions and suspensions. The particles in a colloid 
are smaller than a couple hundred nanometers, which is 
below the resolution of optical microscopy and cannot be 
directly observed using any optical device. However, the 
colloidal particles (also called nanoparticles) are much larger 
than atoms and small molecules, and they can strongly scat- 
ter light in all directions (Mie scattering). Therefore, the 
light path in a colloid is illuminated by the uniform scat- 


Figure A-1. Diagram showing light interaction with dispersion systems of different particle sizes. Only the particles in a 
suspension are large enough to be visually observed. When a beam of light is shining from the side, no visible effect can 
be observed in a solution, but an illuminated path of light can be seen in a colloid and a suspension due to the scatter- 


ing effect by the dispersed particles. 
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Figure A-2. Sample A110, a copper-diffused feldspar from China, under darkfield (left) and brightfield (right) illumination. 


The deep red color on the left is the color of the light scattered by the copper nanoparticles (Tyndall effect). The colors on 
the right are from the light transmitted through the crystal (neither absorbed nor scattered). The red zone on the left per- 
fectly matches the green zone on the right, whereas the red rim on the right is almost invisible on the left. This means the 
green color is mainly produced by the scattering of red light, while the red color is mostly from the absorption of the cop- 


per particles. Photos by Shiyun Jin; field of view 7.1 mm. 


tering from the invisible particles, known as the Tyndall ef- 
fect (figures A-1 and A-2, left). A colloid is a metastable het- 
erogeneous system, meaning the particles will not settle out 
when left undisturbed, but it can easily be destabilized if 
the particles’ surface properties are altered (e.g., by adding 
an electrolyte in the host phase). Common examples of col- 
loids are clouds, smoke, milk, ink, and cranberry glass (red 
glass colored by copper/gold). Colloid gemstones (those con- 
taining colloid particles, such as cloudy sapphire, fancy 
white diamond, and opal) often appear translucent due to 
the scattering particles. The metallic copper colloid in red 
copper-bearing feldspar has stronger absorption and weaker 
scattering than dielectric colloid particles, thus showing a 
solution-like appearance similar to other colored stones 
(note that the red rim in figure A-2, right, is almost invisible 
in figure A-2, left). The color of a colloid is also more com- 
plicated because the color from the scattered light and the 
transmitted light are often complementary to each other, 
making the observed color highly dependent on the type of 
illumination (back lighting, darkfield illumination, fiber- 
optic lighting) and the viewing direction. 

When light travels through an absorbing solution, its 
intensity is absorbed following the Beer-Lambert law, 
with the absorbance (Abs) proportional to the path 
length in the medium (J), the molar absorption coeffi- 
cient (¢), and the concentration (c) of the absorber: 


Abs = elc (A-1) 


in which the absorbance is defined as the negative loga- 
rithm of transmittance (T), where T is the fraction of un- 
absorbed light intensity, I, is the incident light intensity, 
and I, is the absorbed light intensity: 
I,-L 
Abs =— log T =— log ores (A-2) 


(0) 
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In a scattering (non-absorbing) medium (colloid or suspen- 
sion), the scatterance! (Sca) can be defined in the same way 
using scattered intensity (J,): 


her 
0 


For a medium that both absorbs and scatters light, the 
total effect of absorption and scattering is called extinc- 
tion (Ext, or attenuation), for which the quantity of ex- 
tinctance can be defined following the Beer-Lambert law: 


Ext = —logT = Abs + Sca (A-4) 


Sca =-— log (A-3) 


Note that transmittance (T) is the quantity that can 
be easily measured, which means extinctance is the most 
directly analyzed. In non-scattering solutions, which is 
the case for most colored gemstones, extinctance is the 
same as absorbance. The scattering effect, on the other 
hand, is much harder to measure directly, which requires 
specially designed instruments (e.g., Sullivan and Twar- 
dowski, 2009) and has only been successfully done on liq- 
uid suspensions (e.g., seawater) and jet streams of small 
particles. Fortunately, the absorbance of a scattering 
medium, though not as easy to measure as extinctance, 
can be measured using an integrating sphere (Elterman, 
1970; Fry et al., 1992; Nelson and Prézelin, 1993; Mignani 
et al., 2009), which blends the scattered light together 
with the transmitted light. Therefore, scatterance is best 
quantified by subtracting absorbance from extinctance. 


‘This term (along with “extinctance” in the next paragraph) is uncom- 
mon because there are very few studies on the scattering properties of 
nanoparticles. 
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most all aligned along the cleavage planes of the 
feldspar host, which means their shiny surfaces would 
reflect light simultaneously to create the schiller ef- 
fect. However, if the copper particles are smaller than 
a couple hundred nanometers in size (copper colloid), 
they cannot be directly resolved optically. The copper 
nanoparticles, unlike the larger inclusions with flaky 
shapes, are mostly spherical or spheroidal, as directly 
observed by TEM (Wang et al., 2019). This is because 
the system always tries to minimize the excessive in- 
terfacial energy by reducing the surface area of the 
nanoparticles. The smaller the particle size, the larger 
the relative surface area (surface area per unit 
mass/volume}) and the closer the particle shape is to a 
sphere. The anisotropy of the interfacial energy (with 
the anisotropic feldspar host) may distort the nanopar- 
ticles to spheroid or ellipsoid shapes. 

The interaction between light and copper 
nanoparticles is quite complicated. The free elec- 
trons in metallic copper—what make copper a very 
good conductor of heat and electricity—are pushed 
back and forth from one end of the particle to the 
other by the incident light (oscillation of the electric 
and magnetic field) at extremely high frequencies 
(the frequency of visible light is ~400-800 terahertz, 
or 4-8 x 10'*cycles per second] (figure 3A). Therefore, 
the free electrons in the copper particles can absorb 
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Figure 3. Schematic diagram 
of light (electromagnetic 
wave) interacting with cop- 
per (or other metal) nanopar- 
ticles. A: Free electrons in 
the nanoparticles oscillate 
under the force from an os- 
cillating electric field, which 
absorb the energy of the in- 
cident light and transform it 
into heat. B: The bouncing 
electrons confined by the 
particle boundary create hot 
spots of electric field on the 
surface of the particles, 
which enhances their scat- 
tering power. Particles much 
smaller than the wavelength 
of the incident light behave 
as oscillating dipole mo- 
ments (left), whereas larger 
particles that extend more 
than one spatial period of 
the incident light show 
more complicated multipole 
behavior (right). 


the energy from incident light and transform it into 
heat (kinetic energy of the electrons). This absorption 
is the strongest when the frequency of the light co- 
incides with the intrinsic frequency of the free elec- 
trons—an effect known as localized surface plasmon 
resonance (LSPR) (Petryayeva and Krull, 2011)—cre- 
ating a peak in the UV-Vis absorption spectrum that 
is strongly dependent on the size and shape of the 
copper particle. The oscillating free electrons con- 
strained by the particle boundary create hot spots of 
electric field on the surface of the nanoparticle, 
which would enhance the scattering power of the 
copper particles. Particles much smaller than the 
wavelength of the incident light behave as oscillating 
electric dipoles, whereas larger particles that extend 
more than one spatial period of the incident light 
show more complicated multipole behavior (figure 
3). The oscillating electrons also emit light (at the 
same frequency as the incident light) that contributes 
to the light scattered by the copper particle. The 
metal nanoparticles are sometimes referred to as “op- 
tical nano-antennas” due to their electromagnetic 
resonating properties (He et al., 2009), and the 
strongly concentrated electromagnetic field (at the 
particle surface) is often used to enhance signals from 
a small region in spectroscopic analyses such as 
Raman spectroscopy (Hossain et al., 2009) or laser- 
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induced breakdown spectroscopy (LIBS) (Palasti et al., 
2020). 

The extinctance of the copper particles in Oregon 
sunstone can be measured easily using a regular UV- 
Vis spectrometer by comparing the intensity of the at- 
tenuated light (transmitted through the medium] to 
the unattenuated intensity (directly from light source 
to detector) (figure 4A). However, the extinctance 
measured this way is not the same as absorbance, but 
the sum of absorbance and scatterance. The true ab- 
sorbance needs to be measured inside an integrating 
sphere, with the detector positioned away from the di- 
rect path of the incident light (figure 4B). An integrat- 


ing sphere is an optical device consisting of a hollow 
spherical cavity with its interior covered with a dif- 
fusely reflective coating. Light entering the integrating 
sphere is reflected and scattered multiple times before 
leaving through another port not in line with the in- 
cident light, which preserves the power of the light 
but destroys any directional or spatial information. 
When a scattering material is placed inside an inte- 
grating sphere, both the transmitted light and scat- 
tered light are blended together before entering the 
detector (figure 4B), which means the measured ex- 
tinction (by comparing the detected intensity with 
and without the scattering crystal) is only due to the 


Figure 4. Schematic configuration for measuring extinction (A) and absorption (B) spectra of a scattering crystal. 


The to-scale configuration used in this study is shown in C. 
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absorption of the crystal. It should be noted that, un- 
like the direct path configuration (figure 4A), light in 
the integrating sphere can be absorbed multiple times 
by the crystal itself, which may result in a higher ab- 
sorbance depending on the relative size of the crystal 
to the integrating sphere. To minimize these errors, 
the integrating sphere used for optical measurement 
should be much larger than the measured sample. The 
to-scale illustration of the setup used in this study is 
shown in figure 4C. Once the total extinctance and 
absorbance are measured, scatterance of the copper 
particles in Oregon sunstone can be calculated by sub- 
tracting absorbance from extinctance. 

The extinction spectrum (Ext, measured using the 
configuration in figure 4A) and absorption spectrum 
(Abs, see figures 4B and 4C) of sample SCH-001 are 
shown in figure 5. Because the micron-scaled copper 
inclusions in the schiller sunstone are large enough to 
block visible light of all wavelengths evenly, the ex- 
tinction spectrum has a shape similar to a copper-free 
feldspar but elevated along the vertical axis. Because 
almost all the flaky copper inclusions are oriented in 
the same direction, the reflectance (backscattering) 
spectrum can also be directly measured. The meas- 
ured reflectance spectrum (Ref) is the same as bulk 
copper metal (as expected), which accounts for most 


of the scattering by the copper inclusions. Therefore, 
the scattering spectrum (Sca) obtained from subtract- 
ing the absorbance from extinctance has a shape sim- 
ilar to the reflectance spectrum of copper, with red and 
orange light (>570 nm) preferably reflected (scattered) 
and blue/green light (<570 nm) absorbed. Note that re- 
flectance is the intensity ratio (in percentage) between 
the reflected light and the incident light, whereas scat- 
terance (by subtracting absorption from extinction) is 
the logarithm of the intensity ratio, which is why they 
cannot be plotted on the same scale and have slightly 
different shapes. 

The absorption and scattering spectra of colloidal 
copper particles in feldspar can also be measured this 
way. As shown by the computational results from Jin 
et al. (2022), strong pleochroism can be created by 
elongated copper nanoparticles aligned in the same 
direction. To measure the scattering power with dif- 
ferent polarization, a film polarizer is placed between 
the fiber-optic light and the feldspar crystal (again, 
see figure 4C). The experimentally measured spectra 
(figure 6) of two pleochroic copper-sunstone sam- 
ples—sample A110 (treated) and sample SB-001 (nat- 
ural}—match the computational result well. The red 
color is almost exclusively from absorption, with 
minimum scattering (extinction is almost the same 


Figure 5. Left: The extinction (Ext), absorption (Abs), scattering (Sca), and reflection (Ref) spectra of sample SCH-001. 
Right: The schiller effect of the sample from micron-scaled copper inclusions under reflective light. The scatterance is 
calculated by subtracting absorbance from extinctance. The reflectance (in percentage) is the fraction of light being 
reflected by the copper particles and thus cannot be plotted on the same scale as extinctance, absorbance, and scat- 
terance, which are logarithms of intensity ratios. Photomicrograph by Shiyun Jin; field of view 13.5 mm. 
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Figure 6. Polarized extinction (Ext), absorption (Abs), and scattering (Sca) spectra of sample A110 (A and B) and 
sample SB-001 (C and D). The stone color (with polarization direction marked by arrows) corresponding to each 
spectrum is shown alongside the plotted spectra. A red color in sunstone is mostly created by absorption, and a 
green color gets significant contribution (if not all) from scattering, as predicted by the computational results from 
Jin et al. (2022). Photomicrographs by Shiyun Jin; fields of view 5 mm (A and B) and 20 mm (C and D). 


as absorption in figure 6, A and C), whereas the green 
color gets significant contribution from the scatter- 
ing of red light (A >600 nm) (figure 6, B and D). Note 
that the absorption spectrum for the polarization di- 
rection in which the sample appears green (figure 6B) 
is very similar to that corresponding to the polariza- 
tion direction in which the sample appears red (figure 
6A), with an LSPR peak at ~570 nm followed by a 
drop-off (less steep in figure 6B than in 6A), which is 
characteristic of particles with a radius of ~35 nm 
and an aspect ratio of ~1.3 (Jin et al., 2022). Sample 
SB-001, on the other hand, shows an absorption peak 
at 600 nm that is enhanced by the scattering peak at 
625 nm, adding up to an exceptionally strong peak 
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in the extinction spectra at 613 nm (figure 6D). This 
indicates a smaller particle radius (~20 nm) with a 
higher aspect ratio (~1.7) (Jin et al., 2022). 


PLEOCHROISM OF OREGON SUNSTONE? 


As shown by the computational results from Jin et 
al. (2022), a higher aspect ratio of the copper or other 
metal nanoparticles produces stronger pleochroism. 
In an optically isotropic medium such as glass, the 


*The scattering effect is not considered in this section. Therefore, only 
terms related to absorption are used for simplicity, even though it is 
extinction being measured in the experiments. 
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this type. In the contact process, the readily 
volatile gas-forming ingredients play a very 
important part. They are called pneumato- 
lytics. Pegmatite-forming and pneumatolytic 
formations often parallel each other, or mix 
with each other, in the same formation. It is 
self-evident that such contact zones 
form in the solidifying of the 
stance of the depth rocks. 


also 
magma sub- 


After the expiration of the second phase, 
there still remain hot, watery solutions in 
the hot magma which in the third or hydro- 
thermal phase in the surrounding rock lay- 
ers, penetrate and travel great distances. 
Hydrothermal vein fillings such as (barite), 
fluorite, quartz Jodes and hydrothermal con- 
tact manifestations develop in this hydro- 
thermal phase. The thermal flow can easily 
force such solutions to the earth's surface. 
Man gemstones in the quartz group belong in 
this development phase. 

These three phases take place from within 
the earth’s crust and are therefore called 
intrusive. However, if the molten mass is 
forced all the way to the surface of the 
earth, there is volcanic action which pro- 
duces extrusive processes. Only the develop- 
ment of the opal and the agates belong 
here, so these processes are less important 
to gemology than the intrusive. The origin 
of both opals and agates is due to hot 
watery silicic acid solutions which rose with 
the volcano action and in which the silicic 
acid in solution prevented crystallization. 


The sedimentary group of rocks is of no 
importance in the development of gem- 
stone dposits. In it, develop, through sedi- 
ments assembled by water and air, unstable 
deposits such as gravel, sand and clay. To 
this group also belong aggregations of lime 
and gravel shales, skeletons of animals, 
plant substance. In the course of geologic 
time, deposits through 
crystallization of agglutimernts and rearrange- 
ment of the substance to solid rocks. Thus 
form conglomerates, sandstone, shale, clay 
clay schist, limestones, dolomite and the 


varius coal types. Gemstones do not de- 


outward 


solidify 


FALL 1954 


velop by this process. At best, we could in- 
clude amber and jet in this group. However, 
it is among the gravel mounds and rocks 
where most of the gemstones are found. 
They did not. originate in them, but they 
entered together with the sand and the 
gravel which was transported and deposited 
by water. They are, therefore, not a first, but 
a secondary deposit. 

There are two reasons why most gem- 
stones are not found in their original but 
in such secondary deposits, especially in 
loose mounds or gravel beds in small creeks 
and rivers. In order to obtain minerals from 
their original source, it is only possible by 
mining the surrounding area, and using ex- 
plosives. By this method, the costs are high, 
and most of the gem minerals are shattered 
by the explosives. When they are situated 
in loose gravel mounds, they can easily be 
removed without damage to the gems. Of 
course, they are water-worn. The second 
reason lies in the concentration of gem- 
stones nature bestowed upon us as a gift. 


The original rock disintegrates on the 
earth’s surface. Loose disintegrated soil is 
formed in which minerals that are not 


harmed by water and other atmospheric con- 
ditions (gemstones belong to this group) 
arc imbedded and remain in excellent condi- 
tion, This integration is washed away by 
the waters and the gemstones are washed 
along as well. When the rivers stop run- 
ning, and the water-falls stop falling, and 
the amount of water is reduced so that there 
isn’t enough power to wash this material any 
further, they sink and conglomerate together 
in an alluvial placer. Such placers are found 
in the now-present rivers, as well as in the 
old, higher located stream beds. The gem- 
carrying gravel lies mostly under one or 
more sandlayers which were formed after 
the original deposit. 

If, in the course of the earth’s history, 
such gravels solidify, then sedimentary 
rocks, containing gemstones, originate. 
Later it is possible that they might go into 


(continued on page 92) 
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transmittance (T) of light polarized at an angle of @ 
relative to the longer direction of the copper particles 
(assuming they are all oriented vertically) is an aver- 
age of vertical (long direction of the particle, 1) and 
horizontal (short direction of the particle, s) trans- 
mittance (figure 7A): 


T(@) = T, sin? 0 +T, cos? @ = 10s sin? @ + 10“! cos’? @ (1) 
This is because the vertical and horizontal compo- 
nents of the incident light are absorbed independ- 


ently by the particle. Therefore, the absorbance (A) 
as a function of angle 6 (figure 7, A and B) is: 


A(0) = -log(10~s sin? @ + 10~' cos? @) (2) 


But in an optically anisotropic medium, the 
pleochroism (maximum and minimum absorption) 
for a certain orientation is determined by the optical 


270° 
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orientation of the host crystal (feldspar in the case of 
Oregon sunstone) instead of the orientation of the 
light absorber (copper particles) (Libowitzky and 
Rossman, 1996}. Light inside an anisotropic crystal 
is split into two perpendicularly polarized light rays 
following the directions of maximum/minimum re- 
fractive index (n,/n,) (the dashed arrows in figure 7C), 
which are absorbed (attenuated) independently. The 
absorbance is thus dependent on the angle a (bet- 
ween polarization direction and n,} instead of 6 (fi- 
gure 7, C and D): 


A(a)= —log(10~1 sin? a +10~2 cos? a) (3) 


The absorbance A, and A, (along n, and n,), on the 
other hand, are determined by the angle B between 
the long dimension of copper particles and n, (figure 
7C): 


Figure 7. A: Plane-polar- 
ized incident light (at an 
angle of 8 with the long 
direction of the copper 
particle) in an isotropic 
medium can be decom- 
posed into vertical and 
horizontal components 
(dashed arrows) that in- 
teract with the particle 
independently. B: The 
angular absorption fig- 
ure (the polar plot of ab- 
sorbance against 0 at a 
certain wavelength) cor- 
responding to the inter- 
action shown in A. C: 
Plane-polarized incident 
light in an anisotropic 
medium is split into two 
polarized rays following 
the elliptical section of 
the optical indicatrix. 
The copper particles act 
on each ray independ- 
ently. D: The orientation 
of the angular absorp- 
tion figure of an 
anisotropic medium is 
determined by the opti- 
cal orientation of the 
matrix instead of the 
orientation of the copper 
particles. 
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A,= A)sin’ B + A, cos’ B (4) 
A; = A, cos’ B + A, sin’ B (5) 


Note that absorbance is used in equations 4 and 5 
rather than transmittance, as seen in equation 1. This 
is because the two polarized rays inside the crystal 
(corresponding to n,/n,) are constrained by the optical 
anisotropy of the medium and cannot be further de- 
composed. (The assertion by Sambridge et al. [2008] 
that absorbance can be simply replaced by transmit- 
tance in all equations is incorrect, as transmittance is 
used if and only if there are multiple rays or compo- 
nents being attenuated independently.) Combining 
equations 3, 4, and 5 results in: 


A(a)= —log(104i PAs °° B sin? a + 10-410" F-A,52°B cos? a) (6) 


The orientation of the copper particles cannot be 
directly extracted from the angular absorption fig- 
ures, as it is masked by the optical anisotropy of the 
feldspar. It also means the pleochroism of an 
anisotropic crystal is generally smaller than the 
anisotropy of the absorber (figure 7, B and D). The 
angle 6 determines the shape of the angular absorp- 
tion figure but does not change its orientation. (To 
view how the angular absorption figure changes with 
B, go to www.gia.edu/gems-gemology/fall-2023- 
oregon-sunstone-effects and see videos 1 and 2.) 

The “absorption ellipsoid” (Dowty, 1978; Sam- 
bridge et al., 2008) of a triclinic crystal is completely 
independent from its optical indicatrix, because there 
is no symmetrical constraint on either of them by the 
crystal structure. Although the optical indicatrix can 
be easily determined, the orientation of the absorber 
(absorption ellipsoid) cannot be independently meas- 
ured due to the splitting and polarization of light rays 
inside the crystal (figure 7, C and D). In theory, the 
orientation of an anisotropic absorber in a triclinic 
medium can be determined by reconstructing the ab- 
sorbance ellipsoid from the absorption coefficient of 
six independent directions (Dowty, 1978). In practice, 
however, such reconstruction is very difficult (if not 
impossible), as it requires complete deconvolution of 
the absorption spectra into independent absorption 
bands with accurate baseline corrections. Therefore, 
the absorber orientation (absorption ellipsoid) has 
never been quantified for any triclinic crystals. More- 
over, the absorption spectra of copper particles cannot 
be simplified as combinations of several independent 
bands with fixed peak widths and positions, because 
the absorption/scattering peak continuously changes 
with different particle sizes and shapes. Nonetheless, 
it is still possible to determine the orientation of the 
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copper particles in a strongly pleochroic Oregon sun- 
stone, as the intense absorption peak at ~600-630 nm 
only occurs when light is polarized along (or at a 
slight angle with) the long direction of these particles. 

The optical orientation (principal axes X, Y, and Z 
of the optical indicatrix) of the feldspar crystal needs 
to be determined first, because the polarized absorp- 
tion spectrum is only meaningful when measured 
along special optical directions. This can be achieved 
by locating the two optic axes using an optical orient- 
ing device (Thomas et al., 2014). The Y-axis is perpen- 
dicular to the optical plane (a plane containing two 
optic axes], whereas the X- and Z-axes are the bisectors 
of the two optic axes. Sample SB-001 mounted on a 
dop along the Z-axis of the optical indicatrix (with the 
X-axis facing downward) is shown in figure 8A, along 
with the relative orientation between the optical in- 
dicatrix (white ellipsoid) and the crystallographic axes 
of the feldspar (figure 8, C and D). The orientation of 
the optical indicatrix agrees with the composition fol- 
lowing the stereographic plot by Smith and Brown 
(1988, p. 200). Similar to most Oregon sunstone crys- 
tals, sample SB-001 is tabular shaped, with the table 
face parallel to the (010) cleavage/twin plane (Stewart 
et al., 1966). The (001) cleavage is relatively poorly de- 
veloped but still recognizable on one side of the crystal 
(figure 8A). Note that even with the two cleavage 
planes (010) and (001) correctly identified, though they 
are not always obvious, the direction of the a-axis still 
cannot be unambiguously determined (there are two 
possibilities for positive and negative direction) with- 
out any developed crystal faces (other than the cleav- 
ages}. Without using X-ray diffraction, measuring the 
optical orientation of the crystal is necessary to deter- 
mine its crystallographic axes. 

When the polarization plane of the incident light 
(red plane in figure 9A) is perpendicular to the X-axis 
(vertical blue line), the polarization will remain un- 
changed inside the crystal (immersed in an index- 
matching liquid to avoid irregular surface refraction). 
This property allows the absorbance to be measured 
along any direction perpendicular to the X-axis. Here 
we define the longest axis of the copper particles as 
P (black line in figure 9A), the angle between P and 
the X-axis as y, and the angle between the P-X plane 
(yellow plane) and the plane normal to the incident 
light (green plane) as gy. As the crystal is rotated 
around the X-axis (perpendicular to the polarization 
plane), the projection of the copper particle along the 
horizontal direction (polarization direction marked as 
red arrow in figure 9B) is dependent on the angle g, 
which is maximized at g = 0° and minimized at ~ = 
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90°. (To view the full rotation around the X-axis, 
along with the corresponding particle projection, see 
video 3.) The color change during the rotation is more 
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Figure 8. A: Sample SB- 
001 mounted on a dop 
(behind the sample) 
along the Z-axis of the 
optical indicatrix (with 
the X-axis facing down- 
ward). The crystallo- 
graphic axes of the 
crystal and the two 
cleavage planes are la- 
beled. Photo by Shiyun 
Jin. B: Diagram of the 
feldspar crystal (with 
ideal crystal habit) in 
the same orientation as 
in A, showing the orien- 
tation relation between 
the crystallographic 
axes and the optical in- 
dicatrix of sample SB- 
001. C: The same 
orientation relation as 
in B but viewed from a 
more general direction, 
similar to figure 8.8 in 
Smith and Brown 
(1988). 


dramatic when P is closer to the horizontal plane (y 
angle closer to 90°). The images in figures 9C and 9D 
show the two extreme colors (green at y ~ 0° and red 
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Figure 9. A: When the feldspar crystal is rotated around the X-axis, the horizontally polarized incident light (red 
plane perpendicular to the X-axis) does not change polarization inside the crystal, while the longest axis of the copper 
particle (P-axis) would revolve around the X-axis. The angle between P and the X-axis is defined as y, and the angle 
between the P-X plane (yellow plane) and the plane normal to the incident light (green plane) is defined as q. B: Dia- 
gram showing the projection of a copper particle along the incident light direction as it revolves around the X-axis 
(vertical) during the rotation. The absorbance for the horizontally polarized light (red arrow) is determined by the 
projection of the copper particle along the horizontal direction, which is maximized at 9 = 0° and minimized at @ = 
90°. C: Photo of sample SB-001 with maximum absorption at » ~ 0° showing deep bluish green color under horizon- 
tally polarized light. D: Sample SB-001 rotated 90° and showing red color with minimum absorption. Photos by 


Shiyun Jin. 


at gy ~ 90°) during the rotation around the X-axis 
under horizontally polarized light (to see the color 
change during the full rotation, see video 4). The P- 
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X plane can thus be determined by the position of 
maximum (gp = 0°) and minimum (p = 90°) absorp- 
tion. The same measurement can be performed by 
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Figure 10. A: UV-Vis-NIR absorption spectra of sam- 
ple SB-001 under horizontally polarized light corre- 
sponding to the positions in figures 9C (maximum 
absorption, 6°), 9D (minimum absorption, 96°), and 
halfway in between (intermediate absorption, 51°). 
The angles 6°, 51°, and 96° indicate the angle between 
the incident light and the Z-axis for each spectrum. B: 
Absorption spectra of sample SB-001 under vertical 
polarization at the same positions as in A. Note that 
the intermediate absorption spectrum (51°) is a direct 
average of the maximum (6°) and minimum (96°) ab- 
sorption spectra, instead of the negative logarithm of 
averaged transmittance. 


rotation around the Z-axis to determine the P-Z 
plane, and the orientation of the copper particles P 
can be determined as the intersection of the P-X and 
P-Z planes. It should be noted that measurement 
with rotation around the Y-axis should be avoided 
because incident light at a slight angle with the optic 
axis may result in incompletely polarized rays and 
irregular refraction (Sambridge et al., 2008). 
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The absorption spectra of sample SB-001 with po- 
larization perpendicular and parallel to the X-axis (at 
three different angles between the incident direction 
and the Z-axis) are shown in figure 10, measured 
using the same configuration in figures 9C and 9D. 
The maximum and minimum absorption occur 
when the incident light is at an angle of 6(+3)° and 
96(+3)° with the Z-axis, indicating the P-X plane (red 
plane in figure 11) is at an angle of ~6° with the X-Y 
plane (~96° with the X-Z optical plane). Note that the 
spectra with polarization parallel to the X-axis barely 
change with rotation of the crystal; this is expected 
because the projection of the copper particles along 
the vertical direction does not change during rotation 
of the crystal (figure 9B and video 3). It should also 
be noted that the minimum absorption spectrum in 
figure 10A (96°) does not show any shoulders at ~610 
nm, agreeing with the computational results by Jin 
et al. (2022). This indicates that the shoulder of the 
absorption spectrum in figure 6C is contributed by 
the long direction of the copper particles (A,) result- 
ing from a small f angle in equation 6. The spectrum 
under vertical polarization is also very similar to the 
6° spectrum under horizontal polarization (figure 
10A), indicating the y angle (figure 9A) between P 
and X is close to 45° (8 = y when @ = 0°). Performing 
the same measurements around the Z-axis results in 
an angle of ~135° between the P-Z (blue plane in fig- 
ure 11) and X-Z planes. The intersection of the P-X 
and P-Z planes aligns well with the a-axis of the 
feldspar crystal (figure 11). This makes sense because 
the (010) and (001) cleavage planes have the weakest 
connections (chemical bonds) in the feldspar struc- 
ture, which means the copper particles encounter the 
least resistance when growing along the intersection 
of these two planes (a-axis). It is also possible that a 
faster copper diffusion rate along the a-axis con- 
tributes to the particle elongation. As the particles 
get larger, one of the cleavage planes dominates the 
growth, resulting in flaky inclusions that create the 
schiller effect (figure 5). 

If the crystal is viewed along P (see figure 9A), 
which has the smallest projection of the copper par- 
ticles, only red color would be observed (no 
pleochroism) because the absorption is always min- 
imal no matter the polarization of the incident light. 
On the other hand, viewing perpendicular to P does 
not guarantee maximum absorption or pleochroism 
because the polarization of light inside the crystal is 
controlled by the optical anisotropy of the feldspar 
matrix (figure 7). The maximum pleochroism occurs 
only when the polarization of light inside the 
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Figure 11. The orientations of the P-X (red) and P-Z (blue) planes of sample SB-001 relative to its crystallographic 
and optic axes, viewed down the crystal’s a-axis (A) and b-axis (B). The intersection of the P-X and P-Z planes (P, 
thick black arrow in B) aligns perfectly with the a-axis, which is also the intersection of the two cleavage planes. 
The cyan plane in A marks the direction of maximum pleochroism, with the elliptical section perfectly aligned 


with the copper particles. 


feldspar crystal is perfectly parallel or perpendicular 
to P (6 = 0°/90° in equation 6 and figure 7C). This 
special optical direction can be found easily by total 
optical extinction between crossed polarizers, be- 
cause the incident light (horizontal plane in figure 
12A) polarized perpendicular to P would be com- 
pletely extinguished by the analyzer (gray plane in 
figure 12A, with vertical polarization parallel to P) 
after the crystal only when the elliptical optical sec- 
tion is aligned with P. Images of sample SB-001 
mounted on a dop along the a-axis (particle orienta- 
tion P) between cross polarizers at two different po- 
sitions are shown in figure 12, B and C, along with 
the schematic relations between the particle orien- 
tation and the optical sections. (To view the crystal 
going in and out of complete extinction during the 
full rotation, see video 5.) The orientation of the op- 
tical section that creates complete extinction in fig- 
ure 12D is marked as the cyan plane in figure 11A, 
which is at an angle of ~30° with the (010) cleavage. 
This is the orientation with the strongest pleochro- 
ism, as shown by the polarized extinction spectra in 
figure 12D. This method can be used to maximize 
(or minimize) the pleochroism while faceting Ore- 
gon sunstone crystals, as the copper particles should 
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mostly elongate along the a-axis (the easiest direc- 
tion to identify in a rough feldspar crystal), even 
though the exact orientation of the section with 
maximum pleochroism may vary depending on the 
composition of the feldspar. 


COLOR ZONING IN OREGON SUNSTONE 


Another special feature commonly observed in Ore- 
gon sunstone is color zoning. Unlike most colored 
stones, in which the color intensity is directly pro- 
portional to chromophore concentration, the colors 
and color intensities of copper feldspars are strongly 
dependent on the density, size, and shape of the cop- 
per particles (Jin et al., 2022), which are not simply 
correlated with the concentration of copper in the 
crystal. The treated (copper-diffused) feldspars from 
China (e.g., sample A110) contain much more cop- 
per than natural Oregon sunstone of similar (if not 
stronger] colors (table 1) (Jin et al., 2022). This 
means the color zoning in Oregon sunstone, con- 
trolled by multiple factors (copper concentration, 
defects, temperature/cooling rate, and oxygen fugac- 
ity), is much more complicated than the zoning in 
other gemstones. 
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Figure 12. In A, an arbitrarily oriented feldspar crystal splits the horizontally polarized incident light into two per- 
pendicularly polarized beams of light (traveling at different speeds inside the crystal); the phase shift due to the 
speed difference allows the light to partially pass through the vertical polarizer positioned after the crystal (gray 
plane). However, if the optical section of the feldspar is aligned with the horizontal and/or vertical direction, the in- 
cident light remains horizontally polarized inside the crystal (as in figure 9), which would be completely extin- 
guished by the vertical polarizer. Images of sample SB-001 between cross polarizers (horizontal and vertical), 
rotated around P (a-axis) at two different positions (non-extinction and extinction), are shown in B and C, respec- 
tively, along with the schematic relations between the copper particles and the optical sections. Polarized (vertical 
and horizontal) UV-Vis-NIR absorption spectra corresponding to the extinction position in C are shown in D, 
which represents the maximum possible pleochroism that can be observed in sample SB-001. 


The most recognizable zoning pattern of Oregon 
sunstone is the “watermelon” color, with a red-col- 
ored core followed by a thin green-colored (pleochroic) 
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rim, before turning near-colorless close to the surface 
of the crystal. Images of Oregon sunstone crystals 
with typical “watermelon” colors under transmitted 
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light (brightfield illumination) are shown in figure 13. 
The color zones in Oregon sunstone have smooth 
transitions and curved boundaries (e.g., Rossman, 
2011; Xu et al., 2017), with the shape roughly follow- 
ing the irregular shape of the feldspar crystal (or cracks 
inside the crystal; e.g., sample A319 in figure 13). The 
colorless zone near the surface of the crystal is often 
wider than the colored zone. 

The color zoning in almost all other gemstones, 
such as ametrine or “watermelon” tourmaline, is a 
direct reflection of the changes in chemical compo- 
sition (chromophore concentration) of the crystal 
across the different zones, which are controlled by 
either the conditions (chemistry, temperature, pres- 
sure) during crystal growth (i.e., growth zoning), or 
the crystal chemistry of the zoned mineral itself (i.e., 
sector zoning). The light-absorbing elements (e.g., 
iron, titanium, chromium, vanadium, or manganese) 


typically diffuse very slowly in crystals, and thus any 
abrupt changes in their concentrations (sharp color 
zone boundaries) can only be created during crystal 
growth. Gradual changes in the chemistry of the 
fluid that feeds the crystal growth would create the 
smooth color changes that are often observed in 
some elongated crystals (e.g., bicolor tourmaline). 
Slow diffusion of the chromophores after crystalliza- 
tion can gradually smooth out some of the initially 
sharp boundaries over thousands or millions of years 
in certain geological settings, which is often used to 
estimate the cooling rate or annealing time of chem- 
ically zoned minerals. Whether sharp or smooth, the 
color zoning in gemstones other than Oregon sun- 
stone almost always follows the crystal habit of the 
mineral (i.e., concentric/radial hexagonal zones with 
sharp corners or along the c-axis in elongated crystal 
form). 


Figure 13. Three Oregon sunstone crystals show typical “watermelon” colors from two different directions. The 
third direction of each sample only displays a light red color with no obvious zoning and is therefore not shown 
in the figure. The cracks in sample A314 were accidentally created during sample preparation (which is why it 
did not affect the color zoning as in sample A319). The dashed line on sample A314 indicates the position of the 


LA-ICP-MS analysis traverse. Photos by Shiyun Jin. 
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COPPER CONCENTRATION PROFILES 
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The unique zoning characteristics of Oregon sun- 
stone are clearly not growth controlled, with no cor- 
relation to the common crystal habit of feldspar. 
Copper has been shown to diffuse in feldspar extraor- 
dinarily rapidly (Emmett and Douthit, 2009, Audétat 
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Figure 14. Copper con- 
centration profiles 
across the different color 
zones in natural Oregon 
sunstone (top, sample 
A814) and diffused sun- 
stone (bottom, sample 
A110) from LA-ICP-MS 
analyses. The correspon- 
ding color changes along 
the profiles are drawn in 
the background. The po- 
sition of the line analy- 
sis on sample A314 is 
marked in figure 13 with 
the dotted line. 


et al., 2018; Zhou et al., 2021, 2022), which means the 
concentration profile of copper in feldspar may change 
noticeably within weeks or even days at magmatic 
temperatures. The “watermelon”-colored Oregon 
sunstones have most of their copper near the core of 
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the crystal and almost no copper at the surface, as 
shown by the LA-ICP-MS analysis results for sample 
A314 in figure 14. However, the color zoning appears 
to contradict the copper concentration profile, as the 
red color corresponds to a smaller copper particle size 
than the green color, as shown in figure 2. This appar- 
ent anomaly can be resolved with a closer look at the 
“watermelon”-colored Oregon sunstone, revealing the 
larger micron-scaled particles with schiller effect in 
the red-colored cores (figure 15). The copper would 


precipitate first at the core of the crystal with higher 
copper concentrations, which had longer growth 
time to form larger particles than the zones closer to 
the surface with lower copper concentrations. Most 
of the copper particles in the green zone stopped 
growing at intermediate sizes (~100 nm in diameter] 
before they became large enough to produce schiller. 
Smaller particles that produce a red color (<80 nm in 
diameter) would precipitate at a later stage, presum- 
ably due to further cooling. The larger particles with 


Figure 15. “Watermelon” -colored Oregon sunstone crystals all show larger flakes of copper inclusions at the core, 
creating the schiller effect at certain orientations that is most obvious under an optical microscope. A: Sample 
A314 in transmitted light (brightfield illumination). B: The same area of sample A314 under reflected light; the 
red-colored core shows much stronger reflection (schiller) than the green-colored rim. C: The copper flakes in 
sample A195 noticeably decrease in size from the red core to the green rim before disappearing in the clear edge. 
D: The flaky copper inclusions align along the cleavage planes in sample A319. Photomicrographs by Shiyun Jin; 


fields of view 8.76 mm (A-C) and 4.38 mm (D). 
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NEPHRITE 

Being the jade used from the earliest days 
of Chinese jade carving, nephrite pieces pre- 
dominate not only in number but in variety 
and in artistic achievement. Whitish shades 
are most frequently noted along with ad- 
mixtures of other shades. Solid color carv- 
ings from this matertal depend upon ex- 
cellence of form and deeply incised patterns 
to make them stand out. Carving in this ex- 
tremely tough material is often very delicate 
as attested by one covered jar about 7 inches 
tall which was as light as a feather because 
its interior had been skillfully hollowed out 
to leave a wall thickness of somewhat less 
than 1% inch. No ¢ricky color effects are 
possible with this type of nephrite and the 
q carver is severely tested to turn out striking 
pieces of good design. Pale greenish-yellow 


nephrite in fairly large carvings is also seen 
but is far less common. None of these ne- 


84 


phrites are startling in color, subdued tenes 
being much the rule,and the remarkably unt- 
form coloration interrupted only by the 
bright areas of the skin of certain pebbles 
which have suffered some alteration or im- 
pregnation by earthy salts. The cores are 
mostly of the same whitish hues already re- 
ferred to but the outsides may be black. 
brown, brownish red, orangy brown, and, 
depending on how thinly cut the outside 
layer, may show even more varieties of color- 
ation. Suitably bi-colored specimens are 
cleverly used by the carvers to achieve ef- 
fects impossible with uniformly colored ma- 
terial, for example, a carving of a boy hold- 
ing aloft a bird in hand may have the lad 
himself white, a bundle on his back reddish 
brown, and the bird a dark brown — all 
possible by utilizing the different skin colors 
properly. 

An intensely colored yellowish-green ne- 
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schiller effect have a flat extinction spectrum (figure 
5) and therefore cannot mask the red color from the 
small particles in transmitted light. The intermedi- 
ate particles that generate a green color, on the other 
hand, have the strongest extinction power (Jin et al., 
2022) and would overshadow the red color from any 
small particles (figures 6, 11, and 13). The copper pro- 
file (figure 14) in the artificially diffused sample A110 
(figure A-2), in contrast, is mostly flat with dips near 
the very edge, showing no obvious correlation be- 
tween the color zones and copper concentration. 

Copper could partition into the feldspar phe- 
nocrysts during their growth from the basaltic 
magma at depth. It has been hypothesized that cop- 
per in natural sunstone may have been introduced 
through diffusion after crystallization (Rossman, 
2011). Because of the extraordinarily rapid diffusion 
rate of copper in feldspar crystals, the original copper 
distribution during crystal growth would be erased 
by diffusion during cooling. Some theoretical inward 
and outward diffusion profiles are illustrated in figure 
16. With a long enough diffusion time, the two ini- 
tially independent diffusion profiles from opposite 
surfaces (figure 16, A and D) would meet at the cen- 
ter of the crystal (figure 16, B and E), after which the 
profile would slowly approach a perfect sine function 
with decreasing amplitude (half a wavelength; figure 
16C). The concentration profile of sample A314 (fig- 
ure 14) and other Oregon sunstones with “water- 
melon” color is most certainly created by prolonged 
outward diffusion (figure 16E), starting from a more 
or less homogeneous copper concentration through- 
out the crystal. It should be noted that once the cop- 
per in the feldspar starts to precipitate as 
nanoparticles, they cannot move anymore, but can 
only grow by absorbing the copper dissolved in the 
feldspar lattice around it. This is why the copper pro- 
file of sample A314 in figure 14 follows a sine func- 
tion (cyan curve) in the clear zone but deviates from 
it in the colored zones. 

Using the diffusion coefficients of copper in pla- 
gioclase feldspar measured by Audétat et al. (2018), 
it can be roughly estimated that at least 100 days of 
outward diffusion at 1000°C are required to create 
the profile in sample A314. The real time to create 
the color zoning in sample A314 would be signifi- 
cantly longer, considering the time needed for copper 
to diffuse (or partition) into the feldspar crystal, as 
well as the significantly lower average temperature 
(and slower diffusion) during cooling. This is why the 
typical “watermelon” colors seen in figure 13, show- 
ing a wide clear zone near the entire surface of the 
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stone and a red-colored core with schiller, have only 
been found in natural feldspar. It is likely that the ex- 
traordinarily strong pleochroism of sample SB-001 
(figures 6, 9, and 12), indicating a higher aspect ratio 
of the copper particles, is also caused by slow cooling 
in natural basaltic lava flow. 

In contrast, the copper profile of sample A110 in- 
dicates a complete inward diffusion of copper at high 
temperature (homogeneous copper concentration 
throughout the crystal) followed by a rapid cooling 
period, resulting in the precipitation of a small num- 
ber of copper particles (color zones) and a very shal- 
low outward diffusion profile near the surface (clear 
rim). This is the case for most artificially copper-dif- 
fused feldspars, with a concentration profile similar 
to the one in figure 16D. (The diffusion depth of 
sample A110 is comparable to the size of the laser 
beam and therefore not resolved in figure 14.) The 
copper particles would precipitate slightly later near 
the edge, which explains the “reverse-watermelon” 
color commonly observed in copper-treated feldspars 
with red rims outside green cores (McClure, 2.009; 
Rossman, 2011). Rossman (2011) reported unusual 
“watermelon” color (red core and green rim; figure 
15) in some artificially diffused feldspars, character- 
ized by thin clear edges at the surface, often followed 
by thin red rims outside the green rings (similar to 
sample A110 in figure A-2, right), which are distinc- 
tively different from the natural “watermelon” Ore- 
gon sunstone. Incomplete inward diffusion (figure 
16C) followed by rapid cooling (figure 16D), which 
would create a ring of peak copper concentration 
with less copper at both the core and the edge (figure 
16F), may explain the color profile of the treated 
“watermelon” feldspars. The red core in sample 
A110 might be caused by the temperature or the 
oxygen fugacity gradient inside the crystal during 
copper diffusion and precipitation, since no obvious 
difference in copper concentration is detected rela- 
tive to the green zone. Further study is needed to un- 
derstand the detailed chemical reactions involved in 
the copper diffusion and exsolution processes. 
Schiller at the center of feldspar crystals (e.g., figures 
5 and 15) has never been observed in artificially dif- 
fused feldspar, likely due to the much longer time it 
would take for the larger copper particles to form. 
Even if it were possible, producing these less desir- 
able colors rather than vivid red and green colors 
would not be economically sound. Some copper- 
treated feldspars showing a pinkish sheen at the sur- 
face are probably the result of failed diffusion 
experiments. 


Gems & GEMOLOGY FALL 2023 


DIFFUSER ELEMENT CONCENTRATION PROFILES 
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Figure 16. Schematic concentration profiles of a diffuser element (with a diffusion coefficient of D) in a crystal 
(with a thickness of L) after various diffusion processes with different directions and times. A, B, and C show typ- 
ical inward diffusion profiles (initial concentration in the crystal is zero) with increasing times (at t = 0.01L?/4D, 
t = 0.1L7/4D and t = 0.5L7/4D, respectively). D and E show outward diffusion profiles starting from a homoge- 
neous concentration (at t = 0.01L?/4D and t = 0.1L?/4D, respectively). Note that inward diffusion and outward dif- 
fusion are exactly inverse processes. The profile in F can result from an incomplete inward diffusion followed by a 


short period of outward diffusion (C + D). 


CONCLUSIONS 

This paper has described and discussed in detail the 
special color effects observed in Oregon sunstone (fig- 
ure 17), including aventurescence (schiller), pleochro- 
ism, and color zoning. All the special optical effects of 
Oregon sunstone can be explained as combinations of 
the properties described here. The scattering power of 
the colloidal copper particles in Oregon sunstone is 
quantified for the first time. The strong scattering 
peak at ~625 nm agrees with the computed optical 
properties of copper nanoparticles in feldspar (Jin et 
al., 2022). The long axis of the particle is measured to 
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be aligned along the a-axis in strongly pleochroic Ore- 
gon sunstones, which is expected from the weak con- 
nections along the (010) and (001) cleavage planes in 
the feldspar structure. To our knowledge, this is also 
the first time the anisotropic absorption (extinction) 
property has been quantified (oriented) in any triclinic 
mineral. The accurate orientation of the copper parti- 
cles along with the optical indicatrix of the host 
feldspar would allow gem cutters to optimize the color 
and optical effects while faceting Oregon sunstones. 
The pleochroism in natural Oregon sunstone appears 
much stronger than in copper-treated feldspars, indi- 
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cating higher aspect ratios of the copper particles, 
likely due to a slower cooling rate. More specimens 
need to be tested to confirm this as a universal char- 
acteristic of natural pleochroic Oregon sunstone, 
which could be used to identify natural stones with- 
out schiller. The concentration of copper in natural 
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Figure 17. A 31.12 ct 
Oregon sunstone carv- 
ing by Larry Woods. 
Photo by Robert Wel- 
don; courtesy of John D. 
Woodmark, Desert Sun 
Mining # Gems. 


Oregon sunstones with “watermelon” color shows an 
outward diffusion profile that takes at least a few 
months (most likely years) to form, distinctly separat- 
ing them from the artificially copper-diffused feldspars 
with no obvious correlation between color and copper 
content. The schiller at the core of the feldspar crys- 
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tals, created by copper flakes a few micrometers in size 
or larger, has been found exclusively in natural stones. 
Further study on the dissolution and diffusion mech- 
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This year, readers from all over the world took the 2023 Gems & Gemology Challenge. Participants tested their 
knowledge by answering questions listed in the Spring 2023 issue. Those who earned a score of 75% or higher 
received a GIA Certificate of Completion. Participants who earned a perfect score are listed below. 
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Answers 
See pages 92-93 of the Spring 2023 issue for 
the questions. 
1 (a), 2 (6), 3 ), 4 (a), 5 (d), 6 (b), 7d), 8), 9 
(6), 10 (c), 11 (6), 12 (a), 13 (6), 14 (c), 15 (a), 16 
(d), 17 (a), 18 (C), 19 (a), 20 (a), 21 (Cc), 22 (c), 23 
(b), 24 (d), 25 (b) 
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ETCH PITS IN HELIODOR AND GREEN BERYL 
FROM THE VOLYN PEGMATITES, NORTHWEST 
UKRAINE: A DIAGNOSTIC FEATURE 


Gerhard Franz, Oleksii A. Vyshnevskyi, Volodymyr M. Khomenko, Peter Lyckberg, and Ulrich Gernert 


Green beryl and the yellow beryl variety heliodor are well known from the Volyn pegmatite field in Ukraine, 
and this study presents details of their morphological characteristics. Visible etch pits are characteristic of beryl 
from this locality. In addition, they may contain an organic matter called kerite. Formation of the etch pits is 
associated with a fluorine-rich, late-stage fluid phase. Etch pits on the pinacoidal face have a hexagonal outline 
and a pointed bottom (originating at linear defects) transitioning to etch pits with very steep walls, and they 
occur in three different orders of magnitude: <500 pm, <50 pm, and 1-3 pm. On the first-order prismatic faces, 
etch pits with a flat bottom (originating from point defects) or pointed bottom are square to rectangular, the 
latter oriented parallel or perpendicular to the beryl’s c-axis. Flat bottom etch pits are more abundant than 
pointed bottom and also occur in three different orders of magnitude. In addition, small etch pits with a canoe 
shape and porosity on the nanometer scale were observed. Scanning electron microscopy of these etch pits was 
used to distinguish uncut stones from other pegmatitic beryls, but these phenomena are also visible with an op- 
tical microscope or even with a loupe. 


(formerly Volodarsk-Volynskyi) in northwest 
Ukraine are known as a source of high-quality 
green beryl and the yellow beryl variety heliodor (e.g., 
Koshil et al., 1991; Simmons, 2014, and references 
therein). The green beryl’s color can be very intense 
but never reaches the typical emerald color. Aqua- 
marine is also claimed from the Volyn pegmatite 
field, but very rarely, and emerald from southeast 
Ukraine (Franz et al., 2020) is the country’s only 
other important gem beryl occurrence. The finest 
specimens of Volyn beryl with color between green 
and yellow (figure 1) and size of up to 140 cm in 
length are displayed in the Museum of Precious and 
Decorative Stones in Khoroshiv (Vasylyshyn et al., 
2001), while gem-quality crystals up to 55 cm have 
been sold abroad. 
Since 1931, the pegmatites have been mined exten- 
sively for piezo quartz, which occurs in exceptionally 
large crystals from one to two meters (Lyckberg, 2005; 


P termes Vo pegmatites near Khoroshiv 
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Lyckberg et al., 2009, 2019). In addition to beryl, which 
is present in ~2% of the pegmatites, approximately 
10% of these pegmatites contain gem-quality topaz. 
Among the first gem findings was topaz in 1931-1933, 
and later gem beryl was recovered as a byproduct. 


In Brief 


e Gem-quality crystals of green beryl and heliodor from 
the Volyn pegmatite field in Ukraine show spectacular 
dissolution features. 


Etch pits resulting from the dissolution are rectangular 
on prismatic faces and hexagonal on pinacoidal 
faces. 


The etch pits occur in different sizes and overlap each 
other, indicating different stages of dissolution that are 
diagnostic for uncut stones. 


Fossil organic matter known as kerite can be attached 
to the beryl crystals. 


Mining for heliodor continued after World War II, but 
this material was only available in Eastern Europe. 
The first crystals reached the Western European mar- 
ket in 1980, and in 1987 Volyn beryl finally emerged 
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Figure 1. Yellowish green he- 
liodor and green beryl from 
Volyn, oriented with the c- 
axis vertical (top row) and 
detail views of the prismatic 
faces (bottom row). A and D: 
An 8.5 cm crystal with well- 
developed prismatic faces 
and strongly sculptured end 
faces; the detail view shows 
F-type etch pits elongated 
parallel to the c-axis. B and 
E: Transition from prismatic 
face (1.8 cm wide) to sculp- 
tured pyramidal face with 
triangular hillocks (compare 
with the SEM image in figure 
10); the detail view shows 
dominantly asymmetrical P- 
type etch pits. C and F: A 
2.683 kg deep green crystal 
measuring 18 x 10x 9cm 
with rectangular F-type etch 
pits, mostly oriented perpen- 
dicular to the c-axis. The 
samples in A and B are from 
the collection of Peter Lyck- 
berg. The sample in C, 
named “Professor Pavly- 
shyn,” is from the Museum 
of Precious and Decorative 
Stones in Khoroshiv. Photos 
by Peter Lyckberg (A and B) 
and Gerhard Franz (C). 


at the gem shows in Tucson. Many of these were used 
for cutting (figure 2), but a large number of fine min- 
eral specimens were also preserved. 


et al. (1973). The prism faces show rectangular cavities 
with negative crystal faces, while the basal planes 
show negative, hexagonally shaped crystal faces. Al- 


Since the early 1990s, the Volyn Quartz Samot- 
svety Company has conducted mining for beryl and 
topaz. Lyckberg et al. (2009) reviewed the mining and 
collecting history, the geology, and the formation of 
chambers within the pegmatites. That article also 
contains a list of accompanying minerals in the peg- 
matite and several photos showing the etch pits. 

A characteristic feature of Volyn beryl crystals is 
their morphology, with exceptionally large dissolution 
features (etch pits), described on the basis of light mi- 
croscopy by Bartoshinskiy et al. (1969) and Lazarenko 


Figure 2. Rectangular step-cut green beryl from the 
Volyn pegmatite, 190.00 ct and 28.55 x 39.02 x 21.71 
min, with a rough unpolished table containing etch © 
pits. Faceting and photo by Konstantyn Zalizko. 
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Figure 3. Map of the major tectonic units of Ukraine (based on the geological map in Shestopalov et al., 2020, and 
from Wikimedia Commons) with the Ukrainian Precambrian Shield, part of the East European Platform. 
Ukraine’s two gem beryl occurrences: heliodor in the Volyn pegmatite field in the southwest of the Korosten Plu- 
ton and emerald at Kruta Balka, are each indicated with a star. 


though dissolution of early precipitated minerals dur- 
ing a later stage is frequently observed in pegmatites 
(Cerny, 2002; London, 2008), these features together 
with the yellow-green color and their size are diagnos- 
tic for Volyn beryl. In large crystals, they are visible 
without magnification, and in smaller crystals they 
can be seen with the aid of a loupe or optical micro- 
scope. 

This study presents an investigation of the mor- 
phology of the etch pits on prismatic and basal faces 
in anumber of beryl specimens from Volyn by means 
of scanning electron microscopy (SEM), which 
helped to identify the origin of uncut stones, extend- 
ing the work of Kurumathoor and Franz (2018) on 
etch pits as a provenance indicator. The nomencla- 
ture for etch pits follows from that work: F-type = flat 
bottom, which originate at point defects; P-type = 
pointed bottom, which originate at linear defects (i.e., 
edge and screw dislocations); H-type = hollow, with 
walls almost perpendicular to a face and bottom that 
is not visible; and C-type = canoe-shaped. 
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GEOLOGICAL SETTING 


The Volyn pegmatites are genetically and spatially 
connected with granites of the Korosten plutonic 
complex in the northwest Ukrainian shield. This plu- 
ton crops out over an area of approximately 15,000 
km? and has intrusion ages of 1800-1760 Ma (figure 3; 
Shumlyanskyy et al., 2017, 2021). Its country rocks 
are high-grade migmatic gneisses. In the Khoroshiv re- 
gion at its western margin, pegmatites are found in a 
contact zone between granite and gabbroic rocks over 
a distance of 22, km and a width of 300 to 1500 m (e.g., 
Lazarenko et al., 1973; Koshil et al., 1991; Ivanovich 
and Alekseevich, 2007). Miarolitic cavities, produced 
during the late-stage crystallization by fluids, occur all 
along the edges of the pluton. The southern and east- 
ern sides have been test-mined for quartz. 

The pegmatites belong to the category of shallow 
pegmatites, fully differentiated, and are irregularly dis- 
tributed in the granites (Ivanovich and Alekseevich, 
2007). According to the nomenclature of Cerny and 
Ercit (2005) and Linnen et al. (2012), they belong to the 
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miarolitic interior-type of the niobium-, yttrium-, and 
fluorine-enriched family. They reach a size of several 
tens of meters; individual pegmatite bodies are typi- 
cally about 30 m by 40 to 45 m wide (Kalyuzhnyi et 
al., 1971; Lyckberg, 2005; Ivanovich and Alekseevich, 
2007). The pegmatites contain large miarolitic pockets 
and are referred to in the Ukrainian literature as 
“chamber pegmatites.” They are zoned around an 
open cavity, which can reach a volume of approxi- 
mately 40 m® and in extreme cases up to 4000 m° 
(Lyckberg et al., 2009). 

A cross section of a pegmatite is shown in figure 4. 
Quartz crystals one or two meters in size, most often 
as smoky quartz, grew from the hanging wall into the 
chamber. The floor is covered with quartz that has 
fallen down, as well as smaller crystals of mica, topaz, 
beryl, and albite. Chambers in which beryl and topaz 


occur together as large crystals are the exception in 
these deposits, because during the multistage crystal- 
lization conditions they can replace each other. The 
footwall of the chambers consists of a strongly leached 
feldspar-rich horizon up to 36 m deep (Lyckberg et al., 
2.009) where quartz was dissolved, and further down 
lies a zone of broken-up pegmatite. New mineral for- 
mations in this zone include albite, siderite, topaz, flu- 
orite, beryl (rarely), and phenakite. The zones around 
the chamber are a quartz core above the chamber, then 
a more or less concentric feldspar zone, a blocky 
quartz-feldspar zone with large pegmatitic crystals, 
and next to the granite a zone with graphic-textured 
quartz-feldspar intergrowths. 

Some of the chambers were destroyed forming a 
breccia, which consists of broken crystals and rock 
fragments, cemented by quartz, opal, chalcedony, 


Figure 4. Cross section of pegmatite number 487 from the Volyn pegmatite field, showing the different zones. The 
strongly leached feldspar-rich horizon below the chamber is typical, as is a quartz core above the chamber. The peg- 
matite measures approximately 12 m x 7.5 m, and the chamber is approximately 5 m x 2 m wide. The vertical scale 
on the far left represents depth in meters. Modified by D. Lyckberg after © Volyn Quartz Samotsvety Company. 
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phrite strongly resembling the finest New 
Zealand nephrites is also seen and very 
much treasured. It is bright and conspicuous 
and of remarkably uniform coloration and 
texture. One piece, a flat tray of a leaf pat- 
tern with a carved frog perched on the leaf 
was much more expensive than a comparable 
piece of any other nephrite. 

Dark green nephrite of a blackish cast and 
with an easily apparent fibrous structure pro- 
vides the largest carvings. This mineral is 
called 
and is less highly prized than the fine-grained 
nephrite of lighter tones. At times it is of 
very compact quality and capable of a superb 
finish. Suitable pieces are cut into remarkably 


“Jasper Jade” by most shopkeepers 


thin dishes and bowls, some being barely a 
sixteenth of an inch at the edges. A magnif- 
cent pair of deep bowls of this material was 
seen in one shop which were not only thin 
but perfectly fluted on the sides, the dimen- 
sions being roughly 8 inches in diameter and 
about 3 inches deep. Such carvings are truly 
the work of a virtuoso in stone! AH such 
delicate works are called “egg-shell’’ jade 
by the Chinese. The dark green jade referred 
to here is also used for bases on very impor- 
tant pieces of different color. 


Before leaving nephrite it is interesting to 
remark upon the views held by the Chinese 
on the origin and growth of jade which gen- 
erally assume that inferior jade-like minerals 
are continually growing and will some day 
be true nephrite of pure white color and in- 
visible grain. Thus under this theory, serpen- 
tine and similar minerals which bear a super- 
ficial resemblance to jade, although sadly 
lacking in other points of resemblance, are 
considered to be new jades, or jades in their 
called 
“New Jade” as are other finely granular 
materials which are softer than nephrite but 
look like it. ‘Jasper Jade’ is the name 
assigned to the dark green varieties which are 
as hard as nephrite but are still considered 
mere adolescents compared to the final pro- 
duct — old jade, the finely-gratned, lighter- 
hued nephrite. 


infant stages. “Soochow Jade’ is 


No doubt readers will find this growth 
theory amusing since the vastness of geologic 
ages precludes pretty much the possibility of 
the human race ever seeing the metamor- 
phosis of something like “Soochow Jade” 
into pure white compact nephrite of carving 
quality. Nevertheless the theory is basically 
sound in the light of present day concepts 
on the genesis of nephrite and jadeite, and 
it is an interesting speculation to think of 
some ancient Chinese petrographer who con- 
fronted with jade in situ, came to the con- 
clusion that the enclosing matrix was actively 
engaged in growing the nodules of nephrite 
locked within. 


JADEITE 

In contrast to the nephrites, jadeite carv- 
ings are often lacking in artistic merit, how- 
ever several uses for this material are unique 
and worthy of discussion. White jadeite was 
seen for example, in very thin and delicate 
“egg-shell’” carvings as in bowls and dishes, 
its extreme translucency being brought out 
well by this treatment. Also its color varta- 
tions either within the heart of the raw 
pebble or as a result of alteration and 
more 
often used than was nephrite, possibly be- 


weathering on the outside were 
cause such colors seemed richer and afforded 
more striking contrasts. It appeared that 
jadeite is not held in the same reverence as 
nephrite and therefore its prime use is for 
decorative pieces more or less devoid of the 
wealth of symbolism normally incorporated 
in so many nephrite carvings. Jadeite also 
receives a very high polish, much higher 
ordinarily than nephrite and for this reason 
its distractive effect is taken into considera- 
tion on carvings which cannot incorporate 
too much fine detail lest such detail be lost 
in the strong light reflections from the sur- 
face. Vases and jars are popular subjects for 
jadeite as well as screens, plaques, snuff 
bottles, belt buckles and so on. Since the 
rich emerald green shades are so highly 
prized for jewelry, the tendency has been for 
carvings to be rather pallid in color except 
for those in which exterior skin colors afford 
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and clay minerals. Pseudomorph replacements of 
beryl, which now consist of opal, muscovite, bertran- 
dite, buddingtonite, and minor amounts of euclase, 
albite, potassium feldspar, columbite, pyrite, barite, 
rare earth element minerals, and organic matter, 
occur in the breccia (Bartoshinskiy et al., 1969; Franz 
et al., 2017). The authors recently obtained another 
sample of a beryl pseudomorph, which contains 
siderite next to the beryllium minerals bertrandite 
and euclase, pointing to a variable fluid composition 
during the latest alteration stages. We also obtained 
a sample with a pseudomorph of white mica replac- 
ing topaz, which again shows the importance of a 
late alteration stage for the gemstones. 

Based on fluid inclusion studies, the pegmatites 
crystallized at a high fluid pressure, first in a closed 
system (from 600° to 390°C) and then during cooling 
in an open system (at 365° + 15°C) at a depth of 2.0 
to 2.5 km (Lukashev, 1976; Kalyuzhnyi et al., 1971; 
Voznyak, 2007; Voznyak et al., 2012). 

Another very special feature of these pegmatites 
is the occurrence of an organic matter called kerite. 
It is found within the cavities, attached to feldspar 
and topaz. It was interpreted as an example of abio- 
genic (of inorganic origin) formation (Ginzburg et al., 
1987; Luk’yanova et al., 1992)—in other words, in- 
organic synthesis of fibrous carbon hydrates in the 
cooling stage of the pegmatites. They were later 


reinterpreted as fossil cyanobacteria (Gorlenko et al., 
2000; Zhmur, 2003) from a geyser-type deposit. Re- 
cent investigations (Franz et al., 2022, 2023) have 
also identified a number of different fossils, some of 
them fungi-like. Filamentous fossils and remnants 
of former biofilms were also identified in etch pits 
of beryl. 


PREVIOUS WORK ON VOLYN BERYL 


Beryl is an accessory mineral found in 2% of the ap- 
proximately 1500 pegmatite bodies at Volyn. It is 
present in small amounts in cavity areas, found in 
clay primarily in the lower sections of the pocket 
where they once grew on albite (Lyckberg et al., 2009), 
but their initial location is mostly lost. Beryl crystals 
are usually sitting in a clay-mica-quartz rock matrix 
or in a soft clay mass of dominantly kaolinite, as vari- 
ably oriented individual crystals. Anhedral crystals, 
measuring no more than 0.5 cm in cross section, also 
occur in the leached zone under the chamber, where 
beryl fills cracks and leaching voids in albite. 

The Vickers hardness of the Volyn beryl as meas- 
ured on prismatic faces ranges from 1380 to 1395 
kg/mm? (Lazarenko et al., 1973), corresponding to 7-8 
on the Mohs scale. Volyn beryl is characterized by a 
relatively low density of 2.65 to 2.75 g/cm? (Gurskyi et 
al., 2006) and low refractive indices of no = 1.568-1.570 
and n, = 1.566-1.567 (Lazarenko et al., 1973). 


TABLE 1. Morphological characteristics of Volyn beryl (Lazarenko et al., 1973). 


lon Type 1 Type 2 Type 3 Type 4 Type 5 

: Light yellow, | Greenish yellow, Light green to Brownish green 
Celie SUS OI SIA ellowish green yellowish green light blue to yellow 

yA 8 y 8g g YF 
Shape Prismatic bene pasmanc,” Mecdleeaped, Prismatic Irregular 
columnar prismatic 
Rarely developed Deep etch pits; : ; 
Other faces, Curved Microporous Only relics of 
etch pits (peo tand poy emen cl {1121} croniien Brera faces 
P {1121} faces edges 


External features 
(rough crystals) 


All types: Rectangular and nearly square etch pits on {1010} prismatic faces, hexagonal etch 
pits on {0001} basal planes, and triangular hillocks between prismatic faces and on 
transition from prismatic faces to pyramidal faces 
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Only a few chemical analyses of Volyn beryl are 
available in the literature (Lazarenko et al., 1973; 
Khomenko et al., 2007; Voznyak et al., 2012). The 
low contents of sodium (<0.10 wt.%), lithium (<0.02 
wt.%)J, cesium (<0.24 wt.%), iron(II) (<0.29 wt.%), and 
magnesium (<0.03 wt.%), as well as the relatively 
high Fe*/Fe** ratios (on average near 7:1), are charac- 
teristic for Volyn beryl. Titanium, manganese, 
chromium, vanadium, potassium, calcium, gallium, 
niobium, molybdenum, and barium were reported as 
minor elements, mostly below or near 0.01 wt.%. 

Lazarenko et al. (1973) described different stages 
of the dissolution of beryl, which produced five mor- 
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Figure 5. Crystal draw- 
ings, reproduced from 
Bartoshinskiy et al. 
(1969), showing the typi- 
cal crystal habit with 
Miller indices of the 
common faces (top left), 
spectacular long funnel- 
shaped etch pits (ending 
in thin tubes) on the 
pinacoidal face (top 
right) and the typical P- 
type and F-type etch pits 
on the first-order pris- 
matic face. The outline 
can be symmetrical or 
asymmetrical, and F- 
types can overlap each 
other. No scale was 
given in the original 
publication. 


phological types of columnar-prismatic, occasionally 
spicular beryl crystals (table 1), with characteristically 
sculptured crystal faces as well as systems of dissolu- 
tion cones (so-called etch channels). Basal faces are 
rare. Bartoshinskiy et al. (1969) showed rectangular F- 
and P-type etch pits with a partly curved outline on 
the first-order prismatic face and spectacular long, tu- 
bular etch pits on the pinacoidal face (figure 5). 

The nature of the typical color for Volyn heliodor 
was studied by Khomenko et al. (2007, 2010) using 
optical spectroscopy. Variations in the color of Volyn 
beryl are due to the intensity of the absorption seen 
in the slope from 28000 to 22000 cm! of the strong 
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Figure 6. A: Representative polarized optical absorp- 
tion spectra of a weakly colored yellow-green beryl 
from Volyn. Linear extinction coefficient k (cm) is 
the absorption coefficient of a sample 1 cm thick. Ar- 
rows point to a strong long-wave tail of the O?--Fe* 
charge transfer (CT) in the UV region and the weak 
Fe** and H,O bands in the NIR region. B: Absorption 
along the long-wavelength slope of a strong O?--Fe** 
charge transfer band that causes yellow color in the 
polarized spectra of heliodor. Spin-forbidden absorp- 
tion bands of Fe* ions are labeled with arrows; modi- 
fied from Khomenko et al. (2007, 2010). 


UV absorption, caused by the O?-Fe* charge transfer 
in structural or interstitial positions near the cationic 
vacancies (figure 6). This slope covers the blue ab- 
sorption at approximately 450-470 nm (22222-21276 
cm). Fe** ions do not affect the color of Volyn he- 
liodors, confirming results of previous spectroscopic 
investigations by Wood and Nassau (1968), Schmet- 
zer et al. (1975), and Platonov et al. (1984, 2016). 
Volyn beryl’s color varies from saturated brown- 
ish green to light yellow-green (figures 1 and 2). Most 
of the gem-quality crystals can be regarded as typical 
heliodor with a yellowish shade of variable intensity 
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(rare greenish blue crystals are displayed in the Mu- 
seum of Precious and Decorative Stones; Vasylyshyn 
et al., 2001). Although some reproductions of crystals 
from Volyn show an intense green color resembling 
that of emerald, this is purely a matter of color repro- 
duction: Typical emerald color is not reported from 
Volyn crystals, in line with the absence of chromium 
and vanadium. Ukraine’s only emerald occurrence is 
Kruta Balka (Franz et al., 2020), and the attribution 
of emerald to Volyn in Grundmann and Giuliani 
(2002) is probably erroneous. Morganite has not been 
reported from Ukraine, either. 


MATERIALS AND METHODS 


For SEM investigation of the etch pits, nine light yel- 
lowish green beryl crystals were selected from the 
collection of the Institute of Geochemistry, Miner- 
alogy and Ore Formation of the National Academy 
of Sciences of Ukraine (IGMOF NASU) in Kyiv, along 
with three nearly colorless prismatic crystals (col- 
lected by author GF from the mine tailings in 2008) 
with a partly developed pinacoidal face. 

SEM and energy-dispersive X-ray spectroscopy 
(EDS) were performed using a JEOL JSM-6700F field 
emission scanning electron microscope equipped 
with a JED-2300 EDS spectrometer at IGMOF 
NASU. The spectra were collected with an acceler- 
ating voltage of 15 kV anda beam current of 0.65 nA. 
Operating conditions for each analysis were identi- 
cal. The samples were cleaned in an ultrasonic bath 
and then sputtered with a platinum layer of 15 nm 
thickness. The three nearly colorless crystals were 
carbon coated and investigated at the Central Facility 
for Electron Microscopy (ZELMI), Technical Univer- 
sity Berlin, using a Hitachi SU8030 cold field emis- 
sion SEM equipped with an EDAX Octane-A Plus 30 
mm?’ silicon drift detector for qualitative EDS analy- 
sis. Some images were obtained in combination with 
a backscattered electron (BSE) and SE detector. 

Standard gemological properties were investi- 
gated on another 16 rough beryl crystals (mineralog- 
ical collection of IGMOF NASU) and 20 faceted 
beryls (private collection of O. Vyshnevskyi) from the 
Volyn pegmatite field. For refractive index and bire- 
fringence measurements, we used an Eickhorst Gem- 
LED refractometer. Sartorius CP 224 S analytical lab 
balances equipped with a hydrostatic attachment 
were used for specific gravity (YDKO1MS Density 
Determination Kit), using distilled water as fluid. 
The color of the samples was graded using a GIA 
GemSet in strong, diffuse daylight. 


Gems & GEMOLOGY FALL 2023 


TABLE 2. Gemological characteristics of Volyn beryl. 


Color 


Refractive index 


Very light to medium 
yellowish green 


Mo = I-569=1.570 
ne = 1.562—-1.564 


Very light to strongly 


yellowish green 


Ne = 1.568-1.571 
n: = 1.562-1.566 


Very light to medium green- 


yellow 


Ne = 1568-11571 
ne = 1.562-1.566 


Birefringence 0.006—-0.008 0.005—0.006 0.005—0.006 
Specific gravity 

Rough crystals (16) 2.62-2.70 

Faceted stones (20) 2.66-2.70 


Internal features Crystals, liquid (fluid) inclusions, fingerprints, etch tubes, fractures 


RESULTS 


Gemological Characteristics. The standard gemolog- 
ical properties of the 16 rough and 20 faceted samples 
are summarized in table 2. All were transparent to 
translucent, and none showed fluorescence under 
short- and long-wave UV light. Their refractive in- 
dices of 1.568-1.571 (n,) and 1.562-1.566 (n,) and bire- 
fringence values of 0.005-0.008 were typical for 
natural beryl. Samples with stronger yellowish hue 
showed slightly lower birefringence. Eye-clean rough 


muscovite, columbite, iron sulfide, titanium oxide, 
and iron oxide/hydroxide (possibly goethite). 


Morphology of Etch Pits. In general, the “negative 
faces” of an etch pit follow the symmetry pattern 
of the crystal. The nomenclature for the description 
is outlined in figure 7. Faces of the etch pits can be 


crystals, as well as all faceted stones, had a specific 5 cue 
gravity in the range of 2.66-2.70. Translucent rough Bb 
beryl had a lower specific gravity range of 2.62-2.65, £ 


which may be due to numerous fluid inclusions. Solid 
inclusions with a size of tens to hundreds of microm- 
eters, brought to the surface in polished sections, 
were identified by EDS analysis as albite, microcline, 


{1010} 
sector 


[0001] 
Figure 7. Nomenclature for the description of etch pits, i 
shown for F-type (flat bottom, originating from point de- Se, 


le 
fects) on the first-order prism. P-type etch pits show the or, 
‘ : a ————— Oy 
same features, except that the bottom is pointed. The out- ae Ny 
line of the etch pit indicates the relative dissolution vec- — - ‘a 
tors in the directions parallel and perpendicular to the ° 
c-axis. If the vectors do not change with increasing depth, 
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sectors with straight boundaries are formed. If the dissolu- 
tion vectors change relative to each other, sector bound- 7 
aries become curved toward an hourglass shape. Stepped [1010] 
sectors indicate discontinuities in the dissolution velocity. Ve 
An asymmetric outline indicates heterogeneous dissolu- 
tion within a growing etch pit. Etch pits of one kind or one 
generation can be overprinted by another type. 


> (1120] 


dissolution vectors 


ETCH PITS IN UKRAINIAN BERYL Gems & GEMOLOGY FALL 2023 331 


N oe ; » Ser tee 

Figure 8. SEM images of Volyn beryl crystals with etch pits on {0001}. A: Deep first-order P-type etch pits (transitional to 
H-type) with no steps, straight, regular in outline, and up to 500 um in diameter together with irregular second-order P- 
type etch pits approximately 50 ym in diameter. B: Second-order P-type etch pits overlapping each other. C: Second- and 
third-order P-type etch pits. D: Star-like bottom in a second-order P-type etch pit, produced by dissolution following first 
the {1010} first-order prismatic face, then in the deep part the {1120} second-order prismatic face. E: Diagram of a P-type 
etch pit; the negative crystal produced by dissolution shows the {1010} first-order prismatic face with the {1011} in the 
upper part and at the bottom the {1012} first-order hexagonal dipyramidal faces. This indicates a change in the relative 


dissolution velocity with increasing depth. F: Third-order P-type etch pits, with about 1 to 3 um diameter. 


even or stepped; outlines of an etch pit on the crys- 
tal face can be straight or curved, symmetrical or 
asymmetrical. 

Rectangular etch pits on first-order prismatic faces 
{1010} and hexagonal etch pits on the basal planes 
{0001} were formed by dissolution. Pyramidal faces are 
rarely developed on the investigated crystals. Etch pits 
on {0001} are P-type; however, some with very steep 
faces are transitional to H-type (figure 8). We observe 
three orders of magnitude: First-order etch pits are up 
to 500 um in diameter and have a mostly straight 
hexagonal outline (figure 8A). Second-order etch pits 
are on the order of 50 um wide, with a less regular out- 
line, partly overlapping each other (figure 8, B and C). 
Many of these show at their bottom a star-like pattern 
(figure 8D), produced by a change from dissolution par- 
allel to the first-order prismatic face {1010} to dissolu- 
tion parallel to the second-order prismatic face {1121} 
(figure 8E). The negative crystal produced by dissolu- 
tion shows the {1010} first-order prismatic face with 
the {1012} and {1011} first-order hexagonal dipyramidal 
faces. Third-order etch pits are 1 to 3 um wide, irreg- 
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ular in outline and very abundant, covering all of 
(0001} (figure 8, C and F). 

Figure 9 shows etch pits on the first-order prism 
{1010} of the beryl crystals. These etch pits are rectan- 
gular, with their long side parallel to the c-axis (figure 
9A), perpendicular (figure 9B), or nearly square (figure 
9C). Similar to {0001}, F-type etch pits were observed 
in three orders of magnitude; however, P-types are 
much rarer and only observed in first-order, whereas 
F-types dominate and there is a more or less continu- 
ous spectrum for second- and third-order types. In ad- 
dition, there are small C-type etch pits, which can be 
oriented perpendicular to the c-axis (figure 9, D and E) 
or parallel to the c-axis (figure 9, F and G). First-order 
P-types with stepped sides can be strongly elongated 
parallel to the c-axis (figure 9, D and E). F-type etch 
pits show a smooth curvature of the edges (figure 9G), 
which was also observed in P-types (figure 9B). 

Edges between two first-order prisms are charac- 
terized by the presence of triangular hillocks, formed 
by dissolution of the prismatic faces (figure 1B and fig- 
ure 10). Pyramidal faces were only observed in one 
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Figure 9. SEM images of Volyn beryl crystals with etch pits on first-order prismatic faces {1010}, with the 
orientation of the c-axis nearly vertical. Some etch pits are outlined (black dotted lines). A: Rectangular 
first-order P-type etch pit and asymmetric first-order (1st) F-type etch pit (approximately 500 pm x 1000 
uum) with long edge parallel to the c-axis. Note the second-order (2nd) approximately 50 zm x 100 um wide 
F-type etch pits within first-order F-type etch pit. B: Rectangular symmetric first-order P-type etch pit with 
smoothly curved, hourglass-shaped sector boundaries. C: Two large first-order F-type etch pits, and an 
asymmetrical first-order P-type etch pit, overprinted by very flat second- to third-order F-type etch pits. D: 
Stepped first-order P-type etch pit with bottom elongated into a line. Note the small triangular etch pits in 
the left and right sector walls (arrows). E: Lower sector wall with third-order C-type etch pit, oriented per- 
pendicular to the c-axis. F: Second-order F-type etch pits with large, asymmetric third-order C-type etch pits 
oriented parallel to the c-axis (magnified in G). 
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crystal and contained triangular steps (figure 11). On 
the steps, small third-order F-type etch pits developed. 

Analysis of the crystals’ surfaces yielded more in- 
formation about the dissolution process and the 
components in the dissolving fluid. The faces show 
a porosity, both outside and inside the etch pits (fig- 
ure 12) and also within the small C-type etch pits. 
Individual pores show no crystallographic outline 
and are on the order of several hundred nanometers, 
mostly elongated parallel to the c-axis. Very small 
grains of a titanium dioxide polymorph and gold 
(with minor contents of silver, copper, and iron as 
determined by EDS) were observed (figure 12D), as 
well as particles consisting of a mixture of chloride 
and sulfate crystals and a particle with light rare 
earth elements and phosphorous. 


DISCUSSION 


On a crystal face, the distinction between growth 
features and dissolution features is based mainly on 
the observation that growth features, such as 
growth hillocks, are positive (on the basal plane 
with a hexagonal shape), rising up on top of each 
other in stepwise fashion (Sahama, 1966], whereas 
pits that extend down into the crystal are negative 
and indicate dissolution. Flamini et al. (1983) 
showed SEM images of growth features on red 
(manganese-bearing) beryl from Utah. The features 
described above on the pinacoid and the prism of 
Volyn beryl are all interpreted as dissolution fea- 
tures. Phenomena observed at crystal edges and the 
transition from the prism to the pinacoid are less 
clear, and we propose that for a provenance study 


Figure 11. Left: SEM image of dissolution features on the transition from prismatic face (lower part, with rectangu- 
lar F-type etch pits) to pyramidal face (upper right), with the formation of triangular hillocks. Right: Small etch 


334 — ETCH Pits IN UKRAINIAN BERYL 


FALL 2023 


Gems & GEMOLOGY 


Figure 12. Combined 
SEM-BSE images of en- 
larged areas of a prism 
face, showing small- 
scale porosity. A: The 
edge of an etch pit with 
elongated C-type etch 
pits. The smooth surface 
is a prism face near the 
etch pit. B and C: En- 
larged part of the prism 
face, showing anhedral 
pores measuring several 
hundred nanometers. D: 
A surface with very 
small grains of gold 
with silver, copper, and 
iron impurities, as well 
as titanium dioxide 
(chemical composition 
determined by EDS). 
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only the pinacoid and the first-order prism should 
be used. 

Dissolution of a mineral can be considered as 
“negative growth.” As growth is generally described 
by growth laws (e.g., Philpotts and Ague, 2022), sim- 
ilarly we can describe dissolution by “negative 
growth laws.” On a crystal face, dissolution is first 
dominated by the number of defects (i.e., dislocation- 
controlled). Removal of atoms is energetically fa- 
vored at defects compared to an ideal surface. At 
point defects, the defect disappears and removal of 
atoms produces steps on the crystal’s face in two di- 
rections. On a linear defect, the defect extends in the 
third dimension into the crystal and removal of 
atoms continues in three dimensions. Once a deep 
etch pit has formed, dissolution can be rate-deter- 
mined by diffusion of the components in solution 
out of the etch pit, and it is then diffusion-controlled. 
This is what is seen on the pinacoidal face. There are 
a few first-order etch pits, due to a small number of 
large screw dislocation bundles, which were formed 
parallel to the c-axis during growth of the crystal. 
They can probably extend deep into the crystal as 
etch channels (Bartoshinskiy et al., 1969). 

We interpret the second-order etch pits as due to 
smaller screw dislocations, which are more frequent 
(figure 8A) and formed a negative first-order prism. 
When these etch pits became deep, the dislocation- 
controlled dissolution was followed by a diffusion- 
controlled dissolution, and the negative crystal ends 
with the {1012} and {1011} first-order hexagonal 
dipyramidal faces. Relative dissolution velocity is— 
as estimated from the shape and depth of the etch 
pits—in the sequence of the directions [0001] > 
[1120] > [1010]. The deep channels (figure 5) shown 
by Bartoshinskiy et al. (1969) demonstrate that 
[0001] is a preferred direction for dissolution. Very 
deep P-type etch pits are also shown in figure 8A, 
where the bottom is no longer visible. In the diagram 
in figure 8E, the negative crystal produced by disso- 
lution is shown in the upper part the outline of the 
{1010} first-order prismatic face with the {1011} 
hexagonal dipyramidal faces. This indicates faster 
dissolution in [1120] compared to [1010], leaving 
traces of the first-order prismatic faces. At the bot- 
tom (i.e., with increasing depth), a change is seen 
from the {1011} first-order hexagonal dipyramidal 
faces to the {1012} hexagonal dipyramidal faces (fig- 
ure 8, C and D). This indicates a change in the rela- 
tive dissolution velocity with increasing depth. 
Therefore, at the end of the etch pit, the sequence of 
relative velocities is [0001] > [1010] > [1120], which 
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also implies that dissolution in [1120] is not very dif- 
ferent from that in [1010]. 

Third-order etch pits are very abundant, covering 
the basal plane completely and also occurring within 
second-order etch pits (figure 8, C and F). Such a high 
number of growth dislocations seems unlikely, and 
we propose that dissolution on these faces is con- 
trolled by the crystal structure of beryl with its pro- 
nounced channels parallel to the c-axis. Demianets 
et al. (2006) determined by atomic force microscopy 
that experimentally produced hydrothermal beryl 
shows growth hills on the pinacoidal face, with a sep- 
aration distance of approximately 0.2 pm. The cavi- 
ties around such growth hills might be correlated 
with the sites where dissolution is effective in the 
absence of dislocations, producing the third-order 
etch pits (figure 8F). The centers of the Si,O,, rings 
within the beryl structure aligned with the basal 
planes are sites of preferential removal of atoms, sup- 
ported by the fact that first-order etch pits are very 
deep and can extend into the long, funnel-shaped 
tubes (figure 5; Bartoshinskiy et al., 1969; Lazarenko 
et al., 1973) perpendicular to the Si,O,, rings. This is 
also in line with the sodium-poor composition of 
Volyn beryl. Sodium would be situated within the 
channels, generally bound to a tetrahedral site with 
a stronger bond than water and could thus prevent 
strong dissolution in [0001]. 

On the first-order prismatic faces, P-type etch 
pits are rare and most are large, first-order P-types 
(figure 9), indicating relatively few screw disloca- 
tions perpendicular to the c-axis. Prismatic faces are 
dominated by F-type etch pits, associated with point 
defects (substituting atoms, vacancies, and intersti- 
tial atoms). These etch pits are very abundant, often 
covering the whole face and overlapping each other 
(figure 1). They range in size from a centimeter down 
to several micrometers (figure 9), and though we 
classified them as first- and second-order etch pits, 
there is more or less a continuum in size. The out- 
line is rectangular, elongated perpendicular or paral- 
lel to the c-axis, or nearly square, indicating 
essentially equal dissolution velocities in both di- 
rections. The sector boundaries are mostly straight, 
with equal dissolution velocities in both directions, 
but some show curved boundaries, indicating con- 
tinuously changing dissolution velocities, also ob- 
served in P-type etch pits (figure 9B). First-order etch 
pits can also be asymmetrical. 

Our investigations also yielded some information 
about the fluid phase, which caused the dissolution. 
This fluid must have been able to transport elements 
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such as titanium, rare earth elements, and even gold 
(figure 12D). Furthermore, we know from the locality 
that in these niobium-, yttrium-, and fluorine-rich 
pegmatites, fluorine is a major component, as shown 
by the abundance of topaz as a typical gemstone, by 
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Figure 13. Diagrams of etch pits on {1010} of heliodor 
from Volyn compared to heliodor from Luumdki (Fin- 
land) and aquamarine from Sichuan (China), Minas 
Gerais (Brazil), Dassu, Shigar, and Yuno (Himalayas), 
from Kurumathoor and Franz (2018). F- and P-type 
etch pits are larger on crystals from Volyn and overlap 
each other, but note that they can also be asymmetri- 
cal. Within F-type etch pits, C-type etch pits oriented 
perpendicular to the c-axis are larger and more irregu- 
lar in outline than on crystals from Minas Gerais. In 
P-type etch pits on crystals from Luumdki, abundant 
steps were identified, whereas the steps in crystals 
from Volyn are less frequent or missing, and sector 
boundaries can be curved. 


fluorite as an accessory mineral, and by the occur- 
rence of fluorine-rich muscovite (Franz et al., 2017). 
Beryl and topaz can be related to each other by the 
chemical equilibrium 


Be,Al,Si,O 15+ 28 HF = Al,F,SiO, + 3 BeF {4 + 5 SiF. 4 14 H,O 


where beryllium fluoride and silicon fluoride are fluid 
species. This chemical equilibrium might explain 
why either beryl or topaz crystallized in the cham- 
bers, but rarely both, and it also hints toward a fluo- 
rine-rich fluid phase for the late-stage dissolution of 
the beryl. Lyckberg et al. (2009) noted that when topaz 
and beryl occur together, one grows at the expense of 
the other, which supports the interpretation inferred 
from the chemical equilibrium above. 

The large gem-quality crystals with their dissolu- 
tion phenomena on the surfaces show that possible 
products of newly formed minerals during incongru- 
ent dissolution have been transported away. In other 
words, we are dealing with an open system. Possible 
remnants of beryl dissolution as clay-like material 
are observed in some etch pits, but it is not yet clear 
whether this material is a product of the dissolution 
of the beryl or contamination from a late-stage hy- 
drothermal process of other minerals such as 
feldspar. 

The shape and size of the etch pits on Volyn beryl 
are different from those of other pegmatitic beryls 
(figure 13; Kurumathoor and Franz, 2018) and may 
well help to identify uncut crystals. A characteristic 
feature in particular is that F-type etch pits are much 
larger (figures 8 and 9) compared to beryl from most 
other localities. They frequently overlap each other 
(figures 1, 8, and 9), which is rarely observed in beryl 
from other localities. The different dissolution stages 
of the Volyn beryl with varying acidity-alkalinity de- 
scribed in the literature (Barthoshinskiy et al., 1969; 
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a pleasing contrast. 

One carving of jade treated as a subject an 
old man, bent with age, whose whole body 
was a lovely uniform mauve jadcite, his back 
figured with patterns of reddish material 
from the skin of the boulder. Standing about 
4 inches high it was unfortunate that the 
artistic treatment fell far short of the superb 
raw material from which it was carved. As a 
sculpture it was awkward and lacking in the 
fine firm strokes used to express musculature 
and garment folds which the Chinese expert 
does so well and the addition of the red 
color on the back had so governed the ac- 
tions of the carver that he created a figure 
which could not stand on its own legs with- 
out toppling over. The finish and the stand 
as well as the lack of skill in design indi- 
cated that this was a modern piece. 

The best carvings in jadeite or in any 
other material for that matter are firstly, 
executed by an artist and secondly, cut by a 
skilled lapidary — without this combination, 
no piece is top notch. The highly skilled 
craftsman will devote attention to a ptece 
from all aspects, the detail and finish of the 
bottom is just as important as the sides. The 
use of contrasting colored areas must be gov- 
erned by great restraint lest the design be 
influenced by consideration 
alone. Pierced work as shown by branches and 
floral sprays, must be natural and finished 
off wherever access can be had to the hidden 
portions. Branches and twigs should taper 
outward 


unduly this 


like natural 
growths. Fine lines used to represent lion's 
manes and similar surface treatment must 
be uniform in depth and parallel to each 
other and to the sweep and swing of the 
area so engraved. These are just a few 
of the finer details which distinguish the 
work of a master in the object itself but there 
is yet another criteria which is surprisingly 
but seldom considered important 
enough to be worth mentioning, -- the matter 
of stands or rests for the carvings. 


and be reasonably 


useful 


It is axiomatic in the jewelry trade that 
fine gems deserve fine mounts and needless 


to say the Chinese craftsmen were aware of 
this and provided stands of great clegance 
and harmony with a fine piece of carving. 
Conversely, if a poor opinion of a finished 
piece was held, the base reflected this opin- 
ion by being made of inferior wood with 
inferior design and finish. It would be dese- 
cration in the eyes of the Chinese to mount 
a splendid jade upon a poor base and there- 
fore, if by no other means, this is one way to 
get an indication of the value of the carving 
itself. 

Many bases are works of art in them- 
selves, capable of being detached from the 
carving and admired for the soft smooth 
finish of the wood and the sweeping curves 
of the design. Always the base is harmoni- 
ous in design and feeling with the piece it 
supports, harmonious in the sense that it 
detracts nothing from the stone but indeed 
adds to it by giving the impression of height 
and grace and importance. From the design 
standpoint it need not be en suite or match- 
ing, indeed it may be entirely different but 
as stated before, never in disharmony. An 
elaborately carved piece to illustrate the 
point, may be either fitted with a complicated 
stand or one of extreme simplicity. If the 
former, then the stand is likely to be in the 
same spirit as the carving; a formal, geo- 
metric carving perhaps having a formal base 
with a fairly complicated pattern or else 
utterly plain. A very simple piece on the 
other hand, — such as a dish, may have an 
extremely complicated wooden base to pro- 
vide contrast in texture to the piece it 
supports. In any case, the best test is to 
assemble all of the components, the base, the 
carving, and if provided, the cover, and view 
the whole from near eye level. Everything 
about the piece should be completely pleasing. 
PACKAGING 

Another phase of Oriental carvings in 
stone is the great care taken to preserve the 
pieces whenever they are not in use. The 
attention to this aspect stems directly from 
the fact that Oriental culture, particularly 
the Japanese, considers a relatively simple 
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Lazarenko et al., 1973) might be correlated with our 
observation of first-, second-, and third-order etch 
pits. The degree of etching is quite variable on differ- 
ent crystals, and it even varies from pegmatite to peg- 
matite (Lyckberg et al., 2009). 

The crystal from Minas Gerais in figure 13 shows 
similarly large F- and P-type etch pits and also small 
third-order C-type etch pits within F-type etch pits. At 
Volyn, however, the C-type etch pits are much larger, 
more abundant, and less regular in outline (figure 
13A). C- and P-type etch pits measuring from 5 up to 
50 pm, as observed in crystals from Dassu (Himalayas) 
and China, were not found in Volyn beryl, nor was the 
orthorhombic outline of F- and P-type etch pits in 
crystals from Yuno (Himalayas). Aquamarine from 
Shigar (Himalayas) shows P-type etch pits with a 
curved outline, which is not observed in the Volyn 
crystals, but its flat F-type etch pits are similar. Al- 
though the geological background of Volyn beryl is 
most similar to that from Luumaki, Finland (Lahti and 
Kinnunen, 1993; Lyckberg, 2004), with a similar he- 
liodor color and a similar relation to a Precambrian 
anorthosite pluton, the etch pits on the prism faces 
are quite different (figure 13). On the crystals from Lu- 
umaki, only P-type etch pits were observed in Kuru- 
mathoor and Franz (2018), with an oblique outline and 
frequent steps. It must be noted, however, that for Ku- 
rumathoor and Franz (2018) only a small fragment 
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IOLITE FROM THE THOR-ODIN DOME, 
BRITISH COLUMBIA, CANADA: GEOLOGY, 
CHEMICAL COMPOSITION, INCLUSIONS, 
AND CAUSE OF CHATOYANCY 


Philippe M. Belley 


The Blue Arrow and Blue Bear iolite (gem cordierite) claims located in the Thor-Odin dome (near Revelstoke in 
British Columbia, Canada) are two new examples of iolite occurrences hosted in hydrothermally altered mafic 
volcanic rocks metamorphosed at upper amphibolite to granulite facies, in which cordierite (Xy, = 0.81-0.90) 
occurs in association with gedrite, iron-rich phlogopite, quartz, almandine-pyrope garnet, and various trace 
minerals. Strongly pleochroic, gem-quality cordierite rough from these claims produced dark violet-blue faceted 
stones generally smaller than 2 ct (both localities) and light grayish blue to dark slightly grayish violet-blue cha- 
toyant cabochons up to approximately 12 ct (Blue Bear only). Coarse-grained cordierite-rich rocks are wide- 
spread in the Thor-Odin dome, which indicates good potential for future iolite discoveries in the region. Primary 
mineral inclusions in Blue Bear iolite include iron-rich phlogopite, muscovite, zircon, xenotime-(Y), hematite, 
and apatite. Where cordierite is traversed by rehealed fractures, mica inclusions are altered to unidentified hy- 
drous aluminosilicates rarely containing trace pyrrhotite or barite. Three types of fluid inclusions occur in Thor- 
Odin iolite: (1) primary blocky fluid inclusions; (2) primary acicular fluid inclusions oriented parallel to the 
a-axis of cordierite, which cause chatoyancy when present in high concentrations (at Blue Bear only); and (3) 
secondary subequant fluid inclusions occurring along rehealed subconchoidal fractures. 


Blue Arrow and Blue Bear occurrences, were re- 

cently discovered (in 2016 and 2021, respec- 
tively) in the mountainous Thor-Odin dome, 
southwest of Revelstoke in British Columbia, 
Canada (figure 1). They have so far produced small 
quantities of faceted stones (generally <2 ct, though 
the author has seen faceted windowed stones up to 
4.76 ct from Blue Bear) and attractive cat’s-eye cabo- 
chons (up to 12.02 ct, Blue Bear only). The present 
study seeks to gain new insights into: (1) the geo- 
logical origin of the occurrences in a regional context 
and how they compare to the geology of other iolite 
deposits, (2) the nature of iolite mineralization at the 
Blue Arrow and Blue Bear localities, (3) the chemical 


T= gem-quality cordierite (iolite) localities, the 
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composition and inclusions of Thor-Odin dome io- 
lite, and (4) the nature of the inclusions responsible 
for chatoyancy. 


GEOLOGY OF IOLITE DEPOSITS 
Deposits of iolite (gem-quality cordierite) occur in 
magnesium- and aluminum-rich metamorphic rocks 
formed at amphibolite to granulite facies conditions. 
Many iolite occurrences are found around the world, 
but relatively few have been comprehensively char- 
acterized from a geological (i.e., petrological, geo- 
chemical, and geochronological) perspective. 
Significant deposits occur in the Bandarguha and 
Orabahala areas of Kalahandi District, India, where 
gem cordierite (with X,,, = [Mg]/[Mg + Fe] = 0.82-0.88) 
is hosted in granulite facies cordierite-biotite schists 
and gneisses, which can contain the following acces- 
sory minerals: quartz, potassium feldspar, plagio- 
clase, sillimanite, corundum, and orthopyroxene 
(Das and Mohanty, 2017). 
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At the Geco copper-zinc mine—a volcanogenic 
massive sulfide deposit in Manitouwadge, Ontario, 
Canada—cordierite (Ky, ~ 0.80; Fox and Yakymchuk, 
2017) occurs in amphibolite facies (650° + 30°C, 6 + 
1 kbar; Petersen, 1984) rocks consisting of a meta- 


In Brief 


e Violet-blue faceted iolite gems (usually <2 ct) and 
chatoyant cabochons (up to 12 ct) are described 
from occurrences in the Thor-Odin dome in British 
Columbia, Canada. 


e The occurrences are hosted in gedrite-cordierite 
rocks consisting of altered mafic volcanic rocks 
metamorphosed under granulite facies conditions. 


Chatoyancy is caused by an abundance of acicular 
fluid inclusions parallel to the a-axis of cordierite. 


Mineral inclusions include biotite, muscovite, zircon, 
xenotime-(Y), hematite, and apatite. 


morphosed hydrothermally altered (calcium- and 
sodium-depleted) basalt and a cordierite-rich dike 
possibly representing an altered synvolcanic dike 
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Figure 1. Location map 
of the Thor-Odin dome 
near Revelstoke in 
British Columbia, 
Canada. 


(Pan and Fleet, 1995). The typical cordierite host rock 
at the Geco mine is a cordierite-gedrite gneiss often 
containing quartz, sulfides (generally chalcopyrite}, 
and garnet; but it is also found in quartz-rich segre- 
gations (Pan and Fleet, 1995; P. Belley, hand sample 
observations). The Geco mine is a significant iolite 
occurrence that did not produce much gem rough 
due to the exclusive focus on copper and zinc mining 
(B. Wilson, pers. comm., 2018). Wilson (2014) noted 
beautiful violet-blue faceted stones of 2.00 and 2.20 
ct from the Geco deposit, as well as an overly dark 
6.10 ct stone. 

Gem cordierite occurs in magnesium- and alu- 
minum-rich, orthoamphibole-bearing rocks (similar 
to those at the Geco mine but not associated with 
sulfide deposits) at Palmer Canyon in the Laramie 
Range of Wyoming, United States (Patel et al., 1999, 
Hausel, 2002), and in the Passmore area, Shuswap 
metamorphic complex, southern British Columbia 
(Simandl et al., 2000). In the Passmore area, the gem 
cordierite mineralization occurs in contact metaso- 
matic deposits that are in contact with anthophyl- 
lite-rich granulite facies metamorphic rocks (1) 
between more siliceous intrusive or crosscutting 
rocks such as quartz veins and pegmatites and (2) in 
biotite-rich rocks (Simand1] et al., 2000). 
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Figure 3. View of Arrow Lake from the talus at the Blue Arrow iolite occurrence. Photo by D.]. Lake. 


HISTORY AND ACCESSIBILITY 
While gem-quality cordierite was not discovered in 
the Thor-Odin dome until 2016, it has been known 
to occur in a nearby geological terrane, the Valhalla 
metamorphic core complex, since the 1990s. In 1998, 
exploration near Passmore in British Columbia 
(within the Valhalla complex) by Anglo Swiss Re- 
sources Inc. generated about 50 kg of high-grade 
rough iolite, which yielded less than 100 carats of fin- 
ished gems (Wight, 1999; Laird, 2002). Passmore pro- 
duced both “bright and lively [faceted stones] with a 
blue-violet color and excellent clarity” up to 0.6 ct 
(Simandl et al., 2000; Wilson, 2014) and cabochons 
up to 1.5 ct (Simandl et al., 2000), some of which dis- 
play asterism (Wight, 1999). 
Cordierite-orthoamphibole rocks have been docu- 
mented from 20 localities within the Thor-Odin dome 
(Duncan, 1984; Norlander et al., 2002; Hinchey and 
Carr, 2007; Goergen and Whitney, 2012; see figure 2 
of the present study), although as many as 30 
cordierite localities are known to local prospectors (H. 
Hyder, pers. comm., 2022). In 2016, prospector Herb 
Hyder discovered the Blue Arrow iolite occurrence in 
talus overlooking Arrow Lake (figures 3 and 4), and in 
2021 he discovered the Blue Bear iolite occurrence 
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(currently under claim) in outcrop at high elevation 
(approximately 2000-2400 m above mean sea level) 1— 
2. km south of Dickinson Lake and west of Horsefly 


Figure 4. Aerial image of the Blue Arrow iolite occur- 
rence, which consists of cordierite-bearing boulders 
near the forest’s edge. Photo by Philippe Belley. 
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Peak. The iolite occurrences are located on relatively 
steep slopes (see figures 4 and 5) and very difficult ter- 
rain. Both localities can be accessed by hiking from 
the nearest logging road, but the Blue Bear claim is 
most easily accessed via helicopter since it is a sub- 
stantially difficult hike with considerable elevation 
gain. Due to its high elevation, the Blue Bear locality 
is covered by snow except for one or two summer 
months (generally in August). At the time of this writ- 
ing, collecting is not permitted at either claim and the 
mineral exploration rights are privately owned. 


GEOLOGICAL SETTING 


Regional Geology. The study area is located in the 
Thor-Odin dome, which forms the southern portion 
of the Monashee complex—the deepest structural 
level of the Shuswap metamorphic core complex in 
the Omineca Belt of southern British Columbia. The 
Thor-Odin dome consists of Paleoproterozoic base- 
ment rocks (primarily migmatitic paragneiss and or- 
thogneiss) and Paleoproterozoic to possibly Paleozoic 
supracrustal metasedimentary cover rocks, both of 
which experienced high-grade (granulite facies; 750°— 
800°C) metamorphism concomitant with decom- 
pression from above 8-10 kbar to below 5 kbar during 
exhumation, resulting in anatexis.! Partial melting 
occurred approximately 60 to 54 Ma, possibly con- 
tinuing until 51 Ma (Vanderhaeghe et al., 1999; Nor- 
lander et al., 2002; Hinchey et al., 2006). 
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Figure 5. Cordierite- 
gedrite-biotite-garnet 
boulder at the Blue 
Arrow occurrence. 
Photo by D.J. Lake. 


Cordierite-bearing gedrite-rich gneisses occur at 
regional scale and exclusively within the paragneiss 
in the basement sequence of the Thor-Odin dome 
(the “Lower Unit,” also containing orthogneiss), 
which consists mostly of cordierite-biotite-quartz- 
feldspar gneiss, migmatitic garnet-sillimanite-quartz- 
feldspar gneiss, with local calc-silicate rock, marble, 
and quartzite (Norlander et al., 2002; Hinchey and 
Carr, 2007). The only previously reported gem mate- 
rials found within the basement sequence of the 
Thor-Odin dome are large crystals, averaging 5 cm 
across and up to 10 cm, of opaque to rarely translu- 
cent, internally fractured, zoned dark blue and dark 
grayish brown corundum (the latter being star sap- 
phire). These corundum are reported from a single lo- 
cality, where they occur within restite boudins? in 
leucosome? of metapelitic* origin, having formed as 
a result of muscovite breakdown and partial melting 
along the prograde P-T path at or before 60 Ma, near 
peak granulite facies metamorphic conditions (Ab- 
dale et al., 202.3). 


‘Anatexis: The partial melting of crustal rocks. 

*Restite: Residual material left at the site of partial melting, such as in 

a migmatite. Boudin: A sausage-like pinch-and-swell structure formed 
by extension of originally continuous rock layers. 

*Leucosome: The light-colored portion of migmatite, which is a prod- 
uct of partial melting. 

4Metapelitic: Sourced from or related to metapelites (metamorphosed 
pelitic rock such as shale or mudstone). 
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Figure 6. Cordierite-bearing quartz vein (approximately 10 cm wide) cutting gedrite-cordierite rocks at the Blue 
Bear occurrence. Photos by Herb Hyder. 


Gedrite-Cordierite Rocks. Gedrite-cordierite-rich 
rocks are widespread in the Thor-Odin dome (Goer- 
gen and Whitney, 2012, figure 2), where they occur as 
elongated boudins up to 500 m in length (Norlander 
et al., 2002). Two variants of this rock are known: one 
containing almandine-pyrope garnet porphyroblasts*® 
averaging 5 cm across and another containing sap- 
phirine (Norlander et al., 2002). The mineral assem- 
blage is variable but always includes gedrite (2-25 cm 
long and the most abundant mineral, comprising 
>30-40% of the rock), cordierite (usually as intersti- 
tial masses between gedrite blades), and biotite (phl- 
ogopite, with Xy, ~ 0.8). Other minerals observed in 
rock samples include garnet (up to 15 cm in diameter, 
where present), quartz, sillimanite, kyanite, sap- 
phirine, corundum, and/or staurolite. Minerals occur- 
ring in trace amounts include ilmenite, rutile, apatite, 
magnesium-rich hercynite, plagioclase, and monazite 
(Norlander et al., 2002; Hinchey and Carr, 2007). 
Gedrite-cordierite rocks in the Thor-Odin dome 
have a distinctive bulk chemical composition that is 


5Porphyroblast: In metamorphic rocks, a larger mineral grain that 
occurs in a groundmass composed of relatively smaller grains. 
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characterized by a relative depletion in alkali ele- 
ments, calcium, and low field strength minor and 
trace elements, along with enrichment in aluminum, 
magnesium, iron, and high field strength trace ele- 
ments. The rocks are interpreted to consist of Paleo- 
proterozoic mafic volcanic rocks that underwent 
hydrothermal alteration, likely by seawater, and 
were subsequently metamorphosed in the 
Cordilleran orogeny (Hinchey and Carr, 2007). 
Hinchey and Carr’s genetic model is based on a com- 
bination of whole rock major and trace element 
chemical composition (including rare earth element 
patterns) and neodymium isotopic systematics. 


DESCRIPTION OF THE IOLITE OCCURRENCES 


Blue Arrow Occurrence. Violet-blue, strongly 
pleochroic cordierite occurs in approximately half a 
dozen large boulders (up to 2.5 m across; figure 5) on 
the northern side of an east-facing talus overlooking 
Arrow Lake. The talus measures approximately 1.0 by 
0.7 km. The cordierite host rock consists of very 
coarse-grained (average 1-4 cm grain size) gedrite-rich 
gneiss consisting of the following minerals in rock- 
forming amounts (highest to lowest abundance): 
gedrite, anhedral cordierite (often occurring in the in- 
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terstices of gedrite crystals), biotite, subhedral garnet 
porphyroblasts, and quartz. The cordierite occurs as 
translucent to transparent, dark blue masses up to ap- 
proximately 8 cm. Cordierite porphyroblasts are 
highly fractured, with facetable gem rough that could 
produce finished stones 0.5 ct or larger coming only 
from small zones in a minority of the porphyroblasts. 


Figure 8. Freshly recovered rough chatoyant cordierite 
from the Thor-Odin dome. Note the lighter color and 
abundant acicular inclusions in the smaller frag- 
ments. Photo by Herb Hyder. 
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Figure 7. Large, euhedral 
cordierite crystal con- 
taining facetable and 
cabochon-quality sec- 
tions. Note the deforma- 
tion-induced fractures 
visible on prism faces in 
the photo on the right. 
The crystal measures 
11.3 cm wide. Photos by 
Philippe Belley. 


Blue Bear Occurrence. Violet-blue, strongly pleo- 
chroic cordierite occurs as subhedral to euhedral por- 
phyroblasts in gedrite-cordierite-biotite-(+quartz) 
gneiss, and in quartz-cordierite veins (<10 cm thick) 
cutting these rocks (figure 6). The geographic extent 
of cordierite mineralization is currently unknown, 
and exploration in this steep, high-elevation terrain 
is ongoing. Cordierite crystals shown to the author 
averaged 5 cm across, and the largest crystal meas- 
ured 11.3 cm long (figure 7). Cordierite crystals vary 
from anhedral to euhedral. Most large euhedral crys- 
tals are enveloped by biotite. The cordierite is highly 
fractured, translucent to transparent, and locally con- 
tains zones suitable for production of polished gem- 
stones. Higher-quality material is shown in figures 7 
and 8, and representative cordierite, quartz, and 
gedrite are shown in figure 9. In some crystals (in part 
or in whole), the cordierite is moderately to heavily 
included by parallel acicular inclusions. Cordierite 


Figure 9. Representative cordierite (top left), quartz 
with cordierite (top right), and gedrite (bottom) from 
Blue Bear. As is common in metamorphic gem de- 
posits, only a small fraction of the mineral occurs in 
gem quality. The gedrite fragment measures 65 mm 
across. Photo by Philippe Belley. 
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that is not of gem quality occurs in biotite-rich quart- 
zofeldspathic gneiss in the area (figure 10). 


MATERIALS AND METHODS 


Samples. The cordierite samples examined consist of 
~4 kg of unprocessed rough from the Blue Bear claim 
and ~100 g from the Blue Arrow claim, both provided 
by Herb Hyder, an independent prospector. A 1.15 ct 
faceted stone from Blue Arrow was acquired from 
local gem cutter Russell Crick, who visited the lo- 
cality. Additional samples were recovered by D,J. 
Lake and the author on a site visit to the Blue Arrow 
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Figure 10. Cordierite- 
bearing biotite-quartzo- 
feldspathic gneiss near 
the Blue Bear occur- 
rence. This lithology is 
not known to contain 
* gem-quality cordierite. 

| Photo by Herb Hyder. 


locality; however, none of this material was of suffi- 
cient quality to facet into stones larger than 0.3 ct. 
Rough samples provided by Herb Hyder were 
processed by the author, and the highest-quality ma- 
terial was sent for cutting and polishing, resulting in 
the production of faceted stones. The largest stones 
described in this study are a 1.15 ct faceted stone 
from Blue Arrow (figure 11), a 1.24 ct faceted stone 
from Blue Bear (figure 12), and chatoyant cabochons 
up to 12.02 ct from Blue Bear (figure 13). The largest 
faceted gemstones reported to the author from each 
locality consist of a very dark, included 2.0 ct stone 
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interior in dwelling places to be the most 
tasteful. The cluttered, over-crowded rooms 
of Western style homes are abhorred and any 
ornamentation is restrained to provide one 
focal point of interest in any given room. 
Since only one or two objects of art can be 
displayed under this code of interior decora- 
tion, any others accumulated by the owner 
must be stowed away until their exhibition 
is deemed appropriate. Almost all pieces of 
value are provided with a compartmented 
case of silk-covered wood in which the vari- 
ous components of the object are placed 
upon recessed cushions. Closing the cover 
which is also padded, presses the objects 
into place and keeps them quite secure. Such 
boxes are seen everywhere in the antique 
and curio shops and by virtue of their con- 
struction provide great security against acci- 
dental breakage. A well-made box filled with 
its precious contents can indeed be thrown 
violently to the floor without damaging the 
object it protects. 

In Japan, boxes are also provided for 
treasured art objects but these are simply 
wood without linings and depend on the 
wrapping of the object to provide the neces- 
sary cushioning effect. Chinese boxes are 
fastened on the outside by two straps of cloth 
similar to that used in the covering and 
terminated with tapered ivory pegs whitch 
fit in loops on the front side. Japanese boxes 
on the other hand are usually secured with a 
doubled length of stout cloth tape which 
passes around the bottom, up the sides, and 
is then knotted at the top to hold the loose 
lid in place. 

CONCLUSION 

As a result of the Communist domination 
of the Chinesc mainland, much wealth has 
filtered into Hong Kong in the form of all 
kinds of Chinese works of art including 
carved ornamental stones. In addition there 
appears to be an abundance of modern mate- 
tial which is probably being made in good 
part by carvers still working in Communist 
China under their auspices. Stone carvers as 
such appear to be totally absent in either 
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Victoria or Kowloon and it must be assumed 
that contractual work going on at the present 
time, finds its way into the mainland and 
finds its way out again in the form of finished 
pieces. 

There are no import or export taxes laid 
upon gemstones and carvings by the govern- 
ment of the Crown Colony, yet prices are 
high and wages are rising steadily. Quoted 
costs of producing carvings compare very 
closely to current Japanese charges (at Kofu) 
and German charges (at Idar-Oberstein). 
Raw material is critically lacking and the 
Hong Kong market appears to be a fruitful 
field for exploitation in this respect. Gem 
jades are high in price and only one shop 1s 
said to be actively engaged in cutting jade 
cabochon stones and small carvings for set- 
ting in jewelry. There is one shop in Kow- 
loon which does facet work on all materials 
except diamond. 

Carvings both antique and modern are 
moving very slowly because of United States 
Customs bans on their import which effec- 
tively prevents the most lucrative buyers from 
access to the market. Most merchants frankly 
condemn this policy but are holding their 
stocks at high prices in the expectation that 
the ban will be lifted soon. 

A thriving jewelry trade specializing in 
mountings has sprung up under the impetus 
of eager buying of mounted jade in rings, 
bracelets, pins, necklaces, and earrings. This 
buying is stimulated by the fact that such 
items are not banned by the U.S. Customs 
and may be brought into the country with- 
out question. Jewelry work is generally quite 
substandard in comparison to contemporary 
American and European craftsmanship. 
Small, poorly equipped shops are the rule 
with workmen familiar only with sheet metal 
fabrication and scarcely familiar if at all, 
with casting techniques. Designs are West- 
ern copies and suffer from being executed by 
persons who have no background in Western 
design ideals. Finishes on metal parts of 
jewelry are substandard also. Workmanship 

(continued on page 92) 


Figure 11. Rough and cut iolite from the Blue Arrow oc- 
currence. The faceted stones weigh up to 1.15 ct, with 
the two matching triangular stones weighing approxi- 
mately 0.8 ct in total. Photo by Michael Bainbridge. 


from Blue Arrow and a dark 4.46 ct windowed stone 
from Blue Bear. The specific gravity of the largest 
stone of each variety and locality was obtained hy- 
drostatically, and the refractive indices of Blue Arrow 
and Blue Bear faceted iolites were measured with a 
Kruss professional refractometer with a monochro- 
matic sodium light source. 


Figure 13. Chatoyant iolite cabochons from Blue Bear. 
The three largest stones weigh 12.02, 8.52, and 7.24 
ct. The remainder weigh between 0.96 to 3.71 ct. Note 
the variation in color, where lighter-colored cabo- 
chons have a higher concentration of acicular inclu- 
sions. Photo by Philippe Belley. 
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Figure 12. Rough and cut iolite from Blue Bear. From 
left to right, the faceted stones weigh 1.24, 0.48, 0.48, 
and 0.88 ct. Photo by Philippe Belley. 


Sample Examination and Preparation. Rock samples 
were examined to characterize the mineralogy and 
mineral habits. Selected samples of individual miner- 
als and rock fragments were polished into 25 mm sec- 
tions, carbon coated (coating thickness 5-10 nm), and 
examined using Memorial University of Newfound- 
land’s FEI Quanta 650 SEG scanning electron micro- 
scope (SEM). The SEM was equipped with two Bruker 
XFlash 5030 energy-dispersive X-ray spectrometers 
(EDS) for mineral identification, with a 30 s X-ray ac- 
quisition time, and a secondary electron detector (SE) 
for acicular inclusion examination, using an operating 
voltage of 25 kV. Gem-quality rough was cut and pol- 
ished (faceted stones and cabochons) and examined 
using a binocular gemological microscope. 


Chemical Analysis. Five spots, each spread out over a 
~1 cm? area, were analyzed each on two representative 
gem-quality pieces from each locality. Chemical com- 
positions of cordierite were obtained with a JEOL JXA- 
8230 electron microprobe at Memorial University of 
Newfoundland. Operating voltage was 15 kV with 20 
nA beam current and 3 um beam diameter. Count 
times were 40 s (except 20 s for sodium, potassium, 
and silicon, and 30 s for calcium) with background col- 
lection times equal to half of the count times. The fol- 
lowing standards were used: orthoclase (potassium), 
albite (sodium), diopside (calcium, magnesium, and 
silicon], almandine (aluminum and iron), rhodonite 
{manganese}, and sphalerite (zinc). Matrix correction 
calculations were done using the eponymous “PAP” 
method (Pouchou and Pichoir, 1985). 


Gems & GEMOLOGY FALL 2023 


RESULTS 


Properties of Rough. More than 90% of the cordierite 
at both Thor-Odin localities is not of gem quality, 
owing mostly to extensive post-formation fracturing, 
a common feature in metamorphic gem deposits, and 
less commonly owing to an abundance of primary 
mineral or secondary fluid inclusions. Gem-quality 
cordierite is present only in portions of single crys- 
tals, with a fairly random distribution, and the best 
gem rough generally comes from the largest crystals. 
The cordierite crystal in figure 7 illustrates deforma- 
tion-controlled fracturing where the dominant frac- 
tures show some degree of preferential orientation. 
This crystal also contains facetable rough in an area 
where fracturing is less pervasive. 

At the Blue Bear locality, cordierite contains a 
variable degree of parallel acicular inclusions ranging 
from nearly absent (not visible in a hand sample) to 
extremely abundant, often varying from both ex- 
tremes within a single crystal. The portions richest 
in these inclusions are light slightly grayish blue and 
show strong chatoyancy (see the smaller rough frag- 
ments in figure 8). 


Standard Gemological Properties. Cordierite from 
both localities is very strongly pleochroic, showing 
three different colors in different orientations: dark 
saturated violet-blue, medium-light blue-gray, and 
light gray-yellow with low color saturation. Specific 
gravity values for the three largest iolite gemstones 
from each locality and variety were 2.61 (Blue Arrow, 
faceted), 2.60 (Blue Bear, faceted), and 2.59 (Blue Bear, 
chatoyant cabochon]. Refractive indices were meas- 
ured on one faceted stone from each locality. These 
refractive index values were 1.610-1.620 for Blue 
Arrow and 1.538-1.548 for Blue Bear. 


Properties of Cut Stones. Faceted Stones. When cor- 
rectly oriented to maximize the violet-blue color, 
faceted iolite stones show a beautiful, saturated vio- 
let-blue color that is of medium lightness in stones 
in the half-carat range, while dark in stones of ap- 
proximately 1 ct (figures 11 and 12). In similarly sized 
examples, faceted gems from Blue Arrow are darker 
than those from Blue Bear. 


Cabochons. Cat's-eye cabochon samples were from 
the Blue Bear locality only, and all of this material 
consists of translucent cordierite containing abun- 
dant parallel acicular inclusions. They were cut with 
the base perpendicular to the grayish yellow axis of 
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the cordierite. The stones are therefore grayish yel- 
low if backlit through the base. They display a dis- 
tinct chatoyant band perpendicular to the long axis 
of the acicular inclusions (described below) that is 
visible even in diffuse indoor and outdoor lighting 
conditions. The cabochons occur in two color vari- 
eties: dark grayish blue-violet with a light gray cat’s- 
eye, and light gray-blue with a very light gray 
cat’s-eye (see figure 13). Darker cabochons contain a 
lesser amount of acicular inclusions and are more 
transparent than the lighter, more heavily included 
cabochons. The strength and sharpness of the cat’s- 
eye is identical in the dark and light varieties. 


Chemical Composition. Gem cordierite from the 
Thor-Odin dome, which was analyzed using electron 
probe microanalysis (EPMA\], is strongly cordierite- 
dominant, with only a minor component (<20 
mol.%) of sekaninaite, the Fe* end member of the 
cordierite-sekaninaite solid solution series. The Blue 
Bear cordierite sample analyzed has a higher X,,, 
value than the sample from Blue Arrow, with values 
of 0.90 and 0.81, respectively (table 1). The higher 
iron concentration in Blue Arrow cordierite corre- 
lates with a darker color in larger stones (compare fig- 
ures 11 and 12). The analyzed sample of Blue Bear 
cordierite is richer in manganese, zinc, and sodium 
than the Blue Arrow cordierite sample. 


Mineral Associations and Inclusions. At both local- 
ities, inclusions observed in rough crystals include 
millimeter- to centimeter-scale grains and clusters of 
biotite (likely iron-rich phlogopite}, gedrite, and 
quartz. These minerals form a stable assemblage 
with cordierite in the gneiss. Muscovite occurs lo- 
cally in Blue Bear gneiss and, based on grain bound- 
ary relationships, appears to form a stable assemblage 
with gedrite and cordierite. A 1.5 mm yellow hexag- 
onal prismatic apatite crystal was observed in 
cordierite from Blue Bear. 

Rehealed fractures, indicated by the presence of 
secondary fluid inclusions along subconchoidal frac- 
tures, are common in iolite from the two localities. 
Relatively few gem-quality samples were available 
from Blue Arrow, so the following inclusion descrip- 
tions focus on Blue Bear iolite, where a combination 
of optical microscope and SEM-EDS was used to ex- 
amine faceted stones and flat-polished samples. Some 
subconchoidal fractures in iolite are filled with a 
translucent white unidentified hydrous aluminosili- 
cate phase containing equal molar proportions of alu- 
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TABLE 1. Average chemical composition (in wt.%), measured with EPMA, of two 
representative samples of gem cordierite (iolite) from the Thor-Odin dome, Canada. 


Blue Arrow Standard Blue Bear Standard Detection limit 

(5 analyses) deviation (5 analyses) deviation 
SiO, 49.39 0.13 49.55 0.18 0.01 
TiO, bdle _ bdl _ 0.01 
Al,O3 33.78 0.08 33.93 0.06 0.01 
FeO 4.60 0.12 2,35 0.06 0.01 
MnO 0.03 0.01 0.07 0.01 0.01 
ZnO 0.02 0.02 0.03 0.01 0.01 
MgO 10.96 0.04 12.17 0.13 0.01 
CaO 0.02 <0.01 0.01 <0.01 0.01 
Na,O 0.26 0.02 0.47 0.01 0.01 
K,O 0.01 <0.01 0.01 <0.01 0.01 
Total? 98.55 0.41 98.13 0.18 
Korg 0.81 0.90 


*bdl = below detection limit 


’The slightly low total weight % indicates the presence of volatiles in structural channels (i.e., HO and CO,; Vry et al., 


1990) in the cordierite. 


minum and silicon, and 0.5-2.2, mol.% of iron, mag- 
nesium, calcium, and potassium (figure 14). This min- 
eral may be impure halloysite, a common alteration 
mineral of cordierite (Layman, 1963). The most com- 
mon inclusions observed in Blue Bear iolite are fluid 
inclusions (both primary blocky fluid inclusions and 
secondary subequant rounded inclusions along re- 
healed subconchoidal fractures), acicular inclusions 
(causing chatoyancy when abundant; described below), 
euhedral platy brown iron-rich phlogopite (figure 15), 
tabular to equant white muscovite (commonly altered 
to hydrous aluminosilicates containing aluminum and 


Figure 14. Unidentified aluminosilicate (possibly hal- 
loysite or another clay mineral) filling a fracture in 
cordierite from Blue Bear. Backscattered electron 
SEM image; field of view 650 jam. 
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silicon in similar molar abundances, and possibly con- 
sisting of clay minerals; figures 16 and 17), zircon (fig- 
ure 17), anhedral uranium-bearing xenotime-{Y) (figure 
18), and platy hematite (<20 pm crystals). Zircon is 
fairly common in cordierite as groupings of closely 


Figure 15. Light brown iron-rich phlogopite, a white 
unidentified mineral (possibly muscovite), and acicular 
fluid inclusions in a faceted iolite from Blue Bear. Photo- 
micrograph by Philippe Belley; field of view 2.4 mm. 
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Figure 16. Inclusion of primary muscovite (Ms), which 
is partly altered to unidentified aluminosilicates 
(Alt.), and blocky fluid inclusions (Fl. incl.) in 
cordierite (Crd) from Blue Bear. Note the fractures 
leading to the partly altered muscovite. Backscat- 
tered electron SEM image; field of view 165 pm. 


spaced, euhedral to subhedral, light-colored or color- 
less prismatic crystals associated with biotite (figures 
17 and 19). The zircons appear yellowish due to the 
presence of radiation damage in cordierite proximal to 
these grains, making their true color difficult to assess. 
Partly to wholly altered muscovite and less commonly 
biotite, which are replaced by hydrous aluminosili- 
cates, occur in close proximity to fluid inclusions that 
indicate the presence of rehealed fractures. Unaltered 
mica-species grains occur in areas not traversed by 
such features. This hydrous aluminosilicate alteration 
rarely contains very small (approximately 5-10 ym) in- 
clusions of pyrrhotite or barite. 


Figure 18. Zircon (Zrn) and xenotime-(Y) (Xtm-Y) inclu- 
sions in gem cordierite (Crd) from Blue Bear. Backscat- 
tered electron SEM image; field of view 150 pm. 


containing a grouping of zircon crystals with yellow- 
ish radiohalos, white muscovite, and small colorless 
fluid inclusions. The fluid inclusions proximal to the 
zircon group appear primary, while those in the lower 
right corner occur on a rehealed fracture and are thus 
secondary. Photomicrograph by Philippe Belley; field 
of view 1.88 mm. 


Chatoyancy-Causing Inclusions. Acicular inclusions 
are common in cordierite from the Blue Bear claim. 
They are less abundant in facetable material (figure 
15) and more abundant (to the point of decreasing 
transparency) in chatoyant material. The inclusions 
are straight and oriented parallel to the direction of 
greatest light absorption in cordierite (the dark violet- 
blue axis). Even in single cabochons, these inclusions 
vary in concentration, forming bands of slightly 
higher or lower inclusion density (figure 20, left). The 
inclusions vary in length and, to a lesser degree, di- 
ameter (figures 15 and 20, right). A polished section 
of chatoyant cordierite, cut at an oblique angle to the 


Figure 19. Zircon (white) associated with biotite (Bt; 
iron-rich phlogopite) in gem-quality cordierite from 
Blue Bear. Backscattered electron SEM image; field of 
view 120 pm. 
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Figure 20. Magnified view of the 12.02 ct cat’s-eye iolite cabochon from Blue Bear. Note the variable inclusion den- 
sity within the stone and the variable length of the acicular inclusions. Photomicrographs by Philippe Belley; 


fields of view 5.57 mm (left) and 2.81 mm (right). 


acicular inclusions, was examined using SEM in sec- 
ondary electron mode. This revealed that the exposed 
inclusions (<2 pm in diameter) are hollow and thus 
do not consist of solid inclusions (figure 21). 


DISCUSSION 


Deposit Geology. The iolite occurrences in the Thor- 
Odin dome of British Columbia bear many resem- 
blances to other deposits and occurrences worldwide: 
They all occur within, or contiguous to, upper am- 
phibolite to granulite facies magnesium- and alu- 
minum-rich metamorphic rocks. Cordierite-bearing 
rocks in the Thor-Odin dome, like those in most 
other localities, are associated with rock-forming 
amounts of orthoamphibole (gedrite, though some 
localities contain anthophyllite). These rocks differ 
from those reported in the Bandarguha and Oraba- 


hala areas of India, which are principally composed 
of cordierite and biotite (Das and Mohanty, 2.017). Io- 
lite localities that have been subject to more exten- 
sive petrological and geochemical research, such as 
Thor-Odin (Hinchey and Carr, 2007) and the Geco 
mine (Pan and Fleet, 1995) consist of alkali- and cal- 
cium-depleted, magnesium- and aluminum-enriched 
metamorphic rocks with hydrothermally altered 
mafic volcanic (i.e., basaltic) protoliths. 

Gem cordierite mineralization at Blue Arrow is 
similar in habit to another locality in the Thor-Odin 
dome, where cordierite occurs as anhedral crystals in 
the interstices of large gedrite crystals (Hinchey and 
Carr, 2007). While the Blue Bear locality occurs in a 
comparable geological setting—cordierite-gedrite 
rocks—the nature of the mineralization differs from 
that at Blue Arrow: Cordierite crystals are anhedral 


Figure 21. Secondary electron images of a chatoyant Blue Bear iolite that was polished to crosscut the acicular in- 
clusions. The images clearly show that the elongated cylindrical inclusions consist of fluid inclusions and are not 
filled with any solid material. Fields of view 200 jam (left) and 15 ym (right). 
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TABLE 2. Summary of inclusions occurring in gem-quality cordierite. 


ir en io and Mohanty, 201 Sie i ( wea sae 1978) atts tales (hase 
Mattlin, 2019) f 2003) 

Biotite x x x 

Hematite x x 

Rutile x x 

Zircon x x 

Apatite x x 

Quartz x 

Muscovite x 

Orthopyroxene x 

Xenotime-(Y) me 

Monazite x 

Dolomite x 

Pyrite x 

White acicular 

inclusions a ~ x 


to euhedral and occur both within the gedrite-rich 
rock (where they are sometimes enveloped by a layer 
of biotite) and in quartz veins cutting this rock. The 
occurrence of cordierite within crosscutting quartz 
segregations is reported from the Thor-Odin dome for 
the first time in the present study, but similar miner- 
alization is known at the nearby localities in Pass- 
more, British Columbia (Simandl et al., 2000), and at 
the Geco mine in Ontario (Pan and Fleet, 1995). 


Potential for Future Production. Beautiful faceted 
stones, generally smaller than 2 ct, have been pro- 
duced in very small quantities from the Blue Arrow 
and Blue Bear localities, and attractive cat’s-eye cabo- 
chons to ~12 ct have come from Blue Bear. The origi- 
nal bedrock source for the iolite-bearing boulders at 
Blue Arrow has yet to be discovered. Iolite was only 
discovered recently at Blue Bear, and the area has been 
minimally explored. Further exploration at both sites 
has the potential to yield new iolite-producing zones. 

Extremely coarse-grained cordierite-bearing meta- 
morphic rocks are widespread throughout the Thor- 
Odin dome (Duncan, 1984; Norlander et al., 2002; 
Hinchey and Carr, 2007; Goergen and Whitney, 2012, 
present study). Potential targets for gem cordierite 
exploration are therefore numerous, and prospectors 
may discover new iolite deposits in the future. Ex- 
ploration in this region is not without its challenges. 
The rugged terrain and remoteness of most of the 
metamorphic dome make exploration difficult, time- 
consuming, costly, and sometimes dangerous. These 
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factors would also present challenges to gem mining, 
should a significant deposit be discovered. 


Inclusions. Inclusions reported in gem-quality 
cordierite include a variety of silicates, oxides, sul- 
fides, and phosphates (table 2), with the most com- 
mon being hematite and biotite. Hematite occurs in 
the “bloodshot” iolite variety (India and Sri Lanka; 
Kammerling and Koivula, 1991; Muyal and Mattlin, 
2019) as oriented crystals causing asterism (Bui et al., 
2022) or as small isolated inclusions (Thor-Odin 
dome; present study). Iron-rich phlogopite (biotite) 
inclusions are reported from Wyoming (Hausel, 
2003), India (Das and Mohanty, 2017), and Thor-Odin 
(present study). Rutile is reported in iolite from 
Madagascar (Graziani and Guidi, 2018) and India 
(Das and Mohanty, 2017) but was not observed in 
Thor-Odin samples. Quartz was observed as inclu- 
sions in iolite from India (Das and Mohanty, 2017); 
at the Thor-Odin dome, quartz was found as large in- 
clusions on the edge of large fractured crystals but 
was absent in rough and faceted stones. Zircon inclu- 
sions were noted from both India (Das and Mohanty, 
2017) and Thor-Odin. In the present study, zircon 
generally occurred in small groupings of numerous 
crystals associated with iron-rich phlogopite inclu- 
sions. Apatite inclusions have only been reported 
from Madagascar (hydroxyl end member; Graziani 
and Guidi, 1978) and from Thor-Odin (present study). 
Mineral inclusions reported only from a single local- 
ity are the following: dolomite (Madagascar; Graziani 
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and Guidi, 1978); monazite, orthopyroxene, quartz, 
and pyrite (India; Das and Mohanty, 2017); and mus- 
covite, xenotime-(Y), and secondary alteration prod- 
ucts from mica inclusion breakdown, which include 
an unidentified hydrous aluminosilicate (possibly 
clay minerals) and rare pyrrhotite and barite (Thor- 
Odin; present study). Muscovite is commonly asso- 
ciated with cordierite, where it is a retrograde 
metamorphic alteration product of the latter (e.g., 
Layman, 1963). Muscovite inclusions—which, based 
on grain boundary relationships, form a stable assem- 
blage with gem cordierite at the Blue Bear occur- 
rence—are to the author’s knowledge, reported here 
as primary inclusions for the first time. 

Primary blocky fluid inclusions and secondary 
fluid inclusions, the latter occurring on rehealed sub- 
conchoidal fractures, are common in Thor-Odin io- 
lite. While they have not been reported from other 
iolite localities worldwide, such inclusions are likely 
to occur at most if not all of these localities due to 
the prevalence of similar fluid inclusions in most 
metamorphic gem minerals. 

White acicular inclusions in cordierite, described 
as possibly being sillimanite, are reported by Hausel 
(2003) in gemstones from Wyoming. Parallel acicular 
inclusions are also reported from an iolite cabochon 
of Indian origin, where these inclusions are the cause 
of chatoyancy (Kammerling and Koivula, 1991). Aci- 
cular inclusions resembling those from the Indian io- 
lite cabochon occur abundantly in Blue Bear 
cordierite. These are discussed next. 


Cause of Chatoyancy. Chatoyancy in iolite is rare, 
caused by fine acicular inclusions (Kammerling and 
Koivula, 1991). In the cat’s-eye iolites from Blue Bear, 
the orientation of the fine acicular inclusions is par- 
allel to the direction of strongest visible light absorp- 
tion (dark violet-blue) and perpendicular to the other 
pleochroic colors (light grayish yellow and light blue 
gray). In iron-bearing cordierite, the strongest absorp- 
tion occurs parallel to the direction of highest refrac- 
tive index (y), which is the Z vibration axis, where 
light is absorbed by intervalence charge-transfer 
(IVCT) between Fe” in the octahedral site and Fe** at 
the T, tetrahedral site of the cordierite structure— 
and to a much greater extent than absorption by 
IVCT occurring along the Y axis (Goldman et al., 
1977). The y-axis, along which visible light is most 
strongly absorbed, is oriented parallel to the a-axis of 
cordierite (see figure 4 of Fritsch and Rossman, 1988). 
The Blue Bear chatoyancy-causing inclusions occur 
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in the same orientation as similar colorless acicular 
inclusions previously reported in chatoyant iolite 
from South India (Kammerling and Koivula, 1991), 
as well as colored acicular hematite inclusions caus- 
ing chatoyancy in iolite cabochons from an unknown 
country of origin (Bui et al., 2022). The nature and 
composition of the colorless acicular inclusions re- 
ported by Kammerling and Koivula (1991) were not 
identified. In the present study, the secondary elec- 
tron images of a chatoyant cordierite polished at an 
oblique angle to the long axis of the acicular inclu- 
sions reveal that they consist of “empty” depres- 
sions. Thus, the inclusions in Blue Bear chatoyant 
iolite, and likely that in iolite reported by Kammer- 
ling and Koivula (1991), consist of fluid inclusions. 


CONCLUSIONS 

The Blue Arrow and Blue Bear gem cordierite claims 
at the Thor-Odin dome near Revelstoke in British Co- 
lumbia, Canada, are two new examples of iolite oc- 
currences hosted in hydrothermally altered mafic 
rocks metamorphosed at upper amphibolite to gran- 
ulite facies. At these occurrences, cordierite (Ky, = 
0.81-0.90) occurs in association with gedrite, iron-rich 
phlogopite (biotite), quartz, almandine-pyrope garnet, 
and various accessory and trace minerals. Test sam- 
pling on the claims yielded strongly pleochroic, gem- 
quality rough that produced dark violet-blue faceted 
stones generally smaller than 2. ct (both localities), as 
well as light grayish blue to dark slightly grayish vio- 
let-blue chatoyant cabochons up to 12.02 ct (Blue Bear 
only). Coarse-grained cordierite-rich rocks are wide- 
spread in the Thor-Odin dome, which indicates good 
potential for future iolite discoveries in the region. 

Primary mineral inclusions in gem-quality Blue 
Bear cordierite include iron-rich phlogopite, mus- 
covite, zircon, xenotime-(Y), hematite, and apatite. 
Muscovite and xenotime-(Y) are, to the author’s 
knowledge, the first reported examples of these min- 
erals as primary inclusions in iolite. Where cordierite 
is traversed by rehealed fractures, mica inclusions are 
altered to unidentified hydrous aluminosilicates 
rarely containing trace pyrrhotite or barite. 

Three types of fluid inclusions occur in Thor- 
Odin iolite: (1) primary blocky fluid inclusions; (2) 
primary acicular fluid inclusions oriented parallel to 
the a-axis of cordierite, which cause chatoyancy 
when present in high concentrations (at Blue Bear 
only); and (3) secondary, generally subequant, fluid 
inclusions occurring along rehealed subconchoidal 
fractures. 
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DIAMOND 


Etch Features Reveal the 

Morphology of Diamond 

Natural monocrystalline diamonds 
formed in the earth’s mantle have 
two major growth forms: octahedron 
and cube. It has been suggested that 
diamond growth habit depends on 
multiple factors, including crystal- 
lization temperature, growth rate, 
and the degree of carbon supersat- 
uration in the diamond-forming 
fluids (J.W. Harris et al., “Morphol- 
ogy of monocrystalline diamond and 
its inclusions,” Reviews in Mineral- 
ogy and Geochemistry, Vol. 88, No. 
1, 2022, pp. 119-166). If a diamond 
forms under changing conditions, it 
might not have a regular octahedral 
or cubic morphology but a combina- 
tion of both. In some cases, diamonds 
grow without any well-defined crys- 
tal faces and are referred to as “irreg- 
ular diamonds” (see examples in R. 
Tappert and M.C. Tappert, Dia- 
monds in Nature: A Guide to Rough 
Diamonds, Springer-Verlag, Berlin, 
2011, p. 28). While octahedral or 
cubic faces cannot always be identi- 
fied visually in irregular diamonds, 
the morphology can be inferred by 
etch features left on the diamond by 
fluids in the mantle or during kim- 
berlite eruption. Trigons and tetra- 
gons are the most common of these 


Editors’ note: All items were written by staff 
members of GIA laboratories. 
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Trigons 


— Tetragons 


Figure 1. Table (left) and pavilion (right) views of a chameleon diamond 
with visible trigons and tetragons. The trigons and tetragons are shown in 
more detail in figures 2 and 3. The diamond measures 1.28 cm in length. 


etch features—testricted to octahedral 
and cubic crystal faces, respectively. 
The Carlsbad laboratory recently 
examined a 2.00 ct Fancy brown- 
greenish yellow diamond with both 
trigons and tetragons on its surface 
(figure 1). The trigons were located 
within a small indented natural near 
the table facet, while the tetragons 
were preserved within an indented 
natural at the culet (figures 2, and 3). 
Co-occurring trigons and tetragons 
are very uncommon and indicate an 
irregular morphology, characterized 
by both octahedral and cubic growth. 
This stone was identified as a 
chameleon diamond. For such a classi- 
fication, the diamond must include a 
green color component, show phos- 
phorescence to short-wave UV, and 
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change from a greenish color to a yel- 
low or orange color with gentle heating 
or when kept in the dark for an ex- 
tended period (C.M. Breeding et al., 
“Natural-color green diamonds: A 
beautiful conundrum,” Spring 2018 
Gw&G, pp. 2-27). These diamonds typi- 
cally have a broad visible absorption 
band centered at approximately 480 
nm and are referred to as “480 nm 
band diamonds.” A study on rough 
yellow diamonds from Canada showed 
that all of those colored by the 480 nm 
absorption band have irregular mor- 
phology (M.Y. Lai et al., “Yellow dia- 
monds with colourless cores —- 
evidence for episodic diamond growth 
beneath Chidliak and the Ekati mine, 
Canada,” Mineralogy and Petrology, 
Vol. 114, 2020, pp. 91-103), suggesting 
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Pointed-bottom trigon 
with circular etch pit 


Flat-bottom trigon 


Figure 2. Flat-bottom and pointed-bottom trigons (surface features re- 
stricted to an octahedral crystal face) preserved on an unpolished portion 
of the diamond. A circular etch pit overprinting a pointed-bottom trigon 
indicates a late-stage diamond dissolution event that postdated the for- 
mation of the trigon. Field of view 1.26 mm. 


that diamonds with the 480 nm ab- 
sorption band may form under chang- 
ing conditions in the mantle. 

Trigons on diamond have two 
major morphologies: either a flat bot- 
tom or a pointed bottom (pyramidal). 
The type of trigon is primarily depend- 
ent on the temperature and pressure at 
the position where diamond dissolu- 


tion occurs, as well as on the carbon di- 
oxide and water contents in the fluid 
that etches diamonds. Experimental 
work indicates that fluids with higher 
carbon dioxide content tend to produce 
pointed-bottom rather than flat-bot- 
tom trigons (Y. Fedortchouk, “A new 
approach to understanding diamond 
surface features based on a review of 


Figure 3. Tetragons (surface features restricted to the cubic crystal face) 
preserved at the culet of the diamond. Field of view 1.26 mm. 
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experimental and natural diamond 
studies,” Earth-Science Reviews, Vol. 
193, 2019, pp. 45-65). Both forms of tri- 
gons were observed on the chameleon 
diamond we examined, as well as a cir- 
cular etch pit overprinting a pointed- 
bottom trigon (figure 2). Unlike 
pointed-bottom trigons, circular pits 
are typically created by fluids with low 
carbon dioxide contents, indicating a 
late-stage etching event after the for- 
mation of the trigon. 

The combination of surface fea- 
tures provides clues for the morphol- 
ogy of diamonds in rough form, as 
well as the interactions between dia- 
monds and fluids throughout their 
journey from mantle residence to the 
earth’s surface. 


Mei Yan Lai and Matthew Hardman 


Natural Diamond with Unusual 
Phosphorescence 
Phosphorescence spectroscopy shows 
that natural type Ib diamonds can 
have two broad phosphorescence 
bands: one centered at 500 nm that ap- 
pears greenish blue and one centered at 
660 nm that appears red. Generally, 
one of these phosphorescence bands is 
dominant. In the Hope diamond, for 
example, the phosphorescence initially 
appears orangy red and transitions to 
red as the subordinate greenish blue 
phosphorescence fades away (S. Eaton- 
Magania et al., “Using phosphores- 
cence as a fingerprint for the Hope and 
other blue diamonds,” Geology, Vol. 
36, No. 1, 2008, pp. 83-86). Occa- 
sionally, the faster-decaying greenish 
blue phosphorescence band will tran- 
sition to the slower-decaying red band 
(Spring 2007 Lab Notes, pp. 47-48). 
Recently, a 0.90 ct diamond with 
D color and I, clarity was submitted 
to GIA’s laboratory in Ramat Gan, Is- 
rael, for a diamond dossier report. In- 
frared (IR) absorption spectroscopy 
indicated that the natural diamond 
was nominally type Ila. However, 
photoluminescence (PL) spectroscopy 
revealed that the diamond contained 
boron-related features, including the 
648.2 nm peak attributed to a boron 
interstitial (B. Green, “Optical and 
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A NEW SUBSTITUTE FOR 
LAPIS-LAZULI 
by 
B. W. ANDERSON 

A peculiarity of the synthetic spinels 
manufactured by the Verneuil flame-fusion 
method has been that they have never been 
used to represent natural spinels but have 
been made to imitate more popular gem- 
stones, such as aquamarine, with which they 
have nothing in common save a superficial 
resemblance. 


Another type of synthetic spinel, made by 
a different process, has recently appeared in 
Idar-Oberstein, Germany, and this time the 
stone represented is none other than lapis- 
lazuli. The producers, I understand, resent 
the label “imitation” being applied to their 
material under the mistaken idea that this 
word must always imply a glass or other 
non-crystalline material, of inferior hardness. 
At the present time their product is being 
advertised, rather cleverly, as “LAPIS lazuli- 
farbige synthetische SPINELL,” which, apart 
from the tendentious use of capitals, is un- 
deniably correct enough. Probably the trade 
will in due course adopt some convenient 
pet name for the substance, just as “Swiss 
lapis” is almost universally understood and 
accepted as a name for the well-known 
stained jasper imitation of lapis-lazuli, 
though from the purist’s point of view its 
use is highly misleading and improper. 


Now for a few words about the appear- 
ance and properties of this new material. It 
must be admitted that it is very handsome 
stuff, rivalling in colour the ultramarine blue 
of the finest Afghanistan lapis, though of a 
slightly redder cast. Being essentially spinel, 
it has a hardness of 8 on Mohs’s scale and 
this enables it to take a high polish. Those 
pieces so far seen have been fashioned in 


cut-corner rectangular or oval shapes, up to 
some two centimetres in length and a few 
millimetres deep. In this form they are suita- 
ble for use as seal-stones, for which the 
genuine lapis has a certain popularity. 


It is nearly but not quite opaque: “sub- 
translucent” could best describe it. Light 
from a 500-watt lamp was transmitted as 
dull purplish glow through a piece some 
3 mm. thick. Under a Chelsea colour filter 
the material assumes a brillant red appear- 
ance, and this simple test alone would dis- 
tinguish it quickly from both the genuine 
material and from “Swiss lapis’ imitations. 
By reflected light the expected cobalt absorp- 
tion bands can be seen through a pocket 
spectroscope. To the naked eye, but more 
clearly under magnification, the texture is 
noticeably granular. That the substance is not 
a single homogeneous crystal is also shown 
by passing a beam of X-rays through it on 
to a photographic plate, when a mass of 
spots in random orientation is seen on the 
developed plate. 


X-ray powder photographs kindly taken for 
me by Dr. Claringbull, Keeper of Minerals 
in the British Museum (Natural History) 
gave him measurements of 8.065.005 for 
the substitute lapis, which is not far from 
the accepted figure for a natural magnesium 
spinel, though greater than that given for 
the Verneuil synthetics with their 1:3.5 
Mgo : AleOs ratio. Refractometer readings 
are not at all sharp, partly because of the 
opacity of the material, but more especially 
because of its lack of homogeneity. A vague 
shadow near 1.725 can, however, be seen. 
The density of several specimens has been 
measured hydrostatically, and 3.52 seems to 
be the most usual value, though one speci- 
men gave a figure as low as 3.495. Singie 
crystals of natural spinel have 3.57 as their 
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Figure 4. These deep-UV (<225 nm) phosphorescence images of the table (left) and pavilion (right) in a 0.90 ct 
D-color natural diamond with very low boron showed localized areas of the 500 nm (greenish blue) and 660 
nm (red) bands. 


magnetic resonance studies of point 
defects in single crystal diamond,” 
PhD thesis, University of Warwick, 
2013}, along with the observed phos- 
phorescence. These features indicated 
that the diamond did contain boron, 
but below the detection level of IR ab- 
sorption spectroscopy. The distinctive 
aspect was that both the red and 
greenish blue phosphorescence were 
localized and visible within the same 
image (figure 4). 

The phosphorescence is attributed 
to donor-acceptor pair recombination. 
For the 500 nm band, this recombina- 
tion has been identified as interactions 
between boron acceptors and isolated 
nitrogen donors (J. Zhao, “Fluores- 
cence, phosphorescence, thermolumi- 
nescence and charge transfer in 
synthetic diamond,” PhD thesis, Uni- 
versity of Warwick, 2022), while the 
660 nm band is attributed to boron ac- 
ceptors and unknown donors that are 
likely related to plastic deformation 
(S. Eaton-Magana and R. Lu, “Phos- 
phorescence in type IIb diamonds,” 
Diamond and Related Materials, Vol. 
20, No. 7, 2011, pp. 983-989). PL maps 
were collected on the table and pavil- 
ion with 455, 532, and 785 nm excita- 
tion; only an undefined PL feature at 
813 nm showed an apparent increase 
on the pavilion within the red-phos- 
phorescing region (figure 4, right). 

Type Ib diamonds grown by high- 
pressure, high-temperature (HPHT) 
methods almost always show the 500 
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nm _ phosphorescence and _ occa- 
sionally a separate orange phosphores- 
cence band centered at 580 nm. In a 
few instances, HPHT-grown dia- 
monds have shown the 500 and 580 
nm bands simultaneously in different 
portions of the diamond (Eaton-Ma- 
gana and Lu, 2011; Spring 2023 Gem 
News International, pp. 155-156). 

This is the first time the authors 
have seen spatially distinct observa- 
tions of red and greenish blue phos- 
phorescence in a natural diamond, an 
unusual find. 


Sally Eaton-Magania, 
Evelina Goldort, and Dani Binyamin 


Natural Type Ila Diamond with 
Unusual Red Fluorescence 
Distribution 

The Carlsbad laboratory received a 
natural type Ila diamond with some 
unusual characteristics. As part of the 
standard data collection, the diamond 
type was determined by Fourier- 
transform infrared (FTIR) spectro- 
scopy and deep-UV fluorescence 
images collected using the Diamond- 
View instrument. The DiamondView 
images revealed predominantly red 
fluorescence on one side of the dia- 
mond and blue fluorescence on the 
other. This 3.58 ct pear modified bril- 
liant diamond had H color and re- 
ceived an SI, clarity grade due to 
cavities, chips, and a feather (figure 5). 
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Type Ila diamonds typically dis- 
play a blue fluorescence pattern under 
deep UV as a result of “band A” fluo- 
rescence or the N3 defect in the stone 
(U.ES. D’Haenens-Johansson et al., 
“Synthesis of diamonds and their 
identification,” Reviews in Mineral- 
ogy and Geochemistry, Vol. 88, No. 1, 
2022, pp. 689-753). High amounts of 
nitrogen vacancy (NV) centers can 
cause red fluorescence in diamonds; 


Figure 5. This 3.58 ct natural type 
Ia diamond with H color and SI, 
clarity displayed a unique fluo- 
rescence pattern when exposed to 
deep-UV light. 
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Figure 6. 514 nm PL spectra collected on the pavilion of opposite sides of the stone. The spectrum plotted in red 
corresponds with the red-fluorescing region, and the blue spectrum corresponds with the blue-fluorescing region, 
with Raman lines at 552 nm scaled as equal. Spectra are offset vertically for clarity. PL analysis spots are circled in 


the deep-UV fluorescence images. 


however, this is rare in type Ila stones, 
as they are defined by nitrogen con- 
centrations low enough to be unde- 
tectable by FTIR (Summer 2016 Lab 
Notes, pp. 189-190). The NV centers 
can be detected in a negative charge 
state (NV-, zero-phonon line at 637 
nm) or a neutral state (NV°, zero- 
phonon line at 575 nm). Photolumi- 
nescence (PL) testing revealed much 


higher concentrations of both NV 
centers in the red-fluorescing region of 
the stone (figure 6). This distribution 
could have occurred if traces of iso- 
lated nitrogen were concentrated in 
one growth area of the stone. 

PL mapping using 532 nm laser 
excitation (figure 7) displayed the rel- 
ative intensities of these defects, dem- 
onstrating the wide distribution of the 


NV centers in opposite sides of the 
table and crown facets of this dia- 
mond. Analysis of this interesting flu- 
orescence feature demonstrated that 
nitrogen could have been distributed 
unevenly in a relatively pure type Ia 
diamond when it initially formed. 


Taryn Linzmeyer and 
Barbara Whalen 


Figure 7. False-color 532 nm PL map showing the Raman-normalized peak area of NV? (left) and NV- (right). The 
maps were compiled from 47,040 spectra. The pronounced gradient in NV centers across the diamond resulted 
in the different fluorescence color observations (see figure 6 insets). 
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Figure 8. The etch channel in this CVD laboratory-grown diamond ex- 
tends across the table facet into the crown. Field of view 7.19 mm. 


LABORATORY-GROWN DIAMOND 
CVD “Etch” Channel 


GIA’s New York laboratory recently 
examined a diamond that had been 
grown via chemical vapor deposition 
(CVD) and processed using a high-pres- 
sure, high-temperature (HPHT) treat- 
ment. Standard grading procedures 
identified it as a 4.00 ct H-color cush- 
ion modified brilliant with SI, clarity. 
The diamond was identified as HPHT 
processed primarily due to the green 
fluorescence observed in the stone (see 


Figure 9. Dark residue is visible in 
some parts of the channel, as seen 
through the pavilion. The appear- 
ance of the residue is similar to 
that of graphitized carbon but 
could also be attributed to non- 
diamond carbon. Field of view 
1.99 mm. 
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figure 10), while distinct fluorescent 
growth layers across the table and pa- 
vilion confirmed its CVD origin. 
While GIA regularly receives 
CVD-grown diamonds submitted for 
laboratory-grown diamond reports, 
this particular example exhibited a 
unique characteristic. An etch chan- 
nel-like structure was plainly visible 
across the table of the stone, a feature 
not observed in CVD _ laboratory- 
grown diamonds at GIA so far. The 
channel broke the surface of the table 
and extended across the stone, ending 
near a pavilion facet on the other side 
(figure 8). When viewed under high 
magnification, a dark residue (figure 
9) was observed around parts of the 
channel. This residue was not present 
throughout the channel and appeared 
to be opaque. Close to the surface- 
reaching channel on the table facet 
were multiple smaller channels con- 
tained within the diamond. The sur- 
face-reaching opening of the channel 
was imaged with a scanning electron 
microscope (SEM), which revealed a 
jagged, slit-shaped entrance, suggest- 
ing that the shape of the channel ex- 
tending throughout the diamond 
structure was similar in nature (figure 
11). Some fragmentary material 
trapped just inside the entrance of the 
opening appeared to extend into the 
channel itself. This fragmentary ma- 
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Figure 10. DiamondView imaging 
revealed that the channel was 
surrounded by blue-fluorescing 
dislocation bundles extending ac- 
ross the growth layers of the CVD 
diamond. 


terial could have been the same type 
of opaque residue observed in some 
areas of the channel. 

Fluorescence imaging with the 
DiamondView instrument also re- 
vealed the presence of this channel, 
which could be discerned by the blue- 
fluorescing line of dislocation bundles 
following the channel’s path (figure 
10). These dislocation bundles ap- 
peared almost perpendicular to the 
green-fluorescing growth layer bound- 
aries, suggesting the channel was 


Figure 11. A secondary electron 
SEM image showed the finer 
structure of the channel opening, 
revealing a jagged, slit-like fea- 
ture. Field of view 16 um. 
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Figure 12. The PL spectra for a 1.40 ct CVD-grown diamond are shown in red. Left: The 514 nm PL spectrum re- 
veals relatively weak NV centers and no detectable silicon. For comparison, the 514 nm PL spectrum for a more 
commonly observed as-grown CVD (purple) shows much stronger NV centers and detectable silicon. The Raman 
lines (not shown) are scaled as equal. Spectra are offset vertically for clarity. Right: Many locations on the CVD- 
grown diamond were analyzed with 457 and 633 nm excitation to verify whether the 468 nm center or the SiV- 
center could be detected; this very weak peak of the 468 nm center was only detected at the culet. 


created by exploiting weaker disloca- 
tion bundles that propagated through 
the diamond during CVD growth. 
The presence of this channel in a 
CVD laboratory-grown diamond and 
the shape of the channel opening were 
unlike any natural etch channel open- 
ing or laser drill hole opening pre- 
viously seen. It is unclear whether this 
channel was created during initial 
CVD growth or during HPHT process- 
ing. The opaque residue visible in 
some parts of the channel as well as 
the material visible at the channel sur- 
face could point to the presence of 
graphitized carbon, suggesting the 
channel was a byproduct of HPHT 
treatment, or it might indicate the 
presence of non-diamond carbon, 
which is a common feature found in 
untreated CVD laboratory-grown dia- 
monds. In summary, the residue may 
arise from either the CVD growth pro- 
cess or post-growth treatment. Be- 
cause this feature has not previously 
been documented at GIA, future 
studies may help determine the mech- 
anism of action that could create 
channels in CVD-grown diamonds. 
Elina Myagkaya 
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CVD-Grown Diamond with Few 
Diagnostic Features 
Diamonds grown by chemical vapor 
deposition (CVD) have evolved rap- 
idly in the last two decades. Ho- 
wever, the vast majority submitted 
to GIA for reports still show several 
diagnostic features such as the sil- 
icon vacancy or SiV- defect (a doublet 
at 736.6 and 736.9 nm) and/or the 
468 nm peak when analyzed by pho- 
toluminescence (PL) spectroscopy. 
Additionally, most CVD diamonds 
have distinctive fluorescence images 
when analyzed by deep UV with the 
DiamondView instrument. 
Therefore, it was interesting to an- 
alyze a 1.40 ct E-color, VVS, type Ia 
diamond submitted for a laboratory- 
grown diamond report. Initial PL data 
collection did not show either the SiV- 
center or the 468 nm peak. The fea- 
tures observed were a 3H peak at 503.5 
nm using 455 nm excitation and rel- 
atively weak nitrogen vacancy (NV) 
centers at 575 (NV°) and 637 (NV-) nm 
using 514 nm excitation (figure 12, 
left). The stone showed weak anoma- 
lous birefringence indicating strain, 
while this observation is helpful in 
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confirming whether a diamond is 
grown by high-temperature, high-pres- 
sure (HPHT) methods, such birefrin- 
gence cannot distinguish between 
natural and CVD origins. The deep-UV 
fluorescence image showed only deep 
blue coloration, which appeared gen- 
erally comparable with the vast major- 
ity of natural type Ila diamonds (figure 
13, left). Therefore, many of the stan- 
dard markers of CVD origin were not 
present even when examined using ad- 
vanced methods. Careful analysis of 
the fluorescence image revealed some 
distinct differences from the majority 
of natural diamonds, namely the 
patchiness of the fluorescence with 
some inert regions. 

Many models of the DiamondView 
instrument include a series of filters 
that permit fluorescence imaging in 
which portions of the visible spectrum 
are blocked out. Using these filters, the 
blue portion of the visible spectrum 
was blocked in order to observe 
weaker underlying fluorescence fea- 
tures. With the orange long-pass filter 
blocking wavelengths less than 550 
nm, NV-related fluorescence clearly 
showed the striations indicative of 
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Figure 13. Left: The deep-UV (<230 nm) fluorescence image showed blue coloration (due to the presence of dis- 
location bundles) that appeared nominally similar to DiamondView images of natural type Ila diamonds. Right: 
When the fluorescence was filtered by an orange long-pass filter that blocked wavelengths below 550 nm, the 
NV-related fluorescence and the striations indicative of CVD growth became apparent. 


CVD growth (figure 13, right). Also, 
several locations of the diamond were 
analyzed with PL spectroscopy to de- 
termine if either the 468 nm center or 
the SiV- could be detected. Only at the 
culet was a small 468 nm feature ob- 
served (figure 12, right). 

The author concluded that this 
was a CVD-grown diamond with no 
evidence of post-growth treatment. 
This example is a noteworthy indi- 
cator that as CVD growth methods 
improve, telltale defects are being 
minimized or eliminated entirely. 
Careful examination of all data, both 
spectroscopic and fluorescence imag- 
ing, is needed to provide accurate 
origins for diamond. 


Sally Eaton-Magana 


Solid Laboratory-Grown Single- 
Crystal Diamond Ring 

Carved single-crystal diamond rings 
are rare, with few examples to refer- 
ence (see Spring 2020 Lab Notes, pp. 
132-133). But with advancing tech- 
nology in the laboratory-grown dia- 
mond industry, the creation of solid 
faceted diamond rings is now a reality. 
Recently submitted to the New York 
laboratory was a 4.04 ct single-crystal 
laboratory-grown diamond ring (figure 
14). The 3.03 mm thick band had an 
inner diameter of 16.35-16.40 mm 
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and an outer diameter of 20.32—20.40 
mm. The ring was produced by Dutch 
Diamond Technologies in collabo- 
ration with the Belgian jewelry store 
Heursel, established in 1745. 

This laboratory-grown diamond 
ring was cut from an 8.54 ct plate 
grown by chemical vapor deposition 
(CVD). Laser cutting produced a near- 
perfect circular ring, as demonstrated 


Figure 14. The 4.04 ct ring fash- 
ioned from a single-crystal CVD- 
grown diamond. 
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using digital imaging analysis to meas- 
ure its inner and outer circumferences 
(figure 15). 

The manufacture of a solid single- 
crystal diamond ring is a complex and 
challenging process. Once material is 
removed from the crystal, very fine 
fractures and imbalanced strain can 
have severe consequences, and the ring 
can shatter. Processing can take more 


Figure 15. OpenCV software was 
used to draw perfect circles from 
the center of the ring, marked by 
a green dot. 
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Figure 16. Strong birefringence observed under cross-polarized light (left) 
and blue fluorescence observed in the DiamondView (right). 


than six months. Creating the ring 
from a single-crystal laboratory-grown 
diamond involved about 1,131 hours of 
processing (including pre-grinding) in 
the Dutch town of Cuijk, followed by 
751 hours of polishing in Belgium. 

Infrared absorption analysis re- 
vealed it was a type Ila diamond (no 
detectable nitrogen), and no hydrogen- 
related peaks were detected at 3107 or 
3123 cm. Photoluminescence spec- 
troscopy showed interesting vacancy- 
related defects indicative of a 
multi-step growth process. A very 
strong emission from the silicon va- 
cancy (SiV-) defect was observed with 
633 nm laser excitation; this is a com- 
mon feature used to identify CVD- 
grown diamond. The conclusion was 
that this ring had not undergone post- 
growth treatment; nevertheless, it was 
notable that the ring showed relatively 
low nitrogen-related defects such as 
NV centers, along with no detectable 
468 nm peak or the 596/597 nm dou- 
blet. P. Martineau et al. (“Identifica- 
tion of synthetic diamond grown 
using chemical vapor deposition 
(CVD),” Spring 2004 GwG, pp. 2-25) 
observed the 596/597 doublet with a 
514 nm laser. Also of note, there were 
no H3 or 468 nm centers detected 
with 457 nm laser excitation. 

Strong birefringence was observed 
using cross-polarized light under mi- 
croscopic analysis, with an unusual ra- 
dial pattern (figure 16, left) signifying 
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unique growth conditions compared 
to typical CVD diamonds available in 
the market today. The deep ultraviolet 
illumination of the DiamondView (fig- 
ure 16, right) confirmed these unusual 
growth features with a lack of post- 
growth fluorescence colors such as 
green produced by the H3 center. 

The solid laboratory-grown dia- 
mond ring was studied by GIA and de- 
termined to have VVS, clarity based 
on dark non-diamond carbon pinpoint 
inclusions (growth remnants typical 
of CVD-grown diamonds) with Good 
polish (polishing on the interior sur- 
face of the ring precluded Very Good). 
Although the ring was a near-perfect 
circle (figure 15), symmetry was con- 
sidered not applicable. The diamond 
had an E color specification based on 
GIA’s color grading scale. The ring 
was laser inscribed “Laboratory- 
Grown” on a side facet. 

The quality and size of this solid 
diamond ring (see the video clip at 
www.gia.edu/gems-gemology/fall- 
2.02.3-lab-notes-solid-CVD-ring) pro- 
vide a great example of the advancing 
technology in laboratory-grown dia- 
monds and changing trends in the jew- 
elry industry. This is the first time a 
GIA laboratory has examined a color- 
less diamond ring fashioned entirely 
from a laboratory-grown diamond. 


Paul Johnson, Stephanie Persaud, 
and Madelyn Dragone 
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PEARLS 
A Traditional Bombay Pearl Bunch 


During the era when the maharajahs 
and maharanis ruled much of India, 
natural pearls were in great demand. 
In the nineteenth and early twentieth 
centuries, many merchants from the 
Middle East relocated to Bombay (now 
Mumbai) to benefit from this demand 
(R. Carter, Sea of Pearls, Arabian Pub- 
lishing, London, 2012, pp. 169-175). 
Thus, it is no surprise that India has 
been a significant center of pearl man- 
ufacturing, processing, and trading for 
centuries. To showcase their high- 
quality pearls, traders and artisans in 
Bombay would sort the pearls, string 
them with silk threads, and tie them 
together at both ends using decorative 
metallic cords of various colors. These 
bunches were in great demand in the 
heyday of the natural pearl market and 
were sold as “Bombay bunches” (M. 
Manutchehr-Danai, Dictionary of 
Gems and Gemology, Springer, Berlin 
and Heidelberg, 2008, p. 101). 

Recently, GIA’s Mumbai labo- 
ratory had the opportunity to ex- 
amine an 80-year-old Bombay bunch 
inherited by one of the city’s estab- 
lished pearl families. The bunch con- 
sisted of 553 light cream round and 
near-round drilled pearls, strung in 
nine hanks, each containing four 
strands, with the exception of one 
hank with seven strands. The hanks 
were tied at both ends with white 
metal wires, together with silver and 
blue cords and tassels (figure 17). The 
pearls ranged from 3.83 to 5.72 mm, 
and the total weight of the bunch 
was approximately 80.51 g. The 
owner stated that the total weight of 
the pearls was approximately 130 
chow (equivalent to 331.8 ct or 66.35 
g). Chow is a system of converting 
weight into volume (The Pearl Blue 
Book, CIBJO, 2020). 

The strung pearls were perfectly 
matched in color and exhibited 
smooth surfaces with high luster. 
When viewed under 40x magnifica- 
tion, they all exhibited typical nac- 
reous overlapping aragonite platelets. 
Their internal structures were ex- 
amined by real-time microradiogra- 
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Figure 17. A Bombay bunch consisting of nine hanks and 553 high-quality natural pearls ranging from 3.83 to 


5.72 mm. 


phy. The majority revealed fine 
growth arcs and concentric ringed 
structures, while others revealed tight 
or minimal structures, some with 
small faint cores or light organic-rich 
cores (figure 18). It was evident that 
these were natural pearls from Pinc- 
tada-species mollusks, as their inter- 
nal structures were very similar to 
those observed in Pinctada radiata 
pearls from the Arabian (Persian) Gulf 
when compared to GIA’s research 
database. 


All pearls showed an inert reaction 
when exposed to optical X-ray fluores- 
cence analysis. Energy-dispersive X- 
ray fluorescence spectrometry on a 
few samples revealed manganese 
values ranging from below detection 
limits to 30.7 ppm and strontium 
values of 1215 to 1989 ppm, consis- 
tent with a saltwater growth environ- 
ment. Raman analysis using 514 nm 
excitation was also carried out on the 
surface of selected pearls showing a 
doublet at 702/705 cm"! as well as a 


Figure 18. Real-time microradiography images of eight pearls from the 
Bombay bunch revealing fine growth arcs and concentric ringed struc- 
tures typical of those internal structures observed in Pinctada radiata 

pearls. 
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peak at 1085 cnr", indicative of arag- 
onite. Very weak polyenic pigment- 
related peaks at 1130 and 1530 cm 
were also observed in a few of the 
pearls, likely associated with their 
light cream coloration (A. Al-Alawi et 
al., “Saltwater cultured pearls from 
Pinctada radiata in Abu Dhabi 
(United Arab Emirates),” Journal of 
Gemmology, Vol. 37, No. 2, 2020, pp. 
164-179). The photoluminescence 
spectra under 514 nm excitation were 
also consistent with the Raman re- 
sults and displayed high fluorescence 
together with the aragonite peaks, 
typical of most nacreous pearls. When 
exposed to long-wave ultraviolet 
light, the pearls showed a moderate 
blue reaction. 

Historically, Bombay bunches 
were known to contain high-quality 
Pinctada radiata pearls fished from 
the Arabian (Persian) Gulf, commonly 
referred to as “Basra pearls” in the 
trade. Records indicate that the pro- 
portion of round pearls found in each 
natural pearl harvest today is less 
than 5% (H. Bari and D. Lam, Pearls, 
Skira, Milan, 2010, p. 43). Natural 
pearls are rare to find, and it can take 
decades to match a round pair of sim- 
ilar size, color, and luster. Encounter- 
ing Bombay bunches in today’s 
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Figure 19. A white button-shaped 
atypical bead cultured pearl 
weighing 8.15 ct and measuring 
11.73 x 11.35 x 9.038 mm. 


market is a rarity, and it was a great 
opportunity for GIA Mumbai to ex- 
amine such an interesting and mem- 
orable pearl submission. 


Pfokreni Nipuni, Abeer Al-Alawi, 
and Roxane Bhot Jain 


Flame-Like Surface Structure in a 
Nacreous Atypical Bead Cultured 
Pearl 

GIA’s Mumbai laboratory recently re- 
ceived an atypical bead cultured pearl 
with a unique surface appearance. 
The white button-shaped pearl 
weighed 8.15 ct and measured 11.73 x 
11.35 x 9.03 mm (figure 19). 

Viewed under 40x magnification, 
the surface exhibited typical fine nac- 
reous overlapping aragonite platelets, 
but a distinct pattern similar to the 
flame structures observed in some 
porcelaneous pearls was also noted 


Figure 20. Rounded depressions 
forming the flame-like structure. 
Field of view 0.4 mm. 


Figure 21. XRF reaction of the 
pearl, with the sides appearing 
brighter than the base and apex. 


(Summer 2021 Lab Notes, pp. 152- 
153). These flame-like features were 
formed due to the presence of rel- 
atively opaque, frosty white rounded 
depressions on the pearl’s surface. Al- 
though rounded, they seemed to be 
oriented longitudinally and were 
more tapered toward the base and 
apex and broader along the sides of the 
pearl (figure 20). Also observed on the 
surface were small white spots with 
slightly elongated comet tails that 
flowed tangentially to the circumfer- 
ence of the button. The base and apex 
of the pearl lacked the whitish subsur- 
face opaque features that produced 
the flame structure effect, and these 
two areas appeared more translucent 
than the other parts of the pearl. 
Under long-wave ultraviolet radi- 
ation, the pearl showed a strong yel- 
lowish green reaction, and a similar 
but weaker reaction was noted under 
short-wave ultraviolet radiation. The 
deep-UV (<230 nm) radiation of the 


DiamondView instrument revealed a 
clear bluish reaction, with the surface 
showing a chalky white flame-like 
structure extending from the apex 
center across the pearl. Raman analy- 
sis of the pearl’s surface using a 514 
nm excitation showed a doublet at 
701/704 cm as well as peaks at 1086 
and 1464 cm" characteristic of arago- 
nite. The photoluminescence spectra 
revealed high fluorescence, with a 
maximum centered at approximately 
620 nm. 

Energy-dispersive X-ray fluores- 
cence spectrometry revealed a low 
manganese level of 16.9 ppm and a 
higher strontium level of 1577 ppm, 
indicative of a saltwater environment. 
However, when exposed to X-ray flu- 
orescence (XRF) analysis, the pearl ex- 
hibited a moderate yellowish green 
fluorescence with a higher intensity 
toward the sides but a weaker reac- 
tion on the base and apex (figure 21). 
Saltwater pearls are usually inert 
when tested by this method, while 
freshwater pearls and saltwater bead 
cultured pearls with freshwater shell 
nuclei tend to fluoresce weak to 
strong yellowish green. In the case of 
bead cultured pearls, a thinner nacre 
usually produces a stronger reaction; 
conversely, the thicker the nacre, the 
weaker the reaction. 

Real-time microradiography imag- 
ing (RTX) revealed a long, complex 
linear feature in the center typically 
associated with non-bead cultured 
pearls (figure 22, left). When viewed 
under X-ray computed microtomo- 


Figure 22. Left: RTX image of the pearl’s internal structure with a large 
linear feature. Right: u-CT image showing a freshwater-type linear feature 
in the center and a faint boundary (arrow). 
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graphy (u-CT), the linear feature 
looked very similar to those often ob- 
served in freshwater non-bead cul- 
tured pearls. A faint boundary was 
also seen around the central linear fea- 
ture (figure 22, right) and other growth 
rings. All these observations, together 
with the XRF reaction of the pearl and 
the saltwater chemistry, were indi- 
cative of an atypical bead cultured 
saltwater pearl with a freshwater pearl 
used as its nucleus (P. Kessrapong and 
K. Lawanwong, “Atypical bead cul- 
tured Pinctada maxima pearls nu- 
cleated with freshwater non-bead 
cultured pearls,” GIA Research News, 
April 6, 2020). The nacre thickness 
overlying the freshwater non-bead cul- 
tured pearl nucleus ranged from ap- 
proximately 1.09 to 1.90 mm. The 
thicker nacre was positioned near the 
base and apex and the thinner nacre 
toward the sides. This aligned with 
the XRF reaction observed, as a 
thinner saltwater nacre will allow 
more fluorescence from the fresh- 
water pearl nucleus to pass through 
the nacre layers, while thicker nacre 
masks the reaction. 

Over the years, GIA has encoun- 
tered similar atypical bead cultured 
pearls with sizeable freshwater non- 
bead cultured pearls used as a nucleus 
(Spring 2023 Lab Notes, pp. 74-76). 
However, the presence of flame-like 
structures seen on nacreous pearls is 
avery rare phenomenon. This combi- 
nation of interesting culturing along 
with the unique surface features 
make this pearl noteworthy. 


Prasad Mane, Nishka Vaz, and 
Abeer Al-Alawi 


Pearls in Traditional 

Indian Nose Rings 

The beauty of Indian jewelry lies in 
the artisanship involved in creating 
intricate, unique designs. One exam- 
ple is the classic Indian nose ring 
(known as the nath). It is typically 
cashew shaped, with a chain to con- 
nect it to a hairpiece or earring. The 
nath exemplifies traditional Maha- 
rashtrian jewelry and is usually 
crafted in yellow gold. Made famous 
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Figure 23. Two traditional Indian-style pearl nose rings (nath) set with col- 
ored gemstones and pearls measuring approximately 6.63 x 6.09 mm to 
8.42 mm (left) and 5.38 mm to 8.02 x 7.61 mm (right). 


during the Peshwa rule, the nath has 
been crafted using diamonds, pearls, 
rubies, and emeralds. Today, the nath 
is worn mainly for weddings or spe- 
cial occasions, while everyday nose 
adornments take the form of smaller, 
simpler studs or rings made from gold 
or silver. Recently, GIA’s Mumbai la- 
boratory received two traditional nose 
rings for pearl identification. 

Each was set with 17 drilled 
pearls, near-drop and button, ranging 
from light cream to cream in color. 
They were skillfully strung together 
with yellow metal wire and set with 
colored gemstones of various shapes 
and cutting styles. The pearls in the 
larger nose ring (figure 23, left) ranged 
from approximately 6.63 x 6.09 mm 
to 8.42 mm, and the item weighed a 
total of 13.96 g. Those in the smaller 
nose ring (figure 23, right) ranged from 
5.38 mm to 8.02 x 7.61 mm, and this 
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piece weighed 9.05 g overall. When 
viewed under 40x magnification, the 
pearl surfaces in both pieces showed 
typical nacreous overlapping arago- 
nite platelets and a medium to high 
surface luster. Energy-dispersive X-ray 
fluorescence (EDXRF) spectrometry 
revealed manganese levels below the 
instrument’s detection level and a 
strontium content averaging 950 
ppm. In addition, the pearls were inert 
to X-ray fluorescence, indicative of 
saltwater origin. They showed a mod- 
erate greenish yellow reaction under 
long-wave ultraviolet light and a 
weaker reaction of similar color under 
short-wave UV. Real-time microradi- 
ography imaging revealed internal 
structures similar to those observed 
in natural pearl studies for various 
Pinctada-species mollusks (K. Scar- 
ratt et al., “Natural pearls from Aus- 
tralian Pinctada maxima,” Winter 
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Figure 24. Real-time microradiography of the internal structures observed 
in the larger nose ring consisting of organic-rich acicular structures and 
growth arcs (left) and a “collapsed core” near the drill hole area sur- 
rounded by growth arcs (right). 


2012 GWG, pp. 236-261; N. Nilpet- 
ploy et al., “The gemological charac- 
teristics of Pipi pearls reportedly from 
Pinctada maculata,” Winter 2018 
Gwe, pp. 418-427). The radiopaque 
areas visible on the microradiographs 
of both items correspond to the yel- 
low metal fittings and wire, since 
they are denser and prevent X-rays 
from passing through. 

Five pearls from the larger nath re- 
vealed an organic-rich internal struc- 
ture with varying patchy light and 
dark gray contrasting areas, along 
with an acicular structure radiating 
from their centers that occupied al- 
most half of the internal structure 
(figure 24, left). Two pearls showed 
“collapsed cores” close to the drill 
holes (figure 24, right); the bulk of the 
cores, if any, were removed as a result 


of drilling. The remaining ten pearls 
displayed fine concentric rings and 
growth arcs, all proving their natural 
origin. 

Microradiography of the pearls in 
the smaller nath revealed similar in- 
ternal structures. While the majority 
of those pearls showed fine concentric 
rings and growth arcs, three of them 
(marked with arrows in figure 25) also 
possessed organic-rich and acicular 
cores that occupied varying degrees of 
their structure. The internal struc- 
tures observed in both items con- 
tained classic natural pearl structures 
similar to those observed in known 
Pinctada radiata pearls in GIA’s re- 
search database. The EDXRF results 
were also within the range expected 
for Pinctada radiata samples, with 
the lower levels of strontium (average 


Figure 25. The majority of the pearls in the smaller nose ring showed faint 
growth arcs and concentric ringed structures, while three of them showed 
organic-rich acicular cores (marked with arrows) typical of natural pearls. 


Las Notes 


Gems & GEMOLOGY 


of 950 ppm) and manganese (mostly 
below detection limits) consistent 
with that mollusk species and below 
those expected from P. maxima pearls 
(A. Homkrajae et al., “Internal struc- 
tures of known Pinctada maxima 
pearls: Natural pearls from wild ma- 
rine mollusks,” Spring 2021 GwG, 
pp. 2-21). 

The combinations of natural 
pearls made these two pieces very at- 
tractive. It is no easy task to create 
traditional nose ornaments with 
pearls of such size. These two unique 
pearl jewelry items provide an excel- 
lent example of Indian heritage. 


Lubna Sahani, Abeer Al-Alawi, and 
Roxane Bhot Jain 


RUBY 


“Nebula” Inclusion in Ruby 

Beryllium-Diffused to Heal Fractures 
Recently the Carlsbad laboratory re- 
ceived a 4.12 ct purple-red stone 
measuring approximately 11.50 x 
7.70 x 4.72 mm (figure 26) for identi- 
fication services. It featured unusual 
veil-like reddish color zoning wafting 
throughout a purple bodycolor. The 
refractive index measured 1.760- 
1.770, identifying the stone as a ruby. 


Figure 26. An unusual ruby with 
coloring reminiscent of a nebula 
found in the depths of outer space. 
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lower limit, but one would expect a sintered 
mass to have the lower densities recorded. 


One of the simplest and most practical 
tests for genuine lapis has been provided by 
the little brassy specks of iron pyrites which 
can almost always be detected at one point 
of the surface or another. The makers of 
the lapis-coloured spinel have remembered 
this little point, and can provide their stones. 
with little specks of gold on them, if so 
desired, to add to their verisimilitude. It is 
rather amusing to realise that in this case 
“fool's gold” (pyrites) is the sign of a genu- 
ine stone, while real gold is a sign of an 
imitation material! 


It can be said that, save to the unwary, 
the new substitute for lapis should have no 
terrors for the gemmologist nor even for the 
jeweller. The very perfection of the material 
should give rise to suspicion, and a scrutiny 
of the texture under a lens, or a glance 
under the Chelsea filter should confirm this. 
Behind such simple tests, of course, lie a 
whole barrage of more scientific, though 
hardly more effective, methods for discrimi- 
nating the true from the false. 


DICHROSCOPE EXHIBITED AT 
HASLEMERE EDUCATIONAL 
MUSEUM IN ENGLAND 


by FE. J. BURBAGE, F.G. A. 


During recent months the writer has had 
the interesting task of helping to arrange a 
special exhibition on the theme of Gem 
Study and Gem Testing at the Haslemere 
Educational Museum in Surrey (England). 
Our planning was conditioned by the fact 
that most visitors would be non-specialists, 
who would need simple explanations of the 
vatious instruments displayed, and where 
practicable, to see them in operation. Our 


FIGURE 1 


© Disc in set position 
showing blue line 


FIGURE 2 
*Disc in set position 
showing green line 


solution of the latter requirement with re- 
spect to the dichroscope meant the construc- 
tion of an instrument varying sufficiently 
from the conventional form to be worth 
recording. 

For our purpose, there was no occasion 
for economy in size, but a paramount need 
to show as generous a dichroic display as 
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Figure 27. Fingerprints resulting from flux-assisted heating of a beryllium- 


tich flux. Field of view 7.19 mm. 


Microscopic examination indi- 
cated that the reddish color zoning 
was associated with altered finger- 
prints that resembled a cosmic nebula 
due to a flux-rich residue (figure 27). 
These fingerprints appeared to be con- 
sistent with fractures that had been 
healed using a flux-assisted heating 
process in a high-heat environment. 

Due to the indications of high 
heat, laser ablation-inductively cou- 
pled plasma—mass spectrometry (LA- 
ICP-MS) chemical analysis was 
performed to check for the presence of 
beryllium diffusion. Initially, LA-ICP- 
MS conducted on two spots revealed 
beryllium concentrations of <0.019 
ppma and 60.87 ppma. This signifi- 
cant discrepancy prompted additional 
LA-ICP-MS testing in three spots, re- 
vealing beryllium concentrations of 
<0.19 ppma, 1780 ppma, and <0.19 
ppma. Microscopic observation of the 
testing spots showed areas of high be- 
ryllium on or near the reddish color 
zones, while areas of very low beryl- 
lium were associated with testing 
areas on the purple areas of the stone. 

Therefore, it was concluded that a 
beryllium-rich flux was used to heal 
the fractures naturally present in the 
stone. The ruby was likely heated in 
this flux at temperatures high enough 
to allow the beryllium to seep from 
the flux into the stone, but not long 
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enough for the beryllium to infiltrate 
its entirety. 


Michaela Damba 


Translucent Ruby Filled with 

Zinc Glass 

Recently the Carlsbad laboratory re- 
ceived an 8.57 ct translucent purplish 
red heart-shaped mixed-cut stone for 
identification service (figure 28). Stan- 


dard gemological testing revealed a re- 
fractive index of 1.760-1.769, and a 
ruby spectrum was obtained with a 
handheld spectroscope. The stone 
showed a medium to strong red fluo- 
rescence to long-wave UV radiation 
and a very weak red fluorescence to 
short-wave UV radiation. During mi- 
croscopic analysis, several fractures 
containing a whitish filler and air 
pockets were seen using fiber-optic 
lighting (figure 29). Using reflected 
light, fractures with a lower luster 
than the host corundum were also ob- 
served, which confirmed the presence 
of a filling material. 

The stone did not show the blue 
flash effect typically observed in 
rubies filled with lead glass (S.F 
McClure et al., “Identification and 
durability of lead glass—filled rubies,” 
Spring 2006 GWG, pp. 22-36). Al- 
though the filler improved the dur- 
ability, it did not appear to improve 
the clarity. 

Glass filling treatment has been 
used on heavily fractured rubies to in- 
crease their clarity and durability 
since the early 1980s, and cavity fill- 
ing was noted and described as early 
as 1984. The original filler was silica 
glass, which was easily visible since 
its refractive index (~1.5) is signifi- 
cantly lower than corundum (R.E. 


Figure 28. An 8.57 ct heart-shaped fracture-filled ruby treated with a zinc 


glass filling. 
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2.90 mm (right). 


Kane, “Natural rubies with glass- 
filled cavities,” Winter 1984 GwG, 
pp. 187-199). In early 2004, gemolo- 
gists discovered a new type of glass 
filler with high lead content and a 
much better clarity enhancement due 
to its higher reflective index (~1.70) 
(GAAJ Research Laboratory, “Lead- 
glass impregnated ruby,” March 15, 
2004). Since then, lead glass fillers 
have become the most popular filler 
for rubies, although other glass types 
such as bismuth and cobalt have also 
been used (T. Leelawatanasuk et al., 
“Cobalt-doped glass-filled sapphire: 
An update,” Australian Gemmolo- 
gist, Vol. 25, No. 1, 2013, pp. 14-20; 
Spring 2020 Lab Notes, p. 139). 

In the heart-shaped ruby submitted 
to the laboratory, energy-dispersive X- 


Figure 29. A fracture with whitish filler (left) and trapped air pockets (right). Fields of view 1.58 mm (left) and 


ray fluorescence spectroscopy did not 
detect lead or bismuth but did show 
chromium, iron, and zinc. Additional 
chemical analysis was performed with 
laser ablation-inductively coupled 
plasma—mass spectrometry on two 
spots of one larger fracture with a sub- 
stantial amount of filler in order to 
quantitatively measure the elements 
in the glass filler. The averages of the 
two analysis spots were 28750 ppmw 
silicon, 1091 ppmw zinc, and 108 
ppmw lead. 

Chemical results and gemological 
properties revealed that this glass 
filler was not the lead or bismuth 
glass the authors first suspected, but 
rather a silica-based glass doped with 
zinc. While this type of filler had vi- 
sual properties similar to those of 
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other glass fillers in corundum, it did 
not show a flash effect. This is the 
first time the authors have encoun- 
tered a ruby filled with zinc glass. 


Shiva Sohrabi and Amy Cooper 
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Breyite in Diamond 


The author recently examined a 0.71 ct, D-color, type IaB 
diamond with an interesting inclusion reminiscent of a 
stone splashing in water (figure 1). Raman analysis identi- 
fied the well-formed colorless transparent crystal as breyite 
(CaSiO,), a calcium-rich silicate mineral commonly found 
in sublithospheric or superdeep diamonds. It was hypoth- 
esized that this diamond formed in the lower part of the 
transition zone or the lower mantle beneath the earth’s 
crust. 

Since the majority of diamonds in the jewelry industry 
come from the lithosphere, each one provides a window 
into Earth’s intricate geology. Inclusions such as this one 
serve as a reminder that beauty and flaws may coexist 
peacefully, whether they add to a diamond’s charm or pro- 
vide scientific insight. 


Aprisara Semapongpan 
GIA, Bangkok 


Spray of Columbite Crystals in Topaz 


A probable columbite inclusion in beryl was featured in 
a recent Quarterly Crystal, demonstrating the striking 


About the banner: Numerous epidote crystals show colortul birefringence in 
plane-polarized light within their rock crystal quartz host. Photomicrograph 
by Nathan Renfro; field of view 5.75 mm. 
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Figure 1. A well-formed colorless breyite crystal rem- 
iniscent of a stone making a splash in water. Photo- 
micrograph by Aprisara Semapongpan; field of view 
1.07 mm. 


form these minerals can display (Spring 2023 GwG 
Micro-World, pp. 90-91). It was only fitting to follow up 
with a look at the same inclusion hosted by a different 
mineral. 

The cluster of bladed columbite crystals in figure 2, 
identified via Raman spectroscopy, was found in an 8.91 ct 
colorless topaz. The thinner crystals allowed the brown 
bodycolor to show through, while the thicker, sword-like 
center crystal appeared black and opaque. Thin-film inter- 
ference was observed between the host and inclusion when 
illuminated with oblique lighting, adding some welcome 
color to an otherwise featureless crystal face. While colum- 
bite has been previously described in topaz (Fall 2009 GWG 
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Lab Notes, pp. 212-213; E.J. Gtibelin and J.I. Koivula, 

Photoatlas of Inclusions in Gemstones, Volume 2, Opinio 

Publishers, Basel, Switzerland, 2005, pp. 263, 738), this is 
the most dramatic example observed by the author. 

Tyler Smith 

GIA, New York 


Inclusion Resembling a Gada in Diamond 


Recently, the authors observed an interesting etch channel 
(figure 3) in a 1.00 ct L-color type Ia round brilliant dia- 
mond with SI, clarity. It resembled a gada, a mace-like 


Figure 2. Bladed crys- 
tals of columbite radi- 
ate from a central point 
in colorless topaz. The 
mirror-like surfaces 
allow for reflections of 
neighboring blades, as 
seen in the top left crys- 
tal. Photomicrograph 
by Tyler Smith; field of 
view 2.90 mm. 


weapon belonging to the Hindu god Hanuman. This etch 
channel was the only one observed in the diamond; these 
features are often created by dissolution processes (T. Lu 
et al., “Observation of etch channels in several natural dia- 
monds,” Diamond and Related Materials, Vol. 10, No. 1, 
2001, pp. 68-75). 

This unusual clarity characteristic showcases the vari- 
ety that is possible within the natural world. 


Rujal Kapadia and Bhavya Maniar 
GIA, Surat 

Sally Eaton-Magania 

GIA, Carlsbad 


Figure 3. This etch channel seen in the crown facets of a 1.00 ct diamond with SI, clarity (left) resembled a gada 
(right), a mace-like weapon wielded by the Hindu god Hanuman. Photomicrograph (left) by Deepak Raj; field of 
view 0.80 mm. Photo (right) courtesy of the Metropolitan Museum of Art. 
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Iridescent Inclusion in Brown Diamond 


The iridescent crystal inclusion in the 1.07 ct light brown 
type Ila diamond in figure 4 was identified by Raman spec- 
troscopy as ferropericlase. Ferropericlase, (Mg,Fe)O, can 
originate from either shallow (lithospheric) or deep (subli- 
thospheric) depths within the earth. A stress halo was de- 
veloped around the crystal by temperature and pressure 
changes during the ascent to the earth’s surface. The col- 
orful iridescence may have been caused by light interfer- 
ence at a thin film trapped between the inclusion and the 
host diamond. It is rare to see ferropericlase as an inclusion 
in diamond, especially such a large crystal. 


Kyaw Soe Moe 
GIA, New York 


Natural Diamond with Twinning Wisps 
Resembling a Whale 


The authors recently examined a 0.46 ct type Ia round bril- 
liant diamond with SI, clarity that had surprisingly pat- 
terned twinning wisps. When viewed through the table, the 
twinning wisps resembled a whale (figure 5). Twin planes 
can form in diamond when the orientation of the crystal 
structure changes during growth in the earth’s mantle. 
Twinning wisps are atomic defects along this plane, found 
in ~10% of type Ia diamonds (S. Eaton-Magania et al., “Nat- 
ural-color D-to-Z diamonds: A crystal-clear perspective,” 
Fall 2020 GWG, pp. 318-335). 

A termination of one of these features just below the 
pavilion was examined using photoluminescence (PL) 
mapping at various excitation wavelengths to examine the 
distribution of atomic-level defects in the crystal lattice. 
The PL mapping with 455 nm excitation revealed a rel- 
ative increase in the defect concentrations of the nitrogen- 
related centers of H3 (NVN°) with zero-phonon line (ZPL) 
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Figure 4. This iridescent 
ferropericlase crystal 
with a stress halo meas- 
uring approximately 0.7 
mm was trapped inside 
a light brown diamond. 
Photomicrograph by 
Kyaw Soe Moe; field of 
view 1.58 mm. 


at 503.2 nm and H4 (4N+2V) with ZPL at 495.9 nm; a weak 
radiation-related defect, the TR12 with ZPL at 469.9 nm 
was also detected (A.M. Zaitsev, Optical Properties of Dia- 
mond, Springer-Verlag, Berlin and Heidelberg, 2001, and 
references therein). PL mapping using 633 nm excitation 
revealed that the GR1 (V°; ZPL at 741.2 nm) had a higher 
Raman-normalized peak area corresponding to the termi- 
nation of the twinning wisp compared to diamond adjacent 
to the wisp. The GRI defect is typically formed by radia- 
tion damage of a diamond lattice. Although the GR1 was 
elevated, we did not observe radiation stains around the 
twinning wisps. Furthermore, there were no visible 
changes to the color of the diamond’s fluorescence when 
exposed to deep ultraviolet luminescence, which can occur 
with significant radiation exposure. 


Figure 5. This round brilliant diamond displays twin- 
ning wisps that resemble a whale. Photomicrograph 
by Nathan Renfro; field of view 2.62 mm. 
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This stone offers an example of how natural growth 
processes in diamond can result in microscopic features 
that occasionally form delightful patterns. 


Taryn Linzmeyer and Roy Bassoo 
GIA, Carlsbad 

Jaldeep Sojitra 

GIA, Surat 


A Red Herring in a Red Garnet 


At first glance, a 2.54 ct round mixed-cut stone examined 
by the author presented itself as a natural red garnet. Mi- 
croscopic inspection revealed a host of transparent crystals 
and widespread epitaxial needles, both typical inclusions 
for garnet. Upon closer inspection, however, some of the 
apparent “crystals” were recognized as gas bubbles, be- 
trayed by their smooth spherical forms (figure 6). This dis- 
tinction can be easily missed without careful examination 
under high magnification. Additional observations and 
testing conclusively identified the material as pyrope- 
almandine garnet fused with manufactured glass. As with 
most garnet-topped doublets, the garnet portion was cut to 
occupy the crown while the glass made up most of the pa- 
vilion so that the natural inclusions of the garnet top 
masked the telltale signs of manufactured glass beneath. 


Emily Jones 
GIA, New York 


Heliodor with a Large Schorl Inclusion 

An 8.33 ct long rectangular heliodor, the yellow variety of 
beryl (ideally Be,A1,Si,O,.), was examined by the author. 
It was reportedly from the Zelatoya Vada mine in Murgab, 
Tajikistan; however, it was likely from Pakistan (J.S. 
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Figure 6. Gas bubbles 
hide just beneath natu- 
ral crystal inclusions in 
this garnet and glass 
doublet. Photomicro- 
graph by Emily Jones; 
field of view 1.58 mm. 


White, “Let’s get it right: Tajikistan heliodor,” Rocks and 
Minerals, Vol. 80, No. 4, 2005, pp. 285-286). The heliodor 
had a large schorl tourmaline inclusion prominently under 
the table facet (figure 7) and a small schorl tourmaline near 
one corner. A thin band of fine fluid inclusions ran parallel 
to the length of the stone adjacent to the tourmaline. The 
stone was clearly cut to highlight the interesting inclusion 
rather than hide or remove it; aside from the two tourma- 
line inclusions and the thin band of fluids, the beryl had 
high clarity. 


Figure 7. Morphological features of the tourmaline 
crystal included in the heliodor are visible; striations 
and triangular growth marks are present. A band of 
fluid inclusions is visible near the tip of the schorl 
tourmaline. Photomicrograph by Rhiana Elizabeth 
Henry; field of view 2.90 mm. Gift of Mark Mauthner, 
GIA Museum no. 37772. 
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Figure 8. Blade-like magnetite inclusions developed from a healed fracture in a 2.08 ct Burmese peridot resemble a 
rainy lakeside city. Photomicrograph by Makoto Miura; field of view 1.06 mm. 


Both the heliodor and the tourmaline were analyzed by 
Raman spectroscopy and laser ablation-inductively coupled 
plasma-—mass spectrometry (LA-ICP-MS) to better under- 
stand the structure and chemistry of the minerals. Analyses 
were conducted on the girdle of the heliodor and on the back 
end of the tourmaline inclusion where it intersected a pa- 
vilion facet. The heliodor had low-moderate water bound in 
its structural channels, as determined qualitatively by 
Raman spectroscopy, which is expected for heliodor with 
low sodium content (R.E. Henry et al., “Crystal-chemical 
observations and the relation between sodium and H,O in 
different beryl varieties,” Canadian Mineralogist, Vol. 60, 
No. 4, 2022, pp. 625-675). The heliodor fit well within the 
expected chemistry; it had low overall cation substitutions, 
with minor or trace iron, magnesium, lithium, sodium, and 
cesium content. The tourmaline was confirmed to be schorl 
dominant due to its predominant sodium and iron content; 
however, due to high vacancy at the X structural site, the 
tourmaline had a high foitite component (D.J. Henry et al., 
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“Nomenclature of the tourmaline-supergroup minerals,” 
American Mineralogist, Vol. 96, 2011, pp. 895-913). 

After data collection for research, this stone will be 
used in the GIA GemKids program as an educational piece 
for young students at the Carlsbad campus. It will repre- 
sent the heliodor variety of beryl, showing fascinating in- 
clusions as well as evidence of LA-ICP-MS laser pits on the 
girdle of the stone (not shown in the photomicrograph). 


Rhiana Elizabeth Henry 
GIA, Carlsbad 


Rainy Lakeside City in Peridot 


Inclusions in gemstones provide useful information regard- 
ing their geological origin. A 2.08 ct Burmese peridot con- 
taining unique black blade-like inclusions developed from 
healed fractures (fingerprints), as shown in figure 8. Raman 
spectroscopy identified these blade-like inclusions as mag- 
netite. Tiny raindrop-like magnetite lamellae were also ob- 
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served throughout the stone. Such inclusions in Burmese 
peridot sometimes create four-rayed asterism. According 
to previous studies, the presence of magnetite lamellae 
suggests the oxidation or dehydration of olivine by geolog- 
ical processes. This image resembles a rainy lakeside city 
landscape. 


Makoto Miura 
GIA, Tokyo 


Zigzag Fingerprint in Sri Lankan Sapphire 

The author recently examined a 3.21 ct oval mixed-cut 
blue sapphire. Chemical analysis and gemological obser- 
vation of internal fissures suggested a Sri Lankan origin. 
Under fiber-optic illumination, the fingerprints showed 
rectilinear zigzag-patterned films with vibrant colors that 
resulted from thin-film interference (figure 9). The recti- 
linear structure of this fingerprint was caused by the nat- 


ural healing process of a fracture oriented parallel to the 
C-axis. 

These zigzag-patterned fingerprints often indicate a Sri 
Lankan origin, but they can also be found in sapphires from 
Myanmar and Madagascar. The undamaged rectilinear pat- 
tern could indicate that the stone is unheated. 


Yuxiao Li 
GIA, Tokyo 


Fissure with Moiré Pattern in Spinel 


Surface-reaching fissures commonly host precipitates of 
epigenetic minerals, as was the case with a 4.22 ct purple 
spinel recently examined by the author. “Islands” of un- 
identified birefringent inclusions occupied a near-planar 
fissure. These inclusions were inert to Raman spectro- 
scopy. Delicate depositions radiating from these islands in- 
teracted to create a complex moiré pattern (figure 10). 


Figure 9. The rectilinear zigzag-patterned fingerprint in this 3.21 ct blue sapphire shows beautiful vibrant colors, 
indicating a Sri Lankan origin. Photomicrograph by Yuxiao Li; field of view 4.45 mm. 
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Moiré patterns, named after their resemblance to a type of 
fabric, form when parallel or concentric lines overlap. It 
is unclear whether the islands formed first and were par- 
tially dissolved in a secondary event, or if they formed si- 
multaneously with the spinel. Although moiré patterns 
have been observed in partially healed fluid fingerprints 
and surface-reaching fissures, it is rare to see them ex- 
pressed in such a spectacular form. 


Tyler Smith 
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Figure 10. A precipita- 
tion of an unidentified 
mineral in a fissure of a 
purple spinel creates this 
highly intricate moiré 
pattern. A combination 
of oblique fiber-optic 
and darkfield illumina- 
tion was used. Photo- 
micrograph by Tyler 
Smith; field of view 2.90 
mim. 


Large Stellate Dislocation in Spinel 


The author recently examined a 4.49 ct greenish blue spi- 
nel exhibiting a prominent stellate inclusion characterized 
by a network of needle-like dislocations clustered in a six- 
rayed star pattern (figure 11). The inclusion was large 
enough to be readily observed without magnification. 
Star-like needles have been previously documented in 
spinel originating from Vietnam. These findings contribute 
to our understanding of spinel and its origins, providing 


Figure 11. Stellate dislo- 
cations decorate the in- 
terior of a greenish blue 
spinel believed to be 
from Vietnam. Photomi- 
crograph by Ezgi Kiyak; 
field of view 4.79 mm. 
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valuable information for gemologists. This is one of the 

most remarkable stellate inclusions the author has ob- 
served in a spinel. 

Ezgi Kiyak 

GIA, New York 


Tourmaline in Emerald 


The author recently examined a 3.80 ct emerald with well- 
formed black, opaque prismatic crystals (figure 12). The 
surface-reaching crystals were identified as tourmaline 
through the use of Raman spectroscopy. While tourmaline 
crystals are relatively uncommon inclusions, they have 
been documented in emeralds from Zambia, Pakistan, Rus- 
sia, and Ethiopia, all of which are schist-hosted deposits. 
Laser ablation—-inductively coupled plasma—mass spec- 
trometry chemical analysis combined with inclusion ob- 
servation revealed this emerald to be of Zambian origin. 
Virginia Schneider 
GIA, New York 


Turquoise Planet Earth 


Armenia is not a widely known source of turquoise, but a 
recent donation to GIA’s colored stone reference collection 
proved that the country can produce high-quality, aesthet- 
ically pleasing stones. One of them, cleverly cut into an 


Figure 12. Prismatic black tourmaline in a Zambian 
emerald. Photomicrograph by Virginia Schneider; 
field of view 1.76 mm. 


84.90 ct sphere measuring 23.70 x 23.88 x 23.91 mm, bore 
an astonishing resemblance to planet Earth (figure 13). The 
natural brown matrix material mimicked the continents, 
while the greenish blue turquoise represented the oceans. 
Infrared spectroscopy showed that, like most gem tur- 
quoise, the specimen had been polymer impregnated, a 
treatment that makes the stone more durable. Additionally, 


Figure 13. An 84.90 ct sphere of Armenian turquoise measuring 23.70 x 23.88 x 23.91 mm displays a striking re- 
semblance to planet Earth. Left: Diffuse fiber-optic lighting allows the face of the stone to be seen in full. Right: 
Pinpoint fiber-optic lighting creates an appearance of day and night cast onto Earth. Gifted to GIA’s colored stone 
reference collection by Gemfab CJSC. Photos by Britni LeCroy. 


MicrRo-WoRLD 


FALL 2023 377 


Gems & GEMOLOGY 


Gemological Digests 


FIGURE 3 
* Large display dichro- 
scope in carrying case show- 
ing various electricel con- 
nections and switches 
needed, 


FIGURE 4 

(See below) 
Closed case shows ease of 
transporting display dichro- 
scope. 


possible. In addition, consideration was 
given to the psychological fact that more 
interest is aroused by a moving exhibit than 
by a static one. To meet these requirements, 
it was decided to employ a principle which 
does not seem to have been previously used 
in dichroscopes. Briefly, the underlying the- 
ory is as follows: — consider a circular 
opaque disc having a thin radial or diamet- 
ral slit containing a strip of Polaroid. If 
(say) a sapphire orientated to give maxi- 
mum pleochroism is placed centrally behind 
the disc, the polarised transmitted light for 
two positions at right-angles will be blue 
and green, as in diagrams (1) and (2). On 
rotating the disc still further, the sequence 
will be repeated at 180° intervals. For slow 
rotation, these will be disparate phenomena, 
but if one rotates the disc with sufficient 
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Figure 14. Dark yellowish to brownish green needle-like inclusions dominate the interior of this 21.36 ct Portu- 
guese fluorapatite on siderite matrix. Photo by Adriana Robinson. 


no dye was detected. To accentuate its likeness to our _ pinpoint lighting created various appearances of a sunlit 
planet, the sphere was photographed against “Musou Earth suspended in space. 

Black,” marketed as the world’s blackest fabric and adver- Britni LeCroy 
tised to absorb 99.905% of all light. Precise placements of GIA, Carlsbad 
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Quarterly Crystal: Dravite in Fluorapatite 


Growing from an angular matrix plate of brown siderite, 
a doubly terminated hexagonal crystal weighing 21.36 ct 
with a very light purplish blue color (figure 14) was iden- 
tified as fluorapatite by Raman analysis. As the photo 
shows, the semitransparent crystal clearly hosts a number 
of randomly arranged, eye-visible, translucent acicular in- 
clusions. The fluorapatite thumbnail specimen, from the 
Panasqueira mine in the Castelo Branco district of Co- 
vilha, Portugal, was acquired by author JIK from the col- 
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Figure 15. Raman 
analysis was used to 

, identify the acicular in- 
~ clusions in the fluora- 
| patite host crystal as 
| dravite tourmaline. 
\ Photomicrograph by 
| Nathan Renfro; field of 
+ view 7.37 mm. 


lection of Dr. Vasco Trancoso at auction in June 2023. 
When the specimen was examined microscopically, the 
acicular morphology and dark yellowish to brownish 
green bodycolor of the inclusions, as well as their behavior 
in polarized light, suggested they might be tourmaline. 
Laser Raman microspectrometry was able to pinpoint 
their identity as dravite (figure 15), a member of the tour- 
maline group. 


John I. Koivula, Nathan Renfro, and Maxwell Hain 
GIA, Carlsbad 


Join our growing G&G Facebook group of more than 37,000 
members, connecting gem enthusiasts from all over the world! 
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DIAMOND REFLECTIONS 


Editor: Evan M. Smith 


Eclogite: Diamond-Encrusted Ancient Seafloor 


Evan M. Smith and Matthew F. Hardman 


The Link Between Eclogite and Diamonds 


Earth’s surface is divided into tectonic plates, and the ones 
that make up the ocean floor are destined to sink. Sheets 
of oceanic crust typically bend and sink down into Earth’s 
interior at so-called subduction zones. Occasionally these 
banished slivers of ancient seafloor may become a sort of 
unexpected canvas to be painted with a sparkling sea of di- 
amonds. In fact, ancient seafloor rocks that have been in- 
corporated into old and thick parts of continents are one 
of the most important mantle substrates or “host rocks” 
for diamond growth (Stachel et al., 2022a). This particular 
host rock, known as eclogite, can be found as distinct frag- 
ments, called xenoliths, at some diamond mines and is also 
represented by mineral inclusions in diamonds (figure 1). 
Our current understanding of where and how diamonds 
crystallize is largely based on mineral inclusions trapped in- 
side them. The diamonds we mine were brought up to 
Earth’s surface by kimberlites and related magmatic rocks, 
but they did not crystallize directly from this magma. 
Rather, the diamonds formed by independent processes and 
are usually millions or billions of years older than the kim- 
berlitic magmas that inadvertently swept them up to the 
surface. Most diamonds (~98%) were formed at a depth of 
about 150-200 km within the continental lithosphere, es- 
sentially in old and thick parts of continents. Based on the 
relative abundance of mineral inclusions in a studied set of 
2,844 diamonds, the three principal mantle host rocks here 
are peridotite (65%), eclogite (33%), and websterite (2%) 
(Stachel and Harris, 2008). Eclogitic diamonds constitute a 


Editor's note: Questions or topics of interest should be directed to 
Evan Smith (evan.smith@gia.edu). 
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significant portion of the gem diamond market, and their 
features embody the dynamic processes unique to Earth. 


What Is Eclogite? 


Typically, eclogite refers to a colorful red and green meta- 
morphic rock that is made up of two key minerals: grossu- 
lar-almandine-pyrope garnet and omphacitic clinopyroxene 
(figure 2) (Winter, 2010). Additional minerals sometimes 
present include rutile, coesite, kyanite, and iron-rich sulfides. 
All of these can be encountered as mineral inclusions in di- 
amond. Eclogite can form in several ways, but the dominant 
process involves oceanic crust sinking down into the mantle 
(by subduction). The basalt and gabbro that make up oceanic 


Figure 1. Mineral inclusions in diamond. This con- 
nected pair of green clinopyroxene and orange garnet 
indicates that diamond growth occurred within an 
eclogitic mantle host rock. Photomicrograph by 
Nathan Renfro; field of view 2 mm. 
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Figure 2. Polished slice of an eclogite xenolith. This 
backlit specimen shows the typical orange garnet and 
green clinopyroxene that make up eclogite. Recovered 
from the Roberts Victor mine in South Africa, this 
eclogite xenolith (sample ]JG-243) is part of the Man- 
tle Room collection curated by the University of 
Cape Town. Photomicrograph by Evan M. Smith; field 
of view approximately 5 cm. 


crust undergo a transformation, known as metamorphism, 
as a result of changes in pressure and temperature that cause 
some minerals to break down and new ones to form. 


METAMORPHIC FACIES DIAGRAM 


TEMPERATURE (°C) 
200 400 600 
1 1 1 


Metamorphic rocks are sometimes classified into 
groups, called metamorphic facies, based on the pressure 
and temperature conditions at which they formed. One of 
these groups is known as eclogite facies. Any given meta- 
morphic facies encompasses metamorphic rocks that form 
under the same range of pressure and temperature condi- 
tions, regardless of what the exact starting rock, or pro- 
tolith, might have been. Figure 3 shows where the eclogite 
facies and other metamorphic facies fall within a pressure 
vs. temperature diagram. When basalt or gabbro from the 
oceanic crust get subducted, they metamorphose through 
zeolite and blueschist facies before transforming into eclog- 
ite at depths of about 50 km. 

If the eclogite were carried deeper still, the clinopyrox- 
ene would begin to break down between 300 and 400 km, 
followed by the appearance of a new phase, stishovite 
(SiO,) (Irifune and Ringwood, 1987). At this point, it would 
technically not be eclogite but could be described by the 
more general terms metabasalt or metagabbro. With vary- 
ing pressure and temperature, the mineralogy can change 
drastically, even if the bulk composition of the rock re- 
mains unchanged. 


Ancient Seafloor and the Process of Subduction 

Inclusions (figure 1) and xenoliths (figure 2) show that 
eclogite has served as a host rock for diamond growth at 
depths of about 150-200 km. But that eclogite has actually 
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Figure 4. Diagram of a mid-ocean ridge and subduction zone. At mid-ocean ridges, the upper mantle upwells and 
melts, and the melts crystallize as oceanic crust. The oceanic crust spreads away from the ridge and subducts 
into the mantle beneath continental crust, which is more buoyant. Diamonds may be stable in the deep roots of 
continents, within the continental lithospheric mantle. They may form in association with mantle peridotite or 
eclogite. Kimberlite may rip diamond and mantle rocks from these deep roots as they erupt to the surface. 


traveled a long way from its birthplace. Those same 
eclogitic inclusions and xenoliths have chemical and iso- 
topic characteristics indicating that the protolith origi- 
nated at Earth’s surface as oceanic crust. Present-day ocean 
floors are composed of oceanic crust with an underlying 
layer of mantle peridotite, which together form a rigid plate 
called lithosphere that “floats” upon the convecting upper 
mantle because it is less dense (figure 4). Oceanic crust is 
generated at mid-ocean ridges, where the two plates on ei- 
ther side of the ridge spread apart from one another. The 
gap left between the diverging plates is filled by rock that 
flows up from beneath and partially melts, producing the 
magma that will make up newly formed crust. When these 
magmas erupt at the seafloor, they cool quickly and form 
a dark, fine-grained rock called basalt. At deeper levels 
within a mid-ocean ridge, the magma cools slowly and 
crystallizes as coarser-grained rocks, chiefly gabbro. 

Oceanic crust is produced continuously at mid-ocean 
ridges on the ocean floor. Old crust is pushed farther from 
the ridge as new crust is produced. Old oceanic crust will 
cool, increasing its density. After millions of years, and 
driven by continual mid-ocean spreading, the oceanic crust 
will eventually collide with continental crust, which is 
generally much less dense due to its different mineralogy 
and elemental composition. When the oceanic crust col- 
lides with continental crust, the large difference in density 
leads the oceanic crust to subduct into the upper mantle 
beneath the continental crust (figure 4). 

Subduction is the process by which a plate on the 
earth’s surface moves beneath another and sinks into the 
mantle. During subduction, oceanic crust undergoes a pro- 
gressive sequence of metamorphic reactions as pressure 
and temperature increase with depth (figure 3). This in- 
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creases the density of the rock, which may continue to 
subduct until it transforms into eclogite. Occasionally, 
subducted eclogite is incorporated into the deep roots be- 
neath continents, where the majority of diamond forma- 
tion occurs, as shown by the green and orange lenses in 
figure 4. 

Geoscientists can inspect aspects of eclogite geochem- 
istry and isotopic composition to reconstruct its history. 
For example, when basalt forms at a mid-ocean ridge, it has 
an oxygen isotope composition that is similar to the upper 
mantle source region from which it was derived. When sea- 
water interacts with oceanic crust, however, it can change 
the oxygen isotope composition of the rock, shifting it 
away from the original mantle-like value. Oxygen isotope 
compositions of minerals in eclogite that are outside the 
range of the typical ambient mantle are considered evi- 
dence that the eclogite had a protolith that was exposed to 
seawater prior to subduction (Jacob, 2004; Korolev et al., 
2018, and references therein). 

Eclogites also have relatively high concentrations of 
sodium compared to many other mantle rocks. This 
sodium comes from plagioclase in the oceanic protoliths, 
but during subduction the plagioclase becomes unstable 
and breaks down, with its constituent elements—includ- 
ing sodium—tredistributed to new minerals formed during 
metamorphism. 

With the proper analytical equipment, elements with 
extremely low abundance (e.g., concentrations at the parts 
per million or billion level) can be measured in eclogite 
minerals. Among these are the rare earth elements (REE), 
which are a group of 17 elements including the lanthanides 
(lanthanum, cerium, praseodymium, neodymium, prome- 
thium, samarium, europium, gadolinium, terbium, dyspro- 
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Figure 5. REE patterns for three eclogites with different 
europium anomalies. The concentrations of all ele- 
ments are normalized to the elemental concentrations 
in chondritic meteorites (McDonough and Sun, 1995). 


sium, holmium, erbium, thulium, ytterbium, and lutetium) 
plus scandium and yttrium. Slight differences in the behav- 
ior of these elements during geological processes can lead 
to changes in their relative concentrations, imparting a sort 
of chemical imprint of a rock’s history. REE concentrations 
in igneous rocks can be inherited from their magmatic 
sources and subsequently modified by melting and other 
processes in the earth. 

In many mantle rocks, REE patterns will have a smooth 
trend, with the concentration of europium being inter- 
mediate to the elements samarium and gadolinium (figure 


5). Some eclogites, however, may have a positive or nega- 
tive europium “anomaly” when compared to samarium 
and gadolinium (figure 5). The mineral plagioclase tends to 
have strong positive europium anomalies, as europium in- 
corporates into plagioclase very strongly relative to other 
REE. Consequently, an igneous rock that accumulates pla- 
gioclase (such as gabbro in oceanic crust} may inherit a pos- 
itive europium anomaly. A rock that forms from a magma 
that previously crystallized plagioclase (such as an oceanic 
lava) will have a negative europium anomaly. As plagio- 
clase is only stable in the shallow portions of the earth (<30 
km, approximately), eclogites with detectable europium 
anomalies are generally inferred to have protoliths that 
formed at shallow depths. Seeing this signature in mantle- 
derived rocks, such as eclogite xenoliths at a diamond 
mine, requires that those rocks formed near the surface and 
were carried down into the mantle by subduction (and in 
the case of xenoliths, these rocks have been brought back 
up again by kimberlites). Eclogite xenoliths really have 
come a long way. 


Recycled Carbon and Its Contribution to 
Diamond Growth 


Not all carbon atoms are identical. By paying close atten- 
tion to differences in their mass (carbon isotopes), geolo- 
gists have observed that diamonds formed in eclogite are 
distinguished by an unusual signature (figure 6). The sig- 
nature suggests that eclogitic diamonds contain “recycled” 
carbon that was subducted from Earth’s surface down into 
the mantle, where diamond growth occurred (figure 4). 

A typical carbon atom has 6 protons and 6 neutrons in 
its nucleus, which sum to give its atomic mass, 12. Carbon- 
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Figure 6. Carbon isotope 
histograms for perido- 
titic and eclogitic dia- 
monds. While both 
histograms show a mode 
centered near —5%o that 
corresponds to mantle 
carbon, eclogitic dia- 
monds have a tail of 
negative values stretch- 
ing beyond —40%o that is 
thought to reflect sub- 
ducted organic carbon. 
Data are from Stachel et 
al. (2022b). 
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12. (°C) is the most common isotope of carbon. About 1% 
of naturally occurring carbon atoms have an extra neutron 
and therefore a mass of 13. Carbon-13 (!8C) is the second- 
most abundant isotope of carbon. Given that C and 8C 
have different masses, they behave slightly differently dur- 
ing chemical reactions. When plants grow, for example, 
photosynthesis favors C. Asa result, plants are enriched 
in ?C (and depleted in !%C) relative to the initial carbon 
dioxide in the atmosphere. Scientists can gain insight into 
many carbon-bearing materials by measuring the relative 
proportions of C and !8C. For any measurement, the 
13C/PC ratio is reported in terms of how different it is 
from an agreed-upon standard (a reference known as the 
Vienna Pee Dee Belemnite). This deviation is written as 
88C (pronounced “delta C thirteen”) expressed in parts 
per thousand (per mille, %o) and is calculated as 5!8C = 
(CC) cereptel 9 CPC | tanauea= 111000. 

Figure 6 shows 6!8C values for peridotitic and eclogitic 
diamonds. The histograms convey information about 
sources of carbon and potentially about the chemical 
process of diamond formation as well. In both histograms, 
the large peak centered at -5%o corresponds to the average 
composition of carbon spread throughout the mantle (Car- 
tigny, 2005). Eclogitic diamonds, however, possess a con- 
spicuous tail of negative values or “light” isotopic 
compositions. These negative values are one of the most 
debated features of diamond geology, with no firm consen- 
sus on the exact processes at play (Cartigny, 2005). 

The most accepted general view is that the negative iso- 
topic trend of eclogitic diamonds stems from subducted car- 
bon (Li et al., 2019; Stachel et al., 2022b). Subducted carbon 
is thought to mix with the ambient carbon already present 
in the mantle to give the range of observed carbon isotopic 
characteristics in eclogitic diamonds (figure 6). The recycled 
carbon could come in the form of sediments and altered 
oceanic crust containing organic matter and carbonates 
(biogenic and abiogenic) (Li et al., 2019). Taking into ac- 
count the covariations in nitrogen concentration and iso- 
topes suggests that eclogitic diamond formation involves 
multiple subducted ingredients that mix in complex ways 
during the process (Stachel et al., 2022b). Although there 
are unresolved details, the evidence is strong that a portion 
of the carbon in eclogitic diamonds is subducted. These di- 
amonds are a physical manifestation of the deep and an- 
cient geological carbon cycle. 


Eclogitic Diamond Ages 


Through the incredible phenomenon of radioactive decay, 
many rocks and minerals have a sort of built-in natural 
clock. Radioactive decay is the process whereby unstable 
radioactive elements break down over time, with different 
elements each having a predictable decay rate. Several 
decay systems apply to various types of inclusions in dia- 
monds, and their analysis has led to our understanding 
that diamonds are millions to billions of years old (Smit 
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and Shirey, 2019). The oldest diamonds are 3.5 billion 
years old, and diamonds have been forming episodically 
since that time, spanning three-quarters of Earth’s history. 
Their antiquity combined with their deep mantle origin 
makes diamonds a unique record of large-scale geological 
evolution. 

For example, diamond ages may provide a time stamp 
to mark the beginning of modern-style plate tectonics. 
Many of us are at least vaguely familiar with the notion 
that roughly 200 million years ago, the continents to the 
east and west of the Atlantic Ocean were nestled together 
in the supercontinent Pangaea. The Atlantic grew and 
opened up as Pangaea broke apart. The subduction zone 
and mid-ocean ridge spreading center depicted in figure 4 
are integral mechanisms that explain how tectonic plates 
move, how new oceans form, and how old ones close and 
vanish. This dynamic surface structure is unique to Earth. 
Our planet did not always have plate tectonics, however, 
and at one point, its surface was a giant magma ocean. So 
when exactly did things change and the processes we ob- 
serve today take hold? 

Geologists have used several methods to constrain the 
timing of when plate tectonics began, including clues from 
diamonds. Comparing samples of different ages reveals that 
they are not all equal across time. Diamonds older than 3.0 
billion years are exclusively peridotitic, whereas eclogitic 
diamonds only become prevalent among those younger 
than 3.0 billion years. This change arguably marked the first 
major episode of subduction of oceanic crust beneath a con- 
tinent and the onset of the Wilson-cycle style of move- 
ments that characterize modern plate tectonics (Shirey and 
Richardson, 2011). Effectively, this model suggests there are 
no eclogitic diamonds older than 3.0 billion years because 
oceanic crust was not yet being subducted and incorporated 
as eclogite into the continental lithospheric mantle. 


Economic Importance of Eclogitic Diamonds 


Finding an economic diamond deposit is no trivial matter. 
Even after locating one or more kimberlites (figure 7) or 
lamproites, it is a challenging exercise to evaluate the 
quantity and quality of diamonds. A key variable that can 
make or break a potential mine is the presence of eclogitic 
diamonds. In some deposits, eclogitic diamonds are much 
more abundant than might be expected based on the rela- 
tively small amount of eclogite in the mantle. 

Most of the continental lithospheric mantle is made 
up of peridotite (>95 vol.%; figure 4). Conversely, eclogite 
has a low global abundance (<5 vol.%) (Dawson and 
Stephens, 1975; Schulze, 1989), yet some mines can con- 
tain much higher abundances of eclogitic diamonds, to the 
point where they dominate the diamond population, such 
as at Koidu (Sierra Leone) and Orapa (Botswana). One in 
three diamonds have eclogitic vs. peridotitic mineral in- 
clusions, indicating a relatively large proportion of dia- 
monds are associated with eclogite (Stachel and Harris, 
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2008). While not all eclogites are associated with diamond, have elemental compositions that reflect the rock from 
small volumes of eclogite in some kimberlites could be — which they derived and, occasionally, an association with 
indicative of diamond-rich deposits. 

Kimberlites can be very small (as small as 50 m across) 
and show very little topographic relief, making them diffi- 
cult to find. Over millions of years, these sites may become 
completely covered by vegetation or water (forming lakes). 
In these cases, kimberlites can be located by exploiting their 
physical properties, as they erupt through existing rock and 
may have different magnetic or gravimetric properties from 
the surrounding material. Aerial surveys that passively ex- 
amine the landscape, searching for gravitational or mag- 
netic anomalies, could potentially identify a kimberlite. 

A more direct approach is to use kimberlite indicator 
minerals (figure 8). Even in kimberlites that are diamond- 
bearing, diamonds may be present in abundances at the 
parts per million level. Conversely, rocks that are associ- 
ated with diamonds are generally much more abundant 
and easier to locate. Minerals in these rocks commonly 


Figure 8. Broken-up sample of kimberlite from the 
Ekati diamond mine in northern Canada featuring 
colorful mantle indicator mineral grains. The bright 
green diopside and purple garnets are from peridotite, 
and the orange garnets (indicated by arrows) are 
from eclogite. Photo by Evan M. Smith; field of view 
approximately 2 cm. 
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diamond itself. For example, there is an observed associa- 
tion between diamond and mantle peridotites that are very 
chemically depleted (i.e., experienced substantial melting 
in the mantle, removing elemental components from their 
structure) (Gurney, 1984). The compositions of the garnets 
in these peridotites are characterized by low calcium con- 
tents and high chromium contents (Griitter et al., 2004). 
Garnets in eclogite are very different and instead have low 
chromium contents and variable calcium (Grtitter et al., 
2004). Given the disproportionate number of eclogitic dia- 
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monds compared to the global abundance of eclogite, even 
a small number of eclogitic garnets, such as the orange 
grains in figure 8, may indicate an economically valuable 
deposit. Minerals within kimberlite can be redistributed 
by rivers or glaciers, so if a garnet with composition similar 
to those associated with diamond is found in stream sedi- 
ment or glacial till, this could indicate that a kimberlite 
deposit—possibly a diamond-bearing one—occurs up- 
stream. When identified, a kimberlite deposit could one 
day be developed into an operating diamond mine. 
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FIGURE 5 


© A hand dichroscope, somewhat more con- 
venient for the individual than the display 


type (see Figure 3). 


speed, persistence of vision wil] ensure that 
a coloured figure will be produced in the 
form of a Greek cross arrangement of the 
principal dichroic colours, with intermediate 
colours between the axes. 

As the writer has little constructional skill, 
and no facilities, the co-operation of a skilled 
engineer was necessary for the translation of 
the idea into actuality, and this was readily 
provided by Mr. Meakin of H. S. B. Meakin 
(Polarising Instruments) Ltd., of Victoria 
Street, London, who was good enough to 
construct the efficient unit shown in dia- 
gram (3). It consists of a circumferentially- 
driven disc spun by a small electric motor 
powered by A.C. mains. It was initially pro- 
posed to employ as the display a plate of 
blue synthetic sapphire, but the sectioning 
of several boules failed to provide a piece 
of a sufficiently homogeneous colour. Our 
final solution was to employ a synthetic red 


dichroic filter generously provided by the 
Poloroid Corporation of Cambridge, Massa- 
chusetts. This material is strikingly dichroic 
in red and colourless, and to complete the 
“Greek cross” dichroic figure an [ford me- 
dium green filter was bound up with it. 

Finally, my colleague Mr. G. H. Charlton 
was good enough to complete the instru- 
ment by the assemblage of a lamp, a ground- 
glass diffusion screen, a lens system to give 
a degree of magnification, and a carrying 
case of wood embodying the necessary clec- 
trical connections and switches. 

Although an instrument of this sort could 
not profitably supplant the conventional 
types of pocket and table dichroscopes, it 
adequately performs its intended function of 
the public display of dichroism. An addi- 
tional field of use in lectures and demonstra- 
tions is suggested by the ease with which the 
dichroic image can be projected onto a screen. 
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COLORED STONES AND ORGANIC MATERIALS 


The special color effect in “chameleon” amber. One special 
variety of Burmese amber is “chameleon” amber, named 
for the bluish green color that appears to float on its surface 
(figure 1). This material is found in the famous Tengchong 
market in Yunnan Province, China’s largest Burmese 
amber market. Its bodycolor ranges from golden brown to 
brownish red or even red (figure 2A). When exposed to sun- 
light or strong white light against a black background, its 
surface shows a uniform green color (figure 2B). 
Chameleon amber is rare and expensive compared to reg- 
ular Burmese golden or brownish amber, especially with 
the severe reduction of exports from Myanmar. 

Until recently, few studies have been conducted on 
chameleon amber. X. Jiang et al. speculated that the green 
surface color might be caused by the superposition of its 
bodycolor and the fluorescence of amber (“Gemmological 
and spectroscopic characteristics of different varieties of 
amber from the Hukawng Valley, Myanmar,” Journal of 
Gemmology, Vol. 37, No. 2, 2020, pp. 144-162). C.C. Shuai 
et al. proposed that the “light retention” effect was related 
to elevated sulfur and calcium contents (“The spectrum 
characteristic research of color change effect and ‘light 
tarry effect’ amber from Burma,” Spectroscopy and Spec- 
tral Analysis, Vol. 40, 2020, pp. 1174-1178). Z. Shi et al. 
reported that the effect might be due to unique internal 
aromatic hydrocarbon structures (“Spectral characteristics 
of unique species of Burmese amber,” Minerals, Vol. 13, 
No. 2, 2023, article no. 151). 


Editors’ note: Interested contributors should send information and illus- 
trations to Stuart Overlin at soverlin@gia.edu. 
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For this study, three Burmese chameleon amber speci- 
mens were acquired from the Tengchong market (see figures 
1, 2A, and 3A). All three displayed a translucent brownish 
red bodycolor, with a few bubbles and flow lines within 
them. The bluish green floating color was observed when 
the specimens were rotated. This phenomenon is most ob- 
vious with a black background. Standard gemological prop- 
erties and Fourier-transform infrared spectroscopy data were 
consistent with those of regular Burmese amber. While the 
bluish green floating color might be related to fluorescence, 
no such effect is seen on other types of fluorescing Burmese 
amber (e.g., brownish amber). To further explore this, 
brownish Burmese amber beads with bodycolor similar to 
that of chameleon amber were selected as a reference (fig- 
ures 2C and 3C). Their bodycolor was not as vivid as 
chameleon amber, and it did not display the bluish green 
floating fluorescence. Observation under a UV lamp showed 


Figure 1. A good-quality 88.25 ct “chameleon” amber 
with a red bodycolor displaying a vivid green fluores- 
cence color that appears to float on the surface. Photo 
by Yan Li. 
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Figure 2. A and B:A 
78.51 ct chameleon 
amber exposed to white 
light against white and 
black backgrounds. C 
and D:; A 12.50 ct 
brownish reference 
sample exposed to simi- 
lar lighting and back- 
grounds. Photos by 
Jinfeng Yang. 


that the chameleon amber in figure 3A produced strong nm), while the brownish amber beads in figure 3C showed 
bluish white fluorescence (figure 3B) in long-wave UV (365 —_ a weak bluish purple fluorescence (figure 3D). 
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Figure 3. A and B:A 
71.05 ct Burmese 
chameleon amber and 
its bluish white fluores- 
cence under long-wave 
UV light. C and D: 16 
mm brownish Burmese 
amber beads (12.60 ct 
on the left, 12.16 ct on 
the right) and their 
bluish purple fluores- 
cence under long-wave 
UV. Photos by Jinfeng 
Yang. 
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The samples were then examined with 3D fluorescence 
spectroscopy (figure 4) under the excitation of a continu- 
ous-wavelength excitation light source. The fluorescence 
intensity of brownish amber was clearly much lower than 
that of chameleon amber. In addition, two peaks (455 and 
384 nm) were absent in the excitation spectrum of brown- 
ish amber. A high degree of similarity was exhibited in the 
samples’ emission spectra, with all the peaks positioned at 
approximately 434, 464, 469, and 497 nm. However, the 
biggest difference was in the fluorescence intensity, which 
was easily observed in chameleon amber. 

The 3D fluorescence spectra of chameleon amber exhib- 
ited several fluorescence centers, mainly at 434, 464, 469, 
and 497 nm generated by excitation wavelengths of 386, 
406, 436, and 457 nm. The fluorescence color could be cal- 
culated by the fluorescence centers, and the results showed 
that the spectral color was blue under 386 nm excitation and 
bluish green under 436 nm excitation. We believe that the 
bluish green floating color under sunlight is caused by the 
bluish green fluorescence center at 469 nm under 436 nm 
excitation. This is much more consistent with observations 
in daylight. Due to the low fluorescence intensity of brown- 
ish amber, its blue fluorescence color is very weak, and most 
light penetrates it without producing any special optical ef- 
fect. The difference in fluorescence intensity between the 
469 and 434 nm fluorescence centers corresponds with the 
relative spectral power distribution of the light source. 
Under the excitation of a xenon lamp, the fluorescence cen- 
ter at 434 nm is more intense than the light-emitting center 
at 469 nm. However, amber is usually observed in daylight. 
The optimal excitation wavelengths for the emission cen- 
ters at 434 and 469 nm are 386 nm and 436 nm, respectively. 
From the relative spectral power distribution of the two light 
sources, it can be seen that the spectral density of the xenon 
lamp at 386 nm is greater than 436 nm, while the D65 day- 
light-equivalent source is the opposite. Against a dark back- 
ground and under daylight, the fluorescence of chameleon 
amber should be dominated by the bluish green fluorescence 
emitted at 436 nm. 

The fluorescence center at 469 nm is very common in 
Baltic, Dominican, Mexican, and Burmese amber. This flu- 
orescence center in chameleon amber is unique for its high 
intensity and separation from other fluorescence colors. 
Only if the fluorescence intensity is high enough will it 
show as the dominant fluorescence color. The optimal ex- 
citation wavelength (436 nm) corresponding to the 469 nm 
fluorescence center is far removed from the optimal exci- 
tation wavelength of other strong fluorescence centers; 
therefore, the fluorescence color is not a mixture of multi- 
ple colors. Many varieties of amber can also produce strong 
fluorescence at 469 nm, but often mixed with other fluo- 
rescence colors of similar intensity. For example, the fluo- 
rescence peaks of 448 and 474 nm in Dominican blue 
amber always appear together, and their strong fluores- 
cence peaks can be seen with exposure to the same excita- 
tion wavelength. In most cases, the fluorescence intensity 
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of the former is slightly greater, which leads to the fluores- 
cence of the blue amber being mainly blue, without a green 
modifier. Some Dominican blue amber with uneven fluo- 
rescence distribution can also show a mosaic pattern (X. 
Chenxing et al., “Characterisation of patchy blue and green 
colouration in Dominican blue amber,” Journal of Gem- 
mology, Vol. 37, No. 7, 2021, pp. 700-713). The fluores- 
cence distribution of the chameleon amber tested in this 
study was uniform, with high intensity and good separa- 
tion, producing a high-quality bluish green floating fluo- 
rescence effect. 


Jinfeng Yang, Yan Li, and Youzhi Liang 
Gemmological Institute 
China University of Geosciences, Wuhan 


A newly discovered iridescent andradite from Inner Mongo- 
lia, China. Iridescent garnet found in Chifeng City, Inner 
Mongolia, was recently encountered in the Chinese market. 
Iridescent garnet was first discovered in 1943 in the USS. 
state of Nevada (E. Ingeron and J.D. Barksdale, “Iridescent 
garnet from the Adelaide Mining District, Nevada,” Amer- 
ican Mineralogist, Vol. 28, 1943, pp. 303-312), and it is also 
found in Mexico and Japan (M.A. Badar and M. Akizuki, “Tri- 
descent andradite garnet from the Sierra Madre Mountains, 
Sonora, Mexico,” Neues Jahrbuch fiir Mineralogie - Monat- 
shefte, Vol. 1997, No. 12, pp. 529-539; T. Hainschwang and 
F. Notari, “The cause of iridescence in rainbow andradite 
from Nara, Japan,” Winter 2006 G&G, pp. 248-258). To the 
authors’ knowledge, this is the first report of iridescent gar- 
net in China. Two rough samples were collected by the au- 
thors in the Lindong lead mining area (figure 5). The 
refractive index was over the limits of a conventional refrac- 
tometer, and the hydrostatic specific gravity values were 
3.85 and 3.84. Both showed an inert reaction to long- and 
short-wave ultraviolet fluorescence. These standard gemo- 
logical testing results were consistent with garnet. 

On the basis of energy-dispersive X-ray fluorescence, cal- 
cium, silicon, iron, aluminum, manganese, magnesium, ti- 
tanium, and sodium were detected. The chemical 
composition of the larger sample was analyzed using elec- 
tron probe microanalysis (EPMA). The composition was 
consistent with that of andradite, containing major elements 
of calcium, iron, aluminum, and silicon, with the derived 
chemical formula of (Cago1s3MMo03;Nao.0060M8o.008 Tig.002) 
(Fe, gasAlp 138)[Sin.97gO 12]. The backscattered electron image 
showed clear growth layers (figure 6, left). Aluminum in 
the darker zones was about 2 wt.% higher on average than 
in the lighter zones, and the iron content decreased with in- 
creasing aluminum. Raman spectroscopic analysis involved 
comparison with the RRUFF database (B. Lafuente et al., 
https://rruff.info/about/downloads/HMC1-30.pdf). The peak 
positions (figure 7) indicated that the samples were consis- 
tent with those of andradite, supporting the composition in- 
ferred from EPMA. Raman shifts within 300 to 400 cm" 
were assigned to SiO, rotational vibrations. Raman shifts 
within 400 to 700 cm were caused by Si-O,,.,4 (bridge oxy- 
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Figure 5. Iridescent andradite samples (25 ct and 125 ct) from the Lindong area of Inner Mongolia, China. As 
shown in the left photo, sample G-1 displays iridescence on the (211) plane but not on the (110) plane. Photos by 
Jiuchang Yang. 


gen) bending and asymmetric stretching vibrations. Raman __Kolesov and C.A. Geiger, “Raman spectra of silicate gar- 
shifts at 800 to 1200 cm were attributed to the character- _ nets,” Physics and Chemistry of Minerals, Vol. 25, No. 2, 
istic absorption peak of Si-O,,, stretching vibration (B.A. 1998, pp. 142-151). 


Figure 6. Left: Growth layers viewed normal to the (110) crystal face in a backscattered electron (BSE) image from 
a polished thin section. Right: The iron and aluminum contents corresponding to each spot in the BSE image. 
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Figure 7. Sample G-1 was identified as andradite 
based on a comparison with a sample from the 
RRUFF database. Spectra are offset vertically for 
clarity. 


Microscopic observation revealed an attractive play- 
of-color with a complete visible spectrum of colors on 
the (211) crystal plane of sample G-1 (figure 8). We cut 
three polished thin sections from sample G-2 along the 
(110) and (211) crystallographic axes to observe the twin- 
ning structure and extinction phenomena under a polar- 
izing microscope. The sample displayed angled layered 
growth structures and a strong grid-like pattern and ab- 
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Figure 8. Sample G-1 displays strong iridescence with a 
full spectrum of colors. For certain bands, the color does 
not change as the viewing angle changes. This image is 
of a face parallel to (211). Photomicrograph by Jiuchang 
Yang; field of view 24.45 mm. 


normal birefringence (figure 9). A grid-like extinction 
phenomenon parallel to the growth layer (figure 9A) may 
have been caused by lattice-like twins, and figure 9C 
shows two areas with different extinction orientations. 
One study on Japanese andradite showed that the irides- 
cence effect is caused by the alternate growth of iron-rich 
layers and aluminum-rich layers. These layers cause a 
thin-film interference phenomenon in the crystal struc- 


Figure 9. Top: The polished 
thin section in A and B 
was cut normal to the 
(110) crystal face. Observa- 
tion under crossed polariz- 
ers (A) showed strong 
grid-like pattern, abnormal 
birefringence (possibly 
caused by lattice-like twin- 
ning), and angled growth 
bands. Bottom: The section 
= in Cand D was cut paral- 
., lel to the (110) crystal face. 
Observation under crossed 
“polarizers (C) showed par- 
- titioned abnormal birefrin- 
gence caused by contact 
twinning and faint growth 
bands. Photomicrographs 
by Jiuchang Yang; field of 
view 25.05 mm. 
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ture (Hainschwang and Notari, 2006). Therefore, we spec- 
ulate that the iridescence of andradite from the Lindong 
lead mining area is not closely related to twinning but 
may be closely related to thin-film interference caused by 
its layered growth structure. 


Jiuchang Yang, Quanli Chen (chenquanli@cug.edu.cn), 
Fengshun Xu, and Yan Li 

Gemmological Institute 

China University of Geosciences, Wuhan 

Xianyu Liu 

College of Jewelry, Shanghai Jian Qiao University 


Aquamarine with zigzag growth line inclusions. A 55 ct 
cushion-cut aquamarine (figure 10, left) was recently sub- 
mitted to Guild Gem Laboratories in Shenzhen for testing. 
This stone exhibited a very intense blue color accompanied 
by a subtle greenish secondary hue. A refractive index of 
1.580-1.586 was obtained, together with a specific gravity 
of approximately of 2.71. Fourier-transform infrared (FTIR) 
and Raman spectroscopy confirmed its identity as beryl. The 


FTIR SPECTRA 


Figure 10. A 55 ct cush- 
ion-cut aquamarine ex- 
hibiting a distinct light 
bluish green and deep 
blue pleochroism using 
a dichroscope. Photos 
by Kaiyin Deng; cour- 
tesy of Farrugia Gem. 


transmission FTIR spectrum exhibited distinct peaks at 
2731, 2686, and 2641 cm and a carbon dioxide—trelated sig- 
nal at 2359 cm. Peaks at 3235, 3162, 3111, and 3021 cm" 
were assigned to the presence of water (figure 11, left). This 
collection of FTIR peaks has been reported in natural aqua- 
marine, but no synthetic counterpart has been reported to 
show this pattern (I. Adamo et al., “Aquamarine, Maxixe- 
type beryl, and hydrothermal synthetic blue beryl: Analysis 
and identification,” Fall 2008 G&G, pp. 214-226). No or- 
ganic-related peaks were found around the 2800-3200 cm! 
range, suggesting no clarity enhancement had been applied 
(L. Jianjun et al., “Polymer-filled aquamarine,” Fall 2009 
GeG, pp. 197-199). Strong deep blue and light bluish green 
pleochroism (figure 10) was observed using a dichroscope. 
Similar beryl materials with a deep blue color have been re- 
ported in previous studies (Fall 2014 GNI, pp. 244-245; Fall 
2019 GNI, pp. 437-439). The ultraviolet/visible/near-in- 
frared spectrum (figure 11, right) showed a broad Fe?*-related 
band centered at around 835 nm and narrow absorption 
bands at 370 and 426 nm related to Fe** (D.S. Goldman et 
al., “Channel constituents in beryl,” Physics and Chemistry 


UV-VIS-NIR SPECTRUM 


Figure 11. Infrared 
transmission spectra 
(left) and UV-Vis-NIR 
spectrum (right) of the 
aquamarine sample. 
The spectra on the left 
are offset vertically for 
clarity. 
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Figure 12. The thin film along the basal plane of the aquamarine under fiber-optic illumination. Photomicrographs 
by Yizhi Zhao; fields of view 3.45 mm (left) and 1.72 mm (right). 


of Minerals, Vol. 3, No. 3, 1978, pp. 225-235; K. Schmetzer, 
“Hydrothermally grown synthetic aquamarine manufac- 
tured in Novosibirsk, USSR,” Fall 1990 GwG, pp. 206-211; 
Adamo et al., 2008). Using a polariscope equipped with a 
conoscope, the optic axis was observed parallel to the table 
along the long axis of the cushion shape. Further chemical 
analysis by energy-dispersive X-ray fluorescence showed a 
high iron content (around 13000 ppmw}), which likely con- 
tributed to the saturated blue color (Y. Shang et al., “Spec- 
troscopy and chromaticity characterization of yellow to 
light-blue iron-containing beryl,” Scientific Reports, Vol. 12, 
No. 1, 2022, article no. 10765). 

Microscopic observation under darkfield illumination 
revealed fluid inclusions and minute voids. Under the table, 
a circular thin film with a strong light reflection was visible 
(figure 12). The image in figure 12 (left) was captured at an 
angle to the table of the aquamarine, since the thin film was 
easier to see under an oblique light source. Because beryl 


Figure 13. Zigzag lines were observed in the aquama- 
rine using oblique light. Photomicrograph by Yizhi 
Zhao; field of view 4.52 mm. 
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has imperfect cleavage along its basal plane {0001}, the 
space between the basal planes caused by initial cleavage 
was sufficient to form the thin film. 

An interesting inclusion was observed only with 
oblique light: a distinct series of fluids resembling dots and 
broken lines. Higher magnification (figure 13) revealed that 
these zigzag lines consisted of discrete and minute fluid in- 
clusions. Further observation along the optic axis con- 
firmed that the planes were parallel to the c-axis of the 
aquamarine. 

A previous study described similar inclusions in emer- 
alds from Colombia as resembling a DNA double helix 
(Summer 2019 G&G Micro-World, p. 262). The authors 
have also encountered this type of inclusion before. Based 
on our observations, these helical inclusions spiral along 
the optic axis of the emerald. To our knowledge, this is the 
first time such helical inclusions have been reported in an 
aquamarine. This finding will help advance our under- 
standing of the beryl family. 


Yujie Gao, Xueying Sun (shirley.sun@guildgemlab.com), 
Yizhi Zhao, and Kaiyin Deng 

Guild Gem Laboratories 

Shenzhen, China 


Blackish green omphacite jade from Guatemala. In recent 
years, anew kind of Guatemalan jade has entered the Chi- 
nese jewelry market, where it is called yongchuliao fei cui 
(or yongchuliao for short). Prior to the availability of 
yongchuliao, Chinese consumers had a negative impression 
of Guatemalan material and preferred Burmese jade. How- 
ever, the recent emergence of this new high-quality black- 
ish green jade has attracted the attention of Chinese buyers. 

The authors recently tested a rough stone and a carved 
pendant of yongchuliao (figure 14). Under reflected light, 
these samples appeared blackish green with a greasy luster 
similar to Burmese inky black jade. The rough stone was 
opaque and had numerous fine white inclusions measuring 
approximately 300 pm in diameter on its surface. The 
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Figure 14. Yongchuliao samples collected for testing. The rough sample on the left weighs 30.1 ct, and the carving 


on the right weighs 12.85 ct. Photos by Shilong Xu. 


carved sample was bright green with coarse texture and 
medium transparency under transmitted light (figure 15). 
The rough and carved samples had a refractive index of 
1.67 and specific gravities of 3.342 and 3.332, respectively. 
These gemological characteristics are consistent with both 
jadeite-type jade and omphacite-type jade. 

Qualitative analysis using energy-dispersive X-ray flu- 
orescence spectrometry revealed magnesium, aluminum, 
silicon, calcium, chromium, manganese, and iron, among 
other elements. It should be noted that the ideal chemical 
formula of jadeite is NaAlSi,O, and that of omphacite is 
(Ca,Na)(Mg,Fe,Al)Si,O, (S.F. McClure, “The jadeite/om- 
phacite nomenclature question,” GIA Research News, 
April 12, 2012). Jadeite and omphacite can form a complete 
solid solution. The occurrence of calcium, magnesium, and 


other elements implies that the mineral composition of 
yongchuliao is not pure jadeite. 

Raman shifts at 681, 514, 411, 378, 340, and 209 cm! 
were consistent with those of omphacite (figure 16). The 
Raman spectra of fibrous inclusions in the carved sample 
also matched those of omphacite rather than jadeite. The 
strongest Raman shift at 681 cm was attributed to the 
symmetrical Si-O-Si stretching vibration (B. Xing et al., 
“Locality determination of inky black omphacite jades 
from Myanmar and Guatemala by nondestructive analy- 
sis,” Journal of Raman Spectroscopy, Vol. 53, No. 11, 2022, 
pp. 2009-2018). Raman spectroscopy was used to compare 
the samples’ mineral composition against the RRUFF data- 
base (B. Lafuente et al., https://rruff.info/about/down- 
loads/HMC1-30.pdf), revealing that yongchuliao material 


Figure 15. Left: Fibrous inclusions observed in the 12.85 ct carved sample; field of view 8.94 mm. Right: The 
carved sample appeared bright green rather than blackish green under transmitted light. Photos by Shilong Xu. 
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Figure 16. The mineral species were confirmed by comparison with samples from the RRUFF database. Spectra are 
offset vertically for clarity. Left: The host mineral and fibrous inclusions of the samples matched with omphacite. 
Right: The white dotted mineral inclusions in the rough sample matched with titanite. Titanite in the carved sam- 


ple could also be observed in micro-Raman imaging. 


consists almost entirely of omphacite. The fine white in- 
clusions distributed evenly in the rough sample were co- 
incident with titanite (figure 16). In addition, some of the 
sample was ground into powder for X-ray diffraction analy- 
sis to obtain the mineral composition of the whole rock. 
The results showed an omphacite content of about 98.49% 
(with a 5% margin of error), and the rest was magnesian 
calcite. The results from Fourier-transform infrared absorp- 
tion spectroscopy were consistent with the Raman spectra, 


Figure 17. In the UV-Vis-NIR spectrum of a piece cut 
from the rough sample, absorption peaks were ob- 
served within the visible range at 437, 637, 657, and 
688 nm. 
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identifying the main mineral composition of the samples 
as omphacite. 

A double-sided polished piece was cut from the rough 
sample for testing. Its ultraviolet/visible/near-infrared (UV- 
Vis-NIR) absorption spectrum (figure 17) showed an absorp- 
tion peak at 437 nm, indicating the presence of Fe*. 
Absorption peaks at 637, 657, and 688 nm were also observed 
and attributed to Cr** (G.R. Rossman, “Color in gems: The 
new technologies,” Summer 1981 GwG, pp. 61-62). 

Based on testing, both samples were omphacite-type 
jade containing titanite inclusions. Since almost all of the 
yongchuliao we have observed exhibited nearly the same 
colors and textures as these samples, it is likely that other 
yongchuliao may also have similar mineral compositions. 


Shilong Xu, Quanli Chen (chenquanli@cug.edu.cn), and 
Yan Li 

Gemmological Institute 

China University of Geosciences, Wuhan 


Xianyu Liu 
College of Jewelry, Shanghai Jian Qiao University 


Shell blister on an Isognomon isognomon shell. Theoreti- 
cally, all mollusks are capable of producing pearls, but only 
a small number of them actually produce commercially 
traded nacreous pearls. Most come from the Pinctada and 
Pteria genera belonging to the Pteridae family. Species that 
produce the nacreous pearls regularly seen in the market, 
such as Pinctada maxima, Pinctada radiata, Pteria sterna, 
and Pteria penguin, are well known to aficionados. How- 
ever, some unusual bivalve species can also produce pearls 
or shell blisters, and one example was recently submitted 
to GIA’s Mumbai laboratory for scientific examination. 
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THE ORIGIN OF GEMSTONES 
(continued fram page 83) 


another decomposition and begin the pro- 
cess all over again, so that tertiary deposits 
originate. The rubies of Burma, for instance, 
have their primary contact (pneumatolitic) 
deposit in marble-like limestone. From there, 
the secondary deposits branch out to the 
neighboring river deposits. The diamonds 
in the geologically very old conglomerates 
of India lay on secondary deposits. The 
primary deposits are not known. Through 
the weathering processes and water transport 
of the materials of this conglomerate, they 
were brought to the present-day stream de- 
posits and are now tertiary deposits. 

The crystalline schists and slates form an 
They 
originate from already present rocks, also 


abundant rockworld in themselves. 
from volcanic and sedimentary rocks, which 
were formed in either the depths or the 
shallow parts of the earth’s crust and 
through pressure, temperature and circulat- 
ing solutions were transformed into new 
rocks, These are powerful factors which, 
working together, makes it possible to build 
completely new minerals and rocks. Such 
rocks easily betray their development to the 
naked eye, through sporadic layer structures. 
This explains the names, schists and slates. 
Mineral content depends on the original 
rock, and from the share of the above- 
named factors in the transformation. That 
is the reason that the rock world 
extraordinarily varied. In these Jatter groups 


1s so 


better-known rock species are: gneiss, mica 
schist, serpentine, marble, clay schist. Well- 
known gem species, as a few of the garnets 
and nephrites belong here. They, of course, 
at the same time, went through a contact 
metamorphosis. The group formed by this 
disintegration process does not lead to new 
mineral formations which would excite the 
heart of the mineral collector. Among the 
gemstones are only four which originate 
through the dissolution or oxidization pro- 


cess: turquoise, chrysoprase, malachite and 
azurite. Turquoise originated by the disinte- 
gration of certain volcanic rocks in combi- 
nation with the disintegration of neighbor- 
ing copper ores. Chrysoprase is an end 
product of disintegration of a once nickel- 
bearing gabbro. Malachite is a superficial 
oxidization product of copper ores, as is 
azurite. Even though disintegration processes 
produce few gemstones for us, they are 
nevertheless important in the formation of 
gem deposits. In the shaping of loose dis- 
integration refuse, lie those gemstones which 
were not affected by the disintegration pro- 
cess itself. They are contained therein, and 
well-preserved, and can easily be removed 
by light washing. These types of deposits 
are called alluvial placers. A good example 
is the South African yellow ground of the 
diamonds, which is a weathered clay of 
the blue ground— the hard rock in which 
the diamonds are found. 


THE GEM AND ORNAMENTAL 
STONE MARKET OF HONGKONG 
TODAY 

(continued from page 87) 


is improving however and proprietors are 
aware of deficiencies. Poor working condi- 
tions can be attributed directly to the tre- 
mendous growth in population in Hong 
Kong resulting from the last few years’ 
troubled events in the Orient and the influx 
of population. All housing ts held at very 
high rentals which are scarcely short of ex- 
orbitant. Labor and living costs are extreme- 
ly high and food is almost all totally im- 
ported. 

Although Hong Kong is still a buyer's 
market for many items, it is rapidly reaching 
a point where its products will no longer be 
competitive if the present trend continues. 
Regardless of this, it is still an extremely 
interesting place to visit. 
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The shell was from the Isognomon isognomon species, 
belonging to the Isognomonidae family and commonly 
known as the Pacific toothed oyster. It exhibited a blister 
feature that appeared as a folded section of nacre, located 
near the center, close to the posterior muscle scar and the 
hinge (figure 18). The shell weighed 46.88 g and measured 
approximately 107.76 x 72.39 mm, while the baroque- 
shaped silver to light gray blister measured approximately 
8.80 x 4.21 mm. Not all instances of nacre growth on a 
shell are classified as pearls. While cyst pearls or whole 
pearls develop independently from the shell, blisters are 
nacreous concretions that appear to protrude from the shell 
(K. Lawanwong et al., “Natural shell blisters and blister 
pearls: What’s the difference?” GIA Research News, Au- 


Figure 18. Isognomon 
isognomon shell and 
blister. The shell meas- 
ures approximately 
107.76 x 72.39 mm. 
Photo by Gaurav Bera. 


gust 26, 2019). According to the pearl classification estab- 
lished by CIBJO, the concretion observed on the shell in 
question would be categorized as a shell blister. 

The shell itself displayed a narrow, elongated shape, fea- 
turing a straight hinge with distinct equidistant dark brown 
notches along its length (figure 19, left). These notches, also 
known as resilifers or ligament pits, resemble teeth, giving 
the species its common name; see I. Temkin and C. Print- 
rakoon, “Morphology and taxonomy of Isognomon spathu- 
latus (Reeve, 1858), a cryptic bivalve from the mangroves of 
Thailand,” Zootaxa, Vol. 4107, No. 2, 2016, pp. 141-174. 

The interior of the shell exhibited a predominantly 
nacreous aragonite surface, characterized by a discernible 
spiral platelet structure visible under microscopic exami- 


Figure 19. Left: Dark brown rows of notch-like features observed on the hinge of the shell. Right: A whitish subsur- 
face dendritic network of parasite channels. Photomicrographs by Prasad Mane; fields of view 16.3 mm (left) and 


6.1 mm (right). 
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Figure 20. Left: RTX image of the top view of the 8.80 x 4.21 mm shell blister (arrow) with a network of parasitic 
boreholes and channels visible around it. Right: RTX image of the side of the shell blister with more radiopaque 
folds marking its outline. 


nation. This nacreous region was bordered by a non-nacre- 
ous shell margin. The central nacre displayed a light gray 
coloration, transitioning to a darker purplish gray toward 
the margin. The center of the shell had a more translucent 
appearance, revealing a subsurface dendritic network of 
parasitic channels surrounding the blister (figure 19, right). 

Real-time microradiography (RTX) revealed a network 
of fine channels beneath the blister and throughout the 
shell itself (figure 20, left). These features corresponded to 
the parasitic channels observed within the translucent 
layer on the shell’s interior. RTX imaging of the blister re- 
vealed a void (figure 20, right), potentially linked to para- 
sitic activity that may have initiated the blister formation. 

X-ray fluorescence (XRF) imaging of both the shell and 
the blister yielded an inert reaction. Energy-dispersive X- 
ray fluorescence spectrometry of the blister indicated a 
manganese level below the instrument’s detection limit 
and a strontium level of 1135 ppm. The inert XRF reaction, 
along with the chemical composition, proved the mollusk 
formed in a saltwater environment. Under long-wave UV 
radiation, the shell displayed a greenish yellow fluores- 
cence reaction, while short-wave UV radiation yielded an 
inert response. Raman analysis using a 514 nm ion/argon 
laser excitation revealed peaks at 701/704 cm! and 1085 
cm, indicative of aragonite. Photoluminescence spectra 
collected from both the shell and the blister showed three 
broad peaks centered at 620, 650, and 680 nm, which is ob- 
served in some naturally colored pearls. 

Although the Isognomonidae family and the Pteridae 
family belong to the Pteroidae superfamily, pearls from 
oysters such as the Pacific toothed oyster (Isognomon isog- 
nomon) are rarely seen. Therefore, it was intriguing to ex- 
amine this blister. Perhaps we will someday encounter a 
natural pearl from this mollusk species. 


Prasad Mane, Nishka Vaz, and Abeer Al-Alawi 
GIA, Mumbai 
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Mining basalt-related gems in southeast Vietnam. A num- 
ber of gemstone deposits are known in provinces all across 
Vietnam. These include ruby (Yen Bai and Nghe An), sap- 
phire (Yen Bai, Nghe An, Binh Thuan, and Dak Nong], 
spinel (Yen Bai and the Central Highlands), aquamarine 
(Thanh Hoa and Khanh Hoa), tourmaline and garnet (Yen 
Bai), and peridot (Gia Lai). Recently, seven gemstone oc- 
currences have been identified within the basaltic fields in 
southeast Vietnam, which are mainly found in Dong Nai 
and Ba Ria—Vung Tau provinces. These gems include sap- 
phire, zircon, garnet, augite, brown peridot, feldspar, and 
hyalite opal. They are found predominantly in basalt 
bedrock and its regolith as xenocrysts or xenoliths de- 
posited on hillslopes or in placer formations along 
streambeds. Seven gemstone species from southeast Viet- 
nam were collected and documented (figure 21). 

The sapphires usually appeared as hexagonal crystals 
or fragments, exhibiting mainly blue, deep to dark greenish 
blue, and greenish yellow colors. Most were transparent to 
semitranslucent and some opaque, and the luster was 
greasy to vitreous. The typical rough sizes ranged from 5 
to 20 mm, weighing 2-10 ct. 

Euhedral tetragonal crystals of zircon were very com- 
mon, while the rest of them were fragmented. Colors in- 
cluded orange, brown-red, gray, and colorless. These zircon 
samples showed high luster ranging from adamantine to 
vitreous, with a transparent to semitransparent appear- 
ance. Zircons from southeast Vietnam were not found in 
fresh basalt; they were found mostly in placer and in 
weathered basalt instead (figure 22.A). 

“Red stone” is a local name for gem-quality garnet from 
Dong Nai. The garnets occurred in two forms of anhedral 
fragments: xenocrystic fragments (also called “orphan 
stone”) weighing 1-50 ct, with a corroded surface, and xeno- 
lith-hosted garnet containing small corroded fragments that 
produce 1-5 ct fashioned gems. Both xenocryst (figure 22B) 


Gems & GEMOLOGY FALL 2023 399 


Figure 21. Gem materials from southeast Vietnam. The three largest yellow and white samples on the far left are 
feldspar, while the brown, orange, and near-colorless samples in the center are zircon and the two greenish white 
samples near the top right are hyalite opal. The rest of the dark stones are sapphires, garnets, augites, and brown 


peridot. Photo by Le Ngoc Nang; courtesy of Tran Ngoc Vien. 


and xenolith-hosted garnet were found mainly in the re- 
golith on the hillslopes. The color ranged from deep to dark 
red and occasionally deep orangy yellow, with a transparent 
to semitransparent quality and a vitreous luster. 

Euhedral crystals of Dong Nai feldspar were character- 
ized by two directions of perfect cleavage. These feldspars 


were colorless, gray, and rarely light yellow, with a vitre- 
ous luster and a transparent to translucent appearance. 
This mineral was the most common gem material in the 
region and could be found in both bedrock and its regolith. 

As reported recently, the augite samples appeared 
black under daylight-equivalent illumination but dis- 


Figure 22. Basalt-hosted gem materials from southeast Vietnam: A subhedral zircon crystal in laterite (A), a garnet 
xenocryst in basalt (B), and a brown peridot nodule in basalt (C). Photos by Le Ngoc Nang. 
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played green and brown colors under transmitted light. 
Most samples were transparent to translucent and had vit- 
reous luster. The brown gems tended to be more transpar- 
ent than the green ones (L.N. Nang et al., “Gem-quality 
augite from Dong Nai, Vietnam,” Summer 2023 GwG, pp. 
182-194). 

Brown peridot was found as slightly corroded xenocrys- 
tic fragments measuring 0.5-5 cm. The samples were black 
under reflected light but greenish yellow-brown with trans- 
mitted light. Most samples were transparent to translu- 
cent, with a vitreous luster. The brown peridot was quite 
rare and frequently confused with augite due to their sim- 
ilar morphology and occurrence in the vesicular basalt (fig- 
ure 22C). 

The hyalite opal was found in Ba Ria—Vung Tau, and 
each sample consisted of two parts: the inner body and the 
outer layer. The contact between the two parts was dis- 
tinct. The outer layer was opaque white, 2-5 mm thick, 
and porous. The inner body was usually colorless and 
rarely green, brown, or light pink, transparent to opaque, 
with a vitreous appearance. The hyalite opals with good 
transparency were suitable for jewelry due to their glowing 
green fluorescence under long-wave ultraviolet light (weak 
fluorescence under short-wave UV). 

Several of these gem deposits in southeast Vietnam are 
unlicensed. Most materials were collected by locals using 
artisanal methods, without any commercial mining. The 
gem materials found along hillslopes or stream channels 
were extracted at shallow depths ranging from 0.3 to 0.5 
m. The gems appeared more frequently after rain and were 
distributed by their specific gravity. For instance, light ma- 
terial such as hyalite opal was concentrated on the hilltop, 
stored in slightly weathered and broken-up rock, while 
heavier minerals, namely sapphire, garnet, feldspar, and 
peridot, usually accumulated along the hillslopes. Zircon, 
on the other hand, was often deposited in streambeds. 
Some gems stored in basalt were extracted easily by home- 
made tools. 

Most of the rough materials are sold to gem dealers in 
Ho Chi Minh City, who sell fashioned products to local 
markets in southeast Vietnam. Gemstones in the area have 
long been gathered by locals during farming and well 
drilling, but the old-fashioned mining methods led to a sig- 
nificant waste of gem resources. Preliminary evaluations 
of gem quality have shown that gemstones from southeast 
Vietnam are of economic potential. The thick basaltic host 
rock covering a large area is a foundation for prospecting 
numerous gem materials and requires further research to 
comprehensively assess available reserves. 


Le Ngoc Nang 

University of Science, Vietnam National University 
Ho Chi Minh City 

Liu Gemological Research and Application Center 
Pham Minh Tien and Ho Nguyen Tri Man 

Liu Gemological Research and Application Center 
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Figure 23. Survey participants identified their top con- 
sideration when purchasing colored stones or colored 
stone jewelry. 


Survey of colored stone preferences among younger genet- 
ations. The global colored stone market is dynamic and 
constantly evolving. To understand general perceptions 
and preferences regarding colored stones among designers 
and potential end consumers from the younger genera- 
tions, the author conducted a survey in April 2023. The 
survey targeted 300 respondents under the age of 35, all fol- 
lowers of Donna Jewel (@donna.jewel), an Instagram com- 
munity designed to champion jewelry from artisans and 
emerging talents worldwide. Although not scientific, the 
results of the survey are nonetheless revealing. 


Demographics and background: The survey participants 
consisted of 50% Millennials (born between 1981 and 
1996) and 50% from Generation Z (born from 1997 on- 
ward). All respondents were over the age of 18. Forty per- 
cent were from the United States and another 40% from 
Europe (specifically Italy, France, the United Kingdom, and 
Germany), with the remainder split between Latin Amer- 
ica (mainly Brazil) and Asia (mainly India and Iran). Re- 
spondents identified themselves as gem and jewelry lovers 
(50%), designers (33%), or gem and jewelry experts (17%). 


Colored stone preferences: Participants were asked to 
choose their single most important consideration when 
buying colored stones or colored stone jewelry: aesthetics, 
preciousness, naturalness, sustainability and ethics, sym- 
bolism, or economic value. As shown in figure 23, the top 
two responses were aesthetics (35%) and preciousness 
(30%). Naturalness was also an important consideration (re- 


Gems & GEMOLOGY FaLL 2023 401 


lB Prefer natural stones 
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Figure 24. The preferences of survey respondents regarding natural vs. synthetic (lab-grown) gemstones and un- 


treated vs. treated gemstones. 


ceiving 20%), while sustainability and ethics was chosen 
by 10% of the interviewees, symbolism by 4%, and eco- 
nomic value by only 1%. 

Given the choice between natural or synthetic gem- 
stones (figure 24, left), 70% chose natural. Only 10% se- 
lected synthetic, while an additional 15% expressed no 
preference. When asked to explain their preferences, the 
participants who chose natural stones perceived them as 
unique, rare, and authentic products of nature, capable of 
evoking emotion, unlike their synthetic counterparts. 
Those who chose synthetic gemstones viewed them as 
more sustainable, ethical, and affordable. The topic of nat- 
ural and synthetic gemstones remains extremely relevant. 

Regarding treated vs. untreated natural gemstones (figure 
24, right), 75% preferred untreated, which they perceive as 
more beautiful for their uniqueness and originality. They 
viewed natural imperfections as an added value lost during 
treatment. Only 15% preferred treated stones, while 10% 
acknowledged that they were not informed on the topic. 

When asked whether they preferred “precious” or 
“semi-precious” stones, the participants proved generally 
indifferent (designers and potential end consumers alike). 
They associate preciousness with a broader definition more 
related to uniqueness, emotion, and originality. 


Designer perspectives: Designers participating in this sur- 
vey revealed that they follow both trends and personal in- 
spiration. They noted several uncommon gemstones of 
particular interest: rainbow obsidian, red beryl, sphene, 
pargasite, chrysoberyl, scapolite, axinite, enstatite, and 
benitoite. Fifty percent indicated that they had purchased 
or used for their jewelry artificially manufactured materials 
such as glass or cubic zirconia. 

At the end of the survey, participants were asked what 
topics they would be most interested in learning more 
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about. They expressed a strong desire for more knowledge 
on uncommon and unique gemstones, original colors, 
treatments, history, lore, origin, and sustainability. 

The survey highlighted the younger generations’ strong 
interest in what is unique, original, authentic, and emo- 
tional rather than alignment with traditional notions of 
beauty and preciousness. Naturalness emerged as an im- 
portant element for the interviewees, who appreciated im- 
perfection as a mark of authenticity and originality. Young 
designers favored uncommon and original gemstones with 
distinct and extravagant colors (especially yellows, blues, 
greens, and reds). While designers sought uniqueness, rar- 
ity, and extravagance, potential end customers were also 
looking for a gemstone with a story to tell. 


Laura Inghirami 
Donna Jewel, Milan 


DIAMOND 


Diamondiferous mantle eclogite: Diamond surface features 
reveal a multistage geologic history. More than 99% of dia- 
monds originally formed in the lithospheric mantle, the 
cold, rigid mantle that underlies continents, generally <300 
km deep (T. Stachel and J.W. Harris, “The origin of cratonic 
diamonds — Constraints from mineral inclusions,” Ore Geo- 
logy Reviews, Vol. 34, No. 1-2, 2008, pp. 5-32). In the lithos- 
pheric mantle, the two major rock types—and host rocks for 
diamond—are peridotite (>95 vol.%), composed predomi- 
nantly of olivine, and eclogite (<5 vol.%}, composed of iron- 
magnesium-calcium garnet and sodium-rich clinopyroxene. 
Eclogite is a high-pressure and high-temperature metamor- 
phic rock that can form when dense oceanic crust subducts 
into the mantle beneath continents at convergent margins. 

We cannot directly study the deep portion of the earth 
where diamonds form. Instead, geologists study diamonds 
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themselves, as well as pieces of mantle rock that are trans- 
ported to the surface as xenoliths by volcanic magmas such 
as kimberlite or lamproite. The authors have studied one 
such mantle eclogite xenolith, part of the GIA Museum 
collection (figure 25). This sample was recovered from a 
kimberlite in Russia and contained a partially exposed oc- 
tahedral diamond. The exposed portions of the diamond 
had visible surface features, including trigons (figure 26). 
Trigons are inferred to be etch features that form after 
diamond crystallization, through interaction with fluids or 
melts either in the mantle source region or during transport 
to the surface (J.W. Harris et al., “Morphology of monocrys- 
talline diamond and its inclusions,” Reviews in Mineralogy 
and Geochemistry, Vol. 88, No. 1, 2022, pp. 119-166). 


Figure 26. Partially exposed diamond embedded in an 
eclogite xenolith, with positive and negative trigons 
on the octahedral face. A mineral is included within 
the diamond, visible through the octahedral face. 
Photomicrograph by Matthew Hardman; field of view 
5.74 mm. 


Positive 


trigons 


Gem News INTERNATIONAL 


Figure 25. Mantle eclo- 
gite xenolith (2.8 cm in 
longest dimension) con- 
sisting of clinopyroxene 
(green) and garnet (red- 
orange), with a partially 
exposed octahedral dia- 
mond. Photo by Annie 
Haynes. Gift of Mark 
Mauthner, GIA Museum 
no. 37511. 


Trigons form exclusively on the octahedral faces of dia- 
mond and can have several different orientations. Positive 
trigons are oriented in the same direction as the octahedral 
face, and negative trigons have opposing orientation (figure 
26). Positive trigons are very rare and may relate to interac- 
tion with carbon-oxygen-hydrogen-rich fluids at tempera- 
tures between ~800° and 1000°C at near-surface pressures 
(Z. Li et al., “Positively oriented trigons on diamonds from 
the Snap Lake kimberlite dike, Canada: Implications for flu- 
ids and kimberlite cooling rates,” American Mineralogist, 
Vol. 103, No. 10, 2018, pp. 1634-1648). Trigons with nega- 
tive orientation are much more common. It has been 
shown experimentally that increasing water content in 
melts could be one cause for the change of a trigon from 
positive to negative (e.g., A.F. Khokhryakov and Y.N. 
Pal’yanov, “The dissolution forms of diamond crystals in 
CaCO, melt at 7 GPa,” Russian Geology and Geophysics, 
Vol. 41, No. 5, 2000, pp. 682-687). Diamonds with coexist- 
ing positive and negative trigons are extremely rare (e.g., 
Harris et al., 2022) and may indicate that the diamond ex- 
perienced a complex multistage history related to thermal 
or fluid changes after its formation. 

Using the acquired infrared absorption spectrum, the 
authors identified the diamond as type IaAB, containing 
nitrogen in the A- and B-aggregated forms. When the entire 
xenolith was exposed to ultraviolet light, the diamond flu- 
oresced blue due to N3 defects (three nitrogen atoms sur- 
rounding a lattice vacancy), consistent with the presence 
of nitrogen impurities. 

The diamond also contained an unidentified mineral 
inclusion with visible iridescence (figure 26). Minerals in- 
cluded fully within diamond (which itself is an imperme- 
able time capsule) represent pieces of the mantle source 
region present at the time of diamond formation. For this 
sample, the mineral was too deep within the diamond to 
conclusively identify it nondestructively. However, if the 
mineral inclusion could be extracted, its chemical compo- 
sition might be very useful in reconstructing the geologic 
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Figure 27. Pearl diver collecting shells from the wild. 
Photo courtesy of Pearls of Australia: Cygnet Bay 
Pearl Farm, Western Australia. 


history of the host diamond, as well as that of the mantle 
rocks in which the diamond formed. 


Matthew F. Hardman and Mei Yan Lai 
GIA, Carlsbad 


RESPONSIBLE PRACTICES 


An environmental, social, and governance assessment of 
marine pearl farming. Farming pearl oysters is an impor- 
tant economic activity that, when done sustainably, can 
also provide valuable environmental and social benefits. 
To gain an evidence-based understanding of the sustain- 
ability challenges and opportunities facing marine pearl 
farming and their intersection with environmental, social, 
and corporate governance (ESG), The Nature Conservancy 
(TNC), a U.S.-based nonprofit, conducted an ESG assess- 
ment of an Australian pearl farm. This pilot project was in- 
tended to guide the development of a sector-wide ESG and 
sustainability assessment framework. The project was sup- 


404 = Gem NEws INTERNATIONAL 


ported and funded by GIA as part of its global effort focused 
on education and the promotion of responsible practices. 

Pearl oysters filter water at rates that are often higher 
than those reported for other oyster species. This filtration 
process contributes to waste treatment through the uptake 
of not only nutrients (nitrogen and phosphorus) but also 
heavy metals (S. Gifford et al., “Quantification of in situ 
nutrient and heavy metal remediation by a small pearl oys- 
ter (Pinctada imbricata) farm at Port Stephens, Australia,” 
Marine Pollution Bulletin, Vol. 50, No. 4, pp. 417-422, L.T. 
Barrett et al., “Sustainable growth of non-fed aquaculture 
can generate valuable ecosystem benefits,” Ecosystem Serv- 
ices, Vol. 53, 2022, article no. 101396). Pearl oysters are 
hung in baskets suspended from long lines, and these struc- 
tures in which they are farmed provide habitat for a variety 
of fish and invertebrates (S.J. Theuerkauf et al., “Habitat 
value of bivalve shellfish and seaweed aquaculture for fish 
and invertebrates: Pathways, synthesis and next steps,” Re- 
views in Aquaculture, Vol. 14, No. 1, 2022, pp. 54-72). If 
the negative impacts of pearl farming can be mitigated and 
effective sustainability strategies implemented through 
waste reduction, recovery and reuse, disease mitigation, and 
avoidance of overstocking, pearl farming could significantly 
benefit regional economies and local marine environments. 

TNC’s 2019 report titled Towards a Blue Revolution 
provided comprehensive guidance for evaluating critical 
aquaculture systems. Since the report’s publication, TNC 
has built a science-based tool to assess industry and com- 
pany operations. This tool takes into account factors re- 
lated to the natural environment as well as the inherent 
and unique characteristics of a sector or company’s opera- 
tions. The tool has been designed to consider environmen- 
tal data and the health of local ecosystems, enabling the 
identification of potential environmental benefits via 
restorative aquaculture, which has the potential to gener- 
ate a net positive ecosystem outcome. This approach sets 
it apart from other sustainability assessment frameworks, 
risk assessments, and life cycle assessment methodologies. 

Between February and May 2023, the assessment was 
conducted on Cygnet Bay Pearl Farm (CBPF, see figures 2.7— 
29), a company that produces pearls from Pinctada maxima 
north of Broome, Western Australia, using both wild cap- 
ture and hatchery operations. CBPF is an operation of Pearls 
of Australia (PoA). Using the TNC framework, a number of 
overarching factors were assessed: 


¢ Company capacity, ethics, and management measures 


e Impacts on wild stocks from source of stock, hatchery 
escapes/interbreeding, and macrofauna interactions 


e Reliance on added feed and chemicals 
e Habitat impacts 


e Water column effects (e.g., temperature, salinity, 
light penetration, and chemical characteristics of 
seawater at different depths) 


e Disease 
e Use of resources: fresh water, land, and energy 
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Figure 28. The pearl oysters are partially opened to 
allow seeding. Photo courtesy of Pearls of Australia: 
Cygnet Bay Pearl Farm, Western Australia. 


The assessment showed that CBPF meets or exceeds all 
essential requirements within the ESG framework, includ- 
ing the company capacity, ethics, and management metrics. 
The company has no compliance issues associated with sus- 
tainability metrics, and an internal management team over- 
sees sustainability topics and implementation. CBPF 
adheres to the Pearling Environmental Code of Conduct, de- 
veloped by Australia’s Pearl Producers Association in 2002 
and updated in 2007. The farm has Marine Stewardship 
Council certification, meeting independent, third-party eco- 
logical sustainability standards. It operates within a country 
that has an effective governance, legal, and enforcement sys- 
tem in place to manage the industry into the future. 

Regarding the social component of ESG, CBPF forms 
part of the Banararr Steering Committee (BSC) of the Bardi 
people, the traditional owners of the area. The BSC’s role 
is to establish a positive relationship between CBPF and 
the Bardi traditional owners. Any amendment, use, or de- 
velopment of the area is discussed by the BSC together 
with relevant topics affecting the community at large, in- 
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cluding school, transport, and fishing. Dedicated cultural 
heritage tours managed by Bardi people form part of the 
ecotourism offered at Cygnet Bay Pearl Farm. CBPF is ac- 
tive in research, housing the Kimberley Marine Research 
Station, and parent company PoA currently partners with 
the Marine Bioproducts Cooperative Research Centre. This 
research focuses on better understanding the implications 
and potential positive effects on fish and invertebrates that 
grow naturally on PoA farms. 

CBPF could already be providing environmental bene- 
fits to the surrounding area through restorative aquaculture 
practices. Based on a general understanding of ecosystem 
services associated with oyster aquaculture, CBPF does 
meet the criteria for restorative outcomes, such as increased 
cycling of water and nutrients and providing habitat to 
other species. However, the extent to which these ecosys- 
tem services positively impact broader environmental out- 
comes remains unknown, in part because of the limited 
understanding of anthropogenic effects on water quality and 
habitat loss in the area. 

Overall, the assessment provided an effective means to 
evaluate CBPF for its management and approach to ESG, the 
extent to which cultural communities are considered, the 
company’s engagement with voluntary certification and 
codes of practices, and its awareness of key environmental 
risks and negative impacts as well as positive impacts. 


Figure 29. Seeding Pinctada maxima pearl shell. Photo 
courtesy of Pearls of Australia: Cygnet Bay Pearl 
Farm, Western Australia. 
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graduates on the Alumni Collective website. 


At the same time, additional needs for TNC’s ESG As- 
sessment Framework have been identified. Brood stock 
sourcing and handling, biosecurity, and genetic risks are all 
areas that require additional research. One hundred percent 
utilization of the oysters farmed should be an explicit goal 
and assessment factor. The assessment should also con- 
sider the legacy effects of aquaculture equipment (e.g., re- 
covery, reuse, and recycling), as well as the origin and 
species status of shells utilized to manufacture nuclei. 
Once these considerations are addressed, the TNC’s ESG 
Assessment Framework should provide an effective sector- 
wide approach. 


Heidi Alleway 
The Nature Conservancy 
Adelaide, Australia 


ANNOUNCEMENTS 


GIA Alumni Collective. Discover the GIA Alumni Collec- 
tive, a networking and knowledge hub for GIA graduates. 
The online community at collective.gia.edu is a diverse 
group who all share a passion for the gem and jewelry indus- 
try. Users can access both live and self-paced Continuing Ed- 
ucation seminars, join virtual chapters, connect with global 
alumni, and more. The site also highlights some of the GIA 
alums who uphold GIA’s highest standards (figure 30). 
Akshay Poddar earned his Graduate Gemologist 
diploma at GIA’s Mumbai campus. A third-generation dia- 
mantaire, Poddar was driven to start his own business, deal- 
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Figure 30. Akshay Poddar, Melizza and Jennifer Tanpoco, and Julia Hackman Chafé are some of GIA’s featured 


ing in both wholesale trade and retail. The diamond jewelry 
designer believes that while nature creates the diamond, his 
job is to add beauty to it. 

Jennifer Tanpoco launched Jaune Pearls in 2002, later 
enlisting her daughter Melizza as CEO. The Tanpocos, 
both GIA Pearls Graduates, focus on sustainability and 
long-term environmental impact in their business, educat- 
ing clients on how the pearls are sourced. 

Julia Hackman Chafé used her marketing background 
and her Colored Stone Essentials Certificate from GIA to 
create a strong digital presence after taking over social 
media for her family’s wholesale colored stone business. 
Now a successful influencer under the name JewelsWith- 
Jules, Chafé shares photos and videos of gems, jewelry, and 
international travel, providing her followers with a unique 
look at the colored stone trade. 

Visit https://collective.gia.edu/meet-the-collective.html 
to read stories from these alumni and more. 


Giibelin Gem Museum opens in Switzerland. In July 2023, 
the Swiss firm Giibelin, known for its luxury timepieces 
and jewelry and its gemological laboratory, opened the Gii- 
belin Gem Museum in Lucerne, Switzerland (figure 31). 
The collection allows visitors to explore the formation, ori- 
gin, and diverse colors of fascinating gemstones (figure 32), 
as well as the history of the family-owned business, 
founded in 1854. 

The opening of the museum commemorates the 100th 
anniversary of the Gtibelin Gem Lab, which became a 
world-renowned institution in the field under the leader- 
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ship of Dr. Edward J. Gitbelin. Recognized for his gemstone 
inclusion research, Dr. Gtibelin’s groundbreaking work is 
a focal point of the museum, including many of his instru- 
ments and gemstones he collected during his travels world- 
wide. Visitors will discover 174 gemstones selected from 
the company’s reference collection in addition to selected 
Gtibelin watches and jewelry pieces from various eras. 
The compact space not only houses historical exhibits 
but also provides a window to the future. Visitors will learn 
about Provenance Proof, the company’s blockchain tech- 
nology for colored gemstones, and Gemtelligence, a col- 


Gem News INTERNATIONAL 


Figure 31. A look inside 
the new Gubelin Gem 
Museum in Lucerne, 
Switzerland. Photo cour- 
tesy of Gtibelin. 


ored gemstone analytical tool that uses artificial intelli- 
gence to increase consistency in data interpretation, origin 
determination, and identification of heat treatment. It is 
also the new home of the Giibelin Academy, offering 
courses to inspire students in the museum setting. 
Through digital and interactive elements, the exhibits will 
be continuously updated and expanded, ensuring new ex- 
periences for years to come. For more information, visit 
www.gubelin-gemmology.com. 

Erica Zaidman 

GIA, Carlsbad 


Figure 32. A display 
case featuring emerald 
at the Gtibelin Gem 
Museum. Photo cour- 
tesy of Gtibelin. 
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Book Reviews 


EDELSTEINE UND PERLEN by K. 
Schlossmacher. VUE 4 280 pp., 103 illus- 
trations in the text, 3 tihler, and 3 plues 
(2 colored), 16 x% 24.5 em. E. Schwetzer- 
bartsche Verlassbuchhandlung (Erwin Na- 
eelo) Stuttgart, Germany, 199-4. Price, 
bonnd, 2S DM. Reviewed by Dr. Edward H. 
Antu, 

This text is designed for lovers of gem- 
stones and pearls, and also for jewelers, 
goldsauths, diamond cutters, laptdaries and 
dealers. The book is considered an abridged 
rephicement of Dr. Schlossmacher’s revision 
of Max Bauer's classical EDELSTEIN- 
KUNDE, which was published in 1928-32 
and is now out of print, and because of 
its size and the present unfavorable econom- 
ic conditions cannot be revised. 


The book ts divided into three parts, 
designated as general, tpectal, and practical. 
In the gevend part, which includes the 
foreword and introduction, the author gives 
rather comprehensive descriptions of the im- 
portant properties of gemstones and of the 
methods and instruments which are used 
in determining them. 

The pees section makes up the bulk 
of the book and contains detailed discus- 
sions of the properties, occurrences, produc- 
tion, and limitations of the important in- 
organic gemstones. In addition, fourteen 
stones infrequently cacountered in the trade, 
such as fluorite, obsidian, euclase, ete., are 
described briefly. The organic gems—pearl, 
amber, coral, and jet are adequately treated, 
as are cultured pearls. The syntheses of the 
diamond, corundum, spinel, emerald, rutile, 
and quartz, and reconstructed stones are 
amply desertbed. It should be emphasized 
that Dr. Schlossmacher states definitely that 
the diamond has not yet been produced in 
the laboratory. 
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The cutting, engraving, and the methods 
uscd in obtaining uncut material and in the 
sale of cut gems are described at considera- 
ble length. There are three tables, listing 
indices of refraction, specific gravity, and 
hardness. These tables are adapted from 
R. T. Liddicoat’s Handbook of Gem Identi- 
fication. Two colored plates add considera- 
ble interest to the text. There, is a good 
index. The book will undoubtedly appeal 
strongly to the German public and gem 
trade. It should also serve as a very helpful 
reference work to all interested in gemology. 


An Interesting Liscussion 
of An Ancient Art 


by FRED. O. COPELAND 

I went up four flights in an elderly Mon- 
treal elevator to see a thing that has not 
doubled in price in thirty years. It is an ob- 
ject so steady in its continued popularity 
that you'd think it the first object to have 
risen in price; and risen to dizzy heights 
since the art of its making now threatens 
to vanish from the world. It is a coat-of- 
arms cut deep in the black onyx of a signet 
ring. 

Unique in North America, it is reported 
that only one man in Canada can do this, 
and his peculiar mingling of artist and arti- 
san is almost wiped out in the rest of the 
world. But here in its last stand this ancient 
art exists; appropriately across the street 
from the last fragment of Montreal's first 
fortification wall of the French regime inter- 
woven in the foundation of the Bank of 
Montreal. You can hear the phantom drum 
of the heraldry of Old France keeping time 
to your steps as you enter a narrow door- 
way marked, “Gemologist.” Suddenly you 
stand in an Aladdin's Cave. 
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Chicago Responsible Jewelry Conference. The seventh an- 
nual Chicago Responsible Jewelry Conference (CRJC) was 
held August 11-13, 2023, in Rosemont, Illinois. Susan 
Wheeler, Responsible Jewelry Transformative (RJT) founder 
and Virtu Gem cofounder, opened by highlighting efforts to 
further the United Nations Sustainable Development Goals 
(SDGs) and the UN Women’s Generation Equality cam- 
paign. The first of the 17 SDGs is to end poverty, which dis- 
proportionately affects the roughly 40 million artisanal and 
small-scale miners worldwide. Wheeler said poverty poses 
a risk to the jewelry industry because consumers do not 
want to perpetuate it. Responsible supply chains can help 
lift miners from poverty, she noted, and the industry can 
make great strides toward the UN’s goals. 

Anna Samsonova (Samsonova Consulting) moderated 
a panel on opening markets for artisanal gemstone miners 
in East Africa. Pauline Mundia (Virtu Gem Zambia), Jessica 
Hudson (Virtu Gem), Sejal Karavadia (Brilliant Earth), and 
Cristina Villegas (PACT and Moyo Gems) discussed the 
importance of information exchange with miners and cut- 
ters, developing trust with the help of local associations, 
creating sourcing standards, and training and education. 
Karavadia said customers are very receptive to a gem’s 
mine-to-market story. Sixty percent of the miners in 
Moyo’s supply chain are women, Villegas said, and they 
have begun incorporating young woman cutters. “For 
many years, Africa was exporting raw unprocessed mate- 
rials,” she said. “Now it’s high-end beautiful faceted gem- 
stones, and we should celebrate that.” 

Deep-sea biologist Lisa Levin (Scripps Institution of 
Oceanography, University of California, San Diego) ex- 
plained how deep-sea mining of minerals, including gold 
and silver, would disrupt ecosystems. The International 
Seabed Authority (ISA) has approved 31 mining exploration 
contracts in international waters as of January 2023 and is 
developing regulations. Deep-sea ecosystems host abun- 
dant life, with interdependent species that depend on spe- 
cific hydrologic and geochemical properties, she said, and 
provide many benefits to the broader ocean. The deep sea 
is also home to bacteria that consume methane, a driver of 
global warming. Levin said mining could cause extinctions 
and risks destruction of deep-sea biodiversity. Additionally, 
scientists believe that post-mining restoration is not pos- 
sible on the seafloor. Since the definition of serious harm 
remains unclear and much about these ecosystems is still 
unknown, she said, there is insufficient knowledge for ev- 
idence-based decision making by the ISA. 

Holly McHugh (Mejuri, Inc.) moderated a panel on re- 
sponsible silver sourcing. Panelists noted an increase in 
high-level guidance for responsible sourcing. Examining 
this market is complex because more than 70% of silver 
production is a byproduct of other mining, panelists said, 
while artisanal and small-scale mining is challenging be- 
cause silver requires so much mining effort. Torry Hoover 
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said Hoover & Strong’s refined metals are now 100% recy- 
cled, and Will Nevins-Alderfer’s W.R. Metalarts uses 
Fairmined silver for its alloys. Many of the Richline Group’s 
larger customers now ask about sourcing, said Mark Hanna, 
and the company has begun tracking silver with 
blockchain. He emphasized knowing your supplier and cus- 
tomer to ensure ethical products. 

Susan Wheeler and Virtu Gem’s Chiko Manda (via 
video message) discussed Malawi's gem trade. The country 
exports hundreds of kilograms of high-quality aquamarine 
annually but is one of the poorest in the world. Manda said 
very few gems mined in Malawi are processed there due to 
lack of expertise and equipment, compounded by smug- 
gling problems, and data indicate that less than 1% of its 
aquamarine is legally exported. He asked jewelry compa- 
nies to allocate a small percentage of their budgets to buy 
cut stones from source countries to motivate cutters to im- 
prove their skills. Wheeler added that this would improve 
traceability. “If you support the gem processing industry 
in Africa, you empower a lot of people,” Manda said. 

In a virtual presentation, Mkhululi Nkosilamandla 
Neube (African Minerals Development Center, AMDC) in- 
troduced the African Mining Vision (AMV), a project of the 
UN. The AMV aims to transform the paradox of mineral 
wealth and dire poverty through equitable mineral exploita- 
tion. The AMDC’s methods to implement the AMV include 
community engagement, training, technology, and financial 
support. As part of the approach, the Africa Gemstones and 
Jewellery Exhibition and Conference (AGJEC) series pro- 
motes the trade of African gemstones within the continent. 
The first event was held in Zambia in July; upcoming events 
will take place in Nigeria and Ghana this fall. 

Brecken Branstrator (GemGuide) moderated a panel on 
working with source country gem traders (figure 33). Eric 
Braunwart (Columbia Gem House}, Ola Erogbogbo- 
Oyeniyi (Deinte Designs Limited), Pauline Mundia, Stuart 
Pool (Nineteen48), and Susan Wheeler shared key take- 
aways, including the importance of understanding the local 
market and legal system, supply chain analysis, and work- 
ing with local partners. Erogbogbo-Oyeniyi said that help- 
ing a community and weaving that into a gem’s story is a 
great benefit. 

Anna Bario described founding jewelry company Bario 
Neal with fellow designer Page Neal in 2008 and developing 
a responsible supply chain. Early on, they connected with 
Ethical Metalsmiths, the Alliance for Responsible Mining 
(ARM), and artisanal miners in Tanzania and Peru. They 
built relationships with ethical suppliers over the next 
decade and in 2019 hired a consultant to help establish a 
process based on the UN SDGs and OECD Due Diligence 
Guidance for Responsible Business Conduct. This includes 
a code of conduct they share with suppliers, supplier inter- 
views, and an eight-step partner and material evaluation 
process. In 2020, the company released its first biannual sus- 
tainability report, possibly the first by a small independent 
jeweler. Their next goal is Climate Neutral certification. 
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A panel on sex trafficking in Marange, Zimbabwe, 
moderated by Brandee Dallow (Grandview Klein Diamond 
Group), began with a documentary clip of survivors’ sto- 
ries. The area has been fraught with conflict and violence 
since the discovery of diamonds there in 2006. The U.S. 
has banned imports of Marange diamonds due to reports 
of forced labor. According to Abigail Sibanda (Marange 
Women’s Alliance, MWA) (figure 34, left), the military, po- 
lice, mine guards, and informal miners collaborate to 
smuggle diamonds out and exploit women and girls. Vul- 
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Figure 33. Pauline 
Mundia, Susan Wheeler, 
Eric Braunwart, and 
Ola Erogbogbo-Oyeniyi 
discuss working with 
gem traders in source 
countries. Photo cour- 
tesy of RJT. 


nerability to trafficking stems from Zimbabwe’s high 
poverty, and many victims are lured by the promise of 
mining work. The community questions where the dia- 
mond revenue goes because there is no development, 
Sibanda said. Susan Wheeler noted that RJT and MWA 
have facilitated support for survivors through court advo- 
cacy, but prosecution is still very limited. MWA helps sur- 
vivors with peer-to-peer counseling and other support and 
empowers all women to speak out, holding weekly meet- 
ings on WhatsApp. The group has been planning to pur- 


Figure 34. Left: Abigail 
Sibanda describes ef- 
forts by the Marange 
Women’s Alliance to 
help women and girls in 
Zimbabwe. Right: Laura 
Galvis (ARM) speaks 
about Fairmined- 
certified projects com- 
bining gold mining and 
agriculture in Colombia. 
Photos courtesy of RJT. 
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chase a chicken coop to develop consistent income and 
pay for their cellular data, which RJT currently covers. 
MWA is also creating a billboard campaign for Marange to 
highlight the issue. “We protect the diamonds. Why don’t 
we protect the women?” remarked Sibanda, who has re- 
located outside of Zimbabwe because her activism has put 
her at risk. 

Roy Maconachie (University of Bath, England) de- 
scribed the relationship between mining and agriculture in 
Sierra Leone based on his research there since 2008, after 
the civil war. Most mining occurs in the dry season, with 
income used to farm in the rainy season. Over the last 
decade, artisanal miners have shifted to gold because most 
alluvial diamond deposits are mined out. Artisanal gold 
mining here is dominated by women and provides a reli- 
able income. The interconnected nature of farming and 
mining can help rebuild agricultural institutions destroyed 
during the war, he said, but miners still need basic infra- 
structure, access to markets and credit, and technology. 

Laura Galvis (ARM) (figure 34, right) detailed three 
Fairmined-certified projects—the Iquira cooperative, La 
Gabriela, and the Chede mine—that support almost 200 
workers and show how small-scale gold mining and agri- 
culture coexist in Colombia. The Fairmined label certifies 
gold, silver, and platinum from small-scale mining organ- 
izations using responsible practices, and it comes with the 
Fairmined Premium, an economic incentive. The Chede 
mine committee will use this year’s premium to sponsor a 
coffee brand sourced by miners farming coffee; they have 
5,600 Fairmined credits and need 20,000 for this project. 
Businesses can buy Fairmined credits to support the project 
of their choice. 

Sarah Yood (Jewelers Vigilance Committee) and Andrea 
Hill (Hill Management Group) discussed U.S. sanctions 
against Russian diamonds due to the war in Ukraine. Yood 
explained that because diamonds are considered a product 
of the country in which they are cut—with 90% cut in 
India—Russian diamonds can still reach the U.S. She ac- 
knowledged India’s difficult position and the issue of pro- 
tecting jobs there. The EU and the G7 countries are 
working to stop the flow of Russian diamonds. (At press 
time, an announcement was expected shortly.) Yood said 
that starting in 2024, G7 countries will likely require dia- 
monds of one carat or larger to carry proof they were not 
mined in Russia (the size threshold will be progressively 
lowered). Hill said that in theory, it will eventually be clear 
if a diamond originated in Russia or Zimbabwe. 

Saleem Ali (University of Delaware and UN Interna- 
tional Resource Panel, IPA) presented an IPA report ana- 
lyzing resource rushes in Africa, which found that mineral 
resources can lead to migration within Africa and prevent 
migration to Europe. A key message of the report was that 
property rights to resources can reduce forced migration. 
Ali suggested jewelry companies partner with the UN 
High Commission on Refugees to train refugees in jewelry 
making. 
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Natasha and Eric Braunwart (Columbia Gem House], 
Megan Cochran (Megan Cochran Jewelry Design), and Han- 
nah Smythe (Toast Fine Jewelry) discussed how responsibly 
sourced designs can engage consumers. The MJSA 2023 De- 
sign Challenge, sponsored by Columbia Gem House, asks 
for designs based on a set of gemstones and a fictional client 
story. The Jewelry for Wildlife raffle of selected pieces ben- 
efits CRRIFS, a wildlife rescue, rehabilitation, and research 
center in Guaymas, Mexico. 

Shannon Kurzyniec and Chelsea Rowe of the Ethical 
Metalsmiths Student Committee introduced 2023’s So 
Fresh + So Clean online responsible jewelry exhibition, 
which asked artists to consider the life cycle of their cre- 
ations. This year’s awards went to Rashele Alradaideh (Vir- 
ginia Commonwealth University), Amy Beeler (Bowling 
Green State University), and Maria Hammond (Manchester 
Metropolitan University, England), with cash prizes spon- 
sored by Hoover & Strong, Rio Grande, and Earthworks. 

The conference also included a collaborative session on 
advancing the UN SDGs through jewelry supply chains. 
Sunday offered a Responsible Gem Boutique with eight 
suppliers, co-located with the InStore Show. After Satur- 
day’s sessions, Anna Samsonova announced that attendee 
donations had fully funded the Marange Women’s Al- 
liance’s chicken coop project. 


Erin Hogarth 
GIA, Carlsbad 


Turquoise United Conference 2023. The second annual 
Turquoise United conference was held August 10-12, 2023, 
at the Albuquerque Convention Center in New Mexico. 
The vision of the conference is to bring together members 
of the turquoise industry at a single event for discussion 
and reunion. With this goal in mind, the conference caters 
to every aspect of the turquoise industry, attracting miners, 
lapidaries, collectors, dealers, artists, treatment experts, and 
researchers. A year ago, GIA representatives attended the 
inaugural Turquoise United conference (Fall 2022 GNI, pp. 
390-394), 

This year, there were additional symposium sessions 
across a range of topics and new competitions for registered 
conference participants. The first session was hosted by 
Turquoise Museum executive director Jacob Lowry, with 
a panel consisting of Kenneth Van Wey (Indian Arts and 
Crafts Board), Matthew Wernz (Federal Trade Commis- 
sion), and Sean Hyrons (U.S. Fish and Wildlife Service). The 
panel discussed the laws surrounding the sale and purchase 
of turquoise jewelry and gave examples of situations in 
which their respective agencies may become involved (fig- 
ure 35). The panelists offered advice to consumers purchas- 
ing turquoise jewelry, noting the importance of a written 
receipt stating the authenticity and nature of the product 
in as much detail as possible. 

The turquoise grading system proposed by Joe Dan 
Lowry at last year’s conference has been put into practice. 
Attendees could attempt to grade sample stones or stones 
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of their own using the system based on turquoise master 
stone sets and grades of color, matrix, and “zat” (boldness 
and dynamism). Application of the grading system requires 
detailed knowledge of certain turquoise features present at 
different mines. For example, author AG did not recognize 
“waterweb” matrix as being a valuable pattern, and there- 
fore gave a lower matrix score on a stone with a high value. 
The grading system continues to be developed with feed- 
back from the conference, with a goal of publicly accepted 
use by 2027. 

The conference also offered courses for attendees. A 
“Turquoise Basics” course taught by Jacob Lowry described 
the types of turquoise and turquoise imitations in the mar- 
ket to better inform new buyers of the stone. Joe Dan 
Lowry taught a class called “Collecting 101,” offering guid- 
ance to consumers beginning their own turquoise collec- 
tion. A follow-up course, “Collecting 102,” is planned for 
Turquoise United 2024. 

Some attendees were rewarded for their impressive 
specimens and extensive turquoise knowledge. A highest- 
grade turquoise stone contest received numerous entries 
from multiple mines, ranging from natural cabochons with 
striking color and matrix to hefty rough turquoise nuggets. 
Best in Show winner Mark Baca (American Turquoise On- 
line) received a monetary prize and trophy (figure 36). An 
identification contest over both days of the conference al- 
lowed attendees to test their skills at identifying the nature 
and mine origin of turquoise specimens. Michael Turano 
(Michael Turano Lapidary) won the contest, with Dye 
Masaki (Native Spirit) placing second, and Ty Gibson (Gib- 
son Lapidary, LLC) in third. 

Author AG presented his research on the Mona Lisa 
mine, located in western Arkansas, in a session on August 
11. He provided details about the history, geology, mineral- 
ogy, and current mining operations at the site. Discussion 
about the methods used and Mona Lisa turquoise’s potential 
place in the market followed the presentation. Material from 
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Figure 35. From left: 
Jacob Lowry, Sean Hy- 
rons, Matthew Wernz, 
and Kenneth Van Wey 
engage in a panel dis- 
cussion titled “Laws: 
Liabilities and Protec- 
Wi tions.” Photo courtesy of 
sn the Turquoise Museum. 


the mine was also on display at the Turquoise Museum, 
where the day ended with the Collectors’ Circle Gala. 


Figure 36. Mark Baca (American Turquoise Online) 
holds his winning piece (right) and trophy for Best in 
Show. Photo courtesy of the Turquoise Museum. 
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Figure 37. Left: A conference participant examines turquoise cabochons. Right: Iranian turquoise cabochon with a 
brown “spiderweb” matrix pattern. Photos by Aaron Palke. 


The following morning, author AP presented GIA’s 
methods for identifying turquoise in the gemological lab- 
oratory. Attendees expressed their interest in learning 
more about these techniques and shared their views on ter- 
minology in the turquoise industry. 

Next, Joe Dan Lowry presented a session on the chal- 
lenges of fingerprinting turquoise mine sources, especially 
in archaeological contexts. The heterogeneity of 
turquoise, the multitude of sources, and the stone’s for- 
mation in near-surface, sedimentary environments create 
unique challenges when trying to determine a stone’s 
mine origin. 

Throughout the conference, a gem show focused solely 
on turquoise was open to the public. Roughly a dozen deal- 
ers participated, offering a wide variety of turquoise mate- 
rial (figure 37), including high-end jewelry pieces, natural 
rough material, untreated cabochons, stabilized cabochons, 
and beadwork. Many American turquoise localities were 
represented, while turquoise from Iran, China, Egypt, and 
Mexico was also available. A silent auction allowed con- 
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ference attendees to bid on natural turquoise and turquoise 
jewelry pieces donated by the event sponsors. 

The conference concluded with a banquet honoring the 
first inductees into the Turquoise Hall of Fame: Joseph 
Pogue, Leonard Hardy, Robert Zachary, Philip Chambless, 
and James Elquist. These honorees were nominated for 
their impact on the turquoise industry. The event sponsors 
reiterated their desire to grow Turquoise United, with con- 
firmation that the annual event will be hosted in Albu- 
querque in 2024. 


Alex Goodsuhm and Aaron Palke 
GIA, Carlsbad 


ERRATUM 


In the Summer 2.023 article on augite from Vietnam (pp. 
182-194), the carving sizes in figure 1 were incorrectly pre- 
sented in centimeters. These were the millimeter sizes of 
the two carvings. 


Gems & GEMOLOGY FALL 2023 


An Interesting Uiscussion 


Instantly precious gems in their original, 
out-of-the-earth form nudge your elbow. For 
so tiny is this old shop you are crowded 
against an old-fashioned glazed showcase 
within which the gems glow with a prehis- 
toric glitter. It is one of those rare places 
where the real experts of the world are the 
unassuming little men who have been dealing 
for centuries in one little commodity about 
which they know everything. 

Hanging negligently on the walls were 
large color-painted coats-of-arms 
paper. The northern light from the window 
of an adjoining little workshop fell over 


two on 


an elderly man seated before a dainty, buzz- 
ing lathe. He got up and came forward in 
a white gown banded tight about the neck 
like that of a surgeon’s; one of the few 


men of his skill in North America. 


Quiet of eye, quiet of hand, he told me 
of the romance of his march to success in 
an unique art much of which he had devised 
himself over a span of fifty years. When he 
was fifteen years old he entered a shop of 
his present profession on Brewer street, 
London, He at first swept out and made af- 
ternoon tea for the workers. While learning 
the trade he attended night school in model- 
ing and drawing. Others started learning 
with him. One by one they threw up their 
hands in despair, declaring they never could 
master the exacting work. But he persisted 
till he mastered it. One of Canada’s oldest 
jewelry houses called him to Montreal. Dur- 
ing the few years he worked for the house 
he perfected himself in his work, received 
a certificate of his standing, then opened a 
shop of his own that has lasted these many 
years. 


“T think I am about the last,” he smiled. 
“When I realized the art was dying I tried 
one apprentice after another. They all gave 
up after a year .or so, declating they never 
could master it. So I’ve quit trying to teach 
another apprentice.” 


of An Ancient Art, Cont. 


“But are there none in the old world?” 
I asked in wonder. 


“Seven years ago I went over to look for 
some in London. I found one man left there 
doing this work; he was over 65. At Bir- 
mingham I found three; two were over 65 
and one was over 80. Some of this work 
still comes through from Germany but it is 
inferior to the precision of mine. And you'll 
see coats-of-arms cut on gold, but the 
image wears off. I made one recently for a 
customer who insisted on 22 carat gold; it 
won't last long. When cut on onyx it will 
remain sharp for generations.” 


The supply of onyx comes from South 
America. Formerly it was jet-black, but this 
can no longer be obtained. The jeweler took 
from the showcase a slab of uninteresting 
slate-gray stone. It was present-day onyx. 
However, he dyes it a permanent coal-black 
that can not be detected from the old nat- 
ural jet-black. 


I wish you could see a coat-of-arms being 
cut on onyx. Black onyx permits an image 
more elegant and dignified in appearance 
than it does on its rival bloodstone, since 
the latter is greenish in color with blood- 
red splashes of red jasper which tangle to 
quite a degree with the cut image of the 
coat-of-arms. 


Laying out the tools, we find they are drills 
like dentist's drills but with cutting tips so 
tiny scarcely can the human eye detect them. 
The jeweler has to make these himself. The 
steel of the drills will not cut onyx. They 
have to be made of a certain softness of 
steel that will allow diamond dust to imbed 
itself on their cutting edge, then they will 
cut into the onyx. The diamond dust ts 
far different in appearance than you'd think. 
In its heavy but tiny steel bowl it is mixed 
with oil and appears as a dark-grey paste. 
After the small oval of jet-black polished 
onyx has been set in the gold ring mount- 
ing, the gold circlet is imbedded in a plump 
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An Jiteresting Discussion of An Ancient Art, Cont. 
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* A French Shield showing colors indi- 
cated by different type lines. 


picce otf cork and wound with tape, allow- 
ing only the onyx face showing. This pro- 
vides a firm tinger-hold which is immeasura- 
bly important as you will see. The face of 
the onyx is smeared with chalk dust and 
grease, and with a brass drill fixed in an 
electrically driven lathe the jeweler “‘pen- 
ails on the onyx oval the silhouette of the 
shicld of the coat-of-arms. He does it free- 
hand, pressing the onyx face in a lateral 
position against the buzzing drill point, and 
by cve alone reducing the image from a 
large painted coat-of-arms to this tiny repli- 
caon the onyx. And now with a change to 
a dimond dust pointed drill comes the al- 
most painful skill of cutting the permanent 
shield outline, the figures or ‘‘charges” on 
the shield, the heraldic helmet or casque on 
the shield’s top with its manteling, then 
above all the crest which is usually one of 
the charges on the shield. And below. all 
comes the motte usually on a floating rib- 
bon, the perfectly cut letters so. infinitesimal 
it takes a muagnrtying glass to read them. 
Most mottocs are an Latin, One used by 
boghind wath efferent 


several tanibies ia 


Coats-of aims tends, bye quar Patstur (He 
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wins who waits). In rare cases it ts in 
French, and an example of it appears on 
the badge of England's most distinguished 
Order of the Garter, Honi soit qui mal y 
pense (Evil be to him who evil thinks). 
Fancy, then, what one slip means in the 
cutting of a coat-of-arms. Every touch of 
the onyx to the diamond dust coated drill is 
free-hand, offering innumerable opportuni- 
ties for a slip since the onyx is held as 
free in the hand as a brush by an artist. 
But it is far more exacting than this latter, 
for on onyx even one error can not be re- 
paired; all must be thrown away. Seemingly 
no more perfection of artist and artisan 
exists. 


Not only does the jeweler cut this elabo- 
rate coat-of-arms into hard stone, but he 
also indicates the color of the shield and 
charges of the painted coat-of-arms. If the 
shield is dargent or silver color the open 
areas are left clean. D'or or gold-color is 
indicated by tiny dots. Gueules or red is 
depicted by fine vertical lines, d’azur or blue 
by fine horizontal lines, sable or black by 
fine crossed lines, verte or green by diagonal 
lines from right to left. The color of the 
charges in the shicld is indicated in the same 
way, and they occur as images of the animal 
and vegetable kingdoms as well as conven- 
tional figures. 


Both the shields and charges in heraldry 
originated in France and spread to other 
countries. And in former days it was part 
of the education of every youngman-about- 
town to know how to read coats-of-arms. 


It takes the jeweler four hours to cut a 
crest; one of the charges on a shield which 
is often used alone on a signet ring. An 
entire week is required to cut a complete 
coat-of-arms, It costs $60; only $10 more 
than thirty years ago. And he turns out 150 
to 200 signet rings a year, thus attesting 
to the continued popularity of wearing the 
badge of one’s family name. 
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WEIGHT ESTIMATION 
OF 


PEARLS 
WITH ACCOMPANYING CHART 


and formula with derivation 


by 


JAMES SMALL 


For some time it has been the writer’s 
thought that weight estimation tables be 
made available for all gems, no matter what 
their style of fashioning, and for all pearls. 
The following article develops such a 
weight estimation procedure for pearls. The 
weight estimation of drilled and undrilled 
spherical pearls is given as a formula. The 
weight estimation for drilled pearls is also 
given as a chart and in the form of tables. 
All measurements are given in terms of 
millimeters and the computed weights are in 
terms of pearl grains unless otherwise 
indicated. 

On the assumption that a pearl is merely 
a sphere minus a cylinder (drill hole), a 
formula can be derived whereby the pearl’s 
weight may be estimated by referring to its 
diameter and inserting this figure in the 
formula. The formula also can be computed 
and presented in the form of tables or shown 
as a graph. 

Derivation of the formula. The volume of a 
sphere is given as: 
4 7 +3 
Volume = = 


3 


Since it is practical to measure the diameter 
rather than the radius the formula should 
be stated in terms of that dimension. 

By definition: 


Diameter = 2x radius 
or 
. Diameter 
Radius == — 


Substitute this in the formula: 


4 7 (D)8 
Volume = 3 o 
_ 47 D 
3 8 
47 D3 T Ds 
“24 “~~ 6 
But 7 = 3.1416 
Therefore, 
TW Ds 3 
Volume = = 3.1416 D 
6 6 
= .5236 D3 
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This formula is valid for materials with a 
specific gravity of 1.0. However, our needs 
are such that the formula should be ex- 
pressed for pearl weight. 


The specific gravity of natural pearls varies 
from 2.66 to 2.76 and the specific gravity of 
cultured pearls ranges from 2.70 to 2.78. 
For the purposes of the formula a specific 
gravity of 2.72 was taken. This figure should 
satisfy the conditions for both natural and 
cultured pearls since their specific gravities 
vary so much. For comparison a natural pearl 
of 2.72 specific gravity and a 10 millimeters 
diameter would weigh 28.37 pearl grains; a 
cultured pearl of 2.75 specific gravity and a 
diameter of 10 millimeters would weigh 
28.69 pearl grains. In another example, the 
weight of a natural pearl of 2.72 specific 
gravity and 5 millimeters diameter, was 
computed to be 3.51 pearl grains as com- 
pared to 3.54 pearl grains for a cultured 
pearl of the same size but a specific gravity 
of 2.75. 


These differences in computed weights 
rarely exceed 1%. Such a small difference 
confirms the practicability of using an aver- 
age specific gravity of 2.72 for the formula. 


In cases of pearls which are not spherical 
but irregular in shape, an average of the 
several diameters will give satisfactory re- 
sults. 


By multiplying by 2.72 the formula is ad- 
justed for pearl’s gravity: 


Volume = .5236 D® x 2.72 
= 1.424 D5 


However, the above answer would be in 
terms of grams and D would be in terms of 
centimeters. For utility, the formula should 
read in pearl grains and the measurements 
should be made in millimeters. This adjust- 
ment is easily made since (a) 1 gram = 20 
pearl grains and (b) a gram is equal to 1 
cubic centimeter; since there are 10 milli- 
meters in a centimeter it follows that 1 cubic 
centimeter =10x10x10=1000 millimeters. 


By substituting these factors the formula 


will read in pearl grains rather than volume. 
Volume = 1.424 D* (grams) 
Estimated pearl weight =~ 


1.424D3 x 20x 
1000 
__ 28.48 D® 
1000 
= 02848 D* (1) 


This formula is valid for solid spherical 
pearls. However, for drilled pearls the amount 
of pearl material removed when the pearl 
was drilled must be subtracted. The drill 
hole is really in the form of a cylinder. The 
volume of a cylinder = 7 12 4 


The radius of an average drill hole is approx- 
imately .025 centimeters. Therefore 


Volume = 7 (.025)? 4 


But the 4 (length of the drill hole) is equal 
to the diameter (D) of the whole pearl and 
W == 3.1416. 


Volume (drill hole) = 3.1416 x (.025)?xD 

= .0019635 D 
Again our answer is in terms of grams when 
centimeter measurements and 
specific gravity = 1 is used. 
The weight of cylinder 


1 
_ > 
= 19635 Dx 20x 1000 x 2.72 


= .0107D (2) 
The weight of a drilled pearl is the total 
weight of a sphere of pearl material minus 
the weight of the cylinder of pearl removed 
in drilling, or formula (1) minus forrnula 
(2) or 
Estimated weight in pear! grains = 
02848 D? minus .0107 D. Using this for- 
mula, a pearl weight estimation chart can be 
computed. By reference to such a chart, the 
pearl weight in grains is read opposite the 
proper number in the ‘Diameter’ column. 
Thus if a pearl of unknown weight was 
found to have a diameter of 7.0 millimeters, 
by reference to the chart opposite 7.0 we find 
a weight of 9.70 pearl grains. For compari- 
son and reference a column each for pearl 
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ESTIMATED WEIGHTS FOR DRILLED PEARLS 


DIAMETER PEARL GRAINS MOMME CARATS GRAMS 
1.0 .02 .003 .005 .001 
1.1 .03 .004 .008 .0015 
1.2 .04 -005 .010 .002 
1.3 .05 .007 .013 .0025 
1.4 .06 .008 015 .003 
1.5 .08 O11 -020 .004 
1.6 10 .013 .025 .005 
1.7 -12 .016 .030 .006 
1.8 15 .020 .038 .008 
19 18 .024 .045 .009 
2.0 21 .028 .053 011 
2.1 24 .032 .060 .012 
2.2 .28 .037 .070 .014 
2.3 -32 .043 .080 016 
2.4 37 .049 .093 019 
2.5 42 .056 .105 .021 
2.6 47 .063 .118 .024 
2.7 .53 .070 -138 .028 
2.8 .60 -080 -150 -030 
2.9 .67 .089 .169 .034 
3.0 74 .098 185 .037 
3.1 82 .109 .205 .041 
3.2 90 .120 .225 .045 
3.3 99 .129 .248 .050 
3.4 1.08 .144 .270 .054 
3.5 1.18 .157 295 .059 
3.6 1.29 172 .323 .061 
3.7 1.40 -187 .350 -070 
3.8 1.52 -202 .380 .076 
3.9 1.65 219 413 .083 
4.0 1.78 237 5 .089 
4.1 1.92 .255 48 .096 
4.2 2.06 .274 52 .103 
4.3 2.22 295 56 11 
4.4 2.38 .318 58 115 
4.5 2.55 -339 64 .127 
46 2.72 362 .68 -136 
4.7 2.91 .387 73 .145 
4.8 3.10 A13 78 -155 
49 3.30 438 .83 .165 
5.0 3.51 467 -88 175 
5.1 3.73 497 93 .186 
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ESTIMATED WEIGHTS FOR DRILLED PEARLS 


DIAMETER PEARL GRAINS 


3.95 
4.18 


MOMME 


527 
.558 
592 
.622 
.661 
693 
.730 
772 
810 
852 
895 
938 
.987 
1.03 
1.07 
1.13 
1.18 
1.24 
1.29 
1.34 
1.42 
1.46 
1.53 
1.59 
1.65 
1.72 
1.78 
1.86 
1.93 
2.00 
2.05 
2.16 
2.23 
2.32 
2.39 
2.47 
2.57 
2.66 
2.74 
2.83 
2.94 
3.03 


CARATS 
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1.05 
1.11 
1.17 
1.24 
1.30 
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ESTIMATED WEIGHTS FOR DRILLED PEARLS 


DIAMETER PEARL GRAINS MOMME CARATS GRAMS 
a 
9.4 23.25 3.13 5.89 1.18 
9.5 24.31 3.23 6.08 1.22 
9.6 25.10 3.34 6.28 1.26 
9.7 25.89 3.44 6.47 1.29 
9.8 26.70 3.55 6.68 1.34 
9.9 27.52 3.66 6.88 1.38 
10.0 28.37 3.77 7.09 1.42 
10.1 29.23 3.89 7.31 1.46 
10.2 30.11 4.02 7.53 1.51 
10.3 31.00 4.13 7.75 1.55 
10.4 31.92 4.24 7.98 1.60 
10.5 32.86 4.36 8.22 1.64 
10.6 33.80 4,49 8.45 1.69 
10.7 34.78 4.63 8.70 1.74 
10.8 35.75 4.75 8.94 1.79 
10.9 36.76 4.88 9.19 1.85 
11.0 37.79 5.03 9.45 1.89 
11.1 38.82 5.17 9.71 1.94 
11.2 39.88 5.32 9.97 2.00 
11.3 40.98 5.47 10.25 2.05 
11.4 42.07 5.62 10.52 2.10: 
11.5 43.19 5.76 10.80 2.16 
11.6 44.34 5.89 11.09 2.22 
11.7 45.49 6.07 11.37 2.27 
11.8 46.67 §.22 11.67 2.33 
11g 47.85 6.37 11.96 2.39 
12.0 49.08 6.52 12.27 2.45 
12.1 50.33 6.72 12.58 2.52 
12.2 51.59 6.86 12.90 2.58 
12.3 52.86 7.03 13.22 2.64 
12.4 54.16 7.22 13.54 2.71 
12.5 55.48 7.38 13.87 2.77 
12.6 56.84 7.57 14.21 2.84 
12.7 58.19 7.77 14.55 2.91 
12.8 59.58 7.93 14.90 2.98 
12.9 61.00 8.13 15.25 3.05 
13.0 62.40 8.30 15.60 3.12 
13.1 63.89 8.50 15.97 3.19 
13.2 65.37 8.70 16.34 3.27 
13.3 66.87 8.89 16.72 3.34 
13.4 68.37 9.09 17.09 3.42 
13.5 69.91 9.30 17.48 3.50 
ee 
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DIAMETER 


13.6 
13.7 
13.8 
13.9 
14.0 
14.1 
14.2 
14.3 
14.4 
14.5 
14.6 
14.7 
14.8 
14.9 
15.0 
15.1 
15.2 
15.3 
15.4 
15.5 
15.6 


ESTIMATED WEIGHTS FOR DRILLED PEARLS 


PEARL GRAINS 


71.47 
73.07 
74.70 
76.32 
77.97 
79.67 
81.39 
83.1] 
84.9] 
86.69 
88.50 
90.29 
92.18 
94.04 
95.96 
97.90 
99.81 
101.54 
103.84 
105.86 
107.93 
110.04 
112.19 
114.30 
116.45 
118.66 
120.88 
123.17 
125.40 
127.76 
130.09 
132.43 
134.85 
137.29 
139.69 
142.22 
144.68 
147.22 
149.78 
152.40 
155.06 
157.74 


MOMME 


9.50 

9.76 

9.94 
10.15 
10.37 
10.60 
10.82 
11.05 
11.29 
11.52 
11.77 
12.01 
12.26 
12.51 
12.76 
13.02 
13.28 
13.54 
13.81 
14.08 
14.35 
14.64 
14.92 
15.20 
15.49 
15.78 
16.08 
16.38 
16.68 
16.99 
17.30 
17.61 
17.94 
18.26 
18.56 
18.92 
19.24 
19.58 
19.92 
20.27 
20.62 
20.98 


CARATS 


17.87 
18.27 
18.68 
19.08 
19.50 
19.92 
20.35 
20.78 
21.23 
21.67 
22.13 
22.57 
23.05 
23.51 

23.99 
24.48 
24.96 
25.46 
25.96 
26.47 
26.98 
27.51 

28.05 
28.58 
29.11 

29.67 
30.22 
30.79 
31.35 
31.94 
32.52 
33.11 
33.71 
34.32 
34.92 
35.55 
36.17 
36.81 
37.45 
38.10 
38.77 
39.44 
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X-RAY STUUY 
OF FIBROUS QUARTZ 
CHALCEDONY 
[RIDESCENT AGATE 


by SIR C. V. RAMAN 
and A. JAYARMAN 


Editor’s note: This article was abstracted 
from three articles appearing in the "Pro- 
ceedings of the Indian Academy of Sciences.” 
Volume XX XVII, Numbers 4 and 10 
Volume XL, Number 3 


Mineralogists designate a mineral as 
fibrous when it consists of visibly distinct 
rods or threads, irrespective of whether these 
are separable from each other. Many grada- 
tions between a coarsely columnar and a 
finely fibrous structure are to be observed, the 
finely fibrous materials often exhibiting a 
silky lustre. In his Handbuch der Miner- 
alogie, Hintze! reports that secondary quartz 
often appears as pseudomorphs of the origi- 
nal minerals which it has replaced, and that 
when such minerals had a fibrous structure, 
the secondary quartz formed therefrom is 
also fibrous. 

The material examined in the present in- 
vestigation was very kindly placed at our 
disposal by the Director of ‘the Geological 
Survey of Mysore. It had been collected by 
Dr. Pichamuthu many years ago and the fol- 
lowing description of the circumstances in 
which it had been found is quoted from his 
monograph on the iron formation of the 
Eastern Bababudan Hills in Mysore. 

“The writer has collected from various 
parts of the Bababudans specimens of fibrous 


quartz. In some of the siliceous layers which 
are formed of fibrous aggregates of quartz 
crystals, the fibres are disposed at right angles 
to the plane of bedding and are separable in 
some cases. The fibres are not always straight, 
but often bent. These layers frequently ex- 
hibit a chatoyant lustre. In micro-sections, 
these quartz layers are seen to contain fibrous 
amphiboles. (Ed. Note: Actinolite, of which 
nephrite is a variety, is an amphibole.) 
Though in no one place was it possible to 
trace a layer of fibrous amphibole passing 
into a layer of quartz, the collections made 
by the writer show that the quartz has re- 
placed amphibole. Similar fibrous quartz (Ed. 
Note: Tiger-eye) has long been known to 
occur associated with the banded ironstones 
of South Africa. The prevalent view in South 
Africa is that fibrous asbestos has been pseu- 
domorphosed by Silica.” 

The specimen of fibrous quartz consisted 
of small rods each a few millimetres long and 
less than a millimetre thick, They were prac- 
tically colorless. On the stage of the polar- 
ising microscope and immersed in liquid of 
suitable index, the material appears trans- 
parent. When the vibration direction of the 
polariser is parallel to the length of the speci- 
men, the refractive index is nearly equal to 
the extraordinary index of quartz as judged 
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by the Becke line test. Between crossed 
Nicols, the extinction is almost perfect when 
the longer dimension of the specimen is 
either parallel or perpendicular to their vibra- 
tion directions. When a quartz wedge is 
introduced parallel to the length of the speci- 
men, the interference color rises in the 
Newtonian scale, thereby revealing that the 
c-axis of quartz is parallel to the length of 
the specimen. 

The foregoing inference from the optical 
observation is generally confirmed by the 
results of the X-ray diffraction studies which 
show that the axis of the fibre is nearly 
parallel to the ¢-axis of quartz which is set 
horizontal in the figures. 

Other X-ray studies suggest that it would 
seem correct to describe the material as poly- 
crystalline quartz with a strongly preferred 
orientation for the crystallographic c-axis 
along the length of the fibres rather than as 
truly fibrous quartz. Micro sections of the 
original formation prepared by Dr. Picha- 
muthu and seen by us showed no break in 
continuity of the individual fibres along 
their length under the polarising microscope, 
thereby supporting the view of the structure 
indicated by the X-ray diagrams. 

CHALCEDONY 

Chalcedony is a crypto-crystalline varie- 
ty of silica occurring in a massive form 
and exhibiting a waxy lustre. It is only 
slightly inferior to quartz in hardness and 
has a density lying between 2.60 to 2.64. A 
small percentage of water may often be found 
in the material. The refractive index averages 
at 1.537 and is thus not very different from 
quartz. Thin sections exhibit a fibrous char- 
acter under the microscope and the material 
shows a distinct birefringence which is of the 
same order of magnitude as that of quartz. 
(Ed. Note: Gemological Institute studies on 
chalcedony indicate a birefringence of ap- 
proximately one half that of crystalline 
quartz.) 

Mineralogists formerly regarded chalce- 
dony as a distinct crystalline species of silica 
and classed it under the orthorhombic system. 


But the X-ray pattern of powdered chalce- 
dony is identical with that of quartz, as was 
first reported by Washburne and Navias? 
and later confirmed by Rinne‘, thus demon- 
strating that chalcedony is composed of crys- 
tallites of quartz. The fibrous character of the 
material and the birefringence exhibited by it 
indicate that the crystallites have preferred 
orientations. Correns and Nagelschmidt5 
showed that such orientation is actually ob- 
servable in the X-ray patterns of unpowdered 
chalcedony. 


The fibrous structure of .chalcedony in 
which the a-axis of the crystallites of quartz 
are parallel to the fibre length is often, if 
not invariably, accompanied by a lamellar 
structure with its planes running everywhere 
transverse to the fibres. Such a structure is 
most clearly seen through a magnifier when 
the area under observation lies on the bound- 
ary between light and darkness, when the 
plate is held and viewed against a source of 
light. (It is seen very clearly in Fig. 5 in the 
lower parts of the figure.) A remarkable 
characteristic of this fine lamellar structure 
is the appearance of numerous ripples or 
waves running approximately parallel to the 
area of the specimen. From past observations 
we are entitled to infer that lamellar struc- 
ture and the fine ripples seen accompanying 
it are a consequence of a variation in the 
orientation of the c-axes of the crystallites in 
the successive layers which are perpendicular 
to the length of the fibres. 


When X-ray patterns of chalcedony were 
recorded for different regions and interpreted, 
confirmation of the ideas regarding the struc- 
ture were deduced from its optical behaviour. 
The X-ray pattern reproduced demonstrated 
that the crystallites of quartz composing the 
material were orientated with their a-axes 
common along the fibre length. 


IRIDESCENT AGATE 
It is well known that agate exhibits a 
banded structure. One explanation of the 
banding which has been put forward is that 
the agate is the result of the deposition of 
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KOKICHI MIKIMOTU 
A TRIBUTE 


by 


JEANNE G. M. MARTIN 


The recent death of Kokichi Mikimoto 
ended an era in the history of cultured pearls 
that began in the latter part of the nineteenth 
century, when Mr. Mikimoto produced his 
first blister pear!. His influence on the pearl 
culture industry continued for more than six 
decades with his numerous developments and 
contributions to its growth. 

Deservedly he was often called the father 
of the industry, and the name of Mikimoto 
has come to be almost synonymous with 
cultured pearls. However, other names al- 
ready almost lost, should be recognized as 
important in the early history of pearl cul- 
ture. As a consequence, the time seems ap- 
propriate for an evaluation of Mikimoto’s 
important contributions as well as those of 
some of his early contemporaries. 

The excellent report, “Pearl Culture in 
Japan” by Dr. A. R. Cahn, issued October 
31, 1949 provides the major source for this 
analysis. The evaluation of the relative im- 
portance of various developments is largely 
Dr. Cahn’s. 

Mikimoto spent his youth on the shores 


of Ago-wan, a bay long famous for the pro- 
duction of the Japanese pearl oyster, Pincta- 
da martensii. Because of overfishing and lack 
of conservation measures, the output of 
these shellfish had decreased rapidly during 
his youth, but the world demand for pearls 
had constantly increased. 

Mikimoto established his first pearl farm 
at Shimenoura in Ago-wan in 1889 and at 
the national exposition in Tokyo in 1890 he 
exhibited a collection of natural pearls from 
Ago Bay. Among the members of the jury 
of awards was Dr. Mitsurkuri, a well known 
Japanese biologist, who showed to Mr. Miki- 
moto the inside of a Chinese fresh water 
mussel shell with Buddha images which had 
been coated with nacre. He suggested that 
similar growths could be produced in Japa- 
nese oysters. Mikimoto was impressed by this 
suggestion and soon after began his experi- 
ments in the culture of blister pearls at Ago 
Bay. 

Mikimoto established the first experiment- 
al station on a smal! island off Toba in 1890. 
For several years he groped blindly, trying 
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to find the answer to the riddle of pearl for- 
mation. In 1893, the red tide* wiped out 
his oyster crop at Shimenoura and he with- 
drew to Toba. Here on July 11, 1893 he 
gained his first success, a semi-spherical blis- 
ter pearl. In 1896 he obtained a patent on 
his method of producing blister pearls. This 
was the first patent issued in Japan on pearl 
culture. In time, this patent was interpreted 
to include any insertion of a nucleus into 
the pearl oyster from the exterior, thus ap- 
parently protecting Mikimoto from infringe- 
ment by anyone introducing a nucleus of any 
kind by any method, even though at the time 
he had not the slightest idea of how to pro- 
duce a spherical pearl. 

In 1905, the red tide again practically de- 
stroyed his crop, killing about 800,000 oys- 
ters under cultivation in bamboo baskets. 
Examination of this lot showed five spheri- 
cal pearls, located near the adductor muscle. 
The pearl-muscle relationship of the five 
pearls gave him the idea how spherical 
pearls could be produced, by inserting the 
nucleus within the tissue of the oyster. In 
the meantime both Mise and Nishikawa had 
discovered the secret. 


Apparently the first person to develop a 
spherical cultured pearl was a carpenter by 
the name of Tatsuhei Mise. He became in- 
terested in pearls through his step-father who 
had been sent on an inspection trip through 
the Australian oyster fisheries. He had no 


*A “red tide’’ has been known to occur several 
time since the sixteenth century, but not until 
1856 did an investigation show the basic cause to 
be plankton organisms, During a ‘'red tide,” 
one of the dinoflagellates occurs in sufficient 
numbers to color the water red. The ‘‘red tide’’ 
is fatal to fish, molluscs and other forms of 
marine life which breathe by gills or in which 
respiration is controlled by pores or small body 
openings, as in the sponge. 

The actual cause of death due to these micro- 
organisms is not entirely clear but it is suggested 
that due to the enormous numbers and the oxygen 
consumed by them, the marine life dies from 
suffocation or that their gills become clogged with 
the masses of organisms and prevent the proper 
aeration of the blood within. 


Other suggestions are that the marine life is 
poisoned by the toxic substances secreted by 
these living organisms or toxic substances released 
by the decomposition of the dead organisms. 


scientific training but he did have a keen 
interest and a wealth of ideas. He developed 
one of his ideas successfully and produced 
his first spherical pearls very early in the 
century. Cahn states, “The exact date can not 
be established, but it was before 1904, as in 
that year he showed his culture spherical 
pearl to Dr. Kishinoye, a leader among Japa- 
nese marine scientists. The pearl was de- 
veloped in Pinctada martensti by a tissue- 
graft around a tiny lead nucleus.” 

Although a patent was not granted Mise 
on his spherical culture pearl, he did receive 
a patent on the instrument used in his meth- 
od in April, 1907. Apparently this was the 
first patent issued relative to actual spherical 
pearl culture. The first mention of the de- 
liberate introduction into the oyster of man- 
tle epithelium in order to produce a pearl 
is found in this application for a patent. The 
needle was used to insert a nucleus and 
pieces of epithelium from the mantle into 
the connective tissue and leave it inside the 
body of the oyster. It seems reasonable to 
believe that Mise now understood the basic 
requirements for producing spherical cul- 
tured pearls; a spherical nucleus, and a piece 
of mantle epithelium to be introduced into 
the connective tissue of the oyster. 

The mantle is a connective tissue mem- 
brane that enwraps the visceral mass of the 
oyster. The right and left lobes of the mantle 
are continuous with each other along the 
mid-dorsal line and hang like flaps on either 
side of the oyster’s body. The mantle is pro- 
tected on the outside by a single layer of 
epithelial cells. The portion of the epitheli- 
um which is in contact with the inner sur- 
face of the shell is called the outer epitheli- 
um and secretes the substance from which 
the calcareous shell is made. 

An inner epithelium which is ciliated and 
performs no shell or nacre-secreting func- 
tions, lines the free inner surface of the 
mantle in the rear of the mantle cavity. 

Finely crystalline calctum carbonate is se- 
creted by the outer epithelium cells, in the 
form of aragonite crystals, better known as 
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© Anatomy of Japanese Pearl Oyster Pinctada martensii from 
Pearl Culture in Japan by Dr. A. R. Cahn. 


nacre or mother-of-pearl and hexagonal cal- 
cite crystals which form the prismatic layer 
of the shell. These cells also secrete conchio- 
lin, the organic substance, with which the 
calcareous crystals are cemented. The outer 
epithelium, if transplanted under favorable 
conditions into the body of another oyster, 
can produce new cells and will continue to 
develope and to secrete calcareous material. 
This characteristic of the outer epithelium 
is of major importance in the formation of a 
pearl. 

Tokichi Nishikawa is credited with the 
production of the first spherical pearl pro- 
duced from scientifically planned experi- 


ments. Nishikawa, a technologist with the 
Japanese Bureau of Fisheries had been deep- 
ly interested in the marine products, and 
especially the oyster fishing grounds in Aus- 
tralia, while stationed there. 

After returning to Japan, he resigned 
from the Bureau and devoted his time to 
research on pearls at the Marine Biological 
Laboratory of Tokyo University at Nisake. 
He produced his first spherical pearl dur- 
ing his stay at the University but the exact 
date is not known. Nishikawa applied for a 
patent on his pearl culture method in 1907, 
five months after Mise had applied for his 
patent. 
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One of the most interesting facets of the 
whole patent picture was in the Japanese 
Patent Office judgments. In 1908, only a 
year after both patent applications were filed, 
but eight years before a patent was finally 
granted, Mise’s application was ruled as an 
infringement of Nishikawa’s. 

This remarkable judgment not only called 
the original application an “infringement’’ 
on one filed months later, but ruled that a 
key point on which Mise had been specific 
and Nishikawa too general made little differ- 
ence. Mise’s application called for insertion 
of the nucleus into “connective tissue” and 
Nishikawa’s only into “a tissue.”’ In Cahn’s 
judgment as a biologist, “Unfortunately for 
Mise, the judge was not a biologist, for that 
one word ‘‘connective” in the Mise applica- 
tion is the key to the success or failure of 
the entire operation.” 

Apparently the basis for the judgment was 
a claim by Nishikawa that he made the 
discovery in 1899 for which there is no 
known supporting evidence. On this Cahn 
says “Although these decisions may be in 
full accord with the existing Japanese patent 
laws, the judgment of history is not bound 
by these laws, and the reader can decide for 
himself who actually discovered the method 
for the culture of the spherical pearl. All 
he need do is answer this question. Is it 
likely that Nishikawa, knowing he had in 
his hands the key to a fabulous fortune, 
would have delayed for nine years, eight 
months, and three days in safeguarding his 
invention ?”” 

The Mise and Nishikawa methods were 
approximately the same, consequently, Mise 
and Nishikawa signed an agreement in Sep- 
tember 1908 making the use of their methods 
common property between them, Mise had 
already received a patent on the instrument 
used in the operation in which the nucleus 
and mantle epithelium was inserted in the 
oyster but Nishikawa’s heirs finally received 
the patent on the pearl culture method itself. 

Nishikawa was married to K. Mikimoto’s 
eldest daughter but he and his father-in-law 


were not on the friendliest of terms. Nishi- 
kawa died in 1909 prematurely at the age of 
35, shortly after applying for the patent on 
his method of culturing spherical pearls. 
According to Cahn, “. . . his rights reverted 
to his son Shinkichi, and his able assistants, 
the Fujita brothers.” They successfully com- 
pleted Nishikawa’s experiments and long af- 
ter his death obtained the “Nishikawa pat- 
ent’ in 1916. The method used tiny gold 
and silver nuclei. 

Mikimoto produced his first spherical cul- 
tured pearls with his more complicated sys- 
tem which consisted of enclosing a nucleus 
in a tissue sac made from the mantle and 
tied with a fine silk thread prior to its in- 
sertion in the body of the oyster. A patent 
was applied for in 1914 but was not granted 
at that time. 

Cahn States “The actual inventor of the 
‘Mikimoto method,’ according to Dr. Matsui, 
was Otokichi Kuwabara, formerly a dentist 
and later a very valuable employee and also 
a close friend of Mikimoto.’"’ Kuwabara, be- 
ing very feeble and now in his eighties, does 
not recall this early history. 

Unfortunately, Mise’s and Nishikawa’s ap- 
plications for patents were overlooked for 
nine years and in 1916 Nishikawa was finally 
granted a patent but Mikimoto’s patent, 
which had been applied for in 1914 was 
granted just seven weeks prior to the grant- 
ing of Nishikawa’s. 

Through relatives and friends a reconcilia- 
tion was effected between Shinkichi Nishi- 
kawa and Mikimoto and eventually Miki- 
moto was granted permission to use the 
Nishikawa-Mise method, which is used to 
produce spherical cultured pearls at the 
Mikimoto pearl farms today. The Mikimoto 
method proved too delicate and difficult and 
the Nishikawa-Mise technique was much 
simpler. 

Mikimoto, realizing that pearl culture de- 
pended on a plentiful supply of pearl oys- 
ters, undertook extensive experiments to in- 
crease his supply. The Japanese pearl oyster 
Pinctada martensii is by far the most im- 
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portant pearl producing mollusc and pro- 
duces some of the finest although not the 
largest pearls. The naturally grown oyster 
was originally the sole source of supply for 
pearl culture. It is in the field of pearl mol- 
usc culture that some of Mikimoto’s most 
important contributions were made. 

The naturally grown oysters are still gath- 
ered each year in the early autumn from the 
small bays and inlets along the coast of 
Ago-wan. During World War I this opera- 
tion was discontinued and the supply of 
available oysters gradually diminished. Gath- 
ering was resumed in 1946, and due to suc- 
cessfully planned scale operations, 
about 945,000 oysters were collected. 

COLLECTING NATIVE OYSTERS 

According to Cahn, more than 300 small 
fishing skiffs and launches, each cartying 
several persons, two or more being divers, 
participated in this collection of oysters. 
About 300 tenders employing another 1,000 
divers were active in gathering the oysters. 
The oysters were weighed and sorted at the 
shore bases and the records taken by an addi- 
tional 100 persons who then loaded the tal- 
lied shells into large barges. 

The divers, most of whom are women 
wear simple long-sleeved, white cotton dress- 
es which cover them from throat to knees. 
On their heads they wear white cotton cloths, 
and the diving masks which are necessary 
for protection cover all except their mouth 
and chin. 

Each diver is provided with a small hand 
net of about 8 inches diameter and 16 inches 
deep made of 1 inch cotton netting. When 
diving in water 18 feet or less, a large 
wooden bucket, about 12 inches in diameter 
and 16 inches deep is attached to the diver’s 
waist by a stout cord. The oysters gathered 
from the bottom are brought to the surface 
in the hand net and transferred to the float- 
ing bucket which is emptied periodically 
into the tender boats. The diving time is 
dependent on the skill and experience of 
the diver, sometimes lasting as long as 40 
seconds for the most experienced. The catch 


large 


usually runs from 1 to 10 shells for each dive. 

In water 16 to 25 feet deep, the divers 
operate directly from the side of the tender 
boat. A stout rope supporting a heavy. weight 
and operated with a pulley from the gunwale 
of the boat, is grasped by the diver close to 
the weight. The tender releases the rope and 
clears it from the pulley and the diver takes 
a deep breath and is slowly lowered to the 
water and submerges. At a signal from the 
diver, by the cotton life-line which is fast- 
ened to her waist, the tender passes the 
life-line over the pulley and hauls the diver 
to the surface. After emptying her hand net 
the diver rests while the weight is raised to 
the surface by the tender. 

The main vertical distribution of the pearl 
ovster ranges from 3 to 35 feet. In water 25 
feet in depth or over, the dives last 20 to 25 
seconds. The diving is done at low tide 
and as the water rises the divers move into 
more shallow water. 

The divers work 5 hours each day which 
consists of 2 periods of 214 hours each. At © 
the close of each period the collected oysters 
are taken to the shore base where there is 
a sorting table. The 2-year old oysters are 
identified by their size and are separated 
from the older individuals, and the unsatis- 
factory shells are discarded. The 2 year old 
oysters are purchased by the fishing associa- 
tion, to be sown in shallow water. The older 
oysters which are collected by the divers 
are taken to the oyster farms and are dis- 
tributed in shallow water that has a moder- 
ately rough bottom. These areas have all 
been cleaned of oysters during the time 
divers were busy gathering the crop for the 
culture operations. The new oysters remain 
undisturbed until late in the spring of the 
following year, at which time the divers 
begin collecting them to be taken to the 
laboratory for the operation and nucleus 
insertion. 

COLLECTING SPAT 

As early as 1885 the gathering of spat (very 
young oysters) was widespread throughout 
Japan but it was devised for culturing the 
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edible oysters and no thought had been 
given to the possibility of using similar 
methods in collecting spat for culturing 
pearl oysters. The expansion of the cultured 
pearl industry resulted in a shortage of 
naturally grown oysters and demanded a 
newer and more efficient type of spat col- 
lector. Although the native oysters are still 
collected, the totally new type of spat col- 
lector invented by Mikimoto in 1924, has 
assumed much greater importance, Until it 
attaches itself to some object at the age of 
25 days, the young mollusc is able to move 
about. Experiments demonstrated that the 
spat developed a light sensitivity just before 
settling, so Mikimoto devised and patented 
in 1924 a small cage, 27 x 18 x 7 inches, 
formed by covering a heavy wire frame with 
wire mesh, fitted with shelves of wire mesh 
and suspended vertically. A large door com- 
prises the front of the cage. The cage, which 
is made of galvanized wire, is dipped into 
hot coal tar to prevent corrosion and then 
dipped in a thin sand and cement mixture. 
This mixture after drying forms a rough 
coating about 2 to 5 millimeters thick all 
over the cage and provides an excellent sur- 
face which permits the larvae to cling. The 
bottom and sides of the cage are covered 
with black painted boards creating a dark- 
ened area which is very attractive to the 
light sensitive spat. The spat collecting cages 
are suspended from large frame rafts which 
are anchored in the most productive spat 
collecting areas, at a depth of about 20 feet. 


The rafts measure about 15 x 18 feet and 
are constructed of an open framework of 
poles about 3 inches in diameter, with the 
longitudal and tranverse poles fastened to- 
gether about 3 feet apart. Each raft is sup- 
ported by fifty gallon drums or barrels with 
5 or more to each raft. These rafts are 
anchored in series of 5 to 10 and lashed 
together end to end. Approximately 50 spat 
collecting cages are suspended from each 
raft. These spat collecting cages are set out 
early in July as the Japanese oyster spawns 
from July to September. Late in November, 


© Protective Cages for 
Rearing Oysters. 


when the young oysters are about one-half 
inch or over in size, they are collected and 
transferred to rearing cages. The catch per 
cage varies from 1,000 to 160,000 but the 
range is usually around 7,000 to 10,000. 
REARING CAGES 

The rearing cages developed by Mikimoto 
are flat wire baskets and resemble the col- 
lecting cages but they are divided into 4 to 6 
compartments. They are covered with wire 
mesh or .cotton netting. The young oysters 
are well protected against their natural 
enemies and survival rate is high. Another 
of Mikimoto’s ingenius ideas was to place 
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pieces of either charcoal or pumice in the 
rearing cages “on the shelves to protect the 
oysters from the parasites. In May or June, 
when adhering parasites abound in the 
waters, they are attracted to the little frag- 
ments of substances instead of the oysters. 

A different tvpe of rearing cage, also 
developed by Mikimoto, consisted of two 
baskets, one smaller than the other, the 
smaller one fitting inside of the larger with 
shelves between the two baskets, on which 
the oysters were placed. Inside of the smaller 
basket was fitted a propeller which stirred up 
the water and stimulated the growth of the 
oyster. 

The cages are either distributed over the 
sea bottom in sheltered areas or are sus- 
pended again from rafts, and they remain 
undisturbed until the following June or 
July. The oysters then approximately one 
year old and averaging 1 inch in diameter, 
are sown in water from 10 to 16 feet and 
over a fairly rough bottom. They remain here 
for 2 years. 

During June, July and August of the third 
year, the oysters are collected by women 
divers and brought to the cleaning barges. 
These barges are fully decked rafts with 
platforms of 30 x 18 feet, with a sloping 
roof. They are towed to the collecting areas 
by motor launches. A group of workers, 
mainly girls, sort and clean the collected 
shells as they are brought to the barges. 
The distorted and old shells are discarded 
and the undersized shells are returned’ to 
the growing beds for another year. All 
encrusting organisms such as anemones are 
scraped from these shells as well as seaweed. 
The cleaned shells are placed in culture cages 
and distributed in shallow water again, sus- 
pended from the rafts. They are left here 
for a period of about ten days for acclima- 
tization. This period allows the oyster to 
recover from the shock of collection and 
cleaning and to become adjusted to the 
conditions of the shallow water. 
PREPARATION FOR THE OPERATION 

Before the nucleus insertion can begin the 


host oysters have to be prepared for the 
insertion, This means they have to be par- 
tially open. The insertion of the bamboo plug 
is used among all operators but the methods 
used to induce the oysters to open vary. 
There are three general systems in use. 

Stagnant water will sometimes cause them 
to gape. The oysters are placed in a shallow 
metal tray with the hinge down and are 
covered with sea water, and in a few minutes 
the two valves will open a small amount 
then the opening forceps are inserted be- 
tween’ the valves which are gently forced 
apart to permit the insertion of the bevelled 
edge of the bamboo wedge. The water is 
changed frequently because the oysters con- 
sume the oxygen so rapidly, but even so the 
oysters are often weakened considerably by 
the lack of oxygen. Therefore, this method 
has certain disadvantages due to the high 
mortality rate. 

Another method used is approximately 
like the last with the exception that running 
water covers the oysters while they await 
the insertion of the key. 

The method used by the larger commercial 
operators is to bring their oysters to the 
operating station about 24 hours prior to 
the insertion time and hang the baskets of 
oysters in the water directly from the rafts. 
Approximately one-half hour before the tech- 
nicians are ready for them, the operators 
pull in the baskets and unload the oysters 
on the wharf. This has a tendency to cause 
the oysters to gape and possibly 35 percent 
will open in a few minutes. The ones already 
opened are selected for the operation and 
the balance are returned to their baskets and 
to the water to rest. The ones selected are 
pegged immediately and then after the others 
have been in the water around 4 hours, they 
are again lifted and the same procedure is 
repeated. The 4 hour resting period in the 
water enables the weaker oysters to regain 
strength to withstand the nucleus insertion 
operation. Experience has indicated that only 
the healthy, and most vigorous oysters open 
their valves in the air. 
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Pinctada martensii will close in about 2 
hours naturally, therefore the insertion of 
the nucleus is performed only by the most 
highly experienced operators with speed and 
accuracy. Under no circumstances should an 
oyster stay pegged more than 2 hours. The 
oyster becomes fatigued from a prolonged 
forced opening and is then unable to with- 
stand the shock of the operation and does 
not survive. The wedge-shaped key is placed 
between the valves at the posterio-ventral 
region at an angle of about 45° to the hinge 
line. The more experienced operators rarely 
key their oysters more than twenty minutes 
prior to the insertion of the nucleus. Thus 
the keyers and the technicians have to be 
in close coordination. 

A weakened condition brought on by care- 
less or inexperienced handling of the oysters 
during keying materially contributes to the 
high mortality rate of the oysters at the 
time of the nucleus insertion. 

Negligence in handling the shell which 
may result in breaking of the edge or fract- 
uring the shell is definitely harmful to the 
oyster. It is the habit of the oyster to with- 
draw the edges of the mantle lobe to the 
innermost limit of any such fracture or 
damage and to rebuild that section first 
before extending the mantle to the periphery 
for normal activities. Therefore, damage to 
the shell results in a suspension of its 
normal development while the repairs are 
being made and the vitality of the oyster 
is reduced; this affects the quality of the 
pearl sac and the pearl within the tissue 
of the oyster’s body. 


LABORATORY EQUIPMENT 

The technicians arrange their equipment 
in the laboratory for the nucleus insertion 
at the same time the keyers are pegging the 
oysters on the wharf. The technicians are 
in the majority women and each one has 
her own individual desk, located by a large 
window and equipped with a set of special- 
ized instruments. 

These instruments have been devised for 
the insertion of the nucleus. All instruments 


used by the technicians at the Mikimoto 
Farm are made there and are the result of 
many years of experience and research by 
Mikimoto-and his technicians. 

There are certain instruments used for the 
preparation of the tissue graft and others 
specialized for the operation of the nucleus 
insertion. A specially designed brass clamp 
which holds the oyster in position for the 
operation without danger of crushing the 
delicate shell, consists of a plate against 
which a spring clamp plate closes. The 
front edge of these two plates are slightly 
curved and follow the curve of the oyster 
shell and prevents movement of the oyster 
during the operation. The entire apparatus 
is supported on a telescopic column which 
measures one-half inch in diameter and is 
inserted in a heavy wooden block base of 
about 5 x 4 x 2 inches. The oyster is placed 
in this clamp in exactly the correct position 
needed and is then ready for the operation. 


PREPARATION OF 
THE GRAFT TISSUE 

The same extreme care and precision that 
would accompany a delicate surgical oper- 
ation must be exercized when preparing 
the graft tissue and when inserting it as this 
governs the production of the pearl. 

The frilled mantle edge of a living oyster 
is used to prepare the graft tissue. The blade 
of a sharp knife is inserted between the 
valves and the adductor muscles of the oys- 
ter, and the adductor muscle is cut from its 
attachment to one shell. This must be done 
carefully so as not to injure the mantle 
tissues in any way. A surgical scalpel, using 
the blunt edge is needed here to clean off 
the extraneous matter and a strip about 2% 
inches long and 40 inches wide is cut from 
the edge of this piece of mantle. This strip 
is smoothed out carefully on a wet graft 
trimming block, and the adhering mucous 
is wiped off with a sponge. 

The dark and discolored areas of the 
thickened outer edge of the mantle are cut 
away with the sharp edge of the scalpel. 
The remaining tissue is trimmed to form a 
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long strip 2 to 3 millimeters wide which 
is then cut into squares. The size of these 
squares is determined by the size of the 
nucleus which is to be introduced. At least 
¥ of the nucleus should be covered. The 
entire block with the tissue is then dipped 
in a beaker of sea water to await the inser- 
tion. The graft tissue will live for approxi- 
mately 2 hours if kept wet with sea water 
and at cool temperaiz:c. 

To produce the best pearls, the nacre-pro- 
ducing mantle cells on the little squares 
of tissue must be in contact with the nucleus. 
As these cells are located on the outer sur- 
face of the mantle, the position of these cells 
must be definitely known. 

Also both graft tissue and nucleus must 
be inserted adjacent to tissues on which the 
graft will take hold and grow, when inserted 
in the oyster. When grafts are inserted into 
the organs or other specialized tissue they 
usually degenerate and the action of the 
body fluids of the oyster eject the nucleus. 


PREPARATION OF THE NUCLEUS 

Almost any object used as a nucleus may 
be coated with nacre and form a pearl of 
sorts, but experience has proven that a cal- 
careous nucleus has several advantages over 
other substances; the nacre seems to bind to 
a calcareous substance more satisfactorily; 
when the pearls are drilled for stringing 
there is less possibility of their fracturing; 
and the spechc gravity of the material is 
nearly identical to that of the nacre. 

Most nuclei are prepared from the shells 
of fresh-water molluscs, which answers the 
requirements for the heavy solid shell neces- 
sary, as the diameter of the usual nuclei 
range up to 6 millimeters or more. Since 
Japan does not have a source of bivalves 
with shell thick enough to produce the nuclei 
of the larger diameters, a search for material 
led to the United States, where shell ma- 
terial of desired thickness was found in large 
quantities in the speciesAmblema, Quadrula, 
Pleurobema and Magalonais, which are in 
digenous to the waters of the Mississippi 
and its major tributaries. These molluscs 


also have massive shells and yielded a high 
proportion of satisfactory nuclei similar in 
hardness and specific gravity to the super- 
imposed nacre. Mikimoto shipped these mol- 
luscs by dozens of carloads to Japan, where 
he manufactured his own nuclei at his Pearl 
Farms. 

The preparation of the nuclei is quite 
simple. The shells are cut into smal} cubes 
of the required size then placed between two 
sheets of iron. The upper sheet revolves and 
the resulting grinding of the cubes, between 
the plates and against one another, chips 
off the edges and produces rough spheres. 
The rough spheres are placed in cotton bags 
and subjected to a further grinding treatment 
which brings the surface to a fair polish. 
A high polish is not really necessary. 

The finished nuclei are graded according 
to size. The nuclei used in Pinctada mar- 
tensii are sized from 1.2 to 6.6 millimeters 
in diameter, each size grading to 1.3 milli- 
meters larger than the former. 

Although a substitute material has been 
searched for at various times when the nucle- 
us shell supply became increasingly low (as 
during the World War II), results were 
disappointing and the best known nucleus 
material remains the thick shelled bivalves 
from the Mississippi valley. 


INSERTION OF THE NUCLEUS 

When the pegged oyster is placed in the 
clamp in just the right position and the 
tissue graft has been prepared, the operator 
smooths back the mantle with the spatula, 
exposing the body mass. The retractor hook 
is used to hold the foot down and extend it 
slightly to prevent muscular action. A flat 
probe makes an incision into the epithelium 
of the foot and a slender channel is opened 
into the main mass of the tissue. The pre- 
pared piece of graft tissue is passed down 
this channel to the place selected as the best 
resting place for the nucleus. The moistened 
cup of the nucleus lifter picks up the nucleus 
and it is inserted into the oyster so it will 
lie immediately above the already introduced 
graft tissue. The probe is used to gently 
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® Inserting the 
Oyster. 


smooth the mass and close the channel, the 
mucous helping to keep it closed. As the 
retractor hook releases the foot and the plug 
is removed from between the valves, the 
oyster closes immediately and is deposited 
in a receptacle for holding the processed 
oysters and another oyster is selected for 
the operation. About 25 to 40 oysters can be 
processed in an hour by a well trained 
technician. 

At least one year of apprenticeship is re- 
quired to attain sufficient skill for the first 
nucleus insertion operation. The practice of 
inserting glass beads into various operational 
areas and the cutting and preparing of graft 
tissue is part of the training. 


Nucleus in the 


Rarely a second nucleus is desired. If so, 
the wooden plug is left in position and the 
oyster is turned over to a new position in 
the clamp. In this- position the left valve is 
uppermost and when the insertion is made 
into the epithelium covering the viscera, the 
graft tissue is introduced and the nucleus is 
inserted into the gonad. Extreme care must 
be taken in this operation to avoid punctur- 
ing or injuring the vital organs. 

A third insertion can be accomplished 
in this second position but—only by a highly 
skilled technician. The technique is so deli- 
cate that most technicians will not attempt it. 

When the live piece of mantle tissue and 
the nucleus is inserted into the connective 
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tissue of an oyster, a capsule of tissue devel- 
opes around the solid matter within a few 
days. While this is forming, the epithelium 
of the inserted mantle begins to reproduce 
through cell division and in a week or two 
the regenerated epithelium completely en- 
closes the foreign substance, developing a 
pearl sac. The pearl sac then begins to secrete 
and to deposit calcareous matter around the 
nucleus within it as soon as the cell division 
begins. As the deposition of nacre increases, 
the pearl sac grows larger through the action 
of cell division. The growth of the pearl 
starts immediately after the graft tissue takes 
hold and begins to grow by cell division. 
The rate of nacre deposition is either fast 
or slow depending on the temperature and 
conditions of the environment. 


CONV ALESCENCE 
Freshly tarred culture cages are prepared 


for the convalescing oysters. They consist 
of heavy wire frames of about 2 feet square 
and 1 foot high covered with a 1 inch mesh 
wire netting. One side of the cage is hinged 
to form a door, Each cage is divided into 4 
compartments and will hold approximately 
50 to 60 oysters. These filled cages of newly 
operated oysters are suspended from a group 
of rafts anchored in sheltered areas near 
the laboratory. They are submerged in water 
of 7 to 10 feet and remain undisturbed for 
a period of 4 to 6 weeks, during which time 
they undergo a period of convalescing neces- 
sary after the delicate nucleus operation. 
During this period the oysters recover from 
the shock of the operation and have time to 
repair any injuries sustained while being 
processed. One of Mikimoto’s patents 
covered the use of ultraviolet rays to heal 
the wound quickly after the nucleus was 
inserted. 


© Rafts from which the Cages of Oysters 
are Suspended. 
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At the end of this period the cages are 
lifted and the oysters are inspected, the dead 
shells are removed and the cages cleaned. 
The cages are then transferred to permanent 
culture rafts by barges or towed by motor 
boats. 


The cages are suspended from the perma- 
nent culture rafts at a depth of 7 to 10 feet. 
There are generally 60 cages to a raft, each 
cage containing 3,000 or more oysters. Here 
they remain undisturbed for approximately 
3 to 4 years. At least 3 times a year the cages 
are lifted and all encrusting marine growths 
are scraped from the oysters. This cleaning 
process requires roughly 40 days out of the 
year, At this time all dead shells are removed 
and a few living oysters are checked to 
determine the rate of growth of the pearls. 
The cleaned oysters ate placed in freshly 
tarred cages, and the used cages are returned 
to the shore bases for renovating, cleaning 
and eventual retarring. In a few of the 
stations, the oysters are cleaned 5 to 8 
times a year. 

Mikimoto developed the system of coating 
the shell with a gelatin solution to make it 
smooth after the shell was cleaned of the 
parasites. Then the shell was coated with 
a paint based on drying oil and other sub- 
stances. This possibly helped to keep the 
shells free of parasites. 

The harvesting operations begin in Octo- 
ber and continue until the middle of January. 
Some operators who specialize in producing 
pearls of high luster believe that the oyster 
deposits only a thin translucent layer of 
nacre over the thicker more colorful layers 
at the start of cold weather and therefore 
do not begin their harvest until after Decem- 
ber. They contend this translucent layer, 
deposited during the last month before the 
harvest, adds materially to the quality of 
the pearl. 


Mr. Oda, the chief research biologist for 
Mikimoto, inserted a nucleus 6.9 millimeters 
in diameter into each of a number of oysters, 
to determine the relation between water 


temperature and the nacre-secreting activi- 
ties of Pinctada martensii, At regular inter- 
vals throughout the year, the nacre-coated 
nuclei were examined to determine the 
amount of nacre deposited. The results of 
his observation showed that in the months 
of September and October when the water 
temperature was around 20° C the accretion 
of nacre was at its maximum. The nacre 
secretion apparently ceases when the water 
temperature fell below 14° C indicating a 
definite relationship between secretion and 
water temperature. 

In areas where the water temperature 
does not fall below the critical “minimum 
for nacre deposition, as in Shizuoka Pre- 
fecture, nacre is produced every month of 
the year. 

The factors which cause the biochemical 
reaction determining the structure and char- 
acter of the secretion are not fully under- 
stood, but it has been established that the 
desposition of the prismatic layer becomes 
very marked when the oyster is subjected to 
strong sunlight. A series of experiments to 
determine the reaction of pearl-forming mol- 
luscs held at varying depths and under 
various colored lights indicated that Pinctada 
martensit becomes most active in the deposi- 
tion of nacre when exposed to intensely blue 
light for a long period. In these tests the 
nacre examined showed a high luster with 
an excellent coloration. 

One of Mikimoto’s patents covered the 
use of reflectors for the formation of irides- 
cent pearls. Colored plates, colored wire 
netting, or transparent colored plates were 
placed at the top and bottom of the basket 
containing operated oysters. The object was 
to produce a rich iridescence in the pearl 
and was based on the theory that light 
waves influence color. 

Mikimoto’s Research Laboratory has com- 
pared pearls of various colors. The results 
of the investigation show that the grains 
are finest in pearls of a greenish color and 
they have the most surface lines. If structural 
quality alone were considered, the green 
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© From Pearl Culture in Japan, by Dr. A. R. Cahn. 


pearls would be considered superior, because 
of the greater smoothness of their surface 
owing to the closeness of the componant 
layers. 

Silver pearls have the least surface lines 
and the coarsest grains, while the pink 
pearls rank next to the green in finest of 
grains and also shows less occurrence of 
aragonite and the layers are regular in out- 
line. The pink pearl is considered the most 
valuable. The yellow pearl has more calcite 
crystals in its structural composition and 


the componant layers of the yellow pearl 
are wavy in outline. 

The color of pearls does not seem to be 
an accidental property but rather the result 
of a definite physical basis: not a chemical 
one. 

SIZE 

The size of the pearl produced is in- 
fluenced by the size of the nucleus, the 
duration of the growing period, and the 
health and age of the oyster. Oysters between 
3 and 7 years of age produce the best growth. 
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After the age of 7 years the oyster’s vitality 
apparently decreases and the deposition of 
nacre is of poor quality and the resultant 
pearl of inferior grade. 

Although nacre is deposited on the pearl 
as long as it remains in the oyster the best 
pearls are those produced in a 3 to 4 year 
period. The deposition of nacre increases the 
diameter of a cultured pearl about .3 of a 
millimeter cach year. Therefore, the ultimate 
size of the pearl is chiefly dependent on the 
size of the nucleus inserted and not the 
length of time it remains in the oyster. 

Cahn states “The largest pearl of good 
quality produced by culture methods in 
Pinctada martensii at the Mikimoto Pearl 


Farm, was 10.6 millimeters in diameter. The 
nucleus introduced was 9.0 millimeters in 
diameter and the pearl was formed over a 
period of 4 years.” 

RECOVERY 

The cages are lifted at the end of a desig- 
nated period, averaging 3 to 4 years and 
the oysters are brought to the laboratory for 
the removal of the pearls. 

A laboratory technician opens the shells 
and extricates the culture pearls and any 
natural pearls which may have developed. 
The pearls are carefully washed to remove 
any slime or dirt and then dried carefully 
by gently rubbing between 2 soft pieces of 
cloth using a rotary motion and done by 


® Removing the Cultured Pearl 


© Sorting Cultured Pearls 
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hand to reduce any possibility of marring 
the pearls. 


The Mikimoto Pearl Farm is reported to 
have the most complete system, so far de- 
vised, for keeping all records of their opera- 
tions. A record for each technician is kept 
separately on the total number of oysters 
operated on; the number of oysters surviving 
the operation; at each successive cleaning, the 
number still living; and at the end of the 
culture period, the yield of pearls. By keep- 
ing these precise records the skill and pro- 
duction of each technician is maintained and 
at any time may be accurately checked. 


SUMMARY 

A pearl can be formed when a small piece 
of live mantle tissue, together with suitable 
nucleus is inserted. into the visceral con- 
nective tissue of another oyster and through 
the regeneration of the inserted epithelium 
cells forms a pearl sac which in turn secretes 
narce and grows by cell division. The rela- 
tionship of the pearl sac epithelium and the 
nucleus is essentially the same as the outer 
epithelium of mantle and the shell. The 
only difference is, that the pearl sac secretes 
nacre within the connective tissue of the 
body of the oyster but the formation of the 
shell and the formation of the pearl is the 
same. This is the basic principle of pearl 
culture. 


The equivalent of a surgical operation must 
be performed when inserting the nucleus and 
graft tissue, therefore, only highly skilled 
technicians are given this responsibility. 


Both before and after the processing, the 
oysters are kept under close observation. 
They are kept in cages suspended from rafts 
in water and repeatedly inspected by women 
divers. Periodically they are cleaned, and 
dead shells removed. Complete records are 
kept on all phases of the culturing process. 


Mikimoto was granted the first patent in 
the history of pearl culture on his method 


of producing the semi-spherical or blistes 
pearl and he was the first to receive a patent 
dealing with the method of producing spher- 
ical pearls by deposition of nacre from 
graft tissue. 


Although he cannot be credited with hav- 
ing produced the first spherical culture pearl 
nor with originating the method he has 
used so successfully to produce them, his 
contributions to the culture pearl industry 
and his great business acumen have resulted 
in his often being called the father of the 
industry. 


To increase the supply of oysters Miki- 
moto undertook extensive experiments in 
spat collecting and rearing. He invented 
and patented many devices which eventually 
became the basis of pearl oyster culture. 


During World War II, the pear! industry 
declined rapidly and not until after hostil- 
ities ceased did the industry slowly begin 
to regain some of its lost ground. It was 
chiefly through Mikimoto’s ingenuity that 
it was revived and placed on a productive 
and highly profitable basis. 


The Mikimoto Pear! Farms represent the 
results of 60 years systematic management. 
Mikimoto was granted 30 patents on his 
pearl developments during a peridd of 50 
years; only GO were granted in all, in Japan, 
during this period. 


Nature has been ably encouraged in her 
work of producing pearls by scientists and 
pearl culturists, therefore, the cultured pearl 
cannot be called a natural pearl; however, it 
is a genuine pearl. On each occasion when a 
cultured pearl is being admired for its beau- 
tiful luster, iridescence and its remarkable 
occurrence, a tribute is being paid to those 
scientists who have made it possible. 


REFERENCE: 

Dr. A. R. Cahn, ‘Pearl Culture in Japan,’’ pub- 
lished by General Headquarters, Supreme Com- 
mander for the Allied Powers, Natural Resources 
Section, Report No. 122, Tokyo, 1949. 
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WHAT PRICE 
CUNVENIENCE? 


by 


GEORGE R. KAPLAN 


If you mention “convenience” to a dia- 
mond buyer, just back from an overseas trip, 
chances are he will wince, or perhaps cringe. 
To him the word has become synonymous 
with the really “intricate currency structure” 
of his trade. How did it get that way? It’s 
the story of a few Belgian merchants who, 
trying to make their business life a little 
easier, erected a diamond price structure 
which frightens even the most ardent mathe- 
matician. First, let’s look at the end result. 

Let’s take the case of an American who 
seeks to buy Belgian diamonds for resale in 
the United States. We would logically ex- 
pect prices to be quoted to him in either 
Belgian francs or American dollars. Instead, 
to his amazement he finds quotations for 
the gems in £ (pounds sterling) or guilders. 
To make things still more confusing, the re- 
quired £ and guilder are not respective cur- 
rencies of England and Holland, but totally 
artificial currencies set up and used by the 
diamond trade only to ‘‘facilitate’” business. 

Today, the English pound is pegged at 
$2.80, yet the “diamond” £ is worth $3553 to 
the American polished diamond purchaser. 
Today’s Dutch guilder is equivalent to $.26, 
but when diamond men use it to quote prices, 
it is worth $.40. 

Well, how did it happen? Oddly enough, 
this muddled price structure arose from at- 


tempts by Belgian diamond merchants to 
simplify their currency transactions. 

Prior to 1936, European currencies were 
based on the ‘gold standard.’ Diamond 
prices were quoted in almost any currency, 
but the Dutch guilder was usually employed. 
This guilder was equivalent to 20 Belgian 
francs, 1/12th £, or approximately $.40 in 
American money. However, in 1936, the en- 
tire sterling area (including Holland and 
Belgium) abandoned the gold standard, and 
currencies began to fluctuate independently. 

At this point the Belgian diamond dealers 
stepped into the picture. Accustomed to deal- 
ing with the old Dutch guilder, worth 20 
Belgian francs, the Belgian merchants main- 
tained this value. To the American of that 
time this ‘‘gold” guilder was worth $.40 
whereas the actual Dutch guilder was worth 
only 80% as much. 

During World War II, trade between the 
low countries and the U. S. was completely 
cut off. Our only large scale importations of 
European diamonds during this period were 
in rough — from England — with prices 
quoted in £. When the war ended, we re- 
sumed importations of polished diamonds 
from Belgium with prices still quoted in £, 
at $3.53, as neither the guilder nor the Bel- 
gian franc were pegged to the dollar at that 
time, 
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For a brief period (1945-1948) diamond 
prices were being quoted in real currency and 
buyers breathed easier, but in September 1948 
the £ was devalued to $2.80. The Belgian 
diamond merchants again seeking to “‘ease”’ 
business transactions invented the “diamond 
&£,"’ equivalent to the old £’s value of $3.53. 
Matters were made even simpler when 
American buyers added our import duties 
and expenses thus recognizing the ‘diamond 
£" as equivalent to $4.00. 

And so today, we have the following mud- 
clear situation: If a London merchant sets a 
diamond's value at £ 100, he means $280.00. 
The Belgian merchant might offer a finer 
gem for seemingly the same price (100 £). 
Actually he means $353.00 or $400.00 in- 
cluding import duties. 

I sincerely hope my readers see the great 
time-saving feature of inventing one’s own 
currency; your author does not. 

Ironically enough, whereas confusion used 
to be sole property of the buyer, the “‘dia- 
mond” £ and “gold” guilder have boom- 
eranged on their inventors. Those who com- 
plain of the complexities of American busi- 
ness will take comfort in the plight of the 
Belgian diamond cutters, who these days 
live in a sort of accountants’ paradise. 

The typical European cutter buys his rough 
diamonds in England with pounds sterling 
worth $2.80, and pays his workers in Bel- 
gian francs. He may then sell part of his 
production in Dutch guilders worth $.26, 
and part in “gold” guilders worth $.40, a 
third part of his sales might be in £ worth 
$2.80, and a fourth part in “diamond pounds” 
worth $3.53, and the American purchaser 
buys the remainder in £ equaling $4.00. 
What is worse, neither he nor his customers 
understand the “convenience” of sucha 
system. 

So, if you're on friendly terms with an 
international diamond buyer, don’t talk shop. 
His trade makes him just a little nervous, 
not only because of the currency clearness but 
also the honest competition he meets from 
others in his own country and from abroad. 


Pearl Weight 


Estimation 


(Continued from page 100) 


weight in momme’*, carats, and grams is also 
given. 

The formula is also adapted for ready ref- 
erence in graph form. The vertical reference 
is given in pearl grains and the horizontal 
reference is diameter. To solve a problem by 
use of the graph, draw a perpendicular line 
from the diameter in which you are con- 
cerned, until it intersects the curve. At the 
point of intersection on the curve draw a line 
parallel to the bottom of the graph until it 
intersects the vertical reference line where 
you will read your answer in pearl grains. 
Such an example is shown on the graph. A 
pearl of 5 millimeter in diameter is found to 
have a weight of 3.5 grains. 


The graph may also be used in a reverse 
manner. For example, if you wish to know 
the diameter of a pearl of given weight, the 
graph can be used to solve this. For example, 
what is the diameter of a pearl which weighs 
12 pearl grains? By projecting a line from 12 
(on the side of the graph) to a curve, we 
locate a point of intersection. From this point 
we drop a perpendicular line until it inter- 
sects the diameter at the bottom of the Braph. 
At this intersection we read 7.5. Therefore 
the diameter of a pearl which weighs 12 
pearl grains is 7.5 millimeters. 


* Momme is a Japanese weight term used in cultured 
pearl wholesaling. The Japanese measure large quan- 
tities of pearls in Kans (1 Kan = 8.267 pounds). 
Smaller quantities are measured in Momme (1 
monime == .0132 ounces). By converting ounces to 
the metric system, we find that 


1 pearl grain == .133 momme 


Other conversion factors used for these tabulations 
are: 
1 gram == 5 carats == 20 pearl grains 
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X-Hay Studies 


(Continued from page 107) 


silica in an intermittent manner from liquids 
containing the material in solution. The as- 
sumed manner of formation is, however, 
clearly hypothetical and it leaves the question 
of the physical nature of the banding result- 
ing therefrom unanswered. A different ex- 
planation that has been suggested and re- 
ceived with some favor is the so-called silica- 
gel theory. This regards the banded struc- 
ture of agate as analogeous in its nature to 
the periodic precipitates formed in gelatinous 
substances in certain circumstances. We may 
remark, however, that the characteristic struc- 
ture of agatc is observed even in the absence 
of any material other than silica in its compo- 
sition. Further, it is to be noted that the 
microscope shows agate to be a coarsely 
crystalline material and not a colloid. 

The question of the nature of the banded 
structure of agate presents itself in a particu- 
larly interesting form when we consider the 
case of the specimens exhibiting iridescence. 
It has long been known that the stratifications 
in agate may be so close and so regularly 
spaced as to enable a polished plate of the 
material to function as a diffraction grating 
when traversed by a beam of light. It is nat- 
ural to suppose that a structure exhibiting 
such a high degree of regularity with strata 
following cach other some 10,000 times in a 
centimetre is a consequence of some special 
feature in the aggregation of the crystallites 
of quartz of which agate is composed. The 
fact that we had at our disposal two examples 
of iridescent agate encouraged us to under- 
take a careful study of this question by op- 
tical and X-ray methods. The investigation 
has revealed several interesting facts, and 
besides elucidating the particular problem 
under consideration has also thrown fresh 
light on the structure and optical behaviour 
of non-iridescent agate and chalcedony. 
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A detailed study was made by optical and 
X-ray methods of the two plates of banded 
agate which displayed iridescence over part 
of their areas. The light transmitted by the 
banded areas was found to be completely 
polarised with the vector normal to the 
planes of banding. On the other hand, the 
wavy supposition patterns exhibited by the 
iridescent areas disappear for the same vibra- 
tion direction. From these facts and the ob- 
served optical characters of the diffusion and 
diffraction phenomena it is deduced that the 
crystallites of quartz form fibres elongated in 
the direction of a crystallographic a-axis, 
while their principal or c-axes lie in the planes 
of banding but are orientated in a periodic 
manner in these planes so as to build up a 
structure which functions as a diffraction 
grating. The X-ray results support these find- 
ings. More generally also, they indicate that 
the banding of agate is a consequence of the 
presence in it of groups of crystallites of 
quartz having a common specific orientation. 

It is known that quartz exhibits a type of 
twinning in which the principal axis in the 
two components of the twin are nearly at 
right angles to each other — more exactly 
make an angle of 84°33’ with each other. It 
seems that the fibres of quartz in iridescent 
agate may be described as polysynthetic twins 
in which the alternate elements are related 
to each other presumably in the same manner 
as in the twins of the kind referred to. 
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bemological Vigests 


IS BORNEO BECOMING AN IMPOR- 
TANT DIAMOND SOURCE? 


The September 1954 issue of “Mineral 
Trade Notes’ (published by the U. S. Bu- 
reau of Mines) carried an interesting note 
by an embassy officer in Djakarta, Indonesia, 
which suggests that Borneo, the carliest 
known source of gem diamonds, may again 
become important. 

The report states: 

“Although accurate records on diamond 
production in Indonesia are lacking, news 
from the field continues to confirm that 
activities are by no means insignificant. A 
century ago the chief producing area was 
the Landak and the Kapuas river valleys 
of western Kalimantan on the island of 
Borneo. However, in August 1953 a 3114- 
carat stone was found near Ngabang in 
this region, for which a dealer offered Rp. 
(rupiahs) 90,000. (U.S. $1 equals about 
11.40 rupiahs). The stone, believed to be 
worth Rp. 200,000 after polishing to 
about 25 carats, was the second largest on 
record from that area. (During the Japa- 
nese occupation stones of 18 and 28 carats 
were found). 

“The Barito valley region in southeast 
Kalimantan, in which 5,000 diamond 
hunters work around Halung, reported 
the find of a diamond worth half a mil- 
lion rupiahs (size unspecified) in Septem- 
ber 1953. In December 1953 the largest 
diamond on record in Indonesia was re- 
ported (350 carats) found at Puruktjahu 
in Barito Kabupaten county. It had tenta- 
tively been valued at 3 million rupiahs. No 
confirmation of these reports has been re- 
ceived. Chinese diamond-grinders in Band- 
jarmasin and Djakarta make most of the 
profit on the diamonds.” 

The size of the diamonds seems much 


less significant than the reported figure of 
5,000 diamond miners said to be working 
in the Barito valley. If this is true, the total 
weight of diamonds mined must be great. 
The fact that they have not appeared in any 
quantity on the market suggests that the 
Chinese who purchased them are shipping 
them to Red China rather than to the West. 
Of course this may be little more than a 
rumor but it is possible that Borneo will 
assume a world importance in diamond pro- 
duction. 


273% CARAT DIAMOND FOUND AT 
JAGERSFONTEIN MINE 

It is reported that a 27314 carat diamond 
was recently found at the Jagersfontein Mine. 

This mine has the reputation of producing 
occasionally some very fine large stones, an 
instance of which was the discovery of the 
“Excelsior” in June, 1893, by a native mine- 
worker, who received a reward of £500 in 
cash and a horse equipped with saddle and 
bridle. 

An exquisite blue-white, the “Excelsior” 
weighed 97114 carats, which made it then 
the world’s largest authenticated diamond, a 
distinction it enjoyed till 1905 when the fab- 
ulous Cullinan diamond took pride of place. 

From the “Excelsior” were cut 21 gems, 
10 of which ranged between 10 and 70 carats. 
De Beers Company exhibited one weighing 
18 carats at the New York World Fair in 
1939. 

The Jubilee, another fine diamond, was 
found in the Jagersfontein mine, in 1895. In 
the rough, it was a flattened octahedron 
weighing 650.8 carats. It was entirely flaw- 
less and perfect in color, transparency, and 
brilliancy. The gem was shown at the Paris 
Exhibition of 1900. It is generally conceded 
that at the present time the Jubilce is the 
third largest cut diamond in existence. 


126 


& GEMOLOGY 


GEMS 


Book Heview 


FOUR CENTURIES OF EUROPEAN 
JEWELLERY by Frule Bradford, 219 pages: 
48 pages of Ulustrations: a Glossary, Bibli- 
ography and Index: published by the Philo- 
sophical Library tic., New York, Loudon: 
$12.00, Reviewed by Jeanne G. M. Martin. 

This well illustrated book on European 
Jewelry from the Renaissance to the present 
day cannot fail to interest students and col- 
lectors. 


Beginning with a survey of the jewelry of 
the ancient world and a chapter on the bril- 
liant craftsmen of the Italian Renaissance, 
the author discusses the fashions and prod- 
ucts of cach suceceding century. The follow- 
ing chapters deal with the historical back- 
ground and growth of the jewelry craft in 
Europe, as well as specialized aspects of the 
subject. The aim has not been so much to 
catalogue the outstanding examples of jewel- 
ry still in cxistence, as tu indicate the course 
and changes of fashion. 

The processes by which jewelry was made 
and the changes which have occurred in tech- 
niques is stressed. 

There are chapters on diamonds, rings, 
enameling, cameos, intaglios, paste, marcasite 
and the precious metals; also pearls, amber, 
jet and coral. One chapter is given to the 
history and properties of precious stones. In 
the chapter on the craft of gem cutting some 
of the most important styles which have been 
used since the sixtecnth century are described 
briefly. In addition, Bradford outlines de- 
velopments in the methods employed by the 
lapidaries. Ao glossary of six pages and a 
selected Bibliography ts included which will 
be welcomed by those wishing to do further 


research on the subject. 
The preparation involved for this book 


and the assimilation of the material, required 
a keen inught and appreciation of jewelry 


on the part of the author as well as a great 
deal of effort and research. It will be wel- 
comed by libraries, designers, students and 
all connoisseurs of jewelry, particularly those 
who are beginning to build their own collec- 
tions. 


DIAMOND PRODUCTION AT THE 
WILLIAMSON MINE INCREASES 


According to the annual report of the 
Tanganyika Department of Mines for 1953, 
as reported in The Diamond News, the pro- 
duction of cuttable and industrial diamonds 
increased by 29,281 carats or 20 per cent 
over that of the previous year. The whole of 
this increase came from the Mwadui Mine 
of Williamson Diamond Mines Ltd., in the 
Shinyanga district. At the neighboring mine 
of Alamasi Ltd., the only other diamond pro- 
ducer, production was slightly less than in 
1952. 

Exports were estimated at £1,834,761. 
Some of the final valuations had not been re- 
ceived at the end of the year. 


Williamson Diamond Mines, Ltd., con- 
tinued the installation of the new plant at 
Mwadui Mine to increase the quantity of 
treated to 7,500 
tons a day. The plant was scheduled to come 
into production toward the end of 1954. To 
provide an additional water supply the Du 


diamondiferous gravel 


Toit Dam was constructed with a capacity of 
1,800 million gallons. The principal mining 
unit will be a six cubic yard electrically- 
driven walking dragline. A third 900 k.v.a. 
diescl generator set was installed and founda- 
tions poured for three further sets. It is esti- 
mated that by the time the new plants put 
into production it will have cost £314 mil- 
lion, all of which will have been found from 
revenue. 


The largest diamond yet to be found in 
Tanganyika was recovered at this mine dur- 
ing the year. The stone weighed 181 carats. 
Details regarding classification and value 
are not yet available. 
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Hecent Discovery 


of 


Fine Gem Tourmalines 


in Maine 


by 


B. M. SHAUB, Ph. D. 


The story of the Maine tourmalines is one 
of interest to every mineralogist and gemol- 
ogist. It begins in the year 1820, when 
two students, Elijah L. Hamlin and Ezekiel 
Holmes, made the original discovery of 
splendid tourmaline crystals in the town of 
Paris at the locality which became known 
as Mount Mica and which is today known 
to mineralogists and gemologists throughout 
the scientific world. 

Mount Mica has long since given up its 
wonderful gems to the numerous individuals 
who worked the unusual mineral deposit 
than a century. 

Within recent years the well-known and 
authentic Maine tourmalines of good quality 
have become very closely held in museums 
and private cabinets, to the extent that the 
present generation of mineral collectors and 
amateur lapidaries find it difficult to gain 
possession of gem tourmalines from this state 


intermittently for more 


except at prices which to many people, often 
seem excessively high. However, when the 
supply of a material is exceedingly limited 
and the desire and pride of possession of 
enough individuals is sufficiently great for 
some particular natural product, the price 
usually advances sharply, especially during 
a period of inflation of more than two 
decades standing. There is no longer a 
general price level at which one can expect 
to acquire good quality tourmalines of un- 
qualified Maine origin. Crystals that could 
be purchased a few decades ago for forty or 
fifty dollars are now prohibitively high 
priced to the average collector — if and 
when they are available. 

It is interesting to note that the sustained 
interest in the famous Maine tourmalines 
has been caused by the relatively small 
quantiiy of gem quality specimens which has 
been found intermittently over periods of 
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several decades, and by the breaking up or 
dispersing of the contents of the older cabi- 
nets of Maine minerals by sale or other means. 

The last three decades of operation of 
the pegmatite mines have been relatively 
lean years insofar as gem tourmalines are 
concerned. None of the mining operations 
in recent years have been carried on ex- 
clusively in search for gem minerals of any 
kind. The principal economic products are 
feldspar and mica. Only recently has a peg- 
matite been mined for beryl as an industrial 
mineral. In these mining ventures it is a 
rare occasion when exceptional gem quality 
tourmalines are found in any number. But 
the ever-present hope or expectation that 
another Mount Mica may someday appear 
and amply reward the discoverer for his 
efforts and untiring search for the elusive 
tourmaline — a highly prized by-product 
has been sufficient to sustain an enduring 
interest, and the miner is continually on 
the lookout for indications of the possible 
presence of this exceptionally fine gem 
mineral during his operations. Any operator 
of a sodium-lithium pegmatite has an equal 
chance of being another lucky discoverer of 
one or more gem, tourmaline pockets. 

The mining area which has produced the 
best and practically the only gem tourmalines 
in Maine is a relatively narrow zone near 
the southwestern border of the state extend- 
ing from Auburn to Andover and West to 
New Hampshire. It is within this area 
that so many of the fine mineral specimens 
and gems have been found. The prospects 
of further discoveries are always fair to good 
depending on the demand for the usual com- 
mercial minerals present. The very high 
price for domestically mined mica has been 
a factor greatly favoring one of the more 
recent operations in the Maine pegmatites. 

The story of the recent discovery of gem 
tourmalines began when Stanley L. Perham 
of West Paris, Maine, obtained a lease from 
a Mr. Benson and a Mrs. Brown to develop 
a mineral deposit on their properties near 
Nobles Corner, in the town of Norway, for 


the recovery of mica, Whroh eave indications 
of being of sufficient abundance and quality 
to warrant an attempt to time rf commer- 


cially. It appeared that the operations could 
be conducted as an open pit mine without 
much preparatory work other than removing 
some topsoil with a bulldozer. This work 
was started in 1952 by the T-C Mining 
Company, an organization controlled by Mr. 
Perham and his associates. The site of the 
immediate operations for the mica was 
called the B.B. Mine from the initials of the 
lessors. 

As operations got under way and con- 
siderable mica was obtained, it was dis- 
that the mineral pollucite was 
present and associated with cleavclandite. 
The latter mineral occurred abundantly but 


covered 


in relatively small blades or grains. Vhe 
combination of small-grained minerals pro- 
hibited the separation of the pollucite by 
hand sorting. Moreover, while pollucite 1s a 
rare and often valuable mineral for some 
industrial purposes, the present imarket as 
quite unfavorable for recovering the mineral 
when it is disseminated with the feldspar. 

In the search for pollucite by muncralo- 
gists and mineral collectors, a guide for its 
discovery consists of its known association 
with clear, transparent beryl (goshenite) ; 
spodumene; lepidolite; cassiterite: cleave- 
landite; transparent colorless, colored, or 
color-zoned tourmalines; smoky quariz; mus- 
covite; often columbite and some mucrocline. 
Black or very dark blue tourmalines are also 
present but they are often scattered through- 
out the mass of the pegmatites. Since most 
of the minerals associated with 
colored tourmalines, especially the pollucite, 
were present in the mine operated by Mr. 
Perham, it was to be expected that at least 
an occasional colored tourmaline might be 
present. However, in the initial pits to 
be worked the grain of the pegmatite was 


usually 


small, and the cavities or the porous, pow- 
dery and clayey material in which the fine 
tourmalines might occur were absent. also, 
the muscovite was in rather small “books” 
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and not too well separated from the associ- 
ated minerals to yield the larger and more 
valuable cleavage sheets. 

Consequently, in the spring of 1954 the 
mining operations were moved along the 
pegmatite about 75 yards to a place where 
the surface showings, after the soil was 
removed, indicated a more favorable site for 
commercial muscovite. This site is the B.B. 
No. 7 pit. 

During the summer, as the mining opera- 
tions progressed in the new location, it 
became more and more likely that some of 
the rarer minerals might be encountered, 
since the common pegmatite minerals were 
coarser grained and the presence of purple 
lepidolite was occasionally noted. It was 
not until Friday, August 13th, that the first 
smal] of green 
found, and it was then definitely established 
that the pegmatite was of the proper makeup 
to yield colored gem tourmalines. The un- 


pocket tourmalines was 


known factors, quantity and quality, had 
yet to be determined. From the time of the 
discovery the work progressed very slowly, 
because only light charges of dynamite in 
shallow holes could be used without endang- 


ering any gem crystals in the vicinity. The 
location of a pocket could not be readily 
predetermined; only the specialized min- 
eralized zone was evident. But the apparent 
edges of the zone served as a guide and as 
the limit for locating the blasting sites. 
Nearly two weeks were spent in excavating 
the crystal pockets with the utmost care to 
avoid any unnecessary breakage of the gem 
material. Much of this phase of removing 
the crystals had to be done slowly with 
hand tools, 

The zone in which the gem-bearing ma- 
terial occurred was divided into tourmaline- 
bearing sections and/or pockets by large 
rounded masses of cleavelandite. The bulk 
of the matrix material consisted of a very 
porous and friable mass made up of a mix- 
tur of albite, cookeite, and quartz. The 
pockets in each section were filled with clay, 
loose picces of quartz and feldspar, as well 
as lepidolite, cleavelandite, and cookeite. 

After the cavity or pocket material con- 
taining the tourmaline was removed from 
the mine, it was softened by the addition of 
water. From this material the tourmaline 
crystals were readily removed. The softening 


Se 


Tourmaline Removed from the No. 7 Pit of the B.B. Mine. 


14,000 Carats. 
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Gem Quality Tourmaline Which is to be Fashioned into Gems. 
5,000 Carats. 


was effected quickly so that the tourmaline 
crystals, even those that were completely 
surrounded by the matrix, could be tipped 
out easily within a few minutes. Many of 
the crystals contained adhering claylike ma- 
filled the vertical 
Most of the crystals were recovered from 
the matrix without additional breakage; 
however, many had been broken across the 
prism by natural forces before the mining 
operations had opened the pockets. 

It should be noted here that the splendid 
tourmaline crystals from Mount Mica were 
usually obtained in sections, many of which 
were restored. Most of the splendid illustra- 
tions reproduced in “The History of Mount 
Mica,” by A. C. Hamlin (published privately 
in 1895), were drawn and colored from re- 
stored crystals. The crystals from Mount 


terial which striations. 


Mica were broken across by natural circum- 
stances before they were encountered in 
mining and before they were removed from 
the matrix or clay in the pocket or cavities. 

In the No. 7 pit of the B.B. Mine about 


14,000 carats of gem variety tourmalines 
were removed from the pockets (Fig. 1). Of 
this amount there were 5,000 carats of the 
larger crystals (Fig. 2) and 3,000 carats of 
the smaller ones that will cut fine gems. 
About 4,000 carats, consisting of bluish 
indicolite, will produce cabochon gems and 
possibly some faceted stones. The remaining 
2,000 carats, although of gem varicty, are 
of questionable quality for any type of 
cutting and will be of value mostly for 
specimen material. 

Many of the better crystals were termi- 
nated, although in all cases observed the 
terminal faces were etched and dull. The 
prism faces were characteristically striated 
parallel to They also 
showed a general trigonal cross section, a 
form which is well adapted to the cutting 
of step- or square-cut gems. 

The crystals do not, in general, show 
marked zoning. They are of a fine bluish- 
green color normal to the ¢ axis with occa- 
sional slightly darker color zones, which are 


the vertical axis. 
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barely noticeable when handling the gems 
unless one is especially looking for the 
slightest color variations. When viewed in 


the direction of the unique axis, the pleo-. 


chroic color -is a yellowish to brownish- 
green. Most of the crystals are sufficiently 
transparent in this direction to produce gems 
of this color. 

Nevertheless, the bluish-green color per- 
is by far 
these 
tourmalines it is of an excellent quality. 

The largest crystal of gem quality weighed 
137.47 carats and was of a very fine color. 


pendicular to the prism faces 
the more pleasing color, and in 


It was broken in two sections when found. 
From this crystal (Fig. 3) the following 
gems were obtained; two superb square-cut 
stones of 23.67 and 10.91 
angular stone of 6.77 carats, and a small 
navette of 1.78 carats. The terminal part of 
the crystal contained a large imperfection. 
Had it not been for this imperfection, 
larger could have been obtained 


carats, a tri- 


stones 


from the crystal. 

Relatively few pieces of the matrix with 
adhering gem crystals (Fig. 4) were ob- 
tained on account of the very friable nature 
of the pocket material from which the 
crystals separated very readily. 

Once large, odd-shaped, and very irregular 
crystal, not of gem quality, was found in 
the pocket. It weighs 147.7 grams (738.5 
carats) and is a fine green color; However, 
it contains numerous minute inclusions and 
is very imperfectly crystallized. It is indeed 
unique as a tourmaline crystal composed of 
many indiv.duals deeply striated and more 
or less in parallel growth, the small indivi- 
duals are terminated in a common large 
trigonal pyramid with numerous small di- 
trigonal pyramids along the edges of the 
individual crystals along the periphery of 
the large unit. 

As in many deposits of gem tourmaline, 
the habit of some crystals is to form a shell 
about cookeite or sometimes a layer of one 


Sections of a Broken Crystal (137.47 Carats) and a Square- 
cut Tourmaline Fashioned from One of the Sections. 
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Tourmaline Crystals in Matrix. 


color superimposed upon that of another. 
The amount of such material in the B.B. 
No. 7 pit, however, was surprisingly small. 
Only a relatively few pieces of the pink 
tourmaline were found and these are too 
small to provide cut gems. The pink 
tourmaline occurred as cores of other crystals 
and became separated from the outer 
(green) shell as the intermediate zone of 
material had been removed sometime during 
the late phase of activity of the pegmatite 
solutions. 

Many of the tourmalines obtained by 
Stanley L. Perham and his associates are on 
display at Mr. Perham’s mineral store at 
West Paris, Maine. As the demand for cut 
stones arises, he will have them cut in his 
lapidary shop in a room off the display and 
sales room. During the coming summer, 


with the influx of the usual large number 
of tourists, one can be certain that, in addi- 
tion to the many silent and appreciative 
observers of the splendid cut gems, there 
will also be heard from other more vocal 
individuals many ‘‘oh’s’’ and ‘‘ah's’” in re- 
sponse to the excitement and thrill created 
by the sight of the beautiful crystals which 
were formed by natural processes and left 
for strange beings to discover hundreds of 
millions of years later. 

Among the many known gemstones, there 
are relatively few which equal or surpass the 
beauty of the Maine green or bluish-green 
tourmalines; hence it is not surprising that 
these fine stones captivate the imagination 
of the tourists and others who visit Maine, 
and hold them spellbound in amazement at 
their exquisite beauty. 
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The Art 
af 


bem Engraving 


by 
H. L. RICHARDSON 


The art of gem engraving has endured a gem engraving but most of the arts have 
long and significant life from its inception suffered, is at the root of all the neglect. 


before the dawn of accurately recorded his- | Most of us are intrigued by antiquity, even 
tory to the obscure cabinets in muscums when unaccompanied by any great under- 
and rare private collections of a few dis- standing of its merits: and when it is an art 
cerning patrons of the present day. of such great antiquity as the gem engrav- 

There are both intaglio and cameo en- ing, we start with a bias in its favor. We 
gtaving types, each of which is usually done — are thrilled by the thought that the carlicst 
by specialized engravers. The intaglio en- carved gems dating from approximately 3800 


graving is less interesting to the ordinary B.C. copicd the form of the sacred scarabs 
lover of gems principally because it is Jess of Ancient Egypt. Although they wete of 
spectacular, even though it is more prac. soft steatite, they were genuine intaglios. 
tical as a seal. It would seem that there is Later, carnelian and chalcedony were uscd 
a prejudice against the essentially useful, commonly. We read in Exodus XXVIII of 
as opposed to the simply ornamental. This the holy vestments made for Aaron, with 


is a failing quite common in the apprecia- stones engraved with the names of the chil- 
tion of art, born of a lack of close observa- dren of Israel. 
tion. This human weakness, which not only The art of gem engraving answered the 
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need of man for a personal mark or signa- 
ture, and antedates the invention of writing. 
Early engraved gems were used for sealing 
the possessions of the first men who appre- 
ciated the power of accumulated goods. His 
jars of honey, his wheat, his treasure rooms, 
and even his tombs were sealed with his 
personal seal. The messages and decrees of 
made inviolate by 
the carving on a little block of stone. As 
early as 3000 B.C. a personal seal was a 
tegal necessity in the Mesopotamian Valley. 
The art of writing was practiced only by the 
scribes. Engraved seals were the pens and 
the keys of the rulers. Some early engraved 
gems were thought to possess magical pow- 
ers and were worn as amulets against all 


illiterate potentates were 


evils, There also were family seals which 
were handed down from generation to gen- 
eration, the forerunner of the modern family 
seal, engraved with the family crest or 
coat-of-arms. The designs engraved on these 
ancient seals depict every phase of life — 
their weapons, their fashions, their flora 


and fauna, their gods and sacred symbols. 
Archeologists depend in part on their de- 
tails in reconstructing ancient civilizations. 
In Egypt, where heiroglyphics were in com- 
mon use, cylindrical seals were engraved 
with a record of their owners personality ; 
later, scarab seals with a religious significance 
were used. In Greece and Rome, within his- 
toric times, gems were worn engraved with 
designs to show that the wearer was the ad- 
herent of a particular worship, the follower 
of a certain philosopher, or the attached 
subject of an emperor. 

It is probable that the first infancy of the 
art was passed in Babylonia, where the old- 
est examples of engraved gems known have 
been found. In Babylonia, the cylindrical 
form of seal was first used. The technical 
skill of the artist was slight and the cylin- 
ders showed traces of the tools employed. 
However, from a comparatively early time, 
the engravers were able to work with con- 
siderable skill in hard stone. The cylinder 
seal was adopted by the Assyrians and was 


Chalcedony Cylinder Seal in the Montreal Museum of Art, 
Montreal, Canada. Babylonian, Probably Engraved 3000 B.C. 
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Copy of an Ancient 
Engraving, Possibly 
Domitia with Profile 
on Shield. Engraved 


on Carnelian. Intag- 
lio. Size 25 x 18 mm. 


used until the Persian conquest of Babylon 
(538 B.C.). We must go back to the re- 
motest periods for the origin of intaglio en- 
graving in Egypt. Discoveries of the earliest 
dynasties at Abydos and Nagada revealed 
the fact that in Egypt, as in Babylon, the 
cylinder was the earliest form used for the 
purpose of a seal. The cylinder form is 
thought to have been used first in Babylonia, 
but a connection cannot be traced in the 
designs of the respective cylinders. The 
scarabs of Egypt are not considered as ex- 
amples of fine engraving but have an im- 
portance in the history of art. They fur- 
nished the Phoenicians with a model which 
they were able to improve, as regards the 
intaglio, by a more free spirit of design, 
gathered partly from Egypt and partly from 
Assyria. It was about the time of the 4th 
dynasty in Egypt that the scarab design was 
first used and gradually took the place of 
the cylinder. 

The excavations in Crete in the first years 
of the 20th century revealed a previously un- 


known culture, which lasted on the lowest 
computation for more than two thousand 
years. The earliest engraved stones of Mine- 
an Crete were three-sided prism seals made 
of soft steatite. These were engraved with 
pictorial designs, which evidently belonged 
to a rudimentary heiroglyphic system and 
are dated before 3000 B.C. The develop- 
ment of heiroglyphic system was accom- 
panied by an increasing power of working 
in hard materials, and carnelian and chal- 
cedony superseded soft steatite. 

The records of gem engravers in Greece 
begin in the island of Samos, where Mnsar- 
chus, the father of Pythagoras, earncd by 
his art more praise than wealth. From Samos 
also came Theodorus, who made for Poly- 
crates the seal of emerald which was cast in 
vain into the sea to be lost. About 600 B.C. 
there was a law of Salons forbidding en- 
gravers to retain impressions of the scauls 
they made. From the time of Theodoras to 
that of Pyrgoteles in the 4th century B.C. 
is a blank as to names, but not altogether as 
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Three Intaglios Engraved on White-top Sardonyx. 


Arms of Diocese of 

Montreal, Canada. 

Engraved on Amethyst. 

Intaglio. Size 20 x 
17mm. 


to gems, the production of which must have 
been carried on from the constant necessity 
of seals for every variety of purpose. The 
references to them by Aristophanes, and the 
lists of them in the ancient inventories of 
treasures in the Parthenon, confirm the fre- 
quent usage during the period in question. 

Engraved portrait gems have always been 
tare; the earliest known attempt was on the 
seal of Narim Sin, Emperor of Babylon, 
about 1500 B.C. The most famous portrait 
seal was that of Alexander the Great, carved 
by Pyrogoteles. Not only was it great with 
the greatness of the deified Alexander, but 
it was adopted much later by Augustus 
Caesar when he deified himself, and was 
used by all the succeeding Roman Emperors 
down to Diocletian. It has not been seen since 
the sacking of Rome. Portrait gems were 
fashionable during the 2nd century B.C. 
in bethrothal portrait 
rings were exchanged. Claudius gave to each 
of his intimates a gold ring set with a stone 
on which was engraved his portrait, and 
these rings assured instant access to his 
presence. 


when, ceremonies, 


Blob seals (that is, a carved symbol on 
a semiprecious stone with a flat surface on 
which characters were engraved) were more 
commonly used in the- near and far East. 
Chinese seals have never changed from this 
form, But it was the early Greeks who 
combined the form of the blob and the cyl- 
inder, and by gradual steps evolved the 
finger ring with a small stone engraved on 
one side and set in a metal band. From 
these early signet rings emerged the custom 
of giving the bride the seal to carry on the 
household activities ; hence our present wed- 
ding ring. The evolution of the significance 
of seal rings from these practical uses is 
in the investiture of offices, the Papal rings, 
Bishop rings, and legal and government 
seals of the present time. 

In the following centuries the art of in- 
taglio engraving became more mechanical. 
The designs have a very characteristic ap- 
pearance due to the rough strokes of the 


wheel. A collection of gems found in Eng- 
land in the possession of the Corporation 
of Bath shows the feeble character in’ par- 
ticular of the gems current in the Province. 
Except in portraiture the subjects were, as 
a rule, only adaptations or variations of 
old types handed down from the Greeks. 

The art of cameo engraving attained its 
greatest splendor at the beginning of the 
Roman empire. It waned in the early part 
of the third century after the death of the 
Emperor Severus, but under the first Chris- 
tian Emperor, Constantine, it enjoyed a brief 
period of revival. 

In medieval times antique cameos were 
held in peculiar veneration because of a 
One of 
the most famous cameos in the world is a 
portrait of Queen Elizabeth I, believed to 
have been engraved by the Italian artist, 
Vincenti, which she gave to the Earl of 
Essex as a pledge of friendship. When sen- 


belief in their medicinal charms. 


tenced to be executed he sent this to the 
Queen, hoping that it would revive the 
memory 
Through a mistake or treachery, the gem 
came into the hands of the Countess of 
Nottingham, an enemy of Essex, who re- 


and move her to pardon him. 


fused to deliver it; as a result Essex was 
beheaded. On her deathbed, Elizabeth re- 
fused the plea of the Countess for forgive- 
ness and said, "God may forgive you, but 
I will not.” 

The revival of the art in Western Europe 
dates from the pontificate of the Venetian, 
Paul II (1464-1471), himself an ardent 
lover and collector of gems. 

The cameos of the early part of the 16th 
century rival in beauty of execution the 
finest classical works. The oriental sardonyx 
was not available for the purpose of the 
renaissance artists, who were obliged to use 
the German agate-onyx. The gem-engravers 
art again revived in the 18th century, and 
during this period the names of the best 
engravers were Natter, Pichley, Marchant, 
and Burch. 


There is no clear proof of the ancients 
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using a wheel mounted Jathe-wise, but there 
are indications of drilling with a revolving 
tool, which was either a tubular drill mak- 
ing a ringlike depression, a pointed tool 
making a cuplike sinking, or a small wheel 
with a blunt edge making a channel-like cut. 
Possibly each of these tools was used in a 
manner similar to present day usage. Ap- 
parently the ancients used their tools 
mounted in the form of a bowdrill and 
fastened the stone down rigidly. An alter- 
native method was to use a splinter of dia- 
mond set in a handle and used as a graver. 
Pliny speaks of a blunted tool moistened 
and supplied with emery of Naxos, 

The engraving of cameos has now prac- 
tically ceased to be pursued as an art. In 
Italy an extensive trade is carried on in the 
cutting of shell cameos, the principal shell 
used being the Bull’s-mouth shell, found 
in East Indian seas, which has a sard-like 
underlayer. 

From medieval times a large part of the 
gem-engravers art has been largely confined 
to heraldry, engraving family crests, coats- 


Crest of “Kincaid.” 

Engraved on Blood- 

stone. Seal Intaglio. 
Size 12 x 10mm. 


of-arms, etc., on seals and signet rings. 

In modern gem engraving the principal 
tool is a small wheel, which has been 
turned down to the size and shape for the 
particular cut required. Diamond is crushed 
into various grits to suit each particular 
tool, and is then worked Into the head of 
the tool with oil while it is being revolved 
at a fairly high speed. The tool runs in a 
small Jathe horizontally, and the work is 
held in the engravers hand. To commence 
any design the polished surface is very 
slightly greased and a fine powder is blown 
on the surface. The design is then drawn 
freehand with a fine metal point. A very 
thin wheel is fitted in the lathe and charged 
with a fine grade of diamond powder and 
oil. With the work held in the hand the 
engraver then very lightly traces the design 
which he has drawn with the point. This 
procedure marks the design on the polished 
surface of the stone and thus cannot be 
rubbed off when working. The masses can 
then be ground out with larger tools charged 
with a courser grade of diamond. Gradually 
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Crest of the Family Jardine. Engraved on Car- 
nelian. Intaglio. Motto: Sic Itur Au Astra (This is 
the Way to the Stars). Size 12 x 10mm. 


the finer parts of the subject are ground 
away, as the engraver carefully conforms to 
the modeling of the design and guards 
against slipping on the polished surface of 
the stone. 

There have been instances of diamonds 
being engraved, one of which was done by 
Mr. Renton of London- in 1884. Mr. Renton 
was required to engrave a monogram in 
Siamese characters on a thin, flat diamond. 
The cutting had to be deep enough to pro- 
duce a fair impression in wax, and be com- 
pleted in three months. To most persons 
outside the gem-cutting industry the diffi- 
culties of such an operation would not be 
apparent. The old adage, “diamond cuts 
diamond,” would naturally suggest that if 
a diamond could be faceted and polished, it 
could be as readily engraved. But there is a 
great difference between the fine art of en- 
graving and the comparatively rough proc- 
esses of cutting and polishing. Patience and 
skill and long training are needed in cutting 
and polishing. But it must be remembered 
that the cutting of flat surfaces by means of 
a large revolving disc of metal charged with 


diamond, where great pressure can be ap- 
plied, is a far different proposition from 
the problem before the engraver. He is 
obliged to employ very delicate instruments, 
which will not stand great pressure and 
which are far smaller than the surface he 
is going to engrave. Therefore, he has his 
own peculiar difficulties. In the incision of 
a design upon any substance, we naturally 
employ a substance harder than the material 
to be engraved. This cannot be true when 
engraving a diamond, since there is no 
harder substance. 

When first applying himself to the work, 
Mr. Renton used the usual method of gem 
engraving, but he found that his tool slipped 
on the hard surface and burnished the head 
of the tool, even though he was using dia- 
mond powder. After various efforts he fi- 
nally overcame the difficulty. First, he 
coated the diamond with a film of varnish. 
When the varnish was nearly dry, he ap- 
plicd a coat of fine black lead, and then 
added a plating of copper. The design was 
then drawn on the copper, which the tools 
pierced easily down to the diamond. The 


Crest of Baron Van Haersolte, Van Den Doorn. 
Intaglio. Engraved on Citrine by the author. 
Size 14 x 12mm. 
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Crest of ‘Hair.’ Engraved on Bloodstone with Polished Con- 
cave Table. Intaglio. Size 18mm. 


head of the tool was kept in position by 
the copper surrounding it, which also 
formed a channel and held the diamond 
paste between the cutting tool and the sur- 
face being engraved. With his lathe revolv- 
ing at a high speed he was successful in 
accomplishing the most difficult task a gem 
engraver could be called on to attempt. 

It is interesting to note some of the sta- 
tistics concerning this. The stone weighed 
exactly 2.3125 carats before he started en- 
graving it. The strokes of the design, com- 
puted as a continuous line, totalled 27.5mm. 
After engraving, the stone had lost .42 


carats. In the process of engraving, 3.5 
Coat-of-Arms of ‘’Carruthers.” Engraved on 


Bloodstone. Intaglio. Motto: Promptus et Fidelis carats of diamond powder was consumed, 
(Ready and Faithful). Size 14 x 12mm. and the work took 86 hours to accomplish. 


’ 


144 _ ; GEMS & GEMOLOGY 


A Uoat-of-Arms 


by 


H. L. RICHARDSON 


I was asked the question, “What is a 
family Crest?” The question should have 
been, “What is a Coat-of-Arms?” The crest 
is only a part of a Coat-of-Arms, although 
it is very often used alone without the arms. 

The attempt to answer the query must be 
qualified by the limitation of this article, 
since it must be short and not too technical. 
To answer it fully one must go into the 
complicated science of heraldry. 

A Coat-of-Arms is a device or emblem 
intended to be represented on a shield in 
colors and is of a hereditary character. The 
origin of coat armour, as a science, is to be 
found in the personal devices, banners, etc., 
of historical personages. It is generally 
agreed that there was no such thing as a 
Coat-of-Arms, as we now use the term, in 
existence at the time of the Norman con- 
quest. The date and the manner of the origin 
of heraldry has been a matter of speculation. 
There seems to be a blank until the begin- 
ning of the twelfth century. In the thirteenth 
century, Coats-of-Arms were in use through- 
out Europe, and there had sprung up the 
definite, completed science of heraldry gov- 
erned by known and accepted rules. Most of 
the rules of that period are in use at the 
present day. There is no doubt that the 
Crusades influenced its rapid development. 


There have been various sources of origin 
suggested for coat armour: the shield, the 
banner, the tabard, and possibly the use of 
seals. It is one of the quaint curiosities of 
heraldry that although a Coat-of-Arms, in 
order to qualify as such, must be depicted 
on a shield, the very name itself is derived 
from the linen surcoat, or tabard, which 
was worn over the armour and upon which 
garment the device in question was repre- 
sented. Of course, there were hereditary 
titles long before the existence of Coats-of- 
Arms. It was in warfare that the necessity 
for armorial bearings arose. The necessities 
of a military camp composed of many small 
units, each controlled by the feudal lord 
from whose land the unit was recruited, im- 
posed upon the leader the use of a pictured 
standard by which his followers could mus- 
ter. The closed helmet and the armour hid 
identity so completely that the pictured 
shield and the embroidered surcoat were 
foregone necessities in battle. Since armorial 
bearings were necessary to a leader in war- 
fare, and since the leaders were the land- 
owners, and such land holders were the 
upper class who asserted nobility of birth, 
it is obvious that armorial devices were the 
prerogative of the upper classes. This pre- 
rogative (i.e. coat armour) has remained in 
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Coat-of-Arms of Archbishop Owen, Primate of 
Canada. Engraved on Amethyst. Intaglio. Size 
25 x 18mm. 


most countries. It was the prerogative of 
the king to sanction the advance of a person 
to the landowning class, and the prerogative 
of the creation of noble station has remained 
with the sovereign. A Coat-of-Arms has al- 
ways been what it is now: the sign of a 
nobility of blood dating from the creation 
of the arms, resting for its authority upon 
the prerogative of the crown. 
Coats-of-Arms were in existence long be- 
fore we get any evidence of the use of the 
crest. The crest is the ornament which sur- 
mounts the helmet. The use of the crest was 
not general until the sixteenth century, and 
was never used in actual warfare. There is 
no doubt that it was only used in tourna- 
ment. The crest was prized as a mark of 
high rank, which accounts for its importance 
for ceremonial purposes. Today the descend- 
ants of the old nobility still perpetuate the 
traditions of their families in various ways, 
one of which is to have the crest or Coat- 
of-Arms engraved on a stone-set ring, or 
painted in oil color, which can be handed 


down from one generation to another. 

The words Coats-of-Arms, strictly speak- 
ing, only relates to the devices depicted on 
the shicld. The technical word for the entire 
device is the “achievement,” a term which 
is very seldom met with in actual use. Ordi- 
narily, the heraldic devices of a commoner 
consist of 

1. The arms; t.c., the shield and the de- 

vices upon it 

2. The helmet 

3. The mantling, or lambrequin 

4. The wreath 

5. The crest 

6. The motto 
Such a Coat-of-Arms is similar to what most 
untitled commoners, who have the right to 
arms, are entitled to bear. An untitled com- 
moner may also possess supporters and a 


standard, while a knight, commander, or 
companion of any order will possess the 
circle and badge of his order. A Knight 
Grand Cross or Knight Grand Commander 
of any order, or a Knight of the Garter, 


Coat-of-Arms of Diocese of Northwest Terri- 
tories. Engraved on Amethyst. Intaglio. Size 
20 x 15mm. 
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Thistle, or St. Patrick will add the collar 
of his order and a pecr will finally be able 
to add his coronet of rank. 

Without the shield there can be no Coat- 
of-Arms, since upon it everything else de- 
pends, and it is the shield which is of the 
greatest importance. A shield, or arms, must 
consist of a colored surface or background, 
this being termed the “field,” and some de- 
vice or design on forms the 
“charge” or “charges” if there be more than 
one. The shield is the emblem of the rank 
of gentility; it is the vehicle for the display 
of the particular device which is the token 
of the “technical” gentility of a particular 
family. It is the shield that is the important 
matter and with which the bulk of the rules 
of armory are concerned. 

Everybody during the period of warfare 
in armor wore a helmet, so everybody who 
has a shield of arms has the right to some 
helmet. There are certain rules regarding the 
form and position of the helmet. These are 
that the royal helmet is of gold, is placed 
facing the front, and is open, but with the 
opening guarded by grilles or bars. The hel- 
met of a peer is of silver, is in profile, open, 
and guarded by grilles of gold. The helmet 
of a knight or baronet is of steel facing the 
front with the visor open and without 
grilles or bars. The helmet of an esquire, or 
gentleman, is Of steel, is in profile, and has 
the visor closed. Subject to these rules, the 
shape, style, and design are at the pleasure 
of the wearer. 

The mantling is a cloth suspended from 
a point on the top of the helmet and hang- 
ing down the back of the wearer. Its pur- 
pose in real warfare was to save the armor 
from rust, to absorb the heat of the sun 
playing upon the metal, and above all to 
entangle the sword of an adversary and 
deaden the effect of a sword cut. The 
mantling, or lambrequin, being cut and 
jagged, is embodied in the pictorial or en- 
graved Coat-of-Arms as ornament. There is 
no set pattern for the flowing curves and 
foliations on either side of the helmet and 


it which 


Coat-of-Arms of the Bishop of the Artic. En- 
graved on Amethyst. Intaglio. Size 20 x 17mm. 


shield, this being left to the imagination of 
the artist. There are also rules regarding 
color. Originally, the mantling was always 
of crimson cloth lined with white. Since 
the seventeenth century the red and white 
colors have given place to the colors of the 
arms, the outside being of the color and the 
inside, or lining, being of the metal. The 
royal mantling is always of gold lined with 
ermine. 

The wreath is a skein of silk worn on 
the helmet to hide the joining of the helmet 
and crest, and is of the colors of the arms. 
When a crest is painted alone, or when it is 
engraved, it is always depicted on a wreath, 
whether it 1s on silver plate or a signet ring. 
When a coronet, or chapeau, is depicted, the 
crest is shown issuing from it and the 
wreath is omitted. 

Mottoes had no place in the real armory 
of warfare, and they are not met with in 
the early developments of heraldry. They 
form no part of a grant of a Coat-of-Arms, 
but the recipient can select a motto and it 
is then embodied in his arms. The motto is 
not hereditary and can be changed or 
dropped. The motto is usually placed on a 
ribbon, and can be either under the arms 
or over it. 
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STRUNTIUM TITANATE 


by 


RICHARD T. LIDDICOAT, JR., and 
G. ROBERT CROWNINGSHIELD 


Editor's note: The National Lead Company neat 6.0 on Mohs’ scale. Its Knoop Micro- 
provided strontium titanate both in boule — indenter hardness is given as 595. 

and faceted form, as well as reports from The dispersion at .108 (NF—Nc) is 
theiv research laboratories on the properties high, although somewhat lower than syn- 
of the material for this study and commen- _ thetic rutile which is .155 to .205 (NF—NC). 


tary. The figure for strontium is more than four 
Although the development of strontium times that of diamond for the same interval. 
titanate was announced two years ago by The refractive index for sodium light is 


the Research Department of the Titanium approximately 2.409, while diamond is 
Division of the National Lead Company, it 2.417 and synthetic rutile is 2.613 / 
is only now about to be marketed under the € 2.909. The critical angle is 24°32”, com- 
name “‘Starilian.” It is the latest product of | pared with 24°26” for diamond and 
the Verneuil type of furnace. ® 22°30” to € 20°6” for synthetic rutile. The 

The new product is not the synthetic specific gravity of approximately 5.13 is 
equivalent of any mineral yet found in _ the highest of any available transparent gem 


Nature, for no oxide of strontium and ti- material, being considerably higher even 
tanium is known. However, being atitanium than zircon at 4.70. Strontium titanate 
compound, it has, along with natural trans- breaks with a conchoidal fracture and no 


parent titanium minerals such as sphene noticeable cleavage. Its melting point 1s 
(titanite), rutile and benitoite, the high re- 2080°C. The material is opaque to X rays. 
fractive index and dispersion for which It displays no fluorescence either with X 
these minerals are noted. The closest mineral rays or ultraviolet light. No absorption lines 
in Nature to strontium titanate is perov- have been noted using the spectroscope. 
skite, a calcium titanium oxide (CaTiOs Its single refraction and high resistance 
Like perovskite, strontium titanate (SrTiO3) to chemical attack have led the Institute tc 
crystallizes in the isometric (cubic) crystal test the material as a refractometer hemis- 
system. Although the new man-made crystal phere. It should be ideal for this purpose 
has some of the drawbacks of titania (syn- since it has a much higher index of refrac- 
thetic rutile) insofar as fitness for all-around tion than heavy lead glass plus greater hard- 
jewelry use is concerned, it is clearer and a ness and resistance to contact-liquid corro- 
much more attractive gem material. This may sion. Its high dispersion and single refrac- 
be due principally to a somewhat greater tion also suggest its use as a spectroscope 
transmission of visible light, but also to the prism. 


fact that its single refraction imparts no The material gives the lapidary considera- 

“fuzziness.” ble difficulty in polishing. Under the micro- 
The hardness of strontium titanate is (Continued page 158) 
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Stichtite 


An Urnamental Stone 


by 
ROBERT WEBSTER, F.G.A. 


Among the many minerals which have from Kaapsche Hoop, Barberton district, 
been found in the Union of South Africa, Transvaal, which is probably the source of 
stichtite is one of the least known. Recently the material examined. It is understood that 
at a geologists’ meeting in London, Mr. E. P. the mineral has also been found in Algeria. 


Bottley, a mineral dealer, showed some The properties of stichtite, taken from 
pieces of rough material and some polished = Dana’s System of Mineralogy and Winchell’s 
cabochons of stichtite from a source in East- Elements of Optical Mineralogy are given as 
ern Transvaal, and it has been the writer’s follows: rhombohedral crystallization with 
privilege to examine some of this material. strong basal cleavage, with axial ratios (from 
These notes are a record of the findings. X ray data given by Frondel!) as A. = 6.18, 

Stichtite is an alteration product of ser- C, == 46.38. The material is found mas- 


pentine and owes its rose-red to lilac color sive in matted aggregates of plates or fibres, 
to the presence of chromium. Chemically it or in micaceous scales, the laminae being 
is a hydrated carbonate-hydroxide of mag- flexible but inelastic. The feel is greasy and 
nesium and chromium. The coloration is the lustre waxlike or greasy, and in some 
therefore idiochromatic and it is one of the — cases may be pearly. 


few minerals giving an idiochromatic red The hardness is given as 11/4 to 2 (Mohs’ 
color with chromium. scale) and the density as 2.16 (on moderately 

Stichtite was first identified as a mew min- pure material from Quebec?). The refrac- 
eral from material found at Dundas, Tas- tion is uniaxial negative with indices 0 = 


mania, as blebs or veinlets in serpentine rock 1.545 = 0.003, and e = 1.518 + 0.003; 
closely associated with chromite, barbertonite the birefringence amounts to 0.027. The 
and antigorite. The name of the mineral is pleochroism exhibits shades of light and 
derived from Robert Sticht, late General dark rose-red or lilac color — the extraordi- 
Manager of the Mount Lyell Mining and nary ray having the lighter color. These opti- 
Railway Company of Tasmania. Other cal properties are determined by thin-section 
sources of this mineral are at the Megantic mineralogical methods. 

Mine, Black Lake district of Canada; and The chemical composition of stichtite is 
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Stichtite Showing Contorted Fibrous Structure. 


given as Mg, Cr, (OH) ,,CO, 4H,0, but 
the material is rarely pure, the chromium 
being replaced in part by iron. Indeed the 
complexity of the composition is amply re- 
vealed by the uncertainty which has been 
shown in the literature; Frondel remarks that 
the composition is inconclusive. 

The first factual report on stichtite was 
made by Petterd*? in 1910 on Tasmanian 
material. Petterd refers to it as being a foli- 
ated mineral of bright color; to have the 
chemical composition (Cr,Fe),0, 6MgO 
CO, 13H,0O, and to occur with chromite as 
spots and veins in serpentine. In 1912 
Hezner‘, apparently through lack of knowl- 
edge of Petterd’s work, investigated this 
same occurrence and named the mineral 
chrom-brugnatellite. Brugnatellite has the 
formula Mg, Fe (OH),,CO, 4H,O, which 
is similar to that of stichtite, except for the 
replacement of chromium by iron. Later, 
Twelvetrees® correlated the then existing lit- 
erature on the subject. Poitevin and Graham? 
reported on the mineral from the Canadian 
Black Lake district. The third occurrence of 
stichtite, in the Barberton district of Trans- 
vaal, was first mentioned by Dunn® in 1918, 
and described by Hall? in 1922. It is inter- 


esting to note that Dunn had found this 
material in 1883, long before the discovery 
of the Tasmanian material, but at the time 
it was doubtfully recorded as kacmmererite. 
Read and Dixon® reported (in 1933) an 
occurrence of stichtite at Cunningsburg in 
the Shetland Islands, but this material is now 
suggested as being probably identical with 
barbertonite. The occurrence in Algeria was 
mentioned orally to the writer who has not 
yet obtained further information. 

The specimen from Transvaal examined 
had a good lilac color, was somewhat friable 
a contorted fibrous structure. 
There were some patches of a grecn mineral 


and showed 


in the hand specimen which may be anti- 
gorite. Cabochons were cut from this picce. 
These cabochons made unusual gems, which 
from a color point of view are not unlike 
polished lepidolite although lacking the glis- 
tening flakes seen in the lithia mica. The 
lustre is somewhat greasy and the hardness 
low. The density was not easily determined 
owing to the porosity of the material. Deter- 
minations varied between 2.15 and 2.22. A 
refractive index taken on one cabochon, using 
the distant vision method, gave a value ap- 
(Continued page 156) 
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Advantages in Hecutting 


Star Stones 


by 


JOHN G. ELLISON 


The average star stone imported into this 
country has at least one-third of its weight 
beneath the girdle, the main purpose of 
which is merely to increase the total carat 
weight of the stone. A cabochon of ideal 
proportions will have not more than one- 
sixth to one-fifth of its weight below the 
girdle. 

There are a few rare cases in which it 
is not possible to recut to these proportions, 
notably those stones approaching transpar- 
ency which would lose color or decrease in 
the clarity and strength of asterism. 

When determining the value of a star 
stone, the most important factors to con- 
sider are the general appearance, strength, 
definition, and centering of the star. 

Color, of course, is important, and fol- 
lows the pattern of desirability shown by 
unasteriated corundum. An exception 
black corundum, which is almost worthless 


is 


unless it displays asterism. 


Purchasing star stones in the loose ot 
unmounted state is rather hazardous, unless 
one has a fair acquaintance with estimation 
of the stone’s resultant appearance in a 
mounting. Many star stones which appear 
to have well-centered stars when held loose 
or when deceptively mounted on wax 
(Figure 1), cannot be mounted with good 
centering of the star unless the stone is re- 
cut. This usually results in a reduction of 
the diameter of the stone with a correspond- 


ing weight loss. 


In order to properly appraise the value 
of a star stone, it must be realized that only 
the upper part of the cabochon will be visi- 
ble when mounted; therefore, in a sense, it 
is the only salable portion. This differs from 
transparent gemstones, in which every sur- 
face contributes to the beauty of the stone. 

The first step in estimating the weight 
of the “salable portion” of a star stone, is 
to determine if the star is correctly centered, 
i.e, the apex of the star should be in the 
exact center of the stone and equidistant 
from the edges of the girdle when the plane 
of the girdle is approximately at right angles 
to the light source and the direction of 
observation. 

Parcels of star stones, especially those 
originating from Ceylon, are usually notice- 
ably deficient in stones with centered stars. 
Unless they are recut, jewelry set with them 
will not possess ultimate eye appeal, and it 
will therefore lack sales appeal. The price 
usually takes into account the off-centered 


® Figure 1 
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star, so recutting may be accomplished at 
a profit. 

In the case of a star stone improperly 
oriented, it will be assumed that the girdle 
must be raised on one or more sides in order 
to center the star. Since salable weight is 
the primary consideration, it is necessary to 
estimate where the new girdle will be placed 
on the stone to determine how much of the 
top portion will be retained after recutting. 

A simple method of determining this is 
to hold the stone under an overhead light 
source (preferably a spotlight). The stone 
is then turned to a position where the star 
is exactly centered in relation to the stone 
as a whole. With the aid of white drawing 
ink, a mark is then placed on the stone at 
the apex of the star. The stone is then 
brought up to eye level, keeping the mark 
on the stone as an apex. It will now be seen 
that part of the girdle is appreciably low. 
The highest part of the girdle becomes the 
“base” since the rest of the girdle must be 
raised to its level in order for the star to 
become well centered. The “new” girdle 
line should be marked on the stone with 
white drawing ink, The portion above this 
“new” gitdle line now becomes the salable 
portion of the stone. 

Now that the salable portion has been 
separated from the remainder, the next step 
is to ascertain the actual per carat price by 
using the formula developed by James G. 
Smal!:. In the case of asteriated corundum 
it would be as follows: 
length x width x depth x .0026 x 4.00 = 
weight of salable portion. The dimensions 
used here will be based on the new girdle 
line drawn around the stone and a depth 
(measured or estimated) from the apex of 
the stone to this new girdle plane. 

To illustrate the importance of this step, 
consider two star stones of equal quality, 
both of which weigh exactly ten carats. The 
first has eight carats weight above the girdle 
and two carats weight below the girdle and 
is priced at $25 per carat. The second has 
six carats of weight above the girdle and 


four carats below the girdle and is priced 
at $20 per carat. At first glance the second 
stone would appear to be $5 per carat 
cheaper than the first stone. But when the 
total price for each stone is correlated into 
the total salable weight above the girdle 
shown by each stone, it is apparent that 
the supposedly cheaper stone actually costs 
$2 per carat more for each carat of salable 
material. 

It is common practice in the trade today 
to consider star stones in the manner of 
transparent stones and to sell them on the 
basis of total weight, which is not logical 
but obviously not unprofitable. 

Although it is true that star stones are 
normally purchased on a_total-weight-of- 
stone basis, any removal of weight increases 
the per carat price of the resultant stone. 
However, if the stone has been purchased 
on the basis of its visible, or salable, weight, 
any removal of material from the unseen 
portion of the stone will not decrease its 
apparent value. 


@ Figure 2 


@ Figure 3 


When a star stone has been properly cut 
or recut to suitable proportions, it possesses 
the following advantages (suitable propor- 
tions would consider that not more than 
one-fourth of the total weight below the 
girdle would be usable): 

1. It is easier to secure a mounting to ht; 
or, if a mounting is to be cast for it, assures 
a better fit. 

2. The star will be properly centered 
after recutting, which increases its visible 
value. There are two forms of well-centered 
stars: one is termed the 9-3 position (Figure 
3) and the other is the 6-12 position (Fig- 
ure 2). The 6-12 position is preferred but 
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at no increase in value. 

3. The stone may be more easily and 
securely set. This decreases setting charges 
and is good assurance againt loosening and 
subsequent loss of the stone. 

4. The stone does not “bulge” through 
the bottom. At best, this condition would 
cause customer dissatisfaction: at worst it 
could cause the stone to Ioosen and be lost. 

5. Proper recutting can often strengthen 
a badly flawed or shattered stone sufficiently 
to allow it to undergo the stress of setting 
without damage. 

6. In some instances, asterism will be 
improved after cutting. 

7. Removal of dark flaws from the bot- 
tom, which are visible through the body 
of the stone, increases the beauty and value 


@ Figure 4 


@ Figure 5 , 
NN” 
of the stone. 

The principal objection of some sione 
dealers to recutting is that the stones will 
lose color. This is true in perhaps less than 
10% of the cases, and is confined mainly to 
those nearly transparent stones which de- 
pend on reflection from the interior of the 
stone. In such cases the bottom of the stone 
may well be considered as part of the visible 
portion of the stone and therefore can be 
considered to be salable weight. 

Weakness of portions of the “legs” of 
a star can but rarely be improved by recut- 
ting. But those stones with flat or irregular 
spots on the top (Figure 5), which cause 
the star to waver or appear weak, usually 
can be improved by reshaping to better 
roundness. Also, the type of star stone 


which has what is known as a “dancing” 


star (Figure 4), caused by too flat a cabochon 
shape, can be improved by reshaping. 

Star stones, which exhibit much twinning 
notably those from Siam, usually show small 
separations along the planes of twinning 
on the polished surfaces. Approximately 
half of these stones can be improved by 
repolishing. 

Star stones of Siamese origin are nor- 
mally found to have well-centered stars and 
little waste weight below the girdle. This 
contrast to Ceylon star stones is explained 
by the fact that rough Siam material is re- 
covered in good crystal form, which is very 
adaptable to flat-backed cabochon cutting 
methods. Of course, the direction for aster- 
ism is also easily determined from the 
crystal form. (Ed. note: The inclusions, the 
reflections from which cause the asterism, 
are oriented at right angles to the C-axis in 
three directions at 60° to one another. If 
the base of the cabochon is cut at right 
angles to the C-axis, then the inclusions are 
properly oriented and the apex of the star 
will be properly centered.) In Ceylon the 
star stones are usually found as water-worn 
pebbles, which make it more difficult to 
center the star and further lends itself to 
the method of retaining as much of the 
original weight as possible. 

The dark spots of color seen on the bot- 
tom of many star stones usually have no 
effect on the stones as a whole, mainly 
because stones having such color spots are 
but rarely transparent enough to allow light 
transmitted through the spots to affect the 
visible portions of the stone. 

And last, but certainly not least, the cost 
of recutting star stones is negligible com- 
pared to the increased value of the stone. 
The cost can be recovered from reduced 
setting charges alone. 


Reference 
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Lattice Structure 


1 


Precious Upal 


G. F. LEECHMAN, F.G.A. 


Research by Sir C. V. Raman into the 
cause of the color in precious opal' has 
been made available recently by the pub- 
lication of photomicrographs of the struc- 
ture which produces the colors, together 
with details of more advanced X-ray in- 
vestigation and spectrographic werk. The 
latter demonstrates very clearly the mono- 
chromatic nature of the light emitted, the 
X-ray work establishes 
cristobalite and suggests the presence of 
tridymite, while the photos show the film- 
pack structure demonstrated by the present 


the presence of 


writer.? 

The remarkable point is that an apparent 
paradox is established: the presence of regu- 
lar crystal structure in a substance which 
has heretofore been widely known as a 
typically amorphous mineral. This is a com- 
plete contradiction of terms. Common opal 
may be completely amorphous ; precious opal 
is not. Rather, precious opal consists of an 
amorphous matrix of hyalite which contains 


random blocs of crystal lattices formed of 
parallel laminae, presumably with the struc- 
ture of cristobalite. 

Previously, little attention had been paid 
to the idea of regular structures in colloid 
gels, and the subject is perhaps new to 
many gemologists. But it now appears that, 
given suitable conditions, other colloids, 
such as agar, gelatin, and soap, may develop 
incipient crystallization and that each may 
have its particular habitual form, as crystal- 
line minerals have. 

Gemologists can expect to hear more of 
colloids, and it may therefore be helpful 
to explain just what they are. Originally, 
they were described as substances which, on 
drying out from a solution (or sol), gave 
not a crystalline residue but an irregular 
mass.or jelly (gel). This, however, is not all 
satisfactory. Many substances will produce 
crystals under some conditions but amor- 
phous deposits under others; ¢.g., sugar, cal- 
Indeed, 


cium carbonate, malachite. most 
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crystalline salts may be produced in a col- 
loid form (sodium chloride, iron carbonate, 
and pitchblende, for example). Currently, 
colloids are defined by particle size. Solu- 
tions which contain relatively large separate 
groups, or aggregates, of molecules cannot 
crystallize, so they form irregular gels. Solu- 
tions containing individual molecules offer 
an opportunity to these to build up into 
regular crystal forms; therefore, on evapo- 
ration, they can and do develop crystals. 
In the case of most opal (a colloid form 
of silica) the molecules, when first produced 
by chemical reaction, consist of tetrahedra 
of silicon tetra-oxide (SiO4). These poly- 
merize very rapidly (i.¢., the single mole- 
cules join up by sharing oxygen atoms) and 
form chains (SixOg), several parallel chains 
forming rods. These can build up further 
but frequently fail to do so; rather they 
dry out as an amorphous gel of small, ir- 
regularly interwoven threads a condition 
which has been well described as “‘brush- 
heap structure.”” This forms common opal. 
In the case of precious opal, the silica 
chains, threads, or rods have oriented them- 
selves into lattices, films, or shcets. This is 
only possible under critically ideal condi- 
tions, but specimens may be obtained which 
show clearly the various stages in the de- 
velopment. These range from the finest, 
thinnest films, hanging like a tinted drape 
in the transparent hyalite, to thick sheets 
of parallel fibers reflecting strong spectrum 


References 


colors; and finally to packs of films, reminis- 
cent of a deck of cards, which are equal, 
parallel, and regularly spaced. The effect of 
this film-pack structure is to produce very 
intense colored reflections and to regulate 
the wavelength of the light so that only a 
narrow band is visible in the spectroscope, 
as distinct from the broad bands of pleo- 
chroic light resulting from thin plates, as 
in cracks (iris quartz), or oil on water. 

Dr. Raman’s X-ray investigations support 
previous workers in America’ and Aus- 
tralia', who have found that cristobalite nor- 
mally occurs in precious opal; but he goes 
further and demonstrates the presence of 
tridymite, which had not been previously 
established. Here again his photos are very 
convincing and show a great step forward. 

The illustrations he offers, showing the 
film-pack structure, are most impressive. The 
writer has seen similar formations under 
the microscope but photographs were not 
possible, and it makes me very happy to see 
my arguments so well supported. In over 
two thousand specimens gathered during 
eighteen months in the field, two or three 
have shown the film-packs so well developed 
as to be plainly. visible to the unaided eye — 
parallel edges of the laminae serrated on the 
fractured surface where the break has gone 
through the block which clearly prove the 
existence of the structure postulated. Now 
we have photo-micrographs as well. 
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Strontium Titanate 


(Continued from page 148) 


scope a high percentage of stones show 
‘rounded facet junctions and polishing wheel 
marks. A few of the stones examined in the 
Institute’s laboratories showed gas bubbles, 
as would be expected from their Verneuil 
origin. 

Under the name of Starilian Lapidaries, 
Inc., a company for merchandising this new 
gem material has been formed, guided by a 
well-known merchandise counselor. During 
the introductory period, while the product 
is gaining consumer acceptance, it is the 
plan of the company to sell distinctive plati- 
num jewelry pieces directly through leading 
fashion houses only. It is the counselor's 
contention that jewelers have never success- 


fully promoted any new man-made gem ma- _ 


terial. The stones will not be sold loose nor 
in rings. The reason given for this is that 
the producers are not aiming for a mass 
market. Distribution is expected to become 
nationwide gradually as the various media 
for publicizing a new material are made use 
of. It has been shown nationwide on tele- 
vision; it will be featured in leading fashion 
magazines and there are plans to have public 
showings in leading museums. Once public 
acceptance has been won, it is the plan of 
the company to include jewelers in its mer- 
chandising program. 

If the merchandise counselor’s opinion of 
the jeweler’s promotional efforts on syn- 
thetics is interesting, his solution to the 
problem is little short of awesome. The ef- 
fort to move “‘Starilian’-set platinum jewel- 
ry pieces through fashion channels will be 
watched with fascination by jewelers. 


Stichtite 


(Continued from page 150) 


proximately 1.53. No luminescence was ob- 
served under esther long- or short-wave 
ultraviolet light, or under X rays. No dichro- 


ism could be seen on examination ‘of this 
massive material. 

The absorption spectrum shown by light 
reflected from the surface, and by trans- 
mitted light through a fairly thin piece, gave 
a clear chromium-type spectrum with three 
lines in the red and orange, two of which 
were measurable and gave values at 6655A, 
the third line being approximately midway 
between these two but too weak for meas- 
urement. The typical broad absorption of 
the yellow-green was present and also an 
absorption of the violet. The “window” of 
blue light was found to be centered at 
SOO0A. 

When a fragment of the mineral was 
placed in a small test tube and dilute hydro- 
chloric acid added, slight effervescence oc- 
curred and the acid liquid turned a greenish 
color which was more pronounced on heat- 
ing. On the addition of a dilute solution of 
potassium ferrocyanide a deep blue colora- 
tion developed (Prussian blue), indicating 
much iron in the composition of the min- 
eral. 

The material is rather too soft for general 
use as a gemstone despite its quite attractive 
color, but it may have, provided large 
enough pieces can be secured, some applica- 
tion as an inlay, particularly as a “‘foil’’ to 
lighter colored ornamental minerals, such as 
“Mexican onyx,” in the making of small 
ornamental boxes, clock cases and other 
small objets dart. 
objets d'art. 
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Book Review 


HOW TO KNOW MINERALS 
AND ROCKS 
hy Rrehard M. Pearl, 
published by McGraw-Hill, New York, 
1955. 186 pages. $3.50. 


Richard M. Pearl, holder of the second 
gemological diploma awarded by the Gemo- 
logrcal Institute of America in the early 
30’s is the author of a book just published by 
McGraw-Hill. Pearl is now Assistant Pro- 
fessor of Geology at Colorado College in 
Colorado Springs and the author of a num- 
ber of books on geology as well as several in 
the field of gemology. The book was pre- 
pared as a basic field guide to well over 100 
of the minerals and rocks considered most 
important by Professor Pearl. Most of the 
illustrations in the book are rather effective 
line drawings. The 46 colored illustrations 
included were taken from Ward's Colored 
Slides for Mineralogy and from the Harvard 
Mineral collection. The color reproduction 
is excellent in general although in some 
cases color reproduction leaves something to 
be desired. For example, malachite came out 
a light blue rather than green. In general 
Professor Pearl's choice of minerals and 
rocks and his description of them are ex- 
cellent. However, since this book was plan- 
ned as a field guide presumably for the 
American collector, the 
famous localities for some of the minerals 


inclusion of the 


other than on the North American continent 
is surprising. In general, however, this seems 
to provide an effective book for the collector, 
and one well worth adding to his library. 


CORRECTION OF ARTICLE 


“Weight Estimation of Pearls” in Winter 
1954-1955 issue of GEMS & GEMOLOGY. 


SPRING 1955 


In converting momme to ounces an er- 
reneous conversion factor of — 1 momme = 
0132 ounces was given (page 124). The 
correct conversion factor is 1 momme = 
0.132 ounces. 

The error thus introduced makes the col- 
umn headed ‘‘momme” on page 102-115 in- 
correct to the extent that the decimal point 
is misplaced. The decimal point should have 
been moved one digit farther to the left so 
that: 

a pearl of 1.0 mm diameter weighs .0003 

momme 

a pearl of 1.1 mm diameter weighs .0004 

momme 

Additional conversion factors are: 


1 momme = 10 fun = 3.75 grams = 18.75 
carats —= 75 pearl grains 


PINK PEARL GIVEN 
to 


SMITHSONIAN 


A beautiful pink pearl from East Pakistan 
has been presented to the Smithsonian Insti- 
tution by His Excellency Mohammed Ali, 
until recently Prime Minister of Pakistan, to 
become a permanent addition to the priceless 


- gem collection of the United States National 


Museum. During the recent visit of the 
Prime Minister and his Begum to Washing- 
ton he was personally escorted through the 
Smithsonian Institution by its Secretary, Dr. 
Leonard Carmichael. Stopping before the 
gem collection the Prime Minister noted that 
his native region was not represented among 
the pearls. Before returning to Karachi he 
removed the pearl from his own tie pin and 
sent it to Dr. Carmichael for the Smith- 
sonian. 

Gemologists of the National Museum 
state that this pearl is a very fine specimen 
of its kind, of an exquisite pink color and 
fine orient. The jewel has already been placed 
on display in the Smithsonian’s Natural 
History Building. 
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Contributors in this Issue 


BENJAMIN M. SHAUB, Ph. D., was born in 


" 7 : | Shrewsbury Township, York County, Pennsylvania, in 
an 1893, and spent his youth on a farm. After attending 
Ve a radio telegraphy school at Lebanon, Pennsylvania, 
~ he was employed for six years as telegraph operator 


and station agent at various places on the Seneca Di- 


vision of the Lehigh Valley Railroad. While working 
as the night operator at Ithaca, New York, he attended 
high school there and gained sufficient credits in three 


years to enter the Engineering College at Cornell Uni- 


versity. However, World War 1 intervened and he 


enlisted in June after receiving his high school diploma. 
He spent nearly two years in the Navy Radio Schools 
. at Brooklyn, New York, and Cambridge, Massachusetts, 
~~ first as a student, then as an instructor. After the close 
of the war, he was released in March, 1919. The fol- 
lowing summer was spent working in the harvest fields of Oklahoma, Kansas, and Nebraska. 
In September he entered the Mechanical Engineering class at Cornell. He had planned to 


spend five years studying for the degree: However, becoming an instructor in the Department 
of Machine Design in the fall of 1924 delayed his enginecring degree until 1925. The next 
four years were spent in teaching machine design and doing graduate work in economic 
geology at Cornell. He received the degree of M.S. in 1928 and the Doctor’s degree in June, 
1929. After spending the remainder of the year in Africa doing field work, he returned to 
the Engineering College at Cornel] to teach machine design during the spring term of 1930, 
and continued in the same position for the following year. In the autumn of 1931 he went to 
Smith College where he began teaching mineralogy and petrography. In 1933 he organized 
and taught the first course in gems and precious stones to be given in any of the women’s 
colleges. He is at present an associate professor in the Department of Geology and Geog- 
raphy at Sm'th College. His summers have been spent in doing field work for mining com- 
panies and consulting engineers in Canada, Newfoundland, and the Eastern United States. 
The pegmatites and their associated minerals are of particular interest to him, and he has 
centributed numerous papers to various journals on these important mineral deposits. In 
addition, Dr. Shaub is interested in photography in its various phases. By the early 1930's 
he had accumulated an outstanding collection of color transparencies of minerals and gerns, 
which were shown at AGS Conclaves before and after World War II. During his trips to 
inspect the recent discoveries in Maine, he obtained many natural color transparencies of 
tourmaline crystals. It is with regret that a color plate of them could not accompany his 
article. Dr. Shaub is a fellow and member of numerous scientific and professional societies 
in the United States and abroad. His article on the recent discovery of tourmaline in Maine 
appears in this issue. 
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U ontributors 


in this Issue 


H. L. RICHARDSON was born 
in London, in 1889. In 1904, at 


the early age of fifteen, he was ap- 

prenticed to the firm of ‘Thomias a hil Lig 4 , 
Bean & Son, Brewer Street, Lon- : : tr /i 

don. During the ten years he : | 


worked for Mr. Bean he attended 
night schoolat the London County 
Council School of Arts & Crafts, 


taking traming in drawing, model- 


ing, dicsinking, ete. In August, 
1914, at the beginning of World 
War I, he gave up his work with 
Thomas Bean & Son and entered 
the British Army. After his re- 
lease from the service, he returned to England, working at various places, eventually resuming 
association with Thomas Bean & Son. He found his skill was easily recovered and in a very 
short time he was again executing difficult types of engraving. In November, 1920, he ac- 
cepted an appointment with Henry Birks & Sons, Ltd., Montreal, Canada. In the spring of 
1923 he established a business of his own. In 1930 he began a study of lapidary craftsmanship, 
eventually incorporating it as a part of his services. In 1935 he studied gemology with Miss 
Elsie Ruff, F.G.A., receiving a certificate upon completion of the course. In 1954 ill health 
compelled Mr. Richardson to give up his business and move to a warmer climate. He is 
now residing at Las Cruces, New Mexico. His articles on Gem Engraving and A Coat-of- 
Arms appears in this issue. 


G. FRANK LEECHMAN, E.G.A., a native of England 
now living in Australia, began his study of gemology 
while living in Cornwall, England. He was awarded the 
Fellowship diploma of the Gemmological Association of 
Great Britain, with Distinction, in 1937. In 1953 he re- 
ceived a Post Graduate Research Diploma for his study 
of Opal. 

In 1948 he went to Australia chiefly because of his 
interest in Opals. He has authored many articles on Opal 
and other gem materials. His most recent work has been 
compiling an introductory bibliography on Opal as an aid 
to others who may be interested in the literature on the 
subject. His article, “Thoughts on the Cause of Color in 
Precious Opal” appeared in the Winter 1953-54 issue of 
GEMS & GEMOLOGY. Mr. Leechman is third officer on 
the S. S$. Changte of the A.O. Line which travels the waters 
of the Far East. His article, “Lattice Structure in Precious 
Opal” appears in this issue. 
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Star Spinel 


Showing 
Four Six-Hayed Stars 


by 


GEORGE SWITZER, Ph. D. 


U.S. National Museum, Washington, D.C. 


A very unusual phenomenal stone from 
the Ratnapura District, Ceylon was recently 
submitted to the writer for identification by 
William T. Collison, of Collison Brothers, 
Philadelphia, Pennsylvania. The stone is a 
star spinel which exhibits four different six- 
rayed stars. 


Positive identification of the stone was~ 


made by scraping from the girdle by means 
of a diamond point a minute amount of 
material, which was picked up on the tip 
of a very fine, vaseline coated glass fiber. 
The fiber, with some of the powdered gem 
adhering to it, was centered in an X-ray 
diffraction camera and a photograph taken. 
The resulting X-ray diffraction pattern was 
identical with that of spinel in the museum's 
file of standard X-ray patterns. The specific 
gravity of the stone is 3.550. No measure- 
ment was made of its refractive index be- 
cause it is cut as a double cabochon. 

The stone is black in color, weighs 11.80 
carats, and is cut as an oval cabochon meas- 


1. Published by permission of the Secretary, 
Smithsonian Institution, Washington, D.C. 


uring 12 x 14 mm. When viewed from the 
top it shows a sharp, well-centered six-ray 
star. When viewed from various directions 
nearly parallel to the girdle, three additional 
six-ray stars are distinctly visible, placed 
around and slightly above the girdle and at 
120° angles from one another. 

A sketch to show the appearance of the 
stone is given in figure 1, as it would ap- 
pear if simultaneously illuminated by four 
different point light sources, each one di- 
rected at a different star. This sketch very 
closely approximates what may be actually 
observed if the stone is held in the fingers 
and viewed from various directions. All four 
stars are sharp and clear, and each has its 
full compliment of six rays. It is also ap- 
parent that all are crystallographically re- 
lated, because each of the three girdle stars 
has a ray in common with the main star. 


The stone is a single crystal, hence the 
presence of more than one star is not due 
to twinning. However, the existence of the 
four stars may be readily understood by re- 
viewing certain features of the crystallog- 
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Figure 1 


@ Star Spinel from Ceylon Show- 
ing Four Six-rayed Stars. 


raphy of gems which crystallize in the iso- 
metric crystal system. 

Among the symmetry elements present in 
an isometric crystal such as an octahedron 
are four three-fold axes!) of symmetry 


Figure 2 


© A Cube Modified by an Octa- 
hedron (black triangular faces). The 
Four Body Diagonals of the Cube 
are axes of 3-fold symmetry. 


Referring to figures 2 and 3 it will be seen 
that the four three-fold symmetry axes are 
the body diagonals of a cube, or are axes 
passing through the center of an octahedron 
from the center of each octahedron face to 
the center of the opposite, parallel face. In 
the stone under discussion there are appar- 


1) A three-fold symmetry axis is an imaginary 
line through a crystal about which the crystal may 
be revolved and repeat itself in appearance three 
times dur:ng a complete revolution. 


Vieure 3 


@ An Octohedron, each Face of 
which is an Equilateral Triangle. 
Inclusions oriented parallel to the 
edges of an Octahedron Face would 
produce ao Six-ray Star. 


Figure 


@ The Octahedron of figure 3 ro- 
tated so that it is being viewod 
Perpendicular to one of the Oc- 
tahedron Faces. Dotted lines repre- 
sent the Positions of the Rays of 
Four Six-ray Stars that would be 
Produced by Four Triangular Sects 
of Inclusions Oriented Paralicl to 
each of the Four Octahedron Faces 
shown. 


ently four different triangular scts of needle- 
like inclusions, lying in planes parullel to 
each of the four pairs of octahedron faces 
(see figure 3). Each of these sets of inclu- 
sions will produce a six-ray star, if the crys- 
tal is cut cabochon and viewed in directions 
at right angles to each octahedral plane. 

If the stone is rotated so that one of the 
three-fold symmetry axes is upright, then the 
other three axes emerge just above the girdle 
of the stone, and at 120° intervals about 


(continued on page 190) 
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Uiamond Selling 


Practices 


by 


RICHARD T. LIDDICOAT, Jr. 


Note: The following article summarizes 
remarks made to the 1955 Conclave of the 
American Gem Society. 

For the past three to four years -the 
Gemological Institute has been engaged in 
an analysis of the diamond marketing struc- 
ture from the point of sale of rough by the 
Diamond Trading Company to its purchase 
by the retail jeweler. 

This investigation was initiated to provide 
a means of appraising exactly the effect of 
make on price. It was necessary to be able 
to put this on a dollar and cents basis to 
make it clear that those retailers who be- 
lieved they were buying diamonds at ten, 
twenty, or even thirty percent savings when 
cutters paid the same amount from their 
rough source were getting proportionately 
greater weight at the expense of fire and 
brilliancy. 

The need for such a study was pointed 
up by some of the diamond-selling methods 
employed by many jewelers. Specifically, we 
wondered if some of the best-trained jewel- 
ers weren't being persuaded unwisely to 
muzzle some of their most effective weapons: 


i.e, those based on their superior knowl- 
edge of diamonds. Out of this study came 
our new diamond correspondence course, the 
diamond evaluation class, and a number of 
convictions regarding the sale of diamonds 
at retail. 

Many signs point to the conclusion that 
interest in diamonds is high—-but few jewel- 
ers seem to take utmost advantage of this 
interest to increase their sales to a maxi- 
mum. Diamond sales seem at best to repre- 
sent a small part of their potential. 

As a proof of high interest in diamonds, 
we have results of the diamond contests. Of 
recent developments probably the most harm- 
ful to the reputation of all jewelers were 
these farcical affairs, However, the tremen- 
dous interest they developed, despite the 
readily apparent “hole in the doughnut,” 
certainly proves the existence of a great 
desire to own diamonds. 

Another practice of promoters which re- 
liable jewelers dislike is the diamond-stud- 
ded wedding and engagement set .which is 
pushed in newspapers and television at 
$29.95 or a similar price. They may cheapen 
diamonds and jewelers but it does prove to 
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John Q. Public that anyone can own a dia- 
mond. In this, as in many other instances, 
we find the promoter attracting customers 
while the prestige store may be frightening 
them away. 

Although many fine firms have an aver- 
age diamond sale of under $200, they per- 
sist in creating an impression that only 
sales in four or five figures interest them. 
Window displays and ads feature very 
high-priced merchandise but the ever-present 
single stone at $200 to $250 is made to look 
insignificant beside the “big-ticket’’ items. 
The viewer wonders if it is the only stone of 
that size in the store and would be ashamed 
to ask for it. 

Every jeweler’must believe that diamonds 
bring pleasure and beauty into their owners’ 
lives. Therefore, the jeweler who sells a 
diamond to a person who wouldn't other- 
wise buy one is performing a valuable 
service. 

In certain respects fine jewelers seem to 
have oriented their diamond selling more 
to what other jewelers will think than to 
serving the public taste. 

This is demonstrated by the manner in 
which diamonds are offered and the jewel- 
er’s interpretation of grading standards. 
First let us examine the methods by which 
diamonds are sold by many fine jewelers and 
the direction of recent trends in this field. 

There are still many fine jewelers who 
offer basically one grade only. They may 
obtain a heavily flawed stone, if requested, 
or have a price line which is offered al- 
most reluctantly—but basically they con- 
tend that they offer one grade. 

This grade may be called top color, flaw- 
less; “blue-white, perfect’; “the finest 
money can buy”; “a good value’; or “the 
famous Jones & Jones quality.” 

Firms handling one grade only meet price 
competition either by more effective selling 
or by hedging their established standards 
for that grade. Standards are hedged through 
forcing the grader to be less particular on 
color or clarity or to buy spread stones. If 


these stores sell more effectively, they could 
be adding sales without the handicap of 
having only one price to offer in each size. 
If they hedge, the reputation of the firm is 
threatened, if and when qualities sold as 
the finest are demonstrated by competitors 
to be misrepresented. 

If its grade is really top quality in all 
respects, the firm carns a reputation for 
high prices. A single grade at highest to 
fairly high quality gives the fake discount 
man and the high-markup house a beautiful 
screen behind which to operate. Perhaps the 
fact that so many jewelers have offered dia- 
monds in only one grade is responsible for 
the common question, “What is a one-carat 
diamond worth?” 

Thus the single-grade diamond house is 
condemned if it maintains the standards it 
claims it doesn’t. In 
the face of this, it is amazing that so many 
fine firms have continued to emphasize one 
grade only. 


and condemned if 


To better their competitive position, other 
firms have added an extra grade or more 
to be able to offer lower prices. In our 
opinion, this is a step in the right direction. 
The question that arises immediately is how 
far a fine store should go. 

A satisfactory solution 1s one which pre- 
serves the reputation of the firm and keeps 
inventory within bounds. A 
thorough analysis of the reputation question 
suggests a review of the development and 
meaning of both trade and American Gem 
Society diamond quality standards. 


sensible 


Inclusions not visible to the unaided eye 
and peor proportions are not considered 
important by jewelers in many countries. 
Many years ago jewelers in this country and 
Canada started using watchmaker’s loupes 
to examine diamonds. Gradually more pow- 
erful ones were used. This trend to more 
careful grading was culminated in the Jew- 
elry Trade Practice Rules of the Federal 
Trade Commission and the American Gem 
Society Rulings. Such standards are wonder- 
ful if they are interpreted in the way they 
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were intended; that is, that no stone should 
be sold when described by the highest qual- 
ity terms unless it meets these certain stand- 
ards. However, it does not mean anything 
less is undesirable, which is the interpreta- 
tion applied to quality terms by many ethi- 
cal jewelers. 

Diamond grades and diamond standards 
from the customer's angle are much differ- 
ent than from the jeweler’s. What do the 
terms perfect mean to a layman? When 
they understand what is involved, how many 
would choose a larger stone for the same 
money ? 

The Institute’s imperfection system em- 
ploys a standard nomenclature; flawless; 
very, very slightly imperfect; very slightly 
imperfect; and imperfect; with each grade 
below flawless divided into two categories 
for pricing purposes. 


FLAWLESS 


vvs 
U 


is there in the stone represented to him as 
flawless. In any event, confidence is inspired 
by ti.e fact that inclusions present are pointed 
out. When flaws are invisible and have no 
effect on beauty, what is their importance 
to the layman who wants a larger stone than 
he could afford in a flawless, top-color stone 
of fine make? The perfect and flawless 
standards were written to protect him from 
misrepresentation—not to force him to buy 
only flawless or perfect goods. 

In color standards, a somewhat similar 
situation exists. How far down the color 
scale must one go before color is visible 
face up? Of course, the size of the stone 
goverus to a degree the point at which 
color becomes visible. 

In the diamond-color picture, grading 
terminology and color scales tend to pre- 
sent a somewhat misleading picture, in that 


IMPERFECT 


Figure 1 


@ A Clarity Yardstick 


In this system flaws are not visible to the 
unaided eye in any grade above Sh, and 
even then are difficult to see. In fact, stones 
of that grade contain no visible flaws face 
up in the mounting. An SI: of the finest 
color and make has a value between 50% 
and 60% of a flawless stone of the same 
color and make. 

Unless the flaws are cleavages they do 
little if any harm to the stone. To the 
inclusions which make a stone 
unique and reduce its price could well add 
to its desirability if presented positively. 
The fact that a flaw is shown to him under 
magnification surely adds to his confidence. 
In fact, the skeptic may well prefer the 
inclusion he has seen to the one he fears 


customer, 


grades at the very top of any scale differ 
in transparency rather than in color. On 
the American Gem Society’s Colorimeter 
Scale, it takes a keen eye to detect any 
color whatsoever above 1.5, even under the 
controlled conditions afforded by the Dia- 
mondlite. It takes a keen eye to note color 
in a 2.5 face up in a mounting. On the 
Institute’s letter color scale, this would be 
about I, and roughly a top crystal in the old 
terminology. The lowest color not visible 
face up in a mounting will usually cost 
about 80% to 85% of an otherwise similar 
stone of top color. 

This discussion so far assumes that yellow 
is considered ugly by the average customer. 
Some layman like topaz and golden sapphire 
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Figure 2 


® The American Gem Society‘’s Color Yardstick 


like 


less told that a yellow stone is inferior. 


and would diamond un- 


a yellow 
Topaz quartz is one of the more popular 
stones with the buying public, indicating 
that many people find yellow an attractive 
color. When he consistently directs cus- 
tomers away from yellow colors in dia- 
monds, the jeweler is stressing rarity rather 
than what some who find yellow attractive 
will consider beauty. In view of all this, 
how vital to the potential owner are the 
jewelers quality standards in clarity and 
color? 

How many jewelers who handle genuine 
stones are interested in wearing of owning 
synthetics? Very, very few. Yet how often 
have layman friends said to you, “why buy 
a real stone when the synthetic is hard to 
tell from the real and a lot cheaper?” If 
some customers feel this way how can they 
appreciate the jeweler’s feeling about such 
intangibles as River versus a Wesselton — 
or even a Top Cape? If anything, this lack 
of appreciation of differences not visible to 
the unaided eye is most common in the 
well-educated and wealthy groups the pres- 
tige jeweler is seeking to sell. 

Oddly, 
clarity 


many jewelers lay great stress on 
and color in grades the layman 
can't distinguish, yet make, the easily dis- 
tinguishable characteristic of diamonds, is 
often disregarded. It interesting to 
note that when Omnibus, the television 
program, did a story on Winston, they 
demonstrated the difference in appearance 


was 


between well-made and poorly cut stones. 
That was the only quality factor that could 


be shown effectively. When it is a factor 
so obvious as to be demonstrable even under 
those conditions, it is odd it is so rarely 
emphasized. Obviously, then, make should 
be stressed and minimum acceptable stand- 
ards for his finest quality set by any jeweler 
seeking to do right by his clientele. 

The American-Cut proportions were 
worked out and offered originally as the 
compromise, giving maximum fire consist- 
ent with maximum brilliancy at a decent 
weight yield from the octahedral crystal. 
Considerable departures from the highest 
clarity standard — flawless — and the 
highest color can be made without change 
in a diamond's appearance. However, more 
than slight deviation from either the pro- 
portions or the angles of the American Cut 
affects the stone’s beauty. Although price 
reductions 506¢ are possible 
with make discrepancies alone, it seems to 
be the last quality factor which should be 
lowered to meet price competition. 


of up to 


However, if size is the only concern of 
an individual, make quality reductions added 
to those in color and clarity give the 
jeweler a wide range of sizes to offer at a 
given price. The trained jeweler can select 
make deviations, such as the thin crown and 
spread table with correct pavilion, so that 
at least the brillrancy remains high in the 
quality which offers maximum size per 
dollar invested. 

Taking these prices versus quality stand- 
ards into consideration, how can the overall 
diamond situation be improved? 

It will never improve until fine jewelers 
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take a realistic attitude in offering diamonds 
to the public. The real potential has never 
been reached in selling diamonds. True, 
more engaged couples declare their inten- 
tions with diamond than at any time in 
the past, but this represents a small part of 
what is possible. Most wedded couples own 
a car on that happy day, but that doesn’t 
mean it is the only one they will own. What 
would happen if auto men gave up their 
planned obsolescence approach? 

If jewelers make it clear that a customer 
can have a stone which he would like at 
a price he can afford, much as he can when 
purchasing the items which compete for 
the consumer’s dollar, half the battle is won. 

The average person knows nothing about 


diamond quality. To the layman, the size 
of the price tag is what determines quality. 
Anything which clarifies diamond grading 
without befuddling is to aid the 
ethical jeweler. Unless the trained man 
takes advantage of his training to help his 
customer, he fails to perform a duty and 
fails at the same time to make the customer 
aware of the real advantages to him of the 
jeweler’s knowledge. It is constantly amaz- 
ing how fearful many fine jewelers are of 
giving customers any information whatso- 
ever—this is to prevent boredom, they say. 
Yet a short exposition of how to grade 
diamonds and the care used is often the 
one item that brings customers. 

Figure 3 demonstrates graphically how 


sure 


Cc a - : - - a 
L —> 
A AGS COLOR GRADES 0.-1.4|  1.9-2.4 2.4-2.8 3.5-4.0 | 4.5-5.0 
‘ _ — _ 
I Flawless Fine Cut $1000 910 860 670 390 
T Good Cut 925 840 795 630 360 
Y Fair Cut 800 730 690 535 310 
Poor Cut 615 560 530 410 240 

A | _ a 
NS ; 
D VV.S, Fine Cut 820 750 710 550 330 

: Good Cut 760 695 655 510 305 
c Fair Cut 655 600 570 440 265 
u | Poor Cut 505 460 435 340 260 
T)— - - _ 
T v.S, Fine Cut 870 640 590 450 280 
1 Good Cut 620 590 545 415 260 
N | Fair Cut 535} 510 470 360 225 
G Poor Cut 410 395 360 275 170 
e fo—- SO _ _ J . 
r | Sil Fine Cut 550 510 480 380 230 
Al Good Cut 510 470 445 350 210 
p Fair Cut 440 410 385 305 185 
EB!) Poor Cut 340 315 295 235 140 
s _ Po I 7 

Colorless | Color visible 
| Face-Up 
Figure 3 


© Assuming a Retail Value of $1000.00 for a Diamond which is Flawless, 
of Finest Color, and Cut to the Standards of the American Cut, the other 
Figures show comparable Retail Values depending on Quality. In no 
Imperfection Grade listed would a flaw be visible to the unaided eye 
when the Diamond is mounted. Note that there are Gaps between both 
the Color and Imperfection Grades shown. Fair and Poor Cuts represent 


Degrees of Spreading. 
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a customer who has been given a very brief 
account of the three C’s and how diamonds 
are graded may be shown how he may choose 
quality desired at the price he wishes to 
pay. 

One simple way to convey a complex story 
without boring the listener is by diagram. 
By showing the ruler by which each quality 
factor is judged and his careful grading 
methods, the jeweler establishes himself as 
an expert and gives the layman a better 
idea of what is important in buying a 
diamond. A diagram such as that shown in 
Figure 3 may be used to demonstrate the 
range of possibilities in quality and size 
variation at a given price. It is clear that 
the price of a stone with the finest make 
can drop over 50% with reductions in 
color and clarity grades insufficient to affect 
the appearance of the mounted stone. Few 
customers understand this. If clarified by 
diagram, the customer’s choice may be dif- 
ferent and it is sure to be made with greater 
assurance. A simple, logical presentation 
establishes the confidence that produces im- 
mediate sales or brings “lookers” back. 

When a jeweler handles one grade only, 
X dollars buys one size only. That size 
may seem too small. The same problem 
exists when only two or three qualities 
are handled. Why not increase the size 
range by adding grades? Some jewelers say, 
“We will never reduce our standards.” In 
effect this is saying, “We will continue 
pushing our own ideas and tastes on our 
customers.” In other words, such a. jeweler 
uses his training and the keen eye he has 
developed with years of practice to force 
on his customer a more expensive stone 
because it has a quality requiring the 
jeweler’s training and keen eye to appreciate. 
Is this realistic or is it fair to the average 
customer ? 

What seems to stand between such 
jewelers and offering any or all grades is 
pride. This is often a natural unwillingness 
to give outside appraisers grounds on 
which to criticize merchandise. How can a 


firm’s reputation be impugned if the cus- 
tomer has been told in detail exactly what 
he is getting and the same information 
appears on the sales slip? If a customer 
wants a 1-carat stone in a platinum mount- 
ing and wants to pay no more than $500, 
what valid reason is there for not supply- 
ing such a stone? 

When asked this question, some jewelers 
say, “Even if I tell him what it is, he 
may tell his wife or another jeweler it is 
“blue-white and perfect.” Often firms which 
sell nothing but flawless, fine-colored dia- 
monds cut to exacting standards have their 
merchandise criticized by the unethical. Un- 
watranted criticism of other’s merchandise 
or prices is one of the banes of the jewelry 
industry. However, no need nor desire for 
another's appraisal exists if your customer 
has been given a clear story of the quality 
of the merchandise (and if the grading is 
listed on the sales slip). 

Maintaining high standards can be done 
regardless of the qualities which are sold. 
To the layman, standards have to do with 
business ethics; in other words, the manner 
in which merchandise is presented and 
represented. This has nothing to do with 
specialization, which is what is carried out 
in one-quality policy. 

So long as goods are represented honestly 
and each grade is listed on the sales slip, 
why not offer the customer the stone that 
will give him the most satisfaction? The 
average customer will take more pride in 
a stone 30% or 40% larger for the same 
price if he cannot see a quality difference. 
It seems somewhat more important to sat- 
isfy customers than to try to silence ap- 
praisers. 

One other argument against many grades 
is more logical. It refers to firms which 
have difficulty selling their top merchandise 
and who feel that adding grades will reduce 
their average sale. 

First, It should be emphasized that adding 
grades is not suggested only as an answer 
to price competition — these suggestions 
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are offered in the behalf that they will in- 
crease customer confidence as well as satis- 
faction and increase the diamond sales 
potential. If grades are added and the re- 
sult is nothing more than a lower average 
sale, the diamond salesmen are not selling 
effectively or qualities and grading are not 
explained effectively. 

A West Coast jeweler has been highly 
successful in maintaining sales of his finest 
quality while stepping up the sale of some- 
what lower-priced goods. His simple system 
makes clear graphically where every stone 
falls on each scale. This is carried out on 
ptice tags by a color code. This system 
makes the finest seem .most desirable and 
keeps the jeweler constantly in an open-to- 
buy condition in many sizes of his top 
quality while increasing the sale of lower 
priced goods as well. This firm handles 
a range permitting stones to be offered as 
low as half the price of their finest, while 
keeping make fine, and color high. With 
little effect on appearance, a considerably 
wider range is possible and seems desirable. 

To summarize: We at the Institute are 
convinced that the full potential of diamond 
sales possibilities has not approached reali- 
zation. We feel that one reason is that 
some of the quality standards imposed by 
many fine jewelers are unappreciated by 
the average person. As a result, for those 
who can neither appreciate nor afford the 
finest in a good size, prices are much higher 
than they need to be. Why force such 
people into establishments where they will 
be “taken” by failing to offer what they 
want at a price within their reach? By 
giving the customer a clear picture of just 
what is available to him for the amount he 
can spend, and showing him that a stone 


of a size of which he will be proud is 
well within his budget, the jeweler can 
increase his diamond sales tremendously. 

By offering a wide range of qualities 
and prices and letting the public know 
about it, the legitimate jeweler removes 
the protective screen behind which the 
long-markup man and so-called discount 
man operate. 

Why continue to force on the customer 
an appreciation of quality gained only 
through long training and experience, when 
that appreciation of the very finest quality 
is not shared by the average customer? Why 
rob that customer of the pleasure of owning 
a diamond or reduce his pride of possession 
by selling a smaller stone than the size he 
would enjoy most? 

One of the major factors tending to limit 
diamond sales is the public’s fear of 
being “taken’’ when making a_ purchase 
without knowledge of the product. The 
trained progressive jeweler is in a position 
to dispel that fear without either boring 
his prospective customer or using a techni- 
cal approach. 

The greater knowledge possessed by gem- 
ologists means diamonds can be presented 
to customers more excitingly and displays 
and advertising can be better planned to 
attract favorable attention to diamonds — 
that is how diamond knowledge best serves 
the jeweler. 

It is the retailer’s function to serve the 
public to the best of his ability, but not 
to use his ability to convince customers 
that what they want is not the best for them. 
The trained jeweler who will merchandise 
diamonds realistically will increase customer 
satisfaction, as well as his success in busi- 
ness. 
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Why Make Appraisals? 


by 


LESTER B. BENSON, Jr. 


Perhaps one of the most controvegsial 
subjects in the jewelry industry is that in- 
volving appraising and appraisal policies. 
The average jeweler trys to avoid this serv- 
ice and some totally refuse to consider it 
under any circumstances. Consider the fol- 
lowing arguments which are all too fre- 
quently advanced for avoiding appraisal 
services: 1) lack of standardized markups 
make it almost impossible to render apprais- 
als consistent with original selling prices; 
2) appraisals are 
nothing more than rough estimates due to 
his lack of familiarity with qualities, etc.; 3) 
appraisals can lead to legal entanglements , 
4) the time required can be put to better 
use in the store; 5) if appraisals involve 
checking stones offered by competitors, un- 
favorable results offend the competitor, 
causing friction in the trade and between 
the trade and the public. To the trained 
gemologist much of the reasoning behind 
this negative analysis of appraising is based 
on false premises. 

Actually, these arguments against ap- 
praising involve problems no more difficult 
to overcome than those encountered in other 
services the jeweler renders practicing the 
sale of jewelry. The “exclusive” attitude 
presented by many large firms in their refusal 
to consider a problem regarding appraisal 
or similar services for any but their own 
customers and even then often only for 
merchandise sold by them, has resulted in a 


the average jeweler’s 


tremendous number of lost sales and lost 
customers for these firms as well as for the 
jewelry industry. Individuals come frequently 
to the GIA laboratories hoping to obtain in- 
formation they felt they should have been 
able to secure from a qualified jeweler. It 
is the large, well-staffed jewelry firms which 
are the logical sources for technical informa- 
tion pertaining to gemstones, and yet for the 
most part they have been the firms which 
have consistently refused to render such 
service. 


VALUE — WHAT IS IT? 


In the face of present-day interpretations 
of what constitutes an appraisal service, the 
attitude of many of these fine firms may 
seem justified. However, this brings up the 
question as to whether appraisals have ac- 
tually been considered in proper perspective. 
Of greatest importance in the discussion of 
the function and advantage of proper jew- 
elry appraising is the analysis of the term 
“yalue.” Jewelers have used the ‘word in 
discussions over the counter as well as in 
their limited appraisals, with little regard 
for the exact meaning conveyed to the cus- 
tomer. The term ‘‘value” in itself is ambigu- 
ous, since there are many values which can 
be attributed to a given piece of jewelry; 
ie, retail value (from a given firm), im- 
mediate cash value, wholesale replacement 
value, esthetic value, historical value, in- 
trinsic value, etc. A piece of jewelry which 
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actually has no resale value may, because of 
personal, historical or intrinsic value placed 
on it by the individual, be expected to return 
a rather large cash settlement from a jeweler 
if the piece is damaged or destroyed during 
a repair operation. 


Similarly, with the tremendously wide 
variation in retail markups, a so-called re- 
tail value in itself is meaningless, since it 
states only one jeweler’s replacement figures 
from his stock and his supplicrs and has 
no relationship to actual cash value or what 
some other jeweler might sell it for. An 
appraisal based on the undefined use of the 
word value or retail value will constantly 
subject the appraiser to criticism from both 
the trade and the public. Obviously, the term 
value will carry different meanings to dif- 
ferent individuals, depending on their train- 
ing and on the specific need involved in the 
request for the appraisal. To the average 
layman, “value” signifies immediate cash 
return. 


THE COMPETITOR 


No mounted colored stone nor diamond 
can be graded accurately; therefore, replace- 
ment costs cannot be determined precisely. 
This fact, combined with differences in 
markups used by different types of firms, 
means that a totally acceptable retail selling 
price for any piece of jewelry cannot be 
determined by an appraiser. Thus, an ap- 
ptaisal service, when properly conducted, 
cannot be used as a means of criticizing or 
otherwise reflecting upon the merits of a 
competitor. No appraisal should be rendered 
under the impression that it can be used 
as a means of comparing offerings of dif- 
ferent firms, since, as stated above, accu- 
rate grading of mounted stones is impos- 
sible. On the other hand, an appraiser can 
estimate qualities and other characteristics 
of a piece of jewelry, and from that he 
can estimate a replacement cost through his 
facilities which will be adequate and accepta- 
ble to an insurance company. This is not 
meant to imply that such an estimated re- 


placement cost could not or would not be 
used by an individual to compare prices of 
different firms. But when properly presented, 
the firm issuing the report will not be sub- 
ject to criticism. 


MISREPRESENTATION 


The great problem facing jewelers is that 
of misrepresentation, and yet the solution 
is not insurmountable. Many jewelers who 
render open appraisals request that any stone 
brought to them from a competitor be ac- 
companied by a report from the seller which 
covers proportions, imperfection 
grade, quality of metal, etc. The theory be- 
hind this is that the seller has had access to 
the stone prior to their setting, or at least 
information pertaining to their quality from 
his suppliers. Thus, he alone is in a position 
to know the quality of the stones and a cus- 
tomer is entitled to this information. In fact, 
the only protection a customer has in a 
jewelry purchase is in the extent to which 
the quality of the stones are indicated on the 
sales slip or appraisal accompanying them. 
With this information on a report or on a 
sales slip, a quick analysis of the piece will 
reveal whether flagrant misrepresentation 
is involved particularly in reference to pro- 
portioning and major imperfections. If so, 
it can be pointed out and if the piece has 
already been sold, the person can be directed 
to the local Better Business Bureau to have 
the situation clarified. There are very few 
of the so-called unethical houses who handle 
anything even approaching a fine-quality 
stone. Thus invariably stones which are 
sold by such firms as “blue-white and per- 
fect’’ or other similar descriptive terms are 
sold in violation of Federal Trade Commis- 
sion nomenclature recommendations. 


colors, 


In view of this, when confronted with a 
request for an appraisal other than for in- 
surance or estate purposes, jewelers should 
realize that actually it is a rare occasion 
where a dollar evaluation is really needed to 
fulfill the customer's needs. Although it 
would seem at first that an appraisal involv- 
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ing a quality analysis only would offer little 
to a customer, this is not the case. Few 
people buying diamonds realize that stones 
in various size ranges can be purchased in 
almost any price range depending on color, 
imperfections, and proportions. Thus in the 
absence of a detailed quality analysis price 
is of no consequence, since it does not indi- 
cate either a good or bad purchase. Trained 
gemologists today are in a position to dem- 
onstrate easily the factors involved in grad- 
ing diamonds and thus to show the average 
customer that the customer himself can de- 
cide the quality and size of diamond he 
would like for a given amount of money. 
At the same time if the form then shows the 
customers that-all stones sold through the 
firm are graded in detail to permit this kind 
of buying, the chances of the customers 
buying “blindly’’ elsewhere will be reduced. 

Pointing out the impossibility of assign- 
ing a precise “value” to mounted stones but 
offering to analyze and describe the jewelry 
in accordance with normal insurance pro- 
cedures and charges accomplishes three im- 
portant things: First of all, it is obvious 
that the jeweler is ready to render every 
possible service to his potential customers ; 
secondly, any firm selling merchandise not 
graded and described in detail on a sales 
slip is failing to render the protection to a 
customer which he deserves; thirdly, it brings 
to light that misrepresentation rather than 
price is the major problem in competitive 
jewelry sales. Clarifying these problems 
obviously builds confidence. 

If misrepresentation is not involved in a 
competitive sale, then a firm should not 
hesitate to say as much, At the same time, 
if a customer has purchased a stone which 
has been correctly represented but priced out 
of reason, the very fact that it will have 
been graded will permit him to observe the 
prices of similar grades of stones in other 
stores. Thus the price analysis can be handled 
by the customer and the appraiser need not 
become involved. The number of firms which 
refuse to grade their diamonds in a manner 


which permits the customer to know what 
he is buying is almost unbelievable. At the 
same time most of these firms are wonder- 
ing why they are losing so many sales to 
the “discount houses.” The prevailing atti- 
tude seems to be that unless the customer 
is willing to buy “blindly,” he should not 
consider jewelry. Is it any wonder that the 
jewelry business is one of the poorest busi- 
ness risks in the country ? 

Failing to recognize the tremendous po- 
tential underlying an appraisal service has 
resulted in jewelers deliberately limiting 
their service to isolated cases where they 
felt they were forced to give the service. 
Furthermore, in most of those cases they 
have made the appraisals so brief and in- 
adequate that they served only as a founda- 
tion for the unethical jeweler to build his 
sales through misreprescntation. 

‘A recent survey of approximately 500 
jewelers representing every type of retail 
firm, including some of the largest in this 
country, shows that over 95% actually had 
enough training and equiprnent to handle 
routine identifications. This survey involved 
mainly firms represented in the GIA stu- 
dent body as well as members of the Ameri- 
can Gem Society, this reflecting for the most 
part firms who had some personnel with 
gemological training. Yet of these firms 
approximately 16% stated they refused to 
do appraising of any kind, The general 
reason was that they felt it was “bad busi- 
ness.”” Of the remainder, only approximately 
10% had a consistent policy of charging for 
the limited appraisals they made. Most of 
the other firms limited their appraising to 
regular customers and even then on a very 
sketchy basis. 

It should be noted that these firms do 
not actually represent average firms but in- 
stead they represent top firms, the personnel 
of which have had some or considerable 
gemological training. Such jewelers are the 
logical sources for appraisal information, at 
least in the eyes of the layman. Yet the 
above percentages show that not only did 
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most of these firms fail to see that they 
should carry any responsibility insofar as 
apptaising is concerned, but, for the most 
part, they tried to discourage it. 

Appraisals, however, are available to the 
public. People who own jewelry must have 
an appraisal service and there are those in 
the industry who recognize the necessity and 
value of the service. For the most part, 
though, these firms represent the professional 
appraiser, the wholesale-retailer, or the dis- 
count operator. It is possible that failure on 
the part of the average jeweler to recognize 
the necessity of an appraisal service has 
contributed as much toward the growth of 
the unethical jeweler operator as any other 
single factor. 


THE CUSTOMER 


Where does all this leave the customer? 
Many stated that jewelry 
should not be purchased as an investment; 


jewelers have 


instead, its only function is as an ornament. 
Thus the issues of value, appraising, etc., are 
of little consequence and should be avoided. 
If this were true, there would be no reason 
for anyone to buy anything other than syn- 
thetics or imitations, since what is available 
in these classifications is perfectly adequate 
to cover almost every ornamental need. 


Many jewelers seem to be unaware of the — 


tremendous importance that the average 
person places in his jewelry. The GIA 
laboratories are constantly confronted with 
individuals who want to have their jewelry 
appraised or analyzed in order to secure 
general information pertaining to its quality, 
design, history, etc. Invariably, they have 
already gone to jewelers but have received 
the typical reply, “Sorry, but we do not 
make appraisals.” It is interesting to note 
that in the majority of these cases the 
GIA has been able to help these people, in 
spite of the fact that its laboratories do 
not render dollar evaluations. 

One fact that cannot be overlooked is 
that jewelry does not deteriorate. It may be 
damaged or worn, but most stones are 


more than lifetime investments. People want 
fine jewelry and they want it protected by 
insurance, and if the time comes when they 
no longer have need for the jewelry, they 
want to know that there is a means of dis- 
posing of it at a fair market value. Actually, 
the sale of fine jewelry is made possible by 
the fact that people recognize its inherent 
value as well as its beauty. Naturally, they 
expect the jeweler to recognize this fact too. 
Should not the jeweler, then, look at ap- 
ptaising and related services as a required 
function of his profession, and give it the 
attention and importance necessary to create 
an advantage from the service for both his 
customer and himself? After all, these serv- 
ices are to jewelry what watch cleaning and 
repairing is to the watch. Eliminate the ex- 
tra services and soon you eliminate the sales. 
Any jeweler who renders appraisals reluc- 
tantly will surely end up with a service 
which is a problem to him and which rarely 
ever benefits the customer to the fullest 
extent. In contrast to past methods of analyz- 
ing the success of a business—methods which 
are based merely on the appearance of the 
business in the eyes of the owner—a busi- 
ness can only be as successful as is the cus- 
tomers opinion of it. Therefore the cus- 
tomer viewpoint is paramount. 


THE DEPARTMENT 


What is required to establish appraising 
as a departmental service? First, it must 
be recognized that there is more to apprais- 
ing than just looking at a stone and deciding 
that it could be replaced for a given number 
of dollars. An open appraisal service would 
better be called a Gemological Appraisal and 
Advisory Service, and people utilizing the 
service should be able to obtain general 
information of any nature regarding their 
cannot be 
charged for since a permanent record is not 


jewelry. Verbal expressions 
supplied ; therefore, proper forms should be 
prepared to cover identification, grading, 
and replacement estimates. A definite policy 
should be established to cover fees for re- 
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ports which are issued. No statements re- 
garding replacement costs or qualities should 
be made unless they are written. 

In a few instances firms have stated that 
they offer an open appraisal service; how- 
ever, they will not look at new jewelry pur- 
chased elsewhere. If this is the case, the 
appraisal service is actually limited rather 
than open and it will not be possible for 
the department to attain maximum effective- 
ness. Failure to recognize the privilege of 
an individual to shop for the “best buy” by 
telling him that you will have nothing to 
do with him unless he buys from you, sel- 
dom results in a new customer; such an 
attitude really promotes unethical competi- 
tion. Actually,- no jeweler would tolerate 
such an attitude on the part of other busi- 
nesses or professions serving him. Going to 
the other extreme (i.¢., looking at the mer- 
chandise and telling the customer point 
blank that it has been misrepresented or that 
it is not of the finest quality, etc.) also is not 
the answer. Firms which have consistently 
turned the “shoppers” into new customers 
have done so by approaching the problem 
in a positive manner. 

First of all, they have recognized an im- 
portant point already discussed here: namely, 
it is not possible for anyone, regardless of 
experience, to determine precisely the color, 
imperfection, and proportion grade of a 
mounted diamond. They explain this to the 
customer easily and quickly. Thus if the 
customer's purchase is dependent entirely 
upon what another jeweler tells him, he 
will never know exactly where he stands 
until the stone or stones have been un- 
mounted. To do that and issue a complete 
report will require considerable time and 
the resultant charge is quoted to him. More 
practical advice, however, consists of telling 
the person that if he purchases the jewelry 
he should get a sales slip or a separate re- 
port containing a complete description of 
the stone (measurement, weight, color, im- 
perfection and proportion grades) in ter- 
minology which can be interpreted in terms 


of Federal Trade Commissions recommenda- 
tions for nomenclature. With such informa- 
tion he will have recourse through the Bet- 
ter Business Bureau if misrepresentation is 
involved. Although checking jewelry de- 
scribed in this manner cannot be done pre- 
cisely, a cursory check, which can be made 
quickly, will usually show up any serious 
misrepresentation. The customer can be 
shown the discrepancy and he can either 
return it or present it to the Better Business 
Bureau. Today it is unnecessary for any jew- 
eler to become entangled in a situation of 
this type, since a diamond-grading report 
can be obtained from the GIA laboratory by 
any Better Business Bureau. Such a report 
will be issued also for a jeweler, but under 
no circumstances will it contain evaluations. 


BASIS FOR FEES 


If appraisals are confined to their true 
function, (that is, specifically to analyze and 
record as nearly as possible the design and 
quality of merchandise accompanied by 
reasonable replacement cost estimates), the 
work required to do all this satisfactorily 
will require considerable time and merits a 
fee which will pay for the time. Few people 
are willing to pay a fee for a detailed re- 
port if they desire nothing more than a “yes” 
or no" statement that the jewelry offered by 
a competitor is a “good buy.” Therefore, 
a properly conducted appraisal service will, 
in itself, eliminate the undesirable situations 
and still make technical advice available to 
anyone. 


One of the main faults of present-day ap- 
praisal policies concerns the antiquated sys- 
tem upon which fees are based; ie., the 
percentage-of-appraised-value system. It is 
surprising that this has been continued as 
a standard procedure in the industry when 
it is not applied in any other jewelry de- 
partment. As a matter of fact, the repair 
department, for example, in any store would 
fail almost immediately if its system of 
charges were based upon a percentage of 
value of merchandise handled. Yet respon- 
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sibility and potential liability are much 
greater in the repair department than over 
the appraisal counter. People having fine 
jewelry resent strongly the attitude on the 
part of jewelers that a jeweler should be en- 
titled to a percentage of the value of their 
jewelry in exchange for technical advice. 
Actually, it is not the amount of money 
which is important but rather the method 
by which it is determined. 

It is logical that charges for any profes- 
sional service should be based upon the 
amount of training and time required to 
render it. In the repair department, for ex- 
ample, the customer pays no more for the 
cleaning and servicing of a $5,000 diamond 
wrist watch than for a $100 standard watch. 
Yet if the two were appraised, the $5,000 
item would rate a much higher fee on a per- 
centage value basis. 

Converting to a system of determining 
fees based on time rather than on appraised 
value will be a complete about-face for 
many jewelers; however, it will permit 
rendering adequate reports at a consistent 
profit to the Arm. 

In attempting to establish a logical basis 
for fees based on an hourly rate, it is neces- 
sary for each firm to consider this individu- 
ally from the standpoint of personnel in- 
volved, time required, facilities set aside 
for this purpose, etc. Thus to establish a 
profitable hourly rate and yet one which 
is not out of reason will necessitate different 
charges for different firms. This certainly 
does not present a disadvantage, since in no 
other professional field, including medicine, 
law, etc., are there standardized rates for 
identical services. Under this system it is 
entirely possible for a $500 diamond-set 
watch to require much more time for ade- 
quate description and appraisal than for a 
single large diamond solitare of $10,000 
to $15,000 value. But such a system of 
charging is consistent with almost every 
other business or professional activity and 
can be explained without difficulty to any 
customer. It permits rendering a complete 


service to the customer while at the same 
time putting the appraisals immediately on 
a profitable basis. Further, these detailed 
reports give a jeweler an opportunity for 
periodical followups to the people request- 
ing that the jewelry be returned for com- 
parison against the original report, thus 
making it possible to detect damage if it has 
occurred. This rechecking, of course, gives 
the jeweler constant contact with the cus- 
tomer, and it not only creates good will but 
continually keeps the door open for addi- 
tional services or sales. Most customers who 
receive this type of service will feel little 
necessity to go elsewhere for their jewelry 
needs. 


INSURANCE ANGLE 


It is surprising how few jewelers realize 
that insurance coverage for most jewelry in- 
cludes payments for damage as well as for 
total loss. As a result, the average appraisal 
does not contain sufficient information for 
the insurance company to determine the ex- 
tent of damage. Nearly all of the work done 
in GIA laboratories for insurance companies 
involves this problem of trying to determine 
whether existing damage was present at the 
time the stone was sold or appraised, or 
whether it is of recent nature, thus meriting 
a percentage settlement. Obviously, a cus- 
tomer will not feel that a jeweler has given 
him any assistance if an appraisal leaves him 
without the necessary protection to cover 
such a possibility. In addition, the jeweler 
himself loses business with an inadequate 
appraisal because a general description 
alone can be used by an adjuster to go 
through any type of firm which he wishes 
for his replacement. The customer has no 
means of checking as to whether the replaced 
items are consistent in quality with the 
original appraisal. On the other hand, a de- 
tailed appraisal, even though it may permit 
an adjuster to secure a replacement from a 
source other than the original appraiser, 
still gives the customer the opportunity to 
request that the replaced piece be sent to the 


SUMMER 1955 | 


177 


original appraiser for a comparison against 
his appraisal and quality statements to insure 
similar qualities. The usual practice of in- 
surance adjusters of replacing lost or dam- 
aged items directly through wholesale estab- 
lishments is hardly to be condoned, since 
customers pay premiums which are based 
on retail costs rather than on wholesale costs. 
Since insurance companies are not gem 
dealers, they should logically go through 
standard retail establishments for such re- 
placements. The fact that the jewelry in- 
dustry itself has been so determined to 
avoid the issue of appraisals has-not only 
made it easy for insurance adjusters to 
establish wholesale connections, but in many 
cases it has been necessary for them to do 
so to receive satisfactory services. 


FORMS 


The survey mentioned earlier failed to 
reveal a single appraisal form that was con- 
sidered really adequate. The reluctance to 
render appraisals and the subsequent lack 
of profit resulting from the little service 
rendered has resulted in an unwillingness to 
spend money for attractive appraisal forms 
that would assist in making the service more 
valuable in the eyes of the customer. More- 
over, these same jewelers have consistently 
spent as much as $1 to $4 for a box to sell 
a $30 or $40 birthstone ring. They would 
not dream of presenting a piece of mer- 
chandise in other than an attractive package. 
Yet an item as important to the average 
person as an appraisal is frequently pre- 
sented as nothing more than a brief type- 
written comment on a blank piece of paper 
or usually, at best, on a letterhead of the 
firm. In this form it becomes little more 
than a bit of correspondence or a note and 
it hardly supports any charge made for the 
service, Something more is required to give 
appraisals the needed degree of importance. 
Much can be learned from insurance com- 
panies along these lines, in that insurance 
companies actually render a similar serv- 
ice to individuals when they prepare an 


insurance policy. Formerly, policies of in- 
surance companies were printed as very 
simple reports, but today it is a consistent 
practice among all of the major companies 
to issue policies which are beautifully pre- 
pared and presented in attractive folders 
The more expensive policies are often con- 
tained in genuine leather portfolios. The 
purpose for this is two-fold. First of all 
it creates a favorable psychological reaction 
and constantly impresses upon the insured 
the importance of the policy and the neces- 
sity of keeping it in a safe place with other 
valuables. In contrast to this, the typical 
jewelry appraisal, if a copy is given to a 
customer, is seldom retained—it is more 
often lost simply because it becomes mixed 
with other papers and eventually thrown 
away. In line with the idea that appraisals 
are as important a service as any rendered 
by the jeweler, the appraisal should be 
presented in an attractive ‘‘package.”’ This 
package should be one which advertises the 
firm and which is sufficiently attractive and 
detailed to instill the conviction that the 
firm has trained personnel who are anxious 
to render maximum service to their cus- 
tomers. Such appraisals will definitely be 
stored among the individual's valuable 
papers, since not only is a lifetime record 
of his jewelry necessary in case of damage 
or loss, but it represents a service so detailed 
and adequate that it would never again have 
to be duplicated as long as the report is 
retained. Furthermore, such appraisals are 
always available to be included in wills, thus 
not only assisting in the proper disposition 
of the jewelry but additional protection 
against error on the part of the executors. 

Assuming that such an attractive apprais- 
al is issued, adjusters, insurance companies, 
or private individuals who may later have 
occasion to observe the appraisal will be 
impressed by it and their attention will be 
called to the name of the firm which issued 
the report. 

Many insurance agents, in an effort to 
secure additional business, have taken ad- 
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vantage of the jeweler’s reluctance to make 
expenditures for appraisal forms and have 
had standard forms printed. These will have 
the jeweler’s name imprinted, supposedly as 
a service to him. The theory is that the 
jeweler will be more or less obligated to 
recommend the agent to these customers who 
request insurance information and the name 
of a reliable company to handle the policy. 
The jeweler then simply fills in the infor- 
mation in the proper spaces, signs the ap- 
praisal, retains a copy for himself, and gives 
one to the insurance company. Usually no 
copy is presented to the customer—the per- 
son most vitally concerned in the appraisal. 
Such a form is obviously inadequate, in 
that the jeweler receives little or no ad- 
vertising and it does not convey any degree 
of prestige for the jeweler. Also, forms of 
this type, at least those observed to date, 
have not been prepared adequately to cover 
the specific requirements of jewelry apprais- 
ing. Most of them are quite general in nature 
and are usually more applicable to furs, 
paintings, chinaware, furniture, etc., than 
to jewelry. Again, in the case of loss or 
damage, the original appraiser has less op- 
portunity to be asked to replace the items 
or to check the quality of suggested re- 
placements. 

Several questions arise in this discussion: 

1) Assuming that it is desirable to pre- 
sent an impressive appraisal, how can 
it be done at other than considerable 
expense for each appraisal ? 

2) How can a form be adapted to cover 
the numerous types or various quan- 
tities of jewelry which may be en- 
countered ? 

3) How can forms be prepared which 
will be flexible enough to permit 
adding extra copies of the jewelry 
descriptions when required? (This 
is frequently the case in estate ap- 
praisals or some insurance appraisals 
where more than one party is in- 
volved.) 

Perhaps the simplest method of overcom- 


ing these problems is to stay away from ap- 
praisal forms which have specific places for 
the measurements, descriptions, identities of 
stones, etc. Usually such forms will result 
in inadequate information. Although a dia- 
mond solitaire might be described ade- 
quately on such a form, a 15- or 20-stone 
diamond bracelet could not be described, 
since there seldom is sufficient space for 
describing more than one to three stones on 
each page. Considering the-wide variation 
in types and quantities of jewelry which can 
be encountered, the logical procedure is 
simply to use a fine-quality paper, imprinted 
perhaps in the upper lefthand corner with 
the name of the firm and a statement similar 
to the following: 


Description of Jewelry for 2.00000 
(insured’s name) 


Appraisal #00000... 


The report then can be typed according 
to the requirements of the individual piece 
and signed by the appraiser. In some cases 
this may involve several pages, if many 
pieces of jewelry are being appraised. This 
appraisal, which in itself is rather simple, 
would then be enclosed in an attractive 
appraisal folder or portfolio. It is the folder 
or portfolio which is the key to the proper 
appearance of the service and it can be de- 
signed in any manner desired by the firm, 
the main prerequisite being that it should 
be attractive and sufficiently expensive !ook- 
ing to fulfill the requirements which have 
been discussed in this article. Many ideas can 
be obtained from typical insurance folders. 
Actually, folders of this type are very inex- 
pensive in relation to the tremendous prestige 
and importance which they lend to the ap- 
praisal itself. It is not necessary to have 
printed on the appraisal the method of 
determining fees or other statements reflect- 
ing conditions under which an appraisal is 
made. Each appraisal is an individual prob- 
lem and should be treated as such. 


(continued on page 187) 
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GEMOLOGICAL INSTITUTE OF AMERICA 
(UNITED STATES AND CANADA) 
Established 1931 


541 Sout ALEXANDRIA 5, East Forty-Seventa StTRrET 
l.os ANGELES New York 


No. Date 


The Gemstone described below, which is presented for examination by 


has been tested in this laboratory. 


Results of our tests, described on the opposite page, indicate the gem 


to be 
CEMOLOGICAL INSTITUTE OF AMERICA 
By 
DESCRIPTION 
Style of Cutting Length 
Weight Depth 
Color _ Width 


Mounted in_ - _ 


® The above form represents a type of report formeriy used in the GIA 
Laboratories for identification reports. This form has been discontinued be- 
cause of the limitations imposed by the fixed spaces for description and tests 
performed. Although it is suitable for a single stone, mounted or unmounted, 
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TESTS MADE 


Refractive Index by 
Pleochroism by 
Optic Character by 
Specific Gravity by 
Elardness by 


Inclusions by 


OTHER TESTS 


by 
by. 
by 
by 


REMARKS: 


KEY: D—Dichroscope: S. G.—Balances; E~Endoscope; F—Fluorescence; H. L.~ 
Heavy Liquids; H. Pl.—Hardness Plates; H. Po.~Hardness Points; L-10x Loupe; 


M~—Microscope; P—Hand Polariscope; P. L—Pearl Illuminator; R—Refractometer: 
S-Spectroscope; X—X-ray Unit 


it is not applicable for a multiple stone-set piece of jewelry or several loose 
stones. The latter classification involves the majority of pieces of jewelry 
encountered in appraisals and identification services. Many jewelers have 
copied or adapted the above form for appraisal purposes and have encount- 
ered these limitations. 


SUMMER 1955 181 


APPRAISAL BLANK 


NAME 


ADDRESS 


CITY APPRAISER 


ESTIMATED COST 
ARTICLE AND DESCRIPTION TO REPLACE 


d and qualified to receive this service, for which a charge will be made according to the 


appraise jewelry, precious stones. gold and silver plate for Estates, and purposes of insurance upon the written 


INSURANCE COMPANY 


request of an Insurance Agency registere 


schedule below: 
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® The above appraisal blank would be suitable only in cases where the esti- 
mated replacement cost was the only information required for the piece of 
jewelry. This, of course, would not be considered an adequate, all-around ap- 
praisal, since information pertaining to the quality of the stones, damage, etc., 
would not be included. Thus it would not protect the customer in the event of 
damage nor would it permit desirable follow-ups on the part of the firm. The 
statement at the left referring to the limitations of the appraisal service is of 
little consequence on a form which is only given to the customer after the ap- 
praisal is made. Likewise, information pertaining te fees is unimportant on a 
form given after the fee has already been quoted. The system upon which the 
fees are based is a typical percentage system, which is not recommended. Not 
only is the method unfair but in this case the percentages are not consistent; 
ie., it would cost more to have a $15,000 item appraised than it would a 
$16,000 item. 
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DESCRIPTION OF MOUNTING 
Type Quality of Metal 
Type of Setting of Center Stone 
Decoration 
Quality of Decoration 

DESCRIPTION OF DIAMOND 

Color Grade 
Weight Table Culet 
Depth Diameter Girdle 
Quality of Cutting 


Perfection as éxamined under 10 power 


CROWN PAVILION 


Value of ring at retail including all taxes $ 


Caneseennamaenunan mmm enna saamar amend 


© The above form comprised the appraisal certificate of one firm and was 
mimeographed on their letterhead. Here again is a standardized, fixed form 
which would not be adequate for covering multiple stone-set jewelry. Also, the 
statement at the bottom, “Value of ring at retail,” is meaningless because of 
the various interpretations of the term “value” and the different retail mark- 
ups employed in the jewelry industry. If at all possible, appraisals should 
include diagrams or photographs to show both the type and location of im- 
perfections, at least for the principal stones in the piece of jewelry. However, 
these ore usually best added as a supplemental attachment to the appraisal 
form, since in many cases more than one illustration will be required. 
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APPRAISAL 


List each article separately. Give a detailed deseriptiou of each 
Property of. 
Residenee Address 


Item No Article and Deseription Valuation 


None of the above articles are in need of repair except as follows: 


I hereby certify that the above named have submitted the above listed... ce eect cece tneetneeerentnenenetaceeennenanse : 
for appraisal and that the values are in accordance with my best knowledge and belief. 


..- Appraiser 


eeteeeeneenee  Addrese 


Vaated 2 eee eee cece ceeece cece ice neeenneneee ae 
Form IM 18 


99923-5 52-200 


@ This form is a typical appraisal provided by an insurance agent with the 
insurance company’s name at the upper left and the jeweler’s name imprinted 
at the upper right. Basically, this form would be adequate for almost any type 
of jewelry description. However, the form adds little prestige to the firm ren- 
dering it. Again, the use of the terms “value” and “valuation” are subject to 
various interpretations. 
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The following appraisal was typed on a firm letterhead and shows a typical report 
issued by the firm. 


To whom it may concern; 
Valuation of Mrs....seeeeseeesDiamond Ring 
One diamond of about 1,10Ct. (By Moe Gauge) 
Perfection - VS12 
Color - C 


Cut - Brilliant - Fair 


Mounted in 14 kt. yellow gold mounting with two (2) .20 Ct. 


full cut side diamonds, 

Total - three diamonds. Value $848.00 
This viaue is based on estimates of weights 

and quality of diamonds, considering that diamonds 

are mounted, 


This value does not include Federal or State taxes. 


Although the above center diamond is described fairly adequately from the stand- 
point of evaluation, there is nothing here that would permit the checking of the stone 
in case of suspected damage later on, and a stone of this size certainly warrants this 
service, Although the center stone weight is shown as an estimate by the Moe gauge, 
the weight of the two 20-point stones has no such qualification. It would be better to 
place after each weight figure the term “estimated” to clarify this point. In many 
instances people have ended up with replaced stones of different weight — usually 
less — than the weight of their original stones, because the appraisal statements were 
so limited that the insurance company was able to adjust it to their advantage. At 
least the center diamond in any ring should show, in addition to estimated weight, at 
least one or two basic dimensions to facilitate future verification of the estimates. The 
term ‘‘value”’ again is misleading since to the layman it will designate in his mind 
what he should have paid for the stone as well as what it is actually worth on the 
market to him. 
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Insurance Appraisal 


For 


One loose diamond measuring 8.3 x &.2 x 4.81 m.n,, weighing 195/100, 
color grade by Colorimeter Master Diamonds "Ad" (2,00), top crystal, 
clarity grade thrae, having minor bubble in center of table and two 

pin point bubbles above and below, small chip on girdle extending into 
tip of crown tezel facet, on same location in pavilion portion of stone 

a distinct natural extending across pavilion girdle facet and into 
adjoining pavilion girdle facets, 180 degrees from above, elongated white 
inclusion on edge in crown girdle facet, also in same location only in 
pavilion portion of stone a pronounced natural or flat surface covering 
portions of two girdle facets, also feather in one of same girdle facets, 
Cutting proportions fine but not exceptional, having shallow crown, large 
table, decentered, mezsuring 4.95 x 4.86 m.m.or 59% ccmmared to ideal ef 
53%; girdle wavy, thin to medium, slightly oval in diameter, average 
pavilion, smali culet, brilliancy fine but not exceptional, dispersion or 
fire raducad due to shallow crown and slightly out of angle as defined by 
large tabla - under ultra violet light 2500 4ng., exhibits intense bluish 
fluorescence. 


Value of 195/100 Loose Dianond $2,340.00 
10% Faderal Tax 234.00 


‘otal Value, Federal Tax Includeu $2,574.00 


This is another appraisal typed on a firm letterhead and, although rather detailed 
in description, it was subjected to criticism in the wholesale trade. The criticism was 
not that the comments were incorrect, but the lengthy description of the imperfection 
and other discrepancies as compared to an ideal stone was interpreted by the owner 
as meaning that the stone was of extremely poor quality. The same information could 
have been provided by plotting the imperfections on the diagram and covering the 
proportion ratios and percentages by measurements and percentage figures. A diagram 
to illustrate the inclusions and blemishes in a stone is most ideal in that it simplifies the 
preparation of the report. Of course, a verbal description should be maintained in the 
jeweler’s files so that when he requests the jewelry to be returned periodically he will 
have access to both a diagram and a verbal description of the symbols used, thus 
permitting him to check for possible damage. When plotting imperfections in a diagram 
it is imperative that the imperfections be shown in proper proportion. Many times the 
Institute’s laboratories have observed diagrams on appraisals, which were completed 
with heavy lines or dull pencils and which created the appearance of a highly im- 
perfect stone, when actually the imperfections consisted of very fine pinpoints. (Any 
imperfection that cannot be plotted in a manner that will indicate its actual size in 
relation to that of the stone should be covered by a comment underneath the diagram.) 
This is particularly true of such imperfections as minor surface scratches, polishing 
marks, clouds, very tiny pinpoints, ete. 
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(continued from page 179) 


Actually it is not difficult to write up 
an appraisal since the best procedure will 
involve the use of a folder or portfolio 
to contain the appraisal itself. The latter 
can be on fine-quality paper but not the 
typical letterhead stationery. It should be 
imprinted, however, with the jeweler’s name 
and a place for the appraisal number to 
facilitate proper filing. The copy, whether 
typed or hand written, should be divided 
as follows: 


1) A complete description of the stone 
or jewelry. 

2) A statement indicating instrument 
tests performed to verify the identi- 
fication of the piece. (This is a vital 
step in any appraisal. It is very dis- 
turbing to see the number of ap- 
praisals submitted by supposedly 
qualified firms which actually involve 
misidentifications. The GIA labora- 
tories have encountered extreme cases 
involving doublets and glass imita- 
tions which have been insured for 
thousands of dollars over a period 
of many years.) In the case of a loss 
where the jewelry is no longer avail- 
able for verification of identity, an 
insurance company would actually be 
liable for replacement of a genuine 
stone. But if such a case involves 
damage to such a piece, the insurance 
company is liable only for the re- 
placement of a like piece. This type 
of appraising brings discredit to both 
insurance company and the jewelry 
trade. 

3) Identifying characteristics which 
would include damage or imperfec- 
tions. If photographs or diagrams 
are available they should be referred 
to by a comment such as, “see at- 
tached diagrams or supplement.” 

4) This division will comprise an area 
for comments pertaining to the de- 
sign, method of manufacture, or 


other interesting characteristics of 
the piece which might later be of 
value in verifying replacement costs. 


5) The last entry will be the estimated 
replacement costs through the firm’s 
own facilities or suppliers as of that 
particular date. The report is then 
signed and dated. 


An appraisal set up in this fashion should 
be numbered, and detailed information per- 
taining to the insured’s name and address 
secured to permit maintaining a complete 
file on the customer's jewelry. Stressing the 
reason for this—namely, that the company 
check without charge this jewelry periodic- 
ally to protect the customer in case of un- 
known damage—will usually result in stimu- 
lating a desire on the part of the customer 
to bring in other jewelry. This permits the 
jeweler to maintain constant contact with 
the customer to keep his jewelry in top con- 
dition. Since replacement costs will be re- 
vised from time to time as noticeable changes 
in costs occur, this will also be included as 
part of the rechecking service. When such 
changes are made, the jeweler can then 
send an appropriate notice to the insurance 
company. 


The usual procedure today is for the 
jeweler to sit back and wait for the insur- 
ance companies to request a reappraisal of’ 
merchandise, and in the majority of cases 
these new appraisals are requested through 
a different firm than the one which origin- 
ally appraised the jewelry. The jeweler 
should take the intiative to protect the cus- 
tomer and provide his jewelry needs and 
services; he should not wait to be pushed 
into it haphazardly by the insurance com- 
pany. Because of the recent innovation of 
the “package” insurance policy (i.e, the 
type which permits a person to include 
automobile, home, jewelry, personal pos- 
sessions, liability insurance, etc., under one 
complete policy with prorated premiums), 
jewelers have a tremendous potential in this 
new type of insurance. If they will contact 


SUMMER 1955 


187 


the local insurance companies and secure the 
appraisal business for this kind of policy, 
they will receive appraisals which are much 
less susceptible to change and periodic com- 
petition than the type which covers jewelry 
only. 


SUMMARY 


The discussion and illustrations thus far 
have necessarily been somewhat critical of 
current appraisal procedures and of the pre- 
vailing attitude of the jewelry industry re- 
garding this all-important service. Actually. 
there are many firms in the country today 
which are doing an outstanding job of ap- 
praising and reaping the benefits of this 
service. In the face of the tremendous com- 
petition from other businesses (such as au- 
tomobiles, furs, appliances, etc.), accom- 
panied by an ever-present distrust of jewel- 
ers, the time has arrived when jewelers 
should re-evaluate appraising and related 
services to make certain that they are utiliz- 
ing every possible means of maintaining 
their importance in their community and 
competing effectively for their share of the 
consumer dollar. A little study will show 
that there is nothing offered by any industry 
in the world which has such universal ap- 
peal, prestige, durability, and value as fine 
jewelry. Yet these very qualitics are the ones 
used, for example, by automobile manufac- 
turers to promote their products in compe- 
tition with jewelry. How many jewelry ad- 
vertisements does one see in which the im- 
portance of jewelry is stressed? Actually, 
very few jewelers stress the importance of 
jewelry as a purchase, since they themselves 
have not recognized it: instead, they treat 
it as just another commodity. Until jewel- 
ers acknowledge the fact that jewelry has 
many uses besides basic ornamentation and 
begin to stress these advantages in their ad- 
vertising and services, they can hardly hope 
to gain any degree of success in their jew- 
elry departments. The days when the pres- 
tige firm could glide along merely on its 


reputation are passing. Many of these older 
firms have already gone out of business and 
many more are declining because by their 
“exclusive” attitude they see the store and 
not the customer as the first consideration. 
The fine jewelry firms should be the out- 
standing sources of gemological information 
and technical service, but they can hardly 
achieve such an objective by inferring to 
their customers that the only thing they 
want to do is sell a piece of merchandise. 

Perhaps one of the biggest problems en- 
countered by these firms is the misinterpreta- 
tion of the term “appraising.” If it is as- 
sumed that appraising is nothing more than 
assigning a dollar value to a piece of jewelry, 
then the service has a very fimited applica- 
tion. However, such an attitude would be 
comparable to a doctor who decided that he 
could not render service to a patient unless 
the patient would consent to an operation. 
Doctors, lawyers, and psychologists all find 
that a high percentage of their business con- 
sists of nothing more than friendly discus- 
sions, helping to ease a person's mind, or 
otherwise assisting them with some basic 
problem. The average person who owns fine 
jewelry necds similar assistance from his 
jeweler or from the jewelry trade. Firms 
which recognize this will find it much 
easier to create a feeling of importance for 
jewelry—a feeling which will result directly 
and indirectly in more jewelry sales. 

To summarize the recommendations of- 
fered for an appraisal service which covers 
these various activities, a firm should first 
decide to place appraising in a departmental 
category, with the objectives of increasing 
the store’s sales as well as realizing a profit 
from the department itself. Personnel should 
be trained for this specific purpose. It does 
not have to be limited to one or two people, 
but certainly the current practice prevailing 
in many stores wherein appraising is done 
either by a salesman on his own time (if he 
wants to do it) or by the store owner (only 
if and when he has time to do it) is not 
the answer. In addition, salesmen who are 
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qualified appraisors but who work on a 
commisston basis must necessarily limit the 
time they spend on appraising. In| many 
cases, then, a firm’s salary structure would 
have to be reviewed and revised to permit 
gaining the maximum from appraising. 
The importance of suitable demonstration 
equipment cannot be overemphasized. Many 
jewelers feel that it is impossible to convey 
to a person the various technical problems 
eacountered in the grading of diamonds and 
other stones, using the typical theme that 
the customer has to rely on the integrity of 
the jeweler. This fallacy has driven many 
potential customers into the hands of the 
unethical jewelry operator, the man who 
can talk the loudest and make the biggest 
initial impression. A more constructive at- 
titude is in the realization that with proper 
equipment (ic, a suitable set of master 
diamonds consisting of three to five stones 
ranging from colorless to yellow and from 
flawless to highly imperfect, a means of 
can be used by the 
customer, and a source of illumination under 


magnification which 


which the color of the diamonds can be ob- 
served) it is possible for the customer to 
see exactly what the jeweler is talking about 
in terms of imperfection, color, and pro- 
portion grades in a matter of minutes. 
Hours of discussion without such cquip- 
ment will seldom prove of value. Once a 
customer has an opportunity to sce color 
and imperfections himsclf, the whole aspect 
of appraising and evaluation takes on a 
different light, since he is then the one to 
make the decisions and his jewelry purchases 
are no longer blind transactions. It is in 
these demonstration media that is found the 
logical answer to the competitive sale or 
the jewelry shopper. This is true because it 
is not necessary for the jeweler to make 
statements in the hope that the customer 
rather than someone clse. 
Instead, if the stone is flawed, be can be 
shown the flaw; if color is present, he can 


will belteve him 


observe it for himself. In this manner the 
advisory service, aside from the dollar evalu- 


ation, becomes a reality. The customer be- 
gins to realize that there is a sound basis 
upon which jewelry sales may be made. 
When it comes to actual insurance ap- 
praisals a detailed description of jewelry 
is all important, particularly in reference 
to plotting or otherwise indicating the pres- 
ent characteristics or blemishes in an ex- 
isting stone. At least 50% of the value of 
an adequate appraisal lies in the use of 
that appraisal at a later date to check the 
merchandise for damage, verification of 
identity, or the design and construction of 
the piece in the event of loss. Many jewel- 
ers who are now rendering this type of ap- 
praisal have stated that they were previously 
totally unaware of the importance and po. 
tentialities of detailed appraisals. They have 
further expressed their amazement at the 
increase in the number of contacts they have 
had with individuals for whom the apprais- 
als had been made and the resultant increase 
in sales from these individuals as well as 
from their friends. However, only a small 
number of this group of jewelers has taken 
full advantage of the possibilities underlying 
beautifully prepared portfolios. Such a port- 
folio can contain other jewelry records as 
well as the appraisal form. Thus when re- 
quested to return the portfolio periodically 
along with the jewelry involved, the cus- 
tomer immediately has access to a greater 
This 
benefit him because he knows his jewelry 
problems are in good hands. This is no dif- 
ferent than the confidence experienced on 


degree of specialized service. will 


the part of the automobile owner who has 
found a service department which will take 
the responsibility of keeping his car in tip- 
top condition, 

As for the fees necessary to cover a service 
of this type, it is interesting to note the 
differences in opinion as to the fee people 
will and will not pay. All the surveys made 
show that there is no doubt but that people 
will pay any reasonable price, provided the 
service received is of value to them. A 
charge based on a percentage of the property 
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of an individual, on the other hand, cannot 
be related to the benefit received by the 
person. Even though the charge would be 
much less than a charge based on some other 
system, people will still resent it. If a jew- 
eler quotes a figure higher than the person 
feels an appraisal is worth, even when 
accompanied by a very detailed lifetime re- 
port, he cannot say that the jeweler refused 
to render service to him. It is the latter 
complaint which is a serious problem with 
the common appraisal policy. On the other 
hand, the idea of preparing a lifetime report 
which will never have to be redone as long 
as the jewelry remains intact and is handled 
and inspected periodically by the jeweler 
who makes the appraisal, immediately brings 
any reasonable appraisal fee into proper 
perspective and makes it both worthwhile 
and acceptable without cross checking with 
other jewelers. This eliminates the main 
bugaboo for those who still refuse to ap- 
praise. 

In the past few years during discussions of 
appraising in GIA resident classes there 
have been numerous requests for sample 
forms, portfolios, etc., along with recom- 
mendations for fees which could be adopted 
by a jeweler. The Institute has not prepared 
anything along these lines, having in mind 
the thought that maximum value in an open 
appraisal service lies not only in a detailed 
service but a distinctive service as well. Thus 
the folders or portfolios should be designed 
by the individual jeweler, taking into ac- 
count his own personality and that presented 
by his store. His fees should be determined 
on the basis of his own experience and 
facilities and they should-be adjusted to 
give him a reasonable return for every 
minute spent on the service. 

Most important of all, a jeweler who 
wants to take full advantage of appraising 
and the subsequent jewelry sales resulting 
from it, should first of all develop an ap- 
preciation for jewelry. This will make it 
possible for him to praise it, knowing that 
it does have value and is competitive in 


that respect with any other commodity avail- 
able to his custorner. 


STAR SPINEL 
(continued from page 164) 


the girdle (see figure 4). Theoretically the 
angle between the upright star axis of any 
one of the three other stars will be 70° 32’. 
The angle between adjacent axes lying near 
the girdle will be 120°. This is borne out 
by actual measurement on the stone, although 
it was not possible to determine the angles 
accurately. 


Star spinels are rare and ordinarily show 
a single four-rayed star, caused by a rec- 
tangular set of oriented inclusions lying in 
planes parallel to a cube face. As far as the 
writer can determine, the gem described * 
above is unique. 


Gemological Uigests 


PROFESSOR SCHLOSSMACHER 
HONORED 


With the beginning of the 1955 summer 
semester the Gemstone Research Institute in 
Idar-Oberstein was included as an associate 
Institute in the University of Mainz. 

Professor Dr. Schlossmacher, continuing 
as Director of the Institute, was honored by 
being nominated to the order 
Professor. 


emeritus 


The Institute is subject to a board of 
trustees in which the Department of Edu- 
cation and Culture in the Rhineland-Pfalz 
area, the Dean of the Faculty of Science, 
the Director of the Institute of Mineralogy, 
the District President of the County of 
Birkenfeld, and a representative of the Idar- 
Oberstein gemstone Industry are represented. 

On this basis the Institute will find new 
possibilities for research and 
opened to it. 


instruction 
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Gemological Digests 


British Association 
in 
New Home 


The Gemmological Association of Great 
Britain has moved into new quarters at St. 
Dunstan's House, Carey Lance, London. The 
structure, which is located right on the edge 
of a bomb site, has been virtually rebuilt 
recently as this arca was one of the worst 
blitzed during the War. 

The building will also house the National 
Association of Goldsmiths and the British 
Jeweller’s Association. 

The Gemmological Association's library, 
a section of which is pictured here, is on the 


second floor and is jointly occupied with the 
National Assoctation of Goldsmiths. The 
library is fitted in Agba wood, a West Af- 
rican hardwood, and space has been left 
in the shelves to accommodate more books 
as these are acquired. 

The Gemmological Association's collec- 
tion of books on gemstones together with 
the N.A.G. comprehensive collection of 
books on horology, jewelry, silverware and 
kindred subjects will comprise one of the 
best libraries in the trade. 
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The New 
Gachala Emerald Mine 


in Colombia 


by 


RUSS ANDERTON 


President of the Anderton — Colombia Mines, Ltda. 


Within the last year, a peasant farmer 
led his mule down a steep mountain in the 
Province of Cundinimarca, in Colombia. 
The animal tripped on a boulder on the 
trail, exposing the first rough emerald from 
the new mine of Las Vegas de San Juan. 
Within six months, contraband miners took 
an estimated million dollars worth of superb 
rough from the area shown in the photo- 
graph. Since that time, the government has 
prevented further mining and a legal con- 
cession has been applied for by the proper 
authorities. 

The crystals tend to be large and sur- 
prisingly clear, of a better color than the 
usual Chivor. The best are on at least a 
close par with Muzo stones. The author 


mapped the location for the concession. 

The new mine, known locally as Gachala 
(pronounced Gach a La) is about five miles 
distant from Chivor and in the same moun- 
tain formation. It is reached by several 
hours on horseback from the small Andean 
village of the same name, over narrow and 
dangerous trails. 

It would appear that the present find was 
thrown down from the higher levels of the 
mountain. No Gangas (crystals in Matrix) 
have been found thus far in the workings, 
and the mother veins would seem to be 
situated much higher in the tropical forest 
which covers the top of the mountain. The 
gems were recovered by the simple shovel- 
and-bar method in the soft sand and gravels 
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which constitute what is now the mine. 

Bloodshed and violence have already left 
their mark. Recently contrabandistos alleged- 
ly from Chivor, took over the mine for a 
period of four days at gunpoint and con- 
tinued the diggings at a slightly higher level 
than previously. What they recovered is not 
known. During a visit to Gachala recently, 
the author learned that on the night of his 
arrival in the village three bombs had been 
placed outside the one building at the mine 
and destroyed it entirely. 

Gachala rough still appears on the market 
here, although in diminishing quantities. 
The sale of such rough without a license is 
illegal and the rough is subject to immedi- 
ate confiscation, as well as a fine or im- 
ptisonment for the offending person. How- 
ever, once cut, the gem loses its illegal 
standing, although the government contem- 
plates licensing and tracing the origin of all 
cut emeralds. 

The cut gems command a higher price 


than those of Chivor, and the better quality 
is presently accepted as that of the Muzo 
Mines, in many quarters. The inclusions or 
jardin tend to settle at the bottom of the 
crystals and make for clearer cut stones. 

Presently, the bankrupt Chivor Mines, 
operating under a permanent receiver, are 
producing no stones of gem quality duc to 
the unsettled conditions at the mine and 
the paucity of workers. Muzo is about to 
operate again on a limited scale, and cut 
Muzo stones are practically nonexistent or 
fantastic in price. Cosquez, owned as is 
Muzo by the Government, has not been 
operated in many years. 

The outlook for greater emerald produc- 


tion is poor. This is due not only to the 
above conditions but to the fact that the 
Government is about to issue a new decree 


covering emerald mining, in which restric. 
tions and qualifications will be stringent and 
severe, 
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Some Freaks and Rarities 


Among Gemstones 


by 


COMMANDER JOHN SINKANKAS, C.G. 


One of the most intriguing things about 
gem collecting and gem cutting is the never- 
ending variety of newcomers to the field. 
We may assume a hardened attitude after 
some years of experience and think that we 
have seen everything, but then our com- 
placency is completely shattered by some 
freak or rarity which is trotted out from 
some totally unexpected quarter of the earth. 
Also, there is the ceaseless quest for those 
gemstones which appear ephemerally in the 
literature and then are never heard of again. 
Perhaps the original find was too small to 
provide more than a stone or two to the 
fortunate or aggressive collector. Collecting 
gemstones is truly a hobby which has no 
end; the vastness of the earth’s crust 
promised this and experience proves it. 

The following article discusses some of 


the gemstones in the authors collection 
which possess unusual interest, either be- 
cause of their rarity, their beauty, or be- 
cause of some phenomenon not ordinarily 
associated with the mineral in question. 


GOLDEN BERYL CAT’S-EYE 

Several years ago, Dr. Frederick Pough 
handed me a dull olive-green beryl crystal, 
several inches in length, and hailing from 
an old locality on the prolific island of 
Madagascar. This crystal was deeply and 
characteristically etched, both on the sides 
of the prism and on the basal terminations. 
The prism face etch marks were the typical 
elongated boat-shaped grooves tapering to 
points at either end and with half-hexagonal 
cross sections. Those on the ends of the 
crystal were hexagonal in outline and in gen- 
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eral shape looked like nothing more than 
miniature trumpets with the gores made up 
of a series of steepening pyramidal faces. 
This type of etching is often indicative of 
the presence of cat’s-eye material within the 
heart of the crystal, and it was this which 
inspired Dr. Pough to hand it over for cut- 
ting. 

His suspicions proved correct. Upon sec- 
tioning the end of the crystal to go below 
the dull-green outer zone, a core of splendid 
pure yellow cat’s-eye material appeared, 
which, even without polish, shimmered like 
satin. Unfortunately, the fibrous tubes were 
not evenly distributed throughout the core, 
and sawing had to be done with considera- 
ble judgment to isolate fragments suitable 
for making effective stones. Eventually a 
number of cabochons were cut and polished 
from this material, with the largest, a 44- 
carat stone, being disposed of to the U. S. 
National Museum, Washington, D.C., in 
whose collections it now rests. 

Dr. Pough heat treated one stone from 
the lot in order to alter the color to aqua- 
marine, a well-known reaction of many 
golden beryls. The experiment was success- 
ful but the purity of the color obtained was 
not comparable to the original in quality. 
Curiosity satisfied, no further attempts were 
made along this line. 

In appearance, the finest beryls of this 
lot compare most favorably to cat’s-eye 
chrysoberyls. This occurs when the fibers 
are most evenly distributed and the chatoy- 
ancy is not interrupted by the small greenish 
platy inclusions which lend their color to 
the outer zones of the original crystal. These 
greenish platelets, in contrast to the tubes, 
are oriented parallel to prism faces. In size, 
the tubes causing the cat’s-eye effect are ex- 
tremely fine but easily detectable by moder- 
ate magnification. Though productive of an 
excellent eye, the line of light is not quite 
so sharply defined as in chrysoberyis but 
still leads the uninitiated to assume that it 
is the classical cat’s-eye which is being 
handed over for examination. 


AQUAMARINE CAT’S-EYE 


Shortly after moving to Washington |) 
C., I had the pleasure of meeting Dr. \ 11 
liam Pecora of the U. S. Geological Sutves. 
who is well known in mineralogical ciclo. 
for his strategic pegmatite mineral investi 
gations in Brazil during World War II 
On one of his visits to the pegmatite re. 
gions of Minas Geraes, he acquired a smull 
sample of beautiful blue aquamarine which, 
because of its cloudiness, had been discarded 
on a mine dump. Upon being shown this 
specimen IT was instantly struck by the silky 
Juster which was casily visible even in sub- 
ducd fight. It spoke of cat’s-eye material 
and so it proved upon cutting. The tubes 
in this material were extremely fine and 
quite uniform in their distribution through 
the groundmass of the gem — two vital re- 
quirements for the production of good cat’s- 
eyes. It was a pity that the original bit of 
rough yielded only two stones of about four 
carats each. But in spite of the modest size, 
each stone is unmistakably a beautiful and 
rare specimen of cat’s-eye aquamarine. 
While speaking of beryls, it may be appro- 
priate to mention the rather better-known 
morganite cat’s-eyes of almost vulgar size. 
Most morganite, unfortunately, is pierced 
by continuous tubes which are far too 
coarse to produce a really good cyc. Fur- 
thermore, the whitish clay of the gem pock- 
ets in which these beryls are found often 
impregnates the openings and docs much 
to disfigure the gem. Polishing powder ts 
also troublesome in this respect and con- 
siderable care must be exercised by the 
lapidary to seal off the tubes beforchand 
to prevent ingress of the powder. Once the 
powder enters, it is virtually impossible to 
remove. 

For the benefit of the collector who is in 
a position to inspect quantities of Brazilian 
beryl, it may be profitable to mention cer- 
tain earmarks which may be indicative of 
cat’s-eye material. First of all, a silky luster 
should be watched for and, if suspected, its 
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presence should be confirmed by immersion 
of the fragment in bromoform. When the 
specimen is rotated in this fluid, whose re- 
fractive index almost exactly coincides with 
that of beryl (beryl 1.575 - 1.582, bromo- 
form 1.588), the change in luster as the 
tubes are viewed from the end or side 
should confirm the suitability of the material 
for cat’s-eyes, but the useful area may be 
confined solely to the ends and a short dis- 
tance below. Thirdly, crystals with milky 
bases and clear terminations may yield cat's- 
eye material in the transition zone between 
the clear and milky portions. 


STAR BERYL 


About four years ago a most unusual and 
rare beryl was discovered at an unnamed 
locality in Brazil which yielded star stones 
when suitably oriented and cut. In appear- 
ance, these gems looked for all the world 
like Australian star sapphires, possessing 
the same dark-brown body color and brown- 
ish bronzy luster on the illuminated’ por- 
tions of the star. Recently I was able to ob- 
tain a considerable fragment of this ma- 
terial and proceeded to prepare some gems 
from it and, at the same time, learn a little 
about its nature. 


The rough section I obtained was a basal 
section with the surfaces showing excellent 
but interrupted cleavages corresponding to 
the face 0001. The inclusions giving rise 
to the chatoyancy are located in very sharply 
defined and extremely thin layers exactly 
parallel to this plane, and no doubt make 
prominent a cleavage which is ordinarily 
absent in most beryl specimens. The exact 
nature of the inclusions is not known, but 
under low-power examination they show 
dendritic patterns strongly reminiscent of 
snowflakes. The extensions of growth are 
oriented on axes 60 degrees apart, thus, 
under favorable conditions, giving rise to 
the aforementioned asterism. This phenome- 
non is not invariable, however, since some 
cut specimens fail to show more than a spot 
of chatoyancy on the apices of cabochons. 


This proved puzzling until it was noted 
that the color of the inclusions had a rela- 
tion to the color produced — pure brown- 
ish-colored inclusions giving only a non- 
directional chatoyancy and inclusions with a 
bluish cast invariably producing a well- 
defined star. No cat’s-eyes were noted; if a 
directional effect appeared, it was always a 
star. However, this statement is only ap- 
plicable to the limited amount of rough 
which was available to the author. Other 
specimens may also display a cat’s-eye effect. 

Another interesting feature of this ma- 
terial is the abundance of the inclusions and 
their distribution within the crystal. A small 
section viewed normal to a prism face 
showed a deep-blue color in transmitted 
light, the intensity increasing in distinct 
strata until each horizon appeared black. 
The layers thus appear bronze when viewed 
from above in reflected light and deep blue 
to black when viewed edgewise in trans- 
mitted light. 


Further work will be done with this ma- 
terial to determine the nature of the inclu- 
sions, if this is possible within the limited 
means available. Meanwhile, it is to be 
hoped that more of this unique material 
makes its appearance on the market. 


ENSTATITE-HYPERSTHENE 
FROM INDIA 


When passing through Colombo, Ceylon, 
in the Spring of 1954, I had the good for- 
tune to procure some specimens of ensta- 
tite-hypersthene in rough fragments. The 
parcel contained a number of small stones 
which though not capable of yielding 
faceted gems in excess of one carat or so, 
still provided much interesting material for 
study. None of the fragments showed crystal 
faces but some possessed signs of extensive 
etching and others exhibited boundary 
growth marks indicative of constituency in 
a granular rock, as contrasted to growth in 
a cavity or other condition conducive to 
face development. The sharpness of the 
markings leads to the conclusion that this 
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material has been extracted from a residual 
soil or clay resulting from complete disinte- 
gration of the original host rock. Although 
surprisingly hard under lapidary treatment, 
this gemstone may not be sufficiently dura- 
ble to withstand much stream rolling, es- 
pecially in view of the excellent and easily 
induced prismatic cleavage. 


Although previous literature has de- 
scribed cut material as being of a rich 
brownish-red hue, the rough material, as 
well as specimens cut therefrom actually 
display a rather wide color range. In addi- 
tion to the variation of color, pleochroism 
varies widely from specimen to specimen, 
while extremely fine olive-green hairlike in- 
clusions were noted in at least ten percent 
of the fragments. 


Colors noted varied from an intense 
brownish red to a pale orangy brown to an 
extreme of deep yellow-green of rather an 
unattractive sort. The reddish-brown speci- 
mens display an easily noted pleochroism of 
reddish brown, and dirty olive green. Light 
absorption is intense in all directions but 
especially along the deeper colored ones. As 
for the inclusions, they are so fine that one 
is aware only of ‘their greenish color and 
remarkable straightness. They do not appear 
to be present except in one direction; that 
which corresponds to the lightest pleochroic 
color. 


Enstatite-hypersthene from India is diffi- 
cult to cut. It displays a lamentable ten- 
dency to rip along sharp edges due to its 
cleavage and also possesses an amazing 
variation in hardness depending on crystal 
direction. The hardness is estimated to vary 
from about 614 to 74 or perhaps even a 
trifle more. 


SPHALERITE 

Abundant in many mineral deposits, spha- 
lerite is singularly rare in gemstone quality. 
It is often mentioned in gemological litera- 
ture and allusions are made to its very 
high refractive index and dispersion, a pair 
of properties which would lead one to ex- 


pect a dazzling stone when cut. Yet, un 
fortunately, cut sphalerites are not only 
rare, per se, but the ones which do cxist 
seldom live up to expectations. The reasons 
for this disappointing state of affairs muy 
be more readily apparent from the discus 
sion to follow. 

Sphalerite causes lapidary difficulties in 
polishing due to its softness and ease of 
cleavage. There are six dodecahedral cleav- 
ages, each of them perfect, and their geome- 
try makes it almost inevitable that the lapi- 
dary will have several which will nearly 
co'‘ncide with some facets. When this hap- 
pens, polishing, using standard techniques, 
is greatly complicated. Lacking the necessary 
knowledge, the lapidary may finally deliver 
a stone with dull facet surfaces at best. It 
is possible, however, to polish sphalerite 
to a brilliant finish and, with otherwise 
suitable material, the finished product will 
realize all expectations. The use of soft 
laps like leather, wood, or wax is manda- 
tory, however, and any lapidary commis- 
sioned should be forewarned accordingly. 
Sharply cut facets are impossible to obtain 
using soft laps. But the minor loss in bril- 
liancy due to this cause is more than com- 
pensated for by the greatly facilitated pass- 
age of light into and out of the gem be- 
cause of the better polish. 

Perhaps a word about surface finishes of 
gems may be appropriate at th's time, since 
it may serve to point up the importance of 
a good polish on all gemstones particularly 
on those which are softer and more difficult 
to prepare properly. An examination of a 
number of ordinary sphalerites shows facet 
surfaces covered with extremely fine striae 
left by the polishing agent. The luster is 
generally dull, resembling a sheen more 
than a true adamantine reflection, Any 
striae, regardless of how minute, function 
exactly like a set of microscopic prisms and 
effectively scatter any light rays falling on 
the surface. As a result, much light is lost 
and the remainder is diffused within the 
gem, giving feeble reflections and scarcely 
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any dispersive effects. In such stones, the 
facet surfaces are not truly polished; rather, 
they consist of fine grinding interspersed 
with polished areas. Naturally, since the 
striae are eliminated by proper polishing, 
the optical effects are heightened until a 
correctly prepared gem bears little resem- 
blance to its former self. It is interesting 
to note the effect of facet striae on corun- 
dum, especially synthetics which are often 
finished with fine diamond-polishing pow- 
der. Corundum, in contrast to sphalerite, is 
so hard that conventional polishing powders 
become effective only after prolonged and 
tedious polishing. The vastly more rapid 
diamond powder is now generally utilized 
to overcome the high costs of labor involved 
in polishing with the traditional agents. 
However, unless the finest grades of dia- 
mond powder are employed in touching up 
the facets, the minute striae previously men- 
tioned will be left behind to the detriment 
of brilliancy. It is often possible for the 
practising gemologist to make a fair estimate 
of polish quality by evaluating the sharpness 
of the color bands noted when taking a 
refractive index reading. A moment's re- 
flection will convince him that the clarity 
of the readings, like the clarity of reflections 
in the gemstone itself, go hand in hand, 
depending in each case upon the relative 
flatness of the facets. 

One other factor should be mentioned 
in connection with the brilliance of sphaler- 
ite; that is, color. Ideally, pure sphalerite 
would be colorless but this is extremely 
rare in nature; even the so-called ‘‘colorless”’ 
sphalerite, cleiophane, is probably always 
somewhat tinted. Most faceting-grade spha- 
lerite is brownish, reddish, reddish yellow, 
or green, sometimes with patches and 
streaks of different colors intermixed in the 
same specimen. It has been noted that of all 
colors, brownish and reddish seem most 
absorptive of light and may provide very 
disappointing gems after being cut. Green- 
ish and yellowish material on the other 
hand, is more apt to produce satisfactory 


stones. Even a slight trace of red or browr. 
seems to “‘kill” the reflection of light in 
the latter. 

The best sphalerite I have ever seen is 
a specimen in the collection of Mr. Nicolas 
D'Ascenzo of Philadelphia. He had some- 
how procured a substantial clean piece of 
cleiophane from Franklin, New Jersey, and 
had it fashioned into an emerald-cut gem 
of about ten carats in weight. When first 
seen, the impression received was that a 
slightly greenish diamond was being ob- 
served, but the character of the surface 
polish with the slight rounding of facet 
edges soon dispelled this notion. It is diffi- 
cult to describe such a stone. It was a deli- 
cate greenish aquamarine hue. Its disper- 
sion was most effectively displayed by the 
exceptional transparency and clarity of the 
material, all the more so when one com- 
pared it mentally with the usual run of 
sphalerites from less-favored localities. Not 
all sphalerite from Franklin is as delicately 
tinted as this gem but, generally speaking, 
most is considerably more pale than ma- 
terial from Cananea, Mexico, or Picos 
D’Europa, Spain. 

Ranking next to the truly exceptional 
Franklin material, which appears to be gone 
forever now that the producing mine has 
been permanently shut down, is the famous 
golden-yellow material from Spain. Occa- 
sionally, large cleavages of flawless rough 
are obtained from this locality which can 
furnish gems exceeding 30 carats or so. 
Reddish clouds are common in the Spanish 
material as well as numerous inclusions, 
which appear to be irregular hollow cavi- 
ties. Almost as well known is the sphalerite 
from the Duluth Mine, Cananea, Sonora, 
Mexico. However, this locality has been 
shut down for many years and specimens 
are seldom seen nowadays, Cananea was 
famous for lovely green colors, verging 
from an oily green to a fairly vivid yellow- 
green but not, however, without some ad- 
mixture of a less desirable hue. The effect 
of even a slight reddish or brownish spot of 
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color in rough from Cananea is very pro- 
nounced in the finished gem and lessens its 
attractiveness remarkably. 


Several other localities have produced 
their share of facetable sphalerite, among 
which may be mentioned a brownish kind 
from the mines of Neyhart in Montana and 
small red crystals of “ruby zinc’ from Tif- 
fin, Ohio. The latter can seldom provide 
a stone of more than a carat or two in 
weight but are attractive otherwise. 


TREMOLITE 


Tremolite, a species of the amphibole 
group, is seldom thought of as gemstone 
material except in connection with nephrite. 
Yet there are a few tremolites found from 
time to time which are sufficiently clear 
to afford faceted stones. One such kind is 
the lovely pink hexagonite from St. Law- 
New York. It occurs in 
granular aggregates, each granule being an 
individual crystal, devoid of external form 
and most flawed and filled with liquid in- 
clusions. Breaking up such an aggregate 
sometimes yields a fragment suitable for 
faceting, if the very considerable difficulty 
of treating such a fragile mineral is con- 


rence County, 


quered. Unfortunately, none of the gran- 
ules are large, furnishing finished gems of 
substantially less than a half carat in weight. 
One such gem, a fine pink, quite flawless 
and transparent, is in the author's collec- 
tion. 


BORACITE 


It seems a shame that the boracites from 
Germany are not more common. They are 
quite hard (7), transparent, tough, and of 
a lovely greenish-blue color. They polish 
easily and otherwise seem suitable for gem 
purposes. Although Dana's “Textbook” 
states that they alter slowly by taking up 
water, the cut specimen I own is now over 
six years old and its polish seems as pristine 
as the day it was finished. The specimen 
from which this stone was cut was a typical 
pseudo-cube from the salt and gypsum beds 


of Germany, deeply etched on the outside 
but with a solid center which could be cut 
After the stone was completed, a curious 
phenomenon was noted in respect to optical 
properties. 
series of fine parallel inclusions arranged in 
patches throughout the stone in sufficient 
number to give a “sleepy” look to the fin- 
ished gem. To determine their nature, an 
even higher magnification was used and it 
was then discovered that the inclusions were 
not foreign matter at all. Rather, they were 
planes along which small changes of index 
occurred, much in the same manner as that 


Close examination showed a 


noted in swirled glass except that the lines 
were straight instead of curved. This phe- 
nomenon is puzzling, because the slight 
difference in refractive indices for boracite 
(1.66 to 1.67) seems not sufficient by itself 
to account for the effect noted. In any case, 
the gem is quite handsome. It is hoped 
someday to cut a larger one than the 40- 
point stone now in my collection. 


CALCITE 


Seldom thought of as a faccting possibili- 
ty, calcite can be made into a most attractive 
gem if material of suitable clarity and color 
can be found. Perhaps it is too common to 
receive serious consideration but at least one 
variety, a handsome rich orangy brown from 
a locality in Baja, California, is well worth 
cutting. Furthermore, the rough has been 
available until lately in large flawless pieces 
capable of furnishing finished gems of at 
least 45 carats. 


The locality for this calcite was discov- 
ered several years ago in the hinterland be- 
hind Rosarita Beach, a hamlet on the West 
Coast of Baja, California, Mexico, and 
about 20 miles south of Tijuana on the 
border between Mexico and California. The 
occurrence is said to be in diabase, the 
crystals forming in cavities and heavily 
coated with a whitish mineral which must 
be removed by acid. Some groups almost 


ten inches across were found, with in- 
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Notes on Microscopic 
Crystals Included in 
some Minerals 


by 


ISAAC LEA, February 16, 1869 


Note: The following article is a verbatim 
reprint of one of three papers written for 
the Proceedings of the Academy of Natural 
Sciences of Philadelphia by Isaac Lea. These 
papers probably represent the first work 
done in this country on gemstone inclusions. 
The earliest paper carries the date of 
February 16, 1869. The Isaac Lea gem col- 
lection is at the United States National Mu- 
seum, Washington, D. C. 


The articles were made available for read- 
ers of GEMS & GEMOLOGY through the 
courtesy of George Switzer, Ph.D., Associate 
Curator, Division of Mineralogy and 
Petrology, Smithsonian Institution. 


During some years past I have given 
much attention to the examination of miner- 
als under the microscope, and some of the 
observations were published in the Proceed- 
ings of the Academy in 1866. 


About a year since, in the examination 
of a thin fractured piece of a large garnet 
from North Carolina, I was surprised to 
observe a number of very minute acicular 
crystals, which generally took two or three 
directions. This induced me to examine 
more closely into the varieties of garnets 
which were accessible to me, and supposing 
these crystals might have been observed by 
others, I referred to the principal works on 
mineralogy which have been published in 
France, Germany, and in this country. 

In none of these have I found any men- 
tion of these inclusions. But in that excel- 
lent work “Repertoire D’Optique Moderne,” 
by M. I’Abbe Moigno, where he treats of 
optical mineralogy, 1 found that he states 
M. Babinet to have examined “star garnets” 
(Granats asteriques) some with four and 
some with six branches. He says that the 
Star garnets with four branches are not very 
rare, — 20 to 30 in 1000 to 1200 — but 
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that the star of six rays he found only one 
in 6000 specimens. Whether the filaments or 
fibers, as M. Babinet calls the asteroid re- 
flections, are the same as the acicular crys- 
tals observed by me I cannot say, but cer- 
tainly these latter are more common so far 
as my observations has extended, and I have 
observed no asterisms whatever. 

In 154 specimens of Bohemian polished 
garnets, 1 found 48 with acicular crystals! 
This far exceeds the proportion stated by 
M. Babinet. 

In the precious garnet from Green’s 
Creek, Delaware County, Pennsylvania, (un- 
cut specimens), I found in the close exami- 
nation of 310 specimens that 75 were pos- 
sessed of acicular crystals, being nearly 25 
per cent — a very much larger percentage 
than mentioned by M. Babinet. Of the Bra- 


zilian Pyrope I examined 40 specimens. 


They were very pure and free from spots 
and cavities. I could not find a single acicu- 
lar crystal in any of them. 

In Essonite I found no acicular crystals 
in the few specimens which I had it in my 
power to examine, nor in grossularite, 
ouvarovite, colophonite or massive manga- 
nesian garnet. 

Cinnamon-stone from Dixon’s, near Wil- 
mington, Delaware was carefully examined 
in nearly 60 specimens, none of which 
showed any trace of acicular crystallization. 

Spinelle ruby, of which I examined 28 
specimens, produced no microscopic crystal- 
ized forms. 

It will be difficult to ascertain what com- 
poses these microscopic crystals in garnets, 
but they may prove to be rutile when chemi- 
cal analysis shall be able to resolve the 
difficulty. 


Further Notes on 
Microscopic Urystals 


by 


ISAAC LEA 


(Read May 11, 1869) 


In a paper which I recently read to the 
Academy, I mentioned having found acicu- 
lar crystals in Precious Garnets, Since then 
I have had the opportunity of examining a 
number of cut specimens of Sapphire in the 
forms of Asteria, Catseye, Gc. I have also 
examined many specimens of Cinnamon 
Stone from Ceylon, brought by Dr. Ruschen- 
berger, of the United States Navy, also, 
among others, a very fine specimen of 
bluish Sapphire, in the collection of Prof. 
Leidy. 


Having made microscopic drawings ‘of 
these and other species, having included 
microscopic crystals, I propose to present 
them with as nearly correct illustrations as 
possible. 

The whole subject of microscopic miner- 
alogy has been of great interest to me, and 
I hope these short notes may induce some 
student to pursue the subject to a greater 
extent than I have had it in my power to 
do. It cannot fail that, with the use of the 
numerous admirable microscopes now made 
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in this country, working with so much more 
facility than with those we have been accus- 
tomed to from abroad, observers may con- 
tinue to bring to our knowledge much that 
has been heretofore unknown and very little 
suspected in this branch of science. 

In my former paper I stated the propor- 
tional number among Bohemian Garnets 
which I found to contain microscopic crys- 
tals. I now propose to give descriptions and 
figures of the appearance of these crystaline 
forms, and with this view I have made 
drawings of their apparent forms under a 
power of about 100 diameters. 

Sapphire. A very remarkably beautiful 
Asteriated bluish Sapphire, procured by 
Dr. Ruschenberger when in Ceylon, pre- 
sented to the naked eye the six rays which 
in the sun were sharp and of great beauty. 
The specimens being sct as a gem of luxury, 
I could not get a view by transmitted light, 
but by reflected light, with great care, the 
exceedingly minute crystals were distinctly 
seen. They are very short, of pearly lustre, 
at three different equal angles, thus pro- 
ducing the bands which form the rays in 
three directions of 60° each. The reflection 
from the sides of these minute crystals 
cause, of course, the asterism of six rays 
over any point of the curved polished sur- 
face of the specimen. These rays are formed 
on the same principal precisely as the aster- 
ism in Phlogopite, which I have mentioned 
elsewhere. 

Fig. 1 represents the delicate, numerous, 
minute crystals in the beautiful Asteria re- 
ferred to above belonging to Dr. Ruschen- 
berger. The acicular crystals are so small 
that it was with great difficulty 1 obtained 
their position as here represented. 

The variety of Sapphire (Corundum) 
which goes under the name of Catseye, 
has irregular coarse striae, which have the 
appearance of being Asbestus as is generally 
supposed. In this gem there is a single band 
which varies according to the position it 
may be placed in, and by no means has the 
beauty of the asteriated Sapphire. Several 


of these are now before me which came 
from Ceylon. 

Fig. 2 represents the crystals which I ob- 
served in a fine small bluish Sapphire, in 
Prof. Leidy’s fine collection of gems. The 
cuneiform or arrow-headed crystals are very 
extraordinary, and they may be simply twin 
crystals of some substance of which at 
present we can have ho perfect idea. They 
remind us in their form of Selenite crystals, 
such as are found in the Paris Basin, and at 
once we recognize the similarity to the 
cuneiform character stamped on the bricks 
of Babylon, and cut in the alabaster monu- 
ments of Nineveh, The group which I have 
drawn represents six of these cuneiform 
crystals, and six acicular crystals. Of the 
former six, four had a bluish tinge and two 
were pinkish. The acicular crystals were dis- 
posed to take three different directions, 
parallel to the primatic hexagon sides of 
Corundum. Both sets of these crystals are 
enlarged to about 200 diameters, for the 
purpose of giving distinctly their very singu- 
lar form. 

Specimens of Garnet examined from all 
localities obtainable, presented very differ- 
ent aspects. When crystals were found in 
them they always proved to be acicular in 
form, but by no means similarly regular 
or of the same length, direction, or of the 
same size. 

Fig. 3. A Bohemian cut Garnet presented 
only two sets of acicular crystals, which 
were usually at right angles, but some were 
inclined from perpendicularity and they 
were not so long as those of figure 3. 

Fig. 5. A Bohemian cut Garnet presented 
a very different set of crystals. They were 
generally short, comparatively, and pointed 
in every possible direction. 

Fig. 6. Garnet from Ceylon — Cinnamon- 
stone — fractured portions, not cut and 
polished. The acicular crystals were much 
shorter, rather thicker and much more 
bluntly terminated than in Fig. 5. They are 
placed at all angles. Ten specimens only in 
80 examined had anything like. crystals, 
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while ail had irregular rifts or cavities 
within. 

Fig. 7. Precious Garnet — Pyrope? from 
Green’s Mill, Delaware County, Pennsyl- 
vania, presented acicular crystals somewhat 
like Bohemian Garnet, fig. 3, but the three 
sets, while they take the same three direc- 
tions, are shorter and left interspaces as 
shown in the figure. 

Fig. 8. Garnet from North Carolina. A 
thin fracture from a compact garnet of large 
size, perhaps two inches in diameter. The 
actcular crystals are not very numerous — 
they are thin and not continuous. Connected 
with these are a few dark crystals. These 
take no particular direction like the others, 
but seem to be interspersed throughout. 

Fig. 9. Labradorite. This specimen is a 
small polished one from Ceylon, and be- 
longs to Dr. Ruschenberger. Besides the 
usual play of pavonine colors in Labrador- 
ite, I have found in all the specimens I 
have examined from various other localities, 
very minute reflecting crystals like those in 
Sunstone, and which are no doubt the same, 
but differing in size, being smaller so far as 
I have observed. The microscopic forms as 
figured will be observed to consist of two 
sets apparently distinct. The larger are 
rather irregular and black. The thinner are 
rather shorter and more delicate. These are 
not the reflection of the plates of Gothite,* 
they are the black crystals which are usually 
in dark Felds par. 

Fig. 10. Black Feldspar. A small speci- 
men of black Feldspar, translucent in thin 
pieces, from Chester County, Pennsylvania, 
presented quite a different appearance from 
Labradorite in its minute, black included 
crystals. They are very numerous, very short, 
opake black, and irregular in form. They 
are closely set and irregular in their direc- 
tion. There were no reflections from any of 
these included crystals. 


*The plates of Gothite when held at a proper angle 
may easily be seen by the naked eye. 


Fig. 11. Barite, from Antwerp, Jefferson 
County, New York, 2 represents some opake 
crystals observed in a small prismatic crys- 
tal. They cannot be, I think, rifts, and yet 
they are evidently without planes. 4 repre- 
sents singular impressions on the surtace of 
one of the prismatic planes, and their singu- 
lar form, like the common horse-shoe mag- 
net, induces me to call attention to them. 

Fig. 12. Amethyst. A specimen from 
Thunder Bay, Lake Superior, presents very 
remarkable globules, some of an orange- 
yellow and some of a dark green. These are 
very visible to the naked eye, and in the 
figure they are not very greatly magnified. 
They vary somewhat in size, and the orange- 
in the 
specimen before me. There is a cloudiness 


colored ones are most numerous 


in these yellow globules and a few are not 
completely spherical, presenting a cup- 
shaped form. To the naked eye the green 
globules appear to be black, but under the 
microscope they are evidently dark green. 
The composition of the two sets are no 
doubt the same, and the color probably de- 
pends on their being in a different state of 
oxidation. In a few cases I observed the two 
colors in the same globule. In another 
specimen from the same locality I found the 
globules to be much smaller and the green 


ones to prevail.* 


Fig. 13. An Asteriated Sapphire, also be- 
longing to Dr. Le Conte, of an obtuse 
conical form, and of unusual beauty, pre- 
sented very remarkable microscopic crystals 
of a white silken hue. The larger of two 
sets were generally, though not always, 
cuneate and lay in three directions, differing 
somewhat in size. In the smaller set the 
crystals are very minute, having the same 
pure white, silken appearance. These fill 
up the interstices of the larger crystals. 

A Sapphire of large size and peculiar 

(Continued on page 218) 


*The Amethysts of Chester County, Pennsylvania, 
very frequently have acicular crystals of Rutile. 
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Amblygonite 
Old Mineral—New bem 


DR. E. GUBELIN, C.G., F.G.A. 


Any keen gemologist’s temperature rises 
whenever the earth’s gemiferous surface 
discloses a new gemstone. What fun when, 
for a change, a new gem is not extracted 


from the soil but discovered in some dusty 
-drawer in an old museum! This was the 


case when, early in 1953, G. Bottocher, a 


‘student of mineralogy at the University of 
(Hamburg, in his search for adequate ma- 


terial on the optical properties and colora- 
tion of spodumene for the thesis for his 
doctor's degree, happened to come across 
some pale-yellow crystals which Dr. A. 
Schroder of the University of Hamburg 
identified as amblygonites. He described 
these gems in the Deutsche Goldschmiede 
Zeitung 1953 Heft 3.* 


**‘Edelamblygonite, ein neuer Edelstein’? D.G.Z. 
1953 H.3 


Amblygonite is a well-known ore of 
lithium according to the formula of LiAl 
(OH,F). PO4. In its usual formation it has 
a high commercial value and is important 
for various technical purposes. Occasionally 
clear, transparent crystals may occur. which 
are of gem quality and lend themselves very 
well to cutting into faceted gemstones. 
Rough or cut they resemble very much the 
colorless to golden-yellow spodumene, but 
distinguish themselves from the latter, which 
shows cleavage along (110) and (110), 
by one single cleavage direction parallel 
to the basal plane (001). However, the 
cutting quality does not appear to be im- 
paired by this distinct cleavage, as sev- 
eral very pretty gems have been faceted 
since the discovery. 


As stated above, the color of amblyge- 
nite varies from\ colorless to golden yellow, 
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Figure 1 


the most common hue being a pale yellow. 
The crystals show triclinic symmetry and 
develop after a ‘slab’ habit, measuring one 
or two square inches and about 14 inch 
thick. 

With regard to its hardness being 6 on 
Mohs’ scale, it ranks well among the more 
resistant and better wearable gemstones. 

The study of the physical properties is 
particularly interesting because, as a result 
of its variable chemical composition, ambly- 
gonite belongs to an isomorphous series, 
within which the refractive indices diminish 
while the specific gravity increases with an 
increasing amount of fluorine (see Figure 1, 
made by Dr. Schroder). 

However, those precious amblygonites 
which have been cut and measured so far 
seem to be fairly constant. For the conven- 


ience of readers the optical data and spe- 
cific gravity are given in Table 1. 


On the basis of these data the following 
average values may be established: 


a = 1.612; B = 1.621; Y = 1.636 
a— y = +.026 
Specific gravity = 3.01 — 3.03 


The positive axial angle 2V = 79°44’, as 
calculated by A. Schroder, is rather high and 
distinguishes itself from that of spodumene 
(2V = 38°) as well as all the other values 
given in Table 1. 


It is rather difficult to give a clear de- 
scription of the phenomenological picture 
manifested by the inclusions. The study of 
various stones nevertheless led to the con- 
clusion that there exists a definite con- 
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* Figure 3 
20x 
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* Figure 4 
40x 


* Figure 5 
40x 
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sistency in their formation: under weak 
magnification they seem to form a pattern 
of parallel clouds, either filling the whole 
stone or arranged in bands (Figure 2 and 
Figure 3). These bands either run parallel 
to each other or intersect each other. Strong 
magnification reveals that these clouds con- 
sist of a multitude of tiny cracks mixed 
with impure matter, looking like fine grains 
of brown and black sand (Figure 4 and Fig- 
ure 5). 

In longwave ultraviolet light of 3650A, 
amblygonite shows a faint, dirty, greenish- 
yellow fluorescence. 

Since no X-ray powder photographs of 
amblygonite had been published in any 
literature, it seemed appropriate to profit 
from this occasion to establish a powder 
diagram of the newly discovered material. 
In order to compare it with a known 
specimen, a second diagram of Spanish 
amblygonite (from Trasquilon) was made 
under the same conditions. Both powder 
patterns are depicted in Figure 6. Com- 
parison between them reveals that the dia- 
grams agree exactly, thus proving that the 
new gem is a real amblygonite. 


The powder photographs were made 


with unfiltered Cu-K radiation in a 114-mm. 
diameter Debye-Scherrer camera. The dia- 
grams thus obtained showed numerous in- 
terference lines. These lines were measured 
and the lattice intervals appertaining to the 
individual lines were computed in kX. The 
intensity values (I) and the lattice spaces 
(d) are tabulated in Table II. 

Since amblygonite is triclinic, it is im- 
possible, without very special effort, to de- 
termine the lattice constants from these 
powder diagrams. It would be necessary to 
make rotation photographs of a small sin- 
gle crystal with well-developed crystal faces; 
the rough fragment on hand could not be 
sufficiently exactly orientated to enable ro- 
tation photographs. 

The author is indebted to Dr. A. Schro- 
der, Prof. Dr. W. F. Eppler and Mr. 
Hintze for supplying him with additional 
stones, and to Mr. B. W. Anderson for com- 
municating his findings and his advice. 

Gemology has become richer by one more 
interesting gemstone which, though it will 
never be abundant enough on the market 
to create public interest, may nevertheless 
be cherished and appreciated by collectors 
and keen gemologist 


Figure 6 


* Precious Amblygonite 


* Amblygonite (Spain) 
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Electron-Microscopic 


Observations of Aragonite 


Crystals on 


Cultured Pearls 


by 


NORIMITSU WATABE 


Reprinted from Report of the Faculty of 
Fisheries, Prefectural University of Mie, 
Vol. 1, No. 3, pp. 449-454. 


The surface structures of pearls, or shells, 
of marine and fresh-water mussels have been 
observed and reported by Boutan (1925), 
Hessling (1859), Mébis (1858), Rémer 
(1903), Rubel (1911), Schmidt (1921), 
(1923), and other research workers. The 
present writer (Watabe, 1950) also pre- 
viously studied cultured pearls and dis- 
tinguished the volute, parallel, and irregular 
surface-patterns caused by different modes 
of aggregation of aragonite crystals. How- 
ever, the crystals are so small (2-5 in 
diameter) that they could not be studied in 
detail with an optical microscope; so an elec- 
tron-microscope was used to study the details 
of these crystals. This paper is concerned 
with these observations on three pearls. 

The writer wishes to express his sincere 
thanks to Dr. Y. Okada, Dean of this Facul- 
ty, for his kind direction and encouragement. 


Thanks are also due to Dr. K. Omori, Pro- 
fessor of Tohoku University, and Dr. R. 
Kiriyama, Professor of Osaka University, 
who gave the writer kind and useful advice. 


MATERIALS AND METHODS 
Pearls 

No. 121. Cultured from August, 1951 to 
March, 1952; Pinkish cream in color with 
shiny luster. Under an optical microscope, 
the surface showed a volute pattern with 
well-defined crystals along the margin. 

No. 122. Cultured from August, 1951 to 
April, 1952; Pinkish cream in color with a 
splendid luster. Under an optical microscope, 
the surface showed a parallel pattern. 

No. 123. Cultured in the same period as 
No. 122; White in color. Under an optical 
microscope, no distinct pattern was discern- 
ible on the surface. 

Preparation of specimens 

After cleaning the surface of the pearl 
with alcohol, it was placed on the polymer- 
izing methylmethachryl on a slide glass. 
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After polymerization was accomplished, the 
pearl was removed. The methylmethachryl, 
which then bore the imprint of the pearl’s 
surface, was then plated with a thin mem- 
brane of aluminum. Thus an aluminum rep- 
lica of the pearl’s surface was obtained and 
this replica was electron-micrographed at 
50 K.V. Direct magnification was x2000. 
(Photographs were taken at the Electron- 
microscope Laboratory of Shimazu-Seisa- 
kusho.) 


OBSERVATIONS 
Pearl No. 121. (Plate-Figure 1 and 2; Text- 
Figure 1) 

As seen in Figure 1, the surface is com- 
posed of typical idiomorphic, hexagonal, 
platy, straightedged aragonite crystals (1-4u 
in diameter) and their aggregates. As this 
photograph was taken horizontally to the 
quite narrow area (with the radius of about 
15#) of the surface, 001 plane seems to 
indicate the original shape. Therefore, the 
angle between the two lines( crystal edges) 
shows the angle between the two planes join- 
ing at right angle to 001 plane with these 
edges. Measuring these angles, about 116° 
and 123° were found to be dominant. There- 
fore, the dominant planes of aragonite crys- 
tals of this pearl are, as in the case of the 
common platy aragonite, (110), (010), and 
(001). The presence of these planes is 
shown in Text-Figure 1. 

The 010 planes being thus decided, orien- 
tations of the a-axes of the crystals in the 
dotted part in Text-Figure 1, have two com- 
mon orientations, (4, or a:) and (a’), the 
former being dominant. In the same way, 
those crystals in the part noted with + have 
their a-axes oriented equally either as as, or 
as as. The presence of these common direc- 
tions shows that the crystals in each part 
developed by parallel growth. 

Judging from this fact, and in addition, 
that the intercepting angles of a and as, 
and @ and as are equal (about 63°), and, 
further, from the branch-like shape of the 
whole view, this surface must have been 
formed by the dendritic growth of aragonite 


crystals. 

As the main stem will probably be a, 
the crystallization must have taken place in 
the direction of the volute line of the surface. 
Strictly speaking, as described before, the 
orientation of the a-axes in the dotted part 
is not uniform, but expressed in two lines 
a (or a) and a’, so the aggregates do not 
show the parallelism. This is often seen in 
the dendritic growth. According to Buckley 
(1951), a slight disturbance may cause frac- 
ture of the dendritic limb, and this will lean 
at a slight angle to the rest. When the large 
crystals grow on such a bruised dendrite, 
they show the slightly deviated parallelism. 
The deviated crystals are shown in Text- 
Figure 1 with the notation of 'D”, 

Secondly, trtiple-twins (Z') can be seen. 
Three types of triple-twins may appear in 
aragonite aggregates, and all of these types 
appear in the photograph. 

Papapetrov (1935) stated, when the solu- 
tion is in the higher supersaturated condi- 
tion, that is, in the labile condition, the rate 
of the crystal growth and the rate of the 
dispersion of the solvent come to be un- 
balanced and this results in the formation 
of the dendrite. Twins, too, result from 
the labile condition of the solution. 

From these facts, it seems that the surface 
of this pearl has been formed from highly 
supersaturated solution of CaCOs. 

As the surfaces of the crystals are quite 
even, and the crystals are well shaped, this 
part of the surface shows the final stage of 
the crystal growth or aragonite. This is the 
type of surface most commonly seen in 
pearls. 

But another part of the same specimen 
shows a quite different view. As seen in 
Plate-Figure 2, though the surface is even 
and the mode of the aggregation of the 
crystals looks like that of Figure 1, the 
margins of the crystals are eroded. This 
figure shows that the crystals are dissolving. 
Examples of dissolving crystals can be seen 
more clearly on pearl No. 122, and most 
clearly on pearl No. 123. 
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° Figure 1 


* Figure 3 


Pearl No, 122. (Plate-Figure 3 and 4; Text 
Figure 2). 

Figure 3 shows that this surface is com- 
posed of rather rounded, semimorphic, 
aragonite crystals (1-5# in size) and their 
aggregates indicate a different arrangement 
from that of pearl! No. 121. This must have 
been caused by the irregular growth of the 
aragonite, as there is no regularity in the 
aggregates. Any other planes than (001) 


« Figure 2 


° Figure 4 


could hardly be decided, as these crystals 
show semimorphic forms. 

In Figure 4, taken at another part of the 
same specimen, vicinal faces (V), and small 
rounded hill-rocks (H) are seen. Miers 
(1903) found that vicinal faces appear at 
an early stage of the. dissolution, and 
rounded hill-rocks, too, are formed by dis- 
solution. On the other hand, Borgstrém 
(1911) and others reported that the rounded 
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° Figure 5 


(curved) faces are often formed by the 


‘presence of impurities in the solution. 


Rounded hill-rocks often appear in many 
growing crystals. The presence of the vicinal 
faces is not rare, 

But, in the present case, half part, or inner 
part of the crystals are destroyed. ("S” in 
Plate-Figure 4.) (Sketches of the destroyed 
crystals and their original forms are shown 
in Text-Figure 2.) 

By these facts, the surface crystals in Fig- 
ure 4 are considered to be partially dissolved. 
Pearl No. 123. (Plate-Figure 5 and 6) 

The surface of this pearl is composed of 
the aggregates of numerous fine nuclei of 
aragonite crystals (Figure 5), and no large, 
well-shaped crystals are observed. This figure 
may indicate the first stage of the crystalliza- 
tion of aragonite. 
SIX—6154—Gemology—ft (2 

Examples of partially dissolved crystals 
can be seen clearly in other parts of the 
same specimen (Figure 6). 


SUMMARY 


1. The surface of three cultured pearls were 
electron-micrographed. 

Pear] No. 121:—the surface was formed 
by parallel dendritic growth of aragonite 
crystals with hexagonal idiomorphic forms. 
Triple-twins could be observed. 


° Figure 6 


Pearl No. 122:—the surface was formed 
by the irregular growth of aragonite crystals 
with rounded semimorphic forms. 

Pearl No. 123:—the surface was composed 
of the aggregates of the fine nuclei of arag- 
onite crystals. 

2. The dissolving figure could be observed 
in all of these pearls. 

This will prove the writer’s idea of pearl 
formation that the nacreous layer of pearls 
are formed by the repeated crystallization, 
partial dissolution and recrystallization. 


NOTES ON 
MICROSCOPIC CRYSTALS 
(Continued from page 207) 


beauty, in the possession of Dr. Le Conte, 
presented a few distant, white silk-like lines, 
running in one direction, and farallel to 
each other. It is of unusual brilliancy and 
fine color and is thirteen-twentieths by 
eleven-twentieths of an inch in size. 

Fig. 14. A Pyrope from New Mexico, in 
which the microscopic crystals differ from 
any of the many Garnets I have examined. 
In other specimens from this locality ~ of 
which I have examined twenty in the col- 
lections of Prof. Frazer and Dr. Le Conte — 
acicular crystals alone were found. In this 
specimen the crystals are much larger, less 
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in number and of an entirely different char- 
acter. Some are geniculate and transparent, 
while some are dark or semi-transparent. A 
very short and rather thick crystal seems to 
present three sides of an hexagonal prism. 
These New Mexico Pyropes are of uncom- 
mon beauty and perfection. This specimen 
is in the collection of Prof. Frazer. His 
other seven specimens have acicular crystals. 
Of Dr. Le Conte’s twelve specimens, six 
had acicular crystals, and six presented no 
appearance of inclusions. When the acicular 
crystals are examined in the direct rays of 
the sun at right angles to their axis, they 
reflect all the spectral colors in a very beau- 
tiful manner. 


A small brilliant Ruby, which has the ap- 
pearance of being oriental, but which may 
be a Spinel Ruby, was found to be very full 
of long acicular crystals which were ob- 
served to be in all directions, and were to 
all appearances the same as observed ‘in 
Precious Garnet. A larger specimen has the 
same kind of acicular crystals, but in this 
specimen these crystals take generally two 
directions and are oblique to each other. 

Two out of four other very beautiful 
small Oriental Rubies — Sapphire were 
found to have very minute acicular crys- 
tals. In one of them these crystals were in 
three directions; in the other they were in 
two directions. Both these gave that peculiar 
changeable band observed in the “Catseye” 
Sapphires. All these rubies were cut as 
brilliants and were of great beauty. 

It is apparent that the microscopic crystals 
in the various minerals above described, 
cannot all be of the same substance. Their 
forms and appearance forbid that, and 
chemical analysis will never probably 
reach, with any degree of satisfaction, their 
ultimate constituents. Spectral analysis may, 
however, be able to give us some results 
when properly applicd, which may in some 
measure satisfy us in regard to the com- 
position of these interesting included micro- 


scopic crystals. 


Some Freaks and Harities 


(Continued from page 202) 


dividual crystals reaching four inches in 
length. A substantial number were perfectly 
clear inside and afforded excellent rough. 
Occasionally, color zoning is noted, gener- 
ally in lighter shades of the basic brown. 

Calcite is quite difficult to cut and polish; 
its softness, coupled with its three perfect 
cleavages, make the entire process one of 
considerable hazard. With a little foresight, 
the lapidary can orient the rough so as to 
place the principal axis of the crystal normal 
to the table facet. This has the effect of 
reducing the blurry appearance caused by 
high birefringence. When finished, the gem 
looks very much like a citrine of good 
quality with perhaps somewhat greater bril- 
liance. A step-cut octagon of 44.5 carats 1s 
now in the collection of the U. S. National 
Museum. 


MAGNESITE 


Another carbonate worthy of mention is 
magnesite, not because it furnishes anything 
spectacular but because clear material large 
enough to facet is extremely raze. Accord- 
ingly, when transparent crystals of unprece- 
dented size were obtained in Bahia, Brazil, 
during World War Il, it created considera- 
ble interest in mineralogical circles. The oc- 
currence was an isolated one, apparently, 
and the material brought to the United 
States soon disappeared into various public 
and private collections. A small cleavage 
rhomb of this material was cut into an octa- 
gon step of about five carats. It is abso- 
lutely colorless and, with the exception of 
several partially developed cleavages, is also 
flawless. During cutting, the greater hard- 
ness over calcite was easily apparent, as well 
as the increased difficulty in initiating cleav- 
ages. 

(to be continued) 
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ARCHITECT’S RENDERINGS OF THE NEW BUILDING 
OF THE DIAMOND TRADING COMPANY 


The new building of the Diamond-Trading Company, London, having frontages to 
Holborn Viaduct, Holborn Circus, Charterhouse Street, and Shoe Lane, is fast nearing 
completion. The northern half of the building is being erected by the Diamond-Trading 
Company, Limited, for their new London offices; their former offices on part of this site 
were destroyed by enemy action in May 1941. The southern half of the building is being 
erected by the Holborn Viaduct Company, Limited, and is being leased to the Anglo- 
American Corporation of South Africa, Limited. 

The new nine-story structure is of reinforced concrete, the foundations being in the 
form of “cellular rafts,” which, owing to the load of the building and restricted load on 
the subsoil, will cover practically the whole of the site. The external facing of the building 
will be of Portland stone. The Diamond-Trading Company's offices will be entered from 
Charterhouse Street, and those of Anglo-American Corporation from Holborn Viaduct. 

The heating of The Diamond-Trading Company’s part of the building will be by 
concealed radiant panels in the ceiling, controlled thermostatically for variations in outside 
temperature on each face of the building to ensure maintenance of an even temperature 
throughout. 

Both parts of the building will be served by interconnected passenger elevators 
running 300 feet per minute, with power-operated doors. 

The building will have two basements which will include a fully equipped garage, 
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to be approached by a: ramp from Shoe Lane. The basement adjoining Charterhouse Street 
has been constructed so that it would be easily converted into an air-raid shelter of the 


latest design. 


Dining rooms and kitchens will be provided on the top floors of both parts of the 


building. 


The floor areas of the two parts of the building are approximately 75,000 square feet 
for The Diamond-Trading Company and 62,000 square feet for Anglo-American Corpora- 
tion. The building is expected to be completed by the end of 1955. 


SIR JAMES WALTON 
A PERSONAL TRIBUTE 


We regret to announce that Sir James 
Walton died at his home in Mayfield, 
Sussex, England, on August 26, at the age 
of 74. On his retirement, after a very dis- 
tinguished career during which he was sur- 
geon to the Royal Household during three 
reigns, he became interested in gemology 
and took the gemological courses given by 
the Gemmological Association of Great 
Britain at Chelsea Polytechnic, London, 
with students from the trade. This hobby he 
encompassed with so much enthusiasm that 
he was soon elected an official of the Gem- 
mological Association, and later was asked 
to becomé President of the National Asso- 
ciation of Goldsmiths. He wrote several 
books on surgery and two on gemology; the 
most recent, Physical Gemmology, was pub- 
lished in 1952. 

We, at the Institute, did not have the 
pleasure of knowing Sir James personally. 
The following is quoted from Sir James 
Walton — A Personal Tribute, which ap- 
peared in the September Gemmologist, and 
which was written by one who knew him 
well, Mr. B. W. Anderson, Director of The 
Precious Stone Laboratory of the London 
Chamber of Commerce, Hatton Garden, 
London. 


. When the news went around at 


We need not have worried. Sir James 
was blessed with external youth and a 
zest for knowledge which made him an 
ideal student even though he was in his 
middle sixties. His friendliness and natu- 
ral, easy good manners enabled him to 
mix well in any company. 

“|... He was generous in his appreciation 
of other people’s work, and never failed 
to make due acknowledgment for any 
data or ideas he might have borrowed in 
his lectures or writings. I have never 
known a man who was less of a snob nor 
one of such attainments who displayed so 
little awareness of his own importance. 
Though he was late in entering the 
brotherhood of gemmologists, he quickly 
gained the affection and esteem of us all. 
The gap in our ranks left by his passing 
will be sadly in the minds of many for 
a long time whenever gemmologists are 
gathered together.” 


DR. RAYMOND JENNESS BARBER 

It was with deep regret that the Gemo- 
logical Institute learned of the death of Dr. 
Raymond Jenness Barber, who passed away 
suddenly of a heart attack, October 28, in 
his home in Los Angeles. He was 70 years 
of age. 


Dr. Barber, before his recent retirement, 
was Curator of Mineralogy and Petrology at 


Chelsea that a Royal Surgeon was joining 

the gen mology classes, we wondered how 

so distiaguished a person would mix in 

with thr classes of far younger students. 
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the Los Angeles County Museum. After 
thirty years of mining engineering and fif- 
teen years of university teaching, he devoted 
most of his time to mineral sciences. Barber 
was graduated from Massachusetts Institute 
of Technology in 1906. He had traveled to 
many different countries in his mining prac- 
tices and geological explorations. A special 
lecturer at Stanford University, Dean of the 
School of Mines at the University of Alaska 
and, at one time, Barber was on the staff 
of the School of Engineering at the Uni- 
versity of Southern California. During vari- 
ous sojourns in Old Mexico, he became in- 


terested in the “jade question.” Opposed to 
those who thought the stones must have 
come from central Asia, because that was 
the only known source of jadeite, he advo- 
cated the existence of local quarries as yet 
not rediscovered. In 1951 and 1952 he spent 
most of his time in QOaxica, Mexico, in- 
vestigating this question for the Los Ange- 
les Museum. His article on Jade in Mexico 
appeared in the Spring 1952 issue of GEMS 
& GEMOLOGY. A later article on the 
Nature of Jade appeared in the Summer 
and Fall 1954 issues of GEMS & GEMOL- 
OGY. 


Contributors 


in this Issue 


EDWARD J. GUBELIN, Ph.D., C.G., F.G.A., of the 
a : Editorial Board of GEMS & GEMOLOGY and a Research 
Member of the Gemological Institute of America, is the 
founder of the Gemological Institute of Switzerland. Born 
in 1912 Dr. Gubelin’s interest in gemological research 
started in 1925, when his father provided a gemological 
laboratory for his use. Edward Gubelin has been conduct- 
ing experiments and research ever since. Dr. Gubelin 
studied mineralogy at the University of Zurich. In 1936 
he was sent into the Campolungo Domomite region to 
prospect for minerals occurring there. Following this, he 
spent a winter term with Professor H. Michel in Vienna, 
and in 1937 he attended a special course with Professor 
Dr. K. Schlossmacher in Konigsberg. Receiving his doctor- 
ate in 1938, he began his studies with the Gemological 
Institute of America, becoming a Certified Gemologist 
in 1939. In 1946 he received a fellowship from the Gemmological Association of Great 
, Britain. He lectures yearly on gemology in both Britain and Sweden. He has done 
outstanding work with photomicrography and his book, Inclusions as a.Means of 
Gemstone Identification, is well known by students of gemology. His article entitled, 
Amblygonite Old Mineral—New Gem, appears in this issue. 


a 


RUSSELL W. ANDERTON, while serving as a crash-boat skipper and stationed 
at Trincomalee, Ceylon, during 1944-45, did exploration of the Ratnapura gemming 
section. After the war he returned to Ceylon to study gem mining and local trading 
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Contributors in this Issue 


methods. Returning to New York early in 1950, he was placed in charge of the 
Chivor-Somondoco Emerald Mines, Boyaca, Colombia. He experienced attempted 
murder, blackmail, pistol fights, and was arrested and held incommunicado for three 
days while working at Chivor—the result of using the wrong type of visa. After a 
struggle for control of the mine, it was closed and Anderton returned to New York. 
His article entitled, Report on Chivor Emerald Mines, appeared in the Winter 1950-51 
issue of GEMS & GEMOLOGY, shortly after his return to the United States. At the 
present time Anderton is president of the Anderton-Colombia Mines, Limited, which 
presently holds concessions on assorted minerals in the Province of Cundinimarca, 
which is located close to Chivor on the Haciena de Monte Cristo. His latest article 
entitled, The New Gachala Emerald Mine in Colombia, appears in this issue of GEMS 
& GEMOLOGY. 


COMMANDER JOHN SINKANKAS, U. S. NAVY, now 
stationed at Coronado, California, joined the Navy as an 
Aviation Cadet in 1936, following his graduation from the 
New Jersey State Teacher’s College, Paterson. In 1937 he 
received his Naval Aviator’s wings at Pensacola, Florida. 


He had already developed a keen interest in the science of 
gemology and was an amateur collector of minerals. Realizing 
the impracticality of this phase of his hobby when he joined 
the service, he decided on a new approach to the subject, and 
in 1947,he began a study of gemstones and lapidary crafts- 
manship. He received his gemologist diploma March, 1951. 


Commander Sinkankas specializes in the cutting of extremely soft, brittle, and 
difficult gemstones. A number of cut specimens of his work are presently in the col- 
lection of the United States National Museum, including a 578-carat oval brilliant-cut 
aquamarine and a 50-carat step-cut rock crystal. The rock crystal is unique in that it 
is cut from synthetic quartz, perhaps the first of such size ever to be cut. Just recently 
the Museum was the recipient of a 20-carat zincite and a 327-carat yellowish-green 
spodumene of his cutting. He is the discoverer of the third known source of rhodolite 
garnet. This latest source is located in a fjord known as the Sondrestromfjord, just 
above the Arctic Circle on the West Coast of Greenland. The discovery was made in 
the summer of 1942. 


In addition to maintaining and adding to his fairly extensive collection of rare 
and unique gemstones, Commander Sinkankas has found time to write numerous 
articles for Rocks and Minerals magazine. His article, The Gem and Ornamental Stone 
Murket in Hong Kong Today, appeared in the Summer and Fall issues of GEMS & 
GEMOLOGY. He is also the author of Gem Cutting, A Lapidary’s Manual, which is 


just off the press. His article, Some Freaks and Rarities Among Gemstones, appears in 
this issue. 
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The 
Gemstones 
of 


Minas Gerais, Brazil 


by 


CHESTER B. SLAWSON AND 


FRANCISCO MULLER BASTOS 


For many decades the State of Minas 
Gerais, Brazil, has furnished the world with 
most of its gemstones. Prior to World War 
II it sent most of its rough to Europe for 
cutting, although Brazil has always main- 
tained a small cutting industry of its own. 
There were in the 1930's four or five profes- 
sional lapidaries in Tedfilo Ontoni and one 
or two in Belo Horizonte who devoted their 
entire time to the lapidary art. In Rio de 
Janeiro there were usually a few profession- 
als. Scattered through the State there were 
also a few individuals who made their liveli- 
hood at some other profession but period- 
ically cut a few gems in home workshops. 

During World War II the cutting centers 
of Europe were isolated and Brazil rapidly 
expanded its lapidary industry, both to 
supply its customers and to support its own 
gem-mining industry. Belo Horizonte was 
the center of this industry, which at its peak 
supported 250 workmen in that city. Most 
of these were engaged in sawing, dyeing, and 
cutting black onyx blanks, which were sold 
in the United States for signet rings. Teéfilo 


Ontoni had perhaps 150 cutters, Rio 50 to 
60, with others scattered in the southwestern 
part of Minas. 

This rapid expansion of the cutting in- 
dustry was aided by an influx of European 
refugees, many of whom were skilled in the 
art of diamond cutting but few were gem 
cutters. Their main contribution was on the 
business side and they became the importers, 
exporters and middlemen in this new indus- 
try. At first, as was indicated above, the bulk 
of the cutting was agate which was shipped 
north from near Soledade, Rio Grande do 
Sul, to Minas Gerais instead of to Idar- 
Oberstein. The refugees knew not only this 
source of supply but the markets in the 
United States, and without their help the 
lapidary industry could not have developed 
as it did. The black-onyx industry boomed 
during wartime but folowing the war it re- 
turned to approximately its prewar status. 

Immediately after the United States en- 
tered World War H, it supported an in- 
tensive search throughout that part of the 
world which was favorably disposed to us 
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and our allies for essential strategic minerals. 
Included among these were industrial dia- 
monds, rock crystal quartz, high - quality 
shect mica, cassiterite (tin), scheelite (tung- 
sten), tantalite and columbite (rare earth 
metals), and industrial quality beryl for the 
production of metallic beryllium. Most of 
these mincrals are found in pegmatites, the 
home of amethyst. citrine, smoky quartz, 
topaz, tourmaline, and all the gem varieties 
of beryl except the true emerald. A great 
many new pegmatites were discovered in 
Minas Gerais and Bahia but chiefly in the 
former State. Some of these are today the 
most important sources of gem rough. Some 
of the production today is from alluvials 
where a few watcr-worn pebbles and stones 
are found which have come from the erosion 
and weathering of pcegmatites in past geo- 
logical times. The famous Marta Roche aqua- 
marine was an alluvial stone found on a 
farm near Teéfilo Ontoni in 1954. It was 
named after the young Brazilian woman who 
took second place in the international beauty 
contest of that year. It was found by a seeker 
of rock crystal for the electronic industry, 
who did not recognize it himself as aqua- 
marine but thought it was a varicty of col- 
ored quartz. It weighed 74.8 pounds, of 
which 60% to 70% was cuttable. Most of 
the cutteble material was of the finest blue, 
and it since has become the standard through- 
out Brazil for judging fine color im aqua- 
marine. 

Today Brazil cuts more of its gem rough 
than it exports if we exclude agate. The 
quality of cutting is good, but it does not 
equal the prewar standards of Idar-Oberstein. 
Except for an occasional cabochon, usually 
of bicolored tourmaline, all stones are fac- 
eted. And again, with tourmaline as the ex- 
ception, practically all stones are free from 
flaws. Quality is almost exclusively judged 
on the basis of color alone. If more attention 
were paid to the “make,” it would in the 
long run be beneficial to the industry. Some 
of the better lapidaries are aware of the fact 
that if more attention were given to proper 


proportions, especially below the girdle, a 
more brilliant stone would result. However, 
buyers judge value only from calor, spread 
and weight; consequently, the lapidary “cuts 
in’ as much weight into the rough as pos- 
sible, though he ends up with a stone too 
shallow to produce maximum brilliancy. 

The cutting is done on tin and lead solder 
laps (75% tin, 25% lead solder), with sili- 
con carbide as the abrasive. Polishing is 
done with tripoli on lead-coated cast-iron 
laps. Electrical power is universally used to 
drive old-style vertical laps with wooden-peg 
bearings. Too often the surface of the lap is 
alowed to become slightly concave, resulting 
in polished facets which are very slightly 
convex. Although the convexity is not read- 
ily apparent, it may be detected in nearly all 
Brazthian-cut stones by holding the stone 
about ten inches from the eye and observing 
(in the table) the reflection of a straight edge 
like a window frame, in the same manner in 
which one would use a small mirror. This 
is best done with the back toward the win- 
dow and the stone in front of but slightly to 
one side of the observer, A nearly ideal situ- 
ation ts to observe the reflections of the pan- 
els of an open Venetian blind. In a perfectly 
flat surface the reflections would be straight 
lines moving across the surface. On a convex 
surface the line is curved. With experience 
the degree of convexity may be readily esti- 
mated. 

Today in Belo Horizonte there are about 
25 professional lapidarics and about 50 in 
Tedflo Ontoni. Governdor Valadares, Campo 
Belo and Rio cach have a few professionals, 
but in Rio diamond cutting is more important 
than gem cutting. Scattered throughout the 
southeastern part of Minas Gerais one finds 
here and there a professional lapidary, and 
throughout all the country the occasional 
part-time cutter and the inevitable amateur 
who often is an exceptionally good work- 
man. 

From the standpoint of the American 
jeweler selling to the public, Brazilian-cut 

(Continued on page 253) 
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Further Notes on 


“Inclusions. 


in Gemstones, Ete. 


by 


ISAAC LEA, LL.D., MAY, 1876 


Note: The following article is a verbatim 
reprint of one of three papers written for the 
Proceedings of the Academy of Natural 
Sciences of Philadelphia by Isaac Lea. (Re- 
prints of two of these papers appeared in 
the Fall issue of GEMS & GEMOLOGY). 
These papers probably represent the first 
work done in this country on gemstone in- 
clusions, The earliest paper carries the date 
of February 16, 1869. The Isaac Lea gem 
collection is at the United States National 
Museum, Washington, D.C. 

The articles were made available for read- 
ers of GEMS & GEMOLOGY through the 
courtesy of George Switzer, Ph.D., Associate 
Curator, Division of Mineralogy and Petrol- 
ogy, Smithsonian Institution. 


In a communication on microscopic crys- 
tals contained in gems, which the Academy 
did me the favor to publish in its Proceed- 
ings’ a few years since, I gave some figures 
of these crystals which I have frequently 
since verified. I then observed that, beside 
these inter-crystalline forms, there were in 
most gems, cavities frequently so numerous 
that they amounted to tens of thousands. 

Since the period of the publication of my 
paper, I have made very large additions to 


my cabinet of gems, and particularly those of 
the Corundum group, Sapphires, Rubies, and 
the so-called Oriental Topaz, Oriental Ame- 
thyst, Asteria, etc. In the numerous fine blue 
Sapphires of my collection, I have rarely ex- 
plored one without finding numerous cav- 
ities, and ordinarily also finding the beautiful 
microscopic acicular crystals, which, when 
the specimen is cut cabochon, cause the three 
bands, and these by crossing form the star in 
Asteria. The cuneate microscopic crystals are 
also quite common. 

Cavities, with or without the fluids, are 
so frequent in crystals, from the soft Calcite 
to the hard Corundum, that little may be 
said as to their occurrence, as they are so 
common. 

Cavities in quartz crystals inclosing fluids 
have been observed by the older mineralo- 
gists, but the kind of fluid, and gas or air, 
was not ascertained by them. Sir Humphry 
Davy, in 1822,” 
these cavities, and found them generally pure 
water. The gas bubbles were sometimes 
found to be “azote.” Sir David Brewster, in 
1823,° published a memoir of great research 


investigated the contents of 


1 Feb. and May, 1869. 
2 Trans. Roy, Soc. Ed., 1823. 
3 Phil. Trans., 1822. 
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and value. He first had his attention called to 
the examination of fluid in cavities by the ex- 
plosion of a crystal of Topaz when heating it. 
He found cavities and air bubbles in nearly 
twenty different substances, and these in- 
clusions were carefully examined by him. 
In some of these cavities he observed two 
fluids! and crystals, and these are figured in 
his plates. Subsequently, Mr. Sorby pub- 
lished a long and admirable paper? on Fluid 
cavities and crystals in minerals, with num- 
erous and interesting figures. He considered 
that the cubic crystals were probably Chloride 
of Sodium. In his investigation he proved, by 
forming artificial crystals, that, in a natural 
state, the fluid cavities, with their ‘“‘inclu- 
sions,” must have been formed by aqueo- 
igneous forces. He gives a figure of fluid in 
mica, but I have never seen any in that 
mineral, although many hundreds have 
passed under my microscope in looking after 
crystals of Magnetite, etc. Mr. Sorby also 
published a paper on cavities in quartz in the 
Phil. Mag., vol. xv. p. 153; also with Mr. 
Butler in Proc. Roy. Soc. London, vol. xvii. 
p. 299. Kirkel on Microscopic Minerals, 
Neues Jahrbuch, 1870, p. 80, mentions 
bubbles and cubic crystals in quartz. He 
found iron glance and fluid in Elaeolite = 
Nephelite. In Emery, from Naxos, he found 
fluid in cavities. 

In 1872, Proc. Roy. Soc. Edin., p. 126, Mr. 
Sang published an account of water in cav- 
ities of Calcite. 

Very recently, Prof. Hartley, King’s Col- 
lege, London, has published a very able paper 
on the subject of the fluid in quartz, etc. He 
says that Simmler in 1858, offering an inter- 
pretation of Brewster's observations, con- 
cluded that the expansible liquid was carbon 
dioxide. Professor Hartley states that in 
many cases the liquid in quartz is water but 
that in some cases he found the two fluids, 
1 These two fluids, Prof. Dana without any an- 
alysis has called Brewsterlinite and Cryptolinite. 

2 Journ. Geol. Soc., vol. xiv., 1858, Microstruc- 
ture of crystals. 
3 Journ. of the Chem. Soc., London, Feb. 1876. 


4 Specimen in the collection of the late Dr. Chil- 
ton of New York. 


and his very satisfactory and careful experi- 
ments show conclusively that the most vola- 
tile of the two fluids is carbonic dioxide. He 
found in every experiment, that the fluid 
disappeared when exposed to 31° C., and 
reappeared on cooling. Prof. Hartley accords 
with Mr. Sorby in his reasoning that “at the 
time of its assuming the solid state, the 
solution endured a high temperature.” 


Calcite has been found to contain nearly 
a quart of this fluid,* but it is not as common 
to be found in small cavities as it is in quartz. 


Fluorite, — Cavities in this mineral are 
rarely found, but they are sometimes seen 
with fluid and air bubbles. 

Apatite, — 1 have never observed cavities 
in this mineral, but I have not given it much 
attention in microscopic examinations. 

Feldspar Group, — In a former paper, I 
gave the result of the examination of many 
specimens of various species. Since then I 
have examined numerous specimens of Lab- 
radorite, and found no cavities, but the black 
crystals were very numerous. In the Moon- 
stone of this country, I have not observed 
cavities or crystals, but in two specimens, 
out of about one hundred from Ceylon, I 
have seen a series of very regular quadrate 
cavities or crystals which do not appear to 
have any fluid. Fig. 10, Pl. 2. 

Tourmaline, — This interesting mineral is 
found beautifully crystallized and of almost 
all colors, white, brown, green, red, black, 
etc. The finest are found at Mount Mica, near 
Paris, Maine.® Some of these specimens have 
small internal elongate crystals, which are 
terminated. A red specimen (Rubellite) in 
my collection has many irregular cavities. 
One green one from Ceylon has cavities with 
fluid, and another has very minute black acic- 
ular crystals in one direction. In brown 
crystals from Lower Dianburg, Corinthia, 
there are rough objects in the interior, evi- 
dently another mineral inclosed, which do 
not require the microscope to detect them. 


5 Prod. Acad. Nat. Sci., May 11, 1869. 
6 Dr. Hamlin has published a beautiful little work 
on the Tourmaline, with illustrations. 
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Cyunite. Of the white and the blue 
varicties I have not observed any well-defined 
cavities or crystals, but in the gray-bladed 
Cyanite, found at Cope’s Mills, near West 
Chester, Pennsylvania, there are always, I 
believe, small black masses which do not 
take a regular form, but are usually elongate. 
These may casily be detected by splitting a 
crystal along its eminent cleavage, and exam- 
ining the cleavage face with a lens of small 
power, but a higher power is preferable. 
Quits takes upon itself many colors. In it 
are found cavities in very great numbers, par- 
ticularly in the clear fine crystals. Those 
which exist in such an abundance in Herki- 
mer County, New York, and which are so 
limpid, and finely and doubly terminated, are 
sometimes furnished with thousands of cav- 
ities, even in small specimens, and these are 
of many various forms, frequently containing 
fluid. In some cases the fluid may be seen to 
move by the unaided eye. In these Herkimer 
crystals, carbon in the form of Ansfhracite is 
of very common occurrence, and in one of my 
specimens a small portion moves in the fluid 
of a cavity. These cavities often exist in an 
entire sheet, almost across the prism of a 


crystal.! In smoky quar these cavities are 
much rarer, as also in Amethyst and wine- 


The Amethyst is 
frequently penetrated with crystals of Rutile, 


color and green quarts. 


and these are often very large, sometimes 
1 to 4 inches long. The Chester county speci- 
mens usually have numerous curved fila- 
mentous crystals, easily detected with a com- 
mon lens. In Way's Feldspar Quarry, near 
Dixon's, Delaware, there is a very peculiar 
form of guwartz which is nearly transparent, 
but somewhat clouded. The fragments of all 
sizes, from that of a pin's head to that of a 
small walnut, are inclosed in a mass of 
Dewejlite. These fractured pieces are of in- 
definite forms. They are evidently crypto- 
crystaline, and look as if they may have been 
heated and suddenly cooled, and thus frac- 
tured. When these pieces are subjected to a 
high power, there may be detected in them 
very minute oval cavities in great numbers, 


and the major axes usually placed in one 
direction. [ have never seen cavities in milk) 
quarts or blve quarts, Sir David Brewster 
found many cavitics in rock crystal from 


Quebec with “water and mineral oil.” 


Topas. — In the various beautiful crystals 
which this mineral presents, there are fre- 
quently found cavities with fluid, and some- 
times in this fluid may be seen the cuboid 
crystals described by Sir David Brewster. 
He found a single fluid in some cavities, and 
He 
says the fluid does not expand with heat. The 


in other two fluids with “air bubbles. 


Saxony transparent white crystals sometimes 
have cavities, as well as those of pale wine- 
color. The Brazilian gold-yellow specimens 
have these cavities very frequently. The clear 
pinkish are more free from them. I have 
never observed any microscopic acicular crys- 
tals in Topas. 

Emerald, Aquamarine. and Beryl, — Con- 
stitutionally the same — differ very much in 
regard to their possession of cavities and 
their commercial value. So far as I have been 
able to examine fine specimens of Emerald, 
it is rare to see one without cavities. One 
which T have, of very fine color, has many 
cavities of various forms, in which are in- 
cluded a fluid enveloping generally two per- 
fect cubic crystals of an unknown mineral. In 
all cases in this specimen, the second crystal 
is much the smaller. Fig. 11, Pl. 2. 


, 

Ir Aquamarine, cavities are not frequent, 
and in Berj/ [| have detected them only in a 
specimen from Unionville, Penn. Fig. 12, 
124, Pl. 2. In this there is a biangular cavity 
with a-small cubic crystal at an inner angle. 
Throughout the mass there are small suboval 
cavities. 

Garnet. — AS a precious stone this is by no 
means rare, but it is lustrous and of fine 
color. Cavities and microscopic crystals are 


! Sorby, Journ. Geol. Soc., 1858, found many 
cavities, and chinks that the cubic crystals inclosed 
are probably chloride of sodium, as mentioned 
above. 

2 The smoky quartz of Pike's Peak has hexagonal 
spangles, which may be mica. 

3 Trans. Roy. Soc. Ed., vol. x. 
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very common in this gem.’ The cavities are 
usually irregular and rough, and never to 
my knowledge have fluid. On a polished sur- 
face of a piece of garnet from North Caro- 
lina, nearly an inch long, the reflection of 
these crystals covered the whole surface with 
prismatic colors. 

Cinnamon Stone, — This beautiful variety 
of garnet, from Ceylon, as far as I have been 
able to observe it, and I have some twenty 
cut specimens, and numerous rolled pieces, 
has irregular cavities and some crystals, as I 
have stated in a former paper. 

Zircon. — With its ‘high refractory power, 
this is used frequently as a gem, and some- 
times sold as a diamond when white and 
perfectly transparent. One of the numerous 
specimens which I have examined has cav- 
ities? and microscopic crystals, and a spect- 
men from Ceylon has remarkable dark brown, 
elongate, fusiform spots, with numerous 
dotted ones intervening. Fig. 9, PI. 2. 

Chrysoberyl, — The few specimens I have 
of this beautiful gem have neither cavities 
nor microscopic crystals, but Brewster ob- 
served “strata of cavities and both the fluids.” 

Chrysolite == Olivine, — In some of my 
specimens I have observed small cavities with 
fluid. Brewster met with them containing 
“fluid and bubbles of air.” 

Spinel. — This gem occurs of several. col- 
ors. The Spinel-ruby, so called, sometimes is 
very close in color to the true Ruby, but it 
has not by any means the depth nor bril- 
liancy of the true Rwy. In a pale-green speci- 
men of great beauty which I lave received 
recently from Ceylon, I have not been able 
to detect cavities or crystals. In my former 
papers I have expressed uncertainty in this 
matter.? 

lolite. — This gem is inferior in hardness, 
color, and specific gravity to Sapphire, but is 
valued for its peculiar change of color, being 
dichroic. One of my specimens is without 
inclusions. The other is filled with blue four- 
1 Proc. Acad. Nat. Sci., Feb. and May, 1869. 
21m a specimen in Dr, Leidy’s fine cabinet there 


are anastomosing cavities. 
3 Proc. Acad. Nat. Sci., Feb. and May, 1869. 


sided prismatic crystals, which are long, and 
inclosed in a nearly white subtransparent 
mass. These crystals are sometimes broken 
and their parts prolonged in the mass, and 
they are all lying in nearly the same direc- 
tion. 

Turquoise, with its peculiar and agreeable 
blue, is never transparent, and neither cav- 
ities nor microscopic crystals are found in it. 

Opal, — This exquisite gem, which dis- 
plays such brilliant colors, is very highly 
valued. It is but little harder than glass, and 
is indeed considered as volcanic glass. Its 
remarkable flashes of color are attributed to 
fissures, in accordance with the theory of 
Newton’s colored rings. I have never been 
able to detect either cavities or minute crys- 
tals in this beautiful gem — except in two 
cases. One of my specimens has a brown, 
terminated crystal, a six-sided prism of an 
unknown substance, about one-fifth of an 
inch long, and terminated by a single ob- 
lique plane; the other has several smaller 
ones. 

Lapis-lazuli, — This was used by the an- 
cients as a favorite gem, but it is not now 
valued as such. I have not been able to de- 
tect cavities or minute crystals in any speci- 
men in my possession. 

Corundum. — This very interesting min- 
eral, when in perfect transparent crystals, is 
highly valued as a gem, under the name of 
Sapphire, Ruby, etc., according to color. 
When yellow, it is called Oriental Topaz; 
when purple, Oriental Amethyst. When 
purely white it is sometimes sold as a Dia- 
mond. In this country we have two localities 
only of Corundum where any large quantity 
has been found, that of Chester County, 
Pennsylvania, and Franklin County, North 
Carolina. From the mines in Chester County, 
several hundred tons have been taken, but no 
transparent crystals. Some opaque ones are 
bluish and some pinkish. The North Caro- 
lina locality has produced some very large 
crystals, and numerous small ones. Of the 
latter there have been found many quite pure 
and transparent, and these are sometimes 
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blue and sometimes red. But none of them 
yet found are of value as gems. The fine 
Sap phires and Rubies are chiefly from Ceylon, 
and they form some of the most beautiful 
objects in nature. I have many of these in 
the form of worn pebbles, and some in fine 
hexagonal form, as well as hundreds of cut 
specimens. I have examined carefully more 
than one thousand specimens, with a view to 
“inclusions” they might 
possess. In a communication to the Academy,! 
I described and figured some microscopic 
crystals in these and other gems. Since then 
I have added a very large number to my col- 
lection, and among these several hundred 
large and small transparent crystals. In a 
careful microscopic examination of these I 
found a large number which contain cavities 
and minute crystals, the former sometimes 
scattered irregularly through the mass, and 
sometimes forming a sheet or film. These 
cavities are of all forms, but usually sub- 
elliptical; sometimes tubular, and these tubes 
frequently anastomose in a very beautiful 
manner. These cavities are so numerous that 
they frequently give a cloudiness to the speci- 
men which is less valuable as a gem, but 
most interesting in a scientific point of view. 
In some specimens these cavities exist by tens 
of thousands, and Sir David Brewster stated 
that in a specimen under his observation there 
were about 37,000 of these cavities. I am 
sure that in one of my large cut specimens 
there must be more than double that number. 
It is a very common thing to see hundreds 
of these cavities in the Ceylon specimens, 
partly filled with the fluids previously al- 
luded to in these notes. But it is quite rare 


discover whatever 


that they are found in the specimens from 
North Carolina. Still I have seen them in the 
transparent small fragments of deep blue 
crystals, and sometimes in the transparent 
light-colored ones. In one specimen of the 
latter, I discovered some most interesting 
cavities, which contained, beside the fxd, 
each a single cubic crystal, Figs. 1, 2, and 3, 
P]. 2. I had never observed an included crys- 
tal in any cavity in the numerous Ceylon 


specimens which I have examined. These 
cubic crystals have the exact form and ap- 
peaiance of those in the Emerald described 
herein. 

In regard to the microscopic crystals in 
Sapphire, having described and figured them 
in the papers before alluded to, I have little 
to add now. Further observation has con- 
firmed what I then stated regarding the radii 
of Asteria. Very recently I have received a 
number of these Asteria of various colors, 
blue, white, red, and dove-color: several 
three-quarters of an inch in diameter. The 
red and purple specimens are of peculiar 
beauty, and when examined in the sun, or 
any strong light, they both exhibit the micro- 
scopic acicular crystals with peculiar beauty, 
displayed as they are in hexagonal form, and 
reflecting the spectral colors. The Raby As- 
teria is certainly among the most beautiful 
objects in nature, and the purple are very 
little less so. 

In some crystals of Corundum, there is a 
strong bronze reflection, and this is the case 
with some of the large hexagonal crystals 
which were imported by Mr. S. S. White 
from India for commercial purposes, and 
which he distributed with so much liberality 
to our mineralogists. These bronze crystals 
have also been found at the Black Horse 
and Village Green localities in Delaware 
County, Pennsylvania. When examined with 
a good power, these bronze reflections are at 
once seen to be caused by minute acicular 
crystals, and these may sometimes be seen 
in bunches, 

A pale Ruby, “Rubicelle,’” which I lately 
received from my friend Hugh Nevill, Esq., 
Ceylon, about three carats, is a most inter- 
esting and beautiful gem. It has the depth 
and brilliancy almost of the diamond. It is 
nearly of a rose-color, and is perfectly trans- 
parent. It is cut with a top table and not 
entirely symmetrical. Its refractive power is 
Yet when this brilliant 
transparent gem is examined with a high 
power and strong light, the whole mass may 


unusually great. 


1 Proc. Acad. Nat. Sci., 1869. 


WINTER 1955 - 1956 


235 


be seen to be filled with long acicular crys- 
tals in three directions, parallel to the pris- 
matic planes, and interspersed are numbers 
of very minute and delicate cuneiform crys- 
tals.1 It has also a small cloud of exceedingly 
small cavities. 


Another remarkable specimen may be 
mentioned here, which has small cavities and 
minute microscopic crystals. It is of a pale 
yellow or straw-color, and of a depth and 
brilliancy scarcely exceeded by the diamond. 


During the examination, about two years 
since, of some hundreds of small crystals of 
Sapphire, perfectly transparent to dark blue, 
I discovered one which had very singular 
plumose impressions on the planes of the 
prism. This induced me to examine carefully 
all those which I subsequently procured, and 
I have now over a dozen specimens which 
exhibit this very singular character. I am 
entirely at a loss to discover the cause of this 
form of minute impressions on so hard a 
substance. It evidently has been formed by 
some collateral mineral substance, against 
which the molecules in crystallization have 
been arranged. 


Diamond. — The hardest of all substances 
stands first among gems. It has not, however, 
much interest to the microscopist, as no Cav- 
ities with fluid have been, so far as known, 
observed, nor has it included crystals of 
foreign substances. They are often very im- 
perfect, containing rifts and discolorations. 
Some of my specimens have beautiful tri- 
angular impressions on the surface of the 
planes. My friend, Dr. Hamlin, of Bangor, 
Maine, is engaged on an extended work on 
the diamond. Such a work is much needed, 
and I know no one as capable as he to ac- 
complish it. This gem sometimes occurs of 
various colors. In my cabinet I have six 
different colors. 


REFERENCES TO PLATE 2 

Fig. 1, 2, 3, Plate 2. Represents cavities 
and crystals in a specimen of transparent 
Corundum from Franklin, North Carolina. 
In no other specimen of the numerous ones 


I have examined have I found cavities with a 
fluid and included crystals both, while it is 
very common in the Ceylon Sapphires to 
have cavities without an included crystal. 

Fig. 4. A Sapphire from Ceylon, given to 
me by Dr. Ruschenberger, has cavities with- 
out fluid; the cavities being in the form of 
crystals in the larger ones, but in the numer- 
ous small ones subrotund. These cavities are 
interspersed throughout the mass with nu- 
merous acicular crystals running generally 
in two directions. 

Fig. 5. A specimen of blue Sapphire 
(Ceylon), with four nearly perfect sub- 
hexagonal crystals, somewhat flattened. These 
are surrounded by an immense number of 
minute cavities, some of which anastomose. 
The crystals seem to be filled with a black 
fluid. There are also very minute acicular 
crystals. 

Fig. 6. In the same specimen with the 
above, there is a group of very different 
crystals which are here represented. These 
can only be seen with a proper angle of 
light. Then they reflect all the colors of the 
spectrum. This group consists of very perfect 
cuneate and acicular crystals, and is some- 
what like that figured in my pl. 9, fig. 2, 
Proc. Acad. Nat. Sci., May, 1869, but the 
crystals are much more defined and perfect 
than in that plate. 

Fig. 7. Represents a small blue Sapphire 
one-fourth of an inch long. The very remark- 
able plumose impressions cover all the six 
prismatic planes. 

Fig. 8. A blue Sapphire similar to Fig. 7, 
about three-sixteenths of an inch. The pris- 
matic planes here are covered with impres- 
sions more in a dotted form. These two (Fig. 
7 and 8) were examined with a power of one 
hundred diameters. 

Fig. 9. A specimen of Zircon from Ceylon 
has very singular, dark brown, elongated 
fusiform maculations in one direction. These 
are surrounded with numerous dotted ones. 


(Continued on page 254) 


1 Proc. Acad. Nat. Sci., May 11, 1869. 
2 Figs. 7 and 8, Pl. 2. 
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Some Freaks 


and Harities 


Among Gemstones 


COMMANDER JOHN SINKANKAS, CG. 


(Continued from Fall 1955) 


RHODOCHROSITE 

The John Reed Mine at Alicante, Lake 
County, Colorado, has long been famous for 
tts lovely crystallized rhodochrosite  speci- 
mens. The clear pink rhombs sprinkled over 
a slab of matrix have always excited the ad- 
miration of mineral collectors the world 
over. Recently, good fortune permitted the 
acquisition of a large cleavage fragment of 
this mineral. When cut and polished it 
yielded a nearly flawless step-cut gem of a 
little over eight carats. The finished stone 
did not appear as pure a pink as in the 
rough material; instead, a slight cast of 
orange was noted. When checked with the 
dichroscope, a strong pink was seen in one 
window and a very pale yellow, almost col- 
orless, in the other. It is perhaps the latter 
which imparts the orange cast referred to. 


NODULAR TOURMALINES 


A peculiarity of certain tourmalines noted 


by miners and cutters of this gemstone, espe- 
cially in crystals emanating from Maine and 
California, is worth commenting upon, be- 
cause it may be helpful to those who con- 
template having rough material cut. It may 
also explain the mysterious fractures which 
sometimes appear spontaneously in tourma- 
lines kept in storage and not subject to any 
unusual stresses which the owner is aware of. 
This spontaneous rupture is fairly common 
in those varieties which show concentric 
color zoning about the principal axis of the 
crystal; it does not occur in those which are 
zoned in bands along the length of the crys- 
tal. Not only are cut stones subject to this 
self-destruction, but raw material also spalls 
off or chips in curved, conchoidal flakes, 
until oftentimes the only solid portion left 
of the original crystal is a spherical or lentic- 
ular core — the “nodule.” 

The explanation for this curious and inter- 
esting phenomenon perhaps lies in the fact 
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that color zones often represent areas in 
which the crystal lattice is under consider- 
able stress as a result of accommodating the 
foreign atoms giving rise to the color. It is 
now well recognized that in most minerals 
of ideal chemical composition, the crystals 
are colorless. If color appears, it means that 
another element, not normally present in the 
compositional formula and possessing about 
the same atomic size and chemical charac- 
teristics, has usurped the place of one of the 
normal atoms. Where this replacement 1s 
extensive, a mineralogical ‘series’ is formed 
in which the end members are quite different 
but the individual species between the ex- 
tremes vary gradually and imperceptibly 
from one end member to the other, depend- 
ing upon the quantity and kind of atoms in- 
volved in the replacement. In such  sertes 
minerals, the crystal lattice adjusts itself in 
accordance with the changing composition, 
showing this change in varying interfacial 
angles and cleavage angles. Vhe latter is sig- 
nificant because it shows that an adjustment 
has been made by the crystal to accommo- 
date the change in composition, perhaps thus 
preventing the accumulation of internal 
stresses. However, tourmaline is) not a 
member of a series; it is merely one specics 
and is remarkably constant in its habits of 
crystallization. Yet its composition is both 
complex and varied, which leads to the be- 
lief that the presence of ill assorted foreign 
elements within the crystal must place it 
under a considerable stress which cannot be 
relieved by changes in mode of crystalliza- 
tion. It may be significant to note that dead- 
black tourmaline is rarcly found in an un- 
shattered condition and that the lighter col- 
ored varieties are often found in large, strong 
sections, even after being blasted from rock. 


Continuing ‘along this line of reasoning, 
and assuming that colored areas in tourma- 
line represent areas of stress, we may expect 
that specimens showing pronounced colored 
changes may crack when additional stress is 
applied. Several lapidaries who have cut 
considerable quantities of multicolored tour- 
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maline have become expert in detecting 
those crystals which are sensitive to break- 
age. The signs appear to be numerous basal 
cracks, often fine and barely penetrating the 
skin: also, sharp fractore discontinuities at 
the broken ends of crystal pencils. The lat- 
ter often show a thin peripheral portion 
which is normal to the prism axis but the 
center portion is bulged or raised. Some- 
times the raised portion is almost spherical 
in shape. Such crystals seem always to show 
a pronounced concentric color zoning, with 
a change of color exactly at the point where 
the normal fracture and the spherical frac- 
ture join. The cutting and polishing of such 
crystals is possible if the outside layer con- 
taining the fine cracks or the sharp fracture 
discontinuity is ground off first. If one side 
is cut only, then the crystal may crack even 
when not being subject to any stress. 


The most striking nodular tourmalines 
noted thus far have come from the pegma- 
tite deposits of Maine, particularly the Berry 
Quarry at Poland. The San Diego County 
tourmalines have also shown this phenome- 
non frequently, as well as some specimens 
originating from Mozambique. Brazilian 
tourmalines, on the other hand, seem to be 
relatively free of this difficulty. 


CAT’S-EYE NEPHRITE 


The chilly fastness of the Kobuk River 
region provides nephrite in various colors of 
green. Not infrequently, slabs sawed from 
stream-rolled boulders show areas where the 
usual felted structure has been replaced by 
straight fibers of a lighter, grayish-green 
material, presumably, still] nephrite. Care- 
fully cut, taking the easily split mature into 
consideration, these portions provide fair 
cat’s-cyes. The line of light is distinct but 
not sharp. 


VESUVIANITE OR IDOCRASE 


At one time, in a quarry near Laurel, 
Quebec, a considerable quantity of yellow 
vesuvianite was mined for gem purposes. 
Clear areas in the material provided lovely 
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DARK BLUE 


Tourmaline Crystals Showing Spalling and Creation of the so-called 
“nodules”. Pala District, San Diego County, California. 


faceted gems. The well-known jewelers 
Henry Birks & Sons, Ltd., Canada, were in- 
terested in this gemstone and for a time sold 
some under the trade name of ‘‘Laurelite.” 
However, for one reason or another, the 
promotion did not succeed and the stones 
soon disappeared from the market. 

From time to time, collectors go to the 
locality and obtain a few fragments, and it 
was through the kindness of one of these 
collectors that I obtained some for faceting. 
The finished gems, though small, are very 
attractive. Most contain numerous but barely 
noticeable flaws, whereas the color, a rich 
yellow with faint overtones of green, is quite 


unlike most other gemstones. It is unfortu- 
nate that more and larger specimens are not 
available, since this can become a fairly im- 
portant gemstone. The fragments furnished 
me did not cut gems in excess of 75 points in 
weight. 


DIOPSIDE 

Most readers are familiar with the dark 
bottle-green diopsides from Madagascar, the 
most productive locality for this rather 
scarce gemstone. Less well known, however, 
is the diopside which once came from a lo- 
cality near Richville, DeKalb Township, $e. 
Lawrence County, New York. According to 
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Kunz, in his “Gems And Precious Stones Of 
North America,” crystals were found here 
which yielded gems of six to eight carats in 
weight; others were estimated to be capable 
of cutting into gems of as high as 30 carats. 
It is doubtful that any diopside from this lo- 
cality was ever cut of the last-mentioned size, 
but the smaller crystals were found fre- 
quently. 

A small squarish terminated crystal of the 
Richville diopside was obtained some time 
ago from an old collection and cut into a 
faceted gem of slightly over five carats. In 
color, it is a pale green tending toward olive. 
It is difficult to say what the pleochroism ts, 
there being scarcely any change in hue be- 
tween windows regardless of the angle from 
which the stone is viewed. Although the 
green color is not outstanding, the lightness 
and clarity make this stone more attractive 
than any of the Madagascar stones observed 
so far. 


DATOLITE 


This gemstone is usually mentioned in 
connection with the opaque massive varieties 
formerly obtained in some abundance from 
the copper mines of the Lake Superior re- 
gion. The use of transparent crystals for 
faceting purposes, however, is not mentioned 
by any important authority other than G. F 
Herbert Smith in his comprehensive treatise 
“Gemstones.” Presumably, the late Dr. 
Smith had reference to the faceting quality 
of datolite, since he furnished the charac- 
teristics which would be useful to a gemolo- 
gist called upon to identify a clear gem of 
this mineral. 


For some years now, the Lane Quarry at 
Westfield, Massachusetts, has produced ex- 
ceptional crystallizations of large datolites. 
One vug section in the collection of the U.S. 
National Museum is over a foot in length 
with one side completely covered by pale 
yellowish-green crystals, each about an inch 
or more in length. From such crystals it is 
easy to obtain clear and flawless sections 
suitable for faceting, although loose frag- 


ments of datolite found in chlorite-filled 
pockets in the Westfield rock are likely to be 
of better quality. The datolite from New 
Jersey quarries, also well known to the min- 
eralogical fraternity, is not as large as the 
Westfield material and is seldom as clear. 
Occasionally, faceting material has been 
found in the same copper region about Lake 
Superior mentioned earlier. 


In cut form, datolite makes a brilliant and 
attractive gem. The color is exceedingly pale 
and the slight trace of greenish yellow is 
easily apparent only when the specimen is 
resting upon a dead-white background. Bire- 
fringence is large and is noticeable to the 
unaided eye of average keenness. Although 
the hardness is stated to be five, lapidary 
treatment indicates it to be considerably 
harder, possibly as high as six. 


LEUCITE 


A most intriguing series of small gems 
were cut recently from some clear trape- 
zohedrons of Italian leucite. The locality was 
stated to be in the volcanic rocks near Villa 
Senni, Grotto Favata, Alban Hills, the same 
rocks which are famed for their production 
of a wide variety of characteristic lava min- 
erals. Most of the crystals were less than a 
pea in size, sometimes beautifully regular in 
their external geometry and usually some- 
what translucent. A few of the better ones 
proved quite clear and, upon cutting, showed 
an unexpected degree of “fire.” This was 
most unusual in view of the very low refrac- 
tive index and an explanation was immedi- 
ately sought. Dana’s “‘Textbook’’ states in 
regard to leucite that it “Usually shows very 
feeble double refraction: alpha 1.508, gamma 
1.509. Under crossed nicols shows weakly 
birefringent twinning bands.’’ Checking the 
four stones in my possession on the refrac- 
tometer, it was found that each showed a 
fairly constant refractive index at 1.51, with 
a rather narrow colored band between the 
dark and light fields. Lacking monochro- 
matic light for these readings, they must be 
considered approximate at best ; however, the 
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narrowness of the colored bands in ordinary 
light confirmed the fact that the “fire” was 
not due to dispersion but to some other 
cause. 

The stones were next examined under the 
polariscope, and at once they assumed 
amazingly vivid colors and strong anomalous 
double refraction effects under crossed polar- 
oids. Some of the color bands were circular 
and gave promise of an optical figure but 
none could be materialized. Under magnifi- 
cation, each gem showed fine parallel striae 
and, when turned about slowly to a certain 
position, exhibited a patch of vivid color. 
There were several such patches in each gem 
and as far as could be seen; each was per- 
fectly flat and oriented parallel to a set of 
the striae. They did not appear to be diffrac- 
tion effects necessarily, since no physical 
separation of layers was noted which could 
give Newtonian rings. 

In size, these leucites do not exceed about 
80 points. The style of cutting has no effect, 
of course, on the display of this ‘fire’; it is 
like the color in opal, independent of any 
outside shaping for its existence. 


KYANITE 


Seldom seen in collections, kyanite owes 
its scarcity to the extreme difficulty en- 
countered in cutting. The slightest misstep 
in preparation results in a shattered stone. 
This is due not only to the excellent cleavage 
but also to the wide variation in hardness 
exhibited by certain planes in the crystal. 
However, an experienced lapidary can usually 
complete one successfully if forewarned of 
its properties. 

In the last several years, various mineral 
dealers in this country have imported kyanite 
blades from Sultan Hamud, Kenya, and also 
from Brazil. The Kenya material comes in 
large pieces, sometimes as much as four 
inches in Jength and about a half inch thick. 
In suitable pieces, clear areas exist which 
provide faceting possibilities. The colors 
range from deep blue, through greenish blue, 
pale blue, to colorless. Often several bands 


of color will fall within a space of less than 
a quarter of an inch. Brownish, straight, 
tapering inclusions oriented across the length 
of the crystal are common but do not detract 
seriously from the appearance of a finished 
gem. The Brazilian material is blue to color- 
less with various shades of blue between the 
two extremes. The finest blue is extremely 
handsome and would do credit to the best 
Kashmir sapphires. Unfortunately, the Bra- 
zilian crystals are quite small and furnish 
cut stones of less than a carat if they are cut 
with sufficient depth. 

In the United States, Yancey County, 
North Carolina, was once noted for fine 
green kyanites. This area provided single 
crystals, stubby and compact, which yielded 
larger cut gems than either the Kenya or 
Brazilian crystals. The green color was ex- 
ceptionally reminding one of 
greenish aquamarine. Also, the crystals were 
very clear and afforded perfect stones in this 
respect. 


attractive, 


ULEXITE 


Several months ago I heard of a fascinat- 
ing curiosity: the so-called “Television 
Stone.” It seems that some of the fibrous 
massive ulexite from one of the borax min- 
eral deposits of California had fallen into the 
hands of an imaginative amateur lapidary of 
Los Angeles..He noted that the extremely 
fine tubes in this material were so straight 
and so clearly reflective that the image of an 
object placed at one end of the tubes would 
appear reflected at the other. He had a hunch 
that this could be made up into something 
unique; accordingly, he cut and polished a 
cross section to check. 

The reflecting effect turned out to be 
astonishingly strong and clear; newsprint 
placed against one polished face appeared 
as if by magic on the other, even with an 
intervening distance of an inch of material. 
Observing this, our unsung genius dubbed 
the gem “Television Stone.’ Needless to say, 
all available specimens of ulexite promptly 


(Continued on page 254) 


WINTER 1955 - 1956 


241 


Book Reviews 


MICROSTRUCTURES OF DIAMOND 
SURFACES by Prof. S. Tolansky, Pb.D., 
D.Sc., Department of Physics, University of 
London, Published by N.A.C. Press Lid., 
London. 


Professor Tolansky has brought his ten 
years of research in the techniques of high 
magnification to the study of diamond sur- 
faces in this valuable work. The diamonds to 
be studied were furnished by Industrial Dia- 
mond Distributors, Ltd. The study was im- 
portant to this unit of the Diamond Corpora- 
tion because of the valuable data potentially 
available through this type ‘of research. The 
results should be useful in the preparation 
of some industrial diamonds and have a 
bearing on diamond cutting as well. 

The techniques used were two-beam inter- 
ferometry, multibeam interferometry, high 
dispersion interference contrast and light pro- 
file. Tolansky points out that despite their 
early discovery, it was only late in the 19th 
century that it was realized that Newton’s 
tings provided, in effect, an optical contour 
map of the shape of a lens. Tolansky rea- 
soned that similar results could be obtained 
between flat surfaces at a small angle to one 
another. It is possible by this method to 
contour surfaces and get effective magnifica- 
tions many times larger than what would 
normally be expected from the elements 
employed. Tolansky says that when the de. 
tail to be examined is so small in extension 
as to tax the maximum microscope resolu- 
tions available, two-beam interferometry was 
used. The techniques of multibeam interfer- 
ometry permit much higher powers to be em- 
ployed in measuring height and depths but 
at the expense of using more limited magni- 
fications in extensions; i.e., across the sur- 
face. It is possible in the most favorable 
cases to resolve height-depth features as small 


as 1/500 of a light wave; i.e., only 10A 
(Angstrom units), or one millionth of a mil- 
limeter. Such a distance approaches molec- 
ular dimensions. It is remarkable that such 
powers can be made available by a very 
simple, inexpensive means and that effective 
magnifications of even 500,000x can be se- 
cured. Tolansky says, “Multibeam fringes 
have the same general topographic outline 
and are the same in location as the two- 
beam fringes, but they are highly sharpened 
through the multibeam interference effects. 
This sharpening makes possible much closer 
results.” In other words, either method pro- 
duces fringes, which contour the surface 
studied, but multibeam fringes are sharper. 
See Figure 1 (Plates 1 and 3). 


Using these and other techniques, Tolansky 
has made some very interesting observations 
regarding the surface of diamonds. He has 
studied natural faces of various crystal shapes 
of diamonds, cleavage surfaces, and the re- 
sults of etching, polishing, and percussion on 
diamond surfaces. The trigons found on 
octahedral faces and oriented exactly in re- 
verse to the octahedral face were shown to 
Tolansky’s complete satisfaction to be a 
growth phenomena and not, as some investi- 
gators have thought, a result of etching. See 
Figure 2 (Plate 9). He found that the trigons 
were shallow and had only very slightly 
sloping sides; usually a trigon has a flat base. 
Tolansky states that it is probable that this 
region is flat to within atomic dimensions 
and may well be a truly atomic plane. ‘For 
it can be established that uniformity of tint 
within a high dispersion area implies flatness 
to within less than 10 A, possibly less than 
5 A.” Apparently trigons are to be found on 
every octahedron face. See Figure 3 (Plate 
16). 

His study of the trigon has led Tolansky 
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(Plate 3) 


(Plate 1) 
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to believe that diamond grows by accumula- 
tion of atoms in wave fronts across each suc- 
cessive plane. In other words, he believes 
that atoms accumulate much as bricks would 
be placed on successive parallel walls. Since 
on an octahedron face these are advancing 
from three directions at 60 degrees to one 
another, if growth is held up for some reason 
over a straight-line edge, then a triangular 
depression will form whose base level will 
be exactly on the original flat region. Tolan- 
sky says further, “As to the origin of the 
trigons, it is possible that they are built on 


Figure 4 
(Plate 53) 
400X% 


Figure 3 
(Plate 16) 
260X 


linear dislocation regions in the crystal lat- 
tice. Growth progresses until a linear dislo- 
cation is reached and then growth sweeps 
around this. Ultimately, of course, the trigon 
will be filled in, for, as the crystal grows, the 
trigons are filled in and disappear.” 

One feature noted by Tolansky is prob- 
ably what is often referred to as a twin line 
in diamond. See Figure 4 (Plate 53). That is 
a line which the diamond grader notes in a 
cut stone as a definite line across the crystal 
without cleavage or any other obvious rea- 
son. Higher frequency of trigons along such 
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lines was encountered. See Figure 5 (Plate 
54). It has been assumed that this is the 
result of twinning or crystallographic slip. 
Some of Tolansky’s excellent photomicro- 
graphs show faultlike surface discontinuities 
which he attributes to such a slip. See Figure 
6 (Plates 49 and 50). He favors the slip 
hypothesis over twinning, believing that if 
the mechanism were due to twinning, it 
should be more common on macles and other 
types of diamond twins, whereas it seems to 
be no more common on those than on other 
diamonds. 


WINTER 1955 - 1956 


245 


In his study of etching, Tolansky found 
proof for the fact that trigons are growth 
rather than etching phenomena, because he 
found that trigons formed by etching were 
oriented with the sides parallel to the faces 
of an octahedron rather than reversed as are 
trigons. See Figure 7 (Plate 62). The tem- 
peratures at which etching took place first 
were of interest. He states that in each case 
etching was accomplished by immersing the 
diamond in hot potassium nitrate. ‘Etching 
in a subtle way begins very much earlier than 
investigators have reported. Numerous dia- 
rnonds have now been etched and the tem- 
perature range has been as low as 500 to 700 
degrees C. Marked etching sets in at 525 
degrees C for all diamonds examined.” 
Tolansky records the various stages of etch- 
ing and the various patterns which devel- 
oped. Some of the photomicrographs are 
most interesting. See Figure 8 (Plate 74). 

In his studies of cleavage, Tolansky found 
that cleavage faces on Type 2 diamonds are 
much better than those on Type 1 (Type 1 
and Type 2 are two modifications recognized 
for their different transparency to ultra- 
violet). The more common Type 1 transmits 


Figure 7 
(Plate 62) 600X 


less of the ultraviolet than does Type 2. To 
quote Tolansky: “It turns out that the charac- 
teristic type of cleavage (the traditional ‘'per- 
fect” cleavage) is, to interferometrical stand- 
ards, a very rough affair indeed. See Figure 
9 (Plate 96). The surfaces are broken again 
in a conchoidal fashion to such extent that 
it is quite impossible to apply precision inter- 
ference methods. On the other hand, the 
Type 2 cleavage is likely comparable with 
the very perfect cleavage of such crystals as 
topaz.” 

Another study made by Tolansky was of 
percussion marks on diamond. He found 
that cracks appeared parallel to the cleavage 
on whatever surface the load had been placed. 
See Figure 10 (Plate 115). Thus on octa- 
hedron faces, the percussion marks are hexa- 
gons, and on cube faces, squares, with the 
sides at 45° to the cube edges. He found that 
the diamond deformed in a plastic manner, 
rising up to the outer edges of the cracks, 
with the inner portion tending to be either 
at the same level as the surface or slightly 
depressed from it. See Figure 11 (Plate 121). 
Tolansky found that it is not difficult at all 
to produce percussion marks on diamond 
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Figure 8 (Plate 74) 1200X 


and indeed found many on the natural sur- 
faces. He produced percussion marks’ by 
placing a ball-ended cylinder of diamond 
with a rod of .4 mm. and set up an apparatus 
so that the diamond faces could receive the 
diamond ball under minor pressure. It has 
been found that with loads as light as 4kg., 
permanently oriented ring cracks can be 
formed. Tolansky states, “The astonishing 
thing is the ease with which ring cracks 
can be introduced using relatively small 


loads on the diamond ball.’’ Of course, these 
are minute and it is conceivable that many 
could be found on the surface of a diamond 
which is flawless under 10x. 

Studies made of commercially polished 
diamond surfaces show that considerable de- 
partures from optical flatness existed. It was 
found, for example, that the average surface 
has an appreciable cylindrical curvature. Even 
a three-stage experimental polishing method 
much more exact than that employed com- 
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Figure 11 (Plate 121) 400X 


mercially left polishing marks. From. this 
and other evidence, Tolansky concludes that 
no Beilby layer forms on polished diamond. 
He states, “It is therefore to be concluded 
that diamonds cannot be polished as flat as 
glass.” 


On studies of the surfaces produced by 
sawing by commercial methods, Tolansky 
found that in some regions the surface was 
flat and smooth and in others, chopped and 
irregular. The latter are so irregular that 
polishing is more laborious and the weight 


loss great. Investigation showed a correla- 
tion between the charging of the saw blade 
and the rough areas. He believes that more 
uniform surfaces will result if the saw is 
charged only at the beginning. If this is not 
enough, continuous charging is recom- 
mended. 


Tolansky’s studies add up to a significant 
contribution to the technology of the dia- 
mond. The photomicrographs are beautifully 
reproduced and make a fascinating record 
of his achievements. 


THE PEARL AND I — the Diary of an 
ex-Millionaire by Leonard Rosenthal, pub- 
lished by Vantage Press, New York; 223 
bp. $3.00. 

The PEARL AND Iis an autobiographical 
work of the later years of a man once very 
important in the pearl markets of the world. 
The late Leonard Rosenthal wrote a num- 
ber of books including “The Kingdom of 
the Pearl,” published by Brentano’s in 1920 
(a limited deluxe English language edition 
of a book published in France in 1919), and 


“The Pearl Hunter,” an English adaptation 


of ‘““Memoires d'un Chercheur de Perles,” in 
1949. Rosenthal died a short time ago at 
the age of eighty-three, just as his new book 
was going to press. 

Mr. Rosenthal’s last book deals mostly 
with his life from the time he left France 


in 1940 to 1952; Pearls and other gemstones 
play a somewhat insignificant part in the 
story. However, Mr. Rosenthal provides a 
rather interesting appendix on pearls and 
cultured pearls, entitled, “All About Pearls,” 
in which he describes in detail the historical 
background and role of natural pearls as well 
as present activities in- the cultured-pearl in- 
dustry. The importance of gems in his life, 
aside from the fortune he built on them early 
in his career, is traced to the fact that it was 
only pearls and other gemstones concealed 
in tubes of paint that he was able to take 
with him when he escaped from Paris in 
1940. Rosenthal states: 

“Time and again, in the half century 
that I spent in France as a dealer in pre- 
cious gems, refugees from political or 
racial persecution reached Paris with only 
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their gems as a lifebelt. Among these peo- 
ple were princes and granddukes; count- 
less times 1 purchased their gems from 
them, providing them with ready money. 
Sometimes the market in gems was 
flooded, because of the waves of refugees, 
and consequent prices were relatively low. 
But the fact remained: it was possible to 
have a better price on gems than on other 
rare objects — art masterpieces, antique 
furniture, and so forth — which usually 
flooded the market in similar periods. 


“Apparently here in America, at pres- 
ent there are many people anxious to pro- 
vide for an uncertain future by investing 
in gems. In fact, I am very frequently 
called upon here in New York to advise 
potential purchasers of ‘secondhand jewels’ 
—which again, represent a sound invest- 
ment.” 

Rosenthal says further: 

“How sound an investment are gems? 
What gems are the soundest investment? 
These are questions often asked me even 
today. But they were asked particularly 
during the 1930 panic, and during the 
years leading up to both world wars. Ever 
since the beginning of history, gems have 
been regarded as the equivalent of gold 
bricks, and with the added advantage of 
being more easily transported and nego- 
tiated. 

“In France, where time and again wars 
have caused the devaluation of the franc, 
people with any money at all invest in 
gems. You will often see a respectable 
middle-class woman rather shabbily 
dressed but wearing important jewels; 
they are a safer way to provide money for 
a rainy day than any bank account.” 

Mr. Rosenthal writes in an entertaining, 
even vivid style which makes for rapid and 


fascinating reading. He has some interesting 
comments on the preferred position enjoyed 
by a gem expert. He relates the case of a 
man of wealth who at a social gathering 
remained silent when the conversation 
“turned on the characteristics, desirable and 
otherwise, of aristocrats. Asked at length to 
contribute his share to the conversation, he 
frankly said, ‘I am not qualified to speak. My 
forebears were butchers. Behind his back, 
he heard a scandalized voice remark, ‘When 
one has such a background one remains 
silent!’ On the other hand, I do not recall 
ever having been made to suffer any humili- 
ation of the sort, although my father was a 
shopkeeper and I was a self-made man. Per- 
haps this was because I had made my fortune 
in gems.” 
Mr. Rosenthal continues: 

“The gem expert throughout the world 
and in every epoch enjoyed special privi- 
leges, meeting with a degree of respect 
not granted to experts in other merchan- 
dise. 


“In India, land of the caste system, the 
art of appreciating precious gems has 
been, the 16th century onward, 
highly esteemed. Perhaps it was because 
the study of gems was not reserved ex- 


from 


clusively for merchants, but also engaged 
in by poets and princes. Each generation 
of gem experts in India was expected to 
contribute its remarks on the subject in 
writing. These writings, known as the 
Ratnapariksd, a compendium on the appre- 
ciation of gems, are a mine of information 
for any would-be expert today, as well as 
for the historian of traditions, superstitions, 
and customs. We gather from these writ- 
ings and from certain inscriptions on 
tombs that the skill of the gem expert was 
one that kings liked to honor. One tomb 
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inscription reads: ‘His eyes were the blue 
of a clump of blue lotuses; with a rapid 
glance from them he could perfectly dis- 
cern the qualities of beauty existing among 
elephants, horses, men, and women. But 
how describe the skills with which he dis- 
cerned the value of diamonds and other 
precious stones! 


“Elsewhere in Hindu writings we find 
the gem expert described as a ‘treasure 
difficult to find’ and are told that when 
such an expert is encountered, his help 
should be solicited humbly; he should be 
welcomed by the host and offered a chair, 
should be presented with perfumes and 
garlands.’ According to one text, the gem 
expert is a person ‘who knows the con- 
temporary world, possesses the art of 
pleasing kings, is acquainted with the 
prices of goods upon the market, and has 
mastered the rules of computation.’ 


“In Italy in the 16th century the gem 
merchant enjoyed almost as much prestige 
as the artist. And that is to say a great 
deal, for the artists were sometimes al- 
lowed literally to get away with murder.’ 
Take the case of that superb artist in gold 
and jewels, Benvenuto Cellini. When the 
hot-tempered artist, too quick with his 
dagger, had committed three murders in 
two years, it was expected by everyone that 
Pope Paul III would issue orders for his 
punishment. On the contrary, the Pope is- 
sued a statement to this effect: ‘Know then 
that men like Benvenuto stand above the 
laws.” 


By Rosenthal’s account, he was instru- 
mental in forcing early dealers to label their 
cultured pearls as such through legal action 
in Paris. He tells of his early efforts to make 
a living in the gem field in America before 


finding that his old nemesis, the cultured 
pearl, provided his best opportunity. 

All in all, “The Pearl and I’ makes in- 
teresting and pleasant reading. 
GEOLOGY OF SOUTHERN CALIFOR- 
NIA Bulletin 170 


Bulletin 170 of the Division of Mines of 
the State of California is a monumental re- 
port on the geology of Southern California. 
The report consists of ten chapters entitled: 
General Features; Geology of the Natural 
Provinces; Historical Geology; Structural 
Features; Geomorphology ; Hydrology; Min- 
eralogy and Petrology; Mineral Deposits and 
Mineral Industry; Oil and Gas; and Engi- 
neering Aspects of Geology. The geologic 
guides for five selected field trips covering 
most of the area add great interest to trips 
for those who are interested in the geology 
and mineral resources of the area. In addi- 
tion, there are 34 map sheets of the geology 
of 25 different areas and nine oil fields. 
There are many other smaller maps and 
cross sections included in the ten chapters 
mentioned above. 


The principal editor is Dr. Richard H. 
Jahns, Professor of Geology at the Califor- 
nia Institute of Technology and GIA Tech- 
nical Consultant. Other members of the edi- 
torial committee consisted of Dr. A. O. 
Woodford, Professor of Geology at Pomona 
College; Dr. John C. Crowell, Professor of 
Geology at the University of California at 
Los Angeles; L. A. Norman, Jr., and Lauren 
A. Wright of the State Division of Mines. 
The editorial board had the assistance of 
103 authors. Dr. Jahns contributed a sig- 
nificant portion of the articles. Included 
among his contributions are the following: 
“Investigations and Problems of Southern 
California Geology,” “Geology of the Pen- 
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insular Range Province, Southern California 
and Baja California,” “Geology of the Trans- 
verse Range Province, Southern California,” 
“Marine-Nonmarine Relationships in the 
Cenozoic Section of California,” ““Pegmatites 
of Southern California,” ‘Northern Part of 
the Peninsular Range Province.” 

Bulletin 170 was prepared for the Los 
Angeles meeting of the Geological Society of 
America in 1954, but it was not published 
until mid-1955, This outstanding work will 
undoubtedly provide basic information of 
real value, assisting toward a better under- 
standing in the study of natural resources in 
the State and as a background in the devel- 
opment in the mineral industries. The ‘‘Geol- 
ogy of Southern California’’ should be of 
particular interest to mineral and gem col- 
lectors and to those planning trips in the 
area. 

Bulletin 170 may be obtained from the 
Division of Mines, State of California, Ferry 
Building, San Francisco 11, California. Price 
$1.00. 


GEM CUTTING a lapidary’s manual by 
John Sinkankas, C.G., D. Van Nostrand 
Company, New York, 347 pages, 94 illustra- 
tions. 14-page index. $8.95. 

John Sinkankas’s book on lapidary tech- 
niques is one that both the lapidary and 
hobbyist will find valuable. A number of 
books have been written on the subject, but 
this lapidary manual is the most compre- 
hensive of any published to date. Some of 
the gem minerals discussed are so rare that 
only a few are known to have been cut, and 
the essential details which pertain to the cut- 
ting of the latter are now in print for the first 
time. Many of these stones are cut infre- 
quently because, due to perfect cleavage and 
resultant fragility, they present a very diffi- 


cult project. On others a satisfactory polish 
is extremely hard to obtain because of their 
low hardness. However, each mineral is dis- 
cussed and the correct orientation, cutting 
angles, types of laps and abrasives are given, 
together with any special treatment neces- 
sary for the production of a beautifully fin- 
ished gemstone. Many of the stones will 
present a challenge to the lapidary or hobby- 
ist who enjoys cutting the unusual and dares 
to experiment with the difficult. 


The author, a career naval officer, is a 
well-known lapidary who has cut gems for 
many years. Many beautiful and rare stones, 
the result of his superior workmanship, are 
displayed in the National Museum in Wash- 
ington, D.C. Out of his wide range of expe- 
rience, he has gleaned valuable information 
on all phases of the lapidary art and has pre- 
sented it in his book. This dissemination of 
information, well organized and presented, 
the amateur lapidary and hobbyist has long 
awaited. 


In the well-illustrated book containing 16 
chapters, an appendix and index, every inter- 
esting phase of the lapidary art is covered. 
The initial chapter entitled, “How to Get 
Started,’ discusses equipment needed, costs, 
how to set up a lapidary shop, the various 
types of lapidary equipment on the market, 
the intricate details of assembling your own 
equipment, and the fabrication of many types 
of cutting and polishing laps. There are chap- 
ters on the manufacture, operation and care 
of various types of saws and the special ad- 
vantage of each, grinding and lapping 
equipment, and numerous sanding pro- 
cedures. Also presented are many money- 
saving shortcuts, essential for the average 
navice. The chapters on cabochon cutting 
and the faceting of gemstones are supple- 
mented by chapters furnishing general infor- 
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mation on the sources, selection, and buying 
of rough material. 

Beadmaking, drilling, and spheremaking 
are discussed, with several pages devoted to 
this phase of the lapidary art. 

To the potential lapidary the author has 
this to say: 

“Anyone can cut gems. The idea of 
cutting and polishing gemstones is fright- 
ening at first to most people, because they 
cannot see how they can ever duplicate the 
skill so obviously displayed in the spar- 
kling finished products gracing jewelry 
counters. Actually, it is far from being so 
difficult that only a favored few can 
master it.” 

He is the proud owner of an outstanding 
collection of gemstones which run the gamut 
of the mineral kingdom. 

Commander Sinkankas has been writing 
on the subject of gemstones for several years. 
Readers of GEMS & GEMOLOGY will re- 
member his article entitled, The Gem and 
Ornamental Stone Market of Hong Kong 
Today, in two parts, which appeared in the 
Summer and Fall, 1955, issue of GEMS & 
GEMOLOGY. Part I of a later article en- 
titled, Some Freaks and Rarities in Gem- 
stones, appeared in the Fall, 1955, issue of 
GEMS & GEMOLOGY. Part I] appears in 
this issue and completes the article. 


Gemstones of Brazil 


(Continued from page 229) 
stones have two shortcomings. First, the av- 
erage size is too large to be considered in 
good taste in our country. Secondly, too little 
attention is paid to producing calibrated 
stones which would fit standard American 
mass-produced mountings, Consequently, ex- 
pensive custom-made mountings must be 
used which necessitate higher prices for the 
finished articles than most Americans are 
willing to pay. In Brazil, with its low wage 
level, custom-made mountings in 18-karat 
gold are the rule. Government regulations do 
not permit alloys of lesser gold content to be 


sold as solid gold. The Brazilian industry is 
an individualistic craftsman’s industry. The 
miner, the cutter and the goldsmith work 
alone or with one or two helpers at the most. 
In the entire mining and manufacturing in- 
dustry there are probably fewer employees 
than there are self-employed workers. There 
is in Brazil little room for the manufacturing 
jeweler, as we use the term in the United 
States, except for the less expensive jewelry. 
Those people who are making a sizeable in- 
vestment in jewelry prefer to buy the stone 
and choose the type of mounting. 

This works better than we in the United 
States might suspect. With craftsman labor 
so cheap, the seller can have one or more 
designs drawn up by an artist which the 
customer may choose from or modify. The 
final design is rendered in 18-karat gold or 
platinum’ at a price that cannot be met in 
the United States even with mass-produced 
mountings. Irrespective of the cost situation, 
this method of merchandising has one fea- 
ture, customer participation, which should 
interest the American jeweler. The Brazilian 
customer is not simply buying a piece of 
merchandise — he is buying a work of art, in 
the creation of which he has played a part. 
He can do this because, unlike the American 
customer, he has a rather intimate knowledge 
of the stones he is buying. He knows quality 
when he sees ft and is willing to pay for it. 
He wants and will pay prices for fine blues 
in aquamarine and looks with disdain upon 
the pale blues commonly sold in the United 
States. Likewise, he buys the lighter green 
and the blue-green tourmalines which we 
rarely see in our stores. He knows the qual- 
ity of the stones worn by the wives of his 
friends. 

The American customer buys only by 
name. If he wants an aquamarine but wishes 
to put more than a hundred dollars into his 
purchase, his jeweler adds that value by 
using side diamonds in a platinum-iridium 
mounting. Why decorate a $35 aquamarine 
with $350 worth of diamonds and platinum ? 

The answer lies in the ignorance of both 
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the customer and the jeweler. Neither have 
been educated to appreciate quality in col- 
ored stones. Granted, few Americans would 
pay $350 for an aquamarine today, nor will 
they do it tomorrow or ten years from to- 
morrow unless the jeweler first educates 
himself and then his customers. As a first 
step the American jewelry industry should 
demand a better make in his colored stones. 

The Brazilian lapidary is well aware of 
this situation and that is the reason we see 
so many ‘‘fisheye’”’ aquamarines in American 
jewelry stores. He does his good work on 
his good stones for the Brazilian trade. As 
one remarked about the American trade. 
“They buy by the carat, don’t they; why 
should I cut away weight when they will 
not pay for a properly proportioned stone?” 


“Inclusions” 


(Continued from page 236) 


Fig. 10. Among all the numerous speci- 
mens of Moonstone which I have examined 
I have found two only with “inclusions.” 
These have numerous parallelograms which 
look like cavities, but may be true crystals of 
some foreign substance. There is no appear- 
ance of fluid in them. 

Fig. 11, 4. 6, ¢, Emerald. A very fine speci- 
men in my collection is filled with exceed- 
ingly interesting cavities with included cubic 
crystals, enveloped by fluid. The forms of 
the cavitics are exceedingly varied, and the 
cubic crystals — generally two, a small and 
larger one — are remarkably perfect. These 
characters make this specimen one of very 
great interest. 

Fig. 12 and 124, Beryl from Unionville, 
Pennsylvania. Fig. 12 represents a remark- 
able biangular cavity with a cuboid crystal at 
one of the interior angles — has no fluid. 
Fig. 12a represents in the same specimen two 
cavities with fluid and air bubbles. Both fig- 
ures represent the numerous irregular cav- 
ities and imperfections which exist through- 
out the mass. 


Note. — I have made these drawings with 
great regard to correctness, and the artist has 
well represented them. 


Freaks & Harities 


(Continued from page 241) 


disappeared from the market when news of 
this spread. 


ulexite has been used for 
making cat’s-eyes but it is extremely soft and 


Ordinarily, 


fragile. The cat’s-eye effect is exceptionally 
strong, however, and it is worthwhile to take 
the considerable trouble involved in prepar- 
ing the stone. The “‘television”’ effect referred 
to above can perhaps be found also in the 
finer qualities of satin-spar gypsum from 
England. 


CORRECTION 
An error occurred in the placement of one 
of the photomicrographs in the article en- 
titled "'Electron-Microscopic Observation of 
Aragonite Crystals on Cultured Pearls,” in 
the Fall, 1955, issue of GEMS & GEM- 
OLOGY. 


A duplicate of Figure 5 was inadvertently 
used for Figure 2. The photomicrograph for 


Figure 2 is shown herewith. 
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Problem of the Two Types of Diamond 


(from the Diamond News) 


Dr. J. F. H. Custers, of the Diamond Re- 
search Laboratory, Johannesburg, writing in 
“Nature,” says that in an article on “The 
Problem of the Two Types of Diamond” by 
Prof. G. B. B. M. Sutherland, D. E. Black- 
well and W. G. Simeral, it is remarked that 
“in our experience all large diamonds of 
gemstone quality are always type 1 dia- 
monds.” 

Actually the four largest and finest dia- 
monds we have come across at the Diamond 
Research Laboratory since 1951 
type II. 

Some details are given in table 1. 

The difference between types Ila and Ib 
is that Ha is an excellent insulator for elec- 


were all 


tricity whereas Ib is a tempcrature-sensitive 
semiconductor. Type [lb shows, moreover a 
green-blue phosphorescence after having. been 
irradiated with short-wave ultraviolet (reso- 
nance line of mercury, about 2536 A.) 
wifereas type Ila does not. None of the dia- 
monds of table 1 fluoresces in the near ultra- 


violet, that is, about 3650 A. At the time 
when the 341!4-carat diamond was exam- 
ined, the existence of type IIb diamonds was 
still unknown. 

The diamonds of table 1 are all of the 
finest gem quality, and it is my firm opinion 
that nearly all the larger gemstones belong 
to this category. However, it is true that not 
one of the larger gem diamonds shows a 
regular crystal form. Quite a few of them 
show not only growth triangles but also 
growth figures of a hexagonal shape. 

Finally it is worth mentioning that the 
Premier Mine produces a very much higher 
percentage of type H diamonds than any 
other mine. 

See: 

Summer 1954 GEMS & GEMOLOGY 
Volume VIII, No. 2 

“Discrimination Between Natural Blue Dia- 
monds and Diamonds Coloured Blue Arti- 
ficially” by J. F. H. Custers, Pb.D., H. B. 
Dyer, Ph.D, 


Weight Transmittance 
Type in Colour Origin in ultra Laminations Lit. 
carats violet. reference. 
Pp . 
Il 344 Pure Premier Down to 2250 A. Present. Research 4,131 
White. Mine (1951). 
P ae 
IIb 66 Pure Premier Down to 2750 A. Present. Physica, 18,489 
white. Mine. and probably (1952). 
shorter. 
Pp . ae 
Ha 160 Pure S.-W. Down to 2375 A. Present. Laboratory 
Report No. 94, 
May, 1, 1951]. 
Gems and 
Gemmology 
7,275 and 287 
(1953). 
—_p—-— —_— 
Ilb 426} Pure Premier Down to 2375 A. Present. J. Gemmology, 
white. Mine. 4, 300. (1954). 
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Lommemorating 


Our 


Anniversary 


The Headquarters of the Gemological 
Institute has a special air of excitement these 
days. The celebration of its Silver Anni- 
versary climaxes a journey marked by clearly 
defined milestones of achicvement, the latest 
of which is the beautiful new Institute struc- 
ture, 

From the trme of its organization by 
Robert M. Shipley, in 1931, during the diffi- 
cult depression days, the Institute has ex- 
pericnced steady progress, with considerable 
acceleration since World War If. Of the 
thousands who have completed the Insti- 
rute’s courses of training, over 50° have re- 
ceived their diplomas in the last five years. 
Nonveteran enrotlments have increased year 
after year. With each step its growth has 
been built on a solid foundation as the Insti- 
tute has kept pace with changing needs of 
the industry. Today there is a dynamic feel- 
ing. enhanced by the beautiful new Head- 
quarters structure, plus an administrative 
staff and faculty convinced of the present 
and potential value of the organization to 


the jewelry industry. 

This twenty-five-year point is surely a 
time to look back with appreciation and for- 
ward with anticipation to plans in work and 
IN prospect. 

The history of the Institute from 1931 to 
1956 1s the subject of an article beginning 
on page 282 of this issue. The following 
comments are concerned with developments 
since the 20th Anniversary story appeared in 
the Summer 1951 issue of Gems 6 Gemolugy 


and with a look into the future. 
1952 


In September, 1952, the first — resident 
class in Jewelry Store Merchandising was 
offered by the Institute in conjunction with 
the School of Commerce of the University 
of Southern California. Although the course 
was received enthusiastically by those who 
attended, it was felt that the period of the 
class had been too short to more than cover 
the bare essentials. Consequently, it was de- 


cided that a correspondence course should 
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be developed to be completed in 1956. Since 
that time, Progrestire Retailing fur the 
Moder Jeweler has been in preparation. 

In October of 1952, the Institute's gemo- 
logical correspondence courses were made 


available to veterans of the Korean conflict. 


1953 


In the past five years, the rapid progress 
in the Institute's cducational program has 
continued, One of the most important ad- 
vances has been in the expansion of diamond 
training in grading, appraisal and merchan- 
dising. A new diamond appraisal system 
was developed by the Institute which was 
offered in the form of a one-week class for 
the first time in April, 1953. This system 
takes proportion and finish fully into account 
in evaluation. 

With the exception of a few assignments 
which were revised, Course #3 (Advanced 
Gemology) was completely rewritten to 
cover advanced identification techniques and 
the application of gemological knowledge in 
the retail jewelry ficld. This was completed 
in 1953. Detailed colored-stone price charts 
were prepared for use both in the resident 
program and in correspondence courses. 
These were added to the Colored-Stone 
Course (#1) in August, 1953. The other 
courses continued to receive their regular as- 
signment-by-asstgnment revision to keep 
them up to date. In the publication held, 
Inclusions as a Means of Gemstone Identt- 
fieation. by Edward Gubelin, Ph.D., G.G., 
F.G.A., was published in January, and the 
third edition of Liddicoat’s Imdbook of 
Gem Identification, Vater in the year. 

In the Instrument Department the base for 
the Gemolite was redesigned and improved 
both in appearance and cfficiency. 


1954 
In 1954, Christian A. Jakobb, of New 
York City, a famous jewelry designer and 
teacher of jewelry design for many years at 
New York's Mechanics Institute and in his 
own schyol, reached the middle 70's in age. 


Wishing to perpetuate his course in jewelry 
designing and fecling that the GIA was the 
organization he wanted to continue his work, 
Mr. Jakobb asked the Institute to offer his 
course of instruction in this subject. 

In another ficld, the Institute took part ia 
a program aimed at providing cducanonal 
hobby kits for children. In this endeavor the 
Encyclopaedia Britannica and the Chicago 
Muscum of Natural History participated as 
advisors, with the American Optical Com- 
pany, Taylor Instrument, Bauer & Black. 
Radio Corporation of America, and the Ensti- 
tute providing the kits. The book written to 
include with the Institutes Rock Detective 
Kit #1 of the 


utilized a simple system of rock identification 


Industrial America series 
for children, which was very well received. 
This book will soon be published by another 
publisher in the Middle West. 

The final decision to build a new home 
for the Institute was reached by the Board 
of Governors in January and the land was 
purchased. The famous architect, Richard J. 
Neutra, FLA.LA., was cngaged to design the 
building and he worked with the staff during 
late 1954 in the planning stages 


1955 


The rewriting of the Drummond Course was 
Diamond 
Training Program covering diamond grading, 


completed and a well-rounded 
appraisal and merchandising: was introduced 
in the correspondence curriculum, 

In the instrument field, a versatile Jewelers 
Camera, offering a wide range of uses, was 
shown for the first time, Tooling on the 
instrument was begun, with a delivery goal 
to be announced shortly. A diaphragm was 
added over the Gemolite light source, in- 
creasing cfficiency materially. In addition, a 
new Polariscope was introduced with a 
built-in light source. 

In 1955, the Gemological Institute re- 
ceived the magnificent gift from the Diamond 
Corporation of the Sir Oppenheimer Student 
Coltection of 1500 


diamonds. A number of the stoncs were cut 


over carats of rough 


260 


A portion of the Oppenheimer Student Collection, which 


was donated to the 


Institute 


for educational purposes. 


A number of the stones have been cut without charge to 
the Institute by Lazare Kaplan & Son. 


without charge to the Institute by Lazare 
Kaplan & Sons of New York City. The 
Oppenheimer Student Collection, which was 
donated to the Institute for educational pur- 
poses, will permit a significant expansion of 
diainond evaluation class presentations 
throughout the country. In the next two or 
three years the course will probably be 
offered in the major cities of the country. 

Construction of the new Institute building 
began in February. The move to the heautiful 
11940 San Vicente Blvd. was 
made fate in September. 


structure at 


1956 
The new building was dedicated on Febru- 


ary 28, 1954, 

Progressive Retailing fur the Modern 
feweler, the course planned in 1952, is near: 
ing completion. The first unit of this four- 
unit program will be offered this tall and 
enrollments accepted starting late this 
summer. The Institute’s Chrruvicr Jakobt 
Design Conse also is rapidly approaching 
completion, It too will be offered in the fall 
of this year, 

These are but additional steps toward a 
goal of providing for the jeweler a source of 
traning in all essential fields to devetop an 
effective knowledge of the merchandise he 
handles and the overall operation of a retail 


jowclry store. 
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Front entrance from San Vicente Boulevard, facing north 
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A Tour of GIA’s New Headquarters 


Entrance from San Vicente .Boule- 
vard, as seen from first landing on 
stairway, looking north. 


An unusual view of the stairway as 

it appears from the entrance, 

facing east. Above the staircase is 

a luminous ceiling. The plaque in 

recognition of the achievements of 

Robert M. and Beatrice W. Shipley 
is out of range to the left. 
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- syor0eical INSTI oye 
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Looking south through front recep- 
tion window into Education Depart- 
ment. T. J. Barrows at 
reception desk. 


INFORMATION 


@ | 


i 


Accounting Department, facing 
north. To the right of this area is 
the San Vicente Boulevard entrance. 


Esther Windish, 
Accounting 
Department 

Manager 
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Education Department, 
facing south. Kenneth M. 
Moore, Director of Corre- 
spondence Courses and 
Instrument Department. 


Education Department, facing south. 
Bunny Powers in background. 
Sliding doors on left conceal course 
assignments. 


Education Department, facing north. 
Jo Ann Harrington, left, and 
Pat Carter, foreground. 
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The Purchasing and Shipping Department as seen from the Education Depart- 
ment, facing south. To the right is the Printing Department and to the left are 
the Purchasing and Shipping Departments. 
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Clare Verdera, Purchasing and Personnel Manager 


Purchasing Department, facing northeast. 
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Shipping Department, 
facing north. 


Area in the Printing De- 
partment, Patience Cony 
at the mimeograph. 


Area in the Printing Department, 
facing north. To the right is seen 
the addressograph and the files for 
the many stencils used in the Mail- 
ing Department. Steps lead to the 
Education Department. 
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R. T. Liddicoat, Jr., Director of the Institute 


Director's Office and Conference Room, facing northwest. 


Administration Department, facing north. At left, 
Dorothy J. Smith, Executive Secretary, and 
Mildred Howe, Assistant Registrar 


Lester B. Benson, Director of Resident Training, in his office. 
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An area facing north in the 
well-equipped laboratory, Com- 
plete facilities for the scientific 
identification of gemstones and 
diamond grading are kept in 
the laboratory. Plaques seen on 
the far wall are those dedi- 
cating the laboratory to the 
late Godfrey Eacret and honor- 
ing the memory of the late 
Edward Wigglesworth, Ph.D., 
G.G., early President of the 
Institute and Eastern Laboratory 
Director. 


Ge 


A section of the laboratory, 
facing west. Scientific instru- 
ments used in identification 
and grading are in view. 
Sliding doors cover the stor- 
age space used for 
accessories. 


X-ray and darkroom. 

John Ellison, instructor, 

prepares to test a strand 
of pearls. 
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Joseph Murphy, GIA instructor, facing the southeast area of the Instructor's 
Department. Joe grades Course #012 assignments. 


James Coote, GIA instructor. Jim grades Course +1 assignments. 


GEMS & GEMOLOGY 


Lenard Peters, GIA instructor, Len grades Course #2 assignments. 


John Ellison, GIA instructor, taken in the classroom. Door to left leads into the 
reception area. John grades Course 73 assignments. 
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A portion of the Research 
library, facing .orthwest. 


L. L. Copeland, Research 
Librarian and Course Editor. 
Facing the southeast corner. 


Area in library, facing northeast. 
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Looking southwest. Doorway leads to the reception area. 


Reception area facing northeast. 
Library seen in background. 
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This large classroom may 
be divided into two 
rooms readily by draw- 
ing the folding door at 
the left. This was taken 
toward the southwest 
and west. 


Publications Department, 
facing east from the re- 
ception area. Jeanne 
G. M. Martin, Publica- 


tions Manager. 


Publications Department 
in background. Display 
cases on right. a 
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Patio entrance, second 

floor, facing west. Class- 

rooms to left and recep- 
tion area to right. 


Reception area facing 
northwest. 
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The GIA’s unique spiral 
stairway in patio area 
looking east. 


View of patio facing 
north. Entrance from San 
Vicente Boulevard can be 
seen to the left of build- 
ing. Spiral stairway to 
second floor is to the 
right just out of view. 
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Patio area, facing 
northeast. 


Patio and rear of 


building as seen from parking area. 
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Early Development of the Institute 


There 


the need for an educational institution 


may have been many who perceived 


jewelers, but 
Robert M. Shipley combined the essential 


serving the needs of only 
training with the necessary imagination, de- 
termination, and drive to establish a Gemo- 
logical Institute of America. This tremendous 


undertaking was initiated in the depths of the 


depression. With the unfailing assistance of 
Beatrice W. Shipley, the wise counsel and 
aid of farsighted men in the industry personi- 
fied by the Board of Governors and others, 
Robert M. Shipley guided the organization 


Rober? M. Shipley 


from its inception until his retirement on 
March 31, 1952. In 1943, the Shipleys, who 
had operated the Institute as a nonprofit 
organization prior to that time, turned the 
Institute over to the Board of Governors as 
a nonprofit jewelry-trade-controlled institu- 
tron. On Shipley’s rettrement in 1952, 
Richard T. Liddicoat, Jr, his assistant since 
1948 and on the staff since 1940, with the 
exception of the war years, succecded him 
as Executive Director. 

Many jewelers and educators gave freely 
of their time, advice and assistance at the 
time the Institute was formed as well as in 
its first quarter of a century. Prominent 
among these men were the late T. Edgar 
Wilson, editor of the Jewelers Circular- 
Keystone, and its publisher, Peter M. 
Fahrendorf. Francis R. Bentley and George 
Engelhard, of National Jeweler, as well as 
many others connected with the trade press. 
likewise gave their wholehearted support. 
Among jewclers, the late Godfrey Eacret, of 
Shreve, Treat & Eacret, of San Francisco, 
according to Mr. Shipley, was, more than 
any single individual in the retail jewelry 
business, responsible for the permanent 
establishment of the Institute. The late 
Warren Larter also gave major assistance. 
The late William Wright, of Galt & Bro. 
Washington, D.C. and the late James 
D. Dougherty, of J. B. Hudson Co., Minne- 


Mr. and Mrs. Shipley and Clifford Josephson at a dinner given in honor of the Shipleys 
by the Jewelers’ Research Group 


tw 
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Godfrey Eacret 


apolis, were among others who were very 


active in the carly days of the Institute's 


erowth. The scientific director of De Beers 
Consolidated Mines, Ltd.. H. T. Dickinson, 


with his assistants, carctully examined the 


jerome B. Wiss early diamond asstenments. AT through the 
early period, the Board of Governors. as 
now, gave freely of their ume and counsel 
Harold Feuer, of Worcester, Mass. con- 


tributed a number of items of expensive 


laboratory cquipment in the carky days. 


The aforementioned Godfrey Eacret was 


the frst Chairman of the Board of Governors 


Subsequent: Board Chairmen were George 
Brock, of Brock & Company, Los Angeles: 
the late Fdward F. Herschede. Sr. of Frank 
Herschede Co., Cincinnati; Leo J. Wort, ot 
Hoss & Culbertson Jewelry Co., St. Louis: 
H. Paul Juergens, of Jucrgens & Andersen 
Co.. Chicago: John $. Kennard, of Kennard 
& Co. Boston: and Percy K. Loud, of 


‘ Wright-Kay & Co., Detroit, Since 1955, the 
Chairman has been Jerome B. Wiss, of Wins 
Sons, Ine. Newark. The following ts a com- 
plete list of the Board of Governors trom the 
Richard 7. Liddicoat, Jr. 
first Board until the preseat time. 

Godfrey Eacret. Shreve, Treat and Eacret, San Francisco. 0 bec beeeeeees 9335-1934 
James D. Dougherty, J. B. Hudson, Ince., Minneapolis. ee cee LORS TOS 
1947-1948 
Louis Esser, Louis Esser Co... Milwaukee vo cevee ees be veeeeeeees cotter LOSS - 1947 

Myron Everts. A. A. Everts Company, Dallas oo... _— boc veeveeeeeeees cn .. 1943- 
Paul S. Hardy, Hardy & Hayes Company, Ine. Pittsburgh 0000 on 1933-1949 

O51 - 
Frank Heitkemper, Frank A. Heitkemper, Inc, Portland, Ore. 933-1934 
Edward F. Herschede, Sr. Frank Herschede Co., Cincinnati. 933-1951 


Oscar C. Homann, The C. B. Brown Co., Omaha...... 
Francis A. Keating, Grogan Company. Inc., Pittsburgh. 


1933-1950 
1933-1934 


William G. Thurber, Tilden-Thurber Corporation, Providence..0.0000.......... 1933-1934 
1954 - 
Leo J. Vogt, Hess & Culbertson Jewelry Co., $t. Louise cece ... 1933-1950 
1952 - 
George C. Brock, Brock & Company, Los Angeles... becteeees bol etteeeteeee 1935-19-42 
E,W. Hodgson, Hodgson, Kennard & Co., Inc., Boston cece. 1935-1942 
H. A. Maier, Maier & Berkele, Inc. Atlanta. i000. . 1935-1944 
H. B, McCague, The Cowell and Hubbard Company, Cleveland... 1935-1942 
Witham Elder Marcus, Marcus and Company, New York City. cccccccccee 1936-1941 
William H. Wright, Galt & Bro. Inc.. Washington, D.C... cece 1936 - 1941 
Frederick B. Thurber, Tilden-Thurber Corporation, Providence... 1935 - 1949 
Henry G. Birks, Henry Birks & Sons, Ltd., Montreal... beeen eeeeeeeeeeee 1939 - 1948 
H. Paul Juergens, Juergens & Andersen Co., Chicago. ccc cee eee eee 1940 - 
C.1. Josephson, Jr. C. 1 Josephson Jewelers, Moline... 0c ccececececeseeeeeeeeeeee- 1940 - 1949 
1950 - 
Carleton G. Broer, The Broer-Freeman Company, Toledo... ccc eee 1941 - 1948 
1950 - 
Nolte Ament, Geiger & Ament, Louisville. oo occ ccc ccececccsceecseceeeeceeveecetevenceeeeee 1942 - 1948 
John S. Kennard, Kennard & Co., Boston. ooo oo ce ccec cece vee ceee eco ceeeeee cee 1942 - 
Jerome B, Wiss, Wiss Sons, Inc., Newark... cece eeeeeeeteeeeeeecectees 1942 - 1944 
1945 - 
Perey K. Loud, Wright, Kay & Co., Detroit. weet tne ceteeecceceeeeeees 1942 - 
Burton Joseph, S. Joseph & Sons, Des Moines 0000 ooo ceeccceeccceeeececeeecesceee 1943 - 1947 
1948 - 1949 
John F. Vondey, Wondey’s, San Bernardino, Califo ccccccccccccccccccseeeceeeveeeeteee 1943 - 1944 
Glynn Cremer, Glynn Cremer Jewelers, La Crosse, Wise... voce eeeeceneneteseeeee 1944 - 1946 
1949 - 1952 
Wilbiam H. Schwanke, Schwanke-Kasten Co., Milwaukee... 1944 - 1948 


1951-1952 
w 1044-1945 

- 1946 - 1947 
- 1947-1951 
1947-1951 
1952 - 


J. XW. Ware, Ware's, San Diego, Calif 
Herbert E. Reid, Henry C. Reid & Son, Bridgeport. 
Geo. Carter Jessop, J. Jessop & Sons, San Diego, Calif 
Charles D. Peacock, III, C.D. Peacock, Inc., Chicago. 


J. Lovell Baker, Henry Birks & Sons, Ltd., Montreal... 1948 - 
Charles H. Church, Church & Company, Newirk. 1948 - 
Lazare Kaplan, Lazare Kaplan & Sons, New York City 19-48 - 


bugene A. Kiger, C. A. Kiger Co., Kansas City 1948 - 1952 


Maurice Adclsheim, S. Jacobs & Company, Minneupolis....0.0...0..... coeeeeee see eeeteeeeenes 1949 - 1950 
karl FE. Jones, Jones Brothers, Jewelers, Peking Wliiccc ccc cece eeeeeeeeeee .. 1949-1952 
Ernest J. Meyer, Meyer's Jewelers, Grand Island, Nebr 1949 - 1952 
William P. Kendrick, William Kendrick Jewelers, Louisville... cocecceeeneeeee 1950 - 
Robert Bromberg, Bromberg & Co., Inc., Birmingham... 00.00 52-1954 
Frederick O. Herz, R. Herz & Bros., Inc., Reno, NOW... eee cee cece eeeeeeeeeee cece 

Fred J. Cannon, Koke-Slaudt Company, Los Angcles..0000000-. 2- 


James G. Donavan, Donavan & Seamans Co., Los Angeles...... 
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In addition to Mr. and Mrs. Robert M. 
Shipley, important staff members in the carly 
days included Robert Shipley, Jr., well known 
to gemologists both for his assistance to his 
father in the preparation of the courses and 
for the development of a number of key 
gemtesting instruments. The late Anna 
MecConnel 
post as head of literary rescarch. It was Miss 


Beckley was invaluable in her 


Beckley who painstakingly verifed and co- 
ordioated the facts incorporated in the 
courses. Mass Beckley remained active until 
1947 and passed away in January of 1950. 

During the partnership period in the early 
days of the Corporation's existence, Robert 
M. Shipley served as President of the Gemo- 
1od1, the late Dr. 
Edward Wigglesworth was clected President 


fowieal Institute. Tn 


Dr. Edward Wigglesworth 


and remained as the first presideot of the 
industry-owned corporation, serving in that 
capacity until his death in 1945. Well known 
in the cast as long-time Director of the New 
England Muscum of Natural History, Dr. 
Wigglesworth guided the GIA Boston Study 
Group from its inception until hts death. He 
served for six years as Secretary of the Insti- 
tute’s Examinations Board and for several 
years as Chairman of the GIA Educational 
Advisory Board. As Director of the GIA’s 


Dr. Edward H. Kraus 


Laboratory, then in) Boston, Dr. 
Wigglesworth joined the GIA staff without 


salary in 


Eastern 


1940, and managed that branch 
until his death. The Eastern Laboratory was 
then closed and reopened three years later in 
New York City. 

Succeeding Dr. Wigglesworth as President 
of the Institute was Dr. Edward H. Kraus, 
Dean Emeritus of the College of Literature, 
Science and the Arts at the University of 
Michigan. Dean Kraus continues in this 
capacity today, lending inspiration and wise 
guidance to the Institute. He has acted in 
many capacities, offering help and encour- 
agement in the difficult carly days of the 
Institute; later as an Honorary Member of 
the Institute, member of the Examination 
Standards Board and Chairman of the Edu- 
cational Advisory Board. 


Other prominent scientists and educators 
who have rendered major assistance to the 
Institute over the years include Thomas 
Clements, Chairman of the Department of 
Geology, University of Southern California, 


Los Angeles, who criticized the early course 
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Former headquarters of the Institute 
located ai 541 South Alexandria Ave 


material, lectured at carly resident. classes 


and was helpful in many other ways for 
several years: the late Sydaev H. Ball, geolo- 
gist. and for many years compiler of the 
Diamond Industry Annual Review: the fate 
William F, 


and Geology at the Smithsonian [Institution : 


Foshag, Curator of Mineralogy 


George Switzer, Associate Curator of Min- 
eralogy and Geology at the Smithsonian 
Kerr, Chairman of the 
Columbia = Unr- 
versity; Ralph J. Holmes, Professor ot 


Institution, Paul F. 
Department of Geology, 
Geology, Columbia University: Chester B. 
Slawson, Professor of Mineralogy, Uaiversity 
of Michigan: Edward Gubclin, mincralogist 
and jeweler, Lucerne, Switzerland: George 
FL Wild, 
Gemstones, Idar-Oberstien, Germany ; 
B. W. Anderson, Director, and Robert 
Webster, of the Laboratory of the Diamond, 


Importer and Exporter of 


Pearl & Precious Stone Trade Section of the 
London Chamber of Commerce; Professor 
Dr. Karl Director of the 
Gemstone Research Institute, Idarc-Oberstien ; 


Schlossmacher, 


and the late Alpheus Williams, author of 


Turning the ground for the new build- 
ing, Reading from left to right are 
Allan D. Gill, Richard T. Liddicoat, Jr., 
James G. Donavan and Fred J. Cannon. 


Genet of tee Drantond, and for many years 
aomining engineer for De Beers, Johannes: 
burg, South Africa. 

In 1943, to insure the perpetuity of the 
Gemological Institute, an Endowment Fund 
was contributed by graduates, students, and 
many firms and individuals in the industry 
interested in the future of the Institute. As 
the result of many months of intensive 
effort by Mr. Loud and his committce mem- 
bers, the Endowment Fund reached a sub- 
stantial figure and was presented to the 
Insutute as a gucleus for insuring the con- 
tinuation of the Institute during the difficult 
war yours. However, the organtzation was 
able to continue to offer training without 
drawing upon the Fund. This original 
Endowment is now in a Trust Fund, estab- 
lished in 1953 by the Board of Governors 
and managed by three Trustees: Chairman, 
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Clifford I, Josephson; Percy K. Loud; and 
Leo J. Vogt. Mr. Josephson also had served 
as Secretary-Treasurer of the Institute before 
assuming this post. 

Since 1949, Fred J. Cannon, of Koke- 
Slaudt Agency, has served as Secretary- 
Treasurer of the Institute. In addition, he 
has becn a member of the Board of Governors 
and of the Institute’s Operating and Finance 
Committees. James G. Donavan, Jr., of 
Donavan & Seamans Co., Los Angeles, and 
Carleton G. Broer, of The Broer-Freeman 
Co., Toledo, arranged the transfer of the 
Institute from the Shipley partnership and 
its incorporation as a nonprofit educational 
institution. In later years, Mr. Donavan has 
served as Chairman of the Finance Commit- 
tee and both Mr. Donavan and Mr. Broer as 
members of the Board of Governors. Charles 
H. Church, of Church & Co., Newark, and 
George Carter Jessop, of J. Jessop & Sons, 
San Diego, served for a number of years on 
the Operating Committee. Mr. Jessop also 
served for a number of years as a member of 
the Board of Governors and Mr. Church con- 
tinues to serve as Governor. 

The key administration and cducational 
staff positions are held by individuals who 
have been with the Institute for a number 
of years. The Executive Secretary is Dorothy 
J. Smith, who has been an important staff 
member since 1932. Lester B. Benson, Jr.. 
has directed Resident Training and the Labo- 
ratories for most of the period since joining 
the staff in 1947. Robert Crowningshield, 
Director of the Institute's 
and the Gem Trade Laboratory, is complet- 


Eastern Branch 


ing his 9th year with the Institute, as is Ken- 
neth M. Moore, who directs the handling of 
the correspondence courses and the Instru- 
ment Department. Clare Verdera, in charge 
of Shipping and Personnel, has been with 
the Institute for more than 10 years. L. L. 
Copeland, course editor and librarian, is in 
his 9th year with the Institute. 

Chicago and New York instructor Bert 
Krashes joined the staff in January, 1950. 
John Ellison was first on the Institute's staff 


Eastern Headquarters Staff. Left to 


right are Eunice Miles, Secretary of the 
Eastern Laboratory, Robert Crowning- 
shield, Director, and Bert Krashes, 
Instructor. 


in New York City in 1952 and came to the 
Institute in Los Angeles in 1955. Joseph 
Murphy, Los Angeles instructor, joined the 
staff in 1951. James Coote, on the staff in 
1949 and 1950, rejoined the Los Angeles 
staff in 1956 after army service and further 
retail experience. Lenard Peters, GIA Gradu- 
ate, with 10 years of retail sales experience, 
became an instructor in Los Angeles early 
this year. Graduate Jeanne G. M. Martin has 
been in charge of the Publications Depart- 
ment for the past two years. Eunice Miles 
worked with the late Dr. Wigglesworth at 
the Institute’s first Eastern Laboratory in the 
carly 1940's and now serves both as a Gem- 
ologist and Secretary of the Eastern Labora- 
tory. Esther Windish, in charge of the Book- 
keeping Department, came to the Institute in 
1950. Mildred Howe, who directed the Pub- 
fications Department in 1946 and 19-47, re- 
joined the staff in 1951 as Assistant Regis- 
trar, 

After 25 years of existence, the GIA has 
thousands of successful graduates and a 
growing recognition to show for the efforts 
of all of these people who have contributed 
so much to its success. Those who today con- 
duct the affairs of the Institute regard with 
decp appreciation the efforts of Founder 
Robert M. Shipley and all those who assisted 
him so generously. 
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Nigerian Topaz 


by 


ROBERT WEBSTER, F.G.A. 


The memorable visit recently made by Her 
Majesty, Queen Elizabeth HU, to Nigeria calls 
to mind the gemstone resources of this terri- 
tory, and these few notes describe some of the 
characters of the topaz found in this locality 

The topaz from Nigeria is mostly colorless 
or occasionally pale blue, and the material is 
found either as rolled pebbles in the alluvium, 
in river beds, or as well-formed crystals. The 
crystals are common in the tin mines, which 
form a significant economic feature of Ni- 
geria, and which lie around the town of Jos 
in the Bauchi district. Topaz is such a com- 
mon associate of tinstone (cassiterite) that 
the presence of topaz is an indication of tin 
ores. The minerals are found in veins and 
fissures in the contact metamorphosed aure- 
oles caused by the younger of the granitic 
intrusions of the plateau and Bauchi dis- 
tricts, the mineralization being due to pneu- 
matolytic action. 

The crystals are short and prismatic in 
habit, with the second order prism so pre- 
dominant as to produce a pseudotetragonal 
form. The faces of the prism zone show dis- 
tinct vertical striations and the prominent 
dome faces, which meet to give a “chisel- 
shaped” aspect, may show etch markings of a 
triangular shieldlike shape. Some of the 
crystals show a small basal pinacoidal face at 
the apex and this face is often pitted by irregu- 
lar growth or heavy etching. The base of the 
crystals is usually the cleavage plane but a 


few have been found doubly terminated. The 
general habit of the Nigerian crystals is 
similar to that of the topaz found in the 
Mino and Omi districts of Japan. 

Cut stones generally show a faint trace of 
greenish or bluish color and are quite bril- 
liant, but colorless topaz is not commercially 
important. In this connection it may be inter- 
esting to note that a parcel of supposedly 
synthetic white spinels were found, on test- 
ing, to be all colorless topaz. 

The chemical composition of topaz is given 
as Aly(F,OH)2SiO4; that is, the fluorine 
and the hydroxyl can replace each other by 
any amount (isomorphous replacement), so 
that in theory there could be a pure hydroxyl 
topaz (Al,(OH)2SiO4 or a pure fluorine 
topaz (Al2F2SiO4), but in fact there is al- 
ways either some hydroxyl or fluorine in the 
chemical makeup. Fluorine has the tendency 
to raise the density and to lower the refrac- 
tive index, whereas hydroxy! operates in the 
reverse way. It is found that the brown topaz 
and the heat-treated pink stones derived from 
them, which emanate from Ouro Preto, 
Brazil, have a density near 3.53 and refrac- 
tive indices of 1.63-1.64 (birefringence 
0.008), whereas the colorless and_blue- 
colored topaz has a higher density (near 
3.56) and refractive indices of 1.61 - 1.62 
(birefringence 0.010). This indicates a rich- 
ness in hydroxy! for the former and a richness 
in fluorine for the latter. The values 1.62- 
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1.63 for refractive indices of topaz, so com- 
monly given in textbooks, is the arithmetical 
mean, but such values are rarely found in 
practice. 

That Nigerian topaz conforms to the 
fluorine-rich type is shown by the specific 
gravity value’ in table 1. 

The refractive indices for the two stones 
and for No. 5, which was subsequently fash- 
ioned into a cushion-shaped stone weighing 
11.04 carts, are as follows: 


No. 5 1.606 1.6132 1,6217 0.0111 
No. 9 1.6106 1.6126 1.6211 0.0105 
No. 10 1.6108 1.6123 1.6211 0.0103 


Nos. 2, 3, 4, 7, 9, and 10 were from a locality 
some 50 miles northeast of Kano. Nos. 1 and 


© Topaz crystals from 
the Ropp Tin Mines, 
Ropp District Plateau 
Province, Nigeria. 
About one-third nat- 
ural size. 


6 were from the Ropp Tin Mines, Ropp Dis 
trict, Plateau Province, and Nos. 5 and 8 
were from the Kaleri district. 

The inclusions observed in Nigerian topay 
are those usually encountered in this species 
They are two-phase inclusions, or cavities. 
containing two immiscible liquids. Lares 
irregular cavities are common, and in one 
specimen distinct cubic crystals, which mas 
be fluorite, were seen. 

The luminescence under ultraviolet leht 
was found to be as follows: long-wave radia 
tion (3650A), practically inert; short-wave 
radiation (2537A), a faint greenish-bluc 
glow. Under X rays a pale-blue glow could 
be readily seen, but the stones showed a 


TABLE I 

No. Weight in Grams Specific Gravity 
1 Doubly-terminated crystal 4.059 3.549 
2 Pebble 3.595 3.557 
3 Pebble 1.222 3.557 
4 Pebble 1.016 3.557 
5 Pebble 4.666 3.557 
6 Crystal 6.047 3.559 
7 Pebble 1.140 3.566 
8 Pebble 3.751 3.567 
Cut Stone .......-.- _ 0.462 3.571 
10. Cut Stome 22... ieee eee cece ec eee eee ccc cone eee 0.521 x40 
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® Two- phase inclu- 
sions in a Nigerian 
topaz. 


brown shade, an effect exhibited by many 
colorless and pale stones of other species. 
On heating the irradiated stones, a blue ther- 
moluminescence was observed: however, the 
stones do not necessarily revert to their orig- 
inal color, the induced color remaining to 
some extent. This is contrary to the behaviour 
of stones of other species which color under 


X-ray bombardment. 

A great number of the pebbles received by 
the writer from the locality northeast of 
Kano were blue in color, and it was hoped 
that some attractive blue stones could be cut 
from them. The resulting cut stones were 
disappointing, since they were completely 
colorless and investigation proved that the 


@ Large cavities in a 
Nigerian topaz. 
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pebbles had been colored on the outside with 
a blue dye. Subsequent inquiry elicited the 
information that the wily natives had im- 
mersed the white pebbles in indigo dye pits. 
Indigo commonly grows in Nigeria and the 
native Hausas call it ‘“Babba.”’ Since blue is 
a common color for native gowns, all the 
larger places have dye pits. Indeed, indigo 


® Cubic inclusions 
(Fluorite?) ina 
Nigerian topaz. 


dyeing is an important industry. Even along 
the main road of Jos, the natives do their 
dyeing in large earthenware pots. The dyeing 
of topaz pebbles for the unwary European 
must be an attractive sideline. 

Thanks are due to my colleague, Mr. C. J. 
Payne, who carefully measured the refractive 
indices, using an Abbe-Pulfrich refractometer. 


© Topaz pebbles from 
a locality 50 miles 
northeast of Kano. 


Many of these are 
surface-dyed blue with 
indigo. 
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The Emerald from 
Habachtal 


by 


DR. E. J. GUBELIN, C.G., F.G.A. 


It was the initial aim of this study to discover 
whether the emeralds from the Habachtal differed 
by any local characteristics from the emeralds of 
other sources. 

The emerald deposit of Habachtal in Aus- 
tria is the only source of emeralds on the 
European continent and ranks among the 
oldest known to man. Very sporadically only 
has it been mentioned in the gemological 
literature of English-speaking countries 19, 1!, 
and since to date practically no authoritative 
literature on this deposit exists in English, 
it may be justified to discuss this occurrence 
of emerald in some detail. 


HISTORY 

The occurrence of emeralds in the Salzburg 
Alps was already known to the Romans, who 
exploited them simultaneously with the gold 
mines in the Rauriser Valley. There is evi- 
dence that the Archbishop of Salzburg had 
the mine worked for emeralds in the Middle 
Ages. Old Salzburg families still retain cut 
specimens from this source. But the fate of 
the mine was subject to frequent changes 
throughout the centuries. Legal as well as 
illegal prospectors challenged their luck, but 
at no time did the ‘Mountain of Green 
Jewels,” as it was called by the native 
mountaineers, yield its treasures generously. 
In a mining chronicle published in 1727, the 
emerald of Habachtal is mentioned among 


“ores, rocks and stones’ of the Duchy of 
Bavaria, to which the area belonged in the 
18th century. The Empress Maria Theresa 
owned an inkpot, the size of a big man’s fist 
which was sculptured from a Habach em- 
erald. It is now exhibited at the Museum of 
Art in Vienna. J. Frischolz described the 
emerald deposit thoroughly in 18211. But 
there was no organized exploitation until a 
jeweler from Vienna started regular mining 
in 1860, yet with no profitable success. At the 
beginning of this century an English com- 
pany was founded which intensified the opera- 
tions. In 1903-1904 seven thousand carats 
of emeralds were reported to have been 
shipped to London, but there was no men- 
tion of their quality. In 1906 the operation 
was suspended; the mine fell into decay and 
was not repaired until after World War I, 
when Austrian prospectors resumed mining. 
In 1936 a Swiss company (Schaffhauser 
Smaragd A.G.) bought the mine and pro- 
moted the exploitation with great energy and 
generosity. A fifth gallery was driven 110 
yards into the mountain. All of these five 
drifts lay in the emerald-bearing layers. That 
period is said to be one of the most prosper- 
ous; one find, among others, was valued at 
20,000 gold crowns. The Nazis hindered 
further operations of the Swiss company but 


continued themselves until the mine was 
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confiscated by the Allies after World War II 
as German property. It was later released 
as property of the Salzkammergut, the Gov- 
ernment of which leased to an old prospector, 
Col. Hans Zieger, who worked the deposit 
on a small private basis (Figure 1) with a 
few employees until his recent death. The 
cold and rainy summers of the last three years 
did not favor exploitation. One reason for the 
continued failures may be due to the fact that 
the source lies at an altitude of 2100 meters 
(about 6900 feet) in the rough and pathless 
area of the Gross Venediger, where for 
three-quarters of each year winter is in evi- 
dence. Frequent rockslides, thunderstorms, 
avalanches, etc., render approach and access 
to the mine extremely hazardous (Figure 2), 
and life in the simple rest camp is most 
primitive. At present the deposit is worked 
chiefly by a few solitary prospectors who 
hold licenses. They are adventurers who at- 
tempt to make their fortune at the price of 
hard labor and privation. The output is not 
rich, It could, of course, be larger by means 
of more rational operations, but who would 
tisk investments when licenses are issued for 
two years only ? 


LOCALITY 
The Habachtal — the name is a distortion 
of “Valley of the Hay Brook’? — is the most 


picturesque of several valleys descending 
from the main ridge of the Gross Venediger 
in the Hohen Tauern towards the northwest. 
The Hay Brook (Habach) is the outlet of the 
Habach Glacier and one of the southern 
tributaries of the Salzach, which it joins near 
the hamlet of Habach (a local stop of the 
Pinzgau train). Pinzgau itself may be reached 
by train from Salzburg via Zell-am-See (Fig- 
ure 3). The Habach Valley has the character- 
istic shape of a former bed of a long glacier 
nose. After the first ascent, which leads 
through a narrow V-shaped gorge, which was 
cut through the rocks by the melting waters 
of the glacier, the valley opens, revealing a 
U-shaped profile and presenting a beautiful 
view of the majestic scenery of the snow- 


Figure 1. 
® Col. Hans Zieger at his lapidary 
bench. 


Photograph: H. Zieger 


Figure 2. 
® Difficult approach to the mine. 
Photograph: H. Zieger 
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Figure 3. 
© Map of the Habach Valley. Simplified from R. Bélsche (Lit. 7) 
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Figure 4. 


© Legbachrinne and Legbachscharte Pass. Photograph: R. Bélsche (Lit. 7) 


capped peaks of the Hohen Tauern. After 
seven hours of rigorous hiking one reaches 
the mine, which is situated on the western 
slope of the Habach ridge that forms the side 
of the Habach Valley on the east. A narrow 
stony pass called Legbach Scharte (2375 
meters) (Figure 4) leads into the neighbor- 
ing valley to the east, the Hollersbachtal, The 
emerald deposit is situated a little below this 
pass in the topmost part of the Legbachrinne 
(Figure 5). 


GEOLOGY 

This couloir, which is a geotechnical de- 
pression, is situated in the actual contact zone 
of the two main bodies of rock forming the 
Hohen Tauern, the central gneiss of the 
northern side and the schists on the southern 
side. Originally this contact was an injection 
contact, and the emerald deposit owes its 
formation to the intrusion of residual solu- 
tions from the granitic magma of the central 
gneiss. 

The local geological conditions are such a 


classical example of the alteration of old, 
neighboring rocks by the intrusion of eruptive 
(igneous) rocks (so-called contact meta- 
morphism), that it may be instructive te give 
a more detailed description of this deposit 


The gneiss originated from granite which 
solidified from molten masses in the depths 
of the eatth. During the formation of the 
mountains it was mauled and assumed a 
schistose character and thus turned into so- 
called gneiss. Its color is pale grey-white 
and its composition of grains of quartz, feld- 
spar and mica may be seen with the naked 
eye. The disintegration of this gneiss is al- 
ready quite remarkable. 


The amphibolite on the southern side is 
a dark schistose rock, which, contrary to 
the gneiss, consists of such tiny mineral com- 
ponents that even with a loupe they cannot 
be distinguished. Under the microscope thin 
sections disclose hornblende (amphibole), 
the main component besides feldspar, zoisite, 
epidote and others. The hornblende 1s re- 
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sponsible for the dark-green hue of the 
amphibolite-schist. This amphibolite is a so- 
called crystalline schist, which was reformed 
in the depth of the earth’s crust out of some 
other rocks as a result of pressure and high 
temperature. This amphibolite happened 
later to get in contact with the molten masses, 
out of which the granite (gneiss) was formed 
through the process of cooling off and solidi- 
fying. The couloir of the Legbachrinne is one 
section of the zone where contact took place. 
Along this contact zone the molten mass of 
granite affected the amphibolite and through 
the reaction of these two rocks new rocks 
and minerals were formed. The contact rocks 
and contact minerals of this schist pod are of 
various kinds. The emerald mother rocks and 
the emerald itself, being the most precious 
product of this contact metamorphism, be- 
long to them. 


One interesting species of rock is the 
“migmatite’”’ (mixed rock), which clearly 
shows some effect of the intrustion process. It 
was formed by an intermixture of the molten 
mass of granite with the amphibolite. The 
migmatites form layers, dark amphibolite 
layers interchanging with layers of light- 
colored granite. The fact that these layers 
are often bent and folded is evidence that 
during the intrusion of the granite into the 


Figure 5. 
* Entrance to the mine 
Photograph: H. Zieger 


amphibolite the mountains went through a 
phase of formation. Another most conspicu- 
ous kind of rock is a bright, white tale schist 
which appears above the emerald mine. This 
rock is soft and greasy to the touch and in 
many places it is interspersed with glittering 
specks of brass-yellow cubes of pyrite. The 
same pyrite inclusions may also be found 
interstratified in a further altered rock of this 
intrusion zone (the aplite), which is almost 
white and consists of minute grains. This is a 
gangue which was formed by the molten mass 
of granite penetrating into clefts of the ad- 
jacent rock. The most beautiful rock of this 
contact metamorphism is a sort of tremolite 
tock, bearing long, slender, bright, dark- 
green tremolite crystals in a white ground- 
mass. The serpentine rock belongs to the 
gabbro group and owes its formation to a 
metamorphism from peridotite. 


In connection with the present study, still 
another altered rock of this contact zone is of 
eminent interest: the strongly schistose, dark 
brownish to brownish-green biotite schist 
which is the actual emerald-bearing hed of 
the whole complicated metamorphic schist 
pod and the mother rock of the Habach 
emerald. The biotite appears in all colors 
from deepest black and green through brown 
to almost colorless transparent plates. The 
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biotite schists often form veins within the 
amphiboles, yet emerald and white trans- 
lucent beryls may occur only in a few places 
and only within hanging aplites or where 
strongly dispersed with aplitic veins. The 
best specimens, clear and with few or no 
cracks, are found in the softest, talcy parts of 
the biotite schist, where they were able to 
develop undisturbed. Also in tremolite 
schists, talc schists, and very rarely in actino- 
lite schists, have emeralds been found, but 
only in closest relationship to biotite schists. 

Microscopic and chemical examination re- 
vealed that the distribution of rock, the 
variety of minerals, and the transportation of 
material during the formation of the deposit 
show greatest similarity to those larger and 
richer emerald mines in the eastern Siberian 
Urals. In the Habach Valley the central 
gneiss must have brought all the minerals. 
Free silica and potash must have reacted with 
ingredients of the melanocrate basic rock 
pods; MgO, FeO, and CaO forming great 
masses of biotite schists along with tremolite, 
actinolite and chlorite. It is interesting to 
note that here in the Habach Valley below 
the Legbach Pass the same arrangement and 


succession of mixture rocks may be observed 
as described by Fersmann for the emerald 
deposits in the region of the Tokowya in the 
Urals, namely: 

a) Aplite (present in Ural pegmatite) 

b) Biotite schists 

c) Tremolite, actinolite, and chlorite 

schists 

d) Talc 
According to Fersmann, these are the rocks 
of the emerald series and all four of them 
are in close contact with each other?.3,4, 


THE EMERALD COLOR 

The majority of beryls (which never occur 
as massive pieces, but always as well devel- 
oped euhedral crystals) are green, whereas 
only a small part shows true emerald-green 
color. Most are pale sea-green, gray-green, 
and sometimes particolored white and green. 
White and yellowish varieties are rather rare. 
The green hue of well-colored emeralds from 


the Habach Valley is extremely beautiful. 
Some jewelers consider it the finest velvety 
emerald green that exists. Indeed, the highly 
prized green of the finest emeralds occurs 
more often in the Habach emeralds than in 
emeralds from Muzo, El Chivor, Tokowaya, 
Transvaal or India. As in all emeralds, the 
green hue is caused by an intermolecular im- 
purity of chromium oxide, of which H. Leit- 
meier in his chemical analysis found .12% 
to be present in pale emeralds and .16% in 
deep-green emeralds. This again substantiates 
the contention that the percentage of the 
chromium content is responsible for the 
shade of the emerald-green hue. However, 
the greatest number of these stones are un- 
fortunately marred by numerous inclusions, 
hence the appearance and value of the other- 
wise beautiful Habach emerald are completely 
impaired. 
CRYSTALLIZATION 

All varieties of beryl in this Habach 
deposit developed the same habit. The em- 
erald from the Habach Valley has poorer 
crystal faces than the emeralds from other 
sources. Without exception only the prism 
face (1010) and the base (0001) are devel- 
oped, though the latter is usually absent. In 
the biotite schist the emeralds lie partly 
parallel and partly oblique to the schist plane 
(Figure 6). In the latter case they are often 
developed as tablets, in that two opposite 
prism faces dominate, although they may 
sometimes recede so that the crystals assume 
a rhombic habit. 


CHEMICAL COMPOSITION 

H. Leitmeier carried out numerous an- 
alyses with abundant material, the purest of 
which gave the following values: 


BeO 12.28% 

MgO 1.82 

CaO 71 

ALOs ] 

Fe:O; t 18.20 

Cr.O; 

SiO, 63.24 

H:O 3.03 
99.28% 
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Figure 6. 
*@ Habach Emeralds in situ 
Photograph: R. Bélsche 


If when considering theories of crystal struc- 
tures the calculation was based upon RO 
only for the value of Bed, and R:O; only for 
ALO; and Cr2Os, the chemical analysis would 
concur well with the formula, which would 
allow one to assume that by far the majority 
of the other elements do not act as atomic 
replacements. One would obtain: 


1 R20; : 3.1 RO: 6.2 SiO. (:1 HO) 
= Al:0;.BeO.6S:i0: 
= BeALSisOrs 


The chemical composition, just the same as 
the particular geological circumstances of 
the deposit, offers instructive information on 
the formation of the emerald. Beryllium, 
which occurs in the composition as BeO, is a 
chemical element which originates from the 
granite; the anphibolites do not carry any 
beryllium. The color pigment chromium, 
present as Cr:Os, was offered by the serpen- 


tine rock, which, as a member of the gabbro 


group, brought that valuable element into the 
process of contact metamorphism. 


PHYSICAL PROPERTIES 

The determination of the specific gravity 
was carried out by the hydrostatic method 
with a semiautomatic Mettler balance, im- 
mersing the stones in ethylenedibromide. It 
proved rather difficult to obtain constant 
density values for all the material tested, the 
reason for this being partly the enormous 
quantity of impurities which are so densely 
enclosed by almost all Habach emeralds. 
However, this variation in values should be 
attributed to the variation in chemical com- 
position rather than to mere inclusions, and 
mainly due to the impurity of ferric iron 
(Fe:O;), which forms a structural impurity 


by isomorphous replacement. The density 
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Refractive Indices 


Emerald from Habachtal ——— - Specific Dichroism 
° & A Gravity 
Passe No. 1 a 1.59505 1.5880 00705 2.7470 . hues 
pokes ase pn ages Elia 
next No. 5 15901 “sas! : = 0070 — Las ®gecrssh yellow 
No. 4 “1 5922 18s 3 —.0069 a 2.7522 —_ * pelo: gen 
mm me awe Spl 
No. ‘ 7 15919 1 5stes _ 00724 7 2.7670 7 “ Cee bine cree 
a _ Ne. 7 5001 sat 7 oot —_ 2.7401 . yellowish green 
Ne nanan nagagd ona gaa Sg gen 
Neots sre niga pelos ee 
 stce No. 1 — Lar ; “Ls8002 - _poT08 a y766 + buch but cen 
Met Noth sme sat ong Setlowish geen 


was found to vary from 2.72 to 2.76, with an 
average value of 2.74. 

All the author’s data pubished hereafter 
were measured with an Abbé-Pulfrich refrac- 
tometer and, despite small facets on the 
smialler stones, reliable values could be read 
in all directions. It was interesting to observe 
that dark specimens showed higher indices 
and the birefringence remained quite constant 
all stones tested. content 
seeins to have a greater :afluence on this varia- 


four Chromium 


tion than the amount of iron. The following 
average values may be established: 

@ = 1.591 & = 1.584 A = 0.007 
No optical anomalies were observed. 

Keen gemologists may be interested in re- 
ceiving more detailed information of the 
findings with individual specimens (wide 
special Table No. 1). 


TABLE NO. 1 


The average data froin Table 


TABLE NO, 2 


Authors ° 
H. Leitmeier No. 5 1.5819 
H, Leitmeier No. 7 1.5790 
Bose No. 30 1.5907 
WF. Eppler 1.8907 
R. Webster 1.591 
E Gibelin 1.591 


e A Spec. Gravity 
1.5769 —~ 005 2.703 - 5 

_ . Lit. 2 
1.5740 — .005 2.704 
1.5839 — 00681 2.740 Lit. 9 
1.5839 --~ 00681 2.740 Lit, & 
1.584 —- .0068 2.746 Lit. $0 
1.584 — .007 2.740 
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Chelsea 


Fluorescence 


Absorption filter Stokes’ U-V long U-V short Inclusions 
3650A 2537A 
normal: 6830, 6800, distinct, inert inert tremolites 
6620, 6460, 6370, red pale red 
6300-5800 
normal red distinct, inert inert biotite, microlites & 
red sec. liquid inclusions 
normal red distinct, inert inert tremolites 
red 
normal red distinct, inert inert H 
red parallel fine fissures 
normal i e ‘istic t a : -_ inert 7 ~ numerous inclusions, 
rec aI tae j iner me polysynthetic layers 
pale red parallel to basis 
very strong, oO . veal sonal ite 
all lines are red weak, inert weak, red tremolites 
broad bands e along gine 
normal pink strong, inert inert 
red 
normal pink strong, inert inert 
red . 
_ ae — _ a _ __ ae All of them contain many 
I ink ~ inclusions, especially 
norma pin strong, strong, inert biotite, fissures, tremolites, 
red red apatites, other microlites 
— P : 
~ - — —_ _ a and secondary inclusions 
normal pink strong, strong, inert 
red red 
norma] pink strong, inert inert 
red 


now be compared with indications published 
by other authors. 


TABLE NO. 2 


In order to reveal how individual and of 
what local importance these values of the 
Habach emerald are, especially with a view 
to clearly recognizing them and distinguish- 
ing them from emeralds of other localities, 
the data become particularly instructive when 


compared with the average constants of em- 
eralds from other sources. 


TABLE NO. 3 


The dichroic colors vary slightly according 
to the specimen’s body color, but may gen- 
erally be described as yellow-green for g and 
bluish green for ¢ in dark stones. The dichro- 
ism is never strong. 

The absorption spectrum appears ta be 


TABLE NO. 3 
er — —_ _ 4 
Locality ° € A Spec. Gravi 

Transvaal 1.593 1.586 0.007 (Lit. 10) 2.78 - 2.72 
ladian 1.593 1.585 0.007 (Lit. 10) 2.73 - 2.74 
Habachtal 1.591 1.584 —-0 007 2.72 - 2.76 
Eidsvold 1.5908 1.5838 0.007 2.759 
Siberian 1.588 L581 —0.007 (Lit, 10) 2.72 - 2.74 
Columbian (Muzo) 1.584 1.578 —0.006 (Lit. 10) 2.71 
Columbian (EL Chivor) 1.577 LS7L —0.006 2.69 
Brazilian 1571 1.566 —0.004/--0.005 (Lit. 10) 2.67 - 2.70 
Synthetic 1.564 1.561 —-0,003/—0.004 (Lit. 10) 2.645 - 2.665 

Le. —— —_ 
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normal with slight changes in the strength 
and width of the absorption lines and bands, 
and all of the following were observed: 6830, 
6800, 6620, 6460 and 6370. 


Through the Chelsea filter the Habach 
emeralds appear pink, a very pale pink in 
transmitted light but pronounced pink in 
reflected light. 


The high iron content in the majority of 
the Habach emeralds acts as a strong in- 
hibitor of fluorescence in ultraviolet light 
(both long and short waves). Only along 
the girdles of some thin slabs or stones of 
low specific gravity can reddish fluorescence 
be observed. On the other hand, the fluo- 
rescence is quite distinct between the crossed 
filters of Stokes’ fluoroscope and varies from 
red for dark stones to pink for paler ones. 


INHOMOGENEITIES AND 
INCLUSIONS 


The dense cloudiness of the interior, which 
makes most Habach emeralds so turbid to the 
naked eye, reveals itself to be a multitude of 
fascinating inclusions, which are very char- 
acteristic of this locality. Cleavage parallel to 
the base is quite remarkable. Specimens with- 
out any cleavage cracks or indications thereof, 
are quite rare. As a matter of fact, this easy 
cleavage is perhaps the most serious draw- 
back of Habach emeralds, in that the crystals 
very often do not only break readily under 
the slightest pressure (even when carefully 
removed from their mother rocks), but also 
frequently contain a succession of numerous 
cleavage cracks. Open cleavage cracks into 
which biotite has intruded appear quite often. 
In addition, numerous fissures and fracture 
cracks may occur which usually traverse 
the crystals with striking regularity and at 
angles deviating from 10° to 20° from the 
basal plane. Together with the cleavage 
cracks, they often form a lozenge-shaped grill 
pattern. As long as the crystal still lies in its 
mother rock it may be observed that many 
of these cracks run parallel to the exfolia- 
tion of the surrounding schists. 


Apart from these cleavage and fracture 


cracks which still persist, the stones show 
proof of successful healing activity during 
their growth, since they are often densely 
interspersed with healed fissures. This proves 
that in the course of crystal formation we 
may conclude that some mechanical forces 
must have caused fractures, and while the 
beryl formation continued the cracks filled 
with healing substance out of the mother 
liquor. Very often this healing liquid lacks 
pigment, resulting in a thin colorless layer 
within the otherwise green emerald. This 
observation may allow the assumption that 
the CreO; was exhausted during the early 
phase of beryl formation which resulted in 
emerald, whereas in a later phase only color- 
less beryls were able to grow. These healing 
fissures are the cause of the numerous liquid 
feathers which form irregular, wavy _con- 
choidal planes traversing the crystals in all 
directions. 

Since most of the minerals of the rocks 
in the “emerald series’. were formed almost 
simultaneously, we may expect to encounter 
most of the externally paragenetic minerals 
again in the internal endogenesis of the 
Habach emeralds. Thus we find biotite, trem- 
olite, tourmaline, apatite, epidote, sphene 
and rutile in evidence (Figures 7 and 8). 
Biotite is by far the most frequent mineral 
inclusion, often intruding the emerald 
through its surface: ie., from the mother 
rock extending through the host, partly ir- 
regular and partly along cracks. Sometimes 
these cracks, accompanied by biotites, 
run parallel to the exfoliation of the 
former matrix through the emerald which 
would be oblique according to the relative 
position of the crystal in the schistose rock 
(Figure 9). In many emeralds there are clus- 
ters of biotite “books,” which are nothing 
but tiny enclosures of the mica component of 
the mother rock. Then again, biotite laminae 
are strewn singly throughout the crystal 
(Figure 10) or filed into parallel or irregular 
rows. This biotite is either brown (in all 
shades) or completely colorless in thin leaves ; 
again, it may be light to dark green in ac- 


304 


“GEMS & GEMOLOGY 


Figure 7. 


® Liquid and solid inclusions. 120x. 
Figure 8. 
* Enclosed apatite crystals. 80x. 
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Figure 9. 
© Strongly resorbed biotite flakes. 


Figure 10. 
© Individual biotite plates. 


120x. 


80x 
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Figure 11. 


© Fine tremolite rods traversing the entire emerald crystal. 


Figure 12. 
® Tremolite needles densely packed in emerald. 75x. 


75x. 


Figure 13. 
® Strongly enlarged euhedral head of a tremolite rod. 120x. 


Figure 14, 


® Broad tremolite blades, some of them bent. 75x. 
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cordance with the rock in which the host 
emerald was formed. Also, the biotite is not 
always fresh and well preserved but quite 
often surrounded by a brown coating of 
hydrate of iron oxide or strongly resorbed. 
Sometimes biotite seems to have disappeared 
so that only the residual ferrite substance 
may be seen. The biotite inclusions are almost 
always accompanied by liquid inclusions, 
either irregular cavities or negative crystals, 
very often forming two-phase inclusions and 
frequently so tiny and so numerous as to 
form feathers. They are the type which are 
most common in bery!s and they are mainly 
responsible for the turbid appearance and 
hence the inferior quality of the Habach 
emeralds of the biotite schists. 


The emeralds from the tremolite rocks are 
considerably clearer and more beautiful, al- 
though their color may not be as fine but 
rather a cold bluish green. They are, on the 
other hand, less frequently and less densely 
marred with cracks and yet they are normally 
filled with a great quantity of tremolite 
needles (Figure 11) or broad blades. They 
may either traverse the entire host crystal 
(Figure 12) or end within its body with 
broken stumps (Figure 13) or with euhedral 
heads. They are usually evenly distributed 
through the emerald or congregate in clusters 
and bundles and are not always straight but 
often bent (though rarely crushed) (Figure 
14). Their color is always green but varies 
from pale to dark shades. The phenomeno- 
logical picture of these tremolite inclusions is 
absolutely unique and most characteristic for 
Habach emeralds, particularly to the jeweler, 
since most cut specimens originate from the 
tremolite rocks which produce the clearer 
emeralds. This type of inclusion cannot be 
easily confused with those in emeralds from 
other sources, not even with Ural emeralds, 
although these are characterized by actinolite 
inclusions which admittedly show some re- 
semblance to tremolite. Rutile inclusions are 
quite rare, but sometimes occur in dense 
masses within a single crystal. The clearest of 
all are the bluish emeralds from the barite- 


mica rocks. They contain none of the above- 


described mineral inclusions and usually 


have very few cracks. 


SUMMARY 

Detailed investigation of the deposit dem- 
onstrated it to be a classical example of 
emerald for formation in biotite schist and 
revealed close relationship to the deposits 
the Transvaal. As 
regards physical properties, the emerald from 


in Siberia, India and 
Habachtal ranks well with emeralds of simi- 
lar occurrence and even excels by its 
phenomenological physiognomy of internal 


paragenesis. 


I hope that with this study further light 
has been thrown on a relatively unknown but 
nevertheless very interesting emerald deposit, 
which as a source of one of the rarest and 
most beautiful precious stones is worth 
bringing to the attention of jewelers and 


gemologists. 
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Simplified Manufacture of 


Uiamond Tools 


by 


R. G. WEAVIND, M.Sc. (Eng.) 


Note: The following article is a verbatim 
reprint of an article appearing in the March 
1956 issue of OPTIMA, a quarterly review 
published by the Anglo American Corpora- 
tion of South Africa. 


Diamond tools are so important in modern 
engineering that any means of increasing 
their supply or bringing the exacting task of 
making them within the scope of other tool 
manufacturers must greatly assist the engi- 
neering industry and all who depend upon 
it. Developments with these objects in view 
were recently completed successfully by the 
Diamond Research Laboratory in Johannes- 
burg, which is now making the results of its 
work freely available throughout the world. 
Brief reference was made to these develop- 
ments in December, 1955, issue of “Optima.” 
In the following article Mr. R. G. Weavind 
explains in greater detail the methods and 
equipment that may be used to make more 
economical use of available industrial dia- 
monds and to produce tools to exacting 


tolerances without the highly specialized 
knowledge normally associated with such 
work. Mr. Weavind is the Joint Director of 
Research at the Diamond Research Lab- 
oratory. 

The development of precision engineering 
in recent years has created a great demand 
for precision tools. And in the manufacture 
of such tools the diamond has no rival. 

In the production of jet aircraft and 
guided missiles, for example, diamond tools 
have a vital function. Certain parts can best 
be made by grinding rough castings ac- 
curately to shape. The grinding is done with 
abrasive wheels having the form necessary 
to produce the final shape of the part. These 
wheels, however, wear rapidly in use, and 
unless they were continually dressed to 
shape, the critical dimensions of the parts 
they make would vary considerably. To main- 
tain the uniformity of these parts, the wheels 
are re-shaped by means of diamond tools. 
The rising demand for jet aircraft and guided 
missiles is only one reason for the growing 
demand for diamond dressing tools. 
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In tools of this kind, the diamond forms 
the hard working face. A tool for dressing 
grinding wheels, for instance, usually con- 
sists of a steel shank, one end of which is 
chisel-shaped. In this end a diamond, or a 
piece of a diamond, is set and ground or pol- 
ished so that the tip conforms to a definite 
curve with a radius that may range from two 
to twenty-five thousandths of an inch. What- 
ever radius is desired, however, is made to 
very close tolerances. 


Some dressers are set with whole stones, 
which are not shaped for use. These tools 
are used only to clean or to square up the 
face of a plain grinding wheel; but, as there 
is no difficulty in manufacturing such tools, 
they will not be referred to in this article. 

Other types of diamond-tipped tools re- 
quiring shaped stones are lathe tools and 
indenters, both of which are used in modern 
industry, though not to the same extent as 
the chisel-edged wheel dresser. 


The diamond is used as the working face 
of these tools because it is extremely hard 
and has high resistance to abrasion. These 
characteristics raise the diamond far above 
competition from other materials, but, in 
the past, diamond tools have been relatively 
expensive, and a continued high cost would 
possibly be a deterent to their use on a large 
scale. Cost, in any case, becomes a major 
factor if the user cannot make and service 
his own tools and therefore has to carry a 
large stock to ensure uninterrupted produc- 
tion. 

The manufacture and servicing of diamond 
tools has long been regarded as difficult and 
highly-specialized work. The Diamond Re- 
search Laboratory, in Johannesburg, has for 
some time been investigating the possibility 
of simplifying manufacturing procedures by 
the development of semi-automatic machin- 
ery by means of which diamond tools can be 
made without the services of highly-skilled 
cutters. The problem of making diamond 
tools from whole stones, which have to be 
sawn and cleaved into the rough shape of the 
final tool, has also been studied. A course of 


training has been prepared so that men with 
little or no knowledge of the diamond can 
be taught very quickly to be able to make 
and service diamond tools. The first course, 
completed recently, showed that persons of 
normal intelligence can be shown, in as little 
as six weeks, how to select diamonds, divide 
them into the small pieces for tool tips and 
polish them accurately to the shape required. 
The Diamond Research Laboratory is pre- 
pared to give further courses for manufac- 
turers who would like to take advantage of 
this training. 

When ‘ools with shaped stones are made, 
manufacturers generally choose diamonds 
that have approximately the same form as 
that of the finished tool. This practice has 
the advantage thai the tool can be made easily 
and quickly, but there are also disadvantages. 
For instance, when only “shape” dia- 
monds are used, the production of tools is 
limited to the number of stones available. 
Furthermore, when the object is to retain the 
basic natural shape of the stone, it is not 
always possible to orientate the diamond in 
the tool shank to bring the cleavage planes 
perpendicular to the direction of stress. This 
is important, because diamonds split rela- 
tively easily along the cleavage planes, and 
any excessive stress in the direction of these 
planes will cause the stone to break. It is 
also difficult to arrange that the diamond will 
be presented to the work so that wear will 
take place in the direction of maximum hard- 
ness. 


These difficulties can be overcome if, in- 
stead of being limitedto stones of a particular 
shape, tool manufacturers can use stones of 
any shape or form. Since industrial diamonds 
are bought in ‘‘parcels” that contain stones 
of various shapes and forms, it is obviously 
an advantage to be able to choose any stone 
from the parcel and to make a tool or tools 
from it. Flawed diamonds can also be used 
if the manufacturer knows how to saw, cleave 
or polish the flaw out of the stone. 

For these reasons, the courses instituted 
by the Diamond Research Laboratory include. 
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brief training in crystallography and the 
methods by which diamonds may be divided 
into smaller pieces. The students are taught 
to recognize the crystal form in any dia- 
mond, and when they can do this the direc- 
tion in which diamonds can be cleaved, sawn 
or polished can be found readily. 


One of the fundamental characteristics of 
a diamond is that it can be cleaved only along 
certain planes and it can be sawn only in cer- 
tain directions; the cleavage planes and the 
directions in which it can be sawn do not 
coincide. If the diamond is to be shaped by 
polishing it on a conventional scaife (a re- 
volving polishing wheel), then this can be 
done only in directions determined by the 
“grain” of the stone. If a diamond-impreg- 


Figure 2. 


Figure 1]. 


nated grinding wheel is used, however, the 
stone can be shaped more quickly, and the 
grain is of little importance. 

Diamonds are usually found in nature as 
octahedrons or dodecahedrons or distortions 
of these shapes. Occasionally they occur as 
cubes. 

To divide a diamond into smaller pieces 
suitable for making tools, it may be either 
cleaved or sawn. It is not difficult to find out 
in which directions a stone may be cleaved 
or sawn once the crystal form is recognized. 
For example, an octahedron can be split 
along planes that are parallel to the faces of 
the stone. It can be sawn in planes perpen- 
dicular to a line joining the apices of the two 
pyramids or at right angles to these planes. 
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Figure 3. 


Figs. 1 and 2 indicate this more clearly. 


Dodecahedrons, on the other hand, may be 
cleaved in planes perpendicular to the line 
joining opposite corners where three edges 
unite. Sawing can be done in planes perpen- 
dicular to the line joining opposite corners 
where four edges unite or at right angles to 
these planes. This can be seen in Figs. 3 
and 4, 

When conventional methods are used, the 
diamond can be polished only in certain 
directions, which are determined by the par- 
ticular plane in which polishing is attempted. 
Reference to Fig. 5, which indicates the basic 
faces of the diamond, will illustrate this 
detail. When the stone is to be polished on 


an impregnated wheel, it is possible to do so 
without paying strict attention to the crystal- 
lographic structure. The diamond-impreg- 
nated wheel is thus a very important article 
in the toolmaker’s equipment. Not only can 
diamonds be ground in any direction but 
abrasion also proceeds very much more rap- 
idly, and the presence of knots in the stone 
does not slow the speed of grinding to the 
same extent as with conventional methods. 
Knots, or “naats,”’ are the result of abnormal 
growth in the diamond. 

It will be seen that, with the necessary 
knowledge and little practice, it is relatively 
easy to divide diamonds into smaller pieces 
for use in tool tips. Fig. 6 shows how a 


Figure 4. 
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Figure 5. 


©® This diagram shows the basic 
faces of a diamond. Those marked 
“C" represent the faces of a cube; 
“D” indicates a dodecahedron, 
and “C an octahedron. The 
arrows indicate the correct direc- 
tions for grinding each face. 


Figure 6. 
*@ The dodecahedron diamond in the first row is marked for sawing into the four 
pieces shown in the next row. The second piece has been marked for sub-division, 
and the third piece has been divided along a similar plane. At the bottom of the 
photograph is shown one of the pieces after being polished to a chisel shape. 
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Figure 7. 


® The semi-mechanical tang developed by the Diamond Research Laboratory. 


dodecahedron can be sawn into pieces. The 
two outer pieces are suitable for lathe tools; 
the two inner pieces can be further sub- 
divided to give four points suitable for 
chisel-edged tools. Thus, from one stone six 
tools can be made. One of the pieces ob- 
tained by sub-division is shown after grind- 
ing to shape. The polished end on the right 
of the piece indicates a side facet of the 
tool; this and similar facet on ‘the opposite 
side give the tool a chisel shape. The tip of 
the diamond has been rounded off to a radius 
of two-thousandths of an inch. For the photo- 
graph the diamond was removed from the 
metal shank of the tool. 

In use, the tool is presented to the work 
so that the rounded tip will form a groove of 
the corresponding radius in the grinding 
wheel. When the diamond tip is cut out of 
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the original stone and ground to shape, as 
indicated in the photograph, the tip of the 
stone will present the most “wear-resistant” 
face to the work. If the picce were cut from 
the original stone so that the rounded tip 
was made at right angles to the above orien- 
tation, wear would take place in the direction 
of least resistance, and the tool would fail 
much carher in use. 

Naturally, the number of pieces to be cut 
from a stone depends on the size of the 
original stone, the type of tool required and 
the size of the tool tip. It should also be re 
membered that 
sometimes flawed, and flawed pieces cannot 


industrial diamonds are 
be used in tools. 

For shaping the pieces required for tool 
tips the semi-mechanical “tang,” illustrated 
in Fig. 7, has been developed by the Dia- 


mond Research Laboratory. This machine is 
intended to be used primarily for making 
tools with a radiused tip. By using appro- 
priate jigs, however, faceted tools can be 
made with this machine. Jigs for grinding 
faceted or radiused lathe tools and Vickers 
hardness indenters are shown in Fig. 8. 

The tang is designed for use in conjunction 
with the modern type of diamond polishing 
mill, shown in Fig. 9. These mil]s are nor- 
mally supplied with a cast-iron scaife, but, 
for the reasons already mentioned, a diamond- 
impregnated wheel can also be fitted. 

The design of the tang permits the height 
of the tool tip to be adjusted accurately 
above the level of the plate so that any 
desired radius of curvature can be produced. 
The tool can be removed from the machine 
during the grinding process for examination, 
and the tool-holder can be turned through 
180 degrees in the longitudinal axis and re- 
placed in the machine so that the grinding 
direction of the tip may be altered for ‘‘grain- 
finding” purposes if necessary. In each case, 
when the holder is replaced in the machine, 
the tool tip will locate itself within two- 


Figure 8. 
© On the left is a jig used for grinding 
tips for lathe tools. The jig on the right 
is used for making hardness indenters. 


thousandths of an inch of its original posi- 
tion. 't will be appreciated that such accuracy 
is essential when the radius of curvature of 
the tool tip is only two-thousandths of an 
inch. A variation of five ten-thousandths of 
an inch would mean 25 per cent error. 


When certain types of tools are made, such 
as Rockwell indenters and others having a 
conical or spherical shape, it is necessary to 
alter the grinding direction continuously. If 
this is not done, flats and ridges will appear, 
corresponding to the hard and soft planes 
in the diamond. 

To simplify the process of finding the 
correct grinding direction for the diamond, 
the tang allows the tool tip to be moved 
through a horizontal arc over the face of the 
grinding plate. In cases where it is necessary 
to change the direction of grinding con- 
tinually, this movement can be applied 
mechanically if required. 


Figure 9 (opposite page). 
* The photograph shows the tang hold- 
ing a diamond tool, which is about to be 
polished on the mill. A microscope for 
checking the progress of grinding is seen 
in the right foreground. 
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Figure 10. 


© A typical parcel of industrial diamonds. Around the pile of diamonds are 
stones that have been divided into pieces suitable for making the tools shown 
adjacent to them. The tool at the top of the page is a Vickers indenter. The three 
on the left are chisel-edged wheel dressers. That on the right is a lathe tool. 
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For checking the linear measurements and 
the radius of curvature of the tool tip during 
grinding, a toolmaker’s microscope can be 
fitted to the table of the mill. This arrange- 
ment is shown in Fig. 9. A fixed light source 
illuminates the tool tip when it is in position 
for examination. The microscope is ftted with 
linear scale or radius graticules, which are 
interchangeable. By using one or the other, 
as required, it is possible to examine the 
profile of the tool at intervals during the 
grinding process. By this means the progress 
of the work can be rapidly and accurately 
checked without disturbing the assembly. For 
more accurate observation, the tool tip can 
be removed, together with the holder, and 
examined with a comparator at a higher 
magnification. 

The Armour Research Foundation, in con- 
junction with the American Society of Tool 
Engineers, held a symposium on diamond 
tools, which ran concurrently with the Indus- 
trial Exposition and Convention in Chicago 
in March of this year. Many toolmaking firms 
and users of diamond tools were invited to 
attend and to read papers on various subjects 
dealing with the manufacture and use of 
diamond tools. 


The Diamond Research Laboratory was 
also invited to demonstrate the equipment 
and methods referred to in this article at 
the symposium. Members of the laboratory 
staff contributed two papers; one dealt with 
the crystallographic structure of the diamond 
in relation to its hardness, and the other 
described the selection, division and shaping 
of diamonds for tool manufacture. 

The papers were illustrated by two short 
sound films. A film dealing with the mining 
and recovery of diamonds was also shown. 


BOOK REVIEW 


ROCKS & MINERALS by Richard M. 
Pearl. Published by Barnes & Noble, New 
York City. 275 pages, 35 illustrations. 12- 
page glossary. Book #260 of the Everyday 
Handbook Series. The books in these series 
are inexpensively paper bound and priced in 
the range from $.75 to $1.95. “Rocks G 
Minerals” is offered at the latter figure. 


The review copy suffers from an uneven 
coverage in the printing from mistakes both 
in printing and binding (for example, page 
242 being printed on the back of page 145), 
plus numerous other similar mistakes, and 
from an inconsistent registry in the color 
plates. As a result, although some of the 
color plates are excellent, others are very 
fuzzy. The text itself emphasizes what Pearl 
calls “atomic’’ minerals plus meteorites and 
minerals which fluoresce. 

Some statements are questionable in the 
light of present geophysical beliefs; ie., 
“since the earth is believed — from the evi- 
dence given by the movement of earthquake 
waves — to be solid throughout...” 

Strontium titanate, the new synthetic ma- 
terial, is incorrectly referred to in the book as 
strontium oxide. 

For the most part, however, Pearl has 
covered the various phases of geology and 
mineralogy in a simple and understandable 
fashion. Considering the fact that the book 
is aimed at the collector and those who have 
an interest in the mineral kingdom as a 
hobby, the book seems a workmanlike exposi- 
tion of the subject. 
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The Yogo Sapphire Mine 


by 


ROBERT C. CROCKER 


The Yogo sapphire deposit is described by 
the U.S. Geological Survey as the most im- 
portant gem locality in the United States. 
This deposit is located at the foot of the 
Little Belt Mountains in a vertical dike ex- 
tending from Yogo Gulch about five miles 
east. Yogo Creek forms part of the head- 
waters of Judith River (Judith River was 
named by William Clark, of the Lewis & 
Clark Expedition, in 1804) in Judith Basin 
County, Montana. 

To reach this deposit, it is necessary to 
travel by road from Great Falls, Montana, 
east on highway 87 through Stanford 
(Judith Basin county seat) to Windham, a 
distance of sixty-seven miles from Great 
Falls. At Windham, a county graveled road 
runs south to Utica, about twelve miles. From 
Utica, the county graveled road heads up the 
Judith River in a southwesterly direction, a 
distance of about eleven miles to the Yogo 
Sapphire Mine. 

The sapphire-bearing dike occurs at the 
northeastern margin of a rough, mountainous 
region, at an elevation of about 5,000 feet. 
To the east and north are broad valleys, open 


grassland, farms, and low hills. About 10 to . 


15 miles west and south of the deposit, the 
peaks along the crest of the Little Belt Moun- 
tains rise to elevations of 8,000 to 9,000 feet. 
The region to the northeast is semiarid, 
suited to cattle raising and wheat produc- 
tion by dry-farming methods. The mountain- 
ous region to the southwest is sparsely in- 
habited. A few ranches are located in the 
valleys, and there is sporadic activity in some 
of the old mining camps. Growths of timber 
cover most of the mountain slopes. 


Along the eastern two-thirds of its extent, 
the sapphire-bearing dike is in an open, 
rolling grassland, with occasional forested 
valleys and low bills, increasing in elevation 
westward to the heights above Yogo Canyon. 
The western part of the dike is in the rough 
canyons of Yogo and Kelly Gulches, where 
limestone cliffs rise abruptly several hundred 
feet above the canyon floor. 


The geology of the deposit is exceedingly 
simple. A nearly vertical sapphire-bearing 
igneous dike cuts through gently dipping 
limestone. Corundum has not been found in 
other igneous rocks of the region. Surface 
exposures of the dike rock are very poor, for 
it weathers more readily than the adjacent 
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* A country of incomparable beauty — and riches too. Your eye can trace the 
sapphire lode along the ground in this picture. 


Photograph courtesy of Culver Studio, Lewiston, Montana 


limestone. Where the dike has been worked, 
its average width is approximately eight feet 
and the maximum width more than 20 feet. 
(“Corundum Deposits of Montana,” USGS 
Bulletin 983, Washington, D.C., 1952.) 

The history of this area and its mining 
dates back to about 1865, when gold was 
discovered about twelve miles up Yogo Creek 
in the area where sapphire was eventually 
found. The Indians were strong enough to 
cause the white men to leave. In 1879 gold 
miners came in force, about twelve hundred 
strong. They built dugout houses in the 
hillside along Yogo Creek, forming the town 
of Yogo. Like many gold-rush towns, Yogo 
was abandoned about two years later. 


Sapphire was discovered in the bench and 
stream gravels near Yogo Gulch about cleven 
miles southwest of Utica, Montana, in 1894 
and 1895 by G. A. Wells, S. S. Hobson, 
Mathew Dunn and J. Hoover. These men 
were prospecting for placer gold. In mining 
the placers for gold, a bluish material was 
retained in the sluice boxes. It was at that 
time unidentified. The season’s gold placer 
clean-up amounted to approximately $700 
worth of gold. To determine the identity of 
the blue stones, over which there had been 
considerable controversy, a cigar box full 
was shipped to Tiffany and Company in New 
York. In November, 1895, they received a 
check from Tiffany’s for about $1,800. 

In February, 1895, James Ettien, a sheep- 
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herder, noticed sapphire in the piles of ditt 
around gopher and badger holes along the 
outcrop of an igneous dike east of Yoyo 
Creek. The heapings around one of the holes 
yielded several hundred carats of gems and 
was the direct cause of the discovery of the 
dike. The placer deposits soon played out. 
For recording the first claim, Ettien gave a 
half interest in it to Clarence Goodall. Ettien, 
apparently believing that sapphire was always 
found in gem gravels and never in place, 
neglected to press his opportunity, while the 
four coadventurers in the original placer 
claims traced the lead and staked out claims 
on the Yogo sapphire dike. They, too, neg- 
lected to go far enough, staking claims to 
what was known as Kelley's Coulee. Burke 
and Sweeney, July 4, 1896, staked additional 
claims known as Fourth of July Claim. 

The New Mine Sapphire Syndicate, of 
London, England, purchased the first-men- 
tioned claims at the eastern end of the dike 
in 1897. Sweeney and Burke sold their 
claims to the American Sapphire Company. 
These claims were along the western portion 
of the dike, which ends at Yogo Gulch. 

The New Mine Sapphire Syndicate (Yogo) 
expanded its operation. Tiffany & Company 
bargained for some of the larger stones, but 
through the efforts of George Wells and 
Mrs. Reed, the London firm of Johnson, 
Walker and Tolhurst, Ltd., agreed to become 
sole selling agent for the Syndicate. The 
fine-quality stones were cut and polished in 
Switzerland. The small 
second-quality stones and fine grit, or glean- 


France and and 
ings, were marketed for watch jewelers, 
instrument bearings, phonograph needles and 
abrasives. 

The New Mine Sapphire Syndicate first 
mined along the outcrop of the sapphire- 
bearing dike by manual methods. The hand- 
excavated material was hauled in wagons to 
a ditch for washing. A shaft was sunk to a 
depth of sixty feet in 1897. The soft, altered 
dike became harder at a depth of about sixty 
feet below the surface. In order to disinte- 
grate and wash this material, it was spread 


out over large board-and-concrete platforms 
to weather and soften. Water was piped from 
Yogo Creek at an expense estimated at 
$40,000. 

The water was used to soak mined rock 
to speed weathering and for sluicing. The 
ore as brought to the surface looks like hard, 
blue rock, slightly tinged with green. It 
weathers to a yellowish, earthy clay. Sap- 
phire is distributed through this ore in no 
great profusion. Long weathering and wash- 
ing are necessary before final disintegration 
permits the extraction of the last sapphire. 
A period of about four years is needed for 
the harder material. As the rock weathered, 
it was washed through a series of sluice boxes 
equipped with strap-iron riffles. The recov- 
ered rough sapphire concentrate, containing 
a small amount of pyrite, was put through 
electromagnetic separators to remove the 
pyrite. The final concentrate was hand sorted. 

The New Mine Sapphire Syndicate pur- 
chased the holdings of the American Sap- 
phire Mine at the west end of the dike in 
August, 1914, for a reported price of 
$80,000. The Syndicate did not operate the 
American Sapphire Mine; it was purchased 
to control what was considered the world’s 
future supply of sapphire. 

The Yogo Sapphire Mine arca, under 
ownership of the New Mine Sapphire Syndi- 
cate, owns thirty-three patented claims, 100’ 
x 1500’. The dike is approximately five miles 
long, striking north 56° east, and is nearly 
vertical. It is estimated by geological survey 
to extend to a depth of 1,000 to 1,200 feet. 
The mine ceased operation in 1927; some 
reports state 1929. At this time, the mine 
shaft had been sunk to the 250-foot level, 
although the dike was mined mainly above 
the 100-foot level within a length of more 
than 3,000 feet. 

In a news interview in 1950, Mr. C. T. 
Gadsden, manager of the mine from the fall 
of 1901 until the mine ceased operation, and 
caretaker of the property until he died, stated 
that the mine had paid dividends to stock- 
holders averaging a steady 20%. The total 
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distribution of dividends for the twenty-two 
years ending December, 1925, had amounted 
to 3174 percent, thus returning the face 
value of the shares to each stockholder once 
every seven years. 

It is generally considered that high British 
taxes after World War I and the declining 
value of the pound sterling were the leading 
causes of the mine’s financial problem. The 
climax came in 1927, when a cloudburst 
washed out part of the sluicing system and 
flooded the mine shaft. The mine closed 
down on a temporary basis but never oper- 
ated again. 

At peak production, the mine employed 
seventy-five men. It is estimated that 200,000 
tons of dike material were mined and washed 
during the thirty-two years the mine oper- 
ated. The softer dike material contained 
sixty to seventy-five carats of sapphire per 
cubic yard. Approximately 13,000,000 carats 
of sapphire were recovered over this period 
of time. About fifteen percent by weight was 
gem quality, representing seventy-five per- 
cent of the total value. Some of the gem- 
quality stones weighed as much as five or six 
carats after cutting. 

Reports show that fashioned cornflower- 
blue Yogo sapphires, in 1901, were selling 
at $30 to $40 per carat. A U.S. Geological 
Survey bulletin reported in 1898 that the 
price of rough, uncut gem-quality stones in 
London ranged from $2 to $15 per carat, 
according to weight, color and purity. The 
average price was $6 per carat for selected 
stones, $1.25 per carat for seconds, and $0.25 
per carat for culls used for watch jewels, etc. 

The American Sapphire Mine, located on 
the west end of the dike at a distance of 
about two miles from the New Mine Sap- 
phire Syndicate, was sold by Sweeney and 
Burke to the Yogo Lapidary Company, who 
operated it from 1904 to 1909. It was then 
acquired by the Yogo American Sapphire 
Company and operated by this company 
until it was sold to the New Mine Sapphire 
Syndicate. 


Mining was done at first along the surface 
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of the dike. In 1904 a 40- and a dO toot shatt 
were driven and drifts were run from: these 
Later, a 300-foot shaft was driven and dritts 
were driven east and west from three levels 
Although the mining methods at both mines 
were similar and the size and character of 
the dike and sapphire about the same, the 
treatment of the sapphire-bearing material 
differed radically. The American Sapphire 
Mine constructed a 100-ton treatment plant 
at a reported cost of $30,000. The weathered, 
softer and more friable dike material was 
taken directly to the treatment plant, where 
it was passed through a 4-inch grizzley to a 
jaw crusher. The crushed material was 
screened and sized to 34”, 34” and #6 mesh. 
The sized material was treated in separate 
sets of Woodbury jigs. The capacity of the 
jigs was 75 tons per 74-hour shift. The j1x 
concentrates, averaging five to ten percent 
sapphire, were treated in Blake-Morscher 
electrostatic machines. The final concentrates 
separators fifty to 
ninety percent sapphire. Final cleaning and 
sorting was done by hand. The harder, less 
weathered dike material was subjected to 


from these contained 


weathering and disintegration betore it was 
milled. The treatment plant recovered datly 
about 500 carats of salable gem-quality sap- 
phire, having an average value of $. per 
carat. 

For a time, gem cutters were cemploycd at 
the mine. In 1906 a gem-cutting plant began 
operation in Great Falls, Montana. All the 
gem-quality and industrial-grade sapphire 
produced from the American Sapphire Mine 
was marketed in the United States. The total 
production from this mine was Jess than 
3,000,000 carats. 

The condition of the buildings and much 
of the machinery is poor and, in general, 
much repairing would be needed. The equip- 
ment is old and would not be suitable tor 
efficient operation. 

Officers of the New Mine Sapphire Syndi- 
cate, as of May 2, 1956, are: President, B. J. 
Walker, 21 Conduit Street, London, Eng- 
land; Vice president, Mrs. 1, M. K. Morris, 
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* Some of the original mine buildings and machinery, now dilapidated. In the 
background, you see a portion of the famous Yogo Sapphire lode, estimated to 
be 95% intact. 


Photograph courtesy of Culver Studio, Lewiston, Montana 


29 St. Andrews Road, Goldersgreen, Eng- 
land; Secretary, George Pope, 21 Conduit 
Street, London, England. 

Although Yogo is the only sapphire de- 
posit in Montana mined for gemstones, there 
are several deposits in the State. The most 
important are the Rock Creek deposit, in 
the foothills of the Sapphire Mountains south 
of Missoula, in Granite County; along Dry 
Cottonwood Creek, in Deer Lodge County; 
along the Missouri River for about twenty 
miles, near Helena; the Virginia City area 
and the Sweet Grass Hills, northeast of Cut 
Bank. These beds are alluvial deposits, only 
one of which has been worked, according to 
available information. Rock Creek has been 
worked and practically the whole output goes 
for industrial use. Sapphires have been re- 
ported in Musselshell and Powder River 
Counties. 

In 1947 negotiations were started for the 
purchase of the New Mine Sapphire Syndi- 
cate holdings by a Montana group incor- 
porated in Montana as the Yogo Sapphire 
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Mining Company, of Lewiston and Billings, 
Montana. This corporation is headed by 
Thomas P. Sidwell, a Billings investment 
man. By May of 1950, the long, tedious job 
of locating stockholders and signing a con- 
tract had been completed. The contract agree- 
ment called for a purchase price of $65,000 
in cash and delivery of 75,000 shares of 
capital stock of the Yogo Sapphire Mining 
Company at a par value of $1 a share. (Note: 
Courthouse records show New Mine Sap- 
phire stock at $150,000 value.) The new 
company announced in the press that they 
intended to put new machinery at work on 
the old Yogo that year (1950). 

However, negotiations failed and a suit 
was filed in Montana Supreme Court by Sid- 
well against the English Syndicate, charging 
that they failed to abide by their contract. It 
was alleged that Sidwell had also failed, 
since not all of the $65,000 had been de- 
posited to the New Mine Sapphire Syndicate 
account. In any event, the case was dismissed. 


An Associated Press release, datelined 
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* American Mine, at western end of deposit. Fault in limestone cliff above 
building is sapphire deposit. 


* English New Mine Sapphire Syndicate. Cleavage in hillside, left center, is 
vertical sapphire-bearing dike. The new owner, American Sapphire Company, 
has started construction of a new shaft about four blocks to right of this cleavage. 
They will not use old shaft. 
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* A portion of the sapphire-bearing dike was cut away during the early years of 
the mine’s operation. The dike measures approximately five miles long. 


Photograph courtesy of Culver Studio, Lewiston, Montana 


Denver, July, 1956, states that the campaign 
to acquire the stock of the New Mine Sap- 
phire Syndicate ended in success that week, 
when the stock was formally transferred to 
Thomas P. Sidwell, Billings investment man, 
through the Denver National Bank. Sidwell 
and Commercial Uranium Mines, Denver, a 
corporation headed by Martin Legere, jointly 
bought up about 145,000 shares of the 
150,000 shares in the British Syndicate. 

Although the release stated that men and 
equipment would be moved into the area 
within a few days, Sidwell has since told 
local people that work will probably begin 
in the Spring of 1957. 

A brief note: C. T. Gadsden came to the 
Yogo Mine from England in 1899. In 1901 
he became manager of the mine and held this 
position until it closed down. After the 
mine ceased operation, he and his wife re- 
mained as caretakers of the property. They 


remained on the property until 1954, the 
year Mr. Gadsden died. Mrs. Gadsden now 
resides in Lewiston, Montana. Mrs. Gadsden, 
in July of 1956, filed a writ of attachment 
on the New Mine Sapphire Syndicate of 
London, England, for back wages to April, 
1954, the amount being $29,317.42. 

Yogo sapphire ranges in color from the 
palest of shades of steel blue until it reaches, 
in very fine specimens, the lovely hue used 
in the description of sapphire as cornflower 
or royal blue (violet-blue to violetish blue). 
Montana blue sapphire has a characteristic 
metallic luster, often described as ‘‘electric 
blue.” These sapphires are also known for 
their evenness of color (sapphire has a tend- 
ency to be quite uneven in its color distribu- 
tion). In addition, they have the merit of 
retaining their color in artificial light. 

The finest Yogo sapphire has one close 


competitor as having the most valuable 
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color: the cornflower blue from Cashmere, 
India. It has a ‘‘sleepy’’ appearance and is 
claimed by many authorities to be the most 
beautiful and valuable. Lately the Cashmere 
mines have produced almost no stones and 
Cashmere quality has become very scarce. 
Other colors produced at Yogo include 
white, blue-green, purplish blues, rose, alex- 
andritelike sapphires and star sapphires. 
Ruby has been reported, but whether of 
deep-red color has not been established. Ac- 
cording to Mr. Gadsden, no more than three 
or four rubies were found during some 30 
years of mining. 

Most of the sapphires from the Yogo 
deposit are small; crystals or fragments 
weighing more than a few carats are ex- 
tremely rare, and the majority of the cut 
stones weigh less than one carat. The largest 
found thus far weighed 19 carats, but it was 
tabular in form and the largest of four stones 
cut from it weighed only 8\/y carats. One of 
the most valuable sapphires was discovered 
in 1919. It weighed 10 carats in the rough 
and five carats after cutting. It was sold in 
Hatton Garden, London, for 400 pounds 
sterling. The small size of the Yogo gems 
is said to have been the major reason for 
closing the mines in 1929. Frequently, a 
whole year passed without the reported dis- 
covery of any stones larger than three or 
four carats. However, Mr. Gadsden stated 
that several sapphires of about 12 carats were 
found and that no record was made of many 
other stones which weighed five to eight 
carats. In 1921 a 6.25-carat crystal yielded 
an excellent 3.40-carat cut stone which was 
sold for 40 pounds sterling per carat. 

Sapphires in place in the relatively fresh 
dike rock are invariably coated with a thin 
layer of hard, black material, a fraction of 
a millimeter in thickness. Under the micro- 
scope this film appears to be an extremely 
fine-grained aggregate, consisting mainly of 
dark-green spinel, which evidently resulted 
from reaction of the magna with the alu- 
minous mineral. Further evidence of the re- 


action between sapphires and magma 4s 
found in the etched, pitted, and rounded sur- 
faces of the crystals. The natural etching has 
destroyed the original crystal faces of most 
of the sapphires, but is rarely progressed far 
enough to destroy completely the general 
form and outline. ("Corundum Deposits of 
Montana,” USGS Bulletin 938, Washington, 
D.C., 1952.) 

Sapphire, like many gemstones, has char- 
acteristics which are common to the stones 
found in a given area. Thus the origin of the 
gem can often be determined by an expe- 
rienced gemologist. 


Yogo sapphire (light blue) can usually 
be distinguished from all other sapphire by 
the fluorescence test. Under fluoresent light, 
Yogo sapphire is characteristically a moder- 
ate violet color. Ceylon gems which approach 
this color fluoresce a strong red-orange color. 


An interesting and ironic footnote to the 
story of the Yogo Sapphire Mine concerns 
one of the early gold prospectors, who, be- 
cause he collected the “worthless blue peb- 
bles’ found in his gold pan, was known as 
“Sapphire Collins.” He carried the best 
specimens of each lot around in his pockets 
and came frequently to the mining camps to 
show his treasures. He bothered everybody 
with the news of his “finds” and tried again 
and again to obtain financial backing so that 
he could have some of the stones cut. But 
people only laughed at him. Eventually, when 
he failed to find purchasers for his claim or 
anyone who would believe him, it preyed 
on his mind and he became mentally der- 
ranged. He died with everyone still believing 
that his talk of valuable gems was nothing 
but fiction. 
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JADEITE 


{rom 


San Benito County, California 
by 
ROBERT G. COLEMAN, Ph.D. 


(U.S. Department of the Interior, Geochemistry & Petrology Branch 
of the Geological Survey, Washington, D.C.) 


Jadeite is only one of several minerals green and dark green, It usually forms com- 
referred to as jade, and in this discussion it pactly interlaced, fibrous masses, similar in 
might be well to categorize the various min- character to the jadeite habit. In contrast to 
erals commonly called jade. Jadeite and  jadeite, its hardness is 51% to 61% and its 
nephrite are the two minerals most commonly specific gravity is 2.9 to 3.2; therefore, one 
included under jade; nephrite being more may easily distinguish the two varieties of 
abundant than jadeite. Chloromelanite is a jade on the basis of specific gravity. One may 
dark-green iron-rich variety of jadeite. Cer- also distinguish jadeite from nephrite on the 
tain greenish varieties of a number of other basis of their refractive indices, since the 


minerals have commonly been called jade: indices of jadeite are higher than those of 
green grossularite garnet, californite (a  nephrite. 

light-green variety of idocrase), and bowen- Jadeite is extremely rare and, previous to 
ite (a variety of serpentine). its discovery in California, there were only 


Jadeite is a member of the pyroxene group __ three known deposits in the world. The best- 
of minerals and assumes those properties known deposits are situated in Tawmaw, 
which are characteristic of this group. Indi- Burma, and most of the Chinese ornamental 
vidual crystals are rare and it usually forms jade has originated from this area. In Japan, 
tough, compact, and fibrous interlaced masses.  speciments of jadeite have been recovered from 
The color varies from apple green to em- deposits near the village of Kataki, Niigata 
erald green, greenish white, and occasionally Prefecture. Jadeite more recently has been 
white. Jadeite has a hardness from 614 to 7 found, in place, near the village of Manzanal, 
and its specific gravity varies from 3.3 to 3.5. in the Motagua valley of Guatemala. 

Nephrite is a member of the amphibole Jadeite was first reported from California 
group of minerals, whose properties are dis- by Mielenz (1939) as small crystals in a 
tinct from those of the pyroxene group. Ne-  quartz-albite-jadeite schist, from the Francis- 
phrite varies in color from white to leaf can formation of Jurassic age in San Benito 
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* Figure 7 Index map showing the 
general area (crosshatched) where the 
jedeite is found. 


County, California. Switzer (1950)* identi- 
fed jadeite in boulders collected by Bolander 
(1950) along Clear Creek in San Benito 
County. Following this discovery by Bo- 
lander, considerable interest was aroused 
and Yoder and Chesterman (1951) described 
the occurrence of jadeite-bearing rocks, in 
place, along the banks of Clear Creek, near 
Bolander’s discovery. 

The jadeite occurs at various localities, all 
within a large elongate mass of serpentine 
(see Figure 1) which forms a large dome 
flanked by sedimentary rocks. The geology 
of this area has been discussed by Eckel and 
Myers (1946) in their description of the 
New Idria quicksilver deposits. Yoder and 
Chesterman mapped eight exposures of 
jadeite-bearing rocks in the Canyon of Clear 
Creek (NW 4, sec. 12, R. 11 E., T. 18 S.). 
Several more outcrops near the original site 
and one large isolated mass near Santa Rita 


Peak (NW 14, sec. 24, R. 12 E., T. 18 S.) 
were discovered by the author. Jadeite- 
bearing cobbles and boulders are common in 
the streams within the serpentine, and prob- 
ably many other localities of jadeite in place 
are yet undiscovered. 

The jadeite is found in two distinct occur- 
rences: (1) Lenslike bodies having an irregu- 
lar vugy surface and completely surrounded 
by serpentine. The central portion of these 
bodies contains an irregular “‘eye’’ of crushed 
jadeite. (2) Veins of jadeite around the 
periphery of large schist bodies within the 
serpentine. 

The lenslike bodies have a zonal arrange 
ment; the outer shell is a tough, greentsh- 
brown, fine-grained rock composed essen- 
tially of fibrous prehnite, hydrogarnct, and 
sphene, with minor amounts of biotite alter- 
ing to chlorite. This grades imperceptible 
into a similar intermediate zone that is 
brownish with cavernous weathered surface 
and is composed of thomsonite containing 
inclusions of fibrous prehnite with minor 
sphene and chlorite. The central portion of 
the lenslike body contains crushed greenish 
jadeite. This “eye” is mostly jadeite, except 
for extremely thin veinlets of biotite. Two 
generations of jadeite can be distinguished: a 
green jadeite that has been crushed and 
fractured and later healed by an almost pure 
white jadeite. 

Individual veins of jadeite are present 
within albite-acmite schists which form large 
individual rugged masses within the serpen- 
tine. These veins are usually found along 
the periphery of these large schist bodies and 
show cross-cutting relationships to the e¢n- 
closing schist (see Figure 2). Most of these 
are less than one inch in width, but local 
swellings may meusure up to eight inches 
across. The la:ger veins contain two gencra- 
tions of jadeite: a dark-green variety cut by 
intersecting veinlets of white jadeite accom- 
panied by minor amounts of analcite and 
albite. These large veins pinch and swell and 
in many places are offset by minor displace- 


* Personal communication. 
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ments. The smaller veins which contain the 
white jadeite show very little fracturing or 
secondary veination. In both small and large 
veins where the jadeite forms, it character- 
istically produces radiating clusters of 
coarsely crystalline material. Small elongated 
blebs of jadeite intergrown with serpentine 
are common near the large schist masses. 
These blebs produce a very dark-green, fine- 
grained jadeite. 


A complete mineralogic study of the jadeite 
from these described occurrences along Clear 
Creek has shown that this is one of the rare 
localities in the world where pure jadeite is 
found in place. The white jadeite from the 
veins within the schist was purified and 
given a complete chemical analysis, accom- 
panied by specific gravity and optical deter- 
minations (see Table 1). A comparison of 
the calculated formula obtained from this 


Table 1. — Chemical and physical properties of white jadeite from Clear Creek. 


Theoretical 


Density 21° C— 3.43 — 0.01 


Calculated formula from analysis: 
(NaCa)_.g8(A1,Fe,Mg)1.02Si206 


* Figure 2 Polished 
slab of albite-glauco- 
phane-acmite schist cut 
by a vein of white 
jadeite. 


Jadeite 
Wt % Metal Atoms Wt % Optical Properties 
SiOz 59.38 2.00 2.00 59.44 alpha — 1.654 + .002_ 
Al»xO3 25.82 1.02 25.22 + beta 657 
TiOs 04 — gamma — 1.666 
FesO3 45 -O1 1.03 2V — 7° + 
FeO traces f ZAc — 34° + - 
MgO 12 .003 X=Y=Z colorless 
CaO 13 005 ; 
NazO 13.40 876 {0.88 15.34 ~ 
K30 02 — ; 
H,O 16 ‘ 
H2O .22 
CreO3 OL 
99.75 100.00 
Theoretical formula: 
NaA1Siv0g 


Analyst: W. H. Herdsman 
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* Figure 3 Cabochons of the white and 
green varieties of the Clear Creek 
jadeite. 


analysis with the ideal formula of jadeite 
shows good agreement. The X-ray powder 
diffraction measurements on this analyzed 
material also agree closely with the calcu- 
lated spacings of theoretical jadeite. Optical 
determinations and chemical analysis on the 
green jadeite associated with the white jade- 
ite show that the green coloration probably 
results from the introduction of Fe, Mg, and 
Ca into the jadeite. A chemical analysis of the 
green jadeite, which was kindly given the 
author by Dr. George S. Switzer, shows 
about 10% diopside and 14% acmite ad- 
mixed with the jadeite. The introduction of 
iron into the jadeite as part of the acmite 
molecule probably produces the green color- 
ation, and all gradations from pure white to 
dark green may be found. 

The jadeite masses so far obtained from 
the Clear Creek locality do not compare 
favorably with the oriental ‘jades’’ and the 
more common nephrites from other parts of 
the world. Unfortunately, purity in composi- 
tion does not appear to be a prerequisite in 


the formation of ornamental jade. The deli- 
cate emerald-grcen characteristic of the highly 
prized imperial jade has not been found at 
this locality. Large masses of uniform color, 
another desirable feature, apparently have 
not formed in these deposits because of the 
two stage development described earlier. The 
early generation is dark green and_ finely 
crystalline, whereas the white jadeite healing 
the fractured and crushed green jadeite is 
coarsely crystalline, producing an irregular 
rock of two distinct colors and textures. 

Smaller fragments (up to four inches 
square) having a uniform color and texture, 
however, have been found by the author. 
These smaller pieces, when cut and polished, 
yield handsome specimens comparable in 
quality to some ornamental jades. Figure 3 
shows two cabochons cut and polished by 
Arthur J. Campbell. The dark-green and fine- 
grained jadcite is more amenable to polishing 
than the coarser white jadeite. Careful selec- 
tion of material and skillful finishing could 
produce small high-quality ornamental jade 
from these deposits; however, these good- 
quality masses of jadeite are hard to find 
and hand quarrying is a back-breaking propo- 
sition, since these jadeite-bearing rocks are 
extremely tough. 

As general cutting and polishing material, 
the Clear Creek jadeite will produce many 
interesting and beautiful specimens. Boulders 
up to three feet across, of the variegated and 
brecciated jadeite, have been found. Large 
slabs capable of taking a high polish could 
be obtained from such boulders. No extensive 
mining of these deposits has been under- 
taken; however, it would appear that further 
exploration at depth might possibly produce 
small masses of ornamental jade. 
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The Huby Mines 
ol 
Mogok, Burma 


by 


D. L. SPAULDING 


The village of Mogok, Burma, has long 
attracted the attention of the jewelry trade 
because of the fine-quality rubies found in 
the area. The author visited the ruby mines 
in the fall of 1955 and purchased stones with 
his resident buyer, J. Chandler. 

Mogok is a very remote village located 
about 450 English miles north of Rangoon, 
about eighty miles northeast of Mandalay, 
and ninety miles from the nearest 
border with Red China. The elevation is near 
four thousand feet and the village is in a 
valley surrounded by mountainous ridges of 
dense jungle for miles in every direction, 
Rainfall from the hot monsoon rains of the 
summer months exceeds one hundred inches 
per year. Freezing temperatures in the win- 
ter are rare. 

There are several “choices” in transporta- 
tion from Rangoon to the mines. The Burma 
Road is available for motor transportation. 
This rough, narrow road, hampered by 
insurgent activity, becomes increasingly dan- 
gerous as travel progresses. A slower journey 
is by steamer up the Irrawaddy River to 
Thabeikkyin, and then sixty miles by truck 


or jeep to Mogok. The author first chose the 
railroad to Mandalay, a slow two-day trip, 
but was turned back when the Red insurgents 
destroyed two bridges five hours out of Ran- 
goon. The remaining choice was to fly the 
Union of Burma Airways route to Mandalay. 
This was a fast and pleasant trip, and the 
following day (and only day of the week the 
plane flies north of Mandalay) I flew to the 
jungle strip at Momeik. My buyer had en- 
gaged a jeep to meet me at the plane, and 
we drove the remaining twenty-five miles 
ovet mountainous jungle to Mogok. The 
jeep trip takes over two hours to complete. 

Mogok appeared much the same as it had 
ten years previously, when I visited there as 
a member of the U.S. Army. Very little 
building but much repair had taken place. 
There are no buildings over two stories high 
and these are small by American standards. 
Construction is mostly of native lumber (in- 
cluding teakwood) and split woven-bamboo 
matting. A few of the buildings are of brick 
or concrete and the roofs are of corrugated 
iron or thatch. 

There are no hotels for the visitor, but I 
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* Mogok, Burma. The lakes are old pits of the now dissolved Ruby Mines, Ltd., of 
England. This area was one of the richest in the district. 


was fortunate enough to live and eat with 
my buyer's family. They were very kind and 
tried in every way to make my stay comfort- 
able. Otherwise, accommodations and meals 
are difficult to obtain and must be pre- 
arranged by the visitor with local families. 

The business district consists of small 
shops along two main streets; also a bazaar 
area, where villagers and jungle people trade 
every fifth day. Public utilities are power 
and water. The antiquated 220-volt electrical 
system is on only in the evening, with such 
low power it scarcely provides light. The 
British had installed a water system which 
is now in need of improvement and repair. 

As for sewage disposal, there is none. 
This contributes to the high incidence of 
malaria, diarrhea, and typhoid. There are 
several doctors, in addition to the nature 
doctors, and a government infirmary that 
could hardly be classed as a hospital. 

Transportation is mostly by foot. There 
are many bicycles, some old U.S. jeeps, 
trucks, and a few British and German auto- 
mobiles. 

Although the area is quite small, I would 
estimate there are fifteen thousand people in 
Mogok and the surrounding gem-producing 
area. There are many peoples, including 


Burmese, Indians, Chinese, a few British, 
and a Finnish-American missionary family. 
It seems as if the entire populace (which can 
be grouped into mine owners, miners, stone 
dealers, cutters, shopkeepers, and craftsmen) 
deals in stones. The people are very friendly, 
intelligent, and hungry for knowledge other 
than that learned in their public and private 
schools. 

Mining in the area is limited by licenses 
to the Burmese citizens. A foreigner can own 
only forty percent of a mine and cannot ob- 
tain a license. There are apparently no land 
claims, and one miner can work against 
another’s mine if he has a water source. 
Water is the principal limiting factor in pro- 
duction. Mogok proper is situated in one of 
the finest ruby areas, but mining in the 
village is prohibited. Several large lakes are 
adjacent to the village; these are abandoned 
water-filled pits of English Ruby Mines, 
Limited, where an attempt was made to 
dredge the gravels in the early part of the 
century. Profitable mining is limited mostly 
to hand labor. Several highly profitable old 
mines operate just east of the village. 

The valley areas in the nearby jungles 
supply most of the stones. Mines are oper- 
ated by a single man or by groups of miners 
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* Numerous mines are located in the valleys in the jungle beyond the village. 


working for an owner or a group of owners. 
Stones are also recovered from pegmatite 
dikes in the area, but it was inadvisable to 
visit these in view of insurgent activity. Fine 
crystals are found in the dike areas. Most of 
the production is from underground alluvial 
deposits known as “byon.” Around twenty 
types of byon are described, depending on 
composition, consistency, and color. 

Shaft mining is done in some areas and is 
considered very dangerous. The shafts are 
dug to the byon level and tunnels radiate 
from these. This method can be very profit- 
able; cavities were described to me where 
fabulous deposits of ruby and sapphire were 
found. The gravel is raised by rope or barn- 
boo shafts which hold the baskets. 

Open-pit mining seems most prevalent and 
the pits vary in depth from twenty to fifty 
feet. The overburden is loosened by hand 
implements and either carried to the surface 
or pumped up with water in a large pipe. 
Although the overburden is washed and 
sorted, real production commences when the 
gem gravels are reached. The byon ts ele- 
vated to an area where water washes the 
sticky clay from the stones and where the 
unwanted larger rocks are thrown out. The 
remaining gravel is placed in a sluice box 
with running water and moves several feet 


before falling over a small waterfall. Under 
the falls are baskets which are shaken by 
miners to cemove unwanted rocks. The 
gravel and water not caught at this point 
travels over several more falls under which 
are additional baskets. The high specific 
gravity of the precious stones separates 
them from the lighter residue. 

The concentrate then goes to the sorting 
table, where usually the mine owner selects 
the gem material. Relatives of the owners are 
allowed to re-examine the tailings and oc- 
casionally recover a fine piece of rough. The 
miners work for a salary, but valuable finds 
are usually divided with them to discourage 
stealing. 

As stated before, mining permits and 
claims are no more important than a source 
of water. Partial ownership in a mine may 
be obtained by supplying the mine with es- 
sential water for washing. For this reason, 
much gravel is collected in the drier months 
of October through April, with washing 
commencing with the steady monsoon rains 
from May through September. The odd part 
of the Mogok area is that a fine stone may be 
found most anyplace — in a walk, a field, or 
a creek. J found none large enough to 
stumble over! 

Certainly, the gem species and varieties 
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* Recovering gravels falling over the 
series of falls. 


found in the Burma area are a challenge to a 
student gemologist. I furnished my buyer, 
Chandler, with a refractometer, polariscope, 
dichroscope, and a 10X corrected loupe. 
With Chandler's wide experience from 
having been raised in the area and my GIA 


training, we were able to defend ourselves 
against the misnomers and practices of the 
other dealers. Ruby, sapphire, spinel, peridot, 
and moonstone were seen most often. Also, 
tourmaline, topaz, amethyst, citrine, alman- 
dite, spessartite, beryl and chrysoberyl were of- 
fered. Of the unusual stones, there were apa- 
tite, scapolite, diopside, kornerupine, ensta- 
tite, sphene, fibrolite, kyanite, iolite and 
many others. It is even likely that several un- 
known gem species may yet be found in the 
area, 

iany species may be found in the same 
basketful of byon. Certain mines are more 
noted for one particular species than another, 
and often a stone can be associated with a 
given mine by its characteristic hue or crystal 
structure. 

I regretted very much that I had not taken 
a Linde star sapphire with me to Mogok. 
The dealers had not seen a Linde star and 
would have appreciated its beauty. Of the 
thousands of stones examined, few were of 
real gem quality. Undoubtedly, the finest 
stones are retained in families and the more 
common qualities are offered for sale at fine 
prices. The only fine large brilliant ruby 
examined was definitely synthetic, and sev- 
eral pieces of rough synthetic were offered 
which had been skillfully tumbled to imitate 


* Collecting the gravel 
in wire baskets. 
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* Dealers negotiating 
for rough on copper 
platter. 


: 
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the genuine. One amusing thing was that any 
dark-green stone other than peridot was of- 
fered as ‘“‘emerald,” although emerald has 
not been found in the area. Aquamarine of 
fine color is offered correctly. 

I was privileged to spend several after- 
noons with Mr. A. C. D. Pain, an English 
dealer residing in Mogok. He is a well 
equipped and accomplished gemologist, pos- 
sessing a truly magnificent collection and a 
knowledge of the Mogok area. 

The buying process is slow and consists 
of looking at thousands of pieces of cut and 
rough stones. We bought in Chandler's 
home, where brokers selling on a percentage 
for mine owners would bring parcels. I 
would say the most difficult of the dealers 
were the women, who were more clever and 
shrewd than the men. If a fine stone were 
mined, we immediately attempted to see and 
bargain for it. This took us to the villages 
of Kathe and Kyatpyin, which are about 
eight miles west of Mogok. Many of the 
stones were examined at the bazaars, in the 
homes of the mine owners and in the streets. 
It was necessary to convert the Burmese unit 
of weight, the rutee, to that of the carat ; also, 
the Burmese monetary unit, the kyat, to the 
dollar. 

Much of the actual bargaining is done 
without a spoken word. The buyer and seller 
hold hands under a piece of cloth or a jacket. 


By using finger grips and the nod of the 
head, it is possible to reach a decision. Thus 
the price is concealed from dealers who may 
have been watching. From the prices asked 
for recent shipments, I can state that the 
prices of the star stones in Mogok have 
doubled in the past year. This is due par- 
tially to rarity of the stones, but mostly to 
exhorbitant prices paid by Indian dealers 
working the rupee-kyat money exchange be- 
tween India and Burma. Inflation and inse- 
curity in Burma also contribute to the higher 
prices. 

The stone cutters in Mogok are remark- 
able, considering the equipment with which 
they work. Many American dealers frown on 
the Oriental cutting, because brilliance and 
perfection are sacrificed for carat weight. The 
cutters can do good work, if ordered to. 
They are masters in cutting for retention of 
color and in minimizing evident flaws. 
Flawed stones are later placed in peanut oil 
to make fractures in the finished stones less 
evident. 

I found only one man in Mogok who 
sawed. There are no power tools and he used 
a device similar to the foot-operated sewing 
machine to turn his saw blade. This was 
charged with crushed diamond and oil by 
carrying it to the wheel on the finger. The 
rough to be cut en cabochon is first dopped 
to a piece of split bamboo about the size and 
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* Dealer and cutter examining the rough. Bowls with cutting boards, on floor. 


* Sawing gemstones by foot power. 
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* Dopping gemstones to bamboo sticks, over charcoal. 


* Cutting star stones on cutting board. Shellac and silicon carbide on board. 


Elbow power used. 


* Polishing star stones on brass wheels. Note foot power. Two faceting devices 
on table. 


shape of a pencil. A cutting board is made 
by applying a heated mixture of carborundum 
git and shellac to a flat board and rolling it 
flat. The board is then placed in a large 
bowl of water and the dopped stone rubbed 
on the carborundum by “elbow power.”’ The 
abrasive remains stationary and the stone is 
in motion. It is remarkable how fast the 
stones are finished in this fashion. Several 
grit sizes are used on several boards before 
polishing. The corundum stones are polished 
on copper or brass with tripoli as the polish- 
ing agent. 

The jam-peg method of faceting is not 
used in Mogok. Instead, a low arched device 
made of wood is used. One end rests on a 
flat table and the other end holds the dopped 
stone, which can be rotated and changed in 
angle as cutting proceeds. The stone rests on 
a very flat cutting board, as previously 
described, and the device is moved forward 
and backward on the table. The facets are 
usually polished on a flat piece of copper in 
the same manner. It is amazing how flat 
facets and any degree of symmetry can be 


produced in the finished stone. Modifications 
are used for the different stones. Soft stones, 
such as apatite and scheelite, cannot be pol- 
ished in Mogok. It is estimated that there are 
about four hundred cutters in the village, 
starting with boys cutting smaller stones and 
proceeding to men who enjoy fine reputa- 
tions for their skill. 

I was deeply impressed by the extreme 
rarity of fine rubies and sapphires and the 
appreciation shown these stones by the 
Orientals. The mining, though primitive and 
inefficient, seems the only practical method 
under the prevailing economic conditions. 

Traveling in Burma today is hazardous and 
living conditions uncomfortable. This is best 
explained by the fact that the Government 1s 
young and inexperienced, politically and 
economically. Burma was given her freedom 
by Great Britain in 1948. At present, the 
Red Chinese are invading Burma near the 
Mogok area. Although obtaining precious 
stones from Burma holds an uncertain future, 
Mogok remains the soutce of the finest rubies 
in the world. 
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Gemstones 


of 
New South Wales 


by 


R. O. CHALMERS, A.S.T.C. 


The Australian Museum, Sydney 


Note: The following article presents a brief 
summary of accumulated knowledge, up to 
the present, on the gemstones of New South 
Wales. This systematic account was pre- 
sented to the Royal Society of New South 
Wales in a lecture entitled, “The Clarke 
Memorial Lecture,’ by Chalmers. 
(Reprinted from the Journal and Proceedings 
of the Royal Society of New South Wales, 
Vol. LXXXIX, pp. 90-108.) 


DIAMOND 

Localities. Diamonds have been found in 
numerous localities in New South Wales. 
Although mention had been made of dia- 
monds by Hargraves (1851) and Stutchbury 
(1851), the first reliable identifications 
were made by Clarke (1860), who recorded 
and described six undoubted diamonds which 
had been brought to him; four from Suttor’s 
Bar on the Macquarie River, one from the 
mouth of Pyramul Creek, and one from 
Calula Creek. Clarke was also the first to 
mention diamonds from Bingara. 

The three most important diamond fields 
were discovered in rapid succession soon 


after. In 1867, a gold rush to Two Mile Flat 
on the Cudgegong River, some 19 miles 
northwest of Mudgee, led to the discovery of 
diamonds. They occurred in isolated patches 
of an ancient river drift, Pliocene in age. 
These ancient drifts, known as deep leads, 
were found 40 feet above the present bed of 
the Cudgegong River. This phase of the 
operations ended in 1870. Operations were 
resumed for a year in 1916, with small re- 
turns. 

The Bingara Field, about five miles west 
southwest of Bingara was discovered in 1872 
and fully reported on and mapped by Ander- 
son (1887). The diamond-bearing gravels, as 
at Two Mile Flat, are Pliocene in age. Work 
on the field flagged considerably in 1873, be- 
cause there was little interest in the stones, 
on account of their smallness and unsuit- 
ability for jewelry. Small-scale production 
was resumed mainly on the Monte Christo 
claim, and continued for some years, but 
seems finally to have ceased in 1904. 

Wilkinson (1875) made the first mention 
of Copeton, or Boggy Camp, the most im- 
portant field. Unlike Cudgegong and Bingara, 
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diamonds were first found in recent alluvial 
deposits by tin miners. Subsequently, it was 
discovered that they had been washed from 
nearby Pliocene stream gravels, which are 
frequently basalt-capped, and are the main 
source of the diamonds. As one would ex- 
pect in these deep leads, the alluvial deposits 
fall naturally into four zones; the bottom 
one consisting of coarse gravels, known as 
the wash, containing the bulk of the dia- 
monds; secondly, the medium-sized sands 
and gravels, known as the drift, which con- 
stituted the main bulk of the deposits; 
thirdly, fine mud and clay; and lastly, a 
deposit of vegetable debris on top. Some- 
times the wash is so indurated by a ferrugi- 
nous cement that crushing cannot be 
undertaken for fear of shattering the diam- 
monds. For example, at Staggy Creek and 
Malacca, two of the diamond localities near 
Copeton, the wash, consisting of waterworn 
quartz, feldspar fragments, and black tourma- 
line, is excecdingly firmly consolidated in a 
hard ferruginous matrix. On the other hand, 
less ferruginous and more friable examples 
of the wash are known, as at Round Mount. 

Anderson (1887) first mapped the sporadic 
deposits of diamond-bearing wash. Later, 
Cotton (1914) modified and amplified this 
work and traced two branches of an ancient 
river for some 14 miles which, in former 
times, had flowed in a northerly direction 
towards Inverell, thus disproving a conten- 
tion of previous workers that, since Copeton 
diamonds are bigger than Bingara diamonds, 
the main Tertiary stream must have flowed 
west from Copeton to Bingara. Production of 
diamonds at Copeton dwindled markedly 
after 1904 and again after 1922, except fora 
small resurgence during the War, when 
African diamonds were scare, production has 
gradually become negligible. 

Diamonds have been discovered and men- 
tioned in other parts of New South Wales. 
At no great distances from Copeton, diamonds 
have been found on Bora Creek and at 
Tingha. Wilkinson (1870) mentions the oc- 
currence at Muckerawa, near Stuart Town. 


Liversidge (1888) reported them from 
Oberon, Trunkey, the Lachlan River, the 
Abercrombie River, and various localities in 
the Hill End district. 
found in an alluvial deposit on Mount Mac- 
Donald, near the Lachlan River, some 16 
miles east of Cowra (McLachlan, 1901). In 
the collection of the Australian Muscum are 


A few stones were 


three diamonds, two of them yellow, from 
the “upper Lachlan River.” A few diamonds 
have been mentioned from the Crookwell 
Two 


passing interest some fifty years ago. These 


River. localities aroused more than 
were certain areas in the vicinity of Mitta- 
gong (Curran, 1896) and Mount Werong 
(Pittman, 1905). A diamond weighing 28.31 
carats was stated to have been found at this 
latter locality, and the stone was inspected 
and identified by the Mines Department. A 
certain amount of mining was done in each 
place for a short while. It séems, however, 
that nothing further was reported after the 
initial discoveries, therefore, there are good 
grounds for suspecting that the diamonds 
produced as evidence did not actually come 
from these localities. 

One very interesting feature of recent 
years has been the recovery of diamonds by 
Wellington Alluvials, Ltd., in their gold 
dredge on the Macquarie River, some ten 
miles southeast of Wellington. This is the 
only locality in New South Wales whose 
yield of diamonds has been of any economic 
significance for some years. Starting with a 
production of 130 carats in 1950, the figure 
for 1954, up to the end of September, was 
1301 carats. There are two types of stones: a 
hard “Australian type,” corresponding to 
those from Copeton, and a softer diamond, 
equivalent in hardness to the South African 
stones. The hard types show no particular 
crystal shape. Of the stones showing crystal 
shape, the commonest forms are octahedra 
and flattened octahedral twins. Some show 
very sharp edges and corners and probably 
originate near Wellington. The stones range 
from straw to clear blue-white, all intermedi- 
ate shades being represented. They are asso- 
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ciated with plentiful corundums of no 
commercial value. The diamonds are essenti- 
ally industrial stones but about 5% can be 
cut as gemstones. It is of interest to note that 
the present site of this dredging is quite near 
Suttor’s Bar, one of the localities from which 
Clarke originally recorded diamonds. Those 
localities already mentioned, on or near the 
Macquarie, Cudgegong and Turon Rivers, no 
doubt have contributed to the concentration 
of diamonds now being worked. 

Origin. Considerable interest in the past 
has been evinced concerning the origin of the 
diamond in New South Wales. Taylor and 
Thompson (1870), in their description of 
the Cudgegong field, expressed the view that 
the diamond had originated in the ancient 
drift itself. This seems to have been based 
on the following evidence. (1) Diamonds 
are only found in the present bed of the 
Cudgegong, where gold diggers had previ- 
ously discharged the older Pliocene drift 
into the river. (2) The diamonds are never 
waterworn, whereas the associated gemstones 
are. (3) The diamonds are not uniformly dis- 
tributed in the drift as the other gems, but 
generally occur in rich patches. Clarke 
(1870) seems to have given this view some 
credence, stating,  .. . infiltration, decompo- 
sition and reconstruction of carbonaceous 
matcrials, of whatever age, under the in- 
fluence of chemical transformation, may be 
producing diamonds at this moment where 
the necdful conditions exist.” Originally, 
Wilkinson (1887) subscribed to this view, 
but after having personally examined the 
Copeton occurrence, he came to the conclu- 
sion that the diamonds had originated in the 
nearby metamorphosed Palaeozoic sediments. 

In 1870, diamonds were discovered in a 
basic igneous rock forming the filling of 
volcanic necks at Kimberley, Orange Free 
State, South Africa. This notable discovery 
strengthened the belief that perhaps basic 
and ultrabasic rocks might be the original 
source of the diamond in other parts of the 
world. Twelve Miles south of Bingara, at 
Ruby Hill, a volcanic pipe containing frag- 
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ments of breccia was described by Pittman 
(1901) and Card (1902). In 1889, a few 
diamonds were supposed to have been re- 
covered from the breccia. Interest became 
keener when eclogite fragments were identi- 
fied later, because shortly before, Bonney 
(1900), in England, had described small 
diamonds embedded in a fragment of eclogite, 
one of the constituents of the volcanic breccia 
in South Africa. No further finds of dia- 
monds, however, were made at Ruby Hill. 
In 1904, Messrs. Pike O'Donnell 
were prospecting a basalt-covered deep lead 
at Oakey Creck, on the Copeton field. While 
driving a tunnel under the basalt, three dikes 
of decomposed dolerite were encountered. In 


and 


those parts of the nearby wash which were 
richest in diamonds, an abundance of doler- 
ite fragments were found. Subsequently, a 
diamond was discovered embedded in solid 
dolerite. Pittman (1904) stated that it was 
embedded to the extent of two-thirds of its 
bulk. It was also stated that another diamond 
was found in a heap of dolerite that had 
weathered in the open and that indentations 
on its surface contained fresh dolerite. A 
good deal was written on this discovery by 
Pike and David in various newspapers at the 
time. It was taken abroad by David (1906a, 
1906b) and shown to various eminent geolo- 
gists at the British Association for the Ad- 
vancement of Science meeting and the Inter- 
national Geological Congress meeting in 
Mexico, none of whom had any doubts about 
its authenticity. Cotton (1914) was also con- 
vinced of the genuineness of the specimen. 
These are the facts connected with this dis- 
covery and, although it must be admitted 
that general doubts are expressed by geolo- 
gists and mineralogists at the present day, 
this may be because of the entire absence of 
confirmatory evidence following the initial 
discovery. 

Associated Minerals, Quality and Size. In 
the deep leads, diamonds are associated with 
waterworn fragments of other minerals, such 


black 


cassiterite, spincl and 


as pleonaste, topaz, quartz, zircon, 


tourmaline, garnet, 
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rarely sapphire. Various colors have been 
noted. The most common color is a not very 
pronounced yellow, actually an off-color. 
Sometimes they are a pronounced yellow. 
Porter (1898) recorded purest white, black, 
bronze, light blue, light green, rose, deep 
and light orange, lemon and straw. It was 
stated by Davies and Etheridge (1886) that 
defects such as “black specks,’ ‘cleavage,’ 
macles (twinned xls) and ‘‘flats’” were found 
less often than in Cape diamonds. This meant 
that usually New South Wales stones were 
generally of good quality. However, they 
were generally small. Although it was stated 
that one 5.62-carat stone was found at Cudge- 
gong, over the whole field the average was 
five per carat, and in places the stones were 
so small that the average per carat was 20. 
The Copeton stones, in general, were larger, 
frequently averaging three per carat. T. 
Heath, of Copeton, in a personal communi- 
cation, states that the largest diamond was 
an eight-carat fractured white. He also men- 
tions a 12-carat piece of bort. However, on 
-account of their superior hardness, they came 
to be sought mainly for industrial purposes. 
Relatively few gems have been cut, and 
these mainly in the carly days of production. 


Hardness: Atkinson (1886) first. stated 
that New South Wales diamonds were harder 
to cut than those from other sources. This 
was apparently noticed as stones from Bin- 
gara first reached the London market. This 
report did not state whether the difficulty 
was encountered in sawing or grinding. This 
has been gencrally accepted as a fact, and 
some confirmation of their superior hard- 
ness has come from the experience of Aus- 
tralian industry during the war (Chalmers, 
1946). One cannot be absolutely definite on 
the basis of such general statements, because 
hardness in diamond is a vector property; 
that is, it varies with direction and no prop- 
erly designed experiments based on rate of 
cutting and grinding nor on the degree of 
microindentation have been carried out on 
New South Wales diamonds. One reads 
contradictory statements in literature. Kraus 


and Slawson (1939) state generally that it is 
impossible to cut, grind or polish diamond 
ta a direction parallel to the octrahedral 
faces. On the other hand Grodzinski (1952) 
has found it extremely difficult to saw New 
South Wales diamonds in a direction par- 
allel to the cube faces, yet in abrasion tests 
on ordinary scaifs, approximately in a cube 
plane, these diamonds were no more resistant 
than stones. He 
opinion that the greater resistance of New 


Brazilian expresses the 
South Wales stones may be because they are 
full of small “naats” (knots), which, owing 
to their different orientation, may hinder the 
polishing action. 

OPAL 

Prior to the discovery of the extensive 
fields of Queensland, New South Wales, and 
South Australia, isolated occurrences of 
Precious opal in small areas were known only 
from Czechoslovakia (formerly Hungary), 
Mexico and Honduras. For many centuries, 
dating back to the time of the Romans, it 
was known only from Hungary and was 
highly prized. All of these occurrences are in 
igneous rocks. 

Localities, In New South Wales, there are 
three isolated occurrences of precious opal 
in igneous rocks. The opal deposit seven 
miles west of Trunkey, on Rocky Bridge 
Creck, a tributary of the Abercrombie River, 
was reported on by Wilkinson (1877), who 
stated that the matrix was a soft, decom- 
posed vesicular basalt, and by Curran (1896), 
who regarded it as an acidic or andesitic lava. 
H. F. Whitworth informs me that specimens 
in the Mining Museum examined by Card 
are certainly olivine-poor Tertiary basalt. 
L. J. Lawrence has shown me a specimen 
in which light-colored common opal, show- 
ing occasional play of color, fills vesicules 
averaging 5 mm. in length, in a light-gray 
friable rock which, though very decomposed, 
is seen to be basalt in thin sections. Obvi- 
ously, it can be said that the matrix is vari- 
able. The field is of no economic significance. 

Pittman (1907) noted the occurrence of 
precious opal filling vesicles in trachyte, at 


GEMS & GEMOLOGY 


Tooraweanah, Warrumnungle Mountains. 

In 1901, opal from Tintenbar, five miles 
northwest of Ballina, was first noted, but it 
was not until 1919 that the field was dis- 
covered to have serious possibilities. Precious 
opal occurs in cavities in a decomposed basalt 
and as pieces varying in size from a pea to 
a large walnut, loose in the soil where they 
have been detached from the parent rock by 
weathering (Morrison, 1919). In Tintenbar 
opal, the colors stand out in a transparent 
matrix but the marked tendency of the stone 
to develop cracks led to the cessation of all 
work on the field. 

In the principal opal fields of New South 
Wales, the occurrence is quite different and 
of a type noted nowhere else in the world. 
It occurs in sediments of lower Cretaceous 
age and is unconnected with any igneous 
activity. All these sedimentary occurrences, 
whether in Qucenstand, New South Wales 
or South Australia, have certain features in 
common. The opal deposits are found dom- 
inantly in beds of claycy sandstone, always 
in atid or semiarid regions in plain country, 
broken only by low flat-topped hills. They 
seldom occur below the 100-foot level. It 
might be mentioned that the matrix of 
Queensland opal differs from that of the 
other two states, duc, no doubt, to the fact 
that in Queensland the age of the host rocks 
is Eyrian (Early Tertiary). These overlie the 
Cretaceous rocks unconformably. A most 
notable feature of opal is that, unlike most 
other gemstone occurrences, these opaliferous 
sediments extend over vast distances. Known 
opal deposits in New South Wales occur over 
an area of some 2,000 square miles, but, of 
course, not all of the opal is the precious 
variety. 

At White Cliffs, where opal was first 
discovered in 1889, a thin-bedded, fine- 
grained siliceous sandstone, occurring at 
depths of from 25 to 40 feet below the sur- 
face, is the important marker horizon, al- 
though it carries no opal. This “bandstone,”’ 
as it is called, is both underlain and overlain 
by a fine-grained clayey sandstone. In the 


underlying beds, the greatest abundance of 
opal is found. The precious opal is found in 
thin veins of potch, or common opal. It is 
distributed quite irregularly within the potch 
horizons, which follow the bedding planes of 
the sandstone and also fill joints. Precious 
opal also is found replacing fossil fauna of 
the Cretaceous sediments. Invertebrate forms 
thus completely replaced include molluscs 
(both pelecypods and brachiopods), crinoids, 
belemnites, the internal skeleton of Creta- 
ceous cuttlefish and vertebrae remains such as 
teeth, ribs and limb bones of Cimiliosaurus, 
a small form of the well-known Plesiosaurus, 
a marine reptile equipped with paddlelike 
limbs as a means of propulsion. Opalized 
wood is also found. 

Opal pseudomorphs after other minerals 
also occur, the best-known examples being 
the well-known opal “pineapples,” in which 
the opal has replaced the mineral glauberite 
(Anderson and Jevons, 1905). 

At Lightning Ridge, originally known as 
Wallangulla, most noted for black opal, at 
which organized mining began in 1903, the 
host rock is the same as at White Cliffs, but 
here there are four separate levels of the 
silicified ““bandstone,” 
is the white clayey sandstone containing the 


and beneath cach one 


precious opal. Here, instead of occurring as 
seams and joint fillings, as at White Cliffs, it 
is found principally as isolated nodules 
known as ‘nobbies.”” These are usually most 
abundant near the roof of each “level” of the 
host rock, known to the miner as opal dirt. 
Many of these nobbies have the form of a 
miniature volcanic peak and show  well- 
marked striations. O. le M. Knight (personal 
communication) expresses the opinion that 
these were called’ 'nobbies’”” by the miners 
because of this prominence, or nob.’ One 
gets the strong impression that these are re- 
placements of organic forms, but no sug- 
gestion has yet been made by.palaeontologists 
as to what the original form might have 
been. In some parts of the field, shafts have 
been sunk as deep as 90 feet. 

White Cliffs and Lightning Ridge are the 
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only two New South Wales opal fields of 
importance. With these must be included 
their logical extensions such as Purnanga, 
some 40 miles north of White Cliffs, and 
Grawin, some 29 miles southwest of Light- 
ning Ridge. Lower Cretaceous 
sediments cover large areas in the north- 
west portion of the State. Traces of precious 
opal have been recorded in outlying parts of 
the State, such as Milparinka (Slec, 1895). 
The Australian Museum has in its collection 
opal specimens from Brindingabba near 
Hungerford, on the Queensland border. All 
this evidence suggests that careful prospect- 
ing might disclose other opal-bearing areas 
in the State. 


However, 


SAPPHIRE 

Stutchbury (1861) mentioned sapphire 
from the Cudgegong River. Clarke (1853) 
mentioned sapphire (including the green 
variety) as occurring generally in New Eng- 
land, particularly in Tilbuster Creek. The 
numerous localities from where sapphire has 
been noted in New South Wales are listed 
by Liversidge (1888), Curran (1896) and 
Pittman (1901). As in the case of diamond, 
sapphires are found either in decp leads of 
Tertiary age, frequently capped by basalt, or 
in recent deposits derived from the denuda- 
tion of the Tertiary leads. The most impor- 
tant locality is Sapphire, in the New England 
district, some 15 miles northeast of Inverall. 
Other important localities are Bingara, 
Cope’s Creek, Dundee, Glen Elgin, Gwydir 
River, Nundle, Peel River, Oban, Puddle- 
dock, Emmaville, Tingha, Abercrombie River, 
Two Mile Flat, Oberon and Mount Werong. 

The first commercial mining seems to have 
been undertaken by C. L. Smith, on his 
property at Argyle, near Sapphire, in 1919 
(Cambage, 1919). Prior to this, however, oc- 
casional stones had been sent out for cutting 
by such enthusiastic and discerning coilec- 
tors of minerals and gemstones as the late 
D. A. Porter and the late George Smith. The 
principal sapphire-bearing ground has been 
proved for a distance of one mile along 
a dry stream bed. They are found on the sur- 


face and down to a depth of three to four 
feet, the average thickness of payable dirt 
being 18 inches to two feet. Probably, most 
of the material has becn redistributed by the 
erosion of Tertiary deep leads. Associated 
gem minerals at Sapphire are pleonaste and 
yellowish-brown to colorless zircons. Zircons 
are the most common associated minerals 
from all New England localities. 

An early report of Curran's that a sap- 
phire had been found embedded in basalt 
has been substantiated by other discoveries, 
but there is always the possibility that they 
may have been caught up by molten basalt 
flows, the eruption of which was later than 
the formation of the deep leads. 

As Pittman has pointed out sapphire of 
first-class gem quality occurs but rarely in 
New South Wales. Pure blue stones gen- 
erally have such a deep tone that they appear 
almost opaque when cut. At Sapphire, in 
addition to dark-blue stones, particolored 
blue and green, blue and yellow, and green 
and yellow stones are found. Quite attractive 
golden-yellow stones are also found. Some 
bluish-green stones in the collection of the 
Australian Museum collection were not en- 
tirely clear but had a rather misty appear- 
ance. A number of stones from Reddistone 
Creek, eight miles west of Glen Innes, were 
examined and had the same general charac- 
teristics as the stones from Sapphire. A 
cursory microscopic examination of the small 
number of cut stones available showed such 
features as minute vesicular inclusions, sym- 
hairlike crystals of 
rutile; and color banding. Further work 


metrically arranged; 
however would have to be done before any 
of these could be established as positive diag- 
nostic characteristics for New South Wales 
stones, 

Although most sapphire comes from the 
New England district, there are other locali- 
ties mentioned by Liversidge (1888) and 
Curran (1896), such as Tumbcrumba and 
Wingecarribee River. 

Curran made special mention of opaque 
to translucent bronze-colored chatoyant cor- 
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undum at Wingecarribee. In recent years, 
material of this type from Anakie, Queens- 
land, which, when cut, provides black star 
sapphires, has aroused a great deal of inter- 
est in America. It is interesting, therefore, to 
note that such material occurs not only at 
Wingecarribee, but at practically every lo- 
cality where gem-quality transparent sapphire 
occurs in New South Wales. Recently, a 
large flattencd piece of opaque blackish- 
bronze chatoyant corundum, weighing 1149 
carats, was acquired by A. W. Rouse, a 
Sydney gemologist. The exact locality has not 
been disclosed but it is definitely from New 
South Wales. This stone can be divided into 
thrce areas, from each of which there is a 
possibility of cutting a large black star 
sapphire. 
RUBY AND SPINEL 

Ruby from Two Mile Flat was analyzed 
by Thompson, the result being given by 
Liversidge (1888). But in the absence of spe- 
cific data, it is impossible to vouch for the 
correctness of the numerous references by 
earlier workers to these two gemstones. 

No cut rubies from New South Wales are 
known to the writer. The occasional small 
waterworn fragments of pale-pink transpar- 
ent corundum which occur in gem gravels 
from localities such as Tumberumba, Burmah 
(Heiser’s Mine), and Sapphire are not true 
ruby. Small red octahedra of spinel, men- 
tioned by Smith (1926), are associated with 
the pink corundum fragments from these 
two localities, and their identity has been 
confirmed by laboratory tests. It seems cer- 
tain that much of the material from the 
stream gravels stated in the past to have been 
spinel or ruby is actually garnet or zircon. 


BERYL 

Beryl is a widespread mineral in the 
Emmaville and Torrington districts, where it 
occurs in pegmatites associated with bismuth, 
wolframite, cassiterite, monazite, uranium 
minerals, quartz, feldspar and mica. The oc- 
cutrence of beryl with special reference to 
gem material has been described by Smith 


(1926). The most transparent crystals are 


associated with quartz, feldspar and mica at 
Hefferman’s Wolfram Mine, three miles west 
of Torrington. Some fine, pale yellowish- 
green cut stones from this Jocality are in the 
collection of the Australian Museum. The 
largest weighs 73 carats and is remarkably 
free from flaws Another deep-green cut stone 
in this collection, though somewhat flawed, 
weighs 88.5 carats. It came from the Emma- 
ville district. Waterworn beryls are found in 
stream gravels in the New England district. 
Because of the columnar nature of the origi- 
nal crystals, the waterworn pebbles have an 
elongated form. There is one crystal of gem- 
quality golden beryl in the collection from 
Emmaville. There has never been commercial 
mining of beryl for gemstone purposes in 
New South Wales, but a short-lived emerald 
industry on a very small scale was embarked 
upon in the Emmaville district some sixty- 
five years ago. The emeralds were first recog- 
nized by D. A. Porter, in 1890, the locality 
being a tin mine known as de Milhou’s Reef, 
east and north of Emmaville. 

Small emerald crystals were noted in 
pockets which occurred at intervals in a 
dipping quartzose vein. Associated minerals 
were cassiterite, topaz, fluorite, arsenopyrite 
and quartz. The vein was mined in an en- 
deavor to find these pockets at depth. A full 
description was given by David (1891). 
Three small-scale ventures were attempted 
between 1890 and 1909, but only a few 
miners were employed at any one time. New 
South Wales emerals are somewhat pale, 
compared with stones from Siberia, Colombia 
and South Africa. Under the emerald filter, 
they are pink, but a much paler tint than 
emeralds from these other localities. Tests 
showed specific gravity to be less than that 
of Colombian emerald. The refractive index 
of New South Wales emeralds is 1.575, 
which is lower than that of Siberian and 
South African stones determined for com- 
parison. The general rule is that pale em- 
eralds, no matter what the locality, have 
slightly lower density and refractive index 
than deep-colored stones. 
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A Tribute 
to 


Ur. William Foshag 


It was with deep regret that the staff of 
the Gemological Institute of America learned 
of the death of Dr. Foshag, Head Curator of 
the Department of Geology, Smithsonian 
Institution, a position held since 1948. Dr. 
Foshag was Vice Chairman of the Educa- 
tional Board and a member of the Editorial 
Board of the GIA until his death in May, 
1956. 

Dr. Foshag was born in Sag Harbor, N.Y., 
on March 17, 1894. At an early age Foshag 
moved to California, where he attended the 
University of California. He received his 
bachelor’s degree in chemistry in 1919. At 
that time he joined the staff of the Smith- 
While 
leave from the Institution, he took up studies 
for a doctor’s degree in mineralogy and 
geology. The doctor of philosophy degree 
was conferred by the University of California, 
in 1923. 

Since 1919, Dr. Foshag has been con- 
nected with the Department of Geology at 
the Smithsonian Institution. The first ten 
years he held the position of Assistant Cura- 
tor in the Division of Mineralogy, then of 
Curator until 1948, when he was appointed 
Head Curator. 

Bill Foshag was a lover of fine minerals 
and he added many unusual and colorful 
specimens to the national collection during 
his custodianship. His work with minerals 


sonian Institution. on educational 


naturally took him into the study of gems. 
He was one of the country’s foremost author- 
ities. Besides his scientific writings, which 
consisted of nearly 100 papers on miner- 
alogy, petrology, meteorites, vulcanology, 
etc., Dr. Foshag was the author of several 
popular articles on gemstones. 

Dr. Foshag was a Fellow of the Geologi- 
cal Society of America; president of the 
section of vulcanology, geochemistry, and 
petrology of the American Geophysical 
Union; a member of the Society of Economic 
Geologists, Washington Academy of Sci- 
ences; of the Society for Research on Meteor- 
ites; and an honorary member of the Geo- 
logical Society of Mexico. He was also a 
past president of the Mineralogical Society 
of America, and received the Roebling Medal 
in 1953 for his distinguished contributions 
to mineralogy. 

On May 23, 1956, in the Senate of the 
United States, Hon. H. Alexander Smith, 
New Jersey, a member of the Board of 
Regents, Smithsonian Institution, delivered 
a tribute to the late Dr. Foshag, which was 
entered in the Congressional Record. 

The loss of Bill Foshag will be widely 
felt among his friends, many of whom were 
students or graduates of the GIA, and col- 
leagues all over the world. 

He leaves a son, William Frederick, his 
wife and a sister, Mrs. Leroy Bolt. 
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Robert G. Coleman was born in Twin Falls, Idaho, in 1923. 
He attended Oregon State College, where he received B.S. and 
M.S. degrees in geology. At Stanford University, he completed 
research on the mineralogy and petrology of the New Idria dis- 
trict, in California, for his Ph.D. dissertation. (The jadcite 
described in his article is part of the complex mineralogy of this 
interesting area.) While at Stanford, he was a teaching fellow 
of mineralogy, and later, an instructor of geology at Louisiana : 

State University. In 1952, he joined the U.S. Atomic Energy e 
Commission in New York, as a mineralogist, where he carried on investig 


zations of many of 
the world’s important uranium deposits. Since 1954 he has been a mineralogist with the 
Geochemistry and Petrology Branch of the U.S. Geological Survey in Washington, D.C., 
doing research in mineralogy and geochemistry of U.S. uranium deposits. His article, Judeste 
from San Benito County, California, appears on page 331 of this issue. 


D. L. Spaulding, currently a GIA student, was born in Omaha, Nebraska, in 1922. He 
attended Iowa State College, where he received his degree as Doctor of Veterinary Medicine, in 
1943. During World War II, he served as a Captain in the U.S. Army. While stationed in Burma. 
during 1944 and 1945, he developed a keen interest in the gemstones indigenous to the area 
around Mogaung, the jade center, and Mogok. A fine brilliant-cut 
ruby purchased in Mogok, with the aid of a native stone dealer, 
led to importing. Availing himself of the services of the native 


friend, as a resident buyer, Dr. Spaulding has been importing 
kemstones since 1948. Since Dr. Spaulding is a lapidary, he also 
fashions the rough Burmese gemstones. In addition to his general 


practice of veterinary medicine and on-the-side importing of 


gxemstones, he is teaching an adult lapidary course in a nearby 
college. He also presents lectures to various service clubs on the 
subject of his round-the-world trip, taken in the Fall of 1955. The purpose of the trip was for 
purchasing gemstones and visiting his resident buyer in Mogok. Dr. Spaulding’s article, 
The Ruby Mines of Burma, appears in this issue on page 335. 


Robert C. Crocker, gemologist-jeweler, Choteau, Montana, has 
lived in Montana most of his life and 1s well acquainted with the 
surrounding territory. Interests outside of his work and family 
are primarily fishing, hunting and rockhounding. His search for 
gem minerals, as a hobby, led him to the famous sapphire-bearing 
localities of Montana. A keen interest in sapphire, as a gemologist 
and jeweler, prompted the rescarch on the history of the famous 
Yogo Sapphire Mine, not far from Great Falls, Montana. His 
article, The Yogo Supphire Mine, which appears in this issue on page 323, was submitted 
to the Institute as his thesis in fulfillment of one of the requirements for the Gemologist 
Diploma. 
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Uiamond Mining 


In Arkansas 


by 


JOHN R. BURGOON, JR. 


Diamonds have been found in almost 
every state of the United States. Miners, pan- 
ning the streams of California for gold, have 
found small diamonds among the heavy min- 
erals in their pans. In Manchester, Virginia, 
a 23.75-carat octahedron, called the Dewey 
Diamond, was found in 1885. The largest 
alluvial diamond found, the Punch Jones}, 
weighing 34.46 carats, was picked up by 
Grover C. Jones while playing horseshoes 
near Peterstown, West Virginia. These, and 
many of the other diamonds found in this 
country, were probably carried south from 
Canada by the tremendous sweeping action 
of the glaciers. According to Professor W. H. 
Hobbs,? who made a detailed study of the 
glacial striae in 1899, the probable source of 
these alluvial stones is in the vicinity of 
James Bay in Canada. However, in spite of 
many well-organized prospecting surveys, the 
source has not been located. 

The most important discovery of diamonds 
in the United States was made in Pike 
County, Arkansas, in 1906. This discovery 
was important because the stones found were 
im situ and had not been carried by glacial 
or water action from some unknown locality. 
The Arkansas deposit consisted of an ac- 


tual volcanic pipe, similar to the diamond- 
bearing pipes in South Africa. The Arkansas 
diamonds were found in decayed peridotite, 
more commonly known as éimberlite or -blue 
ground. The Arkansas deposit has produced 
several thousand stones and shows promise 
of being a potentially important source of 
industrial and gem diamonds. 

The first geological survey of the Mur- 
freesboro area in Pike County, Arkansas, 
according to J. C. Branner,? was made by 
W. Byrd Powell, M.D., in a somewhat vague 
paper entitled, ““A Geological Report on The 
Fourche Cove,” which was published in 
1842. This report only offered the sugges- 
tion that this area was related geologically 
to the formations at Fourche Mountain, Sa- 
line County, and the Magnet Cove igneous 
areas. 

A more complete and detailed study of 


the Murfreesboro area was made in 1889 by. 
John C. Branner and R. N. Brackett.4 In 


1. New on display at the Smithsonian Institute. 

2. R. M. Shipley, Diamonds, Gemological Insti- 
tute of America, Sec. 17. p. 7. 

3. J. C. Branner and R. N. Brackett. The Perido- 
tite of Pike County Arkansas, Annual Report of 
the Geological Survey of Arkansas, I] (1890), 
377. 

4. Ibid.. pp. 377-91. 
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their survey, Messrs. Branner and Brackett 
recognized the exposed deposits 244 miles 
southeast of Murfreesboro as being peri- 
dotite. Dr. Branner recognized this deposit 
as being similar to the deposits in South 
Africa that were then producing diamonds. 
J.G. Ferguson,® Arkansas State Geologist in 
1922, states that Branner spent half a day 
combing the surface of the exposed perido- 
tite area for diamond specimens. 


Dr. Branner did not find any diamonds in 
his search, so he refrained from making a 
public announcement of his belief that this 
was a possible source of diamonds. He 
feared that such an announcement might 
cause another fruitless rush like the one 
that had resulted in the loss of several mil- 
lions of dollars in unwise and unwarranted 
gold-mining ventures in that area.6 


Another reason for Branner’s reluctance to 
publicize his discovery is given by J. T. 
Fuller:7 

...In this report Branner mentions that 

the rock resembled closely the diamond- 

bearing rocks of South Africa, but scouts 
the idea of its containing diamonds, due 
to the absence of any bituminous shales 
surrounding the “pipe,” or crater, such as 
occur about the pipes at Kimberley, and 

from which it was at that time (1889) 

supposed that the carbon required for the 

formation of the diamond was derived... 

Dr. Branner’s report did, however, stir a 
great deal of interest among geologists of the 
time, not because it hinted of the possibility 
of a diamond pipe in the area, but because 
the survey suggested the geological age at 
which the greater part of Arkansas had been 
sunk beneath the ocean.8 In retrospect, it 
seems strange that Dr. Branner’s report did 
not stimulate any further study of the Mur- 
freesboro area. 


According to J. B. Wood,® Dr. Branner 
had an interested bystander when he was 
searching the washes of the area so care- 
fully. If this story is true, it seems strange 
that it took John Huddleston, the curious by- 
stander, 17 years to make up his mind to 


buy an option on the farm on which the ex- 
posed area of peridotite existed. 

John Huddleston was considered by his 
neighbors to be a little strange in his ways. 
Legend has it that John was one of the few 
men in that area who could drink the local 
brand of “white lightning” without “cut- 
ting’ it. It is also said that John and “Uncle 
Ed” Velvin could take a steaming pot of 
coffee off the fire and drink from the 
spout. John was a ne’er-do-well farmer who 
might have been more successful if his side 
interests had not kept him away from the 
farm so much. He was inquisitive by nature 
and enjoyed roaming the countryside as a 
guide or searching for Indian relics and the 
“lost” Comanche gold at Caggo Gap.!? 

Early in 1906, Huddleston decided to buy 
an option on the site of Brannet’s survey. 
He didn’t have the cash to close the deal, 
but the owner accepted a mule as down pay- 
ment for an option to buy the farm for 
$10,000. He is said to have suspected that 
lead or copper existed in the strange looking 
green dirt on an eroded hillside of the turm, 
At any rate, he spent the next few wecks 
crawling around on his hands and knees, 
carefully searching the ground as Branner 
had done 17 years before. 

On the first day of August, 1906, while 
making this search on hands and knees, 
Huddleston’s attention was caught by an 
unusually brilliant reflection from a crystal 
on the ground. Picking it up, he realized 
immediately that this stone was different 
from the other similar crystals of quartz, 
barite, and calcite that were scattered on the 


5. J. G. Ferguson, Minerals in Arkansas, Little 
Rock, Arkansas Bureau of Mines, 1922, p. 59. 

6. Ferguson, op. cit., p. 55. 

7. J. T. Fuller, Diamond Mine in Pike County, 

Arkansas, Engineering and Mining Journal, 

LXXXVII (1909), 152-55, 616-17. 

Ferguson, op.cit., p. 59. 

J. B. Wood, America’s 35 Acres of Diamonds, 

Nations Business, XXXVIE (Mar., 1949), p. 63. 

10. According to local legend, a young army officer 
named Lee, later distinguished as a Confederate 
general, pursued a band of Comanche Indians 
through Texas to the Caddo Gap of the Little 
Missouri River near Murfreesboro. In crossing 
the river, the Indians are said to have dropped a 
fortune in Mexican gold coins. There are some 
who believe that Huddleston did find a part of 
this treasure. 
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surface of the green-tinted ground in that 
area.41 John had found his first ‘‘deemint,”’ 
as he called it. 
According to H. W. Wheeler:12 
... The tradition that his little girls were 
the first to pick up the “pretty stones” 
with which they decorated their outdoor 
playhouses seems to be unverified, for the 
keen-eyed farmer was himself the finder 
of the first stones . . . 


Huddleston forgot about looking for lead 
and copper and excitedly continued the 
search, alert for another reflection like the 
first. Several false reflections from other crys- 
tals no doubt distracted him in this continued 
search, as they did the author in his visits 
to the crater. However, unlike the author, 
Huddleston did find another stone that after- 
noon in the rut of a road not more than 
500 feet, from the spot where the first was 
found. This stone was white like the first 
and weighed three carats. (The first stone 
weighed 4.5 carats.)13 


Huddleston told his family about his finds, 
and they spent the next several days care- 
fully but unsuccessfully searching the area 
for other stones. On the 8th of September, 
however, Huddleston found a yellow hex- 
octahedron weighing one-half carat.14 


On the day he found the third stone, Hud- 
dleston rode into Murfreesboro to see Jess 
Riley, who was cashier of the Pike County 
Bank. John reasoned that the cashier of a 
bank would be able to tell him the value of 
the stones he had found. However, Riley 
knew little more about diamonds than Hud- 
dleston, so he referred Huddleston to J. C. 
Pinnix, who was the local lawyer and presi- 
dent of the bank. Pinnix, in turn, suggested 
that they be sent to Charles S. Stifft, a 
prominent jeweler in Little Rock. Stifft felt 
sure that these stones were diamonds, but 
hesitated to make a positive appraisal. Stifft 
wisely decided to send them to the foremost 
diamond expert in the United States at that 
time, Dr. George F. Kunz, who did appraisal 
work for Tiffany’s in New York.15 Mean- 
while, Stifft and several others purchased 


options on Huddleston’s farm and other 
property adjoining it.16 

Dr. Kunz examined the stones submitted 
and declared them to be of the finest gem 
quality, comparable to the stones mined in 
Africa. When this appraisal reached Little 
Rock, six businessmen pooled their resources 
with New York investors in the formation 
of the Arkansas Diamond Company. Samuel 
Wallace Reyburn, the energetic young presi- 
dent of the Union Trust Company of Little 
Rock, was selected to head the speculation 
and was dispatched to Murfreesboro to ar- 
range for the purchase of Huddleston’s prop- 
erty. On the way to Murfreesboro, Reyburn 
met a lumberman friend, Horace Bemis, who 
guessed that something unusual must be 
luring Reyburn to such an out-of-the-way 
place as Murfreesboro. Perhaps Reyburn’s 
excitement melted his banker's reserve, for 
he finally divulged the objective of his mis- 
sion to Bemis. At any rate, Reyburn and 
Bemis continued the trip to Murfreesboro 
together. 1* 

On arrival, Reyburn contacted John Hud- 
dleston and asked him what he would take 
for his farm. 

... ‘The price is $36,000,” he declared 

when that detail was reached. 

“How do you figure that?’ the banker 
asked, knowing the lanky discoverer had 
never had $100 in his jeans and could 
neither read nor write. 

“Well, there’s me and the old lady and 
we've got four girls,” Huddleston ex- 
plained. “We figure it’s worth $6,000 


apiece.”... J. B. Wood!8 


The acquisition of $36,000 and the pub- 
licity he was receiving gave John Huddleston 


11. G. F. Kunz and H. S. Washington, Diamends 
in Arkansas, Scientific American Supplement, 
LXIV (Oct. 5, 1907), p. 211, as abstracted from 
the U. S. Department of Intenor Bulletin 808, 


p. 148. 
12. H. E. Wheeler, Diamonds in Arkansas, Hobbies, 
LI (May, 1946), p. 118. 
13. Kunz and Washington, loc. cit., 
14, Ibid., p. 211. 
15. Wood, loc. cit., p. 63. 
16. Kunz and Washington, Joc. cit., p. 211. 
17. Wood, loc. cit., p. 63. 
18. Ibid., p. 64. 


p. 211. 
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a new stature in the eyes of his neighbors. 
He was still considered something of a 
“character,” but the word now had a more 
flattering connotation. Huddleston bought a 
store and several farms; his daughters re- 
ceived modest dowries. In New Orleans, sev- 
eral years later, Huddleston pawned the 
diamonds that he had for return fare to 
Murfreesboro.! In 1936, at the age of 76, 
he was a part-time junkman and part-time 
farmer.20 


Shortly after Reyburn’s purchase of the 
Huddleston farm, Dr. Washington, an emi- 
nent geologist associated with Dr. Kunz, ar- 
rived to study the character of the rock and 
mineral formations at the crater. Between 
Huddleston’s discovery and Washington’s 
arrival, an additional 21 stones had been 
found. Washington spent several weeks 
studying the area. Later, in January of 1907, 
Kunz and Washington studied the area to- 
gether. Their survey disclosed the following 
facts ;21 


The exposed peridotite on the surface of 
the crater covered an area of approximately 
100 acres, forty acres of which was the 
actual surface of the pipe, the rest being an 
overburden of decomposed kimberlite. In 
association with the kimberlite were calcite, 
barite and quartz crystals. A small number of 
peridot and pyrope garnet crystals were also 
found. Dr. Kunz was particularly interested 
in the brown “puddingstone”’ that was so 
common in the area, This stone was the 
Cretaceous conglomerate composed of peb- 
bles of various sizes, mostly quartz, which 
had been cemented together with chocolate- 
colored iron oxide. Dr. Kunz noticed a 
striking resemblence of this conglomerate to 
the cascalho conglomerate which had pro- 
duced diamonds in Brazil. He thought, at 
first, that this conglomerate might be the 
source of the diamonds in this area also. 
However, after further investigation, in 
which no diamonds were found in the con- 
glomerate, he realized that the crater had to 
be the source of the stones. This belief was 
further substantiated when a 114-carat dia- 


mond was found in a rock at a depth of 15 
feet in the crater. The rock containing the 
diamond was studied carefully by three ge- 
ologists, all of whom agreed that the rock 
could not have been altered in any way and 
that it was proof that this was a primary 
source of diamonds. This was the first time 
that a diamond had been discovered in ma- 
trix on this continent. 


About the same time that Drs. Kunz and 
Washington were making their survey of 
the peridotite area, the news was rapidly 
spreading over the country of the Arkansas 
diamond “‘find.’” The sleepy little Ozark 
town of Murfreesboro found itself totally 
unprepared for the hectic influx of ‘'‘pros- 
pectors”’ who visioned themselves making a 
‘strike’ of another pipe in the vicinity, or 
perhaps “high grading” the property that 
had been already claimed. Mr. Howard 
Millar, in an interview with Kenneth John- 
son,** of the Memphis Commercial Appeal, 
said that for the first few years the country- 
side around Murfreesboro assumed the ap- 
pearance of a great, sprawling tent camp, 
and that from 1907 to 1908, the 10-room log 
hotel at Murfreesboro turned away 10,000 
people seeking lodging. The town of Kim- 
berley sprang up along the Little Missouri 
River between Murfreesboro and the Hud- 
dieston property. Farmers in the area who 
had been fortunate enough to purchase op- 
tions on land near the crater received more 
than $75,000 for their options from specu- 
lators.28 


Mining operations in the Murfreesboro 
area followed a sporadic pattern for the 
forty-year period following Huddleston’s dis- 
covery. All but one or two of these ventures 
resulted in disappointment to the owners and 


19. Ibid., p. 64. 

20. Diamond Finds; New Capital Obtained to Re- 
open Mine in Arkansas Ghost Town, Literary 
Digest, CXXIL (Nov. 14, 1936), p. 10. 

21. R. §. Lanier, Has Arkansas a Diamond Field? 
American Review of Reviews. XXXVI (Sept. 
1907), p. 303. 

22. K. Johnson, 
Commercial Appeal, 


Arkansas Diamond Hunt, The 
(Feb. 26, 1956), Sec. 5, 


p. il. 
23. Diamond Finds; ..., loc. cit., p. 10. 
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investors of the mines. It is difficult to fol- 
low the operations of the many companies 
that have mined the area because most of 
the operators, with one exception,"+ have 
kept their production figures to themselves. 
The best known, and perhaps most impor- 
tant, of the mining enterprises are the fol- 
lowing: 

The Arkansas Diamond Company was the 
first organized to mine diamonds in the 
Murfreesboro area. The company was 
formed in the later part of 1906 under the 
leadership of Samuel W. Reyburn of Little 
Rock, Arkansas. The company purchased the 
farm of John Huddleston as well as addi- 
tional property adjoining the crater. Drs. 
Kunz and Washington were called in to 
make a preliminary survey of the pipe and 
its formations. 
were carried on until 1908, at which time 
the original plant was closed by bankruptcy 
tests.“°5 Additional capital was reccived, and 
the mine went through a period of inter- 
mittent operations. Two washing plants were 


Surface-mining operations 


constructed in 1912, and sporadic operations 
were continued until 1931, when the world 
decline in diamond prices brought a halt 
to all operations in the Arkansas area along 
with some of the African mines. By this time 
several million dollars had been invested in 
the venture with an estimated yteld of 
$100,000 in diamonds. This included 40,000 
stones which totaled 12,000 carats in 
weight.?6 

In 1936, the property was leased to the 
Arkansas Diamond and Engineering Com- 
pany.?? The end of the world depression and 
the subsequent rise in diamond prices 
prompted the new company, under the lead- 
ership of Roy Thompson, a Little Rock 
printer, to raise $400,000 for the resumption 
of operations. In spite of the increased price 
of diamonds, however, the new company 
was no more successful than its predecessors. 
In 1941, the Arkansas Diamond Corporation 
sold its property to the North American Dia- 
mond Corporation.?8 This company hoped to 
take advantage of the further rise in diamond 


prices caused by World War H, which was 
then in progress in Europe.29 The entry of 
the United States into the war six months 
ater brought their plans to a halt, for the 
machinery required to reopen the processing 
plant was only available on a war priority 
basis to essential defense productions. How- 
ever, the increased demand for industrial 
diamonds in war production and the possi- 
ility of losing the major sources in South 
Africa to the axis powers led the owners of 
the mine to feel that a priority would be 
justified in their case.39 


A committee, including the governor of 
Arkansas, took a selection of Arkansas dia- 
monds to Washington and obtained inter- 
views with President Roosevelt and William 
L. Batt of the War Production Board. The 
committce was received favorably, and the 
Bureau of Mines and the Geological Survey 
by the War Production 
Board to investigate the Arkansas property 


were instructed 
to determine the advisability of granting a 
priority for the purchase of $506,000 in 
equipment and machinery. Although the re- 
quest was reduced to $225,000, the priority 
was not granted. Ironically, money was ap- 
propriated to supply machinery to British- 
owned mines in the Belgian Congo and other 
mining areas,3t 

Finally, in April of 1943, a team of in- 
vestigators was sent to the Arkansas area 
where they spent eight months (until Janu- 
ary of 1944) surveying the crater. The offi- 
cial report of the survey, which was not 
published until 1948 revealed that 54 bor- 
ings of shallow depth on a small area of the 
crater had produced 32 diamonds.8? It is 
difficult to understand why approval was not 
granted to the Arkansas syndicate to start 
production. 


24. This exception was the owners of the Ozark 
Mine, the late Austin Q. Millar and his son 
Howard A. Millar, who now owns the property. 

25. Diamond Finds; ..., luc. cit., p. 9. 

26. Diamond Finds; ..., loc. cit., p. 9. 

27. Ibid., p. 9. 

28. Wood, loc. cit., p. 63. 

29. Domestic Diamonds, Time, XXXVUHI (July 21, 
1941), p. 71. 


30. Wood, loc. cit., pp. 6-62. 
31. Wood, loc cit., pp. 61-62. 
32. Ibid... pp. 61-62. 
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¢ All that remains of the Glenn L. 
Martin Recovery Plant. 


In November of 1945, a 50-year renewable 
lease was given to the Diamond Corporation 
of America by the owners of the largest part 
of the crater. The new corporation was 
headed by Glenn L. Martin, the successful 
aircraft manufacturer. Martin planned the 
construction of a plant for the primary pur- 
pose of recovering industrial diamonds on 
the old Huddleston farm. He also acquired 
an operating lease on the Mauney property. 
A modern recovery plant was constructed 
which was capable of handling 1000 tons of 
eatth a day.33 The only information available 
to the author in explanation of the failure 
of this latest mining attempt was obtained 
from unreliable sources in Murfreesboro and 
could not be substantiated. 

Today, the ‘Martin Plant’ is sufficiently 
intact to allow study of the equipment and 
its arrangement, but only at some peril to the 
investigator, for the timber supporting the 
open framework, of the main structure threat- 
ens to collapse at the next gust of wind. 
There is no caretaker in residence on the 
property, but Mr. Howard Millar, who owns 
the adjoining property on the south side of 
the crater is entrusted with its surveillance. 
Visitors to the Millar property, advertised 
as the “Crater of Diamonds,” are, for the 
admission price of $1.50, permitted access 
to the “Huddleston” side of the crater. Mrs. 


33. Wood, loc. cit.. p. 64. 
24. Wood. loc. cit., p. 64. 


Ethel Wilkerson, one of the chief owners 
of the property has always encouraged ac- 
cess to the crater by visitors. In an article by 
Junius B. Wood,34 Mrs. Wilkerson is quoted 
as saying, “It is a public service, if not, in 
fact, a public duty to enable residents of 
Arkansas and their visitors to have an oppor- 
tunity to view this unique spot.” 

Horace Bemis became interested in the 
diamond area in Pike County after a chance 
meeting with Samuel Reyburn when the lat- 
ter was on his way to negotiate for the 
Huddleston property. Bemis accompanied 
Reyburn to Murfreesboro, and, when it was 
discovered that the crater extended into the 
Mauney farm adjoining the Huddleston 
property, Bemis made a working agreement 
with Mauney, then County Clerk of Pike 
County, to mine his part of the crater. Later, 
Bemis purchased 30 of Mauney’s 40 acres, 
and after Bemis’s death in 1912, the 30 
acres were sold to Austin Q. Millar, a former 
iron miner from Minnesota, for $110,000. 
Millar leased two other pieces of property, 
and in 1914 he and his son, Howard A. 


* The grease table at the Martin plant. 
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* Landmark at the ‘Crater of Dia- 
monds”: Pumphouse from old Millar 
plant. 


a 


* The Ozark Mine. Building in back- 
ground was part of Millar’s old plant. 
Author in foreground. 


* Plowed area on the Millar property. 
A few yards from the spot where the 15- 
carat diamond was found by Mrs. Parker 
of Dallas, Texas. 
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Millas, who had just returned from college, 
began Washing operations of the surface ma- 
ternal. Father and son conducted exploratory 
midung operauons tor five years, by which 


ne they were both couvineed that commer- 


cul mining on a large scale would he pront- 
able 2 $350.00 was invested in cyuipment 
yof L919 thes 


beeun full-scale operations. Ac midnight, on 


and buildings, and in Janus 
January the 3th, ten days after operations 
bad begun, the processing plant on Millar's 
property was burned to the ground.4 Ken 
neth Johnson’? discussed the burning of the 
plant in an interview with Mr. Howard A. 
Millar, who thuught that it had been subo- 


taped 


Tod SO years atter Huddleston’s dis- 


the only activity fn the Arkansas dia 


LUNE 


mond crater is the tourist attraction, oper- 


ated by How.ard Millar and his wife, known 


we The Crater of Diamonds.” In March of 
1930. considerable attention was given to 
the crater in Texas and Arkansas newspapers 
when a Dallas housewife and “rockhound,” 


Mfrs. Arthur Lee Parker, found a flawless, 


white Cleavage fragment weighing 15.31 car- 


wagon the surface of an urea of “black 


ground “* that had been turned over by a 
seiiper and wasted by rains shortly before. 
Deriag the week that the author spent at the 
rhe a Call was received from the cutter 


vale: Tashoomed Mfrs. Parker's stone. He 


Mors. Howard Millar thar che stune 


fashioned ita a 


whose estimated weight 
erates and which would be valeed ac Sis.- 


USD UStl- 


far said that her 


mated the cleavage to be parr of a crystal 
that utust have weighed 400 ty dado caracs. 


iidituss mete. An artide on the diamond 


foundis Mes. Parker with turthe: informa- 
Poo the duscovev, cutung, ere, will he 
pubashed ana torthéoming assuc of GEMS 
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The Millars have hopes that the 4 
of this stone, named the “Star of Arka 
by the Governor in a ceremony at Little 
Rock, may interest investors in putting up 


the capital for a reopening of the mine. Is 
fact, a deal may be in the offing, for, Goring 
the week of the author's visit to the crater, 
Mr. Millar was, according to Mrs. Millar. 
in Dallas discussing the possibility of fi 
nancing a new company with an unnamed 
person or persons. Perhaps one of the Texans 
who gained a fortune in oil speculation may 
succeed in bringing this ‘wildcat’ in, 
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THE BARCLAYS 


Hockhounds 


by 


MILDRED FIELDER 


A doctor recently asked George Barclay, 
“What are you doing now, George?” 

“I'm pleasing George Barclay,” was the 
answer. “I worked fifty-two years to please 
the public and now it’s my turn.” 

The doctor need not have asked if he had 
taken one good look at the bouncing enthusi- 
asm of his friend. At 76 years of age George 
Barclay and his wife Corinne are having the 
time of their Jives. George retired from own- 
ership of Barclay and Sons Jewelry, Newport 
News, Virginia, in 1948, and since then the 
two of them have covered the United States 
in a rock-collecting spree that has made 
them famous. 

They own the largest private collection 
of minerals and gems in Virginia. They 
maintain a laboratory for analysis of their 
finds. Every one of more than three thousand 
pieces are identified correctly and catalogued. 
His lifetime experience as a manufacturerof 
jewelry, first Black Hills gold jewelry and 
then Omar Khayyam jewelry in a similar 
grape-leaf design, gave him a basis on which 


to build his gemological knowledge. He 
finished the gemological course prescribed 
by the Gemological Institute of America and 
supervised by Dr. Rob of William and Mary 
College, Williamsburg, Virginia, receiving 
his certificate of Certified Gemologist No- 
vember 15, 1935, to become the first Certt- 
fied Gemologist in the state of Virginia. In 


following his hobby, he is constantly con- 
sulted by specialists in related ficlds as well 
as giving frecly of his time for illustrated 
lectures in high schools and colleges. 

The Barclay collection 1s housed in a 
replica of a cabin that George built as a 
young man in the Black Hills of South Da- 
kota, where he was born the son of one of 
the earliest Black Hills jewelers. Charles 
Barclay, his father, set up his jewelry manu- 
facturing and selling business in early-day 
Central City, near Deadwood, in 1878. 
Young George grew up in the business, 
ready to join his father actively at the age 
of sixtcen, when the family moved to Vir- 
gina. 
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* The Barclay mineral collection is 
housed in this cabin at Newport 
News, Virginia. The cabin is a replica 
of one built by George Barclay as a 
eames . young man in South Dakota. Corinne 
Barclay at the door. 1956. 

Barclay photo 


* One corner of the Bar- pe ak 
clay mineral collection ” 
building, showing George 

and part of the shelf dis- 


play area, - peo 
, Barclay photo fe 


* George and Corinne 
Barclay find a specimen of 
interest near Ragged Top, 
granite-topped mountain in 
the northern part of the 
Black Hills, South Dakota. 
Barclay photo 
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* Ragged Top, a granite outcrop- 
ping in the northern Black Hills, 
South Dakota. 

Fielder photo 


Now that George ts retired, he and his 
wife Corinne (my moral support and in- 
spiration,” George says) have covered the 
Inited States in their rock-hunting expedi- 
tions. Each day’s find is always “the best,” 
they say with a smile. The specimens in 
their collection represent nearly every state 
in the Union, but they admit that most of 
them come from the West. They have spent 
every summer for the last seven years in the 
Black Hills of South Dakota, which they de- 
scribe enthusiastically as the best hunting 
grounds of all. ‘ 

Why the Black Hills? 

“T have always been interested in the 
Black Hills because I was born here,” 
George Barclay admits, “but besides that, the 
Black Hills offer a greater variety of speci- 
mens that any other place in the United 
States.” 

Geologically speaking, the Black Hilts 


area is considered the oldest upthrust of 


mountains in America, and Barclay says its 
age is one of the reasons why it is a rock- 
hunters’ paradise. The granite outcroppings 
in the southern half of the Black Hills are 
partly responsible for the considerable peg- 
matite arcas, he believes. The crystals found 
there are far larger than he has found any- 
where else, and he mentions that the crystals 
in pegmatite are worth more for their size 
than their gem properties. 

“In gemology you have to know every- 
thing about them: sources, whys, where- 
fores,”” he explains. Then he speaks with a 
slight amazement in his voice when remark- 
ing about the largest spodumene crystal ever 
found. In the Etta Mine near Keystone, in 
the heart of the Black Hills, a spodumenc 
crystal was once found that measured ap- 
proximately forty feet long and six feet thick. 
That, Barclay says, is size. 
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* The granite outcroppings known as the 


George and Corinne Barclay work to- 
gether on their hobby. They do not try to 
make it pay financially, they say, getting ade- 
quate pleasure from their interest to repay 
their time in full measure. They speak of 
the satisfaction that comes to them in the fre- 
quent consultations they are asked to give to 
other specialists in related fields: mineralogy, 
geology, or gemology. A recent interview 
which they particularly enjoyed was that 
with an outstanding paleontologist regarding 
the fossil formations exposed in Virginia. 
Another of similar interest concerned a con- 
ference on fossils connected with oils and oil 
formations. These technical discussions with 
other scientists are of high interest to them, 
but one realizes as he talks to George and 
Corinne Barclay that they are most cnthusi- 
-astic when giving illustrated lectures, for 
which they are known in high schools and 
colleges in the vicinity of their home town. 

William and Mary College is nearby, and 
they have lectures there with very  satis- 
factory reaction from the students. They feel, 
however, that their most intriguing challenge 
hes in speaking to high schools and younger 
students. They have appeared on the plat- 


Fielder photo 


forms of many high schools in Virginia and 
nearby states, always on a guest basis and 
always evoking interest from students. 

“You'd be surprised how many children 
bring rocks to us for identification,” George 
says, “both negro and white. We make no 
distinction in color when we accept school 
engagements.” 

The Barclays tailor their lectures to the 
needs of the group, using technical refer- 
ences for the more advanced students and 
using a “language they can grasp” for the 
younger ones. 

George Barclay reached in his pocket for 
a bulgy envelope. 

“[T have ten specimens in here,’’ he ex- 
plained. “I'm sending them to a little fellow 
four years old, a friend of mine back home 
in Virginia who is interested in rocks. These 
boys get interested, you know, and although 
their interest may not stay in rocks it gets 
them on a track that takes them into nature.” 

Pleasing himself? Looks like George and 
Corinne Barclay are pleasing more people 
now than they ever dreamed possible in 
their jewelry days. The best of it is that the 
whole thing is fun. 
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Hecent Gem Mining at Hamona 


San Uiego County. California 


Vy, 
by 


CAPTAIN JOHN SINKANKAS, USS 
Certified Gemologist 


INTRODUCTION All of this took place within a space of 
several months in 1903, the locale was a 
small valley rimmed by rolling hills, about 
314 miles somewhat north of east from the 


Dormant for many years, the gem region 
of Southern California shows signs of re- 
awakening interest in the commercial pro- 
duction of gemstones. One of the most re- 
cent ventures, and one which is still con- 
tinuing, is that of Mr. Louis B. Spaulding 
of Ramona, who is engaged in working sev- 
eral gem-bearing pegmatite dikes on his 
Little Three property in Hatfield Creek Val- 
ley. only a few miles eastward from Ramona, 
San Diego County, California. In addition 
to the deservedly famous orange spessartite 


town of Ramona. Figure 1 shows the loca- 
tions of several of the more important 
mines in the Hatfield Creek valley. Most de 
posits are easily accessible by road but are 
privately awned and not open to general 
visiting. 

It is a never-ending source of wonder why 
all of the gem-hearing pegmatitcs in South 
ern California had not been discavered long 
garnets, an interesting assemblage of pocket before 1900. It would seem that eroded and 
minerals is being produced and marketed, spilled” pockets with glistcaing quartz 
The occurrence of these minerals and the 
pockets in which they are found will be de- 
scribed below. A recent analysis of the 
orange gem garnet from the Little Three 


crystals and gemstones lying oa the surface 
of the ground should have attracted muore 
than casual attention. Pechaps the formidable 
clawing brush which today ts se discourag- 
“ . ing to wanderers from the beaten path was 
property shows that it is true spessartite; in | ¢ y , J hi 
- ust as repelent then, and no one in bis 
fact, it corresponds almost perfectly to the! Fepen a , 
; wp right mind cared to clamber over the decep- 
ideal composition of manganese garnet. ; . 
tively smooth chaparral covered slopes whitch 
provide so distinctive a feature of the South- 


HISTORY 


em Califerina foothill landscape. tn any 
Responding to the astonishing discoveries event, 1903 marked the year when the Ra- 
of gem tourmaline, kunzite, and beryl in the © mona hills were thoroughly explered, and 


early part of this century, the Ramona peg- any favorable sign of mineralization pros 
matite district was intensively prospected and — pected by pit or tunnel. 

resulted in the location of the ABC, Litfle Following the establishment of the gem 
Three, Surprise, Hercules, and other less = mines, the world was soon acquainted wath 
important mines and prospects. their production: dark olive-green tourma- 
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lines, sometimes of enormous size (Kunz 
records one of 15 pounds from the Little 
Three Mine) ; blue, greenish, and colorless 
topazes; morganite beryl; many fine smoky 
quartz crystals rivaling those from Alpine 
localities; and, of course, the magnificent 
vivid orange spessartite garnets. The last was 
produced in some quantity from the Surprise 
Mine, the Hercules, and in notable amounts 
from the Little Three. 


The Little Three Mine, originally a claim 
and now patented ground, was acquired in 
1950 by Mr. Louis B. Spaulding, a resident 
of Ramona and a miner in years past of 
tungsten ores from other sections of San 
Diego County. His most recent production 
of gem-quality spessartite was brought about 
by a curious twist of fortune. In company 
with his wife, he was looking over the 
Little Three property at a point several hun- 
dred yards from the workings of this mine. 
A thin pegmatite outcropped on the crest 
of a low hill and, although mineralization 
appeared favorable, the small size of the 
dike was not encouraging. Meanwhile, Mrs. 
Spaulding had idly dislodged a slab of peg- 
matite with her foot. Noting the telltale 
orange flash of spessartite, all but hidden 
by the black topsoil of this area, she called 
her husband and they cleaned off the piece 
of pegmatite, exposing small but gemmy 
garnets studded in a matrix of cavernous 
feldspar. In the hope that better material 
existed with depth, plans were made, equip- 
ment assembled, and active opencast mining 
commenced a few days later using a tractor 
and dragline scoop. The dike was soon 
cleared off and broken up by light dynamite 
charges. A series of small pockets was re- 
contained fine gem-quality 
spessartites. This discovery took place in 
December, 1955, and for some months after- 


vealed which 


ward the pit was enlarged to follow the 
dike as it dipped beneath the decomposed 
gabbro bedrock. In the summer of 1956, 
operations were forced to a close because 
the labor involved in removing the over- 
burden (some ten feet in depth by this time) 


did not pay in terms of gem material re- 
covered. 

Meanwhile, additional intensive prospect- 
ing showed traces of spessartite in the ex- 
tension of the Hercules dike where it enters 
the Little Three property; this was uncov- 
ered in due time by the use of prybars, a 
task made easy by thoroughly weathered 
caprock. Again a series of pockets was 
opened showing gem garnets, crystallizations 
of smoky quartz, and curiously etched and 
corroded black tourmalines. This very small 
deposit was soon exhausted, and work was 
begun on a favorable section of a fairly 
large dike immediately below the dumps of 
the Little Three Mine. A large pocket was 
found here in the fall of 1956 which yielded 
a number of tourmaline, quartz, and topaz 
crystals. Finishing this latest deposit, Mr. 
Spaulding then diverted his attention to un- 
touched portions of the Little Three dike, 
where he is now engaged in clearing off 
and blasting sections of ledge in 
the hope of meeting the same mineralization 


overburden 


which made this mine famous in the early 
part of the century. 


GEOLOGY OF THE 
RAMONA PEGMATITES 


The area in which the Ramona pegmatites 
are intruded is underlain by a series of 
granitic rocks, principally gabbro and grano- 
diorite. In the Hatfield Creek valley, the 
major type is a dark gray, coarsely crystal- 
line gabbro, very Nard and tough when fresh 
but weathering easily into reddish and yel- 
lowish soils. This easy breakdown results in 
characteristically rounded hills showing little 
bedrock. The hills are heavily covered by 
dense brush, sprinkled here and there with 
gnarled oaks and sycamores wherever under- 
ground water exists. Dense growths of 
brush, locally called chaparral, consisting of 
a fiendish assortment of tough knee- to head- 
high shrubs and bushes, cover all slopes; it 
is especially abundant and Juxuriant on 
north slopes and in protected ravines and 
valleys. A prominent feature of the land- 
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scape is the relatively resistant dike rocks 
which show as thin white streaks lancing 
across the hills and visible through the vege- 
tation. The most resistant of these rocks 
form small jagged crests which sometimes 
protrude above the brush, whereas the most 
easily cracked and weathered portions show 
themselves only as strings of angular blacks 
and slabs partly imbedded in the soil. Large 
rounded boulders of spheroidally weathered 
gabbro have fallen down from hillcrests and 
are found scattered about on lower slopes. 


By and large, the dikes do not compare 
in thickness with those found elsewhere in 
the county; however, the larger ones are re- 
markably persistent in length, often being 
traceable for thousands of yards. Many oth- 
ers are much thinner and much shorter; for 
example, the dike on which Mr. Spaulding 
first mined for garnet. This dike does not 
and its total 
length seems only several hundred yards. 
The Little Three dike, on the other hand, 
parades up and down a succession of hills 


exceed three fect in thickness, 


from near the ABC Mine on the west to the 
Surprise an the east, a distance of almost two 
miles. 

All of the dikes in the Hatfield Creek 
valley scem to belong to a common family, 
since outcrops trend uniformly east-west and 
dips are just as uniformly toward the south 
and all about twenty degrees. Furthermore, 
both the assemblages of minerals and modes 
of their occurrence show strong relationships 
in all dikes examined. Perhaps the most 
striking similarity is that of tourmaline, 
which occurs in two distinct forms in zones 
of pocket mineralization. In those pockcts 
in which tourmalines have formed contem- 
porarily with spessartite, only blacks are 
noted, whereas in those pockets which show 
more extensive hydrothermal activity, dark 
olive-green specimens are the rule. More 
will be said about this later. 

The extent of the Ramona pegmatite dis- 
trict has not been defined, if indeed it can 
be. From the air, many dikes of about the 
same strike are to be noted for a short dis- 


tance south of Hatfield Creek and for many 
miles to the north in the opposite direction. 
To the north, especially, they seem to grade 
insensibly into a series of dikes in the vicin- 
ity of Sutherland Dam and thence into the 
Mesa Grande district, a matter of some ten 
miles. No dikes of any consequence can be 
seen to the west where granodiorites prevail; 
but to the 
around and beyond the San Diego River val- 


east, in high, rugged terrain 


ley, numerous dikes are in evidence. How- 


ever, they may be quite unrelated, since no 
reports are at hand regarding thar compo- 
sition or potential value. 


POCKET MINERALIZATION 


The typical centrally located zone, or 
“streak,” of hydrothermal mineralization in 
pegmatites is also a feature of the Ramona 
dikes and is that which has yielded all of 
the gem material. Pockets along this zone 
are invariably flat waferlike hollows filled 
with a peculiar gray loess-like topsoil in 
which are suspended various loose or broken 
pocket minerals. Pink and white kaolins or 
montmorillonites appear to be largely absent 
but may have been Icached out by the same 
water infiltrations which introduced the top- 
soil. It is believed that when and if pockets 
are uncovered which are so completely en- 
closed by rock that they remain in their 
undisturbed state, they will be found to con- 
tain considerable air space. Up to the pres- 
ent however, all pockets uncovered seem to 
be filled with topsoil. 


The general configuration of pockets 
shows a pattern of floor deposits of color- 
less to white cleavelandite rosettes in radi- 
ating masses with implanted smoky to gray 
to colorless quartz crysials and topaz, where- 
as the roof deposits exhibit coarse crystals 
large 
quartzes and tourmalines. In many places, 


of orthoclase and = microcline with 
this relationship may be altered by local con- 
ditions, usually depending on which por- 
tion of the feldspar-quartz core the pocket 
formed. Numerous side vugs are present, 
often filled with minor amounts of clay 
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minerals which have escaped the leaching 
action referred to before. The basement rock 
of pockets is very hard and firm and resists 
excavation, except by drilling and shooting 
with explosives; on the other hand, many 
inches of the caprock are extensively shat- 
tered and honeycombed by hydrothermal ac- 
tivity and can often be peeled back with 
nothing more than a large prybar. In thicker 
dikes, even the caprock may reach sufficient 
depth to require blasting. 


Two distinct modes of pocket formation 
are in evidence at Ramona, the first caused 
by limited hydrothermal activity which has 
principally removed quartz from the upper 
half of the pegmatite and deposited or re- 
crystallized spessartite and black tourmaline. 
The second mode appears far more extensive 
and prolonged and is marked by the appear- 
ance cf colored tourmaline, glassy coarse 
blades of cleavelandite, numerous topazes, 
crystallizations of lepidolite (often very fine), 
excellent clear smoky quartz crystals, and 
the deposition of various rare accessory 
minerals. Perhaps the most outstanding fea- 
ture, however, is the complete absence of 
spessattite garnet, which has either been de- 
stroyec or dissolved. That it was present 
once is abundantly proved by the clear im- 
prints noted in smoky quartz crystals, which 
sometines show that the fugitive garnets 
reached as much as three-quarters of an 
inch in diameter. 


The first mode of pocket formation may 
be a side effect of the extensive activity 
noted :n the second type; this, however, does 
not seem likely, since there are many places 
in several dikes where only a superficial 
honeycombing is to be noted and with ex- 
tremely simple mineralization. Spessartites 
are found in such places along with black 
tourmalines, some quartz, and very minute 
and finely developed opaque cleavelandite 
blades Each cavity is highly irregular and 
twists or turns with little rhyme or reason. 
In larger cavities adjacent to the blocky 
feldspar-quartz core, some fine orthoclase 
crystals were found; these showed full but 


well-formed faces and were penetrated by 
gem-quality spessartite and splendid black 
tourmalines. The latter are more than of 
passing interest since they show a distinct 
conchoidal fracture, in direct contrast to the 
minutely shattered condition of most schorl 
found frozen in pegmatite. These could be 
cut into gems or perhaps sliced into suitable 
piezoelectric wafers. They range from about 
one-fourth inch in diameter to as much as 
one inch. 


Found associated with spessartite in the 
first working mentioned above were some 
well-formed intensely black smoky quartz 
crystals, terminated by one set of rhombo- 
hedral faces, with the other sect of faces very 
minor, if present at al]. The garnets were 
found either as perfect clear crystals with 
glistening level faces or as etched and cor- 
roded fragments of larger crystals. Some- 
times a large shattered crystal would be 
found which crumbled when touched. Close 
that solutions had 
travcled down each fissure and had attacked 
all portions, leaving behind typically frosted 
surfaces. Many of these fragments are 


examination showed 


beautifully colored and absolutely clear, Be- 
cause of the extensive etching action, very 
few matrix specimens of any consequence 
were obtained; most were small gemmy 
crystals perched precariously on cleavelan- 
dite rosettes. 

A curious feature of the spessartite pock- 
ets is the series of joints along which the 
mineralizing solutions had settled. Although 
the dike dips about twenty degrees, each 
pockct seems to be level and to be situated 
along a weak place which passes from the 
top of the dike to the bottom along a di- 
agonal. It is as if the dike had been ex- 
tensively sheared before or during hydro- 
thermal activity. In this respect these pock- 
ets are quite different from the usual type, 
which stick pretty much to the median line 
and extend parallel to the walls. 

The second mode of pocket mineralization 
is far more interesting mineralogically than 
the first, although, as Mr. Spaulding laments, 
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far less lucrative. Large quantities of tour- 
maline are found in these pockets but they 
seldom provide anything more than speci- 
men material, because the dominantly olive- 
green which on blackish 
brown, are neither pale enough nor attractive 


colors, verge 
enough to make handsome gems. If fortune 
smiles, however, some excellent topazes can 
be obtained and perhaps small quantities of 
cuttable morganite. 


As indicated previously, pockets of this 
type are found near the central portion of 
the dike and are capped by rather firm 
coarse-grained pegmatite consisting of feld- 
spar, quartz, and muscovite mica, with sub- 
of black 
(schorl). Toward the center, this crystal- 


stantial amounts tourmaline 
lization becomes exceedingly coarse and all 
minerals become larger in grain size. In the 
Little Three dike, where the author system- 
atically uncovered about 25 square fect of 
pocket floor, large crystals of perthite feld- 
spar were the rule, with spaces between 
filled with grayish sugary quartz. Some of 
the feldspars were penetrated by thick 
prisms of tourmaline, which assumed a 
green cast as the pocket zone was ap- 
proached; when these prisms were found 
actually penetrating a pocket, they were 
transparent and gemmy. These large tourma- 
lines always penctrate a pocket from above, 
since this portion of the dike contains the 
Jong crystals of schorl which serve as nuclei 
for the growth of large crystals. However, 
many small pencils and necdles are also de- 
posited on the walls, on cleavelandite, and 
on the floor itself. 

Topazes represent a very late stage of 
activity and are therefore found implanted 
almost anywhere, even on the tourmalines. 


A TOURMALINE POCKET 

Exhausting the readily available deposits 
of spessartite garnet, Mr. Spaulding shifted 
his attention in the late fall of 1956 to a 
dike just below the dumps of the Little 
Yhree Mine. The outcrop of this dike runs 
parallel to that of the Little Three but is 


about 150 feet farther south. As in others 
of this district, this outcrop also shows a 
splitting apart at the top where the less 
resistant mineralized zone has yielded to the 
elements. In some places, the slabs of the 
upper half are completcly dislodged and 
have slid considerable distances from their 
original positions, In other places, previous 
miners had pricd them off looking for 
pockets. To the east near the bed of Hat- 
field Creck, much of the outcrop has been 
prospected this way, aad clean rain-washed 
pocket floors can still he seen exposed to 
view. However, the main point of interest 
lay further to the west. where the dike ap- 
peared to swell and where no prospecting 
had previously been done. 

Traces of pocket cleuvelandite, quartz, 
and green tourmaline in this portion of the 
dike led to the conclusion that perhaps a 
good pocket lay beneath a large expanse of 
unbroken pegmatite. Accordingly, Mr. 
Spaulding installed his air compressor. at 
this site and proceeded to drill and shoot 
away the caprock. The latter proved to be 
unusually thick, some 24 inches of firm rock 
having to be blasted off carefully before the 
central mineralized zone was encountered. 
This was an auspicious occasion for Mr, 
Spaulding, smee, as the Jast blocks were 
pricd away, a loose black pocket substance 
pourcd forth glistening with quartz crystals 
and Jaced throughout with tourmaline 
necdles. As it proved later, the very bottom 
of the pocket had been penetrated, and it 
was a simple task to reach up into the 
cavity and carefully work loose the slabs of 
matrix and the loose pocket debris. 

When finally cleaned out, the pocket 
measurcd laterally almost six feet, rose along 
the dip to a hetght of two and one-half 
fect, and reached a maximum thickness of 
20 inches. About 25 pounds of tourmaline, 
a pound or two of topaz crystals, and nu- 
merous matrix specimens of quartz and 
cleavelandite were recovered. 

The tourmalines were found in thin pen- 
cils, many looking like thin finishing nails 


ye 
ot 
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larger “Slugs,” or roof crystals, were short 


with steep pyramidal terminations. 
stubby prisms, simply terminated, excced- 
ingly dark in color, and from one to two 
inches in diameter and about the same in 
height. Most of these had broken loose dur- 
ing late stages of pocket formation and 
showed etched places on basal fractures. 

The pencil crystals were unusual with 
respect to both the very sharp terminations 
and the color. Just beneath the terminations 
occurred an odd band of light grayish pur- 
ple, which gradually changed to deep green 
and then to very dark brownish green as 
the other end of the crystal was approached. 
The large crystals also showed similar color 
variations, except that the end correspond- 
ing to the sharp terminations on the pencils 
was the wall end, and consequently showed 
oaly slight lightening of color. The terminal 
arcas were intensely dark brownish green 
and were transparent only through thin 
edges. Tourmaline pencils were also found 
penetrating smoky quartz crystals and lodged 
on ¢cleavelandite masses. 

Topazes proved to be a disappointment, 
‘since neither satisfactory gem material nor 
good mineralogical specimens were in evi- 
dence. Much of the topaz had crystallized 
as smull, extensively etched’ and corroded 
crystals of poor crystal form and filled with 
flaws. By far the largest number were about 
one-fourth of an inch in size, 

Handsome quartz crystals were found in 
this pocket, but many were cracked in places 
which detracted somewhat from their beauty. 
The color was a warm brown. Crystal faces 
were gencrally very smooth and very simple 
in form. A number of almost complete 
doubly terminated crystals were found and, 
except for color, reminded one of “'Herki- 
mer diamonds.”’ 


MARKETING OF 
RAMONA SPESSARTITE 

Out of about ten pounds of gemmy spes- 
sartite recovered in the course of mining 
on the Little Three property, Mr. Spaulding 


estimates that about 3,000 carats proved 
suitable for gems. By arrangement with Mr. 
George Ashley of Pala, California, much of 
this production has been turned over to the 
latter for retailing. The price asked for good 
standard material is $1.75 per carat, rising 
to $2 per carat for exceptional picces. The 
rough can generally be counted on to yield 
stones averaging from one-half to one and 
one-half carats when fintshed as_ brilliants 
or square step-cut gems. The largest cut 
stone from this batch is a 4.5-carat octagon 
step cut, which Mr. Ashley cut from an un- 
usually large piece of rough. The gem is 
flawless, decp orange with a touch of red, 
and exceptionally brilliant, as all of these 
The 
many red and brown garnets is totally ab- 


spessartites are, dinginess noted in 
sent in these stones, and it can be safely 
said that no finer spessartite exists any- 
where. It is unfortunate that Ramona spes- 
sartites are so small. The largest flawless cut 
stones from carlier mining days only reached 
about six to cight carats. In spite of their 
small size, these gems are much sought after 
by collectors and connoisseurs because of 
their superb coloration, unusual flawless- 
ness, and resulting brilliance. 


FUTURE DEVELOPMENTS 

At the time of writing, work is being 
done on certain lower sections of the Little 
Three dike which have been undisturbed by 
previous miners. This portion is away from 
the arca where spessartite garnets were 
found, but is directly below the pocket zone 
which produced so many topazes and tour- 
malines. Indications are favorable and the 
near future may bring news of success and 
perhaps a new stock of San Diego County 
minerals to delight the hearts of connois- 
seurs everywhere. Like so many others in 
the county, the Ramona dikes are far from 
being depleted, but all of the easy work on 
readily accessible surface deposits has been 
done, and hard labor is necessary to follow 
mineralized streaks as they plunge beneath 
the surface. 
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Gemmological Association 


Holds 


Conversazione’ 


by 


ROBERT WEBSTER, F.G.A. 


The popularity of an informal “get to- 
| gether” was made manifest when the Gem- 
mological Association of Great Britain held 
a conversazione’ during the evening of No- 
vember 28th in the spacious Livery Hall of 
the Goldsmith's Company, when considera- 
bly over two hundred members and their 
friends attended. 

To make the evening more interesting 
the Association put on a show of exhibits, 
must have 
These dis- 


plays were grouped into three sections. In 


which, for one evening only, 
taken considerable preparation. 


the center of the hall was a group of tables 
so arranged as to illustrate the work of not 
only the British Association but also of simi- 
lar gemological associations in other coun- 
tries. This section, therefore, had quite an 
international character. Each table or section 
of a table was arranged with the national 
flag surmounted on a base on which was 
printed the name of the country, the name 
of the association in that particular country, 
and the date of its formation. Displayed 
around this central motif was gemological 
literature, selections of the gem materials 
found in that particular land, and, in some 


instances, special gem-testing instruments. 


rather than 
those which are more commonly used in 


Unusual minerals were selected, 


jewelry. The wall cases contained more im- 
posing specimens and there were four ex- 
hibits of a scientific nature. The theme of 
the whole show illustrated much of which 
the gemologist and jeweler does not habitu- 
ally encounter. 

On the Great Britain stand was shown 
the latest model of the Rayner microscepe 
and other instruments made by the well- 
known firms of Steward and Rayner. Al- 
though England is not a prolific producer 
of gem minerals, the following specimens 
blue john (Auorite) from 
Derbyshire; turquois from Cornwall, hema- 


were shown: 
tite from Cumberland; pyrites from the 
Leadhills district of Lanark, Scotland; jet 
from Whitby; serpentine from the Lizard 
in Cornwall, from Girvan in Ayrshire, and 
from near Inverness in Scotland; and agates 
from the Scottish Hills. Earlier and current 
literature completed the display. 

Brazil, a country so rich in gems and 
which has only recently formed an associa- 
tion, the Associacao Brasileira de Gemologia, 
was represented by a display of cut stones, 


1 Utalian) a social gathering for conversation 
about art, literature, science, etc. 
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* A general view of the Livery Hall of the Goldsmiths’ Company on the evening of the 


conversazione. 


which included not only the well-known tour- 
maline and quartz, but also a large yellow 
scapolite, an amblygonite, a phenacite and 
an andalusite. A.number of crystals, includ- 
ing an excellent large quartz crystal, some 
small pieces of emerald, and a large ame- 
thyst-studded geode, completed the mineral 
display of Brazil. Copies of the Brazilian 
Association's publication Gemologia com- 
prised the literary aspect. 

Specimens of sunstone, labradorite, actino- 
lite and a small emerald from Eidsvol, to- 
gether with gem literature, told the story of 
Norwegian gemology. 

The Swiss exhibit showed the micro- 
spectroscope designed by Dr. E. Gubelin, 
Swiss gemological literature, specimens of 
sphene crystals, a danburite crystal from 
Canton Grison, and one of scapolite from 
the Ticino. 

On the table flying the German flag, an- 
other land which has only recently formed 
its own gemological organization despite its 
long association with scientific and commer- 
cial gemology, were shown the following: 


a German refractometer, the Fuess; rough 
and cut chrysoprase from Silesia; and a 
mussel shell with attached blister pearl from 
the Hz River in Bavaria, a source of fresh- 
water pearls which are currently being mar- 
keted. Some literature completed the exhibit. 

Holland, a land which is sparse in mineral 
wealth and has only its diamond-cutting 
industry and a virile gem association to 
boast about, was illustrated by literature 
only. 

The Australian exhibit, as would be ex- 
pected, displayed opal, sapphire and pearl 
shell, the latter illustrated by two large 
pearl shells and a highly iridescent Paua 
shell (Haliotss). Green and brown prehn- 
ite from the Prospect area of New South 
Wales was shown, including a cut cabochon 
of the green material. Also displayed were 
zircons from Tasmania; garnets from New 
South Wales; emeralds from Cue, Western 
Australia; and rough and cut specimens of 
the basalt glass found in Queensland. Litera- 
ture illustrating gemology “down under” 
completed the show. 
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* Some visitors around the American exhibit. 


The United States of America, that great 
country so rich in mineral wealth and the 
country which was second to Great Britain 
in forming an association for students of 
gemology, provided a very impressive ex- 
hibit. Surmounted by the Stars and Stripes, 
the table displayed a wealth of literature, 
most of which were publications of the 
Gemological Institute of America. Other 
works displayed were Richard Pear]’s Po pu- 
lar Gemology; Sperison’s The Art of the 
Lapidar;; and the new. book by Captain 
John Sinkankas, U. S. Navy, entitled, Gem 
cutting, a Lapidary'’s Manual... Among the 
galaxy of specimens which filled this table 
to overflowing were agates from many dif- 
ferent states of the Union; benitoite from 
California; amazonite from Colorado; 
chlorastrolite, datolite and thomsonite from 
Michigan; variscite from Utah; rhodonite 
from Idaho and California; and morganite 
and kunzite from the San Diego County gem 
pegmatites. Orbicular jasper and fossil 
woods containing the form of cinnabar 
known as myrickite were shown. The vol- 


canic rock called Nevada wonderstone and 
the epidote rock known in the States as 
unakite were unusual specimens displayed. 
A box of some thirty different mincrals 
fashioned by the tumbling process, which 
is current in the States, completed the ex- 
hibit. 

In six glass-fronted and internally lighted 
wall cases were displayed a most interest- 
ing, colorful and beautiful assortment of 
crystals, ornamental minerals and fashioned 
pieces. Among these was a remarkable green 
sphene of 38.98 carats; a yellow orthoclase 
feldspar of 54.78 carats; and cut stones of 
pollucite, scapolite, sphalerite, peridot, bra- 
zilianite, benitoite and celestite (strontium 
sulphate), which, despite its low hardness 
of 3, made an attractive blue stone. Also 
exhibited was an unusual star beryl, a stone 
discussed by Dr. E. H. Rutland in the No- 
vember issuc of the Gemmologist. Two 
small diamonds which had their color altered 
by cyclotronic bombardment to green and 
golden brown, some large crystals and cut 
stones of synthetic emerald made by Carrol 
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* A general view of the visitors in the Livery 


Chatham, and a strontium titanate of 1.5 
carats were also exhibited. Other large stones 
shown were a Brazilian topaz weighing 365 
carats, a particolored tourmaline cat's-eye, a 
number of amethysts and citrines, and a 
suite of fluorspars of different colors cut in 
the trap-cut style. Cut silica glass, moldavite, 
both green and pink massive grossularite 
garnet, fashioned pieces of blue john, and 
a large polished section of a jasperized tree 
trunk were also displayed. 

Other interesting exhibits included a lion 
carved in serpentine; a rhodonite necklace; 
a silver knife and fork with serpentine 
handles; and a plate, the center of which 
was of slate inlaid with turquois, lapis- 
lazuli, agate and other ornamental stones. An 
exhibit which everyone admired consisted 
of agate carvings of three lifelike penguins 
in which the coloring of the agate had been 
skillfully employed to produce the “white 
shirt front” and the blackish body of the 
birds. Inquiry gave the information that 
these pieces were the work of a young Ger- 
man hardstone carver in Idar-Oberstein. 


Hall of the Worshipful Company of Galdsmiths. 


Two large beryl crystals from a new mine 
in Southern Rhodesia, with five cut stones 
from material obtained at this mine were 
shown. In the same case was a large ruby 
crystal with a polished face which showed 
the silky hexagonal zoning extremely well. 
Other crystals displayed were those of ben- 
itoite, sphene, emerald, tourmaline, apatite, 
garnet, topaz and sapphire. There were also 
two large diamond crystals in blue ground. 

A large reniform piece of malachite with 
a polished face vied with corals of many 
shades, including black. There were fluorite 
crystals of all colors and a remarkably large 
polished section of a variscite nodule. Large 
quartz crystals, rose quartz, crocidolite, and 
labradorite completed another case. 

In the four corners of the Livery Hall 
were more technical displays. B. W. Ander- 
son presided over an exhibit which demon- 
strated the immersion contrast method of 
refractive index determination. He showed 
specimens of quartz, topaz, kunzite, sap- 
phire, and zircon immersed in monobromo- 
napthalene (1.66). The dark borders and 
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* Mr. Lee (left) and Mr. Hill show a lady visitor the formation of periodic precipitation 


(Liesegang Rings). 


white facet edges of those stones having a 
greater refractive index than the liquid were 
in striking contrast to those stones having 
lower refractive indices; in these the effect 
was seen to be reversed, the borders being 
white and the facet edges black. The effect 
of these stones was seen through a suitably 
placed mirror below the immersion setup. 
It is understandable that this demonstration 
attracted much attention. 

An unusual demonstration was given by 
H. Lee and D. A. W. Hill, who produced 
agatelike ring deposits by inorganic periodic 
precipitation. The formation of the rings in 
agate (Leisgang Rings) has always been the 
cause of controversy. Lee and Hill demon- 
strated the theory now most generally ac- 
cepted by imitating nature and procuring re- 
sults in hours that nature took millions of 
years to accomplish. The formation was actu- 
ally seen in process under the microscope. 
The interest shown in this unusual demon- 
stration was such that for some time the 
photographer could not get close enough to 
obtain a suitable picture. 


The General Electric Company Research 
Department showed a number of IJarye syn- 
thetic quartz crystals and an autoclave in 
which they are grown. A sectioned wooden 
model of the autoclave, complete with sced 
plate and feed quartz, showed, with the ad- 
dition of two large photos, something of 
the equipment used for producing synthetic 
quartz in large single crystals. Synthetic bar- 
ium titanate crystals and the development 
of “butterfly twins’ in this material were 
exhibited. Another group of crystals showed 
the isomorphous overgrowths of hexagonal 
crystals of guanidine aluminum sulphate and 
guanidine vanadium sulphate. Another part 
of the General Electric exhibit showed the 
prepared powders ready for the furnace, or- 
dinary boules and rod boules of synthetic 
corundum and spinel, watch jewels, balance 
plates, infrared windows and thread guides 
fabricated from these materials. Synthetic 
rutile boules were also exhibited. 

In a darkened corner was a case contain- 
ing twenty fluorescent mineral specimens 
under a three-bank ultraviolet lamp. Visitors 


378 


GEMS & GEMOLOGY 


were invited to fill in sheets naming the 
species and localities of the specimens. The 
paper with the best answers received a prize. 
Mr. B. Silver, a young student who gained 
his Fellowship in the Gemmological Asso- 
ciation in 1952, submitted the paper with 
the best answers. 

Pictures of earlier exhibitions held by the 
Gemmological Association and its branches 
in the provinces decorated a panel at the 
far end of the Hall opposite the brilliantly 
floodlighted gold plate of the Worshipful 
Company of Goldsmiths. Resting on an illu- 
minated easel was the portrait in oils of the 
late Dr. G. F. Herbert Smith, whose benign 
guidance through those long years since 1912 
did so much for the continuation of the work 
of the Gemmological Association of Great 
Britain. 

In an adjoining room light refreshments 
were provided, which were much appreciated 
by the members and their friends. Everyone 
was grateful for the use of the facilities 
which were so willingly granted by the 
Worshipful Company: the Livery Hall, the 
smaller conference room, and the newly 
reconditioned rooms of the old banqueting 
hall, which were so grievously damaged dur- 
ing the war. 


Book Heview 


DIAMOND by Emily Hahn. Published by 
Doubleday G Company, Inc., New York 
City, 1956. 304 pages. $3.95. 


Perhaps the most striking thing about 
Miss Hahn’s new book is the contrast it 
offers to most nonfiction related to this and 
many other scientific and business fields — 
it is beautifully written. Taken largely from 
a series of articles appearing at intervals 
during 1956 in the New Yorker, the book 
jumps somewhat abruptly from one subject 
to another, probably because of its original 
preparation as a group of articles for the 


magazine, but the reader's interest is main- 
tained throughout despite this. 

THE DIAMOND takes up the history of 
diamond mining in the Union, the rise of 
Rhodes and Barnato, diggers’ problems, the 
Diamond Corporation, the significant con- 
tributions of Sir Ernest Oppenheimer, the 
development of diamond cutting, attempts 
at synthesis, the nature of “sights,” Premier 
Mine, and the Consolidated Diamond Mines 
of South West Africa. 

Although there is little that was hitherto 
undisclosed, the fascinating handling of the 
material makes for entertaining reading. 

THE DIAMOND by Emily Hahn is a 
book most jewelers will want to have in 
their libraries. Some will see advantages in 
presenting it to better customers. 


THE AUTHOR 


Ensign John R. Bur- 
goon, Jr., is presently 
attached to the Air 
Transport Squadron 
22, Naval Air Station, 
Norfolk, Virginia. He 
has been in Naval Avi- 
ation for 151% years. 
He became interested 
in gemstones while 
stationed in El Centro, 
California. While there, he spent his free 
time exploring the prolific pegmatites of San 
Diego County and learning the art of facet- 
ing gemstones. On one of his visits to the 
historical Himalaya Tourmaline Mine at 
Mesa Grande, he met a GIA student. Through 
this association he became interested in the 
scientific study of gemstones and later, while 
stationed at Guam, he enrolled in the GIA 
courses in gemology. He continued with the 
courses while stationed on Okinawa and 
completed them in Memphis, Tennessee. Re- 
search for his thesis (which is one of the 
requirements for the Gemologist Diploma) 
was carried on at Murfreesboro, Arkansas. 
Several trips to the diamond-bearing area 
were necessary to complete this task. Although 
Burgoon witnessed the finding of | several 
diamonds while visiting the mining area, he 
was not successful. He is presently working 
toward a degree in education by taking 
correspondence and night-school work. His 
article, Diamond Mining in Arkansas, ap- 
pears on page 355 of this issue. 
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bem Mining In Burma 


by 


MARTIN EHRMANN, C.G. 


INTRODUCTION 


For many centuries, Burma has been one 
of the most important gem centers in the 
world. The Mogaung area, practically in the 
path of the famous World War II Burma 
Road, is the only commercial source of 
jadeite that produces qualities ranging from 
the finest gem emerald green to the cheapest 
utilitarian quality. The gem mines in Mogok 
are the only sources of fine. gem rubies; Siam 
rubies are generally inferior. Only in rare 
cases is a fine Siam ruby found. Today, ap- 
proximately eighty-five percent of all rubies 
and sapphires mined‘ are of Burmese origin, 
especially since the Kashmir mines in India 
have ceased operations on any large scale. 

Despite sufficient time and adequate fa- 
cilities for making a complete and thorough 
investigation, a superficial survey, in the 
course of several trips during the past two 
years revealed the presence of immense 
wealth still hidden within Burma. Until a 
complete scientific investigation is made of 
the gem areas in Burma, it is hoped that this 
article will fill the interim gap. 
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GEOGRAPHY 


Burma, or the Union of Burma as it is 
now called, is divided into six states: Burma, 
Shan, Kashin, Kayah, Chin and Karen. It is 
a long, narrow country, bordered by India 
and Assam on the west, by Tibet and China 
on the north and by Siam on the east. The 
port of entry into Burma, either by sea or 
air, is Rangoon, its capital city. Rangoon has 
a population of about 800,000 people, con- 
sisting of approximately 550,000 Burmese, 
125,000 Chinese and 125,000 Indians. All 
Burma has a population of 18,000,000. By 
contrast with India and other Asiatic coun- 
tries, its people seem prosperous, wellfed 
and wellclothed. Slums and poverty are evi- 
dent only in the large cities of Rangoon 
and Mandalay. 

Rangoon is a rather impressive city with 
wide, pleasant, well-laid-out streets and 
many beautiful parks within the city limits. 
However, the ravages of World War II are 
still seen in the many bombed-out buildings 
with all their rubble. The slum sections, 
too, are as bad as anywhere in India, with 
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e Sula Pagoda, on the Sula Pagoda Road, in the heart of Rangoon. 


crowds and filth evident everywhere. 

The residential section of the city is well 
kept with many beautiful mansions standing 
majestically on Prome Road, the finest resi- 
dential street in the city. There are many 
temples and pagodas of beautiful architec- 
ture (though not as elaborate as those in 
Siam). The Sula Pagoda, in the center of the 
city, has a tower over fifty feet high covered 
with 24-karat gold leaf to which gold is 
added regularly every few yeats. This gold 
is reputed to be worth many millions of 
dollars. The Shwedagon Pagoda is located 
in the residential area on a lovely land- 
scaped two-mile square. This pagoda, with 
its golden spire glittering in the sunlight is 
the largest and finest Buddhist temple in the 
world; it, too, is worth millions of dollars. 

Another interesting landmark is the Uni- 
versity of Rangoon, known as the finest 
higher education institution in the Far East. 
It consists of many buildings on a huge 


campus, with a mixture of old: and modern 
architecture. It is staffed by a fine, inter- 
national faculty. 

Transportation within Burma is poor. 
There is a railroad from Rangoon to the 
north, but it is old, dilapidated, and very 
slow. A trip to Mandalay, a distance of 450 
miles, takes about three days and is extremely 
dangerous. Each train leaving Rangoon is 
preceded by an armored car with a comple- 
ment of ‘soldiers, since these trains are fre- 
quently attacked by marauding bands of in- 
surgents roaming the jungles of Burma. 
Even this protection does not prevent fre- 
quent attacks and much loss of life. Another 
mode of transportation is by slow, crowded, 
and uncomfortable river boats on the Irra- 
waddy River, the most important river in 
Burma and navigable for about 1000 miles. 
Such a trip is a combination of three days 
of train travel to Mandalay, two days by 
boat to Thabeikian, and sixty miles by auto- 
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¢ Burmese plane and crew that flew author from Rangoon to Mogok. 


mobile to Mogok. 

However, it is air travel that offers the 
finest mode of transportation within Burma. 
The Union of Burma Airlines is most effi- 
cient, flying regularly to all points north. 
The planes used are Dakotas and DC3's, 
flown by Burmese pilots trained in England. 
These two-motor planes are found best for 
the short distances flown. There are two 
daily flights to Mandalay and flights once a 
week to the capitals of all other states, thus 
making air travel the only efficient way to 
get to Mogok. A plane leaves Rangoon every 
Friday at 8:00 A.M. and arrives in Momeik 
about noon, where it is met by a jeep for 
the twenty-eight-mile drive to Mogok. This 
brief jeep trip is usually accompanied by an 
element of danger, since the roads are fre- 
quently mined by the insurgents who roam 
the jungles. Cars are frequently robbed or 
blown up. The insurgents are political ene- 
mies of the state. In addition, there is the 


ever-present danger of the highway bandits 
who steal everything of value but seldom 
kill, 

Nevertheless, the drive to Mogok is fas- 
cinating. Momeik is 800 feet above sea level 
and Mogok is 4000 feet above, so there is 
a continual climb through extraordinarily in- 
teresting country. Scenically, it is the most 
astounding country in all Asia. Occasionally, 
green valleys appear through thick jungles; 
then, suddenly, terrible desolation and 
ruined pagodas come into view. Here and 
there is a village beyond which are pictur- 
esque rice paddies. The roads are deteriorated 
and appear to have had no care in years. 

Mogok is situated in a magnificent valley, 
surrounded by majestic mountains which are 
studded with temples and pagodas, some 
very modern and others thousands of years 
old. Geographically, Mogok is considered a 
part of the Burma State, although it is actu- 
ally located in the western part of the Shan 
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State. This fact dates back a long time, be- 
fore the English occupation of Burma. 
Burma was a kingdom then, and all of 
Burma was ruled by Burmese kings. Because 
of the vast wealth in the Mogok area, these 
kings retained their hold on it and fought 
the Sab Bwas (same as maharajas of India) 
who tried to wrest it from them. 

Even under British rule, the Mogok area 
was kept as a separate entity, as an inde- 
pendent state. A British commissioner was 
appointed for this area alone. Until Burma 
became a republic, uniting all six states, only 
the State of Burma was actually the King- 
dom of Burma. The other five states were 
ruled by Sab Bwas. These Sab Bwas are still 
very powerful politically, all holding minis- 
terial rank. As Sab Bwa of his own state, he 
is the minister representing his state in the 
Union Government. In addition, he may, 
and usually does, hold another political 
office. 

The Mogok valley is about twenty miles 
long and two miles wide. In the center of 
the village of Mogok is located a beautiful 
lake, created by digging for precious stones 
during the Ruby Syndicate era. The Mogok 
gem area reaches to the city of Momeik, a 
distance of twenty-eight miles to the north 
and sixty miles to the west, up to the vil- 
lages of Twingwe and Thabeikian on the 
Irrawaddy River. 

Mogok has a moderate climate. During 
winter, the maximum temperature is 25 de- 
grees during the night and early morning. 
During the day, it rises to 70 degrees. In 
summer, the evenings are not very cold and 
the maximum day temperature is about 95 
degrees. It is a heavy rainfall area, ranging 
from ninety inches of rain to one hundred 
and thirty-five inches in the rainy, or mon- 
soon, season from May to November. 

The chief industries of Burma are the cul- 
tivation of rice and the logging of timber, 
mainly teakwood. Both commodities are ex- 
ported to many countries, accounting for 
Burma’s only sources of foreign exchange. 
Mogok is the exception. The only industry 


in the entire area of Mogok is the mining 
of gemstones. There is hardly any cultivation 
in this area; consequently, even rice, which 
is the staple food, has to be brought in from 
Momeik. 

In addition to the temples and pagodas 
one sees in the mountains, there are various 
plants of gorgeous colors; brightly colored 
blooming magnolia trees and cherry blos- 
soms ate abundant. One shrub, similar to 
rhododendron, grows all over the mountains. 
The natives are superstitious about these 
rhododendron shrubs, believing that they are 
created by the good spirits hovering in the 
area and called “the gods of the mountain.” 

Wild life is also abundant. Many varieties 
of birds can be seen almost any time of day. 
Elephants, tigers, and diverse species. of the 
deer family thrive in the ‘mountains and 
nearby jungles. ; 


PEOPLE 


The Burmese are a friendly, smiling peo- 
ple. Their dress is neater and more beautiful 
than anywhere else in the Orient. Both men 
and women wear skirts, or longhis, and both 
sexes delight in bright colors and silk attire. 
A longhi is a skirtlike garment. Cotton 
longhis are used for daily wear; silk longhis 
are worn on holidays and for special occa- 
sions. The longhis are very wide to give 
plenty of room to the wearer. They are 
stepped into and are folded and knotted in 
front. It is not unusual to see a man or 
woman open the longhi while walking, shake 
it with graceful motions and retie.the knot, 
all in the twinkling of an eye. These move- 
ments are done unconsciously and with me- 
chanical precision. Nowhere in the world do 
people take more pride in their. wonderful, 
bright, harmonious colors. The men gener- 
ally wear sport shirts with their longhis; the 
women wear sheer, white blouses “adorned 
with ruby- or sapphire-set gold buttons. Un- 
like the rigid customs in India, the life of 
the Burmese is free from the effects. of any 
caste system and seclusion of women, which 
may account for their pride in gay dress. In 
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e Family in Mogok 
with which author 
stayed, showing typi- 
cal Burmese dress. 


the interior, even though less civilized, the 
people of the various tribes have their dis- 
tinctive and picturesque modes of dress and 
adornment. 

In the section of Burma which borders on 
Assam, Tibet, Yunan Province of China, 
and French Indo-China live the peaceful 
Shans, the warring Kachina and the head- 
hunting Nagas. These people have their own 
unique and colorful dress. The women wear 
Jarge turban-type hats made of gay materials. 
In their noses, they wear a gold drop which 
is fastened to the center of the nostril and 
hangs down below the mouth—a most awk- 
ward place, indeed, for a pendant! But in 
every part of Burma, all the Burmese have 
one thing in common: a fierce pride in their 
newly gained independence and freedom 


« Typical huts in the 
mining village of 
Mogok. 


from English rule since 1948. 

U Khin Maung, my agent and interpreter, 
had made arrangements for us to stay at his 
parents’ home, a typical Mogok hut built on 
a concrete slab with woven bamboo walls 
and native wooden beams. Upon our arrival, 
we were given a fine welcome by his parents, 
two younger brothers and a sister. I was 
given a cot in the corner of the livingroom. 
In all the homes in Mogok, the livingrooms 
serve a dual purpose, since they are also the 
family’s shrine. In one corner, a pagoda oc- 
cupies the most prominent place in the room. 
In front of it is a table on which are placed 
flowers and bowls of rice, changed daily as 
offerings to Buddha. Daily prayers, in a 
prone position, are said to Buddha morning 
and night. According to the Buddhist reli- 
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e A livingroom of one of the prominent gem 
dealers, showing a centerpiece of an altar 
consisting of peridot pagoda, peridot buddha 
and a quartz crystal buddha. Photo courtesy 
of Edward R. Swoboda. 


gion, no one can enter a pagoda wearing 


shoes, so everyone takes off his shoes before 
entering the livingroom of any house in 
Burma. 

Ail homes in Mogok have another thing 
in common: the complete lack of any sani- 
tary facilities. Outhouses are found in the 
rear of the huts. Water for washing and 
cooking is brought in from pumps, some- 
times found in the rear but more frequently 
in front of the huts. Baths are taken at these 
pumps in full view of the entire population. 
Both men and women manage their longhis 
so gracefully that the dry one is on before 
the wet one is completely off. My first at- 
tempt at bathing in the street almost turned 
into a fiasco, because I wasn’t quick enough 
in changing from the wet to the dry longhi. 
Although no one was visible at the moment, 
I heard much laughter from my invisible 
audience. After practicing several times, I 
also became. adept in the rapid change of 
garments, 


Our first evening in Mogok, we retired 
early after a typical Burmese dinner. We 
ate a tasteless, thin soup containing mustard- 
like greens, followed by white rice in curry 
sauce with bits of pork, and other vegetables 
and tea. About 6:00 A.M., I was awakened 
by the morning prayers of all our neighbors. 
We had our breakfast of two boiled eggs, 
bread and butter and coffee. We had brought 
canned butter and instant coffee with us. We 
started our tour of the town with a courtesy 
call to the $.D.O. (subdivisional officer), 
who acts as mayor, chief of police, fire chief 
and magistrate, as well as chief mining in- 
spector. His name is U Hla Tint, a charming 
and personable young man of about thirty. 
He is respected by all the twenty thousand 
inhabitants of the area. He gave us a most 
cordial welcome and promised to give us 
advice and help in any way we wished. After 
the customary cup of coffee, followed by a 
cup of tea, we departed, assured that we 
would have all the cooperation we needed 
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¢ Mogok gem mine after fifteen feet of sand layer has been removed 
to bare the gem gravel. 


from the law in Mogok. 
We visited a number of the most impor- 
tant mine owners and dealers, from whom |] 


gathered much essential information. The, 


procedure in visiting these people was in- 
variably the same: the minute we arrived, 
shed our shoes and sat down in a squatting 
position, cups of coffee were served. This 
coffee was unlike any I had ever tasted. Ap- 
parently, the coffee, milk, sugar and water 
are cooked together and the sugar was 
plentiful. It had a sickening sweet taste, but 
we finished it and. were immediately offered 
cups of tea, which tasted good after the first 
awful concoction. The number of cups of 
coffee and tea we imbibed each day .de- 
pended:on the number of visits we made. 
A sincere feeling of welcome everywhere we 
went made me feel at home. 


MINING AND GEOLOGY 


The Mogok area is the only place in the 
world that has a population of about twenty 
thousand people who make a living from 
gemstones, Except for diamonds and pearls, 


almost every variety of gemstones, both 
precious and semi-precious, has been found 
there. The total gem area is approximately 
1916 square miles. Gem deposits are found 
within an eight-mile radius of Mogok, and 
there are about twelve hundred individually 
owned mines operating in the area. 

The village of Mogok is totally dissimilar 
from Idar-Oberstein, Germany, in people 
and architecture, but they are very much 
alike in the predominance of the stone. in- 
dustry: As in Idar-Oberstein, every. house in 
Mogok is a lapidary shop. However, Idar- 
Oberstein is only a gem-cutting. center; in 
the immediate vicinity of Mogok are many 
gem mines. 
There are two types of mining opera- 
tions:. After. an area has been. discovered 
where signs of gemstones are present, the 
top layer of sand, sometimes as deep as 
fifteen feet, is removed. -When the gem 
gravels become visible, the real work begins. 
Depending on the size.of the area, from 
three to twenty-five miners begin to. loosen 
the .gem gravels, the large boulders, being 
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¢ Wooden structure 
into which gem gravels 
have been raised by 
centrifugal pumps. 


discarded on the sides. The smaller gravels 
are gradually shoved to a pile in a conven- 
ient corner by shovels and picks. In most 
mines around Mogok where water is plenti- 
ful, a centrifugal pumping system is used to 
pump the gravels up to a high point with 
an eight-inch pipe. A wooden structure re- 
ceives all the gravels, since it can hold from 
thirty to forty tons. At a specified time of 
day, the gravels are washed in the following 
manner. The miners that loosened the grav- 
els come into the structure and remove the 
largest _pebbles by hand. The balance is 
pushed through a wire mesh to the first level, 
then to the second level, and finally to the 
bottom. Thus, the large pieces are held on 


¢ Hut housing pump- 
ing gear in Ruby Mine. 


the first level, smaller pieces on the second, 
and the smallest on the third, or bottom 
level. 

At this point, the washing operations 
actually begin. This is a top-secret opera- 
tion; only the mine owner and his miners 
are present during this final step. No one 
is supposed to learn what luck the mine 
had on any day! 

The gravels on the lowest level are then 
taken out in wire baskets and thoroughly 
washed again. Many pebbles are removed 
by hand and the balance is carried by each 
miner to a picking table four by eight feet 
in size. The mine owner and his assistant 
stand there moving the gravels with a 
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* First washing of heavy gravel. 


¢ Moving gem gravels to the lowest level before final washing. 
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e Final washing of gem gravels before removal to the picking table. 


e Assorting gems from gravel on picking table. 
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¢ Picking table, showing bamboo container for selected gems. 


* Poor women-relatives sorting reject lots of gravels for any re- 
maining small gems. 
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® Wealthy mine owner with pile of gravel in which an important sapphire 
was found. 


metal blade in one hand; the other hand 
is used to pick out all gems, which are then 
placed in a bamboo container while the 
other gravels are pushed off the table. Such 
gravels still contain small pieces of rubies, 
sapphires and other gems with which the 
mine owner does not think it worth while 
to bother. This material is gathered into 
piles which are sold to the poor women 
relatives of the mine owner. After purchas- 
ing one or two piles for a very small amount 
of money, these women comb them for all 
remaining gems. If, by some chance, the 
mine owner has overlooked a large gem, it 
rightfully belongs to the woman purchaser 
of the pile in which it is found. Naturally, 
the results of any washing can be joyous or 
very disappointing. The entire operation is 
a rapid one, and the results are quickly seen. 

The other method is to dig square wells 
to depths of twenty-five to thirty feet. To 
prevent the walls from caving in, the miners 


shore them with bamboo rods. After a hole 
is secure, the mining process begins. The 
gem gravels are brought to the surface in 
tattan baskets raised by a rope, a process 
similar to drawing water from a well. The 
gravels are then washed and the precious 
stones removed: 

Rubies and associated minerals such as 
spinels are formed in a matrix of white, 
dolomitic, granular limestone. These rocks 
have been altered by contact with molten, 
igneous material which recrystallized the 
calcium carbonate as pure calcite, while the 
impurities became the rubies, spinels and 
other minerals. Rubies now are seldom found 
in this matrix. All mining is in the adjacent 
alluvial ground. 

The origin of the Mogok gem area has 
not been described anywhere, as there has 
been no scientific investigation made to date. 
My own superficial observations indicate that 
there are at least two hundred and fifty 


GEMS & GEMOLOGY 


mineral species within the area. It is safe 
to say that the Mogok-area .gems are of 
metamorphic origin. The original rock in 
which these gems were formed disintegrated 
on the earth’s surface. Loose, disintegrated 
soil was formed in which the gem minerals, 
such as rubies, sapphires and spinels (which 
are not harmed by water and other atmos- 
pheric conditions), were imbedded and te- 
mained in excellent condition. This disinte- 
gration was washed away by waters and the 
gems were washed along as well. Eventually, 
the waters stopped flowing and the gravels 
remained, covered by sand layers of from 
five to fifteen feet, where they are now wait- 
ing to be discovered. New areas are opened 
daily where new finds are continually being 
made. Rubies are known to. occur in three 
important tracts in Upper.Burma, but the 
original source of the gems is found to be 
highly crystalline limestone. 

The variety of minerals found in these 
mines varies a great deal. Statistics are 
difficult to obtain because of the previously 
mentioned secrecy that prevails. I did, how- 
ever, obtain the cooperation of one mine 
owner in this respect, a jovial Burman, U 
Nyunt Maung, one-man owner of the largest 
mine in the Mogok area. According to him, 
about seventy thousand carats of rubies and 
sapphires are mined there yearly. Of un- 
usual interest is the fact that only one per 
cent of spinels come from this mine. These 
rubies and sapphires are not all of gem 
quality. A good guess would be that less 
than five percent of the seventy thousand 
carats is of decent quality; only one-half 
of one percent is of gem quality. Other 
varieties of gemstones found here are dan- 
burite, scapolite, beryl, zircon, amethyst and 
fibrolite. In addition, many varieties of iron 
minerals and rare earths occur, such as 
monozite, ilmenite, columbite and tantalite. 

In Kathe and Kyatpyin (the first six 
miles and the latter eight miles from 
Mogok), in addition to individually owned 
mines employing from five to fifty miners, 
there are also large tracts of land leased to 
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individual miners who work a few feet of 
the area by the hole-digging method previ- 
ously described. As this area is rather dry, 
most of the gem gravels are piled up in 
huge piles and washed during the months 
of the rainy season, Although not consid- 
ered a rich area, it still provides about one- 
half million dollars worth of rubies and 
sapphires annually. 

Most mine owners and miners are inter- 
ested only in the precious rubies, sapphires 
and spinels because of the ready market for 
them; consequently, the other gems are 
sadly neglected. If it were not for the fact 
that Mr. A. C. D. Pain, a very competent 
gemologist, who has been. living in Mogok 
for’ many years, has shown a constant inter- 
est in the rarer gems, they would have been 
ignored as worthless. The following gem- 
stones are found in almost all the Mogok 
area: peridots, which will be described 
more fully later; fine, yellow danburites, up 
to forty carats; scapolite cat’s-eyes in white, 
pink and blue of various sizes up to fifty 
carats; apatites in blue and green, as well 
as the chatoyant variety, which is rather 
common;. an abundance of albite cat’s-eyes 
up to fifty carats; topazes; and orthoclases 
and other varieties of the feldspars. Less 
abundant minerals in the same area are 
kornerupines, sphenes, diopsides, iolites, 
chrysoberyls, zircons, and, occasionally, a 
new gem mineral. Mr. Pain has recently 
found a new species which is now being 
described by the British Museum of Natural 
History in London, ‘ 

Mr. Pain owns a magnificent collection 
of representative Burmese gems which he 
is continually improving in quality. When 
1 saw it last, it contained some 250 gems 
varying in size from two to 150 carats. The 
outstanding, stones are a blue kornerupine 
weighing about twenty carats, a sphene of 
similar size, a pink scapolite cat’s-eye of 
about twenty carats in weight, and a fibrolite 
of most unusual size. Unfortunately, all my 
efforts in trying to purchase this collection 
failed. 
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¢ Fabulous gem collection of Mr. A.C.D. 
Pain consisting exclusively of Mogok gems. 
Photo courtesy of Edward R. Swoboda 


In Sakhangy, twelve miles southwest of 
Mogok, quartz and topaz crystals are found 
in highly decomposed pégmatite. Because 
of excessively heavy rains in the past few 
years, this deposit has caved in completely. 
The topazes are of various colors and well 
crystallized, not unlike those found in 
Brazil. However, the fine golden colors de- 
sirable for jewelry purposes are rare. 

For a long time, peridots of commercial 
gem quality were believed to have come only 
from St. Johns Island in the Red Sea. How- 
ever, there is a more important locality for 
this beautiful gem mineral in a village called 
Pyaung Gaung, which is eight miles north- 
west of Mogok. The natives call these peri- 
dots Pyaung Gaung zain (zain means 
stone). No investigation could be made 
there since this territory is completely in 
the hands of insurgents. Several unusually 
fine, large specimens of these crystallized 
peridots were purchased and ‘are now in 
some of our museum collections. The qual- 
ity of the Burmese peridots is similar to 


that found in the Red Sea, but the largest 
stones of pure gem quality come, from 
Burma. 

In addition to rubies and sapphires, other 
important gem minerals mined in Burma 
include jadeite. Burma is just about the 
only source of jadeite in the world. This 
gem mineral deserves its own chapter later. 

Burma is also -rich in strategic minerals. 
The tin mines of the Tennarim Peninsula 
are very important. This peninsula is in 
the southern-most part of Burma and has a 
coastline of about one thousand miles, con- 
necting in the south with the Malay Penin- 
sula. Tungsten is also mined in large quan- 
tities on the Tennarim Peninsula. 

In the central and northern part of Burma 
are many deposits of tin, tungsten, lead, 
silver and copper, which are suitable for 
mining. Because of lack of transportation, 
difficult terrain, and insurgent activities, 
development of these mines has been most 
inadequate. There are also a few rich oil- 
fields in the central part, providing suff- 
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cient gasoline for Burmese consumption. 

Other Burmese minerals worth mention- 
ing are antimony, asbestos, barite, bismuth, 
chromite, gypsum, graphite, manganese, 
molybdenum and monazite. There are visible 
signs that all these deposits are being pres- 
ently surveyed by private and government 
geologists, evidencing a purposeful move- 
ment to develop all the natural resources of 
Burma. 


HISTORY 


It is difficult to ascertain exactly when 
Mogok was founded. That it was first set- 
tled by man about 3000 B.C. is indicated by 
relics of this period used by the Mongolians, 
who were the first settlers. Such relics con- 
sisted of stone axes, chisels, and many types 
of spears and stone arrowheads similar to 
our Indian ones. 

Modern Mogok was founded in 579 A.D., 
when it was all jungles and thick forests. 
While hunting in the jungles, headhunters 
of the Sab Bwa of Momeik lost their way 
and slept under a tree. At daybreak, they 
heard birds singing and hovering over them. 
Investigating the commotion of the birds, 
they ran into a mountain break full of beau- 
tiful rubies. They collected as many as they 
could carry and brought them to the Sab 
Bwa of Momeik. He immediately realized 
the wealth of the area and sent some of his 
household to establish Mogok. It was first 
called Thahpainpin Pomegranate for the 
fruit growing abundantly there, and such 
a little village still exists on the extreme 
west limits of Mogok. 

In those days, Burma was ruled by a king 
named Avaking. The capital was the city 
of Ava, near the present site of Mandalay. 
After hearing about the fabulous wealth, 
the king started to invade the area. Then 
the Sab Bwa of Momeik made an agree- 
ment with King Avaking, establishing 
Mogok as part of Burma, in return for 
twelve specified villages. It is on record 
that in 1254, a pact was signed by King 
Ava and the Sab Bwa of Momeik settling 


all their differences. The Mogok area was 
now a part of the Burma Kingdom and 
gem ttading began. History has it that no 
mining operations were first required, since 
the gems were found everywhere. 

According to a legend, an agent of King 
Mindon, named U Tun Po Hland, showed 
a ruby called the Ngamauk Ruby to a French 
trade mission, telling them that quantities 
of such valuable stones were to be found 
in Mogok. At that time, France controlled 
Siam and now wanted to ‘purchase the 
whole Mogok area from King Mindon. The 
members of the trade mission were espe- 
cially impressed when the Ngaumauk Ruby 
was placed in a pan of water and the water 
turned red, the color of the ruby. King 
Mindon flatly refused to sell, saying there 
was not enough money in the world to buy 
the fabulous area. The ruby itself is said 
to have become part of the famous British 
Crown Jewels. Although there was no de- 
scription given as to weight, subsequent 
accounts made it a very large stone and 
probably the famous one in the crown 
jewel collection that was tested a few years 
ago and found to be a spinel. 

In 1886, the British Government occu- 
pied Burma. After a victorious battle in the 
Mogok area, Major Charles Batnard and 
his troops took over. Barnard Village, where 
peridots are found, is still in existence. On 
Match 29, 1888, the area was formed as the 
Mogok Ruby Mines District, and Mr. G. M. 
S. Carter became its first administrator. Dis- 
tinct from other areas, it was ruled as a 
separate entity and controlled solely by the 
British. Mr. A. R. Godbar was the last ad- 
ministrator in 1920. 

In 1889, the Ruby Mine Company Syndi- 
cate, Ltd., was formed, capitalized by nu- 
merous English bankers and industrialists. 
It was. handled by the management firm of 
Streeter and Company in London. According 
to agreement, this company paid the British 
Crown’ forty thousand rupees yearly plus 
one-sixth of all profits accumulated. Bar- 
rington Brow, M. P., was sent from Eng- 
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land to negotiate the first five-year contract, 
which expired in 1895. 

Scientific mining began and several geolo- 
gists were sent to survey the Mogok area. 
They reported that the bulk of the gem- 
bearing gravel was located in the center of 
town where most of the natives lived. The 
company negotiated with the owners of 
these properties and bought all the huts 
located in the surveyed gem-bearing beds. 
The natives were given new homes or, 
where possible, old homes were moved to 
new locations hacked out in nearby jungles. 
These moves presented no problems, since 
the natives wete well compensated and 
were promised employment. 

Mining began immediately after the 
people were moved. Electricity was brought 
to Mogok with the construction of a power 
plant. Digging began and several millions 
of dollars worth of rubies, sapphires, spinels 
and other gems were mined. A single ruby 
of fabulous size, purportedly worth 
$100,000 (a lot of money in those days), 
was discovered. Profits were good for the 
first contract. The company and townspeople 
were happy with the new way of life. 

As the contract had expired, in 1896 the 
company negotiated again with the British 
Government and agreed to pay a tax of 
3,150,000 kyats (about $800,000) plus one- 
fifth of the total profits for fourteen years. 
This contract included all the mines within 
a radius of ten miles of Mogok. Those were 
the boom days with everyone working and 
much money in circulation. 

In 1906, the company extended its mining 
operations to other areas and bought all 
the property in the city limits of Mogok, 
again moving homes to new sites. The origi- 
nal Mogok area is today the site of a beau- 
tiful lake in the center of town. Also; about 
1906, a 42-carat fine pigeon-blood ruby was 
found. After cutting, the ruby, weighing 
twenty-two carats, was purchased by an 
Indian gem dealer, M. Chodilla, for 300,000 
kyats (over. $100,000). 

Because of heavy rainfall and much ex- 
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cavating, pumping became a serious prob- 
lem. The hole would fill and stop all min- 
ing operations during the rainy season. Ex- 
perts from London solved the water problem 
by building tunnels for the water to flow 
off from the hole; however, this proved to 
be only a temporary solution. Tunnels cost- 
ing $200,000 were built into the mountains 
but after a year the same problem arose. 

In 1914, affairs of the company began 
changing rapidly for the worse. Because of 
stealing, technical problems and wide exten- 
sions, large sums of money were lost. Oper- 
tions were continued, however, until 1922, 
the expiration date of the contract, marking 
cessation of company operation, Some per- 
sonnel remained until 1928, working pri- 
vately with local people on a half-share 
basis. On August 28, 1928, this group at- 
tempted to remove the water from big tun- 
nels in order to empty the big hole. That 
venture culminated in disaster as the moun- 
tain side caved in; nevertheless, gem mining 
continued. 

Before the beginning of World War I, 
an Englishman named Albert Ramsay ; 
settled in Mogok as a lapidary and deal« 
in rough gems. His alert and inventive mind 
eventually made him the saviour of the 
mining industry in Mogok. In _ previous 
years, only the clear rubies, sapphires and 
spinels had been sought. Such stones were 
not too plentiful, especially those of facet- 
ing quality. Mr. Ramsay began experiment- 
ing with translucent varieties of rubies and 
sapphires and found that by cutting certain 
of these crystals with the base perpendicular 
to the crystal axis, a star was formed. Here- 
tofore, such material had been ignored as 
having no market value. After his discovery 
of the star, Mr. Ramsay began buying all 
the material he could obtain and cut it into 
cabochons showing wonderful stars. It took 
him a long time to convince the jewelers of 
Europe and America that this type of stone 
would gain favor with the gem-loving pub- 
lic, but he finally succeeded and mining was 
revived in Mogok. Mr. Ramsay also con- 
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tinued in the rough-gem business and in 
May, 1929, purchased a gem sapphire 
weighing 1029 carats for $30,000. Thirty- 
two pieces were cut from it, one of which 
brought the total amount paid for the origi- 
nal stone. 

Because of pressure brought by the local 
people, new rules and regulations were 
made in 1950 when homesteading of mines 
began. Claims were made by individuals and 
granted by the Crown. The tax levy was 10 
rupees per miner employed. By this time, 
all company holdings had been abolished 
and the machinery and electric plant were 
sold to a Mr. Morgan and a Mr. Nicols. Mr. 
Morgan has since died, but Mr. Nichols 
still carries on, supplying electricity to the 
whole area. Secrecy surrounding all opera- 
tions makes it impossible to’ determine the 
total output of gems. : 

On May 7th, 1942, Mogok was invaded 
by the Japanese and all mining stopped. 
Miners dug holes in their backyards and 
under their homes and discovered many 
gems. On March 15, 1945, the British army 
moved in and the Japanese withdrew. The 
independence of Burma from British rule 
was declared on January 5, 1948. Mining 
continues in the same primitive manner, but 
about 1200 mines are now owned individu- 
ally. Some are just two- to three-man opera- 
tions, whereas others employ as many as fifty 
men. All miners are shareholders and split 
the profits with the owners, thus largely 
eliminating high grading. 


JADE AND AMBER MINES 


Both jade and amber occur in the north- 
ernmost part of Upper Burma, reached by 
a once-a-week flight from Rangoon to Myit- 
kyina. This village is in the eastern part of 
the so-called jade and amber belt and is 
very near the border of Yunan Province of 
China. Mogaung, about fifty miles to the 
northwest of Myitkyina, is the last city in 
Burma with a railroad station. The center 
of the jade- and amber-mining district is 
the village of Mogaung, where the largest 
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deposits are found within a radius of seventy- 
five miles in all directions. 

The jade mines of northern Burma contain, 
the most important deposits of this interest- 
ing material in the world. The early Chinese 
prized it greatly and are said to have be- 
lieved that jade possessed magical qualities 
which made it a sacred stone. Three thou- 
sand years ago, jade from this area was 
brought via the caravan route to the center 
of China. Members of the Imperial Family 
and the nobility of the Chou Dynasty wore 
ornaments of delicately carved jade. Wea- 
pons of war such as swords, sabres, spears 
and knives were also fashioned from this 
precious stone. Jade was even buried with 
the dead in the belief that it would ward off 
evil spirits. It is no wonder, then, that ail 
the jade mined in this area found its way 
to China. At a later date, its wonderful 
qualities, such as color and durability, be- 
came known in.the Western Hemisphere and 
the demand increased greatly. 

The jadeite region is almost inaccessible 
most of the year. During the monsoon sea- 
son, it is practically impossible to reach, 
since it is a highly dissected upland region 
consisting of ranges of mountains which 
form the Chindwin-Israwaddy Watershed. It 
is higher in the north than in the south and 
Tawman, one of the principal jade-mining 
districts, is situated on a plateau about three 
thousand feet above sea level. The highest 
mountain is Loimye, about a mile above sea 
level. Tawman is about sixty-five miles from 
Mogaung. There is a road which is barely 
passable even under the best conditions, so 
the most satisfactory mode of transportation, 
if not the fastest, is by mule truck. These 
conditions are serious handicaps in any at- 
tempt to complete a geological survey of 
the area. 

Jade mining progresses for only three 
months of the year, from March to May. All 
mining activities cease with the coming of 
the rainy season, since the shafts fill with 
water within a few days. 

Many workings were observed by the au- 
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¢ Typical jade mine, with owner and two friends, in the Mogaung district 
of Burma. 


thor, who considered them all of similar 
nature. At the top, there is a very thick over- 
burden of red earth, probably the weathering 
of serpentinized peridotites that form the 
rock into which the jadeite albite mass is in- 
trusive. Below the serpentinized peridotites 
lies a thin, earthy, very light chlorite schist 
locally called “‘byindone.” Below it is an am- 
phibole schist, or amphibolite. Next to that 
is an amphibole-albitite rock which is under- 
lain by albitite and it, in turn, is underlain 
by jadeite. 

The mining methods today are still the 
same as those used a thousand years ago, ex- 
cept that hydraulic drills are now being used 
in some areas, Before any jade mining is 
begun, every worker, whether Kachin, Shan, 
Burman or Chinese, prays to the jade spirits, 
or Nates, in the belief that they will discover 
valuable jade quickly if the Nats are pleased. 
Generally, the overburden is quarried with 


picks and crowbars until a steep face is ob- 
tained. Water is dammed upstream to make 
it flow over the steep face, washing away 
all earth and leaving the boulders clearly 
exposed for examination. It is well to re- 
member that the selection of the locality and 
all the work are started through pure in- 
stinct, an inner conviction of the miners 
rather than any scientific reasoning. When 
valuable jade is discovered in one spot, all 
the miners flock to it and work it until all 
the jade has been removed. Consequently, 
they frequently forget where they had 
worked last and begin digging in spots pre- 
viously mined, with much labor thus lost. 
Scientific mapping and a coordinated, well- 
organized mining program would certainly 
yield large amounts of fine jade in this area 
at a small percentage of the present cost to 
the jade merchants, who do almost all the 
financing. 
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¢ Typical boulder of rough jade, just removed from mine, and stamped by 
officials. Photo courtesy of Wen Ti Chang, Los Angeles 
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¢ Rough jade, showing texture. Photo courtesy of Wen Ti ¢ 
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© Cutting jade cabochons in Mandalay, Burma. Note foot-driven pedal and 
catborundum plate on which cabochons are preformed. 
Photo courtesy of Edward R. Swoboda 
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There is a valuation committee in every 
jade mine. When a piece of jade is found, 
the financier has it evaluated by this com- 
mittee, which receives a fee of five percent 
of the value. As a rule, such valuations are 
very low. If the financier decides to keep 
the jade, the miners receive half of the 
evaluated price. Ten percent more goes to 
the local government under whose jurisdic- 
tion the stone is found. Values and evalua- 
tions are never mentioned but merely indi- 
cated among the interested parties by the 
conventional finger pressures under a hand- 
kerchief. It is costly to ship the jade boul- 
ders to Mogaung, the chief trading center. 
Sometimes, as many as fifty coolies are em- 
ployed to transport a boulder weighing a 
ton. They proceed very slowly through the 
tugged terrain until they reach a place 
where the jade can be placed in an oxcart 
and brought Mogaung. There, the Govern- 
ment again collects thirty-three and a third 
percent of the value before the merchant is 
permitted to ship his jade out of Burma. 

Up to this point, the value is merely a 
fictitious figure without any actual basis. The 
main thought is to have as low an evalua- 
tion as possible until all government taxes 
are paid. Then, the jades are prepared for 
local auctions and for export in the follow- 
ing manner: Each boulder is weighed and a 
seal is placed upon it. At strategic points, 
cuts of approximately three-fourths inch in 
width and one-half inch in depth are made 
in each boulder and polished to show the 
color. The Chinese jade dealers pride them- 
selves on being able to determine the value 
of each jade boulder by the appearance of 
the polished cut. On certain days, auction 
sales are held for the prospective purchasers. 

The auctions differ greatly from ours, 
since there is no audible competitive bid- 
ding. The purchaser accompanies the auc- 
tioneer along the path on which the boulders 
are displayed. A stop is made before each 
numbered boulder in which the purchaser 
expresses interest. With his hand and the 
auctioneer’s hand covered by a cloth, the 


bidder makes his offer by pressure on the 
auctioneer’s fingers, thus insuring absolute 
secrecy in each transaction. In the evening, 
the sales are completed and the boulders 
turned over to the highest bidders. 

It is not unusual for many boulders to re- 
main unsold during these auctions. They are 
then shipped to dealers in Hong Kong for 
similar auction sales, From a scientific point 
of. view, it is a real gamble to buy jade in 
this manner. The purchasers are actually 
gamblers rather than jade experts. Much 
money has been lost by these superficial 
methods of: purchasing. 

All jades leaving Burma are shipped from 
Mogaung after clearance by the Govern- 
ment agency. Boulders of jadeite are wrapped 
in a heavy, dark sailcloth tied with hemp 
rope and shipped by Irrawaddy River boats 
to Rangoon, where they are put on boats 
going to Hong Kong. Also, a considerable 
quantity is smuggled across the border to 
Yunan, Communist-controlled China, by 
mules. Prior to the Communist occupation of 
China, jade was shipped to Canton, Shang- 
hai and Peiping. Approximately fifteen per- 
cent of all jades, the poorest quality, re- 
mains in Burma and is usually sold in Man- 
dalay, where there are many jade cutters and 
jewelry manufacturers, 

Burmese amber was highly prized by the 
Chinese even before the beginning of the 
Christian era. Burmese amber is very differ- 
ent from amber extracted in the Baltic Sea 
in East Prussia. The Burmese type is a 
golden color with a beautiful bluish streak 
through it and is strongly fluorescent ‘even 
in ordinary sunlight. It is also pufer, hardet, 
and tougher than the Prussian amber, thus 
making it excellent material for cutting and 
carving into figures, snuff bottles, vases and 
various Chinese carved objets d’art. The 
only other occurrence of amber of similar 
quality is in Sicily; this amber Tuscsses the 
same fluorescent phenomenon. 

Amber occurs in the lower Roca aries, 
which consist of finely bedded dark schists, 
blue shale and sandstone, the shales being 
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generally predominant. In some places, the 
two are alternately interbedded with a few 
layers of limestone conglomerate. Sometimes, 
sandstone of various shades of blue and pink 
are almost laminated, and in places contain 
shaly concretions which vary in diameter 
from one to several inches. Generally, the 
sandstone and shale bear carbonaceous im- 
pressions; sometimes, these rocks contain 
very thin coal seams in which amber is im- 
bedded in the form of concretions. Because 
of the soft nature of the shale and sand- 
stone, few good exposures are seen on the 
surface. 

Amber mines are located in the northern- 
most section of Burma and extend in a 
straight line to the border of Assam, through 
Myitkyina to the Yunan border. Hukawang 
Valley, comprising the villages of Maing- 
kwan and Kamaung, is the chief source. In 
most mines, amber occurs in pockets em- 
bedded in blue sandstone or dark-blue shale 
with a fine coal seam. The presence of coal 
seams is a favorable sign for the occurrence 
of good amber. Amber usually occurs in 
elliptical pieces and occasionally in blocklike 
forms. The best amber is found at a depth 
of about thirty-five to fifty feet, very seldom 
in large blocks, the average size being that 
of a normal closed fist. 

The method of mining amber is as primi- 
tive as that of mining jade. The mine is a 
well-like affair about four feet square and 
descends to 2 maximum depth of approxi- 
mately fifty feet. Four miners work in each 
pit. Two dig underground with a hoe. The 
other two haul up the mass in a rattan basket 
with a long hooked bamboo rod and examine 
each basket for amber. The pits are lined 
with a bamboo barricade which appears 
flimsily constructed but does hold the pit 
without caving in. It seemed like a miracle 
to the author, since there are many pits 
close together. 

The progress in a pit is very slow; usually 
two men dig about two feet in a day. All 
mining is stopped when a hard layer of sand 
is reached, since the miners believe there is 
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no amber beneath the sand. It might prove 
interesting to sink a few bores much deeper 
to test their theory. Much of the amber thus 
mined remains in the area and is made into 
earrings, bracelets and other popular jewelry 
worn by the natives of the Hukawang Val- 
ley. Chinese merchants, too, purchase great 
quantities of amber, especially the larger 
pieces which are suitable for carved objects 
dart. They export these pieces to China 
where most of the carving is done. Some of 
this amber also finds its way to the European 
market. 


GEM TRADING 


Traditionally, the gem dealers of India 
are the most important in the Orient. Per- 
haps the widespread impression that rubies 
and sapphires originate in India stems from 
the fact that the bulk of gemstones found 
in Ceylon, Siam and Burma is purchased by 
Indian dealers who keep in close touch with 
the gem-producing mines. There they have 
informants from whom the dealers purchase 
information about new discoveries of gems. 
Because so many engage in gem trading, 
competition is very keen. Besides the India. 
markets, they also supply the Western mar- 
kets via Paris, where many gem-buying of- 
fices are located. Purchasers from all over 
the world generally find it much more cop- 
venient to do their buying in Paris, where 
the Indian dealers keep their outlets well 
supplied. 

During the height of Britain’s power in 
India, the maharajas were the wealthy, 
chosen few who were able to buy the ex- 
pensive gems. Each one tried to outdo the 
others in acquiring important gems, just as 
art collectors do in Europe and the United 
States. Consequently, for a long period of 
time, few large gems reached the Western 
markets. 

In the Orient, a Western purchaser of 
gems encounters strange difficulties, one of 
which is the lack of any division between the 
wholesale and retail trade. In India, the 
procedure is simple. One chooses a recom- 
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e Author’s agent, U Khin Maung, with 


assorted gem gravel. 


Photo courtesy of Edward R. Swoboda 


mended, reliable firm of gem dealers to act 
as purchasing agents. They sell their own 
material and are familiar with the entire 
market as well. A verbal agreement is made 
giving them a percentage ranging from two 
to five percent on all outside purchases made 
in their offices. Word spreads rapidly that 
an important purchaser is in town and brok- 
ers stand in long lines to show their gems. 
The prospective purchaser is given the op- 
portunity to examine the merchandise and 
put aside interesting items, together with the 
marked asking prices, for further considera- 
tion and bargaining. At the end of the day, 
the gems are examined carefully and: leisure- 
ly and marked with the offered prices. The 
following day, the bargaining ensues and 
those papers of stones are purchased on 
which a price agreement is reached. 


The procedure just described is one used 
in all Oriental countries except Burma, 
where it is quite different. Upon arrival in 
Rangoon, one must immediately seek a re- 
liable man to act as interpreter, broker and 
agent. This is an important choice, deter- 
mining in no small measure the future suc- 
cess of the purchaser. In Rangoon, there are 
many dealers who also own retail stores con- 
taining large stocks of gems that have been 
brought to them by the brokers from the 
Mogok area. As a rule, there is little ma- 
terial of fine quality in the hands of such 
dealers. : 

If one desires to engage in gem purchasing 
with the convenience and comforts of a good 
hotel and fairly decent food, one can: remain 
in Rangoon and do the best he can with his 
buying. A few telegrams to Mogok may 
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e Maung Myint, gem dealer of Mogok, 
showing rough ruby and sapphire. 
Photo courtesy of Edward R. Swoboda 


bring some brokers down to show their gems. 
However, this is a poor arrangement for 
trying to buy the finest. The only way to see 
and buy is to go to the source at Mogok. 
For this prospect, the broker-agent-in- 
terpreter becomes even more important! 
Once in Mogok, an entirely new set of 
problems arises. As mentioned previously, 
there are about 1200 mines in the area and 
it is impossible to visit all of them even 
over a long period of time. Therefore, it is 
advisable to visit the most important dealers 
first to ascertain what they have to offer. 
Most surprising is the reluctance with which 
stones are shown. It seems that the dealers 
stall on showing until they learn approxi- 
mately how much money the would-be pur- 
chaser has available. A few good: starting 
purchases go a long way in establishing one’s 


reputation as a buyer with serious intentions 
to acquire fine gems. The buyer’s opportuni- 
ties increase as the rumors spread quickly 
among all the inhabitants. 

Contrary to custom in other Oriental coun- 
tries, the startling fact revealed during a 
visit to Mogok is that the women are the 
gem merchants, rather than the men! The 
most influential dealers are women who are 
shrewd, cunning and seemingly able to read 
the purchaser’s mind instinctively. In some 
cases, the bargaining may be done by the 
men, but no deal is ever concluded without 
the full consent of the women in the house- 
hold—usually the mother, mother-in-law and 
wife. 

On my first visit to Mogok, my experi- 
ences and feelings were mixed—amazing, ex- 
asperating, frustrating, instructive and illu- 
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minating. My agent and I started out early 
one morning to begin my purchasing trans- 
actions. Our first stop was at the home of 
the most important dealer in Mogok. After 
two hours of imbibing the customary cups 
of coffee and tea, along with much conver- 
sation, I became impatient and asked my 
agent about seeing stones. While studying 
my face intently, the dealer finally exhibited 
one stone paper containing a very poor star 
sapphire. Although I wasn’t at all interested 
in it, I wanted to be polite and inquired 
about the price. If I recall correctly, I had 
already judged $25 to be a fair price. When 
my agent informed me that it was the equiva- 
lent of $500, I almost exploded but casually 
tossed the stone back to the dealer. I asked 
to see more stones but was told most po- 
litely but firmly that there were no others. 

We visited five more dealers that day with 
similar experiences for me at the home of 
each. One or two stones would be shown at 
tremendously exaggerated prices that were 
completely out of line. Even though I knew 
that the prices were inflated for bargaining, 
I thought it would be ridiculous to make 
offers amounting to perhaps five to ten per- 
cent of the asking prices. That evening, I 
went over the day’s experiences and dis- 
cussed them with my agent. I must digress 
for a moment at this point to emphasize that 
great reverence and respect are accorded to 
age by all Burmese. Because my agent was 
a much younger man than I, that instinctive 
respect for my age prevented him from giv- 
ing me an immediate analysis of my day’s 
errors. After long discussion, I finally did 
gather that it was considered bad -form not 
to make an offer on merchandise for sale, no 
matter how low. I asked whether my offer 
of $2 for a stone quoted at $100 would not 
be considered insulting. He assured me that 
any offer would be graciously received as a 
compliment to the gemstones, but the 
eventual selling price would depend on the 
buyer's patience and bargaining abilities. 
Time is of no importance in the Orient and 
long, patient bargaining is an essential part 


of trading there. My agent further explained 
the high asking prices as an attempt by 
the dealers to learn the purchaser’s idea of a 
stone’s worth. Apparently, “Let the buyer 
beware” is the slogan! 

It took me a while to assimilate this in- 
formation and try to act accordingly, since 
it was so different from our way of conduct- 
ing business. However, I knew that I must 
follow my agent’s advice in order to make 
progress. The next morning, we started out 
again to another dealer. After the usual long- 
drawn-out preliminaries of coffee, tea and 
conversation, I was at last shown a fine gem 
sapphire weighing six carats for the asking 
price of $3,000. After careful examination, 
I decided that I could pay $600 for it and 
asked my agent to offer $300 giving myself 
enough leeway for the expected bargaining. 
Although I couldn’t understand the ensuing 
conversation, I saw the dealer's smile express 
appreciation for the offer. He said ‘“‘Quarre,” 
which I had learned means, “Too far apart.” 
I instructed my agent to tell him that he 
was asking much more than the stone was 
worth, and that I would raise my offer a bit 
if he would come down. The next price 
asked was $1,000, already a two-thirds re- 
duction! I had my first feeling that gem buy- 
ing in Mogok might eventually prove success- 
ful. I raised my first offer by $100, and he 
went down another $100. Whereupon my 
agent suggested that we let the dealer think 
it over and we would return the next day. 
The following morning, I requested the low- 
est price and was told that the very lowest 
was $700, “Take it or leave it,” My final 
offer was $600, which was accepted, leaving 
me in a much more cheerful frame of mind 
about the entire situation. With my newly 
acquired education, I was able to make many 
satisfactory purchases, 

After a week, word had spread that I was 
a good purchaser who paid high prices. 
Brokers came with gems from. many dealers 
we hadn't visited, and prospects for a most 
successful purchasing trip increased day by 
day. In the process, I slowly became aware 
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of an important factor in the economic life 
of the miners. Their living conditions are 
most primitive, requiring an infinitesimal 
sum of money for all their needs. The most 
prosperous family spends no more than a 
thousand dollars a year for all living ex- 
penses. As a result, their wealth is measured 
in terms of the quantity of their stocks of 
gems. After a dealer sells enough material 
to provide for his needs for a long time, he 
is no longer interested in selling. The fol- 
lowing experience is a good example. I 
found a miner with twenty pieces of rough 
peridot which interested. me greatly. He sim- 
ply. refused to sell them because he didn’t 
want any more money until after the Bur- 
mese New Year, three months hence. My 
agent’s and my persuasion were of no avail. 
He didn’t need the money and wouldn't sell 
until he did, regardless of the possibility of 
receiving less at a later date. He was quite 
positive that prices would not go down, 
since all the miners and dealers were learn- 
ing that prices were continually rising— 
which also made for reluctance in selling. 
They believe it is the better part of wisdom 
to hold their gems. 

The only saving factor in the whole situa- 
tion is the great devotion to Buddhism prac- 
ticed by these people, coupled with each 
one’s desire to outdo the other in the build- 
ing of magnificent pagodas and temples. 
Such a purpose on the part of any. dealer 
greatly facilitates business negotiations! 
Whereas their personal living standards are 
so low, they do not hesitate to spend enot- 
mous sums of money, sometimes as much 
as $100,000, to build beautiful temples and 
pagodas—and with modern sanitary facilities 
so conspicuously absent in their own homes. 

Every dealer claims exclusive connections 
with certain miners to supply him only with 
their rough stones. Of late, however, the 
miners have been learning that they have not 
been receiving full prices and that the deal- 
ers have been taking advantage of them. 
Consequently, they offer their gems to more 
than one dealer and accept the highest offers 
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for their rough, thus placing the dealers in 
a highly competitive position. It is extremely 
difficult to determine the yield from a rough 
piece of sapphire or ruby, thus making it 
a really speculative business. The dealers 
suffer much loss ‘when the rough proves dis- 
appointing after cutting. 

Alternating in the villages of Mogok and 
Kyatpin, there is a bazaar held every five 
days where the populace buys its supplies of 
groceries and vegetables. Miners and gem 
dealers also contribute to this colorful event. 
Dealers are always recognized by the um- 
brellas they carry at all times—their. badge 
of office, as it were! Individual miners offer 
them rough material. My only purchase in a 
market place was a lot of rough rubies for 
which the miner began by asking $1000 and 
after much bargaining accepted my offer of 
$1. 

An amusing purchase I made -was at the 
site of a one-man controlled ditch. This 
miner showed me a rough piece of ruby that 
displayed very strong asterism. After my 
expression of interest, the customary bargain- 
ing began. Before long, we had a group of 
men, women and children surrounding us 
and enjoying the proceedings. When I finally 
completed my purchase, the people standing 
around claimed a commission from me, say- 
ing they were all brokers in the deal. It was 
said good naturedly and with much laughter. 


‘I settled the matter by giving the brokerage 


fee to a few of the smallest children, and 
my decision was applauded as a wise man. 

For many years, rumors have been circu- 
lating that the Mogok area is being worked 
out and will soon stop yielding any gems. 
My observations have convinced me that 
mining there will flourish for an indefinite 
period, and that huge quantities of gem- 
stones worth many millions of dollars are 
still in the hands of the dealers. I learned 
that many of them have had gems in their 
possession for almiost half a century. To illus- 
trate, I am thinking of an eighty-two-year-old 
man I visited. He dreams away the days 
with his opium pipe and is loath to part 


with any of his gems. The dealers in Mogok 
have been unsuccessful in their attempts to 
buy one of them. Because my agent’s mother 
was a friend of the old man, I thought I had 
a good starting point in my quest. We 
visited one morning and found the old man 
squatting in a corner smoking his pipe. For 
four hours, talk flowed back and forth with- 
out any reference to business—we were en- 
joying a social visit, Finally, the conversation 
veered to the topic of gems and, most fortu- 
nately for me, the name of Albert Ramsay 
was mentioned. It seems that when he was a 
youngster, the old man had worked for Mr. 
Ramsay and thought very highly of him. 
When my agent informed him that I had 
known Mr. Ramsay (since we had been lo- 
cated in the same office building in New 
York), the old man declared that any friend 
of Mr. Ramsay’s was a friend of his; and, 
eventually, he decided to show me a few of 
his gemstones. He néver exhibited more than 
one stone at a time. After each deal was 
concluded, he would disappear into a little 
cubicle covered by a curtain and emerge with 
another stone. How I wished I could. peek 
at the treasure I knew was hidden behind 
that curtain! Rumor had if that the old man’s 
stock of gems was worth’more than a mil- 
lion dollars and dated back to the time of 
the Ruby Company, which had ceased activi- 
ties in 1922. 

., Almost without exception, in every pur- 
chase I made, the starting price asked was 
at least ten times higher than the actual 
value. Only once was. J, offered stones at a 
price I thought they “were worth and was 
willing to pay. However, that willingness 
almost cost me my reputation as a gem mer- 
chant! It was a box of spinels of fine quality 
for which the dealer asked $300, a price I 


considered fair and agreed to pay. I shall 
never forget his expression and the change 
in him at my ready acquiescence. He turned 
pale and told my agent I must be a smart-one 
who was trying to take advantage of a poor, 
simple dealer. He threatened to tell the other 
dealers I couldn’t be trusted; and my agent 
and I were really in a dilemma. I thought 
fast and said to my agent that the offer need 
not be accepted, at the same time passing 
the box of: spinels back to him. My agent 
then made the proper move. He took the 
blame in translating incorrectly, saying I 
had merely repeated the dealer’s statement 
of price. My agent whispered to me to make 
an offer of, $150, which I ‘did. After some 
bargaining, I bought the spinels for $200, 
absolved of all blame and $100 to the good! 

As mentioned previously, the women are 
the bosses of the gem trade in Mogok. They 
have the final decision in all transactions in- 
volving. the larger and more important 
stones, but they. do consult their men, who 
are in partnership with them in such deals. 
However, the men have nothing to. do with 
the trading in stones of small sizes. Such 
business is exclusively the province of the 
Mogok women and a lucrative one it is. 
Women throughout Burma wear jewel studs 
in their blouses and other apparel and are 
very fond of ‘gemstones mounted in brace- 
lets, earrings, pins and necklaces. A number 
of manufacturing jewelers in Mogok make 
attfactive well-designed pieces in 22-karat 
gold. The. women gem dealers consider the 
trading in small stones their bread-and- 
butter business; but from my own observa- 
tions, I would say that it keeps them in cake, 
too! At. is a: steady, profitable, year-round 
business. 
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New or Unusual Gem Materials 


Encountered in the Institutes 


Gem Trade Laboratories 


G. ROBERT CROWNINGSHIELD 


Adapted from a lecture delivered to the 
American Gem Society Conclave, 
Philadelphia, April, 1957. 


One of the many joys of being associated 
with the Laboratories of the Gemological 
Institute of America is identifying unex- 
pected gem materials that may heretofore 
not have been widely reported, if at all. 
Each year we receive for testing and also 
as gifts various unusual materials, some of 
which may have a commercial potential. 

During the past year we have examined 
an unusual number of specimens that were 
technically rocks, being made up of more 
than one mineral. The first such stone came 
to our attention when some freshly polished 
lapis-lazuli tablets were used in class work. 
Students consistently misidentified the stones 
because they were obtaining an R.J. of 1.68 
rather than 1.50, as universally recorded in 
textbooks and tables. X-ray diffraction, plus 


thin sections of the material made by Dr. 
Ralph Holmes of Columbia University, 
showed that the material was essentially 
lazurite granules evenly distributed in color- 
less diopside. 

A mineral with which lapis is sometimes 
confused and that, can occur technically as a 
rock is sodalite. Recently this mineral has 
been coming to the United States market 
from Ontario in great abundance. It is 
readily separated from lapis by its R.I. of 
1.48 (as opposed to 1.50 for normal lapis) 
and its low S.G. of approximately 2.20 (as 
opposed to a low of 2.48 for lapis that is 
lacking in pyrite, to a high of 2.99 if much 
pyrite is present). Incidentally, the presence 
of pyrite is not proof of lapis, since speci- 
mens of sodalite with veins of pyrite are 
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not uncommon. 

Another rock that proved troublesome 
consisted of a group of tumbled stones that 
were composed of three distinctly. colored 
materials, purportedly from the nephrite 
area of Wyoming. These stones were proved 
to be a rock composed of green nephrite, 
pink thulite, and a grayish-brown zoisite. 
We are indebted to Dr. Brian Mason of the 
American Museum of Natural History for 
the necessary X-ray diffraction work. 

Another rock, the identification of which 
we also owe to Dr. Mason, was presented 
to the Laboratory as a string of spherical, 
mottled, white-and-dark-green beads. The 
beads were offered in New York as jade, 
but proved to be a combination of white 
albite feldspar and green actinolite. At the 
same time, a string of all white beads was 
proved to be composed of approximately 
equal numbers of albite and matching white 
prehnite beads; these were being offered as 
“Japanese’’ jade. 

Another jade problem came to our atten- 
tion when a manufacturer presented some 
pieces of carved jade in an attractive mottled 
green-and-white color, with the complaint 
that many of them broke readily in setting. 
Normal gemological tests, including R.I., 
S.G., and spectroscopic analysis, indicated 
jadeite, but under the microscope certain 
veins and areas showed great undercutting; 
and wherever veins of white occurred, one 
could pick away the white material with the 
fingernail. Again, it was necessary to resort 
to nongemological tests. Dr. Holmes was 
able to prove by X-ray diffraction that the 
green material was jadeite; however, a study 
of thin sections showed that it was highly 
brecciated and that-the white, soft material 
was kaolinlike in nature, thus indicating 
that the material had been metamorphosed 
and recompacted at some time in the past. 
Again, we have what might technically be 
called a rock. 

Another rock in the form of highly at- 
tractive cabochons came in for identifica- 
tion. The material consisted of opaque ruby- 
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red patches in an opaque dark-green ground- 
mass with an occasional black splotch. Tests 
quickly proved the red substance to be ruby 
and the green material to be zoisite. In a 
communication from Dr. Edward Gubelin, 
Lucerne, Switzerland, we learned that the 
rock occurs near the border area of Kenya- 
Tanganyika, and in the past has been found 
in large sizes suitable for carving into bowls, 
vases, etc. 

Among the unusual specimens examiried 
in the Laboratory can be mentioned a pol- 
ished slab and several rough waterworn 
pebbles of sillimanite (or fibrolite) from 
Idaho. The material has been widely publi- 
cized as “gem sillimanite’’; however, we 
have not observed any that would warrant 
such a description, for it is semitranslucent 
and only faintly chatoyant. Transparent 
violet-blue to grayish-green faceting-quality 
stones are known to have come from Burma 
and Ceylon, and some fibrous material from 
these localities has cut excellent cat’s-eyes. 
The Idaho material we have seen, although 
it does not produce fine cat’s-eyes, does take 
an excellent polish and would appeal to 
amateur lapidaries. 

Some unusual cat’s-eye-type stones were 
offered for sale briefly in New York as 
ulexite — the so-called “television stone” 
mentioned by Captain John Sinkankis in 
the Winter, 1955-1956, issue of Gems and 
Gemology. Specimens tested in the Labora- 
tory appeared to have greater constants than 
those listed for ulexite in Dana, who lists 
an §.G. of 1.65 and a hardness of 1. Our 
specimens seemed to have a hardness greater 
than 2 and an S.G. near 2.00. Since we were 
unable to secure material for mineralogical 
tests, we cannot be positive if they are ulexite 
or some near-borax relative. Obviously, the 
stones are only suitable for collector’s items, 
since they do not have sufficient durability 
for use in jewelry. 

Synthetics in several little-known forms 
came to our attention last year. In one of 
these, an unusual treatment of synthetic 
spinel imitating lapis-lazuli, identification 
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was made easy because of the high R.I. and 
because of the residual purple color as the 
stone was held over a strong light source. 
Professor K. Chudoba, writing in the Win- 
ter, 1956-57, Zeitschrift der Deutschen Ges- 
sellschaft Fur Edelsteinkunde, suggests that 
it should be correctly called lapis-lazuli- 
colored sinter spinel, rather than synthetic 
spinel, since it is a sintering process de- 
veloped several years ago in West Germany. 
To date, no great commercial activity has 
been reported in the U.S. for this rather 
handsome and serviceable stone. 

Another synthetic spinel, the only speci- 
men of which we have seen was given to 
the Institute by student Aldert Breebaart, 
Nijmegen, Holland, is a rather good: imita- 
tion of moonstone. Whether it becomes any- 
thing more than a scientific curiosity is still 
to be seen. 

Perhaps in the same category are the tiny 
red spinel brilliants received by the Insti- 
tute as a gift. They are clearly of Verneuil 
manufacture, and their small size perhaps 
suggests the diffculty in making this color 
of synthetic spinel. 

For years we have sought a specimen of 
natural green spinel. Although this color 
is included in all lists of gem materials, 
we have never seen a salable green spinel. 
We were gratified to receive for testing three 
transparent dark-green stones that proved 
to be the zinc spinel (gahnospinel). The 
RJ. of the stones: was approximately 1.805 
and the S.G. 4.44. The polariscope showed 
that the stones were all fairly badly strained. 

During 1956, several cases came to our 
attention where heat-crackled synthetic ru- 
bies had been represented as natural stones 
to uninformed and unsuspecting jewelers. 
Another swindle was attempted, probably by 
the same team, with green heat-crackled 
glass imitations of emerald. Although heat- 
crackled (or, as they have been called, 
quench-crackled) stones are not new, it was 
appalling to see how some jewelers could be 
so readily duped by stones whose style of 
cutting suggested synthetic or glass. 
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The emerald filter is gradually losing 
much of its former importance as a means of 
testing emeralds. First, the IG. Farben 
synthetic emeralds and later the Chatham 
synthetic emeralds were developed, both of 
which turn red under the filter (as do 
natural emeralds). Later, natural emeralds 
from India reached the market; these stones, 
instead of turning red under the emerald 
filter, react in the same manner as glass; 
i.e., no reaction at all. Later, the appearance 
of triplets composed of two parts of rock 
crystal and a green cement that turns red 
under the. filter further undermined the 
value of the filter. The latest reason to sus- 
pect the value of the filter with emeralds 
was the appearance of a green plastic coating 
on poor-quality emerald and pale-green beryl. 
The plastic makes the stones appear quite 
transparent as well-as a highly desirable 
green. The plastic coating turns red under 
the emerald filter. Although normal instru- 
ment tests or an educated “‘feel’’ test would 
indicate that something was ‘wrong, -we 
have encountered a suffcient number of 
stones that were accepted as natural to make 
it worthwhile to mention it here. In one 
case, a expensive pair of platinum-and- 
diamond earrings was completed before it 
was discovered that the stones about to be 
mounted were actually plastic-coated worth- 
less beryl. Because of these reasons, we 
have begun to call the filter merely the 
“color filter’ or “spinel filter,” because of 
its value in testing synthetic blue spinels. 

High-index glasses (i.e.,-those used for 
refractometer hemispheres and prisms) are 
universally quite yellowish, a color that is 
undoubtedly caused by the metallic oxides 
used in the melt to attain the high index. 
The Institute’s student study sets do not 
contain any glass imitations with an RI. 
higher than 1.70. A colorless brilliant with 
an RI. of 1.78 was given to the Institute 
last year, but not before several file tests 
had proved its softness (approximately 5). 
The tests, of course, had been done on the 

(continued on page 61) 
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Diamond Rulings Adequate? 


by 


RICHARD T. LIDDICOAT, JR. 


Adapted from a lecture delivered to the 
American Gem Society Conclave, 
Philadelphia, April, 1957. 


Jewelers know that the public is inclined 
to consider diamonds the blindest of blind 
purchases. The chief problem is that such di- 
vergent claims are made that it. becomes 
obvious that some firms are dishonest or 
ignorant. The credo of the American Gem 
Society is that titleholders are neither. How- 
ever, despite the existing AGS and Federal 
Trade Commission rulings, two Registered 
Jewelers, or any two ethical jewelers, could 
offer at retail stones they purchased as flaw- 
less, top-color, well-made one-carat stones 
at the same average markup but at prices 
$750 apart. How can this be? An examina- 
tion of both AGS and FTC rulings, the 
usual interpretations given these rulings, and 
the wide gaps not covered by rulings, pro- 
vide an answer. 

Ethical jewelers vary from those who ac- 
cept the importers’ grades without checking 
to those who grade every item they sell on 
a perfectionist basis. Just this difference in 
attitude on color, imperfection and make 
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grading creates a fantastic difference in 
price, because existing standards are not 
specific, You may say that at least perfection 
grading is specific, yet the definitions of per- 
fect and flawless leave gaps to any but the 
perfectionist. 

What is a perfect diamond? From the 
new Federal Trade Commission Rulings, 
Rule 24 states: “(A) It is an unfair trade 
practice to use the word ‘perfect’ or any 
other word, expression, or representation of 
similar import as descriptive of any diamond 
that discloses flaws, cracks, carbon spots, 
clouds, or other blemishes or imperfections 
of any sort when examined in normal day- 
light or its equivalent by a trained eye under 
a 10x corrected diamond eye loupe or other 
equal magnification. (The use, with respect 
to a stone that is not perfect, or any phrase 
such as ‘commercially perfect, containing 
the word ‘perfect’ or ‘perfectly’ is regarded 
as misleading and in violation of this rule.) 
Paragraph ‘A of this rule shall not be con- 
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strued as approving the use of the word 
‘perfect’ or any word or representation of 
like import as descriptive of any diamond 
that is of inferior color or make. Nothing 
in this rule (24) is to be construed as in- 
hibiting the use of the word ‘flawless’ as 
descriptive of a diamond that meets the re- 
quirements for ‘perfect’ set forth in para- 
graph A of this rule (24).” In other words, 
“flawless” may be used for a stone that fits 
the term ‘‘perfect,’ except that it has in- 
ferior color or make. 

The American Gem Society defines ‘‘flaw- 
less” as follows: ‘““The term ‘flawless’ shall 
be used to describe a diamond that is free 
from all internal and external blemishes or 
faults of every description under skilled 
observation in normal, natural, or artificial 
light with a ten-power loupe corrected for 
chromatic and spherical aberration; binocu- 
lar examination under dark-field illumina- 
tion is preferred.” 

At first glance, the two rulings seem ex- 
ceptionally specific. On the subject of internal 
flaws, they leave almost no argument. If 
something of almost any description is seen 
by a “trained eye” or “skilled observation” 
under 10x, the stone cannot be perfect or 
flawless. Almost the only point on which 
some jewelers seem to take exception is the 
classification of knot or twin lines as flaws. 
Other inclusions, cleavages, and fractures 
visible under 10x are accepted as flaws al- 
most without cavil. We all know that some 
firms sell diamonds containing internal flaws 
as ‘“‘perfect’’ stones. However, violations in 
this sphere seem to be less flagrant and cer- 
tainly easier to deal with than even a few 
years ago. Most of the problems involving 
internal flaws are occasioned by those who 
believe they will be given the benefit of the 
doubt on stones with minor flaws they sell as 
“perfect’”’ or “flawless.” This seems to apply 
to some mounted lines in which every center 
stone is sold as “‘perfect.”. However, there 
will always be those who try to gain an 
advantage by operating on the borderline. 

The situation with surface blemishes is 


somewhat less clearly defined. Here is where 
the perfectionists and the noncritical are 
separated more frequently. To cite a few 
examples: Is a rough or bearded girdle a 
flaw or a blemish, or should this be disre- 
garded?; is poor symmetry a blemish?; is 
a natural a blemish?; are wheelmarks blem- 
ishes?; should minute nicks or scratches 
(that almost every stone possesses) be 
labeled blemishes?; in the presence of fairly 
regular symmetry, should facets that fail to 
meet be called blemishes? If you are a 
perfectionist, perhaps you will say that every 
item mentioned is sufficient to rule out the 
use of the term ‘flawless.’ If you have a 
pragmatic approach, you will probably con- 
tend that they should be considered blem- 
ishes only if bad enough to warrant it. The 
major point is that the perfectionist and the 
rigidly honest person are placed at a distinct 
disadvantage by the failure of the FTC and 
AGS rulings to specify in more exact terms 
what can and cannot be called flawless. 

In many respects, the rulings pertaining 
to diamond qualities that jewelers have im- 
posed upon themselves are much mote re- 
strictive than public protection or even 
public desire warrants. For example, flaws 
that are not visible to the unaided eye and 
that do not affect either brilliancy or dura- 
bility hardly seem to justify the 40% price 
reduction from a flawless condition encoun- 
tered in an otherwise fine stone. However, 
so long as rules exist they should be so 
clear that there is only one possible interpre- 
tation, if they are to be just to all. At pres- 
ent, cettain variations in the interpretation 
of diamond-quality terms work to the detri- 
ment of the ethical jeweler. It seems that it 
would be only fair to amend both perfect and 
flawless rulings with respect to the term 
blemish by specifying, to some extent at 
least, what is considered a blemish. The 
perfectionist may feel that each of those 
items mentioned are clearly blemishes, so 
why is elaboration recommended? Let us 
consider wheelmarks, for example. Wheel- 
marks can be seen on-any stone, if one uses 


SUMMER 1957 


39 


* Showing a natural on the girdle of a diamond. 


sufficiently high magnification. When must 
they be regarded as flaws? Are they wheel- 
marks and therefore a blemish when seen 
by the unaided eye, or are they wheelmarks 
only when seen under 10x? Since the ruling 
specifies 10x magnification, it would seem 
that this would be the deciding factor. How- 
ever, it is possible to illuminate a stone in 
such a manner that even to an expert no 
wheelmarks are visible under 10x, but when 
placed under different lighting, such as 
very strong side lighting, they may become 
obvious. 

When is poor symmetry a blemish? Some 
will say, even perfectionists, that poor sym- 
metry is classified under make and should 
not be given any consideration in the term 
“flawless.” However, if a stone is considera- 
bly off round, if its culet is considerably off 
center or very large, and if the table is not 
parallel to the girdle, to call the stone flaw- 
less by American Gem Society standards is 
considered by some to be overstepping. 


Perhaps the most frequent source of con- 
troversy is naturals. Some jewelers argue that 
the original lustrous “skin” of the diamond 
crystal. left in one or more places on the 
girdle cannot be regarded as a blemish. 
However, many perfectionists now call any 
natural a blemish, although they do not 
detract from the beauty of a diamond in 
any way so long as they are no wider than 
the average width of the girdle and do not 
leave visible flat spots. Most of them are 
on the underside, so they have to be fairly 
large in order to flatten the girdle. It is 
obvious that the subject of naturals should 
be treated in the same manner by all. 

How .about a rough or bearded girdle? 
Certainly a bearded girdle is a make de- 
ficiency. Yet, it leaves tiny breaks in the 
stone that are visible under 10x; therefore, 
it would seem by present definition that they 
constitute blemishes. However, we have all 
seen many stones labeled as flawless that 
had bearded girdles. 
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To some, such a detailed discussion may 
seem unnecessary. However, even a cursory 
examination of a large number of stones 
offered by various firms (some of them 
imposters), that are labeled as flawless or 
perfect, demonstrates clearly that the honest 
man should be protected by so cleatly de- 
fining the terms flawless and perfect that 
there could be no doubt as to their meaning. 
For the most part, the differences may be 
resolved readily by definitions of what con- 
stitutes a blemish. So that this will not 
become simply a polemic on the subject, a 
group of specific suggestions is being sub- 
mitted to the American Gem Society and the 
Federal Trade Commission for consideration 
or rejection. Since the wording of the defini- 
tions is vital, it seems advisable as a first 
step to submit proposed statements or defini- 
tions that could then be taken up by the 
appropriate committee, if the Society favors 
adoption of more specific ruling. Here, then, 
are the recommendations: 

1) Wheelmarks, or polishing marks, are 
considered blemishes when visible under 
10x with a corrected loupe in normal 
diffused light (this eliminates the use 
of very strong side lighting). 


2) A natural is a blemish when it either 
flattens the girdle when examined from 
the crown in the table-to-culet direction, 
or if it is wider than a medium girdle 
width for the stone being considered. 

3) Twin lines or knot lines are blem- 
ishes when visible under 10x. 


4) Poor symmetry should not be con- 
sidered under imperfection grading, un- 
less the stone is distinctly misshapen to 
the unaided eye. This could be pin- 
pointed by specifying as misshapen any 
brilliant in which the difference be- 
tween widest and narrowest girdle di- 
ameter exceeds 5% of the narrowest di- 
ameter. 

5) A rough, or bearded, girdle is an 
imperfection if any chips or breaks are 
visible under 10x. 
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6) Any surface ‘nick, scratch or other 
abrasion visible under 10x is a blemish, 
regardless of whether the stone 1s with- 
out internal flaw. 


Undoubtedly, the points suggested to 
make existing rulings more specific could 
be simplified and clarified; however, they 
serve to illustrate the interpretive problems. 
They also serve as a starting point. 


The area in which the greatest misrepre- 
sentation exists, dollar-wise, is in “make.” 
Yet neither the FTC nor the Society goes 
further than to imply that an “old miner” 
or an obvious “fisheye” should not be re- 
ferred to as well cut. One could save over 
$300 a carat, at the retailers’ cost, in one- 
carat sizes, and still sell a stone as flawless, 
fine color, and well made. Here, for exam- 
ple, is what could happen with two jewelers 
both offering “well-made” or “beautifully 
cut’ one-carat stones: one jeweler could sell 
an ideally proportioned stone at keystone, 
and the other could sell a spread stone at a 
three-time markup at a lower price. Actually, 
it is only necessary in classifying the make 
of stones to specify the range of proportions 
that are acceptable under various terms. For 
example, a storie could be called well made 
if it had a depth-to-girdle-diameter ratio 
from 59 to 61%, a table of 53 to 57%, and 
a girdle-to-pavilion main facet angle of 
41° = 14°. It does not take ‘excessive train- 
ing or practice to make the determinations 
necessary to make these findings. The depth 
ratio requires only the girdle diameter and 
the table-to-culet measurements, plus arith- 
metic. The table size can be measured ac- 
curately by eye, and the pavilion angle by a 
proportion screen or several other methods. 
Make could be referred to as good if the 
stone had a table size from 58 to 63%, a 
depth-to-girdle-diameter ratio from 57 to 
58.9%, and a pavilion main facet angle of 
41° + 1°, This term could also apply to 
a thick stone having a table of 49 to 52% 
and a depth of 61.6 to 63%, with the same 
pavilion-angle tolerance. A classification of 
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fair would perhaps be used for a stone with 
a 64 to 68% table and a depth-to-girdle- 
diameter ratio of 55 to 56.9%. All other 
brilliant-cut stones would be referred to as 
poorly cut. Obviously, these terms and the 
figures specified could be adjusted; they are 
offered only as initial suggestions. With 
such fairly simple specifications, the terms 
“ideally cut” and “well made’ would be- 
come something definite and meaningful. 

Color is considerably more difficult to 
pinpoint, but the American Gem Society 
now has Colorimeters, so it would not be 
difficult to establish minimum standards for 
the use of such terms as fine color, best color, 
top color, blue-white, gem color, and other 
terms indicative of ideal color or total ab- 
sence of body color. 

In conclusion, it seems grossly unfair to 
continue to penalize a man for his honesty. 
We at the GIA are in favor of selling a wide 
range of qualities, from the best to the poor- 
est in diamond merchandise. However, they 
must be sold for what they are, and the per- 
fectionist should be protected legally at 
least against the gross misrepresentation that 


is possible while still operating within the 


letter of established rulings. As it stands, in 
the vital fields of perfection grading—and 
even more important in make grading—there 


are too few specific rulings to protect the 
public or the honest jeweler. That two one- 
carat stones described by the same color and 
imperfection grade can today be offered at 
the same reasonable percentage markup at 
prices $750 apart is ridiculous—especially 
when both are offered as well cut. It would 
seem that this is a gap that the Society should 
lead the way to filling in. The next step 
would be for jewelers to see that such rulings 
were enacted into laws in their respective 
states. In this fashion, the customer and the 
ethical merchant would have real protection 
against the dishonest practices that are so 
prevalent today. 

With clear-cut rulings with respect to 
imperfection, color and make terminology, 
established by state law, there would remain 
but two actions to make legal protection of 
the buying public complete: 


1) Insistence that advertising making 
quality claims for one attribute include 
all three attributes (to prevent the im- 
plication that flawless stones are also of 
fine color and finest make). 


2) A requirement that sales slips or re- 
ceipts contain quality claims in writing 
(to insure legal recourse on misrepre- 
sentation). 
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Formulas for the 
Weight Estimation of 
Colored Faceted Stones 


by 


JOHN ELLISON 


The primary purpose of this article is 
to provide assistance in the appraisal and 
evaluation of faceted forms of colored gem- 
stones. In order to properly appraise any 
gemstone, one of the basic necessities is a 
knowledge of the weight of the stone, since 
it has an important effect on value. For ex- 
ample, we will consider a large, fine-quality 
mounted sapphire, the value of which has 
been determined to be $300 per carat. A 
difference in weight estimation of only three 
carats would cause a difference in evaluation 
of about one thousand dollars. Also, many 
gemstones show a sharp rise in the value 
per carat when they reach a certain size. 

The following pages are devoted to a 
description of formulas and methods for 
estimating the weights of colored faceted 
stones. These will prove very helpful with 
mounted stones that are accepted for ap- 
ptaisal. Although these formulas are based 
on scientific determinations of volumes of 
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such shapes, they have also been tested and 
adjusted by actual practical usage. 
Colored faceted stones of the same variety 
and of exactly the same length, width and 
depth will often show great differences in 
weight because of extreme variations in cut- 
ting techniques. In order to adjust the basic 
formulas to fit such variations, certain Cor- 
rection factors have been devised that must 
be used in conjunction with these formulas. 
Colored-stone dealers who have handled 
nothing but colored gemstones for many 
years consider themselves experts if they 
are able to estimate the weights of such 
gemstones within 10% of the true figure. 
Therefore, we can consider that a weight 
estimation that is within 10% of the exact 
weight is accurate enough to be usable in the 
appraisal of mounted stones. Even these long- 
experienced dealers occasionally make a seri- 
ous error in estimating the weight of a 
stone that has an unusual form or style of 
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cutting or that varies greatly from the weight 
of the average gemstone of such measure- 
ments. 


Because of the tremendous variety of 
shapes that might possibly be encountered, 
formulas were not devised to cover every 
possible form. Instead, they were evolved 
for the most common shapes and for those 
in which the most important gemstones are 
usually fashioned. Because of extreme varia- 
tions in the cutting of such stones, weight 
estimations can only be approximated. How- 
ever, by careful use of the following for- 
mulas and allowance tables, the average 
jeweler should nearly always be able to esti- 
mate within 10% of the exact weight of 
any stone. 

It will be noted that the formulas are 
somewhat complicated. This has been found 
to be necessary in order for the weight esti- 
mations to be accurate within the prescribed 
10% limits. In a like manner, the accuracy 
of estimation will also depend on the accu- 
racy of the measurements. Therefore, it is 
suggested that such measurements be made 
with an accurate millimeter measuring 
gauge, such as the Leveridge Gauge or a 
millimeter micrometer. 

In order for the jeweler to become familiar 
with these methods of estimating weights, 
it is advisable that he practice with loose 
gemstones. In this way he can check the 
accuracy of his computations and allowances 
by actually weighing the stone. 


Formulas 


Note: All measurements are to be made in 
millimeters. To insure accuracy, measure- 
ments should be made to iho millimeter. 


I. Round Faceted Stones 
Radius squared x depth x .009 x 
S.G. of the material = carat weight. 
(To square the radius, multiply 14 
of the diameter by 14 of the diameter.) 


Il. Oval Faceted Stones 
Length minus 14 of the width x width 
x depth x .003 x S.G. = carat weight. 
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III. Rectangular Faceted Stones 
Length minus 4 of the width x width 
x depth x .0037 x S.G. = carat 
weight. . 
IV. Square Faceted Stones 
Length minus 44 of the width x width 
x depth x .0037 x S.G. = carat 
weight. 
V. Emerald-Cut Faceted Stones 
Length minus 4% of the width x width 
x depth x .035 x S.G, = carat weight. 
VI. Cushion-Shaped Faceted Stones 
Length minus 44 of the width x width 
x depth x .0033 x 8.G. = carat 


weight. 

VII. Navette, or Boat-Shaped Faceted 
Stones 
Length minus 14 of the width x width 
x depth x .0033 x §.G. = carat 
weight. 

VIII. Pear-Shaped, or Teardrop-Shaped 
Stones 
Length minus 44 of the width x width 
x depth x .0026 x S.G. = carat 
weight. , 


Allowances 


Following are described and illustrated the 
allowances that must be made to compensate 
for variations in cutting. 


* Normal . faceted colored stone 
showing average bulkiness of crown 
and pavilion (all of the formulas 
are adjusted to compensate for this 
type of cutting). 
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* Top has no-bulkiness (like a dia- 
mond) — subtract 5% 


* Bottom has no bulkiness (like a 
diamond) — subtract 10%. 


* Bottom has very slight bulkiness 
— subtract 5%. 


* Bottom almost appears like a flat 
cabochon — add 15%. 


* Bottom appears somewhat like a 
medium cabochon — add 10%. 


J 


* For a very bulky crown —add 5%. 


* For a very heavy girdle—add 5%. 


* For an extremely heavy girdle — 


add 10%, 
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CORRECTION OF ARTICLE 
(pages 44 and 45) 


V. Emerald-Cut Faceted Stones 
Length minus 14 of the width x width x depth x .0035 x S.G. = carat weight. 


VII. Navette, or Boat-Shaped Faceted Stones 
Length minus 14 of the width x width x depth x .0022 x 8.G. = carat weight. 


* Bottom has no bulkiness (like a 


* Top has no bulkiness (like a dia- 
diamond) — subtract 10%. 


mond) — subtract 5% 


* Bottom almost appears like a flat 


“3 
* Bottom has very slight bulkiness cabochon — add 15%, 


— subtract 5%, 


* Bottom appears somewhat like a ° For a very bulky crown — add 5%. 
medium cabochon — add 10%, 


* For a very heavy girdle—add 5%. * For an extremely heavy girdle — 
add 10%, 
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An Introduction to Spectroscopy 


0 


Gemtesting 


G. ROBERT CROWNINGSHIELD 


Adapted from a lecture delivered to the 
American Gem Society Conclave, 


Philadelphia, April, 1957. 


It has been nearly a hundred years since 
Sir Arthur Church first described absorption 
bands in gemstones as seen through a spec- 
troscope, but the credit for establishing the 
instrument soundly in the list of “musts” 
for the gemologist must go to men now 
living. Actually, it has been only in the 
past thirty years or so that gemologists, 
headed by B. W. Anderson, Director of 
Precious Stone Laboratory of the London 
Chamber of Commerce, have described and 
recorded the results to be expected from 
this instrument. 

A spectroscope is essentially an instrument 
that will spread light into its component 
wavelengths. It is well known to most of 
us that white light is composed of the colors 
of the spectrum and that each color has a 
characteristic wavelength. Visible light is 
actually only part of a series that varies in 
wavelength from the relatively gigantic 
wavelengths of electricity and radio; through 
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infrared; to the visible wavelengths that 
diminish in wavelength from red; through 
orange, yellow, green, blue, and violet; pass- 
ing into the even shorter and invisible ultra- 
violet, X ray and gamma rays; and finally 
to cosmic rays. The whole is known as the 
electro-magnetic spectrum. In order to 
measure visible light, a unit of measurement, 
the Angstrom unit, is used; it is 1/10,000,- 
000 of a millimeter. For practical purposes, 
we usually think of the visible spectrum as 
extending from a bit more than 7000 A to 
4000 A. 

One of the first men to study sunlight 
through a prism was Sir Isaac Newton. 
Many of us, I am sure, are familiar with the 
picture of him holding a prism in the path 
of sunlight streaming through a small open- 
ing in a shutter of an otherwise darkened 
room. Perhaps the first man to advance spec- 
troscopy in a manner leading to its use with 
gem minerals was Joseph Fraunhofer (1787- 
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1826). He studied the spectrum produced 
by sunlight. He noted that his prism not 
only separated light into the component 
colors of the spectrum, which we see in a 
rainbow, but he also noted many dark lines, 
the strongest of which today are known as 
“Fraunhofer’s lines.” Angstrom, the great 
Swedish physicist, mapped the solar spec- 
trum in 1869 with a spectrum containing 
more than 1000 lines. One of the most per- 
sistent lines in the spectrum of the sun is 
actually a pair of emission lines at 5896 and 
5890 A. It was about a hundred years ago 
that the significance of these lines was dis- 
covered; they are due to sodium. Since that 
time, the causes of most of the other lines in 
the sun’s spectrum have been found to be 
due to vaporized elements in the sun's at- 
mosphere (as well as our own). With these 
initial discoveries, the spectroscope was 
turned to other uses, among which can be 
mentioned its part in the discovery of both 
ultraviolet and infrared wavelengths — both 
invisible to the human eye. The spectro- 
scope’s use in. the study of astronomy is 
well known, as is the fact that it was used 
in discovering helium, an element apparently 
missing in the sun’s spectrum. In 1833, 
David Brewster described the typical broad 
absorption bands in blue glass as being due 
to cobalt. His was the first use of the instru- 
ment on a cold solid. Today, commercial 
spectroscopes find great use in the analysis 
of chemical elements, blood samples, etc. 
Through the vaporization of various com- 
pounds, as little as 2% of certain elements 
in a compound can be detected. For this 
purpose, elaborate instruments, many too 
expensive or unwieldly for the gemologist, 
are made. 

The spectroscopes recommended for use 
with gem materials are of two types, both 


of which are available in small size and are 


known as hand spectroscopes. Perhaps the 
most serviceable is the direct-vision prism 
spectroscope, in which the spectrum is pro- 
duced by the use of three glass prisms, two 
of crown glass and one of flint glass. An- 


other type uses a diffraction grating on glass 
instead of prisms to separate the light into 
its colors. It has the advantage of producing 
a spectrum that is more evenly spread, where- 
as the prism type concentrates the red end 
of the spectrum but extends the blue end. 
However, the diffraction-grating spectro- 
scope requires much more light, with the 
result that the prism type is usually re- 
garded as the more satisfactory for other 
than strict laboratory setups. All spectro- 
scopes for use in gem testing: should have 
an adjustable slit to control the amount of 
light that enters the instrument. In addi- 
tion, some spectroscopes are made in which 
two spectra can be observed for comparison 
purposes, and others in which a scale marked 
in Angstrom units from 7000. to 4000 its 
superimposed, thus permitting actual meas- 
urement of the absorption lines observed. 

Although the first use of the spectroscope 
was to observe lines brought about through 
the vaporization of substances resulting in 
emmision spectra, the use of the spectro- 
scope with gems requires an understanding 
of absorption spectra. 

The color of a transparent gemstone is 
the result of selective absorption and trans- 
mission of light that passes through the 
material. Therefore, if a beam of light is 
first passed through a stone and then onto 
the prism of a spectroscope, it is dispersed 
into the familiar spectrum, and it is some- 
times possible to see the results of this selec- 
tive absorption imposed on the light by the 
stone as dark bands crossing the spectrum 
vertically. For example, if a stone fails to 
pass any yellow light, the spectrum will 
be complete in all colors except yellow. In 
other words, the stone absorbs the yellow 
and the spectroscope shows this by a dark 
band varying in width according to the 
wavelengths absorbed by the stone. Absorp- 
tion bands for gemstone may be exceedingly 
sharp and narrow or wide enough to cover 
large parts of the spectrum. In addition, the 
width and appearance of the absorption 
bands may vary from specimen to specimen 
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of the same species and variety. 

Only a small number of common gem- 

stones absorb a sufficient amount of light in 
various portions of the spectrum to result 
in absorption bands or lines that are visible 
with the hand spectroscope. At times, a 
normally reliable variety may fail to show 
the bands expected, or not as prominently 
as expected. 
' For some gemstones the cause of the 
absorption bands may be ascribed to the 
definite presence of certain elements. In 
other cases the cause may be unknown or 
uncertain. 

One element that is known definitely to 
be responsible for absorption bands in sev- 
eral stones is chromium. Chromium is 
known to be responsible, moreover, for the 
colors that we see in most of these stones. 
For convenience, the absorption of chro- 
mium-colored gemstones can be divided into 
two groups: red and green. 

The red group includes ruby (and, un- 
fortunately, for distinguishing between them, 
synthetic ruby), natural red spinel, chrome 
pyrope (typically from Arizona), and pink 
topaz. Chromium absorption bands are 
found mainly in the red end of the spectrum. 

Another metallic element known to be the 
cause not only of the color but of the 
characteristic spectrum of gem materials is 
iron. The grouping here depends on the 
valence of the iron and can be separated 
into the ferric group and the ferrous group. 
In the former are natural green and blue 
sapphires, demantoid garnet, yellow and 
brown chrysoberyl, and epidote. In the fer- 
rous group are included almandite garnet, 
peridot, and blue spinel. Absorption bands 
caused by iron are mainly found toward 
the blue end of the spectrum. 

Zircon may have as many as 16 bands or, 


‘for some natural reddish-brown colors, none 


at all. The strongest band, at 6535 A, may 
frequently be the only one present and is 
usually visible even in heated blue and 
colorless stones. The spectrum is believed 
to be caused by uranium. 
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A final group of absorption spectra is 
caused by unknown or uncertain elements, 
the most important of which is diamond. 
A narrow band in the deep blue at 4155 A 
is most commonly observed, particularly in 
slightly yellowish and Cape-colored dia- 
monds and especially pronounced in those 
that fluoresce blue in ultraviolet light. Some 
rare stones that have a brown to greenish- 
yellow body color and that fluoresce a green- 
ish color show a strong band at 5040 A, 
along with other bands. 

The observation of colored diamonds in 
the spectroscope has been somewhat con- 
fused by the appearance in the jewelry trade 
of brown and golden-yellow cyclotron- and 
atomic-pile-treated stones, in which the arti- 
ficially induced color often prevents the 
observation of the original ultraviolet fluo- 
rescence. 

Recently, in observing a large yellow dia- 
mond in the New York Laboratory, we 
noted a strong line in the spectrum at ap- 
proximately 5960 A, which appears just a 
bit beyond the sodium line used as a scale 
regulator. We were unable to discover any 
reference in gemological literature to the 
occurrence of this line in diamond. On a 
hunch, we requested permission of Mr. 
Theodore Moed, a dealer in cyclotron- 
colored diamonds, to examine as many 
treated yellow stones as possible. To our 
surprise, we noted this line in every treated 
yellow stone, whether pile or cyclotron 
treated. Correspondence with Mr. B. W. 
Anderson, in London, brought the informa- 
tion that he has observed a weak line in 
natural yellow diamonds but so rarely that 
it was not included in: his recent compre- 
hensive serialized discussion of the spectro- 
scope, in The Gemmologist. We thereupon 
sought as many purportedly untreated yellow 
diamonds as possible to examine. Of some 
62 stones, the only one in which we detected 
this weak line was a small greenish-yellow 
.G1-carat stone that fluoresced an intense 
green. Although we cannot at present base 
a definite identification of artificial colora- 
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tion upon the presence of this line in the 
absorption spectrum of yellow diamonds, we 
hope that further work may produce positive 
evidence of its value. 

Cobalt, which is used for coloring both 
synthetic blue spinel and some blue glasses, 
gives a characteristic absorption spectrum 
consisting of three broad bands in the red, 
yellow and green. Vanadium, which is used 
to color synthetic alexandrite sapphire, gives, 
in addition to a general absorption of the 
orange and yellow and violet, a narrow 
line at 4750 A, which can be useful in 
identification. 

At Eastern Headquarters we are frequently 
asked when we find the spectroscope most 
useful. In thinking about this question, 1 
recall a visit we had from a student. He 
atrived late in the day and we were under 
considerable pressure for time, but I did 
want to see his collection of more than 60 
colored stones and to check his identifica- 
tions for him. With only the spectroscope 
and an observation of the color, it may 
surprise the reader to know that J was able 
to identify more than half of the stones. 
In a few of the fancy sapphires it was neces- 
sary to check for natural origin, either by 
eye or. with the microscope. It was possible 
to identify quickly each of the more than 
a dozen fancy zircons, the peridots, natural 
blue sapphires, alexandrites, blue and red 
spinels, green garnets, yellow chrysobetyls, 
and even one sinhalite! The spectroscope 
was of no help, of course, with the fancy- 
colored spinels, topazes, yellow Ceylon 
sapphires, tourmalines, or quartz stones. 
Nevertheless, the entire parcel of stones 
required less than 15 minutes to identify, 
including the use of the polatiscope, the 
refractometer, and the microscope, with 
those stones where the spectroscope was of 
little or no help. 

Recently, we found a situation in which 
the spectroscope was of great value: the 
identification of the newly marketed dyed 
jadeite. Here, instead of the three bands in 
the red that are seen in similarly colored 


natural material, we noted one broad band 
in the medium red. The characteristic jadeite 
band at 4370 A was missing, because it was 
masked by the absorption band caused by 
the dye. The line appears, however, when 
the color is removed with acid, alum, or 
heat. The “Imperial-green” jadeite doub- 
lets (triplets?) show an even stronger band 
in the red than the dyed material. We have 
also noted this same absorption band in 
green-dyed serpentine. 

Frequently, ultraviolet light is needed in 
addition to the spectroscope to identify a 
flawless natural-yellow sapphire. It has been 
fairly well established that the two main 
sources of yellow sapphires are Ceylon and 
Australia. We find that Ceylon stones fluo- 
resce pinkish yellow, unless their color has 
been temporarily deepened with Xrays. 
Australian stones have characteristic absorp- 
tion bands in the blue. Synthetics show 
neither. 

In the Laboratory we often find the spec- 
troscope useful in separating small alman- 
dites from dark rubies, especially if they are 
in closed mountings. It is also very helpful 
with natural blue sapphires, since the line in 
the blue is almost always seen in the natural 
but not in the synthetic. Ruby cannot be 
separated from synthetic ruby, nor can the 
Chatham synthetic emerald be separated 
from its natural counterpart with the 
spectroscope. 

Some of the less frequently encountered 
gemstones have distinct absorption spectra. 
The spectrum of yellow apatite, for ex- 
ample, is thought: to be caused by the rare 
earth praseodymium. Chrome diopside, kya- 
nite, californite, enstatite, epidote, greenish- 
yellow spodumene, spessartite, and iolite 
have more or less consistent and character- 
istic absorption spectra that may be very 
useful, especially, as so often happens, if 
they are uncut crystals or fragments. 

Another frequent question asked is how 
best to observe the stone and how to set up 
the light for use with the spectroscope. Var- 
ious methods have been suggested; e.g., 
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TYPICAL ABSORPTION SPECTRA 


RED Go Y,¥-G G BL-G BLUE VIOLET 


VGA oe eta 5 a a an 


APATITE (green to yellowish green) 


% 0 4000 


BERYL (AQUAMARINE) 


BERYL (EMERALD) 


7000 6000 0 000 


CHRYSOBERYL ( ALEXANDRITE) 
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CHRYSOBERYL (CHRYSOLITE) 


4400 


CORUNDUM (RUBY) 


7000 §000 $000 


CORUNDUM (yellow Australian sapphire) 


7000 6000 5090 


CORUNDUM (GREEN SAPPHIRE) 


7000 6&Q00 +000 


CORUNDUM (BLUE SAPPHIRE) 


4600 


4000 
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SYN. CORUNDUM (SYN. BLUE SAPPHIRE) 


SYN. CORUNDUM (ALEXANDRITE TYPE) 


7000 6000 Se 4080 


ENSTATITE 


EPIDOTE 


7000 6000 5000 4000 


GARNET (DEMANTOID) 
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GARNET (ALMANDITE) 


7606 5400 4000 


GARNET (P YROPE) 


GARNET (SPESSARTITE) 


7000 & F000 4000 
IOLITE 
T0006 5000 4000 


JADEITE (green) 
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PERIDOT 


‘7000 


SYN. SPINEL (blue) 


7000 = 000 5000 4000 


SYN. SPINEL (Alexandrite type) 


54 GEMS & GEMOLOGY 


4000 


7000 6000 


5000 


TOURMALINE ( blue and green) 


4000 


TURQUOIS 


ZIRCON 


using the instrument in place of the eye- 
piece of a microscope and reflecting a strong 
light through the stone, placing the stone 
over a strong light source as one would 
candle pearls, etc. In the Laboratory, we use 
a 50-watt bulb in a pearl candler that has 
openings to accommodate stones of various 
sizes. If a dark stone is encountered, we 
sometimes use our 300-watt projector with 
an adjustable iris diaphragm to allow: the 
light to be focused directly through the 
stone. Difficulty is sometimes encountered 
in getting the light through a highly re- 
fractive stone. Immersion in a high-index 
liquid or event smearing the stone with oil 
will usually allow light to leak through for 
study. When testing a pale stone, we some- 
times place it table down on black velvet 
and project a strong beam of light through 


the pavilion. In this manner the light is re- 
flected from the back side of the table and 
refracted out the opposite side of the pavil- 
ion to the instrument, thus permitting lines 
to be seen that would not otherwise be visi- 
ble when using the pearl candler. Some 
workers have found that a diffused light 
giving better results can be produced by 
using a finely ground glass plate directly 
over the stone in the pearl candler. 

The latest models of the Diamondscope 
and Gemolite, both of which have an iris 
diaphragm and a 50-watt light source, make 
a quite convenient arrangement for using 
the spectroscope with either mounted or, 
particularly, with unmounted stones. 

The most often repeated mistake observed 
when the novice first begins to use the in- 

(continued on page 62) 
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Diamond Substitutes 


LESTER B. BENSON, JR. 


Adapted from a leciure delivered to the 
American Gem Society Conclave, 
Philadelphia, April, 1957. 


In recent years, both the public and the 
trade have been besieged by advertising 
featuring a number of new trade names for 
materials reputed to have diamondlike 
characteristics. For the most part, these 
names are merely new attempts to merchan- 
dise some of the common synthetics and 
imitations. Although there is no law nor 
FTC ruling prohibiting the use of trade 
names, 
posed. For example, the name Kenya Gem, 
which was used in the promotion of syn- 
thetic rutile, implied that the stone was 
natural and from Kenya, Africa. An FTC 
ruling has been adopted prohibiting the tse 
of any locality name alone in the promotion 
of manmade stones. Actually, no name 
should be used for manmade stones, unless 
the advertisement clearly indicates their man- 
made character. Unfortunately, this ruling 
is not always adhered to in advertising, par- 
ticularly much of that which has stemmed 
from other than retail jewelry firms. Because 
of the extent of many of these promotions, 


certain restrictions have been im- 
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jewelers should be familiar with all of the 
materials involved, the methods of testing 
them, and the trade names under which they 
are sold. The following is a review of these 
common diamond substitutes. 

Strontium Titanate. This is the newest 
of the synthetic stones on the market. It is 
quite fragile with a hardness given between 
6 and 6.5. However, the surfaces of a pol- 
ished stone test nearer a figure of 5 to 5\4. 
It is colorless to the eye, singly refractive, 
and has a refractive index similar to dia- 
mond. The dispersion is considerably higher 
than diamond, resulting in very attractive 
cut stones. This material was first introduced 
under the trade name of Starilian and has 
since appeared as Fabulite and Ultamite. 
Unmounted stones can be identified easily 
by a specific-gravity test, since the density 
is approximately 5.13, compared with 3.52 
for diamond. Mounted stones may be de- 
ceptive if they are well polished and prop- 
erly proportioned. A hardness point should 
never be used on any suspected diamond 
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substitute, since most of them are rather 
fragile and. invariably will be damaged. 
When placed under a moderately diffused 
light, either a fluorescent tube or north 
light, strontium titanate does not equal the 
diamond in brilliancy, although the disper- 
sion is greater. Magnification almost always 
reveals at least a slightly poor polish and 
abraded facet junctions. Since these stones 
are a product of the Verneuil process, gas 
bubbles will be found in many. Careful 
examination under magnification will also 
reveal that the finish of the girdle does not 
duplicate the bruted girdle of a well-finished 
diamond. To date, there has been a relatively 
small amount of strontium titanate sold on 
the market; however, promotions are just 
getting under way and the average jeweler 
can expect to encounter it frequently. 


Synthetic Rutile. A number of trade 
names have been used in the promotion of 
synthetic rutile. These include: 


Titania 

Kenya Gem 
Titangem 
Diamothyst 
Rainbow Diamond 
Titania Midnight Stone. 
Kiru Gem — 
Miridis 
Sapphirized Titania 
Star Tania 
Kimberlite Gem 
Rutile 

Synthetic Rutile 
Titanium Rutile 
Rainbow Magic Diamond 
Johannes Gem 
Titania Brilliant 
Asiryl 

Titanstone 
Rainbow Gem 

Java Gem 


Most of the advertisements for synthetic 
rutile have claimed superior brilliancy to 


diamond, and some have gone so far as to 
make exaggerated claims for durability. Al- 
though the refractive index is higher than 
diamond, the polish and transparency of the 
average diamond is considerably better than 
for rutile. Refractive index by itself does 
not determine brilliancy; instead, it is a 
combination of refractive index, transpar- 
ency, polish, and proportioning. Since the 
transparency of rutile does not equal that of 
diamond, and the quality of cutting, due to 
its softness, is invariably quite inferior to 
the average diamond, these stones fall far 
short of competing with the diamond in 
brilliancy. In contrast, this material does 
have an extremely high dispersive factor, 
with the result that even poorly propor- 
tioned stones display much more dispersion 
than even a well-cut diamond. Since rutile 
is comparatively soft, it is easily scratched, 
and the average stone possesses numerous 
polishing marks and rounded facet junc- 
tions. In contrast to diamond and strontium 
titanate, synthetic rutile is doubly refractive 
and displays extreme birefringence. If a 
stone is cut with the optic axis parallel to 
the table, a pronounced doubling of the 
pavilion facets and the culet will be visible 
through the table. If a stone is cut with the 
optic axis perpendicular to the table, maxi- 
mum doubling will be seen only on those 
facet junctions observed through the stone 
in a direction approximately parallel to the 
girdle, but doubling is easily visible to within 
a few degrees of the optic axis. Synthetic 
rutile has never been produced in a colorless 
form, but normally displays a slight yellow- 
ish cast. Stones subjected to various heat- 
treating processes can be changed in color to 
orange, green, blue, etc. 


Synthetic Sapphire. Colorless synthetic 
sapphire, although it has been produced for 
many years, has had little popularity as a 
gemstone because of its very low dispersion. 
Recently, however, several firms have been 
promoting this material under other names. 
One name advertised frequently has been 
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Walderite. Exaggerated, and in some cases 
fraudulent, claims concerning properties have 
resulted in the sale of rather large quantities 
of the stones. The nature of most of the 
ads leads one to believe that the material is 
a totally new synthetic. The hardness, for 
example, has been listed as 9.25 on Mohs’ 
scale. To begin with, Mohs’ scale is not a 
precise hardness classification; instead, it 
simply lists the major stones in the order 
of their hardness. Corundum has been as- 
signed the hardness of 9 on this system, a 
value that also applies to synthetic corun- 
dum. A simple refractive index determina- 
tion, plus magnification to detect the nature 
of the inclusions, will easily identify the 
average specimen. The only advantage of 
synthetic corundum in preference to the 
other diamond substitutes is its greater 
durability. 


Synthetic Spinel. Colorless, synthetic 
spinel has also been available for many 
years, but only recently has it been pro- 
moted as a diamond substitute. Most of the 
advertisements have featured it as Alumag, 
a name adapted from the chemical formula 
of spinel; i.e., a magnesium aluminate. As 
with synthetic sapphire, many of the claims 
for synthetic spinel have been exaggerated. 
In general, it can be said that synthetic 
spinel tends to be a little more brilliant 
than synthetic sapphire. It takes an excel- 
lent polish, is highly transparent, and, of 
course, is singly refractive. The difference in 
brilliancy between synthetic spinel and dia- 
mond is readily observed when the two 
stones are compared side by side under any 
form of illumination; however, synthetic 
spinel by itself, under very bright lights, 
can be quite deceptive. The stones that have 
presented the most difficulty are those 
fashioned in the emerald-cut style, rather 
than the brilliant. The main reason for this 
is because the average emerald-cut diamond 
has a very spread table and is usually shal- 
low. Thus, the average jeweler doesn’t expect 
much dispersion in a diamond cut in this 


58 


® 


style. The lack of dispersion common to 
synthetic spinel thus becomes less empha- 
sized when competing with this style of 
diamond. The refractive index of approxi- 
mately 1.73, and the distinctive type of 
strong anomalous double refraction, provide 
an easy identification of synthetic spinel. 


Zircon. Colorless zircon has: been one of 
the most popular diamond substitutes for 
many years. It is usually well cut and dis- 
plays dispersion comparable to .that of a 
diamond... The most attractive stone is that 
which is cut with the optic axis perpendicu- 
lar to the table, thus minimizing the effects 
of the rather strong birefringence. Unfor- 
tunately, colorless zircons are the result of 
heat treating colored rough, and many have 
a tendency to revert to their original color 
or become more cloudy and slightly tinted. 
Although fairly hard, heat-treated zircons 
become quite brittle; thus, pitting along 
the facet junctions is a common character- 
istic, even of those worn for a short time. 
When observed under ten or more magnifica- 
tions, the only stone that zircon could pos- 
sibly be confused with is synthetic rutile. 
A side-by-side comparison of the two, how- 
ever, reveals immediately that the maximum 
doubling of facet junctions in a synthetic 
rutile is several times that of a zircon of 
comparable size. The same holds true of the 
dispersion. The indices of both stones, of 
course, are above the limits of the refrac- 
tometer. 


Assembled Stones. The range of assem- 
bled stones used as diamond substitutes is 
quite extensive. It can consist of many com- 
binations of the above materials, including 
other colorless stones such as quartz, beryl, 
glass, etc. The most important of the 
assembled diamond substitutes are diamond 
doublets. In general, they are made by recut- 
ting two rose-cut diamonds, one to form the 
pavilion of the stone and the other to form 
the crown. These parts are then cemented 

(continued on page 62) 
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CHART OF DIAMOND SUBSTITUTES 


a 


5 i 5G Di Hard- Characteristics Sometimes Present 
ipas aa ae ISP. ness & Visible Under Low Magnification 
SS. SE 
Important 
Substitutes 
Strontium 2.409 5.13 190 6-61" Gas bubbles & high dispersion; no doubling 
Titanate of back facet junctions. 
Synthetic 2.62- 4.25  .330 614-7 Gas bubbles & extreme doubling of back 
Rutile 2.90 facet junctions; high dispersion; little white 
brilliancy. : 
Zircon 192- 470 .038 7% Doubling of back facets; facet junctions 
(High) 1.98 abraded; subadamantine luster. 
Zircon 1.87— 4.32 .038 7Y, Doubling of back facets. 
(Medium) 1.90 
Corundum 1.76- 4.00 .018 9 Parting & “fingerprint” inclusions; straight 
1.77 color. zoning; negative crystals & rutile 
needles. 
Synthetic 1.76- 4.00 .018 9 Spherical bubbles & curved striae. 
Corundum 1.77 
Synthetic 1.73 3.65 020 8 Spherical bubbles; pronounced anomalous 
Spinel double refraction. 
Glass 1.48 2.30 Oto 3-6 Bubbles & flow-lines; vitreous conchoidal 
to to .049 fracture; back facets may be molded. 
1.70 5.00 
Assembled —  ceeceecese weeecssene  setsseen Varies Characteristics will vary widely depending 
Stones on materials used. 
Less Important 
Substitutes 
Topaz 1.61- 3.53 014 g Cleavage cracks; liquid & gas inckusions. 
1.62 
Beryl 1.57— 2.72 014 7% -8 Two-phase inclusions. 
1.58 
Quartz 1.54- 3.66 013 7 Negative crystals & liquid inclusions; un- 
1.55 even color distribution common. 


ee EEUUEEEEEE EERE 


* Polished surfaces test nearer 5 to 544. 
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Emerald Outlook 


in Colombia 


by 


RUSS ANDERTON 
President Anderton-Colombia Mines, Ltd. 


Prospects have brightened for augmented 
emerald production in Colombia in the cur- 
rent year. The Ministry of Mines has been 
working for some time on what will be 
known as the Emerald Decree, and will 
regulate emeraid mining and marketing in 
general. As of the moment, the Decree will 
grant mining rights for a period of twenty 
years with a nominal percentage of the pro- 
duction to be paid to the government. Under 
Colombian law, as the old Spanish law, 
minerals of most categories do not belong 
to the owner of the land, but are the exclu- 
sive property of the government until they 
are conceded to companies or individuals. 
Consequently, the Ministry of Mines can 
and does grant exclusive mining rights 
while the owner of the property in question 
receives payment only for such damage to 
his land as the mining operations may bring 
about. 

There was considerable agitation among 
the Colombian gemcutters to prohibit the 
exportation of rough emeralds. However, 
the writer, in company with a gem buyer 
from Jaipur, India, pointed out that low- 
grade rough, known here as moralla, can 
only be cut-on a businesslike basis in India, 


due to the extremely low cutting costs. 
Also, in India, a piece of rough emerald, 
worn touching the skin, generally on a chain 
around the neck, no matter what quality, is 
many times prescribed by the Ayervedic 
physicians as a sure cure for whatever ail- 
ment torments the patient at the moment, 
depending, however, on his birthdate and 
horoscope in general. Pointing out that in- 
ternational relations might conceivably be 
strained, the. Minister assured that the ex- 
portation of rough would be allowed under 
the new decree, health problems being what 
they are in India. ; 

The Banco de la Republica, which leases 
and operates the Muzo Mine, a Government 
property, recently put on sale approximately 
1000 kilos of Muzo rough of a very low 
quality that has collected over a long period. 

Exportation was allowed for the poorer 
lot, and a smaller but better quantity was 
sold with the proviso that it be cut in 
Colombia. About one-half consisted of sand- 
like green gravel, with no commercial value 
whatsoever. The larger pieces were of poor 
to fair cabochon material and the prices 
asked were extremely high, even for the 
Banco. A private offer was finally accepted 
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of approximately thirty thousand dollars. 

The Chivor Mines, operating under re- 
ceivership for the creditors (with claims 
totalling 2,000,000 pesos), have installed 
their first automatic compressor and hope to 
increase production this coming year al- 
though the current output is of low quality. 

Directly opposite Chivor, at a location 
known as Buena Vista, emerald of fine 
quality has been unearthed, although the 
sizes range from one-half to one carat only 
at the present time. When the new Decree 
is issued, Buena Vista will operate com- 
mercially. 

Muzo Mines have been plagued with 
landslides during the recent wet season, but 
what rough is being mined, is of an increas- 
ingly better size and quality. All indications 
point to a sizeable recovery sometime soon. 
Cosquez, adjacent to Muzo and also leased 
by the Banco, is still inoperative. 

The new Gachala Mines are under heavy 
police guard at the moment to prevent 
contrabandistas from opetating further, al- 
though fine rough from unknown sources 
is currently being cut in Bogota. The writer 
has mapped and applied for all concessions 
with the Ministry of Mines, and the matter 
will be considered and delegated once the 
awaited Decree is in force. 

Prices for good- and fine-quality cut stones 
remain relatively high on this market, due 
to the influx of buyers from as far away as 
Japan and India. However, with eleven 
applications for new emerald locations al- 
ready on file with the Ministry, the pros- 
pects are bright for more and better rough 
and consequent leveling of emerald prices. 


NEW OR UNUSUAL -GEM 
MATERIALS 
(continued from page 37) 

table of the stone! To date, we have not seen 
this glass beirg used in any commercial 
quantity, although it is undoubtedly being 
used in costume jewelry. 

One of the most commercially significant 
stones to be identified in the New York 
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Laboratory in 1956 was dyed-green jadeite. 
Heretofore, it was believed impossible to 
inject dye into jadeite, the crystalline aggre- 
gate structure supposedly being too compact. 
It was a surprise, therefore, to find that 
half of a green cabochon lost all of its 
green color when heated in sulphuric acid. 
A similar piece of untreated jadeite lost 
some of its polish, but none of its color. 

In August of 1956, a Midwestern jeweler 
asked if jadeite fades. We told him that 
we had no record of such occurrence. He 
complained that a green jadeite cabochon 
had faded after being exposed to strong sun- 
light in his west-facing store window. Re- 
cent light tests have shown that some dyed 
material will fade both in sunlight and if 
exposed for varying lenths of time to a 
lighted 40- or 60-watt bulb. At this writing, 
the tests for fading are being continued. 

Tests for the identity of the material are 
not difficult. First of all, the green coloring 
appears to be confined to tiny fractures that 
have the appearance of threads in a bank 
note. It should be mentioned that this ap- 
pearance is also seen at times in provable 
untreated material. If a drop of cold (room 
temperature) acid is placed on the dyed 
material and observed under magnification, 
the green color soon begins to disappear 
and is replaced by a brown to blackish 
color. Through the spectroscope, the dyed 
material does not show the three absorption 
bands in the red (due to chromium) that are 
characteristic of similarly colored untreated 
material, but instead shows one broad ab- 
sorption band in the medium red. Should 
any doubt remain, and if a stone can be sac- 
rificed, one can use the sulphuric acid 
test mentioned above to remove all color. 
Color can be removed equally well by heat- 
ing the stone in a concentrated solution of 
boracic acid and water (one teaspoonful 
boracic acid crystals, 1 teaspoon water). 
Also, all color can be made to disappear 
quickly by placing a small piece of alum on 
the stone and applying heat. 

At about the same time as the tests for 
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dyed jadeite were being conducted we were 
shown a cabochon triplet that had been made 
by hollowing out a piece of nearly colorless, 
translucent jadeite, filling the depression 
with an unknown transparent green mate- 
rial, and then cementing to the back of the 
cabochon a flat piece of jadeite. Mounted in 
a bezel setting to hide the separation plane, 
these stones have been reported to sell for 
hundreds of dollars, as well they might, 
since they imitate the rare Imperial-green 
jadeite. Again, the spectroscope gives an 
immediate indication that something is 
amiss, since the absorption is “wrong” for 
natural chrome-colored jadeite. Under mag- 
nification, some of the more recent triplets 
have shown bubbles just under the ‘shell’ 
of jade at the apex of the cabochon next to 
the green filling. Out of the mounting, the 
separation ‘plane of a stone of this type 
would be visible, thus making identification 
an easy matter. 


DIAMOND SUBSTITUTES 
(continued from page 58) 


together by any one of various cements, one 
of the best of which is said to be garlic juice. 
Careful observation, even with low magni- 
fication, will easily identify these doublets, 
although stones that are mounted with 
closed bezels can easily be overlooked with 
just normal inspection under a bright light. 

A number of doublets have been made 
with diamond crowns and other materials 
used for the pavilion. These include syn- 
thetic corundum, quartz, glass, etc. It would 
not be unreasonable to expect the appearance 
on the market of doublets consisting of a 
diamond crown and a strontium titanate 
pavilion. 


GLASS. Glass has probably accounted for 
the greatest number of diamond substitutes 
sold in America, if we take into considera- 
tion costume jewelry. Rarely, a rather Jarge, 
beautifully cut piece of glass will be en- 
countered in an expensive mounting as a 
diamond substitute; however, this combina- 


tion is unusual, Even the finest glass substi- 
tutes do not possess properties that take 
them out of the range of normal glass, and 
thus a combination of refractive index and 
optic character will easily identify them. 


AN INTRODUCTION TO 
SPECTROSCOPY 
(continued from page 55) 


strument is in not adjusting the slit, which 
should be manipulated with the left hand 
in the Beck-Hand instrument. The slit must 
be adjusted for each stone if the intensity 
of color varies from the last stone observed ; 
however, it must be as nearly closed as pos- 
sible and still allow the colors to come 
through. Frequently, horizontal lines will 
be seen running the length of the spectrum. 
These lines are caused by dust in the slit, 
and it must be carefully removed with a 
fine brush. A few such lines are not serious; 
in fact, they usually indicate that the slit 
is not opened too far. 

Depending on the diffusion of the light 
used, a phenomenon consisting of bright red 
lines caused by ultraviolet fluorescence may 
be observed in the far red in rubies, syn- 
thetic rubies, and in some red spinels and 
synthetic red spinels. 

Although the spectroscope has been gen- 
erally slighted in American gemological lit- 
erature, it is heartening to see that more 
and more gemologists are working with it 
and finding it to be a useful instrument. | 
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Diamond Possibilities 


in Colombia 


by 


RUSS ANDERTON 
President Anderton-Colombia Mines, Ltd. 


Musty. records in Bogota show acknowl- 
edgement from Philip of Spain for a gift 
of rough diamonds from Bogota. The gift 
was made by the Jesuits here, and they 
claimed their source was a secret mine past 
the Tequandama Falls, some twenty miles 
outside Bogota. Cursory exploration has 
been done, but neither diamonds nor a pipe 
has been discovered to date. 

Stretching for thousands of miles south 
of the Andes behind Bogota is the great 
flat land of Colombia, known as the Llanos. 
This is the great cattle-growing section, so 
large that the state of Texas could be easily 
superimposed with more of the Llanos ex- 
tending over all sides. The rivers feed two 
sections: Venezuela and Brazil. It is entirely 
logical that a pipe or pipes from this section 
could be the source of the diamonds found 
in the rivers of both Venezuela and Brazil. 

Recently, in the Andes mountains, on the 
Llanos side, the author heard of a great 
rough diamond found in a mountain stream 
that was traded to the local priest for an 
extensive farm, or fimca, many years ago. 
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The son of the finder, who was present at 
the time, it was found, stated that the sur- 
rounding territory in the immediate vicinity 
was very sandy. Giving him a choice of 
several colors that the sands might have 
been, he replied that they were entirely of 
a blue color. . 

On a recent trip over the Llanos, most 
of which is uninhabited, stretching flat from 
the windows of the plane for as far as the 
eye could see, the author realized the tre- 
mendous difficulties involved in the search 
for a diamond pipe. On exploratory trips 
for emerald formations in the high moun- 
tainous country, an occasional slip or land- 
slide will indicate the mineral formation 
generally hidden by the dense undergrowth. 
The Llanos, however, is without such tell- 
tale aids to the explorer. A well-equipped 
modern expedition might narrow the search 
by small plane for river sampling from 
Colombia in a general direction of Brazil, 
being facilitated by the fact that a small 
plane can land anywhere in perfect safety 
on the world’s largest natural airstrip. 
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The Phase-Contrast Method 


Yields Fascinating Knowledge in Gemological Microscopy 


by 


DR. EDWARD J. GUBELIN, C.G., F.G.A. 


In 1932 F. Zernike*, the Dutch scientist, 
showed that differences in the optical path, 
causing what generally are referred. to as 
phase differences, could be made visible in 
transmitted-light microscopy as differences in 
intensity. Zernike’s idea, generally known as 
the phase-contrast method, and its further 
development may be considered as one of the 
greatest advances made in the field of modern 
microscopy, although until recently it has 
not been widely applied in mineralogy, let 
alone in gemology. The reason for this prob- 
ably lies in the difficulty and expense of 
modifying the polarizing microscope for the 
application of phase-contrast microscopy. It 
also was believed that only thin sections of 
heterogeneous materia! with but slight dif- 
ferences in refractive index would yield 
good contrast pictures. It was necessary to 
have special phase-contrast equipment con- 
structed (Figure 2) to be used in combina- 


tion with a polarizing microscope, and these 
improvements in equipment and the writer’s 
own work have proved it possible that even 
in gemology, with its relatively “bulky” ob- 
jects, a wealth of contrast can be revealed 
with the Zernike Method, and that a pro- 
fusion of new knowledge on the endogenesis 
of gemstones can be gathered. 


Theory and Principles 


Fundamentally, the phase-contrast method is 
employed whenever the worker wishes to 
secure contrast between object details that 
cannot be satisfactorily distinguished by the 
eye or on the photographic film under normal 
observing conditions. The desired contrast 
can be obtained wherever there are slight 
differences, either in thickness or in refrac- 
tive power, among the materials that are 
viewed. 

For proper interpretation of the images 
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obtained, it is necessary to understand the 
principle of the phase-contrast technique. It 
is not intended, however, to discuss the 
theory of phase contrast in full detail here; 
those readers who are further interested can 
obtain all desired information from the 
extensive literature* that already has been 
written on the subject. The essential aim of 
the method is to make visible those details 
of the transparent objects that are hardly 
or not at all visible in the ordinary bright 
field. 

The bright-field illumination that is in 
most general use depends on the phenome- 
non that different parts of an object absorb 
and/or refract light in varying degrees; and 
thanks to absorption, refraction, or to both 
of these in combination, the object becomes 
visible as a definite image. In gemstones and 
their inclusions the contrast is often due to 
different coloration, which simply reflects 
selective absorption of different parts of the 
visible spectrum by the contrasting materials. 
Different degrees of absorption of all parts 
‘of the visible spectrum leads to contrast in 
the form of relative lightness or darkness. 
It is well known that where slight differences 
in index of refraction are involved, contrast 
between adjacent objects can be increased 
by closing the aperture of the condenser-iris 
and by additional de-focusing. With such 
operations, however, the effective resolving 
power of the microscope is seriously 
reduced. 

A more satisfactory method of emphasiz- 
ing contrast is dark-field illumination, as 
beautifully developed in the Diamondscope*. 
The field of vision is dark, and a brilliant 
image of the structure is formed by the light 
diffracted along its contours. In dark-field 
illumination, however, only sharp borders 
between portions of different thickness or 
different refractive power generally are made 
visible, whereas soft transitions or interior 
details of inclusions are hardly visible or 
show up unsatisfactorily. 


With the phase-contrast method normal 


*Trademark 
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relief, as perceived between constituents of 
heterogeneous material, can be diminished 
— yet part or all of the object can be made 
to appear in strong contrast with the neigh- 
boring part or with the background. This 
method, which offers an enormous improve- 
ment in emphasizing contrast, has resulted 
from a development of Abbe’s classical ex- 
periments on the visibility of images under 
the microscope. Abbe limited his studies 
mainly to light-absorbing objects, whereas 
Zernike investigated the formation of the 
microscopic image of nonabsorbing objects 
in terms of their influence on the phase of 
the passing light. He noticed that their dif- 
fraction image showed very characteristic 
differences as compared with images due 
solely to contrasting absorption effects: 


a) With absorption effects alone, the 
phases of the light waves coming from 
the virtual image do not differ from the 
phases of the waves coming from the 
secondary images. With effects due to 
differences in thickness and for refrac- 
tive index of the materials being 
viewed, the light waves from the sec- 
ondary images show a very ‘definite 
phase difference y from the light waves 
of the main image. This kind of “re- 
tardation” depends, in a constitutional 
way, on the phase difference that the 
light waves undergo while passing 
through the object. Designating this 
latter phase difference 9, then the phase 
difference ~ between virtual image 
waves and secondaty image waves is 
expressed by the equation: 


2 


b) In general the differences in amplitude, 
and hence intiotensity of the light 
waves coming from the main image O 

land +1 

with absorbing 
effects but very great with “retarding” 
effects. 


and the secondary images 


are relatively small 
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It is to Zernike’s great credit that, while 
investigating the process, he recognized that 
the diffraction image of the light source, as 
is formed by phase effects, can be assimilated 
to the diffraction image caused by absorption 
effects through obliteration of the phase dif- 
ference and assimilation of the intensity of 
the main image to that of the secondary 
images. The image involving phase effects 
must then assume the appearance of the 
corresponding image involving absorption 
effects only. By means of the phase-contrast 
method the phase differences (differences of 
the state of vibration) are converted into dif- 
ferences of intensity (brightness) and thus 
become visible — the range of phase-shifts 
caused by the differing parts of the object is 
thereby translated into a range of the most 
varying gradations of brightness. This means 
nothing else than the formation of an image 
that is rich in contrast through an artificial 
interference in the path of light (Figure 1). 

In order to apply the phase-contrast 
method it is necessary to install a special 
contrivance in place of the image of the 
light source (that is, in the plane of the 
condenser iris), altering the phase of the 
virtual image wave against the phase of the 
secondary image wave in a desired manner 
and thus causing intensity balance between 
the two wave groups through absorption. 
The device consists of an annular iris in 
the level of the condenser diaphragm and 
an annular phase plate built into the back 
focal plane of the objective. 

With positive or “dark” phase contrast, 
optically dense parts of the object (ie, 
those of higher refractive power) are darker 
than the adjacent parts or background of 
lower refractive index, whereas with nega- 
tive or “bright” phase contrast, the condi- 
tions are reversed. Whether one obtains 
positive or negative phase contrast depends 
on the particular make of the phase objective 
or phase plate used. 


Phase-Contrast Equipment 


Right at the outset of the writer's experi- 
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ments difficulties were experienced in apply- 
ing the normal phase-contrast accessories 
to gemological studies because 


a) Phase contrast, by its principle, works 
best with ultra-thin objects (e.g., bio- 
logical preparations, mineralogical thin 
sections )or relatively at surface, (which 
incident light in ore microscopy, metal- 
furgy, etc.) ; and 


b) All commercial phase-contrast objec- 
tives were of the high-power type with 
extremely short focal distance and mini- 
mum focal depth, both facts making it 
impossible in most cases to “reach” 
inhomogeneities or inclusions in the 
depth of a gemstone. 


Fortunately, the writer received valuable 
assistance from Dr. H. Piller, scientific con- 
sultant of the Zeiss-Winkel Works at 
Gottingen, who showed keen interest and 
undertook on his own responsibility to de- 
sign and construct a special phase-contrast 
atrangement in order to meet gemological 
requirements. The special equipment that 
was thus developed consisted of the follow- 
ing (refer to corresponding numbers on ac- 
companying illustrations): 


1. A special collector lens with adjusting 
sctews, which was placed into the 
foot of the microscope; 


2. A tube-shaped condenser with an an- 
nular diaphragm that was to be placed 
upon the collective lens and used with 
or without the disc-condenser , 


3. The disc-condenser, which was fixed 
in place of the normal substage con- 
denser and which contained a range 
of annular diaphragms corresponding 
to Phe 25/0.45, Phg 40/0.65 and Phy 
90/1.25 phase-contrast objectives ; 


4. A set of various phase-contrast ob- 
jectives Phy 6.3/0.16, Phy 10/0.25, 
Phe 25/0.45 of low magnifying power, 
long working distance and greater 
focal depth: and 
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Explanation of Diagram Figure 1 


The central part of the diagram demonstrates in lateral section the path of light and the 
formation of the microscopic image as explained by Abbe’s theory. A decreased image of the 
aperture diaphragm Ap.d. in the plane Ci is formed by the condenser Co and the objective Ob 
in the back focal plane Bp of the objective. Through the intervention of an object (in the present 
case the grating G) in the path of light, the image of the aperture diaphragm gets disturbed. 
In passing this object G the incident beam of light is diffracted into many diffraction beams 
(so-called maxima). Apart from the direct maximum O, more rays of the diffracted beams 
(e.g., the maxima —1 and +1) may enter the objective Ob. In the same way as the direct 
beam forms an image of the aperture diaphragm at O, the diffracted beams also form images 
of the Ap.d. in the plane Bp—the so-called diffraction images —1land +1. 


However, in order to understand the phase contrast, the image of the grating G is of 
greater purport. Abbe proved that the image of the grating G in the plane G’ consists of the 
effect of interference of the light vibrations from all the aperture images in the plane Bp, and 
that the structure of a microscopic object appears more accurate when more diffraction beams 
(caused by the object) participate in the formation of the image in the plane G'. The actual 
image formed in the plane G’ is observed through the magnifying ocular. 


The left side of the diagram depicts this process in overhead sketches. 
From below to top: 


a) The aperture diaphragm Ap.d. 
b) The amplitude grating Ag, being the object G. 


c) The diffraction images —1, 0, +1 of the aperture diaphragm formed in the plane 
Bp above the amplitude grating. 


d) The image G' of the amplitude grating A.g. 


If a phase grating is placed into the light path at G instead of an amplitude grating, all 
diffracted images (e.g. —1 and +1) of the aperture diapragm show a phase difference of 
Y% of a wavelength in the plane Bp, as compared with the corresponding diffracted aperture 
images of an amplitude grating. The virtual aperture image O formed by the direct beam, 
however, is identical in both cases. Yet, in order to produce the phase contrast, its phase must 
also be shifted by % wavelength. This can be achieved by inserting a phase plate into the 
path of light. 


The right side of the diagram demonstrates this event also in overhead sketches. 
From below to top: 


a) Annular diaphragm An.d. 
b) Phase grating Ph.g. 


c) Above this are the three images of the annular diaphragm formed by diffraction; i.e., 
the central direct image O and left and right of this the diffracted images — 1 and + 1 
shifted in their phase. 


d) Ph.pl. designates the phase plate in cross section (left) embedded between the 
objective lenses, and in top view (right). 


e) Image of the phase grating in which, according to the principle of the phase-contrast 
method and on account of the inserted phase plate, the phase of the entire image O 
has also been shifted by 1% wavelength. Thus the phase difference of the direct and 
the diffracted images is 4% wavelength, rendering the image of the phase grating 
visible. 
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Figure 2 


5. An auxiliary microscope that was to 
be inserted in the tube (in place of 
the eyepiece) in order to control co- 
incidence of the absorption ring with 
the circular diaphragm aperture 
(Figure 2). 


For practical work it is of great conven- 
ience to be able to change from phase con- 
trast to conventional bright- or dark-field 
microscopy without complicated manipula- 
tions, so that the different images can quickly 
and easily be compared and differences of 
details best interpreted. This was accom- 
plished merely by either rotating the revolver 
plate of the disc-condenser or the objective 
revolver (holding Ph- and normal objectives 
alternatively) or both. No special oculars 
were required, examinations being made with 
the norma! eyepieces of 8x, 10x, or 20x, 
for best resolving results. This phase-contrast 
equipment was used with the latest model 
of.a Zeiss-Winkel binocular polarizing re- 
search microscope. 


The Images of Phase Contrast 


Inhomogeneities and inclusions distinguish 
themselves from their background mainly by 


their refractive difference and their differ- 
ences in thickness; therefore, they appear 
homogeneous with the surrounding struc- 
ture if these differences are extremely minute. 
However, their visibility is also determined 
by the differences in the path and the phase 
of the light waves that pass through the 
heterogeneous object. The constitutional 
rule of these associations among differences 
of refractive index, thickness, phase and 
path is well understood and has been de- 
fined mathematically. However, such calcu- 
lations are usually very complicated, and 
hence are beyond the scope of this article. 
The result of the various interactions is 
that the difference of contrast is, on the 
average, about five times greater with the 
phase-contrast method than with the ordi- 
nary transmitted light of the bright field, 
provided that the differences in refractive 
index between enclosing substance and in- 
homogeneities or inclusions, as well as the 
thickness of the latter, be sufficiently minute. 

In gemological investigation the appli- 
cation of the phase-contrast method is not 
so much a matter of determining the refrac- 
tive index of an inclusion (since it still 
does not extend beyond the possibilities 
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Figure 3a. Book of muscovite flakes in a yellow beryl from Madagascar photographed 
in bright-field illumination. The contours are hardly visible and no details show in the 
interior. Photo ocular pol. 10x. Achromatic objective pol. 6.3/0.16 Huygens. Magnifica- 
tion 63x. 


Figure 3b. Same book of muscovite in the same position photographed with phase- 
contrast optics. White fringes show remarkably well towards the optically rarer medium 
(= beryl) and the smallest details are visible in the interior of the object. Photo ocular 
pol. 10x. Achromatic objective Phy 6.3/0.16. Magnification 63x. 
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Figure 4a. Andistinct swirly interior of an emerald from the Muzo mine in Colombia 
photographed in bright field. From this picture very little or no knowledge can be 
derived with regard to internal structural peculiarities. Photo ocular pol. 10x. Achro- 
matic objective pol. 6.3/0.16 Huygens. Neutral filfer, condenser iris closed to half and 
extra-focal position of microscope tube. Magnification 63x. 


Figure 4b. Same portion of the same emerald photographed with phase contrast. The 
irregular details of the structure appear very distinctly, betraying incomplete ex-solution 
of calcite, which is often the cause of the “oily” interior of so-called oil-drop emeralds. 
Photo ocular pol. 10x. Achromatic objective Phy 6.3/0.16. Magnification 63x. 
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Figure 5a. The softly rippled field of this picture photographed in bright field does not 
yield any valuable information about the details of the interior of this iolite from 
Ceylon. Photo ocular pol. 10x. Achromatic objective pol. 6.3/0.16 Huygens. Contrast 
filter. Magnification 63x. 


Figure 5b. In phase contrast the same area of the same iolite discloses fascinating 
information of its structure, which suffers from an advanced stage of pinitisation 
(=alteration into pinite). Photo ocular pol. 10x. Achromatic objective Phy 6.3/0.16. 
Magnification 63x. 
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Figure 6a. Characteristic inclusion portrait of a sapphire from Ceylon photographed 
in bright field. It shows a slab of partly resorbed mineral! (probably muscovite) above a 
partly healed crack that is hardly visible and does not enable one to discern clearly 
between healed areas and residual drops. Photo ocular pol. 10x. Achromatic objective 
pol. 6.3/0.16 Huygens. Magnification 63x. 


Figure 6b. Photographed in phase contrast, the healed crack in this same Ceylon sap- 
phire manifests itself as well as all its details very distinctly. The white rims within the 
hose-shaped and bubble-shaped formations betray them indisputably as the residual 
liquid, whereas the fields between and around them are the healed parts. Photo ocular 
pol. 10x. Achromatic objective Phy 6.3/0.16. Magnification 63x. 
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Figure Za. This picture photographed in bright field lets the microscopist only vaguely 
guess some faint structural peculiarities in a yellow fluorspar from Switzerland. Photo 
ocular pol. 10x. Achromatic objective pol. 6.3/0.16 Huygens. Magnification 63x. 


Figure 7b. Phase contrast, however, reveals excellent information on the subject details 
of the healed fissure in this yellow fluorspar, clearly marked by the residual drops of the 
healing fluid. Photo ocular pol. 10x. Achromatic objective Phy 6.3/0.16. Magnitica- 
tion 63x. 
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Figure 8a. Partly healed flat fissure in a yellow beryl from Madagascar photographed 
in bright field shows inhomogeneities very faintly, making it almost impossible to under- 
stand their nature. Photo ocular pol. 10x. Achromatic objective pol. 25/0.45 Huygens. 
Magnification 250x. 


Figure 8b. Thanks to phase contrast, a wealth of dramatic contrast enables one to rec- 
ognize the white fringed patches in this yellow beryl as residual drops of lower refractive 
index, some with gas bubbles with even stronger and broader white borders. Photo 
ocular pol. 10x. Achromatic objective Pho 25/0.45. Magnification 250x. 
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Comparison of these photomicrographs 
clearly shows the great advantage of the 
phase-contrast method even in gemological 
microscopy, since the same or many similar 
inhomogeneities and inclusions could not be 
observed, let alone properly studied, in the 
ordinary bright field. 


of the Becke line and will merely show 
whether its refractive index is higher or 
lower than that of the host, although this is 
always a valuable indication), but is es- 
pecially important in increasing the degree 
of visibility of inhomogeneities and inclu- 
sions, so as to enable the observer to gain 
a better knowledge of the internal structure 
and perfection of the homogeneity of a par- 
ticular gemstone. 


Discussion of Illustrations 


Figure 3a to Figure 8b depict some char- 
acteristic examples of the advantageous ap- 
plication of the phase-contrast method for 
a much more subtle investigation of the 
details of the internal structure of gemstones. 

The work carried out thus far shows that 
the phase-contrast method can be used 
favorably in gemological microscopy and 
provides a wealth of new and fascinating 
knowledge. It is well known that the rela- 
tive boldness of relief of a foreign mineral 
enclosed in a gemstone gives some indica- 
tion of its refractive index as compared 
with its host. Differences of mean refractive 
indices from little less than about 0.1 to 
approximately 0.2. produce a “moderate” 
to “high” relief, respectively. However, the 
phase-contrast equipment causes these phe- 
nomena to appear with very much lower 
differences of refractive power. Thus a 
muscovite flake, while hardly showing in 
any variety of beryl, becomes very con- 
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spicuous with phase-contrast (see Figure 3a 
and Figure 3b)—a difference of about 
0.03 0.005. 

Structural disturbances appear with in- 
creased sharpness, and zoning may sometimes 
betray itself by alternate dark and light 
bands. Where there is heterogeneity of com- 
position within a gemstone caused by per- 
fect or incomplete ex-solution, precipitation, 
alteration, or healing, resulting in slight dif- 
ferences of refractive index in adjacent parts, 
the phase-contrast method reveals this feature 
in light and shade (see Figure 4a and 4b; 
Figure 5a and 5b). 


However, phase-contrast microscopy is of 
little use with the normal types of inclu- 
sions (such as many solid, liquid or gaseous 
enclosures) whose refractive indices differ 
greatly from their embedding substance 
(Figure 6a and 6b). Also, any strain or 
structural deformation caused by stress is 
not revealed by phase contrast. 

It is hoped that this paper has explained 
the basis and use of the phase-contrast 
method, which has many advantages and is 
a gteat aid to those who are interested in 
investigating the inclusions in gemstones. 


The author takes great pleasure in ex- 
pressing his gratitude to Dr. H. Piller for 
his interest and. valuable help in developing 
phase-contrast equipment suitable for gemo- 
logical use. 


*Literature 

For those who are interested in studying 
more about the phase-contrast method or 
its various possibilities of application, ample 
information can be obtained from the List 
of Literature Dealing with Phase-Contrast 
Microscopy, Series ZW115-S, issued by R. 
Winkel G.m.b.H., Gottingen. 
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Recent Gem Mining At Pala, 


San Uiego County, California 


CAPTAIN JOHN SINKANKAS, U.S.N. 
Certified Gemologist, AGS. 


Introduction 


From within the broad pegmatite region 
encompassing the principal part of San 
Diego County and a portion of Riverside 
County, the mines of Pala have probably 
provided the major portion of the gem- 
stones which made California so famous in 
the early part of this century. Undoubtedly, 
the Himalaya-San Diego mining group at 
Mesa Grande yielded more gem-quality 
tourmaline, but taking morganite and kun- 
zite into consideration along with tourma- 
line, the total production from Pala surely 
exceeded that of any other district. 


In the past fifteen years at Pala, frequent 
attempts at gem mining have taken place, 
some successful and some not. Very few 
of these operations have been more than 
modest efforts by one or two individuals; 
the full-scale mining of the early part of the 
century is a thing of the past. Two indi- 
viduals have enjoyed a considerable measure 


of success in their efforts: Mr. George Ashley 
of Pala and Mr. Charles Reynolds of Lilac. 
The first resides on his mining property at 
the southern foot of the fabulously rich 
Hiriart Hill, and his small ranch has be- 
come a mecca for collectors and connois- 
seurs who pass through San Diego County in 
the course of their travels. Mr. Reynolds 
resides in the small community of Lilac, 
which is about ten miles south of the Pala 
district and is conveniently. reached by road. 
When time away from other business inter- 
ests permits, he spends several months each 
year mining his San Pedro Mine, located 
on Hiriart Hill. 

The locale of the Pala mines is a series 
of low rounded hills north and northeast 
of the Indian community of that name in the 
northern part of San Diego County. The 
position of these hills and the most promi- 
nent of their mines is shown on the map 
(Figure 1). ; 

The most productive hill has already been 
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Figure 1 


mentioned: Hiriart Hill, named after one 
of the “oldtimers’” among the early dis- 
coverers of gem deposits in the Pala district. 
Hiriart Hill is a rounded prominence of 
oval outline, 2.3 miles northeast of Pala. 
Its elevation is 1766 feet above sea level, 
rising to about 900 feet above the shallow 
sloping alluvial fan at its base. Its appear- 
ance is made conspicuous by the prominent 
whitish pegmatite dikes which crisscross its 
densely vegetated slopes. Another famous 
hill is Tourmaline Queen Mountain, lo- 
cated several miles directly north of Pala. 
Rising to 1922 feet, it is also smoothly 
rounded and uniformly brush-covered. Peg- 
matites are far less numerous on its flanks, 
however, and at first it appears to be devoid 
of all characteristic features. However, 
several mine-workings are prominent along 
its southeastern flank, a small one belong- 


ing to the Mission Mine and several large 
light-colored dumps further. to the east be- 
longing to the Stewart Mine. Near the sum- 
mit may be seen several small dumps, mark- 
ing the Pala View and White Cloud mines. 

Between Tourmaline Queen Mountain 
and Hiriart Hill is still another famous 
prominence, the Pala Chief Mountain. 
Somewhat sharper. crested and covered by 
a multitude of outcropping pegmatites, it 
is the home of the Pala Chief Mine, noted 
for its marvelous spodumenes 4nd tourma- 
lines. Its elevation is 1502 feet. 

The three hills just described contain what 
is surely one of the outstanding concentra- 
tions of gem-bearing pegamatites in the 
world. Intensive prospecting activities on 
these hills in the heyday of mining resulted 
in the staking of at least seventy-four claims 
or prospects honored with names. There 
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are a number more which were too minor in 
nature to warrant the dignity of a title. 


History 


The early discovery and development of 
the Pala district is fully described by G. F. 
Kunz in his “Gems, Jewelers’ Materials, 
and Ornamental Stones of California,” is- 
sued by the California State Mining Bureau 
in 1905 as Bulletin 37. More recently, the 
detailed geology, mineralogy, and produc- 
tions of the Pala district have been exhaus- 
tively described by Richard H. Jahns and 
Lauren A. Wright in “Gem- And Lithium- 
Bearing Pegmatites of the Pala District, 
San Diego County, California,” Special Re- 
port 7-A of the California State Division of 
Mines. This report culminated several years 
of intensive field investigations and labora- 
tory work, and must be regarded as the 
authoritative publication on the subject 
of. the Pala pegmatite dikes. Since little 
would be gained by repeating the subtance 
of the above publications, only the most 
recent developments will be treated here. 

After a period of hectic development, the 
Pala mines lapsed into. quiescence when 
dwindling markets and reduced prices made 
further mining unprofitable. Resurgence of 
activity took place soon after Mr. George 
Ashley acquired a series of claims on Hiriart 
Hill from Mr. Fred Sickler, one of the 
original discoverers and the heir to many 
of the properties. Included were the San 
Pedro to the north, the Anita about midway 
to the south of Hiriart Hill, the Katerina 
at the extreme south end; and the Vander- 
berg near the middle and to the east. The 
acquisition of the Fargo, K. C. Naylor, 
Hiriart, El Molino, and the White Queen 
rounded out the entire hill except for the 
Senpe Claim, which had been previously 
disposed of to another party and did not 
come into Ashley’s possession until some 
time later. The: date of transfer of titles 
to Mr. Ashley was July, 1947. 

In 1948 the San Pedro, Anita, and the 


‘recently acquired Senpe were sold as a group 


to Mr. Charles Reynolds. Mr. Norman E. 
Dawson of San Marcos also purchased 
three claims and during 1948-49 worked 
the Fargo and White Queen. Mr. Dawson 
has also worked the El Molino from time to 
time in recent years but without conspicuous 
success. 

Following his acquisition of the three 
claims mentioned, Mr. Reynolds proceeded 
to work the San Pedro and in 1951 struck 
a large pocket of spodumene. In 1955 he 
leased the Senpe to several gentlemen from 
San Diego who did some exploratory work 
without successful results. This mine later 
changed hands and is now reported as sold 
to an individual from San Diego who is 
actively engaged in working one of the 
opencast pits above the main tunnel. The 
Senpe Mine was leased or sold to an elec- 
tronics company for a short period during 
the World War II for the purpose of min- 
ing quartz crystals suitable for piezoelectric 
purposes. This operation had little success 
insofar as quartz was concerned, but it did 
open up several pockets containing fine mor- 
ganite beryls. Many of these were thrown 
over the dumps in ignorance of their value 
but, needless to say, they did not stay there 
long when local collectors got wind of it. 
The third claim owned by Mr. Reynolds, the 
Anita, was sold to Messrs. Harold Noble, 
William Woynar, and William Granzow, all 
of San Diego, who have not done much 
more than preliminary exploration of the 
claim. There are no extensive workings 
of any kind, and the ultimate worth of this 
claim remains to be proved. 

The mines which have been most produc- 
tive will be treated individually in following 
paragraphs, along with an account of their 
yield. 


Katerina Mine 


The workings of this mine penetrate a 
thick, strongly banded pegmatite on the 
southwestern base of Hiriart Hill, just a 
few feet above the alluvial fan. It outcrops 
in striking fashion a short distance east of the 
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Figure 2. 


tunnel openings, where it crosses a gully 
and forms a small steep cliff. Commencing 
work in 1947, Mr. Ashley struck a series of 
five small pockets, each yielding about a 
“hatful’” of spodumene, principally of fair- 
to good-grade kunzite. The last pocket was 
the best, furnishing above-average material 
of good amethystine tints. The typically cor- 
roded and etched crystal fragments were of 
all sizes but some larger pieces reached as 
much as two pounds weight. From one of 
the larger and better-colored specimens a 
fine gem of 9314 carats was cut. 
Accompanying the spodumene were found 
numbers of magnificent clear quartz crystals 
of very pale straw-yellow color and curiously 
crystallized in a series of turreted over- 


The Vanderberg Mine atop Hiriart Hill, Pala, San Diego County, California. 
The rock exposed is part of the huge pegmatite which has been mined for kunzite and 
quartz crystals. Photo courtesy George Ashley. 


growths. Some small quantities of beryl were 
also found adjacent to pockets but not within 
the pockets proper. The quartzes rival Swiss 
specimens in clarity, smoothness of faces, and 
in the mode of growth. Their large size 
makes them eminently suitable for spheres 
and for 
articles. 

As in all of the pockets found in Hiriart 
Hill, quantities of red and pink clay filled 
the spaces between walls and supported the 
loose shards and splinters of spodumene. 


carving into various decorative 


Vanderberg Mine 

Shifting his attention to the Vanderberg, 
Mr. Ashley launched upon an extensive pro- 
gram of exploitation and was rewarded by 
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Figure 3. A stupendous find of gem quality kunzite from the Vanderberg Mine, Pala, 
San Diego County, California. The pile of etched crystals and crystal fragments totals 
130 pounds! These all came from a single pocket. Photo courtesy George Ashley. 


several pockets yielding the most spectacu- 
larly beautiful kunzites that the world has 
ever known. The finest Madagascar and 
Brazil spodumenes cannot compare either in 
sizes, clarity, or color with the breathtakingly 
beautiful crystals found in this mine. For the 
first time, kunzite appeared in definitely 
bluish shades as well as in a peculiar green- 
ish color strongly reminiscent of dark 
greenish-blue aquamarine. This last type 
of material was found only in one pocket, 
and the quantity as well as the size of indi- 
vidual pieces was not great. 

The Vanderberg Mine is located on the 
eastern crest of Hiriart Hill and is reached 
by a narrow, steep jeep trail from Mr. 
Ashley’s ranch. The large pegmatite in which 


the workings are driven appears to be iden- 
tical to that containing the San Pedro Mine. 
Figure 2 shows the opencut and tunneling 
of this mine. The great thickness of the dike 
prevents economical removal of barren cover- 
ing rock, and all operations are conducted 
by means of head-high drifts following the 
pocket zone. Mr. Ashley generally devotes 
several months each spring to intensive work 
on this property. 

The richness of pockets in large 
spodumene-bearing dikes. at Pala is attested 
by Figure 3, which shows approximately 130 
pounds of gem-quality spodumene extracted 
in the summer of 1952 from the Vanderberg. 
All of this material was above average color, 
and much of it truly exceptional. About ten 
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Figure 4. 


George Ashley’s helper holds some of the finer kunzite crystals from the 


Vanderberg pocket. The largest crystal in the center weighs 2% pounds and has never 


been cut. Photo courtesy George Ashley. 


percent was exceptionally flawless gem stock 
suitable for faceting. From selected speci- 
mens in this lot, a deep amethystine gem of 
of 177 carats has been cut, a magnificent 
215-carat gem, and another of 107 carats. 
Like all kunzites, however, continued ex- 
posure to daylight results in rapid fading 
of color; cases are on record of such gems 
having bleached to almost colorless. Blue- 
tinted stones from the Vanderberg first 
fade to the normal amethyst hue thence to 
pink and finally to colorless: It is necessary 
to protect vividly colored kunzites from day- 
light if the original color is to be preserved. 
This defect is absent in yellow-green stones 
such as those obtained in recent years from 
Brazil. This type has not been found at 


Pala in such strong colors. 

Some of the outstanding crystals obtained 
from the large Vanderberg pocket are shown 
in Figure 4. To the rear is the entrance to 
the mine, which serves as an effective back- 
ground for the crystals displayed by Mr. 
Ashley’s helper. The large crystal in the 
center weighs 214 pounds, is of deep color, 
and remains uncut to this day. Many sections 
are completely flawless. The largest piece of 
flawless gem stock obtained from this pocket 
measured about seven inches in length, three 
inches in width, and about seven-eights 
inches in thickness. The weight was esti- 
mated at three-quarters of a pound. 

Cut and rough Vanderberg specimens of 
outstanding quality have been sold to promi- 
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nent museums and private collectors; other 
rough has been disposed of to dealers every- 
where for specimen and cutting purposes. 


In addition to spodumene, some excellent 
quartz crystals were mined from the Vander- 
berg, although not in connection with 
spodumene-bearing pockets. Mr. Ashley 
states that cloudy crystals are found lining 
the walls of gem pockets and that when 
clear. crystals of quartz are found, it is a 
discouraging sign, since most such pockets 
prove to be barren of all minerals except 
quartz. The crystals are very similar to those 
from the Katerina, except for their almost 
total absence of color. Accessory minerals 
occurring at the Vanderberg were bluish 
translucent apatites crystallizing in flat hexa- 
gonal prisms, some fine peach-colored mor- 
ganite, and various rare pegmatite minerals, 
including a number of phosphates. Some of 
the morganites contained clear sections 
capable of yielding cut stones of six to eight 
carats. 


San Pedro Mine 


The acquisition of the San Pedro Mine 
proved a fortunate event for Mr. Charles 
Reynolds, for shortly .after commencing 
work he struck an enormous pocket which 
yielded at least 300 pounds of spodumene in 
all shades of color from colorless to pink 
and very pale green. Only a few specimens 
were richly colored, the majority being quite 
pale. 


This mine is located atop a ridge formed 
by the exposure of the dike itself and. is a 
prominent feature of the north slope of 
Hiriart Hill. The dike dips rather steeply to 
the southwest and mining is therefore dif- 
ficult. Mr. Reynolds attacked the dike from 
a shelf. on the northern side of the outcrop 
and was forced to tunnel downward at an 
angle of about twenty degrees. Extraction of 
debris proved a most irksome and laborious 
task. The dike is very thick at this point 
(about twenty feet) and shows a confused 
zoning. The line of pockets is marked by 
a crumbly mixture of feldspar, mica and 


black tourmaline, and, where pockets were 
encountered, by a core of blocky feldspar 
and quartz. Mining at another place in the 
dike some fifty feet toward the northwest 
from former workings was resumed in the 
fall of 1956. This new location does not 
appear to be promising, but perhaps fa- 
vorable mineralization may be met with in 
depth. 


The pocket which yielded the enormous 
quantity of spodumene proved to be an 
elongated oval of quartz and feldspar, shaped 
somewhat like a loaf of French bread and 
dipping at an angle of about twenty degrees. 
The roof was lined with extremely large 
milky-gray quartz crystals as well as pocket 
feldspars showing the usual corroded faces, 
and partly impregnated with reddish clay. 
Many of the quartz crystals showed imprints 
of large spodumene crystals, with the cavi- 
ties filled by pinkish clays and occasional 
slivers of transparent spodumene. The ma- 
jority of spodumenes were found in the 
central pocket filling of very dark reddish- 
brown clay. A number of fine, clear, pale 
straw-yellow quartz crystals were found in 
this clay also, some doubly terminated, rep- 
resenting the last stages of quartz crystal- 
lization. All of the spodumenes were typically 
etched and corroded into lathlike crystals, 
rectangular splinters and crude tablets. The 
floor of the pocket contained solid growths 
of cleavelandite, together with small crystal- 
lizations of greenish muscovite mica. Nu- 
merous specimens of vatious rare phosphates 
were found as well as minor quantities of 
morganite and aquamarine. As is typical of 
all Hirtart Hill localities, tourmaline was 
conspicuous by its absence, appearing only 
rarely as small pencils of very dark violet- 
blue color. 


The largest spodumene crystal, still in the 
possession of Mr. Reynolds, weighs almost 
five pounds. It measures approximately 12 
inches x 4 inches x 1 inch. It is pink at one 
end and fades to a very pale, almost color- 
fess, yellowish green at the other. It is 
deeply striated along the sides and the termi- 
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nations are rounded by etching. Other large 
crystals exceeding a pound in weight were 
found, as well as an abundance of those 
ranging from 14 to Y pound in weight. 
Bucketsfull of slivers were also obtained, 
many reaching lengths of about four inches 
and thicknesses of about 14 inch to Y4 inch. 


A fine pendeloque stone of rich color and 
weighing several hundred carats was cut for 
Mr. Reynolds by Mr. Fred Rynerson from one 
of the better piéces. This handsome and 
brilliant gem, along with the enormous 
crystal described above, serves as a central 
attraction in the exhibits of the San Diego 
County Fair each year. 


Senpe Mine . 

The dike of the Senpe mine begins at the 
base of the northwestern slope of Hiriart 
Hill and rises steeply to the crest and thence 
over to the other side. The claim proper 
covers only the first part about halfway up 
the slope. A number of tunnels and open- 
cuts mark the exploration of this dike which, 
by and large, has not been as productive as 
other mines in the immediate vicinity. Its 
chief claim to fame has been the occurrence 
of morganite beryl, many very clear and with 
large flawless areas. These were taken from 
narrow lens-shaped pockets adjacent to cores 
of blocky quartz and feldspar. Better speci- 
mens have yielded cut stones of about 48 
carats. 


The latest workings near the top of the 
claim are aimed at clearing out an old open- 
cut filled with huge blocks of pegmatite and 
slumped. topsoil. A steel mast has been 
erected at the opening and by means of a 
power driven whip, sleds are loaded and 
slid out to the dump. The dike at this point 
appears to dip steeply to the southwest; it 
it about ten feet in thickness. The pocket 
zone is marked by streaks of clayey material, 
masses of feldspar intimately mixed with 
scales of mica, and an occasional small core 
unit of blocky feldspar and quartz. Morganite 
appears as smooth tabular prisms implanted 
upon radiated growths of cleavelandite and 
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associated with small, clear, very pale straw- 
yellow quartz crystals. Tourmalines are oc- 
casionally found; however, as with others 
on this hill, they are always deep violet-blue. 
The dike appears to have been subjected to 
sevetal epochs of injection and the struc- 
ture is far from clear. 


Other Mines 


The famous Tourmaline Queen and Pala 
Chief Mines are on patented ground and are 
being held for sale by the Salmons estate 
at a substantial sum. There has been no 
formal mining carried on in them for many 
years, although considerable favorable 
ground still remains. Both are situated atop 
their respective hills and no easy method 
exists to deliver equipment, personnel and 
supplies to the mine entrances. The Tourma- 
line King Mine, about one-half mile to the 
west of the Queen, is also dormant, and 
has been since the mining last carried out by 
R. M. Wilkie. The ground does not appear 
to hold much promise for successful future 
mining. 

The Stewart Mine, at the southern base 
of Tourmaline Queen Mountain, is famous 
for its production of lepidolite mica, at one 
time supplying the principal part of the 
world’s needs for lithium ores. Several years 
ago it was placed under lease for resumption 
of lepidolite mining but after considerable 
bulldozing of accessways and some sporadic 
shooting in the opencuts, further mining 
ceased and it too has lapsed into dormancy. 
Although noted for the production of many 
tons of pale-pink lepidolite specimens shot 
through with sprays of rubellite, it has oc- 
casionally produced some fine peach-colored 
morganite, small pencils of beautiful green 
tourmaline, and crystals of warm-pink tour- 
maline whose hue is quite unlike that from 
any. other locality. The latter show under 
the dichroscope a saturated pink color in 
one window and a pale yellow in the other. 
In contrast, most pinks from Southern Cali- 
fornia are decidedly purplish and usually 
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“Green Amethyst From 


Four Peaks, Arizona 


by 


CAPTAIN JOHN SINKANKAS, U.S.N. 
Certified Gemologist, AGS. 


The appearance of “greened’’ amethyst 
from Brazil several years ago aroused con- 
siderable interest in gemological circles, be- 
cause this hue had not been reported in 
previous literature. As the story goes, the 
peculiar properties of this amethyst were 
discovered by a prospector in some material 
that he had used to make a camp fireplace. 
Later, he noticed the effect of the heat had 
altered the amethyst to green. The source 
is neac Montezuma, about 37 miles from Rio 
Pardo, Minas Geraes (1). An occurrence of 
similar material in the Four Peaks region of 
central Arizona is reported in this paper. 

Perhaps the most thorough recent. investi- 
gation into the cause of color in amethyst 
was conducted by Edward F. Holden, who 
published his results in an extensive article 
in the American Mineralogist (2). In this 
work, Holden gathered together amethyst 
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samples from thirteen localities and subjected 
five samples to a variety of heating tests, 
tabulating his results in accordance with 
temperature, time of heating, color before 
and after, etc. In none of these tests, nor 
in any by previous investigators whose results 
Holden had studied and, at times, freely 
commented on, did any final color other 
than colorless, yellow, or milky white appear. 
That extensive heat-treatment experiments 
had taken place many times before Holden’s 
is borne out by his referencing similiar 
work by Heintz (3), Berthelot (4), Hermann 
(5), Simon (6), and Wild & Liesegang (7). 
To these scientific investigations we may add 
the long history of commercial decoloriza- 
tion as still practiced in Brazil and elsewhere. 
However, since commercial processes were 
aimed at the production of yellow colors, oc- 
casional freakish variations that undoubtedly 
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occurred from time to time were probably 
dismissed as unfortunate and no particular 
significance attached to them. Nevertheless, 
the overwhelming mass of evidence points 
to green as being a most rare resultant color 
in the heat treatment of amethyst. It is for 
this reason that the occurrence at Four 
Peaks, Arizona, is considered worthy of 
being placed on the record. 

The circumstances leading to the dis- 
covery of greening propensites in the Four 
Peaks material were, as in the Brazilian, 
entirely accidental. It seems that a mineral 
dealer in California who had mined a con- 
siderable quantity. of the material had stored 
his supply in a building next to his home. 
One day, a fire of unknown origin totally 
destroyed this building, and the amethyst, 
presumably ruined, was dug from the ashes. 
It was then found that much of it had turned 
to various shades of apple green, reminis- 
cent of certain aquamarines. Deeper colors, 
such as noted occasionally in the Brazilian 
material, were absent, but the fact that the 
resultant color was green is far more signi- 
ficant than the fact that its suitability for 
gemstones may not be as great. Furthermore, 
since the temperature obviously was not 
controlled in this accident of mixed blessings, 
deeper greens might possibly result under 
controlled firing conditions. Through the 
courtesy of Drs. William T. Pecora and 
David B. Stewart of the United States Geo- 
logical Survey, controlled heat-treatment 
experiments were conducted on Four Peaks 
samples and the results appear later in this 
paper. 

Little is known about the Four Peaks 
deposit and apparently no systematic minera- 
logical investigation of the amethyst and its 
accessory minerals has evet been undertaken. 
The general geology of the area has been 
studied by Eldred D. Wilson (8). Accord- 
ing to F. W. Galbraith of the University 
of Arizona, the deposit was worked to small 
extent about 1921 and some amethyst of 
good grade produced, but much was ruined 
through heavy blasting. When seen in 1935, 
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all of the good material in sight had been 
mined out (9). However, it is known that 
the deposit has been worked in recent years 
by the same mineral dealer alluded to before 
and that a considerable quantity of cutting- 
and specimen-grade amethyst was obtained. 
This last operation is said to have extended 
underground workings to as much as several 
dozen feet along the dip of the stratum con- 
taining the deposit. 

The Four Peaks, named after a like num- 
ber of prominent individual 
aligned in a row north to south, are part 
of the Mazatzal Mountains of central Ari- 
zona, The area is about 45 statute miles on 
a direct line from Phoenix, bearing east by 
northeast, and about 934 miles almost due 
west of Roosevelt Dam. The area is ex- 
tremely rugged, sparsely vegetated, and, of 
course, quite arid. The elevation of the 
highest peak is 7,691 feet above sea level, 
and the deposit of amethyst, lying at the 
base of a cliff on the westetn slope of the 
second peak from the south, is approxi- 
mately 6,500 feet above sea level. The deposit 
can be reached only by trail after an initial 
approach by automobile along a Forestry 
Service road leading from Roosevelt Dam. 


mountains 


Geologically, the Four Peaks are con- 
sidered to be roof pendants of pre-Cambrian 
rocks resting upon a vast granitic batholith 
that has been denuded elsewhere of covering 
rock formations. The steep sides of the 
peaks can be attributed in part to the rela- 
tive resistivity of the Maverick shale and 
Mazatzal quartzite of which they are com- 
posed. Both formations dip about 45° to 
the southeast and include numerous small 
masses of a partly altered schistose rock. 
The entire formation has been strongly af- 
fected by drag-folding. The quartzite in 
which the amethyst occurs is typically very 
hard and vitreous. Microscopic examination 
shows it to consist of a closely packed ag- 
gregate of angular to subangular quartz 
grains in finely granular, siliceous, somewhat 
limonitic cement (8). The amethyst deposits 
consists of crystal-studded geodes or cavities 
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Figure 1. A typical Four Peaks amethyst crystal showing extensive etching and partial 
overgrowth by apatite. The smaller illustration depicts the etching figures between 
adjacent rhombohedral faces. This crystal is about three inches in diameter. 


of irregular form and generally less than 
ten feet in maximum dimension. According 
to one visitor to this locality, the cavities 
range in height from a few inches to as 
much as four feet. The majority of these 
cavities are associated with fissures in the 
quartzite, which is here intruded by granite 
(9). Presumably, the deposit formed from 
mineralizing solutions emanating from the 
crystallizing granite. 

Some cavities show fillings of solid ma- 
terial in narrow places, often interlocked 
from wall to wall, whereas in thicker areas 
amethyst appears as druses or as loose 
individual crystals suspended in a peculiar, 
gritty vug-filling material. Mineralization ex- 
tends laterally along the strike of the quart- 
zite bed for a considerable distance but only 
a portion shows good cavity development, 
and it is here that mining has taken place 
(10). This observer also stated that similar 
mineralization crops out on the eastern slope 
of the peak, indicating persistence over a 
long and as yet unexplored distance along 
the quartzite bed. The potential of this de- 


posit appears to be great, but inasmuch as 
hard-rock tunnelling must be resorted to 
and since all water, food, and supplies must 
be brought in by pack train, it is likely that 
production will never be large. 

The effects of extensive hydrothermal ac- 
tivity are apparent from the form of the 
amethyst specimens examined and from 
descriptions of the cavities in which they 
were found. In such places, crystals no longer 
adhere to the walls of cavities but are found 
completely detached and suspended in a 
vug-filling material of a pale grayish-purple 
color, or of a rusty-brown color in places 
where surface waters penetrated. This filling 
is not coherent and crumbles readily at the 
slightest touch. Under a microscope, it ap- 
pears to consist wholly of hematite and apa- 
tite in the form of minute, much flattened, 
euhedral crystals. The hematite and apatite 
are both hexagonal in outline, with the 
latter being completely transparent and 
colorless. The ratio between the two in 
terms of quantity is roughly ten to one in 
favor of the apatite. The hematite is: ordi- 
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narily opaque but shows a deep red in 
thinner crystals. The apatite has refractive 
indices suggesting that it is fluorapatite. 

In addition to the vug-filling material 
just described, small isolated. patches of a 
talcose mineral have been observed from 
time to time. This material has been de- 
scribed as being soapy or greasy in feel and 
“dead” white in color. It has not been identi- 
fied, but is probably a clay mineral. 

Many of the loose amethysts are coated 
with thin, tenacious overgrowths of the 
same kind of apatite crystals as are found 
in the vug-filling material. The individuals 
are thickly sprinkled over the surface of 
the crystals and partially imbedded; their 
interstices are filled with very fine crystals 
of hematite of a steel-gray color and metallic 
luster, but coatings of reddish clay obscure 
these appearances except in isolated cases. 
The apatite crystals are uniformly set on 
edge and create a reticulated pattern of won- 
derful regularity. In a few specimens of 
amethyst from fresh, unaltered vugs, bright- 
red hematite crystals are present as inclusions 
just beneath the surface on rhombohedral 
faces. In these, the brilliant color and glassy 
faces, among other features; make them 
strikingly similar to amethysts from the 
Thunder Bay region of Lake Superior. 

Four Peaks amethyst crystals have the 
common habit of amethyst noted from other 
localities; that is, they consist primarily of 
rhombohedral terminations with prism faces 
either poorly developed or lacking altogether. 
Crystals from altered vugs are so extensively 
etched that only rhombodedral faces are 
distinguishable. 

Figure 1 shows a representative crystal 
several inches in diameter and somewhat 
more in length. The point of attachment is 
a mere vestige, deeply corroded and exten- 
sively coated with apatite and hematite. This 
overgrowth extends over the edges and also 
covers much of the termination. The general 
form of this crystal, as well as many others, 
indicates that dissolution took place along 
joints between adjacent crystals, loosening 
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each one until all connections were severed. 
The most interesting solution phenomena, 
however, ate to be noted on the rhombohe- 
dral faces, where symmetrical etching figures, 
as well as curiously corroded edges, can be 
observed. The smaller drawing in Figure 1 
shows an enlargement of the corroded edge 
between a pair of rhombohedral faces and 
shows the vicinal faces left behind by a 
solution of the material. The larger promi- 
nences are roughly hexagonal in outline 
when viewed from the top. This form of 
corrosion is strikingly similar to that ob- 
served in quartz from Madagascar by Lacroix 
(11). 

The distribution and quality of color in 
Four Peaks amethyst is extremely variable. 
In general, twinning has taken place between 
rather large individuals; consequently, the 
resulting color zoning is apt to be coarse, 
with pronounced variation in intensity and 
distribution. of color. In broken specimens, 
the “ripple” fracture that is typical of many 
Dauphine twinning cycles is largely absent, 
only widely spaced sutures showing here 
and there. A cross section taken from the 
base of many crystals shows typical 60° 
sector-color development. In other specimens, 
the lateral distribution of color is far less 
regular and indicates juxtaposition of an- 
other mode of twinning in addition to the 
Dauphine. The net effect in most crystals 
is extreme patchiness of coloration, with 
boundaries between intensely tinted and 
colorless areas altogether too sharp to be 
useful for faceted gems of any size. One 
fragment of amethyst inspected, for example, 
was so deep in hue that it was nearly opaque. 
As a consequence, specimens containing such 
coloration are most difficult to cut into satis- 
factory gems. It has been estimated that only 
about two percent of all material mined can 
be classed as good faceting material in re- 
spect to intensity of color, its distribution, 
and freedom from flaws and inclusions. 

Many crystals show milky patches that 
are sometimes slightly amethystine in color. 
Examinations with a microscope fails to 
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Figure 2. The copper block used for the heat treatment of amethyst. Specimens are 
crushed just enough to fit in the central cavity and covered by means of a plug. A 
chromel-alume! thermocouple is used to determine temperatures. 
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reveal any discrete inclusions and conse- 
quently leaves the exact nature a matter of 
speculation. Similar milky patches have often 
been noted in Brazilian amethysts that have 
been fired to produce the “Rio Grande topaz” 
color. 

The size of Four Peaks amethyst crystals 
varies from individuals of about one inch 
in diameter to those reaching as much as 
eight inches. As noted in many similar cases 
elsewhere, the large crystals are often badly 
flawed and produce suitable material only 
from small areas near the tips. Because of 
the intensity of the color and lack of trans- 
parency of crystal faces, quality can only be 
determined by sawing or breaking apart 
the crystals. In the past,.much of this hand 
cobbing has been done at the mine to avoid 
carrying down unnecessary weight. For this 
reason, good cfystals suitable for minera- 
logical specimens are not commonly ob- 
tainable. As far as is known, no gems have 
been cut from any of these large badly 
flawed crystals. 


Heating Experiments 
(Conducted by Dr. David B. Stewart) 


Small fragments of amethyst from this 
deposit were heated under controlled con- 
ditions to determine the most favorable tem- 
perature for decolorization. It was realized 
that high temperature would have a tend- 
ency to fracture the crystals, whereas low 
temperatures would not affect the color 
perceptibly. Although crude, these experi- 
ments indicate the time required for the 
change to take place at a given temperature. 
The results suggest the possibility that other 
deposits exist whére original amethyst has 
been decolorized by natural thermal heat 
treatment. 

Pairs of samples, about one-quarter inch 
in size, were selected so that they had the 
same intensity of coloring and zoning. One 
fragment was retained as a standard of 
comparison and the other was placed in 
the sample well of a two-pound block of 
copper that had been preheated to the 
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temperature of the run. The starting time 
was tecorded as the time the sample was 
placed in the sample well; runs made at 
high temperature and corresponding short 
times are in error to the extent that it 
takes. some time for the sample to reach 
the temperature of the block. The runs were 
terminated by quenching the block in cold 
water. The heating was performed in a pot 
furnace operated from a Variac. The atmos- 
phere in the furnace was air. The tempera- 
ture was measured with a calibrated chromel- 
alumel thermocouple inserted in the copper 
block to a point about one-sixteenth of an 
inch from the sample. The dimensions of the 
heating block are given in Figure 2. 

After the run, the heated sample was 
compared with the reference sample and 
a visual estimate of the amount of bleach- 
ing was made. A value of 1.0 means that no 
difference in coloring was noted, and a value 
of 0.0 means that the sample was completely 
bleached. A more precise method of making 
these measurements with a densitometer or 
photometer could be divised, but the present 
rough measurements indicate the pertinent 
region. Results of runs are tabulated in 
Table 1. 


Examination of the results indicates that 
five minutes at 450° C., two hours at 400° C., 
or one week at 350° C. will decolorize this 
amethyst. It is evident from these data, and 
from thermodynamic calculations based on 
these runs, that much longer times at lower 
temperatures will also decolorize amethyst, 
but longer runs are desirable to place num- 
bers on the points. There is an upper ‘‘time- 
at-temperature’”’ limit for this amethyst, and 
if other amethysts are like it (and there is 
evidence that they are), then it is possible 
that in some geologic occurrences this upper 
limit may have been exceeded. Since it is 
known that decolorized amethyst is easily 
recolored by irradiation [(12) for example], 
it is at least theoretically possible that some 
quartz now found as clear or slightly green- 
ish material represents decolorized amethyst 
and can be recolored by irradiation. Favor- 
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Table 1 


Heat-Treatment Experiments on Four Peaks, Arizona, Amethyst 


Sample No. Color Deg. C. Time Results 
Al medium 135 67 hours 1.0 
Al medium 345 30 minutes 1.0 
Al medium 345 114% hours 0.9 
Al medium 345 251% hours 0.7 
A2 dark 400 17 hours 0.0 pale greenish white 
A3 dark 400 2 hours 0.1 certain strong zones still pink 
A4 medium 375 4 hours 0.6 
A5 dark 450 1 minute fractured; chip 0.6, mass 0.9 
A6 medium 450 3 minutes fractured; chip 0.1, mass 0.3 
AT dark 450 6 minutes fractured; chip 0.0, mass 0.0 
A8 medium, zoned 400 45 minutes 0.1 strong zones still pink 
A9 dark 400 30 minutes 0.4 
A 10 medium 400 45 minutes 0.2 run made with Fe in evacuated tube 
All dark 345 66'/ hours 0.3 


” 


Note: Under “results, 


the value 1.0 means that no change has occurred, whereas a 


value of 0.0 means that the sample has been completely decolorized. 


able sites for such localities would be quartz 
veins or vugs with quartz in the contact- 
metamorphosed zones surrounding igneous 
intrusions. 

Heating rapidly to the temperature of the 
run fractured the samples in all of the runs 
at 450° C. Obviously, this problem would be 
more severe at higher temperatures or even 
at Jower temperatures with larger samples. 
Probably the best procedure with this ma- 
tetial is to start with a cold furnace and 
increase the temperature gradually until a 
temperature of 350° C., is reached, and then 
maintain this temperature for about a week. 
No relation between depth of green color 
and heat treatment was noted, providing that 
overheating was avoided. Slightly green 
fragments became nearly colorless after heat- 
ing to a red heat. 

One run was made in an evacuated silica- 
glass tube containing metallic. iron in addi- 
tion to the amethyst fragments. Reaction of 
the iron with any remaining oxygen sets up 
an equilibrium between the iron and its oxi- 
dation products, so that only an extremely 
small pressure of oxygen (10-25 atmos- 


pheres) can be present. No differences were 
noted between results of this run and a run 
made in air, so the decolorization seems in- 
dependent of the pressure of oxygen. 

The color change observed is confined 
largely to the original amethystine bands. 
The depth of green color seems proportional 
to the depth of the original amethystine 
coloration. The material with the darkest 
green coloration was examined under a mi- 
croscope with a magnification of 1,000 times. 
Only a few spherical voids (former bub- 
bles?) and a few flecks of reddish material, 
presumably iron oxide, were noted. 

When the data in Table 1 are plotted 
on a graph together with the estimated val- 
ues for bleaching, based on the results of 
Holden (2), both sets of data are analogous 
and are compatible. The most advantageous 
coordinates for plotting these data are the 
logarithm of the time against the reciprocal 
of the absolute temperature, since this makes 
the points for a rate reaction like this one 
plot on a straight line. Such a plot makes it 
clear that Holden’s conclusion that the 
change takes place at 260° C. is not correct 
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unless a time at this temperature is also 
specified. 

Specimens of Brazilian amethyst that turn 
green upon heating were supplied by Dr. 
F. H. Pough. The color change in this ma- 
terial takes place at approximately the same 
times and temperatures obtained for the Four 
Peaks amethyst. 

One consequence of the recognition of the 
“time-at-temperature’”’ stability limit of ame- 
thyst is a maximum-reading geologic ther- 
mometer. If we knew how long it took to 
deposit amethyst in a deposit and how long 
the amethyst stayed at the temperature of 
deposition after deposition stopped, then we 
could specify the maximum temperature of 
the depositing fluid. It follows that points 
determined above indicate times and tem- 
peratures above which it will not be possible 
to manufacture synthetic amethyst even after 
the nature of the pigmenting substance is 
known. 
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show an intense purplish pink in one window 
and pale pink to colorless in the other. 


Future Prospects 

The potential of the Pala mines as a group 
is very great. Only a cursory examination of 
the various dikes is needed to see that much 
attractive ground remains undisturbed. How- 
ever, very few persons with the time and the 
means to carry on sustained operations have 
appeared on the scene. In several instances, 
properties are being held for sale by owners 
for high figures, along with steadfast re- 
fusals to enter into any leasing arrangements. 
Access to many of the properties is made 
difficult by the steep terrain and lack of 
roads, and the isolation of certain properties 
within areas of private property poses legal 
complications which lessen substantially their 
attractiveness. Roads can usually be bull- 
dozed but costs are high for this service, 
although the removal of much debris accu- 
mulated over years of previous mining makes 
mere access only one of the problems. In 
spite of all these drawbacks, the day may 
soon come when the prices demanded for 
Brazilian gemstones will make reopening 
of selected mines in this region a profitable 
venture. If this should happen, the world 
of gemologists and mineralogists will be 
treated again to a display of material unique 
for its size and beauty—masterpieces in 
stone by the greatest of all artists. 
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Spectroscopic Hecognition of 
Yellow Bombarded Uiamonds 


and 


Hibliography of 


Diamond lreatment 


G. ROBERT CROWNINGSHIELD 
Director of Eastern Headquarters GLA 


One of the problems presented to the 
jeweler of the Atomic Age is that of de- 
termining whether the color of a diamond is 
natural or produced by some type of atomic 
bombardment. 

Descriptions of the various methods of 
treating diamonds and the recognition of 
certain types have been given by several 
authors. For the interested reader, a bibli- 
ography of pertinent articles in English ap- 
pears at the end of this article. The purpose 
of this article is not to summarize or to re- 
peat, but to add recently acquired informa- 
tion regarding the detection of treatment in 
yellow diamonds. 

At the time of this writing, the colors 
of treated diamonds that are available com- 
mercially are various tones and intensities 
of yellowish green to bluish, green, brown 
to orangy brown, and yellow to brownish 


yellow. Although blue and greenish-blue 
stones have been reported and we have seen 
a few brownish-red tones, they do not stem 
to be available commercially. 

Unless green naturals are present on a 
dark-green diamond (an indication of 
““green-skinned”’ stones from Venezuela or 
Bahia), few dealers today accept as natural 
any dark-green stones. Radium treatment is 
suspected if the stones show blackish sur- 
face discolorations and if they “take their 
own pictures’’ when. exposed to a photo- 
graphic or X-ray film for a period of 12 to 
36 hours. Stones that havé been surface 
treated by deutron bombardment in the 
cyclotron are often easy to identify: if only 
the top of the stone has been treated, dark 
bands will be seen in the crown-facet reflec- 
tions; if only the bottom of the stone has 
been treated, a star-shaped zone of color 
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Figure 1 


penetration will be seen at the culet (Figure 
1). But today, many diamonds are bombar- 
ded with fast neutrons, especially in. the 
atomic pile. Here the penetration is through- 
out the entire stone (or uncut crystal), thus 
the visual evidence present in surface-treated 
stones is eliminated. 

The subsequent heat treating of dark- 
green stones may change the color to tones 
of brown and yellow. If they were originally 
surface treated, the visual evidence remains, 
although somewhat more difficult to see in 
the yellow stones. Of course, if the stone is 
neutron treated, no visible evidence is pres- 
ent, either before or after heat treatment. 

As pointed out above, dark tourmaline- 
green-colored diamonds are almost univers- 
ally considered to be treated, whether visi- 
ble evidence is present or not. In the case of 
brown stones in which no evidence is pres- 
ent, not too much anxiety is aroused, be- 
cause the difference in value between the 
average natural brown stone and its treated 
counterpart is negligible. 

However, when one considers fancy yel- 


low ot brownish yellow (golden) colors, 
the story is different. Fine canary diamonds 
have long commanded a high price. Today, 
high prices are still being paid for deep- 
yellow stones by dealers who have yet to 
learn that these colors are available at mod- 
est cost in treated stones and that there is no 
safeguard in knowing that is was cut from 
colored rough. Further, many dealers are 
still unaware that many of these stones are 
visually unidentifiable, although men with 
long experience are frequently able to 
“sense” that something is wrong with the 
color of some of the treated stones. This is 
particularly true if the original color of the 
stone was a dark cape. A fine white stone 
will take on the best of the treated colors, 
whether green or yellow. These are not 
easily “sensed,” since they appear brighter 
and more natural, particularly the yellow 
to golden yellows. It would appear that the 
treated color is superimposed on the original 
body color, so that the darker the original 
color, the more subdued the brilliance of 
the finished stone. 
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Figure 3 


Some authorities have suggested that per- 
haps the treating of colored diamonds may 
one day. be disregarded, just as the heating 
of such stones as citrine, aquamarine, and 
zircon is largely disregarded today. How- 
ever, the jewelry trade has not yet reached 
that point, and the laboratories of the GIA 
have been under some pressure to develop 
some means of distinguishing between natu- 
ral and treated stones, particularly those of 
a yellow color. 

The avenue of investigation that has of- 
fered the best possibilities is the observation 
of the absorption spectra with a spectro- 
scope. 

Although the diamond has been studied 
extensively and two fairly consistent types 
of absorption spectra have been noted, much 
remains to be determined regarding the 
inter-relationship of color, fluorescence and 
spectral absorption. 

Figure 2.shows a complete cape-series ab- 
sorption spectrum. The spectrum may be ob- 
served either in part or in its entirety in 
almost all diamonds with a yellowish cast, 
particularly in those stones that show a 


bluish fluorescence and a yellowish phos- 
phorescence under ultraviolet light of 
3650 A. The darker the color, the stronger 
will be the lines; with 4155 A the strongest 
(also often seen in stones of nearly colorless 
body) and most.persistent with a moderately 
strong line at 4780 A and weaker bands at 
4650 A and 4520 A. Very weak lines at 
about 4350 A and 4230 A may sometimes 
be seen in very dark cape stones with ideal 
illumination of the spectroscope. However, 
they have not been included in Figure 2. 

Certain pale-yellow diamonds, particu- 
larly those with intense orange or yellow 
fluorescence, and certain rich yellow to 
yellow-orange diamonds may show no ab- 
sorption lines whatever. The latter we think 
of as true canary diamonds, in contrast to 
dark cape stones although the test is by no 
means accepted by the trade. Therefore, 
“ohe man’s canary’’ is frequently ‘another 
man’s off color.” 

Figure 3 is the spectrum observed in a 
rather rare brown diamond with a green to 
greenish-yellow fluorescence. It sometimes 
has an almost liquid-soap appearance, with 
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intense orange flashes from the back facets 
when the stone is observed in daylight. Oc- 
cassionally, natural yellowish-brown stones 
may show the 5040 A line in addition to 
the 4155 A line. 

Early in January, 1956, while examining 
a large bright-yellow brilliant-cut diamond, 
the members of the New York Laboratory 
staff noticed a distinct absorption line in the 
spectroscope that, as far as could be deter- 
mined, had never been recorded in the litera- 
ture on the absorption characteristics of dia- 
mond. No visual evidence of treatment could 
be observed, and we were forced to issue a 
report to the effect that “...no evidence 
was observed that, in the opinion and ex- 
perience of the Laboratory, would prove 
the origin of the color of this diamond.” 

The appearance of the mysterious line 
at what we estimated to be slightly over 
5920 A puzzled us. I wrote immediately to 
Mr. Basil Anderson, a Director of the’ Pre- 
cious Stone Laboratory of the London Cham- 
ber of Commerce, London, to inquire if he 
had ever observed such a line in yellow dia- 
monds. Mr, Anderson, one of the world’s 
most ardent champions of the use of the 
spectroscope in gemstone identification, had, 
with Mr. C. J. Payne, recently completed a 
40-part comprehensive article in The Gem- 
mologist on the use of the spectroscope, of 
which part #35 was devoted to the diamond 
(The Gemmologist, July 1956). Mr. Ander- 
son replied that he had observed a line at 
approximately- 5920 A in a yellow crystal in 
1945. He did not include this line in the 


article mentioned above (see Figure 4). 
Meanwhile, we made arrangements to ob- 
serve as many known treated yellow dia- 
monds as possible. We are indebted to Mr. 
Theodore Moed, New York City, one of 
the few dealers in treated diamonds, for 
making available his entire stock of treated 
and untreated stones for our examination. 
With careful observation, we were able to 
find the mysterious 5920 A line present in 
every yellow to golden-yellow treated stone, 
as well as in some of the brown treated 
stones, with the exception of a culet-treated 
greenish yellow stone with an intense 
sulphur-yellow fluorescence. Since our in- 
itial observation of treated stones, we have 
seen hundreds varying in size from .05 carat 
to several carats each, both cyclotron-deutron 
treated and neutron-pile treated, and all have 
shown this line with the above exception. 
Of special interest was a series of 34 cape 
stones, which we were allowed to examine 
before treatment and again a week later after 
bombardment in the atomic pile at Brook- 
haven, L. I. The stones that are ordinarily 
used for bombarding are of the typical in- 
expensive cape color. In this case, 20 of the 
stones showed a rather typical combination 
of a bluish fluorescence and a yellow phos- 
phorescence. 13 of the stones showed yellow 
fluorescence and yellow phosphorescence in 
varying strengths. All but one of the stones, 
when examined with the spectroscope, 
showed the typical cape spectrum in varying 
degrees of strength and completeness, re- 
lated directly to the depth of color. The re- 
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maining stone showed intense yellow-green 
fluorescence and no phosphorescence. In- 
stead of the cape spectrum, it showed a 
pair of absorption lines at approximately 
5040 A and 4970 A. This stone was returned 
untreated as “...too fluorescent to be pre- 
dictable.” 

All of the other stones except one (which 
was left green) were returned varying in 
color from golden brown to fine yellow. As 
was expected from the fact that they were 
pile treated, no visual evidence of treatment 
was observed. In all but the green stone, 
the 5920 A line was readily visible in the 
spectroscope. In addition, the darker brown 
stones showed the 5040 A line in varying 
intensity. Clearly, then, bombardment and 
subsequent heating had introduced the 5920 
A line as well as the 5040 A line. 

Another single stone of interest that we 
examined both before and after treatment in 
the atomic pile was a pear-shaped stone of 
approximately three carats, the untreated 
color of which was very dark cape, just short 
of being an acceptable fancy color. It showed 
the normal complete cape spectrum and had 
yellow fluorescence and yellow _phosphor- 
escence. When it was returned after treat- 
ment, it was just perceptibly darker in color; 
in fact, not really enough darker to be much 
increased in value. Even so, the 5920 A line 
was visible, together with a weak 5040 A 
line. Probably the treating operator was 
overcautious in making the stone a dark 
enough green initially, so that when subse- 
quent heating took place the stone was not 
as dark as desired. The presence of the 5040 
A line, according to R. A. Dugdale (British 
Journal of Applied Physics, 1953, Volume 
4, P. 334), is good evidence that the heat 
treatment took place at under 350°C. Dug- 
dale reports that the 5040 A line is lost 
when the stone is heated above 400°C. The 
fact that the fluorescence and phosphor- 
escence were virtually the same before and 
after treatment is in further agreement with 
Dugdale’s work. 

Our next problem was one that offered 
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more difficulty: securing natural yellow dia- 
monds of unquestioned history. Our 
thoughts turned to collections that we knew 
about. We had once examined a private.col- 
lection of some 63 fancy-colored diamonds 
for a client and had noted several surface- 
treated greens and browns, together with 
some yellow stones that showed the sus- 
pected absorption band at 5920 A but no 
visible evidence of treatment, and some dark- 
yellow stones that showed nothing ‘but the 
regular series of cape absorption lines in the 
spectroscope. Several of the rich true canary 
stones showed nothing visually or in the 
spectroscope, as expected. Unfortunately, 
we were unable to contact the collector to 
determine just when each of the stones had 
been added to the collection. We have rather 
arbitrarily set 1950 as the date after which 
any yellow diamond is suspect, although we 
examined our first really attractive yellow- 
treated diamonds in 1952. 

In the course of the past ten months we 
have observed as many known natural yel- 
low diamonds as we could find. We are in- 
debted to Wiss & Sons, Inc., for allowing 
us to examine the personal collection of Mr. 
Jerome B. Wiss. We are indebted also to 
Dr. Brian Mason, curator of the American 
Museum of Natural History’s gems and 
minerals, for allowing us to examine ‘all 
available rough and cut diamonds. We are 
further indebted to the following New York 
firms and individuals: Mr. Ralph Esmerian; 
Avvocato and Tuch, Inc.; Lazare Kaplan 
and Sons, Inc.; Harold Cohen, Inc.; Martin 
Harmon, Tiffany and Co.; Gladys Hanna- 
ford, N. W. Ayer & Sons, Inc.; Wolf Leib- 
ler and Sons; Harry Wachsberg, Barclay- 
Roberts, Inc.; and many others. 

In only two cases did we examine yellow 
stones with uncertain histories in which the 
5920 A treated line was present. One stone, 
an intense chartreuse-yellow with bright 
yellow fluorescence and no phosphoréscence, 
not only showed the 5920 A line but. also 
the 4155 A, 4780 A, and 4650 A lines of the 
cape series and a line at approximately 
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5500 A and one at approximately 5640 A. 
The latter two lines are not recorded in the 
literature, but both have been reported in 
private correspondence by Dr. E. Gubelin 
and Mr. Basil Anderson. The other mystery 
stone also was an intense greenish yellow 
with similar, but weaker, fluorescence. It 
was a small stone, and the only lines ob- 
served were the 5920 A line and the 4155 A 
line. Although neither of these stones was 
of the color to be expected from treatment, 
the fact that their histories are not known 
for certain does raise a warning signal not 
to accept as unqualified proof of treatment 
the presence of the 5920 A line. 

Our next effort was to examine nongem 
rough which, it was felt, would probably 
not have tempted anyone to treat. We are 
indebted to Harry Wachsberg and others for 
this part of our investigation. In none of the 
hundreds of colored industrial stones ob- 
served, many of good color but badly 
flawed or poorly textured, did we observe 
the 5920 A line. 

Meanwhile, Mr. Basil Anderson made 
valuable spectroscopic observations that he 
communicated to me. Most of this work 
substantiated the work reported in this 
paper. Dr. Edward Gubelin also examined 
some 35 yellow diamonds in his private col- 
lection, with virtually the same findings that 
we have had whenever we have examined 
known natural yellow stones. I am indebted 
to these eminent gemologists for their as- 
sistance. i 

It is perhaps’ significant that the treated 
yellow diamonds that have appeared on the 
market to date tend toward a brownish yel- 
low and not toward a greenish yellow. Only 
in cases where an unusually fine white stone 
has been treated does the color approach a 
yellow without a brownish cast. Such stones, 
of course, are not economical to treat. 

A word of caution to the gemologist who 
would test diamonds for absorption lines 
in the spectroscope: Robert Webster sug- 
gests in his Compendium, a strong source 
of light is required for the observation. of 


absorption lines in diamond. Only the 
5040 A line and the 4780 A line are readily 
visible in natural diamionds (when present). 
Fortunately the 5920 A line in treated stones 
can be detected with a lower powered light 
source. Direct transmitted light, such as a 
pearl “candler” or the iris diaphragm of the 
Gemolite, has disadvantages for some ob- 
servations in diamond. First of all, the light 
does not travel as far as when a strong light 
is spotted through the pavilion to be totally 
reflected off the table and thence to the in- 
strument. Further, diamond’s high refractive 
index makes direct transmission difficult. 
Perhaps more important ‘is the fact that the 
“treated’’ lines.are present at room tempera- 
ture, but will disappear temporarily if the 
stone becomes heated to the point where the 
stone becomes uncomfortable to hold. 


On the basis of our findings to date, the 
laboratories of the GIA have decided to 
issue reports on yellow diamonds of a more 
positive nature than formerly. If the 5920 
A line is present, and particularly if it is 
accompanied by the 5040 A line, our report 
will read: “On the basis of investigations 
conducted to date and continuing, it is the 
opinion of the laboratory that the presence 
of an absorption line at 5920 A in-the spec- 
troscope is strongly indicative of color in- 
duced by atomic bombardment.” 


In the case of brownish-yellow to yel- 
low diamonds in which no evidence of 
the 5920 A line is visible, our statement 
reads: “Nothing observed that, on the 
basis of past and continuing research, 
suggests other than natural color.” 


It is hoped that further research may 
make it possible to issue even more posi- 
tive reports for these important stones. 

1b 


BIBLIOGRAPHY OF COLORATION OF DIA- 
MONDS 


(Compiled by Eunice Robinson Miles, G. G.) 


THE AMERICAN MINERALOGIST 


Volume 32, pp. 31-43, 1947, F. H. Pough: 
Experiments in X-Ray Irradiation. 
Volume 27, p. 20, 1947, F. G. Chesley: 


continued on page (117) 
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The Lapidary 


of the 
Learned King 


JOHN E. KELLER, Ph.D. 


Professor of Romance Languages, University 
of N. C. Chapel Hill, North Carolina 


A few miles out of Madrid, on a barren 
hillside and: surrounded by harsh and aus- 
tere mountains, lies a building that contains 
one of the world’s most fabulous libraries. 
The building is the Escurial, built by Philip 
II, a harsh and austére man. To this build- 
ing King Philip brought many books that 
had been ransacked from the best monastic 
and cathedral libraries in the Iberian Penin- 
sula or bought from the richest archives in 
Europe. Not even a great fire, which de- 
stroyed over 4000:books and manuscripts, 
and not even the Russians, who carried 
off other books and art treasures during 
the late Spanish civil war, could deplete the 
Escurial’s supply of wonderful books. And 
among these books today is found the -once 
celebrated, but now seldom read, work of 
Alfonso X el Sabio (the Learned), a book 
known as the Lapidario. This work on gems 
is not the only work patronized by ,the 
Learned King. In the Escurial. are to be 
found the famous Cantigas de Santa Maria 
(Canticles of Holy Mary), the Libro de 


Astronomia (Book of Astronomy), as well 
as others. King Alfonso K was not known 
as the “Learned” for nothing. Few monarchs 
in any age, and none in the Middle Ages, 
were his equal as a scholar or’as a patron of 
the arts and letters; none took such an in- 
terest in the laws and the sciences; none had 
such broad and careful treatises written on 
games like chess, dice and hunting. 

In medieval times, lapidaries were much 
in vogue, for men in the East, as well as in 
Europe, set great store by the magical prop- 
erties of precious stones. Doctors of medi- 
cine used such stones, whole ae pulverized, 
as cures for any number of ailments, and 
generations of people, both men and wo- 
men, carried gems,as charms against misfor- 
tune and physical danger. King Alfonso’s 
Lapidario is the most complete repository of 
this lore in existence. Scholars believe that 
this book, so carefully translated out of 
Arabic at the Learned King’s court, was 
known outside of Spain. Sir John Mande- 
ville, writing in fourteenth-century England 
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King Alfonso X and his Scribes (page 1, reproduced from the Lapidario) 
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Of the stone which they call cazura (left column) 
Of the stone that flees from honey (right column) 
(page 35, reproduced from the Lapidario) 
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Of the stone which they call harnumca (left column) 
Of the stone which they call culucandria (right column) 
(page 44, reproduced from the Lapidario) 
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Of the stone which appears in the sea (left column) 
Of the stone which is named beyti (right column) 
(page 89, reproduced from the Lapidario) 
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(but writing in French) of his travels, men- 
tions the Lapidario as a book “with which 
many men are not acquainted,” but other re- 
ports indicate that the Lapidario was well 
known and that many other books were 
based on it. 

The copy in the Escurial is truly a won- 
derful piece of writing. It is a royal manu- 
script, and no expense was spared to make 
it a thing of great beauty. The best scribes 
— artists of calligraphy — penned it; the 
best professional illuminators illustrated it 
with some of the Middle Ages’ finest art 
work, and the man who translated it from 
Arabic was certainly a scholar in two 
tongues and a person of extreme meticulous- 
ness. At the beginning of the index to the 
Lapidario there is an illumination in vivid 
colors representing the king and his sages 
and scholars. The black-letter text describes 
the book as having been translated into Cas- 
tilian ‘from the books of the ancient phil- 
osophers’” and transcribed in the Spanish 
Era 1314 (in our own computation of time, 
in the year 1276), the twenty-fifth year of 
the king’s rule. It was transcribed at the 
command of ‘‘the much exalted and honored 
Don Alfonso, lover of sciences and learning, 
by the Grace of God, King of Castile and 
Leon, Toledo, Galicia, Seville, Cordova, 
Murcia, Jaen and Algarve.” 

When one considers the difficult times in 
which this king played an important role, 
it is surprising that he found the time to en- 
gage in so many learned and scholarly pur- 
suits. An impoverished treasury and a no- 
bility often in rebellion; attacks from 
Moorish Spain into his realms; civil war 
brought on by his own son, Sancho the 
Fierce; and a wife who was, to say the least, 
one of history’s greatest shrews, should 
have left him no time and little money for 
the patronage of art and literature and 
science. Nevertheless, he managed to make 
his court the seat of Europe’s greatest learn- 
ing in the thirteenth century. To it flocked 
all “wise men,” Catholics, Moors and Jews, 
to receive his help and support. He was very 
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anxious to make Castillian a language of 
learning, and had most of the learning of 
the times translated into his native tongue; 
he was the first to command all public docu- 
ments to be written in Spanish, when other 
nations were still using Latin; he had the 
Bible translated; he had the laws compiled 
into a codex that rates as one of the three 
most detailed and voluminous codices in the 
world (the Codex of Hammurabi and the 
Code of Justinian are the others) ; his astro- 
nomical tables were the only ones in gen- 
eral use in Europe until the sixteenth cen- 
tury; his Cronica General is one of the 
earliest and one of the’ largest of all na- 
tional histories; and his Canticlés of Holy 
Mary record the greatest number of Our 
Lady’s miracles, replete with illuminations, 
musical notation, and the miracles written 
in verse. 

The Lapidario is divided into twelve 
parts, in accordance with the twelve signs 
of the zodiac. At the beginning of each part 
there is an elaborate design, surrounded by 
its corresponding constellations, which are 
said to influence “all terrestrial bodies,” for, 
according to the Lapidario, there is a mys- 
terious waxing and waning of the virtues 
of stones and plants in accordance with the 
position of the stars. 

This book of stones is divided into many 
short chapters. The numerous and colorful 
illustrations are interesting and informative 
as pictures of medieval life. Mere reproduc- 
tions can hardly give an adequate idea of the 
startling beauty of these illuminated pages. 
There is a great richness of red, blue, green 
and yellow, blended delightfully and most 
skillfully shaded. 

The names of the stones and gems are not 
all in Spanish or Latin. Some of them ap- 
pear with the original Arabic names, and, 
since these were names in the thirteenth cen- 
tury, some have not even survived in Arabic 
and therefore cannot be identified today. 

Three hundred and sixty stones and gems 
are listed, and many have such fantastic and 

(continued on page 118) 
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Diamond Colors 
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Diamonds as found in nature show a 
great variety of colors. Although the exact 
nature of the color ceriters in diamond crys- 
tals is still somewhat of a debatable point, 
it is certain that minor elements play a pre- 
dominate role in most cases. Various im- 
purity elements, of which aluminum, cal- 
cium, magnesium and kilicon are quite com- 
mon, happen to be dissolved in the diamond 
crystal lattice. in much the same way as zinc 
may be dissolved in copper. By this we do 
not imply, however, that diamond crystal- 
lized from the molten state of carbon; nei- 
ther is it alleged that the just-tpentioned ele- 
ments always act as chromophores in dia- 
mond. 

Diamond colofs resulting lide the -pres- 
ence of minor elements are highly stable, 
even at temperatures up to about 500° C. 
This is understandable if it sik realized that 
impurity atoms were trapped jin the crystal 
lattice when the lattice was formed. This 
formation, as is now generally assumed, 
came about under quasi-equilibrium con- 
ditions of high temperature and high pres- 
sure. Since the dissolved elements have been 
subjected to these extreme conditions, we 
expect them to be hardly or not at all af- 
fected, either chemically or physically. at 


the so much milder conditions of raising 
the temperature to 500° C. at ordinary pres- 
sure. Even a temperature of 1000° C. is 
mild when compared with the assumedly 
much higher temperature of diamond for- 
mation. Impurity-introduced diamond colors 
are stable at this fairly high temperature as 
well, but a quite drastic and purely physical 
phenomenon takes place even at tempera- 
tures lower than 1000° C. The diamond 
crystal is transformed into gtaphite, an al- 
together different allotropic crystal médifi- 
cation. The activation energy at this tem- 
perature is, still too small for any chemical 
reaction to take place involving the minor 
elements present and in the absence of air. 
Heating a diamond to 500° C. is actually a 
simple method to verify whether the color, 
if. present at all, was introduced after the 
diamond was crystallized. If the color. has 
not changed. after the diamond is cooled 
down again to room temperature, it may be 
asumed that minor elements are responsible 
for its color. If, on the other hand, the color 
does change, it is highly probable that the 
color centers, whatever they may be, were 
introduced at very much less severe condi- 
tions than those at which diamonds were 
formed in nature. 
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ABSORPTION CURVES IN DIAMONDS 


(1) colorless diamond 
| (2) mauve diamond 
: | (3) light-pink diamonds 
The absorption coefficient in cm=1 is plotted against 
——— the wavelength in Angstrom Units (1 Angstrom = 


10-8 cm). The absorption at wavelengths shorter 


than 4000 Angstrom Units has no significance 
so far as color production is concerned. 
The letters No, N3, Na refer to groups 
of absorption bands. 


ABSORPTION COLFFICIENT (ett). 
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Two types of diamond colors are known 
to change on moderate heating. One color 
is introduced artificially either by bombard- 
ment with neutrons from nuclear reactor 
with electrons from a high-voltage electron 
source, or by irridiation with sufficiently 
energetic gamma rays. The resulting color 
is green, blue and greenish blue, respec- 
tively, and all of these colors turn into a 
pale brown or yellow when heating the arti- 
ficialy colored diamonds to 450° C. A repre- 
sentative of the other type is a natural green 
diamond frequently found in Sierra Leone. 
It shows the same bottle-green color as a 
neutron-bombarded diamond, and it will 
also turn light brown on raising its tempera- 
ture sufficiently high. Its green color can be 
explained by assuming that the diamond has 
been in contact with a radioactive substance 
(such as uranium) dispersed in the rock in 
which the diamond was embedded or pres- 
ent in the alluvial ground in which dia- 
monds occur?. 

Such diamond colors that change on heat- 


1 The characteristic bottle-green color of Sierra Leone 
diamonds might point to the presence of uranium 
compounds somewhere near the spots where diamonds 
are found. 


ing the crystal are not due to minor ele- 
ments, since it is impossible for these ele- 
ments to diffuse out of the crystal lattice 
during the short period that heat is applied. 
Neither can a color change be explained by 
assuming that the configuration around the 
impurity atoms is altered on heating, or 
that these atoms might take up new equilib- 
rium positions which could cause the elec- 
tronic energy levels and thus the color to 
change. The reason for this is that the 
minor-element atoms already occupied the 
most stable equilibrium positions when the 
diamond was crystallized. 

It is now well-known that the just- 
mentioned artificial coloration is due to a cer- 
tain fraction of the carbon atoms themselves 
being displaced from their original posi- 
tions, and this so-called radiation damage 
may be more or less severe depending on the 
type of projectile and on its energy. It is 
assumed that a fast neutron penetrating a 
diamond crystal can raise its temperature 
locally to extremely high values, as if the 
diamond, in a space of the dimensions of a 
few Angstrom units, was made to boil for a 
very short time, A somewhat chaotic atom 
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arrangement is thus created under condi- 
tions that are far from equilibrium. This 
chaos can -be undone only partly by subse- 
quent heating, and the result is a pale-brown 
diamond. 

-Of course, it can not be excluded that 
some of the impurity elements will be trans- 
muted to other elements when bombard- 
ing the diamond, with neutrons or other 
atomic projectiles. Such nuclear reactions 
are, however, entirely overshadowed by the 
above-mentioned carbon-atom displacement. 
It should be remembered that the minor- 
element concentrations are small and very 
seldom larger than 0.1% by weight. 

An extensive program of research on the 
subject of artificial diamond coloration and 
on the effect of heat on such diamonds has 
been carried out at the University of Read- 
ing. The results of this investigation have 
been published by Clark, Ditchburn and 
Dyer-?. 

The Diamond Research Laboratory has 
been engaged for quite some time in trying 
to establish ‘a relation between the natural 
color of diamonds and their impurity- 
element content.. A’ fairly comprehensive 
paper on the subject of minor-element con- 
tent has been published by Raal in the Amer- 
ican Mineralogist, 19573. It was found that a 
relation as mentioned above could not be 
clearly established, although there was a 
tendency for some elements such as iron and 
copper to be present in colored diamonds. 
One of the difficulties in relating a certain 
minor element to a color is that normally 
more than one element is found. Another 
difficulty is that the light-absorption curves 
of diamonds, as determined by means of an 
absorption spectrophotometer have, even at 
low temperature, no well-defined maxima 
that can be ascribed to certain impurity ele- 
ments. It is true that Type I diamonds in 
particular show sharp absorption maxima, 
as is evident from the paper by Clark, Ditch- 
burn and Dyer1, but these maxima are due 
to the electronic and vibrational energy 
levels of the diamond crystal itself, and 


definitely not to minor elements. Moreover, 
they occur for the greater part in the ultra- 
violet, and thus cannot greatly. contribute to 
color production. 

For the first time, however, we have es- 
tablished that the color of mauve and pink 
diamonds is most probably due to one ele- 
ment only; namely, manganese. A white, a 
strongly mauve colored and a light-pink 
diamond, respectively, were carefully ex- 
amined with respect to both their minor- 
element content and their absorption spec- 
tra. A new absorption band was found to. be 
present in all pink and mauve diamonds 
thus far examined. The maximum of this 
broad band was situated at 550 millimicrons 
(as shown in Figure 1) for the pink and 
mauve stone, respectively. Some brown dia- 
monds also show this band apart from a 
fairly strong general absorption in the violet 
part of the spectrum, which gives the stone 
its predominantely brown color. 

It will be seen that the maximum for the 
mauve diamond is much more pronounced 
than that of the pale one, as one would ex- 
pect, since the first-mentioned color was 
much stronger than the pink. 

The next step was to analyze the dia- 
monds for minor-element contamination, 
and it was found by Raal and his coworkers 
that manganese was present besides the ele- 
ments silicon, calcium, mangnesium and 
aluminum, which are common to nearly all 
diamonds. The analysis was semiquantita- 
tive, resulting in a larger manganese concen- 
tration in the deeper colored stones. It is 
thus highly probable that the color of mauve 
and pink diamonds is due to manganese. 

In a few cases of pale-pink diamonds, the 
persistent spectral lines of manganese could 
not be detected. This may have been due 
io the manganese concentration being 
smaller than about 10 parts per million, in 
which case it would be-very difficult to es- 
tablish the presence of these lines: Their 
appearance depends also to some extent on 
the other minor elements present, since these 
will affect the excitation in the high- 
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temperature electrical arc of the element to 
be analyzed. 

We can ask ourselves in what form the 
manganese is present in the diamond crystal. 
It may be assumed that it occurs in the form 
of an ion, either as the trivalent ion Mn+, 
or as the divalent ion Mn?+. The absorption 
of the ion will depend on its atomic sur- 
roundings. In diamond it is surrounded by 
covalent bonded carbon atoms, which may 
be considered as C4+ ions. Now it is known 
from extensive investigations on colored 
glasses that Mn%+ ions give a strong purple 
color, whereas Mn? results only in weak 
yellow and pale-brown colors. The absorp- 
tion maximum of the Mn+ ion lies between 
470 and 520 millimicron, depending on the 
base glass. We are thus led to suggest that, 
the manganic ion Mn+ is the coloring agent 
in the pink and mauve diamonds. Since in 
diamond the Mn+ ion is surrounded by C+ 
ions, as opposed to O?- ions in the case of 
glass, the maximum of its absorption would 
tend to shift somewhat towards longer 
wavelengths compared with its position in 
glasses. 

Finally, we should mention the peculiar 
steel-blue color shown by nearly all semi- 
conducting diamonds that have been classi- 
fied as Type IIb5. Some of these Type IIb’s 
are among the purest diamonds ever 
analyzed; they are generally purer than 
Type Ila diamonds, which are again purer 
than Type I’s. We know that the semicon- 
ductivity and the color are related some- 
how, and we never came across an excep- 
tion to the rule that all natural blue dia- 
monds are semiconducting. On the other 
hand, however, we found a few semicon- 
ducting diamonds that were pale brown. 

The only minor elements found spectro- 
graphically in natural blue diamonds were 
aluminum, magnesium and silicon, in very 
low concentrations. We do not think that 
either one of these elements is the coloring 
agent, for diamonds that were found to con- 
tain very much more of these elements (in 
one case 50 parts per million of silicon) 
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were not blue. Neither could silicon or mag- 
nesium be the cause of the semiconductivity 
of Type IIb diamonds, since we would ex- 
pect only elements of which the valency is 
3 or 5 to be responsible for this electrical 
phenomenon. The only possibility left 
would be aluminum, which has a valency 
3, and could thus act as an acceptor atom. 
But again we would then ask why so many 
diamonds containing a high aluminum con- 
tent are colorless. 

It is obvious from the above short survey 
that we do not know nearly all of the as- 
pects of this interesting subject of minor- 
element content in diamonds. It is even pos- 
sible, in so far as semiconductivity is 
concerned, that the method of spectrographic 
analysis cannot give the answer, since its 
analysis capacity does not go below a con- 
centration of one part per million. We 
know from the elements silicon and ger- 
manium that they can be made into semi- 
conductors by the introduction of foreign 
atoms in concentration of one part per ten 
million, or even less. The author also feels 
that the blue color of the great majority of 
semiconducting diamonds might not be due 
to an impurity element but to some other 
type of lattice defect that would also be 
responsible for the electrical properties of 
this type of diamond crystal. 
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A New Imitation Turquois 
from Germany 


By 


ROBERT WEBSTER, F.G.A. 


Turquois, with its beautiful blue color, 
has been prized as a medium of adorn- 
ment since early times, and was so used 
by many of the ancient civilizations of both 
the Old World and the New. Also, it was 
one of the earliest, if not the earliest, gem- 
stones to be imitated. 

A. Lucas (1) mentions several turquois- 
colored objects found during archaelogical 
excavations in Egypt. In general, these con- 
sisted of frit composed of crystalline com- 
pound of silica (quartz pebbles), copper 
(malachite, for example) and calcium (na- 
tron, for example). Another type was a 
glazed siliceous ware. Objects of glass, 
colored turquois-blue with copper com- 
pounds, have been discovered at Thebes, 
and glass pieces colored by cobalt were 
found in the tomb of Tut-Ankhamen (or 
Tutenkhamon). 

So much for early history. In more re- 
cent times, apart from colored and opaci- 
fied glass, stained chalcedony, and glazed 
chinaware, the main imitations that most 
nearly resemble turquois are finely ground 
and suitably colored powders having a com- 


position near that of turquois. These are 
bonded by some form of cement or consoli- 
dated by pressure. Such an imitation is the 
so-called “Viennese turquois,”” which, ac- 
cording to Koch/Dudich (2), is composed 
of 0.5 parts of malachite, six parts of alumi- 
num hydroxide, and two parts of concen- 
trated phosphoric acid. These constituents, 
after being thoroughly mixed and ground to 
a fine powder, are heated to over 100° C. and 
compressed with great force. The finished 
product is said to have a similar specific 
gravity, hardness and chemical composition 
as the natural turquois. G. F. Herbert Smith 
(3) mentions an imitation with similar 
characteristics that had been made by pres- 
sing together a precipitate of aluminum 
phosphate colored blue with copper oleate. 

For purposes of comparison with the 
new German material, to be discussed 
later, the results of some tests on a ‘“Vien- 
nese turquois’” type of material may, with 
advantage, be given. Chemical tests showed 
the presence of copper and phosphorus, and 
when the material was brought into solu- 
tion of acids, the addition of ammonia pro- 
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duced a flocculent precipitate indicating the 
presence of aluminum. The refractive index 
was found to be about 1.45. The material 
is much more porous than true turquois, and 
this is made very evident when a density 
determination of the material is made. A 
“snap” density determination will give a 
value of 2.4, which goes up to as much as 
2.7 with well-soaked material. 

The material does not exhibit lumines- 
cence and does not decrepitate when heated 
in a flame. A spot of concentrated hydro- 
chloric acid when placed on the surface 
turned to a strong yellow-green color that, 
when absorbed on a filter paper, produced 
a yellow stain. Apart from the acid destroy- 
ing the polish, the specimen itself suffered 
little harm. Hydrochloric acid does not 
have this effect when placed on real tur- 
quis, but does behave similarly with the 
natural copper minerals, malachite and 
chrysocolla. 

Since the end of World War II, other 
types of artificially produced turquois imi- 
tations have been encountered, such as the 
“reconstituted turquois” of good blue color 
with a spider-like network of dark-brown 
lines mentioned by Liddicoat (4). Another 
so-called “synthetic turquois,” said to have 
emanated from Miami, Arizona, was: report- 
ed on by Webster (5) and Lee (6), in 
which the bonding of the grains was found 
to be a styrenated alkyd. The earlier type 
of this imitation showed its hardness to be 
about 234 (Mohs’ scale), the specific 
gravity to be 1.85, and the refractive index 
about 1.56. A later and more compact type 
had a density of °2.39. In these plastic- 
bonded types the porosity was much less 
apparent, but, like the “Viennese turquois” 
mentioned above, a spot of hydrochloric 
acid turned to a yellow-green when applied 
to the surface of the specimen. 

The new German imitation has a very 
good turquois color, is veined with a dark- 
colored ‘‘matrix,” and takes an excellent 
polish. 

The composition of this new ma- 


terial has been well covered by the investi- 
gations of Steinwehr (7), who, by X-ray 
diffraction methods, categorically proved 
that the material was not turquois, that 
the diffraction. picture obtained gave an 
indication that the substance was a mix- 
ture of bayerite and a copper phosphate 
[Cug (PO4)2. 30H}, and that the “matrix” 
was probably due to some amorphous iron 
compound. 

Bayerite, which is an important by- 
product of the clay and aluminum indus- 
tries, has a composition chemically the same 
as gibbsite (hydrargillite), which is 
AL (OH)s, or may be expressed as 
AL2033H20. 

A qualitative chemical test, carried out 
by C. H. Schmitt, showed the presence of 
aluminum, copper and phosphate, with a 
little iron. This agrees entirely with the 
X-ray results. 

Experiments by the writer on a sample 
of this material proved, if proof is needed, 
that the substance contained phosphorus, 
copper, aluminum and possibly iron, the 
test by potassium ferrocyanide for this ele- 
ment being considerably masked because of 
the presence of much copper. The material, 
when heated, blackens but does not decrepi- 
tate like the true turquois. A thinnish sec- 
tion examined under the microscope showed 
the material to have a granular nature as 
though a fine-grained powder had been con- 
solidated by pressure. No proof of a plastic 
binding could be found. 

The material could be just scratched by 
fluorspar; therefore, the hardness for this 
imitation turquois is about 334 on Mohs’ 
scale. The refractive index, as far as could 
be determined on a refractometer, was a 
vague reading at about 1.55. The material 
is porous, making the determination of the 
specific gravity unsatisfactory. A “snap” de- 
termination gave values as low as 2.33, but 
after allowing pieces to soak for some time, 
values near 2.40 were obtained. 

The absorption spectrum of true turquois 
(lines in the blue, particularly one at 4300 
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A), does not appear in the imitation. In- 
deed, the turquois lines have never been 
seen in any imitation of turquois and are 
therefore diagnostic. Under the long-wave 
ultraviolet light, the new imitation shows 
a bluish glow pin-pointed with bright-blue 
spots, and exhibits a similar but weaker ef- 
fect under the short-wave lamp. Like so 
many of the turquois imitations that owe 
their makeup, in part, to natural copper 
minerals or copper compounds, a yellowish- 
green color is induced in a spot of hydro- 
chloric acid placed on the surface. 

This new German imitation turquois is 
undeniably attractive and makes a good imi- 
tation. However, it can be identified without 
difficulty because of its unnatural-looking 
“matrix” veins, its low hardness, and its re- 
fractive index. The acid test, if used on an 
inconspicuous part of the base of a speci- 
men, leaves little or no damage and will 
easily prove whether it is genuine or imi- 
tation. 

In conclusion, thanks must be given to 
G. O. Wild of Idar-Oberstein who provided 
the specimen of this new imitation turquois. 


References 

1. Lucas, A. Ancient Egyptian Materials 
and Industries. pp. 101, 115, 122, 284, 
1934. : 

2. Koch, S. and Dudich, M. Precious 
Stones, p. 418, (in Hungarian). 

3. Smith, G. F. Herbert. Gemstones. p. 
406. London 1949. 

4. Liddicoat, R. T. Reconstituted Tur- 
gquois. Gems & Gemology. Vol. 5. No. 6. 
p. 330. Summer 1946. 

5. Webster, R. Imitation Turquois from 
the U.S.A, The Gemmologist. pp. 190-192. 
No. 279. Vol. XXIII. October 1954. 

6. Lee, H. Tests on the Bonding of Arti- 
ficial Turquois. The Gemmologist. pp. 199- 
200. No. 280. Vol XXIII. November 1954. 

7. Steinwebr, H. E. v. Eine neue Turkis- 
Imitation. Zeit. d Deutsch. Gesell. f. Edel- 
steinkunde. No. 21. pp. 3-4. Autumn 1957. 


THE GEMMOLOGIST 


WINTER 1957-58 


(continued from page 104) 


SPECTROSCOPIC RECOGNITION OF 
BOMBARDED DIAMONDS 


Investigation of the Minor Elemerits in Diamond. 
Volume 8, pp. 171-180 & 201-209, 1923, S. C. 
Lind & Bardwell: Alpha Bombardment. Volume 
37, pp. 941-949, 1952, J. G. Hamilton & T. M. 
Putnam: Effect of Heavy-Charged-Particle and Fast- 
Neutron Irradiation on Diamond. | 


GEMS & GEMOLOGY 
Volume 6, pp. 167-170, Summer 1949, J. A. 
Hardy: Report on a Radioactive Diamond. 
Volume 7, pp. 3-11, Spring 1951, F. H. Pough & 
A. A. Shulke: The Recognition of Surface Irradia- 
ted Diamonds. : 
Volume 6, pp. 295, Summer 1950, M. L. Ehr- 
mann: Bombarded Diamonds. 


OPTIMA 
Volume 3, No. 4, December, 1953, published by 
Anglo-American Corporation of South Africa, J. 
F. H. Custers: Artificial Colouration of Diamonds. 


PHYSICAL REVIEW ' 
Volume 62, p. 80, 1942, J. M. Cork: Induced 
Color in Crystals by Deutron Bombardment. 


UNCLASSIFIED COMMUNICATION, A.E.R.E. 
N/PC 15, October, 1950, R. A. Dugdale: Neu- 
tron-Irradiated Diamonds. 


BRITISH JOURNAL OF APPLIED PHYSICS 
R. A. Dugdale: The Colouring of Diamonds by 
Neutron & Electron Bombardment. 


JEWELRY 
February, 1949, pp. 88, 90, A. E. Alexander: 
Notes on the Irradiation of Stones and Gemstones. 


ATOMICS 
Volume 1, p. 79, 1950, Anon., Neutron Treat- 
ment of Precious Stones. : 


THE JOURNAL OF GEMOLOGY 
Volume 5, No. 7, pp. 339-341, 1956, W. F. 
Cotty: Identification of Diamonds by their Fluor- 
escence. 


THE JEWELERS-CIRCULAR KEYSTONE 
May 1954, p. 76, F. H. Pough: The Present Status 
of Diamond Coloration Treatment. 


SONDERHEFT ZUR ZEITSCHRIFT DER DEUT- 
SCHEN GESELLSCHAFT FUR EDELSTEIN- 
KUNDE 
July, 1957, p. 71, F. H. Pough: The Coloration 
of Gemstones by Electron Bombardment. ; 


Volume 21, No. 255, p. 
Colouring in the Cyclotron. 
Volume 19, No. 227, p. 115, June 1950, Robert 
Webster: Luminescence & Photocoloration of Syn- 
thetic White Corundum and Spinel. 

Volume 28, No. 212, p. 63, March 1949, A. E. 
Alexander: Cyclotron-Treated Diamonds. Volume 
28, No. 216, p. 167, July 1949, A. E. Alexander. 
Volume 23, No. 274, pp. 81-85, May 1954, J. F. 
H. Custers: Artificial Coloration é6f Diamonds. 
Volume 23, No. 275, pp. 101-102, 105-107, June 
1954, J. F. H. Custers: Lectures in London on 
Coloring Diamonds; Artificial Coloration of Dia- 
mond. (2 articles) Volume 25, No. 300, pp. 115- 
119, July 1956, B. W. Anderson: C. J. Payne: 
The Spectroscope & Its Application to Gemology. 
Volume 25, No. 305, pp. 212 (continued from 
No. 300) 

Volume 26, No. 306, p. 46, January 1957, The 
Luminescence of Diamond. 


191, October 1952, 
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(continued from page 110) 


THE LAPIDARY OF THE 
LEARNED KING 
extraordinary properties that one begins to 
think of fairy tales and the most exotic tales 
out of the mystic East. There is the ‘‘stone 
of sleep,’ which is red, transparent, diffi- 
cult to shatter, impervious to fire, and glows 
at night so that ‘those who ilive on the Isle 
of Alicuas, near the Sea of Alcuzun (the 
Red Sea), on whose shores the stone is 
found, when they see a light shining at 
their feet in the night, stoop and pick up the 
stone of sleep.” This stone is prized by phy- 
sicians and surgeons because it brings a 
calm and restful slumber, after which the 
patient awakens clear of mind and refreshed 
in body; therefore, it is “much used for the 
wounded so that for awhile, they may forget 
all pain.” This powerful stone, when used 
as medicine, must be handled with great 
caution and taken only in small quantities. 
One single drachma is enough to bring on 
uninterrupted sleep for three whole days 
and three whole nights, and even then. if 
the sleeper is not awakened by one who un- 
derstands the virtue of the stone of sleep 
and knows how to give the sleeper his full 
release, he will turn over and sleep again. 
One chapter is labeled “About the Stone 
Which is Called the Diamond.” It reads as 
follows: “The Sigh of Taurus (the Bull) 
is the second among the twelve signs of the 
Zodiac we have mentioned. It is divided into 
thirty degrees and a kindred stone corre- 
sponds to each degree; and it is from these 
that it holds its virtues, as will be explained 
in the following. The stone called Mex in 
Arabic and diamond in Latin is the first of 
these stones. By nature, this stone is cold 
and dry in the 4th degree. It originates in 
the river called Barabicen, which flows 
across the land called Boracim. However, 
it becomes stone (it crystalizes) only in the 
land that enjoys six months of perpetual 
daylight and six months of continuous 
darkness. No man has ever visited the land 
where this river originates, for there are 
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many serpents and other beasts dangerous in 
many ways, and there are also vipers that 
kill a man by merely looking at him. These 
are the reasons that men do not dare to go 
to that place. 

“When the river is in flood, numerous 
small tributaries and canals branch off from 
it and carry the stones along. There again, 
as where the river has its origin, there are 
some very large and also very small stones. 
Some are of a transparent dusky hue, re- 
minding one of brass; others are light green 
or light yellow, but the best of them look 
like clear, glass. 

“There are men who manufacture paste 
diamonds. In order to find out which is real 
and which is false, or paste, it is best to put 
the stones in fire, when the paste stone will 
melt. But not even fire is able to destroy the 
true diamond, which is able to split any 
other stone by drilling or by cutting, while 
no other stone is able to crack it. Besides, 
when the diamond carries other stones along 
it grinds them. However, there is a kind of 
lead, called azrob in Arabic and oxyde of tin 
in Latin, that cracks the diamond in the fol- 
lowing way: the stone should be inclosed 
completely in oxyde of tin, and then by hit- 
ting it with a hammer it cracks immediately. 
After a crack has been produced, the stone is 
put into a mortar of the same metal and 
pounded until it is pulverized. If a little of 
this powder is mixed with some other mat- 
ter and given to a man suffering from a 
stone in the bladder, the stone is immedi- 
ately destroyed and the patient is cured. 
Some people take a small splinter of dia- 
mond and fix it on a thin piece of iron and 
apply it to a man who suffers from a stone 
in the genital parts in such a way that the 
diamond is in contact with the diseased 
part. The stone straightway is broken up. 
But this should be applied only in cases 
where recovery of the patient seems rather 
doubtful. 

“Those who drill or cut other stones use 
small, light, and very sharp-edged pieces 
of diamond fixed to a stiletto of silver or 
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copper and drill or cut other stones with it. 
The diamond is also. very poisonous on ac- 
count of the poisonous animals which breed 
where the stone is found. As the stones are 
always of a squate shape and have: sharp 
edges, they scrape against these poisonous 
creatures and thus are contaminated with 
their venom. Therefore, when one takes the 
diamond into his mouth and holds it there 
for awhile it ruins his teeth and they fall 
out. It does even worse harm: if one takes 
the weight of a drachma (a small cae) and 
grinds it with the help of lead, as; above 
mentioned, and gives it to a man to drink, 
that man. will die. | 

“We have mentioned previously that the 
diamond is of a cold and dry nature and 


: 
that its powers are such that those who carry 


it are cured immediately, move swiftly, and 
are able to do anything that demands bravery 
and daring. The fiery star, which is located 
in the right muscle of the arm of the one 
who looks up with attention! and the other 
one, which is just.above the head of the 
same figure, hold the power over this stone 
and it is from these. that it gets its virtue. 
When these stars are in the mid-heaven, the 
stone is the most powerful. 

“The stone that is called diamond be- 
longs to the third phase of the sign of 
Gemini. It is the same of which I have 
spoken when treating the first degree of the 
sign of Taurus. Its powers are such that the 
man who carries it will be very fond of his 
home and will be very lucky in it. People 
will speak kindly-of him. The same things, 
but in a more restricted way, apply also to 
Saturn, in this phase and in its ascendant, 
and in its time and in the triple aspect, or 
when observed together with the moon. The 
powers of the figure armed with the bow, 
the quiver and the arrows descends on this 
stone.” 

There is a stone called “the stone that 
flies from wine.’ The Lapidario gives it no 
other name, but Ptolemy is quoted as an 
authority about it, and in the Middle Ages 
Ptolemy was considered a great authority on 


many things. His word was good enough. 
He is quoted as saying that the stone of 
sleep comes from ‘“‘an island named Cacuac 
in the Sea of Alcuzun, where: strange trees 
grow that bear fruits shaped like the figures 
of women hanging by the hair of their 
heads.” The stone is very precious for its 
clearness and beauty, and kings place it’ in 
their crowns, and. great noblemen use it 
as their adornment. The chief feature, how- 
ever, is its abhorrence of wine which is so 
great that if it is placed in close proximity 
to any alcoholic liquid, the stone will “jump 
away.” And, continues the Lapidario, “yet 
another marvel is in this stone: when it is 
burned, its ashes will retain the beautiful 
colors of the stone, and will have the virtue 
that if they are placed in a barrel of wine, 
the wine will turn to a liquid the color of 
clear water, no matter how strong a wine it 
was.” 

Still one other property is that it protects 
the one who carries it or wears it from 
giving rein to devilish imagination and 
keeps him from fearing the darkness. 

The emerald has a great store of lore in 
its history. It, like many other jewels, was 
said to possess great virtue. The Lapidario 
says that it is ‘‘a remedy for all mortal poi- 
sons and for wounds and the bites of poison- 
ous beasts. Take one drachma and pulverize 
it and give it in wine or water to a poisoned 
man, and he will not die, nor lose his hair, 
nor will his skin peel off.” 

However, there are certain adverse po- 
sitions of the stars that have so deadly an 
influence upon the emerald that he who 
wears it at such times ‘will have his senses 
clouded and he will understand nothing un- 
til he removes the gem from the decorations 
of his person.” 

And if one has the emerald’ engraved with 
the figure of a man or of a lion, he may 
travel from court to court with no fear of 
harm, knowing full well that he will be re-| 
ceived by princes and great men. 

Some of these beliefs lasted into the 
Renaissance, and indeed, even today folk- 


WINTER 1957-58 


119 


lorists find them among the people of many 
areas of the earth. .Remodeus had earlier 
than the Renaissance praised the mystic 
powers of jewels, stating that “they adorn 
kings’ crowns, grace the fingers of men and 
women, make household treasures more 
bright, defend men from enchantments, 
keep them healthy, cure diseases, and drive 
off grief and worry.” Such depression the 
Lapidario likewise says are to be healed by 
stones. 

In the Renaissance, too, to return to the 
stones graven with figures of men and 
beasts, Benevenuto Cellini, the great silver- 
smith and jeweler, set jewels engraved into 
fine settings as talismans. 

The emerald had power against evil de- 
mons and spirits, according to the Lapidario, 
and “for this reason and due to its beautiful 
green hue, it is greatly loved by men.” Be- 
sides, ‘‘under the influence of certain plan- 
ets it makes its owner loved by old people, 
by writers and sheriffs, and the emerald’s 
possessor can do as he will with these 
people.” 

Before taking up the ruby, let us look at 
another of the stones difficult to identify. 
This is called “the stone of the hermit.’”’ It 
is found “in the sea called Alcuzun, over 
which Moses led the Israelites to pass, Men 
use it in strings of beads or set into rings, 
for when they wear it they are able to escape 
the wiles of women. Therefore, wise men 
of olden times gave it to hermits and re- 
ligious men and to all who have taken vows 
of celibacy.” 

But women were given a chance after all. 
A stone known at Tacitz (also not identi- 
fied) stands them in good stead. It is “a 
stone resembling crystal, although not quite 
so clear, and it has a dark center in the form 
of a shadowy line. The woman who wears 
it can enslave all men at will.” The Learned 
King does not tell what would happen if 
a beautiful lady equipped with a fine 
Tacitz set out to win a fellow protected by 
a string of stones of the hermit. 

The Lapidario names the ruby as the 


Bezebekaury, but it has been identified with 
the ruby. ‘In Chaldean,” relates the Learned 
King’s book, ‘the name means ‘remover of 
sorrower and giver of joy’,”’ because the 
stone has the power of doing these things. 
He who carries it can drive away any kind of 
sadness whatever. It is found in Zulum, near 
the town of Eniz (wherever this is). It is 
of great beauty and is colored either red or 
green, and every stone is quite clear and of 
great brilliance. A famous history of the an- 
cient world (Rawlinson) says that green 
rubies were found in Bactria and red ones 
in Caria. Scholars think that these are the 
Bezebekaury. s 

Such stones, “when reduced to powder, 
are mixed with remedies for weakness of the 
heart,” and can be used effectively to cure 
sores and break blood clots. 

There is a stone ‘that turns water into 
blood,’”’ and one that “turns gold into sil- 
ver,’ and crystal breaks off drought and at- 
tracts rain to stricken areas. Cornelian is 
good for lawyers, for “it strengthens the 
voice and gives them power to plead cases 
fearlessly.” But they must not wear it dur- 
ing the ascendancy of certain stars and plan- 
ets, lest it make them sad and discouraged. 

Then there was the “stone of the three 
colors,” which was pulverized and mixed 
with the flowers of the privet to produce a 
jet-black hair dye that would not fade. 
Another was stopaza, which caught snakes 
and other reptiles that were believed to 
stick to it and thus were caught. The Dich- 
mid, which was green jasper, under certain 
planetary conditions causes strife. The 
Zayetanizes made the wearer immune to 
the bites of beetles and insects. There was 
a stone “that flies away from honey,” “‘the 
stone that rises in, the sea when the planet 
Mercury rises,” and the ‘stone that attracts 
gold as the magnet attracts iron.” 

These are only a fraction of the three 
hundred and sixty stones treated. Indeed, 
there is more fancy — and probably more 
fact — about the Middle Ages in King Al- 
fonso’s Lapidario than almost any other 
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book from those times. An investigation of 
them all would be a fruitful study. As yet, 
however, no edition exists, except the one 
that is a photographic copy of the original. 
Therefore, the ancient Gothic. hand must 
be understood to read. it and the vocabulary 
of a by-gone century. 

The exact debt of gemologists and those 
who deal in precious stones cannot at pres- 
ent be traced in the Lapidario ; but inasmuch 
as this book of the Learned King first placed 
eastern gem lore at the disposal of medieval 
Europeans, that debt must be great. It would 


require the combined efforts and: investiga- 
tion of students of Medieval Spanish, phil- 
ology, folklore, Arabic, Greek, astrology 
and astronomy, medicine, and chemistry to 
fathom the Lapidario’s mystery. 

An edition into the lettering of our own 
time is now in progress and should be in 
print in a year or so. A vocabulary study is 
also underway. As time goes on, more and 
more will be uncovered about one of the 
most influential books, and as yet one of the 
least known books of the Middle Ages. 


Book Heviews 


GEM MATERIALS DATA BOOK, com- 
piled by Charles ]. Parsons, C. G., F. G. A, 
and Edward J. Soukup, G.G., F.G.A. Pub- 
lished by Gems & Minerals Magazine, P.O. 
Box 687, Mentone, California. Price $2 
(paper bound). 

The Gem Materials Data Book has been 
prepared to provide a complete source for 
the property values of all gem materials. 
The general tables carry a master list of gem 
names, with cross references to the species 
of which the named material is a variety. 
Under the species, the information given in- 
cludes chemical composition, color transpar- 
ency, refractive index, birefringence, crystal 
system habit, optic character and sign, disper- 
sion, pleochroism, specific gravity, hardness, 
characteristic inclusions, cleavage, fracture, 
remarks, and special tests or features. In 
addition, separate tables for refractive index, 
dispersion, color, specific gravity, hardness, 
toughness, and pleochroism are included. 
Also included are pronunciations of common 
gem names and a list of misleading names, 
together with the correct term for each. 

The effort that went into this compilation 
by the two gem hobbyists (and GIA gradu- 
ates) was obviously enormous. An examina- 


tion of the master tables suggests that they 
would have beensless unwieldly if the multi- 
plicity of misleading terms, variety names 
and some of the more obscure materials had 
been treated in a separate section. For ex- 
ample, such terms as ‘‘adamantine spar,” 
“African jade,” alalite, the plagioclase feld- 
spars, asparagus stone, australite, etc., make 
the table so bulky that its use is limited un- 
necessarily. Those who will find this book 
most useful are already cognizant of the 
vatiety of names and misleading terms, so 
their inclusion in this manner seems un- 
necessary. Perhaps a separate table for the 
more rarely encountered materials would 
have kept the master table in a more reason- 
able size. 

However, beyond minor questions with a 
few of the property figures given and some 
of the comments, the Gem Materials Data 
Book is one that gem hobbyists, among 
jewelers and laymen alike, will find both 
interesting and useful. 


ROCKS AND MINERALS, by Herbert 
Zim and Paul Shaffer, with illustrations by 
Raymond Pertman. A Golden Nature Guide 
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book published by Simon & Schuster, New 
York. Paper bound $1, cloth $2.50. 

Herbert Zim, a professor of education at 
the University of Illinois, has written several 
books in this series in collaboration with 
professors in the field the book covers. They 
are characterized by the beauty and profu- 
sion of the illustrations. Rocks & Minerals 
averages two or more full-color drawings or 
photographs on each page. 

The text is authentic and well written. 
All in all, the book makes a valuable and 
decorative addition to any library. 


GEM STONES OF THE UNITED STATES, 
an abstract by Dorothy M. Schlagel. Geologi- 
cal Survey bulletin No. 1042-G. 253 pages. 
Published by the United States Government 
Printing Office, Washington, D. C., 1957. 
For sale by the Superintendent of Docu- 
ments, United States Government Printing 
Office, Washington 25, D. C. Price 25 cents 
(paper bound). 


The aim of the author is to furnish the 
mineral collector or gem hobbyist with 
some of the important information avail- 
able on the gemstones of the United States. 
About fifty of the major gemstones and 
many of the rare ones are described in this 
report. A geographic distribution of deposits 
of the principle gemstones, in a 20-page table 
lists them by state, county, and locality. 
Other chapters discuss physical and optical 
properties, correct nomenclature, synthetics, 
imitations, assembled stones, gemstones in 
which the alteration of color is possible, and 
geologic occurrences. 

The gemstones found in the United States 
are also described individually, including 
tables of properties, occurrences, and locali- 
ties. A list of the journals featuring gem- 
stones and a selected biography is provided. 

Forty-two of the States are listed as hav- 
ing deposits of gem minerals, California 
having the largest variety and greater num- 
ber of deposits. 

Dana’s “Textbook of Mineralogy” was 
used as reference for the chemical formulas. 
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RARE MINERAL FOUND IN CALI- 
FORNIA 

(from Mineral Information Service, Divi- 
sion of Mines, San Francisco) 

Hambergite, a rare beryllium borate hav- 
ing the formula Be, (OH)BO, has been 
discovered in San Diego County, California. 

The mineral is extremely uncommon; no 
other occurrence in the Western Hemis- 
phere is known. Specimens have come from 
Scandinavia, Madagascar and India. 


The new source for this rare material 
was found at the workings of the Little 
Three Mine, near Ramona. (Winter, 1956- 
57, issue of GEMS & GEMOLOGY carried 
an article entitled “Recent Gem Mining in 
Ramona, San Diego County,” in which the 
Little Three Mine was discussed.) Captain 
John Sinkankas, U.S.N., the author of the 
above-mentioned article, was the discoverer. 
Since the original finding of the crystals of 
hambergite by Sinkankas, the owner of the 
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mine; Louis B. Spaulding, has found others 
by screening the material from the dump. 
A small area at the top of the open-cut 
workings was the site of the discovery. Ap- 
parently, it was the floor of a pocket that 
had been excavated in the early days of 
mining in the couniy. According to Captain 
Sinkankas, “! . . because of the surrounding 
terrain, the pocket debris remained in place 
and the hambergite, which superficially looks 
like feldspar, was left behind unrecognized. 
The crystals range in size from mere slivers 
to about two inches in length. They resemble 


the Madagascar hambergite in most essen- 
tials; except for clarity. Only a few slivers 
were found that showed transparent areas; 
the majority were almost pure white as the 
result of numerous veils, or inclusions (?). 
The crystals were either attached on one 
end or doubly terminated. Some were found 
perfectly formed except that invariably the 
sides of the prisms were striated with os- 
cillatory growth, very much like tourmialine. 
Associated minerals were topaz, smoky 
quartz, feldspar, and lepidolite.” 


“MADONNA OF THE STAR,” 
A CREATION IN STAR SAPPHIRE 


Madonna of the Star, a unique, carved 
545-carat star sapphire, believed to be the 
only one of its kind in the world, has been 
fashioned by Harry Derian (Kazanjian 
Brothers, Los Angeles), the artist who 
carved the heads of three Presidents in sap- 
phire. James and Harry Kazanjian, gem im- 
porters, who are the owners and creators of 
the Madonna, plan to mount the carving in 
a small crystal or in alabaster, setting it so 
that it has the appearance of a shrine. 


The Director of the County Museum, Ex- 
position Park, Los Angeles, has announced 
a continuation of the showing of the statue, 
due to the extreme interest it has aroused. 


Five months of painstaking work were 
spent by Mr. Derian in carving the Madonna 
from the 1100-carat star sapphire, after the 
basic designing was finished. The stone, 
which has a decided chatoyancy, came from 
Queensland, Australia. 
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SWEDEN HAS GEMSTONE AND 
PEARL EXHIBITION 


A gemstone and pearl exhibition, the first 
of its kind to take place in Sweden, was 
recently arranged by Thure Detter, jeweler 
of Malmo, Sweden, in conjunction with the 
newspaper, Sydsvenska Dagbladét. The ex- 
hibition, which was held during the latter 
part of December, 1957, and the first week 
in January, 1958 was received with great en- 
thusiasm by thousands of interested persons 
who viewed the displays. One of the most 
enthusiastic was S. Hjelmqvist, Professor of 
Geology, University of Lund, who was very 
much impressed by the exhibition and who 
felt the exhibition furnished valuable pub- 
licity for both gemstones and pearls. 


Thure Detter discussing 


diamonds at his exhibition 
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Figure 1 


NATIONAL BUREAU OF STANDARDS 
USES A FLAWLESS TYPE Ii DIAMOND 
IN EXPERIMENTS 
(from the NBS Standard. Official Bulletin} 


The synthesis of inorganic crystals under 
conditions of high pressures and tempera- 
tures provides an interesting and most valu- 
able program for the Constitution and 
Microstructure Section of the Mineral Pro- 
ducts Division of the National Bureau of 
Standards. The objectives of this program 
are the synthesis of crystals of high purity 
and the precise measurement of their pro- 
perties. Then, by submitting one element 
for another in a given crystal, studies are 
made on some of the fundamental property 
changes that may occur, such as changes in 
the optical, thermal, electrical, and elastic 
constants. 

An unusual piece of equipment used in 
this work is a 714-carat flawless diamond 
that was confiscated from a smuggler by the 
U. S. Customs and later turned over to the 
National Bureau of Standards by the Gen- 
eral Services Administration. This diamond, 
a rare type II that is transparent in the in- 
frared region of the spectrum, serves as 


one of the many pressure chambers used in 
studies to determine what happens to ma- 
terials under great heat and stress. 

The original emerald-cut diamond was 
modified into a pressure cell by drilling a 
hole of 0.015 inches in diameter through 
its center (see Figure 1). Two tiny pistons 
of hard tool steel that closely fit the hole 
are inserted, one from each end, with the 
sample to be tested between them. The dia- 
mond containing the sample under pressure 
is then mounted in an infrared beam, where 
it-is observed. 

The results of these studies may well 
lead to a better understanding of the in- 
ternal structural changes that take place in 
materials that are subjected to extreme pres- 
sures. It is quite possible that a few of these 
structural changes may find practictal appli- 
cation as secondary pressure standards, which 
are in great demand by workers in the field. 

Mother Nattre’s laboratory deep in the 
earth, where immense pressures and tem- 
peratures exist, undoubtedly produces ma- 
terials that are unknown to man. But, at the 
present time, since it is impractical to descend 
250 miles into the earth, these conditions 
can be reproduced in the laboratory on a 
small scale, thus providing another means 
for studying crystals. Equipment required 
to produce such conditions consists of tough 
steel bombs and opposing pistons of special 
alloys placed in hydraulic presses. Pressures 
as high as one million pounds per square 
inch and temperatures up to 1500 degrees 
centigrade can be obtained with this equip- 
ment. Obviously, pressures and temperatures 
of this magnitude may become extremely 
dangerous. Consequently, safety precautions 
must be taken to protect personnel. All ex- 
periments are therefore conducted behind 
a steel barricade in an isolated building. 
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John Esten Keller, Pb. D., Department 
of Romance Languages, University of North 
Carolina, Chapel Hill, teaches all levels of 
Spanish but specializes in the Graduate 
School, teaching medieval Spanish language 
and literature. He-has lectured on King Al- 
fonso’s works, both in this country and 
abroad. In the Spring of 1957, he lectured 


at the universities in Seville, Madrid, 
Coimbra, London, Oxford, Glasgow, Shef- 
field, Nottingham and Manchester. 

Professor Keller also teaches folklore and 
comparative literature. These curricula, to- 
gether with medieval Spanish, whetted his 
interest in gems and gemology, especially 
in medieval Spain, with the Lapidary of the 
Learned King as the focal point of his 
studies. He is presently preparing an edition 
of the Lapidario (only the photogtaphic 
edition exists at the present time and is, of 
course, ds difficult to read as the original 
manuscript, except to paleographers). Once 
such an edition has been made, he plans to 
translate it into English. Professor Keller 
feels the store of medieval gem lore that 
will be made available should be of interest 
to the present-day gemological student. 

Professor Keller’s contributions to dic- 
tionaries, his directions for dissertations, 
and his books on Romance language and 
literature are too numerous to mention, in- 
dividually, in this short biographical sketch. 
His article The Lapidary of the Learned 
King appears in this issue on page 


Robert Webster, F.G.A., is well known to gemolo- 
gists in this country and abroad, and is associated 


with B. W. Anderson, Director of the Precious 
Stone Laboratory of the London Chamber of Com- 
merce, London. Gemologists and students of this 
country know him well for his excellent Gemmolo- 
gists Compendium and ‘his earlier book Practical 
Gemmology. He has been connected with the jew- 
elry industry in England since 1914, with time out 
for service in World War I. He was awarded the 
Fellowship Diploma of the Gemmological Associa- 
tion of Great Britain in 1934, and is one of the 
few to have received the Research Diploma awarded 
by that organization. 
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Jan F. H. Custers, Ph.D., was born at Eind- 
hoven, Holland, in 1904. In 1922 he joined 
the Philips (Radio) Research Laboratories, 
and in 1927 obtained, by self-study, his B. 
Sc. degree. To finalize his education, he 
attended the University of Utrecht, from 
1927 to 1930, taking courses in physics and 
mathematics. Dr. Custers Graduated in 1931, 
having already returned to Philips as Junior 
Physicist. He stayed with this company until 
1947, when he settled in South Africa and 
joined the staff of the Diamond Research 
Laboratory as Senior Physicist, being re- 
quested to carry. out fundamental research on 
diamonds. In January, 1953, he was nomi- 
nated Director of Research of the Institute. 
In this capacity he visited America several 
times to lecture on the variation of hardness 
of the diamond crystal dependent on its 
orientation. Dr. Custers writes regularly for 
scientific magazines and journals. His arti- 
cle, Minor Element in Diamonds and Their 
Effect on Diamond Colors, appears in this 
issue on page 111. 


G. Robert Crowningshield, author of the 
article Spectroscopic Recognition of Yellow 
Bombarded Diamonds, on page 99 of this 
issue, is Director of the New York Gem 
Trade Laboratory of the Gemological Insti- 
tute of America. He joined the staff of the 
Institute in 1947, shortly after completing 
his gemological studies. He attended high 
school in Spring Valley, California, and then 
San Diego State College, from which he was 
graduated shortly before entering the Navy 
in World War U. During the years he has 
been with the Institute he has had the oppor- 
tunity of examining many thousands of gem- 
stones and pieces of jewelry. Crowningshield 
has contributed many articles to past issues of 
GEMS & GEMOLOGY, for .example, Cos- 
tuming and the Sale of Colored-Stone Jew- 
elry, a 2-part comprehensive article in the 
Summer and Fall, 1953, issues, and New or 
Unusual Gem Materials Encountered in the 
Institute Gem Trade Laboratories, which ap- 
peared in the Summer, 1957 


WINTER 1957-58 


GIA 


ys 


Che Oraining Chat Pa 


HOME STUDY COURSES 


sche Retailing 


ing 
... Diamonds 


... Design 


abate Gemology 


<4 
2 
v 
> 
S 
= 
“a 
i 
B 
c 
2 
” 
o 
= 
ce) 
= 
a 


INSTRUMENTS 


«Gem Cesting 


... Diamond Grading 


write 


. 


GEMOLOGICAL INSTITUTE OF AMERICA 


For further information 


11940 SAN VICENTE BOULEVARD 
LOS ANGELES 49, CALIFORNIA 


SPRING 1958 


See Inside Cover 


ems & “yemo ogy 


VOLUME IX SPRING 1958 NNUMBER 5 


IN THIS ISSUE 


Ascertaining the Nature and Extent of Damage 
or Inherent Flaws in Gemstones.. 
by G. Robert Crowningshield 


A New Look inader 2222.01: 4 = Seaaeee 134 
by Martin L. Ehrmann, C.G. 


Electronic Colorimeter for Diamonds.._...............-...- 136 
by Robert M. Shipley, Jr., C.G. 


Imitation Pearls — Their Manufacture and 
VPSRO) XSITE secise etc rcane ak scars 144 
by Robert Webster, F.G.A. 


The Constituents and Nature of Matter. 148 
by Richard Jaubns, Ph.D. 


Book Review ...0--- 2. oceee eee 159 


On the Cover 

An award-winning mobile felly- 
fish pin of diamonds and sapphires 
designed by Enrico Serafini, 
Florence, Italy. The fan-shaped 
body and head are mounted on 
trembling springs to give realistic 
motion. Marquise diamonds and 
sapphires form a body from which 
twisted tentacles of small dia- 
monds stream. 

Photo Courtesy Dorothy Dignam 


NW. Aver & Son, Inc. 
New York City 


GEMS & GEMOLOGY is the quarterly journal of the Gemological Institute of America, an educa. 


tional institution originated by jewelers for jewelers. In harmony with its position of maintaining 
an unbiased and uninfluenced position in the jewelry trade, no advertising is stccepted, Any 
opinions expressed in signed articles are understood to be the views of the authors and nor ot the 
publishers. Subscription price $3.50 each four issues. Coypright 1958 by Gemologroal Instinute at 


America, 11940 San Vicente Boulevard, Los Angeles 49, California, U.S.A. 


Ascertaining the Nature and 


Extent of Damage or Inherent 


Flaws in Gemstones 


By 


G. ROBERT CROWNINGSHIELD 
Director of Eastern Headquarters GIA 


The Gem Trade Laboratories of the Gemo- 
logical Institute of America are frequently 
called on to render opinions regarding the 
nature of cracks and flaws in many varieties 
of stones. Most often, the question is whether 
a crack is inherent, partly inherent and ex- 
tended, or due to damage that occurred after 
the stone was polished. It is my ‘purpose 
here to set forth the methods used by the 
staff of the Laboratories in arriving at an 
opinion based on careful microscopic 
observations. 

It is common knowledge that insurance 
companies do not require very much infor- 
mation about jewelry before issuing policies 
and collecting premiums. Most jewelers have 
experienced cases where this practice has 
been troublesome, if not embarrassing. 

Few jewelers make a detailed diagram of 
inherent flaws in stones they sell or appraise, 
other than perhaps in diamonds, since in- 
surance companies do not demand it. There- 
fore, stones with inherent fractures are fre- 
quently insured that may later be mistaken 
for damage, causing an unnecessary and 
time-consuming settlement. 
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Let us reconstruct a hypothetical case 
in which an insured customer first believes he 
has damaged a stone. One day the insured 
trips and falls and believes that he has 
struck his star sapphire on the concrete floor. 
His first thought, after seeing that no bones 
are broken, is to inspect his star sapphire. 
For the first time the stone is examined 
carefully, perhaps with strong transmitted 
light. Sure enough, there is a crack! The 
insurance company and an adjuster are noti- 
fied, and he sees the crack. The jeweler is 
notified. He’ inspects the stone with his 
loupe and admits that he sees a crack too. 
All too often the insurance company pays 
off, but not before. considerable time and 
effort have been expended. 

Much too frequently the supposed damage 
is an inherent fracture or even a charac- 
teristic fingerprint inclusion or repeated 
twinning, especially in star sapphires and 
some star rubies. This could have been 
proved by the proper use of a microscope 
and direct reflected light. 

How is this done? If the flaws (cracks) 
come to the surface and were present at the 
time of last polishing, the act of polishing 
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invariably leaves telltale evidence. This is 
usually in the form of polishing drag marks 
originating from the trailing edge of the 
crack. Bits of the leading edge break off 
and score the polished surface for varying 
distances from the crack. If the polishing 
direction happens to parallel the crack, these 
polishing drag marks will not be evident, 
of course. Instead, there may be undercut- 
ting along the crack, although in this case, 
especially in diamonds, there may be no 
visible evidence. 


To observe both the polishing drag marks 
and the undercutting, a source of light other 
than the dark field of the Diamondscope or 
Gemolite is needed. In some cases, the ordi- 
nary overhead light attachment of the latter 
instrument is sufficient. With diamond, how- 
ever, a more distant source of light is 
usually necessary. The light should be 
direct, not diffused. In addition, the magni- 
fications needed are 60x and 120x, the higher 
power principally for diamonds. With 120x, 
polishing lines can frequently be detected on 
all facets of a diamond, but not with equal 
ease. Occasionally, an extraordinarily well- 
polished diamond may show no polishing 
marks even under 120x. But this same dia- 
mond with an inherent crack may show the 
polishing drag marks mentioned above. 


Another clue that may be helpful in de- 
termining whether a crack is inherent or 
due to damage is the presence of foreign 
material within the crack. Considerable cau- 
tion must be exercised here, because what 
may appear as a stain may be a brownish 
nondescript interference of light caused by 
air in the crack, possible in both old and 
new cracks. Of course, if the crack can be 
proved to terminate or originate in a definite 
fingerprint inclusion, then it must be con- 
cluded that at least part of the effect seen 
is inherent. 


A frequent cause for concern and trouble 
is the fact that many colored stones, patticu- 
larly flawed specimens of emerald, star sap- 
phire and ruby; are oiled to help conceal the 
inherent fractures and flaws. It is shocking 


to learn that some merchants actually be- 
lieve that this oiling is necessary in order to 
replace the “natural oil” of the stone lost 
in lapping! This fraudulent practice is en- 
gaged in quite openly; in fact, members of 
the staff have observed emeralds soaking in 
oil in sunny windows of firms that otherwise 
have fairly good reputations. The oils used 
vary considerably: from 3-in-1 penetrating 
oil to whale oil and even mineral oil. An oil 
that will “set’’ upon standing is preferred, 
since subsequent changes are slower in com- 
ing about. 


Unfortunately, the presence of penetrating 
oils cannot always be detected, although 
gentle warming of a suspected stone may 
produce an oozing of the oil from the cracks. 
At the Laboratory in New York we have seen 
star rubies “weep” red oil and emeralds 
“weep” green oil. After several years, de- 
pending on the treatment the stones received 
meanwhile, the oil tends to dry out and 
cracks become more visible. For this reason, 
oiled stones more frequently appear in neck- 
laces and pins than in rings. 

The retailer who sells oiled stones is more 
than likely not aware of the oil. Hence, when 
the customer complains in a year or two that 
the stones are cracked (and she can usually 
recall some occasion when the piece was 
dropped or some other occurrence to which 
she can lay the blame) the jeweler goes 
along with the story. A microscopic exami- 
nation of the surface termination of the 
cracks may not reveal any evidence of damage 
whatsoever, but instead, prove that the cracks 
were present at last polishing. This unfortu- 
fate situation has arisen more than once at 
the New York Laboratory involving firms of 
the highest integrity. 

Most insurance policies insuring for dam- 
age (all-risk policies) do not allow for ordi- 
nary wear and tear nor for inherent weakness. 
The possibility that an inherent slight frac- 
ture or cleavage may extend due to wear and 
tear, a blow, temperature change, pressure 
from uneven prong tension, etc., always 
exists. After all, a crack in a stone can be 
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seen only when air is allowed to enter and 
form a reflecting or interference plane. It 
is conceivable that many cracks are actually 
much larger than assumed, even when ob- 
served under the most favorable microscopic 
conditions. It requires only an extremely 
slight change of the thickness of the crack 
to allow air to enter and thus allow the crack 
to be seen. 


Not all suspected damage is actually in- 
herent, of course. One of the indications 
of actual damage is one or more chips from 
which fresh cracks radiate indicating a blow, 
cracks that donot show polishing drag marks 
or undercutting. Another indication is a 
raised flake at the point of intersection of 
two fresh cracks or under a prong. The raised 
condition indicates that it could not have 
left the polishing wheel in that condition. 
One unexpected incident that gave us a clue 
that the sapphires in a bracelet had been 
mistreated, probably by heat during manu- 
facture, was the presence in two of the stones 
of “exploded” negative crystals that had 
pushed the surface up, much as a mushroom 
pushes up the ground above it. 

Much disagreement about damage in dia- 
monds originates from a lack of ability to 
recognize naturals. Some crystal surfaces ac- 
tually form re-entrant angles and may appear 
very much as a chip. We have encountered 
several brilliants that have turned in their 
settings and thus exposed naturals that were 
originally hidden by the prongs. A study of 
the surface under high magnification may 
reveal the difference between the natural 
surface and the fresh cleavage or cleavage- 
fracture combination that is characteristic 
of broken diamonds. At times, it has been 
the experience of the Laboratory that no 
conclusion can be reached, since a natural 
with octohedral orientation can be confused 
with a cleavage nick, which, of course, has 
the same orientation. 

A further word about the setup necessary 
for observing drag marks, ‘particularly in 
diamonds, is in order. As expressed above, 
high magnification is frequently required 
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to observe drag marks in diamond. When 
observing the surface of the stone in search 
of drag marks originating at the crack, one 
may see no evidence of them for much of 
the distance along the crack. The polishing 
marks may be seen to cross the crack unmodi- 
fied by the crack. However, at slight zig-zags 
in the crack one may see drag marks. The 
presence of even one distinct polishing line 
Originating at the crack is considered proof 
of the existence of the crack before last 
polishing. 

Note that I] have used the phrase “last 
polishing.” This wording is used because the 
presence of polishing drag marks, or even 
some of the other clues discussed, do not 
necessarily prove inherence of the crack in 
the original crystal. We have seen cabochon 
sapphires in which there was evidence that 
the stones had been polished in their settings, 
whether this was an attempt to remove a 
setter's slip or not is unknown. Another case 
involved an emerald that had been broken 
in setting and that had been removed and re- 
polished without the owner’s permission. 
Since all cracks had polishing drag marks, 
it could not be determined which were. due 
to recent damage and which were inherent. 


May I suggest that readers practice with 
some star sapphires, which are rarely with- 
out some inherent fractures. One cam gain 
much information about the nature of under- 
cutting and polishing drag marks from these 
stones. Note that cabochons are polished in 
many directions, unlike faceted stones, par- 
ticularly diamonds, in which the polishing 
marks are usually all in one direction. In 
cabochons, since the inherent cracks are 
almost certainly crossed by one or more of 
the directions, drag marks will almost cer- 
tainly be seen. An exception to the rule 
might be stones that have been repolished 
in this country by certain very meticulous 
lapidaries who specialize in this work. 

When observing star sapphires and rubies 
it is well to become acquainted with the 
appearance of repeated twinning. The re- 

(Continued on page 159) 
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A New Look in Jade 


By 


MARTIN L. EHRMANN, C.G. 


For centuries, man has improved gem- 
stones by coloring, heating and, more re- 
cently, by atornic bombardment. Amethysts 
ate changed to citrines by the heating pro- 
cess; agates, by a combination process of 
heating and dyeing, become black onyx; 
green beryls are transformed by heat to fine, 
blue aquamarines and zircons to beautiful 
blue.and white colors. 

Opal doublets are made from pieces of 
opal that have a great. amount of fire but 
that are too thin for jewelry purposes. The 
section of opal containing most of the fire 
is cut into thin slices and each slice is placed 
on a piece of matrix, usually oval, and ce- 
mented together, creating a gem of suitable 
strength for mounting. Doublets and triplets 
are also made that simulate rubies, emeralds 
and garnets, by using various gem materials, 
glass and coloring matter. 

Thus it is really not surprising that the 
Chinese have been experimenting with vari- 
ous methods of coloration to improve the 
sales potential of huge quantities of poor- 
colored jadeite. Gradually, within the past 
few years, artificially colored jade has ap- 
peared on the market, but no one has been 
certain of the method used in these processes. 

When embarking on another trip to the 
Orient last summer, I determined to ascer- 
tain at least one popular method in use. In 
Hong Kong, my agent and I set out to find 
where the business of coloring jade was 
being carried out. We visited a number of 
factories, but they were legitimate lapidaries 
engaged in cutting jade. The owners indi- 
cated that they would not stoop so low as 


134 


to fake the color. They believed, and rightly 
so, that jade sales would drop considerably 
if tourists became aware that jade was being 
artificially colored; they were most reluctant 
to give us any clue in our search. 

However, my agent was persistent and 
said he would find the place. After con- 
siderable footwork, he succeeded in locating 
it and made an appointment for us that 
afternoon. But the owner was most uncoop- 
erative. I tried my best to persuade him, but 
he said “No!” and stuck to it. ] explained 
that I was interested for scientific reasons 
only and would give him no competition, 
but he remained adamant. We left, and I 
had just about given up on this project. As 
we strolled along, one of the men I had just 
seen in the factory stopped us and told my 
agent, in Chinese, that he would be willing 
to teach me the method if I would make it 
worth his while. After dickering for about 
an hour, he agreed to accept $100 ‘in US. 
currency. He informed us that he was the 
inventor of the method and was not be- 
traying his employer by selling it to us. An 
appointment was made for the following day 
at my hotel at 8:00 A.M. 

He arrived with all kinds of paraphernalia, 
including a small charcoal burner, various 
shaped bottles, tweezers, towels, wax and 
a grate. He set them up in the bathroom and 
came out talking Chinese to my agent, who 
immediately translated that everything was 
ready to go, but this gentleman wanted his 
money first. I objected to the idea of his ap- 
parent distrust, as I had agreed to pay after 
the demonstration and only if it worked. 
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Figure 1 


The man vehemently declared that it wasn’t 
because he didn’t trust ime, but only that 
the method was so simple that I might not 
think it worth $100. So, I paid him. He was 
absolutely right! The method was extremely 
simple. 

The stones had been cut encabochon from 
fine-quality, translucent, whitish-gray mate- 
rial. He heated them on a grate on top of 
the charcoal burner until they turned to a 
glossy, opaque finish. He then cooled them 
for about a minute and then placed them 
into a prepared dye solution for a short time. 
(Under normal circumstances, the stones are 
left in this dye solution for forty-eight 
hours.) After removal from the solution, 
they were rinsed in alcohol, dried on a towel 
and put aside. In the meantime he had heated 
paraffin wax very slowly in a double boiler. 
The stones were placed in the melting wax 
until they weré completely covered, then 
removed and wiped carefully. 

The basic coloring dye was an acid-base 
dye-stuff, such as is used in dyeing cloth. 
In this case, he used a yellow -dye and a 
blue dye. The yellow dye was a #62 me- 
tanil yellow YK6O, made by British Dye- 
stuffs Corporation, Ltd. The blue dye was 
an acid, sky-blue B.S., made by Navy Brand 
First Class Dyestuffs, Ltd. These two colors 
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Figure 3 


were mixed together in pure alcohol, one 
part blue to three parts yellow, tested first 
for the desired color (naturally, the best 
color), and adjusted by adding whatever 
color was lacking. And that is the secret 
process for which I paid $100! 

1 was told that a salt-base dyestuff with 
distilled vinegar and a little cyanide would 
do the trick. The method of coloration 
would be the same as described above. 


Jadeite Triplets 


Another effective and widely used method 
of improving the color of jadeite, which 
results in the appearance of fine-quality 
Imperial jade, utilizes the following 
components: 

a. a hollow cabochon of very fine trans- 

lucent white jade about 14 millimeter 
in thickness all around. (See figure 1) 


b. a cabochon of smaller size cut to fit into 
the hollow cabochon. (See figure 2) 

c. a piece of flat, oval jade of the same 
thickness to cover the bottom. (See 
figure 3) 

The center piece, the actual cabochon, is 
colored with a jellylike dye of the same 
color as the finest Imperial jade. This dye has 

(Continued on page 158) 
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Electronic Colorimeter 


for Diamonds 


By 


ROBERT M. SHIPLEY, JR., C.G. 
Major, United States Air Force, Retired 


Im the late 1930's, research was under- 
taken by the Gemological Institute of 
America on the color of diamonds, with the 
particular purpose of developing a diamond 
colorimeter. In 1940, the first workable in- 
strument of this type was put together. It 
was essentially a split-field optical colorim- 
eter or color comparitor of the general type 
then in use. Where the standard colorimeter 
transmitted light with a variable column of 
liquid for color matching, the diamond. color 
comparitor incorporated illumination pat- 
terned as nearly as possible on that obtained 
when observing loose stones in a paper, and 
the matching field was varied by a yellow 
glass wedge. In operation, the diamond color 
comparitor permitted viewing the image of 
the diamond in half of the field, whereas 
the other half of the field was blank, and 
its color was varied from colorless to about 
a Cape yellow by the position of a wedge of 
yellow filter glass. The illumination was far 
from flat, and as a result the facets of the 
diamond were still pronounced, with the 
color varying over the observed portion of 
the stone.. This made it quite difficult to 
match the other half of the field with the 
diamond, since there was no single block 
of color to. match against. Another difficulty 


was that any attempt to match yellow against 
yellow is not basically the most sensitive 
approach. This becomes apparent from the 
study of Figure 1. The typical yellow dia- 
mond actually transmits less yellow than 
does a perfectly colorless diamond; only the 
fact that the yellow stone transmits even less 
of the short, or blue, end of the spectrum 
causes it to appear yellow to the eye. There- 
fore, the characteristic spectrum shift be- 
tween a colorless diamond and a yellow one 
is in the blue and violet portion of the 
visible spectrum. A third defect of the optical 
colorimeter was that it depends too much 
on the physical and mental condition of the 
operator. The same operator, using the same 
stone on the same instrument might vary 
as much as a full color grade in the end 
result, even at different periods of the same 
day. 

After World War II, the writer made 
desultory attempts to improve the optical 
colorimeter. The illumination was changed 
to resemble that of the integrating sphere 
that is standard in spectrophotometry. The 
flat illumination thus obtained allowed much 
closer matching of a cut diamond. Instead 
of the glass wedge, a three-color additive 
balancing system was employed. This 
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method, learned from Dr. Thomas S. Curtis 
of color-photography fame, employs three 
independently variable light sources, passing 
through three color separation filters before 
falling on the illuminated object. The light- 
varying rheostats are calibrated, and the 
settings required to balance any given color 
are expressed in terms of lamp brightness. 
Thus a colorless or white object would be 
expressed as 100-100-100, a medium-gray 
object as 50-50-50, and a black object as 
0-0-0. On this instrument, a typical color- 
less diamond reads on the order of 91-93-89. 
The filters used in this system were chosen to 
peak as nearly as practicable at the points 
specified by the International Commission 
on Hlumination for the “Standard Observer”’ ; 
ie., at approximately 7000, 5460 and 4350 
Angstrom Units. The resulting readings are 
therefore quite closely comparable to the 
I.C.1. coordinates that are currently used for 
precise naming of colors. 


This version of the instrument retained 
the serious disadvantage of being an optical 
instrument, or color comparitor and there- 
fore dependent upon the condition of the 
operator. The color-matching system, further- 
more, was very difficult to operate until a 
great deal of experience had been gained. 
Attempts to use it sometimes’ resulted in 
complete frustration on the part of the 
operator. 


In 1954, this instrument was shown to 
members of the American Gem Society, who 
expressed only a tepid interest. The Society, 
it appeared, was interested in a true colorim- 
eter, but was looking, for an instrument 
that would measure color electronically and 
that would be readily and especially usable 
with cut diamonds. Accordingly, the instru- 
ment was modified to illuminate the stone 
with white light and measure the light 
passed through the stone by means of pho- 
toelectric cell, with the color-separation fil- 
ters interposed between the stone and the 
photogenerating cell. The filters employed 
in this colorimeter modification had trans- 
mission curves extending from approximately 


7500A to 6000A for red, 6000A to 5000A 
for ‘green, and 5000A to 4000A for blue, 
and with curves very nearly as specified by 
I.C.I. The instrument proved a very sensitive 
color-measuring device,-and the results ob- 
tained with it were in accordance with the 
international standards set up by the I-C.I. 


Unfortunately, the coordinates in which 
such results are expressed are completely 
unlike anything heretofore used. in the dia- 
mond trade, and would require a great deal 
of learning to be used as diamond standards. 
They can be converted to a standard diamond 
scale, but the mathematics are cumbersome: 
After a series of six readings, during which 
the test diamond is compared against a 
standard for each of the three filters, the 
percentage transmissions must then be 
equated by multiplying the red-filter re- 
sponse by that of the green, then dividing 
by the square of the blue-filter response. 

This colorimeter modification was shown 
to members of the American Gem Society, 
and although the author thought that the 
system was not unduly complicated and that 
its difficulties would be more than compen- 
sated by the ability to establish precise stand- 
ards for all colored stones as well as dia- 
monds, the more practical Society. members 
disagreed quite vehemently. Accordingly, a 
filter was selected to combine the red and 
green-filter transmissions, thus simplifying 
the instrument considerably. It enabled two 
readings of the test diamond to be equated 
against the standard by means of a simple 
computer built into the instrument. The com- 
puted results appeared in terms of the 
American Gem Society color scale, which 
had been derived from the 1940 color com- 
parator. 

The two-color instrument, now applicable 
solely to cut. diamonds, was shown to a 
number of gem people, and valuable sugges- 
tions were made by Robert M. Shipley, Sr., 
and by Orrin Magoon, Alfred Woodill, James 
Donavan, Jr., Clarence van Deusen, and 
Jerome B. Wiss. In July of 1955, George 
Sloan, the newly elected president of the 
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American Gem Society, visited the Society 
headquarters in Los Angeles, then made a 
special trip to Northern California to see 
this model of the colorimeter. The instrument 
at that time was very much a “breadboard” 
model, constructed of cardboard, bits of 
wood, and a quantity of aircraft cement. (It 
had the rather disturbing characteristic of 
occasionally bursting into flames while in 
operation.) Despite the crudeness of the 
model, Mr. Sloan was impressed with the 
results, and the American Gem Society sub- 
sequently advised the writer that if a suitable 
production pilot-model were submitted at 
the August, 1955, meeting of the Interna- 
tional Committee, the Society would consider 
adopting it as a standard instrument and 
entering into an agreement to distribute it. 


A metal model on the same basic principle 
was constructed; after testing and adjusting, 
it was demonstrated to the International 
Committee of the American Gem Society in 
New York in August, 1955. The Interna- 
tional Committee expressed interest, and set 
up a special Colorimeter Committee to ap- 
prove or disapprove the final development 
of the instrument. This Committee was com- 
posed of Society president George J. Sloan, 
C.G., William Baumgardt, Carleton G. 
Broer, C.G., Leo L. Kaplan and Arthur W. 
Muller, C.G.1 


During this session in New York, the 
relatively inefficient gelatin color filters were 
replaced with Corning glass filters having 
the transmission curves shown in Figure 2. 
The filter boundary was shifted from 5000A 
to approximately 4880A, in order to com- 
pensate for a certain type of greenish-yellow 
diamond. These greenish-yellow stones had 
previously read too nearly colorless, owing 
to the blue content that was responsible for 
the greenish cast. The sharper-cutting Corn- 
ing filters also had the effect of extending 
the scale, thus making the instrument much 
more sensitive. 

In November, 1955, the five members of 


1. James G. Donavan, Jr. was added as a valuable 
sixth member of the Colorimeter Committee in 
September, 1956. ‘ 
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the Colorimeter Committee again met in 
New York to work with the new colorimeter 
model. These men not only traveled to New 
York for this express purpose, but also 
spent many hours in establishing a ‘scale 
for the colorimeter, working especially from 
a quantity of stones that had been graded as 
master stones by the Gemological Institute. 
The resulting scale therefore duplicated as 
nearly as possible that according to which 
the Master Stones were graded. 


At this point, consideration was given 
to the use of a system that had been devel- 
oped to permit the grading of mounted. dia- 
monds. Because the color of the mounting 
greatly affects the color grade, and because 
of greater cost of manufacture, the Com- 
mittee decided against using this design. 


Following this Colorimeter Committee 
session, the housing of the instrument was 
redesigned to produce a handsomer and more 
easily used colorimeter, and production was 
started under a distribution contract with 
the American Gem Society. The production 
instrument is illustrated in Figure 3. In op- 
eration, the diamond is placed in the front 
aperture in the slide at the upper right and 
covered with a baffle that cuts off all light 
except the portion that passes through the 
diamond. With the blue filter in place, the 
slide is pulled out to place a blank standard 
aperture in the light path. Using the rheo- 
stats at the lower right, the meter is set at 
100. The slide is pushed in to place the dia- 
mond in the light path, and the meter read- 
ing gives the percentage transmission of the 
diamond for the blue filter. This transmis- 
sion value is set on the computer. The filter- 
control wheel is rotated to bring the yellow. 
filter into the optical system, and at the same 
time a variable neutral!-density filter superim- 
posed on the yellow filter is adjusted to reset 
the meter at 100 without changing the elec- 
trical controls. (Any change in the resistance 
of the circuit alters the response of the pho- 
toelectric cell.) The slide is again shifted to 
bring the diamond into the light path, and 
the resulting meter reading is transferred to 
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Figure 3 


The Shipley Diamond Colorimeter produced for the American Gem Society 
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the computer; this places the index on the 
computer over the scale of the American 
Gem Society color values, giving a direct 
reading in terms of the AGS scale. Because 
the highly characteristic blue-violet trans- 
mission (Figure 1) is the denominator of 
the simple fraction thus resolved, the color 
grade increases rapidly with the yellowness 
of the diamond. 


The instrument is comparatively simple 
to use; its operation is more quickly learned 
than, for instance, the refractometer. Since 
there is no visual color matching, the psy- 
chological and physical factors affecting the 
accuracy of operation are materially reduced. 


. The scale on the American Gem Society 
Electronic Colorimeter is taken basically 
from the calibration of the wedge in the 1940 
optical colorimeter. This wedge was marked 
from: I to VI, with 0 being a point off the 
end of the wedge. Roman numerals were 
used primarily because Arabic numeral metal 
stamps were not available at the time. Sub- 
sequently, readings of 14 and even 4 of a 
color grade were attempted. This caused an 
anomalous effect between 0 and I, since the 
wedge started at I and both 0 and 14 were, 
in effect, colorless. ‘The result was that 
the first set of diamonds chosen for visual 
comparison with master stones were. not 
gtaded in equal steps. This effect was further 
intensified when it was decided that the 
top color gtades of 0, I and II ‘should be 
much more critical (representing smaller 
actual color differences) than the yellower 
and less desirable grades. The resulting scale 
was approximately that from 0 to VI in 
Figure 4. When the electronic colorimeter 
was produced, the Colorimeter Committee 
saw no reason to end the scale at VI, since 
this point had originally been established 
only by the greatest thickness of the colored 
glass filter used in the early instrument. Ac- 
cordingly, the Committee established a cali- 
bration stone at 9.4, by means of which the 
colorimeter scale was to be extended to 10 
(X). The slight increase in steepness of the 
curve from VI to X is the result of calibrat- 


ing the curve to this particular stone, rather 
than making a linear extension. The reduced 
steepness of the curve between 0 - II is the 
result of matching the colorimeter calibra- 
tion to the previously established system of 
master-stone grading. 

An anomaly occurs at about III on the 
scale, where the Electronic Colorimeter does 
not agree with the visual grading of master 
stones. The two scales are identical at 214 
and at 4, but a diamond that is master graded 
at 3 will read approximately 314 on the 
Electronic Colorimeter. 

As was anticipated, a number of “bugs” 
showed up in the first production run of 
colorimeters, and a few new ones appeared 
later. The instrument is now in its third 
production run, and the difficulties appear 
to have been ironed out satisfactorily. The 
most interesting problem was that certain 
instruments were reading both small and 
large diamonds properly, whereas others 
were grading diamonds over a carat as de- 
cidedly too yellow. It was discovered that 
the basis of this effect lay in the focus of 
the illuminating system, and that by proper 
adjustment of the light source and covering 
lenses, a large diamond could be made to 
read in the proper range. A pair of diamonds 
over one carat was incorporated in the set 
used for calibrating colorimeters, and critical 
focusing was set-up as part of the calibration 
procedure. 

The Electronic Colorimeter as now pro- 
duced is not a satisfactory gauge of brown 
stones, for the reason illustrated by the bot- 
tom curve in Figure 1. The gray content of 
such stones results from a generally lower 
transmission curve, whereas the colorimeter 
measures only the relative balance between 
the lower third of the transmission spectrum 
and the upper two-thirds. The experienced 
operator suspects a brown stone when lower- 
than-normal readings for both the blue and 
the yellow filters are encountered. 

Since no source of ultraviolet radiation is 
provided, the Colorimeter reads only the 

(Continued on page 158) 
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Figure 5 
Field tests of diamond color grading plotted to show comparison between Colorimeter 
readings and visual grading by master stones. Fifty visual gradings produced 
eighteen errors of one-half color grade or more; fifty Colorimeter 
readings produced one error of this magnitude. 
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Imitation Pearls— 


Their Manufacture and 


Properties 


By 


ROBERT WEBSTER, F.G.A. 


Editors note: The following article is an 
abstract from an entirely new book on gem 
matérials that is at present in the course of 
breparation by Robert Webster. 


The popularity of pearls for adornment 
led to their imitation, and today the manu- 
facture of imitation pearls has become a 
world-wide industry. In 1656 a French 
rosary maker, Jonquin, produced imitation 
pearls at Passy, on the outskirts of Paris. 
Jonquin had noticed that water in which 
small fish had been washed contained a highly 
lustrous substance which, when concentrated 
and applied to small beads, produced a re- 
markably good imitation of pearls. Jonquin’s 
pearls were small, hollow spheres made from 
an opalescent and easily fusible glass, the 
inside of which was lined with parchment 
sizing, which “fixed” the fish-scale essence 
giving the pearly appearance. The interior of 
the bead was finally filled with wax in order 
to increase the solidity of the bead. These 
beads, often known as “Roman pearls,” are 
not commonly encountered today, since they 
have been superseded by a type using a solid 
glass bead, upon the outside of which is 
applied the pearly coating. Thus imitation 
pearls have at least two parts: a material 
producing the, pearly coating and the rigid 
base. 


Essence d’orient 


Quite early it was discovered that the 
iridescent luster of fish scales was not part 
of the scales themselves, but was created 
by tiny crystals embedded in the skin at- 
tached to them. It is suspensions of these 
minute crystals in a suitable vehicle that 
produces the essence d’orient, a term that 
may have been derived from the possibility 
that the Chinese knew of the material long 
before Jonquin’s discovery. Others at that 
time, a period before the art of chemical 
analysis was commonplace, believed the crys- 
tallites to be silver and called the material 
“fish silver.” When careful purification and 
analysis became possible, the crystallites were. 
found to be the organic chemical compound 
guanine. 

Guanine (C,H,ON,;), a derivative of 
purin, belongs to the group known as the 
purin bases, and is a decomposition product 
of the nucleins. Guanine is actually a ‘waste 
material secreted by the fish and is closely 
allied to uric acid. It has a density of 1.6 and 
forms colorless neédles or lath-shaped crys- 
tals that are not decomposed by heat under 
360°, are insoluble in neutral solvents, non- 
toxic, moncorrosive, and chemically inert. 
Improvement of pearl essence 


Until 1919 the manufacture of essence 
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@’ovient was principally a French industry, 
the scales of the “bleak” (Alburnus lucidus) 
being used for the purpose. These small fish 
are found in the Seine and other European 
rivers. At one period when the French manu- 
facture was at its height, a million francs’ 
worth of bleak scales were exported annually 
from the river Thames. In 1919 it was dis- 
covered that the sardine herring caught in 
Norwegian waters produced-a_ superior 
quality of pearl essence. A French company 
exploited the discovery, erected a factory 
in Norway, employed trained chemists, and 
constantly strove to improve the purity and 
quality of the pearl essence. Until the out- 
break of World War II, the company pros- 
pered; in 1939, however, the business ceased 
and the process was taken to America. About 
1943 experiments were made with the her- 
ring from British Columbian waters, but 
these were not commercially successful. Since 
the end of the war the Norwegian herring 
industry has returned to the manufacture 
of “‘fish-scale essence,’ and South Africa 
is producing its own essence from the scales 
of fish caught off the coasts of south and 
southwest Africa. In 1949 some experiments 
on similar lines were carried out by the 
Scottish herring industry, but little has been 
heard of this endeavor since. 

The best fish scales are obtained from the 
herring fisheries of the Bay of Fundy, an 
inlet that practically divides Nova Scotia 
from New Brunswick in North America. 
Here the tides range from thirty to sixty 
feet and literally “boil up’ the ocean floor, 
liberating a steady supply of fish food that 
attracts countless schools of herring. The 
fish are trapped in weirs, caught in seine nets, 
and loaded into crates on the scale boats, 
which are dories with slatted false bottoms. 
As the fish flop around in the crates, they 
lose their scales, which drop through the 
slats and false floor to the bottom of the 
boat. The scales are then scooped into baskets 
and hurried to the factory, which is situated 
in Maine, on the American side of the Bay, 
where, because of the numbing cold of the 


SPRING 1958 


Fundy region, the scales arrive perfectly 
preserved. 


The removal of the crystalloids 


As soon as the scales are brought to the 
factory, they are put into mixers, or churns, 
with a suitable cleansing mixture. The move- 
ment of the churns causes the scales to rub 
together, releasing the tiny and delicate 
guanine crystals that are embedded in the 
tough fatty tissue attached to the fish scales. 
These crystalloids, as they are.termed, are 
strained away from the scales, which are 
discarded. The final purification and sus- 
pension of the crystals is then made in a 
special solvent, which may be an ether/amyl 
acetate solution. This aggregate of guanine 
crystals in viscous liquid is then added as 
required to the vehicle, usually a nitro- 
cellulose lacquer, which forms the final 
“paint” employed for covering the modern 
imitation (mock) pearls. A dyestuff is in-- 
corporated in the lacquer, if colored finishes 
are needed. 

The bead of the modern imitation, or .as 
they are sometimes called “simulated pearls,”’ 
usually consists of a glass bead formed on 
an iron wire in a blowtorch flame. Subse- 
quent treatment in sulphuric acid dissolves 
away the iron wire and leaves a cavity form- 
ing the string. canal. The glass used is a 
special opalescent variety called “alabaster” 
(not to be confused with the massive variety 
of gypsum). Molded plastics, such as Per- 
Spex or polystyrene, are often used for cheap 
types of imitation pearls, but they are too 
light in weight to hang well when strung 
into necklaces. Further, plastic beads often 
show a ridge where the “flash” escapes from 
the junction of the halves of the mold, for 
these plastic beads are. molded. Vegetable- 
ivory beads have been used as the core for 
imitations pearls, but they are too opaque to 
give the finished pearl the desired luster. A 
few examples have been encountered in 
which the bead is made of mother-of-pearl. 


The beads are coated with the pearl es- 
sence, either by spraying or dipping, the 
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Making glass beads for imitation pearls. The wire suspended over a kerosene burner rotates 
slowly and drops of molten glass from the rod, held by the artisan, 
fall on the wire and form glass beads 


latter usually being preferable. The dipping 
is carried out by mounting some 500 beads 
on special dipping boards. The boards bristle 
with “toothpicks,” upon which the pearls are 
threaded. Mounted in pairs and with the 
beads on the underside, the boards are gently 
lowered into the pearling solution until all 
the beads are submerged. After removal, the 
boards are mounted in a machine that ro- 
tates them slowly to insure an even coat while 
drying. The drying room needs to be air 
conditioned and dust free, since each dip 
takes from one to two and a half hours to 
dry. Successive coats up to ten may be put on, 
but usually not less than five are given so 
as to build up the bead to a lustrous “pearl.” 

The finished pearls are graded, matched 
and threaded on nylon or double cotton. 
Imitation pearls used for earrings, brooches 
or pendants may have only a half hole, or 
none at all. Such pearls are usually cemented 
into the settings. 


Photo Courtesy of Shell Photograph Unit 


Detecting imitations 

Imitation pearls are easily identified by 
examination of the surface with a hand lens. 
The surface, looking like blotting paper, 
does not have the serrated structure of a real 
pearl, and at the string canal the sur- 
face of the pearl essence usually shows a 
wearing away from attrition with the ad- 
jacent bead. Most imitation pearls feel 
smooth when rubbed against the teeth, un- 
like the effect with natural or cultured pearls, 
which feel chalky or gritty. It has been 
noted, however, that some recent imitation 
pearls have been found to give this gritty 
feeling. A pin pressed into the surface of a 
coated pearl will scratch or indent it, whereas 
it will not do so with a nacreous pearl or 
with a hollow glass bead imitation. Such 
earlier types of imitation pearls (with a 
their 
nature by Jens examination, which shows 
a jagged edge to the string canal and bubbles 


hollow glass envelope) will reveal 
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Bead frames, holding glass beads dipped into pearl essence, are placed in.drying ovens 
during the manufacture of imitation pearls 


in the glass envelope. If a spot of ink is 
placed upon the surface, it will appear 
doubled owing to the reflection from the 
internal surface of the glass shell. 
Density of the pearls 

The density of imitation pearls varies 
with the type and with the material from 
which the core is made. The earlier hollow 
glass bead type has a density usually below 
1.55. With the solid bead type of coated 
glass, the density is usually higher than for 
the natural or cultured pearl, being between 
2.85 and 3.18, with the higher values (over 
3) being the most common. Just after the 
second World War, some of the glass bead 
imitation pearls were found to have densities 
of 2.3 and about 2.56. The use of these low- 
density glasses was considered to be due to 
the difficulty of obtaining the correct type 
of glass at this difficult time. However, re- 
cent reports suggest that such a glass (density 
of 2.53) is even now being used in America. 


Photo Courtesy of Shell Photograph Unit 


Manufactured blister pearl 

An unusual type of “blister pearl’ has 
been encountered that was constructed by 
covering a bead of mother-of-pearl with an 
envelope of essence, so thick as to be’ loose 
and not adhering to the base, and the “pearl” 
complete with an outer skin of glass. Black 
pearls have been imitated by polished spheres 
of hematite. Such fakes can easily be identi- 
fied by the much greater density of hematite, 
just over 5, and by the red streak shown by 
the mineral when it is rubbed across a piece 
of white unglazed porcelain. 

The pink conch pearl is simulated by coral, 
among other substances, but the typical 
“flame” markings and iridescence shown by 
pink conch pearl serves to identify the true 
from the false. A “pink pearl’ made of suit- 
ably colored glass, which even had imitation 
“flame” markings, has been met. Examination 
of this piece, however, showed bubbles in 
the glass. 
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The Constituents and 


Nature of Matter 


RICHARD JAHNS, Ph.D. 
Professor of Geology 
California Institute of Technology 


Editor's Note: The next several pages are 
devoted to the first portion of a rather ex- 
tensive exposition of the structure of matter 
and the nature of crystals. This study was 
planned for GEMS & GEMOLOGY, despite 
the divergence from the usual nature of the 
subject matter contained, because of the im- 
portance of the subject to a full understanding 
of the nature of gemstones and because the 
author has long impressed us as the most 
lucid in this complicated area. 


Atoms and Ions 

The matter that composes all physical 
things is made up of atoms, which often are 
referred to as the smallest units that retain 
their respective identities during the course 
of chemical reactions. These fundamental 
units of chemistry, in turn, are made up of 
still smaller units, the so-called elementary 
particles, that are associated: with one an- 
other in various definite ways. Chief among 
them are the proton. the neutron, the elec- 
tron and the positron, which can be described 
in terms of their masses and electrical 


148 


charges, as shown in Table 1. These par- 
ticles are so tiny that their sizes cannot be 
measured directly, but instead must be es- 
timated or determined on the basis of their 
behavior. The diameter of the electron, for 
example, is approximately 4 x 10-5 A*. 

Atoms, which range in diameter from 
about 2A to 6A, can be thought of as essen- 
tially spherical domains that consist mostly 
of open space. Every atom has a nucleus, 
whose positive electrical charge is equivalent 
either to the negative charge of one electron 
or to even multiples of this charge. The 
simplest nucleus consists of one proton, and 
the many other known nuclei comprise one 
or more protons, plus a comparable, though 
not necessarily equal, number of neutrons. 
These central units have remarkably high 
densities of approximately 1.5 x 10714 grams 
per cubic centimeter, or more than one hun- 
dred thousand billion times the density of 
water. 


° 
* The angstrom unit, A, is one hundred-millionth of 
a centimeter, or 1 x 10-8 cm, 
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The atomic nucleus is only 1 x 10-* to 
1 x 10-5 A in diameter, and hence takes up a 
very small part of the atom’s total volume. 
Nearly all of this volume is instead traversed 
by one or more electrons that revolve satel- 
litically about the nucleus, and the number of 
electrons in a given atom is equal to the 
number of protons in its nucleus. Each elec- 
tron is of the same order of size as the nu- 
cleus, but has only a tiny fraction of its mass. 
Each moves very rapidly in all directions 
about the nucleus, and the average of its 
movements can be considered in terms of an 
orbit whose radius effectively defines a shell, 
or energy level, about the nucleus. Several 
essentially concentric energy-level shells, 
each occupied by one or more electrons, are 
present in all but the’simplest atoms. A given 
atom can therefore be conveniently regarded 
as a cloud of electrons surrounding a nucleus 
that constitutes most of the atomic mass. 
Not only does each electron move rapidly in 
its orbit, but it spins as well. The protons and 
neutrons in the nucleus also spin like the 
earth, and thus each atom is a highly dy- 
namic system. 

Atoms are electrically neutral, owing to 
the balance of positive and negative charges 
between their nuclei and the surrounding 
clouds of electrons. This balance is upset if 
an atom loses or gains one or more electrons, 
whereby it assumes a net electrical charge and 
becomes an ion. Loss of electrons converts 
atoms to positively charged ions, or cations, 
and the addition of electrons forms nega- 
tively charged ions, or anions. 

Typical derivation of ions can be repre- 
sented as follows: 


Jons of this general type are very common. 
They contain single atomic nuclei, and can 
be termed simple ions. The effective size of 
a simple ion ordinarily differs significantly 
from that of the corresponding atom. Com- 
plex tons, which also are abundant in nature, 
are groups in which two or more kinds of 
atomic nuclei are present. 


The Elements 


An element can be defined as a kind of 
matter all of whose atoms have the same 
nuclear charge, or atomic number, and whose 
nuclei therefore contain the same number of 
protons. Thus all atoms of hydrogen, the 
simplest element, have nuclei that contain one 
proton whose positive electrical charge is 
balanced by the negative charge of a single 
satellitic electron, and all atoms of the ele- 
ment helium have nuclei that contain two 
protons whose total charge is balanced by 
that of two electrons (Figure 1). Similarly, 
the nucleus in every atom of oxygen has a 
charge of +8, and that in every atom of 
silicon has a charge of +-14. However, not 
all atoms of a given element have the same 
number of neutrons in their nuclei; there- 
fore, some can differ from others in mass. 
Alternative forms of an element that have 
different masses are termed isotopes. All 
known elements have two or more isotopes; 
some of these occur naturally, whereas ‘others 
are unstable. 


The chemical properties of elements are 
determined essentially by their atomic num- 
bers and by the distribution and behavior 
of their electrons, rather than by -their nu- 
clear masses. The systematic variations of 


+ —s 
[Nucleus + x Electrons] 3» [Nucleus + (x-1) Electrons] -+ [Electron] 


(atom) 


(singly-charged cation) 


34 = 
[Nucleus + x Electrons] 2» [Nucleus -++ (x-3) Electrons] + 3 [Electrons] 


(atom) 


(triply-charged cation) 


[Nucleus + x Electrons] + 2 [Electrons] > [Nucleus + (x+2) Electrons] — 


(atom) 
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(doubly-charged anion) 
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Nucleus = 2 protons + 2 neutrons 


Figure 1 


Schematic representation of atoms of ordinary hydrogen and helium. The electrons are 
not in reality confined to the definite orbits shown, but instead move about the nuclei in 
all directions; the orbits merely convey an idea of the mean nucleus-electron 
distance over a period of time 


these properties with atomic number are 
conveniently represented in the so-called 
peviowic system, a common chart form of 
which is shown in Figure 2. The ninety-eight 
known elements in this system are readily 
divisible into periods, or horizontal rows 
in the chart, and the successive elements 
within each of these periods show orderly 
changes in such fundamental properties as 
atomic number, the number of constituent 
electrons, and atomic size. The entire system 
comprises one very short period of two 
elements (hydrogen and helium), two short 
periods of eight elements, two long periods 
of eighteen elements, one very long period 
of thirty-two elements (including the four- 
teen metals of the rare-earth series}, and an 
incomplete period that includes the elements 
with the heaviest and most complex atomic 
nuclei. 

The elements also are divisible into 
groups, shown as vertical columns on the 
chart, whose members have similar physical 
and chemical properties. Thus the atoms of 
the inert gases, or noble gases, of group O 
all have completely filled electronic shells 
and are so extraordinarly stable that they 
do not form ions and do not combine chemi- 
cally with one another or with atoms of any 
other element.. The elements of group I-Ia, 
known as the alkali metals, or more simply 
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as the alkalies, are very reactive chemically 
and all of them tend to combine with other 
elements in a grossly similar manner. Their 
atoms increase progressively in size with 
increasing atomic number, and each contains 
one more electron than the atom of the most 
closely related inert gas (Figure 2). Contain- 
ing one less electron than the atoms of the 
adjacent inert gases are the atoms of the 
halogens, the elements of group VII-VIIb. 
They also increase progressively in size from 
top to bottom on the chart, but are chemically 
quite different from the alkalies. 

The elements of group II-Ha are known 
as the alkaline-earth metals, or alkaline 
earths; those of groups JI]a, [Va, Va, VIa, 
Vila, VIII and Ib are known collectively as 
the transition metals. The elements of group 
Illa are sometimes excluded from the transi- 
tion category, and those of groups IIb, IIIb 
and IVb are sometimes included. The metallic 
elements appear in the central and left-hand 
parts of the chart, and the nonmetallic ele- 
ments in the right-hand part. The grada- 
tional boundary between them extends di- 
agonally downward from the top of group 
[II to the base of group VIb (Figure 2). 

Atoms of any alkali metal readily lose 
single electrons to form ions with a single 
positive charge and the electronic structure 
of the most closely related noble-gas atom. 
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Figure 2 
The periodic system of the elements 
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Doubly-charged cations with similar struc- 
tures are formed when atoms of the alkaline- 
earth metals lose two electrons, triply-charged 
cations when atoms of boron or aluminum 
lose three electrons, and singly-charged 
anions are formed when atoms of the halo- 
gen group gain an electron. Ions with the 
electronic structures of noble-gas atoms are 
readily formed, are very stable, and are 
known as noble-gas ions. 


Ions without noble-gas structure are 
formed by many of the elements in the long 
periods of the periodic system, and typically 
by elements in the transition groups. Two 
or more kinds of such non-noble-gas ions 
commonly are formed by these elements. Iron, 
for example, readily yields both the doubly- 
charged ferrous ion (Fe?+) and the triply- 
charged ferric ion (Fe+), and manganese 
yields the manganous ion (Mn?+), the 
manganic ion (Mn+) and other ions with 
larger charges. Different ions of the same 
element generally differ in their stability 
and are formed under different conditions. 
The sizes, charges and other properties of 
both noble-gas and non-noble-gas ions are 
of fundamental importance in governing 
the formation and behavior of solid materials. 


The most abundant and mineralogically 
most important elements have low. atomic 
numbers and hence have relatively simple 
atomic nuclei. Further, the elements of even 
atomic number are much more abundant than 
those of odd atomic number. Only eight ele- 
ments (oxygen, silicon, aluminum, iron, 
calcium, sodium, potassium and magnesium) 
make up 98.6 percent by weight of the 
earth’s crust, and an additional 1.0 percent 
is contributed by eleven others (titanium, 
hydrogen, phosphorus, manganese, sulfur, 
carbon, chlorine, rubidium, fluorine, stron- 
tium and barium.) Of all these, oxygen is 
predominant, and amounts to more than 46 
percent by weight of the total. 


Compounds and Minerals 


The earth’s crust consists preponderantly 
of various compounds, or combinations of 
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more than one element. Some elementary 
substances (notably oxygen, sulfur ‘and car- 
bon) also are present, but their quantitative 
contribution to the total is almost negligible. 
Some earth materials ate gases, some are 
liquids, and most are solids. Those that are 
homogeneous were formed by natural inor- 
ganic processes, and those whose physical 
properties and chemical composition either 
are constant or vary systematically within 
certain natural limits are referred to as 
minerals. Thus quartz, calcite, diamond and 
water are minerals, but coal, amber and 
volcanic glass are not. 

_ The various combining powers of atoms, 
expressed in the most general way as their 
valences, lead to the formation of a wide 
variety of natural compounds. Many hun- 
dreds of minerals have been recognized and 
described, for example, although only about 
fifty of them are quantitatively important. 
The most abundant minerals in the earth’s 
crust are silicates, aluminosilicates and ox- 
ides. Some of these, such as quartz, feldspars, 
garnet, olivine and zircon, are represented 
among the gem materials, but most of the 
substances that are important in gemology, 
are rare constituents of the earth’s crust. The 
nature and behavior of these and other natu- 
ral substances are dependent upon their 
structure; i.e., upon the mutual relationships 
of their atoms, ions or other constituent 
units. 


Chemical Bonding 
The Ionic Bond 


The ionic bond is physically the simplest 
and mineralogically the most important type 
of interatomic binding force. It is the result 
of electrostatic attraction between ions of 
opposite charge, and hence is best developed 
between elements whose atoms readily lose 
or gain electrons to form cations or anions, 
respectively. The combination of sodium and 
chlorine atoms to form the compound ‘NaC1 
(the mineral halite), for example, involves 
the ready transfer of an electron from each 
atom of Na to an atom of C1, thereby form- 
ing the noble-gas ions Nat and C1-; this 
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Figure 3 


The reaction of chlorine molecules and a crystal of sodium to form ions 
that combine into a crystal of sodium chloride 


is accompanied by a strong electrostatic bind- 
ing of these oppositely charged ions to form 
crystalline NaCl (Figure 3). Similarly, the 
compound CaF, (the mineral fluorite) con- 
sists of electro-statically bonded Ca2+ and F- 
ions, both of which also are of the noble- 
gas type and hence very stable. The ions in 
such compounds can be thought of as spheres 
that are in essentially tangcntial contact with 
one another. 

Ionic bonds generally are very strong, but 
their strength varies from compound to com- 
pound, depending upon the size, charge and 
distribution of the constituent ions, as well 
as upon other factors. The superior hardness 
and mechanical strength of many minerals 
is attributable to the dominance of strong 
ionic bonding within them. 

The Covalent Bond 

The covalent bond, also of great import- 
ance in minerals, arises from the sharing of 
electrons between atoms. Each molecule of 
chlorine shown in Figwre 3. for example, 
comprises two C1 atoms that share two of 
their electrons; each of the two contribute 
an electron on a part-time basis, but also 
gains an electron on a similar basis and 
thereby achieves the very stable electronic 
configuration of the most closely related 
noble gas, argon (Figure 2). Thanks to this 
double duty of the shared electrons, the 
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electron clouds of the two atoms interpene- 
trate to a significant degree (Figure 3), and 
each atom can be regarded as a deformed 
sphere that is elongated in the direction of 
the other atom. Once the two atoms of 
chlorine are bound together, all possible 
electron sharing is completed and no further 
covalent bonding of these individuals to 
additional atoms is possible. The atom pair 
constitutes a molecule, the smallest discrete 
unit that exhibits the properties of the sub- 
stance, and it can be bound to other atoms 
or molecules only by kinds of forces that 
are not covalent. 3 


Covalent bonds can be very strong, but 
they show even greater variation in strength 
than ionic bonds. Unlike ionic bonds, they 
are specifically directed in space, so that 
they exercize a fundamental control over the 
positioning of the atoms that they bind to- 
gether. The structure of a diamond crystal 
(Figure 10)**, for example, results from 
the definite orientation of covalent bonds 
between adjacent carbon atoms. Four. bonds 
from each of these atoms are disposed tetra- 
hedrally; i.e., they can be visualized as ex- 
tending toward the vertices of an enclosing 
regular tetrahedron. This directional prop- 
erty restricts the atoms in the diamond cry- 


The figure references in this article, of necessity, 
are net in numerical sequence. 
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Figure 10 


The structure, crystal form and cleavage of diamond. In the lattice diagram (A) the carbon 
atoms nearest the observer are shown as the darkest circles, and those farthest away as 
the lightest circles. Bond directions not parallel to the plane of the paper are ‘tapered 
ina direction away from the observer. Note how the octahedral cleavage of this mineral 
(B and C), which is difficult but perfect, involves the breaking of strong covalent 
bonds between layerlike concentrations of carbon atoms 


stal to an arrangement that includes much 
open space; if the bonding were ionic instead 
of covalent, a more closely packed structure 
and an even more dense mineral would be 
the likely result. 

Other Types of Bonding 

The bonds in most minerals are neither 
entirely ionic nor entirely covalent, but in- 
stead are intermediate, or Aybrid, in nature. 
Some can be regarded as ionic with partial 
covalent character; others as covalent with 
partial ionic character, and all gradations be- 
tween the two “pure” types of bonding can 
be expected. One can consider the electronic 
structure of such hybrid bond types as shift- 
ing rapidly, or resonating, between purely 
ionic and purely covalent arrangements. 

The complex [SiO,]4- ion, the funda- 
mental building block of the silicate minerals 
and natural glasses, is bound together by 
forces that are slightly more covalent than 
ionic. The oxygen atoms are tetrahedrally 
grouped, or coordinated, about the silicon 
atom (Figure 6), whose bonds thus are 
directed like those of the carbon atoms in 
a diamond crystal. The relative sizes of the 
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Si and O atoms (or ions)‘ ate almost ideal 
for the conservation of space, as they permit 
an extremely close packing within each tetra- 
hedral group. The bonding is very strong, 
and the [SiO,,]4- ion is extraordinarily stable. 

Other “‘pure’’ types of bonding include 
the Aydrogen bond, which is important in 
structure of water, the metallic bond, which 
is dominant in metals and some sulfides, 
and the very weak residual bond, which is 
most important inorganic compounds. These 
need not be considered here, since they have 
very limited significance in connection with 
most gem materials; their major characteris- 
tics, however, are summarized in Table II. 

The States of Aggregation 
The Gaseous State ; 

Substances in the gaseous state ordinarily 
consist of individual molecules or relatively 
small molecular groups that are not bound 
to one another and hence can move about 
rather freely and independently in response 
to the thermal agitation that exists at all 
temperatures above absolute zero. A body 
of gas has neither definite shape nor definite 
size, and merely assumes the shape of the 


GEMS & GEMOLOGY 


Particle 


Proton 
Neutron 
Electron 
Positront} 


TABLE I 


Mass and Electrical Charge of the Principal 
Elementary Particles of Matter 


Mass In Units of The 
Atomic-Weight Scale* 


1.00758 
1.00897 
0.000548 
0.000548 


Electrical 
Charge + 


+1 

0 
= 
+1 


*This scale is based on a mass of 16.00000 for the common isotope of the oxygen atom, O78. 


Referred to the charge on the electron as magnitude 1. 


FfOrdinarily neglected in simple considerations of atomic structure. 


TABLE II 


Characteristics of Five Major Types of Bonding 


Intrinsic 
Bond Nature Of Directional 
Type Attraction Characteristics Strength 
Tonic Electrostatic Not directed Strong - 
in space variable 
Covalent Shared Directed in Strong, 
electrons space and limited highly 
in number variable 
Hydrogen Electrostatic Directed according Moderately 
to covalent bonding strong 
in the participating 
molecules 
Metallic — Electrostatic Not directed Highly 
in space variable 
Restdual — Electrostatic Not directed Very weak 
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In space 


Typical Substances In 
Which It Is Significant 


Glasses; silicates and 
other metal-oxygen 
compounds 


F 


Glasses; silicates, carbonates, 
sulfides ; many nonmetallic 
elements and organic 
compounds 


Water, hydrogen fluoride, 
some organic compounds 


Metals, some sulfides 


Noble gases, halogens, 
many organic compounds 
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Figure 4 


Two-dimensional representation of structures for a compound whose chemical formula is 
A2X3. Crystal form, with high degree of geometric order, is shown at left, and glass of 
same composition but with much shorter ranges of geometric order is shown at right. 
same composition but with much shorter ranges of geometric order is shownat right. 
Positions of A atoms are marked by solid circles, and positions of X atoms 
by larger open circles. After W. H. Zachariasen 


congainer that encloses it. At room tempera- 
ture and normal atmospheric pressure, the 
average distance between the molecules of 
a gas is greater than the diameter of the 
molecules by a factor of approximately ten, 
so that these particles have relatively few 
collisions per unit distance traveled. 

With a progressive rise in confining pres- 
sure, a gas is compressed and its density is 
increased as its constituent molecules are 
forced closer and closer together. They are 
free to move over smaller and smaller dis- 
tances between collisions, which thus become 
increasingly frequent. As the molecules 
bounce about in the immediate vicinity of 


their neighbors for longer and longer periods 
of time under the influence of very high ris- 
ing pressure, there is a growing tendency 
toward binding together, or association, into 
mobile groups, or clusters, that resemble the 
structural arrangements in typical liquids. 
Each group undergoes many changes of form 
as bonds between molecules are broken and 
new ones are established, but there are net 
increases in size and number of the groups 
as the pressure is raised to still higher levels. 


The Liquid State 


The liquid state is a condensed one in 
which the cohesive forces prohibit much, 


Figure 6 
An SiO4 group and two 
linkages of such groups 
formed by sharing of 
oxygen ions 
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but not all, of the gross internal movements 
that characterize a gas. Viewed in ordinary 
terms, a liquid does not have a definite shape, 
but does occupy a definite volume under a 
given set of physical conditions. It has no 
strength and flows in response to applied 
forces, although the rate of flow can vary 
tremendously from one liquid to another. 


In structural terms, a liquid is a close- 
packed assemblage of atoms, ions, mole- 
cules, or combinations thereof, in which 
there is much small-scale geometric regu- 
larity akin to that developed on a vastly 
larger scale in crystalline solids. There is 
also, however, a substantial amount of struc- 
tural disorder that results chiefly from ther- 
mal movements of those constituents that 
ate not bound together in larger and less 
mobile groups. Too, the larger groups them- 
selves continually change in shape, size and 
orientation as new bonds ate formed and 
older ones are broken. With a decrease in 
the percentage of unbonded constituents in 
a given liquid its internal mobility also de- 
creases and its viscosity is thereby increased. 

Increases in confining pressure applied to 
a liquid tend to increase its viscosity, and 
ultimately can result in its freezing to a 
crystalline solid. Increases in temperature 
decrease its viscosity and favor the separation 
of gas (vapor), owing to intensified thermal 
agitation of its constituents and attendant 
net increases in the breaking of bonds among 
them. 


The Solid State 


Most substances in the solid state form 
crystals, in which the constituent atoms, ions 
or molecules are arranged in specific geo- 
metric patterns. Thermal energy causes them 
to vibrate over very short distances about 
specific mean positions in the three- 
dimensional structure of a given crystal, and 
they are held in these positions by relatively 
strong binding forces. Breaking and remak- 
ing of bonds does take place and some of 
the constituents do change their positions 
from time to time, but in general these are 


minor considerations at temperatures well 
below the melting point of the substances 
involved. 

At higher temperatures the thermal agi- 
tation increases to the extent where it pro- 
yokes many changes of position, and at still 
higher temperatures there is a significant net 
breaking of bonds in the structure. The 
crystal thereby melts, generally over an ex- 
ceedingly small but. nonetheless real range 
in temperature, and it disintegrates into 
a liquid that may contain numerous scraps 
of the original crystal structure. These 
masses of “wreckage” ordinarily are few 
atomic diameters in size, but some can be 
much larger. They account for a certain 
amount of short-range geometric regularity 
in the liquid, but tend to be distributed and 
oriented at random. 


Some solid substances, such as opal and 
obsidian, have been regarded as noncrystal- 
line, or amorphous, on the basis of their 
general appearance or behavior. They have 
been distinguished from viscous fluids be- 
cause they apparently require application of 
a definite threshold force before they yield 
to stress by flowage. However, many of them 
actually do yield as fluids, but so very slowly 
that the process is difficult to recognize 
and measure. Obsidian or any other glass, 
for example, is most appropriately regafded 
as a highly viscous supercooled liquid in 
which there is a very large percentage of 
bonding but a degree of geometric order 
significantly less than that in a crystal 
(Figure 4). 

Other substances that formerly were desig- 
nated as amorphous solids are now known 
to be cryptocrystalline. Many of these are 
aggregates of extremely small crystal units, 
in some instances not much larger than the 
scraps of pattern in liquids. Others appear 
to consist of both crystal units and interstitial 
material with a liquidlike structure, so that 
they represent an intimate combination, or 
blending, of the liquid and solid states. 

(to be continued) 
(in Summer 1958) 
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(Continued from page 142) 


body color of a fluorescent diamond. For 
years there has been speculation as to the 
possible maximum effect of fluorescence on 
grading, and the Colorimeter appears to give 
the answer: Diamonds have been observed 
that read two full color grades poorer on the 
Colorimeter than their visual appearance in 
unimpeded north daylight (containing ultra- 
violet). These stones in ultraviolet-deficient 
artificial light visually match the Colorimeter 
grade! 


In order to check on the effectiveness of 
the Colorimeters in. normal use, a set of 
three stones of varying color are currently 
being circulated among Colorimeter owners, 
with the owners’ readings sent in for com- 
parison. To date, these field-test stones have 
been run on 51 of the 66 instruments in serv- 
ice. The compiled results show a very gratify- 
ing correspondence among the Colorimeters. 
The average variation is less than 1/5 of 
color grade, or many times the accuracy for 
visual grading in comparison to master 
stones, as shown by similar field tests of 
a normal range of colorless to yellow stones. 
The only gross errors have been proved to 
be the result of incorrect operation rather 
than of defective Colorimeters. Several 
instruments that were suspected of being 
out of calibration have been given a critical 
laboratory check, and every one was found 
to be accurate. This is not to say that there 
have not been mechanical and _ electrical 
breakdowns, but only that when the instru- 
ment is functioning, the only gross errors 
have been traced to incorrect operation..This 
includes Colorimeters that have been in serv- 
ice for over two years. 


The color differences that must be re- 
solved to grade diamonds are very much 
smaller than the color differences that are 
considered significant in most applications 
of colorimetry. Therefore, an instrument 
to measure diamond colors must be capable 
of a much higher order of sensitivity than is 
required for the electronic colorimeters used 


in chemistry, medicine, and the like. The 
American Gem Society Colorimeter, there- 
fore, is an extremely sensitive and accurate 
instrument. With it, color differences that 
are much too fine to be consistently dis- 
tinguished by eye are sharply resolved. The 
Colorimeter has the additional advantage 
that it standardizes diamond color grading 
throughout the country with a dependability 
that is impossible by other means. Not only 
does it measure accurately very fine color 
differences in diamonds, but it also reads 
the same as other colorimeters in service. 
This permits a high degree of standardi- 
zation of diamond colors among the owners 
of the instruments. 


(Continued from page 135) 


the consistency of mint jelly and looks like 
it. The center piece is then placed into the 
hollow one, and the bottom piece glued on 
and repolished to make a perfect fit. When 
unset, such triplets can be recognized easily 
by the seam on the bottom of the cabochon. 
Otherwise, the result is perfect, giving the 
appearance of the finest quality, most ex- 
pensive jadeite. 

This beautiful appearance led many un- 
scrupulous manufacturers to cash in quickly. 
After being mounted in the Chinese fashion 
(Le., with a plate covering at bottom of 
the stone, making the ridge invisible), they 
fooled local pawnshops into giving loans 
far exceeding the value of the triplets. It 
took some time before the truth was learned 
and publicized, But the manufacture of the 
jadeite triplets continued in the hope of fool- 
ing the world markets. Fortunately, discovery 
was made soon after they appeared in foreign 
markets, due principally to scientific methods 
developed and used by gemologists all over 
the world. 


(Editors Note: The November-December, 
1956 and the January-February, 1957 issues 
of THE LOUPE carried discussions on dyed 
jadeite in the New York Lab column, and 
also the identification procedures for it.) 
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(Continued from page 133) 


cently imported very dark purple-red star 
rubies from India are almost invariably 
twinned in a rhombohedral direction, a 
condition which may give rise to three series 
of parallel lines around a “bullseye” center 
zone. Of course, the zoning may not be well 
developed in all three directions. In black 
star sapphires note the almost universal 
development of the basal repeated twinning 
planes, which may show up as bright ‘‘frac- 
tures” parallel to the girdle of the stone. 
These kinds of twinning in corundum are 
frequently mistaken for damage. 


When repeated twinning in corundum is 
recognized, the alert jeweler will bear it 
in mind when setting, sizing or otherwise 
subjecting the stone to any forces. We once 
encountered a very large star sapphire that 
had been split neatly into three sections be- 
cause it had not been removed from the set- 
ting. The ring had been slipped over a steel 
mandrill while the jeweler attempted to en- 
large the shank by hammering! To be sure, 
the stone had possessed well-developed 
thombohedral twinning. 


One final observation comes to mind. Much 
of the actual damage in both diamonds and 
colored stones has been observed in stones 
with “knife-edge” girdles. Although the 
tendency in diamond cutting is toward too 
thick a girdle instead of too thin, because 
of the factor of weight recovery from the 
rough, a sufficient number of thin-girdled 
stones are encountered to make it imperative 
for the jeweler to consider rejecting these 
stones or using safe ‘mountings. After all, 
the consumer frequently believes a diamond 
cannot break because it is the hardest thing 
in the world. Since not all consumers can 
be educated to the truth, it is well that he 
not learn the truth on his own stone! 


Users of the Gemolite and American Gem 
Society members with their Diamondscopes 
are in a unique position to observe the pro- 
cedures set forth in this paper. 
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Book Review 


MY HOBBY IS COLLECTING ROCKS 
AND MINERALS, by David E. Jensen, 
Director of the Geological Division of 
Ward’s Natural Science Establishment, 
Rochester, New York. 122 pages, well il- 
lustrated. Published by Childrens Press, 
Chicago, Ulinois. New edition, 1958. Price 
$3.95. 

The book holds much of interest for the 
boy or girl who has discovered the fascinat- 
ing hobby of. collecting rocks and minerals. 
The practical information contained in the 
book is presented in an easy-to-understand, 
nontechnical style, which will prove interest- 
ing to either the embryo collector or to the 
person who has already started the exciting 
hobby of collecting rocks and minerals. 
David E. Jensen is a geologist and mineralo- 
gist (A.B. Cornell University), and is direc- 
tor of the Geological Division of Ward’s 
Natural Science Establishment. The main 
function of Ward’s is to obtain mineral, 
rock and fossil specimens from all corners of 
the earth for redistribution to schools, col- 
leges, museums, research organizations and 
private collectors. 

The fifteen chapters of this large book 
(814 x 1014 inches) give informatibn on 
how to recognize minerals, how to classify 
rocks, where to find specimens, collecting 
equipment, how to display the minerals 
found, blowpipe experiments, how to cata- 
log minerals, and includes various property 
tables. Also included are the names of mu- 
seums having mineral exhibits, and publi- 
cations with important information relative 
to various phases of the hobby (i.e., sources 
for equipment, specimen material and cut- 
ting material, and areas for collecting). An 
appendix lists minerals found in each state 
and Canada. Altogether, the book furnishes 
a comprehensive preview for the potential 
collector of rocks and minerals. It is also an 
informative guide for the person who is 
already engaged in the hobby. 
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Historical Himalaya 


Tourmaline Mine 


Hesumes Production 


By 


JEANNE G. M. MARTIN, G.G. 


Introduction 

The recent activity at the Himalaya Tour- 
maline Mine, Mesa Grande, California, is 
reminiscent of the early part of the century, 
when approximately $1,500,000 worth of 
tourmaline and smaller amounts of other 
gem minerals were produced between the 
years of 1902 and 1912 by the gem mines 
in Southern California, with a total produc- 
tion valued at more than $2,000,000. As 
many as 70 prospects and mines were being 
worked at one time during this period. Al- 
though the Himalaya Mine was inactive and 
considered depleted for 44 years, it is now 
evident that vast stores of tourmaline, both 
gem quality and specimen material, were 
being held in the reserves of the dikes on 
Gem Hill, quiescently awaiting discovery by 
some undaunted searcher of this gem min- 
eral. 

The tourmaline production of the Mesa 
Grande district, where intensive mining was 
confined to a period between 1900 and 1910, 
was by far the most productive of the 
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tourmaline-bearing areas of California; it 
has been estimated at ‘nearly one-quarter of 
a million pounds valued at $800,000, with a 
smaller output of quartz, beryl and other 
gem minerals valued at $14,000.”1 The 
Himalaya Tourmaline Mine, with an output 
that probably totaled 150,000 to 200,000 
pounds of gem tourmaline and several hun- 
dred pounds of gem beryl, has been the 
most productive of the gem mines in this 
area. 


Much of this production was éxported to 
China, where it was used extensively for 
carving; the share of the Himalaya Mining 
Company’s lapidary in New York was ap- 
proximately six tons. About 300 to 400 
pounds was composed of fine nodules and 
pencil-shaped crystals of the very highest 
quality. It was fortunate for the mine owners 
that the development of these deposits came 
at a time of high tourmaline prices, which 
were brought about primarily by its popular- 
ity in China; pink (shan) tourmaline was 
greatly, almost superstitiously, prized by the 
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Entrance to the Himalaya Tourmaline Mine, Mesa Grande, San Diego County, California, 
as it appeared in 1915. 


Chinese. However, the fall of the last Chinese 
dynasty (the Republican Revolution in 1912) 
caused the market to decline and the result- 
ing drop in prices necessitated the closing of 
the mines, thus ending the profitable gem 
mining in this area. Most of the readily 
detected and easily worked gem deposits had 
been well exploited by 1914, and the ad- 
ditional work and expense involved in 
further exploratory work in the gem-bearing 
pegmatites was prohibitive in the view of a 
dropping market. 

It has been reported that the miners work- 
ing in the Himalaya Mine dropped their 
tools and walked out of the mine when they 
received reports of what the future held for 
them, leaving recently recovered crystals of 
tourmaline on the floor of the drift. 

Since the tourmaline had been mined 
essentially for two outlets (i.e, China, 
which wanted only massive pink material for 
1. The Gem Deposits of Southern California, by 


Richard H. Jahns, Engineering and Science Monthly, 
Volume XI, No. 2, 1948. 


Courtesy U.S. Geological Survey 


carving, and the Himalaya Mining Com- 
pany of New York, which desired only gem- 
quality material for their New York lapi- 
dary), a vast quantity of the product was 
relegated to the dumps on the hillside. 
The dumps at the Himalaya Mine were 
a mecca for the rockhound fraternity of Cali- 
fornia and the Southwest for many years. 
Eventually, the mine was sold and free access 
to this collector’s paradise was curtailed in 
1952. By this time, good material in the 
dumps was getting increasingly hard to find, 
and only the diligent. searcher was fortunate 
in recovering any worthwhile tourmaline. 
There is, of course, no record of the amount 
of gem material removed in those years be- 
tween the closing of the mine and the pres- 
ent mining activity, although many of the 
mineral cabinets of fortunate collectors attest 
to the richness of the dumps during the 
early rockhound era. Therefore, although 
this removal of gem material has been almost 
wholly confined to the mine dumps, another, 
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but smaller, undisclosed fraction has been 
added to the overall production of these rich 
mines. 

It has been reported that the Himalaya 
Mine was opened on several occasions since 
it was shut down in 1914, but with generally 
poor rewards. 

The small amount of tourmaline marketed 
during World War II came from the Pala 
district. 


Himalaya Mine 

The historical mining property is situated 
on Gem Hill in the eastern half of Section 
17 (TJ. 11S8., R. 2E., §.B.M.) at an altitude 
of. 3800 feet. It is about 414 miles north- 
west of the Mesa Grande store and on the 
watershed between the San Luis Rey River 
and Mesa Grande Creek. The zone of peg- 
matite dikes that runs through the diorite 
hills in the northeastern part of the county 
from Mesa Grande northwestward through 
Pala traverses the mining property on Gem 
Hill. 

When the mining activity ceased in 1914, 
the buildings consisted of a dwelling house, 
a barn, tool houses, a blacksmith shop, and 
a windmill that furnished piped water to 
all of the buildings. Herbert Hill, one of the 
miners who had been employed by the Hi- 
malaya Mining Company since 1904, was 
retained as caretaker for the mining property 
and continued to live on the premises in this 
capacity until his death in 1954. The build- 
ings had deteriorated due to weathering and 
lack of proper upkeep. The windmill was no 
more, and the only available water supply for 
the caretaker was a spring that disappeared 
during the very dry season. The primitive 
road was rutted and often became impassa- 
ble. In general, the property was in a very 
dilapidated condition. 


Mine Changes Hands 
The 120-acre property, with existing 
buildings, was purchased by Ralph R. Potter, 
La Mesa, California, in 1952. The transac- 
tion was executed through. an agent of the 


former owner, Helen Quin Kong, San Fran- 
cisco, California (an heir to the property). 
Although the property was listed at $20,000, 
the actual purchase price was never divulged. 
In 1951, however, there was a rumor to the 
effect that the property could have been pur-- 
chased for the small sum of $12,000. 

Shortly after acquisition of the. property, 
Mr. Potter began making improvements, 
grading and filling the narrow rutted road 
and putting the remaining buildings in a liv- 
able condition. Exploratory work at the mine 
was also begun about this time. Mr. Potter’s 
mining experience was limited to coal min- 
ing and some gold mining in the State of 
Colorado, .so this was his first attempt .at 
gem mining. Several drifts were driven to- 
ward the gem-bearing ledge in the pegma- 
tite dike, but without any worthwhile re- 
wards. 

In. 1956, a jet plane crashed on one of 
the wooded hills nearby, setting fire to the 
surrounding acreage. The pilot barely es- 
caped with his life, by outrunning the terri- 
ble blaze being fanned in his direction by a 
strong wind. However, the surrounding tree- 
and brush-covered acreage was not so fortu- 
nate. The fire burned for several days and re- 
sulted in the destruction of many valuable 
acres of standing timber. Most of the build- 
ings on the Himalaya Mining property -;were 
gutted; only the building now being used as 
a bunkhouse escaped serious damage. Many 
of the beautiful 300-year-old oaks and pines 
that covered the gently sloping hillsides 
were victims of the catastrophic fire, which 
came within yards of the store at Mesa 
Grande. Undaunted, even after the ravages 
of fire had been added to his unsuccessful 
mining experiences, Mr. Potter resumed his 
exploratory work. After approximately 750 
feet of drifts had been driven, and with only 
a small amount of tourmaline being recov- 
ered, Potter, in July, 1957, decided to drive 
a tunnel from a more advantageous direc- 
tion, aiming at the dike at an angle that he 
hoped would strike the old tunnel near the 
point where work was progressing at the 
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A view of surrounding 

terrain as seen from 

the entrance to the 

Himalaya Mine, Mesa 
Grande, California. 

Courfesy 

Elbert McMacken 


Present-day entrance to the Himalaya 
Tourmaline Mine, Mesa Grande, Calli- 
fornia 4 


GIA Photo 


time the mine ceased operations in 1914. 
This latest and most successful tunnel ex- 
tended about 550 feet into the dike area. 
This is one of the deepest penetrations made 
in any of the mines in the area. 

The 550 feet of the newly constructed 
tunnel had to be timbered and, in addition, 


The owner of the Himalaya Tourma- 
line Mine, Ralph R. Potter, La Mesa, 
California. 

GIA Photo 


the timbers in the section of the old tunnel 
had to be replaced. Although a few of the 
timbers in the old tunnel were still in fair 
condition, some sections showed signs of de- 
terioration; therefore, the entire length of 
the tunnel was reinforced with square sets, 
the timber of which was supplied from the 


166 


GEMS & GEMOLOGY 


remaining timber standing on the wooded 
slopes of Gem Hill. Since many dormant 
springs were reactivated. by the heavy rains 
experienced by Southern California early in 
1958, the tunnels are extremely damp and 
slippery as the result of seepage from the 
claylike soils of the terrain. Small mine cars 
on narrow rails carry the debris from the 
tunnels and stopes. Much of the old-time 
equipment has been restored and is now in 
use in the present mining operations. 


Recent Production 


The ledge, which is about 36 inches in the 
widest part but usually averages 18 to 24 
inches in width, dips at from 26 degrees to 
33 degrees southwest. Many small pockets of 
tourmaline have been opened during this 
last penetration into the ledge. Several have 
been productive of large crystals of multi- 
colored or bicolored tourmaline, many with 
both terminations intact. Approximately 
244% to 3% of the material recovered is 
of gem quality. To date, no pockets of com- 
parable size to those found in the heydey of 
the mine have been uncovered. (One pocket 
found during the early part of the century 
was said to have produced six tons of tour- 
maline!) The recovered tourmalines are of 
various colors, consisting principally of 
green, rubellite (red) and yellow (a beauti- 
ful golden color is apparent when a yellow 
crystal is viewed parallel to the C axis). At 
least 50% of the specimens are blue-green, 
pink or red. So far, 25% of the production 
has consisted of complete doubly terminated 
crystals. The largest one produced to date is 
TY) inches long and 114 inches in diameter, 
with a small 34-inch pink-and-white crystal 
protruding from the side; the smaller crystal 
has the necessary inclusions for producing 
a cat’s-eye tourmaline. The main crystal, 
which has both positive and negative termi- 
nations, is green, pink and yellow and has 
one pink tip. 

Associated minerals found are quartz, 
morganite (beryl), albite, cleavlandite, lepi- 
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dolite, muscovite, apatite, allanite (radioac- 
tive}, microcline and stibiotantalite.2 


A Tourmaline Pocket 


The careful opening of gem pockets is the 
key to successful pegmatite mining. Since it 
is mentioned only casually in the discussions 
on the mining operations of this material, it 
may be of interest to readers who have never 
witnessed it to have a first-hand account of 
this aspect of gem mining. 

In May of this year, the author was ac- 
corded the rare privilege of watching the 
opening of a tourmaline pocket at the Hi- 
malaya Mine. The author and Robert Crown- 
ingshield, Director of the New York Labora- 
tory, met Mr. and Mrs. Potter at their home 
in La Mesa, California. After a 65-mile 
drive, we encountered the three-mile primi- 
tive road that winds into the hills at a point 
a few miles beyond the Mesa Grande store. 
This narrow, winding road, although recon- 
ditioned in 1952, shortly after the acquisi- 
tion of the property by the Potters, had be- 
come deeply rutted and extremely hazardous 
for late-model cars. We were warned upon 
reaching the mine entrance of the slickness 
of the tunnel floor, which was the result of 
seepage from the surrounding spring-filled, 
claylike soil. Mr. and Mrs. Potter led the 
way into the drift. The light was proyided 
by two carbide lamps. As we approached the 
point where the most recent tunnel reached 
the original one, the owner informed us that 
at least one of the rumors concerning the 
cesation of mining activity when the market 
dropped was true: the tools and lanterns of 
the early-day miners were found when the 
old part of the tunnel was broken into; also, 
specimens that had been mined’ more than 
44 years ago were lying in profusion on the 
tunnel floor, just as the report claimed. 

Farther along, we sighted an opening that 


2. Dr. George F. Kunz, in his Bulletin #37, 1905, 


states that a mineral in the form of dark transparent 
crystals, with a specific gravity of about 10.00 and a 
hardness of 514, had been found in the Himalaya 
Mine but had not been identified. He stated that only 
a few specimens had been encountered. It was later 
(1909) identified as stibiotantalite (SbTaQq). 
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.A pocket of tourmaline as it appears in the ledge. Crystals 
are barely visible. Ruler gives comparative size of pocket. 
Courtesy Elbert McMacken 


led up a steep, dark incline to the left. This, 
we were informed, was the stope that would 
enable us to reach a pocket located at the top 
of the incline. The stope at this point fol- 
lowed along the ledge, and at places it was 
necessary to crawl in order to negotiate the 
low and narrow opening. Finally, we 
reached a part of the stope that flared out 
into an oval; it was still too low to stand 
upright, but it was nevertheless somewhat 
larger than the section from which we had 
just emerged. Along one side of the oval 
opening, and about two feet farther along, 
the character of the ledge changed abruptly 
to a very coarsely crystalline texture — large 
crystals of feldspar mixed with plates of 
mica heralded the zone’ where the pocket 
of tourmaline had been discovered. The 
crystallization of the rock encompassing the 
cavity has barely discernible in the low light, 
so the coarsely crystalline area stood out in 
relief. The cavity was about 14 inches from 
the floor of the oval enclosure that termi- 


nated the tunnel. The lights were turned on 
the cavity as soon as the remainder of the 
group had reached the oval and found foot- 
holds in the slanting floor. 
Anyone who had anticipated seeing a 
gleaming display of crystals would have been 
disillusioned, since all of the crystals were 
covered with a sticky, brownish-pink decom- 
posed feldspar — the clay mineral mont- 
morillonite. The roof of the elongated pocket 
was lined with crystals of quartz and solid 
growths of cleavlandite (a form of albite), 
with small “books’’ of muscovite (mica) on 
blocks of feldspar. Unattached crystals of 
tourmaline embedded in the clay lay in pro- 
fusion on the floor and sides of the pocket; 
others were attached to the walls. The con- 
tours of a few crystals were visible, but only 
at the extreme front edge of the pocket; 
most of them were well concealed by the 
clay. The afternoon was spent in removing 
crystals from the pocket. Each crystal had to 
be freed carefully from the montmorillonite, 
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Close-up view of the pocket pictured on page 168. Top center 
shows a quartz crystal protruding from the ceiling of the pocket. 
Tourmaline crystals are covered with sticky claylike pocket material. 
Courtesy Elbert McMacken 


which was reminiscent of modeling clay. 
The clay was kneaded to locate any small 
crystals, then the remainder was placed in a 
sack kept for that purpose. This material 
was later taken outside, where, with access 
to water and sufficient light, it was screened 
for any elusive tourmaline and associated 
minerals. 

Many of the crystals appeared to be held 
securely in place, but, to our consternation, 
upon trying to remove some of the coating 
in order to obtain a more desirable photo- 
graph of the tourmaline pocket, they became 
dislodged easily. Since there was a possibil- 
ity that the crystals might roll down the 
stope and be lost, this attempt to clean them 
off in place was discontinued. Although the 


crystals appeared to be intact, they frequently 


came out in separate pieces. The fracturing 
is thought to have been caused by disturb- 
ances in the earth, rather than by the concus- 
sion of blasting operations. In many in- 
stances, crystals had been broken and later 


healed by natural processes. Some bore the 
imprints where other crystals had grown ‘in 
contact with them. One crystal encountered 
had been bent and fractured and then healed 
by later solutions. The accompanying photo- 
graphs of the pocket do not show the in- 
dividual crystals clearly because they -are 
covered with clay. The majority of the crys- 
tals removed were bicolored and doubly 
terminated. Some were largely of gem quai- 
ity, but most of the others had at least small 
areas of gem quality. The photographs repre- 
sent only the largest crystals that were re- 
moved from this pocket, since the remaining 
material had not been washed and screened 
at the time the photographs were taken. 

We were informed that the pocket from 
which we removed the crystals was just one 
of a series that had been discovered in recent 
mining activities. A few of the pockets were 
large, but the vast majority were small. 

Since the hand drilling for the dynamite 
charges had been done with great care, and 
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A group of bicolored terminated tourmaline crystals removed from the pocket. Largest of 


these is about seven inches. Cleavlandite forms rosettes on the crystals. 


since the crystals were cushioned by the clay, 
few had been fractured by blasting. 


Marketing of the Himalaya Tourmaline 


At the present time, only specimen ma- 
terial and smaller gem-quality crystals are 
being marketed. This material is being 
handled by various gem and mineral dealers 
in the Southwest. High-quality material re- 
tails for approximately $2 per carat. Speci- 
men crystals (collector’s items) are sold 
from a few dollars to hundreds of dollars, 
depending on the perfection, the number of 
associated minerals, and their sizes, clarity 
and color. Because so many are bicolored 
and doubly terminated, there has been great 
demand for them among collectors. The fin- 
est tourmaline from this mine is considered 
to be the most desirable in the world; the 
green specimens make particularly beautiful 
faceted stones. The strong dichroism that 
characterizes most green Brazilian tourma- 
line and the tendency toward opacity in the 
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direction of the C axis is absent in the green 
Himalaya material, thus resulting in a more 
attractive color. 

At the present time, it is not known if this 
latest mining activity will in any way com- 
pete with that of the earlier era, when it was 
not unusual to find pockets having a capacity 
of several tons, according to some of the 
stories of early-day mining. 


Early History 


The fact that some of the highly colored 
crystals were found in graves of the Indians 
in the Mesa Grande vicinity suggests that 
tourmaline was known and valued by the 
Indians for a very long period. It has been 
said that the Indians succeeded in crude 
mining, enabling them to reach the hidden 
cavities; however, they may have recovered 
tourmaline from pockets in outcrops or as 
float. But it was not until 1898 that this 
famous locality was made known to the 
world. 
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This 7¥%-inch tourmaline crystal, doubly terminated and multicolored, is just one of the 
many outstanding specimens recovered since the reopening of. the Himalaya Tourmaline 


Mine, Mesa Grande, California. It is further described in the text. 


There have been many stories about the 
Indians and their knowledge of the tourma- 
line deposits. One of the most popular ac- 
counts of the first discovery in San Diego 
County tells how Indian children found an 
oddly shaped crystal about three inches long 
and a little thicker than a common lead 
pencil near the Mesa Grande postoffice. Ac- 
cording to the story, the crystal was cleaned 
and then rubbed with a piece of hide, reveal- 
ing it to be a beautiful blue color, very shiny 
and partially clear. The natives, although 
having no conception of its true nature, 
were attracted by its beauty. Subsequently, 
other brightly colored stones of the same ap- 
pearance were found by the Indians and 
cowboys in the same vicinity. No one real- 
ized at that time that they were valuable. 

However, the first recorded discovery of 
colored gem tourmaline in the State of Cali- 
fornia goes back to June, 1872, when Henry 
Hamilton recognized this mineral on the 
southeast slope of Thomas Mountain in 
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Riverside County. He traced the float to an 
eroded pegmatite dike, which was later de- 
veloped by the Thomas Mountain Mine. 
Subsequently, other occurrences of tourma- 
line were mined in this area. In the course of 
a few years, three localities in the vicinity 
were located and prospected. Although’ some 
mining was accomplished at this time, few 
fine gems were recovered. Evidently, these 
discoveries were not made public for several 
years, for no mention was made in miner- 
alogical survey reports at that time. How- 
ever, Dr. George F. Kunz issued a statement 
in one of his reports to the effect that he 
had in his possession a fine specimen of 
tourmaline that had been obtained prior to 
1873 from the above-mentioned deposit.3 
The next significant discovery, 20 years 
later (1892), was made by Mr. C. R. Or- 
cutt, near Pala. (In the Pala area about 18 


3. Gems, Jewelers’ Materials, and Ornamental 


Stones of California, issued by the California State 
Mining Bureau in 1905 as Bulletin 37. 
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Another group of the tourmaline crystals showing terminations. GIA Photo 


tons of tourmaline was mined during 1892.) 
Other discoveries in the Pala vicinity fol- 
lowed but were overshadowed when the rich 
tourmaline deposits at Mesa Grande were 
discovered. 

The greatest discovery of all was made 
in 1898, when the source of the tourmaline 
crystals that had been displayed by the In- 
dians was located. It was found on a high 
wooded slope, called Gem Hill, south of the 
San Luis Rey River and about 11 miles south 
of Palomar Mountain. This is the ridge on 
which the world-famous Himalaya Mine is 
located — the greatest producer of gem tour- 
maline in North America. 

The value of the locality was made known 
by Mr. C. R. Orcutt, who opened it and for 
a time worked it; afterwards, it was oper- 
ated by Dr. A. E. Heighway. This led to 


later development by the Himalaya Com- 
pany, New York. 


For several years, these above-mentioned 
mines were the only tourmaline mines in this 
region. But in 1902, a number of new de- 
posits were found and worked. 


Pegmatites of Southern California 


The most productive and most extensively 
developed of the gem-bearing pegmatites in 
California are exposed in a 25-mile belt that 
lies within San Diego County and embraces 
three pegmatite districts; one at Pala, at the 
northwestern end of the belt, another at Rin- 


4. Recent Gem Mining at Pala, San Diego County, 
California, by Captain John Sinkankas, U.S.N., 
which appeared in the Fall, 1957, issue of GEMS & 
GEMOLOGY, gives recent information concerning 
this area. 
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con, near the center of the belt, and a third at 
Mesa Grande, at the southeastern end. 

All of the gem-bearing pegmatites of 
Southern California are located in the prov- 
ince of the so-called Peninsular Ranges, a 
series of ridges and mountains that extend 
southward from the edge of the Los Angeles 
Basin. This region is underlain mainly by 
plutonic igneous rocks of the Southern Cali- 
fornia batholith and pre-batholith metamor- 
phic rocks. This great mass separates the 
Salton-Imperial depression on the east from 
the coastal areas on the west, and also forms 
the “backbone” of much of Baja California. 
It is characterized by medium- to coarse- 
gtained igneous rocks that have a wide range 
in composition. 

The gem materials and associated minerals 
occur in pegmatite, a granitic rock charac- 
terized by extreme coarseness of grain. The 
pegmatite is usually encountered in dikes. In 
Southern, California these range in thickness 
from less than an inch to 100 feet or more. 
In most of the zones the pegmatite is sur- 
rounded by other, less coarse-grained, ig- 
neous rocks of more basic composition. The 
majority of the dikes trend north to north- 
northeast and dip westerly at gentle to mod- 
erate angles. Although many of them are 
shorter, some reach 1000 to 4000 feet in 
length. Many of the pegmatite masses are 
very regular in thickness and attitude and 
most of them contain little or no gem ma- 
terial, The percentage of tourmaline in a 
dike evidently bears no relationship to the 
average thickness of the dike. For instance, 
the dike at the Himalaya Mine at Mesa 
Grande averages only about four feet in 
thickness, whereas many larger dikes have 
yielded no gem material. 

The upper part of the typical complex 
dike is composed of graphic granite, whereas 


its lower part contains a finer-grained quartz- 


feldspar (aplitic) rock. Much of this finer- 
grained rock shows a distinct banding 
known as “line rock,” which is caused by 
thin layers rich in minute grains of garnet 
or black tourmaline and albite feldspars. 
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In the central parts, or cores, of some 
dikes, commonly along or near contacts be- 
tween line rock and overlying graphic gran- 
ite, is the so-called pocket zone. Ordinarily, 
this is an irregular series of tabular or pod- 
like masses that are rich in quartz. Associated 
with the quartz are albite, microcline and 
orthoclase feldspars, muscovite and lepido- 
lite micas, tourmaline of various colors, 
beryl, and a number of rare minerals. This is 
popularly known as ‘‘pocket pegmatite,” be- 
cause the crystals are found in spaces filled 
with soft matter rather than hard rock. Pink 
to brownish-pink clay is regarded by miners 
and prospectors as a very favorable indica- 
tion of gem material in the Mesa Grande 
area. 

Most of the gem tourmaline occurs in 
prisms that are pencil-like in size and shape, 
but individual crystals as much as four feet 
long and six inches in diameter have been 
mined, 


Future of the Himalaya Mine 

The vast potential of the Himalaya Mine 
has been emphasized by the recurrence of 
mining activity, its recent substantial pro- 
duction and the large areas of the dike as yet 
unexplored. Although “‘bonanza-type’” oper- 
ations may not be in store for the future of 
this historical mine, it will nevertheless be 
interesting to follow the trend of revived 
mining operations and to see what induce- 
ment, if any, it may provide for the reactiva- 
tion of other of these famous early-century 
mines of San Diego County. 


REFERENCES: 


1. Jahns, Richard H,, The Gem Deposits of 
Southern California, ENGINEERING AND 
SCIENCE MONTHLY, Vol. XI, No. 2, 1948, 

2. Kunz, George F., Gems, Jewelers’ Materials, 
and Ornamental Stones of Cahfornia, California 
State Mining Bureau, Bulletin No. 37, 1905. 

3. Wright, Lauren A., Gem Stones, California 
Division of Mines, Bulletin No. 176, 1957. 

4, Sinkankas, John, Recent Gem Mining at Pala, 
San Diego County, California, GEMS & GEM- 
OLOGY, Vol. IX, No. 3, 1957. 

5. Murdock, Joseph, and Webb, R. W., Minerals 
of California, California Division of Mines, Bulle- 
tin No. 173, 1956. 

6. Potter, Ralph R. Personal communication, May 
1958. 


173 


Clarity 


By 


WILLIAM C. McCONAHAY, G.G. 


The purpose of this paper is to present 
a suggestion that may possibly develop into 
a better method of describing quality in 
diamonds, or at least a better way of think- 
ing about quality. 

The present-day thinking by many mem- 
bers of the trade and the public in general is 
in terms of imperfection—certainly a negative 
view, to say the least. 

In recent years, through a greater knowl- 
edge of value, many jewelers have discon- 
tinued the use of the word semiprecious 
when describing other than the so-called 
precious stones. Many people accept the 
suggestion implied by the prefix semi to 
mean that a stone has less value than one 
that is called precious. A satisfactory solu- 
tion to this was the adoption of the word 
gemstone. The term is all inclusive; it sug- 
gests a superior quality of stone that pos- 
sesses the factors that are necessary in order 
for the stone to be valuable. 

In describing diamonds, some of us use 
the word flawless to identify the finest grade. 
This has been done because, through abuse, 
the meaning of the word perfect has become 
more and more vague. The use of numbers 
and letters to describe color and clarity is 


common with many firms. In this there is 
no accepted standard, since one firm may 
use the letter A to mean the same grade 
that another firm describes as AA. These 
symbols are sometimes confusing to the 
trade, even more so to the layman. It is often 
intended that they should be. 

Knowing that repeated attempts have 
been made to standardize grading, without 
much success, it is not my intention here to 
criticize these systems. They are at least a 
step away from the older terms of Wessel- 
ton and River, which no longer have a 
definite meaning. 

When speaking of diamonds, clarity is 
one of the most important words in our 
vocabulary; even more important is its use 
in our thinking. For example, the average 
American has a fairly clear picture in his 
mind of an ordinary yardstick. Some of us 
can visualize one hundred of these units in 
terms of a track for a foot ‘race. Most of us 
are familiar with the inch and the foot; we 
can visualize the yard being divided into 
these units. As we get farther away from 
the common yardstick and its most common 
subdivisions, fewer and fewer of us have 
a clear picture of linear measure. The same 
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is true for weights and other forms of 
measurements. It is even more true in meas- 
uring wealth. 

What is wealth? An economist has one 
definition, but to most of us it is synonymous 
with luxuries that most people cannot afford 
or do not have. Someone has said that this 
country of ours is without peer in the world 
and that our economic strength is unique in 
the entire history of mankind. No other na- 
tion has ever accumulated such wealth; no 
people have ever enjoyed such standards of 
Jiving. Just what did he mean by “economic 
strength,” “‘wealth’’ and “standards of liv- 
ing?’ Of course, he was making comparisons. 
He. was comparing our country, our people 
and our way of life with what he had seen 
in other parts of the world. He was also 
comparing our circumstances with those of 
past generations and past civilizations. 

The object of this introduction to my 
subject is to point out the fact that there are 
several factors that affect the viewpoint we 
take in evaluating a diamond. Certainly, the 
wealth of our country is one of these factors. 
Who can say which Americans may or may 
not own a diamond? Surely, many more 
Americans own diamonds today that at any 
other time in history. 

Is this because of our wealth? Yes, partly. 
Mode? Certainly that, too, is important. 
Mode may even be the more important 
factor. 

There was a time when the owning of 
jewels was limited to a very select few, but 
today in this country many millions of 
women and meh own and wear diamonds 
and other jewels. Certainly, there is no 
better way to express a feeling of well being. 

It is true that jewelry does not satisfy the 
three most basic necessities of life, but there 
is.a quality in jewelry that canot be found 
in food, shelter or clothing. The very fact 
that jewels are not necessities ideally qua- 
lifies-them as gifts. And gifts of this nature 
express a feeling of sentiment on the part 
of the giver much better than gifts of 
necessities. 


When two young people walk into a 
jewelry store and pick out an engagement 
ring, they are following a well-established 
custom, motivated by one of the greatest 
forces on earth; love. To get a clear view of 
this picture we must stand off a few feet, 
or a few generations. How does the conduct 
of this young couple compare with that 
of one or two or even a hundred generations 
ago?. We know that their grandparents 
seldom had such beautiful diamonds from 
which to choose. Very likely they did not 
even buy 2 diamond at all, just a plain gold 
band. However, there was just as much 
sentiment in the purchase of this ring. The 
pattern of behavior has changed very little. 

The symbol of an ‘engagement in America 
today is a diamond ring. This custom did 
not come about by accident; it was planned 
and engineered. We in the jewelry trade 
have all contributed to the furthering of 
this custom. In other parts of the world and 
in other generations, a diamond-set ring 
never attained the popularity that it enjoys 
today. 

What, then, is our wealth? Merely some- 
thing that can be shaped into convenient- 
size gold discs or anything else that is 
tangible? Not in the case of our young 
couple. They can see the beautiful picture of 
their future. Castles in the air? Possibly. 
But the chances of their achieving success 
are greater than at any other time in the 
history of the world. They may not be able 
to explain in cold logical terms the wealth 
they possess, but there are physical evidences 
of wealth that back up this kind of think- 
ing: a way of life, conveniences and the 
privilege of enjoying beauty. The latter may 
include a diamond. 

This is applied ambition. The young man 
may have a job in a service station. He will 
earn the money to make the payments on 
the diamond. He may not know the relation- 
ship between the carbon in a car muffler and 
the diamond he is buying, or he may know 
just that. He may become a great scientist. 
In our time, in our country, these are the 
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possibilities: Probably this is one of the 
forms of wealth to which our economist 
referred. 

Nor does the jeweler need to feel defeated 
because there is a car payment that has to 
be taken into consideration along with the 
purchase of the diamond. Our young friends 
are planning big things for their future, 
and the car and the diamond are both in- 
cluded in their plans. Why, then, should 
these young people be confused by having 
this beautiful symbol of their happiness de- 
scribed in terms that-are out of tune with 
this most special occasion? 

Possibly the jeweler is thinking about. his 
competitor's advertisement. So he begins by 
talking about size, perfection and price. 
Instead of calling attention to the enduring 
beauty of this rare gem that he is showing 
them, he all too often starts by talking in 
terms of flaws and imperfections, This is not 
only a case of poor salesmanship. but it is a 
case of nation-wide negative thinking. Too 
many of us are guilty of using the language 
of the other fellow. 

Someone has said that “We are most 
vulnerable when we fight with an enemy’s 
weapons only.” 

Our prospective customers may have just 
come from a competitor's store, or they may 
have merely heard about the different prices 
of diamonds. One thing is certain; they are 
planning to symbolize the most important 
event in their lives. We can do no less than 
“tune ourselves in” to the spirit of this 
occasion. 

Last. summer, while taking a trip in 
southern Utah, my wife and I were eating 
breakfast in a cafe in Green River. The 
uranium boom was at its peak. The waitress, 
who: could. have been the wife of one of 
the prospective millionaires, placed a small 
paper table cover in front of each of us. In 
each corner of the cover was a typical west- 
ern-picture. The border consisted of cattle 
brands. These brands caught my attention. 
Each. was designed as a distinctive identifi- 
cation. What relationship could there be be- 
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tween a cattle brand and a diamond? Each 
has its own identifying characteristics. The 
cattle man proudly displays his brand on 
his stationery, his. home, his car—anywhere 
it can be used to identify him. With dia- 
monds it is probably a little different. How- 
ever, each diamond has some identifying 
characteristic. In the trade we recognize 
this and use it on our side of the counter, 
but we apologize for it over the counter. Our 
predecessors in this business set up certain 
methods of describing standards that are 
today antiquated and impractical. Still many 
of us continue to use these “measuring 
sticks,” realizing, as we use them, that they 
are inaccurate and uncomplimentary. 

It seems to me that the expression clarity 
gtading rather than smperfection grading 
is more desirable. But what is most im- 
portant is the t#ming when we mention this 
to the customer, We should not wait until 
he asks “Is this a perfect stone?” Right 
then we are obligated to talk Ais language. 
We are showing him a good diamond, a 
beautiful stone. Although it has a tiny 
identification mark near the edge (possibly 
we need not elaborate beyond that), at least 
we have given the inclusion something other 
than an uncomplimentary name. Certainly 
this does not classify the stone as a cull from 
the apple barrel. It is true these inclusions 
do affect the value, but where is our meas- 
uring stick? We are not grading perishable 
fruit, discarding all that do not measure up 
to a standard called “perfect.” 

Can we in the jewelry trade change our 
thinking about quality in diamonds—not 
necessarily our opinion of grades, but the 
words we use to express quality? Many 
firms have adopted the “four C’s” as a 
guide, or ruler, but clarity is still graded in 
terms of perfection and imperfection. Let us 
place more emphasis on clarity and omit 
the reference to imperfections and flaws. Let 
us assume the attitude that all diamonds, 
other than industrial stones, are graded for 
clarity, not perfection, flawlessness, imperfec- 
tion or other negative terms. Let us remove 
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from our vocabulary, as far as diamonds are 
concerned, the words perfect, flawless, im- 
perfect and flawed. 

The idea has been advanced many times, 
but the whole-hearted acceptance is like 
diverting a stream from its course. The 
tendency is to return to the “old way.” 

When the word flawless was substituted 
for the word perfect, it was a step in the 
right direction. The opposite, however, was 
still a negative term: flawed. And we had 
no other way to describe all the diamonds 
that did not qualify in the flawless grade. 
So we are right back where we started. 

I do not propose here to set a pattern of 
ethics, although much can be said in favor 
of improving that. My object is to think in 
terms of grading diamonds without having 
to resort to the use of terms that have a 
negative suggestion, no matter how minutely 
they may apply to. a stone in question. 

What I am doing is eliminating from my 
sales vocabulary and my thinking negative 
terms such as the word “imperfect’? when 
referring to the quality of diamonds. 

Since writing my first lesson in gemology 
I have gradually developed more confidence 
in my ability to discuss gems over the 
counter, before an audience, and with other 
people in the trade. I have learned to avoid 
being too technical when the customer's best 
interest is to be considered.” That was not 
easy, but it was a valuable lesson. As a 
retailer, whose time is spent behind the 
counter more than at a desk, my knowledge 
of gemology has had an increasing influence 
on my selling. The caution I try to exercise 
in this connection is best brought into focus 
when I recall two experiences in which sales 
were not made. One was that of a refrigera- 
tor sales manager years ago. He had just 
completed a talk to his crew of salesman on 
stressing the benefits to be derived from -me- 
chanical refrigeration, not the mechanical 
functions of the machine. At the conclusion 
of the sales meeting a customer walked into 
the store and said he was an engineer and 
wanted to know. what made the machine 


work. The sales manager seated the customer 
before a compressor and spent the next hour 
explaining the mechanism in detail. As 
the customer arose to leave he thanked the 
man and said, “I'll let you know when I 
decide to buy.” He was back in fifteen 
minutes and said, “I agreed to let you know. 
I bought a “ ’ refrigerator. It has no 
fans, belts, or drain pipes.” Another point 
here was the fact that the successful salesman 
had actually capitalized on a deficiency: he 
did not apologize for the ungainly appear- 
ance of his product, but bragged about it 
and sold more refrigerators. 

The other experience was my own. A 
young couple came into our store and asked 
to see “a diamond.” Without first finding 
out that what they had in mind was a ring 
of a definite style with a diamond in it, I 
attempted to determine what grade of stone 
they might consider. I was so sure that a 
display of three pairs of stones, in different 
grades that I had recently purchased, all in 
the same style of mountings, would get my 
answer that IJ failed to see that I did not 
have their interest. As they started to leave, 
one said, ‘These ain’t the style we want,” 
and there was nothing I could do to find out 
what they did want. 

With these two pictures clear in my 
memory, I can see the importance of selling 
a person what he WANTS, NOT what he 
SAYS he wants. In diamonds this means, first 
of all, beauty; and it cannot be stressed by 
starting out with a negative or an apologetic 
approach. The engineer said he wanted to 
know what made the refrigerator work, but 
he bought one that had all the mechanism 
“sealed in, free of mechanical difficulty.” 

The young couple had a certain style of 
mounting in mind, probably one the young 
lady had seen on another girl’s hand. Any 
colorless stone in the right mounting would 
have been more interesting to them. right 
then than the finest gem in any other 
mounting. 

Recognizing the value of a favorable first 
reaction, a large national sales organization 
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has a policy of three grades for all their 
products: good, better, best. Many of us in 
the jewelry business begin with “best” or 
“perfect,’’ but we then go to “not quite so 
good” then ‘worse still.” 

In some instances, the “best” grade is 
sold by this kind of comparison. In other 
cases, the customer will justify himself with 
the thought that ‘the cheaper grade is all I 
can afford” or “this is a bigger show for the 
money.” 

I believe that it is not necessary to 
apologize for any diamond. If it is good 
enough for me to buy, then there should be 
no reason why it is not at least a GOOD 
diamond, even a pique. Of course, they 
are not the best, but they are real and they 
are good, 

One of the most common questions a 
jeweler is asked. by a prospective diamond 
customer is “Is this a perfect stone?” How 
many of us have taken the time to figure out 
the thinking (or the lack of it) behind this 
question?, How many good, positive, as- 
suring and honest answers do we have that 
will be appropriate regardless of the quality 
of the stone. The simplest answer would be 
“yes” or “no.” But if the answer is “yes,” 
is the answer honest? If it is “no,” is it 
satisfactory? We know that the affirmative 
answer can only be true (according to FTC 
rules) in a very few instances. On the other 
hand, even a poor salesman would try to 
answer the question with other than a flat 
“no,” leaving the customer reaching for an- 
other step. 

There are, of course, many good answers 
that will open the customer's mind for an 
honest explanation of clarity without hav- 
ing to handicap oneself by saying “no, it 
isn’t perfect but it just has a very, very, 
slight imperfection.” 

The following answers will not fit all sit- 
uations, but they have been used success- 
fully: “Perfection is a rare quality.” “This 
diamond is better than most.” “It is truly 
one of the few fine gems.” “Isn’t it clear?” 
“Isn't it beautiful?’ Here we have pointed 


out that it is a clear stone and a beautiful 
one. This is what most people want. An- 
other answer is “A diamond can be perfect 
and still not be good. Government standards 
for a good diamond are clearly outlined to 
all jewelers who will use them, and this 
(stone being considered) is a good dia- 
mond.” Both of these answers may require 
further explanation. But there is nothing 
negative suggested by either one as far as the 
stone under consideration. is concerned. 
Further explanation should be as brief as 
possible and still answer the customer satis- 
factorily. If a comparison is called for, pos- 
sibly a statement like this will be in order: 
“This is our finest quality, but this (show- 
ing a second stone) is s¢// better than most.” 

This may be the time to ask if the cus- 
tomer would like to see how we grade dia- 
monds. Using whatever equipment is avail- 
able to best accomplish this, and again as 
brief as possible, show two or three grades, 
but not more than four. 

A patient was recuperating in a hospital. 
The dietitian came in, sized up the situation, 
visited awhile and then asked, “Would you 
like peas or beans for lunch?’ Possibly 
either one would have been equally good, 
but the important thing was that the patient 
had been given a choice. We can do the 
same thing in selling diamonds. An ex- 
ample: ‘This stone has a better color, but 
this one has better clarity, although they 
both cost about the same.” 

Having mentioned this subject of clarity 
to several diamond men, including the presi- 
dent of a large company, I get the sensation 
of trying to move an extremely large boulder 
or of starting a crusade. However, J believe 
that, in keeping with sound ethics, steps 
can be taken to revise our thinking from 
terms that imply imperfection to terms that 
can be useful without apology or embar- 
rassment to anyone—terms that may even 
be helpful in describing a gem. For ‘this 
reason, I submit the expression /dentification 


‘characteristics. These are. two rather long 


words, admittedly, but they suggest some- 
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thing other than “full of flaws’ or “im- 
perfect.” 

Let us consider a stone that has no in- 
ternal inclusions that could properly. be de- 
scribed as flawless. However, it has a small 
“natural” on the girdle. This is not suf- 
ficent to “downgrade” the stone, but the 
customer who has it called to his attention 
as an identification characteristic, and who 
is given a reason for its existence, can be 
made to feel that it is something special, not 
undesirable. 

I maintain that the jeweler should capital- 
ize on this feature. Certainly, we do just 
that when we show a star sapphire or a 
cat’s-eye. These stones have internal inclu- 
sions that cause the unusual. phenomena. 
It is also true that, to a collector of un- 
usual stones, a diamond with a perfectly 
formed included crystal may be more desir- 
able because of the inclusion. He would 
undoubtedly point with pride to the inclu- 
sion and would only be willing to part with 
it at a premium over a stone without such 
an inclusion. 

Here I would like to repeat that it is 
not my intention to suggest that inferior 
stones be “whitewashed” or sold as “perfect,” 
but I believe we can alter the thinking about 
these inclusions so that in our minds, at 
least, we will not think of a stone that is 
only slightly less valuable ‘than a flawless 
stone as being imperfect. The point I want 
to make is that tiny inclusions that have 
so little effect’ on light interference can 
properly be pointed out as identification 
characteristics. I know that many a salesman 
would rather not a mention such inclusions 
for fear of losing the customer’s confidence 
and the sale. Price-wise, they do, of course, 
alter the cost of the stone. But this can be 
justified by the fact that such stones are 
more plentiful, just as the smaller sizes are 
more plentiful than the larger ones. Here, 
too, we have an excellent opportunity to 
make comparisons if the customer wants 
size. We might show him two stones at the 
same price, but of different grades, and sug- 
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gest that 5e make a choice. When se does 
this he may ‘“‘close”’ the sale for us right then. 
It is also true that one or two microscopic 
inclusions can serve as identification charac- 
teristics in a diamond and still not affect 
its beauty. 

We can mention that a cattleman does 
not feel any lack of pride when he sees his 
brand on a steer; it is his means of identifi- 
cation. And if a stone contains no visible 
inclusions, that in itself is an identification 
characteristic. 

To the jeweler who has difficulty getting 
away from the expression “imperfect” (as 
I have done), may I suggest trying to 
substitute the word “inclusion” or “feather’’ 
or “crystal.’”” Another jeweler may smile at 
this, but if one is sincere the customer will 
not object, because he is less experienced in 
this line than we are. And when we show 
him the inclusion, it may be much less 
objectionable than he thought. Possibly he 
will have no objection at all when he sees 
what it is. 

Obviously, we are following the line of 
least resistance when we recognize a needed 
change but refuse to accept it. We have 
done it successfully when we quit. calling 
colored stones semiprecious. We can do it 
here when we quit using an expression to 
describe quality that. actually implies Jack 
of quality. ’ 

I do not expect a landslide of approval to 
this suggestion. Frankly, I am not entirely 
satisfied with the words “identification char- 
acteristics” myself. Maybe someone will 
come. up with a better idea. If this just 
starts someone else thinking along the same 
line, I believe something good will come 
from it. Certainly, if the idea is sound, the 
acceptance will spread. 

Here I am taking the liberty to suggest 
a revised GIA's grading list. ] appreciate the 
value of the list for instruction purposes, but 
after we have learned how to grade stones 
fairly well, possibly something like the fol- 
lowing suggestion would be better over the 
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The Nature 


of Crystals— 


Geometric Helationships 


By 


RICHARD JAHNS, Ph.D. 
Professor of Geology 
California Institute of Technology 


This is a continuation of the article by 
Professor Richard Jahns on the structure of 
matter and the nature of crystals that began 
in the Spring 1958 issue of GEMS & GEM- 
OLOGY. 


Crystal Lattices and Crystal Structures 


Every crystal is an assemblage of atoms 
(or ions) in which units of structure are re- 
peated regularly in space to form a specific 
three-dimensional arrangement. The pattern 
of this arrangement can be compared with 
the two-dimensional pattern on a figured 
wallpaper, in which elements of design are 
repeated -at regular intervals when traced in 
any direction. The smallest identical units of 
pattern that are stacked together to form the 
structure of a crystal may contain only a few 
atoms or ions or they may contain a great 
many, just as the design ‘on a wallpaper may 
consist of small and simple figures or very 
large and intricate ones. 


The three-dimensional network of points 
that define the repetition of the pattern units 
is known as a point-space lattice, and the 
lines connecting these points form a Jine- 
space lattice. It is obvious that many differ- 
ent line lattices can be established from a 
given point lattice. Any crystal lattice is a 


purely geometric feature that is useful in de- 
scribing and visualizing the internal pattern 
of the crystal and relating it to external faces, 
crystal form and other physical characteris- 
tics, as described farther on. The crystal 
structure itself, as distinguished from a lat- 
tice, is the actual assemblage of atoms or 
ions, and is determined by their sizes, posi- 
tioning and the nature of the forces that 
bind them together. 


Ions can be regarded as rigid spheres and 
atoms as somewhat deformed spheres in con- 
sidering their distribution within crystals 
that show different types of chemical bond- 
ing. Indeed, 4 deductive approach to the 
study of crystals, based entirely upon varia- 
tions in the packing of spheres in three di- 
mensions, led to some astonishingly accurate 
predictions concerning the internal structure 
of minerals long before satisfactory means 
for making absolute determinations of struc- 
ture were available. The structure of crystals 
commonly is represented by means of pack- 
ing diagrams, in which the constituent atoms 
and ions are placed in their proper relative 
positions and are shown to proper scale with 
respect both to one another and to the 
structure as a whole (Figures 5 and 7 in this 
issue and Figures 3 and 6 in Spring 1958). 
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Figure 7 

The structure of olivine. The upper 
diagram illustrates common olivine, 
(Mg,Fe)2 SiOs, in which the large 
spheres represent oxygen ions, the 
small dark spheres silicon fons, and 
those of intermediate size represent 
iron and magnesium ions. The lower 
diagram illustrates montecellite, 
Ca(Mg,Fe) Si)s. Note how the struc- 
ture is expanded slightly, owing to 
the presence of alternate rows of 
somewhat larger calcium ions in posi- 
tions occupied by iron or magnesium 
ions in the common olivine structure. 
The diagrams are incomplete in that 
only. enough of the ions are shown to 
indicate the basic elements of the 
structure. 


Figure 5 


The structure of sodium 
chloride (A), as contrasted 
with that of cesium chlo- 
ride (B). In the lattice 
diagrams (top) the sites of 
CI~ ions are shown by 
open circles, and those of 
the cations by solid circles. 
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Figure 11 


The structure, crystal form and cleavage of graphite. Covalently bonded sheetlike mole- 
cules of carbon atoms are held together by weak residual bonding (dashed lines in A), 
and hence cleaved apart in a direction parallel to the sheets (B). 


In many instances, however, the geometric 
relations are made more clear by means of 
so-called lattice diagrams, in which the 
atoms and ions are correctly positioned but 
are drawn to a scale much smaller than that 
of the structure as a whole (Figures 5, 8, and 
11 in this issue and Figure 10 in Spring 
1958). The units are connected by lines in 
order to indicate the major geometric ele- 
ments of the assemblage. Most of the lines 
represent bond directions, but they may not 


be elements of a true line lattice for the. 


crystal. 
Atomic and Ionic Size 

A crystal of a covalent substance such 
as diamond must have an internal structure 
that is compatible with the specific bond 
directions of its constituent atoms. However, 
such specification exists for crystals that have 
other types of bonding (Table II, Spring, 
1958), in which the participating units* 
generally are packed together in three- 
dimensional arrangements that require a 
minimum of space. The nature of these 
space-conserving arrangements obviously is 
governed in part by the respective sizes of 
the varfous constituent units. 

Neither atoms nor ions are strictly limited 
in space. and their effective size is merely 
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a measure of the space they require when 
they are bound to other atoms or ions, either 
tangentially or with some interpenetration. 
This size is variable for the unit of a given 
element, and depends upon factors such as 
the nature of the bonding it forms with its 
neighbors in a given structure and the num- 
ber and positioning of these neighbors. Thus 
an atom in a metallically bonded substance 
generally is of comparable but significantly 
greater size than an atom of the same ele- 
ment in a covalently bonded substance. A 
greater change in effective size accompanies 
a gain or loss in electrons to form anions 
and cations, respectively, so that anions are 
much larger than the corresponding atoms 
and cations much smaller. 

The sizes of ions ordinarily are expressed 
in terms of ionic radii, which are very useful 


* The chemical units of crystalline substances are 


properly referred to as molecules, atoms or ions, 
depending upon the nature of the bonding involved. 
Thus a crystal of sodium chloride-is ionic, and con- 
sists of electrostatically bonded sodium ions and 
chlorine ions (Figure 3, Spring, 1958); the entire 
crystal can be thought of as a single gigantic mole- 
cule. A crystal of diamond is covalent, and consists 
of carbon atoms bonded by means of shared electrons 
(Figure 10, Spring, 1958); it, too, can be regarded 
as a single gigantic molecule, In contrast, a crystal of 
graphite is molecular, since it is an assemblage of 
sheetlike molecules stacked together (Figure 11). Each 
sheet is made up of carbon atoms that are covalently 
bonded, and the sheets themselves are bound together 
by relatively weak residual bonding. 
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in the study of crystals and their physical 
properties. The radii of many ions, for oc- 
currences in which they are closely sur- 
rounded by six other ions, are shown graphi- 
cally in Figure 2 (Spring, 1958). Some of 
these ions occur rarely or not at all in natural 
substances, chiefly because the elements in 
question show strong tendencies toward non- 
ionic bonding (e.g., Au, Hg, Bi), but they 
are included to illustrate the consistent trends 
in ionic sizes within each group and period 
of the chart. The cations of comparable val- 
ence state, for example, decrease progres- 
sively in radius within each period of the 
chart from Group I to Group V, from 
Group Ia to Group VIIa, and from Group 
Ib to Group Vb. 


Arrangements of Atoms and Ions 


The simplest three-dimensional arrange- 
ments of spherical or nearly spherical units 
are those in which all the units are equal in 
size. Space-conserving arrangements are 
more complex in crystals that contain atoms 
of unlike size. The effect of size differences 
is well illustrated by the contrasting struc- 
tures of NaCl and CsCl (Figure 5). The 
sodium ions in a crystal of NaCl achieve a 
close packing with the chloriné ions through 
a simple cubic arrangement in three dimen- 
sions. This arrangement, in which every ion 
is surrounded by six others of opposite 
charge, is not satisfactory for the much 
larger cesium ions in the compound CsCl; 
relatively close packing of Cs*+ and Cl- ions 
is accomplished instead by means of a some- 
what more complex type of cubic arrange- 
ment, in which every ion is surrounded by 
eight others of opposite charge. Both of 
these structures fulfill the second major re- 
quirement for stability: the essential balanc- 
ing of the gross positive and negative elec- 
trical charges among the participating ions. 
Other requirements also must be met, but 
these can be neglected in this discussion. 

In simplified treatments of crystal struc- 
ture, the great majority of gem-forming 
minerals can be regarded as dominantly ionic 
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in character, despite, for example, the large 
covalent contributions to the Si-O bonding in 
silicates and aluminosilicates. The term fon 
is reasonably appropriate for the chemical 
units within all these minerals except the 
sulfides, graphite, diamond and a few others 
in which the binding forces are prevailingly 
non-ionic. The relatively large O2- ion is by 
far the most. abundant unit in crystals of the 
most common minerals, which therefore can 
be thought of as closely packed assemblages 
of oxygen ions with interstitial cations of 
various kinds. 

The coordination number of a given cation 
denotes the number of anions (ordinarily 
O2- ions in minerals) that are grouped about 
it as immediate neighbors (Figure 2, Spring, 
1958). With respect to a given kind of 
anion, it follows that this number increases 
with increasing size of the cation. For a 
cation in threefold coordination, the sur- 
rounding anions generally are disposed at 
the corners of an enclosing equilateral tri- 
angle, for one in fourfold coordination at 
the corners of a regular tetrahedron (Figure 
6, Spring, 1958). for one in sixfold coordi- 
nation at the corners of a regular octahedron 
(Figure 5). for one in eightfold coordination 
at the corners of a cube (Figure 5). and for 
large cations in higher orders of coordina- 
tion they are disposed at the corners of more 
complex polyhedra. 

The size of the Sit ion is almost ideal for 
fourfold coordination with respect to 0°- 
ions, as already noted, and it is not surpris- 
ing that tetrahedral SiO, groups (Figure 6. 
Spring. 1958) are formed in overwhelming 
preference to alternative arrangements be- 
tween these two kinds of ions. Many other 
cations also occur in one particular coordi- 
nation with respect to oxygen, especially 
where the coordination number is six or less. 
Larger cations are less likely to be restricted 
in this way (Figure 2, Spring 1958), partly 
because increasing coordination number per- 
mits alternative arrangements whose gross 
space requirements do not differ so greatly 
from one another. 
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Structural Defects 

It is doubtful whether any natural crystal 
is absolutely perfect in the sense that every 
theoretical position in its structure is occu- 
pied precisely by the kind of atom or ion 
that belongs there, and various types of de- 
partures from the ideal arrangement are 
known. A few atoms or ions may occur 
interstitially within the structure, for exam- 
ple, thereby slightly displacing the adjacent 
units from their normal positions. Small- 
scale distortion of the lattice also occurs in 
the neighborhood of impurity atoms or ions, 
whether they are distributed interstitially or 
occupy regular sites for which they are not 
well suited dimensionally. Another type of 
defect results when some of the regular sites, 
ordinarily a very small percentage of the 
total number in the crystal, are not occupied 
at all. 

The crystals of some substances are char- 
acterized by larger scale. departures from 
ideal and specific arrangements. Atoms or 
ions of one kind may be distributed essen- 
tially at random within a definite framework 
of other units, or they may not be present in 
sufficient numbers to fill all of the regular 
sites available for them. In some substances 
this deficiency is rather large. Finally, 
numerous foreign constituents can occupy 
structural sites normally taken by other 
atoms or ions of similar size. This type of 
substitution is common among minerals, and 
is discussed farther on in connection with 
isomorphism. 

Many crystals are marred by disloca- 
tions and by voids that correspond to 
large numbers of atoms or ions. A distinct 
cloudiness or lack of transparency, especially 
in thick slices or larger masses of the ma- 
terial, is the most obvious result. Some of 
these imperfections are latge enough to be 
seen without the aid of a microscope. Sets‘of 
subparallel dislocations commonly divide 
crystals of some substances into mosaics of 
structural blocks that differ slightly from 
one another in their alignment. This type of 
imperfection, which can be likened to the 


distribution of trees in adjacent orchards that 
were laid out independently according to 
slightly differing plane, is commonly devel- 
oped over a wide range of scales, chiefly as 
a result of growth accidents in the history 
of a given crystal. It is variously referred to 
as gross dislocation, block structure and 
mosaic structure, 


Silicate Structures 


The most abundant minerals, the silicates 
and aluminosilicates, serve to illustrate the 
most important of the structural relation- 
ships that are fundamental to any miner- 
alogic studies. Their chemical composition, 
physical properties and responses to changes 
in their physical and chemical environment 
are easily understood when viewed in terms 
of crystal structure. The basic geometry in 
each type of structure is defined by tetrahe- 
dral SiOg groups; AlOs groups also are 
present in the aluminosilicates, but for ordi- 
nary spatial considerations the behavior of 
the Al8+ ion in these groups is analogous to 
that of the Si4t ion. 

Where the SiO groups occur as individual 
[SiOz] 4- ions, they tend to be oriented 
and positioned in some regular pattern 
that permits their electrostatic binding into 
a stable structure by means of cations that 
have appropriate size and charge. The most 
common arrangement of independent SiO, 
groups requires two cations in sixfold co- 
ordination for each [SiO4} 4- ion, and ca- 
tions with a charge of 2 are thus best 
suited to the structure (Figure 7). This 
yields compositions such as MgeSiOg and 
MngSiO4, which characterize the olivine 
group of minerals (including the gem 
peridot). 

In most silicate structures the SiO4 groups 
do not occur as separated individuals, but 
instead are bound together by the sharing 
of oxygen ions to form more complex groups 
(Figure 6, Spring, 1958). The simplest of 
these is the SigO7 group, or [SigO7] & ion, 
in which one oxygen ion links two SiO4 
groups by serving as a part of each. Linking 
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of three or more SiO4 groups can form ring- 
like asemblages with the general composition 
SinOgn. The largest of these is the complex 
[SigQ1g] 12- ion, which comprises six linked 
groups (Figure 6, Spring 1958). Anions of 
this general type can be stacked on top of 
one another or arranged in other ways that 
permit their binding together by a wide 
variety of cations. This results in the forma- 
tion of so-called ring-structure minerals, 
typical examples of which are tourmaline 
and beryl (Figure 8). 

Linear linkage of SiO4 groups provides 
the basic element of chain-structure minerals. 
Independent chains of infinite extent and 
with the composition SinOgn are bonded to- 
gether by means of cations to form the 
pyroxene group of minérals (e.g., diopside, 
bronzite, spodumene, jadeite). Another 
group of minerals, the amphiboles, has 
structures whose governing elements are 
paired chains with the composition Si4nOy1n 
(e.g., anthophyllite, hornblende). 

A logical extension of the sequence from 
independent chains to double chains leads 
to planar structures characterized by sheets, 
or multiply-paired chains, whose composi- 
tion is SignOsn. Three of the four oxygen 
ions in each SiO4 group within such a con- 
tinuous sheet are shared by three other 
groups, and the fourth is available for bind- 
ing to additional cations that can tie the 
sheets together. This is the general basis for 
producing the sheet-structure minerals, of 
which the micas and clay minerals are 
typical examples. 

Three-dimensional linkages of SiO4 and 
AlOg groups yield minerals with so-called 
framework structures. Every oxygen ion is 
shared between two groups, and if only SiOz 
groups are present in a given linkage it has 
the composition SinOgs. The electrical 
charges of the Si4+ ions balance those of the 
O2- ions, and the structure requires no ad- 
ditional ions to achieve stability. Thus the 
chemical composition of quartz and the other 
silica minerals can be expressed simply as 
SiOg. If some AlOg groups participate in the 
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framework linkage, whose composition then 
becomes (Si,Al)nOan, the Al8+ ions do not 
compensate for all of the negative charges of 
the adjacent O2- ions, and other cations of 
appropriate size are needed to provide gross 
electrical neutrality for the structure. Where 
the ratio of AlO4 groups to SiO4 groups 
in the framework is one to three, for example, 
the charges can be balanced by the addition 
of one Kt ion for every Al8+ ion; this 
results in formation of a potassium feldspar 
whose structure can be expressed. by the 
formula Kn [(3Si, 1 Al)n 4020], in which 
the ions that define the framework are en- 
closed within the brackets. The Kt ions oc- 
cupy regular positions within this frame- 
work. The structural formula reduces to the 
conventional and more simple chemical for- 
mula KAISigOg. 


Polymorphism 

A substance that can exist in two or more 
different forms, each with a different crystal 
structure, is said to be polymorphous. Thus 
two such forms, or polymorphs, of a given 
substance are alike in chemical composition, 
but differ in their physical properties as a 
result of their contrasting structures. These 
differences vary in their nature and mag- 
nitude from one substance to another. The 
two quartz polymorphs of SiOz differ only 
slightly in their physical properties, for ex- 
ample, whereas the differences between the 
carbon polymorphs graphite and diamond 
are extreme. 

Two types of polymorphism can be dis- 
tinguished on the basis of whether or not 
the transformation from one form to an- 
other is reversible and occurs at a definite 
temperature and pressure for a specific com- 
position of the substance in question. Ir- 
reversible transformations convert substances 
from one form that is inherently unstable to 
one that is stable, and can take place over 
a considerable range of conditions. Recon- 
version to the original form, however, can- 
not be accomplished without an intervening 
change in state of aggregation of the sub- 
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Figure 9 


The structures of high-temperature quartz (A) and low-temperature quartz (B), projected 
to a plane perpendicular to the c-axis. Different levels of silicon atoms are indicated by 
differences in shading. The oxygen atoms, which are not shown, lie between the pairs of 


silicon atoms, one between each pair. 


stance; i.e., either solution, melting or con- 
version to a gas. Thus aragonite, an ortho- 
rhombic polymorph of CaCOs3, can change 
at an extremely slow tate into calcite, a 
rhombohedral polymorph, under normal con- 
ditions at the earth’s surface, but calcite can- 
not change into aragonite in the solid state. 
Two common types of reversible transfor- 
mations are known among the rock-forming 
minerals. One of these involves relatively 
slight shifts in the arrangements of atoms or 
ions within the structure, but does not re- 
quire the breaking of bonds. As one might 
expect, such changes proceed easily and 
quickly in either direction under the ap- 
propriate boundary conditions. They are 
referred to as high-low transformations be- 
cause they typify the shifts between high- 
and low-temperature forms of many minerals. 
Thus low-temperature quartz, a rhombo- 
hedral polymorph of SiOe, changes almost 
instantaneously at about 573° C. to high- 
temperature quartz, a different rhombo- 
hedral polymorph of greater symmetry and 
approximately two percent greater volume 
(Figure 9). The reverse change takes place 
just as readily when the temperature is 
reduced to points below 573°. 
Reconstructive transformations are those in 
which the rearrangements of atoms or ions 
require the breaking of bonds in the struc- 


ture and the establishing of new bonds in 
other positions. As might be expected, many 
of these polymorphic changes are very slug- 
gish, and may require periods of time that 
are long even in geologic terms. Some can 
be speeded up, however, in the presence of 
other substances that act essentially as sol- 
vents within a given crystal structure. The 
change from high-temperature quartz to 
tridymite (orthorhombic SiOg) is of the re- 
constructive type. The inversion occurs at 
870° C., but ordinarily is so sluggish that 
tridymite persists as such to much lower 
temperatures and can be observed in many 
rocks. at the earth’s surface. A second ex- 
tremely sluggish inversion, from tridymite 
to crystobalite (SiOz with pseudo-isometric 
symmetry), occurs at 1470° C. Both the 
temperatures and rates of these transforma- 
tions can be changed significantly by the 
occurrence of impurity ions in the structure. 

Other types of polymorphic transforma- 
tions can be distinguished on the basis of 
different kinds of structural changes within 
crystals, but these need not to be considered 
here. 


Isostructuralism 


Two different substances that have analo- 
gous crystal structures are said to be #so- 
structural ot isotypic. Isostructural substances 
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have similar crystal lattices, but many sub- 
stances with similar crystal lattices are not 
isostructural, inasmuch as a lattice is only 
a geometric generalization of the crystal 
structure. As opposed to polymorphous sub- 
stances, isostructural substances are composi- 
tionally unlike but ordinarily have similar 
physical properties, They also have analo- 
gous chemical formulas, and are composed 
of atoms or ions of comparable relative sizes. 
Many of these substances have strong chemi- 
cal resemblances, as illustrated by NaC! and 
KCl, PbS and MnS, and CaCOg and FeCOs. 
Others are less closely related chemically, as 
illustrated by NaCl and PbS, and by CaCO3 
and NaNOs. A given structural position may 
be occupied by a simple ion in one isotype 
and by a complex ion in another. For 
the isostructural compounds KHePOz and 
(NH4) HePO«, which furnish a classic ex- 
amiple of this relationship, the (NH4)* ion 
can be treated as a sphere compatable in 
size to the Kt ion. 

An impressive example of isostructural 
compounds that are chemically different but 
physically similar is provided by the mineral 
pair quartz (SiOe) and berlinite (AIPO.). 
Al8+ and P5+ ions in the berlinite structure 
are distributed in framework positions like 
those of the Si4* ions in the similar quartz 
structure, and the resultant analogy in for- 
mulas becomes clearer when they are written 
SinOan and Aly/gaPy/enOan: or in chemical 
terms, SiSiOg and AlPO4. These two min- 
erals, one a silicate and the other a phos- 
phate, have remarkably similar properties. 
Both exhibit hexagonal trigonaltrapezohe- 
dral symmetry and are similar in their op- 
tical properties, crystal habit, range in color, 
and other physical characteristics. Moreover, 
both undergo polymorphic transformation of 
the high-low type, quartz at 573° C. and 
berlinite at 583° C. 


Isomorphism and Solid Solution 
The term isomorphous is employed in the 
same sense as the term isostructural by many 
investigators, particularly chemists, but an 


alternative and more restricted usage is com- 
monly applied to minerals. In the narrower 
sense, two substances can be considered iso- 
morphus if they have analogous chemical 
formulas and anologous crystal structures in 
which the corresponding atoms or ions are 
of comparable absolute sizes and have 
similar bonding characteristics, Such sub- 
stances ordinarily are capable of forming 
solid solutions or mixed crystals, which can 
be regarded as a criterion for isomorphism. 
This constitutes only one of the necessary 
conditions for isomorphism, however, since 
many substances that can form solid solu- 
tions are not isomorphous. 

A solid solution of two isomorphous com- 
ponents AX and BX has the formula (A,B) 
X, which implies a “mixing” of the two 
components in various proportions. AX and 
BX are termed end members, and if they 
are miscible in all proportions they 
are said to define a complete ssomorphous 
Serfes, or a seties of substitutional solid 
solutions. The two end members, however, 
are really not present as such in any inter- 
mediate compound, but instead are theoreti- 
cal contributors to crystals in which atoms 
or irons of A and B are distributed among 
sites corresponding to the A sites in the AX 
structure and the B sites in the analogous 
BX structure. 

This distinction can be illustrated by the 
isomorphous series MgoSiO4—FeoSiO4, one 
of those that constitute the olivine min- 
erals. All members of this series have in- 
dependent SiO4 groups as a basic structural 
element, and these groups are arranged in 
a consistent pattern. They are bound to- 
gether by Mg?+ ions in pure MgeSiO4 and by 
Fe2+ ions in pure FeeSiO4. Both kinds of 
cations participate in this role for all inter- 
mediate members of the series, whose com- 
positions are expressed collectively as 
(Mg,Fe) 2SiO4. Thus the formation of inter- 
mediate members should be considered in 
terms of substitution of Fe2+ ions for Mg2+ 
ions, or of Mg?+ ions for Fe2+ ions, in the 
general olivine structure. The well-estab- 
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lished terms solid solution and end member 
should not be taken to indicate that two 
separate compounds, MgeSiO4 and Fe2SiO., 
are dissolved in each other as such. 

The degree to which one ion can substi- 
tute for another in a given structure without 
seriously impairing its stability is governed 
chiefly by their respective sizes and electrical 
charges, the nature of the structure, and the 
chemical environment during formation of 
the structure. It should be emphasized that 
in many geologic ptocesses this “substitu- 
tion” is partly a purely theoretical concept, 
since the guest ions not only displace some 
host ions during growth of a given crystal, 
but also are initial occupants of structural 
positions that otherwise would be available 
to the “host” ions. : 

The German geochemist V. M. Gold- 
schmidt showed by empirical means that 
considerable substitution can be expected if 
the radii of the two kinds of ions do not 
differ by more than fifteen percent. Thus the 
Sr2+ ion (radius 1.13 A) can substitute 
rather freely for the Ca2+ ion (0.99A) in 
minerals, but there is little substitution’ of 
Ba2+ (1.35 A) for Ca2+. Ions of different 
charge can substitute for each other if con- 
comitant substitutions take place between 
two other kinds of ions in order to balance 
the gross electrical charges in the structure. 
A common example among the silicate min- 
erals in the substitution of Fe3+ (0.67 A) for 
Mg?+ (0.65 A), accompanied by the substi- 
tution of Al8+ (0.50 A) in positions of 
fourfold coordination normally occupied by 
Si#+ (0.41 A). Little substitution takes place 
if ions of appropriate size differ in charge 
by two units, as Lit (0.60 A): and Fe3+ 
(0.67 A) or Mg?+ (0.65 A) and Tit+ 
(0.68 A). Where the difference in charge is 
greater, as between Ta5+ (0.71 A) and Mg2+ 
(0.65 A), substitution is negligible, mainly 
because it is not possible to compensate for 
the large differences in charge by other sub- 
stitutions elsewhere within the structure. 
This accounts for the essential absence of 
elements like tantalum from the common 


silicate minerals. 

Most minerals are formed in chemically 
complex -environments, and hence it is not 
surprising that they generally contain 
guest-ion impurities of various kinds. These 
impurities in a sense represent isomorphous 
series, many of which are incomplete. Thus 
impurity ions M and N in a mineral of 
composition AX represent series (M,A) X 
and (N,A) X, respectively. These formulas 
might hold only for small values of M and 
N (incomplete series), or they might hold 
for all values (complete isomorphous series). 

In general, isomorphism and solid solu- 
tion are favored by high temperatures, which 
tend to increase the tolerance of a structure 
for ions of differing size. The framework 
structure of an alkali feldspar (amazonstone, 
for example) makes little distinction at high 
temperatures between K+ ions and Na+ ions, 
which differ in radius by considerably more 
than 15 percent. A given crystal at these 
temperatures thus has a composition ex- 
pressed in general terms by the formula 
(K,Na) AISigOg, and the permissible ratios 
of K+ ions to Nat ions in the Si-Al-O 
framework have the widest possible range. 
As the temperature is decreased, however, 
the crystal can no longer retain large per- 
centages of both kinds of alkali cations and 
yet remain stable. These ions begin to order 
themselves by migrating within the frame- 
work until two separate mineral phases ap- 
pear; one of these is a potassium feldspar, 
(K,Na) AlSigOg, in which the K+/Nat 
ratio is very large, and the other is a sodium 
feldspar, (Na,K) AISigOg, in which the 
Nat/K* ratio is very large. Thus typical 
amazonite consists of numerous thin plates 
of white albite, the sodium feldspar, in a 
host of green: microcline,. the potassium feld- 
spar. This solid-state development of two 
phases from one is known as unmixing or 
exsolution. 

Solid solutions of the isomorphous type 
are of great mineralogic importance, and if 
one considers them in terms of the ionic 
substitutions that are involved he will un- 
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derstand the complex chemical composition 
of most gem materials, and many of the 
reasons for the varieties in their physical 
properties. Two other types of solid solu- 
tion also are well known. In one type, 
termed interstitial solid solution, additional 
atoms or ions are present in the host struc- 
ture, not in regular structural positions but 
interstitially between such positions. In the 
other type, termed omission solid solution, 
some of the regular structural positions are 
vacant. Both kinds of non-substitutional 
solid solution are related to structural defects 
discussed earlier. ; 
(to be continued in Fall 1958) 
(Continued from page 179) 

counter. ie 

Instead of grading from flawless to Is 
(imperfect) we could use I.C. (identifica- 
tion characteristic) 1 to 9, or possibly just 
the letter C (clarity) 1 to 9. Or we may 
reverse the numerical sequence and use the 
number 9 for the best grade and 1 for the 
Ig grade. The latter seems to be in keeping 
with the GIA color-grading scale, possibly 
not so far fetched as to be impractical at 
that. 

I mentioned the word clarity in connection 
with one of the lists; this might be the key 
to the solution. Use C; for the GIA grade 
(Ig) to describe a. “good” stone and Cg 
(flawless) to describe the best. Possibly I 
am too liberal, or. possibly the suggestion 
does not differ enough from the one now in 
use. There is no particular objection to the 
grades we use, but they should be named 
differently. The expression clarity grading 
would be better than imperfection grading; 
at least it gets away from negative terms. 

When buying diamonds it is essential to 
know the grades that are being offered and 
to know how they compare with our stand- 
ards. But when describing a stone to a 
customer, the jeweler does not have to use 
the same terminology. Surely he does not 
explain his cost code to his customer, nor 
does he need to go into as much detail when 


selling to most people. 

There are exceptions, of course. Each 
presentation must be fitted to the customer. 
The salesman should study his customer as 
thoroughly as time and circumstances will 
permit. This is done by the salesman, not 
the customer, asking questions. It can be 
done in such a way as to convince the cus- 
tomer that he is sincerely interested in serv- 
ing him in the best possible manner. Here, 
then, is the time to start avoiding the use 
of any negative expressions, even though 
they be very very slight. 

I do not feel that this paper has solved 
a problem; rather, it has posed a question. 
Can we in our trade meet this question? 
Must we go on using negative terms to de- 
sctibe the most popularly accepted symbol 
of enduring beauty and love? 

In describing a colored stone, we no 
longer say “This is a semiprecious stone.” 
Then why must most diamonds, good dia- 
monds, be described in terms that imply im- 
perfections ? 

Not long ago I visited a clinic for the 
physically handicapped. One group of chil- 
dren had hairlips and cleft palates. The pur- 
pose of the class was to teach these children 
not only to improve their speech but, what 
was more important, how to live in a society 
in which they were different. I had the 
greatest admiration for the lady who was 
achieving so much success in accomplishing 
this difficult task. To revise our thinking on 
diamonds is a much lesser task. Surely it is 
a challenge, but it can succeed if enough of 
us who want to be up to date will work 
together toward that end. 

It has been said that the only difference 
in the mentality of people is that some think 
more quickly and more clearly than others. 
Clarity in diamonds and clear thinking may 
have more in common than just a play on 
words. After all, it is clear thinking that 
makes more sales. If we think of our prod- 
uct in positive terms, we will overcome an 
objection that very often exists only in our 
own minds. 
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ROCKS AND GEMS, A Handbook, by De- 
Witte Hagar, Trend Book 164. Published by 
Trend Books, Inc., Hollywood, California. 
128 pages, well illustrated (paper bound). 
Price $.75. 

Rocks and Gems is written in nontechnical 
terms essentially for the hobbyist. It fur- 
nishes the potential hobbyist-collector with 
the necessary information concerning vari- 
ous collection areas in the U. S., how to re- 
cognize minerals in their natural formations, 
where to search for them, procedures for 
cutting them and methods of cataloging 
them. The subject material is presented in a 
simplified manner that should appeal to the 
neophyte and hold much’ interest for the 
more experienced hobbyist as well. All tech- 
nical descriptions such as chemical formulas 
and optical and physical properties have been 
omitted, since the author believes that tech- 
nical information belongs to a more advanced 
branch study. In the reviewer’s opinion the 
brown-tone photographs detract appreciably 
from the overall appearance of the book. 
The value of the otherwise excellent illus- 


trations would of been enhanced if they had 
been printed in black and white. 


CINNABAR, A GAME OF ROCKS AND 
MINERALS, by Vinson Brown. One of a 
series of the Nature Games published by 
Naturegraph Company, San Martin, Calif. 


Cinnabar, A Game of Rocks and Minerals, 
is composed of a 56-piece set of playing 
cards that are divided into 12 separate cate- 
gories, each of which represents a mineral 
family; e.g., the silicates, the oxides, the sul- 
phides, etc. Each face card has a color photo- 
graph of one of the minerals in the family 
it represents, and also lists the names of a 
few of the other minerals of the same fam- 
ily. An important characteristic of one of the 
minerals is listed. The idea of the game is 
to draw cards from other players, the winner 
being the one who completes the most fam- 
ilies. It is a game for both old and young. 
Several methods of playing the game are 
included with the instructions. Even a small 
child can play the game by recognizing the 
photos and numbers on the cards. It provides 
an easy method for the novice to learn more 
about rocks and minerals through play. 
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SUMMER 1958 191 


GIA 
Che. Craining Chat Pays 


HOME STUDY COURSES 
es Retailing 
... Designing 


... Déamonds 


see Gemology 


Professional Instruction 


INSTRUMENTS 
... Diamond Merchandising 


... Gem Cesting 


For further information, write 


GEMOLOGICAL INSTITUTE OF AMERICA 


11940 Sar Vicente Boulevard, Los Angeles 49, California 


Eastern Laboratory: 5 E. 47th Street, New York 17 


See Inside Cover — 


ems & “yemo ogy 


VOLUME IX FALL 1958 NUMBER 7 


IN THIS ISSUE 


Notes on the New Emeralds from Sandawana............-------- 193 
by Edward J. Gubelin, C.G., F.G.A. 


A Study of Style and Fashion in Indian Jewelry......... 204 
by B.S. Mahajan, Gemologist GIA, F.G.A. 


Sandawana Emeralds — 
’ Some Commercial Aspects.....0........... 221 
by Dan E. Mayers 


On the Cover 
A complete Moghul jewelry 
ensemble, consisting of necklace, 
bracelet, earrings, and the tradi- 
tional tika on the forehead, is worn 
by the Indian film star, Meena 
Kumari. The collar and the brace- 
let ave made of enameled wold 
plate and encrusted with rose-cut 
diamonds, rubies and emeralds. 
The back portion of the collar 1s 
golden and white silk tassel. For 
further discussion see article on 
page 202. 


GEMS & GEMOLOGY is the quarterly journal of the Gemological Institute of America, an educa- 
sional institution originated by jewelers for jewelers. In harmony with its position of maintaining 
an unbiased and uninfluenced position in the jewelry trade, no advertising is accepted. Any 
opinions expressed in signed articles are understood to be the views of the authors and not of the 
publishers. Subscription price $3.50 each four issues. Coypright 1958 by Gemological Institute of 
America, 11940 San Vicente Boulevard, Los Angeles 49, California, U.S.A. 


—~_ 


Notes on 
The New Emeralds 


from 


Candawana 


By 


DR. E. J. GUBELIN, C.G., F.G.A. 


The world’s main source of fine emeralds, 
up to this time, has been the three famous 
mines of Muzo, Gachala and El] Chivor, 
Colombia, South America, although emer- 
alds are also found in India, Transvaal, 
Brazil, Urals, the Habachtal (Austria) and 
a few other minor sources. Therefore, it 
came as a complete surprise when the news 
was released that a new, very rich emerald 
deposit had been discovered near the small 
valley of Sandawana in the Belingwe area in 
South Rhodesia. : 

What two years’ ago was a crocodile- 
infested area is now surrounded with barbed 
wire, and an arc lamp is focused on the 
broken surface of the new emerald mine. 

Since 1954, Laurence Contat and Cor- 
nelius Oosthuizen, two South African 
settlers in Rhodesia, had been mining for 
pegmatite minerals (beryl, tantalite and the 
lithium ores) in the Sabi Valley, a remote 
part of South Rhodesia. They had discovered 
the deposits, Oosthuizen deserving credit for 
the major part played in the discovery. Since 
prospecting was their chief aim, they searched 
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for further mineral deposits, especially peg- 
matites. Their knowledge of geology 
prompted the exploration of an area 400 
miles south of their mining holdings, a dis- 
trict quite as remote and, in fact, rather 
more mountainous (one of the major pre- 
Cambrian schist belts). The geological 
makeup of these hills gave promise of their 
being favorable for the occurrence of large 
pegmatites, so the two prospectors chose a 
three-mile stretch of this sixty-mile range 
for investigation. 

Contat, together with Oosthuizen and the 
latter’s enduring wife, then moved into this 
area. Contat left his partner prospecting 
there as soon as they had agreed upon a camp 
where he could locate them on his return. 
Luck was with them. Within two days 
Oosthuizen had discovered: bery! in large 
quantities and a sizable deposit of spodu- 
mene, a lithium ore much in demand. When 
Contat rejoined them, they examined the 
extent of one of the pegmatites with regard 
to mineral content, strike and association 
with other rock formations and immediately 
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discovered the first emeralds. Although the 
emeralds were of low quality their search was 
intensified, since they realized that emerald 
occurred in this area and under these par- 
ticular conditions. They did not have long 
to wait. The first strike was made in October 
1955, within ten days of their arrival, and 
they notified the Department of Mines as 
soon as they could return for this purpose. 
However, it was seven months before their 
efforts were finally rewarded. In May, 1957, 
they struck the second deposit—-a significant 
one this time. It was only a few miles from 
their earlier operations. Since Contat and 
Oosthuizen recognized the likely formations, 
they left extensive areas untouched and con- 
centrated on favorable ground. 

Because their first camp was at Sanda- 
wana, a smal! valley, the emeralds discovered 
were named Sandawana emeralds in com- 
memoration of this. The country is typically 
Rhodesian, with heavy bush and trees, and is 
the haunt of numerous game. Crocodiles and 
bilharzia infest the streams. Before they 
could set up their headquarters, Oosthuizen 
had to shoot a large crocodile that looked 
upon the domain as his private property. 
Another crocodile has since moved in, but 
they are leaving it to ward off reporters 
coming in from that direction. They even 
feed it with tidbits to encourage it to stay! 
Unfortunately, in the dry season water is a 
great problem. This is perhaps one of the 
reasons why so few have entered this area. 
It is also inconvenient to approach, since it 
is forty-five miles from the nearest point of 
contact with the newly built railway, whereas 
the only road that could be used means a 
journey of sixty miles. 

The deposit, although rich, is extraordi- 
narily localized. It is eviderit at the surface 
and, up to the present, the prospectors have 
only opened a narrow trench about fifteen 
feet long and three feet wide. Small sample 
pits dug in the soil about twenty feet be- 
low the deposits show that erosion has 
been taking place for centuries, since all 
of the pits appear to contain emeralds, ob- 


viously alluvial. 

The emeralds were confirmed as such by 
the Government mineralogist, Mr. A. E. 
Phaup, of the Geological Survey Office at 
Gwelo, and the Department of Mines was 
notified. However, it was only after Contat 
and Oosthuizen had sent samples worth 
about $15,000 (U.S.) to New York that the 
South Rhodesian Government became really 
interested in this exciting find. It passed an 
ordinance in February, 1958, extending con- 
trol regulations, similar to those in South 
Africa, for all precious stones in Rhodesia. 
This started rumors of a diamond find, but 
by the time the law was made effective on 
April 25th of this year, it became known 
that it was emerald that had been found. 

Last spring, the writer was asked to in- 
vestigate the recently discovered emeralds 
from this deposit. The main purpose was 
to discover any inherent peculiarities or typi- 
cal characteristics that would distinguish 
them from emeralds from other sources.’ 
Shortly afterwards, an initial lot of ninety- 
two Rhodesian emeralds was sent in for 
detailed study, the results of which are con- 
densed below. 


Geology 


Up to the present, only a minimum 
amount of geological and mineralogical work 
has been done on the deposits that are yield- 
ing emeralds. The deposits are extremely old 
and were presumably formed at the end of 
the Shamvian period of granitic activity, 
which has been dated elsewhere as being 
about 2,650 million years ago. For com- 
parison, it may be mentioned that the Cam- 
brian period and most of European geology 
began only 500 million years ago and the 
Alps were upheaved as late as fifty to eighty 
million years before the appearance of man, 
whereas the diamond in most of Africa ap- 
pears to have its genesis in the Cretaceous age, 
approximately fifty-one to fifty-eight million 
yeats ago. The pegmatites of the Belingwe 
area might belong to the Bulawayan period 
of activity, of around 2,800 million years. 
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Pegmatite dikes are very abundant in both 
the tremolite schists of the Mweza Range 
and the gneissic granite contact in the area, 
although occurring more as scattered bodies 
without apparent inter-relation. The emer- 
alds have been found associated with the 
schists in the pegmatite dikes. The majority 
of the dikes probably belong to the end of 
the Shamvian System and contain beryl, 
spodumene, lepidolite, petalite and tantalum- 
nobium minerals. Particularly, as far as the 
tremolite schists and the emeralds found 
therein are concerned, there seems to be some 
conspicuous similarity to the actinolite schists 
and their emeralds in the Habachtal, Austria. 
Recently, chrysoberyl was discovered under 
conditions similar to the emerald occurrence, 
in the schists, but nothing final as to its 
quality has yet been determined. 


Size 

All the emeralds submitted for the present 
study were small, calibre-cut stones, varying 
in weight from .15 carat to .38 carat, which 
is in concurrence with Dan Mayers’ state- 
ment in the March, 1958, issue of The Gem- 
mologist that the bulk of the stones produced 
are under one-fourth carat in size, although 
occasionally larger stones may be obtained.? 

Unfortunately, up to the day of writing, 
no crystals could be obtained, so that it was 
impossible to study the morphology of the 


Sandawana emeralds and the local peculiari-’ 


ties, if any, of their crystal habit. 


Unrivalled for Color 

Small though they may be, these emeralds 
appear to be characterized by superb quality 
and unparallelled beauty of color. The hue 
is of the finest, vivid emerald green with a 
warm tint of yellow that renders them pat- 
ticularly attractive. Even in these small sizes, 
the color remains strong and deep, much 
more uniform and brilliant than the color 
usually encountered in small-calibre emeralds 
from other sources. If all Sandawana emer- 
alds are as beautiful as those submitted for 
this study, they will be unrivalled for rich- 
ness of color. 


Chemical Analysis 


The chemical analysis led to the following 
results. 


SiOz 65% (67%) 
Al,O. 14,2 (19%) 
BeO 13.6 (14%) 
CreO3 0.5 
FeO; 0.5 
MgO 3.0 
NazO 2.0 
LiiO 0.15 

Total 99% 


It is particularly interesting to note that 
the emeralds contain a relatively considerable 
amount of lithium (it was lithium ores, 
among others, that the prospectors were 
looking for in that region). ; 


Physical Properties 


Probably due to the excellent quality of 
the stones tested, all the physical properties 
proved to be remarkably constant. A rela- 
tively high percentage of chromium admix- 
ture, which certainly accounts for the su- 
preme color, finds its expression in high 
optical properties. 

The constants found for» varied from 
1.5877 to 1.5949, whereas those for ¢ ranged 
from 1.5806 to 1.5884, giving a frequency 
average of 

o = 1.593, € = 1.586, A = .007 

The birefringence varies between .0069 
and .0071. These values were determined on 
ten cut specimens of excellent quality with 
the aid of an Abbe-Pulfrich total reflectometer 
and confirmed on a well-developed crystal 
prism by means of the method of minimum 
deviation. Comparison with the refractive 
indices of emeralds from other sources, as 
compiled in Table I, the Sandawana emer- 
alds rank between those from the Habachtal* 
and those from India.‘ 


In keeping with the high optical values, 
the data for the specific gravity were found 
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TABLE I 


Refractive Indices 


Locality rF : A Specific Gravity 
1. Transvaal 1.593 1.586 .007 2.72 -2.78 
2. Indian 1,593 1.586 .007 2.725 - 2.745 
3. Sandawana 1.593 1.586 .007 2.744 - 2.768 
4. Habachtal 1.591 1.584 .007 2.72 -2.76 
5. Eidsvold 1.5908 1.5838 .007 2.759 
6. Siberian 1.588 1.579 .006/.007 2.72 - 2.74 
7. Colombian 1.584 1.569 .005/.006 2.69 -2.71 
8. Brazilian 1.582 1.565 .004/.006 2.67 - 2.70 
9. Synthetic 1.566 1.563 .003/.004 2.645 - 2.665 


to be also high and rank among the highest 
known for emeralds. In view of the small- 
ness of the stones under investigation, very 
careful and precise weighing was made with 
a semi-automatic Mettler Balance, by im- 
mersing the stones in ethylenedibromide. 
Thanks to the unusual clearness of the speci- 
mens, rather constant values could be ob- 
tained, varying only between 2.744 and 2.768. 

In all of the emeralds tested (with the 
exception of one, which showed only the 
6460 A line), the absorption spectrum 
proved to be normal, showing all of the 
following lines: 6830, 6800, 6620, 6460 and 
6370, the two latter ones usually forming 
the more pronounced borderlines of a weak 
band. 

All of the stones displayed a weak-red 
residual color through the Chelsea Color 
Filter, and the dichroic colors are distinct: 
bluish green for € and yellowish to yellow- 
green for o. 

In ultraviolet light of 3650 and 2537 A, 
Sandawana emeralds prove to be completely 
imert, but it is interesting and easy to see 
how they are considerably more transparent 
in long waves than in short waves, and, in- 


deed, they transmit ultraviolet light only 
down to 3200. A, where complete absorption 
begins with a sharp shadow edge. Here 
again, Sandawana emeralds fall in line with 
emeralds from India.* 


Microscopic Examination 


It was the aim of this study to investigate 
whether there were any anomalies or differ- 
ences of properties compared with emeralds 
from other deposits.1-*+ Although it is 
gratifying to state that the above-mentioned 
properties show a satisfactory constancy, it 
must be admitted that they are not sufficiently 
distinctive for one to distinguish clearly and 
without doubt the Sandawana emeralds from 
others with similarly high constants. There- 
fore, it is particularly exciting to turn to the 
nature of inclusions which, especially with 
emeralds, have again and again proved to be 
local hallmarks of high distinctive value. 

The general aspect to the naked eye or 
low-power magnification is the well-known 
picture of emerald ‘jardin,’ which disen- 
tangles into a host of various inhomogene- 
ities under careful analysis with more power- 
ful magnification. In the uncut crystals found 
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Figure 1. Acicular tremolite rods traversing a Sandawana emerald in various 
directions. 125x 


Figure 2. Thick mass of hair-fine tremolite fibers (some curved). 75x 
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Figure 3. A tremolite fiber running through several diskshaped cleavage fissures. 75x 


Figure 4, Remarkably short tremolite rods being a typical feature of Sandawana 
emeralds. 125x 
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Figure 5. Straight, fine tremolite fibers crossing each other — some of those curious 
“splashes” which consist of countless ultramicroscopic liquid drops. 75x 


Figure 6. Dustlike “splash” forming a brownish halo and surrounding a brown, 
resorbed garnet crystal. 125x 
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Figure 7. System ef parallel shadows being the phenomenological expression of 
fissures oriented after the basal plane (0001). ' 75x 


on the surface or at a very shallow depth, 
various shades of brown garnet are very 
abundant; but since they are usually large, 
or located in cracks that often reach the 
crystal surface, most of them would be re- 
moved in the cutting. 

Limonite seems to be quite common, not 
only coating the surface of crystals but also 
filling some of the cracks, and is probably 
of recent origin. It is limonite that often 
forms ultrathin films or spangled patches, 
and is responsible for the brownish colora- 
tion of these formations. 

Rare inclusions are decomposed plagio- 
clase feldspar, specks of black magnetite and 
hematite tablets. 

The most conspicuous type of inclusions 
consists of a very acicular mineral, which, 
in concurrence with the nature of the mother 
rock, is tremolite, approaching actinolite in 
composition (Figure 1). These tremolite 


needles are either short and appear to be 
scattered at random in the interior of the 
emerald, or they form very long, slender 
fibers that usually are concentrated in dense 
masses and often traverse the entire gem in 
irregular directions (Figure 2). They are 
quite frequently curved, and it appears to 
be a typical feature that along some indi- 
vidual needles tiny disklike cleavage planes 
have developed, giving the impression of 
minute flakes being speared by a tremolite 
rod (Figure 3). 

This type of inclusion picture formed by 
countless slender tremolite needles is the 
most characteristic birthmark of Sandawana 
emeralds, which, although it is quite similar 
to that of emeralds from the Habachtal,* 
distinguishes Rhodesian emeralds easily from 
emetalds of any other known locality. 

Emeralds from the Habachtal, which were 
also formed in tremolite schists, are also 
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characterized by dense masses of tremolite 
needles. However, here the tremolite needles 
are much coarser and congregated in denser 
masses and always occur as long needles, 
whereas in the Sandawana emeralds the 
congregations are rarer and the extremely 
fine, long needles are usually accompanied 
by short ones (Figure 4). Aside from this 
distinct difference of the interior paragenesis 
of the two emeralds, the Sandawana emeralds 
are by far more beautiful, being considerably 
clearer and of a much more pleasing and 
vivid color. 


Despite the apparent similarity of the in- 
clusions, it will never be difficult to recog- 
nize the Sandawana emeralds from those of 
Habachtal. Further, the occurrence at the 
Habachtal is much too small and its emeralds 
of good quality are by far too rare ever to 
play any role on the gem market. The pres- 
ence of tremolite needles, 
guishes the Sandawana emeralds from emer- 
alds of any other important source. 


however, distin- 


Besides the mineral inclusions described 
above, Sandawana emeralds seem to be char- 
acterized by some unique inhomogeneities, 
of which the most frequent ones form some 
sort of splashes and systems of cleavage 
fissures. The splashes display a dustlike ap- 
pearance and they are green or brownish 
(Figure 5). Quite often they form a sort 
of halo around a brownish, strongly resorbed 
garnet crystal (Figure 6). Their plane seems 
to prefer orientation parallel to. the prism 
faces. The fissure systems, on the other hand, 
manifest a pattern of more or less parallel, 
yet irregular, lines and bands. These lines 
and bands are cleavage fissures. running 
parallel with the basal plane (Figure 7). 
As far as their existence is concerned, they 
may be compared to the typical layers of 
disklike cleavage fissures that are so con- 
sistent in Russian emeralds, although the 
appeatance is entirely different in the two 
members of the emerald family. In the San- 
dawana minerals the fissures form systems 
of irregular, interrupted lines and dashes, 
whereas in Russian emeralds they are ex- 


panded swarms of minute disklike fissures 
arranged in parallel layers. 

It is always extremely difficult, to ade- 
quately describe inclusions, particularly in- 
homogeneities. The best description can 
never be substituted for experience gained 
through personal observation. It is, however, 
the hope of the writer that the description 
given above of the typical properties and 
especially of the characteristic inclusions will 
make it easy for everyone to recognize San- 
dawana emeralds and to distinguish them 
from emeralds of other sources. The reader 
will have to add his own observations. 


Summary 


The physical and optical properties of 
Sandawana emeralds were investigated and 
it was found that the values rank among 
the higher constants for emeralds, closely 
concurring with those of emeralds from 
India and from the Habachtal. The phenom- 
enological inclusion-portrait is mainly domi- 
nated by the presence of tremolite needles, 
thus definitely excluding’ emeralds from 
India, whereas the individual appearance 
and arrangement of tremolite needles, as 
well as the nature of inhomogeneities and 
especially the superb beauty of the Sanda- 
wana emeralds, should prevent confusion 
with the emeralds from the Habachtal. 

The writer is indebted to Mr. A. E. Phaup, 
of the Geological Survey Office at Gwelo, 
for his explanation of the geological con- 
ditions. 
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A Study 
of 
Style and Fashion in 


Indian Jewelry 


By 


B. 8S. MAHAJAN 
Gemologist 


Bombay, India 


Since times immemorial India has been 
known to the world as the land of fabulous 
gems and jewelry. Emperors and kings pos- 
sessed gems of rare beauty and size, and 
ornaments incomparable for intricate de- 
sign and workmanship. These treasures, 
though prized as things of beauty, were 
never underestimated for their investment 
value. Nothing was so secure as the pos- 
session of gems and jewelry, especially in 
days of war and uncertainty. No wonder, 
that even the humble common folk appre- 
ciated the importance of gold and jewelry 
as portable wealth. Saving for the “rainy 
day’ took the form of hoarding gold, since 
it could be converted easily into cash with 
a minimum percentage of depreciation. The 
economic aspect has virtually bypassed all 
other factors in influencing the use and de- 
sign of jewelry in India. 

The immense impact of this tendency on 


this country’s economy was recently revealed 
by important statistical data collected on 
behalf of the Reserve Bank of India. It is 
estimated that private hoardings of gold in 
the form of bullion and ornaments amount 
to Rs. 250 billion (equivalent to $52.5 bil- 
lion). Unofficial sources estimate such 
hoardings somewhere between Rs. 300 and 
350 billion. This estimate is substantiated 
by the following facts: 


1) the annual turnover of business at 
the various bullion exchanges amounts 
to about Rs 2 billion; 


2) imports of gold in India since the 
turn of the century amounts to Rs. 
15 billion; 


3) the entire production of the Kolar 
Goldfields is absorbed by the home 
market; 
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4) nearly 10,000 tolas (one tola = 11.66 
grams) of gold worth approximately 
Rs. 1 million is being smuggled daily 
into India by international operators, 
who make a clear 70% profit on their 
capital outlay. 


Now the Indian Government proposes to 
utilize these gold reserves to obtain valuable 
foreign exchange for the Second Five. Year 
Plan. The precious metal used in jewelry is 
obviously gold. 


Tradition and social custom have always 
stressed the use of gold in making jewelry. 
The "Streedhan” or the material assets se- 
cured by the Hindu woman by way of gift 
inheritance used to be mainly in the form 
of gold jewelry. The dowry of the Hindu 
bride consisted mainly of gold jewelry. The 
weight of gold used for the ornaments was 
often the highlight of negotiation between 
the elders of the marrying couple. 


Sentiment and strict adherence to family 
tradition led to the insistence on making 
jewelry from one’s own materials. And one 
cannot blame them, for they had their own 
gold, handed down from one generation to 
the other. “Old is gold, and old gold is the 
most precious of all,”” so runs an old Indian 
saying. Unfortunately, this factor has im- 
posed serious limitations on the design, 
manufacture and distribution of jewelry in 
India. 


Creation of original designs and new in- 
terpretations of traditional motifs did not 
receive much encouragement during the 
British regime. The lack of enthusiasm on 
the part of the rulers was obvious, because 
they could import their requirements from 
the United Kingdom and Europe. The con- 
tention that Indians did not desire anything 
new was clearly based on the taboos and or- 
thodox opinion prevalent in India. Research 
in consumer needs and their interpretation 
in the form of new designs and products has 
never been possible for want of desire to 
own mass-produced merchandise. 


Large-scale production of gold jewelry, 


either complete or in the form of blanks and 
findings, still remains unaccomplished, be- 
cause there aré no federal laws to control 
the quality of precious metals. Every manu- 
facturing jeweler seems.to have his own 
quality standards. Quality control has been 
possible only in the case of silverware manu- 
factured by large factories. Mass production 
implies prior demand, and demand can be 
created by good advertising. In the U.S. and 
elsewhere the merchandise is presold by 
means of aggressive national advertising 
through the media of newspapers and tele- 
vision. India cannot as yet boast of her - 
television. With only 15 percent literacy in 
India, newspaper advertising is futile. The 
complexity of the language problem has 
made newspaper advertising almost beyond 
the reach of the average jeweler. (In Bombay 
alone we have English, Hindi, Marathi, 
Gujerati and Urdu language newspapers; 
and a salesman may be required to use, in 
addition to the above, Kannad, Sindhi and 
occasionally French or German.) National 
advertising seems to be a thing of the remote 
future. Most important of all, the capital 
resources of the average jeweler are not 
adequate either.for mass production or for 
effective advertising. 


Lack of standardization regarding the 
quality of precious metals has ultimately 
led to the absence of quality standards, for 
workmanship. The cost of making indi- 
vidual pieces of jewelry depends on the 
quality of the precious metal used and work- 
manship. Since most people have their own 
gold to use, their ultimate aim is to find 
someone who can make the jewelry at the 
lowest possible price. Since competitive price 
is possible only at the expense of quality, 
the workmanship is generally poor. The 
customer demands low cost, which the dealer 
provides by paying the worker the lowest 
wages, and the worker in turn gives the 
lowest quality of workmanship. This vicious 
circle cannot be broken. The professional 
“goldtester” makes money by charging a 1% 
per cent ad valorem fee for supposedly test- 
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ing ‘the quality of gold, and receives at the 
same time a monthly salary from the jew- 
elers who direct their customers to him. In 
fact, the professional goldtester helps to 
perpetuate the vicious circle. 


The panacea for the ills listed above hap- 
pens to be the introduction of compulsory 
hallmarking of jewelry made of precious 
metals. Compulsory hallmarking will ulti- 
mately necessitate mass production of not 
only blanks and findings but of complete 
pieces of jewelry also. Since consumer re- 
search and creative designing are the pre- 
requisites of mass production, industrial de- 
signing will receive great impetus. Quality 
of workmanship can be more easily con- 
trolled in mass production than otherwise. 
The Indian Government has been carefully 
studying the implications of federal law con- 
cerning the hallmarking of precious metals. 
Considering the magnitude of the problem 
— breaking the age-old tendency to use one’s 
own materials, especially gold, and educa- 
ting the people to accept quality standards 
—the legislation has to be effected with 
caution. However, the day is not far off, 
since we have already introduced decimal 
coinage (April, 1957) and will shortly accept 
metric standards (October, 1958). The forth- 
coming legislation will effect a radical change 
in the fashioning and marketing of jewelry 
in India. In the future, made-to-order work 
will pertain to customer's gemstones rather 
than to gold. 


The use of:gemstones in jewelry, although 
widespread since ancient times, has always 
been limited to only a few. The earliest 
mention of. gemstones in the post-Vedic 
literature, notably the Bhagvata (circa 2300 
B.C.), refers to Padmaraga, or:the ruby. 
-The Lord sayeth of. Himself, “I .am the 
ruby among gems.” Each era had a special 
gemstone ascribed to it. The first era, called 
the Treta-vuga, has the ruby. The Dwapara- 
yuga and the Kali-ywga (which is current) 
both have the diamond. The orgin of the 
conception of Nava-ratnas seems to be of a 
later origin. Nava-ratnas are the nine gem- 
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stones considered affiliated with the nine 
major planets. These are stated as follows: 
sun—ruby; moon—pearl; Mars—coral; Mer- 
cury—emerald; Jupiter—yellow sapphire; 
Venus — diamond; Saturn— sapphire; Rahu 
—hessonite garnet; Ketu—chrysoberyl cat’s- 
eye. (The last two are known as Dragon- 
head and Dragon-tail, respectively.) 


Of the above nine gems,- diamond, ruby, 
emerald and pearl have been the most fa- 
vored in Indian jewelry. Surprisingly enough, 
Indians knew about other gemstones as well. 
This is clearly evident from the Sanskrit 
synonyms for the many gemstones that are 
used in modern European jewelry. The dis- 
tinguishing characteristics of gemstones hap- 
pen to be the subject of many a treatise on 
Ratna-sastva. For example, zircon is called 
vajrabhaseeya, which literally. means one 
that simulates a diamond. Besides, India 
did have access to most of these gemstones. 
And this condition lasted until the breaking 
up of the Indian Empire, which included 
India, Afghanistan, Burma and Ceylon. Dia- 
mond, ruby, emerald and pearl were in one 
sense birthstones; yet, all of them could be 
generally used in jewelry. The rest of the 
Nava-ratnas (namely, yellow sapphire, sap- 
phire, chrysoberyl cat’s-eye, hessonite gar- 
net and coral) did not find favor in jewelry. 
Serious limitations have been imposed on 
wearing sapphire, because it has been con- 
sidered to bring more harm than good. Coral 
beads have been mainly used for rosaries. 
Superstition and certain taboos have defi- 
nitely narrowed the scope of. gemstones in 
Indian jewelry. Like the diamond-sapphire 
combination in the United Kingdom and 
Europe, pearl-ruby and diamond-emerald are 
the more popular combinations in India. 
The use of other gemstones pertains to 
Nava-raina rings, earstuds, pendants, etc., 
only. Strangely enough, gemstones of all 
kinds were mined, faceted and exported 
from India in the past. It is indeed a pity 
that not many could be-used in jewelry. 


It has already been emphasized that jew- 
elry was specially made on two important 
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occasions in the family, birth and marriage, 
and sometimes on anniversaries. The design 
of jewelry made for such occasions served 
the purpose of the occasion, The christening 
ceremony of the Hindu child occasioned the 
piercing of ears; even the male child was 
no exception. The gold ornaments either 
specially made for the occasion or received 
as gifts consisted usually of thin gold 
bangles and pairs of gold sleeper earrings. As 
the girl grew up she simulated her mother 
in most matters. Sometimes she wore her 
mother’s jewelry when she did not have 
anything of her own. Occasionally, a piece 
of jewelry was made when her parents could 
afford it. Major items of jewelry were made 
only at the time of marriage. Perhaps that 
was the right occasion when her parents 
could really make up for the economies of 
the past years. The jewelry was necessarily 
made for an occasion rather than to suit 
her individuality. Perhaps the only hearten- 
ing note concerned her bridal costume. The 
yellow sari went well with ornaments of 
yellow gold. Very few indeed realized the 
importance and application of the accent- 
harmony theory of modern times. It must 
also be remembered that the woman had 
very little freedom to choose in matters of 
jewelry. Further, she was hopelessly de- 
pendent in economic matters. 


In spite of the ignorance concerning the 
accent-harmony theory as advocated today, 
Indian women show remarkable conscious- 
ness of the fundamentals of color harmony. 
Dark-complexioned women from South In- 
dia wear glittering diamonds, synthetic white 
sapphires and synthetic rubies. Fair-skinned 
women from the North prefer solid yellow 
gold. However, they have never tried other 
means of adornment, particularly colored 
stones. In fact, the immense possibilities of 
color combinations have never been pre- 
viously explored. Even the jewelers missed 
the enlightened approach; the customers 
heard still less of it. 


However, the modern Indian woman is 
quickly becoming aware of the applications 


of the color-accent theory. She is learning to 
dress correctly, wear different hair styles, 
and to adopt Western clothes. The makeup 
is still something for the larger cities. The 
revolution is due to two important factors: 
one, the impact of Western ideas, education 
and way of life; two, economic independ- 
ence. Films and fashion magazines are per- 
haps the best propagators of ideas and way 
of life. Westernized young women of today 
seem to appreciate the “Audrey Hepburn 
look” in dress and demeanor. The “high 
fashion” from the European continent is 
rather remote from the heart of the Indian . 
woman. The American way of life, as por- 
trayed by pictorial magazines, has consider- 
ably influenced the younger generation, 
especially in the larger cities. Dating, court- 
ship and engagement, which were at one 
time unthinkable, are evidently the result 
of the impact of Western thought and way 
of life. Greater economic freedom for the 
young educated woman has helped her to 
enjoy the small luxuries that have been 
denied to her, and these luxuries include 
items that help to add to her personality. 
Now she can afford to experiment freely in 
matters concerning the application of the 
accent-harmony theory. 


The impact of fashion in dress and jew- 
elry, as evolved by film stars, has been 
equally important. However, I personally 
feel that the selection of jewelry by the 
Indian film stars is hardly judicious. Unfor- 
tunately enough, they have yet to meet an 
enlightened jeweler who will guide them 
properly in their selection of jewelry. 


Recent revival of traditional fashions in 
jewelry has adversely affected the design in 
contemporary Indian jewelry. A curious and 
sometimes not-too-wise blending of the tra- 
ditional Indian with the modern Western 
has resulted in ugly and ridiculous forms. 
Such forms are utterly unsuitable with ref- 
erence to the color-accent theory. A glaring 
example of such a hybrid form is a combina- 
tion of the chandelier-type Western with the 
pendant-type Moghul jhumékas (earrings). 
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The foregoing paragraphs form the back- 
ground for a detailed study of the style and 
fashion in contemporary Indian jewelry. 


Before attempting the study of style and 
fashion in jewelry proper, a brief introduc- 
tion to the dress of the Indian woman be- 
comes necessary. It may be remembered that 
there is a great diversity in the social and 
cultural backgrounds of the people of India. 
Similarly, the costumes are extremely diver- 
gent, ranging from the shortest sari to the 
overflowing kameez-salwar. However, the 
sav? with a length ranging from five to nine 
yards may be considered as the standard 
costume for women in India. It is some- 
what intriguing for the foreign visitor to 
observe the flowing lines of the Indian sari, 
which is draped round the body without the 
help of a belt or similar contrivance. It is in- 
teresting to note that the sari is draped in 
no less than ten different ways in different 
parts of India. The normal way. (i.e., drap- 
ing the palav, or the visible end of the sari, 
round the right shoulder) is considered in 
this study. The cholz, or the blouse, comes 
in wide varieties, too. They range from 
plunging necklines and decollettes and bare 
midriffs to high and close-collared (and 
strictly moral, too) protective ones! In fact, 
one has to consider any of these combina- 
tions with reference to the form and color 
of jewelry and gemstones. 


.No great distinction is made between the 
dress for the day and that for the evening, 
except perhaps for texture and color. Unlike 
their rigid black of the evening-wear in the 
Western hemisphere, the Indian woman has 
a far greater freedom to choose the color. 
Her choice regarding the sari may range 
from the subtle shades of different colors 
to a flaming display of the various hues. 
Further, there are not many hard-and-fast 
rules regarding the texture of saris to be 
worn at different times of the day. Finer 
fabrics may be used during the daytime, 
owing to the tropical climate. Handspun 
and handwoven saris happen to be the equi- 
valent of office or daytime wear made of 


tweedy fabrics. In this connection, it may 
be remembered that engraved gems and 
cabochons, which otherwise accent such fab- 
rics, are not much favored in India. Such 
fabrics, however, offer sharp contrasts to 
diamonds and other brilliant gems. 

Hats, scarves and other accessories, which 
form a part of the dress ensemble ‘of West- 
ern women, are totally absent in India. These 
factors, therefore, are not necessary for our 
study of style and fashion in jewelry. 

The color of hair is also limited to one: 
dark. There are neither blondes, redheads 
nor brunettes, in the real sense. Neverthe- 
less, the tendency to dye the hair to subtle 
shades by means of hydrogen peroxide is 
increasing. Faint traces of natural brown 
hair on a dark head are sometimes encoun- 
tered. Yellow gems, which find favor with 
blondes and’ brunettes, are generally ab- 
horred in India. 

Nothing keeps the beauty-conscious lady 
at her dressing table longer than the styling 
of her hair. The hair,-which is usually long, 
is worn in many ways; in fact, the hairdo 
can be changed as often as she desires. Be- 
sides the traditional hair styles, much ex- 
perimentation is being carried out in the 
film industry. In addition to the practice 
of having flowers in the hairdos, Indian 
women wear quite a few ornaments in the 
hair. However, there is hardly anything that 
approaches the jeweled comb. Many of these 
ornaments are used in conjunction with 
long, massive, chandelier-type earrings. The 
tika, or bindi, is worn in the parting of the 
hair. The end part of the ornament is usu- 
ally a jeweled star or moon and hangs freely 
on the forehead. Although worn occasion- 
ally, this ornament can minimize the breadth 
of the forehead. Other equally useful means 
used for this purpose is the 4uamkum, or 
the vermilion mark on the forehead of the 
Hindu woman. The 4umkum can be worn 
in such a manner as to minimize the effect 
of a too broad or too narrow forehead. The 
forehead is sometimes painted. 


The ideal shape of the face, oval seems 
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to have won universal approval. Chan- 
dramukhi, or the moon-faced one, happens 
to be one of the connotations in describing 
the heroine of many a romantic tale. What 
the jeweler can do for the lady who does 
not have ideal features forms the matter of 
discussion in the following paragraphs. 

Robert Crowningshield, Director of the 
Gem Trade Laboratory of the Gemological 
Institute of America in New York City, is 
perhaps the first gemologist who has enun- 
ciated a theory regarding the application 
of the color-accent-harmony in the sphere of 
gemstones and jewelry. His paper on 
Costuming and the Sale of Colored-Stone 
Jewelry (GEMS & GEMOLOGY, Summer, 
1953) is a valuable contribution to gem- 
ology. Since the publication of this paper, 
I have been experimenting on the line sug- 
gested by Crowningshield. My customers 
have been the “guinea pigs’ in these ex- 
periments. The application of the theory 
necessitated a few modifications to suit 
Indian conditions. Nevertheless, the study 
of the theory has given me an insight into, 
and greater understanding of, the problem 
confronting almost every conscientious jew- 
eler. An anlaysis of the theory with special 
reference to Indian conditions appears below. 

Of all the features the face is the most 
important; therefore, what the jewelry does 
for the face assumes great importance. There 
are many items of jewelry that can accen- 
tuate the best features and help to minimize 
the effect of not-so-well proportioned ones. 
I will consider them one by one. 


Necklaces 


The choker-type necklace broadens the 
face and adds fullness to the face, therefore, 
it is ideal for a thin face and neck. At pres- 
ent, the choker is in vogue in India. Most of 
the designs are borrowed from old Moghul 
and Rajput ornaments. A mixture of both 
the Moghul and the Rajput styles is found 
in the ornaments of Saurashtra (Western 
India); these have influenced the design 
of the choker to a great. extent. Ornaments 


of the hill tribes and the aborigines have 
inspired many a pattern in this category. 
Most of the current designs are made from 
dies, in order to reduce labor costs; however, 
in smaller towns they are entirely handmade. 
The influence of asymmetrical designs from 
the West is noticeable in the designs current 
in large cities. The moderately short neck- 
lace, which accentuates the oval facial out- 
line, is usually 2 combination of handwork: 
beads and domes and some pieces that may 
be diestamped. The designer has a far 
greater scope in this respect. The mangal- 
sutra, which is worn by married’ Hindu 
women, consists of black glass beads strung 
on gold wire and with knots in between; 
this is usually worn long and in two or three 
strands. Multistrand necklaces are generally 
known as fars (literally, garlands). .The 
motif for the design usually determines the 
name of this ornament; for example, a 
necklace with a Bakula-flower motif is called 
a Bakulahar. Besides such gold necklaces, 
stringed beads of a number of gemstones 
serve equally to add to the apparent length 
of the neck. Apart from the necklace, count- 
less combinations and effects are possible 
with the chain-pendant theme. 


Ear Ornaments 


These are found in the form of studs, 
clips and rings. There has been a revival of 
the fashion for earrings since Queen Eliza- 
beth II was crowned. The delicate form of 
the earrings of the Victorian era is no more; 
neither is the profusion of colored stones, 
especially amethyst and garnet. The present 
form of the earring in India originates in the 
ancient Moghul jhumkas, rather than in 
the Victorian earring. It is interesting to 
note that such jhumkas were always massive, 
because they were definitely meant for 
pierced ears, the weight being of no great 
consideration. Further, in case of really 
heavy earrings, the weight was easily coun- 
terbalanced by means of chains that could 
be tied to the ornament in the hair. The 

(continued on page 219) 
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The design of the necklace and the earrings is typically Moghul. The floral motif and 
exhuberance of color are characteristic of the Moghul type. Long pendant-type earrings 


have made her face look longish, thus accentuating her narrow chin. A too-broad choker 
has unnecessarily added to the already full neck. 


Photos courtesy India’s Filmfare’ magazine, a Times of India publication. 
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The corrected design is a suitable amendment of the original design. 


Corrected designs courtesy of Ramnath Powle, designer for Bala Appaji and Son, Bombay. 
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The design of the necklace and the. earrings is typically Moghul, both of which are set 
with pearls, rubies and sapphires. The apparently heavy jhumkas are counter-balanced 
by pearl! chains attached. to the hairdo. A too-broad choker and massive jhumkas have 


unnecessarily added to the fullness of the face. The jhumkas make the otherwise slim 
features plump. 
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The corrected design accentuates the softness of the eyes and the chinline. 
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The model is wearing a complete Moghul outfit. In addition to the normal necklace, 
bracelet and the earrings, she is wearing a tika on her forehead. The collar and the 
bracelet are made of enameled gold plate and encrusted with rose-cut diamonds, rubies 
and emeralds. The back portion of the collar is golden and white silk tassel. The earrings 
are too delicate in comparison to the collar and the bracelet. The standing collar does 
not suit this lady. The tika is perhaps the only redeeming item in the ensemble. 


GEMS & GEMOLOGY 


The corrected design has the choker moderately short. The earrings and the tika. are 
matched. Four jeweled bangles instead of the bracelet make the wrist appear slimmer. 


FALL 1958 


215 


This is an example of a Western costume, with ill-assorted items of jewelry. The two-row 
pearl necklet is too tight; it mokes the neck appear plump. The chandelier-type earrings 
add width to the face as well as length. The face appears almost rectangular. 
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A moderately long necklet and earrings in the corrected design make the face more 


dnimate. 
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The model is wearing a pendant 
necklace with diamonds, rubies 
and agates. Everything is fine 
except the earrings with the 
“grapes” motif. She should wear 
small earclips. 


The model is wearing a gold 
enameled ensemble that is 
complimentary. 
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The model appears in the traditional Punjabi bridal outfit. Note 
the panja that covers her palm. 


modern massive earrings made of anodized 
aluminum and for unpierced ears cannot be 
duplicated in real gold, because they are too 
heavy for modern use. The earclip in India 
is certainly the result of Western influence; 
the earstud, on the other hand, is typically 
Indian. The button- or cluster-type earring, 
when set with stones, is generally favored 
in India owing to the utter simplicity of 
form. The cluster type is known as &uda, 
and is almost a permanent fixture in the 
ears of women from the South and the West. 
The most favored gemstones for this form 
are diamond, ruby and pearl, along with 


their substitutes. Such earstuds are used 
obviously without any discrimination; it is 
rather difficult to persuade a woman to use 
this type with caution and discretion. The 
sleeper earring comes in a number of forms: 
plain, engraved and elaborate ones; it is 
known as bali. The massive and elaborate 
type known as the ‘‘fisherwoman’s earring” 
is in current vogue, especially favored by 
rich and fashion-conscious women in Bom- 
bay. However, indiscriminate. wearing of 
such earrings is simply atrocious. Further, 
there are some forms that do not fit into this 
category at all; they may be called orna- 
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ments for the ear. It is not surprising to find 
one that completely covers the entire ear. 
Generally speaking, any form of ear orna- 
ment increases the apparent width of the 
face; therefore, it is necessary that they 
be worn with great caution. How much 
long earrings affect the shoulder outline is 
not yet known, since bare shoulders are still 
a rarity. 
Nose Rings 


A small yet not unimportant item of jew- 
elry—the vath, chamki, or the nose ring— 
is typically Indian. The left nostril is usually 
pierced for this purpose. How much this 
ornament adds to the personality of the 
wearer is still a matter of conjecture. Never- 
theless, I consider it as one of the most ef- 
fective means of adding a touch of glamor 
to certain faces. 


Sari Pins 


A sari pin is more common than the 
brooch or clip. Here the scope for the de- 
signer is limited. With the introduction of 
brocaded and applique saris, lapel brooches 
with typically Indian motifs are in demand. 
A pin, brooch or clip can help to slenderize 
the appearance of a woman.’ The waistline 
appears narrower when the kamar-patta, or 
the belt, is used. This ornament is not used 
nowadays, except on certain occasions. It is a 
traditional favorite of Maharashtrian women. 


Bangles 


Like the Aumkum, bangles are worn only 
by maidens and married women; they are 
made of glass, ivory, silver and gold. Recent 
substitutes for glass are plastics and bake- 
lite. Thin bangles’, as well as patlis (small 
bracelets made of diestamped plate) and 
kadas (broad bracelets either beaded and 
faceted or with filigree), are the traditional 
ornaments for the wrist. The vak, which is 
worn on the upper arm, is a typically Maha- 
rashtrian ornament. No other country can 
boast of such a galaxy of ornaments for 
the wrist. Both bangles and bracelets can 


be advantageously worn by any woman. 


Rings 


Except perhaps the cluster-type ring, India 
has borrowed to a considerable extent from 
the West, insofar as ring design is con- 
cerned. Scant attention has been paid to 
the problem of suiting the ring to the 
wearet’s personality. Rings are worn rather 
indiscriminately, the selection of shape and 
design not being. judicious. The panja is a 
classic example of fashion in rings. Each 
finger has a ring on it, and the rings are 
fastened to the bracelet by means of thin 
chains, thus covering the entire back of the 
hand. The panja is utterly unsuitable for 
daily use. 

The extent to which fashion fits into the 

style and with what results is graphically 
illustrated in the following pages. Film stars 
are supposed to possess better-than-average 
features. Photographs of some Indian film 
stars wearing jewelry have been selected 
from a film magazine called Film Fare. In 
my opinion, the jewelry worn by them does 
not enhance their personalities. Construc- 
tive criticism is offered by means of cor’ 
rected designs that appear side by side with 
the original ones. A comparison of both of 
these will prove the lack of awareness of the 
accent-harmony theory, even among film 
stars. No wonder that the common folk have 
not been able to appreciate the significance 
of the theory. Style-consciousness is evident 
in matters of dress and its accessories. The 
credit is certainly due to the makers of fab- 
tics and dresses, who achieve results by 
consistent educational advertising on a na- 
tional basis. The jewelry industry has failed 
to do this. 
_ However, I am not pessimistic about the 
future of the industry in general and the 
design in jewelry in particular. To my mind, 
the apparently hybrid designs are charac- 
teristic of a period of transition. Soon a time 
will come when we will have evolved our 
own designs and fashions that can be truly 
called Indian. 
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Sandawana Emeralds 


Some Commercial Aspects 


By 


DAN E. MAYERS, M.Sc. 


Managing Director, Sandawana Emeralds 


Almost everyone interested in precious 
stones has at some time wondered, “Sup- 
posing I were to find a brand new mine of 
emeralds, rubies or sapphires. What would 
I do with them?” This article offers one 
possible answer. 

The discoverers of the Sandawana emerald 
deposit, Messrs. L. J. Contat and C. J. 
Oosthuizen, displayed a restraint both uni- 
que and exemplary. They kept their secret 
for eighteen months, while trying to formu- 
late some idea of the value of their dis- 
covery. They proceeded with their normal 
business (which is the production of rare 
ores, such as columbite, beryl, chromite, 
etc.) as if nothing had happened. Actually, 
they were not at all sure that anything had 
happened, since the gem dealers to whom 
they sent samples of the rough emerald 
rejected it as worthless; the rough looks 
most unpromising. 

Among the recipients of samples was 
Crystals S.A., who forwarded them to Eldot 
& Company, the prominent New York lapi- 
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daries and gem dealers. Eldot & Company 
cut the samples and found to everyone's 
delight that the yield, although only amount- 
ing to a few percent of the weight.of the 
rough, was of superb quality; a quality, as 
brought out by Dr. Gubelin in his article, 
that is entirely unique. 

There followed correspondence, addi- 
tional samples, and a trip to Africa to dis- 
cuss the matter with the thoroughly bemused 
discoverers and the hardly less bemused 
Government. 

In the first place, it was felt essential to 
avoid confusion between the Rhodesian 
emeralds and those of South Africa. Quite 
apart from the natural pride of Rhodesia 
in the discovery, and their desire that it be 
recognized as distinctively Rhodesian, it was 
vital from a commercial standpoint that no 
such confusion should occur. There is as 
much difference between the Rhodesian 
emeralds and emeralds from South Africa 
as there is between rubies from Burma and 
rubies from Siam. 
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It was necessary to choose a distinctive 
name for the emeralds—a name pleasant to 
the ear, easily pronounced, and easily re- 
membered. Dr. Gubelin, who was requested 
to advise the discoverers in gemological mat- 
ters, suggested that the name should, if pos- 
sible, be geographic. Accordingly, the stone 
was named after the Sandawana Valley, in 
which the discoverers camped just prior to 
making their find. Since the name Sanda- 
wana refers also to a mythical small African 
animal believed by the natives to bring good 
luck, it seemed a particularly happy choice. 
The speed with which it has been accepted 
by the trade and by the press seems to justify 
the decision. 


Secondly, it was recognized that the world 
suffers from an acute shortage of fine, small- 
sized emeralds, and the Sandawana deposit 
produces only small sizes. As a result of 
this shortage, the manufacturer of jewelry 
employing fine emerald calibre has greatly 
declined. Available stones were either too 
pale or else dark, black spotted and unat- 
tractive, so the jeweler preferred to use the 
more readily obtainable rubies and sapphires. 
To counteract this tendency, it was decided 
that stocks of Sandawana emerald calibre 
would be established in the leading gem 
centers of New York, London and Paris, 
with Eldot & Company of New York being 
the deserved first recipient of such stocks. 


One unmistakable lesson to be drawn 
from recent experience is the enthusiasm of 
the public for emeralds and the common 
neglect of this demand by the jeweler. This 
is not surprising, since there is no emerald 
dealer to whom the jeweler can turn, as he 
can in the case of diamonds, with the cer- 
tainty that a stone will be promptly forth- 
coming that will meet his customer's 
requirements. Insofar as small stones are 
concerned, it is hoped that the establishment 
of these’ stocks of Sandawana emeralds will 
assure jewelers that they can obtain emeralds 
with the ease and confidence to which they 
are accustomed when ‘seeking diamonds. Of 
course, this can not be accomplished over- 


night. The cutting of the stones is difficult 
and arduous, due to the fractured nature of 
the rough and the small size of the resulting 
stones. However, a start has been made, and 
future progress will be steady. 

Thirdly, it was felt necessary to set some 
policy regarding the sale of Sandawana 
emeralds in. the rough. On the one hand, 
it was recognized that the integrity and 
uniqueness of the Sandawana emerald could 
only be preserved through the controlled sale 
of cut stones. If sold only in the rough, it 
would ‘soon fall into anonymity and would, 
as certain dealers have seriously suggested, 
be sold as exceptionally fine Colombian 
calibre. This is reminiscent of the days when 
South African diamonds were sent to Brazil 
to be legitamized, and of the still earlier days 
when Brazilian diamonds were sent to India 
for the same purpose. It was the desire of 
both the discoverers and the Government to 
avoid such foolishness. 

On the other hand, it was recognized that 
the American and European cutting capacity 
for such small stones was limited, and also 
that small stones could be cut more eco- 
nomically by Oriental labor. The problem of 
appraising the rough material prior to sale 
was also a difficult one, since the clear spots 
that produce good-quality stones are almost 
invisible in the rough. 

The solution adopted consisted in taking 
a fair sample of all lots of rough and having 
them cut in Europe and America. On the 
basis of this cutting, a fair appraisal of.the 
value of the rough was possible and served 
as a basis for setting the prices. The pro- 
cedure also assures buyers of the rough that 
the lots have not been picked over, since such 
a procedure would make the cutting results 
useless for appraisal purposes. 

Fourthly, it was recognized that distribu- 
tion of the Sandawana emeralds should take 
place through a single channel that would 
be sensitive to market conditions and that 
would avoid any action that might injure 
market confidence; this is particularly vital, 
should the deposit be an important. one. It 


22 


GEMS & GEMOLOGY 


should be clearly stated that, at the present 
time (midsummer, 1958), there is still no 
precise knowledge as to its size, which is 
entirely in the realm of speculation. 

With all of these considerations in mind, 
a corporation, Sandawana Emeralds S.A., 
was formed to act as exclusive world dis- 
tributor of the stones, both rough and cut. 
Policy for the company is set by the dis- 
coverers, in consultation with the Precious 
Stones Board of Southern Rhodesia. 

It is hoped that the above information 
will give some insight into a problem that, 
perforce, arises but rarely. In achieving the 
solution, it was most fortunate that the dis- 
coverers were intelligent, patient and unex- 


citable and that the Government of South- 
ern Rhodesia went to great trouble to achieve 
an understanding of the problems involved 
with a view to cooperating in their solution. 

Of course, many problems of a minor na- 
ture remain. For example, Colombian emer- 
alds are being offered as Sandawana em- 
eralds, proving once again that imitation is 
the sincerest form of flattery. Fortunately, as 
Dr. Gubelin so expertly points out, there 
need be no reasons for confusion. 

The Sandawana emerald has already as- 
sumed a recognized place beside the finest 
products of Colombia in terms of quality. 
Its ultimate position in the trade will de- 
pend on the development of the mine. 
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Highlights 
at the 
GEM TRADE LAB 
in New York 


G. Robert Crowningshield 


One of the most unusual diamonds 
we have ever encountered was a 
greenish-brown stone in an all-diamond 
piece consisting of a dozen colored dia- 
monds. The stone contained black 
needles oriented in three directions. Un- 
fortunately, since the piece belonged to 
a client of the dealer who submitted it, 
we did not have sufficient time to re- 
move it from the setting for study and 
photographs. 

x * & 

An “avant-garde” gold pin set with 
24 yellow stones was in for identifica- 
tion. Most of the stones were golden 
Ceylon zircons, but one was a yellow- 
brown sinhalite and one was a yellow 
kornerupine, very similar in color to 
one that we received as a gift from 
student Earl Williams, Baltimore. 

Ee pes) 

Recently, a parcel of 63 waterworn 

pebbles was submitted for identifica- 


tion. All but one, a blue topaz, could be 
identified by a combination of observa- 
tion plus the use of the spectroscope. 
The stones consisted of.zircon, chryso- 
beryl, topaz, spinel, garnet, brown 
tourmaline, blue and purple sapphires 
and sinhalite. 
fim | dt 

The damage that can be done by a 
jeweler who gives an “‘off-the-cuff” 
sight identification was well illustrated 
when a woman submitted a jadeite 
necklace for identification. A jeweler 
with whom she no longer plans to deal 
saw the‘necklace, a gift from her hus- 
band, and pronounced the stones imi- 
tation and of no value. In another 
instance a jeweler pronounced as nat- 
ural two mounted star sapphires. On 
the basis of this opinion, the owner was 
advised to journey to the United States 
to sell them. At considerable expense he 
did so, only to find the stones refused 
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by knowledgeable jewelers, who discov- 
ered them to be synthetic. 

x ok 

In the past few months we have iden- 

tified more than a dozen mounted, loose 
and rough sinhalites, the largest of 
which was estimated to weigh more 
than 30 carats and which was part of a 
large insect pin set with a matching 
yellow zircon. 

oe 


We have been critical of insurance- 
company operations before in this col- 
umn and will probably continue to be. 
In the estate of a wealthy woman were 
two necklaces of similar appearance; 
however, each consisted of a different 
number of pearls and the center pearls 
were of different sizes. Nevertheless, 
from the policy it was impossible to 
determine which was the natural neck- 
lace and which was the cultured. An 
X-radiograph was required for positive 
determination. We have often seen pol- 
icies in which the description of a dia- 
mond or other stone was so vague that 
it was impossible to determine size, 
quality or even cut. In several instances, 
synthetic sapphires and rubies have 
been insured for many years for a large 
amount on the assumption that they 
were natural. It is our feeling that in 
the field of accurate appraising, particu- 
larly with an eye to the services that can 
be rendered for insured customers, lies 
one of the most untouched opportun- 
ities for the trained jeweler. 

* Ok O* 


We have received several calls and 
letters regarding the ultraviolet fluores- 
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cence test for synthetic emeralds. With 
the GIA hand fluorescence unit, we rec- 
ommend that the stones be placed on a 
dull-black background (black velvet is 
ideal) in a darkened room. When the 
unit is held only an inch or so above the 
stones, the Chatham emerald fluoresces 
red, whereas all but a few natural stones 
remain inert. Attention must be paid to 
the fact that in the inexpensive units 
there is considerable visible violet light 
in addition to the ultraviolet radiations. 
Therefore, one should disregard the 
violet color when observing natural 
emeralds, particularly those from the 
Chivor Mine, which fluoresce faintly. 
When testing mounted stones, particu- 
larly in rings, it is recommended that a 
black cloth be pulled through the shank 
of the ring and the ultraviolet unit held 
directly over the table of the stone to 
observe if fluorescence is present ; other- 
wise, too much of the suspected stone 
may be hidden by the mounting. 


* * & 


Recently, while examining a brown- 
ish-yellow diamond for evidence of 
color origin due to irradiation, we ob- 
served a heretofore unnoted strong 
absorption line at 5370 A in the spectro- 
scope. The stone also had the pair of 
lines at 5040 A and 4980 A. Although 
the line at 5370A has been mentioned 
by B. W. Anderson and others as occur- 
ting in some natural brown diamonds 
with green fluorescence, we have never 
seen it. This stone fluoresced a subdued 
“sulphur” yellow under 3600 A. Our 
report had to indicate that we are unable 
to identify the origin of the color of the 
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by knowledgeable jewelers, who discov- 
ered them to be synthetic. 

er ae 

In the past few months we have iden- 

tified more than a dozen mounted, loose 
and rough sinhalites, the largest of 
which was estimated to weigh more 
than 30 carats and which was part of a 
large insect pin-set with a matching 
yellow zircon. 

Pe 


We have been critical of insurance- 
company operations before in this col- 
umn and will probably continue to be. 
In the estate of a wealthy woman were 
two necklaces of similar appearance; 
however, each consisted of a different 
number of pearls and the center pearls 
were of different sizes. Nevertheless, 
from the policy it was impossible to 
determine which was the natural neck- 
lace and which was the cultured. An 
X-radiograph was required for positive 
determination. We have often seen pol- 
icies in which the description of a dia- 
mond or other stone was so vague that 
it was impossible to determine size, 
quality or even cut. In several instances, 
synthetic sapphires and rubies have 
been insured for many years for a large 
amount on the assumption that they 
were natural. It is our feeling that in 
the field of accurate appraising, particu- 
larly with an eye to the services that can 
be rendered for insured customers, lies 
one of the most untouched opportun- 
ities for the trained jeweler. 
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dull-black background (black velvet is 
ideal) in a darkened room. When the 
unit is held only an inch or so above the 
stones, the Chatham emerald fluoresces 
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Recently, while examining a brown- 
ish-yellow diamond for evidence of 
color origin due to irradiation, we ob- 
served a heretofore unnoted strong 
absorption line at 5370 A in the spectro- 
scope. The stone also had the pair of 
lines at 5040 A and 4980 A. Although 
the line at 5370A has been mentioned 
by B. W. Anderson and others as occur- 
ring in some natural brown diamonds 
with green fluorescence, we have never 
seen it. This stone fluoresced a subdued 
“sulphur” yellow under 3600 A. Our 
report had to indicate that we are unable 
to identify the origin of the color of the 
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stone, although its color and the circum- 
stances suggested a treated stone. 


* * * 


The considerable interest in turquois 
on the part of the consuming public has 
evidently exceeded the supply. (On a 
recent cover of LIFE Magazine four or 
five out of a dozen socialites pictured 
were wearing turquois jewelry.) In an 
effort to profit from the stone’s deserved 
popularity, far too many poorly treated 
stones are being offered to retailers. One 
unfortunate dealer recently had four 
necklaces returned to him, all within 
five weeks of purchase. The beads in 
one necklace had altered to an ugly 
whitish green in places, although some 
of the beads had retained what was 
evidently their original desirable color. 
Although the Laboratory was unable to 
determine how the beads had been 
treated, the fact that they faded when 
immersed in carbon tetrachloride sug- 
gested that at least some of the color 
had been induced by treatment with oil 
or paraffin. Unfortunately, it will take 
only a few such disappointed customers 
to have the interest in turquois descend 
to its former low position. For several 
years porous turquois has been pow- 
dered and bonded with plastic by a firm 
in Arizona, This results in a stone of 
permanent color and good durability. 
The popular spider-web turquois is 
duplicated by breaking the same mate- 
tial into irregularly shaped fragments 
and bonding it with a dark-brown plas- 
tic. It is reported that similar material is 
being produced in Germany. Other blue 
material is also being used in place of 
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turquois; at least one specimen on 
which we had an X-ray diffraction made 
showed no turquois present. Almost 
certainly there are other methods being 
used to “improve” turquois other than 
the use of oil, paraffin, glycerin, sodium 
silicate and synthetic dyes. Actually, the 
artificial improvement of turquois is 
nothing new. Dr. Ralph Holmes of 
Columbia University reported reading 
in a 13th Century Persian work the fact 
that applications of yak butter would 
improve the color of poor turquois. It 
is the opinion of the Laboratory that a 
jeweler does a disservice not only to 
turquois but to the entire jewelry busi- 
ness by handling stones that give such 
unsatisfactory wear. 


* F * 


Coincidences in the Laboratory have 
been noted in this column before. Re- 
cently, in one day, we encountered. a 
synthetic star ruby in a woman’s ring, 
the top of which was so abraded that no 
star could be seen. Later in the day, 
from a different client, we received a 
synthetic stat sapphire with the same 
amount of abrasion. Until that day, we 
had never seen synthetic star stones with 
so much wear. By mail, and also from a 
laboratory member on the same day, we 
received pearl necklaces, each of which 
had more than 800 pearls and the count 
was within 12 beads of each other. 

x ok Ox 

We are indebted to Mr. Martin 
Ehrmann, Los Angeles, for a seven- 
carat brown kornerupine, in addition to 
a rough Burma peridot crystal and a 

(continued on page 254) 
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Highlights 
at the 
GEM TRADE LAB 


in Los Angeles 


Lester B. Benson, Jr. 


A very attractive diamond-and- 
platinum ring, set with two beautiful 
dark-green emeralds weighing approxi- 
mately 11/4, and 234 carats, presented a 
surprise to a Los Angeles dealer: when 
the stones were removed from the set- 
ting, their color lightened appreciably. 
They had been completely enclosed 
with a platinum bezel, and an examina- 
tion of the bezel revealed that the inside 
edge had been covered with a hard, 
black enamel. The resultant darkening 
of the color of the emeralds was very 


effective. 


*% * & 


Two bracelets set with yellow dia- 
monds were received recently for 
analysis. One contained thirteen beauti- 
fully matched yellow stones of approxi- 
mately one carat each and 104 small 
colorless brilliants. The other contained 
eleven yellow diamonds ranging from 


34 to three carats in weight, in addition 
to 88 colorless baguettes and brilliants. 
All of the yellow stones displayed the 
absorption spectrum that is typical of 


irradiated diamonds. 


* * & 


A yellowish-green mounted diamond 
of approximately eight carats received 
for testing displayed several small 
brown spots on the table and crown 
facets. Since this is characteristic of 
radium treatment, it was checked for 
radioactivity. Exposure to X-ray film for 
the usual twenty-four hours allowed for 
such a test produced an exceptionally 
strong picture. This was followed by a 
one-hour exposure, which also produced 
a distinct impression. Since the shorter 
exposure indicated a degree of radiation 
that could prove dangerous to the 
wearer, a precise measurement of the 
stone’s radiation was made; this exam- 
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ination revealed that the amount of 
radiation was comparable to that 
emanated by some of the more heavily 
treated luminous watch dials. Since, un- 
like a watch, the stone had no metal 
backing, there were indications that 
continuous wear for several years could 
have adverse effects on the wearer. 
However, since this kind of ring is 
usually worn only occasionally, it 
should present no problem. A stone ex- 
posed directly to radium becomes radio- 
active as a result of the deposition of 
the metal radium-X on the exposed 
surface. Since radium-X has a half-life 
of 121/ years, and this stone is reported 
to have been in the possession of the 
same owner for much longer, the indi- 
cations are that the initial radiation 
could have been dangerous if the stone 
had been worn continuously even for 
only a short time. 
ook 
Anything can be valuable to some- 
one, at least that was the implication 
when the Lab received a garnet crystal 
of about .001 carat taped to a letter 
bearing this request: “Please identify 
and appraise this gem.” 
ek ok 
Another interesting selection of snuff 
bottles was shown to us by Mrs. Lilla 
S. Perry of Los Angeles, a well-known 
collector on the West Coast. She also 
submitted for our criticism portions of 
a manuscript for a new book she is pre- 
paring on the history, nature and col- 
lecting of snuff bottles. 
* ok x 


Also received for examination was a 


beautiful green jadeite cabochon set in 
a platinum-and-diamond ring that had 
been purchased in the Orient about 
seven years ago. Testing revealed that 
the color had been produced by dye. 


eee | ce 


A surprising number of jewelers are 
still not aware of the true nature of 
stones sold under such trade names as 
“Fabulite” and ““Walderite.” Letters 
are received frequently requesting in- 
formation on these ‘new stones.” Both 
are synthetics (1.e., strontium titanate 
and colorless sapphire, respectively) ; 
however, some of the advertisements, 
particularly those featuring Walderite, 
have claimed unusual.properties imply- 
ing that Walderite is not just synthetic 
sapphire, other ads have even featured 
synthetic sapphires as synthetic dia- 
monds. One West Coast jeweler re- 
turned from an eastern buying trip, 
during which he purchased an exclusive 
franchise for the distribution of these 
“synthetic diamonds.” He was under- 
standably upset when a gemologist in 
his city finally convinced him that he 
was selling just synthetic sapphires that 
are available through any colored-stone 
supplier. It is encouraging to see the 
current efforts, both here and abroad, 
that are being directed toward more 
rigid control of nomenclature. Trade 
names have their place, but when 
jewelers themselves cannot identify a 
stone from an advertisement, it is obvi- 
ous that the promotion is intentionally 
concealing the identity of the stone. As 
one dealer said when he was questioned 

(continued on page 254) 


WINTER 1958-59 


Glittering Uasis 


by 


JOSEPH E. JESSOP, JR. 


As our plane flew low over the 
African desert, I could see the Orange 
River winding its way to the Atlantic 
Ocean. Close by to the north, spreading 
out on the sand, was the town of 
Oranjemund, the headquarters of the 
Consolidated Diamond Mines of South 
West Africa, Ltd., a community stand- 
ing by itself in what would seem at first 
glance a worthless desert waste. Below 
the endless stretches of sand lie the 
richest diamond fields in the world. 
About 98% of their production is gem- 
stone. 

Where did such a rich deposit of 
these valuable gemstones come from? 
There are two principal theories that at- 
tempt to explain the occurrence of dia- 
monds along this desolate coast. One is 
that the gems were washed up along 
the shore from a volcanic kimberlite 
pipe in the ocean floor, the ocean cur- 
rents transporting and distributing them 
on the beach. The other theory is that 
the diamonds originated in the interior 
of Africa and were carried to the ocean 
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by rivers, the action of the sea concen- 
trating them on the beaches. These 
diamonds washed ashore possibly fifty- 
two million years ago, and since that 
time the ocean has receded and the wind 
deposited billions of tons of sand over 
the gems. 

The Consolidated Diamond Mines 
concession extends 220 miles from the 
Orange River north and from the At- 
lantic fifty to sixty miles inland, the best 
deposits being confined to the coastal 
fringe. To begin with, prospecting 
trenches approximately one to two miles 
long are dug at igtervals of five hundred 
meters at right angles to the coast line 
(see map). Great quantities of sand 
must be removed before the diamondi- 
ferous gravel is reached. For an area one 
thousand feet square by twenty-five feet 
deep, about 1,250,000 tons of sand 
must be removed. After the gravel is 
reached, smaller trenches five meters 
long, one meter wide and one-half 
meter deep are dug; these are called 
sections. Each one-half meter additional 
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Native holding diamond crystal found just before | arrived. Crystal was about 25 carats. 
Gentleman at right is Mr. Eric Davies, who is in charge of all earth-moving operation. 
Photo by author 


increase in depth is known as a zone. 
When the contents of each section and 
zone have been checked, it is then de- 
cided whether to open up the area for 
actual mining. 

Huge earth-moving machines, much 
like the ones used to construct a high- 
way, are used to remove the sand. The 
most successful. machines for pros- 
pecting are the diesel-driven four- 
wheeled scrapers. For large-scale strip- 
ping, bucket-wheel excavators, driven 
either by diesel-electric or electric 
power, are used. The bucket-wheel ex- 
cavator would be of little value in re- 
moving the overburden if it were not 
for the portable stackers, which consist 
of a conveyer belt about ninety feet long 
mounted .on the: chassis of a Sherman 


tank that moves the sand away from the 
trench in any direction desired. 

Once the area is opened for mining, 
and after the process of stripping the 
overburden has been completed, the 
diamond-bearing gravel is loaded into 
large dump trucks and taken to screen- 
ing plants. These plants have been 
established in close proximity to mining 
activities, to avoid long hauls. From 
past experience it has been determined 
that gravel smaller than one-eighth inch 
and larger than one inch does not con- 
tain enough diamonds to make it eco- 
nomical to process; therefore, by pass- 
ing the gravel through a series of 
screens, only the gravel of the size con- 
taining the richest concentration of dia- 
monds is saved. During the screening 
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process about 85% of the gravel is dis- 
carded, leaving only 15% to be taken to 
the recovery plant. 

As the gravel is removed from the 
mining area, the bedrock is- finally 
reached. Because it is an ancient marine 
beach, it is often vety uneven; it re- 
sembles the tidal sandstone beaches 
along the coast of Southern California. 
The most efficient way to remove the 
last valuable gravel from the bedrock is 
by native labor using shovels and 
brooms. Many fine stones have been 
found in sweeping the bedrock. The 
morning I visited one of the mining 
sites, a native showed me a twenty-five 
carat gem-quality diamond he had just 
found while sweeping the last bits of 
gravel from the ancient beach. 

The most modern methods of recov- 
ery are used in Oranjemund. The gravel 
that is saved after the screening process 
is transported to the recovery plant. A 
heavy-media separation plant has been 
installed.that eliminates a great deal of 
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waste very rapidly. By the use of a fer- 
rosilicon suspension, the specific gravity 
of the first heavy-media cone is 2.9 and 
that of the second cone 3.15. This sys- 
tem, which has proven to be 99.9% 
efficient, can handle about 110 tons of 
concentrate per hour. One disadvantage 
is that ferrosilicon is very expensive, 
($135 per ton); therefore, special 
equipment is installed to recapture as 
much as possible. 

After passing through the heavy- 
liquid cones, the diamondiferous gravel 
is Classified into 6-, 10-, 12-, and 25- 
millimeter sizes. Those smaller. than six 
millimeters, or about 25%, go through 
what is called an electrostatic separator. 
By employing high-voltage charges of 
electricity, the smaller diamonds are 
separated from the gravél with which 
they are associated. The separator is 
based on the principal that diamonds 
are nonconductors and the gravel is a 
moderate conductor. Thus, by passing 
the concentrate through the high- 
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voltage charges, separation can be 
achieved. It was found, however, that it 
was not practical or economical to pass 
the larger sizes through the electrostatic 


separators, so a separate method is used. 

Alluvial diamonds, unlike those 
found in kimberlite pipes, will not ad- 
here to grease; therefore, in order to 
effectively separate them from the 
gravel and still use grease tables, they 
must be specially treated. The concen- 
trate is put into a solution of whale-acid 
oil and caustic soda and left to exactly 
two and one-half minutes. Then it is 
washed, the solution coming off the 
gravel but not off the diamonds. Thus, 
when the combination of gravel and 
diamonds passes onto the slowly revolv- 
ing grease belt, the diamonds adhere to 
it. It is an unforgetable experience to 
watch these tables and ‘see for the first 
time a diamond crystal stick to the 
grease! 

The diamonds that have been recov- 
ered from the electrostatic separator and 
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the grease tables pass through an addi- 
tional stage. Since a small quantity of 
gravel is still associated with them, they 
are hand sorted. 

This, then, in a brief and simplified 
form, is the process that takes place at 
Oranjemund. It is a marvelous and efh- 
cient operation — a big operation when 
one considers that eighty million tons 
of sand, gravel and rock must be re- 
moved and processed to get one ton ‘of 
diamonds. 

Much could be written about the 
town of Oranjemund, but that would 
entail a separate and lengthy article. Let 
me, then, mention just a few of the 
mote interesting facts. The population 
consists of 5100 natives, mostly from 
the Ovambo nation, and nine hundred 
Europeans on the payroll, about 2500 
including wives and children. The na- 
tives sign a contract for eighteen months 
and cannot bring their families with 
them, since they live in native com- 
pounds, We had the privilege of visit- 
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Ancient Marine beach exposed after moving overburden 
Photo by author 
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Prospecting crew in operation 
Photo by author 
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Portable stackers; note Sherman tank chassis 
Photo by author 
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Natives sweeping the bedrock 
; Photo by author 
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Large scrapers used for removing sand 


ing one of the compounds and found it 
to be a very neat and clean group of 
concrete buildings. Advanced methods 
are used to test each man’s ability, and 
efforts are made to place him in work 
that matches his capabilities. Every ef- 
fort must be made to make the opera- 
tions he will perform as simple as pos- 
sible, because for a new employee this 
is usually his first contact with civiliza- 
tion. All tools that may possibly injure 
him are painted red on the portion that 
could cause a casualty. All are taught 
the basic rudiments of first aid, and all 
those who are to become boss boys 
(those who will be in charge of a group 
of natives) must know first aid com- 
pletely. I was told that most Europeans 
would rather receive first-aid treatment 
from a native boss boy than from an- 
other European ; to say that they make 
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excellent nurses is an understatement. I 
visited their hospital, which has the 
same excellent equipment as the Euro- 
pean one, and found it to be as clean, if 
not cleaner. 

When I learned that all natives arrive 
in’ Oranjemund by air, I naturally was 
very curious to know how this was ac- 
complished without a great deal of fear 
on their part. First of all, they have 
never had a crash; secondly, each pas- 
senger that makes the air trip receives a 
little pair of wings, which he wears 
with great pride. 

During leisure hours, various trades 
are taught in schools that have been es- 
tablished for this purpose. I can assure 
you that if the suits I saw are any ex- 
ample, these men make excellent tailors. 
Movies are another pastime. The Amer- 
ican western movie is a real favorite. 
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The concentrate containing the diamonds is finally flushed 
over vibrating tables covered with grease 
Photo by N. W. Ayer & Son, Inc. 


Even though what is said on the screen 
is not understood, they follow the plot 
and yell and shout like most American 
children at a Saturday matinee. 

For the European, every effort is 
made to make life as pleasant as pos- 
sible. There is a well-stocked modern 
department store with everything one 
could want, at prices that represent 
savings to the purchaser. A grade 
school, club house and church offer a 
well-rounded education for both chil- 
dren and parents. 

One aspect that especially interested 
me was a trip to their hydroponics farm. 
Here tomatoes and other vegetables are 
being grown in chemicals. Although 
this’ is still in the experimental stage, 
the product is delicious. Most of the 
vegetables consumed are raised on 
company-operated farms near Oranje- 
mund, and meat is bought from a con- 
tractor who farms near Windhoek. 

A golf course anda beautiful little 
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lake add much to the outdoor pleasure 
of the employees. 

Many readers have no doubt heard of 
the extensive X-ray machinery used to 
check all employees. We visited this 
building and saw many interesting pic- 
tures that were taken for the purpose of 
showing how diamonds appear on X-ray 
film. Each employee’s personal belong- 
ings, as well as his person, must be 
X rayed on departure. They are X rayed 
on arrival for medical reasons only. 

Though not in a beautiful surround- 
ing, Oranjemund has its own charm. 
When one considers what lies under the 
sand, it can truly be called a “glittering 
oasis.” 
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This is a continuation of the article 
by Professor Richard Jabns on the struc- 
ture of matter, the nature of crystals, 
formations of minerals and their 
physical properties that began in the 
Spring 1958 issue of GEMS & GEM- 
OLOGY. 


General Processes 


Minerals can be formed from sub- 
stances that are in either the gaseous, 
liquid or solid states of aggregation, and 
seven general processes are most im- 
portant in this connection: 

1) Crystallization from silicate melts 

2) Crystallization from aqueous solu- 

tions 

3) Crystallizations from gaseous so- 

lutions 

4) Recrystallization of solid sub- 

stances 

5) Reaction between different solid 

substances 

6) Reaction between solid substances 

and various types of fluids 
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7) Secretion by organisms, or precip- 
itation effected indirectly by the 
activities of organisms 


Typical examples of gem minerals 
formed by these processes are, respec- 
tively, as follows: 

1) Diamond, beryl, corundum, feld- 
spars, garnet, olivine, quartz, 
spinel, tourmaline, zircon 

2) Beryl, calcite, gypsum, opal, 
quartz, turquois 

3) Beryl, quartz, topaz, tourmaline 

4) Calcite (limestone to marble), 
gypsum (alabaster to satinspar) 

5, 6) Corundum, garnet, jadeite, 
quartz, spinel 

7) Calcite (e.g., pearl, coral) 


It should be recognized that some 
products of mineral-forming systems 
are developed by means of only one 
general process, that others can be 
formed alternatively by means of two 
or more different processes, and that 
still others can represent the combined 
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effects of two or more different proc- 
esses, acting either simultaneously or 
successively. Thus diamond, olivine, 
zircon and other essentially igneous 
minerals are mainly the results of proc- 
ess No. 1, whereas quartz, beryl and 
numerous other minerals that are found 
in igneous rocks can have been formed 
by processes Nos. 1, 2 and 3, acting 
either separately or in some combined 
manner. Similarly, jadeite ordinarily 
represents processes Nos. 5 and 6, 
whereas garnet represents both these 
and process No. 1. 


Crystal Growth 


The growth of a crystal can take place 
in response to a shift in physical condi- 
tions, such as a fise in pressure or a 
change in temperature, or in response 
to a change in chemical environment 
that prompts the formation of a new 
solid phase. In nature the processes of 
growth typically are governed by an 
interplay of many factors, and the actual 
mechanisms of growth rarely can be 
assessed in more than general terms. 
During recent years, however, much of 
value has been learned through intensi- 
fied efforts, many of them successful, to 
grow large, clear crystals of quartz, 
micas, tourmaline, other synthetic min- 
erals and numerous non-mineral com- 
pounds in the laboratory. 

It can be assumed that the process of 
crystal growth begins with formation of 
tiny scraps of the appropriate crystal 
structure; i.e, with the formation of 
crystal nuclei. A nucleus may consist of 
only. a few atoms or ions bound to- 


gether, as in some types of crystalliza- 
tion from aqueous solution, either 
liquid or gaseous, or it may comprise 
large numbers of atoms or ions already 
bound together, as in natural or syn- 
thetic silicate melts. Whatever the size 
of the nucleus, the situation during 
crystallization is a highly dynamic one, 
in the sense that some atoms or ions are 
being removed from the nuclei while 
others are being attached. If more of 
them are attached than are removed per 
unit time, the nucleus will grow; even 
so, however, the removal of a few atoms 
or ions from very small nuclei can result 
in their destruction, and thus some 
nuclei can be obliterated during the 
same period when others are being 
formed and nourished. 


One can conceive of a stability limit, 
in terms of size of crystal nuclei in a 
given system, below which a given 
nucleus is liable to annihilation-through 
the chance loss of a few atoms or ions, 
but above which such a loss reduces the 
size of the nucleus but does not destroy 
it. The entire situation can be consid- 
ered in statistical terms, involving the 
chances for survival of a given nucleus 
despite attritions and its chances for 
growth through additions ; although the 
additions might well be greater than the 
attritions over a given period of time, 
the attritions might be in excess at any 
one moment. 


Some crystals may grow through the 
addition of individual atoms or ions, 
but for most minerals the process in- 
volves the accretion of lJarger units of 
crystal structure, each of which devel- 
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oped from its own nucleus. In a crude 
way, the process can be likened to the 
placing of shingles on a roof, in contrast 
to the surfacing of the same roof one 
wood cell at a time. It is clear that the 
geometric perfection of a given crystal 
depends on the orderliness with which 
new units are added to it, just as one 
shingled roof: may be laid in a very 
perfect pattern whereas another, less 
regularly constructed, may involve many 
elements that lie askew with respect to 
one another and to the roof as a whole. 
The internal perfection of the final 
product reflects the degree to which the 
new units are added in an orderly 
fashion, and the degree to which imper- 
fectly oriented units can be rearranged 
into more appropriate patterns after 
they. have become attached. 


The ultimate size to which a given 
crystal can grow is a function of the 
rate at which new material can be 
brought to it through the enclosing 
medium, the time available during the 
period of crystallization, and the num- 
ber of growing crystals that are com- 
peting for space within the system. The 
rate of growth is governed by the rate 
of transfer of material through the 
surrounding medium, as well as by the 
rate of heat escape from the system as a 
whole, the heat of crystallization of the 
solid phase or phases, and other factors. 


Transparent gem minerals represent 
nature’s closest approach to perfect crys- 
tals. They reflect conditions of growth 
that permitted accretion and internal re- 
arrangement of atoms and ions most 
wholly in accord with the theoretically 
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perfect geometry of that particular struc- 
ture. Crystals that appear opaque mega- 
scopically, even though transparent in 
very thin slices, are highly imperfect in 
the sense that they are crowded with 
inclusions and contain numerous frac- 
tures or other structural discontinuities. 
Such imperfections ordinarily reflect 
relatively rapid growth of the crystal, a 
short period of time available for crys- 
tallization within the system, or other 
conditions that made it difficult to elim- 
inate the imperfections within the crys- 
tal through appropriate migrations of 
ions and atoms. Thus crystals that are 
nearly free from geometric distortions 
and discontinuities, as well as solid or 
fluid inclusions, require highly special- 
ized conditions for their development. 
It is scarcely surprising that the 
percentage of relatively perfect crystals 
in nature is exceedingly small. 


Flow and Diffusion 


Clearly implied in most of the fore- 
going discussions are various move- 
ments of matter through other matter. 
Where the openings within a substance 
or aggregate of substances are suffi- 
ciently large to permit a gas or liquid 
to move through them, the process is 
essentially one of flow. The flowing 
substance maintains its own gross iden- 
tity as it moves. In contrast to this, much 
smaller units. such as atoms, ions or 
molecules can move through a given 
substance by.a spontaneous process 
known as diffusion, which tends to 
maintain a uniform concentration every- 
where within the substance. Thus a gas, 
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with its great internal mobility, becomes 
homogeneous through self-diffusion as 
its constituent molecules tend to scatter 
themselves at random within the en- 
closing container. 


The essential differences between the 
mechanisms of flow and diffusion can 
be illustrated by a simple example. If a 
gaseous substance bubbles or streams 
through a liquid or solid, such a steam 
through a water-saturated silicate melt 
or through a fractured crystal of quartz, 
it can be regarded as moving by flow. 
If, on the other hand, the smallest par- 
ticles of the same substance migrate 
individually through a liquid or solid, 
such as water molecules within the sili- 
cate melt or within openings of very 
small size in the crystal of quartz, the 
movement is accomplished by diffusion. 
Small particles can diffuse through 
matter in a random way in response to 
otdinary thermal agitation, or they can 
diffuse in specific directions in response 
to concentration gradients, temperature 
gradients or other conditions. 


Nearly all processes of mineral for- 
mation and decomposition involve some 
kind of diffusion. To cite only a few 
examples, Mg?*-ions must move through 
a complex silicate liquid to participate 
in the crystallization of the olivine 
Mg, Si0,, Alt and 0?- ions must be 
ordered into Al-O groups and these 
groups must move through an appropri- 
ate melt to premit. formation of syn- 
thetic corundum (sapphire or ruby), K+ 
and Na* ions must move through a 
homogeneous feldspar structure to per- 
mit exsolution of the two separate min- 
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eral phases of KAIS,0, and Na AIS1,0, 
to form moonstone, Nat and Cl- ions 
must move out of their fixed mean posi- 
tions before a crystal of rock salt can be 
melted or dissolved and they must move 
together to form NaCl molecules before 
the melt can be vaporized, and K* ions 
must move out of. the KAISi,0, struc- 
ture to permit decomposition of this 
feldspar by weathering at the earth’s 
surface. 


Particle diffusion can take place 
through many types of openings in 
solid materials, including structural va- 
cancies and other imperfections within 
crystals and the small, irregular voids 
that ordinarily are present along bound- 
aries between adjacent crystals in rocks. 
It also can be accomplished by the 
movement of atoms or ions interstitially 
within a crystal structure, and even by 
exchanges in regular structural position 
on the part of certain ions or atoms. The 
rate of diffusion through solids is 
strongly dependent upon temperature, 
and in general the process is rapid with- 
in minerals only at temperatures within 
20 percent of their melting points. 
Solid-state diffusion in lower ranges of 
temperature ordinarily is very slow, and 
it has been shown experimentally, for 
example, that at’500°C. K* ions can 
travel through the quartz structure at 
rates not greater than about 43 inches 
per million years. The rate may be in- 
creased enormously, however, if an in- 
terstitial fluid is present in connected 
openings within a crystal, whereby the 
particles can travel more rapidly 
through the fluid to widely dispersed 
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points before moving into the “dry” 
portions of the crystal. 


Other factors being equal, particle 
diffusion is fastest in crystals that or- 
iginally grew the fastest, since such crys- 
tals generally contain large numbers of 
structural imperfections that serve as 
avenues of movement. It also is rela- 
tively rapid in crystals whose lattices are 
distorted by the presence of impurity 
ions, as well as in crystals whose ions or 
atoms are poorly suited to their coordin- 
ation within the structure. For diffusion 
by means of a given mechanism, cations 
generally move more rapidly than large 
anions through crystals, and simple ions 
more rapidly than larger complex ions. 
As might be expected, diffusion within 
liquids of low viscosity is more rapid 
than within those of high viscosity. 


Replacement 


The term replacement is applied ina 
mineralogical sense to the gross ex- 
change of materials that converts one 
solid substance into another solid sub- 
stance. This can be accomplished in 
several different ways, and in general 
involves chemical attack of the initial 
substance, a two-way transport of mate- 
rials, and deposition of new material at 
the site of the initial substance. At least 
some of the material in the newly 
formed substance is derived from ex- 
ternal sources. 


If one substance is first removed by 
solution or some other means and. the 
resulting cavity is then filled by new 
material, the process is termed cavity- 
filling replacement. A small log of wood 
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that is a part of a sedimentary rock,.for 
example, could be wholly removed in 
this way and its position subsequently 
occupied by a crystalline aggregate otf 
quartz whose external shape would 
crudely reflect the shape of the original 
log. On the other hand, the log could 
be progressively replaced by quartz in a 
much more intimate manner without an 
intervening stage of cavity formation, 
yielding petrified wood in which the 
most minute details of the original cell 
structire might be faithfully preserved. 
This process is known as metasomatzie re- 
placement, or simply as metasomatism, 
and the petrified log is said to be 
a pseudomorph of the original log. The 
most common type of pseudomorph en- 
countered among minerals consists of a 
crystal or crystalline aggregate of one 
mineral that preserves the external crys- 
tal form of another, compositionally 
different mineral from which it was 
formed by replacement. 


Metasomatism is by far the most 
widespread type of replacement, and its 
results can be observed in most mineral 
deposits and in numerous varieties of 
rocks. It commonly is referred to as a 
process of “simultaneous solution and 
deposition,” although the process is not 
as simple as this phrase implies. 


Replacement in natural systems oc- 
curs over a wide range of scales and 
involves many kinds of material. 
Whether a substance or aggregate of 
substances is organic or inorganic, crys- 
talline or amorphous, or even solid or 
liquid (if the liquid is sufficiently vis- 
cous), it can be replaced by one or more 
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other substances if the physical and 
chemical environment is favorable. The 
product ordinarily is an inorganic solid, 
and it can range from tiny isolated crys- 
tals to crystalline aggregates of enor- 
mous size. It may consist of one mineral 
of many, and may or may not occur as 
pseudomorphs of the original material. 
The process may involve little change 
in gross composition, as in the replace- 
ment of the silicate olivine by the silicate 
pyroxene, or it may involve drastic 
changes, as in the replacement of zinc 
sulfide by copper sulfide, carbonaceous 
matter by silica, or fluorite by quartz. 


Mineral Identification 


A mineral is identified in the most 
fundamental way through precise de- 
termination of (1) the nature of its 
constituent atoms or ions, and (2) the 
geometric arrangement of these com- 
ponents within the mineral structure. 
This can be accomplished by several 
methods, which in general combine 
highly accurate chemical analysis with 
structural determination by means X-ray 
analysis. A very useful and much 
simpler, though indirect, approach 
makes use of the polarizing microscope, 
which permits measurement of signifi- 
cant optical properties of the mineral. 
Less refined methods that also are useful 
include rough chemical analysis, quali- 
tative chemical tests (among them the 
so-called “‘spot tests’’ for specific ele- 
ments), various tests under the flame of 
a blowpipe, semiquantitative analysis by 
means of the spectroscope, and detailed 
visual examination directed toward vari- 


ous diagnostic physical properties. 

Despite their great value in identifi- 
cation, many of these techniques are of 
limited use to the investigator who is 
working with gem materials, since they 
involve disfigurement, breaking up, or 
even decomposition of the sample to be 
tested. Unless some of the sample can 
be regarded as expendable, the identi- 
fication must be based on some com- 
bination of tests that have no effect on 
the examined material. This require- 
ment is best met by careful observation 
of diagnostic physical properties and by 
noting the effects of the material on 
various kinds of radiation. 


X-rays, with their very short wave- 
lengths, are diffracted by crystalline sub- 
stances in a manner that is governed by 
the nature, type of bonding, and geo- 
metric arrangement of the constituent 
atoms and ions. Thus a given substance 
yields a characteristic diffraction pattern 
when X-rays are transmitted through it 
or reflected from it, and, with appropri- 
ate instrumentation, this pattern can be 
recorded on a photographic plate or 
translated directly into the form of a 
graph. The method can be used on 
powdered material, on crystalline ag- 
gregates, or on single crystals or parts 
thereof, and hence constitutes an excel- 
lent means for the identification of 
gems. 

The polarizing microscope is a very 
useful instrument for this general prob- 
lem, since it can be employed to assess 
the effects of a given mineral on radia- 
tion within the visible spectrum. Refrac- 
tion, polarization, and absorption effects 
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are yoverned by the fundamental char- 
acteristics of composition and structure, 
and are responsible for the so-called 
optical properties of substances. These 
can be readily determined by any careful 
investigator who has received a modest 
amount of training in the necessary 
techniques, whether or not he under- 
stands the rather complex theory of 
optical crystallography. 

Every mineral species is characterized 
by a certain group of physical proper- 
ties. Each property ts specific and con- 
stant for a mineral of given composition 
and structure, and varies within well- 
defined limits if the composition 1s 
varied. Thus quartz that is perfectly 
pure has a very definite set of physical 
properties, but the introduction of even 
small amounts of impurities yields new 
sets of properties, and the changes in 
some of them, especially color, may be 
very noticeable. In an isomorphous min- 
eral series, the properties of individual 
members, each with its own specific 
crystal structure and chemical composi- 
tion, are definite and fixed; yet the 
entire series shows a systematic range in 
physical properties. Simple and straight- 
forward as this concept may be, it ts 
worth noting that only during recent 
decades have investigations of crystal 
structure and chemical composition 
made it possible to correlate these fea- 
tures with physical properties in a fun- 
damental way. And many minerals and 
mineral groups still are not fully under- 
stood-in this respect. 


In some instances it is possible to 
identify a mineral by meanis of only one 


or two distinguishing properties, but 
ordinarily a firm identification depends 
upon the recognition of some combina- 
tion of properties. Too, some properties 
are of greater diagnostic value than 
others, and some can be determined 
with much greater accuracy than others. 
Fortunately, we need to know only a 
few properties in order to identify most 
gem materials with confidence. In the 
following discussions of physical prop- 
erties, emphasis is placed upon those 
features that are most useful to the 
gemologist in his work. An attempt also 
is made to point out those properties 
that are of greatest diagnostic value in 
connection with specific minerals or 
mineral groups. 


General Properties 


The orderly arrangement of atoms or 
ions within a crystal commonly leads to 
development of external faces that give 
the crystal a definite geometric form. 
Some of these faces are very smooth and 
flat, and meet adjacent faces to form 
sharp, straight edges, whereas others 
are striated, prooved, pitted or other- 
wise irregular in detail. Many crystals in 
rocks show no such external faces, but 
instead are bounded by very irregular 
surfaces that are in contact with ad- 
jacent crystals. 


More than two centuries ago it was 
recognized that different mineral species 
are characterized by different crystal 
forms, and that specific crystal faces of a 
given mineral species always meet at 
constant angles regardless of the form 
and size of the crystals. Studies of the 
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arrangement of crystal faces permitted a 
geometric classification of those min- 
erals that show these external faces, and 
led to some surprisingly accurate deduc- 
tions concerning the internal structure 
of crystals long before techniques for 
the investigation of such structure be- 
came available. During the past half 
century, studies of the internal geom- 
etry of crystals have confirmed most of 
these deductions. 


The position and attitude of crystal 
faces are external manifestations of the 
internal packing pattern of the atoms 
of ions that compose the crystal. One 
can readily see, from an inspection of 
Figures 3 and 10 in Spring 1958 issue 
and Figures 8 and 11 in Summer 1958 
issue, why halite commonly has a cubic 
form, beryl a hexagonal prismatic form, 
diamond an octahedral form, and graph- 
ite a hexagonal tabular to prismatic 
form. Whether or not external faces are 
well developed, or are even developed 
at all, depends in part upon the nature 
of the substance in question and in part 
upon the conditions under which the 
crystal grew. Thus, a given crystal is 
much more likely. to develop faces if it 
grows wholly within a liquid or gas than 
if it is formed within a mesh of other 
crystals, and hence must adapt its shape 
to whatever space is available. 


Under comparable conditions of 
growth, certain minerals are more likely 
than others to form well-faced crystals. 
Garnet and tourmaline, for example, 
show a strong inherent tendency to de- 
velop in this way, even when they are 


competing for space with adjacent crys- 


tals, whereas quartz and micas develop 
good external faces under only the most 
favorable conditions of unhampered 
growth, as in deposition from solutions 
in fissures and other cavities. 


Some minerals have highly character- 
istic shapes, regardless of whether 
smooth external faces are present or not. 
In most instances, this results from 
early-stage growth without interference 
from adjacent crystals. Some species 
show considerable variations in crystal 
shape from one occurrence to another. 
Such differences can result from differ- 
ences in composition of the crystals, in 
composition of the solutions from 
which the crystals grew, in the rate of 
growth, or in combinations of these and 
other factors. Thus the pattern of crystal 
shape and orientation commonly is use- 
ful in deducing some of the conditions 
under which certain minerals were 
formed. 


The gross shape, or habit, of crystals 
ordinarily is described in terms of 
simple geometric forms. Thus, halite 
commor ly is cubic, fluorite octahedral, 
garnet dodecahedral and quartz pris- 
matic. More general terms, such as tabu- 
lar, platy, elongate, equant (essentially 
equidimensional), rodlike, lathlike and 
acicular (needlelike), also are very 
useful. It is well to keep in mind, in ob- 
serving the habit of different minerals, 
that some crystals are much distorted 
with respect to their ordinary, or 
“standard,” form. Others are irregularly 
developed, and some even have faces 
that are curved or warped. 

(to be continued) 
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Book Review 


by 


JOHN SINKANKAS, CAPTAIN, USN 


GEMSTONES, G. F. Herbert Smith, 
revised by F, C. Phillips. Published by 
Pittman Publishing Company, New 
York City, 560 pages, well illustrated. 
Price $10.00. 


Few books can claim to have exerted 
as*much influence upon the study of 
gemology as Dr. Smith’s Gemstones, 
which several months ago appeared in 
its extensively revised thirteenth edi- 
tion. As readers will recall, death 
claimed Dr. Smith in 1953, and for 
some time it was feared that Gemstones, 
the most important achievement of his 
career, would eventually meet a com- 
parable fate in an era of accelerating 
scientific progress where nothing stands 
still, not even established literary works 
of proven integrity. However, in 1955, 
F. C. Phillips, Reader in Petrology at 
the University of Bristol (England), 
was asked to undertake a new edition, 
to which he consented ; and as everyone 
who has seen the book can attest, he 
produced admirable results. A careful 
comparison of preceding editions 
against the latest reveals numerous 
changes of a comparatively minor na- 
ture together with a small number of 
less extensive revisions, which, how- 


ever, are of great importance. In the 
main, Mr. Phillips has exercised admir- 
able restraint during revision, retaining 
the previous wording in those parts 
where changes seemed unnecessary and 
thereby preserving the somewhat stilted 
but distinctive style of his distinguished 
predecessor. If the services of Mr. 
Phillips are retained for future editions 
of Gemstones, we may pleasurably an- 
ticipate a continued beneficial associa- 
tion with this outstanding book. 
Physically, the thirteenth edition is of 
the same size as previous editions (834 
inches x 51/4 inches). but it is appreci- 
ably thicker because of the addition of 
23 pages of text, making a total of 560 
pages. Some of the additional thickness 
may be partly due to the paper, which 
seems to be of better quality. The bind- 
ing is decidedly improved over earlier 
editions, which, lamentably, were so 
poorly constructed that a short period 
of use resulted in a badly worn spine. 
Despite present improvement, the qual- 
ity of the binding remains inexplicably 
poor, in view of the uncontested im- 
portance of the contents. The type face 
used is of the same style as before, but 
the entire book has been reset in order 
to accommodate the numerous changes 
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found necessary in revision. Impres- 
sions are sharp and easily legible, except 
for the four color plates inherited from 
previous editions, which, by now, are 
becoming rather badly blurred and 
washed out in tone. New, well-executed 
line drawings, principally of crystal 
forms, are evident, but the total of text 
figures has been reduced from 145 to 
138. Black-and-white photographic il- 
lustrations are also reduced in number 
from 40 to 23; this, however, is not a 
great loss, since it has always been my 
conviction that a number were originally 
added to relieve in some way the rather 
forbidding uninterrupted expanses of 
tightly woven text. In any case, I believe 
that readers who are unfamiliar with 
previous editions will consider those re- 
tained pertinent and adequate. Out- 
standing among the illustrations are 
several clear-cut examples of gemstone 
inclusions photographed through the 
microscope. The book is handsomely 
bound in green cloth and the spine is 
decorated with a red cartouche over- 
printed with the title in silver. 


The general scheme of contents pre- 
viously established has been retained in 
the thirteenth edition; that is, the text 
is apportioned among four major parts, 
as follows: Physical Characters, Tech- 
nology and History, Description, and 
Identification Tables, A group of ap- 
pendices follow and conclude the in- 
structive portion of the book. Within 
each part are a number of chapters 
dealing with different subjects related 
to the general-part title. Small changes 
are apparent in some of the part and 


chapter headings; in addition, some re- 
arrangement in presentation of individ- 
ual species has been adopted, for good 
reasons, by Mr. Phillips. 


In Part I, Physical Characters, the 
most extensively revised chapter is that 
dealing with crystal form and structure, 
which I am sure most readers of 
previous editions will recall as a bewil- 
dering and forbidding maze of mathe- 
matical symbols and numbers, cryptic 
drawings, and often unintelligible 
groups of words interlarding the whole. 
To professionally trained persons in the 
earth sciences, this section presented 
little that was new or startling; hence, 
it was essentially redundant. To those 
who were not so trained, it was too 
complex to make much sense, and 
therefore of little value to this class of 
readers. It is to Mr. Phillips credit that 
he recognized the defects of this chapter 
and took corrective measures. His te- 
marks on this chapter, as well as another 
concerning optical properties, are inter- 
esting; they are quoted from the 
Preface, as follows: 


“The chapter on crystal form and 
structure, expanded in the tenth edi- - 
tion to constitute almost a treatise on 
crystal morphology, has been rewrit- 
ten more succinctly to cover only 
those aspects of morphology and 
structure strictly relevant to the study 
of gem materials. Some reduction in 
length of the chapters on optical 
properties has been achieved by 
omission of the analytical treatment 
of the indicatrix, a simplified account 
sufficing to explain the behavior of 
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shadow edges on the refractometer.” 


Drastic revision of parts obviously so 
carefully and lovingly prepared by a 
previous author poses a vexing prob- 
lem, especially if the announced intent 
is to make them more understandable 
and useful to that class of readers who 
study the text for instruction. Mr. 
Phillips must have suffered a few mis- 
givings in jettisoning page after page 
of complex text, but I for one herewith 
tender my vote of confidence; in fact, I 
wonder if he has gone far enough. For 
example, Miller indices are explained 
in a lucid fashion in the chapter on crys- 
tal form and structure but are. rarely 
used in the remainder of the book. On 
the other hand, a welcome innovation 
in this same chapter is a brief discussion 
on atomic sizes, the nature of the bonds 
‘that join atoms together, and the role 
played by each in the formation of or- 
dered atomic structures. This discussion, 
in which the basic secrets of crystals and 
their properties are unfortunately no 
more than mentioned, deserves to be 
expanded and placed at the head of the 
chapter in accordance with its over- 
whelming importance. If a student 
understands clearly the significance of 
internal structure in crystals, he is in a 
much better position to make sense out 
of every outward manifestation and 
every internal property. 


The next major revision occurs in the 
chapter on measurement of refractive 
indices, in which a paragraph is added 
on obtaining refractometer readings 
from curved gem surfaces, a method 
developed by Lester B. Benson, Director 


of Education, Gemological Institute of 
America, in 1948. The Becke effect is 


‘far more clearly explained, both in re- 


vised text and in several new line draw- 
ings that portray the behavior of light 
passing through the edges of gem 
materials immersed in refractive-index 
fluids. The interesting and useful im- 
mersion photography technique, which 
is based on this phenomenon and which 
was developed by B. W. Anderson in 
1952, is also briefly described and ac- 
companied by a photograph produced 
by this method. In the short chapter on 
luster and sheen, the altogether-too- 
brief explanation for play of color in 
opal, as originally penned by Dr. Smith, 
remains the same, despite the availa- 
bility of recent reports strongly indicat- 
ing that the true cause has been found 
at last. However, the most authoritative 
of these (Raman & Jayaraman, Vol. 38, 
Proceedings of the Indian Academy of 
Sczence; same in Vol. VIII, No. 1, 
Gems & Gemology, 1954) may have 
made its appearance at an awkward time 
in respect to publication of the new edi- 
tion and thus missed being considered. 
A major revision occurs in the chapter 
dealing with double refraction, in which 
the curious behavior of light in doubly 
refractive gemstones is explained. Al- 
though Mr. Phillips, through his earnest 
efforts, has done much to simplify the 
presentation, the average reader will 
probably find that several close readings 
are necessary to. assure himself of an 
understanding. Here, again, is one of 
those places in which every author is 
placed on the horns of a dilemma: 
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should he delve into the causes, and, if 
so, how much?; or should he dismiss 
this portion with a general statement 
and then launch into an explanation of 
what happens rather than 4ow it hap- 
pens? I think Mr. Phillips has chosen 
a tenable middle position in dealing 
with a subject that is one of the most 
perplexing in the entire field of crystal 
properties. 


An entirely new chapter on the polar- 
izing microscope has been added, in 
view of the increasing importance of 
this instrument and its accessories in 
the examination of gemstones and gem- 
stone rough. The chapter is somewhat 
brief for a large subject, but the impor- 
tant points have been covered ade- 
quately. Short discussions are given on 
examinations in ordinary and polarized 
light, identification of inclusions, and 
methods of obtaining refractive indices. 
Following this chapter is another of no 
great length consolidating two former 
chapters that dealt with other less im- 
portant physical properties and thus 
finishing the first part of the book. 


The next part of the book, Technol- 
ogy and History, is little changed from 
the original, again with some regret that 
certain sections were not examined more 
critically by Mr. Phillips during revt- 
sion. For example, in the chapter 
dealing with treatment of gemstones 
(Le., cutting), the processes connected 
with diamond are explained in much 
detail, but the chapter then concludes 
rather abruptly with very little said 
about the treatment of all other gem- 
stones. From a technical viewpoint, this 


portion does not reflect the advances 
made in equipment and polishing 
agents since Dr. Smith first placed these 
remarks on paper. Many drawings of 
cutting styles in this chapter could well 
be redrafted to reflect more accurately 
the geometry usually employed by lapi- 
daries; as they are now, one receives 
the impression that gems cut in these 
styles surely must be lumpy and de- 
formed. The page-and-a-half discussion 
on the formation of the Beilby layer on 
polished gemstones is fascinating for 
cutters, but if a future revision of 
Gemstones needs compensatory reduc- 
tion somewhere in the text, this may be 
one logical place. The chapter on treat- 
ment is concluded in several paragraphs 
discussing the use of precious metals for 
mounting gems, a drastic reduction over 
the previous edition, in which about 
seven pages were devoted to the subject. 
I am inclined to believe that all refer- 
ence to metals occupies space that could 
be much more usefully employed; 
therefore, I nominate even these few 
remnants for deletion. 


The chapter on synthetic stones, an 
important aspect of gemology, receives 
carefully detailed treatment, including 
several additions such as the synthesis 
of diamond by General Electric, the 
preparation of strontium titanate, and a 
very few remarks about the work of 
Carroll F, Chatham, of San Francisco, 
in synthesizing emeralds. However, this 
chapter appears unbalanced as a whole, 
because much more space is devoted to 
detailed discussions of numerous fail- 
ures or insignificant achievements than 
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to the solid successes of recent syntheses. 
A reorientation seems in order. In the 
brief chapter on the formation and 
geographical distribution of gemstones, 
outdated figures on production are re- 
peated from previous editions; by now, 
the accuracy of these figures should be 
regarded with misgivings. In discussing 
the production value of colored stones 
of the various continents, North 
America ts listed last. This is a highly 
unlikely position, if we consider the 
enormous production of numerous vari- 
eties of chalcedony, other forms of 
quartz, turquois, opal, obsidian, rho- 
donite, serpentine, idocrase, nephrite, 
etc. True, no systematic and thorough 
compilation of production figures has 
been attempted by any central agency, 
either private or governmental, for some 
years; however, a glance at the numer- 
ous offers of material for sale in the 
several popular earth-science publica- 
tions in America must form an impres- 
sion that a vast quantity has been 
mined. Similarly, the abundance of 
standard Brazilian gemstones, which 
are available from dealers everywhere 
in the United States and Canada, indi- 
cates that the ranking of this continent 
is probably too low also. What Mr. 
Phillips can do to evaluate and rectify 
such brief statistics I do not know; per- 
haps the best idea is to forget the whole 
thing and merely indicate in a table the 
regions of the earth that have been im- 
portant gemstone producers. 


A major portion of Gemstones is 
taken up by Part III, Description (of 
individual species). It commences with 


a section on Principal Stones, in which 
the standard gemstones of commerce 


‘are treated; then a section on Other 


Gem Material, which discusses many of 
the rarer gemstones as well as natural 
glass; another section on Ornamental 
Stones, or those generally utilized in 
their massive form; and finally a some- 
what shortened section on Organic 
Products. In general, this part is justly 
famed for its wealth of accurate detail. 
Only minor revisions are evident, except 
under Diamond, where over two pages 
of highly technical discussion on crystal 
structure has been deleted. Several er- 
rors are noted in connection with North 
American gemstones; for example, 
under spessartite (page 337), the im- 
portant locality of Ramona, San Diego 
County, California, has been omitted, 
whereas the specimen locality in 
Nevada, where gem material has not 
been found, is cited. Under tourmaline 
(page 341), an oft-repeated but 
incorrect statement that California tour- 
malines show the reverse order of color 
zoning (i.e., a4 green core and a red 
exterior) has unfortunately been per- 
petuated. Actually, the so-called water- 
melon tourmalines occur commonly in 
the California mines and are essentially 
identical to those from other countries. 
There is also a minor spelling error in 
Connecticut River, which is given as 
“Conn” River. Similar small errors crop 
up elsewhere in connection with North 
American localities, and it is hoped that 
future editions will attempt to weed 
these out, admittedly a painstaking and 
time-consuming task but one that 
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should considerably improve the already 
high quality of the information. One 
other revision appears desirable also; 
that is, to obtain the latest information 
on outstanding examples of cut gems or 
gem rough from museum curators for 
incorporation in appropriate sections of 
the book. As it stands now, the best 
available information is not always 
given. Only one example is cited to il- 
lustrate the point: under benitoite, the 
largest faceted gem of this species is 
mentioned as being over seven carats, 
but it ts not stated that this gem is in the 
collection of the United States Museum 
in Washington, D.C. 


Some readjustment in the space allot- 
ment for individual gemstones also 
seems to be in order for future editions. 
The abundant and much used chalce- 
dony varieties are discussed all too 
briefly in four pages of text. Though 
Dr. Smith may have originally attached 
little importance to this gemstone, the 
tremendous volume of trade carried on 
in chalcedony overshadows by far that 
of many other species. Admittedly, in- 
cluding a dissertation on this gemstone 
is like opening Pandora’s box, for, 
literally, there is-no end to the forms 
in which it may be found. However, to 
say virtually nothing is like solving a 
problem by ignoring its presence. Very 
tare species such as rhodizite and 
taaffeite are given some space, a 
decision that pleases me personally, 
since I like variety in gemstones and I 
am sure others do too. But should not 
other rare or unusual gemstones such as 
augelite, petalite, scheelite, niccolite, 


smaltite, mesolite, to name a few, and 
even the relatively abundant cancrinite, 
be at least mentioned? In my view, 
nephrite is also dismissed far too 
lightly; close examination of the text 
fails to reveal any mention of its occur- 
rences in the United States, British 
Columbia, and the State of Alaska. The 
production from these areas has been 
enormous; I daresay it exceeds by a 
comfortable margin that realized from a 
number of other world sources com- 
bined. My general impression of 
Gemstones has always been that, though 
it professed to be world-wide in scope, 
Dr. Smith had leaned too heavily on 
local sources of information and thus 
had unconsciously produced a book de- 
signed primarily for readers in the 
British Isles. Admittedly, it must have 
been far easier to obtain information on 
gemstones occurring in the numerous 
outposts of the Empire than in some 
state in the United States, but, though 
difficult to obtain, it has always been 
available and should have been 
consulted. 

Part IV, Identification Tables, closes 
the text of the book and is only slightly 
changed, except in the rearrangement of 
individual entries in the Bibliography, 
a decided improvement. 


Conclusion: An excellent book made 
even better. 


Recommendation: An unsalted gold- 
mine of information that should be pur- 
chased for every private and public 
library. 
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N.Y. LAB NOTES 
(continued from page 229) 

lovely waterworn pink spinel crystal. 

From ex-student Joseph Dattoli we 
received a piece of rough yellow-green 
cat’s-eye opal, a quartz “pagoda” stone, 
a specimen of Tiffany glass, plique-a- 
jour on glass (Japanese), laminated 
tortoise shell and a rose quartz epiaster. 

We wish to thank Mr. Armand Moss 
of India Precious Stones, New York 
City, for specimens illustrating three 
qualities of emerald from the new 
Southern Rhodesian source. All show 
the fascinating inclusions so well pic- 
tured in Dr. Gubelin’s article on these 
emeralds in the Fall, 1958, issue of 
GEMS & GEMOLOGY. From our lim- 
ited observation of these stones it is 
quite apparent that the fine colors are 
outstandingly beautiful. However, it is 
improbable that they will be used ex- 
tensively with Colombian stones, since 
the color is different; i.e., perhaps more 
yellowish than bluish. 


From Mr. Ronnie Romaneila, mineral 
dealer, New York City, we received a 
specimen of the rare “three-band”’ (in 
the spectroscope) Ceylon green zircon. 

From Allan Caplan, gem dealer, New 
York City, we received some specimens 
of small dyed-green chalcedonies of 
such high transparency that they are 
being offered as emerald-calibre 
imitations. 

From Mr. Herman Eldot, lapidary, 
New York City, we received a specimen 
of dark-blue aquamarine rough in 
which the difficult cleavage that is some- 
times seen in beryl is incipient and 


shows excellent iridescence. It can be 
used effectively for class demonstration 
of this phenomenon. 


L.A. LAB NOTES 
(continued from page 231) 
on his use of trade names: “You have 
to use them; if the public knows what 
the stones really are, they won't buy 
them.” This attitude obviously works 
for the immediate benefit of just one 
person to the detriment of the whole 
industry. 
ae a) 

David Widess, C.G., I. Widess & 
Son, a Los Angeles diamond and gem- 
stone dealer, has the largest and finest 
demantoid garnet we have ever seen. 
It is a 9.73-carat pear shape set in a 
piece that is obviously old. 

as eke 

We are indebted to Mr. Widess for 
the following gifts: fifteen very-much- 
needed demantoid garnets, which will 
be put to a very good use in our practice 
sets and gem display; several carved 
rubies, sapphires and emeralds, for our 
gem display cases; and several speci- 
mens of rough black star sapphires. 

a ee 

From Karl Schwemmer, Reading, 
Pennsylvania, we received an assort- 
ment of natural and synthetic stones, 
which will be used for study purposes. 

kD Ok 

Student John Krzton, Chicago col- 
lector, donated several cabochons of 
dyed jadeite, a tourmaline cat’s-eye, an 
orange jadite and a quartz cat’s-eye for 
our practice sets. 


254 


GEMS & GEMOLOGY 


From Dr. E. J. Gubelin, C.G,, 
Lucerne, Switzerland, we received a 
large set of his remarkable color slides 
featuring gemstone inclusions. These 
slides, which so beautifully illustrate 
the characteristic inclusions in deman- 
toid, brown star beryl, star aquamarine, 
agate, Brazilian emeralds and the new 
Sandawana emeralds, make a valuable 


addition to our collection of the Gubelin 
inclusion series. 


oe * 


From John Fuhrbach, Furbach Jewel- 
ers, Amarillo, Texas, we were pleased 
to recetve an assortment of natural, syn- 
thetic and heat-treated stones for use in 
the GIA’s practice sets. 


ABOUT THE AUTHOR 
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jeweler, J. Jessop & Sons, San Diego, 
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1931. In 1953, he graduated from 
Pomona College, receiving a B.A. in 
business administration. Subsequently, 
he spent three years in active duty with 
the Navy, one of which was served 
at the London Headquarters of 
CINCNELM. Mr. Jessop is presently a 
Lieutenant in the United States Naval‘ 
Reserve. Since he comes from a long 
line of jewelers (J. Jessop & Sons was 
established in 1890 in San Diego, 
having previously been in business in 
England) it was only natural that an 
inherent interest in gemstones would 
prompt him to choose it as a profession. 
He received both his Registered Jeweler 
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this issue of GEMS & GEMOLOGY. 
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Idar-Uberstein Today 


by 


CHARLES L. WELLS, JR., C.G. 


A short ride on the “Paris Express’ 
from Frankfurt takes one through the 
picturesque vineyards and quaint vil- 
lages of the Rhineland-Pfalz area of 
Germany and into the Nahe River val- 
ley and the twin towns of Idar and 
Oberstein. Since the fifteenth century, 
these small towns have made a constant 
contribution to the jewelry industry in 
the form of beautifully carved agate 
figures and objets d’art, exquisitely exe- 
cuted cameos in stone and shell, and 
beautifully cut gemstones. Luckily, the 
area did not suffer the worst ravages of 
the war, even though it did suffer in an 
economic sense. Today, after a remark- 
able short period of recuperation, it is 
again one of the most important gem 
centers of the world. 

Due to intense NATO troop concen- 
tration nearby, we felt very fortunate to 
secure lodging in the small hotel “Pfal- 
zerhof,’ near the railroad station. It 
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was interesting to learn that this twenty- 
room establishment has housed gem 
dealers from nearly every country in 
the world! . 

A twenty-minute bus ride took us 
from the “Pfalzerhof,’ in Oberstein, 
to the village of Idar, where the ““Gew- 
erbehalle,’’ or Industry Hall, is located. 
On the second floor of this old brick 
building we were pleasantly greeted by 
a gentleman who introduced himself as 
Professor Schlossmacher, the Director 
of the “Institut fur Edelsteinforschugn”’ 
—the Gemological Institute. After an 
informal discussion in his small, book- 
filled office, he took us into his 
laboratory, where two students were 
completing their examinations. Cases 
filled with such instruments as balances, 
spectroscopes, microscopes and refrac- 
tometers lined two walls. He explained 
that one of the most frequently used in- 
struments was a horizontal microscope 
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The only modern equipment in the shop is this electrically driven slabbing saw. 


that occupied a small table on one side 
of the laboratory. It-is of Professor 
Schlossmacher’s own design, incorpo- 
rating a Leitz monocular tube on a spe- 
cially constructed and fully adjustable 
base. The immersion cell is rectangular, 
with optically flat sides and a horizontal 
adjustment. The stoneholder is on top 
and it is also fully adjustable. Light 
sources may be varied for dark- or light- 
field illumination, and a spectroscope 
can be fitted easily to the eyepiece of 
the instrument. In discussing the other 
instruments, the Professor revealed that 
there was only one that was a ‘‘dust- 
catcher” — the pearl endoscope. A mod- 
etn X-ray apparatus not unlike that of 


the Gem Trade Laboratory in New 
York has made the old French instru- 
mént obsolete. A small sign, promi- 
nently displayed, reveals that the 
Institute has received aid from the 
Marshall Plan. 

Returning to his office, we noticed 
the rather complete library of books 
and periodicals. The well-worn copies 
of GEMS & GEMOLOGY were in- 
deed an unspoken compliment to the 
GIA’s publication. 

The Gewerbehalle also houses a 
comprehensive display of rough and cut 
gemstones, but unfortunately it was 
temporarily closed. Upon Professor 
Schlossmacher’s advice, we accepted an 


Sa—ooo)?.—_—_0_0—2_—————————————eeeee 
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Agate cutter lying on his chest while shaping a quartz crystal-lined stone for an 
ashtray. The enormous wheel is made of sandstone and is turned solely by 
water power. 


invitation to visit the lapidary of the 
firm, Gebruder Leyser, whose collection 
of fine gem specimens is actually more 
complete than the Gewerbehalle dis- 
play. At the Leyser establishment we 


were graciously welcomed by Herr Ley-- 


ser and his son, who showed us a mag- 
nificent collection of colored gems that 
included the most magnificent aquama- 
rine we have ever seen. It was of the 
finest quality, and its 29 carats were 
priced at $30 per carat! Their collec- 
tion also included several red spinels of 
exceptional quality. Herr Leyser la- 
mented the fact that, despite their 
beauty, there is practically no demand 
for spinel even in Europe, where col- 
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ored stones are in greater demand than 
diamonds! After inspecting several 
other unusual and beautiful pieces, in- 
cluding aquamarine-bead necklaces and 
polished amethyst-geode ashtrays, we 
were guided through a modern and 
efficient lapidary shop. Here operations 
are efficiently organized in much the 
same way as the better diamond-cutting 
shops of New York. Each man is a 
specialist in his own job — the sawyers, 
blockers, polishers, and even the “‘dop 
lady”! 

Another short bus ride took us from 
the Leyser establishment to the south- 
ernmost part of the village of Idar, 
where the only water-powered lapidary 
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Polishing an agate ashtray on a large felt-covered wooden drum. Turned by 
water power, 


is still in operation after 300 years. 
Owned by the Heinz brothers, descend- 
ants of the original owners, it is under 
government protection as a spot of his- 
torical interest. Here agate and crystal 
ornaments and ash trays are patiently 
formed by methods that have almost 
altogether resisted the changes of prog- 
ress. The entire shop is powered by 
water, with the sole exception of an 
electrically operated slabbine saw! To- 
day, the principal products of this shop 
include agate ash trays, cigarette boxes, 
faceted citrine and amethyst stones for 
the restoration of church relics dam- 
aged in the war, and duplication of 
broken agate and crystal objects. 
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Well over 30% of the population is 
engaged in the gem and jewelry busi- 
ness. The telephone book lists no less 
than 200 cutters of colored stones, 35 
gem-engravers and cameo-cutters, 30 
agate-cutters, 75 diamond-cutters, 6 
diamond-sawyers, 15 producers of in- 
strument jewels and 7 producers of in- 
dustrial diamond tools. The names of 
Leyser, Klein, Wild, Becker, Heinz and 
others, whose families have been gem- 
cutters in Idar for hundreds of years, 
ptedominate. In addition, there are 90 
firms importing rough and exporting 
finished gems, and over 100 jewelry 
manufacturers! This does not include 
the scores of home workshops where 
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Polishing the inside of an agate ashtray with a water- 
powered, hard-felt buff. Green rouge is the polishing agent. 


the local farmers spend their winter 
months, or the employees of the lapi- 
daries. It was estimated that at least 
20% of the cutting establishments 
maintain buyers of rough in Brazil and 
other gem-producing areas of the 
world! 


Unfortunately, the problem of 
trained employees is great. Herr Leyser 
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and Herr Heinz mourned the fact that 
the young men of the area have little 
interest in the craft, and Professor 
Schlossmacher lamented the fact that 
there are less than 150 jewelers in Ger- 
many who have passed the examination 
for their equivalent of Registered Jew- 
eler. However, we feel that these prob- 
lems can hardly destroy an industry that 
has prevailed for over 600 years. 


by 


Highlights 
at the 
GEM TRADE LAB 


in Los Angeles 


Lester B. Benson, Jr. 


This past month we had the oppor- 
tunity to confirm the identification of 
two beautiful alexandrites. One was a 
45-carat slightly oval stone with a fair 
color change. It is among the larger 
alexandrites known. (One, a 50-carat 
stone, is owned by Avvocato & Tuch, 
Inc., New York City.) The second 
one weighed approximately 12 carats 
and displayed an exceptionally fine 


color change. 


* oO 


A rather large antique pin and 
matching ring contained a large num- 
ber of small, colorless rose-cut stones 
that had been purchased as diamonds 
but were later identified by various 
jewelers as diamonds, colorless sap- 
phires, rock crystal, etc. The stones 
were too well protected by the prongs 
of the setting to check the refractive 
index; however, strong doubling of 


inclusions and of blemishes on the 
base of the stones typical of zircon 
was visible under 30x. In addition, 
two of the large stones were very 
light-brown and displayed an absorp- 
tion spectrum that was weak, but 
nevertheless typical of zircon. 
x OK Ok 

A West Coast dealer submitted sev- 
eral dozen assorted pieces of -jadeite, 
some of which were of very fine color, 
to have them tested for dye. All of 
the stones proved to be of natural 
color. This is the first large quantity 
of imported naturally colored jadeite 
we have tested for some time. The 
majority of stones tested recently 


have been dyed. 


* Ke 


One of the finest emeralds we have 
seen in years came in for checking to 
determine natural or synthetic origin. 
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Inclusions of metallic crys- 
tals in synthetic emeralds. 


GIA Photo 


The 12.65-carat stone was almost 
flawless and of magnificent color. 
Tests proved natural origin. 
a 

The caution required in testing 
emeralds is borne out by several 
stones tested recently. Contrary to 
some impressions, a single test will 
rarely distinguish between synthetic 
or natural emerald. Five large, natu- 
ral stones of medium dark green all 
displayed a distinct red fluorescence. 
Only when placed next to a synthetic 
is the difference in color and intensity 
obvious. Contrary to some recent ad- 
vertisements featuring the use of the 
emerald filter as a positive method 
of distinguishing between synthetic 
and naturals, the appearance of these 
materials through the filter can over- 


Metallic crystals on the sur- 
face of synthetic emeralds. 


GIA Photo 


lap. Included crystals, two-phase in- 
clusions and metallic crystals may also 
be encountered in both materials. 
White metallic crystals were evident 
in several clusters of synthetic emer- 
ald crystals examined, recently. Except 
for color these crystals are not unlike 
the pyrite crystals found in many 
Colombian stones. They were seen both 
within the crystals and against the sur- 
face of some of the crystal faces. There- 
fore, a combination of R.I., birefrin- 
gence, fluorescence and, if possible, 
S.G. should be determined for accurate 
testing. 
a 

An interesting yellow 1.69-carat 
step-cut stone thought by its owner to 
be the rarely fashioned mineral chon- 
drodite proved to be willemite, also 
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Figure 1 
The mounting without rose-cut dia- 
mond. Completely closed foilbacked 
base with facets exactly like top 
portion of the rose-cut diamond. 


very unusual as a fashioned gemstone. 
kok O# 


GIA graduate Dave Dubinsky, Los 
Angeles, submitted the photograph 
and description of an interesting rose- 
cut diamond. The stone is approxi- 
mately 114 mm. thick and 13144 mm. 
in diameter. It was submitted for an 
appraisal but the exceptional bril- 
liancy and dispersion, plus a closed 
back in the setting, aroused suspicion. 
With the approval of the customer, 
the stone was removed. The base of 
the setting was concave and held a 
metal foil insert that was exactly the 
same shape as the top of the rose cut but 
inverted in the setting (See Figure 1). 
It had probably been formed on the dia- 
mond originally. Replacing the foil and 
the diamond required accurate orienta- 
tion of the two in order to achieve a 
maximum effect (See Figure 2). 


* KK * 


A recent newspaper article stated 


Figure 2 
Rose-cut diamond set in mounting 
but not oriented properly. When 
oriented properly, the stone displays 
exceptional brilliancy and dispersion. 


that yellow diamonds were now being 
treated by the Brookhaven National 
Laboratory to remove the color from 
the stones. An inquiry to the Labora- 
tory resulted in the following reply: 


Dear Sir: 

The newspaper article enclosed with 
your letter of March 20th was in error. 
In an effort to correct the situation, 
we have issued the attached notice 
which should serve to answer your 
questions. 


(attached notice) 
NEUTRON IRRADIATION SERVICES 


The Brookhaven Graphite Research Re- 
actor is owned by the United States Atomic 
Energy Commission and is used primarily 
for basic research. Where there is no inter- 
ference with the research programs, this re- 
actor is also used for limited radioisotope 
production and irradiation services. Under 
this latter service, a wide variety of materials 
have been irradiated for industrial and scien- 
tific testing. Among these many materials 
there have been a few diamonds. 


Brookhaven will perform an irradiation 
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service upon receipt of a purchase order on 
Form AEC-391, specifying the neutron flux 
level and length of irradiation desired. Since 
the final results are dependent upon the ini- 
tial condition of the materials, the irradia- 
tion conditions (time, dose and temperature) 
must be specified by the customer. In accord- 
ance with the terms and conditions on the 
required purchase order form, neither the 
Government, the Commission, nor persons 
acting on behalf of the Commission makes 
any warranty or other representation, express 
or implied, that material (s) accepted for 
service irradiation will not be destroyed, 
damaged, lost or otherwise altered in physi- 
cal or chemical properties in the process of 
irradiation. 

Since we are unable to give advice as to 
the irradiation requirements, our customers 
are generally of a professional level and 
have an understanding of the nuclear proc- 
esses involved. In the case of diamond irradi- 
ations, we have been informed by Gem 
Irradiations Laboratories, Inc. and Mr. 
Mathew Garte, both in New York City, that 
they are interested in acting as. consultants 
and in handling gem irradiations. There may 
be others offering similar services as well as 
other nuclear reactors performing similar 
irradiations. 

Diamonds subjected to neutron irradiation 
usually have a green color added throughout 
the stone. The longer the irradiation, the 
darker the stone, and prolonged irradiation 
will make the stone appear black. We do not 
know of any circumstances under which 
coloring is removed by irradiation. Any yel- 
low or brown color present before irradia- 
tion is added to the green altering the final 
color accordingly. It is a matter of taste as 
to whether the final color is more desirable 
than the original color. 


On February 10, 1956, the Federal Trade 
Commission published “Trade Practice Rules 
for the Diamond Industry,” Rule 5 (b) states 
“It is an unfair trade practice to advertise, 
offer for sale, or sell any diamond which has 
been artificially colored or tinted by coating, 


irradiating, or heating, or by use of nuclear 
bombardment, or by any other means, with- 
out disclosure of such fact to purchasers 
..., or without disclosure that such artificial 
coloring or tinting is not permanent if such 
is the fact.” 

All material subjected to neutron irradia- 
tion becomes radioactive to some extent. 
Such radioactive materials may not be trans- 
ferred to or possessed by anyone in the 
United States unless that person has a spe- 
cific license from the U. S. Atomic Energy 
Commission. In the case of diamonds, the 
induced radioactivity is generally short-lived 
and gone after a week or so. At that time, the 
stone may be returned without a license. For 
this reason, diamonds to be irradiated must 
be removed from their mountings. Most 
other gemstones remain radioactive and may 
not be returned without license. 

To summarize, the Laboratory merely per- 
forms an irradiation service; the details of 
the irradiation must be specified. We cannot, 
in good conscience, accept for irradiation 
gemstones from the general public, as the 
specifications of the irradiation parameters 
requires wide experience. Without this ex- 
perience the results of the irradiations are 
unpredictable. 


% * * 


Another reminder concerning mas- 
ter diamonds. Much time and expense 
of preparing and sending stones for 
grading can be saved if the stones are 
carefully checked prior to sending them 
in to the Lab for grading. Stones should 
not consist of mixed hues in gray, 
brown, orange, etc., but should repre- 
sent a range from colorless through 
slight nuances of yellow only. Propor- 
tions and size should be as similar as 
possible, and fluorescent stones should 
not be included. 

(continued on page 286) 
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Highlights 
at the 
GEM TRADE LAB 
in New York 


New colors in treated diamonds are 
continuing to appear in the trade. We 
examined a paper of red diamonds 
ranging from about 20 points to several 
carats in size. They were about the color 
of pyrope garnet in reflected light. In 
transmitted light they appeared an in- 
tense red. Spectroscopic analysis 
showed the 5920 A band, characteristic 
of yellow treated diamonds. There are 
also several new hues in the blue-green 
available. One stone was of a medium 
tone and intense blue in transmitted 
light, whereas another was a blue-green 
of deep intensity. In the spectroscope, 
both of these stones showed a strong 
4800 A line and a weaker one at 4900 
A, fading out at about 5100 A. 

ek OF 

An orange-brown diamond, which 
showed no evidence of treatment in the 
spectroscope, displayed intense red 
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G. Robert Crowningshield 


fluorescence under short-wave ultravio- 
let, but there was no fluorescence under 
long-wave ultraviolet. No phosphores- 
cence was observed under either wave- 
length. 
KOK Ok 

The number of yellow diamonds be- 
ing tested by the Laboratory for treat- 
ment is increasing constantly. Over 50 
stones of about one carat or larger have 
been submitted in the last few months 
and about two-thirds of these were 
treated. 

* Ok 

Several diamond crystals were 
brought to us to observe for possible 
treatment. These stones had the normal 
4180 A band in the spectroscope, which 
is seen in a great deal of rough. How- 
ever, they showed a halo effect just un- 
der the surface, resembling the scorch- 
ing from a cigarette burn on a piece of 
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cloth. We have not examined enough 
rough to know whether this is indica- 
tive of a particular locality, or to what 
it is related. 

We have seen brown and yellow dia- 
monds and some colorless stones that 
contained clouds of tiny needlelike in- 
clusions. A casual remark about it to an 
importer brought the response that 
these stones were believed to have come 
from the Belgian Congo. 

Ok Ok 


An antique pendant with nine 
“mirror-cut”’ diamonds came to the Lab 
for verification of identity, Seeing so 
many diamonds cut in this manner was 
unusual. It was formerly a way of us- 
ing flat diamonds but they lacked aes- 
thetic appeal, at least from the modern 
requirement for brilliancy. 

x Ok Ok 

Undoubtedly, a few strontium titan- 
ates have been sold as diamond. One 
rather poor example of cutting of this 
synthetic material came to our attention 
set in the form of a solitaire. The true 
nature of the material was quite obvious 
to the trained eye because of the exceed- 
ingly poor polish, and the dispersion 
was much higher than that expected 
from diamond. 

wR Ok 

In the past three months, the imita- 
tions of jade sent in for identification 
have included many types of materials; 
for example, aventurine quartz, calcite, 
dyed serpentine, smithsonite, glass, 
emerald, and, of course, dyed jadeite. 
In many instances these pieces were 


carved and mounted, making testing 
rather difficult. 

A collection of bright-orange Mexi- 
can fire opals was the largest we have 
ever seen. It consisted of a rope, a 
bracelet and drop earrings, all embel- 
lished with ducut diamonds (Note: a 
ducut is a one-facet stone made by 
grinding off and polishing one point of 
a very small and highly lustrous octahe- 
dron.) Since it was not of modern de- 
sign, the collection will undoubtedly be 
broken up. Another collection of opal 
was a necklace of beads with blue and 
purple play of color. The beads had the 
appearance of fine labradorite and the 
owner was doubtful of their identity. 

Turquois and its substitutes continue 
to cause more grief to both buyer and 
seller than any other gem in the trade. 
Practically all of the turquois coming to 
the Lab for identification shows evi- 
dence of some kind of treatment. For 
example, we very frequently receive 
pieces of material that show the normal 
absorption bands for turquois in the 
spectroscope but that has too high a lus- 
ter and is waxy when peeled around 
the drill hole in a bead. A turquois imi- 
tation recently examined consisted of a 
breccia-type mass, that was colored to 
resemble turquois. Another substitute 
had a granular structure that did not 
permit the dye to penetrate more than 
a short distance below the surface. It 
has been necessary to resort to chemical 
analyses, X-ray diffraction and thin- 
section examination in order to furnish 


SPRING 1959 


269 


an identification of some of these sub- 
stitutes. 
i 8 

It has been called to our attention 
that one- to 20-carat synthetic sap- 
phires are being advertised as true syn- 
thetic diamonds, We wish to reiterate 
that synthetic diamonds are not being 
made in gem quality. A request by the 
Jewelers’ Vigilance Committee to an 
advertiser in the New York Times was 
acted upon by the advertiser, but their 
true nature was never revealed. The 
next Sunday's issue described the stones 
as diamond imitations rather than syn- 
thetic sapphires. 

x oe # 

An unusual brown tourmaline 
showed subdued fluorescence under 
short-wave ultraviolet light. This ts not 
a chatacteristic usually associated with 
brown tourmaline. 

x oe 

A “blue sapphire’ purchased in 
Mexico for $800 as a natural stone and 
a phenomenal bargain proved to be an 
attractive piece of glass. It is amazing 
how many seemingly intelligent, suc- 
cessful businessmen and other travelers 
buy “bargains” from peddlers in for- 
eign countries. If they are convinced 
that prices are lower outside of the 
U. S., one would at least expect from 
them sufficient caution to make their 
purchases from reputable merchants. 

x oe # 


Frequently, a piece of jewelry con- 
taining several stones that appear to be 
of the same kind is submitted with in- 
structions for testing only one of the 


stones (apparently because of the ex- 
pense involved in testing each one). 
However, an example of why it is often 
important to test more than one stone 
in a multistone piece of jewelry was 
impressed upon us recently by a ring 
containing more than a dozen stones. 
Although the stones were the same 
color, they proved to be an assortment 
of about one-half glass and one-half 
natural emeralds. Such matching could 
only have been accomplished by very 
careful selection. 
x # 


Perhaps the most unique use of de- 
mantoid garnets we have seen was in a 
cigarette case with about 16 matched 
baguette-cut stones. 

eer mE 


What was believed to be a treasure 
or jewel chest that belonged to Louis 
XIV was brought in for examination of 
the stones decorating the chest. They all 
proved to be glass, set in the silver foil 
that covered the box with a pictorial 
story of the highlights in the life of 
Louis XIV. 

<p ees: 


Among our pearl identifications, a 
pair of pear-shaped drop earrings 
proved to be one cultured and one natu- 
ral — truly a remarkable match to the 
eye. 

ee 

We are indebted to the Commercial 
Gem Company, New York City, for a 
yellow cat’s-eye triplet composed of two 
layers of yellow synthetic sapphire and 
a center section of a fibrous mineral. 

(continued on page 286) 
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Formations of Minerals 
Physical Properties 


by 
RICHARD JAHNS, Pu.D.. 


Professor of Geology 
California Institute of Technology 


This is a continuation of the article 
by Professor Richard Jahns on the struc- 
ture of matter, the nature of crystals, 
formations of minerals and their 
physical properties that began in the 
Spring 1958 issue of GEMS & GEM- 
OLOGY. 


Zoning and Inclusions 

The growth of natural crystals rarely 
is a uniform process, and variations in 
the conditions of growth are reflected by 
variations in properties within individ- 
ual crystals of many minerals. Zonal 
structure, or zoning, within a crystal 
generally appears as a series of concen- 
tric layers, complete or incomplete, that 
differ from one another in chemical 
composition. Such zones can be rzadily 
distinguished under the polarizing 
microscope, and also can be recognized 
because they differ from adjoining zones 
in color, transparency, in the number 
and atrangement of included materials, 
and in the rate of decomposition where 


exposed to weathering at or near the 
earth’s surface. 

Zonal structure is especially wide- 
spread in the feldspars, micas, pyroxenes 
and other common rock-forming min- 
erals. It is very useful to the mineral- 
ogist, since most zoning is due to 
changes in composition of the fluid 
from which the crystal grew; thus it can 
give a clue to the conditions existing 
when the crystal was formed. It also is 
useful to the gemologist,’ since it pro- 
vides a means for determining the crys- 
tallographic orientation of many stones. 
Further, it is a real aid in the identifica- 
tion of minerals such as corundum, gar- 
net and tourmaline, and even can be 
used in certain instances to distinguish 
natural from synthetic material. 

Another type of zoning involves the 
over-growth, or mantling, of one min- 
eral by another. The two minerals com- 
monly have similar crystal structure, 
chemical composition, or both these 
features. A third type, best obsgrved in 


SPRING 1959 


271 


| 


transparent minerals, results from 
pauses during growth of the crystals. 
If, during one or more of these pauses, 
small amounts of another material are 
deposited on the surface of a given 
crystal before it resumes its growth, 
a so-called phantom crystal, comprising 
internal faces that are marked by thin 
layers of impurities, is the ultimate re- 
sult. Quartz, jeldspars and garnet com- 
monly form crystals of this type. 

Nearly all minerals contain inclusions. 
Some inclusions are small crystals or 
crystal aggregates of other minerals, but 
inclusions of gases and liquids also are 
widespread, Some of the inclusions rep- 
resent material that was entrapped 
during growth of the crystal; others 
were formed by exsolution (i.e., by pre- 
cipitation from solid solution in the 
host crystal) ; and still others represent 
material that was introduced from out- 
side the crystal. Many of them are vist- 
ble under the hand lens, or even with 
the unaided eye. 

Numerous different minerals form 
inclusions in larger crystals of other 
minerals, and there are wide variations 
in the size and shape of these inclu- 
sions. Some are scattered irregularly 
throughout the host crystal, and others 
are concentrated in certain parts of the 
crystal or in rudely concentric layers. 
The individual inclusions in some oc- 
currences are oriented cunsistently 
within the host crystal, as in minerals 
that show asterism, whereas others show 
no recognizable orientation. 


Twinning 
Where two or more crystals of a 


given mineral have grown together ac- 
cording to a definite geometric pattern, 
they are said to be in regular inter- 
growth; if they share the same lattice 
directions but are nonetheless recog- 
nizable as distinct individuals, they are 
said to show parallel growth. Certain 
parts. of some crystals are in reverse 
positions with respect to each other (or 
alternately with respect to one another, 
where more than two parts are in- 
volved), and such crystals are said to be 
twinned, Thus, two adjacent parts of a 
crystal twin might have an arrange- 
ment such as would result if one part 
were rotated 180° around some axis 
while the other part remained steadfast. 
In general, a twinned crystal grows as 
such from the beginning, and hence this 
mechanical motion does not actually 
take place; however, the relation of the 
two parts is the same as if it did, so 
that it represents a convenient means 
for describing the geometry of the 
twinned crystal. 


The twinning axis is the axis around 
which the revolution could have taken 
place, and the composition surface (or 
composition plane, if this surface is 
planar) is the surface along which the 
two components of the twin are united. 
It must be.borne in mind that both 
crystal axes and twin axes are directions 
rather than fixed lines. A plane to which 
the two individuals of twinned crystal 
are symmetrical, and across which they 
are mirror images, is defined as a twin- 
ning plane. In most instances such a 
crystal also grew as a twin from the be- 
ginning, and its derivation by reflection 
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actoss a plane is solely a convenient 
means for representing its geometric 
form. Similarly some twinned crystals 
can be considered as products of both 
rotation and reflection, acting simultan- 
eously. 

Some twinned crystals consist of two 
interpenetrated parts (e.g., orthoclase, 
zircon), others comprise several indi- 
viduals (chrysoberyl, fluorite), and still 
others consist of numerous repeated 
tablets, or lamellae (albite, corundum, 
spodumene). Much twinning cannot be 
distinguished megascopically, but 
nearly all types are clearly recognizable 
under the polarizing microscope. 


Cleavage 

The ability of a crystal to break or 
split along definite atomic (or ionic) 
layers is termed cleavage. Thus graph- 
ite and muscovite can be split very easily 
along a single direction of cleavage into 
thin, parallel-faced plates, and halite 
can be separated into blocks whose 
faces meet at right angles. This ability 
is present to different degreesin differ- 
ent minerals, and in a large number of 
them it cannot be recognized by even 
the most careful. examination. For all 
practical purposes, such minerals are 
said to possess no cleavage. On the other 
hand, many minerals do exhibit this 
property, which is geometrically con- 
stant for each species and hence is very 
useful in mineral identification. 

As with crystal faces, cleavage is a 
directional feature that is a function of 
the internal structure of the crystal. 
More specifically, it is a function both 


of the arrangement of the constituent 
atoms or ions and of the manner in 
which they are bonded or held to- 
gether. Each plane of cleavage is parallel 
to a crystal face or to a possible crystal 
face, although not all crystal faces 
represent planes of cleavage. This is be- 
cause cleavage occurs only along planes 
whete separation can best be accom- 
plished, or along which bonds between 
atoms and atom groups can be broken 
with relative ease. Theoretically, sepa- 
ration along planes of cleavage can be 
made on any scale, down to the limiting 
condition under which the planes bound 
a part of the crystal lattice that cannot 
be split further into identical’ portions. 
A noncrystalline substance necessarily 
can show no true cleavage. 

Cleavage in a given mineral canbe 
defined according to (a) the number of 
directions that are present, (b) the ori- 
entation of the cleavage plane or planes 
with respect to the crystal lattice, (c) 
the smoothness, or perfection, of each 
cleavage plane, and (d) the relative 
ease with which the mineral can be 
broken along each plane. 


The number of different directions of 
cleavage in a mineral ordinarily is one, 
two, three, four or six. Halite has three 
directions of cleavage; these are parallel 
to the faces of a cube, and hence this 
mineral is said to have cubic cleavage. 
Diamond has four cleavage directions 
that are parallel to the faces of a regu- 
lar octahedron. Comparison of the 
cleavage directions with the crystal 
structure of these minerals (Figures 3 
and 10 in the Spring 1958 issue and 
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Figure 5 in the Summer 1958 issue) 
show why all directions of cleavage are 
equally well developed in each of them. 
There is no difference, from one cleav- 
age direction to another in either of the 
minerals referred to, in the number or 
kind of bonds that must be broken to 
yield a unit area of new cleavage sur- 
face. 

Other kinds of cleavage are defined 
geometrically by well-known crystallo- 
graphic terms such as dodecahedral, 
rhombohedral, basal, prismatic and 
pyramidal. Where two or more differ- 
ent kinds of cleavage occur in the same 
mineral, these cleavage surfaces gener- 
ally are not equally well developed. 


A distinction must be made, in speak- 
ing of development of cleavage, be- 
tween the perfection of the cleavage 
surfaces and the ease of cleavage, or 
cleavability. Perfection of cleavage re- 
fers to the flatness of the surface, and 
ordinarily is expressed in such terms as 
perfect, smooth, inferior, uneven, ir- 
regular, indistinct, interrupted and im- 
perfect. Cleavability, in contrast, refers 
to the relative ease with which the 
cleavage surfaces are formed when the 
mineral is broken or split, and in ordi- 
nary work it is described as good, 
perfect, eminent, fair, poor, ready or 
difficult. Unfortunately, some overlap 
in terminology does exist, and it has 
caused confusion between the two dif- 
ferent aspects of the property. 

The effect of crystal structure on the 
perfection and ease of cleavage is well 
illustrated by the carbon minerals dia- 
mond and graphite. The atoms in the 


diamond crystal (Figure 10 in the 
Spring 1958 issue) are very strongly 
bonded to one another and are  ar- 
ranged in a highly symmetrical struc- 
ture. Layerlike concentrations of atoms 
in this structure are disposed parallel to 
the faces of a regular octahedron, and 
the cleavage of this mineral involves 
the breaking of bonds between adjacent 
layers. The cleavage is perfect because 
the layers are very regular in form and 
orientation, but it is a very difficult one 
because the interatomic bonding is so 
strong. 


The graphite crystal, in contrast, 
comprises well-defined parallel sheets 
that are hexagonal networks of carbon 
atoms (Figure 11 in Summer 1958 15- 
sue). Each layer is a gigantic molecule 
of closely spaced atoms, and is set at a 
relatively large distance from its neigh- 
boring layers. The flatness of these 
sheetlike molecules, and the weakness 
of the bonding between them, account 
for the ready and highly perfect basal 
cleavage of graphite. 


The silicate minerals, with their 
much more complex internal structure, 
are not so easily shown in diagrams as 
are diamond and graphite, although the 
same genetal principles apply to inter- 
pretations of their cleavages. The great 
ease and perfection of the basal cleav- 
age in muscovite, for example, can be 
understood from consideration of its 
major structural elements. This mineral 
consists of complex double sheets of 
linked silicon-oxygen tetrahedra. The 
two parts of each sheet-pair are firmly 
bonded with aluminum ions, and these 
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in turn are attached to hydroxyl groups, 
or (OH)- ions. The double sheets 
themselves are bound together by potas- 
sium ions, but this binding is relatively 
weak; the structure can be likened to a 
stack of thin boards (the double sheets) 
that are held together by weak nails 


(the K+ ions). Thus the crystal can be 
readily split into cleavage pieces whose 
smooth surfaces reflect the uniform 
outer surfaces of the double sheets. 
The contrasting cleavages of the py- 
roxenes and amphiboles are shown dia- 
gramatically in Figure 12 (this issue). 


Figure 12 
The cleavage of pyroxenes (above) and amphiboles (below). A single chain of 
SiO, groups, viewed end on, is shown at upper left, and a double chain at lower 
left. These chains are generalized as blocks, and the positioning of the blocks in the 
two types of structure is shown in center. The bonding within the chains is much 
stronger than the bonding that holds the chains together, so that cleavage occurs 
between chains and in directions that require breaking of the smallest number of 
bonds per unit area of cleavage surface. The cleavage thus shifts back and forth 
as shown by the heavy lines, but on such a small scale that the cleavage surfaces 
are smooth, even when viewed under the microscope. The general positions of 
cleavage surfaces are represented by the dashed lines in center views, and by 


solid lines at right. 


After B. E. Warren 
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The’ cleavage in both these mineral 
groups is a function of the arrangement 
of the silicon-oxygen chains, since both 
types of crystal structure tend to break 
around, rather than through, the chains. 
In other words, it is much more diffi- 
cult to break the bonds between silicon 
and oxygen bonds within the chains 
than to break the cation-oxygen bonds 
that hold the chains together. The cleav- 
age therefore follows directions that in- 
volve breaking the smallest number of 
cation-oxygen bonds per unit area of 
newly formed cleavage surface. 

It is not always easy to distinguish 
cleavage faces from crystal faces, par- 
ticularly in megascopic work. Black 
tourmaline and hornblende, for exam- 
ple, commonly show similarly elongate 
ctystal form. The hornblende has two 
directions of good cleavage that are 
parallel to the elongation of the crystal ; 
the tourmaline has no cleavage, but its 
crystal faces commonly are so deeply 
grooved that they give a false impres- 
sion of cleavage. It is well, therefore, 
to remember that crystal faces ordinarily 
appear on the outside of the crystal only 
(the chief exceptions are in the phan- 
tom crystals described earlier), whereas 
cleavage appears only on broken frag- 
ments. It also should be noted that the 
tendency to break along a given cleav- 
age direction varies somewhat from 
specimen to specimen of the same min- 
eral, especially if this direction is one 
of relatively poor cleavability. 

The best evidence of cleavage is the 
presence of parallel planar flaws (in- 
cipient cleavage breaks) within an un- 


broken crystal, or parallel steps at 
different levels on the side of a broken 
crystal. Each step is separated from the 
next step by another cleavage plane 
with a different direction (calcite, feld- 
spar), by a parting plane (corundum, 
muscovite), or by a fracture surface 
(gtaphite). These parallel steps give 
simultaneous reflections, when held in 
proper orientation under a good source 
of light. In a few minerals not having 
cleavage, a similar effect is obtained 
from crystal faces that show parallel 
growth; nevertheless, the criterion of 
simultaneous reflection is the best avail- 
able, and can be applied with conf- 
dence to broken surfaces of nearly all 
specimens examined. 

If two directions of cleavage are 
present, the method_of rotation is use- 
ful for determining the angle between 
them. The observer faces a source of 
light, and through preliminary turning 
of the specimen determines by the re- 
flection technique the approximate ort- 
entations of the cleavages. He then 
rotates the specimen about a horizontal 
axis that is parallel.to both cleavage 
directions, and estimates the angle of 
rotation between those positions in 
which reflections are obtained from the 
two sets of cleavage surfaces. The 
proper axis of rotation rarely is difficult 
to establish, since it lies parallel to the 
cracks that represent the trace of one 
set of cleavage breaks on the surfaces 
of other cleavage direction. These 
cracks are readily observed in most 
specimens, especially with the aid of a 
hand lens. The method of rotation 1s 
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not at all difficult, even for material 
viewed under the polarizing micro- 
scope; if carefully used, it yields quick 
results that are accurate to within a few 
degrees. 

Parting 

Some minerals have parallel separa- 
tion surfaces, other than those of cleav- 
age, that are known as parting. These 
also have been termed pseudo-cleavage 
and secondary cleavage. Such surfaces 
commonly occur as the composition 
planes of multiple twins or along planes 
of weakness formed by appropriately 
oriented inclusions. Parting is well 
shown by many minerals. Corundum, 
for example, has four directions of part- 
ing corresponding to the base and to 
the three planes of the rhombohedron, 
magnetite has four directions of parting 
corresponding to the planes of the 
octahedron, some pyroxenes have a 
prominent parting parallel to the front 
pinacoid, and other pyroxenes have al- 
most equally prominent parting paral- 
lel to the base. Muscovite has three 
directions of parting that intersect the 
basal cleavage plane at an angle of 
nearly 67°, and where all three sets are 
present, they commonly separate the 
cleavage sheets into triangular or hexa- 
gonal fragments. 

Parting differs from cleavage in that 
the separation can take place only along 
specific planes, which generally are the 
composition planes of twinning, 
whereas cleavage can take place, theo- 
retically at least, along any plane that 
is bounded by the appropriate group- 


ings of atoms in the crystal structure. 


Where parting planes are closely 
spaced, it may be difficult to distinguish 
this feature from true cleavage. Further, 
the parting in some minerals may be 
more prominent than cleavage; 1.e., the 
crystals can be broken mote easily along 
planes of parting than along cleavage 
planes. A good example is a variety of 
pyroxene called diallage, in which the 
front-pinacoidal parting is more promi- 
nent than the two directions of pris- 
matic cleavage. The parting of much 
corundum also is more prominent than 
the cleavage of this mineral. It is well 
to remember, however, that parting is 
not necessarily developed in all speci- 
mens of a given mineral. 


Fracture 


When a mineral is broken in a direc- 
tion that does not correspond to either 
cleavage or parting, the appearance of 
the broken surface may be of dis- 
tinguishing value. Some compact and 
brittle substances, like quartz and glass, 
usually break along curved surfaces that 
are marked by subdued arcuate ridges, 
and they are said to be characterized by 
conchoidal fracture. Other types of 
fracture are described as even, smooth, 
uneven, rough, earthy, fibrous and 
splintery. If the fracture is extremely 
uneven, or jagged, it is termed hackly. 

Fracture is of greatest diagnostic 
value in noncrystalline substances and 
in minerals without cleavage or parting. 
Good fracture surfaces are almost un- 
obtainable in some minerals that have 
well-developed cleavage (e.g., halite, 
calcite, gypsum). 


SPRING 1959 


Hardness 

Hardness is the ability of a mineral 
to resist scratching or. rupture of the 
crystal structure on a small megascopic 
scale. Relative hardness can be deter- 
mined by scratching one mineral with a 
sharp edge or corner of another, and 
the standard Mohs’ scale of hardness, 
comprising ten common mineral spe- 
cies, was established in this simple man- 
ner (Table III). In general, a given 
mineral will scratch all other minerals 
lower on this scale, and the ease with 
which one mineral scratches another 
serves as a rough measure of their rela- 
tive hardness. In some instances, two 
minerals can scratch each other; this 
merely indicates that they are of nearly 
equal hardness. 

Other objects of known hardness 
commonly are useful in making mega- 
scopic tests on minerals and rocks. 
These include the thumbnail (about 
214 on Mohs’ scale for most persons), 
a copper penny (slightly greater than 
3), a knife blade or steel nail (ordinar- 
ily tempered to points within the range 
of 5 to 51/4), a glass plate (about 514), 
and a steel file (about 6). i 


The Mohs’ scale of hardness is very 
useful for some work, but it is well to 
remember that the numbers indicate 
rank of hardness, rather than quantita- 
tive measures of this property. The dif- 
ference in the hardness of corundum 
and diamond, for example, is greater 
than the difference between corundum 
and talc. Quantitative values for hard- 
ness have been variously obtained by 
scratching, grooving, boring, grinding 


and indenting substances under repro- 
ducible conditions, and three quantita- 
tive scales, with the hardness of topaz 
taken as 1000, are shown in Table Ill. 


Inasmuch as hardness is in part a 
rough measure of bond strengths be- 
tween atoms or ions in a given sub- 
stance, it is not surprising that its value 
varies with direction in many crystals. 
As indicated by the ranges for several 
of the minerals on the Vickers and 
Knoop scales (Table III), these varia- 
tions can be moderately large. The 
greatest variation in a common mineral 
occurs in kyanite, whose typically blade- 
like crystals have a hardness on Mohs’ 
scale of 4 to 5 when scratched parallel 
to their long dimension, but show 
values of 6 to 7 when scratched in a 
direction at right angles to this. In de- 
termining hardness by scratch methods, 
therefore, a mineral should be tested in 
several different directions. If varia- 
tions are noted, the maximum value is 
taken as the hardness of the specimen. 
Other precautions to be observed in 
testing hardness are as follows: 


1) Test only fresh, unaltered sur- 
faces, so that a true value for the 
substance can be obtained. 


2) Some granular minerals and 
mineral aggregates are torn 
apart, rather than scratched, 
when tested. Similarly, a few 
minerals tend to break up into 
tiny cleavage fragments to form 
a ragged groove that is not a 
true scratch. These situations 
can be recognized through care- 
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TABLE III 
Comparison of Hardness Scales for Common Minerals 


Qualitative Quantitative Scales 
Scale (Hardness of Topaz is Taken as 1000) 
Mineral Mobs’ Jaggar Vickers Knoop 
Scale Scale _ Scale Scale 
Diamond 10 6400 - 6800 
Corundum 9 «6580 1265 - 1650 1360 - 1760* 
Topaz 8 1000 1000 > 1000 
Quartz # 265 669 - 765 533-720 - 
Orthoclase 6 167 433 Tow ee 
Epatte = 3 8.1 400 288-394 
Fluorite 4 4.9 106 - 121 111-131 
Calcite 3 ia ©. | OF 2.85 60-108 
Gypsum 2 O27. 36 26 - 43 
Talc 1 — 29 _ 


*Synthetic Corundum 
ful examination under the hand 
lens. 

3) A streak of powdered mineral 
left on the surface of a harder 
mineral can be mistaken for a 
scratch on the harder mineral. 
Such a streak is recognizable 
under the hand lens, however, 
and is easily removed by rub- 
bing the mineral surface with 
the thumb. 

4) Use only a moderate pressure in 
attempting to scratch one sub- 
stance with another, and re- 
verse the order of attempted 
scratching as a final check. 

Tenacity 

The. tenacity of a substance is its 
general behavior under impact, or 
when it is subjected to bending, twist- 
ing, shearing, crushing or tensional 
stresses. Thus a brittle mineral shat- 
ters when struck by a hammer 
(quartz, diamond), or breaks into 
grains when attempts are made to cut 


it (calcite), whereas a sectéle mineral, 
though pulverized by a hammer blow, 
can be cut into shavings with a knife 
(gypsum, chalcocite). A malleable 
mineral yields shavings that can be 
flattened by blows from a hammer 
(native silver, native copper). If the 
mineral is difficult to break by ham- 
mering, it is said to be tough (micas, 
pyroxenes). 

If a mineral can be bent without 
breaking, it is said to be flexible. If, 
after being bent, it returns to its 
original shape, it is termed elastic. 
These properties are very helpful, for 
example, in distinguishing between 
members of the mica and chlorite 
groups. The micas are flexible and 
elastic, whereas the chlorites, though 
flexible, are inelastic. This difference 
is readily observed, even in fine- 
grained mineral aggregates, when 
cleavage flakes are bent with a well- 


sharpened knife blade. 


(to be continued) 
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Birmingham, Alabama, Diamond Class 


New Orleans, Louisiana, Diamond Class 
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CHARLOTTE, N.C. DIAMOND CLASS 


Members of the Charlotte, N. C. Dia- 
mond Evaluation Class, which met Febru- 
ary 23rd through February 27th. Seated 
left to right: 

R, A. Chipman, Sanford, N. C.; G. J. 
Sylvan II, Sylvan Bros., Columbia, S. C.; 
G. D. Bruns, Jr., Garibaldi & Bruns, Inc., 
Charlotte, N. C.; J. B. Gregory, Goble 
Jewelers, Newton, N. C.; Frank V. Taylor, 
Arnold Jewelers, Charlotte, N. C.; James 
F. Peck, Charlotte, N. C. Standing left to 
right: Robert L. Underwood, Winston - 
Salem, N. C.; J. B. Beam, Charlotte, N. G.; 
Frank W. Brown, Jr., William I. Haw- 


thorne, Charlotte, N. C.; Martin Bar- 
ringer, Barringer’s Jewelers, Mullins, 
§. C.; John O. Barton, Garibaldi & Bruns, 
Inc., Charlotte, N. C.; G. D. Bruns, Sr., 
Garibaldi & Bruns, Inc., Charlotte, N. C.; 
Robert V. Ramsey, Jr., Belmont, N. C.; 
John L. Mathews, Rocky Mount, N. C.; 
Emil H. Emanuel, Emanuel Bros., Lan- 
caster, S. C.; A. R. Via, Jr., A. R. Via & 
Brother, Jewelers, South Boston, Va.; Abe 
M. Harris, Walterboro, S. C.; G. Robert 
Crowningshield, Director of the Eastern 
Headquarters of the GIA; Louis Dober- 
sten, Hales Jewelers, Greenville, S. C. 


BIRMINGHAM, ALABAMA, DIAMOND CLASS 


Members of the Birmingham, Alabama, 
Diamond Evaluation Class, which met 
March 2nd through March 6th. Left to 
tight: George P. Vickers, Edwards Jew- 
elry, Selma, Ala.; Fred O. Couch, Couch’s 
Gifts and Jewelry, Anniston, Ala.; G. Rob- 
ert Crowningshield, Director of the East- 
ern Headquarters of the GIA; Guerry 
Devson, Jobe-Rose Jewelry, Birmingham; 


Frank Bromberg, Jr., Bromberg & Co., 
Birmingham; Elmer L. Kubiak, Rauschert 
& Kubiak, Elgin, Illinois; Gene Bromberg, 
Bromberg & Co., Birmingham; James H. 
Ruth, Ruth & Sons, Montgomery, Ala.,; 
R. E. James, Fairfield, Ala.; Irving M. 
Kres, Kres Jewelers, Bainbridge, Ga.; 
Cecil E. Moore, Gay Jewelers, Douglas, 
Ga. ‘ 


NEW ORLEANS, DIAMOND CLASS 


Members of the New Orleans, La., Dia- 
mond Evaluation Class, which met March 
9th through March 13th. Seated Jeft to 
right: Frank E. Wilson, Wilson Bros., 
Jewelry, Norco, La.; Mrs. Irving Oberlin, 
Natchez Jewelers, Natchez, Miss.; Miss 
Frances Oberlin, Natchez Jewelers, Nat- 
chez,” Miss.; Stanley M. Roques, Roques 
Watch Specialists, New Orleans, La.; 
Stanley B. Kahn, Kahn’s Jewelers, Pine 
Bluff, Ark. Standing left to right: Werner 
J. Huber, Huber Jewelers, Gulfport, Miss. ; 


Paul H. Kaniss, Kaniss Jewelry Co.; St. 
Petersburg, Fla.; Leopold Castille, Cas- 
tille’s Jewelry, Opelousas, La.; Harry Van- 
degriff, Vandegriff Jewelers, Ft. Walton 
Beach, Fla.; G. Robert Crowningshield, 
Director of the Eastern Headquarters of 
the GIA; Fred Nacol, Fred Nacol Jewel- 
ers, Baton Rouge, La.; Paul A. Ross, 
Macy’s Diamonds, Pensacola, Fla.; Wilbur 
L. Simon, Simon's Jewelers, Church Point, 
La.; Albert Klein, Jr., Klein Jewelers, 
Pensacola, Fla. 
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Memphis, Tennessee, Diamond Class 
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DALLAS DIAMOND CLASS 


Members of the Dallas, Texas, Diamond 
Evaluation Class, which met March 23rd 
through March 27th. Seated left to right: 
Sam L. Majors, Jr., Sam L. Majors Jewel- 
ers, Colorado City, Tex.; Mrs. Dorris 
Cleere, Cloverleaf Rock Shop, Irving, Tex. ; 
Mrs. W. C. Helmbrecht, Dallas; W. T. 
Williams, Williams Jewelry, Snyder, Tex.; 
Charles D. Braddy, Braddy Jewelers, Irv- 
ing, Tex.; Dennis Newton, Newton Jewel- 
ers, Graham, Tex.; Sherman Morrison, 
Morrison Jewelers, Marshall, Tex.; 
Rolland B. Fuller, Fuller’s Jewelry, Caroil- 
ton, Tex. Standing left to right: Harry 


Laves, Rialto Jewelry Co., Alice, Tex.; 
John C. Wimberly, Busch & Sons, Jewel- 
ers, Abilene, Tex.; Robert W. Mitchell, 
Mitchell's Jewelers, Henderson, Tex.; Gar- 
vin. B. Tuley, Brad’s Jewelers, Dallas; 
W. M. Edwards, Edward’s Time Shop, 
Electra, Tex.; Milton Nicholas, Baker Jew- 
elers, Marfa, Tex.; P. M. Blue, Boulevard 
Jewelers, Ft. Worth; G. Robert Crowning- 
shield, Director of the Eastern Headquar- 
ters of the GIA; George F. Klepien, 
Dallas; Charles Sheppard, Jr., Sheppard’s 
Jewelers, Russelville, Ark. 


HOUSTON DIAMOND CLASS 


Members of the Houston, Texas, Dia- 
mond Evaluation Class, which met March 
16th through March 20th. Seated left to 
right: Roy H. Duffield, Robert E. Corri- 
gan, Jeweler, Houston; Jimmie Felcman, 
Felcman’s Jewelry, Rosenberg, Tex.; 
Thomas E. Perdue, Perdue’s Jewelry, 
Crockett, Tex.; W. L. House, House Jew- 
elry Co., Taylor, Tex.; J. Clay Walker, 
Jeweler, Houston, C. E. Mounce, C. E. 
Mounce, Manufacturing Jeweler, Shreve- 
port, La. Standing left to right: J. Lewis 
Lopez, Lopez Jewelers, Galveston, Tex.; 


G. Robert Crowningshield, Director of the 
Eastern Headquarters of the GIA; Ben 
Noble, Jr., Jeweler, Houston; Irwin M. 
Goot, Paull’s Jewelry, Houston; H. R. 
Sandler, Star Jewelry Manufacturing, 
Houston; Seymour Richbook, King’s Jew- 
elers, Texas City, Tex.; A. J. DiBella, 
Lopez Jewelers, Galveston, Tex.; Edwin E. 
Clarke, Clarke’s Jewelers, Shreveport, La.; 
William Koen, Jr., Joe Koen & Son,.Jew- 
elers, Austin, Tex.; Marcell Maresh, Jr., 
University of Houston. 


MEMPHIS DIAMOND CLASS 


Members of the Memphis, Tenn., ‘Dia- 
mond Evaluation Class, which met March 
30th through April 3rd. Seated left to 
right: William. L. Pankey, Pankey Jewel- 
ers, Memphis; Russell Perel, Perel & Low- 
enstein, Memphis; Herb Lipman, Perel & 
Lowenstein, Memphis; George A. Gattas, 
Fred P. Gattas, Inc., Memphis; Mrs. C. W. 
Helm, Helm’s Jewelry, Columbia, Tenn.; 
Clyde Page, Clyde Page Jewelers, Tren- 
ton, Tenn.; Palmer Farnsworth, Jr., Farns- 
worth’s Jewelers, Greenville, Miss.; Har- 
vey A. Carpenter, Pettit’s Jewelry, Bates- 
ville, Miss.; R. H. Halbert, H. T. Purvis & 
Son, Inc., Jonesboro, Ark. Standing left to 


right: Charles M. Wynn, Delta Jewelers, 
Greenwood, Miss.; K. R. Van Horn, Uni- 
versity Jewelers, Memphis; J. M. Andrews, 
Andrews Jewelers, Union City, Tenn.; 
R. D. Williams, R. D. Williams Jeweler, 
Fayetteville, Tenn.; Al Denman, Floyd A. 
Denman, Jeweler, Stuttgart, Ark.; J. P. 
McGee, McGee Jewelry, New Albany, 
Miss.; Charlie O. Johnson, Rich’s Incor- 
porated, Knoxville, Tenn.; James E. Cole, 
L. P. Jackson, Jackson, Tenn.; Maurice 
Suggs, Suggs Jeweler, Newport, Tenn.; 
G. Robert Crowningshield, Director of the 
Eastern Headquarters of the GIA; H. D. 
Bean, H. D. Bean, Jeweler, Carmi, Hlinois. 
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British Guiana 


It has been reported that 14,344.75 
metric carats of diamonds were mined 
in British Guiana during the first six 
months of 1958 — an increase of 
290.28 metric carats over the same 
period in 1957. 


New Delhi 


The Nizam of Hyderabad is re- 
portedly retiring from public life in 
order to have more leisure time with 
his family and treasures. Besides his 
fabulous jewels, valued roughly at 
two-billion rupees (about 420 million 
dollars), his treasure vault is filled 
with cash, gold and silver bullion. 
One of his treasures, the 183-carat 
Jacob diamond, is 70 carats heavier 
than the famed Kohinoor Diamond 
in the British Crown. 


Rhodesia 


It seems that plans are being made 
to institute marketing controls similar 
to those South Africa uses on dia- 
monds on the Rhodesian emeralds. 


Nepal 


A visitor to Nepal reports that the 
Queen of that country is wearing the 
rare 126-carat Jonker diamond. It is 


Gemological Uigests 


said that she purchased the Jonker 
from ex-king Farouk. 


Rhodesia 

Another emerald deposit has been 
found in the Insiza River District 
near Filabusi, which is in the same 
area as the Belingwe deposit. Mr. 
J. H. Oosthuizen, prospector, who 
found the deposit, stated that the area 
is exposed for 100 yards and that the 
formation is 1800 by 3000 feet, with 
a pocket appearing every few feet. 
The extent of the pockets on the sides 
is not known. The contact minerals 
are said to be serpentine, mica-schist, 
granite and tourmaline. The emeralds 
found are of slightly lower quality 
than those of the Belingwe claim. In 
the near future, a power plant and 
machinery are to be installed on the 
Belingwe claim to open a full-scale 
emerald mine. A blockhouse, in which 
the emeralds will be sorted and 
stored, will also be built. 


Book Review. 


FACET CUTTERS HANDBOOK, 
by Edward J]. Soukup, G.G., F.G.A. 
Published by Gems & Minerals, Men- 
tone, California. 52 pages, illustrated 
(paper bound). Price $2. 

This handbook is written essentially 
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for the person who is interested in 
learning to facet gemstones without the 
assistance of an instructor. The first sec- 


tion of the book presents step-by-step_ 


instructions for faceting the standard 
round brilliant, a comparatively simple 
cut which usually is the first cut for the 
novice. Other and more. difficult cuts, 
with detailed instructions for their fash- 
ioning, are listed; however, the author 
wisely suggests that a beginner should 
cut at least five round brilliants before 
attempting the more difficult cuts. Po- 
tential questions to be expected from 
the tyro are answered in an easily un- 
derstandable manner, including a dis- 
cussion of laps, v-blocks, polishing 
agents, dops and dopping procedures. 
On page 10, under the heading of On 
Things To Remember, the author lists 
e “do's and don’t’s” of faceting. A 
chapter on dopping, which is well il- 
lustrated with comprehensive diagrams, 
is well done. It is unfortunate, how- 
ever, that in the table on page 51 the 
columns listing the angles for the star 
and upper girdle facets have been trans- 
posed in the printing. However, the 
text in other sections of the book has 
been so clearly written when referring 
to this particular subject that the reader 
should be able to recognize this error 
and transpose the angles. An interest- 
ing section on the polishing of corun- 
dum and the abrasives used has been 
contributed by Charles J. Parsons, C.G., 
F.G.A.; and completes the Handbook. 
The Facet Cutters Handbook should 
prove valuable for the person who is 
contemplating faceting as a hobby. 


Following are students who have 
recently been awarded diplomas in the 
THEORY AND PRACTICE OF 
GEMOLOGY: 


Miss Monta McFadin, Clayton, 
New Mexico; William A. Grupey~ 
Wm. Grupe Co.» Los Angeles, Cali- 
fornia; Brandt V. HoutsmayDupen’s 
Jewelry, Chico, California; Joseph EY 
Jessop, J. Jessop & Sons, San Diego, 
California. 


Following are students who have 
recently been awarded diplomas in the 


the THEORY OF oe 


B. S. Mahajan, Bala Appaji & Son, — 
Bombay, India; Lawrence B. Holden,” 
Holden Jewelers, Matawan, New Jer- 
sey; William Shapiro” New York 
City; Charles O. Johnsortk Knoxville, 
Tenn.; Edward Rubin’ Bayside | 
Gacend N. Y.; William S. Preston’ 
Jr., F. J. Preston & Son, Inc., Shee 
ton, Vermont; Paul R. Rousseau/La 
France Jewelers, New Bedford, 
Mass.; Walter J. McTeigue”Jr., Mc- 
Teigue & Co., Inc., New York City; 
John Nelson Frith, Bauman’s, 
Dothan, Ala.; Louis L. Nabholz” 
Robins Co., Attleboro, Mass.; Mrs. 
Velma Mae Caldwell; Traverse City, 
Mich. ; Richard L- Caldwell,” ‘Traverse 
City, Mich.; René Plourde¢Plourde 
Jewelry, Montreal, Quebec, Canada. 
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N. Y. LAB NOTES 


(continued from page 270) 
From gemologist John M. Wise, 


Baltimore importer, we received 
rough specimens of the synthetic 
spinel made as a substitute for lapis- 
lazuli. 

An unusual piece of fluorite from 
Brazil, a gift of Joseph Dattoli, 
showed an alexandritelike effect con- 
sisting of brownish-purple and pur- 
ple. He also gave the Laboratory a 
blue apatite crystal. 

We are indebted to the National 
Lead Company, for two orange-brown 
synthetic rutile cabochons and one 
blue cabochon for use in our classes. 

Dr. Donald Spaulding, GIA stu- 
dent, Omaha, Nebraska, sent speci- 
mens of peridot and star quartz for 
our study collection. 

Student Ben Noble, Jr., shared 
rough Mexican opal with the recent 
diamond class held in Houston, 
Texas, and contributed some valuable 
specimens to the GIA study collec- 
tion. 

Several donations to the Institute 
were received this past month, all of 
which can be used to advantage in our 
classes, in research activities and in our 
gemstone displays. 


L, A. LAB NOTES 


(continued from page 267) 
Several hundreds of carats of rubies, 


sapphires, and emeralds excellent for 
class and study purposes made up an 
exceptionally generous gift from 
Raphael Esmerian, New York City 


colored-stone importer. Many of the 
sapphires will be useful for display 
purposes, as well as for test sets. 

An attractive, dyed mother-of-pearl 
formation was received from Walter 
Meister, Zurich, Switzerland. 

A citrine heart and an attractive 
green tourmaline was received from 
Arthur Azevedo, San Francisco. 

From Maurice Savauge, Canada, 
we received a beautiful yellow, 
twinned diamond crystal that now 
graces our display case. 

A rare cat’s-eye tourmaline is now 
an added attraction in our tourmaline 
display. It was donated by Martin 
Stone, F. & F. Felger, Inc., Newark 
New Jersey. 

John Krzton, GIA student and 
avid collector from Chicago, recently 
donated the: following cabochons: 
rutilated quartz, nephrite, chryso- 
colla, smithsonite, chrysoprase, green 
scapolite, rhodochrosite, opal, mala- 
chite, spider-web variscite, labrado- 


rite, and satin spar with opal attached.. 


A faceted synthetic spinel and green 
quartz, a brown-dyed cultured pearl 
and an imitation pearl were among 
the donations. 

From Joseph Eschenbacher, Minne- 
apolis, Minn., we received a huge por- 
tion of an ivory tusk for our ivory 
collection. 

William McConahay, GIA gradu- 
ate, Salt Lake City, Utah, donated 
three intaglios when he visited the 
GIA in February. They were from his 
private collection and, based on the 
type of carving and polishing ex- 
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hibited on the cuvette figure, are be- 
lieved to be at least 100 to 150 years 
old. 

From George Marcher, C.G., San 
Francisco, we received three of his 
special Marcher cuts, one each of 
quartz, synthetic spinel and synthetic 
corundum, all having the same diam- 
eter (14 mm.) and cut to reveal maxi- 
mum brilliancy and scintillation. 


Five small, burned diamonds were 
sent in by Karl Schwemmer, Reading, 
Penna. 

From Francisco Muller Bastos, 
Belo Horizonte, Minas Gerais, Brazil, 
we received 20 faceted tourmalines 
that run the gamut of colors for this 
gemstone. They are presently hold- 
ing a very prominent place in our 


display cases. 


ABOUT THE AUTHOR 


Charles L. Wells, Jr., jeweler- 
gemologist, Jacksonville, Florida, was 
born in 1929 in Atlanta, Georgia. 
(“Purely by accident,” the author says, 
“since my father just happened to be 
busily engaged at this time in Atlanta 
in opening a store for the firm of which 
he was general manager.) Mr. Wells 
grew up in Jacksonville and, at the 
tender age of twelve, he was introduced 
to the jewelry business; he weighed the 
mellee that his father graded and 
sorted. His education was received at 
Jacksonville Junior College and at 
Emory University. Formal entry into 
the jewelry trade came in 1944, when 
he was assigned the duties of window 
trimming, which was accomplished in 
the mornings before classes, and selling 
in the afternoons after school and dur- 


ing vacations. The title of Registered Jeweler was awarded him in 1956, and 
that of Certified Gemologist in 1958. Mr. Wells is a member of the Gemmo- 
logical Association of Great Britain, and his firm is a sustaining member of the 
GIA. His recent trip abroad included a visit to Switzerland and to Berlin, his 
wife’s family home (where he met and married her while serving in the Army 
with the Berlin Command during 1951 - 1952). His very enlightening article, 
Idar-Oberstein Today, appears on page 287 of this issue of GEMS & GEM- 
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On the Caver 


This jewelry ensemble, created by 
Marianne Ostier, is compored of 
woven band of fine gold, upped 
all around with small brilliants, 
The matching bracelet may be une 
jeweled or it may be set with 
brilltants in its interwoven circles, 
The necklace is featured an the 
jacket of the new baak by 
Marianne Ostier. (See review on 
page 306.) 


Photo Courtesy N. W. Ayer & Son. fre. 
Netw York City 
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Highlights 
at the 
GEM THADE LAB 
in New York 


by 
G. Robert Crowningshield 


Since the trade has become more gen- 
erally aware that many colors of dia- 
mond may be produced by atomic bom- 
bardment, we have been asked to ex- 
amine diamonds the colors of which 
have not yet been reported. Among 
these colors are blue to steel blue and 
definite pinks. However, greenish-blue 
stones and brownish-pink stones have 
been produced. In anticipation of the 
day when artificially colored blue dia- 
monds will be marketed, Lester Benson 
designed and constructed circuit testers 
for both of the GIA Laboratories in 
order to test for the electrical conduc- 
tivity known to be present in all known 
natural-blue stones. In the past several 
months, we have had occasion to test 
and report on a number of blue stones, 
all of which showed electrical conduc- 
tivity on the circuit tester. It 1s interest- 
ing that in some cases (notably a large, 
bright-blue, marquise-cut stone), the 
circuit tester reading was as high as 
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when a penny was substituted for 
the diamond. Other natural stones that 
we have found to be conductive are 
the iron minerals hematite (and, unfor- 
tunately, hemetine) ; pyrite; marcasite; 
impure crystals of rutile, but not gem- 
my crystals; about half of the jadeite 
specimens tested, but. not really gem- 
quality stones; most gray to blue 
chalcedony; moss agate; all black chal- 
cedony tested, including a five-pound 
piece of undyed gray; a large block 
of nephrite, but no gem-quality stones; 
verdite mica; a large block of lepido- 
lite; impure cassiterite, but not color- 
less stones; and houlandite. I am sure 
that.if we had time to test more min- 
erals we would find specimens of others 
that would be conductive. Among syn- 
thetic stones the most striking was blue 
synthetic rutile that was as conductive 
as any natural-blue diamonds we have 
tested. Also, specimens of carborun- 
dum are strongly conductive. 


Zon 


This summer has marked the first 
really widespread use of white coral 
for summer jewelry. Some of it has 
small areas of light pinkish orange and 
most takes an excellent polish. An imi- 
tation that is being sold as genuine 
white coral is fashioned from pink 
conch shell and is sold for about. one- 
fifth the price of the genuine. An article 
in “Women’s Wear Daily,’ with a 
Berkeley California date line, mentions 
the impending distribution of black 
coral from the island of Maui, Hawaii. 
The article makes the following state- 
ment: “Black coral, which is very hard 
and abrasion resistant, has fine veinings 
of white that make free-form patterns 
when the material is cut and polished.” 
We have not yet encountered this mate- 
rial in the laboratory nor have we heard 
of it in the trade. 


* OK 


A most unusual. yellow-green stone 
was identified as glass although it had 
an index of 1.80 plus. It appeared bril- 
liant red under the emerald filter and, 
in fact, turned red when a strong beam 
from a 500-watt projector was’ passed 
through it. It had the red flashes that 
one associates with synthetic blue spinel, 
and an absorption spectrum associated 
with dyed jadeite. The specific gravity 
was 5.40 and the stone fluoresced under 
long-wave ultraviolet. To the unaided 
eye the stone resembled a fine deman- 
totd garnet. The owner (a layman) 
said it was originally a shapeless lump 
that, only recently, he had polished. 
Unfortunately, we were unable to con- 
duct a complete analysis of all its pro- 
perties such as X-ray transmission, 
ultraviolet transmission, etc. The fact 
that the stone was red under the “emer: 
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ald’ filter is further reason to believe 
that this instrument should be used 
with great caution. 


a 


We recently examined some highly 
lustrous, cream-rosé baroque pearls 
strung in five-inch hanks that were 
imported as natural pearls. A radio- 
graph showed them to be hollow cen- 
tered, and the brilliant fluorescence 
under X-rays in the darkroom indicated 
them to be of fresh-water origin. The 
best information we have is that they 
are probably fresh-water cultured pearls 
from Lake Biwa, Japan. Dr. Cahn, in 
his 1949 report on the Japanese Cul- 
tured Pearl Industry, mentions that the 
irritant is mantle tissue with no other 
nucleus. Early examples that we had 
seen were of very poor quality and 
almost unsaleable. These latest are of 
good, although mostly baroque, quality. 
Among the pearls we examined were 
perhaps 20 to 25 that were almost 
round, although the internal void was 
significant. 


* OK 


A clear-green crystal fragment of 
andalusite, gift of Joseph Dattoli, New 
York City, had defied detection until 
its absorption spectrum was studied. 
The unusual appearance, attributed by 
Anderson to rare earths, is unlike any 
other spectrum and serves to identify 
this rare stone positively, even when a 
refractive-index reading and optic fig- 
ure are unobtainable. 


oo 


We were able to detect a coating 
on a marquise diamond recently. It is 
assumed that the coating, which was 
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on the pavilion only, is a mechanical 
painted process rather than the vacuum- 
sputtering process that has been men- 
tioned before as a means of improving 
the color of a yellowish diamond. We 
were unable to have the stone for ex- 
haustive tests. 


* Ok Ok 


We examined a large blue fluorescent 
diamond in the spectroscope and were 
surprised to note two bright fluorescent 
lines (lines of brilliant transmission?) 
at approximately 4350 A and 4420 A. 
The lines of brilliant transmission in 
the red part of the spectrum are well 
known for natural and synthetic rubies 
and for some natural red spinels. We 
wonder if the size of the stone was 
responsible for seeing lines that may be 
present in many similar stones but over- 
looked when the stone is small. 


* % 


A most unusual fluorescent diamond 
seen in the Lab was a fine brownish 
yellow when first taken from the -dia- 
mond paper. As one approached day- 
light from a window, the stone turned 
green and remained that color during 
the day. Placed overnight in the safe, 
it again resumed its brownish-yellow 
color. As one could imagine, the stone 
was highly fluorescent and, in addition, 
phosphorescent. The stone showed no 
spectroscope reaction and no evidence 
of color treatment, either, when allowed 
in contact with an X-ray film for 36 


hours. 
kok Ok 


For some reason we have seen mote 
clam pearls in the past two or three 
months than in a whole year previously. 


Every one we have seen, and we have 
identified at least half a dozen, have 
been of excellent shape and frequently 
had a high luster but, of course, with- 
out nacre. Several of the clients have 
wanted to know how to “prepare them 
for sale.” In one case, the lay client 
had been advised by his jeweler to come 
to the Lab for this information. It is 
perhaps well to repeat here that we do 
not know of anyone in the trade who 
deals in these concretions, although 
they may occasionally be purchased at 
seaside resorts. Lacking nacre, the trade 
does not accept them as true pearls. 
They tend to crack easily during drill- 
ing. The only non-nacreous concretions 
from molluscs that the trade does accept 
are the lovely orange-pink to pink 
conch pearls. We have seen only three 
or four of the latter in the past year. 


Cultured pearl 


What is believed to be the largest 
cultured pearl to be offered for sale in 
this country proved to be a slightly but- 
ton-shaped South Sea cultured pearl 
measuring approximately 17.20 x 16.25 
mm. However, not only its size (and 
quality) distinguished it but, as the 
accompanying radiograph showed, the 
mother-of-pearl core measured only ap- 
proximately 6.00 mm. 
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Among the unusual sapphire exami- 
nations in the past few months was 
a natural blue stone that showed the 
expected line in the spectroscope at 
approximately 4500 A; in addition, it 
had two other lines at about 5000 A 
and 5100 A, as well as a fine line at 
6100. A. We have not been able to 
discover any references in the literature 
to any of the lines other than the nar- 
mal 4500 line. 

eo O* 


A large blue sapphire that contained 
no inclusions ot color banding of any 
sort, even under immersion, proved to 
be natural when the 4500 A line was 
seen in the spectroscope. 

OR Ok 


The necessity of exposing yellow 
sapphires to the sunlight, if the supplier 
has not already done so, to detect 
whether the color is due to Xrays or is 
natural was again brought to our atten- 
tion. A local New York wholesaler sold 
the stone to a retailer, who, in turn, 
sold it to a retail customer. In her pos- 
session it came into. contact with sun- 
light for the first time and lost nearly 
all of its color in a few months. She 
returned it to the jeweler. Most sap- 
phires so treated will revert to their 
original color after a few hours ex- 
posure to direct sunlight. However, 
other means of irradiating sapphires 
may produce colors that are more pet- 
manent. No controlled experiments 
have yet been made by the Laborato- 
fies on atomic-pile-treated or cyclotron- 
treated yellow sapphires. 

ee 


The largest good-quality synthetic 
emerald we have seen to date weighed 
approximately $1, carats and was cut 
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as an octagon step cut. Both the cut 
and the color had alerted the jeweler 
who brought it in, and he was not sur- 
ptised to learn that it was synthetic. 

x oR 

A most unusual star sapphire seen 
in a selection recently imported showed 
two stars; under a single incandescent 
bulb one star was yellow and the other 
bluish. We were unable to keep it long 
enough to photograph, nor could we 
determine the reason for the “pheno- 
menal phenomenon.” A clue was pro- 
vided a day or so later when we obser- 
ved a black star sapphire with twelve 
rays; one set of six was yellowish the 
other set bluish. The latter was due 
to quite distinct and Jong needles, 
whereas the yellowish set was due to 
minute needles making up the charact- 
eristic “silk” seen in black star sap- 
phires. 

kok OR 

We would like to express our appre- 
ciation to Mr. Max Duraffourg, gem 
dealer of New York City, for a fine 
specimen of synthetic green sapphire, 
the nearest to emerald color we have 
yet seen. 

In addition to the rare green anda- 
lusite fragment, we want to thank 
Joseph Dattoli, New York dealer, for 
a Brazilian emerald in mica-schist and 
a specimen of blue apatite. 

We are indebted to graduate Andy 
Heinzman, of H. R. Benedict and Sons, 
for two finely cut orange-red synthetic 
rutiles. This color is not obtainable 
commercially, which is unfortunate, 
since they make handsome stones. Grad- 
uate Melvin Strump, of Superior Gem 
Company, New York City, made an 
important donation to the Institute of 
4 parcel of Ceylon moonstones. 
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Lester B. Benson, Jr. 


Rumors of a new German substitute 
said to be a synthetic turquois led the 
Laboratory to ask Dr. Karl Schloss- 
macher in Idar-Oberstein, Germany, for 
confirmation. The material was reported 
to be identical to natural turquois and, 
in fact, was even sold as natural tur- 
quois from Afghanistan. Contrary to 
several articles that have supported the 
claims, Dr. Schlossmacher stated that 
the material has been proven an imita- 
tion rather than a synthetic, and that the 
person who produced and sold it was 
sentenced to a short term in prison for 
the fraud. Apparently, the same mate- 
rial has again been offered, but this 
time under the name of synthetic tur- 
quois matrix, which is also incorrect. 
Dr. Schlossmacher gives the following 
description of the material and sugges- 
tions for its identification: 


tf 


. the material is composed of alum 
hydrate-copper phosphate. The copper gives 


it the nice blue color, the same as the genu- 
ine stone. The chemical composition deter- 
mined that it was an imitation. The simplest 
method of identification is the spot method, 
in which a tiny drop of reagent liquid, such 
as Thoulet’s solution (potassium and mer- 
curic iodides), is used. The imitation shows 
a brown spot, whereas the genuine shows 
none. Another method 1s the specific-grarity 
test; the imitation ts much lower than the 
genuine. In a liquid specific-gravity test, the 
genuine sinks and the imitation floats. Under 
the microscope, the genuine shows tuo spotty 
minerals intergrown, whereas, the imitation 
has a fine-grained structure. In addition, the 
refractive indices of the two materials drf- 
fer.” 
KOK Ok 

Two of the most interesting cultured 
pearls we have encountered were 
large, elongated, and almost perfectly 
matched (see radiograph illustrated). 
Presumably, they were of South Seas 
origin. Their unusual shape and size, in 
addition to the identical nature of the 
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Cultured pearls 


two, made it seem as if their shape had 
been planned rather than accidental. 
ok oR 
One woman made a trip from San 
Francisco to have the identity of a ruby 
confirmed. The stone originated as a 
gift from India and its presumed value 
was too high to risk sending it through 
the mail despite its weight of about one 
carat. It turned out to be a typical syn- 
thetic. 
Ok R 
Another identification involved 
checking a number of stones believed 
io be glass. All turned out to be natural 
sapphires! 
KOR OK 
The chalcedony cameo in the accom- 
‘panying photograph was sent in to 
determine the cause of the wormlike 
inclusions in the upper left part of the 
stone. The claim was that the ‘‘worm’’ 
was of recent origin, and that it was 
increasing in size. The inclusion was 
extremely obvious and spoiled what 
would otherwise have been a beautiful 
cameo. Assuming that it would have 
been unlikely for fine work of this 
kind to have been done on a stone with 
such a pronounced blemish, it was 
checked for-effects of acid. This treat- 
ment revealed that the material was not 


pure chalcedony, but that it contained 
isolated areas of impurities that were 
attacked by hydrochloric acid. These 
areas became slightly cloudy upon ex- 
posure to concentrated acid, although 
the reaction was light. The only con- 
clusion that could be drawn was that 
the stone was an impure chalcedony. 
Perhaps it had been immersed in a 
pickling solution or another weak acid, 
at which time the area that now appears 
as the wormlike inclusions, in addition 
to a few other small clouded sections, 
began to alter to their present appear- 
ances. The slow rate at which these 
changes took place gave the illusion of 
growth. 
xR 

A highly prized ruby-and-emerald- 
set antique pin was submitted for con- 
firmation of the stone’s identity. The 
pin hac a closed back. Examination 
revealed that the emeralds were gain- 
ing much of their color from a cement 
on the back of the stones. 

OK 

Some interesting problems were en- 
countered in the construction of the cir- 
cuit testers mentioned in the New York 
Lab Column. The first references to the 
testing of natural blue diamonds by 
this method were presented by Dr. 
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Chalcedony cameo. Insei shows wormlike inclusions - 


Custers, of the Diamond Research 
Laboratory in South Africa, about two 
years ago. His, as well as subsequent 
articles on the subject, referred to the 
use of a normal 110-volt circuit for the 
test. Since the exposed prods required 
for making contact with a stone used 
in conjunction with high-ampere cur- 
rent of this type would be rather dan- 
gerous in the hands of a novice, the 
construction of such an instrument for 
routine testing could not be considered. 
Tests showed that very low-ampere cur- 
rents were equally effective, provided 
suitable contact could be made with the 
stone. When using a low-ampere cur- 
rent, placing a diamond on a metal con- 
tact plate and using a clean metal point 
for a prod will not in itself always 
make a suitable contact on a diamond 
surface, even when considerable pres- 


sure is brought to bear. Oftentimes, 
under these conditions, a minute 
amount of arcing could be observed in 
a dark room from various points be- 
tween the polished surface of the dia- 
mond and the base plate. Constructing 
a tester to provide a wet surface plate 
and a hand probe that contained a small 
cotton pack that can also be dampened 
by simply dipping it in water solved 
the problem. Work done in conjunction 
with that performed in the New York 
Lab has verified that a considerable 
range of conductivity is presented by 
different crystals. In one case, a large 
blue crystal was encountered that failed 
to conduct any current through one por- 
tion. Polished stones, for example a 
tapered baguette, have shown a pro- 
portionate degree of conductivity for 
the depth of the stone tested; again, 


SUMMER 1959 


297 


however, the degree of conductivity 
versus the depth varies tremendously 
with different stones. One very small 
cyclotron-treated purple stone proved 
to be a conductor, but all conductive 
stones tested thus far were at least to 
some degree bluish, although in a few 
cases they were virtually colorless. Pro- 
duction of these circuit testers has not 
been contemplated, unless unexpected 
demand arises. This is because the aver- 
age wholesale or retail firm would have 
little occasion to test such stones. 
kok OR 

The accompanying photograph was 
made of a ring set with a huge cabochon 
of colorless quartz with bladelike inclu- 
sions that was submitted for identifica- 
tion. 


Quartz cabochon with bladelike inclusions 


An interesting phenomenon was en- 
countered during recent work on the 
testing of blue diamonds. Specifically, 
two colorless stones that were irradi- 
ated for approximately two minutes 
under short-wave ultraviolet and then 
exposed to X radiation (approximately 
65kv's, 7ma’s) for approximately one 
minute fluoresced and subsequently 


phosphoresced weakly under ultravio- 
let, whereas the property had been 
nonexistent prior to the treatment. 
kok x 

Some months ago the Institute was 
approached by a prominent lighting 
manufacturer for suggestions on a 
lamp he planned to offer jewelers. 
The basic lamp had been developed 
for an artist, who was dissatisfied 
with the nature of the artificial illu- 
mination available to him. In labora- 
tory tests the quality of the light 
seemed so exceptionally satisfactory 
for work with diamonds, and other 
stones as well, that the staff felt its 
possibilities were limited only by the 
usual lack of fire and scintillation that 
is characteristic of fluorescent illu- 
mination. Experiments in the GIA 
laboratory led to the adaption of a 
unique system of baffling that resulted 
in high fire and scintillation charac- 
teristics remarkably resembling those 
produced by a combination of sun- 
light and general north-light illumi- 
nation. Thus, the lamp provided a 
double-duty potential as both a gen- 
eral illuminant and as an effective 
display unit. Since this illumination is 
accomplished by combining specially 
designed and engineered fluorescent 
tubes, lightweight construction was 
possible without the heat problem 
that is associated with incandescent 
lights. In addition, an inexpensive all- 
plastic diamond-grading unit was de- 
signed to be used with the lamp for 
accurate grading purposes. This is 
constructed in a way that eliminates 
surface reflections from stones and 
other problems imposed by a direct 
overhead grading light. It is believed 
that this lamp will have a material 

(continued on page 319) 
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Sea-green Carats 


by 


JOHN SINKANKAS, C. G 


Last winter—I guess it was about then 
—Martin Ehrmann breezed into Wash- 
ington on one of his many gem-trading 
trips. He called up from the Smith- 
sonian: “Can you get away? Come 
up to George's office; I’ve’ got some- 
thing to show you!” 

From the tone of his voice I knew 
he had something considerably out of 
the ordinary, but his brief conversa- 
tion gave no hint of what it might be. 

The office referred to, a squarish, 
rather gloomy place on the top floor of 
the Natural History Building on Con- 
stitution Avenue, belonged to Dr. 
George Switzer of the Division of Min- 
eralogy. I passed by his receptionist and 
entered through a door that looked 
faintly like the adit of a mine because 
of the stacks of books and files that 
guarded its entrance and reached into 
the gloom of one of those impossibly 
high-ceilinged rooms so dear to the 
hearts of government-building archi- 
tects of the classical school. 


Martin was in the middle of a cab- 
bage patch of white tissue paper, talk- 
ing animatedly to Dr. Switzer. Turning 
to me he said: “John, I’ve got some- 
thing for you to cut.” 

He reached over to one of the puffs 
of paper and from its middle extracted 
an enormous mass of transparent 
Brazilian spodumene. It was about the 
size and shape of a bar of laundry 
soap but quite irregular upon the ends 
and rounded on one of the sides. It 
gleamed and glistened in the light of 
the window as he handed it over. A 
casual glance was enough to tell me 
that in its center rested a potential gem 
of a size never seen before in spodu- 
mene. The color was good, and al- 
though comparatively pale, as is always 
the case in this greenish variety, it 
would multiply and deepen through 
repeated reflections from the facets of 
the finished stone—if it ever got fin- 
ished! Thoughts of bitter, determined 
struggles with a certain spodumene of 
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several hundred carats now resting in 
the Smithsonian Gem Hall chilled my 
enthusiasm and killed the anticipation 
that Martin's call had raised. Almost 
with a sense of relief, I handed back 
the stone, saying: ‘Sorry old man, 
can’t handle it—much too big for my 
equipment.” 

Anyone who knows Martin Ehrmann 
also knows that he is not easily diverted 
from a goal, and this time the goal 
was to have me cut this particular 
piece of spodumene. He shot back: 

“Well for heaven’s sake, get some 
big equipment. Don’t let a little thing 
like that stop you!” 

I spluttered with indignation as I 
tried to tell him that one simply did 
not go out, snap his fingers, and with 
the magic of an Aladdin’s lamp pro- 
duce a jumbo-sized facet machine out 
of thin air, especially when the likes 
of such had never been built commer- , 


cially. Martin ignored my indignation’ 
_ hands on the deal. 


and then, knowing of my respect and 
admiration for Dr. Victor Ben Meen 
of the Royal Ontario Museum in 
Toronto, casually mentioned that Vic 
and the Museum would be awfully dis- 
appointed, inasmuch as he had prom- 
ised them the cut stone. 

Most reluctantly, then, I admitted 
that I just did happen to have a cousin 
in New Jersey who was a perfect gen- 
ius in machine work. In fact, he oper- 
ated a rather unique establishment with 
his father that specialized in making 
Rube Goldbergian packaging machin- 
ery—the kind in which the machine 
makes up plastic squeeze bottles, for 
example. It takes plastic tubing, cuts 
it up into pieces, slips a piece into a 
nose cap, puts the cap into the bottle 
and then screws on a lid. All going 


like mad. 

“Perhaps” I said, “He might go for 
such a machine if I twist his arm 
enough, although this sort of a deal 
would be pretty small potatoes for 
him,” : 

“Twist it,’ shouted Martin. “Break 
it off, I don’t care—I promised Vic!’ 

I looked again at the rough and 
gloomily predicted: “Besides it isn’t 
the right shape for a big recovery; too 
flat, and look at all the bumps that have 
got to go from the ends. You'll lose 
a lot of weight right there even before 
you begin cutting.” 

But Martin was not to be put off. 
After a few minutes of his impassioned 
oratory, I found myself committed to 
do a cutting job, the biggest I had ever 
tackled and not in something easy like 
quartz, but in about the worst that 
one could find, and that with a machine 
that hadn't ever been built. Despite 
its delightful vagueness, we shook 


The crystal was not of the most 
ideal proportions, but who could quib- 
ble about a minor detail like that? 
How many years would it be before 
another, better crystal would show up? 
I’m afraid we would have to wait a 
long time. Now that the bargain was 
sealed, I bent to a closer examination, 
which showed the interior of the gem 
to be quite flawless, in itself an aston- 
ishing event in view of its large size. 
Thank goodness there were no signs of 
twinning evident-upon any of the glis- 
tening, etched surfaces. Twinning is 
common in gem spodumene.and shows 
itself by sharp discontinuities, or ledge- 
like protuberances, upon the exterior. 
In most cases, these discontinuities can 
be followed completely around the 
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Figure 2 The specially made reproduction of the Allen Facet Unit used 

in cutting the spodumene. The splash pan is not installed. Behind the 

machine is the dop transfer jig; to the right are the dops. Photo courtesy 
Cedric Gleason 


periphery of the rough; in the case of 
the lovely kunzites of California they 
are believed to conis:vute to the no- 
torious instability of this gemstone 
while being cut, perhaps because such 
places represent points of strain due to 
twinning. The weight of the crystal 
was 735 grams, or 3675 carats. I drew 
a few reference marks upon the mass, 
applied certain thumb rules for estimat- 
ing the inevitable cutting losses, and 
announced the expected result: a gem 
of about 1850 carats! As it turned out, 
this was not far off. 

The first hurdle obviously was to 
get the faceting machine. This proved 
much: more difficult than any of us had 
anticipated in the first flush of enthusi- 
asm. I called up my cousin, Casimir 
Wysocki, that evening and found him 
amenable to making the machine after 
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I described the circumstances surround- 
ing the bargain and what would be te- 
quired. He warned that it would take 
time because of the involvement of his 
firm, Progressive Machine Industries, 
in no less than four of the packaging 
machines referred to earlier, each one 
for a different packaging problem and 
calling for a great deal of cut-and-try 
and on-the-spot invention. He sug- 
gested that I prepare the drawings to 
save time. i 

The machine that I thought would 
best meet the rugged requirements of 
the cutting task was the Allen Facet 
Unit, a regular model of which had 
served me well for many years. Its 
direct simplicity, strength and accuracy 
convinced me it was best for the pur- 
pose. Gene Allen, its designer, graci- 
ously grantéd me permission to make a 
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Figure 3 The author holding the finished gem just after 
its completion. Phofo courtesy Cedric Gleason 


one-time scaled-up reproduction, shoot- 
ing back his assent with a cheery “Go 
ahead, and best of luck.” 

I set to work immediately drawing 
up the plans, using a scale-up factor 
of 1.5 applied to all the dimensions of 
the regular model, rounding off to con- 
venient decimals toward the higher and 
more rugged side when desirable. The 
completed machine appears in Figures 
2 and 3. 

A few dimensions will give some 
idea of its size. The table built for it, 
for example, measures 48” by 30”; the 
vertical stand rod on which the facet 
head slides is 1614” tall. The dop 
arm for holding the dops, the latter of 


34” shank diameter, is 934” in overall 
length. A transfer jig for the dops, used 
when gems are switched from one dop 
to another, was machined from alumi- 
num and measures 4” by 7”, to assure 
a wide enough throat for the largest 
gems. The ballbearing-mounted master 
lap is 115g” in diameter and accepts 
12” diameter laps. The latter I ordered 
from Gene, because especially careful 
machining work is necessary to make 
true laps in the first place, and my own 
of 12” diameter could prove to be com- 
pletely unacceptable, if made by a shop 
not familiar with the peculiar needs 
for faceting. Two copper laps for 
charging with diamond grit were or- 
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dered ; one was to be charged with 100 
grit, the other with 400 grit for coarse 
and fine grinding, respectively. I later 
found it necessary to charge one of the 
remaining free sides with 200 grit to 
provide an intermediate grinding step 
between coarse and fine. A plain steel 
lap was also ordered for lapping with 
loose grit and a lead-on-aluminum lap 
for grinding with imbedded grit, a 
technique as old as the hills in lapidary 
work. Two plain aluminum laps were 
also obtained for making into wax- 
cloth polishers, whereas a conventional 
lucite lap and a tin-on-aluminum lap 
completed the kit. 

Power for driving the master lap was 
provided by a one-third horsepower 
motor, whose speed of 1750 RPM was 
reduced to 350 RPM at the master-lap 
spindle by suitable pulleys. This speed 
proved entirely satisfactory for both 
grinding and polishing. I won't bore 
readers with further mechanical details, 
except to say that everything worked 
out as planned: the machine ran accu- 
rately, quietly, and did not stall under 
the very considerable pressures that 
have to be applied when cutting so 
hard a material as spodumene. 

Of the numerous problems faced in 
the cutting of any large gem, not to 
mention those connected with spodu- 
mene, that of reducing the irregular 
mass of rough to an approximation of 
the final gem known as the preform, 
is one of greatest concern. Obviously, 
in this instance, the enormous crystal 
could not be hand held against my 
5-inch thin-blade diamond saw, which 
I. use ordinarily for sectioning gem 
material. All that would happen, I was 
sure, would be a jammed and broken 
blade and possibly damage to the stone 


itself. With blades at about ten dollars 
apiece, I could not afford to ruin one 
after another. Considering past experi- 
ence with similar spodumene from 
Brazil, a material far less inclined to 
develop cleavages than spodumene 
from other sources, I decided upon the 
daring alternative of slicing off surplus 
material on my sixteen-inch slabbing 
saw, a machine ordinarily better suited 
to the cutting of far coarser and larger 
material. I reasoned that if the slowest 
rate of power feeds were used, the 
shocks applied to the sensitive crystal 
would probably be less than those 
likely to arise from trying to hold the 
stone by hand against a smaller blade. 
Accordingly, sawing-guide marks were 
carefully laid out in india ink and pro- 
tected from the solvent action of the 
coolant in the saw by coating them with 
shellac. The crystal was then clamped 
in the saw carriage for the first cut, 
carefully aligned to the edge of -the 
blade, the splash hood closed, and with 
fingers crossed, the motor switched on. 


In a few minutes the initial “‘zing- 
ing” of the blade changed to a rhyth- 
mic “‘swishing’ as the thousands of 
minute diamond teeth in the edge of 
the blade carved a narrow channel into 
the stone. This first cut was like await- 
ing the verdict of a court. Would it 
be freedom to go ahead. or would it 
be disaster—a handful of needlelike 
shards of shattered spodumene? I could 
scarcely wait until the exasperatingly 
slow movement of the carriage had 
brought the gem far enough forward 
to give a fair trial of cutting progress. 
When the saw was stopped, examined 
the cut in the beam of a flashlight, look- 
ing for any trace of cleaving or splin- 
tering. There was nothing that I could 
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A flawless, sea-green Brazilian spodumene cut for the Royal Ontario 
Museum, Toronto. It weighs 1804 carats and measures 3% inches long and 
2% inches wide. Photo courtesy Cedric Gleason 


see. Breathing a little more easily, the 
hood was closed again and the machine 
restarted until the abrupt cessation of 
noise some minutes later signaled the 
end of the cut. 

' This time the examination would 
tell the story. The crystal was loosened 
from the carriage and brought up to a 
strong light; it appeared beautifully 
transparent under its oily coating. In- 
credible! Not one sign of internal dam- 
age—nothing but the smooth lapped 
surface where the tiny diamond teeth 
had worn away the spodumene. With 
an enormous sense: of relief, I returned 
the stone to the saw for the next cut, 
and the next, until after the better part 
of a day acting as nursemaid, every bit 
of excess that could be removed by 
this technique had been shaved away 
from the parent mass. A few hours 
of work on a carefully dressed grinding 
wheel brought the preform to its final 
dimensions, only slightly larger than 
those of the completed gem. From 
this ‘point on, it would be cemented 
to a dop and fitted with the long 
narrow facets of the emerald cut I 
had decided upon. 

Disappointingly, grinding of the pre- 
form revealed several etch. pits, origi- 


nally filled with pocket clay that dis- 
guised their true depth, penetrating 
deeply into the crystal and requiring 
the removal of more material than I 
had anticipated. However, these, too, 
were taken care of and the gem finally 
readied for faceting. The work now 
progressed slowly but routinely; each 
facet angle was set, the gem lowered 
to the whirling lap and ground away 
to the correct depth: the upper half 
was finished first, then each facet pol- 
ished with Linde A powder upon a 
heavily scored tin lap. The entire proc- 
ess was repeated for the pavilion, until 
at last the final narrow facets at the 
very tip were rendered transparently 
smooth. The gem was finished! 
Cleaning off the shellac used for ce- 
menting the stone to the dop revealed 
the spodumene in its true beauty. It 
lay upon white tissue paper, scintillat- 
ing with narrow ribbons of light re- 
flected from its facets. This is always 
the supreme thrill in faceting, to see 
the emergence of brilliance where mo- 
ments before lay only a dull pool of 
color. Sometimes the thrill is replaced 
by keen disappointment when unfore- 
seen inclusions, color banding, or ex- 
cessively dark coloration ‘kill’ the 
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stone and hours of labor go for naught. 
But this one—now this was a gem! My 
only apprehension was its weight: 
would it, as I had rashly predicted, 
weigh close to 1850 carats? It was a 
bit of a scramble to get enough weights 
together to balance the gem on my 
small scales, but it was done and it 
came out to 1804 carats! 

Some vital statistics on this spodu- 
mene may be of interest to readers who 
are curious to know how much weight 
was lost during cutting. Losses, of 
course, vary considerably with the ini- 
tial shape and relative flawlessness of 
the rough, but the data below still give 
some idea of what can be expected: 


Rough weight: 3675 catats 

Preform weight: 2055 carats, so far a 
44% loss 

Finished weight: 1804 carats, a final 
-loss of 49% 

Finished dimensions: 37%” x 24” 
Style of cut: Octagonal step cut. Four 
facets on the crown; six rows of 
facets upon the pavilion. 
Size of table facet: 274” x 1” 


The gem, so I am informed, is now 
on exhibit in the mineral and gem hall 
of the Royal Ontario Museum in 
Toronto, Canada. 

Before I close, I wish to thank Mr. 
Gene Allen of Los Angeles, California, 
for his generous permission to use his 
smaller unit as the model for the one 
just described. After many years in 
business under the name of Allen Lapi- 
dary Equipment Company, I under- 
stand he has now turned over all inter- 
ests to the Belmont Lapidary Company, 
who will continue to make the Allen 
line of lapidary equipment. Special 
thanks are also due to Mr. Casimir 


Wysocki of Hackensack, New Jersey, 
who placed at my disposal the very 
considerable skills of his machinists. 
The quality of the gem is a reflection of 
their ability. The photographs that ac- 
company the text were kindly made by 
Mr. Cedric Gleason of Washington, 
ID), (C2 


. I ono Koll 


Following are students who have 
recently been awarded diplomas in 
the Theory and Practice of Gemo- 


logy: 


John R. Fuhrbach, Fuhrbach Jewel- 
ers, Amarillo, Texas; John M. Wells, 
Wells Jewelry Company, Perry, Flo- 
rida; B. S. Mahajan, Bala Appaji 
& Son, Bombay, India; Glen W. Glo- 
ver, Jewelry, Payette, Idaho; Norman 
R. Clark, Norman Ingle Jewelers, 
Salisbury, North Carolina. 


Following are students who have 
recently been awarded diplomas in 
the Theory of Gemology: 


Donald E. Kaufman, St. Joseph, 
Missouri; Peter Adler, Barney Adler 
& Sons, Inc., Montreal, Canada; 
Alvin J. Goldberger, Pine Bluff, Ar- 
kansas; Roger M. Levi, Kruckemeyer 
& Cohn, Evansville, Indiana; John T. 
Carpenter, Carpenter's Jewelers, 
Camp Hill, Pennsylvania; Virgil 
Pratt, Pratt Jewelers, Alturas, Cali- 
fornia; Joseph E. Ball, Ernest V. Ball 
Jewelry, Akron, Ohio. 
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Book Heview 


by 


Dorothy Dignam 


Feature Writer and Researcher on 
Diamonds 


JEWELS AND THE WOMAN, The 
Romance, Magic and Art of Feminine 
Adornment, by Marianne Ostier, Pub- 
lished by Horizon Press, 220 West 
42nd. Street, New York 36, 320 pages, 
60 halftones, color pages on the birth- 
stones. Price $7.50. 

Books on jewelry are pretty well 
typed. They tend to be chronological 
reports on changes of style, material, 
and the goldsmith’s art. If you're build- 
ing a jewel library, acquire these elab- 
orate editions as you can. But right 
now, for everyday use, buy Jewels and 
the Woman and keep it in the store. 
There has never been a handbook with 
so much. “inside stuff’ on feminine 
adornment. Put slips of paper as mark- 
ers in the chapters on earrings, the 
etiquette of jewelry, and advice to 
wives on buying jewelry for men. There 
are ideas here that might put an im- 
portant sale into orbit for you. 

First, meet the author, Marianne 
Ostier. You may have seen that name 
in print before. Mrs. Ostier has writ- 
ten on design for JEWELERS’ CIR- 
CULAR-KEYSTONE.. She has great 
talent for creation in precious jewelry. 
She and her husband, Oliver Ostier, 
operate Ostier, Inc., on Fifth Avenue. 
Mrs. Ostier won’ Diamonds U.S.A. 


Awards for diamond jewelry design in 
three successive yeats. 


Marianne Ostier, author of 
Jewels and the Woman 


Born and educated in Vienna, she 
married court jeweler, Oliver Ostier, 
while still a student at the Vienna Aca- 
demy of Arts and Crafts. The couple 
came to this country before World War 
II and are now American citizens. In 
Vienna, they designed and made most 
of the magnificent diamond jewelry of 
Queen Geraldine of Albania, a portion 
of which was put on sale in New York 
last winter for benefit of Albanians 
now resettling outside the iron curtain. 

Jewels and the W oman was not writ- 
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Award-winning jewelry de- 
signed by Marianne Ostier 


Photo courtesy 
N.Y. Ayer & Son, Inc. 
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Award-winning jewelry designed by Marianne Ostier 
Photo courtesy N. Y. Ayer & Son, Inc. 
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ten for jewelers or anyone in the trade. 
It is replete with woman-sense ad- 
dressed to other women and is all 
jewelry and ornament. No fashion fol- 
de-rol! Everything that a good gem 
book should contain is here: gemstones, 
birthstones, lucky stones, famous stones. 
But the big plus values for you are its 
many little pointers not found in any 
other book, whether the subject is 
fashion, etiquette, or gemology. 

Here are selections that you might 
almost call Ostier epigrams: 


Cosmetics are no more than a base 
.. . jewelers ave the oldest and most 
proven help to beauty. 

Earrings can do move to bring out 
a woman's best features than any other 
jewel... more tricks to them than 
makeup. 

Red hair and a fair complexion .. . 
pearls may be worn if the luster is 
pink. 

Too wide a band (bracelet) will tend 
to make the hand look boney. 

Don't wear a clearly functional watch 
duving social hours... your hostess 
should never sense that you are measur- 
ing the time you give her. 

You wouldn't caution a high-school 
gitl about wearing her sport shoes with 
a formal. She'd know. But when it 
comes to jewelry appropriate. to the 
occasion, most women haven't the 
haziest idea, 

At a large social gathering, among 
Strangers, a well-designed jewel or 
beautiful parure sometimes offers a 
pleasant opening for general conversa- 
tion. This leads to mutual interest and 
generates friendly ease. (More original 
than the weather, anyway !) 

A diamond clip should never be 


worn on a fur or stole to be left over 
the back of a chair in a restaurant or 
hanging in the hall closet at a home 
party. Decide in advance what jewelry 
to wear and where to wear it; this 
means what jewel placed where in rela- 
tion to the costume. 

A gourmet never smokes before the 
coffee; 4 woman of taste never wears 
diamonds before lunch. In the evening, 
conversely, no leather, wood, or silver. 

In itself, the lorgnette can be a beau- 
tiful jewel. In the hands of a graceful 
woman, it can embellish her beauty, 
considerably. 

A woman must remember, in select- 
ing dress and jewels, that she is the 
living symbol of ber own or her hus- 
band’s significance. 

On an ocean voyage, there will be 
no.time to change clothes between cock- 
tails in a private suite and the captain's 
dinner. (Mrs. Ostier, by the way, en- 
courages smart women to take some of 
their good jewelry to Europe with them 
because of much entertaining over 
there, and gives several pages to travel, 
care, insurance, and customs. Read this 
section of the book; know all the 
answers. ) 

Whatever a man needs he probably 
has, but this should not deter you from 
pleasing him with another gift. New 
cufflinks, for instance, may remind him 
of some recent event in his life or 
career. 

For an espectally significant gift, 
have the jeweler’s box embossed with 
the initials of the recipient and the date 
of the occasion. The box then becomes 
a treasured part of the jewelry gift. 


Being a book about beauty, Jewels 
and the Woman is a beautiful book in 
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Formations of Minerals 
Physical Properties 


by 


RICHARD JAHNS, Px.D. 


Professor of Geology 
California Institute of Technology 


This is a continuation of the article 
by Professor Richard Jabns on the struc- 
ture of matter, the nature of crystals, 
formations of minerals and their 
physical properties that began in the 
Spring 1958 issue of GEMS G GEM- 
OLOGY. 


Color and Transparency 


The color of a mineral, as deter- 
mined by inspection of fresh surfaces 
in reflected light, can be a very useful 
means of identification, especially if 
it is interpreted with caution. Color 
is a constant and diagnostic property 
for some minerals, such as magnetite, 
pyrite and galena, but varies consid- 
erably in many others. Most of the 
gem minerals show such variations, 
not only from one occurrence to an- 
other, but even within single-zoned 
crystals. Further, the true color of a 
mineral commonly is. masked by sur- 
face alteration to films of one or more 
other minerals; corundum, garnet and 


olivine are good examples. A few 
minerals, particularly those with 
metallic luster, have tarnished sur- 
faces that do not represent the true 
color as observed on fresh breaks. 
Most colored minerals are said to 
have body color, because the light re- 
flected from them owes its color to 
selective absorption of certain com- 
ponents of the white light that is in- 
cident upon them. This white light 
penetrates appreciable distances into 
a given mineral and is robbed of cer- 
tain colors before it is reflected back 
to the observer. Swrface color, on the 
other hand, is due to selective reflec- 
tion of certain colors at the sarface of 
the mineral. It is well shown by 
pyrite, native gold and many other 
minerals that are opaque and have 
metallic characteristics of reflection. 
If the color of a mineral is due to 
one or more properties of the mineral 
itself, it is termed an inherent color. 
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Inherent coloring, in turn, can be a 
function of the kinds of atoms or ions 
in the crystal structure, of the manner 
in which they are bound together 
(i.e., the effect of bonding upon their 
electronic configurations), of various 
types of structural imperfections in 
the crystal, or of some combination 
of these factors. The compositional 
effect generally is the most important, 
and can be demonstrated very clearly 
by the correlation between color and 
composition in such mineral groups 
as the pyroxenes, amphiboles, epi- 
dotes, garnets and tourmalines. The 
nature of the bonding between atoms 
also is.very significant in some occur- 
rences, and is well illustrated by the 
marked differences in color and trans- 
parency of the carbon minerals dia- 
mond and graphite. 


Atoms (or ions) or iron, manga- 
nese, titanium and chromium are the 
most common coloring agents in gem 
minerals. The specific color imparted 
by one of these (or other) elements 
depends upon its state. of oxidation 
and upon the manner in which it is 
distributed and bound within the cry- 
stal structure, Ferrous iron, for exam- 
ple, imparts a greenish to brownish 
coloration in some minerals and little 
or no color in others, whereas ferric 
iron commonly gives pale to very deep 
yellowish, reddish and brownish. col- 
ors; if iron is present ini both states 
of oxidation, a deep-blue color com- 
monly results. Where two or more 
kinds of coloring atoms are present, 
their effects generally are blended. 


Many elements that are abundant 
in minerals have little or no influence 
on color, and transparent crystals that 
are formed only by elements of this 
type are colorless. Among such ele- 
ments are oxygen, silicon, aluminum, 
beryllium, calcium, magnesium, so- 
dium, potassium, and under certain 
conditions, carbon. It is scarcely sur- 
prising, therefore, that so. many of 
the silicates, carbonates and alumi- 
nates are colorless or white. 


The inherent color of many miner- 
als is modified or even masked: by 
coloration due to impurities, and such 
coloration commonly is said to be 
exotic. Some impurities have a very 
strong coloring influence, even 
though they may be present in little 
more than trace amounts. Iron and 
manganese oxides are particularly ef- 
fective coloring agents of this type, 
and commonly occur as scattered tiny 
inclusions that are physically distinct 
from the host crystal. Impurities that 
are chemically combined, in the sense 
that they occupy various regular posi- 
tions in the crystal structure, also can 
have strong effects upon color. Such 
colors, however, are not ordinarily re- 
ferred to as exotic. Excellent exam- 
ples are the green color beryl receives 
from a little chromium, the red color 
that corundum receives from a little 
chromium and titanium, and the pink 
color of muscovite and purplish color 
of quartz that are ascribable to: mi- 
nute amounts of manganese. 


Color of a-different type is caused 
in some minerals by thin films, lami- 
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nae, or other defects in the crystal 
structure, or by minute inclusions or 
particles that are not colored them- 
selves. The defects can exist over a 
wide range of scales, but in general 
are large as compared with the size 
of individual atoms or ions. Some of 
them cause interference or diffraction 
of light to produce play of color 
(opal) or change of color (certain 
varieties of labradorite). Tiny ori- 
ented inclusions can cause a pearly or 
milky adularescence, as in the moon- 
stone variety of orthoclase. Absorp- 
tion of light by certain tons or atoms 
in disturbed crystal structures also can 
give a coloring effect, and the smoky 
color in some quartz and the colors in 
some varieties of fluorite, for exam- 
ple, have been attributed to ion dis- 
locations caused by radiation from 
nearby radioactive minerals. 

The transparency of a mineral ts 
essentially an inverse measure of its 
ability to absorb light. Many minerals 
have this ability to such a degree that 
they are opaque even in the thinnest 
slices. The metallic sulfides and some 
native elements are good examples. 
Most of the gem minerals, however, 
are transparent, at least in thin splin- 
ters, and are transparent, milky or 
translucent in thicker masses. This is 
especially true of the light-colored 
minerals, but even very dark-colored 
ones like hornblende and some tour- 
maline are seen to be transparent 
when examined in the form of small 
or very thin fragments: Similarly, ex- 
tremely thin films of magnetite are 


transparent and purplish gray in 
color. 


Although very small fragments of 
most nonopaque minerals are quite 
transparent, large fragments and 
masses rarely are clear. Colorless min- 
erals, for example, appear milky and 
white, and many colored minerals 
give a false impression of complete 
opaqueness. This general effect results 
from the repeated diffused reflection 
of the transmitted light from the sur- 
faces of numerous fractures, cleavage 
cracks, inclusions, cavities and other 
tiny flaws within the minerals. Some 
of the imperfections may have devel- 
oped during growth of the crystals, 
as already described; others may have 
been formed by later contraction dur- 
ing cooling of the crystals; still oth- 
ers appear to resulted from 
exsolution of other minerals during 
cooling. Innumerable cracks also are 
formed by still later stresses that are 
applied to the crystals in rocks. And 
finally, the milkiness in some crystals 
is due to the development of tiny 
scales, needles or grains of secondary 


have 


minerals by alteration along fractures 
or other openings. 


Streak 


The streak of a mineral is its color 
in powdered form, and commonly 
differs somewhat from the color 
shown by the mineral before it was 
powdered. This property is more con- 
stant than gross color, and 1s most 
helpful in the identification of very 
dark-colored or opaque minerals, es- 
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pecially the sulfides and some of the 
oxides. Most of the transparent min- 
erals have a white streak, and hence 
cannot be distinguished on the basis 
of this property alone. The streak of 
such minerals can be useful; however, 
for recognizing some exotic colors, 
which disappear or become very faint 
when the mineral is powdered. 

The streak of a soft mineral is best 
obtained by drawing an edge or cor- 
ner of the specimen across a-plate of 
unglazed porcelain (streak plate). A 
streak of the powdered mineral will 
remain for inspection on the surface of 
the light-colored plate. Minerals that 
are harder than the streak plate can be 
powdered by percussion, and the ordi- 
nary hammer marks on a trimmed spec- 
imen generally yield the required streak 
data in the form of adhering mineral 
powders.’ These powders can be in- 
spected in place, generally with the aid 
of the hand lens, or they can be rubbed 
off onto a sheet of white paper for fur- 
ther examination. In determining the 
streak, care should be taken to powder 
fresh fragments of the mineral, lest a 
false color be contributed by alteration 
products. 


Luster 


The Juster of a mineral is the appear- 
ance of its surface in reflected light, and 
is independent of color. Minerals 
whose surfaces resemble that of a typi- 
cal metal are said to have metallic lus- 
ter, and those with only a partial re- 
semblance of this kind are said to have 
submetallic luster. All other kinds of 
luster are classed as nonmetallic. Min- 
erals with metallic luster are opaque or 
very nearly so, and include many of the 


native elements and the sulfides, as well 
as some of the oxides: Minerals with 
nonmetallic luster can-be further classt- 
fied in terms of: their surface appear- 
ance. The chief designations used are 
adamantine (diamondlike), vitreous 
(like a broken surface of glass), greasy 
(like oily glass), pearly, silky, icy (like 
melting ice), resinous (like the resin 
of pine trees) and earthy. The inten- 
sity of luster can also be classified be- 
tween the brightest and dullest limits, 
and the terms generally used are splen- 
dent, shining, glistening, glimmering 
and dull. 

Luster varies for different specimens 
of some minerals, and even for differ- 
ent crystal faces or cleavage surfaces 
of a few species. The property is highly 
characteristic, however, for most min- 
erals. It is especially useful for distin- 
guishing certain minerals from others 
that resemble them, and even slight 
differences in the lusters of such species 
can be recognized by a practiced eye. 
Some beryl, for example, can be easily 
mistaken for quartz, but it has a slight- 
ly oily or greasy luster that, once recog- 
nized, serves as a surprisingly reliable 
means of distinction. The difference 
between greasy luster and vitreous lus- 
ter is useful in much megascopic work, 
but the investigator should be cau- 
tioned that many laboratory specimens 
of minerals with vitreous luster take 
on a greasy or oily appearance after 
repeated handling. 

Specific Gravity 

The specific gravity, ot relative den- 
sity, of a substance is the ratio of its 
weight to the weight of an equal vol- 
ume of water at 4°C., and can be ex- 
pressed by the simple formula: 


(continued on page 318) 
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Cincinnati Diamond Class 


Members of the Cincinnati, Ohio, Dia- 
mond Evaluation Class, which met July 
6th through July 10th. Seated left to right: 
H. L. Hosack, Oxford, Ohio; William 
Stratman, Batavia, Ohio; R. Paul Wisener, 
Wapakoneta, Ohio; Miss Dorothy San- 
ders, Richmond, Ind.; Frank A. Garrett, 
Cincinnati; Donald J. Merkley, Louisville, 


Ky.; Ralph E. Braun, Xenia, Ohio. Stand- 
ing left to right: Charles Tebelman, Cin- 
cinnati; Thomas Welling, Reading, Ohio; 
Gordon Zweigert, Maysville, Ky.; Bert- 
ram Krashes, GIA instructor; Lewis E. 
Zimpfer, Minster, Ohio; Russell Diskete, 
Milford, Ohio; Harley B. Britton, Cincin- 
nati; John C. Dillon, Middletown, Ohio. 


~ 


Cleveland Diamond Class 


Members of the Cleveland, Ohio, Dia- 
mond Evaluation Class, which met June 
29th through July 7th. Seated left to right: 
John M. Yurick Akron, Ohio; John R. 
Kerr, Saegertown, Pa.; David L. Rossio, 
Cleveland; Robert P. Farrell, Cleveland; 
Carl M. Levy, Cleveland; Max Davis, 
Toledo, Ohio; Floyd Silver, Cleveland; R. 
E. Armstrong, Jr., Toledo, Ohio; Noel 


Mascher, East Palestine, Ohio; Joseph W. 
Mayne, Cleveland; Roger C. Herrick, 
Oberlin, Ohio. Standing left to right: Wil- 
liam G. Nelson, East Cleveland; John M. 
Longheier, Massillon, Ohio; Lawrence E. 


Ball, Akron, Ohio; Forrest D. Wolf, 
Wadsworth, Ohio; Harold Neiman, 
Akron, Ohio; Gustave Julian, Parma, 


Ohio; Bertram Krashes, GIA instructor. 
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New York Diamond Class 


Members of the New York City Dia- 
mond Evaluation Class, which met April 
20th, through April 24th. Standing left 
to right: Alex J. Stein, Bridgeport, Conn.; 
Irwin Davis, Bridgeport, Conn.; Philip 
Silverstein, New York City; Bertram 
Krashes, GIA instructor; Martin Siegel, 


Trenton, New Jersey; Russ Scalzo, New 
York City; Samuel Kind, Princeton, N. J. 
Seated left to right: W. B. Fielding, Mad- 
ison, New Jersey; Mrs. Polly Baker, Knox- 
ville, Tenn.; Dorothy Stifler, New York 
City; Frank Scaramazzo, Hoboken, N. J.; 
Charles H. Derby, Rahway, N. J. 


Members of the Pittsburgh Diamond 
Evaluation Class, which met June 22nd, 
through June 26th, Standing left to right: 
M. S. Morrow, Pittsburgh; Michael Mar- 
tino, Altoona, Pa.; Larry Friedman, Clair- 
ton, Pa.; Leonard B. Morris, Coraopolis, 
Pa.; Louis Mente, Carnegie, Pa., Robert 
N. Hackett, Pittsburgh; Earl Freilino, 


Pittsburgh Diamond Class 


Leechburg, Pa.; Dale Taggart, Slippery 
Rock, Pa. Seated left to right: John Sturts- 
man, Johnstown, Pa.; Felix Palone, Jr., 
Crucible, Pa.; Mrs. Margaret Knapp, 
Johnstown, Pa.; Mrs. Lillian R. Franz, 
Carnegie, Pa.; Mrs. Mildred R. Bord, Fraf- 
ton, West Virginia; Alfred Land, Blue- 
field, West Virginia. 


The Diamond Evaluation Classes, which 
cover GIA’s diamond appraisal system and 
important diamond merchandising fea- 
tures, are open to any jeweler. The purpose 
of these one-week classes is to teach dia- 
mond evaluation and appraisal; therefore, 


the major portion of the classwork is given 
to supervised practice in color, imperfec- 
tion, proportion and finish grading, and 
the final pricing. The 1959 classes were 
scheduled the early part of the year for 
major cities throughout the nation. 
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Book Heviews 


THE WORLD OF JEWEL 
STONES, by Michael Weinstein with 
color illustrations by Mme. B. Middle- 
tigh-Bokhorst, and her husband ]. J. 
Middlerigh, published by Sheridan 
House, New York, N.Y. 419 pages 
and index. Price $10. 


The rate at which books on gem- 
stones are being published seems to be 
increasing. A. recent addition to the 
growing list is The World of Jewel 


Stones, by Michael Weinstein. Wein- ° 


stein wrote a book on gems a number 
of years ago, but this is not a second 
edition of the same work. 


On the dust cover, the publisher 
states, About once in a generation there 
is written a definitive book on a great 
subject. This is the great book on gems 
and jewel stones for the present time. 
It is hardly that. So long as Mr. Wein- 
stein confines himself to discussions of 
of the various gemstones, the book is 
interesting and fairly accurate. How- 
ever, he elected to write on the forma- 
tion of gemstones and physical proper- 
ties, as well as gem identification. Un- 
fortunately, these subjects were not too 
familiar to the author; therefore, these 
sections of the book are more confusing 
than edifying. 


There are many inaccuracies, some 
of which were undoubtedly made in 
the effort to keep this book simple for 
the layman. They have the opposite ef- 
fect. With the exception of these sec- 
tions, Weinstetn’s discussions of the 
various gemstones contains enough of 
interest to create some demand for his 


book. 


MINERALOGY, An Introduction 
to the Study of Minerals and Crystals, 
by Kraus, Hunt and Ramsdell, 5th 
edition. 661 well-illustrated pages, bib- 
liography and index. Published by Mc- 
Graw-Hill Book Company, New York. 
Price $9. 


A new 5th edition of the valuable 
Kraus, Hunt and Ramsdell Mineralogy 
has just been published. In the 39 years 
between its introduction in 1920 and 
the announcement of the 5th edition, 
this book has become a widely used 
mineralogy text because of the clarity 
and logic with which it is presented. 


The latest edition is changed in a 
number of respects from the 4th, pub- 
lished in 1951. The principal changes 
were undertaken to bring the work up 
to date, but certain chapters were re- 
written entirely to reflect interim find- 
ings in the constantly developing re- 
search in the mineralogical field. 


Perhaps the most important changes 
include the addition of a section on cry- 
stal chemistry to Chapter 13,.the re- 
organization and rewriting of The For- 
mation and Occurrence of Rocks and 
Minerals (Chapter 14), and many 
changes and additions in the long sec- 
tion entitled Descriptive Mineralogy 
(Chapter 16), covering all of the im- 
portant minerals. No basic changes 
were made in the chapter on gemstones, 
except those required to bring it up to 
date. 


A new edition .of this worthy text 
after eight years is welcomed. 


Ge 
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Kimberley, South Africa 


The diamond digger, one of the 
most romantic figures in the history of 
South Africa, is slowly but surely on 
the way out. The last digger’s certifi- 
cate was issued in 1927; therefore, 
all present certificate-holders are over 
fifty years of age. In 1927, there were 
more than 4,000 diggers, but today 
there are only about 800. It has been 
stated that over a period of ten years, 
at Nooitgedacht, 150 diamond dig- 
gets found diamonds valued at ap- 
proximately £750,000 or an average 
of £60 per month. 


Famous Diamonds 

It has been reported that the 102.- 
55-carat champagne-colored Asch- 
berg diamond, one of the world’s 
largest and most beautiful diamonds, 
is to be sold in Stockholm. It is said 
to have been part of the Russian 
crown jewels and brought to Stock- 
holm after the Revolution. 


Vatican City 


A diamond-and-gemstone tiara 
worth approximately $65,000 has 
been presented to Pope John XXIII. 
The crown, shaped like a beehive and 
weighing slightly more than two 
pounds, is set with twenty diamonds, 
sixteen emeralds, sixty-eight rubies 
and seventy pearls. The tiara was pre- 
sented to the Pope by the people of 
Bergano, an area in northern Italy 
where Pope John was born, grew up 
and worked as a young priest. 


Gemological Vigests 


Diamond-and-Sapphire Nail Files! 
Thousands of sharp, infinitesimal 
diamond and sapphire crystals form 
the abrasive surface of a new type 
feather-light nailboard. It is said to 
be more sanitary than the customary 
emery board, since it may be steriliz- 
ed without affecting the rustproof 
finish and it is also more durable than 
the conventional manicuring tool. 


$13,000 Diamond-Grinding Wheels 

A six-inch-wide wheel, containing 
hundreds of carats of tiny diamonds 
and costing $13,000, has been added 
to the facilities of the Raytheon Cor- 
poration, producer of microwave 
electronic tubes. The wheel has paid 
for itself in a year through the sav- 
ings realized from faster production, 
better quality finish and reduced 
scrap. After a year’s use, the wheel 
shows only slight wear. 


Industrial Diamond Research 


It has been reported that De Beers 
Diamond Research Laboratory in 
Johannesburg, South Africa, has been 
doing intensive research on increas- 
ing the effectiveness of natural in- 
dustrial diamond so that it is superior 
to any man-made diamond abrasive. 
As a result, the improved product, 
which is used for grinding wheels, 
is claimed to be 40% more efficient 
than the abrasive previously used, and 
will give a diamond drill a consider- 
ably longer life. 
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Diamond Digging in Arkansas 

40,000 tourists visited the Mur- 
freesboro, Arkansas, diamond mines, 
last year, to try their luck in finding 
these elusive stones, but only 125 
small diamonds were recovered. The 
well-publicized find of a 15.3-carat 
stone, in 1956, seems to have whetted 
the interest of the treasure-hunting 
tourist. Mr. Howard A. Millar per- 
mits diamond-seeking visitors to do 
their own digging on his property for 
$1.50 per person, per day. Mr. Ar- 
thur Slocum of Murfreesboro, has 
been screening the turned-over tail- 
ings for about a year and he reports 
that he has recovered about 600 dia- 
monds, of which approximately one- 
third might be called cuttable material. 
Others of a cloudy nature, which have 
some commercial use, bring $5 to $7 
a carat. The size and quantity of the 
stones prohibit extensive mining on 
a commercial basis. 


BOOK REVIEW 

(continued from page 309) 
itself. The typography is so clear and 
the pages so open that you can “'skim’”’ 
or read for study, as time permits. There 
are more than sixty illustrations. The 
rich, plum-colored jacket is adorned 
with the picture of one of Mrs. Ostier’s 
most successful diamond necklaces. 
Best of all is the great discretion in 
text — not a line that might be con- 
strued as a bid for private-customer bus- 
iness. Read this book yourself, and 
then think of it as a special gift to 
women you know who could buy far 
more Jewelry from you than they would 
if only mildly interested. Jewels and 
the Woman will get them interested — 
could even make a sale for you. 


FORMATIONS OF MINERALS 
(continued from page 313) 
Specific gravity of KX = 
(weight of X in air) 
(wt. of X in air) —(wt. of X in water) 


This property is a function of the 
kind or kinds 6f atoms in the substance, 
and of the manner in which the atoms 
are arranged. Thus galena, the lead sul- 
fide, has a specific gravity of about 
7.50, whereas alabandite, a manganese 
sulfide with the same crystal structure, 
has a gravity of only about 4.00. The 
difference here is mainly a reflection of 
the difference between the weight of 
the lead atom and that of the man- 
ganese atom. The effect of the crystal 
structure, the other main factor, is well 
illustrated by the contrast between 
the specific gravity of diamond (about 
3.52), in which the carbon atoms are 
telatively closely packed, and that of 
graphite (slightly greater than 2.00), 
in which the arrangement of the carbon 
atoms is much more open (Figure 10 
in the Spring 1958 issue and Figure 11 
in the Summer 1958 issue). 

Accurate determinations of specific 
gravity can be made only by means of 
special instruments or by appropriate 
use of heavy liquids. It is possible to 
make rough appraisals of gravity by 
hefting specimens of minerals or rocks 
in the hand, and an ability to do this 
easily can be developed to a surprising 
level of sensitivity with practice. Care- 
ful hefting provides an excellent pre- 
liminary approach to the identification 
of many rocks and coarse-grained min- 
erals, especially those that are excep- 
tionally light or heavy. 

Many of the common minerals have 
specific gravities in the 2.5 to 3.0 
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range. These include quartz, the feld- 
spars, calcite, muscovite and biotite. 
Others, in a somewhat higher range, 
include the pyroxenes, the amphiboles, 
corundum, diamond, epidote, olivine, 
garnet and ziccon. Common minerals 
with low specific gravities include ice, 
gypsum, halite and kaolinite. In gen- 
eral, the minerals of low specific grav- 
ity are relatively soft, whereas those of 
very high specific gravity either are 
hard or contain substantial percentages 
of heavy-metal atoms. It should be evi- 
dent that these features and the crystal 
structure of minerals are interrelated 
in a fundamental way. 


L. A. LAB NOTES 
(continued from page 298) 


effect on jewelry-store illumination. 
The unit will be distributed to the 
trade through the GIA Instrument 
Department and will be available in 
two models: one without the system 
of baffles for general store illumina- 
tion, and one with baffles for the 
jewelry department. 


Ay ” 
GEMOLOGIST 


A customer’s acquaintance with Gemol- 
ogist Wm. R. E. Hebert, Keller & George 
Jewelers, Charlottesville, Virginia, suggested 
to him an appropriate name for a colt. The 
colt was sired by Royal Gem II, so “Gemol- 
ogist’”” seemed appropriate to prominent 
New York attorney, Walter D. Fletcher, 
whose horse farm is located in Virginia. 
When asked, Hebert thought it a fine name 
for a promising colt; therefore, he was 
greatly pleased when GEMOLOGIST won 
his first race at Belmont Park recently. With 
that name how could the horse lose! 


We are grateful to gemologist 
John M. Wise, Baltimore importer, 
for a specimen of synthetic spinel 
that had been produced as a substi- 
tute for lapis-lazuli. 

Martin Ehrmann, C. G., gemstone 
importer of Beverly Hills, California, 
recently presented the GIA with sev- 
eral cut-and-polished sphenes. These 
will be put to good use in our display 
cases and also will be used for demon- 
stration in our classes. 

A donation recently received from 
J. A. Eschenbacher, gemologist-jew- 
eler, St. Paul, Minnesota, consisted of 
an assortment of stones that will be 
used to good advantage in our stu- 
dent practice-stone sets. 

A recent donation to the GJA’s 
collection was a 2.34-carat golden- 
brown synthetic rutile brilliant. This 
was the gift of H. R. Benedict & Sons, 
importers and cutters of New York 
City. The stone has the appearance 
of a rich golden-brown zircon, and it 
does not show the great amount of 
dispersion that is so noticeable in 
most synthetic rutiles of lighter tones. 
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2) 
Charles H. Derby, 
A visit to the. main sources of precious opal today, 


Coober Pedy and. the Andamooka deposits, in the 
northern areas of South Australia Province, Australia. 


The early history of opal discovery 
in Australia is rather“vague. At the 
time the Forty-Niners were venturing 
west to California, a German geologist, 
one Mingaye (or Menge) was strug- 
gling through inland wastes near Ade- 
laide and discovered precious opal. The 
first precise records, in 1872, show Lis- 
towel Downs and Springsure, in 
Queensland, as sources. During 1880 
to 1890, in New South Wales, the 
Lightning Ridge and White Cliffs 
rushes took place. 1890 marks the‘ es- 
tablishment of White Cliffs as a town 
and starts opal production as an indus- 
try. In 1905, the first commercial efforts 
were made at Lightning Ridge. Produc- 
tion for one 12-year period was valued 
at $7,000,000. The United States has 
been the best buyer of opal. ' 

Twentieth-century Australia not only 
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is making outstanding contributions to 
our world of science, it is also giving 
us outstanding and‘fabulous discoveries 
in-the gem world. In 1915, and later in 
1930, two-new sources of precious opal 
were discovered. Today, these deposits, 
at Coober Pedy and Andamooka, 
eclipse all others, and supply more than 
95% of the world production of pre- 
cious opal. Lightning Ridge and White 
Cliffs remain but dazzling and romantic 
names. Records show a mere $2000 for 
a recent year’s production. These facts 
should not be construed to mean that 
the opal deposits have been depleted or 
worked out. The simple facts are that 
cruel drouths, lack of supplies and 
primitive living conditions in the above- 
mentioned locations “make: ether areas 
more desirable to work and live in. 
Sydney, the point of entry into Aus- 
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tralia by air, is a modern giant, an 
industrial city spreading out for miles 
and tucked into the scenic splendors of 
the middle-east coast. The first crisp- 
ness of fall was in the air (this was 
April) and one was dazzled by the 
cleanness of everything. Here I met Mr. 
Hinkley, a kindly old opal dealer. I was 
privileged to wander through his vast 
collections and ask questions. Opal such 
as one never dreams of lay exposed row 
after row on deep shelves; boxes of 
the flaming beauty came out one after 
the other, and it seemed to me that they 
were better and better. Doublets, solid 
cabochons and then rough were shown 
me, each a mass of scintillating, multi- 
colored fire. Here and there were huge 
boulders covered with paper-thin shells 
of opal. These have no gem value, but 
certainly make a wonderful display. 

. The next person I was able to see 
was Percy Marks II. He is the son of 
the incomparable opal buyer, . Percy 
Marks, who after years of struggle, 
brought the fabulous collection of black 
opal to the Franco-British Exposition 
(London, 1908), thereby establishing 
his unparalleled reputation. In the 
author’s opinion, the Marks collection 
is still the best in the world. Velvet- 
lined cases contain opal that, when ex- 
posed to light, jump to life. The beauty 
displayed defies adequate description, 
ever changing with new colors. Mr. 
Max Walker, publisher of the Aus- 
tralian Jewelry Magazine, similar to our 
Jewelers’ Circular-Keystone, introduced 
me to the gemological people here. He 
armed me with letters of introduction 
to jewelers and gemologists in other 
cities, which not only made the trip 
more pleasant but filled it with 
information. 


At Adelaide, in South Australia 
Province, I met, through one of these 
letters, Mr. P. Grove-Jones, local secre- 
tary of the Gemmological Society of 
Australia. We began to talk of opal, and 
he informed me that a chap had just 
left his office for the University. He 
was from the Andamooka Opal Fields, 
about 400 miles north. Leaving quickly, 
I proceeded to the University and met 
Mr. Reg Harvey, director of gemologi- 
cal training there. While waiting to 
meet the opal man, Reg showed me the 
museum as well as the equipment used 
for gem identification. Soon Robert 
Giltrap came into the room, where a 
gem class was in session, and deposited 
a sack of rough opal on the table with 
the generous words, “Help yourselves 
boys.” We were then introduced, and in 
the conversation he asked me, “Why 
don't you come on up to the opal 
fields?” Thinking that he was joking, 
I said, ‘Sure thing.” Later, at the sug- 
gestion of Mr. Harvey, I visited the 
office of Mr. Wollaston, also the son of 
one of the fabulous pioneers of the opal 
field, who in the last century followed 
for years the movements of the Ghans, 
Mohammedan traders who travelled 
with camel trains, trading throughout 
the area. It was he who lost his mate 
from thirst while on a trek, yet they 
were less than one-half mile from 
water. Mr. Wollaston told me that Gil- 
ley (Robert Giltrap) had come by and 
told him of a stroke of luck in his find- 
ing an American to take back to the 
fields. At the time, no American had 
visited the fields. While in the office, 
Wollaston showed me a magnificent 
necklace of round jelly-opal beads. 
Clear-honey color, graduated, and of 
magnificent size, these came out of the 
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box glowing with a wonderful play of 
color.. They were to have been pre- 
sented to. the-Queen on her recent tour; 
however, the Government felt that. a 
single strand would not be adequate. A 
search, was under way to try and locate 
.additional beads for a second strand; 
then, at Andamooka an opal of,stagger- 
‘ing size and: beauty. was found. This 
-gem was polished and, fashioned into a 
glittering neckpiece and.matching ear- 
rings. The pendant of opal has been 
.tedesigned into, a. brooch :and is worn 
on the Ribbon of the Garter as a. part 
of the. Royal. Regalia: Weighing 205 
carats, .the.stone has. been ,called the 
Andamooka. Opal. 

. ~Andamooka, meaning, ‘‘no-name 
area,” is.a waste of red sand and: low 
rolling hills, but two fresh-water lakes 
and.underground water made-it possi- 
ble to establish a sheep station, there in 
the late 1800's. It was, while repairing 
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a dam about thirty miles north of the 
homestead that two boundary riders 
discovered opal, in 1930. Three years 
later, some hardy souls began the first 
diggings. Mr. Alan Treloar, the first 
digger, did well. He was able to gouge 
out better than $5000 worth of fine 
opal on the first try. Word went out and 
more, gougers (opal miners) were at- 
tracted from White Cliffs and the 
Ridge. Most of the early diggers were 
part-time shearers, boundary riders, 
and bushmen. (itinerant laborers), who 
came in between jobs, if they had 
enough ‘money to buy the tools and a 
packet of .food. Life was indeed rough 
in the early days, since they were iso- 
lated from all civilization. Soon, how- 
ever, the continued good finds made it 


-possible to establish a settlement at the 


diggings. 

Today, Andamooka is a tiny but pro- 
gressive settlement, There is one store 
that is well supplied with necessities, 
a post office with a weekly mail service, 
telephone connections, and-a_pedal- 
generator radio station on the Broken 
Hill and Alice Springs hookup. They 
also have the service.of the flying doc- 
tor, who can, in about an hour, come to 
the landing strip. The strip was built by 
a series of ‘“working bees,’’ where every- 
one, including the few black aborigi- 
nes, came out to help. A new school, 
housing the infirmary, has been built 
since my visit. Water is pumped from a 


Government-drilled deep bore and is 
‘adequate for the present population. 
-Firewood is.there for the taking, but it 


must be hauled more than ten miles. 


-There is no timber in the area, and all 
_wood of this kind must be imported 
and is: very expensive. Houses in the 


town are unique. The first operation of 
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Looking west over the roof of a typical gouger’s house. Note windmill for water and 

lights. School house in distance is the old one, now rebuilt. White snowlike deposits on 

hills are the dumps of old mines. Behind the house is the old horse-paddock area. 

At right are the diggings of Stephen’s Creek. The twig shelter on the left is to protect 
the two cars owned by these miners. 


construction is to dig an open trench as 
long as you wish the house to be, run- 
ning into the side of a hill. By using 
stones, the end is walled in and a door 
of sorts is hung. The roof, made of dead 
and dry trunks of the wattle bush, is 
then covered with layers of tough grass 
and clay and the earth is then scraped 
back to finish the job. These roofs are 
usually rainproof, and although the 
rainfall is less than six inches a year, 
sudden downpours bring great amounts 
of water in a few moments. Wind- 
breaks are made to shelter the -door 
openings, as well as the tiny efforts in 
gardening. Tomatoes will ripen 
throughout the entire year. Today, 
there are a few houses above the 
ground, but they have clung to the 
insulating methods of using stone, clay 
plaster and thatch for comfort, 

My introduction and coming out to 
Andamooka was an adventure. Gilley 
asked me when we went to get his new 


jeep, “Can you drive? I can’t.” Later, 
after leaving all traffic behind and in 
the comparative safety of the open road 
he said, “Well, it’s now or never. Show 
me.” He soon found the gas pedal and 
we were off in a swirl of dust, going 
from side to side and faster and faster. 
Fortunately, he soon got the feel of it 
and things began to slow down. The 
last part of that trip was made in the 
wee hours of the night, and certainly 
his guardian angel was hovering there, 
or maybe his private leprechaun rode 
the hood, since he was from County 
Cork. We made it! No house was in 
sight, but the piercing blast of his horn 
brought glows in doorways and flash- 
lights guided running friends with 
greetings of welcome. In our jammed- 
full cargo there were several gallons of 
wine and a new accordion. Soon a fire 
was blazing, tea was on, and many 
friends gathered to whoop in a wel- 
come, I must add that the tea was for 
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me. They soon retired to other houses 
to keep the party rolling, leaving me to 
fall into Gilley’s bed exhausted. 

I awoke to the warmth of the fire and 
a ball of ten cats rolled on the foot of 
the bed. They took one look and, not 
seeing Gilley, fled. Looking out of the 
long, low window, six panes in a row, 
I saw I was at ground level under a 
steep eave. The landscape was one bleak 
sheet of low-rolling hills, with heaps 
of snow-white tailings attesting to the 
efforts of many former gougers. How 
many dreams and hopes vanished at the 
bottoms of these holes? Yet, they kept 
putting down new ones, and as often as 
not would strike opal within a few feet 
and come out screaming with joy. This 
was Andamooka, and I was to be a part 
of it fur a few weeks. 

The first question to be answered was 
where to live. Gilley needed his house 
and his bed. This was resolved in the 


eatly afternoon. The Clarkes were at 
home, and after some talk agreed to 
have me in their summer house. It was 
a square room with jalousies all around 
and proved to be most comfortable. 
Mrs. Clarke is the local nurse and Mr. 
Clarke is the postmaster and also one of 
the best cutters of opal in Australia. 
Early the next morning I finally met 
the opal gougers. The next-door neigh- 
bors, the Dunstuns, are all gougers. 
They took me out to their claim. Here, 
about three miles north of the town, we 
came to the area known as Lunatic Hill. 
The whole area was potholed with the 
diggings and tailings, or mullock, 
dumps.. Into this maze we drove care- 
fully, coming to a stop near a new pile 
of waste. Two heads popped out of a 
nearby hole and I was introduced to the 
two young Van Brugges, boys from 
Holland who are trying their luck out 
here. A handmade wooden windlass 


Mr. Van Brugge and his two sons at the top of their shaft. George Jr., has come to the 

top to rest. Tom has a bag of opal-bearing rough; his digging is on the left. If they 

have luck here, these two shafts will join at the bottom. Mr. Van Brugge was formerly 

with a diamond house in Holland, but has moved to Australia and is buying opal. 

He lives and has offices in Sydney. His circuit takes him through most of the other 
diggings; i.e., Lightning Ridge, White Cliffs, etc. 
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The bottom of a shaft in German Gully, showing wide seam of gypsum. The gouger 
points to the seam of opal that he is working. The horizon here is very easy to follow, 
since this seam of gypsum indicates the deposit of opal. 


stood astride an oval hole about 214 x 
41%, feet in diameter. These shafts are 
designed and dug for digging comfort 
as well as for getting to the bottom of 
the hole when it gets deep. Into the 
walls of the smallest diameter they cut 
steps big enough to get a good foothold. 
In going down a shaft one sits into the 
hole, grasps the rope, and fits his feet 
into the side holes and goes down eas- 
ily. Down the shaft you go, 20 to 30 
feet, as the case may be. The deepest 
hole that I explored was over a hun- 
dred feet deep. One man stays on top 
to hand things up or down as needed. 
The gouger for the day goes down 
first, then comes his equipment; pad- 
ded mats to lie on to gouge carefully if 
he strikes opal, the lamps, tools, picks 
and shovels, etc., and the bucket to haul 
up the waste materials. If they have 
reached ,a point and have mutually 
agreed to put in a blast, the caps, fuse 
and dynamite come down in a separate 


pail. The Dunstun’s shaft was not a 
big operation. The underground shaft 
belled out at the lower opening, big 
enough for a tall man to stand easily. 
Off at the end of the small tunnel and 
to the side they had begun to open. 
Opening means they had begun to ex- 
plore along ‘the Aorizon in the hard 
band, the gravels in which opal is 
found. The shaft is sunk and “bot- 
tonied” in these gravels, and then they 
“explore out” in all directions in an 
effort to find the opal seams. The story 
is often told of men working claims and 
leaving them after finding nothing at 
the bottom. Then some other chap ar- 
rives and begins to explore out and 
soon finds opal. That’s the luck, they 
say. Today, some of the biggest and 
best finds of opal are in the pillars of 
old diggings. When the country rock 
was soft, these pillars were necessary 
in order to prevent cave-ins. Circulating 
air has now hardened the roof structure 
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At the bottom of the Dunston shaft, young 
Doug Dunston bores a hole into the face of 
the horizon to loosen the massive deposit to 
get at the opal below. The cavity below 
shows where they have carefully gouged up 
to the opal layer. Note that the charge is 
very small and will remove only the deposit 
above the cavity, not damaging the deposit, 
if there is one. 


and it is safe and easy to gouge the opal 
out. It is easy mining, since they don’t 
have to bring up any waste. 

Mr. Dunstan, having decided that 
they had to blast, let me see and take 
photos of the operation. The first job 
was to bore a hole in the face of the 
upper horizon with a bit and auger. 
Then, using a partial stick of dynamite, 
his son set the fuse, tamped the hole 
and we scrambled out. The dull boom 
below told us it was over, and we low- 
ered a hollow cloth tube into the shaft 
to ventilate it. The open flat top of the 
tube, stretched across a stick, faces into 
the wind and takes-fresh air to the bot- 
tom of the shaft. After a time, we again 
went into the shaft to survey the results, 


We began to scrape up the waste and 
send it to the top. Soon all was clean 
and clear, and by word signal Doug 
asked his father to come down and see 
the opened wall. Very carefully they 
began to gouge, and at the moment that 
the fine-headed pick struck the potch 
they knew they were near opal. Here 
all is caution, lest they break a wonder- 
ful stone. Going up and under the 
potch area they dig up to the gemstone 
so that it may be broken out. It was 
amazing to me to note how many old 
dentist’s tools were in use for these 
operations. Chip ... chip... careful 
... careful... plop! ... and the stone 
falls into eager fingers. At once it is put 
into the mouth to be wet with the 
tongue and there is a line of fire! Not a 
word is said, but one feels tension and 
elation — they are on opal. 

All finds are put into a cloth bag to 
be examined during the lunch hour or 
at the end of the day. A knife with a 
staunch, sharp blade is always a part of 
everyone’s equipment, so they can 
“shell” a stone to see if it will show 
color. Nothing that indicates opal is 
thrown away until it has been care- 
fully inspected. In spite of all the care 
used in sorting, some pieces get away. 
One of the great pastimes is noodling, 
or looking through old dumps; the 
aborigine is often too lazy to dig, but 
he finds some excellent opal in this way. 

Most of the mining here is done in 
more or less the same manner. There 
were two new experiments being tried 
while I was on the field. One of these 
was a tractor operation. The procedure 
was to dig a trench with a digging 
arm. One man would be in the trench 
and watch for signs of the opal gravels, 
and by examining these he would know 
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Mr. Woods and his digging trac- 
tor, a new experiment in goug- 
ing for opal. In shallow deposits, 
he is able to dig a trench down 
to the horizon and, with his 
son, Bryan, following the arm, 
they can tell when they have 
reached the opal-bearing grav- 
els. Further exploration is then 
made by hand. 


if they should explore out in any direc- 
tion. The second experiment was that 
of Mr. Frank Shulton, cutter-buyer 
from Sydney, who brought out a pneu- 
matic hammer to explore the old areas 
of Koska’s Hill. He was, in a matter of 
hours, able to gouge out the equivalent 
of two weeks of hand labor. It is de- 
batable if his take is as good as hoped 
for, since by these methods he may 
shatter fine opal. In our many conver- 
sations, he did not divulge the answer; 
however, from photos taken of some of 
his fine opal, it seems he is doing 


alright. ? 


The gouger, having found his opal, 
places it in a bag to be taken back to 
camp. Here it is scaled’and cleaned. 
The first operation is to wash off all of 
the muck. By scaling he can look into 
the stone. He is adept in removing just 
enough to see into the stone and leav- 
ing the most possible weight. Most of 
the people today know how to face a 
stone and thus have a better return for 
the rough. After cleaning, scaling and 
nipping off the waste, these stones are 
saved until finally a parcel is made up. 

When this day comes, the parcel is 
taken to the evaluator, where it is sorted 


The evaluater looks over a 
packet. Notice that they have 
separated the opal into classes, 
etc. and have weighed each 
parcel. Papers indicate weights. 
Note cloth bag. This picture was 
posed by Mr. Dunstan and Old 
Bill Hallion. 
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Dick Clark, opal cutter and polisher, seated at his bench in the most complete workshop 
in Andamooka. The work turned out here is some of the world’s finest. He is noted for 
his work on doublets and for making, matching, and creating designs in opal. 


and carefully weighed. During these 
operations, much discussion takes place 
and they come to a minimum price. If 
the gouger listens to the advice of the 
evaluator, an old and experienced 
miner, he generally comes out with a 
better price, These packets are often 
brought to prospective buyers, who 
quote a higher price than that set by 
the evaluator, with the casual word that 
so and so is interested. The buyer con- 
templating a parcel again separates the 
opal, and by selection and weighing 
determines whether he can buy and 
still make a profit. If he decides to buy, 
he counteroffers until the buyer and 
seller reach an agreement. Usually, the 
gouger is paid in cash, 

In the early days, the gouger seldom 
received a fair price or percentage of 
the true value of his finds. Today, how- 
ever, the fields have many cutters and 
polishers and competition is keen 
among the buyers. My trip proved that 
there is a brisk demand for fine opal all 
over the world. Miners are riding the 


crest of this wave of demand and are 
realizing better prices. Because of the 
secrecy necessary in these remote areas, 
it is hard to estimate the true value of 
the rough gems mined in the Anda- 
mooka area to date. A value of between 
three to four millions of dollars seems 
a good estimate. 

Compared with other opal fields, 
those of Andamooka are tiny. The lo- 
cation of the deposits is from four 
miles north to four miles southeast of 
the post office. The widest point meas- 
ures three and one-half miles across. 
This makes an area of approximately 
27 square miles. Coober Pedy, by com- 
parison, is a vast.area more than 160 
miles long and 60 miles wide. 

At the invitation of Mr. Vin Wake, 
resident buyer, I was asked to join the 
party that was taking Mr. Manning, of 
the Manning Opal Corporation in New 
York, to Coober Pedy. It was most un- 
usual, but at the time of our visit there 
were seven buyers on the fields. I sup- 

. (continued on page 350) 
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Leucite 


A Gem of Volcanic Origin 


by 


Dr. E. J. Gubelin, C.G. 


Some time ago, I had the good for- 
tune to acquire some leucite crystals of 
trapezohedral habit from which three 
clear specimens could be cut into pretty 
gemstones. After being cut into bril- 
liant and square forms, they surprised 
me by an unusually high degree of fire. 
This was most uncommon, in view of 
their very low refractive index, and 
stimulated me to examine them further. 

Occurrence 

Leucite is a comparatively rare min- 
eral, prevailing exclusively in igneous 
tocks, particularly in young lavas, as 
one of the results of crystallization of 
basic magmas rich in potash and low in 
silica, and in paragenesis with minerals 
of a high percentage of alumina and 
alkalies or with ferromagnesian minet- 
als, such as augite, olivine, melilite and 
feldspars. It is hardly. ever met with in 
deep-seated rocks, obviously because it 
is easily altered, and under conditions 
of strong pressure orthoclase is the more 
stable combination. 

It is found in Italy, on Vesuvius and 
Monte Somma, where it is densely dis- 
seminated through the lava in grains or 
in large, perfect crystals. In central 
Italy, from near Lago Bolsena to the 
north of Rome, it occurs in a leucite- 
tephrite, as far as to the Monti Albani, 


south of Rome. Some of the lavas ap- 
pear to be almost entirely composed of 
it. Chief localities are Capo di Bove, 
Albano, Ariccia, and Frascati. The three 
specimens I tested came from Ariccia. 
In the Rhineland, leucite is encountered 
in the rocks of the Eifel district, at 
Rieden, near Andernach, and at the 
Laacher Lake. Other localities are in 
New Jersey, Arkansas, Wyoming, Yel- 
lowstone National Park and Montana, 
U.S.A., as well as on Vancouver Island, 
British Columbia, where magnificent 
groups of crystals have been found as 
drift boulders. 
Name 

Leucite owes its name to the Greek 
word Aevxos (white), in allusion to 
its color. However, leucite does not 
occur in colorless only, but also in ash 
gray, smoky gray, and yellow. 

Chemical Composition 

Leucite is a potash-alumina silicate, 
with the formula KAI(SiOs)2 (or 
K,0- Al,O, +4Si0,), containing 55% 
silica, 23.5% alumina, and 21.5% 
potash. The yellow tinge is probably 
attributable to a tiny trace of iron, 
whereas soda, which is also often pres- 
ent in small quantities, replacing some 
of the potassium, seems to be responsi- 


ble for the gray and often cloudy ap- 
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Figure 1 Typical habit of leucite. 


pearance. Traces of lithium, also of 
rubidium and caesium, have been 
detected. 

Morphology 

The pseudocubic polytwinned indi- 
viduals are generally found in well- 
developed crystals as simple deltoidiko- 
sitetrahedra (or trapezohedra) (211), 
sometimes combined with the cube 
(100) or the dodecahedron (110) as 
subordinate forms. Twinlike growths 
and fine striations due to twinning indi- 
cate low symmetry. Generally, leucite 
is poor in variety of forms (Figure 1). 

Physical Properties 

The mineral is brittle and although 
the cleavage after (110) is very imper- 
fect, translation (shear) planes might 
form, but the fracture is conchoidal. 
Hardness varies from 5.5 to 6. Al- 
though theoretical specific-gravity fig- 
ures in textbooks are 2.45 to 2.50, with 
my specimens I found 2.4792, 2.4768 
and 2.4626, which may reveal that the 
specific gravity of pure crystals from 
one locality is quite constant. 

The mean R.J. for sodium light at 
normal temperature is indicated as 
1.508, usually displaying a weak bire- 
fringence of not more than .001, but it 
may vaty from 1.504 to 1.509. My 
three pieces gave the following read- 
ings: 1.507-1.508, 1.506-1.507 and 
1.504-1.505. The luster is vitreous to 


greasy, which is in concurrence with 
the low refractive index same as the 
dispersion, which is but .008, though 
contrasting strongly with the vivid 
“fire.” 

Microscopic examination under the 
polarizing microscope is especially 
intriguing. Larger specimens are com- 
monly not wholly isotropic and, further, 
show complicated systems of twinning 
lines. Generally, leucites are profuse in 
inclusions of natural glass, magnetite, 
spinel, augite, olivine, apatite, etc., and 
frequently, these are oriented in zonal 
arrangement. In some cases, the glass 
enclosures are so dense as to render the 
host quite turbid (Figure 2). Of all the 
solid inclusions, the vitreous ones are 
the most interesting; they are either 
tiny molten looking lumps or broken 
fragments and appear always to contain 
minute air bubbles. In certain leucites, 
the glass inclusions are remarkably well 
oriented. Their characteristic pattern of 
arrangement and orientation can only 
be explained by the process of progres- 
sive growth from skeleton forms, be- 
tween the ribs of which glass was 
enclosed. When the leucite crystal was 
completed, the glassy portions were 
embedded (Figure 3). 

Between crossed Polaroids, the leu- 
cites immediately assume amazingly 
vivid interference colors and cloudy to 
striated extinction, which indicates 
strong anomalous double refraction. 
Some of the color bands are circular 
and almost simulate interference figures 
(Figure 4). 

The polysynthetic twinning is be- 
trayed by fine parallel strie and col- 
ored patches being oriented strictly 
parallel to a set of stria (Figure 5). All 

(continued on page 350) 
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Figure 2 Great number of glassy lumps. Figure 3. Relatively large vitreous inclusion 


Air bubbles are seen in the central inclusion. with spherical air bubbles. 
Figure 4 Anomalous double refraction by Figure 5 System of parallel lines form the 
tension expressed by irregular extinction. traces of polysynthetic lamellae. 
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by 


Highlights 
at the 


GEM THADE LAB 
in Los Angeles 


-Lester B. Benson, Jr. 


In a previous Lab Column we men- 
tioned a hollow, closed-back ring 
capped with a thin rose-cut’ diamond. 
The depression under the stone con- 
tained a metal foil that had been ptevi- 
ously molded over the stone to duplicate 
the facet arrangement. Recently, we 
encountered a similar ring of excep- 
tionally large size (see the accompany- 
ing photograph). The diamond was 15 
mm. in diameter and had a depth of 
only 2.1 mm. The ring was made of 


yellow gold but was almost completely 
covered by black enamel encrusted with 
a number of small diamonds. The metal 
foil under the diamond had been 
formed over a special die simulating 
facets of the same shape, and the result- 
ing cavity was approximately 6 mm. 
deep; this combination gave the dia- 
mond considerable “‘life.” It would be 
very difficult for a jeweler to detect the 
true nature of this stone with the un- 
aided eye, in spite of its large size. 


Diamond ring showing foil-lined cavity and thin cap of diamond. Inset shows the thin 
cap of diamond as it appeared from the girdle. 
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Black coral. 


Upon reading Robert Crowning- 
shield’s comments on Hawaiian black 
coral in the Spring 1959 issue of GEMS 
& GEMOLOGY, GIA graduate An- 
thony Ching, Honolulu, kindly gave a 
speciman to the Los Angeles Labora- 
tory, together with source information. 
The coral was recovered off Lahaina 
Maui at depths ranging from 80 to 200 
feet. Two of the three divers, all part- 
ners in the venture, suffered severe 
cases of the “bends” as a result of their 
diving and have therefore suspended 
recovery operations. A manufacturer 
here on the mainland, who had an op- 
tion on the total recovery broke off the 
association after this unfortunate inci- 
dent. Tony states that unless other 
divers locate the deposit, the exact posi- 
tion of which has not been revealed, 
and obtain sufficient backing to cover 
the recovery and processing costs, it is 
unlikely that much of it will be encoun- 
tered in the trade. This coral occurs 
in the shape of a tree or leafless bush; 
one piece that was recovered intact was 
approximately four feet high. It reacts 
similar to shrubbery in that it is some- 
what flexible; a sharp bend, however, 
will break it. The material has an RI. 
of approximately 1.56-1.57, with a con- 
sequent birefringence of approximately 
.O1 and an S.G. of approximately 


Cross section of coral revealing 


a radial structural pattern. 


1.37. It displays no fluorescence under 
ultraviolet radiation or X-ray. Very thin 
sections are reddish when held over. a 
strong light. It is slightly sectile and 
could possibly be confused with plastic, 
if this test alone were used. Magnifi- 
cation of a cross section reveals a radial 
structural pattern, which is typical of 
true coral. Unlike true coral, however, it 
is not attacked by acid. These proper- 
ties are not consistent with those of the 
usual pink coral seen in the trade. This 
is because black coral is almost pure 
conchiolin, in contrast to the predomi- 
nance of calcium carbonate in the pink 
material. 


Specimen of pink amberlike resin. 


A mineral dealer from San Diego 
submitted a large specimen of pink am- 
berlike resin, the color of which was 
quite similar to that of rose quartz. The 
material responded to all of the usual 
tests for amber except specific gravity. 
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These tests included refractive index, 
hardness, toughness, resistance to ether, 
odor from burned fragments, etc. The 
dealer declined to reveal its source, 
other than saying that it came from “a 
locality on a southern coastline.” He 
stated that approximately two tons 
would be recoverable from this one 
source, and is considering using it for 
jewelry. 
# ok OM 

The large sapphire in the accompany- 

ing photograph is set with ten dia- 


monds in a very expensively made ring. 
It was first thought to be synthetic, be- 
cause it exhibited the pronounced 
crackling that is often introduced into 
synthetic material to impart a natural 
appearance. Magnification quickly re- 
vealed the typical striz and color band- 
ing in natural sapphire. 
Hook 

A new accessory for the hand spec- 
troscope has been made to supplement 
our Lab equipment. Essentially, it is a 
variable-speed spinner that provides 
speeds from zero to approximately 
3600 rpms. The fully adjustable light 
source consists of one of the new Syl- 
vania 100-watt zirconium-arc lamps, 
coupled with an adjustable triplet lens 
for focusing the arc light to an area of 
approximately one and one-half milli- 
meters, the same as the light source. A 
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unique feature of this lamp is that the 
illumination, even when thus concen- 
trated, remains cool and therefore will 
not heat the stone.. The brilliancy of the 
lamp is rated at 25,200 candles per 
square inch. The spinner plate is ap- 
proximately two inches in diameter and 
is-drilled and slotted for holding vari- 
ous clips and springs for securing both 
loose and mounted stones. Rapid spin- 
ning of the specimen’ eliminates the 
normal flashes and interrupted lights 
that are emitted by a faceted stone, as 
the result of reflection and refraction of 
light from the various small facets. The 
result is an even, intense glow. In addi- 
tion, the directional selective absorption 
and consequent absorption patterns as- 
sociated with many stones are mixed, 
thus providing a composite absorption 
spectrum. The spectroscope itself is 
mounted on a movable arm, permitting 
the spinning stone to be observed from 
a horizontal to a vertical position. The 
spacing of the spectroscope from the 
stone is also adjustable. The construc- 
tion of the unit was not intended to 
furnish new information on spectros- 
copy; rather its purpose was to simplify 
setups that formerly were sometimes 
quite complicated and time consuming. 
Initial tests have shown it to be a worth- 
while accessory, not only from a time- 
saving standpoint but because it in- 
cteases the clarity of absorption lines. 
kok * 

The pair of diamond briollettes illus- 
trated here were yellow stones weighing 
a total of 16.58 carats. The tip of each 
stone was drilled for a wire or ring to 
facilitate their use for drops. Diamonds 
fashioned in this manner are very rare, 
yet this is the second pair of stones en- 
countered in the last month. 
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Diamond briolletes. 


Graduate Ken Umberson donated 
two beautiful treated turquois carvings 
of an elephant and a dog, each measur- 
ing approximately one and one-half 
inches in length. Some additional cabo- 
chons and tumbled stones were in- 
cluded. Mr. Umberson deals primarily 
in turquois Indian jewelry and has han- 
dled a wide range of both treated and 
untreated materials. He assisted us in 
locating several persons who are cur- 
rently treating stones. Since our initial 
contacts we have had time to receive 
information and samples from only one 
of the men: Mr. Maryott from Clay- 
pool, Arizona. Mr. Maryott is a chem- 
ist and was kind enough to submit a 
cross section of untreated stones, as well 
as stones treated with a polyester syn- 
thetic resin. He states, with the excep- 
tion of inexpensive tumbled nuggets, 
that all of his output is sold abroad. 
The main identifying characteristic of 
this material is the typical odor of this 
type of plastic when burned by touch- 
ing the stone with a hot metal point. In 
addition, the low specific gravity of 
approximately 2.25 to 2.40 would also 
indicate a stone of this type. This ap- 
parently is the source of the material 
that has caused some concern in Europe 
recently, according to a statement from 
Dr. Karl Schlossmacher, of Idar- 
Oberstein, Germany. Additional work 
is being conducted on the detection of 


treated turquois, particularly with re- 
spect to mounted stones; a full summary 
of the results will be presented in the 
next Lab Column. 

* Ok 


A phone call from a dealer, who was 
attempting to estimate the weight of a 
diamond against two different weight- 
estimation gauges revealed major dis- 
crepancies in the weight-versus-diame- 
ter figures that accompany the majority 
of pierced metal gauges and printed 
gauges on the market. Specifically, these 
weight estimators may be pierced metal 
gauges, cardboard gauges, or charts 
bearing imprinted circles that are 
matched against the outline of round 
diamond brilliants. Several makes of 
these gauges that are widely used for 
tough estimations by appraisers and 
pawnbrokers were checked by the GIA. 
All of them obviously were based on 
the same measurement-versus-weight 
relationships, the origin of which is un- 
known. The gauges are fairly accurate 
for stones up to 34 carat ; however, they 
reflect low estimations beginning at 
approximately 10% in the one-carat 
range, increasing to an error of ap- 
proximately 30% for six-carat stones. 
These comparisons are based on the 
weights of stones that are cut to ideal 
proportions. The average large dia- 
mond is not well cut; instead, it pos- 
sesses a depth in excess of 61% and 
usually displays a thick girdle and a 
fairly large culet. For such a stone, the 
error in weight estimation against these 
gauges could easily approximate 40% 
to 45% below its actual weight. Any- 
one using such a gauge can easily check 
the various openings and corresponding 
weights against the following formula: 
depth times radius squared times .0245. 
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For example, the 12-mm. opening on 
one of these gauges shows a correspond- 
ing weight of five carats. A 12-mm, 
stone cut to ideal proportions would, 
by the formula, weigh approximately 
6.36 carats. The formula is very accu- 
rate for well-cut stones. 

Hk OR 

We are grateful to Captain John 
Sinkankas, C.G., for a set of the ex- 
cellent color plates made from his 
original watercolor paintings that he 
prepared expressly for his new book, 
GEMSTONES OF NORTH 
AMERICA. A review will be found 
elsewhere in this issue. 

We appreciate the gift from George 
A. Bruce, International Import Com- 
pany, Forest Park, Georgia, of a blue 
jadeite cabochon, which will add to 
our selection of colors for this gem- 
stone. Also appreciated are the speci- 
mens of moldavite, australite and 
Libyan glass that he recently donated. 
They will make an interesting addi- 
tion to the GIA collection. 

From Jules Sauer, Rio de Janeiro, 
Brazil, we received a few emerald 
specimens from a new, and as yet 
unannounced, source in Brazil. Mr. 
Sauer attended the GIA’s most recent 
Los Angeles Diamond Evaluation 
Class. 

Victor Esser, St. Louis, Mo., who 
attended a recent class held at Los 
Angeles, gave the GIA a ruby and a 
garnet, both of which contained in- 
teresting inclusions. 

The GIA appreciates the generous 
invitation extended recently by Mar- 
cel Einhorn, of Montreal, Canada, to 
all students of the GIA to visit his 
diamond-cutting establishment in 
Montreal when they are in that area. 
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Our appreciation goes to student- 
collector John Krzton, Chicago, for a 
small faceted chrysoberyl that shows 
a change of color, and for cabochons 
of mauve jadeite and bonded 
turquois. 

We appreciate the gift of black 
coral received from GIA graduate 
Anthony Ching, Lambert & Sons, 
Jewelers, Honolulu. It will add vari- 
ety to our coral collection. 

From GIA graduate Norman R. 
Clark, Norman Ingle Jewelers, Salis- 
bury, N.C., we received a new com- 
prehensive book Mineral Localities of 
North Carolina, We are grateful for 
this addition to our library collection. 


Tfonor Roll 


Following are students who have 
recently been awarded diplomas in 
the Theory of Gemology: 

Robert S. Freeman, Hart’s Jewelers, 
Inc., Quincy, Massachusetts; James J. 
Bielmaier, Hayne’s Jewelry, Webster 
City, Iowa; Lawrence E. Ball, Ernest 
V. Ball Jewelry, Akron, Ohio; Rich- 
ard Jessop, Jr., J. Jessop & Sons, San 
Diego, California; Samuel Hopkins, 
New York, N.Y.; Kenneth C. Hoff- 
man, Detroit, Michigan; John R. 
Hugli, Jr, Silver Springs, Florida; 
Alan R. Hartstein, Irvington, New 
Jersey; Joseph A. Ghegan, George 
W. Frost & Son, Irvington, New 
Jersey; and Joseph A. Eschenbacher, 
Eschenbacher’s Jewelers, St. Paul, 
Minn. 
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Highlights 
at the 
GEM TRADE LAB 
in New York 


G. Robert Crowningshield 


The photograph (Figure 1) is of a 
necklace of badly worn cultural pearls 
for which a price in four figures was 
paid in 1922 in Europe. The owner 
hardly needed to tell us that she wears 
them constantly. We were able to de- 
duce for ourselves that she rarely had 
them restrung! The pearls from about 
five from the center on either side could 
have been ‘peeled’ (technically, 
scraped-to former roundness) had they 
been the natural pearls they were pur- 
ported to be. The combination of an 
acid perspiration and a lack of appre- 
ciation of the care of pearls and cul- 
tured pearls is responsible for such 
damage. The reintroduction of atom- 
izers for perfume may begin to give 
trouble, according to some pear! dealers. 

Ok 

Recently, while examining large lots 
of caliber rubies, we detected a type of 
fraudulent practice heretofore confined, 
in our experience, to solitaire-sized 
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stones. This was the inclusion of from 
4% to 20% of crackled synthetics in the 
lots. These small stones, with their 
natural-appearing flaws (introduced by 
heating the stones and plunging them 
into water to introduce strain cracks), 
are very convincing and were not in- 
cluded in the lots by accident, we feel 


Figure 1 
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An exceedingly fine carved jade bird 
in a platinum brooch was unforgettable 
for the fact that in one area on the 
wing of the bird was an absolutely 
transparent green crystal of jadeite that 
showed dichroism clearly and had the 
normal absorption pattern for jadeite. 
Although the piece as a whole was un- 
usually translucent, the single crystal, 
by contrast, made the jade around it 
seem opaque, 

ok Oe 

A material occasionally found in jew- 
elry but that is little understood appears 
to be gray blister pearl, and indeed it is 
frequently offered for sale under that 
name. We refer to sections of pearly 
nautilus shell backed with cement. Fig- 
uve 2 is a side-view radiograph of a 
ring showing the thin nautilus section 
with portions of its chamber walls visi- 
ble beneath the surface. Figure 3 is a 
cross section of a nautilus shell showing 
the chambers (made famous by the 
poem The Chambered Nautilus by 
Oliver Wendell Holmes). Figure 4 is 
a view of a complete nautilus shell that 
illustrates the area from which these 
sections are taken. A clue to the identity 
of these attractive “blisters” is the fact 
that they have transverse ridges, which 
are impossible in a true blister formed 
in a bivalve or univalve shell. A term 
that has been used for these sections of 
the nautilus shell is “cogue de perle.” 
Sections of other molluscs with a na- 
creous shell are seen occasionally in the 
trade. One type, called ‘French river 
pearl,” is really a section of the lip of a 
salt-water bivalve. It seems that only 
one valve yields the ‘pearls’; hence 
many of them appear to be baroque 
worked pearls. A few years ago the 
Jewelers Vigilance Committee was in- 


Figure 2 


Figure 3 


Figure 4 


Figure 5 
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strumental in obtaining an agreement 
from a large New York department 
store not to advertise the gold-filled 
Pins containing these objects as ‘French 
river pearls,” since they do not come 
from rivers and are neither true pearls 
nor blister pearls but natural configura- 
tions of the shell near the hinge. Figure 
5 shows one magnified approximately 
one and one-half times. 
xk Ok 
In recent months we have identified 
several dyed jadeite specimens cut in 
other than cabochon form, which was 
the form in which they were first en- 
countered. Necklaces of graduated 
round beads and sets of drops are being 
offered in the trade. 
ok OK 
A red tourmaline of unusually fine 
quality was submitted to the Labora- 
tory twice over a period of time be- 
cause the owners of the ring in which 
it was mounted could not believe it to 
be other than a ruby. 
OK OK 
A ring containing what was de- 
scribed to the customer to be black 
opal was purchased in South America 
for a modest sum. After several years 
the stone began to show wear and was 
taken to a lapidary to be repolished. 
During the repolishing operation it lost 
the black color and ordinary white opal 
was found to be just beneath the sur- 
face. It was the opinion of the Labora- 
tory that the stone was an example of 
carbon treatment, which has been de- 
scribed in an early issue of GEMS & 
GEMOLOGY (Fall 1947). By this 
treatment, the stone was given a black 
surface coloration. The treatment in- 
troduced fine carbonaceous depositions 
along minute cracks near the surface 


and occasionally produced a rather at- 
tractive dark opal. 
ook ok 

A pair of light-blue brilliant-cut 
diamonds had us reaching for the cit- 
cuit tester, which is used to prove natu- 
ral blue diamonds. However, a glance 
through the microscope showed the 
stones to be coated with a poorly ap- 
plied violet-blue substance. Although 
we were not permitted to experiment 
with the coating to determine its nature, 
surely it would not be difficult for a 
jeweler to detect it with a loupe. 


Gemological Digests 


Russia 

The Soviet News Agency Tass has 
reported that in addition to the 37.35- 
carat diamond found in Yakutia last 
month, a 40.4-carat and a 46.85-carat 
diamond have been discovered 
recently. 

Singapore 

Although the Singapore Govern- 
ment relaxed its restrictions recently 
on the import of many items, dia- 
monds and gold are still among those 
imports that will require licenses. 

Arkansas 

It has been reported that another 
diamond, weighing 3.65 carats, has 
been found in the Crater of Dia- 
monds at Murfreesboro, by a tourist 
from Louisiana. This is the largest 
diamond found since 1956, when the 
Star of Arkansas was found. 

U.S.A. 

It has been reported that the Office 
of Minerals Exploration of the 
United States Department of the In- 

(continued on page 349) 
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Formations of Minerals 
Physical Properties 


by 


RICHARD JAHNS, Pu.D. 


Professor of Geology 
California Institute of Technology 


This is a continuation of the article 
by Professor Richard Jahns on the 
structure of matter, the nature of 
cristals, formations of minerals and 
their physical properties that began 
inthe Spring 1958 issue of GEMS G 
GEMOLOGY. 


Other Properties 

Special Properties Involving Light 

The optical properties of minerals, 
which represent the effects of their 
constituent ators and atomic structure 
upon light, are of profound importance 
in the general field of gemology. Most 
of these properties, however, cannot be 
investigated effectively without use of 
the polarizing microscope, and thus are 
of limited application in ordinary work 
with the hand lens or loupe. 

The brilliance and sparkle, or gen- 
eral ‘‘liveliness,”’ shown by cut gem- 
stones are related fundamentally to 
their indices of refraction. Reflection 
and refraction of visible light at an in- 
terface between substances of different 
optical density, as between air and a 
gemstone, ate complex but well-known 


phenomena that need not be treated 
here. Suffice it to say that maximum 
brilliance in a faceted stone is obtained 
when its gross proportions and the ort- 
entation and positioning of its facets 
are related in the most effective manner 
to its crystal structure and its index or 
indices of refraction. i 

A few gem minerals, notably dia- 
mond and sphene (titanite), have 
markedly different indices of refraction 
for components of light correspond- 
ing to different colors. This property, 
known as dispersion, is responsible for 
the so-called fire in stones that are ap- 
propriately cut. 

Differential absorption of light in 
different crystallographic directions is 
characteristic of many colored minerals, 
and commonly is strong enough to be 
observed megascopically. Thus equal 
thicknesses of transparent tourmaline 
or muscovite appear darker when 
viewed in some directions than when 
viewed in others. If different compon- 
ent colors of the light are absorbed 
in different crystallographic directions, 
the mineral shows different colors 
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when appropriately viewed by trans- 
mitted light in these directions. This 
property is knowh as pleochroism. 

In addition to such general features 
as transparency, color, streak and luster, 
some minerals show an internal 7rédes- 
cence, or even a play of colors, if they 
are rotated during observation in re- 
flected light. This is due either to the 
presence of small flaws, as in opal, or 
to an unusually strong dispersion, of 
power of the mineral to break up white 
light into its variously colored compo- 
nents, as in diamond. Labradorite and 
a few other minerals show not only a 
play of colors, but a general change of 
colors, during rotation. 


Opalescence in a mineral is caused 
by tiny imperfections, generally ori- 
ented inclusions, and appears as pearly 
ort milky reflections from the interior 
of the specimen. It is common in some 
varieties of opal, feldspar, quartz, beryl 
and tourmaline. Surface films of differ- 
ent composition give some minerals an 
iridescent appearance, and develop a 
tarnish on others. Many of the opaque 
minerals tarnish readily, even on newly 


broken surfaces, so that their true. 


color is quickly and effectively con- 
cealed by that of the surface film. 
The ability of a substance to emit 
light at temperatures below those of in- 
candescence is known as luminescence. 
The intensity of emitted light generally 
is so weak that this phenomenon is 
best observed in the dark. A few miner- 
als become luminescent when crushed, 
struck, scratched or even rubbed (some 
fluorite, sphalerite, calcite, diamond), 
and a few become luminescent when 
heated to temperatures below those of 
red heat (some fluorite, calcite, 
apatite). A more common type of 


luminiscence, known as fluorescence, 
involves emission of light by a subst- 
ance during bombardment by ions or 
electrons or during exposure to X rays, 
ultraviolet light or certain other types 
of radiation. If the substance remains 
in an excited state and continues to glow 
for an appreciable length of time after 
the period of its exposure, it is said to 
be phosphorescent, 

Among the minerals that show fluor- 
escence ate calcite, diamond, fluorite, 
opal, scheelite and willemite. The 
emitted light commonly is colored, and 
the color appears to be unrelated to 
that of the mineral as seen in ordinary 
light. Further, the fluorescent colors 
typically vary somewhat from one spe- 
cimen to another of a given mineral. 


Magnetism 

A few minerals are so strongly 
magnetic that this property can be re- 
cognized and used as a means of iden- 
tification. Magnetite and ilmenite, for 
example, can be distinguished from 
other heavy, dark-colored minerals, 
and pyrrhotite can be. distinguished 
from chalcopyrite and most pyrite 
through appropriate use of an ordinary 
compass. 

If a specimen of magnetite is brought 
close to the face of the compass, the 
needle will swing promptly in response 
to any change in lateral position of the 
specimen. Ilmenite is more weakly mag- 
netic, and a specimen of this mineral 
must be moved slowly back and forth 
over the end of the compass needle 
before the needle will begin -to respond 
with swings of increasing amplitude. 
The magnetic nature of pyrrhotite can 
be recognized only if the compass 
needle is delicately balanced on. a sharp 
pivot, and such a needle will respond 
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with weak swings after the specimen 
is moved back and forth ten times or 
more. 

Reaction to Acid 

Although not strictly a physical pro- 
perty, the reaction of some minerals 
to dilute hydrochloric acid is very use- 
ful in rough identification of carbonate 
minerals and of materials that contain 
these minerals. A drop of acid placed 
on a grain of calcite or aragonite causes 
a brisk effervescence of carbon dioxide, 
whereas dolomite will effervesce very 
slowly unless it is scratched or otherwise 
powdered. Magnetite, sidetite and rho- 
dochrosite react with effervescence, but 
only if the acid is heated. 

Some sulfide minerals, including 
sphalerite and pyrrhotite, yield hydro- 
gen sulfide when treated with hydro- 
chloric acid, especially if they are powd- 
ered. The fetid odor of this ce is 
easily recognized. . 


Taste Odor and Feel 

Many of the water-soluble minerals 
have characteristic tastes, which ordi- 
narily are classified as saline, ‘or salty 
(halite), bitter (epsomite), cooling 
(saltpeter. and some other nitrates), 
nauseous (chalcanthite), feebly 
sweetish (borax), sweetish astringent 
(alum), and sour (acid-water. films on 
some mineral. coatings in mine work- 
ings). The best results are obtained by 
briefly touching the specimen to the tip 
of the tongue. Each investigator can 
establish the taste of a given mineral 
species according to his own reactions. 

Some minerals have characteristic 
odors when they are heated, struck 
sharply, broken, or when they are mois- 
tened by the breath. Thus, many lime- 
stones and dolomites give off a fetid 
odor similar to that of rotten eggs when 


struck repeatedly or broken with a ham- 
mer, and a sulfurous odor is similarly 
obtained from pyrite. Arsenopyrite 
yields a garlic like odor when ‘struck. 
Kaolinite and other clay minerals com- 
monly give off an earthy odor when 
moistened, and a few minerals emit di- 
stinctive odors when heated. 

Feel is a rather elusive property that 
nevertheless is helpful in recognizing 
a. few minerals. Talc, for example, has 
a greasy feel, and some compact, fine- 
grained aggregates of soft minerals, 
such as chlorite, sepiolite, and pyrophyl- 
lite; have a smooth feel: The surfaces of 
other minerals. can feel harsh, rough, 
tacky (adhering) or scaly. Feel is useful 
in estimating differences in, the perfec- 
tion of cleavage in many minerals. 

Blowpipe Reactions’ 

Some minerals behave in character- 
istic ways when heated before the blow- 
pipe ot some other type of flame. The 
most useful reactions involve differ- 
ences in fusibility, the quietness or live- 
liness of fusion, the color imparted to 
the flame, and certain characteristics 
of beads made by fusion of the mineral 
with borax, sodium carbonate or some 
other flux. Standard textbooks on min- 
etalogy should be consulted for a.com- 
plete treatment of blowpipe reactions. 
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Book Review 


GEMSTONES OF NORTH 
AMERICA, by Captain John Sinkan- 
kas, C.G. 676 well-illustrated pages 
with color plates reproduced from 
author's original watercolor renditions 
of gem minerals. Published by A. Van 
Nostrand, Inc., New Jersey. Price $15. 


Each year there are many books pub- 
lished on some phase of gemstone 
technology or lore. Most of ‘them are 
routine—usually substantially the same 


as an earlier work or as portions of sev- 
eral earlier works. From this regimen, 
Gemstones of North America is a wel- 
come relief. 

John Sinkankas, the author, is a re- 
markable person. A captain in the U.S. 
Navy, Sinkankas has made gemstones 
a life-long hobby. Many of the recently 
acquired gemstones in the fine collec- 
tion of the United States National Mu- 
seum have been cut by Sinkankas. His 
eatlier book, Gem Cutting, A Lapi- 
dary's Manual, was an outstanding 
work in that field. The new book cul- 
minates an immense research task that 
must have occupied years of nights and 
weekends. 

Following a brief chapter on the 
properties of gemstones, Sinkankas pro- 
ceeds directly into the “meat” of his 
book: an exhaustive discussion of North 
American sources for every important 
gemstone and many rarely fashioned 
gem materials. Every deposit of the im- 
portant stones known to Sinkankas and 
his colleagues is discussed thoroughly. 
The rare-gemstone section includes a 
number of stones that only a hobbyist 
cutter would consider including; for 
example, microlite, stibiotantalite, algo- 
donite, breithauptite, friedelite, and 
other minerals equally obscure to the 
jeweler and commercial gem man. The 
sources are outlined in sufficient detail 
so that one seeking to locate them 
should have little difficulty. The history 
and development of the various gem 
deposits are covered effectively. Sinkan- 
kas’ displays his versatility further by 
rendering the paintings from which the 
excellent color plates were made. 

Gemstones of North America is an 
awesome testimonial of the dedication 
of a devoted hobbyist. 
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Buffalo Diamond Class 


Members of the Buffalo Diamond Evalu- 
ation Class, which met July 27th through 
July 31st. Standing left to right: Pete 
Waytena, Ft. Erie, Ontario, Canada; Ned 
Austin, Weston, Ontario, Canada; B. Wal- 
ters, Toronto, Ontario, Canada; H. Wein- 
stein, Toronto, Ontario, Canada; George 
Walker, Guelph, Ontario, Canada; Ber- 
tram Krashes, GIA Instructor; Benjamin 
Grelick, Buffalo, N.Y.; R. H. Hughes, 
Jamestown, N.Y.; Isaiah Zissor, Olean, 


N.Y.; and Gerald Birzon, Buffalo, N.Y. 
Seated left to right: Norman Teufel, Buf- 
falo, N.Y.; J. Frank Gilbert, Newark, 
N.Y.; Clayton W. Engelbert, Buffalo, 
N.Y.; Allen N. Presant, Buffalo, N.Y.; 
H. L. Holliday, Fredonia, N.Y.; William 
J. Scheer, Rochester, N.Y.; Frank G. 
Cecala, Angola, N.Y.; Karl Freheit, Buf- 
N.Y.; and Richard K.-- Smothers, 


Pensacola, Fla. 


falo, 


Chicago Diamond Class 


Members of the Chicago Diamond 
Evaluation Class, which met July 13th 
through July 17th. Standing left to right: 
Russell Wheeler, Oak Lawn, Illinois; 
John M. Hunt, Chicago; John J. Hunt, 
Chicago; Charles N. Van Sipman, Chi- 
cago; Bertram Krashes, GIA Instructor; 
Robert J. Drucker, Chicago; Clayton M. 
Taylor, Argo, Hlinois; Albert Diness, 
Chesterton, Indiana; and John W. Tee- 


garden, Crown Point, Indiana. Seated left 
to right: William R. Satkamp, Elmwood 
Park, Illinois; Hilary E. Chelf, Peoria, 
Hlinois; Mrs. June R. Bagnall, Denison, 
Iowa; Mrs. Bernice L. Johnson, Wheaton, 
Illinois; Mrs. Phyflis Brantley, Dixon, Hli- 
nois; William G. Nusser, Iowa City, Iowa; 
and William L.. Richardson, Gainesville, 
Florida. 
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New York City Diamond Class 


Members of the New York City Dia- 
mond Evaluation: Class, which met August 
3rd through August 7th. Seated left to 
right: William R. Scheer, Rye, N.Y.; 
Harold D. Carroll, Marion, Ohio; Nat 
Cabot, New York City; Harold M. 
Marans, Kingston, Ontario, Canada; A. 
Aldo Del Noce, New York City. Standing 


left to right: Bertram Krashes, GIA In- 
structor; Paul Bradshaw, Elizabeth City, 
N.C.; Thomas Primavesi, Montreal, Que- 
bec, Canada; Joseph Rubino, Morristown, 
N.J.; Joseph Knapp, Johnstown, Penna.; 
Albert L. Land, Malverne, N.Y.; and G. 
Robert Crowningshield, Director of the 
Eastern Headquarters of the GIA. 


The Diamond Evaluation Classes, which 
cover GIA’s diamond appraisal system and 
important diamond merchandising features, 
are open to any jeweler. The purpose of 
these one-week classes is to teach diamond 
evaluation and appraisal; therefore, the 


Gemological igests 
(continued from page 343) 


terior is prepared to finance citizens in 
the search for at least thirty-two vari- 
eties of minerals, including industrial 
diamonds. If they are able to meet the 
necessary requirements, such as de- 
scription of known ore reserves in 
the area, sketches of the geologic fea- 
tures of the property, and reasons for 
expecting to find ore, the Govern- 


major portion of the classwork is given to 
supervised practice in color, imperfection, 
proportion and finish grading, and the final 
pricing. The 1959 classes were scheduled 
the early part of the year for major cities 
throughout the nation. 


ment will lend up to $250,000 for 
exploration work. It must be shown 
in the application, however, that re- 
quests for loans have been made to at 
least two banks and that the requests 
were either refused or the terms were 
unacceptable. If the exploration 
proves unsuccessful, there is no obli- 
gation to repay the loan. However, if 
an exploitable deposit is found, the 
loan must be repaid by a five percent 
royalty. 
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U.S.A. 

A seven-piece diamond-and- 
sapphire-set palladium dinner place 
setting, costing $5000, has been made 
by Lucian Piccard, it has been re- 
ported. The long, slim palladium 
handles are set with sapphires in the 
filigree at the base of the fork tines 
and spoon bowls. Diamonds form a 
coronet at the end of the handles, and 
just above them a circle of sapphires 
forms a shield suitable for inscribing 
one’s initials or his coat-of-arms. 


OPAL (cont. from page 330) 


pose that rumors of my visit, the first 
American to visit the Andamooka area, 
plus the fact that Mr. Manning had 
arrived in Australia, led them to hope 
that they might buy all of the available 
opal before our arrival. You can imagine 
their surprise when they learned that 
neither of us was interested in buying 
on the spot. Mr. Manning was the first 
commercial opal buyer from America 
to visit these fields. Coober Pedy, an 
aboriginal term meaning white man in 
hole, is some three hundred miles far- 
ther to the northwest. After waiting out 
a deluge of rain (who said it rains only 
six inches a year? ... we seemed to get 
that much in one afternoon), plus three 
wonderful drying days, we started off, 
only to be mired a few miles from the 
town on a dry-looking flat. We all set 
to digging and carrying rocks to build 
the road out. Then we traveled on to 
Pimba and that last hotel at Kingoonya. 
We were on the main road north to 
Alice Springs and Darwin. What road? 
Where is it? Down through steep hills 
mirrored in salt lakes and through miles 
of puddles we kept going. At last, in 
the late afternoon, after shooing hun- 


dreds of kangaroos and emus from our 
path, we came out onto a long flat 
plain; there, twenty miles away, we saw 
two sets of buildings. At last, there was 
the Coober Pedy Trading Post. 

(to be continued) 

LEUCITE (cont. from page 334) 
of these different kinds of inhomoge- 
neities were observed in my.three leu- 
cite specimens. 

The observation made with the pol- 
arizing microscope reveal that these 
apparently isometric crystals are in 
reality assembled crystals. Single indi- 
viduals of weak double refraction are 
so intimately twinned that assembled 
crystals of cubic habit are formed. Exact 
measurements, however, prove that the 
angles of the pseudocubic faces do not 
precisely coincide with the isometric 
system. Heated to a temperature of 
620°C (pressure, one atmosphere) the 
angles change, the twin lamelle dis- 
appear and the leucites become iso- 
tropic and truly cubic. Upon subsequent 
cooling below 620°C, the lamella and 
the anomalous double refraction reé- 
appear. Thus leucite is characterized by 
an a—f alteration at 620°C. The knowl- 
edge thus gained is that, optically, the 
leucite crystals consist of orthorhombic 
twin lamellz that can be recognized by 
the striations on the faces, the fine 
microscopic stria as well as the anoma- 
lous double refraction. This particular 
state of internal structure may be re- 
sponsible for-the remarkably high ‘‘fire”’ 
displayed by gem leucite even though 
the dispersion is but .008. 

Leucite will never be knighted as a 
member of the aristocracy among gem; 
stones, but for its interesting properties 
it certainly deserves to be appreciated 
by gem collectors and gemologists. 
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ABOUT THE AUTHUR 


Charles H. Derby was born at Worcester, 
Massachusetts, in 1909. He attended Willi- 
ston Academy at Easthampton, Massachu- 
setts, and the Stockbridge School of 
Agriculture, of the University of Massachu- 
setts, at Amherst. He graduated with a 
Certificate in Floriculture. Upon graduation, 
he was gardener on one of the famous estates 
in New England. Later, he managed floral 
shops and then an interior-decoration gallery 
in Rochester, New York. 

World War II made, and has continued to 
dominate, the issues of his life. Being trans- 
planted from the security and well being of 
modest success in upper New York State, in 
1940, he found himself in the U.S. Army. 
In the fall of 1944, he went on a cruise to 
Australia and India. This was not one of 
those “‘you-dream-of-or-long-for’’ trips; 
29,000 enlisted men, 5000 officers, 2000 
Chinese and some 1500 Red Cross personnel 
were jammed into a single ship. 29 days 
later, having been chased by subs, he finally 
came to the safe Port of Melbourne. The 
only view of the town was from the long 


single wharf four miles away; it was here 
that he saw his first precious opals. After 
refueling and taking on supplies, he was off 
for India. Landing at Bombay, he soon was 
surrounded by Indian gem wallahs. Gems by 
the hatfull! Quality? Every beer bottle and 
broken taillight had been well preserved and 
finely cut to resemble gems. Genuine rubies, 
moonstones, sapphires and garnets, etc., were 
carefully placed in the assortments for “bait.” 
He later proceeded overland into northern 
Burma. Soon after liberation, Burmese stone 
dealers and traders from Mogok and Manda- 
lay flooded the bazaars and camping areas. 
From hats, shoes, packets, boxes and brief- 
cases came the carefully folded papers dis- 
playing rainbow assortments. These ranged 
from the most exquisite rubies to the boldest 
glass imitations. 

These dazzling memories kept prodding 
him after his return to the U.S.A., and it 
was little wonder that, when the opportunity 
presented itself to return to India, he threw 
security to the winds and went off in the 
Spring of 1947. The most important result 
of that trip was, that soon after his return, 
he became a student of the GIA. This study 
and work soon placed him as a salesman with 
a retail jewelry firm, Wiss Sons, Inc., of 
Newark, New Jersey. Later, he was to open 
a new branch store as manager. Five years 
later, seeking a change and refreshment of 
ideas, he decided to make a trip around the 
world to visit important gem areas. Now, 
luxuriously, he repeated the trip of 1944, 
taking time to stop and see everything. After 
three years, he returned to the United States 
and entered the lecturing field, telling of his 
many travels and experiences. His very inter- 
esting article on opal mining in Australia 
appears on page 323 of this issue of GEMS 
& GEMOLOGY. 
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Highlights 
at the 


GEM THAUE LAB 
in Los Angeles 


Lester B. Benson, Jr. 


‘The fallacy of inflated insurance 
appraisals was shown in a typical settle- 
ment covering a pair of dark-green, 
beautifully carved and polished “jade” 
birds, approximately ten inches high. 
The crests on both of the birds had 
been broken, and the owner was claim. 
ing a total loss for the pair. Insurance 
coverage was for $2000. Laboratory 
tests quickly proved the carvings to be 
serpentine, with a resultant settlement 
of approximately $300. This was based 
on a total price, including duty, of re- 
placing these items with duplicates 
from Hong Kong, as quoted by a well- 
known jade dealer. 

When advising clients on insurance 
coverage for unusual items (and, for 
that matter, any fine jewelry, unless a 
“valued” policy is written), a com- 
pany is not responsible for other than 
a replacement-value settlement, regard- 


less of the amount for which an article 
is insured. 
Ok Ok 

A beautiful large sapphire submitted 
for a comparative-quality statement 
failed to display its maximum inherent 
beauty for two reasons: the pavilion was 
extremely rounded, causing excessive 
leakage of light, and the optic axis was 
inclined at approximately 45° to the 
table. As a result, the greenish-blue 
dichroic color predominated when the 
stone was viewed face up. It had ob- 
viously been cut from a distorted piece 
of rough to retain maximum weight. 
Recutting the stone to correct the dis- 
crepancies would have resulted in a 
weight loss of approximately 50%. 

x KO 

A platinum bracelet set with dia- 
monds and what appeared to be sap- 
phires, proved upon testing to include 
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not only natural sapphires, but also 
synthetic and glass. 
* Ok Ok 
The surface of the green-glass back- 
ground in a gold-inlaid pendant (F/g- 
ure 1) revealed that it had been made 


Appearance, it was the consensus that 
it should be called purple sapphire. 
Ok Ok 
Apparently, a discovery of corundum 
has been found in Finland, Mr. Rudolph 
Lakeside, of Helsinki, submitted a 


60x. 


Figure 1 


by laying out the open gold metalwork 
face down on a work surface and pour- 
ing molten glass over the metal and 
pressing it through the open areas to 
surround the gold. The back of the 
glass was then polished flat and backed 
with a metal plate. To the unaided eye, 
it appeared to be exceptionally fine 
inlay work. 
OK OK 

Is it a ruby or purple sapphire? This 
question arose with a corundum that 
displayed a pronounced color change. 
Under incandescent light, it was an 
attractive and distinctive ruby color; 
however, in daylight, and also under 
fluorescent illumination, it was de- 
cidedly reddish purple. A dealer had 
labeled the stone paper “‘ruby-sapphire.”’ 
In view of the predominant daylight 


small, well-formed crystal and a very 
small but good-quality star sapphire 
cabochon that is brown in transmitted 
light. The following comments are from 
his letter: 


“The stones I sent to you were the 
smallest ones I had. Most of them 
weigh from one to eight carats, being 
almost one-hundred percent well- 
Shaped crystals. They are mainly a 
deep-brown color, and many have 
strong silk, giving a sharp star, In a 
group of one hundred stones, there 
were ten rubies. They ave not trans- 
parent and do not display a star, but 
some are raspberry red. 

“As far as their occurrence is con- 
cerned, they were all picked up from 
loose gravel in the river beds, and 
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Figure 2 


there they seem to occur in abund- 
ance. For instance, in one spot 1 
kneeled down and, without moving 
from my position, I picked up some 
40 of them. They are right at the 
surface and are associated mostly 
with hematite and garnet. Very little 
quartz occurs with them. | did not 
do. any digging, but wherever there 
was hematite, I could be sure that 
there was also corundum. In this area, 
I also found a large deposit of nickel 
ore (not close to Petsamo nickel 
mine) but not rich enough for min- 
img. Iron ore occurs all over. 

“The corundum can be found 
within an area of about ten square 
miles. The locality is north of Inari 
and pretty close to the Arctic Ocean, 
just above the watershed. The coun- 
try is very billy and difficult to reach. 
One has to go by foot some 50 miles. 
However, the area is accessible to 
small aircraft.” 


* OK Ok 


Figure 2 shows a rather interesting 
pearl that had an almost black spot at 


the top and a black encircling band. 
To the unaided eye, both the spot and 
the band appeared as inlays. Magnifi- 
cation and refractive index, however, 
revealed that this black substance was 
apparently a deposit of aragonite, trans- 
lucent in thin section and displaying a 
pronounced, vertically oriented inter- 
growth of hexagonal-shaped prisms. 
The owner of the pearl, a gentleman 
from India, stated that it had been in 
the family for more than twenty years, 
and that it was one of a collection of 
approximately thirty pearls of similar 
nature. The remainder, however, do 
not have the encircling bands,’ only 
the spots. ‘ 
Kk Ok 

A large natural spinel became the 
center of attraction when pronounced 
doubling was observed within the stone. 
Actually, it was not the spinel but’a 
transparent crystal, presumably biotite 
mica, within the spinel that displayed 
the strong double refraction. 

xk Ok 
A large diamond brooch contained 
(Continued on page 378) 
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Highlights 
at the 
GEM TRADE LAB 
in New York 


G. Robert Crowningshield 


The Laboratory has received several 
reports from laymen stating that dia- 
monds had disappeared from rings that 
had been left overnight in an undiluted 
commercial bleach of the very common 
sodium-hypochlorite type. In two of the 
cases reported to the Lab, the soiled 
diamond rings had been placed in open 
glasses of the liquid. When examined 
the next morning, the heads of the 
tings holding the stones were broken 
and the stones were missing. A black 
to green residue was on the bottom of 
the glasses and a green substance had 
been deposited on the inside of the 
heads. 

Our first attempt to solve the mys- 
tery consisted of merely leaving loose 
diamonds overnight in an undiluted 
bleach. The diamonds were unaffected. 
Next, a 14-Karat white-gold diamond 
ring was left overnight in the liquid. 
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In the morning, when the ring was 
wiped off with a cleansing tissue, the 
head holding the diamond split through 
the middle and the stone fell into the 
paper. The diamond itself was un- 
affected. Diamond rings of the same 
and other designs were left overnight 
in a fresh solution with similar results, 
with the exception of a setting having 
a very heavy metal head. This setting 
broke along the solder joint that held 
the shank and head together, but the 
diamond remained in the setting and 
was unaffected. One ring showed con- 
siderable loss of metal on one prong 
where it rested on a diamond. Another 
stur@y 14-Karat-gold setting minus a 
stone -had previously been rhodium 
plated; however, it was affected only 
where the plating had been worn off. 
The explanation we offered our puzzled 
clients for this unusual reaction was 
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Figure 1 


that the gold alloy, consisting as it does 
of an active metal (zinc or copper) and 
an inactive metal (gold), provided the 
requirements for an electrolytic action 
in the presence of the sodium hypo- 
chlorite. The result was that the base 
metal was attacked and the ring broke 
at the thinnest area as a result of tension 
of the shank. It is the Laboratory's 
opinion that the alleged disappearance 
of the diamonds was loss in the black 
or green precipitate, rather than disso- 
lution. In Frgwre 1, the ring marked A 
is the GIA 14-Karat white-gold ring 
mentioned previously. The ring marked 
B is a yellow-and-white gold ring 
(white-metal head) belonging to a 
client. The ring marked C shows the 
break at a solder joint with the diamond 
still in the setting. 
Ok OK 


Figure 2 is a photo of a deep em- 


erald-green fluorite cabochon set with 
diamonds and rubies in a platinum- 
and-gold ring. The typical octahedral 
cleavage of the fluorite is readily 
discernible, 
Ok ok 

Doublets consisting of gray-blue syn- 
thetic tops and natural corundum bases 
in gypsy-set men’s rings are quite con- 
vincing, unless it is possible to examine 
the top under efficient magnification. 
One that was recently identified came 
apart when the client asked to have the 
stone set in a more elaborate setting. 
The workman who did the setting 
assumed the stone had split, but did not 
recognize the difference between the 
top and bottom portions. 

OR OR 

Interesting stones that have been 
submitted for identification recently 
include the very rare zincite and cat’s- 
eye cerussite, as well as such unusual 
materials as enstatite, kyanite, andalu- 
site, amblygonite, sphene, and green 
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apatite. Unusually fine specimens of 
less rare stones included a fine nine- 
carat demantoid and a 55-carat quartz 
cat’s-eye. Perhaps the stone most ad- 
mired was a flawless 60-carat red spinel, 
although we have seen many handsome 
blue and pink diamonds lately. 
x ok Ox 

It is known that many stones may 
become temporarily discolored if they 
are exposed to direct X-ray beams. For 
example, pale-yellow sapphires may 
change to a fine yellow. Even colorless 
synthetic sapphires become brown, but 
later revert to their former color when 
gently heated or exposed to light for a 
short time. Experimenters have not re- 
ported color changes in diamonds upon 
exposure to X-rays; therefore, we were 
surprised when a pink diamond turned 
brown after exposure to X-radiation for 
only a short period of time. However, 
when gently warmed by the heat from 
a Gemscope lamp, the original pink 
color returned. One of the routine ob- 
servations made by the Laboratory on 
pink diamonds is their characteristic 
blue fluorescence under long-wave ultra- 
violet radiation and their bluish-green 
fluorescence under. short-wave ultravio- 
let, together with marked phospho- 
rescence; under X-rays, the fluorescence 
is bluish white. Therefore, it is the 
opinion of the staff that the unusual 
temporary brownish color change men- 
tioned above was caused by the contin- 
uing phosphorescence of the diamond 
when it was exposed to X-rays, together 
with consequent electron displacement, 
which is not usual with exposure to 
X-rays alone. 

a ae 

Promoters of both synthetic colorless 

spinel and synthetic colorless sapphire 


have increased activities lately, result- 
ing in a rash of trademarked names and 
often insupportable claims. One claim, 
supposedly backed by a testing labora- 
tory, says that the stone in the advertise- 
ment (not claimed as synthetic 
corundum, but identified as such by the 
Laboratory) is’ 914 in hardness. Per- 
haps it is well to repeat that Mohs’ 
scale of hardness is only relative. Mohs 
arbitrarily assigned diamond the figure 
10, since it would scratch all other 
minerals. He gave the figure 9 to co- 
rundum, since it would scratch all min- 
erals except diamond. On numerous 
occasions potential promoters have re- 
quested that we make hardness tests, 
hoping we would issue a report stating 
that their own particular source of syn- 
thetic colorless sapphires was 914 in 
hardness. Since synthetics have essen- 
tially the same properties as their natu- 
ral counterparts, all that can be said is 
that both natural and synthetic corun- 
dum are 9 in hardness. 
ek OH 

A question has been raised regarding 
stones that contain only a small zone of 
the color suggestive of a variety. For 
instance, a large beryl carving was vir- 
tually colorless, except for a swath of 
blue through one portion. The request 
was for a report to be issued as aqua- 
marine, although only a very small area 
could conceivably be called aquamarine. 
The owner feared that the carving 
would not sell if labelled beryl rather 
than aquamarine. Frequently, cut sap- 
plfires are completely colorless, except 
for a small blue area near the culet. 
Emeralds, too, are often cleverly cut so 
that a small spot of green color is spread 
through the stone by internal reflection. 
Observed under immersion, such stones 
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may actually be more than three-fourths 
colorless. No strict nomenclature can be 
recommended for stones of this kind. 
If a stone shows the desired color of 
any given variety when viewed from the 
direction it will be observed when 
mounted, it is the Laboratory's belief 
that the variety name appropriate for 
that color may be used. 
Ok Ok 
The very large Australian cultured 
pearls that have been given considerable 
publicity in recent months are striking 
indeed, One that was X-rayed in the 
Laboratory had an overall dimension of 
more than 19 millimeters, yet the nu- 
cleus was only 6 millimeters. However, 
as the radiograph (Figure 3) indicates, 
there was, in addition to the nucleus, a 
considerable hollow space, which was 
discovered when the pearl was drilled. 
Moreover, it was found that the nucleus 
was loose, thus making it difficult to 
insert the peg of the ring designed for 
the pearl. This condition is not uncom- 
mon, as proven by the many drill holes 
we see in some nuclei in radiographs. 
Om 
A necklace of drilled baroque beads 
proved to be green plastic-coated beryl. 
Since this kind of coating appears red 
under the emerald filter, the owner did 
not become suspicious until the plastic 
wore off several of the beads. 
* oe OX 
The exact process that cultured pearls 
undergo before shipment to foreign 
buyers is a secret that stays in Japan. 
One lovely necklace recently examined 
in the Laboratory showed unmistakable 
evidence of pink dye in the drill hole, 
on the silk thread used in stringing, and 
in a number of cracks just under the 
surface. It has been reported that eosin 


Figure 3 


dye (a dye obtained by the action of 
bromine on fluorescein) is used for this 
purpose, but it is usually not so obvious. 
eK OR 

A brilliant orange-brown zircon lost 
all vestige of the orange color and be- 
came ordinary brown during the min- 
ute or less required to check it in the 
spectroscope. Knowing that light will 
fade X-ray-treated sapphires and other 
stones and that X-rays will impart a 
deep orange color to brown zircons, we 
experimented with stones from our col- 
lection and were able to produce a simi- 
lar orange-brown color by exposing 
light-brown zircons to 40-KV and 
7-MA X-ray for less than ten minutes. 
By keeping them out of strong light, 
the stones are holding their color well. 
Although there would seem to be no 
commercial advantage in turning brown 
zircons orange, even if the color would 
hold in. daylight, it is possible that such 
treatment has been done in isolated 
cases, - 

x KO 

While making a spectroscopic ex- 
amination of blue diamonds that had 
acquired their color as the result of 

(Continued an page 377) 
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Charles H. Derby, C.G. 


A visit to the main sources of precious opal today, Coober Pedy 
and the Andamooka deposits, in the northern areas of South 


Australia Province, Australia. 


(Continued from Fall 1959) 


These buildings, sitting on the very 
edge of a high bluff, give the impres- 
sion of two crouching cats facing each 
other. The store and general trading 
post of the Brewsters is on the north 
side of the road. Opposite, and in direct 
competition, stands the Marks store, no 
relation to the opal Marks. Marks is 
postmaster, overseer for the aborigine, 
etc. His sign says, “Opal and Specimens 
for Collectors.’ Both he and the Brew- 
sters have gas pumps and competition 
is keen. The Brewsters are old-timers 
and former opal gougers, now retired to 


store tending, getting meals for tour- 
ists, and opal buying. There are about 
forty persons living at Coober Pedy. 
Coober Pedy is famous not only for 
its fine opal, but also for its queer 
houses. In the olden days, all of the 
houses were under the ground. This 
was done for two reasons: there was no 
timber in the area, and there were great 
seasonal changes in the weather. In 
summer it is hot, and in winter it is 
cold, with the winds swirling up from 
the South Pole. When it is hot these 
underground houses are cool, and when 


362 


GEMS & GEMOLOGY 


Weg ‘BREUSTERS s STORE 


ACCOMMODATION 
MEALS & BATH 


SHELL DEALER 
24 HOUR SERVICE 


Coober Pedy 


The author stands with the Brewsters at their store, the hub of universe out there. The 
kindness, hospitality and never-ending stories of these two old-timers will never be for- 


gotten. Mrs. Brewster is a cook par excellence. 


the cold winds blow they are warm. 
Then, too, in a land plagued by flies, 
these carved rock houses offer a retreat, 
because the flies shun them. Rooms are 
gouged out of the soft sandstone, and 
the house can become as spacious as you 
have the patience to dig. Shelves and 
cupboards are cut out of the solid rock 
wall and the bed base is often of the 


same material. The old-timers still have 
lanterns and candles, but some of the 
more progressive folks have wind gen- 
erators that keep storage batteries 
charged, for they enjoy electric lights. 
There were a few kerosene refrigera- 
tors ~ luxury indeed. Coober Pedy’s 
school is by radio and at home, the 
Government supplying the sets. On one 
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Coober Pedy 


Mr. and Mrs. Blatchford and family wait to welcome me to their home. The ventilators 
and chimney indicate the underground size of this house. It was very cozy. 
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Coober Pedy 


The interior of the dugout house. Bryan greets his teacher several hundred miles away 
via radio. All of his lessons have been carefully prepared in advance and supervised by 
his very able mother. Note the refrigerator in the background; it runs on kerosene. 


of my morning visits to the Blachford 
home, young Bryon was addressing a 
good morning to his teacher several 
hundred miles. away. The scholastic 
standing of these children is high. 
Coober Pedy has one blessing: that of 
being on the main road of the north- 
south highway. It was surprising to 
learn of the numbers of vacationists 
who find their way down through the 
area in the dry season. Water is caught 
off a bastn watershed and stored in a 
manmade covered reservoir; unless the 
season is very dry, there is adequate 
water for all. 


It was here that I saw two old camels, 
remnents of the once fabulous Ghans 
traders. My home here was twenty-five 
feet under the ground in the old post 
office. Shared with Vin Wake, it was 
most comfortable, but I have to confess 
to a feeling of heavy claustrophobia 
that first night. The hospitality was 
wonderful, and I will never forget that 
kangaroo-tail goulash that was cooked 
for three days by Mrs. Keith Hamilton 
and the party that the Hamiltons gave 
to serve the goulash. 

Mining here is about the same as at 
Andamooka. The fields are more vast 
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The first view over the hill from the Brewsters at the old diggings of the main find at 
Coober Pedy. Notice that both the hills, as well as the flats, have been explored. The finds 
were fabulous. 


and the distances are greater and more 
widely separated. The bottoms are much 
deeper and the horizons don’t have the 
massive bands of gypsum that indicate 
the nearness of opal. The opal found 
here is of a lighter color and slightly 
softer. Usually, it is thought that these 
can be easily told apart; however, I 
discovered that occasionally stones are 
sent between fields and sold as Anda- 
mooka or Pedy stones, as the occasion 
demands. I doubt that any genuine opal 
buyer can be fooled consistently. It was 
further interesting to note that the 
gougers each believed that the stones 
from his area were the best. The buyers 


bought anything and everything they 
could get their hands on. 

Because of the floods and washouts 
on the roads to the south, I was forced 
to go north on my return journey, com- 
ing out through Alice Springs. Then by 
air to Darwin and via the Philippines 
on to Japan, where I visited the massive 
pearl farms and the rock-crystal works. 


GEOLOGICAL. FEATURES 
Andamooka 
Precious opal occurs here in a fault 
outlier of lower Cretaceous beds resting 
unconformably on quartzites, sand- 
stones and shales of the Upper Pre- 
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Coober Pedy 


Sentinels of the past. Two ancient camels left from the once mighty herds that made up 


the Khans trading routes. 


in the early days it was with these beasts that the Mohammedans from the Middle East 
came to ply trade throughout central Australia. 


Cambrian Age. The geological section 
is approximately as follows: 


Superficial mantle of ferruginous 
and siliceous gibbers, or rocks. 


Fifteen feet, approximately, of dense 
quartzite and sandstone, now mostly 
eroded away but capping a few hills. 


A zone of cream-colored siliceous 
shale with limonitic veins; thickness 
not known. 


Cream of pale-pink siliceous clay 
and porous sandstone, approximately 
55 feet thick. 


Hard band of brown sandstone and 


a seam of massive gypsum. A band of 
coarse conglomerate and boulders up 
to nine inches in diameter. White mi- 
caceous clay. 

Opal occurs in the interstices of the 
conglomerate and as a surface film, or 
layer, on the boulders, and it also occurs 
as seams within the clay that underlies 
the conglomerate band. The conglom- 
erate and clay constitute the opal Aori- 
zon, and the hard band and gypsum, 
when present, serve to indicate the 
proximity of the horizon. The sequence 
described above may be regarded as 
typical, but is not necessarily continu- 
ous throughout the field. The total 
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Coober Pedy 


A buying partner comes to inspect his mine. This was a deep shaft, almost seventy feet 
down. Note the steps on the sides and the winch at the top. 
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COOBER PEDY—» 


AMDAMOOKA 


thickness of this zone is about five feet. 


Veins of opal may traverse the clay at 
any angle, but usually are flat. In one 
example, they followed a vein for 55 
feet. 


Coober Pedy 


The geological section is approxi- 
mately as follows: 


A superficial layer of smooth, 
rounded gibbers, or rocks. These form 
an almost continuous thin mantle over 
the tableland surface. 


Gray or brown quartzite, with some 
conglomerate and porcellanite. Ap- 
proximately fifteen feet thick. 


Zones of pink and cream-mottled 
clay, with scattered flakes of selenite. 
Approximately eight feet thick. It is 
not present in all parts of the field. 
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White, cream or pale-pink siliceous 
claystone, with one or more horizontal 
seams of fibrous gypsum up to 18 inches 
thick. 


Pink or brown ferruginous sand- 
stone, with veinlets of precious opal. or 
pelecypod shells replaced by opal. The 
opal-bearing sandstone is the lowest 
formation exposed in the mines. Its 
thickness cannot be determined, but the 
total thickness below the quartzites (in- 
cluding the mottled clay) exceeds 60 
feet. 


The seams of opal range in thickness 
from about two inches to a fraction of 
an inch, and are irregular in their oc- 
currence. Some are vertical, but the 
majority are horizontal or nearly so. 
Many of the veins are not continuous 
and are in the nature of lenticles, occur- 
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ring in a series of fissures or joints. 


The main level of opal is about 70 
feet below the top of the plateau; as 
the result, most of the wide develop- 
ment has been on the flats. 


There are few, if any, surface indi- 
cations here to guide the miners in the 
selection of sites for prospecting. 


Andamooka opal varies in body color 
and is generally darker than that ob- 
tained in Coober Pedy or White Cliffs. 
Some specimens, notably those of the 
German Gully area, are dark enough to 
compare favorably with the Lightning 
Ridge opal. 


Australian opal fluoresces under rays 
of the long-wave ultraviolet light. 


A Short History of Opal 


In gem history, opal is one of the 
oldest of known gemstones; however, 
it had no place of honor with the 
ancient Hebrews. It was not included 
in the placement of jewels on the High 
Priest’s Breastplate. However, by Ro- 
man times it had become known, ap- 
preciated, and highly sought after. In 
ancient Greece, the stones were used as 
talismans of foresight and prophecy. In 
Rome, they were symbols of hope and 
purity and were thought to preserve 
people from disease. Pliny, the learned 
Roman scholar, wrote, It bas the fire of 
carbuncle, the brilliance of purple 
amethyst, the sea green of emerald, all 
shining together in incredible union. 


The ancient Arabs believed that these 
fiery stones fell from heaven in flashes 
of lightning. An interesting story of 
Rome tells of a Senator, Nonius, going 
into exile rather than forfeit his jewel 
to the Emperor. This jewel, a great slab 
of opal was olive green with a magnifi- 
cent play of color; when viewed by 
transmitted light, it was ruby ted. 
Later, at Alexandria, Egypt, during 
excavations, a magnificent opal was re- 
covered. It was debated by historians 
if this were the Nonius opal. This gem 
eventually found its way to the French 
Court. Could this opal have been the 
fabulous The Burning of Troy posses- 
sion of the Empress Josephine? When 
the Nadir Shah overran and conquered 
India and the Mogul court, part of the 
treasure he sought was opal. Queen 
Elizabeth I, of England, had a mania 
for gems. She owned a wardrobe of 
some 2000 gem-encrusted gowns, She 
was so infatuated with these and the 
gem designs that she had an artist com- 
missioned to paint them. Her favorite 
stone was opal. Charles the Bold and 
General Potemkin each paid thousands 
of ducats for fine fiery cabochons. After 
centuries of supremacy, in the nine- 
teenth century, all of the love, fame and 
glory were eclipsed by the publishing 
of a novel, Sir Walter Scott's Anne of 
Geirstien. At once a superstition spread 
through the Victorian world that opal 
was unlucky. Even though Queen Vic- 
toria and other greats such as Bern- 
hardt gave opal great publicity, the 
stigma is still well planted in the West- 
ern world, 
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Book Reviews 


GEMCRAFT, How to Cut and Polish 
Gemstones, by Lelande Quick and 
Hugh Leiper, FGA, Published by 
Chilton Company, Philadelphia, Penn- 
sylvania. 179 pages, 177 black-and- 
white illustrations and photographs, 
tables, and bibliography. Price $7.50. 


This book, based on the combined 
experience of two leading lapidaries, 
describes the latest techniques for fash- 
ioning gem materials. In addition to 
the usual instructions for cutting 
cabochons and faceted stones the au- 
thors go a step further and explain the 
intricacies of carving and sculpturing 
gemstones, how to make mosaics and 
intarsia and the tools necessary for this 
unique byway of the lapidary art. One 
interesting section furnishes step-by- 
step instructions for carving a contin- 
uous-chain link necklace. 


The care and cleaning of equipment 
is thoroughly discussed, as well as its 
construction and correct usage. The 
section pertaining to faceting, the selec- 
tion of cutting material and its prepa- 
ration for cutting (sawing, dopping, 
preforming, etc.), and the various 
types of laps used in this operation is 
most complete. The chapter called “How 
to Carve and Engrave Gems” contains 
complete information on hollowing 
out, internal grinding, shell carving, 
landscape making, and carving cameos 
from amber, jet and coral. The chapter 
entitled “'The Making of Gemstone 
Novelties” gives. explicit directions for 


making bookends and spheres. Gem- 
stone mosaic and intarsia are treated in 
a separate chapter. Useful tables and 
a bibliography complete this compre- 
hensive book on the lapidary arts. 


MINERALS OF NEW MEXICO, by 
Stuart A. Northrop, 665 pages. Pub- 
lished by the University of New Mexico 
Press, Albuquerque. Price $10. 

This revision of a book first. pub- 
lished in 1944 offers fascinating possi- 
bilities, both to the jeweler and the 
hobbyist interested in spending a vaca- 
tion collecting gemstones or other min- 
erals in the Southwest. Northrop -has 
not limited the scope of his book to a 
basic recital of the minerals found in 
his state (he is Chairman of the Geology 
Department at the University of New 
Mexico in Albuquerque), but gives 
the highlights of the history of miner- 
alogy and mining in New Mexico and 
other facts of interest. Sources are 
located by mine names in the various 
mining districts and other localities, 
over 170 of which are shown on a 
large foldout map in a pocket attached 
to the back cover. 


Minerals of particular interest are 
given thorough treatment. The section 
on turquois consumes sixteen pages, 
including a very short summary of its 
nature, a short discussion of the spelling 
and derivation of the name, a bibliog- 
raphy of references to New Mexico 
occurrences, records of occurrences, 
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value of production, history, folklore, 
technology, and other aspects. 

The book seems thoroughly re- 
searched and well prepared. 

ok OR 
PRECIOUS STONES AND PEARLS, 
by Dr. Karl Schlossmacher, Second edi- 
tion, 1959. Schweizerbart’ sche Verlags- 
buchhandlung, Stuttgart. 340 pages, two 
color plates, two microphotographs and 
115 text figures. 

Inthe first edition of this book, which 
appeared in 1954, the major portion 
of the characteristics and methods of 
differentiation of precious stones was 
kept comparatively short. The text was 
mostly concerned with the individual 
precious stones. (At this time, the 
Textbook for the Precise Identification 
of Precious Stones was still in the proc- 
ess of arrangement at the publishers.) 
When the first edition of the book sold 
out, texts from both books were com- 
bined to make one volume entitled 
Precious Stones and Pearls, The first 
part is more comprehensive (40 pages), 
in order to give demanding gemologists 
a summary of the characteristics of 
precious stones and the methods and 
instruments necessary for their identifi- 
cation. Nevertheless, this book is, as 
stated in the. foreword, “. . . a book 
of the middle’; ie., between a strictly 
scientific presentation and a more gen- 
erally understandable preparation for 


Book Heviews 


laymen. The emphasis is toward an 
intensive and extensive view of the 
knowledge of gemstones. 

The second portion, of about 20 
pages, enlarges especially on the manu- 
facturing aspect. In the chapters dealing 
with diamonds, detailed information 
concerning grading and evaluation is 
given; i.e., the judging of color, clarity 
and make (polishing, cutting and grind- 
ing). The detailed chapter on the 
synthesis of diamonds by the General 
Electric Company is new. 

Innovations that were discovered by 
researchers in the last few years have 
been added to the colored-stone sec- 
tion. There is added information con- 
cerning recent imitations and synthetics 
and their characteristics. Adulteration 
by artificial dyes has been especially 
emphasized. The chapters on finish 
and cutting of precious stones have 
been enlarged by the addition of his- 
torical data. 

The conclusion of the book consists 
of tables, two color plates of the most 
important precious stones, and three 
microphotographs of inclusions and 
gtowth lines. 

This second edition of Precious 
Stones and Pearls offers the gemologist 
and the precious-stone trade a gener- 
ally understandable and up-to-date 
summary of our present knowledge 
and potentialities. 
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Diamond Sales 


An all-time record for the first nine 
months of any year in the history of 
the diamond industry has been an- 
nounced by De Beers Consolidated 
Mines. Sales of gem and industrial 
diamonds during the first nine months 
of this year totaled $191,539,171. 
Total sales for the entire year of 
1958 amounted to $183,521,483. 


Diamond Displays 


A replica of the famed Liberty 
Bell, built and owned by the Mikimoto 
Pearl Company, of Japan, consists of 
11,759 pearls and 366 diamonds. The 
bell, one-third the size of the original, 
has started a ten-month tour of. the 
U.S. The company has listed its value 
at several hundred thousand dollars. 


Russia 


It has been. reported that De Beers 
has recently. become exclusive. dia- 
mond-sales agent for the Soviet 
Union. Russian diamond production 
has been rising in recent months, with 
the exploitation of new deposits of 
industrial diamonds in Siberia. It 
has also been reported that. gem 
diamonds have been found in the 
Northern Urals. 


sts 


De Beers Synthetic Diamonds 


The South African discovery of a 
method of manufacturing synthetic 
industrial diamonds is the climax to 
a program that was initiated in 1955. 
In 1956, De Beers Consolidated Mines 
completed a special research center, 
Adamant Research Laboratory, adja- 
cent to the Diamond Research Labo- 
ratory, which has carried on various 
experiments with diamonds since 
1947. A-team of scientists consisting 
of Dr. H. B. Dyer, Dr. P. T. Wede- 
pohl, Dr. B. W. Senior, assisted by 
a staff of ten technicians, and with 
Dr. J. F. H. Custers as director of 
research, began intensive research on 
the subject of diamond synthesis. In 
September, 1958, the first synthetic 
diamond was produced; X-ray tests 
furnished conclusive proof of its 
character. The first particle produced 
measured 0.4 millimeter by 0.25 milli- 
meter, and it was made up of six 
equal-sized particles joined together. 
In September, 1959, a continuous 
production of synthetic diamonds 
was established. Mr. Harry Oppen- 
heimer, chairman of De Beers Consoli- 
dated Mines, has stated that the method 
has been sufficiently advanced for com- 
mercial production, if it becomes desir- 
able to produce this material on any 
scale. 
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San Francisco Diamond Class 


Members of the San Francisco Diamond 
Evaluation Class, which met September 
14th, through September 18th. Seated left 
to right: Verl G. White, Berkeley, Cali- 
fornia; Verl W. Owen, Tracy, California; 
Sol Perper, San Francisco; William 
Frazier, San Francisco; and George 
Whitely, San Francisco. Second row left to 
right; Philip A. Lawton, Gilroy, Califor- 
nia; B. Q. Haines, Omaha, Nebraska; Her- 
bert Umeda, Sacramento, California; Pat 


A. Amanse, San Francisco; S. Streeper, Salt 
Lake City, Utah; and Edward Injayan, Palo 
Alto, California. Third row left to: right: 
Robert T. Lindemann, San Francisco; Ray 
Mickel, Lodi, California; Richard A. Cole- 
man, Corvallis, Oregon; William H. Whit- 
man, Napa, California; Emerson Baugb- 
man, Hayward, California; William A. 
Allen, GIA instructor; and Robert Wal- 
dow, Oakland, California. 


Portland Oregon Diamond 
Evaluation Class 


Members of the Portland, Oregon Dia- 
mond Evaluation Class, which met Sep- 
tember 21st, through September 25th. 
Seated left to right: Mrs. Pauline E. Timm, 
Portland; Mrs. N. E. Bordon, Portland; 
William P. Bordon, Portland; Robert C. 
Moore, Tigard, Oregon; Harley A. Piper, 
Woodburn, Oregon; and Shelley M. 
Gowans, Portland. Standing left to right: 
William A. Allen, GIA instructor; Loren 


Hughes, LaGrande, Oregon; Paul N. Mor- 
ris, Portland; Charles W. Lesch, Albany, 
Oregon; Wesley B. Shaner, Astoria, Ore- 
gon; Donald M. Brown, Walla Walla, 
Washington; William R. Johnson, Port- 
land; William M. Keating, Pendleton, 
Oregon; Vernon D. Henry, Silverton, Ore- 
gon; Raymond W. Ordway, Portland; 
Graham C. Griffith, Portland; and Law- 
rence A, Smith, Beaverton, Oregon. 


Seattle Diamond Evaluation Class 


Members of the Seattle, Washington 
Diamond Evaluation Class, which met 
September 28th, through October 2nd. 
Seated first row left to right: C. M. Huber, 
Seattle; Port C. Martin, Walla Walla, 
Washington; and Harold P. Hopkins, 
Spokane, Washington. Seated second row 
left to right: Walter Siebert, Seattle; Clar- 
ence O. Villaume, Yakima, Washington; 
and Frank Wheeler, Kalispell, Montana. 
Standing (as they appear) left to right: 
John B. Rowe, Seattle; James F. Geoghe- 


gan, Ellensburgh, Washington; Gerald S. 
Walker, Grangeville, Idaho; Douglas 
Erspamer, Mount Vernon, Washington; 
Guy T. Beckwith, Shelton, Washington; 
Gail W. Bevan, Belleview, Washington; 
H. Vincent Jones, Vancouver, B.C., 
Canada; Leon J. Ethier, Kent, Washing- 
ton; William A. Allen, GIA instructor; 
John A. Martin, Seattle; Virgil M. Groth, 
Tacoma: Melvin L. Kincaid, Moscow 
Idaho; Hans Hagen, Everett, Washington: 
and Richard Talicott, Olympia, Wash. 
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San Francisco Diamond Evaluation Class 


Members of the San Francisco Diamond 
Evaluation Class, which met October 5th, 
through October 9th. Seated left to right: 
Miles Olwine, San Francisco; Burton 
Clark, Gilroy, California; and Mrs. Sallie 
Morton, Cambrian Park, California. Stand- 
ing left to right: Michael Reddish, Salt 


Lake City, Utah; Cy Lambird, Lodi, Cali- 
fornia; Richard Holtzen, Healdsburg, Cali- 
fornia; Alva D. Andrus, Salinas, 
California; William A. Allen, GIA instruc- 
tor; and F. Joseph Hannon, Corona, 


California. 


The GIA’s popular one-week Diamond 
Evaluation Classes that were held recently 
in San Francisco, Portland and Seattle drew 
attendance from California, Oregon, 
Washington, Utah, Idaho, Montana, 
Nebraska and Canada. These classes, which 
are open to any jeweler, cover the GIA’s 
diamond-appraisal system and important 
diamond-merchandising features. Since 
they teach diamond evaluation and ap- 
praisal, the major portion of the classwork 
is devoted to supervised practice in color, 
imperfection, proportion and finish grad- 
ing and final pricing. 

Early in 1959, the GIA classes were 
scheduled for major cities throughout the 
nation, Classes were held during the first 


half of the year in cities that were centrally 
located in the East, South and Middlewest, 
whereas the West Coast classes were sched- 
uled for September and October. A second, 
but smaller, class for San Francisco was 
necessary because of the overflow of regis- 
trations. William A. Allen, instructor on 
the staff of the Gemological Institute of 
(Los Angeles), conducted the 
West Coast sessions. G. Robert Crowning- 
shield and Bertram Krashes, of the Insti- 


America 


tute’s Eastern Headquarters, directed the 
classes that were held in the East, South 
and Middlewest. 

Twenty-one classes have been scheduled 
for 1960. 
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N. Y. LAB NOTES 
(Continued from page 361) 

atomic bombardment, we were surprised 
to note that absorption lines ordinarily 
expected only in yellow- to brown- 
treated diamonds were present in ex- 
actly half of the lot. The rest of the 
stones showed no absorption lines what- 
ever, although their color was such that 
no colored-diamond dealer would mis- 
take them for naturally colored stones. 
It is the tentative opinion of the Labo- 
ratory that stones entirely devoid of ab- 
sorption lines may have been light 
brown before treatment, and that those 
showing lines may have been ordinary 
off-color, ar cape, stones. 


%* OK ok 


On several occasions the Laboratory 
has been called upon to identify rough 
diamonds for persons who have been 
inveigled into importing them. More 
tha. once the parcels were found to 
have been salted with quartz pebbles or 
consisted entirely of quartz. This type 
of fraud has extended even to the indus- 
trial diamond buyer, as evidenced by 
the sale of two very large almandite 
crystals sold as industrial diamond 
rough. 

Ok OK 

We are indebted to Mr. William T. 
Lusk, president of Tiffany and Com- 
pany, for a 1.74-carat, brown, emerald- 
cut diamond of the green fluorescent 
type that shows the 5040 A absorption 
line in the spectroscope. 

We wish to thank Mr. Rapheel Esmer- 
ian, New York dealer, for two hand- 
some greenish-yellow fluorescent dia- 
monds and a selection of natural black 
pearls to be added to our study 
collection. 


Similarly, we wish to thank Mr. 
Theodore Moed for two treated yellow 
diamonds that illustrate the character- 
istics of treated diamonds. 


We thank Mr. Hans Sinzheirher, New 
York dealer in black cultured pearls, for 
a selection of his pearls for study 
purposes. 


We wish to thank the firm of Lazare 
Kaplan and Sons for: the beautiful 
split-leaf philodendron for our new 
quarters at 580 Fifth Avenue. 


Following are students who have 
recently been awarded diplomas in 
in the Theory of Gemology: 


Murray Rosenblatt, Rose Jewelers, 
Bellport, New York; Patricio Amanse 
y Abelle, Philcogen, World Trade 
Center, San Francisco: Bertrand L. 
Fontaine, Owen-Cotter Jewelry Com- 
pany, St. Petersburg, Florida; John 
T. Carpenter, Jr., Carpenter Jewelers, 
Camp Hill, Pennsylvania; Oscar T. 
Kennedy, J. F. Bard Company, Inc., 
Chicago, Illinois; Vernon Gregory, 
Ottawa, Illinois; and Donatien 
Dugre, Shawinigan, P. Q. Canada. 


The following student was awarded 
a diploma in the Theory and Practice 
of Gemology: 


Rosser Chesebrough, Sherman 
Oaks, California. 
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L. A. LAB NOTES 
(Continued from page 357) 


two unusual pieces of rock crystal that 
served as borders for the diamond-set 
ofnamentation. Both pieces of quartz 
were approximately one and one-half 
inches in length and had elongated 
pentagon outlines and open centers. 
They provided the equivalent of step- 
cut, transparent frames, approximately 
one-fourth inch in width, for the dia- 
monds on each side of the brooch. 
Obviously, such stones could not have 
been faceted on a conventional facet- 
ing unit. 
x ok OK 

In the last issue, it was stated that 
a complete summary of current work 
on turquois would be presented in this 
column. In the meantime, one of our 
students who deals in turquois is col- 
lecting a large number of specimens 
that will represent all current methods 
of treatment; also included will be un- 
treated specimens of various grades 
from the better-known deposits in the 
Southwest. Having access to such a 
collection will give us an opportunity 
not only to conclude the present re- 
search, but to provide better ‘illustra- 
tions for publication than are presently 
available. This summary will, therefore, 
be postponed until a later issue. 

We were delighted to receive two 
very rare volumes, Die Diamonten 
Wuste Sudwest Africas, by E. Kaiser, 


through the courtesy of Dr. J. Daniel 
Willems, Chicago, Illinois. This rare 
two-volume edition makes an interest- 
ing addition to the GIA library. 


Another very much appreciated gift 
was a copy of the first edition of Edel. 
steinkunde, by Max Bauer, generously 
donated to the GIA library by H. Paul 
Juergens, GIA governor and former 
Board Chairman, Juergens & Andet- 
sen Company, Chicago. 


We thank Bill Ilfeld for the garnet- 
and-amethyst specimen that he sent to 
the GIA from Mexico, where he is 
presently traveling. 


A box of rock-crystal beads donated 
by John Fuhrbach, Amarillo, Texas, 
will be used to good advantage in our 
practice-stone sets. ; 


A green grossularite garnet cabochon 
donated by George Marcher, San Fran- 
cisco gem dealer, will make a welcome 
addition to our garnet collection. 


Leo Steinem, Los Angeles gemstone 
dealer, presented the GIA with a light- 
blue jadeite cabochon. This stone will 
add another color to our jadeite display. 


Our thanks go to Rudolph Lakeside, 
Helsinki, Finland, for the cut and rough 
star sapphires discussed previously in 
this column. 
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Highlights 
at the 
GEM THAUE LAB 


in Los Angeles 


Lester B. Benson, Jr. 


Nineteen large red cabochons that 
had been represented as rubies were 
submitted for verification. All speci- 
mens were highly fractured, and dup- 
licated closely some of the crackled 
synthetic rubies on the market. Magni- 
fication revealed numerous, tiny octa- 
hedral crystals in nine of the specimens. 
R.I. and optic characteristics quickly 
verified these as spinel, and the re- 
maining ten as natural corundum. 

A manager of one of the gambling 
casinos in Nevada submitted a not-too- 
fine strand of pearls that had been of- 
fered to the house as a proposed set- 
tlement for a $7500 gambling. debt. 
They were represented as natural pearls 
with a claimed value of $10,000. Radio- 
graphs quickly identified them as cul- 
tured and, obviously, not the medium 


by which this debt was to be dis- 
charged. 
Bo * 3 
We encountered our first good star 
peridot. It was a cabochon of approxi- 
mately three carats and displayed a 
well-defined four-rayed star reflected 
from tiny needlelike oriented inclusions. 
Representative samples from parcels 
of stones taken from an estate of a for- 
mer gem dealer were presented for 
identification. The bulk of the stones 
supposedly consisted of zircons; how- 
ever, the majority proved to be glass. 
A strand of dark-green impure jade- 
ite beads, two carved pendants and a 
larger carving were encountered sepa- 
rately but within a period of two 


weeks. This material was similar to nu- 
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merous specimens that we have en- 
countered in the past, except that these 
were all heavily saturated with a paraf- 
finlike wax to improve luster and to 
help conceal some of the cracks. 
a 

One transparent, yellow scissors-cut 
sapphire of rather fine quality caused 
the owner some difficulty because the 
style of cut, plus the absence of bub- 
bles, suggested strongly that it was 
synthetic. The spectroscope, however, 
proved it to be a natural sapphire. 


Pavilion of the synthetic sapphire show- 
ing the mass of gas bubbles and needle- 
like inclusion. 


The accompanying photographs were 
taken of a rather unusual synthetic sap: 
phire. A mass of gas bubbles and faintly 
curved striae were concentrated in the 
pavilion of the stone, although a few 
bubbles were in the crown area. In ad- 
dition, several twinning lines and dis- 
tinct needlelike inclusions were pres- 
ent. The crown facets had obviously 
been te-fused, resulting in the etched 
appearance. There is no reasonable 
explanation for the combined charac- 
teristics. 


Crown facets of synthetic sapphire 
showing etched appearance and 
needlelike inclusion. 
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An interesting star sapphire was en- 
countered that displayed double as- 
terism. The intersections of the stars 
were approximately one-eighth inch 
apart. Under magnification, a distinct 
almost parallel line was visible between 
the two crystals that showed the stars. 
The axes of the original crystals were 
oriented at avslight angle to each other. 

pote 0 

There is an increasing use of ctack 

and fissure sealers in the colored-stone 
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trade. The best sealers consist of a clear 
epoxy resin, which, after curing, pro- 
vides a reasonably hard surface that 
takes a good polish. Several stones 
have been encountered in which major 
cracks and cavities have been so well 
concealed that detection would be dif- 
ficult in the absence of at least 30x. 
ok * ok 

The jeweled ornament in the ac- 
companying photograph is part of a 
large collection of historical pieces. Re- 


a 
ae 
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Jeweled ornament of the Bishop who officiated 
for the Czar in the Great Palace of the Kremlin. 
Courtesy, Count Ivan Podgoursky. 
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a 


Pearl showing a pit that resulted from the removal 
of a welt by polishing. 


cently, a question arose concerning the 
identity of some of the stones in the 
ornament. Careful examination dis- 
played numerous settings that were not 
consistent with the nature of the piece. 
Specifically, some stones, either too 
large or too small for the bezels or 
prongs, had merely been cemented in 
place. The stones, supposedly natural, 
proved to consist of 242 pieces of glass, 
two pieces of rock crystal, five ame- 
thysts and one garnet-and-glass dou- 
blet. Since some of the stones had 
obviously been replaced, the conclusion 
on the part of the owner was that all of 
them had, at some time, been substi- 
tuted. The unit was the ornament of a 
bishop who officiated for the Czar in 
the Great Palace of the Kremlin. The 
center painting was on a mother-of- 
pearl back. 
2K nS 

An interesting problem arose when a 
jeweler’s customer purchased a new 
pearl-cleaning solution and proceeded 
to clean a strand of large cultured 


pearls according to the instructions on 
the bottle. In the process, the string 
broke; therefore, the pearls were taken 
to the jeweler on the assumption that 
the solution might have affected both 
the string and the pearls. One of the 
salesman recalled having sold the pearis 
to the customer, so he inspected them 
thoroughly for possible damage. His 
conclusion was that the solution had 
deteriorated the string, changed the 
color of the pearls and pitted them. 
Since the strand had cost a considerable 
sum, a claim was submitted for total 
loss. Subsequent tests on a number of 
pearls and pearl strings failed to con- 
firm that any potential damage would 
result from using the solution. An 
analysis of the liquid revealed that it 
was just a common neutral detergent. 
The few so-called pits in the pearls 
were nothing more than welts that had 
originally been removed from the pearls 
by polishing. The accompanying photo- 
graph was taken of one of the larger 
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Highlights 
at the 
GEM TRADE LAB 
in New York 


A lady’s ring containing three green 
octagon step-cut stones was submitted 
for identification of the stones. Magnifi- 
cation and refractive index indicated 
synthetic emerald. However, under 
long ultraviolet radiation the edges of 
the stones fluoresced yellow and the 
centers only faintly reddish. It was only 
when the stones were thoroughly 
cleaned on the back and a roll of black 
velvet inserted in the shank that they 
showed the expected fluorescence of 
synthetic emerald. The matter of back- 
grounds against which fluorescence is 
observed is important. The fluorescence 
of rubies on a white background under 
short ultraviolet is of some value in 
identification, and is further used by 
some dealers to separate so-called 
Burma and Siam grades. One dealer 
called in alarm that a ruby he was 
testing in a ring showed a greenish 
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by 
G. Robert Crowningshield 


fluorescence. It was only when he dis- 
covered that the rolled-up handkerchief 
he was using in the shank to provide 
the background fluoresced blue that he 
realized his error. Most bluings and 
bleaches used in both commercial and 
home laundries today contain blue 
fluorescing chemicals to provide the 
“blue-white” appearance so desired in 
white textiles. (It is present in many 
white papers, also.) 
koe 

Mr. Harold Branch, of Schenck and 
Van Haelen, diamond cutters in New 
York City, called to tell the Laboratory 
of the second largest diamond found in 
Arkansas in the past 20 years. He of- 
fered it to us for observation and write- 
up. The crystal weighs 6.43 carats and 
measures 9.80 x 7.62 x 9.20 millimeters. 
The color is a fine ‘cape.’ Mr. Branch 
is confident that it will be accepted as 


Figure 2 


Figure 1 


Figure 4 


Figure 3 


GEMS & GEMOLOGY 


Figure 5 


a canary diamond, if it is cut. The 
crystal is flawless and only lightly 
etched on the surface. We are unable 
to say precisely what its crystal form 
is, but our first impression was that it is 
a modified and distorted hexoctohe- 
dron. The photographs, Figures 1 and 
4, are of the broad side of the crystal, 
which is the point that would probably 
be the table of a two-point stone, ac- 
cording to Mr. Branch. Frgure 2 is a 
side view (the face at the left being the 
flat face shown in Figures 1 and 4.) 
The stone is not too well shaped for 
fashioning as a round brilliant; how- 
ever, a rather deep emerald cut could 
be made with a not-to-great loss of 
weight. The decision to cut the stone 
has not been made. 
koe O* 

Figure 5 is a photograph of a large 
cabochon sapphire in a man’s ring. The 
crystal inclusion proved to be a blue 
spinel of such a size that it could be 
identified. by analyzing with a hand 


spectroscope the light that passed 
through it. 
ek Ok 

An. interesting fabrication consisted 
of.a heat-crackled synthetic ruby cabo- 
chon into the back of which a hole had 
been drilled and a natural ruby in- 
serted and the whole polished, to make 
it appear as if the natural piece was 
merely a-rather more highly flawed 
area in an otherwise clear natural ruby. 
The identification was a simple matter 
of finding the curved striae and gas 
bubbles. Not so easy was another red 
stone. submitted for identification. In 
appearance, it resembled the brown- 
ish purple-red of the so-called Siam 
trade grade of ruby. The inclusions 
appeared to be those that are charac- 
teristic of this type of ruby as illustrated 
by Dr. Gubelin in his book, Inclusions 
as a Means to Gemstone Identification. 
They. consisted ‘of cracks filled with 
flat films resembling two-phase in- 
clusions. It lacked the dark crystal in- 
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clusions that are so often associated 
with Siam rubies. When the stone was 
finally unmounted and carefully ob- 
served under immersion and high mag- 
nification, both striae and gas bubbles 
were found. The stone illustrates an- 
other application of heat cracking, in 
which the stone is immersed in a col- 
ored liquid instead of water in order to 
cause the crackled effect. In the proc- 
ess, the liquid is drawn up into the 
ctacks and stays there to resemble natu- 
ral inclusions. 
x Ok 

A very handsome black-dyed so- 
called South Seas cultured pearl meas- 
ured approximately 17 x 14 millimeters. 
It was the largest dyed cultured pearl 
that we have encountered. 

x ok ok 

Bert Krashes had occasion to use the 
electrical-conductivity test for natural 
blue diamonds, which was devised by 
J. F. H. Custers, and implemented by 
Lester B. Benson, when he examined 
the Hope Diamond recently in Wash- 
ington. (The Hope “behaved good like 
a blue diamond should!’’) As expected, 
the stone was highly conductive. Thus 
far, the only electrically conductive dia- 
mond encountered in the laboratory, 
aside from the steel-blue to sapphire- 
blue natural stones, has been a non- 
descript grayish-greenish yellow stone. 
According to the Diamond Research 
Laboratory of De Beers, only type IIb 
diamonds are electrically conductive, 
and these have always been described 
as blue, or bluish gray. The labora- 
tories of the Institute continually check 
all diamonds of unusual color for the 
conductive property, since much is. yet 
to be learned about them. 


Encouraged by the sight of the yel- 
low crystal found by the Michigan man 
in the “Crater of Diamonds” at Mur- 
freesboro, Arkansas, the author of this 
column stopped by to visit with Mr. 
Howard Millar and to search for dia- 
monds in the company of ‘student 
Stanley Kahn and family of Pine Bluff, 
Arkansas. A new appreciation of the 
rarity of diamonds was gained by the 
party — they found none! 

xk Ok 

Unusual gem minerals fashioned as 
gemstones that the Laboratory was 
called upon to identify recently in- 
cluded a one-carat benitoite that showed 
very distinct color banding, similar to 
that seen in some blue sapphires. Also 
identified were two faceted willemites, 
an axinite, a sphene, sodalite, scapolite 
(both cat’s-eye and transparent, step-cut 
materials), ordinary andalusite and the 
weakly dichroic, intense-green variety 
of this material (the latter was in a par- 
cel of demantoids, which also contained 
two peridots, three chrysoberyls and 
three green sapphires). Also identified 
were purple, green and colorless apatite, 
datolite, amethyst with cacoxenite in- 
clusions (these resemble brown bunches 
of silk similar in appearance to some 
tiger’s-eye). Iolite, tektite, danburite, 
sinhalite, faceted sunstone, beryllonite, 
phenakite and green quartzite resem- 
bling jade complete the list of unusual 
stones. Unusually large stones seen in- 
cluded a 207-carat gypsum cat’s-eye 
of a handsome orangy-brown color, a 
110-carat fine morganite and a still 
finer 71-carat morganite, and a fine 23- 
carat Orange spessartite. However, per- 
haps the most unusual stone encoun- 
tered since the last issue of Gems and 
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A New 
Emerald Substitute 


by 


Ralph J. Holmes, Ph.D. 
Columbia University 


and 


G. Robert Crowningshield 
New York Gem Trade Laboratory 


A new, durable emerald substitute 
of a very attractive color has appeared 
on the market that bids well to fill a 
long-felt need for a satisfactory, yet 
reasonably priced, substitute for this 
gem. It should complement, rather than 
compete with, Chatham’s synthetic. Al- 
though its color approximates that of 
good-quality emerald, it is expected 
that it will be sold for a fraction of the 
price of available synthetics. Like the 
Chatham product and Igmerald, the 
new material is best described as a 
form of synthetic emerald. 

The process employed in its manu- 
facture was developed by Mr. Johann 
Lechleitner in the Austrian Tyrol. The 
stone has been tentatively referred to 
as Emerita, for brevity. The name sug- 
gests a combination of its association 
with emerald and the word ‘merit,’ 


which is in token of its pleasing ap- 
pearance. 


Method of Production 


The details of the production method 
have not been revealed, but the prop- 
etties of the finished product suggest 
either a hydrothermal or flux-fusion 
process. The material. is unusual (in 
fact as far as we know, unique) in that 
the finished stone consists of a large 
core, or “‘seed,’’ which has been faceted 
or shaped from a single-crystal piece of 
colorless or faintly colored beryl. These 
shaped stones, or seeds, approximately 
the size of the finished product, are 
said to be placed in an apparatus un- 
der controlled conditions of tempera- 
ture and pressure, in the presence of a 
medium in which beryl and a chromium 
compound are dissolved. Under these 
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conditions synthetic emerald is de- 
posited in crystallographic continuity on 
the shaped beryl seed. When this over- 
growth has attained a sufficient thick- 
ness, a stone of a very attractive color 
results. 

Basically, there appears to be little 
difference between the method of pro- 
duction of this material and that em- 
ployed in the manufacture of the 
Chatham synthetic emerald. The 
method of producing the latter has 
been described: as one involving the 
crystallizing of synthetic emerald on a 
seed crystal. The difference in the case 
of the Lechleitner product is that the 
beryl seed accounts for the bulk of the 
stone. The relatively short time re- 
quired to produce a satisfactory over- 
growth will naturally influence the 
market price of the stones. 


History of Emerald Synthesis 

The beauty, desirability and value 
of genuine emeralds have prompted 
numerous attempts to reproduce them 
artificially. The Lechleitner material 
adds another chapter to these efforts, 
which extend over more than half a 
century. The earliest recorded experi- 
ment seems to have been that of 
Hautefeuille, in the 1880’s,(2) in which 
he produced tiny crystals of synthetic 
emerald of no commercial significance. 
The culmination of these efforts oc- 
curred in the 1930's, when successful 
synthesis of stones of gem size and 
quality was first announced by I. G. 
Farben in Germany, and a little later by 
Chatham in San Francisco. I. G. Farben 
never pursued commercial production 
of their synthetics; therefore, Chatham 
has enjoyed a virtual monopoly in this 
field for many years. 
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Material Available for Study 


The data presented here are based 
on a study of numerous faceted and 
cabochon stones, both ‘rough’ (i.e., 
with crystalline overgrowth but un- 
polished) and polished, of various 
sizes, weighing up to 12 carats. 


Physical Characteristics 
Specific Gravity 

Specific-gravity determinations on 
the finished stones are of limited sig- 
nificance, since the beryl seeds differ 
somewhat in specific gravity and make 
up variable proportions of the finished 
product. However, the bulk specific 
gravity may be useful in identification ; 
therefore, the determinations are re- 
corded. The specific gravity, as meas- 
ured on ten stones, exhibited a range 
from 2.649 to 2.707, averaging 2.684, 
which lies within the range of that re- 
corded for beryl. Stones of low density 
proved, on examination, to be ones in 
which the beryl seed contained nu- 
merous gas- or liquid-filled cavities. 
These values are compared with those 
of various natural emeralds and other 
beryls in the tabulation below. 


Specific Gravity 
Lechleitner Synthetic 
Emerald (polished) 2.649 to 2.707 
Chatham Synthetic 
Emerald 2.645 to 2.665 


Igmerald 2.645 to 2.6559) 
Colombian Emerald 2.690 to 2.710©) 
Uralian Emerald 2.720 to 2.740() 
Indian Emerald 2.725 to 2.745( 


Sandawana (Rhodesian) 
Emerald 2.744 to 2.7681) 


Aquamarine 2.680 to 2.740) 
Beryl (all types) 2.63 to 2.85 
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Figure 1 


Cross section of a sawed cabochon, showing relative thickness 


of synthetic emerald overgrowth (dark rim) compared to the size of the 
beryl “seed.” 


Hardness, Tenacity and Fracture 

The surface hardness of the synthetic 
material agrees with that of both nat- 
ural and other synthetic emeralds. 
Stones, deliberately fractured, break 
with a conchoidal pattern that disre- 
gards the boundary between the beryl 
seed crystal and the overlaying syn- 
thetic emerald. This is to be expected, 
since the encrusting material is in crys- 
tallographic continuity with the underly- 
ing seed. In some of the earlier-formed 
stones, scattered filmlike patches can 
be seen within the stone at the base 
of the overgrowth. It was suggested 
to the producers that this might be 
due to improper cleansing of the pre- 
pared seeds, since any foreign material, 
such as grease, would interfere with 
the bonding between the seed and the 
overgrowth. Later stones show no evi- 
dence of this imperfection. 


Optical Characteristics 
Color and Pleochroism 

The depth of. color depends on the 
thickness and color intensity of the 
synthetic emerald overgrowth (Fig- 
ures 1 and 8). The stones thus far pro- 
duced do not have an overgrowth thick 
enough to provide the depth and rich- 
ness of color observed in fine natural 
emerald. Observations on sectioned pol- 
ished stones reveal an overgrowth that 
does not exceed half a millimeter in 
thickness. Two groups of stones have 
been supplied for study, presumably 
manufactured some months apart. It is 
of interest to note that those in the sec- 
ond group have a heavier overlay and 
are greatly improved in color. Although 
the color is not as intense as that of fine 
natural stones, it is better than that of 
a large percentage of natural emeralds 
available on the market today. The color 
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is.a pleasing green, comparable to 
that of lighter Colombian stones, but 
not as bluish as the Chatham synthetics. 
The bluish-green color of most of the 
synthetic emeralds now available is 
partly due to the preferred crystal or- 
ientation of the cut stones. 

The pleochroism of deeply colored 
natural emeralds, and especially 
Chatham synthetics, is strong. It is not 
surprising, therefore, that the new 
stones are distinctly pleochroic; how- 
ever, the strength of the pleochroism is 
clearly related to the thickness of the 
overgrowth. All three vary from yellow- 
green parallel to » to a bluish green 
parallel to e. 


Index of Refraction 

One of the most striking differences 
between the Lechleitner and other 
synthetics is the appreciably higher in- 
dex of. refraction of the former. The 
indices of refraction of the new stones 
lie within the range of the natural gem, 
and are measurably higher than those 
of other synthetic emeralds. 


Refractive Indices 


Lechleitner 

Synthetic 

Emerald 

wo € 

(av. of three) 1.575 1.581 
Chatham 

Synthetic 

Emerald 1.560-1.562 1.563-1.565 
Igmerald 1.559-1.562 1.563-1.569 
Colombian 

Emerald 1.565-1.578 1.570-1.584 
Uralian 

Emerald 1.579 1.588(1) 
Indian 

Emerald 1.586 1.593(1) 
Sandawana 

Emerald 1.586 1.5930) 
Aquamarine —1.570-1.580 1.575-1.586(7) 
Common Beryl 1.564-1.595 1.568-1.602 


Transparency 

The transparency is greater than 
that of most natural emeralds, since 
the large beryl core usually contains 
fewer imperfections and inclusions. 
They are likewise more transparent than 
Chatham synthetics, due to the color- 
less character of the core and its free- 
dom from the wisplike inclusions that 
are characteristic of the latter. 


Absorption Spectra 

Using a Beck Hand Spectroscope, 
the absorption lines were compared 
with those of natural emeralds, as well 
as Chatham synthetics. The spectra of 
the new stones are in agreement with 
the other two, except for the absence 
of two lines in the blue range. How- 
ever, since these two lines can usually 
be seen only in the spectra of deeply 
colored natural or synthetic emeralds, 
their absence here is not surprising. 


Fluorescence 

The intense red fluorescence of 
Chatham synthetics provides one of the 
best clues in distinguishing them from 
natural emeralds. The new stones ex- 
hibit visible reddish fluorescence under 
long-wave ultraviolet light; however, 
the effect is less intense than that ob- 
served in Chatham synthetics and is 
definitely related to the thickness of 
the overgrowth. 


Microscopic Observations 

The “rough” stones consist of faceted 
or cabochon seeds on which a crystal- 
line overgrowth of synthetic emerald 
has formed in crystallographic con- 
tinuity. As might be expected, the rate 
of deposition on the various facets of 
the seed, with their differing relations 
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to the crystallographic axes, is not unt- 
form. In addition, the surface mark- 
ings, pits, grooves and other irregular- 
ities, many of which have a definite 
pattern, are strikingly different on ad- 
jacent facets and present a consider- 
able variation in relief (Figures 2 and 
3). This is also to be expected, since 
the pattern of surface markings on a 


Figure 2. Unpolished “rough” stone, showing 
variation in growth markings on different facets. 
Magnification 5x. 


particular facet is determined by the 
symmetry of the atomic arrangement on 
the crystal planes paralleling the sur- 
face in question. Since the atomic pat- 
tern on planes that parallel differently 
oriented facets of the cut stone will be 
different, the growth markings on these 
facets will be different. It is also well 
known that under a given set of condi- 
tions crystal growth is more rapid in 
certain crystallographic directions. On 
some stones it can be seen that crystal- 


lization was initiated at numerous cen- 
ters over the surface. These appear as 
scattered, crude hexagons exhibiting a 
parallel growth arrangement (Figure 
4). With a gradual increase in size they 
coalesce to form a single crystalline 
unit covering the entire surface. 
Another striking crystallographic as- 
pect, observed on some unpolished ca- 
bochon stones, is the development of 
well-formed crystal faces on the stone 
itself (Figure 5). The forms observed 
are those of combined first- and sec- 
ond-order hexagonal bipyramids. The 
effect is that of two rings of twelve in- 
clined faces centered about the C axis 
on opposite sides of the stone. Such 
pyramidal crystal faces are more 
characteristic of aquamarine than of 
emerald. Natural emerald crystals tend 


Figure 3 Details of surface growth markings on 

various facets of unpolished “rough” stone. Note 

variations in relief of the crystalline overgrowth 
on adjacent facets. Magnification 15x. 
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to consist of simple hexagonal prisms 
terminated by a flat base or a pinacoid. 
Aquamarine, on the other hand, tends 
to develop additional minor forms such 
as hexagonal bipyramids. The pyra- 
midal faces developed on these cabo- 
chons are clearly due to the influence 
of the beryl or aquamarine seed crystals 
on the crystallizing synthetic mantle, 
even though the overgrowth is syn- 
thetic emerald. 


Figure 4. Crystal- 
lization showing 
scattered, crude 
hexagons that 
exhibit a parallel 
growth arrange- 
ment. Magnification 
10x. 


Polished Stones 

Polishing reduces the thickness of 
the synthetic emerald overgrowth con- 
siderably, since it is necessary to re- 
move all surface irregularities, or relief, 
developed during crystallization. As a 
consequence, polished stones have both 
a paler color and greater transparency 
than the unpolished “rough.” Ina 
few instances, polishing has removed 
all of the overgrowth on certain facets 


Figure 5 Cabochon showing 
well-developed pyramidai 
crystal faces near right end 
of stone. Note the contrast 
between the smooth pyrami- 
dal faces, the moderate relief 
area in the vicinity of the optic 
axis, and the strong relief and 
ridgelike growth pattern in 
the vicinity of the prism zone 
on the left. Magnification 15x. 
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Figure 6 Polished faceted stone showing the streaklike internal frac- 
ture lines in the synthetic emerald overgrowth, a characteristic feature 
of the material. Magnification 5x. . 


thus producing a colorless “window.” 
There is reason to believe that stones 
can be produced that will have a 
thicker overgrowth, therefore, over- 
coming this difficulty. The depth of 
color achieved, in spite of the limited 
thickness of the overgrowth, shows that 
the color of the mantle material is very 
deep green. 


Internal Structures 

Numerous parallel and subparallel 
short, straight lines (Figure 6) con- 
stitute the most striking internal strac- 
tural feature observed. In some 
instances groups of these lines nearly 
encircle the stone. They are apparently 
minute, parallel interna! fractures in 
the synthetic emerald overgrowth, and 
may be attributed to relief of strain. 
Such strain developing at or near the 
boundary would be a’ likely conse- 
quence of slight differences in lattice 
dimensions of the underlying colorless 
seed and the chromium-bearing syn- 


thetic mantle, or of lattice strain in the 
chrome-rich overgrowth itself. The pro- 
ducers are attempting to reduce or 
eliminate this feature, and it is less evi- 
dent in the later stones. 
X-ray Diffraction 

Powder X-ray diffraction patterns 
were obtained from both the underly- 
ing beryl seed and the synthetic em- 
erald overgrowth. For comparison, pat- 
terns of Chatham synthetic emerald, 
Uralian emerald, Colombian emerald, 
aquamarine and common beryl were 
also prepared. The X-ray patterns are 
all in agreement, establishing identity 
in structure. Essential identity of struc- 
ture and composition between an arti- 
ficial material and its natural counter- 
part is the basic criterion of. the 
concept embodied in the term “'syn- 
thetic.” On this basis, the Lechleitner, 
I. G. Farben and Chatham stones all 
qualify as synthetics. A comparison of 
the pattern is shown in Figure 7. 


SS :°°”0—e=C§O§0O0O0O0O0O0OOwOwOOOo#O83 oO 8S 


SPRING 1960 


17 


Figure 7 Powder X-ray diffraction patterns, taken with Cu radiation, of natural and 


synthetic beryls. 


“A. Synthetic emerald overgrowth of Lech- 
leitner synthetic emerald 


B. Colorless seed crystal of Lechleitner 
synthetic emerald 


C. Lechleitner synthetic emerald plate 


(experimental) 
D. Chatham synthetic emerald 
—E. Emerald, Ural Mountains 
F, Emerald, Colombia 
G. Aquamarine, Brazil 


H. Common beryl, Portland, Connecticut 


Essential agreement of patterns provides evidence of the structural identity of all 


materials. 
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Identification 

In the following tabulation, some of 
the basic physical and optical proper- 
ties of the new product are compared 
with those of natural emeralds and 
both the I. G. Farben.and Chatham 
synthetics. Study of the table shows 
that it is possible to distinguish the 
new material produced thus far from 
both the natural and other synthetic 
emeralds. 


Summary of Properties 

Probably, the best clues to identifi. 
cation are (1) the high refractive index 
and (2) the internal structure. Both 
criteria distinguish it from other syn- 
thetics and the second separates it from 
natural emerald. However, one. of the 
easiest ways to distinguish this ma- 
terial from both natural emerald and 
other synthetics is to observe the stone 


in. an immersion liquid of approxi- 
mately 1.55 to 1.60 R.I. The synthetic 


Summary of Properties 


Lechleitner Igmerald Chatham Natural 
Synthetic Synthetic Synthetic Emerald 
Emerald Emerald Emerald 


Specific Gravity 2.649 to 2.707 


Hardness 


2.645 to 2.655 2.645 to 2.665 


2.690 to 2.768 


714 — no significant difference 


Typical Refractive 1.575-1.581 1.560-1.563 1.561-1.564 1.570-1.575 
Indices 
Color Medium to Deep green Deep, slightly © Green to 
light green bluish green deep green 
Pleochroism Distinct blue- Strong blue- Strong blue- —_ Blue-green 
green to green to green to to yellow- 
yellow-green yellow-green yellow-green green 
Luminescence Pale to Deep red Deep red None to 
(Ultraviolet) distinct red - pale red 
Absorption Agtee, with one exception: Two lines in the blue are absent 
Spectra in the Lechleitner stones 


X-ray Diffraction 


Inclusions and 


Minute, parallel, 
Microstructures 


straight fracture 
lines 


Wisps 


Essential agreement (Igmerald not available) 


Wisps 2- or 3-phase 
2-phase inclusions and 
inclusions crystal inclusions 
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emerald overgrowth shows up strikingly 
as a narrow, dark-green band rimming 
the stone. This is well shown in Figure 
8. 


significant factor is that, for the first 
time, a satisfactory emerald substitute 
has been produced at an initial price 
that makes it available to an extensive 


Figure 8 Faceted stone, photographed in an immersion 

liquid of index 1.60, in which the synthetic emerald over- 

growth shows as a narrow dark rim bordering the under- 

lying bery!. “seed.’’ The numerous inclusions are in the 
“seed” crystal. Magnification 6x. 


Suitability as a Gem Material 

The new stone is a welcome addi- 
tion to the list of emerald substitutes. 
It has already been produced in a color 
of sufficient depth and quality to rate 
as an attractive and interesting ma- 
terial. Its hardness is equivalent to that 
of natural emerald and the stone takes 
a fine polish. Since the bulk of the stone 
is colorless beryl, its tenacity should be 
greater than that of the more brittle 
natural emerald, Improvements in the 
production technique, resulting in the 
development of a heavier overgrowth, 
ate likely to result in stones of deeper 
and more uniform color. From the 
standpoint of the jeweler, the most 


market for which the Chatham syn- 
thetics are beyond teach. 

Classification and Nomenclature 

In spite of the unique character of 
this material, there is little question of 
basic classification and nomenclature. 
There is no doubt concerning the 
identity of the deposited overgrowth, 
the structure of which is the same as 
that of natural emerald or of Chatham’s 
synthetics. ; 

The Lechleitner stone, like the 
Chatham product and other man-made 
crystals such as synthetic quartz, is 
grown from a seed of crystal, which is 
an integral part of the process and the 
product. Although the method of pro- 
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Figure 9 Natural emerald cabochon Tira tod in a liquid 
of comparable index, showing sharply limited distribution 
of color at base of the stone. Magnification 5x. 


duction of Chatham synthetics has been 
described as involving the use of seeds, 
such nuclei are not observed in the 
finished product, since the stones are 
cut. from relatively large crystals that 
developed from small nuclei. 

In the new synthetic, the large seed 
makes up the bulk of the finished 
stone. However, fundamentally, there 
is no difference between this and other 
synthetic emeralds, either in the prod- 
uct or the basic principle underlying 
the process. Both involve a method in 
which synthetic emerald is. deposited 
in crystallographic continuity on a 
seed. The thickness of the coating and 
the relative proportion of seed to syn- 
thetic do not change the basic classifi- 
cation of the product. It is noteworthy 
that the material fits the concept im- 
plied by the term “cultured” (as it has 
been used in reference to pearls) better 


than do the Chatham stones. However, 
in view of the justifiable objections that 
have been raised against the use of this 
term, it is not recommended. 


In this respect, they are similar to 
many emeralds and other natural col- 
ored stones in which extensive “tun- 
nels’ or other colorless portions are fre- 
quently found. In the hands of an ex- 
pert cutter, the colored portions of such 
partially colored natural stones can be 
positioned (usually at the base or culet) 
in such a4 way that complete uni- 
formity of color is achieved, especially 
when the stone is viewed from above. 
It is only when such a stone is immersed 
in a liquid of approximately its own 
refractive index that one becomes 
aware of the limited distribution of 
color. A striking example of. a very at- 
tractive natural emerald cabochon im- 
mersed in this manner (Figure 9) 
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shows that, in this case, the green color 
is confined to a very narrow layer at 
the base. In spite of the fact that the 
bulk of the material is colorless beryl, 
no one has ever hesitated to call such a 
stone an emerald, as long as the over- 
all color effect 1s satisfactory. In other 
words, the proportion of colored to 
non-colored. material has never been 
considered.a criterion for nomenclature 
in the designation of natural stones. 
There is no reason for its ‘being held 
as a criterion in the case of synthetics, 
nor has it been so held in the past. 
The recent successful production of 
hydrothermal synthetic ruby is a case 
in point, Laudise and Ballman of the 
Bell Telephone Laboratories, in their 
paper on Hydrothermal Synthesis of 
Sapphire,@) describe a typical ex- 
ample of their synthetic ruby as having 
an overgrowth of only three-tenths of 
an inch on a seed crystal with a seven- 
eights-inch diameter. 

The term “synthetic” as applied to 
minerals, has, by long usage, been uni- 
versally understood by both mineral- 
ogists and gemologists to mean one 
thing only: a man-made product hav- 
ing essentially the same chemical com- 
position and crystal structure as the 
natural mineral it represents. The ques- 
tion of method of production does not 


enter, and by this token neither does 
the question of the use of a seed or 
core, nor the size relation of seed to 
overgrowth. 
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Gemological Uigests 


Russia 
It has been mentioned in a Soviet 
publication that Soviet physicists have 
invented a portable apparatus to de- 
tect diamonds in soil samples in the 
field. The instrument, called the ‘‘dia- 
mond compass,” makes use of the dia- 
mond’s luminescence when irradiated 

by radioactive isotopes. 


USA 

It has been reported that the Smith- 
sonian Institution was recently given a 
black diamond, believed to be the 
largest in the country. The carbonado 
variety of diamond, weighing 740 
carats and resembling a piece of coal, 
was presented to the Institution by 
Diamond Distributors, Inc., N. Y. 


De Beers 

The Diamond Corporation has an- 
nounced that an exclusive agreement 
has been signed in London whereby 
all the diamonds from the Soviet Rus- 
sian production that the Soviet authori- 
ties wish to export for marketing in 
the Western world will be purchased 
and sold through the Central Selling 
Organization. 


Venezuela 
Diamond production has recently 
gained substantially in Venezuela, ac- 
cording to the Venezuelan Chamber of 
Commerce in the USA. Production in 


the first half of last year amounted to 
60,495 carats, representing an increase 
of more than 45 percent over the cor- 
responding period in 1958. 


Holland 

Several firms in Holland are now 
undertaking synthetic-diamond tre- 
search. Asscher’s reveals it has applied 
for a patent, and says its process is 
based on a system of ‘‘guided”’ explosive 
charges that enable the necessary high 
pressures to be attained. The firm 
states the process is not like General 
Electric’s, and that its experimental 
work is “entirely independent’ of syn- 
thetic-diamond research now in prog- 
tess at two other Dutch firms: N. V. 
Bronswerk, Amsterdam, and Philips, 
Eindhoven. Asscher’s prefers to refer to 
its new material as ‘“‘man-made hard 
materials from graphite” and not 
“diamonds.” 


USA 
It has been reported that the Tiffany 
diamond, the largest and finest canary 
diamond in the world, is for sale, 
priced at $500,000. It weighs 128.51 
carats and has 90 facets. 


USA 
The Electronic News reports that the 
Army Research and Development Lab- 
oratory at Fort Monmouth has devel- 
oped synthetic diamonds. The manu- 
(continued on page 29) 
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New York City Diamond Class 


Washington D.C. Diamond Class 


Atlanta Diamond Class 
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New York City Diamond Class 


Members of the New York City 
Diamond Evaluation Class which 
met February 1st, through February 5th. 
Seated left to right: Robert Bookin, 
Ottumwa, Iowa; William I. Lugo, Rio 
Piedras, Puerto Rico; Mrs. Susan Jolly 
Ragsdale, Raliegh, N.G.; Mrs. May Peebles 
Waite, North Adams, Mass.; Edward J. 
Randall, Madison, Wisc.; George H. Ham- 
mann, Buffalo, N.Y.; Andrew 
Tessler, Union, N.J. Standing left to right: 
Bernard Bartikowsky, Wilkes- 
Barre, Penna.; David P. Alderman, Fair- 


field, Conn.; John Walker, Newburgh, 
N.Y.; GIA instructors, Bertram Krashes 
and Mrs. Eunice Miles; Peter Zack, New- 
burgh, N.Y.; GIA instructor, G. Robert 
Crowningshield; Floyd Barringer, New- 
burgh, N.Y.;. Kenneth J. Van Cott, Bing- 
hamton, N.Y.; Robert Spreer, Newburgh, 
N.Y.; J. N. Mappin, Montreal, Canada; 
Carmen Mignoni, Bristol, Penna.; William 
T. Partridge, Boston, Mass.; Michael 
Miller, Philadelphia, Penna.; Nat Drenger, 
New York City; and Arthur Russakoff, 
Skowhegan, Maine. 


Washington, D.C. Diamond Class 


Members of the Washington, D.C. 
Diamond Evaluation Class that met 
February 8, through February 12th. Stand- 
ing left to right: Samuel Lakein, Baltimore, 
Md.; Robert J. Kenney, Frostburg, Md.; 
Garland Reedy, Newport News, Va.; 
Robert S. Lippman, Bethesda, Md.; Patrick 
Stager, Washington, D.C.; Harry Brott, 


Washington, D.C.; GIA instructor, Bert- 
tam Krashes. Seated [eft to right: Bill 
Witt, Harve de Grace, Md.; George Olifer, 
Arlington, Va.; Lenore A. Davis, Washing- 
ton, D.C.; Paul .R. Mueller, Havelock, 
N.C.; Edward Schleifstein, Washington, 
D.C. 


Atlanta, Ga., Diamond Class 


Members of the Atlanta, Georgia, 
Diamond Evaluation Class that met 
February 15th, through February 19th. Left 
to right: Guy R. McVay, Florence, Ala.; 
Elwood Watson, Atlanta, Ga.; Carter H. 
Evans, Chattanooga, Tenn.; Tom Self, 
Gaffney, S.C.;. Walter R. Thomas, Jr., 
Atlanta, Ga.; L. D. Penny, Jr., Athens, Ga.; 
D. N. Herbert, Fort Valley, Ga.; Joseph 


L. Morrow, Birmingham, Ala.; Louis 
Mintz, Gainesville, Ga.; Edward B. Wall, 
Thomson, Ga.; Carl Hays, Macon, Ga.; 
William E. Slade, Hawkinsville, Ga.; 
Macon A. Brock, Rome, Ga.; Lamar Ware, 
Auburn, Ala.; Ralph H. Young, West Palm 
Beach, Fla.; Ted A. Gowdy, Canton, Miss. ; 
Oscar Levin, Marietta, Ga,; GIA instructor, 
Bertram Krashes, standing. 


ee ____—_________—] 
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Columbus Diamond Class 
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Indianapolis Diamond Class 


Members of the Indianapolis, Indiana, 
Diamond Evaluation Class that met 
February 22nd, through February 26th. 
Seated left to right: Carl James Palmer, 
Indianapolis; D, W. Williams, Crawfords- 
ville, Ind.; James Brown, Frankfort, Ind.; 
Philip E. Nelson, Brownsburg, Ind.; 
Donald S. Murray, Muncie, Ind.; Leo R. 


Glotzbach, Monon, Ind. Standing left to 
right: Anthony M. Roskin, Marion, Ind.; 
Eugene R. Burger, Petersburg, Ind.; 
Charles Seashols, Huntington, Ind.; Morris 
Edwards, New Castle, Ind.; Michael L. 
Booher, Indianapolis; Malcolm Ross, 
Columbus, Ind.; Walter A. Freeman, Fort 
Wayne, Ind. 


Indianapolis Diamond Class 


Members of the Indianapolis, Indiana, 
Diamond Evaluation Class that met 
February 29th, through March 4th. Stand- 
ing left to right: Robert Barker, Kendall- 
ville, Ind.; John Williams, Celina, Ohio; 
GIA instructor, Bertram Krashes. Seated 


left to right: Robert G. Walton, Indian- 
apolis; Paul C. Henderson, Mooresville, 
Ind.; Joe E. Hensley, Crawfordsville, Ind.; 
Rosina Baumgartner, Syracuse, Ind.; 
Wayne Clark, Crawfordsville, Ind.; Leon- 
ard J. LeBeau, Kentland, Ind. 


Columbus, Ohio, Diamond Class 


Members of the Columbus, Ohio, 
Diamond Evaluation Class that met 
April 18th through April 22nd. Front row, 
left to right: Louis Zuckerman, Wooster, 
Ohio; E. A. Burnham, Alliance, Ohio; 
Bertha Stern, Columbus, Ohio; Arthur B. 
Levy, Columbus, Ohio; Sam Smoller, 
Columbus; and Harry F. Thomas, Mt. 
Gilead, Ohio. Second row, left to right: 
Robert M. Gray, Greenville, Ohio; 
Catherine Peters, Columbus, Ohio; and 
John McLaughlin, Jr., Urbana, Ohio. 


Standing, left to right: GIA instructor, 
G. Robert Crowningshield; Carl W. 
Labuscher, Jr., Mansfleld, Ohio; Harry B. 
Schuler, Portsmouth, Ohio; Earl M. 
Stewart, Akron, Ohio; John W. Walker, 
Marion, Ohio; William E. McCormick, 
Charleston, West Virginia; Wilbur Lee 
Willis, Columbus, Ohio; William H. 
Young, Jr., Newark, Ohio; Russell Wise, 
Mt. Vernon, Ohio; and Garland Rower, 
Galion, Ohio. 
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St. Louis, Mo., Diamond Class 


The Diamond Evaluation Classes, which cover GIA’s diamond appraisal 
system and important diamond merchandising features, are given to jewelers 
only. The purpose of these one-week classes is to teach diamond evaluation and 
appraisal; therefore, the major portion of the classwork is given to supervised 
practice in color, imperfection, proportion and finish grading, and the final 
pricing. Early in 1960, twenty-one classes were scheduled by the GIA for major 
cities throughout the nation. During the first five months classes under the 
direction of G. Robert Crowningshield and Bertram Krashes of the Institute’s 
Eastern Headquarters were held in the following cities: New York City, Wash- 
ington, D.C., Atlanta, Indianapolis, Columbus, Kansas City, St. Louis, and 
Tulsa. During the last six months of 1960 classes will be held in the following 
cities: Detroit, Chicago, Minneapolis, Milwaukee, New York City, Los Angeles, 
Phoenix, Denver, Dallas, Omaha and Des Moines. 
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Kansas City, Mo., Diamond Class 


Members of the Kansas City, Missouri 
Diamond Evaluation Class which met May 
2nd, through May 6th. Front row, left to 
right: Merle W. Staats, Liberal, Kansas; 
G. Thorpe Clark, Sioux City, Iowa; 
Kenison J. Hart, Topeka, Kansas; Josef 
Derryberry, Topeka, Kansas; Mrs. Norville 
Amspacker, Herington, Kansas; Richard 
B. Vaughn, Kansas City, Missouri; and 


James W. Grinter, Oskaloosa, Kansas. 
Back row, left to right: Vincent A. Gray, 
Hiawatha, Kansas; Ralph W. Hale, Kansas 
City, Missouri; H. J. Winkler, Kansas City, 
Kansas; Duane J. Shriver, Carroll, Iowa; 
GIA instructor, G. Robert Crowningshield; 
Vernon See, Fayette, Missouri; and James 
B. Hubbard, Dexter, Missouri. 


St. Louis, Mo., Diamond Class 


Members of the St. Louis, Missouri, 
Diamond Evaluation Class which met 
April 25th, through April 29th. Seated, 
left to right: Chester L. Lieder, St. Louis; 
M. L. Chazen, St. Louis; Kenneth Harper, 
St. Louis; Gene Frank, St. Louis; Jerry 
Cuquet, Jr., St. Louis; Joseph S. Frank, St. 
Louis; Mrs. Dolly Wolter, Mascoutah, 
Illinois; and Mrs. Sertella Causey, 
O'Fallon, Illinois. Standing, left to right: 


Al R. Hoemann, Kirkwood, Missouri; 
Paul Walters, St. Charles, Missouri; 
William E. Stout, Springfield, Illinois; 
Frank Gooden, Kansas City, Missouri; 
Marvin J. Kaiser, Jefferson City, Missouri; 
Norman E. Rebsamen, St. Louis; Frank 
Wykry, Florissant, Missouri, John S. 
Gillam, Marshalltown, Indiana; GIA 
instructor, G. Robert Crowningshield; 
and Forrest C. Becker, Breese, Illinois. 


(Gemological Digests, continued from page 23) 


facture of the rough diamonds was 
said to be the result of work in high- 
temperature and high-pressure proc- 
essing. © 
Russia 

It has been reported that Russia is 
to build five new mechanized fac- 
tories to produce diamond tools with 
the diamonds from the new mines in 
Siberia. The new plants are scheduled 
to be built in the Northern Caucasus, 
in the Ukraine, and in Siberia, and it 


is planned that by 1965 they will be 
manufacturing diamond-cutting tools, 
drilling bits, diamond-cutting wheels, 
saws, drills and other tools. 
Arkansas 

The latest find at the diamond mine 
neat Murfreesboro, Arkansas, and the 
second largest found in Arkansas in 
the past twenty years, was a six and 
one-half carat canary-yellow diamond. 
The diamond was found by Niels Bach, 
Ludington, Michigan. 
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L A LAB NOTES 
(continued from page 6) 

polished welts. They were not easily 
seen with the unaided eye and had ob- 
viously been overlooked at the time of 
sale. The moral in this story is that it 
is better to submit any problems relat- 
ing to damage directly to the insurance 
adjuster or a laboratory, rather than to 
hazard a guess, which can lead to 
additional costs and loss of customer 
confidence. 


* * * 


It should be noted that, as of May 
15, an adjustment in laboratory fees 
has gone into effect. In addition to a 
small increase for all services to the 
trade, there is now a greater difference 
between the rates to the trade and the 
public. All reports in the future will be 
issued in attractive folders, to provide 
retailers with a more saleable service 
to their customers. A complete sched- 
ule of fees may be obtained from the 
Gem Trade Laboratory in Los Angeles. 


ci * * 


A well-formed, three-quarter-inch 
garnet crystal of the trapezohedral 
habit was recently added to the GIA 
collection through the generosity of 
student H. H. Price, Fort Morgan, 
Colorado. 


From Edward Swoboda, Los Ange- 
les gemstone dealer, we received a pair 
of hinge pearls that display a nice orient 
and luster. 


Several imitation gemstones donated 
by A. D. Pattie, jeweler, Hillsboro, 
Illinois, will be put to good use in our 
practice-stone sets. 


Student John Krzton, Chicago col- 
lector, recently donated several gem- 
stones to the GIA for our practice-stone 
sets. Frazer River nephrite (Canada), 
albite feldspar, sunstone, moonstone, 
star ruby, black goldstone, ‘fire’ agate, 
thomsonite, rose quartz, and several 
imitation gemstones comprised the se- 
lection. 


Black: coral specimens from the Phil- 
ltpines and from Hawaii were donated 
to the GIA for comparison tests by 
J. E. McDowell, Los Angeles. 


When gemologist Walter Woods, 
Los Altos, California, visited the GIA 
recently, he added two very nice chi- 
astolites to our collection. 


A very welcome gift of ten various- 
sized diamonds that-can be used to 
good advantage in our practice sets 
were presented to the GIA by Harold 
Tivol, Kansas City, Missouri. 


A uvarovite garnet (on diopside) 
specimen from Jack Stachura, Stachura 
Minerals, Uxbridge, Massachusetts, 
was greatly appreciated, especially, 
since this happens to be our only speci- 
men of this species of the garnet group. 
At the same time, he presented us with 
a nephrite specimen, 


Our appreciation goes to Martin 
Ehrmann, Los Angeles gemstone 
dealer, who recently brought the GIA 
two large rough pieces of faceting- 
quality amblygonite and kyanite from 
which stones can. be fashioned. 


Our gratitude is extended to the 
California Division of Mines, San 
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Francisco, for the continual flow of 
literature that finds its way to the 
GIA. Many of the maps, bulletins, 
etc., are a great aid to our research 
librarian. 


N. Y. LAB NOTES 
(continued from page 10) 

Gemology was a natural sapphire that 
changed color from green in daylight 
to a reddish brown in incandescent 
light—colors considered quite respect- 
able for an alexandrite. (That such 
stones do exist we knew from our ex- 
perience with a similar stone in 1951.) 
The stone was submitted many times 
by various dealers over a period of a 
month, since it seemed impossible that 
corundum could so closely resemble 
the alexandrite chrysoberyl. The identi- 
fication of this stone was made obvious 
immediately since the optic axis was 
at right angles to the table and the 
uniaxial interference figure was easily 
obtained. The higher specific gravity, 
different absorption spectrum and, of 
course, the slightly higher refractive- 
index reading were typical for sapphire. 


The New York Laboratory is pleased 
to accept on behalf of the Institute a 
collection of stones that are ideal for 
study purposes, as well as a selection 
of colored slides of inclusions taken by 
the late Erwin A. Harvey, GIA student. 
The gift was presented by Mr. Harvey’s 
widow, Maurine Price Harvey. Mr. 
Harvey's proficiency in color photog- 
raphy of gemstone inclusions was given 
national recognition when these color 
photographs were used to illustrate a 
fine article entitled, ‘“‘Look into the 
Heart of a Gem,” by Creighton Peet, 


which appeared in the March, 1957, 
issue of Popular Mechanics. Members 
of the American Gem Society will re- 
call that Mr. Harvey provided the col- 
ored slides that were used to illustrate 
a talk on unusual gem materials en- 
countered in the New York Laboratory, 
which the writer gave at their annual 
Conclave in Chicago in 1957. 


We wish to thank the colored-stone 
firm of William V. Schmidt & Co., 
Inc., for several gifts in the past few 
months consisting of much needed 
iolites, peridots, andalusites and many 
other stones. 


Also, we are indebted to the firm of 
McTeigue & Co., manufacturing jew- 
elers, for a fine selection of colored 
stones for use in student identification 
sets. 


Mr. Harold Tritt, specialist in black 
pearls, gave the Institute many speci- 
mens of this lovely gem for research 
purposes. 


Also, we are indebted to Rene Bloch, 
pearl dealer of New York City and 
Paris, for specimens of black-dyed cul- 
tured pearls and hollow-center, fresh- 
water cultured pearls for research work. 


We wish to thank Mr. Howard A. 
Millar of Murfreesboro, Arkansas, 
for the identified specimens of peri- 
dotite, kimberlite and volcanic brec- 
cia from his “Crater of Diamonds.” 
The main difference between the peri- 
dotite and kimberlite, which were 
found in the same spot, is the greasy 
feel of the kimberlite, the diamond- 
bearing variety of peridotite. 
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The New Eastern Headquarters 


and 


Gem Trade Lab of the GIA 


Introduction 

Early in 1960, the Eastern Head- 
quarters of the Gemological Inst1- 
tute of America was moved from the 
quarters it had occupied since 1948, 
at 5 East 47th. St., to larger air-con- 
ditioned quarters, at 580 Fifth Ave- 
nue (northwest corner of 47th St.). 
The new space, Suite 615, is approxi- 
mately twice as large as that at the 
East 47th. St. address; also, in con- 
trast to the earlier quarters, it was 
designed specifically for the Eastern 
Headquarters’ functions. This allows 
for an adequate waiting and recep- 
tion area; three offices; a large lab- 
oratory divided into diamond-grad- 
ing area, stone-identification area 
and a darkroom for pearl X-radi- 
ography, ultraviolet examination and 
spectroscopy; and, finally, a much 
needed classroom. The larger space 
also allows for efficient filing, pack- 
ing, storage, and mineral- and gem- 
display areas. 
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History 

Eastern Headquarters of the Gem- 
ological Institute was opened in New 
York in the summer of 1948 by Mark 
C. Bandy, Ph.D., assisted by Robert 
Crowningshield, the present Labora- 
tory Director. Only a matter of 
months after the office was opened, 
Dr. Bandy was called away from the 
Institute by the Atomic Energy Com- 
mission. Richard T. Liddicoat, Jr., 
then GIA Assistant Director, was sent 
East to replace him. 

In 1948 and 1949, Eastern Head- 
quarters of the GIA was equipped 
for stone identification and diamond 
grading only. Pearl testing was a 
function of the Gem Trade Labora- 
tory, Inc., a separate organization. 
In the summer of 1949, Dr. A. E. 
Alexander, then operating the Lab- 
oratory, assumed a position with Tif- 
fany & Co., and the Board of the Gem 
Trade Laboratory, Inc., asked the 
GIA if the Institute would take over 
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Entrance. 


Reception Room. 
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G. Robert Crowningshield, 
Director of the GIA‘s 
Eastern Laboratory. 


and agree to continue to operate the 
Laboratory. The Laboratory and its 
pearl-testing equipment were turned 
over to the GIA in October of 1949, 
at which time the New York office 
began a dual function as the Insti- 
tute’s Eastern Headquarters and the 
Gem Trade Laboratory of the GIA. 
In February of 1950, Richard Liddi- 
coat returned to Los Angeles and 
Robert Crowningshield was ap- 
pointed Director of the Institute’s 
Eastern Headquarters and its Gem 
Trade Laboratory in New York City. 
For several months in 1951, during 
Crowningshield’s convalescence from 
a spinal operation, Lester B. Benson, 
Jr. GIA Research and Laboratories 


Director, served as acting director of 
the Gem Trade Laboratory. During 
this period the original X-ray equip- 
ment was replaced by a new and 
larger unit constructed to GIA speci- 


fications. With the installation of 
pearl-testing equipment at the Insti- 
tute’s main headquarters in Los An- 
geles, in 1951, a complete gem-test- 
ing service became available on both 
Coasts through the facilities of the 
Gem Trade Laboratories of the GIA. 


Structure of the Gem Trade 
Laboratory in New York 


The Gem Trade Laboratory in 
New York City has approximately 
thirty supporting member firms, 
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X-ray pearl! testing equipment. 


many of whom were supporters of the 
original Gem Trade Laboratory, Inc. 
These members pay an annual fee of 
$250, for which they are entitled to 
testing rates even lower than those 
charged to the trade at large. How- 
ever, few of the Laboratory’s support- 
ing members look upon membership 
as a means of saving money. Their 
purpose for membership is to support 
an organization they consider essen- 
tial to the well being of the jewelry 
industry. In fact, the Laboratory is 
considered so vital to the trade that 
a group of Laboratory members con- 
tributed nearly one-quarter of the 
cost of the move to the new quar- 
ters. This contribution was over and 
above the members’ yearly dues. 


Since annual memberships and test- 
ing fees charged do not cover even 
the salaries of the New York staff, 
other activities (e.g., numerous 
classes conducted by the staff, both 
in New York and out of town) are 
necessary in order to provide support 
for the maintenance of the Institute’s 
New York Headquarters and Lab- 
oratory. 

New York personnel consists of Di- 
rector Robert Crowningshield, Bert 
Krashes, who joined the staff in 1950, 
and Mrs. Eunice R. Miles, who joined 
in 1953. Crowningshield and Krashes 
have conducted classes in gem iden- 
tification or diamond appraisal from 
Boston to Miami and Minneapolis to 
Houston. In New York City, the three 


38 


GEMS & GEMOLOGY 


Bert Krashes in his office beside the Laboratory. 


Diamond Class in session. 
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Eunice Miles at her desk. 


share class instruction. Prior to her 
affiliation with the Institute, Mrs. 
Miles had wide museum experience 
working with minerals and gems. At 
the Boston Society of .Natural His- 
tory, she was assistant to Edward 
Wigglesworth, Ph.D., second presi- 
dent of the GIA. At the American 
Museum of Natural History in New 
York, she was engaged in classifying, 
exhibiting and photographing min- 
erals and gems over a period of nearly 
ten years. 

In New York, as well as in Los 
Angeles, staff members are called 
upon to appear on television and 
radio. Many state retail jeweler con- 
ventions have heard either Krashes 
or Crowningshield as a speaker, and 
all three staff members have been 
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called on for popular lectures to local 
groups. Members of the staff have 
written magazine articles, reviewed 
manuscripts of books and articles, 
and written entries for encyclopedias. 


Major Functions of Eastern 
Headquarters 


Eastern Headquarters of the GIA 
is most widely known in New York 
for its function as the Gem Trade Lab- 
oratory and for its public-relations 
activities in disseminating informa- 
tion and holding consultations. 

Each year, the Laboratory exam- 
ines over 100,000 diamonds, colored 
stones and pearls. Of these, the vast 
majority are for members of the jew- 
elry trade — importers, wholesalers, 
manufacturers and retailers — al- 
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South side of the Laboratory. 


Classroom 
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though an increasing number of re- 
ports are being issued to the public. 
The new fee schedule, adopted May 
15, 1960, calls for considerably higher 
fees to the public than to nonmem- 
ber-jewelers. An original laboratory 
report will not carry the fees charged 
for services performed; therefore, a 
retailer who obtains a report as a 
service for. his customer can charge a 
retail price, as he does for other serv- 
ices done outside his store. 

A listing of the most frequently re- 
quested services offered by the Gem 
Trade Laboratories would include, 
in addition to general stone testing 


Eunice Miles at the gem 
display. 


and X-radiography of pearls, the fol- 
lowing: complete or partial diamond 
grading for make, color, clarity and 
weight; weight estimation for recut- 
ting a damaged or old-style-cut dia- 
mond; weight estimation of both 
diamond and colored stones in mount- 
ings; verifying the quality of the re- 
cutting of a diamond; detection of 
artificial color of diamonds, jadeite, 
turquois and black pearls; jewelry 
photography; quality control for 
melee; separating natural and syn- 
thetic stones in lot quantities; new 
product testing and description; and 
determination of cause, time, and ex- 
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tent of damage for insurance adjus- 
tors. 


In addition to the jewelry trade 
and public, a number of official 
organizations have called upon the 
Laboratories for consultation and test- 
ing. Among these are the U.S. Cus- 
toms, Better Business Bureaus, the 
FBI, the police departments of sev- 
eral cities, the New York Bureau of 
Frauds, the New York Bureaus of 
Weights and Measures, the FTC 
and many banks and insurance com- 
panies. The Director of the Gem 
Trade Laboratory isa member of both 
the diamond and colored-stone stand- 
ing committees of the Jewelers’ Vigi- 
lance Committee. 


Recent Testing Advances and 
Activities of the Gem Trade 
Laboratories 


In conjunction with the Los Angeles 
Laboratory, the New York Laboratory 
functions as a research organization 
to keep the jewelry industry’s testing 
methods abreast of developments in 
synthetic and other gem substitutes, 
as well as conducting research to de- 
vise better means of detecting the 
various means of altering the color or 
other characteristics of both natural 
and synthetic gem materials. Toward 
these ends, the Institute enjoys cordial 
relations with gem-testing and other 
laboratories in London, Paris, Lu- 
cerne, Idar-Oberstein, Milan and 
Johannesburg. Perhaps a few exam- 
ples of recent activities will give a 
clearer picture of the research func- 
tion of the Laboratories. 


A number of years ago, irradia- 
tion by subatomic particles, first 


from a solution of radium bromide 
and later from cyclotrons and atomic 
piles, were shown to produce an at- 
tractive green color in diamonds. Cy- 
clotron-treated stones that were sur- 
face treated are detected with magni- 
fication, whereas radium-treated 
stones are detected by exposing them 
to a sensitive photographic or X-ray 
plate. Some cyclotron- and all atomic- 
pile treated stones are colored com- 
pletely through and are not detectable 
visually. Moreover, the colors of 
stones that had been changed from 
cyclotron-induced green to shades of 
yellow and brown by subsequent heat 
treatment were not detectable. Faced 
with an increasing number of such 
stones, the New York staff devised a 
means by which they could be detected 
with a hand spectroscope. Meanwhile, 
in Los Angeles, acting upon the 
discovery by the Diamond Research 
Laboratory in Johannesburg that nat- 
ural blue diamonds are electro-con- 
ductive, Lester B. Benson, Jr., Direc- 
tor of Research of the Gemological 
Institute, constructed a simple con- 
ductometer with which natural blue 
diamonds could be separated from 
bombarded or blue-coated diamonds. 
(See Los Angeles Lab Column, this 
issue.) 

Not many years ago, it was dis- 
covered in the New York Laboratory 
that jadeite of a fine green color be- 
ing imported from the Orient was 
dyed. Again, with the spectroscope, 
the Gem Trade Laboratory devised 
a means of separating the dyed from 
the naturally colored green jadeite. 
Similar tests are also employed to de- 
tect that jadeite triplets that were 
discovered entering the country about 
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Northwest corner of the Laboratory showing special diamond color-grading unit 
and the GIA Jewelers’ Camera. 


the same time. (See Gems & Gem- 
ology, Spring, 1958.) 

As a result of successful research 
conducted in the Los Angeles Gem 
Trade Laboratory into the problem 
of detecting treated black pearls, the 
Laboratories are now issuing reports 
specifying the origin of their color. 
(See article, this issue). 

Among the important gem-testing 
instruments utilized in the Labora- 
tories, most were designed and de- 
veloped by the Institute. These in- 
clude the Gemolite (or Gemscope), 
diamond color-grading units, illumi- 
nator polariscopes, refractometers 
and dichroscopes, special light 
sources for spectroscopy and refrac- 


tometry, and others. The problem of 
store lighting and display has long 
been of concern to the Institute, The 
need for a constant, diffused light 
source that approaches normal north 
light as nearly as possible for the 
correct rendition of color and for dia- 
mond color grading has been met 
with the Verilux Luminaire. The de- 
velopment of the Verilux over a five- 
year period was observed by the 
New York staff. The need for a light 
source that could give such exact col- 
or rendition while displaying the dia- 
mond’s unique brilliance and disper- 
sion to best advantage, was met with 
Lester Benson's ingenious addition of 
(continued on page 63) 


44 


GEMS & GEMOLOGY 


Developments 
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and Highlights 


at the 


GEM TRAUE LAB 


in Los Angeles 


Lester B. Benson, Jr. 


Director of Research and Laboratories 


Diamonds 

Three white diamonds displayed 
what appeared to be a bluish adu- 
larescent effect. The stones were non- 
fluorescent under ultraviolet light but 
displayed a strong blue fluorescence 
when exposed to X-rays. The adu- 
Jarescent effect was found to result 
from a combination of extremely min- 
ute impurities in the stones, plus 
bluish fluorescence excited by visible 


light. 


Three pink diamonds, weighing 
.18, .50 and .51 carat, respectively, 
were checked to verify the character- 
istics of pink stones as reported re- 
cently by Bob Crowningshield, of the 
GIA New York Laboratory, B. W. 
Anderson, of the London Laboratory, 


and Dr. Gubelin, of Switzerland. As 
expected from these previous reports, 
the stones changed color when sub- 
jected to X-radiation. The change 
was somewhat in proportion to the 
depth of color, as follows: One stone 
was very light pink, and it reverted 
to colorless. The second stone, which 
was medium pink, changed to a very 
light brown. The third stone was 
deep pink, similar to the color of a 
fine kunzite; this specimen reverted 
to a purplish color with a slight 
brownish overtone. All specimens re- 
verted to their original colors when 
exposed to incandescent light plus 
slight heating for a period of about 
five minutes. No unusual absorption 
characteristics were noted on the 
light- and medium-pink stones. How- 
ever, the dark-pink stone displayed 
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Ofle Torndahl, Stockholm, 
Sweden, sets up the un- 
usual diamond mentioned 
above as Jean Luc Roulet, 
Basel, Switzerland, looks 
on. The young men are 
spending several months 
studying all phases of 
gemology at the Los An- 
geles Laboratory. 


a series of emission lines ranging from 
approximately 4500 to 6000 A. This 
was fluorescence in the form of emis- 
sion lines, rather than a continuous 
spectrum resulting from excitation by 
visible light in the blue-violet portion 
of the spectrum. 
x Ok 

The accompanying photograph 
shows an elongated fissure observed 
in a 1.02-carat brilliant-cut diamond. 
The fissure, although relatively wide, 
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Fissure in diamond. 


is extremely thin, and under low mag- 
nification appears as a normal cleav- 
age. It opens on one of the pavilion 
facets and is characterized by the 
well-detailed surface markings; i.e., 
trigons that are common to an octa- 
hedral face, suggesting that a gap 
was left during growth so that the 
crystal growth marks were left on 
both sides of the gap. In other words 
the gap could be considered a long, 
flat and narrow negative crystal. 
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Camera with viewing screen in 
position. 


INSTRUMENTS 
The New Jewelers’ Camera 
The latest addition to the GIA 
Gemological instruments is the new 
Jewelers’ Camera. The first large pro- 
duction run has just been completed, 
climaxing more than five years of re- 


Kenneth M. Moore taking photo- 
graphs using Polaroid Land Back. 


search at the Los Angeles Labora- 
tory. Four prototypes were con- 
structed during this period and thou- 
sands of photographs were taken to 
develop utmost versatility, combin- 
ing effective lighting with push-but- 
ton ease of operation for appraising, 
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Arrangement of adustabjle overhead lights and lens controls. 


stock recording, design reproduction, 
illustrations for advertising, etc. The 
basic design of the final camera was 
given considerable attention, to as- 
sure a unit that would complement 
any interior decor, as well as to pro- 
vide maximum efficiency and ease of 
operation for anyone in a jewelry 
store. 

The new camera presents many 
outstanding features; for example, it 
utilizes a modified Polaroid Land cam- 
era to. provide one-minute pictures. 
It incorporates an exceptionally fine 
103-mm. F2 Graftar lens, converted 
for simple push-button control. Three 
independent sources of illumination 
for background, side and overhead 
lighting are built into the unit. The 
overhead illumination comes from 
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two small adjustable fluorescent tubes 
mounted on each side of the lens, to 
provide contrast and highlights for 
magnified shots of both mounted and 
unmounted diamonds and colored 
stones. The camera and lens mount- 
ings are easily adjusted for height by 
the high-ratio gear boxes, with 
traverse roller bearings, that are 
mounted on the sturdy stainless-steel 
column. All of these features combine 
to present a completely self-contained 
unit, requiring no additional light 
sources, mounts, developing and 
printing facilities or other special 
equipment common to general pho- 
tography. With the push-button con- 
trol, the complete photographic cycle 
consists of merely opening the dia- 
phragm and lens shutter with the 
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control buttons. The jewelry is then 
mounted on any one of the special 
holders provided for this purpose. 
One or more light sources are com- 
bined to provide the desired image 
and highlights in the viewer. After 
adjustments, the viewer is replaced 
by the camera and the control but- 
tons reversed to close the lens and 
the diaphragm. The picture is then 
snapped through the use of the cable 
release. The unit covers a full field 
up to 714x 10 inches, and provides 
magnification up to 8x. This range is 
more than adequate to handle all 
jewelry photographic requirements. 
The Camera manual includes illus- 
trated instructions covering illumina- 


Audio Conduetion Detector. 


tion combinations and exposure times 
for various types of jewelry to ensure 
satisfactory results from the begin- 
ning. For those jewelers who are in- 
terested in an even more complete 
range of photographic activity, the 


strument will also accommodate such 
accessories as cut-film holders, roll- 
film backs, and enlarging projectors. 
Recent announcements from the Pol- 
aroid Land manufacturers state that 
one-minute color film will be avail- 
able early in 1961. This will increase 
the scope of photography of this new 
unit to include all possible methods 
of both black-and-white and color 
photography. The unit is already 
attracting considerable interest 
throughout the jewelry trade, since 
it fulfills* a long-existing need in 
gemological recording equipment. 

Complete information may be ob- 
tained from the GIA BI SG Reeds 
in Los Angeles. 


2,000 OFFS 
LAR PHONE 


i 


Electrical circuit of the Conduction 
Detector. 


Audio Conduction Detector 
A recent report from Dr. J. F. H. 
Custers, of the Diamond Research 
Laboratory in Johannesburg, South 


Africa, included the accompanying 


photograph of a simple instrument 
devised for detecting electrical con- 
ductivity in type IIb diamonds. It con- 
sists of a ground plate, or holder, upon 


special Graflok back built into the in- which a stone is mounted or clamped, 
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and a contact probe connected to a 
low-resistance earphone. The power 
is supplied by a 30-volt battery. With 
this hookup, a slight scratching noise 
is heard in the earphone as the probe 
is drawn across the surface of a type 
IIé diamond. Due to the nature of 
the semiconductivity of natural blue 
diamonds, it is essential that the 
probe be connected to the negative 
pole of the dry battery. 


GIA Conductometer 


In response to several recent re- 
quests for additional information on 
the conductometer used in the GIA 
Laboratories, the unit in use is shown 
in the accompanying illustrations. 
This simple instrument incorporates 
a small voltmeter connected to a 110- 
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Enlargement of probes to show 
cotton inserts. 


GIA Conductometer. 


volt A.C. current. Two ground con- 
tacts are provided, one of which is a 
flat base plate and the other a verti- 
cal hollow probe. Stones may be 
placed table down on the base plate 
or, if the specimens are mounted 
with the prongs extending above the 
surface of the stone, they may be 
placed over the vertical probe with 
the culet centered in the opening. 
The hand probe, in either case, is 
merely brought into contact with the 
stone. Because of the difficulty of 
making good electrical contact, wet 
surfaces are used to overcome this 
limitation. As shown in the illustra- 
tion, a small cotton pack is imbedded 
in the tip of the hand probe, as well 
as in the vertical ground probe. 
Moistening the surface of both the 
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base plate and the cotton packs per- 
mits an ideal method of providing 
suitable contacts. 


Turquois 


During the last three months, there 
has been a considerable increase in 
the demand on the West Coast for 
large turqouois beads. A large quan- 
tity has been imported from Japan, 
where it presumably had been sent 
for treatment. All of the beads tested 
from this source were treated with 
paraffin or a related wax. In view of 
the superior nature of the plastic- 
impregnation method, it is surpris- 
ing that anyone is continuing with 
wax treatment. The deeper color re- 
sulting from this method is not per- 
manent, and some trouble is almost 
inevitable with the sale of every such 
strand, particularly since many of the 
larger strands are being sold as nat- 
ural turquois for $300 to $500. One 
strand from another source proved 
particularly interesting because it 
represented a new method of treat- 
ment. The turquois consisted of 
highly compact, medium-blue nat- 
ural material (specific gravity, ap- 
proximately 2.71) that had been too 
dense to lend itself to impregnation 
by plastic or wax. The medium-blue 
color, however, had been darkened 
by a process that involved etching 
the beads in acid, presumably hydro- 
fluoric. This treatment imparted a 
myriad of minute pits over the sur- 
face. It was then coated with a blue- 
colored epoxy resin and repolished 
to remove the excess resin. The col- 
ored resin that remained in the min- 
ute pits imparted an attractive deep- 
blue color to the beads, in addition 


to a lustrous, durable surface. To the 
unaided eye, the beads appeared 
as good-quality turquois, but the 
speckled nature of the coloration in 
the pitted surface was readily ap- 
parent under. magnification. This 
process was duplicated successfully 
in the laboratory, using turquois from 
our display materials. 


Unusual Stones 
A beautiful gold-brown korneru- 
pine cabochon of approximately four 
carats displayed an extremely sharp 
chatoyancy. It is the finest specimen 
of this type we have encountered. 
ee 
A strand of purple beads sold as 
purple jade turned out to be dyed 
aventurine quartz. It is the first time 
that we have encountered dyed 
aventurine. The specimens were not 
too attractive and, under any name, 
would not have had much value. 
* Oe 
Someone in Arkansas apparently 
thought that he had found a new 
diamond mine when he submitted a 
small greenish crystal for identifica- 
tion. It was stated to have been 
mined by him, but it proved to be 
silicon carbide. 
ee 
One gentleman was highly en- 
thusiastic over the phone and was 
anxious to show us a very rare em- 
erald displaying a pronounced play 
of color. It was reported to be the 
only opallike emerald known. Un- 
fortunately, it proved to be an ex- 
tremely flawed specimen that dis- 
played some iridescence from the 
air-filled fractures. 
a 


A blackish-green step-cut stone, 
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measuring approximately 13.5 x 9 
mm. proved of interest to the owner 
when its properties failed to corres- 
pond to any of the normal figures 
listed on property tables; viz., it was 
singly refractive, had an R.I. of ap- 
proximately 1.79 and an S.G. of ap- 
proximately 4.50. The stone was 
gahnite (spinel). 
ae ne 
Another pearllike formation simi- 
lar to one reported in a recent column 
was submitted for identification. It 
consisted essentially of parallel semi- 
transparent crystals. It transmitted 
light readily parallel to the crystals 
(see accompanying illustration) but 
was opaque at right angles to this 
direction. It was an orangy-brown 
color and had been represented as a 
black pearl. The surface characteris- 
tics indicated polishing, and it is pos- 
sible that it had been fashioned 
from a section of a large shell. 
wk Ok 
Through the courtesy of John R. 
Fuhrbach, G.G., FGA, San Antonio, 
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Pearllike formation. 
Magnification 30x. 


Texas, one-half of the huge garnet 
crystal shown in the accompanying 
photograph has been added to the 
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Garnet crystal. 


GIA collection. The crystal, which 
was found in Ontario, Canada, shows 
the combination form of the trape- 
zohedron and the rhombic-dodeca- 
hedron. It measured 71.6 x 95.4 mm. 
prior to sectioning and weighed 
793.5 grams. Although it is not of 
gem quality, it is translucent through 
the thin edges and shows a dark 
reddish-orange color. 
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Testing Black Pearls 


by 


Lester B. Benson, Jr. 


Director of Research and Laboratories 


The emphasis in recent years on 
treating gem materials has intro- 
duced many problems for dealers 
who specialize in natural, untreated 
specimens. One of the principal prob- 
lems is concerned with natural black 
pearls, which range in color from an 
almost jet black with little or no or- 
ient to light grays with pronounced 
‘overtones of different colors and a 
high degree of orient. Nearly all color 
possibilities have been duplicated 
successfully by treating white or off- 
colored pearls. Many appear so 
nearly identical to the natural that 
they defy visual detection, even by 
the trained pearl merchant. The de- 
tection of the various methods of 
treatment is made particularly diffi- 
cult by the opaque or, at best, semi- 
translucent nature of pearls, which 
eliminates many of the optical tests 
used in the identification of trans- 
parent materials. Moreover, pearls 
are easily damaged by some of the 
agents that are ordinarily used in the 
detection of coatings and dyes. 

Recent work on the various kinds 
of black pearls encountered to date 
has disclosed two basic types of treat- 


ment. In the first method, either dye 
or a coating is applied to the sur- 
face, which makes the treatment ef- 
fective on both drilled and undrilled 
specimens. The second is a center 
treatment of drilled pearls, which may 
involve the distribution of a dye be- 
tween a few near-surface layers of 
nacre or a general saturation of the 
dye throughout the entire central 
part of the pearl. As a rule, well- 
formed layers of nacre are almost im- 
penetrable to dyes; however, appar- 
ently capillary action permits dye 
penetration between some layers. 
Some undrilled cultured pearls have 
been encountered with nuclei that 
had been treated prior to insertion 
in the mollusc. 

Silver nitrate was used extensively 
at one time to dye pearls. It was 
readily detectable by X-radiography, 
since even a small amount of the sil- 
ver formed by reduction of this com- 
pound is sufficiently opaque to X-rays 
to be visible on a radiograph. Only 
a small percentage of the recently 
examined treated pearls have shown 
the presence of a metallic deposit. 
Experiments conducted in Los An- 
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geles by Gale Johnson on various 
methods suitable for dyeing pearls 
has confirmed the advantage of other 
dyes over silver nitrate. 

Of the several thousand natural 
black pearls that have been examined 
in recent months, all but a small per- 
centage have proved to be sensitive 
to visible radiation, centered at ap- 
proximately 4000 A. (this borders on 
the edge of the violet portion of the 
visible spectrum). Excitation by this 
radiation results in a red fluorescence, 
which, under proper conditions, is 
very strong. The excitation of fluores- 
cence by visible light.in various ma- 
terials was reported as early as 1853 


by George G. Stokes, who demon- 


strated it by using a light filtered 
through a copper-sulphate solution. 
Such a solution will filter out the 
long, or red and yellow, wavelengths 
from the spectrum. Many specimens 
so illuminated will fluoresce and emit 
light in the yellow or red wave- 
lengths. It is readily observed by 
viewing the specimen through a filter 
that transmits only the longer wave- 
lengths. This method of examination 
has been referred to as the crossed- 
filter method. Its application to gem 
materials has been the subject of 
several articles by B. W. Anderson 
and Robert Webster, of the London 
Laboratory, who have mentioned the 
reddish fluorescence of black pearls. 
There are a few limitations to the 
test, however, when considering 
its overall application to the detec- 
tion of treated pearls. The copper 
sulphate solution transmits all wave- 
lengths except those in the red, or- 
ange, and yellow; as a result, the blue 
and green light, in excess of that re- 
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quired for excitation, often tends to 
mask weak fluorescent effects, par- 
ticularly of pearls other than black 
that fluoresce a strong white or nearly 
white. The observation of the latter 
is essential in detecting some of the 
white pearls that have been dyed 
black. 

It is not intended to infer that 
pearls are not excited by ultraviolet. 
At least some excitation stems from 
exposure to ultraviolet light, but the 
greater percentage comes from the 
low portion of the visible spectrum. 
If all of the wavelengths that can 
cause excitation are present in a given 
source, but to the exclusion of all 
other light, a maximum effect will be 
achieved. Standard ultraviolet lamps 
do not provide maximum efficiency 
for this purpose, since their emission 
consists only of isolated mercury- 
emission lines, some of which are in 
the ultraviolet and others in the vis- 
ible. 
Since no suitable source of adjust- 
able monochromatic light covering 
the low visible radiation is yet avail- 
able in a simple unit, the possibility 
of critical fluorescence testing of the 
majority of gem specimens as a rou- 
tine test is greatly limited. In. addi- 
tion, the variation in existing ultra- 
violet filters, as well as in lamps, 
makes the present standardization of 
fluorescent tests very difficult to es- 
tablish. This accounts for what ap- 
pears to be wide discrepancies in the 
fluorescent characteristics of various 
gem materials published by differ- 
ent authors. 

Obviously, fluorescence holds a 
key to the identification of treated 
and natural pearls. Experimentation 
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Unusual hairlike lines below surface of a natural pearl. 


has shown that when used properly, 
some currently existing lamps pro- 
vide an aid in overcoming this prob- 
lem. 

To gain a complete picture of the 
identification problem involved, the 
nature of treated pearls must first be 
understood. Specimens tested have 
ranged from poor-quality black pearls 
that were spottily coated (to even 
out inherently uneven coloring) to 
white pearls that were center treated 
to impart a desirable dark body 
color. When a white pearl is center 
treated, and the surface nacreous lay- 
ers are not saturated with the dye, 
the white fluorescence still remains 
(although in some cases it is ex- 
tremely weak regardless of the dark- 
ness of the resultant body color. 
White fluorescence has not been en- 
countered in any natural black pear! 
tested to date, except in mottled 
low-quality specimens. A pearl that 
has been surface treated, whether by 
coating or by dye, is sufficiently 
dense to absorb both the fluores- 
cence-exciting radiation and the 
fluorescence itself. 


Not all black pearls fluoresce. Al- 
though well over 99% of the pearls 
tested did, a few were encountered 
that would not respond. One was ob- 
viously a blister that had been 
rounded up by polishing. It dis- 
played no orient and apparently was 
almost pure conchiolin. It resembled 
a conch pearl, in that it did not con- 
tain nacreous layers. The few re- 
maining specimens, which appeared 
to be from one isolated source, were 
characterized by a highly translu- 
cent nacre that was sufficiently clear 
to permit the observation of subsur- 
face defects to a depth of as much 
as one millimeter. In transmitted 
light, this translucent nacre appeared 
to be a light grayish-green color. 
Still more unusual, all of these pearls 
displayed a number of darker green 
hairlike lines just below the surface 
(see photograph) ; they were not as- 
sociated with cracks or other struc- 
tural defects. Although these. fine 
lines have not been observed on 
pearl-bearing shell, some shell has 
been examined that possessed this 
same highly translucent nacre that 


SUMMER 1960 


55 


does not fluoresce under either ultra- 
violet or visible light. The origin of 
these shells is unknown, but it is pos- 
sible that the few pearls with similar 
characteristics came from the same 
locality. 

Referring back to the coated pearls, 
the coating was found to be insoluble 
in any common solvent. It could be 
removed with a solution of glacial 
acetic acid, but only as a gummy resi- 
due. It is soluble, however, in a weak 
nitric- or hydrochloric-acid solution. 
Obviously, any tests used on pearls 
must be nondestructive. The use of 
acids is dangerous, since pearls are 
basically calcium carbonate and thus 
are attacked violently by both of these 
acids. Experiments, however, did 
show that a very weak solution of 
approximately two parts acid to one 
hundred parts water would not harm 
the pearl, except under prolonged 
contact. At the same time, such a so- 
lution dissolves the coatings slowly. 
A. satisfactory test was therefore 
found in the use of a tiny cotton 
swab moistened with this weak solu- 
tion. By rubbing a coated pearl 
lightly, a slight brownish discolora- 
tion accumulates on the cotton. Any 
discoloration is indicative of treat- 
ment, so it is not necessary to pursue 
the test to remove other than a trace 
of the coating. Prolonged rubbing 
strips the coating and thus reveals 
the true color of the treated pearl, 
and, in contrast to the coating, it 
usually appears as a discolored spot. 
Such an induced color blemish does 
not occur if the test is performed 
properly, and the pearl itself is un- 
affected. Pearls tinted other colors 
(bronze and pink, for example) also 


have been encountered that were sur- 
face treated, and they reacted equally 
well to the solvent test. | 


When checking pearls for fluores- 
cence, as mentioned before, the source 
of the radiation is most critical. In 
addition, wide variations have been 
noted in the sensitivity of different 
persons to light containing ultravio- 
let, as well as to low visible violet 
radiation. It has been found that 
some persons, when attempting to 
observe a specimen that imparts a 
very weak fluorescence under an ul- 
traviolet lamp, may have the effect 
masked completely by the glare cre- 
ated by the reflected near-ultraviolet 
radiation. Those who are not so sensi- 
tive to this violet light may see the 
fluorescence quite easily under the 
same conditions. For safety, it is al- 
ways best to observe any specimen 
illuminated by ultraviolet lamp 
through a glass filter that will ab- 
sorb the ultraviolet content. This is 
particularly true if a strong lamp is 
used, since it takes only a few min- 
utes to burn the eye tissue seriously 
with excessive ultraviolet light. In 
addition, the filter should also re- 
move the low visible violet light, to 
assist those who are highly sensitive 
to this radiation. Since personal re- 
quirements vary so widely, the selec- 
tion of a suitable filter is a matter of 
individual research. Depending on the 
type of ultraviolet lamp used and the 
efficiency of the filter, either the long- 
or short-wave type may be most ef- 
ficient for checking pearl fluores- 
cence. Work done in conjunction 
with other commercial laboratories in 
Los Angeles revealed that, for the 
most part, their standard-model fluor- 
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escent lamps were completely unsat- 
isfactory for this purpose. This is un- 
doubtedly true of many existing 
lamps elsewhere. Essentially, the re- 
quirement for maximum excitation is 
a relatively high-intensity output in 
the vicinity of 3800 to 4500 A. The 
lamp that has proved most successful 
in the GIA laboratory is a large unit 
utilizing a 100-watt G.E. mercury 
spot. With this kind of illumination, 
the characteristics of the pearls 
tested to date may be summarized 
as follows: 


Fluorescent Black Pearls 


The majority of natural black pearls 
fluoresce varying degrees of red. The 
effect is not necessarily related to the 
depth of color, since some light grays, 
as well as some almost black pearls, 
fluoresce a vivid cherry-red color. 
Specimens that display a weaker 
chalky-pink color usually are accom- 
panied by a rather grayish overtone 
and poor orient; again, however, this 
is not always true. Some specimens 
display a mottled color, including 
patches of red or pink, together with 
areas of bright-white fluorescence. 
Similar mottled fluorescent effects 
have been observed on certain pearl- 
bearing shell. The areas that fluoresce 
white, if isolated from the remainder 
of the pearl, would hardly fall into 
the classification of black pearl. 


Nonfluorescent Natural Pearls 


A few isolated specimens have been 
encountered that displayed no fluor- 
escence under X-rays, ultraviolet or 
visible radiation. Almost all of the 
specimens tested to date have dis- 
played a typical hairlike discolora- 
tion, as shown in the photograph ac- 


companying this article. These also 
displayed the highly translucent sur- 
face layers of nacre, which were of a 
light grayish-green color. These 
pearls can be separated easily from 
coated pearls by the presence of the 
translucent nacre. The completely 
opaque, black, nonfluorescent nat- 
ural concretions encountered ap- 
peared to possess no nacre or orient; 
thus, they failed to qualify as pearls 
in all respects. Generally, they would 
be classed as clam pearls. One large 
sphere of this type displayed a dis- 
tinct color zone, the edge of which 
circled the pearl below the center. 
Magnification showed that this spe- 
cimen had been a blister pearl with 
the base rounded by polishing. It 
had been suspected of artificial col- 
oration, because of the abrupt change 
from black to light gray near the base. 
Furthermore, the top surface dis- 
played an iridescent metallic appear- 
ance, similar to that produced by some 
coatings. It was the result of numer- 
ous near-surface separations between 
the layers of which it was composed 
and subsequent light interference 
from the thin films of air. On the basis 
of the very small percentage of the 
nonfluorescent natural pearls found in 
the large number tested, the nonfluor- 
escent category should seldom be 
encountered by the average jeweler. 


Centet-Treated Natural Pearls 
These are specimens that, for the 
most part, were originally white pearls 
that displayed typical white fluores- 
cence. Treating them through the 
drill hole to saturate the layers near 
the surface results in an excellent 
duplication of the various colors of 
natural blacks. Under suitable exci- 
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tation, these specimens display the 
white chalky appearance that is typi- 
cal of white pearls. The degree to 
which the chalky-white fluorescence 
is visible depends on the extent of 
saturation, as well as on the nearness 
to the surface of the treating agent. 
In all specimens tested, the white 
fluorescence was very weak, in rela- 
tion to that of an untreated white 
pearl. 


Surface-Treated Natural Pearls 


Obviously, surface treatment, which 
is present in the form of a thin coat- 
ing, is the least expensive method of 
treating pearls. Normal wear, how- 
ever, results in discoloration as the 
coating is removed. Orient is invari- 
ably lacking, although slight orient 
may be displayed by specimens with 
an extremely thin coating. These 
pearls have their fluorescent charac- 
teristics masked by the coating and 
appear black, similar to the rarer nat- 
ural black pearl described above. 
These types can be distinguished 
readily by the solvent test, using the 
weak water-and-acid solution applied 
with a tiny cotton swab. 


Center-Treated Cultured Pearls 


The primary requirement for the 
identification of cultured pearls is the 
verification that they are cultured, 
and, in the case of colored speci- 
mens, the radiographic method is the 
only adequate test. Endoscopic meth- 
ods are not always applicable, since 
the treating agents can prevent trans- 
mission of light through the nacrous 
layers. If it is established that a pearl 
is cultured, any coloration that is not 
common to normal cultured pearls 


will have been the result of treat- 
ment. Such specimens display the 
typical white fluorescence of white 
pearls, appearing similar to center- 
treated natural pearls. A second type 
of center treatment involves those 
pearls containing nuclei that were 
colored prior to insertion in the mol- 
lusc. Such pearls may not possess 
drill holes. Again, if an undrilled 
pearl is proved by radiography to be 
cultured, it follows that any colora- 
tion is the result of a previously col- 
ored nucleus. 


Surface-Coated Cultured Pearls 


Such specimens rarely display orient 
or fluorescence and are readily de- 
tectable by the solvent test described 
above. 

In conclusion, it can be stated that 
any black pearl should first be tested 
for fluorescence, preferably against 
known specimens, to ensure that the 
correct radiation is being used. If it 
fluoresces a pink or red color, the re- 
action is typical of a natural colored 
pearl. If the fluorescence is spotty 
(.e., with black areas), the latter 
should be checked for a coating with 
the solution test. A mottled white- 
and-pink fluorescence is also typical 
of some natural colored pearls, but 
those encountered to date have pre- 
sented a relatively poor appearance, 
in that the color was uneven and dull. 
If the pearls appear black but with 
a gray or whitish fluorescence, the 
reaction is typical of center-treated 
cultured or natural pearls. A total 
absence of fluorescence indicates a 
coated specimen or possibly a clam 
pearl; these can be separated by the 
solvent test. 


58 


GEMS & GEMOLOGY 


Uevelopments and Highlights 


at the 


LEM TRADE LAB 
in New York 


G. Robert Crowningshield 


Director of Eastern Headquarters 


”? 


“Diamond-ite,” “Trulite,” etc. 

The rash of advertisements extoll- 
ing the virtues of synthetic colorless 
sapphire disguised under such names 
as “Diamond-ite,” “Trulite,’ ‘“Bril- 
light” and “Vespa Gem” has produced 
some very peculiar information. 
One advertisement by a prominent 
Brooklyn department store states 
that ‘ ‘Diamond-ite’ is 9.6 in hardness 
'M.O.H.*’” The asterisk calls atten- 
tion to a statement at the bottom clari- 
fying M.O.H. as “Molecules of Hard- 
ness!’’ Not only is synthetic colorless 
sapphire 9 in hardness (not 9.5 or 
9.6, as some testing laboratory has re- 
ported), but the advertising-copy 
man evidently never heard of Fried- 
rich Mohs (1772-1839), who, in 


1818, devised this relative scale of 
hardness, that is still widely used by 
mineralogists and others. However, 
it has been the source of a great deal 
of misinformation, such as appeared 
in another advertisement in which it 
is stated that ‘“Trulite” is 95% as hard 
as diamond. It should be reempha- 
sized that Mohs’ scale of hardness is 
only relative. The report from the 
testing laboratory referred to earlier 
is apparently the basis for the mis- 
leading advertisements to the effect 
that the synthetic colorless sapphire 
offered under a variety of meaning- 
less names is 9.5 or 9.6 in hardness. 
The report does not even identify the 
material tested. However, all such 
stones tested in the GIA Labora- 
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tory so far have been normal syn- 
thetic colorless sapphire, differing 
only in the quality of cut and polish. 
The fact that all have been scratched 
by both natural and synthetic sap- 
phire and that each has, in turn, 
scratched both natural and synthetic 
sapphire substantiates Mohs’ scale of 
hardness. There are no commercially 
available gemstones to which the 
figure 9.5 can be given. 


“The Unidentifted-Factor Ring” 

A ring set with an eight-carat pale- 
blue sapphire cabochon containing a 
large inclusion (Figure 1) claims an 
original and most interesting back- 
ground. It was presented to Dr. Leo 
Norris, Cornell University, by stu- 
dents and coworkers upon his retire- 
ment. The sapphire was chosen 
especially for him because of the 
inclusion (actually a negative crystal), 
which symbolizes the unknown, since 
Dr. Norris, one of the foremost au- 
thorities on nutrition, has for forty 
years searched for the unknown. In 
addition, it is coincidental that the 
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engraved initials, LCN, when sep- 
arated with the proper chemical 
symbols, symbolizes a discovery made 
by Dr. Norris. Two GIA students, Dr. 
Ray Bunnell and Sam Preisner, are 
credited with the unique design and 
its execution. A matching tie clasp 
completes the set. 


ee Sl 


Figure 2. 


Blister Pearls 

Out of curiosity, we made a radio- 
graph of an attractive blister pearl 
and were surprised to find that the 
nucleus consisted of two natural 
pearls, which were evidently ejected 
by the mollusc but were caught be- 
tween the shell and the mantle to 
become part of the larger blister. 
(Figure 2). 
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Hollow-Centered Cultured Pearls 


We have encountered two cases in 
which travelers in the East have been 
sold large “natural” pearls by dealers 
who also had similar-appearing 
cultured pearls for sale. In both 
instances, they proved to be hollow- 
centered (i.e, without nuclei) cul- 
tured pearls. The largest was more 
than 16 mm. in diameter and was 
slightly button shaped. 


Synthetic Emeralds 


It has been reported before, both 
in the New York and the Los Ange- 
les Laboratories, that occasional syn- 
thetic emerald crystals contain me- 
tallic crystals, which were identified 
as platinum by Bell Laboratories, 
Murrayhill, New Jersey. We encoun- 
tered these crystals for the first time 
in a fine-quality cut stone, and they 
were large enough to make the stone 
sink in emerald liquid, which has an 
S.G. of 2.67. This is also the first cut 
synthetic emerald we have seen that 
did sink in this liquid. 


Diamond Fluoresces Yellow 


Although students of the Diamond 
Course are well aware that the ma- 
jority of fluorescent diamonds fluor- 
esce blue and thus pose a grading 
problem, it should be mentioned that 
an almost colorless diamond may oc- 
casionally fluoresce a distinct yellow, 
thus making it grade lower in day- 
light than in incandescent light; this 
is the reverse of blue-fluorescent dia- 
monds. A stone of this type came to 
our attention recently when a cutter 
and potential customers were in dis- 
agreement regarding its color grade. 


Synthetic Rutile 

It would seem that synthetic rutile 
has become so rare in the trade that 
a new generation of dealers is be- 
coming aware of it for the first time. 
We have identified more specimens of 
it since the last issue of Gems & 
Gemology than during the previous 
six months. One quite unusual yel- 
low-orange stone had been sold in a 
fancy gold ring for more than $4,000 
as a “canary diamond.” 


Conch-Shell Beads 
Once again this summer, at least 
one department store in New York 
has taken a commercial advantage 
over its competitors by advertising 
beads cut from conch shell as ‘'shell 
coral.” The material can be sold for 
much less than the increasingly popu- 
lar white coral. In addition, due to 
the structure of shell, the luster is not 
as uniform as that of coral beads. 
We have been informed that steps 
have been taken to prevent further 

use of this deceptive name. 


Natural Glass 
We encountered three types of 
natural glass in the past few months. 
These included an uncut, strangely 
pitted tektite, a cut stone of green 
moldavite and a very large faceted 
specimen of Libyan silica glass. 


Unusual Stones 
Among the more unusual items 
identified in the Laboratory recently 
was a massive specimen of lazulite 
with occasional clear areas in which 
one could check the material’s amaz- 
ing dichroism. 


A transparent brown emerald-cut 
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cassiterite weighing more than 50 

carats is the largest we have encoun- 

tered of this high-density material, 

almost exactly twice that of diamond. 
a 

An emerald-cut specimen of zincite 
weighing more than two carats 
makes the fifth such stone, and by 
far the largest, that we have had in 
the Laboratory. 

An attractive 12-carat round bril- 
liant-cut sphalerite was an impressive 
specimen of this fragile mineral. 

Other rarities included benitoite, 
danburite, phenakite, sphene, brazil- 
ianite, smithsonite, amblygonite, 
diopside, yellow transparent labra- 
dorite, scapolite, epidote, dioptase, 
enstatite and fine-green cat’s-eye 
apatite. 

An unusual specimen that came into 
the Laboratory was a dark-brown 
chrysoberyl with a four-rayed star. 
Had the color of the stone been more 
attractive, the stone itself would have 
been unique. 

‘One of the most unusual quartz 
specimens we have encountered was 
a series of parallel grown crystals at 
the base, with a twinned crystal that 
was medium-light amethyst at the 
top of one area. The amethystine 
area was above a deep coppery pink 
base. The latter color was caused by 
inclusions of fairly fine rutile needles 
in an interesting orientation caused 
by the twinning. The pattern was 
prominent in the cabochon that was 
cut from a section. The needles were 
oriented roughly in pie-shaped sec- 


tions, pointing toward the center of 
the crystal. For this reason it would 
have been impossible to cut either 
a cat’s-eye or a star from the ma- 
terial, although a cabochon cut from 
the piece had an intriguing coppery 
sheen in a deep-pink background. 
Here and there in the rough were 
clear rock-crystal areas that had 
sparsely included rutile needles. 


Citrine Triplet 

Another unexpected stone encoun- 
tered recently points the importance 
of examining under magnification 
every stone on which a report is to be 
issued. This stone appeared to be 
ordinary citrine quartz of a pleasant 
uniform yellow color. The refractive 
index on the table gave the normal 
quartz readings, and an interference 
figure showed up almost automatic- 


ally in the polariscope. Under the 
microscope, and later with immersion 


in water, the stone was seen to be a 
quartz triplet made up of two parts 
of rock crystal cemented together 
with yellow plastic or resin-type ce- 
ment. The client asked to have the 
stone separated, to convince himself 
that the parts were indeed rock crys- 
tal; this, of course, was unnecessary. 
The assembled stone had been prop- 
erly represented to the client, it was 
later learned, and the reason for mak- 
ing a complicated triplet to imitate 
such a common stone seems to have 
been a desire for uniformity in filling 
a huge order for matched stones. 

A transparent brownish willemite, 
when examined with the spectro- 
scope, showed a distinct absorption 
spectrum. Since little mention has 
been made in textbooks concerning 
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Figure 3. 


this unusual gemstone, it is worth 
noting. (See figure 3.) 
a ee 

We wish to thank Mr. Raphael 
Esmerian, New York City, for a gift 
of natural black pearls, some of 
which will be sacrificed for study 
purposes. 

Also, we wish to acknowledge with 
thanks a gift of several cut datolites 
and phenakites from Mr. Ronnie Ro- 
manella, New York City mineral 
dealer. 

We are indebted to Astro Lapi- 
daries, New York City, for a fine 
specimen of transparent blue-green 
apatite, a color until now missing 
from our collection of apatite. 


EASTERN HEADQUARTERS 
(continued from page 44) 
baffles to the Verilux diffusion screen; 
this resulted in the Diamondlux Lu- 
minaire, which is distributed to the 
jewelry industry by the GIA. The 
new quarters of the New York Lab- 


oratory are illuminated by both types 
of fixtures. Jewelers with lighting 
problems are invited to see the sev- 
eral types of installations, to gain 
ideas for their own stores. 

At the present time, the Labora- 
tories, both in Los Angeles and 
New York, are working on a number 
of problems of major importance to 
the jeweler. One of the most impor- 
tant is the development of a means of 
detecting the coating that is being 
used to improve the color of off-col- 
ored diamonds. Means of detecting 
possible new colors induced by sub- 
atomic-particle bombardment and 
subsequent heat treatment are also 
being studied at the present time. 
Since the income of the Gem Trade 
Laboratories had never covered basic 
Operating costs, much less underwrit- 
ten the numerous pieces of equip- 
ment that have been required to per- 
form laboratory services adequately 
and the increasingly expensive equip- 
ment needed to do research, an in- 
crease in service charges was insti- 
tuted on March 15, 1960. 
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Fresh-Water Pearl 

Perhaps the most unusual item sub- 
mitted to the Laboratory in recent 
months was a 48.12-grain spherical 
fresh-water pearl that was found in 
the spring of 1960 by 17-year-old 
Marvin Haenni, Sterling, Illinois. He 
discovered a large fresh-water clam 
while wading in the Rock River, a 
broad but shallow stream near his 
home. He was advised that the market 
for such a find was in New York and 
the pearl was sent to a relative in New 
City, N.Y. It was advised that the 
pearl should be X-rayed, probably be- 
cause its perfection made it resemble 
an imitation pearl. It was as nearly 
spherical as any pearl we have meas- 
ured, varying only between 11.88 mm. 


and 11.91 mm. Very close examination 
of the surface revealed only the most 
insignificant blemish. The pearl was 
white with just a faint tint of pink, 
the depth of which varied with the 
type of light. Unfortunately, the shell 
from which the pearl was taken was 
not available, so.it was impossible to 
determine the species. Fregure 1 is a 
photograph of the pearl, and Figure 2 
is a photograph of a lot of baroque 
fresh-water pearls. The latter are also 
unique since they were. fished this 
summer from the Mississippi River 
Valley. 


Pink Topaz 


Figure 3 illustrates a handsome 
carved pink topaz in a jeweled pin. 
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Figure 1 


The reason for illustrating this piece 
is that very few tests could be made 
to establish its identity. Since the 
carved surface had a frosted finish, no 
refractive index could be taken. The 
double refraction could be observed 
in the polariscope but it was impossible 
to resolve an interference figure, since 


Figure 3 
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Figure 2 


the optic axes paralleled the girdle of 
the stone and were thus hidden by 
the setting. In the spectroscope, a sug- 
gestion of chromium absorption lines 
could be seen. However, the identify- 
ing test was observation of the stone 
in a dark room using short-wave ultra- 
violet light. The muddy-green fluores- 


Figure 4 
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cence thus produced separated it from 
other pink stones. 


Cat’s-Eye Blue Topaz 


Although cat’s-eye blue topaz has 
been mentioned as a collector’s curios- 
ity, until recently we had never seen 
it used in jewelry. Figure 4 is a photo- 
gtaph of such a stone mounted in an 
earring. It was one of many similar 
stones set in matching earrings, neck- 
lace and pin. 


Pisolites 


Figure 5 is a radiograph of two 
pisolites; i.e., concretionary calcium 
carbonate. The concentric nature of 
these speciméns was also seen in one 
that the client had broken open. They 
were found on a beach in Florida. 
Pisolites have been called ‘‘cave pearls” 
because of their presence in limestone 
caves. At the center of each one in the 
X-radiograph may be seen a darker 
spot, which is a single calcite crystal. 
The surrounding layers are composed 
of minutely crystalline calcite. If all 
pisolites have such centers, X-rays 
would be helpful in identifying cul- 
tured pearls made with a pisolite as 
the “bead.” 


Beryl-and-Beryl Triplet 


A most unusual green emerald-cut 
beryl-and-beryl triplet was identified 
in the Laboratory after it had been 
sold as a natural emerald. The unusual 
feature was the fact that the stone was 
obviously originally a single emerald- 
cut greenish beryl sawed at the girdle 
and rejoined with green cement. Fin- 
gerprint inclusions and color bands 
therefore appeared to stretch from top 
to bottom without interruption, and 
the polariscope reaction was that of 


Figure 5 


a single crystal. The importance of 
magnification in identification was 
stressed in the last issue. 


Green Diamond 


A large green diamond in an old 
ring was determined to be radium 
treated. The determination was based 
upon a blotchy color on the surface of 
most facets and upon the self-photo- 
graph after the stone was left on an 
X-ray film for 60 hours. The stone 
brings to mind an unanswered ques- 
tion posed to us once regarding the 
legal liability of a jeweler who resells 
such a stone. Although we have yet to 
hear of serious trouble brought about 
from wearing a radioactive diamond, 
we have record of a stone that caused 
the wearer’s finger bone to become 
radioactive (Gems & Gemology, Sum- 
mer, 1949), However, that stone was 
so highly radioactive that it took an 
excellent autophotograph in less than 
three hours exposure to a film. We in- 
dicate on reports of radium-treated 
stones that they are potentially dan- 
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Figure 6 


gerous to wear. This radioactivity 
occurs only in radium-treated  dia- 
monds, a type of treatment seldom, if 
ever, used today. 


Emeralds 

Occasionally, we have noticed on 
the surface of emeralds in older jewelry 
a peculiarity that may be likened in 
appearance to the iridescent oxidation 
seen on some glass. Often the stone 
appears badly scratched, but light 
polishing with rouge or cerium oxide 
removes the “oxidation” along with the 
scratches. We are wondering if others 
have made this observation, or if re- 
search has been done that might shed 
light on the cause of the phenomenon. 

Fresh-Water Cultured Pearls 

Figure 6 is a radiograph of a group 
of fresh-water cultured pearls whose 
nuclei were all drilled prior to being 
used, There would be no advantage in 
so doing, other than possibly the low 
cost of reject nuclei from salt-water 
culture stations. Since the spot where 
the drill hole is next to the nacre is 
not always determinable, the pearls of- 
fered considerable difficulty in drilling 
and setting. 


Cultured Pearls 
Figure 7 is a radiograph of part of 
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Figure 7 


a four-strand necklace of 250 ordinary 
cultured pearls, with the exception of 
one that is indistinguishable by eye 
but that shows a typical “reversal” pat- 
tern. This pattern is associated usually 
with black-dyed pearls in which some 
metallic dye is deposited around the 
nucleus. We could not determine why 
this lone white cultured pearl showed 
such a pattern, nor were we able to 
obtain it for further study. 


Brown Scheelite 


Of the rare gemstones identified in 
the Laboratory since ‘the last issue, 
perhaps the most striking was a 12- 
carat round brilliant-cut brown 
scheelite. In appearance, it greatly 
resembled a yellow-brown diamond in 
incandescent light but changed to a 
distinct greenish yellow in daylight. 
The absorption spectrum was as dis- 
tinct as any we have ever seen. Ac- 
cording to B. W. Anderson, the British 
gemologist, in his exhaustive series of 
articles in The Gemmologist, many 
calcium minerals may show an absorp- 
tion spectrum due to rare-earth metals, 
usually lumped together as didymtum, 
since that metal may replace calcium 
in the crystallization process. The 
spectrum due to didymium is usually 
diagnostic and varies little regardless 
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Figure 8 


of the host mineral, except for the 
strength, which until now we have 
always considered strongest in yellow 
apatite. By coincidence, at the time 
we had a 26-carat, beautifully cut 
yellow apatite to study and compare 
with the scheelite. The absorption 
spectrum of the latter was incompar- 
ably stronger. Figure 8 shows this 
remarkable spectrum. 


Azurite 


Figure 9 shows the absorption spec- 
46:06. 


and on the latter as rhombohedral in- 
clusions, The Mexican locality is known 
for its calcite-coated danburite crystals. 


Other rare stones 


A tare colorless crystal of the 
strongly birefringent mineral hamberg- 
ite was examined, together with faceted 
scapolite, dioptase, sphene, iolite and 
andalusite. 


Grayish-Yellow Diamond 
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Figure 9 


trum of a rare transparent emerald- 
cut azurite that was submitted for 
identification. We have not seen any 
discussion of azurite’s absorption spec- 
trum in the literature. 


Pink Danburite 

Another rare mineral identified re- 
cently in the Laboratory was light-pink 
danburite, one emerald-cut stone and 
a large crystal. None of our references 
mentions danburite occurring in this 
color, but a check with the American 
Museum of Natural History gave us 
the information that the San Luis Potosi, 
Mexico, source has produced it. Both 
the crystal and the cut stone showed 
the presence of calcite; on the former 
it occurred as crystals on the surface, 


reported have been blue, although 
other colors have also been found to 
be electroconductive. It is assumed 
that all such diamonds are type IIb 
diamonds. We examined a 17-carat 
marquise diamond of a nondescript 
grayish-yellow color and found it to 
be highly conductive. Under immer- 
sion, it was found to be highly lami- 
nated and in places the laminations 
were blue. Other properties, such as 
X-ray phosphorescence, checked for 
type IIb diamonds. 
Purple Star Spinel 

We identified a handsome specimen 
of the rare purple star spinel. The stone 
had an exceptionally sharp six-rayed 
star and, as expected, four- and six- 
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Figure 10 


rayed stars alternated around the 
girdle. 


Star Moonstones 


A matched pair of moonstones with 
excellent four-rayed stars were also 
among the unique stones seen recently. 


Marble Cameos 


By coinicidence, during the past 
few months on different occasions we 
have identified cameos of statuary 
marble. One was solid black and the 
other solid white. 


Hessonite Garnet 


A very brilliant cushion antique 
hessonite garnet weighing 19.65 carats 
resembled the large spessartite garnets 
that have recently been available in 
the trade. The stone had been mis- 
taken for spessartite, but the specific 
gravity of 3.64 and the refractive index 
of 1.745 definitely established _ its 
identity. However, an unusual absorp- 
tion spectrum (illustrated in Frgure 
10) was seen. Heretofore, we have 
never seen any lines in hessonite, al- 
though B. W. Anderson mentions the 
possibility of their having traces of 
both the almandite and spessartite 
absorption pattern. 


Black Coral 


We are indebted to GIA gradua! 
Nick Siderides of Union, New Jersey 
for several specimens of both polished 
and unpolished black coral from 
Hawaii. Readers may recall that this 


material was discussed at some length 
in the Los Angeles Lab Column in the 
Fall, 1959, issue of Gems & Gemology. 
At that time there was no distribution 
of the new material on the mainland, 
and the divers were not finding any 
material. Mr. Siderides, now associated 
with Esmé Designs, Inc., arranged for 
the first showing of black-coral jewelry 
to the American jewelers at the recent 
Retail Jewelers of America Convention 
in New York City. Figures 11 and 12 
ate photos of two pieces of jewelry 
combining polished transverse tablets 
of black coral and cultured pearls. 
Other jewelry was made of slightly 
worked protuberances that have a 
white calcareous material in addition 
to openings and hollow spaces. These 
were made into attractive baroque 
beads. Figure 13 is a photograph of a 
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carving measuring 16 inches in length 
that was made from the base structure 
(the “‘trunk’’) of a black-coral “tree.” 
Figure 14 is a photograph taken on 
the dock at Lahaina, Maui, of Jack 
Ackerman and Harry Windley of Maui 
Divers, Inc., holding a giant black- 
cora] structure, one of the 150 recog- 
nized species of Antipatharian, or 
horny, corals. The specimen in the photo 
was brought up from a depth of 200 
feet off the west coast of Maui, Hawaii. 
It is the plan of Esmé Designs, Inc., 
to popularize black coral in well-made 
jewelry items and offer them, together 
with their regular line of costume 
jewelry, to retail jewelers. 


Pink Diamond 


A highly laminated pink diamond 
was examined and found to be with- 
out any absorption characteristics and 
fluorescent only under long-wave ultra- 
violet light and X-rays. Following 
exposure to the latter, it lost the pink 
color and became light brown. This 
reaction was expected. Following a 


few minutes exposure to a strong light, 
the former fine pink color returned. 
This reaction of some pink natural- 
color diamonds has been noted by B. 
W. Anderson, and Dr. Edward J. 
Gubelin; it had also been observed by 
Dr. J. F. H. Custers of the Diamond 
Research Laboratory, in Johannesburg. 
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Further Notes on 
Black-Treated Pearls 

A recent report issued by the Los 
Angeles Laboratory on several large 
black-treated cultured pearls brought 
up a question concerning the termi- 
nology used to designate the method of 
treatment. The report had. been re- 
quested by a retail jeweler who was 
considering the purchase of the pearls. 
Because a slight discoloration was ob- 
tained by the solvent test described in 
the previous issue of Gems & Gemology, 
the pearls were merely listed as dyed. 
It was noted, however, that the reac- 
tion was not strong and that a faint- 
white fluorescence, which is common 
to center-treated pearls, was present. 


Therefore, these were assumed to be 
center treated also and .the slight 
residual coloration on the surface was 
not considered important, since it is 
expected in some center-treated speci- 
mens. However, the wholesale firm of- 
fering the pearls for sale questioned 
our use of the term dye, in view of the 
eventual bleaching, or color alteration, 
that is common to most dyes. The 
wholesaler had been representing the 
pearls as having color permanency 
and stated that the color was not the 
result of dye but of a chemical treat- 
ment, which alters certain constituents. 
Reference was made by the dealer to 
a report issued to the firm in.1956 by 
the New York Gem Trade Laboratory 
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Figure J 


describing a number of tests, includ- 
ing immersion of similar center-treated 
pearls in such reagents as hydrogen 
peroxide, household detergents, am- 
monia and boiling water for periods of 
approximately one-half hour each. The 
conclusion of the report was that the 
coloring agent was distributed 
throughout the pearl, not merely con- 
fined to its surface, and that the color 
was not affected by solutions to which 
a pearl might be subjected during the 
course of normal wear. This original 
report did not discuss the cause of the 
color or the question of terminology; 
however, it had apparently been inter- 
preted by the wholesaler as ruling out 
the possibility of a dye as the coloring 
agent. 

Because of this apparent discrep- 
ancy in terminology, it was requested 
by the wholesaler that further tests be 
made to confirm the claim that dye 
was not being used and that a current 
report describing the degree of color 
permanency be issued. Two specimens 
were submitted to the Lab and per- 
mission was given to subject them to 
any kind of tests required to obtain the 


necessary information. One of the 
pearls tested is illustrated in Frgure 1. 
It possessed a high degree of luster, a 
reasonably good orient and a grayish- 
black body color with a slight purplish 
overtone. The near-surface nacreous 
layers were highly translucent. An ex- 
cessive darkening was present at the 
edges of the drill hole, in addition to 
concentrations of a soft black residue 
on the inside of the drill hole. This 
showed clearly that the specimen had 
been treated after drilling, a fact that 
contradicted statements heard to the 
effect that the treatment was performed 
prior to processing the pearls; ice., 
while they were still in the water. 
Magnification revealed concentrations 
of a dense material throughout the 
nacreous layers. These were basically 
of a reddish-brown color, as observed 
in strong incident light, and often 
were concentrated in the form of circu- 
lar patterns below the surface. Such 
colored concentrations had been ob- 
served previously in black-treated 
pearls, but usually they were assumed 
to be the result of irregular dye pene- 
tration. Figure 2 shows the somewhat 
patchy orientation of this colored ma- 
terial as observed in strong incident 
light under 30x. 


To obtain further information on the 
distribution and nature of this colored 
matter, the pearl was cracked and the 
nucleous removed intact. One section 
of the nacre was then divided, to pro- 
vide thin sections of nacre at different 
levels within the layer. These sections 
were checked for fluorescence under 
X-rays, as well as ultraviolet and visible 
light, and were also examined under 
30x and 60x. What had appeared to 
be dark-reddish-brown concentrations, 
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Figure 2 


or particles of matter, became dark red 
by transmitted light. The quantity of 
particles generally decreased from the 
inner layers toward the surface, but 
were nevertheless distributed through- 
out the nacreous layer and in varying 
concentrations. Where the material 
was exposed on the inner surface of 
the nacreous layer (i.e, in contact 
with the nucleus), it was almost black, 
similar to the soft residue on the in- 
side of the drill hole mentioned pre- 
viously. Figure 3 shows the appearance 
in transmitted light of the thin section 
of nacre that was taken from a position 
approximately midway within the 
total nacreous layer. The circular de- 
posits observed near the surface were 
more readily apparent in transmitted 
light than in reflected light; it was 
these deposits, together with the other 
numerous dark particles throughout 
the nacre, that caused the dark colora- 
tion. All of the nacre surrounding the 
dark concentrations was nearly trans- 


parent. It was interesting to note that 
the nacreous layers were inert to 
X-rays, ultraviolet radiation or visible 
light, with the exception of a very faint 
fluorescence under a combination of 
ultraviolet and low-wavelength visible 
radiation. 

In an effort to establish the nature 
of this colored material, several white 
cultured pearls were similarly sectioned 
and portions of the nacreous layers 
examined by the same method, Almost 
identical concentrations were observed 
in the white pearls; however, the ma- 
terial was white rather than dark. 
Under a combination of ultraviolet and 
low-wavelength visible light, the larger 
concentrations of material, as well as 
the minute white particles distributed 
throughout the nacre, fluoresced a 
vivid bluish-white color; however, as 
nearly as could be observed, the sur- 
rounding nacre itself did not fluoresce. 
This difference between the fluorescent 
nature of nacre and the concentrations 
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of conchiolin becomes apparent only 
under high magnification, in this case 
60x. 

It became evident that the only dif- 
ference between these treated and 
nontreated pearls was in alteration of 
the particles and concentrations of 
what was presumed to be conchiolin. 
Further, the more nearly pure nacréous 
areas (i.e., those with little or no 
conchiolin) either did not fluoresce or 
fluoresced only weakly, whereas the 
conchiolin itself fluoresced very 
strongly; the latter accounts for the 
strong bluish fluorescence of white 
pearls.. The chemical treatment, which 
obviously penetrated the pearl, alter- 
ing the conchiolin to a dark substance, 
neutralized the fluorescence but did 
not affect the translucency of the more 
nearly pure nacre. 

Assuming that at least a trace of 
conchiolin is present in nearly all areas 


of the nacre, it follows that the weak 
whitish fluorescence previously asso- 
ciated with center-treated pearls is 
merely the result of the chemical 
treatment failing to alter the minute 
traces of conchiolin in the nacre, due 
to lack of complete penetration; but 
it does affect the larger concentrations, 
which, in turn, are sufficient to change 
the body color of the pearl. 
Examination of several hundred 
white pearls under 60x while they 
were fluorescing strongly revealed a 
wide range in the nature of distribu- 
tion of these conchiolin concentrations 
within the nacreous layers. In many 
instances, what appeared to the un- 
aided eye to be a very fine pearl 
showed heavy concentrations of the 
fluorescing conchiolin deposited irreg- 
ularly throughout the nacre, often 
extending to.the surface. In . others, 
tiny particles of conchiolin were evenly 
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Figure 4 


distributed throughout the nacre. It 
became evident that this would be at 
least one method of ascertaining 
whether such treatment would impart 
even coloration to a pearl. Subsequent 
tests, using potassium permanganate 
to treat pearls up to a period of six 
hours, resulted only in an alteration of 
the concentrations of fluorescent 
conchiolin. The potassium permanga- 
nate did not duplicate the coloration of 
the pearls submitted for testing. How- 
ever, the fact that such a solution will 
alter and darken the conchiolin and 
neutralize its fluorescence without af- 
fecting the translucency of the assoct- 
ated nacre indicates the basic method 
used to treat these pearls and explains 
the absence of dye, as claimed by the 
distributors. 

Tests were continued to establish 
the relative permanency of color 
brought about by the alteration of the 
conchiolin, in addition to those pre- 
viously conducted by the New York 
Gem Trade Laboratory. The most 


important test involved exposure to 
unfiltered’ sunlight for a total period 
of fourteen hours. To provide a suitable 
control, one of the specimens was im- 
bedded in an opaque holder, so that 
only one-half was exposed to the 
sunlight. As with the sectioned speci- 
men, this one also possessed a vety 
slight purplish overtone, and after a 
four-hour exposure it was noticed that 
the purplish overtone had started .to 
bleach. After eight hours, it was almost 
totally gone. This did not result in an 
obvious change in appearance, since 
the overtone was very slight originally 
and the pearl, after exposure, still had 
the same grayish-black body color. It 
is possible that exposure over a period 
of weeks or months to sunlight would 
cause some bleaching of the body color, 
but such a test would not duplicate 
normal wearing conditions. 

To summarize the results of this 
test, it was concluded that exposure to 
sunlight, even for a relatively short 
period, may alter the color overtones 


FALL 1960 


79 


displayed by pearls of the type tested ; 
however, study indicated that the 
body color would be permanent. The 
bleaching of the overtone may be tre- 
lated to the degree of alteration under- 
gone by the conchiolin, depending on 
its location within the nacreous layers. 
As mentioned previously, the conchio- 
lin exposed at the drill hole in large 
quantities was obviously subjected to 
a more vigorous treatment than that 
contained within the nacreous layers. 
The result was the almost total black- 
ening of the exposed conchiolin, as 
compared to the reddish-brown ap- 
pearance of the conchiolin within the 
nacreous layers. The purplish overtone 
may have resulted from some of the 
conchiolin not having been completely 
altered, and in this state it was subject 
to some change by sunlight. The 
mother-of-pearl bead within the pearl 
tested had darkened only slightly, and 
this effect was present in banded con- 
centrations related to the layered 
structure of the nucleus. Throughout 
the bead, however, the alteration oc- 
curred only in the form of very minute 
particles, in contrast to the larger 
masses found in the nacreous layers. 
The result was that the bead displayed 
little more than a light-gray body 
color, and some of the areas were 
almost completely white. One portion 
of the bead’s surface located on the 
opposite side of the half-drilled hole 
displayed the most prominent discol- 
oration, and it was accompanied by 
a noticeable, but unexplained, etching 
of the surface (Figure 4). 


During these tests, a green cultured 
pearl from another source was received 
for study, also with the claim that it 
had not been dyed. The same proced- 


ure was used to extract the nucleus 
and to separate the nacre. In addition 
to a similar alteration of the conchio- 
lin, concentrations of green dye were 
encountered in irregular patches on 
approximately two-thirds.of the nu- 
cleus, starting from the drill hole. It 
is possible that both dye and chemical 
treatment wete used or that a dye 
alone brought about a chemical reac- 
tion with the conchiolin. Traces of the 
dye were observed in the nacreous 
layers. Exposure to unfiltered sunlight 
for eight hours failed to produce any 
color change. It seems unlikely that 
the color-treated pearls, with the ex- 
ception of the black specimens, could 
be produced without the aid of a dye; 
however, additional specimens repre- 
senting a cross section of available 
colors will have to be examined before 
any specific conclusions can be drawn. 

(Note: To clarify the use of termi- 
nology on future GIA reports, unless 
definite traces of a dye or a surface 
coating are detected, such specimens 
will be classified as treated, rather than 
dyed, pearls. From the standpoint of 
identification, the connotation is the 
same.) 


Recutting a Damaged Diamond 


Although a damaged diamond may 
suffer a 22% weight reduction during 
recutting, it is possible for its value to 
remain unchanged. Recently, a dam- 
age report was issued by the Lab on a 
diamond that presented this unusual 
situation; namely, that even though its 
weight would be reduced from .96 
carat to .75 carat after removal of the 
damaged area, its value would remain 
unchanged, To someone familiar with 

Continued on page 92 
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Jade Cutting Today 


by 


R. Norris Shreve 


Purdue University and Cheng Kung University 


Jade has been woven intimately into 
the life and civilization of the Chinese 
people for thousands of years, It be- 
came a symbol of their life and their 
existence. It was thus used in their 
culture exclusively in the ancient cen- 
turies. During the past one thousand 
years, however, jade became, by virtue 
of exquisite carving, their most prized 
ornamentation, whether of garment, of 
altar or of home. ; 

To China we give credit for the most 
exquisite and elaborate use of jade 
throughout the world. Yet a number 
of other races used, admired and even 
venerated jade and jade objects. This 
was true of the Maori, the Polynesian 
inhabitants of New Zealand before the 
white man came. The Maori used jade 
axes and adzes to cut down trees and 
fashion their elaborate sea-going ca- 
noes, as well as for ornamental and 
symbolic purposes. In Mexico and 
Central America, the mineral was prized 
and utilized in ritualistic rites, and to 
a small extent for tools. 

For thousand of years, the Chinese 
lapidaries have been carving their ex- 
quisite ritualistic, legalistic, symbolic 


and ornamental objects from jade. 
They have developed a facility for this 
beautiful and interesting work, exceed- 
ing that of any other nation. This has 
arisen from their dedication to this 
absorbing vocation from generation to 
generation, father teaching the son the 
skills and tricks of the trade that le 
had learned from his grandfather. ~ 

With the advent of the materialistic 
Communist ascendence on the main- 
land of China, many feared that such 
skills would die out or be transferred 
to the grinding and polishing of such 
prosaic objects as lenses and optical 
goods, This is not true, since at least 
one family of these lapidary-artists 
moved out of Communist China. The 
eldest brother transferred his stock of 
carved and symbolic jades and jade 
jewelry to Taipei, Formosa, where he 
operates the Yung Pao Chai Jewelry 
Store. However, one of the younger 
brother, Yusuf T. C. Chang, took sev- 
etal of his skilled cutters and his part 
of the business from Peking to Hong 
Kong, where -his establishment now 
employs fifteen cutters and polishers 
at the Treasure Jade Factory, 62 Gran- 
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ville Road, not far from the Miramar 
Hotel (Figure 1). 

Mr. Yusuf Chang was taught the 
jade-cutting skill as a boy, so he 1s 
perfectly at home in this intricate 
fabrication. He is the lapidary-artist 
who designs the work, marks the stones 
for cutting, watches each article 
through every stage, and occasionally 
takes a hand at the tools to instruct 
one of his apprentices or finish an in- 
tricate part of a vase or a figure. 

Seeing Mr. Chang in the midst of 
his busy artistic life, it is hard to real- 
ize that he was once a refugee from 
Communist China and that he fled by 
ship first to Taiwan before settling in 
Hong Kong. Indeed, his wife and son 
were lost in a shipwreck when they 
later attempted to join him. It is heart- 
ening to see how so many of the Chi- 
nese, such as the Chang brothers, have 
risen above their adversity and re- 


Figure 1 


established themselves in the atmos- 
phere of freedom that prevails in Hong 
Kong and Taiwan (Formosa). 

The age-old method of foot operat- 
ing, hand holding, eye seeing and brain 
directing combines all four instrumen- 
talities in that superlative harmony — 
sometimes slow, other times fast — that 
is needed to ensure the highest type of 
artistic production. This is the reason, 
according to Mr. Yusuf Chang, for the 
necessity of hand cutting artistic jade 
objects. A fine painting or a beautiful 
piece of sculpture cannot. be made 
without this correlation of mind, eye 
and hand. This procedure also encour- 
ages individual artistic results, rather 
than identical mass-produced products. 

Thus, even in these days of machine 
production, one shop is continuing to 
practice the ancient art of fashioning 
jade and other hard stones. This shop 
also trains young Chinese, so that the 
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Figure 2 


exquisite and unique production of the 
Chinese art and civilization may be 
perpetuated. 

When simple objects such as boxes 
or grape motifs are being made,,ma- 
chinery can be employed to cut, the flat 
faces or round surfaces. Even here, 
however, many prefer the hand-cut 
surfaces, because they are less geo- 
metric and more pleasing.to an artistic 
eye and decidedly more in harmony 
with the old Chinese individual meth- 
ods and fashions. 

Likewise, the smoothing and polish- 
ing of flat surfaces can be effected 
economically by motor-driven bufhng 
wheels. However, diamond-impreg- 
nated sawing wheels usually stand idle 
in the Treasure Jade Factory, since 
their high cost cannot compete with 
the wire- and disc-cutting methods of 
old China. Also, the diamond saw 
wastes more material. I saw only two 
of Mr. Chang’s men using motor- 
driven saws or polishers during each of 
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my two visits. The other thirteen em- 
ployed the ancient hand methods. 

The one concession to modern tech- 
nology is the use of 100-, 80- and 60- 
grit carborundum as a cutting, grind- 
ing, boring and polishing abrasive. This 
is a quicker and more satisfactory 
agent than the long-used emery, or 
low-grade corundum. In the: past, the 
exhaustion of a quarry as a source of 
the abrasive sometimes hindered the 
cutting of jade until another source 
was found. 

Beside each jade cutter is a basin 
of water in which he frequently dips 
the object being fashioned (Figure 2). 
This enables him to check the progress 
of his work, and the basin serves to 
collect the carborundum and the jade 
cuttings. At the end of the day, he 
stirs the water and allows the solids to 
settle. The next morning, the waste is 
separated from the carborundum, so 
that the latter can be used again. 

The photographs accompanying this 
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article show the workmen engaged in 
the steps necessaty to convert a rough 
block of jade into an object of beauty. 
The first step is to purchase jade 
boulders at the auctions. These were 
formerly in Peking, Canton and Shang- 


hai, where the merchants sold the 
stones that had been transported east- 
ward by camelback the thousands of 
miles from Sinki-ang along the “jade 
trail,” or a shorter distance (but still a 
long way) north from Burma. At pres- 
ent, Mr. Chang is working only with 
the beautiful mauve and the green 
variegated jadeite from Burma, which 
is taken directly to, and auctioned in, 
Hong Kong. Many are the chances 
taken, because the purchaser cannot 
see within the rough and weathered 
outer surface, but must judge from 
several small cut-and-polished “‘win- 


Figure 3 


dows’ that tndicate the color, texture 
and structural quality of the interior 
portions. The general outside appear- 
ance is likewise an indication to the 
experienced eye. 

The second step is to saw the large 
boulders into pieces of more suitable 
size and shape for finished objects. By 
wetting the resultant fresh surfaces, 
the master lapidary gains a truer in- 
dication of the quality of the jade. 
Occasionally, the cutting is done with 
a diamond saw; more often, however, 
particularly with large boulders, it is 
accomplished by employing a twisted 
three-strand iron wire stretched be- 
tween the ends of a wooden bow, 
which may measure as much as five 
feet in width (Figure 3). Two men or 
apprentice boys draw the bow back 
and forth, while a third boy pours a 
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Figure 4 


mixture of water and coarse (#80) 
catborundum into the cut. 

The third step is to cut, with the 
least possible loss of material, the larger 
pieces into blocks of sizes and shapes 
suitable for carving into intricate ob- 
jects. For this purpose, occasionally a 
diamond saw is used, but a 15-inch 
disc of thin steel is more successful 


Figure 6 a 
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Figure 5 


and economical. The workman feeds 
the wet carborundum mixture onto the 
peddle-operated disc with one hand 
and holds the piece of jade in the other 
hand. Since the disc is peddle operated, 
it travels first one way and then is re- 
versed. This operation is illustrated in 
Figures 4, 5 and 6. 


For the fourth step, the master 


~l 


Figure 7 


lapidary makes a sketch of the object 
he has designed for a particular block 
of jade. In this shop, such drawings 
are made by Mr. Yusuf Chang. Here, 
also, Mr. Chang’s appreciation of the 
texture and color of the stone, and its 
possibilities for a work of art, enables 
him to produce exquisite carved ob- 
jects. This skill was acquired only after 
many years as a lapidary-artist. 

The fifth step calls for the rough ex- 
ecution of the drawing in the jade 
block by one of the skilled and experi- 
enced artisans. The sketch hangs before 
his working area for easy and con- 
venient reference as he roughs out the 
object (Figure 7), using #60 carbor- 
undum on iron discs and drills of 
various sizes. 


When the article is fairly well 
roughed out, specialists do the boring 
and drilling for the inside cavities or 
fabricate the hanging rings that are so 
characteristic of Chinese jade objects. 
Boring out the interior is a precarious 
procedure. It is done by revolving a 
thin split cylinder with a cord across 
a hand bow and around the boring 
cylinder (Figure 8). The work, of 
course, is plentifully charged with 
carborundum. It takes several days to 
make a bore of seven or eight inches 
deep by three-fourths of an inch in 
diameter. This is done with such: skill 
that the top is only slightly larger than 
the bottom. Only Mr, Chang breaks 
out the rod by a skillful blow at the top 
after removing the drilling cylinder. It 
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Figure 8 


would be wasteful if the rod broke off 
at any place except at the bottom of 
the boring. 

The seventh step is to enlarge the 
interior openings after the removal of 
whatever number of boring cylinders 
have been required. This enlarging is 
effected with carborundum on. steel 
drills of various sizes, until the required 
interior space is. attained. 

If the object is to be a bowl or vase 
with rings, these are now cut by the 
specialist (Figures 9 and 10). 

The ninth step is carried out by the 
highest skilled lapidary-artist, for it is 
now his responsibility to transform the 
rough carving into the intricate one 
envisioned by Mr. Chang. Fine carbor- 
undum is used as the abrasive. It is 
here that the final details take shape 
(Figure 11). 

The tenth step involves smoothing 
and polishing. This is a laborious 
operation, based on the stone’s quality 
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and varying structure. Experience and 
skill are required; when it is done prop- 
etly, however, the beauty and interest 
of the article are enhanced greatly. 
Fine-grit carborundum is used first, and 
precipitated alumina usually is used 
for the final polish. 

The materials now being carved by 
Mr, Chang and his skilled workers ‘are 
Burmese jadeite, South American rose 
quartz, African tiger’s-eye and South 
American green quartz. Amethyst, 
rock crystal, agate, turquois and lapis- 
lazuli also are carved. Since his jade 
comes from non-Communist lands and 
the carving is done in Hong Kong, it 
is easy to obtain from the Commerce 
and Industry Department of the British 
Consulate in that city a comprehensive 
certificate of origin to permit Mr. 
Chang’s jade to enter. the United States. 

All of these hand operations are time 
consuming, although the workmen are 
steady and industrious and seldom are 
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Figure 11 


distracted from their work, even when 

being photographed. Mr. Chang gives 

the following time estimate for some 
of his skilled assistants to carve a ten- 
inch high jadeite vase: 

Step 1. Purchasing the jade boulders. 

Step 2. Cutting the boulders into 
smaller pieces for inspection and 

_ planning: two days. 

Step 3. Rough fashioning into blocks 
suitable for finished objects: five 
days. 

Step 4. Sketching the design: one day. 
Step 5. Rough execution of the design 
in the jade: three to four days. 
Step 6, Special operation. Boring holes 
for the interior cavity. For two 34- 
inch holes, 8 inches deep: four days. 

Step 7. Special operation. Drilling and 
smoothing the interior cavity: four 
days. 

Step 8. Special operation. Fabricating 
two rings: three days. 
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Step 9. Finishing the vase by fine, de- 
tailed carving: ten days., 

Step 10. Smoothing and polishing the 
surface: five to ten days. 

Step 11. Carving and polishing a spe- 
cial wooden stand. 

Siep 12. Making a silk-lined box. 

This experienced group of fifteen 
men, under a life-long artist-lapidary, 
are able to produce quite a number of 
important pieces of jade or rose quartz 
in a month’s time of six full days each 
per week. If demand lessens, grape and 
other fruit motifs are carved from jade, 
carnelian, rose quartz and other hard 
stones. 

It is difficult to overestimate the im- 
portance of continuing China’s ancient 
jade-carving craft in a free city such 
as Hong Kong. It is hoped that Mr. 
Chang’s trained men will go to other 
free countries (e.g., Taiwan or Singa- 
pore) to keep the art alive. 
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Los Angeles Diamond Class 


Milwaukee Diamond Class 


90 


GEMS & GEMOLOGY 


New York City Diamond Class 


Members of the New York City Dia- 
mond Evaluation Class that met August 
22nd, through August 26th. Standing left 
to right: Thomas J. Keefe, Bloomfield, 
N. J.; John T. Barber, New York City; 
Hidetaka Meiki, New York City; Dan 
Laraia, New York City; Sang Y. Kim, 
New York City; Seymour Gursky, Brook- 
lyn, N. Y.; GIA instructors, Mrs. Eunice 
Miles and Robert Crowningshield; F. D. 
Marshall, Rock Hill, $. C.; GIA-instructor, 


Bert Krashes; Richard E. James, Fairfield, 
Alabama; James M. Cushnie, West New 
York, N. J.; Joseph E. Martin, Christiana, 
Penna.; and Milton P. Koshland, Jr., Oak- 
lyn, N. J. Seated left to right: Herbert Le- 
vine, Endicott, N. Y.; Mrs. Martha H. 
Curry, Rock Hill, S. C.; Marvin Zucker- 
man, Cedarhurst, N. Y.; Grover C. Crowe, 
New York City; Joseph W. Lucie, Olean, 
N. Y.; and David Francis Adams, Albany, 
N. Y. 


Los Angeles Diamond Class 


Members of the Los Angeles Diamond 
Evaluation Class that met August 22nd, 
through August 26th. First row left to 
right: GIA instructor, Gale M. Johnson; 
John Parkins, Arcadia, California; Elwood 
Rees, Twin Falls, Idaho; Robert Levy, Los 
Angeles ; Paul Oliver, Salt Lake City, Utah; 
and H. J. Fink, Tujunga, California. Sec- 
ond row left to right: J. M. Formaker, Los 
Angeles; Hugh E. Morris, Fresno, Cali- 
fornia; Irving Kaplan, El Paso, Texas; Ruth 


Martin, Beverly Hills, California; Edward 
T. McNally, Spokane, Washington; and 
Peter Smith, Cheney, Washington. Third 
row left to right: James E. Davies, El Ca- 
jon, California; J. R. La Rosa, North Holly- 
wood, California; Mrs. Edwin H. Hunt, 
Indianapolis, Indiana; Clarissa J. Viets, 
Los Angeles; and Gertrude Doolittle, Los 
Angeles. Standing left to right: GIA in- 
structors, Joseph Murphy and William A. 
Allen. 


Milwaukee Diamond Class 


Members of the Milwaukee, Wisconsin, 
Diamond Evaluation Class that met August 
Ist, through August Sth. Seated left to 
right: Gerald W. Krueger, Fort Atkinson, 
Wisc.; Roy R. Cali, Milwaukee; Frank 
Homan, West Allis, Wisc.; Steve L. 
Grubba, Adams, Wisc.; Herbert L. Reimer, 
Oshkosh, Wisc.; Ralph H. Kazik, Madison, 
Wisc.; and William R. Menard, Wauwa- 


tosa, Wisc. Standing left to right: GIA in- 
structor, Bert Krashes; K. M. Garrison, 
Sheboygan, Wisc.; Bernard Nesemann, 
Plymouth, Wisc.; Ed Borland, Kenosha, 
Wisc.; Harold E. Rades, South Milwaukee; 
Chester W. Thelen, Kenosha, Wisc.; Rich- 
ard Scroggins, Manitowoc, Wisc.; Marc R. 
Nicolet, Berlin, Wisc.; and John Porasik, 
Racine, Wisc: 
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(Continued from page 74) 

Our matrix-mineral display cabinet 
was greatly enhanced recently by the 
gift of a fine specimen of Franklin, 
N.J., prehnite measuring 6” x 8” x 24”. 
We wish to thank Gary Smith, Pater- 
son, N. J. for the gift. 


We are indebted to student Tom 
Schneider, Lincolnwood, Illinois, for 
several well-cut-and-polished colorless 
synthetic sapphires that because of 
their superior proportioning and polish, 
have a much better appearance than 
the commercially cut stones currently 
being ballyhooed as ‘“Diamondite,” 
“Lusterite,”’ etc. 


We are especially indebted to Mr. 
Akbar Ouskouian of Meshed, Iran, for 
a selection of four qualities’ of rough 
turquois and a polished sample of each. 
We were particularly intrigued to learn 
that very little fine material is found 
but that a ready market exists in our 
own Southwest for even their chalkiest 
quality. Mr. Ouskouian is concession- 
naire for all turquois produced in the 
Iranian mines, which are a royal con- 
cession, He spent several weeks this 
summer in Chicago at an exhibition of 
Iranian products and crafts where he 
displayed, among other turquois speci- 
mens, a necklace layout of finest tur- 
quois valued at more than $12,000. 


We are indebted to Dr. J. F. H. Cus- 
ters, through the good offices of GIA 
Board member George Kaplan, for a 
compact instrument employing a pair 
of earphones used to test natural blue 
diamonds. The instrument makes use 
of the semiconductivity of blue dia- 
monds. 


(Continued from page 80) 
proportion grading, this would not be 
unusual; however, it came as a pleas- 
ant surprise to an insurance company, 
though causing some consternation on 
the part of the customer. The stone 
had been set in a high four-prong set- 
ting, and the four exposed areas of the 
girdle between the prongs had been 
badly chipped during wear. To remove 
the chips by total recutting would have 
required a reduction in the diameter 
from 6.62. mm, to approximately 5.93 
mm., with a corresponding weight loss 
of about .21 carat. It was possible to 
retain the original value because the 
stone was very shallow, and the reduc- 
tion in diameter was just adequate to 
correct the proportioning. In other 
words, the damage was confined to 
that portion of the stone that repre- 
sented excessive weight retention from 
the crystal at the expense of beauty. 
Increasing the weight and size of a 
diamond from a given piece of rough 
by utilizing cutting discrepancies such 
as a shallow crown or pavilion does 
not increase its value beyond that of 
the maximum-size ideal cut that could 
be obtained from the same rough. This 
stone presented an outstanding exam- 
ple of the importance of detailed pro- 
portion analysis in diamond evaluation. 


Cat’s-Eye Demantoid 


A very attractive 34-carat cat’s-eye 
was submitted for identification. Al- 
though it could have passed as a fine- 
quality chrysoberyl, it proved to be 
demantoid garnet. The chatoyant ef- 
fect was caused by a rather concen- 
trated “horsetail’’ inclusion tn which 
the individual needles were nearly 
straight and parallel. 
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South Africa 

_A particular type of diamond found 
in South Africa may play an important 
role in the space age. The diamond, a 
rare natural blue stone, is so sensitive 
to temperature changes that it can re- 
cord a drop or rise of five-hundredths 
of a degree. Scientists at the Diamond 
Research Laboratories, in Johannes- 
burg, developed a means of attaching 
electric leads to the diamond, making 
it a valuable thermistor, a sensing ele- 
ment for a super thermometer. In space 
ships and satellites, the diamond ther- 
mometers can be used not only to re- 
cord minor changes in temperature, 
but also to detect radiation. And, in 
medicine, they would give almost 
instantaneous temperature readings. 


Borneo 
It has been reported that a 33-carat 
diamond was found recently in the 
Bandjar district, in South Borneo, by a 
prospecting party. The report also 
stated that the prospectors had been 
offered about £125,000 for the stone. 


USA 

Although commercial diamond pro- 
duction is not presently contemplated, 
the Norton Company, makers of abra- 
sive and grinding wheels, has an- 
nounced that it has made synthetic dia- 
monds. The company’s process is said to 
involve the subjecting of carbon to high 
temperatures and pressures. The fact 
that patent applications have been 
lodged would seem to indicate that 
some novel features might be involved. 
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Gemological Ligests 


British Guiana 

It has been reported that a diamond 
rush is under way in British Guiana, 
where miners are rushing to Kurupung, 
in the upper reaches of the Mazaruni 
River. Between January 1 and 15, 
production in the area rose to 2,738 
carats, compared with 660 carats for 
the same period in 1959. 

Diamond Sales 

Sales of diamonds from African pro- 
ducers, reported quarterly by the 
Central Selling Organization in Lon- 
don, reached a near-record high for 
the first three quarters of this year. 
The 1960 sales through September 13 
amounted to $185,626,064 and are 
exceeded in value only by sales during 
the same period of 1959 when total 
diamond sales amounted to $191,- 
539,172. 

Sales of gem and industrial dia- 
monds for the third quarter of 1960 
totaled $63,185,665. Of this total, gem 
diamond sales amounted to $44,105,- 
043, down somewhat as compared 
with the third quarter of 1959 when 
gem sales amounted to $47,295,508. ° 

Industrial diamond sales for the 
third-quarter period rose to $19,080,- 
622, the highest third-quarter sales 
figure on record. In the third quar- 
ter of 1959, industrial diamond sales 
amounted to $17,687,701. 

South Africa 

It has been reported that the noted 
De Beers Diamond Mine in Kimberley, 
South Africa, may be reopened. It has 
been closed for forty-six years. 


Following are students who have re- 
cently been awarded diplomas in the 
Theory of Gemology: 


Glenn Nord, Morrison & Adams, Lemon 
Grove, California; Daniel E. Smith, Kon- 
nerth Jewelry, Salem, Ohio; Robert E. 
Johnson, Fox & Stevens, Olean, N. Y.; 
Richard Gordon Donoghue, Henry Birks 
& Sons, Ltd., Ottawa, Canada; Mitchell 
Phillip Rosnov, M. Rosnov, Inc., Philadel- 
phia, Pennsylvania; Mrs. Sophie L. Welsh, 
Campus Jewelers, Minneapolis, Minnesota; 
Phillip H. Posten, Fresno, California; John 
Harold Aebischer, John Aebischer Jeweler, 
Struthers, Ohio; Glenn E. Bergstrom, Min- 
neapolis, Minnesota; Robert Capestrain, 
Capestrain Jewelers, Canton, Ohio; Harold 
Tivol; Tivol Plaza, Inc., Kansas City, 
Missouri; Chester Lieder, Mermod, Jac- 
card, King, St. Louis, Missouri; and Dr. 
Theophilus F. Weinert, Redwood City, 
California. 


Following are students who have re- 
cently been awarded diplomas in the 
Theory and Practice of Gemology: 


Dorothy Larson, H. G. Larson Jewelry, 
Kewanee, Illinois and Theodore George 
Volkert, the Frank Herschede Company, 
Cincinnati, Ohio. 


Book Review 


The Story of Jewelry, by Marcus 
Baerwald and Tom Maboney. 199 well- 
illustrated pages. Published by Abelard- 
Schuman, Inc. 404 Fourth Avenue, 
New York City. Price. $6.50. 

Baerwald and Mahoney published 
a book some years ago entitled “Gems 
and Jewelry Today,” in which they 
gave popular treatment to the subjects 
of gemstones and jewelry. This is a 
second book on the same general sub- 
jects. The authors have been careful 
to make their account more factual 
than most books of this type, yet it 
retains a quality that should make it 
popular with the layman. 

Chapter heads include “Precious 
Stones ‘aand Precious Metals,” ‘‘Dia- 
mond Lore and Values,” ‘“Famous Dia- 
monds,” “The Lure of the Pearl,” 
“Cultured Pearls” and ‘The Ruby and 
the Sapphire,” followed by chapters 
on other gemstones, ‘Gem Minerals of 
the United States,’ “Birthstones,” 
“Bridal and other Rings,’ “Jewelry De- 
sign and Fashion,” ‘Jewelry for Men,” 
“Medals, Gold Boxes and Jeweled 
Eggs,” and “Care and Protection of 
Jewelry.”’ The book includes, in addi- 
tion, a short glossary and.an index. It 
is set in large-size, easily readable type 
face. Illustrations, in contrast to the 
text, are on coated stock to improve 
their quality. 
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JERUME BAKER WI5S5 


_ Jerome Baker Wiss, Chairman of the 
Board of Governors of the Gemological 
Institute of Amcrica from 1955 to 1958 
and well-known Certified Gemologist, 
American Gem Society, passed away 
on September 10, 1960. Wiss, better 
known as Jerry or Buck to his many 
friends, completed his training at the 
Institute in a summer class in 1939. 
For many years, he headed the prom- 
inent northern New Jersey jewelry firm 
of Wiss Sons, Inc. He was also an of- 
ficer of long standing in the cutlery 
firm of J. Wiss & Co. and of the Kroy- 
don golfing-equipment manufacturing 
firm, 

In addition to his many years of 
service to the Institute as Governor 
and Board Chairman, Wiss acted as 
advisor to the Institute’s Eastern Di- 
vision, His fine collection of colored 
diamonds was loaned to the GIA on 


several occasions for study .and dis- 
play purposes. His collection of rarely 
encountered gemstones has been on 
continuous loan to the Eastern Division 
for a number of years. 

Wiss was widely known in New 
Jersey for his many lectures on gem- 
stones. Gem-identification problems. of 
a particularly difficult nature were 
often taken to him by fellow jewelets 
because of his reputation for excep- 
tional ability in that field. His keen 
sense of humor and zest for living made 
for him a host of friends. 

Jerome Wiss retired from active 
management of Wiss Sons, Inc., several 
years ago and moved to South Laguna, 
California, Three years ago, he suf- 
fered a severe stroke, from which he 
never fully recovered. He is survived 
by his widow, Margaret, five daugh- 
ters and a sister. 
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Planning and Using 


Your New Viamond Room 


by 


Lester B. Benson, Jr. 


Director of Research and Laboratories 


An increasingly popular approach to 
diamond merchandising is opening new 
avenues for increased diamond sales for 
many jewelers. This approach removes 
from diamonds the age-old label of a 
blind purchase, and gives meaning to 
the factors that establish value. 

Today’s jewelry store must present an 
atmosphere that combines a feeling of 
warmth with one of competence. Work- 
ing in tandem, these two impressions 
strengthen a customer's confidence in 
his ability to buy wisely and make his 
own choice, rather than create a fear 
that something will be forced on him. 
When potential diamond customers are 
classified into three categories on the 
basis of their readiness to buy, the need 
for a different approach becomes obvi- 
ous. The first is the person who is pre- 
sold before entering the store. He knows 
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approximately what he wants and how 
much he intends to spend. This man 
expects to walk to the diamond coun- 
ter, inspect a few rings, make a selec- 
tion and leave. The second type ‘is 
presold on the idea of purchasing a 
diamond, but he is concerned. with his 
lack of knowledge of both diamonds 
and jewelers and instinctively. wants 
proof that his decisions are correct. The 
third type is the potential diamond cus- 
tomer who has not yet given considera- 
tion to the acquisition of diamond 
jewelry. Most jewelry stores are 
equipped to accommodate the first type 
only. 

Customers in the second and third 
categories can be sold diamonds, but 
the sales will not be made merely by 
providing a counter and a selection of 
diamonds. Similarly, good salesmanship 
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alone is not sufficient. These sales are 
concluded most easily when proper fa- 
cilities and sales aids are utilized to 
demonstrate diamond quality and en- 
able the customer to make a positive 
decision based on his own knowledge 
and new interest. 

What is meant by proper facilities is 
an area referred to as a diamond room. 
It may be either a complete or partial 
enclosure, depending on the layout of 
the store. There are many methods of 
construction, ranging from extensive 
alterations of existing facilities to inex- 
pensive installations made from panels 
and other decorative but functional ac- 
cessories constructed outside the prem- 
ises and assembled in the desired area. 
Although many jewelers feel that their 
stores are already too small and over- 
crowded to permit the addition of such 
a sales area, this is rarely true. When 
the potential is so great, converting 
space used for the display of less im- 
portant merchandise should be consid- 
ered when it is the only alternative. 
With a little planning and rearranging, 
an effective and attractive diamond 
room can be incorporated into nearly 
any store, and the adjacent areas can be 
rearranged to complement it. 

The initial planning for a diamond 
room must take into consideration such 
factors as present ceiling height, the 
number and location of ‘electrical out- 
lets, and the position of the proposed 
room in relation to the store entrance 
and other sales areas. Conditions can 
be encountered that may at first discour- 
age the installation; for example, if the 
proposed room is to be located in a 
typical narrow store with continuous, 
parallel showcases on each side of the 


aisle and in an area with no overhead 
electrical outlets. Instead of ruling out 
the possibility, it should be remembered 
that usually the more difficulty encoun- 
tered in planning a room, the more it is 
needed to compensate for what is prob- 
ably standard commercial space that 
conveys little or no feeling of unique- 
ness, professional know-how and 
warmth. These qualities are prerequi- 
sites for volume sales of fine jewelry. 


This example presents a difficult 
problem that is typical of many jewelry 
stores. The narrow layout of the store 
is a distinct disadvantage, but espe- 
cially so if a diamond room is not added. 
It is not difficult to visualize the hurdle 
facing a timid potential customer who 
enters a long, narrow store for the first 
time and is forced to walk down a long 
aisle under the eye of sales personnel he 
assumes to be critical. The initial im- 
pression gained in such impersonal, 
stereotyped surroundings does nothing 
to create confidence or a feeling of wel- 
come. A jewelry store attempting to in- 
terest the public in diamonds must not 
offer obstacles to the timid but must es- 
tablish a feeling of warmth and friend- 
liness. It must be inviting. This is not 
being done in the atmosphere that 
exists in the average store today. To 
sell diamonds effectively, this desired 
atmosphere must be created, even if it 
means sacrificing a few square feet of 
selling space. Furthermore, the long, 
straight lines must be broken. A store 
designed in this manner serves one pur- 
pose only: to provide rapid. counter 
Service, This is ideal for selling certain 
types of merchandise, but zot for clos- 
ing difficult diamond sales. 


A completely enclosed diamond 
room offers no more advantages than 
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an area partially enclosed by three or 
four low partitions. In fact, five and 
one-half feet usually is a sufficient 
height to provide a semiprivate area 
suitable for the sales discussion and 
demonstration. The room need only be 
large enough to accommodate com- 
fortably a small table and three chairs. 

To create a feeling of space in a 
small store, be generous with mirrors. 
For example, if the proposed room, 
even with low partitions, is likely to ap- 
pear dominating, there may be an ad- 
vantage in covering the outside of the 
panel facing the front of the store with 
a full-length mirror or square mirror 
panels. In general, flush-fitting square 
mirror panels are more decorative and 
also lend themselves to the addition of 
display shelves for ornamental objects 
or other unusual items that would be 
unnoticed in a showcase. Moreover, the 
mirrors increase the apparent size of the 
store and the quantity of merchandise 
on display. 

An alternative in the construction of 
the panels is ‘to make the walls still 
lower (approximately four to four and 
one-half feet in height), rimmed at the 
top with planters. containing artificial 
foliage. If the room is in an area where 
there is considerable floor traffic, this 
is not as effective from the standpoint 
of acoustics as the slightly higher-solid 
panels; however, it is very satisfactory 
for a low-traffic area. In some instances, 
extending the height of one or more of 
the panels by the addition of wrought- 
iron or similar open decoration is ad- 
vantageous for breaking the long lines 
of a narrow store. 

The entrance to the room should be 
left open and facing an area of low 
trafic. If the entrance must face the 


center aisle, the room should be located 
toward the rear of the store, and ad- 
joining sales areas should be devoted 
to those items that draw the least traffic. 


The table for the room does not have 
to be large. A satisfactory size is ap- 
proximately twenty to twenty-four 
inches wide, forty-five to sixty inches 
long, and twenty-eight to twenty-nine 
inches high. This is large enough to 
accommodate three persons and a gemo- 
logical microscope (a GEMOLITE or 
DIAMONDSCOPE) and a DIA- 
MONDLITE, two essential sales tools. 
The chairs should be about eighteen 
inches high and have relatively firm 
cushions; the backs should be slightly 
contoured but rigid. These specifica- 
tions, of course, may vary slightly, de- 
pending on the style and construction 
of the units chosen, 


When possible, some concealed 
shelving should be provided along one 
of the walls. This is particularly easy 
to do if the top of the panel consists 
of a relatively wide planter. In this case, 
the panel can be set flush with the outer 
edge of the planter and two or three 
shelves built below it. These can be cov- 
ered with pull-type draperies made of 
good material or heavy upholstery 
cloth; if the latter is used, it also can 
serve as covering for the chairs. 


A comfortable, efficient diamond 
room requires careful selection of col- 
ors. With today’s illumination, the 
actual hue or color chosen is not too 
critical; however, to minimize glare, it 
should be very light in tone and have a 
matt, or dull, finish. A warm, lightly 
tinted gray or a very light tan is appro- 
priate. Be sure that comparable colors 
ate available in carpeting and in drap- 
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ery and upholstery materials, the use of 
which is recommended. The top of the 
table can be covered with white or very 
light gray unpatterned Formica with a 
nonglare surface. One or two large 
fabric-covered pads should be on the 
table for displaying jewelry; they also 
can be used for tweezers'and other small 
articles that are not being used. The 
color of the pads should be relatively 
neutral; t.e., black, light gray or white. 

With the exception of prominently 
displayed gemological diplomas or cer- 
tificates, pictures and other decorative 
items should not be used, since they are 
distracting and often lead to unneces- 
sary, time-consuming conversation. The 
diplomas establish the knowledge and 
competence of the jeweler. Illustrative 
material needed for informative sales 
discussions should be kept in separate 
folders or containers in a drawer of on 
the concealed shelves and removed only 
when required. The objective in the 
over-all planning should be to provide 
a comfortable, semiprivate area where 
the customer can concentrate on mer- 
chandise shown to him. 

The illumination for a diamond room 
is critical, In the past, incandescent 
lights had to be used, but the color con- 
tent made it impossible to observe the 
colors of stones accurately. The same is 
true of standard fluorescent fixtures, 
which, in addition, produce a highly 
diffused light that does not display 
diamond jewelry to best advantage. 

The recent development of the GIA 
DIAMONDLUX has simplified greatly 
the problem of diamond illumination. 
This lamp is a fluorescent fixture, but 
it contains a series of specially con- 
structed tubes of different colors. No 
single fluorescent tube has been devel- 


oped that will produce an effective, 
neutral illumination; however, by com- 
bining tubes of individual colors, the 
necessary balance can be achteved. The 
light from the tubes is combined by a 
special diffuser, below which is a series 
of bafles that provide the equivalent 
of a series of small point sources of 
light of moderate intensity. The result- 
ant lamp is therefore cool operating, 
light weight in construction, and -re- 
markably effective for displaying dia- 
mond’s inherent brilltancy, scintillation 
and dispersion, in conjunction with ac- 
curate color perception. 

The DIAMONDLUX can be 
mounted from the ceiling on stems or 
chains, or supported on a cross bracket 
made as part of the diamond room. If 
there are no overhead electrical outlets 
from which the lamp can be suspended, 
the expense of such an installation can 
be avoided by extending decorative sup- 
ports from the wall panels of the room 
itself, with the electrical connection 
made to a wall outlet. (Note: The 
DIAMONDLUX without baffles is 
available for general store illumina- 
tion.) 

When a diamond room is properly 
developed, equipped and utilized, the 
customer realizes immediately that he 
has access to an exceptional fund of 
diamond knowledge. This feeling of 
confidence and security can have only 
one effect: to offset the widespread dis- 
trust felt toward jewelers, resulting 
from the many variations in quality 
standards, nomenclature, markups and 
ability. When a microscope such as the 
GEMOLITE ot DIAMONDSCOPE 
is used in conjunction with a DIA- 
MONDLITE, a diamond's quality fac- 
tors can be demonstrated and explained 
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easily; therefore, these instruments are 
an integral part of a diamond room. 
Equipped with overhead light sources, 
these special microscopes also are ideal 
for clarifying watch- and jewelry-repair 
recommendations, because the defects 
and malfunctioning parts are so easily 
seen by the customer. 


The diamond room soon becomes an 
effective medium for creating new cus- 
tomer contacts. Introducing store visi- 
tors to the new facilities is a very 
simple matter. For example, it is re- 
gatded as a friendly and helpful service 
to offer to inspect rings and other arti- 
cles for insecure stones or possible 
damage. Discussing remounting and 
special-order work can follow easily, as 
well as appraising and other services. 
However, the customer should be made 
to feel that the purpose is not to make 
a sale, but that you have started a 
friendly conversation based on a genu- 
ine interest in him and his jewelry. In 
short, this approach should serve pri- 
marily to inform him that the store is 
now ready to provide the services and 
jewelry he will need in the future, and 
that he will be assured the satisfaction 
that only a combination of modern 
equipment, knowledge, integrity and 
a sincere interest in his needs can 
guarantee. 


Prospective customers who have not 
visited the store may be contacted by 
direct mail and invited to come in and 
have their jewelry checked by an expert 
and to be permitted to see its condition 
under magnification. These inspection 
times should be scheduled during slack 
periods. A continuous program of peri- 
odic mailings to portions of the list of 
present and potential customers should 
maintain a fairly steady flow of calls. 
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Successful salesmen, regardless of 
their field of endeavor, can sell only a 
certain percentage of the clients con- 
tacted; and if they want to increase 
their income, it is necessary to increase 
their contacts. This is difficult for a jew- 
eler to do, if his store is not equipped 
to offer services of special interest to 
anyone who owns jewelry—and if these 
services are not offered in an atmos- 
phere that bespeaks warmth, friendli- 
ness and professional competence. A 
diamond room furnished with the es- 
sential demonstration tools and ideal 
lighting creates that atmosphere. 

The accompanying illustrations show 
graphically how the addition of a rela- 
tively inexpensive diamond room can 
improve the appearance and effhciency 
of a typical narrow store with a parallel 
counter arrangement, tepresented in 
the photograph. The opposite wall, not 
included in the picture, was arranged 
in the same way. 

As shown in the sketch, the second 
and third counters and the third wall 
case were removed, and the area was 
enclosed with foliage- topped panels to 
a total height of approximate'y five and 
one-half feet. Nothing was used on the 
back wall except the jeweler’s name and 
his gemological diploma and certificate. 
To assist in isolating the diamond area 
and breaking the long lines of the store, 
a wrought-iron frame supporting four 
ornamental spirals was placed on the 
panel facing the rear. Because of the 
monotonous repetition of fixtures, the 
diamond-room panel facing the front 
was faced with mirrors. Mirror pan- 
eling also was used on a narrow strip 
of wall that was made available by 
separating the two wall cases. To main- 
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More Light on Heryls 
and Hubies 


with 


Synthetic Uvergrowth 


by 


Dr. E. J. Gubelin, C.G. 


In the course of the last fifteen 
months, two new forms of counterfeit 
stones have appeared on the gem mar- 
ket. Although only a few samples of 
these new substitutes have been sub- 
mitted for examination, they have 
provided ample proof for establishing 
distinctive characteristics and facilita- 
ting identification. 


Hydrothermal Ruby 


The same hydrothermal process that 
was used for making synthetic quartz 
has now been exploited successfully to 
produce synthetic ruby. This new 
method was pioneered by two Ameri- 
can scientists, Drs. R. A. Laudise and 
A. A. Ballman, of the Bell Telephone 
Laboratories, and it became common 
knowledge in the autumn of 1958. At 
first, this achievement was considered 
to be of mere scientific or technical in- 
terest, until Carroll Chatham an- 
nounced success with his process in his 
San Francisco laboratory and declared 


that he would soon develop the experi- 
mental stage into commercial produc- 
tion. He also claimed that the new pro- 
duction would provide stones that were 
more reminiscent of natural rubies. 

The apparatus developed by Laudise 
and Ballman corresponds with that used 
by the Bell Telephone Laboratories for 
the synthesis of quartz, which has its 
ancestry in the method invented. by 
Prof. R. Nacken. However, the task is 
much more complex, because the alumi- 
num-oxide nutrient complicates the 
problem on account of the various 
modifications [gibbsite Al (OH)., 
boehmite (Al OOH), diaspore (Al 
OOH) and corundum (AI,O,)} in 
which it occurs. Many experiments were 
necessary in order to ascertain optimum 
conditions of the techniques. Solvent, 
nutrient, temperature, pressure and 
foreign agents are only. a few of the 
variable factors that may render the 
hydrothermal synthesis a hazardous 
gamble. 
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The autoclave consists of a welded 
steel cylinder closed with a threaded 
cap that can support pressures in excess 
of 30,000 pounds per square inch. In 
the cavity of this vessel a cylindrical 
tube is placed, within which the reac- 
tion takes place. The nutrient, consist- 
ing of poorly crystallized gibbsite 
[Al (OH) 3} or corundum [ Al,Og¢} is 
concentrated at the bottom of the silver 
tube and the tube is filled with sodium 
carbonate. The seed crystals, which 
might be either natural or synthetic 
tuby, of desired orientation are sus- 
pended from a silver frame in the upper 
part of the apparatus. This assembly is 
heated to 400° C. from below by means 
of an electric heating plate. The top 
tegion remains cooler, thus leading to 
temperature conditions that cause cir- 
culating currents in the interior of the 
saturated alkaline solution. This is very 
similar to a central water-heating sys- 
tem; Le., raising the warmer solution 
from the area of the nutrient to the top 
of the bomb while the cooler solution 
sinks to the bottom, where it is heated 
and made to ascend again. The precipi- 
tation of the reagent (that is, the 
crystallization of the alumina, or corun- 
dum) takes place on these seed crystals 
that grow analogous to any natural or 
synthetic crystals, forming in a solution 
in accordance with their typical crystal 
habit and developing-all the faces char- 
acteristic of their particular species. 
Thus the nutrient, which first is an 
aluminum-hydroxide, transforms into 
alumina crystals during this process. A 
single run may take one or two months. 
It is interesting to note that rod-shaped 
Verneuil synthetic rubies made by Linde 
Air Products may be used as. seed crys- 
tals, if slabs are cut whose main face is 


ofiented at right angles to the main 
crystal axis. 

The crystals grow extremely slow: 
under favorable conditions the growth 
rate. may vary from .002 to .01 inch 
per day. The fastest growing face is the 
basal plane, so flat plates seem to be 
the prevalent forms on which the prism 
faces are strongly reduced. Occasion- 
ally, rhombohedral forms also are 
developed. The sizes of these hydro- 
thermal rubies. vary from 34 to 14 
inches. The color depends on the per- 
centage content of chromium oxide, of 
course. The best hue is obtained by 
adding one percent of chromium; i.e., 
t%4o gram of sodium chromate to one- 
fourth gallon of solvent. The color also 
proves to be affected by the material of 
the interior wall.of the autoclave, which 
makes the corundum crystals green. if 
it is made of iron. Silver gives the best 
results. ; 

I recently enjoyed the opportunity of 
examining a few hydrothermal ruby 
crystals that were claimed to have been 
produced by Chatham, and since I be- 
lieve that my observations can be of 
some help in making reliable identifica- 
tions, I shall describe them. Determining 
the physical data offered no diag- 
nostic distinction, since all specimens 
tested revealed physical properties iden- 
tical to those of natural rubies. The re- 
fractive indices were within the normal 
limits of 1.76-1.77,-and the birefring- 
ence was constant at .008. In some in- 
stances, these constants were difficult to 
measure because the filmlike artificial 
coating caused the shadow edges to be 
rather indistinct. The dichroism showed 
the well-known twin colors of purple- 
ted and yellowish red, and the ab- 
sorption. spectrum displayed. its 
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II 


Figure 1. Truncated ‘“hydrothermal Figure 2. Base and rhombohedron faces 
ruby,” constituting a large seed nucleus of a ruby with hydrothermal overgrowth. 
overgrown by a thin synthetic ruby film. (Diamondscope. 20x) 


(Diamondscope. 7x) 


Figure 3. Zonal structure accentuated by Figure 4. Liquid feather (healing fissure) 
“silk” (rutile needles) in the ruby seed. in the natural ruby core. 
(Diamondscope. 40x) (Diamondscope. 60x) 


Figure 5. Clouds of minute gas bubbles Figure 6. Curiously curved, dotted lines 
in the hydrothermal ruby mantle and formed by tiny gas bubbles in synthetic 
growth marks of incipient crystal faces. ruby layer. (Diamondscope. 80x) 


(Diamondscope. 80x) 
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Figure 7. Straight lines running parallel Figure 8. Reticulate pattern drawn into 
to principal growth direction, and minute the artificial emerald film by two systems 
foreign dustlike particles in hydrothermal of tension fractures. (Diamondscope. 80x) 
emerald mantle. (Diamondscope. 40x) 


Figure 9. In slightly tilted position, the Figure 10. Residual liquid drops clearly 
breadth of the subcutaneous fractures mark a partly healed fracture in the 
appears to correspond with the depth of man-made emerald coating. (Polarizing 
the hydrothermal overgrowth. microscope. Phase contrast. 250x) 


(Diamondscope. 120x) 


Figure 11. Unusual arrangement of “un- Figure 12. irregular agglomerations of 
digested” liquid drops in a healing fis- foreign microlites on the previous surface 
sure of the hydrothermal emerald layer. of the bery! nucleus. (Polarizing micro- 
(Polarizing microscope. Phase contrast. scope. Phase contrast. 100x) 

250x) 


108 GEMS & GEMOLOGY 


Figure 13. Slender prismatic microlites of 
the alien crystal phase darting out from 
a common center on the former surface 
of the beryl seed. 

(Polarizing microscope. 250x) 


Figure 14. Group of typical crystal 
skeletons with hexagonal outlines inter- 
rupted in their growth as the man-made 
emerald film started to grow. 
(Polarizing microscope. 500x) 


Figure 15. Cuneiform growth funnel 
standing on a cluster of foreign micro- 
lites and piercing through a straight 
healing fracture. 

(Polarizing microscope. 250x) 


Figure 17. If the specimen is tilted into 
an appropriate position, an interesting 
mirror effect of natural inclusions in the 
beryl nucleus is brought about by the 
artificial emerald layer. 

(Diamondscope. 40x) 
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Figure 16. Group of “growth funnels” 
filled with liquid and a “libella,”’ aligned 
parallel to the direction of principal 
growth. (Polarizing microscope. 250x) 


Figure 18. If the stone is slightly inclined, 
impurities in the man-made emerald 
layer are reflected from junction plane. 

(Diamondscope. 40x) 
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characteristic sequence of four lines in 
the red region (6942, 6928, 6680 and 
6595 A) and three in the blue (4765, 
4750 and 4685 A), with a broad band 
between 6100 and 5500 A. Short-wave 
radiation excited strong-red fluores- 
ence, the tone of which was slightly dif- 
ferent depending on the light source. 
The specific gravity varied between 
3.9840 and 3.9882 only. Phosphores- 
cence under X-rays was not distinct 
enough to serve as a criterion, but it 
might have been evident had the seed 
consisted of synthetic ruby. 


Under the microscope the crystals 
were dangerously deceptive, owing to 
the natural inclusions in the core. The 
latter formed the integral and main 
part of the stones’ volume, for the 
former seed crystals of natural origin 
had been covered with a relatively thin 
synthetic coating.* If the stones had 
been cut, most or all of the coating 
would have been removed. In distinct 
discrimination from the hydrothermal 
rubies produced by Bell Telephone Lab- 
oratories, Chatham’s samples were not 
flat, tabular crystals, but exhibited the 
typical truncated hexagonal prisms, end- 
ing with rather small basal planes (Fig- 
ure 1), The man-made surface layer of 
each stone’ simulated the habit, shape, 
crystal faces, growth marks and external 
irregularities of the seed crystals (Fig- 


*Editor’s note: Chatham synthetic ru- 
bies furnished to the GIA for a very 
short period of ‘study in 1959. differed 
from the synthetic rubies Dr. Gubelin 
was able to study in that no natural 
seed was discernible. This makes it 
clear that large seeds are not to be re- 
garded as essential or necessarily usual 
features of Chatham synthetic rubies. 
It seems possible that the product Dr. 
Gubelin describes were made by an- 
other producer or process than those 
examined by the GIA. 


uve 2). All specimens were strongly 
marked by typical growth features, such 
as incipient development of the prism 
and the rhombohedral faces: 


Within the genuine core, various 
types of natural inclusions could be 
observed; for instance, rutile needles 
forming planelike “silk” (Figure 3), 
or whitish clouds or zones and solid 
mineral inclusions of the kind typical 
of Burma rubies, as well as liquid feath- 
ers and other natural inhomogeneities 
(Figure 4). The synthetic coating, how- 
ever, could be discerned under very in- 
tense scrutinization because it teemed 
with minute gas bubbles. These were 
either distributed singly or, more often, 
accumulated into lines, planes, clouds or 
other odd shapes (Frgures 5 and 6). 
It was possible to notice that the forma- 
tions were abruptly terminated along 
the junction planes between seed crys- 
tal and unnatural layer. In one sample, 
a natural feather of liquid inclusions 
tan across the core and was sharply cut 
off by the previous natural crystal face. 
This face, however, was overlaid and 
transversed by a loose cloud of gas bub- 
bles in the artificial overgrowth. 


I must admit that these features are 
extremely delicate and that it takes a 
sharp eye and a keen microscopist to 
discover them, but they offer sufficient 
proof to pronounce a decisive verdict. 
Unfortunately, I did not have these 
specimens in my possession long enough 
to carry out a more detailed investiga- 
tion, though for the present the results 
are sufficient to reveal diagnostic charac- 
teristics by which rubies with a synthetic 
overgrowth can be recognized. These 
features, within the internal structure 
of the man-made mantle, however, do 
not seem to indicate a hydrothermal ori- 
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gin, but rather seem to be produced by a 
flux-fusion process. 


Emerald- Coated Beryl 


The latest innovation in the field of 
gem fakes is a new synthetic. product 
that consists of a large genuine nucleus 
of colorless or slightly colored’ beryl 
overgrown by 4 relatively thin, hydto- 
thermally-produced emerald layer: This 
counterfeit was investigated exhaus- 
tively and described thoroughly. by R. J. 
Holmes and R. Crowningshield in the 
Spring, 1960, issue of this journal 
(Lit. 5). 

In the course of last year, I was sub- 
mitted an appreciable quantity of these 
so-called ‘‘Emerita” stones for scrutiny. 
Sincé I believe I have observed some ad- 
ditional and’ new diagnostic peculiari- 
ties, I feel justified in complementing 
this recently published information with 
the results of my own examination, so 
that fellow gemologists will become 
familiar with the decisive characteris- 
tics of this material. 

In order to gain more exact knowl- 
edge on the color influence of the beryl 
nucleus upon the general appearance of 
these new fakes, I requested J. Lech- 
leitner to coat a blue aquamarine and a 
well-colored yellow heliodor with a hy- 
drothermal emerald mantle. But to my 
astonishment, not the slightest differ- 
ence in hue was evident, which allows 
the conclusion that if a sufficiently thick 
overgrowth is built up, a fairly good 
emerald color will result that resembles 
very closely the pleasing appearance of 
good emeralds from the recently opened 
Colombian Gachala mines. 

As far as the physical and. optical 
properties are concerned, I found but 
slight deviations from the previously 


published data. The refractive indices 
varied from 1.578 to 1.590 for w and 
from 1.571.to 1.583 for e, with a con- 
stant value of .007 for the birefringence. 
The inquiry into the cause responsible 
for these astoundingly high figures 
represents an intriguing problem that 
Lechleitner may someday disclose. The 
specific gravity also displayed a clear 
tendency toward increased values, which 
were lying between the limits of 2.676 
and 2.713. One beryl seed from which 
the synthetic emerald overgrowth had 
been polished off showed an RI. of 
merely 1.564-1.570 and a specific grav- 
ity of 2.672. Dichroism, absorption of 
visible light and luminescence appeared 
to vary only within the normal limits. 


In their above-mentioned study, the 
co-authors competently emphasized 
their microscopic observations, which 
revealed a number of typical irregulari- 
ties, and very.rightly they claimed ‘streak- 
like internal fracture -lines to be a 
characteristic feature of the hydro- 
thermal emerald mantle. Although 
Lechleitner can cause the emerald coat- 
ing to develop as a homogenous layer 
devoid of any inhomogeneities, the 
majority of specimens that I tested con- 
tained such parallel lines. In most cases, 
these lines followed the direction of 
principal growth (Figure 7), but in 
some stones this set of parallel lines was 
traversed at right angles by another sys- 
tem of streaks that ran more or less 
parallel to the basal plane (001), thus 
giving the stone a crackled appearance 
(Figure 8). These basal, secondary lines 
are usually not as straight as the primary 
ones, but rather undulant. 

Af the stone is rotated and tilted into 
an appropriate position, the lines and 
streaks appear to be fractures in the 
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hydrothermal overgrowth, the depth of 
which is usually distinctly marked by 
the breadth of these cracks (Figure 9). 
Some of these fractures are of a uniform 
appearance and are “dry,” but the ma- 
jority show a spotted effect under low 
magnification. Under a high-power mi- 
croscope, they prove to be partly healed 
fissures that are clearly defined by resid- 
ual liquid drops and that are respon- 
sible for the spotted appearance of the 
cracks (Figures 10 and 11). Actually, 
the fracture lines are ‘healing fissures” 
that formed during the hydrothermal 
process while the specimen was still 
suspended in the hydrothermal solution 
of the autoclave as tension was released. 
The fractures were immediately infil- 
trated by the saturated solvent, which 
formed the mother liquor, and were 
thus given a chance to heal eventually. 
The watery liquid drops, deprived of 
the healing ingredients, remained en- 
closed in the partly healed fissures. 

If, at the beginning of the process, 
the favorable conditions (i.e., adequate 
temperature, temperature gradient, 
chemical component) for the formation 
of the emerald mantle are not instantly 
reached, a foreign crystal phase may be 
stimulated to develop on the surface of 
the seed. The junction plane between 
beryl core and synthetic emerald coating 
then seems to be covered by innumer- 
able tiny dust particles (Figvre 7). Actu- 
ally, these minute specks are tiny 
agglomerations, single crystals or crys- 
tal skeletons of euclase (Be (Al, OH) 
SiO,), phenakite (Be,SiO,) or other 
related minerals, that adhere to the pre- 
viously polished surface of the nucleus. 
Although the aggregates form irregular 
or ball-like dense clusters (Figure 12), 
the single crystals are transparent, slen- 
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der, prismatic rods that often branch out 
from a black, mutual center (Figure 
13), and the crystal skeletons display a 
distinctly hexagonal orientation of some 
of the edges that were capable of de- 
velopment (Figure 14). 


The most intriguing feature of the 
internal structure of the overgrowth is 
a wedge-shaped two-phase inclusion that 
normally occurs only in contact with a 
lump aggregate of the alien crystal 
phase; e.g., euclase, phenakite or related 
mineral (Figure 15). This fact, and the 
observation that these wedgelike cavi- 
ties are always oriented strictly parallel 
to the principal growth direction, makes 
it possible to explain their formation as 
follows: the aggregates of alien micro- 
lites acted as obstacles in the growth 
flow of the nutritious solvent, in whose 
“wake,” in concurrence with the in- 
herent tendency of emerald to develop 
lattice vacancies, tapering cavities were 
formed in which a minute portion of 
the watery hydrothermal solution was 
trapped. Therefore, these “growth fun- 
nels” always indicate the direction of 
principal growth (Figure 16), and they 
are oriented parallel to the straight frac- 
ture “‘lines’’ that run along the c axis 
(Figure 8). 

The above-mentioned inclusions in 
the synthetic overgrowth are absolutely 
characteristic of this new emerald fake; 
they have never been found in any gen- 
uine emerald. Any careful microscopist 
should be able to observe them, and he 
ought not to be confused by natural in- 
clusions that might be present in the 
beryl seed. Expanded systems of natural 
inclusions in the core that happen to 
extend as far as the former surface of 
the seed beryl come to an abrupt linear 
cut-off slightly beneath the rough or 


GEMS & GEMOLOGY 


polished surface of the synthetic emer- 
ald layer. Natural inclusions in the core 
lying near the contact plane of the nu- 
cleus and overgrowth may be mirrored 
easily in the artificial mantle, if the speci- 
men is properly tilted so that the 
inclusions and the junction plane, 
functioning as a mirror plane, are 
viewed from the opposite side through 
the stone (Figure 17). Likewise, the 
inhomogeneities in the hydrothermal 
emerald layer may be seen to be tfe- 
flected from the contact surface (Figure 
18). 

The close resemblance between the 
growth features of Professor R. Nacken’s 
synthetic emeralds and those of Lech- 
leitner appears to confirm the statement 
that the Lechleitner process is purely 
hydrothermal. In analogy with Nacken’s 
procedure, the synthesis of the emerald 
overgrowth is brought about in an auto- 
clave in which the pressure may be ap- 
proximately 1000 atmospheres and the 
temperature between 300 and 400°C. 
Similarly, as in the above-mentioned 
process of the hydrothermal ruby coat- 
ing, a weak alkaline aqueous solution 
may, under these conditions, suffice to 
dissolve the nutrient, which is composed 
of silica (SiO,), alumina (Al,O,) and 
beryllium oxide (BeO) and that will 
crystallize around the suspended nuclei 
in the favorable zone of formation. If 
chromium oxide (Cr,O,), is added to 
the charge, the beryl seed will continue 
to grow as synthetic emerald. This proc- 
ess is entirely different: from that de- 
veloped by Chatham, whose mode of 
operation is based on the same principle 
of a diffusion melt as was used by the 
IG. Farben Co., at Bitterfeld, Germany. 


With regard to the large nucleus 
overgrown by a relatively thin synthetic 
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film of emerald, Lechleitner likes to 
compare his produce with the cultured 
pearl, although he resolutely accentu- 
ates that it is a synthetic in the true sense 
of the word. As mentioned before, 
Lechleitner can, easily alter the condi- 
tions of the process and thus deliberately 
govern the various growth features de- 
sctibed above. He may cause a flawless 
emerald coating to enclose the cucleus, 
just as he has succeeded in,»raaking 
minute gold octahedra form as enclo- 
sures in the hydrothermal overgrowth. 
My observations may comprise only a 
few of the possible peculiarities where- 
as others may appear in the future. But 
one of the safest tests of these substi- 
tutes may be the lateral examination 
when the stones, after being immersed 
in benzylbenzoate (np — 1.57), will be- 
tray themselves by a dark-green relief 
(Figure 8. Lit 5). It is, however, Lech- 
leitner’s sincere intention not to commit 
any fraud, but to “brand” his products 
by some kind of “earmark’’ by which 
they can be identified readily. 
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Developments and Highlights 


at the 


GEM TRADE LAB 
in New York 


Robert Crowningshield 


Director of Eastern Headquarters 


Rosé Pearls 


Because of the demand for so-called 
rosé pearls, the Japanese often dye cul- 
tured pearls a pale-pink color. This prac- 
tice has been in use: for a number of 
years. Occasionally, we are called upon 
to determine whether or not the pink 
color is natural or artificial. When’ a 
consumer hears the term ‘rosé. he prob- 
ably thinks of a pearl with a-pink body 
color, when, in fact, rosé more properly 
describes a pink overtone on a white to 
cream body color, Dyeing pearls with 
what is believed to be an cosine’ dye 
produces a pink body color, rather than 
a true rosé effect. We have found that 
the dye sometimes can be seen under 
magnification as a pale violet to pink 
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line of demarcation between the mother- 
of-pearl bead and the nacre. In a few 
very obvious cases,. the coloring has 
rubbed off onthe string.. The .dye is 
also. fluorescent under long-wave ultra- 
violet radiation; if it is quite heavily 
concentrated, it.may be seen as a_pale- 
pink line. 
Pink Synthetic Sapphires 
Twice during the past month we have 
examined pink synthetic sapphires that, 
under casual observation, could -have 
passed as natural stones. The reason 
for the possible-error was the presence 
of what seemed to be the typical needle- 
like inclusions of natural sapphires. 
Complete examination revealed, typical 
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gas bubbles, which identified the stones 
unquestionably as synthetic. A careful 
study of the inclusions indicated that 
they were fine parallel separations, or 
voids, along planes of repeated twin- 
ning; they could be seen as part of the 
twinning plane only when the stone was 
properly oriented. Twinning in syn- 
thetic corundum is not too uncommon, 
but this anomaly could easily result in a 
misidentification by a person who is not 
aware that any stone may exhibit pro- 
perties or inclusions never before re- 
ported. Although something new always 
constitutes a potentially serious prob- 
lem, it is one of the fascinating aspects 
of the study of gemstones. While this 
column was being prepared, one of the 
above-mentioned stones was resubmit- 
ted to still another dealer for identifica- 
tion. We expect to see it several more 
trmes — unless, of course, it is sold! 


Looks Can Be Deceiving 


We identified a fine-blue aquamarine 
mounted in a well-made platinum ring. 
The side stones did not “look right,” 
so we performed the necessary tests and 
found that they were synthetic spinels. 
A good example of how that old maxim 
“Never judge a book by its cover” can 
apply to gemtesting. 


Artificially Colored Beryl 


The artificial coloring of beryl appar- 
ently constitutes a fascinating challenge 
to some people. The result of another 
attempt was recently observed in some 
round beryl beads that had been altered 
to green by putting green plastic in the 
drill holes. Although, superficially, the 
effect was passable, under careful exam- 
ination the concentration of color in the 
drill hole was very obvious, and a needle 


was sufficient to identify the coloring 
agent quickly. 


Green-Glass Hololith 


Hololiths (rings or bracelets fash- 
ioned from a single piece of stone) are 
interesting examples of the lapidary’s 
art. Jade and chalcedony are the most 
commonly used materials for this type 
of cutting, because of their unusual 
toughness and their color. For the first 
time, a green-glass hololith was submit- 
ted to the Laboratory. It was a particu- 
larly good imitation of jade.from the 
standpoint of color, but heavy concen- 
trations of gas bubbles made its origin 
easy to determine. 


Fresh-Water Pearl Necklace 


It is quite uncommon for a necklace 
of fresh-water pearls to be submitted 
for identification. Since the number of 
fresh-water pearls recovered is very 
small and they vary so much in color 
and overtones, a truly matched necklace 
would take many, many patient years 
to assemble. Thus we most frequently 
see them in rings, earrings and pins. 
However, we did test an unusually 
beautiful necklace recently. The pearls 
were large and exceptionally round for 
the fresh-water type, ranging from ap- 
proximately eight to fifteen millimeters, 
and they exhibited all of the character- 
istic. nuances of white, pink and pale- 
brown colors. 


Fresh-Water Cultured Pearls 


While on the subject of fresh-water 
pearls, it should be noted that more and 
more Japanese fresh-water cultured 
pearls ere appearing on the market, fre- 
quently being represented as natural. 
Whether this misrepresentation is on 
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the part of the producers, the importers 
ot the dealers we cannot determine. 
Figure 1 shows a portion of five strands 
of these pearls. Although this type is 
usually kidney or oval shaped, we noted 
a greater frequency of nearly round 
specimens in these strands, Since they 
do not contain a mother-of-pearl bead, 
we are often asked why we designate 
them cultured pearls without any dis- 
tinction from the salt-water product. It 
is the opinion of the Laboratory that 
the culture: technique used is not as 
important as the fact that the pearls are 
the result of man’s planned interference 
(no matter how noteworthy) in the 
normal growth of a mollusc and'thus are 
correctly designated as cultured pearls. 


French-Cut Stones 


We examined a pair of guard rings, 
one containing French-cut diamonds 
and the other French-cut sapphires (an 
uncommon cut today). We have never 
seen such badly worn sapphires or dia- 
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Figure 1 


monds. The diamonds had the usual 
appearance of badly abraded sapphires, 
and the sapphires were so worn that 
only occasional traces of the facets could 
be seen. We surmise that the rings had 
been subjected to prolonged abrasion by 
being worn against an adjacent diamond. 


A Variation 


‘of the Old Shell Game 


An eye-opening account of the prac- 
tice of one lapidary was brought to our 
attention when a client submitted a 
number of transparent, colorless brilli- 
ant-cut stones for identification. He told 
us ‘that he had been gem and mineral 
collecting in a well-known locality and 
had found a number of rolled, trans- 
lucent colorless pebbles. He took his 
“find” to a lapidary in the area who ap- 
parently specializes in cutting for gem 
hunters. When our client picked up his 
cut stones, he felt that some of them 
appeared larger than the rough he had 
left with the lapidary. We tested both 
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Figure 2 


the rough and cut stones. The pebbles 
were natural colorless sapphires and the 
cut stones were synthetic spinels; for 
the latter, the lapidary had charged a 
cutting fee of $10 per carat. Fortunately, 
this is a rare practice in the lapidary 
field. 


Alexandrites 


To the best of our knowledge few, 
if any,‘newly mined alexandrites are 
coming on the market. The supply of 
this beautiful gem is very limited. It 
was unusual, therefore, to have three 
very good ring-size specimens submitted 
to us within: the period of a month. It 
was obvious that the stones had not been 
cut recently, since they (and also the 
settings) showed evidence of long wear. 


Unusual Blister Pearl 


We identified a large, fascinating 
blister pearl, the radiograph of which 
is shown in Figure 2. Although it was 
exceptionally large, it was unique pri- 
marily because the hollow center had 
been filled with small pearls and metal- 
lic buckshot, as a means of adding 


Figure 3 


weight. The metallic shot rattled as the 
pearl was shaken. 


A 15-Strand Pearl Necklace 


An unusual and striking pearl neck- 
lace, consisting of fifteen strands and 
more than 1500 pearls, was. submitted 
for identification. The pearls were in 
three sections and. were separated by 
platinum dividers and profusely set with 
diamonds. It was the largest single pearl 
piece we have tested. Because of its ex- 
traordinary size, it was necessary to take 
a number of radiographs before all of 
the pearls were covered — all proved to 
be natural. 


A Necklace of 
Natural, Cultured and Imitation 
Pearls 

It is not unusual for strands of pearls 
consisting of both natural and cultured 
specimens to be submitted for identifi- 
cation. Rarely, however, do we en- 
counter imitation pearls in a necklace 
of this kind. We recently tested a very 
attractive necklace of large and appar- 
ently well-matched pearls and found 
approximately 20% to be imitation, 
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20% cultured and the remainder nat- 
ural. Although this may seem to make 
our separation job more difficult, the 
imitations are usually obvious on a 
radiograph, since they are completely 
opaque to X-rays. Figure 3 shows a 
radiograph of typical imitation pearls, 
as compared to mother-of-pearl beads. 


Burned Diamonds 


Two diamonds were submitted by 
insurance companies for the purpose of 
estimating fire damage and the approxi- 
mate weight loss after recutting. One 
stone appeared to have been burned but 
actually was undamaged. Most dia- 
monds accumulate a coating of oils, 
soaps or cosmetics, particularly on the 
pavilion surfaces. When they come in 
contact with high heat, these surface 
materials char, usually leaving a residue 
that is difficult to remove by ordinary 


Figure 4 


cleaning methods. The “damage” can 
be removed in an acid bath. The other 
diamond had been thrown inadvertently 
into an incinerator, and the surface suf- 
fered some erosion as a result of oxida- 
tion. It, too, seemed to be damaged 
more severely than it actually was be- 
cause of the charred material adhering 
to the surface. It was our finding that 
this diamond could be repaired by re- 
polishing, and that the weight loss 
would be less than 4%, 

Shortly after these stones were ex- 
amined, a cutter called to tell us of a 
diamond that had been submitted to 
him for recutting. He stated that it was 
so badly burned that none of the crown 
facets remained. He stated further that 
in forty years of specializing in diamond 
recutting he had never seen a stone so 
badly burned; in fact, he attempted to 
place a facet on the stone before he was 
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convinced that it was actually a diamond. 


Emeralds 


During the examination of a group 
of Colombian emeralds, we noted that 
one stone had a peculiar iridescence on 
its table surface. Although this charac- 
teristic has been mentioned in this col- 
umn before, it was always associated 
with a worn stone, rather than recently 
cut material, as in this case. We have 
not been able to determine whether the 
effect isa reaction of the polishing agent 
or whether it is a residue of an agent 
in which the emerald was soaked to 
minimize the appearance of its fractures. 


Carved, Purple-Glass Cameo 


Submitted for identification was a 
black-enamelled, yellow-gold brooch set 
with a “stone” cameo of a lovely purple 
color. The combination was unusual 
and attractive, and to all appearances 
the cameo was an amethyst; however, 
magnification revealed gas bubbles typi- 
cal of glass: The cameo was finely de- 
tailed, a quality of workmanship 
associated usually with natural materi- 


als (Figure 4). 
Conch-Shell Ensemble 


An ensemble of necklace, «earrings 
and bracelet represented as coral proved 
to be conch shell, carved and dyed in 
Italy’ The material was fairly easy to 
identify because of: the characteristic 
flame-shaped reflections in conch shell 
as it is moved, in addition to the obvious 
concentrations of color, giving it a more 
blotchy or banded coloring than is com- 
mon to coral. A great deal of this ma- 
terial has entered the U.S. recently, The 
reason for representing it as-coral is be- 
cause the import duty on coral is only 


Figure 5 


5%, whereas a.shell designation brings 
the duty to 55%. 


Carved Emerald 


An emerald carved in the form of a 
calf’s head has been submitted several 
times by various dealers. It is so unusual 
to encounter an emerald fashioned in 
this manner that apparently the stone 
is making the rounds in the trade. 


Synthetic “Star of Destiny” 


The new synthetic Star of Destiny, 
distributed by William V. Schmidt, 
Inc., is the latest attempt to reproduce 
the appearance of star ruby and sap- 
phire (Figure 5). It is an assembled 
product consisting of a ceramic back, 
a synthetic corundum or synthetic spinel 
top, and a thin metallic film between 
the two (Figure 6). The top section is 
transparent and without asterism. The 
star is caused by reflection from three 
sets of lines engraved in the base of the 
top section (Figure 7). The appearance 
of the stone is somewhat similar to that 
of star quartz, although it has the ob- 
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Figure 6 


Figure 7 
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Figure 8 


vious advantage of being much harder 
than quartz. The color of the stone de- 
pends on the color of the top section, 
which may be any color in which syn- 
thetic corundum or spinel is produced. 
It is planned to have a Star of Destiny 
for almost every birthstone color. 


Andalusite 


We had the pleasure of seeing and 
testing a gem andalusite that weighed 
more than 32 carats, the largest exam- 
ple of this rare stone known to us. 
Prior to this, the largest andalusite we 
were aware of was the 20-carat flawless 
specimen in the Peabody Museum, Har- 
vard' University. Since absorption spec- 
tra of the rare and unusual gem 
materials are understandably limited, 
we are attempting to record the spectra 
of-as many as possible. The spectrum of 


the andalusite described above is shown 
in Frgure 8. 


Idocrase Cameo 


We also identified a large translucent 
green cameo as idocrase. It is unusual 
to find what is considered a rare stone 
in the form of a cameo. This specimen 
was particularly beautiful and made an 
excellent jade substitute. Its absorption 
spectrum is shown in Figure 9. A photo 
of it is shown in Figure 10. 


Translucent Variscite 


We tested a rare example of a trans- 
lucent green variscite and were able to 
record its absorption spectrum (Fzgure 
11), We are not aware that it has been 
recorded before. 


Crocoite 
Another absorption spectrum that we 
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believe is being recorded for the first 
time is that of the very rare gem- 
collectors’ mineral, crocoite. Not only 
is its occurrence rare but, because of its 
brittle nature, it is rarely cut. Its spec- 
trum is shown in. Figure 12. 

In addition to the above. materials 
we have. tested beryllonite, scheelite, 
euclase and amblygonite in recent 
months. 
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Figure 10 


rather than the more common colors. 
It is interesting to note, however, that 
we have seen this color nie in very 
small melee-size stones. 
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Brazil. 
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gift from Mr. J. T. Elovich, Diamond 
Marketing Manager of the General 
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thetic diamonds. The company now 
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Figure 13 Figure 14 


tesinoid bonding. The former is illus- 
trated in Figwre 13 and the latter in 
Figure 14. Both photos were taken 
under 60X magnification. 


varies in shape and grain size. The type 
used for metal-bonded wheels is con- 
siderably tougher and more blocky in 
shape than that used for vitrified and 
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Developments and Highlights 


by 


at the 


GEM THAUE LAB 


in Los Angeles 


Lester B. Benson, Jr. 


Director of Research and Laboratories 


Fire-Damaged Jewelry 

A major project undertaken recently 
was the examination of several hundred 
jewelry items to determine the extent 
and nature of fire damage and the pos- 
sibility of restoration. In addition to a 
considerable quantity of diamond jew- 
elry, the inventory included a number 
of pearl-set items and other pieces con- 
taining jade, turquois, opal, amber, etc. 

Examination established the presence 
of a number of treated stones among 
the jade, pearl and turquois jewelry, 
which, for the most part, displayed fire 
damage. The dyed jade had been altered 
in color. Many of the black-treated cul- 
tured pearls displayed a streaky dis- 


coloration, but it was confined to the 
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surface-treated specimens. Some of the 
turquois had been paraffin treated and 
displayed a spotty discoloration. 

Of special interest. was the smoke 
stain within inherent cracks in some of 
the remaining stones. It was noticeably 
concentrated in many of the separations, 
attesting to the exceptional penetrating 
ability of smoke fumes. Actually, the 
damage inflicted by the smoke and heat 
to the overall inventory was minor in 
relation to that caused by handling 
after the fire. 


New GIA X-Ray Unit 


The Los Angeles Laboratory is 
pleased to announce the installation of 
a new X-ray unit for pearl testing. It is 
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considerably larger than the previous 
one and, with the exception of a slightly 
different exterior design, is the same 
as the new unit also recently installed 
in the New York Laboratory. Both in- 
struments feature automatic timing con- 
trols, advanced safety devices, and other 
features that simplify radiography and 
fluorescence testing of pearls. 


Treated Turquois 


The announcement of a new treated 
turquois was received recently with the 
statement that it had been treated with 
a special plastic that emitted no odor 
when heated. If true, this could have 
caused considerable difficulty in the 
identification of mounted plastic- 
impregnated material. However, tests 
with an electric heat needle revéaled 
that the claim was incorrect, for the 
odor was similar to that produced by 
Bakelite. It is possible that a slightly 
higher heat may be required for detec- 
tion than for the earlier treated material, 
and thus may not have been noticeable 
during polishing: This could explain 
the claim that the material does not emit 
a typical plastic odor, since most lapi- 
daries use a polishing wheel for detec- 
ting this type of treatment. 


An Unusual Benitoite 


A very unusual benitoite, weighing 
2.78 carats, was sent to the Laboratory 
for identification. The stone was attrac- 
tive in color and flawless. It possessed 
such strong dichroism that, when ob- 
served under magnification through the 
table, the extraordinary ray was almost 
completely absorbed. The resultant ab- 
sence of doubling when viewed in this 
position made it appear to be singly re- 
fractive. In the polariscope or through 


the dichroscope, the dichroic colors were 
colorless and almost black. 


Paraffin-Treated Turquois 


A rather expensive turquois necklace 
submitted for checking proved to be 
average-quality paraffin-treated mate- 
rial. When it was returned to the jew- 
eler who had offered it for sale, he was 
quite concerned and contacted his sup- 
plier. The supplier apparently was very 
disturbed and claimed that it was natu- 
tal for paraffin to be present, since 
turquois “is polished with paraffin.” 
Anyone who has had experience with 
turquois is fully aware of the disastrous 
results of impregnating it with parathn, 
since the end result is an eventual color 
change. Furthermore, compact, fine- 
quality material does not need aids of 
this kind to produce a high polish. 


New Ecuadorian Gem Lab 


A prominent jeweler, Augusto M. 
Castro, from Quito, Ecuador, visited 
Los Angeles recently to purchase dia- 
monds and other jewelry merchandise 
for resale in his own country. While dis- 
cussing diamonds with a wholesaler, he 
was given the opportunity to examine a 
number of stones through the new 
GEMOLITE ‘(the GIA’s gemological 
binocular microscope) and was highly 
gratified with the results. He was not 
aware that such equipment existed, and 
subsequently was referred to the Instt- 
tute. The fact that a complete selection 
of specialized grading and merchandis- 
ing instruments was available, in addi- 
tion to comprehensive gemological 
training, impressed Mr. Castro greatly, 
since these modern jewelers’ aids are 
virtually unknown in Ecuador. He im- 
mediately changed his plans and made 
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arrangements for a program of concen- 
trated private tutoring in diamond 
grading and appraising and general 
identification procédures. All discus- 
sions were handled through a trans- 
lator. Mr. Castro was unusually adept 
at grasping the full significance of the 
various phases of his training program, 
and quickly became proficient in the 
use of the instruments. He left with 
complete equipment to set up the first 
basic gemological laboratory in Ecuador. 


New Film For Jewelers’ Camera 


For those who are using the new 


GIA JEWELERS’ CAMERA, attention 
is called to the recently introduced 
Polaroid film: Type 47. It offers all of 
the advantage of.the old film, in addi- 
tion to a 3000 speed rating and ten- 
second developing. The faster speed 
but wider latitude actually reduces the 
range of exposure times formerly re- 
quired to accommodate various combi- 
nation of lighting and enlargements, 
thus assuring superior photographs on 
the first exposure of a new setup. The 
ten-second developing time permits 
duplicating prints as fast as the film 
can be removed and coated. 


Denver Diamond Class 


Members of the Denver, Colorado, Dia- 
mond Evaluation Class that met September, 
1960. First row, left to right: Wade Mun- 
den, Salt Lake City, Utah; Alexander 
Dietz, Denver; J. A. May, Farmington, 
New Mexico; Arthur O. Bush, Denver; 
and Rex Gard, Alva, Oklahoma. Second 
row, left to right: Mrs. Clifford W. Odell, 
Je., La Habra, California; Clifford W. 


Odell, Jr., La Habra, California; Fred 
Crum, St. Francis, Kansas; R. C. Neuen- 
schwander, Scott City, Kansas; and Charles 
McElwain, Fort Morgan, Colorado. Third 
row, left to right: Eugene E. Rose, Denver, 
Ernest E. Hess, Lakewood, Colorado; For- 
rest J. Lutz, Yuma, Colorado; and Harry 
Blalack, Denver. Standing, GIA Instructor, 
Gale M. Johnson. 
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Planning and Using Your New Diamond Room 


Continued from page 104 


tain design balance and the feeling of 
a complete unit, the use of any highly 
contrasting medium of this kind te- 
quires some duplication elsewhere. The 
other counter that was removed was 
replaced by sit-down counters. 

Depending on the location of the 
jewelry stock to be shown in the dia- 
mond room, it may be advantageous to 
alter the design in this example by open- 
ing the aisle behind the counters into 
the room. In this case, the table could 
be placed parallel to the aisle and ex- 
tended from. wall to wall, to take maxi- 
mum advantage of a small area. These 
details are optional, and several possible 
layouts should be considered before 
making a final decision. 

The location of the lamps over all 
parts of the diamond area is critical; 
they should be centered over the cus- 


tomer, not over the counters. This will 
prevent disturbing reflections from 
counter tops and will not impair the 
efficiency of the lamps. 

Instead of a completely tiled floor, 
carpeting should be used in the dia- 
mond room; if desired, it also may be 
used in the general diamond area, ex- 
tending into the aisle only far enough 
to accommodate the chairs and standing 
areas in front of the counters. Whether 
or not carpeting is advantageous 
throughout the entire store depends on 
the nature of the establishment and the 
clientele to which it caters. For most 
stores, one or two small carpeted areas 
ate sufficient to impart the desired at- 
mosphere, and it is comparatively inex- 
pensive to add. If tile is used, it should 
be neutral in color and without a pro- 
nounced pattern, 
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A Heport on 


European Laboratories 


by 


Richard T. Liddicoat, Jr. 
Executive Director of the GIA 


Introduction 

Most readers of Gems & Gemology 
have seen references to one or more of 
several European gemological labora- 
tories. The names and many of the ac- 
complishments of their staff members 
are also familiar to many Canadians and 
Americans. However, readers may be 
interested in more detailed first-hand 
information about some of these labo- 
ratories and their people. Before and 
after the Eighth International Gemo- 
logical Conference, held in Milan, 
Italy, the first week of October, 1960, 
we had the opportunity to visit a num- 
ber of European laboratories. The pur- 
pose of this article is to portray by 
word and photograph those that were 
visited. 

Each of the major Jaboratories vis- 
ited seemed well equipped to identify 
any type of natural gemstone and those 
substitutes now on the market. With 
the exception of the London Labora- 
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tory, which is devoted exclusively to 
gem-testing, each functions in the dual 
capacity of a commercial testing labora- 
tory and a training facility. For the 
student-practice function, the equip- 
ment seemed to limit practical class 
size to a few students. Instruction ap- 
parently is confined largely to gem 
identification. 

The natural tendency for American 
and Canadian gemologists is to be most 
familiar with the writings that have ap- 
peared in English. Thus, the writings 
of the famous gemologists associated 
with the London Laboratory and those 
of Dr. E. J. Gubelin are more familiar 
than the contributions of those German 
and Italian gemologists, whose writings 
have been confined to their respective 
languages. The staff members of the 
GIA were least familiar with the labo- 
ratories and the activities of our Italian 
colleagues, Publication of the large, at- 
tractive volume entitled Gemmologia, 
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Jeweler training at Valenza. 


Professor Bignami pre- 
pares pearl for X-ray 
diffraction. 


written by Madame Speranza Cavenago- 
Bignami, underscored the fact that 
gemology has made great strides in 
Italy. The visit provided further en- 
lightenment on progress there. 


Italy 

There are four laboratories in Italy, 
we were told, three operated by an as- 
sociation of pawn shops and the Labe- 
ratorio Gemmologica del Servizio Pub- 
blico di Stato, directed by Madame 
Bignami. The one we were privileged 
to see was that operated by Madame 
Bignami, in Valenza-Po, a city almost 
entirely devoted to jewelry manufactur- 
ing. About 130 firms are occupied in 
making gold and platinum jewelry, as 
well as jewelry in a complete spectrum 
of qualities. 

A school in Valenza, with an attend- 
ance of about 400, teaches all phases of 
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the jeweler’s art, including gold- and 
platinumsmithing, engraving, jewelry 
designing, stonesetting and gemology. 
Madame Bignami has an efficiently 
equipped laboratory and classroom in 
which some of the students are taught 
gemology. 

The school, called the Benvenuto 
Cellini Scuola di Oreficeria, is govern- 
ment supported. It is equipped with up- 
to-date instrumentation of excellent 
quality. Polarizing and binocular micro- 
scopes, X-ray diffraction and radio- 
graphic equipment, photographic equip- 
ment, balances, ultraviolet lamps, an 
endoscope-and many other instruments 
were evident. 

.Judging by the finished work of 
students and the excellence of the fa- 
cilities, Benvenuto Cellini offers a thor- 
ough training in the jewelry-manufac- 
turing field. It is clear that Professor 


Professor Bignami places 
a pearl on an endoscope. 
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Example of a student design at the 
Cellini school. 


Professor Dr. Karl Schlossmacher uses a horizontal microscope of his own design. 


Bignami has the enthusiastic support of 
the school administration. Her own en- 
thusiasm and knowledge of the subject 
should make her an outstanding teacher. 

The Italian laboratory and that of 
M. Gobel, in Paris, follow one practice 
not employed in London or U.S. Labo- 
ratories: stones submitted for testing 
are identified by number rather than by 
the owner's name, and they are sealed in 
a transparent envelope. 

Germany 

Professor Dr. Karl Schlossmacher is 
in charge of the German laboratory and 
gemological school in Idar-Oberstein. 
Professor Schlossmacher, a man in his 
early seventies, is known for his revi- 
sion of Bauer’s famous Edelste:nkunde, 
and since that time, other books and 
many articles on gemstones and gem 


identification. The laboratory-classroom 
and offices are located on the floor above 
the main gem museum of Idar-Ober- 
stein. The laboratory has an X-ray 
diffraction and radiographic unit, in 
addition to binocular and polarizing 
microscopes, balances, ultraviolet lamps, 
spectroscopes and other equipment. One 
unusual instrument is a horizontal po- 
larizing microscope designed by Dr. 
Schlossmacher. It enables him to im- 
merse stones in liquid in a strain-free 
glass-walled vessel, an arrangement by 
which a holder mounted in a vertical 
position permits easy manipulation of 
the stone. Classes for beginning stu- 
dents of 20 or more are given periodi- 
cally. Professor Schlossmacher limits 
advanced instruction of two weeks du- 
ration to two students at a time. 
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France 

Mr. G. Gobel, of the Paris Labora. 
tory (full title: Inspecteur de Service 
Public du Controle des Pierres Precieu- 
ses de la Chambre de Commerce de 
Paris), is assisted by two feminine gem- 
ologists, one of whom, Mlle. Dinah 
Level, has been with him for over thirty 
years. The articulate Miss Level is an 
enthusiastic student of inclusions. She 
has made up literally thousands of mi- 
croscope slides on which rough speci- 
mens with flat facets have been mounted 
to show inclusions to advantage. 

Gem identification is taught over a 
four-year period, with about thirty eve- 
nings comprising the first year, a week 
or so the second. and third, followed by 
two weeks, I believe, as the fourth 
year. After the first year, emphasis is 


placed on the use of inclusions in 
identification. 

The laboratory is well equipped, with 
endoscopes and X-ray equipment for 
pearls, plus binocular and polarizing 
microscopes, refractometers, ultraviolet 
lamps, spectroscopes, and other equip- 
ment for stone identification. 


Switzerland 

In Lucerne, we visited the remark- 
able gem-testing facilities of Dr. E. J. 
Gubelin, who maintains one complete 
laboratory and two special-purpose Jab- 
oratories, the least of which would do 
credit to the term. Actually, the labora- 
tory in a diamond room on the main 
sales floor of the Gubelin firm in Lu- 
cerne is purely for diamond grading, 
rather than a gem-testing facility. 


Dr. Edward Gubelin measuring the angles of a bril- 
liant-cut diamond with the two-circle goniometer 
in his diamondroom. 
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Hee! 


pues 


Two views of the Gubelin Gemological Laboratory. 
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Gubelin’s private gemological laboratory 


Note the Leica camera backs in position on the diffraction-grating photospectro- 
scope, far right, and on both horizontal and vertical microscopes. 


Gubelin's private gemological laboratory — the study corner. 
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_The main laboratory, also in the 
store, is probably without peer. Cer- 
tainly, the GIA Laboratories and the 
fine London Laboratory do not have 
the full variety of equipment that the 
Gubelin Laboratory boasts. Here Dr. 
Gubelin maintains X-ray diffraction and 
radiographic equipment; a quartz spec- 
trograph ; a variety of spectroscopes and 
spectroscope light sources, including a 
versatile light and spectroscope mount 
of his own design; a variety of ultra- 
violet light sources; separate balances 
for weighing and S. G. determinations; 
petrographic and binocular microscopes 
of recent vintage (and the only dark- 
field-illuminator-equipped binocular 
microscopes we saw in European labo- 
ratories) ; and many other instruments. 
Each of the three refractometers, in- 
cluding one of the three Rayner has 
made with a diamond hemisphere, is 
equipped with its individual monochro- 
matic sodium light source. Each of the 
instruments set up for photography has 
its own Leica back in position. 

Edward J. Gubelin earned his Ph.D. 
at the University of Zurich in 1938. 
Subsequently, in 1939, he traveled to 
Los Angeles to study at the GIA, earn- 
ing a diploma that year. Since then, he 
has been equally successful as a scientist 
and a jeweler. The family firm, long 
concerned primarily with the manufac- 
ture and sale of Gubelin watches, is 
now a major Swiss, and even a major 
European, retailer of fine jewelry; in 
fact, it is one of the fine firms in 
Europe. Dr. Gubelin’s enthusiastic ap- 
preciation of the beauty of gemstones 
and fine jewelry craftsmanship, as well 
as his knowledge of both, permitted 
him to increase jewelry sales rapidly. 

He has always had a keen interest in 


both the scientific and esthetic aspects of 
gemstones. His inclusion studies have 
been of great value to the practicing 
gemologist, and his incomparable pho- 
tomicrographs in color are the work of 
an artist. His invaluable articles on the 
diagnostic value of inclusions, both in 
identification and in determination of 
source, are familiar to all gemologists. 
Much of his early work on the subject 
is summarized in his book, Iclusions as 
a Means of Gemstone Identification. 
He has written valuable articles on 
many other gemological subjects. His 
prolific output is even more remark- 
able because it is accomplished during 
evenings and holidays, in addition to a 
heavy business schedule. 

Dr. Gubelin trains other Swiss jew- 
elers in short gemological classes, 
scheduled annually. His gemstone 
study collection fer this purpose is 
outstanding. 

Edward Gubelin is an able motion- 
picture photographer. A movie in 
sound and color on gem mining in 
Ceylon, his most recent effort, has a 
thoroughly professional quality. 


England 

The London Laboratory was founded 
in 1925 by Basil W. Anderson, B.Sc., 
and is still under his direction. He is 
assisted by an outstanding staff, con- 
sisting of C. J, Payne, Robert Webster 
and A. E. Farn. The Laboratory occu- 
pies quarters a few steps below street 
level in a building dating from the 16th 
century. Although some of the equip- 
ment is less than elaborate, it has been 
used to great advantage over the years. 
The contributions of the staff to the 
fund of gemological knowledge has 
been nothing short of remarkable. 
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Anderson received his college train- 
ing at King’s College, London Univer- 
sity, graduating in chemistry with ge- 
ology as a minor. Payne,-too, graduated 
from King’s College, receiving his de- 
gree in geology, and joining Anderson 
in 1928. 

Before undertaking the study of 
gemology, Robert Webster was in a 
family pawnbroking business. His stud- 
ies at Chelsea Polytechnic led to his 
fellowship in the Gemmological Asso- 
ciation in 1934, He was engaged in re- 
search while still at Chelsea. In 1946, 
he joined-the Laboratory at an exceed- 
ingly busy time, “because he was,” said 
Anderson, ‘‘the only man in the country 
of value to us without further extensive 
training.” 


B. W. Anderson examines a 

ring under one of the London 

Laboratory's Greenough-type 
binocular microscopes. 


Hatton Garden on a rainy day. The 
Laboratory is beneath the second sign. 
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Payne and Webster study 
a ring, 


A. E. Farn weighs a lot 
of stones. 
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The London Laboratory's Abbe- 
Pulfrich Refractometer and special 
specific-gravity scale. 


A. E. Farn joined the Laboratory in 
1946 as a trainee when he was dis- 
charged from the service. He had been 
employed by a pawnbroking firm prior 
to the war and had passed his prelimi- 
nary examinations for the FGA. He re- 
ceived his fellowship in 1947. Farn has 
been with the Laboratory for fifteen 
years. His name is beginning to appear 
frequently on articles in the gemologi- 
cal journals. 

The London Laboratory was estab- 
lished by the Committee of the Dia- 
mond, Pearl and Precious Stone Section 
of the London Chamber of Commerce 
to provide a facility for distinguishing 
natural from cultured pearls. Ander- 
son, who had just graduated from 
King’s College, was recommended by 
his geology professor for the position. 
He established the first independent 
gem-testing laboratory in the world. 

Since Paris was the center of the pearl 
trade and the seat of what pearl-testing 
research was being carried on, he went 
to that city to learn what he could. He 
started work with “a telephone, a bal- 
ance and a ‘Lucidoscope,’ which tested 
pearls inefficiently by candling.” The 
next year, the endoscope. made its ap- 


pearance and ended what had been a 
nightmarish period of attempting to 
make identifications without adequate 
equipment. The endoscope made possi- 
ble the accurate identification of all 
drilled pearls, Soon in this heyday of 
the pearl there was too much work for 
one. man, so Payne joined Anderson. 
They moved to larger quarters and in- 
stalled X-ray equipment to identify un- 
drilled pearls. 

During the depression, the’ serious 
business decline provided the two men 
with the opportunity to engage in highly 
productive research. Much of the basic 
property-value information in gemology 
at the time was inaccurate; errors were 
passed on from author to author. Many 
errors were discovered and corrected by 
these two men during that period. They 
were responsible for the 1.81 refractive- 
index liquid (sulphur-saturated methy- 
lene iodide) used throughout the world 
today. They prepared the tetraiodoethyl- 
ene (C,I,) that made it possible to pro- 
vide this stable liquid. Both worked 
with Rayner in experiments that led to 
the use of a prism instead of a hemi- 
sphere and ultimately to their present 


Continued on page 157 
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A New Emerald Find 


In Colombia 


Colombia, long the major source of 
fine emeralds, has suffered a severe 
shortage of material for several years. 
Muzo reportedly has been worked stead- 
ily by the Colombian Government for 
more than two years without producing 
any high-quality stones. Therefore, the 
discovery of a new source of fine emer- 
ald rough was most welcome. 

A few fine crystals were examined in 
the Los Angeles GIA Laboratory re- 
cently. Each of the clear, deep-green 
stones showed prism faces, and the two 
or three with basal pinacoids also had 
very small bipyramid faces of the same 
order as the prisms. We understand that 
production has ranged in size from one 
carat to about thirty carats. The rich, 
velvety color of the few we saw was 
reminiscent of the Muzo product. 


Large three-phase inclusion. 


Since the stones were available to the 
Laboratory staff for less than an hour, 
the number of property determinations 
was limited. Readings on sufficiently flat 
crystal faces gave refractive indices of 
1.569-1.576. The single S.G. determi- 
nation made was on a 20-carat crystal ; 
it was 2.704. 


Three-phase inclusions were noted in 
each of the crystals; one contained two 
large cavities with movable bubbles. 
Most of the stones were less flawed than 
material of comparable color from other 
sources examined in the past. 


One interesting characteristic from 
an identification standpoint was the fact 
that the stones fluoresced to some ex- 
tent, appearing to be slightly stronger 
than that of other natural emeralds. The 
fluorescence differed from that of the 
Chatham product, in that it did not 
seem to make the entire stone opaque; 
it still appeared to be transparent. It 
would be necessary, however, to make a 
side-by-side comparison of the two, in 
order to distinguish between them on 
the basis of fluorescence. 


The new find was made at a point 
four hours by muleback from the village 
of Borur. This is about one hundred 
miles northwest of Bogota, and some- 
what south of Muzo. It has been the 
scene of a wild rush of perhaps fifteen 
hundred miners. At this writing, the 

Continued on page 158 
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Developments and Highlights 


a at the 


| GEM TRADE LAB 


in Los Angeles 


Lester B. Benson, Jr. 


Director of Research and Laboratories 


Synthetic Spinel Doublets 

A selection of synthetic spinel doub- 
lets was submitted by a former student 
for comment. They are presently avail- 
able in sixteen different colors, dupli- 
cating most of the common gem 
materials, including a black, almost jet- 
like variety. All consisted of transparent 
synthetic spinel crowns and pavilions 
joined together with a colored cement. 
A refractive-index reading detected 
them readily. Of interest, however, was 
the fact that they all fluoresced green 
under X-rays and, except for the peridot 
color, appeared red or reddish through 
the color filter. The latter turned an al- 
most aquamarine blue. 

Black-Opal Collection 
The GIA staff was privileged to in- 


spect an outstanding collection of ap- 
proximately one hundred fifty black 
opals. Fifty-four representative stones 
were selected for: recording and were 
photographed in stereo with the GIA’s 
new equipment. The collection, which 
was started about fifty years ago, in- 
cluded a few stones in the 314- to 5- 
carat range, but the majority were from 
10 to 27 carats. Almost every con- 
ceivable type of play of color was 
represented. 
Ruby Cufflinks! 

The new cufflinks shown in the ac- 
companying photograph contained very 
well-matched rubies. They had been of- 
fered as natural and were submitted for 
confirmation of identity. Tests revealed 
one to be natural and the other synthetic. 
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The stones were so well matched that 
we were curious as to what led the 
owner to have them tested. 


Carved Opals 

Received for identification was an 
attractive strand of carved, oval-shaped 
white opals, ranging from approximately 
12 millimeters to 25 millimeters in 
length. They exhibited only average 
play of color, but were beautifully carved. 
Of special interest was the fact that for 
years the owner had assumed they were 
glass and had kept them with her cos- 
tume jewelry. 


Hambergite 

We examined a transparent to semi- 
translucent colorless piece of gem rough 
measuring 3.70 x 14.5 x 7.5 millimeters 
that could easily have been confused 
with colorless spodumene in appear- 
ance. The unusual properties of this rare 
mineral are unmistakable in testing 
however. The huge birefringence of .07, 
in the 1.55-1.62 refractive-index range 
and the low (2.35) S.G., plus excel- 
lent cleavage, identified the specimen as 
hambergite. 


Cufflinks of natural and synthetic 
ruby. 


Natural Pearl with Color Change 

A natural pearl measuring approxi- 
mately 11.8 millimeters in diameter pos- 
sessed a violetish-rose hue that was very 
obvious in daylight. Under standard 
fluorescent lamps, however, a very strong 
green overtone was present, resulting in 
a distinct color change between the two 
types of illumination. Had the violetish- 
rose and the greenish color been asso- 
ciated with incandescent and daylight 
illumination, respectively, it would have 
been easier to understand because of the 
ptedominance of long wavelengths in 
incandescent light and of shorter wave- 
lengths in daylight. The color under 
incandescent light was approximately 
that produced by daylight illumination. 


Unusual Three-Phase Inclusions 


The included crystals in the three- 
phase inclusions of Colombian emer- 
alds are noted for their cubic shape. 
In the September, 1951, issue of the 
Gemmologist (Vol. XX, No. 242), 
an exception was reported; namely, a 
hexagonally shaped crystal. A similar 
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Unusual three-phase ~ 
inclusions, 


specimen was encountered recently, and 
the inclusion is illustrated in the accom- 
panying photograph. As explained in 
the Gemmologist, this is probably the 
result of an inclined orientation of the 
cube form, the outline of which then 
constitutes a six-sided form. A flattened 
dodecahedral crystal could also account 
for this, but it would be an unusual 
form for halite, which is assumed to be 
the mineral constituent. 


Increased Demand For 
Marquise Diamonds 


A number of comments recently from 
diamond dealers indicates an increased 
demand for marquise diamonds in this 
country and a shortage of rough that is 
practical for marquise cutting. The re- 
sult has been an increase in price rela- 
tive to other shapes. There is always a 
variation in pricing practices among im- 
porters of this fancy shape, but the 
demand has tended to accentuate it re- 
cently. The differential over comparable 
rounds has moved from the usual range 
of parity of 10 or 15% more for mar- 
quises to a range of about 10 to 30% 
higher. 


New Opal Substitute 
A new opal substitute was encoun- 
tered recently: a rock-crystal cabochon 
backed by abalone shell. It is a very 
good imitation. 


GIA Spectroscope Unit 


Teaching the use of the spectro- 
scope in resident classes has always 
presented difficulties not encountered 
with other instruments. The need for 
both reflected and transmitted light 
for different stones, as well as high- 
intensity, heat-filtered focusable il- 
lumination, has required a number of 
accessories such as stands, diaphragms 
and baffles that could be assembled 
to meet specific requirements. 

The time needed to teach effective 
setups has been reduced greatly by 
using the new unit shown in the ac- 
companying photograph. Essentially, 
it consists of a small base platform on 
which is mounted a voltage regulator 
connected to a small, high-intensity, 
focusable spotlight. The spotlight is 
mounted on an arm attached to a cyl- 
inder containing a right-angle prism 
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GIA spectroscope unit. 


and capped with a diaphragm. The 
cylinder and light source can be ro- 
tated within a 90° horizontal arc, 
whereas the spectroscope can be ro- 
tated in a 90° vertical plane (i.e., 
from a horizontal to a vertical posi- 
tion) while remaining focused on the 
stone. The stone may be placed on 
the freely rotating diaphragm, which 
is located on top of the drum just 
above the prism, or it may be held in 
the stone tweezers and positioned 
above the diaphragm. By resetting the 
level of the light source and tilting 
the spectroscope, light may be passed 
directly through the specimen to the 
spectroscope. As a rule, transmitting 
the light through the prism permits 
the highly efficient analysis of almost 
all specimens. The prism acts as a 
heat-absorber, which is particularly 
important when testing diamonds and 


other treated stones, whose absorp- 
tion characteristics are affected by 
heat. A light baffle to shield the ob- 
server from the direct glare of the 
lamp is not needed, since it does not 
scatter the light. The lamp may be 
focused to a spot one-eighth inch in 
diameter, with a resultant intensity 
equivalent to that obtained from a 
1000-watt projector through one- 
fourth-inch aperture at a distance of 
one foot. The horizontal rotation of 
the light source about the cylinder 
axis permits the light to be directed 
through the stone at right angles to 
the. spectroscope axis, thus permitting 
the ready analysis of fluorescence 
emissions, as compared to absorption 
characteristics of direct transmitted 
light. The free rotation of the diaphragm 
makes it possible to orient the stone to 
assist in locating directional absorption. 
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The voltage regulator is of great assist- 
ance in setups, since initial adjustments 
can be made with low-intensity illumi- 
nation. Moreover, lower voltage causes 
a higher percentage output in the red end 
of the spectrum, which results in easier 
analysis of characteristic absorption in 
the 6500-to-7000-A.U. range. 


This is the first time that a highly 
“compact spectroscope assembly has been 
made available that incorporates the va- 
riety of adjustments and setups required 
for diamond and colored-stone analyses. 
Production units, which are now avail- 
able through the GIA, ate equipped with 
the standard Beck Wavelength Hand 
Spectroscope, modified with the addi- 
tion of a fixed intensity scale illuminator. 
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Synthetic Quartz 
A dark, tourmaline-green stone was 
presented to us for study as synthetic 
green quartz. No similar color has been 
reported in nature. It will be interesting 
to see if other shades more closely ap- 
proaching that of emerald will appear. 
Figure 1 illustrates the absorption spec- 

trum of this handsome stone. 


Unusual Stickpin 
An unusual stickpin consisted of a 
20th-century-cut diamond set into a 
drilled diamond rondelle and mounted 
in a gold collar. Both cuts of diamond 
are unusual, and all the more so to be 
found together. 


Beryl Triplets 
We have seen mote examples of the 
beryl-and-beryl triplets cemented with 


green cement, which shows up red under 
the color filter. With natural beryl in- 
clusions present, and mounted in a 
closed-bezel setting, a quick check of a 
stone of this type with only a color filter 
and a refractometer could lead one 
astray. The need to examine everything 
under the microscope is pointed up here. 


Star Sapphire Doublet 

Figure 2 is a photograph of a stone 
that appears to be a very fine, blue star 
sapphire. However, when observed in 
the microscope, under immersion in 
methylene iodide, it was found to be a 
doublet consisting of two parts of nat- 
ural sapphire. The top was light gray 
and had an excellent star. The back pro- 
vided the blue color. Although it ts as- 
sumed the stones were joined by one of 
the new epoxy cements, the separation 
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plane could be seen, as well as the rough 
sawed surface of the top section. The 
client had suspected the stone only be- 
cause the back section appeared too 
“clean.” If a poorer quality sapphire 
had been used for the back section, the 
stone possibly would have been ac- 
cepted without question and a very high 
ptice paid, since the platinum setting 
aided in the subterfuge. Again, we can- 
not stress too highly the need to 
examine all stones carefully under 
mapnification. 


Dyed-Black Cultured Pearl 
Figure 3 is a radiograph of a dyed- 
black half-drilled cultured pearl. Note 
that the nucleus has moved slightly, thus 
giving rise to difficulty in setting. This 
same movement of the nucleus occasion- 
ally gives a pearl-stringer difficulty. 


Hollow-Center Pearl 

A pearl driller working on large 
Australian cultured pearls encountered 
one in which he did not feel the in- 
creased resistance as the drill passed 
through the mother-of-pearl core. The 
very lustrous and nearly round pearl 
was submitted for testing and proved 
to be a hollow-center cultured pearl. It 
measured approximately 10 mm. The 
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Figure 4 


hollow center measured about 3.5 mm. 


Treated Turquois 


On two occasions, we have tested at- 
tractive turquois that did not show evi- 
dence of oiling or wax treatment, nor 
of plastic impregnation. However, inone 
instance, a strong hot light focused on 
a small spot on the back of the stone 
for a few minutes produced a bleached 
spot, indicating, perhaps, that the stone 
had been merely dyed with aniline dye. 
Another stone was boiled in water by 
the client and, according to him, the 
color faded appreciably. When we tested 
the stone, we could find no evidence of 
dye; and with the high specific gravity 
of 2.84 and the medium color remain- 
ing, it appeared to be natural in color 
at this point. 


Ruby in Chrome Zoisite 


Figure 4 is a photograph of some 
rough material from which attractive 
cabochons have recently been cut. It has 
been identified as ruby in chrome zoisite 
with black hornblende. The stones are 
a striking green ‘and red combination 
with occasional black areas: The mate- 
rial is reportedly from an area between 
Kenya and Tanganyika. In the same 
area, in alluvial deposits, small rubies 
have been found that have been cut into 
stones up to one carat in weight. It is 
reported that the potential supply of 
these is adequate to commence commer- 
cial cutting. To date, we have tested 
three separate parcels of calibre-cut 
rubies reported to be from these depos- 
its. Although they appear somewhat like 
the dark-red Burma ruby, they differ in 
that they do not fluoresce under long- 
wave ultraviolet light. 


Danger in Hardness Tests 


The danger of the hardness test was 
illustrated to us when an attorney sub- 
mitted for his client, a pawnbroker, a 
fine-quality three-carat emerald-cut dia- 
mond mounted in a lady’s engagement 
ring. The only flaws we observed were 
the deep scratches resulting from a hard- 
ness test that had been applied by the 
client when he found that the owner of 
the ring had furnished a nonexistent 
New York address. Concerned with the 
possibility of having accepted a diamond 
substitute, he proceeded to make a hard- 
ness test on the table by using another 
diamond. We do not know what the 
owner of the ring had to say when he 
later redeemed the ring, since the 
scratches could be seen with the unaided 
eye, but the fact that the pawnbroker’s 
attorney brought it in gives us a good 
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Figure 5 


idea of the dialogue. 
Wormlike Inclusions 

We were very much amused by Lestez 
Benson's note and photograph in the 
Summer, 1959, Gems & Gemology, il- 
lustrating a chalcedony cameo in which 
the client noted a “worm” that was re- 
cent in origin and increasing in size. 
We are very happy that we had his note 
as a reference, since we recently had a 
client with precisely the same complaint. 
Figure 5 is an enlarged view of a round 
agate tablet showing very clearly the 
“wormlike’”’ markings that the client was 
sure were organic. It was his claim that 
they had spread over the past few years, 
pushing the topmost bands closer to- 
gether, in addition to showing up more 
clearly with the passing of time. At one 
point, convinced that there was a worm 
in his stone, he applied heat, but all that 
happened was for the holes to darken. 


It was our observation that the ““worm- 
like” inclusions became visible only 
when they were exposed at some point 
by the cutting. Deep within the stone 
were some characteristic chalcedony 
whorls with what appeared to be 
“wormlike’ inclusions; however, be- 
cause of the semitranslucent nature of 
the stone, it was impossible to deter- 
mine if they were merely unexposed in- 
clusions or something entirely different. 
We wonder if anyone else has. observed 
“worms growing in agate.” 


Absorption Spectra 


Two somewhat different absorption 
spectra for diamonds are shown in Fig- 
ures 6 and 7, Figure 6 was taken froma 
very beautiful atomic-treated dark-blue 
diamond. In addition to the 5820 A 
“treated” line, there is an additional, 
moderately strong line just past 6200 A. 
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Figure 7 


The stone had no fluorescence, possibly 
because of the dark color. The absorp- 
tion spectrum in Figure 7 was taken 
from a matched pair of greenish-yellow 
natural color diamonds with bluish 
fluorescence under long-wave ultra- 
violet light. It is the same absorption 
spectrum that we have come to expect 
from natural brown diamonds that 
show up green when a strong pinpoint 
of light is passed through them, with 
the exception of the 5180 A line, which 
is rarely encountered in any diamond. 


Misrepresentation 


Figure 8 is a photograph of one of 
the most flagrant misrepresentations 
that we have seen recently. The photo- 


graph does not illustrate the deception, 
since it was printed on the inside of the 
well-tailored gift box and stated, “Gen- 
uine Fresh-Water Pearls.’’ In fact, they 
were ordinary imitations with iridescent- 
glass stones ornamenting the metal. 


“Coated” Diamonds 

During the course of studying known 
natural-colored diamonds, we were for- 
tunate in acquiring some rough Sierra 
Leone stones that the importer called 
“coated” stones. A different term would 
be preferable, because of the possible 
confusion with the existing term used 
in reference to the troublesome man- 
applied coatings on diamonds. One 
stone, illustrated in Figure 9, showed 
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Figure 8 


a zonal distribution of color paralleling 
the octahedral faces. In the photograph, 
we are looking through a “window” 
polished by the cutter. Inside, the stone 
was virtually colorless. We were unable 
to discover any absorption characteris- 
tics in these stones that differed from 
the ordinary naturally colored green and 
brown stones. 

Fallacy of Visual Examinations 

With emeralds being found in new 
localities in recent years, some have ap- 
pearances that confuse dealers long 
acquainted with the usual sources. Occa- 
sionally, mistakes are made when the 
identifications are based solely on visual 
examination, A case in point is the dam- 
aging appraisal of a handsome emerald 
in which the appraiser thought that he 
detected gas bubbles and subsequently 
informed his client that the stone was 
glass. The so-called gas bubbles were 
found to be a plane of black crystals 


Figure 9 


that appeared like doughnut-shaped gas 
bubbles when viewed under a loupe be- 
cause of a light ring, or “halo,” around 
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Book Heview 


A history of the Crown Jewels of 
Europe, by Lord Twining. Format: 
9 x 12 inches, 707 pages: 230 plates, 
containing more than 800 illustrations. 
Publisher: B. T. Batsford, Ltd., 4 Fitz- 
hardinge St., London W 1, England. 
1960. Price: 16 guineas (approximately 
$47). 


This is one of the most ambitious 
literary undertakings ever attempted in 
this field. It has been described as 
monumental, encyclopedic and compre- 
hensive; but these adjectives seem al- 
most inadequate, since it encompasses 
707 9- by 12-inch pages, about 800 in- 
dividual photographs, and information 
on more than 600 crowns, 187 scepters, 
98 orbs and 116 ceremonial swords! It 
covers a period of seventeen centuries, 
and each of the twenty-seven chapters 
deals with a different country in Eu- 
rope. The author, Lord Twining, stud- 
ied a vast amount of literature in nearly 
twenty languages and visited most of 
the countries concerned, in order to 
examine the jewels of which he has 
written. 

Conceived nearly thirty years ago, 
Lord Twining originally intended the 
book to be in two parts. He planned 
the first of these to be a study of the 
origin, development and meaning: of 
royal ornaments, with additional chap- 
ters on Orders of Chivalry, precious 
materials and symbolism. The second 
was to be a country-by-country descrip- 
tion of all the European crown jewels. 
It soon became obvious, however, that 


the information required to write Part 
II had to be available before Part I 
could be undertaken ; hence, the present 
volume. Therefore, it is to be expected 
that Part I will be forthcoming some- 
time in the future. 

Regalia and other crown ornaments 
have played an important part in the 
history of Europe, and the author de- 
scribes in fascinating detail their adven- 
ture-filled histories: how they have been 
hidden, buried, stolen, pawned, sold 
and broken up for political reasons, 
and how murders and other violent 
crimes have been committed in attempts 
to gain possession of them. 

The book describes fully the personal 
jeweled ornaments in the great treas- 
ures of Europe’s royal houses, which 
can be included under the term crown 
jewels. Among these are some of the 
most celebrated and fabulous diamonds, 
pearls and other gems known to his- 
tory; their stories are important not 
only historically but also in more purely 
human terms. The book, in fact, covers 
a wider range of regal insignia than has 
ever been assembled in one volume, and 
discusses numerous items whose exist- 
ence has formerly been known to only 
a few. 

In addition, many absorbing and 
little-known facts are brought to light. 
One of these is that the English corona- 
tion ceremony and regalia has a longer 
and more continuous history than that 
of any country in Europe. It is only in 
England, apart from the Papacy, that 
the coronation service survives, Strictly 
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speaking, the kings and queens of Eng- 
land are the only persons in that coun- 
try who are entitled to wear the royal 
crown. 

Little is known of the regalia and 
rights of the English pagan kings, but 
as late as 1956-1957 some bronze dia- 
dems and crowns, probably dating from 
the second and fourth centuries A.D., 
were found in Hockwold-cum-Witton, 
on the southern boundary of Norfolk. 

When the very earliest kings were 
crowned and anointed, little thought 
was given to the need for a permanent 
set of coronation ornaments. But, as na- 
tionhood was established, the Church 
gradually gained the right to crown a 
king and claimed custody of the re- 
galia, to make sure that there were no 
candidates of whom the Church did not 
approve. The abbots and monks of 
Westminster claimed that they pos- 
sessed the crown and other relics of St. 


Edward that were to be used at the coro- 
nation of English kings. Similar claims 
were made in other countries, and it is 
thought that the clergy at Monza, who 
asserted that they were custodians of 
the Lombard Crown, may have faked 
a crown to strengthen their claim! 

Neither has thé author neglected the 
lighter side of his subject. He relates 
one humorous incident, for example, 
pertaining to the coronation of George 
III and Charlotte. This ceremony was 
something of a fiasco, because the 
Sword of State was completely forgot- 
ten and the Sword of Justice was found 
to be missing at the crucial moment:-— 
because the person who had been dele- 
gated to carry it had slipped into a 
nearby grog shop to fortify himself 
against the strain of the forthcoming 
ordeal ! 

This brief description should be suf- 
ficient to indicate that A History of the 
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Crown Jewels of Europe is truly an 
extraordinary book — one that ap- 
proaches a vast subject in an erudite 
and workmanlike manner. Even so, the 
text is well written and engrossing. 
Moreover, Lord Twining must be 
praised for his efforts in acquiring and 
assembling the multitude of photo- 
graphs, many of which are new. It will 
perhaps seem regrettable to some, how- 
ever, that at least a few color plates 
could not have been included. 

Unlike so many otherwise excellent 
books that are used frequently as refer- 
ence works, it is indeed pleasing to 
report that the author has seen fit to in- 
clude a comprehensive 39-page index. 


Researchers and other serious readers 
will welcome the bold-face listings of 
the more important references, the itali- 
cized captions, and the symbols indicat- 
ing the number of references on the 
same page. A selected bibliography is 
given at the end of each chapter, and a 
list of general works is included in the 
back of the book. 

This is an exceptional book — one 
that should occupy a place of honor and 
respect in the library of every earnest 
student of gems and jewelry. It, as well 
as the proposed companion volume, 
will undoubtedly become a prized col- 
lector’s item. 


Gemological Digests 


Jagersfontein Mine 

Prolonged negotiations between De 
Beers Consolidated Mines, Ltd., and 
the Union of South Africa Government 
will extend the production period of 
the Jagersfontein Diamond Mine for 
approximately ten years longer. Last 
year, there were strong rumors that the 
Jagersfontein Mine would be closing 
down. However, in anticipation of a 
successful conclusion to the negotia- 
tions, De Beers has already carried out 
preliminary work at the mine to “drop 
down’ from the present level of 1,870 
feet to 2,500 feet. Production from this 
new level will start in 1964. 


New Method of Cutting Diamonds 
A new method of sawing diamonds 
has been developed by Industrial Dis- 


tributors, Ltd., Johannesburg, South 
Africa. The stone to be sawn is im- 
mersed in paraffin and a spring-loaded 
metal blade is placed on it. The blade 
is coupled to an electrical supply at 
several thousand volts and the diamond 
beneath the blade is eroded away. A 
one-tenth-inch diamond was cut in two 
in just over two hours, a job that might 
take a day or more the old way. 


Russia 

The Soviet news agency, Tass, re- 
ports that a new and large diamond- 
bearing area, incomparably richer than 
the Soviet Union’s world-famous 
“peace pipe,” has been discovered in 
Yakutskaya, in the valley of the River 
Sokhsolookh. This new deposit, which 
bears the name “‘Aihal’” (glory), is sit- 
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uated in an area that is extremely diffi- 
cult to reach; however, a convoy of 
trucks carrying equipment and supplies 
for geologists has been sent into the 
area from the Yakutskaya diamond- 
mining center at Mirny. 


Antarctica 
According to Tass, a Soviet geologi- 
cal survey has revealed that large de- 


posits of gold, diamonds, iron, mica and 


other minerals may be found on Queen 
Maud Land, Antarctica, 


Indonesia 

It has been reported that the Indo- 
nesian Government is conducting ex- 
ploration deep within Borneo, with a 
view to developing the interior of the 
island, eventually helping the Republic 
to become self-sufficient. In 1960, there 
was a rush to a new diamond field at 
Kahaju Hulu, in central Borneo. Ap- 
proximately 30,000 people came up 
from the coast when four diamonds that 
later were sold for £10,000 were found 
in a river bed. Several fair-sized dia- 
monds have been. found, and just re- 
cently a 12-carat stone valued at about 
£8,000 was found. 


Portable Diamond Detector 

It has been reported that a portable 
device for detecting diamonds has been 
developed in the Soviet Union. The 
operation of the system depends on the 
use of radio-isotopes, which eliminates 
the need for cumbersome X-ray equip- 
ment. According to the original report 
from ‘Tass,’ the tests carried out with 
the new equipment are said to have 
shown that it was exceptionally efficient 
in operation and that no failures in de- 
tection of even very small industrial 
diamonds had so far been encountered. 


EUROPEAN LABORATORIES 
Continued from page 141 


refractometer design. They also experi- 
mented with synthetic spinel, sphalerite 
(blende) and diamond prisms for re- 
fractometers. 


Starting in 1932 with the most rudi- 
mentary equipment, Anderson pio- 
neered in the work on the spectroscope 
for gemtesting. Working with Payne, 
he proved the value of the instrument 
in gem identification. It has become in- 
creasingly useful with each passing 
year. The Chelsea filter was also per- 
fected at that time. Not long ago, An- 
derson was assisted by Payne in the 
preparation of a 39-part article in The 
Gemmologist summarizing their find- 
ings over the years in spectroscopy, The 
“immersion - contact” photography and 
“immersion-contrast’’ techniques for re- 
fractive-index determinations are useful 
recent additions to Anderson’s pub- 
lished works. These are but a few of 
the many contributions of these men. 


During the war, when Payne was in 
the service, Anderson operated the Lab- 
oratory and spent three nights 2 week 
in the London fire service. Even-so, he 
found time to write the first edition of 
his outstanding book, Gem Testing for 
Jewellers (now entitled Gem Testing). 
He also pioneered in work on diamond 
fluorescence and absorption, a field re- 
cently receiving increasing attention. 

All of the men on the staff have 
written many articles of value to gem- 
ologists. In addition, Webster wrote 
Practical Gemmology in 1941 and 
Gemmologist’s Compendium in 1937- 
38, both exceedingly useful works. He 
has also completed a third very compre- 
hensive book that will soon be pub- 
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lished. Webster has contributed well 
over 100 articles to the journals in this 
field. 


The Laboratory has the original dia- 
mond-prism refractometer made by 
Rayner, as well as several standard Ray- 
ners and spinel-prism Rayners. It also 
has an Abbe-Pulfrich refractometer for 
use when readings to more than two 
places are necessary. Other instruments 
include a table spectrometer; a quartz 
spectrograph ; an electric furnace; a va- 
tiety of spectroscopes; a number of 
binocular microscopes, endoscopes and 
ultraviolet-light sources; and a variety 
of minor equipment. The Laboratory 
has tested over 1,500,000 pearls and 
100,000 stones in the 36 years of its 
existence. 


In summary, the European Labora- 
toties leave one with the conviction 
‘that the people who have made them 
famous combine remarkable compe- 
tence with genuine sincerity and a 
warmth of personality. It was a privi- 
lege to visit their fine facilities. 


L. A. LAB NOTES 

Continued from page 153 
each crystal. We have noted similar in- 
clusions in stones from the Gachala 
Mine, in Colombia. 


Unusual Stones 


Among the rare stones that we have 
seen in the laboratory since the last issue 
of Gems & Gemology are chondrodite ; 
a flawless green diopside; a small stone 
with the properties of stibiotantalite but 
resembling a fine sphene; a fine square- 
cut blue kyanite; a pair of enstatite cat’s- 
eyes ; faceted transparent rhodochrosite, 
sillimanite, euclase, pollucite, cassiter- 


ite, willemite, and pink scapolite. 
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NEW EMERALD FIND 
Continued from page 142 

government has not yet determined who 
should be granted the right to work the 
property; the army, however, has sur- 
rounded the area, to keep order and 
prevent robbery. The discovery was 
made by local residents. 

It will be interesting to see how ex- 
tensive the new find is in relation to 
past discoveries. The Vego de San Juan 
Mine, better known by the name of the 
nearest village, Gachala, has been the 
subject of litigation for two years and 
has been closed for that reason. Since 
the Chivor and Muzo Mines ate appar- 
ently producing nothing of note, Borur 
could not have been discovered at a 
more propitious time. 
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Los Angeles Substitute Detection Class 


Members of the Los Angeles Substitute 
Detection Class that met February 27th, 
through March 3rd. From left to right: 


Chicago 
Jewelry Design Class 


Members of the Chicago Jewelry Design 
Class that met March 21st, through March 
25th. Standing left to right: Joe Foster, 
Athens, Ga., James M. Rudder, Atlanta, 
Ga.; GIA instructors Robert Crowning- 
shield, and Lester B. Benson, Jr.; Art Lie- 
bermann, Jr., Joliet, Illinois: Alva Collins, 


Harry J. Fink, Tujunga, California; Robert 
W. Milton, Laredo, Texas; Joseph F. Han- 
non, Corona, California; George Whitely, 
San Francisco, California; Billy J. Cook- 
sey, Pecos, Texas; Harold H. Masada, 
Fresno, California; Walter Wright, Los 
Angeles; Jerrie L. Sparks, Los Angeles; 
Allan M. Moffit, Salt Lake City, Utah; 
Norman Teufel, Buffalo, N.Y.; Olle Torn- 
dahl, Stockholm, Sweden; Franklin A. 
White, Los Angeles; Mrs. Elizabeth Grace, 
Sepulveda, California; Mrs. Sallie Morton, 
San Jose, California; David Widess, Los 
Angeles; Dr. Ellwood T. Reese, Twin 
Falls, Idaho; M. Arthur Azevedo, San 
Francisco, California; M. G. Morton, San 
Jose, California; Mrs. Sylvia Fradkin, Los 
Angeles; and Forrest W. Dickey, Bakers- 
field. On the spiral stairway left to right: 
GIA instructors William A. Allen; Gale 
M. Johnson; Richard T. Liddicoat,. Jr., 
Executive Director; and Lester B. Benson, 
Jr., Director of Research and Laboratories. 


Shelbyville, Indiana; Harold Tivol, Kan- 
sas City, Missouri. Seated left to right: 
Elaine Cooper, Philadelphia, Penna.; 
Dorothy G. Riedel, New York City; 
Kathryn M. Everhart, Fairfax, Virginia; 
Lester W. Moon, Tallahassee, Florida; 
and Ray D. Pixler, Kalamazoo, Michigan. 
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Ekanite 


another new metamict gem 


from Ceylon 


by 


Dr. Edward J. Gubelin, C.G. 


Ceylon, renowned for more than 
2,500 years for its treasures and famous 
as one of the most prolific sources of 
gemstones, has again given birth to a 
new gemstone, which, in honor of its 
discoverer, Mr. F. L. D. Ekanayake, has 
received the name ekanite. Although 
benitoite, unearthed in San Benito 
County, California, USA, in 1907, was 
the last gemstone found before the 
World War I and no further find was 
made during the ensuing 38 years, sev- 
eral new rare gems have been discov- 
ered within the first decade after World 
War Il. The first was brazilianite fol- 
lowed by taaffeite and later by painite. 
Sinhalite and amblygonite were not 
really new gem minerals in the true 
sense, since they had been known for 
years under wrong names, but their 
exact nature has only recently been 
recognized. Two of these newcomers 
on the gem market originate from Cey- 
lon, two from Brazil and one from 


Burma, Ekanite is thus the sixth new 
gem of the last 15 years, the third from 
Ceylon and, together with the low 
green zircon, the second metamict gem 
known. 

We owe our appreciation for this 
new contribution to the already great 
collection of gemstones to Mr. F. L. D. 


Ekanayake, F.G.A., a keen and well- 


versed gemologist of Colombo, Ceylon. 
The author met this gentleman per- 
sonally in January, 1960, and was 
sincerely impressed by his profound 
gemological erudition and his generous 
hospitality. His well-equipped labora- 
tory was a surprising sight and when 
entering it one is really taken aback by 
the awe-inspiring aspect of his spectac- 
ular gem collection, which comprises 
all gem species and varieties found in 
Ceylon. 

Mr. Ekanayake’s ever-keen interest 
in tare gem minerals prompted him to 
purchase two dark-green cut stones in 
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the local market of Colombo, which, 
to his well-trained eye, looked different 
from any of the known species. In his 
laboratory he observed unusual optical 
and physical properties, which were ap- 
parently those of glass, whereas the in- 
clusions were characteristic of natural 
minerals. Every gemologist who after- 
wards made his first acquaintance with 
this new mineral was puzzled by these 
observations. K. Mitchell, who received 
the first specimen, confirmed Ekana- 
yake’s findings and published the re- 
sults of his observations in the Journal 
of Gemmology (1954). Later he 
passed it to The Laboratory, 15 Hatton 
Garden, London, where B. W. Ander- 
son carried out a preliminary investiga- 
tion, the results of which Mr. Anderson 
communicated in his lecture to the par- 
ticipants af the European Gemological 
Conference in Copenhagen 1955. This 
first specimen tested was a green cabo- 
chon that displayed asterism. The re- 
fractive index was found to be 1.5969 
and the specific gravity amounted to 
3.280. The material proved to be iso- 
tropic to X-rays and so disordered as 
to fail to reveal any trace of crystal 
structure; yet it could not be a glass, be- 
cause the inclusions were conspicuously 
oriented and seemed to parallel crystal- 
lographic directions. In order to solve 
the problem, a chemical analysis was 
made and, apart from Ca, Si and Pb, 
a content of 28% thorium was found. 
This explained all apparent incongru- 
encies: why it was amorphous without 
glassy characteristics and contained 
lead. It was a radioactive, metamict min- 
eral. High-temperature tests did not at 
that time yield conclusive results. 
While those investigations were being 
carried out, a second specimen with 


similar properties turned up. Since 
then, research has continued and the 
first results, including those of heat 
treatments, have recently been pub- 
lished in Nature (L), just as the author 
of the present study was getting ready 
to compile this paper. 

Since no record of this new mineral 
of gem quality has hitherto been pub- 
lished in any gemological periodical, 
the present findings may, in spite of 
that first report, be described and it 
may be instructive to compare them 
with those first brought out in Eng- 
land, for which purpose they have been 
included in the present paper. 

Thanks to the vagaries of a good 
fate, early in 1957 the author was for- 
tunate enough to purchase his first 
ekanite, a beautiful, brilliant-cut gem 
weighing 17.71 carats. This remarkable 
specimen received much attention and 
comment at the International Exhibi- 
tion of Precious Stones tin Geneva, in 
1959, and also stimulated the writer to 
intensify his wish to collect more 
specimens. 


Locality 

Meanwhile, Mr. Ekanayake had con- 
tinuously been on the lookout for his 
new mineral and was thus attracted to 
the Eheliyagoda District, where, while 
watching river-bed mining, he exam- 
ined some of the s//am and found a 
pebble that looked like kornerupine. 
But after checking the constants in his 
laboratory he noticed, to his great de- 
light, that he had not only discovered 
another ekanite but, apparently, the ac- 
tual source. However, further searches 
for this stone in the river mines proved 
futile. Yet, following the clue that eka- 
nites are a possible accessory in that 
area, he visited all gem pits in operation 
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in the vicinity of the Ellawela village, 
examined the washings of both the final 
gem concentrates in the baskets 
(dullam) and the discarded gravel 
(nambuwa). He had to pay generous 
sums to be permitted to scrutinize the 
contents of these baskets. His strenuous 
perseverance was rewarded, in that 
through all these years he gleaned no 
less than 20 specimens of ekanite; of 
these, the author, in order to carry out 
the present research, thanks to Mr. 
Ekanayake’s keen interest and generous 
friendship, acquired twelve pieces, thus 
accumulating a sufficient collection to 
make a reliable survey of the character- 
istic properties. 

The very source of ekanite comprises 
a number of small gem mines lining a 
stream that skirts the range of hills at 
Ellawela Ella, which is a few miles west 
of the road connecting the famous 
“City of Gems,’ Ratnapura, with Aris- 
awella and almost exactly halfway be- 
tween these two little towns (see map). 
The place is situated in the Eheliyagoda 
district, from whence some other rare 
gems such as andalusite, diopside, en- 
statite, kornerupine; sinhalite and spes- 
sartite originate. Here in association 
with these gems ekanite occurs in al- 
luvial strata. Among the commercial 
stones sapphires, garnets, spinels, tour- 
malines, and zircons are found plenti- 
fully, whereas chrysoberyls and beryls 
are scatce in this region. Most of the 
gem pits in this area are worked on 
lines similar to those of other famous 
gem mines of the island. The /lam in 
the pits at Ellawela is found at a depth 
of 35 to 40 feet. It is excavated through 
the means of vertical shafts sunk into 
the ground and hoisted to the surface 
in rattan baskets. It is then. washed in 


large, conical, plaited baskets that are 
rotated by a swiveling motion by the 
washers until enough gems have con- 
centrated in the center of the basket 
after the light and worthless material 
has been washed off and over its rim by 
centrifugal action. 90% of the gem- 
stones in Ceylon are found in the beds 
of streams, flood plains (such as paddy 
fields), in the beds of abandoned tribu- 
taries, or in talus fans at the foot of 
steep slopes of hills. However, most of 
the mining is done at the foot of a hill, 
which is generally at the fringe of a 
paddy field, because these are the places 
where swift mountain torrents de- 
bauched into the sluggish, slowly flow- 
ing valley streams and deposited the 
detritus that they carried down from 
the decomposed primary gem deposits 
in the pegmatite veins of the higher 
mountainous regions. 
Appearance 
The new gem mineral ekanite re- 
sembles kornerupine in many ways, and 
it needs an experienced and acute ob- 
server to discern the two in the state of 
a rough pebble. The hue varies from a 
greenish light-brown tea color to a 
dark yellowish green. The intensity of 
light reflected from the polished facets 
has a greasy to vitreous luster. Most 
specimens are fairly, yet not completely, 
transparent; rather, they have a tend- 
ency to be slightly, or in some cases, con- 
spicuously turbid. This turbidity gives 
rise to chatoyancy or asterism on cabo- 
chon-cut stones. Stones submitted to 
the author were first examined under 
the microscope, and this instigated him 
to investigate the reason of the phe- 
nomenal light effect. 
Microscopic Examination 
Under the microscope all the stones 
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tested teemed with clouds of ultra-tiny 
inclusions, which were either evenly 
distributed through the entire body of 
the stone or concentrated to form 
straight zones in parallel directions 
(Figure 1). If a strong beam of light 
is thrown through the stone, it is 
strongly reflected from the minute in- 
clusions, producing a Tyndall effect 
(Figure 2). Most of these pinpoint in- 
clusions, which seem to be solid rods 
and platelets, are oriented along 
straight directions, traversing each 
other at 90°. Strong magnification of 
between 120x and 500x provided a sur- 
prising revelation: the single pointlike 
inclusions are of variegated matter and 
shape. In most instances, they consist of 
two-phase inclusions; 1.¢., rectangular 
cavities filled with liquid and a vesicle 
(Figures 3 & 4). A much mote rare, 
but for that more intriguing, inclusion 
forms four-rayed stars, which in their 
entirety certainly contribute to the for- 
mation of the asterism (Figures 5&6), 
although the dense, minute, two-phase 
inclusions that are also oriented parallel 
to straight directions and cross each 
other at right angles are mainly re- 
sponsible for this phenomenon. In 
some samples, these densely packed 
clouds of minute two-phase inclusions 
are traversed at irregular intervals, or 
their own zoning is emphasized by 
straight rows of more coarse two-phase 
cavities (Figure 7). Occasionally, such 
tows cross each other at right angles, 
thus forming crosses (Figure 8). These 
crosses, as well as the previously de- 
scribed four-rayed star inclusions, ren- 
der clear signs of a former crystal 
structure whose. prevailing crystallo- 
graphic orientations they follow. 
Another very conspicuous and typi- 


cal inclusion is formed by relatively 
large, double-refractive crystals that are 
always surrounded by a defective area 
in the shape of a minutely dotted halo 
(Figure 9). The alien crystals, whose 
form is either broken or resorbed, are 
transparerit or so densely filled with 
inclusions as to appear opaque and 
black. The tiny dots marking the halos 
are likely to be either residual liquid 
droplets left behind by the microlites 
after they had formed by extracting the 
necessary ingredients from these drops 
of foreign mother liquor, which had 
adhered to former surfaces or secondary 
fractures, or turbidity centers formed 
through the influence of particularly 
concentrated radioactivity. Some of the 
mineral inclusions were found to be 
strongly resorbed mica scales of irregu- 
lar shapes with rounded contours, 
whereas the nature of the more coarse 
and more angular crystals could not be 
definitely identified, although their 
broad and dark reliefs and vivid inter- 
ference colors raise the conjecture that 
they might be zircons (Figure 10). 
Others of these opaque microlites look 
like grains of some black ore with strong 
surface reflections. All three species of 
microlites seem normally to be simul- 
taneously present and often to aggre- 
gate in small clusters surrounded by the 
dotted halos. 

A further type of inclusion consists 
of ultra-small, spherical bubbles (F7g- 
ures 11 G 12). Whether or not they 
are caused by helium gas that was pro- 
duced as a result of nuclear radiation 
has yet to be determined conclusively. 
The phenomenological picture of these 
internal features is so significant and 
typical that ekanites can readily be iden- 
tified by the general appearance of their 


SUMMER 1961 


Figure 1. Ekanites team with paral- Figure 2. Strong, narrow beam of 
lel, straight zones of densely packed light reflects brightly from pinpoint 
pinpoint inclusions. (12x) inclusions. (10x) 


Figure 3. Strong magnification of Figure 4. Rectangular two-phase in- 
pinpoint inclusions manifests them to clusions, in which the gas vesicle is 
be rectangular two-phase inclusions. clearly visible. (250x) 

(500x) 


Figure 5. Varieties of*inclusions in Figure 6. Four-rayed star formed by 
star ekanite. (40x) directionally arranged, minute two- 
phase inclusions. (120x) 
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Figure 7. Row of large, rectangular 
two-phase inclusions. (250x) 


Figure 9. Large, opaque mineral in- 
clusions surrounded by dotted halos. 
(20x) 
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Figure 11. Rather evenly distributed 
spherical bubbles that might consist 
of helium gas produced by nuclear 
activity. (250x) 


i 


Figure 8. Two straight rows of more 
coarse, two-phase inclusions crossing 
each other at 90° to form a cross. 


(120x) 


Figure 10. Opaque, not yet defi- 
nitely identified, solid inclusions. 
Transparent portion shows high in- 
terference colors and double refrac- 
tion. (120x) 


Figure 12. Tiny swarm of gas bub- 
bles (usually a typical feature of 
glass) appeared as a surprising ex- 
ception among natural inclusions. 


(250x) 
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inclusions. Neither the metamict, low 
zircons nor any other gemstones from 
Ceylon have been found to be host to 
this specific kind or combination of in- 
clusions, which appear to be highly 
diagnostic for this new radioactive gem. 
Physical Constants 

Of all the specimens on hand, eka- 
nite No. 10, which was a particularly 
clear sample, was chosen for an exact 
refractive-index determination. The 
measurements were achieved by the 
minimum-deviation method with the 
most accurate one-circle goniometer 
available and in combination with a 
powerful monochromator. A pair of 
facets and an enclosed angle, which 
transmitted good signals and facilitated 
the calculation, was chosen. The accu- 
racy of the values for the dispersion 
determination varied by + .0005. Un- 
fortunately, the quality of the stone’s cut 
did not permit a diminishing of this 
figure; yet this degree of accuracy was 
considered sufficient in view of the good 
concurrence of the np values of this 
sample, as obtained on three different 
instruments, and considering slight in- 
dividual variations of the refractive con- 
stants of the various. stones measured. 


Wavelength Refractive Index 
4300 G 1.609, 
4600 1.606, 
5000 incon, 
5400. 1.598; 
5890 D 1.595, 
6400 1.592, 
6870 B 1.591, 
7300 1,590, 


The indices were measured for six dif- 
ferent wavelengths between the limits 
of 4300 A and 7300 A, in order to 
obtain the dispersion values within the 


established standard B-G range, so that 
a complete dispersion curve could be 
plotted. 

Limits of accuracy for the wavelength 
were + 20 A and for the refractive in- 
dex (minimum deviation) + .0005. 
The difference between the readings for 
B and G gives the dispersion figure of 
.0183 +.0005. The refractive index for 
sodium light of this same sample was 
also examined on a Zeiss Abbe-refrac- 
tometer and found to be np = 1.595 
+ 0002. 

In order to obtain evidence about 
the individual departures of other eka- 
nite specimens from the above np 
1,595, (minimum deviation) and from 
each other, the refractive indices of all 
12 stones were carefully measured for 
sodium light on a Fuess Abbe-Pulfrich- 
refractometer. Inasmuch as ekanite No. 
10 was also included in this series of 
readings, this procedure afforded a val- 
uable criterion on. the precision of 
these measurements, as compared to the 
results of the minimum deviation. The 
limit of accuracy amounted to + .0002. 
The medium values ascertained from 
five readings of each sample are tabu- 
lated in Table I, together with the 
density data and some other interesting 
details. 

All specimens were large enough to 
watrant exact density determinations, 
which were carried out by. hydrostatic 
weighing in ethylene dibromide with a 
semiautomatic Mettler balance. Table I 
shows that slight individual variations 
from stone to stone occurred, but re- 
mained within normal limits. The mean 
value of 3.280 may be established as 
density constant. The absorption spec- 
trum appears to be blotted out by ab- 
so.ption at both ends, setting in at 7000 
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A in the red region and at 4750 A on 
the blue side, thus inducing the yellow- 
ish-green to the greenish-brown body 
color typical of ekanites. The clearest 
and best colored stones displayed two 
weak and blurred absorption bands, of 
which the stronger appeared at 6651 A, 
whereas the fainter band was situated 
at approximately 6375 A. The spectrum 
of each stone was first observed in the 
jeweler-spectroscope (constructed by 
the author), in which the spectra 
showed more clearly and sharply; the 
position of the bands was measured by 
means of a Hartridge reversion spec- 
troscope. To a certain extent, the gen- 
eral appearance of this spectrum 
resembles rather that of the green meta- 
mict zitcon. B. W. Anderson, who also 
tested ekanite No. 2, thought to have 
observed a weak trace of a third line in 
the red, but found it too difficult to 
measure exactly.* 


Chemical Analysis 


The specimen chosen for chemical 
work was ekanite No. 9, which weighed 
1.90 carats and was thus large enough 
to supply sufficient. material for a de- 
tailed analysis. First, the sample was 
subjected to a qualitative spectroscopic 
examination, which corroborated the 
following chemical elements to be pres- 
ent: Ca, Th, Si, Al, and Pb. To be sure 
that no constituents present in signifi- 
cant quantities had been overlooked, 
the spectrum was specially scrutinized 
for the following rare-earth elements: 
Y, La, Ce. Since none of them could 
be discovered, their contents, if present, 
must be smaller than .1%. Hence, it 
may be concluded that the other lan- 
thanide metals are absent, since in na- 


*Unpublished communication to the author. 


ture they never occur by themselves. 
Zr was another element that was ex- 
pected to be seen, but was conspicuous 
by its absence. The complete chemical 
analysis of ekanite resulted in the quan- 
titative chemical composition that 
appears in Table IJ and therein is com- 
pared with the analytical results pub- 
lished in Nature (1.). 

The figures of the analysis for the 
present study have been made up or 
down to the last definite decimal, which 
leads to the slight differences by a few 
fractions between the two analyses. 
There are, however, two rather disturb- 
ing discrepancies between the two 
analyses with regard to the contents of 
uranium ‘(difference 30%) and lead 
(difference 25%). Future chemical 
work will certainly shed light onto 
these irregularities. 

Iron does not seem to be a regular 
constituent of all the ekanites. The 
complexometric titration of ThO, does 
not supply very exact results on account 
of the mo] weight of this molecule. The 
content of lead is particularly interest- 
ing, since it was formed through the 
disintegration of part of the uranium 
and thorium present, being the stable 
end-product of the radioactive decay 
seties. Hence, it is not the orthogenic 
Pb, but consists of the radiogenic lead 
isotopes Pb?°*, Pb ?°7 and Pb?°%. The 
sample was also tested for P, but the 
amount seemed to lie below 0.2%. The 
formula figures (unit-cell contents) 
represent the ratio of the number of 
atoms to each other and they are arbi- 
trarily referred to 20 oxygen atoms, 
thus resulting in the following formula 
of the chemical composition of ekanite: 
Ca,Th SigO, which may tentatively be 
written as: 
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TABLE II 


Chemical analysis Unit-cell Chemical analysis 
for present contents by D. I. Bothwell. ¢1) 
study for comparison 

Si Oo 559% 79 55.6 

Al, O, 0.8 0.14 traces 
ThOg 28 0.9 27.6 

U Os 3.0 0.09 2.1 

PbO 0.65 0.02 0.8 

CaO 12 1.9 13.7 

Fes Og 0.5 

MgO (recalculated traces 
MnO atomic ratios to traces 

Total 99% 20 oxygens) 100.3% 


Si Og was determined by the colorimetric method using molybdenum blue A ase 10). 
Al» Og was semi-quantitatively measured by spectral analysis. 

Th Og was obtained by complexometry, using xylenol-orange (Pribil, 8.) . 

U Os reacted to the colorimeter determination with Hy © (Sandel, 11.) 

Pb O was colorimetrically analysed, using dithizon (Sandell, 11.) and 

Ca was established by the complexometric process, using HHSNN (made by 


Messrs. Siegried, Zofingue, Switzerland). 


Ca, Th [Si, Os 

D. I. Bothwell established: (Th, U) 
(Ca, Fe, Pb), SigO,, (1.). This is defi- 
nitely a new formula, and no mineral 
has ever been known before being com- 
posed of these chemical constituents. 
Consequently, ekanite is truly a new 
mineral and, thanks to its gemlike fea- 
tures, a new gemstone. Properly speak- 
ing, only two self-reliant thorium min- 
erals have heretofore been known in 
nature, namely: 


1) ThO, thorianite, usually con- 
taining a great percentage of 
uranium, 


2) ThSiO, dimorphic: thorite, iso- 
structural with xenotime; hutton- 


ite, isostructural with monazite. 


In nature most thorium is found ‘in 
the two minerals zircon and monazite, 
both of which occur as accessory min- 
etals in most rocks. The association 
with zirconium and the rare-earth met- 


als is therefore most characteristic of 
thorium. On the basis of this knowl- 
edge, it is surprising that neither zir- 
conium nor rare earths have been found 
in ekanite. Monazite may contain as 
much as 10% of ThO,. In comparison 
to this, the content of 28% of thorium 
is remarkably higher, so that ekanite 
may righteously be claimed as a self- 
teliant thorium mineral. ; 
Radioactivity» 

The relatively high content of the 
radioactive elements uranium and thor- 
ium elucidates the unusual character of 
this new gem, which puzzled so many 
a gemologist at the dawn of its appear- 
ance because its physical properties did 
not fall into any of the. categories of 
known minerals. Any mineral with 
such an exceptionally high percentage 
of thorium must be strongly radioactive. 
Indeed, remarkable radioactivity could 
easily be determined qualitatively by 
holding the specimens towards a Geiger 
counter, which responded vigorously 
by rattling noisily. However, the num- 
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ber of impacts was not counted. A more 
impressive proof is rendered by photo- 
graphic -film, which: yields the ‘self- 
portrait of any ekanite within a day 
when placed on it (Figure 13). 

In order to: determine whether the 
handling of ekanites could be danger- 
ous, the intensity of their radioactivity 
was carefully measured. For this inves- 
tigation ekanite No. 2 was chosen be- 
cause its. large size facilitated exact 
measurements and ensuing calculation. 
Considering the sample’s self- 
absorption, the ‘results of the determi- 
nation of the radioactivity have been 
expressed in as general a way as possi- 
ble, in that the y-radiation was referred 
to one gram (5 carats) of ekanite, 
whereas the a- and B-emanation -was 
applied to 1 cm2 of gem surface. This 
conversion proved to be valid, if the 
stone’s dimensions eclipsed 0.1 cm, 
which was the case with the chosen 
sample. The majority of the a- and. B- 
particles are absorbed in the interior 


Figure 13. Radioactive 


self-portrait of nine 
ekanites. Exposure: 
five days. 


of the stone, thus allowing only the 
most external layers to contribute to- 
wards surface radioactivity, the latter 
being proportional to the stone’s sur- 
face. On the other hand, the y-radiation 
is not likely to be absorbed within the 
specimen unless it be rather large; 1.e., 
if the specimen is not a big stone the 
y-tadiation is hardly absorbed within 
the ekanite. Hence, the radioactivity is 
proportional to the stone’s weight. 
Results: 


a-intensity 

20 disintegrations/sec cm? 
B-intensity 

90 disintegrations/sec cm2 
y-intensity 

2900 disintegrations/sec g. 


The total intensity of this radio- 
emanation corresponds approximately 
with the radioactive intensity of a nor- 
mal, fresh watch dial. The practical 
conclusion is that ekanites could be 
worn in jewelry without any greater 
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harm nor running any more serious 
tisks than by wearing a watch with a 
luminous dial. Yet, since it is not likely 
that there will ever be an abundance of 
ekanites, it will be safer to leave them 
to the delight of gem collectors. 
Approximately 34 of the radioactiv- 
ity originates from the disintegration 
of the thorium content. The ‘corre- 
sponding results of the chemical and 
the y-spectroscopic analyses show that 
Th?? happens to be in radioactive equi- 
librium with its daughter elements. 
Since the measured intensity of radio- 
active radiation is hardly influenced by 
the small content of uranium, the ra- 
dioactivity equivalent of the latter with 
its decay products was not determined. 
The considerable absorption of the 
a- and @-particles inside the ekanite lead 
to a catastrophal chaos among the 
atoms of the original crystal lattice, 
resulting in a complete breakdown of 
the structure into glass. In order to 
make this irradiation response compre- 
hensible to the lesser-informed gemolo- 
gist, it may be necessary to describe 
briefly the possible effects of the nuclear 
radiation accounting for this structure 
damage. The effect of nuclear radiation 
from the disintegration of uranium, 
thorium and their decay products on 
the physical properties and unit-cell di- 
mensions of zircon were studied by 
H. D. Holland and D. Gottfried (4.), 
who suggested that the transmutation 
was prevailingly due to the dislocation 
of atoms by recoil nuclei and by thermal 
effects along the tracks of nuclear par- 
ticles. They also postulated that the 
process progresses through three 
phases: 
a) The displacement of atoms in es- 
sentially undamaged material is as- 


ctibed to the direct dislocation by 
collisions with recoil nuclei, 


b) The structure that thus becomes 
saturated with displacements (nu- 
cleation) converts into a mosaic 
structure of crystallites of ordered 
zircon under the influence of high 
temperatures generated in the wake 
of a-particles, and 


c) The eventual breakdown into 
glass is caused by a coordination of 
these processes in. the zircon crystal- 
lites, 


Very similar factors may have been 
active in the ekanite during the hun- 
dreds of millions ‘of years of its age. 
Under. the effect of recoil nuclei and 
a-particles a very great number of dis- 
placements of atoms were produced. 
F. Seitz (12.) claimed that about 50 
displacements might occur at the end of 
each a-path, so that at least 500 dis- 
placements should be induced in the 
structure during any single a-emission. 
During the course of irradiation, a suf- 
ficiently great quantity of displacements 
could thus have been brought about to 
disrupt and, finally, completely destroy 
the original crystal lattice and so trans- 
form it into an amorphous substance 
with altered properties. If the mecha- 
nism proposed above for the decay of 
the crystal lattice of zircon generally 
holds true for the formation of meta- 
mict minerals, the critical step in induc- 
ing radiation damage may be the trans- 
mutation of phase 1 into phase 2; and 
if phase 2 be disordered, as is the case 
in zircons, the ultimate breakdown to a 
glass may be readily achieved. 


The final result of such a decay proc- 
ess is a complete isotropization of the 
material: cleavage disappears, hardness 
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becomes equal in all directions, physi- 
cal properties are usually lowered, trans- 
parency diminishes and the product 
becomes turbid. Optically, and in its re- 
sponse to X-rays, the mineral turns iso- 
tropic and so disoriented as to fail to 
yield recognizable X-ray diffraction 
peaks. In the realm of gemstones, zir- 
con has hitherto been the only known 
example of such a state of isotropiza- 
tion. Formerly, these minerals were 
called “pyrognomic.” Later, Brégger 
(1906) suggested the adjective ‘“‘meta- 
mict,’’ because he suspected the compli- 
cated chemical composition to be re- 
sponsible for the abnormal behavior. 
This térm was universally accepted and 
is still in general use. P. Ramdohr (9.) 
proposed referring to them as “min- 
erals in isotropic state of secondary 
origin.” If such minerals are heated, 
they start to glow and lose their abnor- 
mal behavior after cooling off. Appar- 
ently, a few undamaged structure areas 
are sufficient to serve as a scaffolding to 
reorientation and to act as centers of 
recrystallization in order to regenerate 
the damaged lattice and restore its or- 
iginal properties. 


Research into Relations 


With the idea of finding out whether 
the original structure of the ekanite’s 
ancestor could be restored by heat treat- 
ment, experiments to this effect have 
been carried out in England and 
afforded instructive information (1.). 
After heating at 510° C. for 24 hours, 
the values of the refractive index and 
specific gravity surprisingly dropped to 
Np = 1.5933 and s=3.276, respectively, 
instead of rising, as might be expected. 
At temperatures between 650° and 
1000° C. the mineral recrystallized to a 


phase of which X-ray powder and sin- 
gle-crystal diffraction patterns could be 
indexed, on the basis of a body-centered 
tetragonal cell having dimensions 
a=7.46, c=14.96 A, but instead of re- 
generating into a monocrystal the prod- 
uct was polycrystalline. After heating at 
1000° C. for 24 hours, the density rose 
to 3.313 and the refractive index to 
approximately 1.61 (readings were 
very indistinct). This means an in- 
crease of the R. I. by 1% and of the 
S.G. by 0.8%. At the high temperature 
of 1000° C. the mineral became opaque 
and putty colored, while rosettelike for- 
mations appeared on the surface.* 

The indication of a tetragonal sym- 
metry is particularly interesting on the 
basis of A. Pabst’s (7.) attempt at a 
possible explanation of the fact that 
the tetragonal modification of thorium 
silicate is characteristically found in the 
isotropic state of secondary origin. The 
same condition occurs with zircon 
(high zircon=tetragonal; low zircon= 
metamict), a fact with which every 
gemologist is familiar. 

Heating the ekanite at higher 
temperatures, involving remelting, led 
to the development of huttonite 
(ThSiO,). This monoclinic form of 
thorium silicate is conspicuously enough 
found as clear crystal fragments only, 
without displaying the slightest sign of 
transmutation. In connection with this 
observation, it may be appropriate to 
consider that huttonite represents the 
end member of a suite of replacements 
during which rare earths were com- 
pletely replaced by Ca and Th. The ad- 
mixture-of thorium caused an increased 
cationic charge that was balanced by an 
equal replacement of the rare earths by 


*Private communication by B. W. Anderson 
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Ca and by the substitution of Si for P. 
When later in following up the heat 
experiments the ekanite was entirely 
melted and then recrystallized at 1000° 
C., the material was found to be a thor- 
ium compound akin to the britholite- 
lessingite-cerite group (1. and 2.). As 
a consequence of these thermal exami- 
nations, ekanite appears to represent 
the end member of a complex replace- 
ment series that started with rare-earth 
minerals, 

X-ray investigations carried out in 
the Institute of Crystallography and 
Petrology, ETH, Ziirich, led, however, 
to results somewhat different from 
those reported by Anderson ef al (1.). 
The body-centered tetragonal cell 
(a=7.46; c=14.96 A) did vot appear 
after heat treatment at 1000° C. (2 and 
20 hours), but the powder diagram of 
a structure ‘“X’’ yet undetermined was 
observed. In addition, very weak hut- 
tonite lines were present. A continued 
heat treatment at 1200° C. produced 
the tetragonal structure reported by 
Anderson et al. whereas the ‘“X’’-lines 
vanished completely and the huttonite 
lines became even weaker. Additional 
heating to 1500° (2 hours), at which 
temperature some sintering was ob- 
served, led to powder diagrams with 
lines of the tetragonal structure re- 
ported by Anderson e¢ al without lines 
of huttonite but with very weak addi- 
tional lines not yet correlated to any 
known compound. The problem of in- 
dexing the “X’’-lines is still under 
investigation. 

Age Determination 

The afore-described properties, and 
especially the presence of the radioac- 
tive elements Th and U and their ulti- 
mate decay product Pb, offered a chal- 


lenge to engage in an age determina- 
tion. Dating studies have already been 
achieved with metamict zircons (green 
gem-type zircons of low character) 
from Ceylon, and an average age of 
about 570 million years was found 
(3.). It is a well-known fact that the 
natural disintegration of uranium re- 
sults in the ultimate formation of two 
stable isotopes of lead, Pb?°* (RaG) 
and Pb?°? (AcD), whereas the disinte- 
gration of thorium leads to the single 
isotope Pb?°s (ThD). The dating ts 
based on the radioactive decay of the 
uranium isotopes U?*8 and U?*, as well 
as of the thorium isotope Th?*? into 
their corresponding stable end products 
Pb2°6, Pb?2°7 and Pb?°8. Thus, it can be 
seen that from the known decay con- 
stants of uranium and thorium, together 
with the chemical Pb/U and Pb/Th 
ratios for a radioactive mineral, it is 
possible to compute the mineral’s age, 
provided one knows the amount of 
common lead impurity present. Since 
the atomic weight of common lead 
(207.21) differs remarkably from that 
of either uranium lead (approximately 
206.03) or thorium lead (approxi- 
mately 207.98), the amount of con- 
tamination can usually be found from 
the atomic weight of the lead in ques- 
tion. Through application of the equa- 
tion: 


N,=N,.e 7. 
where N, = number of atoms of parent 
element at the time t, 


N;, = number of atoms of parent 
element still present at 
time t 


d = decay constant of the 
parent element, 
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which refers to the radioactive disinte- 
gration, three independent age deter- 
minations can be established for every 
mineral containing uranium and thor- 
ium (provided there exists radioactive 
equilibrium) according to the equa- 
tions: 

[Pb2°s] rad = [U298] (ee tty a) 

[Pb207] rad = [U282] (eX) b) 

[Pb298] rad = [U282] (et) c) 
where A, ’ and A” are the disintegra- 

tion constants of U?38, U2%> and 
Th22?, respectively; the chemical 
symbols in square brackets represent 
the atom number per gram of the 
sample; and the index “rad” refers 
to the amount of the radiogenic lead 
isotope in question. 

Apart from the above-mentioned 
three lead methods, which demand te- 
liable knowledge of the chemical lead/ 
uranium and lead/thorium ratios, re- 
spectively, an isotopic analysis supplies 
similar information—data that, as will 
be seen, furnish an important check in 
the mineral’s age as computed from the 
isotope ratios of the disintegrated lead. 
By dividing equation (b) by equation 
(a) this equals: 


of the chemical Pb/U- ‘and Pb/Th- 
ratios that might be caused by recrystal- 
lization, diffusion or replacement 
processes in the mineral. Even a con- 
siderable loss of lead, uranium or thor- 
ium shortly after crystallization of the 
mineral or immediately before the 
analysis would hardly affect the Pb?°7/ 
Pb?°%-age, whereas conversely the other 
three ages would be falsified. 


Lead has been extracted from ekanite 
No. 9 by means of the complexometric 
method using dithizon, and the relative 
abundance of the lead isotopes was 
determined.. The measurements were 
achieved in the “Atlas CH,’’-masspec- 
trometer in the Institute of Physics of 
the University at Berne. The following 
values were obtained: 


atom %, 206 = 100 
204 206 207 208 


0.051+0.003 100.0 659+0.10 400+5 
common lead: 0.73 weight % 

In each case, the indicated limit of 
accuracy is the tripled medium square 
of the deviation figure of the mean 
value. 


The content of common lead proved 


Pb? rad U5 edt tr ee a 
P12 pad L788 At 137.7 rN *t-1) 
where: '/137.7 = U25/U288 ratio, today. 


If all the constants in the above equa- 
tions have been properly evaluated, it ts 
possible to date the age from the Pb?°7/ 
Pb? ratio (corrected for ordinary lead 
contamination). 


The Pb?°?/Pb?°? age, as computed 
from equation (d), represents a value 
that is dependent of the Pb?°¢/U238 
and Pb?°7/U?55-age, which, however, 
will be relatively insensible to changes 


to be trivial, so that the choice of the 
correction lead could hardly influence 
the age determination, The ratios of the 
isotopes as applied for the correction 
are: 


206/204 
18.13 


208/204 
38.12 


207/204 
15.76 


and they correspond to a model age 
suggested by F. G. Houtermans (5 & 
6) of 550 million years. 
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From the ratio of the radiogenic iso- 
topes Pb?°? /Pb?°* the age of the ekanite 
was computed as amounting to 560+ 
50 million years. 

This result concurs well with the 
geologic age of Ceylon zircons, as de- 
termined by G. R. Tilton ef a (13.): 


Pb206 /T238 Pb207/U235 


Pb208/Th28? 


as a function of the radiation 
dosage. 

c) exact amount of displacements 
and 

d) percentage of displaced atoms 
necessary to effect complete iso- 
tropization and others are still 


Pb297/Pp206 


540+£12.108 yrs. 544+16,108 yrs. 


while D. Gottfried et al (3.) obtained 
an average age of 561 million years by 
the Larson method for 21 zircon crys- 
tals and 570 million years for 12 
samples corrected for possible thorium. 
The age of the gem-type green zircons 
was proposed to average about 570.10° 
years. 

B. W. Anderson ef al (1.) indicates 
different analytical figures for Th O, 
= 27.6%, UO, = 2.1% and Pb O 
= 0.8% (as shown on page 9). Con- 
sidering the measured composition of 
the isotopes of the disintegrated lead, 
as well as the analytical values for Th, 
U and Pb, the following lead age re- 
sults for ekanite: 

Pb2°6 /U?8-age = 560.10% years 

Pb?07 /U235-age = 565.10® years 

Pb2°8 /Th?5?-age = 531.108 years 

The lead dates give a concordant age 
of ekanite, which concurs excellently 
with the age obtained from the isotopes 
ratio of the radiogenic Pb?°’- and 
Pb2°¢-, 

The discovery of this new metamict 
and radioactive gem mineral has opened 
a fascinating field of investigation and 
supplied a score of valuable facts. Yet 
many more interesting problems re- 
main, such as 


a) total amount of radiation dosage 
b) the drop of the R.I. and density 


538 + 25.10° yrs. 


555 + 30.108 yrs. 


to be solved, challenging the inquisi- 
tive minds of better-versed scientists 
than the author of this thesis. 
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Uevelopments and Highlights 


at the 


GEM TRADE LAB 
in New York 


Robert Crowningshield 


Director of Eastern H. eadquarters 


“ More on Star Sapphire Doublets 


In the Spring, 1961, issue of Gems 
& Gemology, we described a star- 
sapphire doublet. The top part that 
produced the star, as well as the base 
that furnished the color, were natural 
sapphire. Figure 1a is a photograph of 
another natural star-sapphire doublet of 
a slightly different type. In this stone, 
the top of translucent gray provided an 
exceedingly sharp and attractive star, 
whereas the base, also of natural sap- 
phire, provided the fine-blue color. 
However, in the spectroscope we de- 
tected a cobalt spectrum and the stone 
appeared bright red under the color 
filter. Close observation of the base 
showed that it was crackled and the 
“fine blue’ had been introduced by a 


dye. It was the appearance of the pe- 
culiar crackled base when viewed under 
the loupe that prompted the jeweler to 
have the stone examined by the Lab. 
Figure 16 illustrates a third type of 
star-sapphire doublet. In this stone two 
sections of a natural-gray sapphire are 
joined with blue cement. Figure 1c il- 
lustrates an aborescent, or treelike, pat- 
tern visible in the cement layer, which 
is due to separation. It appears red un- 
der the color filter and its absorption 
spectrum shows the presence of cobalt. 
We made a few inquiries in the trade 
and learned that natural star-sapphire 
doublets are nothing new, although the 
present ‘“‘rash’’ of such stones could in- 
dicate greater activity toward fraudu- 
lent ends, possibly on the part of an 
individual. 
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Figure la 


Crackled Synthetic Rubies 

Figure 2 is a photograph of one of 
eight identical and beautifully crafted 
platinum, diamond and crackled syn- 
thetic-ruby ornaments for a massive 
cuff bracelet. The synthetic rubies had 
been so artfully crackled (with added 
dye in some of them) that the jewelry 
had been appraised as being comprised 
of natural stones. A Gems & Gemology 
reader in the trade spotted the decep- 
tion. 


Chatoyant Quartz Cabochon 
Figure 3 illustrates an unusual quartz 


Figure 2 


Figure 1b 


Figure Tc 


cabochon in which the chatoyancy was 
due to hollow tubes that caused the 
stone to resemble a cat’ s-eye tourmaline. 


Carved Pearl 
Figure 4 illustrates a likeness of Jan 
Masaryk, the Czech patriot, beautifully 
carved in a Tahitian blacklip pearl shell 
measuring more than nine inches across. 


Thick Diamond Girdles 
For the past six or seven years, we 
have noticed a progressively greater 
thickness of the girdle of diamonds, 
particularly on smaller brilliants. Stu- 


Figure 3 
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Figure 4 


dents of the GIA’s Diamond Course 
are awate that a thick girdle may save 
the cutter as much as 10% in excess 
weight. However, until recently, such 
excessively thick girdles appeared 
usually on stones below one-half carat 
in weight. Frgure 5 illustrates one of 
23 stones, all weighing more than a 
carat (the one illustrated weighs 1.68 


Figure 5 


carats), on which the girdles were so 
thick that in some instances the excess 
weight retained was as much as 15%. 
The girdles had been carefully faceted, 
to disguise them as much as possible. 
In diamond grading, we ordinarily de- 
scribe a 10% girdle as ‘exceedingly 
thick.” For these girdles that exceed 
10%, perhaps a new grading term, 
“preposterously thick,” will be neces- 


sary. 
Backed Stones 


Figure 6 illustrates a type of setting 
that calls on all the skills and, fre- 
quently, most of the instruments of a 
trained gemologist. The individual 
plaques are of a mastic compound en- 
cased in gold. The transparent stones 
are backed to increase brilliance, and, 
in some instances, color. When color 
has been deepened in green beryl, for 
example, it is necessary to analyze both 
the strength of the chromium absorp- 
tion lines and the dichroism; otherwise, 
the appraiser may overevaluate the 
stones. The same applies to backed ru- 
bies. In the piece illustrated, most of the 
transparent stones wete buff topped and 
several were set below the surrounding 
gold (as all the small stones in the 
corners were), making it impossible to 
use the spot-method technique on the 
refractometer, one of the most reliable 
instruments for colored-stone identifi- 
cation. In these cases, a microscope with 
a bull’s-eye overhead light and the 
spectroscope must be resorted to, as well 
as ultraviolet light and the dichroscope. 
However, with the exception of the 
pearls in the plaque at the upper right, 
all stones were satisfactorily identified. 
If positive identification of the pearls 
had been required it could only have 
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been accomplished by unmounting 
them, since they were almost completely 
surrounded by metal. 
Vivianite 

The mineral vivianite, a hydrous-fer- 
rous phosphate, if observed before it 
has been exposed to light for an ex- 
tended period, is a beautiful bluish- 
green color with strong dichroism. 
Although much too soft and too easily 
cleaved for use as a gemstone, crystals 
of this mineral grace many gem and 
mineral cabinets. Figure 7 is the absorp- 
tion spectrum in the X direction, where- 
as Figure 8 shows the spectrum from 
the Y and Z directions. We have never 
encountered in the literature an illustra- 
tion of this unusual spectrum. 


Williamsite 


The williamsite variety of serpentine 
frequently resembles an attractive va- 
tiety of jadeite and is, by eye, frequently 
mistaken for jade. An especially vivid- 
green specimen was examined recently 
and found to contain numerous black 
chromite octahedra, which are common 
to this variety. Ona hunch, we examined 
it with the spectroscope and were re- 
warded with the appearance of unmis- 
takeable chromium lines. A fairly 
distinct broad absorption band from 
6400 to 6300 A with a faint band from 
6300 to 6150 A, together with the weak 
lines at 4950 and 4600 A, as mentioned 
by B. W. Anderson, of the London La- 
boratory, were present. This absorption 
spectrum is illustrated in Figure 9. 

Greenish-Yellow Grossularite 

A handsome crystal group of green- 
ish-yellow grossularite, from Mexico, 
was examined under the spectroscope 
and gave a very satisfactory spectrum 
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Figure 6 


(Figure 10). From the position of the 
absorption lines, it is assumed that the 
spectrum is due to rare-earth impurities 
in the garnet, since the spectrum resem- 
bles that of green apatite, which owes 
its absorption lines to this cause. 


Imitation Turquois 


We identified two very fine imitations 
of turquois that transmitted light to a 
greater degree than most imitations. 
The material was very low in specific 
gravity, suggesting plastic. The refrac- 
tive index was about 1.58. When 
warmed slightly, the stones gave off a 
most disagreeable odor, similar to that 
of burned hair or feathers. The absorp- 
tion spectrum is illlustrated in Frgure 
11, with the transmission in the red 
from about 6500 to 6680 A very strong. 
We were unable to have the stones long 
enough for more exhaustive tests ; how- 
ever, we feel that they are just another 
of the many attempts to satisfy a con- 
tinuing demand for a popular gemstone 
in short supply. 
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Natural Yellow Diamonds 

It has been our finding, having ob- 
served thousands of natural yellow dia- 
monds, that up to a point, the deeper 
the yellow the stronger will it display 
the ““Cape”’ series of absorption lines in 
the spectroscope. However, a truly fine, 
rich-yellow natural stone will display 
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no absorption bands whatsoever. There- 
fore, we were sutprised when we ex- 
amined a five-carat marquise of a color 
in which no bands were expected to see 
the absorption spectrum illustrated in 
Figure 12. Instead, the “Cape” series 
was stronger than we have ever seen, 
and, in addition, there were two lines, 
one at about 5120 and another at 
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5040 A. Its Huorescence was sulphur 
yellow under 3650 A ultraviolet. 
Andalusite 

We were pleased to have the opportu- 
nity of examining a large parcel of 
rough Brazilian andalusite through the 
courtesy of student Sam Leonard, of 
New York City. In the spectroscope, we 


were surprised to see, quite sharply, the 
lines mentioned by B. W. Anderson as 
“sometimes weakly seen at 1360 and 
4550 A.” (In our instrument, we noted 
them more nearly at 4380 and 4520 A, 
as illustrated in Figwre 13). We had 
rarely seen these weak lines with our 
former equipment, but, since we were 
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using the spectroscopic equipment re- 
cently designed by Lester B. Benson 
(described in the Spring issue of Gems 
& Gemology), we decided to experi- 
ment with some small cut stones. By 
reducing the intensity of the light, we 
were able to see the same weak lines, 
even in stones as small as one-half carat. 
This is a valuable additional test for a 
gemstone that is occasionally mistaken 
for tourmaline. 
Rare Minerals 

Among the rare minerals identified 
since last issue are scheelite, transparent 
yellow smithsonite, stibiotantalite, ham- 
bergite and a brownish-yellow apatite 
crystal weighing approximately two 
pounds. An 82-pearl-grain conch pearl 
is the largest that we have ever identi- 
fied. A natural ruby crystal, purportedly 
from Brazil and weighing 285 carats, 
although not too gemmy, indicates that 
this country is just beginning to yield 
its treasures. A rough crystal of synthetic 
periclase that would cut into attractive, 
but fragile, stones was also identified. 
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Developments and Highlights 


by 


Lester B, Benson, Jr. 


at the 


GEM TRADE LAB 


in Los Angeles 


Director of Research and Laboratories 


Pearl Deterioration 

A jeweler who had replaced a strand 
of cultured pearls was beginning to 
think that his pearls were of inferior 
quality, when, after a few months of 
wear, the second strand was also re- 
turned with many of the pearls worn 
to a barrel shape — the same rapid wear 
encountered in the first strand. Pro- 
nounced etching was associated with the 
worn areas on a number of the pearls. A 
few that were highly lustrous had been 
largely unaffected, thus indicating a 
definite difference in their resistance to 
the medium causing the wear. The de- 
terioration probably was caused by a 
skin-acid condition, possibly accentu- 
ated in its action by an ingredient in 
one or more of the wearer’s cosmetics. 
The ends of the pearls, as well as the 


string, were saturated with what ap- 
peared to be face cream and powder. If 
skin acids were responsible, which 
seemed obvious, the better condition of 
the few more-resistant pearls would re- 
quire additional investigation for an 
explanation. 


What Does Value Mean? 


The values quoted for some gem ma- 
terials by publicity seekers often seem 
to be a disservice to other jewelers. 
Here are a pair of recent examples. 

After issuing a routine report on a 
large blister pearl of no particular in- 
terest, the Laboratory staff was surprised 
to learn a few days later that they had 
tested ‘one of the largest pearls in the 
world, valued at $50,000.” 

A. cultured-pearl-set “million-dollar 
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crown” featured on television must be 
close to a record for this sort of “‘evalu- 
ation.” ; 
Green Zircon 

The Laboratory received an attrac- 
tive fifty-two carat green zircon for test- 
ing that proved interesting and unusual. 
It was well cut and of good color, 
although it possessed a very slight 
brownish overtone. Normally, green 
zircons are associated with the low- to 
medium-property end of the zircon 
range. However, this stone displayed 
the characteristics of the high type; i.e., 
strong birefringence and a 4.70 specific 
gravity. Most unusual were the excep- 
tionally pronounced absorption spectra, 
illustrated in the accompanying dia- 
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grams. Different patterns were obtained 
for the ordinary and the extraordinary 
rays and were associated with strong 
dichroism. 

Pearl Strands — 
Imitation, Cultured and Natural 
A double-strand pearl necklace, be- 

lieved to be natural by the owner, caused 
considerable disappointment when one 
strand turned out to be cultured. How- 
ever, she was less disturbed than another 
client, whose double strand was half 
cultured and half imitation. 

“Cape May Diamond?” 

A stone represented as a “Cape May 
diamond” is apparently being given a 
new national promotion. (This is the 
incorrect name that has long been ap- 
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Green zircon absorption spectrum obtained for the extraordinary ray. 
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plied to rock crystal found on the 
beaches near Cape May, New Jersey.) 
However, the sample submitted was not 
the so-called Cape May diamond, but a 
synthetic spinel. 


Peridot 

A jeweler had convinced a customer 
that a large, but rather lifeless, peridot 
needed recutting to improve its appear- 
ance. After the job-was completed, the 
stone was unchanged in appearance, 
other than a slight reduction in size. 
The disappointed customer submitted 
it for analysis of the recutting, claiming 
that the jeweler had failed to do a 
proper job. Magnification revealed a 
multitude of pinpoint inclusions that 
imparted a cloudy texture to the stone, 
thus reducing the brilliance. 


Reassurance 

We frequently have Laboratory calls 
that involve consultation and reassur- 
ance, rather than identification. A re- 
cent example was interesting. A wealthy 
woman bought a highly flawed but fine- 
color ruby. A jeweler mounted it, ac- 
cording to her unusual request, so that 
no metal surrounded the stone to hold 
it in place. Since the stone had a rather 
flat pavilion, a strong adhesive was em- 
ployed to secure it in the mounting. 
The GIA Laboratory was consulted 
more than a year later, after the woman, 
upon her return from a foreign trip, 
had taken the ring to a prominent east- 
em jeweler to have it reaffixed in the 
mounting. (It seems that the stone had 
fallen out during the trip.) The sales- 
man for the eastern firm informed her 
that the stone had been broken and 
cemented together. Since the eastern 
firm had a fine reputation, indignantly 
she returned it to the original seller, 


who sent it to the Laboratory for a re- 
port. The stone had not been broken, 
although it was highly flawed. Evi- 
dently, what misled the eastern sales- 
man was a spot or two of cement on 
the girdle. He assumed that it had 
squeezed out of a crack, rather than 
having been used to hold the stone in 
the setting. 


Diamonds From Solution? 

Recently, a medical doctor came to 
the Lab with “diamonds” that he had 
grown from solution. He believed that 
the idea expressed to him while a medi- 
cal student — that carbon was difficult 
to take into solution — must be in er- 
ror, because so many organic materials 
contain carbon. He said that he had 
discovered a means, which he intended 
to hold secret, by which carbon could 
be taken into solution readily. Later, 
when one of the solutions evaporated 
partially, colorless crystals were found 
in the bottom of the container. He con- 
cluded that diamond was the only pos- 
sibility, since the crystals had a form 
that he associated with diamond. A 
quick check showed the crystals to be 
singly refractive, to have a cubic habit 
and a refractive index of 1.54. At this 
point, we asked the doctor to touch his 
tongue to one of the crystals. His reac- 
tion confirmed the identification of ha- 
lite (common salt). Perplexed, he left 
the Laboratory, trying to decide how 
the salt had gotten into a solution con- 
taining only carbon and water. 


No Trade! 

We received a letter from a hobby- 
ist who wanted to pay for the GIA 
courses on a bartering basis, rather than 
with currency. He stated that he had 
discovered a deposit of diamonds, a 
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small sample of which was enclosed 
with the letter. The specimen proved 
to be a slightly concave. fragment of 
glass that had been polished on both 
sides. When this was pointed out to 
him, we received an answer stating that 
perhaps he had inadvertently sent the 
wrong material. The second mailing 
that we received contained several pieces 
whose appearance was unlike the first 
in every respect, although they, too, 
were transparent fragments of glass. 
As of this writing, the gentleman is not 
a student of the GIA! 
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The Gemstones of Brazil 


by 


Francisco Muller Bastos 


Brazil is a ptivileged country in re- 
spect to gemstones; they are found in 
many of the twenty-two States and four 
Territories that comprise the country. 
In addition to colored stones and dia- 
monds, gold also is found in large 
quantities. Let us study each state sepa- 
rately, beginning with Rio Grande do 
Sul, which is situated in the extreme 
southern part of the country. 

Rio Grande do Sul 

This State is known as ‘the land of 
agates,” since all shapes and colors 
occur abundantly. Geodes containing 
agate, tock crystal or amethyst make 
outstanding collectors’ items, because of 
their beauty and great size. Another un- 
usual agate contains water. However, 
very few of the agates found here are 
used for cutting. 

This State also produces a variety of 
amethyst that, when heat treated, be- 
comes ‘“‘topazio do Rio Grande,” a more 
familiar misnomer for which is ‘Rio 
Grande topaz.’ To the layman, and 
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even to many dealers, this creates con- 
fusion, because they are led to believe 
that the stone is a variety of topaz. 


Parana 
The State of Parana, bordering on 
Rio Grande do Sul, was famous several 
years ago -for the diamonds found in 
the Tibagi River; however, in recent 
years, smaller quantities have been 
produced. 


Goias and Mato Grosso 

Many gemstones have been produced 
in the States of Goids and Mato Grosso, 
the principal one being quartz. Several 
mines furnishing good-quality rock 
crystal are situated in this area, mainly 
in the district of Cristalina. Sapphires 
from the Coxim River in Mato Grosso, 
as well as emeralds from the Lages 
farm in Goids, have been produced but 
in very small quantities. The produc- 
tion of diamonds is surpassed only by 
the State of Minas Gerais ; many beauti- 
ful stones have been found. 
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Espirito Santo 

Following the States of Minas Gerais 
and Bahia (discussed below), in re- 
spect to the production of gemstones, 
is the State of Espirito Santo, from 
which comes some of the best citrine- 
quartz found in Brazil. (Espirito Santo 
is bordered on the north by Bahia and 
on the west by Minas Gerais. It has the 
typical geological formations of those 
States and produces similar gem min- 
erals.) This famous citrine is mined 
at Baixo Guand4, a small place situated 
in the eastern part of the State. In its 
natural state the color is dark; the beau- 
tiful reddish-yellow color is the result 
of heat treatment, Citrine also is found 
in a pleasing yellow color, making it 
unnecessary to undergo treatment. 

Another well-known mine. in this 
section of Brazil that formerly produced 
high- -quality aquamarine is called Itag- 
uassi after the district in which it is 
situated. Hundreds of kilos of material 
were found here, but the deposit is'‘now 
considered exhausted.’ Recently, how- 


ever, some attractive andalusite” was ‘te- 


covered in the area. 
Bahia 

The State.of Bahia has only recently 
been discovered, as:a source of gem- 
stones other than amethyst, The best 
Brazilian emerald comes from the city 
of Conquista. Although this material is 
lighter in tone than that from the 
Muzo and Chivor Mines, in Colombia, 
it is very attractive ; however, the pro- 
duction is somewhat limited. Garnet 
and citrine have been found in the dis- 
trict of ,Caetité, situated in the south- 


west part of the State. Recently, large. 


deposits of, beautiful blue sodalite, re- 
sembling lapis-lazuli in appearance, 


were discovered in Bahia, It is used for 
ashtrays, tumbling, cte., and for indus- 
trial purposes. Large deposits of ama- 
zonite also have been discovered, but 
the material is of industrial quality. 

Nevertheless, the most important 
gemstone in Bahia is amethyst, the best 
of which comes from the famous “Bre- 
jinho das Ametistas.”” It has a beautiful 
velvetlike color, and some of the stones 
show flashes of red when cut. It is not 
unusual to see many high-quality stones 
weighing 30, 40, $0 and even 60 carats. 
Vast quantities of this fine material are 
shipped to Idar-Oberstein, Germany, 
for cutting. On the other hand, the 
mines of Cabelluda produce only small 
stones; one larger than ten carats is 
seldom seen. The color, although darker 
and of a different shade of purple, is 
very pleasing. If Rio Grande do Sul is 
known as “the land of agates,” it can 
safely be said that Bahia is “the para- 
dise of amethysts.”’ 

Another jnteresting gemstone that 
comes from Bahia is the green variety 
of quartz known as prase. It should not 
be confused with the so-called prase 
from a mine near Brejinho, which is 
heat-treated quartz, Quantities of the 
latter have been marketed in recent 
years. Some of it,, when properly heat 
treated, approaches the beautiful green 
color of the best tourmaline. 


Rio Grande do Norte and Cearé 


Gemstones have been mined in the 
northern section of Brasil, in the States 
of Rio Grande do Norte and Ceara. 
During World War I, the exploitation 
of scheclite in Rio Grande do Norte 
revealed occurrences of gem minerals 
in the pegmatite dikes of the State. As 
aresull, some aquamarines of very good 
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color were found. Large garnets also 
were mined and marketed: At the ptes- 
ent time, quantities of amethyst in 
small sizes are produced.’ 


‘Minas Gerais 


Finally, there is the State of. Minas 
Gerais, meaning “General Mines.” A 
well-known geologist ‘who visited the 
State several years ago expressed his 
admiration for the quantity of gold and 
iron that he saw there by saying, 

“Minas’ Gerais is a heart of gold in a 
chest of iron.” The author would like 
to add two words to this statement to 
make it. ‘read,’ “Minas Gerais is a heart 
of gold and gems in a chest of iron.’ 
Tt seems that only on the islands of Cey- 
lon’ and Madagascar, and possibly in 
Burma, can such a wide variety of gem 
minerals be found. In this area both 
primary and ‘secondary deposits are gem 
sources. Ninety petcent of all gem- 
stones are” found‘ “in! ‘pegmatites, since 
the greatest concentration of pegmatite 
dikes ‘in thé wWorld-is Jocated in Minas 
Gerais and thé surtounding States. ° 

Although Minas Gétais has been’ a 
heavy producer of gemstones’ for many 
years, the greatest demand for both in- 
dustrial atid ornamental minerals ‘came 
during World War II. The search for 
rock crystal, sheet mica, industttal 
beryl, columbite, tantalite’ and ‘cassiter- 
‘ite was responsible for an increased in- 
terest in gemstones, because often these 
important minerals were found in asso- 
ciation with gemstones. Consequently, 
many gem- tich pegmatites were discov- 
ered, and quantities of various gem- 
stones began to appear on the market. 
From this period to a short time after 
the War, there were about 250 lapidar- 
ies in Belo Horizonte, the capital of the 
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State, and 150 or more in Teofilo Otoni, 
the two principal centers of the gem in- 
dustry in the country. In Rio de Janeiro, 
there were a few lapidaries and several 
more scattered in the southwestern part 
of the State. | 

It is of interest that, in addition to all 
the stones ‘produced and cut in Minas 
Gerais, great quaritities of agate from 
the State of Rio Grande do Sul were 
sawed, dyed and cut, subsequently be- 
coming the “‘black onyx’ that was 
shipped to the United States to be used 
in signet rings. Eventually, after the 
War, the gemstone industty returned 
to'hormal. 

Beryl constitutes the major portion 
of the gemstones produced in Minas 
Gerais ; ninety-eight percent of the pro- 
duction comes from the northern and 
northwestern sections of the State. The 
five principal ‘colors. ~ green, yellow 
(heliodor), pink (morganite), blue 
(aquamarine) afd colorless (goshen- 
ite) —are mined in great quantities, The 
colorless variety has little commercial 
value, other thati'as a curiosity. Green 
beryl' occurs in Vatious shades, but the 
color approaching that of emerald is 
rare.’ As stated previously, the best ones 
come from Conquista, in the State of 
Bahia: — 


~ Many of the beautiful blue aquama- 


‘tines of Brazil are produced by heat 


treating the green variety of beryl; 
therefore, because of the temptation of 
obtaining the higher price that the good 
blue quality commands (sometimes two 
to three times higher) ,a significant per- 
centage of the attractive green stones 
never reaches the market. 

“In its natural state, morganite, the 
pink variety of beryl, often has an un- 
desirable ‘yellowish ‘tint. Because of 
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this, approximately ninety-five percent 
of the total production is heat treated, 
to produce a-more attractive and valua- 
ble color. Material from certain regions 
turns to an unusual rose color. A small 
percentage of the natural yellowish-col- 
ored stones are retained as curiosities. 
Although minute rutile needles are 
present in the majority of morganites 
from Minas Gerais, beautiful flawless 
stones. are often found. 


Beryl from this area occurs in shades 
varying from yellow to yellowish green. 
A deep-yellowish-red variety is called 
“berilo boca de fogo,”’ or “‘fire-mouth 
beryl.’’ However, it is not as common as 
the yellow or the yellowish green. 

Minas Gerais is'a heavy producer of 
aquamarine. Some of the world’s most 
noted and beautiful specimens were dis- 
covered in the mines in the northern 
and northwestern part of the State. The 
famous Marta Rocha. Aquamarine, 
found in 1954, was named in honor of 
Miss Marta Rocha, a Brazilian, who 
took second place in the International 
Beauty Contest in the. United States. 
This outstanding stone, which was 
found ona farm-near Teofilo Otoni by 
workers who were looking for indus- 
trial-type rock crystal, weighed about 
74.8 pounds. At first, they thought it 
to be a large crystal of dark-colored 
quartz. About seventy percent of the 
stone was cutting quality; the largest 
area had the finest blue.color ever noted. 
Since then,-it has become a criterion, for 
fine color in aquamarine. Although the 
Marta Rocha was outstanding and rare, 
the. beautiful stones that.formerly came 
from the Santa Maria Mine must not be 
overlooked. It is situated near the vill- 
age of Santa Maria.do Suassui, in the 
northwestern part of the State. 


Today, the best aquamarines come 
from the city of Pedra Azul (blue 
stone), formerly known as Fortaleza. 
Almost all of them should be heat 
treated, as. a means of changing their 
slight green hue to a more desirable 
blue. It is interesting to note that many 
stones,.even those containing flaws, can 
be heated successfully without fractur- 
ing. 

The Brejauba Mine, one of several 
in Minas Gerais that has been exploited 
very little, is situated near the village 
of San Jose de Brejauba. It produces 
one of the most beautiful green beryls 
of Brazil; however, very few of the 
stones retain their original color, since 
the majority are heat treated. 

Another source for deep-blue aqua- 
marine is the city of Ferros, situated in 
the center of the State; however, stones 
larger than twenty carats are seldom re- 
covered. Good stones also have been 
found in the vicinity of Mantena, Sab- 
inopolis, Ataleia and Teofilo Otoni. 


Tourmaline occurs in almost every 
size and color in Minas Gerais. It is in- 
teresting to note that the mine often as- 
sumes the name of the place or town in 
or near which the stones are found. The 
largest producer, and the source of the 
finest stones, is the town of Barra de 
Salinas, in the northern section of the 
State. The two. most desirable colors 
are green and pink. The color of some 
green tourmaline is made lighter by heat 
treatment. The same process is used to 
drive out the brown content in the pink 
stones, and thus produce a more attrac- 
tive color..Rubellite, the red to pur- 
plish-red variety, is called ‘‘pigeon’s 
blood” by the natives. Beautiful tour- 
maline is found in the vicinity of Mala- 
cacheta, Turmalina, Rubelita and Nova 
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View of a tourmaline-producing peg- 
matite, Barra de Salinas, Minas Gerais, 
Brazil, oe 


Both pink and yellow topaz are pro- 
duced from the Morro Mine at Har- 
greaves, Minas Gerais, Brazil. Author 
Bastos “is removing gem-quality topaz 
from the red earth. 


A typical hole, or pocket, in a pegma- 
tite located at Novo Cruzeiro, Minas 
Gerais, Brazil. Aquamarine is’ found 
here, mixed with kaolin and a decom- 
posed mica. 


Cruzeiro, where it often occurs in the 
mica mines. All of these localities are 
situated in the northern to northwestern 
section of the State. In addition, the 
towns of Itapore, Rubim, Aimores, 


Holes in the pegmatite dike from.which 
tourmaline was mined at Malacacheta, 
Minas Gerais, Brazil. 


Conselheiro, Penana and Araguary are 
producers. All of these areas often fur- 
nish unusual and beautiful specimens 
for the collector. 

From Campo Belo, in the southwest, 


OOOO EaoaoaBDRR2q2[TaoaooaooooaoaoaooooooaoaoaoaoaoaoSoSoToTllNSSooNoeo™e™e™e™eeoOOOOOoOS—S—SXXXqOHN 


FALL 1961 


199 


comes some of the best citrine of Minas 
Gerais; as usual, it should be heat 
treated, if the yellow color with flashes 
of red is desired. Medium-quality 
quartz is available in large lots from 
numerous ateas and at reasonable 
prices. The smoky variety and the color 
called morion are cut in great quanti- 
ties. Other localities that produce cit- 
rine are Diamantina, Conselheiro Mata, 
Bom Depacho and the famous Baki 
Mine, which is situated at Sete Lagos, 
in the center of the State. The latter 
mine, however, has been more popular 
for the production of rock crystal than 
for citrine. 

The best garnets are found at Res- 
plendor and Barra do Cuité, both in 
the northwestern part of the State. Hes- 
sonite and demantoid are rare, but other 
varities occur in appreciable quantities. 
Garnets also are found at Itinga, Con- 
selheiro Rena and Itaboaum. 

The yellow and pink varieties of to- 
paz are found in Minas Gerais but only 
in the region of Ouro Preto, one of the 
oldest cities of Brazil, and in the-ad- 
jacent communities of Rodrigo Silva, 
Cachoeira do Campo and Hargreaves. 
Although most of the pink material de- 
rives its color from heat treatment; some 
occurs naturally in this color. The re- 
covery of fine stones is rare, and it-is un- 
usual to find a flawless stone weighing 
more than ten carats. There is-an abun- 
dance of flawed material, but it is not 
used for cutting. Blue topaz has been 
found at Marambaia, in the northwest- 
etn part of the State. Huge colorless 
crystals also have been discovered, but 
they are used only as collectors’ speci- 
mens. 


Euclase, one of the rarer stones, has 
been mined in the Ouro Preto area. It 


occurs in attractive light tones of blue, 
green and yellow, as well as colorless, 
sometimes in well-formed crystals as 
much as two inches in length. 

Chrysoberyl, one of the most beauti- 
ful gemstones, is found near Teofilo 
Otoni. It is recovered also from the 
panels (holes) of the Jequitinhonha 
River, associated with andalusite, py- 
rope and hessonite. It occurs in several 
shades of green and yellowish green, 
the latter being the most appreciated. 
No occurrence of alexandrite has been 
noted. High-quality cat's-eyes also are 
found in the Teofilo Otont area, and 
stones of fairly large size are seen fre- 
quently. Some are semitransparent with 
a sharp, white eye; others are translu- 
cent with either a white or a brown 
eye. Andalusite, besides occurring in 
the gravels of the Jequitinhonha River, 
is found also in crystal form in the vi- 
cinity of Teofilo Otoni. 

A few peridotes and opals are mined 
at Teofilo Otoni. Some of the opals 
show a characteristic play of color and 
are quite attractive, whereas others are 
milky and have slight appeal. 

Spodumene deposits are located near 
the city of Governador Valadares, in the 
Rio Doce Valley. Some of the yellowish- 
brown material turns purple when heat 
treated. In February, 1961, a strike was 
made and spodumence of all sizes and in 
various colors appeared on the market. 
It is interesting to note that only ap- 
proximately five percent of the entire 
production is the green variety, hidden- 
ite. Occassionally, it is found in associa- 
tion with yellow to yellowish-green 
crystals. 

A few occurrences of corundum and 
spinel have been noted, but in small 
quantities and small sizes. The color of 
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this material, mainly the ruby and the 
blue sapphire, was very good. 


Aventurine and labradorite, from 
the feldspar group, is available in large 
quantities; however, the occurrence of 
moonstone is rare. 


The industrial variety of zircon is 
found in the region of Pocos de Calda. 
The rare minerals brazilianite and ky- 
anite also occur, but in limited qualities 
suitable for cutting. Again, fine speci- 
mens of all stones desirable for collec- 
tions are available from time to time in 
the market. 


The majority of diamonds produced 
in Brazil come from Minas Gerais. The 
city of Diamantina, situated in the cen- 
tral part of the State, can be considered 
the principal center of the diamond in- 
dustry in South America. The diamonds 
from this area are not large, but the 
color is superior. Parcels of fine-color 
stones in the .10-, .20- and .30-carat 
size range are seen frequently. Also, 
from the town of Piui, in the eastern 
part of the State, at the headwaters of 
one of the most important Brazilian 
rivers, the Sao Francisco, good-quality 
diamonds have been found. One of the 
world’s most famous diamonds, the 
261.88-carat Estrella do Sul (Star of the 
South) , was found near the small town 
of Bagagem in 1853; its weight after 
cutting was 128.50 carats. The well- 
known Presidente Vargas diamond, 
weighing 726.60 carats, was discovered 
at Coromandel in 1938. It was cut into 
23 stones, eight of which were im- 
portant emerald cuts weighing from 17 
to 48.26 carats. 


One should not be surprised to find 
almost any species or variety of gem- 
stone in this country, since new sources 


are being discovered each year. Truly, 
Brazil is a privileged country in re- 
spect to gemstones. 


Following are students who have re- 
cently been awarded diplomas in the 
Theory of Gemology: 


Curtis W. Lewis, Hudson Belk Com- 
pany, Raleigh, N. C.; Wayne H. Hunter, 
Way-Fil Jewelry & Gift Shop, Booneville, 
Miss.; Julius C, Maier, Julius Jewelers, 
Syracuse, N. Y.; Richard L. Kraft, Jorgen- 
son Jewelry Company, Sheridan, Wyo.; 
Robert J. Kenney, Hosken Jewelry Store, 
Frostburg, Md.; Phyllis Brantley, Trein’s 
Jewelry, Dixon, I1l.; Don B. Dalzell, 
Henry Birks & Sons, Ottawa, Ontario, 
Canada; Jack Monchecourt, J. R. Wood 
& Son, Inc., New York City; Thomas L. 
Thompson, Thompson Jewelry, Napoleon, 
Ohio; La Verne Jobe, Jobe Jewelers, Hills- 
boro, Texas; James Ian McAskill, Kings- 
ton, Ontario, Canada; Harry Allen Sturde- 
vant, Chicago, Ill.; Robert N. Hackett, 
Pittsburgh, Penna.; Alan David, Philadel- 
phia, Penna.; Philip Henry Rynn, Nahant, 
Massa.; and Leo J. Weber, San Antonio, 
Texas. 


Following are students who have re- 
cently been awarded diplomas in the 
Theory and Practice of Gemology: 


Joseph A. Ghegan, Irvington, N. J.; 
Velma Mae Caldwell, Traverse City, 
Mich.; and Richard Caldwell, Traverse 
City, Mich. - 
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Lorundum in Tanganyika 


by 


Robert Webster, F.G. A. 


The existance of deposits of nongem 
corundum in the East Africa territory of 
Tanganyika has been known for a num- 
ber of years. During World War II, 
owing to the acute shortage of hones 
for sharpening the knives of rubber col- 
lectors, a small factory in the Geologi- 
cal Survey of Tanganyika was set up to 
make abrasive hones from local corun- 
dum. Purplish-red crystals with a green- 
ish micaceous envelope, called “egg cor- 
undum,’’ from the schist at Matumbulu, 
neat Dodona, and the greenish or grey- 
ish boulders on the outcrop of serpen- 
tine that had intruded aplitic veins, at 
Mleha Mountain, was the material used. 

There is much opaque corundum to 
be found in the northern part of Tan- 
ganyika, but only two occurrences seem 
to be of gemological significance. 

The first of these is the deposit of 
tuby crystals in a bright-green matrix 
of zoisite-amphibolite that occurs in the 
Matabatu Mountains, near Longido, a 
small town on the Great North Road 
that lies west of the volcanic peak of 


Kilimanjaro. Here the ruby crystals are 
hexagonal prisms with tabular habit. 
They are bright crimson and may meas- 
ure three centimeters or more across. 
Usually, they are extensively cracked 
and granulated, due to the stresses re- 
sulting from the metamorphism of the 
local rocks. However, a few small frag- 
ments of the crystals were clean enough 
for faceting. The less-clear material is 
used for cabochons. 

Although the ruby from this area is 
commercially unimportant as cut gem- 
stones, the green rock containing the 
bright-red crystals has been used as 
an ornamental stone for making ash- 
trays and similar small articles. This 
very attractive material, which has been 
named “‘anyolite,’”’ after the Masai name 
for green, is cut and polished in Idar- 
Oberstein. 

A year or so ago, crystals of trans- 
parent blue corundum were found in 
the Gerevi Hills, which lie to the north 
of the Umba River, in Tanga Province 
of northeastern Tanganyika. These hills 
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Small crystal inclusions in a sapphire from the Gerevi Hills. 


Small crystals and long tubes in a Tanganyika sapphire. 
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are some 150 miles southeast of Kili- 
manjaro, and are close to the Kenya 
border. 

The sapphire crystals of this local- 
ity have the habit of short stumpy hex- 
agonal prisms, or prisms with tabular 
habit, and all of the faces are heavily 
etched. The color may be said to be 
greenish blue, but down the length of 
the prism (the optic axis) it is a bright 
blue. All of the crystals examined were 
characterized by a patch of yellow color 
that penetrated the crystal parallel to 
the principal, or C, axis. This “tube” 
of yellow color does not show a zonal 
outline, and may not be at the exact 
center of the prism; in general, it seems 
to be associated with cracks in the 
crystal. 

The specific gravity of four of these 
crystals examined gave the following 
values: 3.991 (3.985 grams); 3.991 
(1.2625 grams) ; 3.989 (1.140 grams) 
and 4.987 (4.6558 grams) . No polished 
specimens were available for the study 
of the indices of refraction. The writer 
did see some small stones that had been 
cut from these Gerevi Hills crystals, 
but no time was available to take meas- 
urements. i 


Sapphire crystals from the 
Gerevi Hills, Tanganyika. 


The crystals were strongly dichroic, 
a bright-blue color being visible along 
the direction of the optic axis and a 
bluish green in the direction across the 
prism, the effect being seen easily with 
the naked eye. The absorption spec- 
trum, typical of that of blue sapphire, 
showed the 4500 A line strongly, the 
4600 A line moderately strong, and the 
4710 A line rather weak. With a flask 
containing a saturated solution of cop- 
per sulphate placed before the strong 
light source, the fluorescent lines of 
chromium were weakly apparent. 

Examination of the luminescence 
under long-wave ultraviolet light 
showed the crystals to fluoresce weakly 
reddish, as they did when pliced be- 
tween crossed filters; however, the yel- 
low patch down the center of the crys- 
tals emitted a strong orange glow, 
similar to that shown by Ceylon yellow 
sapphires. There was no noticeable re- 
sponse to irradiation by short-wave 
ultraviolet light, and only a dim red 
glow was visible when the crystals were 
irradiated by X-rays. Examination of 
the internal inclusions showed many 
small irregular oval crystals, many of 
which were clustered in groups, and 
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long needles, or canals, that were ori- 
ented to the faces of the hexagonal 
prism and to the faces of the rhombo- 
hedron. The cracks along which the 
yellow patch appears to have developed, 
and the yellow patch itself, precludes 
the cutting of stones of worthwhile size 
and, especially, of the correct orienta- 
tion necessary for the best color. 
Ruby is found either in the same lo- 
cality, or nearby, some of which has 
been fashioned into stones of fairly 
good color, These ruby crystals tend to 
assume more of the rhombohedral 
form, rather than the prismatic habit of 
the sapphire crystals from this part of 
Tanganyika. The specific gravity of two 
of the crystals was 3.982 and 3.983, re- 
spectively. The dichroism was distinct 
but far less pronounced than that shown 


by the sapphire crystals, and the absorp- 
tion spectrum (typical of ruby) was 
only moderately strong. Under long- 
wave ultraviolet light, the fluorescence 
was moderately intense, whereas under 
the Mineralite (short-wave ultraviolet) 
only a dull crimson glow was seen. A 
similar, but much weaker, fluorescence 
with no phosphorescence was seen when 
the crystals were irradiated with X-rays. 
The internal imperfections were similar 
to those in the Gerevi Hills blue sap- 
phires, except that the small crystal in- 
clusions were not in great evidence. 

Apparently, a group of Greek pros- 
pectors have obtained mining rights in 
the Tanga area, and there is every like- 
lihood that cut stones from this locality 
may enter the gemstone market. 


New York City Diamond Class 


Members of the New York City Dia- 
mond Evaluation Class that met August 
28th, through September Ist. Seated left 
to right: Al Berger, Woodmere, L. 1, New 
York; Harry Ward, New York City; Jean 
Claude Rivet, Montreal, Quebec, Canada; 
Helene Fortunoff, Brooklyn, N. Y.; 
George Crevier, Montreal, Quebec, Can- 
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ada; and Martin Busch, New York City. 
Standing left to right: Harold Smith, To- 
ledo, Ore.; William J. Heitz, Trenton, N. 
J.; Charles Syer, IV., Norfolk, Va.; Noel 
J. Murphy, Saint John, New Brunswick, 
Canada; Lee R. Runsdorf, New York City; 
and GIA instructors, Mrs. Eunice Miles, 
Robert Crowningshield and Bert Krashes. 
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A Memorial Tribute 


cy) 


Lester B. Benson, Jr. 


by Richard T. Liddicoat, Jr. 


The unexpected and untimely death 
of Lester B. Benson, Jr., on Friday, 
August 11, 1961 robbed gemology of 
one of its leaders. Lester Benson’s con- 
tributions to the gemological field in his 
short fourteen and one-half years as- 
sociation with it were exceptional. An 
extraordinarily gifted and exception- 


ally hard-working man, he combined 
scientific and artistic talents with 
unusual mechanical ability. 

He was born to Lester B. Benson and 
Sabina Lukes Benson, December 16, 
1921, in Mountain View, Colorado, a 
suburb of Denver. Lester went to a one- 
room school in Mountain View from 
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1927 to 1934 and to a slightly larger 
one in neighboring Washington 
Heights through the 10th grade. He 
was student-body president in the 10th 
grade. His junior and senior years were 
spent at Lakewood Senior High School 
from which he graduated in 1940. 

Lester Benson was an outstanding 
athlete in high school. He was elected 
to the National High School Athletic 
Association because of exceptional per- 
formances in football, track and wres- 
tling. He set a district record in a run- 
ning event and a league record in the 
discus throw. He was also elected to 
the National Scholastic Association on 
the basis of his academic record. 

Between high school graduation and 
his induction into the Army in Decem- 
ber, 1942, he worked first as a machin- 
ist at Douglas Aircraft in Santa Monica, 
California, and later in a mine near 
Lake City, Colorado. Shortly after his 
induction, Benson was picked on the 
basis of intelligence tests as potential 
officer material. Candidates were sent 
to the University of San Francisco. He 
studied there for about a year and one- 
half until the end of the war in Europe 
cancelled out the program. He was 
married to Mercedes Rodgers, May 8, 
1944, at San Luis Obispo, California a 
short time before being sent to the 
Philippines for the Leyte invasion as 
a member of a tank company. Shortly 
before the fight on Leyte was brought 
to a successful conclusion, he was 
wounded and evacuated to Hollandia 
on New Guinea. From Hollandia, he 
was returned to the United States. He 
was discharged from Fort Logan, Colo- 
rado, in the spring of 1945. 

After his return to civilian status, 
Lester Benson decided to design and 


make jewelry, in spite of an almost 
total lack of specific preparation for 
that field. However, he enjoyed im- 
mediate success. His interest in jewelry 
was kindled by his wife’s interest in 
gemstones and her study of the GIA 
courses, which he began to read. He 
became so interested that he decided 
to take advantage of his veteran bene- 
fits to study the courses himself. He 
inquired about on-the-job training, 
which was then possible under Public 
Law 346, the so-called G.I. Bill. A 
program was set up for him which 
terminated approximately eighteen 
months later when he became a regular 
member of the staff of the Gemological 
Institute. Despite his abbreviated col- 
lege training, there was no question of 
his ability to perform ably the, duties 
of an instructor. In June, 1947, while 
he was still a GIA student, he sat for 
his British Gemmological Association 
examination. He received a Fellowship 
with Distinction. His Graduate Gemol- 
ogist diploma was awarded late in 
1947. 


Working with Lester Benson, then 
and later as well, was a source of con- 
tinuing pleasure to his colleagues. 
Frequently he undertook problems 
which would seem to have required 
specialized training he hadn’t had, but 
solutions usually resulted. In part, his 
wide range of skills could be explained 
by his background. In 1928, the Senior 
Lester Benson purchased twenty acres 
and set up a wholesale nursery. In the 
years of the Depression, Lester and his 
older brother, Fred, formed a life-long 
habit of working long hours. Lester 
learned early to fend for himself — he 
was remarkably self-sufficient. The 
greenhouse and other nursery work 
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made it necessary for him to become 
an accomplished blacksmith, machinist, 
electrician, plumber, flower-arranger, 
gardener and truck mechanic. The 
habits acquired and the self-sufficiency 
developed in his work for his father 
formed patterns he followed the rest 
of his life. 

In the gemological field, the first real 
evidence of his inventiveness was the 
development of the spot method. for 
refractive index determinations on 
cabochons and tiny flat surfaces. In 
Britain this is known as the ‘‘distant 
vision method.” Basil Anderson, famed 
Director of the London Laboratory, 
mentions that he and his colleagues 
often speak of “taking a Lester Benson’”’ 
on a stone. Benson’s article describing 
this technique was published in Gems 
& Gemology in the Summer, 1948, issue. 


In late 1948, Lester Benson became 
a Gemological Institute instructor, as- 
sisting in resident classes in Los An- 
geles that year and guiding his own 
classes from 1949 on. In his early years 
at the Institute, he devoted much of 
his free time to assembling colored- 
stone prices. His purpose was to be able 
to teach appraising effectively in resi- 
dent classes. Later he worked with col- 
leagues to devise colored-stone price 
charts that could be explained clearly 
In writing for correspondence training. 

In 1951, Benson spent several 
months in New York as Acting 
Director of the Gem Trade Laboratory, 
during the illness of Robert Crowning- 
shield. While he was there, the X-ray 
unit in operation since the inception of 
the Gem Trade Laboratory burned out, 
so Benson designed and assisted in the 
construction of a new and more prac- 
tical pearl-testing X-radiographic unit. 


This new equipment was described in 
an article he wrote for the Winter, 
1951-52, issue of Gems G Gemology. 
In 1952, Benson assisted Dr. Edward 
Gubelin in the preparation of his book, 
“Inclusions as a Means of Gemstone 
Identification,” by editing and revis- 
ing the text for publication in English. 


For many years, Benson emphasized 
the importance to the retail jeweler of 
the offering of an open appraisal service. 
He lived to see a much greater accept- 
ance of this idea than had seemed pos- 
sible initially, when most retailers were 
very strongly opposed to the idea of 
appraising except for customers. His 
article, Making Appraisals, in the 
Summer, 1955, issue of Gems & 
Gemology, was taken from lectures de- 
livered for American Gem Society Con- 
claves in 1954 and 1955. From 1952 
until his death, Lester Benson was a 
regular speaker at Conclaves. His lec- 
tures on identification methods, pitfalls 
for the novice, colored-stone pricing, 
the importance of an open appraisal 
service to the retail jeweler, prejudging 
salability on the basis of design charac- 
teristics, new developments in testing 
and ideas for improving store layout 
and illumination will be long 
remembered. 


In 1955, Benson studied jewelry de- 
signing under Christian A. Jakobb. For 
many years, after retirement from full 
time designing, Mr. Jakobb taught 
classes at Mechanics Institute. Later, in 
1955 and 1956, Benson rewrote a cor- 
respondence course in designing pre- 
pared originally by Mr. Jakobb. In 
1961, Lester Benson presented several 
short resident classes in jewelry design- 
ing. At the time of his death, his ideas 
in this field were becoming increasingly 
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influential among jewelers. 

In 1960, Benson developed a clever 
method for detecting color-improving 
treatment in turquois and did some pio- 
neering work in the gemological field 
on spectrophotometry. In order to adapt 
a spectrophotometer for gem studies, it 
was necessaty for him to design and 
build equipment that would make it 
possible to use for gem study an instru- 
ment that was designed primarily for 
the study of liquids. Standard instru- 
ments could be used for materials pre- 
pared in thin parallel-sided polished 
slabs, but not faceted gemstones. Lester 
Benson made an ingenious device that 
permitted cut stones to be analyzed 
readily by a standard-spectrophotom- 
eter. Some of the transmission curves 
that he prepared disclosed information 
that was particularly enlightening in 
the fields of diamond coloration and 
fluorescence. He was anxious to con- 
tinue his research in spectrophotometry 
but lack of availability of funds which 
could be devoted to the purchase of an 
exceedingly expensive recording spec- 
trophotometer frustrated him in, this 
purpose. 

His article, Planning and Using 
Your Diamond Room, which ap- 
peared in the Winter, 1960-61, issue of 
Gems & Gemology, was typical of his 
practical approach to solving store lay- 
out and display problems to maximize 
the effectiveness of retailing selling 
space. Since the Winter, 1958-59, issue 
of Gems & Gemology, his column, 


Highlights at the GTL in Los An- 
geles, had been a popular feature of 
the magazine. 

In 1960, Benson assisted several] col- 
leagues at the Institute in the prepara- 
tion of “The Diamond Dictionary” 
by contributing many of the drawings, 
writing a number of definitions and 
editing some of the others. 

Over the years he designed much of 
the present-day equipment used by 
gemologists in this country. His designs 
(worked out in cooperation with Ken- 
neth M. Moore) include the present 
Gemolite base, the Institute’s spectro- 
scope unit, the new Duplex refracto- 
meter and the GIA Jeweler’s Camera. 
It was an idea of Benson’s that led to 
the unique system of baffles that gives 
the Diamondlux its effectiveness as a 
source of illumination for diamonds. 

Lester B. Benson, Jr. made many im- 
portant contributions to the advance- 
ment of gemology as a science, but 
probably he will be remembered best 
for the inspiration and wise counsel he 
gave to jeweler-students of the Gem- 
ological Institute all over the world. He 
was never too busy on the many tasks 
he had before him to advise a student 
on any subject that troubled him. The 
GIA has received hundreds of letters 
from students, graduates, and former 
associates expressing their feeling of 
loss. 

Les Benson will not only be missed 
by the many who regarded him as a 
close friend, but by all those he guided. 
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Wisconsin Uiamonds 


by 


Arthur A. Vierthaler, Ph.D. 


Transportation by glacier is still ac- 
cepted as the most logical explanation 
for the existence of diamonds in the 
Great Lakes region. The great ice sheets 
from the north last covered the area 
about 10,000 years ago, during the 
Pleistocene period. Intermittent ad- 
vances had covered the entire northern 
portion of our continent, moving as far 
south as St. Louis. The northern portion 
of what is now the U. S. was invaded 
by ice sheets at least four times at in- 
tervals of many thousands of years. 
During the process of pushing forward 
they ground out thousands of lakes and 
deepéned many river beds in the north- 
ern states. The conformation of the 
leading edge at the point of deepest 
penetration undoubtedly had a great 
influence on our present drainage pat- 
tern in the Great Lakes area. It is be- 
lieved that diamonds picked up to the 
north were deposited along with other 
transported glacial debris. Terminal 
moraines were formed by the lower end 
of the glacier at the point of greatest 


advance. As the melting continued, the 
transported debris in the ice remained; 
this consisted of heterogeneous matter 
of ground-up soil, large and small peb- 
bles and boulders of different kinds 
embedded in sand or clay. These de- 
posits usually formed crescent- or 
horseshoe-shaped moraines, concave 
toward the glacier and forming con- 
spicuous hills in valleys once occupied 
by these glaciers. The drift debris, or 
till, so laid, varies in thickness from 
100 feet to 700 feet or more, depending 
on the area. Final disappearance of ice 
from south of the Canadian border 
probably occurred no more than 8,000 
years ago. 

The discovery of diamonds in Wis- 
consin, as well as in Michigan and 
Ohio, is of considerable interest to 
geologists, since they are found in the 
terminal moraines of the great glacial 
sheets. In Wisconsin, diamonds have 
been found in the geographical prov- 
inces of the western uplands and the 
eastern ridges and lowlands. This last 
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Four views of the 15.37-carat Eagle diamond. Present owner, American Museum 
of Natural History, New York City. 


district includes the “‘kettle moraine,” 
which has produced most of the dia- 
monds found in the Great Lakes region. 
Sizes of these stones vary from less than 
one carat to twenty-orie carats, with a 
number of smaller stones, also varying 
In size. 

The earliest report of a diamond 
found in Wisconsin was in 1876, from 
records in the files of the Circuit Court 
of Milwaukee County and the Supreme 
Court of the State of Wisconsin. These 
records are the results of the lawsuits 
caused by the discovery and sale of this 
diamond. The stone was found in Wau- 
kesha County during the drilling of a 
well by Charles Wood, who was a ten- 
ant on a farm owned by Tom Dever- 
eaux near Eagle River. It came to the 
surface from about the 65-foot level as 
a stratum of, hard yellow material was 
penetrated. At that time, its identity 
was unknown. The court records relate 
that the following happened: After 
examining the stone, Wood brought it 
home and gave it to his wife, Clarissa, 
to add to her collection of shells and 
curios. For seven years it remained in 
their home; visitors frequently com- 
mented on its brightness and asked why 
it was not taken to a jeweler for identi- 
fication. One day, in 1883, Mrs. Wood 


took it to a Milwaukee jeweler by the 
name of Colonel Boynton, who said the 
stone was probably a “topaz” and pur- 
chased it for one dollar. Boynton: then 
sent it to a jewelry firm in Chicago for 
appraisal. Their report stated that the 
stone was a 15.37-carat diamond in the 
shape of a distorted dodecahedron, or a 
12-sided crystal form. After the news 
became known it finally reached Mrs. 
Wood, who then filed a legal suit 
against Colonel Boynton in the Circuit 
Court of Milwaukee, demanding the 
return of the stone. The Court-decided 
in favor of Boynton. Still persistent, she 
carried the suit to the Supreme Court of 
the State of Wisconsin and lost again. 
The decision handed down December 
10, 1884, was in favor of the defend- 
ant, Colonel Boynton, on the grounds 
that he, no less than the plaintiff, Clar- 
issa Wood, had been ignorant. of the 
value of the gem at the time it was pur- 
chased. After offering the stone to the 
State for sale, it was finally purchased 
by Tiffany & Company, of New York, 
for $850.00. It was then bought by 
J. P. Morgan, who, in turn, gave it to 
the American Museum of Natural His- 
tory in New York as a gift, where it 
may be viewed today. Shortly after the 
sale, Colonel Boynton formed the Dia- 
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mond Producing Company of Wiscon- 
sin. He sold stock in his company and 
the town of Eagle actually “sprang 
alive’ as a diamond center, after a few 
small crystals were found. After finding 
two diamond crystals of unmistakeable 
African origin, the realization that the 
area had been “salted’’ exposed the at- 
tempted fraud. 

In 1880, several small diamond crys- 
tals were found on the banks of Plum 
Creek, in Pierce County. The largest 
of these weighed three-fourths of a 
carat. Claims have been made that other 
small crystals have been discovered in 
this vicinity since then, but efforts to 
find substantial proof have failed. Until 
more crystals show up, one can assume 
this to be rumor, rather than fact. 

In 1896, a farmer near Saukville by 
the name of Conrad Schaefer claimed 
that he found a 6.57-carat diamond 
while hunting for arrowheads left by 
Sauk and Fox Indians. Since he had the 
stone in his possession for fifteen years 


The Saukville diamond. 
Weight 6.57 carats. 
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before taking it to a chemist in Mil- 
waukee for identification, the actual 
discovery date was 1881. 

In 1888, the largest diamond of all 
was found near the village of Theresa, 
in Dodge County, in the Green Lake 
moraine. This stone, which was known 
as the Theresa Diamond, weighed 211, 
carats. It was picked up by Louis End- 
lick, who lived in Kohlsville. Shortly 
after the discovery, the Endlick family 
moved away from Kohlsville, taking 
the diamond with them. Information 
concerning its ultimate disposition was 
a mystery for many years. In May, 1927, 
the Milwaukee Journal printed a fea- 
ture article entitled, “Where is the 
Theresa Diamond?” When this story 
was read by Mr. Endlick’s son, he went 
to Milwaukee to reveal what actually 
happened to the diamond. He ex- 
plained to Edwin E. Olson, of Bloedel’s 
Inc., a Milwaukee jewelry company, 
that after his father moved to Kewas- 
kum he sent the stone to the New York 
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Four views of the 3.87-carat Oregon diamond. Present owner, American Museum 
of Natural History, New York City. 


firm of John Wood & Company, where, 
in 1918, it was cut into ten stones at a 
cost of $400. The total weight was 9.27 
carats, and the individual weights were 
as follows: 1.48 carats, 1.09 carats, .97 
carat, .96 carat, .95 carat, .85 carat, .84 
carat, .83 carat, and two stones weigh- 
ing .65 carat each. Endlick’s son pointed 
out that the crystal was almost spherical 
and was colorless on one side and al- 
most a cream color on the other. These 
two portions were separated by a dis- 
tinct cleavage plane, which is probably 
the reason for the great loss of weight 
during cutting. 

In 1893, a 3.87-carat distorted octa- 
hedron was discovered by Stanley De- 
vine on his father’s farm, twelve miles 
south of Madison, near the town of 
Oregon. Stanley was only five years old 
and the shining pebble intrigued him. 
His father did not know what it was; 
after showing it around, however, word 
spread and finally a Chicago newspaper 
wrote an article describing the find. 


The 2.11-carat Burlington diamond. 
Present owner, Bunde & Upmeyer, 
Milwaukee, Wisconsin. 
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Tiffany & Company purchased the stone 
from the Devine family for $50. It is 
presently owned by the American Mu- 
seum of Natural History. 

The discovery of this diamond 
aroused the curiosity of Professor Wil- 
liam Herbert Hobbs, of the University 
of Wisconsin. Thinking that this area 
south of Madison was an unlikely spot 
to find a diamond, he traveled there 
and inspected the site. He also went to 
other areas where diamonds were tre- 
ported to have been found in terminal 
moraines. This started a seven-year 
study and a trail of facts and fancies. 


213 


He finally offered the theory that gla- 
ciets were responsible for diamonds 
being transported into the State. In a 
Smithsonian report, dated 1901, Pro- 
fessor Hobbs:entitled a section, History 
of Diamonds in Wisconsin. It is impor- 
tant to state that his glacier theory ts 
still accepted today, and is much more 
important than the monetary worth of 
the diamonds themselves. 

In 1903, a diamond weighing 2.11 
carats was found by G. Pufahl near 
Burlington. This stone has a bluish- 
green tinge and shows clear areas on its 
outer surface; internally it is very clear 
and free from flaws. It glows yellowish 
green under ultraviolet light. The pres- 
ent owner is Bunde & Upmeyer, a Mil- 
waukee jewelry firm; this firm also 
owns the Saukville stone, which is very 
clear and white in color. Both diamonds 
ate 12-sided crystals. There is a marked 
absence of frosty surface on these 
stones, which further strengthens the 
belief that they were suspended in the 
glacial ice. If they had been subjected 
to stream abrasion, the surface would 
be frosted. The stones have been prom- 
ised to the University of Wisconsin by 
Mr. Fred Gilomen, the President of 
Bunde & Upmeyer. They will be pre- 
sented formally in the near future. This 
will be an important addition to the 
University collection, not only as gems 
but from a scientific standpoint. 

It is interesting to note that all dia- 
monds of any consequence were found 
pfior to 1904. George F. Hanson, State 
Geologist of Wisconsin, states that no 
diamonds have since been found or te- 
ported anywhere in the State, even after 
thirty-five years of investigation of 
gravels and drillings. 

Recently, an increasing number of 


articles have been written about finding 
diamonds in Wisconsin. The latest, 
which was entitled, Mize Your Back 
Yard for Riches, appeared in the 
March, 1958, issue of Trve Magazine. 
Even though they are somewhat authen- 
tic, these articles often are filled with 
half-truths and misleading statements, 
giving the impression that anyone can 
find diamonds easily in Wisconsin. 
This is very discouraging, especially 
when one considers an experience I had 
a few years ago. While teaching a 
course in advanced gem identification 
at the University of Wisconsin, one of 
the students brought in a handful of 
very small diamond crystals he had re- 
ceived from a man who claimed he was 
mining them near the town of Eagle. 
The largest was 145 of an inch in di- 
ameter; however, microscopic inspec- 
tion proved all of them to be octahe- 
dral (8-sided) crystals, which is the 
usual crystal form of African diamonds 
(an octahedron resembles two pyramids 
base to base). All records of diamonds 
found in Wisconsin describe the crystal 
habit as dodecahedral (a 12-sided 
form). One of the stones clearly 
showed the slit of a diamond saw, and 
the other one had a very tiny polished 
facet on its outer surface! The conclu- 
sion drawn from this incident was that 
they were not of Wisconsin origin. It is 
quite possible that they were the crystals 
that had been salted long ago, men- 
tioned before. 

Other stones found in the Great 
Lakes district are the 11-carat Dowagiac 
Diamond (Michigan) and a 6-carat 
diamond that was discovered near Mil- 
ford, Ohio. The latter has a very fine 
color, and is presently in the collection 
of the University of Cincinnati. 
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American 


Los Angeles Diamond Class 


Members of the Los Angeles Diamond 
Evaluation Class that met August 21st, 
through August 25th. Back row left to 
right: Jerrie L. Sparks, Los Angeles; 
Norma Prim, Lynwood, California; Rich- 
ard T. Liddicoat, Jr., Executive Director; 
Floyd L. Johns, Los Angeles; GIA instruc- 
tor Joseph Murphy; Mrs. Elizabeth Grace, 
Sepulveda, California; and Jack Beyerlein, 
Los Angeles. Middle row left to right: 
Ivan Munson, Culver City, California; 
John R. Gray, Culver City, California; M. 


W. Leetzow, Fontana, California; How- 
ard Henschel, Los Angeles: Seymour Bilo- 
wit, Hermosa Beach, California; and Ed- 
gar Neel, Huntington Park, Galifornia. 
Front row left to right: GIA instructor 
William A. Allen; Camille Pilet, Geneva, 
Switzerland; William Caplan, Beverly 
Hills, California; Ben Salewsky, Cen- 
tralia, Washington; Norman J. Cutler, 
Burbank, California; and Harvey: Blohm, 
Alhambra, California. 
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Mabe Pearls 

Mabe (pronounced ‘‘mah’-be’’) is 
the Japanese name for the bivalve mol- 
usk, Pteria penguin and Pteria macrop- 
ters, in which cultured blister pearls 
were first successfully grown. Figure 1 
illustrates Preria penguin with an at- 
tached cultured blister pearl. Today, 
however, a cultured blister pearl grown 
in any mollusk is called a mabe pearl. 
‘As an example, suppose that blister 
pearls had been successfully grown in 
New England, in the quahog clam (the 
local name for Venus mercenaria, the 
young of which are called cherrystone 
clams) and the blisters were given the 
name ‘“quahog pearls.” Later, suppos- 
ing blisters were successfully grown in 
edible oysters and also in salt-water 
mussels, following the logic of the mabe 


designation, all such blisters would be 
called quahog pearls. Quahogs were 
chosen merely as an illustration, for, of 
course, edible clams and oysters do not 
form true pearls. 

As seen in jewelry, mabe pearls ap- 
pear to be approximately composed of 
one-half of a nacreous pearl, with a back 
of mother-of-pearl. This would appear 
to be true for all sizes; however, it ts 
well to describe the processes used for 
the various sizes encountered. For grow- 
ing mabe pearls of under 12 milli- 
meters, a mother-of-pearl sphere, or a 
three-quarters sphere of up to 10 milli- 
meters, is placed on the inside of the 
shell of not only Preria penguin and 
Pteria macropters, but also the ordinary 
Japanese cultured-pearl oyster, Pinctada 
martensii, and the Australian yellow- 
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lipped shell, Pinctada maxima, al- 
though’ the latter is usually. used for 
producing large mabe pearls. When the 
mollusk has covered.the inserted bead 
with approximately 1 millimeter of 
nacre in the form of a blister, the shell 
is. harvested and the blister is cut out. 
The bead is then removed from the blis- 
ter and it may be used again. A mush- 
room-shaped mother-of-pearl backing 
(Figure 2) is cemented to the eggshell- 
thin blister with an adhesive similar to 
Canada balsam and the mabe is com- 
plete. Often, in order to deepen the 
color of the finished product and to 
mask the mother-of-pearl back, a thin, 
colored cellulose coating is used to line 
the thin blister before it is cemented to 
the back. This is illustrated in Figure 3 
as the dark “cap” just above the mush- 
room-shaped_ back. 

Since the thickness obtainable in 
mother-of-pearl is limited, being pro- 


Figure 2 


cured mainly from fresh-water shell 
from the Mississippi River and its tribu- 
taries, the irritant for growing blisters 
larger than 12 millimeters usually is in 


Figure 1 


Figure 3 
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Figure 4 


the form of a baked-clay pellet. Pellets 
up to a 20-millimeter diameter have 
been used in the huge Australian Pizct- 
ada maxima mollusks. When sufficient 
time for growth has elapsed, the blis- 
ters are cut out of the shells, the baked- 
clay pellets are discarded, and the 
mother-of-pearl backs are prepared. 
Figure 4 is an X-radiograph of a 19- 
millimeter mabe pearl. The mother-of- 
pearl back is roughly a half sphere, 
about 9-millimeters thick. Within the 
blister is a drilled mother-of-pearl bead 
used as a ‘‘filler.”’ It occupies approxti- 


Figure 5 


The white one on the left is 20 milli- 
meters at its largest diameter, and the 
one on the right has a diameter of 21.5 
mately three-quarters of the space, the 
remaining void being filled with 
Canada balsam or a similar cement. In 
Figure 5, the “filler” is almost a semi- 
round of mother-of-pearl with the back 
being nearly the same. When using 
this type of “‘filler,”’ only a small 
amount of cement is necessary, 

Three very large Australian mabes 
(mah’-bees) are illustrated in F/eare 6. 


Figure 6 
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in-a-large void. 
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Figure 7 


millimeters. The center one is a dyec_ 
or treated, mabe pearl. 

One may wonder why cultured- blis® 
ter pearls are being produced, inas” 
much as great success has been accom™ 
plished in growing spherical culture: * 
pearls. When one realizes that in Japai ’ 
the growers are limited to culture.” 
pearls of approximately 10 millimeters 
and a demand exists for larger pear] 
and that this demand has not yet bee: 
satisfied with pearls from the large 
pearl oysters of Australia and Burm | 
(to say nothing of their high cost) 
then it is easy to appreciate the need fo 
cultured blister, or mabe, pearls. 
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Baroque Pearl That Rattled! 


Figure 7 illustrates an unusuall 
large and lustrous cultured-pear 
baroque that “‘rattled.”” The radiograp: 
of the same pearl (Figure 8) is sel 
explanatory—the nucleus was containe 


Figure 8 


Purple Clam Pearl 

We have mentioned many times in 
this column the fact that although some 
very attractive concretions have been 
found in edible clams and oysters, they 
do not have an established market and, 
not being nacreous, they cannot be 
classed as true pearls. Figure 9 is a 
photograph of an unusually fine, but- 
tof-shaped clam pear! mounted in an 
elaborate diamond and natural-pearl 
ring. It was submitted to the Laboratory 
for identification of the “stone.” The 
fact that clam:pearls are formed con- 
centrically just as true pearls are, is il- 
lustrated in Figure 10; however, the 
structure is not as fine. This is a radio- 
graph of a large black clam pearl that 
was sold as an “oriental black’ pearl’ by 
a dealer, who, evidently did not under- 
stand that one of the requirements for 
a true pearl is a nacreous surface. The 
radiograph also illustrated another rea- 
son that clam pearls have no: market 
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Figure 9 


value; they are brittle and nearly always 
crack when drilled. 
Abalone Pearl 
A most unusual pearl is illustrated in 
Figure 11, It is the largest and the finest 


Figure 11 


Figure 10 


rich blue-green to gray-blue Abalone 
pearl that we have seen. In addition, it 
depicts a drama of nature rarely en- 
countered. The outline of a sna can 
be seen quite clearly at the center of the 


Figure 12 
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Figure 13 


pearl and, on close examination, it ap- 
pears to be the shell of a drill, a marine 
snail that is very destructive to oysters 
and other mollusks. The drill (Urosal- 
pinx cinerea) can burrow through the 
shell of another mollusk and live on its 
body. In this case, after entering the 
body of the Abalone, the drill became 
the nucleus of a pearl. Abalone pearls 
may be detected, incidentally, by the 


fact that they fluoresce a dull-greenish 
color under long-wave ultraviolet light, 
unlike similarly colored black or blue 
pearls. 


Carnotite Cabochon 

Recently, we examined a large, flat, 
bright orangy-yellow cabochon and de- 
termined that it was mainly carnotite 
and other. radioactive breakdown prod- 
ucts. We placed it on a covered film 
(Figure 12) for 24 hours and it “took 
its own picture,” as illustrated in Fig- 
wre 13, Examination with the spectro- 
scope, using reflected light, gave us a 
rather distinctive spectrum (Frgure 
14). 

Nonfluorescent Pearl Cores 

Recently, we examined a very old and 
badly worn necklace of cultured pearls. 
We were surprised to find that the cores 
in the majority of the smallest pearls 
were nonfluorescent under X-rays; nor- 
mal cores made of fresh-water clam 
shell are fluorescent. By candling and 
observing the “hot spot’ of the mother- 
of-pearl, we were able to see the core. 
It is natural to assume that in the early 
days of culture experiments, cores for 
the small pearls were made from avail- 
able thin, salt-water shells. 
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Figure 15 


. Coated Diamonds 

We mentioned coated rough dia- 
monds in a recent issue of Gems & 
Gemology, and suggested that another 
term might be more fitting, since the 
word “coated” is often used to refer to 
the dubious practice of coating cut 
stones in order to disguise off color. 
However, no appropriate term has been 
offered to apply to the stones, such as 
the one illustrated in Figure 15, which 
has. a yellow cracked- and crazed-sur- 
face coating, that masks the very fine in- 
terior color. Cutters say that the “coat- 
ing’ does not behave as a diamond 
should in that it is crumbly in texture. 
No theory has been advanced as to 
why stones from South America, Sierra 
Leone and the Ivory Coast, in particular, 
are coated. Perhaps, one day, a study 
will be made of the surface material of 
these stones to determine if it differs 
from diamond. One thing that we have 


Figure 16 


discovered, no absorption spectrum 
seems attributable to the often dark- 
colored coating. 
Reaction of Pearls to Vinegar, 
Cologne, etc. 

Recently, we had a request for a de- 
tailed explanation of what happens to 
a pearl when it is placed in vinegar. Al- 
though it is known that pearls are at- 
tacked by vinegar, we felt that in order 
to answer the request properly, simple 
experiments should be conducted. For 
24 hours, similar cultured pearls, with 
one used as a control, were placed one 
each in cider vinegar, wine vinegar, dis- 
tilled vinegar and in a popular cologne. 
After this 24-hour period, the pearls 
were examined. By far the most active 
damage occurred to the pearl placed in 
the wine vinegar (Figure 16). Nearly 
all calcium carbonate appeared to be 
dissolved and only the network of con- 
chiolin remained. To the touch, it felt 
like an over-ripe blueberry. Under mag- 
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Figure 17 


nification, distinct brown calcite scale- 
nohedrons were noted here and there 
on the surface. More or less damage 
was suffered by the cultured pearl in the 
cider vinegar, but only slight damage to 
the one in the distilled vinegar, and 
none to the one in the cologne. A week 
later, all of the pearls in vinegar were 
destroyed, whereas the pearl in the 
cologne showed only mild discolora- 
tion. 

We have had inquiries concerning the 
reaction of spray colognes and perfumes 
on pearls, but have been unable to con- 
duct any experiments. We doubt that 
any simple experiment could either in- 
dict or exonerate spray perfumes. How- 
ever, to be on the safe side, it is our 
recommendation that, when spray 
colognes, hair sprays, etc. are used, the 
pearls should be placed on the person 
as the last item of the dressing routine. 

Carved Diamond 
Figure 17 illustrates a carved dia- 
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Figure 18 


mond weighing approximately two 
carats that is in the possession of Max 
Fine & Sons, Inc., New York City. It is 
a portrait of Queen Frederika, of the 
Netherlands, and was engraved by an 
unknown artist, about 1815. It is one 
of the very few known engraved dia- 
monds. 


Fresh-Water Pearl Necklace 

Figure 18 illustrates, in actual size, 
one of the most attractive and unusual 
pearl necklaces that we have seen. With 
the exception of the two pearls marked 
with bits of black tape to indicate they 
are cultured, they are fresh-water pearls 
and have the most delightful hues im- 
aginable. 


Unusual Gem Materials 
Unusual gem materials seen in the 
Laboratory in the past few months tn- 
clude natrolite, psilomelane and a 
nearly flawless spessartite of more than 
100 carats. 
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Artificial Coloration 
of 


Diamonds 


by 


A. A. Schulke 


Radiations and Their Effects 


During the past twelve years thou- 
sands of carats of diamonds have been 
attificially colored by nuclear radiation. 
Although it has been known for more 
than fifty years that diamonds could be 
colored with radioactive materials, the 
availability of modern nuclear ma- 
chines, and their powerful sources of 
radiation, have created a commercial 
enterprise out of what was once a little 
more than a scientific curiosity. 

All of this early work was done with 
alpha rays from radium compounds. 
The result of much of this work has 
been excellently reported by Lind and 
Bardwell.‘ 

Today, although neutrons ate in most 
general use for the color treatment of 
diamonds, they are not necessarily the 
best form of radiation for this work. 
There are several other types of radia- 
tion that can cause these color changes, 
and it might be interesting to compare 


and evaluate them for their usefulness 
in treating gemstones. 

In a general sense, these radiations 
can be classified in three main groups: 
those in which positively or negatively 
charged atomic particles penetrate the 
stone, and remain there; those in which 
uncharged particles penetrate the stone, 
and may or may not remain; and by 
pure energy. In the first group we have 
protons, deuterons and alpha particles 
(positively charged), and electrons 
(negatively charged). In the second 
group we have only neutrons, and in the 
third we have X-rays and gamma rays. 
So far, only the first two groups have 
been useful for diamond-treatment 
work. 

Although there are many types of 
machines capable of producing these 
radiations, up to now only three have 
had any general use: the cyclotron, for 
protons, deuterons, alpha particles and 
neutrons; nuclear reactors, for neu- 
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trons; and the Van de Graaff generator, 
for electrons. Of these, the cyclotron is 
undoubtedly the most useful, but it is 
also the most scarce and least available 
of the group. Much greater skill and 
experience is also needed to perform ir- 
radiations with this machine than with 
the others. 

Most conventional cyclotrons accel- 
etate protons, deuterons and alpha par- 
ticles in the energy range of about 5 
Mev (million electron volts). Despite 
this high energy, however, the range 
these particles.have in diamond is very 
limited and any color produced in the 
stones will be confined to a thin surface 
layer. 

This surface color can be put on 
either the culet or table, or both; but 
since the color is only a surface layer, 
there will be some visible optical effects 
that, to someone skilled in recognizing 
them, can be used to determine the 
type of treatment a stone has had. ‘?? 
Having the color on the surface also 
has a considerable advantage, in that it 
is difficult to completely ruin a stone be- 
cause of too much exposure. A stone 
too dark in color can have its original 
color restored by grinding off the irra- 
diated surface layer. There will, of 
course, be some loss in weight, but this 
is a small premium to pay for the in- 
surance against loss of the entire stone. 

The range these particles have in 
diamond is graphically illustrated in 
Figure 1. The range is given in mils 
(thousandths of an inch) and the en- 
ergy in millions of volts. 

It is interesting to note that when 
diamond (or any other material) is irra- 
diated with particles of some given en- 
ergy, they will a// penetrate the stone 
to the depth associated with this energy. 
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If, for example, we irradiate a stone 
with 18-million-volt deuterons, all of 
these deuterons will lodge in the stone 
at a depth of about .021 inches. This 
does not mean, though, that the color 
produced by these particles will be a 
thin green sheet at this depth, because 
the color we get under these conditions 
is the result of the passage of the parti- 
cles through the stone, and not from 
being lodged in it. 

It is also interesting to note that pro- 
tons, deuterons and alpha particles are 
all basic particles of gases: hydrogen, 
deuterium and helium, respectively. If, 
then, we irradiate a stone with alpha 
particles, we will have a layer contain- 
ing as many as 101° atoms of helium 
somewhere within the stone; with pro- 
tons or deuterons we will have hydro- 
gen. So far, no effect has been observed 
from this. 


Cyclotrons are now being designed’ ~ - 


and built that will accelerate nuclei of 
still heavier atoms (such as lithium, 
beryllium, boron, carbon, nitrogen, 
neon and argon), and it is possible that 
some of these will react with diamonds 
as an impurity and produce an effect not 
obtained by ionization alone, Scientists 
at the General Electric Research Labora- 
tory have recently done this by fusing a 
small amount of boron into natural and 
man-made diamonds (under high tem- 
perature and pressure), and found that 
the stones became electrically conduct- 
ing and blue in color—effectively chang- 
ing them into the rare, type IIb 
diamonds. 

Heat treatment of diamonds that have 
been cyclotron irradiated to green will 
almost always change them to some 
shade of yellow, gold or brown, the 
final color being directly related to the 
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RANGE OF CYCLOTRON PARTICLES IN DIAMOND IN MILS 


Figure 1 


original shade of green. For medium- 
green stones the heat-treated color will 
be a light gold; for dark green, a rich 
gold; and for very dark green or almost 
black stones, the color will be a mahog- 
any, or red-brown. 

Electrons have much the same effect 
on diamonds as cyclotron particles, and 
are usually obtained from Van de Graaff 
machines, in an energy range of about 
0.5 Mev to 3 Mev. This seems low, com- 
pared to the multimillion-volt particles 
obtained from cyclotrons; but because 
the mass of an electron is thousands of 
times smaller than that of cyclotron 
particles, electron ranges in diamond are 
many times greater. 

The range of electrons in diamond is 
illustrated in Figure 2. By comparing 


this graph with the graph of Figure 1, 
we find that a 40-million-volt alpha par- 
ticle has a range of 12.7 mils (0.0127 
inches) in diamond. To obtain this 
same range from electrons we need only 
400 kilovolts. 

The color produced in diamond by 
electron bombardment varies from blue, 
at energies near 500 kilovolts, to blue- 
green and green at energies of 2 to 3 
million volts. Attractive canary-yellow 
stones can sometimes be obtained by 
heating electron-treated stones, but, in 
general, the colors obtained from heat- 
ing will be very similar to those ob- 
tained from cyclotron-treated stones. 

_ Occasionally, some totally unexpected 
color, such as pink, will be obtained 
from electron bombardment but there 
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is no satisfactory explanation for this, 
and such colors are obtained only by 
chance, 

High-energy electrons also occur in 
lightning. The average lightning stroke 
has both the energy and quantity of 
electrons to color a diamond all the way 
through. This theory has apparently not 
been suggested before and has no ex- 
perimental proof to support it, but it is 
not inconceivable that some diamonds, 
favorably located, have been in the path 
of one or more such strokes and were 
colored either by direct electron pene- 
tration, or by a combination of this 
and heating by the lightning. 

This could well have happened dur- 
ing the formative years of the earth, 
when lightning was much more fre- 
quent than now, and might be the rea- 
son for some of the off-color, or even 
blue-white, stones that are found today. 
It might also explain why some stones 
change color when heated, © 

Although irradiation with electrons 
and cyclotron particles produce many 
similar effects in diamond, there are two 
big differences between the two. With 
cyclotron particles we introduce sub- 
stances into the diamond that are for- 
eign to the stone. When electrons lodge 
in diamond they merely become part of 
the family of electrons already there, 
and no contaminating atoms are formed. 
As we noted, however, this difference 
has not produced any significant or ob- 
served effect in the stone. 

The other difference, and one that is 
very useful, is that with electrons no 
lingering radioactivity is formed in the 
diamond and the stones may be exam- 
ined immediately after irradiation. With 
cyclotron particles, and with deuterons 
in particular, quite a bit of radioactivity 


is produced, and several hours may be 
required for it to decay to a level safe 
enough to permit handling the stones. 

The process by which a stone is col- 
ored by radiation is still not completely 
understood, but the evidence seems to 
support the theory that irradiation dis- 
places electrons from positions they nor- 
mally occupy in the crystal lattice. They 
then become trapped in vacant spaces 
between these lattice positions, produc- 
ing so-called color centers. These dis- 
placed electrons have the property of 
absorbing energy from visible light and 
re-emitting it at some particular fre- 
quency characteristic of the stone, and 
of the type of radiation it received. For 
deuteron-treated diamonds this fre- 
quency is in the green portion of the 
light spectrum and the stones reflect a 
green color. Increasing the intensity of 


irradiation will not change this basic... 


color but will progressively darken it 
until, if the exposure is continued long 
enough, the stone will appear to be 
completely black. 

The energy of the irradiating parti- 
cles will have some effect on the posi- 
tions these displaced electrons occupy, 
and their optical absorption is also af- 
fected. This is one reason why diamonds 
ittadiated with electrons of about 500 
kilovolts will appear blue, whereas those 
irradiated with higher energy electrons 
will reflect a bluish-green or green color. 

Heat treatment has a further effect 
on the displacement of these electrons, 
moving them to still different energy 
levels where the frequency of the re- 
flected light will be of a different color. 

The displacement of electrons in the 
diamond structure by irradiation with 
charged particles is a direct ionizing 
process and the carbon atoms are af- 
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Figure 2 


fected very little. With neutrons the 
process is quite different, because the 
neutron has no eleetrical charge. 

When neutrons penetrate a diamond, 
they displace electrons indirectly by 
first bouncing off atoms of carbon, im- 
parting some of the energy they have to 
these atoms with each elastic collision. 
The struck atoms, in turn, are dislodged 
from their lattice positions, losing some 
of their electrons in the process. These 
dislodged atoms are now effectively, 
moving, charged particles within the 
diamond, and interact with the elec- 
trons of other carbon atoms in much 
the same way as cyclotron-accelerated 
particles. 

The: end result, that of producing a 
green color in the diamond, is the same; 
but with neutrons, since the ionizing 
particles are generated within the stone 
itself, the diamond will be colored all 
the way through. 


The consensus of most persons who 
have seen many treated diamonds is that 
the color obtained with neutrons is not 
as attractive as the color produced with 
charged particles. The greens, in par- 
ticular, have a duller appearance than 
the surface-treated stones; this is prob- 
ably due to the light-absorbing effect of 
the color centers being distributed 
throughout the body of the stone. There 
is another disadvantage, too, in that this 
color cannot be removed by polishing, 
as with the cyclotron-treated stones, so 
the risk of losing a stone that has been 
overexposed with neutrons is much 
greater. 

It should be noted, though, that 
these effects are produced only with so- 
called fast neutrons, which is a vety 
loose term with several definitions. In 
a nuclear reactor, the fast neutrons have 
a very broad range of energy and are 
heavily contaminated with slow neu- 
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trons, But Pough has observed that slow 
neutrons (that is, those with an energy 
of a fraction of a volt or so) are not ef- 
fective in producing any color change 
in diamond. In this respect, the cy- 
clotron is again a superior instrument, 
for, in the irradiation space directly be- 
hind a neutron-producing target, the 
neutrons are all fast. 

When diamond is irradiated with en- 
ergetic particles, some, or all, of the 
energy of these particles is transferred 
to the crystal and stored in the lattice 
structure. This is the most basic of the 
physical changes that accompany the 
irradiation of materials and is funda- 
mental to the study of radiation dam- 
age, a current, and major, field of study 
of these effects. 

Radiation damage in a solid is the 
result of displacement of atoms in the 
solid by particles passing through it, of 
ionization produced by these particles, 
and of the irradiating particles that re- 
main in the solid as impurities. 

The last of these is the least impor- 
tant to us, because, so far, there appar- 
ently have been no detectable effects in 
diamond from cyclotron particles as 
impurities. The second item, ionization, 
produces color in the stones; the first 
produces effects that are almost all detri- 
mental. These effects will be several 
thousand times worse with neutrons 
than with charged particles, and will be 
much worse with slow neutrons than 
with fast. 

Graphite, in particular, has been the 
subject of much research in radiation 
damage, because of its importance as a 
construction material in nuclear reac- 
tors. And since diamond and graphite 
are elementally the same, the result of 
much of this work is directly applicable 


to diamond, too. 

Some of these observed effects (®-6”) 
in graphite and diamond with intense 
irradiation are: expansion of the lat- 
tice structure, with a corresponding de- 
ctease in density of as much as. 4%; 
increase of electrical resistance; a 
change from the crystal structure to 
completely amorphous carbon; a de- 
crease in hardness; and increased sus- 
ceptibility to chipping.. No change in 
the index of refraction in diamond has 
been observed, however ; it was expected 
but could not be measured (after the 
test diamond turned green). 

When only fast neutrons are used to 
color a diamond to green, these effects 
will be negligible; they will be signifi- 
cant when a diamond is treated to a dark 
green and when slow neutrons ate pres- 
ent in reactor quantities and will be ap- 
preciable when a stone is treated to 
black. Most of the radiation damage 
can be removed by annealing, so that 
these. effects may be insignificant in 
heat-treated stones, But it should be 
noted that for those stones treated to 
black, the annealing temperature is 
close to the point where the stones be- 
come graphitic: 

These, then, are the radiations that 
have been used successfully to color 
gemstones, and with this as a basis, we 
might project a bit and speculate on 
the future possibilities. 

It is extremely unlikely that any new 
color effects in diamond will be pro- 
duced in nuclear reactors, but they will 
undoubtedly continue to be used for the 
routine production of present colors. 
The most productive research for new 
colors in diamond will probably have to 
come from particle accelerators, using 
new types of charged particles and par- 
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ticles of greater energy than we have 
now, or from concentrated and ex- 
tremely radioactive materials. 

There is also a strong possibility that 
reactor neutron treatments will eventu- 
ally be supplanted by such radioactive 
materials. Some of these sources are 
available now, but some work needs to 
be done to determine the range and 
permanence of colors obtained with 
them and the length of exposure 
required. 

Small electron accelerators, operating 
in the energy range of about 200 kilo- 
volts to 400 kilovolts, could also be de- 
veloped at relatively low cost, specif- 
ically for diamond-treatment work, and 
it is even possible that an importer or 
large-volume dealer in gemstones could 
afford to have his own machine. 

It is evident, though, that color ef- 
fects in diamond, both natural and artt- 
ficially induced, are neither simple nor 
easily explained, and despite all the 
work that has been done to better under- 
stand these effects, there is still very 
much left for us to learn. 

Cyclotron Irradiation 

Historically, the first reported color 
change in diamond was made almost 
twenty years ago by J. M. Cork, who 
irradiated a few diamonds and crystals 
with deuterons at the University of 
Michigan cyclotron in 1942. Appar- 
ently, this work was not continued, and 
terminated with a brief note on the ef- 
fects he obtained. ‘® . 

Actually the pioneering work in this 
field had been done almost two years 
earlier by Martin L. Ehrmann, who ir- 
radiated diamonds with charged par- 
ticles and fast neutrons in the cyclo- 
tron at Harvard University. Ehrmann 
continued his work in 1946 with the 


cyclotron at Columbia University and 
reported, in Gems G Gemology, some 
of the results he obtained from both 
cyclotrons. ‘®? 

Meanwhile, F. H. Pough had been 
making independent investigations on 
the effect of radiation on diamond, 
using slow and fast neutrons and 
gamma rays from the reactor at Ar- 
gonne National Laboratory, deuterons 
from the Columbia University cyclo- 
tron, gamma rays from 214 grams of 
radium at the Fort Hope refinery in 
Canada, and X-rays from a powerful 
new tube at the Machlett Laboratories. 

These preliminary investigations, al- 
though necessarily limited by more im- 
portant war work, nevertheless pro- 
duced much useful information, and 
were to be the basis for all the gemstone 
irradiation work being done in this 
country today. 

In 1949, this work was transferred 
to two of the newest and best cyclotrons 
then operating: Ehrmann, using the 
60-inch cyclotron at the University of 
California,7° and Pough, using the 
42-inch cyclotron at Washington Uni- 
versity in St. Louis.4) In 1952, Ehr- 
mann also transferred his project to 
Washington University, where the work 
continued for another five years. 

These two machines are no longer 
available for these irradiations, and al- 
though there are others now that have 
facilities for this, most diamond treat- 
ment work today is being done with fast 
neutrons from nuclear reactors and to a 
lesser extent, with electrons from Van 
de Graaff machines. 

At Washington University, during 
the period between 1949 and 1957, 
more than 8600 diamonds were treated. 
These ranged in weight from two points 
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to 70 carats and included stones of vit- 
tually every known cut, color, imper- 
fection grade and fluorescence. Deu- 
terons, protons, alpha particles and fast 
neutrons were used, but almost all of 
the work was done with deuterons at 
9.1 Mev, because they were the most 
convenient to accelerate and their pene- 
tration in diamond, 0.0066 inches, was 
twice as great as that of the protons or 
alpha particles. Fast neutrons (from 
10.2 Mev deuterons or beryllium and 
lithium targets) were used on several 
occasions, but they were not favored 
because of the long irradiation time 
required. 

In the 15 to 30 hours needed to color 
the stones with neutrons, an equal quan- 
tity could be treated with deuterons in 
only one or two hours. These shorter 
itradiations made it much more con- 
venient to arrange the work for brief 
open periods in the cyclotron-operating 
schedule, without interfering with the 
regular research programs. 

Irradiation with alpha particles, 
rather than with deuterons, would have 
speeded up the work considerably, be- 
cause the induced radioactivity would 
have been much lower; thus, the fin- 
ished targets could have been unloaded 
and the stones inspected within 15 min- 
utes or less. However, in addition to the 
objections noted, they were seldom 
used in the machine. 

With deuterons, the stones were not 
safe to handle for one or two hours 
after irradiation, and the target-holders 
could not be reused until the following 
day; even then they were still radio- 
active enough to require cautious han- 
dling. By this time, though, practically 
none of the diamonds showed any de- 
tectable radioactivity. 


The larger cyclotron at Berkeley fre- 
quently accelerated alpha particles, and 
these were preferred for diamond- 
irtadiation work. The 40 Mev alpha 
particles available with this machine 
penetrated the stones to a depth of about 
.013 inches — twice that of the 9.1 Mev 
deuterons from the Washington Uni- 
versity machine. The Berkeley cyclotron 
also accelerated deuterons to 20 Mev, 
with a range in diamond of .026 inches ; 
but, because of the greatly increased 
problem of target radioactivity at this 
energy, it was considered an unimpor- 
tant advantage and deuterons were sel- 
dom used. 

The high-energy beam of particles 
was brought out from the cyclotron 
through a thin metal window and, when 
not blocked by a target, appeared as a 
thin, fan-shaped wedge. Close to the 
exit window it was only about 1% 
inches long and %46 inch thick. Several 
inches further out it was spread to about 
four inches wide and 14 inch thick. 

A vacuum-tight box was installed at 
this exit window. into which the tar- 
gets to be bombarded were placed. 
They had many shapes, but all had 
which the material to be irradiated was 
some sort of water-cooled plate onto 
attached. 

For all diamond targets, despite the 
relatively high thermal conductivity of 
diamond (better than that of some 
metals), it was necessary to supply addi- 
tional cooling to the surfaces of the 
stones by irradiating them in an atmos- 
phere of helium, which cools six times 
as effectively as air, Without this cool- 
ing they would sometimes get hot 
enough to change into a yellowish-green 
color. 

The stones, unfortunately, could not 
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Figure 3 


be viewed during the irradiation, be- 
cause the radiation level from the cyclo- 
tron was so high — equivalent to that 
from seven tons of radium. The entire 
machine was, in fact, placed under- 
ground and heavily shielded with earth 
and concrete. Even after the machine 
was shut off, the radiation persisted in 
the metal parts around the target area 
and it had to be approached cautiously 
and the targets removed quickly. 
Because of the large quantity of 
stones to be treated at Washington Uni- 
versity, and the problems of time and 
radioactivity, some thought was given 
to more efficient target designs. These 
designs progressed through various 
stages, from the first painstakingly pre- 
pared ones where the stones were 
crimped into shaped holes in the plates 
by a jeweler, to the two shown in the 
photographs. The target-holder in Fag- 
ure 3 was mostly used for the larger 
stones of 10 to 20 carats, which re- 
quired special orientation, but the as- 
sembly in Figure 4 was preferred. This 
was effectively six targets in one, be- 
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cause the stones could be mounted on 
each of six faces, which could be rotated 
externally to face the beam without re- 
moval from the machine. The stones 
were mounted merely by placing them 
loosely in channels or holes cut in the 
water-cooled aluminum plate and hold- 
ing them in position with a covering 
foil of .001-inch-thick aluminum 
clamped to the target plate. This is 
shown more clearly in Figure 3. For 
the largest stones (i.e., those heavier 
than 30 or 40 carats) or for those that 
were exceptionally broad and thin, 
special holders had to be designed to 
itradiate them where the beam was more 
diffused. 

For irradiations on the culets, flat 
shims of aluminum were placed under 
the faces, so that the culets were all of 
about the same height. The covering 
foil was then pressed down over these 
pointed ends until they poked through 
the foil. In this way they were not only 
held securely in position but had direct 
contact with the cooling helium. 

For irradiations on the faces an as- 
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Figure 4 


sortment of shims was used, which had 
small tapered holes bored in them. 
These not only kept the faces at the 
same height, but also kept the stones 
from tilting edgewise into the beam. 
The faces did not poke through the 
covering foil but, being relatively 
broad, had sufficient surface-area con- 
tact with the covering foil to be cooled 
indirectly. 

The diamonds were treated on either 
surface, or both. Stones treated only on 
the culet appeared very. pale when ly- 
ing face down; although this was ob- 
jectionable to the trade, it made no 
difference after they were mounted. The 
bottom treatment was preferred, be- 
cause the stones had more sparkle than 
the top-treated ones. Diamonds treated 
on the top required about 50% more 
exposure for the same intensity of color 
than the bottom-treated ones. They 
showed color from either side, but face 
down they were much darker than when 
seen from the top and also had an ob- 
jectionable black ring around the girdle. 


Top treatments were more useful with 
stones of poor colors than culet treat- 
ments, since these colors were somewhat 
masked by the filtering effect of the col- 
ored surface layer. For the trade, most 
of the stones were treated on both sur- 
faces to give them a uniform green ap- 
pearance when viewed from either top 
or bottom, but this more than doubled 
the cost. 

Stones badly flawed with internal 
cracks could not be successfully treated 
to either green ot gold. The bottom 
treatment actually emphasized these 
cracks and they appeared as white re- 
flections against a darker background. 
The top treatment was better, in that 
the flaws at least had a little tint to 
them. Several of the worst stones, those 
with many internal cracks, were treated 
on both surfaces until they were totally 
black, making the flaws completely in- 
visible and the stones very attractive. 
Other optical effects in the stones have 
been reported in an earlier issue of 
Gems & Gemology.(® 
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The diamonds could not be checked 
for any chemical impurities, because 
this test requires destruction of the 
stone. But it was assumed that because 
of the great variety of sources and wide 
range of color quality, the stones were 
typical in the amount and types of for- 
eign elements usually found in them. 

Diamonds have been examined spec- 
trographically by Chesley ‘**’ and Bunt- 
ing“) and were found to contain as 
many as 13 elements. In order of abun- 
dance these were: aluminum, silicon, 
calcium, magnesium, copper, barium, 
iron, strontium, sodium, silver, titanium, 
chromium and lead. Any one diamond 
rarely contained more than seven of 
these, and aluminum, silicon and cal- 
cium were found in all of those tested. 
Thirty-six other elements were tested 
for but not found. 

However, after irradiating a light- 
yellow cape diamond with neutrons 
from the reactor at Argonne National 
Laboratory, Freedman“®> found a ra- 
dioactivity in the stone that could only 
have come from gold. He also estimated 
that about two micrograms of this ele- 
ment was in the stone and suggested 
that this was the reason for its yellowish 
color. 

That many of these elements were 
present in the cyclotron-irradiated 
stones, too, was clearly evident because 
of the great variation in radioactivity in- 
duced in them. 

The only detectable activity induced 
by short deuteron irradiation of abso- 
lutely: pure diamond should have been 
nitrogen-13. This radioactive isotope, 
transmuted from carbon, has a half-life 
of 9.9 minutes, and an hour after the 
irradiation less than 0.1% of this should 
have remained. Longer activities than 


this were often observed in the stones, 
however, indicating the presence of 
other transmuted elements. Radioactivi- 
ties with half-lives shorter than nitro- 
gen-13 could not be detected, although 
undoubtedly present, because of the 
masking effect of the much more in- 
tense radiation from the nitrogen. 

It is significant, then, that whatever 
contaminating impurities the stones may 
have had, these impurities apparently 
had no effect on the colors obtained. 
The impurities may have varied greatly 
but the colors obtained did not and 
were always predictable—so predictable, 
in fact, that it became routine to treat 
stones to match the color of some pre- 
viously treated one. 

It is characteristic of cyclotron beams 
that the density varies greatly within the 
area of the beam, and almost day-to-day 
variations may occur as some electrical 
or mechanical adjustment of the cyclo- 
tron is changed. For diamond irradia- 
tions this can be very troublesome, and 
the beam shape, position and density 
had to be examined frequently by mak- 
ing autoradiographs of blank target 
plates. 

This variation was so great that at 
one time a brilliant as small as 314 
carats was streaked and had to be re- 
treated. A few months later the beam 
had become so diffused that a 14-carat 
emerald cut (with a single-culet treat- 
ment) and a 26-carat heart shape (with 
a single treatment across the culet and 
another across the top) were irradiated 
on the same target that was used for 
the small brilliant and showed no trace 
of streaking at all. 

The variation in density was even 
more strikingly demonstrated in an- 
other incident (before the necessity for 
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helium cooling was realized) when the 
center stone in a group of three went 
through green to a golden-yellow color. 
The stones on either side of it remained 
cool enough to stay green. 

This effect was minimized by swing- 
ing the beam from side to side during 
the irradiation, to distribute the particles 
more uniformly from end to end, but 
little could be done about the width. 
For most stones, especially the brilliants 
and emerald cuts, which were treated 
only on the culets, this gave no trouble 
at all. For irradiation on the faces, 
though, extreme care had to be used to 
avoid streaking. Moreover, many of the 
larger stones, from about eight carats 
up, had to have as many as three sepa- 
rate top irradiations, rotating the stones 
60° between each treatment. 

Despite these difficulties, out of the 
thousands of diamonds treated, not a 
single stone was physically damaged 
from the irradiation. Even those stones 
that were badly flawed with internal 
and surface cracks were unharmed by 
the bombardment. 

Accidents were bound to happen, 
though, and did, but these involved 
only unwanted color changes. In one 
case a 21/-carat brilliant was accident- 
ally overexposed on the culet and the 
stone turned completely black. The 
original color was restored by polishing 
the treated coating off the culet (losing 
about 15 points of weight in the proc- 
ess) and the diamond was treated again, 
this time to the requested shade of 
green. 

The most difficult stones of all to 
treat uniformly were the flat triangles 
and the marquise-cut stones. 

The marquise, because of its thin 
pointed end, always showed a concen- 
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tration of color there, the points becom- 
ing a very dark green while the body of 
the stone was still fairly light. This 
effect was reduced somewhat by placing 
the stones at an angle across the beam, 
so that the pointed ends were either 
above or below the intense central part. 
In several cases, some of the smaller 
ones, of three carats or so, were made 
almost uniform in color by adding a 
second treatment at 90° to the first, the 
beam going across the body of the 
stone only and missing both ends. 

The triangles were impossible to 
color uniformly and always showed a 
dark border along the three edges, no 
matter how they were oriented or 
treated. 

There were several puzzling differ- 
ences observed between the effects ob- 
tained from this cyclotron work and the 
work reported by others. There have 
been several reports(1%17-18) that dia- 
monds treated to green with charged 
particles or neutrons were restored to 
their original colors by heat treatment; 
but of all the stones heat treated at 
Washington University, none faded to 
their original color and all turned into 
some shade of gold. Many attempts 
were made to fade them, however, and 
in some cases, hopefully, because the 
stones-were a darker shade of green than 
requested, but with no success. It was 
observed, though, that at temperatures 
of 1200° F. or so, the stones would ap- 
pear to lighten a little, but this was only 
because they were beginning to change 
over from the green to the gold. Close 
examination always showed that the 
original green was a little lighter at this 
point, but was more of a yellowish green 
than before heating. Stones that were 
a medium-light green when heated to 
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about 1600° F. would appear to have 
the color removed, But again, close ex- 
amination and comparison with a refer- 
ence stone always showed that these 
stones actually were a little more capish 
than before. Perhaps it was this effect 
that led some researchers to mistake a 
color change for color removal. 

Heating green-treated stones to gold 
normally required only four to five min- 
utes at 1600° F., but many observations 
were made throughout the temperature 
range of 1200° F. to 1900° F. and for 
heating times from a minute or so to 
more than an hour. 

The length of time the stones were 
heated appeared to have but little effect 
on the final color, once the change from 
green had been made. This change ap- 
peared to be complete only at tempera- 
tures greater than about 1500° F. and 
seemed to have a fairly sharp transition 
temperature, similar to the effect ob- 
served in some earlier work in the heat 
clearing of quartz plates, which had 
been irradiated to purple.“'® Diamonds 
heated below 1500° F. retained some of 
their green color, which gave them 
a very unattractive yellowish-green 
appearance. 

The exact transition point was difh- 
cult to determine because the stones 
were heated in charcoal rather than in 
a vacuum, but it was clearly at least 
300° F. higher than that reported by 
Dugdale’?® for his reactor-treated 
stones. Diamonds that were incom- 
pletely cleared could be reheated at any 
time at 1600° F. to 1900° F. to complete 
the change to gold. In several cases, it 
was observed that stones that had been 
heated to very nice colors at these tem- 
peratures could be made still more 
attractive by a second heat treatment 


several days later at the same tem- 
perature as the first one. 

None of the mysterious black spots, 
first reported by Lind and Bardwell, @”) 
was observed in any of the stones treated 
at Washington University. These small 
carbonlike specks were occasionally: 
found in some stones treated with alpha 
particles from radium. They were far 
beyond the range of the radium parti- 
cles and could be removed by heating 
the stones. 

Ehrmann (22) also’ observed similar 
black specks in some stones treated with 
deuterons with the Harvard cyclotron, 
but it is not known if these two effects 
were the same and neither. has been 
satisfactorily explained. 

The final color of treated stones was 
only affected by the original natural 
color of the stones, the treated color be- 
ing superimposed on, and blended with, 
this color. Silver capes gave a bluish 
green, and for the browner stones the 
color was more olive. Several very milky 
stones blended very well with the green 
and became a very attractive frosty blu- 
ish color. It was observed, though, that 
the brown stones required about 25% 
more irradiation than the lighter capes 
for the same intensity of green, but this 
was expected because of their darker 
color. The milky stones, which were 
expected to require about the same ex- 
posure as a light-colored cape, actually 
required almost three times as much. 

Fluorescence in the stones was also 
of considerable importance, It was 
found that stones that fluoresced a 
strong blue could not be made into an 
attractive gold and gave an odd, shift- 
ing, greenish-yellow effect to the gold 
color. On the other hand, the blue 
fluorescence mixed very well with the 
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green stones, and even seemed to add a 
little more spatkle to them. Stones that 
were fluorescent in other colors (e.g., 
pink, orange, yellow and green) gave 
no trouble for either treatment, and the 
fluorescence was either diminished or 
removed from the stone or masked by 
the treated color. 

Although almost all of this irradia- 
tion work was done with deuterons, 
appreciable quantities of stones were 
treated with neutrons on several occa- 
sions, when the stones to be treated jus- 
tified the cost of the long bombardment 
time involved. 

For one of these irradiations, five 
stones, totaling 95 carats, were irradi- 
ated in the fast neutron flux directly 
behind a lithium target. Since the pro- 
duction of cyclotron neutrons is a 
secondary process, the neutrons being 
emitted when the target plate is irra- 
diated with deuterons, the neutron 
intensity was observed to vary as 
greatly as the beam of deuterons. This 
variation was evident in the stones 
after two hours of irradiation, and 
after this first inspection they were 
inspected hourly and moved to new 
positions to ensure uniformity of color. 

The total length of time needed to 
produce a medium-dark green in all of 
the stones varied with the size: the larg- 
est, a 49-carat emerald cut, required 18 
hours; a 19-carat emerald cut, 24 hours; 
and the smallest, several brilliants and 
emerald cuts of eight to nine carats, 
needed 34 hours. 

Another neutron irradiation, how- 
ever, using a beryllium target for the 
emission of neutrons, treated a large 
quantity of smaller stones to an equiva- 
lent green in only 17 hours. This differ- 
ence was believed to be due to the better 


geometry of the beryllium target, per- 
mitting the stones to get closer to the 
target, where the neutron density was 
greater. 

The neutron flux from the lithium 
and beryllium targets was not directly 
measured for these treatments. From 
other work, where the beryllium target 
was used, the total neutron dose tre- 
quired to color diamonds a medium 
green was calculated to be about 3 x 
1017 neutrons per square centimeter. 

The cost of treating diamonds in a 
cyclotron is extremely variable, and a 
comparison of this cost with. that of 
other machines can only be done in a 
very general way. 

Irradiation costs with particle acceler- 
ators: cyclotrons, Van de Graaff ma- 
chines, linear accelerators and the like 
range from $50 to $100 per hour. 
But since this charge is based simply 
on time and not on the number or 
quality of diamonds treated, it is not 
possible to assign a value to the cost 
of treating a particular stone. 

A single cyclotron target, for example, 
can be loaded with about 20 five- 
point stones or three 10-carat brilliant- 
cut diamonds. Either group can be 
treated to green in less than 15 minutes 
for the same irradiation charge. A mini- 
mum of $60 would therefore mean a 
cost of $60 per carat for the first group, 
but only $2 per carat for the second. 

Irradiation charges for reactors are 
more complex, varying greatly from 
place to place. Some have a flat charge 
as low as $15 per week, plus a flat $15 
handling charge per sample container. 
Others charge as much as $20 per hour. 
All have variable rates and generally 
adapt the charge according to the diffi- 
culty of the sample to be irradiated and 
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how much handling is required. 

Irradiation space is much more gen- 
erous in reactors than in accelerators. In 
a typical reactor a single container can 
be used to hold hundreds of carats of 
diamonds or just a few melee. The 
charge is the same for either container. 
But since the neutron intensity between 
reactors varies greatly, the time required 
to color diamonds may be as low as an 
hour or two in one reactor to 100 hours 
of more in another. 

In any case, though, the comparison 
of cost is somewhat academic, because 
one seldom has enough diamonds to 
treat to make most efficient use of the 
facilities available. 
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Developments and Highlights 


at the 


GEM TRADE LAB 
in New York 


Robert Crowningshield 


Director of Eastern Headquarters 


Radium-Treated Diamonds 

We have examined several green dia- 
monds that proved to be radium treated 
by “taking their own pictures’ when 
placed on a covered X-ray film. Frgure 
1 is the autophotograph of a particu- 
larly “hot” three-carat stone. Another, 
much larger, stone was purchased in 
Europe just after World War I and 
remained in the hands of one family 
until now. 

Serpentine 

An unusually bright-green material 
recently presented to dealers as Burma 
jade was determined to be serpentine. 
Figure 2 illustrates the somewhat 
mottled appearance of these stones. Ex- 
amination in reflected light with the 
spectroscope showed the unmistakable 
presence of chromium, as illustrated by 


the bands in the red end of the spec- 
trum in Figure 3. 
“Yunnan Jade” 

Another recently encountered dark- 
green stone from Burma was found to 
be a kind of jadite called “Yunnan 
jade.” Since the specimens presented 
to the Laboratory were cut very thin, 
it was possible to pass light through 
them and study the resulting absorp- 
tion spectrum. It was a rather unusual 
spectrum, since the red transmission 
could be seen above the 7000 A limit. 
Figure 4 illustrates the transmitted-light 
spectrum of this material. In reflected 
light, the only source possible on thicker 
pieces, the spectrum was less diagnostic 
(Figure 5). The refractive index, spe- 
cific gravity and surface appearance 
were normal for jadeite. 
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Brazilian Pegmatite Emerald 

We recently identified a large, flaw- 
less, pale-colored emerald of the kind 
found in Brazilian pegmatites. When a 
powerful, thin beam of light was passed 
thtough the stone, in order to study the 
absorption spectrum, we were surprised 
to see that in the path of the light the 
stone was a bright red; yet, under both 
long and short ultraviolet, the stone re- 
mained green. It was no surprise, then, 
to see a fluorescent line in the red, as 
illustrated in the absorption spectrum 
for the stone (Figure 6). We checked 
several other similar stones that we were 
able to locate in the trade, and all but 
the very lightest color behaved similarly. 

Bluish-Green Chrysoberyl 

In the collection of Jerome B. Wiss, 
late President of Wiss Sons, Inc., and 
onetime Chairman of the GIA Board of 


Governors, there has long been an un- 
usual chrysoberyl that resembles a very 
pale bluish-green aquamarine. Until re- 
cently, we had never studied its ab- 
sorption spectrum carefully. Figure 7 
shows that the stone owes some of its 
color to chromium, since the lines in the 
ted are typical. Another stone that owes 
its color to chromium, yet is blue-green 
in color, is euclase. Because of the eye’s 
insensitivity to the red end of the spec- 
trum, a spectroscopist must make a spe- 
cial effort to examine that part of the 
spectrum, either with filters or by using 
careful light adjustments. 
“Purpurine”’ 

An interesting material long favored 
by Italian craftsmen and by the famed 
Russian jeweler, Faberge, is a red, 
opaque kind of enamel that has a 
crystalline-appearing surface when ex- 
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amined under the microscope. Actually, 
rather than crystalline, it appears to 
be composed of myriads of fern leaves 
of several sizes randomly distributed. 
The refractive index of the material is 
approximately 1.64 and the specific 
gravity is about 3.77. Figure 8 (repro- 
duced from Kenneth:Snowman’s hand- 
some volume entitled The Art of Carl 
Faberge) shows a small peasant girl on 
a nephrite stand. Many years ago, a fig- 
urine like this was presented to the Lab- 
oratory for the identification of the red 
material (dark in the photograph), and 


at that time the only name for it that Figure 8 
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we discovered was “‘purpurine.” Figure 
9 illustrates its rather unusual absorp- 
tion spectrum in strong reflected light. 
A similar figurine is now in the posses- 
sion of the Metropolitan Museum of 
Art. Lately, we have encountered pur- 
purine as the base for small Italian 
bone-mosaic jewelry items. 
Another Diamond Found at 
Murfreesboro Mine 

Figure 10 isa photograph of a rough 
diamond, that was reputedly found in 
a recently reopened section of the dia- 
mond pipe at Murfreesboro, Arkansas; 
Figure 11 is the resulting fashioned 
stone. The rough weighed approxi- 
mately .83 carat; the cut stone, about 
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Figure 12 


.44 carat. We examined the stone before 
and after cutting through the courtesy 
of Mr. Stanley Kahn, GIA student, of 
Pine Bluff, Arkansas. 
Sapphire with Color Change 

One of the most unusual stones sub- 
mitted in recent months was a very 
light-colored, almost flawless emerald- 
cut sapphire of nearly thirty carats. The 
green color was seen only in daylight 
or an adequate substitute for daylight. 
In incandescent light the stone changed 
to a light red-violet color. 
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Developments and Highlights 


by 


at the 


GEM TRADE LAB 


in Los Angeles 


Richard T. Liddicoat, Jr. 


Who Will Pay the Piper? 

Less than a year ago, a chipped dia- 
mond was submitted to the Laboratory 
for an estimate of the loss of weight 
during recutting. The stone was badly 
spread and slightly. shallow in the pa- 
vilion. As a consequence, it could have 
been recut to proportions more closely 
approximating those of the ideal cut 
without a reduction in value. Figures 
were given showing what the stone 
would weigh after a simple repair job, 
what it would weigh if recut enough to 
round up the girdle and remove the 
chip, and what it would weigh if recut 
to ideal proportions. 

Recently, the stone was returned to 
the Laboratory for a report on a new 
damage claim. We reported, among 
other things, that the stone had not been 


recut the first time but only repaired; 
as a result, the girdle remained thin and 
the susceptibility to further damage 
high. Later, we learned that the insur- 
ance company refused to assume respon- 
sibility for the second claim. We also 
discovered that the company had given 
the insured $100 to have the stone re- 
cut, on the basis of the first report. (The 
earlier report had stated further that if 
the stone were recut to better propor- 
tions, there would be no loss in value, 
despite the loss of weight.) The owner 
went to a jeweler who charged her $35 
to repair the damaged spot, and the in- 
sured pocketed the $65 difference. The 
question now is this: is the insurance 
company liable for the second damage, 
since the stone was only repaired and 
not recut? Apparently, the company’s 
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position is that complete recutting 
would have eliminated the danger. 


Unvarnished Truth about 
Uncolored Jade 


When two rings set with jadeite 
cabochons were sized and returned to 
a customer, she claimed that the color 
of one had lightened considerably in 
the process. The shop man insisted that 
he had been careful and that he had 
never had jade fade. However, the cus- 
tomer pointed out that the two stones 
matched in color before the sizing. 

Knowing the story, we fully expected 
to detect dye, but tests for dye were 
negative. 

In this case the solution was not 
gemological. The manufacturer's shop 
man was asked whether the stone had 
come out of the mounting during the 
sizing. The answer was in the affirma- 
tive. When the flat cabochon was turned 
over, the two jades again matched. 

Moral: When jade fade, seek shop 
drop. 


Wishful Thinking! 


Even when inexpensive jewelry is 
sold without misrepresentation, owners 
seem prone to attribute remarkably 
tapid value appreciation to their pur- 
chases. Recently a woman called at the 
Laboratory with a ring, stating that she 
believed it to be set with an alexan- 
drite. She made a one-hundred-mile trip 
through heavy traffic to have the stone 
tested. In talking to her, it became ob- 
vious that she had bought the ring for 
less than $50 as a ‘‘synthetic alexan- 
drite’’ and had decided to sell it. How- 
ever, the stone, which had been 
purchased in Mexico, was regarded by 
the owner to have such an attractive 
color change that she finally concluded 


that it must be natural. The combined 
expense of the trip and the testing fee 
was approximately equal to the value of 
the ring — which proved to be synthetic 
alexandrite-like sapphire. 


Ultrasonic Cleaning 


A few weeks ago, a jeweler brought 
one of his customers to us so that the 
Laboratory staff could examine a dam- 
aged diamond. The damage had become 
obvious to the woman only after the 
stone had been cleaned by the jeweler; 
she had concluded that it must have 
resulted from ultrasonic cleaning. Un- 
fortunately, it had not been examined 
when the jeweler accepted it. 

Our examination under magnification 
showed a typical shell-shaped break 
with tiny steplike cleavage surfaces. We 
had never heard of a diamond break- 
ing in an ultrasonic cleaner, but if it 
were responsible for a break in a dia- 
mond under great internal stress, we 
would expect it to be a clean cleavage, 
rather than this type of breakage, which 
is so characteristic of that caused by a 
blow on the exposed girdle. In other 
words, we would expect the relief of 
strain to take a different pattern from 
that expected from a blow delivered 
against the sharp girdle of a stone. 


Faded, Dyed-Green Jadeite 


Some jewelers have expressed con- 
cern over the difficulty of detecting the 
dye in dyed-green jadeite after it has 
faded. If the stone has faded to its 
original color, the fact that tt was once 
dyed is no longer important. In other 
words, it is only when the stone has 
been improved in appearance beyond 
its actual color that the dye affects value. 
If the dye fades entirely, the stone re- 
verts to its original condition and value. 
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Synthetic Alexandrite-like 
Sapphire 

Synthetic alexandrite-like sapphire is 
often submitted to the Laboratory for 
identification. This variety of synthetic 
sapphire is one that should be identi- 
fied readily by eye or very low magni- 
fication, because curved striae are 
especially prominent in it. The striae are 
usually detectable easily by unaided 
eye through the table. Of course, the 
daylight and artificial-light colors do 
not bear any resemblance to the alexan- 
drite variety of chrysoberyl. Although 
the resemblance to alexandrite-like nat- 
ural sapphire is closer, it still is consid- 
erably different. The color change in 
natural sapphire is usually blue to vio- 
letish blue, rather than from the blue- 
gray to amethyst colors seen in the 
synthetic corundum. 

Fine Jadeite Cabochon 

We recently were asked to test a 
green cabochon in a platinum ring that 
proved to be jadeite of very fine trans- 
lucent quality. However, the mounting 
reduced the beauty of the stone ma- 
terially, since a pierced metal plate be- 
low the stone left only a small opening 
to the finger. As a result, the apparent 
color of the stone was so dark that 
much of its true beauty was concealed. 
Without the plate, which served no 
useful purpose, the stone would have 
appeared more representative of its ac- 
tual high quality. 

A new “Mikimoto” — Mr. Uda 

We had the opportunity to discuss 
fresh-water cultured-pearl production 
with the originator of lake cultured- 
pearl fisheries, Mr. Seiichiro Uda, of 
Lake Biwa, Japan. Mr. Uda gave us 
some very interesting sidelights on his 


process, which will be the subject of a 
later article in Gems & Gemology. Upon 
his return to Japan, Mr. Uda kindly for- 
warded to us a number of examples of 
the various stages of growth of the shell 
of the fresh-water clam, Hyriopszs- 
Schlegeli, which is the host mollusc. 
Early production was quite irregular 
in shape, with average dimensions of 
6x 3mm., but Mr. Uda’s ingenuity has 
improved the picture considerably. Un- 
like the salt-water pearl-culturing proc- 
ess, no mother-of-pearl bead is used. 
Instead, mantle tissue alone is employed 
to initiate the process. Several incisions 
are made near the outer edge of the 
mantle tissue into which are placed 
small pieces of the outer side of the 
mantle from another clam. As a result, 
these pearls do not have a solid nucleus. 
The life expectancy of Hyriopsis- 
Schlegeli is approximately twice the 
seven or eight years for the salt-water 
mollusc. This fact led Uda to an in- 
teresting experiment. To harvest the 
pearls, Uda extracted them carefully 
from the live clam, to prevent serious 
injury. The clams were then returned 
to the water. In the process of forming 
the cultured pearls, a pearl sac is lined 
with nacre-producing epithelium cells, 
which, if the clam is not harmed, will 
produce another pearl in the next sev- 
eral years. This second crop of pearls 
from the same clam is much less ba- 
roque; in fact, perhaps 10% are spher- 
ical or reasonably so. The detection of 
such pearls is the subject of the forth- 
coming article mentioned earlier. 
Upon his return to Japan, Mr. Uda 
kindly sent us a set of six shells repre- 
senting the various stages of shell 
growth from early age to maturity. In 
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addition, he sent us a large number of 
cultured pearls representing a wide va- 
riety in color, size and shape. We were 
very appreciative for both the informa- 
tion and the generous gifts of shells 
and pearls. 


The New Princess Cut 

We have had a number of questions 
about the new Princess Cut that was 
announced recently in England by its 
inventor, Mr. Arpad Nagy. The cut, 
illustrated in cross section, is indeed 
revolutionary, but pictures of stones 
cut in this style make it seem that 
its nature is obvious to the eye. Robert 
Crowningshield, who has seen several 
diamonds cut in this style, had this to 
say about it: 


“The 41° pavilion angle does 
make for considerable brilliance; 
however, since the stones that I 
saw resembled rows of baguettes 
set side by side, the result did not 
resemble what the layman pictures 
to be a diamond. 

“In my opinion, the new cut has 
novelty appeal and would make 
handsome, expensive buttons, un- 
usual tie tacks and cufflinks, and 
_tather stiff jewelry in pins and 
other pieces, due to the difficulty 


of modulating designs for them. 
As an engagement-ring stone, the 
_ new cut would represent a depart- 
ure that would probably require 
elaborate promotion for accept- 
ance.” 


Crowningshield concludes: 


“I do not look for diamond cut- 
ters soon to be slicing up octahedra 
into 1.5-millimeter slices for Prin- 
cess Cuts!” 


It occurs to us, however, that this 
might provide a practical use for 
macles cleaved along the twinning 
plane or for flats. 
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Cross section of the Princess-cut diamond 
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X-radiograph showing 
pearl attached to its shell 
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Australian Emerald 


The following data on a new emerald 
material from Australia was communi- 


R.I. (distant-vision method) 
S.G. 


Absorption spectrum 


Chelsea color filter 
Fluoroscope (through crossed filters) 
UY. 


cated to us by Edward Gubelin, Ph.D., 
C.G., of Lucerne, Switzerland. 


1.67 
2.71 


showing sharp chromium lines at 
6830 A, 6800 A, 6620 A, 6460 A, 
6370 A 


strong pink 
glowing red, velvety appearance 


3650 A inert 
2537 A inert 
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The Spectroscopic Hecognition 


of Natural Black Pearls 


by 


Robert Crowningshield 


Recently, while working with Lester 
Benson’s new spectroscope set-up 
(Gems & Gemology, Spring, 1961), 
the writer discovered that the light 
transmitted through some unworked 
pearl-bearing shells showed two distinct 
absorption spectra, depending on 
whether the outside of the shell was 
nonfluorescent or fluoresced red or 
brown under long-wave ultraviolet. By 
isolating plates of pure conchiolin at 
the edge of the shells and observing 
them with the spectroscope, it was de- 
termined that the conchiolin caused 
both the absorption spectrum and the 
fluorescence. Figure 1 illustrates the 
absorption spectrum of conchiolin from 
Pinctada Martensii, the Japanese cul- 
tured-pearl producer. Figure 2 illus- 
trates the spectrum of red-brown to 
black conchiolin from one variety of 
black-pearl bearer, species not deter- 
mined. The spectrum observed was as 
spectacular as any we have seen. 

From this initial work, it was obvious 
that observation of pearls themselves 
might prove fruitful. But first, mother- 
of-pearl from which all conchiolin was 
removed was examined; it was taken 
from the shells mentioned above. No 
absorption spectrum was observed in 


any of the white material from Pinctada 
Martensii (nor in any other mother-of- 
pearl subsequently examined). The 
mother-of-pearl of a faint reddish tint 
from the black pearl shell from which 
all the black conchiolin had been re- 
moved passed a rich red-brown light. 
As usual for brown, light, the blue and 
violet end of the spectrum was strongly 
absorbed, but the absorption band at 
approximately 5100 A. was present 
within this specimen. 

Next, known natural gray and black 
pearls were observed. All those that 
fluoresced red, brown or pink under 
long-wave ultraviolet and that would 
pass even a dull red-brown glow showed 
either the full spectrum, as in Figure 2, 
or a less distinct variation of it, as in 
Figure 3. This latter spectrum was quite 
obvious when very light-gray pearls 
with pinkish fluorescence were exam- 
ined. If only a small rim of reddish- 
brown light was transmitted, then only 
the line at 6225 A. was visible in the 
red, with a sharp cutout at approxi- 
mately 5775 A., beyond which all light 
was absorbed (Figure 4.) Some of the 
pearls examined were so opaque that 
they transmitted no light whatsoever. 
These included some of the most at- 


252 


GEMS & GEMOLOGY 


| vioter —_—t vB 4+— sue ——_+ ec+ creent vetyto + RED | 


4000 


5000 6000 7000 


Figure 1 


4000 


5000 6000 7000 


Figure 2 


5000 


Figure 3 


4000 


5000 6000 7000 


Figure 4 


tractive nacreous pearls, as well as some 
of the least attractive concretions that 
lacked nacre entirely, although both 
types showed red under ultraviolet. It 


is inferred from this that most very 
black natural pearls probably contain a 
great deal of conchiolin, a material that 
in its pure form (such as a section of 
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the shell edge) is opaque, unless thin- 
sectioned to less than one-half milli- 
meter, when it will transmit an intense 
red-brown light. Direct reflected light, 
such as that used for spectroscopic anal- 
ysis of turquois, could not be used to 
analyze black pearls. 

In a few cases among the pearls 
tested, some that did not fluoresce red 
under long-wave ultraviolet but did 
transmit light showed the 5100 A. band 
alone. It is interesting in this connec- 
tion to note that pure conchiolin from 
the black-pearl producer, Pinctada Mar- 
gavitifera, of Lower California, showed 
the same spectrum as conchiolin from 
the Pinctada Martensii (Figure 1). 
Again, the inference is that dark-colored 
pearls contain rather more conchiolin 
than light-colored pearls (or mother- 
of-pearl) , and therefore carry with them 
evidence of the conchiolin absorption. 

Conchiolin from as many shells as 
possible was examined. Of the three 
types of abalone from the California 
coast (species Haliotis), the red showed 
two medium-strong bands in the yel- 
low and green, whereas the green aba- 
lone showed a strong band in the red, 
making the absorption spectrum 
resemble that of dyed jadeite. The black 
abalone showed no absorption lines. It 
must be reported that no specimen of 
abalone shell stripped of its outer con- 
chiolin, or any worked jewelry items we 
could find, showed any absorption 
bands. The nonpearl-bearing Philippine 
window shell (Placuna Placenta) 
showed the same spectrum as Pinctada 
Martensii and Pinctada Margaritifera 
(Figure 1). Neither fresh-water pearl 
shell nor the pearls themselves showed 
any absorption lines, regardless of the 
body color of the pearls. The same was 


true of edible oysters and clam shells 
and their concretions. Undoubtedly, ob- 
servation of conchiolin from many of 
the countless varieties of sea shells 
would show absorption spectra, but our 
primary interest is pearl and particularly 
the detection of natural versus artifi- 
cially colored black pearl. 

In general, both artificially colored 
natural and cultured black pearls do not 
pass light as freely as natural-colored 
pearls. Some of the latest center-dyed 
cultured black pearls will pass a dull 
red-brown light; when this is analyzed, 
there is no absorption band at 6225 A. 
This, together with the greenish (in- 
stead of reddish) fluorescence under 
long-wave ultraviolet, is indicative of an 
attificially colored pearl or cultured 
pearl. An X-radiograph would, of 
course, detect a cultured pearl, in which 
case its being black would be considered 
proof of artificial coloration. 

Although we have been able to ex- 
amine only a few of the many types of 
pearl-bearing salt-water shells, through 
the courtesy of Mr. Harold Tritt, New 
York City dealer in black pearls, we 
have examined hundreds of black pearls 
with very consistent results, as herein 
reported. The exceptions to the reddish 
fluorescence, coupled with distinctive 
absorption spectra for natural black 
pearls, include the rare black pearl that 
does not fluoresce red but remains inert 
and does not pass enough light to ana- 
lyze with the spectroscope, and the non- 
fluorescent black pearl that passes light 
freely but that does not exhibit any diag- 
nostic absorption spectrum. The latter 
type, mentioned by Lester Benson in his 
valuable article in the Summer, 1960, 
issue-of Gems & Gemology, shows pe- 
culiar subsurface markings and green- 


254 


GEMS & GEMOLOGY 


4 ite" 


Figure 5 


ish-translucent nacre. We have not been 


able to determine the species of pearl- 
bearer that produces this type of pearl. 
Its great transparency to a beam of light 
with a erecnish-yellow color transmitted 


is unknown to artificially colored black 
pearls. 

Many questions remain unanswered 
regarding the presence of diagnostic ab- 
sorption spectra for pearls and shell. In 
the case of the pearls showing the dis- 
tinct absorption, as in Figure 2, a spec- 
frum that superficially resembles that 
of a dark almandite garnet, one asks 
if iron, too, could cause the similarity ? 
If, as it seems, conchiolin, an apparently 
amorphous material, is the cause of the 
spectacular spectrum, why is it almost 
alone among gem materials that are 
amorphous but have distinctive spectra ? 

Although the observations reported 
here are a significant addition to the 
value of spectroscopy, they are primar- 
ily of value in reinforcing the initial in- 
formation presented by Lester Benson 
in the article referred to above. It is 
hoped that further work can be done 
on known shell species and the pearls 
they produce, as well as an investigation 
of the role that conchiolin plays in pearl 


Figure 6 


makeup, together with the nature of 
conchiolin itself in relation to the ab- 
sorption spectra herein reported. 
(Note: Frgure 5 is a photograph about 
one-quarter actual size of a shell of Pine- 
tada Margaritifera, variety Matzantlan- 
tica, from La Paz, Lower California. 
The shell has a characteristic greenish 
edge of conchiolin and was the source 
of conchiolin for study.) 

Figure 6 is a photograph of a half- 
drilled black button pearl that the Lab- 
oratory identified as a ‘“‘natural pearl, 
artificially colored,” and a question was 
raised as to the report. When it was re- 
moved from its eight-prong setting, the 
owner could see that fading had taken 
place wherever the pearl was not covered 
by the setting. In the photograph, the 
darker areas where two of the prongs 
were located can be seen. The pearl 
transmitted a red-brown light, but fluo- 
resced greenish, instead of red, and did 
not exhibit any absorption lines. It has 
been determined by the Los Angeles 
Laboratory that certain types of black- 
treated cultured pearls will lose color 
on exposure to ultraviolet light, and 
presumably, over a period of time, the 
ultraviolet in sunlight would do the 
same, 
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Fresh-Water 


Cultured Pearls 


by 


Robert Crowningshield 


The Laboratory examination of ba- 
roque, oval and round fresh-water 
cultured pearls without mother-of-pearl 
centers was reported in Gems & Gem- 
ology, Summer, 1958, at about the same 
time that hollow-centered Australian 
cultured pearls were described. Prior to 
this, we had seen in the New York 
Laboratory small, very flattened, ba- 
roque fresh-water cultured pearls and 
reported them in The Loupe, January- 
February, 1958. Very pleasing and mar- 
ketable fresh-water cultured pearls 
(Figure 1) became available to the 
American market in quantity in 1961, 
when the Jahawa Corporation, 580 
Fifth Avenue, NYC, was formed, as 
the exclusive United States distributor. 

Since little has been published about 
these pearls and because new sources 


of information have become available, 
it seems a good time to note develop- 
ments in the cultured-pearl industry, 
with a view to discussing terminology 
and developing an understanding of 
the relatively unknown process whereby 
pearls may be grown in fresh-water 
mussels or clams without the use of a 
bead nucleus. 


Highlights of Cultured-Pearl 
Production : 


Most readers are familiar with the 
long history of the attempts to encour- 
age various molluscs to produce pearls. 
Many of these efforts (in fact, all the 
early ones) were carried out with fresh- 
water molluscs variously called mussels 
or clams. The earliest work was that of 
the 13th century Chinese, whose method 
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Figure 1 


of placing small lead images, usually 
of Buddha, inside the mussel shells is 
well known (Figure 2). A Swedish 
botanist did considerable work with 
mussels in the 1700's; though ingeni- 
ous, his method never resulted in com- 
mercially grown pearls. Dr. Kunz, in 
his Book of the Pearl, states that, in 
1900, there was a considerable industry 
in China of making “culture” pearls 
with mother-of-pearl or porcelain beads 
placed inside the shells of a common 
mussel indigenous to the rivers in Che- 
kiang Province. He states that at about 
this time the Japanese efforts were pro- 
ducing better “culture” pearls than 
those of the Chinese, only the Japanese 
were using salt-water molluscs. Frgure 3 


illustrates porcelain beads thinly over- 
grown with nacre by the Chinese mol- 
luscs. These were cut from the shell, 
and part of the shell was crudely 
worked into nearly spherical cultured 
pearls. Dr. Kunz mentions in his book 
(published in 1908) the work of Miki- 
moto and his cultured blister pearls 
(mabe pearls) , but he accords T. Nisha- 
kawa, rather than Mikimoto, the honor 
of producing the first spherical cultured 
pearl. However, according to A. R. Cahn, 
in his very important 1948 report, Pearl 
Culture in Japan, the first spherical cul- 
tured pearl was made by Tatsuhei Mise, 
using mantle-tissue grafts and lead pel- 
lets in the Pinctada Martensii. The date 
given by Dr, Cahn was 1904. 
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Mise was evidently the first to appre- 
ciate the necessity of introducing epi- 
thelial mantle tissue, along with the 
nucleus, into the connective tissue of 
the mollusc in order for a pearl sac to 
form. Due to difficulties in unraveling 
Japanese patent information, it seems 
that T, Nishakawa, later Mikimoto’s 
son-in-law, was actually granted a patent 
for spherical cultured-pearl production 
before Mise, but it was granted just 
seven weeks after one was issued to 
Mikimoto. It would appear, too, that 
patent applications often lay dormant 
in the patent office in Tokyo, since 
Nishikawa had made an application in 
1907 and the patent was not granted 
until 1916. In practice, it was Nisha- 
kawa’s method of inserting a small bit 
of mantle tissue along with the nucleus, 
rather than Mikimoto’s complicated 
method that was adopted and has led 
to the present cultured-pearl industry 
in Japan, Burma and Australia. Miki- 
moto’s method required sewing up the 


Figure 3 


nucleus in a tiny square of mantle tis- 
sue prior to insertion. 

Attempts to cultivate pearls without 
mother-of-pearl nuclei were made over 
many years. At least one patent (to K. 
Mikimoto, in May, 1936) was granted 
for a method of making “‘non-nucleated 
pearls,” using a thin “mud” made of 
pulverized shell or other materials 
mixed with epithelium from the mantle 
of another pearl oyster and sea water. 
This was claimed to be successful in 
initiating pearl formation when placed 
inside the body of the ‘“mother- 
pearl oyster.” It is assumed that the 
method was never successfully used 
commercially. 

In Japanese waters the most success- 
ful mollusc for pearl culturing is Pinc- 
tada Martensii, which, unfortunately, 
does not produce a large shell. Mature 
individuals may reach four inches in 
diameter, but the average is about three 
inches. Possibly, because of this, cultur- 
ists gave some attention as early as the 
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late 1920's to the large fresh-water clam, 
or mussel, Hyriopsis Schlegeli (Figure 
4), called Ike-chogai in Japan. It may 
attain a length of nine inches. It is 
found along the eastern and southern 
shores of Japan’s largest lake, Biwa-ko. 
(ko is the Japanese generic word for 
lake.) The lake, covering about 180 
square miles, lies approximately ten 
miles northeast of Kyoto, in Shiga 
Prefecture. 

Early attempts to adapt the salt-water 
culturing techniques, using large 
mother-of-pearl nuclei, met with little 
success, because of the involved and 
twisted intestine that complicates the 
internal anatomy of the mollusc. Oper- 
ated animals that did not immediately 
die from the nucleus insertion usually 
formed discolored, poorly shaped or 
nonlustrous ‘pearls. A large percentage 
of the growers abandoned hope of 
finding a larger mollusc in Japanese 


waters and turned their attention farther 
afield, both before and after World 
War II. They experimented with some 
success with the warm-water relatives 
of Pinctada Martensii, such as Pinctada 
Margaritifera and Pinctada Maxima. 
Since the War, Mergui Bay, off Burma, 
as well as Australia’s northern shore, 
have been the main areas for culturing 
large molluscs for accepting large nuclei. 

Although the large, fresh-water clam 
in Lake Biwa was not at first successfully 
used for nuclei insertion, certain experi- 
menters did not give up hope of using 
the mollusc for culturing operations. 
Just before the War, the work was con- 
ducted solely under the direction of Mr. 
Seiichiro Uda, president and director 
of the Shinko Pearl Co., Ltd. Mr. and 
Mrs. Uda visited both of the Institute’s 
offices in the fall of 1961, and staffs of 
the Los Angeles and New York Labora- 
tories are indebted to him for informa- 
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tion heretofore unavailable. Today, 
there are more than thirty producers on 
Lake Biwa, not all-of whom follow the 
procedures outlined hereafter. The pro- 
ducets are banded together in an organt- 
zation, the Shigaken Fresh-Water Pearl 
Fishery Association, of which Mr. Uda 
is president. 

Unlike the salt-water culturing oper- 
ations, there is no need at the present 
time to propagate the clams artificially. 
However, the life history of the clam 
is being studied so that, in the future, 
if it becomes necessary, the growers will 
be prepared. 

It has been reported that the clams 
spawn in June and July. The eggs attach 
themselves to fish and begin their 
growth, later falling to the lake bed. A 
combined mud-and-sand bed has been 
determined to be the most satisfactory 
for the growth of the young clam. They 
are considered to be of operable size 


when they attain a length of approxi- 
mately five inches. They are gathered 
from October to April by local fisher- 
men who drag a kind of bottom trawl 
net that has been equipped with a rake 
fitted across its mouth. The molluscs are 
about three-fourths submerged in the 
lake bed during the gathering months. 
The rake prongs are spaced so that only 
clams of a certain size are gathered. The 
gathered clams are sold to the several 
pearl growers who place them in retain- 
ing pens; here they stay until ready to 
be operated on. 

Although pearls usually are grown 
without nuclei-in the fresh-water clams, 
the principle of a pearl sac is used. To- 
day, the procedure is to bring the clams 
from the retaining pens to a building 
where girls trained in the work peg the 
two shells open and expose the mantle 
(Figure 5). Now, unlike the salt-water 
procedure, which requires an incision 
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Figure 6 


to be made in the fleshy gonad tissue, 
the girls make ten incisions in each half 
of the mantle. Into each small cut a 
piece of mantle tissue previously pre- 
pared from another clam is inserted 
and carefully pressed into position. It is 
in this incision that the mollusc forms 
a pearl sac in which a pearl grows. Prior 
to about ten years ago, before it was 
discovered that the main body of the 
animal need not be disturbed, bits of 


mantle from the clam being operated 
on were pressed into from six to ten 
places in the gonad with a special for- 
ceps. Only very baroque and often 
poorly colored objects resulted, 

After the graft operation, the clams 
are placed in plastic baskets that are 
suspended about three feet below the 
surface of the lake (Figures 6 & 7). 
In reality, the area is only an arm of 
the lake that has a more or less constant 
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water level, thanks to a low dam and 
dikes across a narrow section of it. 
Periodically, the baskets are raised and 
inspected (Figure 8), the dead clams 
removed, and foreign growths cleaned 
away. At least in fresh water, there is an 
absence of the scourges that plague 
the salt-water culture farms; i.e., star 
fish and the red tide. And, in addition, 
there is greater protection from typhoon 
and storm conditions. At the end of 


three years, the clams are returned to 
the plant, where the pearls are care- 
fully removed with tweezers. Although 
only about 60% reach this stage, nearly 
100% of these bear their full quota of 
twenty pearls each. The life span of 
Hyriopsis Schlegeli is about thirteen 
years — nearly twice that of the salt- 
water pearl bearer, Pinctada Martensii; 
therefore, it has been found that if the 
molluscs are returned to the water after 
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Figure 8 


the removal of the first “crop,” a second 
crop will grow! Some animals in good 
condition have been known to bear even 
a third crop. We failed to find out why 
the growth period is interrupted after 
only three years, but presume it is due 
to the characteristics of the pearls when 
left longer (Figure 9). 

It is claimed that fresh-water cul- 
tured pearls are saleable without need 
for any of the various bleaching or dye- 
ing processes reportedly used for the 
nucleated pearls from salt water. The 
first crop produces pearls usually of 
very baroque or oval shape, whereas the 
second crop tends to be much more 
spherical. No data was available on the 
quality of the third crop. 


Quality of the Production 


Mr. Uda stated that the pearls are 
usually more lustrous and of a darker 


color than the inside of the shell in 
which they grew; this is borne out by 
samples we have seen. The colors of 
these “‘tissue-graft, cultured fresh-water 
pearls” vary from almost white with a 
slight rosé overtone to pastel shades of 
pink, orange, cream, bluish and, more 
rarely, greenish. To a specialist in fresh- 
water pearls, their color and textures 
are reminiscent of natural fresh-water 
pearls of North America and thus, to his 
eye, distinguishable from pearls from 
the Persian Gulf. At this writing, the 
oval pearls attain a maximum size of 
approximately 71/. mm, long, whereas 
the more nearly round pearls seldom 
exceed 6 mm. It is quite possible that, 
as the process continues to be improved, 
even larger and better-shaped pearls 
will be produced. In the five years that 
has elapsed since we saw our first small, 
flattened but Iustrous baroques until to- 
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Figure 10 


day, a tremendous improvement has 
taken place. Mr. Uda says that he has 
been using the “ pear]-sac-in-the-mantle”’ 
technique for about ten years. 

Efforts to grow large nucleated pearls 
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in Hyriopsis Schegeli are, according to 
Mr. Uda, limited mainly to experimen- 
tation. Nevertheless, we do see neck- 
laces and some lots of pearls up to 
10 mm. in diameter (Figure 10). Most 
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Sorting pearls for shape, 
color and quality. The girl on 
the left is working on small, 
round sizes; the one behind 
her is handing larger round 
sizes. 


Matching large sizes for color, 
shape and quality for gradu- 
ated strands. The holes down 
the center of the sorting board 
guide her in positioning the 
largest pearl in the strand. 
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Gauging the diameter of pre- 
viously color-matched pearls, 
to obtain matched, equal-size 
strands. The perforations at 
the ends of the board are a 
length gauge for the necklace 
being assembled. 


Mr. Seiichira Uda, president 
of the Shigaken Fresh-Water 
Pearl Fishery Association, is 
shown examining a $50,000 
shipment of the Biwaka fresh- 
water, nursery-grown pearls, 
which are exported to Orien- 
tal and Asiatic countries as 
“natural pearls.” 
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have a creamy light-orange color, good 
luster, but a somewhat irregular round 
shape. Figure 11 illustrates a fact men- 
tioned in Gems & Gemology (Fall, 
1960) ; i.e., that some of these pearls 
have cores that were drilled prior to 
insertion and that the completed pearls, 
when drilled, show no relationship be- 
tween the final drilling and the drill 
hole in the nucleus. Earlier, we had 
assumed that discarded beads were used, 


Figure 11 


but Mr. Uda stated that the operators 
had found drilled nuclei necessary 
when using a special device for locating 
the. nucleus in a nonvulnerable spot 
within the body tissues. Many of these 
nucleated pearls are of a dark and un- 
pleasing color; therefore, it may be true 
that commercial possibilities for this 
type of growth are limited. 


Identification of Fresh-Water 
Cultured Pearls 


As mentioned before, the bulk of the 
pearls grown in Lake Biwa are pro- 
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duced by the insertion, not of a solid 
nucleus, but of a bit of mantle tissue 
that initiates the production of the 
necessary pearl sac within the host’s 
mantle. Therefore, we see in the X- 
radiograph of all but the roundest pearls 
a more or less oval to vermiform 
shadow (Figure 12), which has been 
found to vary from a large to a very 
thin hollow space when the pearls are 
thin sectioned. This pattern, together 
with the strong fluorescence under 
X-rays of all fresh-water pearls and the 
almost total lack of fluorescence under 
long ultraviolet irradiation, is taken as 
proof of fresh-water cultured pearls. In 
the case of the round to nearly round 
second-growth cultured pearls, the pat- 
tern in the X-radiograph may be indis- 
tinguishable from an ordinary natural 
pearl (Figure 13); however, the fluo- 
rescence characteristics serve to identify 
these pearls, The baroque pearls fre- 
quently show a very large hollow space 
(Figure 14). The identification of the 
nucleated pearls depends on the normal 
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radiograph used for any mother-of- 
pearl-nucleated cultured pearl and offers 
no difficulty. 
Fresh-Water Cultured-Pearl 
Terminology 

Terminology for the tissue-graft cul- 
tured fresh-water pearls requires some 
clarification. Obviously, both the nucle- 
ated and the tissue-graft methods of 
initiating pearl growth are “caused or 
induced by man” — the criterion men- 
tioned in the Federal Trade Com- 
mission Trade Practice Rules for the 
Jewelry Industry for identifying a cul- 
tured pearl. Inasmuch as the volume of 
the better tissue-graft cultured pearls 
is composed of from approximately 
75% to nearly 100% nacre, whereas 
the mother-of-pearl nucleated salt- and 
fresh-water pearls are only approxi- 
mately 5% to 20% nacre, there appears 
to be valid reason to differentiate be- 
tween the two. It has been suggested 
that the term ‘‘fresh-water cultured 
pearls” be used for them. Possibly, since 
both nucleated and non-nucleated cul- 
tured pearls from fresh-water clams are 
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Figure 13 


being marketed, the term “‘tissue-graft 
cultured fresh-water pearls’ describes 
them best but is an awkward term. An- 
other suggestion has been that, since 
Lake Biwa so far is the only culturing 
center for these pearls, the term “Biwa 
cultured pearls” be used. This sugges- 
tion is not valid for the Gem Trade 
Laboratories, since we do not attempt to 
give sources of other gem materials. 
General agreement on terminology for 
this new product has not been reached. 
Other Problems of Pearl 
Terminology to be Solved 

Problems of terminology are not con- 
fined to the relatively new, fresh-water 
cultured pearls. In fact, the very term 
“cultured pearl’ is still questioned by 
those who claim it does not adequately 
describe what is being sold. These peo- 
ple would prefer some term such as 
“nacre veneered mother-of-pearl beads.” 
However, since the first term has been 
accepted, and since more than half of 
the volume of some of the very large 
Australian and Burma cultured pearls 
may be composed of nacre, no single 
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Figure 15 


term would seem adequate to describe 
all nucleated pearls. 

There remains the problem of pearls 
without nuclei recovered from  salt- 
water cultivated-pearl oysters. After re- 
moving the pearl or pearls from the 
oysters, most of the operators remove 
the bodies from the shells, lightly mac- 
erate them, and mix the whole with sea 
water. From this sediment are extracted 
smal] accidental pearls, as well as acci- 
dental baroque pearls, all of which may 
have started from a variety of causes. 
In. certain cases, it is known that if a 
nucleus is expelled shortly after the 
nucleus-insertion operation, the tissue 
that. was inserted may remain, giving 
the necessary stimulus to form a pearl 
sac and a consequent “‘accidental tissue- 
graft cultured pearl.” Such baroque 
pearls, when X-rayed, give a radiograph 
pattern precisely like the very baroque 
tissue-graft pearl pattern of fresh-water 
cultured pearls. Other baroque pearls 


Figure 16 


taken from this residue may not show a 
hollow center and when the radiograph 
is compared with that of natural pearl, 
they are the same. These solid pearls 
could have formed as a result of some 
parasite or other exciting organism or 
physiological condition while the pearl 
oyster lay in its cage, or the stimulus 
could have resulted from loosened epi- 
thelial tissue caused by the probing and 
cutting necessary for the nucleus im- 
plantation. Formerly, the residue pearls 
were sold for “pearl medicine.” Lately, 
some of them have been offered in the 
market as natural pearls or “natural 
rose-bud pearls.” In one case, small 
nearly round, well-matched pearls were 
brought to the New. York Laboratory 
for examination. Their color was good, 
but under the microscope they had a 
flaky appearance. It was our feeling that 
they had been overbleached to remove 
what is commonly a fault of pearls from 
Pinctada Martensii: a tendency to be 
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greenish or yellow. Many of these small 
pearls showed a pattern in their radio- 
gtaph that was reminiscent of fresh- 
water tissue-graft cultured pearls. Frg- 
ure 15 is a photograph of a strand of 
baroques and Figure 16 a radiograph of 
this strand. 

The Federal Trade Commission Rul- 
ings were drawn up before the fresh- 
water cultured pearls or the non-nucle- 
ated salt-water pearls were a commercial 
factor. Therefore, the Laboratories of 
the Gemological Institute have had to 
interpret the rulings in the best interests 
of the buying public, whenever the 
pearls submitted have been identifiable. 
In the case of the hollow-center salt- 
water pearls, their appearance and radio- 
graphs serve to indicate their source, 
Whether or not they were “caused or 
induced by man” is a moot question. 
In the case of solid pearls from the 
cultivated pearl oysters, only their asso- 
ciation in lots or strands with the hol- 
low-centered pearls would indicate their 
source. Alone, they would be identified 
as natural pearls, since no clues may be 
had from X-rays, ultraviolet fluores- 
cence or radiographs. These solid pearls, 
too, beg the question as to whether or 
not they were “caused or induced by 
man.” Certainly, in the broad aspect, 
the gathering either of spat or imma- 
ture pearl oysters or clams and rearing 
them in prepared baskets was ‘‘caused 
and induced by man.” In this sense, any 
concretions taken from such pearl oys- 
ters or clams would not be natural 
pearls» However, the FTC definition of 
a cultured pearl, “The composite prod- 
uct created when a nucleus (usually a 
sphere of calcareous mollusc shell) 
planted by man inside the shell or in 


the mantle of a mollusc is coated with 
nacre by the mollusc” leaves something 
to be desired when the matter of non- 
nucleated salt-water pearls from cul- 
tivated pearl oysters is considered. 
Possibly, the whole matter is only aca- 
demic, since it is not known if any 
commercial tissue-graft culturing is be- 
ing carried out with Pinctada Martensi. 
In view of its relatively short life span 
and its small size, it is doubtful if such 
a process could be used successfully. 


The matter of fresh-water cultured- 
pearl terminology is not academic when 
we consider that in both Japan and In- 
dia, export papers describe the-product 
as “natural pearls.’ Since they reach 
America from these countries under this 
description, the official papers carry 
some weight with importers and brokers 
who have contested the contradition by 
the Laboratories. They point out that 
they go into India duty free as “natural 
pearls,” whereas there is a 25% duty 
for cultured pearls. 


We are in agreement that the product 
deserves a descriptive and marketable 
term that will serve to distinguish them 
from ordinary nucleated cultured pearls. 
But, just as the production of synthetic 
rubies, sapphires and emeralds is con- 
trolled by man and hence the factor of 
rarity, or lack of it, is controlled, one 
of the prime factors in the value of 
natural gem materials is lacking, for the 
production of these objects of beauty is 
also controlled by man. 
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World's 
Largest Hunzite Crystal 


by 


John Sinkankas, C.G. 


Of interest to gemologists every- 
where is unusually fine gem material, 
which may or may not eventually be 
cut into gems. A trip in January, 1962, 
to Brazil, that fabulous country of gems 
far to the south of us, proved exciting 
in more ways than one when I was 
privileged to see the world’s largest 
kunzite crystal, the prized possession of 
a piezoelectric-quartz dealer in Rio De 
Janeiro. I was invited to take this trip 
with Donald Parser in his twin-engine 
Aero Commander. Donald, with his 
brother Edgar, operate A. G. Parser, 
Inc., of New York City, dealers in rough 
gems and industrial diamonds. After 
many vexatious delays, we finally got 
off the ground from the Danbury, Con- 
necticut, airport and five days later 
arrived at Santos Dumont Airport, 
located immediately next to the down- 
town district of Rio. 

Several days after our arrival, I vis- 
ited Paulo Nercessian, proprietor of 
Brazilia Quartzo, Ltda., at 127A Rua 
Alexandre Mackenzie, in Rio. The first 
floor of his establishment was a beehive 
of activity, with helpers unpacking and 
sorting quartz crystals destined for 


slicing into electronic-frequency-control 
wafers. A small room in the back was 
kept dark and used for immersing 
quartz in petroleum oil of nearly the 
same refractive index. An intense fo- 
cused beam from a carbon-arc lamp 
passes through the side of the glass tm- 
mersion tank, and is used to examine 
the quartz crystals for internal imper- 
fection such as veils, cracks and inclu- 
sions that are too small to see by any 
other method. One part of the tank is 
fitted with a Polaroid screen, and the 
crystal is oriented in the light beam to 
place its “‘c’’ axis in line with the ob- 
server's vision. Interference colors dis- 
close immediately if the specimen is 
twinned and, if so, if it is twinned too 
much to be useful for piezoelectrical ap- 
plications. Rejected crystals are cobbed 
to remove dirt and inclusions and saved 
to sell to makers of fused quartz glass. 

The second floor of Paulo’s shop is 
his office, where he conducts his busi- 
ness affairs and stores mote valuable 
stock, Here I saw one of his helpers 
skillfully wielding a tiny hammer to 
cob citrine (Figure 1). Here also was a 
small electric oven, used to check 
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Figure 1] 


smoky-quartz lots for possibility of 
masked citrine coloration. Batches that 
prove to contain citrine, more or less 
completely disguised by smoky colora- 
tion, are naturally’sold for much more 
than smoky quartz alone. The cobber 
was exceptionally clever at his task, and 
with a few blows of his minute hammer, 
chipped off cloudy or imperfect places, 
leaving essentially flawless facet-grade 
material behind. ; 
From a safe in one corner of his office, 
Paulo brought out a cloth bag from 
which he unwrapped the kunzite crystal. 
I had heard about it from Martin Ehr- 
mann, who had seen it on his latest trip 
to Brazil. Nevertheless, I was not pre- 
pared for its enormous size and ex- 
ceedingly rich coloration. This crystal, 
which appears in Figures 2 and 3 and 
in the accompanying drawing (Figure 
4), measures 311x157.5x97 millime- 
ters, or, in inches: 12”x634”x374"! Its 
size is readily apparent from the photo 


Figure 2 


showing Paulo Nercessian holding the 
crystal, The weight is a staggering sum: 
7,410 grams, or 37,050 carats! In re- 
spect to clarity, it is estimated that one- 
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Figure 3 


half of the crystal (parallel to one of 
the broader faces) is virtually flawless ; 
the other half is also largely flawless but 
is interrupted by a series of fine, taper- 
ing solution cavities, which are typical 
of etched spodumene. These hairlike 
cavities are often interpreted as rutile in- 
clusions, but close examination shows 
them to be fairly straight or sometimes 
curved, tapering openings that have 
etched sides when examined under the 


TWINNING SUTURE (on a(i00) 


microscope. As in other finds of kun- 
zite, the present specimen, as well as 
others of smaller size that have been 
recovered from the same pegmatite 
pocket at an unspecified point in Minas 
Gerais, display tubes ranging in abun- 
dance from a few to very many. These 
tubes have an annoying habit of pene- 
trating otherwise perfect faceting ma- 
terial. Aside from incipient cleavages, 
which may contain air or clay, other 


exces CLEAVAGE (m(I00)) 


Figure 4 
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kinds of inclusions usually are absent 
from gem spodumene. 

The enormous kunzite crystal was 
closely examined in Nercessian’s shop 
and yielded some interesting informa- 
tion. It is not a single crystal but, again, 
as is so typical of gem spodumene, con- 
sists of a pair of twins. Close inspec- 
tion of the widest periphery showed 
the twin suture, which became evident 
in places by slight offsets of one crystal 
face to face with the other, or by slight 
differences in etching modes. Internally, 
the composition plane is marked by a 
planar sprinkling of inclusions, which 
appear to be liquid-filled negative- 
crystal cavities and further appear to 
mark a healed junction plane that was 
originally much more open. The crystal 
is profoundly etched, particularly on the 
ends, which always seem to be more 
susceptible than prism faces to solution 
during late-stage pegmatite activity. 
However, one end is terminated by sev- 
eral fairly regular domal faces, as can 
be seen from the photograph. The other 
end is essentially formless. There are 
virtually no cleavage cracks. 

In cross-section, the crystal displays 
the lath shape of spodumene but, it was 
even larger than the drawing — it was 
a wonder to behold! One side. was 
cleaved off at some point in develop- 
ment in the pegmatite pocket and the 
cleavage face was etched, but not so 
severely as on prism faces. If this section 
had remained, the crystal would perhaps 
have been 20% larger in weight. 

The coloration of this latest spodu- 
mene material is generally the same as 
other kunzite, but there are remarkable 
differences. The chief difference is at 
once apparent when examining the crys- 
tal, because all coloration is greatly 


emphasized by virtue of its thickness. 
Looking through one of the sides, there 
is a strong grayish-green color that ap- 
pears to emanate from a direction 
normal to the plane of the optic axes. 
However, this color, as prominent and 
unmistakable as it is, promptly disap- 
pears when the crystal is rotated approxi- 
mately 45°. Its place is taken by a deep 
violet, almost exactly that of rich ame- 
thyst in daylight. Through the ends of 
the crystal, the color is, of course, even 
deeper, since so much crystal is tra- 
versed by the light rays. 

The color is intense pink with over- 
tones of reddish purple, which has been 
likened by many to raspberry red. In 
respect to color, it is known that when 
the deposit was first discovered by trac- 
ing float to its source, fragments near 
the top of the ground were found to 
be uniformly pink in color. Because they 
were colored, despite an undetermined 
period of exposure to daylight and sur- 
face heat, many are hopeful that here 
at last is a kunzite that will retain color 
more or less permanently. However, 
since the exact circumstances of discov- 
ery are hearsay, and several times re- 
moved at that, readers will be justified 
in taking all this with a grain of salt. 
Only time, as it does with other kunzites 
exposed to light or heat, will tell. In 
any event, as the deposit was exploited 
in depth, so the story goes, the kunzite 
crystals became darker in hue, until 
finally those with a: deep purplish color, 
with or without greenish hues, put in 
an appearance at the deepest levels. 

The significance of color-fading did 
not escape the Brazilians. They soon 
experimented, as they are wont to do, 
and found that a modest degree of heat- 

Continued on page 287 
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Developments and Highlights 


at the 


GEM THAUE LAB 


in Los Angeles 


Richard T. Liddicoat, Jr. 


“Antique” Synthetic-Emerald 
Earrings » 

We recently tested a pair of “an- 
tique,”’ carved, slightly bluish-green 
emerald earrings. Examination under 
magnification showed the heavy con- 
centration of the wisplike inclusions 
that one associates with Chatham syn- 
thetic emerald. Further tests confirmed 
this identification. The ancient appear- 
ance of the gold mountings made it 
clear that it was the intent of the manu- 
facturer for the stones to be accepted as 
natural. 


Sintered Synthetic Corundum 


A lustrous, gray, opaque tablet, one 
of a pair of stones to be used as cuff- 
links, was brought to the Laboratory. 
A refractive-index reading near 1.77, a 


specific gravity approaching 4.0, and a 
hardness of 9 all pointed to corundum. 
Studies under magnification suggested 
that it was a material hitherto unre- 
ported: sintered synthetic corundum, 
which might be likened to the sintered 
synthetic spinel made to resemble lapis- 
lazuli. The jeweler who brought it in 
said that it had been given to him by a 
customer who had received it from a 
man in a space-industries plant. It is 
probable that highly refractory alumina 
had been prepared in sintered form for 
parts subjected to high temperatures. 


Enstatite-Hypersthene 


One of the materials rarely used as 
a gemstone, but in demand by collectors, 
is enstatite. Like jadeite and spodumene, 
it is a member of.the pyroxene group 
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of minerals. The term enstatite applies 
to an orthorhombic pyroxene with an 
index range of 1.656 to 1.665 at the 
low end and 1.665 to 1.674 at the upper 
end. The specific gravity is below 3.3. 
When these property values are ex- 
ceeded slightly, the material is more 
properly called hypersthene than ensta- 
tite, The range for hypersthene is 1.673 
to 1,683 at the low end and 1.715 to 
1.731 at the high end. The specific 
gravity ranges from 3.3 to 3.5. On a 
few occasions when stones have been 
sent to the Laboratory for identification, 
we have found property values fitting 
hypersthene, rather than enstatite; in 
each case, the absorption spectrum asso- 
ciated with enstatite was seen clearly in 
such material. The identity was listed as 
enstatite-hypersthene. 


Unusual Three-Phase Inclusion 


Recently, while examining an emet- 
ald, a three-phase inclusion was encoun- 
tered in which the crystal found within 
the liquid- and gas-filled space was dis- 
tinctly three dimensional. It appeared to 
belong to the monoclinic system, rather 
than having the square or rectangular 
tablet form of cubic halite. Unfortu- 
nately, it was not possible to photograph 
it. 


Dyed Rosé Cultured Pearls 


A strand of rosé cultured pearls was 
submitted with a comment from the 
retailer-purchaser that he suspected 
they had been dyed. That they had been 
subjected to a light-pink dye was clear, 
for it was visible around many drill 
holes under magnification. Cultured 
pearls, which usually have a greenish 
cast that is regarded as unpleasant by 
many, are often treated in this manner 


to mask the true color and give them a 
more desirable rosé tint. However, we 
have never seen a statement on an in- 
voice admitting the practice. 


Abalone Pearl 


A baroque abalone pearl was sent in 
with an unusual request. The writer 
asked for a recommendation of a 
method to prevent loss of color as a 
result of drilling. An X-radiograph 
showed a large off-center spherical bead 
in the interior, surrounded by material 
that was transparent to X-rays (Frgure 
1). It was not a void, because the bead 
did rot move within the pearl; there- 
fore, it was probably organic material, 
such as conchiolin. However, we re- 
commended that the pearl be claw-set 
rather than drilled, because the inner 
portion could easily be comparatively 
weak. The fear that drilling would pro- 
duce a loss of color was new to us. 


Figure 17 
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Wishful Thinking 


The Laboratory received an 81/,-carat 
light-yellow stone, thought by the owner 
to be rhodizite. Rhodizite is a rare bor- 
ate mineral that is singly refractive, 
with a refractive index of 1.69 and a 
specific gravity of 3.40. The stone had 
the correct index and was singly re- 
fractive; however, the presence of bub- 
bles and a specific gravity well over 4.0 
left glass as the only possibility. 


Black Star Sapphire 

Recently, we examined a black star 
sapphire ring in which the stone had 
been loosened slightly in the setting. 
The owner was disturbed because one 
reliable jeweler had refused to tighten 
‘the setting, pointing out the cracks on 
the back of the stone. Actually, it was 
not cracked, but its back surface had a 
steplike group of parting surfaces with 
sharp edges. Evidently, the man examin- 
ing the stone was unfamiliar with black 
stars and this typical parting-caused ap- 
pearance, so he worried the owner un- 
necessarily, 


We appreciate 
We wish to thank Robert Klippel, 
of Swirsky & Ehrlich, Los Angeles, for 
the donation of naturally colored green 
and pink melee. These stones will be 
most useful to us for comparison pur- 


poses in the study of absorption spectra 
for natural versus treated colors. 


We are indebted to Dave Widess, 
of Dave Widess & Sons, Los Angeles, 
for the donation of three carats of tiny, 
faceted synthetic rubies, ranging from 
one-thousandth of a carat to about 180 
to the carat. 


We are grateful to GIA student 
Helen Fletcher Collins, Denver, Col., 
for a recent donation of a limonite 
pseudomorph-after-pyrite specimen and 
for several topaz crystals from Thomas 
Mt., Utah. ; 


From Robert Koerber, Jr., Ft. 
Wayne, Ind., we received two small 
diamonds with red inclusions that will 
be of value for study purposes. 


A vote of thanks goes to GIA stu- 
dent James Davies, El Cajon, Calif., 
for his donation of a compact, specially 
designed container for six bottles of 
specific-gravity liquids. 


And to E. D. Skinner, Milwaukee, 
Wis., we extend our appreciation for 
a group of ruby crystals. 


A specimen of dark-green nephrite 
from the Happy Camp, Cal., area was 
donated by E. H. Marlow, Yreka, Cal. 


Cea 
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Developments and Highlights 


at the 


GEM TRADE LAB 
in New York 


Robert Crowningshield 


Foilback Diamond 


A rectangular diamond with a bril- 
liant-cut crown was set so that the 
pavilion was wholly hidden. It proved 
to have no pavilion, but foil was shaped 
to simulate facets below an open space 
where the pavilion would be assumed 
to be. The thickness of the diamond 
plate was estimated to be approximately 
1.50 mm. (Figure 1). The unwary 
would assume from the dimensions of 
the crown (24 mm. x 15 mm.) that the 
overall depth would be approximately 
9 mm, 


Imitation Star Moonstone 


While looking through a lot of small 
moonstones, we were surprised to note 
one with a blue star. Further investiga- 
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tion proved ,it to be not a moonstone 
but a milky synthetic spinel with a very 
thin, transparent mirror on the base 
(Figure 2). Although such stones have 
been recorded, particularly in the liter- 
ature assembled by the makers of the 
German synthetic star sapphires, they 
are not a commercial item. 


Synthetic-Spinel Doublet 


Figure 3 is a photograph of a black 
oval stone that is used in the manufac- 
ture of class and fraternal rings. It is a 
synthetic-spinel doublet, as proven by 
the photograph of the stone under im- 
mersion (Figure 4). The two colorless 
sections are held together with a very 
dark-blue (in intense transmitted light) , 
cobalt-bearing cement, as indicated by 
the absorption spectrum. Resistance to 
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Figure 3 


Figure 1 


Figure 4 


Figure 2 


peared blue when a thin beam of light 
was passed through it gave every visual 
indication of being a normal “cape” 
diamond. However, its absorption spec- 
Unusual Absorption Spectrum trum was unlike any that we have seen 

for Diamond for either natural or artificially colored 
A light-yellow diamond that ap- diamonds (Figure 5). 


wear seems to be the reason for fabri- 
cating such stones. 


ee 
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Rare Blue Jadeite 


By coincidence, we have seen in the 
past few months two carved objects, 
one a snuff bottle and the other a large 
vase in the shape of a duck, of the ex- 
tremely rare blue jadeite. Although the 
color is not intense, it is an unmistak- 
able gray-blue. 


Unusual Pyrope Garnet 


A very unusual refractive-index 
teading (1.731) was obtained on an 
intense-red pyrope garnet. Another pe- 
culiar property of the stone was its 
almandite-like spectrum, The few other 
pyropes with this low index have been 
chrome-pyropes, with either no evidence 
or only a hint of the almandite spectrum. 


Other Unusual Materials 
Unusual materials seen in the Labo- 
ratory the past few months included 
tich, chrome-green diopside cat’s-eye, 
amblygonite (represented as achroite), 
kornerupine, magnetite, celestite, spha- 


lerite, rhodochrosite, serpentine and 
sodalite. 


We Appreciate 


Weare indebted to Melvine Strump, 
of Superior Gem Co., New York, for 
a-selection of -cat’s-eye tiger’s-eye, 
blue-backed star rose quartz, and a 
large, unbacked rose-quartz epiaster. 


We thank Mr. J. D. Donadio, of 
United Plating, for examples of their 
soldered synthetic stars and cat’s-eyes. 


Mr. Basil W. Anderson, director of 
the London Laboratory, sent a speci- 
men of Canadian idocrase that showed 
a rare-earth absorption spectrum. 


From Lazare Kaplan & Sons, dia- 
mond cutters, New York City, we re- 
ceived several rough specimens of 
colored diamonds, including an un- 
usual lavendar piece. 
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Tulsa Diamond Evaluation Class 


Members of the Tulsa Diamond Evalua- 
tion Class that met March 5th through 
March 9th. Left to right: H. C. Stuhr, 
Oklahoma City; GIA instructor, Glenn 
Nord; B. C. Clark, Jr., Oklahoma City; 
Fred Cordell, Bartlesville, Okla.; Louis F. 
Gose, Oklahoma City; Ray Bowen, Bixby, 


Bits; 


Okla.; Thelma Zellers, Guymon, Okla.; 
Jay Jarnagin, Nowata, Okla.; Paul J. Fer- 
ger, Tulsa; Rex Gearhart, Henryetta, Okla. ; 
Lyle J. Harvat, Bristol, Okla.; Millard 
Brigham, Tulsa; Ben C. Gaylor, Spring- 
field, Mo.; Richard V. Irons, Tulsa; an 
J. W. Reynolds, Tulsa. : 


San Antonio Diamond Evaluation Class 


Members of the San Antonio, Texas, 
Diamond Evaluation Class that met Febru- 
ary 12th through February 16th. Left to 
right: GIA instructor, Glenn Nord; J. D. 
Chafetz, San Antonio; W. H. Fizer, Bee- 
ville, Tex.; Homer Kelley, Austin, Texas; 
Bill Humiston, Corpus Christie, Tex.; Mrs. 


Linard Stinnett, Pharr, Tex.; Ernest Jahn, 
San Antonio; Hall S. Hammond, San An- 
tonio; T. B. Ball, San Antonio; Abe Fan- 
ous, Abilene, Tex.; John J. Segner, Fred- 
ericksburg, Tex.; and Charles Leutwyler, 
Austin, Tex. 
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Book Heviews 


THE OPAL BOOK, by Frank Leech- 
man, F.G.A. Published by Ure Smith, 
Sydney, Australia, 255 pages, nine full- 
color plates, ten black-and-white ilus- 
trations. Price $7.95. 

It has been said that opal is like gold: 
once it gets into your blood, you can 
never get away from it. The Opal Book, 
like the gemstone, is fascinating, excit- 
ing and colorful. It tells about all of the 
places where opal has been found (Eur- 
ope, the Americas, Australia) , how and 
where to look for opal, how to mine it, 
how to cut and polish beautiful stones 
from the rough material, successful buy- 
ing of opal, and how to preserve its 
beauty once it has been fashioned and 
mounted in jewelry. Information on the 
formation of precious opal and the sci- 
entific explanation for the cause of its 
beautiful play of color is also discussed. 
Some of the world’s most beautiful and 
valuable opals are illustrated in attrac- 
tive color plates. Comparatively small 
opals, as well as extremely large ones 
worth thousands of dollars, are also de- 
scribed in detail. 


The author is probably the only Eng- 
lishman who ever migrated to Australia 
with the express purpose of gaining ex- 
tensive knowledge concerning the opal. 
He has traveled widely in Australia and 
has an intimate knowledge of the opal 
fields; in addition, he has been a lapi- 
dary for nearly thirty years: The book 
was written for the general reader, as 
well as for the gem hobbyist and the 
connoisseur. A vast amount of history 


and pertinent data on the opal has been 
compiled to produce an authentic and 
interesting book, unequalled as a refer- 
ence. In his own words the author says, 
“The pages of the past are slipping 
away all too fast as the old hands turn 
and leave us, taking with them what 
they know.” 

In addition to the text, there are maps 
designating opal-bearing localities of 
North and Central America and the 
principal opal-bearing areas of Queens- 
land, White Cliffs, Lightning Ridge, 
Coober Pedy and Andamooka. An ap- 
pendix includes a list of opal varieties, 
a glossary of terms, tables, poems about 
opal and hints on opal polishing. An 
extensive bibliography completes this 
comprehensive work on the opal. 

This book is a must for anyone who 
loves opals. 


THE QUEEN’S NECKLACE, by 
Frances Mossiker. Published by Simon 
and Schuster, New York, 598 pages, 25 
black-and-white illustrations. Price 
$7.50. 

Many have written about the Queen’s 
Necklace. But until now no one has at- 
tempted to collate, without prejudice, 
the entire mass of fascinating and con- 
flicting evidence contained in the pri- 
vate and public atchives of France. This 
Frances Mossiker has done, after five 
years of intensive research and seven 
trips to France. 

For a hundred and fifty years, histor- 
ians and novelists have been fascinated 
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and mystified by the Necklace. Four 
years before the French Revolution, 
these priceless diamonds were purchased 
in secrecy from the court jeweler of 
France, presumably for Marie Antoi- 
nette and at her own instructions. The 
necklace, not yet paid for, was delivered 
into the hands of Cardinal Prince de 
Rohan, first prelate of the Church of 
France. He in turn gave it to the Coun- 
tess de La Motte-Valois, who claimed 
to be acting for the Queen. It was then 
handed to a messenger, supposedly from 
the Queen at Versailles, and then it 
vanished, never to be seen again. 


The scandal that resulted involved 
the highest personages in the realm. But 
in the orgy of rumor and accusation 
that followed, it was the Queen whose 
reputation was most tarnished. The 
people turned against her, while across 
Europe kings badgered their ambassa- 
dors for the latest “necklace gossip,” 
and the bourgeoisie, from London to 
Moscow, followed the sensational story 
in their newspapers. The reputation of 
the French royal family suffered a mor- 
tal blow. 


In the trial that followed, certain of 
the accused were judged guilty; how- 
ever, the truth has never been estab- 
lished as to what happened to the 
diamond necklace. 


Mrs. Mossiker has translated and 
woven into the nartative the letters, 
memoirs, scandal sheets, trial briefs, 
newspaper accounts, court records—even 
the doodles—written by and about these 
famous personages. She has presented 
their stories together, in their own 
words, for the first time. And from 
their extraordinary first-person revela- 
tions she has recreated an entire era. 


The Queen's Necklace is an amaz- 
ingly comprehensive piece of literary 
research. The author is to be praised for 
her effort. However, the book will have 
its widest appeal among those who en- 
joy lengthy historical detail and the 
complex interweaving of numerous 
characters and incidents. 


GEMSTONES & MINERALS — How 
and Where to Find Them, by John 
Sinkankas. Published by D. Van Nos- 
trand Company, Inc., Princeton, N. J. 
420 pages, 133 illustrations. Price 
$8.95, 

Sooner or later every collector of 
minerals and gemstones realizes he 
needs to know how and why mineral 
deposits form. If he wants to make im- 
portant “‘finds” or learn how to look 
in old locations for the few places 
where valuable minerals and gemstones 
could be, he must be able to recognize 
the signs that say ‘“‘look here’! Many 
persons who are eager to learn more 
about practical prospecting for minerals 
and gemstones expend considerable 
time and energy to find localities, only 
to be frustrated after getting there by 
not being able to search intelligently. 

In this book, the author of Gem- 
Stones of North America and Gem 
Cutting—A Lapidary's Manual writes 
about the problem facing the collector 
when he begins working in the field. 
It provides the practical information 
that the average collector has been look- 
ing for and has not been able to get, 
except after years of field trips and hun- 
dreds of disappointments — a guide to 
a host of subjects, from planning trips, 
and tools and equipment, to actual 
digging and extraction methods. Also 
included is the vital background infor- 
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mation on rocks and the minerals the 
collector can expect to find in them, de- 
scriptions of mineral deposits, outcrop 
signs and float, and much useful advice 
not available elsewhere on trimming, 
cleaning, preserving, storing and ex- 
hibiting specimens, and the marketing 
of surplus material. 

Important chapters include ‘Pros- 
pecting and Collecting Trips,” ‘Tools 
and How to Use Them,” ‘‘Rock Classes 
and How to Recognize Them,” “How 
Mineral Deposits Form,” “Field Fea- 
tures of Mineral Deposits,’ "Collecting 
Practices,” “Preparation of Specimens,” 
“Storage and Exhibit,” and ‘Marketing 
Mineral Specimens and Gemstones.” 
Appendices include ‘Table of Mineral 
Solubilities,” ‘“Table of Minerals Re- 
quiring Protection from Atmospheric 
Influences,” “Useful Addresses,” ‘“Ref- 
erence Libraries,” and “Suggested Ref- 
erence and Reading Material.” 

Gemstones and Minerals — How and 
W here to Find Them ts written in clear, 
straightforward language that is easy 
to understand by any reader, even with 
no special knowledge of geological 
terms. Because of its thoroughness, it 
will be of great interest to professional 
mineralogists and geologists, jewelers 
and gemologists, as well as those for 
whom rocks, minerals and gemstones 
are an absorbing hobby. 


WORLD’S LARGEST 
KUNZITE CRYSTAL 
Continued from page 277 

ing drove out the disagreeable greenish 
color (and much of the violet) and left 
pink.-Unlike pinkish kunzites from 
other sources, however, the dichroscope 
shows that this hue is produced through 
lateral directions in the crystals, as well 
as along the optic axes through the crys- 


tal ends. Thus, heat-treated gems are 
remarkably uniform in color, even when 
cut with the table facets parallel to pris- 
matic directions. Flawless gems exceed- 
ing 300 carats have been cut in Brazil, 
and the author has cut a number of 
much larger ones for Martin Ehrmann, 
which, unfortunately, were not entirely 
flawless. I saw these gems after they 
had been heat treated by Mr. Ehrmann 
and was supplied the details through 
his courtesy. The treatment is very sim- 
ple and needs no special apparatus. Mr. 
Ehrmann uses his kitchen electric stove. 
The stones are placed in the oven and 
the temperature allowed to rise slowly 
to 450°F. This temperature is main- 
tained for one hour, and then the oven 
is allowed to cool. With this treatment, 
the green and much of the purple is 
driven off, but a lively pink remains. 

Paulo Nercessian values his kunzite 
crystal highly, so highly in fact that 
no buyers have appeared. He wants the 
equivalent of $25,000 for it, which is 
approximately $3.40 a gram. Perhaps 
this price may be realized, but the atti- 
tude of prospective purchasers in the 
United States is that the price is un- 
realistic, even in terms of gem-material 
potential. It is interesting to note that 
smaller pieces were available at a num- 
ber of dealers in Rio at $.25 a gram. It ts 
hoped that this crystal will be preserved 
in its entirety, but it would not be sur- 
prising if the next we hear of it is that 
it was sold for rough and cut into small 
pieces. 

The next largest crystal of kunzite 
from this find is in the Smithsonian In- 
stitution, in Washington, D.C. It may 
turn out, after all, to become the largest, 
if the gloomy forecast for the other 
crystal is realized. 
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Developing the Powers of Ubservation 


in Gem Testing 


by 


Richard T. Liddicoat, Jr. 


Undoubtedly, the most famous de- 
tective is Sherlock Holmes. In the Doyle 
stories about Holmes, the key to his 
effectiveness was his surpassing keen- 
ness of observation and perception. 
Gem identification is detection in a 
sense. Similarly, the key to skillfulness 
is a combination of visual acuity and 
keenness of perception. Instruments 
are essential to accuracy, but more 
errors are avoided by a careful unaided- 
eye examination of a stone than by any 
other phase of the identification 
procedure. 

The effectiveness of the initial ex- 
amination is related directly to the 
experience and knowledge of the 
observer. When a sufficient number of 
stones have been studied thoroughly, 
characteristics such as luster, fractures 
and cleavages, inclusions, birefring- 
ence, color, weight by heft, and dichro- 
ism provide valuable information. To- 
gether, they often permit the expert to 


be sure of the identity of a stone with- 
out using instruments. 

The novice, of course, cannot hope 
to utilize all of the valuable visual 
characteristics of a given stone until he 
has handled a sufficient number of each 
species and variety to become familiar 
with them. Even then, visual examina- 
tions should correctly serve only as a 
guide to select the most effective se- 
quence of instrument tests, and any 
apparent property should be verified 
with instrumentation. 

The question may arise, ‘““Why not 
start with instruments as the first step?” 
The answer is that each gem-testing in- 
strument provides limited information. 
For the broad picture, an initial exami- 
nation by unaided eye is essential. A 
number of instruments may be used 
without filling gaps in the chain of evi- 
dence gathered. For example, a purple 
stone may show refractive indices of 
1.54 and 1.55 and a specific gravity of 
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Figure 1 


2.65, confirming that it is quartz. It 
may, however, be a quartz doublet and 
only visual examination will reveal its 
true nature. Similarly, a mounted stone 
may provide a refractive index that 
seems to suggest a given species, and 
yet, because the facet tested is slightly 
rounded due to poor cutting, the index 
and subsequent identification may be in 
error. Careful examination would have 
revealed the curvature of the surface 


and provided a warning that a quick 
routine test might not yield correct in- 
formation. Again, observation and per- 
ception, coupled with careful instru- 
ment work, are the requitements for 
accurate identifications. 

It must be realized, however, that vis- 
ual examination involves only the stone 
itself and not the often misleading story 
provided by the appearance of the 
mounting, the apparent net worth of 
the owner, suspicious behavior, or a 
recitation of the circumstances of its dis- 
covery or purchase. For example, at one 
time a large loan organization posted 
an employee at the entrance to their 
building to inform the firm’s appraisers. 
of the kind of conveyance in which a 
customer arrived. A limousine sug- 
gested that the stone must be natural 
and that the appraisal should take this 
into consideration. Unfortunately, jew- 
elers are still influenced in their identi- 
fication work by similar factors; e.g., 
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assuming that a stone set in platinum 
with diamonds must be natural, or that 
one mounted in silver or even base 
metal must be synthetic or imitation. 

For many years, the Gemological In- 
stitute recommended a procedure that 
suggested, after initial examination, that 
all possibilities be listed on the basis 
of color. After completion of each of 
the recommended tests, eliminations 
from this list were made, until only one 
stone remained. Identification was made 
merely by a process of elimination. Al- 
though this method was rather effective 
for teaching a beginner, it had two 
major drawbacks: the preparation of 
the list proved too long and tedious to 
be practical, and, with the order in 
which tests were made, major elimina- 
tions could not be made until late in 
the series of tests. 

To reduce the time required to make 
an identification, three steps should be 
followed. The information gathered in 
the first step should clarify the extent 
or the direction of testing required be- 
yond that point. These three steps are: 
initial examination by unaided eye or 
loupe, a more thorough examination of 
the stone’s interior under magnification, 
and a refractive-index reading, if the 
stone surface is sufficiently well polished 
to permit this to be done by refractom- 
eter. The major purpose of these re- 
marks is to suggest what to look for in 
the unaided-eye and low-magnification 
examination. 

What characteristics of gems that are 
visible to the unaided eye give impor- 
tant clues to identity or suggest courses 


Figure 3 


of action to follow in further testing 

to establish identity ? 
1) Strong doubling (Figure 1), re- 
sulting from strong birefringence, 
immediately proves double refrac- 
tion. Since there are few gems with 
high birefringence and low indices, 
it indicates the possibility of a stone 
with an index above the limits of the 
refractometer; for example, zircon or 
synthetic rutile. Such stones are fre- 
quently misread on the refractometer, 
since the student generally is looking 
for, and expecting, a reading and 
thus mistakes a faint shadow edge 
(which might be merely a boundary 
of the stone’s surface on the hemi- 
sphere) or a complete spectral line, 
including red (produced by light 
from an overhead source being dis- 
persed through the stone) for a 
reading. 
2) Strong dispersion. This usually 
indicates a refractive index above the 
limits of the ordinary refractometer. 
3) Characteristic fractures (Figure 
2). A translucent or opaque stone 
that displays a conchoidal, vitreous 


SUMMER 1962 


293 


fracture cannot be a crystalline ag- 
gregate, since the small grains of 
which it is composed prevent the oc- 
currence of a smooth, glasslike sur- 
face on a break. Similarly, a dull or 
granular fracture does not occur on a 
stone cut from a single crystal. These 
characteristics are important in the 
case of glass imitations of jade, tur- 
quois, chalcedony and other crystal- 
line aggregates, since the density and 
the refractive index of the glass may 
approximate that of the natural 
counterpart. Thus, a conchoidal frac- 
ture with a vitreous luster on a trans- 
lucent or opaque: gemstone suggests 
a glass imitation. 

4) Concave facets cannot be pro- 
duced by the usual polishing meth- 
ods, but they are typical of molded 
imitations. Refractive indices from 
such a surface may be indistinct and 
unreliable. In Figure 3, the oval- 
shaped shadows on some of the facets 
indicate their concave nature. 

5) Numerous inclusions that pro- 
duce a translucent effect make a 
polariscope analysis questionable 
(Figure 4). 
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Figure 4 


6) Abrasions on polished surfaces 
(Figure 5) should always be noted 
and care used on testing such a sur- 
face on the refractometer. This 1s 
particularly true of a cabochon with 
an abraded apex. The sharp edges of 
the abrasions can easily damage the 
soft glass hemisphere. Usually, such 
stones will have a satisfactory sur- 
face nearer to the girdle. 

Although visual examination and 
handling of a stone are essential pro- 
cedures prior to instrumentation, the 
commercial value of examinations with- 
out instruments should not be under- 


Figure 5 


estimated. It often provides experienced 
gemologists with the information nec- 
essary to make very advantageous 
purchases or to avoid costly and embar- 
rassing mistakes. For example, a GIA 
student was once offered a large carved 
blue stone as quartz by an antique 
dealer. He hefted the stone and also 
noted the luster, deduced immediately 
that it was not quartz, and made the 
purchase for a very nominal price. A 
subsequent instrument check proved it 
to be sapphire. Both the density and 
luster of the stone were much too great 
for quartz. 

On one occasion, the Institute re- 
ceived from a well-known colored-stone 
importer a group of fine cat’s-eyes for 
display to students at a meeting. While 
examining the parcel prior to the meet- 
ing, a staff member noticed that one 
stone seemed to be much too large for 
the weight shown on the paper. A quick 
check in heavy liquids indicated a spe- 
cific gravity similar to that of quartz, 
and a further test confirmed his sus- 
picion. There was no obvious difference 
in appearance between this fine quartz 
cat’s-eye and the chrysoberyls;. how- 
ever, to the keen eye of the gemologist, 
it was too large for the weight indicated 
and the luster was not high enough for 
a chrysoberyl. It is interesting that the 
stone had been offered as chrysoberyl by 
the importer for some time, and neither 
he nor any of the jewelers who saw it 
suspected its true identity. 

Frequently, an experienced gemolo- 
gist will encounter a stone that does not 
“look right.” Although this suspicious 


appearance is often difficult to describe, 
he will notice slight deviations from 
the expected luster, dispersion, texture, 
or other characteristics that affect the 
appearance of the stone to the unaided 
but trained eye. 

While talking with a colored-stone 
importer, a GIA instructor questioned 
several beautiful stones that were la- 
beled jade. After a quick check, they 
proved to be green grossularite, much 
to the surprise of the importer. Fre- 
quently, pawn-shop operators and an- 
tique dealers purchase valuable stones 
for little more than the value of the 
gold in the mountings, never realizing 
their true worth. To an alert and experi- 
enced gemologist, an unaided-eye ex- 
amination should provide at least an 
indication of a stone’s identity. 

Characteristics Observed 
under Magnification 

The next test depends on the findings 
of the initial examination. If the char- 
acteristics observed limit the possibili- 
ties to a few stones, or perhaps just 
two, one test may be sufficient to make 
a positive identification ; this is unusual, 
however. The usual second test (and 
the first instrument test) is examination 
under magnification. Although a loupe 
or monocular microscope is useful for 
this purpose, the most effective instru- 
ment is a binocular microscope equipped 
to provide dark-field illumination in 
conjunction with immersion. It has the 
advantages of more efficient illumina- 
tion, erect images, and stereoscopic 
vision. 

The advantages of being able to 
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study both the surface and interior of 
a stone under magnification, regardless 
of its nature, are many. It often discloses 
natural versus man-made origin. The 
identity of a stone is sometimes sug- 
gested by characteristic inclusions, but 
they seldom provide conclusive evi- 
dence. Crystal habit may be indicated by 
the orientation of inclusions. If dou- 
bling of the back facets is detected, it 
proves the existence of double refrac- 
tion and makes it possible to estimate 
the strength of birefringence. 

The discovery of the new gemstone, 
taaffeite, bears testimony to the re- 
markable acuity of a gemologist with 
very limited equipment, except for a 
binocular microscope. Count Taaffe, an 
Irish gemologist, while engaged in se- 
lecting a number of stones from the 
“junk box” of a Dublin jeweler, had 
separated the stones in which he was 
interested into various colors. Those he 
had sorted on the basis of luster, dis- 
persion, polish and other properties vis- 
ible to the unaided eye were first cleaned 
thoroughly and then examined, using 
the following equipment: methylene 
iodide, a hand scale for specific gravity 
determinations, Polaroid plates, and a 
21x binocular microscope. One light- 
violet stone weighing between one and 
two carats sank in the methylene iodide 
rapidly, and, because it nearly disap- 
peared in the liquid, Taaffe assumed it 
to be spinel, which is singly refractive. 

Examination under magnification, 
however, disproved this assumption, 
since a slight doubling of the back fac- 
ets was observed. He verified this ap- 


parent double refraction by checking 
the stone between Polaroid plates and 
found that it became alternately light 
and dark, the reaction one would expect 
from a doubly refractive material. Since 
this did not seem to correspond to any 
stone he knew, he checked the specific 
gtavity, using the hand balance; the 
average of ten determinations thus 
made gave him a figure of 3.62. Since 
each test had indicated spinel, except 
for the presence of birefringence, Taaffe 
sent it to B. W. Anderson at the gem- 
testing laboratories of the London 
Chamber of Commerce. There, Taaffe’s 
determinations proved to be correct; ac- 
curate refractive indices were 1.718 and 
1.723, and a very accurate specific grav- 
ity determination resulted in a figure 
of 3.613. 

Perhaps the most amazing aspect of 
this story is the fact that the specific 
gravity was determined with a small 
hand-held balance, and that the results 
were remarkably close to those obtained 
with fine equipment. It is obvious from 
this account that the extent to which a 
gemologist uses the equipment at his 
disposal determines his effectiveness in 
gem testing. 

Characteristics of Simple Lenses 

The magnifying power of a simple 
lens can be determined by dividing ten 
by the focal distance in inches. For ex- 
ample, if the sun’s rays were brought 
to a focus by a lens at two inches, the 
lens would have a magnification of five 
times. A one-inch focal distance is 
characteristic of a 10x magnifier. The 
working distance is approximately the 
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Figure 6 
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same as the focal distance. Depth of 
field (i.e., that portion of an object in 
focus at a given time) is inversely pro- 
portional to the number of magnifica- 
tions; in other words, the depth of field 
of a ten-power lens is only a fraction 
of that of a three-power lens. There- 
fore, the factors to consider in a mag- 
nifier include working distance, depth 
of field and, of course, strength of 
magnification. 

One important consideration when 
using a loupe to examine gemstones is 
the practical limitation in magnification. 
For example, to go from 10x to 20x in 
a loupe means a reduction in working 
distance of 50% (from one inch to 
one-half inch), and also a similar re- 
duction in field size. This close position 
of the lens to the object increases mate- 
rially. the lighting problem. A 20x 
loupe is difficult for anyone but a 
skilled person to use. Although 30x 
loupes are made, they are rarely used. 
It is advisable to examine a large stone 
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or jewelry piece first with a low-power 
loupe with a wide field and to use one 
of higher power only to locate and 
study characteristics that require closer 
inspection. 

A simple lens is subject to image dis- 
tortion and to both chromatic and 
spherical aberration (Figure 6). In 
order for a lens to be of maximum 
value, these problems must be over- 
come, which may be done in one or 
more of several ways. Distortion is 
caused by the failure of a lens to bring 
into focus all points on the object at 
the same point. It is corrected by using 
multiple-lens magnifiers or by sand- 
wiching lenses of different kinds of 
glass into single elements. If a lens is 
composed of two parts it is called a 
doublet; if three, a triplet. Chromatic 
aberration causes the various wave- 
lengths of light to be brought to focus 
at different distances from the lens, so 
that objects have color fringes when 
viewed through the lens. This condition 
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is corrected by using additional portions 
of different glass, which has the effect 
of reversing the dispersion and bring- 
ing the wavelengths of the various col- 
ots into focus at the same distance from 
the lens. If a lens is corrected for spheri- 
cal aberration and a hazy border, it is 
called aplanatic; if it is corrected for 
chromatic aberration, the name achro- 
matic is applied. Different types of 
lenses arranged in series may largely 
correct for spherical and chromatic 
aberration and distortion. 

Preparation for Loupe Examination 

Surface dirt or scratches can be con- 
fused easily with inclusions, especially 
when using a single magnifier, since it 
fails to give depth perception; there- 
fore, a stone should always be cleaned 
carefully before examination. A loose 
stone can be cleaned adequately by rub- 
bing it vigorously between the thumb 
and forefinger with facial tissue or a 
silk cloth. If it is mounted, or if it fails 
to respond to this-simple treatment, al- 
cohol or steam may be required. To re- 
move dirt and grease from a mounted 
stone, usually it is necessary to use a 
detergent and a small  stiff-bristled 
brush. 

After the stone has been cleaned, it 
is grasped at the girdle with a pair of 
tweezers and the breath is blown sharply 
at it to remove any lint that remains. 
Brushing lightly with a clean camel’s- 
hair brush may be necessary to remove 
any remaining lint or other foreign 
particles; this may be facilitated by the 
use of a sharp-pointed object such as 
a needle. Because inclusions must be 


examined minutely, and because it is 
sometimes necessary to diagram them 
on paper, it is advisable to hold the 
stone steadily and securely. If locking- 
or tension-type tweezers are not avail- 
able, a rubber band wound around a 
conventional pair will serve this pur- 
pose adequately. 
Illumination 

Now that the stone is ready to be ex- 
amined, lighting is the next considera- 
tion; it is nearly as important for the 
loupe as for the microscope. If the 
light is placed behind the stone, the 
facets reflect it away, so the center may 
be dark and the eye blinded by the glare 


coming around the stone (Figure 7). 


The stone usually appears nearly 
opaque, yet this ineffective method is 
the one commonly used for lighting an 
object to be examined by a loupe. In 
order for inclusions to be seen most 
readily, they should be illuminated in 
a manner that makes them stand out as 
bright objects against a dark field. 
Thus, the stone needs to be lighted from 
the side and examined over a dull-black 
or other dark background (Figure 8). 
It is likewise important to shield the 
light from the eyes of the observer. 
One effective illuminator for loupe 
examination is the ordinary goose-neck 
lamp with a metal reflector or a fluo- 
rescent-type desk lamp. The lamp is di- 
rected downward, so the stone can be 
held at the edge of the reflector (Figure 
9). This illuminates the stone but keeps 
the direct rays from the eyes and the 
facets facing the observer. Still more ef- 
ficiency will be gained if the area below 


298 


GEMS & GEMOLOGY 


Figure 7 


the stone is a dull black and normal 
ovethead illumination is reduced as 
much as possible. 
Examining the Stone 

A faceted stone usually is examined 
first through the table, since this large 
facet affords the clearest view of the 
interior. However, it should be exam- 
ined from all directions, unless the 
first view provides all of the answers 
being sought. If the purpose is to plot 
all visible characteristics, a thorough ex- 
amination is essential; for example, the 
stone should be held in the tweezers or 
the stoneholder between the table and 
the culet, to permit an unobstructed 
view of the girdle. An all-direction ex- 
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Figure 8 


amination often reveals color banding, 
pleochroism, faint separations and other 
features that may be invisible through 
the table. If the stone is turned slowly 
as it is viewed, characteristics may be 
revealed that are not otherwise visible; 
this also helps the viewer to distinguish 
between surface and internal objects. 
There are several means involving 
the use of the magnifier to determine 
positively whether an object is within 
a stone or on its surface: (1) If a stone 
is turned about its center, an object be- 
low the surface will turn with a differ- 
ent arc than one on the surface. Since 
an inclusion is likely to be closer to the 
hub of the turn, it turns in a tighter 
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Figure 11 


citcle than one on the surface (Frgure 
10). (2) The plane of focus is such 
that a comparison between the points 
around the crown or pavilion that are in 
sharp focus will show whether the ob- 
ject itself (which also is in focus) is 
between the two in-focus points at op- 
posite sides of the stone or between two 
in-focus points on adjoining facets 
(Figure 11). If the object in focus is 
between opposite points in focus en- 
tirely across the stone, it follows that 
the object must be within the stone. If 
it is seen between adjoining facets, in 
all probability it is on the surface. 
(3) This may be confirmed by turning 
the stone so that light is reflected di- 
rectly from the facet on which the ob- 
ject may be resting. If the object is on 
the surface, it should stand out in the 
direct illumination. One of the greatest 
advantages of a binocular microscope 
is the ease with which an object may 
be located precisely on the basis of 
the stereoscopic effect and the depth 
perception. 

Although a binocular magnifier 
equipped with a dark-field illuminator 
is the ideal equipment for examining 


gemstones, it is not the only lighting 
method that may be used. Lighting con- 
ditions often are equally as important 
as magnification in making a key dis- 
closure, so objects not otherwise seen 
with a loupe are resolved with the 
proper lighting. For example, if a stone 
is lighted properly, color banding often 
becomes obvious under a 10x loupe or 
even to the unaided eye. Wise use of 
lighting and loupe magnification often 
is more useful to a capable gemologist 
than a monocular microscope with a 
wide magnifying range is to a less-adept 
person. 

The novice gem-tester tends to ex- 
pect any internal characteristic of a 
gemstone to be disclosed readily by 
magnification. Often this is not true, for 
the stone must be lighted in one manner 
to view inclusions and in another to dis- 
close the nature of its coloring. For 
example, color bands do not become 
evident unless observation is made par- 
allel to them (ie., like looking at the 
edge of a deck of cards) with the light 
coming not from the side, as recom- 
mended for inclusions, but from be- 
neath the stone. For this reason, when 
a resolution of color banding is sought, 
examination with a very diffused light 
source placed behind the stone is recom- 
mended. Merely placing the stone over 
a lamp often throws so much light 
around the edges that the true nature 
of the stone is obscured; therefore, the 
intensity of the light must be reduced. 
If the Gemolite or Diamondscope is 
used, a facial tissue placed over the 
light opening will produce the neces- 
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sary diffused background. Sometimes, 
particularly when working with a tiny 
stone, immersion in a liquid will reveal 
its characteristics more readily. This 
method is” particularly advantageous 
when the tester is attempting to dis- 
tinguish between curved striae and 
straight color banding. Occasionally, it 
is necessary to increase the contrast be- 
tween lignt- and dark-colored zones by 
diffusing the light, as indicated above. 
This may be accomplished by placing 
the tissue under the liquid container or 
using either a frosted-glass container 
or the type of cold-cream jar made of 
opal glass. An immersion cup to be 
used on a Gemolite or Diamondscope 
or with another magnifier should have 
very low sides; this facilitates holding 
the stone in the tweezers or moving it 
about. (Note: The spring-loaded stone- 
holder used on the Gemolite and Dia- 
mondscope should not be immersed in 
liquids. ) 

In the examination by eye or low- 
power loupe, there are many possible 
findings of value to the gemologist. The 
luster should give a fair idea of the re- 
fractive index range. Since luster is de- 
termined by the refractive index plus 
the flatness of the polished surface, the 
higher the luster, the higher the refrac- 
tive index of the unknown. Is the luster 
metallic, submetallic, adamantine, sub- 
adamantine, vitreous, subvitreous, waxy, 
greasy, silky, or dull? The first three 
categories surely reflect the presence of 
indices over the refractometer scale. 
Subadamantine suggests an index range 
high on the scale, vitreous midscale, and 
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subvitreous low on the refractometer 
scale. Comparison with gems of known 
identity helps one to classify indices 
readily. Waxy and a greasy luster is 
usually associated with a poorly pol- 
ished surface and silky is applied to 
a gemstone with many needlelike 
inclusions. 

Is any cleavage evident? Only a few 
gem species, such as diamond, topaz, 
spodumene and the feldspars, are likely 
to display obvious cleavage. 

How well is the stone polished ; this 
may suggest its hardness range. Stones 
with rounded facet edges and poor 
polish in general are probably soft; 
however, synthetic corundum and other 
inexpensive materials are sometimes 
polished so rapidly that the quality of 
polish is inferior. The irregular frac- 
tures at the surface of synthetic corun- 
dum caused by the heat generated in 
too-rapid polishing are typical of that 
material. 

In colored stones, is there an obvious 
pleochroism as the stone is turned? 
Common gemstones with sufficient pleo- 
chroism to be noted by the unaided eye 
include kunzite, andalusite, tourmaline, 
zircon, ruby, sapphire and alexandrite. 
Among the rarer stones, it is likely to 
be obvious in kornerupine, benitoite, 
iolite, epidote and others. 

Is there a luster difference between 
crown and pavilion or between different 
portions of the crown? This ts usually 
obvious in garnet-and-glass and other 
doublets or triplets with wide differ- 
ences in index between parts. 

What is the luster on fracture sur- 
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faces? This is particularly important in 
translucent and opaque materials. Most 
transparent stones in the middle to low 
index range have a vitreous luster on 
conchoidal fracture surfaces, as do glass 
imitations; however, many natural, 
translucent and opaque stones have 
granular or other types of fracture. 
Those with conchoidal fractures seldom 
have a vitreous luster. Chalcedony usu- 
ally has a waxy luster on fractures and 
turquois a dull luster. This provides a 
ready means of separating natural stones 
from glass with its vitreous fracture 
luster. 

If any of the various optical phe- 
nomena are present, the number of pos- 
sibilities is reduced materially. This is 
true of play of color, change of color 
under different lights, and adulares- 
cence. Weak asterism and chatoyancy 
ate found in a number of species. In 
addition to the gems in which asterism 
is frequently seen, ruby, sapphire and 
quartz, there are many others in which 
a star is very rarely encountered. These 
include beryl, peridot, chrysoberyl, 
topaz, spinel and garnet, Beryl, deman- 
toid, nephrite, enstatite, diopside, scap- 
olite, kornerupine, feldspar, apatite, 
zircon, sillimanite and others may show 
a cat’s-eye effect, in addition to the 
more familiar chrysoberyl, quartz and 
tourmaline. 

A red ring seen near the girdle in a 
transparent faceted stone when it is 
turned table down on a white surface 
suggests a garnet-top doublet. Flashes 
of red color from a deep, vivid-blue 
stone suggests synthetic spinel. 


One ot the most valuable ards pro- 
vided by effective magnification is the 
detection and estimation of the strength 
of birefringence. Detecting double re- 
fraction in the form of doubling, either 
of opposite-facet junctions or of dust 
and scratches on the opposite side of 
the stone, avoids the necessity of using 
the polariscope for this purpose. Since 
the polariscope determination is more 
subject to error and misinterpretation 
than most other tests, this is a very 
worthwhile determination. Moreover, 
the polariscope, when used in the ordi- 
nary manner, merely determines the 
presence of single or double refraction, 
whereas the detection of doubling and 
the determination of the width of 
separation between the two images pro- 
vides not only proof of double refrac- 
tion but a measurement of its strength. 
In addition, the time required to use 
the polariscope is saved. In resident 
classes, the GIA instructional staff has 
found the initial recognition of dou- 
bling to be one of the most difficult sub- 
jects to convey adequately to beginning 
students. Once detected, however, this 
property is recognized easily in the 
future. 

The Iceland Spar variety of the com- 
mon mineral, calcite, is an ideal ma- 
terial with which to become familiar 
with the nature of doubling. Looking 
through the calcite to its opposite side 
with the loupe shows clearly that each 
of its edges appears twice; in other 
words, a double image of any feature 
appears when seen through the stone. 


The next step is to use the loupe to 


302 


GEMS & GEMOLOGY 


Figure 12a 


Figure 12c 


locate and become familiar with the 
appearance of doubling in a zircon. 
Since zircon may be cut so that the optic 
axis is perpendicular to the table, little 
or no doubling may be visible near the 
culet when viewed through the table; 
therefore, if it is not noted immedi- 
ately, examination should be made 
through the bezel facets. It is important 
to look through a single facet, rather 
than through two different facets. 
Doubling in a stone that has a bire- 
fringence of lower magnitude than the 
172 of calcite or the .059 of zircon 
(e.g., the .009 of quartz or the .008 of 
corundum) is more difficult to see ini- 
tially with a loupe, unless a very large 


Figure 12b 


Figure 12d 


stone is being examined. After its ap- 
pearance has become familiar, however, 
and when every dust particle and min- 
ute scratch on the opposite side of a 
stone can be seen as a double image, it 
saves the gem-tester’s time, ensures a 
higher degree of accuracy, and im- 
proves his all-around testing ability. 
The amount of doubling is directly pro- 
portional to a stone’s strength of bire- 
fringence and to its size. Figure 12 
shows the relative doubling observed in 
corundum (a), tourmaline (b), blue 
ziccon (c), and synthetic rutile (d). 
All were photographed under 30x. The 
lower the birefringence and the smaller 
Continued on page 319 
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Developments 


and Highlights 


by 


at the 


GEM TRADE LAB 
in New York 


Robert Crowningshield 


The continuing demand for turquois 
has resulted in still more attempts fo 
meet it with. some form of treated 
natural turquois or a reproduction or 
imitation, Figure 1 is a photograph 
of a half bead that proved to be poor- 
quality turquois that had been painted 
blue then coated with a clear lacquer. 
The photo shows the deep-blue color 
in the drill hole. Figure 2 illustrates 
the absorption spectrum in reflected 
light .of the coated side of this stone. 
The dark absorption in the red is remi- 
niscent of the absorption spectrum of 
dyed jadeite and serpentine, as well as 
jadeite triplets. Strands of beads of this 
material have come to our attention. 
As long as the clear plastic coating is 
undisturbed, the stones retain their ap- 
pearance fairly well. However, once the 
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plastic coating is removed, the thin layer 
of blue paint wears through and the 
pale chalky turquois is exposed. Other 
specimens that we have encountered 
failed to show a turquois spectrum and 
without access to a stone for mote ex- 
haustive tests, we have been unable to 
prove the presence of turquois. Re- 
cently, a product offered as “‘cultured 
turquois” has appeared on the market. 
We have been unable to secure any for 
testing, but it is claimed to be com- 
posed of ground turquois, in which 
case a more acceptable term would be 
reconstructed turquois, which is not 
new. 
A White-Coral Substitute 

White coral is another material that 
seems to be continuing in popularity 
as summer jewelry, but, at least in 
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Figure ] 


beads, is in short supply. We have had 
at least one occasion to see a substitute 
labeled ‘white coral’ for sale in a 
jewelry shop in New York City. The 
material proved to be worked conch 
shell in the form of round beads. The 
typical “flamelike” appearance of this 
shell, with the parallel banded struc- 
ture in most of the beads, together with 
the other light touches of pink in many 
of the beads, established its identity. A 
section of a necklace showing the 
parallel banded structure may be seen 
in Figure 3. 
Diamond Doublets 

A most unusual identification is 
illustrated in Figure 4. The larger 
ring in the upper section of the photo- 
gtaph contains a diamond doublet with 
a synthetic sapphire back, whereas the 
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two stones in the lower ring are dia- 
mond doublets with synthetic colorless 
spinel backs. We were unable to de- 
termine the nature of the bonding 
agent, but it is assumed that one of the 
new types was used. Reports that cet- 
tain lapidaries are cutting colorless 
synthetic sapphire and spinel pavilions 
frequently leads one to suspect that 
these serious deceptions may become 
more widespread. 


What Next? 

We recently saw a lady's ring set 
with a very shallow diamond and be- 
neath it a smaller diamond had been 
mounted. When viewed from the pavil- 
ion, it gave the appearance of a stone 
having a normal depth. Although de- 
ceiving to most laymen, perhaps, it was 
evidently not meant to pass undetected, 
since one look with a loupe told the 
story. 
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Quartz Triplets 

We are indebted to Mr. Andrew 
Heinzman, of H. R. Benedict Com- 
pany, New York City, for a wide 
selection of synthetic, imitation and 
assembled stones, which included some 
unusual colors of quartz triplets. We 
noted unusual absorption spectra for 
three of the colors; they are illustrated 
in Figures 5, 6 and 7. The most in- 
teresting of the assembled stones was a 
triplet that resembled synthetic alex- 
andrite-like sapphire in color. 


Serpentine 

Varieties of the mineral serpentine 
have long been used for jadelike- 
appearing carvings. Often, the carved 
objects are of a size and nature that 
prohibit a refractive-index reading or a 
specific- gravity determination. Figure 
8 illustrates a large, greenish-yellow 
serpentine plaque. Its absorption spec- 
trum (Figure 9} precisely matched 
that of a specimen recently added to 
our collection; therefore, we could 
easily prove its identity. Although the 
absorption spectra of serpentine varies 
widely, Figure 9 has been reproduced 
for the benefit of others faced with the 


Figure 8 


identification of large jadelike objects. 
Unusual Gem Materials 

Unusual materials encountered in 
the Laboratory in recent months in- 
clude a fine, large faceted brazilianite, 
several brown kornerupines, a rare cat’s- 
eye hambergite, a lovely green euclase 
and a very rare transparent hodgkin- 
sonite. 

$25,000 for 6 Quartz Triplets! 

Figure 1 illustrates one out of six 
similarly mounted green-quartz trip- 
lets for which our client reportedly 
paid more than $25,000 in a South 
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Figure 10 


American city. They were shown to 
several jewelers in this country, each of 
whom believed them to be fine natural 
emeralds. Their casual identification, 
evidently, was based on the inclusions, 
plus the fact that they appeared strong 
red through the emerald filter. How- 
ever, one alert jeweler became suspi- 
cious when he compared the low price 
with the apparent quality and size of 
thé stones, and suggested their removal 
from the mountings for laboratory tests. 
Salesmanship? 

Figure 11 illustrates a radiograph of 
an unusually placed drill hole in a 
cultured pearl. The pearl was mounted 
in an elaborate ring and according to 
the purchaser, it was the finest one in 
the stock of a Hong Kong merchant. 
The buyer was informed by the jeweler 
that the pearl had been smuggled out 
of China and was very old, the proof 
being its old-type style of drilling. This 
type of drilling is recognized in the 
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Figure 11 


Figure 12 


American trade as typical of pearls used 
as buttons on Mandarin robes, and it 
has been the experience of the Labora- 
tory that it has been encountered only 
in natural pearls. However, Figure 11 
indicates a departure from the ordinary 
Chinese drilling in that the hole is 
nearly straight through, whereas the 
drill holes in pearls used as buttons in 
China years ago start usually on the 
same side at an angle and meet a short 
distance in as illustrated in Frgure 12. 
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The Surface Structure of 


Diamonds 


by 


Michael Seal, Ph.D. 


Note: The following article is a re- 
print of an article appearing in the 
September, 1961, issue of the Engelhard 
Industries Technical Bulletin. 

The markings of natural diamond 
surfaces have long interested geologists 
and physicists. Most diamonds show a 
wealth of surface detail, detail that var- 
ies considerably from diamond to dia- 
mond. The markings are frequently 
characteristic of the output of a particu- 
lar region, and an expert can often 
judge the origin of a diamond from its 
appearance, taking into account such 
factors as shape, color, and surface 
structure. Some of the many variations 
are listed in standard works.1:?-3-45 

It is widely realized that these struc- 
tures must be a record of some part of 
the geological history of the diamond. 
Thus in a particular case they may per- 
haps represent the final stage of growth, 
or they may perhaps have been pro- 
duced by subsequent chemical attack. 
There have been attempts to reproduce 


some of the structures in the laboratory 
by chemical-etching techniques. The re- 
sults have been used to support various 
theories of the origin of natural fea- 
tures, but often no unambiguous con- 
clusion has been possible. 

The recent development of means of 
synthesizing diamonds has given fur- 
ther experimental information. Surface 
structures on synthetic diamonds are, 
in general, quite different from those 
on natural. These differences must be 
significant, and it is probable that a 
comparative study of the surfaces of 
natural and synthetic diamonds will 
provide more information than either 
alone would give. Apart from its in- 
trinsic interest, there is the very practi- 
cal consideration that such information 
could lead to the devising of more 
efficient or easier ways of making 
diamonds. 

The surface structure of diamonds is 
also of great importance in connection 
with the industrial use of synthetic or 
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ctushed natural diamonds as abrasive 
grits. Grinding wheels containing these 
grits are made by bonding the diamonds 
with a suitable material, such as an or- 
ganic resin or a sintered metal, and the 
efficiency of such wheels is in part de- 
termined by the strength of the bond 
between diamond and resin or metal. 
Chemical treatment of natural diamond 
grit can improve its efficiency in such 
use, sometimes by as much as a factor 
of three. Although there may be a vari- 
ety of causes for this increased efficiency, 
the change in surface structure is 
important. 


At the Engelhard Research Labora- 
tories we have been studying the sur- 
faces of natural and synthetic diamonds 
by optical and electron microscopy. The 
pictures that accompany this article 
show some of the many types of struc- 
tures that were seen. Perhaps the most 
common structures on natural’diamonds 
are “‘trigons.’”’ These are triangular de- 
pressions that may be either pyramidal 
ot flat bottomed (Figures 1 and 2). The 
pyramidal ones are almost certainly etch 
pits®, but the interpretation of the flat- 
bottomed ones is uncertain. These fea- 
tures occur on octahedral [111} faces 
and show the threefold symmetry of 
those faces, which are the only good, 
smooth crystallographic faces found on 
natural diamonds. Other types of faces, 
for example the cube [100}, do occur 
but they are very rough (Figure 3). 
Dodecahedral faces [110] and various 
curved faces are also found, but these 
are either approximations to the crystal- 
lographic face built up of [111] steps, 


or dissolution faces. Examples of the 
patterns on such faces are shown in 
Figures 4 and 5. 

Figure 5 is an electron micrograph 
of a replica of the diamond surface. 
This and most of the subsequent elec- 
tron micrographs were obtained by 
making a casting of the surface in plas- 
tic, then evaporating carbon and a 
metal, such as platinum, obliquely onto 
the plastic to give a shadowed effect, 
and finally dissolving the plastic to 
leave a thin carbon-and-metal replica 
of the original surface, Such replicas 
are ‘negative replicas,” since the hills 
on the original surface appear as valleys 
on the replica. Also, the shadows appear 
light, since they represent an absence 
of metal. Figure 7 is an exception and 
was made by a different technique, 
yielding a ‘‘positive replica.” In the 
descriptions of the pictures the terms 
* etc., will be used in 
reference to the original surfaces, rather 
than to the replicas. 

The round features in Figure 5 repre- 
sent depressions on the original sur- 
face; these are probably etch pits. 
Somewhat similar raised features are 
sometimes found’; they are probably 
the result of local protection of the sur- 
face from etch, by gas bubbles or the 
like. Another type of structure is shown 
in Figure 6. 

Generally, of course, crushed natural- 
diamond fragments, such as are used 
as abrasive grits, are bounded by cleav- 
age faces. These faces have a structure 
of noncrystallographically oriented 
steps. An example appears in Figure 7. 
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Figure 11 Figure 12 
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Figure 15 


A brief optical examination of a 
sample of synthetic diamond shows that 
it is quite different from the natural ma- 
terial. Two types of synthetic-diamond 
crystal are common: one that is dark, 
irregularly shaped and opaque; and the 
other that is clear, possibly colored and 
with good crystal faces. The good crys- 
tal faces are not limited to the [111] 
type, as with natural diamonds, but 
good [100] faces are common and 
high index faces are also found (Figure 
8). Dodecahedral synthetic diamonds 
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Figure 16 


are uncommon; when they occur, they 
are probably dissolution shapes®. 

On octahedral faces, several types of 
structure are found. Figwre 9 shows 
some triangular markings. These repre- 
sent stepped pyramidal hills, and it is 
probable that they are growth features. 
It seems that growth has started at cer- 
tain centers on the face and continued 
through sheets of material, spreading 
outwards. On this face the larger hills 
are 114 to 3 microns in height and the 
stepped sides have mean slopes up to 
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about 30°, In Figure 10, a related struc- 
ture is shown that has many interacting 
growth sheets, giving a stepped forma- 
tion with numerous re-entrant angles. 
Triangular pits have also been seen, but 
they are by no means as perfect geo- 
metrically as the trigons on natural dia- 
monds. There is also a very interesting 
type of triangular structure in which 
the outline is a V-shaped depression, 
with the center somewhere near the 
same level as the surrounding area. 
Figure 11 shows markings of this type 
and also some of the small triangular 
pits. 

Related markings can be seen on cube 
faces, though here they have fourfold 
symmetry and 90° angles, rather than 
threefold symmetry and 60° angles. 
Steps with 90° angles are found and 
rectangular pits are very common (Fig- 
ures 12 and 13). 

There is also a mosaic, or veined, 
type of structure (Figure 14) and at the 
higher magnification of the electron 
microscope (Figure 15}. The strips 
separating the broader areas are ridges. 
These structures have been interpreted 


as being the imprints of the metal sur- 
faces against which the diamonds grew, 
since the structures on the metal and 
diamond surfaces matched®. It is not 
obvious, however, whether the diamond 
conformed to the metal or the metal 
to the diamond. ba 

. Figure 16 shows a rather beautiful 
and quite unusual structure on a syn- 
thetic diamond, made in the Adamant 
Research Laboratory, Johannesburg. 
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Developments and Highlights 


by 


at the 


GEM TRADE LAB 


in Los Angeles 


Richard T. Liddicoat, Jr. 


Lapis-Lazuli Test 
In the course of testing a number of 
snuff bottles, we found that hydro- 
chloric acid makes an excellent test for 


lapis-lazuli. In contrast to imitations 
and similar-appearing gemstones, the 
familiar odor of H.S (rotten eggs), 
becomes noticeable when a drop of hy- 
drochloric acid is placed on the blue 
portion, Acid is often used in testing 
lapis because the white areas in lapis 
are usually calcite, which, of course, 
effervesces under a drop of the acid. 
However, in the past, we have never 
paid any attention to the odor caused by 
the effect of the acid on the sulphide in 
lapis. This test also provides an excel- 
lent means of distinguishing between 
lapis and either sodalite or lazulite. 
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Coated Coral 

One aspect of another snuff bottle 
that we tested was of particular interest. 
The purchaser had become disturbed 
when she had been able to flake away 
portions of the surface on the base with 
a fingernail; she therefore concluded 
that the bottle was not genuine. Al- 
though the tests performed proved that 
the snuff bottle was composed of coral, 
they also disclosed that white spots on 
the predominantly orange coral had 
been covered with an orange glue-like 
coating in an effort to make the bottle 
appear to be of slightly higher quality ; 
i.e., without white spots. 

Cat’s-Eye Apatite 

A gtaduate was in the Laboratory re- 

cently with an interesting stone that had 
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Figure 1 


been sold to him as a chrysoberyl cat’ s- 
eye. In performing a perfunctory check 
he found a uniaxial interference figure, 
thus eliminating the possibility of chry- 
soberyl. Upon checking with the spec- 
troscope, the stone proved to be an 
apatite. 
Padparadscha Sapphire 

We were pleased and surprised to 
see a lovely orange-colored stone re- 
cently that appeared at first glance to be 
an orange synthetic sapphire, except for 
the fact that it had been cut in typical 
Oriental fashion. Examination under 
magnification disclosed silk and other 
natural inclusions. It was the loveliest 
padparadscha sapphire that we can re- 
call having seen. We were surprised at 
the very low insured value at which it 
came in. 

Kenya Ruby 

A quantity of rough ruby and a stone 
cut from it, said to have originated in a 
new deposit in Kenya, were examined 
in the Laboratory. The material was not 
comparable to fine-quality Burma ruby 
in color, but it did have a rather attrac- 
tive, slightly dark orangy-red hue. The 
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Figure 2 


refractive indices were approximately 
1.764 and 1.772. The specific gravity 
averaged 3.998. A number of bands of 
cottony inclusions were observed and 
some oriented flat liquid- and gas-filled 
spaces. In general, the cottony silk-like 
inclusions were present in quantity but 
individually they were exceedingly fine 
(Figures 1, 2 and 3). 
New GIA Coral Collection 

We received a magnificent collection 
of coral in white, orange, pink and deep 
red from Edward R. Swoboda, a Los 
Angeles jewelry manufacturer. Several 
large lovely branching forms mounted 
on pedestals with accompanying cabo- 
chons, as well as a large number of un- 
mounted rough specimens, present a 
very attractive display. A report on 
Japanese coral, based on a study of this 
material and many other examples in 
Mr. Swoboda’s possession, plus first- 
hand information obtained’ on his re- 
cent trip to the Orient, will be presented 
in a forthcoming issue of Gems & 
Gemology (Figure 4). 

Star Sapphire with a Color Change 


A star sapphire with an interesting 
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Figure 3 


color change was examined. The stone 
changed from an attractive blue color 
in daylight to almost ‘an amethystine 
violet under incandescent light. It was 
too transparent to have a really fine star, 
but it was an unusual and attractive 
stone. 
Ekanite 

We had occasion to test our first eka- 
nite, the newly discovered gem material 
that was the subject for an article by 
Dr. E. J. Gubelin that appeared in the 
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Summer, 1961, issue of Gems & Gem- 
ology. This stone had the following 
properties: refractive index, 1.59; spe- 
cific gravity, approximately 3.28; and 
inclusions suggestive of metamict green 
zircon. The number may have increased 
by now, but our latest word suggests 
that there are only approximately 20 to 
25 ekanites known; therefore, we were 
surprised to encounter one in the trade 
in this country. 
Unusual Star Sapphire 

Another star sapphire of particular 
interest was one which from the side 
looked for all the world like a doublet. 
The stone had no color on the top half 
nor was there any obvious silk in that 
portion; however, the stone had an ex- 
cellent star and a very attractive color, 
both of which originated in the lower 
part of the cabochon. Of interest is the 
fact that this combination of silk and 
color confined to the base gave rise to 
an appearance reminiscent of a syn- 


thetic star-sapphire doublet with the 
rays of the star caused by a lined back. 
Fake or Fable? 

We had occasion to test a small lus- 
trous pearl that the owner had told her 
jeweler she personally had removed 
from an edible oyster. The presence of 
an orient on the pearl made this an 
obvious fabrication and, in addition, the 
pearl proved to be cultured. 


Dyed Serpentine 
A pair of green cabochons closely 
resembling jadeite, except for their 
tendency toward greater transparency 
and their slightly greasy appearance, 
turned out to be dyed serpentine. Green 
dye in serpentine is detected in the same 
manner as that in jadeite. A broad 
smudged band in the orange-red in 
the spectroscope discloses its dyed 
nature, 
Natural Turquois 
We had occasion to examine a large 
number of magnificent turquois cabo- 
chons in which no evidence of treat- 
ment of any sort could be detected. This 
is all too rare these days. 
The Plato Method 
A colorless sapphire brilliant without 
resolvable inclusions or growth lines 
forced us to use the method described 
by W. Plato, a German professor, in the 
Fall, 1952, issue of Gems & Gemology. 
By this method, the stone was examined 
in the optic-axis direction between 
crossed Polaroids with the stone im- 
mersed. (Magnification of about 10 to 
30x is satisfactory.) The presence of 
three sets of lines at 60 degrees to one 
another, reminiscent in appearance of 


tepeated twinning, was proof of 
synthesis. 
Dyed Cultured Pearl 

We examined ‘an interesting, dyed 
cultured pearl that had a metallic 
grayish-white color, lighter than hema- 
tite but somewhat darker than silver. 
Under longwave ultraviolet light the 
pearl fluoresced in a whitish color, as 
would be expected from a so-called 
center-treated dyed cultured pearl. The 
radiograph showed the entire center, 
except for the thin outer nacreous area, 
to be opaque to X-rays. Our first 
thought was that the stone had been 
subjected to a silver nitrate solution for 
so long that the entire mother-of-pearl 
bead had been thickly coated with silver 
and thus rendered opaque to X-rays. A 
second possibility was that the bead 
had been removed piecemeal through 
the drillhole and had been replaced by 
a very low-melting-point metal; one 
placed at low enough temperature so 
that the nacre was not damaged. 

Unusual Stones 

We had the opportunity to examine 
a cat’s-eye zircon, a cat’s-eye korneru- 
pine and to test a colorless brazilianite. 

Ruby-Colored Rubellite 

A lovely stone sold as a ruby in a 
mounting with numerous diamonds 
proved to be a magnificent rubellite, the 
finest we have ever seen. Even the 
luster seemed higher than that of a 
stone with only a 1.62-1.64 index. On 
the basis of its appearance, it could 
have been sold in good faith by the un- 
informed retailer. 
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Continued from page 303 
the stone’s size, the greater is the difh- 
culty in detecting the phenomenon, for 
the width of separation is small. 


Summary 
The importance of the initial exami- 
nation by eye and low magnification 
cannot be overemphasized, for it often 
saves Many unnecessary steps in an 
identification and gradually sharpens 
the perception of the tester. 


Photos by Jeanne G. M. Martin, GIA 
Drawings by Marcia Hafif. 


Book Review 


SOME OUTSTANDING CLOCKS 
OVER SEVEN HUNDRED YEARS— 
1250-1950, by H. Allan Lloyd. Pub- 
lished by Arco Publishing Co., Inc., 
New York City, 160 71, x 1034.” pages, 
147 plates and 26 drawings. Price: $15. 

This is one of the most beautiful vol- 
umes ever to appear in horological liter- 
ature. Lavishly printed in England, it is 
a radical departure from the usual book 
of this type, since the author avoids 
most of the well-known achievements 
and concentrates on the hitherto lesser- 
known European masterpieces of out- 
standing significance. Mr. Lloyd, MBE, 
FSA, FBHI, is famous for his many 
previous books on the subject and 
for his numerous contributions to 
British, Swiss and American horological 
publications. 

The author skillfully examines seven 
hundred years of great clocks, and sheds 
fresh light on the early use of epicyclic 
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gearing, cardan joints, roller bearings, 
etc. The evolution of the cross-beat es- 
capement is followed throughout, and 
full details are given in the first intro- 
duction of the differential gear in hor- 
ology, in 1725. 

Starting with the year 1251, Mr. 
Lloyd discusses fully, with the help of 
many illustrations and detail drawings, 
Alfonso the Wise, and Robert the Eng- 
lishman. Through the fourteenth and 
fifteenth centuries he examines the 
works of Giovanni de Dondi, the first 
Strasburg clock, Salisbury & Wells 
clocks, the Rouen clock, clocks from 
St. Sebaldius, etc. 


The use of screws, carillions and the 
appearance of the second hand are fully 
described and illustrated. The sixteenth 
and seventeenth centuries are repre- 
sented by Isaac Harbrecht, the early 
minute hands, fusee chains and the 
great works of Eberhart Baldewin, in- 
cluding his astronomical clock and his 
magnificent celestial globe. Jobst Burgi, 
the pendulum, equation clocks, the 
clocks of the great Samuel Watson and 
Henry Bridges also are followed in 
great detail. Nicholas Radeloff, Martin 
Gerdts, Daniel Quare, Felder, Ober- 
kircher, Facini and the Harrisons all 
get their share of authoritative treat- 
ment. James Cox, Cumming, Mudge 
and Congreve, as well as the works of 
the famous Continental masters, Caje- 
tano, Ratzenhofer, Brandl, Ettel and 
Schwilgue, are brought to life. 


This book should make an impressive 
addition to the library of every horo- 
logical enthusiast. 
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Hapid Sight Estimates 


of 
Diamond-Cutting Quality 


Part I 


by 


Richard T. Liddicoat, Jr. 


Most gemologists look at diamonds 
every day. How much of what we see 
conveys a message? Each diamond bril- 
liant reveals its character at a glance, 
if the everpresent clues are noted and 
appreciated. , 

Large numbers of diamonds are qual- 
ity graded in the GIA Laboratories each 
year. In the process of selecting bril- 
liants that met certain preset standards, 
characteristics associated with particular 
sets of proportions and facet angles be- 
gan to become obvious. After further 
study, it was apparent that pavilion and 
crown angles and proportions could be 
judged within very narrow tolerances 
by examining the stone face up under 
10x. To be able to do this is often im- 
portant to a diamond man, both for 
selecting goods and for appraising; 
therefore, becoming familiar with the 
key characteristics described in this ar- 
ticle is a worthwhile pursuit. 

The facet angles and proportions of 
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a diamond brilliant determine the per- 
centage of light impinging on the crown 
that will be reflected as white light or 
prismatic fire. In its recent courses, the 
GIA utilizes a method by which pro- 
portions may be used to judge accu- 
rately the degree to which excess weight 
has been retained in cutting from the 
usual octahedral rough, This informa- 
tion is used in a system that determines 
accurately the price of the stone. By 
utilizing the methods outlined herein, 
it is possible to determine the key pro- 
portion characteristics of a diamond 
brilliant quickly without resorting to 
measurements. 

So-called ideal figures for a diamond 
brilliant are those worked out a number 
of years ago by an English mathemati- 
cian, Marcel Tolkowsky, to yield maxi- 
mum brilliancy consistent with a high 
degree of fire for light impinging on 
the crown from all angles; the key 
angles and proportions of this cut are 
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shown in Figure 1 a. Although few 
stones ate cut to these proportions to- 
day, many cutters continue to use the 
angles shown when beauty is their goal. 
Few ever use a 53% table today, but a 
number use a 55% to 58% figure, 
thereby very slightly thinning the crown 
from the Tolkowsky recommended pro- 
portions. Most cutters are using pro- 
portions yielding a 60-70% crown. 

The ideal cut makes an excellent 
comparison against which value can be 
measured, since it provides the least 
weight yield of any commonly encoun- 
tered kind of cutting from octahedral 
rough. An octahedron is the most com- 
mon diamond crystal form (Figure 1 b). 
Although many octahedra are modified 
by forms with more faces than the octa- 
hedron, most diamond crystals are basi- 
cally octahedral in outline. 

Departures from Tolkowsky’s figures 
are made to save weight, making possi- 
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ble lower per-carat prices. However, 
any significant departure is made at the 
expense of brilliancy or fire or. both — 
and thus, at the expense of beauty. The 
departures from an ideal shape seen 
most commonly today are those that 
make the crown thinner and the table 
wider. More and more often the pavil- 
ion is made deeper. Another common 
departure is one that leaves unnecessary 
thickness in the girdle. 

The characteristics that identify vari- 
ous proportions and cutting angles can 
be seen through the table or crown of 
a diamond under low magnification. 
Experienced cutters are aware that some 
brilliants look blackish from above and 
others watery. Some of them may asso- 
ciate these two characteristics with deep 
pavilions and very flat pavilions, re- 
spectively. However, these features and 
the characteristics of the many pavilion 
angles between those so flat they cause 
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a “fisheye” and those so steep they cause 
a black center have never been recorded. 

A view through the table of a dia- 
mond shows a mirror image of the fac- 
ets of the crown on the pavilion fac- 
ets, The portion of this crown reflection 
that is visible depends on the height of 
the crown and on the angle of the main 
pavilion facets to the girdle plane. 
Looking through the table, the mirrored 
reflection of the crown is imperfectly 
shown, because of the many planes 
represented by the different facets of 
the pavilion. At the center, surround- 
ing the culet in a well-made diamond, 
is the reflected image of the table. This 
is surrounded by black images of the 
star facets, and these, in turn, by less 
easily identifiable reflections of the 
near-table portions of the bezel facets. 
Figure 2 is a dark-field photograph 
focused on the reflections of the crown 
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in the pavilion, as seen through the 
table. The table reflection occupies over 
50% of the table diameter and is seen 
to be roughly octagonal in shape. It is 
surrounded by dark reflections that are 
basically triangular in outline, which 
represent the star facets. Between the 
stars, toward the edge of the table, are 


Figure 2 
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Figure 3 


seen brighter reflections of the bezel 
facets. This photograph was chosen be- 
cause it shows rather well the distinct 
table and star reflections. Actually, this 
stone is somewhat too deep in the pa- 
vilion, as is indicated by the large size 
of the table reflection in relation to the 
66% table. 

Variations in angles and proportions 
increase or decrease the area of the re- 
flected crown that is visible through the 
table and also change the intensity of 
reflected light. Although these variables 
and others are interrelated, there are 
enough differences in the characteristics 
of different proportions to make it pos- 
sible to make accurate estimations of 
any brilliant examined. To an experi- 
enced eye, the size, color and position 
of the table reflection and the evenness 
of the symmetry are very revealing. If 
a diamond has a pavilion angle near the 
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ideal 4034 to 41°, there should be a 
gray reflection of the table in the center 
of the pavilion. Figures 3 and 4, which 
will be explained more fully later, show 
table reflections in brilliants with ideal 
pavilion angles. The reflections differ 
somewhat in size because of the height 
of their respective crowns. 

The important factors in visual pro- 
portion analysis are: (1) the size of the 
table reflection, (2) its lightness or 
darkness (i.e., its position on a white- 
to-black scale), (3) its position, (4) 
how much of the crown is reflected in 
the pavilion when looking through the 
table, and (5) the position of bright 
reflections. An explanation of these 
points and their relationship to a dia- 
mond’s appearance through the table 
is the subject of the remainder of this 
article. 

Perhaps the key characteristic is the 
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size of the table reflection. It depends 
on three elements: (1) the size of the 
table itself, (2) the angle of the pavil- 
ion facets to the plane of the girdle, 
and (3) the distance from the table 
to its reflection in the pavilion, again 
relative to girdle diameter. 

The size of the table is the first item 
that is noticed when one looks at the 
crown from above. If the table is ex- 
ceedingly large, one can be almost cer- 
tain that the crown is thin; if it is small, 
usually the crown is much thicker, and 
the angles are likely to approach or 
exceed the ideal 34 to 34Y,°. Relative 
crown thickness may be assessed 
roughly by examining the diamond in 
a direction parallel to the girdle. 

Obviously, the larger the table, other 
factors being equal, the larger will be 
its reflection on the pavilion, as seen 
through the table. More important in 


judging proportions is the angle of the 
pavilion facets to the plane of the gir- 
die: other factors being equal, the 
steeper the pavilion angle, the larger 
will be the table reflection through the 
table. 
The third important factor is the 
combination of crown thickness and 
girdle thickness, which together deter- 
mine the relative distance of the table 
reflection from the table itself. The 
higher the crown, the smaller will be 
the table reflection on the pavilion fac- 
ets. Usually, the larger the table, the 
thinner the crown; and when the crown 
is thin, the table reflection is relatively 
close to the table itself, unless the girdle 
is exceptionally thick. The closer the re- 
flection is to the table, the larger its 
relative size, other factors being equal. 
Since the size of the table reflection 
in the pavilion depends on more than 


FALL 1962 


327 


Figure 5 


one variable, it might seem at first that 
it would be difficult to use it in judging 
proportions ; however, there are other 
related characterictics that help to re- 
solve this problem. It was stated earlier 
that the steeper the pavilion angle in 
relation to the plane of the girdle, the 
larger is the table reflection. Related to 
this is the fact that, in addition to in- 
creasing in size relative to the table 
size itself, the table reflection darkens 
with increasing steepness of pavilion 
angle. When the pavilion angle is very 
flat, it may be impossible to see a table 
reflection directly through the table. As 
long as a table reflection is visible, the 
lesser the pavilion angle (i.e., the shal- 
lower the pavilion), the whiter and 
brighter will be its reflection, With in- 
creasing’ angle, the table reflection 
grows larger and darker until, at ap- 
proximately a 45° pavilion angle, it is 


completely black. Unless the crown is 
high, which would tend to make the 
table smaller, the table reflection covers 
the whole table when the pavilion angle 
approaches 45°. Most of these condi- 
tions are best described not in words 
but by photographs that show the con- 
ditions as they are seen in diamond 
brilliants. 

(The photographs were taken at 
12.5x by Jeanne G. M. Martin, using a 
special dark-field illuminator and an 
Exakta 35mm. single-lens reflex 
camera.) 

Figures 3 and 4 show table reflec- 
tions seen through the table; in this 
case, both pavilion angles are ideal. The 
distinct difference in size of the reflec- 
tions relative to table size is accounted 
for by the higher crown of the diamond 
pictured in Figure 3. The thin crown 
of the brilliant in Figure 4 increases the 
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size of the table reflection. In Frgure 5, 
the table reflection is distinctly larger ; 
this brilliant has a flat crown and a 
pavilion angle near 42°. In general, 
Figures 5 through 10 show a progres- 
sion in depth of the pavilion; that is, 
an increasing angle of the pavilion main 
facets to the girdle. They trend toward 
a darkening of the table reflection and 
an increase in its size relative to the 
size of the table. Figure 6 shows a pavil- 
ion that is only very slightly too deep, 
so. the table reflection is neither very 
large nor very dark. In Figure 7, the 
table reflection is dark gray, and in 
Figure 8 it is very dark. Figure 7 has 
a larger table and thinner crown, so its 
table reflection is larger but only very 
slightly darker; its pavilion angle is 
only a fraction of a degree greater than 
that in Figure 6. In Figure 8, the dia- 
mond pictured has a distinctly deeper 


pavilion; the angle is near 42Y,°, in- 
stead of the ideal 4034 to 41°. Note 
that the table reflection in Figure 8 is 
large, covering much of the table, and 
that the area around it is bright. Frewre 
9 shows a diamond with a larger table 
reflection, the center of which is dark. 
The large table reflection is caused by 
the combination of a large table, a thin 
crown and a deep pavilion. In this case, 
the proportions are approximately as 
follows: a 11% crown, a 46% pavilion 
and a 2% girdle. The crown angle is 
flattened to near 31° and the pavilion 
angle is deepened to 421°. The dia- 
mond shown in Figure 10 has a slightly 
deeper pavilion (43°) ; the total depth 
is 61%. The table reflection extends 
almost to the edge of the table. The 
diameter of the table is 61% and the 
crown is thin, but not as thin as that 
in Figure 9. The larger table reflection 
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Figure 12 
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Figure 13 


is caused by the deeper pavilion, 

In Figure 11, the whole area under 
the center of the table is black, with 
the exception of a few bright reflec- 
tions at the edge. This pavilion angle 
is slightly greater than that in Figure 
10 but the crown is thicker, reducing 
the size of the table reflection to com- 
parable size in relation to the width of 
the table. The total depth of the stone 
is greater: 63% of the girdle diameter. 
With the exception of a few bright re- 
flections along one side, the black table 
reflection in Figure 12 covers the whole 
table. Despite the fact that the pavilion 
angle is 43° +, its total depth (62.7% ) 
is slightly less than that of the preced- 
ing figure, because the crown angles 
are slightly flatter. The complete table 
area of Figure 13 is covered by black 
reflection of the table, so that no other 
crown-facet reflections are seen through 
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the table; in addition, the crown is very 
flat. In this case, the pavilion angle is 
45Y° and the bezel angle is 30°. To 
summarize, Figures 4 through 13 show 
various steps in a deepening pavilion; 
however, those from Figure 5 through 
Figure 8 show vety gradual changes 
from the ideal figure. Figures 9, 10 
and 11 are all significantly overdeep in 
the pavilion and are on the borderline 
of being black centered. Figures 12, 13 
and 16 are examples of stones that face 
up with a black center, reducing the 
appearance of brilliancy materially. 
This is easily seen by the unaided eye, 
whether the diamond is mounted or 
loose. 

Diagnosis of the table reflection is* 
made easily on mounted as well as loose 
goods. The diamond in Figure 14 has 
an enormous 71% table and the crown 
angle is flat, as well. The gray-table 
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Figure 14 
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reflection suggests: that the pavilion 
angle is close to the ideal 41°. Although 
the total depth of the stone is near 
54%, the thickness of the thin crown, 
plus a thick girdle, totals only 11%. 

Even though the diamond in Figure 
15 is mounted, it is obvious that it has 
a black center; its depth is 67%, de- 
spite a 64% table and a thin crown. 
This condition, as in Figures 12 and 
13, is clearly evident to the unaided eye. 

In order to gain first-hand familiarity 
with the effects on appearance caused 
by differences in angles and propor- 
tions, many diamonds should be ex- 
amined. In addition to the direction 
through the table, they should be 
viewed parallel to the girdle, to check 
girdle thickness and crown angle. In 
the beginning, diameter and depth 
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measurements should be made as a 
confirmation of visual findings. An al- 
ternative is to utilize a Proportion 
Viewing Screen for initial confirma- 
tion of interpretations of appearances 
seen through the table. 

Once the diamond man becomes fa- 
miliar with the effects of minor varia- 
tions, measurements will be unneces- 
sary. 

If the pavilion angle is so flat that 
no table reflection is visible directly 
through the table, the area under the 
table may appear dark, but a reflection 
of the girdle is visible at the edges of 
the table. This will be pictured and 
discussed in a continuation of this 
article in the Winter, 1962, issue, which 
will consider the effects of flat pavilions, 
poor symmetry and other conditions. 
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Developments and Highlights 


by 


at the 


GEM TRADE LAB 
in New York 


Robert Crowningshield 


Turquois Substitute 

With turquois in strong demand for 
the past five or six years, efforts to meet 
it are continuing to be made. Good- 
quality untreated material is virtually 
nonexistent, and this column has re- 
ported many different treatments for 
improving poor-quality stones. 

At the moment we are examining 
three separate specimens, all reputed to 
be “compressed” turquois from differ- 
ent sources. By ordinary gem-testing 
methods, we are unable to detect the 
presence of turquois and are having 
X-ray diffraction tests made to deter- 
mine if, in fact, any is present. One 
wonders just what category of gem 
material is used for such a stone, as- 
suming only a token amount of tur- 
quois is present. 


Since all the specimens are very soft 
and rather porous, they are really not as 
durable as ordinary glass imitations. 
The same can be said for stained howl- 
ite, which has been reported as a tur- 
quois substitute but which we have not 
yet examined. Figure 1 illustrates one 
of the specimens, in which tiny color- 
less, brown and yellow fragments are 
held in a blue opaque groundmass, the 
whole resembling terazzo. 


Black-Treated Opal 


Since the last issue of Gems & Gem- 
ology, we have been asked by several 
clients to examine specimens of what 
was represented to them as Australian 
black opal. Because of the high value 
placed on the material, our first clients 
refused to allow any destructive tests. 
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When it was learned that several thou- 
sands of carats were involved, one cli- 
ent permitted us to make the necessary 
tests, which proved that the black color 
was caused by an artificial treatment. 

Initial magnification disclosed a pe- 
culiar appearance unlike any opal that 
we had ever examined. The material] 
appeared to be made up of innumerable 
granules in a mosaic structure, and the 
black color seemed to be confined to 
the spaces between the granules. A 
cross section clearly revealed that most 
of the black coloration was confined to 
a thin band at the surface, although in 
places the color penetrated deeper 
along cracks. 

Scraped with a razor blade or a 
knife, one could quickly remove all the 
black, revealing a gray, granular sub- 
stratum. A drop of water placed on the 
scraped area (or on a freshly sawed 
section) was quickly absorbed. The 
unusual porosity probably accounts for 
the low specific gravity of 2.00. Figure 
2 shows the removal of the black ma- 
terial in a scraped area. 


Figure 2 


Figure 3 


The black substance was not attacked 
by any common reagent; however, it 
was quickly removed by warm sulphuric 
acid. Figure 3 illustrates the effect of 
acid on one-half of a stone; Figure 4 
shows its friable, granular structure. 
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Figure 4 


“Apparently unsuccessful in selling it 
to the local trade, it is possible that the 
importer will attempt to market the 
opal in Japan or Europe; therefore, the 
trade should be wary of any offering 
of material of this kind, regardless of 
source, unless it is offered for what it is. 


Figure 5 


“Synthetic Cat’s-Eye”’ 

Figure 5 illustrates a large lump of 
greenish-brown, partly devitrified glass 
from which the small imitation cat’s- 
eye on the left was cut. The material 
had been imported as “‘synthetic cat’s- 
eye,” along with some green glass 
labeled ‘‘synthetic jade.” Because the 
devitrified areas of the chatoyant glass 
arise from many centers, only small 
stones can be cut to show good 
chatoyancy. 


Unusual Diamond Spectrum 

Figure 6 illustrates an unusual spec- 
trum of a bright-yellow, natural-color 
diamond that fluoresced an intense 
yellow-green. The bright line at ap- 
proximately 5040 A is undoubtedly due 
to the unusual fluorescence, 

Wéillemite 

We recently identified the finest cut 
willemite we have ever seen. A cushion 
brilliant-cut stone (the kind of cut that 
one associates with glass or synthetics), 
it resembled a very bright, precious 
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topaz. We recorded the absorption spec- 
trum (Figure 7) and found it to be 
unlike that of the impure willemite 
cat’s-eye we recorded for the spectro- 
scope assignment of the Gem-Identifi- 
cation Course (Figure 8). 
Unusual Stones 

In addition to the willemite, we have 
seen several other rare stones. Among 
these were two faceted zincites; a color- 
less brazilianite; a large, brilliant-yellow 
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tourmaline; and a boracite dodecahe- 
dron. 

A most unusual cushion-antique red 
stone, which everyone pronounced a 
fine ruby, proved to be a chrome-pyrope 
garnet of approximately 16 carats. The 
refractive index was 1.73 in sodium 
light, and the stone exhibited rather 
pronounced chromium bands in the 
spectroscope. It did not, however, fluo- 
resce under. ultraviolet. 
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Coated Emeralds 
Two pear-shaped emeralds mounted 
in basket settings as earrings were 
backed with a thick green plastic coat- 
ing that enhanced the color greatly; in 
addition, it reinforced the red color 
thtough the color filter. 


Twentieth-Century Cut 

We examined an especially attractive 
Twentieth-Century-cut diamond weigh- 
ing approximately 2.75 carats. We had 
the opportunity to grade it both in and 
out of the ring setting. The color, which 
appeared superb when the stone was 
mounted, was found to be approxi- 
mately H-I when graded out of the 
ting. We have noted previously this 
ability of the Twentieth-Century cut to 
mask slight tints of color. 

In attempting to obtain more infor- 
mation about this rare cut for our client, 
we were told that the man who was 
considered responsible for its develop- 
ment, and whose small shop on Pearl 
Street, N.Y.C., produced most of the 
stones, was Mr. David Delara. He came 
to this country from Holland in the 
1890's. The first Twentieth -Century- 
cut stones made their appearance about 
1900; hence, the name. They were 
made from single crystals, and the bulk 
of them were cut between 1905 and 


1914, Following World War I, few, 
if any, were cut; the main reason for 
this, of course, was the acceptance of 
sawing as the most economical means 
of preparing diamond crystals for fash- 
ioning. Today, it is an oddity and might 
better be considered a collector’s item 
than an old-style cut, whose value ts 
obtained by figuring its recut weight. 
Figure 9 is an idealized drawing of 
this style of fashioning. 


Odd-Color Sapphires and Rubies | 

We were pleased to be able to ex- 
amine a lot of large, faceted, peculiarly 
colored sapphires and rubies from Tan- 
ganyika, Africa, through the courtesy 
of Dr. A. Alexander, New York gem 
consultant and National Jeweler colum- 
nist. The transparent sapphires were a 
pale blue to green, both colors showing 
even when the stones were oriented 
with the optic axis at right angles to 
the table facet. Most of the rubies were 
a light orange-brown, not unlike pale 
hessonites. The similarity was even 
stronger than mere color due to the 
submicroscopic and microscopic inclu- 
sions of low relief, much as one expects 
to see in hessonite. Other stones would 
more properly be classed as pink sap- 
phires than rubies, although the color 
contained more orange than violet. 
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Unusual Yellow Diamond 

Figure 10 illusttates an unusual 
splotch of green color just below the 
girdle of a 2.21-carat yellow marquise 
diamond. We have seen such splotches 
before in green to yellow diamonds, 
sometimes on the culet, and they have 
always been confined to natural stones. 
In addition, this stone had a long bar 
of green approximately 1 mm. inside 
and parallel to the girdle. It showed 
no reaction to a film when left on it 
for 48 hours, so we assume it to be a 
natural phenomenon. 


Gray Diamond 

A very shallow, gray marquise dia- 
mond in a platinum engagement ring 
came to our attention when several de- 
partment stores refused to appraise it 
because its appearance strongly sug- 
gested a coated stone and because it 
was mounted in such a manner that 
without special equipment the apprais- 
ers could not measure the depth. We 
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noted the same grayish appearance we 
have associated with coated diamonds, 
but the stone phosphoresced bright blue 
after being exposed to short-wave ultra- 
violet light and showed pronounced 
lamination, or growth zoning, under 
magnification..In addition, it was 
strongly conductive to electricity, so we 
had to conclude that it was a rare type 
II b diamond and that the color, though 
not blue as one would expect, was 
nevertheless natural. (Boiling in sul- 
phuric acid subsequently confirmed 
this.) However, with special gauges we 
were able to obtain the depth and esti- 
mated the stone to be approximately 
1Y, carats below the weight represented 
to the client. 


Acknowledgements 


We wish to acknowledge with 
thanks the gift of a pleasing cabo- 
chon of azur-malachite from Mr. Wil- 
liam Baum, of S. Joseph & Sons, Des 
Moines. 


From Mr. Bill Ilfeld, Santa Fe, 
New Mexico, we received a nice se- 
lection of rough turquois and similar 
material after various kinds of treat- 
ments. The specimens will be valuable 
for our research into this continuing 
problem. 


From student, Joseph Smith, pre- 
cious-stone dealer, New York City, 
we received a selection of several 
dozen natural and synthetic stones to 
be added to study sets. 


From GIA Graduate Louis Kuhn, 
in our building, we received an assort- 
ment of broken opals for study pur- 
poses, as well as samples of recently 
mined Mexican opal. 


341 


Developments and Highlights 


at the 


GEM THAUE LAB 


in Los Angeles 


Richard T. Liddicoat, Jr. 


Serpentine 

Certain kinds of identifications seem 
to arrive in groups. Very few stones 
of given species will be encountered 
over a period of many months, and 
then a number of specimens of that 
stone will come in within a few days. 
Serpentine, for example, in the form 
of both beads and carvings, seems to be 
on a rising curve. Each year, for the 
last several, we have identified more 
serpentine than in the previous year. 
The stones have varied from greenish 
yellow to a deep and fairly attractive 
yellow-green. Deep-green dyed stones 
are also beginning to be seen more 
often. One of the more interesting 
pieces tested last month is illustrated in 
Figure 1. It is approximately six inches 
high. 
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Amber Imitations 
Another material that has been seen 
with increasing frequency is plastic. 
Transparent reddish-brown material, 
sometimes called “Chinese amber,” con- 
tinues to be prevalent; it is seen in 
both small and large carvings and in 
beads, but a variety of more conven- 
tional plastics imitating amber and 

other materials are also seen. 


One-Stop Service 

Recently, we exaimined a white-gold 
ring from which the diamond solitaire 
had been removed. It was brought to 
the Institute by an insurance company 
in an attempt to verify the insured’s 
odd story that the ring had been lying 
on a bureau in a hotel room while the 
owner was showering, and that when 
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Figure 7 


she reentered the room it was still there 
but without the diamond. It seemed 
strange to the adjuster that the stone 
would be removed on the spot, rather 
than just taking the ring to remove the 
stone at leisure. Marks on the shank 
suggested that the ring had been held 
in ordinary pliers and that a pair of 
wire cutters was used to cut through 
the prongs. 


Treated Turquois 


Almost all of the turquois examined 
in recent months has undergone some 
type of color-improvement treatment. 
Sometimes, not all of the beads in a 
strand have been subjected to the same 
type of treatment. With the availability 
today of plastic-impregnation equip- 
ment, it is surprising how many of these 


stones are still merely oiled or paraffin 
treated. Quite frequently, altered stones 
will not respond satisfactorily to the hot 
point, suggesting that they have been 
treated with sodium silicate (‘water 
glass’) or a similar inorganic substance. 
This kind of treatment has been evident 
in fractures showing incomplete pene- 
tration of the color-alteration material. 


Unusual Stones 


A large number of stones sent in as 
a group contained some surprises. Two 
colorless transparent stones, which were 
singly refractive and gave a white-light 
refractive-index reading of approxi- 
mately 1.52, were suspected of being 
glass imitations, until an examination 
under magnification disclosed natural 
inclusions. The 1.518 refractive index 
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and 2.94 specific gravity, plus the 
orientation of the inclusions, led to an 
identification of the rare pollucite. After 
this surprise, the remaining stones in 
the lot were examined with greater en- 
thusiasm. Others identified were cassi- 
terite, datolite, diopside, sinhalite and 
beryllonite. 

Another unusual stone recently sub- 
mitted to the laboratory was a very 
dark feldspar cat’s-eye. 


Determining Origin of Color 
in Diamonds 


A magnificent diamond - platinum 
brooch, in which the large number of 
diamonds represented almost as many 
different colors, was examined to de- 
termine the origin of color of the 
stones. Although it is now possible to 
make positive identifications of the 
origin of color in yellow diamonds, not 
enough green diamonds have been ex- 
amined to make definite statements 
about them. The principal reason for 
this is that we have been unable to 
obtain enough natural-green diamonds 
to be sure that the properties we have 
encountered in every stone are always 
present: In the spectroscope, every natu- 
ral-green diamond we have studied has 
shown a prominent 5040 A line; a 4980 
line is usually present as well, but the 
former is much the stronger of the 
two. Although diamonds irradiated 
either in a nuclear reactor or cyclotron 
usually have these two lines also, treated 
greens show the 5040 as either weaker 
than the 4980 or equal in strength, at 
best. In all naturals observed to date, 
the 5040 is either the only line visible 
or it is much stronger than the 4980. 

Damaged Black Star Sapphire 
A black star sapphire was examined 


to determine the reason for its badly 
damaged condition. Although the Lab- 
oratory is frequently asked to issue re- 
ports on damaged star sapphires and 
rubies, it seldom has occasion to analyze 
black stars for this purpose. Undoubt- 
edly their lower value is one reason, 
but the major one, in our opinion, 
is the relative rarity of damage to these 
stones compared to blue, gray and red 
star corundum. Although repeated 
twinning is even better developed and 
common in blacks than in the other 
varieties of this mineral, they seem to 
take the punishment imposed on a 
man’s ting very well. Black stars some- 
times cause a setter difficulty; once se- 
curely set, however, they are quite 
tough, 
Mistaken Identity 


Cases of mistaken identity in a gem- 
stone ate exceedingly common; how- 
ever, rarely does a mistake of this kind 
occur when a jeweler sends a customer 
to a laboratory for verification of iden- 
tity. Recently, a new brooch set with 
a ruby was examined at the suggestion 
of a jeweler and proved to be synthetic. 
The customer was startled, but not as 
much as the jeweler. Apparently, the 
jeweler had obtained the stone from an 
estate and had it recut on the assump- 
tion that it was natural. He replaced the 
synthetic with a stone that. later was 
confirmed by the Institute to be a 
genuine ruby, 


Red Spinel 
We had a dark-red stone labeled 
ruby sent in recently with a request to 
determine whether it had the properties 
of a Siam ruby, It was found to be a 
particularly interesting spinel. The R.I., 
1.728, was very high for red spinel, 
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Figure 2 


however, the S.G. was 3.604. Inclusions 
were typical spinel octahedra, arranged 
both in fingerprint patterns and individ- 
ually. Its absorption spectrum also was 
typical for a garnet-red spinel. 


Pearls with Dandruff 


We had occasion to examine a strand 
of 10 to 15 mm. cultured pearls to de- 
termine whether they were scaling off. 
The owner had reported to the seller 
that she had been able to peel the sur- 
face with a fingernail. Under magnifi- 
cation, a number of the pearls showed 
raised areas on the surface that could 
be chipped off with the fingernail, as 
she had said. However, the material 
was colorless and transparent and did 
not effervesce in hydrochloric acid, as 
nacre would do. It was apparent that 
hair-setting spray or some other similar 


material had adhered to some of the 
pearls. It was easy to prove beyond 
question that the nacre was not spalling 
away. With the advent of hair-setting 
spray, this condition is likely to occur 
with increasing frequency. 


Jeweled Ivory Elephant 


Figure 2 shows a remarkable gold- 
and-jewel-encrusted ivory elephant over 
six inches in length that was carved 
from a section of a huge tusk. We had 
occasion to examine this attractive carv- 
ing recently, which dates from about 
1840 and was formerly owned by one 
of the lesser maharajahs of Ceylon. It 
is now the property of Mr. Fred May. 
The ceremonial trappings and the 
howdah are 22-karat gold filigree and 
are encrusted with a total of 244 gem- 
stones and pearls, as follows: 
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One star ruby, two star sapphires, 
ninety-five pearls, one-hundred and fif- 
teen rubies, one cat’s-eye, four emeralds, 
one hessonite garnet, eight dark-blue 
sapphires, one peridot, one citrine, two 
topazes, three pink sapphires, three 
purple sapphires, one colorless sapphire, 
two rhodolite garnets, and two light- 
blue sapphires. 


Sight Identification 


Occasionally, we are told that a 
reputable laboratory has erred on an 
identification. The reasoning is usually 
awesome. A dealer pointed out une- 
quivocally, but incorrectly, that another 
laboratory had misidentified an epidote 
as a tourmaline. We stated that this 
was unbelievable, since there was no 
resemblance between the properties of 
the two species; in addition, the labora- 
tory mentioned was in competent, ex- 
perienced hands. In view of the close 
resemblance between green tourmaline 
and epidote in the rough, it was inter- 


esting to learn that the dealer had iden- 
tified the rough, as epidote, by sight. 

Another fact of interest was that the 
man had a number of materials with 
him that he or a supplier had also classi- 
fied by sight. They were not all cor- 
rectly identified. 
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Peoria Diamond Evaluation Class 


Members of the Peoria, Hlinois, Dia- 
mond Evaluation Class that met September 
10th through September 14th. Standing 
left to right: William B. Eaton, Jr., Nor- 
mal, Illinois; Jerry Dawson, Canton, IIli- 
nois; John Veril Lutz, Macomb, Illinois; 
Jack Liberstein, East St. Louis, Illinois; 
C. R. Duncan, Aledo, Illinois; Bert 
Krashes, GIA instructor; Alice Brooks, 
Peoria; Joseph E. Foster, Washington, 


Illinois; MacKenzie L. Preston, Pekin, II]i- 
nois; Orville R. Jones, Pekin, Illinois; 
Jack Lewis, Bloomington, Illinois; and 
Max Gill, Springfield, Illinois. Seated left 
to right: Marvin G. Dunlap, Chillicothe, 
Illinois; R. J. Elliott, Waukon, Iowa; 
Ernest J. Bremer, Peoria; Jerry Garrott, 
Peoria; John O. Kromhowshki, Peru, Ili- 
nois; Louis Jordon, Peru, Hlinois; and 
David M. Zolot, Chicago, Ulinois. 


Chicago Gem Identification Class 


Members of the Chicago Gem Identifi- 
cation Class that met September 17th 
through September 21st. Seated left to 
right: Eugene D. Skinner, Milwaukee, Wis- 
consin; Mrs. C. A. Jensen, La Salle, Ili- 
nois; Mrs. Phyllis Brantley, Dixon, Il]li- 
nois; Charles F. Barnes, St. Johns, Michi- 
gan; Ben Overstreet, Danville, Illinois; 
Leonard H. Wood, Gary, Indiana; and 
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John Gulbranson, Lindstrom, Minnesota. 
Standing left to right: Bert Krashes, GIA 
instructor; C. Pilet, New York City; David 
M. Zolot, Chicago; Clifford G. Falken- 
hayn, Skokie, Illinois; Archie Murie, Madi- 
son, Wisconsin; B. Miller Siegel, Grand 
Rapids, Michigan; C. Russel Luke, Goshen, 
Indiana; John Rauschert, Elgin, Hlinois; 
and Willis Norden, Wadena, Minnesota. 
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GEMS: THEIR SOURCES, DE- 
SCRIPTIONS AND IDENTIFICA- 
TION, by Robert Webster, FGA. Pub- 
lished by Butterworth & Co., Ltd., 
London, England. Two volumes, 20 
color plates, numerous black-and-white 
illustrations. 792 pages. Price: $32.50. 

Gems is a new work of tremendous 
scope by Robert Webster, the well- 
known colleague of Basil Anderson, of 
the London Laboratory. The comple- 
tion of the two-volume set was a task 
that engaged Webster for many years. 
By the time it was finished, it proved 
too big for most publishers to consider ; 
however, Butterworth’s, an English firm 
with branches in several countries, in- 
cluding the United States, accepted the 
undertaking. 

The two volumes are divided into 
one that is primarily descriptions of the 
important and unimportant gem ma- 
terials and substitutes, plus chapters on 
styles of cutting, how gems are cut and 
polished, and. weights and measure- 
ments. With the exception of the iden- 
tification of pearls, which is included in 
Volume I, identification is confined to 
the second volume. 


Many of Webster’s discussions are 
more thorough than those in any other 
text. Prepared by his many years of 
intensive work in the London Labora- 
tory, he is one of the few persons in 
the world who is thoroughly qualified 
to write such a text based on practical 
experience. His extensive knowledge of 
the subject is apparent throughout the 
book. 
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Gems is an outstanding contribution 
to the field of gemology, and one for 
which Robert Webster deserves the 
thanks of everyone in this science. It is 
an exceedingly expensive pair of books 
at $32.50, yet, in our opinion, it is a 
“must” for anyone who wants a rea- 
sonably complete gemological library. 


THE ART OF THE LAPIDARY, 
by Francis J. Sperisen. Published by the 
Bruce Publishing Company, Milwaukee, 
Wisconsin, 1961. 390 pages, 400 photo- 
graphs and line drawings. Price: $8. 

This is a revised edition of one of 
the most popular handbooks on the 
lapidary art. Sperisen, a well-known 
lapidary on the west coast, has devoted 
more than 52 years to the art. 

The Art of the Lapidary includes 
chapters on precious stones; classifica- 
tion of gems; tools and equipment; 
sawing, specimen grinding and polish- 
ing; engraving, carving and sculptur- 
ing; and information on gemstones and 
their modern use in social living and 
industry as well as on their physical 
qualities. Various phases of gem cut- 
ting, from the rough stage to the 
finished product, are presented. Illus- 
trations include not only outstanding 
work of the artists of the past and 
ptesent, but also many original pieces 
that were designed and executed by the 
author. In addition, various tools pic- 
tured are of the author's design, having 
been developed to meet the immediate 
needs of the expert craftsman. 
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An extensive glossary and seven ref- 
erence tables complete the book. 


The revised edition of the Art of the 
Lapidary retains all the important fea- 
tutes of the original plus numerous 
additions. It has been carefully written 
and will furnish an exciting introduc- 
tion to this fascinating field for the 
novice and a challenge to the more ex- 


perienced lapidary. 


A TREASURY OF JEWELS G 
GEMS, by Mona Curran, Emerson 
Books, Inc., New York. 152 pages, 
53% x 8", 32 photographs, index. Price: 
$4.50. 

For those who have little or no 
knowledge of gems and jewelry but 
who wish to acquire a general under- 
standing of the subject without the 
study required by most gemological 
texts, this book should prove enlighten- 
ing and helpful. The accent is on enter- 
taining reading, unhampered by the 
technical aspects of the science of 
gemology. 

This book discusses the history and 
background of famous stones, and 
traces the development of various styles 
and articles of jewelry (rings, bracelets, 
necklaces, earrings, brooches, clips, ti- 
aras, etc.). There are chapters on cut- 
ting and setting gems, birthstones, the 
British Crown Jewels and other royal 
gems, period jewelry, choosing jewelry, 
and how to care for jewelry. Other 
chapters describe briefly some of the 
more commonly encountered gemstones. 


A Treasury of Jewels & Gems is 
written in lively and colorful style. It 
contains many fascinating stories about 
gems, as well as practical information 
for all who want to be sufficiently well 
informed to be able to choose them in- 
telligently and to appreciate their true 
worth and beauty. 


ILLUSTRATED PROFESSIONAL 
DICTIONARY OF HOROLOGY, by 
G. A. Berner. Printed in Switzerland 
and distributed by the Watchmakers of 
Switzerland Information Center, Inc., 
New York City. 912 pages, illustrated. 
Price: $10. 

Although there are a number of dic- 
tionaries and glossaries in the field of 
horology, this one is unique, since it is 
written in English, French, German and 
Spanish. For this reason, and because it 
is an accurate and exceedingly compre- 
hensive presentation of a vast and com- 
plex subject, it should fill a long-felt 
need in horological circles. 

As a basis for this monumental proj- 
ect, the author accumulated a systemati- 
cally classified body of documentary 
material during his twenty-five years of 
teaching horological subjects that en- 
compassed every department of watch 
manufacturing. The finished book com- 
prises watchmaking terminology proper, 
which includes watch and clock parts, 
the tools and machines used to make 
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them, machining and manufacturing 
processes, etc., as well as the traditional 
terms.used by the craftsman. The work 
also gives elementary definitions of a 
certain number of technical terms that 
belong to other fields of activity, such 
as engineering, physics, electricity, elec- 
tronics and astronomy. 


The Dictionary is arranged in four 
columns, in such a way that all French 
terms and their equivalents in other 
languages can be found opposite one 
another, at the same height on the page. 
The first column gives the French text, 
and the second, third and fourth col- 
umns are reserved for the German, Eng- 
lish and Spanish translations, respec- 
tively. The terms in columns 1 and 3 
(French and English) are numbered; 
those numbers that are underlined refer 
to the illustrations at the top of the 
page. 

French-speaking readers will have no 
difficulty in finding any definition, since 
the terms in this language are given 
alphabetically in the first column of 
each left-hand page. Readers whose 
mother tongue is German, English or 
Spanish will find it almost as simple 
to find the term they want, for there is 
an alphabetical index that includes all 
the terms used in each of these lan- 
guages; this index is at the end of the 
volume. 


The above-mentioned numbering sys- 
tem facilitates reference to the Diction- 
ary itself; in other words, each word 
included in the alphabetical index is 
numbered in the same manner in the 


body of the book. 


THE FACET-CUTTERS’ HAND- 
BOOK, by Edward J. Soukup, GG, 
FGA, Published by Gembooks, Men- 
tone, California. 64 pages. Price $2. 

The new edition of this popular book 
has been expanded to include the con- 
tents of the author's original Elementary 
Facet Cutting and the first edition of 
Facet-Cutters’ Handbook. It is obvious 
that every effort has been made to make 
the present revision a complete, detailed 
primer for the beginning faceter. 

In addition to its primary function 
as a book for the novice, intermediate 
and advanced faceters will find much of 
interest and value, too. There are more 
than one hundred diagrams and pic- 
tures; a table of facet-cutting angles 
that covers thirty-nine gem species ; dia- 
grams for twenty-five cuts, most of 
which are not available in other books ; 
and complete, step-by-step instructions 
for the basic styles of cutting. 

The Facet-Cutters’ Handbook should 
be of inestimable value to every person 


who intends to pursue this fascinating 
hobby. 
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Diamond Sales Remain High 

Sales of diamonds in the first nine 
months of 1962 were higher than in 
comparable periods of 1960 and 1961. 
Sales of rough made through the Cen- 
tral Selling Organization, in London, 
totaled $199,640,716, Total rough-dia- 
mond sales, including gem-quality and 
industrial diamonds, for the same period 
in 1961 amounted to $194,095,078; 
and for the same period in 1960, 
$185,626,064. 


U. S. Jewelry Exports 

The Consumer Durables Division, 
Business and Defense Services Admin- 
istration, U.S. Department of Com- 
merce, reports that exports of jewelry 
and jewelry parts from the U.S. were 
in excess of seven and one-half million 
dollars in the first quarter of 1962, a 
22 percent increase over the level of a 
year ago. Substantial exports go to 
Switzerland, Canada and Israel; the 
latter has a growing jewelry industry. 


South West Africa 


A project to recover diamonds from 
the seabed off the coast of South West 
Africa, initiated Jast fall by the Marine 
Diamond Corporation, is now in full 
operation and the initial results have 
proven satisfactory. Up to the end of 
August, 4485 stones, weighing 2116 
carats and having a value of approxi- 
mately $80,000, had been registered. 
Work is currently confined to a five-by- 
one-half-mile section of the seabed and 
is directed from a specially equipped 
barge that is anchored at the field. 
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Two and One-Half-Pound Sapphire 

The largest sapphire found so far 
in Ceylon, weighing two and one-half 
pounds, was found by villagers in Rat- 
napura. It was purchased by Mr. A, R. 
M. Mukthar, a colored-stone dealer, 
for 2 lakhs and 83 thousand ($59,430). 
It is expected to produce 1500 carats. 
The first pieces of the giant find were 
being cut and polished at the time our 
informant, Dr. Edward Gubelin, Lu- 
cerne, Switzerland, was making this 
report. In one month alone, the gem- 
stones found in Ratnapura were esti- 
mated at over $420,000. 


Diamond and Gem Industries 
in Israel 

The idea of fostering a gem-cutting 
industry in Israel came from the Con- 
troller of Diamonds of the Ministry of 
Trade and Industry, in Tel-Aviv, about 
two and one-half years ago. Processing 
colored stones is regarded as a natural 
supplement to the already developed 
diamond- polishing industry of that 
country, which presently employs about 
6000 cutters and is second on Israel’s 
export list. Gem Industries, Ltd., began 
training workers in the lapidary arts 
about two yeats ago. Today, a number 
of the trainees who received this spe- 
cialized instruction are owners of small 
enterprises in Tel-Aviv, Nazareth, and 
other cities. A plan is presently under 
way to establish an artists’ quarter in 
Jerusalem near the larger tourist hotels, 
where painters, jewelers and lapidaries 
may display and sell their crafts. (Re- 
port from Israel, by Z. Lubinsky.) 
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UDiamond-Coating Techniques 


and 
Methods of Detection 


by 


Eunice Robinson Miles, G.G. 


Editor's Note: Mrs. Miles, long a 
staff gemologist at the Gemological 
Institute’s New York Gem Trade Lab- 
oratory, bas been investigating dia- 
mond-coating techniques and methods 
of detection for over two years. Initially, 
she called on industrial research lab- 
oratories to learn what substances were 
being employed in industry, as well as 
the methods of detection available. Co- 
operative laboratories were very help- 
ful to her. 

Mrs. Miles then undertook an 
exhaustive series of experiments with 
various substances and methods of ap- 
plication, which were followed by many 
different approaches to detection. This 
article contains numerous illustrations 
of coatings on diamonds and the au- 
thor's recommendations regarding the 
development of acuity in visual percep- 
tion of them. 

The purpose of this article is to pre- 
sent for the first time in print a discus- 
sion of the practice of raising the color 
grade of certain diamonds to near col- 


orless by disguising the true light-yellow 
or brown body color by application of 
a foreign substance to the surface of 
the stone. For want of a more accurately 
descriptive word, coating will be used 
for any material or film added at a point 
of points or in larger areas to a dia- 
mond’s surface. Means of detection by 
the jeweler and cautions will be sum- 
marized. 

The art of intensifying the color of 
gemstones by the application of colored 
coatings has been practiced for centu- 
ries. However, attempts have been made 
more recently to mask the yellow in 
off-color stones by a neutralizing coat- 
ing or film. Some of the first media 
still occasionally used were solutions 
made with indelible pencil or inks and 
applied to the culet, pavilion or girdle 
of the diamond; these are usually ap- 
plied by simply dipping the stone in 
the solution (Figure 1). The streaked 
appearance thus imparted can fre- 
quently be seen with a 10x loupe and, 
as most appraisers are aware, the coat- 
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Figure 1. Ink-Dipped Pavilion 


ings are soluble in alcohol, commercial 
jewelry cleaners or water. Few in the 
trade are deceived by these methods 
today. 

Efforts to apply more resistant coat- 
ings include vacuum sputtering of 
fluorides as an outgrowth of lens- 
coating techniques. Although resistant 
to ordinary solvents and quite durable, 
fluoride coatings are considered unsatis- 
factory by coaters, since they are easily 
detected by their purplish-blue irides- 
cence. From the viewpoint of the 
“artist,” effective coating requires skill- 
ful application in a manner and in po- 
sitions minimizing the possibility of 
detection. 

Since World War II, coating and 
thin-film research for electronic and 
military applications has developed 
rapidly. However, the detection of thin 
coatings lagged far behind the advances 
in their application. The nearly invis- 
ible and resistant coatings on diamond 
are an outgrowth of this research. In 
the early 1940's, an invisible resistant 
coating was rumored to be available. 


The jewelry industry generally was not 
awate of refinements in coating tech- 
niques until about 1952. During that 
year, the Laboratory was shown a 
mounted diamond that was thought to 
be an example of an excellent profes- 
sional coating job. Permission to unset 
the stone was not granted by the owner 
and consequently actual visual proof of 
coating was not established. However, 
when the stone was boiled in concen- 
trated sulphuric acid, its true yellowish 
body color became apparent. 

In the 1950's, contact was made with 
a firm offering a service for coating 
diamond and the New York Laboratory 
secured a few small stones for testing 
and research. The Jewelers’ Vigilance 
Committee, the Diamond Manufactur- 
ers’ and Importers’ Association and in- 
dividuals in the industry submitted 
coated diamonds and prepared speci- 
mens to specialized laboratories in 
Europe and South Africa, as well as in 
this country. None was able to detect 
the nature of the coating or its position, 
so they were unable to suggest a prac- 
tical test. The problems facing an ana- 
lyst using X-tay spectroscopy and other 
standard industrial or university lab- 
oratory techniques are clearer when one 
realizes that the coatings are usually 
only a fraction of a wavelength in thick- 
ness and applied only in small areas, 
often concealed by a mounting. Also, 
many different media are used. How- 
ever, working with an industrial re- 
search laboratory staff, the author 
gained background knowledge in the 
nature of coatings and their detection. 

About this time, a coating was de- 
tected under the Gemolite in the Los 
Angeles Laboratory and photographed 
in color. (The photographs were taken 
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by Jeanne Martin, working with the 
late Lester B. Benson, Jr.) At the same 
time in the New York Laboratory, the 
coating was found to be attacked by 
“jewelers’ pickle” and ultrasonic clean- 
ers and removed by heating the stone 
in an open flame or boiling the dia- 
mond in concentrated sulphuric acid. 
But the New York jewelers were press- 
ing for tests they could apply quickly 
without altering the appearance of the 
stone in any way. When it became obvi- 
ous that X-ray and chemical tests were 
unavailing, it was concluded that future 
study should be of the surface of the 
diamond in reflected light for locating 
areas of coating. Although this avenue 
held out no promise of an easy-to-apply 
test with a newly devised instrument or 
reagent, it seemed to offer the only 
possibility of success. 

Many jewelers were losing important 
sales due to unfair competition from 
coated stones. Several New York news- 
paper articles had brought the practice 
to the attention of the public. The traf- 
fic in coated diamonds seemed to be 
confined mainly to New York; how- 
ever, few stones reached the Laboratory 
and these were not available for experi- 
mental testing. 

At this time, those widely considered 
to be the most skilled coaters went out 
of business. For sometime thereafter no 
stones were available for study by the 
Gem Trade Laboratories and it was 
presumed that the practice was quies- 
cent. After a period of two or three 
years, coating again became a serious 
problem. By early 1962, traffic in coated 
diamonds had become “big business.” 
It was obvious that more than one 
coater was at work; in fact, at least one 
operator canvassed the trade offering 


his services. By this time, pawnbrokers, 
loan associations and legitimate auction 
galleries were being victimized in a 
nation-wide racket, so the Jewelers’ 
Vigilance Committee and the Diamond 
Manufacturers’ and Importers’ Associa- 
tion took action. As early as 1957 the 
Federal Trade Commission Ruling 
(#36) had stated that it was unfair 
trade practice to sell a diamond that had 
been coated without disclosure of the 
fact. But the rules do not have the force 
of law. Encouraged by these organiza- 
tions and others in the industry, the 
New York State Legislature became the 
first to write into law the following 
bill: 


Any person, fm, corporation or 
association, and any agent or em- 
ployee thereof, who or which shall 
sell or offer for sale any diamond 
which shall have coating, irradiat- 
ing, heating, nuclear bombardment 
or by any other means, without 
written disclosure to the purchaser, 
or prospective purchaser, that such 
diamond has been artificially col- 
ored or tinted, or without written 
disclosure that the artificial color- 
ing or tinting of such diamond is 
not permanent, if that be the fact, 
shall be guilty of a misdemeanor. 


This Act became effective on Septem- 
ber 1, 1962. 

Meanwhile, many jewelers came to 
the Laboratory to ask for practical tests. 
Consequently, controlled testing was 
carried out to develop teachable meth- 
ods of perception of coating for the 
jeweler, efficient laboratory - detection 
tests without altering the coating, and a 
method of recording the latter for per- 
manent laboratory report records. 
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colerless 


light yellow 


Figure 2. GIA Color-Grading Scale 


Perception 

When a Gem Trade Laboratory staff 
gemologist examines a suspect dia- 
mond, the initial impression of color 
and general characteristics of cut ate 
noted first. On the usual coated dia- 
mond, his immediate visual sensation is 
that the stone is subnormal in both bril- 
liance and dispersion, and that it ap- 
pears dark. Suspecting a coated stone, 
he notes its cut, nature of the girdle 
(whether polished or rough), and its 
proportions, and he then finishes his 
initial examination under a 10x loupe 
by noting details of the mounting. 
These characteristics can be important 
factors to consider in detection of pos- 
sible coating of the stone. The next step 
is to clean the diamond by methods 
that will remove dirt but not resistant 
coatings. Then the diamond is graded 
under a controlled light against a set 
of master stones (diamonds that have 
been electronically graded on a colorless 
to yellow scale). On the GIA color 
scale (Figure 2), D-E-F represent 
colorless and G- P indicate a progres- 
sive increase in yellow. The GIA Dia- 
mondlite is especially valuable for color 
grading, since it eliminates surface re- 
flections and is free from ultraviolet 
radiation. When stones are viewed 
edge-up against a white background, it 
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has been the experience of the Labo- 
ratory that it has been impossible to 
assign a precise color grade to coated 
diamonds. Based on the observation of 
stones that we have had coated for re- 
search purposes, as well as stones boiled 
out for clients, we have found that 
coated stones with original body color 
M to P usually appear gray-green, blu- 
ish gray, or even less commonly light 
reddish purple, with varying degrees of 
a yellow undertone partially masked by 
one of the aforementioned tints. 
Perhaps the most successful stones to 
coat from the coater’s standpoint are 
those that grade approximately I, J or 
K. An effective coating can increase the 
apparent value of some stones as much 
as 25%. Since the layman rarely keeps 
diamonds as clean as they ‘were when 
purchased, the stones may never be sus- 
pected, even though the coating has 
been diminished due to wear. If subse- 
quent microscope examination proves a 
stone is coated, the Laboratory advises 
the client of the fact, and therefore does 
not assign a color grade. Incidentally, 
we have yet to examine.a coated dia- 
mond upgraded to the D- E- F range, 
and research suggests the probability 
that this will never be accomplished. 
Thus, a critical examination for color 
may lead to a suspicion of coating; i.e., 
the inability to assign a color grade to 
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Figure 7. Coating Parallel to Facet 
Junctions 


Figure 9. Coating Over Pavilion Facet 


beards (Figure 6). It is important not 
to confuse with a coating ordinary for- 
eign material, such as metal from 
tweezers embedded in a frosted girdle. 
Some effective coatings have been pro- 
duced by carefully applying the media 
parallel to areas of a few pavilion facet 
junctions (Figure 7). Less effective and 
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Figure 8. Coating at Culet 


Figure 10. Spotty Appearance 


more readily detected are coatings at 
the culet (Figure 8) or over the entire 
pavilion (Figure 9). 

Once a definite coated area has been 
detected, it is possible to note several 
characteristics of modern resistant coat- 
ings. Features that may be seen are a 
spotty appearance (Figure 10), a 
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Figure 13. Brush-Stroke Appearance 


splotchy appearance (Figure 11), a 
granular appearance and definite craters 
or bubbles in the thickest area of the 
coating (Figure 12), anda brush-stroke 
appearance (Figure 13). After observ- 
ing a diamond as described, your height- 
ened perception will make a coating, 
present on the reflecting surface or op- 
posite facets, obvious. 


Figure 14. Plastic Holder for Oil-Immersion 
Test 


Although the following test may be 
used with the Gemolite, it is one of the 
few that is also practical for those who 
have only a loupe; however, it requires 
great cate and knowledge of what to 
look for. The 10x corrected loupe may 
be used in conjunction with a substage 
lamp and immersion oils. A clear, thin, 
plastic box can serve as an immersion 
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dish (Figure 14). (A box of this type 
is available in stationery or art supply 
stores.) A colorless oil is necessary. 
Castor oil is suggested because of its 
viscosity and the fact that it does not 
attack the plastic as do some other oils, 
such as cinnamon oil. The diamond is 
placed on its girdle with the table of 
the stone resting against the side of the 
plastic dish. (The thickness of the oil 
holds it on its girdle edge.) Diffuse the 
light by placing a thin gray paper, such 
as art-tracing paper or a very light- 
orange tissue, over the substage lamp 
opening. Translucent art-color swatches 
varying in per cent of light transmission 
can be used effectively (sample books 
containing many colors are obtainable 
from artist-supply stores). All of these 
not only act as diffusers but they also 
offer color contrast to the coating on 
the stones. Roll the diamond slowly by 
touching it slightly with the tweezers. 
The coating will be visible under the 
10x loupe, usually showing a definite 
color in contrast to the diffused back- 
ground. The loupe must be held close 
to the eye and just above the immersion 
dish. Immersion of a diamond in oil 
has an occasional advantage of making 
areas under the prongs easier to see. 


In view of the fact that in most cases 
the presence of a coating needs to be 
established without removing it, the 
following tests that may remove all or 
part of the coating are to be avoided, 
if an owner’s permission has not been 
granted. 


Abrasives — Once a coating is lo- 
cated, it may be tested for abrasion re- 
sistance. Test results have shown that 
most’ coatings studied to date can be 
abraded by a well-sharpened, pencil- 


type eraser. The location of the coat- 
ing, of course, may be ‘such that it 
makes an abrasion test impossible, un- 
less the diamond is removed from its 
mounting. 

Solvents — The least-resistant coat- 
ings are attacked by acetone or cold 
acids. More resistant coatings, as stated 
pteviously, may be removed completely 
by boiling in concentrated sulphuric 
acid, using a standard diamond-boiling 
kit. Diamonds in platinum mountings 
may be boiled without fear of damage, 
although soldered joints may have to 
be buffed. However, experimentation 
with ultrathin metallic coatings to dis- 
guise the body color of diamonds is 
being carried on. Such coatings will be 
attacked by aqua regia, but the stone 
must be removed from the mounting. 
5683—Gemological fbs-4 2-15-63 12 

Ultrasonic cleaner: Some coatings 
are removed completely by such clean- 
ing units; however, more resistant coat- 
ings may be only partially removed. 

Heat: As mentioned earlier, heat 
will completely destroy some coatings. 
Heat from a blowpipe flame or even 
the flame of an alcohol lamp will re- 
move most coatings. This method of 
removal is not recommended, since it 
is impossible to control the temperature 
and it is possible to cause damage. 

Cautions: Do's and Don'ts in ob- 
serving diamonds for evidence of 
coating. 

1. Don't suspect truly colorless dia- 
monds. Remember, thus far, coated 
diamonds exhibit a grayish or 
greenish body color and a dull 
appearance. 

2. Be sure the diamond is as clean as 
possible. Iridescent areas of grease 
or other residue can be mistaken 
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Figure 15. Residue Masking Coating 


for an intended coating (Figures 
15 and 16). 


3. When viewing a girdle for coating, 


a) Don’t confuse foreign material 
such as metal in frosted areas 
with a coating. 

b) Don’t be misled by greenish 
or reddish-brown naturals. 

c) Beware of grayishness due to 
polishing residue under and 
near prongs, or residue in the 
girdle from rhodium plating. 


. Don't confuse the grayishness of 


twinned stones, cloudy stones, or 
stones with off-color zoning with 
coated stones. 


. Don’t confuse the grayish or black- 


ish face-up appearance of badly 
proportioned stones, especially 
marquises and pear shapes. 


. Don’t confuse body color with 


color that may be due to included 
crystals, stains in fractures or 
cleavages, or other internal char- 
acteristics. 


7. Don’t be misled by the occasional 
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Figure 16. Coating Visible after Removing 
Residue 


body grayishness of highly fluo- 
rescent stones. 

8. Do remember that a conscious ef- 
fort must be made to concentrate 
on observing the surface. 

9. Do remember that this report is 
only a summary of information 
and observation to date, and that 
it is not meant to be the final dis- 
cussion of the subject. 

At one time, the Gem Trade Labo- 
ratories issued reports only after a stone 
was examined for color before boiling 
and graded for true body color after 
boiling. With present perception and 
detection tests and rapid photography 
of coating in reflected light, the Gem 
Trade Laboratories now issue reports 
without altering the appearance of the 
coated diamond. Boiling is usually un- 
necessary, so the possible danger of 
damage to a stone is eliminated. The 
testing period is shortened and a 
photograph of the coating is part of 
the permanent report record. In conclu- 
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Rapid Sight Estimates 
ol 
Diamond-Cutting Quality 


Part II 


by 


Richard T. Liddicoat, Jr. 


It was clear from the earlier series 
of photographs that the table reflection 
darkened as the pavilion angle in- 
creased, and that this provided useful 
corroboration of increased table-reflec- 
tion size in proving a greater-than-ideal 
pavilion angle. As might be expected, a 
decreasing pavilion angle is accompan- 
ied by a decrease in the size of the table 
reflection, other factors being equal. 
Here, too, there are other changes that 
substantiate the evidence furnished by 
decreasing table-reflection size. The 
table reflection becomes slightly more 
difficult to see, but it tends, in part at 
least, to become lighter and brighter. 
Often, only a part of the table reflection 
is visible, and that part is sometimes, 
but not always, bright, depending on 
the angle at which it is viewed. 

Around ‘the smaller table reflection 
usually appears another bit of corrobo- 
rating evidence: the presence of small 
triangular or kite-shaped reflections 
from the bezel facets. These are appar- 
ent in several of the photographs show- 
ing a small table reflection. Figure 16 
shows a slightly distorted, bright table 


reflection and scattered bright reflec- 
tions around it. In this photograph, the 
table size is 63%, the depth 56.1%, 
and the pavilion is slightly shallow. 

In Figure 17, the depth is slightly 
greater (average 56.6% ), but the table 
is smaller (58%) and the crown is 
about 2% thicker, so the pavilion angle 
is smaller than that in Frgure 16. 

Figure 18 has approximately the 
same size table reflection ; however, no- 
tice that the bright reflections around 
the table do not extend close to the 
edges of the table, and that a portion 
of the table reflection itself is bright. 

Near the lower right-hand edge of 
the table, one more very significant clue 
is in evidence: a reflection of the girdle. 
A girdle reflection seen through the 
table with the line of sight perpendicu- 
lar to it is proof of a shallow pavilion. 
When the crown and girdle thickness 
total no more than 17%, a girdle reflec- 
tion will not be visible, unless the pa- 
vilion angle is less than approximately 
39° 

Remember that the size of the table 
reflection is affected not only by pavil- 
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Figure 16 


Figure 17 
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Figure 18 


Figure 19 
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ion angle, but by table size and the dis- 
tance of the table from the pavilion. 
Figure 19 has a 589% table but the 
bezel angle is 37° (about 21/,° greater 
than ideal) ; therefore, the crown is as 
thick as if the table were 53% and the 
bezel angle ideal. The thick crown and 
the relatively small table, plus a 40° 
pavilion angle, account for a tiny table 
reflection, despite an overall depth of 
more than 59% of the girdle diameter. 


Figure 20 has a larger table reflection 
than that of Figure 19, but it is smaller 
than the ideal. The table is 53% and 
the pavilion angle is ideal, but a slightly 
thick crown and thick girdle make the 
total depth 63%. The table is smaller 


than most seen today, and its distance 


from the pavilion is greater than ideal. 
This makes the table reflection so small 
that on a thin-crowned stone, it would 
mean a flat pavilion angle. With ex- 
perience, this situation is readily de- 
tected by looking at the girdle and 
crown thickness, as disclosed by a side 
view. 


A second quick crosscheck is pro- 
vided by the girdle reflection. If the 
table reflection is rather small but the 
cause is a thick girdle and crown, as in 
Figure 20, the diamond must be turned 
through several degrees before the gir- 
dle reflection is seen through the table. 
If the pavilion angle is less than 4034°, 
as in Figure 19,a reflection of the girdle 
is visible with a rotation of the stone- 
holder of only two or three degrees. 
When the reflection of the girdle is 
seen in the table with the line of sight 
at right angles, the stone must be well 
into the ‘fisheye’ category. 


In a stone that has a pavilion angle 
considerably less than the 41° of the 
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ideal, the resulting smaller table reflec- 
tion often appears considerably differ- 
ent than that of stones with normal to 
slightly deep pavilion angles. When the 
stone is viewed exactly at 90° to the 
table, the table reflection may not be 
evident; the entire area may appear 
dark, except for the triangular or kite- 
shaped bright reflections mentioned 
previously. This condition is well illus- 
trated in Figure 21. It is easily distin- 
guished from a dark-centered stone, 
which results from a too-deep pavilion, 
by tilting the stone a degree or two in 
the tweezers. Figure 22 shows the stone 
in Figure 21 tilted just slightly. As 
soon as it is tilted, the girdle reflection 
becomes obvious all across the lower 
portion of the table. The beginnings of 
a bright table reflection can be seen just 
to the upper left of the culet. The stone 
in Figure 21 has a depth of 55%, with 
a 63% table. It is not quite a “fisheye,” 
but it definitely leaks too much light. 

Figure 23 shows another round bril- 
liant in which no table reflection is evi- 
dent when looking straight through; 
however, by tilting it slightly, a bright 
table reflection is seen just below the 
culet and a girdle reflection completely 
across the upper half of the table. 

In Figure 24, an off-centered table 
reflection is accompanied by a girdle re- 
flection across the right side of the 
table. By switching the light behind 
this “fisheye” to light field, bright light 
comes through the stone, in contrast to 
any light transmission in this area, ex- 
cept through the culet in a well-cut 
brilliant; this is one way of checking 
for a ‘‘fisheye.’’ By removing the baffle 
to light the background of the stone, 
light in a “fisheye” will leak around the 
culet (Figure 25). This stone has a 
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Figure 23 
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Figure 25 
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Figure 26 


Figure 27 
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Figure 28 


68% table and a depth of approx# .” 


mately 52%. 

Figure 26 shows a “‘fisheye’” with a 
tiny table and girdle reflection around 
most of the table area. This is included 
merely to show that a girdle reflection 
is Just as evident in a mounted stone 
as any other. It has a 54% table and a 
52% depth. 

Figure 27 is a photograph of a stone 
that has a very flat pavilion, with the 
result that the girdle reflection extends 
far into the table. This stone is almost 
totally devoid of brilliance. It has a 
63% table and a 51.5% depth. 

When the table or culet is off center, 
the table reflection is displaced from 
the center of the table when viewing 
the pavilion through the table in a per- 
pendicular direction. Figure 28 shows a 
diamond with the culet displaced to- 
ward twelve o'clock; as a result, the 
pavilion angle is steeper on the short 
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side than 6n the long side. This condi- 
tion makes the table reflection larger 
and closer to the edge of the table on 
the steep side than it is on the flatter 
side of the pavilion. An off-center table 
reflection is a quick indication of an off- 
center culet. 

If a diamond is out of round, the 
table reflection may be elongated in one 
direction and compressed in another. 
Figure 29 depicts a diamond that is out 
of round, with a result that the table 
reflection appears elongated in the two- 
to-eight o'clock direction and narrower 
and darker from eleven to five o’clock, 
creating the type of “bow-tie’” effect 
often seen in marquises and pear shapes. 

If a diamond cutter has not taken 
care that opposite facets are perpendicu- 
lar to a plane passing through both of 
them, the result may be almost a total 
lack of distinguishable reflection pat- 
tern ; this is seen in both Figures 30 and 
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Figure 29 
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Figure 30 
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Figure 31 


31. In addition, Figure 30 shows an 
off-center culet. There is no readily dis- 
tinguishable table reflection, but a gir- 
dle reflection may be seen on the flat 
side of the pavilion, extending from ap- 
proximately three to eight o'clock, near 
the edge of the table. This stone has a 
depth of 55.5%, but the off-center 
culet gives the lower half of the stone 
an appearance typical of a ‘‘fisheye.” 

Figure 31, which is also unsymmetri- 
cal to the point where no clear pattern 
can be seen, is actually too deep. 
Vaguely, perhaps, it can be seen that 
the table reflection extends almost: to 
the edges of the table. In this case, the 
depth is about 62%, despite a thin 
crown (the table is 60% of the girdle 
diameter), so the pavilion is much too 
deep. 

With practice, a diamond man 
should be able to estimate the depth 
percentage of any round diamond 
within a very narrow tolerance. 
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This is a four-step process: 

1) Estimate the table size 

2) Using the method outlined 
herein, estimate the ‘pavilion 
depth. 

3) Turn the stone for a girdle-on 
view, to estimate girdle thick- 
ness. 

4) Adding together gives the 
stone’s total depth as a per- 
centage of table diameter. 

In the beginning, it is wise to take 
the girdle diameter and depth measure- 
ments to check visual findings, but this 
will soon become unnecessary. 

To summarize, the angles and pro- 
portions of a brilliant-cut diamond may 
be judged by eye alone. By noting the 
characteristics seen through the table, 
plus glancing at the stone in cross sec- 
tion, it is possible to judge depth meas- 
urements and angle of crown and 
pavilion very closely. 
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Developments and Highlights 


by 


at the 


GEM TRAUE LAB 
in New York 


Robert Crowningshield 


Abraded Facets on Diamond 

Diamonds that have been abused or 
worn in such a way that other diamonds 
may rub against them for long periods 
of time may begin to show facet-junc- 
tion abrasions that are very similar to 
the effect one so frequently sees on 
zircons. Often, jewelers themselves are 
fooled into telling a customer that the 
stones are not diamond. Figure 1 shows 
extreme facet-junction abrasion on the 
French-cut diamonds in a guard ring; 
Figure 2 shows the same thing on old- 
European cut diamonds in a long rope 
necklace. 

3-Phase Inclusions in Fluorite 

An intense-green cabochon-cut fluor- 
ite gave us quite a start when we ex- 
amined it under the microscope and 
noticed well-developed 3-phase inclu- 


sions. Except for the corner-of-a-cube- 
shaped liquid-filled cavities, they could 
be easily mistaken for the 3-phase in- 
clusions of emerald. Figures 3 and 4 
illustrate them. 
Unusual Inclusions in Peridot 
and Sinhalite 

Figure 5 illustrates an unusual series 
of needlelike inclusions in a peridot, a 
gift to the Institute from Andrew 
Heinzman, of H. R. Benedict and Sons. 
By coincidence, at the same time that 
we received this stone, we were able to 
photograph some unusual, unoriented 
needlelike inclusions in a large bril- 
liant-cut sinhalite (Figure 6). Needle- 
like inclusions are rare in either gem- 
stone and as readers are aware, prior to 
about 1952, sinhalite was often identi- 
fied as peridot, in the absence of a 
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Figure 7 


proper mineralogical description of it. 
Moss Agate Effect 

Figure 7 illustrates what the staff 
feels is an example of the ancient 
Roman art of selective sugar treating 
of chalcedony, although whether an an- 
cient or modern work is not known. By 
this technique, a tablet of polished chal- 
cedony is coated with a wax and the 
design carefully etched through the 
wax with carving tools, so that when 
the stone is soaked in the sugar solu- 
tion, only the part exposed by the carv- 
ing will take the sugar. Subsequent 
treatment produces the color, in this 
case dark brown, leaving the waxed 
areas untouched. Figure 8 is a photo- 
graph of a natural arborescent brown 
inclusion in agate, for comparison 
purposes. 
Repeated Twinning in Both Natural 

and Synthetic Rubies? 

We were delighted to receive as a 
gift from graduate Julius Reichert, of 
New York City, a synthetic ruby that a 
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Figure 8 


coworker of his had purposely over- 
heated with his blowpipe out of curi- 
osity. Figure 9 shows that the stone 
developed a decided repeated twinning 
at one end, along with an indication that 
the temperature was enough to begin 
melting the surface. Actually, we can- 
not be sure that the stone did not have 
repeated twinning prior to the “experi- 
ment.” However, shortly after receiving 
this stone we identified a natural ruby 
with the color, inclusions and ultravio- 
let fluorescence of a typical Burma ruby 
but with the unusual features of re- 
peated twinning and distinct quench 
crackling, as one finds in synthetics so 
frequently. This stone is illustrated in 
Figure 10, There is a possibility that it 
may have been overheated during 
manufacture or repair. Figure 11 illus- 
trates the typical repeated-twinning pat- 
tern found in so-called Siam rubies. We 
are curious to know if there is any rela- 
tionship or if it is only coincidence that 
the repeated twinning should be found 
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Figure 9 


Figure 11 


in material of such widely different 
origin, two of which could possibly 
have been influenced by overheating. 


Emeralds with Green Plastic 
Pavilions 
Figure 12 is a photograph of a pair 
of pale-green, pear-shaped emeralds 
that had been set into a dark-green plas- 


Figure 12 


tic “pavilion” (the plastic was not at- 
tached to the stones). The effect was to 
deepen the color of the stones when ob- 
served face up and to intensify the red 
color under the color filter. 

Diamond and Synthetic Sapphire 


Doublet 

We have noted before the scarcity of 
diamond doublets in the trade, although 
in past months we have seen and re- 
ported on some with diamond crowns 
and synthetic spinel or sapphire pavil- 
ions cemented with one of the modern 
epoxy cements. Prior to the epoxy prod- 
ucts, no good adhesive was known. 
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Figure 13 


Figure 13 illustrates what occurs when 
an ordinary cement is used. This stone 
was in an old piece of jewelry and is 
one of the diamond-synthetic sapphire 
combinations. The separation of the ce- 
ment is clearly shown. 
Fresh-Water Pearls vs 
Salt-Water Pearls 

We have frequently wondered why 
apparently identical pearls, one fresh 
water and the other salt water, should 
be regarded so disparately by the trade, 
insofar as value is concerned. Perhaps 
a bit of light was shed on the problem 
when we showed a 114-grain fresh- 
water pearl to an experienced pearl 
dealer, and one skilled in “peeling.” 
The pearl (Figure 14) lacked luster 
over much of its surface and showed 
banded areas of discoloration. It was 
the dealer's opinion that the pearl was 
virtually worthless, since it was his ex- 
perience that it was practically impossi- 
ble to “‘peel’’ (improve by controlled 
scraping) fresh-water pearls. With a 
salt-water pearl, it probably would be 
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worth a gamble. In fact, some salt-water 
pearls we have observed with equally 
poor prospects have been remarkably 
improved by skilled working. 


Treated Black Opal 
Figure 15 is a photograph of seven 
different qualities of the treated black 
opal that was reported in the last issue 
of GEMS & GEMOLOGY (Fall, 
1962). The center stone is an excellent 
imitation of black opal. We examined 
another lot of nine large stones of this 
quality that the purchaser refused to re- 
ceive from customs, since the price 
seemed too low. His suspicion that they 

might be treated was justified. 


Straight Color Zoning in 
Chatham Emerald 
Although straight color zoning is 
occasionally seen in Chatham synthetic 
emeralds, we have rarely encountered it 
as strong as is illustrated in Figure 16. 
On the strength of the zoning, the stone 
was assumed to be natural, but its pe- 
culiar blue-green color, typical of Chat- 
ham stones, prompted a laboratory test. 
Natural Nonnacreous Pearls 


A problem in nomenclature was 
brought to our attention when we iden- 
tified some nonnacreous, black calcare- 
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Figure 15 


ous concretions with the typical red 
fluorescence of natural black pearls. We 
subsequently learned that these “pearls” 
frequently are found in the same mol- 
luscs that produce black nacreous pearls. 
Without their reddish fluorescence and 
lower specific gravity, one would easily 
mistake them for ordinary cherrystone- 
or quohog-clam pearls. Although the 
characteristic overlapping platy struc- 
ture of nacre is presumed responsible 
for the orient of a true pearl, defini- 
tions of pearl available to the public 
make it difficult to insist that such non- 
nacreous concretions are not true pearls. 
In the interest of protecting the con- 
suming public, we will identify such 
objects in the future as natural nonna- 
creous pearls. Figure 17 is a photo of 
three of these intense-black, red-fluo- 
rescent nonnacreous pearls that illus- 
trates one peculiarity they have in 
common with so-called edible clam 
pearls: a tendency to crack when drilled. 
In the cracks one can see with the mi- 
croscope that the structure is quite 
coarse and probably consists of the pris- 
matic structure like that of part of the 
shell. 
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Figure 16 


Figure 17 


Yellow-Orthoclase Spectrum 


Our study of the absorption spectrum 
of yellow orthoclase has always been 
limited by the small size of the speci- 
mens available for observation. AIl- 
though two vague and rather broad 
bands have been mentioned as charac- 
teristic, we were never able to see them 
as strongly as we were when we had 
the good fortune to examine a spectacu- 
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Figure 18 


lar greenish-yellow 250-carat emerald- 
cut stone. Figure 18 illustrates this. 


Odd Orientation of Rutile Needles 
in Corundum 

One ordinarily expects to see the 
rutile needles in corundum arranged at 
right angles to the optic axis. We were 
surprised to see the needles in a 50- 
carat orange sapphire oriented in what 
appeared to be parallel with the rhom- 
bohedral direction. Figare 19, which 
was taken parallel with the optic axis, 
indicates that the needles are not at 
‘right angles to it. 

Wax-Treated Rubies 

A necklace of round, dark-red rubies 
were found to have been treated with a 
ted wax that gave them a somewhat 
better color and made the abundant 
cracks less objectionable in appearance. 


Green Amethyst Misnomer 

Ever since the discovery of green 
quartz in deposits of amethyst, which 
itself often turns green when heated, the 
trade has been faced with a sales prob- 
lem for lack of a recognized name. At- 
tempts have been made to popularize 
such names as “‘prasiolita,” ‘‘peridine” 
and ‘‘greened amethyst.’’ One potential 
user seemed quite upset that we could 
not condone “green amethyst’ for the 
material, since amethyst for millenia 


has meant the purple variety of quartz 
and no other. 

By a similar unfamiliarity with the 
species-versus-variety nomenclature of 
minerals, attempts have been made to 
sell green spodumene as “green kun- 
zite.” 

One identification problem for which 
we have no answer is the request to 
determine if a yellow sapphire that lost 
color during setting procedures was 
originally a natural or a treated color. 
Since some natural-yellow sapphires 
lose color with moderate heat and since 
X-ray-treated stones also fade, deter- 
mining this requires considerably more 
research than has yet been devoted to 
this color of. sapphire. 

Unusual Stones 

Unusual stones identified in recent 
months included a matched pair of 
chrome-diopside cat’s-eyes, which were 
outstanding for their superb polish. We 
also identified an unusual enstatite cat’ s- 
eye and encountered faceted natrolite, 
dolomite, blue apatite and transparent 
certusite. A platinum-and-diamond ring 
setting for an emerald-cut iolite made 
a beautiful piece of jewelry for this 
rarely worn stone. A parti-colored to- 
paz, half pink and half blue, was a 
conversation stopper. During the period 
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since the last column was printed, we 
have seen more colors of orthoclase 
moonstones from several different trade 
sources. Perhaps the most unusual was 
a 45-carat cat’s-eye moonstone of a soft 
green, very much like that of some 
smithsonite. A black orthoclase moon- 
stone of 19 carats was attractive. We 
saw several pieces of jewelry containing 
the more common gray-green moon- 
stones. 

The writer was very pleased to visit 
Mr. Herbert Walters and Mr. Elbert 
MacMacken, of Treasure Crafts, in Ra- 
Mona, on a recent trip to California. 
Under the expert guidance of Captain 
John Sinkankas, USN (retired), we 
visited some of the famous pegmatite 
localities near Ramona under balmy, 
blue skies. We acknowledge with thanks 
gifts of numerous tumbled stones from 
all of these gentlemen and particularly 
specimens of idocrase from various 
California sources, as well as dyed and 
natural howlite. The dyed material is an 
excellent substitute for turquois. Other 
valued additions to our study material 
are rough and polished deep-blue chal- 
cedony of a natural hue we thought 
impossible. 


Figure 19 


DIAMOND-COATING 
TECHNIQUES AND 
METHODS OF DETECTION 


Continued from page 364 
sion, the report states that the true 


color of the diamond cannot be de- 
termined due to the surface coating. 

This article is not intended to imply 
that the practice of coating diamonds 
is general; in fact, most jewelers pur- 
chasing stock through their regular 
wholesale channels will never encoun- 
ter a coated diamond. 
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Care of Gem Materials 
and Their Substitutes 


in 


Manufacturing, Hepairing, 


Displaying and Wearing of Jewelry 


by 


Robert Crowningshield 


It is not the purpose of this paper 
to dwell on the more familiar factors 
of durability; (e.g., hardness, cleavage 
and brittleness), but rather to summa- 
rize some of the lesser-known factors 
that can contribute to unexpected difh- 
culties when handling jewelry. 

Some of the factors to be discussed 
are inherent properties, whereas others 
are the result of modern treatment of 
gem materials and their substitutes that 
perhaps result in more salable items but 
in certain cases lessen their durability. 

One of the important inherent prop- 
erties of gem materials, but not always 
considered seriously, is the matter of 
reaction to heat and light. Students of 
gemology are aware that there are sev- 
eral gem materials that are made mar- 
ketable by the application of heat; these 


include zircon, citrine, some tourma- 
line, “pinked”’ topaz, aquamarine, 
greened amethyst and others. Except 
for some zircons, most heat-treated 
stones that reach the market retain their 
new color under most conditions of 
display and handling. However, cer- 
tain stones, particularly some unheated 
amethysts and some brown zircons, may 
alter in color during manufacturing or 
repair processes, 

Occasionally, amethysts may fade 
gradually on exposure to light or to a 
combination of light and heat. We have 
encountered a few of these stones that 
have faded to colorless over a period of 
ten to twenty years. In one instance, 
the wearer of an amethyst ring, while 
preparing a meal, had frequently re- 
moved her jewelry and placed it on the 
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warming shelf above the kitchen stove. 
In another case reported, the heat gen- 
erated in sizing a ring had been respon- 
sible for fading an amethyst. Freshly 
mined kunzite crystals fade from a strik- 
ing blue-violet to the familiar pink 
color. Rarely, the color continues to 
fade in daylight, although the recent 
large find of kunzite in Brazil has pro- 
duced cut stones that have been reported 
as susceptible to fading in artificial light. 

We have encountered two instances 
where natural brown zitcons changed 
to orange, in one case during manu- 
facturing of a ring, and the other while 
in position for examination over the 
spectroscope light in the New York 
Laboratory. In both stones, the original 
brown color returned after a period of 
several hours at room temperature. 

In the past year, two separate reports 
concerning the fading of natural yellow 
sapphire during manufacturing proc- 
esses have come to our attention. Com- 
munication with Basil Anderson, of the 
London Laboratory, brought us the in- 
formation that his experiments have 
shown that yellow sapphire may fade 
appreciably at the relatively low tem- 
perature of 250°C. (482°F., a moder- 
ately hot oven). In one of the cases 
mentioned above, our informant told us 
that he placed a faded, 16-carat stone 
on the window ledge of his shop in a 
Canadian city and forgot about it until 
spring. In April, he was surprised and 
delighted to see that the stone had tre- 
gained its color; therefore, the firm 
completed the jewelry and sold it. That 
was more than ten years ago and there 
has been no complaint by the buyer. Of 
course, if the yellow sapphire in ques- 
tion had been artificially treated by X- 
rays to deepen the color, it would have 


taken very little heat, or only exposure 
to strong light, to return it to its origi- 
nal pale color, a test that anyone who is 
suspicious of the color of a yellow sap- 
phire can perform by placing it in a 
sunny place for a day or two. Unlike a 
diamond, no permanent means of deep- 
ening the color of a yellow sapphire 
has yet been reported. 


Although it does not require ex- 
tremely high temperatures to change 
brown topaz to pink (if the material is 
the type that will “pink’), we have 
heard of only one brown stone that was 
accidentally pinked. It was mounted in 
a diamond-and-platinum pendant and 
was inadvertently thrown into a fire- 
place and later recovered after complete 
cooling. It had changed (without crack- 
ing) to a desirable, and more valuable, 
pink color, 

More important than occasional 
change of color is relative resistance to 
temperature change of the various gem 
minerals. Diamond has a very low co- 
efficient of expansion; i.e., on heating it 
expands very, very slightly and a rela- 
tively rapid cooling usually causes no 
difficulty, unless the stone has a void 
or an included crystal with a high co- 
efficient of expansion or if it is badly 
strained and internal cleaving or frac- 
turing around the inclusion takes place. 
One included crystal that can cause such 
internal cracking is garnet. Contrary to 
what one would imagine, it is not al- 
ways possible to see a red-garnet inclu- 
sion, because of total reflection on its 
contact surface. Any diamond, espe- 
cially one with a crystal inclusion, 
should be handled carefully. 

Perhaps the gem minerals most likely 
to be broken by a sudden temperature 
change are garnets of all types, peridot, 
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Figure 1 


the single-crystal quartz stones and opal. 
These are the stones most often brought 
to our attention after breaking during 
the course of manufacturing or repair. 
Sapphires and rubies are subject to split- 
ting along repeated-twinning planes 
with a temperature change; in fact, 
twinning planes are subject to splitting 
with a blow (Figure 1). We have come 
to the conclusion that repairmen would 
do well to figure the cost of unmount- 
ing and resetting twinned corundum 
when making their quotations for re- 
pairing jobs, rather than take the risk 
of sizing or soldering prongs with the 
stones in the settings (this would apply 
to the four other gem minerals men- 
tioned, as well). One example was a 
very large star sapphire in a man’s ring 
that had broken along a rhombohedral 
plane when the repairman attempted to 
change the ring a quarter size by ham- 
mering it on a mandril. Recently, we 


saw a star sapphire that had cracked, 
although not along a parting plane, 
when the same method of sizing was at- 
tempted. Repairmen sometimes over- 
heat a diamond and produce a frosted 
surface, which is due to oxidation; this 
can usually be removed, unless deep 
pitting (where grease was present). has 
occurred. Loss of weight to completely 
repolish the stone usually is less than 
3%. Sizing a ring set with melee has 
often resulted in the dirt on the backs 
of the small stones being fused to the 
diamond. This usually produces a 
blackish-looking stone, and the dirt is 
difficult to remove without boiling in 
acid. 

More and more, it is becoming neces- 
sary for jewelers and repairmen not 
only to know the identity of the stones 
they are working with but also the type 
of treatment they might. have under- 
gone. The reasons are rather obvious 
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Figure 2 


when we consider the number of artifi- 
cial treatments that have come into 
prominence in the past ten or fifteen 
years. 

For instance, one means of removing 
an artificial coating on a diamond is by 
the use of dry heat. The heat necessary 
to size a ring or repair a prong may be 
all that is needed to change the color; 
therefore, a customer who brings in a 
ring to be sized that she bought in At- 
lantic City, Miami Beach or Hot Springs 
may be in for a surprise (and you will 
be, too), if you hand her an off-color 
stone. 

Sizing a stat-sapphire ring without 
first establishing whether or not it is a 
doublet (at least four types have been 
reported in Gems & Gemology) could 
result in a vastly changed stone (Figure 
2). The same can be said for quattz, 
beryl or synthetic-spinel triplets imitat- 
ing emeralds. 


Several types of treated stones that 
have come into the market in recent 


years must be handled with care for fear 
of fading. First, are the lighter green, 
atomically treated diamonds. Whereas 
other colors retain their color under all 
conditions that anyone would reason- 
ably subject a diamond to, green stones 
can fade under the heat of a jewelet’s 
torch. We might mention a related haz- 
ard; that of repolishing an early cyclo- 
tron-treated stone that has been dam- 
aged. Since both treatments are skin 
deep, the color can be removed by re- 
polishing. 

More than one combination of dyes 
seem to be used in dyed jadeite, dyed 
serpentine and the assembling of trip- 
lets. Some dyes are much mote resistant 
to fading than others, whereas some 
fade in a store window or even in a 
lighted case. Some seem to be quite 
color-fast, yet others fade or change 
color in the dark. i 


We have heard, and will evidently 
continue to hear, about an ever-growing 
number of ways in which turquois is 
“improved.” Simple wax or oil treating 
is seldom long lasting; therefore, stones 
soon become freckled in appearance, 
begin to turn greenish or fade in spots 
(Figure 3). During manufacturing, 
acids, polishing or any heating can 
cause discoloration before the jewelry 
even gets into the consumer’s hands. 
Heat flowing along settings often af- 
fects the stone at prongs or the bezel. 
Mote sophisticated methods of treating 
turquois may result in stones that do not 
give any more difficulty than untreated 
turquois, which is subject to change, 
depending on its compactness and how 
it is handled. Good-quality, plastic- 
impregnated turquois, handled sensibly 
by the manufacturer and repairman, 
gives little trouble and seems to be 
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Figure 4 


equally successful in the hands of the The various imitations other than glass 
consumer. The very poor type of chalky may discolor too (Figure 4). 

turquois that is surface stained and then The abundance of artificially 
clear-plastic coated is highly susceptible  “‘blacked’’ opal that we have seen indi- 
to peeling and consequent discoloration. cates that much of it may have inno- 


SPRING 1962 | 


Figure 5 


cently, or not so innocently, gotten into 
the jewelry trade (Figure 5). Not 
enough time has elapsed for us to have 
data on the durability of the black color. 
Since it is occasionally necessary to re- 
polish opals, a word of caution is in 
order. Some of these treated black opals 
cannot be repolished without a change 
so matked that the owner would be 
unhappy. 

In recent years, black-dyed cultured 
pearls have been accepted and many 
dealers in the U.S., Europe and Japan 
ate busily using various means to pro- 
duce the black color. In general, if the 
so-called center dyeing, or French 
method, is used, the results are quite 
satisfactory. However, several instances 
of pearls fading upon exposure to sun- 


light have been reported to us. Some of 
these reports involved fairly well- 
matched pairs of pearls in earrings, but 
one changed from a bronzy overtone to 
one of purplish. The late Lester B. Ben- 
son experimented with some of these 
center-dyed cultured pearls and found 
that exposure to ultraviolet light was 
the cause of the change; therefore, it 
would be wise not to display dyed cul- 
tured pearls in a sunny window. Some 
surface-dyed cultured pearls fade con- 
siderably upon exposure to sunlight, so 
that any overtones that had been ob- 
tained are lost and the body color be- 
gins to assume a chocolate to dark- 
greenish-brown tint. A clue as to 
whether one is dealing with a center- ot 
a surface-dyed cultured pearl was given 
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by Benson, who noted that the surface- 
dyed pearls showed no fluorescence un- 
der long-wave ultraviolet light and the 
center-dyed showed a faint greenish 
glow. 

We have yet to see in the New York 
Laboratory a drilled clam “pearl” that 
was not cracked. If you should ever be 
asked to mount a clam pearl, it would 
be advisable to set it in claws and not 
to drill it, although one authority men- 
tioned that he had accomplished drill- 
ing by immersing the pearl in water 
while drilling. 

A word of caution about placing a 
known triplet, especially the kind re- 
sembling emerald, into any of the heavy 
liquids. Although bromoform is excel- 
lent for demonstrating a triplet, the 
liquid will attack the green cement and 
eventually the color will be lost and the 
parts may separate. 


The GIA’s Diamond Course has 
much to say about the undesirable pro- 
portions of stones that result from the 
saving of weight from rough diamond 
crystals, but usually poorly proportioned 
stones ate not any more susceptible to 
breakage than the better-made ones. 
This does not apply to emerald. One 
means of saving weight from emerald 
tough is to omit the corner facet from 
a step-cut stone. Since emerald is some- 
what fragile, because of its structure 
and possible flaws, this type of cutting 
can result in breakage during setting 
or wear. We have seen several sizeable 
stones that have broken, not at the time 
of setting (which we probably would 
never see) but later, during wear, be- 
cause of the unequal strain on the stone 
caused by the type of setting required. 
One recent example concerned a very 
fine, two-carat stone that broke across 


the corner after the owner had worn it 
for several months. The area of strain 
in a square-cornered setting is limited 
to the corner, whereas in an octagon the 
area of strain is distributed across the 
longest: dimension of the stone. 


We have been somewhat surprised 
at the number of otherwise well-made 
flexible diamond bracelets and neck- 
laces that allow the diamonds to strike 
one another when the piece is bent 
slightly the wrong way. In all cases 
where the diamonds could touch, dam- 
age had occurred. 


Setting a marquise or pear-shape dia- 
mond so that the sharp ends are exposed 
may produce a graceful ring; however, 
the chances of the wearer breaking the 
stone are excellent. A wise jeweler will 
not handle merchandise of this type. 
We have seen several examples of 
broken stones caused by this short- 
sighted style of setting. Repairing a 
damaged diamond by making an extra 
facet at the girdle and thereby thinning 
it, especially on a fancy-cut stone, is in- 
viting exactly the same thing to happen 
again — only to a more severe degree. 

We have noted diamond, ruby and 
sapphire guard rings in which the 
stones, including the diamonds, were so 
badly abraded that no facet junctions 
remained on the crowns of the calibre- 
cut stones. It was found in one instance 
that the owner customarily wore all of 
the rings together with her very large 
emerald-cut diamond engagement ring. 
The culet of the diamond could touch 
the stones of the guard ring next to it 
and, since the guard rings were not al- 
ways worn in the same arrangement, 
all took a turn at the “beating” (Figure 
6). This type of combination, as well 
as any dangling diamond jewelry that 
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Figure 6 


could strike other stones or pearls, 
should be avoided (Figure 7). 


We have seen several examples of 
damage to stones incurred by setters 
who were unaware of the stone’s iden- 
tity. Since Fabulite does resemble dia- 
mond, a diamond setter may uncon- 
sciously set the stone as he would a 
diamond. He should use great care and 
prepolish all settings and prongs, since 
post-polishing may round facet junc- 
tions and give the stone a glassy appear- 
ance. Another case of misidentification 
damage came to our attention when a 
paper of badly broken green stones 
were shown to us. The setter, assuming 
that he was working with jade, was 
puzzled when stone after stone cleaved 
under what he considered gentle pres- 
sure. The stones were amazonite. 


The most effective shop method of 
cleaning diamonds is to bring them to 
a boil in sulphuric acid; this is done 
occasionally to remove an artificial coat- 
ing. Although platinum settings will 
not be affected by the acid, a slight dis- 
coloration around solder joints may oc- 
cur. A word of warning will not be 
amiss in the event one is tempted to 


boil jewelry that contains sapphires or 
rubies in addition to diamonds — the 
acid will remove the polish from the 
corundum, 

Although we have heard of many 
poorly set melee that have come out of 
their mountings in an ultrasonic cleaner, 
or later been blown out by steam.pres- 
sure, we have heard of only one instance 
of actual damage to a small stone as 
the result of the ultrasonic cavitation. 
We would welcome any experiences 
from readers that might add to our 
information. 

In the Winter, 1959-60, issue of 
Gems & Gemology, the results of leav- 
ing white-gold rings in a common con- 
centrated sodium-hypochlorite bleach 
were described. The electrolytic action 
on the active metal of the alloy (zinc ot 
copper) by the sodium-hypochlorite 
causes a break at the weakest solder 
joint (Figure 8}. 

The wearer of necklaces of pearls or 
other stones should be cautioned that 
their hair sprays and atomized perfumes 
may do harm, especially to pearls and 
turquois. For example, we examined 
some cultured pearls that had a thick 
flaky coating of hair spray on them, The 
jeweler was at a loss to explain what was 
“happening” to his customer’s pearls. 
The customer admitted that she fre- 
quently sprayed her hair after she was 
completely dressed to go out. A thor- 
ough cleaning and restringing of the 
pearls returned them to their original 
condition, since they had not been at- 
tacked. 

Finally, a word to jewelers about 
merchandise that they have borrowed 
from manufacturers. Train your ship- 
ping department (or yourself, if you 
do the shipping yourself) to study the 
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Figure 7 


pieces before wrapping them for return 
and make certain that ample packing is 
used. Wrap diamond clasps so that they 
cannot contact pearls or beads. Never 
put more than one loose stone in a 
paper without cotton, or, if they are 
larger ones, without wrapping individ- 
ually in paper. Never allow any two 
pieces of jewelry to touch, for instance, 
if you have three rings to return, wrap 
them separately and carefully. 

Dealers have shown us some fantastic 
examples of retail jewelers’ negligence 
in returning borrowed items. One dealer 
handling rough and cut stones went to 
great trouble to make a loan collection 
of rough minerals available to retail 
stores. He had separate boxes made to 
fit each specimen and all were properly 
labeled. The collection went out once 
and was a tremendous success. It was 
returned with all of the minerals 
jumbled into one box with inadequate 
packing and not in the original boxes. It 
was easy to see how the retail jeweler’s 
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Figure 8 


actions caused more than $3,000 in 
damage. The dealer never loaned this 
collection again. 

Channel-set bracelets are frequently 
bent the wrong way, straining or break- 
ing the hinges. Always fasten the clasps 
and then fill the center with paper be- 
fore wrapping the bracelet in sufficient 
paper to make a safe parcel. 

The trained gemologist is in an ex- 
cellent position to abide by the golden 
rule of the jewelry trade: “Do unto 
other’s merchandise as you would have 
them do unto yours.” 


11 


Uiamond Mining in Brazil 


by 


Thomas Draper 


Beginning with the Winter, 1949, 
edition, a series of articles contributed 
to Gems & Gemology dealt with the 
history and development of the dia- 
mond-mining industry in Brazil, which 
will now be continued to cover the 
lapse of time since the last contribution 
published in 1951. 

Generally speaking, diamond mining 
has not shown much progress. The ubiq- 
uitous garimperro is still responsible for 
the greater part of the production from 
old fields, from new sources in Mato 
Grosso, and from renewed activity in 
the Grao Mogol field, which, by an 
oversight, was not described in the first 
series. The name is not, as might be 
supposed, derived from the Great Mo- 
gul Diamond, but from a run-away 
slave, Gramagao by name, who was the 
first to discover gold in the region. 

The term garimpeiro was originally 
applied to fugitive slaves who engaged 
in clandestine gold and diamond min- 
ing and were subject to severe penalties 
if caught, including being branded for 
the first offense and having an ear cut 
off if caught.a second time. 


Grio Mogol is, to all intents and pur- 
poses, merely an extension of the Dia- 
mantina field, since it lies less than 100 
miles north and presents the same dia- 
mondiferous conglomerates that have 
become a bone of contention among 
geologists because of the total absence 
in Diamantina itself, and elsewhere in 
Brazil, of any definite affinity in origin 
with the kimberlites of South Africa. 
Grao Mogol has, in fact, presented evi- 
dence diametrically opposed to the basic 
origin of diamonds by the occurrence, 
in the famous Pedra Rica (rich stone), 
of diamonds embedded in the indurated 
quartzites of the region. This unique oc- 
currence was first brought to the atten- 
tion of the scientific world by Peter 
Claussens, who visited the locality in 
1841 and described it in the Review 
of the Royal Academy of Brussels in 
the same year. Claussens was followed 
by Virgil von Helmreichen, an Aus- 
trian geologist whose observations were 
published in the Vienna Academy of 
Science in 1846, At later dates the lo- 
cality was visited by other geologists, 
including Gonzaga de Campos and 
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Francisco Paulo de Oliveira. Boutan, 
Branner and Orville Derby have also 
referred to it in their contributions to 
various scientific journals. 

The discovery of diamonds in the 
Grao Mogol field was made by a fugi- 
tive slave, Jodo Costa, who gathered a 
following of fellow fugitives and en- 
gaged in clandestine mining. News of 
the discovery, confirmed by spies sent 
for the purpose, was followed by active 
measures on the part of the Intendente 
(administrator) in Diamantina, who 
dispatched a squad of 150 slaves under 
armed escort to take possession; they 
followed it immediately afterwards by 
another squad, also under armed pro- 
tection, to incentivate operations be- 
cause of the promising results of the 
first tests. 

Outnumbered, Joao Costa and his fol- 
lowers abandoned the field for the time 
being, but returned shortly afterwards 
with additional companions and com- 
menced operations within sight of the 
legal camp. Its commander, now tela- 
tively weaker in strength, sent for re- 
inforcements, which, when forthcom- 
ing, suffered a shameful defeat. Unable 


Diamantina is noted for the 

curious figures that have weath- 

ered out of the indurated quartz- 
ites of the region. 


Lonesome garimpeire engaged in 
earning his daily bread. 


to spare any more soldiers, the Intend- 
ente appealed to the Governor of the 
Province in Ouro Preto, who saw an 
opportunity of gaining renown as a 
military genius and placed himself at 
the head of 200 well-equipped soldiers, 
morally supported by two cannon of 
grosso calibre. In Diamantina he ac- 
quired a few more soldiers and, after 
a festive despedida (farewell) and a 
religious blessing set forth to teach the 
garimpeiros a lesson, but found no 
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enemy in sight. Day after day, week 
after week, he sought in vain to bring 
Costa to battle until, thoroughly dis- 
couraged, he had to face the prospect 
of an ignominious return; however, 
purely by chance, he caught his enemy 
at a disadvantage and inflicted upon 
him a decisive defeat. Costa was one of 
the few that escaped unwounded, but 
the martial governor returned minus 
his two cannon, interred in the quick- 
sands of the Itacambirusst River. This 
defeat of Costa was only a prelude to a 
series of engagements that eventually 
compelled the Extraction to abandon 
the field because of the difficulty of 
maintaining adequate military strength 
and supplies. During eight years of oc- 
cupation the Extraction recovered 
53,000 carats of diamonds, which, 
through lack of adequate control, repre- 
sents only a part of the actual produc- 
tion. Historians suggest that the larger 
stones never reached Diamantina. The 
area exploited was practically devoid of 
gold, unless the gold also disappeared 
during the course of operations. The 
slaves of the period were known to be 
accomplished actors in compensating 
themselves for the harsh treatment that 
was their daily lot. 


Although the Grao Mogol field was 
discovered not long after that of Dia- 
mantina, it still offers possibilities from 
an economic point of view. Unlike the 
‘Diamantina area, which suffered inten- 
sive exploitation, Grio Mogol is still, 
comparatively speaking, intact. Its ac- 
cessible parts, stripped by the discover- 
ers and their successors, legal as well as 
illegal, contain extensive areas that have 
not been touched, either because they 
could not be ground-sluiced or because 
of the heavy overburden that renders 


manual labor unprofitable. Sections of 
the Itacambirussu and its tributary, the 
Congonhas, are known to be virgin, and 
the Macaubas also contains sections that 
offer possibilities. There is no record of 
any large-scale mechanized operations, 
either by hydraulic pressure or by earth 
movers, although there are sections in 
which either method could be employed 
to advantage. The Grao Mogol field was 
the first in which carbonados were 
found after their discovery in Bahia and 
is also noted for its amber-colored dia- 
monds, which rarely appear in the Dia- 
mantina field, 

With the exception of the Diaman- 
tina, Bagagem and Grao Mogol fields, 
all the diamonds found in Brazil are 
alluvial in character, no massa mines 
having been found elsewhere. For the 
benefit of those who have not read 
the previous contributions, these massa 
mines, so called because of the plastic 
condition of the diamondiferous me- 
dium, consist exclusively of quartzite 
boulders, presumably of local origin, 
separated from each other by a sericitic 
binder. The problem of the origin of 
the diamonds found in this medium ts 
too complex to be dealt with in a con- 
tribution of this nature, nor will it ever 
be satisfactorily settled unless and until 
more information is obtained by a sys- 
tematic study of the geology of the 
region. There are anomalies that can 
only be ironed out with time and 
patience. 

These peculiar conglomerates, dis- 
covered by a woman in 1833, occur in 
masses that promised to guarantee a 
longer life than alluvial occurrences, but 
this expectation has proved to be dis- 
appointing. In the Dattas, Serrinha and 
Cavalo Morto Mines they are patchy in 
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Alluvial patch on a hilltop. The garimpeiros prepare the gor- 
gulho by screening out the oversize, before trucking it down to 
the riverside for washing. 


Tractor used to haul out gravel for treatment. 


values and in degrees of induration. 
More than half of the Serrinha Mine 
was found to be too hard for hydraul- 
icking. Dattas also became too hard on 
the eastern side and dipped below the 
hydraulic grade on the western side. 
Cavalo Morto, even with 200 pounds 
pressure per square inch, also failed to 
pay expenses. 


The Boa Vista Mine, taken over by an 
American company in which Mr. Ar- 
nold Schiffman, of Greensboro, N.C., is 
interested, acquired the Serrinha plant 
and power quota and commenced oper- 
ations a short time ago, with the original 
plant consisting of three South African 
rotary pans, pending the erection of the 
Serrinha unit, which has a much greater 
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Tractor used to strip off overburden. 


capacity. A thorough geophysical ex- 
amination, confirmed by core drilling, 
showed that the massa is approximately 
80 meters in thickness; this confirms the 
original estimate of approximately 33,- 
000,000 cubic meters of ore in sight. 
The values, established by the Draper 
administration and successors, ensure a 


profit, provided a sufficient quantity of 
material can be treated per day. 

An addition to the massa group was 
provided by the old Campo Sampaio 
Mine, which was found to extend over 
the watershed into the Rio Pardo basin. 
The extension, discovered by garimpei- 

Continued on page 31 
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Developments and Highlights 


> 


at the 


GEM TRADE LAB 
in Los Angeles 


Richard T. Liddicoat, Jr. 


Diamond? 


In the last several months, we have 
seen many interesting gemstones and 
substitutes. One that was causing con- 
cern to some jewelers was a large, near- 
colorless stone that had been sold as 
diamond; when submitted for an ap- 
ptaisal, however, it did not look like a 
diamond to the appraiser. The reason 
for his reaction to the appearance of 
the stone was its lack of transparency, 
which was caused by a cloud of minute 
cottony inclusions that occupied almost 
all of the stone, and its resultant low 
brilliancy. The nature of the girdle sur- 
face, naturals and other inclusions re- 
vealed it to be a diamond. Within two 
or three days, the same stone was 
brought in by another person for an 
identification. 


Emerald Brooch with Earrings 
of Glass to “Match” 

Recently, we received an elaborate 
pendant-type, drop shape, diamond- 
and-green-stone earring with a request 
to identify the green stone; it proved 
to be glass. To the unaided eye, its 
“parden,’’ which was made up of a 
mass of bubbles, imparted a natural ap- 
pearance and gave the viewer the im- 
pression that the stone was made in a 
deliberate attempt to defraud, a belief 
that was heightened by the platinum 
mounting paved with diamonds. A 
short time later, the other earring and 
a huge matching brooch were sent in. 
The large green stone in the brooch was 
an emerald, but the other earring con- 
tained glass. The whole set had been 
through an air crash in which many 
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lives were lost. Apparently, ownership 
of the set has not been established. 


Brown Topaz Find 


We have seen some interesting topaz, 
both faceted and in good crystals, from 
a newly reported deposit in San Luis de 
Potosi, Mexico. Since the color was not 
the rich, slightly reddish brown, some- 
times called sherry topaz, we heat 
treated one stone to see whether a pink 
color might result; however, it turned 
colorless, rather than pink. 


“Lava” Cameos 


We have seen many cameos cut from 
an opaque gray rock labeled “lava;” 
usually, these have been in collections 
so we have had no opportunity to test 
them. Recently, on two separate occa- 
sions, we tested such materials and 
found them to be largely calcium car- 
bonate. Those tested were so fine 
gtained that limestone is more aptly de- 
scriptive than marble. Another one that 
tested similarly was a low intensity of 
brownish yellow. A gray one resembling 
that usually labeled “‘lava’’ was glass. 


“Emerald” Find Proves to be Fluorite 


A man traveled several hundred 
miles to visit the Laboratory in person 
with an example from a new “emerald” 
find, on which he had made a claim. 
We assured him on the telephone that 
it was unnecessary to make the trip — 
that the stone could be sent by regis- 
tered mail, but he insisted on bringing 
it in. Although the color was an intense 
green, it proved to be fluorite, not emer- 
ald. A victim of a recent fire that 
burned out his uninsured store building 
and inventory, the man was understand- 
ably disappointed with the findings. 


Fabulite Sold as Diamond 

We received several white transpar- 
ent brilliants from a jeweler, who was 
cooperating with his local Better Busi- 
ness Bureau in an effort to put an end 
to the fraudulent activities of another 
jeweler. Incredibly, the man in question 
had been selling strontium titanate 
(Fabulite) as diamond to a number of 
local people. Apparently, several had 
taken the stones to other jewelers for 
appraisal, some of whom were gemolo- 
gists. It is not surprising to find itiner- 
ant swindlers attempting to pass off an 
attractive stone as diamond; what is in- 
credible, however, is that a jeweler, 
knowing the propensity of customers to 
have large diamonds appraised, would 
think that he could go undetected for 
even a week. Perhaps the jeweler bought 
the Fabulite from the typical hit-and- 
run confidence man, not realizing that 
they were not diamonds. 


Scorodite 


We usually report identifications of 
unusual gem materials that come into 
the Laboratory, either for those who 
might be asked to identify them by an 
avid collector or for collectors who wish 
to catalog the new items that have been 
cut. However, by no stretch of the im- 
agination could the mineral scorodite be 
considered a potential gem material, as 
far as durability or availability are con- 
cerned. In its usual forms, scorodite 
would have no interest to anyone as a 
gemstone, but from the prolific rare- 
mineral locality at Tsumeb, Africa, very 
attractive blue scorodite has been found. 
Its refractive indices have been re- 
corded at 1.74 up to 1.92, although the 
birefringence is usually on the order of 
.03. It is a hydrated iron arsenate, usu- 
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ally occurring in what mineralogists de- 
scribe as leek green to liver brown, but 
that from Tsumeb is blue with reddish 
overtones. It has a hardness only of ap- 
proximately 4 and it is soluble in hydro- 
chloric acid, so it is not very durable. 
Its particularly interesting property is 
its very strong pleochroism, showing 
violetish blue (X), greenish blue (Y) 
and bright red (Z). The one we tested 
had indices of approximately 1.78, ex- 
tending to over the scale, with a specific 
gravity of 3.218. A spectrum for this 
scorodite is illustrated in Frgure 1. 


Transparent Staurolite 


Although staurolite in an opaque 
form is well known for its cross- and 
X-shaped twins, a transparent stone is 
rare. Recently, we had occasion to ex- 
amine a transparent reddish-brown cut 
specimen. Material from the St. Gott- 


hard Pass area, and from a few other 
places in the world, is sometimes suffi- 
ciently transparent to be cuttable. This 
specimen had indices of approximately 
1.734-1.748 and a specific gravity of 
3, A spectrum for the stone is shown 
in Figure 2. 
Opalescent Quartz 

A faceted stone resembling Mexican 
opal was reported to have been through 
a fire and been quenched in the proc- 
ess, thus crackling it badly. Although 
it had been a relatively normal-appear- 
ing milky rock crystal, the fire had 
given it an opalescence ; in other words, 
it did not have the play of color of opal 
or the iridescence of iris quartz, but a 
milky opalescence. 


Brass Statue 


The largest item we have been called 
upon to identify in a long time was a 
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metal statue so heavy that the owner 
could barely carry it. He was an antique 
dealer who had obtained the statue as 
an example of early Korean artistry. 
After its acquisition, he began to won- 
der whether it might be gold or whether 
in one spot it concealed a cache of gems, 
a rately seen, but known, condition in 
heavy metal statues of the period. The 
metal proved to be brass. A careful ex- 
amination and a number of measure- 
ments led to the conclusion that a gem 
cache was unlikely, because of the con- 
figuration of the interior. 
Golden Pearls 

We had occasion to test a huge pair 
of golden pearls that had a long story 
associated with them. They were a gift 
to a business man from a prominent 
Oriental family. Although they had 
been in the hands of the present owners 
for only five or six years, they were 
supposed to date back to the turn of 
the century. X-rays penetrated not only 
the pearls, but the pedigree, and the 
result was a shocked and incredulous 
owner who wanted to see the radio- 
graphs. To the layman, X-radiographs 
are usually meaningless, and to show 
them is usually unsatisfactory. How- 
ever, in this case, the owner took 
one look at the radiographs and was 
satisfied. 


Translucent Lapis 


We were surprised to encounter trans- 
lucent lapis more or less accidentally. 
We were able to obtain a rather clear 
absorption spectrum from the piece we 
were examining (Figure 3). 

Other Unusual Gem Materials 


Recently Encountered 


An intense, slightly greenish-blue 
emerald-cut phenakite was submitted 
for testing that was notable also for its 
spectacular dichroism, ranging from an 
intense greenish blue, described by one 
viewer as a peacock blue, to an intense 
violetish red. Since gem phenakite is 
usually colorless or very faintly tinted, 
we were delighted with such an in- 
tensely and deeply colored and so lovely 
a specimen. Because of its rarity, we re- 
corded its absorption spectrum (Figure 
4). Other properties recorded were: re- 
fractive index, 1.654-1.67; specific 
gravity, 3.00; and light-blue fluores- 
cence under ultraviolet light. 

Other relatively rare materials tested 
recently included enstatite, scheelite, 
clinozoisite, proustite and zincite. 


Nomenclature 
George Marcher, an early GIA Grad- 
uate, still active, although long past 
normal retirement age, has written to us 
relative to the use of the word “‘triplet.”’ 
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“Dear Mr. Liddicoat: 


“If you were a dealey and I an innocent 
bystander, I would say you had cheated me, 
if you sold me a gemstone representing it 
to be a triplet although it was built up of 
only two pieces of stone cemented together. 
Cement is not a stone, and it never was a 
stone, But you represented it to me as con- 
sisting of three stones, by naming it ‘triplet. 
I wanted it to show my friends as a curiosity 
because I was informed when I bought it 
that it was constituted of three pieces of 
stone and it looked pretty. (Epictitus once 
said 'The beautiful is that which pleases on 
being seen’) 


“Now, getting back on the track, the term 
‘doublet’ basically means to me, a double 
Stone made up of a piece of colored glass 
melted permanently to the back of a thin 
scale of read garnet, then cut with facets into 
a red, green or blue gemstone. (The color of 
the glass dominates this marriage of materials 
and the redness of the garnet is completely 
subdued.) 


"Now, let us get on the track again. These 
wonderful old doublets often showed their 
structure interestingly by the curved surface 
of the joint between the glass and the gar- 
net. In such an instance the natural surface 
of the garnet, which had been tumbled 
around in soft gravels for enough centuries 
to become sufficiently polished for this use 
‘as is.’ Remarkable substitute gemstones they 
were, indeed. But about the turn of the cen- 
tury a new interloper entered the scene — 
the ‘reconstructed ruby — big lie, usually. It 
was the cause of great confusion even among 
the ‘smart ones.’ Soon the brittle glass edges 
of the old doublets crumbled away to be re- 
placed by the tougher and more interesting 
red substitutes. Then the happy marriage of 
the glass and the garnet became broken up — 
divorced! 


(e - bottom ) 


“At first it was very difficult to produce 
large sized boules of uncut synthetic stones, 
as dealers were later compelled to call-them. 
This condition, ov difficulty, led to the de- 
velopment of the ‘mascot emerald.’ It .con- 
sisted of two pieces of slightly flawed quartz 
cemented together with Canada balsam into 
which a green coloring agent had been mixed. 
These could be made as large as the fashion 
leaders would accept. But the fault of these 
old mascots was that alcohol frequently used 
in cleaning jewelry attacked these cemented 
stones and dissolved out much of this ce- 
menting matevial and its beauty was ruined 
beyond repair. Then a new cementing was 
found. These are now made in Europe where 
they are known as soldered stones — princi- 
pally of emerald color. 

"Now, I do not like the name ‘doublet,’ 

nor the term ‘soldered emevald’ It smacks 
too much of the nomenclature of the tin 
smith for a beautiful lady to wear on her 
beautiful hand. I greatly prefer ‘bonded 
emeralds,’ the coloring material being in the 
cement which holds the two pieces together 
permanently. These gemstones will break in 
other directions, but not along the plane 
whereby the two parts ave joined. 
- "When I sell such a gemstone I make 
certain that the jeweler knows precisely what 
he is buying and | want him to pass on the 
information accurately to bis customer. The 
lady who wears it is not obliged to pass the 
details of its identity on to her friends who 
ave only admiring the article. We may as- 
sume that she is not selling it to a friend. 
But frankness is always admirable.” 


Gemologically yours, 
George H. Marcher 
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Mr. Marcher has been a colored-stone 
dealer for the better part of his more 
than eighty years, so when he speaks of 
the early days of synthetic corundum, 
his comments are not hearsay. Although, 
we do not defend the term triplet, since 
it is somewhat misleading, we do argue 
with some of his suggested alternate 
terms. For example, a “bonded emer- 
ald’ suggests that whatever is used to 
form a stone is emerald, and that, in 
fact, the product is emerald. Commonly 
today, of course, the two portions are 
synthetic spinel, so the product is purely 
an imitation emerald, Other terms that 
have been suggested, such as “‘compos- 
ite’ stones and ‘‘assembled’’ stones, 
actually are somewhat less descriptive 
than triplet, even though there is a mis- 
leading connotation in the term triplet, 
as Mr. Marcher has pointed out. 

The trouble with “bonded,” ‘“‘com- 
posite’ and “assembled” is that al- 
though they suggest parts making up a 
whole, they fail to indicate whether the 
whole consists of two, three or many 
parts. For example, a stone that is made 
up by heating and compressing a pow- 
der into a turquois imitation could aptly 
be called “‘bonded’’ as could two pieces 
of synthetic spinel held together with 
cement. We quarrel too with the refer- 
ence to such a substitute as a gemstone. 
If we want our terminology to be highly 
descriptive, perhaps we should call 
them “cemented imitation emeralds.” 
Somehow, this seems less than ap- 
pealing. 


We Appreciate 


Martin Ehrmann, Beverly Hills, 
California, dropped in before leaving 


on another of his globe-encircling 
trips, to give the GIA a number of 
fine. crystals of gem minerals. 


Maurine Price Harvey, Highland 
Park, Illinois, sent the GIA a number 
of gemstones from the collection 
made by her and her late husband, 


Erwin Harvey. 


Harold Tivol, Kansas City, Mis- 
souri, sent a number of stones for use 
in GIA’s practice sets, plus a fine little 
cat’s-eye for our display case. 


Dave Dubinsky, Beverly Hills, Cali- 
fornia, gave the Laboratory a copy of 
his diamond-weight-estimation fig- 
ures for small sizes in various shapes, 
and a gauge that he altered to take 
measurements in tight places. 


From Lawrence Reiner, Phoenix, 
Arizona, we received a carved tiget’s- 
eye fish and a Mexican-opal turtle. 


Our thanks goes to C. D. Parsons, 
Burbank, California, faceter and col- 
lector of gemstones, who donated 


four tourmaline cat’s-eyes to the GIA 
collection, 


We are indebted to John Rauschert, 
Elgin, Illinois, for a selection of 
stones that can be used to good ad- 
vantage in our practice sets. 


A large, faceted, 15mm., brilliant- 
cut opal now graces our display case 
through the generosity of George 
Nagle, Long Beach, California. 
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Developments and Highlights 


~~ 


at the 


GEM THAUDE LAB 
in New York 


Robert Crowningshield 


Emeralds with Green Aventurine 
Pavilions 

In the Winter, 1962, issue of Gems 
& Genology, we illustrated a pair of 
emerald earrings in which the emeralds 
had been set into dark-green plastic 
cups, which were not attached to the 
stones. Figure 1 illustrates an elaborate 
brooch that consisted of numerous 
round and baguette diamonds and a 
carved, very shallow emerald behind 
which (but not cemented to it) was a 
flat cabochon of dark-green aventurine 
quartz. The effect, again, was to deepen 
the color of the emerald when observed 
face up and to lend strength to the 
stone. The carved emerald, in itself, was 
of interest, since in several places the 
catving had exposed included crystals 
of calcite (Figure 2). 


Girdle-Reflecting Fisheyes 

In recent months, two diamonds have 
been submitted to us with a request to 
determine if they were doublets. In 
both cases, the stones were girdle-re- 
flecting “‘fisheyes ;’’ Figure 3 is a photo- 
graph of the most recent one. It also 
exhibited a single, very pronounced, 
repeated-twinning line just within the 
areas of the girdle reflection. 


Orthoclase Cat’s-eyes 
Figure 4 illustrates four of a lot of 
several dozen exquisite orthoclase 
(moonstone) cat’s-eyes. We have seen 
individual stones of this kind and have 
two in our collection, but we have never 
seen so Many in a parcel. 


Pink Grossularite Garnet 
Figure 5 illustrates the first occur- 
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Figure 2 


Figure 3 


rence of lovely translucent, pink, mas- 
sive grossularite that we have seen in 
jewelry. We understand that some of 
this interesting material will soon be 
available commercially. It is reported to 
be from the Transvaal, and we have 
noted at least one reference to it as 


Figure 4 


“pink jade.” Since green grossularite 

from this locality is frequently referred 

to as “Transvaal jade,” it is easy to see 

how the pink material could also be 

misnamed. 

Grayish-Yellow Type IIb Diamond 
Figure © illustrates a large, oval, 
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grayish-yellow brilliant-cut stone that 
proved to be a Type IIb diamond. It 
was scmiconductive and phosphoresced 
after being exposed to short-wave ultra- 
violet light. It displayed the typical 
laminated structure of Type IIb stones. 
We have reported one other diamond 
of this kind that we have encountered 
in a color other than the typical blue. 


Natural-Color Brown Diamond 


One of the characteristics that we 
have noted as fairly typical of certain 
natural-color brown diamonds that 
show no absorption spectrum are dense 
clouds within the heart of the stone. 
Sometimes the cloud is so dense as to 
obscure the culet, and frequently it has 
a symmetrical shape. Figure 7 illus- 
trates a dense irregular cloud, and Frg- 
ure 8 shows a most unusual snowflake- 
shaped cloud that obscures the culet. 
Most of these natural, brown-cloud-con- 
taining diamonds fluoresce under long- 
wave ultraviolet light with a yellow to 


SPRING 1963 


Figure 8 


25 


4900 


5000 6800 7000 


Figure 9 


VIOLET VB 
tye + 


Figure 


whitish-yellow cast — sometimes, with 
almost a sulphur-yellow glow. 


Synthetic Alexandritelike Spinel 


Figure 9 illustrates the absorption 
spectrum of a synthetic spinel that is the 
best imitation of an alexandrite we have 
seén. The stone was cushion-antique 
cut and set in 18-carat gold. It must 
have passed as an alexandrite at one 
time. The spectrum was unlike that of 
the ones we have seen to date, a draw- 
ing of which appears in the latest edi- 
tion of Liddicoat’s Handbook of Gem 
Identification and the Gem Identifica- 
tion Course (Figure 10). 


Cyclotron-Treated Diamond 


We are rarely called on to identify 
the color origin of green diamonds, 
probably because the dark, tourmaline- 
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green colors produced by treatment are 
just not characteristic of natural-colored 
diamonds. We received a pale- green 
stone set in a gypsy-style man’s ring 
(Figure 11) with the request that its 
color origin be determined. In the proc- 
ess of checking depth percentage by 
use of table reflection, a thin band of 
color was noticed just outside of the 
table. When the stone was examined 
through the culet direction and focused 
on the table edge, we could see a dis- 
tinct band of color. Figure 12, which 
was taken under 60x, shows clearly the 
depth of penetration in a table-up cyclo- 
tron-treated diamond. 


Acknowledgements 


We are indebted to F. & F. Felger, 
Newark, N. J., for the samples of 
treated opal that were used in making 
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the tests reported in the N.Y. Lab 
Column in the Winter, 1962, issue of 
Gems & Gemology. 

We also acknowledge, with thanks, 
the work of Miller & Vic, opal deal- 
ers, New York, for their assistance 
in the same project. 

From GIA student Joseph Kelrick, 
we received a welcome “direct im- 
port” of a specimen of chrysocolla in 


Figure 12 
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matrix from King Solomon’s Mine, 
in Israel. 


From precious-stone dealer Allan 
Caplan, we received a handsome em- 
erald specimen, a welcome addition 
to our mineral cabinet. 


From JCK’s gemstone consultant, 
Dr. Frederick Pough, we received sev- 
eral specimens of Finnish labradorite, 
which illustrates the fine quality of 
the mineral from that source. 


From gemstone dealer Joe Smith, 
New York City, we received a nice 
selection of black-star sapphires, 
which are much needed in student 
study sets. 


From New York City gem dealer, 
Frederick Armany, we received a very 
fine chrysoberyl trilling and an early 
imitation turquois. 

We are indebted to Mr. Albert E. 
Britton of Jobe-Rose Jewelry Com- 
pany, Birmingham, Alabama, for a 
nice selection of various cut stones 
for student study purposes. 
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JADE, STONE OF HEAVEN, by 
Richard Gump. Published by Double- 
day G Company, Garden City, New 
York. 256 pages, 112 black-and-white 
illustrations, 18 color plates, numerous 
line drawings. Price $7.95. 


There are many books on jade, most 
of which are short on fact and long on 
legend. As a life-long student of jade 
and perhaps the foremost jade fancier 
in the retail field, Richard Gump, the 
third generation in the management of 
Gump's, a San Francisco store famous 
for its jade carvings, was well qualified 
to write this book. 


The book is profusely illustrated with 
reproductions of black-and-white and 
colored photographs of carved jades 
from earliest periods to the present. In 
the line drawings by Zoray Andrus are 
shown clearly the basic nature symbols 
and other subjects commonly depicted 
in Chinese jade carvings. 

Gump traces the history of jade carv- 
ing in China, pointing out how recent 
has been the use of jadeite in that coun- 
try. He discusses methods of mining 
in China and Burma, and then mentions 
the major sources elsewhere. He points 
out that with the exception of the de- 
posits in Wyoming and Alaska, which 
appear to have yielded the bulk of fine 
quality they possessed, no jade sources 
discovered on the North American con- 
tinent have proved important in view 
of the quantity of good quality yielded. 

He discusses dating by establishing 


stylistic parallels with other dated art 
forms in Chinese history and -by the 
quality of the carving. In his illustra- 
tions, Gump has carefully dated every- 
thing possible by dynasty or actual date. 

Chapter headings include the follow- 
ing: What is Jade? ; Nephrite: Stone of 
Heaven, Earth and Man; The World of 
Jade; The Stone of Immortality; The 
Jade Dynasties; The Precious Jade of 
Ho; Jadeite: The Most Sumpiuous 
Jewel; The Anonymous Artists; Mod- 
ern Jade; and Buying a ‘‘Piece of 
Heaven.” 

In the final chapter, he discusses a 
number of cautions and gives some 
good advice with respect to buying jade. 
He discusses the recent problems with 
dyed material and also gives the charac- 
teristics of the many jade substitutes. 
He discusses how to distinguish be- 
tween antique carvings and those exe- 
cuted more recently. Gump also gives 
a bibliography and lists the American 
museums that have important jade 
collections. : 

In our opinion, “Jade, Stone of 
Heaven” is a worthwhile addition to 
the literature on jade. It is a useful addi- 
tion to any gemologist’s library. 


THE BONANZA WEST The Story 
of the Western Mining Rushes, 1848- 
1900, by William S. Greever. Published 
by the University of Oklahoma Press, 
Norman, Oklahoma. 390 pages, 30 
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black-and-white illustrations and 8 
maps, Price $5.95. 


Greever’s fascinating work begins 
with the discovery of gold in California 
and follows with an analysis of the Cali- 
fornia mines and miners. He then 
takes up the discovery and development 
of the Comstock Lode, continuing with 
a chapter on “Life in the Nevada 
Mines.” A chapter on the early days in 
Colorado precedes a more detailed look 
at Leadville, Creede and Cripple Creek. 
Later chapters cover “Montana Gold 
and Silver Mines,” ‘Butte Copper 
Mines,” “Idaho Mines of the Sixties 
and Seventies,’ ‘The Coeur D’Alene 
Labor Troubles,” ‘““The Black Hills: In- 
dians and Gold,” and ‘“The Black Hills: 
Deadwood and Lead.’ He concludes 
with the initial Klondike rush and the 
development of the Klondike. 


This is a most interesting book, in 
that Greever has made an already ap- 
pealing subject particularly entertain- 
ing by careful research into the life as 
it existed in each of the areas at the 
time. Since each of these periods wrote 
so colorful a chapter in the history of 
the West, The Bonanza West makes fas- 
cinating reading. 


Dana's THE SYSTEM OF MINER- 
ALOGY, seventh edition, Volume Ill 
Silica Minerals, by Clifford Frondel. 
Published by John Wiley & Sons, New 
York City. 329 pages. Price $7.95 


Dana's THE SYSTEM OF MINER- 
ALOGY was published first in 1837. 
In successive editions, it grew in size as 
more minerals and localities were dis- 
covered and more information was 
gained about each mineral. Since pub- 
lication of the sixth edition, in 1911, 
the seventh edition has been rewritten 
in parts; in the process it has been 
greatly enlarged, because developments 
have been so rapid in this period. Vol- 
ume I, covering the elements, sulfides, 
sulfosalts and oxides, appeared in 1944; 
this was the work of the late Charles 
Palache, the late Harry Berman and 
Clifford Frondel. Volume II, another 
monumental work by the same three 
authors, appeared in 1951; it covered 
halides, carbonates, nitrates, borates, 
sulphates, phosphates, arsenates, etc. 


The third volume of the seventh edi- 
tion covers the silica minerals in great 
detail in its 334 pages. Undoubtedly, 
it is one of the few books in existence 
in which about thirty-five percent of the 
indexed items are found under the letter 
“Q.” This volume covers quartz in all 
of its many forms; plus high-tempera- 
ture quartz, tridymite and cristobalite, 
as well as opal, keatite, coesite, stisho- 
vite and natural highly siliceous glasses. 
Its coverage in the portions of interest 
to gemologists is thorough. To one in- 
terested in the many gem varieties of 
quartz, the wealth of information in 
this book makes it a must, even though 
much of the information contained ts 
rather more detailed than the average 
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gemologist would find important to his 
needs; e.g., etching phenomena, trace- 
element percentages, some of the twin- 
ning discussions, axial ratios and angle 
tables, and X-ray powder-diffraction 
data. On the other hand, the exception- 
ally complete discussions on the occur- 
rence of the many gem varieties and 
discussions as to causes of various colors 
and other factors are of great interest. 

Professor Frondel is to be congratu- 
lated on the exceptionally fine work. 
We look forward with anticipation to 
the publication of Volume IV. 


GEM CUTTING A Lapidary's Man- 
ual, second edition, by John Sinkankas. 
Published by the D. Van Nostrand 
Company, Inc., Princeton, New Jersey. 
286 pages, 8Y, x 11”, 191 Black-and- 
white illustrations. Price $11.75. 


The first edition of Sinkankas’ GEM 
CUTTING was heralded as an out- 
standing contribution to the lapidary art 
when it was published in 1955. The 
new second edition represents a signifi- 
cant improvement over the first. The 
format is considerably larger and the 
illustrations are much more numerous 
and often more explanatory, so the book 
is much easier for the amateur lapidary 


to use. Sinkankas plans his books very 
carefully and speaks from experience as 
an outstanding lapidary in his own 
tight. As a result, each of the sets of 
instructions for sawing, grinding, lap- 
ping, sanding, polishing and drilling 
are thorough and easily followed. The 
instructions on how to cut cabochons 
and how to facet are also thorough. 
Sinkankas has included chapters on 
cutting spheres and beads, tumbling, 
carving and engraving, and mosaic and 
inlay work. As in his first edition, he 
has a separate chapter on the treatment 
of a wide variety of gem materials and 
of unusual minerals sometimes cut by, 
ot for, collectors. Included among the 
latter are such minerals rarely encoun- 
tered in a gem collection as covelite, 
cobaltite, bornite, bayldonite, etc. 

In comparison to the detail with 
which he handles cutting instructions, 
Sinkankas is cavalier in his treatment of 
proportions and angles. Since these are 
keys to beauty in a transparent stone, 
more attention seems merited. In the 
2.0 to 2.5 refractive-index range, he 
recommends 37° to 40° for pavilion an- 
gles. A 37° pavilion on a strontium 
titanate or diamond brilliant gives it a 
“dead” center. 

For the amateur cutter, the Sinkankas 
book is one of two or three to be re- 
garded as almost a must. 
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Continued from page 16 
ros, proved to be remarkably rich in a 
thin layer lying on bedrock, overlaid by 
soft massa that was devoid of dia- 
monds. Unfortunately the overburden 
is increasing and may eventually affect 
its future. 

A phenomenal occurrence of alluvial 
diamonds has been discovered in the 
Tocantins River, near Maraba, but the 
depth of the water and swiftness of the 


current render recovery of the diamonds 
by divers extremely risky. Even though 
they are tempted by half the proceeds, 
many have already lost their lives. No 
satisfactory alternative has hitherto been 
found practicable. These diamonds ap- 
pear to be derived from the Garcas field, 
lying in the triangle formed by the junc- 
tion of the Tocantins (Ataguaya) and 
the Rio das Mortes. 


(To be continued in Summer, 1963 issue) 


The above diagrams illustrate top, bottom and side views of an attractive new type of 
cut devised by GIA Graduate, Bapu Mahajan, Bombay, India. 


Leo J. Vogt 


Leo J. Vogt, C.G., former chairman of 
the Board of Governors of the Gemological 


Institute of America (1944-1948) and a 
board member (1933-1950 and 1952-1957), 
died March 2, at the age of 79. Mr. Vogt 
began his 56-year career with Hess & Cul- 
bertson Jewelry Company, St. Louis, Mo., as 
an errand boy. He was president of the firm 
from 1926 until his retirement in 1958 


Over the years, Leo Vogt’s contributions to 
the advancement of GIA were manifold. He 
led meetings with skill and charm — a quietly 
effective chairman. His counsel in times of 
stress was willingly given and unfailingly 
wise. 


His wife, Grace, and son, Gupton, survive 
him. He will be missed. 
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Massive Grossularite 


by 


Robert Webster, FGA 


For some forty years a green massive 
grossularite garnet has been known, 
which, because of its resemblance to 
jade and because it is found in the 
Transvaal, has been miscalled ‘“T'rans- 
vaal jade” or “South African jade.” 
Quite recently, this material has ap- 
peared in a number of different shades 
of green and many other colors, particu- 
larly pink, red, yellow, off white and 
brown. Much is variegated and some 
contains dendritic inclusions, similar to 
that in moss agate. 

The first time the writer encountered 
massive grossularite in colors other than 
green was in 1956, when some polished 
plates of a pinkish material were identi- 
fied and reported onl. During this in- 
vestigation, a reference was found to an 
original article on the grossularite of 
the Transvaal, by A. L. Hall2, in which 
it was mentioned that some was pink, 
grayish or bluish. 

The massive grossularite reported on 


by Hall is found on the Buffelsfontein 
and Turfontein farms, which lie some 
forty miles due west of Pretoria. I am 
indebted to Mr. Lécolle-Brown, of Jo- 
hannesburg, for advising me that these 
“farm’’ names, which are repeatedly 
quoted in official publications, are 
somewhat academic divisions that now 
have no significance, since they have 
Jong been divided into dozens, or even 
hundreds, of smaller sections. It is 
only in the northern parts of the area 
that grossularite is found, the diggings 
being adjacent to the chrome horizon 
near the small village of Brits and only 
a few yards from abandoned chrome 
mines. Hall states that the local country 
is almost featureless and belongs to the 
norite margin of the Bushveld. The 
grossularite is in association with bands 
of chrome iron ore. 

The best material, according to Hall, 
is the Buffelsfontein occurrence, which 
lies 2.7 miles west of Wolhuter’s Kop 
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store and about 114 miles north of the 
Rustenburg main road. In general ap- 
pearance, the grossularite seems to be a 
homogeneous compact rock in which 
no minerals are recognizable. The tex- 
ture is horny and the fracture somewhat 
conchoidal and splintery. It has a waxy 
luster and included black specks, which 
may be magnetite but most probably 
chromite. The color of the green mate- 
tial is said to be caused by chromium 
and the pink by manganese. 

At the time of Hall’s investigation, 
there were three main workings: one 
that produced the best green material; 
one that produced a green of paler 
color; and a third that produced some 
green but also pink and gray, including 
a delicate mother-of-pearl shade. The 
green and pure pink material are said 
to be nearly pure garnet, but the gray 
contains up to 25% zoisite. Hall infers 
that the origin of the rock is not cer- 
tain, but that there is some basis for 
regarding the rock as xenoliths of gar- 
net hornstone, derived from an original 
aluminous calcareous sediment by con- 
tact metamorphism combined with 
metasomatism. 

During the closing months of 1962, 
the writer had the opportunity to ex- 
amine some rough, massive grossularite 
that ranged in color from yellow to pale 
green, apple green, pink and red. Later, 
two cabochons of this material, one 
yellow and the other pink, were pur- 
chased. Cabochons in various colors 
were then being offered on the London 
market. 


In May, 1963, Mr. Lécolle-Brown 


kindly sent over some parcels consisting 
of thirty tumbled pieces that showed 
the range of colors. Also included was 
a sawn slab that was banded in different 
colors; these colors, which graded into 
one another, were various light tones 
of pink, reddish, greenish and yellow. 


There was a considerable variation in 
the transparency of the various pieces; 
most were translucent and a few were 
opaque. An examination was made of 
a number of these stones, and the data 
obtained correlated with the records 
of earlier investigations on massive 
grossularite. 

The refractive index, insofar as the 
indistinct shadow edges could be mea- 
sured, varied between 1.72 and 1.73. 
The density obtained by determinations 
on over fifty specimens, is tabulated be- 
low; it is somewhat greater than that 
usually given in gemological literature. 

It will be seen that the green-colored 
material has, in general, the higher 
range of density and the red and pink 
has the lower values, but that no well- 
defined density grouping by color could 
be assumed. The high densities of the 
last two specimens can be accounted for 
by the fact that they were interbanded 
with seams of chromite; this particular 
material, which has some resemblance 
to the jadelike mineral called smarag- 
dite, comes from areas adjacent to 
chrome seams. The other exception, the 
specimen with the very low density, was 
less easy to explain. To ensure that there 
was no error, two separate determina- 
tions were made; these gave values of 
3.060 and 3.059, so that was not the 
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answer. It must be assumed, therefore, 
that there was some impurity in this 
piece that caused the lower value. 


Color Weight Density 


carats 


Mixed light and dark green 14.90 3.06 
Surface white 22.02 3.24 
Pink 5.46 3.30 
Mixed green 6.32 3.30 
Beef-steak red 6.37 3.30 


Red Te 3.31 


Mixed green (variegated) 55.22 3.32 
Mutton-fat yellow 2.66 3.34 
Chocolate brown (rare) 40.71 3.35 
Pale green 0.75 3.36 
Pink 32.35 3.36 
Apple green 4.47 3.36 
Pink ‘ 2.20 3.36 
Pink 33.05 3.37 
Pink 69.35 3.39 
Pink 68.58 3.39 
Dull sea green 11.79 3.39 
Pink 29.36 3.40 
Pink 9.17 3.40 
Pink 74.36 3.40 
Mutton-fat yellow 6.40 3.41 
Olive green 6.46 3.41 
Pink 30.77 3.41 
Dull white 15.80 3.42 
Sea green 18.67 3,42 
Green 0.61 3.42 
Translucent pink 17.78 3.43 
Green 2.42 3.44 
Green 116.81 3.46 
Green 61.03 3,46 
Green Pajaga 3.47 
Green _ 3.47 
Green = 3.47 
Green © — 3.48 
Green 8.94 3.48 
Mixed green (variegated) 11.57 3.48 
Bright apple green 8.26 3.48 
Green 2.24 3.51 
Green 7.29 3.51 
Green _ 3.52 
Peachy cream 9.61 3.52 
Deep green 7.24 3.54 
Vivid dark green (opaque) 6.39 3.55 
Green - 3.55 
Light green 13.52 Syd) 
Green 7.32 3.57 
Mixed green (variegated) 6.72 3.60 
Green & black 

(chromite seams) 32.32 3.62 
Green & black 

(chromite seams ) 14.38 3.66 
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Microscopic examination of the 
structure of the pieces (immersion tn 
monobromonaphthalene being used to 
enable better inspection of the interior) 
showed the material to be fairly fine 
grained, but that the color, particularly 
the green, was often patchy and some- 
what reminiscent of masses of cotton 
wool; i.e., raw cotton. Some material, 
particularly the red and pink showed 
unoriented swathes of color, but in no 
way were the structures characteristic. 
The black specks previously referred to 
were probably chromite. The specks 
were usually irregular in outline but 
sometimes showed the square outline 
of the cube or octahedron; they were 
fairly conspicuous in the green material 
but much sparser in the reddish and 
yellowish kinds. Viewed between 
crossed Polaroid plates, no additional 
information of value was gained. 


The absorption spectrum varied to 
some extent with the color. The green 
material showed in varying strength, a 
band about 400 A broad, centered at 
6000 A. There may have been faint 
lines in the red part of the spectrum, 
but they were too ill defined to be mea- 
sured. The blue and violet spectral 
regions were largely absorbed. The yel- 
low and greenish-yellow grossularite 
was characterized by a moderate absorp- 
tion band at 4635 A; it was seen dimly 
in the obscurity of the blue-violet in 
some green stones, but was not seen 
clearly in the pink and red material. 

Under radiation from either the 
long-wave ultraviolet lamp (3650 A 

Continued on page 61 
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Developments and Highlights 


at the 


GEM TRADE LAB 
in New York 


Robert Crowningshield 


Prehnite 


A mineral that we seldom encounter 
in jewelry but that is occasionally cut 
for collectors may resemble, and has 
many of the properties of, nephrite; 
this mineral is prehnite. Usually, it is a 
light yellowish-green stone and perhaps 
too translucent to resemble the same 
color of nephrite. We have noticed 
that, with care, one can see a weak ab- 
sorption band at approximately 4300 A 
with the hand spectroscope. In its posi- 
tion and strength, the band resembles 
that of the reflected-light absorption 
spectrum of turquois; no such line has 
been reported in nephrite. Figure 1 is a 
drawing of the absorption spectrum of 
prehnite. 


Dark-Greenish-Brown Diamond 

Figure 2 is the absorption spectrum 
of an unusual dark-greenish-brown dia- 
mond. We could detect no absorption 
bands but the bright line at almost 
6300 A is a fluorescent band, which is 
undoubtedly related to the stone’s in- 
tense-orange fluorescence under short- 
wave ultraviolet. 


Unusual Jadeite Inclusion 

Figure 3 shows a most unusual in- 
clusion that was seen in each of thirty 
translucent jadeite beads in a necklace. 
Around each included crystal, presumed 
to be chromite, radiated an intense 
green ‘‘stain.” We have never encoun- 
tered this phenomenon before. 
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Figure 4 


Nautilus-Shell Earrings 

Figure 4 is a picture of a front and a 
back view of a pair of earrings, show- 
ing an elaborate setting for sections of 
the grayish nautilus shell that ts often 
incorrectly represented and sold as 
“gray pearls.” In this case, the backs of 
the shell sections were finished with 
similar-appearing shell. 


Star Almandite 

Figure 5 is a photograph of an un- 
usually sharp star in almandite garnet. 
Under 60x magnification, the needles 
causing the star were not visible, but 
an unusual distribution of black, stubby 
crystals was seen (Figure 6). 

Bull’s-Eye Effect in Star Ruby 


Occasionally we are asked why a star 
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Figure 7 


ruby has a bull’s-eye. Figure 7 is a 
photograph of a dark-purple-red star 
corundum, probably Mysore material, 
in which this effect could be seen in two 
positions. It occurred to the writer that 
readers of Gems & Gemology may have 
seen such stones and might appreciate 
an explanation. Although the bull’s-eye 
effect seems to be most prominent in 
this dark-purple-red material, it may oc- 
cur in other colors of cabochon-cut cor- 
undum. In the Mysore material, there 
are usually two well-developed rhom- 
bohedral faces on flat, more or less 
tabular hexagonal crystals. Parallel with 
these two dominant rhombohedral faces 
are well-developed repeated -twinning 
lines. Since the material has a well- 
developed parting along these twin- 
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ning lines, false-cleavage surfaces ap- 
pear as the cabochon is polished. Figure 
8 is a photograph of a Mysore crystal 
with the rhombohedral face tilted to- 
watd the lens. Below the crystal is a 
star stone cut from similar material, 
showing the bull’s-eye reflections from 
the false-cleavage planes that corre- 
spond to the reflection on the rhombo- 
hedral face of the crystal. 


Salt-Water Clam Pearl 
Figure 9 illustrates an unusual “‘crat- 
ers-of-the-moon” appearance on the 
sutface of a large salt-water clam pearl. 
Usually, the surface of these concretions 
is quite smooth and lustrous. 


Petrified Dinosaur Bone 


An intriguing material that is used 
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Figure 9 


Figure 10 


Figure 11 


Figure 12 


mostly by amateur lapidaries is petrified 
dinosaur bone, which is found in sev- 
eral localities in the Western part of our 
country. Figure 10 shows two stones 
that were said to be cut from this ma- 
terial. They have a mosaic structure of 
reddish to yellow chalcedony, sur- 
rounded by some form of calcium car- 
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Figure 13 


bonate. They were brought to the Lab 
by a New York jeweler whose work 
we have been admiring for several years 
because of her ingenuity in using un- 
usual but inexpensive materials in her 
designs, Because of the calcium car- 
bonate “binder,” in these stones, they 
are much more fragile than specimens 
in which solid chalcedony has replaced 
the bone completely. 


Knots and Dragmarks on Diamond 


An unusually fine-color diamond that 
was submitted to determine the origin 
of its laws proved to be one of the most 
highly “knotted’”’ stones we have ever 
seen. On virtually every facet, knots 
could be detected. Figure 11 shows a 
portion of the table with the very prom- 
inent plateaus of the knots. Figure 12 
proves that the major fracture was pres- 
ent when the stone was last polished, 
since the dragmarks originate at the 
crack and pull out to the left. 


Figure 14 


Quartz Cat’s-Eye 

Figure 13 shows a grayish-white 
quartz cat’s-eye with the fibrous struc- 
ture just apparent under 10x. Frgure 14 
shows that the fibers from the side are 
aligned in vermiform (wormlike) bun- 
dles, unlike any we have encountered 
before. 


Banding in Synthetic Emerald 
Figure 15 illustrates some unusual 
angular color banding in a synthetic 
emerald of excellent color. 


Figure 15 
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“The Patient Died” 

Figure 16 shows the result of a very 
successful test — but, the “patient died.” 
A client had placed concentrated hydro- 
chloric acid on the apex of a mabe 
pearl, believing that if it were unaf- 
fected it would be natural. Instead, the 
acid ate completely through the “shell,” 
exposing the colored-plastic inner coat- 


ing. 


Figure 16 


Figure 17 


Yellow Cat’s-Eye Apatite 
Oné of the most unusual stones that 
we have identified in recent months 
proved to be a 20-carat yellow cat’s-eye 


apatite with the ‘“‘milk-and-honey” ef- 
fect of a chrysoberyl cat’s-eye (Figure 
17). Its color was not the typical 
greenish yellow of the Mexican material 
but more the characteristic yellow of 
much Brazilian chrysoberyl. We do not 
know its locality. 


Stained Lapis-Lazuli 

The appearance on the market in in- 
creasing quantities of stained lapis- 
lazuli has been suspected for some time, 
and the staff recently determined that 
one easy test is to use a cotton swab 
moistened in a fingernaitl-polish re- 
mover: the color comes off on the cot- 
ton without damaging the stone. Dyes 
so far discovered in this manner have 
been impervious to the same test with 
acids. 


Unusual Stones 

Unusual materials we have seen since 
the last issue include a faceted, color- 
less petalite; several rough and cut 
diopside cat’s-eyes, several with spectro- 
scopic evidence of chromium; a large 
gray-blue gahnospinel; dyed gypsum; 
and the rare mineral, strontianite. 


We Appreciate 
We wish to thank Mr. Frank Lane, 
of Eldot Company, Lapidaries, New 
York City, for a fine selection of syn- 
thetic rutile that will be used to great 
advantage in our expanding Colored- 
Stone Identification Course. 
From Mr. William Baum, S. Joseph 
& Sons, Des Moines, we received an 
unusual specimen of garnet that will be 
valuable for inclusion study. 
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Uiamond Mining in Brazil 


by 


Thomas Draper 


Continued from Spring, 1963 


Diamantina still produces its monthly 
quota of diamonds, which varies accord- 
ing to the season, recovered by garim- 
peiros and is now being matertally in- 
creased by the Maria Nunes Mine, be- 
longing to Mineracéo Machado. Maria 
Nunes has not only survived its long 
spell of losses, but has even assumed 
the lead in the production of diamonds 
in the region. Originally, it formed part 
of the Cascalho Syndicate, which the 
Syndicate itself did not have the oppor- 
tunity of exploiting because of its fail- 
ure, during the first World War, to 
acquire the dredge recommended by 
Christie Spangler. Spangler’s intimate 
knowledge of the river was fully veri- 
fied by his personal success at a later 
date, when he recovered 11,000 carats 
of diamonds and 67 kilos of gold from 
a stretch of the Jequitinhonha River 
that was previously under option to the 
Cascalho Syndicate. 

For many years Maria Nunes oper- 
ated at a loss; it ran heavily into debt 
before it succeeded in getting a power 
quota and financing its installation. 


Even average values of a quarter carat 
in diamonds and 214 grams of gold per 
cubic meter did not suffice to cover costs 
until its present owner, Sr. Carlos Olivé 
de Souza, tried a new system by which 
he turned over the mine to his em- 
ployees on a royalty basis according to 
the size and quality of the diamonds; 
his only obligation now is to keep the 
pit dry and to strip off the overburden, 
A couple of shallow cement tanks en- 
able the miners to wash their gravel on 
the floor of the pit itself. Each patty, 
individual or collective, is given a frente 
(face of a pit) and can work it accord- 
ing to the operator’s own ideas, pro- 
vided he washes his gravel in the ce- 
ment tanks and turns out his sieve in 
the presence of an overseer seated at 
the head of a long sorting table. The 
undersize diamonds and the gold that 
passes through the fine sieve do not 
enter into the royalty agreement and 
are treated by the plant at intervals. 
The Maria Nunes Mine, because it 
comprises part of the original bed of 
the Jequitinhonha, constitutes an en- 
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Author's last camp on the Jequitinhoha River 


couraging example to the Tijucana and 
Dragagem Fluvial companies that were 
formed to dredge the river. A compre- 
hensive drilling and pitting program, 
carried out by the Pacific Tin Company 
on the Tijucana section of the Jequitin- 
honha, has finally convinced the ‘direc- 
tors of the company that they are fully 
justified in taking up their option. Ac- 
cording ‘to the latest information, Pa- 
cific Tin will combine with the Magal- 
haes-Thurman group, owners of the 
Dragagem de Ouro dredge on the Rio 
das Velhas, to acquire an 18-cubic-foot 
dredge of the latest type. 

The Dragagem Fluvial, financed by 
the late Mr. William Ewart McGregor, 
who died in 1961, imported a 16-inch 
suction dredge from California, which 
has locally been enlarged to accommo- 
date four Yuba jigs, shaking screens 
and accessories ; it was recently launched 
on the river and is now being tuned up 
for action. If this dredge proves to be 
successful, credit should be given to 


Mr. McGregor for his altruistic attitude 
in trying “to do something for Brazil,” 
by putting the Jequitinhonha River back 
on the map, after the terrible beating 
it has taken from the fly-by-night pro- 
moters who were more interested in 
fleecing their fellow countrymen than 
in making honest attempts to provide 
adequate machinery and competent ad- 
ministration. At the moment, the writer 
is confronted by a melancholy list of 
over forty companies that have been 
formed to mine for diamonds and gold 
in this field. Of these, some 26 were 
formed in the States with capital repre- 
senting many thousands of dollars pro- 
vided by the gullible citizens of Chi- 
cago, Boston, Oil City, Milwaukee, 
Wellsville, New York, and other cities. 
Only two of these enterprises, the Pitts- 
burgh Brazilian Dredging and Dia- 
mond King companies, ever justified 
their promises of providing plants that 
were put into operation on the river, 
but were found inadequate for their 
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One of the pictographs along the Jequitinhoha River 


intended use. The fate of the Diamond 
King was told in the previous contribu- 
tions, and that of the Pittsburgh Bra- 
zilian Dredging Company is even more 
interesting. Its plant, although small, 
appears to have been reasonably ade- 
quate for the purpose, but the adminis- 
tration, even to this day, is spoken of 
with bated breath in Diamantina. Its 
manager, George Mayet, according to 
an article that appeared in the public 
press a few months ago, never gave a 
tip of less than 100 milrezs in value, 
which in those days was equivalent to 
a local worker’s monthly wage. He was 
said to have promised to move the city, 
at his own expense, from its present 
hillside slope to a more suitable locality ; 
promised mundos e fundos (practically 
everything) and ended by being accused 
of misappropriation of funds, from 
which charge, however, he was cleared. 

Another company, formed in the 
States, held a concession on the entire 
length of the Macaubas River and on 
the Jequitinhonha from the mouth of 
the Macaubas to Acaba Saco, near the 


source of the Jequitinhonha itself. Its 
engineers wrote an enthusiastic te- 
port but nothing else seems to have 
happened. 

The Diamond King, it should be 
mentioned, is the owner of 26,000 acres 
of diamondiferous alluvials for which 
it has no representative either in Brazil 
or in the States. Repeated letters to 
Wellsville, New York, have failed to 
bring a reply. 

Undismayed by the impressive, and 
oppressive, list of abortive attempts, the 
writer, a prophet crying in the wilder- 
ness, has for many years struggled to 
draw attention to the vast field open to 
dredging companies in Brazil, includ- 
ing the majority of its rivers in which 
both gold and diamonds occur, with the 
possibility that either one or other of 
these minerals will cover working costs. 

An instructive example of the value 
of the old production records is fur- 
nished by the following figures, in 
which values are reduced to a common 
factor by ascribing U.S. $1 per gram to 
gold and U.S. $30 per carat to dia- 
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monds, regardless of size, quality or 
color. The production refers to 13 prop- 
erties on the Jequitinhonha River be- 
tween its source and the Caethémirim 


in the Jequitinhonha. Only on the third 
attempt did they succeed, but in the end 
were confronted by human bones, clay 
pipes, and fragments of waterwheels 


River: that had drifted down from some simi- 
Cost of 
Cubic Production Gold Diamonds 
Meters (grams) in Grams in Carats 
Totals 6,626,115 2,664,237 388,030 218,182 


Diamonds — 218,182 carats at $30 per carat . 
Gold — 388,030 grams at $1 per gram . 


Yield per cubic meter: 


Diamonds . : $6,545,400 
6,626,115 
Gold 388,030 
6,626,115 


A number of other examples main- 
tain practically the same ratio, and no 
more convincing argument than this 
need be given to show the overwhelm- 
ing preponderance of diamond values 
over those of gold in these river work- 
ings. 

Acaba Mundo (‘End of the 
World’), mentioned in the first series, 
where Jodo Fernandes de Oliveira lost 
seventy slaves because his flume col- 
ees at the critical moment when his 
gravel lay exposed “with diamonds 
scintillating in it like stars in the sky,” 
has apparently been rediscovered at last. 
Despite the legend that Joao Fernandes 
and his immediate successors had given 
the locality a wide berth after this dis- 
aster, it was found to have been stripped 
down to bedrock. It took the Ribas 
brothers three seasons and a consider- 
able expenditure of money to get to the 
bottom of the deepest pit hitherto found 


US. $6,545,400 
U.S. $388,030 
U.S. $6,933,430 


Total yield 
= $0.98) 


Ratio of diamonds to gold: 
16 units to 1 


$0.06) 


lar disaster further upstream. Dame 
Fortune, however, smiled on three nov- 
ices in river mining from behind the 
Tron Curtain, who recovered 6,000 car- 
ats of diamonds from a restinga (left 
over) of the Bandeirante miners. This 
is only one example of many such bo- 
nanzas that have been found in the riv- 
ers of the region. 

An interesting sequel to the discovery 
of diamonds in Brazil by Bernardo 
Fonseca Lobo, in 1721, is shown in 
the accompanying photograph, which 
shows modern garimpeiros at work on 
a cich alluvial patch, discovered in 1956, 
on the only level piece of ground on 
which Lobo’s camp could have stood. 
It will be remembered from previous 
contributions that the actual identifica- 
tion of the bright pebbles used by 
Lobo's gold miners as chips in card 
games was made in 1721 by a priest 
who had been to Golconda. Later re- 
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Modern garimpeiros at work ona rich patch of alluvial diamonds 
that was discovered in 1956 


search, however, revealed that in 1714 
a woman, Dona Violante Machado, was 
the first to suspect that similar pebbles 
found during her husband’s gold-min- 
ing operations might be diamonds. She 
is said to have proved it by submitting 
them to the anvil test and by distribut- 


ing a number to officials in the region. 
These officials, for obvious reasons, 
fatled to reveal the news to the court in 
Lisbon until obliged to do so by the 
fact that they themselves were responsi- 
ble for saturating the Lisbon market 
with contraband diamonds. 
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Developments and Highlights 


by 


at the 


GEM TRADE LAB 
in Los Angeles 


Richard T. Liddicoat, Jr. 


Exceptional Diamonds 

Since the last issue of Gems & Gem- 
ology, we have had numerous diamonds 
for. color analysis and many others for 
complete grading; among them have 
been some exceptional stones. One, a 
lovely 16-carat stone, had a color better 
than grade ‘“D,” which represents the 
top of our colorless-to-yellow scale. 
Also, it was cut in an unusual manner; 
viz., the corners of the emerald cut had 
three sets of facets, instead of the usual 
one. Figure 1 shows one corner (crown 
and pavilion) of this style of cutting. 
Another was a 40-carat stone with a 
rich-yellow color, resulting from irradi- 
ation and heat treatment. 
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Recutting Old-Miners 

or Old-European Cuts 
To one who enjoys the beauty of fire 
in a. diamond, the usual stone recut to- 
day is likely to be a real disappointment. 
To them, when a lovely diamond that 
was cut many years ago is seen before 
and after recutting, the appearance of 
the recut stone may be an unhappy 
sight. By removing more weight than 
necessary, the recutter has been able to 
fashion the stone into a thin-crowned, 
huge-tabled travesty. If a round-girdled, 
high-crowned old stone with a 41° 
pavilion is recut at all, the major task 
is to bring the lower-girdle facets closer 
to the culet. We question that the crown 
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Figure ] 


Figures 2 and 3 


should be recut, unless the bezel angle 
is well over 34° or the table under 
50%. There are still many who appre- 
ciate the fire made possible by good an- 
gles on a high crown — enough to make 
such stones readily saleable. 
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Diamond Inclusions 
Figure 2 shows a diamond plate with 
a fissure on the left and a huge included 
crystal on the right. Figure 3 is an en- 
largement of the point at which the 
included crystal reaches the surface, 
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Figure 4 


Figure 5 


Figure 6 
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Figure 8 


showing a clear outline of a knot, re- 
sulting from the difference in hardness 
between the polishing grain of the host 
crystal and that of the differently ori- 
ented included crystal. Figure 4 is an 
enlargement of the knot, focused 
slightly below the surface to show 
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Figure 7 


growth markings on the included crys- 
tal. Figures 5 and 6 are two views of 
some huge negative crystals in a dia- 
mond. In the first view, they appear to 
be actual ctystals, but the second view 
shows that they are large cavities. Frg- 
ures 7 and 8 show a small diamond 
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Figure 9 


section that was cut to remove a large 
flaw from a crystal and then it was 
faceted at the edges. This “portrait” 
stone could only be called “Santa 
Claus.” 
(perpendicular) to an octahedral face 
of a diamond crystal. The striations in 
three directions around the face repre- 
sent rhombic-dodecahedral directions. 
This shot shows very well the typical 
growth marks associated with the rhom- 
bodedral face on diamond crystals. 

(Figures 2 through 9 are photos that 
were taken by Jeanne Martin of a por- 
tion of an interesting collection belong- 
ing to the J. C. Keppie Company, Clark 
Building, Pittsburgh, Penn.) 


Figure 9 was taken normal 


“Doubting Diamond Digger’ 
Somewhat hesitantly, we must report 


that the information on a recent Labo- 
ratory report was declared insufficient 
by the recipient. He had sent us a piece 
sawed from a larger piece of massive 
rock crystal quartz that was readily 
identifiable by specific gravity, the typi- 
cal bull’s-eye interference figure and 
other properties. However, the identifi- 
cation failed to satisfy the owner, who 
knew he had a new diamond find. He 
wanted a complete report on every 
property, from chemical composition 
to dielectric constant. Included among 
the determinations requested for this 
colorless material was pleochroism! 


Imperial Jadeite 
After a prolonged period of seeing 
mostly medium- to low-quality jadeite, 
we recently had several opportunities to 
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examine a fine Imperial quality — stones 
so transparent that they resembled 
emerald more than the usual green 
jadeite’ This, accompanied by an in- 
tense, rich-green color, makes the Im- 
perial quality particularly attractive, de- 
sirable and valuable. 


Overevaluation 


Frequently, laymen send stones to the 
Laboratory for identification, and some- 
times the evaluation placed on the 
parcel is highly exaggerated. It is not 
difficult to understand a tendency to 
overvalue items that have been in- 
herited, but sometimes the extent of 
such overevaluation is astounding. If a 
large synthetic ruby were insured in the 
mails for $50,000 or $100,000, on the 
assumption that it was a natural, it 
would not be difficult to understand. 
What is surprising ts to receive a stone 
that is devoid of any attribute com- 
monly accepted as beauty but that is 
valued at some preposterous figure. As 
a case in point, we received a black, 
nearly spherical object of about 13 
millimeters that was identified as black 
glass. The owner, thinking it to be a 
black pearl, had insured it for $10,000. 
Even if the object had been a concre- 
tion from a mollusc, its lack of pearly 
luster and orient would have made it 
almost valueless. 


Utilizing the Plato Method 


While testing a natural ruby, we had 
occasion to utilize the Plato method as 
a check test. Although the effect was 
appreciably different from that ex- 
pected of a synthetic ruby, a single, dis- 


tinct set of parallel lines was sufficiently 
similar to the pattern seen in synthetic 
coftundum to be somewhat disturbing. 
Admittedly, there were not three sets 
of lines at 60° to one another, but in 
some cases, all three sets of lines are 
very difficult to resolve on synthetics, 
as well. 


Unusual Stones 


We recently tested a most unusual 
group of rare stones. In contrast to 
many of the collector's items, that are 
cut merely to add new species to the 
materials already fashioned as gem- 
stones, many of these stones were par- 
ticularly lovely. One of the outstanding 
stones was lazulite; when transparent, 
it has a rich greenish-blue color that is 
unique among gemstones. There was 
also a blue apatite with a very attractive 
color, not too different from the lazu- 
lite. The finest benitoite we have seen 
in years, a four-and-one-half-carat em- 
erald cut, was also in the group, to- 
gether with a colorless benitoite that 
although not exceptionally attractive, 
was very unusual. 

Another rarity was a chrome-green 
sphene, one of the better greens we have 
seen in this gem material. A chrome- 
green idocrase was by far the most at- 
tractive gemstone of this species we 
have encountered. Others were a fac- 
eted transparent rhodochrosite in its 
typical pink color; a violetish-pink, 
emerald-cut tremolite; a brownish-red 
feldspar; a yellow zoisite; a colorless 
amblygonite ; a datolite; and an epidote. 


Figures 10 through 13 portray the 
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Figure 10 (Rhedochrosite) 
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Figure 11 (Feldspar) 
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Figure 12 (Zoisite) 
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Figure 13 (Epidote) 


56 GEMS & GEMOLOGY 


absorption spectra of particular interest 
from this group of stones. 


We Appreciate 


Our thanks to GIA student Eugene 
Smith, Piedmont, California, for the 
fractured, 1.39-carat diamond. It is 
a welcome addition to our practice- 


stone sets. 

We are indebted to Fred Fisher, 
Tucson, Arizona, for a selection of 
stones that were given to the GIA dur- 
ing his recent attendance at the Los An- 
geles Diamond Evaluation Class, They 
will be used to advantage in both our 
practice-stone sets and our display. 


Los Angeles Diamond Evaluation Class 


Members of the Los Angeles Diamond 
Evaluation Class that met July 8th through 
July 12th, 1963. Front row left to right: 
Mrs. Clarona Carr, Pasadena, California; 
Willa May Darr, Los Angeles; Mrs, Willa 
McEwen, San Diego, California; W. C. 
Nicoll, Los Angeles; Milt Jaffee, Los An- 
geles; H. R. Sandler, Houston, Texas; Joel 
Bobo, Houston, Texas; Lois Bobo, Hous- 


ton Texas. Back row left to right: Roberta 
Asbury, Phoenix, Arizona; R. J. McGrane, 
Japan; Frederick Fisher, Tucson, Arizona; 
GIA instructor Glenn Nord; Lois Franke, 
Los Angeles; Owen Leon, Los Angeles; 
Don Harris, Riverside, California; Harry 
Schiffman, Greensboro, North Carolina; 
Patricia Mauser, Studio City, California; 
and GIA Director Richard T. Liddicoat, Jr. 
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The Lizzadro Museum 
of Lapidary Art 


Wilder Park, Elmhurst, Illinois 


by 


Russ Kemp 


The Lizzadro Museum of Lapidary 
Art, located in Wilder Park, Elmhurst, 
Illinois, is a public museum founded to 
house and display gems, gem materials 
and objects of art made from gem 
materials. The museum was officially 
opened November, 1962, with this 
dedication statement by Joseph Liz- 
zadro: 


To share with others our enjoy- 
ment of the eternal beauty in 
gemstones and our appreciation 
of the art with which man has 
complimented the works of na- 
ture. 


The Museum owes its existence to 
the generous desire of the Joseph Lizza- 
dro family, who wished to create an 
institution to act as a center for the rap- 
idly growing interest in the lapidary 
fields. In addition to the well-organized 
and educational displays, a complete 
lapidary and jewelry-making workshop 


is available, where these subjects are 
taught by the Curator, Mr. Dan Anto- 
lik, and a competent staff of instructors. 
Precious and semiprecious rough gem 
materials can be obtained here from 
which to fashion cut-and-polished 
stones. 

When you visit the museum, you will 
notice the fine examples of nearly every 
known gem species and variety, from 
fossil amber to sapphires, rubies and 
emeralds. Mr. Antolik and the Lizza- 
dros have arranged these gems in spe- 
cially designed and lighted cases, to 
show to their best advantages the in- 
teresting points of each. No case is 
crowded, and diorama-type displays are 
used frequently, 

The Museum is open every day ex- 
cept Monday; tours can be arranged 
for visiting groups. The main exhibit 
hall houses the display cases that con- 
tain the properly labeled finished gem- 
stones and the rough gem materials or 
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Lizzadro Museum of Lapi- 
dary Art 
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crystals from which the stones were 
fashioned. Here you will also view one 
of the outstanding collections of Ori- 
ental lapidary art on display in this 
country. 

The dioramas are contained in tre- 
cesses in the walls. In them, executed 
to scale by craftsman of Idar-Oberstein, 
Germany, are exhibited lifelike animals 
made of gem materials and shown in 
their natural habitat. They include 
dinosaurs and other prehistoric animals 
carved of agate and jasper, as well as a 
tiger carved of golden tiger’s-eye, an 
eagle of blue tiger’s-eye and a gorilla 
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The main exhibit hall of 
the Museum 


of obsidian. Farm scenes and woodland 
and desert animals are beautifully 
carved and displayed. 

The cases of gemstones are arranged 
in family groups, beginning with quartz, 
showing a transparent crystal from the 
Hot Springs, Arkansas, area: citrine, 
smoky quartz and amethyst specimens 
from Brazil; and cairngorm from Scot- 
land. Faceted examples of each are dis- 
played in many sizes and varieties of 
cuts, showing the viewer their hidden 
beauty. 

The exhibit of sapphires, rubies and 
garnets, displaying cabochons of natural 
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Beryl display consists of emerald, aqua- 
marine, morganite, green and golden 
beryl 


star material and the crystals from 
which they have been cut and polished, 
has been evaluated at more than $40,- 
000. Visitors are amazed at the variety 
of color of star sapphires, ranging from 
shades of blue through plum, gray and 
black. Few people realize that garnet 
can vary in color from green through 
the dark red. In a nearby case is the 
moonstone and cat’s-eye display. 

The beryl display, in all known forms 
and colors, includes a faceted aquama- 
rine weighing 250 carats and a gigantic 
emerald crystal ornamented with gold 
figurines. Examples of kunzite (spodu- 
mene) in the rough, as well as a 150- 
carat faceted stone, are shown. The 
case of topaz is outstanding, the deli- 
cate shades ranging from yellow and 
peach through the blue and whites that 
are generally associated with topaz; one 
gem-quality crystal weighs slightly 
more than 60 pounds. It would be im- 
possible in this short article to describe 
all that can be seen here or to describe 


A 60-pound light-blue topaz crystal! 


each and every type of material on ex- 
hibit. 

The Lizzadro Foundation has spared 
no expense in acquiring and displaying 
fine examples of eachy gem species from 
all over the world. This may well be 
the only museum in existence that ts 
dedicated completely to gem collectors 
and lovers of the lapidary arts. 

Other displays feature turquois, 
opal, coral and the previously men- 
tioned amber. Malachite and jade are 
well represented in exquisite Oriental 
carvings, as well as in cut and polished 
stones in jewelry. Jade in all hues of the 
rainbow is present. Included in this 
display is a jade boulder weighing 1300 
pounds from the Frazer River area of 
British Columbia and an 80-pound ele- 
phant censer that was used in temple 
ceremonies of past centuries in the 
Orient. 

Separate cases have been devoted to 
agate from Brazil, Montana, Wyoming, 
Lake Superior and other areas. Other 
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cases have polished slabs and specimens 
of obsidian and petrified wood, and 
spheres of agate and rock crystal. 

Artwork used as a background for 
these displays depicts either the native 
area in which the material is found ora 
map showing its general location. The 
choice of both material and background 
is important in proper display tech- 
niques, and Mr. Antolik and the mu- 
scum staff have given their attention to 
this fact. 

Gem materials have long been used 
for religious art objects; fine examples 
of Oriental carvings of religious signifi- 
cance can be seen. For the Christian 
viewer, a Madonna carved of smoky 
quartz set in a base of quartz crystals 
is prominent. A 19-century carving of 
the Lord’s Last Supper, superbly exe- 
cuted in ivory, is one of the most popu- 
lar of the religious objects in this 
display. 

On the lower level of this modern 
building, Mr. Lizzadro has provided a 
meeting room for educational programs 
and a complete lapidary workshop. The 
walls of the meeting room are lined 
with recessed cases in which the gem 
and mineral societies of the Chicago 
area display their handiwork. Educa- 
tional programs on the cutting, polish- 
ing and collecting of gem materials are 
given periodically. To aid in these pro- 
grams, a closed-circuit TV setup has 
been installed, so that demonstrations 
can be given to large groups. 


The Curator and his staff extend a 
cordial invitation to everyone interested 
in the lapidary arts to visit the Museum. 


(Continued from page 37) 
radiation) or from the Mineralite short- 


wave ultraviolet lamp (2537 A radia- 
tion), no distinctive reaction could be 
seen. During research on the lumines- 
cence of gemstones carried out by the 
writer, it was found that the green 
grossularite fluoresced orange when ir- 
radiated with X-rays8. Examination of 
other colors also showed this orange 
glow to be quite strong, and in only a 
few cases was none observed. These 
included the high-density, chromite- 
banded specimens ; two that were varie- 
gated green ; the chocolate-colored stone 
and, not surprising, the low-density 
specimen. 


Massive grossularite garnet takes a 
good polish and is a durable stone. The 
green material may resemble nephrite 
closely, since some nephrite, particularly 
that from Rhodesia, contains black 
specks. Other greens make a good sub- 
stitute for jadeite, as do some of the 
other colors. Red grossularite, especially 
when it contains black inclusions, makes 
a fairly good substitute for rhodonite. 
We now have from this South African 
grossularite source an attractive addi- 
tion to the range of ornamental 
minerals. 


References: 
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Gemological Digests 


Rough-Diamond Sales Rise Again 

Sales of rough diamonds for the sec- 
ond quarter of 1963 totaled $82,968,- 
905, a new high for diamond sales in a 
single quarter, according to the Central 
Selling Organization of London. This 
is the second time this year that the 
CSO has reported record-breaking quar- 
terly-sales figures. Those for the first 
quarter of 1963 were higher than for 
any quarter previous to that time. Both 
gem and industrial-quality diamonds 
were included in the report by CSO. 
Although the U.S.A. is the chief con- 
sumer of diamonds, the increased sales 
reflect greater purchases of diamonds, 
in Western Europe. 

Diamond sales for the first two quar- 
ters of 1963, a total of $159,796,134, 
exceeds the sales of any previous six- 
month period. 


First European Plant for 
Synthetic Diamonds 


Europe's first plant for the produc- 
tion of synthetic diamonds was 
announced recently by the Belgo- 
American Development Corporation. 
The installation, located in the indus- 
trial zone of the Shannon, Ireland, air- 
port, is fully automated. A 15-minute 
production cycle is made possible by 
highly specialized equipment, including 
24 hydraulic presses weighing 500 tons 
each and exerting pressures of 4,500 
pounds per square inch. 


The estimated value of the 750,000- 
carat annual-production capacity. has 
been placed at $2,100,000. 

Initial investment in plant and equip- 
ment totals $1,400,000; in its final 
stage, the investment is expected to 
reach $5,600,000. Construction was un- 
dertaken by Ultrahigh Pressure Units, 
Ltd., of Ireland, which is associated 
with a South African company of the 
same name. Capital in these two firms 
is held jointly by De Beers Consolidated 
Mines, Ltd., and Société d’Entreprise 
et d’Investissements du Bécéka (Si- 
béka). (Sibéka is a member of the So- 
ciété Genérale de Belgique group of 
companies. ) 


Diamond Knife 


It has been reported that a natural- 
diamond knife, capable of cutting any 
solid into slices as thin as 50-100 Ang- 
strom Units, thinner than any obtained 
previously, has been developed by Pro- 
fessor H. Fernandez-Moran of the Uni- 
versity of Chicago. 

It can section metals, such as ger- 
manium and uranium for atomic- and 
molecular-structure study, and also has 
great potential as an industrial cutting 
tool, capable of producing atomically- 
uniform superfinishes on a piece of 
work at one pass, without further grind- 
ing or polishing. 

South Africa 
It has been reported that what may 
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well be the biggest nonalluvial diamond 
find in South Africa, since the discovery 
of the Premier Mine at the beginning 
of the century, has been acquired by 
De Beers. Since last August, intensive 
prospecting of a diamond-bearing kim- 
berlite pipe in the Postmasburg district, 
some 100 miles west of Kimberley, has 
been carried out by De Beers under an 
agreement with Finsch Diamonds 
(company formed by A. T. Fincham 
and W. H. Schwabel), who discovered 
the pipe. 

The drilling done to date has indi- 
cated that the find is likely to be a large- 
scale, long-life operation that may 
outlast the group’s existing Kimberley 
mines, The diamonds consist mainly of 
small gems and industrial stones. 


Hook Review 


HANDWROUGHT JEWELRY, by 
Lois E. Franke, with photography by 
William L. Udell. Published by Me- 
Knight & McKnight Publishing Com- 
pany, Bloomington, Ulinois. 213 pages, 
7 x 1044". Over 500 black-and-white 
Mlustrations, 22 color plates, and nu- 


merous line drawings, glossary, nine 
tables, appendix. Price $7.95, 

This book holds much of interest for 
the amateur who has discovered the fas- 
cinating hobby of creating hand- 
wrought jewelry. It contains practical 
information, presented in an easy-to- 
understand style, that will prove inter- 
esting to the hobbyist and also to those 
who have no previous understanding of 
jewelry manufacture. 

HANDW ROUGHT JEWELRY in- 
cludes chapters on tools and materials, 
soldering and annealing, forging, pol- 
ishing, surface textures and stoneset- 
ting. Various phases of jewelry making, 
from the wire stage to the finished prod- 
uct, are covered. The chapter on forging 
is excellent, and it should prove inter- 
esting to even the more experienced 
craftsman. The book is well illustrated 
by line drawings and photographs. Out- 
standing work by craftsmen other than 
those designed and executed by the 
author are featured. The only criticism 
would be that the book is written for 
amateurs by an amateur, and the usual 
limitations of this type of publication 
are present. 

HANDWROUGHT JEWELRY 
should be a welcome addition to any 
jeweler’s library. 
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Diamond Mining and 
Recovery Today 


by 


Gladys Babson Hannaford 


No matter what product a retailer 
carries, a healthy respect for the people 
and methods behind its production gives 
him a greater sales enthusiasm. A visit 
to the diamond mines develops this re- 
spect to a point that borders on awe. 

Last year, Elizabeth Henry and I 
spent five and a half weeks in Africa. 
This was no casual trip. We spent all 
day, every day, with diamonds. We re- 
turned home a little humble but very 
proud to be associated with diamonds. 

We went by jet to London and then 
to Nairobi in Kenya also by jet. By then, 
we were almost halfway around the 
world. But actually we were just starting 
on our real trip. 

The first mine we visited was Wil- 
liamson Diamonds, Limited, in Mwa- 
dui (pronounced Muh-DOO-y), Tan- 
ganyika. 


The township and mine, covering 
10 square miles, are situated about 
90 miles south of Lake Victoria on a 
high, grassy plain, 4000 feet above sea 
level. Dar es Salaam, the principal 
supply base and the capital of Tangan- 
yika, is situated 620 miles away on the 
coast. Most of the heavy equipment is 
transported from this port city via rail- 
road. The mine has its own landing 
strip and, to take care of urgent needs, 
operates cargo planes. From Nairobi, we 
traveled by cargo plane. We were part 
of the cargo! 

Seeing the town as it is today, with 
paved streets, lovely homes, swimming 
pools, trees and gardens, it is hard to 
visualize Dr. Williamson in a sea of 
waving grass carrying out his private 
prospecting, which led to the discovery 
of this pipe mine. 
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A pfivate company, Williamson 
Diamonds, Limited, was formed on 
March 19, 1942, and Dr. Williamson 
was faced with the heavy responsibility 
not only of establishing a mine in the 
wilderness in the face of great finan- 
cial and technical difficulties, but of 
building a town to meet the varied 
needs of a large community. 


He did more. He built great respect 
for himself and for his idea of human 
relationships. There are still many at the 
mine who worked for him, and they 
speak of him today with great respect 
and affection. 

Mr. Harry Oppenheimer, Chairman 
of De Beers Consolidated Mines, Lim- 
ited, said, “I am sure that Dr. Williamson 
will finally be recognized as the man 
who set going a process that will even- 
tually, in its repercussions, raise the 
standards of living conditions gener- 
ally throughout the territory.” 

After Dr. Williamson’s death, the 
Government of Tanganyika and De 
Beers Consolidated Mines, Limited, be- 
came joint owners of the mine. 

Although it is a generally accepted 
theory that diamonds were created in 
a volcanic action — the volcanic rock 
here being peridotite, kimberlite, or 
blueground—a very limited number of 
the ancient volcanoes, or pipes, have 
contained enough diamonds to be mined 
profitably. This volcanic rock is com- 
paratively soft and contains varying 
amounts:of clay. It early succumbed to 
nature’s weathering process and, over 
the long years of geologic time, many 
of the world’s diamonds were washed 


out of their volcanic beds and carried 
far from their sources. They came to rest 
in the alluvial fields, which will be dis- 
cussed later. 


All diamond pipes are weathered at 
the tops. With this weathering the blu- 
ish rock turns a yellowish brown, and 
some of it appears to be gravel. All the 
pipes have been mined first from the 
tops by the open-pit, or open-cast, 
method before a shaft is sunk for un- 
derground work. The Williamson Mine 
is in this stage of operation, and it will 
be operated in this manner for some 
time to come. 

At its top, Williamson is the largest 
of all the pipe mines. It is eliptical in 
shape and roughly 3900 x 5000 feet in 
diameter ; this would be about 347 acres. 

Although it is believed that some of 
the African pipes have weathered down 
from the volcanic surface as much as 
4000 feet, the mine at Mwadui has 
weathered very little — roughly, 100 to 
200 feet. In the center, it has settled 
about 500 feet. 

Drainage in Mwadui is not good, 
and this is probably the reason for the 
small amount of ‘weathering. The first 
eruption is believed to have left a rim 
around the periphery of the mine. Small 
additional eruptions brought up the 
center. Finally, after weathering and 
settling lowered the center, shales were 
carried in. 

The first two or three inches of the 
mine as it is today was covered with 
“black-cotton soil,” found in nodules, 
probably once a lake bottom. It looks 
and feels like tar and is dirty, but it is 


68 


“GEMS & GEMOLOGY 


The author (left) and Elizabeth Henry in the sorting room at Williamson Diamonds, Ltd., 
Tanganyika. 


easily washed away. One of the men 
said it was “oily, like graphite.” 

Beneath this there is a layer of silcrete 
(silicated kimberlite), which varies in 
depth from a few inches to as much as 
40 feet. 

Next comes a layer of gravels and 
shales two to four feet deep. In some 
sections of the mine, this layer holds 
the richest deposit of diamonds. 

Below that is 200 feet of upper- 
bedded kimberlite; 300 feet of lower- 
bedded kimberlite and shale basin; and 
400 feet of conglomerate, primary kim- 
berlite, granite pieces, basal breccia and 


sedimentary material. Below this is the 
pipe of primary kimberlite. 

Even though we are inclined to think 
of the weathered area at the top of the 
mine as being gravel, there are some 
hard-packed areas where blasting is 
done; drilling here goes to a depth of 
25 feet. The explosive used is ammo- 
nium nitrate and 6% (maximum) 
diesel oil. 

Then the earth-moving equipment 
takes over. The walking drag line, so 
called because it travels from one area 
to another on caterpillar treads, is a 
huge piece of equipment that is used in 
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some of the excavation work. Its shovel 
can pick up six tons or more at one 
bite and swing around to load it into 
35-ton trucks. Regular excavators or 
mechanical shovels are also used. 


The trucks carry the ore to the field 
crushing plant, where the oversized 
pieces are reduced to a maximum of six 
inches. From the crushing plant, the 
ore travels two miles by conveyor belt 
to the treatment plant. 

All gravels from the field pass first 
through barrel scrubbers, where they 
are given their first washing. As the 
name suggests, these look like large, 
straight-sided barrels laid horizontally; 
they are seven feet in diameter and 16 
feet long. Water is added as the gravels 
enter the scrubbers, so, that the barrels 
contain 50% gravels and 50% water. 
The washing operation takes place as 
the scrubbers revolve. Clay is suspended 
and carried off. The black-cotton soil is 
removed here. 

After the washing operation, the 
gravels travel over screens. Here pieces 
up to 114 inches in diameter are sepa- 
rated from the larger ones. The larger 
material travels to a crusher, where it is 
reduced in size and passed to washing 
screens. 

All material from 14, to 114 inches 
in diameter is ready for heavy-media 
separation. 

The diamond has a high specific 
gravity, higher than that of most of 
the other minerals found in the gravels. 
For this reason the heavy-media process 
is used. 

To the layman this would appear to 


be another washing operation. Ferro- 
silicon (28%) is added to water, mak- 
ing a fairly thick liquid. The specific 
gravity of this “bath” is 2.85. When the 
crushed gravels pass through this oper- 
ation at the Williamson mine, 99.5% 
of the minerals are floated off, because 
they have a lower specific gravity. The 
5% of high-specific-gravity minerals, 
containing the diamonds, sink. This op- 
eration is commonly referred to by plant 
men as the “‘sink and float.” It takes 
place in large cones that are 12 feet 
across the top and taper down to a nar- 
row base. 

Although some of the material is 
reduced in size when it is agitated in 
the heavy-media cones, some remains 
large enough to contain small embedded 
diamonds and is carried off as float. 
Therefore, all float materials pass over 
float screens after leaving the cones. 
Gravels over 34-inch in diameter go to 
“recrush”’; i.e., crushers that reduce its 
size. Gravels over 149 inch in size go 
through heavy media again. The slime, 
or thick mud, travels over magnetic 
rollers for the recovery of the ferro- 
silicon. 4 

From the heavy-media cones the 
“sink,” which contains the diamonds 
(now called concentrate), goes to the 
recovery house, approaching the end 
of its journey. There the concentrate 
passes through the ball mills; these, 
which look like smaller editions of the 
barrel scrubbers, are six feet long and 
four feet in diameter. 


When the concentrate goes into a 
ball mill, 15% of water is added to 
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make a thick mixture. Inside the mill 
are five tons of steel balls, each 114 
inch in diameter. When the mill re- 
volves, the balls break up further the 
material holding the diamonds; this is 
done with attrition, not pounding, and 
the diamonds are not injured in the 
process. 

From the ball mills the concentrate 
goes to the grease tables. Many jewel- 
ers tell their customers about the dia- 
mond’s affinity for grease to emphasize 
the need for periodic cleaning of their 
diamond jewelry. All diamonds found 
underground in the pipe mines have a 
nonwettable surface that causes them 
to adhere to the grease tables. 

But the diamonds found in weathered 
gravels at the top of a pipe, as are the 
diamonds in the Williamson Mine in 
this stage of its operation, and those 
found in alluvial fields have a thin sur- 
face deposit that makes them wettable; 
therefore, they will not adhere to 
grease. 

This means that the concentrate must 
be preconditioned before the grease 
tables can be used for the recovery of 
the diamonds. Treating the concentrate 
with sodium-oleate acid (a fish-acid 
oil) and caustic soda produces a com- 
bination of both electrical and chemical 
forces. An absorption on the surfaces of 
the diamonds then make them water 
repellent, or nonwettable, and ready 
for the grease tables. 

The grease tables used for treated 
concentrate are continuous moving 
belts. When the concentrate is passed 
over one of the belts, the diamonds stick 


to the grease and the waste material is 
sluiced off. The diamonds are scraped 
off at one end of the belt, and the belt 
is coated with new grease for a repeat 
performance. 

(The grease table used in a pipe 
mine is a series of tilted, vibrating steps, 
rather than a continuous belt. As the 
steps take on the diamonds adhering 
to the grease, they are periodically 
scraped clean and then recoated with 
grease for the next batch of concen- 
trate.) 

After being scraped off the grease 
table, the diamonds are cleaned. Then 
they are ready for the sort house. 

The above describes how diamonds 
are recovered from gravels over 14, 
inch in diameter. Smaller stones (1.e., 
2 mm. to .16 mm in size) are not cut- 
table, but industry has a ready use for 
them. 

In every screening operation, the fine 
material is separated from coarser grav- 
els and must be handled by a separate 
process; this goes to “cyclones,” a com- 
bination of heavy media and centrifugal 
force. The medium here is magnetite. 
60 to 70 tons go through the cyclones 
each hour, 99.5% of which is waste. 
Concentrate containing diamonds is 
5%. The specific gravity in the cy- 
clones ranges from 1.9 to 2.01, but it 
usually is 1.97. 

The concentrate is dried by infrared 
light, and then it is passed through a 
four-stage electrostatic separator. Be- 
cause diamonds are nonconductors of 
electricity, this operation separates the 
diamonds from the other materials. 
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(Grease tables cannot be used for these 
small diamonds, because their surfaces 
are too tiny to cling to the grease.) 

From the separator these diamonds 
also go to the sort house. 

At the Williamson Mine, the dia- 
mond yield at the 20- to 30-foot level 
averages nine carats per 100 tons. Some 
sections of the mine produce more; 
others, less. 

About 45% of the total production 
is larger than a carat, and the remainder 
varies from one point to a carat. About 
45% are of cuttable quality; the re- 
mainder, industrials. 

The effort to improve recovery meth- 
ods is continuous, When one considers 
that here only one part in 30 million 
is diamond, one cannot help but be im- 
pressed by the efficiency of the entire 
operation. 

But there is the human side of the 
diamond-mining picture. Where dia- 
monds are found in the wilderness, as 
they are in Tanganyika and in South 
West Africa, modern villages have been 
built; this alone seems like a modern 
miracle. Living conditions are compara- 
ble to our own small cities and towns. 

The population of this mining town 
is being developed to provide integrated 
facilities for all to participate in social, 
cultural and religious activities of their 
choice. The homes, even the smallest, 
are attractive. Electricity is provided for 
all accommodations, as is chlorinated, 
filtered water. There are stores, clubs 
and community centers, 

The hospital has unexcelled equip- 
ment. Each year 36,000 outpatients are 


treated, and 30,000 enter for hospital 
care. As of 1962, there were seven sur- 
geons in Tanganyika to treat its nine 
million people, and one of the finest 
was in Mwadui. 

With the independence of Tangan- 
yika, new problems arose; this is under- 
standable — we had them after 1776. 
But the capable hands of George Hunt, 
manager of Williamson Diamonds, 
backed by the liberal policies of Mr. 
Harry Oppenheimer and De Beers, 
steered Mwadui through these times 
with the minimum amount of confusion. 

Elizabeth and I, and our wonderful 
memories of Mwadui, left by cargo 
plane for Nairobi; from there, a jet 
took us to Johannesburg. 

Our next mining area was historic 
Kimberley, which is not far from 
Johannesburg. 

Originally, there were five pipe mines 
here: De Beers, Kimberley, Dutoitspan, 
Bultfontein and Wesselton. The De 
Beers Mine was closed in 1908, when it 
was no longer considered payable, but 
it will be reopened in 1964 with a new 
shaft and headgear. 

The “Big Hole,’ at Kimberley is 
completely mined out. The townspeople 
love to tell you that this is the largest 
manmade hole in the world. 

The other three are in operation. In 
underground mining, a shaft is sunk 
through the rock surrounding the pipe, 
and tunnels are extended from the shaft 
into the blueground. Dutoitspan and 
Bultfontein are 300 feet apart and are 
connected by a tunnel at the 1900-foot 
level. The Bultfontein shaft is used for 
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The author (right) and Elizabeth Henry inspecting the underground workings of one 
of the Kimberley diamond mines. 


transporting workers and for rock haul- 
age for both of these mines. Blueground 
from Dutoitspan, Bultfontein and Wes- 
selton is combined at the surface for 
processing at one recovery plant. 
These mines are being worked at dif- 
ferent depths. As the mining goes 
deeper, fewer and smaller diamonds 
are found than were found in the upper 
levels. Each mine varies in production. 
Block caving, which is done in both 
the Bultfontein and Dutoitspan Mines, 
is practical here, because of the physical 
characteristics of the wall rock and ore. 
Tunnellike, cement-lined scraper drifts 
are cut horizontally through the rock 
45 feet apart. Along the drifts, 4- x 4- 
foot draw points, or openings, are stag- 
gered on opposite sides at about 11-foot 
intervals. Overhead, cone-shaped 
‘raises’ cover the lower wall of the un- 


dercut level, which is 19 to 29 feet 
above the scraper level. 

The caved ore is drawn off by scrap- 
ers, dropped through ore passes, and 
picked up on the level beneath by a 
loco-drawn series of cars called Gran- 
bys. From this haulage level, the ore 
then is dumped to huge crushers on a 
lower level, where the material is re- 
duced to about 6 inches in diameter. 
Now it is ready for its trip to the 
surface. 

Wesselton has its own shaft, and is 
operated separately. The mining method 
here is chambering, which has been 
used with little change since 1890. 
Horizontal chamber levels are estab- 
lished 40 feet apart; then, 22-foot cuts 
are mined out across the pipe. Each 
22-foot cut consists of a pillar and a 
chamber, each of which is 11 feet 
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Section across scraper drifts. 


across. The chamber is mined by over- 
head-shrinkage stoping. 

Chambering is done at the 1430-foot 
level and the haulage level is at 2160 
feet. The blueground is loaded by work- 
ers into cars known as ‘‘co-co pans,” a 
car carrying 44ths of a ton. The blue- 
ground travels to the haulage level 
through ore passes, goes through crush- 
ers to reduce the larger pieces and 
thence to the surface. There it joins 
with the ore from Dutoitspan and 
Bultfontein, 

Unlike the ore from the Williamson 
Mine, the blueground here does not 
have to go through barrel scrubbers; 
however, it does have to travel over 
screens or classifiers to separate the 
fine material. 


There is another major difference: 
rotary washers are used. These are 14 
feet in diameter at the outer periphery 
and eight feet at the inner. Between the 
two, rakes revolving at eight rpm. stir 
up the broken blueground and water, 
a mixture of 24rds water and I4rd rock. 
Under agitation the blueground breaks 
down, and the clay becomes mixed with 
the water to create a slime that has a 
specific gravity of 1.25. Minerals with 
a lower specific gravity overflow into 
weirs, The heavier material is carried 
to the outer rim as a gravity concentra- 
tion. 

Overflow travels over a 34-inch 
screen. Smaller material goes to second- 
ary washers and the larger to recrush. 
Overflow from secondary washers trav- 
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els over a 1-inch screen. Minus 44 
inch in size goes to cyclones. In this 
fashion, 97.5% of the worthless ma- 
terial is removed and the remaining 
2.5% goes to heavy-media separation, 
where more is discarded, to leave 
.005% as diamond bearing. No pre- 
conditioner is needed before the con- 
centrate goes to the grease tables. 

An interesting fact is that 80% of 
the diamonds by weight are recovered 
after the first washing. This 80% is 
worth 99.5% of the total value. 

The angles of the grease tables vary 
with the size of the concentrate. They 
vibrate, and the concentrate goes over 
tilted steps in water. Diamonds and 
other adhering minerals are scraped 
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from the tables every 45 minutes. The 
old grease is used as a base to be cov- 
ered with new grease. 

The recovery plant for these three 
mines is a large and modern one. Elec- 
trostatic separation is used for the re- 
covery of the smaller diamonds. 

This plant can handle 18,000 tons of 
ore from the three mines a day. This 
tonnage produces an average of 4300 
carats of diamonds, which is 55% in- 
dustrial and 45% cuttable. 

From Kimberley, Elizabeth and I 
went to Jagersfontein by car. It is a 
long and dusty journey and, I might 
add, a sentimental one. This mine has 
produced some beautiful diamonds in 
its long history. It has been mined since 
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1886, and it has reached a level where 
the yield is low and the diamonds small. 
The yield is decreasing with each 
month’s production. : 

Block caving is done here, as in Bult- 
fontein and Dutoitspan. Recovery meth- 
ods are parallel to those of Kimberley. 

When one visits the mines, one 
senses that each has a distinct personal- 
ity. To me Jagersfontein is the lady of 
the group. Some of her treasures she 
has given us possess great beauty, as 
anyone who has handled fine Jagers 
knows. But she hasn’t too much to give 
any more; she’s an old lady, and her 
production days are almost at an end. 

The last of the pipe mines we visited 
was Premier, the mine that produced 
the famous Cullinan Diamond, world’s 
largest, which weighed 3106 carats. 

An experienced prospector, Thomas 
Cullinan (later Sir Thomas Cullinan), 
after months of careful prospecting in 
1902, became convinced that the source 
of diamondiferous river gravels origi- 
nated in the area now known as the 
Premier Diamond Mine. After long and 
difficult negotiations with the farmer 
who owned the land, the purchase was 
made. In 1903, the Premier Diamond 
Mining Company was formed. 

Excavations were begun in April of 
1903 by the open-pit method. In 1905, 
the finding of the Cullinan Diamond 
brought fame to Premier. 

The mine has been closed twice in its 
history. It ceased operations in 1914 
with the advent of World War I. but 
it was reopened in January of 1916. In 
1932, it was closed again during the 


worldwide depression. By this time, it 
had produced 30 million carats of dia- 
monds, and the open mine had reached 
a depth of 610 feet. 

Tt was decided to reopen the mine in 
1944. Since open-pit mining below 610 
feet was considered hazardous, plans 
were made to mine underground. Be- 
fore this work could proceed, a major 
pumping operation had to be carried 
out, to remove the 12-year accumula- 
tion of water in the pit. It took ten 
months to empty the pit of some 900 
million gallons of water. In 1945, work 
on the shaft was started, and this was 
followed by underground development. 

It was here that the first pilot plant 
for heavy-media separation was set up. 

At the top, Premier is roughly ellipti- 
cal in shape; the long axis measures 
2800 feet and the short axis, 1400 feet, 

The method of getting the ore here is 
different from Kimberley; it is done by 
“slot” mining. A 45-foot wide slot, 300 
feet in depth, is cut through the center 
of the long axis of the pipe. The walls 
of the slot are stepped back in benches; 
these are 50 feet apart vertically. 

Tunnels, 90 feet apart horizontally, 
are constructed at right angles to the 
slot. In the tunnels, six feet back from 
the slot face, drilling is done in the 
shape of a fan (called “fan drilling’’). 
Drill holes are from 45 feet to 50 feet 
in length, and they are half the distance 
between the tunnels horizontally. When 
blasting is done, each blast removes six 
feet of blueground to drop it into the 
slot. 

68-foot-square cones are excavated in 
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the blueground throughout the length 
of the bottom of the slot, The blue- 
ground that has been blasted loose col- 
lects in these cones, gravitating to the 
level below. 

Here it passes through grizzlies, 
which are iron bars set 23 inches apart; 
they act as a screen to prevent oversize 
pieces from reaching the lower haul- 
ageways. These large pieces are blasted 
at this level. 

All the broken tock travels to the 
operational level and then to six-inch 
grizzlies, where ore larger than this is 
sent through a jaw crusher. Then all 
the blueground comes to the surface in 
skip loads. 

Above ground, recovery methods are 
very similar to those in the Kimberley 
Mine, but the methods are adapted to 
slight differences in the blueground ; for 
example, the water and ferro-silicon has 
a specific gravity of 3.0 in the heavy- 
media cones at Premier. About 95% of 
the blueground has a specific gravity 
below 3.0 and is floated off. The 5% 
that sinks contains the diamonds and 
other high-specific-gravity minerals. In 
some parts of the mine, gravels have a 
greater density, and a slightly higher 
percentage is ‘‘sink.”’ 

The “‘sink’ is carried by airlift to 
washing screens for removal of the 
ferro-silicon. It then goes to a secondary 
heavy-media separator, where the spe- 
cific gravity is 3.2; here, the concen- 
trate is only about 1.5% of the original 
ore and contains the diamonds and 
high-specific-gravity minerals. 

The concentrates are now ready for 


the grease tables. The tables are scraped 
regularly, to recover and clean the dia- 
monds. 

The grease and diamonds are placed 
in perforated pots and immersed in 
boiling water, to melt the grease. Still 
in these pots, they go to sorting. Hand 
sorting must still be done, because bits 
of metal, pyrite, garnet, dolerite and 
ackermanite travel along with the dia- 
mond. An acid treatment removes any 
remaining foreign material. 

The new plant at the Premier Mine 
is one of the most modern in the world. 
There are eight complete units, from 
grizzly to grease table, each of which 
is capable of handling 120 tons of ore 
an hour. 

Because of the greatly increased use 
of very small industrial diamonds, com- 
monly called grit, four of these units 
are being used for the reworking of ma- 
terial now on the tailings dumps; the 
other four are used for underground 
ore. All eight can be used for either 
tailings or to new-mine material, de- 
pending on the current economic situa- 
tion. 

The diamonds from new blueground 
at Premier average 80% industrial and 
20% cuttable. The industrials are con- 
sidered excellent quality. Among the 
cuttable material, there are some dia- 
monds of a beautiful blue color and 
top quality. 

When Elizabeth and I visited South 
West Africa, we traveled by company 
plane again, this time up the Atlantic 
Coast from Cape Town. Shortly after 
leaving, the shoreline became desolate 
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The author (right) and Elizabeth Henry at one of the alluvial diggings of Consolidated 
Diamond Mines of South-West Africa, Ltd. 


desert, with very little habitation. 

Just north of the Orange River, the 
village of Oranjemund came into view; 
it seemed like a jewel in the desert. As 
our plane came in for a landing, the 
trees, gardens and well-laid-out streets 
seemed like a modern miracle. Consoli- 
dated Diamond Mines of South West 
Africa (commonly called CDM) , which 
works one of the most productive areas, 
is located here. The Orange River sepa- 
rates Namaqualand (in the Republic 
of South Africa) from South West 
Africa. 

This is an alluvial field. It is believed 
that the Orange River, possibly with 
its tributaries the Vaal and Modder 
Rivets, over many centuries carried the 
diamonds to the sea and the sea washed 
them shoreward. Later, the land mass 
rose and the sea was pushed back. 

The oldest shelf (wave-cut surface) 
is known as Shelf D. It rises about 77 


feet above sea level near the river and 
the height diminishes as one goes north. 
Fifty miles up the Atlantic, it is less 
than nine feet above sea level. 

Indications are that Shelf D is very 
old. Shelf C, too, is old. Shelf B and 
A are steeper, but apparently much 
younger. The marine deposits tell the 
history, in part. 

The beach terraces are buried under 
sand overburden, referred to as uncon- 
solidated windblown sand. Beneath the 
sand on Shelf D and part of Shelf C is 
calcrete, and beneath that is compacted 
red sand. A partly consolidated red sand 
is next. Shelves A, B and C have marine 
sand and sandstone. All have, below 
this, marine gravels and conglomerate, 
going down to the schist bedrock. 

Payable mining areas are located by 
means of 39-inch trenches that have 
been cut through the terraces at about 
1500-foot intervals, and the gravels are 


78 


GEMS & GEMOLOGY 


STAGE | 


Mine gravels from 
field screen: 


100% 


Magnetic 
Separation 


“In ne” Magnet 


Final 
qr 


‘concentrate 


0-23% Magnetics 
to dump. 


= Cae Concentrate to final 


Concentrate O-O!% 


To Stage !O 


processed on the spot. Diamonds re- 
covered in each section are recorded 
and the ore reserves calculated. From 
the records obtained by this trenching, 


Electrostatic Separation 
AE eis 


Primary | STAGE 2 Pmmary gravity 
™ Milling 75% concentration 
\ (6) 
cr © y/* Top density 2-90 
| Float 69: 5% 
& behet 
is 
Fey, | Dunk 
~ 19 mun, ; 
Pye | all Sink 4:5% 


Secondary STAGE 
Concentration 
Top densty 


3:20 


CENTRAL TREATMENT 
PLANT FLOW SHEET. 


1.Receiving bins (Capacity 
4.000 tons) 
2.Tube mill bin 
3.6Ft.x22Ft.Tube Milis (Three) 
4.4Ft.x10Ft.Vibrating screen 
(1.91mm, apert.) 
5.H.M.S.Storage Bin (Cpacity 
1.000 tons) 
6. 5Ft.xlOFt.Vibrating wash 
screen 
7.Primary H.M.S.Cone 12Ft. 
diameter. 
8.Float drain & wash screen 
9,Sink product airlift 
10.Sink drain & wash screens 
11.Surge Bin 
12.Secondary H.M.S.Cone 5Ft. 
diameter. 
13,Float drain & wash screens 
14,Sink airlift. 


/ |15.Sink drain & wash screens 


| STAGE 7 Attrition Milling 


= 1-91mm to sea 026% 


Lot WA 


¢ 
STAGE8; STAGE 9 


SA 


16.12mm. Scalping screens 

17.Sub-secondary H.M.S.Cone 
4Ft. diameter. 

18,Float drain & wash screens 

19.Sink airlift 

20.Sink drain & wash Screens 

21.Dings "In Line" Electro- 


Magnet. 

22.Classifying (sizing) 
Trommels (3) 

23.8Ft.x3Ft.Differential grind- 
ing Mills (4) 

24.De-Sliming Trommels (1.91mm. 


enerte) 
25.Cleaning Trommels 


, STAGE [0 
0:017% 


rease Concentration Unit... 


= Tailings to dump 


geologists say that mining operations 
can be plotted for the next 25 years. 
There are no diamonds in the sand 
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Developments and Highlights 


by 


at the 


GEM TRADE LAB 
in New York 


Robert Crowningshield 


Blue Sapphire Intaglio 

Figure 1 illustrates an intaglio-carved 
top, step-cut-back blue sapphire that was 
submitted because the client felt it was 
a doublet. The photograph shows the 
shadow of the figure cast on a plane of 
rutile needles approximately one milli- 
meter below the surface; otherwise, the 
stone was free of inclusions. 

De Beers Diamond Collection 

We are indebted to Mr. Donald 
Thompson and Miss Loys Malmgren, 
of N. W. Ayer & Sons, Inc., the adver- 
tising agency for De Beers Consolidated 
Mines, Ltd., for the opportunity of ex- 
amining the famous De Beers collection 
of 150 colored diamonds. With the 
spectroscope and the electroconductom- 


eter we detected no unusual reactions, 
but the examination helps confirm pre- 
vious findings. Figure 2 is a photograph 
of part of the collection, which was re- 
cently photographed in color by LIFE 


Magazine. 


Unusual Inclusion in Glass 

Figure 3 illustrates a most unusual 
emerald-cut green glass that contained 
a gas bubble in the shape of a crystal — 
a most misleading bit of evidence, if a 
loupe only were used to examine the 
stone. 

Diamonds Do Wear 

Figure 4 is an illustration of a mis- 
take that can be made by even an ex- 
perienced jeweler. In this case, the 
jeweler advised a customer that her dia- 


80 


GEMS & GEMOLOGY 


: 
b 
ms & 7 A oe 
Ae 
» *& @ ee 
RT — s by J ae 
Bee” <Grge ? 
. +e 2 ™O 
m8 | Se = . 
Pag Sp ti F i 
6 . 5% # 
oe @y & 
he h 5 ¥ : 
rn) i/ P 
a x 
a ti 
Figure 1 rigure'2 


Figure 3 


mond was not “genuine” because ‘‘dia- 


monds don’t wear like this’; however, Figure 4 

it proved to bea fine 2Y4-carat diamond. 

We were offered no explanation as to Diamond Growth Lines 

how an engagement stone could receive We have seldom had the problem of 
such treatment. interpreting the 1962 American Gem 
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Figure 5 


Society Ruling B-2, which states that 
“growth lines shall be considered flaws 
only if they exhibit color or break the 
surface.” Figure 5 illustrates growth 
lines that break the surface and are visi- 
ble in reflected light. This fine diamond 
contained no other flaws but had to be 
graded VVSo, because of the lines. 


Orange, Cyclotron-Bombarded 
Diamond 

Some of the loveliest colors produced 
by atomically bombarding diamonds 
are the orange colors, which we have 
encountered most frequently in table-up 
cyclotron-bombarded stones. Figure 6 
is a photograph taken through the pa- 
vilion, to show the slight penetration of 
color paralleling the table and adjoining 
the crown facets of a large orange, pear- 
shape stone. Because the penetration is 
so shallow, the absorption lines are not 
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* Figure 6 


usually apparent in the spectroscope; 
and if the diamond is mounted, as this 
one was in a handsome ballerina setting, 
the need for magnification can be appre- 
ciated. This applies to any surface-irra- 
diated cyclotron-treated diamond, 
whether the normal culet-up- or table-up 
type. 
Lavender-Dyed Jadeite 

Although we were aware that laven- 
der-dyed jadeite is on the market, be- 
cause we have purchased some for our 
collection, we have rarely been asked 
to identify it. Recently, we examined a 
bead necklace that proved to be pink- 
fluorescing, lavender-dyed jadeite show- 
ing a distinctive spectrum (Figure 7). 
The dyed stones in our collection do not 
show either reaction. 

Blue-Green Treated Diamond 
In spite of the fact that the limits of 
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human visibility are usually given as 
4000 A and 7000 A, we occasionally 
encounter a stone under spectroscopic 
examination that transmits beyond the 
7000 A region in the red. Such a stone 
was a blue-green treated diamond that 
showed clearly the lines first observed 
in a treated diamond and published in 
1953 in the British Journal of Applied 


Physics, by R. A. Dugdale. The unusual 
absorption lines appeared at approxi- 
mately, 7350, 7230, 7000 and 6700 A. 
The stone we observed also showed an 
unexpected moderately strong line at 
approximately 4300 A (Figure 8). 


Light-Yellow Willemite 
Figure 9 illustrates the absorption 
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spectrum of a transparent light-yellow 
willemite, which is different from the 
absorption spectrum of dark-brown 
willemite, illustrated in the Summer, 
1960, issue of Gems & Gemology. 


Need for Fair-Labeling Law 

The desirability of an eventual fair- 
labeling law for gemstones and their 
substitutes, such as the fur and textile 
industries now have, is becoming ever 
clearer. The blatant advertising of color- 
less synthetic sapphire and spinel (as if 
it were some new creation of man), the 
deceptive advertising of imitation tur- 
quois as “pressed or molded turquots,”’ 
and the more than 25 fanciful names 
under which synthetic rutile was bally- 
hooed all contribute to the low esteem 
in which the jewelry industry is re- 
garded by the consumer. Now comes 
“Zenithite”’ ! In the past few months we 
have been asked by at least six different 
clients in the trade to test some near- 
colorless material, and by normal gem- 
testing methods it has proven to be 
ordinary strontium titanate. It was only 
at the end of September, however, that 
some literature and the name ‘‘Zeni- 
thite’” were shown to us. In the litera- 
ture, the formula of strontium titanate 
was given chemically. instead of miner- 
alogically, and it was called “strontium 
meso-tri-titanate.” There were slight 
differences in the printed figures from 
those published elsewhere earlier for 
the dispersion and refractive index. As 
a result, our clients concluded that the 
material is new to science. Most serious, 
however, is the insistence that the hard- 


ness is 6Y4 and the implication that 
diamond’s toughness is inferior. All 
tests have shown the hardness to be no 
better than 6 and usually between 51/4 
and 6. In order to be sure that the ma- 
terial has the crystal structure of stron- 
tium titanate (first described in Gems 
& Gemology, Winter, ’57-’58), we 
asked Professor Ralph J. Holmes, of 
Columbia University, to make compara- 
tive X-ray diffractions. By this test, 
strontium titanate, commercially known 
as ‘‘Fabulite’ and ‘‘Zenithite,” are idén- 
tical, although ‘“Zenithite’ is from a 
manufacturing source unknown to us. 


Red-Brown Quartz 

Figure 10 illustrates a section of a 
bracelet containing 12 rounded, ted- 
brown crystal groups of ferruginous 
quartz — a most unusual use of beauti- 
ful mineral specimens. The coloring 
agent of the quartz is probably hematite. 

Highly Conductive Blue Diamond 

A very brilliant old-European -cut, 
light-blue diamond in a platinum soli- 
tare ring gave surprising results when 
tested with the electroconductometer. 
When tested with the probe on the 
table, the needle registers as high as if 
the probe had touched the contact of the 
instrument directly (Figure 11). At the 
moment the reading was highest, bril- 
liant-blue arcing could be seen within 
the diamond. If the probe touched the 
metal of the ring while the table 
touched the contact rod, a reverse 
reading was obtained and the needle 
went to a reading below zero (Figure 
12) for an unknown reason. The stone 
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Figure 10 


was the most highly conductive blue 
diamond we have ever encountered. In 
addition, it phosphoresced strongly after 
exposure to X-rays, but only slightly 
after exposure to short-wave ultraviolet. 


Weakly Conductive Diamond 

A weakly conductive diamond was 
submitted to determine if it had been 
coated. It, too, was an older cut and 
was flanked by two blue synthetic sap- 
phires. When an attempt was made to 
grade the stone in the Diamondlite, it 
appeared grayish, but we assumed it was 
drawing color from the sapphires. Out 
of the mounting, it appeared to be a 
very light grayish brown and showed a 
quite variable conductivity, as if it were 
perhaps a laminated stone with the II, 
components, conducting only when the 
probe was positioned properly. 


Figure 11 


Figure 12 


A New Synthetic Emerald 
At no time since the World War II 
has interest in developing synthetic 
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emerald by so many different people and 
firms come to our attention. In the past 
few months, we have been shown three 
different materials purported to be syn- 
thetic emerald. Only one of the stones, 
a 314-carat emerald cut, closely resem- 
bled the Chatham synthetic, varying as 
it did only in the fluorescent color under 
long-wave ultraviolet. The stone ap- 
peared to be of commercial quality, and 
certainly of commercial size. 

The other two materials submitted 
bore evidence of a considerably differ- 
ent technique of growth from the Chat- 
ham product. One of them was neither 
of commercial size nor quality but 
showed great promise. This client, as 
well as the first, wished to withhold 
publicity until such time as the product 
would be available commercially. 

The most recent material we have ex- 
amined was presented to our client as 
a sample, with the information that it 
will be available shortly in commercial 
quantities, and in sizes up to two carats. 
At the moment, we are waiting permis- 
sion from overseas to publish our find- 
ings of a most unusual product; if 
permission is granted, we hope to de- 
scribe it in full in an early issue. 


Eight-Foot Necklace of Jet 
We were surprised to find that an 
eight-foot-long rope of highly polished, 
black, opaque beads proved to be jet — 
a material that is seldom presented for 
testing. 


Dyed Lapis-Lazuli 
A necklace of graduated, very uni- 
form dark-blue lapis-lazuli was tested 
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for dye. There was good evidence that 
some of the beads had been stained to 
obliterate white spots, although most 
showed no evidence of the dye.. We 
have noted a similar selective use of dye 
in a carved lapis-lazuli figurine. 


Pink Diamonds 


We had the unusual pleasure of ex- 
amining before and after repolishing 
two beautiful pink diamonds that, by 
coincidence, were both flawless after re- 
cutting and of precisely the same weight, 
although of entirely different cuts. One 
of them was the orange-fluorescing 
kind, such as the famous “Princie” dia- 
mond, which was auctioned at Sothe- 
by’s, in London, in 1960. It is the first 
of this kind we have examined. 


Unusual Gemstones 


Unusual cut stones that we have ex- 
amined since the last issue include pink 
apatite, probably San Diego County ma- 
terial; brown danburite; red sphalerite ; 
chondrodite; a true hiddenite; an un- 
usually fine and large axinite; the very 
thodizite; transparent 
sodalite; near-transparent willemite, 
colemanite; barite; boracite; colorless 
natrolite; transparent rhodonite; wul- 
fenite; anhydrite; thulite; and pink 
epidote. 


rare mineral, 


Surface-Stained Limestone Beads 

The continuing effort to supply the 
demand for dark-blue turquois has 
reached somewhat of a nadir with the 
appearance on the market of blue, sur- 
face-stained limestone beads! Some we 
identified were being offered at a 
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ptice that could not be considered 
inexpensive. 
Treated Opal 

Several dealers and at least one manu- 
facturer have mentioned to members of 
the staff that they intend to handle the 
treated opal that was reported in the 
Fall "62, issue of Gems G Gemology. 
All mentioned, too, that they intend to 
sell it for what it is. Recent examples 
that we have seen have been strikingly 
beautiful stones. We have carried out 
no controlled testing as to the perma- 
nence of the color, but indications are 
that about the only trouble that might 
be experienced would be loss of some 
of the black. color, if the stone ever had 
to be repolished. Because the few stones 
that we have polished down showed a 
penetration of the black color for vary- 
ing depths, it is quite possible that 
stones could be repolished without alter- 
ing of appearance and could thus give 
a long measure of enjoyment to the 
wearer. 

Tinted Amber 

A beautifully carved, dark-red-brown 
statue of amberlike appearance failed 
to fluoresce, as one expects amber to do, 
except in a few places that when exam- 
ined-in the light, proved to be either 
worn or broken areas. We were then 
able to determine that the material was, 
in fact, pale-yellow amber, but had been 
carefully painted. 
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Uevelopments and Highlights 


by 


at the 


GEM TRADE LAB 


in Los Angeles 


Richard T. Liddicoat, Jr. 


“Black Pearls’ 


We continue to test many “black 
pearls” that are materials without orient 
or pearly luster and therefore fail to 
qualify as pearls by our definition. Most 
frequently, these are the smooth, pur- 
plish-brown concretions found in 
cherrystone clams, but occasionally 
other materials are encountered. We 
examined a light-weight black sphere 
with a rather high luster that seemed 
almost metallic. By the spot method, 
the refractive index was difficult to pin- 
point, but it was on the order of 1.70 
to 1.75 and the specific gravity was ap- 
proximately 1.30. There was no im- 
mediate reaction to the hot point, no 
reaction to HCl, and the material was 


obviously very soft. Since the client was 
in a hurry and was interested only in 
whether or not he had a black pearl, 
it was not necessary to make a positive 
identification. To reach a satisfactory 
conclusion would have required de- 
structive tests, so we are still wondering 
about it. 
Green Tourmaline 

Not long ago, we saw a green tour- 
maline that had been purchased in Bra- 
zil for three times its retail value. The 
stone was mounted, so we estimated its 
weight at approximately 914 carats. The 
client said that it had been represented 
to her as slightly under 10. Since the 
stone was loose in the mounting, we 
recommended that it be tightened by 
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her jeweler. She said later that the jew- 
eler had informed her the stone weighed 
not 9]4 carats, but 19 or 20 carats. His 
reasoning was that a tourmaline he had 
purchased as a 10-carat stone was much 
shorter than hers. He paid no attention 
to the much greater depth of his stone. 
When we had an opportunity two or 
three weeks later to weigh both the 
jeweler’s and his customer’s stone, we 
found that his weighed slightly over 
10 carats and the customer’s less than 
9Y,. With good intentions, he had mis- 
lead her (and himself) seriously with 
respect to the weight, and thus the value 
of the stone. 


Synthetic-Emerald Necklace 

We examined a necklace that was 
not at all remarkable, except that five 
reasonably large Chatham synthetic 
emeralds were accompanied by synthetic 
spinel single cuts. The cost of the syn- 
thetic emeralds seemed sufficient to jus- 
tify the use of diamonds as side stones. 


Biwa Pearl Necklace 

The progress in Biwa fresh-water, 
non-nucleated cultured-pearl production 
was never more apparent than in a neck- 
lace we tested recently. A few of the 
pearls were perfectly spherical to the 
eye and most of the strand nearly so. 
Although the average pearl was slightly 
baroque, it was not enough to be 
obvious. 

Not Broken, Only Flawed 

An indignant jeweler came in with a 
diamond that had been called broken 
by another jeweler to whom it had been 
taken by the first jeweler’s customer to 


have a prong tightened. The purpose 
for bringing it to the Lab was to have 
it graded against the Institute’s system 
and to have a written confirmation that 
the stone was not broken. The Lab was 
happy to confirm that the stone was 
not broken, but the jeweler found a 
fresh source of indignation when an 
SI, grade was assigned to the stone. 
Rather prominent inclusions under the 
table and several small cleavages near 
the girdle put it just one step above an 
imperfect rating; but to the jeweler, 
VVS, was the proper grade, or at the 
very worst, VS,. The jeweler was con- 
vinced that the grading would bring 
criticism on him from the customer. 
Had a diamond of that cut, color and 
weight been a VVSog, it would have cost 
him approximately the retail price he 
had put on the stone. 
Tridacna Pearl 

We were confronted with a huge 
white concretion that was believed to 
be a valuable pearl by its owner. The 
most interesting feature of the object 
was the irregular “flame” structure that 
may be seen in certain lights on the sur- 
face of a conch pearl. The only other 
material to our knowledge that shows 
this structure is this material, which we 
identified as a Tridacna pearl. Tridacna 
is better known as the giant clam. Al- 
though it lacks nacre and a pearly luster, 
concretions from this mollusc are inter- 
esting for their unusual flame-reflection 
effect, which is also apparent on the 
shell (Figure 1). 

Green Jadeite 
We recently received a ring contain- 
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Figure 1 


ing green jadeite in an attractive qual- 
ity. It was sent by a jeweler who said 
that his customer claimed the color of 
the stone was fading. Examination by 
spectroscope disclosed no evidence of 
dye. Although it is possible for jadeite 
to be dyed and for the dye to fade away 
over a period of time, leaving no trace 
strong enough to be detected by the 
spectroscope method, truly green jade- 
ite does not need to be dyed. If it has 
an appealing color, it is likely too valu- 
able to be subjected to the value loss 
that is inevitable when dye is detected. 
In other words, it is only practical to 
dye inferior colors of jadeite. In view 
of the complete lack of evidence of dye 
and in view of its very attractive present 
color, we could only conclude that the 
customer must have imagined a change. 
Quartz Chandelier 
Although there was nothing unique 
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Figure 2 


about the material, we recently had a 
somewhat unusual identification. An 
antique dealer submitted a number of 
huge chandelier drops and a large color- 
less transparent ashtray, all of which 
were identified as rock-crystal quartz. In 
view of the tremendous size of the 
drops in the chandelier, it would have 
been interesting to see the whole piece. 


Staurolite Imitation 


Figure 2 shows a material that ap- 
pears to be staurolite. It seems strange 
that it is necessary to make substitutes 
for such an inexpensive stone. How- 
ever, in the areas in which these re- 
markable twin crystals are found, the 
demand is evidently too great to be 
easily filled by the right sizes and 
shapes. In its unaltered form, staurolite 
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has a hardness in excess of 7 and not 
all of the twins are crosses; Many are 
X-shapes. To improve on nature, often 
a soft talcose material is filed into the 
appropriate shape and then dipped in 
a substance such as paraffin to darken 
the tan material. Occasionally, soft 
mica-schists are used in place of talcose 
rocks, and sometimes staurolite that has 
altered almost all of the way through 
is used. In general, the imitators start 
with something that bears no resem- 
blance to the staurolite until it has been 
shaped. Such materials are easily 
scratched with a knife blade, in con- 
trast to hard staurolite. The file marks 
ate readily apparent on the imitations 
shown in Figure 2. 


Synthetic Emerald versus Natural 


On a number of occasions, it has 
been pointed out that natural emeralds, 
particularly in fine color, may fluoresce 
to some extent under long-wave ultra- 
violet. Another test that has been 
reported on several occasions for dis- 
tinguishing synthetic from natural em- 
eralds is transparency to short-wave 
ultraviolet. Because of its fluorescence to 
short- but not to long-wave ultraviolet, 
the mineral scheelite is often used -to 
test this property. A short-wave ultra- 
violet unit is placed over an unknown 
stone, which in turn has been placed 
over a hole in an opaque shield. Below 
the opening, the scheelite is placed. If 
the scheelite fluoresces, it is clear that 
the unknown stone is transparent to 
short-wave ultraviolet. Transparency to 
short-wave ultraviolet light has been 


Figure 3 


recognized as a means of detecting syn- 
thetic emerald. 

On several occasions, natural emer- 
alds that fluoresced. slightly showed 
themselves to be transparent to short- 
wave ultraviolet, in that scheelite placed 
beneath them fluoresced to short-wave 
ultraviolet passing through the natural 
stones. Thus, this is similar to the fluo- 
rescence test — of value when the re- 
sults are negative. 


Three-Point Diamond 

Figure 3 shows a three-point dia- 
mond; ie., a diamond with its table 
almost parallel to an octahedral face. 
This orientation is clear from the fact 
that when the stone cleaved from a 
point near the girdle, a large piece of 
the pavilion cleaved away parallel to 
the table. Three-point diamonds are 
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common but less commonly encoun- 
tered than four-point stones, because 
the octahedron and modified octahedra, 
when sawed, yield four-point stones. 
Three-point stones are likely to be cut 
from macles, flats, or stones that must 
be cleaved in fashioning. 
Unique Jeweled Music Box 

Figures 4 and 5 are two views of one 
of the most interesting jeweled music 
boxes we have encountered. When a 
switch was pressed, a door opened and 
a tiny bird sprang into view to sing a 
many-noted song. As can be seen in the 
photograph, the box was made of fili- 
greed gold and set with many colored 
stones and diamonds. The bird was cov- 
ered by iridescent hummingbird feath- 
ers. The box had been brought to this 
country to be exhibited at a world’s fair 
many yeats ago. 

We Appreciate 

From GIA student, Maurice C. 
Correia, Bridgetown, Barbados, West 
Indies, we received six diamonds of 
various natural colors. These will be 


Figure 4 


of great value to the Institute, par- 
ticularly for spectroscopic analysis. 

When Doug Robinson, gem mer- 
chant from Brisbane, Australia, vis- 
ited the GIA recently, he donated 
specimens of nephrite, agate and 
chrysoprase. 

Thanks to Richard T. Pattie, Hills- 
boro, Illinois, for the opal ring that 
he donated to the GIA. It will make 
a fine stone for class use. 

The gift of library copies of the 
book, The Great Blue Diamond, by the 
author, J. Komkommer, Antwerp, 
Belgium, were greatly appreciated. 

From Bill Rowbury, GIA student 
and hobbyist, San Francisco, we re- 
ceived a synthetic spinel, an amethyst 
and a topaz cut in his original design, 
that he named the Triumph (Figare 6). 

We appreciate the andalusite crys- 
tals, enstatite cat’s-eye cabochons and 
a number of faceted garnets that 
Martin Ehrmann, gemstone dealer of 
Los Angeles, recently donated to the 
GIA’s collection. 
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Book Heviews 


THE BOOK OF AGATES & OTHER 
QUARTZ GEMS, by Lelande Quick. Pub- 
lished by Chilton Books, Philadelphia, 1963. 
232 pages, well illustrated with black-and- 
white photographs and two color plates. 
Price: $9.95. 

Mr. Quick has written a highly readable, 
comprehensive, practical manual that is con- 
cerned primarily with the rockhound’s favor- 
ite gem —the agate. One of the most 
immediate apparent and refreshing features 
of the book is its nontechnical approach to 
the subject. In the author's words: ‘This is 
not a scientific textbook. It tells all about 
agates but does not tell, except in a general 
way, exactly how agates were formed, be- 
cause the details would be boring to many 
and really useful to none. These details are 
available in many other books.” 

The book begins with a definition and 
description of agate and proceeds to a com- 
plete account of the history of this desirable 
and long-cherished gem, tracing it from pre- 
historic times to the present. In this connec- 
tion, the author discusses the evolution and 
development of the more than nine hundred 
gem, mineral and lapidary clubs now organ- 
ized in America. Subsequent chapters are 
devoted to the details of agate collecting 
and to the varieties of quartz gems other than 
agate, including helpful glossaries. 

Later sections discuss the sources of quartz 
gems throughout the world and gives thor- 
ough coverage to actual collecting localities 
in the United States, Canada and Mexico. 
This compilation of collecting areas is one 
of the best that has been written. 

Later, there is a brief introduction to the 
art of cutting and polishing agates, together 
with descriptions and illustrations of lapi- 
dary equipment. Following this is a chapter 
devoted to‘ inspiring photographs of the 


numerous jewelry, novelty, ornamental and 
utilitarian uses for which agate and other 
quartz varieties are particularly suited. Shown 
are outstanding examples of bookends, ash- 
trays, carvings, agate-handled tableware, 
bowls, paperweights, spheres, penholders, 
and faceted stones set in rings. Illustrations 
of great variety of cabochons, slabs and 
tumbled stones are to be found throughout 
the book, showing the endless combinations 
of colors and patterns that occur. It is re- 
grettable that a greater number of color plates 
could not have been used. 

In conclusion, there is a selected bibliogra- 
phy of currently available books on agate 
collecting, gem-mineral locations, gem cut- 
ting, gemology, mineralogy, geology, jewelry 
making and related subjects. Also included 
is a list of periodicals of interest and value 
to the hobbyist-craftsman. The concise index 
utilizes boldface type to refer to illustrations 
in the text. 

The Book of Agates should prove to be a 
valuable addition to the libraries of the 
hundreds of thousands of persons who pur- 
sue the fascinating and absorbing avocation 
of rock and mineral collecting and gem cut- 
ting — America’s fastest growing hobby. 

(Editor's note: The late Lelande Quick, 
long a recognized authority on the amateur 
lapidary movement in the United States, was 
one of the founders and the first president 
of the Los Angeles Lapidary Society. He also 
founded similar societies in Michigan and 
New York, and assisted in organizing the 
Hollywood Lapidary Society and other 
groups. throughout the country. 

In 1947, he began publication of the 
Lapidary Journal, a monthly magazine de- 
voted to gem cutters, collectors and jewelers. 
During his thirteen years as editor and pub- 
lisher, Mr. Quick traveled widely and lec- 
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tured on gem cutting at universities and 
museums from coast to coast. In 1959, he 
coauthored Gemcraft, a book on lapidary 
techniques. He retired in 1960 to continue 
his writing in the field of gems, minerals and 
the lapidary hobby. The Book of Agates was 
completed shortly before his death, in Febru- 
ary of 1963.) 


GEM-HUNTER’S GUIDE, by Russell P. 
MacFall.. Published by Thomas Y. Crowell 
Co., New York. 3rd edition, 1963.278 pages, 
numerous maps and eight color plates. Price: 
$4.95. 

In this revised edition of a book that has 
met with success since it first appeared in 
1951, Mr. MacFall has compiled compre- 
hensive, up-to-date, verified information on 
the locations of gem minerals in the United 
States, Canada and Mexico. The author has 
been an amateur lapidary and gem enthusiast 
for more than forty years, has written many 
articles for Sesence & Mechanics Magazine, 
and is presently night editor of the Chicago 
Tribune. 


Since the principal purpose of the book is 
to tell the reader exactly where to go to find 
gem materials and what to look for when he 
gets there, the main feature is a 150-page 
chapter entitled, “Directory and Maps of 
Gem-Hunting Locations.” In this section, 
more than a thousand tested digging sites 
are described and organized by states, coun- 
ties and the nearest towns. The directions 
and maps give such specific details as second- 
ary and unimproved roads, mountain and 
desert trails, and sections of stream beds. 


One of the early chapters discusses briefly 
but clearly some of the more useful clues for 
identifying gem. minerals: hardness, crystal 
structure, cleavage and fracture, luster, trans- 
parency, color and pattern, and specific grav- 
ity. Following this is a brief description of 
the three major rock types (igneous, sedi- 
mentary and metamorphic), emphasizing that 
igneous rocks are the most prolific producer 
of gem materials. A subsequent section gives 


helpful suggestions for a gem-collecting trip. 
Another chapter is devoted to a simplified 
identification table of gem varieties found in 
the United States that are generally consid- 
ered to be worth collecting and cutting. The 
remaining chapters deal with fluorescence, 
judging quality and value, collectors and col- 
lections, and diamonds and pearls in the 
United States. A short but helpful glossary, 
sources for maps and printed material on 
state mineral resources and the location of 
gem and mineral displays, and a bibliography 
are included. The book is enhanced by eight 
attractive color plates. 

Gem-Hunter's Guide is a useful, practical, 
easy-to-understand book for the amateur 
gem collector. 


Continued from page 79 
overburden, so the primary and second- 
ary sand and soil overburden is stripped 
off by a number of different types of 
earth-moving equipment and dumped 
into mined-out areas. The gravel of the 
exposed terrace is loaded into trucks by 
excavators and taken to field screening 
plants. 

Where hard-packed diamondiferous 
conglomerate occurs on the bed rock, 
it must be blasted. The bedrock, which 
is very uneven, is handswept by wire 
brooms. More recently, a piece of equip- 
ment called a vacuveyor was developed. 
It is adapted from a large vacuum unit 
that was originally designed to clean 
the holds of ships. It works on a blower 
system and is sometimes referred to as 
a vacublast. Elizabeth and I were told 
that eventually they would probably re- 
place the sweepers. 

There are 13 field screening plants, 
each serving an area being mined, and 
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these are models of efhciency, Here, 
approximately 859% of the sand and 
gravel is eliminated and dumped as 
waste. The remaining 15% 1s carried by 
diesel or electric trains to the central 
recovery plant. 

The accompanying flowsheet traces 
the steps in the recovery of diamonds 
at CDM; most of these processes have 
been mentioned earlier. Here, as the 
first step, is a primary milling to cemove 
magnetite, clay nodules and sand. About 
25% of the valueless material is climi- 
nated at this point. 

There are three steps in heavy-media 
separation at CDM. The specific gravity 
in the first operation is 2.90, The 
smaller secondary cone, where the sink 
from the first separation is treated, has 
a density of 3,20, The float from the 
second stage travels through the third 
separation, where the specific gravity ts 
3.15, and the sink here joins that from 
the previous stage. In this third stage, 
the newer spherical ferro-silicon is used. 


This concentrate contains a high pro- 
portion of minerals that are susceptible 
to magnetism, so magnetic separation is 
used. The magnetic field alters the 
course of these minerals. The diamonds, 
unaffected by the magnet, fall vertically. 

The concentrates here must be treated 
in a preconditioner before being sent to 
the grease tables. They are alluvials and, 
as such, have a wettable surface before 
treatment. 

To test the efficiency of the operations 
at most of the mines, including CDM, 
optical separators are used. Tailings 
travel through the separator. Its func- 


tion depends on the ability of most dia- 
monds to transmit a beam of reflected 
light. By means of a photomultiplier 
circuit, a gateway is momentarily opened 
and a stream of gravel with the dia- 
mond drops through whenever a dia- 
mond appears. This interesting piece 
of equipment was developed at 
the Diamond Research Laboratory, in 
Johannesburg. 

Today, all the mines are recovering 
diamonds as small as .01 carat, which 
have become increasingly important in 
industry. It never ceased to amaze us 
that anything this small could be re- 
covered from the mountains of waste 
material. 

But what of the people back of this 
enormous operation of providing the 
world with diamonds? If possible, more 
impressive than diamond recovery is the 
caliber of the men one meets every- 
where at the mines. Elizabeth and I 
spoke of this so often. 

Each mining area has not only its in- 
dividual mining problems but its social 
problems as well. At each new place we 
visited, we were again impressed by the 
fact that the men at the top were so 
peculiarly fitted for the problems of 
their area; this was true at all levels. 
The combination of one of our most 
exciting natural resources with the finest 
in human resources is hard to beat. 

It is hoped that, in bringing you this 
brief outline of the mining and recovery 
of diamond deposits in southern Africa 
that you, too, may feel some of the pride 
in your diamonds that Elizabeth and I 
feel as a result of our visit. 
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Uevelopments and Highlights 


by 


at the 


GEM TRADE LAB 
in New York 


Robert Crowningshield 


Bleached and Dyed Cultured Pearls 


We are occasionally puzzled by what 
appears to be a number of drill holes 
in the radiographs of especially fine 
cultured pearls. Once, we thought they 
represented inexpert drilling; however, 
considering the quality of the pearls, 
we were doubtful. The mystery was 
solved by an importer who informed 
us that these holes had been drilled 
from the initial-stringing hole to points 
beneath the nacre and outside the nu- 
cleus that need special attention in the 
bleaching process. Figure 1A illustrates 
a fine specimen that had three “false 
drill holes,” by which bleaching could 
be carried out in the area between the 


nacre and the nucleus. Our informant 
showed us some gray-blue cultured 
pearls that had such a heavy concentra- 
tion of conchiolin between the nucleus 
and nacre that no amount of bleaching 
would remove the color; these are of- 
fered for sale as they are. Of course, 
some of these blue cultured pearls have 
been dyed, frequently an unnatural 
depth of color. 

Figure 1B is a photograph of a sawed 
natural-colored, blue cultured pearl, 
showing the effect on color of conchio- 
lin around the nucleus. On the left, 
with the half bead removed but before 
the conchiolin has been scraped from 
the inside of the nacre, the pearl ap- 
pears quite dark. On the right, after 
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Figure 1A 


the conchiolin has been scraped from 
the inside of the. other half, it appears 
to be normally white. This illustration 
shows that blue dye introduced into the 
drill hole lodges around the nucleus and 
gives the pearl a blue color. 

The appearance in the market of cul- 
tured pearls in which pink dye is so 
obviously present that a layman ques- 
tions it was brought to our attention 
by a copy of a letter that had been sent 
to a Better Business Bureau by a lady 
who had purchased a fine strand. She 
proceeded to restring them herself when 
she detected the concentration of dye. 
Since the Japanese pearl mollusc, Pire- 
tada Martensii, has a tendency to pro- 
duce cultured pearls with a greenish to 
yellowish body color and the demand, 
especially in America, is for white and 
pink, bleaching and staining are as 


Figure 1B 


necessary as the various processes used 
in preparing mink skins for coats. It is 
perhaps unfortunate that the organiza- 
tions responsible for the good public 
relations of the cultured-pearl industry 
do not release information that will 
allay the consumer’s fears of being 
“taken” when purchasing normally- 
processed cultured pearls. One sugges- 
tion is to inform prospective purchasers 
that bleaching is not confined to the cul- 
tured product but is also a normal proc- 
ess in preparing Persian Gulf pearls for 
market. The bleaching is done princt- 
pally in Bombay. 


Faded Dyed Jadeite 
On several occasions, clients have 
presented badly-faded dyed jadeite for 
examination. In one case, we were told 
that the color had faded within six 
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Figure 2 


weeks of purchase. We wondered if 
perhaps the latest dyed jadeite might be 
less color fast, so we bought several 
pairs of identical color. We placed one 
pair in a light-proof wrapping, and the 
other was taped to a south window; 
this was on October 10, 1963. The 
stones were compared on February 8, 
1964, and virtually no difference could 
be detected. Possibly, the one exposed 
to light was a shade more yellowish, 
but not strikingly so (upper stone in 
Figure 2). 


Unusual Star Effect 

Figure 3 is a drawing of a most un- 
usual collector's item that we had the 
opportunity to photograph. The stone 
was violetish brown and had a star that 
was formed by areas in which rutile 
needles were absent. The needles ap- 
parently had crystallized in a rhombo- 
hedral direction, giving the six sections 
a bright, metallic sheen, each separate 
and distinct from its neighbor. The 


Figure 3 


Figure 4 


stone, which had almost a manufac- 
tured appearance, weighed in excess of 
one hundted carats. We were immedi- 
ately reminded of a sawed-and-polished 
crystal of amethyst in our collection that 
has rutile needles arranged in three dis- 
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Figure 5 


tinct and three indistinct zones, giving 
a weak three-rayed “star.” Our speci- 
men looks very much as if it might 
have been part of the same crystal from 
which the cabochon was cut (Figure 4). 


Treated Amazonite 
An unusual blue color characterized a 


necklace of amazonite beads; in addi- 
tion, they lacked the laminated appear- 
ance that one sees in most cabochon-cut 
amazonite. The reason was that the 
stones had been wax or paraffin treated, 
using materials with a similar refractive 
index to that of amazonite, thus hiding 
the incipient cleavages that cause the 
platy sheen of this stone. 


Red-Abalone Pearl 
One of the most striking jewels we 


have seen was a simple gold pendant 
containing a very large, flattened; but- 
ton pearl (Figure 5) from the red aba- 
lone (Haliotis Rufrescens). As the 
pearl was turned in the light, it became 
alternatingly metallic bronze in appear- 
ance, changing in turn to red, orange 
and green. Like the shells themselves, 


these pearls show a characteristic green 
fluorescence under long-wave ultra- 
violet. 


Brilliant-Cut Variations 

One of the many myths about dia- 
monds is that all brilliant styles of 
cutting have fifty-eight facets (not 
counting girdle facets) ; therefore, one 
often sees the marquise and pear-shape 
brilliant illustrated as in Figures 6.A and 
6B. In reality, these “ideal” cuts are 
rarely encountered. More frequently 
both end pavilion facets are eliminated 
on the marquise, as in Figure 6C, and 
one or both end pavilion facets on the 
pear shape, as in Figures 6D and GE. 
Recently, we have seen variations in 
crown faceting, principally in the mar- 
quise, producing a fifty-two facet cut 
(Figure 6F). 


Color Alteration in Turquois 


Because most medium- to dark-col- 
ored turquois we encounter has been 
treated in some way, we tend to forget 
that these colors do exist naturally and 
that mistreatment of the untreated ma- 
terial may cause color alteration just as 
in the treated material. We were made 
aware of this when asked to compare 
the stones in a bracelet with those in a 
pair of earrings. Those in the bracelet 
were a most attractive, untreated me- 
dium blue, but those in the earrings, 
presumably the same as the ones in the 
bracelet, were a less attractive, slightly 
mottled greenish blue. Apparently, the 
stones worn on the ears suffered from 
the effects of cosmetics, whereas those 
in the bracelet were spared. 
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Figure 6A 


Figure 6D 
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Hardness of Synthetic Spinel 
Questioned 
Although the definition of synthetic, 


as used in gemology, indicates that it 
has the same chemical, optical and phys- 
ical properties as the natural stone it 
reproduces, we have seen frequent evi- 
dence that synthetic spinel is not as hard 
as its Mohs’ number would indicate. 
Figure 7 is a synthetic blue spinel in a 
fancy platinum-and-diamond ring; it 
appears so badly worn as to suggest 
glass. In reality, synthetic spinel not 
only does not reproduce exactly the 
structure of most natural spinels but it 
is under strain. Perhaps this accounts 
for its tendency to chip along facet 
junctions. 


Rare Cat’s-Eyes 

Of the few unusual stones we have 
encountered since the last issue is an 
approximately forty-carat pink scapolite 
cat’s-eye in a yellow-gold pendant. Also, 
we continue to see quite a number of 
dark-green chrome-diopside cat’s-eyes, 
some of which are very attractive. 


Naturals Prove Color Origin 
Occasionally, we have seen 10- to 20- 


point greenish-blue diamonds that by 
their colored naturals, could be deter- 
mined to be untreated. The largest dia- 
mond of this kind we have examined 
weighed nearly 1.50 carats and tesem- 
bled a greenish aquamarine. It showed 
remnants of dark-green naturals, some 
dark-green inclusions close to the sur- 
face at the point (it was pear shaped), 
and a slight greenish “stain” from an 
original colored natural at the culet. 
These stones are associated with Brazil- 


ian rough, which frequently shows pro- 
nounced dark-green spots in the ‘‘skin.” 


Unusual Topaz 
Figure 8 illustrates hairlike inclu- 


sions in brown topaz, reportedly from 
a new Mexican source. The color is un- 
like that of any precious topaz currently 
on the market; it resembles the color 
produced by exposing colorless material 
to fast neutrons in an atomic pile. We 
have examined at least six of these 
stones, and all but one has contained 
these inclusions. 


Alexandrite Cat’s-Eye 
An unusual alexandrite cat’s-eye was 


examined in the Laboratory twice. Since 
the hollow tubes were as prominent as 
in some tourmaline, we doubted that it 
could be chrysoberyl (Figure 9A). In 
addition, at one end there appeared an- 
other chatoyant band that crossed the 
main band at ninety degrees, giving an 
unexpected four-rayed star effect (Frg- 
ure 9B). 


A Synthetic Fluoride (?) 
Figure 10 is an actual-size photo- 


graph of a transparent vivid-green 
“boule,” with a metallic tip projecting 
at one end. We were not permitted to 
perform destructive tests, but the fol- 
lowing determinations were made; a 
refractive index near 1.45, singly re- 
fractive, an S.G. of 2.31, light-blue 
fluorescence, and no absorption lines in 
the spectroscope. A suggestion was 
made that it was a synthetic fluoride, 
but we have no proof. Its rather low 
hardness (less than 5), indicate that it 
would be of little jewelry value. 
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Figure 7 Figure 8 


Figure 9A Figure 9B 
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Figure 10 
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Here Lies Hidden 


(Editor’s note: Condensed from an 
article by Daphne Rooke in Optima, the 
quarterly review of the Anglo Ameri- 
can Corporation of South Africa, 
Ltd.) 


Nature often hides her precious min- 
erals from the eyes of scientific pros- 
pectors, but sometimes she reveals them 
to searchers who have a more intimate 
knowledge of her secret laws. It was his 
keen observation of plants, insects and 
animals that led Allister Thornton Fin- 
cham to an important diamond deposit 
near Postmasburg, in Cape Province. 


The men are dead who took part in 
the grand rushes to the diamond fields 
a century ago. Great companies now 
control the diamond mines, but the lure 
of seeking diamonds persists in men as 
strongly today as it did when fifty 
thousand came to Kimberley to try their 
luck. The equipment is much the same 
as that used by the old-time diggers, 
and the optimism and courage are as 
great. Diggers and prospectors still 
work from daybreak until dark, under 


the blazing sun and in bitter cold, with- 
out sick pay, vacations or pensions wait- 
ing at the end. 

Along the Vaal River they can be 
found, these invaders into an era of set- 
tled jobs and suburban comforts, on 
farms near Kimberley and on the coast 
of South-West Africa, They are fossick- 
ing (prospecting) in the desert or, if 
they have to earn a living for their de- 
pendents, on a farm in their spare time. 
Nothing can turn them from the life 
they have chosen, neither poverty and 
disappointment nor riches and success. 
They represent all types: industrious 
men, gamblers, opportunists — but all 
have seen the glittering vision that has 
been revealed in Africa through the 
centuries. 

Recently, a man named Allister 
Thornton Fincham discovered a dia- 
mond mine near Postmasburg, one hun- 
dred thirty miles west of Kimberley. 
The story of its discovery is essentially 
the story of Africa, where the old meets 
the new in a blending of ancient wis- 
dom and modern science. It is a story of 
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ant hills and ‘rubies’ (garnets) and of 
the veld bushes and the secrets they 
hide. 


Early in 1961, Fincham faced the 
major decision of his life. He had been 
prospecting the farm Brits for asbestos 
and a colleague had given him two big 
garnets that had been picked up out of 
the concentrates near a test pit dug 
many years before by another pros- 
pector. “You don’t always find dia- 
monds where you find ‘rubies,’ Fin- 
cham said, ‘‘but you always find ‘rubies’ 
where you find diamonds.” 

He stood alone on the ridge, think- 
ing out the problem. From where had 
the concentrates of garnets come? Did 
their presence indicate a pipe of kimber- 
lite beneath the overburden of red soil? 
He looked about carefully, not only at 
the soil and the rocks but over the en- 
tire terrain, assimilating every detail in 
his surroundings—remembering, deduc- 
ing and analyzing. 

On a ridge about three miles distant 
was a small asbestos mine. On the plain 
were limestone works, and far to the 
north and northwest lay the manganese 
and iron-ore deposits of Postmasburg. 
He could see a windmill not more than 
a mile and a half away; at that spot, he 
and his father had worked a small dia- 
mond mine. 


If there was a kimberlite pipe be- 
neath the overburden on Brits, it was 
almost a certainty that there would be 
diamonds, too. In order to find out, he 
would have to abandon the asbestos 
project, which might prove a ruinous 
step. But if he were sure there was a 


kimberlite pipe, nothing would stop 
him trying for diamonds. 

How could he be sure that the kim- 
berlite was there? He had no formal 
education to depend on. All that he 
knew about minerals he had learned 
from his father and from his own wide 
experience. He had been in this district 
since 1929 and had a vast fund of 
knowledge, not only of the rocks but of 
the vegetation and insects to be found 
in the vicinity. 

Scattered gray bushes, known as vaal- 
bosse, spill from the ridges and on to 
the plain. In the vast sweep of the land- 
scape, it seems that the vegetation does 
not vary and that there is nothing to 
break the uniformity, except the glare 
of the iron buildings of the asbestos 
mine and the tall smokestack of the 
lime works. But Fincham had already 
noted differences in the growth of the 
vegetation. 

He had already prospected for as- 
bestos along the line of a fault that he 
had traced from the existing asbestos 
mine to Brits, by taking into account the 
dispersal of the bushes growing in and 
near fissures and dikes. An aerial pho- 
tograph had given him a comprehensive 
view of the entire prospect. Here on 
this ridge, with a perimeter of twenty 
morgen (a morgen is 2.116 acres), the 
vaalbosse grew more densely than else- 
where on the farm. 

The motto of his family is Arbore 
Latet Opaca (There lies hidden in a 
dense tree a branch golden, both in its 
leaves and pliant stem). He did not 
look for an omen of this kind, yet he 
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could not help recalling the words that 
day. 

The denser vegetation and the pres- 
ence of garnets within the same per- 
imeter — these were the important fac- 
tors he had to consider. He believed 
that the soil nourishing the bushes was 
made up of different components from 
the soil outside the perimeter. Since 
manganese and kimberlite are fertiliz- 
ers, the denser growth argued the pres- 
ence of mineral deposits. 

He examined the structure of ant 
hills when prospecting, to discover what 
the termites were carrying up from be- 
low, and found an occasional garnet in 
the material. He had seen termites at- 
tack the roots of a garden shrub that 
had been specially watered during a 
drought, in an effort to save it. Termites 
ate quick to find the slightest trace of 
moisture; they will go deep into the 
earth in search of it when the surface is 
dry. : 

If there werc kimberlite beneath the 
topsoil, it would attract the insects, 
since the mica content of this diamond- 
bearing rock gives it the power to retain 
moisture. Only termites could have 
brought the concentrates of garnets to 
the surface, and they would burrow 
deep beneath the overburden only if 
there were sufficient moisture to attract 
them, therefore, mica must be present. 
Mica and garnets are two of the com- 
ponents of kimberlite. From these de- 
ductions, he felt reasonably certain that 
a pipe of kimberlite existed within the 
perimeter outlined by the denser growth 
of vegetation. He therefore decided to 
risk everything and apply for a permit 
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to prospect for precious stones. 

He was not without anxiety. It first 
would be necessary to form a new com- 
pany (he had been operating under the 
name of Fincham Base Minerals) . Bore- 
holes would have to be sunk, and he 
knew that £2000 had been spent on an 
adjoining farm in a vain search for a 
plentiful supply of water. Discarding 
the asbestos project took some courage, 
since he had been occupied with it for 
more than two years. All over the prop- 
erty were small pits that had been dug 
with pick, shovel and crowbar. Heap 
upon heap of the satiny blue tock had 
been piled up; the asbestos mine, had 
been proved, and a return awaited him 
as soon as work began on a large scale. 

He thought of the regulations that 
he would have to comply with, and of 
the innumerable details of business that 
would henceforth occupy. him. In the 
end, the area might not be proclaimed 
a mine, because of the insufficiency of 
diamonds. Additionally, there was the 
risk of running short of capital before 
the mine was proved. But nothing could 
deter him. 

The new company that was ultimately 
formed was called Finsch Diamonds. A 
lease for prospecting was granted, and 
excavations by bulldozer and sixty pick- 
and-shovel laborers were begun. Fin- 
cham was right: there was a kimberlite 
pipe pushing up through the banded 
ironstones adjoining the asbestos reefs. 
This is an unusual formation, and it 
was only through his unique brand of 
experience and logic that he had dis- 
covered the mine. 
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Nearly a year later (in November, 
1961), the first washing took place at 
Brits. The Mining Commission from 
Barkly West was invited to witness the 
event. Bucketful after bucketful of ore 
went through the rotary machine, but 
not a diamond was found. Finally, a 
small stone, weighing three-fourths of 
a carat, was discovered by Bobbie 
Campbell, Fincham’s stepson. Excite- 
ment mounted rapidly among those 
assembled. 


The Mining Commissioner then di- 
rected that nine prospecting pits be 
proved, at depths varying from fifteen 
to two hundred feet. Equipment was 
improved. A mechanized sieve and 
washing machine were substituted for 
the hand machines, and a mechanical 
shovel was used at the deeper levels. 
Six boreholes were sunk around the per- 
imeter, but no water was found; it had 
to be carried from farms many miles 
distant. Finally, Fincham hired a geo- 
physicist, who located an abundance of 
water outside the mine perimeter; it 
was at a depth of two hundred feet, far 
exceeding the 5000 gallons an hour that 
was required for the prospecting. 


The pipe proved to be rich, and 
there was a yield from every pit. Dur- 
ing November, 1961, thirty-three and 
one-half carats were registered. In May, 
1963, when the last prospecting pit had 
been dug, 1634.45 carats were recorded. 
One of the most important finds was a 
stone that weighed forty-four and one- 
half carats. 


The flow of diamonds from the mine 
is more than a vindication of Fincham’s 


judgement: it is the culminating point 
of a lifetime of prospecting. His office 
in Postmasburg looks out on a dusty 
road, known as Tuinstraat (Garden 
Street). The town has the appearance 
of an American frontier community of 
the 1870's; but no cowboys ride in, dis- 
charging their six-shooters: It is, in fact, 
a sober and industrious place, made 
prosperous by manganese, iron ore, as- 
bestos and limestone. The population is 
approximately 2000, more than half of 
which are natives. 


His office was once a shop. The win- 
dows are high and hung with print cur- 
tains, to keep out the afternoon sun. 
Against the wall stands a display case 
containing rock and mineral specimens: 
pyrite, mica, talc, garnet, limestone, 
fluorspar and others. On the floor 
against the window are dozens of rock 
samples that have been brought to him 
for examination. Hanging on the wall is 
an aerial photograph of the diamond 
mine and a map of the layout of the 
pipe. 

Since he has sold his mine to De 
Beers Consolidated Mines, Ltd., Fin- 
cham is now a millionaire, but he does 
not intend to retire. He is again pros- 
pecting for diamonds, and has an inter- 
est in a company that produces four 
thousand tons of gypsum a month. He 
also has an interest in a manganese 
mine. 

In his office, plans are being made for 
a long journey to investigate minerals 
and for the development of hot springs. 
The scheme nearest to his heart 1s a 

(Continued on page 126) 
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A New Source of Emeralds 


in Brazil 


by 


Thomas Draper 


Within the last few months, the daily 
papers in Brazil announced the discov- 
ety of emeralds.. The event was de- 
scribed in detail in the weekly journal 
O Cruzeiro, dated September 21, 1963 
published in Rio de Janeiro. 

This discovery, towards which the 
usual rush of garimpeiros has taken 
place, seems, from all accounts, to be 
somewhat bigger and more important 
than any hitherto reported in Brazil. 

According to an elderly cattle herder, 
Abel by name, the occurrence of emer- 
alds on the Fazenda Sao Thiago has 
been known for many years. There 
children, attracted by their beautiful 
color, have used them in their games. 

The Fazenda Séo Thiago is near 
Salininha, Municipality of Pilao Ar- 
cado, State of Bahia. It is situated on the 
left bank of the Sao Francisco River, 
about half way between Xique-Xique 
and Remanso. 

In 1950, Abel conceived the idea 
that the children’s green pebbles might 


have a commercial value. He took 'them 
to Pilao Arcado, where he showed them 
to a chemist, who presumably did not 
attach any value to the stones. In Sep- 
tember, 1962, the chemist returned with 
a friend and asked for more sampies. 
Abel gave them about 250 grams, with 
which they returned to Pilao Arcado. 
A few days later, they reappeared with 
appropriate tools, built themselves a 
shack and began sinking test pits. They 
also subsidized children to collect more 
specimens. 

The mysterious activities of the chem-- 
ist and his friend aroused the curiosity 
of the residents of Pildo Arcado and 
eventually led to the discovery of their 
secret, which, after being made public, 
provoked a rush of garimpeiros from a 
wide area. By jeep, by cars of various 
vintages and quality, by trucks heavily 
laden with goods and humanity, and 
even by plodding out the weary miles 
on muleback they converged on the 
spot, accompanied by merchants who 
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were. anxious to reap a rapid harvest at 
exorbitant prices. 


Pilaéo Arcado, however, is an excep- 
tionally difficult place to live, even for 
the garimpeiros, who are accustomed 
to “roughing it.’ Here there is no grass 
with which they can construct their 
corrutelas and no shelter to relieve them 
from the intense heat and bitter cold. 
A hammock slung between two trees 
is the usual bed of a garimpeiro, but 
hammocks are no protection from the 
cold without protective cover above and 
below. A novel feature about this mine 
is the fact that a woman, as the nearest 
prefecto available, has taken charge 
and. prohibited the sale of liquor and 
the carrying of arms. The chances are, 
however, that she will find it difficult, 
if not impossible, to enforce these 
regulations. 


Pilao Arcado lies in the caatinga re- 
gion. Caatinga is an. Indian word for 
dry soil covered with cacti and other 
drought-resisting plants and a few 
stunted, twisted trees, all of which are 
so interlaced and thorny that horsemen 
are obliged to wear leainer garments. 
The caategas occur in the northeastern 
part of Brazil, south of the Amazon, in- 
cluding the western parts of the states 
of Bahia, Maranhio and Piaui. Periodic 
droughts over extended periods are re- 
sponsible for this kind of vegetation, 
which becomes almost leafless and en- 
ables the heavy dew to reach the ground 
and promote the growth of sufficient 
pasture on which cattle can subsist. 


Pilao Arcado, seat of the county, was 
once a thriving village that was noted 


for the quality of its rapadura (brown 
sugar). Its residents gained a living by 
gold mining and exporting salt. How- 
ever, a private feud between two fam- 
ilies, both endowed with appropriate 
names (Guerreiro, meaning warrior; 
and Militao, meaning military man), 
brought about virtual extermination of 
themselves and their followers. 


Up to the present, only three pits are 
producing emeralds and inferior beryls. 
About 15 kilos of largely inferior crys- 
tals has yielded 100 grams of good em- 
eralds (500 carats). The tangled nature 
of the vegetation will probably retard 
development. 


Owners of the surface have exercised 
their rights of preference, by registering 
their claims with the government; this 
practically ensures disappointment to 
the majority of those who have rushed 
to the locality. 


Previous contributions (Gems & 
Gemology, 1949, 50 and 51) described 
the extended search for emeralds and 
the discovery of a locality in 1612 that 
satisfied the quality requirements of 
Portuguese jewelers. The site was lost 
by the obstinacy of the discoverer, 
Marcos Azeredo Coutinho, who refused 
to disclose the locality until he received 
the promised reward of 4000 cruzados, 
but he died before the dispute was set- 
tled. The’ search, which lasted more 
than 150 years, included the epic ven- 
ture by Fernaio Dias Paes, a wealthy citi- 
zen of Séo Paulo, who, at the age of 66, 
spent his entire fortune in a vain at- 
tempt to discover the lost mine. 


As the leader of an imposing expedi- 
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tion, including several famous leaders 
of previous expeditions, Fernao Dias 
spent seven years wandering about the 
southern part of Bahia and the northern 
part of Minas Gerais. Finally, discour- 
aged by the fruitless search, his compan- 
ions began to drop out, including two 
priests. His illegitimate son was hanged 
by his order for taking part in a con- 
spiracy to abandon the expedition. After 
this seven-year period of searching, he 
eventually discovered some green stones 
and started home; he died before reach- 
ing Santa Luzia, near Belo Horizonte. 
On examination in Portugal, the stones 
were declared to be “impure emeralds, 
baked by the sun,” but were probably 


green tourmaline. 


In the western part of Minas Gerais 
there is a range of hills known as the 
Serra das Esmeraldas (Emerald Hills), 
in which there is also a river and a small 
town with the same name. By a fortu- 
nate coincidence, an emerald mine in 
that region, discovered many years ago, 
was recently described in the Times of 
Brazil by Mr. H. V. Walter, British 
Consul in Belo Horizonte. Mr.. Walter 
visited the mine in 1940, accompanied 
by an American mining engineer, Tho- 
mas McClelland. The locality was only 
reached after a train journey from Belo 
Horizonte via Santa Barbara to Nova 
Era, followed by a 28-kilometer journey 
by car to Hematito and an eight-hour 
ride on horseback. Although advised by 
McClelland that the property could only 
be developed by the use of a bulldozer, 
it is being sporadically worked by 
“gophering,” due to the owner’s lack of 


the capital needed to construct a road 
and buy a tractor. A good motor road, 
however, is now being built by the 
government. In 1919, according to Mr. 
Walter, an emerald weighing 2200 car- 
ats was found during prospecting oper- 
ations; because of its unusual size and 
color, it created quite a sensation. The 
stone was exported to Germany and was 
reputed to be the largest uncut emerald 
in the world. 


In the same region, almost due north 
of Nova Era, near the town of Ferros, 
W. F. Anderson and Emmet Carney, 
about 1920, exploited an emerald mine 
at Brejauba with considerable profit 
until it was exhausted. 


In 1922, fragments of an emerald 
crystal, presumably from the Brejauba 
Mine, that had been broken by misfor- 
tune duting mining operations were 
offered for sale in Belo Horizonte. Cae- 
tano Ferraz, in his Compendio dos Min- 
erais do Brasil, described them as being 
“fragments of beautiful emerald.” The 
best emeralds hitherto found in Brazil 
come from Bom Jesus das Meiras, Ba- 
hia, but the locality has since become 
known as Brumado. 

Near Victoria da Conquista, there is 
a deep, open pit that the writer had the 
opportunity to examine during a bus 
stop on the way to Brumado; he did not 
have the time to visit the Brumado oc- 
currence, however. 

Emerald mining near Conquista is 
being done the hard way. There is no 
mechanical equipment of any kind to 
haul the debris out of the pit; it is still 


(Continued on page 124) 
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at the 


GEM TRADE LAB 


in Los Angeles 


Richard T. Liddicoat, Jr. 


Transparent Labradorite 


We have had some interesting iden- 
tification and damage problems in the 
last few months. A light-yellow faceted 
stone was sent in as an example of the 
sanidine variety of orthoclase feldspar 
from a far-western locality. Tests 
showed that its properties were consid- 
erably too high for orthoclase. The 
1.558 - 1.568 refractive indices, biaxial 
positive optical sign, specific gravity 
slightly over 2.7, and the presence of re- 
peated twinning confirmed an identi- 
fication of the labradorite species of 
plagioclase feldspar. 


Synthetic Diamonds 


When the common request is made 
to the Laboratory to distinguish be- 


tween a natural stone and a synthetic, 
the owner always hopes for a finding of 
natural. Thus, we were surprised when 
we were asked recently whether some 
diamonds submitted to us were syn- 
thetic or natural, to realize that the 
client hoped for a verdict of synthetic. 
The organization submitting the stones 
had been approached by men claiming 
to have developed a commercially-viable 
process for diamond synthesis by a sim- 
ple process apparently not requiring the 
high temperatures and pressures of pub- 
licized processes. They were trying to 
persuade financiers to organize a com- 
pany to back them. 

The material examined was consid- 
erably larger than any present synthetic 
diamonds on the market. The synthetics 
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that we have examined have all been 
largely made up of tiny crystals. The ap- 
pearance of this larger material to the 
unaided eye bore a striking resemblance 
to natural crushing bort. The grains 
were almost all in the form of cleaved 
fragments; a few of the fragments had 
very heavily-abraded edges, which in 
conjunction with other edges being 
fresh, suggested prior use as industrial 
diamonds. 


The work of scientists at the General 
Electric Research Laboratories has 
shown rather conclusively the graphite- 
diamond stability relationship at vari- 
ous temperatures and pressures. It has 
been demonstrated conclusively that 
very high temperatures and pressures 
are necessary to reach the conditions 
under which diamond, rather than 
graphite, is the form in which carbon 
crystallizes. The presence of a catalyst, 
such as the nickel used in the early 
General Electric process reduced the 
temperature and pressure requirements, 
but they were still extreme. Under con- 
ditions of high temperature and pres- 
sure, the nickel melted and apparently 
lowered the activation energy of the 
reaction of graphite to diamond. How- 
ever, even with a catalyst, the tempera- 
tures and pressures required are beyond 
the facilities of any but those laborator- 
ies with highly- specialized equipment. 
Although explosive techniques make 
high temperatures and pressures possi- 
ble for microseconds, only very tiny 
crystals would seem possible by such 
methods. 


F. P. Bundy, a G.E. scientist, recently 


Figure T 


announced the production of diamonds 
directly without the use of a catalyst by 
the use of even higher pressures and 
temperatures. To accomplish this re- 
markable feat required static pressures 
up to 200 kbar (about 3,000,000 Ibs/- 
inch?) and transient temperatures up 
to about 5000°K (about 9000°F). 

The pressure-temperature phase dia- 
grams made possible by his work and 
that of others show to our satisfaction 
that diamonds are not going to be 
synthesized in a gemologist’s home 
laboratory. 

We were satisfied that the diamonds 
we examined were natural. 


Blue-Dyed, Plastic-Treated 
Marble Beads 


Figure 1 shows a few beads from a 
light-blue strand that was sold as tur- 
quois. An American tourist had paid 
$300 for the strand in Europe. The 
beads had an unusual appearance, 
caused by shiny reflections coming from 
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the granular-appearing backgréund ; €X- 
amination under magnification showed 
that each had been plastic coated. In the 
photograph, the coating is indicated by 
the orange-peel effect on the highlights 
of the center bead. When a bit of this 
was scraped away and a drop of hydro- 
chloric acid placed on the stone, it effer- 
vesced violently. The beads were cut 
from white marble and coated with a 
blue-dyed plastic coating. 


Synthetic Scheelite 

We were pleased to receive an inter- 
esting and useful gift from student Tom 
Mariner, the Linde Synthetic Star rep- 
resentative on the West Coast. He gave 
us two pieces of calcium tungstate, crys- 
talized by the Verneuil process by Linde 
Air Products Co. Natural calcium tung- 
state is the mineral scheelite, so this is 
synthetic scheelite. One of the pieces was 
a full boule in the normal yellow color 
and the other a small section of a pale- 
violet boule that had been doped with 
the rare-earth element neodymium. The 
purpose was to produce a laser crystal 
that would yield a coherent light in a 
green wavelength. Of particular interest 
from the gemologist’s viewpoint, was 
the fact that the neodymium imparted 
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a spectacular absorption pattern, per- 
haps the most striking spectrum that has 
ever been our pleasure to see. A copy of 
the spectrum in black and white gives 
an idea of the sharpness and strength 
of the lines. The diagram is in no way 
exaggerated (Figure 2). 
Early Star Sapphire 

We received an early example of syn- 
thetic star sapphire, sent in because it 
looked so unlike the present product 
that the jeweler was curious. We photo- 
graphed it because its transparency 
made the curved color banding much 
more apparent than in most. synthetic 
stars. It shows up well in Figure 3. 


46-Carat Natural Emerald Bead 

Occasionally, we are given the im- 
pression that a gem sent to the Labora- 
tory has been bought by one with little 
conception of its value from a seller 
with even less. One of the most interest- 
ing examples we have seen in some 
time was a pair of beads from what 
apparently was a very old necklace. One 
of the beads was of the quality we 
would expect in an old necklace of 
irregular, drilled emerald beads; the 
other, however, was a lovely, deep em- 
erald green. Figure 4 is a photograph 
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Figure 3 


of the stone over a light background, 
showing that it was paler on one side 
but that there was a large clear area on 
the other. Since it weighed almost forty- 
six carats, the clear area would have 
yielded a ten- or twelve-carat emerald of 
magnificent color that would have been 
flawless to the unaided eye. The two 
pieces came in with very low insured 
value from an establishment of a ‘'swap- 
shop” type. It is our opinion that the 
large stone has a potential value well 
into five figures at wholesale in today’s 
emerald market. The nature of the 
source and the insured incoming value, 
plus the fact that they were sent for 
identification, suggested that the im- 
portance of the better stone had not 
been appreciated. 


Recutting a Damaged Diamond 


Frequently we are asked to examine 


Figure 4 


insurance-protected diamonds that have 
been damaged. The insurance company 
or an adjustor asks us to determine 
whether the damage has been caused 
by the extention of an existing cleavage 
or by blows or other abuse during the 
course of wear. We examined a chipped, 
round brilliant recently that had been 
cut many years ago; it had a very flat, 
thin crown and a thin, flat pavilion. Be- 
cause it had such a very sharp angle 
between crown and pavilion facets at 
the girdle, the diamond was particularly 
accident prone; even the slightest blow 
near the girdle was likely to cause 
cleavage. It was surprising that it had 
lasted a number of years before very 
serious damage occurred. It was obvious 
that recutting to a more normal depth 
would not only improve the appearance 
of the stone materially, by increasing its 
brilliancy, but would also reduce mate- 
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tially the chances for further damage. 


Second-Floor-Lab Problem 

Usually, our identifications are those 
involving stones weighing only a few 
carats. Recently, our problem in the 
second-floor Laboratory was whether 
the client would be able to get the stone 
being brought in for identification up 
the stairs. It was a huge, old bust of 
Buddha, the authenticity of which had 
been questioned by a potential buyer. 
Examination under magnification and 
by other means showed that it was made 
of slightly calcareous sandstone and not 
of the concrete that a competitor had 
alleged in calling it worthless. 


Perfectionist Collectors 

On occasion, we encounter perfec- 
tionist collectors who want diamonds of 
the finest grade and who are willing to 
search for years to find them. They 
sometimes demand stones that are abso- 
lutely devoid of internal flaws of any 
description, without the faintest surface 
blemish, cut to ideal proportions, and of 
the very finest color. Such a collector 
called at our Laboratory about ten years 
ago with a stone of this kind to get con- 
firmation that it was the best obtainable, 
as claimed. When he was assured that 
it met all of the requirements he had in 
mind, he purchased it. He had it re- 
examined frequently by a jeweler in his 
city and not too long ago resorted to 
an amazing form of insurance: he pur- 
chased an expensive binocular micro- 
scope, so that he could examine the 
stone week by week and be certain that 
no surface damage had been incurred in 
the meantime! 


Deplorable Cutting 
of Quality Material 

From time to time, we have referred 
to the often deplorable state of the 
lapidary art, insofar as bringing out the 
potential beauty of rough material is 
concerned. Too often, colored” stones 
are virtually ruined by ‘cutting them 
with a total disregard for proper pro- 
portions. This was reexemplified last 
week when a peridot with a lovely body 
color was sent to the Laboratory for 
identification. The potential of the stone 
was almost entirely lost by failure to 
cut it with enough depth to make it 
brilliant. Figure 5 shows the peridot 
placed over printing, to illustrate its 
complete transparency in the center. For 
increased brilliancy and depth of color 
it demanded sufficient depth, so that 
light entering from the crown could be 
reflected from opposite pavilion facets 
and returned to the eye of the observer. 
The depth was approximately 20% too 
shallow in relation to the girdle diame- 
ter to provide the beauty that its inher- 
ent color would have made possible. 


Estimating Diamond Weight 

Before and After Recutting 
Figure 6 shows a diamond that has 
been chipped from girdle to culet. Al- 
though the kind of lighting used to take 
the photograph does not show the table 
reflection clearly, it is possible under 
dark-field illumination to determine ac- 
curately by eye the stone’s original 
depth, permitting the gemologist to cal- 
culate within a. very narrow tolerance 
its weight before the damage occurred. 
This diamond was submitted by an in- 
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surance adjuster who requested that its 
weight be estimated both before dam- 
age and after recutting and that the per- 
centage value loss caused by the damage 
be estimated. 

Since the culet was gone, it was not 
possible to measure the original depth 
to work out what the stone would have 
weighed before being broken. How- 
ever, by determining pavilion depth by 
the size and nature of the table reflec- 
tion and other easily estimated or mea- 
sured characteristics (see Gems & Gem- 
ology, Fall and Winter, 1962), it was 
possible to estimate the total depth as 
a percentage of girdle diameter with the 
assurance that it was within one-half 
percent of the correct figure. The other 
characteristics used are table size, 
approximate bezel angle and girdle 
thickness. 

The stone had a table diameter of 


Figure 6 


679%, which would have meant an 11.3 
crown thickness had the bezel angle 
been about 34°; but because the crown 
angles were flat, a depth of 10% was 
estimated, plus a girdle thickness of 
144% and a 44% pavilion: Totalling 
these depth factors, it was determined 
that the original depth had been ap- 
proximately 4.3 mm. Its present depth 
is 3.85. Using 3.85 as a new depth and 
assuming that the stone will be recut to 
give it an ideal pavilion angle and a 
full crown, the new stone would weigh 
slightly over a carat, as compared to 
slightly over a carat and one-half prior 
to the damage. Since the stone had a 
flat crown originally and it lost as much 
at the culet as it did at the girdle, the 
depth would become the determining 
factor for the recutter, if a pleasing 
brilliant was the objective. This would 
mean reducing the girdle diameter and 
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a significant weight loss. Simple repair 
would save much more weight but pro- 
duce a flat crown and pavilion; the re- 
sult would have little beauty. Use of the 
table-reflection method to determine 
original dimensions is very helpful in 
a situation of this kind. 


Coated Glass Intaglios 

A pair of old intaglios tested at the 
Lab reacted to a hot point as if they 
were composed of an organic material, 
such as a-lacquer or plastic. Observing 
them individually under magnification 
as a red-hot metal point was brought 
into close proximity to the surface sug- 
gested that the organic substance was 
confined to a thin near-surface layer. 
The thin layer covered cast glass. Hemi- 
spherical depressions where gas bub- 
bles were trapped at the glass-mold in- 
terface may be seen in Figure 7. Appat- 
ently, the intaglios had been coated both 
to mask the vitreous luster and to make 
them seem ancient. 


Unusual Absorption Spectrum 
in Brown Diamond 


We examined a brown diamond that 
gave us the impression of being natu- 
tally colored on the basis of its hue and 
general appearance. A check with the 
spectroscope found the interesting and 
unusual spectrum illustrated in Figure 
8. Two very faint fluorescent bands 
wete visible from about 5370 to 5390 A 
and from 5760 to about 5770 A. We 
had never encountered such a spectrum 
in a brown diamond in the past. 


We Appreciate 
A gift from student Charles Wil- 
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liams, of Florida, of moonstones, am- 
ber and glass. 


From Graduate Gemologist Wil- 
liam Ilfeld, Santa Fe, New Mexico, 
we received an unusual red tiger’s- 
eye ring. When the whole ring was 
put in the plating solution, the tiger’s- 
eye took the plating in a broad band 
across the center of the stone. (See Frg- 
ure 9). Bill also gave us several cabs 
of a new copper-based turquots 
substitute, 


A nice selection of rough black and 
purple star sapphires, rough star rubies, 
and rough blue sapphires for faceting 
were received from GIA student Lyle 
R. Bigelow, Tampa, Florida. 


A very nice specimen of rose quartz 
crystals on mica has been added to the 
GIA gemstone display through the 
courtesy of Martin Ehrmann, Beverly 


GEMS & GEMOLOGY 


| vioter ——_} ve +— biue ——teat creent+ vet+y +o + RED | 


4000 5000 6000 7000 


Figure8  {\/_ 641 Gran q 


Hills, Calif., gemstone dealer. He also 
donated several cut chrysoberyls and 
a selection of sapphire and spinel 
rough for our collection. 


Eugene O. Prue, Lancaster, Calif., 
a lapidary and a GIA student, donated 
a selection of rough and cut opals. 
These will be used to good advantage 
in our colored-stone practice sets. 


From Cos Altobelli, GIA student, 
North Hollywood, Calif., we received 
a strand of large aventurine beads. 


We are grateful to Bernard Mecke, 
Sea Cliff, L.I., N.Y., for rough speci- 
mens of diopside and hypersthene he : 
recently presented to the GIA. Figure 9 


ee ak. ok 
Our apologies to Bill Rowbury, the 
originator of the Triumph design. Fig- 
ure 6 was inadvertently omitted from Nh Ba 7a 
the Fall, 1963, issue of Gems & Gem- 
ology. We are printing it herewith, to 
ease our conscience. 


(Figure 6, which was omitted from the 
Fall, 1963, issue) 
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MEXICAN JEWELRY, by Mary L. 
Davis and Greta Pack. Published by the 
University of Texas Press, Austin, 1963. 
262 pages, illustrated. Price: $6.50. 


Author of Jewelry & Enameling, long 
a standard textbook in the hobby field, 
Greta Pack has collaborated with artist 
Mary L. Davis to write a carefully 
researched and thoroughly enjoyable ac- 
count of the history, tradition, symbol- 
ism and styles of the jewelry of Mexico. 


The authors, writing in lucid, easy- 
reading prose, introduce the reader to 
a brief history of Mexican jewelry, 
including chapters on the accomplish- 
ments of the pre-Conquest Indians, 
colonial New Spain and independent 
Mexico. Other chapters discuss religious 
jewelry, which is such an integral part 
of Latin American culture; the charac- 
teristic, specialized adornments of the 
charro (horseman) ; and the diversity 
and tradition of regional jewelry. 
A more comprehensive chapter deals 
with creative developments in contem- 
porary jewelry, with sections that de- 
scribe the inspired work of some of the 
more highly respected craftsmen of 
Mexico. In conclusion, there is a brief 
consideration of basic jewelry-making 
techniques and the metals and stones 
used, A generous use of selected photo- 
graphs and drawings show examples of 
the styles discussed. 


In the extensive bibliography, a few 


books have been categorized incorrectly, 
but perhaps inadvertently, under jéwelry 
making; e.g., Kraus & Slawson’s Gems 
& Gem Materials and Sinkankas’ Gem- 
stones of North America. 

Mexican Jewelry should have a strong 
appeal for those whose interests lie in 
this direction. 


GREEK & ROMAN JEWELRY, by 
R. A. Higgins. Published by Methuen 
& Co., Lid., London, England. 236 
pages, illustrated. $9.80. 


This book is a comprehensive survey 
of ancient jewelry over a period of al- 
most three thousand years, from about 
2500 BC (the Early Bronze Age) to 
about 400 AD (the Late Roman 
Period). It is intended by the author 
to serve as an introduction to the sub- 
ject and as a reference source for col- 
lectors, dealers, archeologists and 
museums, 

The book is divided into three parts. 
The first five chapters are devoted to 
a discussion of the techniques and ma- 
terials used by the artisans of this early 
age to make their jewelry. Historical 
development is also given prominence 
throughout this portion of the text. Fol- 
lowing this is an eleven-chapter section 
that gives a detailed, chronological de- 
sctiption of the jewelry articles associ- 
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ated with each period. The author points 
out that the division of the subject mat- 
ter into periods is primarily a matter of 
convenience — that seldom does the 
jewelry of a particular historical epoch 
cease abruptly, to be succeeded by a dif- 
ferent kind. As a result, the story of 
ancient personal ornaments is almost 
always one of gradual development, 
rather than of a series of sharply-defined 
revolutions. 


The third and final section of the 
book consists of a lengthy bibliography, 
combined with a list of sites where 
archeological discoveries have been 
made. There are sixty-eight plates, four 
of which are in color, and a number of 
line drawings. 


The author is Assistant Keeper of 
Greek & Roman Antiquities at the 
British Museum, in which is housed one 
of the world’s largest collections of an- 
tique jewelry, and has particpated in 
exploration and excavation work at 
various places. 


DESIGNING & MAKING HAND- 
WROUGHT JEWELRY, by Joseph F. 
Shoenfelt, Published by McGraw-Hill 
Book Co., Inc., New York, 1963. 168 
pages, illustrated (paperback). Price: 
$1.95, 


Although Designing & Making 


eVIlews 


Handwrought Jewelry contains much 
the same information as can be found 
in any standard work for the hobbyist 
on this subject, it presents a number of 
unique features. For example, generali- 
zations are not made until the specifics 
have been discussed and illustrated. 
Processes and techniques progress from 
the simplest ones, such as making at- 
tractive pieces by bending and forming 
silver wire, to the more complicated. 
Even the more advanced craftsmen may 
find something new in these sections. 
The techniques are also atranged in the 
order in which they are used. 


Cross references provide easy access 
to information or techniques as they are 
needed. The photographs and drawings 
ate presented from the vantage point 
of the worker, rather than from the 
often misleading viewpoint of the ob- 
server on the other side of the work- 
table. (Although the photographs are 
numerous and well chosen, it is regret- 
table that the photographic and/or re- 
production quality is often less than 
desirable. ) 


In addition to helpful information on 
sources of supply and recommendations 
for tools and materials, the appendix 
contains a section in chart form that is 
devoted to solving the problems often 
encountered by jewelry craftsmen. In the 
author's words, “Too many good de- 
signs are spoiled and too many students 
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are frustrated by simple problems that 
can be corrected with a little knowledge 
of this kind. Perhaps more important, a 
great deal of time can be salvaged to 
produce more and better jewelry.” A 
short bibliography completes the book. 

Mr. Shoenfelt is a teacher at the State 
University of New York. 


WONDERS OF GEMS, by Richard 
M. Pearl. Published by Dodd, Mead & 
Co., New York, 1963. 64 pages, illus- 
trated. Price: $3. 


Every parent who has a budding 
gemologist in the family will be pleased 
to learn that a gem book for the young 
reader is now available. Written by 
Richard M. Pearl, well known for his 
writings in the fields of gemology and 
mineralogy, it is one in the popular 
series of Wonder Books. 

The book tells the story of gems in 
a simple, understandable style that is 
designed to arouse and maintain the 
child’s interest in this fascinating sub- 
ject. Enhanced by excellent black-and- 
white photographs, the book discusses 
the nature and lore of gemstones, where 
gem minerals are found, the history and 
beauty of birthstones, and the exciting 
tales associated with famous gems and 
jewels. Other chapters relate the in- 
teresting stories of fluorescent stones, 


ee ee a ee 
organic gems, the eye stones, and the 
vast world of the quartz gems. © 
Richard Pearl’s educational and_pro- 
fessional background, plus his wide ex- 
perience in working with youngsters in 
many phases of the gem and mineral 
hobbies, makes Wonders of Gems a 
scientifically accurate and worthwhile 
book for the beginning gem collector. 


(Continued from page 113) 


being done by spading it from bench 
to bench upwards. 

Mention is made of emeralds near 
Arrasui, Minas Gerais, and at Lages and 
Itaborai, Goiaz, but apparently these are 
of minor importance. 


It is very unlikely that the Pilao Ar- 
cado area coincides with that discovered 
by Marcos Azeredo Coutinho, nor is it 
likely that Fernao Dias would have re- 
discovered it, because of the scarcity of 
water and the difficulty of penetrating 
the caatinga. From personal experience, 
the writer can testify to the frustrating 
effect of this kind of vegetation. 


Ferndo’s epic journey was not, how- 
ever, made in vain. He was responsible 
for the establishment of many towns in 
the interior of Minas Gerais and the 
opening of new paths to. them. His 
camps, where he had the forethought 
to leave a few persons to plant corn, 
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mandioca, sweet potatoes and cereals 
for his return, took root and spread into 
villages that furthered exploration of 
the region and eventually Jed to the dis- 
covery of gold and later: diamonds. 
Even in death, Fernéo Dias was un- 
lucky. His coffin was lost in the Rio das 
Velhas while being taken to Sao Paulo 
for final burial. Day after day, a de- 
voted son dived and sought, until it was 
recovered and taken to Sdo Paulo; here, 


it was deposited in the vault of the Sao 
Bento Church, which had been built at 
his expense. His memory was honored 
by giving his name to the new 
highway between Sio Paulo and Belo 
Horizonte; it also appears in different 
places on the map of Brazil. 

Fernao did not, as a priest pointed 
out in a moving sermon, discover em- 
eralds; he did a great deal more: in 
effect, he discovered Brazil. 


Louisville, Ky., Diamond Class 


Members of the Louisville, Ky., Diamond Appraisal Class which met February 10th, through 
February 14th. Seated left to right: Edward J. Meier, Ft. Thomas, Ky.; William B. Harman, Jr., 
Dayton, Ohio; William E. Merkley, Louisville; Lee !. Huntington, Greensburg, Ind.; Hershel J. 
Monroe, Princeton, Ind.; T. $. Merkel, J. C. Penney, Louisville; Robert D. Hagel, Washington, 
Ind.; Chartes R. Carlton, Washington, Ind.; and Morris Tucker, Jr., Campbellsville, Ky. Standing 
left to right: GIA instructor, Bert Krashes; R. W. Campbell, Campbell's Watch Clinic, Buffalo, Ky.; 
Joe Bunn, Olney, Ill.; Dave Church, Malcolm Ross Jewelers, Columbus, Ind.; Ronald E. James, 
Malcolm Ross Jewelers, Columbus, Ind.; and Arthur Reutter, Tiemeier's Jewelry, Seymour, Ind. 
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(Continued from page 110) purpose is to discover bauxite for the 
thorough prospecting of northern Cape aluminum industry, and soda ash, for 
Province and beyond. He hopes to form he feels that these commodities are es- 
a development company, and has al- sential to the growth and economic so- 
ready appointed a geologist. His main _ lidity of South Africa. 


Printing and Purchasing Manager Hetires 


Clare Verdera, who retired on February 28th, also performed a number 
of duties for the Institute. The printing, purchasing and shipping functions 
were under her able direction. ; 

Miss Verdera joined the GIA staff in 1946 on a regular basis, having 
assisted on a part-time basis prior to that time. Previous to her work with 
the Institute, Clare had been an actress, having played a number of roles 
on the Broadway stage. She continued to play radio parts, including a num- 
ber of roles on the Lux Theater of the Air for several years after joining 
our staff. Miss Verdera has a buoyant personality and her unfailingly cheer- 
‘ful outlook made her a pleasant person to be around. Present and former 
staff members will remember her with great affection. 

She embarks in a short time on an around-the-world trip, which is 
planned to take approximately a year. On February 28th, a farewell luncheon 
was held at the Bel Air Country Club in her honor. She was given an en- 
graved watch and luggage for her trip. 
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GIA Executive Secretary Retires 


Dorothy Jasper Smith, GIA Registrar, as well as Executive Secretary, 
retired December 31, 1963, after 31 years with the Institute. Mrs. Smith, 
known to thousands of jewelers throughout the world, joined the staff in 
1931, and had served the Institute for a longer period than any other person. 

Dorothy and her husband, Orville, are building a fifteen-unit motel at 
Desert Hot Springs, California, a fast-growing winter resort not far from 
Palm Springs. With the attraction of a natural hot-spring pool, in addition 
to the regular pool, yeat-around occupancy will be assured. 

Dorothy has always been a prodigious worker. She wore three or four 
“hats,” ably and efficiently, handling the duties of bookkeeper and registrar 
and the varied tasks required of Executive Secretary. She was a key person 
even in the very early days of the Institute. Her departure constitutes a real 
loss to the organization. 


In her thirty-one years with the Institute she left once to get married, 


later returning to the staff, and then again on two occasions to give birth 
to Dorothy L. and William “Bud” Jasper. Shortly after World War II she 
lost her husband, William Jasper, Sr. A few years later she married Orville 
Smith. 

At a farewell luncheon in her honor she was given a lovely watch and a 
number of remembrances. 

Clare and Dorothy are sorely missed. 
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Developments in the 


Synthetic-Emerald Field 


Richard T. Liddicoat, Jr. 
Executive Director 


GIA 


Within a relatively short period, sev- 
eral new synthetic emeralds have be- 
come available. This issue of GEMS & 
GEMOLOGY arties an article by 
Edward J. Gubelin, C.G., Ph.D., the 
prominent Swiss gemologist, describing 
a product made by Zerfass, in West 
Germany, and a second one being made 
in France. Dr. Gubelin’s report was re- 
ceived while this article was nearing 
completion ; this one discusses products 
not covered by Dr. Gubelin and ex- 
pands on his remarks with respect to 
the French product. 

Johann Lechleitner, of Austria, al- 
ready well known for his success in 
adding an overgrowth of synthetic em- 
erald on natural beryl, is also presently 
making whole synthetic emeralds. 
There have been at least three other 
successful experiments in synthetic-em- 
erald growth of commercial size re- 
ported to us recently; in two cases, we 


believe it is the intent of the scientist 
to market synthetic emeralds at a later 
date. 

The developer of the new French 
synthetic emerald, Pierre Gilson, of the 
ceramic firm Etablissement Pierre Gil- 
son, Pas. de Calais, France, very kindly 
furnished us with a faceted stone 
weighing .75 carat and a large crystal 
weighing over 47 carats. The crystal 
shown in Figure 1 measures approxi- 
mately 26 x 25 x 5Y4 millimeters. One 
of the remarkable facts about the Gil- 
son success is the large sizes he has been 
able to grow in the relatively very short 
time he has worked. Johann Lechleitner 
also generously supplied us with a solid 
synthetic-emerald wafer; layered fac- 
eted stones; and overgrowths on ctys- 
tals, as well as on faceted stones. 

The first step in the study of a new 
synthetic gemstone is to determine 
whether it is indeed a counterpart of a 
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Figure 1 


natural stone. To prove this beyond 
question, X-ray diffraction was em- 
ployed. The powder-diffraction pat- 
terns, taken with copper radiation, are 
placed to demonstrate their essential 
agreement, proving them to be struc- 
turally identical (Frgure 2). 

The Gilson synthetic emerald has 
been’ on the market for only a short 
time. We had the opportunity to see 
samples of crystals and cut stones last 
summer, but it was not until a few 
months ago'that faceted stones reached 
the market. The Gilson product seems 
likely to prove popular, because it re- 
sembles attractive grades of natural 
emerald. Its color is often a distinctly 
yellowish green, rather than the bluish 
green usually seen in the Chatham 
product. When Mr. Pierre Gilson was 
in the United States in the summer of 


1963, he carried with him a number of 
samples of rough and cut synthetic 
emeralds. The rough crystals were flat 
tablets with metallic wires attached 
(Figures 3 and 4). The crystal fur- 
nished in 1964 is larger and clearer 
than those seen in 1963. 


A recent examination of fifteen 
stones, said to have been cut from one 
crystal, displayed a distinct variety of 
appearances. They ranged in size from 
a few points to over eight carats. All 
were cut with the optic axis at right 
angles to the table; nine displayed a 
yellowish color unlike any Chatham 
material we have seen, four were a more 
nearly pure green, and two had a blu- 
ish-green color similar to Chatham's. 
We were told by the cutter that, before 
cutting, the crystal had had a distinct 
dividing line between the yellowish- 
and bluish-green material. Both the cut 
stone and the crystal examined more 
recently showed a distinct color band- 
ing (Figure 5); however, this is much 
less prominent than in the Lechlettner- 
overgrowth material that will be de- 
scribed later. 


Our measurements of refractive in- 
dices, using monochromatic sodium 
light and a number of different re- 
fractometers, averaged 1.559-1.562. 
Gubelin reports indices of 1.558-1.562. 
As with the Chatham, the birefringence 
seems to be between .003 and .004. The 
specific gravity taken on the large crys- 
tal approximates 2.661; this means 
that the S.G. of the new French syn- 
thetic is also appreciably under natural 
emerald. 
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Figure 2 Powder X-ray diffraction patterns, taken with Cu radiation, of natural ana 


synthetic beryls. 


A. Natural beryl C. Lechleitner synthetic emerald 


B. Chatham synthetic emerald D. Gilson synthetic emerald 


Figure 3 
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Figure 6 


Figure 8 
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Figure 9 

The inclusions in the Gilson product 
are basically similar to those in Chat- 
ham’s product, but there are some zones 
of liquid and gas inclusions that appear 
to be yellowish. For the most part, the 
wisplike inclusions are very similar in 
appearance and veillike distribution to 
those long considered typical for syn- 
thetic emerald (Figure 6). As in Chat- 
ham’s product, there is a slight 
tendency for the liquid and gas wisps 
to have a preferred orientation parallel 
to prism faces. There are also a number 
of colorless crystals that are probably 
phenakite (Figure 7); sometimes, they 
have little satellite inclusions that are 
reminiscent of those Gubelin called 
“breadcrumb” inclusions when he en- 
countered them in aquamarine (Figure 
8). One of the major differences from 
the Chatham product is the yellow fluo- 


Figure 10 

rescence that is particularly noticeable 
under long-wave ultraviolet and slightly 
less obvious under short wave. The yel- 
low fluorescence superimposed over the 
usual red fluorescence of synthetic 
emerald imparts a slightly orangy ap- 
pearance to the Gilson product under 
ultraviolet. Probably, it is this yellow- 
ish fluorescence, added to the faint yel- 
lowish cast of some liquid inclusions, 
that tends to give a yellowish- green 
color in daylight. Faceted stones showed 
strong dichroism in deep blue-green 
and a lighter yellowish green. The Gil- 
son material, unlike Chatham and 
Lechleitner, failed to transmit far 
enough into the ultraviolet for schee- 
lite to be activated by 2537 A radiation 
directed through the Gilson crystal. 

Apparently, the crystal is made up 
of a mosaic of tiny individuals, because 
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Figure 11 


Figure 13 


Figure 12 


under crossed Polaroid plates there is a 
patchwork pattern of interference col- 
ors resembling the appearance of pin- 
fice opal under normal reflected light 
(Figure 9). The growth structure on 
the basal pinacoid of the crystal shows 
in Figure 10. 

Our first knowledge of the efforts of 
Johann Lechleitner came when his syn- 
thetic-emerald overgrowth on natural 
beryl was introduced in America as 
Emerita. Later, the marketing for this 
product was taken over by Linde Prod- 
ucts, first under the name of Linde Syn- 
thetic Emerald and later under a more 
fully descriptive name. Since that time, 
Mr. Lechleitner has obviously contin- 
ued with developmental work. He re- 
cently ‘sent us some faceted stones in 
which emerald occurs as layers alternat- 
ing with white beryl, plus a tablet of 
uniform synthetic emerald over two 
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Figure 14 


millimeters thick and about fifteen mil- 
limeters in diameter. Both the over- 
growth and the interlayered type of 
synthetic emerald are characterized by 
the two sets of strain cracks that trend 
at right angles to one another (Frgure 
11 and 12). Strain cracks in synthetic 
emerald overgrowths are described in 
Dr. Gubelin’s article “More Light on 
Beryls and Rubies with Synthetic Over- 
growth,’ Winter, 1960-61, Gems & 
Gemology. The new wafer type is ap- 
parently grown in such a way that 
several very thin layers of identically 
oriented (presumably natural) white 
beryl are placed in the growth chamber. 
Synthetic emerald then grows between 
them, filling the space and making con- 
siderably thicker tablets than could be 
grown ordinarily in the same length of 
time. This has a distinct advantage over 
the earlier method; it produces the 


Figure 15 


depth of color desired, The major fault 
with the early Lechleitner effort was 
that the result was too pale to resemble 
fine emerald. Cut stones given to us for 
study had a much greater intensity of 
color than we had seen in the over- 
growth on the prefaceted beryl. The 
layered structure is clearly evident in 
Figure 13. 

The tablet of solid synthetic emerald 
showed all of the characteristics of the 
Chatham material under magnification. 
The distribution of wisplike inclusions 
was also very similar (Figure 14). The 
color both in daylight and under short- 
and long-wave ultraviolet was essen- 
tially identical to Chatham’s product. 

There were distinct differences in 
characteristics between the early over- 
growth of synthetic emerald on beryl 
and the findings made on each of the 
new Lechleitner products. Holmes and 
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Crowningshield reported refractive in- 
dices of 1.575-1.581 for the initial 
Emerita (Gems & Gemology, Spring, 
1960). The layered cut stones showed 
1.564-1.569 on the colorless layer, and 
the uniform synthetic-emerald plate 
gave readings of approximately 1.560- 
1.563. 

The specific gravity of Emerita was 
given as 2.649-2.707, and the two re- 
cently received crystals were .008 above 
and below 2.70. The average of the two 
faceted interlayered types was 2.678 
and the uniform synthetic emerald was 
only 2.647; this is within the range of 
Chatham material. 

_As might be expected, the red fluo- 
rescence of the three types varies with 
the amount of synthetic emerald con- 
tained. The overgrowth type is usually 
weakest, because the thickness of the 
synthetic is usually small in relation to 
the colorless beryl. Layered material is 
stronger, but the uniform synthetic 
emerald is markedly stronger than 
either. In all cases, a dark room and a 


dark, dull background are essential to 
an accurate assessment of the strength 
of fluorescence. Fluorescence to long- 
wave ultraviolet is similar to that of 
other synthetic emeralds, in that it is 
appreciably stronger than under short 
wave. 

Under crossed Polaroids, both the 
overgrowth and the layered types give 
single-crystal reactions. The wafer of 
synthetic emerald shows the same mo- 
saic pattern as that encountered in the 
Gilson crystal perpendicular to the 
optic-axis direction (Frgure 15). There 
are several distinct prismatic crystals 
protruding from the main pinacoidal 
surface. 

There should be little difficulty in 
distinguishing these new products from 
natural emeralds, because the properties 
of the solid types are so close to figures 
published for Chatham and the old 
German synthetic emeralds. 

It is interesting to speculate about 
the impact of these new synthetic emer- 
alds on the synthetic market. 
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Two New Synthetic Emeralds 


by 


Dr. E. J. Gubelin 


About one year ago, Professor Karl 
Schlossmacher announced the advent of 
a new synthetic emerald on the market 
and informed the reader that the prod- 
uct was being made by Mr. Walter 
Zerfass, at Idar-Oberstein?. His detailed 
description of the physical properties 
revealed that they were very similar to 
those of the synthetic emeralds pro- 
duced by Chatham and by the German 
Dye Trust. The R.I. values have been 
found to be 1.555 for ¢ and 1.561 for 
», Which result in an unusually high 
birefringence of .006; whereas the dou- 
ble refraction for synthetic emeralds of 
other makers is about .003 to .004, 
thus serving as a reliable means of 
identification. The well-known “bright- 
line’ effect in benzylbenzoate, which 
was discovered by Professor Schloss- 
macher and recently described by R. K. 
Mitchell?, is also very conspicuous, since 
the refractive indices are even lower 
than those in Chatham’s synthetic em- 
eralds. The specific gravity has been 


determined at an average of 2.66, which 
coincides very well with the constants 
of other synthetic emeralds. The new- 
comer among synthetic stones also dis- 
plays distinct fluorescence under both 
long- and short-wave ultraviolet light 
and thus makes no exception to the syn- 
thetic emeralds hitherto known. The 
general appearance of the endogenetic 
structure is determined by the char- 
acteristically irregular distribution : of 
the wisplike “feathers” that immedi- 
ately betrays the manmade origin, even 
when observed through a pocket lens. 
Careful examination showed, however, 
that the seemingly random arrangement 
of the liquid feathers actually results 
in a honeycomb pattern. Examining the 
stones at a right angle to the optic axis, 
the walls of the honeycomb cells appear 
to be shaped by the liquid: feathers ; 
these, in turn, are formed by parallel, 
elongated liquid-filled tubes. The 
feathers, however, do not extend uni- 
formly from the top down into the 
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depth of the stones but are interrupted, 
forming ribbons, or tapes, that run 
more or less parallel to the basal plane, 
thus producing the appearance of par- 
allel banding. Two photomicrographs 
illustrated these new features of the 
endogenesis in what was, at the time 
Professor Schlossmacher wrote, the 
latest synthetic emerald. 


Meanwhile, more synthetic emeralds 
of Zerfass’ production have appeared 
in the trade, and I recently received a 
small number of samples that granted 
me the welcome opportunity of inves- 
tigating them more closely. In the ac- 
companying letter, Mr. Zerfass stated 
that for the time being he could only 
turn out small stones in good quality; 
larger pieces (above Y4 carat) could 
not yet satisfy the jeweler. I was sur- 
prised at the fine quality of the stones 
sent me, since they wete an intense 
bluish-green hue of medium tone and 
resembled very closely genuine emer- 
alds from the Chivor and the Gachala 
mines, in Colombia. I was able‘to con- 
firm Professor Schlossmacher’s state- 
ments mentioned above, and the figures 
I obtained concur very closely with his. 
The refractive indices, measured on the 
Rayner refractometer, resulted in the 
average value of 1.558 for ¢ and 1.562 
for , with a birefringence of .003 to 
.004. 

The bright-line effect in benzylben- 
zoate appeared very distinctly and the 
difference in the dichroic colors was 
also most remarkable. The'specific grav- 
ity was 2.66, thus coinciding with all 
other synthetic emeralds and rendering 


it easy enough to identify them in a 
diluted solution of bromoform., In 
short- and long-wave ultraviolet light, 
Zerfass’s emeralds are readily excited 
to glow with red fluorescence. Although 
the ordinary jeweler might be satisfied 
with this information and be content 
that he will encounter no difficulty in 
recognizing these new synthetics and 
distinguishing them from genuine em- 
eralds, a keen gemologist may be inter- 
ested in differentiating this new man- 
made product from other synthetics 
already familiar to him. 


Professor Schlossmacher has already 
pointed out some telltale characteristics 
of the inclusions, but the question arose 
as to whether the honeycomb pattern 
was of accidental occurrence or a con- 
stant feature. In all the specimens | 
observed, this particular arrangement 
of wisplike feathers formed hexagonal 
cells, but in most cases they were dis- 
torted hexagons. It is interesting to 
note that the honeycombs occurred es- 
pecially around the center, where oc- 
casionally the hexagonal cell takes up 
the central area as if. it had grown as 
the first-born, followed by the surround- 
ing prisms. Thus, the seemingly irreg- 
ular arrangement of the veillike liquid 
feathers is governed by certain direc- 
tional forces that play their role during 
the crystal growth (Figure 1). When I 
turned the stones and looked into them 
in a direction parallel to the basal plane, 
there appeared the banded liquid feath- 
ers exactly as Professor Schlossmacher 
described them! (Figure 2). The strong 
impression of parallelism was empha- 
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Figure 1 Honeycomb pattern of wisplike feathers, as observed 
through the table facet (120x). 


Figuve 2 Banded lateral appearance caused by horizontal fluid 
i ribbons and zonal structure (75x). 


sized by a striking zonal structyre that 
was well marked by straight, black lines 
between which the intervening matter 
appeared in various shades of green, 
with some even being colorless. Most 
of these parallel Jayers contained liquid 


feathers, but a few were substantially 
devoid of any inclusions. It seems, thus, 
that the synthetic crystal did not de- 
velop in one continuous growth action 
but rather in interrupted periods, owing 
to changes in temperature and the con- 
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Figure 3 Group of cuneate growth funnels (75x). 


centration of the feeding material. This 
petiodically intermittent growth re- 
sulted in a zonal structure. It is during 
just such intervals of interruptions that 
individual seed crystals may develop; 
these are either emeralds, if the concen- 
tration of the solution remains un- 
changed, or phenakites, if the feeding 
material becomes deficient of alumina. 
Most of the layers suffered from strong 
stresses, which, when released, formed 
cracks. The nutrient solution immedi- 
ately penetrated these cracks and caused 
them to heal partly, thus forming the 
well-known wisplike fluid feathers. 
Within the ribbons, the single-liquid 
droplets form mainly small tubes, that 
are parallel to the c-axis, giving the 
feathers a striped texture. The general 
appearance and arrangement of these 
feathers, together with the highly evi- 
dent strict parallelism, produces a much 
more orderly impression than in other 
synthetic emeralds. 


While investigating these internal 
details, I was surprised at the presence 
of yet another kind of inclusion that 
yields conclusive evidence as to the 
method of production employed by 
Zerfass. Cuneate growth-funnels of ex- 
actly the same type that have been 
described before as being typical endo- 
genetic features of the synthetic emer- 
alds made by Professor R. Nacken*-4, 
and that also occur in the synthetic 
mantle of Lechleitner’s Emerita, ap- 
peared in the synthetic emeralds made 
by Zerfass (Figure 3). With their 
broader end, they “stood’’ on a tiny 
microlite (probably a phenakite) 
whereas the tapering tube running par- 
allel to the c-axis ended in a point. The 
cuneiform cavity is a two-phase inclu- 
sion that contains both liquid and a gas 
bubble (Figure 4). The existence of 
these growth funnels permits the as- 
sumption that Zerfass obtains his syn- 
thetic product by the hydrothermal 
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Figure 4 Cuneiform growth funnels standing on a tiny microlite of 
phenakite (125x). 


method, as opposed to Chatham, who 
proceeds by the method of the diffusion 
melt***, The refractive index of the 
microlites from which the growth fun- 
nels start is higher than that of the host; 
also, the interference colors are remark- 
ably more vivid in polarized light. It 
is well known from investigations car- 
tied out with other synthetic emeralds 
that phenakite may develop as an un- 
desired mineral of the internal para- 
genesis*; therefore, it is not inappro- 
priate to assume that these tiny guests 
are also phenakites. This accessory 
mineral is limited in size to minute 
grains, whereas in the synthetic emer- 
alds made by the German Dye Trust and 
Chatham the microlites develop rela- 
tively large aggregates of euhedraf crys- 
tals. In the synthetics by Zerfass, they 
may occur singly or in great quantities, 
according to the local importance of the 
phenakite components. The cause of 
their formation lies in a local and 


temporary deficiency of alumina in the 
“mother solution,’ which seems to 
occur at the beginning of a new phase 
when a fresh layer is built up (Figure 
5) or, more rarely, during the develop- 
ment of individual layers. This fall of 
the concentration of alumina is due to 
periodical changes in the nutrient or 
the temperature of the alkaline solu- 
tion. These alterations may also be 
responsible for the intermittent growth 
that results in the formation of layers. 
The crystal growth stops when the ap- 
propriate amount of alumina becomes 
deficient and when seed crystals of 
phenakite spring into eixstence; when 
the content of alumina increases again, 
crystal growth is resumed and the next 
layer is formed. In recapitulation, it may 
be claimed that the process used by 
Zetfass is the hydrothermal method, re- 
sembling the procedure employed by 
Professor R, Nacken. The synthetic 
crystals are marked by parallel layers 
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Figure 5 Minute seed crystals of phenakite, formed on the surface of the last 
layer when alumina concentration was low. Tiny growth funnels had just started 
to grow on the microlites. 


that result from intermittent crystalliza- 
tion. The layers themselves either de- 
velop as an assemblage of individual 
cells separated by liquid films of mother 
liquor that fostered their coalescence or, 
more probably, the liquid feathers are 
healing fissures that first formed as 
cracks (often embracing hexagonal 
blocks) that resulted from the sudden 
release of internal. strain. 

Another new synthetic emerald of 
even More recent production made its 
appearance towards the end of 1963. 
This latest newcomer on the gem 
market displays a warmer, more pleas- 
ing look, in that its green color is en- 
hanced by a yellowish tint that causes 
it to be in remarkable harmony with 
Muzo and Sandawana emeralds of 
outstanding quality. After stubborn in- 
vestigations, the name of the firm in 
Paris where the French synthetic emer- 
alds were being made was traced. It is 


Messrs. Pierre Gilson, at Champagne- 
lez-Wardrecques, Pas de Calais, which 
is north of Paris. Consequently, the 
latest synthetic emeralds appeared on 
the market as Synthetic Emeralds by 
Gilson. 

To the unaided eye, these new 
synthetics appear relatively pure and, 
indeed, under the microscope it be- 
comes immediately evident that they 
are less densely permeated with inclu- 
sions. The predominant kind of inclu- 
sion, however, is formed by the 
analogous wisplike feathers that are 
characteristic of all previously manufac- 
tured synthetic emeralds. In surprising 
distinction to the products of the Ger- 
man Dye Trust and Zerfass, however, 
the French synthetics contain very few 
single veils that cross each other in ir- 
regular curves at only one or two points 
below the table facet (Figure 6). The 
lateral view discloses the feathers to 
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Figure 6 Softly curved wisplike feathers, as seen through the table 
facet of the new French synthetic emerald (75x). 


consist of irregularly shaped and dis- 
orderly disseminated fluid drops. In 
some places, the droplets assemble into 
curved hosts, as if they had been sub- 
jected to a flowing or whirling action 
(Figure 7). Some of the feathers are 
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Figure 7 Lateral aspect of wisplike feather, consisting of irregularly shaped 
fluid droplets, some of them being two-phase inclusions (125x). 


also traversed by narrow sections within 
which the individual droplets are or- 
iented in a different direction, thus 
creating the impression of folds. This 
peculiarity of many liquid feathers is 
also quite characteristic of synthetic 
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Figure 8 Flat, fluid films, exhibiting the characteristic appearance of the 
“undigested” liquid drops in healing fissures (125x). 


emeralds by Chatham. Many of the 
larger fluid drops are two-phase inclu- 
sions, in which the gas vesicle is con- 
spicuously tiny. On the whole, it may 
be stated that the general appearance 
of the texture of the liquid feathers and 
the irregular shapes of their fluid drops 
closely resemble those in'‘Igmeralds” 
and Chatham’s synthetic emeralds, with 
which gemologists have become famil- 
iar through their own observations and 
through the numerous publications on 
the subject. There are the liquid-filled 
canals, single or assembled ones, run- 
ning parallel to the direction of the 
c-axis; the irregular fluid hoses; the 
recticulated nets, formed by intercom- 
municating droplets; the curved tubes; 
and the flat, thin films in disoriented 
distribution, which, in their totality, 
characterise the unique inclusion picture 
of synthetic emeralds (Figure 8). Con- 
sidering the pronounced correspond- 


ence among the endogenetic- fluid 
formations of “Igmeralds,’’ Chatham’s 
products and the new French synthetic 
emeralds, it may consequently be in- 
ferred that all three products have. 
been or are being made by the same 
process; t.e., the diffusion melt. This 
course of reasoning does not, however, 
postulate that the temperature gradient, 
the concentration of the feeding ma- 
terial, the catalyst and accessory con- 
stituents may not differ slightly. The 
new French production supplies a dis- 
tinct corroboration for this assertion, 
in that all specimens so far examined 
appear to be devoid of phenakite crys- 
tals of any size, implying that the phen- 
akite phase is being excluded from the 
manufacturing process.* The investi- 


*Editor’s note: Apparently this condition is 
not true of all Gilson material in that some 
examined in Los Angeles and New York 
contained an abundance of phenakite. 
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gation of the physical properties re- 
vealed a remarkable concurrence with 
the constants of the other synthetic 
emeralds. The average figures for the 
refractive indices are e=<1.558 and 
w= 1.562, resulting in the typically low 
birefringence of .003. The dichroism 
displayed a more strongly pronounced 
yellow component for the twin color of 
the ordinary ray, whereas the bluish 
green of the extraordinary ray is some- 
what more subdued. In the absorption 
spectrum, which exhibits the normal 
absorption lines of emerald, I was not 
able to detect any lines that might be 
ascribed to iron; however, I suspect 
them to be present in very small traces. 


The specific gravity also did not differ 
from the ordinarily low value and was 
found to be 2.655. 

When the specimens were subjected 
to long- and short-wave ultraviolet 
light, a surprising reaction emerged: 
they did not emit the expected red fluo- 
rescence of other synthetic emeralds but 
emanated an olive-green color, which 
appeared to be weaker in the short 
waves of 2537 A. Under crossed filters, 
on the other hand, they developed a 
brilliant-red fluorescence that was very 
similar to that of samples from the 
other producers. The following table 
may serve as a means of comparison 
and distinction. 


Comparison of Physical Constants 


Product from: Refractive Index 


German Dye Trust 

“Igmerald” 1.559 
Chatham 1.560 
Zerfass 1.558 
France 1.558 


Refractive Index 


Specifie Gravity 


o A 
1.562 .003 2.65 
1.563 .003 2.65 
.003 
1.562 : 
56 004 2.66 
.003 
1.562 004 2.65 


Comparison of Fluorescence Colors 


Product from: 3650 A 2537 A Crossed Filters 
German Dye Trust 

“Igmerald” Strong red Strong brick red Glowing red 
Chatham Strong red Dull bluish red Glowing red 
Zerfass Strong red Dull bluish red Glowing red 
France Olive green Weak olive green Glowing red 
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From this different behavior of the 
new French synthetic emeralds under 
ultraviolet light, we may suspect that 
some new ingredient, most probably 
iron, is being added to the nutrient 
material. This ingredient may not only 
be responsible for the green fluores- 
cence, but also for the improved and 
more pleasant color of these newcom- 
ets. Iron is well known to act as an in- 
hibitor to luminescence. The presence 
of iron is clearly corroborated by tiny 
metal inclusions of brownish color, 
which I assume to be ilmenite; they 
are arranged in planes parallel to the 
basal pinacoid. 

Summary. Two new synthetic emer- 
alds are now on the. market. They are 
true emeralds, as far as their chemical 
composition, physical properties and 
color are concerned. Their quality, 
which is quite good, may be compared 
with genuine emeralds of second grade 
from certain localities. There is no basis 
for any alarm, however, since they can 


be identified easily by their typically 
low physical constants and by the same 
general endogenetic formations; i.e., 
wisplike feathers, as all the synthetic 
emeralds hitherto made possess. Small 
differing details of the internal para- 
genesis and the fluorescence in ultravio- 
let light enable the interested gemolo- 
gist to distinguish the products of the 
various makers from each other. 
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Developments and Highlights 


at the 


GEM TRAUE LAB 


in Los Angeles 


Richard T. Liddicoat, Jr. 


Since the Winter, 1963-64, issue of 
Gems & Gemology went to press, the 
Los Angeles Laboratory has encoun- 
tered an unusual number of interesting 
problems, conditions or materials. 
Many of these were photographed. 


The Effect of Excess Heat 
on a Diamond’s Surface 


There is nothing particularly unusual 
about a diamond being subjected to ex- 
cess heat in a fire. The appearance of 
the surface at the stage before it be- 
comes frosted is characteristic. We were 
able to take a photograph of this ap- 
pearance that should aid in its recogni- 
tion by those unfamiliar with it. Figure 


1 shows a magnified portion of one 
bezel and star facet on the crown of a 
diamond that had been rather severely 
affected at the surface but that was not 
otherwise harmed. The stone was sent 
in for identification, probably because 
it did not have diamond’s characteristic 
brilliancy to the eye. The surface was 
shiny and gave the impression of hav- 
ing been covered with a hardened, clear 
glue or lacquer. It gave the impression 
that it could be cleaned off readily, but 
even boiling in acid would not remove 
what resembled a coating. The only 
successful corrective action would be to 
repolish the stone. The appearance in 
Figure 1 is typical of a “‘fire-coated”’ 
diamond. 
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Figure 1 


Unusual Refractometer Readings 

Two stones were submitted to the 
Laboratory by a former student in what 
we assumed to be a routine identifica- 
tion. When a small colorless stone was 
placed on the refractometer, we ex- 
pected from the luster either a reading 
for synthetic spinel or perhaps for cor- 
undum; therefore, when readings of 
1.72 and 1.735 appeared, we were 
startled. When a Polaroid plate rotated 
in front of the eyepiece confirmed the 
double refraction, we were faced with 
confirmation that we had an unusual 
material. Examination under magnifica- 
tion disclosed that we were examining 
a hexagonal bipyramid, hemimorphic 
in nature. The uniaxial-positive optic 
character, in addition to other proper- 
ties, led to the mineral bromellite 
(beryllium oxide) as the only likely 
possibility. The rounded gas-vesicle in- 
clusions suggested that it was synthetic; 


the man who brought it in confirmed 
the fact that the material was indeed 
manmade. As yet, he is not ready to 
disclose details of the process used or, 
indeed, anything regarding its origin. 
The properties are as follows: it is uni- 
axial-positive with an ordinary ray of 
1.720 or 1.719 and an extraordinary 
ray of approximately 1.735 ; the specific 
gravity for the small crystal was deter- 
mined to be 3.00 (+.02) ; its fluores- 
cence under long-wave ultraviolet was 
a faint orange, but no fluorescence was 
detected under short-wave ultraviolet 
or X-ray; nine scratched the material 
with difficulty, but eight did not; and, 
it was transparent and colorless. The 
stone examined is pictured in Figures 
2 and 3. 


Another Hollowback 


When the piece of jewelry pictured 
in Figure 4 was first examined, the un- 
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Figure 2 


Figure 4 Figure 5 


usual appearance and the covered back ting facets into the metal beneath the 
4 led us to suspect that we had athin flat diamond crown. Inspection under mag- 


piece of diamond, cut as a crown with nification usually discloses the nature 
no pavilion. An impression of the pres- of this kind of fraud. One clue is seen 
ence of a pavilion is conveyed by cut- under the table edge, where reflection 


ee 
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of crown facets from the flat back of 
the thin cap gives a double line of facet 
edges that seems to outline the table. 
This double line shows up clearly in 
Figure 5. In addition, nicks or dust on 
the base of the thin cap are usually 
seen under magnification. Such stones, 
which are cut from thin macles or flats, 
have the spread of a many-carat stone, 
but actually have only the depth of a 
crown of such a diamond. In Figure 5, 
the reflection appears as a double edge 
to facets around the table; this is par- 
ticularly noticeable on the right-hand 
side of the table. 


Huge Natural 
Recently, we examined and graded a 


large pear-shaped diamond with a huge : 
natural. The length of the natural (sev-* 
eral millimeters) was so great in rela-. 


tion to the total length of the stone that 
we made a photograph of it (Figure 
6). Note that it extends from well to 
the left of the corner prong and con- 
siderably to the right. A natural of this 
size is very readily visible to the un- 
aided eye, and ‘in this case it distorted 


Figure 6 


the symmetry of the pear shape. It ac- 
tually was a shield shape, with nearly 
flat sides and high shoulders. 


An Interesting “Pedigree” 

Sometimes the stories that come with 
the stone to be identified are as inter- 
esting or more so than the identifica- 
tion. A large white ovoid mass of 
approximately 30 millimeters in the 
long direction and slightly over 20 in 
the circular cross section was brought 
in with a written “pedigree” signed by 
a professor at an Indonesian university. 
It was reported to contain a coconut 
pearl of great beauty and value. The 
ovoid mass covered it, much as the shell 
of a coconut covers the fruit beneath. 
The object had a specific gravity that 
was near 2.4 and a very interesting and 
odd appearance in certain lights look- 
ing down on either narrow end. The 
bull’s eye pictured in Figure 7 was pho- 
tographed to illustrate this appearance. 
The object turned out to be glass, made 
up in concentric cylindrical layers cov- 
ering the initial thin rod, and then 
rounded off at the ends. 
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Figure 7 


Diamonds Lacking in Brilliancy 

Two diamonds of equal size and 
with comparable proportions and finish 
may differ greatly in brilliancy; this 
may be true even when both are clear 
to the unaided eye. Occasionally, dia- 
monds with no obvious inclusions un- 
der 10x have almost no brilliance. In 
a sense, it is to this type of diamond 
that grading for purity is much more 
meaningful when called clarity grading 
than imperfection grading. The older 
term, imperfection grade, never seemed 
to be truly applicable. If a diamond has 
cloudy inclusions that reduce its trans- 
parency materially, even though no in- 
dividual inclusion is visible under a 
loupe, there is no question but that its 
value is reduced tremendously, because 
it does not have the beauty we associate 
with a fine diamond: Two large dia: 
monds brought to the Lab for grading 
showed this characteristic to vastly dif- 


ferent degrees. One showed cloudy 
areas readily under 10x and was notice- 
ably lacking in brilliancy; it also had 
several important cleavages, so that the 
clarity grade was never in question. 
However, without the cleavages the 
clarity grade would have had to be al- 
most the same, since the transparency 
was so seriously reduced by the cloudy 
inclusions. The other stone presented 
a more serious problem, because the in- 
clusions were so minute that only under 
certain lighting conditions could they 
be seen at all under 10x and then only 
with great difficulty. Despite the fact 
that the proportions were nearly ideal, 
it was lifeless, and merited, in our opin- 
ion, a distinct downgrading in clarity 
to compensate for or explain its appre- 
ciable reduction in value based on this 
dullness.‘ Each of the stones showed a 
peculiar surface appearance under mag- 
nificatiot; it could best be likened to a 
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Figure 8 


very fine-grained version of the 
“orange-peel’” effect seen on some pol- 
ished jadeite. In other words, this dim- 
pled appearance could be seen only 
faintly under 10x. It is probable that 
each of the stones contained millions 
of minute gas inclusions, very tightly 
spaced, and that the polishing left a 
very finely pitted surface that contrib- 
uted to this faint orange-peel effect. 
How far down the clarity scale the 
second stone should be graded is surely 
a matter of opinion; we believe that its 
lack of brilliance suggests a material 
downgrading. There is no question but 
that this would cause violent objections 
on the part of the owner, because of 
the lack of obvious inclusions under 
10x. However, anything that materially 
reduces the transparency and thus the 
brilliancy of a diamond must reduce its 


Figure 9 


value in proportion to the reduction in 
brilliancy. 


Growth Lines 


Usually, growth lines in a diamond 
are visible only with difficulty, and then 
only in certain positions and under 
ideal lighting in a large stone. Recently, 
we received an emerald-cut stone in 
which the growth lines were accentu- 
ated by tiny cloudy inclusions, giving 
the stone a streaked appearance, as 
shown in Figure 8. To accentuate this 
banding, we took the photograph a sec- 
ond time between crossed Polaroid 
plates. In Figure 9, the strained condi- 
tion of the diamond is readily evident 
from the shredded pattern and the light 
areas, as seen in the end facets of the 
pavilion, The streaks are also empha- 
sized and now are readily visible, not 
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Figure 10 


just in the upper facet but in the next 
two as well. This is a condition very 
similar to that described in the last 
paragraph and one that also affects 
brilliancy, but in this case to an appre- 
ciably lesser degree. 


Star Labradorite 
A blue-gray cabochon showing a dis- 
tinct four-rayed star was identified as 
labradorite feldspar. The inclusions 
were rather coarse and sufficiently dense 
to be rather difficult to photograph. 
However, Figure 10 shows the appear- 
ance of the stone under magnification, 
to give an idea of the nature of the 

inclusions causing the star. 


Twinning in Pink Diamond 
Most pink diamonds are character- 
ized by very strong twinning and quite 
often by narrow zones of deeper color. 
Figure 11 was taken to illustrate this 


Figure 11 


typical banded twinning structure and 
color zoning. In a bezel facet at 2:30, 
parallel bands of color may be seen 
extending from the girdle toward the 
culet. Twinning lines appear as a series 
of parallel lines running from the cor- 
ner of the table at 2:30 toward the 
culet. Several distinct parallel lines are 
visible. Tightly spaced twinning may 
be seen in a direction from about 11 
o'clock toward the culet. 


Cyclotron-Treated Diamonds 

It is rare today to see green or yellow 
diamonds that were given their irradia- 
tion initially in a cyclotron, rather than 
in a nuclear reactor. However, a group 
of three green diamonds examined in 
the Laboratory showed the characteris- 
tics of cyclotron treatment. Of these, 
only one had the so-called cloverleaf, 
or umbrella effect, at the culet. One 
with a huge culet showed the very in- 
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Figure 12 


teresting pattern that is pictured in 
Figure 12, Thete is a lighter spot in the 
center of the large culet and vague out- 
lines of the near-culet portions of the 
pavilion main facets. Traces of the 
lines of intense color representing the 
maximum depth of penetration of the 
bombarding particles, are seen on ad- 
joining facets. Such lines are most read- 
ily seen by looking through the crown 
toward the culet, especially if the stone 
was bombarded with the culet side to- 
ward the beam. 


We Appreciate 


The gift of 50 demantoid garnets 
from Los Angeles jeweler, Dave 
Widess. These stones fill a great need 
in our practice-stone sets. 


From Martin Ehrmann, Beverly 
Hills gemstone dealer, we received a 
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rough specimen of scheelite plus fac- 
eted quartz, synthetic rutile and white 
sapphires. 


We are grateful to Joseph Uram 
Jewelers, Miami, Fla., for the syn- 
thetic sapphire (“Thrilliant’’). 


A selection of stones that consisted 
of glass, carved ivory, plastic and 
lapis-lazuli imitations donated by 
J. J. O'Brien, Midas Diamond Brok- 
ers, Goleta, Calif., were gratefully 
received. 


Any natural, synthetic, assembled or 
imitation is always gratefully received 
by the GIA. ‘The better ones ate con- 
sidered for our display cases; others 
are used to meet the tremendous de- 
mand for practice sets that accompany 
our Identification-Course Assignments 
or those mailed to other students for 
practice. 
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Black-Treated Upals 


by 


Dr. E. J. Gubelin 


News has recently been leaking out 
of Australia that white opals are being 
blackened artificially, and several par- 
cels have been offered on the market in 
Europe. Through the evet-helpful co- 
operation of Mr. Arthur W, Wirth, 
whose keen interest in gemology is well 
known to members of the trade, I was 
able to acquire and investigate various 
qualities of these treated opals. 

To the uninformed jeweler and to 
the unaided eye, these stones do not 
have a suspicious appearance; there- 
fore, it seems appropriate to publish a 
word of warning and to describe their 
distinguishing features. 

The most reliable means of detection 
is the microscope. Although in white 
and black opals of natural color the 
gelatinous body material appears rather 
homogenous, the treated samples teem 
with granular black dots that resemble 


black dust, which are formed by the 
dried residue of the artificial coloring 
agent. This dust is very easy to per- 
ceive, even under weak magnification, 
and its appearance is so characteristic 
that distinction from undyed opals be- 
comes quite simple (Figure 1). 

The dyestuff does not seem to pene- 
trate the stone deeply but is concen- 
trated in the cutaneous layer, which 
becomes apparent in translucent speci- 
mens at a depth of about two milli- 
meters, where the untreated white opal 
is visible. This confinement of the color 
concentration to a thin portion at the 
surface may lead to a complete loss of 
color if the stone is repolished. The 
texture of the surface, as well as the 
distribution of the black dots, leads to 
the conviction that a rather porous ma- 
terial with many cracks is being sub- 
jected to. dying. In some parts of the 
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Figure 2 


stone the black dust is densely accumu- 
lated; in other less-porous areas it is 
much less evident, producing a cloudy 
appearance (Figure 2). The gray and 
cloudy white patches thus form the 
sparse dissemination in which the col- 
oring residue is especially conspicuous. 
In some opals of inferior quality, there 
exist, along certain cracks, veins and 
patches of a dense-white material (pos- 
sibly agate) that remains clean and free 


Figure 1 


from the dying agent, since it is im- 
possible for the dye to penetrate these 
dense areas. 


The accompanying photomicro- 
graphs illustrate more adequately than 
words the resulting appearance of this 
method of treatment, and I trust that no 
reader will hereafter find it difficult to 
identify an artificially dyed opal. 

The black coloration proved to be 
resistent to acetone, hydrochloric and 
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nitric acid, sulphuric acid and aqua 
regia, as well as to benzene, carbon- 
tetrachloride and ethylenedibromide. 
The Gem Trade Laboratory in New 
York reported*, however, that it could 
be removed easily by warm sulphuric 
acid. The possibility of removing the 
coloration either by chemical reaction 


or by recutting makes it imperative to 
mark these stones with the clear and 
unmistakable designation: artificially - 
treated opal. 


*Robert Crowningshield, ‘'Black-Treated 
Opal.” Gems & Gemology, Fall, 1962, page 
336. 


New York RJA Supports GIA program 


The faculty and administration staff 
of the Gemological Institute were 
highly gratified by a recent communi- 
cation from the New York State Retail 
Jewelers’ Association. 

A letter over the signature of Her- 
schel M. Graubart, the then president 
of NYSRJA, contained an unsolicited 
gift of $100. The letter said in part: 


The Board of Directors of the 
Association meeting in Schenec- 
tady, N.Y ., January 26, voted this 
contribution in appreciation of, 
and to help further, your valuable 
work for our Industry. 


This money will be used to further 
the Gemological Institute’s expanded 
research program that is aimed at keep- 
ing abreast of developments in the form 
of new synthetics and imitations, Sus- 
taining-membership dues are also used 
specifically for research purposes. Sup- 
port of this nature has enabled the 
Laboratory to purchase recently over 
$6000 of X-ray-diffraction equipment 
to further our research effort. 

We are indeed appreciative to the 
New York State Retail Jewelers’ Asso- 
ciation for their generous recognition 
of GIA’s efforts in behalf of the jew- 
elry industry. 
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Coated VDiamonds 


by 


Eunice Robinson Miles, G.G. 


' Editor's Note: This is a supplement 
to the article on coated diamonds that 
appeared in the Winter 1962-1963 issue 
of Gems & Gemology. 

Essentially, nothing of vital impor- 
tance has been added, but this is 
intended to show the nature of experi- 
mental work undertaken since that arti- 
cle appeared and the rather reaffirming 
findings that this experimentation has 
provided. Coated diamonds continue to 
appear frequently in the Institute’s Gem 
Trade Laboratories, so that the problem 
continues to be current. 

Two factors are important to remem- 
ber by those who handle diamonds — 
particularly large diamonds. One is that 
coatings vary greatly in their detecta- 
bility at low magnification and sec- 
ondly, that the first clue frequently is 
an unclassifiable color encountered 


when endeavoring to grade the stone 
for color; a light green has been noted 
in some stones recently. Proof that coat- 
ings are detectable, or at least suspected, 
is evidenced by the fact that the alert 
appraiser is made suspicious when ex- 
amining coated diamonds under only a 
10x loupe. It is these stones that are 
referred to the GIA Laboratories by ap- 
prtaisers for verification. 

Although there is no question but 
that some of the coatings are quite re- 
sistant to chemicals, the same is not 
true of their physical durability. This 
is important to. remember. Many per- 
sons who ate aware of the coatings’ re- 
sistance to ordinary solvents assume that 
they are also abrasion resistant. 

One of the avenues explored by the 
writer in an effort to study diamond 
coatings more thoroughly was phase 
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microscopy. This is not a practical jew- 
elry-store tool, but it was. felt that it 
might yield® further information that 
would prove useful in detection with 
more common equipment. 


With this in mind, E. Leitz, Inc., was 
approached. Doctor Manfred Nahm- 
macher, of their microlaboratory, made 
available his skills and technical know]- 
edge in phase microscopy and permitted 
us to examine and photograph coat- 
ings under such high magnification 
that their nature could be studied more 
thoroughly. 


To this end, a Leitz Ortholux Micro- 
scope equipped for incident-light phase- 
contrast work was used. The usual 
purpose for this instrument is to study 
surface structures and coatings in indus- 
try. The sensitivity of the phase-contrast 
method is so high that even extremely 
thin coatings can be examined. Even 
though this exacting method made it 
possible to study coated surfaces in great 
detail, the principal finding was simply 
that coated diamonds that have not 
been subjected to wear are very easily 
scratched ; this shows clearly that even 
though subjected to no powerful sol- 
vents, the life of a coating is distinctly 
limited. In addition, the texture of the 
coating proved extremely uneven, due 
to the resistance of the diamond to per- 
mitting a foreign substance to adhere 
to its surface. Also, the characteristics 
noted in localized areas under low mag- 
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nification proved to be gross defects in 
coating. 

Figures 1 through 6 show coatings 
under various magnifications. The 
broken bubble seen under high magnifi- 
cation suggests an important charactetr- 
istic that may be used as a clue to detect 
the coatings although types of coatings 
and methods of applications may vary. 

Fortunately, some of the recent ef- 
forts at ‘‘artistry’’ that have passed 
through our Laboratories have been 
more heavy handed than some of the 
earlier efforts, which were difficult to 
detect. However, there have been other 
skillfully applied coatings that were 
detectable as a result of our better ac- 
quaintance with their characteristics and 
our improved detection techniques. No 
doubt more careful applications will be 
ttied that will necessitate further re- 
search in detection. 

A practical method by which coated 
diamonds may be lighted to increase 
their visibility is to place the stones in 
the white, translucent plastic trough of 
the GIA Color Grader. This may be 
used when viewing the diamond in re- 
flected light and for subdued base 
illumination, to show the color con- 
centration in the coated areas. How- 
ever, many gemologists prefer the regu- 
lar illumination provided by a Gemolite 
or Diamondscope for detecting bluish 
streaks, followed by the overhead light 
source to detect the metallic luster of 
coated areas. 
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Figure 1. The coating on a diamond facet under 500x. Note the numerous scratches and 
the large, circular dark area that was once occupied by a bubble. Note uneven texture of 
applied coating at lower left. 


Figure 2. Three small bubbles under 200x; again, many scratches. 


Editor’s Note: Disregard tiny white spots. These are dust particles. 
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Figure 5. Under 200x, the metallic appearance of a coated zone in reflected light is clearly 
shown as a white arc. The narrow lines running diagonally from lower left to upper right 
are polishing marks. 


Figure 6. Here again, both the metallic appearance of the coated area in reflected light 
and obvious scratches are notable. 
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Figure 7. In transmitted light, the stringers of coating have a bluish cast. It is only when 
they are reflecting light that the metallic appearance is obvious. 


Figure 8. A line of coating near the girdle. Approximately 30x. 
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Polysynthetic [winning 


In Synthetic Corundum 


by 


W. F. Eppler 


Polysynthetic twinning usually con- 
sists of a repeated sequence of very thin 
lamellae that are in twinning position 
to the host crystal. In natural corun- 
dum (ruby and sapphire) they form, if 
they are present, a straight striation that 
can be observed easily under the micro- 
scope, even. at a lower magnification. 
With crossed polarizers, the lamellae 
appear. bright, provided that the host 
crystal (or the cut stone) is in the dark 
position (Figures 1 and 2). 

For a long time, these straight twin- 
ning lamellae have been regarded as a 
characteristic feature of natural corun- 
dum; they were unknown in the syn- 
thetic. But about 1920, Mr. Sandmeier, 
of Locarno, Switzerland, observed in 
synthetic corundum, a strange striation 
that was confirmed afterwards by Mr. 
Plato, of Frankfurt, Germany. Some 
time ago, the author determined that 


this ‘‘Sandmeier-Plato striation” was a 
polysynthetic twinning (Deutsche 
Goldschmiede Zeitung, February, 1956, 
pp. 62-64). It is relatively rare, and can 
only be observed with crossed polarizers 
in the direction of the C-axis. It exhibits 
a lozenge-shaped pattern (Figure 3), 
which is originated by two sets of 
straight twinning lamellae intersecting 
each other at 120° and 60°. The lamel- 
lae are parallel to the prism zone; 
consequently, they are also parallel to 
the X-axis. Their thickness is approxi- 
mately 70 microns (.070mm:) This 
kind of polysynthetic twinning has 
never been observed in natural corun- 
dum; nevertheless, it is noteworthy to 
keep in mind that in synthetic corun- 
dum a straight twinning striation can 
occur, even if it consists of a system 
of intersecting twinning lamellae. 
Surprisingly, an early hint of a “‘true’’ 
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Figure 2 
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Figure 3 
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Figure 4 


1 


— 


polysynthetic twinning in synthetic cor- 
undum, corresponding exactly to the 
twinning in natural corundum, did not 
enter the gemological literature. In 
1934, the fact was reported by B. W. 
St. Clair (Gems & Gemology, Novem- 
ber-December, 1934, pp. 173-174), un- 
fortunately with a few words only. He 
mentioned: 


Polysynthetic twinning occurs 
fairly frequently in crystallized 
corundum and is present in syn- 
thetic sapphire, despite statements 
to the contrary. Imperfect crystal- 
lization that has the appearance 

_ of twinning in polarized light is 
quite common in synthetic sap- 
phire. 


After all, twinning in synthetic cor- 


undum seems to be infrequent, and the 
phenomenon must be regarded as an 
exception rather than the rule. In any 
case, such a twinning in. a synthetic 
corundum was considered by the author 
as a remarkable rarity, and he was sur- 
prised to observe it in a stone shown 
to him by Professor Cavenago-Bignami, 
of Milan, Italy. It was a 5.05-carat blue 
synthetic sapphire of irregular “Ceylon 
cut.”” Under the microscope, it revealed 
curved growth lines and spherical gas 
bubbles (Figure 4), both of which are 
typical of synthetic corundum. At two 
places, it exhibited several twinning 
lamellae parallel to each other (Figure 
5); these did not show the pattern of 
the Sandmeier-Plato striation, but they 
corresponded effectively to the polysyn- 
thetic twinning in natural corundum. 


Figure 5 
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Figure 6 


Figure 7 
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Figure 8 


The lamellae had a thickness of about 
90 microns (.090mm). 

Just by chance, the same phenome- 
non was observed in a small boule of 
brown synthetic corundum (Figure 6). 
Here, the parallel twinning lamellae 
started at the rim of the boule and were 
wedge-shaped in the direction toward 
the interior of the boule. It was found 
that they were parallel to the face of 
the primitive rhombohedron. Although 
very thin (about 15 micron), they could 
be observed with a magnifying glass. 

A peculiarity was the form of the 
lamellae: the sides were longer than 
the middle part, reminding one of a 
fork with two prongs (Figure 7). But 
it must be mentioned that this particular 
form could only be seen with a very 
inclined illumination and with the lam- 


ellae in a position in which the incident 
light was reflected. 

In Figure 8, an enlarged section of 
the two preceding pictures is given in 
partly polarized light, to demonstrate 
again the parallel arrangement of the 
twinning lamellae. 

It is understandable to ask for the 
reason for this long-known but newly- 
observed twinning; possibly, a very 
slow growing rate is the cause. But this 
theory does not explain the circum- 
stances under which the Sandmeier- 
Plato striation originates in one case 
and the differently oriented ‘‘true”’ 
polysynthetic twinning in the other. 

In summary, two kinds of straight 
twinning striation occur occasionally in 
synthetic corundum. One kind com- 

Continued on page 191 
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The Pink Pearls of Pakistan 


by 


Barbara Anton* 


The natural pink fresh-water pearls 
of Pakistan have never been shown pre- 
viously outside that country. They are 
now on display at the Pakistan Pavilion 
at the New York World’s Fair. It is 
hoped that enough interest will develop 
as a result of this display to catapult 
this natural resource into a national 
industry. 

In keeping with the theme of the 
Fair, “Peace Through Understanding,” 
the Pakistani Government commis- 
sioned an American artisan to design 
and manufacture twelve pieces of jew- 
elry. This collection, combining Amer- 
ican design with the natural pink pearls 
of Pakistan, may be viewed at the Pak- 
istan Pavilion from July 15 to October 
14, 1964, from 10 AM to 10 PM. 

The Pakastani were harvesting pink 
pearls as far back as the Mogul period 
of Indo-Pakistan history. In those days, 
every beautiful, exceptionally large 


pearl was taken directly to the King for 
his adornment or to be passed along to 
the Queen or Princess. The donor was 
given a zimindary, or land grant, in 
proportion to the size and beauty of the 
pearl. This land was to remain free 
from taxes. 


Today, seventeen years after the 
founding of Pakistan, there is still no 
organized cultivation or gathering of 
pearls. Bands of gypsies, and nomad 
fishermen, who camp on the banks of 
the almost inaccessible lakes ang ponds, 
far removed from any town or village, 
are the only people currently engaged in 
this means of earning a living. The 
pearls are found in Government waters 
and are free to all. 


*After completing the GIA Jewelry Design 
Class in 1962, Barbara Anton entered a 
winning design in the Diamonds Interna- 
tional Awards Competition. Since that time 
she has been very active in the jewelry- 
design field. 
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Mr. M. F. Islam and author, Barbara Anton. 


Steps are now. being taken to try to 
organize the harvesting operation and 
have it controlled by the Government; 
it would be a source of great revenue, 
if handled properly. It is difficult to 
establish nationalization, since the areas 
are so difficult of access. The Govern- 
ment agents who are sent to survey the 
situation usually give up after the ini- 
tial-ten miles and return without a re- 
port. It is hoped that this situation will 
be remedied in the near future. 

It has been suggested that the Gov- 
ernment purchase X-ray equipment for 
examining the molluscs so that only 
mature pearls would be harvested. Now, 
they are often wrested from the mollusc 
when still immature and sold for use as 
medicine. Thus, instead of selling for 
25,000 rupees per fola (58.32 carats; 
233.28 pearl grains) as gems, they are 
sold to local doctors for 80 rupees per 
tola. 


The Pakistani believe that when these 
immature pearls are ground and taken 
with cream, they prevent heart trouble, 
strengthen bones and the teeth, improve 
eyesight, and provide immunity against 
smallpox. Old men are especially con- 
scientious about taking powdered 
pearls, since they believe this produces 
virility. 

At present, the value of the annual 
output, including both mature gem 
pearls and immature medicinal pearls, 
is approximately 1,000,000 rupees, or 
$200,000. The pearls are sorted first 
with sieves of various sizes,-after which 
they are examined and separated into 
four quality grades. The first three 
grades are called special, first and sec- 
ond; these are used for jewelry. The 
remainder is sold for medicinal pur- 
poses. The only step necessary to pre- 
pare the pearls for use in jewelry is a 
thorough washing in tepid water. 

The harvest is divided into the fol- 
lowing approximate quantities of vari- 
ous sizes and types; fifty pounds of 
baroques, five pounds of half rounds, 
two pounds of three quarter, two 
pounds of egg shape, one-fourth pound 
of rounds (two to three out of 100). 

A button shape is the most common, 
It took fifteen years to make one 
matched graduated strand, which is 
now being offered for sale for $2000. 

In 1963, fifteen pieces were found 
in a large round pastel shell. One pink 
10 millimeter that was harvested at 
Sitalakha is priced at $600. Pearls the 
size of a sparrow’s egg were taken from 
the waters about thirty years ago. Al- 
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A fish, which was widely used as a symbol of prosperity in Early American folk art, was 
included to express our good wishes for the prosperity of the new nation. 


4 


A pin titled, “The Fruits of Freedom,” was 

inspired by the growth and productivity of 

the vigorous young nation. The stem repre- 

sents the strength of Pakistan’s industries, 

the leaves: signify the products of the soil, 

and the pearls exemplify the treasures of 
the waters. 


A ring that extends the entire length of the 
finger, and is hinged at the joint to allow 
complete comfort and freedom of move- 
ment. This ring is called, “The Branch of 
Life, Bearing the Flowers of Friendship.” 
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The “Dove of Peaze”’ pin and pendant car- 

ries a pearl of wisdom in its bill. This is an 

inexpensive piece, designed especially so 

those on a limited budget can wear and 
enjoy the lustrous pink pearls. 


A pin or pendant with matching earrings is 

"A Tribute to the Prophet Mohammed.” 

The five sides of the design represent the 

five prayer sessions, the six pink pearls in 

the pin represent six of the major prophets, 

and the twelve pearls in the earrings signify 
the twelve pilgrims from Yathrib. 
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Same as top left, page 177, but without 


The “Brotherhood” ring features an inter- 
body pearls. 


locking design, the pink pearls of Pakistan 
entwined with the garnets of the Western 
world. 


Same as center right, page 177, but with a 


Trousseau Garters, featuring a diamond in 
garnet in the body. 


the umbilical terminal and a pink pearl in 
the hand. 


Hand jewelry, consisting of a ring for each 

of the five fingers, connected to a bracelet. 

This is a piece inspired by the jewelry 

traditionally given a Pakistani bride by 
her husband. 


Cufflinks featuring Bengal tigers, animals 

of great strength and intelligence, are a 

tribute to the dynamic leader of Pakistan, 
President Mohammed Ayub Kahn. 
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though one or two of these are still 
owned by the Panni Family, of Karachi, 
most were smuggled out of Calcutta 
years ago. é; 

When Queen Elizabeth II visited 
Dacca in 1960, she was gifted with a 
lovely, matched three-strand necklace 
of pink pearls. 

The many lots of pearls that I have 
seen have all been beautiful, lustrous, 
and of gem quality. The large sizes, up 
to approximately 10 millimeters, have 
been evenly colored exquisite pinks and 
mauves. 

The natural irritant that forms the 
nuclei of the pearls either was not visi- 
ble on X-rays taken by the Gem Trade 
Laboratory in New York or was very 
tiny. These. X-rays were taken of a 
group of pearls approximately 34, mil- 


limeters in diameter. Pink pearls form. 


in Lamelliden Perreysia and Lamelliden 
Marginolis, Jenjinsianus. A pearl ma- 
tures in about three years. 

The meat from these pearl-bearing 
molluscs is not eaten by the Pakistani; 
it is discarded. Some persons recom- 
mend using it as food for fowl, since 
chicken and duck food is scarce and 
fowl. is one of the mainstays of the 
Pakistani diet. 

The mother-of-pearl lining of the 
shells is used for buttons, toys, decora- 
tive inlay in furniture, etc. The broken 
or unattractive shells are burned to 
make limestone for whitewash or com- 
bined with bittle leaves and eaten; this 
helps digest food and makes the lips 
red. Some eat this mixture only twice 
a day, but others eat it intermittently 


throughout the day, as one would smoke 
or chew gum. The women use it for 
lipstick. 

There are nine pink-pearl-producing 
districts in East Pakistan: Dacca, My- 
mensingh, Comilla, Pabna, Sylhet, Raj- 
shahi, Bakerganj, Jessore and Kulna. 

The pearls of Sylhet are mauve or a 
darker tone of pink and have a lovely 
luster. Unfortunately, there is no or- 
ganized collecting agency in that village 
at the present time, and each villager 
must be contacted individually for his 
harvest. 

It is interesting to note that, although 
all conditions appear to be the same in 
Faridpur as in the above-mentioned 
nine districts, the pearls in this area are 
pure white. It is hoped that scientific 
tests will solve this riddle in the near 
future. At Mahiskhali Island, of Cox’s 
Bazar, salt-water white pearls are 
available. 

Because of the large quantities of 
pearl-bearing molluscs found in ex- 
plored waters, it is hoped that pink- 
pearl beds will be discovered in areas 
that are presently inaccessible even to 
the gypsies and nomad fishermen. One 
of the men with whom I spoke had 
braved the inconveniences to travel fifty 
to sixty miles through shark-infested 
waters and Bengal-tiger territory to ex- 
plore the rivers and creeks, in order to 
make a first-hand survey of the possi- 
bilities of development. He also en- 
countered bandits, who were aware he 
was cafrying rupees to pay the gypsies. 
The gypsies do not accept travelers’ 

Continued on page 191 
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Developments and Highlights 


by 


at the 


GEM TRADE LAB 
in New York 


Robert Crowningshield 


Synthetic-Emerald Overgrowth 

In the past few months we have iden- 
tified more beryl with synthetic-emerald 
overgrowth than in the entire time since 
the material was announced in the 
Spring, 1960, issue of Gems G Gem- 
ology. Several articles of jewelry con- 
tained stones that, to the unaided eye, 
appeared to be fine emeralds. Under a 
loupe, the typical strain cracks in the 
overgrowth were clear to the initiated. 
If the quality continues to improve, we 
will be seeing very similar-appearing 
materials from several sources, in addi- 
tion to Mr. Chatham’s pioneering syn- 
thetic emerald; these include the Linde 
overgrowth on beryl and the French 
synthetic emerald, described in the 


Spring, 1964, issue of Gems & Gemol- 
ogy. 
Green-Dyed Chalcedony 

The appearance on the market of ex- 
cellent-quality chrysoprase, reportedly 
from Australia, has brought up the fact 
that many firms have been selling green- 
dyed chalcedony as chrysoprase without 
disclosure. Most of the dyed material, 
and all we have examined, is colored 
with a chromium-base dye that shows 
up in the absorption spectrum as two 
indistinct lines in the red. The natural 
material shows no lines. 


Chrysoprase-Colored Opal 
We recently examined some uncut 
chrysoprase-colored material, presum- 
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ably from Australia. The stones had a 
low specific gravity, a glassy fracture 
and were about five in hardness. We as- 
sumed that the material was nickel- 
bearing opal. 


Stable Color in Dyed Jadeite 

We have commented on the variable 
fastness of the colors used in dyeing 
jadeite. We recently tested some dyed 
stones of excellent color. The owner 
stated that he had purchased them in 
1955 — a full year before we first en- 
countered the stones in the course of 
our testing work. He further stated that 
to his recollection they had not faded. 


Bytownite 

Two unusual stones that we had an 
opportunity to examine, both rough 
and cut, proved to be bytownite. One 
resembled the strongly dichroic green 
to reddish andalusite. The other con- 
tained spangles of a reddish inclusion, 
which gave it the appearance of a fac- 
eted sunstone. 


Stained Marble Beads 

A necklace of graduated white to 
light-pink opaque beads resembling 
white coral proved to be stained mar- 
ble. With the reduced supply of desir- 
able white coral for summer jewelry, it 
is possible that marble may become a 
substitute. 


Diamond Doublets 
Figure 1 illustrates the largest col- 
lection of diamond doublets we have 
ever seen. The crowns of the stones 
were diamond and the backs were prob- 
ably synthetic colorless sapphire (the 


* 


Figure 1 


stones were in closed-back settings) . To 
complete the deception, the coral-col- 
ored center intaglio was glass. 


Imagination 
Figure 2 is a photograph of an un- 


Figure 2 
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usual product of an amateur lapidary. 
Normal gem testing indicated plastic, 
but the origin of the varicolored bands, 
some of which contained metallic span- 
gles, puzzled us. We were informed that 
it was Lucite paint drippings from the 
painting room of one of the major auto- 
mobile manufacturers that had been 
worked into ‘gemstones’ by a hobby- 
ist. 
Unusual Hololith Ring 


An opaque white hololith ring that 
we tested recently had the unusual re- 
fractive indices of 1.52-1.72, with the 
enormous birefringence of .220. All 
other properties indicated the mineral 
magnesite, though we were unable to 
obtain material for an X-ray diffraction 
test. 

Dumorttierite-Quartz 

We have tested several dark-blue 
stones that proved to be dumortierite 
and quartz, reportedly from Brazil. Be- 
cause the material is difficult to polish 
and the tiny blade-shaped crystals of 
dumortierite have a tendency to splinter, 
several beads we tested had been paraf- 
fin treated, to improve the polish. We 
are indebted to Mr. Joseph Dattoli for 
some rough specimens of this stone. On 
the thinner edges, the extremely strong 
blue and colorless dichroism of the du- 
mortierite crystals could be tested with 
a Polaroid plate. 


Magnetite in Tiger’s-Eye 
We were particularly interested in 
Figure 9 on page 121 of the Winter 
1963-1964 issue of Gems &G Gemology 
that illustrated the fact that a tiger’s-eye 


had “taken” the plating solution across 
one broad band. We were wondering 
if the band that accepted the solution 
could have been a layer of magnetite, 
which often accompanies tiger’s-eye. 
Several tumbled stones in our collection 
are attracted by a magnet, due to the 
presence of a layer of magnetite. 


An Unusual Deception 


An unusual deception that we were 
unable to photograph consisted of a 
very flat pear-shape diamond with an 
enormous culet in an engagement ring; 
beneath this stone, but not touching it, 
was another much smaller pear-shape 
stone. When one measured the main 
stone, the resulting weight estimation 
was highly inaccurate. We saw the ring 
when it was clean, but it is doubtful if 
the deception would have been as suc- 
cessful if the stone had been worn. 


Plastic-Coated and Dyed Jadeite 


A necklace of round jade beads 
showed the treated spectrum and the 
normal jadeité absorption line at ap- 
proximately 4370 A, but the refractive 
index was approximately 1.55 by the 
spot method. Magnification revealed 
that the stones were plastic coated, in 
addition to being dyed; hence, the 
“wrong” refractive index for jadeite. 


Clam, or Shore Pearls 


Twice since the last issue of Gems & 
Gemology we have had the unpleasant 
task of telling clients that their “black 
pearls: were edible-clam concretions 
commonly called clam, or shore, pearls. 
In both cases, long-distance calls were 
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made and we attempted to dissuade the 
client from making a flight to New 
York after hearing the description. We 
were not successful with the first young 
man, and he was patiently waiting at 
the door the next morning. We were 
more successful with the second client, 
who said he would not fly from Cin- 
cinnati for the test. Imagine our surprise 
when he appeared the next day. He had 
not flown, he had driven all night! Both 
gentlemen had edible-clam pearls of 
good shape and luster, but no orient 
and no commercial value. The only mol- 
lusc without a nacreous lining to its 
shell that produces a marketable pearl 
is the rare West Indian conch, The 
calcareous concretions from edible 
clams and oysters, although often well 
shaped and of good luster, color and 
size, are not recognized as true pearls 
by the trade and no ready sale for them 
exists, 


Linde Synthetic Emerald 


We recently examined a Linde syn- 
thetic-emerald overgrowth on beryl and 
found the refractive index of the table, 
which consisted of a layer of synthetic 
emerald, to be 1.595-1.605—the highest 
reading we have yet encountered in the 
Lechleitner-process stones. 


Steam Cleaning Alters Jadeite Color 


Figure 3 illustrates a small, flat, oval 
cabochon of jadeite, one of a group that 
a manufacturer stated had altered radi- 
cally in appearance following normal 
steam cleaning of finished jewelry. 
What had originally been evenly col- 
ored medium-green stones became mot- 


Figure 3 


tled with numerous white, intersecting 
ctacks. The only suggestion we could 
offer was that perhaps the stones had 
been oiled to camouflage the cracks be- 
fore they reached the manufacturer. 


Two N.Y. Jewelers Guilty of 
Misrepresentation 

A recent New York City court de- 
cision ruled that two retail jewelers were 
guilty of misrepresentation, by selling 
dyed-green chalcedony as “‘genuine 
chrysoprase.” The present availability 
of fine-quality genuine material and the 
considerable difference in appearance 
between the two was partially respon- 
sible for the decision. 


Fine-Green Enstatite 
What one ordinarily would consider 
a collector’s item, fine-green enstatite, 
was identified recently in an attractive 
lady’s ring set with diamonds. 
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Developments and Highlights 


at the 


GEM TRADE LAB 
in Los Angeles 


by 


Richard T. Liddicoat, Jr. 


Unevenly Colored Emerald 

We were asked to examine an emer- 
ald that was rather unevenly colored. 
The jeweler who sent it in felt that the 
color was caused by stain that had been 
introduced into fractures. Frgure 1 
shows an area along a fracture that ap- 
peared to contain a concentration of 
green color. However, when the stone 
was turned slightly, it was seen that 
the color was reflecting from air spaces 
along the fracture. These air-filled open- 
ings were acting as mirrors and were 
reflecting a zone of slightly more in- 
tense natural coloration, thus creating 
the illusion that the color was in the 
fracture. If color is concentrated in a 
fracture, the obvious assumption is that 
it is the result of dye. The stone showed 


a normal emerald absorption spectrum 
and, upon immersion, it was apparent 
that the areas of major color concentra- 
tion were not along the fracture but 
some distance away. When the plane of 
the fracture was turned so the light 
beams exceeded the critical angle of 
emerald, the total reflection that re- 
sulted carried an image of the more 
strongly colored zone. Turning the 
plane more nearly perpendicular to the 
line of sight allowing light to pass al- 
most without coloration, thus proving 
that the fracture was without the con- 
centration of color that would have 
proved the presence of dye. 


Interesting Three-Phase Inclusion 


We encountered another emerald 
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Figure 1 


with an interesting inclusion—quite the 
largest crystal in a three-phase inclusion 
we have ever seen. The crystal pictured 
in Figure 2, just below and to the right 
of the bubble, was not the usual, almost 
two-dimensional square or rectangle. 
In fact, magnification suggested that a 
cross-section just below the bubble 
would have probably had a square out- 
line. 


-50-Inch Natural-Pearl Rope 


Usually, every pearl in a necklace is 
counted before being identified at the 
Laboratory. The one pictured in Figure 
3, however, contained so many that we 
could only estimate the number at 7500 
to 8000. Made up of nine interwoven 
strands, the total length of the rope 
exceeded fifty inches; in addition, it 
incorporated several faceted yellow and 
blue sapphires. It was a handsome piece 
of jewelry. There was no way to take 
an X-radiograph without disassembling 
the piece, so we made a qualified identi- 


Figure 2 


fication based on X-ray fluorescence and 
magnification. 
Surprised !! 

We are frequently the recipients of 
all manner of colorless rough materials 
believed by the owners to be diamonds. 
It is a rare day, indeed, when the un- 
known proves to be other than the rock 
crystal variety of quartz. Usually it is 
accompanied by awed reports, implying 
that the hardness is beyond any known 
mineral and that the brilliance surpasses 
anything less than diamond. One gets 
the impression that the sender already 
has careful plans laid to spend his first 
millton or two. 

Last week, we received a breezy com- 
munication from a gentleman in an 
area from which, to our knowledge, no 
diamonds have been reported. The letter 
asked the usual questions and, typically, 
the little pieces of rough were wrapped 
with a security that only this type of 
identification ever seems to require. It 
took us fully five minutes to extricate 
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Figure 3 


four little crystals from the wrappings. 
Their luster and the equidimensional 
nature of some of them came as a 
surprise. At first glance, it was apparent 
that this was no usual submission. The 
four crystals pictured in Figure 4 are 
diamonds—a fact that is even more 
readily apparent in Figure 5, a more 
highly magnified picture of the largest 
of the four. The crystals varied in 
weight from .06 to .22 carat. The sender 
is not yet ready to divulge their source, 
but judging by his response to our letter 
of inquiry, he is about ready to lay the 
cornerstone of his mansion. 


Assembled Opal 


One of the jewelry manufacturers in 
the East uses an attractive assembled 
stone that is not described precisely by 
the usual terminology. In this relative 
of a doublet, a thin piece of opal ts in- 
laid into black onyx; this offers the 
stone better protection than that af- 
forded to a doublet and provides the de- 


Figure 5 


sirable background appearance of black 
opal. Since the background is black, a 
transparent or translucent adhesive ts 
practical (See Figure 6). 


Star Effect Result of Too-Deep 
Pavilion 
Although a wide variety of cutting 
proportions is employed in the cutting 
of diamond solitaires, an even greater 
range is common in melee. Many melee, 
even in a price range considerably above 
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Figure 6 


minimum figures, are so thin or thick 
below the girdle that their brilliancy is 
very seriously reduced. Earlier articles 
in Gems & Gemology discussed the 
estimation of pavilion depth by means 
of the appearance of a stone through the 
table. Figure 7 shows a .025-carat dia- 
mond that was so deep that the opposite 
facet junctions were reflected from pa- 
vilion facets, giving the peculiar star 
effect standing in contrast to the black 
center. This stone was photographed 
under 60x. 
Swirl Lines in Aquamarine 

A worried gentleman brought in an 
aquamarine that he had bought over- 
seas, only to have an appraiser cast 
doubt on its true identity. Testing 
proved it to be natural, but it was easy 
to understand the appraiser’s reaction, 
for there was a large area of swirled 
lines resembling the wavy lines common 
in glass. Something of this is seen at 
the lower edge of the table in Frgure 8. 


Figure 8 


Figure 9 
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Silk in Sapphire 

Figure 9 is included only because the 
lovely purple sapphire of which it was 
taken had such an even distribution of 
silk. 

We Appreciate 

The gift of an opal-inlaid-in-black- 
onyx tietack from George Schuetz, 
Larter &,Sons, Newark, N. J. 

We are grateful to the peripatetic 
Martin Ehrmann of Beverly Hills, 
California, for a beautiful brazilianite 
crystal group from a new source at 
Cruzeiro, Minas Gerais, Brazil — a 
find made on the most recent of his 
many wide-ranging trips. 

We were pleased to get a nice se- 
lection of stones from Clifford R. 
Millsap, Millsap Jewelry Company, 
Kansas City, Kansas. We can always 
use these to advantage for our prac- 
tice sets. 

From GIA student, George F. Har- 
vey, Jr., Denver, Colorado, we re- 
ceived several rough peridot speci- 
mens, crystals of quartz and garnet, 
and a large amazonite aggregate. 

We are grateful to Roger Wilbur, 
Wilbur Jewelry, North Vernon, In- 
diana, for the selection of spectacular 
calcite crystals. 


A most useful selection of fifty or 
more stones that consisted of obsid- 
ian; aquamarine, turquois, nephrite, 
jadeite, synthetic corundum, mala- 
chite, sodalite, fluorite, rhodonite, 
opal and miscellaneous varieties of 
the quartz family was received from 
Phil Thompson, Springfield, Mass. 


Book Heviews 


AMERICAN GEM TRAILS, by Richard 
M. Pearl, Published by McGraw-Hill Book 
Company, New York, N.Y. 167 pages, 45 
black-and-white illustrations and several 
maps. Price $5.50. 


The dust cover of this latest in a long Jine 
of books by Richard M. Pearl states, “This 
exciting and fully illustrated book is a color- 
ful, down-to-earth guide for the gem hobby- 
ist. and rockhound in search of America’s 
gemstones. It covers not only the practical 
aspect of the subject — the best areas for dis- 
covery and how to recoghize gemstones — 
but the history, romance, and whole adven- 
ture of gems and gem hunting, as well.” 


This is an ambitious set of goals to at- 
tempt in 167 pages. There are many pages 
that show outline maps of the entire United 
States without state boundaries, on which 
the coast-to-coast. area occupies a width of 
about three and one-half inches and localities 
are marked by triangles that cover several 
hundred square miles. One chapter labeled 
“Gems of the Fifty States” occupies fifteen 
pages and consists of blank outline maps of 
large sections covering a number of states 
and a list of the stones to be found in each 
state. For example, catlinite and diamond 
are listed as the two gemstones’ to be found 
in Ohio. 

At the head of each of the fifty chapters, 
Mr. Pearl has included a quotation. Chapter 
47 on Petosky stone carries this quotation: 
“These fossils — who are they?’ — Bert 
Leston Taylor: So Shall it Be. 

The chapters entitled “Gem Trails Before 
Columbus” and “Red Man and Blue Gem” 
are interesting. 

This work was prepared for novices in the 
hobby field. Surely they will find it pleasant 
reading and possibly a worthwhile purchase. 
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MINERALOGY FOR AMATEURS, by 
John Sinkankas. Published by the D. Van 
Nostrand Company, Inc., Princeton, New 
Jersey. 570 pages, 136 black-and-white illus- 
trations, 191 line drawings. Price $12.50. 

In a science-oriented nation, the tendency 
is to regard only the person with a thorough 
formal training in a scientific discipline as a 
scientist. In the late Lester Benson, the gem- 
ological science had proof that formal train- 
ing was not the determining factor in a 
man’s effectiveness as a scientist. John Sin- 
kankas, the author of Mineralogy for Ama- 
teurs, regards himself as an amateur in this 
field; however, his new. book offers proof 
that he has carried his investigation of min- 
eralogy to a level that must be considered 
professional. 

Sinkankas approached the preparation of 
this volume with a vivid memory of some of 
the frustrations facing one who attempts to 
learn mineralogy purely from texts that have 
been prepared as aids to those taking class- 
room instruction, rather than for those 
attempting to learn without the aid of a pro- 
fessor. One result is a series of drawings that 
serve admirably to clarify and simplify some 
of the particularly abstract concepts that 
form a basis for the science. Without doubt, 
the drawings that Sinkankas has made to 
assist the reader are the most instructive we 
have encountered in a basic mineralogy text. 
Some of the better examples are those in 
the chapter on the geometry of crystals, two 
of which we have reproduced (Figures 53 
and 60). 

Of the 570 pages of the book, the first 
272 are devoted to explanations of the nature 


of the atom, ions and valances, atomic bonds, 
crystal design, complex ions, basic -classifi- 
cation of minerals, crystal growth, geometry 
of crystals, physical and optical properties, 
formation and association of minerals and 
identification procedures and tests. The bulk 
of the remainder of the book is given over 
to descriptive mineralogy, followed by a 
14-page appendix that is made up of iden- 
tification tables and a seven-page set of rec- 
ommended references and reading material. 

The book is so intelligently conceived 
and the author’s major goals so effectively 
met that one is inclined to be entirely com- 
plimentary. If the book can be faulted, there 
are two possible criticisms. The first is that 
the identification section seems somewhat 
skimpy, in relation to the excellent coverage 
provided elsewhere. However, he does in- 
clude a useful section he calls Distinctive 
Features and Tests under many of the major 
mineral species. Secondly, the voluminous 
descriptive mineralogy section raises a ques- 
tion regarding apportionment of space. 

With the availability of such fully de- 
scriptive sources as Dana’s Textbook and the 
three volumes published to date of the revi- 
sion of Dana’s. The. System of Mineralogy, 
this rather complete treatment of some hun- 
dreds of minerals seems essential only to the 
reader who has no other mineralogical text. 
Certainly, decisions on where to draw the 
line are difficult. Perhaps a reasonably com- 
plete but not exhaustive coverage is best 
suited to the special audience that John 
Sinkankas had in mind. In any event, this is 
a fine effort for which the author deserves 
the highest praise and a large audience. 
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Figure 53 (from Mineralogy for Amateurs) 
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Figure 60 (from Mineralogy for Amateurs) 


Continued from page 179 
checks, bank drafts, money orders or 
diners’ cards. Despite the drawbacks, he 
feels there is sufficient potential to war- 
rant his expending much time and 
money to develop and help nationalize 
the pink-pearl industry. 


The middleman, or dout, as he is 
called, gives the gypsy very little. Each 
succeeding transaction mounts, until 
the pearls have passed through about 
twelve hands and finally come into the 
possession of the merchants, who then 
sell them to tourists. 

At present, the pearls are weighed in 
tolas and chows, and marketed in ru- 
pees, but conversion to the millimeter- 
and-dollar system is being discussed, to 
accommodate American buyers. 

Time must be allowed for the collec- 
tion of a specific order. Spring is when 
harvesting begins, and desired sizes and 
shapes can be obtained from the douts 
as they come into their possession. 

Arrangements are now being made 
for an exclusive American distributor- 
ship at the wholesale level. This is a 
result of the unprecedented interest 
shown to the display at the Pakistan 
Pavilion at the World's Fair. All con- 
cerned feel that there will soon be a 
major market in America for these 
lovely, lustrous, natural pink pearls. 


Continued from page 174 

prises the already- known Sandmeier - 
Plato striation, with a lozenge- shaped 
pattern of the twinning lamellae run- 
ning parallel to the first-order prism 
(1010). The other kind consists of 
twinning lamellae parallel to a face of 
the primitive rhombohedron (1011). 
They correspond with those in natural 
corundum ; therefore, they are no longer 
a reliable sign for the natural origin of 
a corundum, 
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The GIA Photoscope 


by 


Richard T. Liddicoat, Jr. 
Executive Director of GIA 


There is a wealth of excellent elabo- 
rate equipment available to the photo- 
micrographer today. The problem with 
most of it is the difficulty of determining 
correct exposure. Photomicrographers 
who endeavor to obtain satisfactory 
photographs of gemstones, inclusions in 
gemstones, missile parts, tissue sections, 
bacteria colonies, metallographic pol- 
ished sections, mineral grains, micro- 
fossils, or any of the multitude of other 
items viewed under binocular magnifi- 
cation find it necessary to bracket the 
apparent optimum exposure with a 
spread of five or more photographs. In 
addition, unless darkroom facilities are 
available, the results are not known for 
days. 

Most of the elaborate photomicro- 
graphic equipment is exceedingly ex- 
pensive; therefore, for practical pur- 
poses, the use of a binocular microscope 
for photography is impractical for the 
average jeweler. 


In addition to its use with jewelry, 
photomicrography is of major impor- 
tance in many other fields. In some of 
them, such as some branches of medi- 
cine and biology, immediate results are 
essential for optimum working condi- 
tions. 

The announcement of the new Po- 
laroid Land Automatic 100 Camera 
made it clear that it was revolutionary, 
since the shutter opened by the photog- 
rapher is closed electronically when 
the photocell beside the lens records 
enough light to correctly expose the 
film. 

At the Los Angeles Laboratory, we 
were intrigued by the possibility of plac- 
ing the eye that activates the new camera 
over ome eyepiece of the binocular 
microscope and the lens over the other. 
We were disappointed when this proved 
to be impractical, for several reasons; 
however, Kenneth Moore, GIA Instru- 
ment Department Manager, decided 
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there was a way in which it might be 
accomplished. He had been interested 
for some time in fiber optics, bundled 
together to form a flexible ‘‘wire.”” His 
interest was in the possibilities offered 
by their ability to carry light around 
corners in almost undiminished inten- 


sity. 

He first made an adaptor for the 
camera, so that it was possible to fit 
the camera snugly over one eyepiece of 
the binocular Mark V Gemolite. He 
next adapted a lightwire that would 
fit over the other eyepiece at one end 
and over the lightcell opening of the 
camera at its opposite end; to do this, 
he used an armored cable to protect 
the lightwire against excessive bending. 
It was essential that the end of the 
lightwire be placed at the focal point 
of the eyepiece, so that the amount of 
light coming through that eyepiece 


would travel through the lightwire and 
enter the lightcell. Since the lightcell 
controls the action of the shutter and 
its exposure time, when enough light 
has passed through the lens to the light- 
cell to expose the picture, the cell acti- 
vates the mechanism that closes the 
shutter automatically. The only neces- 
sity for satisfactory results on every 
exposure is that the amount of light 
coming through the two eyepieces be 
approximately equal; when this is true, 
a satisfactory exposure will always re- 
sult. However, for particular uses, it 
is possible to adjust the exposure time 
to give either lighter or darker prints, 
depending on the needs or tastes of the 
photomicrographer. On the following 
pages are a number of reproductions 
of prints made using this new device, 
which we called a Photoscope. 

The jewelers’ purposes served by 


Trigon growth markings on the octahedral face of a 
small diamond 
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“Horsetail” inclusions in a demantoid garnet Silk and crystal inclusions in a sapphire 


A 20-carat pearshape diamond with a pro- A nicely shaped and proportioned large 

nounced “bowtie.” The shield-shaped girdle pearshape diamond. Good pavilion angles 

symmetry, thin crown and bowtie detra:t and a drawn-in table minimize the “bowtie” 
from its beauty. effect. 
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A natural on the crown side of the girdle A group of gas bubbles in a synthetic ruby 


An extra facet on a diamond Typical inclusions in a North Carolina ruby 
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A swirl of minute gas bubbles in a glass imitation of emerald 


such equipment are manifold. A photo- 
micrograph of a diamond taken under 
10x at the time of sale provides a per- 
manent record for the appearance of 
the diamond. This is an effective sales 
tool when selling a flawless stone, but 
it is much more effective for goods 
with inclusions. The print shows what 
makes each such stone unique, becom- 
ing both a sales tool and a means of 
building customer confidence and te- 
assurance. 
Photomicrographs are often a vital 


part of an appraisal record, because they 
help to protect the insured by providing 
significant evidence of quality and con- 
dition at the time of coverage. 

Photomicrographs often furnish evi- 
dence to substantiate an opinion in an 
insurance damage or loss claim. Some 
find it helpful in the repair department, 
to photograph any diamond or other 
stone that is cracked or seriously 
chipped. 

The photographs that illustrate this 
article were taken with a Photoscope. 


Coy 
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The International Gemmological 


Conference in Vienna 


by 


Richard T. Liddicoat, Jr. 
Executive Director of GIA 


Evety two years for the last eighteen, 
the International Gemmological Con- 
ference has met in a European city. 
The meetings are usually held during 
the first week of October of even- 
numbered years. This year, the meeting 
was held in Vienna. In the belief that 
gemologists in Canada and the United 
States will be interested in an abstracted 
picture of the discussions, this brief of 
the Conference is included in Gems G 
Gemology. 

The delegates to the Conference are 
made up ordinarily of two representa- 
tives from each of the European coun- 
tries—usually the president of the na- 
tional gemmological association and the 
educator who is in charge of the train- 
ing of gemologists in that country. 
Some of the delegates are mineralogists, 
some are GIA trained, and others are 
trained by the gemological association 


in their own country. For example, 
famed Edward Gubelin, who holds a 
Ph.D. in mineralogy and also is a Grad- 
uate of the Institute, is the man who 
trains gemologists in Switzerland. He 
devotes two weeks in the summer to 
classes in which some of the leading 
jewelers of Switzerland are students. 
Most American and Canadian jewelers 
are familiar with the Gemmological 
Association in Great Britain. The Lon- 
don Laboratory's Basil Anderson, well 
known to jewelers and gemologists the 
world over and who has long been an 
examiner and a leading gemological 
educator, is a natural delegate from 
Britain, as are Gordon Andrews, the 
Association’s Secretary, and F. H. 
Knowles-Brown, Chairman. 

On the way to Vienna, I stopped for 
a day in Paris and visited a leading 
French jewelry manufacturer, M. Ver- 
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ger, who makes many types of colored- 
stone and diamond-and-gold jewelry. 
His designs are particularly intriguing 
and appealing, so it was a treat to be 
able to examine his operation, from the 
designs he initiated himself to the fin- 
ished product. His technique for show- 
ing a Florentine finish on his color 
renderings gave an unusually realistic 
impression. 

M. Verger was employed for a 
period of five years by Trabert & Hoef- 
fer de Mauboussin, in Beverly Hills, 
California. He still numbers among his 
customers. some American jewelers, al- 
though most of his production today 
remains in France or is sent to other 
countries on the Continent. 

One of the particularly interesting 
facets of the European retail-jewelry 
business is the exciting quality of the 
designs that are visible in dozens of 
stores in every major city and the extent 
to which colored stones are employed 
in the jewelry that is on display. One 
gets the impression that every major 
city has more colored-stone Jewelry on 
display than one is likely to see in the 
sum total of the important jewelry stores 
of at least a half dozen of the larger 
cities in the United States. The popu- 
larity of jewelry-store windows for 
passersby in Europe seems to exceed the 
attention they receive in this country. 
The conclusion that they may have had 
their attention attracted by vivid col- 
ored-stone and diamond jewelry is in- 
escapable. Jewelry designs in windows 
in Paris, Geneva, Munich, Vienna, 
Berlin and Copenhagen all seem more 


exciting and less prosaic, on the whole, 
than one usually sees in American 
retail-jewelry-store windows. This is 
true also of both jewelry pieces and 
designs shown in European magazines, 
such as Die Deutsche Goldschmied 
Zeitung; Watchmaker, Jeweller & Sil- 
versmith; Gold und Silber; L’Orafo 
Valenzano and others. 

Still on the way to Vienna, I stopped 
off in Geneva to visit the Rolex organi- 
zation. One of the directors of Montres 
Rolex, M. Rene Jeanneret, showed me 
their impressive collection of early time- 
pieces, including the first automatic 
wristwatch based on the rotor—a Rolex 
development, and the watch carried out- 
side the Piccard Bathyscape to over 
30,000 feet below sea level. 

The organization is unusual in that 
Mr. H. Wilsdoof, the founder of Rolex, 
gave the company to a foundation, with 
control of Rolex in the hands of man- 
agement and profits directed to specific 
charitable causes. 

Rapid growth and the late founder's 
reluctance to leave the original site has 
led to a conglomeration of shops and 
offices, occupying various floors on many 
old adjoining buildings. Much of the 
assembly and administration is in Gen- 
eva; all of the testing is done there, 
as well. 

-An impressive new building that will 
rationalize the present crowding is near- 
ing completion. One of the interesting 
aspects of the handsome structure is 
that it will stand above two feet of 
water and appear to float. It seems 
likely that it will be one of the show- 
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places of the beautiful city of Geneva. 
The main factory is in Bienne. I gained 
a high regard for Rolex and M. Jean- 
neret. ; 

After a very short stop at Lausanne 
for the Swiss National Exposition, 
which is held only at twenty-five-year 
intervals, I went on to Munich. 


One of the surprises of the trip was 
the beauty of the city of Munich. My 
tendency was to associate Munich with 
beer halls, rather than with its many 
impressive museums, lovely parks and 
appealing jewelry stores. At least a 
dozen stores had window displays of 
jewelry that would compare favorably 
with any that might be seen in the one 
or two leading stores in a city of com- 
parable size in America. The Deutsche 
Museum (science and industry) is re- 
garded by many as unequalled in the 
world. The Residenz Museum, with its 
Schatzkammer, or treasure room, show- 
ing some of the Bavarian Crown Jewels 
and many other royal treasures, includ- 
ing magnificent examples of goldsmith- 
ing and enamel work, is fascinating. 

On Sunday afternoon, I traveled on 
from Munich to Vienna, where the 
Conference was to begin the next morn- 
ing. The group had a preliminary social 
get-together on Sunday afternoon. It 
was good to renew friendships with 
many of the delegates who had attended 
the conference in Milan in 1960, and 
to meet the new delegates. 

The Conference took place in the new 
Intercontinental Hotel, overlooking a 
lovely park in Vienna. The sessions 
lasted from 9 AM until 6 PM and were 


scheduled so tightly that there was no 
time for anything else. 


On the first day, Dr, Gubelin gave 
a detailed report, with both rough and 
cut specimens and very attractive col- 
ored slides, showing and discussing a 
new gem materia], an article on which 
will appear in the Winter 64-65 issue 
of Gems & Gemology. In the course of 
the discussion, he gave a very clear 
picture of the conditions in the jade- 
mining district near Mogaung, in Upper 
Burma, and various characteristics, in- 
cluding the geology, of the different 
types of deposits. He also discussed the 
mining methods and the problems fac- 
ing the jade miners at present. Since 
the Burmese Government has banned 
the use of explosives, breaking out the 
jadeite in the primary deposits has be- 
come extremely difficult. Green material 
is exceedingly rare. A veinlet even a 
millimeter thick will be followed in 
the mining, regardless of its convolu- 
tions. 

Prof. W. Eppler, manufacturer of 
the Star of Freyung, and former direc- 
tor of the school and laboratory at Idar- 
Oberstein, discussed the differences be- 
tween primary and secondary negative 
crystals. The secondary type he referred 
to were those formed in the process of 
healing earlier open fractures by later 
solutions. He discussed some differences 
between chalcedony and quartz and 
made a few remarks on the origin of 
moldavite. The similarities between 
some of the different synthetic emeralds 
and their causes was also a subject of 
discussion by Prof. Eppler. In the course 
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Dr. W. Eppler, of West Ger- 

many, showing synthetic- 

emerald specimens to Dr. 

Edward Gubelin, FGA, CG, 
of Switzerland 


of the discussion, he brought out simi- 
larities and differences in various basic 
methods of gem synthesis. Each of these 
subjects was followed by considerable 
discussion among those present, by re- 
lating both to identification and to fu- 
ture expectations. 

M. Gobel, Director of the Paris Lab- 
oratory, discussed a method by which 
one could gain an impression or an indi- 
cation of whether a pearl is cultured or 
natural. He brought this up because of 


the difficulty of distinguishing between 
natural pearls and spherical, non- 
nucleated cultured pearls by X-ray or 
endoscope. This is based on the spacing 
of the fine lines visible under high 
magnification on a pearl’s surface. It 
has something of the drawback of the 
use of specific gravity as a means of 
distinguishing between the two, since 
there is an overlap; but if the number 
per 100, is low enough or high enough 
to be out of the overlap area, it is a 


M. Gobel, head of the Paris 

Gem Laboratory, with Dr. 

Edward Gubelin, the eminent 
Swiss gemologist 
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strong indication of origin. In general, 
cultured pearls show about 5 to 12 lines 
per 100, and natural, 7 to 25. Presum- 
ably, M. Gobel will publish an article 
on this subject in the not-too-distant 
future. We will try to carry a digest in 
Gems & Gemology. 

B. W. Anderson, Director of the 
London Laboratory, spoke on ‘Notes 
on Fluorescence in Diamond.” A pio- 
neer in gemological spectroscopy, as in 
many other facets of this developing 
science, Anderson reviewed the find- 
ings that have been made in this in- 
triguing subject. One of the reasons for 
its fascination is that there is such a 
bewildering variety of fluorescence in 
diamonds. Anderson pointed out that 
the only constant factor about diamond 
luminescence is that all stones that 
fluoresce blue under long-wave ultra- 
violet show a yellowish phosphorescent 
afterglow that is directly proportional 
in strength to that of the fluorescence. 
He then discussed some of the generally 
dependable situations. It is hoped that 


Mr. Basil Anderson, of the 
London Chamber of Com- 
merce Laboratory (center); 
Mr. G. F. Andrews, Secretary 
of the Gemmological Associa- 
tion of Great Britain (right); 
and Liddicoat. 


the gist of Anderson’s remarks can be 
carried as an article in the Winter 64- 
65 issue of Gems & Gemology. After 
the discussion following Mr. Ander- 
son’s comments, the subject turned to 
the determination of proportions of a 
diamond by eye. 

This was an explanation and refine- 
ment of the article appearing in the 
1962 Fall and Winter issues of Gems 
& Gemology. In the discussion that 
followed, several ideas were brought 
forward that will prove valuable in ex- 
plaining this method in the future. Her- 
bert Tillander was particularly helpful 
in having prepared a number of dia- 
grams to represent his interpretation of 
the article as it appeared originally. 

Prof. Eppler mentioned an article by 
E. Kliippelberg that appeared in Ger- 
many in 1940. In it, the author ap- 
proached proportion judgment of dia- 
monds with eight facets and table by 
viewing the stone from the side instead 
of the top. This depends on the posi- 
tion in the pavilion of the line repre- 
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Mr. Ove Dragsted, FGA, of 

Copenhagen (left); and Mr. 

Herbert Tillander, FGA, CG, 
of Helsinki 


senting the reflection of the girdle. This 
would apply to full cuts as well. 

Herbert Tillander pointed to the 
need for diamond services in Europe 
of the type offered by GIA in America. 
He outlined a program for a: color- 
grading center at Stockholm for Scandi- 
navian jewelers to be based on GIA 
grades, with miaster-comparison sets 
graded initially in Los Angeles. He 
expressed the feeling that complete 
diamond-quality-grading services were 
needed on the Continent, as well. 

Professor O. Mellis, of Sweden, dis- 
cussed the orientation of crystal inclu- 
sions in the pyrope-almandite-spessar- 
tite series of garnets and showed the 
relationship between direction of elon- 
gation of crystal inclusions and the 
orientation of crystal faces on the gar- 
nets. 

F. H. Pough, Ph.D., discussed the 
new ruby find in Tanganyika, as well 
as the lovely rhodolite garnets from that 
locality. He felt that the fact that the 
rubies were from Tanganyika had led 


many jewelers to dismiss them without 
realizing that this was a new find. The 
quality of the rubies is considerably 
better than that of the familiar, bril- 
liantly-colored but translucent, flat ruby 
plates in bright-green chrome-zoisite. 
Veins of vermiculite with corundum 
embedded are found in a serpentine 
over an area of about a square mile 
along the Umba River. Several tons of 
material have been removed from shal- 
low pits. Dark red, pink and various 
colors of blue are found, and other 
ones as well. | 

Zaver Saller is a Munich manufactur- 
ing retailer and a gemologist who has 
developed his hobby of pearl identifi- 
cation to a very high level of profes- 
sional competence. His subject was the 
future of synthetics and the need to 
organize and legislate the marketing 
and advertising, so there will be no 
possible confusion in the minds of the 
public. 

That evening was devoted to a screen- 
ing of Dr. Gubelin’s new movie on 
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Mogok. This color film with sound is 
one hour and forty-five minutes in 
length. It is a thoroughly professional 
piece of work. I have no doubt that 
Edward Gubelin would be highly suc- 
cessful in travel or documentary films. 
How he finds the time for all that he 
accomplishes is one of the mysteries of 
the gemological firmament. His lovely 
home in Meggen, just outside of Lu- 
cerne, has been described aptly as a 
gemological laboratory surrounded by 
living quarters. 


On Wednesday, Dr. P. C. Zwann, 
of the Rijksmuseum in Leiden, Nether- 
lands, presented an interesting lecture 
on odd inclusions in a spinel. Zwann 
had spent three months in Ceylon on 
a United Nations assignment. Among 
the materials that he brought back was 
a blue spinel with very odd inclusions. 
He had made an effort to determine 
the nature of the inclusions and the 
methods he used were interesting and 
clever. Surprisingly, he had been able 
to scrape enough material from one 
point at which an inclusion reached 
the surface to get a satisfactory powder- 
diffraction pattern by X-ray. The pow- 
der pattern identified the material as 
apatite. The spinel weighed the same 
after the material had been removed, so 
he had accomplished his goal with less 
than .005 carat of material. His tech- 
nique was interesting. He put a drop 
of rubber cement on a slide, scraped the 
inclusion with a needle, making sure 
the grains fell to the drop. He then 
ground the grains between two slides 
and rolled the powder-filled cement into 


a tiny rod for the powder camera. By 
this process, a powder pattern could be 
made on any faceted gem with a tiny 
scraping from the girdle, entirely with- 
out eye-visible damage. Efficient. 

Basil Anderson’s next contribution 
(again very interesting—and this time 
demonstrating his early training in 
chemistry) concerned metamict zircons. 
This was a subject that had been dis- 
cussed by Mr. Anderson at Helsinki in 
1962. He had added some experimental 
work since that time, in an effort to 
determine the cause for the shift in the 
absorption lines seen after heating zir- 
cons with specific gravities below 4.04 
to about 900° Centigrade. It is interest- 
ing to note that this so-called anomalous 
spectrum had been encountered on only 
two or three occasions in green zircons 
that had not been heated. Upon return- 
ing from the conference in Vienna and 
checking through the low-property zir- 
cons at GIA, we found one of these very 
rare types. 


Mr. Anderson had some very inter- 
esting remarks to make about his ex- 
periments with uranium-nitrate powder, 
which, after being heated “to a very 
high temperature, started to show in 
reflected light the typical spectrum of 
zitcon, with very small modifications. 
Mr. Anderson was reporting his efforts 
to prove the cause of this shift in spec- 
trum after heating metamict zircons 
and found that he was unable to ex- 
plain it fully, despite his own efforts 
and the assistance of a number of other 
investigators, including Dr. Zwann. He 
believes that the shift in positioning of 
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the absorption lines is the result of the 
formation after heat treatment of one 
of the zirconium-oxide crystal struc- 
tures. 


Following the discussion of Mr. An- 
derson’s remarks, M. Gobel showed the 
results of his efforts to prepare a chart 
for use in the store by graduates of the 
Paris Laboratory. The idea is to assist 
them in gem identification, using only 
a loupe and Polaroid plate. It is a highly 
complex chart, with characteristic in- 
clusions illustrated beautifully by ex- 
cellent drawings made by Miss Dinah 
Level, M. Gobel’s assistant, with thirty 
years’ experience in the Paris Labora- 
tory. This is an unusual work and one 
that was of interest to all. 


Following M. Gobel’s remarks, the 
Conference was taken to the Vienna 
Museum of Natural History, where 
Professor Scholler permitted us to ex- 
amine some of the remarkable mineral 
specimens and gemstones that are not 
on public view. The Colombian emer- 
ald-in-matrix specimens must be with- 
out parallel. Huge emerald crystals of 
very fine color in calcite were spec- 
tacularly magnificent. Many other items 
on display were of considerable interest ; 
among other things, the cathode-ray 
equipment used in his studies of dia- 
mond fluorescence by Professor Michel, 
the famous European gemologist of the 
Twenty’s. The Museum also had some 
very interesting colored diamonds and 
two notable alexandrites. 

Later, the Conference reassembled 
at the Intercontinental for discussions 
of many of the problems faced in 


Dr. P. C. Zwann (left), Leiden University, 
talking with Mr. A. Bonebakker, the Am- 
sterdam jeweler-gemologist 


common by gem-testing laboratories at 
the present time. Among the subjects 
discussed were the detection of various 
types of treatment in turquois and black 
opals, including some differences in the 
methods of reporting in various parts 
of the world. Some salt-water pearls, 
which, when radiographed, give results 
very similar to those encountered in the 
Biwa fresh-water pearls, were consid- 
ered at length. Since this was a subject 
of great interest to many in attendance, 
the discussion continued until well after 
the official closing time. That evening 
was devoted to a delightful visit to a 
weinstuben in the famed Grensing. 
We were glad to learn that the tre- 
mendous work Gemmologia, by Ma- 
dame Esperanza Cavanago-Bignami, 1s 
now available in a greatly enlarged 
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second edition. The first edition of 


some six thousand was sold out in only 
three years, in spite of its price of ap- 
proximately $30. The new edition, of 
almost fourteen hundred. pages, will 
sell for between $45 and $50. The 
volume has some of the finest color 
plates of gemstones ever to appear in 
print, so it seems certain that the book 
will be accorded the same warm re- 
ception. 

The final day of the Conference was 
devoted to a number of talks and 
discussions of problems facing gem- 
ologists. The GIA Photoscope was 
demonstrated and a number of photo- 
micrographs were taken through a 
Gemolite borrowed for the purpose 
from the Vienna Museum of Natural 
History, using the new photographic 
equipment. The response from the dele- 
gates to the revolutionary nature of the 
method was very gratifying. 

Dr. Gubelin showed some interesting 
slides of a synthetic ruby in which very 
odd inclusions or color distribution, 


Prof. Speranza Cavenago- 

Bignami, of the State Gem- 

Testing Laboratories in Milan 

and Valenza, with her 
husband 


reminiscent of Burma ruby, were to be 
seen. Under high magnification, this 
apparently was caused by an odd dis- 
tribution of minute gas bubbles. 

Later, Professor O. Mellis discussed 
a number of optical phenomena and 
showed some very interesting slides to 
support his ideas. 

Dr. Peter Zwann, of the Netherlands, 
showed an imitation of moss agate, in 
which a silhouette of a head appeared— 
it had been “painted” into chalcedony. 
Some experiments conducted by Dr. 
Zwann and colleague suggested that a 
silver-nitrate solution had been used to 
draw the portrait and had been per- 
mitted to penetrate well over a milli- 
meter. When further polishing made it 
appear that the portrait was a millimeter 
from the surface, it seemed that it was 
something that couldn’t have occurred, 
except naturally. However, the col- 
league was able to duplicate the appear- 
ance with another piece of chalcedony. 

After the discussion of several other 
items, the Conference came to an end. 
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Jeweler-gemologists Wijk- 
strom, of Sweden; and Masso, 
of Spain 


Later, that day, I responded to an 
invitation to visit the offices of Alois 
Sturmlechner, the Austrian jewelry 
wholesaler, who is world agent for 
Lechleitner—the manufacturer of syn- 
thetic-emerald overgrowths on natural 
beryl. Gordon Andrews, of the Gem- 
mological Association of Great Britain ; 
Kenneth Blakemore, Editor of Watch- 
maker, Jeweller & Silversmith; and Dr. 
P. C. Zwann, all of whom had joined 
me in a visit to the Schatzkammer Mu- 
seum (in an unsuccessful attempt to 
track down the famous Florentine Dia- 
mond, once a proud possession of the 
Hapsburgs), came with me. The visit 
was one of the highspots of a fascinat- 
ing trip. We were ushered into a high- 
ceilinged room, furnished with lovely 
Victorian furniture. A translator, hired 
for the occasion, made it possible for 
us to communicate easily with the 
charming Frau Sturmlechner, who was 
carrying on for Herr Sturmlechner, ab- 
sent on a trip to the United States. 
We were shown the latest Lechleitner 


products, representing tremendous im- 
provements over early efforts, as well 
as the extensive line of diamond- and 
colored-stone-set gold-and- platinum 
jewelry that the firm markets to Aus- 
trian jewelers. We had gathered in 
high-backed chairs about a lace-covered 
table and were served delicious dase- 
kuchen—cheese pastries. All in all, it 
was a most pleasant visit. 

After another museum visit the next 
day, plus a view of the training exer- 
cises of the world-famous Spanish 
horses and a trip to a lovely park along 
the Danube, I departed for Berlin and 
East Berlin. The bleakness of the latter 
leaves an indelible impression. 

On Monday, I returned to Munich 
to visit the Xaver Saller Laboratory. 
Herr Saller’s cordiality typifies the 
warmth of this fine group of people. 
I learned at the Conference that many 
retailers send to Saller only those pearls 
that have been the subject of contro- 
versy. The Laboratory is impressive and, 

Continued on page 222 
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Trapiche Emeralds 


from Colombia 


PART I 


by 


H. Lawrence McKague, Ph.D. 


Description 

The Institute recently acquired from 
the William V. Schmidt Company and 
Allan Caplan specimens of emerald 
from Colombia, called trapiche, the 
Spanish word for the cane-crushing 
gears it resembles. These emeralds have 
a rather unusual crystal habit (Figure 
1). Three and sometimes four dis- 
tinctly different developments of beryl 
are recognizable (Figure 2). Each spec- 
imen consists of a central hexagonal 
prism (4, Figure 2) with six trapezo- 
hedral-shaped prisms (b, Figure 2), 
extending from ‘the six first-order 
prism faces (1010). A colorless fine- 
grained beryl (c, Figure 2) separates 
the trapezohedral-shaped prisms from 
each other and from the central prism. 
Overgrowths of colorless to very pale- 
green (d, Figure 2) have developed on 
some of the trapezohedral-shaped 
prisms. 


The diameter of the samples range 
from 4,5 mm. to 6.5 mm., and in length 
from 4.3 mm. to 7.3 mm. The speci- 
mens appear to be fragments of longer 
crystals. 


Hexagonal Prisms 

The central hexagonal prism is char- 
acterized by a deep-green color. Lack 
of inclusions and near absence of cleav- 
ages, parting and fractures permit the 
hexagonal prisms to be more transpar- 
ent than the other developments of 
beryl (Figure 3). A poor to well-devel- 
oped basal cleavage is present on these 
prisms. In all of the specimens the 
hexagonal prism is tapered towards one 
end. The longest axis across the prism 
in Figure 2 decreases from 1.9 mm. on 
the end shown to 1.3 mm. on the op- 
posite end. 

Trapezohedral Prisms 
The six trapezohedral-shaped prisms 
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Figure 4 (Photoscope 22x) 


Figure 2 (Photoscope 12x) 


Figure 3 (Phofoscope 5x) 
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extending outward from the first-order 
prism faces are always separated from 
the hexagonal prism by a zone of fine- 
grained colorless beryl. The color of 
these prisms is the same deep green as 
the central prism, but they are less 
transparent (Figure 3). Opaque inclu- 
sions, evenly developed parting!, and 
alteration along some of the parting 
planes contribute to the decrease in 
transparency. The opaque inclusions are 
more common away from the central 
portions of the prisms. Their mineral- 
ogic nature has not been determined. 
Within a given prism, the parting 
planes are parallel; however, with re- 
spect to the central hexagonal prism, 
the parting planes have a radial orien- 
tation (Figure 2). 

The trapezohedral-shaped prisms also 
change shape along the length (ie., 
parallel to the c axis) of a specimen. 
Generally, the dimension that is parallel 
to line 1 in Figure 2 varies antipathetic- 
ally with changes in the size of the 
hexagonal prism, whereas the dimen- 
sion that is parallel to line 2 in Figure 2 
varies sympathetically. 

Fine-Grained Beryl 

Fine-grained colorless beryl occurs 
between the trapezohedral-shaped 
prisms (Figures 4, 5) and between 
these prisms and the hexagonal prism 
(Figures 1, 4). The size of the largest 
grains observed was less than 0.10 mm. 

It is evident from Figures 1, 2,5 and 
6 that the beryl of the trapezohedral- 


1Parting in beryl is rare. In a brief literature 
search, only one reference to prismatic parting 
was found (Gordon, 1959, 84). 


shaped prisms has been converted to 
fine-grained colorless beryl along the 
parting planes. In Figure 4, elongate 
remnants of green beryl, with an orien- 
tation parallel to the parting at 4, occur 
above and below 4. Similar remnants 
with an orientation parallel to the di- 
rection of parting at c, occur to the left 
and below 4. Scattered rounded grains 
of green beryl occur in the colorless 
beryl (a, Figure 5). These, too, are 
assumed to be remnants of the trapezo- 
hedral-shaped prisms. 

A yellow powdery mineral (limon- 
ite?) occurs in scattered patches on 
and between the colorless beryl grains. 
The opaque mineral or minerals that 
occur in the trapezohedral-shaped 
prisms are not present in the fine- 
grained beryl. The yellow mineral may 
be an alteration product of these in- 
clusions. 


Beryl Overgrowths 

Colorless to light-green beryl occurs 
as overgrowths on some of the trapezo- 
hedral-shaped prisms (Figure 2, 6). 
Scattered opaque inclusions commonly 
mark the planes between the prisms 
and the overgrowths (Figure 6). The 
overgrowths do not extend the full 
length of the prisms, but occur as scat- 
tered patches. 

The relationship between the over- 
growths and the fine-grained beryl is 
not absolutely clear. It appears that the 
fine-grained beryl has a cross-cutting 
relationship with the overgrowths ; this 
was observed on the broken corner of 
one prism and is open to interpretation. 
Also, the fine-grained beryl seems to 
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Figure 4 (Photoscope 22x) 


Figure 5 (Photoscope app. 40x) 


Figure 6 (Photoscope 19x) 
occur as patches on the overgrowths; 
however, again this is not clear cut, be- 
cause of the patchy nature of the over- 
growths. In addition, the negative evi- 
dence of the lack of overgrowths on 
the fine-grained beryl supports the con- 
tention that they are earlier than this 
beryl. 

Sequence of Development 
It is rather risky to develop a se- 
quence of events based on the observa- 
tion of only four specimens; however, 
the following tentative remarks can be 
made for their development: 


Continued on page 223 
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by 


at the 


GEM TRADE LAB 
in New York 


Robert Crowningshield 


Multiple Reflections 

Figure 1 is a photograph of a round 
brilliant-cut diamond in which a single 
crystal, seen just below the culet, is lo- 
cated in such a position that it is re- 
flected 24 times around the culet and 
an additional 10 or 12 times under the 
star facets. This brings to mind an old- 
mine-cut stone with a single crystal in- 
clusion that did not reflect. When the 
stone was recut into a modern brilliant, 
the new angles for the back facets 
caused the inclusion to reflect in each 
pavilion facet, to the severe detriment 
of the stone. 

Crackled Synthetic Ruby 

Figure 2 illustrates the inclusions in 
a quench-crackled synthetic ruby that 
could very easily be mistaken for natu- 
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ral. The stone had inclusions of the 
unmelted powder, which, in them- 
selves, are often deceptive; but when 
fractures are deliberately introduced, 
some of which encompass these solid 
inclusions, the effect is very much like 
that of a typical so-called Siam ruby. 
“Chameleonite” Tourmaline 

A most unusual paper of 14 faceted 
tourmalines were examined recently. 
The stones appeared greenish brown to 
brownish green in daylight and intense 
brownish red to reddish brown in arti- 
ficial incandescent light. Several of the 
stones showed a change of color, very 
much like that of alexandrite itself. 
These stones were evidently of the type 
for which a now-obsolete term, “‘cha- 
meleonite,’’ was proposed before 
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Figure 1 Figure 2 


World War II. We have rarely seen Superb Amazonite 

such stones and never in such quantity. Figure 4 does not do justice to a 
Figure 3 illustrates the only inclusion nearly transparent emerald-green ama- 
found in the stones, since most were 
virtually flawless; it was a dark crystal 
with radiating internal fractures. 


Figure 3 Figure 4 
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zonite in a pendant ornament, which 
was presumed to be emerald. 
Diamond Watch Crystal 

A most unusual watch crystal set in 
a yellow-gold case is illustrated in ac- 
tual size in Figure 5. That the stone was 
originally a macle, or twin crystal, 
was suggested by its shallowness 
(2.10 mm.) and the triangular pattern 
of internal strain seen in a polariscope 
(Figure 6). It was estimated that the 
stone weighed approximately 714 
carats, 


Green Topaz 

Although most reference works list 
green as a color for precious topaz, it 
is rarely seen and then only as a modi- 
‘fying color, such as greenish blue or as 
in the yellow green 3700-carat faceted 
stone submitted to the Laboratory this 
summer, At the same time, we exam- 
ined a 750-carat blue topaz. 


Chrysoprase Terminology 

The introduction of superior chryso- 
prase from Australia, which was men- 
tioned in the Summer, 1964, issue, has 
already caused some interesting prob- 
lems in terminology. In one case, a 
traveling dealer insisted that his term 
“Queensland Jade” was correct and 
that he was selling jade. Another ma- 
terial was called “genuine green onyx,” 
a term so long misused for dyed chalce- 
dony that when it is applied, it debases 
the stone it is used’ for. In truth, the 
term onyx is proper only for straight- 
banded chalcedony; however, with the 
dyed green and black material without 
bands, it has unfortunately been incor- 
rectly used. 


New Synthetics 

The Laboratories of the GIA have 
had the opportunity in the past few 
months of examining several interest- 
ing, potentially-commercial synthetic 
materials that have been mentioned re- 
cently in the press. A number of colors 
of a synthetic garnet that may be doped 
with various rare earths have been fash- 
ioned as components in a solid-state 
optical maser that can operate continu- 
ously at room temperature. Since some 
of the crystals, particularly those grown 
slowly from a flux, are strain free, 
transparent and weigh as much as 100 
grams, suitable material for jewelry 
purposes may be in the offing. When 
and if this occurs, the Institute will 
publish a full report. The initial an- 
nouncements appeared in a recent issue 
of Applied Physics Letters and the 
September, 1964, Bell Laboratories’ 
Record. 

Synthetic Alexandrite 

Another manmade product, men- 
tioned by Dr. A. E. Alexander in the 
September issue of National Jeweler, 
is synthetic alexandrite. The Laborator- 
ies of the Institute have examined sev- 
eral very beautiful small crystals that 
changed color much as a light-colored 
Russian alexandrite and were free of 
inclusions. Figure 7 illustrates the great 
transparency of these stones. 

Multicolored Grossularites 

Figure 8 is a photograph of a lot of 
variously-colored grossularite-garnet 
cabochons, ranging from light yellow- 
green through dark green, some 
spotted, and some unmottled, to light 
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Figure 5 


grayish violet to light orange to orangey 
pink. We have never seen such a range 
of color all at once. A piece of jewelry 
made from these stones would be a 
most unusual conversation piece. One 
can almost hear the remarks, “All gar- 
nets? You must be kidding!’ when the 
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Figure 9 


wearer disclosed the nature of the 
stones. We are indebted to Mr. Weber, 
of International Gem Co., New York, 
for the loan of these stones for lecture 
purposes. 
Symerald 

We received a visit from Mr. Alois 
Sturmlechner, Viennese jeweler, who is 
in the United States to accept a Dia- 
monds International Award and to in- 
vestigate the market for the improved 
synthetic emerald overgrowth on beryl, 
which was originally described in this 
journal under the trade name of 
“Emerita.” Mr. Sturmlechner is now a 
partner of Johann Lechleitner, the 
manufacturer, and the product has been 
named Symerald in Europe. We were 
happy to see the tremendous improve- 
ment in the stones, and were very de- 
lighted to receive as a gift a specimen 
of the material overgrown on an ir- 
regular fragment of yellow-green beryl. 
Figure 9 illustrates this specimen and 
indicates that in certain directions the 
synthetic has ‘“‘found’’ the hexagonal 
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Figure 10 


direction and grows more rapidly than 
in the unoriented directions. 


Needlelike Inclusions in Diamond 


In the GIA Diamond Course, sym- 
bols for all the types of flaws or irregu- 
larities normally encountered in dia- 
mond are given. However, occasionally 
a diamond comes to our attention with 
inclusions not covered by the symbols. 
Such was a colorless and otherwise 
flawless diamond with oriented needle- 
like or filamentlike white streaks 
throughout the stone; these are dimly 
seen in Figure 10. 


Pearl Expert Dies 

We were saddened to learn of the 
death this summer of Mr. Hans Schil- 
ling, the jeweler and goldsmith of Sal- 
isbury, Maryland. Mr. Schilling was an 
acknowledged collector of, and author- 
ity on, edible clam pearls. He made 
much of his collection available to Mrs. 
Miles for her talk at the AGS Conclave 
in New York in April. 
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Developments and Highlights 


at the 


GEM THAUE LAB 


in Los Angeles 


by 
Richard T. Liddicoat, Jr. 


Dyed Cultured Pearls 

Dyed cultured pearls are very com- 
mon today, but a strand that we saw 
recently was rare in our experience. 
The beads had been subjected to such 
a drastic dying process that they wer 
completely saturated to the center of 
the mother-of-pearl bead by the un- 
natural-colored dye. They resembled 
antique rosepetal beads more than 
pearls. 

Alabaster and Fluorite Jewelry 

A group of pieces of inexpensive 
antique jewelry contained green and 
pink colored beads that proved to be 
dyed-and-heavily-waxed alabaster. 
Other beads in the same jewelry were 
fluorite. 


Unique Brooch 
We wete intrigued by another rela- 


tively inexpensive old brooch. It was 
interesting because the frame was made 
of tortoise shell, and the carved figute 
mounted thereon was limestone. 


Glass Hololith Ring 
A green-and-white hololith ring, 
which appeared to be jadeite, is pic- 
tured in Frgure 1, A second piece of 
material had been molded over the 
bezel. Both portions proved to be glass. 


Periclase — Synthetic or Natural 

A tepresentative of a scientist sent 
a piece of periclase to the Laboratory, 
asking for a report as to its synthetic 
or natural origin. The inclusions were 
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Figure 1 Figure 2 


Figure 3 Figure 4 


220 GEMS & GEMOLOGY 


negative crystals, similar to that shown 
in Figure 2. Since there were no char- 
acteristics that were clearly those of a 
synthetic, we were forced to admit that 
it was impossible to give a conclusive 
report. He implied that it was synthetic. 
Pleasantly Surprised 

Frequently, dealers who are not in 
the antique-jewelry business, but who 
simply obtain small quantities of gem- 
set jewelry as a part of large-estate pur- 
chases or from the purchase of a 
complete household, make use of our 
Laboratory. Usually, they are disap- 
pointed by the results. One was de- 
lighted about two years ago, however, 
when what she assumed to be citrine 
proved to be a very attractive golden 
sapphire of 40 carats. The dealer was 
startled, when, having come in for the 
third time since the initial visit, she 
found that another “‘citrine”’ 
large, attractive golden sapphire. 


was a 


Unusual Assembled Stone 

A rather interesting assembled stone 
is shown in Figures 3 and 4. A gentle- 
man from northern California had 
backed a thin picce of very attractive 
opal both for increased strength and 
color, with black onyx and covered the 
top with rock-crystal quartz. The result 
bore a strong resemblance to attractive, 
natural black opal. 

Enigma 

A jeweler sent us a large brooch set 
with a large piece of faceted glass and 
surrounded by cultured pearls. After 
repairing the piece, the jeweler had 
placed it under a 100-watt bulb to dry. 
After removing it, the surface ap- 


Be. 


Figure 5 


peared to have been severely etched. 
We were at a loss to account for such 
severe damage as the result of this low 
heat. The etched appearance had to be 
misleading, because the pearls had not 
been attacked. This would seem to rule 
out an acid capable of attacking the 
glass. 
Odd Emerald Inclusion 

A ring set with an attractive emerald 
was sent in for’ identification. Under 
magnification, it was easy to see why 
the jeweler had been disturbed by the 
appearance of the stone and slightly 
dubious about its identity. There were 
several odd, round inclusions that re- 
sembled bubbles somewhat. Near them, 
the emerald seemed to distort light 
passing through it much in the manner 
of the effect on light produced by a 
Burma ruby. One of the rounded in- 
clusions is shown in Figure 5. 
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Book Heview 

GEM CUTTING SHOP HELPS by Hugh 
Leiper and Pansy D. Kraus. Published by 
Lapidary Journal. Inc., San Diego, Califor- 
nia, 230 pages, numerous black-and-white 
Hlustrations. Price $3.95. 

During the nearly sixteen years that have 
elapsed since the first issue of the Lapidary 
Journal appeared in April, 1947, its columns 
have contained practically a complete cross- 
section of every phase of the gem-cutting art 
in articles written by the most highly skilled 
craftsmen in each type of work. Following 
repeated requests for the reprinting of arti- 
cles that have appeared in past issues of the 
Journal, the editors solved the dilemma by 
publishing the most important articles in 


‘GEM CUTTING SHOP HELPS. 

Chapters on various methods of sawing, 
grinding, sanding, polishing, drilling and 
lapping, cabochon cutting and faceting, nov- 
elties and individual treatment of numerous 
gemstones furnish the reader inestimable 
know-how from the experiences of skilled 
craftsmen. For instance, would the reader 
like to fashion beads or even make a bead- 
making accessory that can be used on his 
present equipment? Or, maybe, the reader 
would like to polish some abalone shell! 


For one who has carefully hoarded all of 
the informative issues of the Lapidary Jour- 
nal for future reference to instructive articles 
contained therein, this compilation offers an 
invaluable substitute. For the newcomer to 
the hobby, the experiences of pros in the 
field are at his fingertips. 


Our one criticism is that, for one who 
wishes to avail himself of pertinent informa- 
tion concerning the treatment of a particular 
gemstone, an alphabetical gemstone index 
would undoubtedly facilitate the use of the 
book. 


GEM CUTTING SHOP HELPS should 
be a welcome addition to the gem cutter’s 
library. 


Continued from page 209 
apparently, his results as well. He has 
a number of one-of-a-kind items tai- 
lored to his needs by Sieman’s Electric, 
of Berlin, and his techniques are thor- 
oughgoing. I was impressed. 


The one aspect of the X-ray equip- 
ment in every European laboratory I’ve 
seen that disturbs me is the lack of 
safeguards for the operator. In Los An- 
geles and New York, regulations re- 
quire that everything be lead encased, 
and if the slightest stray radiation is 
recorded on film badges or radiation 
counters required to be worn by opera- 
tors, changes are mandatory. In Europe, 
everything is open. The users, well 
aware of the spread of the direct beam, 
avoid it carefully, but secondary radia- 
tion is disregarded. Health scientists 
emphasize to us that longer-wave sec- 
ondary radiation is especially dangerous. 
All the X-ray people over there seem 
healthy, so we may be overly concerned, 
but I doubt it. 


Herr Saller is not just a scientist— 
he is a highly effective retailer. He 
seldom creates jewelry for less than sev- 
eral thousand Deutsche marks for his 
clients. Many of his creations have great 
appeal. Here is a successful amalgama- 
tion of the jeweler with the scientist. 


Before returning to Los Angeles, I 
visited GIA student Jorgen Mller, at 
the Georg Jensen firm, in Copenhagen. 
Two of his assistants are also studying. 
They were anxious to learn more about 
proportion judgment by eye. The Jensen 
firm had on display many attractive, 
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masterfully constructed diamond-and- 
stone-set picces. Copenhagen has liter- 
ally tens of impressive jewelry stores, 
if one may judge from window displays. 

It was a thoroughly enjoyable trip 
that Jeft me with the impression that 
we still can learn much from the Euro- 
pean jeweler. 


Continued from page 213 

1) Formation of a hexagonal prism. 

2) A change in temperature, pressure or 
chemical composition or in some com- 
bination of these three followed by 
development of a second generation of 
beryl now represented in the trapezo- 
hedral-shaped prisms. Development of 
Opaque inclusions in the beryl of the 
trapezohedral-shaped prisms suggests 
some change occurred in the chemistry 


lowed by the development of the color- 
less overgrowths of bery]. 


4) Later, a more drastic change in the 
system produced partial conversion of 
the second and third generation beryls 
to a colorless, fine-grained beryl. This 
transformation was much more effec- 
tive at the intersections of the first- 
order prism faces than at centers of 
prism faces. The conversion extended 
inward to the central prism. But the 
central prism is not at all, or only 
very little, affected. This suggests that 
the earliest formation of beryl was 
more resistant to the attacking solu- 
tions than were the second and third 
generations. 

The proposed sequence of events is 
tentative and based only on observation. 
Work on determining the physical prop- 
erties of these beryls is currently under- 
way and may suggest other possibilities. 


Literature 
Gordon, S. G. (1959). The Mineralogy of 


of the system. Pennsylvania: Spec. Publ. No. 1, Acad. 


4) Another change in the system, fol- Natural Sci. Philadelphia, p. 255. 
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Maw-sit-sit 


A New Decorative Gemstone From Burma 


by 


Edward J. Gubelin, Ph.D., C.G, 


While visiting the Ruby Valley of 
Mogok in Upper Burma two years ago, 
I received a welcome invitation from 
Mr. Lee San Chiek, one of the impor- 
tant jade traders, to undertake an ex- 
cursion to the jadeite area along the 
Uru Valley in the Myitkyina District 
of northern Burma. It had been one of 
my cherished dreams for many years to 
see the remote sources of the precious 
material. For centuries, Burma had 
served the Chinese stone carvers as the 
one source of this raw material from 
which they sculptured the magnificent 
jade figures of highest artistic value. 
So I profited from the last eight days 
allowed on my tourist visa, hired a jeep 
and traveled to Mogaung, where my 
wife and I were very cordially received 
by our host and greatly enjoyed his gen- 
erous hospitality. 


The morning after our arrival, while 
strolling around in Mogaung, watching 
the jade lapidaties and their curious 
implements of work, I noticed a few 
polished slabs and buttons of an un- 
usual, pleasant, bright-green hue, nicely 
patterned by dark-green to black spots 
and veins, lying on one of the lapping 
benches. They appeared completely un- 
like any other green, opaque gemstone 
that I had seen before and my hunting 
interest was immediately aroused. The 
language barrier made it impossible to 
obtain further information from that 
lapidary, but from his exuberance of 
speech I could grasp that the specimens 
were either “stones called Maw-sit-sit’’ 
or ‘‘stones from Maw-sit-sit.”” When I 
mentioned this to our host, he con- 
firmed that the material was jade from 
Maw-sit-sit and that this particular qual- 
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Figure 1 Stately brick buildings belonging to 
wealthy jade dealers and miners line the main 
street of Mogaung, the attractive jade-market- 
ing center. In the shops, beautiful collections 
of cut and carved jade pieces, representing an 
amazing variety of colors, are on display. 


Figure 2 Jade lapidary, squatting behind a 
low bench polishes cabochons and buttons 
on a grooved board covered with Carbo- 
rundum. 


Figure 3 The famous crossing of the 
Ledo and Stilwell roads, eight miles 
north of Mogaung. 


Figure 4 The wobbling pontoon 
bridge across the Uru River, at 
Lonkin. 


Figure 5 Small bamboo shrine where 
jade miners bring offerings and pray 
to the jade nats before they start 
work at a new jade mine. 
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ity usually was referred to by this term. 


The following day we left Mogaung 
at daybreak, in order to pass the gate 
at Kamaing before 9 AM (because no 
jeep was allowed to drive the 65 miles 
on the narrow track up into the jade 
area after that hour). After passing sev- 
eral picturesque villages of the Kachins, 
with sparsely-scattered long houses, 
some of them marked with a white cross 
by their Christian owners, we reached 
the famous Uru River. We crossed the 
Uru on a wobbling pontoon bridge, 
just as it was being repaired with the 
assistance of log-carrying elephants, On 
the other bank we stopped at a tea house 
in Lonkin to have a modest native meal. 
Several of the local traders and mine 
owners approached our host to show 
him some of the prize pieces they had 
recently found ; among them, there were 
also a few small, rough boulders of that 
brilliant-green Maw-sit-sit material 
that, Mr. Lee explained, had originated 
in a small place in the neighborhood of 
Tawmaw. 


At Lonkin, the track forked to the 
right, leading to the region of the pri- 
mary jadeite deposits surrounding Taw- 
maw at a distance of 21 miles; to the 
left, it lead to a higher section of the 
Uru River, where the alluvial river de- 
posits and the boulder conglomerates 
are centered around the small mining 
village of Hpakant. This picturesque 
village is an important mining center, 
and workings for jadeite exist in nu- 
merous. places along the river and in the 
hills along the south bank. Since Mr. 
Lee wished to examine some river 


mines that he was operating, we fol- 
lowed the left track. Thus, I had no 
further opportunity to investigate the 
actual source of the mysterious Maw- 
sit-sit that intrigued me so much. So I 
decided to return the following year 
when I would have more time and could 
visit the outcrop mines in the vicinity 
of Tawmaw. 


After returning to Europe, I was sur- 
prised to find that the Maw-sit-sit ma- 
terial had already reached the western 
gem market and that several lapidaries 
were cutting it into all sorts of decora- 
tive articles. In the West, the stone is 
being offered under the name of 
“chloromelanite,’ which certainly is a 
misnomer, because it has nothing in 
common with this mineral, not even its 
color. This confusion inspired me to 
convert my decision into action. How- 
ever, we encountered enormous dif- 
ficulties, most of which were the 
expression of a strong dislike for for- 
eigners by Burmese officialdom. One 
expression of the xenophobic attitude is 
the curtailment of tourists’ visits to 24 
hours. However, I was able to revisit 
the region in March, 1963. This time my 
eldest daughter traveled with me. 


The conditions had changed greatly 
during the interval of twelve months. 
The Burmese Government, under Gen- 
eral Ne Win, a complete dilettante in 
state affairs, had issued a new decree to 
outlaw the Chinese owners of jade 
mines; many jade traders had left, Mo- 
gaung was disturbingly quiet, numerous 
mines were abandoned, and the country 
was being haunted by dangerous bands 
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of insurgents. Mr. Lee was just as hos- 
pitable and helpful as the year before 
and extended his kindness and cooper- 
ation from Hong Kong; he let me use 
his jeep and had his family offer us 
comfortable accommodations wherever 
needed. Since we had arranged for a 
ten-day visit, there was ample time to 
inspect all the jade-mining sites along 
the Uru River and around Tawmaw. 

At this point, it may be helpful to 
give a brief account of the geology of 
the jade-bearing region. The area, so 
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far the only one known in which the 
mineral jadeite is found in Burma, is 
situated in the Myitkyina District, 
around the drainage basin of the Uru 
River. The course of the Uru is still not 
exactly mapped, because there are ser- 
ious difficulties in the way of detailed 
geographical and geological mapping. 
Survey work is greatly impeded by the 
almost impenetrable jungle, which in 
places, is so thick that it is possible to 
see only a few feet ahead; also, it is 
still infested by numerous tigers and 
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Figure 6 One of the largest and deepest shaft- 
and-tunnel mines of the Kadon Dwin, near 
Tawmaw. The vertical shaft is spanned by a 
wooden bridge, from which a tottering ele- 
vator is operated. 


hosts of nasty insects. The region is a 
highly dissected upland, consisting of 
ranges of hills that form the Chindwin 
— Irrawaddy watershed. It is higher in 
the north than in the south, and Taw- 
maw, where the true outcrop jadeite 
mines are situated, lies on a plateau at 
an altitude of 2755 feet. It is about 165 
miles by road (track) from Mogaung. 
The Uru River is an important degrad- 
ing stream, and its banks and small 
feeders are the scene of much jade- 
mining activity. 

Within the area, much of the surface 
is occupied by Tertiary rocks, to the 
west of which lies a great intrusive 
complex consisting essentially of ser- 
pentinized peridotites. The outcrop is 
elongated northeast to southwest and 
is roughly oval in shape. This complex 
is surrounded by crystalline schists, 
including types derived from both sedi- 
mentary and igneous rocks. The sedi- 
mentary types appear to represent the 
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Figure 7 Numerous small workings in the al- 
luvial conglomerates of the Uru Valley, near 
Lonkin. 


country rock into which the plutonic 
complex was injected. The Uru boulder 
conglomerates, which are of Pleisto- 
cene to subrecent date, occupy a con- 
siderable area northeastwards from 
Tawmaw. It is important on account of 
its jadeite workings. A brief account of 
each of the formations follows. 

The jadeite-bearing intrusions in the 
serpentinized peridotites consist of the 
following three rock types, which grade 
into one another: jadeite, albitite and 
amphibolite. The jadeite is an exceed- 
ingly tough rock, normally white (sup- 
plying the mutton-fat jade), but it is 
irregularly streaked and spotted with 
emerald green by chromium, apple 
green to brown by iron, and lavender 
blue to violet by manganese. Some of 
the rock is monomineralic; this is the 
densest type, with a specific gravity of 
3.34, and furnishes practically all the 
precious gem material. 

The jadeite-albite rocks are intrusive 
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into the serpentinized peridotites of the 
District, either in the form of dikes, 
or rather in the shape of. sills, as is 
shown by the appearance of the out- 
crops at Tawmaw. The immediate par- 
ent of the jadeite-albite rocks was a 
soda-granite aplite, produced as a nor- 
mal product of differentiation from the 
granite magma, represented by the types 
mentioned before. The complete assem- 
blage of igneous rocks comprises various 
ultrabasic rocks of several types (per- 
idotites, gabbros, amphibolites, etc.,) 
and granites of several kinds, including 
pegmatites and aplites, the latter con- 
sisting of quartz and albite. The jadeite- 
albite rocks were derived from the 
magma represented by these aplites. 
The aplitic magma, a residuum from 
the granite magma, on coming into 
contact with the ultrabasic wall rock, 
suffered desilication, with the con- 
sequent elimination of the quartz and 
the conversion of much of the potential 
albite (NaA1SizOg) into jadeite. The 
silica released from the magma was 
used up in converting the orthosilicates 
of the peridotites into metasilicates. It 
is important to note that the desilication 
is only partial, since the rocks still 
contain large quantities of albite, with 
only some jadeite. The latter is some- 
times associated closely with albite in 
albite-jadeite rock; at other times, it 
forms lenses of nearly pure or quite 
pure jadeite rock, embedded in equally 
pure albite rock. The amount of jadeite 
present appears to be directly propor- 
tional to the quantity of albite. It must 
be understood that these reactions took 


place under almost unique conditions, 
presumably involving very high pres- 
sure. 


The Outcrop Mines at Tawmaw 


The most prolific outcrop mines of 
jadeite are situated in the region of 
Tawmaw. The mining methods con- 
sist of two kinds of ordinary quarry 
working. Before work is started, how- 
ever, the jade mats (spirits) are 
ptopitiated by almost every worker, 
irrespective of nationality, by placing 
offerings of fresh flowers, bowls filled 
with water or rice and occasionally some 
fruit on a bamboo structure gayly dec- 
orated with colored paper banners. 

In most of the small number of open 
pits, the methods usually are very 
crude. The rock is broken by crowbars, 
or mamooties, and the jade veins, which 
vary from a few millimeters to several 
centimeters in thickness, are hewn out 
of the boulders by blunt chisels, wedges 
and hammers. The prevailing mining 
method in these primary deposits con- 
sists of sinking a number of relatively 
wide vertical shafts about fifty feet 
down to the jadeite dike, along which 
inclined tunnels and intermittent stopes 
are driven, following the inclining 
course of the dike for several hundred 
feet. At some of the larger and more 
enterprising mines, steam hoists and 
compressed ait drills are used. Blasting 
was forbidden when I visited the mines, 
for fear of misuse by the insurgents, 
who haunted the country. In the deepest 
working chambers, the miners simply 
work with the above-mentioned hand 
tools. 
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Figure 8 Stream-bed workings along the Uru. 
The majority of the boulders lying about are 
waste. The chicken ladders to the left carry 
waste material onto the dam that separates 
the pit from the river. Jade boulders are 
stockpited on the firm ground of the riverbank, 
in front of the miners’ huts. The white wires 
spanning the pit designate the limits of the 
individual claims by the suspended and 
weighted cords that reach the floor of the 
mine. 


Figure 10 One of the very deep quarries in 
the Uru boulder conglomerates along the 
hills, south of Hpakant. This pit has reached 
ground water, which is bailed out by means 
of a machine pump. The waste materials as 
well as the jade blocks are carried away in 
bamboo baskets dangling from shoulder yokes. 


The Alluvial Deposits along the 
Uru River 
The plateau gravels of Upper Burma 
are represented in the north of the 
Myitkyina District by the Uru boulder 


Figure 9 The hillsides opposite Hpakant are 
worked by innumerable open-cast quarries in 
the boulder conglomerates that were depos- 
ited by the Uru River. 


conglomerate, named after the. Uru 
River, which was responsible for its 
formation. The age of this conglom- 
erate, and hence the formation of these 
secondary alluvial deposits of jadeite, 
is probably Pleistocene to subrecent, for 
it is still more a gravel than a solid con- 
glomerate. The outcrop of the conglom- 
erate extends for a length of several 
dozens of miles and an average width 
of two to four miles. The thickness of 
the formation exceeds a-thousand feet 
in places, as is evident from a traverse 
along any of the tributaries of the Uru. 
This thickness is also evident in the 
hills worked at Hpakant, where the 
cliffs overlooking the: stream are. com- 
posed entirely of the conglomerate. The 
deposits along the Uru River can be 
classified into, (a) stream bed workings, 
whete mining is possible throughout 
the entire year (Figure 8); and (b) 
hillside. workings, where the rock. is 
quarried during the rains, which help 
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in sluicing away the overburden and 
the alluvial matrix of the conglomerate 
(Figures 9 and 10). 


A more detailed report on the ge- 
ography, geology, mining and cutting 
methods of the area, as well as on the 
trade conditions in Burma and Hong 
Kong, will be published Jater in the 
Schweizer Goldschmied as part of an 
extensive paper about the Gems from 
Burma. 


The locality with which we are most 
concerned within the rather limited 
compass of the present article’s subject 
is the small mining field of Maw-sit- 
sit. It belongs to the so-called Nam- 
shamaw dike, which constitutes part of 
the widespread outcrop mines in the 
jadeite-albite rocks of the vast jade 
region of Tawmaw. The small workings 
at Maw-sit-sit, most of which were de- 
serted when we visited them, ate sit- 
uated about half a mile west-northwest 
from the tiny hamlet of Namshamaw 
in a stream and adjoining it. The oldest 
mines were swamped with deep water, 
thus making it impossible to study the 
outcropping rock and their relation- 
ships; the few younger pits were not 
deep enough to yield full information 
on the nature and association of the 
primary rocks. The dike runs northwest 
to southeast, with a tendency to run 
west-northwest to east-southeast. Ir- 
regular blocks of jadeite, which seem 
to have traveled short distances only, 
occur in red earth formed by the decay 
of the serpentine. Very likely, the 
jadeite boulders excavated here repre- 
sent disintegrated portions of a dike 


that either has not yet been exposed 
or lies a little to the west. 


The local miners distinguish two 
varieties: 

(a) Maw-sit-sit, the brilliant- 
green hue of medium tone with 
yellowish tinge. ; 

(b) Kyet tayoe, the bright-green 
variety of paler shades. 

Of the two varieties, Maw-sit-sit 
meets with more favor as a decorative 
gemstone. Its rare vivid color fascinated 
me instantly, but judging by its appear- 
ance, delicate polish and waxy luster, 
I was convinced that it was not jade. 
However, it could be an unusual variety 
of chloromelanite or the much rarer 
tawmawite (chrome-epidote). The lat- 
ter was extremely rare and had only 
been found in the Mienmaw dike. The 
important locality of Mienmaw was 
worked spasmodically by several people. 
There is a heavy overburden of red 
earth with abundant iron concretions 
of 25 to 30 feet in thickness. Nothing 
of the relationships of the rocks of 
the dike could be gathered, since the 
old pits were filled with red earth that 
had washed down from higher levels. 
Serpentine and chloritic schists (by- 
indone) could be observed in places. 
In one, chrome-epidote was seen with 
albitite (so-called palum) ; this is con- 
sidered a favorable indication of the 
occurrence of fine green jadeite in the 
vicinity. Chrome-epidote is formed 
where chromite is present in serpentine 
and the associated minerals, albite and 
jadeite, are colored as a result of ab- 
sorption of the epidote. 
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I purchased several samples of the 
Maw-sit-sit with the intention of 
investigating it thoroughly at home. 
Unfavorable circumstances, however, 
prevented me from carrying out my 
plan immediately. However, after sub- 
jecting the collected stones to various 
methods of scientific examination dur- 
ing the last few weeks, I feel satisfied 
to present some preliminary and sur- 
prising results, 


Appearance and Optical Examination 


Summarizing the afore-mentioned 
statements, the rough material may be 
described as an opaque stone of bril- 
liant-green color of medium tone with 
a yellowish tinge. The homogenous or 
sometimes cloudy distribution of the 
color is irregularly traversed by fine 
veins or spotted by uneven specks and 
patches of a very dark-green to black 
alien substance, which most likely is 
caused by a concentration of the pig- 
ment. The fracture is granular, in con- 
currence with the stone’s texture, 
whereas the surface appears somewhat 
micacious, on account of the sparkling 
of cleavage planes of individual albite 
grains. The majority of the material is 
marred by numerous cracks and fine 
fissures; therefore, cuttable material of 
gem quality is extremely rare. The cut 
stone assumes a smooth polish and 
displays a delicate waxy luster that be- 
trays a lower order of hardness than 
jadeite. The hardness is 6, correspond- 
ing with feldspar. The refractive in- 
dices, measured on the Rayner refrac- 
tometer, were found to vary from 1.52 
to 1.54, The specific gravity obtained 


from numerous pieces averages at 2.77. 
These values of R.I. and S.G., gathered 
by orthodox gemological methods, dis- 
close very clearly that the substance 
could be neither jadeite nor nephrite, 
nor chloromelanite or chrome-epidote 
(tawmawite). Consequently, further 
research became necessary, the reliable 
accomplishment of which I am grate- 
fully indebted to Professor Dr. M. 
Weibel, of the Institute for Crystal- 
lography and Petrology of the Swiss 
Federal High School of Technology 
in Zurich. 


Microscopic Investigation 


Thin sections, cut across the stone 
in random directions, yielded the fol- 
lowing information: 

(a) The main body consists of 
albite forming in a granoblastic 
texture. The medium size of the 
grains measures 0.05 to 0.1 mm. 
(Figures 11a and 11b). 

(b) An irregularly disseminated 
pigment appears black under low 
magnification, whereas innumer- 
able pale-green grains may be rec- 
ognized through a_ high-power 
lens. The diameter of these grains, 
vatying from 0.005 to 0.01 mm., 
is approximately one-tenth of the 
size of the albite grains. 

(c) Individual crystals surround- 
ing the concentrations of pigment 
appear to be a little larger than 
the pigment grains with which they 
seem to be identical. These larger 
crystals are equidimensional to 
elongated, pale-green and trans- 
parent. In all instances their size 
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Figure Ila Photomicrographs of Maw-sit-sit. 
White parts are albite; black patches, pig- 
ment. The pigment appears rather evenly dis- 
tributed. Under low magnification, it is not 
resolved into individual grains, thus creating 
the misleading impression of constituting a 
rather important component. (25x) 


Figure 17h Same as 11a, but taken through 
crossed Polaroids. The granular texture of the 
albite mass now becomes very conspicuous. 


(25x) 


Figure 12a Individual grains are irregularly 
disseminated through the white mass of albite. 
They seem to be identical with the minute 
grains of the dense-pigment patches. (40x) 


Figure 13a In the black mass of pigment, there 
is an irregular grayish patch that represents 
one of those curious brilliani-green areas con- 
sisting of an extremely fine-grained aggregate 
of unknown nature. (100x) 
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Figure 12b Same picture between cressed 
Polaroids demonstrates the granular texture 
of the albite mass. Some of the pigment 
grains may still be recognized near the left 
top corner. (40x) 


Figure 13b Same picture as 13a, observed be- 
tween crossed Polaroids. (100x) 


Photomicrographs by the author; other photos 
by daughter, Mary Helen Gubelin. 
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was smaller than the thickness of 
the thin section (Figures 12a and 
12b). 

(d) Some colorless, finely gran- 
ular aggregates of a tabular min- 
eral are embedded singly in the 
albite mass. 

(e) Minute areas of intensive 
brilliant-green color seem to occur 
quite sporadically and may con- 
stitute an extremely fine mixture 
of pigment with some other min- 
etal (Figures 13a.and 13b). 


Chemical Analysis 

The following table, in which for 
the sake of comparison the chemical 
compositions of pure albite and jadeite 
are also presented, renders evidence of 
the result of the chemical and spectro- 
analytical investigation and manifests 
the quantitative composition of the new 
stone. 

LigO, K,0, CaO, MnO and TiO, 
proved to be additional components 


that were present in small amounts, 
varying between 0.01 and 0.1%. 

The analysis of the Maw-sit-sit allows 
certain conjectures with regard to the 
pigment. It is most likely to be a com- 
position that contains sodium and sili- 
con in addition to chromium, yet very 
little or no aluminum, The ratio Na: 
Al: Si of the total analysis revealed 
more Na and Si to be present than is 
necessary for the formation of albite. 
Perhaps the mineral that accounts for 
the color is a member of the aegirine 
group, in which the iron is partly sub- 
stituted for by chromium. One might 
suspect the occurrence of a new mineral, 
not described heretofore. However, this 
is mere speculation and so far, with re- 
gard to the pigment, the total analysis 
of the Maw-sit-sit only permits the con- 
clusion that the coloring agent in ques- 
tion is a chromium composition. In 
view of the small proportion of pig- 
ment, the chromium content must be 
relatively high. 


Pure Albite Pure Jadeite © 
Maw-sit-sit Na Al Sig Og Na Al (SiOz) 9 
SiO, 66.0 68.7 59.5 
Al,Oz 16.5 19.4 25.2 
Na,O 11.1 11.8 15.3 
CrygO3 2.6 varying amount 
Fe,Og 8 varying amount 
MgO 2.2 
H,O 6 
99.8 
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X-ray Examination 


The powder diagram of Maw-sit-sit 
depicts practical concurrence with al- 
bite. A very small number of three or 
four additional lines, which were cer- 
tainly produced by the pigment or other 
accessory minerals, was not sufficient to 
identify the accessory components re- 
sponsible for the green color. The 
chromium minerals that appear to ac- 
count for the color of the Maw-sit-sit 
seem to be chromiferous varieties, 
whose X-ray diagrams have not yet been 
established. On the other hand, it must 
be rernembered that albite does not dis- 
play a uniform X-ray pattern but has 
slightly varying line positions, depend- 
ing on the phase condition. 


Discussing the Problem of 
the Pigment 

Albite is relatively easily dissolved 
in hydrofluoric acid. Attempts to selec- 
tively dissolve albite and thus concen- 
trate the pigment failed unfortunately, 
most probably because of the extremely 
fine distribution of the pigment. The 
gathered residue, which produced X-ray 
diagrams differing from those of the 
Maw-sit-sit, consisted of conversion 
products of the albite and contained 
even less chromium than the original 
Maw-sit-sit. 

Some consideration concerning the 
occurrence of chromium in other min- 
etals may be interesting at this point. 
Trivalent Cr (ion radius 0.63) usually 
replaces trivalent Fe (ion radius 0.64) 
and Al (ion radius 0.51). The average 
content of chromium in the crust of the 
earth has been estimated to amount to 


0.01%. This value, however, is uncer- 
tain because of the great difference of 
Cr content in basic and acid rocks. 
Apart from chromite, the element chro- 
mium rarely forms minerals in nature. 
Consequently, the chromium varteties 
of other minerals are very little known. 
Chromite, the most important chro- 
mium mineral, may contain more than 
50% of CryOx. In the shape of thin 
spinters or in the minute dimensions of 
accessory grains in rocks it appears 
brown, not green, as observed in the 
thin sections described above; there- 
fore, chromite cannot be responsible for 
the green color of the Maw-sit-sit. The 
highest known content of chromium in 
a silicate, amounting to 27% Cr Osx, is 
found in the chrome-garnet uvarovite. 
Chrome-epidote (tawmawite) from 
Finland contains 6.8% CroO3. No 
jadeite hitherto subjected to a detailed 
chemical analysis has boasted more than 
0.01% of CroOg. 


Conclusion 


The optical, chemical, spectroanalyti- 
cal and X-ray investigations lead to the 
conclusion that the brilliant-green 
Maw-sit-sit consists essentially of finely 
granular albite and that its vivid-green 
color is caused by chromiferous pigment 
delicately disseminated through it. The 
nature of the substance accounting for 
the color could not be determined, but 
it was found to prevail as minute crys- 
tals that are irregularly distributed in 
the albite mass. Attempts to concentrate 
the pigment by selective dissolution of 
the albite failed, because of the ex- 

Continued on page 255 
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A 154-Pound 


Brazilian Aquamarine 


by 


Francisco Miller Bastos 


It is not surprising when an unusual 
colored stone or a large diamond is dis- 
covered in the gem-rich soil of Minas 
Gerais. Outstanding diamonds found 
in this State include the 261.88-carat 
Star of the South, the 179.3-carat Star 
of Minas, the 726.6-catat Presidente 
Vargas, the 460-catat Darcy Vargas, 
and the 409-carat Presidente Dutra. A 
more recent discovery was a colorless, 
flawless 59-carat crystal. It would be 
necessary to write a lengthy article about 
all of the famous diamonds that have 
come from Minas Gerais. 

However, with regard to colored 
stones, only aquamarine, or sometimes 
tourmaline, is likely to come to the at- 
tention of the press. Very seldom do 
newspapers or Magazines print an arti- 
cle describing the discovery of a chryso- 
beryl, garnet, andalusite or topaz of 
superior quality. I have had the oppor- 
tunity to see beautiful and rare speci- 
mens of these gem minerals that were 
never reported publicly. But aquama- 


rines are an exception: e.g., some of the 
large and beautiful stones from Santa 
Maria have been given prominence in 
the news. Also, stones from the Itaguactt 
Mine, State of Espirito Santo, and from 
the Pedra Azul (formerly Fortaleza) 
district of Minas Gerais have received 
notices in a few newspapers. 

The most highly publicized find, 
however, was a deep-blue aquamarine 
of about 74.65 pounds that was found 
in 1954 on a farm near the city of Ted- 
filo Otoni, Minas Gerais. This was the 
now-famous Martha Rocha, which has 
become a standard for superb color in 
Brazil. Since then, many other desira- 
ble and attractive stones, such as mor- 
ganite, green and yellow beryl, kunzite, 
hiddenite and chrysoberyl cat’s-eye, also 
have been discovered. 

However, another big “bomba”’ (the 
word used in Brazil for sensational 
news) appeared in Minas Gerais, in 
1964, and spread quickly throughout 
Brazil. An aquamarine equal to, or 
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more beautiful than, Martha Rocha had 
been found. Like its predecessor, this 
new stone received much publicity, in- 
cluding a feature article in a reliable, 
respected magazine. 

A garimpeiro (an unlicensed dia- 
mond miner or prospector), Abelo Fer- 
reira, found this magnificent stone 
while working near the small town of 
Padre Paraiso (formerly Agua Ver- 
melha), Municipality of Carai, district 
of Arassuai, Minas Gerais. The date 
was May 20, 1964, and the site was the 
Pedroso Mine, in the region of the Ma- 
rambaia Valley. This is where the larg- 
est and most beautiful blue topaz occurs. 
The Mine is only about eight miles 
from the new National Highway B.R.-4 
(Rio-Bahia), midway between the 
towns of Padre Paraiso and Trés Barras. 


The stone was uncovered at a depth 
of 21 to 24 feet below the surface. The 
most common soil in this region is a 
red clay, called oca, in which is em- 
bedded quartz and decomposed mica. 
Some good-quality rock crystal has been 
mined here. The Pedrosa Mine appears 
to be located in an altered pegmatite. 
Prior to the 1964 discovery, only small 
stones were produced. 

The crystal is cylindrical in shape, 
measures 10.25 by 4.3 inches, and 
weighs 15.4 pounds. The color varies 
from deep blue to blue-green, the latter 
resembling fine tourmaline. It is excep- 
tionally transparent and so nearly flaw- 
less that the owner hopes to obtain two 
and one-half carats or more from each 
gram of rough. 


The best color will be obtained by 


heat treating some parts of the stone, 
after which it is hoped that it will com- 
pare with, or exceed, the deepest blue 
color of the Martha Rocha. 


It did not surprise me that such a 
rare and lovely stone was discovered in 
the northwest cornet of Minas Gerais, 
for it is in this State where most of the 
beryl deposits are located ; consequently, 
the most beautiful aquamarines come 
from the same region. It was here, in 
1919, that the Papa Mel Mine yielded 
a stone that weighed approximately 
244 pounds — the largest ever found. 
Other producers in this area include the 
Mueaia and Corsema Mines, seven or 
eight miles from the famous Pontalete 
and Martin Luiz Mines; the Pé Sujo 
(‘Dirty Foot’) and Felipe Mines, 
twelve or thirteen miles from the Pe- 
droso, where the aquamarine discussed 
in this article was found; and the well- 
known Trés Barras Mine, where stones 
of great value have been brought to 
light. 


A few days after the big.aquamarine 
was found, I had the opportunity to 
talk with Manoel Bento dos Santos, a 
former garimpeiro, now a gem dealer, 
who told me how despondent he was 
feeling. Abele Ferreira, the man who 
found the stone, worked for Santos for 
many years; the latter financed the min- 
ing, furnishing equipment and provi- 
sions. The two men had an agreement, 
giving Santos 20% of all the profits. 
However, Santos later decided to break 
the contract, because he thought that 
Ferreira was bringing bad luck. In the 
words of the Brazilian hinterland 
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Other small stones found in 
the same area varied in 
weight from about ten to two 
hundred grams each. 


miner, Santos said that he no longer 
wished to “jogar” with him (Portu- 
guese, meaning ‘‘to gamble,” ‘‘to stake,” 
“to risk’). 

Shortly thereafter, Ferreira was work- 
ing as usual in the Pedroso Mine, when 
he felt his pick strike something hard. 
Mystified, because only stones weighing 
a few grams each had been recovered 
previously, he dug with increased ex- 
pectancy. A half hour later, the fabu- 
lous stone was in his hands. 

Telling no one of his unexpected 
good fortune, he continued to work, 
knowing that other pieces from the 
same crystal could be found nearby. In- 
deed, after three days he found three 
more stones, which varied in weight 
from approximately four to nine 
pounds. 
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Since aquamarines weighing more 
than ten or eleven pounds are rare, 
Ferreira resolved to disclose his secret 
to his fellow miners; as a result, more 
than five hundred garimpeiros hastened 
to the Pedroso Mine to join the search. 
But luck was still with him: He found 
about four additional pounds of small 
stones, weighing from ten to two hun- 
dred grams each. Although now a well- 
to-do man, Ferreira continues to work, 
hoping to find more riches. 

The stone was bought by H. Stern, 
the well-known Rio de Janeiro gem 
dealer, who christened it IV Centenario 
(Fourth Centennial), to commemorate 
the founding of that great city four 
hundred years ago. Mr. Stern is very 
enthusiastic about the cutting possibili- 
ties of this magnificent aquamarine. 
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Developments and Highlights 


at the 


GEM TRADE LAB 
in New York 


Robert Crowningshield 


Rare Synthetic Crystals 

We are very much indebted to Dr. 
Kurt Nassau, of the Bell Telephone 
Laboratories, Inc., for a selection of 
synthetic crystals grown by various tech- 
niques in the course of investigations 
for electronics and other applications. 

Among those were several that 
showed exceedingly sharp absorption 
spectra. Figure 1 is the spectrum of a 
lavender-colored synthetic scheelite 
with neodymium as an impurity. Dr. 
Nassau and his coworkers were the first 
to produce a continuously- operating 
crystal laser, using this synthetic mineral 
doped with the element neodymium 
(Nd). 

Figure 2 illustrates the absorption 
spectrum of a natural brown scheelite 
containing various tare-earth impuri- 


ties. Note that there is a similarity in 
absorption areas, as one would expect 
where rare earths are involved. in. ab- 
sorption spectra. 

Another unusual spectrum, reminis- 
cent of some zircons but unrelated, was 
that observed in a synthetic yttrium- 
gallium garnet-structured crystal 
(Y¥GaG) ; it was pink in color and large 
enough to cut into an attractive but 
small stone. The absorption spectrum is 
shown in Figure 3. 

Dr. Nassau is the author of a fas- 
cinating five-part article entitled 
Growing Synthetic Crystals, which ap- 
peared in the Lapidary Journal in 1964. 


Black-Treated Opals 


Figure 4 illustrates a peculiar irides- 
cent patchiness that we have noted on 
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about one in five black-treated opals. In 
some, the patches are fairly numerous 
and fairly easy to detect ; in others, only 
one or two small and easily-missed 
patches may be present. 


Pressed Amber 


We were happy to be able to pur- 
chase two strands of pressed amber, 
which were the only ones available at 


Figure 4 
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the recent Polish Trade Fair at Poznan. 
The material is very scarce and we had 
been unable to obtain any for years. The 
best description we have been able to 
find is in Bauer's monumental Edel- 
steinkunde. 

This material differs from block am- 
ber by remaining light in all positions 
in the polariscope. In this instrument, 
too, one can see patches of different 
transparency and color caused by the 
mixture of different amber pieces 
pressed together during manufacture. 
Specific gravity, hardness, refractive in- 
dex and fluorescence are similar. We 
noted a slight softening with sulphuric 
ether that is not characteristic of block 
amber. We were surprised that one clue 
for the identification of the pressed ma- 
terial — elongated gas bubbles — was 
missing from all the beads in these two 
strands. The irritating odor of block 
amber when burned was noted with the 
pressed amber. Figure 5 illustrates the 
relative clarity with some patchiness of 
one of the end beads. 


Figure 6 


Unusual Chromeless Emerald 

Some time ago we received a gift of 
small yellowish-green beryl crystals 
from Brazilian gem dealer and student 
Jules Sauer. They had a high refractive 
index (1.59-1.599), were inert under 
the color filter and ultraviolet, and did 
not show evidence of chromium in the 
spectroscope. At the time, we were not 
asked to classify them. 

Recently, jewelry with cut stones 
from this Brazilian source has come to 
our attention and, in spite of the lack 
of chromium, which is considered a 
criterion for emerald by many authori- 
ties, we felt compelled to call the stones 
natural emerald. Our reasoning was that 
they were more emeraldlike in depth of 
color and beauty than the pale stones 
one encounters and that, if chromium is 
used as a criterion, we would call 
emerald. The source of the green 
color has not, to our knowledge, been 
determined. 
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Nassak. Diamond 


We were very happy to have the op- 
portunity to examine the world-famous 
Nassak Diamond, which weighs 43.38 
carats, is a modified emerald cut, and 
was last sold in 1944. We found the 
stone to be flawless and of the highest 
color grade. The crown is cut in the 
normal three-step emerald-cut fashion 
but the pavilion is a most unusual and 
complicated pattern (Figure 6). 


New Opal Source 

We are indebted to Mr. Eric Engel, 
dealer in Brazilian gems and minerals, 
for several interesting specimens of 
aventurine quartz, chrysocolla quartz 
and sapphire. In addition, he loaned for 
lecture purposes a quantity of Brazil- 
ian opal, which is just now coming into 
the market. We hope to have more in- 
formation about this new source for 
the Spring, 1965, issue. 


Odontolite 


We were happy to receive as a gift 
from New York precious-stone dealer, 
Ralph Esmerian, our first specimen of 
odontolite. One test needed to confirm 
the identity of the lovely turquois-blue 
stone was X-ray diffraction, which es- 
tablished an apatite structure. 


Carved Psilomelane 


Some attractive black hematite-ap- 
pearing carved stones were tentatively 
identified as psilomelane, on the basis 
of the specific gravity of 4.2, streak, and 
reaction to hydrochloric acid, with the 
release of chlorine fumes. With a hard- 
ness of 6 and the compact nature of this 
mineral, the stones should wear as well 


Figure 7 


as hematite, although one wonders 
about the economics of using it for 
jewelry. 


Seldom-Seen Diopside Cat’s-Eye 

Although importers have submitted 
chrome- diopside cat’s-eye and four- 
rayed star diopside before, we have only 
recently encountered both stones 
mounted in rings. Figure 7 illustrates a 
particularly striking chrome -diopside 
cat’s-eye in a man’s ring. 
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Figure 8 
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matrix, and recently-mined lapis from 
Afghanistan, 


From Wm. V. Schmidt Co. and 
Allan Caplan for specimens of the 
peculiar trapiche emerald crystals. 
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Developments and Highlights 


at the 


GEM TRAUE LAB 


in Los Angeles 


One Pink Pearl — Two Earrings 

We received a pair of drop-shaped 
pink pearls with flat backs that gave 
the impression of being mabes. Figure 
1 shows the two, one of which has the 
flat side up. In the photograph, the 
slightly raised center portion of the flat 
side is quite obvious. The jeweler who 
brought them to the Laboratory said 
his source claimed that a single pearl 
from Baja, California, had been. sawed 
in half and the raised portion on the 
flat side was only a protective coating. 
After examining them under magnifi- 
cation, Glenn Nord, of the GIA Staff, 
thought this might be true; an X-radio- 
graph bore out his belief. The photo of 
the tip of one of the half pearls shows 
clearly the difference in nature between 


by 
Richard T. Liddicoat, Jr. 


the top and back (Figure 2). It is hard 
to believe that anyone would cut a pearl 
in half to make a pair, but this evidently 
had been done in several cases, because 
the jeweler told us that more of the 
same kind were brought to him a few 
days later. 
Unusual Cutting Discrepancy 

A pear-shaped diamond was photo- 
graphed to show a rather unusual cut- 
ting discrepancy: The shorter pavilion 
mains had not been brought to- the 
culet but only as far as the lower-girdle 
facets; i.e., they stopped considerably 
above the culet on the two short direc- 
tions (Figures 3 and 3a). 

Goldstone-Appearing Aventurine 

We received, for identification, a 
stone that was indistinguishable to the 
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Figure 3 


eye from goldstone. Testing proved that 
it had all the properties of aventurine 
quartz. One had to view it under mag- 
nification to be sure of its true nature. 
The appearance of the spangles under 
magnification is shown in Figure 4. 
Goldstone, lighted by an overhead 
lamp, is pictured in Frgure 5. 


Figure 2 


Figure 3a 


Large Knots in Diamonds 

In the past month, we have encoun- 
tered several diamonds with very large 
knots; one of the largest of which is 
shown in Figure 6, A similar knot is 
shown on the pavilion facets of another 
diamond in Figure 7. Such a stone ts 
particularly likely to show strong evi- 
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Figure 4 Figure 5 


Figure 6 Figure 7 


dence of strain and to be somewhat which numerous needlelike inclusions 
mote subject to damage during wear were arranged in fan-shaped bundles 
than are most. that met at one end and spread at the 
other. Lawrence McKague, of the GIA 
Staff, was able to scrape enough powder 
from the point where one of the bun- 
Figure 8 shows a smoky quartz in dles reached the surface to take an 


Unusual Needlelike Inclusions 
in Quartz 
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Figure 8 


Figure 10a 


X-ray powder pattern. He identified the 
crystals as tourmaline. 
Parting in Black Star Sapphires 
We were sent a number of black 
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Figure 9 


Figure 10b 


star sapphires, because a jeweler 
thought they might be doublets. All 
showed a very strong basal parting, 
and several parting cracks gave the im- 
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Figure 11 


pression that the stones were assembled. 
Figure 9 is a photograph of two of the 
stones, one of which was taken from 
the girdle direction and the other from 
the back. The lower stone shows the 
smooth parting surface where a piece 
was broken away; the upper one shows 
the kind of parting crack that lead to 
the jeweler's suspicion. 
“Pigeon’s-Eye” Nephrite 
Hugo Elsenhans, a jeweler-student 
from Las Vegas, gave the Institute a 
piece of Wyoming nephrite jade (Fig- 
ure 10a) in which there was a small 
area of chatoyancy. This stone is re- 
ferred to locally as “pigeon’s-eye.” Fig- 
ure 106 is an enlargement of the cha- 
toyant area, showing the needlelike in- 
clusions arranged in parallel groups. It 
is possible that the chatoyant area is 
predominantly tremolite. 


Figure 12 


Parting in Synthetic Ruby 

A synthetic ruby, submitted for iden- 
tification, showed strong evidence of 
parting at the surface of the table. The 
cracks were almost at right angles to 
the polishing directions, as is evident 
in Figure 11, in which the polishing 
lines are approximately vertical and the 
parting lines more or less horizontal. 

Sheen Obsidian 

A. Tiki god showed the sheen some- 
times seen in a variety of obsidian. The 
cause is apparently a flow structure, 
with a resulting parallel orientation of 
inclusions..These are shown under high 
magnification in Figure 12. 

Polishing Lines Clue 

In Figure 13, a peridot that had a 
very serious cleavage was sent in to 
determine its nature and, if possible, 
the cause. Since it was shown clearly 
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Figure 13 


Figure 15 


by the cleavage and polishing marks 
that the damage had occurred after the 
stone was cut, we photographed it for 
the column. The polishing marks run 
from approximately 1 o’clock to 7 
o'clock and the drag lines (heavier 
parallel lines) extend from center to 
7 o'clock; the cleavage crosses them 
almost at right angles. It can be seen 
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Figure 14 


that all of the obvious polishing marks 

and drag lines cross the break without 

interruption, proving that they were 

there when the break occurred. 
Blemishes 

When the American Gem Society 
expanded its definition of flawless by 
specifying the meaning given to the 
term blemish, reference was made to 
crystal-growth lines and twin lines. The 
former were consideted acceptable, if 
there were no surface manifestations 
visible and no color zoning along 
them. 

Crystal-growth lines usually are very 
difficult to photograph, but twin lines 
are usually more obvious. 

In Figure 14, paits of twin lines are 
obvious at the surface. They appear 
curved, because in each case we are 
viewing through the crown their trace 
across pavilion facets. 

In Figure 15, Crystal-growth lines ex- 
tend more or less from 3 o'clock to 
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9 o'clock. They do not cause ridges on 
the surface. These, however, are very 
readily visible under magnification — 
an unusual condition. When it is this 
obvious, color zoning is likely to be 
present, which, by AGS standards, 
would rule out flawless. 
We Appreciate 

The gift from Dave Widess, Los 
Angeles gem dealer, of a Gilson- 
treated faceted emerald of 3.67 carats 
and an 18,12-carat flat specimen of the 
same material. 

We are grateful to Bertold Nathaa, 
New England Diamond Corporation, 
New York City, for the black star sap- 
phire, diopside cat’s-eyes and Rhode- 
sian ruby. 

We are indebted to Harold Tivol, 
Kansas City jeweler, for the broken 
diamonds that will be used to good ad- 
vantage in our practice sets. 

We appreciate the gift of numer- 
ous pearls, garnets, quartz, chalce- 
dony, zircon and turquois from Bur- 
ton Joseph, jeweler of Des Moines, 
Iowa. 

From Alden Aldrich, Cranston, 
R.I., we received several colorless syn- 
thetic sapphires that will be used to 
good advantage in our Gem-Identifi- 
cation Course. 

From P. W. Kriegler, Hopewell, 
Va., we received a miscellaneous assort- 
ment of gemstones that will be used to 
advantage in our practice sets. 

Our thanks to student, Yochanan 
Dreifuss, Jerusalem, for the translu- 
cent pink grossularite garnet cabochon. 
More information will be forthcoming 


on this unusual material in a later issue 
of Gems & Gemology. 

We appreciate the faceted labrado- 
rite received from student Leon M. 
Agee, Rogers, Nebraska. 


Book Reviews 

THE BOOK OF OPALS, by Wil- 
fred Charles Eyles. Published by Charles 
E. Tuttle Company, Rutland, Vermont 
and Tokyo, Japan. 224 pages. Numer- 
ous black-and-white illustrations and 
line drawings and 20 color plates. Price 
$7.50. 

A love of opal is manifested in the 
author's comprehensive book on this 
subject. Since he is a professional min- 
eralogist, an accomplished lapidary and 
an opal dealer, he has approached the 
subject material from the standpoint 
of one well versed in all aspects per- 
taining to the gemstone. 


Starting with the nature of opal as 
a mineral and a gemstone and explana- 
tions of geological origins, Eyles con- 
tinues with definitions of types and a 
brief history of the world’s outstanding 
sources. He explains mining methods 
and dealers’ methods for buying and 
selling. He gives a history of opal as 
a gemstone with exposés of supersti- 
tions attached to it. As an experienced 
lapidary and dealer, his how-to-do-it 
hints for amateur lapidaries on pur- 
chasing, cutting, polishing, mounting, 
etc., are knowing. The author’s account 
of opal deposits describes those in the 
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United States and Mexico, as well as 
in Australia. 

The book closes with the first-pub- 
lished account of Wollaston’s Journey 
for Opal, a vivid, real-life diary of 
rugged early-day mining in Australia. 

The Book of Opals will be an in- 
valuable source of information for col- 
lectors, jewelers, lapidaries and con- 
noisseurs of fine gems on one of the 
most mysterious, colorful and enchant- 
ing gemstones. 


THE ROCK-HUNTER’S RANGE 
GUIDE, How and Where to Find 
Minerals and Gem Stones In the United 
States, by Jay Ellis Ransom. Published 
by Harper & Row, New York. 213 
pages. Price $4.95. 

This book approaches mineralogy 
from a slightly different direction than 
the preceeding one. In the first part, 
one finds such topics as preparation 
of samples, necessary tools, field-trip 
equipment and labeling procedures. 
The fourth chapter on the geologic 
time table and the sixth chapter on the 
use of geologic maps add to the value 
of the book. 

Collecting localities and the more 
common minerals are described in chap- 
ters seven and eight. Collecting locali- 
ties in 47 states (missing are Alaska, 
Delaware and Hawaii) are listed; this 
provides a starting point for neophyte 
mineral collectors in all parts of the 
country. The listing of mineral mu- 
seums by state should be useful for 
amateur mineralogists who want to 


see additional specimens and compare 
their collections with those of museum 
quality. 


THE ROCK HUNTER’S FIELD 
MANUAL, A Guide to Identification 
of Rocks and Minerals, by D. K. 
Fritzen. Published by Harper & Row, 
New York. 207 pages. Price $3.50. 

In the first part of this new book, 
an elementary introduction to the fun- 
damentals of amateur mineralogy is fol- 
lowed by a brief discussion of igneous, 
metamorphic and sedimentary rocks. 
Descriptions of the more common rock 
types within each class are given. 

A short description of the physical 
properties that can be used for field 
identification leads off the second part. 
A color classification is used as the first 
step in mineral identification. The vari- 
ous minerals covered are listed and de- 
scribed under one or more of the ten 
colors considered. 

In the sixth section, the use, crystal 
form and occurrence of the minerals 
ate given. Chemical compositions of 
the minerals are considered in the final 
section. 


GEMMOLOGIA, PIETRE PREZI- 
OSE E PERLE, by Madame Speranza 
Cavenago-Bignami. Published by Ul- 
rico Hoepli, Milan, Italy (2nd. edi- 
tion). 1300 pages, numerous color 
plates and black-and-white illustrations. 
Price: approximately $45, 

The second edition of Madame 
Speranza Cavenago-Bignami’s encyclo- 
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pedic textbook is now off the press. If 
the first edition was huge, this one is 
positively monolithic. It still features 
the loveliest and most numerous color 
plates to be found in any text in this 
field. The beauty of the book makes it 
desirable in any gemological library — 
whether the reader is able to read Ital- 
lan or not. 

The present book has been increased 
from about 1100 to over 1300 pages. 
The printing run for the original work 
was very large for a $30 textbook in a 
very limited field, but it sold out in only 
three years. The current edition will sell 
in the United States for between $45 
and $50. 

Madame Cavenago-Bignami, a 
charming and delightful person, heads 
the State Gemmological Laboratories at 
the jewelry-manufacturing center of 
Valenza, as well as that at nearby Milan. 
She also teaches gemology at the jew- 
elry school in Valenza. Thus, she has 
experience in both laboratory and class- 
room problems. 

The second edition of Gemmologia 
is a beautiful book that will grace any 
gemologist’s library. 


Continued from page 238 
tremely small grain size. At least one or 
two other green (chromium-bearing) 
minerals seem to occur as subordinate 
components. Their nature also could 
not be identified because of their very 
small sizes. Even though the color is rel- 
atively homogenous, chromium is not 
directly incorporated in the albite, but 
is present in high concentration in tiny 


grains of a mineral of unknown nature 
that acts as a pigment. Chrome-albite 
has never been reported and it is rather 
doubtful that chromium could be in- 
tegrally built into the albite structure. 
It is difficult to corroborate this asser- 
tion, but the microscopic observation 
has established the clear evidence that 
in Maw-sit-sit a green mineral is present 
besides the albite. 


From the results discussed above, it 
can be inferred that Maw-sit-sit is not 
a monomineral but a mixture of miner- 
als; ie., a rock. The body substance 
consists of albite that is irregularly 
interspersed with an alien, chromifer- 
ous mineral that induces the brilliant- 
green color. With a rock, chemical for- 
mulas can only be established for the 
individual components. Albite forms 
the principle component, whose -for- 
mula is Na Al SizOg, although the 
chemical formula of the pigment is yet 
unknown. Only a method that enables 
operation with extremely minute quan- 
tities of material may yet solve the still- 
open problems of Maw-sit-sit. There- 
fore, investigations by means of a late 
model of an A.R. L. electron micro- 
probe will be undertaken. 


In view of the fact that Maw-sit-sit 
consists mainly of albite, it seems ap- 
propriate to give this new decorative 
gemstone a name incorporating the 
term “albite.’’ However, as long as the 
pigment is not determined, the native 
name, Maw-sit-sit, serves as a distinc- 
tive designation. 


(See enclosed color plate of 
Maw-sit-sit.) 
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New Hydrothermal Emerald 


E. M. Flanigen, D. W. Breck, N. R. Mumbach and A. M. Taylor 


Tonawanda Research Laboratory 
Union Carbide Corporation 
Linde Division 
Tonawanda, New York 


Several new commercial synthetic 
emeralds have become available in the 
last few years. Synthetic emeralds devel- 
oped by Lechleitner, Gilson and Zer- 
fass! have entered the market along 
with the well-established product of 
Chatham. In our opinion none of the 
stones marketed to date are equal in 
quality to first-grade natural emeralds, 
such as the highly prized ones from the 
Muzo and Chivor Mines in Colombia 
or from the Ural Mountains. Research 
investigation of hydrothermal crystal 
growth has been carried out over the 
past several years at the Research Lab- 
oratory of Union Carbide Corporation's 
Linde Division, Tonawanda, New 
York, by Dr. D. W. Breck, Miss E. M. 
Flanigen and Mr. N. R. Mumbach. The 


work has led to a process for producing 
all-synthetic hydrothermal emeralds of 
a quality believed to be comparable to 
the finest natural gemstones. Crystals as 
large as seventeen carats and faceted 
stones as large as three to four carats 
have been produced. Early commercial- 
ization of the process at the Linde Crys- 
tal Products Development Laboratory, 
Speedway, Indiana, by Dr. F. R. Char- 
vat and Mr. E. M. Comperchio, is ex- 
pected to result in the availability of the 
new emeralds later this year. 

A description and characterization 
of the new Linde material is presented 
here, as well as a comparison with nat- 
ural emeralds and other synthetic em- 
eralds now on the market: Chatham, 
Lechleitner, Gilson and Zerfass. The 
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Figure 1. Hydrothermal emerald crystals, 11.42, 6.77 and 2.52 carats 


crystal properties of the Linde stones 
were determined by Dr. A. M. Taylor 
of this Laboratory. Comparison with 
the synthetic products of Chatham, 
Lechleitner and Gilson, is based on Dr. 
Taylor’s independent examination and 
property measurements, as well as on 
the data reported in the literature’: >. 
Linde hydrothermal! crystals usually 
are tabular and parallel to two opposing 
dipyramid faces and are bounded by 
first- and second-order prism faces. The 
basal pinacoid is always present but is 
very small, and a second-order dipyra- 
mid is occasionally developed. Several 
fully grown crystals are shown in Fig- 
ure 1; they range in size from 2.5 to 
11.4 carats. This growth habit differs 
significantly from flux-melt emeralds, 
which terminate either as hexagonal 
prisms (Chatham) or tabular crystals 
with hexagonal or dihexagonal prism 


edges (Gilson!, Zerfass?). Natural 
emeralds also show a typical hexagonal 
prism habit. Initially, growth is carried 
out on a beryl seedplate. The emerald 
growth is cut from the seedplate and 
used as a seed for the subsequent all 
synthetic hydrothermal emerald. ‘The 
Linde product is normally faceted with 
the table parallel to the first-order pyra 
mid. Distinct dichroism is seen through 
the table. The color more closely resem 
bles the blue-green of Uralian or Chivor 
emeralds than the yellower green of 
Muzo emeralds. Several faceted gems 
are shown in Figure 2, The X-ray dif- 
fraction pattern and hardness of the 
new hydrothermal emerald are essen- 
tially identical with those of the natural 
material. 
Synthetic 
usually can be distinguished by their 
optical and fluorescent characteristics 


and natural emeralds 
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Figure 2. Faceted hydrothermal emeralds, 3.3, 1.5 and 0.38 carats 


Figure 2a. Faceted hydrothermal emerald, 1.5 carats 


and typical imperfection patterns. Nat- 
ural emeralds have a refractive index of 
w = 1,565-1.586, e — 1.570-1.593, a 
birefringence of .005-.007, and a specific 
gravity of 2.69-2.77?, Their fluores- 
cence behavior under long- and short- 
wave ultraviolet light varies from none 
to a deep red, depending on the concen- 


tration of fluorescence ‘‘poisons’’, such 
as iron and vanadium. Similarly, the 
dull-red residual color typically seen 
when viewed through the dichromatic 
Chelsea color filter? under tungsten 
light varies in intensity. 

The properties of synthetic emeralds 
are a function of their method of 
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growth. Flux-melt or diffusion-melt 
emeralds, such as Chatham, Gilson and 
Zetfass, show refractive indices of 
wo == 1.56, « — 1.56-1.57, a birefring- 
ence of .003 to .005, and a specific grav- 
ity of 2.65 to 2.67, Chatham and Zer- 
fass emeralds show a bright-red residual 
color when viewed through the Chelsea 
filter, owing to their high chromium 
content and freedom from “poisoning”’ 
impiurities?..This characteristic often is 
used to distinguish the synthetic from 
the natural. Exceptions have been ob- 
served; for example, in some Chivor 
emeralds a bright-red residual color is 
also seen. Also, flux emeralds grown in 
this Laboratory from VO; show no red 
fluorescence characteristics, presumably 
due to the quenching effect of vanadium 
ions incorporated in the crystal from 
the flux. Chatham and Zerfass em- 
eralds, under long- and short-wave 
ultraviolet light, fluoresce from dull 
to strong red. The Gilson material is 
unique in its fluorescence characteris- 
tics; various authors |. 4. 5 report from 
yellow to olive-green fluorescence under 
long wavelength, and: yellow to orange 
to olive green under short wavelength, 
It shows a dull-red residual color under 
the Chelsea filter, more closely reserm- 
bling the natural in this characteristic. 
Variation in color from yellow-green to 
blue-green in two Gilson stones ex- 
amined in this Laboratory parallels the 
fluorescence differences. Its unique be- 
havior is probably due to the presence 
of extraneous ions or inclusions from 
the flux, as suggested by Liddicoat?. 
Variation in both fluorescence and color 


are presumably caused by changes in 
flux composition. 

The only known example of commer- 
cial emerald believed to be grown hy- 
drothermally is Lechleitner’s Emerita. 
This material consists of a seed of 
faceted natural beryl with a hydrother- 
mal-emerald overgrowth. The refractive 
index of the overgrowth was found in 
this Laboratory to vary with the depth 
of green color, or chromium level, from 
the early Emerita to recent overlays, 
which are deeper green. The refractive- 
index range measuted is w —= 1.577- 
1.587, « = 1.582-1.597, and a bire- 
fringence of .005-.010, the maximum 
values corresponding to maximum chro- 
mium, A specific gravity of 2.649-2.707 
was reported by Holmes and Crowning- 
shield? ; as they point out, however, it is 
of little significance, since it is a bulk 
property and is essentially that of the 
natural-beryl preform, which is the 
main portion of the stone, rather than 
the emerald overgrowth. The fluores- 
cence under short- and long-wave ultra- 
violet and the color through the Chelsea 
filter is bright red, the intensity varying 
with chromium level and thickness of 
the overlay. Examination in this Lab- 
oratory of the new beryl-emerald sand- 
wich wafer, or beryl-emerald composite, 
produced by Lechleitner shows refrac- 
tive indices of » = 1.562-1.567, 
e = 1.567-1.573, a birefringence of 
-005-.006, and a specific gravity of 
2.67-2.69. The composite consists of a 
hydrothermal-beryl 
with hydrothermal-green- 


central colorless 
seedplate, 


emerald layers on either side rapidly 
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fading into colorless-beryl layers toward 
the table and base of the stone. The 
color loss may be due to exhaustion of. 
the chromium in the nutrient solution 
toward the end of the growth period. A 
similarity in inclusions between the out- 
ermost colorless-beryl layer and the 
seedplate suggests a hydrothermal beryl 
of synthetic origin for the seedplate. 

It should be noted in the above dis- 
cussion that the classification of the 
Zerfass emerald as flux-grown differs 
from that postulated by Gubelin*. He 
concludes that the Zerfass emerald is 
hydrothermal, because of the presence 
of cuneate growth funnels.’ Experience 
in this Laboratory has shown that the 
presence of cuneiform-funnel inclu- 
sions are more a function of the seed- 
plate orientation than the growth 
method per se, and have been observed 
in both flux and hydrothermal emeralds 
when the seedplate is inclined at an 
angle, especially obliquely, to the crys- 
tallographic axes. The refractive index 
and density are consistent with a flux- 
melt origin and are considered to be 
more characteristic invariant properties. 
We were unable to procure a Zerfass 
emerald for our own examination.. 

The refractive-index range for the 
Linde hydrothermal emerald is » = 
1.566-1.572, ¢ <= 1.571-1.578, a bire- 
fringence of .005-.006, and a specific 
gtavity of 2.67-2.69. These values span 
a chromium concentration of 0.3-1.2% 
and increase with increasing chromium 
level. Therefore, it can be distinguished 
from all previous fully synthetic emer- 
alds by its higher refractive index, den- 


sity and birefringence. In these proper- 
erties it more closely resembles natural 
emerald, also presumably of hydrother- 
mal origin. The Linde product shows a 
bright-red fluorescence when excited by 
short- or long-wave ultraviolet light, 
and a bright-red residual color through 
the Chelsea filter. The fluorescence ts 
especially brilliant under short wave. 
The intensity through the filter is 
greater than that of any emerald tested, 
including Chatham. 

The imperfection patterns in natural 
emerald are typically two- or three- 
phase inclusions and crystal inclusions. 
The latter are often crystals of halite or 
similar soluble salts, and probably are 
indicators of the composition of the 
crystallizing hydrothermal fluid. Flux- 
grown synthetic emeralds, such as those 
of Chatham, Gilson, Zerfass and 
Igmerald?, contain characteristic wisp- 
like or veillike feathers, usually along 
curved surfaces. They ate distinctive 
“fingerprint” for flux growth. The 
feather inclusions normally are two 
phase, consisting of minute cavities con- 
taining solidified flux and a gas bubble. 
The Linde hydrothermal emerald ap- 
pears transparent and flawless macro- 
scopically, or under 10x magnification. 
The high degree of optical clarity gives 
the faceted stone a very pleasing bril- 
liance. Under 400x magnification, two- 
phase inclusions are observed, consist- 
ing of aqueous fluid and a gas bubble 
(Figure 3); these are similar in appear- 
ance of the two-phase inclusions in 
natural emeralds and are concentrated 
at the interface between the seed and 
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Figure 4. Parallel tubelike cavities 
containing two-phase inclusions in 
hydrothermal emerald (400x) 


new growth, The refractive index of the 
fluid is lower than that of the enclosing 
emerald, close to that of water. In most 
cases, the cavities tend to be tubelike 
and the bubble elongated, as illustrated 
in Figure 4. Cuneiform growth funnels 
are often present. Phenacite inclusions 
have been observed but are not com- 
mon. A careful examination of the 
stone in a liquid of similar refractive 


Figure 3. Typical two-phase in- 
clusions in hydrotherma! emerald 
(400x) 


index shows a slight variation in color 
and chromium content at the two syn- 
thetic-emerald seedplate-growth inter- 
faces, resulting in two thin bands of 
slightly more intense green. 

Summary: 

The new Linde hydrothermal emer- 
ald can be identified by its exceptionally 
high optical quality, color and bril- 

Continued on page 286 
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Developments 


and Highlights 


by 


at the 


GEM TRADE LAB 
in New York 


Robert Crowningshield 


Trapiche Emeralds 

Figure 1 illustrates the largest tra- 
piche emerald crystal we have encoun- 
tered. Although not of deep color, it 
displays the typical crystal growth beau- 
tifully. Figure 2 is a photograph of one 
of the richest colored trapiche crystals 
we have seen. Thanks to student Italo 
DeVivo of Colombia, we had an oppor- 
tunity to examine a large lot of cut 
stones from this material. He states that 
the term frapiche has become well 
known and that the stones cut from 
these crystals are characteristic. Figure 3 
illustrates the sizes and shapes available 
from the rough. The stones are rich in 
color but they lack brilliance, because of 
a texture that appears to be made up of 
parallel banding. Black inclusions of an 


flat brilliant-cut marquise diamond with 
an enormous culet is set above a smaller 
marquise. With the unaided eye, the 
deception might be successful; that is, 
unknown material also characterize 
many of the stones; these are shown in 
Figures 4 and 5, According to reports, 
trapiche-emerald rough has become 
scarce; therefore, cut stones may not be 
available for any length of time. 


“Piggy-Back”-Mounted Diamond 
The term “piggy back’’ has been used 


for some time, we are informed, to 
designate a style of mounting that em- 
ploys two fancy-cut diamonds post- 
tioned to appear as one. Frgure 6 
indicates the difficulty of photograph- 
ing ating of this type, in which a very 
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Figure 1 


if dirt has not become wedged between 
the largest culet of the top stone and the 
table of the “piggy-back’” stone. In 
Figure 7, the large culet of the top 
stone is indicated by the white arrow. 
The culet of the small lower stone may 
be seen in the center of the larger 
stone’s culet. Conceivably, an appraiser 
taking measurements could overesti- 


Figure 2 


Figure 3 


mate the weight of the contrived stone 
by a wide margin. 


Unusual Synthetic-Emerald Cuts 


Figure 8 illustrates intaglio stones in 
a man’s and a lady’s ring and in Figure 
9 a cufflink-and-stud set, all of which 
are unusual cuts for synthetic emeralds. 
Represented as ‘‘very old,” the client 
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Figure 8 


Figure 10 


had purchased them overseas for a con- 

siderable sum of money. 

Lake Biwa Cultured-Pearl Necklace 
A long three-strand necklace of 

pearls, purchased abroad as natural, 
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Figure 9 


proved to be composed of the largest 
and the nearest-to-round Lake Biwa 
tissue-graft cultured pearls we have 
seen. Figure 10 shows the center section 
of the necklace actual size. In addition 
to being large, they were lovely. 


Coincidental Identifications 


We have spoken before of the num- 
erous occurrences of coincidental iden- 
tifications. Figures 11 and 12 are 
excellent examples. Within a week’s 
time, two diamonds with tubular inclu- 
sions were examined. In both stones, 
the tubes came to the crown surface and 
appeared very much like those in the 
cut stones from the recent find of kunz- 
ite in Brazil. 


Diamond Roundelles 


Figure 13 illustrates two out of ap- 
proximately 50 diamond roundelles 
used as separators in a long rope-chain 
necklace of natural pearls. This style of 
cutting for diamond is very rare. 
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Figure 13 


Colorless-Topped Natural Emerald 


Figure 14 illustrates a large natural 
emerald in which the color was confined 
to the pavilion; the area near the table 
was colorless. It was interesting to note 
that on the colorless table the refractive 
index was 1.575-1.583 and on the pavil- 


Figure 14 


ion it was 1.57-1.573. The photograph 
was taken with the stone immersed in 
diluted bromoform that has a refractive 
index of 1.56. 


Clouds in Natural-Color 
Brown Diamonds 
We have commented before on the 
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natural-colored brown diamonds that 
often have a central cloud of a very sym- 
metrical shape. Recently, all but one of 
a lot of 17 natural-brown diamonds sub- 
mitted to the Laboratory showed a 
central cloud of this type. Figure 15 
illustrates the effect very well. 
Black-Treated Opals 

A peculiar patchiness was observed 
recently in a black-treated opal, illus- 
trated in Figure 16. 

Conch Pearl 

The flamelike structure of a conch 

pearl is particularly well illustrated in 


Figure 15 


Figure 16a Figure 16b 


Figure 18 


Figure 17, taken recently when we iden- 
tified a very lovely pink one. 
Flux-Fusion Synthetic Ruby 
Recently, we examined two cut stones 


Figure 17 
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Figure 19 


and a flat crystal of fine, slightly pur- 
plish-red corundum that proved to be 
synthetic ruby, probably grown by flux 
fusion (Figure 18). They were part of 
a shipment of natural rubies from India. 
The crystal weighed 2.82 carats and the 
larger of the two cut stones, 1.02 carats. 
The refractive index, specific gravity 
and dichroism were normal for corun- 
dum; however, under short-wave ultra- 
violet light the fluorescence was weak, 
unlike Verneuil-furnace-grown synthetic 
rubies. 

Evidence that the stones were grown 
from natural “seeds” is shown in Figure 
19, Within the clearer areas bounded by 
the dark line we noted typical natural 
inclusions, consisting of angular crys- 
tals, fingerprint inclusions, Burma 
color distribution and patches of rutile 
needles. In the dark-red areas outside 


Figure 20 


the seed we noted wispy inclusions, very 
similar to those in flux-grown synthetic 
emeralds. 

Figure 20 shows the smaller cut stone 
immersed in bromoform. In the lighter 
area one can see two crystals, above 
which the rutile needles extend in a 
broad path to the girdle. In the darker 
area, dimly seen, are the wispy inclu- 
sions. Figure 21 is a picture of the same 
stone not immersed. The white arrows 
in both pictures point out the two in- 
cluded crystals. In Figure 21, needles 
and a fingerprint near the crystals may 
be seen. Figure 22 was taken of the 
crystal immersed in bromoform, to 
show mote clearly the central seed area. 

Crystals large enough so that the seed 
would not have to be used may be 
grown, in which case the more obvious 
and familiar inclusions of natural stones 
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Figure 21 


would be absent. If so, familiarity with 
the inclusions in the synthetic material 
is essential. In addition to the wisps, so 
typical of flux-grown synthetic emerald, 
we found numerous low-relief crystals 
of unknown nature. 


Unusual Stones 
Unusual stones encountered in the 
Laboratory in recent weeks included a 
transparent gray-blue kornerupine in a 
stickpin, a yellow apatite cat’s-eye and 
several four-rayed black-diopside stars. 
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Figure 22 


a parcel of small tumbled garnets and 
zitcons, The latter are of a deep-brown 
color that fades rapidly when exposed to 
sunlight; however, heating them re- 
turns the dark color. 


From student Dan Lennon we re- 
ceived several valuable study stones, in- 
cluding a synthetic-spinel doublet that 
imitates an emerald. 


From Gem Trade Laboratory mem- 
ber Robert C. Nelson, Jr., we received 
a selection of rough green beryl in 
which we cannot detect chromium. It 
will be very useful for research purposes. 
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Mallorca and Imitation Pearls 


by 


Frederick H. Pough, Ph.D. | 
Santa Barbara Museum of Natural History 


In recent years our wives, who teli- 
giously read and believe some of the 
women’s magazines, seem, for some fea- 
son, to have reached a conclusion that 
the Island of Mallorca (or Majorca) 
has some connection with the finest of 
imitation pearls. Most husbands and all 
jewelers have been familiar with imita- 
tion pearls for all of their observant 
lives and most of us have felt that an 
imitation pearl was suitable for sale by 
the well-known chain that once sold 
everything for five or ten cents, and that 
to ask any higher price was just for the 
foolish. 

The writer once heard a story from a 
man still well known in the trade that 
well illustrates this point. It seems that, 
as a youth, my friend was calling on an 
important wholesaler and found him oc- 
cupied with dipping his hand in a barrel, 
pulling out fistsfull of imitation pearls 
and then tossing them into three differ- 
ent cartons, one at a time, but without 


glancing at them. On being asked what 
he was doing, the wholesaler replied 
that he was “‘sorting pearls.” “But you 
are not looking at them,’’ my friend 
protested. The wholesaler: answered, 
“America is a wonderful country ; these 
are the $1 strands, those are the $2 
strands, and over there are the $5 
strands.” Without stating it quite so 
succinctly, most of us in the trade have 
felt that the varying virtues of imitation- 
pearl necklaces were just about that sig- 
nificant. Hence, to learn suddenly, via 
the women’s trade, that Mallorca is the 
place to buy imitation pearls inexpen- 
sively seems about as important as find- 
ing a real bargain in toothpicks. 

On the other hand, when we check 
into the ladies’ facts, we find that things 
are not as they once were, back in our 
ingenuous days. Imitation pearls can be 
expensive, very expensive. So, surely, 
even our not-always economy-minded 
spouses can’t be this wrong; perhaps 
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there is something to this Mallorca jazz 
after all. Investigation proves that 
everybody is right. Mallorca does have a 
maker of superior-quality imitations, 
for which there is something to be said, 
and it also has a great many makers of 
the chain-store quality as well. The 
problem is to know the difference. One 
thing is certain; if you go to Mallorca, 
you will be able to buy an inexpensive 
string of imitation pearls, just as the 
travel agents tell you. Of course, you 
could buy an identical strand for about 
half as much in the local Woolworth’s, 
but the travel agents don’t tell you that; 
perhaps they don’t even know it! In 
Mallorca you can also buy the expensive 
strands and you will pay an expensive 
price, though it may be a little less than 
the extra handling and duty make the 
same strand cost in the U.S., France, 
Germany or Japan. The maker claims to 
sell to all buyers at the same price; the 
only differences are those introduced by 
duties and taxes. 

There are factories all over the world 
making imitation pearls. Probably there 
is relatively little difference in their 
operation, and their product is fairly 
well standardized. One or more layers 
of pearl essence is flowed, by dipping, 
over a round, white-glass bead and, 
after drying, they are strung into neck- 
laces, bracelets or whatever use is called 
for. It is a case of mass production, no 
inspection, and the cheapest possible 
product. The sheen is a silvery-pearly 
luster, and next to a strand of cultured 
or oriental pearls they look more like 
dully polished silver beads than pearls. 


Or, if the maker is fancy, they may be 
pink or blue or some other hue, still 
with a silvery luster. The woman who 
buys them pays little and is not greatly 
perturbed when, two years later, she has 
to throw them out because they have 
turned yellow. 


Faced with this situation, and con. 
siderable competition, a Spanish firm 
with a factory in Mallorca, Industrias 
Heusch, S.A., decided to see if some- 
thing could be done to raise the image 
of imitation pearls in the eyes of its cus- 
tomers. Accordingly, they began a pro- 
gram of research into various modifica- 
tions in procedures that might be 
instituted to improve the product. 
Eventually, around 1953, they  suc- 
ceeded in developing an imitation that 
did not look like a silver bead when 
placed next to a string of real pearls; 
one with some of the luster and orient 
that we look for in genuine pearls but 
did not expect to see in pearl-essence 
copies. They now market them under 
the name Majorica Pearls, and it is these 
pearls and only these that, as a result of 
international promotion, have given the 
Island of Mallorca its reputation among 
today’s fashionable women. Their prob- 
lem now is to put over the message that 
not all Mallorca pearls are of one qual- 
ity, that there are cheap Mallorca imita- 
tions just as there are cheap U.S., 
Japanese or Italian imitations. The evi- 
dent superiority of the Majorica grade 
has tended to confuse buyers into think- 
ing of Mallorca as a grade, not a place. 

The secret of Majorica’s success lies 
in much more handling of the beads 
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Industria Espanola de Perlas factory in Manacor 


during the dipping process and the use 
of a different essence for the final layers, 
combined with repeated polishings and 
a careful grading of the product before 
placing it on the market. In contrast to 
mass production and no examination, 
which is the rule with most imitation- 
pearl makers, it is not surprising that 
the Majorica product has found an 
acceptance denied other imitations. 

A visit to the factory of the Heusch 
Mallorca subsidiary, Industrias Es- 
pafiola del Perlas Imitacion, S.A., in 
Manacor, about 30 miles east of Palma, 
is interesting; there, one can see the 
whole process, starting from the white- 
glass rod to the finished necklace. The 
same company has a tourist outlet and 
demonstration factory for the lower- 
grade product on the town square in 
Manacor, a place to which tour guides 
carefully shepherd their charges, just in 
case they have got so far on the Island 


without already having succumbed to 
the lure of a bargain and souvenir. 
Downstairs there is a salesroom, and 
above, redolent with a smell of lacquer 
so intense that one would almost be 
afraid to light a cigarette, are rooms 
populated with girls who are dipping 
bead-strung wire racks into flat pans of 
essence and setting them out to dry. The 
tourist-demonstrated process, however, 
is one of the lesser grades of Indus- 
trias Espafiola’s products; the top 
grade is done exclusively at a factory on 
the edge of town. Only there have they 
the freedom from traffic and the con- 
trols over conditions that will let them 
make something that is to be as critically 
graded as the Majorica quality. 

Largely self-sufficient, the factory em- 
ploys some 873 workers, a figure about 
half the total number of Mallorcans 
engaged in the making of imitation 
pearls. Their tasks are varied: Some are 
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The larger beads are individually set in short lengths of wire fo make up pincushion- 
like rectangles 


276 GEMS & GEMOLOGY 


Individually mounted beads on wires are 
set into blocks that are inverted into 
the lacquer-filled trays 


kept busy chopping wood to keep the 
fires burning, while others work in glass- 
walled antiseptic rooms wearing white 
smocks and tending the still-secret 
machines that have been developed by 
Industrias Espafiola for some of the 
processing. 

Mallorcan wood is used as a source of 
the gas needed by 200 girls who work 
in the largest single room in the factory, 
turning out the white beads that are the 
basis of the imitations. The beads are 
made on a clay-slurry-coated wire from 
a white glass that comes in the form of 
long rods. The tips are melted to form 
one round bead after another along the 
wire. The size is judged by eye, and the 
girls become very skillful in time. Only 


Dipping the glass beads in the pan of 
lacquer, ensuring a quick and even 
layer of essence 


about one applicant in ten can do this, 
for it is one of the most skilled jobs in 
the factory. After a trial of a month or 
so, the foreman can tell if a girl is going 
to.prove satisfactory or not. 

The beads cool quickly and then are 
slipped off the wires. An old step, of 
dissolving out.the copper wire. in acid, 
has beeri obviated by the slurry coating, 
which keeps the glass from adhering so 
tightly to the wire. They are then sieved 
for size, each millimeter of diameter be- 
ing separated into four sizes and ex- 
amined enough to remove any obviously 
faulty spheres. 

Upstairs, depending on the size and 
quality of the necklaces for which they 
are intended, they are strung once again 
onto wires that run back and forth along 
a rack or that are mounted on stiff wire 
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Polishing and resetting the beads in 
preparation for further coating layers 


Nipping off the hanging drop of excess 
essence coating, the final preparation 
step 


pins and stuck in rows in a rectangular 
block, like giant-headed pins in a mam- 
moth pincushion. The Jatter are for the 
Majorica quality; they will receive spe- 


Checking the finished pearls for any 
blemishes that would make them un- 
acceptable for the finest strands 


cial attention, which the wire-strung 
ones will not. The beads are then dip- 
ped into shallow pans filled with a 
cream-fluidity essence and placed on a 
great rotating rack to dry. As they come 
around again, they are lifted off and 
dipped again. 

The pin-mounted pearls are handled 
a little differently. After a few dippings, 
they are removed from the blocks and 
each is polished in a chamois with a bit 
of polishing dust. They are then set up 
a second time and dipped in fresh 
essence, this time a natural one derived 
from fish scales. This is the old essence 
d’ orient, which has been superseded al- 
most everywhere by the synthetic com- 
pound that is the near-universal basis 
of today’s beads. Industrias Espafiola 
de Perlas has agents in several fishing 
ports who procure scales from the fish- 
ermen. They get them by providing the 
fishermen. with. special .double-layered 


278 


GEMS & GEMOLOGY 


Miss Monica Ragby, winner 
of the 1963 Miss United 
Nations contest, which took 

place in Palma 


Crown worn by Miss United Nations at the 1964 ceremony 


nets that retain the scales knocked off by 
the struggling school. The guanadine, 
the pearly material, is freed from the 
scales by dissolving the latter in a pe- 


troleum product and concentrating the 
pearl matter. This is shipped in large 
cans to Mallorca for further refining 
and incorporation into the lacquer. 
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Much of the fine iridescence that can be 
seen in the Majorica pearls, in contrast 
to the cheaper ones, is attributed to the 
continued use of this natural essence. 
Following a second polishing opera- 
tion, the pearls are coated with a pro- 
tective layer and sent to other workers 
who remove the pins, puncture the 
holes, and examine them for perfection. 
Following approval, they are sorted into 
their respective sizes and strung on 
strings, just as are cultured pearls. 
Industrias Heusch Reunidas, S.A., 
attribute the success of their product to 
the careful quality controls that they 
maintain at all times, plus their market- 
ing policy. It was interesting to com- 
pare necklaces made several years ago; 
Heusch keeps each 10,000th necklace 
for this reason and numbets each 
strand. Those made some years ago had 
not darkened at all. An international 
advertising campaign has prepared a 
market with considerable success. A 
guarantee that accompanies each strand 
is claimed to be really valid and en- 
forceable, for the buyer is not obliged 
even to return to the original seller to 
get satisfaction. Alberto Heusch estt- 
mated that they have to make good on 
the guarantee about once in 10,000 
strands. In general, they know that they 
are perfect when delivered. Since the 
final coating is claimed to be reasonably 
resistant to most hazards, even includ- 
ing perfume, damage for which they 
can really be held responsible, or for 
which an owner might consider them 
responsible, is relatively infrequent. 


Prices seem high by comparison with 
most other imitation and cultured 
pearls. In the smaller sizes, they may 
sell for half as much as a cultured 
strand; but.as the diameters grow, cul- 
tured pearls appreciate in price much 
faster than the Majorica product. The 
greatest sales volume is in the nine- or 
ten-millimeter strands anyway, where 
there really is a great difference. Each 
strand is numbered and is accompanied 
by a little certificate giving the 5-year 
guarantee. In each country there is an 
exclusive distributor who handles them 
for that country. In the U.S. it is Trifari, 
Krussman and Fishel. U.S. sales repre- 
sent about 15% of the total, Spain’s 50, 
and Japan’s, where a distributorship 
was established only a year ago, already 
144%. Total annual sales are between 
300,000 and 400,000 necklaces at the 
present time, with the number rejected 
at final inspection well over this figure. 
Despite the great loss this represents, 
for nothing can be salvaged except the 
beads, Heusch adheres to this policy. 
He knows that the only way the com- 
pany can maintain the standing is by 
consistently turning out a flawless 
product. 

The writer wishes to thank those who 
were so helpful to him in visiting the 
factory in Mallorca: Mr. Louis F. 
Krussman, who made all the arrange- 
ments; Mr. Alberto Heusch of Barce- 
lona, from whom the commercial de- 
tails were ascertained ; and Sefior Pedro 
Riche Rousset of Palma and Manacor, 
manager of the factory. 
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Uevelopments and Highlights 


by 


at the 


GEM THADE LAB 
in Los Angeles 


Richard T. Liddicoat, Jr. 


Emerald Fluorescence 
A natural emerald was sent in be- 
cause the jeweler was curious about its 
strong yellow fluorescence. The cause 
was a plane of white arborescent inclu- 
sions in a large separation that extended 
most of the way through the stone 
(Figure 1). It is possible that this sepa- 
ration was filled with material during 
the polishing operation. 
Window at the Culet 
Another rich-green-appearing stone 
was set in a gypsy mounting. There was 
no question about its natural origin, 
since it had natural inclusions, plus the 
refractive index and birefringence of 
emerald. However, if the stone con- 
tained any green, it was too weak to re- 
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veal even a faint absorption spectrum. 
Around the culet of the stone in Figure 
2 can be seen an area where a green fill- 
ing behind the stone had drawn away, 
leaving an almost colorless opening. 
Another such opening is visible in the 
upper right-hand corner of the photo. 
There were several others. 


Surface Condition on Conch Pearls 


Five conch pearls were sent in to be 
identified recently. In Figure 3, the 
bright, roughly triangular area is a light 
reflection. The surface of most conch 
pearls has a fairly high luster, but each 
of those submitted showed areas with a 
duil, faintly etched appearance, in com- 
parison to the. remaining. portions. Such 
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Figure 1 


Figure 3 


Figure 2 


a dull area is shown faintly on the right 
side of the light reflection. This may be 
a common feature of conch pearls, but 
we had never noticed it in the past. The 
characteristic flamelike structure of 
conch pearls is visible out of focus 
around the bright reflection. 
Prominent Curved Striae 

- Two oval mixed-cut stones of about 
the same size were submitted for ex- 
amination and identification. Both were 
synthetic corundum, but the curved 
growth lines were so obvious that they 
could be identified by the unaided eye 
from a distance of several feet. The 
tuby is shown in Figure 4, using tre- 
flected light only for illumination. The 
while lines are masses of bubbles. The 
sapphire is shown in Figure 5; its 
prominent growth lines are caused, as 
might be expected, by uneven color 
distribution. 
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Figure 4 


Figure 5 


Figure 6 


Semioriented Separations in 
Synthetic Emerald 
Figures 6 and 7 show a characteristic 
of some synthetic emeralds; often, sev- 
eral appear in the same stone. This is a 


Figure 7 


series of cracks, very roughly hexa- 
gonal and prismatic in outline. They 
are oriented parallel to the optic axis. 
Sometimes, they appear to be the rough 
outlines of individual crystals in parallel 
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growth. Figure 6 does not show this 
vety clearly, but the shiny reflections 
from the breaks that penetrate the stone 
from the table are visible. The outline is 
still poorly shown, but some are more 
discernable in two areas encircled in 
Figure 7, Often, the cracks do not form 
a complete 360 degrees, but only three 
or four sides of the six may be visible. 


Burned Diamond 

Figures 8 and 9 portray a burned dia- 
mond. It was interesting to see that the 
affected area was so sharply defined and 
apparently related to the crystal struc- 
ture of the stone. Although in the pho- 
tographs it would appear that the 
outline is square, Arlo Herring, the San 
Jose, California, jeweler who took the 
photos, said that the corners were not 
right angles but slightly off. 


Burned? 

Another diamond was thought to 
have been burned during a repronging 
operation. When the stone was ex- 
amined under high magnification, it 
was clear that no damage whatever had 
occurred to the surface. Apparently, the 
stone was so fluorescent that it became 
very cloudy in daylight, leading the 
owner to believe it had been damaged. 

“Black Jade” 

A black cabochon in a piece of jew- 
elry composed of several colors of jade 
failed to show the usual properties of 
the black stones used in this kind of 
jewelry, which usually is nephrite. 
Three received in succession had indices 
in the high 1.50’s and a lower specific 
gravity than nephrite. X-ray diffraction 
of one showed it to be serpentine. 
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Diamonds Stolen from Earrings 

A beautiful pair of diamond earrings, 
each set with many carats of both emer- 
ald cuts and round brilliants, was 
brought in to be photographed. The 
jeweler who had made them several 
years before, was reappraising them 
when he realized that they were one link 
short on each drop, a fact that had not 
been noticed by the owner. Missing 
from each earring was a round brilliant 
of about five grains. Figure 11 shows 
the crude filing job done to remove the 
evidence after the link had been cut off. 


“Synthetic Aquamarine”’ 

We received a stone for identifica- 
tion, accompanied by a note stating that 
it had been sold to a customer with the 
claim that it had been made by melting 
chips of aquamarine. It was described 
as the most recent advance in the field 
of gem synthesis. The stone was the 
usual blue synthetic spinel, which is 
sold in error so frequently as “synthetic 
aquamarine.” 


“Bargain Emeralds” 

A jeweler brought in several rings set 
with stones that had been bought tn 
Hong Kong as emeralds. They were 
taken to a jeweler in this country, who 
pronounced them as emeralds of great 
value, without testing. On the basis of 
his appraisal, the woman and a compan- 
ion returned immediately to Hong 
Kong and spent all the money they 
could raise to purchase the “bargain em- 
eralds.” They were all poor examples of 
Gilson synthetic emeralds, with a low 
degree of transparency; in addition, 
they were cut very poorly. Even had 
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Figure 10 
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they been natural emeralds, their value 
would not have been great. Later, the 
woman herself visited the Laboratory 
with many more pieces of jewelry; each 
was set with synthetic emeralds. 

An Impossible Situation : 

Another woman brought us an emer- 
ald-and-diamond ring that had two 
chips at the girdle and a cavity on the 
crown of the emerald. It had been re- 
mounted from an old ring that had been 
purchased in Poland just before World 
War II. Her concern about the minor 
damage evaporated when the stone 
proved to be synthetic emerald. It was 
larger than anything that Chatham was 
marketing at that time; in fact, it would 
seem to have had to be less than about 
fifteen years old. 

Cultured Pearl or Mabe? 

A jeweler brought us a cultured pearl 
that could best be described as either a 
high button shape or a slightly flattened 
sphere. A band of metal set with dia- 
monds encircled it completely at its 
widest diameter. The jeweler was con- 
cerned that perhaps it was two mabes 
joined, with the joining plane hidden 
by the metal. Fortunately, there was one 
point where the metal was not tight 
against the pearl, so magnification made 
it possible to see that it was a single unit, 
instead of two mabes. 


Continued from page 265 

liance. The gemologist can distinguish 
it readily from other fully synthetic em- 
eralds by its high refractive index, bire- 
fringence and density. These properties 
resemble those of natural emerald, but 
its bright-red fluorescence and color 
through the Chelsea filter should differ- 
entiate it from most natural stones. Dif- 
ferences in crystal inclusions should 
provide an additional distinction. Al- 
though the optical and density charac- 
teristics of the Lechleitner beryl-emerald 
composite are like the new Linde prod- 
uct, the sandwich, or wafer, makeup can 
be discerned easily when examined in a 
fluid of like refractive index. The Linde 
hydrothermal emerald represents a new 
source of excellent-quality synthetic em- 
erald, comparable in beauty to the finest 
Chivor, Muzo and Uralian emeralds. 
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THE ROMANCE OF SEALS AND EN- 
GRAVED GEMS by Beth Benton Suther- 
land. Published by The Macmillan Company, 
New York City. 174 pages, 141 black-and- 
white illustrations. Price: $6.95. 


Starting her art training at Skidmore Col- 
lege and reaching the apex of her career as 
one of America’s most distinguished gem 
engravers, Beth Benton Sutherland now tells 
the fascinating story of the little-known glyp- 
tic art in her recent book entitled The Ro- 
mance of Seals and Engraved Gems. 

In a thoroughly readable and entertaining 
manner, the author discusses fluently and 
enthusiastically the years of painstaking 
effort required to master this exacting craft, 
acquaints the reader with the techniques and 
stones used, explains the kinds of designs 
that characterize each era, and demonstrates 
how more sophisticated cultures created new 
kinds of seals with a wider range of uses. 
These included marking the dynastic succes- 
sion of kings, conferring power on ministers, 
identifying coins, and confirming a marriage 
contract (the origin of the wedding ring). 
The book concludes with a brief discussion 
of seals and gems in modern times, a list of 
tools and techniques of the trade, the mate- 
rials used for engraving and their hardness, 
a synoptic calendar and a bibliography. 

Mrs. Sutherland is well qualified to write 
a book on this subject. After a long and ar- 
duous apprenticeship under Ottavio Negri, 
one of the last of the great gem engravers of 
the world, she traveled extensively, visiting 
museums and perfecting her knowledge of 
this ancient craft. Her engravings have been 


exhibited widely and are included in many 
museums and private collections. 

This book is a storehouse of exciting his- 
tory, an informative and useful addition to 
any gem lover’s library. It is illustrated with 
examples from all the important epochs in 
the history of the glyptic art. It is introduced 
by A. E. Alexander, gem expert and former 
Tiffany executive. Our only criticism is that 
perhaps more photographs and other illus- 
trations would have been appropriate in a 
work of this kind. 


JEWELS, by P. J. Fisher. Published by 
B. T. Batsford, Ltd., London. 112 pages, 81 
black-and-white illustrations and four color 
plates. Price: Approximately $4.20. 

In the publisher’s words, P. J. Fisher, 
FGA, has ptepated a text especially for 
young people and others who would welcome 
a book written in simple terms on the always- 
fascinating subject of gems and gemology. 

Jewels asks and answers forthrightly such 
questions as what are jewels made of ? where 
are they found? how do they acquire their 
color and brilliance? how are they tested? 
Chapter headings under which these and 
other subjects are discussed and explained in 
elementary terms include Gems Through 
History, The Nature of Gems, Diamonds, 
Other Important Gemstones, Organic Gems, 
The Diamond Cutters, and Testing Gems. 
The 112-page illustrated book concludes with 
a simplified property table of the more im- 
portant gems. 

This book should prove to be entirely 
adequate as a beginning text on the subject. 
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The Urigin of Color in Opal 


Based on Electron Microscopy 


by 


P. J. Darragh, B.Sc. (Hons.) * 
J. V. Sanders, Ph.D.** 


Although many attempts have been 
made to understand the origin of play 
of color in precious opal, scientists have 
not been able to explain this phenome- 
non satisfactorily or to relate it to the 
possible structure in opals. A recent 
study by scientists of CSIRO, using 
electron microscopy, has solved this 
problem and revealed the remarkable 
way that Nature has made this gem- 
stone, 

All precious opals have been formed 
from spherical particles of amorphous 
silica. In a gem opal, the spheres are 
of a uniform size and are packed to- 
gether in a very regular manner. Spaces, 
or voids, have been left between the 
spheres, and these are also regularly 
arranged. This structure is too small to 
be seen with any optical microscope, 
but is easily visible when replicas of 


fracture surfaces are viewed in an elec- 
tron microscope (Figure 1). 

Since electron microscopes are not 
generally available to gemologists, it is 
necessary that the method of preparing 
specimens should be explained. Elec- 
trons have a very low penetration 
through matter compared with X-rays 
and light, and it is possible, therefore, 
to view only very thin specimens (gen- 
erally 2000 A). In this investigation, a 
freshly fractured surface was prepared, 
and an exact replica of this surface was 
taken with a thin film of carbon. This 
film was stripped from the surface with 
hydrofluoric acid and supported on a 
fine-mesh grid, which goes into the 
microscope. 


*Division of Applied Mineralogy, CSIRO, 
Melbourne. 

**Division of Tribophysics, CSIRO, Mel- 
bourne. 
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Figure 1. Regularly arranged holes in a fracture surface of gem opal 
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Figure 2. Varying shapes of holes in opal (25 
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Figure 3b. Sample 111, Table 1 (24,000x) 
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The replicas from the opals always 
show that the surface contains holes, 
whose shape and arrangement appear 
to vary because the fracture surface in- 
tersects the voids at various depths and 
angles, hence giving differing cross 
sections. Some of the cutious sections 
can be seen in Figure 2. Nevertheless, 
the arrangement is always regular. By 
etching a fracture surface, it is possible 
to reveal the spheres themselves and 
their remarkable uniformity (Figure 
3). 

Once the basic feature of the opals 
(ie., the regular stacking of uniform 
spheres), is known, it is possible to 
predict their optical properties and 
check these by experiment. The silica 
spheres themselves are optically trans- 
parent, but some light is scattered at 
the surface of the voids, because there 
is a change in refractive index at the 
interface. The holes may be empty or 
filled, the only requirement being that 
there should be a change in refractive 
index. The spheres, and hence the voids, 
are atranged regularly in three dimen- 
sioris (face-centeted cubic), so that the 
whole arrangement makes a three-di- 
mensional diffraction grating. The im- 
portant feature is that the spacing of 
the holes is the same as that of the 
spheres, and when this is about that of 
the wavelength of visible light, Bragg 
diffraction of light occurs. This process 
is the same as that in which X-rays are 
diffracted by regularly packed molecules 
in crystals. The angle through which 
the light is diffracted varies continu- 
ously with wavelength, so that different 


colors appear at different angles, thus 
producing the play of colors. It also 
follows that only pure spectral colors 
can arise from this process. 

In gem-quality opal, the sizes of the 
spheres are just right for the visible 
wavelengths to be diffracted back 
through angles up to 180°. Therefore, 
opals are best viewed on a black back- 
ground, where any light that is not dif- 
fracted will be transmitted through the 
stone and absorbed by the background. 
If it were reflected or scattered back 
through the opal the colors would ap- 
pear weaker, because of dilution by the 
reflected white light. This explains the 
effectiveness of doublets and dyed opal. 

The visible. spectrum that covers 
wavelengths from 4000 to 8000 A is 
commonly divided into the following 
colors in order of increasing wave- 
length: violet, indigo, blue, green, yel- 
low, orange, red. The theory of three 
dimensional! diffraction tells us that the 
maximum wavelength (Amax) that can 
be diffracted by an array of spheres 
(diam. d) close packed in a cubic man- 
ner is given by 

Amax==2.37d 

This color of maximum wavelength 
is diffracted back directly into the inci- 
dent direction and colors of shorter 
wavelengths are spread on either side 
in spectral order. This is shown in a 
simplified sketch in Figure 4. If the 
particle size is such that Ama corre- 
sponds to blue light, no color but blue, 
indigo or violet can be seen, since only 
shorter wavelengths can be diffracted 
back. Similarly, if Amax corresponds to 
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Bragg Diffraction 
from Lattice of Voids — 


Figure 4, Diagram of the angular displacement of diffracted colors 


orange, all colors but red can appear; 
this i8 supported by visual observation 
of opal. A specimen that shows red by 
normal back diffraction may show a 
range of colors, but one that shows blue 
is restricted to that end of the spectrum. 
Any gemologist can check these conclu- 
sions by observing opals with this law 
in mind. 

By assessing the maximum wave- 
length that can be seen, the size of the 
spheres may be predicted. This effect 


was checked by experiment. Three sam- 
ples, selected by color, were etched and 
replicas examined in the electron micro- 
scope. The results, given in Table 1, 
show clearly that there is a difference 
of size, as predicted. 

This diffraction theory relates the 
color to the size of the spheres. How- 
ever, as mentioned previously, refrac- 
tion is important, too, because it limits 
the range of colors that can emerge 
from a flat surface. Because the refrac- 


Table 1 


diam, measured 


A 
1 violet 1750 
11 green 1900 - 2100 
111 red 2500 - 3500 


Amax calculated max observed 


A A 
4150 4000 
4500 - 5000 5000 
5900 - 8300 7000 
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tive index of opaline silica is about 
1.45, any diffracted ray making an 
angle of less than 44° with the surface 
will be totally internally reflected. This 
effect is illustrated for the blue ray in 
Figure 4. 

It can be shown that this restricts the 
range of colors that can be seen from a 
flat surface such that the ratio of the 
maximum wavelength (Amax) to mini- 
mum wavelength (Amin) is given by 


Amin =0.72 


Amax 


This means that the flat surface of an 
opal made of large spheres of uniform 
diameter can give, for instance, only 
red to green or, for smaller spheres, 
from blue to violet. Exceptions to this 
tule may occur but only under very 
special conditions. The limit set by re- 
fraction no longer occurs if the surface 
of the opal is not flat, if it is covered 
with a dome of transparent material of 
the same refractive index, or if it is 
immersed in a liquid of refractive index 
close to 1.45; eg., glycerol. Under 
these conditions, more of the spectrum 
may be seen but, of course, the geome- 
try of the system is altered. This ex- 
plains why the cabochon displays an 
opal to its best advantage. 

The color will be homogeneous in a 
patch of opal where the regularity of 
packing of the spheres is maintained in 
the same orientation. Such a patch is 
like a grain in a polycrystalline material. 
Grains orientated in different ways will 
produce different colors in a given di- 
rection, even though the spheres may 
be of uniform size throughout the sam- 


ple. The electron microscope shows 
that opals contain many mistakes in 
packing and faults in stacking, such as 
occur in the molecular packing of crys- 
tals. The most obvious of these faults 
in opal is multiple twinning, which is 
commonly observed by reflected light 
in an ordinary optical microscope. 
Patches of irregularly packed spheres 
produce generally scattered light and 
give a background milkiness to opal; 
many Coober Pedy opals are like this. 

Potch is very similar to precious opal 
and is also made from spheres of amotr- 
phous silica, but the spheres are not 
regular in size or spacing. Voids still 
exist between them (Figure 5) and 
light is scattered by them. The lack of 
regularity in their arrangement pre- 
vents the regular interference that gives 
the colors, and so the scattered light 
produces just a milky, opaque appear- 
ance. The dark-body-colored potch 
from Andamooka must contain impuri- 
ties to cause the color, since basically 
it is still made from silica spheres (Fig- 
uve 6). In the almost transparent jelly 
opals, the voids have nearly disappeared 
and only a small amount of light is 
scattered. If the stacking is correct, 
this may still produce a flash of color. 
Mexican fire. opals have a distinctive 
body color produced by selective ab- 
sorption but are still composed of regu- 
larly packed spheres. 

It is felt that this theory satisfactorily 
accounts for all the optical properties 
peculiar to opal, but it is still not clear 
how this regular structure was pro- 
duced. When the opal is lightly etched, 
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Figure 6. Etched surface of Andamooka potch reveals the irregular 
spheres (42,000x) 
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Figure 7. Growth structure in spheres shown by light etching (18,000x) 


it is possible to reveal structural details 
within the spheres. Within many of 
the spheres a central dot and a concen- 
tric ring are seen (Figure 7). This may 
represent a nucleus and a growth ring 
and suggests that the spheres have 
gtown at a constant rate in an undis- 
turbed aqueous medium. Subsequently, 


they settled and packed in a regular 
manner and were cemented together, 
leaving voids between them. 

The geochemical significance of 
these results is now receiving attention 
at CSIRO, Division of Applied Miner- 
alogy, and may eventually lead to a 
synthetic opal. 
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Directions of 


No-Image Uoubling 


in Crystals 


by 


R. M. Denning 
Professor of Mineralogy 
University of Michigan 


“Holding each stone in tweezers and 
viewing it under different angles and 
from several sides, I look for double 
refraction and evidence of the stone’s 
identity; e.g., cracks in the surface on 
opposite ‘poles’ denoting corundum, 
etc. Mind you, I do that with every 
stone, and only in the rarest cases have 
I to apply other methods to see whether 
the stone is doubly refractive or not. 
One of the stones in which I can some- 
times not detect double refraction is 
topaz; I do not understand why. I have 
to twist and twist and look into every 
facet until I can see it.’’? 

Thus, Count Taafe, a “brilliant if 
unorthodox Dublin gemologist,” wrote 
to B. W. Anderson when he recounted 
his discovery of taaffeite as a cut gem- 
stone. 

Gemologists know that unless double 


refraction is quite low, one means of 
recognizing it is to observe the doubled 
appearance of back facets as seen 
through the table. The fact that such 
double images are not seen in the 
direction of the single optic axis in 
uniaxial crystals or in either of the op- 
tic-axis directions of a biaxial crystal is 
also well known. That there are other 
directions of observation that do not 
permit image doubling may be less fa- 
miliar to persons concerned with the 
identification of gems. Examination of 
a number of standard texts on gem- 
ology? suggests that it might be well to 
point out the other directions of no- 
image doubling. Proof of the relation- 
ships may be demonstrated from 
Huygens’ construction, as given in 
several books on crystal optics?. 
Consider facets parallel with the op- 
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tic axis of a uniaxial crystal. If one looks 
perpendicularly through any such facet, 
image doubling will not be observed. 
However, a phase difference is devel- 
oped, so that double refraction can be 
detected readily in such directions by 
means of a polariscope. In colored 
stones, the pleochroism can, of course, 
be detected with a dichroscope in these 
directions. In a biaxial crystal, image 
doubling will not be observed along 
a, B or y, if these happen to be normal 
to facets. Again, the polariscope or di- 
chroscope will readily reveal the double 
refraction. 


In practice, there will be, in uniaxial 
crystals, a circular solid cone of viewing 
directions about the optic axis and an 
equatorial belt of viewing directions in 
which doubling cannot be resolved. 
The greater the birefringence, the lower 
the index of refraction (if the stone is 
examined in air), the larger the stone, 
the higher the viewing magnification, 
and the keener the observer's vision, the 
smaller are these regions of forbidden 
directions of recognizable facet dou- 
bling. Likewise, in biaxial crystals, there 
are similar noncircular, solid, conical 
regions of forbidden directions about 
the two optic axes and the three prin- 
cipal directions, a, B and y. Some of 
these cones may merge with adjacent 
ones. In topaz, there may be a high like- 
lihood of viewing the stone through 
these forbidden directions of image 
doubling. 

Without bothering to make the 
rather tedious calculations necessary for 
a rigorous treatment, it can be seen that, 


unless the birefringence of the gem 
under examination is moderate or high, 
it may be easy to overlook double re- 
fraction, if direct observation of facet 
doubling is the only method used. 


To illustrate the principles described, 
a simple experiment may be performed 
by using a single-crystal sphere of 
quartz. The sphere is, in a sense, a stone 
with an infinite number of facets. In 
lieu of facet edges, a set of crosshairs 
(human hair is satisfactory) is an ex- 
cellent object to examine. Hold the 
sphere (say one inch or slightly more 
in diameter) close to the eye and use 
it as a loupe to examine the crosshairs. 
The latter may be so mounted in a short 
cardboard or brass tube that when the 
tube is held against the sphere, they 
will remain in focus as the sphere is 
rotated. The image of the crosshairs 
will not be doubled, if the viewing di- 
rection is parallel with the optic axis. 
Likewise, if the optic axis is placed at 
right angles to the line of sight, the 
crosshairs will not appear doubled. 
Rotation of the sphere about its optic 
axis does not change the image in 
either case. In directions sufficiently re- 
moved from those specified, the dou- 
bling will be quite apparent. The 
location of the optic axis may be con- 
firmed by examining the interference 
figure formed by the sphere between 
crossed Polaroids. A topaz sphere 
would be useful for illustrating the be- 
havior of a biaxial crystal. 

Another simple demonstration of 
the lack of doubling in a direction per- 
pendicular to an optic axis in a uniaxial 
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crystal is to examine, under a micro- 
scope or a 10x loupe, a clear uncut 
quartz or beryl crystal. If the prism 
face is tough, attach a cover glass with 
a drop of liquid of matching refractive 
index. No doubling of features on the 
opposite prism will be seen. Likewise, 
no doubling will be seen by an 
observer looking through topaz along 
y; that is, normal to the pinacoidal 
cleavage. 

In summary, the following viewing 
directions in optically anisotropic crys- 
tals will show no doubling of facets 
on the far side of the stone: 

1) Uniaxial crystals viewed along 

an optic axis. 

2) Uniaxial crystals viewed perpen- 
dicular to any facet that is paral- 
lel with the optic axis. 

3) Biaxial crystals viewed 
either of two optic axis. 

4) Biaxial crystals viewed along 
either a, y ot 8; that is, along 
either bisectrix or the optic nor- 
mal, if these directions are paral- 
lel to facets. 

The angular deviation from the 
above exact directions, necessary to ob- 
serve image doubling, is greatest for 
stones of low double refraction viewed 
under unfavorable conditions. In other 


along 


words, like Count Taaffe, the observer 
may find it necessary to “. . . twist and 
twist and look into every facet...” 
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Maw-oit-Sit 
proves to be 


Jade-Albite 


by 


Edward J. Gubelin, Ph.D., C.G. 


In a previous report the first phase 
of a comprehensive investigation to 
determine the nature of a new decora- 
tive gemstone from North Burma and 
its coloring agent, present in the form 
of ultraminute green grains, was de- 
scribed and the preliminary results were 
elucidated. It was found that Maw- 
sit-sit was a rock whose groundmass 
consisted essentially of albite, which 
received its vivid green color from a 
green pigment mineral, the chemical 
composition, of which failed to be dis- 
closed by the analytical methods em- 
ployed?. 

Tt had proved all but impossible to 
separate the pigment mineral from the 
albite groundmass and concentrate it 
in sufficient quantity to carry out a 
chemical or X-ray analysis, so it was 
decided to examine the highly polished 
surface of a small piece of Maw-sit-sit 


in the Electron Microprobe Analyzer, 
which had meanwhile been installed at 
the Institute of Crystallography and 
Petrology of the Swiss Federal High 
School of Technology in Zurich (Fig- 
ure 1), One of the most significant 
advances in new analytical techniques 
during the last few years has been the 
development of electron-probe micro- 
analysis. This new technique provides 
a nondestructive elemental analysis of 
extremely minute volumes at the het- 
erogenous surface of a solid specimen, 
since the qualitative and quantitative 
analysis of a volume of a few cubic 
microns (1 micron = 0.001 mm.) can 
be readily accomplished. The apparatus 
yielding this information is called a 
microprobe. 

A finely focused beam of electrons is 
directed at the highly polished surface 
of the specimen under examination 
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Figure 1. The EMX Mark II Electron Microprobe X-ray Analyzer made by the Applied 

Research Laboratories, Inc. (Glendale, California, U.S.A.). The basic EMX installation 

consists of three sections: microprobe spectrometer, probe electronics, and recording 
console. 


exactly on the spot to be investigated. 
This 
characteristic X-rays to be emitted 
by the atoms affected by the electron 
excitement. Crystals of appropriate ma- 
terials are employed to diffract the X- 
rays into their component wavelengths 
and the selected rays are focused onto 
X-ray detectors. 

The X-ray photons entering a de- 
tector are converted into pulses of elec- 
trical energy. The number of the pulses 
is directly proportional to the intensity 
of the X-radiation entering the detector, 
which, in turn, bears a relationship to 
the mass concentration of the element 
producing the X-rays. The pulses of 
energy from the detectors can be uti- 


electron bombardment causes 


lized in various types of read-out 
systems. 

Analyses can be performed for all 
elements above atomic number 10 
(thus H, He, Li, Be, B, C, N, F, O, Ne 
are excluded). The sensitivity (limit of 
detectability) of this method of micro- 
analysis ranges from 1 part in 105 
(0.001%) to 1 part in 10% (0.1%), 
depending upon the specimen, matrix 
and spot size. The relative accuracy is 
1-2%, if the concentration is greater 
than a few percent and if adequate 
standards are available. The spatial 
resolution in some cases is 1 micron 
or less. 

Although ‘microprobe analysis finds 
primary. application in metallurgical 


SUMMER 1965 


303 


research, it lends itself excellently for 
the investigation of the heterogenous 
composition of rocks. 


In this apparatus, the polished sur- 
face of a tiny sample of Maw-sit-sit 
was bombarded with electrons, from 
the reflective behavior of which infor- 
mation could be obtained about the 
nature of the various elements forming 
the surface, With an aperture of 11y 
of the diaphragm, the examination 
yielded the following composition of 
a pigment grain: chromium, iron and 
silica are present in great quantity 
(amount XO%), with a ratio of 
chromium to iron of 3:1. Titanium, 
calcium and potassium represent the 
minority (amount only X%). Sodium 
and aluminum could not be analyzed 
on account of their atomic weight being 
too low. The ratio of iron to chromium 
concurs with that found by the chemical 
analysis (p. 237) in the previous com- 
munication’. This evidence corrobo- 
rates that Cr and Fe are present in the 
pigment only. On the polished surface 
of the sample under examination, the 
distribution of the individual elements 
could be studied. The observation that 
the reflection of the electrons is much 
more intensive from the pigment grains 
than from the albite groundmass 
further substantiates that the chemical 
elements constituting the coloring sub- 
stance possess a higher atomic weight 
on the average than those of the albite 
tock, whereby the areal distribution of 
the intensities of chromium, iron cal- 
cium and potassium also correspond to 
the relative concentration of the pig- 


ment grains. Thus, the experimental 
proof has been established that the 
pigment in the Maw-sit-sit is a chro- 
miferous mineral (as well as iron bear- 
ing). This result substantiates the 
previously reported observations based 
on Microscopic examination (p. 235+), 
which clearly showed that the green 
color of the stone was induced by the 
irregularly interspersed green grains 
of an alien mineral (Figure 2). 


Unfortunately, the single crystals of 
the pigment material proved to be too 
tiny to permit a quantitative analysis 
even with the electron-microprobe an- 


alyzer, and it became imperative to find 


still another method of recovery and 
concentration. However, the scope of 
speculation grew considerably nar- 
rower, because the examination with the 
electron microprobe had confirmed 
beyond any doubt that the coloring 
pigment in the Maw-sit-sit was a chro- 
miferous mineral of the pyroxene group 
and akin to jadeite (Na Al Si,O,) or 
to aegirine (Na Fe Si,O,). 

As far as the author is informed, 
such a mineral has not yet been de- 
scribed, since all analyses published to 
date do not mention higher contents 
than 0.01% of Cr,O,, even for imper- 
ial jade. Hence, one might have ex- 
pected a new species at this stage of the 
research. However, as long as the re- 
sults of this investigation did not yield 
definitely clear results, it was preferable 
to wait with proclaiming a new species, 
especially as the direct proof of sodium 
in the pigment mineral was still miss- 


ing. 


504 


GEMS & GEMOLOGY 


So far the solution to the problem 
proved frustrating, because of the 
difficulty of concentrating a sufficient 
quantity of the pigment mineral, and 
consequently a new procedure became 
necessary, which eventually proved to 
be successful. A fragment of rough 
Maw-sit-sit was pulverized in a vibra- 
tion mill, until a grain size of less than 
10% was obtained, while the concen- 
tration of the pigment (whose specific 
gravity, on account of the chromium 
content, was heavier than the albitic 
groundmass of the rock) became pos- 
sible by centrifugence of a mixture of 
methyleneiodide and tetrabromeac- 
thane. The mixture had a density of 
2.75 (albite — 2.61). The accumulat- 
ing sediment appeared a much more 
intensive green color than the primary 
material and the floating fraction. 

X-Ray Examination 
The sequel of the following exami- 


Figure 2. Strong magnifi- 
cation of green pigment 
grains irregularly dissem- 
inated in the white albite 
rock (250x). 


nations now proceeded in the reverse 
succession of events as against the pre- 
vious phase. 

With a Vernier-Guinier camera, new 
powder diagrams of the concentrated 
pigment fraction of ordinary augite, 
diopside, aegirine and jadeite were es- 
tablished after the method of de Wolff 
(Cu K, radiation, exposure 12 hours) : 
(Figure 3). The distribution of lines 
thus obtained doubtlessly indicate a 
mineral of the group of the alkali- 
pyroxenes (to which jadeite and 
spodumene also belong) (Figure 4). 
Additional lines that are also present 
mainly belong to the albite, which could 
not be entirely removed quantitatively. 
A comparison of the diagrams of aegi- 
rine, jadeite and the pigment mineral 
revealed that the coloring agent must lie 
between jadeite and aegirine. Con- 
trary to aegirine, at least two of the 
three lattice distances are somewhat 
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Figure 3. Comparison of X-ray powder diagrams (after de Wolff) of 
alkali-pyroxene minerals. 


Diagram 1 = Augite 
2 = Diopside 
3 = Aegirine 


= Chrome-Jadeite: i-e., pigment mineral in the Maw-sit-sit 
The coincidence of most of the lines proves that the pigment mineral belongs to the 
same isomorphous group of alkali-pyroxenes 
(12h CuKa@ 40 KV 20 mA AI-foil) 


‘II 
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Figure 4. Comparison of X-ray powder diagrams (after de Wolff) of Maw-sit-sit and 
jadeite. The difference of the line positions offer clear evidence that Maw-sit-sit 
is not jadeite. 


shorter, because considerable quantities 
of iron are substituted by aluminum. 
On the other hand, the replacement of 
Fet® by Crt® would hardly show by 
the line intervals of the X-ray diagram, 
since both types of atoms have prac- 
tically equal ion radii. 

(The X-ray diagrams were made by 
Mr. Scheel of the above-mentioned in- 
stitute, and he also helped essentially 
with their interpretation.) 


Chemical Analysis 

In order to.attain a clear verdict and 
to establish a definite chemical formula, 
the need for a chemical analysis of the 
concentrated pigment fraction became 
obvious at this phase of the examina- 
tion, Since the pigment was not present 
in an absolutely pure state, merely a 
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partial analysis was carried out, which 


supplied the following result: 


Molecules Pigment Maw-sit-sit 
Concentrated (p. 237°) 
to 70% 
Na,O 10% 11.1% 
Cr,O3 7% 2.6% 
Fe,O, 4% 8% 


In face of the fact that the content 
of sodium has hardly changed, as 
against the first analysis (p. 2371), the 
pigment must be a mineral with ap- 
proximately 10% Na,O, and the fol- 
lowing impure alkali-augite minerals 
may be considered: jadeite or aegirine. 
Pure jadeite contains 15% Na,O and 
pure NaCrSi,O, (hypothetical chro- 
mium alkali — augite) 13.5% Na,O. 
The amount of chromium is about three 
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times greater than in the primary ma- 
terial. Consequently, one may conclude 
that the pigment mineral is about 10% 
Cr,O,, whereas its share in the Maw- 
sit-sit amounts to approximately 20 to 
25%. The portion of iron is somewhat 
higher than what the concentration fac- 
tor of three times would justify; pre- 
sumably, because the specimen became 
contaminated by iron in the course of 
the various operations. 


Discussing the Chemical Formula 


The exact chemical composition of 
the pigment mineral could not be de- 
termined, because a sufficiently accurate 
separation of the accompanying miner- 
als (particularly albite) was not possi- 
ble, on account of the ultraminute size 
and the intimate aggregation of the 
crystals. However, the present investt- 
gation assures with all certainty that the 
examined composition stems from the 
alkali-pyroxene jadeite (NaAlISi,O,), 
in which considerable quantities of alu- 
minum are substituted by chromium 
and iron. Sodium is only slightly re- 
placed. Thus, the slightly idealized 
chemical formula of the influential pig- 
ment mineral in the Maw-sit-sit may be 
expressed as Na (Al, Cr, Fe) Si,O,, 
whose chromium content reaches ap- 
proximately 10% Cr,O,. Pyroxene 
minerals with chromium are rather rare 
in nature. Chromium-diopside of the 
formula (Ca,Na) (Mg,Fe,Cr) Si,O, is 
mentioned most often. The highest 
portions of chromium that have been 
published so far amount to 2% Cr,O.; 
ie., five times less than the chromium 


content of the pigment mineral in the 
Maw-sit-sit2.3.4, 

The pigment mineral in the Maw- 
sit-sit represents a new, hitherto un- 
known member of the alkali pyroxenes, 
for which the mineralogical name 
chrome-jadeite seems appropriate. A 
completely new name would only be 
justified for the more or less pure min- 
eral at the end of the isomorphous 
series, or if the molecular ratio of the 
chromium compound to jadeite ex- 
ceeded at least the proportion of 50:50. 
In the pigment mineral of the Maw- 
sit-sit, the chromium content totals 
about 10% only, whereas the pure end 
member chrome-jadeite NaCrSi,O, 
would have a chromium portion of 
33.5%. The molecular ratio of chro- 
mium compound to jadeite in the pig- 
ment mineral of the Maw-sit-sit 
reaches about 30:70. 


Discussing the Problem of 
Nomenclature 


Since the present investigation has 
unmistakingly established that the new: 
decorative gemstone from North 
Burma consists essentially of albite, 
which owes its vivid green color to a 
secondary chromiferous accessory min- 
eral that is irregularly and intricately 
disseminated through the host substance 
of the albite, all the names heretofore 
used in the trade are misleading mis- 
nomers. Maw-sit-sit is neither jadeite 
(jade), chloromelanite nor epidote, 
but definitely a fine-grained albite 
whose color is induced by a pigment 
mineral that has been determined to 
be a chrome-rich jadeite (chrome- 
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jadeite). Consequently, it is logical 
and imperative from a linguistic as well 
as scientific point of view to confer to 
this gemstone a name that contains the 
mineral name albite. Hence, the new 
name jade-albite is suggested, which, 
however, does not exclude the admis- 
sion that the original native name 
Maw-sit-sit may continue to be used in 
the future. 


Summary: 


After numerous unavailing attempts, 
the optical, microscopic, chemical, 
spectroanalytical and X-ray examina- 
tions afforded the corroborative 
evidence that the new decotative gem- 
stone originating from North Burma, 
where it is called Maw-sit-sit, consists 
mainly of granular albite that owes 
its vivid green color and irregular black 
veins and patches to a chromiferous 
pigment mineral that is intricately dis- 
seminated through the albitic ground- 
mass. The nature of the substance 
responsible for the color could not be 
determined at first, because the infini- 
tesimal small size of the coloring crys- 
tals made the separation from the albite 
grains extremely difficult. Only after 
many tantalizing experiments was it, 
by means of modern analyzing instru- 
ments, possible to definitely identify 
the pigment mineral as a member of the 
isomorphous alkali-pyroxene group, 
which may be named chrome-jadeite. 
The tiny crystals of this chrome-jadeite 
reach sizes of 10,, only. It was not pos- 
sible to carry out an exact chemical 


analysis, because the separation did not 
take a quantitative course. The chro- 
mium content of the chrome-jadeite 
amounts to approximately 10% Cr,O,, 
and the chemical formula of the pig- 
ment mineral corresponds to Na(Fe, 
Cr,Al) Si,O,. The portion of the pig- 
ment in the albitic groundmass was 
found to be 20%. No description of 
chrome-pyroxenes has hitherto been 
published that contains a similar pro- 
portion of chromium. On the basis of 
these data gathered from the second 
phase of the investigation, it appears 
logical to call this new decorative gem- 
stone jade-albite. 

Grateful acknowledgement is ex- 
tended to Professor M. Weibel of the 
Institute of Crystallography and Pe- 
trology at the Swiss Federal High 
School of Technology in Zurich, for 
his continued interest as well as. the 
successful accomplishment of the: an- 
alytical examinations and their inter- 
pretation. In addition, I wish to thank 
Dr. Robinson and Mr. Scheel for their 
valuable cooperation. 
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Uevelopments and Highlights 


by 


at the 


GEM TRADE LAB 
in New York 


Robert Crowningshield 


Gray-Blue Kornerupine 

Figure I illustrates a gray-blue stone 
thought by the owner to be a dark 
aquamarine but, in fact, proved to be 
kornerupine. It is the first time we have 
encountered this unusual material in 
a setting. 

Bearded Girdle 

Recently, we graded a i-carat dia- 
mond as VVS,, mainly because of a 
bearded girdle and a minute pinpoint 
near the surface under the table. Later, 
the stone was returned to us and, not 
knowing it was the one we had previ- 
ously examined, we graded it as VVS, 
because of conspicuous feathers on, 
above and below the polished girdle. 
The pinpoint had been removed, but 


polishing the girdle had only made 
more conspicuous the beards that for- 
merly were hidden by the frosted gir- 
dle. We had to agree with the owner 
that nothing had been gained by pol- 
ishing the girdle, at least claritywise. 
Incidentally, it had suffered no measur- 
able weight loss. 
Apatite Cat’s-Eyes 

Two unusual greenish-brown cat’ s- 
eyes that bore a marked resemblance 
to chrysoberyl except for luster, proved 
to be apatite. One weighed in excess of 
20 carats. 

Fluorescent Hexagonal Banding 

One test for synthetic versus natural 
blue sapphire is use of the short-wave 
ultraviolet lamp. The synthetic shows a 
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greenish - white fluorescence, whereas 
the natural is inert. We were surprised 
recently to test an obviously natural 
sapphire that showed hexagonal band- 
ing of greenish-white fluorescence when 
viewed against a black background in 
a dark room. Most unusual. 


Brazilian Ruby 
We were informed that a large, 
bright-red ruby cabochon we tested not 
long ago is from the recently reported 
Brazilian occurrence. 


Change of Color in Sapphire 
A stone we were asked to identify 
several times proved to be a natural 
sapphire that changed color from day- 
light to artificial incandescent light in 
the manner of fine alexandrite. One 1n- 
terested party was convinced that it was 
not chrysoberyl when he saw the uniax- 
ial interference figure produced in the 
direction of the table. 
Green Grossularite Necklace 
A most unusual necklace of two 


Figure 1 


graduated strands of green grossularite 
garnet was in for identification. One 
stone, matching the rest, was found to 
be emerald and the clasp stone, glass. 
The handsome piece of jewelry was the 
property of the late Helena Gourielli 
(Rubinstein). Other pieces in her es- 
tate were bracelets and a brooch-pend- 
ant set with some of the largest rose-cut 
diamonds we have ever seen. 


More Painted Diamonds 


Part of the staff at Eastern Head- 
quarters had an opportunity to examine 
more painted diamonds than we have 
seen in the entire time we have been 
investigating this cancerous problem. 
This came about when the Assistant 
District Attorney for Fraud of New 
York City enlisted our aid in examining 
the stock of a 47th Street jeweler sus- 
pected of selling painted stones with- 
out disclosure, as is required by New 
York State Law. Admittedly, the hours 
for the examination, 6:00 PM until 
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6:00 AM, were not those we would 
have chosen ourselves. 


Opal Photographs 

We were pleased to see some lovely 
opal photographs credited to student 
Charles Derby in the June, 1965, issue 
of Readers Digest. The article is about 
mining at Lightning Ridge, from which 
area the most beautiful black opals 
have come. (Charles Derby authored a 
two-part article on opal that appeared 
in the Fall and Winter, 1959, issues of 
Gems & Gemology.) 
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chrome-bearing green beryl (some of 
which we would call emerald) from 
Salininha, as well as crystals from two 
new emerald locations in Brazil, Pindo- 
bacgu and Lajes. 

From Gem Trade Laboratory mem- 
ber Gordon Bares we received an ex- 
quisite cat’s-eye emerald weighing 1.35 
carats. Figure 2 does not do justice to 
the remarkably well-developed eye. 

From Mr. Walter Arnstein, pre- 
cious-stone dealer in our building, we 
received a nice selection of Southeast 
Asian tektites. A thin section of one of 
these was photographed first in dark- 
field illumination (Figure 3) and then 
in the same position but with direct 
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Figure 4 


transmitted illumination (Figure 4). 
The characteristic swirls and promi- 
nent gas bubbles, as well as “phantom” 
inclusions of an unknown nature can 
be seen. Under a test for X-ray trans- 
parency compared with obsidian, which 
has similar properties otherwise, the 
tektites are more opaque. 

From student Dick Hahn, Juergens 
and Andersen Co., Chicago, we te- 
ceived five very useful natural sap- 
phires. 

From graduate Louis Kuhn, opal 
specialist, we received a selection of 
Mexican opal, some of which have the 
peculiar “hamburger-on-a-bun” inclu- 
sions typical of some of the newer 
material. Figure 5 illustrates a rather 


Figure 5 


well-developed “Wimpy” in an other- 
wise lovely stone. 
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received imitation and natural un- 
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We are deeply indebted to Mr. 
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selection of fancy-cut diamonds for use 
in Diamond Appraisal Classes. 

Similarly, we owe a continuing 
debt of gratitude to Mr. Theodore 
Moed, dealer in cyclotron- and 
atomic-pile-treated diamonds, for 
loaning us over a long period of time 
treated diamonds for use in both Dia- 
mond Appraisal and Gem Identifica- 
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Uevelopments 


and Highlights 


by 


at the 


GEM THAUE LAB 


in Los Angeles 


Richard T. Liddicoat, Jr. 


Blurred or Roiled Appearance 
of Emerald 

Although they are fairly rare, occa- 
sionally we encounter a transparent 
natural emerald that has a very blurred 
or roiled internal appearance, almost 
reminiscent of hessonite garnet. Usu- 
ally, it is confined to a small area, but 
an emerald tested recently showed the 
effect throughout. Freure 1, although 
not a particularly good photograph, 
suggests the nature of the appearance. 

Carved Aquamarine 

We were interested in a rather un- 
usual aquamarine that had a faceted 
pavilion and a buff top with a nicely 
executed carving. It is pictured in Fig- 
uve 2. 


A Swimming-Pool Hazard 

Many damaged diamonds are sent 
to us to determine the time of damage 
or for an estimate of weight after re- 
cutting. Usually, the stone shows a chip- 
out or a bad cleavage in one or some- 
times two places. A diamond ring we 
received from an insurance agent re- 
cently, however, was unlike any mod- 
ern piece we have seen, There were five. 
serious chipouts, four of which ex- 
tended from girdle to culet (Figure 3). 
As can be seen in the photograph, the 
wearer was no kinder to one portion 
of the stone than to another. It was a 
very evenhanded performance in stone 
damage. One of the interesting aspects 
of the case was the fact that it wasn’t 
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Figure T 


until the wearer had the stone ap- 
praised that she learned that the stone 
had sustained any damage. She was not 
aware that she had struck it sharply 
enough to cause damage, although she 
did remember having hit it against the 
side of her swimming pool a-few times. 
Carved Chalcedony Urn 

The same person who owned the 
carved aquamarine also had an interest- 
ing carved black-and-gray chalcedony 
urn, pictured half actual size in Figure 
4, Wherever a gray or white area ap- 
peared in the material, a leaf had been 
catved, leaving white or light-gray 
leaves standing out against a uniformly 
dark-gray background carved to resem- 
ble closely the bark of a tree . . . an un- 
usual and exceptionally attractive piece. 

Contrived Color in Jadeite 

A woman who had recently returned 

from the Orient brought us a semi- 
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Figure 2 


transparent green jadeite mounted in 
a ring in such a manner that the stone 
was held by four prongs, extending up 
from an oval basket with a hole in the 
center. The fact that the stone looked 
quite uniformly green and that there 
was a hole in the center of the bezel, 
made the woman feel that nothing 
was being concealed. However, upon 
examination, we found that on top of 
the oval metal area beneath the stone, 
a green material had been placed that 
gave the stone almost all of its color. 
When the stone was tipped, so that 
the direction of view was through the 
hole at an angle, the translucent green 
material could be seen. It is shown as 
an atc on the left side of the light open- 
ing in Figure 5. The added colorant 
made the jadeite appear to be at least 
five times as valuable as its actual color 
would merit. 
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Alexandrite Colors 

A gem dealer brought in a disputed 
alexandrite (Figure 6). The stone 
showed red and green at various an- 
gles and had led him to believe that it 
was possibly an alexandrite, but he 
was suspicious. The stone was glass; 
ted and green glasses had been joined 
in the molten state. The red portion 
was separated from the green by a 
mass of minute bubbles. In the photo- 
graph it can be seen that the one color 
occupied the central portion of the 
stone and that the other not only cov- 
ered most of the red, but extended be- 
yond to the points of the imitation as 
it was finally faceted. Of course, there 
was no change from one light source to 
another, but it did give something of 
the effect of the colors of the ted and 
green pleochroic directions as the stone 
was turned. 

In Appreciation 

We received an interesting gift from 
Lazare Kaplan & Sons, New York 
City, including one almost colorless 
and one coated set of intergrown crys- 
tal pairs and a macle with an oddly 
shaped inclusion. The intergrowths 
are shown in Figures 7 and 8. Both 
are typical Sierra Leone products, ex- 
cept for the rather unusual inter- 
growths. Many Sierra Leone diamonds 


are coated and often, when the coating 
is removed, the interior is transparent 
and often colorless. 

The inclusion in the macle George 
Kaplan refers to with good reason as 
the “flying eagle.” It looks much like 
an air officer’s wings (Figure 9). 

We are grateful to Graduate Leon 
Agee, Los Angeles, for the square-cut 
topaz that he faceted and presented to 
the Institute’s gem collection. 

The selection of gemstones con- 
sisting of iolite, chrysoprase, obsidian 
and corundum that were given to the 
GIA by Albert Ware are greatly 
appreciated. 

A word of thanks to student 
George Harvey, Denver, Colo., for 
the magnetite crystal he presented 
to the Institute. 

From student J. G. Heetman, Rot- 
terdam, Holland, we received one of 
the recent Gilson synthetic emeralds. 

Our thanks to student Lena Schil- 
let, Mexico City, for the specimens of 
chrysocolla quartz. 

We greatly appreciate the pearl- 
shell display that was donated to the 
GIA by Joseph Besher, Osaka, Japan. 

We are grateful to Morris Han- 
auer of American Gem & Pearl Co., 
N.Y., for the conch pearl donated for 
teaching and scientific purposes. 
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Book Heview 


PRECIOUS STONES and Other Cry- 
stals, by Rudolph Metz. Published by 
The Viking Press, Inc., New York. 
191 pages, 9VW4 x 1114", 89 color plates. 
Price: $25, 


Precious Stones & Other Crystals is 
an English edition of a book first pub- 
lished in West Germany. It is a luxuri- 
ous édition written around magnifi- 
cent color photographs taken by Arnold 
E. Fanck. Too often, it seems that a 
luxury edition based on numerous color 
plates tends to be written largely to 
provide a filler for the spaces between 
photographs. The impression one gets 
from this book is different. 

In the first place, the color work is 
not just good, it is magnificent. Arnold 
Fanck is an artist with a camera. He 
sees beauty in the mineral kingdom, 
not only where others find it, but one 
or two plates attest that he found beauty 
where even the mincralogist and gem- 
ologist have failed to do so. His photo- 
graphs chide them for their oversight— 
ot lack of appreciation. The 89 plates 


show both mineral and gem-mineral 
specimens; but whether it is a gem or 
a mineral, each photograph is hand- 
some and worthy of framing. 

The text was written by Dr. Rudolph 
Metz, a geologist and mineralogist, in 
an interesting and clear manner. Since 
the book was written originally in Ger- 
man, one of the major contributors to 
the effectiveness of the English edition 
is the outstanding translation by W. 
Micura. German sentences are so con- 
voluted from the viewpoint of the Eng- 
lish-speaking person that translations 
from the German often seem to carry 
over some of this complexity and the 
odd structural characteristics. However, 
the text is gracefully written and re- 
markably lucid. 

Precious Stones G Other Crystals 
makes a fine mineralogy text for the 
jeweler because it is clear, uncompli- 
cated, easy to follow, and lacks the 
usual tendency to unnecessary complex- 
ity in its explanations. Rarely have we 
seen a book that combines beauty and 
utility so effectively. 


Erratum 

On page 265 of the Spring, 1965, 
issue of Gems & Gemology (under the 
New York Lab Column), the top four 


lines of the right column are trans- 
posed. They should be at the very 
bottom of that column. 
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Toronto Diamond Evaluation Class 

Members of the Toronto Diamond Evaluation Class that met May 3rd 
through May 7th, 1965. Seated left to right: Geurt Van Den Dool, St. Cather- 
ine’s, Ontario; Miriam Fischer, Toronto; Christine Knox, Hamilton, Ontario; 
Gizele Giguere, Montreal, Quebec; Mrs. Gilbert §. Huart, Levis, Ontario; and 
Lloyd T. Thompson, Toronto. Standing left to right: Julius Bagi, Toronto; 
Patrick O. Valeriano, Hamilton, Ontario; John H. Sumner, London, Ontario; 
J. F. McCullough, Whitby, Ontario; Rod Roblin, Toronto; Morton R. Knox, 
Peterborough, Ontario; James W. Armstrong, Toronto; Henry Golembiewski, 
Lorain, Ohio; John R. Pegg, London, Ontario; John B. Ashbourne, Halifax, 
Nova Scotia; and GIA instructor, Bert Krashes. 


Toronto Gem Identification Class 
Members of the Toronto Gem Identification Class that met May 24th 
through May 28th, 1965. Seated left to right: Dennis Edmunson, Toronto; 
Mercedes D. Lucas, Montreal, Quebec; Helen M. Bailey, Cleveland, Ohio; 
Ethel Streight, Oakville, Ontario; Edith Moyse, Toronto; and George Walker, 
Guelph, Ontario. Standing left to right: Jean F. Robert, Montreal, Quebec; 
W.-M. Young, Winnipeg, Manitoba; George T. Lawrence, Weston, Ontario; 
Ralph Gostlin, Kingston, Ontario; Robert Leach, Wallaceburgh, Ontario; 
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Marlborough Creek 
Chrysoprase Ueposits 


by J. H. Brooks, B.Sc. 


Note: Reprinted from the Queensland Gov- 
ernment Mining Journal’s Geological Survey 
Reports (March, 1964). 


Abstract 

Chrysoprase occurs as veins, usually 
less than four inches wide, in a laterite 
profile developed on serpentinite. The 
serpentinite belt extends over an area of 
more than 200 square miles, but only 
remnants of the laterite profile remain. 
Mineralogically, the chrysoprase con- 
sists of microgranular quartz, rather 
than chalcedony. A sample of bright- 
apple-greem material was found to have 
a nickel content of 2.38%. Much color- 
less and white quartz, chalcedony and 
common opal are also present in vein 
and nodular form. The formation of 
the chrysoprase is attributed to the con- 
centration of nickel and silica during 
lateritization of serpentinized ultra- 
basic rocks. The chrysoprase has been 
found over an extensive surface area. Its 
vertical extent is not known but may 


be 50 feet or more. Production in sub- 
stantial amounts for overseas markets 
commenced in the latter part of 1963. 
Prospects for further production from 
known deposits and for the discovery 
of new deposits of chrysoprase are con- 
sidered favorable. 


Introduction 


Field inspections were made on Octo- 
ber 3 and 14, 1963. The inspection on 
October 3 was made in company with 
Mr. O. Anderson, Inspector of Mines. 
The assistance of Mr. C. G. Moore of 
Gem Rock (Aust.) Pty., Ltd., on both 
occasions is gratefully acknowledged. 


Historical Notes 
Chrysoprase from the Marlborough, 
Princhester and Yaamba areas was rfe- 
corded by Dunstan (1913 and 1921). 
Consideration of the commercial possi- 
bilities of the Marlborough chrysoprase 
can be attributed to some extent to the 
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fairly recent upsurge of interest in the 
search for minerals and rocks suitable 
for cutting and polishing. The first min- 
ing lease for chrysoprase (M.L. 349, 
Rockhampton) was applied for by 
R. M. Moessinger in August, 1962. 
However, samples from this lease are 
reported to have been of inferior 
quality. 

Early in 1963 a specimen, submitted 
by Mrs. Price of Marlborough Station 
to the Geological Survey, was identified 
as chrysoprase. This prompted a group 
of local men, including Messrs. Price, 
Plant, Derrington and Lentz, to make 
a concerted search that was rewarded 
by the discovery of deposits of com- 
mercial-grade chrysoprase. These men 
arranged with Gem Rock (Aust.) 
Pty., Ltd., to form Capricornia Mineral 
Development Pty., Ltd., to exploit the 
deposits. Leases were taken up (M.Ls. 
367 and 368) and a small Authority 
to Prospect was granted to Gem Rock 
(Aust.) Pty., Ltd., to enable a system- 
atic search to be made of the area. 


The Moessinger brothers, who were 
working chromite deposits in the area, 
also applied for chrysoprase leases 
(M.Ls. 369-372). These leases were 
not inspected. 


Production and Marketing 

Several quarter- and half-ton parcels 
of graded chrysoprase were produced 
in the latter half of 1963. The stone is 
being marketed overseas by D. A. 
Robinson & Co. of Brisbane. A parcel 
of 500 pounds sent to Germany was 
said to be valued at £2,500 per ton. 
Other overseas markets are being in- 


vestigated. The indications are that in 
the U.S.A. first-grade chrysoprase could 
command a high price (possibly as 
much as two dollars per ounce.) 

This is believed to be the first time 
chrysoprase has been produced in quan- 
tity in Australia. Small amounts were 
previously produced from a locality 
near Spargaville in the East Coolgardie 
field of Western Australia. 


Situation and Access 

The deposits inspected are situated 
in Marlborough Holding on the upper 
slopes of the divide separating the 
Marlborough Creek and Develin Creek 
watersheds. They are 10.8 miles south- 
southwest of Marlborough railway sta- 
tion and 50 miles northwest of Rock- 
hampton. More recently, leases have 
been taken up on Portion 1, Parish of 
Ramillies, on the eastern side of Marl- 
borough Creek. 

Access is via a vehicle track that 
leaves the Bruce Highway on the east- 
ern side of the Marlborough Creek 
crossing. This track is followed in a 
southerly direction for a distance of 814 
miles to near the Spring Creek cross- 
ing. A track suitable for four-wheel- 
drive vehicles has been bulldozed from 
Marlborough Creek to the deposits, a 
distance of 214 miles. Marlborough 
Creek, a permanently flowing stream, 
is 190 feet above sea level and the high- 
est point of the divide with Develin 
Creek is approximately 1,500 feet above 
sea level. 

General Geology 

The chrysoprase occurrence is to- 

wards the southwestern margin of a 
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MARIBOROUGH~GLEN GEDDES SERPENTINITE BELT 


Compiled by JHBrooks by air photo interpretation 
Reference was made to mapping by Ridgway, I943 and Malone et al 1963. 
SCALE OF MILES 
oO Gq 1 


somewhat irregularly shaped mass of 
serpentinite with a long axis trending 
northwest. The serpentinite covers an 
area of over 200 square miles and is 
the largest serpentinite body in Queens- 
land. Smaller bodies occur not far re- 
moved in the Glen Geddes-Kunwarara 
area, The main serpentinite body has 


a marked embayment on the northeast- 
ern side caused by an intrusion of gran- 
ite. The serpentinite consists of massive 
and schistose types, and, in places, is 
extensively intruded by gabbro and 
dolerite dikes, To the west it is overlain 
by the Permian Lower Bowen Volcan- 
ics, Middle Bowen beds, and Tertiary 
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sedimentary rocks; on the east it in- 
trudes Lower Paleozoic metamorphic 
rocks. 


The main fault directions in the area 
are north and north-northwest. Several 
small streams pursue a fairly linear east 
to east northeasterly course, which 
probably reflects a direction of strong 
jointing. 

The serpentinite has been subjected 
to processes of lateritization and silicifi- 
cation. Remnant plateau areas on the 
western and southern sections indicate 
that a laterite-capped plateau probably 
covered the whole of the serpentinite 
at one stage. Major streams have eroded 
the serpentinite to depths of over a 
thousand feet below the old surface. 
For the most part, the topographic 
expression now consists of steepsided 
spiny ridges. Highly silicifed serpentin- 
ite occurs as bold outcrops along the 
crests of some of the ridges. Elsewhere, 
there is a deep-red lateritic soil cover. 
Only in the deep gullies is fresh ser- 
pentinite exposed. 

Previous Work 

Ridgway (1941 and 1943) mapped 
part of the serpentinite area in connec- 
tion with a survey of magnesite and 
chromite deposits. He noted that large 
areas of serpentinite at Mt. Slopeway 
and Mt. Redcliffe had been altered by 
surface silicification to jasper and com- 
mon opal. He also noted the occurrence 
of veins of chalcedony. In a report on 
a discovery of gold at Canoona, Reid 
(1931) recorded the occurrence of ker- 
nels of opaline silica in decomposed 
serpentinite. Part of the Marlborough 


area was mapped on a regional scale by 
a Bureau of Mineral Resources-Geologi- 
cal Survey of Queensland field party in 
1962 (Malone, ef al, 1963), but the 
ultrabasic rocks were not studied in 
detail. 

Occurrence of Chrysoprase 


The deposits being developed by 
Capricornia Mineral Development Pty., 
Ltd., are largely confined to a slightly 
arcuate belt nearly 114 miles long trend- 
ing east-southeast. They extend from 
the crest of a ridge to the steep upper 
hill slopes; i.e., the capping zone of 
lateritization of the serpentinite. The 
east-southeast trend reflects the general 
direction of the ridge. 

Most of the individual veins of chry- 
soprase either parallel this east-south- 
east trend or diverge from it in a south- 
southeasterly direction. They commonly 
dip vertically or steeply to the north- 
east. Several flatly dipping veins were 
also exposed, and these form a network 
with the steeply dipping veins. 

The amount of colorless or white 
quartz, chalcedony and common opal 
present greatly exceeds that of chryso- 
prase. The overall ratio is difficult to es- 
timate, but may be between 1:4 and 1:8. 
Flaws of various kinds occur in the 
chrysoprase. Vugs are commonly lined 
with fine quartz crystals or with infill- 
ings of limonitic material. Despite this, 
a considerable proportion of the chryso- 
prase is of marketable grade. 

Chrysoprase is confined to vein form, 
but chalcedony and common opal also 
occur as nodules. Some poorly devel- 
oped moss chalcedony and opal are 
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present. Where quartz and chalcedony 
form a close network of veins and the 
serpentine minerals are leached out, the 
material resembles siliceous sinter. In 
outcrop, the color of the chrysoprase 
shows no very marked tendency to fade, 
although a “skin” of white opaque ma- 
terial is usually present on each side of 
the veins. 


Magnesite veins occur near the chry- 
soprase deposits, and a chromite mine 
is located less than one mile to the 
northeast. Small deposits of both these 
minerals have been mined in the Marl- 
borough area. 


Towards the western end of the 
chrysoprase belt a pit had been opened 
up on the steep southern slope of the 
main ridge over a length of 20 feet and 
to a depth of 15 feet at the face. Chry- 
soptase occurs as residual veins in red 
and reddish-brown soil. The best ex- 
posed vein had an average width of 
2 inches with bulges up to 4 inches 
wide. Most of the chrysoprase was 
strongly colored and relatively un- 
flawed, but rapid variations in color 
were evident from one part of the vein 
to another. The material at the bottom 
of the pit was of similar quality to that 
close to the surface. 


In several places, chrysoprase occurs 
in one comparatively wide vein and in 
several narrow veins that radiate into 
the surrounding silicified serpentinite 
or soil: At the “Hanging Rock” locality, 
the main vein is up to 8 inches wide 
and averages approximately 5 inches in 
width. Other veins, usually less than 
one inch wide, form a network extend- 


ing up to 15 feet on either side of the 
main vein. Apparently, the siliceous 
solutions were introduced along a major 
fracture and some penetrated along ad- 
jacent joint planes. Most of the chryso- 
ptase at the “Hanging Rock’ is of 
rather poor quality, but practically no 
subsurface exploration had been carried 
out at the time of inspection. 


Mineralogy 


The chrysoprase being marketed con- 
sists of microgranular quartz or a mix- 
ture of microgranular and fibrous 
quartz. Some chalcedonic and opaline 
silica is present in the deposits but this 
is colorless, white, gray or very pale 
green. Material from eight specimens, 
representing the various forms of silica 
collected during the inspection, were 
examined under the microscope by Mr. 
R. M. Tucker and the determinations 
are set out in the Table 1. 


Frondel (1962) attributes the color 
of chrysoprase to hydrated nickel sili- 
cate. However, no particles of any min- 
eral to which the coloring matter could 
be attributed were detected in the Marl- 
borough chrysoprase, even under high 
magnification. Three samples, obtained 
by taking chips from several specimens, 
were analyzed at the Government 
Chemical Laboratory, Brisbane. These 
indicate that the intensity of green 
color is directly related to the amount 
of nickel present. The nickel content of 
the strongly colored material is sur- 
prisingly high (Table 2). It compares 
with a nickel-oxide content of 0.5 to 
1.0% found in chrysoprase from Silesia 
(Goodchild, 1908). 
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Table 1 


Mineralogical Data 


Macroscopic Description 


1. Bright apple green, subtranslu- 
cent, even splintery fracture, sub- 
vitreous luster. 


2. Pale green, translucent, even 
splintery fracture, resinous luster. 


3. ees apple green, translucent, 
hackly fracture, subvitreous luster. 


4. Pale leek green, translucent, con- 
choidal fracture, resinous luster. 


5. Colorless, translucent, conchoidal 
fracture, vitreous luster. 


6. Colorless to white, translucent to 
opaque, conchoidal fracture, vitre- 
ous luster. 


7. White to pale green, opaque, even 
splintery fracture, dull. 


8. White with slight greenish tint 
in places, subtranslucent to opaque, 
even splintery fracture, subvitre- 


Microscopic Description 

Microgranular quartz 

Microgranular quartz 

Microgranular and fibrous quartz 

Fibrous chalcedony 

Opaline material with fibers of 
chalcedony 

Opaline material with few 
chalcedony fibers 


Quartz mosaic 


Microgranular quartz 


ous luster. 
Table 2 
Chemical Analysis 
Loss on 
Ignition Moisture 
Description Ni%  Cr% Si02% % % 


1. Apple-green material. 
Representative of the 
chrysoprase being marketed 2.38 


2. Pale-green chrysoprase of 
inferior quality 0.65 


3. Colorless and white micro- 
granular quartz, chalcedony 
and opaline material. 0.16 


Origin of the Chrysoprase 


Three factors are considered to have 
been responsible for the formation of 
the chrysoprase. 


Nil 94.82 1.60 0.16 


= 97.86 0.90 0.10 


— 95.2 DET. 1.3 
(1) The presence of nickel 
(2) The alteration of ultrabasic rocks 


(3) Weathering conditions 


(1) The amount of nickel in igneous 
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rocks, in general, increases with increas- 
ing basicity. Queensland ultrabasic 
rocks contain nickel in amounts ranging 
from a trace to 0.63%, the average 
nickel content being a little less than 
0.20%. Analyses of chrysoprase (Table 
2) indicate that appreciable amounts of 
nickel must be present to impart a green 
color, and the intensity of the color is 
directly related to the amount of nickel 
present. 


(2) The process of serpentinization 
of ultrabasic rocks may lead to the pro- 
duction of considerable amounts of 
magnesia and silica (Turner and Ver- 
hoogen, 1960). 


5MgeSiO0g + 4H20 — 


Olivine Serpentine 


The regional silicification of ultra- 
basic rocks is not an uncommon feature. 
Benson (1913) described the silicifica- 
tion of serpentinite with the develop- 
ment of chalcedony quartz and common 
opal, in the Nundle and Sheep Station 
Creek areas of New South Wales. This 
development is similar to that in the 
Marlborough area, except in respect of 
chrysoprase. The comparatively low 
nickel content of ultrabasic rocks from 
the great serpentinite belt of New South 
Wales may account for the absence of 
chrysoprase deposits. Wilkinson (1950) 
described the effects of silicification 
along the margins of the Pine Moun- 
tain serpentinite. He considered the 
silica was derived from late magmatic 


2H4Mg3SieO9 


Introduced 


water associated with ultrabasic intru- 
sion. 

(3) Lateritic profiles may be devel- 
oped on serpentinites, particularly un- 
der tropical or subtropical weather 
conditions. The concentration of nickel 
under these circumstances is illustrated 
by the large commercial deposits in 
Cuba, New Caledonia and the Celebes, 
where residual concentrations of nickel 
have been derived from serpentinite. 
All the analyses of Queensland ultra- 
basic rocks are of samples from outcrop 
or from shallow workings. It can be 
concluded that some degree of concen- 


+ 4MgO +. SiSO2 


Removed in Solution 


tration has taken place in all the 
samples. Insufficient assay data are 
available to draw definite conclusions, 
but the above-average assays of sam- 
ples from the Marlborough, Canoona 
and Mary Valley areas may indicate a 
higher overall nickel content in these 
serpentinite areas than in other Queens- 
land serpentinites. 

Although the concentration of. silica 
often accompanies the process of later- 
itization, it is a little difficult to con- 
ceive that the very large quantities of 
silica in the laterite cappings in the 
Marlborough area could have been de- 
rived solely from the serpentinite. Some 
of the silica may have been introduced 
from the overlying Bowen beds or 
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from the granite that intrudes the 
serpentinite. 


It is anticipated that the chrysoprase 
will be limited in vertical extent by the 
depth of weathering of the serpentinite. 
In the Californian deposits (Wright, 
1957) the chrysoprase graded into 
white chalcedony at a depth of about 
20 feet. The Marlborough deposits are 
expected to extend to a considerably 
greater depth, perhaps 50 feet or more, 
in view of the deep lateritic profile. 

Conclusions 

Chrysoprase has been found over an 
extensive area and little doubt exists 
that more will be found as prospecting 
is intensified. Some of the chrysoprase 
is of high quality, and substantial quan- 
tities of marketable-grade material are 
available. The depth to which the chry- 
soprase persists is an important un- 
known factor. 

A ready overseas market exists for 
chrysoprase. The demand in Australia 
is not great at present, but future pros- 
pects for the local market appear good. 


The steep terrain poses some difh- 
culties in the development of the de- 
posits. However, the use of heavy 
eatthmoving equipment should over- 
come these obstacles and the cost of 
mining, particularly where the chryso- 
prase occurs as residual veins in lateritic 
soil, should not be high. Small-scale, 
open-cut mining, with benching where 
necessary, is applicable. 

The boundaries of the serpentinite 
define the limits of prospecting for 
chrysoprase. A map showing the extent 
of serpentinite in the Marlborough- 


Glen Geddes area accompanies this re- 
port. Over much of the area, particu- 
larly in the northeast, east and central 
areas, denudation has proceeded to the 
extent that only very small remnants of 
the overlying laterite profile remain. 
Although it is probable that chrysoprase 
will be found in these areas, the de- 
posits are likely to be restricted in size. 
The most promising areas for prospect- 
ing appear to be the elevated areas to- 
wards the western and southern margin 
of the main Marlborough serpentinite 
belt. 


A reconnaissance of other serpentin- 
ites, such as in the Mary Valley where 
above-average nickel assays have been 
obtained, may be worthwhile to deter- 
mine if silicification, similar to that at 
Marlborough Creek, has taken place. 
Interest is also aroused in the nickel 
content of the laterite profile. Although 
the prospects of finding large commer- 
cial deposits of nickel are not particu- 
larly encouraging, it is considered that a 
geochemical survey of the lateritized 
serpentinite is warranted. 
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Developments and Highlights 


Unusual 10-Carat Montana Sapphire 

We are indebted to stone dealer 
George Bruce of International Import 
Co., Stone Mt., Georgia, for allowing 
us to study and photograph one of the 
largest Montana sapphires we have en- 
countered. Weighing in excess of 10 
carats, it had the typical color of the 
source and the flat shape associated 
with many sapphires from Montana 
(Figure 1). Internally, it offered sur- 
ptises. The inclusion in the photograph 
consisted of several crystals, possibly 
spinel, and several two-phase inclu- 
sions. Figure 2 illustrates the latter be- 
fore and Figure 3 after slight warming 
in the light of the Gemolite. Perhaps 
more surprising was the patch of nee- 
dlelike inclusions in three directions 
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(Figure 4). This is unusual, especially 
if they were rutile needles, since star 
stones are virtually unknown from the 
Montana area. 

Pre-1952 Synthetic Star Rubies 

Few people are ever confused be- 
tween the currently supplied synthetic 
star sapphires and rubies and natural 
star sapphires and rubies. Newcomers 
to the jewelry industry, and laymen 
alike, may not be familiar with the 
earliest synthetic stars, which appeared 
on the market between approximately 
1947 and 1952. These early stones had 
great transparency and the stars were 
not as sharply defined nor as complete 
as in the stones offered today. As a re- 
sult, early synthetic stars have been ac- 
cepted in some cases as natural. Figure 
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Figure 3 
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Figure 5 


5 is a photograph of a beautiful blue- 
purple synthetic star sapphire that 
shows the kind of asterism these stones 
have. Figure 6 was taken in transmitted 
light, to show the distinct curved striae 
that is more obvious in these stones 
than in the newer opaque stones. 


Red Spinel Crystal 
Figure 7 is a photo of a beautiful 
red spinel crystal. It contains a large 


negative crystal, surrounded by numer- 
ous small spinel crystals. 


Button-Shaped Abalone Pearls 


Recently, we had the unusual plea- 
sure of examining and X-raying a pair 
of very large button-shaped abalone 
pearls of approximately 16 millimeters 
in diameter. One was from the green 
abalone and one from the red. Since 
regular shapes in these pearls are rare, 


Figure 6 


Figure 7 


how much rarer to find a pair of almost 
button shapes? 


eee Ee 
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Figure 8 


Reddish-Chalcedony Cameo 
An unusual chalcedony cameo of a 
peculiar reddish color owed that color 
to bright-red, oddly formed inclusions 
(Figure 8). 


Natural-Appearing Synthetic 
Sapphire 

A 10.75-carat blue synthetic sapphire 
had been sold in the trade as a natural 
stone many years ago and the present 
owner, feeling that the market was 
right to sell at a profit, offered it again 
in the trade. With a loupe, it was easy 
to see why it would be thought to be 
natural. Long streamers, unlike any- 
thing seen in the usual synthetics, were 
accompanied by very small gas bubbles 
(Figure 9). 


Cleaning a Hazard to 
Cultured Pearls? 
Figure 10 illustrates a pair of cul- 


Figure 9 


tured pearls left in a nonammonia-base 
jewelry cleaner for a period of two 
weeks. The nacre softened into a jelly- 
like mass, here shown pushed up into 
a ridge. When allowed to dry, the nacre 
returned to its original position, but 
all luster was gone and the surface be- 
came powdery. 


Enstenite! 

Figure 11 is the absorption spectrum 
of a dark-green, 10:83-carat, chrome- 
bearing enstatite-hypersthene, re- 
portedly from Arizona. Dana once 
proposed the name enstenite for such 
stones. 


Unusual Treated-Diamond 
Spectrum 
A dark, yellow-green, nonfluorescent 
treated diamond gave us the rather un- 
usual absorption spectrum illustrated in 
Figure 12. Instead of absorption lines 
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at 4080 A and 5040 A, lines at approxi- 
mately 5050 A and 5150 A, with the 
former the stronger, together with two 
very faint lines just under 5200 A, were 
visible. The datk color of the stone 
prevented us from seeing any of the 
“cape” lines, other than the 4780 A. 


Metamict Zircon 

A dark-green crystal fragment with a 
brown “skin” proved to be metamict 
zircon and was reportedly from Brazil. 
The stone showed intense strain colors 
in the polariscope in all directions but 
did show distinct dichroism. The ab- 
sorption spectrum, Figure 13, is un- 
usual and heretofore reported by 
Anderson as occurting rarely in green 
Ceylon zircons. 


Figure 10 
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Figure 13 


Synthetic Emeralds Exposed to 
High Temperature 


Several good-quality Chatham syn- 
thetic emeralds were submitted to us to 
determine the source of their peculiar 
surface appearance. All the stones ex- 
hibited a ‘‘melted’’ appearance on the 
surface (Figure 14) and most showed 
numerous parallel etch lines, some of 
which made angles of 60° and 90° 
(Figure 15). One stone showed what 
we felt was an exaggeration of polish- 
ing lines (Figure 16), where drag lines 
had pulled away from an inherent 
crack. None of the stones showed iri- 
descence in fractures caused by quench 
crackling, and we could only conclude 
that the stones had undergone a period 
of exposure to high temperature. 


Californite 


The jadelike idoctase called califor- 
nite has not been particularly available 
in its native California. Recently, we 
have seen several lots of stones report- 
edly from Pakistan, a source listed in 
Dana. We are indebted to Mr. I. Nishio, 
President of Associated Merchandise 
Co., Inc., Tokyo, for a very nice selec- 
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tion of three qualities of the material. 
With the increased demand for jade, 
together with import restrictions, ef- 
forts are being made to locate suitable 
substitutes or sources of jade itself. 
This would seem to account for the 
number of items purporting to be jade 
that we have examined lately. 


Type If Diamonds 

Electroconductivity in diamonds is 
usually limited to blue stones of the 
Type U classification. We tested a dark 
yellow-green laminated stone recently 
and found it conductive as well as phos- 
phorescent following exposure to short- 
wave ultraviolet. 


Jade-Albite versus Chrome-Albite 


The general ignorance of the public, 
and the confusion even in the minds of 
jewelers, regarding the jade minerals 
suggests to us that the use of the term 
jade-albite for the material first intro- 
duced in this magazine as Maw-sit-stt is 
not a wise one. Since it has been found 
and reported to be principally albite 
feldspar colored by a very fine-grained 
chrome-bearing pyroxene (chrome 
jadeite), Dr. Gubelin has proposed the 
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Figure 14 


name. Our objection stems from trying 
to clarify such a term to jewelers, one 
of whom said, “Oh, then it is jade, 
isn’t it?’’ We feel the term chrome-al- 
bite is much less apt to lead to confusion 
and mislabelling. In the past few 
months, we have had several occasions 
to see articles of this mineral, princi- 


pally graduated beads. 


Notes on Lapis-Lazuli 

The stone that may be slated to fill 
the fashion-color slot long filled by 
turquois is lapis-lazuli. Dealers report 
increased interest and sales of this in- 
tense, dark-blue mineral. Although sup- 
plies of turquois have become so scarce 
that all sorts of treatment and imita- 
tions have been devised to supply the 
demand, it is doubtful if similar activi- 
ties will be successful with lapis. For 
one thing, the material is not homog- 


Figure 15 


Figure 16 
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Figure 17 


eneous and will not therefore take 
dye readily nor respond as turquois does 
to oils and waxes, though aniline dyes 
have been reported. However, we do 
occasionally encounter lapis in which 
cracks and whitish areas have been dis- 
guised with what would appear to be 
a blue wax. One informant suggested 
that certain blue shoe pastes work well. 
If carefully done, the process seems rel- 
atively permanent. Rarely have we been 
informed of customer complaints about 
lapis fading or staining white fabrics — 
unlike the case of turquois. 
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Developments and Highlights 


by 


at the 


LEM TRADE LAB 


in Los Angeles 


Richard T. Liddicoat, Jr. 


Dyed Quartz 

A bracelet of crystalline quartz (prob- 
ably quartzite) dyed to a deep violetish 
red, reminiscent of rubellite more than 
ruby, showed a broad absorption band 
in the spectroscope from 5500 A to 
5900 A. The dye was very obviously 
concentrated in cracks, as is common 
in dyed quartz, but rare in the more 
porous chalcedony. A portion of one 
of the beads is illustrated in Figure 1. 


Color Banding in Diamond 

A very intetesting brown diamond 
was sent in for identification. Under 
magnification, it showed strong color 
zoning, as illustrated in Figure 2. It was 
so unusually strong that we photo- 
gtaphed it to show the pattern. Color 
banding in diamond is not highly un- 


usual, but banding of this strength we 
do not recall. 


Slag Glass 


An identification was sent to us from 
a desert community near Los Angeles, 
the sender believing that the lump was 
a natural glass. It was a dark-green 
material enclosed in a white crust. The 
appearance under magnification was so 
roiled that we took a photograph of it 
(Figure 3). Its properties were those 
of a slag, rather than of natural glass, 
as the owner had hoped it would be. 


Puzzling Arclike Scratches 
on Diamonds 
Recently, we have encountered a 
number of diamonds with scratches on 
the table that are circles or arcs of cir- 
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Figure T 


cles. An example is shown in Frgure 4, 
wherein it is most readily visible on 
the right side of the table. Our first 
impression was that these had been 
caused during a girdle-polishing oper- 
ation by the holder used in a girdle- 
polishing machine. However, the same 
scratches were encountered on stones 
without polished or faceted girdles, so 
it has to be something else. Probably, 
they are caused by a mechanical dop 
that holds the stone for polishing the 
pavilion. We have seen a number of 
circular scratches of this type recently, 
and do not recall any of this nature in 
the past, so someone may have intro- 
duced a new dop, or a careless operator 
has failed to remove diamond powder 
from the stone or allowed the dop to 
become contaminated. 


Figure 2 


An Understanding Customer 

We examined a large emerald-cut 
diamond that had been in a platinum 
ring. It had been taken to a jewelet’s 
shop to be cleaned, when a workman 
dropped it and stepped on it, breaking 
the mounting and forcing out the dia- 
mond. Fortunately, the jeweler had an 
unbelievably understanding customer, 
who said that if an examination by 
the Laboratory showed no damage that 
she would be perfectly satisfied. When 
the examination showed nothing that 
could have been traced to the accident, 
the jeweler was obligated only for new 
mounting. 


Emerald-Green Tourmaline 


We had the opportunity of seeing a 
magnificent green tourmaline — one of 
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Figure 3 


the rare ones found in a color that is 
reminiscent of a good emerald, rather 
than tourmaline. Although at best, such 
a tourmaline does not closely resemble 
the finest emerald, it is an exceptionally 
lovely green stone. Even in the darker 
dichroic direction, the stone was clear 
and attractive in color. 


Figure 4 
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The Siberian 


Diamond eposits 


by 


Dr. N. Polutoff, Frankfurt a.M. 


Translated from the German by 
R. W. Stolz, Hudson Falls, N.Y. 


The Discovery 

The discovery of the rich diamond 
fields in the western part of Yakutia 
(eastern Siberia) doubtless belongs to 
the great achievements of Soviet geolo- 
gists in the postwar eta. This important 
event did not occur by accident, but 
was the result of twenty years of re- 
search. It is a brilliant example of 
scientific prognosis and the result of 
deductive reasoning and thorough re- 
search in the field. West German liter- 
ature reported very little about this 
story. 

The significance of industrial dia- 
monds to modern industry does not re- 
quire further discussion. It is known 
that diamond tools speed up production 
processes and raise substantially the 
quality of industrial products. It is 
therefore understandable that the de- 
mand for industrial diamonds in the 


Soviet Union grew from year to year 
with progressing industrialization of 
the country. The distinct shortage of 
these diamonds, which the Soviet Union 
had had to import, mostly from Eng- 
land, delayed the development of 
Soviet industry. The position of the 
industry grew more difficult when 
diamond was declared a strategically 
important product, and export to the 
Soviet Union was prohibited. On the 
other hand this circumstance contrib- 
uted materially to the acceleration of 
prospect work in their own country. 
Long ago (1898 and 1937), indus- 
trial-diamond deposits on the mid- 
Siberian Plateau were known. They 
were located between the Lena and 
Jenissei Rivers and the northern Siber- 
ian depression and in the north and east 
Sajan Mountains, in the south. After 
profound consideration, the focal point 
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of the renewed search for diamonds 
was confined to this Plateau. The 
knowledge of the principal diamond 
provinces of the world (South Africa, 
India and Brazil) pointed to the old 
table. The mid-Siberian Plateau repre- 
sents one. of such tables, about four 
million square kilometers in area, which 
is known as the Siberian Table. 


In 1936, Prof. W. S. Sobolew, in 
his great monograph about the widely 
distributed melaphyres on the Siberian 
Table, recognized that they were simi- 
lar to the South African dolorites of 
the Karoo formation. The discovery of 
picritic porphyries and rocks similar to 
melilite basalt in the Kotui-Maimetscha 
district caused Sobolew to speculate that 
true kimberlite might also be present 
in Siberia. World War II put an end 
to further research. 


After the War, prospecting was done 
under extreme difficulties. Equipment 
for expeditions was poor, and to pro- 
vide geologists with supplies in the 
barely accessible Taiga was difficult. 
The so-called Tunguska Expedition of 
the Irkutsker Geological Institution, 
under the leadership of M. Odinzow in 
1947, was abandoned in the upper and 
lower Tunguska with unsuccessful re- 
sults. At the end of 1947, the so-called 
Amaka Expedition of the Ministry of 
Geology and Mines took over the pros- 
pecting work on the mid-Siberian Pla- 
teau. Eventually, the Amaka Expedition 
developed into a large research organi- 
zation, with the principal seat in the 
village of Njurba, on the middle course 
of the Wilui River. In 1958, it had 


three steamers, forty speedboats and a 
number of airplanes in operation, as 
well as a well-equipped laboratory. 

The first useful diamond placers 
were proved in 1949, and the primary 
deposits only in 1954-55. 


The discovery of the first kimberlite 
pipes in 1954 is credited to the young 
mineralogist L. Popugaewa. One year 
earlier, she found in the Daldyn-Alakit 
district, gravels that contained garnet 
and that, on examination, proved to be 
pyrope, not unlike that from the South 
African kimberlites. Earlier geologists 
concentrated on the diamond _ itself, 
with the hope of discovering primary 
deposits with the help of diamond- 
bearing alluvium. L. Popugaewa proved 
that with the help of pyrope-bearing 
gravel, the target can be reached faster 
and more surely, since she discovered 
on August 21, 1954, in the Daldyn- 
Alakit district the first kimberlite pipe 
on the Siberian Plateau, which she 
called Sarniza. By this discovery, she 
dealt a death blow to the previously 
mistaken conception that primary dia- 
mond deposits were not present on the 
Table, but that the diamond crystals 
previously found were alluvial, having 
originated in the neighboring fold 
mountains, thereby directing prospect 
work into a new and fruitful direction. 


The pyrope method of L. Popugaewa 
was confirmed during the following 
years. On June 13, 1955, the rich kim- 
berlite pipe Mir (Peace) in the Malaja 
Batoubija district, and on June 15 the 
pipe called Udatschnaja (Successful 
One) in the Daldyn-Alakit district were 
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discovered. These two pipes are the 
foundations of the young Soviet dia- 
mond-mining industry. In 1957, an- 
other was found on the northeastern 
tim of the Plateau. By the end of 1958, 
there had been 120 pipes discovered, 
some diamond bearing, some diamond 
free. On January 26, 1960, a new one 
was discovered on the Sochsolooch 
River in the Daldyn-Alakit district 
named Aichal (Glory). According to 
early reports, it is supposed to surpass 
the famous Mir pipe in diamond 
content. 


The Siberian Diamond Province 


At present, the borders of the Si- 
berian diamond province are as follows: 
On the north, the coast of the northern 
Polar Sea; on the south, the north slope 
of the east Sajan Mountains; on the 
west, the Jenissey River; and on the 
east, the Lena and Aldan Rivers. The 
primary deposits are concentrated in the 
northeastern part of the province, in 
the basins of the Wilui, Muna, Olen 
and Ek Rivers. The northernmost point 
of distribution of the Siberian kimber- 
lite pipes at present is the Koujka River, 
a tributary of the Olenek (with the 
pipes Obnashennaja and Olivinovaja), 
and the southernmost point is the Ma- 
laja Batoubja River (M7r pipe). 

Prospecting for diamonds took place 
in the extraordinarily severe climatic 
conditions in the diffcult-to-penetrate 
marshy primeval woods (Taiga), often 
in areas totally unexplored. With tough- 
ness, ready sacrifice and inflexible will, 
geologists mastered their many difficult 


problems. Special praise goes to the 
women, who, as scientists or with scien- 
tific-technical powers, were present in 
almost all the prospecting parties. Many 
were in leading positions and took a 
decisive part in the battle for the Si- 
berian diamonds. The pilots deserve 
commendation for proving their skill in 
this little-known Taiga. Also worthy of 
mention was the valuable help of the 
native Eweski and Jaktes in their role 
as transport workers and, above all, as 
excellent guides through the primeval 
woods. 


The Siberian Plateau 


The Siberian diamond province pres- 
ently covers the eastern half of the mid- 
Siberian Plateau of the Siberian Table. 
The Plateau represents a very flattened 
highland, which is divided by rivers 
into a system of 500- to 1000-meter- 
high watersheds (Table Mountains). 
The Plateau is heavily wooded. In the 
high north, the wooded zone changes 
into tundra. The climate is decidedly 
continental. In the same latitude, it is 
colder here than in neighboring West 
Siberia or in the far east. The winter 
lasts six to seven months. Starting in 
November, the temperature usually is 
under —40°F., sinking in mid-winter 
to —58°F. and sometimes to —76°F. 
Dry air and lack of wind make it easier 
to withstand these temperatures. The 
coldest month is January and the warm- 
est month is July, with temperatures of 
over +54°F. and sometimes even 
+72°F. A great disadvantage here is 
the everlasting frozen ground, which, 
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north of the Wilui River, reaches a 
depth of 200 meters, making the con- 
struction of railroads, watermains, 
buildings, etc., extremely difficult. 

Transportation in the diamond prov- 
ince is scarcely opened. Larger rivers 
are the only transport routes. Except for 
reindeer, airplanes are the principal 
means of transportation. 


Tectonic 


The mid-Siberian Plateau is typically 
Precambrian. It consists of dislocated 
and metamorphosed Archeozoic and 
Proterozoic rocks. On top of the eroded 
mountains lie a number of epicontinen- 
tal marine deposits of Lower and Upper 
Paleozoic ages. On top of this are layers 
of mostly continental deposits, includ- 
ing volcanic materials; also, deposits 
of Permian, Triassic, Jurassic, Cretace- 
ous and Cenozoic ages. 


Magmatism 


The magmatic activity on the Siber- 
ian Table during the Precambrian 
period has a geosynclinal character. The 
ensuing magmatic cycles show the fea- 
tures that characterize the magmatic 
history of the tableland. 

The periods of magmatism on the 
Table start first in the Upper Paleozoic 
and reach the highest point in Triassic 
time. To this magmatic cycle belongs 
the melaphyre formation and the ultra- 
basic complex in the northern portion 
of the Table and the kimberlite forma- 
tion in the eastern half of the Table. 
A correct time demarcation of these 
magmatic formations is not yet known. 


However, they are related in time and 
space. They formed during Jurassic 
time (Upper Carboniferous) . 


Basic Volcanism 


The Triassic occupies a specific posi- 
tion in the geologic history of the 
Siberian Table. The epicontinental ma- 
rine basins were replaced by a conti- 
nental regime, which is distinguished 
by volcanism, whose beginnings reach 
into the Lower Permian. The products 
of the essentially Triassic volcanism are 
under the collective name of Siberian 
melaphyres (traps). These plateau ba- 
salts occupy an area of more than one 
and one-half million square kilometers 
in the entire Tunguska syncline in the 
northwest part of the Table. In richness 
and spread, they are the largest basalt 
formation in the world, perhaps com- 
parable to the Upper Paleozoic dolor- 
ites in South Africa and the Paleogene 
trap rocks of the Deccan in India. 


The Siberian trap formation consists 
of intrusive and extrusive rocks. The 
intrusive traps form veins, sills and 
blocks and are widely distributed, es- 
pecially in the rim areas of the syncline 
in the zones of the strongest tectonic 
movement. The sills sometimes are 
multilayered, up to 250 meters thick 
and can be followed several dozen 
kilometers. 

Widely distributed also are the ex- 
trusive traps. The thickness of the ex- 
trusive series in the central part of the 
Putorana Plateau, in the northwest of 
the table, reaches 1800 to 2000 meters. 
The traps appear in some places in the 
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form of cylindrical tubes, but these are 
filled with trap meterial, which differs 
sharply from the fillings of the kimber- 
lite pipes. Trap volcanism appears most 
strongly inside of the Tunguska syn- 
cline. East of the syncline, the traps 
teach close to the Siberian diamond 
province. 


Ultrabasic Volcanism 


In 1937-39, a peculiar petrographic 
province of ultrabasic and alkalic rock, 
created by repeated eruptions, was 
found to cover an area of 30,000 kilo- 
meters on the north rim of the Siberian 
Table in the area of the Maimetscha 
and Kotui Rivers, which belong to the 
Chatanga River system. These rocks 
differ from the trap-rock formation by 
specific mineralogical and chemical 
characteristics. An extrusive layer 300 
to 2000 meters thick covers the Per- 
mian here; it includes nepheline basalts 
and other alkalic basaltoids. The 
younger flows of the extrusive series 
are maimetschites (picroporphyries), 
which are similar to the typical kimber- 
lites. On the Maimetscha River, the 
rocks form a homogenous layer 1500 
meters thick. 

Related to the extrusions are some 
ultrabasic massifs composed of dunite 
and peridotite, which are closely related 
to alkalic rocks. 

By today’s conceptions, the kimber- 
lites belong to the group of alkalic 
basaltoids and stand chemically and 
mineralogically nearest to the melilith 
basalts, as in the classical area of South 
Africa. For this reason, the Siberian 


kimberlites with alkalic basaltoids of 
the Maimetscha-Kotui area, where lately 
melilith basalts also were found, are 
genetically related. 


It has to be mentioned that the age 
of the Siberian kimberlites has not 
yet been established definitely. It is 
accepted that the ultrabasic rocks of 
the Maimetscha-Kotui area formed at 
the end of Permian time, but pre- 
dominantly in Triassic time. The forma- 
tion of the kimberlite itself probably 
occurred during the relatively short 
period of the Triassic period, until the 
start of the Jurassic. After later in- 
vestigations, the kimberlite volcanism 
is supposed to have appeared before 
as well as after. 


The Kimberlite Pipes & Lodes 


The primary diamond deposits of 
the Siberian Table are represented by 
the kimberlite pipes and veins. The 
point about the pipes is that they con- 
sist mostly of rock bodies of cylindrical 
shape, which in cross section may be 
oval, round or irregular. In the vertical 
cross section, many are funnel shaped; 
e.g., the Mr pipe. Others, in com- 
parison, have at depth the same shape 
as on the surface. The diameter of 
the pipes is very different, ranging 
from 20 to 700 meters. 

The well-defined vertical zonality 
(yellow ground, blueground, harde- 
bank) commonly developed on kim- 
berlite deposits is, on the Siberian 
pipes, scarcely developed. Because of 
the severe climatic conditions, the sur- 
face changes of the kimberlite is in- 
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significant, and the weathering prod- 
ucts, such as blueground and yellow 
ground, are hardly known on_ the 
Table. 


One part of the pipes has a near- 
western orientation; e¢.g., the great 
Elenek trap dike may be followed more 
than 100 kilometers, as well as the 
Maljutka and Jarutskaja pipes and 
others. The penetration of the kimber- 
lite magma into this fault system is 
related to the rejuvenation of the faults 
during the tectonic movement at the 
beginning of the Mesozoic period. 
Many of the kimberlite pipes (e.g., 
Sarniza) have an isometric shape and 
ptobably developed at the crossing of 


several fault systems. 


As a tule, the kimberlite pipes 
appear in groups, forming so-called 
kimberlite fields in the areas of the 
near-horizontal carbonate strata of 
Cambrian and Ordovician age. The 
pipes are located outside of the com- 
pact distribution of trap rocks. The 
trap magma, extruded 
mainly before the kimberlite magma, 
changed the surrounding rocks into 
monolithic blocks. The upward force 
of the magma used, as supply routes, 
faults on the border of these mogolithic 
blocks against the surrounding rocks. 


which was 


The Siberian kimberlite veins origi- 
nated as did the South African, by re- 
peated eruptions. The Mir pipe is 
built up of two kimberlite columns of 
different ages. The double-lode Udat- 
schnaja is filled by two petrographically 
and, relative to age, different kinds 
of kimberlites. 


The Siberian pipes contain breccia 
of fine to coarse fragments, mainly 
different shades of gray and green. In 
spite of seeming multiplicity, the 
kimberlites can be summed up in the 
following five main types, which in 
structure, textural and mineralogical 
composition, differ distinctly from each 
other: 


1. Kimberlite tuffs (Mir pipe). 

2. Kimberlite breccias 
pipe). 

3, Kimberlite of basaltic habit 
(Udatschnaja pipe). 


4, Mica kimberlites 
chnada pipe). 


(Sarniza 


(Sagadots- 


5. Kimberlites of transition types 
(Nowinka and Legkaja pipes). 

The first three types (especially the 
third) are poor in mica and similar 
to the basaltic varieties of South Africa. 


Among the zenoliths of the Siberian 
kimberlites, the following kinds of 
rocks have been traceable: 


1. Xenolith of ultrabasic rocks (py- 
roxenite, amphibole, peridotite, 
dunite, serpentinite, mica). The 
characteristic for these rocks ts 
the presence of pyrope garnet. 


2. Xenolith of basic rocks (traps: 
heavily changed gabbro-diabase 
and diabase). 

3. Xenolith of the crystalline slates 
(with eclogite facies). 


There is not enough space for a 
detailed description of the kimberlite 
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types and the xenolith variations. Also, 
as in South Africa, the Siberian kimber- 
lites play an important part in the re- 
lationship of garnet to the species 
pyrope. The most widely distributed 
xenoliths are Siberian basement frag- 
ments, which contain garnet and mono- 
clinic pyroxenes and usually plagioclase 
in considerable quantities. These could 
not be designated as typical eclogite; 
rather, one observes all transitions from 
plagioclase-rich to plagioclase-poor 
eclogites to those consisting essentially 
of garnet and pyroxenes only. 


Small deposits of typical eclogite 
have been observed in the Sarniza, Mzr, 
Udatschnaja and Obnashennaja pipes. 
To the eclogite facies also belong some 
peculiar rocks with grossularite, mono- 
clinic pyroxenes and sphene for which 
the name grospydite has been proposed. 
The mineral paragenesis of this rock 
may well suggest that it originated 
under high pressure and therefore 
under conditions that formed the 
eclogites. 


The geological conditions of forma- 
tion of eclogites are complicated and, 
as yet, insufficiently understood. It is 
only known that the procedure of 
eclogitization is not related to the ef- 
fects of the magmas on the xenoliths 
enclosed. The appearance of eclogite 
rocks and pyrope is ordinarily character- 
istic of kimberlites and harmonizes 
with the formation of diamonds, 
which, as is well known, originate 
also as those of eclogites, under very 
high pressure. 


The above-mentioned five principal 


types of Siberian kimberlites distin- 
guish themselves by the unusually 
stable mineralogical composition. The 
quantity of individual minerals in the 
different types of kimberlite and kim- 
berlite deposits varies widely. In all 
kimberlites, olivine, ilmenite and mag- 
netite are widely distributed, and in 
most of them pyrope, too, is abundant. 
Commonly, pyrite is an important 
mineral. Chrome diopside, enstatite, 
chromite, apatite, zircon, hornblende, 
perovskite and other minerals appear 
as individual grains. 


Sobolew deserves the credit for first 
recognizing the similarity of the 
Siberian diamond province with the 
one of South Africa and of promoting 
the prospecting for diamonds in 
Siberia, This similarity has, according 
to the latest investigations, surmounted 
all expectations, so that it is simpler 
and easier today, not by similar in- 
dications, to establish the existence of 
similarities between the two provinces. 
The age of the South African diamond 
deposits is seemingly Cretaceous, 
whereas the age of the Siberian is 
essentially pre-Jurassic. Also, the 
Siberian trap formation is older than 
the dolorites of the Karoo formation. 
In comparison between the two prov- 
inces, there exists a great similarity 
in the composition of the kimberlite 
deposits and in their linear arrange- 
ment. The Siberian kimberlites are less 
altered than the South African, so that 
the fresh kimberlite in Siberia reaches 
close to the surface. In Siberia, the 

Continued on page 351 
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THE BOOK OF DIAMONDS by 
Joan Younger Dickinson. Published by 
Crown Publishers, Inc., New York. 226 
pages, glossary and bibliography. Nu- 
merous black-and-white illustrations. 
Price: $5.95. 

Joan Younger Dickinson has filled 
an obvious gap in the literature in the 
diamond field by writing The Book of 
Diamonds, a popular, thoroughly enter- 
taining account of this fascinating gem 
from ancient to modern times. 

Beginning her story with the discov- 
ety of diamonds in India’s Golconda 
Mines, the author traces the history, lore 
and romance of diamonds, through the 
Brazilian diggings to the South African 
diamond rush and the development of 
De Beers Consolidated Mines, Ltd., to 
their present control of eighty percent 
of the world’s gem-diamond produc- 
tion. This section is followed bya rather 
full coverage of the intricacies of cut- 
ting and polishing. 

Mts. Dickinson continues with an in- 
teresting account of the more celebrated 
diamonds of the world. Included are 
stories of such notable stones as the 
Koh-i-Noor, Orloff, Cullinan, Regent, 
Hope, Sancy, Florentine, Vargas, Tif- 
fany, Excelsior, Jubilee and Jonker, as 
well as some of the larger diamonds 
found in this country. Omitted, un- 
fortunately, are descriptions of the 
Nassak, Great Mogul, Polar Star, Star 
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of Este, Empress Eugénie, English 
Dresden, Dresden Green and a few 
others that are notable from viewpoints 
of history or drama. Each story is in- 
terestingly written, with an emphasis on 
human-interest content. 

Another chapter discusses the role 
that diamonds have played in American 
fashions among the wealthy and the 
working girl alike. This story starts with 
the earliest jewelry stores of New York 
City in the 1700's and concludes with 
the plush present-day establishments 
along Fifth Avenue. 

The last chapter is intended as a 
guide to the selection and purchase of 
diamonds. She points out that fully 
50% of engagement diamonds are 
chosen with the aid of the bride-to-be. 
The stone should be chosen with a clear 
eye and a clear head is her message — 
not in “‘a fog of sentiment.” For the 
uninitiated, Mrs. Dickinson explains 
and illustrates the various cutting styles, 
the meaning of the word carat, and how 
to buy diamonds for beauty, show, flaw- 
lessness, investment, or even for senti- 
ment. The accepted etiquette, as well 
as practical advice for buying the en- 
gagement ring is offered. Answers to 
questions most likely to be asked by 
the prospective bridegroom and _his 
fiancée, including how to clean and 
care for a ring, are also answered. For 
the more gemologically minded reader, 
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here is an abbreviated but informative 
glossary of diamond terms. 

The Book of Diamonds is illustrated 
with old engravings of diamond mining 
and reproductions of museum paint- 
ings, plus photographs of cutting, 


mining, famous diamonds, and award- 
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mica kimberlites are seemingly less well 
distributed, as in South Africa. The 
basaltoid kimberlites are more signifi- 
cant, Contrary to South Aftica, perov- 
skite ts poorly distributed in the 
kimberlites 
distinguished for thetr 
distribution of pyrepe. Siberia ts also 
remarkable for the presence of mois- 
sanite (sikeon carbide) and the plagio- 
clase eclogites, 


The two provinces are 


noteworthy 


(Vo be continued) 
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eration of Mineropical and Lapidary 
Socicties meeting and exhibition in 
New York Coty an fuly 
golden loving cup attests to the award, 


A handsome 


We are very much indebted to 
Advanced Ring Manufacturing Com- 
pany for making availible to Bert 
Krashes for dus Desipzn Classes a selec 
tion of parts and findings that enable 
students to visualize cing: construction, 

A very huge vote of thanks is due 
Mr, Ed Purcell of Baumpold Bros., 
diamond cutters of New York City, for 
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winning traditional and modern dia- 
mond pieces. Everyone who has an 
appreciation for the diamond should 
find this book an enjoyable and valua- 
ble reading experience. Many jewelers 
will consider it a worthwhile gift for 
good customers. 


making available to Eastern Headquar- 
ters a fine selection of fancy-shape dia- 
monds for use in Diamond Appraisal 
Classes. 
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The Black Opals 
of 


Lightning Hidge 


by 


John Hamilton 


From the air, it looks rather like the 
surface of the moon — or an air-force 
practice-bombing range. Acre upon 
acre of white pockmarks (little white 
craters) weave their way through the 
stunted scrub of Australia’s great out- 
back. 

It seems even more desolate from 
the ground. A dusty track winds its 
way through a maze of holes and hil- 
locks of white sandstone from which 
the sun bounces with a glare that nar- 
rows eyelids to a cautious squint. The 
track leads to a strip of asphalt, which 
is the main street. There is a store, a 
two-room hotel called the Digger’s 
Rest, and a scattered collection of 
rather battered-looking cottages. In 
spite of a recent remarkable growth of 
civic pride, it is not an impressive-look- 
ing settlement. But this is Lightning 
Ridge, home of one of the world’s rar- 
est gems ~— the fabulous black opal, 


with the world’s production in the 
hands of three dozen or so miners. 

It is situated in the north of the 
State of New South Wales, 45 miles 
from Queensland, in sheep-station 
country where they measure holdings by 
square miles instead of acres. 

The black opal that lay hidden under 
the thin crust of sandstone remained 
undiscovered until the turn of the cen- 
tury. It was formed thousands of years 
ago when Australia had a vast inland 
sea. For the first three years after it was 
discovered, it was considered near 
worthless and sold for a pound or two 
an ounce. Today, it sells for up to £120 
($250) 4 carat. 

Australia is now exporting nearly 
$6,750,000 worth of opals a year, and 
the cream of these are the black opals 
of Lightning Ridge. 

In 65 years, the world has come to 
love, appreciate and want this strange 
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black stone with the inner fire that 
flashes with every color of the spectrum. 


How the Opal Chose its Home 


In Cretaceous times a shallow sea 
stretched like a broad silver sash across 
Australia from the extreme tip of Cape 
York to the Great Australian Bight. 
Over millions of years this inland sea 
was gtadually filled and the waters re- 
ceded. Over much of the area a sand 
deposit remained that became consoli- 
dated into a sandstone. 


Opal is composed of silica and water, 
and silica is of volcanic origin — yet 
there is nothing volcanic in the Creta- 
ceous crust where opal is found. There 
is, however, rock of volcanic nature 
below the old sea bed, and the silica 
came from there. In the course of time, 
silica and water in hot solutions rose 
from deep-seated magmas. It percolated 
through cracks and crevices until it met 
the desert sandstone, beneath which it 
cooled off and formed opal. In its up- 
ward course, it replaced anything it 
came in contact with — shells, bones, 
corals or wood — the replacement by 
opal sometimes being complete. 


This is how a geologist explains the 
formation of opal. But the colors of the 
opal, and especially the inner fire of a 
black opal, remain a mystery, explained 
only by the belief that they are pris- 
matic due to very minute fractures 
that occurred in the opal’s formative 
process. (Editor's note: See the article 
entitled, The Origin of Color in Opal, 
Based on Electron Microscopy, by P. J. 
Darragh, B.Sc., and J. V. Sanders, Ph.D., 


in the Summer, 1965, issue of Gems & 
Gemology.) 


It remains one of the few gems that 
defies successful imitation by man. 


For thousands of years the black 
opals remained undiscovered, impris- 
oned in the gritty clay layer under the 
overburden of sandstone. Late in the 
last century, a drover was pushing a 
huge flock of sheep through the dry 
country of northern New South Wales 
when he decided to camp for the night, 
since a storm was brewing. The storm 
struck with sudden fury. There was a 
tremendous flash of lightning. Legend 
has it that 700 of the drover’s sheep 
were killed by the one lightning bolt. 
Violent electrical storms seemed to fol- 
low the low-lying ridges of the area; 
thus the drover’s misfortune coined the 
name Lightning Ridge for the area. 

In 1900, men were mining pale milky 
opals at a place called White Cliffs, 
west of Lightning Ridge. There were 
many who had no luck and either 
packed their belongings together and 
went in search of other fields, or else 
drifted into other jobs. Charles Nettle- 
ton, one of the men who left White 
Cliffs, was a lean, tough bushman, who 
demonstrated his stamina by walking 
the 400 miles from White Cliffs to the 
town of Walgett (45 miles from Light- 
ning Ridge) in the searing hot summer 
of 1901-2. At the little pastoral town 
of Walgett he was told that gold had 
been discovered near the Queensland 
border, about 90 miles away, so he 
walked north only to find that the sup- 
posed gold was mica. 
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The black opal mines of Lightning Ridge. This photo was taken in the Three-Mile area, from which 
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some of the richest gems in the world have been mined. 


Still undecided about what to do 
next, Nettleton met some drovers who, 
over the campfire, told him about some 
strange black stones that some of the 
boys had picked up while following 
their flocks of sheep. The stones were 
strange because they flashed in any kind 
of. light and gave out beautiful colors. 

Intrigued, Nettleton managed to get 
some samples, which he immediately 
recognized as being opal. But they were 
quite different from the opals of White 
Cliffs and, somehow, seemed alive with 
color under their black velvetlike 
mantle. 

Nettleton had no money. He con- 
tacted a hotel keeper, called Joe Beck- 
ett, convinced him that he could find the 
source of the strange new stone and 
managed to .get a grubstake for the 
venture. He sank his first shaft at Light- 
ning Ridge on October 15, 1902. He 
found traces of opal, but nothing of 
value. 

Early in 1903, the wife of a boundary 
rider on a nearby sheep station showed 
him some pretty black stones her family 


Courtesy Australian News and Information Bureau 


had found while picnicing six miles to 
the east of the main ridge of Lightning 
Ridge. This proved to be a real strike. 
Four local sheep-station owners each 
put up $60 and formed a small pros- 
pecting company. The company pro- 
vided Nettleton with a salary of $2.56 
per week and keep, and he began work 
with a friend called Charlie Troy. They 
soon had some parcels of beautiful 
black opal, but little realized that their 
troubles had only begun. 

Nettleton, still fascinated by the inner 
fire of the stones, packed a parcel and 
sent it off to a dealer in Sydney, capital 
of the State of New South Wales. The 
dealer wrote that the black nobbies (the 
name given to black opal before cut- 
ting) were a near-worthless matrix (the 
rock in which gems are often enclosed) 
and he offered Nettleton $2.24 for the 
lot. Nettleton refused the offer and re- 
quested the return of the opal. He then 
sent it to other dealers who also re- 
jected the stones as worthless. 

The first opal company at Lightning 
Ridge folded. 
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Then trouble began with the nearby 
sheep-station owners. 

In spite of Nettleton’s failure with 
his black stones, other men had drifted 
to Lightning Ridge in the hope of find- 
ing white saleable opal of the White 
Cliffs variety. 

The sheep-station owners objected to 
the presence of the miners on their 
ptoperties. They could not stop them 
from sinking their shafts because they 
held Miners’ Rights that conferred 
powerful rights to the prospector. So 
they impounded the miners’ horses, 
claiming that they were grazing ille- 
gally. They charged .25 for the release 
of every animal, which was a con- 
siderable sum in those days to a strug- 
gling miner. But this action did not 
break the spirit of the men who had 
come to Lightning Ridge, so the sheep- 
station owners decided on a more dras- 
tic action. One station manager con- 
trolled the only water supply available 
to the miners of the Ridge. He fenced 
it in, stating that although the law al- 
lowed the miners to sink shafts, it did 
not force him to supply them with 
water. The resourceful miners dug a 
number of small drains that sloped 
down and beyond the fenced dams, al- 
lowing water to flow under the fences. 
The incensed station manager told the 
miners that he had poisoned the water 
to kill rabbits. Although the miners did 
not believe him, they did not drink the 


water. Instead, they organized a string 
of pack horses that traveled long dis- 
tances to bring them in a meager supply 
of water, only enough to allow them to 
hold out at the Ridge. 

The tense situation was relieved at 
the end of 1903, when Lightning Ridge 
had its first opal rush. At Simms Hill, 
deposits of opal had been found that 
were on the white side and, therefore, 
saleable. 

The squatters were prohibited from 
impounding the miners’ horses and 
were also forced to give the miners 
access to the dams until the Govern- 
ment could arrange a water supply. The 
Government also declared 1200 acres 
to be a mining field. 

Nettleton, meanwhile, disheartened 
by the rejection of his black opals, trav- 
eled over the border to the while-opal 
fields of southwestern Queensland. He 
worked there for a while, but the lure 
of the black opal was too strong for 
him. He returned to Lightning Ridge, 
packed his belongings once again, and 
set off on foot for White Cliffs 400 
miles to the west, determined to sell his 
black opals. He walked the first 120 
miles to Brewarrina, and then worked 
his way from sheep station to sheep sta- 
tion until he reached Bourke. From 
Bourke he caught a paddle steamer 
carrying wool down the Darling River 
to Wilcannia. From Wilcannia he 
walked the 50 miles to White Cliffs. 


To be continued in the Spring, 1966, edition 
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Uevelopments and Highlights 


by 


at the 


GEM TRADE LAB 
in New York 


Robert Crowningshield 


Doctored Turquois 
Turquois continues to be popular and 
we continue to see attempts to utilize 
very light-colored material. One inter- 
esting strand of graduated beads was 
of very good color with prominent 
black ‘‘matrix”’ ; at least it appeared to 
be matrix until examined under mag- 
nification. It was then discovered that 
the beads were painted blue, the black 
matrix had been applied by what ap- 
peared to be a dribbling technique and 
the whole coated with clear lacquer. 
Figure 1 illustrates the nearly white tur- 
quois exposed near a drill hole, and 
Figure 2 shows the painted matrix. 
Imitation Turquois 
A compressed imitation of turquois 
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was found to be essentially plastic with 
undetermined amounts of quartz and 
turquois — the first time that such an 
imitation has shown the presence of 
turquois. With a specific gravity of 
2.01, the percentage of either quartz 
or turquois must be small. The client 
expressed surprise when we informed 
him that the usual gem-testing methods 
or even X-ray diffraction are not enough 
to determine precise percentages of the 
powdered minerals in the plastic. 


Clam “Pearls” 


One of the largest edible-clam 
“pearls’’ that we have been asked to 
identify is shown in Figure 3. It is 
nearly spherical, measures 13.50 mm., 
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Figure 1 


Figure 2 


Figure 3 


and is an intense purple-black. Set with 
many diamonds in a platinum ring, it 
made a striking piece of jewelry in spite 
of the fact that the trade does not accept 
non-nacreous mollusc concretions as 
true pearls. 


Natural Brown Diamond 
When a natural color dark-brown 
diamond was examined under ultravio- 
let light, the staff was surprised to see 
that only certain areas fluoresced a 
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Figure 4 


bright yellow and appeared to resemble 
the face of a whimsical, big-eyed cat. 
Figure 4 is a photograph taken of the 
stone under ultraviolet light, using the 
Photoscope and a five-minute exposure. 


A 122-facet Diamond 
We were pleased to examine a 1.06- 
carat, modified round brilliant-cut dia- 
mond with 122 facets, the brain child of 
New York diamond cutter, Harry Stein- 
bach. The design bears a U.S. Design 
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Patent (#140283), dated February, 
1945. (Figure 5 illustrates the place- 
ment of the facets.) The cutter men- 
tioned that he had cut a few of this 
same design with an additional 40 fac- 
ets on the girdle, making a total of 162 
facets. 


Solution-Grown Synthetic Rubies 

A pair of approximately five-carat 
each, solution- grown synthetic rubies 
were examined and photographed re- 
cently in the Laboratory. We were un- 
able to ascertain if they were grown 
from a flux or a hydrothermal process, 
but the inclusions do not resemble any- 
thing yet seen in natural stones. Figures 
6 and 7 show streamers of what initially 
appeared to be two-phase inclusions but 
they could be solid-flux inclusions, simi- 
lar to those seen in a Chatham synthetic 
emerald. We could detect no evidence 
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of a seed, as we did in the three speci- 
mens reported on in the Spring, 1965, 
issue of GEMS & GEMOLOGY. Since 
examining this pair of stones, we have 
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Figure 8 


had occasion to see a fragment of rough 
and a two-carat solution-grown syn- 
thetic ruby. To date, the only consistent 
characteristic is a peculiar greenish to 
whitish glow, in addition to the normal 
red fluorescence seen under short-wave 
ultraviolet light (2537 A). We feel 
confident in predicting that many more 
of these potentially troublesome syn- 
thetics may be entering the market. 


Natural-Color Green Diamond 


We recently examined the first natu- 
ral-color green diamond having the 
deep-green color associated with atom- 
ically treated stones. In several places 
on the girdle of the stone were dark- 
brown naturals that graded into the 
green, internally. They had been posi- 
tioned under or near prongs, as seen 
in Figure 8. 


Green, Blue and Red Diamonds 


Another green diamond, almost as 
dark as the previously mentioned one, 
was in a ring with a dark-blue and a 
true-red stone that weighed approxi- 
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Figure 9 


mately .60 carat each. Figure 9 cannot 
do justice to this unusual group of col- 
ored diamonds. 


“Piggy-Back”’ Diamond Ring 

We encountered our fitst “piggy- 
back’ diamond ring in which three thin 
diamonds, not touching one another, 
were set so that they resembled a single 
stone. Figure 10 is a view through the 
crown of the piece. The extremely thin 
marquise-shaped top stone has an enor- 
mous culet. The center diamond is vir- 
tually a flat sliver, whereas the bottom 
one is almost all pavilion. Note that in 
the crown view (Figure 11) at the 
edges near the tapered baguettes, one 
can see details of the mounting through 
the bezel facets. The mounting is, of 
course, designed to hide the triple na- 
ture of the diamond. 

Mexican Topaz 

Figure 12 illustrates fibers in a Mexi- 
can topaz. The fiber that forms a loop 
appeared to make a simple knot — a 
feat difficult to understand for an in- 
clusion in a crystalline material. 


GEMS & GEMOLOGY 


Figure 12 


Dyed Nephrite Jade 
Since we first encountered dyed jade- 
ite, in 1956, we have expected the ap- 
pearance of dyed nephrite, but until 
recently, however, we had not seen or 
heard of any. Figure 13 is a photograph 
of a well-carved nephrite tablet with 
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chrome-green mottling. Spectroscopic 
examination of the green areas proved 
to us that the color is due to dye. Pos- 
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Figure 14 


sibly, nephrite does not take the dye 
uniformly; therefore, this accounts for 
the absence of dyed material in the 
trade. 
Diamond Chips 

Although laymen use the term dia- 
mond chips frequently, the stones to 
which they refer almost invariably are 
faceted diamonds. In fact, so infre- 
quently do we see unfaceted chips of 
diamond used in jewelry that we can re- 
call only two or three items in the past 
eighteen years. Figure 14 shows a few 
diamond chips used at the extremities 
of an old jewelry piece. The larger 
stones were old miners and Swiss cuts. 

Odd Diamond Inclusions 

Perhaps the most unusual series of 
inclusions that we have seen in a faceted 
diamond are those shown in Figures 15 
and 16. The six-carat stone was obvi- 
ously imperfect, but had excellent color. 
One set of inclusions resembled a grow- 


Figure 16 


ing root and the longest measured at 
least five millimeters. Opposite this in- 
clusion and deeper in the stone were a 
series of hollow tubes, resembling 
icicles. Because of reflection, they ap- 
pear like church spires mirrored in 
water in the photograph. 
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Unusual Cut for Natural Sapphire 
Figure 17 illustrates a natural sap- 
phire, one of two side stones mounted 
with a large natural emerald. To the 
client, the stones resembled faceted 
halves of synthetic-rod material. 


Odd Reaction in a Natural Spinel 


Figure 18 is a drawing of the 
absorption spectrum of an unusually 
fine-colored natural-blue spinel of 
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approximately 10 carats. The stone ap- 
peared red under the color filter, but 
the refractive index, specific gravity and 
inclusions were normal for a natural 
spinel. The usual spectrum for a natu- 
ral blue spinel is shown for comparison 
purposes in Figure 19. 


Synthetic Yttrium Aluminum Garnet 

We were pleased to have received an 
example of synthetic yttrium aluminum 
garnet, with chromium and deodymium 
coloring agents, from Dr. Kurt Nassau, 
Bell Telephone Laboratories. Our Lab- 
oratory had received an intense-green 
crystal fragment for identification and 
suspected that it was one of the new 
materials. In response to our request, 
Dr. Nassau forwarded samples in time 
to make comparison checks. Figure 20 
illustrates the amazing absorption spec- 
trum of this potentially attractive gem 
material. 


Laminated Tortoise Shell 

Although we had read about lami- 
nated and worked tortoise shell in 
reference books, we had never encoun- 
tered any until recently. It is stated that 
the thin plates may be joined by a com- 
bination of pressure and heat from 
boiling water. We were quite surprised 
to see a necklace of laminated tortoise 
shell that graduated from seven to thir- 
teen millimeters. Figure 21 is a photo- 
graph of one of the smaller beads 
showing the wavy flow of the color and 
one contact plane. For comparison, 
Figure 22 shows the appearance of an 
unworked thin piece without swirls with 
the brown color merging into the nearly 
transparent yellow areas. 


Yellow Fluorescent Diamond 


A dark, yellow-brown 3.57-carat mar- 
quise-cut diamond with intense sul- 
phur-yellow fluorescence yielded the 
rather odd absorption spectrum shown 
in Figure 23. The lines and bands at 
approximately 5230 A, 5480 A, 5580 A 
and 5640 A form a combination that we 
had never encountered. 


Fluorescent Idocrase 


Until recently, we had no reason to 
disbelieve the statement in Webster's 
authoritative GEMS, that green grossu- 
larite is the only one of the jade 
substitutes that fluoresces orange when 
exposed to X-rays. We found that the 
jadelike idocrase from Pakistan, if quite 
translucent, will sometimes show the 
same intense-orange fluorescence. We 
were interested to see if any of our 
specimens from California would fluo- 
resce, but the only one that showed any 
reaction was a mottled white-and-green 
opaque stone that glowed bright green 
—a reaction not seen in the other 
specimens. 


Rosser Reeves Star Ruby 


We were very much impressed with 
the 138.7-carat star ruby recently, when 
it was in the Laboratory for photogra- 
phy. It was given to the Smithsonian 
Institution, and henceforth will be 
known as the Rooser Reeves Ruby (the 
largest star ruby on record). We had 
admired it from a distance at the Amer- 
ican Museum of Natural History, in 
1953, when it was on temporary display 
with the 100-carat de Long star ruby. 
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Figure 21 


Figure 22 
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Developments and Highlights 


at the 


GEM TRADE LAB 


in Los Angeles 


Richard T. Liddicoat, Jr. 


Unusual Light-Colored Emerald 

Usually, detecting the difference be- 
tween synthetic and natural emerald is 
one of the more easily accomplished 
testing operations. The flux-fusion syn- 
thetic usually has very low property 
values, with refractive indices of 1.561- 
1.564, and a S.G. near 2.65 or 2.66, in 
contrast to indices over 1.57 and S.G. 
of 2.70 or more for the natural. As a 
result, it is usually easy to separate the 
two. In addition, the inclusions in flux- 
fusion products are distinctive. Ex- 
ceedingly rarely, however, a stone is 
encountered that is in between in sev- 
eral respects, making the separation 
difficult. Recently, we received a twelve- 
carat pale emerald that was lighter in 


color than any synthetic we have seen. 
It had indices of approximately 1.565- 
1.57, no visible inclusions, and a weak 
to moderate-red fluorescence under 
long-wave ultraviolet. In addition, this 
stone transmitted short-wave ultraviolet 
slightly. Although we were satisfied the 
stone was natural, we removed it from 
the setting before making a decision. 
We found that the specific gravity was 
low, as might be expected from a pale 
stone, but not as low as the flux-fusion 
product. It had an S.G. of 2.67+, but 
in a liquid slowly adjusted to a point 
where most natural emeralds sank. It 
sank while the Chatham and Gilson 
synthetic emeralds continued to float 
fairly buoyantly. For some time we have 
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Figure 1 


questioned the efficacy of the short-wave 
ultraviolet transparency test as a dis- 
tinguishing factor between synthetic 
and natural emeralds, since we have 
found several natural emeralds that pass 
enough short-wave ultraviolet to cause 
scheelite to fluoresce. This stone was 
one more example. 


Badly Worn Diamonds 


Occasionally, we see diamonds that 
have been abraded noticeably during 
wear. The extent of abrasion is in such 
marked contrast to the usual effects of 
even long-term use in rings that one 
cannot help but wonder what was re- 
sponsible for the great wear. We have 
illustrated two pieces of jewelry sub- 
mitted to the Lab by a jeweler because 
he was so surprised at the worn appear- 
ance of the stones. Figure 1 shows a 
sapphire and diamond ring, the center 
stone of which (a sapphire) was worn 
almost beyond recognition. The row of 


Figure 2 


sapphires between the two rows of 
round diamonds also was so worn that 
all crown facets had long since disap- 
peared. Of particular interest, when ex- 
amining these stones, was that the row 
of diamonds next to the center stone, 
as well as the diamonds in the outer rim, 
were worn so evenly that the table edges 
of each of the diamonds had the ap- 
pearance of a girdle surface. We had 
never encountered such evenly worn 
stones. It looked as if they had been 
subjected to an even, consistent rub- 
bing against other diamonds over an 
extended period of time. The same 
wearer had an emerald-cut diamond, 
on which the edges of the table were 
completely worn away (Figure 2). 
New Type of Jadeite Triplet 

A jeweler brought in a type of jade 
substitute we had never encountered. 
It was a long, thin, narrow cabochon 
made up of two pieces of translucent 
jadeite to which a rich-green color had 
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Figure 3 


been imparted by the layer of coloring. 
A side view of this type of jade triplet 
is shown in Frgure 3. 
Dyed Quartz 

Occasionally, we see crystalline quartz 
of a deep-pink color that is sold as pink 
jade. These are most frequently dyed 
quartzite, which show, characteristically, 
a strong dye concentration in cracks. 
One examined recently is shown in 
Figure 4. Note that the color is con- 
centrated:in the cracks. 

Pressed Amber 

In the last several months, we have 
seen quite a few examples of pressed 
amber. Instead of having the appear- 
ance that we had expected, most of 
them had a strongly mosaic appearance, 
which is visible under ultraviolet light 
or strong overhead lighting. A good 
example is shown in Figure 5. Note that 
the grains are rather easily visible 
under 20x. 


Figure 4 


Four-Rayed Star Diopside 

Four-rayed star diopside, a gem ma- 
terial that was rarely encountered a year 
or two ago, is now very common. It is 
characterized by a very broad ray in one 
direction and a rather thinner ray at 
right angles. In other words, two of the 
four rays are thin and two are broad. 
The inclusions in this material show a 
metallic reflection under overhead light- 
ing; Figure 6 shows their unique nature 
rather well. We have come to regard 
these distinctive inclusions as charac- 
teristic of star diopside. 


Green Synthetic Spinel 


One of the stones sent in for testing 
recently turned out to be a green syn- 
thetic spinel, which had some rather 
interesting properties. Under short- 
wave ultraviolet light, we noticed first 
a greenish-yellow surface-smudge ef- 
fect similar to the appearance under 
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Figure 5 


short wave of blue synthetic sapphires, 
but in this case, of course, the stone 
being tested was green. Under long- 
wave ultraviolet, there was a very rich- 
red fluorescence. The same stone, when 
being subjected to a thin beam of trans- 
mitted light, showed a strong red ap- 
pearance. As might be expected of a 
stone of this appearance under the 
spectroscope, chromium lines were in 
evidence. 
Red-Backed Colorless Topaz 

Several pieces of antique jewelry, 
consisting of a large stone-set brooch, 
matching earrings and necklace, were 
set with pink stones. On testing, each 
of the stones in the ensemble proved 
to be topaz. On close examination, it 
became evident that all the topaz was 
colorless and that the red color had 
been imparted by backing the colorless 
topaz with a rich-red dye. One of the 
stones is shown in Figure 7, in which 


Figure 6 


Figure 7 


the dye is evident by concentrations of 
the color. (Note the arrows showing 
the color concentration.) 
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Figure 8 


Linde Synthetic Emeralds 


To date, we have had the opportunity 
to test only about a dozen of the new 
Linde hydrothermal synthetic emeralds. 
However, those that we have examined 
showed a characteristic noted by Glenn 
Nord of the GIA staff (Los Angeles) 
that may prove of great value in testing. 
Nord noted that under short-wave ultra- 
violet the red fluorescence of the Linde 
synthetic was much stronger than that 
of the flux-fusion synthetic emeralds, 
such as those produced by Chatham and 
Gilson. This has come to be a useful 
test for separating the Linde from the 
other synthetic emeralds. 

Although quite a number of the new 
Linde synthetics have now been pro- 
duced, they are not yet on the market; 
it will probably be a matter of several 
months before they appear in quantity. 


Prominent Color Zoning 
in Natural Emerald 

Another stone of interest mounted in 
a flat hexagonal brooch, which was 
submitted recently for identification, 
proved to be a natural emerald. In 
transmitted light, there was a strong 
color zoning that is shown rather clearly 
in Figure 8, This was not a really un- 
usual specimen, but the color zoning 
was so prominent that we decided to 
photograph it. 

Cat’s-Eye Apatite 

A stone that has not been used to 
any great degree in jewelry, and which 
is even rare among collectors, has be- 
come fairly common just recently. It 
is cat’s-eye apatite. Apatite has been 
known for many yeats in a variety of 
colors; however, recently, imports from 
the Orient have contained quite a num- 
ber of greenish-yellow or yellowish- 
green cabochon gemstones in which a 
rather sharp eye is evident, and which 
upon testing proved to be apatite. These 
are being offered at a rather low price 
of a dollar or two a carat. Cat’s-eye 
apatite is of interest to those looking 
for the unusual in gemstones. 


A New Color in Dyed Chalcedony 

One of our most recent testing prob- 
lems involved a pair of green cabo- 
chons, one with a flat back and the 
other in the form of a pendant. The 
two stones had a bluish-green color 
somewhere between that of the dyed 
chalcedony usually known as green 
onyx and the chrysocolla quartz that 
never has been, to our knowledge, 
duplicated by a dyed chalcedony. In 
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Figure 9 


the course of routine testing, we noted 
that the material, we assumed to be 
some form of dyed chalcedony, showed 
several unusual characteristics. Under 
the spectroscope, there were three dis- 
tinct lines in the red approximating the 
lines one would expect in a naturally 
colored jadeite. However, in transmitted 
light, the characteristic structure of chal- 
cedony was evident as shown in Figure 
9. Closer examination under magnifica- 
tion showed that the flat-backed cabo- 
chon had distinct brownish color zoning 
parallel to the flat back. Our first im- 
pression was that this was some sort of 
doublet, but closer examination demon- 
strated that the brown zone (Figure 
10) was irregular and was roughly 
parallel to the flat back, rather than 
having any relationship to the agatelike 
structure, which ran almost at right 
angles. Further study suggested that the 
brownish zone was caused by the heat 
generated in the rapid polishing of the 


Figure 10 


flat back. It was not a doublet. It is 
quite obvious from our findings in this 
case that a new dye is being used to 
color chalcedony; it is one that we have 
not previously encountered in dyed 
chalcedony. 
Two-Toned Plastic Cameos 

Approximately a year ago, a repre- 
sentative of a large U. S. industrial 
corporation called at the GIA, in Los 
Angeles, to show some very delicate 
two-toned cameos he had fashioned 
from plastic. This gentleman, who has 
had no connection with the jewelry in- 
dustry, is a very fine engraver, an art 
he practices as a hobby. With his in- 
terest in plastics in his work, he decided 
that there were real possibilities for 
plastic-imitation cameos if the dies used 
to form them were delicately engraved. 
Some of the results of his efforts are 
indeed delicately and beautifully 
executed. 

It is difficult to see in just what man- 
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Figure 11 


ner these imitations will be used in the 
jewelry industry, but perhaps there is 
a possibility for them in some variety 
of costume jewelry. In the meantime, 
the producer has sought out the finest 
examples of early cameo carving, with 
the intention of making careful repro- 
ductions. His engraving is delicate, and 
the dividing line between the color of 
the raised figures and the background 
is very sharp. Frgures 11 and 12 show 
examples of his efforts. 

Surface Deterioration in Opals 

Two opals were submitted for study 
to determine the cause of the surface 
deterioration apparent on the stones. 
Although they had been polished to a 
high luster at one time, the stones now 
have surfaces that are exceedingly rough 
and dull. Figure 13 shows the nature of 
the surface in reflected light. Even 
though the surface was very dull, some 
fire showed through to prove that the 
stones had been gem opals. The stones 
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Figure 12 


had been etched by a cleaning solution 
—undoubtedly, one of a strongly alka- 
line nature. Opals are easily attacked 
by alkaline solutions; therefore, all use 
of them for opal must be avoided. 
Rough Table on Diamond 

A one and one-half-carat diamond 
brilliant was examined recently, the 
table of which had an uneven appear- 
ance, not quite frosted, but certainly 
not well polished. Figure 14 shows this 
condition under 200x. The surface 
more nearly resembles the surface of a 
pearl than it does that on a diamond. 
Although this gives the impression, per- 
haps, of having been cut parallel to the 
grain, this is not the case, since this 
brilliant is a four-point stone; i.e., with 
the table parallel to the cube direction. 
In Figure 15, the frosted appearance 
may be seen faintly (under about 20x) 
on most of the table visible in this 
photograph. Apparently, the table had 
been etched subsequent to polishing. 
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Figure 13 


We Appreciate 
The generous gift from Wm. Ball- 
reich of Ballreich & Co., Ltd., ring 
manufacturers of Los Angeles, of 30 
natural star rubies and sapphires. 
They will be especially useful to show 
the range of colors available. 


From Percy K. Loud, former Chair- 
man of the GIA Board, Bloomfield 
Hills, Mich., we received several gem- 
stones that will be useful for displays 
and in our gem-identification sets. 


GIA student Paul W. Kriegler, 
Hopewell, Va., donated a bag of 
rough amazonite and moonstone ma- 
terial, in addition to specimens of 
petrified wood and miscellaneous 
stones. 


GIA student Lawrence Reiner, 
Scottsdale, Arizona, visited the GIA 


Figure 14 


Figure 15 


recently and donated several pieces 
of turquois that will be used to ad- 
vantage in our colored-stone sets. 
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We are grateful to GIA student 
Walter Coleman, Denver, Colo., for 
the addition of a nice lace-agate ca- 
bochon to our chalcedony collection. 

Our thanks to Eric Engle, Brazilian 
Trading Co., for the epidote crystal 
recently donated to the GIA. 

Weare grateful to Arthur Schwem- 
mer, Reading, Pa., for the cleavage of 
diamond that can be used in a gem- 
identification set. 

We appreciate the assortment of 
doublets, triplets, opal, coral and 


various synthetics received from Run- 
yan’s, Vancouver, Washington. They 
will be used to good advantage in 
our gem-identification sets. 

And, our thanks to Bernard Burn- 
stine for the synthetic ruby that we 
have a need for in our colored-stone 
sets. 

From GIA student George F. 
Harvey, Denver, Colo., we received 
several pieces of microcline with 
polished surfaces that can be used 
in making up stone sets. 


Dean Kraus Gives Valuable Books 
to GIA 


Edward H. Kraus is Dean Emeritus of the College of Literature, Science 
and the Arts of the University of Michigan. He is best known to jewelers 
not only as President of the Institute, but as senior author of Gems and Gem 
Materials, which was first written with the late Edward Holden as junior 
author in the early 1920's, and later, the junior author was the late Chester 


B. Slawson. 


President Kraus is now 90 years old. He recently decided upon the dis- 
position of the many books, reprints, manuscripts and other items in a 
library on gemstones that he had started to collect long before his first class 
in Gems & Gem Materials, over 40 years ago. He started that course when 
he was Chairman of the Mineralogy Department of the University of 
Michigan. GIA’s faculty is proud that Dean Kraus chose the Institute’s 
library as the repository for many books and pamphlets that will add greatly 
to its historical value. Included among the many volumes are the following: 
Die Seele der Edelstein, by Holstein & Koch; Edelsteinkunde, by William 
Rau; Diamonds, by Herbert 8. Zim; Nachahmungen und Verfalschungen 
der Edelstein und Perlen, by Dr. Hermann Michel; Praktikum der Edelstein- 
kunde, by Georg O. Wild; Diamond Tools, by Paul Grodinski; Diamond, 
Emily Hahn; Minerals, Metals & Gems, by A. Hyatt Verrill; Diamant- 
Werkzeuge, by Paul Grodinski; Diamonds, by Sir William Crookes; and 


numerous reprints. 
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The Siberian 


Diamond eposits 
PART Il 


by 


Dr. N. Polutoff, Frankfurt a.M. 


The Diamond 


The morphology of the Siberian 
diamonds is rather manifold. In this 
respect, they are not akin to the dia- 
monds from other deposits in the 
world. Almost all Siberian diamonds 
exhibit growth markings. Their mor- 
phological differences are restricted first 
of all by the characteristics of the 
growing progress, which express them- 
selves in the manifold formation of 
the crystals. The solution processes do 
not play a great part. Very character- 
istic for the stones are sharply pro- 
nounced buildups in the layers of the 
crystals. Many crystals give the im- 
pression that they consist of many rel- 
atively thick layers of lamellae, one 
on top of the other. 

The Siberian crystals are arranged in 
ten morphorlogic basic types. These 
types make up 75% to 90% of all 
diamond crystals in each bed. There- 
fore, of these basic types in each bed, 
only three to four appear subordinately. 

Isometrically developed diamond 
crystals are relatively rare; they are 


mostly distorted and far away from 
the ideal forms. The most frequent 
crystal forms are the octahedron, rhom- 
bic-dodecahedron and transitional 
forms from the first to the second. In 
comparison, crystals with cubic habit, 
are very rare. Twinned and deformed 
crystals are widely distributed; the 
twins predominate according to the 
spinel law (macles). 

A comparative study of Siberian dia- 
monds proves that their outer shape 
is related to other properties. The regu- 
larly developed octahedra are almost 
always very transparent; they also have 
a strong luster. Stones with cubic habit 
are predominantly yellow. Rounded 
crystals, as a rule, have the highest de- 
gree of clarity. 

Most of the stones ate colorless; they 
differ only in degree of transparency. 
Light and intensely colored crystals are 
very rare; most abundant are greenish 
yellow. In the Mir pipe, about 0.5% are 
greenish yellow; in the Udatschnaja 
pipe, 0.3%. In nearly the same quan- 
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tity, this color appears in the kimberlite 
deposits as well as the alluvials. In the 
Mi pipe also are pale blackish-violet 
stones (about 2%), which are com- 
pletely unknown in the Daldyn-Alakit 
district. Much rarer is the color ap- 
proaching aquamarine, and rarest are 
those with a bottle-green color. Also 
very rare are intense lilac-cherry and 
brown-cherry colors. Pigment spots are 
rarely observed. Especially characteristic 
are grass-green spots. 


Siberian diamonds also show fluores- 
cence, as do stones from other deposits. 

As is well known, diamond crystals, 
although they belong to the cubic sys- 
tem, are commonly anisotropic (show 
anomalous double refraction) . Siberian 
diamonds, with different habit and from 
different districts, appear also to be pri- 
marily anisotropic. 

Small inclusions of transparent and 
opaque minerals are generally not rare. 
By attentive examination, in nearly 
every crystal one or mote microscopi- 
cally small crystals can be seen (com- 
monly olivine and graphite, rarely 
pyrope) . Included diamond crystals are 
rare. 


The size of the Siberian diamonds 
ranges from 0.1 to 0.2 milligrams to 
stones of a few carats. The first large 
stone, which was found in the Mir pipe 
in the fall of 1956, weighed 32.50 
carats. The stone discovered in 1957, 
Jubilejnyj, weighed 54 carats. In June, 
1959, a stone of 37.35 carats was found, 
which was called Firsiling of the Seven- 
Year Plan. It was followed soon by two 
more larger stones of 40.40 and 46.85 


carats. A stone found in 1961, weigh- 
ing 52.50 carats, was named 325-Year 
Jacutien. In August, 1962, in the Mir 
pipe, was found a stone of 56.20 carats, 
which was named Mirnyj. 

There are divergent opinions on the 
time and place of crystallization of dia- 
monds. Many researchers believe that 
diamonds crystallized in the deeper 
magmatic center, whereas others con- 
tend there was a parallel crystallization 
in the pipe itself during the elevation of 
the kimberlite magma in the explosion 
channel. Observations in the pipes of 
the Malaja-Batoubija and Daldyn-Ala- 
kit districts have shown a relatively 
even distribution of diamonds in the 
whole kimberlite mass, as well as in the 
size of the crystals and the rate of rich- 
ness. This would hardly be possible if 
the diamonds crystallized in the pipes. 
Because of the small diameter of the 
pipe, the cooling effect of the country 
rock on the pipe could not have been 
avoided, and it would have influenced 
the size and quantity of the diamond 
crystals in different parts of the pipe. 
One would have to expect smaller 
stones near the contact and smaller ones 
in the center, where the temperature 
lessens slowly. Since this is not the 
case, the only viable theory is that the 
diamonds formed in the magma cham- 
ber and were conveyed upward by the 
explosion. 


Economics 


According to a statement by the 
Minister of Geology and Mines, the 
discovery of the Siberian diamond de- 
posits was one of the richest of its kind 
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in the world and a great event in the 
long mining history of Russia. The Mzr 
and Udatschnaja pipes alone show, ac- 
cording to him, deposits of worldwide 
significance. They will fulfill the needs 
of the Soviet economy for a long time. 
At present, the following five diamond 
districts on the Siberian Plateau stand 
out: (1) Malaja Batoubija district, 252 
kilometers north of the city of Lensk 
on the Lena River, with the city of 
Mirny in the valley of the Iireleech 
River, 32 kilometers from the flow of 
the Malaja Batoubija; (2) Daldyn-Ala- 
kit district, which encloses the Daldyn 
River, a tributary of the Olenek; (3) 
upper Muna district; (4) Olenek dis- 
trict; and (5) Aladyn district. 
Extensive prospect work has been 
carried out to date, mostly in the first 
two districts. Meanwhile, the opening 
up of the third richest pipe, Aichal, is 
making good progress. Already a work- 
er’s settlement has been built. The cen- 
ter of the present production of the 
Trusts Jakutalmaz lies on the Mir pipe 
in the city of Mirny, whose population 
is already over 15,000, An auto road, 
which will connect the cities of Mirny 
and Lensk on the Lena River, will be 
ready soon. In Lensk, modern and 
mechanized harbor installations will be 
built. For the purpose of providing 
electricity, the building of a water- 
power works on the Wilui River, about 
100 kilometers from Mirny, has been 
started. Here, the Wilui is about 200 
meters wide, and on both sides con- 
fined by steep banks. Because of the 
permanently frozen ground, the con- 
struction will be very difficult. The 


power station will be ready sometime 
in 1965. 

Soviet production, including indus- 
trial diamonds, was: 


1958 650,000 metric carats 
1959 800,000 metric carats 
1960 950,000 metric carats 
1961 1,000,000 metric carats 
1963 2,750,000 metric carats 


Surplus production is channeled to 
the world market through the Central 
Selling Organization, with which the 
Soviet Union signed an agreement orig- 
inally for one year. But the arrange- 
ment developed so favorably for both 
parties that the agreement was extended 
for another year. At the end of May, 
1962, a meeting took place in Paris at 
the convention of the Biennale Interna- 
tionale des Industries Mecaniques et 
Eletriques. This was an exhibition un- 
der the designation Diamond in Indus- 
try, which was organized by De Beers 
Consolidated Mines, Ltd., Industrial 
Distributors, Ltd., the Diamond Re- 
seatch Laboratory (Johannesburg), and 
the Industrial Diamond Information 
Bureau (London). Mr. Harry Oppen- 
heimer, Chairman of De Beets, has con- 
firmed at a press conference that the 
Diamond Syndicate has the right to sell 
the Soviet diamonds outside of the 
Soviet Union. He added that the great- 
est part of the production was gem 
diamonds of excellent quality. 
(Editor's note: Subsequent to the time 
the original manuscript was published, 
it was announced that this marketing 
agreement has been discontinued.) 
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A Visit 
to the 
Ancient Turquois Mines in Iran 


Dr. E. Gubelin, C.G. 


The passion for gemstones is as old 
as the beginnings of human civiliza- 
tion, and turquois of gem quality was 
among the first and most coveted treas- 
ures of early mankind. Archaeological 
finds inform us of prospectors, cara- 
vans, merchants and goldsmiths spe- 
cializing solely in turquois, so strong 
was the desire for its charms among 
the pompous kings, priests and nobles 
— particularly the ladies — of ancient 
societies. 

The Pharaohs of the third dynasty 
of the Old Empire (ca. 2600 B.C.) 
sent their slaves to work the turquois 
deposits of the Sinai Peninsula, the 
first such occurrences known to history. 
A very well-preserved stone relief from 
Maghareh depicts Pharaoh Sechemchet 
swinging a bludgeon over the head of 
a captured, kneeling Bedouin sheik. 
This picture demonstrates well the diffi- 
culties the Egyptians must have encoun- 


tered with the inhabitants of those 
areas where the turquois mines were 
situated. Archaeological investigations 
have disclosed their exact locations to 
have been in the deep waddies of Mag- 
hareh and Sarabit-el-Khadim in the 
dreadful desert east of the Red Sea. 

During the Middle Empire (2050- 
1780 B.C.) turquois from Sarabit-el- 
Khadim was in favor and at this site, 
besides numerous votive inscriptions, 
was found a huge votive epigraph to 
the goddess Hathor left by a noble offi- 
cial of the reign of Pharaoh Amenem- 
het II (ca. 1800 B.C.). This epigraph 
formed part of a vast temple complex 
dedicated to the goddess, who was 
here worshipped as the “Holy Lady of 
Turquois.”” 

Also the New Empire (1580-1080 
B.C.), which held turquois in very 
high regard as a personal adornment of 
the members of the royal family and 
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Figure 1. Clay tablet with inscriptions in a nondeciphered old south Semitic language, 
with eight words in two registers (I.L.N. April 17, 1965). 


the aristocracy, continued to work the 
turquois mines, employing such special- 
ists as sculptors, witch doctors, and a 
supply crew, altogether numbering 
more than a thousand people. Work on 
the mines would begin in January and 
continue into the early summer months, 
when the glowing heat rendered all 
work impossible. The turquois, which 
was mined by primitive stone hammers 
and metal chisels from the walls of low 
galleries, was transported by slaves 
along neckbreaking paths through the 
rocky mountains and across the scorch- 
ing desert of Marcha to a small, re- 
cently discovered harbor in the Red Sea 
south of Abu Zeneima. Other turquois 
deposits were mined at Abu Hamed and 
Um Bogma, as well as in the Waddy 
Shellal. During the New Empire, these 
mines were so completely exploited by 
the greediness of the Egyptian Pharaohs 
that more recent endeavors to operate 
them with modern mining equipment 


proved to be unprofitable. Thus, the 
exhaustion of the Sinai deposits coin- 
cided with the decline of Egyptian 
power during the period of the 20th 
dynasty (ca. 1000 B.C.). However, 
they are of unique interest not only be- 
cause they were the earliest mining op- 
etations recorded in history, but more 
so because they helped to enrich our 
knowledge of early human civilization 
with a tremendously important contri- 
bution. Archaeological excavations at 
the sites of these ancient mining camps 
have unearthed texts — in clear distinc- 
tion to old Egyptian texts — written 
with so-called “old-Sinaitic’”’ characters. 
These characters, of which there exist 
30 separate types, resemble the simpler 
hieroglyphic signs and may be consid- 
ered a forerunner of the ‘‘old-semitic’’ 
alphabet. They were most likely written 
—if not invented—by those same miser- 
able semitic slaves who worked the 
mines. Theit alphabetic principle sim- 
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plified the problem of literacy to such 
an extent that it gradually took the 
place of the more cumbersome syllabic 
and ideographic systems of Mesopo- 
tamia and Egypt (Figure 1). Thus was 
the humble origin of the progenitor not 
only of the Arameic, Hebrew and South 
Arabic letters and of the Greek and 
Roman alphabets, but also of that al- 
phabet familiar to all of us that is quo- 
tidianly written, printed and read a 
millionfold times in our modern day. 


In view of the great popularity that 
turquois has enjoyed evér since it was 
worn by Queen Zur—the wife of Phar- 
aoh Athotis, the second ruler of the 
first Egyptian dynasty (3400-3200 
B.C.) — it is quite logical that this 
enchanting gemstone became the sub- 
ject of numerous charming legends and 
that superstition attributed magical 
properties to it. The choice of turquois 
as the birthstone for December prob- 
ably dates back to very early times. 
Many a Persian poet praised the virtues 
of the gem in enthusiastic verses. One 
such quotation claims that: ‘‘A turquois 
given with love ensures luck and happi- 
ness,” and that the person who looks 
upon turquois in the first light of dawn 
will enjoy happiness for the whole day. 
In times when the horse was stiil the 
most important means of personal 
transport, turquois was esteemed as a 
charm of horsemen and was believed 
to protect the rider from every evil, 
rendering even his horse indefatigable. 
If this superstition were transplanted 
into our motorized era, the turquois 
would appear to be the most popular 


talisman of automobile drivers. In the 
Orient, people believe that turquois 
may avert the consequences of the ‘evil 
eye” and imagine that any alteration of 
its color prophesies ill fortune. During 
mediaeval times, turquois powder was 
often prescribed as specific therapy for 
loin pains. The gem itself was also 
quite famous for granting intrepidity 
and fearlessness to its owner and was 
thought to protect innocence and vir- 
tue. Thus, turquois is righteously val- 
ued as the true symbol of both luck 
and love. 


In the course of the centuries tur- 
quois has been known under many 
” “callaina” (as 
it was referred to in Pliny’s Natural 
History), “‘callaite,” “‘callainite’ and 
others — all of which are derived fram 
the ancient Greek term ‘‘Kalos lithos,”’ 
meaning “beautiful stone.” The Aztecs 
called it “chalchihuitl,’ which meant 
“green stone,” and was a name simul- 
taneously applied to many other green 
minerals; for example, jade, green onyx 
and others. In Persia, turquois is today 
known as “‘piruzeh,” similar transliter- 
ations occurring in the languages of 
neighboring peoples; e.g., “‘firuzeh” in 
Arabic, “pirozah” in Armenian, and 
“biruza’’ in Russian. The name “tur- 
quois” is French and denotes a ‘“Turk- 
ish stone.” This misnomer is readily 
explained by the fact that the first 
stones did not reach Europe directly 
from Persia, but rather through the in- 
tercession of seafaring Venetians who 
purchased them at Turkish bazaars. 


names, such as “‘callais, 


It was only very recently that tur- 
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‘quois was discovered in crystal form. 
Until then it had been classified as an 
amorphous mineral, sharing this dis- 
tinction among gemstones solely with 
the opal. Turquois crystallizes accord- 
ing to the rules of the triclinic system, 
but it normally occurs in the form of 
compact conglomerations of micro- 
scopic crystals presenting a massive ap- 
pearance. Chemically, the mineral is a 
complex hydrophosphate of aluminum 
and copper, which corresponds to the 
chemical formula of CuAIg(PO4) 4 
(OH), * 5H,O. The copper content 
does not exceed 10%, yet this is sufh- 
cient to impart its lovely sky-blue to 
Prussian-blue hue and thus to place it 
among the idiochromatic gemstones. A 
small percentage of the copper may be 
replaced by traces of iron and thus in- 
duce a greenish shade to the color — a 
shade that may be so predominant as 
to transform the blue hue of the gem 
to a yellowish-green tone. The most 
costly specimens are those of a pro- 
nounced and pure blue color with a 
well-arranged pattern of matrix. Tur- 
quois has a somewhat porous structure ; 
therefore, its color is easily affected by 
pigmenting liquids, grease, oil and even 
dirt, in that the porosity of the stone 
allows for ready absorbability of these 
substances and consequently alters the 
color, giving it a paler or yellowish- 
green tint. The porosity, especially of 
the American specimens, has induced 
many attempts to improve the appear- 
ance of turquois by dyeing it with 
various chemical solutions and harden- 
ing it with a coat of plastic. This has 


often led to unpleasant situations be- 
tween dealers and jewelers. The cutter 
and the wholesaler wish to improve 
their merchandise — in order to obtain 
better prices—whereas the jeweler must 
know whether or not the material is in 
its natural state — in order to protect 
his client and thus be worthy of his 
confidence. With the intention of clar- 
ifying this often ticklish situation, the 
trading codes of many countries de- 
mand that stones that are artificially 
treated, dyed or coated must be clearly 
designated as such. 

Similar to malachite, azurite and 
chrysoprase, turquois is a secondary 
mineral — a product of the disintegrat- 
ing, weathering atmospheric action on 
rocks and adjacent ore deposits — that 
fills fissures, cracks and cavities in rocks 
near the earth’s surface. It owes its 
formation to the dissolving and alter- 
ing effects of meteoric waters, which 
slowly break and decompose hard rocks 
and deposit them again later to form 
the sedimentary rocks. Although weath- 
ering processes caused by rain and va- 
dose surface waters are spread over the 
whole world, turquois occurs in rela- 
tively few places only; and while in the 
course of the centuries turquois has 
been found in many countries (Afghan- 
istan, Arabia, Australia, Chile, China, 
Ethiopia, Germany, Peru, Sudan, Si- 
beria, Tibet and Turkestan), only Iran 
and the southwestern United States may 
today boast of turquois deposits that are 
of commercial importance. Persian tur- 
quois has a finer, purer blue, is less 
porous than the American turquois, and 
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Figure 2. Shrine erected above the grave 
of the Persian poet, Omar Khayyam (+1120 
A.D.) displays modern architectural 
conceptions. 


determines the standard of quality by 
which all other turquois is judged. Un- 
doubtedly, the very ancient mines of 
the northeastern province of Khorassan 
in Iran still hold their old romantic ap- 
peal and certainly still produce the most 
beautiful turquois. It is not known 
when these deposits were first worked, 
but, as may be learned from old Persian 
poems, they were in operation at least 
as early as the 4th century of the Islamic 
era (900-1000 A.D.). (The Moslem 
calendar dates from the year of Mo- 
hammed’s Hegira; ie., flight from 
Mecca to Medina, in A.D. 622.) There 
are hundreds of large and small mines, 
some of which continue to be worked, 
whereas many others have been aban- 
doned. The principle sources of the 
finer-quality turquois are found concen- 
trated in the vicinity of the village of 
Maaden. This village lies in the range 
of Kuh-i-Binalud, which rises to the 


Figure 3. The ruins of Toos, which was a 
flourishing town in medieval times. 


north-northwest of the old town of 
Nishapur, famous in the 12th and 13th 
centuries A.D. for its beautiful Islamic 
ceramics. It is also the birthplace of the 
celebrated Persian poet Omar Khayyam 
(+1120 A.D.) (Figure 2). 

The author and his wife undertook 
an Art Study Tour through Iran last 
autumn and profited from a visit to 
the fascinating pilgrims’ town of Ma- 
shad, which is the Mecca of the Shiite 
moslems, to organize an excursion to 
those turquois deposits that lie approxi- 
mately 100 miles to the northwest of 
Mashad and 40 miles north-northwest 
of Nishapur. This trip was a particu- 
larly worthwhile undertaking not only 
in the interests of study, but also be- 
cause of the exotic beauty of the land- 
scape. The journey led through fertile, 
cultivated country as well as through 
sandy deserts, and along the route there 
were famous monuments and crumbled 
ruins of towns that were destroyed 750 
years ago by Genghis Khan’s mongol 
hordes (Figure 3). Among the ruins it 
was still possible to-find potsherds of 
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Figure 4. The dromedary is still the most 
important means of transportation, espec- 
ially for the nomads. 


old and once-beautiful ceramics, the 
glaze of which already displayed that 
delicate iridescence which the collector 
welcomes as a sign of advanced age. 

Picturesque villages were alive with 
playing children and veiled women 
fetching water and chatting at the 
wells, while small caravans of slowly 
trotting dromedaries carried agricul- 
tural produce to some markets (Figure 
4). At each village slender minarets 
or egg-shaped domes — covered with 
turquois-blue glazed tiles — of well- 
proportioned small mosques pointed 
gracefully into the cloudless turquois- 
blue sky (Figure 5). On three sepa- 
rate occasions cholera-infested areas 
had to be transgressed, involving long 
delays and violent discussions at the 
blockades, which, however, were always 
lifted when the letter of introduction 
from Mashad’s Minister of Information 
was produced. Thanks to the far-reach- 
ing influence of this highly cooperative 
gentleman, the local chief of police of 
Nishapur was waiting at the entrance 
to his town with his powerful Land- 


Figure 5. Egg-shaped domes and slender 

minarets — artistically adorned with glazed 

tiles — bear witness to the highly developed 
sense of art of the Iranian peoples. 


rover, a much more reliable car than 
the taxi from Mashad with which to 
negotiate the rough and stony tracks 
into the rifted mountains of the Kuh-i- 
Benalud range. Kuh-i-Benalud is a 
mighty range that extends from west to 
east between Kotshan and Nishapur 
and that divides into three different 
chains of mountains: Kuh-i-Heidari, 
Kuh-i-Qurnub and Kuh-i-Benalud. 
This range includes numerous moun- 
tains, hills and peaks — the highest of 
which reaches an altitude of approxi- 
mately 12,000 feet above sea level — 
separated by deep gorges, breathtaking 
canyons and broad, lovely valleys. Some 
of the valleys were resplendent with 
beautiful small green fields and tall 
poplars that lined the Landrover’s nar- 
tow stone track. This track meandered 
carelessly, following the crooked sil- 
very line of a tiny adjacent stream. 
Thus, the car skirted delightful valleys, 
passed huge rock-salt mines and tray- 
eled through deep-cut gorges and over 
high passes to the Abdurrezza mine, 
which is situated at an altitude of 5000 
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Figure 6. Irregular veins of turquois (white) 
filling fissures in the brecciated trachyte 
rocks (dark). 


feet in the southern flank of mount Ali 
Mirsai near the village of Maaden. 
This village serves as mining center for 
the operation. 

The area of the Kuh-i-Benalud in 
which the turquois deposits are found 
consists of a complex of stratified Ter- 
tiary sandstones and nummulitic lime- 
stones superimposed on a bed of clay 
slates, interstratified with mighty de- 
posits of rock salt and gypsum. These 
latter formations outcrop especially 
along the southern foothills of the 
range. Intrusion of these old sedimen- 
tary rocks by porphyric trachytes and 
diabasic rocks of younger eruptive 
origin has partly altered the original 
sedimentary complex of strata. These 
intrusions and the effect of metamor- 
phosis on them may readily be recog- 
nized in the vicinity of the turquois 
deposits. There the trachytes display a 
brecciated appearance and macroscopic 
apatite prisms may be observed in their 
bodies. Within the decomposed and 
the brecciated parts of. the trachytes, 
turquois appears and forms a system of 
irregular, narrow veins two millimeters 


Figure 7. Shapeless patches of turquois 

(white), either filling cavities or lining the 

surface of the brown to red-brown trachyte 
rocks (dark). 


to several centimeters thick, filling crev- 
ices and fissures in the volcanic rocks 
(Figure 6). In the trachyte breccia, tur- 
quois fills the spaces between the tra- 
chyte factions (Figure 7), which are 
cemented together by limonite — a 
brown iron ore — that also coats and 
permeates the turquois.. Limonite, a 
mineral of older age but also lining the 
crevices, accompanies turquois along 
its vascular channels. This type of de- 
posit is most characteristic of turquois 
that is formed in acid igneous rocks 
rich with alkali feldspars. The latter 
rocks contain copper minerals and apa- 
tite and have suffered from radical al- 
terations in composition, in the course 
of which the feldspars were changed 
into kaolin and sericite. Hydrothermal 
metamorphosis accompanying the for- 
mation sericite, as well as the geotec- 
tonic effects of shearing and cracking, 
opened a track for downward seepage 
of surface waters, thus favoring the 
formation of turquois, for turquois is 
thought to have been caused by circu- 
lating rain waters that had penetrated 
the rocks. The disintegration of apatite 
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in out-cropping neighboring rocks pro- 
vided the necessary phosphoric acid 
(Hg, PO,), whereas aluminum came 
from those feldspars that underwent 
alteration into kaolin and sericite. The 
copper content, which is a constitu- 
tional pigment, originated from copper 
ores that happened to accompany the 
turquois mother rocks. It is thought 
that vadose meteoric waters first oxi- 
dized the copper sulfides into sulfates, 
from which in their turn kaolin and 
clay minerals absorbed the copper 
oxide, whereas free sulfuric acid 
(H,SO,) favored the decomposition 
of the apatites. These petrological con- 
siderations seem to afford the best qual- 
itative explanation for that hypothesis 
that seeks to account for the fact that 
turquois is often found pseudomor- 
phous after feldspar and that it is the 
noble product of a complicated weath- 
eting process, in which meteoric rain 
waters play an important role. This hy- 
pothesis also corroborates the assertion 
that turquois is a young gemstone that 
owes its formation to alterations occur- 
ring near the surface of the earth. Con- 
sequently, turquois is rarely found in 
depths of more than about 30 feet. 
After this relatively young turquois 
had been formed in the Benalud moun- 
tains, the vast deposits were further 
subjected to weathering actions and 
partial decay, in the course of which the 
hard-rock casings of the turquois veins 
were shattered and turquois pieces scat- 
tered among the masses of rock debris 
on slope terraces. and of talus hills at 
the foot of the mountains. In these 


secondary deposits, turquois is found 
as broken fragments of splintery or 
rounded shapes, and often they are 
coated with a white crust of weathered 
substance that must first be scratched 
off or broken away before the pleasant 
blue core may be cut. 


The Abdurrezza mine (Figure 8), 
which the author and his wife visited, 
was operated by a complex system of 
ramifying galleries and cross drifts at 
different levels connected with each 
other by shafts, through which the 
miners would descend or climb by 
means of wobbly ladders. 


All these tunnels were made by blast- 
ing, whereas the actual mining of the 
turquois is more tedious a task and in- 
volves working with mammoties and 
picks, with hammer and chisel. The 
hard, brownish rock walls of the galler- 
ies are beautifully marked by a great 
number of irregular white to blue veins 
of varying thickness, but occasionally 
there are quite large patches of turquois 
material, from which larger pieces may 
be cut. The rock fragments are then 
placed in small lorries that are pushed 
to and emptied onto a platform in front 
of the entrance to the mine (Figure 
8). There-the turquois is freed from 
the adhering rock and collected in spe- 
cial bins by children, who are engaged 
in great numbers in the turquois in- 
dustry. When, as a result of too much 
blasting, the primary deposits seemed 
to “run dry,” increased attention was 
paid to the secondary deposits in the 
detritus masses at the foot of the moun- 
tains. Working methods were found to 
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Figure 8. Entrance of the Abdurrezza Mine, 
which consists of a system of drifts branch- 
ing out at various levels. 


be much simpler, because here the tur- 
quois pieces are found lying loose in 
the rubble. These loose pieces have al- 
ready undergone natural mineral segre- 
gation and concentration and are called 
“Khaki turquois.”” They are recovered 
by children — and occasionally by 
women — simply by dispersing the de- 
bris and collecting the loose pieces by 
hand. It has been found that the best 
quality turquois is concentrated at the 
tops within. six feet of the surface of 
the talus and debris hills, which reach 
heights of 15 to 100 feet. The gathered 
pieces are then taken to the village 
where they are washed and rubbed in 
water in order to remove the whitish 
coat, a process that inevitably unmasks 
the lovely blue core. “Khaki turquois”’ 


is claimed by many to be the finest 
quality turquois. 

About 300 people are working the 
mines in the mountains near Nishapur, 
their daily wages ranging from 30 to 
60 rials (35 to 70 cents) — a small 
amount compared to the difficulty of 
their task. The material extracted from 
the mines and that collected by the 
children is transported in small vans or 
in Landrovers to Nishapur and from 
there by rail to Mashad, where it is 
tested by specializéd cutters and polish- 
ers atid, if found suitable, is placed at 
the disposal of expert stone cutters. 


Besides the deposits of Kuh-i-Bena- 
lud in the Province of Nishapur, tur- 
quois is also found in several other 
places in Iran: at Khab Zeri, near Bas- 
iran; at Zebekuh, at Tabbas; at Tur- 
shiz, north of Tabbas (all in .the 
province of Khorassan, close to ‘the 
frontier of Afghanistan) ; in the south 
of Mashad, in the province of Kerman; 
and also near Taft, in the province of 
Yezd on the Persian Gulf. But all these 
deposits are of minor commercial value. 


The art of cutting and polishing tur- 
quois has its center in Nishapur and 
Mashad and surrounding areas. More 
than 100 lapidary workshops exist in 
Mashad itself, employing altogether 
more than 1000 cutters. The lapidists’ 
workshops are usually located in old 
caravanserais and in the cellars or lofty 
attics of old houses. In these workshops 
boys of eight or nine years of age are 
to be seen working next to old and ex- 
perienced men from sunrise to. sunset, 
sitting behind hand-operated cutting 
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Figure 9. General view of a lapidaries’ 

workshop at Mashad. Young boys work 

beside old men cutting, grinding and polish- 
ing turquois. 


laps and polishing lathes (Frgure 9). 
The cutting of turquois is carried out 
in the same ancient, traditional manner 
that has been practiced for hundreds of 
years. The machines are very similar to 
those employed by the lapidaries in 
Ceylon and India and consist of a cut- 
ting disc of pewter or copper charged 
with emery and fixed to one end of a 
grooved wooden drum. The drum rests 
in the legs of a wooden bench turned 
upside down. The lap is rotated bac'x- 
ward and forward by means of a bow, 
the string of which is wound around 
the barrel (Figure 10). The cutter 
makes a picturesque figure squatting on 
his haunches, moving the bow to and 
fro, and looks almost as if he might be 
playing some musical instrament. With 
uncanny skill he presses the rough gem- 
stone against the cutting or polishing 
wheel, which he coats from time to time 
with a home-made abrasive. After the 
turquois has received a rough cut (usu- 
ally oval or circular cabochon), it 1s 
then rubbed on a finely-grained sand- 
stone extracted from the Sisar moun- 


tains. Finally, the gem 1s polished on a 
lathe covered with resin or on a strap 
of leather charged with alumina pow- 
der (Figure 11). 

Persian turquois is famous for its 
fine sky-blue to Prussian-blue color, 
which normally is homogeneously dis- 
tributed over the whole gem. However, 
many pale or greenish to yellowish- 
green varieties are also found. The 
amount of brown to black matrix—Le., 
cicatrization of turquois by limonite — 
may sometimes assume remarkable pro- 
portions. According to quality, the fol- 
lowing grades of turquois are distin- 
guished in Persia: 


Angushtary: sky-blue to Prussian-blue 
turquois with uniform 
coloration and without 
matrix. 


Barkhaneh: sky-blue to greenish-blue 


specimens, occasionally 


patterned with fine veins 
of matrix. 


Arabi: paler gems with patchy 


coloration, or those with 
much matrix. (This type 
is being purchased by 
Arab merchants or ex- 
ported to Arabia.) 


In Iran, the sky-blue qualities with 
evenly distributed coloration are appre- 
ciated much more than the deeper-blue 
hues, which, particularly when they are 
prettily veined with matrix, are pre- 
ferred in the West. 


All turquois deposits in Iran are 
owned by the Iranian Government and 
the principle markets are Mashad and 
Tehran. From there beautiful turquois 
is sent to all parts of the world. Pro- 
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Figure 10. The cutter holds the turquois 

with his left hand pressing the stone against 

a vertical lap while he is moving the bow 
to and fro with his right hand. 


duction has never been very steady. 
Some pertinent figures from the first 
few productive years after World War 
II are included in the following table: 


Ap proximate Ap proxi- 

Weight of mate 

Year Rough Turquois Value 
1947 7,500,000 grams $45,000 
1948 8,700,000 grams $70,000 
1949 6,600,000 grams $40,000 
1950 4,800,000 grams $18,000 
1951 6,700,000 grams $70,000 


Increasing popularity and rising de- 
mand over the past few years, however, 
have been a boost to Iran’s turquois in- 
dustry. It is now estimated that about 
twenty million rials (approximately 
$250,000) worth of these gems are 
exported each year, bringing in return 
much-needed and welcome foreign ex- 
change. The biggest foreign customers 
for Persian turquois are the United 
States and France. Americans are 
mainly interested in the size of the 
stones, being satisfied simply with large 
pieces and paying little attention to 


Figure 11. Boy polishes a turquois on a 
drum buff padded with moist lambskin. 


their shade, purity of color, or veins of 
matrix. Customers from France are 
much more selective and quite often 
difficult to satisfy. Turquois is still 
present in Iran in such abundant quan- 
tities that it is not at all necessary to 
simulate it with such a number of 
various kinds of imitations. Yet. there 
are already so many cheap imitations on 
the market that both jeweler and public 
are losing confidence in the real stone. 
Consequently, interest in this delightful 
and unique natural gemstone is declin- 
ing. It is to be hoped that through the 
endeavors and initiative of honest jew- 
elers and gemologists alike all such 
imitations will forever be banned from 
their premises in favor of the un- 
surpassable virtues of the genuine gem- 
stone, so that the words of praise 
bestowed on this enchanting native 
gem by a Persian poet many generations 
ago may always hold true: ‘“Turquois 
is a precious stone, so beautiful and 
pure in color and with such outstanding 
virtues that it was deigned by Allah to 
be worn by people of noble hearts.” 
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The Black Upals 
ol 
Lightning Hidge 


by 


John Hamilton 


PART Il 


+ 


In White Cliffs, a man called Murphy 
was buying opal for the greatest buyer 
of all time, T. C. Wollaston. 

Years later, Murphy wrote of his first 
meeting with black opal, “On Novem- 
ber 11, 1903, Charlie Nettleton, pros- 
pector of the Lightning Ridge opal field, 
came to me at White Cliffs with a parcel 
of an entirely new variety of opal, very 
dark, although it did have some good 
color. He had sent 100 ounces to Sydney 
and had been offered 10s. for it, since 
it was considered too dark for commer- 
cial value. Personally, I thought the 
opal had possibilities and wanted Mr. 
Wollaston to see it, so I bought it. 
Charlie returned to the Ridge to await 
further news. When Mr. Wollaston re- 
ceived the parcel, he endorsed my opin- 
ion and said to go on buying the opal 
and that he would introduce it. I then 
wrote to Nettleton telling him I was 


prepared to buy all they produced. I 
continued buying by mail, then decided 
to visit the field myself. I arrived there 
on April 8, 1905, and bought $1250 
worth, There could not have been more 
than 30.men there at the time, and I 
was the first buyer to visit the field.” 
Wollaston was to write of his first 
meeting with black opal ““Who indeed, 
can hope to capture and describe this 
amazing, glad-eyed, responsive thing, 
cribbed in its dark cage, yet exultant 
there beyond measure, and trembling 
with a gratitude which we thrill to 
watch? In one small stone what varying 
heaven-lit scenes — mountains and lakes 
and curtains of Arctic fire; there is 
Pilatus piercing through golden hail, 
against the dark storm cloud, his sacred 
summit agleam with molten emerald, 
and there the Rigi bristling with crim- 
son daggers, and at the foot that match- 
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less lake, its shadowed greens slashed 
with brilliant bars of purple — the path- 
way of the King! 

“Or surely this is Kiluea, fearful in 
mysterious beauty, its sleeping fires 
partly veiled over with sullen hues of 
cooling iron till Old Faithful bursts out 
in sudden splendor and throws aloft his 
meteoric showers, while a surging wave 
of glory sweeps across the awesome 
pool!” 

Wollaston had suffered a bad attack 
of black-opal fever. His agents in Lon- 
don could find only one dealer who 
would handle black opal, and then only 
in small lots of $224. 

In 1906, Wollaston went to London 
and worked for two years convincing 
dealers and jewelers that a new and 
magnificent gem had been discovered 
in Australia. 

He followed this up by visits to 
America. He persuaded a jeweler on 
Fifth Avenue, New York, to feature a 
display of black opals in settings with 
diamonds and other precious stones, 
and slowly the world began to realize 
the worth of black opal. Wollaston drily 
remarks of this period, ‘‘For several 
years it was uphill work indeed to create 
a demand and persuade the market to 
take the gem to its bosom, which goes 
to show how dull and unresponsive the 
heart can be which beats there.’ 

In 1910, success was achieved and 
black opal began to find a steady and 
increasing sale that has continued to 
this day. 

By 1908, through Wollaston’s hard 
work overseas, the demand for black 


Lightning Ridge pioneer “Lucky” Fred Bodel 

outside his stone-and-tin shack. Bodel came 

to the opal field more than 60 years ago 
before opal was found at the Ridge. 


opal produced another big opal rush 
at Lightning Ridge. 

Fourteen hundred miners were 
camped at the place they called Nettle- 
ton’s Flat, and the silence of the out- 
back was broken by the thudding of a 
thousand picks. 

Lightning Ridge was established. 
“We Dug Them out like Potatoes” 

Fred Bodel will not tell his age. He 
will, however, admit to 45 of his 80 
years, and most of those years has been 
spent at Lightning Ridge. He lives by 
himself in a shack made of piles of 
loose stones, pieces of corrugated iron 
and supported by a rough timber frame, 
with a chimney made out of beaten-out 
kerosene tins. He is the last of the pio- 
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neers of Lightning Ridge. They call him 
Lucky Fred. 

Bodel was working around Lightning 
Ridge, as a general hand on a sheep 
station, before opal was discovered 
there. He gave up working with the 
sheep when opal was discovered. 

In 1907, he caught a lifelong attack 
of black-opal fever when he and his 
partner bought a claim, now known as 
the New Chum Diggins, from a man 
called Ned Plunk for $3. It was one of 
the richest patches ever found at the 
Ridge. Plunk had found nothing for 
his efforts and was glad to get rid of it 
at the price. The two new owners of 
the claim set to work cutting through 
the bank of opal underground dirt until 
suddenly they came upon a fault — a 
break in the formation resulting from 
earth movement: In this fault they 
found an immense haul of opal. “We 
dug them out like spuds (potatoes). 
I’ve never seen nobbies so thick before 
or since,’ says Bodel. 

Murphy, the opal buyer, bought the 
whole of the great find. He would come 
to the partner’s camp every evening 
and buy the day’s production, which 
would be spread for his appraisal on an 
upturned butter box. 

The demand in those days was for 
stones with red fire. The miners threw 
away green stones. Now the greens 
bring up to $90 a carat. 

Bodel and his partner received $500 
for the opal they took from the twenty- 
by-eight-foot patch. Today, the opals 
they won from that patch would be 
worth more than $2,250,000. 


In 1929, Bodel was indirectly re- 
sponsible for finding one of the biggest 
opals ever to be won from the Ridge. 
He had tossed a penny with a friend, 
Jack Nichols. Heads, Nichols was to 
start a new shaft — tails, he was to clean 
out an old one. The coin fell heads. 
Nichols walked over to the spot where 
the penny had fallen and marked out a 
shaft around it. The day was Friday, 
and Nichols, like many of the oldtime 
miners, was a superstitious man and 
regarded it as bad luck to start a shaft 
on Friday. He went home and spent the 
evening trying hard to get Bodel to 
come into partnership with him on the 
new shaft. Bodel refused. He preferred 
to work on the old shaft. A few days 
later, and fifteen feet down the new 
shaft, Nichols found the Pandora Star, 
which Bodel describes as having been 
“big as a man’s forearm and shaped 
much the same.” Today, it is said to be 
in the United States and worth well over 
$150,000. 


In spite of the fortunes and misfor- 
tunes that Bodel has experienced, he 
lives on in his shack at Lightning Ridge. 
He is still mining for black opal, for 
that elusive patch of nobbies that could 
be but a pick stroke away. Opal fever, 
it seems, is even worse than the tradi- 
tional gold fever. 


Lightning Ridge has a permanent 
population of about 250 people. This 
swells to 400 or more during holidays 
when amateur prospectors invade the 
town. Many of the now-permanent 
residents were former visitors who came 
on holidays to do a little prospecting 
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Mrs. Flo Smith shovels opal 

dirt into her “dry puddler,” 

which separates the opal 
from the dirt. 


and stayed on to become opal gougers. 
To become an opal miner is a simple 
matter. The prospector purchases a 
Miner's Right for $2.25 and then pegs 
a claim 100 x.100 feet. 
Prospecting for opals can be done in 
three ways: 

Noodling. The miner works slowly 
through the abandoned mullock of 

an old digging. In the early days of 
Lightning Ridge prospectors dis- 
carded many stones that are now 
worth a small fortune. 

Puddling. The miner draws from 
abandoned shafts piles of opal dirt 
that are either fed through a small 
ctusher driven by a petrol engine, 
which pushes the dirt through a wire 
basket that catches any opal (called 
dry puddling), and wet puddling, 
which separates the opal from the 
clay by washing with water. 

Digging a Mine. The miner either 
digs or blasts his way through the 
surface crust of desert sandstone until 
he reaches opal dirt running in a 


grayish band at varying depths be- 
neath the sandstone. When he reaches 


the opal dirt he drives shafts into it, 
working his way cautiously forward, 
gouging with a pick through the 
crumbling clay. He knows he is on to 
opal when his pick makes a distinct 
click on contact with a nobby. 

There ate six opal dealers on the 


field, ready to buy if you strike opal. 
One such dealer is Len Cram, who lives 
with his wife and two children in a 
modern house he has built on a small 
hill overlooking the little township of 
Lightning Ridge. He readily admits, 
“Opals are in my blood.” Ten years ago 
he went to the opal field in Queensland 
from a coastal city in New South Wales 
and since that time he has lived and 
worked with opals. He came to Light- 
ning Ridge three years ago and started 
as a miner; however, he was unsuccess- 
ful, so he started as a dealer with a 
bank of $675. Now, his turnover ex- 
ceeds $13,500 a year. 


Every week, opals worth $6,750 on 
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an average are being produced at Light- 
ning Ridge. 

Len Cram has started his own com- 
pany called Lightning Ridge Opals, and 
has gone into the export business. In 
a small. shed at the back of his house 


he cuts and polishes rough opals that 
will eventually grace the velvet shelves 
of jewelers’ display windows through- 
out the world. The cutting and polish- 
ing require a deft touch and skill. A 
stone can be destroyed if the cutter takes 
a fraction too much off the surface. 

Cram says, ‘The future of Lightning 
Ridge is assured. The price of opal is 
going up steadily and there is a poten- 
tial opal field of 40,000 to 60,000 acres. 
The work that has been done around 
Lightning Ridge over the years has only 
scratched the surface.” 

About three dozen miners are at 
present producing the world’s supply 
of black opal. They range from veterans 
like Fred Bodel to comparative young- 
sters like Mrs. Flo Smith (Smithy), 
who came to Lightning Ridge for a 


An opal miner at work un- 

derground. He is gouging 

away at the crumbling seam 

of opal dirt. If his pick 

“clicks” when he is gouging, 

he knows he is on to solid 
opal. 


holiday five years ago and stayed on, 
Now she works up to eight hours a day 
at dry puddling, shoveling opal dirt 
into the wire basket. It is hard and dusty 
work, but she has managed to find 
something for her efforts. Only recently, 
she found a stone valued at $2,700 on 
the field. For instance, if it reaches New 
York, through the hands of dealers and 
jewelers, its price will have increased 
to about $22,000 before it is worn by a 
customer. 

However, the residents of Lightning 
Ridge have become aware of another 
potential source of revenue leading 
from black opals — tourists. Practically 
each mullock dump now being worked 
has a little sign “Opals for Sale.” 

Coachloads of tourists are now arriv- 
ing in this isolated small town and there 
are plans to fly tourists direct from 
the cruise ships that call at Sydney, to 
spend a weekend in the outback as opal 
gougers. 

The local shire council has installed 
electricity. It has a bore deep under- 


ee 
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Construction underway on an 
unusual form of accommo- 
dation for tourists — a 
“Tramotel,’’ being built at 
Lightning Ridge from the 
bodies of old trams (street 
cars), converted to self-con- 
tained motel units. 


ground that has resulted in a constant 
supply of hot artesian water; enough 
to supply the swimming pool that has 
been constructed 100 yards away. 

Mr. Harold Hodgess is busy erecting 
what could be a unique type of motel. 
He is converting old tram (street cars) 
bodies brought from Sydney into self- 
contained motel units with verandas 
and lawns. He calls it a tramotel, It will 
solve a widespread need, since the one 
and only hotel, the Diggers’ Rest, has 
only two bedrooms. 

Lightning Ridge has most of the 
amenities — hospital, school, butcher, 
baker, garage, post office, stores and a 
police station. 

Whether the tourist wants to look at 
the history of the Ridge and see old 
workings such as Dead Man’s Claim, 
the Revolver Mine and the Ladybird 
Mine, or hire a pick and shovel and go 
noodling, Lightning Ridge is now 
ready to welcome him. 

Statistics prove that it will be there 
for a long time to come. 

(continued on page 31) 


Opal dealer Len Cram examines a black 
opal found by Mrs. Flo Smith at Lightning 
Ridge. 


oe 
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at the 


GEM TRADE LAB 
in New York 


Robert Crowningshield 


Solution-Grown Synthetic Rubies 

Figure 1 shows the results of expo- 
sure to short ultraviolet of six natural 
rubies (bottom), six ordinary Verneuil 
synthetic rubies (top) and three solu- 
tion-grown synthetic rubies (center). 
The transparency to short ultraviolet of 
the solution-grown synthetics equals or 
even surpasses that of ordinary syn- 
thetics. We feel that we have seen at 
least two different types of solution- 
grown synthetic rubies and their short 
ultraviolet transparency seems to be 
similar. 

Biwa Pearls 

A hank of ten strands of pearls im- 
ported as “natural’’ was found to be 
fresh-water cultured. They were as 


nearly round and as beautifully selected 
as many from the Persian Gulf region. 
In fact, they were silver tasseled, much 
as pearls from that area are prepared 
for market (Figure 2). 


Tanzanian Blue Kyanite 

A rough blue kyanite specimen from 
Tanzania gave us the unusual absorp- 
tion spectrum shown in Figure 3. The 
stone transmitted light beyond 7000 A, 
with two prominent bands in this area. 
A region of intense absorption around 
6000 A reminds one of the spectrum 
for ruby. 


Salininha Green Beryl 


We have had several occasions to 
identify green beryl from the Salininha 
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Figure 1 Figure 2 
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Mine in Bahia, Brazil. Figure 4 is a & 
photograph of a well-made platinum- * 
and-diamond bracelet with eight of 

these stones. Whether or not they . 
should be called emerald is still a mat- 3 
ter of some world-wide dispute. 


Odontolite 


It was only last year that we added 
the first specimen of odontolite to our 
collection. Recently, we received an an- 
tique cross to identify the opaque blue 
stones. With the refractive index much 


: Pipa Fi 4 
like that of turquois, it is a matter of aie 
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some comfort that the absorption spec- 
trum is somewhat characteristic (Figure 
5). 

Diamond Discolored by Water 

We were asked to examine a small 
diamond in an engagement ring that 
the customer said had become yellow 
gfadually within about 18 months. The 
jeweler suspected coating; however, 
since the stone was less than half a 
carat in weight, it did not seem likely. 
We inquired about the type of water 
in the midwestern town where the cli- 
ent lives, and were advised that it is 
very hard. Our examination disclosed a 
very resistant brownish-yellow coating 
that would not wash off, but with hot 
acid the stone regained its fine colorless 
body color. We have heard of iron-rich 
water discoloring a diamond over a 
period of time, but this is the first time 
we have encountered it. 


Emerald-Green Jadeite 

One of the handsomest stones we 
have seen in many years was a nearly 
transparent emerald-cut; emerald-green 
jadeite in a platinum-and- diamond 
ring. The dealer had the stone only a 
few days after showing it in his display 
at an antique show when it was sold. 
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odd-shaped pieces of jadeite and ne- 
phrite. The stones were in papers and 
the hardness had apparently been 
noted by the eminent gem authority, 
George F. Kunz, since his signature 
and “O.K.” appeared on several of 
the papers. Evidently, the specimens 
— some polished and others only 
ground to shape — were used as hard- 
ness points. Whether they were used 
as is of in some instrument is not 
known. Figure 6 illustrates one of the 
unpolished pieces. 

From student Robert Dunnigan we 
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Norse jewelry that he purchased dur- 
ing one of his recent selling trips to 
Minnesota. 
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photograph for the annual AGS Con- 


Figure 6 


clave in Atlanta we saw some truly 
emerald-green tourmalines, shown to 
us by Mr. Jean Naftule, North Ber- 
gen, N. J. Although small and not in 
great supply, they were most exciting 
to see. We are also indebted to Mr. 
Naftule for loaning us specimens of 
Tanzania corundums to photograph 
for the Conclave. Similarly, we wish 
to thank Mr. Sal LaSalle of Wm. V. 
Schmidt Co.; Ralph Esmerian, R. Es- 
merian, Inc.; Alfred Engle, Brazilian 
Importing Co.; and Melvin Struimp, 
Superior Gem Co.,, for loaning stones 
for photography. 
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Uevelopments and Highlights 


by 


at the 


GEM THAUE LAB 


in Los Angeles 


Richard T. Liddicoat, Jr. 


Oddly Shaped Natural Pearl 

We described a very unusual natural 
pearl in the Winter, 1959-60, edition 
of Gems G Gemology (Volume IX, 
No. 12, page 357). Last month, the 
owner of the same pearl pictured in 
Figure 2 of that issue brought in an- 
other equally unusual specimen. Our 
first reaction was that it must be artifi- 
cial, since the nacreous end (Figure 1) 
of this oddly shaped concretion, which 
was rounded at one end and pointed 
at the other, gave the impression that 
it had been induced by man. However, 
an X-radiograph, supported by reaction 
to ultraviolet light, confirmed that it 
was indeed a whole pearl and wholly 
natural. It is unique in our experience 
and, we suspect, unique in the pearl 
world. This is one of those rare items 


on which it is impossible to place any 
meaningful value, since it is unique 
and irreplaceable. The only value that 
could be ascribed to it is one in relation 
to its beauty compared to that of other 
natural pearls. On this basis, since it 
fails to meet the beauty standards of a 
magnificent, natural, wholly nacreous 
pearl, it has to suffer somewhat by com- 
parison. In our opinion, when there is 
no other criterion, the relationship of 
beauty to that of materials of estab- 
lished value is the only criterion that 
can be used. In the absence of a great 
demand by collectors, it seems that 
there is really no other basis on which 
to judge. 
Flux-Fusion Synthetic Ruby 

Recently, we had the opportunity to 

examine crystals and cut stones of a 
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flux-fusion synthetic ruby. Two of the 
crystals are shown in Figure 2, and a 
close-up (Figure 3) of one shows the 
typical wisplike inclusions characteriz- 
ing this product. In Figure 4, the flux- 
fusion wisps and the other kinds of 
solidified inclusions in the veillike form 
are shown. Figure 5 shows the flux- 
fusion type of solid inclusions under 
higher magnification. Very natural- 
looking inclusions are illustrated in 
Figure 6, As yet, we are not at liberty 
to disclose the source, nature, or pros- 
pects for marketing this new synthetic 
material, 


Figure 2 


Figure 6 
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Figure 7 


Is it From the Jonker Rough? 

Shown in Figure 7 is an old-fash- 
ioned emerald-cut diamond, said to be 
the smallest of the stones cut from the 
famous Jonker rough in the late 
1930's, Since its color and other charac- 
teristics seemed to fit the only descrip- 
tion we were able to get, it is entirely 
possible that this is indeed a stone cut 
from that famous rough. 

Interesting Twinning in Star Ruby 

We were asked to examine a dam- 
aged star ruby that was heavily twinned 
in a most interesting fashion. Across 
the summit of the stone were a number 
of ridges and grooves that we attributed 
to the twinning. In the portions of the 
twinned sections where the orientation 
made them harder than the host mass, 
the twinned sections stood up as ridges. 
On the other hand, the same twinned 
section, in the positions where its orien- 
tation made it softer than the host mass, 
formed grooves in other portions of its 


Figure 8 


surface trace. This is pictured, unfortu- 
nately rather poorly, in Figure 8. Ar- 
rows indicate in the top a ridge, and at 
bottom (separated by an area in which 
the hardness of the twinned section and 
the host are equal), a depressed area 
where the twinned portion presents a 
softer direction to the polishing wheel. 
Coated Diamond 

Figure 9 shows two spots of coating 
on a diamond — one of the few coated 
diamonds that we have encountered in 
Los Angeles. Most of the coating prob- 
lem seems to be confined to the vicinity 
of New York City. Figure 10 shows 
the coating only very vaguely in the 
center of the photograph, but it covers 
a considerably larger area. This was 
taken under 200 x. 

Color- Zoned Sapphire 

We received a loose stone for routine 
testing that created immediate interest 
on initial examination. It was a very 
large, deep-blue, oval faceted stone 
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with an exceedingly thin crown. The 
deep blue of the facets on the crown 
had a luster that seemed almost semi- 
metallic, so that the immediate reaction 
was that it was probably a garnet- 
topped doublet. Examination under 
magnification showed that the natural- 
looking inclusions seemed to be con- 
fined entirely to the very thin crown, 
adding to the suspicion gained from 
eye inspection that the stone was prob- 
ably a doublet. However, there was ab- 
solutely no evidence of any red cast 
that might be expected from a garnet- 
and-glass doublet, and both crown and 
pavilion gave R.I. and birefringence 
readings one would expect from corun- 
dum. Immersion in a suitable liquid 
showed a colorless pavilion and a very 
deep-blue crown. Careful examination 
under magnification, with the stone im- 
mersed, satisfied us that it was a very 
strongly color-zoned sapphire. A report 


Figure 10 


to this effect was issued, but surpris- 
ingly, a week or so later, a letter was 
received saying that the stone was the 
subject of a law suit, and that a quali- 
fied jeweler was satisfied that the stone 
was a doublet. He informed us that 
the stone was being returned to us for 
further examination. In order to prove 
the point to the jeweler, who clearly 
questioned our report, we took a series 
of photographs to identify the stone to 
his satisfaction. Figure 11 shows that 
the crown is indeed very dark in rela- 
tion to the pavilion section; this is un- 
doubtedly what led other testers to feel 
that. it was probably a doublet. How- 
ever, increasing the magnification ma- 
terially, one can see in Figure 12 that 
there is actually a zone of parallel lay- 
ers below the dark area, showing that 
there is not an abrupt line of demarka- 
tion, as would be the case in a doublet. 
Figure 13 shows, in fact, that one of 
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Figure 11 


Figure 13 


the dark areas, actually extends into the 
lighter area. In Figure 14 there is color 
zoning in the white area far below the 
major color concentration. 


Deep-Red Topaz 


One of the fascinating things about 
the colored-stone field is the occasional 
stone that defies description and that 
is unlike anything ever encountered in 
one’s experience. In the course of the 
preparation for a forthcoming talk, 
Glenn Nord asked for many stones 
from importers throughout the country. 


Figure 12 


Figure 14 


One of the gemstones that he was de- 
scribing was topaz. In the course of his 
investigations he sought out the finest 
in all colors of this lovely gemstone. 
The highest price we had encountered 
for topaz was only on the order of $100 
per carat, but he received one listed at 
$300. The amazing thing was that the 
price couldn’t be faulted, for it was ap- 
plied to a deep-red stone, without visi- 
ble flaws, showing the most intense and 
appealing color it has ever been our 
pleasure to appreciate. The stone could 
only be described as breathtaking. 
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GEM TESTING by B. W. Anderson, 
BSc, FGA. Published by Temple Press 
Books, Lid., London. 377 pages. Numerous 
black-and-white illustrations. Price: $9.95. 


This is a belated review of the 7th edition 
of one of the classics of our gemological 
literature, B. W. Anderson's Gemtesting, 
which appeared in its 7th edition a year ago. 
The 7th edition represents changes inspired 
by six years of developments in the gem 
field, plus a number of very interesting, pro- 
vocative and valuable additions by an out- 
standingly creative gemologist. Most of the 
changes in this valuable new edition repre- 
sent up-dating based on such items as the 
new synthetic emeralds that have come on 
the market since 1958, plus some excellent 
new illustrations, rewriting of some chap- 
ters, and the addition of a very interesting 
section on the use of magnetism in gem 
testing. 

The number of illustrations in the book 
have been increased almost a third, and the 
quality of the reproductions has been im- 
proved considerably. Basil Anderson has 
addéd some very interesting ideas in his sec- 
tion on magnetism, contained in the chapter 


on the garnet family. He has worked out an 
empirical formula, stated as the magnetic 
loss in weight x 100 divided by V~ weight 
as representing the magnetism of a given 
stone. Under this rating he has divided those 
stones that are subject to magnetism into 
three categories: strongly, moderately, and 
weakly magnetic. In a number of situations, 
this provides a very valuable means of sepa- 
ration between what are in some cases rather 
difficultly separated gemstones. For exaniple, 
orange metamict zircon from spessartite, sin- 
halite from brown peridot, black diamond 
from imitations, and, of course, hematite 
from its imitations, plus red spinel from 
pyrope. Anderson used a method based on 
determining the degree to which the weight 
of a gemstone on a balance was offset by 
the pull of magnetism. This is a very in- 
teresting test, and one worthy of the im- 
aginative approach of B. W. Anderson. 


We recommend highly the 7th edition of 
Gemtesting to all gemologists engaged in 
any phase of gemtesting or gem appraising. 
This is an outstanding new edition of one 
of the finest gemological texts. 
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A Memorial Tribute 
to 
Fred J. Cannon 


His family, his army of friends and 
admirers, the students, governors and 
staff of the Gemological Institute of 
America, and the jewelry industry, as a 
whole, suffered a grievous loss with the 
death of Fred J. Cannon, GIA Secre- 
tary-Treasurer: Since long before his 


first election as Secretary-Treasurer in 
1949, and later his election in 1953 as 
GIA Governor, Fred Cannon’s services 
to the Gemological Institute had been 
many and important. They will be re- 
membered and appreciated as long as 
GIA exists. 
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He is survived by his wife, Ruth; 
two sons, James and William; his 
brother, Roger; and five grandchildren. 
Fred passed away unexpectedly late 
Saturday, May 7th. He was thought to 
be well on the road to recovery from 
a blood clot in his leg, which had oc- 
curred shortly after his return from 
the annual GIA Governors meeting in 
Atlanta. 

After serving in the armed forces 
during World War I, Fred J. Cannon 
came to the West Coast. He and his 
brother Roger were associated in busi- 
ness for many years with Herbert Slaudt 
in the firm, Koke-Slaudt & Company. 
Later, they formed the Slaudt-Cannon 
Agency Company. Not many years ago, 
he and his long-time associate, Kelly 
Schaefer, formed a new company, Can- 
non-Schaefer Agency. Their company 
represented the eleven western states 
for such firms as Church & Company, 
Jabel Ring Manufacturing Company, 
Juergens & Andersen, Meyer Koulish 
Company, Lester & Company and 
Wefferling-Berry & Company. Cannon- 
Schaefer sold to retailers over most 
of the area west of the Mississippi. Fred 


was well known to many jewelers and 
beloved by the host of retailers who 
knew him well. He continued to main- 
tain a heavy schedule of traveling right 
up until his fatal illness. 

In addition to his service to the In- 
stitute as an advisor to Robert M. Ship- 
ley in the early days, for many years 
Fred Cannon had served on the Insti- 
tute’s Executive and Finance Commit- 
tees, as well as providing unfailingly 
wise counsel in his capacity as Secretary- 
Treasurer and as a GIA Governor. Over 
these many years, he likewise served 
in key advisory positions with the 
American Gem Society. 

Fred Cannon was one of that rare 
breed among suppliers in any field who 
are regarded not as salesmen, but as 
advisors. Retailers all over the West 
turned to him for ideas, asking him 
what merchandise he felt they should 
have, and consulting him whenever a 
major or even a minor change was 
under consideration. 
truly one of the pillars of the jewelry 
industry. Respected, loved or admired 
by all who knew him, Fred J. Cannon 
will live on in our hearts. 


This man was 


(continued from page 19) 


In 1960, Australia exported opals 
worth $2,250,000. Three years later 
the figure had risen to $6,000,000. Last 
year it was $6,750,000. The production 
rate has been increasing at the rate of 
$450,000 a year for the past four years. 

Nettleton’s faith in the mysterious 
black stone is now more than justified. 
Also the faith of Wollaston, who tried 


so hard before succeeding in convincing 
the world that here was something 
unique. 

As the poet Robert Burns once wrote: 

“Ask God why He made the gem so 
small 

And so huge the granite. 

Because God meant that man 

Should place a higher value on it.” 
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De Beers & Kaplan 
Make Important bift to GIA 


by 


Richard T. Liddicoat, Jr. 


and 


H. Lawrence McKague, Ph.D. 


De Beers Consolidated Mines, Ltd., 
has given GIA a gift of 100 diamond 
crystals, and the well-known New York 
City diamond cutter, Lazare Kaplan & 
Sons, has offered to cut them without 
charge. This generous gift of fine cut- 
table rough is made up of 51 stones of 
approximately 1 carat and 49 of ap- 
proximately 114 carats. The total weight 
comes to over 126 carats. The purpose 
of the gift was to make it possible for 
the Institute to teach diamond grading 
and appraising to more jewelers and to 
provide its diamond training more ex- 
peditiously. In 1938, De Beers loaned 
GIA the important Oppenheimer Stu- 
dent Collection, which was given to the 
Institute some years later. A portion of 
this was cut, partially as a gift from the 
Kaplan firm and partially on contract. 
Many of the crystals in that Collection 
are still employed regularly for class 


purposes. 


Although the Kaplan firm features 
cutting to nearly ideal proportions, the 
stones in this fine new gift collection 
will be cut in a variety of proportions to 
cover all makes now on the market. 
Some will be cut in the Kaplan’s Puerto 
Rican plant and some in Belgium. Start- 
ing with crystals of 1 carat and 114 
catats, the finished stones will range in 
size from approximately 1/5 to % 
carat if most are sawed through the 
center. If the stones are sawed off- 
center, many of the 114-carat crystals 
will yield a larger stone (one of about a 
Y, carat, and a smaller stone near a 1/5 
carat, if ideally proportioned). 

The Diamond Trading Company 
classifies the carat-size crystals as melee, 
and it grades them bya slightly different 
system than that they employ for larger 
stones. For 114-carat stones, the color 
grades are extra collection, collection 
extra special, blue, fine and white. 
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Figure 1 


Figure 3 


Among those given to the Institute, the 
first five grades were represented. Extra 
collection is about equivalent to the 
GIA D-E-F color grade; collection, ap- 
proximately G to H-I; extra special 
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Figure 2 


Figure 4 


usually cuts to H-I to I-J; blue, I-J to 
J-K; and fine, from J-K to about L. 
White would be from L to N. Ona clar- 
ity scale, diamonds apparently without 
flaw are called stones. Those that are 
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Figure 5 


VVS are called spotted. Speculative is 
used for VS and SI, and speculative 
Spotted would be on the VS side of this 
grade. Dark is SI to imperfect, and 
black is very imperfect. 

The grades for melee are slightly 
simpler. The top color is collection, fol- 
lowed by first, second and third. In clar- 
ity, finest is the term for clean, or VVS 
stones and fine, dark and black are the 
other grades. Blacks are very imperfect. 

Most of the common crystal habits of 
diamonds are represented. Only a few 
of the crystals are sharp, well-formed 
octahedra of the type one expects from 
Sierra Leone (Figure 1). More common 
are the dodecahedral (Figure 2) and 
tetrahexahedral forms (Figure 3). Crys- 
tals with only one form, as illustrated 
above, are rare; most are modified by 
other forms. Figure 4 shows an octa- 
hedron modified by a trapezohedron. 
Octahedrons modified by hexocta- 
hedrons are shown in Figures 5 and 6. 
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Figure 6 


Figure 7 


The only difference is in the relative 
development of the octahedron faces. 
Most of the crystals are well formed; 
however, a few are malformed, such as 
the octahedron in Frgure 7 and the 
hexoctahedron in Figure 8. 
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Figure 8 


Nearly all of the stones show little 
sign of wear, other than small concus- 
sion marks and a few broken octahedron 
points. This damage probably occurred 
during the separation process. An excep- 
tion to this is the diamond in Figure 
9, which has slightly rounded edges 
and corners and a frosty coating, indi- 
cating it is waterworn and probably was 
mined from an alluvial deposit. 

Many of the stones have relatively 
clear faces with only minor growth 
markings, such as Figure 1. Some stones 
contain numerous striations (Figures 2 
and 3), which make it difficult to ob- 
serve the interior of the stone. This 
latter feature is more common on do- 
decahedra and hexoctahedra than on 
octahedra. 

Several growth features are illustrated 
by these stones. The most common fea- 
ture is the trigon, which occurs as de- 
pressions on octahedral faces (Figures 
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Figure 9 


5, 6 and 10). Trigons, which can be 
very shallow, occur on nearly all octahe- 
dral faces. Commonly, trigons form 
along lines that are parallel to the edges 
between the octahedral faces (Figure 
10). It should be noted that the points 
of a trigon are always toward octahe- 
dral edges, as indicated by the arrows in 
Figure 10. A related feature, found 
on cube faces, is shown in Figure 11. 
Although not clearly shown in this 
photograph, the edges of the square are 
parallel to the octahedral faces. 

A third feature, illustrated in Fig- 
ures 12 and 13, are growth plateaus. 
These are characterized by the steplike 
levels and many re-entrant angles, giv- 
ing them the appearance. of a penetra- 
tion twin. Actually, this is just an 
unusual growth pattern in which the 
octahedral faces formed faster than the 
edges and corners. This is illustrated in 
Figure 14, also. The ragged appearance 
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Figure 10 Figure 11 


Figure 12 Figure 13 


of the stones in Frgwres 12 and 13 is growth plateau. Note the points of the 
similar to that of diamonds we have  trigon (indicated by T) and the growth- 
seen from Russia. plateau point in opposite directions. 

In Figure 15, a trigon occurs on a These three growth features serve to 
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Figure 14 


Figure 16 


illustrate how diamonds grow by the 
addition of layers parallel to the octahe- 
dral faces. 

Most of the stones whose interior 
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Figure 15 


Figure 17 


can be viewed contain inclusions. Only 
one contains an unusual inclusion: a 
six-rayed star in the center of the crystal 
when viewed through different octahe- 
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Figure 18 


dral faces (Figure 16). Actually, this is 
a large cottony cloud. Planes, with a 
dearth of inclusions extending from the 
center of the stone perpendicular to each 
face, form the rays of the star. Thus, 
the star is actually present because of 
the absence of inclusions. 

All of the diamonds show some strain 
birefringence or, as it is more frequently 
termed in gem identification, anoma- 
lous double refraction. More and more 
diamond cutters are using polariscopes 
to determine the extent of the strain, 
and therefore the potential problems 
they might encounter in the cutting 
process. 

Figure 17 shows a strain pattern 
that would not worry a cutter, because it 
is general and rather evenly spread 
throughout the stone. The strain pattern 
shown in Figure 18 is common and 
would probably not worry a cutter, 
either. Figure 19, on the other hand, 


Figure 19 


Figure 20 


shows a strongly strained diamond with 
a very definite focal point of strain: an 
inclusion (Figure 20). It should be 
noted that the presence of an inclusion 
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Figure 21 


does not mean there will be strain asso- 
ciated with it. The annular pattern of 
strain shown in Figure 21 is unusual 
and seen in only one stone. Although a 
few. scattered inclusions are present, 
there is no obvious cause for this pattern. 

A subjective evalution of the strain 
in these stones was made. The results 
were as follows: very strong strain, 22 
diamonds; strong strain, 35; moderate 
strain, 16; weak strain, 13; and very 
weak strain, 14. The strain within a dia- 
mond can be quite variable. The stones 
were placed in each category on the 
basis of maximum amount of strain 
shown between crossed Polaroids. 

The fluorescence under long-wave 
ultraviolet light was also .examined. 
Thirty-one of the stones are inert or 
have a very weak glow. The fluores- 
cence of the remainder was classified 


as follows: very strong, 1 diamond; 
strong, 21; moderate, 22; and weak, 
25. Of the 69 stones that fluoresced, 
59 fluoresced blue, 6 orange, 3 pink 
and 1 yellow. 


Most commonly, the fluorescence ts 
evenly distributed throughout the 
stone; however, there are a number of 
exceptions. There are several stones 
whose fluorescence is limited to areas 
in the center of the stone. One octa- 
hedron whose points fluoresce has an 
inert center. In several stones, the fluo- 
rescent areas have an irtegular shape 
and distribution. 


In the stone with the star (Figure 16), 
the areas containing the cottony inclu- 
sions fluoresce pink, whereas the rays 
of the star are inert. Another stone, 
without similar inclusions, shows a pink 
fluorescent star; however, in this di- 
amond the rays fluoresce and the areas 
between them are inert. 


One diamond that fluoresces blue 
contains a yellow fluorescing inclusion. 
Another stone that fluoresced blue con- 
tains a small, irregularly shaped area 
that fluoresces yellow. And finally, the 
stone pictured in Figure 21 contains a 
small spherical area of blue fluorescence 
in the center, surrounded by an inert 
zone and then a halo. 

The diamonds in this gift collection 
will be of inestimable value to students 
and to the jewelry industry. The GIA 
Board of Governors and the faculty are 
deeply appreciative of this generous ac- 
tion by both De Beers and Kaplan. 


Cm) 
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Developments and Highlights 


Diamond Enigma 

On several occasions we have identi- 
fied rings manufactured in the Middle 
East in which a very thin rose-cut dia- 
mond was placed over a bright metal 
back crimped or molded to appear like 
back facets, the whole hermetically 
sealed and placed. in a closed setting. 
One ting of this kind was taken apart 
and pictured in the Fall, 1959, issue of 
Gems & Gemology. In that instance, the 
diamond was approximately 15 mm. in 
diameter and 2.1 mm. in depth. Before 
being removed from the ring it was very 
difficult to determine that it was not of 
normal depth. Recently, we examined a 
similar ring and the client returned the 
stone and its metallic backing for us to 
photograph after removing it from the 


by 
Robert Crowningshield 


at the 


GEM TRADE LAB 
in New York 


mounting. The rose cut was the thinnest 
we have ever encountered. Although 
the diameter was 14.5 mm., the depth 
was only .6 mm. The rose cut and the 
cone-shaped metallic backing are shown 
in Figures 1 and 2, a top and side view, 
respectively. 
Maine Tourmaline 

Figure 3 illustrates, by reflected light 
and in actual size, a magnificent light 
blue-green tourmaline crystal found re- 
cently at Mt. Mica in Maine. The two 
sections of the crystal total 411.10 carats 
and should cut into very fine gems. We 
are indebted to Mr. Frank C. Perham of 
West Paris for allowing us to photo- 
graph the stone. We hope to be able to 
illustrate the stones cut from these pieces 
in an early issue. Figure 4 shows the 
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Figure 1] 


Figure 2 


Figure 3 


great transparency of the crystal and its 
potential as cutting material. 


Treated Red-Brown Diamond 


Students and faithful readers of the 
LOUPE may recall that in the March- 
April, 1958, issue we reported the 
unusual absorption and fluorescence 
spectrum of a tiny (.01 carat) red- 
brown treated diamond. Figure 5 illus- 
trates the absorption spectrum of this 
stone but with the positions of the ab- 
sorption lines shown in their true posi- 
tions, which were incorrectly stated in 


Figure 4 


the LOUPE. Note that, in addition to 
the 5920 A line expected in treated and 
annealed diamonds, it shows a strongly 
fluorescent line at approximately 5690 
A. Under ultraviolet the stone glows a 
bright orange-red color. No sign of the 
lines at approximately 5040 A could be 
detected, though admittedly working 
with such a small stone has drawbacks. 
Over the intervening years we have seen 
several other treated stones with similar 
properties but always of melee size; 
hence, there was no observation of their 
properties before treatment. We have 
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often wondered what type of stone 
would change to this pleasant color. 
Recently, we were pleased to be able 
to examine a 1.05-carat red-orange 
treated diamond, and are again indebted 
to Mr. Theodore Moed and his son, 
Irwin. This stone was of sufficient size 
that before treatment it was studied for 
pertinent characteristics. It reportedly 
showed a distinct greenish-yellow fluor- 
escence under long-wave ultraviolet, and 


it was decided that it would treat to a 
good “chartreuse” color. It was a sur- 
prise, therefore, when the stone was re- 
turned from treatment in the atomic pile 
and subsequently annealed, to find that 
it had become an attractive orange-red 
and that the fluorescence was a strong 
red-orange color. The absorption spec- 
trum was very much like that of the 
small stones we had seen earlier; but 
with the larger size as the reason, pet- 


SUMMER 1966 


45 


haps, we were able to see the 5040 A 
line and one at approximately 5120 A. 
There is a slight difference in the posi- 
tion of the lines in the red and orange 
and the large stone has one less line 
above the 5920 A “treated” line, al- 
though the fluorescent line is in the 
same position (Figure 6). By position- 
ing the stone over the light source so 
that the light was not scattered but 
directly transmitted, it was possible to 
see the fluorescent line as an absorp- 
tion line (Figure 7). The small size of 
the other stone prevented this “phe- 
nomenon” — a reaction that is expected, 
as mentioned by B. W. Anderson in his 
excellent article, The Classification of 
Diamonds on the Basis of Their Ab- 
sorption and Emission of Light (Jour- 
nal of Gemmology, Spring, 1963). 
Blue-Enamel “Turquois” 

An attractive necklace of blue beads 
sold as turquois proved to be blue 
enamel over heavy hollow gold spheres 
alternating with heavy melon-cut gold 
beads. The effect was most pleasing. We 
hope the client appreciates that this 
necklace will probably give much more 
satisfaction than if it had been turquois. 

Cat’s-Eye Apatite 

An unset cat’s-eye apatite of nearly 
220 carats is the largest of this Indian 
material we have seen, although we un- 
derstand museum specimens are larger. 
We have continued to see these stones 
set in jewelry showing fractures caused 
by damage, either in wear or in repair. 
Not only is apatite relatively soft (being 
#5 on Mohs’ scale of hardness), but it 
is apparently also very susceptible to 
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temperature changes. This latter un- 
fortunate characteristic it shares with 
most crystalline quartz, peridot and 
large garnets. 


Are They Pink Jade? 


Reports of the existence of pink jade 
continue to come to our attention, and 
we are always interested to know if the 
stones ate truly jade. Student Robert 
Dunnigan, Larter & Sons, sent us some 
very clear color slides of a jade crown 
in the Cleveland Museum of Art. The 
central section is definitely pink and 
other areas, gray to green. A bit of 
sleuthing disclosed that the area in the 
center of the crown is backed with red 
foil! We are currently trying to obtain 
information about pink stones in two 
other museums that are labeled jade. 


A Diamond Re-Cutting Problem 


Figure 8 shows the exceedingly thin 
girdle produced when an old-European- 
cut diamond was recut on the pavilion 
only without girdling, so that the result- 
ing finished stone would weigh just 
over two carats. The edge of the stone 
appeared “nibbled’’ by damage, and it is 
amazing that it had been worn for 
nearly six months without greater dam- 
age. A knowledgeable jeweler would 
never accept such a stone for sale to a 
private customer. It was estimated that 
to girdle the stone for a safe edge the 
weight loss would have been approxi- 
mately .06 carat, but it would then have 
been under two: carats, unfortunately, a 
compelling reason not to girdle. 


Acknowledgements 
We are indebted to the firm of 
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Wm. V. Schmidt Co., Inc., for a gift 
of several round brilliant-cut strontium 
titanates (Fabulite) . Three of the stones 
contained unexpected inclusions. The 
gas bubbles illustrated in Figure 9 are 
not clear but cloudy and many have the 
shape of a golf tee. The lines of bubbles 
are essentially straight, even though the 
material is formed by the Verneuil 
process. In Figure 10, the inclusions do 
not appear to be gas bubbles at all, al- 
though where they reach the surface 
they are filled with foreign material, 
probably polishing powder. In Figure 
11 and 12 are two views of a “‘finger- 
print” inclusion, resembling a healed 
fracture in a natural sapphice. 

Thanks to graduate Cal Smyth of 
Albert Smyth & Sons, Baltimore, for the 
gift of carob pods and seeds (Figure 
13), 20 of which weighed 19.52 carats 
but individuals ranged from .60 to 1.20 
carats. Presumably, the seeds were 


Figure 10 


found to be remarkably uniform in 
weight and were used as the basis for 
weighing gemstones in certain Middle 
Eastern centers, In other areas, other 
seeds were used, such as the barley grain 
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Figure 11 


Figure 13 


in Europe (hence our term grain for 
vearls). The carob tree (Ceratonia Sili- 
qua) grows readily in counties border- 
ing the Mediterranean and is a happy 
addition to the numerous introduced 
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Figure 12 


species in Southern California. Another 
very beautiful addition to the Southern 
California landscape is the coral tree 
(Erythrina Corallodendron), the dried 
seeds of which one writer states were 
used as the basis of weighing gold. The 
native name of the tree, £vara, presum- 
ably was the source of the term carat. 
The seeds have about the same weight 
and are about the size as those of the 
carob. A little investigation of the origin 
of the Latin names of the trees suggests 
that carob is the source of the name 
carot. Ceratonia is from the Greek 
weight, ceratium, whereas siliqua comes 
from the name of an old Roman weight. 
It would seem that the ancients appre- 
ciated the relative constance of the 
weight of the carob-tree seeds. The 
Latin names for the coral tree refer to 
the color of its blossoms. 

From student Walter Klinger, Wm. 


(continued on page 62) 
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Hydrogrossular— 


A Hydrogarnet from the 


Transvaal 


by 


H. Lawrence McKague, Ph.D. 


Introduction 


The first reported occurrence of 
“grossular’ in the Province of the Trans- 
vaal, Republic of South Africa, was by 
Hall in 1908, This occurrence is in the 
eastern belt of the Bushveld Igneous 
Complex. In 1909, Kynaston noted 
grossular in the contact metamorphosed 
country rock surrounding the Complex. 
Later, Hall (1925) described in detail 
occurrences in the western belt near the 
small town of Brits. These deposits, 
approximately forty miles west of Pre- 
toria, are the classic locality for the or- 
namental material misnamed ‘‘Trans- 
vaal jade,” “African jade’ and “South 
African jade.” In studying the trans- 
mission spectrum of this material, van 
dér Lingen (1928) detected the pres- 
ence of OH-groups and concluded this 
material was not grossular. Tilly (1957) 
and Frankel (1959) determined it to be 
a member of the hydrogrossular series. 


Hutton (1943) applied the name, hy- 
drogrossular, to the members of the 
series CasAlz (SiOs) s—CasAl2 (OH) 12, 
whose composition is between Ca,Al,- 
(SiO,) , (grossular) andCa,Al, (SiO,) ,- 
(OH), (hibschite). The terms hydro- 
garnet (Flint, McMurdie and Wells, 
1941), grossularoid (Belyankin and 
Petrov, 1941) , hydroxygarnet (Donnay 
and Allerhand, 1965), and garnetoid 
(McConnell, 1942) also have been 
used for this series. In addition to hy- 
drogrossular, other known water-bear- 
ing garnets are synthetic hydropyrope 
(Christie, 1961) and a naturally occur- 
ring hydroandradite (Peters, 1965). 

The source of the sixteen samples 
studied for this report was given only 
as the Transvaal. However, the pres- 
ence of chromite indicates the source of 
the samples to be within the Bushveld 
Igneous Complex, rather than in the 
surrounding contact metamorphosed 
country rock. 


———————————————————————______________ 
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Geology 


If the samples used in this study did 
not originate in the Brits deposits, they 
are probably from a similar occurrence. 
For this reason a brief description of 
the geology of the Brits deposits, based 
on Hall's 1925 report, will be given. 

The Bushveld Igneous Complex is a 
large pseudostratified lopolith of basic 
igneous rocks, The complex is generally 
divided into four zones: (1) upper zone, 
(2) main zone, (3) critical zone and 
(4) basal zone. Hydrogrossular occurs 
in the critical zone, which is character- 
ized by chromite-rich bands in noritic 
rocks. Layers of hydrogrossular are 
parallel to the pseudostratification of 
the surrounding igneous rocks and may 
be up to 18 inches thick. The hydro- 
grossular is always in close association 
with chromite, although the converse 
may not be true. The enclosing rock is 
commonly anorthosite; however, in 
some areas this is replaced by a mono- 
clinic pyroxene and garnet tock. 


Hall suggests two modes of origin 
for the hydrogrossular bands: (1) a 
magmatic origin with the hydrogros- 
sular bands formed in the same man- 
ner as the chromite bands, and (2) a 
metamorphic origin in which xenoliths 
of calcareous aluminous sediments were 
intensively altered, resulting in the 
hydrogrossular. 


Tilley (1957) and Frankel (1959) 
suggest, on the basis of the observation 
of relict textures preserved from the 
original rock and the interbedding of 
the hydrogrossular bands with anor- 
thosite, pyroxenite and chromite bands, 


that the hydrogrossular layers result 
from the metasomatic replacement of 
pre-existing layers of anorthosites and 
feldspar-rich pyroxenites. This would 
entail the loss of Na and Si and the 
gain of Ca and H,O (Tilley, 1957). 


Mineralogy 


The hydrogrossular rocks from the 
Bushveld Igneous Complex are not 
truly monomineralic. Hall (1925) lists 
chromite and zoisite as occurring with 
the hydrogrossular. According to Hall 
(1925), most thin sections contained 
between 60 and 100 percent hydrogros- 
sular. He also notes that those with 100 
percent were not uncommon. Frankel 
(1959) lists enstenitic pyroxene and 
sussurite as occurring in these rocks, 
also. In thin section, these rocks are 
either isotropic or show anomalous bi- 
refringence (Frankel, 1959). In those 
sections with anomalous birefringence, 
a Zoning and twinning effect similar to 
that in plagioclase feldspar is observed. 
This relict texture led Tilley (1957) 
and Frankel (1959) to conclude the 
hydrogrossular originated by replace- 
ment of feldspar. Thin sections of 
samples 8 and 15 were prepared for 
this study. The thin section of sample 
8 shows this specimen to be approxi- 
mately 95. percent isotropic garnet, 5 
percent idocrase. The thin section of 
sample 15 is composed of anomalously 
birefringent garnet, showing relict al- 
bite twinning, isotropic garnet, and ran- 
dom irregular patches of small grains 
of idocrase, which show an anomalous 
brownish birefringence. 

X-ray diffraction patterns of the 16 
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samples examined for the present study 
showed the presence of hydrogrossular, 
idocrase and chromite. In all patterns 
both idocrase and hydrogrossular lines 
are present, except that of number 4, 
which contained no idocrase lines. 
Zabinski (1965) also detected idocrase 
in association with hydrogrossular in 
material from the Transvaal. There is 
no indication of zoisite in any of the 
16 diffraction patterns. In thin section, 
idocrase and zoisite are easily misiden- 
tified, since they both show anomalous 
birefringence. 


It is not unexpected that idocrase 
and hydrogrossular should occur to- 
gether. Their chemical formulae indi- 
cate their similar composition: 

Idocrase 

Ca, (Mg,Fe) Al, (Si,07) , (SiO,) 5 

(OH,F), 

Hydrogrossular 

Ca,Al,Si,O, (Si0,) y-m (OH) 4-m 
In addition, they have similar crystal 
structures. Warren and Modell (1931) 
noted the similarity in their unit cells. 
The c-axis of the idocrase unit cell is 
11.85 A (Warren and Modell, 1931), 
which is in very close agreement with 
11.851 A for the a-axis of grossular 
(Skinner, 1957). A slightly larger c- 
axis, 11.95 A, was determined by Ta- 
kane (1933); this is within the range 
shown by the hydrogrossular unit cell. 
In addition, Warren and Modell 
(4931) pointed out that certain parts 
of the idocrase structure are in common 
with certain parts of the hydrogrossular 
structure. 


Chromite was definitely identified in 


only one specimen, number 4. This 
identification was obtained by limiting 
the X-ray powder sample to an opaque 
black equidimensional inclusion. Other 
specimens contained similar, though 
smaller, inclusions, which are assumed 
to be chromite. 


Physical Properties 


As indicated in the last section, the 
samples under consideration are not 
monomineralic. Thus, properties, such 
as specific gravity, are of bulk samples, 
rather than of individual minerals. 
There is an attempt to evaluate this 
effect on the physical properties in some 
of the following sections. 


Color and Transparency 


The sixteen samples are equally di- 
vided into a pink group and a green 
group. There are slight variations in 
shade, but, in general, the green group 
is a yellow-green, whereas the pink 
group is a brownish pink. All samples 
ate translucent. On the basis of color 
and transparency, Hall (1925) divides 
the material from the Brits occurrences 
into twelve varieties: (1) massive, 
translucent deep sea green, (2) spot- 
ted, translucent, deep sea green, (3) 
opaque, vivid, pure dark green, (4) 
massive, translucent, dull sea green, 
(5) opaque, dull sea green, (6) bright 
apple green, (7) opaque, dull gray- 
green, (8) spotted, opaque, bright yel- 
lowish green, (9) translucent pink 
(rare), (10) dull pink, (11) mother- 
of-pearl to pale bluish, and (12) cream 
colored (rare). In addition to these 
colors, Webster (1963) lists yellow and 
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TABLE I 


Semiquantitative Spectro graphic Analysis of Two H ydrogrossular Sam ples 


#5 (Green) #12 (Pink) 
Silicon 18% 18% 
Calcium 26 27 
Magnesium 1.4 0.66 
Aluminum 11.0 11.0 
Tron 0.71 0.43 
Boron 0.0063 0.0082 
Manganese 0.42 0.80 
Tungsten ; 0.14 nil 
Chromium 0.066 0.0016 
Copper 0.00095 0.00021 
Titanium 0.016 0.012 
Nickel trace nil 
Other Elements nil nil 


red. He also notes that the colors may 
gtade into one another. 

Hall (1925) attributes the green 
color to the presence of chromium and 
the pink, to manganese. The semi- 
quantative spectrographic data in Table 
I supports this theory. However, the 
color of the pink specimen may be a 
result of the smaller chromium content, 
as well as the increased manganese con- 
tent. 

Hardness 

Hall (1925) gives the hardness of 
this material as 7, but commonly over 
8. With the exception of sample num- 
bers 5 and 15, the hardness is between 
6 and 7. The hardness of number 5 is 
between 5 and 6, and that of number 
15, between 7 and 8. 

Refractive Index 

The tefractive index of the bulk 
samples was determined in sodium light 
with a refractometer. There is a ques- 
tion as to which refractive index was 
measured — hydrogrossular or idocrase. 


The refractive index of the hydrogros- 
sular series ranges from 1.734 (Skinner, 
1956) for grossularite, to 1.681 for 
hibschite (Belynakin and Petrov, 
1941). For idocrase, it is possible for 
the » refractive index to be as high as 
1.752 and for the « refractive index to 
be as low as 1.700 (Deer, Howie and 
Zussman, 1962). Thus, the indices of 
refraction overlap from 1.734 to 1.700, 
and within this range, the refractive 
indices obtained with a refractometer 
could be that of either mineral. How- 
ever, in Hall’s work, it was shown that 
hydrogrossular makes up from 66 to 
100 percent of the slide. Although the 
effect on the index of refraction of an 
intimate mixture of two minerals has 
not been studied, it is tentatively as- 
sumed that the index of the predomi- 
nant mineral will prevail. In addition, 
there was no detectable birefringence, 
which further indicates the measured 
refractive index is that of hydrogros- 
sular, although the birefringence of 
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TABLE II 


Physical Properties of Hydrogrossular Samples 


Refractive Specific Unit 
Sample Index Gravity Cell 
No. Color (0.003) (0.003) (0.003) 

1 green 1.718 3.384 11.857 

2, me 1.718 3.376 11.855 

3 ca 1.715 3.387 11.860 

4 $ 1.728 3,490 11.892 

5 ae 1.712 3.401 11.871 

6 eo 1.718 3,407 11.892 

iv 2 1711 3.371 11.860 

8 a 1.712 3.362 11.869 

9 pink 1.702 3.342 11.912 

10 7 1.699 3.338 11.925 

11 ie 1.700 3.342 11.893 

12 1.700 3.338 11.912 

13 1.702 3.330 11.904 

14 = 1.702 3.336 11.901 

15 1.705 3.344 11.901 

16 a 1.690 3,298 11.925 

X Total 1.708 3.365 11.889 
X Green 1.717 3.397 11.869 
X Pink 1.700 3.333 11.909 
S Total .010 .044 024 
S Green .005 .040 015 
S Pink .004 O15 .012 


X = Sample Mean 


S = Sample Standard Deviation 


idocrase can be as small as .001 (Deer, 
Howie and Zussman, 1962). Thus, the 
R.I.’s in the overlapping range are as- 
sumed to be those of the hydrogros- 
sular. Certainly those below 1.700 are 
of hydrogrossular. The indices of re- 
fraction of the sixteen samples is given 
in Table II and plotted graphically in 
Figure 1. The mean refractive index of 
all samples is 1.708. However, the means 


of the green and pink groups are 1.717 
and 1.700, respectively. 

Frankel (1959) showed that the in- 
dex of refraction of hydrogrossular de- 
creases with increasing water content. 
Thus, on the basis of refractive index, 
the pink samples have a higher water 
content than the green samples. 

Specific Gravity 

Hall (1925) lists the specific gravity 
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TABLE III 


Chemical Analyses of H ydrogrossular-Rich Rock 


1 2 3 4 5 6 b 
$:02 35.53 36.4 36.65 34.40 37.60 34,46 36.55 
TiO; Al 1 5 Al 14 .12 ) 
ALO; 21.75 21.8 22.15 21.60 22.25 21.25 23.44 4 
FeO: nil 8 > 9 8 FD) 97 1.27 
CrOs nil .02 nil 10 -005 goo: 
FeO 5.00 5 ) 55 55 -32 252 
MnO 1 45 20 tr 18 04 
MgO 1.82 Bee A) tr tr 143 -79 
CaO 34.26 37.15 35.6 38.60 38.40 36.46 36.06 
Na.O tr tr 05 
K.0 tr tr 
P.O; eS) >) 
H20* 1.46 2.15 1.8 3.60 1.20 4.47 1.16 
H.0- 25 3 .70 20 65 none 
Totak 99.82 100.00 100.37 100.55 100.95 100.08 100.20 
S.G. 3.47 3.44 3.335 3:92 3.27 3.488 
RI. 1.675-1.705 1.728 
Hu(A) 11.90 11.859 
‘NS 
1) Hall (1925). Gray material from Turffontein Q 
2) Hall (1925). Gray material from Turffontein 
3) Hall (1925). Pink material from Turffontein 
4) Hall (1925). Pink material from Buffelsfontein 
5) Hall (1925). Green material from Buffelsfontein 
6) Tilley (1957). Pink material from Buffelsfontein 
7) Frankel (1959). Material from Buffelsfontein 


of the Brits material as ranging from 
3.335 to 3.52 (Table Il). Webster 
(1963) gives the range as from 3.06 to 
3.66 for the forty-nine samples. The 
mean is 3.429. The mean specific grav- 
ity of thirty green samples is 3.464, 
whereas the mean of thirteen pink 
samples is 3.371. However, the ranges 
of the two colors overlap. The remain- 
ing six samples can be placed in either 
color group. 


The range of the specific gravity of 
sixteen samples of this study is from 
3.490 to 3.298 (Table Il). The mean 
specific gravity of all samples is 3.365, 
whereas the mean for the green samples 
is 3.397 and for the pink, 3.333. This 
study, and that of Webster, shows that 
although there may be some overlap, the 
green material has the higher specific 
gravity. Again, the effects of other min- 
erals must be considered. Two of Web- 
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TABLE IV 


Molecular Composition of Transvaal Hydrogarnet 


Pink Green 
Tilley (1957) Frankel (1959) 
a 
Almandite 0.7 1.1 
Andradite 267. 3.6 
Grossular 92.2 91.7 
Pyrope 4.1 2.9 
Spessartite A ll 
Uvarovite AY, 
100.1 100.1 


ster’s samples and number 4 of this 
study contained enough chromite to 
cause the unusually high specific gravity 
of these samples. The specific gravity of 
idocrase and hydrogrossular overlap. 
Thus, the specific gravities listed in 
Table I are of bulk samples rather than 
of a single mineral. However, Frankel 
(1959) showed that increasing specific 
gravity of bulk samples is related to de- 
creasing water content. With this in 
mind, it can be stated that the pink 
material commonly has a higher water 
content than the green. 

X-Ray Diffraction 

X-ray diffraction powder diagrams 
were prepared, using Ni filtered copper 
radiation (A = 1.5148 A). All the pat- 
terns contained diffraction lines charac- 
teristic of hydrogrossular, and all but 
the powder pattern of number 4 con- 
tained diffraction lines characteristic of 
idocrase. 

The unit-cell size of the hydrogros- 
sular was calculated, using the (642) 
reflection. This is a strong reflection, and 


there are no overlapping idocrase lines. 
Pure grossularite has a unit-cell size of 
11.851 A (Skinner, 1956), whereas 
that of hibschite is 12.0 A (Pabst, 
1942). The unit-cell sizes of the sam- 
ples studied ranges from 11.857 A to 
11.925 A, with a mean of 11.889 A 
(Table 11). The mean unit-cell size of 
the pink samples is 11.909 A, as com- 
pared to 11.869 A for the green. The 
unit-cell size of Tilley’s pink sample and 
Frankel’s sample are 11.90 A and 
11.859 A, respectively. Flint, McMurdie 
and Wells (1941) showed that the unit- 
cell size increases with increasing OH 
content. The unit-cell size can also 
change as the result of increased 
amounts of the other garnet molecules. 
Treating the analyses of Tilley and 
Frankel (Table III) as anhydrous gar- 
nets, the grossular molecule comprises 
more than 91 percent in both analyses 
(Table IV). Because of the high and 
similar grossular content in both sam- 
ples, and the probable close similarity 
in composition of the sixteen samples in 
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SAMPLE NUMBER 


Figure 1 
Graph Showing Variations of Refractive Index, Specific Gravity and Unit-Cell Size 
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this study, it is relatively safe to assume 
that the consistent variatidn in unit-cell 
size is a result of variations in water 
content. This assumption is supported 
by the fact that the variations in cell 
size indicate the same relative variation 
in water content as the refractive-index 
and specific-gravity data; ie. a higher 
water content in the pink samples. 

Fluorescence 

All sixteen samples remained inert 
under both long- and short-wave ultra- 
violet light. However, when irradiated 
with X-rays, they all fluoresced yellow. 
In general, the pink samples have a 
stronger fluorescence than the green. 
The exception is specimen number 4, 
which exhibits the strongest fluores- 
cence. 

For years, both GIA and the London 
Laboratories (Webster, 1962) have 
considered visible X-ray fluorescence a 


diagnostic characteristic of massive hy- 
drogrossular, not shown by either of 
the jades or any jade substitute, includ- 
ing idocrase. Crowningshield (1966) 
noted that translucent samples of ido- 
crase from Pakistan fluoresce. However, 
X-ray diffraction patterns of similar 
Pakistanian material indicate that they 
are almost entirely hydrogrossular. The 
most intense idocrase line is very weak 
and barely detectable in the two samples 
of Pakistanian material that were ex- 
amined. 


Absorption Spectra 


Eleven of the specimens have an ab- 
sorption line at 4635 A. Three green 
samples, numbers 6, 7 and 9, have ab- 
sorption edges above 4635 A. Samples 
4 and 16 have absorption cut off below 
4635 A, but show no absorption line in 
the 4635 A region. 


(to be continued) 


Book Heviews 


GEMS IN THE SMITHSONIAN IN- 
STITUTION, by Paul E. Desautels, Asso- 
ciate Curator, Division of Mineralogy, Smith- 
sonian Institution, Washington, D.C., 1965. 
74 pages. Paperbound. Illustrated in color 
and black and white. Price: $1.25. 

The primary purpose of this excellent 
little book is to acquaint the Smithsonian 
visitor with the beauties of the National 
Gem Collection, one of the outstanding in 
the world, and also to present a brief intro- 
duction to the study of gemstones. The 
author has accomplished this with com- 
mendable results. 


Enhanced by 41 attractive color plates 
and 19 black-and-white photographs and line 
drawings, the book begins with a short his- 
tory of this magnificent Collection, from its 
inception in 1884, Chapters two through five 
discuss briefly but lucidly the important sub- 
jects comprising the study of gemology, in- 
cluding physical and optical properties, 
cutting and polishing, substitutes, lore and 
legend, and birthstones. The following sec- 
tion, which constitutes the bulk of the text, 
describes and illustrates.in color the princi- 
pal gem species and varieties, all of which 

(continued on page 62) 
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Uevelopments and Highlights 


by 


at the 


GEM TRADE LAB 


in Los Angeles 


Richard T. Liddicoat, Jr. 


Crystal Growth Lines 

The definition of flawless used by the 
American Gem Society accepts dia- 
monds showing crystal growth lines 
that have no surface manifestations of 
the slightly banded appearance seen in 
the interior of the stone. This is an effect 
caused by light passing through the 
slight irregularities. 

Figure 1 shows a diamond with very 
prominent growth lines for which there 
was no surface evidence. Such lines are 
very difficult to photograph; they are 
difficult to see through one eyepiece 
only. The stereoscopic effect of a binoc- 
ular microscope makes them more 
readily visible. In this stone they were 
sufficiently prominent that we decided 
to make an attempt to photograph them. 
It can be seen that they are indeed 


growth lines and not polishing marks, 
by the fact that they continue across 
facet junctions without interruption or 
change of angle. 


Fisheye Diamonds 


From time to time we encounter fish- 
eyes that are almost without brilliant 
reflections near the center. The diamond 
brilliant pictured in Figure 2 was sin- 
gularly “dead” in the center. The pavil- 
ion angle was so exceedingly flat that 
the girdle reflection reached almost to 
the huge culet. The ideal proportions 
for crown height and pavilion depth 
are, respectively, 16.2% and 43.1% of 
the girdle diameter. On this stone, the 
crown height was 16%, but the pavil- 
ion depth only 32%. Any figure less 
than 39% or 40% for the pavilion pro- 
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Figure J] 


duces a reflection of the girdle that is 
visible through the table. This one ap- 
proaches an extreme for a brilliant. 
Often the pattern seen when looking 
through the crown of a transparent 
stone discloses a great deal of its nature, 
as we have pointed out in previous 
articles in Gems & Gemology. 

Because of the recent rapid increase 
in the price of single cuts, more and 
more single-cut diamonds ate showing 
obvious effects of poor cutting, such as 
pavilion angles that are too flat or too 
steep. Another revealing sign is seen 
when the crown is exceedingly flat; in 
other words, when, instead of 34° or 
3414°, the crown angles are on the 
order of 20° or 25°, or even flatter. 
This is apparent as an eight-sided pat- 
tern completely around the crown, as 
shown in Figure 3. This pattern is seen 
whenever the crown is exceedingly flat 
and the pavilion not too far away from 


Figure 2 


_ Figure 3 


the normal angle. This same stone is 
shown in cross-section in Figure 4. 
Indian-Cut Diamond 


There are some diamond-cutting 
styles that are rarely encountered today. 


ee asssSsSsSsasSs.— woe 


SUMMER 1966 


59 


Figure 4 


One of these is the so-called Indian cut. 
A short time ago, a diamond cut in this 
style was submitted for grading. It is 
pictured in Figure 5. 
# Cat’s-Eye Opal 

While in Atlanta at the Conclave of 
the American Gem Society, we talked 
with William Collison, a colored-stone 
dealer and former instructor on the staff 
of the GIA in Los Angeles. Bill had an 
interesting stone that he permitted us 
to photograph, It is not particularly rare 
to see a section of play of color in an 
opal that is distinctly banded similar to 
a cat’s-eye, but it is very unusual to en- 
counter an opal cut in such a way that a 
distinct cat’s-eye effect is visible across 
the entire stone. Mr. Collison had such 
a stone, and Figure 6 shows the clearly 
defined eye. It was rather small —- only 
about 5 mm. in diameter. 


Coated Amber 


We received two large pieces of what 
appeared to be amber on cursory inspec- 
tion. It had the strain cracks often seen 
as discs and in other respects appeared 
to be natural. However, it had a refrac- 


Figure 5 


tive index of 1.56 (about .02 higher 
than usual) and when touched lightly 
by the hotpoint, the resulting odor had 
a slightly oily quality — not quite right 
for amber. When we put the material 
under a fluorescent lamp, it fluoresced 
much too little for amber. One interest- 
ing aspect was a slightly stronger fluo- 
rescence on edges and points. By 
scraping a corner slightly, we were able 
to get strong fluorescence from the in- 
terior. It was clear that the material had 
been given some kind of thin coating, 
probably to protect it from crazing. By 
getting through the coating, the normal 
amber characteristics were readily 
apparent. 
* ok 

A star sapphire was submitted for 
identification with the claim that it had 
been in possession of the owner for 
over 30 years. However, it was an ob- 
vious synthetic, with all the character- 
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istics of very early production by the 
Linde Company. Since their product 
reached the market less than 20 years 
ago, we assume that the man’s memory 
was something less than exact. 


Some Lapidaries 
Would Rather Switch 

In the past, we have encountered fre- 
quent situations in which a layman has 
found a piece of rough gem material 
and taken it to a lapidary for fashion- 
ing. Occasionally, a cut stone of the 
same material is substituted for the 
rough and recut. Often the substituted 
stone is more satisfactory than the origi- 
nal rough and the lapidary presumably 
salves his conscience with this thought. 
The most startling switch that has come 
to our attention was an extrusive igneous 
rock containing a cavity filled with yel- 
low transparent opal. Sent with it was a 
stone purported to have been cut from a 
similar piece of rough by a lapidary in 
the region where the material had been 
found. The interesting fact was that the 
rather large faceted stone was a syn- 
thetic yellow sapphire — not opal. 

Quartz /Diamond Delusions 

Gemologists are plagued by persons 
who find quattz and know they have 
discovered diamond. They usually seem 
to share a second delusion: that who- 
ever says the material is “just quartz’ is 
either mistaken or dishonest. This gives 
rise to unusual and humorous situations. 
Récently, a woman sent us two quartzite 
pebbles, each of which had been broken 
into two pieces. She wrote that she 
trusted us, but she had photographed 
the pieces to be sure they weren't re- 


Figure 6 


placed! After the stones were identified 
and returned, we received a letter 
asking, “Was your conclusion based on 
the behavior of the specimens in paral- 
lel polarized light between crossed 
Nicols, or was it simply based on the 
strength of double refraction of both 
specimens?” A second question: “Was 
the crystal structure taken into consid- 
eration?” Before the woman was‘ pre- 
pared to believe the conclusion, she 
indicated that she wanted a complete 
breakdown of all the properties of the 
specimens. 
New Sphene Source 

Two sources of very nice sphene have 
been discovered in Brazil within the last 
few months. An American ifporter has 
arranged for the entire output of gem- 
quality material. This may make it pos- 
sible to re-establish the popularity of 
greenish-yellow or yellowish-green 
sphene. In the meantime, the Institute 
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has received a substantial supply of gem 
sphene crystals from the importer. 


Taiwan Nephrite Jade 


Not long ago we received some very 
attractive nephrite that was labeled 
“genuine oriental jade.” The importer 
who sent it to us for testing assured us 
that it had been mined in Taiwan. It 
was nephrite of a quality reminiscent of 
medium-grade material from Wyo- 
ming. It was characterized by a some- 
what flaky appearance on the surface. In 
addition, feathers apparently extended 
into the stone, giving the impression 
that it was rather strongly layered. How- 
ever, it seemed to be very tough and to 
have all the merits of attractive nephrite. 
In view of the quality of the material 
examined to date, it would appear. that 
Taiwan is going to offer a new source 
of good nephrite jade. 


We Appreciate 


The GIA has often been in need of 
cut demantoids for gem-testing sets. 
Whenever this need has become appar- 
ent, David Widess of I. Widess & 
Sons, Los Angeles, has given us a supply 
of attractive stones that will last for a 
year of more in making up practice sets 
for students. His generosity is sincerely 
appreciated. 

We appreciate the gift of 15 Mexican 
opals from student Lawrence Reiner, 
Phoenix, Arizona. 

Doublets and miscellaneous stones 
for practice sets received from Dick 
Patterson, Garden City, Kansas, will 
be used to good advantage. 


We are grateful to Lazare Kaplan 
& Sons, New York City, for pink, 
blue and yellowish diamonds. They now 
gtace a prominent place in our display 
cases. 

John H. Erle presented us with a 
nephrite jade cabochon when he at- 
tended a recent residence class. 


(continued from page 48) 
V. Schmidt Co., we received specimens 
of purple and yellow fluorite from Ohio. 

From student Jim Garriti, James 
Garriti, Lapidary, we received a hand- 
some synthetic-spinel triplet colored to 
resemble peridot. 

From Herb Walters, Craftstones, 
Ramona, California, the writer received 
a handsome tumbled-polished agate 
nodule measuring nearly six inches 
across — surely one of the largest tum- 
bled specimens one would expect to see. 


Bo ok He views 


(continued from page 57) 


are represented in the Collection. Notable 
among the celebrated stones in the Museum 
are the 44.50-carat Hope Diamond, the 127- 
carat Portuguese Diamond, and the 330-carat 
Star of Asia, a supetb blue star sapphire. 
The Maharani Cat’s-eye, weighing 58 carats, 
is one of the finest of its kind in existence. 
Significant because of record-breaking size, 
as well as fine quality, is a 66-carat alexan- 
drite, a peridot of 310 carats, an 880-carat 
kunzite, and a benitoite weighing 7.60 
carats. These and many other gems, includ- 
ing a wide variety of collector’s items, are 
on view. The final chapter lists some of the 
larger and more interesting stones on dis- 
play, including catalog number and name 
of donor. 
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Book H 


Reading the book prior to visiting the 
Museum will increase one’s understanding 
and appreciation of gems when he tours the 
exhibit, Even if this opportunity never pre- 
sents itself, Gems in the Smithsonian Insti- 
tution is a worthwhile acquisition. 

LLC 


JEWELRY — PLEASURES & TREA- 
SURES, by Claude Fregnac. Published by 
G. P, Putnam’s Sons, New York City, 1965. 
128 pages. Clothbound. Illustrated in color 
and black and white. Price: $4.94. 

This is one of a uniform series of at- 
tractively designed, beautifully illustrated 
books dealing with various categories of art 
objects and other subjects. (Another book 
in the series, entitled Ivory — Pleasures & 
Treasuves, is an absorbing account of the 
history of ivory carving from prehistoric 
times through the 18th century. Written by 
Dr. O. Biegbeder, a leading French authotr- 
ity in the field, it will be particularly appeal- 
ing to those gemologists and art lovers who 
appreciate the beauty of this material and 
the exquisite craftsmanship of the ivory car- 
ver, shown in black and white and high- 
quality color. It is available from the same 
publisher at the same price.) 

Translated from the French by Donald 
Law de Lauriston, Jewelry is the always- 
fascinating story of the art of the Jeweler 
from Renaissance to the end of the 19th cen- 
tury — from the time of Benvenuto Cellini 
to that of Georges Fouquet, who designed 
fabulous pieces for the celebrated Sarah 
Bernhardt, With 32 excellent color photo- 
graphs, 100 black-and-white pictures, and a 
well-written text, M. Frégnac describes many 
of the historic jewels and gems that gained 
fame or notoriety during this 400-year 
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period, many of which were owned by such 
royal personages as Mary Stuart, Marie An- 
toinette, Empress Eugénie and Queen Vic- 
toria. In addition, the reproduced paintings 
depict the manner in which the jewels were 
worn, thus showing them not merely as iso- 
lated objects but as integral parts of the 
costume. 

This book not only presents a rich and 
varied panorama of Europe’s finest jewelry 
creations, but it is also a revealing com- 
mentary on the social history of the most 
extravagant period of European civilization. 
It (as well as Ivory) offers a great deal of 
enjoyment for so modest a price. 

LLC 


THE FASCINATION OF DIAMONDS, 
by Victor Argenzio, Published by David 
McKay Co., Inc., New York City, 1966. 184 
pages. Clothbound. Ulustrated with black- 
and-white photographs and line drawings. 
Price: $4.50. 

For the person who has read and studied 
other popular books on this subject, this one 
will add little or nothing to his fund of 
diamond knowledge. To the uninitiated, 
however, it presents the diamond story in an 
easy-to-read, entertaining style. Covered 
rather briefly but adequately are the usual 
topics to be found in a book of this kind, 
including history, lore, formation, sources, 
mining, cutting and marketing. Also in- 
cluded are tips on buying and a discussion 
of investment value, subjects of particular 
interest to the lay person contemplating the 
purchase of a diamond. Mr. Argenzio is a 
long-time jeweler and diamond dealer of 
Denver, Colorado. 
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DIAMONDS 


--Famous, Notable & Unique 


Provides the reader with entertaining, factual 
accounts of the great and near-great diamonds 
in history 


200 pages 
107 black-and-white photos 
10 full-page color plates 


250 name diamonds 


Reference material for jewelers, researchers, lecturers 
Price: $7.50 
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Developments and Highlights 


Synthetic-Spinel Triplets 

Although most texts on gems illus- 
trate among the assembled stones a type 
made up of two pieces of colorless 
material, usually quartz, enclosing a 
slab of glass, we have never encountered 
such a stone until recently. Commer- 
cially available are triplets made to re- 
semble peridot, in which the color 
comes from a relatively thick slab of 
glass between colorless synthetic-spinel 
crown and pavilion. Figure 1 illustrates 
one-of the stones immersed in meth- 
ylene iodide; we have not yet deter- 
mined whether they are cemented or 
fused. We appreciate a gift of these 
stones from GIA student, Joseph 
Garriti, New York lapidary. 


by 
Robert Crowningshield 


at the 


GEM TRADE LAB 
in New York 


Damaged Diamond 

Figure 2 illustrates a damaged dia- 
mond that had cleaved at every exposed 
point between the prongs. We were 
able to determine that it was an example 
of the relatively rare “‘three-point’’ bril- 
liant cut, in which the table approxi- 
mately parallels the octahedral direction. 
As a result, the edges of the stone were 
vulnerable, because the cleavage direc- 
tion was nearly at right angles to the 
table instead of roughly paralleling the 
back facets, as in a ‘four-point’ stone, 
in which the table parallels the cube 
direction. Prior to the damage, it prob- 
ably would not have been possible to 
determine the grain of the stone by 
observation alone. 
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Figure ] 


Repolishing Lechleitner Stones 

A potentially troublesome feature of 
the Lechleitner synthetic-emerald over- 
growth on beryl is repolishing a chipped 
stone. If the chip has occurred in an 
area in which the overgrowth contrib- 
utes considerable color to the stone, a 
window may be made, spoiling the even 
color. We advised against having a chip 
polished out of the crown of the large 
stone illustrated in Figure 3. As it was, 
a definite white spot could readily be 
seen. The typical strain cracks in the 
synthetic-emerald overgrowth can be 
seen in the photograph. 


Solution-Grown Synthetic Rubies 

We have mentioned and illustrated 
solution-grown synthetic rubies in recent 
issues of GEMS & GEMOLOGY and 
we continue to see such stones. To date, 
the types seem to be limited to two, ac- 
cording to microscopic examination, al- 
though we do see stones with no 
imperfections, even under 120x. With- 
out more rough and cut material to 
study, we are usually unable to deter- 


Figure 2 


mine whether the specimen being ex- 
amined is an example of flux or 
hydrothermal growth. 

The two types we associate with mag- 
nification are those in which wisps and 
clouds greatly resemble those in flux- 
gtown synthetic emerald and those in 
which heavy fingerprints of flux in- 
clusions can be seen. Figure 4 illustrates 
a stone of the former type, and Figure 5 
is the same stone under immersion and 
dark-field illumination. Figure 6 is the 
same stone under immersion but with 
light field. A central “seed’’ of natural 
corundum may be seen. As we have 
mentioned before, so far these solution- 
grown synthetic rubies are more trans- 
parent to short-wave ultraviolet light 
than natural rubies and similar in this 
respect to the common flame-fusion 
(Verneuil) synthetic rubies. Figure 7 is 
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Figure 5 


a photograph that has been enlarged to 
show the stone in Figure 6, in which the 
natural “seed” transmits less than the 
surrounding synthetic material. As we 
pointed out formerly, the incorporation 
of some or all of the seed is not an 
essential feature of these “wispy” syn- 
thetics. If the growth has been sufficient, 
the natural material need not be used. 
Figure 8 illustrates the second type of 


Figure 7 


Figure 4 


Figure 6 
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Figure 8 


Figure 10 


inclusion: coarse flux fingerprints. Fig- 
ure 9 is a short-wave, ultraviolet-trans- 
parency test using positive photographic 
paper. The light images are natural 
stones, the center stone is a flux-fusion 
synthetic ruby, and the six other dark 
images are flame-fusion synthetics. Fig- 
ure 10 is an enlargement of a short- 
wave ultraviolet-transparency test of a 
flux-grown synthetic ruby, in which the 


Figure 9 


nontransparent flux inclusions are 
clearly visible as the light smudge in the 
center. Gas bubbles and curved stria- 
tions may show up in a similar test done 
with ordinary Verneuil synthetic rubies 
(Figure 11). Figure 12 is a trans- 
parency test of four solution-grown 
synthetic rubies—whether flux or hydro- 
thermal was not determined—with three 
natural rubies as control stones. One of 
the latter is mounted in a ring. 


Maine Tourmaline 

The beautiful tourmaline rough we 
illustrated in the last issue of GEMS & 
GEMOLOGY has been cut, producing 
some of the loveliest stones we have 
ever seen. Frgures 13 and 14 can hardly 
do justice to these extraordinary blue- 
gteen gems, in not one of which could 
we detect any flaws under 20x! The 
heart shape (Figure 14) weighs in ex- 
cess of 50 carats. Again we are indebted 
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Figure 12 


Figure 11 


Figure 14 


Unusual Tourmaline-Set Turtle 

Figure 15 illustrates a phenomenal 
lapidary feat. The horny plates on the 
to Mr. Frank Perham of West Paris,  turtle’s back are represented by 13 beau- 
Maine, for the opportunity to study  tifully cut, fitted and polished green 
these Maine tourmalines. tourmalines set in 18-karat gold. 


Figure 13 
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Figure 15 


Figure 17 


Drag Marks on Diamond 

Polishing drag marks on diamond 
ate frequently very difficult to photo- 
graph, as well as to discover. Figure 16 
shows them very clearly running from 
inherent fractures. 

Cyclotron-Treated Diamond - 

Figure 17 shows the “umbrella” 

effect seen around the culet in a very 


Figure 16 


Figure 18 


large cyclotron-treated green diamond 
that had been represented to be not only 
natural color but the finest diamond of 
this color next to the Dresden Green. 
It was undoubtedly originally a decided, 
but not fancy, yellow stone. 


Dendritic Inclusion in Diamond 
We have encountered another weird 
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Figure 19 


Figure 20 


dendritic inclusion in a large, imperfect 
but very fine-color diamond. This in- 
clusion is shown in Figure 18. 


Unusual Textured Effect on Diamond 

Figure 19 illustrates another unusual 
feature of a diamond: a textured effect 
on the surface of an emerald-cut stone 
that resembles human skin! 


Unusual Items Encountered 

Among the unusual items we have 
encountered since last issue is a fine- 
colored iolite mounted in a platinum- 
and-diamond ring and purchased 
originally as a sapphire. 

A dark-blue natural sapphire, re- 
portedly from Siam (Thailand), 
showed a very weak absorption spec- 
trum and glowed with a greenish-white 
fluorescence under short-wave ultra- 
violet, illustrating again the necessity of 
using more than one test on both sap- 


phires and rubies. In most cases, this 
type of fluorescence is confined to syn- 
thetic blue sapphire. 


An unusual crystal examined recently 
proved to be a 2.12-carat uvarovite- 
garnet crystal. The stone was translu- 
cent and probably not cuttable, but it 

(continued on page 95) 
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Hydrogrossular— 
A Hydrogarnet from the 
Transvaal 


by 


H. Lawrence McKague, Ph.D. 


PART II 


Stability of 
Hydroglossular and Idocrase 

The physical conditions under which 
hydrogrossular is stable have been in- 
vestigated by a number of workers 
(Flint, McMurdie and Wells, 1941; 
Yoder, 1950; Pistorius and Kennedy, 
1960; and Christie, 1961). Yoder de- 
termined the upper stability limit of 
hydrogrossular to be 750° C. at atmo- 
spheric pressure and 850° C. at 2000 
atmospheres of pressure. Pistorius and 
Kennedy (1960) determined the upper 
stability limit to be 780° C. and the 
composition (ie., water content) de- 
pendent on temperature and indepen- 
dent of pressure. 

In his study of the subsolidus break- 
down of the members of the melilite 
group, Christie (1961) determined 
that in mixtures with less than 25 per- 
cent akermanite, hydrogrossular and 
idocrase are stable between 447 and 


550° C. in the pressure range from 
4,800 to 6,700 atmospheres. Although 
the mineralogy is different, the bulk 
compositions are not too dissimilar. 
Yoder (1950) showed that wollasto- 
nite, anorthite and gehlenite (a meli- 
lite-group mineral) formed when glass 
of grossular composition was heated 
above 850° C. at atmospheric pressure. 
The anorthites of the Bushveld Igneous 
Complex would contain Fe, Na, more 
Al, more Si, less Ca and less Mg than 
melilites. These differences in chemis- 
try would undoubtedly affect the stabil- 
ity, but Christie’s data are adequate for 
a first approximation of the conditions 
under which the Transvaal hydrogros- 
sular formed. 

Coes (1955) synthesized idocrase at 
700° C. and 10,000 atmospheres. How- 
ever, Rapp and Smith: (1957) synthe- 
sized an Fe-Mg idoctase in the range 
550-600° C. with pressures of from 
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1,666 to 3,000 atmospheres. Anorthite 
and grossularite (hydrogrossular?) 
were also present. 

The laboratory data thus supports a 
hydrothermal metasomatic origin for 
this material, as proposed by Tilley 
(1957) and Frankel (1959), with the 
temperature probably below €00° C. 

Conditions controlling the presence 
or absence of idocrase or hydrogrossular 
have been discussed by several authors. 
Deer, Howie and Zussman (1962) 
suggest the presence or absence of vola- 
tiles may be the controlling factor. 
Burnham (1959) suggests the develop- 
ment of the grossular zone as due to an 
increase in Si and a decrease in Al and 
Mg over that in the idocrase zone at 
Crestmore, California. Christie (1964) 
states that the development of hydro- 
garnet from idocrase “. . . may be the 
result of either an appropriate thermal 
history, a systematic variation in water 
activity, a variation in chemical constit- 
uents, or a delicate interplay of all of 
these factors.” In the Transvaal mate- 
rial, where the idocrase occurs in ran- 
dom patches, it is suggested that its 
present distribution is a function of the 
original distribution of ferromagnesium 
minerals modified by late hydrothermal 
solutions. However, this suggestion 
needs to be substantiated by additional 
field and laboratory investigations, espe- 
cially in view of the fact that Rapp and 
Smith (1958) produced Fe-Mg-free 
idocrase. 

Conclusions 


Several conclusions can be drawn re- 
garding the samples studied: 


1) 


2) 


3) 


4) 


The samples are predominantly 
hydrogrossular, with smaller 
amounts of idocrase and chromite. 


They can be divided into two 
groups. The most obvious divi- 
sion is based on color, but there 
are distinct differences in refrac- 
tive index, specific gravity and 
unit-cell size. 


The consistent differences in re- 
fractive index, specific gravity 
and unit-cell size indicate the 
pink samples have a higher water 
content than the green samples. 
Based on Pistorius and Kennedy's 
work, this suggests a difference in 
temperature at some time in their 
history. It should be noted that 
refractive index, specific gravity 
and unit-cell size do not give uni- 
form values for the H,O content. 
For example, in sample number 
7, the mole percent H,O based on 
refractive index, specific gravity 
and unit-cell size are approxi- 
mately 0.6, 0.8 and 0.2, respec- 
tively. 

Because of similarity in physical 
properties, it is concluded that the 
best method of distinguishing be- 
tween hydrogrossular and ido- 
crase is by X-day diffraction. The 
method of X-ray fluorescence is 
still valid; however, hydrogros- 
sular from other deposits should 
be checked. 
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Six Centuries 
of 
Diamond Uesign 


by 


H. Tillander, CG, FGA 


The first authentic description of the 
“modern” method of diamond polish- 
ing, given by Benvenuto Cellini around 
1568, is aptly supplemented by the illus- 
tration of the coat-of-arms of the Nu- 
remberg diamond-polishets’ guild, 
showing clearly the dop and:two faceted 
diamonds, Paul Grodzinski stated, in 
1953: “There were diamond polishers 
in Paris and Nuremberg in the 13th 
century, but the usual secrecy and ob- 
scurity covers their methods, which 
were probably quite different from those 
used by the ancients.” 

Without evidence regarding the year 
of execution it is not possible to draw 
definite conclusions, but one is perhaps 
not much mistaken in saying that the 
shaping of the earliest table cuts in the 
Western World coincides with the time 
when women began to wear diamonds; 
in other words, well over 600 years ago. 

S. Tolansky, in his History and Use 
of Diamond, states that grinding away 
the tip of an octahedron was the method 
used by the ancients to produce the 


table cut. This he believes was done at 
least around 1300. The earliest shaping 
of diamond may have been done in 
India some 2,000 years ago. 

There are, however, two German au- 
thorities, Dr. Walter Fischer and Pro- 
fessor Dr. Siegfried Risch, who both 
say that the earliest faceted diamonds 
appeared only during the second half of 
the 16th century, and that diamonds 
generally believed to have been polished 
before that were either natural crystals 
or cleaved fragments. Dr. Fischer illus- 
trates his article with such jewelry from 
the period around 1500. In addition, he 
believes that the early table cuts were 
produced by sawing the rough crystal in 
two and not by grinding away the tip. 
The author has observed traces of saw- 
ing in a number of old diamonds and 
therefore suggests that both methods 
must have been used. 

During mediaeval times, extensive 
trade with the orient, appreciation of 
minor arts, or at least a highly luxurious 
life must have existed in a city before 
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Figure 1. Coat-of-Arms of the Nurem- 

berg Diamond Polishers’ Guild (From 

History of Diamond Polishing, by 
P. Grodzinski) 


it became a diamond center. It remains 
to be discovered when trading devel- 
oped into purchase of rough for sub- 
sequent cleaving and polishing before 
sale. 

Alexander the Great was responsible 
for first revealing the wealth of dia- 
monds in India, but only some 1500 
years after his death (in 323 B.C.) did 
regular trade develop between India 
and the West. 

Early diamond centers were Alexan- 
dria, Venice, Bruges, Nuremberg and 
Paris. Places like Lisbon, Valencia, 
Barcelona, Madrid, Antwerp, Amster- 
dam and London became important 
much later. 

The earliest price list for diamonds is 
given by the 12th-century Arab author, 
Teifashius. From 31 B.C., Alexandria 
was a very large trade center that grad- 
ually developed into an important tran- 
sit place for Indian diamonds. 


Quite early, around 900 A.D., Venice 
became a dominant center for industry 
and trade. It lost importance, together 
with other Eastern Mediterranian ports, 
after Vasco da Gama, in 1498, ex- 
plored the sea route around the South 
African coast to the Far East. Venice 
and Florence produced famous diamond 
experts, such as Marco Polo, Nicolo 
Conti, Matteo del Nessaro, Benvenuto 
Cellini, Hortensio Borgius, Giulio 
Mazarini, Vincenzio Peruzzi and many 
others. 


Bruges became another large and very 
important commercial town and dia- 
mond center during the 12th and 13th 
centuries, but lost importance to Ant- 
werp at the end of the 15th century. 
After the Spanish Fury in 1585, the 
diamond cutters moved to Amsterdam. 


Nuremberg, an inland town at the 
crossroads of travel and trade, devel- 
oped early into a diamond center. Be- 
tween the 14th and 17th centuties it 
was one of Europe's most important 
cities for trade, art and technical inven- 
tions (modern horology, famous artists, 
wealthy merchants, etc.). It may thus 
very well have contributed to the devel- 
opment of diamond cutting. 


In France, the great passion among 
royalty and nobility for the minor arts 
dates as far back as the 7th century, 
when no less then three jewelers, Eloi, 
Alban de Fleury and Theau, were 
canonized. At that time, however, only 
monasteries had workshops and almost 
a monopoly of craftsmen. Clotaire II 
established, on an isle of Paris city, a 
workshop of goldsmith monks, free 
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from all cares and wars, a,life in silence 
devoted to sacred arts. The reign of 
Charlemagne (771-814) was one of 
magnificence, the goldsmith’s art com- 
ing to the top during that period. In the 
12th and 13th centuries, the zenith of 
the curve was reached, and France was 
the cultural center of the continent. Sec- 
ular jewelers became strongly estab- 
lished. In 1319, the French Queen 
Clemence of Hungary (King Louis, the 
Quarreller’s wife) is said to have worn 
a diamond-studded necklace, and 
Queen Jeanne d’Evreux (wife of 
Charles IV) possessed rich collections 
of personal jewelry. 

In the following analyses, the uni- 
versal principles for measuring diamond 
proportions are used — essentially the 
same as those that have, within recent 
years, also been adopted by American 
gemological organizations. But an effort 
has been made to introduce new signs 
and abbreviations that can be univer- 
sally understood and are easy to type or 
write. They have been found most prac- 
tical throughout the research work. 

The original brilliant cut was the 
natural, perfectly developed octahedron. 
It had a girdle of 1%, a crown height 
of 7034 9%, the same pavilion depth, a 
total height of 142.5%, and both crown 
and pavilion angles were equal to the 
octahedral angle of 54°44’8.3”, or 
almost 5434°. 

Eventually, the octahedron was 
slightly improved by primitive polish- 
ing. Together with several other regular 
forms of diamond crystals and cleaved 
fragments (the early baguettes), this 


Figure 2. An early method of grinding 
away the tip of an octahedron (From 
Ars Memorative, 1480) 


“diamond point” was used in jewelry 
for more than 1500 years. 

It is not known when the first at- 
tempts were made to repair broken tips 
of otherwise perfect octahedra. 

The early diamond cutter found, 
probably without fully appreciating the 
value of his discovery, the softest of all 
planes, the cubic. S. Tolansky believes 
that early workers often decided to 
gtind away the tip until the width of 
the table face was 50%, involving a 
total loss of 14 ¢th, or 6.25%. Other 
authors have quoted figures between 4% 
and 54. Experiments with synthetic 
spinels and comparisons with descrip- 
tions of fine table cuts, old designs and 
photographs of authentic mediaeval 
jewelry show clearly that not less then 
54 of the top pyramid had been ground 
or sawn off in perfect full-bodied table 
cuts. 
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Figure 3. How the earliest baguettes were cleaved from a diamond octahedron 


The ideal table cut has therefore been 
reproduced with 44 of the top pyramid 
as a crown and &% as a pavilion, leaving 
a table of 56% and a culet of 11%. 
The magical total depth figure of 
100% is not yet established. These pro- 
portions remained the best figures 
almost as long as the octahedral angles 
persisted. 

Obviously, the table cut developed 
very gradually into this optimum and 
symmetrical shape, and few if any cut- 
ters adhered strictly to these rules, prob- 
ably as few as today produce ideal 
brilliant-cut stones. 

From the evidence of the numerous 
reproductions of known jewelry in mu- 
seum and private collections, no doubt 
remains about the dominance of the 
primitive table cut up to the beginning 
of the 18th century, when it rapidly de- 
clined. The same applies to the “point 
cut,” insofar that it persisted in sizes 
that today would be called melee, until 
it-was gradually replaced by small table 


cuts and later by different types of 
single cuts. 

Further evolution was slow and hap- 
hazard. Inspired by the results achieved 
in shaping softer gems, and possibly due 
also to the various shapes of rough dia- 
mond, the first table cut with polished 
corners appeared; this may be termed 
an “octagonal table cut.” This shape, 
however, never became popular or gen- 
erally accepted, and it must be consid- 
ered merely as a repaired table cut and 
a step towards the proper single. cut 
with 8-fold symmetry in the girdle out- 
line and in the shape of the table facet. 

The perfect old single cut with 8 
facets on the crown and 8 on the pavil- 
ion is thought by Professor W. Eppler, 
a well-known German mineralogist and 
gemologist, to date as far back as the 
14th century. If he is right, it remained 
a rarity for well over 200 years. 

Styles with more elaborate faceting 
cannot be dealt with in a strict chrono- 
logical order. The reasons are that tech- 
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Figure 4. Abbreviations and signs used 

in proportion analyses: 

Diameter of stone (usually the 
shortest) 

T Table size (in brilliant cuts between 
opposite corners, but in certain other 
shapes between opposite sides) 

o Culet size (measured as the table 
size) 

he Height of crown x) 

--- Average girdle thickness 

hb Height of base (= depth of pavil- 
ion)x) 

H_. Total height (from table to culet) 

CA Crown angle 

BA Base angle (= pavilion angle) 

x) Without girdle thickness 


4 


a 7 


Figure 5. The perfe:t diamond point 
(4/4) 
he 70.75% CA54°44'8.3” 


«== 1.00% 
hb 70.75% B454°44'8.3” 
H 142.50% 


(With a girdle thickness of 1% the dia- 
mond point has a © of 99.6%, com- 
pared with the width of the perfect 
octahedron. For: this reason, the depth 
figures differ from the measures of a 
crystal without girdle) 


Figure 6. The optimum full-bodied square 

table cut (4/4) 

T 56.0% (measured between opposite 
sides) 

o 11.0% (square in shape) 

he 31.2% Ch54°44'8,3” 


--- 1.0% 
hb 62.8% BA54°44'8.3” 
H 95.0% 
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Figure 7. Natural diamond crystals resembling table cuts. (From Der Diamant, by 


Fersman und Goldschnidt) 


niques, once learned, imposed no 
limits on the number of facets that 
| could be put on a diamond. The rose 
cut had been introduced in Europe very 
early in the 16th century and other 
tichly faceted Indian diamonds, without 
too much geometrical symmetry, such 
as the Sancy and the Florentine, became 
well known in the West. 
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Figure 8. Optimum full-bodied octagonal table cuts (8/8) 

A. The first step towards the proper single cut with a square culet and the table size 
measured between opposite sides. Length of outer edge of main facets is 80% of © 

B. A shape, which persisted in melee sizes, with an octagonal culet and the table size 
measured between opposite sides. Length of outer edge of main facets is 60% of ©. 
(The proportions are equal to those listed under Figure 7) 


It remained only to invent the final 
shape of the full-cut brilliant. This was 
achieved during the 17th century, 
whereas somewhat less-complicated de- 
signs were created for the melee sizes. 

The English star cut had 17 facets 
on the crown and 8 on the pavilion. The 
first stones of this style were no doubt 
cut with octahedron angles and the 
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Figure 9. Optimum octagonal and rounded full-bodied single cuts (8/8). Both have 
octagonal culets and proportions equal to those listed under Figure 7. T is measured 
between opposite sides on both A and B 


same optimum proportions as earlier 
diamonds. 

The English square-cut brilliant had 
a different girdle outline, the same 
number of facets (16) on the crown, 
but 12 instead of 8 facets on the pavil- 
ion. Here, as in the following brilliant 
cut, the table size must again be mea- 
sured between opposite facet edges. 

Then the Mazarin-cut brilliant ap- 
peared ; it was used in all sizes, includ- 
ing large stones. In all probability, it 
was older than the two previous shapes 
and was perhaps introduced about 
1620, well before the era of Cardinal 
Mazarin. 

The 17th century contributed to 
physics by discovering the laws of re- 


fraction and by introducing analytical 
geometry. There was rapid development 
in all fields of science. Diamonds with 
deliberately chosen angles and propor- 
tions no doubt appeared. Proportions 
considered ideal obviously changed. 
Only the table size remained 56%. 

The following quotation in a letter 
by Marquise de Racan, a member of the 
French Academy, written in 1644 to 
Madame de Thermes, may be one rea- 
son for the wrong belief that Mazarin 
invented the 16, facet cut: ‘The 
Cardinal has demanded a cut with 16 
facets above and 16 below the girdle; 
he makes a triumph of this double cut.” 

But this cut existed, as did the rose 
cut, well before 1644. 16 facet cuts 


FALL 1966 


83 


[> /* ey | 
| A {| 
~ gon 
| \ 


Figure 10. The optimum full-bodied English star cut (16/8) 
* A. The culet is square and the proportions equal to those listed under Figure 7 
B. The optimum full-bodied English square cut (16/12). The culet is square and the 
proportions equal to those listed under Figure 7. The girdle facets on the crown 
and pavilion have the same height but a different shape. The distance between 


the corners is 90% of © 


are mentioned in connection with 
Queen Henrietta Maria, who gave such 
diamonds in 1640 to the French Duke 
of Epernon as security against loans. 
These must have been acquired much 
earlier, since her husband, King Charles 
I, started to dispose of his valuables in 
1625, the first year of his reign. 

The truth about Mazarin is probably 
that he just became a fabulous collector 
of large and exquisite diamonds and 
thus learned more about them than 
others. He purchased diamonds from 
Tavernier and other merchants. He 
acquired the Saucy, the Mirror of Por- 
tugal and many other stones that had 
belonged to royalty in distress, such as 
Charles I, Henrietta Maria, Queen 
Christina of Sweden and others. Almost 


one-half of the large diamonds listed in 
his bequest to the French Crown were, 
strange as it may sound, table cut and 
only subsequently, after his death, recut 
into new shapes. As a collector of dia- 
monds, Mazarin followed the example 
of earlier nobles, such as Seigneur de 
Sancy, Henry IV and his Queen Marie 
de Medici, Louis XIII and his Queen 
Anne, Cardinal Richelieu and many 
others. 

A few years after the death of Maza- 
rin large, full-cut brilliants appeared on 
the market, the earliest known to the 
author. One is a 19-carat brilliant-cut 
stone from the Green Vaults in Dres- 
den, with a full-cut crown but a single- 
cut pavilion; the crown angle is 34°. 

But much more fascinating is the 
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Figure 11. The optimum Mazarin cuts (16/16). The distance between the outer corners 
is 94% and between the inner corners, 64% of ©. The culet is square and the girdle 
facets above and below the girdle are identical in size and shape 


A. The proportions are equal to those listed under Figure 7 
B. The lower Mazarin cut has the following proportions: 


T 56.0% 
o 10.0% 
he 22.4% CA45° 
~-- 1.0% 
hb 44.8% BA45° 
H 68.2% 


Figure 12. The Wiftelsbach Diamond 
(40/40). (The pavilion is reproduced as 
if seen through the crown. The dimen- 
sions of the actual stone are 24.5 x 
21.5 millimeters) 


T 66.0% 

o 31.0% 

he 12.5% B&36° 
--- 0.5% 

hb 30.0% Ca42° 
H 43.0% 
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Figure 13 


Figure 14 


Figure 13. The Regent Diamond (40/32). (The pavilion is reproduced as if seen through 
sthe crown. The dimensions of the actual stone are 30 x 29 millimeters) 


T 46.55% (16 sided) 
o 10.35% (8 sided) 
he 25.90% CA 45° 


--- 0.00% 
hb 39.60% BA4134° 
H 65.50% 


Figure 14. The corrected Regent cut with 32/24 faceting. This may have been the best 
shape of the earliest brilliant-cut diamonds with four-fold symmetry in the table and 
150° and 120° angles. The four larger main facets are symmetrical lozenges, but the 
girdle facets are of a different size and shape on the crown and pavilion; the proportion 


in height is about 12:10 


T 53.0% 

o 6.0% 

he 23.5% CA45° 
--- 10% 

hb 42.0% BA4134° 
H 66.5% 


The distance between the corners is 82% of © 


lately rediscovered Great Blue Diamond 
of 35.50 carats, now also called the 
Wiutlesbach. The appearance of this 
stone is particularly striking, because of 
its unusually fine polish and the absolute 
flatness of the facets. It is amazing that 
this stone has as high dispersion and 
can look so attractive, with a total depth 
of only 38.6%. It has recently been 


studied by the author and his team. The 
following proportions may be of inter- 
est: table, 65.8%; culet, 31.1%; 
height of crown, 12.4%; depth of 
pavilion, 25.2%. The crown and pavil- 
ion angles are both exactly the same, 36 
degrees. The size in millimeters is 
24.4 x 21.46, with a depth of 8.29. The 
number of facets is 4%p. 
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Figure 15. The almost-round early brilliant cut (32/24). This 
shape is midway between Figure 15 and the completely round : VE =. \ 
brilliant cut, with a distance between the corners of 76% of | Ta a 
©. The symmetry of the table is still four fold with angles of f VV 
127.5° and 142.5°. The main facets on the crown are all / 

kite shaped and proportioned to please the eye only. The ee EX 
girdle facets on crown and pavilion all have a height of 15% a 1a wet 
but a slightly different shape. The proportion figures are = 
different from the Regent cut, since the lower pavilion angle 
of about 41%4° was apparently never generally accepted 


T 53.0% 

o 60% 

he 23.5% CA45° 

--- 1.0% —<F 

hb 47.0% BA45° A ih Ay \ 

H 71.5% YZ | SON 
‘ ~ \ 
fy a 

N\A 
A + ~ ) 
LAN | 


Figure 16B. The same early brilliant 

cut, as illustrated by David Jeffries in 

1750, but with a larger table (58%) 

and culet (11). Judging from this dia- 

gram, the proportion figures may have 
been 4134° 


Figure 16A. The perfectly round early 
brilliant cut (32/24). The table has 
eight-fold symmetry with 135° angles. 
The meeting points of the main facets 


on ibe crown, Gre found by oraying, a All that is known of the early history 
circle midway between the corners of ; 5 . g 
the table and the girdle. The girdle fa:- of the Wittlesbach is that in 1664 it was 
ets on crown and pavilion all have a ‘ : ty: 
height of 14%2% and are identical also presented by the Spanish King Philip 
in their shape. The proportion figures IV as part of the dowry for his daughter 
are the same as listed under Figure 15. the Infanta Maria Teresa, who married 
Emperor Leopold in 1667, and that it 
P Pp , 
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Figure. 17. Leakage of light in brilliant-cut diamonds with a culet. 


A. With 543° angles 


B. With 45° angles 


(From Brillanten und Perlen, by W. Maier) 


came from a new acquisition of precious 
stones from India and Portugal. 

A very similar brilliant-cut stone, 
only without the extra facets on the 
crown, is a distinctly yellow diamond 
of 13.48 carats among the treasures of 
the Green Vaults. It has a table size of 
about 50%, a crown angle of 33°, and 
an. equally modern pavilion angle of 
4134°, with a total depth of some 60%. 
The additional 8 facets on the pavilion 
were apparently applied because of the 
rather large size of the stone. The total 
number of facets is 32 on the crown and 
32 on the pavilion. 

The famous Regent Diamond is a 
404 -faceted brilliant-cut stone of very 
similar type. It was cut between 1707 
and 1717 with a distinctly rounded out- 
line. The rough crystal was sawn in two, 
an operation that lasted almost a year. 
The instrument used was apparently a 
hand-operated saw, similar to the one 
described by De Boot in 1604 and to 
those used earlier for table-cut dia- 
monds, There is an exceptionally even 
distribution of fire all over the crown. 


Not one of the main pavilion facets can 
be seen through the crown; this is due 
to a good pavilion angle of about 
4134°, discovered 200 years before 
Marcel Tolkowsky published his book 
on diamond design. The cutter, Harris 
by name, also found a crown angle, near 
45°, that, in the flickering candlelight 
of those days, showed the diamond’s 
fire to perfection. The culet is reflected 
in the center of the main facets, which 
Mawe in 1823 described as a criterion 
of ideal proportions. In practically every 
old miner, the culet reflects either 
higher or lower. 

The size of the Regent's culet is 
10.35%, the height of the crown is 
25.9%, and the pavilion depth is 
39.6%, with the knife-sharp: girdle, 
giving a total depth of 6514,%. It was, 
maybe, only a happy chance that the 
Regent received these proportions, since 
David Jeffries, although he was full of 
admiration for this stone, in his publi- 
cation of 1750, quotes 45° as ideal both 
for crown and pavilion. The same state- 
ments are repeated by practically every 
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Figure 18. Leakage of light in brilliant-cut diamonds without a culet. (From Deutsche 
Goldschmiede-Zeitung, Nr. 5-1926, page 48—Mitteilungen aus dem Laboratorium fur 
Diamantforschung, Disseldorf-Oberkassel, Krumbhaar & Résch) 


author until the introduction of the 
circular diamond saw. 

The three diamonds described are 
stones of considerable size and received, 
for that reason alone, additional facets. 
Smaller diamonds were certainly simul- 
taneously polished with the classical 
number of facets, 32 on the crown and 
24 on the pavilion, as we are used to 
seeing them today. It has therefore been 
impossible to resist the temptation to 
reproduce a normal brilliant-cut stone 
with the same proportions as those of 
the Regent. 

Contrary to the present-day taste, 
the culet was apparently much admired. 
In stones that were cut in brilliant style 
with the octahedron angles of 5434°, 
the culet acted as a mirror for a consid- 


erable amount of light entering through 
the crown facets. 

Other early brilliant-cut stones are 
worth mentioning, such as the Tavernier 
A and Tavernier C, 51 and 31 carats in 
size, and the Little Sancy, a stone of 34 
carats. Unfortunately, they cannot be 
analyzed for design and proportions, 
since their present whereabouts are not 
known. 

Le Grand Condé, a pink, pear- 
shaped, brilliant-cut diamond weighing 
50 carats, said to have been bought in 
India in 1643, is on display in the 
Chateau de Chantilly, near Paris. It is 
probably even older than the W7ttles- 
bach, and would therefore testify that 
full-cut brilliants existed when Mazarin 
still collected table cuts and admired 
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rose and sixteen cuts. But definite con- 
cannot be made without 
further research. 


clusions 


Finally comes the story of Vincenzio 
Peruzzi, the 17th-century Venetian lapi- 
dary who is credited with first employ- 
ing the brilliant form of cutting. This 
credit, which appears in practically 
evety gemological publication, cannot 
possibly be correct. 


Investigations and research covering 
a period of several months have not dis- 
closed the secrets about this legendary 
person. If he ever existed is an open 
question. David Jeffries did not men- 
tion Peruzzi’s name in his publication 
of 1750. So far his name seems to have 
been unknown or forgotten until 1833, 
when a French gemologist, A. Caire, in 
his book La Science des Pierres Pre- 
cleuses, Mentions Peruzzi as the inven- 
tor of the brilliant design. The Spanish 
author Miré repeats the statement in 
1870, but such a famous author as Pro- 
fessor Max Bauer was not aware of his 
existence when, in 1896, he published 
the first edition of his Edelsteinkunde. 
In the second edition of 1909, however, 
he repeats Caire’s and Miré’s remarks, 
probably due to information given by 
Henri Polak, chairman of the Amster- 
dam Diamond Workers’ Union, who, 
in several pamphlets published between 
1890 and 1900, mentions Peruzzi, but 
again without giving any sources for 
his statements. Genealogical researches 
in several European libraries gave no 
positive answers, except that the Peruzzi 
family was not of Venetian but of Flor- 
entine origin, This is why inquiries in 


Venice have not led to any results. 
Further investigation may possibly re- 
veal Vincenzio Peruzzi, if not in Flor- 
ence, perhaps in quite another place. 
Perhaps he was one of the 75 diamond 
cutters then active in Paris or one of 
Amsterdam’s 600 diamond workers. It 
is, however, quite possible that he lived 
in India, where so many Italian dia- 
mond worked at different 
periods, and from where, during the 
second half of the 17th century, bril- 
liant-cut, beautifully shaped and there- 
fore not native-cut diamonds were 
thought to have been imported into 
Europe. 


cutters 


Commenting on the achievement at- 
tributed to Peruzzi, Dr. Wilhelm Maier 
is full of admiration for the perfect 
geometrical symmetry in his design 
(Brillianten und Perlen, Stuttgart, 
1949). He describes the overall-size star 
design, the parallel facet edges through- 
out the stone, and the symmetrical 
facets. He believes Peruzzi to have 
known earlier brilliant-cut designs, such 
as previously described in this paper, 
since his creation is actually nothing but 
a definite improvement in beautiful 
symmetry; in fact, so perfect that 
nothing near to it has been achieved, 
eatlier or later, in Maiet’s opinion. It 
therefore remained to find out if this 
statement was correct and if a shape 
with complete symmetry could be 
reconstructed. 


A series of experiments with paper 
and pencil were carried out. Then sev- 
eral pounds of transparent rock crystal 
were consumed before it was possible to 
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Figure 19. Side views of the Peruzzi design reproduced in rock crystal, with 54%4° 
and 45° angles 


produce perfect symmetry paired with 
acceptable proportions. 

It is not known if the Peruzzi design 
was executed for octahedral angles, 
which were at that period already prac- 
tically abandoned for the then-modern 
and generally accepted angles of 45°. 
The proportion figures with 5434° 
were: T=53%, 0=7%, hc=33%, 
---=1%, hb==66% and H=100%. 
The figures with the 45° angles were: 
T— 53%, 0=6%, he = 23.5%, 
---==1%, hb—=47% and H=71.5%. 
Even these figures show a surprising 
exactness of symmetry. No deviations 
from these proportions are permissible. 
With 8-fold symmetry in the table, its 
size must have been 53%—again Tol- 
kowsky’s figure. The girdle outline is 
equally sized, with a distance between 
the corners of 94% and between the 
dividing edges of the girdle facets of 
97%. 

Now if this theory can be generally 
accepted as correct and the Peruzzi de- 
sign thus established, it remains to find 
actual diamonds corresponding to these 
rules, examine them for fire and bril- 


Ss te 

Figure 20. The Peruzzi design repro- 

duced in rock crystal. The culet can be 

seen reflected in the center of the four 

main facets, according to Mawe a cri- 
terion of ideal proportions 


liancy, and make comparisons with 
other shapes and types. They should be 
preserved from recutting and treasured 
as precious examples of a truly artistic 
and unique creation from the end of the 
17th century. 

The Peruzzi cut must be extremely 
rare, since, for instance, in the Dresden 
Green Vaults not one such diamond has 
been found. Although it is a very pre- 
cise design and utmost accuracy is neces- 
saty to reproduce it, with the aid of a 
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Figure 22. The Peruzzi designs (24/32) 
A. T 53.0% 

o 7.0% 

he 33.0% CA 54° 44'8.3” 

--- 10% 

hb 66.0% BA54° 448.3” 

H 100.00% 


simple metal gauge, the sides of which 
have only to be divided into four equal 
parts with a pair of ordinary compasses, 
any patient diamond cutter should be 
able to produce the perfect Peruzzi cut. 

But, in reality, few cutters ever aimed 
to achieve perfect proportions (we 
recognize the situation today), and very 
inferior old-mine cuts, many of which 


Figure 21. Diagrams of the 

Peruzzi design, with the heavier 

lines drawn to accentuate the 

elements of symmetry on the 
crown 


B. T 53.0% 
o 60% 
he 23.5% Ch45° 
--- 1.0% 
hb 47.0% BA45° 
H 71.5% 


did not even have a symmetrical girdle 
outline, dominated the market. 

This is probably one of the reasons 
why the older type, the nearly circular- 
girdled brilliant-cut stone, remained in 
demand and finally outmoded the 
square-girdled stone. The further de- 
velopment of the rounded shape is out- 
side the scope of this paper; therefore, 
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Figure 23. Diagram showing the 
evolution from point cut to modern 
brilliant cut. (The octahedron, the 
table cut, the early brilliant cut, the 
Peruzzi cut and the modern ideal 
brilliant cut.) As a simplification one 
table size only, 53%, has been used. 


it is only suggested in a couple of 
diagrams. 

With the invention and introduction 
of the bruting machine and rotary dia- 
mond saw about the end of last century, 
the brilliant cut became perfectly round 
and quickly developed into the now- 
accepted depth proportions. 
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was unique for its size and exquisite 
green color. 
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Book Review 


MINERALS, ROCKS AND GEM- 
STONES, by Rudolf Borner. (Translated by 
W. Mykura) Published by Oliver and Boyd, 
Edinburgh and London. 237 pages. Na- 
merous black-and-white illustrations and 16 
color plates. 


Dr. Borner’s book, Welcher Stein Ist Das?, 
has long been a favorite in Germany. The 
book was designed ‘. . . to provide an easy 
means of identifying stones without presup- 
posing any detailed technical knowledge or 
requiring complicated apparatus.” In’ trans- 
lating and editing this book, Mykura empha- 
sized British localities and terminology. In 
addition, he has expanded the glossary of 
rock and petrographic terms. 


The book is divided into three sections. 
The first section, which contains two tables, 
is concerned with minerals. The first table 
is arranged so that identification is based on 
color and hardness. In addition to a listing 
of the commonly used physical properties, 
occurrence, localities, associated minerals, 
uses and crystal forms are listed. The more 
common crystal forms are shown with line 
drawings. The whole form is designed to 
facilitate field identification. In the second 
table, identification is based on hardness and 
color of streak. 


The second section contains a discussion 
and description of the more common tocks, 
as well as a glossary of rock and petro- 
graphic terms. 


Gemstones are covered in the third sec- 
tion. Following a brief description of some 
identification techniques, there is a break- 
down of gemstones, according to transtar- 
ency and color. An alphabetical listing of 
gemstones, with physical properties, locali- 
ties, incorrect names, imitations and value, 
conclude this section. 


Unfortunately, the book contains a num- 
ber of inaccuracies and inconsistencies. In 
the gemstone section, under the table en- 
titled Translucent and Opaque Gemstones 
and Ornamental Stones, there is no R_I. listed 
for opaque stones, suggesting either that they 
do not have one or that it cannot be meas- 
ured in the same manner as transparent and 
translucent stones. The refractive index of 
smithsonite in Table XV is given as =1.618 
and =1.818, whereas on pages 211, 213 and 
215 it is given as 1.81-1.84. 
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International Gemmological 


Conference 


by 


Richard T. Liddicoat, Jr. 


The Eleventh International Gemmo- 
logical Conference was held at the 
Hotel Majestic in Barcelona, Spain, 
from October 2 through October 6, 
1966. Those in attendance represented 
Great Britain, Switzerland, West Ger- 
many, Belgium, France, Spain, the 
United States, Australia, Austria, Den- 
mark, Norway, Sweden, Finland, the 
Netherlands and Italy. The hosts in- 
cluded the Spanish Gemological Asso- 
ciation and their conference delegate, 
Manuel Masso. The Retail Jewelers’ 
Association of Barcelona was also ex- 
ceedingly hospitable. There was a din- 
ner,,a showing of jewelry made in 
Barcelona, and a number of other very 
pleasant social events. 

The agenda was a full one, covering 
many aspects of the subject matter of 
major interest to the gemologists in 
attendance. The first speaker, Mr. Fran- 
cois Duyk, President of the Belgian 
Gemologists, spoke on the value of 
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photomicrography to the expert.. He 
stated that the time needed to photo- 
graph inclusions was perhaps better 
spent than would have been an equal 
time devoted to additional study 
through the microscope. He believes 
that he notices things on the photo- 
gtaph he might not have noted through 
the. microscope. He also discussed 
measuring some of the crown-facet in- 
tersections as a means of positive iden- 
tification of an individual diamond and 
the use of photography to record dia- 
mond color. 

Professor Mellis, of Sweden, re- 
ported on his continuing research on 
garnet inclusions. Armed with proof by 
microprobe analysis that the needlelike 
inclusions he was studying were indeed 
titanium dioxide, he was able to show 
that elongation parallel to a 301 twin 
plane accounted for an extinction other 
than parallel to the needle’s length — 
an occasionally observed condition. The 
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needles were oriented parallel either to 
cube edges or to rhombic-dodecahedral 
edges. Mellis believes that the needles 
grew with the garnet, rather than as a 
later exsolution process, as in corundum. 


A long discussion was led into by a 
talk by Gordon Andrews and comments 
by B. W. Anderson with respect to 
what is and what is not an emerald. 
This discussion was brought about by 
the discovery in Brazil a few years ago 
of a deposit of green beryl that lacked 
the chromium found in emeralds from 
other sources. The European gemolo- 
gists, by and large, feel that to be called 
an emerald, a green beryl must show 
distinct chromium lines in the hand 
spectroscope. There has been some dif- 
ference of opinion between the GIA 
laboratories and European laboratories 
with respect to the chromium-line re- 
quirement before a green beryl merits 
the term emerald. Several years ago, our 
laboratories were asked to test quite a 
number of stones cut from moralla, 
which is a translucent green beryl, rich 
in chromium. By the use of the criterion 
of ‘chromium in a green beryl, there 
would be no choice but to call such a 
material emerald. The gemologists in 
GIA laboratories felt that if such ma- 
terial were called emerald, certainly the 
much more attractive green beryl with- 
out chromium merited the same de- 
scriptive term. Although this difference 
was not clearly resolved at the meeting, 
GIA laboratories have agreed to take 
the matter of chromium as the criterion 
under advisement. 


Dr. Eppler, of West Germany, 


showed some beautiful slides of apa- 
tite crystals in garnet, discussing the 
fact that an early identification of 
quartz in garnet was faulty. Basal- 
cleavage traces are obvious in the pho- 
tomicrographs — a characteristic of 
apatite, not quartz. He also showed 
and discussed other beautiful inclusion 
slides he had prepared. 


Oliver Chalmers, of Australia, dis- 
cussed the gems and ornamental 
materials of that continent and showed 
examples of Australian materials. He 
emphasized sapphires and diamonds, 
because Australian opal deposits are so 
well known. 


Ove Dragstad, of Denmark, dis- 
cussed some materials from Greenland 
with gem potential: tugtupite and us- 
singite. The former is a pink sodium- 
beryllium-aluminum silicate, first 
thought to be a beryllium sodalite but 
later found to be a distinct mineral crys- 
tallizing in the tetragonal system. The 
latter is a violet-red sodium-aluminum 
silicate of 6 to 7 in hardness. Both have 
limited possibilities for cabochon use. 


GIA’s representative discussed flux- 
fusion and hydrothermal synthetic ma- 
terials that had been encountered in the 
laboratories recently. It was pointed out 
that of four stones received at the same 
time, two showed obviously the chatac- 
teristics of a flux-fusion type of synthe- 
sis, whereas the other two were almost 
entirely free of inclusions. Unless one 
is alert to the possibility of synthetic 
tubies formed by other than the Ver- 
neuil method, it would be very easy to 
make a mistake in identification. It is 
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necessary to be aware that synthetics of 
this type are appearing more and more 
frequently. 

Next, Mr. Dyck discussed a form of 
doublet made up of two pieces of flawed 
beryl with an emerald-green cement. 
From the top, particularly when set, 
such stones do have a deceptively nat- 
ural appearance. 


Dr, J. M. Bosch discussed microhard- 
ness as applied to precious stones. Al- 
though the talk was interesting, the 
method does not appear to offer great 
possibilities. 

The venerable G. Gobel, for many 
years head of the Paris laboratory, is 
planning to retire within a year or two. 
He in now 84 years of age. His new 
assistant, M. Jean-Paul Poirot, was 
present at the International Gemmolo- 
gical Conference for the first time. Mr. 
Gobel discussed his gemological table 
to which he has added a color wheel. 
He has keyed the descriptions of the 
colors of the gemstones in the compre- 
hensive table to the color wheel. 

Other talks of importance at the 
Conference were a fascinating history 
of the spectroscope by the London 
Laboratory's Director, B. W. Anderson. 
From Newton’s early experiments 
(1666) to the present, he covered the 
key developments. Of course, no ‘one 
has done as much to demonstrate and 
contribute to the enormous value of the 
spectroscope to the gemologist as Basil 
W. Anderson. 

Frederick H: Pough, Ph.D., gem 
consultant for the Jewelers’ Circular- 
Keystone, delivered an interesting and 


well-documented talk on the history of 
gem: synthesis, bringing out not only 
historical data of interest, but discours- 
ing.on the latest developments in the 
field of flux fusion, the Czochralski and 
Bridgman-Stockbarger techniques and 
other means of synthesis of minerals, 
most of which are readily adaptable to 
gem-material manufacture. 

One afternoon, half the group visited 
the magnificent mineral collection of 
Dr. Folch. This is probably as fine a 
private mineral collection as there is in 
the world. Many crystals of fine gem- 
stones are included. 

Herr Saller talked about the need 
for absolute clarity of terms in regard 
to synthetics and imitations. He was 
very displeased with the American Fed- 
eral Trade Commission’s decision to 
accept the “created’’ terminology in 
lieu of synthetic. He pointed out that 
the term does not translate into any- 
thing of comparable meaning in most 
European languages. 


Madam Cavenago-Bignami had been 
prepared to discuss the synthetic rubies 
made by Chatham, but since this had 
been discussed at some length earlier, 
she shortened her presentation. Herr 
Saller discussed the hydrothermal syn- 
thetic emerald produced by Linde in 
America, giving the properties of the 
stones and showing slides of inclu- 
sions. Professor Doctor Font Altaba 
and Doctor Monturiol discussed the 
application of mineralogical techniques 
to gemological investigation. 


One of the highlights of the meeting 
was an outstanding series of reports 


WINTER 1966-67 


101 


by three gemologists working sepa- 
rately but arriving at the same results 
in Lucerne, Leiden and Paris. While 
discussing their subject matter to be 
given later in the same morning, Dr. 
Pieter Zwaan, of Leiden, and M. H. J. 
Schubnel, of Paris, learned that their 
talks were almost identical, and that 
their work with electton-probe analyses 
had achieved the same results. They 
then learned that Dr. Giibelin, of Lu- 
cerne, had been working on the same 
problems, and that he too had reached 
the same conclusions. 


The techniques were very similar, 
in that materials were used in which 
the inclusions were at the surface, a 
necessity for the use of electron-micro- 
probe analysis. Dr. Zwaan also utilized 
the technique he described at the last 
Conference in Vienna; i. e., scraping 
a minute amount of powder from an 
inclusion, so that an X-ray powder 
analysis could be utilized. All three 
were able to identify a large number of 
inclusions in major gem minerals be- 
yond any question. For example, one or 
more of them found that large in- 
clusions long noted in sapphire from 
Burma were calcite. One or more of 
them also found in corundum apatite, 
spinel, pyrrhotite, corundum, phlogo- 
pite mica, tourmaline, niobite and pyro- 
chlor. In diamond, they found chrome 
diopside, garnet and peridot, ‘as might 
be expected. The names and reputations 
of Doctors Zwaan and Gibelin are well 
known in the gemological field. Young 
M. Schubnel is:not as well kiiown. He 
is‘a mineralogist working for the organ- 


ization known as the French BRGM. 
The initials stand for the Bureau Re- 
cerche Geolique et Miniére. 

Ove Dragsted, of Copenhagen, dis- 
cussed a theory of the formation of 
cyst pearls. In the discussion that fol- 
lowed, a very interesting discourse on 
the role of DNA and RNA in cell 
formation and the development of 
organisms was discussed rather thor- 
oughly. The gist of the remarks in the 
discussion was that pearls are the re- 
sult of a cancerous type of reaction 
in epithelial cells in pearl-bearing 
molluscs. 

In the course of the Conference, 
B. W. Anderson mentioned that taaf- 
feite has been found in place. It was 
mentioned in Mineral Abstracts in 
1964 as having been found in Yunan 
Province in China. . 

Sefior Masso, of Barcclona, showed 
some photomicrographs of pearls in 
thin section he had taken. They were 
very interesting. Dr. Giibelin discussed 
the use of X-ray diffraction in the test- 
ing of pearls. He likes the new X-ray 
Polaroid film for his testing work. Dr. 
Mellis presented a- paper on the lab- 
radorite from. Ylanaa, Finland. He 
had excellent photomicrographs of the 
material: 

Herr Reiter discussed the studies of 
a colleague who had used a spectro- 
photometer as a tool in diamond color 
gtading. He used several diamonds 
that had been graded on an electronic 
colorimeter and made an absorption 
curve for each of the stones on the 
spectrophotometer. He used a few char- 

(continued on page 126) 
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The Stone Carvers 
of 
hotu, Japan 


by 


Geoffrey W. Messchzert 


Sparkling throughout the centuries, 
like the stones its seven guilds carve, 
is Kofu, Japan. Beginning with the 
handcarving of clear quartz crystal 
from local deposits, nearly a century 
ago, the introduction of electricity al- 
lowed the industry to expand, since it 
provided a more. efficient method of 
cutting, grinding, polishing, faceting 
and drilling stones. However, it seems, 
no matter what the stone carver perfects 
in clear quartz crystal, the average 
shopper remains suspicious of quartz 
for its resemblance to molded glass. 

But, as the carving and cutting of 
quartz crystal continued, local deposits 
of good-quality material became ex- 
hausted and new deposits had to be dis- 
covered in Japan or else the stone had 
to be imported. Only a small number 
of crystals are still being mined in the 
hills around Kofu. Commonly, poor 
crystals are seen glued to a false matrix 
and sold as ‘mineral’ specimens in the 
curio shops of downtown Kofu. Due 
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to the poor job of gluing, the specimens 
are not attractive to those who know 
minerals. 

Since Japan does not have many 
known deposits of quartz-family min- 
erals suitable for carving (having an 
even color and being as free of frac- 
tures as possible), most of the natural, 
heat-treated and dyed stones, with some 
exceptions, must be imported. Once 
each year the master craftsmen order 
their foreign stones. Minas Gerais, Bra- 
zil, supplies clear quartz crystal, ame- 
thyst, rose quartz, smoky quartz, blue 
and green aventurine, sodalite, and nat- 
ural and dyed agate. Lapis-lazuli is im- 
ported from Chile, through Santiago, 
from deposits high in the Andes. 
Tiger’s-eye and jasper are brought from 
South Africa. Nephrite and jadeite 
come from Alaska, Wyoming and New 
Zealand. 

The Japanese, however, have devel- 
oped theit own deposits of brecciated 
red-and-green jasper and a colorful 
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agate called ‘Japanese jade,” an opaque, 
nonvitreous, milky-white agate with 
spinach-green splotches. Japanese carv- 
ers do not feel that their deposits of 
what might be called “nephrite’’ and 
“jadeite” would provide stone suitable 
for carving. Since Japan can easily get 
these materials from North America, 
“Japanese jade” is seldom used as a 
substitute. When the Kofu carvers do 
get exceptional jadeite they call it 
“jewel jade” and use it in jewelry, not 
for carving. “Hokkaido agate,” which 
is a brown to gray nodular stone, is an 
interesting agate from the northernmost 
of the Japanese Islands. The center of 
the stone has sharp fortification band- 
ing that blends into rounded bull’s-eye 
banding around the outer portions of 
the stone, which, since it is porous, is 
usually dyed to resemble carnelian. The 
carnelian-red to cinnamon-brown color 
is more pleasing than some of the un- 
natural-looking agate from Brazil. 


Along with the frequent problem of 
getting good-quality carving material 
from foreign sources, there is the prob- 
lem of attracting young men into the 
stone-carving craft during this present 
expansion of Japan’s economy. Many 
young Japanese do not have the desire 
or the patience to learn the skills of 
stone carving, when a more remuner- 
ative job can be had elsewhere. 


Each stone carver is a skilled crafts- 
man, a specialist concentrating on what 
he can do best. For example, one carver 
has restricted his work to the “Chinese 
beauty,” goldfish and a few animals 
such as elephants and horses, but he 


has carved other animals and forms on 
request. The master of the shop usually 
owns the business and hires less-skilled 
craftsmen and apprentices for making 
small carvings, while keeping the more 
important carving requests for himself. 


The most difficult carving to master 
is the “Chinese beauty.’’ Normally, ten 
years of experience ate required before 
a man is allowed to carve one of these 
objects, so he will have developed the 
skills, the necessary sense of proportion 
and an understanding of the nature of 
the stone upon which he is working. 
Nearly fifty hours are required to 
complete a “beauty,” measuring ap- 
proximately 814 x 234 x 114 inches; 
it is copied from an antique Chinese 
nephrite carving of a robed, flower- 
carrying and smiling feminine figure 
set against a lacy backdrop. The most 
desirable stone for this carving is 
amethyst; however, since amethyst is 
not often found in large, evenly col- 
ored, fracture-free blocks, blue soda- 
lite and blue aventurine are commonly 
substituted. This statuette is also 
carved from clear quartz crystal, rose 
quartz, lapis-lazuli, green aventurine, 
tiger’s-eye and an iridescent, pale- 
yellow, heat-treated tiger’s-eye called 
“sun stone.” For other carvings, blue 
sodalite also substitutes for lapis- 
lazuli. 


Several sizes of elephants and horses 
are carved in green aventurine, quartz 
crystal, rose quartz, brecciated red-and- 
green jasper, tiger’s-eye, nephrite and 
jadeite, lapis-lazuli, natural and imita- 
tion carnelian (“Hokkaido agate’), 
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A master craftsman mechanically carving an 
agate goldfish. 


bloodstone and jasper. Goldfish carv- 
ings are restricted to marbled red, 
brown and white agates. ‘Laughing 
Buddhas” are carved predominantly in 
tiger’s-eye, quartz crystal, rose quartz 
and jadeite. Additionally, small ash 
trays and bowls are carved in tiger’s- 
eye, nephrite and agate. 

Today's tools used in mechanical 
stone carving are quite simple. Power is 
delivered to each workbench by an elec- 
tric motor, the belt of which drives a 
central shaft. The rotating shaft, in 
turn, drives a series of tapered, hori- 
zontal shafts, one for each workbench. 
All stone-working tools are fitted on 
the end of the shaft. Oval wood tubs 
are placed beneath the shafts, which are 
equipped with metal splash boards fore 
and aft. Drilling is done with Car- 
borundum-tipped drills. The rough 
surfaces of carvings are ground with 
Carborundum wheels and wood wheels 
to which Carborundum has been ap- 


The mechanical carving of a green aventurine 
“Chinese Beauty” by a master craftsman. 


plied by hand. Small cuts are made with 
steel wheels to which the abrasive is 
also hand fed. Polishing, the final step, 
is usually done with a four by 34-inch, 
water-logged wheel mounted on the 
end of the tapered shaft. As the oper- 
ator polishes, he scoops up a handful 
of wet chromium oxide from the tub 
beneath the shaft and cups it about the 
lower portion of the wood wheel, 
which, in turn, rotates the clinging 
compound to the polishing surface. The 
wood wheel wears evenly during grind- 
ing, as opposed to a Carborundum 
wheel, which wears unevenly and 
“grooves out’; consequently, there is 
no “bumping” by the wood wheel and 
no damage to the stone. A worn wood 
wheel can be replaced cheaply. Since 
water is contained within the wet abra- 
sive, none is added and the heat gener- 
ated by friction is kept at a minimum 
by the water-logged wood wheel. 

All carvings are worked according 
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Apprentices mechanically carving stone curios. 


to a definite plan, depending on their 
nature (see accompanying table). The 
semihandcarved elephant is completed 
in eight steps; a large carving would 
measure about 61/, x 4144 x 1V, inches. 
Opposed to the partially mechanized 
carving of the elephant is the totally 
mechanized carving of the agate gold- 
fish, which, although it looks fragile, 
requires only sixteen hours and five 
steps for completion, compared to the 
thirty hours required for the elephant. 
However, sixty years ago the handcarv- 
ing of a similarly palm-sized, quartz- 
crystal rabbit required over one hun- 
dred hours, the carver working ten 
hours a day for at least ten days. At the 
other extreme are the minor figurines, 
stone curios, fish, Buddhas, rings and 
eatrings, which are generally sold in 
Hong Kong and carved in green aven- 
turine and agate, commonly measuring 
about 1 x 1 x % inches. These small 


curios, produced on a version of spe- 
cialized mass production, one step at a 
time, by hired help, are sometimes con- 
sidered the life blood of a shop. The 
apprentices and lesser craftsmen com- 
plete the five-step production cycle 
every ten days. 

Once the artisan has considered what 
can best be carved from a particular 
block of stone, the six sides having been 
cut on a diamond saw, he inks, for 
example, the plan image of an elephant 
on all faces of a quartz-crystal block 
before carving. He then leaves his 
workbench to sit on a cushion on the 
floor of his shop or on a mat outside. 
Sitting nearly cross-legged, Indian 
fashion, with his knees slightly bent 
and the soles of his feet parallel, usually 
about six inches apart, he lays a heavy 
protective cloth over his feet. Then he 
places the stone block between his feet 
and grips it securely with the soles of 
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A master craftsman chiseling during the second step of hand- 
carving a rose-quartz elephant. 


his feet. In this flexible position the 
carver can hold the stone firmly, with- 
out damage, at any angle while chisel- 
ing. There are a variety of chisels used 
and each is shaped for making a partic- 
ular shape of cut, kind of chip, flakes 
or dust, for example. 

In the first three of the handcarving 
steps (of the eight steps followed in the 
carving of an elephant), a round, 
pointed chisel is used to chip away 
everything that does not resemble an 
elephant outside of the inked lines. 
Gradually, the -block form of the ani- 
mal is developed. Progressing to the 
second step, a series of defining grooves 
outlining the legs, trunk and head are 
formed with a chisel having a V-shaped 
cutting edge. When the carver is satis- 
fied with the depths and angles of the 
gtooves, he passes to the third step. 
This involves chipping out the rectan- 
gles and triangles formed by the inter- 


secting grooves. With other chisels, as 
required, the extraneous material is 
chipped out, freeing the four legs, head 
and trunk, and giving curvature to the 
flanks and depth to the body. In the 
fourth step, the rough body is mechan- 
ically ground with a small Carborun- 
dum wheel, during which the tusks, 
ears and tail are freed and the ears 
hollowed. Step four ends after the legs, 
trunk, head and body have been ground 
smooth. In step five, the indented por- 
tions are carved with small steel wheels. 
The wrinkles of the trunk are cut and 
the feet are given a “manicure.” In the 
sixth step, holes for the eyes and the 
tip of the trunk are drilled. The carv- 
ing, in the seventh step, is given a 
chromium-oxide secondary polish on 
a wood wheel. Now the figurine looks 
like an elephant, although a bit 
“frosted.” Then in the last step, the 
eighth, it is given the final polish with 
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Three quartz-family elephants. Left to right rear: green aventurine 

from Brazil, brecciated red-and-green jasper from Japan. Right front: 

clear quartz crystal from Brazil. The front left carving represents a 
Rocky Mountain goat in black Wyoming nephrite. 


a fine abrasive. In sunlight, the minia- 
ture giant seems to come alive in the 
palm of your hand. 

The value of a carving is based on its 
size, workmanship (quality), and the 
kind of stone used. For a ‘Chinese 
beauty,” carved in amethyst, the aver- 
age export price is fifty United States 
dollars. 

After the carver has completed a 
figurine, he disposes of it to a dealer 
who stockpiles it among the finished 
carvings from other shops until he has 
enough available for an export ship- 
ment. Commonly, the largest orders are 
placed from the United States, Hong 
Kong and Europe, with the goods pass- 
ing through established marketing 
channels. 

The master craftsman of a shop is a 
member of the Carvers Association. 
There are seven associations organized 
for furthering each member's interest 
in the stone-carving and -cutting busi- 


ness. Depending on the interest of the 
members, there are a number of func- 
tions each association performs. Such 
assistance includes instruction in im- 
proving workmanship, promoting 
friendship, sharing trade ideas, and 
purchasing and sale of stone-working 
equipment. The seven associations of 
Kofu are the Carvers, Dealers, Stone 
Cutters, Drillers, Quartz-Wafer Cut- 
ters, Necklace Makers, and the Stone- 
Setting Association. 

Essentially, the carvers of Kofu im- 
port stone, work it, and export the fin- 
ished product. Japan’s stone-carving 
industry thrives because of its low over- 
head, inexpensive labor, and_ skilled 
craftsmen who own their shops, keep- 
ing their skills within their families. 
Finally, there is the intermediate posi- 
tion of the dealer, who understands 
and caters to the national and regional 
pteferences of his buyers. 
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Developments 


and Highlights 


at the 


a A 
\ a LEM TRADE LAB 


4 


in New York 


Robert Crowningshield 


Chatham Synthetic Ruby 

We have had the opportunity to 
study specimens of the first Chatham 
synthetic ruby rough to be offered com- 
mercially in this country. The adver- 
tisement announcing its availability 
was directed to the amateur lapidary 
trade and offered crystals of from 2 to 
6 carats and called them “Cultured 
Rubies, Chatham Created.” Figure 1 
shows a lot of four crystals, the largest 
weighing 4.43 carats. The color is a 
rich purple-red, tempered somewhat by 
the central core, or seed crystal. The 
same four stones are shown in Figure 2, 
where the seed crystals are clearly 
shown. Figure 3 is a dark-field shot of 
one of the crystals in methylene iodide. 
Angular color banding in what appears 
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to be a very light-colored natural-corun- 
dum seed appears in one side of the 
seed, Surrounding the seed is an effect 
looking much as the corona around the 
sun photographed during an eclipse. 
The “corona” in the synthetic crystal 
consists of wispy inclusions and re- 
minds one of the wisps in a synthetic 
emerald. Figure 4 is an enlargement of 
the seed area of the same crystal. Figure 
5 illustrates a sawed crystal and the oval 
stone cut from the sawed section. The 
stone was sawed to avoid incorporating 
any of the seed in the finished stone, 
and clearly shows the relationship of 
the wisps to the rough crystal. Figure 6 
is a side view of the sawed crystal under 
immersion, showing the seed as a light 
center. The four crystals shown in 
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Figure 1 


Figure 2 


Figure 1 are shown in Figure 7, which 
is a short-wave ultraviolet transpar- 
ency test with three natural faceted 
rubies that appear light and three 
larger synthetic rubies of Verneuil 
type that appear dark. The four flux 
synthetic ruby crystals in the center 
appear light in the center because of the 
natural corundum core. To date, as 
mentioned in previous lab columns, the 
greater strength of fluorescence of the 
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Figure 3 


Figure 4 
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Figure 6 


Figure 7 


flux-grown synthetics, as well as their 
greater transparency to short-wave 
ultraviolet, compared with natural rub- 
ies of similar color, are important diag- 
nostic characteristics. 

Unusual Inclusion in Diamond 

A most unusual inclusion in a 1.55- 
carat emerald-cut diamond is shown in 
Figure 8. It appears to be an iron cross 


with a border around it. We are in- 
debted to Irwin Komorow of Harry 
Winston, Inc., for making the stone 
available to us to photograph. 
The Steinbach Diamond Cut 

In the Winter issue of Gems & Gem- 
ology, 1965-66, we illustrated a modi- 
fied round brilliant-cut diamond cut by 
New York diamond cutter, Harry 
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Figure 8 


Figure 9 


Steinbach. This writer must apologize 
for choosing the wrong illustration and 
counting wrong to boot! Mr. Steinbach 
and others called or wrote to ask for an 
explanation and I was happy to be able 
to talk with Mr. Steinbach again and 
question him about the cut. He told me 
that he had cut several designs but 
since they could not be proved to be 
measurably more brilliant, he did not 
continue to cut such stones. However, 
some collectors were intrigued with the 
workmanship and he has had occasion 


to cut on order. We examined another 
stone just over a carat in weight and 
counted 212 facets. Figure 9 illustrates 
the placement of 81 facets on the crown 
and 41 facets on the pavilion, and we 
were able to count 90 facets on the 
girdle. Details of the faceting are seen 
in Figures 10 and 11. 
Uvarovite Garnet 

We are indebted to Mr. B. L. Mecke 
of Sloan-Kettering Institute for Cancer 
Research for the privilege of examining 
our largest cut uvarovite garnet and a 
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Figure 10 


Figure 11 
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Figure 12 


1.01-carat twinned crystal. The cut 
stone weighed 0.17 carat and is of an 
intense emerald-green color. The ma- 
terial is from Orford in Quebec, Can- 
ada. Dana gives 1.87 as the refractive 
index for uvarovite, but the stones we 
examined had an index near 1.74 with 
specific gravity at 3.60, being less than 
the data given for the Russian material 
— 3.77. The absorption spectrum is dis- 
appointing, considering the fact that 
chromium is an integral part of the 
composition. It is illustrated by Figure 
12, Under the color filter the stones are 


a bright red. This is true of the jadelike 
green grossularite from Africa but un- 
like demantoid. Figure 13 shows the 
twinned crystal. 
Black Opal 

One of the most brilliant opals we 
have ever examined was suspected of 
being treated by prospective purchasers 
because of an unusual black outlining 
of the mosaic structure. This is shown 
in Figure 14. We proved to our satis- 
faction that the black is an extension 
of the black matrix, or rather common 
opal, that forms the back of the stone. 
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Figure 13 


Figure 15 


Perhaps the unusual placement of the 
black material contributed to the ex- 
quisite flashes of color. 
A Mystery 

A mystery surrounds the stone shown 
in Figure 15. Presumably, it had been 
worn by the owner for 20 years and 
the shank of the ring indicates it. While 
replacing the shank the jeweler, to his 
consternation, :saw the stone shatter. 
An alert adjuster decided to have the 
stone tested and it proved to be stron- 
tium titanate. However, aside from the 
internal fracturing the stone showed 
virtually no abrasions or scratches, but 
the mounting does show tool marks and 


Figure 14 


Figure 16 


distortion indicating that the strontium 
titanate was not the stone the mounting 
was made for. When was the switch 
made? 
Pink Sapphire 

Figure 16 shows an included crystal 
with repeated twinning in a fine pink 
sapphire. 

Pearl Wear 

Figure 17 shows the wear on a pearl 
caused by dirt caked between the pearl 
and the central diamond in a two-pearl- 
and-diamond ring. It would appear that 
over the years the dirt held acid-produc- 
ing foreign material that, in turn, af- 
fected the pearl. 
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Figure 17 


Treated Topaz 


We have examined several very dark 
red-brown topazes in recent months 
and suspected them to be treated. We 
secured some brown Mexican topaz 
ovals and had one treated in the atomic 
pile at Brookhaven. Following the final 
treatment, the stone became a very dark 
red-brown with trichroism of red, yel- 
low and orange. We have not carried 
out controlled fade tests yet, but suspect 
that in strong light there may be a 
change. The present color is unlike any 
known natural stone we have encoun- 
tered. 


Blue Diamonds 


Recently, we examined three dia- 
monds varying from approximately five 
carats to 26 carats in weight that were 


all flawless and above the GIA color 
scale, being exceedingly transparent and 
very light blue. All three stones were 
conductive, though only in certain areas, 
indicating that they were in part Type 
IIb. 


Plastic-Coated Cultured Pearls 

We examined some very thinly cul- 
tured pearls recently that had been 
given a temporary luster with a coating 
of clear plastic. A sensitive person 
would note the peculiar ‘‘feel’’ of the 
pearls, compared with ordinary cultured 
pearls. 


Unusual 5-Carat Emerald 
A most unusual five-carat emerald 
in a lady’s cluster ring was suspected 
of being an imitation because it had no 
flaws. The jeweler was right about one 
thing — it was flawless under 10x, but 
all tests and magnification of 60x 

proved it to be natural emerald. 


Flawless Sapphire 
Another paragon of flawlessness we 
examined was a very fine sapphire of 
140 carats. Only when it was immersed, 
in order to determine if the color was 
homogeneous, did we see faint, straight 
color bands. The stone was unusual for 
another, but unfortunate, reason: it had 
been cut with the optic axis through the 
girdle. 
Sherry-Colored Glass 
A 93-carat reddish-yellow-brown 
square-antique stone, looking for all the 
world like a fine “sherry” topaz, had 
a refractive index of 1.63, but was glass. 
Acknowledgements 
We wish to thank our student 
Herbert Savitt of New Haven, Conn., 


116 


GEMS & GEMOLOGY 


Figure 18 
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Figure 19 
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Developments and Highlights 


Prolific Gem Deposit 

We recently received a letter from a 
man who said he had found a gem 
deposit containing a wide variety of 
gemstone species. The letter gave the 
optimistic impression often offered by 
those who have located nothing of gem 
quality. Although much of the material 
submitted to us was too small to have 
much value, the parcel contained some 
attractive blue and pink sapphires, as 
well as green and brown peridot, zir- 
con, almandite and demantoid garnet, 
chrome diopside, amethyst, enstatite, 
spinel and even the tiny diamond crys: 
tal shown in Figure 1. The owner of 
the property claims to have a pipe that 
cuts through limestone and that there 
is a quartz-feldspar dike intrusive into 
the pipe. This combination would ac- 


by 
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in Los Angeles 


count for the variety of minerals we 
have identified from this location. We 
are looking forward to seeing more of 
the material and perhaps having an op- 
portunity to visit the property. 
Mossifying Chalcedony 

In the January, 1965, issue of the 
Journal of Gemmology, P. C. Zwaan 
discussed the experimental coloration 
of chalcedony by the use of silver ni- 
trate to form a dendritic pattern similar 
to that of moss agate. Recently, we en- 
countered this fascinating artistic effort 
in a stone from Bombay, India. The 
pattern occupied the center of a large 
piece of chalcedony, approximately 114 
inches square (Figure 2). Although 
this is not exceptionally rare, the fact 
that we were able to get a rather de- 
tailed picture of it was unusual. 
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Figure 2 


Turquois Imitation 

Quite frequently in the last few years 
we have seen turquois imitations made 
of an unidentified white material 
coated with a blue plastic substance 
about a quarter to a half millimeter in 
thickness, having an attractive color 
reminiscent of turquois. The accom- 


Figure 1 


Figure 3 


panying photographs illustrate the char- 
acteristics that make the coating readily 
detectable. In Figure 3, a little thread of 
dark blue can be seen, which is quite 
characteristic of this kind of imitation. 
Figure 4 shows cracks in the coating, 
which are less commonly seen. Too, 
near the left-hand prong are two semi- 
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circular areas with dark spots in the 
center. A hot point was touched to 
these areas, melting the plastic and 
scorching some of the white material 
below. 
Polishing-Wheel Marks 
Polishing-wheel marks are very com- 
monly encountered on diamonds that 
have been polished too rapidly and not 
too carefully. However, the table of a 
diamond is seldom so poorly polished 
that the condition is very obvious 
through the pavilion, as in Figure 5. 
Rare Cat’s Eye 
Figures 6 and 7 illustrate a korneru- 
pine cat’s-eye we identified recently. 
Odd Inclusions 
A natural emerald we were asked to 
identify contained some rather inter- 


esting inclusions that, if accompanied . 


by different properties, might have led 
us to suspect a flux-fusion or hydro- 
thermal product; i.e., a synthetic. The 
inclusions, shown by the arrow in 
Figure 8, run at right angles to the 


Figure 4 


Figure 5 


Figure 6 
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Figure 8 


strong banding that crossed the length 
of the stone. 
Flux-Grown Rubies 
A short time ago we teceived for 
identification four rubies, two of which 


Figure 7 


had numerous inclusions and two of 
which were almost flawless. The flawed 


stones had all the characteristics of syn- 
thetic material made by the flux-fusion 
process. The inclusions were a combina- 
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Figure 10 


tion of wisplike or veillike inclusions 
often seen in Chatham synthetic emer- 
alds (Figure 9) and those, resembling 
a fingerprint pattern, that appeared to 
be two phase but actually were solid in- 
clusions composed of the flux material 
(Figure 10). The almost-flawless stones 
would have posed a much more difficult 
identification problem had they been 


Figure 9 


sent in by themselves. They were tested 
by the various means used to detect flux- 
grown rubies and clearly were synthetic. 
Interesting Inclusion 

Jim Small, former GIA instructor, 
and now a diamond-wholesale repre- 
sentative with the J. C. Keppie Com- 
pany, Pittsburgh, Pennsylvania, sent us 
a 9-point diamond with an interesting 
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inclusion. Octahedral clouds, of course, 
are very common in diamond, but this 
was a square cloud with very little 
depth. It is shown in Frgure 11. 

We had occasion to examine a large 
number of 3-point full-cut diamonds 
and discovered some remarkable cut- 
ting. The facet arrangement on the 
crown of the stone in Figure 12 is un- 
like anything in a cutter’s manual. 

Uvarovite Crystal 

It is interesting that in the same 
month that our New York Laboratory 
encountered a large uvarovite for the 
first time, we did too. Charles Fryer, 
of our laboratory staff, brought in a 
ctystal weighing over a carat that was 
identified as uvarovite by X-ray diffrac- 
tion. The source was the same — Or- 
ford, Quebec. 
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gift of rough apatite, epidote, purple 
fluorite, topaz, chrome idocrase, ruby, 
amethyst, zircon, benitoite, and a 
number of imitation stones. 
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tuby, sapphire, aquamarine, synthetic 
corundum, amethyst, sard and aven- 
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agate, a fluorite crystal and an aba- 
lone pearl. 
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rial. Thank you, Jeanne. 
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Gemological UVigests 


Diamond Sales 

Sales of rough diamonds in 1966 
climbed to an all-time high of $497,- 
968,307, according to figures released 
by the Central Selling Organization in 
London. (In 1965, sales tallied $415,- 
287,434.) The totals included sale of 
both gem and industrial rough. 

Sales amounting to $262,058,517 
for the last six months of 1966 repre- 
sent a record for any half-year period. 
For the past four years sales have 
climbed sharply, as can be seen in the 
following chart: 

Total for Year 


1966 $497,968,307 
1965 $415,287,434 
1964 . $373,920,937 
1963 $324,739,634 


Czechoslovakia 

According to reports, from the For- 
eign Service Dispatch, Prague, artificial 
diamond has been produced in Czecho- 
slovakia (from graphite) under normal 
factory conditions at the Pramet plant 
at Sumperk in northern Moravia, in 
cooperation with the Research Institute 
of Powder Metallurgy and the Czecho- 
slovak Academy of Sciences’ Institute 
for Solid State Physics. 

The results are interpreted to mean 
that Czechoslovakia will now be able 
to produce synthetic diamond at com- 
petitive prices and without benefit of 
foreign licenses. 
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Ireland 

As a result of cooperative research 
conducted by Ultra-High Pressure 
Units of Shannon and the Diamond 
Research Laboratory in Johannesburg, 
synthetic diamond of far greater 
strength and better color than previ- 
ously attainable is now being produced. 
The development arose from the ob- 
servation that the deposition of nitro- 
gen atoms and the manner in which 
they are occluded governs both the 
color and shape of natural diamond. 

Scientists used an electron acceler- 
ator to move carbon atoms within the 
atomic structure of diamond and dis- 
covered that a nitrogen atom can attach 
itself to a crystal at any place where a 
catbon atom would normally be found. 
However, since nitrogen atoms have 
five free electrons, compated with car- 
bon’s four, there is a surplus unat- 
tached electron that absorbs light. It is 
these surplus electrons that are respon- 
sible for the color of certain stones and, 
in particular, the rare “yellow fancies.” 

Further research disclosed that when 
the nitrogen-carbon ratio exceeds one 
part in a million, the nitrogen atoms 
will separate into large aggregates of 
“platelets.” In this form, the nitrogen 
atoms are unable to absorb visible light 
because they have no free electrons. 
They can only absorb ultraviolet light, 
which has no effect on color. At lower 
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concentrations the platelets do not 
occur, and an intermediate staff of ag- 
gregation takes place to give a fairly 
common brown color. Less nitrogen 
still gives the yellow fancies. 

From these discoveries, it was a fairly 
simple step to introduce nitrogen into 
the synthetic production cycle in the 
precise quantities that will ensure yel- 
low fancies. The new “doped” dia- 
monds have exactly the same or better 
color characteristics than their natural 
counterparts, and more important have 
a- stronger and much chunkier shape, 
that makes it ideal for metal bonding 
applications where they are to be used 


for such jobs as machining glass, stone, 
ceramics, or tungsten-carbide tools. 


South Africa Diamond Cutting 


The new diamond-cutting industry 
in South Africa may earn R6O million 
(1 South African rand equals US$1.40) 
annually in foreign exchange when it 
is fully developed, according to re- 
ports. Transvaal Diamond Cutting 
Works (pty.) Ltd., processing stones 
of less than a carat, reported export 
earnings of R480,000 during 1965 and 
plans to increase earnings to R1.4 mil- 
lion in 1966. The US, reportedly, is re- 
ceiving 60 percent of the firm’s output. 


GEMMOLOGICAL CONFERENCE 
(continued from page 102) 


acteristics of the curves to decide the 
order in which the colors should fall 
visually. However, apparently no effort 
had been made to choose diamonds that 
were nonfluorescent, without a brown- 
ish tinge or of comparable proportions. 
Thus, the fact that the results on the 
spectrophotometer did not agree exactly 
with those on the colorimeter is not 
surprising. Some of the assumptions 
made in the comparisons between 
curves could have been faulty. 

The diamond crystals given to the 


Gemological Institute by DeBeers were 
shown in normal light and some in 
dark-field illumination; others between 
crossed Polaroids and still others under 
ultraviolet illumination. An attempt 
was made to identify the probable 
source of each of the crystals on the 
basis of habit and other characteristics. 
The strain-birefringence pattern in dia- 
monds was related to their durability 
during the cutting process. 

It was an interesting and worthwhile 
conference. . 


Ce 
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Jeanne Martin Hetires 


Twelve years ago, Jeanne Martin was 
offered a position on the staff of the 
Gemological Institute of America, be- 
cause her work as a resident-class stu- 
dent had been so outstanding. Despite 
the fact that she had had no experience 
in publications, she became Associate 
Editor of Gems & Gemology and put 
together many books, including the 
Jewelers’ Manual, Diamonds . . . Fa- 
mous, Notable and Unique, The Dia- 
mond Dictionary, and several. editions 
of the Handbook of Gem Identification. 

All during her stay with GIA she 
worked closely with resident students 


as an instructor of gem identification, 
making hundreds of friends because of 
her exceptional patience and under- 
standing of beginners’ problems. Dur- 
ing her years at GIA she became as 
accomplished a gem photographer as 
any we know. 

Jeanne is going to move to a high, 
dry climate — to Monument Valley, 
Utah — where she will become an as- 
sistant in the operation of Goulding’s 
Trading Post and Lodge. 

Students and staff alike will certainly 
miss her and remember her with great 
fondness. 
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Diamond-Proportion Grading 
and the 


New ProportionScope 


by 


Richard T. Liddicoat, Jr. 


One of the key factors determining 
the value of a diamond is the quality 
of, cutting. This depends on the pro- 
portions of the fashioned stone and the 
quality of its finish. 

The grading of cutting is based on 
two premises: (1) that the amount of 
weight yield from the rough has an im- 
portant bearing on price, and (2) that 
the relative beauty of the product also 
affects price. These factors are empha- 
sized when one realizes that some ex- 
pert cutters average a 40% to 43% 
yield in weight of polished goods from 
average rough, whereas others consis- 
tently retain over 50% on the average. 
In other words, the latter’s yield is 25% 
greater on the average. This additional 
weight is retained at the expense of 
beauty in relation to the brilliancy and 
fire potential produced by ideal propor- 
tions and finish. 

GIA standards are based on the 
weight that could have been retained, 
if average rough had been cut to ideal 
figures — with slight modifications re- 
lated to profound effects on beauty that 
yield minor gains in weight retention. 


130 


For example, if one deepens the pavil- 
ion greatly, not too much weight is 
retained, but the stone takes on a black- 
centered appearance that is especially 
ugly. This is weighted more heavily in 
the GIA system. 

What information must we have in 
order to classify a diamond’s cutting 
quality ? We need information that will 
tell us how much weight should have 
been retained from average rough to 
cut this stone. In the present system, 
this means we need to know table di- 
ameter in relation to the width of the 
girdle (all of our percentage figures 
are measured against the girdle diame- 
ter, taken as 100%). We need to know 
crown height, total depth (table to cu- 
let), girdle thickness, and pavilion 
depth, all as a percentage of girdle di- 
ameter. In addition, we need to note 
whether there are major symmetry 
faults, which also are a result of an ef- 
fort to save weight. 

There is one thing certain in dia- 
mond-cutting grading: any discrepancy 
in the make of a stone was taken for a 
purpose. If a stone is out of round, the 
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Figure 1 


tough was out of round. If the culet 
is well off center and the table tilted, it 
means that more weight was retained 
from the rough than would have been 
if it had been reduced enough to give 
ideal proportions and symmetry. 

How do we go about obtaining these 
figures? The ProportionScope uses a 
silhouette of the diamond cast on a 
screen calibrated with the necessary 
scales to measute the silhouette. 

The ideal figure in relation to girdle 
diameter for the table diameter is 53%, 
but 52% to 579% is within ideal range. 
16.2% is the ideal figure for crown 
height, but 15.1% to 16.5% is the 
acceptable range. 43.1% is the ideal 
figure, but 42.9% ‘to 43.3% are accept- 
able for pavilion depth. The ideal fig- 
ure for girdle thickness depends on the 
size of the stone. Girdle thickness, mea- 
sured where the points of the bezel and 
main facets reach the girdle may be ade- 
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quate, if it equals 1% on a 3-carat or 
larger stone; but at that figure, the gir- 
dle would be knife-edged on a 10-point 
stone. Thus, an ideal girdle for differ- 
ent sizes differs. The following approx-, 
imation is reasonable. 


Up to .40carat = upto 3.0% 
Alto .8O0carat = 2.0 to2.5% 


81to1.50 carats = 1.5 to 2.0% 
1.51 to 3.00 carats == 1.25 to 1.75% 
3.1 carats up = 1 to1l.5% 


The GIA ProportionScope (Figure 
1), a new and powerful tool for the dia- 
mond man, was introduced at the 1967 
Conclave of the American Gem Society. 
Employing the basic principle utilized 
about 1949 or 1950 by Joseph A. Phil- 
lips in building a proportion instrument 
for GIA, the new instrument was de- 
signed by Gale Johnson and Kenneth 
Moore, GIA’s instrument-manufactur- 
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ing and instrument-sales managers, re- 
spectively. John Holtzclaw, CG, of 
Alva, Oklahoma who designed and built 
a proportion-grading instrument shown 
at the Conclave in Chicago in 1965, 
was responsible for creating the interest 
that led the Society to request that such 
an instrument be built. Several of 
Holtzclaw’s ideas were used in the fi- 
nal design. Both the moveable screen 
and holes in one jaw of the stoneholder 
to expose the culet were Holtzclaw’s 
ideas. 

The basic idea of a ProportionScope 
is to cast a shadow on a screen marked 
with a diagram showing a cross section 
of an ideal brilliant for comparison pur- 
poses. The screen is printed with scales 
divided into units that are percentages 
of the girdle diameter. The girdle diam- 
eter is taken as 100%, and all of the 
scales are divided into units of girdle 
diameter. Thus, any readings are made 
in percentages (Figure 2). 

When the image is magnified until 
the girdle diameter of the silhouette 
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Figure 2 


just fits that of the diagram on the 
screen, any departures from the ideal 
are obvious and their extent is easily 
measured. For ease in reading off the 
comparisons, the silhouette is magni- 
fied from about 7 to 12 times, depend- 
ing on the size of the diamond being 
measured. There are two screens, one 
analyzes brilliants from about ..18 to 
1.30 carats, and the other from about 
1.21 to over 8 carats. 

To analyze its proportions, the dia- 
mond is placed in the C-shaped stone- 
holder, which has four circle magnets 
on the bottom side. To do this, the 
stone is held in tweezers or in the 
fingers of one hand and placed be- 
tween the jaws of the holder with the 
culet toward the threaded side. This 
is the side that has holes in it, so that 
the culet is exposed. The other jaw is 
under spring tension, and the knurled 
knob is withdrawn between thumb and 
forefinger, while the stone is inserted 
with the other hand. Now the holder 
is placed with the magnets down on the 
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steel ring around the light orifice at the 
center of the stage of thé instrument. 


The stone probably is not in focus at 
this point; its silhouette is probably 
either too large or too small for the dia- 
gram. If the stone does not fit into the 
diagram, turn the magnification knob 
at the right until it does. Now bring 
the image into focus with the central 
knob. By using both knobs, the edges 
of the girdle are brought into sharp 
focus when they both just touch the 
vertical lines at the 100% position on 
the diagram. Now the stone is turned 
until pavilion and bezel main facets in 
the silhouette appear as straight lines. 


As soon as the girdle width has been 
set at a 100% figure, the stone is 
turned through a complete revolution to 
notice whether there are any major sym- 
metry faults, such as a table tilted in re- 
gard to the plane of the girdle, culet 
off center, or a considerable variation 
in girdle thickness (only the eight 
points on the girdle at which bezel and 
pavilion main facets are opposite are 
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considered when measuring girdle 
thickness) . 

If the stone is too high or too low 
on the screen, the table appears to be 
curved, instead of a straight line. To 
make it appear flat involves moving the 
stoneholder up and down on the screen 
by moving it forward or back over the 
light source. A minimum number of 
moves needs to be made to make the 
necessary measurements with the 4-inch 
screen, if the screen is first placed so 
that its steel rim is against the top of 
the instrument. The stone is then 
brought into position for the table mea- 
surement. The corners of the table are 
placed at the lower edge of the hash 
marks along the girdle line. If the 
table is not exactly octagonal, the table 
percentage will vary as the stone is 
rotated (Figure 3). 

In contrast with all other divisions 
on the diagram, each division of the 
table scale represents 2%, because we 
are measuring toward each vertical 
boundary from the center. An exactly 
symmetrically cut, round brilliant will 
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show table readings that are equal, 
when the two corners that are visible 
are read against the scale. Often, how- 
ever, the readings on the two sides dif- 
fer, because the stone is not exactly 
symmetrically cut. 

Unless the crown is exceptionally 
thick or exceptionally thin, the girdle 
thickness may be measured in this same 
position by referring to the 0-to-10% 
scale on the right-hand vertical line, just 
outside the circle and below the girdle 
of the diagram on the screen. Unless 
the girdle thickness appeared to be very 
even when the stone was rotated, it 
should be measured at the thinnest and 
thickest points visible when the bezel 
facets appear as straight lines on the 
crown silhouette. 

The next step is to lower the screen 
until the lower edge of the girdle at 
the vertical lines on the screen exactly 
corresponds to the same points on the 
silhouette. Note: On a round brilliant, 
the girdle surface is often tilted toward 
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the culet. When measuring pavilion 
depth in this situation the top of the 
girdle is at the vertical lines and the 
bottom of the girdle of the silhouette 
lines up with the bottom of the girdle 
line on the diagram, even though the 
corners of the silhouette fail to quite 
reach those of the, diagram. Pavilion 
depth is read on the scale running 
through the culet, using the numbers 
on the right side of the scale (Figure 4). 

Next, the screen is moved down once 
more, to have the upper edge of the gir- 
dle on the screen correspond to the 
same points on the silhouette. Crown 
height is then read off the scale run- 
ning up the right side of the crown. If 
the table is tilted, the crown height may 
be measured at other points by turning 
the stone 45 degrees at a time to the 
next pair of bezel and pavilion mains. 
The culet can only be seen along 2 axes 
at 90 degrees to one another. The 45- 
degree positions can be checked by 
holding the girdle while turning the 
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Figure 6 


threaded side of the stoneholder about 
¥ turn, or 45 degrees. Crown-height 
variation can be recorded by showing 
the least and greatest crown-height 
measurements made when the stone has 
been turned full circle. Measurements 
are essential at more than one place only 
when the diamond showed variation in 
one or more of its dimensions when ro- 
tated earlier ( Figure 5). 

The last step in the cross-section anal- 
ysis is to move the screen down once 
more; this time it is lowered until the 
zero line corresponds to the top of the 
table of the silhouette. The total depth 
is measured on the scale passing 
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s 
through the culet of the screen, just as 
the pavilion depth was measured ear- 
lier. The figures for total depth appear 
to the left of the scale rather than to the 
right. The reading is taken at the point 
where the culet of the silhouette crosses 
the scale (Figure 6). 

If, in turning the silhouette on the 
screen, it is apparent that the culet is off 
center, it is not too difficult to deter- 
mine how far off center it is. This is a 
matter of eye judgment, since there are 
only horizontal hash marks at this 
point. However, the unit lines are 3% 
of the girdle diameter long. Those at 
the 5 and 10 positions are 5% long. 


135 


Le" 70 750 
| Dees va 
NG 


no 


During the grading process, the dia- 
mond is also examined in a position 
that shows the whole circle of the gir- 
dig. In this process, it is not mounted 
in the holder used for cross-sectional 
analysis, but it is placed table down-on 
a glass disc so the girdle outline can be 
compared to the circle on the screen. If 
a diamond is out of round, it is obvious 
during this stage of the analysis. 

There are two purposes for examin- 
ing the girdle outline: one is to deter- 
mine the extent to which a diamond is 
out of round, and the other is to be able 
to estimate the reduction in diameter 
that will occur when a broken diamond 
is recut. 

The degree of departure from round- 
ness can be measured by turning the 
screen until the scale at the lower left 
in Figure 2 is at the point where the 
silhouette fails by the greatest amount 
to reach the circle when it is touching 
some other points on the circle. (see 
Figure 7). 

The first reaction to the new instru- 
ment made it apparent that a majority 
assumed that it would be a powerful 
sales aid for ideally cut merchandise, 
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Figure 7 


but worse than useless with other pro- 
portions. This parallels the initial re- 
action to the original Diamondscope — 
that it would stifle the sale of any but a 
flawless stone. Just as a customer hap- 
pily buys an SI, or an I, having seen 
its inclusions for himself, so he will 
happily buy a spread stone — knowing 
that the pavilion angle is correct for 
maximum brilliancy and that he is get- 
ting more weight for his money. 


With the wide dissemination of in- 
formation on the grading of diamond 
cutting through the courses of GIA, 
plus the introduction of the AGS cut- 
ting grading system to its membership, 
and now, a tool for easy demonstration 
of cutting quality, the public will soon 
be asking about the neglected fourth 
“Cn 


The new ProportionScope is likely 
to change the diamond sales picture in 
this country and Canada. For the first 
time, jewelers can demonstrate the 
relationship between ideally propor- 
tioned and poorly made diamonds so 
that customers can see the differences 
clearly. 
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Developments and Highlights 
at the 


Gem Trade Lab 
in New York 


by 
Robert Crowningshield 


Grossularite-Idocrase Carvings 

A pair of lovely translucent, pink 
carved Kuan-Yin (the Chinese God- 
dess of Mercy), approximately seven 
inches in height, proved to be grossula- 
rite-idocrase. The idocrase component 
is comparatively slight, if one judges by 
the strength of the idocrase absorption 
line. One of the pair is illustrated in 
Figure 1. By coincidence, another pair 
of carved figures, this time of birds and 
similarly represented as jade, proved to 
be grossularite-idocrase with a very 
strong idocrase absorption line. In 
appearance, it was green and white and 
resembled the material we have seen 
from Pakistan. Figure 2 represents one 
of these carved birds. 

“Sugar-Cube” Inclusions 

Figure 3 shows unusual “sugar-cube”’ 
inclusions in a pair of green-treated dia- 
monds kindly loaned to us for study by 


Figure 1 
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Figure 2 


Mr. Irwin Moed of Theodore & Irwin 
Moed, Inc. These inclusions are evi- 
dently very much like the one illustrated 
in the last issue of Gems & Gemology, 
as seen in the Los Angeles Laboratory. 
Identification Hazard 
Frequently, one can identify a natural 
blue sapphire with the unaided eye, if 
he sees reflections from silk patches. 
The hazards of sach sight identifica- 
tion were brought to our attention when 
we examined a 5-carat stone that had 
been sold as natural on the basis of the 
“natural” inclusions. Figure 4 shows a 
patch of very white curved lines con- 
sisting of bubbles and color zoning 
that lay near the surface and reflected 
very much as the silk in natural stones. 
The stone, of course, was synthetic. 
Unusual Absorption Lines 
While observing the absorption spec- 
trum of what appeared to be a Tanzania 
ruby, we were surprised to see unusual 
absorption lines that passed the field in 
oblique lines and slanted first to the 


138 


Figure 3 


GEMS & GEMOLOGY 


| VIOLET 


right then the left and in certain direc- 
tions separated. Also, they became alter- 
nately light and dark when a Polaroid 
plate was rotated over the light source. 
This appearance was seen only with the 
stone on its table. We began to suspect 
the instrument itself but no other stone 
observed that day gave similar results. 
Figures 5 and 6 illustrate the odd ap- 
pearance. We feel that part of the ex- 
planation lies in the fact that the stone 
was repeatedly twinned (Figure 7) 
though how this particular stone’s twin- 
ning caused the phenomenon we do 
not know. 
Thin Color Zoning 

We have occasionally written about 
natural blue sapphires in which the 
color lies in one thin plane, but until 


+ pet-creentvetytot reo 


5000 6000 7000 


| VIOLET 


Figure 5 
Leet oreent vetyto + rev 
§000 6000 7000 


SPRING 1967 


Figure 6 


139 


GIA Graduate Louis Kuhn kindly 
loaned a lot of such stones for our study 
we had never seen a selection of them. 
Figure 8 shows the cabochons face up, 
in which position they were quite ac- 
ceptable. Figure 9 illustrates the same 
three stones from the side. The major 
part of the stones is absolutely colorless, 


Figure 7 


with the blue color banding approxi- 
mately 10% of the depth. 
Unusual Opal 

Figure 10 illustrates an exceptionally 

fine black opal in which the black ma- 

trix, or common material, formed mo- 

saiclike patches of color on the apex of 

the cabochon, causing doubt as to the 
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stone’s natural color. 
Flux-Grown Rubies 

Figure 11 illustrates the wispy inclu- 
sions seen in some flux-grown synthetic 
rubies. This stone, of 3.07 carats, was 
cut with no seed crystal showing. An- 
other solution-grown synthetic ruby of 
8.70 carats, containing a seed crystal, is 
the largest of this type we have seen. 

Natural Ruby? No! 

Figure 12 shows the danger of rely- 
ing on the printed word! From the 
photo one would suspect that the angu- 
lar bands (actually twinning structure) 
in the star ruby would prove it to be a 
natural stone. Wrong! Figure 13 shows 
curved color bands, as seen with the 
stone over the iris opening of a Gemolite 
and light projected directly through it. 

An Enigma 

Figure 14 is a mystery. It shows a 

Figure 9 round, polished depression in the table 


Figure 10 
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Figure 12 


of a synthetic ruby. It is difficult to im- 
agine how such a configuration could 
have been made, to say nothing of why. 
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Figure 11 


We are indebted to GIA student Don 
Green of Mount Clemens, Michigan, 
for making the stone available for study. 


Crackled Pattern in Sapphire 

We have always thought that the 
crack pattern produced in a synthetic 
corundum when it is quench crackled 
after heating was mostly dependent on 
the stone probably being under strain. 
However, a similar pattern was ob- 
served in a fine natural blue sapphire 
of six carats that was mistreated during 
repair to its setting (Figure 15). 
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Figure 13 
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Figure 15 


to be spessartite-almandite with pos- 
sibly some grossularite present. The 
stones showed an unusual absorption 
spectrum, combining the main features 
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of the almandite lines and the man- 
ganese lines of spessartite (Figure 17). 
The other constants however, were low 
for both garnets, suggesting the pres- 
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ence of the grossularite molecule. The 
refractive index was from 1.755 to 
1.759; the specific gravity was 3.86. 
From. Allan A. Goldman, New 
York stone importer, we received 
a handsome orange-red synthetic 
sapphire, a new color for our collection. 
We are very much indebted to Mr. 
Pierre Gilson, Jr., for an .88-carat syn- 
thetic emerald manufactured by their 
firm. It represents a departure in both 
refractive index and specific gravity, as 


well as fluorescence. The R. I. falls 
within the average for natural emeralds, 
as does the specific gravity. The fluo- 
rescence is a dull, dark red, instead of 
the usual greenish orange, but the 
inclusions are typically those of flux- 
grown synthetic emerald. 


We are thankful for a gift of rough 
cut opal from Australia received from 
Dover, Massachusetts, student W. A. 
Rose. 
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Developments and Highlights 
at the 


Gem Trade Lab 
in Los Angeles 


by 


Richard T. Liddicoat, Jr. 


_ Black-Coral Characteristics 

One of the characteristics of black 
coral is a half-moon-shaped arc of white 
in the cross section of the limbs of the 
material. Another characteristic not 
quite so frequently seen is a regular pat- 
tern of. tiny protuberances in rather 
translucent layers along the length of 
the limbs (Figure 1). Along the edges 
of the translucent areas the coral is 
built up in layers, and the protuberances 
are visible on a bulge on the side of the 
stalk, 

Unusual Diamond Inclusion 

In a recent issue of Gems & Gemol- 
ogy, we discussed a rather odd inclusion 
in diamond: a very thin, almost two- 
dimensional, square, cottony area. Since 
then, we have had several comments. 
George Kaplan, of the Lazare Kaplan 
& Sons diamond firm, states that this 
type of inclusion is a charactéristic of 
diamonds from Sierra Leone. One of 
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Figure 1 


our students, John B. Davis of Great 
Falls, Montana, sent photomicrographs 
of a diamond with such an inclusion 
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that was submitted for appraisal by one 
of his customers. It is illustrated very 
nicely in Figures 2 and 3. The photos 
were taken by Mr. Davis, using a 
Photoscope. ; 
Synthetic-Garnet Striae 

We had another opportunity to ex- 
amine a synthetic yttrium-aluminum 
garnet (the so-called YAG). We were 
somewhat surprised to note some very 
definite curved striae (Figure 4). The 
material was a rather attractive chrome 
green, with a very strong red color 
when subjected to intense illumination 
by a beam of white light. 

Odd Emerald Inclusions 

Sometimes rather strange things turn 
up in the always-fascinating jardin of 
an emerald. We examined a stone that 
had the usual variety of inclusions, but 
one was particularly interesting, be- 
cause it so closely resembled a large 
gas bubble (Figure 5); it is visible 
almost in the center of the photograph. 
Perhaps if it had appeared in the stone 
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Figure 2 


Figure 3 


without any other inclusion, it would 
have seemed confusing. 

Figure 6 shows a roiled effect in an- 
other emerald that we assumed to have 
been caused by layers of calcite. Al- 
though layers of this kind are seen oc- 
casionally, we have rarely encountered 
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Figure 4 
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Figure 5 


an emerald that gave such a completely 
roiled effect as this did under magnifi- 
cation in darkfield illumination. 
Unusual Glass Inclusions 
Sent in for identification was a 
strand of green beads that resembled 
jade. Under magnification, many elon- 
gated inclusions were visible. However, 
there was a lighter streak through the 
center of the: stones and the inclusions 
were atranged circumferentially. Fzg- 
ure 7 shows the inclusions in one of the 
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Figure 7 


Figure 8 


stones under magnification, showing 
they were elongated and appeared 
straight, even though the total pattern 
gave an impression of concentricity. 
Figure 8 shows the same stone under 
lower magnification; the light streak 
through the center is more apparent. 
The necklace consisted of glass beads 
cast with the two sides pressed together 
at the center, along which plane the 
transpatency was greater. 
“Oolitic” Opal 

Almost opaque opal is often subject- 

ed to the same kind of treatment given 
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Figure 9 


gray agate to blacken it to create ‘black 
onyx.” The purpose is to make white 
opal appear to be black and to intensify 
the play of color near the surface. Such 
stones have been described several times 
in Gems & Gemology and elsewhere, 
giving details on how they may be dis- 
tinguished from untreated opal. One of 
the characteristics of the treated stone 
is an odd fragmentation of the areas of 
play of color, which has come to be 
regarded as typical. The means of de- 
tecting this kind of treatment is the 
presence of many tiny black spots vis- 


149 


ible under high magnification. 
Recently, we have encountered a 
number of opals that have this kind of 
patchiness in the areas of play of color, 
but in which no black spots are evident 
under magnification. We have learned 
that opal from a new deposit is being 
imported to which some have given the 
name “‘oolitic’ opal, because of its ap- 
pearance of being composed of a multi- 
tude of spherules, reminiscent of oolitic 
limestone. It is claimed this is natural 
opal that, unfortunately, has many of 
the appearance characteristics of the 
treated type. Such a stone is shown in 
Figure 9. It may be difficult to distin- 
guish the areas of play of color shown 
in this photomicrograph, but the rather 
small spots of the material’s oolitic na- 
ture are quite evident. It may be distin- 
guished from the treated by the absence 
of the minute black spots that typify the 
treated material. Although these have 
not been darkened as are the treated 
opals, the pattern suggests that they 


may have been heated. 
Glass Vs Opal 

Occasionally, one encounters a stone 
that is particularly difficult to classify to 
the satisfaction of the owner. Perhaps 
the most difficult of analyses is one in 
which the person submitting the stone 
for identification wants to know whe- 
ther a glass is a tektite; i.e. a glass of 
meteoric origin. If the material has the 
properties of a natural glass, how does 
one determine whether it is indeed a 
tektite, or perhaps a terrestrial form of 
natural glass? In the rough state, the 
wrinkled, pitted surface of the globular 
or flattened mass may suggest meteoric 
origin. Reported properties show an in- 
dex range from 1.48 to 1.53 and an 
S.G. of 2.3 to 2.5. 

Recently, the stone pictured in Fig- 
ure 10 was submitted to the Labora- 
tory. As the photograph shows, the ma- 
terial was thinly layered, and there must 
have been minute differences in refrac- 
tive index, because light interference 
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was apparent. The R.I. of 1.468 and 
S.G. of 2.255, plus the iris-agatelike 
structure, proved the material to be not 
a tektite, as the owner thought, but an 
opal — probably from the new Mexican 
source mentioned recently by Leiper 
and. Sinkankas, 
Unusual Gem Materials 

During the last few months we 
have seen some very unusual materi- 
als; for example, three pieces of flux- 
grown synthetic gahnite spinel, some 
flux-grown magnetoplumbite and syn- 
thetic hematite, also flux grown. We 
have seen cut specimens of natural 
cerrusite and anhydrite (a 1.30-carat 
transparent specimen cut by a local 
cutter, C. D. Parsons). Mr. Parsons 
also showed us a synthetic greenoc- 
kite. In addition, we have identified a 
natural legrandite, a bright-yellow 
transparent stone, the first specimen 
of this mineral we have ever encoun- 
tered. It is a hydrated zinc arsenate. 

Synthetic Fluorite? 
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Figure 11 


Recently, we encountered a cleav- 
age specimen — an almost perfect oc- 
tahedron of what appeared to be 
fluorite. However, the material had 
a specific gravity of 4.89 and a re- 
fractive index of 1.47, fitting nothing 
in any source we could locate. Our 
reaction was to tell one of our staff 
members that he must have conjured 
up the stone — that it must be a,"frag- 
ment” of his imagination. We asked 
sythetic-crystal growers to learn the 
properties of sythetic fluorite when 
strongly doped with heavier ele- 
ments, and learned that synthetic 
fluorite doped with lanthanum had 
similar properties. 

Strange Spinel Inclusions 

During the course of routine testing, 
we encountered a natural spinel with 
rather strange inclusions (Figure 11). 
It will be seen that the stone was much 
more cloudy than one usually expects to 
see in a spinel. This condition was 
caused by a multitude of very minute 
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Figure 12 


inclusions. Occasionally, the inclusions 
were interrupted by others that resem- 
bled brush strokes; where these ap- 
peared, the stone was more transpar- 
ent than elsewhere. There were also a 
number of typical octahedra. 
Paraffin-Treated Turquois 
There is nothing particularly unusual 
about paraffin-treated turquois. The 
small statuette pictured in Figure 12, 
however, had not only been soaked in 
blue paraffin or wax, but a good deal of 
it had been left on the surface to con- 
ceal the more greenish body material. 
However, it did not take long to wear 
off the surface in spots, so it left a ra- 
ther unsightly combination of yellow- 
ish-green and turquois-blue colors. In 
addition, matrix had been simulated by 
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painting a tarry substance on the tur- 
quois in a veined pattern. It can be seen 
best on the woman’s sleeve, next to the 
child’s head, and across the cloth the 
child is carrying. 


A stone dealer brought in a necklace 
of turquois he had sold a year or two 
earlier and that had been returned to 
him because some of the beads had 
started to discolor quite obviously. His 
usual treatment for discolored turquois 
was to put it into a rather weak hydro- 
gen-peroxide solution. When _ this 
strand was left in the solution over- 
night, quite a number of the beads 
cracked through and some actually 
broke in half. After checking, we found 
that the beads had been completely in- 
fused with wax or paraffin; when we 
brought a hotpoint to a distance of 
two millimeters from the surface, the 
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wax started to run even at the center. 
Partially Coated Emerald 

A woman who had bought an em- 
erald ring in Europe for a very low 
price was disturbed only a few days la- 
ter when she noticed that part of the 
stone appeared very pale in color. Look- 
ing at the back of the stone, she 
thought it had been painted and actual- 
ly chipped off some colored material. 
The stone is pictured in Figure 13. It 
may be seen that the thin plastic coat- 
ing has chipped away to a large extent, 
leaving only the upper end still cov- 
ered. It was a very clumsy effort, cal- 
culated to last not much longer than it 
would take to leave the store. 


Another coated pavilion was encoun- 
tered on the emerald shown in Figure 
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14, The thick coating can be seen just 
under the back of the mounting, near 
the girdle. It had been coated all the way 
around under the mounting, so it would 
not be too obvious from the back. This 
imparted enough color to make the 
stone appear much more valuable than 
it was. 
Irradiated Cultured Pearls 

We were asked to check two silver- 
gtay pearls said to be cultured fresh- 
water pearls from Lake Biwa that had 
been irradiated in a nuclear reactor. 
The color is well represented in Fig- 
ure 15, which shows the two pearls 
together with a white cultured pearl. 
The photograph was taken at about 
3x. 


Cyclotron-Treated Diamond 
A marquise-cut diamond that had 
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Figure 16 


been subjected to cyclotron treatment 
is shown in Figure 16. It will be noted 
that the usual ‘“‘cloverleaf” effect, or 
more aptly perhaps, the “umbrella” 
effect, caused by color concentration a 
short distance into the brilliant-cut 
diamond is not present here. Instead, 
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Figure 15 


two parallel lines are seen, one on 
each side of the keel line of the mar- 


quise. 
Rounded Inclusion in Diamond 
Figure 17 was taken of a .20-carat 
diamond given to GIA by Ben Ham- 
mond of B..M. Hammond, San An- 
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Figure 18 


tonio, Texas. The oval doughnut- 

shaped inclusion struck. his fancy—as 

it did ours. We appreciate the gift. 
Maltese-Cross Inclusion 

A maltese-cross pattern, shown by a 

cloudy or cottony inclusion in a dia- 

mond (Figure 18), was the subject of 
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the photograph taken by student Herb 
Rosenfield of Bayside, Long Island. He 
noted it as he was grading a 1.55-carat 
emerald cut. 
Irradiated Topaz 
Recently we heard that topaz had 
been irradiated probably in a nuclear 
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reactor to change the color to a dark 
yellowish brown. We just had our 
first opportunity to examine one. The 
colors seen or described to us are not 
as attractive as the finest sherry topaz, 
but they are certainly saleable. Ordi- 
narily, it would seem that they would 
be very difficult to distinguish from 
stones that had. not been irradiated, 
but in those examined to date the 
initial material was blue topaz, and 
therefore it had the properties not 
of sherry topaz but of the high S. G. 
—low R. I. of blue or white topaz. The 
refractive index for the sherry-color- 
ed material is ordinarily about 1.629- 
1.637, and the S. G. about 3.52 or 
3.53. The white or blue has indices of 
1.609-1.617 and an S.G. of about 3.56 
to 3.57..Thus, if a brown topaz has 
refractive indices in the low range 
and specific gravities in the high 
range, the color must have been arti- 
ficially induced. 
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Gemological Digests 


Nature of the Plastic Deformation 

of Diamond Crystals 

(The following is an abstract of a 
paper by A. A, Urusovskaya and Y. 
A. Orlov, published in the Earth Sci- 
ences Section of the Doklady Acad- 
emy of Sciences, USSR, and copied 
from the December, 1966 edition of 
Mineralogical Abstracts.) 
Interpretation of Laue photographs 

of diamond crystals with (111) planes 
and curved faces shows that the (110) 
lines on octahedral crystals and on 
curved faces result from the same 
kind of plastic deformations. The 
photographs reveal disoriented re- 
gions in the diamond structure due 
to polygonization, a process occur- 
ting at high temperature in which 
the dislocation in glide planes are 
redistributed from horizontal series 
into vertical partitions, which form 
the boundaries of the polygonization 
blocks. The pinkish, violet, slightly 
smoky and dark-brown hues of dia- 
monds are probably due to finely dis- 
persed inclusions of graphite formed 
along glide planes, as suggested by 
the zonal distribution of the color and 
the direct relation between color in- 
tensity and degree of plastic defor- 
mation. 

Attempt to Revive 

Whitby Jet Market 
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According to the Retail Jeweler, a 
British jewelry-trade publication, an 
attempt is presently being made to 
revive Whitby-jet jewelry in modern 
designs and to destroy its Victorian 
image. The company that seeks to 
accomplish this, Whitby Jet Ltd., has 
no connection with the tourist trade 
nor with the old established jet shops 
in the town. Instead, they plan to sell 
high-quality jewelry through retailers. 


Mr. William Cornforth, a director 
of the new company, states that the 
tedious hand carving of the past cen- 
tury will be replaced with modern, 
high-speed machinery, because the 
firm is aiming at world-wide markets, 
where skill and speed of production 
are vital. Competent jewelry design- 
ers have been engaged. 


Mr. Cornforth further states that 
hundreds of pounds of raw jet, stock- 
piled since Victoria’s times, have been 
found, and that a geologist has been 
employed to seek new deposits. His 
report is encouraging. 


A market-research consultant believes 
there is a large potential for modern 
jet jewelry, and further agrees that 
such jewelry must come from the center 
of the jet industry, Whitby, long known 
as the source of the world’s finest 
material. 
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World’s Largest Star Sapphire measures 634 inches high, 1414 inches 

in circumference at the top and 

The prolific Mogok, Burma, area 27 inches at the widest place (see 
has produced what is claimed to accompanying photograph). It is 
be the world’s largest stat-sapphire presently owned by the Myanma Ex- 
rough. Weighing 63,000 carats (27, port-Import Corporation, Rangoon, 
783 pounds), the stone is bluish gray Burma. The company has not dis- 
in color, is pyramidal in shape, and closed plans for its sale or cutting. 


World’s Largest Star Sapphire 


158 GEMS & GEMOLOGY 


Book Reviews 


PRACTICAL GEMMOLOGY (Fourth 
Edition), by Robert Webster, FGA. Pub- 
lished by N.A.G. Press, Lid., London, 1966. 
209 pages. Clothbound. Illustrated with 
black-and-white photographs and line draw- 
ings. Price ; Approximately $4.20. 


In 1943, Practical Gemmology was first 
published as a concise handbook on the 
fundamentals of gemology. In this first edi- 
tion, the chapters were referred to as “‘les- 
sons,” because they were originally published 
serially in the Gemmologist (a now-defunct 
gemological journal) under this name. In 
subsequent editions, including the fourth, 
this lesson system continues to be followed. 

The present volume contains 21 chapters, 
covering concisely all the elements that are 
pertinent to a study of the’ science of gemol- 
ogy. It has been updated and revised exten- 
sively, with much added material to cover 
modern requirements. A new chapter has 
been added on the chemistry of gemstones. 
Little change has been made in the sections 
on refractive index, specific gravity and color. 

A new section on luminescence and elec- 
trical effects provided a more modern ap- 
proach to these subjects. More information 
is given on gemstone inclusions, and the 
newer synthetic stones are included and 
discussed. A better coverage is given to the 
various kinds of assembled stones and to the 
modern methods of artificially coloring dia- 
monds. Additional information is given on 
lapidary techniques, and details on more of 
the unusual gemstones now cut and polished 
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are provided. 

To quote from the author’s preface, “the 
book has been kept within manageable size 
by omitting the more intricate, scientific 
tests and long descriptive chapters on gems, 
all of which are available in other existing 
textbooks.” Further, it is intended ... ‘to 
complement the information and data con- 
tained in The Gemmologist’s Compendium” 
(another of the author’s books). 

It is refreshing to see another edition of 
an exceptionally good text from one of the 
men in the world truly qualified to write 
on this subject with authority. From the 
viewpoint of knowledge and experience, 
Robert Webster is one of the outstanding 
gemologists in the world today. This, fine 
text is one more testament to his value to our 


field. 


MINERAL RECOGNITION, by Ivis 
Vanders and Paul F. Kerr. Published by 
John Wiley & Sons, New York City, 1967. 
316 pages. Clothbound. Illustrated with 
black-and-white photographs, line drawings 
ana color photographs. Price: $11.95. 


This book is planned to train the reader 
in the sight identification of minerals. With 
this in mind, the first portion is concerned 
with background information on mineralogy. 
The first chapter covers the history of the 
use of minerals and present-day uses, then 
crystal nucleation and growth is explained, 
with an emphasis on recognition factors in 
crystal growth. Such features as striations 
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caused by oscillation in growth and by 
twinning are explained. Different kinds of 
aggregates and different kinds of oddly 
shaped crystals are discussed, as well as the 
effect on appearance of different growth rates 
on different faces. 

Throughout the book, the subjects given 
the greatest attention are those that affect 
the appearance of minerals, and the features 
that characterize the various species. In addi- 
tion, crystal chemistry is covered to the point 
of explaining kinds of bonding and struc- 
tures. Symmetry is discussed and related to 
surface features, and crystal recognition is 
very well handled. Approximately the first 
100 pages are devoted to background infor- 
mation, and the last 200 pages, approxi- 
mately, are devoted to mineral-identification 
tables and descriptions. 

Throughout the book, excellent illustra- 
tions*help to clarify the text. There are 289 
photographs printed in color; they are good 
choices of specimens and nicely reproduced. 

In our opinion, Mineral Recognition is a 
worthwhile addition to any gemological 
library. 


PRODUKTIONS UND HANDELSGE- 
SCHICHTE DES DIAMANTEN, by Dr. 
Godehard Lenzen. Published by Duncker & 
Humblot, Berlin, Germany, 1966. 280 pages. 
Clothbound. Ulustrated with black-and-white 
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photographs and line drawings. Price: 48 
Deutsche Marks. 


This new book, received from West Ger- 
many and written by GIA Gemologist Dr. 
Godehard Lenzen, covers in German the 
production and trade in diamonds, starting 
with the earliest knowledge of the gem in 
the Western World. The author discusses 
diamond as a mineral and a gemstone, with 
an historical review of its value, and then he 
describes the various sources of diamonds 
from the earliest days. 

He covers India in detail, including 
sources, production in ancient times, trade 
and prices. Similar statistics are quoted for 
the Middle Ages and up to relatively recent 
times. He considers Brazil, its production of 
rough, and its diamond trade from 1725 
to 1870. 

The Brazilian study is followed by an 
analysis of African production, starting in 
the late 19th century and continuing to the 
present. Lenzen reviews the sources of rough 
diamonds in the Union of South Africa, and 
the influence of this production on prices 
in the early days. He also gives facts on 
methods of recovery, structure of the dia- 
mond market, and further information on the 
foundation of the Diamond Corporation and 
the Diamond Producers’ Association. 

The book should be of interest to those 
who are able to read German. 
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The new GIA ProportionScope sells diamonds 
as no other instrument can. This instrument will 
help you sell every stone in your inventory, 
regardless of make. It demonstrates positively the 
quality of a diamond’s cut... beyond the 
shadow of a doubt. It brings you a convincing, 
professional method for showing and explaining 
diamond proportions to customers. 


The diamond’s silhouette is projected on the 
ProportionScope screen for comparison with the 
detailed outline of the ideal diamond. Customers 
can immediately see the significant part 
proportion plays in determining a diamond’s price. 


The ProportionScope lets you quickly and 
positively grade the proportions of diamonds. It 
easily compares facet angles, crown height, 
girdle thickness, pavilion depth, and all details of 
a gem’s make with proportions calculated to 
give maximum brilliancy and fire. The 
ProportionScope is excellent for determining the 
re-cutting of old-miners and damaged stones. 


The handsome, professional ProportionScope 

will bring new prestige and customer confidence 

a to you and your store. It will give you a 
new competitive advantage ...and you'll 

ie sell more diamonds! 


Write for full information 


GIA 


NOW... 


show customers the quality 
of diamond proportions 
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Cultured-Pearl Farming 
and Marketing 


by 


Richard T. Liddicoat, Jr. 


(Editor's Note: The following is the 
slightly abridged text of atalk delivered 
before the annual Conclave of the 
American Gem Society in Boston, April 
3, 1967.) 

The purpose for this paper is two- 
fold: one is to comment about misin- 
formation that: has been widespread 
since the early days of cultured pearls; 
the other is to discuss the grading and 
appraising system that will be part of 
the new GIA cultured- and natural- 
pearl course. 

Much of the misinformation tends to 
concern the thickness of nacre on cul- 
tured pearls, the length of time in 
which the nacre is accumulated, and cul- 
tured-pearl treatment. 

The whole cultured-pearl industry in 
Japan is based on the mollusc Pinctada 
Martensii (Pink-tahd’”-ah Mar-ten’’-se- 
i), a nonedible oyster. It is a mollusc 
that could be eaten but very seldom is, 
except for the foot muscle. In contrast 
to the shell of edible oysters, the interior 
of the Pinctada Martensii shell has a 
lovely mother-of-pearl iridescence. 
These molluscs grow to a shell size of 
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three to four inches in diameter, at an 
age of about three years, at which time 
they are fully mature. They stay at about 
the same size, but good health lasts only 
about seven years, after which they de- 
tetiorate until death at about eight. 
From the age of three, very little is ad- 
ded to the size of the shell; at this age, 
they are ready for nucleus insertion. So 
the free-swimming spat that were gath- 
ered at an age of a few weeks and nur- 
tured until they grew to maturity are 
now ready for pearl culturing. Those 
that are in good health after three years 
are prepared for nucleus insertion. Be- 
tween spat collection and maturity, the 
molluscs are brought ashore occasion- 
ally for shell cleaning, and then finally, 
at age three, for nucleation. 

At this time, they are induced to open 
the shell enough so that a wedge can be 
placed to keep the jaws open. An oper- 
ator then inserts a nucleus or a number 
of nuclei and an equal number of small 
pieces of mantle tissue. Mantle tissue 
comes from next to the shell and se- 
cretes the shell-building materials. 
When placed inside the body of the 
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Oyster cages being readied to lower to their 2-meter standard depth. 


Ago Bay 


Freeing the shell from encrusting organisms—a 2- or 3-time per 
year task 


mollusc, this tissue causes a pearl sac to 
form, and the shell-building process 
starts within that space around the pre- 
pated nucleus. 

Channels are cut into either the foot 
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or the body mass of the mollusc, but the 
key factor is that the position chosen is 
one that does not interfere with the ani- 
mal’s life process. In practice, it is sel- 
dom into the foot muscle, but more 
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often into or near the gonads. If the 
nuclei are small, such as two to three 
millimeters, up to 20 are placed in one 
mollusc. If the nucleus size is about six 
millimeters, two usually are inserted; if 
seven millimeters or over, only one is 
used. 

Recently, a new strain of Pinctada 
Martensti has been developed in the 
warm waters of Kyushu, the southern- 
most of the Japanese islands. Some of 
these shells attain a growth almost 
double that of the same species used in 
Ago Bay and, until this development, in 
Kyushu as well. Shells of the new strain 
reach a diameter of six or seven inches, 
instead of the three or four of the Ago 
Bay mollusc. 

In contrast to a ten-millimeter maxi- 
mum heretofore, 1114- or even 12-mil- 
limeter cultured pearls have been 
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* 4 Preparing mantle tissues for 
Aig the operation 


Preparing mantle tissue for the nucleus-insertion 
operation 
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produced in this new strain, which is 
now in production. They are still lim- 
ited in quantity, but this is a growing 
segment of the industry. Because the 
Japanese mollusc produces the most 
beautiful luster in the world, this will 
become a very important factor in the 
industry in the years to come. 

The maximum length of time in 
which a bead is left in a mollusc is 314 
years. Smart operators like to permit the 
mollusc to deposit the thin layers of 
nacre expected in the winter months, 
because the colder the temperature with- 
in the tolerance range of the mollusc, 
the finer grained the nacre and the 
higher the luster. The higher the water 
temperature, the more rapid the nacre 
accumulation. However, with rapid 
high-temperature accumulation, the 
nacre tends to be coarse. When the tem- 
perature falls, the nacre accumulation is 
reduced, but it is finer grained and more 


highly lustrous. Thus, the thin nacre ad- 
ded in Jate fall and early winter is par- 
ticularly desirable, if high luster is the 
aim. So, those that are nucleated in the 
spring are taken out in late fall three 
years later, if top quality is the objective. 

When the nucleus placed in a mollusc 
is small, often the time in which nacre 
accumulation is permitted is much 
shorter than with the Jarger nuclei. 
Eight to ten months is common for two- 
to three-millimeter nuclei. The reason 
that no nuclei are likely to be left in a 


mollusc for more than 314 years is that 


in its waning years the tendency is for 
the nacre to be very poor in quality and 
unevenly distributed. As a result, a cul- 
tured pearl, which at 314 years in the 
mollusc may be beautiful, could become 
ugly in the next six months to a year. 
There is a very definite investment fac- 
tor to be considered, too, since the 
longer the nucleus is in the mollusc, the 
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often into or near the gonads. If the 
nuclei are small, such as two to three 
millimeters, up to 20 are placed in one 
mollusc. If the nucleus size is about six 
millimeters, two usually are inserted; if 
seven millimeters or over, only one is 
used. 

Recently, a new strain of Pinctada 
Martensii has been developed in the 
warm waters of Kyushu, the southern- 
most of the Japanese islands. Some of 
these shells attain a growth almost 
double that of the same species used in 
Ago Bay and, until this development, in 
Kyushu as well. Shells of the new strain 
reach a diameter of six or seven inches, 
instead of the three or four of the Ago 
Bay mollusc. 

In contrast to a ten-millimeter maxi- 
mum heretofore, 1114- or even 12-mil- 
limeter cultured pearls have been 
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produced in this new strain, which is 
now in production. They are still lim- 
ited in quantity, but this is a growing 
segment of the industry. Because the 
Japanese mollusc produces the most 
beautiful luster in the world, this will 
become a very important factor in the 
industry in the years to come. 

The maximum length of time in 
which a bead is left in a mollusc is 314 
years. Smart operators like to permit the 
mollusc to deposit the thin layers of 
nacre expected in the winter months, 
because the colder the temperature with- 
in the tolerance range of the mollusc, 
the finer grained the nacre and the 
higher the luster. The higher the water 
temperature, the more rapid the nacre 
accumulation, However, with rapid 
high-temperature accumulation, the 
nacre tends to be coarse. When the tem- 
perature falls, the nacre accumulation is 
reduced, but it is finer grained and more 


highly lustrous. Thus, the thin nacre ad- 
ded in late fall and early winter is par- 
ticularly desirable, if high luster is the 
aim. So, those that are nucleated in the 
spring are taken out in late fall three 
years later, if top quality is the objective. 

When the nucleus placed in a mollusc 
is small, often the time in which nacre 
accumulation is permitted is much 
shorter than with the larger nuclei. 
Eight to ten months is common for two- 
to three-millimeter nuclei. The reason 
that no nuclei are likely to be left in a 


mollusc for more than 314 years is that 


in its waning years the tendency is for 
the nacre to be very poor in quality and 
unevenly distributed. As a result, a cul- 
tured pearl, which at 314 years in the 
mollusc may be beautiful, could become 
ugly in the next six months to a year. 
There is a very definite investment fac- 
tor to be considered, too, since the 
longer the nucleus is in the mollusc, the 
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Rounding and 


longer the pearl farmer's investment is 
drawing no return. Therefore, new 
farmers tend to work with very small 
nuclei, so that they can get their first 
crop out in a hurry. It is only the better- 
financed farmers who can grow the 
larger cultured pearls. 

There are many misconceptions with 
regard to the rapidity of nacre accumu- 
lation. In the chief culturing area, Ago 
Bay, about .15 mm. of nacre is added 
annually. This means that the diameter 
of a bead increases about .30 mm. per 
year. In a 314-year period, the maxi- 
mum accumulation is about .5 mm, in 
thickness, or 1 mm. in diameter. In the 
warmer waters of Kyushu, the nacre 
added is up to two times that of Ago 
Bay, so an 8-mm. nucleus may yield a 
10-mm, cultured pearl after 314 years. 

When the crop is removed from the 
molluscs, there is a wide variety of 
colors to be.seen..Many browns and 
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polishing nuclei 


blacks are present, because the conchi- 
olin layer is often quite dark. When the 
nucleus is inserted, the first layers se- 
creted by the mollusc are rich in this or- 
ganic material that serves to bind the 
tiny aragonite crystals in nacre together. 

After the product has been cleaned, 
it is examined with care, to cull out the 
pearls that will not pass the Cultured- 
Pearl Inspection Offices in Kobe or 
Tokyo. 

The next step is to examine the prod- 
uct to see how many blemishes are pres- 
ent. If two are very nearly opposite, the 
pearl will be drilled through these 
blemishes before bleaching. If there is 
only one blemish, it will be half drilled. 
In any event, all pearls to be drilled will 
be drilled before bleaching, because the 
bleach will penetrate better after this 
operation. The drills used are very 
clever; they are designed to enter from 
two directions at once, so that a single 
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drill going all the way through the cul- 
tured pearl will not cause the nacre to 
break out on the opposite side. The de- 
sign varies. Some are made so that, 
when a certain point is reached, one 
drill backs off so that the two drills 
never touch one another. 

Almost all cultured pearls have to 
be bleached, because so many of them 
have a brownish or blackish color as 


a result of the conchiolin. Even if the 
color is quite dark, such pearls are not 
used for black or fancy pearls, because 
sunlight will bleach them over a period 
of time, and often in a blotchy manner. 
Thus, it is practical to bleach them to 
begin. with, 

Very few cultured pearls are suffi- 
ciently beautiful to be left unbleached. 
The very finest do not need it, but they 


Inserting the nucleus 


are not too common. This operation 
is accomplished by placing the pearls 
in a weak solution of hydrogen per- 
oxide, which is either slightly elevated 
in temperature to about 95° to 98° F., 
or placed under a bright light source. 
In each case, the purpose is to heighten 
the action of the bleach. They are left 
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in the solution for about seven days, 
and then removed for examination. 
Those that have attained a satisfactory 
color are removed at this point, and 
those remaining ate put back for an- 
other comparable period, after which 
they are re-examined and any having 
attained desired condition are removed. 
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They are not left in the bleach for more 
than 30 days, because it will cause the 
nacre to become brittle. 

Most Japanese cultured pearls are 
slightly greenish, so almost all of them 
are treated with a light pink water- 
base protein stain. Thus, perhaps 95% 
have been subjected to some kind of 
a treatment. Poor colors are dyed with 
stronger colors. Unless the dye is so 
strong as to discolor the ends of the 
drill holes or stain a string, this is not 
a matter of too much importance. Nat- 
ural pearls are also bleached, and some 
are dyed, 

The better cultured-pearl exporters 
and importers today, as represented by 
their associations, have a very strong de- 
sire to upgrade their product. They are 


trying to eliminate thin skins, which do 
not wear well and which hurt the cul- 
tured-pearl image, both in the industry 
and to the public. Since the Cultured- 
Pearl Inspection Offices were first in- 
stituted several years ago, the minimum 
passable grade has been raised several 
times. The last upgrading occurred in 
October, 1966. 

American and European importers 
met with the Japanese in Tokyo in 
March, 1967, and urged that the mini- 
mum standard be raised to a much 
higher level and that policing of ex- 
ports be tightened greatly. 

This upgrading means that fewer 
cultured pearls are available or will be 
available in the future. At the present 
time, the industry claims to be af or 


Shells may be strung on lines and hung beneath the raft 
without a cage 
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near the limit of production, since Ago 
Bay is operating at an absolute maxi- 
mum, in view of the food supply for 
the mollusc. They claim to be approach- 
ing the same condition in Kyushu. Pos- 
sibly they will establish pearl-culturing 
stations elsewhere, but they doubt that 
conditions will equal those in Japan 
with respect to quality of product. An- 
other factor is the growing shortage of 
pigtoe shell used for nuclei. Thus, fine 
cultured pearls appear destined to go 
up in price. 


Since 1949, GIA has been testing 
pearls and cultured pearls by X-ray. 
During this period more than a million 
pearls have been tested, and yet, until 
one starts to observe them and to really 
examine them, itis very difficult to 
judge the relative quality between two 
strands. We have heard many retailers 
express a feeling of inadequacy when 
it came to judging the value of cultured 
pearls. This led GIA to decide that the 
time had come to develop an appraisal 
system comparable to that that has 
proved so popular with diamonds. The 
obvious place to turn was to the suc- 
cessful cultured-pearl dealers in this 
country. From the beginning, despite 
their feeling that this was a very com- 
plex subject for which to develop a 
viable system for evaluation, we have 
had nothing but cooperation — not only 
from the Cultured-Pearl Association of 
America, but from individual dealers. 
Ernest Reuter and Morton Lippman 
from New York, plus Hans Bagge and 
Lee Sparrow from the West Coast, have 
been especially helpful. The Japanese 
Cultured-Pearl Exporters’ Association 
has been equally cooperative in assist- 
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ing us with our efforts to develop a 
meaningful appraisal system. 


The dimensions of a cultured pearl’s 
value are quite clear cut. We have to 
consider certainly the brightness of 
luster and thickness of nacre. These two 
factors are closely related. The round- 
ness of the pearl, its freedom from 
blemishes, its color, the degree of ori- 
ent, and the matching and blending of 
a strand are all important. Of course, 
size is also a key value factor. Without 
any effort initially to arrange them in 
order of importance, because they are 
so closely interrelated, let us discuss 
thickness of nacre and luster first. 


Luster is one of the most important 
factors affecting value. Thickness of 
nacre is important both to durability 
and in its contribution to luster. In 
order for luster to be as bright as pos- 
sible, nacre must be quite thick. How- 
ever, South Seas pearls, grown in waters 
at temperatures considerably higher 
than off Japan, tend to have a coarser- 
grained nacre, which, despite being very 
thick, does not have quite as high a 
luster as the Japanese. If those grown 
in Japanese waters are left in the mol- 
lusc into the winter months, a very fine- 
grained, very thin coating is added, 
creating a high luster. In grading for 
luster, it is necessary to judge how high, 
or bright, is the highlight at the crest 
of the rounded surface, and also to 
make sure that there is no mother-of- 
pearl effect as the pearl is rotated. 

In the GIA appraisal system, there 
are five grades of luster: very bright, 
bright, medium, slightly dull, and dull. 
The highest luster is seen in the larger 
Japanese cultured pearls. South Seas 
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The drilling operation 


cultured pearls of the finest quality do 
not enter the very bright category, but 
at best are considered bright, the second 
of the five grades. As an example of 
the relative importance of these various 
grades pricewise, if a strand with a very 
bright luster is worth $100, a strand of 
equal quality otherwise with a bright 
luster would be worth $75, one with 
medium luster $50, a slightly dull luster 
perhaps $35, and a rather dull-lustered 
pearl would be worth on the order of 
$25 to $27. So the fifth grade is worth 
approximately a quarter of the value of 
the top grade. Most of those in the 
last three grades tend to blink to some 
extent as the strand is rotated round 
the string; this is caused by the mother- 
of-pearl’s bright reflections in the nu- 
cleus. The bottom grade offered by 
reputable dealers barely passes the Cul- 
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tured-Pearl Inspection Office to qualify 
as exportable. 

An important consideration is round- 
ness. The finest grade is perfectly spher- 
ical to the eye. The second grade is just 
very slightly off round — to a degree 
barely noticeable to the eye. It may be 
very slightly flat on one side, very 
slightly elongated, perhaps very slightly 
oblate or drilled off center. The third 
grade is off round, far from baroque 
but clearly not spherical to the unaided 
eye. This is followed by semibaroque 
and baroque. The drop in price from a 
$100 figure for the perfectly round is to 
about $80 for the slightly off round, to 
$60 for off round, $40 for semibaroque, 
and down to $20 or $25 for the baroque. 

Another factor is the degree of free- 
dom from blemishes. Obviously, a cul- 
tured pearl without blemishes of any 
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description is the most desirable. Here 
we recognize four gradés on the GIA 
system: flawless to the unaided eye, 
slightly spotted, spotted, and heavily 
spotted. If a flawless strand is of a size 
that merits a cost of $100 to the jeweler, 
a slightly spotted strand would be worth 
about $80 to $85, spotted about $65, 


Matching and blending to 
make up necklaces 


two blemishes are almost sure -to ,be 
drilled. 

Blemishes take many forms, includ- 
ing white spots, dents, welts or bumps, 
cracks, flats, nacreless areas, gaps, dis- 
colored spots, one-sided pearls (that 
is, ones that are dull on one side and 
have a normal luster on the other), and 
hot spots (where the mother-of-pearl 
or moonstone effect comes through on 
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and heavily spotted about $40. If an 
otherwise flawless pearl has one blem- 
ish, it will probably be only half drilled 
and then used for a ring pearl or for 
earrings. If it has two that are opposite 
or almost opposite one another, it will 
undoubtedly be completely drilled and 
used on a strand, Pearls with more than 


a very thin, almost transparent nacre). 
When a strand is rotated around the 
string, and most of the pearls show 
bright mother-of-pearl reflections, a 
very thinly coated strand is a certainty. 
This is a definite price-reducing factor. 

A major consideration, of course, 
is color. Since most persons wealthy 
enough to be in the market for cultured 
pearls live in the United States, Can- 
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ada and northern Europe, the greatest 
demand is for white and near-white 


body colors. Actually, just slightly 
creamy pearls with a rosé overtone are 
becoming to more women than are the 
very white ones that one sees so fre- 
quently. Cream to yellow pearls usually 
have rather thick coatings, and are very 
satisfactory for many skin tones; they 
are very becoming to many women, and 
they are appreciably less costly. There 
are also pearls with a very faintly green- 
ish cast — a normal color in Japan, 
without the rosé stain that most of the 
pearls are given. These, too, are appre- 
ciably less expensive. 

One of the factors of importance is 
orient. This is the combination of dif- 
fraction and light interference that 
gives a pearl an overtone over the body 
color. This is the iridescence we see. 
The body color may be white or cream, 
but often cultured pearls have a rosé 
cast — a rosy, flesh-colored appearance. 
This is caused by orient. If the nacre is 
thick and the pearls have a good orient, 
sometimes there is a second overtone. 
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Two rather large cultured 
pearls about to be harvested 


In other words, there is a white body 
color, plus a rosé overtint, with an 
overtone of another color, often either 
bluish or greenish. If blue, the pearl 
takes on a slightly purplish cast. This 
overtone is a sign of thick nacre, and is 
particularly desirable. A strand of dark- 
cream pearls, otherwise of equal quality 
to a top-quality white-rosé strand, is 
likely to be about a third to 40% less 
in cost. 

Let us not forget that paramount fac- 
tor, size. In a top-quality uniform neck- 
lace, a 3mm. 14-inch strand may bring 
$45; a 6mm., $125; an 8mm., $500 
plus; a 9mm., over $3000; and a 10 
plus mm., near $25,000. 

The new GIA course will not just 
discuss appraising, but will have graded 
master pearls, and there will be grading 
and appraising exercises, much like our 
present Diamond Course. In addition, 
there will be a good deal of background 
information and suggestions for mer- 
chandising cultured pearls. It will be 
much shorter than other GIA courses. 
It should be ready early next year. 


GEMS & GEMOLOGY 


A Prospector’s Guide 
to the 


Anakie Sapphire Fields 


(The following is a condensation of 
an article by O. Andersen, Inspector of 
Mines, Rockhampton, Queensland, 
Australia. It appeared in a recent issue 
of the Queensland Government Mining 
Journal.) 


General Discussion 

The Anakie sapphire fields are situ- 
ated around a small town of that name 
on the railway about 28 miles west of 
Emerald, Queensland. The known min- 
ing areas ate Sapphire and Rubyvale, 
six and ten miles, respectively, north 
of Anakie; Tomahawk Creek, 30 miles 
northwesterly; and the Willows, 23 
miles southwesterly, Emerald, a large 
country town, is connected by a 181- 
mile hardtopped road to Rockhampton. 

Today, ‘Australian sapphires are in 
great demand, and production can be 
increased to meet that demand. New 
attention is being given to the mining 
areas by both permanent prospectors 
and vacationers. A continuous stream 
of visitors finds its way to the fields to 
spend an interesting and often reward- 
ing holiday. But they are often handi- 
capped, because they have noknowledge 
of favorable areas and are unable to 
distinguish good sapphires from infe- 
rior stones. 

In this report, mention is made of 
areas that offer most promise to the 
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short-term prospectors, who prefer to 
work at shallow depths, and of areas of 
deeper deposits that may interest the 
permanent or more venturesome min- 
ers. Reference is made to the occurrence 
of sapphires, and means are mentioned 
for distinguishing good stones. Min- 
eralogical descriptions are not given. 
On a known sapphire field, color alone 
is usually sufficient for identification. 
However, stones do vary in grade, and 
some may have defects that render them 
uncuttable and therefore valueless. 
Knowledge of these defects will avert 
the disappointment that is sometimes 
experienced when a buyer shakes his 
head in refusal. 

Many colors of sapphires are found 
in the Anakie fields, including blue 
(usually dark tones), golden yellow: 
(popular in the Australian market), 
green (also favored in Australia), par- 
ticolored stones (not especially fa- 
vored), alexandrite sapphire. (fine 
stones are tare and in demand), color- 
less stones and asteriated material (the 
principal source of black and dark- 
brown stones). 

Occurrence 

Sapphires are contained in layers of 
ancient gravel called wash. The bottom 
of the wash is often granite and in 
others, slate; at the Willows field, how- 
ever, the bottom is usually clay, overly- 
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ing sandstone. The wash varies in depth 
from the surface to 60 feet or more, but 
over large areas it is found from one to 
three feet; its thickness varies from a 
few inches to several feet. Gutters (the 
lowest portion of the wash) in the bed- 
rock seem to influence the deposition of 
the sapphires: they are not found in the 
beds of the gutters, unless the beds are 
very rough; they are found on the 
banks. Consequently, it is general prac- 
tice, when working a gutter, to work up 
towards the higher ground. 


Not all wash is gemiferous, but billy 
boulders (worn and rounded quartzite 
boulders) are always present where sap- 
phires are found. Decomposed basalt 
boulders are also found in the wash and 
are considered a very favorable indica- 
tion. Sapphires are associated with many 
other minerals, including nongem co- 
rundum and star material, pleonast 
(black spinel) , amethyst, zircon, ilmen- 
ite and garnet. These minerals are also 
a good indication of the presence of 
gem sapphire. 


Production 

Accurate production figures from the 
Anakie sapphire fields are not known, 
since, for various reasons, miners do not 
fully declare their sales and many retain 
theic-best specimens. Many large stones 
remain uncut and are proudly displayed 
to visitors. When large stones are 
found, much publicity is created and 
stones are often assessed at an exagger- 
ated value. Production for the first few 
years of the 1960’s has varied from 
about 400 to 800 ounces. Two of the 
most well-known stones are the 322- 
carat Golden Willows Sapphire (later 
recut to 91.35 carats and renamed the 
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Golden Queen} and the 1165-carat 
Black Star of Queensland, cat to a rec- 
ord 733 carats and presently displayed 
by the Smithsonian Institution, Wash- 
ington, D.C. 
Mining 

Prospecting for sapphires entails the 
testing of wash at different locations 
until gems or favorable indications are 
found to warrant further work. In deep 
ground, a number of shafts may have 
to be sunk before any stones are found. 
Consequently, visitors to the field prefer 
to work in shallow ground, to avoid 
fruitless shaft sinking. Quite large areas 
abound on the fields where the wash 
occurs from about six inches to a few 
feet in depth and these attract the pros- 
pectors. In many of the older areas, 
these shallow deposits have been 
worked extensively but continue to yield 
good sapphires. Alert, casual prospec- 
tors search for patches of unworked 
ground left in the midst of old work- 
ings, whereas permanent miners devote 
more attention to areas where the de- 
posit could extend over larger areas. 


The tools required for shallow work- 
ing are merely a pick, shovel and sieve. 
The wash is dug to bottom and shov- 
eled into a 34,g-inch mesh sieve. For 
easy manipulation, the screen is sus- 
pended from a tripod. The sieve can 
be square, with its sides about three 
feet in length, and suspended by each 
corner. Material is placed in the sieve 
and shaken from side to side. Large 
stones are scraped out and all material 
minus 34 of an inch will pass through 
the screen. The material remaining in 
the sieve is spread out with the fingers 
and the sapphires are picked out. After 
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a little experience, the gems are quickly 
recognized. 


When selecting a site to begin min- 
ing, the beginner is advised to com- 
mence prospecting near an area where 
gems have been found, since it is easier 
to find a continuation of a “run” of 
gems than to find a new run. 


Whether he tests near old workings 
or in a new area, it is necessary to first 
locate favorable indications; conse- 
quently, areas must be selected where 
billy occurs. Then, by digging down to 
the bottom of the wash, samples are 
taken. The 34-inch screen is not used 
when testing for favorable wash or, at 
least, the screenings are not discarded 
without prior examination. Examina- 
tion of all of the wash material increases 
the chance of finding the associated 
minerals. Zircons may be present, which 
would be contained mostly in the 
screened material. Also, sapphires too 
small for sale or use may be present to 
indicate that the wash is gemiferous. 

A prospecting pan may be used to 
wash the screened material. After locat- 
ing a favorable area, the screen is used 
to speed examination of the wash; gem 
particles lost through the sieve are of 
little value. 

An improvement for treating the 
gravel is the Willoughby, in which a 
sieve is suspended from a pole into a 
tank of water. The action of this piece 
of equipment is an up-and-down jig- 
ging movement, concentrating the sap- 
phires in the center of the screen and 
the surface material being scooped off 
and more wash material added for fur- 
ther jigging. This may be repeated sev- 
eral times before the concentrate is 
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searched for sapphires. 


A further improvement utilizes a 
gasoline motor to drive the crank shaft 
of an inverted engine block, the con- 
necting rod of which is attached to one 
end of a pole. The pole is fixed by a 
hinge at its center and the jig is attached 
to the end of the pole over the tank. 
With this equipment, an operator can 
treat several hundred pounds of wash 
before hand picking the sapphires. 


When the wash is clayey, it is neces- 
saty to soak the material in water or 
use a pug mill to break up the clay. A 
pug mill, in simple form, consists of 
a shallow tank containing water into 
which the wash is fed. A bar revolving 
above the wash is fitted with prongs 
extending into the liquid to impart a 
stirring action. The bar is driven by a 
gasoline motor. 

A more impressive machine is being 
operated by one miner in the Willows 
field, consisting firstly of a motor-driven 
trommel. The sized product from the 
trommel is fed to a perforated barrel 
revolving in water to become thor- 
oughly washed. It is then discharged 
over a flat chute from which the sap- 
phires are hand picked. It is claimed 
that four tons of gravel per hour can be 
treated. 

Sources 

The area known as Sapphire was one 
of the first fields to receive attention. 
It supported a large number of miners 
and their families over many years. The 
shallow wash is near the old townsite 
and varies in depth to about three feet. 
It has been worked extensively, but 
short-term prospectors often find good 
values in virgin patches among the old 
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workings. The stones occurring include 
good-quality blues, yellows and greens. 
Large stones are still being found. Deep 
ground occurs about one mile west of 
the old township. The workings are 
about 20 feet deep, and good stones are 
being found in the unworked patches. 


Tomahawk Creek is an old field and, 
since it is difficult of access, has received 
little attention. The road at creek cross- 
ings is impassable after heavy rains. 
During the-dry season, when the road 
is in good repair, the field is acces- 
sible by car and many visitors make the 
trip. The main wash area extends from 
Tomahawk Creek to Hut Creek, a dis- 
tance of about two miles, with the best 
locations occurring at Hut Creek and 
Costic Creek? Many virgin areas are 
available for prospecting. 

‘Blue stones in this area are usually 
poor in quality. The color is often a 
steely gray-blue, and the better ones 
often contain enough green for the col- 
ots to combine and produce a black ap- 
pearance when the stone is cut. The 
greens and yellows are good; yellows 
ate generally good wherever they are 
found. Inferior stones are more abun- 
dant than in the other fields ; when they 
are found, they provide the encourage- 
ment necessary to keep a prospector try- 
ing. Most short-term prospectors have 
been well satisfied with their winnings 
at Tomahawk Creek. 

The Willows field is the youngest 
of the group and, for a time, gained 
glamour and popularity from the find- 
ings of large sapphires. The area en- 
joyed a period of activity and the 
shallow ground, up to three feet in 
depth, was extensively turned over. 
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Large gems are found infrequently, 
however, one or more years intervening 
between finds. Good stones of small 
size are also rare, and there is an absence 
of second-grade stones. Stones of lesser 
grade than good are usually unsaleable 
rubbish. 

The blue stones are too deep in color 
for the market; the better stones are 
the yellows and greens. No appreciable 
quantity of sapphires is being sold to 
the local buyers. It has been mentioned 
by residents that large quantities are 
being sold to tourists, but inquiries do 
not support this claim. Some of the 
rubbish has been sold to tourists for 
two shillings apiece. 

No one on the field has been suffi- 
ciently successful to earn a living. Prac- 
tically all have other means of support. 

The absence of second-grade stones 
is the main disadvantage of the Wil- 
lows field, and the prospector can ex- 
pect no reward until good gems are 
found. 

It would appear that unless payable 
runs of sapphires are found in or near 
the Willows area, the field must close. 
Areas in which some gemstones have 
been> found, five to 20 miles to the 
south, should be of interest to prospec- 
tors equipped to travel the rough coun- 
try. 

At Rubyvale, the stones found in- 
clude good blues, greens and yellows. 
This field has been worked extensively, 
particularly in the shallow areas, but 
many fine gems are still being won. The 
ground is mostly deep and not suitable 
for casual prospectors. The prospects 
remain encouraging in the deeper wash 
for the more venturesome. 
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Since most of the wash,is found at a 
much greater depth than in any other 
atea, prospecting has depended on the 
sinking of deep shafts. Sinking such 
shafts away from known sapphire 
ground is a costly gamble; consequently, 
exploration of the sapphire runs in this 
area is far from complete. Sapphires 
occur in runs, or patches, and can only 
be located with extensive prospecting. 
Past practice has been to sink the shafts 
as close to known sapphire washes as 
possible ; this accounts for the grouping 
of old workings. 


Cheaper means of exploring the wash 
in remote areas appeared necessary, so 
a few yeats ago one miner submitted 
a proposal to drill the field and pros- 
pect for new areas of wash. This pro- 
posal was favored by the Queensland 
Department of Mines and some assis- 
tance was arranged. 

An auger drill, capable of boring 
nine-inch-diameter holes, was made 
available to the miner and his partner. 
Fitted to a tractor and driven from the 
power takeoff, the drill became a readily 
portable unit. It was intended that vir- 
gin areas be tested, the drillers having 
the right to sink shafts and further ex- 
plore any favorable wash encountered. 
Aerial photographs were supplied to 
assist in selecting areas and fixing the 
location of holes. 


Difficulties were met in the early 
stages of the program, but they were 
overcome as experience in the local 
drilling conditions was gained. Heavier 
tungsten-carbide teeth proved neces- 
sary, and it was found that when the 
teeth were given sharp cutting edges, 
they tended to chip. But this was over- 
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come when, in sharpening, the edges 
were left slightly rounded. The pres- 
ence of billy boulders gave difficulty, 
and it was found that, rather than per- 
severe under adverse conditions, it was 
preferable to abandon the hole and drill 
neatby. The smaller boulders gave no 
trouble. 


Assessing Drilling Results 


In assessing drilling results, consid- 
eration was given to all indications en- 
countered. The nature of the wash, the 
presence of associated minerals (in- 
cluding iron sands), the presence of 
billy, the results of later exploration 
by shafts, and the personal views of the 
driller who had examined the wash 
samples were taken into account. 


The drilling provided very useful in- 
formation, indicating that follow-up 
shaft sinking is warranted in the areas 
tested. However, it was haphazard and 
without coordination and a number of 
holes lost their effectiveness, since they 
were drilled to explore known wash 
runs. It is not intended to disparage 
the efforts of the drillers, who did good 
work under the conditions. The reward 
for their work was to come from their 
right to explore promising discoveries ; 
a sequence of unproductive work would 
drain the men’s resources, forcing them 
to return to known areas of sapphire- 
bearing wash. 

Further, sapphires occur in runs, or 
patches, and it is possible for a drill 
hole to encounter sapphire wash only a 
few feet from a proved “‘dud’’ hole. 
This, then, led to haphazard drilling 
and the close grouping of holes. Drill- 
ing ona grid pattern in new areas would 
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have enabled wash areas to be mapped, 
but it would have been possible to miss 
runs of sapphires. Such a scheme would 
have been beyond the resources of these 
drillers. 

The drill was also used to assist in 
shaft sinking. Four holes were drilled 
to bottom and the shaft followed them 
down. 


Advice to Prospectors 


The holiday prospector will usually 
find the old hand on the field most 
obliging with advice, but the visitor 
can be given some tips that will help 
him preserve this happy relationship. 

Many newcomers do not realize that 
it ig unlawful to poach on a claim held 
by another person, and they openly 
scratch through heaps of wash on a reg- 
istered claim and feel aggrieved when 
they are ordered off. 

When a prospector displays a tray of 
cut gems, it will be noticed that he 
keeps a firm grip on the tray. He does 
not doubt your honesty; he is only pro- 
tecting the gems from spilling on the 
floor. Most newcomers have an irresist- 
ible urge to twist and tip the tray in 
order to catch different angles of light 
on the stones, and when the angle is 
too steep, they slide: out. 

Most areas are well supplied with 
water, but it is advisable, particularly 
in the dry months, to take drinking 
water onto the field. When leaving, do 
not empty the surplus water out on the 
ground; it may be appreciated by the 
other prospectors. 

Compliance with Mining Acts 

Any person prospecting or mining 
for sapphires must hold a Miner’s 
Right. This costs five shillings (50 
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cents) a year and can be obtained from, 
and renewed at, the office of the As- 
sistant Mining Registrar, Police Station, 
Anakie; from the Mining Warden, 
Court House, Clermont; from any other 
mining warden in the state; or from 
the Department of Mines, Mineral 
House, 2 Edward St., Brisbane. 

The provisions of the Mining Act 
and Regulations must be complied with. 
Information may be obtained at any of 
the above offices. 

If a Miner's Right has been acci- 
dently lost or stolen before expiration 
of the time for which it was issued, a 
duplicate may be obtained for the re- 
mainder of the term, at a fee of one 
shilling, when the applicant gives sat- 
isfactory evidence to the warden of its 
loss. 


Future Prospects 


The prospects for the various fields 
can be summarized as follows. Toma- 
hawk Creek appears to offer by far the 
best opportunities; very few leave the 
field disappointed. 

Sapphire town, although well ex- 
ploited in the past, still offers opportu- 
nities when the prospectors know where 
to dig. 

Rubyvale has continued to keep more 
men employed during recent years than 
any other field, but results have been 
variable. Most of the payable wash is 
much deeper, and few short-terms pros- 
pectors can afford the time for tedious 
shaft sinking. 

The history and production figures 
of the Willows is not impressive. 

To the more venturesome prospector, 
it may be of interest to know that sap- 

(continued on page 192) 
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Developments and Highlights 
at the 


Gem Trade Lab 
in New York 


Robert Crowningshield 


Psilomelane 

Not mentioned in many gemstone 
textbooks and frequently described only 
as an ore of manganese is psilomelane. 
We have encountered it as a black band- 
ing in chalcedony, but lately we have 
seen this massive oxide of manganese 
as a hematite substitute, if one can think 
of a natural material as a substitute. We 
have found the material to be quite 
hard — approaching 7 on Mohs’ scale 
— and very lustrous with a slightly sil- 
very look compared with hematite. The 
streak is brownish black. A drop of 
concentrated hydrochloric acid placed 
on the stone will dissolve the area and 
telease chlorine, which can be smelled. 
Specimens we have checked for specific 
gravity averaged 4.35; Dana gives a 
wide range: 3.3 to 4.7. We are indebted 
to both Dr. A. E. Alexander and gradu- 
ate Howard Rubin for specimens for 
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Figure 1 


our collection. 
Loss of Color in Opal 
A remarkable opal in a lady's cluster 
ring was submitted with the complaint 
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Figure 2 


that the customer had noticed a color 
change and had returned the stone. The 
store had the stone repolished but it 
continues to change color. Figure 1 illus- 
trates the opal and several of the attrac- 
tive patches of color. When it was first 
taken from the registered parcel and 
before reading the accompanying let- 
ter, the writer had an uncontrollable 
urge to put his tongue on the stone. 
Immediately it lost all play of color, 
several prominent fractures appeared, 
and the whole stone became dull with 
brown edges (Figure 2). It clung to 
the tongue with such force the whole 
ring could be lifted. In a matter of min- 
utes the stone returned to its former 
appearance. As it dried, the fractures 
disappeared, the brown color vanished, 
and the patches of color appeared again. 
As an experiment, Bert Krashes of the 
New York Staff wrote “GIA” with 
water, using a cotton swab. Immedi- 
ately the areas touched became brown 
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Figure 3 


and the letters became clearly legible 
(Figure 3). It was our suggestion that 
the stone was simply highly porous but 
not so porous as to be earthy. We do 
not know of any “variety” name for 
such a stone. 

Sintered Synthetic Corundum 
Figure 4 is the absorption spectrum of 
an oval double cabochon of a translu- 
cent pink material we identified as sin- 
tered synthetic corundum. Although the 
pink color was unlike any known gem 
material, resembling a piece of hard 
candy, we did expect to see chromium 
in the absorption spectrum. Heretofore, 
we have seen sintered corundum in 
nearly opaque white and translucent 
orange-pink, resembling coral. 

Dyed Lapis-Lazuli 
We have frequently mentioned that 
although we encounter lapis-lazuli in 
which selected areas of fissures contain 
dye (which we detect using a swab 
moistened-with fingernail-polish re- 


GEMS & GEMOLOGY 


VIOLET 


BLUE 


ved 


4000 


teot-creentyetyto-+ rev — 


6000 


5000 


7060 


Figure 4 


mover), we have never seen lapis owing 
most of its color to dye. Therefore, we 
were shocked recently when we received 
for testing several oval flat tablets, one 
of which had split lengthwise along 
the thin direction parallel with the 
girdle. Along the broken surface of 
both sides was a rim of darker color 
that immediately stained the swab mois- 
tened with polish remover. However, 
no dye was detected on the polished 
surface or on the partly polished flat 
back. Using a little diluted HCl on 
the smaller of the broken pieces shown 
in Figure 5, we were able to remove 
most of the dye. It is our feeling that 
a great deal of lapis is subjected to dye 


that is taken up only in porous or frac- 
tured zones. This particular stone ab- 
sorbed the dye only in the fracture, 
which subsequently caused the splitting. 
In none of the other stones from the 
same lot submitted were we able to de- 
tect dye, but they were unusually at- 
tractive and homogeneous in character. 
Trapiche Emeralds 

Since last issue, we have identified 
numerous Trapiche emeralds, some of 
which have been as large as 8 carats 
in weight. One gentleman showed us 
a single crystal weighing more than 80 
carats. He stated that this ‘Christmas 
candy,” or gear-shape-type beryl, is not 
really new, but in early days, because of 
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the smaller sizes and milky texture of 
the cut stones, they were not saleable. 
Today, with emeralds scarce and in 
strong demand, there is an incentive 
to offer them for sale. 


“Emerald” Doublet 

An unusual assembled stone encoun- 
tered recently was a quite good emerald 
imitation, consisting of a green-glass 
back and a colorless (and flawed) beryl 
top. 

Another Jade Substitute 

With the continuing dearth of jade- 
ite on the market we see new substitutes 
with regularity. The latest is a dyed 
quartzite, which more closely resembles 
fine jadeitte than dyed chalcedony 
(‘green onyx’). One stone left in the 
sun for 30 days showed no fading. 
Stones examined to date have a strong 
absorption band centered at approxi- 
mately 6800 A, compared with 6500 A 
for dyed jadeite and serpentine. How- 
ever, unlike dyed jadeite and serpentine, 
the stone showed no red color under a 
color filter. 
Odd Fluorescence in Cultured Pearl 

A twin-pearl ring examined recently 
contained one large white cultured pearl 
and one even larger dark gray-blue 
cultured pearl. The latter showed a 
reddish-brown fluorescence under long 
ultraviolet — a reaction heretofore ob- 
served by us only in natural-color nat- 
ural pearls. The size of the pearls sug- 
gested a South Sea’s source; in fact, the 
owner had been told that the black pearl 
was a “natural South Sea’s pearl.’”’ Since 
it had been purchased in Japan, it is 
quite apparent that the term “South 
Sea’s pearl’ in that country, as well as 
in our own, is frequently used by the 
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trade to mean “cultured.” Since natu- 
ral pearls from that area and in that size 
are virtually unknown from present 
fishing, it is perhaps. understandable 
why the proper terminology is often 
disregarded. 
Acknowlegdements 

We ate indebted to Mr. Eddie 
Wong of Chinese Jade Corp., New 
York City, for a pair of slightly mot- 
tled, dark-green, flat cabochons that we 
have tentatively identified as massive 
diopside. The refractive-index readings 
are not too clear but appear to be 1.67- 
1.69, and the specific gravity is almost 
precisely that of methylene iodide — 
3.33. The absorption spectrum is not 
dramatic, showing only a weak jadeite- 
like chromium absorption in the red. 
X-ray diffraction tests may reveal the 
true nature of these unusual stones. 

We are happy to acknowledge receipt 
of a fine Tanzania spessartite of the type 
mentioned in the last column from 
former GIA instructor, Bill Collison, 
now a stone dealer in Philadelphia. 


We are indebted to GIA Gradu- 
ate Louis Kuhn for a selection of 
Mexican opals and two fine faceted 
cherry opals. Mr. Bill Lott of Engle- 
hard Industries very kindly gave us a 
number of both synthetic-corundum 
boules and synthetic-spinel boules. 
We are indebted to Dr. Frederick H. 
Pough for two Pakistani emerald crys- 
tals. From student Bob Baron, Hon- 
ora Watch Co., we received a very 
welcome selection of small natural 
sapphires and rubies. From student 
Joachim Gross we received various 
useful colored stones for class and 
correspondence use. 
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More “‘Sugar-Cube”’ Inclusions 

Unusual circumstances always seem 
to happen in groups, as both Lab col- 
umns have mentioned on several 
occasions, A further example of “sugar- 
cube” inclusions in diamond, which we 
showed in the last two issues of Gems 
& Gemology, has been sent to us since 
publication of the Spring number. It 
was in the center of a small single cut 
donated by Joe Bernie of Paul Johnson 
Jewelers, Tempe, Arizona. 

Needlelike Diamond Inclusions 

Not long ago, while examining a 
large group of diamond melee, we en- 
countered one stone with a distinct 
needlelike inclusion (Figure 1), which 
is a rare occurrence in diamond. An- 
other one, which appeared in a .60- 
carat stone, is pictured in Frgure 2 (it 
resembles a scratch near the culet). It 
extends all the way to the surface, as 
did that in the stone in Figure 1. 
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Figure 1 


Unusual Facet Arrangements 
On. fancy-cut diamonds, the cutting 
patterns are not as rigid as on the bril- 
liant, so occasionally rather unusual 
facet arrangements are seen. We are 
inclined to feel that pairs of facets op- 
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posite one another, which are not 
merely placed to remove naturals but 
rather to give a more pleasing appear- 
ance to the, stone, are acceptable on 
fancy-cut stones, unless they distort the 
symmetry. In Figure 3, for example, 
can be seen a pair of facets on opposite 
sides of the pavilion side of the point. 
In this case, they did not detract in any 
way from the appearance of the stone. 

Another unusual pattern is seen in 
Figure 4, which shows a marquise with 
a facet in the normal position on the 
keel line running down from the point. 
This pavilion-main facet is tiny and 
does not extend all the way to the cutlet, 
but ends at the junction of the last pair 
of lower-girdle facets. 

Unexplainable Straie 

Recently, while examining a dark-red 
synthetic ruby, we encountered a very 
unusual undulation in the straie (Fig- 
ure 5). The R.I. of this garnet-colored 
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Figure 2 


synthetic was 1.771-1.779, and the 
dichroism was rather weak for the deep 
color of the stone. We were unable to 
account for this odd occurrence. 


Ghanian Diamond Crystals 
We had the opportunity to examine 


Figure 3 
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Figure 5 


several hundred carats of small Ghan- 
ian rough diamonds. The wide variety 
of crystal shapes is apparent in Figures 
6 through 8. 
Arizona Andradite 

The andradite garnet from Stanley 
Buttes, Arizona, is a rather unattractive 
yellowish-green color, but it is some- 
times used for gem purposes. It has a 
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Figure 4 


unique mosaic pattern in reflected light 
(Figure 9). The relatively flat base of 
a cabochon-cut stone was photographed 
to show the odd pattern, which identi- 
fies the natural material. 
Cylindrical Diamond Crystal 

George Kaplan, of Lazare Kaplan & 
Sons, New York City, sent us a very 
odd industrial diamond measuring 5.7 
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mm. x 1.5 mm. The cylindrical crystal, 
unique in our experience with dia- 
monds, is pictured in Figure 10. The 
ctystal has been elongated greatly in 
an octahedral direction. In other words, 
a preferred growth has taken place with 
accumulation parallel to one pair of the 
four pairs of octahedral faces. This is 


shown clearly both by the pattern on 

the elongated side, as in Figure 10, but 

also by Figure 11, which shows one end 

of the crystal depicting the trigons that 
identify octahedral faces clearly. 
An Odd Canary Diamond 

We had occasion to examine a canaty 

diamond recently to determine whether 


Figure 6 


Figure 7 
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Figure 10 


the color was natural or the result of 
irradiation plus heat treatment. During 
the course of the examination, we were 
startled at the reaction of the stone in 
light that had passed through a copper- 
sulphate solution. The stone turned to 
a rather bright red. We can never recall 
having seen such a reaction in the past. 
Scapolite Cat’s-Eye 

There is nothing unusual about scap- 
olite cat’s-eye, but the one we examined 
recently was exceptional in that it had 
an eye comparable to that of a fine 
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Figure 9 


chrysoberyl cat’s-eye. It was slightly 
bluish gray in color and fluoresced a 
pale-peach to pale-apricot color under 
long-wave ultraviolet radiation. 
' White Serpentine 

We received an unusual snuff bottle 
in the form of a Foo dog. It was unusual 
in that it had been fashioned to lie on 
its side, instead of upright. It was a 
white material that, upon testing by 
X-ray diffraction, proved to be white 
serpentine, a color seldom encountered 
in this mineral. 
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Flux-Fusion Rubies 

We received four faceted stones for 
identification that were all fairly dark 
but intense red. They were mounted 
with diamonds in white-gold rings, and 
were said to have been sold to the firm 
that had mounted them by a professor 
in Texas. Figure 12 shows a typical 
series of veillike inclusions that char- 
acterize flux-fusion, or flux-melt, syn- 


thesis. Figure 13 shows the same kind 
of inclusion under slightly higher mag- 
nification, and Figure 14 illustrates 
inclusions that, had they been encount- 
ered without other inclusions, would 
have been difficult to classify. It was 
possible to test the stones in the mount- 
ings for ultraviolet transparency: they 
were characterized by a high degree of 
transparency to short-wave ultraviolet. 


Figure 11 


Badly Worn Pearls 

We recently tested a pair of natural- 
pearl earrings that were rather worn at 
the top. It was obvious from the edges 
just above the prongs that quite a num- 
ber of layers of nacre had been worn 
away. The remaining nacre was so 
transparent that it was possible to see 
through to the upper end of the drill 
hole that had pierced no more than one- 
half of the diameter of the original 
sphere (Figure 15). 
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Chrome-Rich Chalcedony 

A richly colored semitransparent 
green cabochon was sent in for identifi- 
cation. Our first impression was of a 
slightly roiled interior and a rather 
greasy appearance, so we would not 
have been surprised to find the proper- 
ties of dyed serpentine. Turning first to 
the spectroscope, we found not the dye- 
induced broad absorption in the red, 
but that seen in Figure 16 — clearly a 
chromium spectrum. The refractive-in- 
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Figure 13 


Figure 14 
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dex reading was just slightly below 1.54 
and the stone barely floated in 2.57 
liquid. Since the spectrum was unique 
for chalcedony, we scraped the girdle 
for a few grains of powder to use X-ray 
diffraction, confirming the chalcedony 
identification, We concluded that this 
must be from the new find in Rhodesia. 
The chrome imparts such a rich color- 
ation that the material resembles ex- 
ceedingly expensive jadeite. 
Cuprite Spectrum 

Figure 17 is the rather undramatic 
absorption spectrum for transparent 
dark-red cuprite, a copper ore very 
rarely seen in transparent form or as a 
cut gem material. It can be seen that the 
complete absorption extends from 
about 6400 A through the lower end of 
the visible spectrum. 


Figure 15 
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Book Reviews 


COLLECTING GEMS & ORNAMENTAL 
STONES, by Kenneth Blakemore and Gor- 
don Andrews. Published by W. & G. Foyle, 
Lid., London, England, 1966. 80 pages. 
Hardbound. llustrated with black-and-white 
photographs. Price: $1. 

This little book is an abbreviated, non- 
technical introduction to collecting gems and, 
ornamental minerals, with emphasis on Brit- 
ish occurrences. , 

The first chapter discusses the fascinating 
hobby of collecting, gives tips on where to 
find gem materials, explains the terms “‘pre- 
cious” and “semiprecious,” and discusses 
synthetics and imitations. The second chap- 
ter is devoted to the quartz-family gemstones 
and the third, to the ‘big four’ — diamond, 
emerald, ruby and sapphire. Following this 
are chapters on the organic gems (pearls, 
coral, amber and jet) and some of the other 
well-known gems, concluding with an ele- 
mentary discussion of the effects of light on 
gemstones and brief references to the major 
steps in cutting and polishing. 

Collecting Gems & Ornamental Stones is 
one in a series of popular Foyles Handbooks, 
printed in England, which deal with a wide 
variety of nonrelated subjects, from boat 
building to orchid growing. It should serve 
the purpose for which it was intended nicely. 


A BOOK OF JEWELS, By J. & A. Bauer. 
(Translated by Alzbeta Novakova.) Pub- 
lished by Artia, Prague, Czechoslovakia, 
1966. 142 pages. Clothbound. Illustrated in 
color and black-and-white line drawings. 
Price: not given. 

A Book of Jewels is essentially and most 
importantly a collection of color photographs 
of jewels and fashioned and uncut gems, 


SUMMER 1967 


ranging in quality from fair to magnificent. 
In general, the color fidelity is excellent; un- 
fortunately, however, a few of the pictures 
are out of focus. 

The accompanying text describes. briefly 
in clear, nontechnical language the major 
gemstones, recounts stories of some of the 
more famous diamonds of history, and in- 
cludes interesting bits of legend, lore and 
superstition associated with gems. Before 
discussing the individual stones, preliminary 
information is given under such chapter 
headings as Man’s First Encounter With 
Precious Stones, The Properties of Natural 
Gemstones, Working Gemstones Past & Pres- 
ent, Gemstones & Their Influence on Human 
Fate, Gemstones & Fashion Trends, and Not 
All That Glitters is a Gemstone. The book 
closes with brief discussions of synthetic rutile 
(synthetic corundum and emerald are dealt 
with under the natural gems), natural glass, 
ornamental limestone, pearl, coral and amber. 

This book would make an ideal “copver- 
sation piece” to be kept on one’s coffee table. 


KLOCKMANN’S LEHRBUCH DER MIN- 
ERALOGIE, by Professor Emeritus Dr. Paul 
Ramdobhr & Professor Dr. Hugo Strunz (15th 
edition). Published by Ferdinand Enke Ver- 
lag, Stuttgart, Germany, 1967. 820 pages. 
Clothbound. Illustrated with numerous black- 
and-white photographs and line drawings. 
Price: $42. 

This exceptional mineralogy text appeared 
for the first time in 1891. Professor Klock- 
mann, of the University of Aachen, the orig- 
inal author, was one of the world’s famous 
mineralogists. By 1936, this German equiva- 
lent of Dana’s Textbook of Mineralogy was 
in the 10th edition. Professor Dr. Ramdohr, 
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of the University of Heidelberg, was in 
charge of the 11th to 14th editions. The 
present edition was prepared by Professor 
Dr. Strunz, of the University of Berlin. 

It is a monumental effort — probably the 
most impressive mineralogy text extant. For 
example, the section on crystallography and 
crystal physics has been expanded from 230 
to 320 pages. The description of minerals 
has also grown by the same extent. The lay- 
out and arrangement of the book are remi- 
niscent of Dana’s Textbook, but the last 
revision of that fine book was many years 
ago. Klockmann’s has the advantage of time- 
liness; this is the 15th edition in the three- 
fourths of a century since the book was first 
published. 

The sections on crystal morphology, crys- 
tal chemistry and crystal physics (including 
optics) are large, beautifully illustrated and 
exceptionally clearly written. Excellent tables 
break down symmetry classes in the different 
crystal systems and the 230 space groups 
effectively. 

The nature of a good mineralogy text is 
such that much of the book is of real value 
to a gemologist or mineralogist, even though 
he does not read German. Lehrbuch der 
Mineralogie is an outstanding book. 


THE SCIENCE OF GEMS, by P. J. Fisher, 
FGA, FRSA. Published by Charles Scribner's 
Sons, New York City, 1966. 189 pages. 
Clothbound. Ilustrated with black-and-white 
and color photographs and line drawings. 
Price: $7.95. 


As the author points out in his preface, 
The Science of Gems is meant to serve as an 
introduction to the subject of gemology. Al- 
though the book accomplishes this objective 
generally quite well, it should not be con- 
sidered a comprehensive textbook. For ex- 
ample, the section on the descriptions of col- 
ored stones is much too sketchy to be of 
value to the practicing gemologist; only 21 
species are covered. 

Mr. Fisher writes clearly and accurately 
but briefly on the usual subjects to be found 
in a book of this nature and scope. Starting 
with interesting historical background on 
gems and jewelry making, he progresses to 
chapters entitled. The Nature of Gems, Dia- 
monds, Other Important Gemstones, Organic 
Gems, The Diamond Cutters, and Testing 
Gems. For some unexplainable reason, the 
chapter on diamond cutting is entirely di- 
vorced from that on mining, industrial ap- 
plications and famous stones and has been 
relegated to a position toward the end of the 
book in a disjointed chapter. 

Appendices include an abbreviated gem 
table, including name and chemical compo- 
sition, varieties and color, hardness, specific 
gravity, refractive index, birefringence and 
sources. This is followed by a short glossary, 
a bibliography and an index. The four color 
plates are pleasing and the stones are fairly 
well reproduced. 

The Science of Gems is an attractive and 
well-made book and should serve its intended 
purpose fairly well: it is unfortunate that 
the author has had a minimum of experience 
in the field. 


(continued from page 178) 


phires have been found on most prop- 
erties around Anakie. Little attempt has 
been made to locate the wash runs, and 
it is likely that some good deposits re- 
main undiscovered. 

Mining in the past was performed by 
small operators, yet the field lends itself 
to large-scale operations. Bulldozers 
can be used to uncover and extract the 
wash, and recovery of sapphires can be 
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speeded up with powered grading and 
washing plants. 


The past uncertainty of the market 
for sapphires has been a deterrent to 
investors. But the present world-wide 
demand, firm indications of stability in 
price, and the fact that sapphires are 
in greater demand than synthetic stones 
should alter investors’ line of thought. 
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NOW... 


show customers the quality 
of diamond proportions 


The new GIA ProportionScope sells diamonds 
as no other instrument can. This instrument will 
help you sell every stone in your inventory, 
regardless of make. It demonstrates positively the 
quality of a diamond’s cut... beyond the 
shadow of a doubt. It brings you a convincing, 
professional method for showing and explaining 
diamond proportions to customers. 


The diamond’s silhouette is projected on the 
ProportionScope screen for comparison with the 
detailed outline of the ideal diamond. Customers 
can immediately see the significant part 
proportion plays in determining a diamond’s price. 


The ProportionScope lets you quickly and 
positively grade the proportions of diamonds. It 
easily compares facet angles, crown height, 
girdle thickness, pavilion depth, and all details of 
a gem’s make with proportions calculated to 

give maximum brilliancy and fire. The 
ProportionScope is excellent for determining the 
re-cutting of old-miners and damaged stones, 


The handsome, professional ProportionScope 

will bring new prestige and customer confidence 

_ to you and your store. It will give you a 
new competitive advantage ...and you'll 

sell more diamonds! 
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Formation of Precious Opal 


by 


Dr. R. K. Iler 


Reprinted from Nature, July 31, 1965. 


Industrial and Biochemicals Department, E. I. du Pont de Nemours and Co., 
Wilmington, Delaware. 


Precious opal is distinguishable from 
other opaline silicas by being essenti- 
ally amorphous, as shown by J. B. Jones, 
J? V, Sanders and E. R. Segnit*. The re- 
lation between the remarkable particu- 
late structure and the reflected colors of 
precious opal has been described by 
J. V. Sanders?, who found that this 
mineral consists of regularly packed 
uniform spheres of amorphous silica a 
few tenths of a micron in diameter. 
From electron micrographs, Sanders 
concluded that the spheres must have 
gtown in suspension by deposition of 
silica on to precipitated nuclei and then 
the spheres must have been later packed 
together, possibly during a filtration 
process. 

The purpose of this article is to de- 
scribe the spontaneous formation of 
brilliantly colored, opallike masses of 
0.14, spheres of colloidal amorphous 
silica by aggregation from a sol, and to 
point out the physical similarity be- 
tween this and other types of similarly 
colored, regular aggregates formed 
from inorganic and organic colloidal 
particles in this range of particle size. 
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The preparation of sols of uniform 
spherical particles of amorphous silica 
by depositing soluble silica on pre- 
formed nuclei has been described by 
M. F. Bechtold and O. E. Snyder’, and 
the characterization of such silica has 
been summarized by me‘. 

In a 30 percent silica sol of particles 
about 100 my, in diameter, prepared by 
George W. Sears of this laboratory, he 
and I observed that after two years in 
quiescent storage in a 1-gallon bottle an 
intermediate layer showing brilliant 
colors in reflected light had been formed 
at the boundary between a dense, white, 
concentrated layer of colloid at the bot- 
tom and a more dilute opalescent sol 
remaining above. 

To investigate the effect of pH, a 
number of 4-oz. samples of colloidal 
silica were withdrawn from the inter- 
mediate colored layer, diluted with 
equal volumes of distilled water, ad- 
justed with the hydrochloric acid and 
dilute ammonia to pH values ranging 
from 3 to 10, and then allowed to stand 
in sealed glass or polyethylene bottles 
for another two years. In samples at pH 
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5 and 7, colored layers formed within a 
period of 3 months; in all cases, colored 
layers appeared after two years. Above 
pH 7, the colored region consisted of a 
thin, dense intermediate layer of unt- 
form thickness. Between pH 4 and 7 at 
the boundary between the concentrated 
and dilute regions, brilliant platelets 
were formed, growing upward into the 
supernatant liquid. These have the 
appearance of leaflike or bladelike crys- 
tals, and will be referred to as pseado- 
crystals. These objects have been found 
repeatedly in silica sols of relatively 
uniform particle size averaging about 
100 my in diameter; in most cases, the 
initial silica concentration was 5 to 10 
percent by weight of silica and the pH 
between 5 and 7. In these circumstances, 
the blade-shaped, colored pseudocrys- 
tals grew to a length of 2 mm., with 
relatively straight sides but with the 
upper edges less well defined. 

The color of the pseudocrystals de- 
pends on the angle from which the light 
is reflected. As the bottle containing the 
specimen is carefully turned, new pseu- 
docrystals of different colors come into 
view. It should be noted that a given 
pseudocrystal can be seen only by one 
eye at a time, since the other eye is 
usually not at the correct angle to see 
the reflected light. The colors range 
from brilliant yellow through yellow- 
gteen, orange, deep red, blue and violet. 
These pseudocrystals are extremely 
fragile and disappear if the container 
is jarred or slightly shaken, and are 
formed again only after the mixture has 
stood again for several months. 

Unsuccessful attempts were made to 
produce pseudocrystals more rapidly by 
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centrifuging sols to bring about settling 
in several hours, but the silica particles 
were packed into white, opaque layers, 
leaving a translucent, almost transpar- 
ent supernatant liquid. It is apparent 
that time is necessary for the particles 
to attain the required perfection of 
packing. 

The colored material has been iso- 
lated in dry form as chalky-white masses 
of silica gel, still showing weak inter- 
ference colors, by permitting the sol 
containing the colored layer to evapo- 
rate very slowly over a period of two 
more years, so that the silica in the su- 
pernatant liquid is drawn down slowly 
on the colored masses without disturb- 
ing them. More rapid evaporation, 
which obviously must involve move- 
ment of water from the bottom to the 
top of the mass, disturbs the structure. 
The slowly dried, fragile, opaque mate- 
tial was heated to 900° C. over a 
period of 12 hours and then . slowly 
cooled. When the mass was impreg- 
nated with water or preferably with 
benzene or alcohol, the interference 
-colots were again observable. The re- 
fractive index of the impregnating 
liquid had a marked effect on the re- 
flected colors. Water with a refractive 
index of 1.33, as compared with 1.46 
for the amorphous silica, gave a white 
opaque mass in which green flecks of 
color could be seen. Normal butyl alco- 
hol, refractive index 1.39, gave an 
almost transparent mass, showing 
green-blue flecks of color in reflected 
light. Carbon tetrachloride, refractive 
index 1.46, gave a perfectly transparent 
mass that, however, showed slight 
green reflexions. An’ oil with a refrac- 
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Figure 1 


Electron micrograph of replica of polished section of close-packed spheres of colloidal silica showing 
reflected interference colors (x c. 25,000) 


tive index of 1.6 gave deep-red reflex- 
ions, while liquids of still higher 
refractive index resulted in a white 
opaque mass with a brownish tinge. 
The bulk density of solid pieces of 
the slowly dried silica, still showing 
interference colors, dried and fired to 
1,000° C., was 1.53 g/c.c., correspond- 
ing to 69.6 percent by volume of amor- 
phous silica. This approaches the value 
of 72 percent by volume, corresponding 
to close-packed, uniform spheres. An 
electron micrograph of a replica of a 
polished section is shown in Figure 1. 
Formation of natural opal. The bril- 
liantly colored but very fragile layers 
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containing the pseudocrystals, viewed 
through the glass walls of the container, 
look exactly like natural precious opal. 
There is little doubt that the colors 
otiginate from uniform arrays of silica 
spheres, as Sanders? has described in 
the case of natural opal. However, in 
natural precious opal the spheres are 
larger, and the space between them is 
at least partially filled with hydrated 
amorphous silica, which serves to harden 
the mass. Such a cementing process 
probably occurred after the spheres 
were packed in regular array, by long- 
continued impregnation with soluble 
silica. Cementing or reinforcing of 
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suspended aggregates of silica particles 
has been carried out in the laboratory to 
produce mechanically strong silica gels®. 
Impregnation of dense-packed masses 
of opal may have occurred by a similar 
but far slower process in Nature, since 
the solution would have to pass through 
the mass in order to achieve such a uni- 
form deposition of silica. 


It is probable that a critical step in 
the formation of natural precious opal 
was the creation of spheres of amor- 
phous silica in dilute suspension and 
subsequent slow settling in quiescent 
underground pools. Since geyser waters 
are often supersaturated with silica, it 
is conceivable that in some circum- 
stances the rate of cooling might be 
such that relatively large uniform par- 
ticles of colloidal silica were formed. 
In undisturbed subterranean pools such 
particles might have become concen- 
trated, and uniformly packed aggre- 
gates may have been formed just as 
observed in the laboratory. Once such 
uniform aggregates had been formed, 
further hardening of the structure by 
deposition of silica within the inter- 
stices over thousands of years could re- 
sult in the type of structures described 
by Sanders e¢ al. 


There remains the question as to why 
uniform spherical particles of amor- 
phous silica should become packed 
together in regular arrays as pseudo- 
crystals. In the silica-water system, the 
changes that occur spontaneously are 
those that lower the area of the silica- 
water interface, since there is an inter- 
facial surface energy of about 80 
ergs/cm? (ref. 6). Minimum inter- 
facial area is achieved when the surfaces 
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of such particles are brought together, 
excluding the water from the. areas of 
contact, The formation of these points 
of contact represents the first stages in 
reducing the overall silica-water inter- 
facial surface area. Greatest reduction 
in interfacial area is obtained with the 
closest: packing of spheres in which 
each sphere makes the greatest number 
of contacts with surrounding spheres. 
In a sol containing charged particles of 
different sizes, particles that are either 
smaller or much larger than the aver- 
age will not fit as perfectly into the 
growing uniform array of the pseudo- 
crystals, and their inclusion is thus 
thermodynamically less favored. Unless 
the particle colliding with the surface is 
held with several points of attachment, 
it will be repelled by the surface of the 
pseudocrystal that is of like charge. This 
is analogous to the fact that a potassium 
ion does not fit into the lattice of a 
growing crystal of sodium chloride, and 
is thus excluded. Thus, spheres of like 
size tend to fit into a given growing 
pseudocrystal. f 


Analogous systems. Analogous aggre- 
gation of spherical particles of colloidal 
size to form highly colored masses has 
been observed with organic materials. 
N. Xeros’ reported that a virus in an 
insect caused the formation of irides- 
cent nodules that showed brilliant 
colors in reflected light; when the virus 
is purified it is obtained as a mass show- 
ing iridescent colors. The properties of 
this lattice, consisting of very uniform 
spherical particles, 130 my in diameter, 
is further described by Williams and 
Smith’. 

The close packing of uniform poly- 
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vinyl toluene latex particles in the size 
range of 100-1,000 my has been de- 
scribed by Alfrey, Bradford, Wander- 
hoff and Oster®, The spontaneously 
formed, close-packed, crystalline array 
acted as a diffraction grating and parti- 
cle sizes in the range of 302-481 my 
were determined by the diffraction 
method. 

Another instance of uniformly 
arrayed colloidal particles showing bril- 
liant interference colors is the forma- 
tion of the so-called “‘schiller layers’ 
from colloidal hydrated iron oxide. The 
structure and arrangement of regularly 
packed masses of uniform colloidal par- 
ticles of this type have been described 
by Watson, Cardell and Heller?®. 

In instances in which the spontane- 
ous regular and uniform aggregation 
of charged colloidal particles occurs, it 
appears that at least one of the dimen- 
sions, whether the diameter of a sphere, 
or the width of a rodlike particle, is of 
the order of 100 my or more. Possibly 
this is because uniform arrays of col- 
loidal particles are most easily recog- 
nized when the particles are in this size 


1 Jones, J. B., Sanders, J. V., and Segnit, 
E. R., Nature, 204, 990 (1964). 

2 Sanders, J. V5 Nature, 204, 1151 (1964). 

3 Bechtold, M. F., and Snyder, O. E., U.S. 
Patent 2, 574, 902 (E. I. du Pont de 
Nemours and Co., 1951). 

4 Iler, R. K., The Colloid Chemistry of 
Silica and Silicates, 90 (Cornell Univ. 
Press, Ithaca, N.Y., 1955). 

5 Iler, R. K., The Colloid Chemistry of 
Silica and Silicates, 133 (Cornell Univ. 
Press, Ithaca, N.Y., 1955). 
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range and thus reflect monochromatic 
light of visible wavelength. However, 
this is also the size range in which slow 
sedimentation occurs. Particles larger 
than about 100 my in diameter or thick- 
ness tend to settle so that there is a 
gradual increase in concentration at the 
bottom of the container; conditions are 
thus favorable for the slow segregation 
of particles into regular aggregates or 
pseudocrystals, each consisting of par- 
ticles of a particular uniform size. 

On the other hand, in the case of 
smaller particles, the Brownian motion 
is so strong that the rate of sedimenta- 
tion is negligible and the particles do 
not become concentrated by settling. If 
the concentration is increased rapidly 
by centrifugation, the particles become 
packed randomly, since there is no time 
for segregation arid for ordered ar- 
rangements to be developed. However, 
if the size is extremely uniform, as with 
virus or certain latex particles, a rela- 
tively rapid increase in concentration 
can still result in the formation of a 


highly ordered array. 
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Gem Trade Lab 
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“Oolitic Opal” 

The natural-color opal described in 
last issue of Gems and Gemology as 
“oolitic opal” has been the subject of 
several conversations with clients who 
could not believe they were not treated. 
Figure 1 shows even better than the 
illustration in Gems and Gemology the 
peculiar nature of the oolitic structure 
seen under 20x. 

Black-Core Emerald Crystals 

Through the good offices of our stu- 
dent Italo De Vivo we received from 
Antonio M. Barriga Del Diestro, lapi- 
dary, Bogota, Colombia, two emerald 
crystals that illustrate admirably two 
types of Muzo crystals having black 
central cores, These are diagrammed 
in a booklet entitled Esmeraldas de 
Colombia, published by the Banco de 
la Republica, Bogota, in 1948 (Fig- 
ure 2). Figure 3 is a photograph of the 
two crystals (approximately 11/, actual 
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size) in the direction corresponding 
to the diagram, whereas Figure 4 illus- 
trates the opposite ends of the crystals. 


Figure 1 
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Figure 2 


The precise nature of the black core is 
being determined. It is very soft and 
friable but interlaced with fragmentary 
emerald. 
Star Enstatite 
When the 4-rayed star diopside and 
cat’s-eye diopside first made their ap- 
pearance in the market they were im- 
ported from India as enstatite. X-ray 
diffraction and other tests proved con- 
clusively that they are diopside. In the 
April, 1967, issue of The Journal of 
Gemmology an article by W. F. Eppler 
describes and pictures a 6-tayed star 
enstatite, black in color and somewhat 
like sapphire in appearance. 
We are indebted to Graduate Gem- 
ologist Eli Corman, Canton, Mass., for 
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the opportunity to study eight of these 
stones and for the gift of one for our 
collection. In appearance, the stones 
resemble medium-quality black star sap- 
phires. However, on close inspection 
one difference was noted: the legs of 
the star did not cross with the sym- 
metry of sapphire. Two pairs of legs 
appeared to be at a greater angle than 
the others. Several of the stones had a 
weak leg crossing in the wide area, 
giving the appearance of an 8-legged 
star; this is only suggested in Figures 
5 and 6, For comparison purposes, Fig- 
ure 7 shows a nearly round Mysore 
star ruby with perhaps the sharpest star 
we have ever seen in this material. We 
are indebted to Mr. Corman for allow- 
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Figure 3 


Figure 4 


Figure 5 


ing us to photograph this stone, too. 

Since star enstatite is not mentioned 
in the literature, it is well to indicate 
the constants we determined on these 
stones. The specific gravity ranged from 
approximately 3.30 to 3.41, and the 
refractive index was about 1.68. Under 
magnification, the tiny needles that 
Eppler assumes are rutile may be seen, 
although not clearly, unless the magni- 
fication is higher than 100x. 

Zoisite Crystals 

One of the most intriguing identifi- 
cations we have been asked to do in 
recent years involved a strikingly beau- 
tiful blue crystal, nearly flawless, and 
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Figure 6 


Figure 7 
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Figure 8 


more than an inch in length. Its most 
striking feature was its phenomenal 
trichroism: fine sapphire blue, strong 
red-purple and yellow to deep orange- 
yellow. Figure 8 shows the crystal in 
approximately 11/,x actual size looking 
in the blue direction. Initial gemologi- 
cal tests gave us a refractive index of 
1.69-1.70, a specific gravity of 3.36, 
and a hardness of 61/4 to 7. There was 
no fluorescence under either long or 
short wavelength or X-rays and there 
were no inclusions. In the purple-red 
direction a residual red color could be 
seen with the color filter. 

Since these properties did not pre- 
cisely match any of the common gem 
materials, we sent the crystal to the Los 
Angeles Laboratory for X-ray diffrac- 
tion. The pattern obtained indicated 
that the material was a new variety of 
naturally occurring zoisite, heretofore 
undescribed. Subsequently, chemical 
analysis, carried out through the good 
‘offices of Dr. Kurt Nassau, Bell Lab- 
oratories, showed the major compo- 
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nents to be calcium, aluminum and 
silica. Vanadium as a major impurity 
was also present, with smaller amounts 
of chromium, iron, magnesium and 
strontium. The chemical analysis sup- 
ported the identification of the material 
as zoisite. 

Further work is being carried out 
on other crystals and rolled pebbles that 
have come into this country within the 
space of less than a month. The possi- 
bility of the beautiful crystals being a 
new mineral exists, although at the mo- 
ment all clues point to a new variety of 
zoisite. The absorption spectrum, al- 
though not spectacular on the large 
crystal (it weighed more than 40 car- 
ats) did show a definite directional dif- 
ference (Figure 9). Figures 10 and 11 
show peculiar surface growth marks 
under different illuminations; they may 
be seen on only one face. 

The fact that a number of these 
crystals have come into the country in- 
dicates that cut stones may soon be seen, 
and we anticipate with pleasure seeing 
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Figure 10 


what an accomplished lapidary may be 
able to do with the material. We wish 
to thank Mr. Lou Ardbaum and Ori- 
ental Lapidaries Agency, Inc., for pet- 
mission to carry out the necessary tests 
described above. 

Snuff-Bottle Collecting 

Snuff-bottle collecting seems to be a 
growing hobby, to judge from books 
that have been published and the in- 
creasing activity in the testing of these 
intriguing art objects. They are doubly 
intriguing when one studies the shapes 
and forms and carvings, as well as the 
great variety of materials from which 
they have been carved. 

An especially interesting bottle is 
pictured in Figure 12. It is a double 
bottle, the larger of which is fine ame- 
thyst shot through with tufts of cacox- 
enite. The smaller bottle is a clear 
yellow-brown citrine. The artist clev- 
erly chose material that naturally had 
a clear-cut separation at the joining area 
of the two bottles. 
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Figure 11 


Two very beautiful bottles are shown 
in Figure 13. They have a very fine pol- 
ish. The one on the left is a rich yellow 
with brown veining, whereas the one 
on the right is white and brown with 
black veining and a “feeling” of por- 
celain. They are both common (uncom- 
mon?) opal. 

According to collectors with whom 
we have spoken and Mrs. Lila Perry in 
her book Chinese Snuff Bottles, perhaps 
the rarest highly prized bottle is one 
made of crested hornbill ivory. The 
crested hornbill is a large bird that lives 
high in trees in Malaya and is becoming 
very rare, probably because of the value 
placed on its peculiar head ornament. 
In her book, Mrs. Perry pictures in 
color the “horn” and beak of one of 
these birds, as well as two snuff bottles 
carved from the attractive yellow and 
orange-red material. 

Until very recently we had never had 
the opportunity to examine at close 
hand anything made from hornbill 
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Figure 12 
ivory, having only seen items in mu- 
seum cases. Figure 14 is a photograph 
of a snuff bottle that we feel quite sure 
is hornbill ivory. Properties for this 
material are not to be found in litera- 
ture, however. We found a banded 
structure under magnification. The 
sides of the bottle are an intense or- 
ange-red, whereas the body is a rich 
grayish-yellow. The odor produced by 
touching the inside of the bottle with 
the tip of a hot needle resembled burn- 
ing hair or feathers. The R.I. by the 
spot method was 1.54. Under long 
ultraviolet the yellow part fluoresced a 
strong whitish yellow; short ultravio- 
let produced a similar but weaker fluo- 
rescence. 
Crystal Inclusions in Jadeite 

An unusually translucent green jade- 
ite cabochon tested recently had a num- 
ber of sharply defined crystal inclusions 
that appeared to be nearly colorless. 
They are shown in Figure 15 under 
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Figure 14 


45x. No conclusion was reached as to 
their identity. 
Flux-Fusion Synthetic Rubies 

Figure 16 illustrates three flux-fu- 
sion-grown synthetic rubies, the largest 
of which was more than 8 carats in 
weight and nearly flawless. Several 
dealers who had seen them but had not 
been advised as to their identity readily 
offered to buy them as “Siam’’ rubies. 
Since they did not have seeds, nor con- 
tain many inclusions, it is assumed they 
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Figure 15 
were not Chatham synthetics, the only 
flux-fusion synthetic currently being 
marketed. 

Figure 17 is a short-wave transpar- 
ency test with natural rubies, chosen 
for having the same color and dimen- 
sional depth, and three Verneuil syn- 
thetics, The flux-grown stones are the 
center row and the natural stones are 
the three that appear white in the photo. 
Figures 18 and 19 show two types of 
fingerprint inclusions seen under 45x by 
Photoscope. The coatse inclusions are 
similar to those of known flux-grown 
synthetics. The finer fingerprint is very 
much like that seen in natural rubies. 

More New Synthetic Corundum 

Another flux-grown synthetic corun- 
dum we examined was unusual on two 
accounts: it weighed more that 40 car- 
ats and was a standard round brilliant 
cut. The color was light red (the optic 
axis tan through the girdle). Figure 
20 illustrates how a small group of 
(flux?) inclusions, strategically located, 
reflected throughout the stone. Figure 
21 shows an enlarged view of these in- 
clusions, some of which appear to be 
elongated bubbles, others snakelike, 
and others like the negative crystals in 
some natural sapphires. 

Figure 22 is a short ultraviolet trans- 
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Figure 16 


Figure 17 


parency of this stone, together with a 
boule of similar color Verneuil-grown 
synthetic and a large red Verneuil syn- 
thetic. Under short ultraviolet, the 
stone had a pink glow with a whitish 
overtone, whereas the red stone glowed 
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Figure 18 


Figure 20 


the expected dark red. A smaller stone 
presented as a solution-grown synthetic 
showed a definite color zoning but no 
flaws whatsoever. The lighter pink area 
fluoresced with this whitish overtone, 
whereas the dark-red area fluoresced 
dark red. We have noted this whitish 
fluorescence in other synthetics pro- 
duced by other methods, as well as some 
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Figure 21 


Verneuil stones, but so far not in nat- 
ural rubies. 
Fine Opal Doublet 

Ordinarily when opal doublets are 
manufactured, an opaque or, at best, 
a semitranslucent material is used for 
the back and frequently a black cement 
is used to join the two parts. We were 
intrigued by a beautiful black-opal 
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Figure 22 


doublet in which a nearly transparent 
back was used with a colorless cement 
to join them. Figure 23 shows the my- 
riad of tiny gas bubbles in the cement 
layer looking for all the world (or be- 
yond) like the milky way. 
Imitation Emerald 

One of the best imitation emeralds 
we have ever seen is shown in Figure 
24, Set in platinum with two old-mine- 
cut diamonds, the stone had an excel- 
lent emerald color and numerous very 
natural-appearing inclusions, many 
dark in color and others in planes. No 
gas bubbles could be seen under 30x 
but under 60x small gas bubbles and 
wispy swirls identified it as glass. 

Faulty Setting 

Since the Gemological Institute has 
added Diamond Setting to its curricu- 
lum, most staff members have become 
very aware of the way stones are set 
and the care with which setting is done. 
Therefore, it was not difficult to deter- 
mine why a large colorless and nearly 
flawless marquise diamond had broken 
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Figure 23 


near one end during wear when it was 
noted that there was no seat prepared 
in the four center prongs. Figure 25 
shows the broken stone with the arrow 
pointing to the break. Figure 26 shows 
that when the stone was given a sharp 
blow it merely spread open the four 
central prongs and snapped, because 
it was securely held only by the end 
caps, there being no true bearing in 
the other prongs. 
Low-Specific-Gravity Plastic 
Most of the time the Laboratory staff 
uses pure methylene iodide for taking 
the refractive index on stones below 
1.70 in index. Such was the case when 
we were determining the index of a 
strand of transparent amberlike beads 
that floated in salt solution. When the 
bead was first placed on the prism a 
fairly clear index of 1.57 was obtained. 
But as we watched, the green line 
started to rise, finally coming to rest 
at 1.63, but the 1.57 was still faintly 
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Figure 24 


visible. 

It was a few minutes before we real- 
ized that the bead was a rare low- 
specific-gravity plastic that was being 
slowly dissolved by the methylene io- 
dide, thus raising the refractive index. 
Figure 27 is a photograph of one of 
the beads showing a large (and sus- 
picious) gas bubble. The patch affected 
by the liquid and to the left of the 
bubble is an area of crazing that closely 
resembles the crazing seen on the sut- 
face of old amber. 

Dyed Angels’-Skin Coral 

We have seen several examples of 
dyed coral in which the color has been 
applied only in selected areas in an 
attempt to imitate the rare pink angels’ 
skin (a pink with no hint of orange). 
In one case, a swab test using finger- 
nail-polish remover removed some 
color. 

Rare Light-Blue Diamonds 

We have no explanation why we 
have seen four very fine, Type IIs, 
very light-blue diamonds recently, when 
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Figure 25 


we have only seen three others in more 
than 15 years of looking for them. 
These four stones, when graded against 
out best color master stone (E color on 
the GIA scale), appear a decided very 
light blue, but not grayish or leaden 
in color. They would be undoubtedly 
accepted by most people as truly “blie- 
white.” We do fairly commonly test 
dark-blue and gray diamonds that are 
found to be the Type IIg. It is inter- 
esting to note that the four stones men- 
tioned above were also flawless! 
Garnet-Structured Synthetics 
The New York Guild of the Ameri- 
can Gem Society was privileged to hear 
Dr. Kurt Nassau of Bell Laboratories 
give an illuminating lecture about gar- 
net-structured synthetics. After hearing 
his talk, it was much easier to under- 
stand why we have encountered such 
widely varying absorption spectra for 
green “YAGs” — yttrium aluminum 
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Figure 26 


garnets. By replacement and addition 
of various metallic elements and rare- 
eatth elements, almost any color may 
be produced. During the lecture he 
showed crystals and cut stones of many 
colors, some strikingly beautiful. 

We have had several very attractive 
cut stones submitted for identification, 
some resembling fine demantoid garnet 
but with red overtones, if one can imag- 
ine that. The stones show intense red in 
the color filter or when a strong, nar- 
row beam of light is passed through 
them. The spectacular absorption spec- 
trum of these stones, to which the color 
is ascribed to chromium and neodym- 
ium, was illustrated on page 365 of the 
Winter 1965-66 issue of Gems and 
Gemology. 

Among stones seen recently that we 
have identified as green-garnet-struc- 
tured synthetic are two that have 
different spectra. Figure 28 is the ab- 
sorption spectrum of an intense-green 
ctystal with intense red in the color 
filter, whereas Figure 29 is the spectrum 
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Figure 27 


of a lighter bluish-green crystal that 
shows no red in the filter. The lines 
in Figure 28 suggest chromium alone 
as the coloring agent; at least, rare- 
earth elements seem not to be present. 
The cause of color in Figure 29 is not 
known. 
Refractive Index of Gilson 
Synthetic Emerald 

We encountered a Gilson synthetic 
emerald with an oddly banded structure 
too faint to photograph. The reason 
for mentioning the stone is that on 
either side of the main band the re- 
fractive index was different. On one 
side it read 1.560-1.564 and on the 
other, 1.57-1.574. We have mentioned 
before that the Gilson material may 
vary in properties. 
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Developments and Highlights 
at the 


Gem Trade Lab 
in Los Angeles 


Richard T. Liddicoat, Jr. 


Taaffeite Proves Largest 

' Ina recent issue of Modern Jeweler, 
columnist George Bruce, owner of In- 
ternational Gem Import of Stone Moun- 
tain, Georgia, wrote an article on spinel. 
In it he retold the story of the remark- 
able discovery of taaffeite, a new min- 
etal, a decade or so ago. Count Taaffe, 
an Irish nobleman, found a faceted 
gemstone in a paper of Ceylon stones 
using only a loupe. Taaffeite has phys- 
ical properties almost identical to 
spinel, with the exception that it is 
weakly doubly refracting, in contrast 
to spinel’s isotropic character (it is a 
beryllium-magnesium aluminate, 
whereas spinel is a magnesium alumi- 
nate). That Count Taaffe noticed the 
weak birefringence (.004) in a small 
stone with a loupe is proof of keen eye- 
sight. 

The Bruce article led one of his read- 
ers to check into a parcel of Ceylon 
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sapphires that he had bought ten years 
ago in which he remembered that some 
of the stones had the properties of 
spinel. While checking the parcel he 
found one 5.34-carat dark-brownish- 
purple stone that had an index in the 
1.72 area and that to him appeared to 
be doubly refractive. He immediately 
called Bruce and sent him the stone. 
Bruce, in turn, forwarded it to the GIA 
Laboratory, where it was found to be 
uniaxial with refractive indices just less 
than 1.720 and just over 1.724. The 
specific gravity was 3.608. The indices 
were just slightly higher than those 
reported earlier and the S.G. was ap- 
proximately .01 lower. Since the stone 
weighs 5.34 carats, the $.G. determina- 
tion should be quite accurate. This is 
the second taaffeite that has turned up 
in America (the first was identified in 
our New York Laboratory), and the 
same collector has been able to obtain 
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Figure 1 


Figure 3 

both. One was on loan to the Smith- 
sonian Institute for over a year. 

Inclusions in the new stone were in- 
teresting; they are pictured in Figures 
1 through 7. The needlelike inclusions 
and many of the other inclusions were 
negative crystals. In addition, there 
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Figure 4 
were crystals of other substances. The 
whole stone is shown in Figure 1; the 
closeup of the large group of inclusions 
under the center of the table is pictured 
in Figure 2. In the latter a large neg- 
ative crystal is near the top of the pho- 
tograph. Figure 3, a photograph taken 
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Figure 5 


Figure 6 


Figure 7 


at 12214x, shows a general hexagonal 
pattern visible especially in the lighter 
portion. A number of 2-phase inclu- 
sions were visible in various parts of 
the stone; some are shown in Frgures 
5 and 6. Figure 4 shows a fan-shaped 
group of inclusions we were unable to 
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identify; they were confined to a single 
plane and appeared to be negative crys- 
tals, but this configuration belies such 
an interpretation. A large crystal, 
shown in Figure 7, had all of the char- 
acteristics of a barrel-shaped striated 
sapphire crystal, but we believed it to 
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be a negative crystal. Doubling is ap- 
parent in the two long needlelike in- 
clusions to the upper right. Figure 8 
shows the absorption spectrum observed 
for this stone. 
Cat’s-Eye Doublet 

George Bruce also sent us a chryso- 
beryl that is shown under a single light 
source in Figure 9. When the stone was 
examined from the side, its appearance 
was startling. In Figare 10, the side 
view, the reason we were surprised be- 
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comes obvious: there is a distinct join- 
ing plane between the chrysoberyl top 
and the back of the stone. This is a 
very unusual substitute — a cat’s-eye 
doublet. Although the material in the 
upper portion was exceedingly trans- 
parent, the stone looked very real. The 
reason it had been made into a doublet 
was that the chrysoberyl top was too 
transparent to make a good cat’s-eye. 
By adding a more opaque back, a better 
eye was formed. There were almost no 
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Figure 11 


bubbles in the cement layer. 
Marquises With Unpolished Girdles 
The cutting angles of a marquise-cut 
diamond are such that the girdle must 
reflect into the table over a good part of 
the length of the stone, because the an- 
gles are so flat, except in the narrow 
ctoss section. To make the effect less 
obvious, the girdle is usually faceted. 
This has the advantage of removing the 
contrast between clear facet reflections 
and the gtay streak of the girdle. The 
girdle becomes so much less noticeable 
that the stone’s appearance is improved. 
We recently received a marquise for 
quality grading that had only the points 
faceted; most of the expanse of the 
girdle was left unfaceted. This showed 
up so strongly as a girdle reflection in 
the table beyond the center section to- 
ward both points that it was very obvi- 
ous from. above, even to the unaided 
eye. A photograph was taken under low 
magnification to illustrate this point; it 
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is shown in Figure 11. The girdle re- 
flections show as arcs, two to the right 
and two to the left of the center of the 
stone. In addition, there are more gray 
reflections at the points. 

This marquise had an unusual cut- 
ting in that there were two main pavil- 
ion facets, instead of the usual one, on 
both sides at the belly of the stone. The 
main girdle reflections ate shown by 
arrows in the illustration. 

Different Kinds of Anomalous 

Double Refraction 

Reference is made frequently to the 
appearance of anomalous synthetic 
spinel under crossed Polaroid plates ; 
we usually refer to it as cross hatched. 
In glass, on the other hand, anomalous 
double refraction usually takes the form 
of a black cross. There is nothing new 
about Figure 12, but it shows the dif- 
ference between the two kinds of ano- 
malous double refraction. Glass is on 
the left and synthetic spinel on the 
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Figure 13 


right. 
Scratches on a Freshly Cut Diamond 
Quite often one sees scratches on the 
surface of a diamond, but they are not 
frequently seen in new merchandise of- 
fered for sale as loose goods. They 
show up best: when the diamond has 
such a deep pavilion that the whole 


FALL 1967 


table of the stone has a black back- 
ground, as in Figure 13. In this round 
brilliant, a number of scratches were 
noted on the table surface. We don’t 
know whether this was a paper-worn 
stone ot whether the scratches were in- 
curred during fashioning, If it had all 
been done during polishing, the 
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Figure 14 


sctatches would have been parallel to 

one another. These are not, as is obvi- 

ous in the illustration. 

-Odd Negative Crystals in Diamond 
Negative crystals in diamonds are 

common, but to find a large number of 
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them in the same area in a brilliant cut, 
all of which have been filled in by a 
black material during polishing or ear- 
lier, is unusual, The diamond brilliant 
shown in Figure 14 was encountered 
recently. The large number of negative 
crystals, most of which reach the sur- 
face, is well illustrated in this photo- 


graph. 
Andesine Feldspar 


We received some rough stones for 
identification that the miner had as- 
sumed must be some kind of jade. He 
sent us two different pieces. These were 
quite obviously not completely homo- 
geneous, but they wete largely one min- 
etal, so we X-rayed them to arrive at a 
positive identification. 

The properties were those of a feld- 
spar, but we felt that X-ray diffraction 
was necessary to give us an unquestion- 
able answer. Each of the pieces showed 
some of the characteristics of labrado- 
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tite in various directions, but analysis 
proved them to be andesine feldspar. 
Figures 15 and 16 are two illustrations 
of the same section of one of the pieces. 
In Figure 15, the section at right center 
shows little reflection, but in Figure 16 
a bright reflection can be seen from the 
same section in the andesine aggregate. 
This piece and its accompanying one 
were not spectacular, nor did they re- 
semble jade closely, but they were 
rather attractive. 


that were spectacular. One of the drill 
holes is shown in Figure 17, with arms 
reminiscent of saguaro cactus quite ap- 
parent in the photograph. _ 
Unpolished Facets 

In haste to turn out the finished 
product today, diamonds whose facets 
are nearly parallel to octahedral faces 
sometimes ate very poorly polished, be- 
cause too much time is required to 
realize a fully acceptable product. In 
Figure 18 we see a diamond with a bezel 


Figure 17 


Amber Substitute 

We received a strand of material that 
was represented as amber, but that on 
examination proved to be a plastic. The 
pieces were of interest because the drill 
holes had obviously been formed when 
the pieces were cast, rather than having 
been drilled later. Air trapped at the 
time of molding brought about results 
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facet at 12 o'clock that was not finished 
properly. This one was so bad that it 
was very obvious to the unaided eye. 
The one at 9 o'clock also shows deep 
grooves. 
Opal Substitute 

George Bruce was responsible for 
another specimen that was sent to us 
recently for identification and comment. 
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Figure 18 


Received in a paper of opals from Aus- 
tralia was a stone that was a kind of 
imitation that is seldom encountered; 
that is, one made up of tiny fragments 
of opal embedded in a resin matrix. The 
resin is very soft and reacts quickly to a 
hotpoint. Embedded in it were numer- 
ous fragments of natural opal. The 
specimen is shown in Figure 19. At a 
distance from the unaided eye it ap- 
peared to be a natural opal, but under 
magnification its true nature was obvi- 
ous, 
A New Australian Emerald Source 
Recently the Institute had the op- 
portunity to examine a number of em- 
eralds from a new source in Western 
Australia. Clem $. Cook, one of the op- 
erators of The Poona Mining Co., 
showed us a large number of specimens 
of both rough and cut emeralds from 
the new source. The mine is located 
about 500 miles north of Perth and 
about 450 miles east of the coastline. It 
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is desert country with midday tempera- 
tures of 125° F. common. The oper- 
ators have sunk a shaft to a depth of 
approximately 170 ft. and have ex- 
tracted some rather attractive emeralds. 

The stones have properties compar- 
able to those of Colombian emeralds, 
but since they are found in a mica 
schist, they are typical of the emerald 
occurring in such rocks: full of inclu- 
sions and somewhat less clear than the 
finer Colombian product. A group of 
the crystals, ranging in size from less 
than a carat to nearly 6 carats, is shown 
in Figure 20, They showed a very strong 
chromium spectrum (so they can hap- 
pily be called emeralds on both sides of 
the Atlantic), had a specific gravity on 
the order of 2.695, indices close to 
1.572 - 1.579, and a birefringence of 
about .007. 

The crystals were pink under the em- 
erald filter, showed no fluorescence 
under long, short or X-ray exitation, 
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Figure 19 


and the inclusions were heavily inclined 

toward the biotite mica that is very evi- 

dent in the schist, according to Cook. 
There were inclusions in the crystals 
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that suggested calcite and actinolite, as 
well as some that were black and 
opaque and seemed relatively formless. 
The biotite flakes were evident in al- 
most every stone (Figure 21 — see ar- 
rows.) In Figure 22 are three crystals 
that look as if they could possibly be 
calcite. Many of the cut stones showed 
black inclusions, quite a number of 
which are evident in Figure 23. 

All in all, these were very interesting 
emeralds to examine, This new source 
would seem to add materially to emer- 
ald’s availability in the world today. 
The Poona material will not compete 
with the finer product of Colombia, but 
it is more attractive than most of the 
product of emerald sources available in 
the world today, with the exception of 
Colombia and Sandawana. 

The emeralds we examined were 
represented by Mr. Cook to be mine- 
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Figure 21 


run material. In view of a considerable 
interest in the material in Jaipur and 
Idar-Oberstein, it is planned to con- 
tinue to operate the mine and to enlarge 
it as an open-pit operation. Thus, we 
will soon be able to add emerald to the 
opal, sapphire and chrysoprase we 
recognize as products of Australia. 
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' Our thanks also to Marvin Smoot 


of Goldsboro, North Carolina, for a 
nice group of stones that will prove 
very useful for correspondence and class 
students of Gem Identification. 

Bill Ufeld of Gems and Turquois, 
Ltd., of Montezuma, New Mexico, for 
two fine specimens of turquois from 
mines that he identified for us. It is very 
helpful to be able to pinpoint the 


FALL 1967 


Figure 23 


sources on stones of this type. 
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Book Reviews 


EUROPEAN REGALIA, by Lord Twining. 
Published by B. T. Batsford, Lid., London, 
England, 1967. 334 pages. 9” x 12” format. 
Clothbound. Lavishly illustrated with .420 
black-and-white photographs and 20 line 
drawings. Price: approximately $35. 


4This monumental writing effort, like Lord 

Twining’s 1960 masterwork, A History of 
the Crown Jewels of Europe, considers jew- 
elry on a grand scale. In fact, it is even 
wider in its scope, covering the political as 
well as the cultural and symbolic histories 
of regalia. 

Lord Twining has divided his work into 
eleven chapters, each of which is subdivided 
into several sections. The chapters are as 
follows: Crown and Empire, Crown and the 
West, Church and Crown, Crowns of Princes 
and Sovereign Dukes, Crown Miscellany, 
Scepters, Orbs, Swords, The Lesser Orna- 
ments, Anointing Vessels and Royal Obse- 
quies. The book concludes with a selected 
bibliography and a comprehensive index. 

Any jeweler who is a sincere student of 
his art should be absorbed and fascinated by 
the multitude of facts in this impressive 
book. For example, what is the history of the 
orb? Why does it only give precedence to 
crown and scepter? Despite its original re- 
lationship to the celestial sphere, it has in its 
history been called a “ball” and an “apple.” 

“Royal ornaments,’ says the author, “are 
not just expensive baubles, but are symbols 
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that have been consecrated for a special and 
unique purpose.” The British jeweler should 
be particularly interested: only in England 
and the Vatican in the entire world have the 
ancient rites of coronation survived. ; 

There can be no doubt that European 
Regalia will take its place beside Twining’s 
earlier work, and that, together, they will 
become recognized as a complementary and 
standard opus. 


SEVEN PRECIOUS GEMS, by William 
Elder Marcus, Published by Carlton Press, 
New York City, 1967. 80 pages. Clothbound. 
Black-and-white line drawings. Price: $3.50. 


This little book, authored by a former 
New York City jeweler, was written to offer 
in nontechnical and concise form the essen- 
tial facts and lore concerning diamond, em- 
erald, ruby, sapphire, star stones, opal and 
pearl. It is intended as a guide and reference 
tool for students of gemology, for reference 
departments of libraries, for jewelry stores 
and gemstone dealers and for general lay 
persons who wish to be reasonably informed 
about these gems without reading exten- 
sively on the subject. Seven Precious Gems 
should please the general reader and prove 
to be a source of information to the con- 
noisseur as well as to the prospective pur- 
chaser of gemstones. The book contains 
ofiginal drawings by Rockwell Kent, the 
eminent American artist. 
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South America and the World 
Diamond Market 


by 


Eunice R. Miles 


The diamond production from South 
America is an elusive figure in actual 
carats. This is because of the primitive 
mining operations and lack of strict 
government control in Brazil, Guyana 
(formerly British Guiana) and Vene- 
zuela. However, the yield is sufficient, 
especially from Brazil, to influence the 
world market. Brazil not only meets its 
domestic demand but produces enough 
to export to the Low Lands in Europe; 
small stones go to Israel, Japan and India. 
The latter two countries could absorb 
all of the diamonds Brazil could mine. 
It has been estimated the percentage of 
Brazilian export varies from 80% to 
96% of its production. Since there is a 
great deal of buying in the bush in 
Brazil, only a “guesstimated” figure 
can possibly be given. It has been re- 
ported that an unknown percentage of 
Brazilian rough finds its way across the 
northern border via Guyana into the 
world market. A certificate of origin is 
supposed to be issued for clearance of 
rough diamonds from Brazil. There is 
a mining tax levied according to the 
value of rough goods, and the purchaser 
is liable for this tax, usually about 10%. 
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However, much rough never passes 
through official channels. There is a 
1% tax on cut stones and 10% on 
jewelry. 

United States diamond dealers, in 
general, do little direct buying from 
Brazil. Ten to twenty years ago Brazil- 
ian diamonds were cut in noticeable 
quantities in New York. However, in 
recent years more dealers prefer to trade 
through the Syndicate, where the supply 
is steadier and there is more quality 
control. We heard that the Syndicate 
buys Brazilian goods indirectly and that 
it is filtered according to quality and size 
into parcels from other sources. Rio is 
not as important a cutting center as form- 
erly for a number of reasons: (1) Wages 
are lower in Petropolis, a mountain city 
about thirty-two miles outside Rio, 
where men (only) are cutting small 
stones. (2) It is difficult to interest the 
native Brazilian in skilled work. (3) 
Belgium is offering incentives to cutters 
who emigrated to Brazil during the sec- 
ond World War. In Rio as in other cut- 
ting centers, such as New York and 
Antwerp, there are a few skilled arti- 
sans who still specialize in cutting large, 
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~ MINAS GERAIS 
~ Diamantina 


Rio de Janeiro 


Important alluvial-diamond-producing states of Brazil: Minas Geraes, Mato Grosso, 
Goias and Bahia. 


well-made, fine-quality stones. How- 
ever, the demand is,not great for such 
gems in Rio, but there is an insatiable 
demand for them in the United States 
and Europe. Also, labor costs are higher 
in New York, Belgium and even Israel, 
so the sizeable better-quality rough is 
preferred and the majority of it leaves 
Brazil. 
Choice of Diamond-Cutting Styles 
in Brazil 

How does the Brazilian look at dia- 
mond in fashion? Cape-color stones of 
five, six, eight, ten and twelve carats 
are common in the market. These light- 
yellow and “pique” (slightly imper- 
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fect) stones are in demand and bring 
higher prices in Rio. Quite in contrast 
to the United States, it is interesting to 
note the pear-shape brilliant has little 
fashion appeal in Brazil, whereas mar- 
quises and baguettes are in demand. 
Round brilliants from about one to ten 
carats are popular. There is no stable 
market for colored diamonds. 
Brazilians are Becoming 
Gemology Conscious 

Several of the more progressive jew- 
elers in Rio are now issuing a quality 
certificate based on the Gemological In- 
stitute of America diamond report. This 
is being used as a sales aid and is in- 
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cluded with each diamond purchase. It 
was enlightening to learn that Brazilian 
jewelers are looking to the GIA for 
factual up-to-date information on sci- 
entific developments in gemology. 
Many of the personnel from these pro- 
gressive firms have taken or are enrolled 
in the GIA courses. A course in gem- 
ology is included in the curriculum in 
Rio University. This institution is a part 
of a tremendous University City being 
built by the government within a sec- 
tion of Rio. A course in gemology is 
also being offered in the University of 
Sao Paulo, Brazil's largest industrial 
city. 
Diamond Mining in Brazil 

Brazil is not the only country produc- 
ing diamonds in South America, but 
she has progressed further with her air- 
transportation system and has extended 
roads into the interior of the counrty. 
This in itself attracts foreign invest- 
ment and buying capital and opens up 
the interior to trade and, in time, cul- 
tural expansion. However, at present, 
the people in the interior are still quite 
primitive. Most miners work on a sea- 
sonal basis, mining during the dry 
months and returning to their small 
farms the rest of the year. Over sixty 
thousand small operators are mining by 
crude means comparable to our 49ers 
gold-mining methods, and since much 
of this population is nomadic there is 
lack of control, so any figure of total 
production is speculative. 

Diamonds are known to occur in 
over forty districts of at least eleven 
states in Brazil; to mention two, in 
Goias along the Parana River and in 
Bahia along the Grana Francisco River. 
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To date only a little speculative panning 
has been done in the north in tributaries 
of the Amazon. The greatest concentra- 
tion of mining is in the state of Minas 
Geraes, Here diamonds are found along 
the Paranaiba River and its tributaries ; 
Diamantina is the center of the’ dia- 
mond-mining district. The relatively 
new Chica da Silva mine runs in an 
east-west direction along the northern 
border of Minas Geraes and southern 
Bahia. This mine is owned by an Ameri- 
can company; it is a mechanized opera- 
tion engaged in recovering alluvial 
diamonds by an electronically controlled 
dredge (that is, all digging and wash- 
ing are done by machinery). It is pro- 
ducing over a quarter of a million 
dollars worth of diamonds per month, 
which was formerly a year’s production. 
Up to the present time this has been a 
one-tract operation. It is a major engi- 
neering feat to even transport the 
equipment into Diamantina. Haulage is 
mostly at night over the highway sys- 
tem, which is closed to other traffic. 

As industrialization progresses, eco- 
nomic and sociological problems arise. 
The sludge from the washing process is 
causing water pollution. In turn, this ts 
becoming a major problem to the 
farmer who needs clean river water for 
his cows. The mining company must 
solve this pollution problem, since it is 
planning an expansion program of 
opening eight more tracts. The dredges 
are now under construction in Texas, 
U.S.A. 

About eighty to ninety percent of the 
recovery in this mine consists of small 
stones averaging approximately five to 
eight stones per carat. They are consid- 
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Typical red-spotted diamond crystal from Mato 
Grosso, Brazil; approximately five carats. 


ered quite “clean,” or free from flaws. 
In contrast, the river deposits in Mato 
Grosso yield larger crystals, which pro- 
duce three-, five- and larger-carat fin- 
ished stones. 

The government has extended a road 
system into the interior of this state, 
which can now look forward to in- 
creased development. It has been re- 
ported that production of diamonds 
was over six million dollars last year, 
although again, because of the individ- 
ual operations, even this figure is ques- 
tionable. 

Brazilian Rough 

Each mining area seems to produce 
diamond rough with its own peculiar 
characteristics, such as certain color 
skin, red spots or growth patterns on the 
crystal faces. In general, Brazilian rough 
displays a range of characteristics from 
quite colorless to dark-red-spotted crys- 
tals that often yield beautiful high-color 
stones. The red-spotted rough should 
not be boiled in acid until completely 
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finished, because if the red foreign 
material remains in any of the cracks, it 
becomes hardened, almost as though it 
were baked into the stone, and is then 
almost impossible to remove. There are 
dark-skinned green stones and yellows 
and browns, the latter often facing up 
better when cut. Prospecting in Brazil- 
ian rough is a gamble that may be short 
lived, unless one is knowledgeable in 
the quality characteristics of Brazilian 
rough and its cutting potential. 

Brazil produced one of the largest 
famous diamonds, the 726.60-carat 
President Vargas. It was found in 
Minas Geraes in 1938 and bought by 
Harry Winston in 1939 for six hundred 
thousand dollars. It was cut into twenty- 
three stones. 

Brazil is a country producing ever- 
increasing quantities of diamonds. 
With further development of land and 
air transportation, introduction of ex- 
tensive mechanized mining in the cen- 
tral and eastern states and expansion of 
prospecting northward into the tribu- 
taries of the Amazon, Brazil is bound 
to have continually greater influence in 
the world diamond market. 


Guyana and Venezuela 

If we explore diamond mining in the 
interior of Guyana and Venezuela, we 
will find there is a similarity to mining 
in Brazil, since their diamond deposits 
are also alluvial in nature. Since Guy- 
ana is controlled by a communist gov- 
ernment, little information filters out. 
There is a very low tax on rough stones 
taken out of the country. However, dia- 
mond trading, for the most part, is on a 
fly in-fly out basis. It is definitely for the 
rugged male. 
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Typical red-spotted diamond crystal from Mato 
Grosso, Brazil; approximately five carats. 
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prospecting northward into the tribu- 
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Guyana and Venezuela 

If we explore diamond mining in the 
interior of Guyana and Venezuela, we 
will find there is a similarity to mining 
in Brazil, since their diamond deposits 
are also alluvial in nature. Since Guy- 
ana is controlled by a communist gov- 
ernment, little information filters out. 
There is a very low tax on rough stones 
taken out of the country. However, dia- 
mond trading, for the most part, is on a 
fly in-fly out basis. It is definitely for the 
rugged male. 
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Venezuela is another country vastly 
rich ‘in mineral wealth, although not as 
advanced as Brazil. Again we find that 
the unstable governments over the 
years, its natural barriers, lack of ade- 
quate surface transportation and high- 
way systems and lack of trained labor 
have been factors causing delay in open- 
ing the interior of Venezuela south of 
the Orinoco River. ; 


Approaches to the Interior 
of Venezuela 

There have been numerous ap- 
proaches into the interior of Venezuela. 
Prior to the airplane, many prospectors 
approached Venezuela via a southern 
and easterly route through the water- 
ways of Brazil and Guyana. Passage 
was up the Amazon River to the Rio 
Negro, to the Rio Branco in Brazil, and 
then the Tacatu River through the Guy- 
ana Highlands in the Pacaraima Moun- 
tain Range. It is in this area known as 
The Pool in the vicinity of Monkey 
Mountain, along the Ireng River and 
the more northerly Mazurini River, that 
these Guyana alluvial diamond-bear- 
ing deposits are being worked by crude 
methods, mainly by Negros (known as 
the River People) and some Indians. 
Being only about two hundred miles 
from Georgetown on the Atlantic Coast, 
some European and American prospec- 
tors found this land approach more ac- 
cessible but now fly in by small plane. 

There have been others possessed 
with diamond fever who have trekked 
westward from Guyana across Kowa- 
tipu Mountain and around the southern 
side of Mt. Roraima, finally connecting 
with the tributaries of the Caroni River 
in Venezuela. The great natural divide 
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between southern Venezuela and north- 
ern Brazil made this seemingly direct 
approach from Brazil impractical. It 
may also have been due partially to the 
natural flow of the rivers, those south 
of the divide flowing south and easterly 
and those north of the divide in Vene- 
zuela flowing northerly. 

The northern approach to La Gran 
Sabana is via Caracas actoss the coastal 
mountain range and over the extensive 
oil plains to the vast interior, which lies 
south of the Orinoco River. It is in the 
river system in La Gran Sabana where 
the alluvial diamonds of Venezuela have 
been found. The airplane has made it 
possible to pass over inaccessible ter- 
rain, and a few crude landing strips 
have been cleared in the jungle for 
small aircraft navigated by skilled bush 
pilots. Reaching the: diamond-bearing 
rivers via this northern route, we can 
soon see and sense why this area has 
long remained an untapped treasury of 
natural mineral wealth. 

Taking off from the modern city of 
Caracas on the northern coast of Vene- 
zuela, we find she lies at the southern 
foot of the Aurea peaks about three 
hundred feet above sea level, in a beau- 
tiful valley formed by branches of the 
coast range and the extension of the 
Cordillera (heel) of the Andes. There 
are extensive oil-storage tanks dotting 
the coastline, since oil is a main product 
of Venezuela, Over the mountain range 
the land levels out and becomes exten- 
sively rich oil fields in the vicinty of El 
Tigre. Oil shafts stand out as stark sil- 
houettes against the setting sun, resem- 
bling pictures in National Geographic 
Magazine. We pass over the treacherous 
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Rushing falls in a densely forested area of Gran Sabana. 


Orinoco River delta, fourteen miles at 
its widest part. It-is a muddy river, the 
home of the dolphin and the electric 
eel. The Orinoco has been the greatest 
natural barrier separating the plains in 
the north of Venezuela from the min- 
eral-rich interior. 

The valley of the Orinoco to the east 
and west as far as Ciudad (city of) 
Bolivar is composed of soft soil of un- 
consolidated sediments. Thus, engineers 
had been unable to erect a bridge. It was 
only when they found a small area of 
hard rock on both sides of the river at 
Angostura, the present Ciudad Bolivar, 
that they were able to span the river. As 
luck would have it, this was also the 
natrowest part of the river. (Angostura, 
translated, means narrowest point, and 
it is also the home of Angostura 
bitters. ) 
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A momentous day in the history of 
Venezuela was January 6, 1967, the 
dedication of the Angostura Bridge. It 
was the first bridging of a mighty South 
American river; it can be compared to 
the laying of the first railroad crossing 
of our own country to open up the 
Great West. Over the Angostura Bridge 
with its four-lane highway it is esti- 
mated that about thirty thousand ve- 
hicles will travel per day, allowing 
commerce to flow and markets to open 
and cultures to spread. It leads into 
Ciudad Bolivar, which houses the 
School of Mines and Minerals, one of 
the five schools in the National Univer- 
sity. The airport is small but is the gate- 
way to the interior. 

Only two hundred miles south of the 
airport lies La Paragua, a diamond- 
hunting ground for tourists. It is Vene- 
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River route via Brazil into Guyana highlands, the alluvial-diamond- 
bearing area of Guyana. 


zuela’s Mufreesboro, where the city 
worker can escape on a four-day round 
trip to hunt diamonds. He may find a 
small stone, or more likely end up buy- 
ing one from a veteran prospector 
whose story is usually worth more than 
the diamond. 

Southeast of La Paragua lies La Gran 
Sabana, where less than five percent of 
the population of Venezuela exists. It 
consists mostly of Indian peoples. Ac- 
cording to legend, in this highland is 
the source of the diamonds that ate 
found in the lower alluvial river de- 
posits. The main river feeding this area 
is the Caroni, which flows north to the 
Orinoco. The Caroni does not flow ina 
sharply defined river bed, but is a net- 
work of meandering water passages. 
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Along them there is panning for dia- 
monds and gold. In some areas the 
waters are sluggish with extensive sa- 
vannah forest merging into tall brown 
grass and dried-up weblike rivulet beds 
of cracked reddish-brown clay and con- 
glomerate. Then, again, there are lakes 
fed by water rushing down from a series 
of cataracts and falls emerging from 
the densely forested, ominous, mesalike 
plateaus. 

In one such highland is Angel Falls, 
one of the eight wonders of the natural 
world, over 3,212 feet high, rising in 
the mountain escarpment of Cerro 
Auyan-Tepui. One conjectures where 
the water comes from, since it does not 
flow as many waterfalls do, entirely 
over the highest ridge of rock forma- 
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The Caroni River, a network of meandering water passages, in which alluvial diamonds are 
recovered. 


tion, but seems to gather part of its 
volume partially from underground in 
this vast sixteen- by twenty-two mile 
plateau. The water flows out of crevices 
at intervals forming a series of smaller 
falls below the main one, which event- 
ually find their outlet in Lake Canaima. 
At the foot of these falls the waters are 
treacherous, yet here adventuresome 
prospectors have tried foolhardy recov- 
ety of diamonds. 
Geology of Plateau Area 

Geologists have found this area is 
underlain by Precambrian igneous base 
rock and metamorphosed rock forma- 
tions, mostly of gneiss and schist. There 
followed a later submergence period, 
probably during the Triassic-Jurassic 
Periods, causing the flood plains, when 
the vast deposits of sediment of the 
earlier drainage pattern were consoli- 
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dated into sandstone, grading from 
fine-grained to coarse conglomerate. 
Also, irregular formations of igneous 
rock in the shape of lenses and irregular 
layers are reported to be sandwiched 
into this sedimentary formation. There 
must have later followed a tremendous 
land upheaval, raising this sedimentary 
bed into the mesa plateau we see today. 
It is almost identical in geological for- 
mation to our Colorado River Valley 
and the Grand Canyon. If the vegeta- 
tion could be stripped from the Angel 
Falls plateau, we would easily recognize 
the similarity of the rock formation of 
these two natural wonders. 

Why, you may ask, has man not 
landed on these table-top-looking pla- 
teaus? He has tried, but failed. About 
1930, a prospector named McCrackin 
from Denver, Colorado, hired Jimmy, 
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Angel to fly into the Gran Sabana to 
find a “stream of gold.” The story is 
told that McCrackin did recover about 
twenty pounds of gold but never told 
Angel the source of his find. McCrackin 
died soon after returning to the States. 
Jimmy Angel made numerous subse- 
quent trips and it was on one flight that 
he discovered the famous falls, which 
are usually shrouded in clouds. It was in 
1935 that Craig, an engineer with 
Angel, was killed by a coral snake. Fol- 
lowing this, Angel crashed. in an at- 
tempted landing on the plateau in 1937 
and the plane remains as a parched 
skeleton memorial. So, to date, man has 
not conquered this mesalike plateau, 
which, according to the legend, is the 
source of the diamonds found in the 
alluvial deposits below the falls. 
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River Mining 

The present ill-defined drainage sys- 
tem of southeastern Venezuela indicates 
a radical change from an arid to a hot 
and humid environment, where fauna 
and flora are now flourishing, and con- 
sequently the river systems in southern 
Venezuela are becoming more sharply 
defined. The dense root systems hold 
the soil and water; thus, the river chan- 
nels are becoming deeper and the flow 
stronger. In some of the rivers where 
alluvial diamond mining is being car- 
ried on it has been necessary for the 
miners to pile up barriers to divert the 
water from the main stream, causing 
shallow pools of streamlets, allowing 
pothole mining and washing. 

The diamondiferous-bearing gravel 
is shoveled into a three-section sieve 
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and washed by moving the sieve with a 
sidewise motion in the shallow water. 
This kind of mining might also be tre- 
ferred to as ‘‘pick-and-shovel mining.” 
One man digs holes below the gravel 
surface into the semiconsolidated bank 
or along the shoreline of the diverting 
barrier and shovels the loosened soil 
into a three-layer wire-mesh sieve, a 
Surucu. Another miner carries on the 
washing process. Theoretically, the 
larger diamonds are caught in the top 
section of the sieve, the approximately 
one- to five-carat size in the middle sec- 
tion, and the small crystals and possibly 
flake gold and very small nuggets in the 
fine mesh at the bottom. 

Another method of washing is to sit 
on the shore and wash the gravel in a 
circular pan, a batea, with sloping sides. 
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Taple-top plateau, Anyun Tepui, in which Angel Falls rise, and a series of lower falls dashing into 


The gravel is washed around in the pan 
for a “feel recovery” by hand. A third 
method is the use of a sluice box, or a 
tom, This is a rectangular wooden box 
with holes at one end. This box is usu- 
ally placed in an inclined position on 
the bank or it may be suspended on 
cross poles, in an ““H’ formation at 
either end of the tom. Gravel is 
shoveled into the box and water is 
poured over it. The diamonds are then 
caught in the holes at the end of the box 
in this manual-washing process. 
Diving for diamonds is another 
crude and hazardous method of recov- 
ery. Two or three men work together 
from a hollowed-out log canoe. One is 
equipped with a diving suit and weights 
on his feet. He is lowered into the water 
and may go down twenty feet or more. 


Lake Canaima (the legendary source of alluvial diamonds). 
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Gran Sabana, the alluvial diamond region in the interior of 
Venezuela. 


Another man pumps air down to the 
submerged miner who is feeling around 
the bottom. When he feels a possible 
“strike’’ he puts a stake in the mud, and 
a leather “poke” is- lowered down to 
him to fill with mud, hopefully dia- 
mond bearing. It is then hoisted to the 
surface and goes through a washing 
process. 

A safer and more productive method 
of recovery is with movable caissons, or 
diving machines. However, it has been 
rather unsatisfactory to move such 
equipment into the interior of Vene- 
zuela, since there is no system of road- 
ways. A few years ago an American 
mining company did attempt a mechan- 
ical operation on the Icabaru River near 
the Brazilian border. This was short 
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lived, for when the present government 
came to power, although not a military 
regime, it confiscated all of the mining 


company’s equipment, which is now 


under military guard. All that remains 
is a diverting barrier in a rushing jungle 
river, a few potholes along the bank 
and rusty cans. A few Indians remain 
living in open shacks, reflecting their 
exposure to the white man who left this 
skeleton of a river-mining village. 

This mining compound is fenced in 
as. posted land. Such claims in the inter- 
ior of Venezuela must be registered 
with the government, although there is 
no land tax in undeveloped areas. A 
permit to mine is granted, and the gov- 
ernment is very particular about recov- 
ery of its strategic mineral resources. In 
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order to take diamonds out of Venezuela 
legally, one is required to fill out a form 
known as a gia and to pay about two 
percent of the value of the rough. Ex- 
traneous other charges increase the final 
tax to about five percent. 

What is the present status of dia- 
mond mining in Venezuela? Most min- 
ing is by prospectors, many having 
found society too confining, some 
Negros and Indians. They find dia- 
monds, but will not recover them in 
your presence. The Indian chief usually 
wears a diamond, as do the prospectors. 
They believe that diamond is a good-luck 
charm. If you ask where they found 
their diamond they will make a wide 
gesture that means “‘out there” toward 
the foreboding river and the wilder- 
ness. It may be safely said that friends 
are more important than money in the 
interior of not only Venezuela, but 
Guyana and Brazil. But both are neces- 
sary! There are some diamond buyers 
who fly into the interior regularly and 
the rough is brought to certain trading 
centers. 

Character of Venezuelan Rough 

Venezuelan rough is often spotted 
with black inclusions ; however, if these 
are eliminated by a skillful marker and 
cutter it produces magnificent stones of 
high color. Clear triangle-shaped crys- 
tals are also common. Beautiful blue 
rough, almost the color of light-blue 
topaz, occasionally occurs. The apple- 
green natural-coated rough, when cut, 
produces fine colorless finished gem- 
stones. There are also small yellows and 
industrial grays. The authoress has been 
told that the Guyana and Venezuelan 
rough have similar characteristics, al- 
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though it has not been her good fortune 
to knowingly examine Guyana rough. 

Venezuela can boast the recovery of 
one of the famous diamonds of the 
world, the Libertador (Liberator), 
weighing 155 carats. It was found in 
1942 in the Gran Sabana and purchased 
by Harry Winston in 1943. It was 
cleaved into two pieces weighing 115 
and 40 carats. These cleavages were 
fashioned into three emerald cuts, 
weighing 39.90, 18.12 and 8.93 carats, 
and a 1.44-carat marquise. It is safe to 
conjecture that since such rough has been 
found in this area, more will eventually 
be recovered. 

To grade diamonds “in the rough’”’ is 
a unique experience. It is here one can 
easily be overcome with diamond fever. 
Handling the crystals only hours out of 
the alluvial mud, you are drawn impul- 
sively to the river. But wait—the waters 
are dangerous, since the anaconda snake 
with its squeezing death grip and the 
razor-tooth man-eating piranha, known 
as the car7b, are present in most waters. 
Also, along the shores lurks the beauti- 
ful but deadly coral snake. It is the 
Indians who know the art of living in 
this land, as is evident when you fly 
over the forested plateau and see areas 
being burned to protect the villages 
from wild animals such as the jaguar 
(the big cat), snakes and the invasion 
of the sawba ant, which destroys crops. 
The Indians live principally on yucca, 
which they cultivate inside their log- 
fenced areas, chicken, wild hog and 
game from the hunt. The juice from a 
citrus fruit is like an oasis in the desert. 
There are no sanitary facilities or roads 
or means of bringing supplies in, other 
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Gem-quality crystal from Venezuela; approxi- 
mately five carats. 


than to a few crude landing strips. 


What is the Future of Venezuela’s 
Interior? 

It is safe to speculate that it will be- 
come a new frontier. The Orinoco Min- 
ing Company has opened a vast iron 
Mine in eastern Venezuela, south of the 
Orinoco. A road is being engineered 
into the mine over mountains never be- 
fore penetrated. There are flights into 
Lake Canaima at the base of Angel 
Falls. The completion of the Guri Dam 
on the Caroni River will generate as 
much power as the Tennessee Valley 
Project; this will change crude mining 
operations in the river system. The 
Catholic Church has a few active mis- 
sions in southern Venezuela near the 
Brazilian border. The Venezuelan gov- 
ernment has an interior roadway system 
planned and an extensive long-term 
land-reclamation program. So much de- 
pends on the stability of the govern- 
ment as to how rapidly this area will be 
developed and its mineral resources re- 
covered. 

Conclusion 

It has been conjectured that the dia- 
mond deposits of South America and 
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those in Africa may be related. One 
school of geologists believes in the Con- 
tiental Drift Theory, since the indenta- 
tion of the western coast of Africa and 
the nose of the eastern coast of Brazil 
appear to fit together like pieces in a 
jig-saw puzzle. If the present theory 
holds that the original source of dia- 
monds is in a volcanic neck, no primary 
sources of diamond in South America 
have been found to date. It has been 
rumored that kimberlite has been found 
in the interior of Brazil. However, no 
such specimens were on display in the 
Bureau of Mines in Rio, as was recently 
acquired secondary-deposit conglomer- 
ate embedded with diamond crystals 
from Mato Grosso. Geologists have 
proven there is a relationship to alluvial 
South American diamond deposits. 

It may not be of any great economic 
importance to find the primary source 
of diamonds in South America but 
merely a satisfaction in knowing the 
geologic answer. However, the main 
problem confronting the prospector is 
locating the rich alluvial deposits. The 
engineers must first cope with nature to 
make this interior habitable for man’s 
own physical existence before he can 
introduce modern mining methods and 
equipment. The findings of the great 
scientific expedition now engaged in the 
Amazon may revolutionize man’s ap- 
proach to probing the interior of these 
South American countries for strategic 
mineral resources. 
(Photographs courtesy Ministry of De- 
velopment, Department of Tourism, 
Caracas, Venezuela. Special thanks to 
Miss Kathie Horan, N. W. Ayer & 
Son, Inc., New York City, for her re- 
search for illustrations.) 
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First Brazilian Diamond Dredge 


by 


Prof. Dr. Almeida Rolff 
Sao Jodo del Rei 
Minas Geraes, Brazil 


Diamonds have been known in 
Brazil for the past two and a half cen- 
turies. From their discovery until the 
ptesent time, all diamond production 
has come from individuals or small 
groups of miners scattered over the 
country. Five major diamond fields are 
known; two in Minas Geraes have been 
wotked since 1725. Some mines in the 
northern field, in the Diamantina area, 
are worked in a pseudomatrix rock—a 
Precambrian conglomerate bed in the 
Minas Series formation. 

In the western field only placer de- 
posits are known, and in this 50,000- 
square-mile area some of the country’s 
largest diamonds have been found. All 
of them were recovered by crude.min- 
ing methods, 

Approximately 10,000 carats of dia- 
monds, some in the 100-carat range, 
have been found in this field without 
finding a true diamond pipe. Some car- 
bonatite’ pipes exist, but no- kimberlite 
pipes are known. 

In October, 1966, the first technically 
advised mining operation was begun 
on the Jequitinhonha River, which 
drains the Diamantina region, or the 
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northern Minas Geraes field. After a 
careful placer-drilling program, with 
more than 600 drill holes bored and 
several experiments made on the te- 
covery of diamonds from the gravels, a 
mining company called Mineracio Ti- 
jucana SA started active work with a 
dredge, called the Chica da Silva 
dredge. This is the first connected-line 
bucket dredge in the world to ever work’ 
a river placer deposit. This river was 
the site of the country’s first diamond 
discovery, in 1725. At that time, of 
course, only India and Borneo were dia- 
mond producers, so one can realize the 
importance of the discovery to Portu- 
gal. It was much later, only a century 
ago, that.the African..fields: were dis- 
covered. But even today, Brazil has 
made no efforts to mechanize or mod- 
ernize its diamond-recovery methods, 
other than the dredge discussed in this 
article. 

Although there are several technical 
problems to be worked out with respect 
to this kind of mining, these difficulties 
are being solved: in partnership with 
two other dredging firms: Pacific Tin 
Dredging Co., which specialized in cas- 
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siterite mining in Malaya, and Draga- 
gem de Ouro SA, a pioneer in gold 
recovery by bucket dredge in Brazil. 
Just one year of work has shown that 
it is possible to recover diamonds as 
small as 40 to 50 to the carat by the use 
of specially developed jigs modified 
from Cleveland jigs used in Malaya. 
On the average, 85% to 95% of all 
stones recovered are of gem grade, but 
no large stones have been found in the 
area since its discovery period, when all 
the large stones were removed, Some 
gold is a by-product of the quest for 
diamonds. ; 
Interesting experiments are made to 
determine diamond values in the placers 
and to ascertain whether conventional 
ore-dressing equipment is effective for 
diamonds. In one test, diamond crystals 
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Front view of the dredge. 


are thrown into a river barren of dia- 
monds and the dredge recovers 95% of 
them. As a rule, diamonds cannot be re- 
covered by drilling a placer, although 
this can be done with gold and other 
heavy minerals. In order to determine if 
standard equipment has a good recovery 
rate, 4-inch-diameter holes are drilled 
and pieces of plastic of the same density 
and size as Brazilian diamonds are put 
in the holes. The recovery rate of the 
equipment from this test is approxi- 
mately 90%. 

After special road studies were made 
from aerial photographs, more than 
3000 tons of heavy equipment was 
hauled in from the United States to a 
point 150 kilometers from the rail head 
without loss or disaster. This was only 
one of many problems solved by this 
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General view of the Chica de Silva dredge. 


pioneer Brazilian diamond-mining 
company. 

The accompanying photographs 
taken by the author show the size and 
other interesting details of the dredge. 
They were made through the courtesy 
of Alexandre Misk, general manager of 
Mineracio Tijucana SA. 

According to the Brazilian Embassy 
Bulletin for July, 1967, it is possible to 
remove 3000 cubic meters of diamond- 
iferous gravels a day, or approximately 
one million tons a year. At a rate of 
0.05 carats per cubic meter, the possible 
production may be on the order of 
50,000 carats a year. The last recorded 
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export of Brazilian diamonds from all 
fields was about 200,000 carats, so the 
new dredge may be responsible for 
259% of next year’s production. The 
importance of the dredge to increasing 
Brazilian diamond production is obvi- 
ous. As divulged by the company, 
another dredge is being moved from 
the United States to assist the Chica da 
Silva with the mining. 

Very small diamonds, 40 or 50 to the 
carat, called ‘mosquito eyes,”’ are being 
cut in Israel. The larger stones are 
fashioned in Brazil. The colors are light 
green, light brown and colorless in 
common crystal forms. 
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Developments and Highlights 
at the 


Gem Trade Lab 
in New York 


by 


Robert Crowningshield 


A New Synthetic Emerald? 

A very fine, slightly bluish-green syn- 
thetic emerald weighing 2.18 carats was 
presented to the Laboratory as a new 
synthetic emerald, but no other infor- 
mation was forthcoming. Its properties 
agreed with those of flux-grown syn- 
thetics: R.I. 1.56-1.565, 8.G. 2.67 and 
strong-red ultraviolet fluorescence. Un- 
der magnification one could see indis- 
tinct, parallel-straight wisps (7gs#re 1) 
and straight striations, which gave every 
appearance of the striations of syn- 
thetic corundum, except for the lack of 
curvature (Figure 2), 

Chrome Tourmaline 

We aré indebted to Mr. Campbell 
Bridges, South African mining geolo- 
gist, for the gift of several fine, dark- 
green tourmalines from Tanzania. The 
presence of chromium was pretty defi- 
nitely established by the absorption 
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spectrum (Figure 3) and by the. fact 
that the stones appeared bright red 
under the emerald filter. It is our under- 
standing that the stones are very limited 
in size: calibre and melee sizes are all 
we have encountered. The first piece 
of jewelry we have seen in which these 
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Figure 2 


stones were used would have posed 
considerable difficulty for a gemologist 
with a loupe only and no prior infor- 
mation that tourmaline occurs in this 
color. The item’ was an opal cluster 
ring with 20 of the very pleasing, 
bright, slightly yellowish-green stones. 
Since the color was not quite an em- 
erald green and the dichroism was not 
distinct, doubts as to their identity can 
be appreciated. Figure 4 illustrates one 


fue 


stone that gave every impression of 
being glass. The facet junctions were 
rounded, a chip beneath one prong 
appeared glassy, and the “polished- 
through” gas bubble all joined in sug- 
gesting glass. (Since the stones were 
small, they were set in such a manner as 
to preclude taking a refractive index.) 
On the basis of the double refraction 
proved by dichroscope and microscope, 
red color under the color filter, and the 
spectroscope, the stones were proved to 
be the new tourmaline but of much bet- 
ter quality than any we have seen to 
date. The “polished-through’”’ bubble 
shown in the photograph is actually an 
exposed hollow tube. Many of the 
stones in this ring were devoid of inclu- 
sions. 


Unusual Garnets 

A lot of 12 peculiarly colored brown- 
ish-purple garnets, reportedly from a 
new locality in India, had the very low 
refractive index of 1.73-1.732 — near 
the theoretical low of pyrope. The spe- 
cific gravity was 3.67 — also near the 
low for pyrope. However, the absorp- 
tion was clearly that of almandite, 
though not strong. 
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Figure 6 


Massive Lazulite 

We are indebted to Mr. Eric Engel, 
Brazilian Trading Company, for a fine 
specimen of rough massive lazulite, 
which he states makes handsome pol- 
ished stones. We have polished one face 
of the stone and confirm the beauty of 
color. Heretofore, we have never had a 
specimen of this form of lazulite and 
find that its properties conform with 
those published: R.I. 1.61-1.64, S.G. 
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Figure 7 


3.07 V +. There was no significant spec- 
trum. 
Faceted Cuprite 
We are pleased to add to our collec- 
tion a 2.05-carat cuprite, a gift from 
Mr. Gerald Boseley, California rare- 
stone dealer. Figure 5 illustrates the 
hairlike inclusions that characterize the 
stone, which was an intense dark red. 
Unusual Crystal Inclusions 
Figure 6 illustrates a Chatham syn- 
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thetic emerald with unusually well-de- 
veloped crystal inclusions. Figure 7 
shows them enlarged, together with 
typical wisplike inclusions. We are in- 
debted to Mr. Lucien Grunzweig, GIA 
student, for allowing us to study and 
photograph the stone. 
Dyed Jadeite 

The first dyed jadeite we encountered 
more than 10 years ago was cut in the 
cabochon form. Later, we began to see 
catved discs and, lately, dyed round 
beads. Recently, we have seen several 
hololith bracelets in which the dye had 
‘either been, accidentally or. purposely, 
irregularly deposited; this caused the 
finished stone to appear much more na- 
tural. One of these bracelets, of which 
Figure 8 is a section, was not only quite 
mottled but the color was considerably 
more realistic than the usual dyed stones 
we see. 

Fancy-Color Rough Diamonds 

Among the more than 20 rough crys- 
tals of colored diamond received re- 
cently as a gift to GIA from Lazare 
Kaplan and Sons were several that had 
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a mottled dark-green ‘skin’ (Figure 9). 
We were especially pleased to have 
these for study with the spectroscope. In 
the stones through which some light 
could be transmitted we saw an intense 
absorption line at 5040 A.U. and a 
weaker line at approximately 4980 A.U. 
Risky Setting Job 

In the last issue of G & G we dis- 
cussed a diamond that had broken be- 
cause of improper seating in the prongs. 
We have become very alert to this po- 
tential source of danger to a stone, and 
were amazed to see a fancy diamond 
with a value in six figures set so that the 
side prongs (the stone was pear shape) 
did not have a seat and the prongs 
barely came over the edge of the stone. 
The arrow in Figure 10 points out the 
most setious prong deficiency. 

Gilson Synthetic Emeralds 

Figures 11 and 12 illustrate two syn- 
thetic emeralds that, by virtue of their 
fluorescence and refractive index, we 
assumed to be manufactured by Gilson 
in France. Both were purchased in 
Thailand as natural emeralds and both. 
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Figure 10 


showed somewhat unusual twinning 
and banding. In fact, the inclusions 
were quite different from those of the 
Gilson stones marketed in the United 
States. 
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Figure 11 


Figure 12 


We have noted in this column before 
that quite acceptable cabochon-quality 
tuby has been found in Brazil, but this 
is the first good-quality blue sapphire 
we have received. 

(continued on page 257) 
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Developments and Highlights 
at the 


Gem Trade Lab 
in Los Angeles 


Richard T. Liddicoat, Jr. 


Blue Zoisite 

During the last two months we've 
been almost deluged by samples of the 
magnificent new blue zoisite. The lat- 
est example was a fantastic 170-carat 
crystal with the most amazing dichro- 
ism. Two of the colors were particularly 
outstanding. Examined through a di- 
chroscope or through one Polaroid 
plate, one direction showed a handsome 
blue reminiscent of the rare faceted 
lazulite, and a 90° direction showed a 
violetish red similar to that of fine ruby. 
We are very anxious to see a cut ex- 
ample, because we are sure it will make 
a fascinating gemstone. Its hardness 
seems to be slightly greater than that of 
the common zoisite we have examined 
in the past. Usually, zoisite is consid- 
ered to be 6 to 614 in hardness, but this 
is just slightly less hard than chalced- 
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ony. With pressure the new material 
will scratch chalcedony but chalcedony 
will scratch it somewhat more easily. 
Although the only stones we have ex- 
amined to date are crystals, we have 
been able to examine and photograph a 
few inclusions. One appeared to be 
either an outline of a triangular-shaped 
negative crystal or two_smaller tubelike 
negative crystals that joined at an angle 
approximating 60°. (Figure 1). The 
other inclusions were opaque hexagonal 
platelets that could possibly be hematite 
(Figure 2). The arrows point to the 
inclusions. 
Assay Button 

We received for identification a 
green-glass button that was assumed by 
the sender to be a meteoric glass. When 
examining it in the polariscope we got 
a very strong anomalous double refrac- 
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Figure 3 


tion, resulting in a cross with very 
strong colors (Figure 3). The cross is 
black and the surrounding, almost- 
square ring is the first ring of color. We 
were familiar with the appearance of 
such a stone and identified it as an assay 
button of green glass. 
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Figure 4 


Transparent Green Grossularite 

Figure 4 shows a very interesting 
strain pattern in a transparent green 
grossularite garnet from Zambia. Its 
properties were: R.I. 1.736, S.G. 3.595, 
unit-cell size 11.85 A. It was sent to us 
by a collector who had bought the stone 
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Figure 5-A 


from Kenneth Parkinson in England, 
who said he had three of the stones. We 
have never before seen transparent 
green grossularite and were very appre- 
ciative of the opportunity to study it. 
Carved Cordierite 

We received for identification two 
large carved objects, said to be pre- 
Colombian, that. could be traced back 
several hundred years within the same 
family (Figures 5a and 56). At first 
glance, one looked to be gray jadeite 
with a slightly mauve portion in one 
area; the other was quite uniformly 
gray. When we got spot refractive 
index readings in the 1.54 area, we 
assumed they were probably quartz, but 
decided to use the X-ray powder camera 
to determine beyond question their ex- 
act nature. We were amazed to learn 
from the X-ray patterns that they were 
not jadeite as they appeared to be, but 
cordierite. Iolite is the name given to 
cordierite when it is transparent and 
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Figure 5-B 


used as a gem, Thus, the slightly violet- 
ish tinge to the one section of one of the 
figurines was not surprising. In all our 
testing of art objects of this kind we 
have never encountered a uniform com- 
position of cordierite, as in this in- 
stance. We wete very interested to 
find it. 
Brown Diamonds 

It would be nice if every item re- 
ported in the New York and Los An- 
geles Laboratory columns contained 
earth-shattering information, but items 
of this kind don’t occur that often. Oc- 
casionally, we see something of interest 
and photograph it with a view to mak- 
ing column material for the next issue. 
We examined a number of brown dia- 
monds recently and saw some rather 
interesting characteristics. In Figure 6, 
polishing scratches can be seen across 
the table on one of the stones that were 
particularly well displayed, merely be- 
cause the background was dark, as one 
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Figure 6 


would expect in a brown diamond. Pol- 
ishing marks of this kind are seen fre- 
quently on colorless or near-colorless 
diamonds, but they don’t show up 
nearly as well. Therefore, we photo- 
gtaphed these to illustrate what -polish- 
ing scratches look like. Figure 7 shows 
a cloud in the heart — a characteristic of 


Figure 8 
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Figure 7 


brown diamonds. 


Odlitic Opal Again 
In the Spring, 1967, issue of G & G 
we mentioned odlitic opal and its slight 
resemblance to the heat-treated black 
opal that is so common today. A short 
time ago we received one for identifica- 
tion and photographed it under high 


Figure 9 
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Figure 10 


magnification, Black spots seen in 
treated opal might easily be confused 
with the tiny brown inclusions we 
found in this odlitic opal. However, in 
the odlitic opal they were spheres rather 
than irregular little black spots and 
were concentrated only in certain areas 
(Figure 8). 

Modern Art and Ancient Amber 

A large piece of transparent yellow- 
brown material that strongly resembled 
amber was tested recently. In the body 
of the fragment was an ant, whole 
except for one leg and a mandible 
(Figure 9). Interestingly enough, the 
material had a refractive index of 1.56 
and a strong plastic odor when touched 
with a hotpoint. It was, we assumed, the 
imitation amber called Amberdan. 

Figure 10 shows an attractive carved 
opal, in which the face is carved from 
an ironstone band in the material, with 
the flowing hair in attractive opal. 

Unusual Materials 

Among the odd stones submitted for 
identification during the past few 
months was a magnificent rhodochro- 
site. It weighed about 5 carats and was 
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Figure 11 


exceptionally beautifully cut. With the 
beautiful color, ideal transparency, good 
proportions and an exceptional polish, 
this stone was very lovely. At the same 
time, we identified a cobaltocalcite that 
had an intesesting agatelike structure. 
At first glance it somewhat resembled 
the curved striae of a Verneuil synthetic 
(Figure 11). 
Hammered Effect on Pearl 

One of the characteristics of natural 
pearls is the so-called hammered effect. 
We have never seen it more strongly in 
evidence than on a large single pearl 
shown in Figure 12, Note the rather 
deep indentations on the surface, similar 
to that of repoussé finish on silver. The 
hammered effect is common, but this 
showed up so well that we photo- 
graphed it. 

Biaxial Tourmaline 

Recently, Chuck Fryer tested a brown 
tourmaline and was surprised to dis- 
cover a slightly biaxial interference fig- 
ure (Figure 13). There was no doubt as 
to the stone’s identity, because he ran an 
X-ray powder analysis on it, but evi- 
dently it was sufficiently strained to 
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Figure 12 


create a slight 2V angle. 
Almost Deposed 

Often we see melee with very large 
tables, but the one pictured in Figure 14 
had almost no crown at all. As is visible 
in the photograph, the table extended 
almost to the girdle. 

Odd Triplet 
We were rather surprised by a buff- 


Figure 13 
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top triplet that consisted of a synthetic 
sapphire cabochon and a base of faceted 
synthetic spinel. 
Unusual Matching 

A pair of pear-shaped diamonds was 
submitted for a quality report. The 
stones, each of which weighed 3.31 
carats, were shaped exactly the same 
and had dimensions almost identical. 
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were 12.37 x 8.92 x 4.87 mm. and the 
other, 12.44 x 8.91 x 4.80 mm. Both 
were VVS, and the color of the two was 
very close. It is very rare to find stones 
of this size in a pear shape with such 
close matching. 
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Book Reviews 


EDELSTEINE (Precious Stones). Published 
by Schifer & Schmidt KG. Friedrichsdorf, 
Germany, 1967. 8" x 111%" format. 62 
pages. Illustrated with 32 color plates. 

Edelsteine was compiled under the aus- 
pices of the gem- and diamond-cutting indus- 
try of Idar-Oberstein, Germany (Verband der 
Edelsteine und Diamantindustrie), under the 
direction of President Konrad Wild and 
Manager Otto Veek. The text was written 
by Dr. Hermann Bank. The photography is 
by Karl Hartmann. 

This book is essentially a collection of 
outstandingly beautiful color photographs of 
both the more commonly encountered and 
the less frequently seen gemstones, as well as 
examples of carved and engraved gems. In 
the great majority of plates the color repro- 
duction is amazingly accurate and leaves 
nothing to be desired. The background is an 
inconspicuous, solidly colored light tone of 
gtay, an excellent neutral color for showing 
gems ‘to best advantage. The plates are ideal 
for framing, if so desired. They have been 
arranged primarily according to the standard 
mineralogical classification; i.e., as to oxides, 
silicates, phosphates, etc. 

As an introduction to the color photo- 
graphs, the first few pages of text discuss 
briefly the historical background of gems, 
cutting and polishing, and the various means 
of classifying gems. Following the 32 plates, 
short paragraphs describe each of the species 
and varieties illustrated on the preceding 
pages. 

Edelsteine will make a valuable and deco- 
rative addition to any gem library. 


JADE, by J. P. Palmer. Published by Spring 
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Books, London, England, 1967. 98 pages. 
Clothbound. Ulustvated with black and white 
and 54 color plates. Price: about $1.80. 

Valued above all other gem materials by 
the Chinese, fought for by the Maoris of 
New Zealand, and offered as gifts to the con- 
quering Spaniards. by the Aztecs of Mexico, 
jade has a long history that spans 4000 years 
and five continents. 

In his book J. P. Palmer, an Assistant 
Keeper at the Fitzwilliam Museum, Cam- 
bridge, England, has provided a concise re- 
view of the fascinating story of jade — the 
gem mineral that provides durability with 
delicacy of color and the appearance of fra- 
gility with impressive strength. In the intro- 
duction, Mr. Palmer describes (too briefly 
and inadequately) the properties of jadeite 
and nephrite, methods of carving, and the 
use of jade in the cultures of various coun- 
tries. Naturally, China assumes an important 
part in the book, but there are also adequate 
sections on Iran, India, New Zealand and 
pre-Colombian America. 

Following 38 pages of text are 54 color 
plates, preceded by six pages of explanatory 
notes on the illustrations. Eight black-and- 
white illustrations in the text include a map 
entitled Jade in Asia. Unfortunately, the 
quality of some of the color plates leaves 
something to be desired. More than 80 works 
of art are shown. The pieces belong to such 
famous institutions as the British Museum, 
the Victoria & Aibert Museum and the Fitz- 
william Museum, as well as to various private 
owners and fanciers of jade. 

One color plate is of a magnificent carving 
of a recumbant water buffalo from the Fitz- 
william Museum, carved in the Yuan or 
Ming dynasty (it is difficult to date a piece 
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such as this, since this period extends from 
1280 to 1644). The buffalo and a black 
horse, also illustrated, are said to have stood 
in a corridor of the Winter Palace in Peking. 
Other pieces illustrated include weapons, 
plaques, animals and birds, fittings to deco- 
rate swords and scabbards, discs, scepters, 
water vessels, ceremonial objects, plates and 
bowls, vases, screens, seals, cups, masks and 
other representations. 

Jade is not a particularly important or 
significant book on this subject (others are 
far more comprehensive), but it is interesting 
for the diversity of objects and their colors 
depicted in the plates. The addition of an 
index would have been useful. 


JEWELRY, by L. Giltray-Nijssen. Published 
by Universe Books, Inc., New York, 1967. 
112 pages. Illustrated with black-and-white 
photographs and line drawings. Price: Cloth- 
bound, $2.75 ; Softbound, $1.95. 

There is little to commend this book, for 
the same general subject — the development, 
history and fashion aspects of jewelry during 
the past 200 years — has been treated much 
more comprehensively elsewhere. However, 
it should prove interesting and enlightening 
for those who have only a casual interest in 
the subject. 

In the first chapter the author discusses 
very briefly and very generally precious 
metals, diamonds and pearls. There is no dis- 
cussion of colored stones. Subsequent chap- 
ters include Court Fashion & Court Jewelry, 
the Empire & Biedermeier Periods, The Vic- 
torian Era and Art Nouveau. This is followed 
by a chapter entitled Yesterday (jewelry from 
1900 to 1939) and one called Today (jewelry 
from 1940 to the present). Further sections 
consider birthstones and zodiacal gems, con- 
cluding with short property tables of gem- 
stones,and a map showing the sources of 
precious metals, diamonds and pearls. Plates 
showing some of the popular styles of cutting 
and line drawings of a few famous diamonds, 
together with a short bibliography, are found 
at the end of the book. 

Jewelry seems to have covered the subject 
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as well as possible in such limited space. 


GEMS, by Mab Wilson. Published by Viking 
Press, Inc., New York City, 1967. 168 pages. 
Clothbound. Illustrated in black and white 
and with 27 color plates. Price: $8.95. 

Gems is an attractive book about gems 
written in a clear-cut, nontechnical style spe- 
cifically for the lay reader. The book is con- 
fined to discussions of the major gemstones, 
emphasizing the romance, history and lore 
surrounding them. 

In the first nine chapters, the author writes 
briefly on such topics as Amulet or Adorn- 
ment?, Curious Lore, Stone Symbols, Art & 
Nature, Beauty, Durability, Rarity, Scarcity, 
Portability and Fashion, The remaining nine- 
teen chapters consider the individual gems. 
Fashion and historical aspects are stressed 
throughout. The color plates are above 
average. Most of the black-and-white illus- 
trations are of kings, queens and other im- 
portant historical figures who could boast 
the ownership of famous and renowned gems. 

Gems contains nothing that has not been 
dealt with in many previous books, but the 
presentation makes effortless, enjoyable read- 
ing. It will no doubt be favorably received. 


THE AUSTRALIAN AMATEUR LAPI- 
DARY, By K. J. Buchester. Published by 
Ure Smith, Sydney, Australia, 1967, 211 
pages. Clothbound. Ulustvated with black- 
and-white photographs and line drawings and 
four color plates. Price: $5.50. 

This is the first major Australian book 
written expressly for the instruction and 
guidance of the amateur lapidary. It follows 
the anthot’s popular Australian Gem-Hunter’s 
Guide, published in 1965, also by Ure Smith. 

The Australian Amateur Lapidary is wtit- 
ten in a clear, easy-to-understand style. It 
introduces the beginning lapidary to all 
phases of this fascinating art, leading him to 
the point where he can cut and polish colored 
gemstones of all kinds. 

The first chapter outlines the history of 
this ancient craft from primeval times to the 
present day. The next three chapters discuss 
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the art itself, the various Australian clubs 
devoted to it, and describe the physical and 
optical properties of gemstones. The remain- 
ing chapters explain everything one needs 
to know about lapidary: the various styles 
and methods of cutting, the machinery and 
tools required and how to use them, gem 
carving, tumbling procedures, sphere making, 
setting up a lapidary workshop, the value of 
rough and cut gem materials, etc. Appendices 
include the weights and measures of gem- 
stones and tables of materials used for cabo- 
chon work, faceting and carving. There is 
also a selected bibliography and a concise 
glossary of terms for quick reference. 

Amateur lapidary is still in its formative 
stages in Australia but its potential is tre- 
mendous, mainly because of the immense 
natural supply of rough gem materials 
throughout the continent. Doubtlessly, this 
absorbing and rewarding hobby will become 
a major pastime in Australia, and the Aus- 
tralian Amateur Lapidary should become the 
recognized guide to the lapidary art in that 
country. 


THE ROCKHOUND’S GUIDE TO NEW 
YORK STATE MINERALS, FOSSILS & 
ARTIFACTS, by William A. Tervo. Pub- 
lished by Exposition-Banner Books, New York 
City, 1967.148 pages. Clothbound. One map. 
Price: $5. 

This book represents the first compilation 
of information for locating the sites of min- 
etals, fossils, rocks and artifacts in New 
York State. The author, a veteran rockhound, 
geologist and hobby-shop owner, lists more 
than 700 localities rich in geological and 
archeological deposits throughout the Em- 
pire State. All of these localities are described 
and pinpointed accurately, county by county, 
in nineteen chapters. However, the addition 
of detailed maps would have implemented 
the written description materially. He gives 
directions on how to get to the deposits, 
what is to be found there, and other perti- 
nent information long needed for a successful 
rock-and-mineral hunt. 

In the book’s introduction the author 
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states, “You are fortunate in your interest in 
New York State. Whether you are a miner- 
alogist, geologist, paleontologist or just a 
looker, New York has a lot to offer. You 
need only to observe; but the trick is to look 
in the right places. This book will direct your 
lookings into specific regions.” 

Mr. Tervo’s book should be welcomed by 
the residents of the state who pursue this 
popular hobby, as well as by- visiting rock- 
hounds. 


PEARLS IN PICTURES, by Jo Mary 
McCormick, Published by Sterling Publish- 
ing Co., Inc., New York City, 1966. 96 pages. 
Clothbound. Ulustrated with black-and-white 
photographs and line drawings. Price: $3.95. 

Pearls in Pictures, one of the Visual In- 
dustry Series, is a useful addition to the 
story of cultured pearls. It purports to cover 
natural and imitation pearls, as well as cul- 
tured pearls, but the only important coverage 
is on cultured pearls. With the exception of 
a few relatively minor errors, the book is 
excellent and the pictures are good, 

This book would make a worthwhile addi- 
tion to any jeweler’s library on the products 
he handles. 


THE STORY OF GEMS AND SEMI- 
PRECIOUS STONES, by Frederick H. 
Pough. Published by Harvey House, Inc., 
Irvington-on-Hudson, New York, 1967. 142 
pages. Clothbound. Ulustrated with black- 
and-white photographs and line drawings 
and color plates. Price: $3.95. 

When a book is written for the novice, as 
this apparently has been, it is certainly at 
least as important for it to be free from 
errors as if it were written for experts. This 
book has more than its share of mistakes. 
The author is a mineralogist, but apparently 
he is somewhat afield in the gem area, judg- 
ing by some of his statements. For example, 
he suggests the use of specific gravity to dis- 
tinguish between red spinel and pyrope gar- 
net. He states that pyrope has an S.G. of 3.5 
and red spinel, 3.6. Actually, the S.G. of 
pyrope is usually in excess of 3.75, so it is 
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greater, rather than less, than that of spinel. 
Although a theoretically pure pyrope would 
have a lower S.G., none has ever been en- 
countered to our knowledge, and the R.I. he 
lists for pyrope is not for the theoretical 
material. 

The behavior of light in the diagram on 
the dust cover is impossible. Although it may 
be excused, perhaps on the basis of artistic 
license on the cover, such an excuse hardly 
applies to its use in the text (on page 37) 
or to the drawing on page 38 where light 
also is illustrated bending incorrectly. 

His choice of glass as illustrative of a 1.55 
RJ. is rather unfortunate, since glass has a 
range from under 1.5 to over 2.0. 

The novice would certainly be misled by 
the ‘statement on page 23 that “Diamond 
cleaves easily in only one direction.” 

Some references to diamond cutting are 
neither accurate nor illuminating. For ex- 
ample, it is stated that after a large diamond 
is cleaved, it is sawed as nearly as possible 
to the rough shape of the finished stone, and 
that “ideally, one-third of a diamond should 
be above the girdle and two-thirds below it.” 

Another statement reads that a diamond 
that has a natural other than on the girdle is 


considered imperfect. : 

There ate 155-+ carats per troy ounce, 
rather than Pough’s stated 183. 

An emerald filter is defined as a piece of 
colored glass! 

In tables that show gem values, ruby, 
emerald and jade are in the very high cate- 
gory (jade low to very high), meaning over 
$1000 per carat, but diamond, alexandrite 
and cat’s-eye ate listed only as high (up to 
$1000 per carat). Although jade is described 
as two minerals, the R.I. range shown is 
1.65-1.68, which is the range for jadeite only. 

Where it is not inaccurate, it is often am- 
biguous or misleading; e.g., ‘ ‘chrysoprase’ 
is green, like jade, but it is a little cloudier 
than jade and slightly more opaque.” 

After a succession of books for the layman 
by Dickinson, Wilson and others, we ex- 
pected more from Dr. Pough. 

The book is not without assets. Some of 
the comments regarding various stones, es- 
pecially historical notes, are very worthwhile. 
The book is probably a useful addition to a 
gemological library. It is, however, disap- 
pointing to find so many unnecessary errors, 
especially in a book intended as an introduc- 
tion to the gem field. 


NEW YORK LAB NOTES 
(continued from page 246) 


We appreciate the gift of a Brazilian 
ruby crystal from Mr. Eric Engel, 
Brazilian Trading Company. 

We wish to thank authors Mab 
Wilson, Gordon Axon and William 
Elder Marcus for autographed copies 
of their most recent books. Mrs. Wil- 
son's is an elaborately illustrated “‘cock- 
tail table” kind of book simply titled 
Gems. Gordon Axon’s book is entitled 
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The Wonderful World of Gems and 
grew out of his love of collecting. Mr. 
Marcus’ book, entitled Seven Precious 
Gems, is a compilation of the separate 
little booklets that the firm of Marcus 
and Company issued to favored custom- 
ers in the ’20s and ’30s. Unfortunately, 
the latest work lacks the superb color 
plates of the originals. 
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The First Two Taaffeites: An Historical Note 


B: W. Anderson 


' The description of the fourth, and by 
far the largest, cut specimen of taaffeite, 
which was given by Richard Liddicoat 
in Gems & Gemology, made interest- 
ing’ reading for one such as myself 
who has been closely concerned with 
the mineral in its earlier history. The 
finding of this ““monster’’ specimen of 
5.34 carats levels the score at two-all, 
as between Britain and America, for the 
recovery of this very rare gemstone. 

It seems important to me that exact 
records of how discoveries are made 
should be secured as soon as possible 
after the event, since these have both a 
dnuman and a scientific interest and are 
all too easily lost forever, to be replaced 
later by apocryphal accounts. And, since 
details of the original discovery of taaf- 
feite are already being not quite accu- 
rately rendered, I am venturing to give 
a summary of the events leading to the 
establishment of the first stone as a new 
mineral twenty-odd years ago, and the 
discovery of the second specimen some 
four years later. 

Count Taaffe (who unfortunately 
died last year) was born in Bohemia in 
1898. He was the only son of the 12th 
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Viscount Taaffe of Corran, Baron of 
Ballymote, County Sligo. He was a keen 
amateur both of gemology and astron- 
omy, and used his considerable knowl- 
edge of gemstones to do a certain 
amount of buying and selling to supple- 
ment a meager income. A resident of 
Dublin, he often went the rounds of 
friendly jewelers in search of interest- 
ing gems, which were occasionally to be 
found in their boxes of oddments. From 
the boxes of one such jeweler, a Mr. 
Robert Dobbie, Taaffe removed some 
hundreds of stones, mostly broken from 
old jewelry over a period of twenty 
years. This search occupied some days 
towards the end of October, 1945, and 
the agreed purchase money for the lot 
was £14. 

Taaffe’s methods of identification 
wete remarkably effective, in view of 
the paucity of his equipment. He had 
no refractometer; refractive-index in- 
formation was, where necessary, 
gleaned from a stone’s relief in a few 
immersion fluids. His main instrument 
was a Bausch and Lomb Greenough 
binocular microscope without a stage, 
giving a magnification of some 21 di- 
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Count Taaffe with the setup he was using 
when he discovered the first taaffeite in 
October, 1945. 


ameters. His first steps, however, to 
which he attached great importance, 
were to clean each stone meticulously 
and then to sort them into groups ac- 
cording to color. On this occasion, the 
taaffeite (as we now call it and that, 
incidentally, is pronounced tarf”-ite) 
was placed in a little box containing 
violet, mauve and lilac stones. Taaffe’s 
habit was to hold each stone in tweezers 
and scrutinize it under the microscope 
from all angles over a sheet of white 
paper, the illumination being from a 
flexible desk lamp with a 100-watt bulb. 
Evidence of double refraction was one 
of the points particularly looked for. 
With the then unknown specimen he 
found that in a certain direction “every 
speck of dust on the back and every 
scratch appeared double, like on a badly 
wobbled snapshot.” Considering that 
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the stone weighed only 1.42 carats and, 
as measured by us later, had a double 
refraction of only 0.004, this argues for 
very acute powers of perception. When 
the stone was immersed in methylene 
iodide, the facet edges nearly disap- 
peared, an effect similar to that seen 
with spinel. The density, also, carried 
out hydrostatically with a balance sus- 
pended by a tassel held by hand, was 
also near that for spinel, the mean of 
ten determinations being 3.62. That the 
stone really was doubly refracting was 
confirmed by observing clear 90° ex- 
tinction between crossed nicols. .No 
wonder that Taaffe was puzzled. On 
November 1, 1945, he posted the stone 
to me at the Laboratory with a covering 
letter: ‘“This time a new riddle: what 
is this mauve stone? It seems to me to 
answer all the characteristics of spinel, 
yet it shows double refraction . . . could 
anomalous double refraction be so 
strong?” 

We, of course, were equally puzzled. 
One does not lightly expect cut gem- 
stones to be new minerals, but the prop- 
erties of this one did not fit anything in 
the literature. Our refractometer 
showed the stone to have a birefrin- 
gence of about 0.004, and it gave a clear 
uniaxial interference figure through the 
table facet. Our density figure corre- 
sponded closely with Taaffe’s, and the 
hardness was near 8. Further, the weak 
absorption bands seen were very simi- 
lar to those observed in spinel of similar 
color. Preliminary X-ray examination 
by Dr. G. F. Claringbull at the British 
Museum of Natural History confirmed 
that the stone was wot spinel. To enable 
more detailed work to be carried out, 
Count Taaffe courageously gave per- 
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Mission for a small portion to be sawn 
from the culet region. The fragment re- 
moved was lightly crushed in a diamond 
mortar, enabling X-ray powder photo- 
graphs, rotation, and also an oriented 
Laue photograph, to be obtained. The 
data tallied with no mineral on record. 
The stone was found to be hexagonal 
and its symmetry to be that of the rare 
hexagonal trapezohedral class, to which 
previously only “high” quartz had been 
known to belong. From one of the 
chips, a qualitative spectrum analysis 
showed the presence of magnesium, 
aluminum and beryllium. Hitherto no 
known mineral had beryllium and 
magnesium together as essential 
constituents. 

The first operation on the stone had 
reduced its weight from 1.42 to 0.95 
carat. Later, a further sacrifice was re- 
quired for a complete chemical analysis, 
and this reduced the stone (after re- 
faceting and polishing) to its present 
weight of 0.56 carat. Dr. Max Hey, the 
skilled analyst and mineralogist at the 
Museum, had only 12 milligrams at his 
disposal on which to do a preliminary 
analysis and the analysis proper, this 
last being carried out on only 6.16 
milligrams of material. Hey’s figures 
were Al,Oz, 70.0% ; FegOx, 51.9% ; 
MgO, 13.4% ; BeO, 11.0%. 

The final analysis was actually not 
carried out until 1951, and in this in- 
terval the Laboratory and Museurn staff 
were keenly on the lookout for farther 


e w 
No. 1 1.7182 1.7230 
No, 2 1.7167 1.7208 
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specimens of the new mineral, attention 
being directed particularly to parcels of 
mauve spinels, among which it could so 
easily remain unnoticed. Nearly four 
years were to pass before success came, 
the happy discoverer being my colleague, 
C, J. Payne. He was working alone and 
rather late on an interesting collection 
of 104 stones (mostly from Ceylon): 
that had been sent in by a dealer for a 
routine test. This contained a number 
of green sapphires and pale spinels and 
one kornerupine, which served as a cur- 
tain raiser for the taaffeite No. 2 and 
that eventually turned up as a pale- 
mauve stone weighing only 0.86 carat, 
showing refractive indices near 1.72, a 
small double refraction, and a uniaxial 
interference figure. 

Robert Webster and I were at a 
Gemological Exhibition at Goldsmiths’ 
Hall in the city and it was there that 
Payne phoned me, in great excitement, 
at his discovery. There followed some 
tantalizing bargaining with the dealer 
before I could “land” this truly precious 
stone, together with the kornerupine 
(acting as a stalking horse) for a sum 
of twenty pounds. The identity of this 
second stone was confirmed by taking 
a randomly oriented rotation photo- 
graph through the tip of the pavilion, 
and superimposing it on the powder 
photograph of Taaffe’s stone. 

For the record, accurate data for the 
two specimens are as follows: 


w-e d H 
0.00475 3.613 8 
0.00412 3.60 8 
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The dispersion of the original stone 
was found to be 0.019 fér the B - G 
range, comparing closely with the 
0.0206 for spinel. Two weak absorp- 
tion bands in the green at 5530 A.U. 
and 5580 A.U. are very near to those 
in blue spinel; also feeble bands in the 
blue at 4750 and 4600 A.U, A narrow 
and fairly strong band in the near ultra- 
violet at 3820 A.U. was recorded pho- 
togtraphically in taaffeite but is missing 
in spinel. Both minerals show a green 
fluorescence under X-rays. 

The original taaffeite remained in 
the Count’s possession until his death, 
since he was naturally loath to part with 
the stone, unless for a substantial sum 
in the £1000 region. Following Taaffe’s 
death in 1967, his collection of gem- 
stones (mostly rather small in size) 
was purchased by Mr. R. K. Mitchell, 
and this included taaffeite No. 1. Taaf- 
feite No. 2 is now appropriately in the 
collection at the Natural History Mu- 
seum, South Kensington, London, 
where all the definitive work enabling 
the new mineral to be established was 
so skillfully carried out. 

A paper on taaffeite was eventually 
read before the Mineralogical Society 
on June 7th, 1951, and published in the 
December issue of the Mineralogical 
Magazine. Preliminary notes had ap- 
peared earlier in the year in Nature, 
The Gemmologist and the Journal of 
Gemmology. Thereafter, the hunt for 
further specimens was worldwide 
among keen gemologists, yet it was not 
until Christmas Eve, 1957, that the first 
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U.S.A. success came at the capable 
hands of Robert Crowningshield in the 
New York Laboratory of the GIA. 

The original home of the four cut 
taaffeites so far recovered remains un- 
certain, though personally I have no 
doubt that they came from the gem 
gravels of Ceylon. Crystals of the min- 
eral up to 1 cm. in length, but not of 
gem quality, have been found in the 
Hunnan Province of China (1963), and 
are to be seen in the Mineralogical Mu- 
seum of the Academy of Sciences in 
Moscow. Mote recently, tiny transpar- 
ent green crystals of what was thought 
to be a new mineral were found by 
Prof. A. F. Wilson and a research stu- 
dent from Queensland University in the 
Musgrave Ranges of Central Australia. 
Analysis of this material showed close 
similarity to taaffeite, but the X-ray 
patterns revealed threefold in place of 
sixfold symmetry. Patient work on the 
problem by Dr. I. M. Threadgold of 
Sydney University, however, has estab- 
lished that these Australian crystals are, 
in fact, a “‘polytype” of taaffeite, in 
which nine subcells, in place of four, 
make up the unit cell. 

Count Taaffe was something of an 
eccentric, and not a very easy man to 
know. To me he was a good friend, and 
I respected him greatly as a dedicated 
and skilled gemologist. I am proud to 
have been a link in the chain that estab- 
lished his small and insignificant gem- 
stone as one of the most interesting 
minerals known to science. 
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The Optics of 
Brilliant-Cut Diamonds 


by 


W. R. Eulitz 


Editor’s Note: Dr. W. R. Eulitz, a 
noted physicist and mathematician is a 
part of the United States space team at 
Huntsville, Alabama, that is led by Dr. 
Werner Von Braun. Dr. Eulitz's study 
of gemology is a hobby. The propor- 
tions of the round brilliant fascinated 
him and led into the extensive research 
that culminated in this paper. 

The introduction of the triple-cut 
diamond by Peruzzi a few centuries ago 
caused a sensation in the diamond-cut- 
ting industry. The fashionable language 
of those days, French, called the appear- 
ance of Peruzzi diamonds “brilliant,” 
which means excellent, superb, splen- 
did, magnificent. Later, this attribute 
typified the stone itself: a diamond cut 
in Peruzzi style was simply a “‘brilliant.” 

The brilliant of today is, in principle, 
the same as the Peruzzi brilliant, with 
the only difference being that the 
squared format of the girdle has been 
rounded and the angles between the 
facets have been modified. The basic 
centro-symmetric design, crown and 
pavilion fashioned with a total of 58 
facets, did not change. 

During the centuries, the cutting in- 
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dustry learned by experience that the 
beautiful effect of a brilliant depends 
primarily on the inclination of the main 
facets (bezels and pavilion) to the 
girdle plane. The optimum angles, how- 
ever, remained a puzzle. And even to- 
day, there is no general agreement about 
the proper angles. Commonly, it is con- 
sidered a delicate art to cut the stone 
in such a way that the result is optimum 
beauty. 

During the first three decades of this 
century, attempts have been made to 
calculate the proper proportions for the 
brilliant-cut diamond, But all these cal- 
culations did not provide any more 
brilliancy than a few practitioners ob- 
tained by intuition. Results obtained by 
different authors disagreed, partially 
because they judged brilliancy by differ- 
ent standards. 

In 1919, Marcel Tolkowsky pub- 
lished a book, Diamond Design (out 
of print). By trial-and-error calcula- 
tions, considering the critical angle as 
the limit for refraction and reflection, 
Tolkowsky arrived at proportions that 
are very close to what is supposed to-be 
the perfect brilliant cut by long-experi- 
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enced diamond cutters striving for max- 
imum beauty, rather than maximum 
weight retention. His figures are ac- 
cepted in this country by the GIA as 
the standard proportions of a perfect 
brilliant. They are, with the other sug- 
gestions in parenthesis for comparison: 
pavilion angle @ = 40.75 * (40.8) ; 
crown angle, @ = 34.5° (33.2) ; table 
diameter, 53% (56%) ; pavilion 
height, 43.1% (43.2%); crown 
height, 16.2% (14.4%) ; total depth, 
60.3% (58.6%). Actually, all these 
figures vary widely, because almost 
every cutter claims his products are the 
ultimate of the art. This widespread 
disagreement stimulated a new study of 
the problem from another point of 
view. 

It is well known that the beautiful 
appearance of a brilliant is the result of 
a special effect of light, or, more pre- 
cisely, it is a combination of the quan- 
tity and quality of light reflected by the 
stone, A brilliant is irradiated in any 
imaginable direction from the outside 
and these light rays can enter the stone 
through the table as the main “‘win- 
dow.” It also is well known that all 
these rays change their direction when 
enteting the stone: they are refracted. 

So far, there is no particular phenom- 
enon, because light penetrates a great 
number of materials and is thereby 
refracted. What the appearance of a 
brilliant-cut stone, especially diamond, 
makes so outstanding depends primar- 
ily on the form in which the stone is 
cut and in a secondary respect, on the 
high refractive index of diamond. A 
diamond cut as a flat plate with two 
parallel planes would never have the 
effect of a brilliant, although the high 
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refractive index exists. 

Hence, the primary question is: what 
happens to the collected light inside the 
stone? What are the prerequisites for 
light rays to be reflected to the outside 
in the direction to the observer? Are 
there any general rules that govern such 
an optical system, and, if so, can such 
rules serve to tell the degree of bril- 
liancy of a stone from its external 
shape? 

To discern this, we will, in the first 
place, consider the paths of light rays 
inside the stone and, subsequently, the 
effect toward the outside. For better 
understanding, the important symbols 
used in the following discussion may 
be explained beforehand. 

All angles are symbolized by Greek 
letters (Figures 1): «= pavilion angle, 
8 = ctown angle, a, = angle between 
the pavilion facets at the culet. These 
angles characterize the given brilliant 
cut; they are, of course, supposed to be 
constant for an individual stone. Angle 
@ indicates the refractive angle at the 
table, whereby @,, (index 1) stands 
for the refractive angle at the left’ half 
of the diagram, while @, (index 2) 
tefers to the refractive angles at the 
right side. The angles of reflection at 
the pavilion facets are designated 8 
with indices of respective meaning. 

The angles are always measured be- 
tween the ray and the normal to the 
facet, not to the facet itself. The nor- 
mals (lines vertical to the facet) are 
designated NT for the table, NP for 
the pavilion facets, and NB for the 
bezel facets. 

In the first step of our investigation, 
we neglect the bezel facets and illus- 
trate the profile of the stone by a simple 
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Figure 1 


triangle PQR, as shown in Figure 1. 

Suppose a ray from outside enters the 
table at point A and is going to point B 
at the pavilion facet. Then, @, is the 
réfractive angle at the table, and 8, is 
the angle of incidence at the pavilion 
facet. The law of reflection requires 
that the angle of reflection is equal to 
the angle of incidence. Thus, the ray is 
reflected with angle 8, to the opposite 
pavilion facet at point C, being incident 
with angle 85. With the same angle So, 
the ray is reflected back to the table en- 
tering with angle @, in point D. This 
incident angle @, actually, is the re- 
fractive angle for the ray leaving the 
stone to the outside. 

Each of the three steps of the ray 
forms three triangles with the corners 
of the profile, triangles ABP, BCQ and 
CDR. The sum of the three angles 
within each triangle is 180 degrees. The 
angles of the normals to the facets are, 
of course, 90 degrees. Thus, consider- 
ing triangle ABP, the angle inside the 
triangle at A is (90 — @,), and the 
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angle at B is (90 — 8,). The total sum 
of all angles within triangle ABP is 
now: 


a + (90 — G1) + (90 —84) 


= 180° 
or C= Os + 84 (1a) 
or 89 ==(qsa= O, (1b) 


The same situation exists for the other 
two triangles. In triangle CDR, we 
have 


a + (90 ~Gz) + (90 —83) 
= 180° 
or a = Go + 8o (2a) 
or 82 =at Ge (2b) 
Triangle BCQ provides 
a + (90 — 8,) + (90 — 84) 
== 180° 
or a =8, + 85 (3a) 
The correlation between and in triangle 
PQR is 
a t2a= 180° 
or @ = 180—2a (3b) 
Substituting (3b) into (3a) 
Sunda See—=4180 = Bp, (3c) 


combining (1b) and (2b) 
81 + 82 = 2a — OG, —De 
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Figure 2 


substituting (3¢) for( ) (81 + 8) 
180 — 2a = 2a — GB, —@Be 
and rearranging, we finally obtain 
O, + OB. = 4a — 180° (4a) 
This means the sum of the angles 
at the table (incident refractive angle 
plus exit refractive angle) of any ray 
inside the stone that is reflected by the 
pavilion facets is constant and depends 
only on the size of the pavilion angle a. 
The two angles (9, + @.) combine 
behind the culet to one angle, Do, 
which is a characteristic angle of the 
cut, and which is the same for all rays 
reflected inside the stone, as demon- 
strated in Figure 3. Equation (4a) can 
now be written: 
Bo — 0, + Do = 4e — 180° (4b) 
We conclude from equation (4b) 
that Oo is zero if @ — 45°. In this case, 
@, and @, are always equal but they 
have opposite sign. This means if the 
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pavilion angle is 45°, all rays leaving 
the stone are parallel to the originating 
incident rays. For « smaller than 45°, 
@, becomes negative; and for « larger 
than 45°, Oo is positive. This inversion 
of sign is possible for the components 
of Bo also; i.c., O, and Oo. Recalling 
equations (1b) and (2b), we find that 

* the angle of reflection at the pavilion 
8, = a and 8, = a, if O, or Do is 
zeto, respectively. If 8, or 8, is smaller 
than a, then, @, or Og is positive; if 
one of the two angles, §, or 89, is 
larger than a, O or Dy is negative. For 
@, or Be equal to zero, the rays coin- 
cide with the normal. 

The three typical cases are illustrated 
in Figure 2, where only the left corner 
of Figure 1 is plotted. Positive Q, is 
outside the corresponding triangle 
ABP; negative @, is inside the triangle 
AB,P. 
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d Figure 3 


Incorporating now the crown angle 
B, Figure 4, it is evident that this angle 
has no influence on the angle @p at all. 
We can readily read from Figure 4 that 
the refractive angle @1, at the bezel 
facet has a very simple correlation to 
the corresponding angle @, at the table. 
It is, 

O1, —B =O, 
and if we add the angle @, for the in- 
cident ray to both sides of the equation, 
we obtain 
0, + Og — 8B =O, + G2 = Do 
(5a) 

Referring to equation (4b), we ac- 
cordingly combine the two angles, Q, 
and @, of the ray to one angle O19, 
and equation (5a) becomes 

G1) —B =O, + Og —B=Do 

(5b) 

The two components (G0, + M2) 
and (@, + @1,), of each of the total 
angles, @ and Oty are of fundariiental 
importance. One of them characterizes 
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the refractive angle of the incident ray ; 
the other one characterizes that of the 
departing ray. In the following, we will 
consider the angle with index 1 as that 
of the incident ray, the other one with 
index 2 is for the departing ray. The 
latter is of primary interest because the 
departing (reflected) ray makes the ap- 
pearance of the brilliant. We question 
now, which rays collected inside the 
stone (angles @,) can be reflected to 
the outside (angles @.) for a given 
brilliant cut, or, what is the angular 
margin (maximum and minimum) for 
rays departing from the table and from 
the bezel facets. 

This means with reference to the 
formulae derived above, we have to 
find a correlation between the two re- 
fractive angles, @, and Og, and the 
angles a and 8, which characterize the 
geometric-optical quality of the cut. 
Then, the correlation has to be resolved 
for the exit refractive angle @g. In other 
words, the problem is: which of all 
possible rays that enter the stone with 
refractive angle @, return to the table 
or bezel facet under such an angle Oy 
that they can escape to the outside with- 
out being totally reflected to the inside 
of the stone? 

We recall equation (4b), which 
states 

0, + Bo= 4a — 180° = @p 
and from equation (5a) we have 
0, + G1,=G) +B 
= 4q + B -—— 180° 

The first of the two equations refers 
by definition to table reflections, the 
second one to bezel reflections. For an 
angle of @ — 0°, the second equation 
is identical with the first ‘one. Thus, the 
first equation can be considered a spe- 
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Figure 4 


cial case of the other equation; and 6 
has the general meaning of the inclina- 
tion angle, with reference to the girdle 
plane, of any facet (also star and upper- 
gitdle facets), which is met by a ray 
from inside the stone. For a ray striking 
the table from inside, B is zero. 

From this point of view, the left sides 
of the two equations above can be con- 
sidered equal, and the two equations 
can be combined to one generally valid 
equation: 

@, + Go = 4a + B — 180° 
Resolving for Oo: 

O» = 4a + B- 180° —O, (6) 
This is the final equation that describes 
completely and sufficiently the reflecting 
properties of a brilliant-cut diamond on 
the ground of the design angles a and 
8. For this reason, equation (6) may 
be designated the brilliant equation. 

To discern the angular margin of all 
rays O», which can leave a stone of de- 
sign (@, @) after internal reflection, it 
is important to know which rays can 
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enter the stone, or, what is the possible 
maximum and minimum for the enter- 
ing tay @,. As a matter of fact, Oy 
cannot be larger than the critical angle 
O.. = 24.5° for diamond. Thus, @, 
can, at first sight, vary within the inter- 
val + 24.5 < @, > —24.5.(the sym- 
bol < means smaller or equal to; > 
means larger or equal to). The same, 
obviously, applies to ray Oy. If ray Do 
is supposed to leave the stone, it has to 
strike the facet from inside the stone 
within the same interval + 24.5 < 
> —24.5. The transition of light at 
the crown from inside the stone to the 
outside is possible only if Oy is smaller 
than the critical angle. 

On the other hand, all light striking 
the pavilion facets has to be totally re- 
flected by the pavilion facets. This 
means, angle § in equation (1a) has 
to be larger than the critical angle, so 
that the minimum limit for 8, is: 
8, = Der = 24.5°. This limit substi- 
tuted in equation (1a) gives: 


é= Oy ae Der 
and for Oy: 

O, ee aad Ber 
Since (a — @,.,) is always positive, 
angle @ can actually vary only within 
an interval (2 — O.,) < @ > —Ger 
in order to warrant total reflection at the 
pavilion and finally, departure through 
the crown to the outside. 

For a brilliant cut with, say @ = 35° 
and @ — 34°, the maximum for @ 
will be: @, = a —@,, = 35 — 24.5 
= +410.5°. This substituted into the 
brilliant equation (6) gives for table 
reflection (8 — 0°): @, = —50.5°, 
which exceeds the critical angle for Oy. 
The ray will certainly be reflected by 
the pavilion (no leakage on this part), 
but it will not go through the table 
facet to the outside: it is totally re- 
flected ‘back into the stone. Since the 
lower limit for Og = — 24,5, it fol- 
lows from equation (6) that only rays 
that enter with maximum @, = —15.5 


(—245 = 4% 35 + 0 — 180 — 
@,) can be reflected by the table. The 


other limit, minimum O, — — 24.5, 
provides @, — —15.5°. Thus, table re- 
flection for a stone with @ = 35° is 


possible only for rays that enter the 
stone with a refractive angle between 
*— 15.5 and — 24.5", which, after inter- 
nal reflection, strike the table from in- 
side with angles O between — 24.5 
and —15.5, respectively. All other rays 
ate totally reflected inside the stone or 
leak through the pavilion. 

In a similar way, it follows for table- 
to-bezel reflection: @. = 4a + B — 
180 — @, = 4a + B — 180 — 
(a — O,,) = —16.5°. This maximum 
of @,, («2 — By) = +10.5, gives 
the minimum of —16.5° for @, (nega- 
tive sign). The minimum for @, is 
QO, = —24.5°. In this case, Oy results 
to: Go = +18.5. So, we have for this 
particular brilliant cut the following 
limitations: 


; Incident ray 
Type of reflection 
max, 
Table to Table —15.5 
Table to Bezel Facet + 10.5 


With these figures the limitations for 
the ray departing the stone can be cal- 
culated by means of the sine law of 
refraction (sin 89 = n.sin @.) where 
dy is the resultant angle for the direc- 
tion of a ray outside the stone, which 
is originated by a ray striking the facet 
from inside with an angle Oy. The let- 
ter “‘n” stands for the refractive index 
of diamond, which is n — 2.41, The 
angles By are given in parenthesis for 
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(G1) Departing ray (D2) 
min. max. min. 
—24.5 —15.5 (40) —24,5 (90) 
=945 4+18.5 (50) —16.5 (43) 


angles @, in the table above. 

This calculation has been done for 
three different brilliant designs with 
a — 35°, 41° and 48°. The crown angle 
has been assumed the same in all three 
cases: 8 = 34°. The effect of possible 
reflection from each stone has been 
plotted in Figure 5. 

The result, certainly, is very interest- 
ing. Frgure 5a illustrates a typical fish- 
eye effect with the center of the stone 
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appearing dark, The stone is too flat and 
the pavilion angle a is too small. The 
other extreme (a — 48°), (Figure 5c), 
with the pavilion angle too large, shows 
a concentration of the reflected rays, 
particularly from the bezels toward the 
center. The bezel reflection in this case 
is very poor; the stone has no fire. It is 
easy to conceive that the effects of all 
other cuts must be between the two 
extremes. Obviously, the most effective 
cut is represented by Figure 5b, where 
all radiation comes out of the stone in 
a sparkling way directed substantially 
toward the observer. 

The transition from the brilliant cut 
in Figure 5c to that of Figure 5a ap- 
pears like the unfolding of a rose blos- 
som. In Figure 5¢ the “rose” is still 
closed ; we have the “rose bud.” Such a 
“bud” certainly has some attractive fea- 
tutes, but we have the impression it is 
not complete yet; we expect the full 
beauty of the unfolded ‘‘blossom.” This 
is what we have in Figure 5b, the beau- 
tifully “blossomed rose.” Then, the 
“rose” is fading away (Figure 5a), 
many “‘leaves’’ are lost, and the attrac- 
tive beauty is gone. With this compari- 
son in mind, the importance of the 
main angles of a brilliant-cut diamond 
should be evident. 

The basic design of a brilliant and 
its resultant effect, which has been dis- 
cussed here, is, of course, modified by 
the addition of star facets and upper- 
and lower-girdle facets. All these addi- 
tional facets also obey the brilliant law, 
equation (6). The star facets represent 
bezels with a smaller @ - angle, thus 
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providing more white-light reflection. 
The upper-girdle facets with a larger B 
add more fire to the stone-and the lower- 
girdle facets represent additional pavil- 
ion facets with a modified pavilion 
angle, thus enhancing the variability of 
possible reflections. The effect of each 
variation, and thus the total effect of a 
brilliant-cut diamond comprising all 
types of facets, can be calculated with 
the brilliant equation and plotted in a 
similar way, as Figure 5. 

It can be shown that the application 
of the brilliant law is not restricted to 
diamond alone; it can be applied to all 
other transparent gemstones, even to 
glass and plastics. This law is of general 
validity, and what we call the degree of 
brilliancy of a gemstone can also be de- 
rived from the brilliant law. 

In any case, it should be kept in mind 
that the brilliant cut of a diamond, ac- 
tually, is a special optical device like a 
prism, a'lens, a reflector, or a combina- 
tion of them. The effect of all such de- 
vices is the consequence of strict natural 
laws. There is no mystery behind it. The 
art of cutting brilliants is not based 
upon a magic formula that is kept a se- 
cret by the cutter. It depends on the 
individual skill of the cutter to know 
the natural laws that govern the optical 
system he is creating, the brilliant, and 
to approach them to an optimum. 

To clarify the physical principles that 
determine the effect of any cut stone is 
the foremost intention of this article. 
What the lens formula is for the lens is 
the brilliant equation for a brilliant-cut 
diamond. 
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Seven Wonders of the 
Soviet Union’s Diamond Fund 


by 


Lev Kolodny 


Seven legendary stones form the 
famous Ursa Major constellation of 
the Soviet Union’s Diamond Fund. 
Underground, where neither the sun 
nor the moon send their rays, one can 
see a rainbow and aurora borealis spar- 
kling with every shade of light: lus- 
trous diamonds — the earth’s stars. 

In depositories that make one think 
of a celestial realm, everything is 1tem- 
ized. The larger luminaries have names ; 
the smaller ones, numbers. The former 
are in the stellar catalogue; the latter in 
the inventory list. Both large and small 
stones form the USSR’s Diamond Fund. 

Being not a specialist, it was for the 
first time that I saw authentic brilliants 
in quantity. But one need not be an ex- 
pert to perceive at once the colorful 
music of the diamond treasure. 

It has been in Moscow for over half 
a century now. Soon after the start of 
World War I, in 1914, it was brought 
there in haste from the Winter Palace. 
From the time of Peter the Great, the 
large coffin with three locks keeping 
“things belonging to the state’ (crown, 
scepter and orb), transformed into 
a fabulous wealth, being carefully 
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guarded in the Winter Palace’s Brilliant 
Room for centuries. Now and again the 
members of the royal family would ap- 
pear at the balls'and masquerades wear- 
ing crowns, diadems and brooches that 
were afterwards put away again, giving 
rise to the Brilliant-Room legends and 
mysteries. 

Legends gave place to scientific de- 
scriptions only after the Revolution had 
taken place and all those in the Winter 
Palace who tried reinstating its former 
rulers had met with defeat. 

In cold Moscow in the spring of 
1922, a commission appointed by the 
Workers’ and Peasants’ Government 
opened the boxes that were brought in 
disorder from Petrograd to Moscow. 
The temperature in the nonheated de- 
pository was five degrees below zero C. 
Fingers that were numb with cold be- 
came alive at the touch of the fiery 
stones: diamonds, emeralds, gold and 
platinum. 

Headed by academician Alexander 
Fersman, the commission’s report after 
four months of work read like a list of 
trophies in a combat message from a 
battlefield: 3 crowns, 9 regalia (chain, 
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Early 19th century, 20-cm. long enamelled gold bracelet inset in pseudo-Gothic style with emeralds 
and world’s largest-known, 25-carat, framed diamond. 


orb, scepter), 23 stars and crosses, total 
weight of diamonds, 25,300 carats. This 
put an end to the mystery of the Bril- 
liant Room and opened up the history 
of the Soviet Union’s Diamond Fund. 

The largest diamond weighs 196 
carats. The smallest ones are light 
enough to be moved by a man’s 
breathing. 

There in the depository of the Soviet 
Union’s Diamond Fund are the seven 
wonders, They are not very impressive 
in size: all seven can be held in ‘the 
palm. 

The Orlov, a magnificent gem born 
in India. It weighs 196 carats. The 
weight was taken in 1914 quite by 
chance when it had fallen out of its 
brilliant setting at the top of the scepter. 

The Orlov was found in Golconda 
350 years ago. Its cold transparent fac- 
ets retain nobody’s traces, except that of 
a skillful craftsman who shaped the 
stone into .a tall rose with hexahedral 
honeycomb edges. 

Originally, the diamond was named 


273 


after the ruler The Great Mogul. Its 
light instilled fear, as if emanating 
from the throne. 

Renamed, it became known as the 
Sea of Light, in contrast to a similar 
diamond, Mountain of Light. Both 
wete shining in the throne of the Per- 
sian, Nadir Shah, who had taken con- 
trol of Delhi and The Great Mogul, 
but not for long. Captured by British- 
ers, the Mountain of Light was recut 
so as to lose its original shape, while 
the Sea of Light was deposited by the 
tradesmen into steel-clad vaults in Am- 
sterdam, from whence an Armenian 
merchant, Lazarev, sold it for 400,000 
rubles to Count Orlov. Since then, about 
1773, the gem has been called after 
him. 

The Shah Diamond was paid for in 
blood. A lustrous and elongated octa- 
hedron, it was apparently found, like 
the Orlov, in Golconda four hundred 
years ago. Originally, it was in the pos- 
session of the ruler of India’s province 
Ahmednagar. It is no legend: The Shah 
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A brooch of gold, silver, sapphire, diamonds and roses. The center Ceylonese 
sapphire is the largest and most beautiful in the world. 


is the only gem with a four-century 
chronology. On its transparent walls 
one can see, without a magnifying glass, 
three minute inscriptions of dates and 
names. The first date is 1591, with the 
name of Ahmednagar’s ruler. The sec- 
ond is 1641. The gem was then already 
in the hands of the Great Mogul. 

The third inscription refers to 1824, 
when the stone was in Persia’s posses- 
sion. In 1829, the Persian shah sent it 
to Petersburg in retribution for his guilt 
in the murder of the Russian ambassa- 
dor Alexander Griboyedov. 

One mote rarity is the Russian Table 
Portrait Diamond. One can see one’s 
own teflection in the flat mirrorlike 
stone. It is measured in square centime- 
ters, rather than carats. The gem’s area 
is 7.5 square centimeters. Its history is 
obscure. The only thing known about 
it is that it must have been found some- 
where in India. It is set in a beautiful 
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gold bracelet. But bracelet or not, it is 
known that no other such large, beauti- 
ful, flat diamond is to be found any- 
where in the world. 

The spinel was mined from the Ba- 
dakhshan mountains or, possibly, from 
Ceylon’s sands. Not a diamond, this 
red-colored gem was known to our an- 
cestors as /al. It mounts the Great 
Crown, which was made by the famous 
18th century jeweler, Posiet. Four thou- 
sand diamonds that form oak leaves, 
crosses and a laurel wreath cover the 
Great Crown on all sides. At its top is 
the red gem. 

Among the great variety of gems 
from the Brilliant Room very few are 
red. But the unique spinel is worthy of 
many. It has no equal. Its weight is 
quite colossal: 412.25 carats. 

They used to refer to the spinel in 
past centuries as ‘‘a lal of no small size 
and of insuperable quality.” In the 20th 
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The Valentina Tereshkova Diamond. 


century it is called “the world’s most 
beautiful spinel.” 

Not-many persons would recognize 
the seemingly modest flat stone for 
what it really is: the mysterious chryso- 
lite, the precious trophy brought from 
Palestine by the Crusaders, the very gem 
that was stored amidst most precious 
things in the Cologne Cathedral. None 
in Europe knew where chrysolite was 
being mined. Only at the turn of the 
century, in 1900, were the forsaken de- 
posits of this stone found in the Red 
Sea on Zeberget Island. As the planet’s 
biggest and purest chrysolite (7.0 cen- 
timeters by 4.7 centimeters) it is an- 
other wonder of the Diamond Fund. 
Pliny wrote that this stone produced by 
nature was superior to all earthly bless- 
ing, its beauty surpassing the fragrance 
of a spring flower, and that no cutter 
should be allowed to touch its virgin 
outlines. | 

Emerald comes from the Western 
Hemisphere, notably from Colombia, 
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The Gornyak Diamond. 


where it was looked upon as an emblem 
of deity put up as temple decoration. 
It was from the ransacked temples that 
the invaders brought these greenish 
stones to Europe. From Europe they 
found their way to the East, to India. 
And in this way also traveled our flat 
square-shaped emerald, which im- 
presses one not so much by its size (136 
carats) as by its beauty of color. The 
scientists noticed some tiny cracks on it. 
But like solar spots, they only set off 
its purity, an evergreen blossoming and 
perennial youth. 

No matter how many centuries pass 
away, the purity and bottomless depth 
of the diamond and emerald will re- 
main in still another gem, the world’s 
biggest sapphire. 

It has absorbed the color of the sky 
and the brilliance of the Indian Ocean 
washing the shores of Ceylon, the is- 
land that produced this gem. It was 
boughta hundred years ago at a London 
auction from a rajah. It is all we know 
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The Cosmos Ring. 


about it. We know nothing about the 
skillful craftsman who cut in it over 
a hundred facets. Stones keep silent. 

In 1967, the Diamond Fund received 
a stone 106 carats in weight. Its name, 
Maria, is in honor of Maria Konenkina, 
who found this Siberian gem in Mirny, 
the center of Soviet diamonds, 

No additions were made to the trea- 
sute on the eve of the October Revolu- 
tion. The last tsarina’s whim brought 
beautiful Russian gems onto the auction 
block. They were -pitilessly sold for a 
total of one million rubles. The tsar 
sold Russian gems. The people added 
new ones to the treasure. 

After the Revolution, mineral ex- 
ploration was stepped up and diamonds 
were found in Siberia. The news be- 
came a sensation and spread all over the 
world, but not with full acceptance. 
“Russian diamonds are not likely to 
find their way to the world market be- 
fore the 21st century... Yakut dia- 
monds lie in absolutely inaccessible 
places. Neither animal nor bird can go 
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as far as these kimberlite pipes in win- 
ter or summer,” prophesied foreign 
specialists. They hada fairly good 
knowledge of Siberia’s geography. But 
they knew neither the Soviet Union nor 
its people. 

Close to the Mir kimberlite pipe, the 
town of Mirny was built in record time F 
and Soviet diamonds streamed riverlike 
from Siberia. 

The diamond river that took root in 
Mirny sent its branches into Moscow 
and enriched the USSR Diamond Fund. 

Along with the Diamond. Fund’s 
seven historic gems, there are hundreds 
and thousands of new precious crystals. 
Virtually mountains of light have been 
erected by the labor of the Soviet peo- 
ple. The kilogram rather than the carat 
is now the appropriate unit for measur- 
ing their weight. To the historic gem 
collection new classics have been added: 
Oktyabrksy, Pionersky, Stroitel and 
Gornyak. The Gornyak is a beautiful 
first-water gem of 44 carats. It alone is 
valued at 100,000 rubles on the world 
diamond market. The ones that have 
“landed” in the storeroom’s coffers are 
Voskhod-2, Valery Bykovsky, Valen- 
lina Tereshkova and many others. 

In the words of academician Fers- 
man, who was appointed to inventory 
the diamonds after the October Revo- 
lution: 

“Such are the Diamond Fund’s dia- 
monds. They defy description. My cur- 
sory and brief enumeration is just a 
pale image of the world’s wealthiest 
collection of wonderful gems . . .” 


Photographs courtesy of 
Soviet Life magazine. 
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Developments and Highlights 
at the 


Gem Trade Lab 
in New York 


Robert Crowningshield 


Blue Zoisite 

We have had the opportunity to ex- 
amine several more of the new blue 
zoisite crystals and fragments described 
in the Fall issue of Gems G Gemology. 
One specimen weighing more than 
1100 carats displayed breathtaking 
pleochroism. The colors were intense 
sapphire blue, an almost ruby red and 
intense greenish yellow. With a Polar- 
oid plate and use of both incandescent 
and fluorescent lighting, it was possible 
to see all the spectral colors. An anony- 
mous donor provided us with four very 
fine fragments from one of which, 
through the good offices of Mr. Allan 
Caplan, we had a flawless, five carat, 
square-antique mixed-cut stone made. 
This stone looks for all the world like a 
fine Ceylon sapphire with only a hint of 
change to purple when viewed in in- 
candescent light — as long as the viewer 
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is looking directly into the stone. It was 
cut with the table at right angles to the 
blue direction (which is also the direc- 
tion of perfect cleavage) . When viewed 
at an angle, a definite purple color is 
seen and the knowledgeable dealer will 
be on guard, since in sapphire the color 
seen at an angle should be a greenish 
blue. We have been told that the cut 
stones profit from a heat treatment that 
diminishes the effects of the yellow- 
green and purple, providing a better 
blue color. To date, we have not proved 
to ourselves the need for heat treatment 
in the cut stone. Other points that will 
have to be determined when thinking 
of this beautiful mineral as a potential 
commercial jewelry stone ate its ulti- 
mate availability, its reaction to wear in 
jewelry, the best shapes and orientation 
for the cut stone, and the range of 
colors it produces, 
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Figure 1 


Lapis-Lazuli Mystery Solved? 

Frequently, the Laboratoty is asked 
to determine if lapis-lazuli articles have 
been dyed. Just as frequently, a swab 
test using fingernail-polish remover 
produces a blue stain on the cotton, in- 
dicating the presence of dye. Recently, 
we tested some beveled tablet ring- 
stones in which this stain was produced 
only when we tested the beveled edge. 
On a hunch, we. immersed the stone in 
acetone and the beveled area became 
frosted. Obviously, a blue wax had been 
used to disguise the lack of polish on 
the bevel. Because the stones wete evi- 
dently immersed in (hot?) wax, other 
porous areas or cracks not on the bevel 
took up some of the color. Since seeing 
these stones, we have noted similar ef- 
fects in round bead necklaces. The wax 
evens out the color in and near the drill 
holes, with adjacent porous or cracked 


SPRING 1968 


Figure 2 


areas also showing some color. We have 
rarely seen lapis in which the overall 
appearance has been improved (unlike 
turquois). 

Speaking of Japis-lazuli, the writer is 
indebted to Mr. Alfred Engel of Bra- 
zilian Trading Company, New York 
City, for specimens of rough lapis and 
the opportunity to examine a large 
original shipment of fine rough. In- 
cluded in the shipment was a strikingly 
beautiful specimen weighing more than 
40 pounds. This piece deserves a mu- 
seum setting or carving at the hands of 
a Donal Hord or other master carver. 

Unusual Diamond Inclusions 

Figure #1 illustrates a most unusual 
fingerprint inclusion in a diamond. By 
itself as an identifying clue, one would 
be tempted to call the stone a natural 
sapphire. Figure #2 is a photograph of 
another diamond in which needlelike 
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Figure 3 


inclusions in three directions remind 
one of those in garnet. Both types of 
inclusions were “firsts” in our experi- 
ence. 
Unusual Identifications 

Two unexpected reactions in other- 
wise easily identified stones tested re- 
cently were a very chrome-rich specimen 
of “Yunnan” jadeite that showed red 
through the color filter when an intense 
incandescent light was passed through 
a thin edge. Ordinarily, a red reaction 
in the filter is indicative of treated jade- 
ite. Another “bad actor” with the color 
filter was a blue synthetic spinel that 
did not show red through the filter. It 
was with several natural stones in an 
old private collection and may represent 
an experimental lot. The absorption 
spectrum, although weak, was normal 
for blue synthetic spinel. 

Reflecting Inclusion 

Figure #3 illustrates a small in- 
cluded crystal in an emerald-cut dia- 
mond in a position precisely right for 
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being reflected in three adjacent facets. 
Occasionally, such reflecting inclusions, 
although small, will cause the stone to 
be graded considerably lower than size 
alone suggests. 
Chrome-Pyrope Garnet 

The largest chrome pyrope — and the 
handsomest we have ever examined — 
weighed 4.27 carats. The refractive in- 
dex was 1.73. It had been submitted to 
the Laboratory as a ‘‘fine ruby,” but the 
identity was doubted by someone who 
had used. an ultraviolet lamp and seen 
no reaction. We have heard of a 
chrome-pyrope gariet weighing more 
than 11 carats that was sold to a private 
collector for $100 a carat 15 years ago. 
It would appear impossible that such a 
stone could have been brought to the 
surface by Arizona ants, the “miners” 
usually given credit for bringing chrome 
pyropes to light. 

Buried Culet 

Figure #4 shows a solitaire engage- 

ment ring of avant garde design in 
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Figure 5 


which the culet of the stone is buried 
in solid metal. The ring supposedly had 
never been worn, being still in a whole- 
saler’s stock. However, a large cleavage 
flake from the culet to the girdle was 
missing, suggesting that such a style 
with the culet buried in the shank 
should be avoided. 

We have identified several items of 
jewelry set with Trapiche emeralds. In 
at least two instances, the owners had 
been advised that their stones were not 
emeralds but dyed chalcedony, or 
“green. onyx.” Figure #5 illustrates a 
2-carat Trapiche in which the mossy or 
foggy texture characteristic of these 
stones is clearly seen. It is surely under- 
standable that a jeweler might mistake 
this appearance for that of chalcedony. 
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Developments and Highlights 
at the 


Gem Trade Lab 
in Los Angeles 


Richard T. Liddicoat, Jr. 


In the period covered by these notes, 
we have seen some exceptionally in- 
teresting stones and substitutes. Either 
because of curiosity or necessity, we 
have resorted to X-ray diffraction on 
‘numerous occasions. 

An Emerald Natural 

A cushion-octagon-cut emerald was 
sent in for testing. During routine ex- 
amination we noted that there was a 
protrusion on one of the girdle facets 
(Figure 1). Examining it under higher 
magnification, we were able to see that 
it was a crystal protruding from what 
had appeared to be a girdle facet. Since 
such a protrusion is not possible on a 
polished facet, this face, of course, had 

#not been polished during the cutting 
operation; otherwise, the protrusion 
would have been removed. The girdle 
facet was actually the remnant of one 
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of the prism faces of the original emer- 
ald crystal. The protrusion was an in- 
clusion that protruded at least one 
millimeter from the face. It was particu- 
larly interesting, because we have never 
encountered this condition in the past. 


Figure T 
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Figure 2 


Figure 4 


Grime Accumulation by Tourmaline 

In one of our display cabinets, there 
was an opening between glass sections 
through which dust and grime could 
pass all too readily. The polarity of tour- 
maline was beautifully evidenced, in 
that most of the faceted stones on dis- 
play picked up an accumulation of 
grimy material on the ends of the emer- 
ald-cut stones (Figure 2). 
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Figure 3 


Figure 5 


Odd Assembled Stones 

During the period since the last re- 
port, we have had a number of rather 
odd assembled stones, one of which was 
a quartz-topped opal doublet. In Figure 
3, the thin opal lower portion is seen 
through the clear quartz cap. Figure 4 
shows the joining plane between the 
high rock-crystal cap and the thin opal 
base. 
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Another doublet was a thin piece of 
treated opal with a glass top (Figure 
5). Actually, this made a rather effec- 
tive assembled stone, but one in which 
the nature of the assembly was quite 
obvious. 

A third unusual assembled stone 
combined two synthetics: synthetic sap- 
phire and synthetic spinel. The top was 
a synthetic-sapphire cabochon and the 
bottom, synthetic spinel. This was some- 
thing unique in our experience and one, 


therefore, worthy of note. 
Taiwan Student 

A very active student, Felix Chang 
in Taipei, Taiwan, has set up a labora- 
tory bench, of which he has sent us 
pictures. Figure 6 shows Mr. Chang sit- 
ting in his chair in front of the new 
laboratory bench. Figure 7 shows a bet- 
ter detail of the laboratory itself. The 
instrument on the right side to the right 
of the GIA Spectroscope Unit is an ul- 
trasonic cleaning unit. Sets of heavy 
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liquids and an overhead magnifier can 
be seen at the left of the photograph. 
GIA A and B charts are mounted on 
the wall behind the Gemolite and heavy 
liquids, above which are models of the 
crystal systems. The Iluminator Polar- 
iscope and Duplex Refractometer are 
between the heavy liquids and the 
Diamondlite, which is sitting high to 
the right of the A and B charts. Below 
the Diamondlite is a sodium lamp; to 
the right of that, the spectroscope and 
ultrasonic units. It certainly appears to 
be a very well arranged and equipped 
laboratory, of which Mr. Chang can 
well be proud. 
Odd Intaglio 

The easy method of distinguishing 
hematite and its substitutes is by the 
nature of the “carving.” If it is actually 
a stamped impression in a piece of 
material that resembles hematite, it 
must be a substitute. Recently, we were 
asked to identify a piece that the sender 
felt was hematite, but the impression on 
the stone did not seem to be carved. The 
“carving” had apparently been done by 
normal methods, but afterwards the im- 
pression had been sandblasted (Figure 
8). The result was something that re- 
sembled a stamped impression more 
than a carving. The carving itself 
looked very grainy; we were startled to 
tealize that the material was actually 
hematite. It had a fractured surface that 
was definitely splintery ; the other prop- 
erties also checked. However, the carv- 
ing itself did not appear to be the 
normal carving in hematite; thus, our 
surprise. 

Bill Culver Has Done It Again 

Our old friend, Graduate Gemolo- 
gist William W. Culver of Monterey, 
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Figure 8 


California, sent us a specimen of a new 
material unlike anything we had en- 
countered before. He called it pink 
benitoite. Since we had never heard of 
benitoite in other than a blue'to nearly 
colorless condition, we were in some 
doubt about it. But we scraped the spec- 
imen with a diamond point, to get a 
good X-ray diffraction photograph and 
to get a small amount of powder ana- 
lyzed. Frgure 9 is the new material and 
Figure 10, a standard benitoite shot. 

At about the same time we were 
working on this, Paul Desautels of the 
U.S. National Museum happened to 
visit us. In the absence of complete data 
at that time, he suggested that we in- 
vestigate the possibility that pabstite, a 
tin-bearing, isostructural analogue of 
benitoite, a mineral described a year 
or two ago in the American Mineralo- 
gist, was a possibility, However, our 
chemical analysis of Culver’s material 
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Figure 9 


Figure 10 


disclosed no tin whatever, and the lines 
(as seen by the two powder photo- 
graphs) show that this is definitely 
benitoite and not a tin-rich isostructural 
material. Thus, Bill Culver has come up 
with another unusual material in his 
prospecting in central California. 
Unusual Glass 

We received a brooch for identifica- 
tion that had several small natural sap- 
phires set in it, but the largest piece was 
an oval cabochon of blue glass. There 
was nothing particularly startling about 
the glass other than its appearance 
under crossed polarized light. The areas 


of anomalous birefringence were con- 
fined to the swirls that could be seen 
looking through the flat back of the 
stone. This is rather well shown in 
Figure 11. 
Benitoite Inclusions 

Student Bus Gray, of the Benitoite 
Mine Co., sent us as a gift a sample of 
a beautiful dark-blue brilliant-cut beni- 
toite from his mine in Fresno County, 
California. In it there were some rather 
unusual inclusions: they resembled 
closely the radiating fibers peculiar to 
demantoid garnet. These are illustrated 
in Figure 12. In addition, Gray sent us 


Figure 1] 


GEMS & GEMOLOGY 


Figure 12 


an emerald-cut, bicolored tourmaline 
that had a fracture between the red and 
green portions. It showed a very inter- 
esting structural condition, in which 
what appeared to be a rhomb was very 
clearly evident in the green end of the 
stone. This proved exceedingly difficult 
to portray in a photograph, but it is 
shown in Figure 13 by the arrows. 
Odd Table Reflection In Diamond 

Figure 14 shows an unusual table re- 
flection in diamond. The reflection is 
the black area in the center, surrounded 
by the very bright area under the table. 
The brightness is caused by the crown 
angles being unusually steep. In this 
stone, the pavilion angle was approxi- 
mately correct, but the crown angles 
were so steep that this odd brightness 
under the table was evident. 

Unusual Gem Materials 

Unusual gem materials seen recently 
included a cat’s-eye that was actually 
andesine-labradorite in composition. 
The eye was quite sharp, as is often 
true with feldspar cat’s-eyes. For our 
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Figure 13 


Figure 14 


display, we bought an 1100-carat quartz 
cat’s-eye and a beautiful 33-carat yellow 
orthoclase in an antique cushion cut. 
One of the unusual items we saw re- 
cently was a jadeite belt buckle, shown 
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Figure 15 


closed in Figure 15 and open in Figure 
16. This was a rather attractive green- 
and-white material, with most of the 
white in the closed area and the green 
in the area that is visible when the 
buckle is in place. We found it a very 
attractive piece. 

We also saw some exceedingly at- 
tractive imperial jade ringstones. In 
addition, we saw a large number of 
dyed pieces that had been confiscated 
by our.Customs Department and were 
imported as natural jadeite, 

Natural Emerald Crystals 

Not long ago we received an unusual 
emerald crystal from our New York 
office with the request that we identify 
the black material that showed a pattern 
somewhat similar to the white Trapiche 
inclusions, but in this case in black. The 
total pattern is shown in Figure 17 and 
a magnification of one of the “arms” 
in Figure 18. We attempted to identify 
only the black material by X-ray, and 
then sent the specimen to the U.S. Na- 
tional Museum for their opinion. Their 
results, as ours, were negative. We all 
concluded that the black material was 
largely organic, but were unable to 
identify it. 

Backyard Treasure 
A man wrote us a letter describing 
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Figure 16 


materials he had found while digging 
a deep hole in his backyard. He wrote 
in such a glowing fashion that we of- 
fered to identify them for him. Most 
of the pieces were glass, but some were 
very interesting because they contained 
large and small crystal inclusions. In 
Figure 19, it can be seen that one of 
the pieces contained bladed white crys- 
tals of rather low relief and patches of 
minute crystals radiating from a center. 
There were also some black bladed crys- 
tals, plus typical gas bubbles (center of 
photograph), as well as the very large 
one at the center top. 
A Fish Story 

We received from a student an al- 
most spherical glass piece that was said 
to have been removed from a fish. It 
was of particular interest, since the ab- 
sorption of light was in the entire area 
from 4200 A.U. to 7000 A.U.; i.e., the 
absorption covered almost the entire 
visible spectrum. Transmission occurred 
only from 4000 A.U. to 4200 A.U. It 
was also partially transparent to X-rays. 
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DIAMONDS IN PICTURES, by George 
Switzer, Ph.D. Published by Sterling Pub- 
lishing Co., Inc., New York City, 1967. 80 
pages. Clothbound. Illustrated with black- 
and-white photographs and line drawings. 
Price: $3.95. 

This is the second book of interest to jew- 
elers to be published by Sterling for its Vis- 
ual Industry Series. (The first, entitled 
Pearls in Pictures, was reviewed in the Win- 
ter, 1967-1968, issue of Gems & Gemology.) 

Dr. Switzer is eminently qualified to write 
a book of this kind. He is a recognized min- 
eral authority and for a time was an in- 
structor at GLA. For many years he has been 
Chairman of the Department of Mineralogy 
at the Smithsonian Institution, Washington, 
D.C. His writing style — lucid, nontechnical 
— is aimed at either the juvenile or novice 
audience, which is in keeping with the pub- 
lishers intention for the Series. 

In the opening paragraphs, the author de- 
scribes the paradoxical qualities of this pre- 
eminent gem: “Diamond is not invincible. 
It will cut any other substance and will re- 
main unaffected by the strongest acids, but 
heat a diamond hot enough and it will dis- 
appear as an invisible gas, carbon dioxide. 
Or, tap it in just the right spot, and it will 
shatter.” 

Succeeding chapters discuss the source and 
occurrence of diamonds, how they are mined, 
method of cutting, how they are marketed, 
and brief stories of a number of famous 
diamonds, including the Hope, Cullinan, Kob- 
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i-Noor and others. In conclusion, the depend- 
ence of industry on diamonds is emphasized, 
pointing out that more than 32 million carats 
of industrial stones were used for this 
purpose in a recent year. The author says, 
“Without diamonds, most machine-age mass- 
production processes would come to a stop, 
just as surely as if their power were shut 
off,” 

One of the outstanding features of the 
book is the many well-chosen illustrations: 
97 black-and-white pictures and line draw- 
ings. We were somewhat disturbed, how- 
ever, since a number of illustrations prepared 
by GIA, on pages 38, 39, 40, and 41, were 
not credited to this organization. But that 
does not detract from the fact that the book 
is well written and illustrated. It is particu- 
larly good in the synthetic-diamond and in- 
dustrial-diamond sections. ; 


AUSTRALIAN ROCKS, MINERALS & 
GEMSTONES, by R. O. Chalmers. Published 
by Angus & Robertson, Sydney, New South 
Wales, Australia. Illustrated with black-and- 
white photographs and line drawings and 8 
color plates. Price: $10.75. 

Australian Rocks, Minerals & Gemstones 
is an authoritative and comprehensive treat- 
ment of the geological occurrences of these 
materials and the localities in which they 
are found. Meteorites and tektites are also 
discussed. It is well illustrated with 34 
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black-and-white photographs of rock and 
mineral specimens, 32 showing the develop- 
ment of Australian mining, and 45 color 
photographs of individual gems and orna- 
mental stones. 

The crystallographic, physical and chemi- 
cal properties of minerals are given, together 
with simple but effective tests for their 
identification. In two chapters, special atten- 
tion is given to the occurrence of gems, 
pearls and ornamental materials. A set of 
crystallographic diagrams is included, and 
a chapter is devoted to the procedure for 
performing field work and how to collect, 
catalog and care for minerals. In addition to 
a complete subject index, a locality index 
provides easy reference to places of geologi- 
cal interest in the text. 

Although primarily a field guide to Aus- 
tralia for the mineralogically minded lay- 
man, serious students should find the book 
an invaluable reference. 

Mr. Chalmers is Curator of Minerals at 
the Australian Museum, Sydney, and Asso- 
ciate of the Sydney Technical College in 
Geology. He is also Chairman of the Board 
of Studies and Examinations and Senior Lec- 
turer to the Gemmological Association of 
Australia. 


EXPLORING & MINING FOR GEMS & 
GOLDIN THE WEST, by Fred J. Rynerson. 


SPRING 1968 


Published by Naturegraph Co., Healdsburg, 
California, 1967. 204 pages. Softbound. II- 
lustrated with black-and-white photographs. 
Price: $3.75. 

This is an interesting and-.often amusing 
account of the experiences of Fred J. Ryner- 
son during his fifty-four years of gem mining, 
prospecting and lapidary work in Southern 
California, The story is concerned primarily 
with the well-known gem deposits—tourma- 
line, spodumene, beryl, etc.of San Diego 
Co., California, and, to a lesser extent, of 
Imperial and Riverside Counties in the same 
state. It will be of more interest to those 
who are already familiar with this famous 
gem-producing area. 

Mr. Rynerson begins the book in 1895, 
when he was thirteen years of age and when 
gem mining was in its early stages in the 
San Diego Co. region. His stories relate the 
discovery of fabulous deposits of kunzite, 
tourmaline, morganite and other gem 
materials, and tells of his experiences as a 
mine owner and cutter of the beautiful 
gems. Much of the early history of the 
mines, many of which are still productive, 
is revealed for the first time. All of the 
stories, according to the author, are true, 
except for the “lost-mine’’ stories he inter- 
jects in the book. 

The author wrote the manuscript before 
his death, after which his wife, Beulah 
Rynerson, arranged to have it published. 
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Operation King Canute 


Reprinted from Optima, December 1967. 


The sign reads “King Canute Road.” 
It stands 20 miles north of Oranjemund 
—the town built in the Namib desert by 
The Consolidated: Diamond Mines of 
South-West Africa—in the midst of an 
atid waste of sand over which nature 
has grown isolated tufts of coarse grass 
and small, hardy shrubs. The track from 
the sign bucks over dune after dune 
until, quite suddenly, it is confronted by 
the sea — a sea that looks deceptively in- 
viting in the sunlight, but that has 
claimed the lives of untold numbers of 
men and ships. For this is the notorious 
Skeleton Coast. - 

There are no wrecks in sight at this 
point of the coast but there are skeletons 
— skeletons of worked-out coffer dams, 
or mining paddocks: some intact, but 
others with their walls torn away or 
slowly crumbling and sliding under the 
sea’s steady and relentless pounding. 
And why ‘King Caiiute Road’’ ? Because 
this road leads to the spot where men 
successfully, although temporarily, 
turned back the tide to recover the most 
sought after gems in the world — 
diamonds. 
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First pointers to the existence of dia- 
monds underneath the sand beaches 
came in 1945. Prospecting parties from 
Consolidated Diamond Mines 
(C.D.M.) were moving farther north- 
wards from Oranjemund, discovering 
and proving the diamond reserves in the 
marine terraces. 

At C.D.M., diamonds are found in a 
layer of gravel covered by a blanket of 
sand that is over 100 feet deep in places. 
Beneath the gravel is solid bedrock, 
pitted with crevices and gulleys in 
which rich pockets of diamonds are 
sometimes found. Geologists are not 
unanimous about the origins of these 
deposits, but a widely held theory is that 
the diamonds were formed in volcanic’ 
pipes or fissures in the hinterland mil- 
lions of years ago. As the top of the pipes 
became weathered and eroded, the dia- 
monds they contained were washed 
down to the sea by ancient rivers and 
concentrated on the beaches by wind 
and wave action. Recession of the sea or 
displacement of the land over many 
centuries caused a series of raised dia- 
mond-bearing beaches, known as ma- 
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rine terraces, to come into being. 

In 1945, prospecting was carried out 
by digging trenches down to the bed- 
rock and analyzing the diamond-bearing 
gravel revealed below the sand over- 
burden. These trenches, about 550 
yards apart, were dug at right angles to 
the coastline and stopped where the 
gtavel petered out. As prospecting op- 
erations moved northwards, this point 
crept closer to the beach. Eventually, 
the time came when the bottom of a 
trench was below the water level and 
operations were stopped because of 
water, although there were indications 
that the gravel continued into the beach. 

The beach area was not prospected at 
that time because operations were con- 
centrated on outlining and proving the 
diamond reserves on land, which were 
so rich that there was no need for the 
company to tackle the beach area and its 
associated problems. But in October, 
1963, De Beers concluded an agreement 
with Mr. S. V. Collins’ Marine Dia- 
mond Corporation with a view to par- 
ticipating in its unique sea-diamond 
venture and the possible integration of 
C.D.M.’s coastal strip — the beach area 
between high- and low-water marks, 
stretching from the mouth of the 
Orange River to Diaz Point — with Ma- 
tine Diamond Corporation’s sea con- 
cession area. De Beers agreed to prospect 
and evaluate both areas. 

The first task-on the beach was to 
establish the contour of the underlying 
bedrock. Obviously, trenches could not 
be cut because they would be flooded by 
the tide. Yet it was essential to all fu- 
ture operations to know the profile of 
the bedrock down to the low-water 
mark, because this would show the most 
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likely diamond-trap areas — the gullies, 
cavities and depressions. 

Another company, called in to help 
solve the problem, was unable to offer 
any solution. There was literally no one 
in the world who could help, or offer 
any know-how, for the simple reason 
that an operation on these lines had 
never before been tried. Indeed, this 


was to apply to all the subsequent beach 
operations and their attendant prob- 


lems. So C.D.M. had to tackle the prob- 
lems alone and, by solving them, it 
became the pioneer in this field —on 
one of the world’s most treacherous 
coastlines and its vicious sea. 

Numerous ideas were put forward as 
to the best means of achieving the 
desired result. Some were discarded, 
others were tried with partial success, but 
eventually it became clear that time and 
mobility were the two main hurdles to 
be overcome: time because the period 
available for checking at the low-water 
mark was very short, and mobility be- 
cause operations had to ebb and flow 
with the tide. 

After much trial and error, the most 
suitable equipment evolved, which is 
still in use today, consisting of a flexible 
hose attached to a one-inch-diameter 
steel pipe. Compressed air was forced 
down the hose and blown through 
nozzles in the pipe. This allowed the 
pipe to worm its way through the over- 
burden — which was found to be 70 
feet deep in some places—until bedrock 
was reached. The depth was then 
recorded. 

Once the profile had been outlined, 
the next task was to sample and evaluate 
all 187 miles of the coastline within the 
concession area, Again, there was, no 
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precedent for such an operation and 
again time and flexibility were the keys 
to success. But fortune and ingenuity 
favored the project, for it was found 
that a French company had designed a 
machine that would twist a 35-inch- 
diameter caisson into the sand and 
underlying gravel and that by means of 
a small grab operating within the cais- 
son, could recover the core for analysis. 
In addition, the drill could “walk” 
from point to point on unconsolidated 
sand beaches by a series of pads. 

Initially, one of these machines was 
bought and, together with ancillary 
equipment such as a bulldozer, a front- 
end loader and a small portable recovery 
plant, it started work in April, 1964. 
Later, another two machines were 
brought into operation. 

Time was again becoming a factor: 
in terms of the agreement with Marine 
Diamond Corporation prospecting work 
on the foreshore had to be completed 
by the end of 1964. Slowly at first, the 
drills and their crews started the mam- 
moth task of drilling three prospecting 
holes — one at the low-water mark, a 
second halfway up the beach and a 
third at the high-water mark — at inter- 
vals of about 2,200 yards. There were 
doubts at first that the program could be 
completed in time, but it was now a 
matter of pride; the crews lived in cara- 
vans alongside their drills, worked day 
and night and, as they became more 
experienced, the tempo of the opera- 
tion quickened. 

Work started in the south, where few 
difficulties were encountered in trans- 
porting the drills and equipment to 
their appointed beach areas. However, 
as the teams moved northwards the ter- 
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rain became more difficult: there were 
isolated sandy coves surrounded by 
steep cliffs, whereas in other places they 
encountered massive dunes of soft, slid- 
ing sand, But pride won the day — 
heavy road-cutting machinery was called 
in that carved roads out of the faces of 
the cliffs. The drills would lumber 
down, complete their work, then move 
on to the next cove. If the machines 
bogged down in the soft sand dunes, 
rubber-tired tractors, crawler tractors 
and ahy other machines available were 
rushed in to help dig, push or pull them 
out, And so it continued until Novem- 
ber 1 when the last hole was sunk, the 
gravel extracted and analyzed and the 
results plotted. 

Thus ended the second phase and, 
with all the results to hand, an evalua- 
tion of the whole area was carried out. 
The samples showed beyond doubt that 
there were diamonds underneath the 
beach sands. In some places they were 
highly concentrated, whereas other 
areas were quite barren. 

On May 18, 1965, De Beets and 
other concerns announced that C.D.M. 
would transfer to Marine Diamond 
Corporation its concession over the 
coastal strip in South-West Africa and 
pay R495,000 in exchange for 29 per- 
cent of Marine Diamond Corporation’s 
issued share capital. In addition, De 
Beers made an interest-free loan of 
R615 million to Marine Diamond Cor- 
poration to finance the estimated capital 
expenditure required for the sea area 
and for the coastal strip, and Anglo 
American Corporation of South Africa 
agreed to become consulting engineers 
for the projects. By subsequent agree- 
ments De. Beers, through C.D.M., ac- 
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quired further direct and indirect 
interests in Marine Diamond Corpora- 
tion, making that Corporation a subsid- 
iary of C.D.M. This Company has now 
leased all the diamond-mining rights of 
Marine Diamond Corporation for the 
next three years. 

Following the May agreement, the 
problem confronting the planners was 
to find the best means of recovering dia- 
monds from the foreshore in payable 
quantities. There was no precedent for 
this operation either, and therefore a 
series of experiments was conducted by 
Anglo American Corporation’s ocean- 
ographic research unit. 

It was accepted, almost from the be- 
ginning, that the beach sands them- 
selves would have to be used to hold 
back the sea, which at times has swells 
30 feet high. At first, simple sand walls 
of varying thicknesses were built at 
various points between the high- and 
low-water marks and parallel with the 
breakers. The time taken to build them 
and the time they withstood the sea’s 
onslaught were recorded. 

During these trials the walls were 
gradually curved back towards the land, 
the corners being either sharply.or shal- 
lowly angled. The effects of wave action 
(erosion, undercutting and scouring) 
were recorded day and night, as well as 
wave heights, wave lengths, ocean drift 
and wind speeds. In time it became 
apparent that the action of the sea was, 
to some extent, diminished by rounding 
the cornets of the walls of a construc- 
tion that, by this time, had developed 
into a small coffer dam, or paddock. It 
was also noted that the front wall of the 
paddock caused waves to rebound and 
this action, in turn, dampened the effect 
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of other oncoming waves. This peculiar- 
ity led to further trials during which 
sand wings were built, These were 
angled out to sea from the paddock’s 
front walls in an effort to encourage the 
dampening action of the waves. 

Having established a fairly good 
shape for the paddocks—their life vary- 
ing between a few hours and a few days, 
depending on their position and state of 
the sea — yet another series of experi- 
ments was conducted. This time canvas 
tarpaulins and sheets of vinyl were used 
to cover the outer walls, the edges being 
anchored and buried in the sand at the 
base of the walls, while the top edges 
wete hung over the inside lips of .the 
walls and weighted. Some of these pad- 
docks lasted for many days, but their 
ultimate fate was always the same: the 
seas scoured away the sands covering 
the anchored edges or seeped under- 
neath, causing the base to erode and a 
consequent sliding of sand within the 
walls, with the result that the tarpaulins 
were ripped and washed away.. The 
breakers then started to demolish the 
walls. 

The next experimental paddocks 
were built on similar lines and canvas 
and vinyl sheeting were again used, but, 
in addition, hundreds of tons of sand 
were dumped on the bottom half of the 
exposed face of the canvas. But no mat- 
ter how quickly sand piled up, the rising 
tides swept it away and then proceeded 
to destroy the canvas and the wall be- 
hind it. Mining did take place in some 
of these experimental paddocks, but 
sometimes their size restricted the ma- 
neuverability of the heavy earthmoving 
machinery that had to be used. 

Efforts were also made to create areas 
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of calm water by the construction of 
groynes extending well below the low- 
water mark. In one such construction, 
two rows of old telegraph poles were 
placed in fairly close proximity and the 
intervening space filled with boulders. 
In another experiment old iron bed- 
steads were used, also with boulders. 

Even a small dredge was tried. Fitted 
with three suction pumps, the dredge 
was floated on small ponds of water to 
remove the sand overburden through a 
dredging head attached to the hoses of 
the pumps. But advancing tides con- 
tinuously swept back more and more 
sand into the areas that had been partly 
cleared. 

Seepage was another problem. Even 
if the sea was not reaching the wall, the 
excavations behind it filled with water 
once they were below sea level. Not 
only did this water hinder overburden 
removal, it also weakened the solid sand 
foundation of the wall, causing the 
sides to collapse. Numerous pumps 
were installed in the excavations to re- 
move the water and, although they kept 
the working area fairly dry, they did not 
stop the walls from sliding. This time 
an invention known as a well point — 
suitably modified by the mine — came 
to the rescue. Consisting of a long per- 
forated steel tube, the well point allows 
water to collect while the sand is ex- 
cluded by means of a very fine screen. 
The tubes are connected to pumps that 
suck up the water and eject it into the 
sea, Whole series of these well points 
were sunk deep into the paddock side 
of the walls at close intervals and effec- 
tively overcame seepage. 

All the experiments met with some 
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measure of success, but when the costs 
of the individual operations were 
studied they proved to be uneconomic. 

Today’s method, which is really con- 
tinuous beach mining, came about al- 
most by accident. The sea had started 
scouring the toe (the point where the 
front wall curved back towards land) 
of a crescent-shaped paddock after rip- 
ping away its canvas covering. Earth- 
moving machinery was brought in to 
reinforce the weak spot. The battle was 
quite a long one, but suddenly it became 
evident that the wall was holding and, 
what was more, it was holding without 
any canvas protection, The men on site 
then realized that in reinforcing the toe 
they had gradually extended the front 
wall and that the side wall had tailed 
away far more gradually than hitherto. 
This set the pattern for the present 
operation. 

Massive scrapers strip most of the 
sand overburden from the top half of 
the beach and use it to build up a con- 
tinuous wall, normally sited about half 
way between the high- and low-water 
marks, with the end swinging in to- 
wards the land. At the beach level these 
walls are about 40 feet thick on the 
average ; some have been almost 100 feet 
thick. If seepage. is encountered, well 
points are sunk and attached to pumps. 
Any remaining overburden is cleared by 
front-end loaders and, if water is found 
above the bedrock, more dewatering 
pumps are started. 

Bulldozers and front-end loaders are 
used to stockpile the diamond-bearing 
gravel exposed, while teams of African 
miners clean out the remaining gullies 

(continued on page 323) 
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A Descriptive Catalog of the 
Drift Diamonds of the 
Great Lakes Region, North America 


by 


Christopher B. Gunn* 


The occurrence of diamonds in the 
glacial drift of North America is a fas- 
cinating curiosity, and the possibility of 
tracing them to an original source of 
sources has long been a vexed question. 
There have been numerous attempts 
since the turn of the century to locate 
the source of the stones, and a number 
of papers speculating on their direc- 
tions of travel and ultimate sources 
have appeared in print (Hobbs, 1899; 
Blatchley, 1902; Bell, 1906; Kunz, 
1931; Smith, 1950; Schwarcz, 1965; 
Gunn, 1967). 

A prerequisite to any mineralogical 
or provenance study must be the posses- 
sion of a-carefully compiled record of 
the reported discoveries, and prove- 
nance hypotheses should take account 
of each and every one of the occurrences, 
which are more numerous than is gen- 
erally supposed. In this respect, the 
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standard published works (e.g., Hobbs, 
1899) are unsatisfactory, inasmuch as 
they have not included all the material 
that was available at the time of publi- 
cation and, of course, they take no ac- 
count of subsequent finds. 

The present writer has been research- 
ing into the problem of provenance for 
several years. The catalog presented 
here is a by-product of this work and it 
is hoped that it will answer the need for 
a convenient reference work, which has 
hitherto been lacking. 

The fact that many of the published 
reports are conflicting (or even contra- 
dictory) has been a serious difficulty in 
compiling this information. The prob- 
lem was tackled by cross checking as far 
as possible and discarding the obvious 
errors. In spite of this, however, there 


*Duncan R. Derry, Ltd., Consulting Geologists, 
Toronto, Ont. 
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remains a residue of doubtful cases. 
Although only the most reliable refer- 
ences are given, even these can be found 
to disagree in some instances, particu- 
larly over the weights of the stones. It 
also is possible that some factual mis- 
takes have been included here through 
their constant repetition in the literature. 

The references attached to each entry 
are not intended to be exhaustive but 
they are, in the writer's opinion, the 
ones that are the most informative and 
important because they contain original 
references, descriptions, or illustrations. 

The catalog is arranged by state and 
by chronological order within the state. 
The numbers correspond to the loca- 
tions on the accompanying map. 


INDIANA 

No. 1. 1863. One stone, 3 carats. 
Greenish, Flawless. Found by Peter 
Davis at Gose (Goss) Creek, Wash- 
ington Township, Morgan County. 
Sold by a Peter Davis to a Mr. Max- 
well of Martinsville, Indiana. This 
is the Maxwell Diamond. Mentioned 
by Cox (1878); Brown (1883); 
Blatchley (1902). 

No. 2. 1878 (or before). One stone, 
4 carats. Found in Brown County. 
Mentioned in Geol. Surv. of Indiana, 
1878, p. 116; Blatchley (1902). 
Possibly the same stone as: one stone, 
4 carats. Found in Brown County by 
gold panner, date unknown. Cut to a 
matched pair of brilliants of 0.87 
carat each. Mentioned by Wade 
(1949). 

No. 3. 1878. One stone, 3 carats. 
Found in drift or stream gravels 
while gold panning in Little Indian 
Creek Valley, near Morgantown, 
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Morgan County. Owned by a Harty 
Craft in 1883, and was cut and set. 
Mentioned by Brown (1883); 
Blatchley (1902) ; Sinkankas (1959). 

No. 4. 1883 (about). Two stones, 
weights unknown. Found by a 
George Tutterow in Lick Creek, 
Brown County, while gold panning. 
One stone was sold to a jeweler 
named Butler in Indianapolis for 
$15, and is said to have been resold 
for $75. Mentioned by Blatchley 
(1902). 

No. 5. 1885 (or before) . Several small 
stones. Found by a John Merriman, 
a gold panner, in Brown County. He 
sent them to New York about 1885, 
where they were certified and tre- 
turned. He then gave them to a Harty 
Craft, an Indianapolis jeweler. They 
were too small to cut. Mentioned by 
Blatchley (1902). 

No. 6. Several years before 1890. 
Two stones, each of two carats. Elon- 
gated hexoctahedra. Locality un- 
known, They were on display in 
1890 in Indianapolis, at the store of 
a Fred N. Herron. Mentioned by 
Blatchley (1902). 

No. 7. 1898. One stone, 1214, carats. 
Silver cape (white, with yellow tinge). 
Oblong dodecahedron. Flawless stone. 
Found in stream gravels while gold 
panning by a W. W. Young, in Lick 
Creek, Brown County, 41/, miles south 
of Morgantown. This is the Young 
Diamond. Tt was seen by W. S. 
Blatchley and is almost certainly 
the stone in the U. S. National Mu- 
seum, Washington, D.C. (in 1935), 
which is cited by Eugene W. Blank 
(1935) as a 1.7-carat stone from 
Brown County. Mentioned by Blatch- 
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ley (1902) ; Blank (1935). 

No. 8. 1885 to 1902. One stone, 545 
carat. Light brownish yellow. Hex- 
octahedron. Found by John Merri- 
man in Lick Creek stream gravels, 
Brown County. In 1902, it was in 
the possession of a Mr. R. L. Royse. 
Mentioned by Blatchley (1902) ; 
Blank (1935). 

No. 9. Also: one stone, 144¢ carat. 
Blue. Rhombic-dodecahedron. Found 
by John Merriman in Gold Creek, 
Morgan County, near the site of the 
Stanley Diamond. In 1902, it was in 
the possession of Mr. R. L. Royse. 
Mentioned by Blatchley (1902) ; 
Blank (1935). 

No. 10. Also: One stone, Y carat. 
Pink. Almond shaped. Hexoctahe- 
dron. Found by John Merriman 
while gold panning in Lick Creek 
stream gravels. Sold to a Charles 
Nordyke. Mentioned by Blatchley 
(1902) ; Blank (1935). 

No. 11. Before 1902. One. stone, 
34, carat. Yellow. Hexoctahedron. 
Found by John Merriman while 
gold panning in stream gravels in 
Lick Creek, Brown County. In 1902, 
it was in the possession of Mr. R. L. 
Royse. Mentioned by Blatchley 
(1902) ; Blank (1935). 

No. 12. 1900 (September). One 
stone, 47% carats. Yellowish-green- 
ish white, with small black spot just 
off center. Rounded octahedron. 
Found by a Calvin Stanley while gold 
shiicing on a branch of Gold Creek, 
Morgan County, three miles west of 
Brooklyn and three miles northwest 
of Centerton. It was taken from 
stream gravels lying on shale at the 
base of a blue-shale cliff. This is 
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known as the Stanley Diamond. Sold 
indirectly to a Charles E. Nordyke 
of Indianapolis. It was cut in Cincin- 
nati into two stones of 114 carats and 
114 carats in 1903. Mentioned by 
Blatchley (1902); Blank (1935); 
Sinkankas (1959). 

No. 13. Before 1902. One stone, 3.06 
(or 3.08) carats. Silver cape (slightly 
yellowish). Elongated, flattened, 12 
x 6 mm., 24 principle curved facets 
and an ingrowth in one of the flat- 
tened sides. Showed considerable 
wear. Found by a Mr. Blevin in the 
headwaters of Salt Creek, northeast 
Brown County. It was sold for $50. 
Frank B. Wade had it cut to a shal- 
low marquise brilliant of 1.33 carats. 
Mentioned by Blatchley (1902) ; 
Blank (1935) (with illustration) ; 
Wade (1949) (with illustration). 

No. 14. 1903 (May). Two stones, 
less than Y carat each. Pinkish. 
Found by Mr. R. L. Royse while gold 
sluicing on a Dr. Cook’s farm near 
Brey, Morgan County. Mentioned by 
Blatchley (1902) ; Blank (1935). 

No. 15. 1904. Two or three small 
stones found while gold panning in 
Morgan County. Mentioned by Sin- 
kankas (1959). 

No. 16. Before 1911. One stone, 
about 1.05 carats. Yellowish appear- 
ance; may have been superficial. 
Found by gold miner (Merriman?) 
in Brown County. Bought by W. S. 
Blatchley while he was State Geo- 
logist, presumably after 1902. Men- 
tioned by Wade (1949). 

No. 17. 1908. One stone, 1.0 carat. 
Found in Morgan County. Men- 
tioned by Sinkankas (1959). 

No. 18. 1911. One stone, 0.135 carat. 
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Found at the junction of Gold and 
Sycamore Creeks, Morgan County. 
Mentioned by Sinkankas (1959). 
Possibly the same stone as: one stone, 
undated, probably about 0.1 carat. 
Dodecahedron. Found in stream 
gravels of Gold Creek, Morgan 
County, while panning. Mentioned 
by Wade (1949). 

No. 19. 1912. One stone, 2.28 carats. 
Colorless. Found near junction of 
Gold and Sycamore Creeks, Morgan 
County. Mentioned by Sinkankas 
(1959). 

No. 20. 1913. Five stones, including: 
one, 0.20 carat, greenish; one, 0.73 
carat, colorless; one, 0.69 carat, yel- 
lowish, twinned. Found in Gold and 
Highland Creeks, ..Morgan,,County, 
Mentioned by Sinkankas (1959). 

No. 21. 1916. One stone, 1.48 carats. 
Yellowish. 34 ¢x14x3¢ inch. Rounded 
dodecahedron. Panned from Lick 
Creek, Brown County. Mentioned by 
Sinkankas (1959). 

No. 22. Undated. One stone, 3.64 
carats. Yellowish with dark speck. 
Tiny cracks. Shows a little wear. 
Found northwest of Martinsville, in 
Morgan County. Mentioned by Blank 
(1935) (illustration) ; Wade (1949). 

No. 23. Also: one stone, 2.5 carats 
when cut. Fine white. Mentioned by 
Wade (1949). 

No. 24. 1949. One stone, 3.93 carats. 
White. 14 x 9 x 3.2 mm. Triangular 
macle: Pits on surface. Found in field 
by farmer near Peru, Miami County. 
Described by Wade (1949) (illus- 
trations) . 

No. 25. Undated (before 1935). 
Three stones: 0.125 carat, fine white; 
0.625 carat, fine white; 0.75 carat. 
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Found by a Dr. Kelso, of Moores- 
ville, in Gold Creek, Morgan County. 
Mentioned by Blank (1935) ; Wade 
(1949). 

No. 26. Undated (before 1935). 
One stone, sand-grain size. Dodeca- 
hedron. Found by Frank B. Wade 
in tributary of Gold Creek, Morgan 
County. Mentioned by Blank 
(1935) ; Wade (1949). 


WISCONSIN 

No. 27. 1876. One stone, 15.37 carats. 
Cape color (faintly yellow). Rhom- 
bic-dodecahedral and other faces. 
Rounded edges. Triangular eleva- 
tions and circular markings. Found 
at Eagle, Waukesha County. It came 
from. hard, .ferruginous gravel. and 
clay at a depth of about 65 feet while 
drilling a well in kettle moraine. It 
was noticed at the’ site by a Charles 
Wood, who gave it to his wife. She 
sold it to a Colonel Boynton in 1883 
for $1, believing it to be a topaz. A 
court case ensued when it was found 
to be a diamond. It was sold to Tif- 
fany’s for $850 and later to J. Pier- 
point Morgan, who subsequently 
presented it to The American Mu- 
seum of Natural History. Most use- 
ful reference: Hobbs (1899); 
description and photographs by Vier- 
thaler (1961a, 1961b). 

No. 28. About 1880 or 1881. One 
stone, 6135 carats (also reported 
as 6.57 and 6.375 carats). White 
with, two yellow stains. Flattened, 
distorted trisoctahedron. Uneven 
with octahedral impression. Un- 
frosted surface. Found by a Condrad 
Schaefer on his farm while searching 
for arrowheads, on the surface of 
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No. 29. 


No. 30. 


No. 31. 


kettle moraine, Saukville, Ozaukee 
Co. For descriptions and other ref- 
erences see Hobbs (1899) and 
Vierthaler (1961a, 1961b) (with 
photographs) . 

1880. Several small stones; 
the largest was 34 carat. Found on 
the banks of Plum Creek, Pierce 
County. Mentioned by Vierthaler 
(1961a). (This reference might in- 
tend to refer to some of the stones 
found later on Plum Creek.) 

1886. One stone, 21.25 car- 
ats. Separation plane through stone 
separated an almost colorless half 
from a yellowish half. 34 x %4 x % 
inch; little trace of crystal faces. 
Found by a Louis Endlick, who lived 
at Kohlsville, on his farm near Ther- 
esa, on the’ Green Lake Moraine. 
This stone, known as the Theresa or 
the Kohlsville Diamond, was found 
in hard ferruginous well diggings. 
The stone stayed in the family and 
in 1918 it was sent to New York 
where it was cut into 10 stones, total- 
ling 9.27 carats, the largest of which 
weighed 1.48 carats. The great loss 
in weight was due to the fact that 
it was a poorly colored elongated 
rhombic-dodecahedreon, with all the 
faces pitted. See Hobbs (1899); 
Vierthaler (1961a, 1961b). 

1887. One stone, 254, carat. 
White with slight gray-green 
tinge. Hexoctahedron, rounded faces, 
L-shaped depression on side, sand- 
grain inclusions. Found by a C. H. 
Nichols of Minneapolis while sluic- 
ing for gold in stream gravel in Plum 
Creek, Rock Elm Township, Pierce 
County. It was sold to Tiffany and 
Co., N.¥.C. See Hobbs (1899); 
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No. 32. 


No. 33. 


No. 34. 


No. 35. 


No. 36. 


Sinkankas (1959). 

1888. One stone, 749 carat. 
Cape color (pale yellow) . Elongated 
hexoctahedron; many small surface 
markings. Found by a W. W. Newell 
and aC. A. Hawn of Rock Elm while 
sluicing stream gravels in Plum 
Creek, Rock Elm Township, Pierce 
County. It was sold to Tiffany and 
Co., N.Y.C. See Hobbs (1899) ; 
Sinkankas (1959). 


1889. One stone, 345 carat. 
White, tinged with yellow. Elliptical 
hexoctahedral twin; dull surface. 
Found by Newell and Hawn in same 
circumstances as above. Sold to Tif- 
fany and Co., N.Y.C. See Hobbs 
(1899) ; Sinkankas (1959). 

1887 to 1889. At least eight 
other stones, ranging from 1645 to 
2 carats, Some colorless, some blue, 
and some yellow. Found by a Nich- 
ols, Newell and Hown while sluicing 
for gold in Plum Creek, Rock Elm 
Township, Pierce County. See Hobbs 
(1899) ; Sinkankas (1959). 

1893 (or before). One stone, 
21% carats. Greenish white or green- 
ish gray; possibly coated. Elongated, 
flattened tetrahedral twin. Found by 
a Mrs. G. Pufahl (?) of Burlington, 
Racine County, by chance on the sur- 
face of a kettle moraine. Mrs. Pufahl 
sold it to Bunde and Upmeyer, Mil- 
waukee jewelers, in 1893. See Hobbs 
(1899) ; Vierthaler (1961a, 1961b) 
(with illustration). 

1893 (October). One stone, 
3144 ¢ (3.87) carats, White, slightly 
gray-green coating. Distorted rhom- 
bic-dodecahedron, with pits, circular 
and reniform markings. Found by the 
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five-year-old son of a Charles Devine 
by chance among pebbles of quartz 
in a clay kettle morain, at a place on 
the farm of a Judson Devine, 12 
miles south of Madison, near Oregon, 
and 214, miles southwest of Cane 
County. It was sold to Tiffany and 
Co., N.Y.C., for $50 and later ob- 
tained by G, F, Kunz, who added it 
to the collection of the American 
Museum of Natural History. It was 
this stone that led a W. H. Hobbs 
into a 7-year enquity into the drift 
diamonds. See Hobbs (1899) ; Sin- 
kankas (1959); Vierthaler (1961a, 
1961b) (with illustrations). 


MICHIGAN 

No. 37. 1894. One stone, 107% car- 
ats. 13x9x1l mm. (4x %x Ke 
inch). Hexoctahedron. Found by a 
Frank B. Richmond (or Blackmond ?) 
on the surface of gravelly kettle mor- 
aine near Dowagiac, Cass County. 
See Kunz (1894) ; described in 16th. 
Ann. Rept. U.S. Geol. Survey, Pt. 
IV, p. 596, 1895. Mentioned by Blank 
(1935); Sinkankas (1959); Vier- 
thaler (1961a, 1961b). 

No. 38. Undated. Reports of many 
diamonds gathered from a place in 
gravels south of Grand Rapids. Oral 
teports from several sources, but no 
reliable evidence obtained. 

No. 39. 1954 (about). One stone, 
about 14 carat. Yellowish. Rough and 
dull surface; equant. Found by Dr. 
S. G. Bergquist of Michigan State 
University, by chance in sands and 
gravels of the Mason esker at Mason, 
south of Lansing. Oral communica- 
tion, R. B. Brigham. 
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No. 40. 


No. 41. 


No. 43. 


No. 44. 


ILLINOIS 


1911 (or before) . One stone, 
7.0 to 7.75 carats. Found in gravelly 
soil in Ilinoisan drift, or outwash, in 
Jefferson County, 31 miles east of 
Ashley, Washington County. Re- 
ported by Sterrett (1911). Mentioned 
by Sinkankas (1959) (who doubts 
the truth of the report). 

1911 (or before). Twenty- 
two stones, no other details. Described 
as being found “near Macombe,” 
McDonough County; therefore, 
probably taken from Illinoisan drift, 
or washout. They were sent to jewel- 
ers in St. Louis. Reported by Sterrett 
(1911). Also doubted by Sinkankas 
(1959). 


No. 42. 1958. Several stones, too small 


to cut. Found at a depth of 155 feet 
by the Jersey Quarry Co., which oper- 
ates in Jersey County. The, matrix 
and circumstances of discovery not 
tevealed. Reported by Hartwell and 
Brett (1958). 


OHIO 


1870 (about). One stone, 
fine quality. Found a few miles south 
of Cleveland, in a creek bed. It was 
cut and sold for $40,000 in Boston. 
Mentioned by Blatchley (1902). 
1880 (or before) . One stone, 
over .80 carat. Fine quality. Report- 
edly found by a laborer in Cincinnati 
while working a boulder-crushing 
machine. It was thought that it 
might be the stone lost by a Mrs. 
Clark in 1806 at Blennerhasset Is- 
land. A rather dubious report. Men- 
tioned by Kunz (1890). 
(Continued in Fall Issue) 


GEMS & GEMOLOGY 


KOHLSVI! 
Teresa G3 @ 


. VILLE \3e gGRAND RAPS 
OREGONG “QEAGLE @MASON 
_. ©. Seurkiineto 28 
: 35 
DOWAGIAC 


41,3,9,12,14,5,718, 1920, 


‘22 2325,26 

bea N'Co + 4445 

! Se te @niiFono 
‘ BROWN Co, Pa ties 
\ 2,45,7810,11 - - 

’ e 

’ 


B62) 4 


va 


~. ASHLEY 


. 


PETERBOROUGH 
® 


ee 


46,48 
@SYRACUSE 


DRIFT DIAMOND LOCALITIES OF THE 
GREAT LAKES REGION 


303 


SUMMER 1968 


Developments and Highlights 
at the 


Gem Trade Lab 
in New York 


Robert Crowningshield 


Radium-Treated Diamond 

A very large green diamond was sub- 
mitted recently for determination of 
color origin. The Laboratories cannot 
always determine color origin of green 
diamonds, since they may or may not 
show distinctive absorption spectra. 
Therefore, unless a green diamond ex- 
hibits green to brown spots on naturals, 
it is assumed that it must be treated. 
This particular diamond did not show 
colored naturals, nor did we at first see 
evidence of the blotchy surface associ- 
ated with radium-treated diamonds. 
Nevertheless, we placed it on a film 
over a weekend with the amazing result 
seen in Figure 1. We decided to expose 
a plate for a much shorter period of 
time. Figure 2 is the result of 18 hours 
exposure, whereas Figures 3 and 4 are 
the crown and pavilion exposed to sep- 
arate plates for three hours. Figure 5 
is the result of a one-hour exposure. 
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Some darkening of the film, not repro- 
duceable for printing, was secured in 
15 minutes! When the stone was 
checked with a portable radiation sur- 
vey meter (Geiger counter), the read- 
ing was almost the limit of our unit: 40 
milliroentgens per hour, For compari- 
son, a yellow-orange cabochon of carno- 
tite gave a reading of 30 milliroentgens 
per hour. With very careful examina- 
tion and lighting, we finally were able 
to see the blotchy surface we expect to 
see on a radium-treated diamond. 
Elongated Gas Bubble 

Figure 6 is an ‘exploding’ gas bub- 
ble in a synthetic ruby, looking for all 
the world like a futuristic space craft. 

Double Girdling 

Figure 7 illustrates one attempt to 
“erase” the beards in the girdle of a 
round, otherwise flawless diamond. This 
double girdling did not remove the 
bearding, and the girdle was subse- 
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Figure 1 


Figure 3 


quently faceted in order to earn a flaw- 
less certificate. 
Unusual Doublet 

Figure 8 illustrates a rather effective 
doublet of synthetic spinel and medium- 
blue color cemented ‘to a flat base of 
natural star sapphire. The lens effect 
of the synthetic spinel picks up the 
star and makes a reasonably convincing 
stone. 

Coated Beryl 

Figure 9 is a photograph of what 

was assumed. to be natural beryl of un- 


SUMMER 1968 


Figure 4 


Figure 2 


Figure 5 


known color with a green plastic coat- 
ing. The stones appeared red in the 
color filter and were set in expensive 
drop earrings. No chromium could be 
detected in the spectroscope; therefore, 
if the plastic were removed, it was pre- 
dicted the stones would be virtually 
worthless beryl. 
Emerald Inclusion 

That one can distinguish Russian 
emeralds by the presence of rhomb- 
shaped crystals in the three-phase in- 
clusions, as contrasted with the square- 
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Figure 6 


shaped crystals in Colombian is a myth 
in our opinion. The three senior gem- 
ologists in the New York Laboratory, 
having a combined experience of more 
than 50 years of looking at stones in 
the microscope, have yet to see such an 
inclusion! As a matter of fact, we have 
never knowingly examined a Russian 
emerald, though, of course, many must 
have passed through the Lab. One em- 
erald recently examined and sworn to 
be of Russian origin contained the us- 
ual three-phase inclusion with a square 
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Figure 8 
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Figure 7 


crystal, but, in addition, it had a most 
unusual row of inclusions (or struc- 
tural faults) that resembled barbed wire 
(Figures 10 and 11). Incidentally, we 
are awaiting the opportunity to examine 
a known Russian diamond, although, 
again, we may well have done so al- 
ready. 
Uranium Glass 
Following our experience with the 


Figure 9 
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Figure 10 


radium-treated diamond, we checked a 
piece of uranium glass with the radia- 
tion counter. It gave a reading of ap- 
proximately .2 milliroentgen per hour, 
which is just above the background radi- 
ation in the normal environment. How- 
ever, placed on a film for several weeks 
we did obtain some darkening by a 
fragment (Figure 12), indicating some, 
but not dangerous, radiation. 

Unusual Absorption Spectrum 

Figure 13 illustrates an unusual ab- 
sorption spectrum of a strongly yellow- 
fluorescing brown diamond. To see the 
4155 AU line in a brown diamond is 
very rare, though we know the stone 
is of natural color. 

Rare Doublets 

By coincidence, we had the occasion 
to identify, and in certain cases add to 
our collection, examples of assembled 
stones heretofore never encountered. 
The following are in addition to the 
unusual synthetic spinel and natural- 
sapphire doublet mentioned above. 

Figure 14 shows a rock-crystal-and- 
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Figure 11 


green-glass doublet. The joining plane 
is well below the girdle, as can be seen 
in the picture. We were unable to de- 
termine if a cementing agent had been 
used or if the two parts were fused. A 
clue might be the crazed condition of 
the surface of the glass (Figure 144). 

Another unusual emerald imitation 
(Figure 15) was made of two sections 
of synthetic colorless spinel with a thick 
sandwich filling of green glass. Hereto- 
fore, we have encountered this type of 
assembled stone only resembling peri- 
dot in color. 
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Figure 12 
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Figure 13 


Another emerald imitation that we 
discovered in a package of gift stones 
was made up of a flawed aquarmarine 
top and green-glass base. The crown 
view (Figure 16) illustrates the nature 
of the aquamarine, and Figure 17 shows 
the two parts clearly. 


Figure 14 
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Synthetic-Emerald Inclusion 

Figure 18 shows an unusual, undula- 
ting, wisplike inclusion in an otherwise 
very clear Chatham synthetic emerald. 

Odd Faceting 

Figure 19 shows unusual faceting on 
the pavilion of a marquise brilliant. 
The stone lacked a culet and had only 
four pavilion facets. 


Figure 17 


Figure 18 


Acknowledgements 
We are indebted to student Walter 
Bauscher of Haddon Heights, N. J., 
for several specimens for our collec- 
tion. _ , 
A large cabochon of the North Caro- 
lina emerald in matrix is especially wel- 
come for our cabinet. 
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A most unusual specimen of what 
has been called belemnite is thought to 
be a fossilized horny process of an ex- 
tinct cuttlefish. The refractive index, 
specific gravity and birefringence sug- 
gest calcite, and the cut stone shown in 
Figure 20 shows a strong orange fluo- 
rescence under long U.V. 

Another specimen from Mr. Baus- 
cher is welcome: a bright, light-green 
williamsite (translucent serpentine) 
with a few black spots, reminding the 
writer of a round-bead williamsite neck- 
lace worn by a former member of the 
staff of the U. S. Geological Survey. 
She had collected the material herself 
over many years and had the beads 
carved in Germany. The completed 
necklace approached the beauty of many 
jadeite necklaces we have seen. 

A final welcome specimen from Mr. 
Bauscher was a flat disc of the more 
usual dark-green williamsite. 

Through the good offices of Mr. Ed 
Coyne and Mr. Lucien Gruensweig of 
Created Gemstones, Inc., we received 
several faceted Chatham synthetic em- 
eralds and a crystal group of flux-grown 
synthetic rubies — the form in which 
we understand they are to be marketed. 
These specimens will be of great value 
for student study. 

From student Joel Hurley, A. W. 
Creations, NYC, we received a much 
appreciated gift of black star diopsides. 

From student Murtay Darvick we 
received a nice cabochon of Finnish 
labradorite, sometimes called spectro- 
lite. 

During an enjoyable visit with Mr. 
and Mrs. George Bruce, International 
Import Co., Stone Mountain, Ga., the 
writer saw a large lot of this material 
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Figure 19 


and received a gift of several that ex- 
hibit unusual colors at the apex of the 
cabochon. 

From Maurine Price Harvey, now 
an Illinois resident and formerly of 
New Jersey, we received a valued copy 
of the monumental work Engraved 
Gems, by Maxwell Sommerville. The 
book was a part of the extensive library 
of her late husband, GIA student Edwin 
A. Harvey. It will make a handsome 
addition to our library. 
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Figure 20 


From precious-stone dealer and 
neighbor Jean Naftule we received a 
fine cut specimen of the Tanzania 
chrome (vanadium?) tourmaline. The 
stone had the normal constants for tour- 
maline, though it did appear red under 
a color filter, 

We are very happy with a diamond- 
point stippler for use with the automatic 
hammer and Flexshaft. It is the gift of 
GIA student William Wood, of 
Quincy, Florida, who recently attended 
the Diamond-Setting Class in Atlanta. 


GEMS & GEMOLOGY 


Developments and Highlights 
at the 


Gem Trade Lab 
in Los Angeles 


Richard T. Liddicoat, Jr. 


Unusual Ruby Characteristics 

One particularly interesting identifi- 
cation made recently involved a ruby. 
It was semitransparent to short-wave 
ultraviolet; fluoresced strongly under 
both long- and short-wave UV; and 
under low magnification inclusions were 
seen that strongly resembled the minute 
gas bubbles one would expect in a syn- 
thetic. However, under high magnifi- 
cation, other inclusions were present 
that were angular and of low relief. 
There were no characteristics of a flux- 
fusion synthetic. There was no phos- 
phorescence to X-rays, even after 
prolonged adjustment to dark-room 
conditions. Under immersion it was 
possible to detect an angular color zon- 
ing, which is apparent in the upper left- 
hand corner of Figure 1, taken when 
the stone was immersed in methylene 
iodide; this furnished proof of natural 
origin. 
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Different Sapphire Identification 

On at least two occasions we have 
encountered synthetic yellow sapphires 
that showed rather odd whitish inclu- 
sions, such as those indicated in Figures 
2 and 3. As is frequently the case with 
such stones, no bubbles were evident 
and, of course, no curved straie would 
be expected. The stones were pale in 
color, but the absence of lines in the 
blue near 4500 AU, 4600 AU or 4700 
AU and a total absence of the kind of 
fluorescence expected in a Ceylon yel- 
low sapphire (of an apricot color under 
long-wave ultraviolet), would lead one 
to expect these to be synthetic yellow 
sapphires. Their identity was confirmed 
by the Plato method. 

New Peridot Occurrence 

A pair of photographs, together with 
some description of the occurrence, was 
submitted by graduate John Furbach 
of Amarillo, Texas, and student Colin 
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Curtis of Lookout Mountain, Tennessee, 
of a find of peridot in North Carolina. 
This is the easternmost occurrence of 
peridot we have had reported. These 
gentlemen submitted several small sam- 
ples of the material. They described it as. 
having inclusions quite similar to those 
of Arizona material, but with some dis- 
tinctive inclusions as well (especially 
“negative cavities” with rounded edges, 
indicative of resorbed crystals). Figure 
4 shows a view of one of the stones 
under low magnification and Figure 5, 


Figure 1 a section under high magnification. 
i These were found at Corundum Hill, 
North Carolina. 


Opal With Two R.I.’s 

We were quite interested to receive 
a glass imitation of opal that showed 
simultaneous readings of 1.62 and 1.64 
when placed on its, flat back on the 
refractometer. One end of it is shown 
in Freure 6. 

Layered Opal 

Figure 7 shows a stone that was sent 
in because the person submitting it be- 
lieved it was a doublet. The photograph 
shows clearly why he was suspicious of 
the stone, but actually it was just a lay- 
ered opal, and not a doublet. 
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Figure 3 Figure 4 
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Figure 5 
Zincite? 

Occasionally, we receive materials for 
identification that are not really in the 
gem field, and on which we feel that 
we ate not qualified to render a deci- 
sion. One particularly interesting speci- 
men submitted not long ago was 
translucent-milky white in color, quite 
soft and rather intricately carved. When 
touched by a hot point, we noticed an 
odor akin to that of camphor. Putting 
it-over a bright light source—in effect 
candling it~we saw an irregular lay- 
ered pattern we would not expect in 
an artificial organic material. Purely out 
of curiosity, we scraped a bit off one 
edge and Chuck Fryer ran an X-ray 
diffraction analysis of it. Since it was 
obviously an organic material, we 
thought the chances of getting a good 
pattern were rather slim, but we ob- 
tained an excellent pattern that con- 
formed exactly to that of zinc oxide. 
Line for line and intensity for intensity, 
it was a duplication of zincite, which 
is a zinc-oxide mineral. However, the 
physical properties of zincite are in no 
way similiar to this material. We hope 
that some reader might be familiar with 
the material and be able to enlighten 
us on what we have encountered in this 
odd case. 
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Figure 6 


Figure 7 


Chatoyant Quartz 

Anyone in a testing laboratory has 
often received telephone calls or letters 
describing fantastic materials with un- 
believable properties that, when ex- 
amined later, proved to be just some 
ordinary material with a very imagina- 
tive observer. Not long ago we received 
such a letter describing a quartz speci- 
men with a multiplicity of stars. We 
gave this the same kind of reception we 
usually accord such letters, but we asked 
that it be sent to us for verification. We 
received the rather remarkable speci- 
men, pictured in Figure 8. A definite 
six-rayed star can be seen just to the 
right of center, but another line crosses 
away from the center of the star to the 
lower left. There were such extraneous 
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Figure 8 


rays to be found all over the sphere 
that was submitted. Under magnifica- 
tion, one could see the usual hexagonal 
pattern, but there were additional 
needlelike crystals in other orientations 
within the stone—a rather remarkable 
specimen. Our correspondent tells us 
that this appearance is typical of the 
product of his new find. 


Cuprite 
Figure 9 is a photograph of a stone 
we identified recently—cuprite. It is 
rarely transparent enough to facet a 
stone. When transparent enough to see 
into, cuprite is usually filled with a 
multitude of tiny inclusions. This is 

shown in the illustration. 


Natural Glass vs. Tektite 
One of the more difficult identifica- 
tions we are called upon to make oc- 
casionally is to distinguish between 
natural glass and tektite. If the stone is 
completely cut, it is an exceedingly dif- 
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Figure 9 


fia 
Figure 10 
ficult identification, in our opinion, 
because, after all, a tektite is a glass. 
However, if a tektite is received in an 
only partially polished state, it is pos- 
sible to recognize the expected surface 
characteristics. If the internal character- 
istics are also typically those of a tektite 
and the properties are within the ex- 
pected range, an identification can be 
made. Figure 10 shows a typical wrin- 
kled surface texture of a tektite and 
Figure 11, the large bubbles and the 
swirl marks that typify this stone, 
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Aventurine-Quartz Inclusion 

Figure 12 shows an inclusion within 
an inclusion in aventurine quartz. The 
large fuchsite-mica inclusion that shows 
dark in the left center of the illustration 
has a black inclusion within it—a rather 
rarely encountered condition. 
Irradiated Spodumene and Morganite 

Not long ago we received a 69-carat 
bright-green spodumene that the pur- 
chaser was sure was the largest and fin- 
est specimen of this mineral. He was 
sure it was the variety hiddenite, After 
examination, we wete convinced that it 
had been submitted to intensive irradia- 
tion by X-rays, and that the color would 
last only a short time. We gave him an 
identification to that effect. Only two 
days later we received as a gift from 
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Dee Parsons, lapidary of Burbank, Cali- 
fornia, an identically colored stone of 
several carats that had been irradiated 
by a radioactive isotope of one of the 
important metals. We put this stone un- 
der the bright lights of our display case, 
and in less than two weeks it was an 
attractive kunzite. We then put a kunzite 
in front of the collimated beam in our 
X-ray diffraction unit; in eight hours, 
we had a beautiful green spot in the 
stone. Under ordinary lights the green 
color faded away in about a week. At 
the same time that we received the 
several-carat spodumene, we received a 
deep grayish-blue beryl that we learned 
had been a morganite that had been 
subjected to the same irradiation by the 
same isotope. The spectrum for the 
treated morganite is shown in Figure 13. 
Damaged Star Sapphire 

We received a star sapphire for a 
damage report, The jewelry shop that 
submitted it was of the opinion that 
the stone was not actually cracked, but 
that a large fingerprint inclusion was 
responsible for the rather obvious line 
that was visible at the surface. After 
lighting the stone carefully, we took 
the photograph shown in Figure 14. 
The photograph shows that in reality 
the so-called fingerprint inclusion was 
a film of cement. Light reflection from 
the surface of the break shows a con- 
trast between the two sides too great for 
anything but a complete separation of 
the two pieces. This was borne out by 
a photograph, taken at high magnifica- 
tion, of the line of demarcation where 
it reached the surface. The photograph 
shows clearly where the cement was 
discovered when the pieces were pushed 
together (Figures 14A and B). 
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Figure 14A 


Trapiche Emeralds 

We received from Hugh Leiper, ed- 
itor of the popular Lapidary Journal, 
some excellent photographs of Trapiche 
emerald crystals. These are shown in 
Figures 15 through 17. Trapiche emer- 
alds, when first reported in this country, 
were usually in rather small sizes, but 
recently somewhat larger ones have been 
coming in in the form of cut stones. 
These may reach sizes of several carats 
each. They are usually very attractively 
colored but translucent, rather than 
transparent, so they have a rather sleepy 
appearance. On a number of occasions 
they have been confused with green 
chalcedony, but actually they are richly 
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Figure 14B 


colored by chromium oxide. To our eyes, 
they are considerably more attractive 
than the usual green chalcedony. They 
usually come in the form of faceted 
stones, rather than cabochons. 
Banded Serpentine 
We seem to have been encountering 
more and more carvings of serpentine 
in recent months. Figure 18 shows a 
serpentine statuette that was unusual in 
that it was very strongly banded, as can 
be seen in the photograph. Even though 
the properties corresponded nicely with 
those of serpentine, we felt it necessary 
to scratch a bit of powder from the 
base of the stone to confirm the identi- 
fication by X-ray diffraction. 
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Figure 15 


Figure 16 Figure 17 
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Figure 18 


Double-Culet Diamond 
A rather unusual pear-shaped dia- 
mond had a double culet (Figure 19). 
A faint white line representing the facet 
junction between the two sides of the 
culet is visible from the bottom side. 


Figure 19 
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Amber Fraud? 

Recently, we were called upon to 
identify a very large amber piece with 
a huge spider imbedded in it (Figure 
20). The piece was approximately three 
inches long by an inch and a half wide. 
The top was very obviously amber but 
the back was unpolished, making it im- 
possible to get an R.I. The top portion 
was tather heavily crazed, but it was 
possible to see into the piece rather 
easily and clearly. There was no evidence 
of struggle, as might be expected from 
a spider of an insect trapped in an exu- 
dation from a pine tree. All around the 
edge of the back of the specimen was 
a slight rim that suggested that an am- 
ber material or a copal in a softened 
state had been poured in to hold the 
spider in position after it had been 
placed in the hollowed-out shell of the 
upper piece of amber. However, check- 
ing on the authenticity of amber pieces 
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Figure 20 


of this type is slightly out of our field, 
so we did not feel qualified to judge 
whether this was actually a piece of 
fakery. We felt that it was. 
Unusual Diamond Spectrum 

In a treated greenish-yellow diamond 
we encountered an unusual spectrum 
(Figure 21} similar to one described 
by Robert Crowningshield in Gems & 


Gemology some time ago. There were 
the typical strong 4980 AU and 5040 
AU lines, plus a 5920 AU line, as would 
be expected in a treated yellow stone, 
but there were faint echo lines slightly 
above the 5040 line at approximately 
5070 AU, 5130 AU and 5180 AU. 

Incomplete Diamond Brilliant 

At the top of Figure 22 is a star facet 
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Figure 22 


pointing to just to the right of 12 
o'clock. From this a facet junction runs 
to the girdle. The two upper-girdle fa- 
cets on each side of this facet edge were 
not completed; therefore, the bezel fa- 
cets are open to the girdle on both sides 
of the star. Unfinished brilliants of this 
description are unusual. 
Zambia Emeralds 

Campbell Bridges, a South African 
prospecting geologist, brought us some 
interesting emerald crystals from a new 
deposit in Zambia. Although they were 
not completely transparent, the color 
was very good and they would certainly 
appear to be saleable in cabochon form. 
Bridges hopes that more transparent 
material will be forthcoming as the 
prospecting continues. The R.I. of the 
stones tested was 1.582-1.591; thus, 
the birefringence, at .009, was rather 
high for emerald. He also had some 
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very attractive iolites with the usual 
properties for this gem material. They 
were also from East Africa. 
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Book Reviews 


CREATIVE ENAMELING & JEWELRY 
MAKING, by Katharina Zechlin. Published 
by Sterling Publishing Co., Inc., New York 
City, 1968. 104 pages. Clothbound. Illus- 
trated with black-and-white photographs and 
line drawings and seven color plates. Price: 
$3.95. 

Creative Enameling & Jewelry Making is 
an excellent book of instruction for the 
novice on this fascinating and ancient art. 
The book emphasizes how the beginner can 
make beautiful and useful objects d’art from 
the start, with little or no artistic talent; and 
how enameling will allow one the freedom to 
express his own taste and develop his own 
creative spirit, limited only by his imagina- 
tion and enthusiasm. 

Miss Zechlin guides the reader in step-by- 
step demonstrations through all phases of 
this hobby, from the selection of equipment 
and the first simple exercises through the 
more complicated enameling techniques on 
delicate objects. Text and pictures tell how 
luxurious-looking jewelry, bowls, coasters, 
ash trays, tiles for table insets, etc.—almost 
anything for the home or for gifts—can be 
made at little cost. Clear and concise dirtec- 
tions are given, together with more than 
100 photographs and drawings. The author 
fully explains what to do and what common 
errors to avoid, giving the novice the confi- 
dence needed to create handsome and lovely 
articles. 
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Although other books have been written 
on enameling, this one has the advantage of 
a simplified and lucid writing style, together 
with a profusion of illustrations, making it 
particularly useful for the uninitiated. 


DIAMONDS IN THE SALT, by Bruce A. 
Woodard. Published by Pruett Press. Boulder, 
Colorado, 1967. 200 pages. Clothbound. Il- 
lustrated with black-and-white photographs. 
Price: $6.75. 

This book relates the frequently repeated 
story of one of the biggest and most ambi- 
tious frauds in the annals of mining: the 
infamous diamond hoax of 1872. 

Briefly, for those not already familiar with 
the tale, the hoax was perpetrated by one 
Philip Arnold and a partner, John Slack, 
by ‘‘salting’’ an area in northwestern Colo- 
rado with diamond crystals, as well as ruby, 
sapphire, emerald and amethyst crystals. The 
scheme was so successful that it eventually 
resulted in the formation of at least 25 com- 
panies with a total capitalization of $23,500,- 
000, before the fraud was finally exposed 
accidentally by a U.S. Government surveyor, 
Clarence King. Participants who unwittingly 
played key roles in the drama included such 
well-known personalities as C. L. Tiffany, 
head of the famous New York jewelry firm; 
General George B. McClellan, the one-time 
Union commander; William Gilpin, first 
territorial governor of Colorado; John Mar- 
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shall Harlan, later an associate justice of the 
Supreme Court; and Baron Rothchild, of the 
world-renowned Rothchilds. 

The author claims that his book is the 
first entirely accurate and complete account 
of this daring scheme, having taken eight 
years to research. It is absorbing reading, par- 
ticularly for those who enjoy the history 
and lore of the Old West. 


DICTIONARY OF APPLIED GEOLOGY, 
MINING G CIVIL ENGINEERING, by A. 
Nelson, Dip. Min., CCM, FGS; and K. D. 
Nelson, B.Sc. (Eng). AMICE, AMIE Aust. 
421 pages. Clothbound. lustrated with black- 
and-white line drawings. Price: $17.50. 

This dictionary, although intended pri- 
marily for students and engineers in the 
geological, mining and civil engineering pro- 
fessions, includes many definitions of gem- 
stone species and variety names. 


However, the book is voz recommended 
for students of gemology, because the gem 
definitions are often misleading, incomplete 
or inaccurate. Following are a few of the 
more obvious errors: adularia is said to be 
related to moonstone; orange is given as 
one of the colors of alexandrite and its per- 
fection colors are not mentioned (it is never 
orange) ; the word asteria is confined to ruby 
only (asteria refers to azy gem that, when 
cut cabochon, displays a rayed figure) ; the 
red spots in bloodstone are not mentioned as 
an essential part of the color description; 
the most valuable color of sapphire is given 
as light blue (the most prized variety is 
a velvety, medium-dark, slightly violetish 
blue); misnomers are not indicated by quo- 
tation marks (e.g. “Brazilian emerald,’ 
“Balas ruby’) ; Aavat (gold) is spelled with 
a ‘“c’” ("k’ is correct when referring to the 
fineness of gold) ; chrysoberyl is listed as oc- 
curring in shades of green only (the brown- 
ish and yellowish hues, for example, are not 
mentioned) ; the only colors given for corun- 
dum are red, blue, green, gray and colorless; 
fire (of diamond) is defined as a measure of 
a crystal’s purity; white opal is described as 
a pale, bluish-white, iridescent variety of that 
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mineral (correctly, it refers to any opal with 
a white or any light body color showing 
play of color) ; susstone is defined incorrectly 
as a variety of orthoclase (it is usually a 
variety of albite); saccinite (a variety of 
amber) is called a variety of garnet (the 
term suecinite garnet is a correct, although 
little-used, term for light-yellow, amber- 
colored andradite) ; “spinel ruby”’ is listed as 
a variety of red spinel (the word “spinel” is 
never used correctly as a color designation). 

From these few random examples, it can 
be seen that the gem portion of the dictionary 
could be more detrimental than beneficial to 
the student. Another major disadvantage is 
the seemingly unwarranted high cost for a 
moderate-sized book such as this with only 
a modest number of illustrations. 


JEWELRY MAKING STEP BY STEP, by 
E. E. Joachim Published by Precision Press, 
Atlanta, Georgia, 1967. 263 pages. Soft- 
bound. Illustrated with black-and-white pho- 
tographs and line drawings and two color 
plates. Price: $7.95. 

Jewelry Making Step by Step is a welcome 
addition to the literature already available 
on the subject of amateur jewelry making. 
Mr. Joachim’s detailed and mechanically 
valid approach is geared to the layman who 
wishes to make jewelry with limited equip- 
ment and no prior knowledge of this art 
and craft. His insight in presenting the basic 
concepts clearly and graphically reflects his 
own background of learning about jewelry 
as an avocation. The intention of this book 
is, of course, summed up best by the author's 
own words: “This book is written primarily 
for those who wish to make some of the 
better pieces of jewelry, not trinkets, table- 
ware, etc. It is intended for those who ex- 
pect to work with a propane torch instead 
of oxygen or the outdated blowpipe, and 
who will purchase the essential but inex- 
pensive tools.” 

In reading through Joachim’s book, this 
reviewer was repeatedly impressed by the 
careful attention given to the details of tech- 
nique that are so often overlooked in a book 
of this type. Along with being technically 
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accurate, Mr. Joachim does not lose sight 
of good taste and the artistic. JEWELRY 
MAKING STEP BY STEP is an excellent 


guidebook for the beginning jewelry crafts- 
man, and could be quite enlightening for 
many already involved in jewelry making. 


OPERATION KING CANUTE 
continued from p. 296 


in the bedrock by hand. The diamond- 
bearing gravel is treated in a field 
screening plant that removes a high per- 
centage of the waste. The remaining 
gravel is transported to a central heavy- 
media separation plant that rejects 
further waste, ‘the final product being 
sent to C.D.M.’s central diamond-recov- 
ety plant. 

Even while the gravel is being mined 
in the paddock, the earthmoving ma- 
chinery is busy removing more over- 
burden and extending the retaining 
wall. If well points have been used, they 
are left until operations have moved 
well away from the vicinity, They are 
then withdrawn and, at the safne time, 
a protecting wall is built from the high- 
water mark to the retaining wall at the 
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end of the worked-out area. 

The men responsible for this unique 
form of mining have created a fine art 
out of a nearly impossible task. They 
have succeeded where King Canute 
failed, by working day and night. 
Teamwork overcame some of the prob- 
lems, and a determination born of des- 
peration overcame the others. Since the 
end of 1965, the sea has been held at 
bay over a distance of more than five 
miles in nine separate areas and dia- 
monds worth about R5 million have 
been recovered. 

Now, armed with the knowledge and 
experience gained from this operation, 
the technical consultants are preparing 
to deal with the more formidable lower 
half of the beach. 
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The Serpentine Mineral Group 


by 


H. Lawrence McKague 
Assistant Professor 
Department of Geology 
Rutgers University 


(Editor's note: Each. year for at least 
the past five, we have encountered more 
Serpentine in our laboratories for test- 
ing. Professor McKague, formerly on 
the GIA staff, where he has encountered 
many serpentine carvings, has studied 
this interesting mineral group for a 
number of years. His findings are there- 
fore of particular interest to gemolo- 
gists.) 

Serpentine is the most common jade 
substitute. Although the name serpen- 
tine, as used in gemology, implies a 
single mineral, it is actually the name 
of a mineral group. The setpentine 
group consists of three minerals: anti- 
gorite, lizardite and chrysotile. Because 
of their nearly identical chemical com- 
position (Fe, Mg) ,A1, Si) 0; (OH,), 
they have similar physical properties 
(Table I). This classification of serpen- 
tine-group minerals was proposed by 
Whittaker and Zussman (1956), and 
is based on X-ray diffraction and elec- 
tron-microscope studies. The term ser- 
pentinite is applied to a rock consisting 
primarily of serpentine-group minerals. 

Before the advent of X-ray crystal 
analysis, a number of varieties of ser- 
pentine were proposed. Faust and Fahey 
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(1962) list 29 names that were applied 
or thought to apply to serpentine-group 
minerals. Johannsen (1928) lists three 
additional varieties. Some of the more 
common varietal names, along with a 
description, are given in Table II. Most 
of the varieties have been shown to be: 
(1) nonserpentine minerals, (2) mix- 
tures of the three recognized serpentine- 
gtoup minerals, or (3) slight variations 
in texture or color of the recognized 
minerals. 

The serpentine-group minerals have 
a sheetlike structure (Fig. 1). Each 
sheet consists of a layer of SiO, tetra- 
hedra and a second layer of Mg (OH) 2 
octahedra (Fig. 1), For serpentine of 
stoichiometric composition (Mg3SigOs 
(OH) 4), the octahedral layer is larger 
than the tetrahedral layer (Fig. 2). Cor- 
responding dimensions are a — 5.3 A, 
b = 9.2 A for the octahedral layer and 
a = 5.0 A, b = 8.7 A for the tetra- 
hedral layer (Deer, Howie, and Zuss- 
man, 1962). These differences in size 
of the two layers cause strain to develop 
in the serpentine structure. This strain 
can be relieved in three different ways: 
(1) curvature of the sheets into tubes 
with the smaller tetrahedral Jayer on the 
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inside of the tube (Fig. 3), (2) limit 
the development of the crystals to an 
extremely small size, and (3) by slight 
changes in the chemical composition, 
so that the two layers become more 
nearly equal in size. The easing of the 
strain by these various methods results 
in the different minerals of the serpen- 
tine group. 

When the strain is relieved by roll- 
ing the sheets into hollow tubes, chryso- 
tile results (Fig. 3). The tubular struc- 
ture is suggested by the fibrous habit 
of chrysotile. Individual tubes have an 
average outer diameter of 340 A and 
an average inner diameter of 80 A 
(Huggins and Shell, 1965). 

When the strain between the layers 
is not relieved, as the crystal grows, a 
point is reached where the accumulated 
strain becomes so great that it inhibits 
further crystal growth (Deer, Howie, 
and Zussman, 1962). Very fine-grained 
platy lizardite is the result. Crystals of 
lizardite average about 750 A in di- 
ameter (Deer, Howie, and Zussman, 
1962). 

The substitution of larger ions for 
Si+4 in the tetrahedral layer (A1*3, for 
example), and/or smaller ions for 
Mg" in the octahedral layer (such as 
Fe*8) does not permit the strain to de- 
velop. Such substitutions may require a 
second substitution, to maintain elec- 
trical neutrality within the crystal. These 
substitutions cause a better fit of the 
octahedral and tetrahedral layers. The 
result of such substitutions is antigorite, 
which forms much larger crystals than 
either chrysotile or lizardite (Fig. 4). 
The varieties of serpentine minerals 
used for gem and ornamental purposes 
(i.e., bowenite, williamsite and yu-yen- 
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stone), consist chiefly of antigorite 
(Faust and Fahey, 1962). The large 
crystal size is an important factor in 
contributing to the desireability of an- 
tigorite. In addition, serpentinites con- 
sisting of chrysotile and lizardite are 
brittle and only about one-fourth as 
strong as serpentinites consisting of an- 
tigorite (Robertson, 1964). 

Serpentinites have two rather dis- 
tinctive origins. One group originates 
from the alteration of igneous rock, 
consisting of ferromagnesium (Fe- and 
Mg-beating) minerals. The second 
group results from the alteration of 
carbonate sedimentary rocks; i.c., Mg- 
rich limestones and dolomites. Serpen- 
tinites of these two groups correspond 
to the Class A and Class B serpentinites, 
respectively, of Faust, Murata and Fa- 
hey (1956). 

The relative abundance of Class A 
and Class B serpentinites has never been 
established. Certainly, more research 
has been done on the Class A serpen- 
tinites. 

Most Class A serpentinites originate 
from igneous rocks that were orig- 
inally composed of olivine, with lesser 
amounts of pyroxene and accessory 
amounts (less than 1%) of chromite 
and magnetite. The ultimate origin of 
such rocks is still in doubt. However, at 
temperatures below 500° C., the olivine 
and pyroxene react with any water va- 
por that is present to form serpentine 
minerals, The first serpentine-group 
mineral to form is chrysotile, mixed 
with some lizardite (Fig. 5). Accom- 
panying the formation of chrysotile and 
lizardite is the development of finely 
disseminated magnetite. The combina- 
tion of the fine-grained chrysotile and 
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lizardite with the fine-grained opaque 
magnetite results in a brittle, opaque, 
unattractive, greenish-black serpentin- 
ite. In some serpentinites this is the 
final stage of serpentinization. In oth- 
ers antigorite develops, commonly in 
close relation to shear zones within the 
rocks or near podiform chromite lenses. 
These locations may represent either 
zones along with moved solutions car- 
tying the chemical components neces- 
saty for the transformation of chryso- 
tile and lizardite to antigorite, or they 
may represent zones of increased pres- 
sure, the increased pressure effecting 
the transformation. They may represent 
some combination of the two. In these 
areas, the early-formed serpentine min- 
erals may be completely replaced by 
antigorite (Fzg. 6). Complete transition 
from serpentinite composed chiefly of 
chrysotile and lizardite to serpentinites 
composed almost completely of antigor- 
ite can be found. As the antigorite con- 
tent increases the magnetite content 
decreases. The magnetite that remains 
becomes concentrated inuto a few large 
scattered grains. Possibly, some of the 
Fe aids in the formation of the anti- 
gorite structure. The development of 
antigorite and the concomitnat decrease 
in the number of magnetite grains re- 
sults in a serpentinite that is often dark 
green and semitransparent, but may be- 
come a transparent, rich, medium green 
(williamsite). The green color may be 
the result of the presence of iron. 
Considerably less research has been 
done on Class B serpentinites. The al- 
teration of carbonate sedimentary rocks 
to serpentinites is ¢dentical to that that 
has formed talc deposits in many areas, 
the development of talc being one ad- 
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ditional step beyond the development 
of serpentine minerals. Engel and 
Wright (1960) describe many talc de- 
posits originating in carbonate sedi- 
mentary rocks. They point out that 
silica (Si02), magnesia (MgO) and 
water would have to be added. The 
amount required would depend upon 
the initial composition of the carbonate. 
Thus, a dolomite with numerous chert 
layers would require the addition of 
lesser amounts of silica and magnesia 
than would a pure limestone. The 
water-rich solutions containing silica 
and magnesia could be derived from 
igneous or metamorphic sources or re- 
circulated groundwater (Engel and 
Wright, 1960). These same general 
conditions would be necessary for the 
conversion of carbonate rocks to serpen- 
tinites. Most Class B serpentinites are 
yellow-green. Again, those varieties 
that have been used for gem and orna- 
mental purposes (bowenite, yu-yen 
stone) consist chiefly of antigorite 
(Faust and Fahey, 1962). 

In summary, regardless of the origin, 
only those serpentinites that consist 
chiefly of antigorite have the requisite 
durability and beauty for gem purposes. 
Such rocks consist of relatively large 
antigorite crystals, with only a few scat- 
tered, opaque magnetite grains or other 
accessory minerals. Those serpentinites 
originating from the alteration of igne- 
ous rocks have a medium- to dark-green 
color. This is probably a result of their 
higher iron content (Faust and Fahey, 
1962, Table 7). Class B serpentinites 
have a yellow-green color, possibly re- 
flecting their lower iron content. 

The author would like to thank Dr. 
Thomas F. Bates and the Mineral Con- 


GEMS & GEMOLOGY 


Figure 1 


TETRAHEDRAL LAYER Stacking of SiO, tetra- 
hee hedral layer and Mg 
(OH), octahedral layer to 
OCTRAHEDRAL LAYER form a unit layer of ser- 
aaa pentine-group minerals. 
TETRAHEDRAL LAYER Two unit layers are shown. 
UNIT 
OCTRAHEDRAL LAYER TER 
Figure 2 Figure 3 


Showing the amount of mismatch between the 

two layers. The matching of the four corners The tubular nature of chrysotile fibers. The 

produces strain within the serpentine mineral. light area down the center of the tube (at 
group structure, arrow) indicates its hollow nature. X 47,600. 


OCTRAHEDRAL LAYER 
——~-TETRAHEDRAL LAYER 
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Figure 4 


The platy nature of antigorite is apparent in this electron micrograph. X 30,800. 
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Table I. Physical and optical properties of the serpentine-group minerals (after 
Deer, Howie, and Zussman, 1962). 


Index of Refraction 


Ns 

NB 

N68 
Birefrigence 
Optic sign 
Density 


Hardness 


Chrysotile Lizardite Antigorite 
1.532-1.544 1.538-1.554 1.558-1.567 
—_~ _— 1.565 
1.545-1.556 1.546-1.560 ~ 1.562-1.574 
0.013-0.024 0.008-0.022 0.004-0.016 
Biaxial — biaxial — biaxial — 

a= 2.55 25599) 2.6 
2% 2 2Y2-3Y3 


Table II. Description and mineralogy of some of the more common varieties 
of serpentine-group minerals, 


Name 


Bowenite. 


Marmolite. 


Picrolite (also 
Baltimorite) . 
Retinalite. 


Williamsite. 


Yu-Yen Stone. 


Description 


A massive, fine-grained, 


greenish-white to apple- 
gteen variety. Hard- 
ness5to6. (1). 


A thin foliated variety. (1). 


A fiberous variety, which 
may be transparent in 
small pieces. (1) 


A honey-yellow to light- 
green vatiety with a waxy 
or resinous luster. (1) 


A translucent to trans- 
parent medium-green 


variety. (1) 
A massive, pale greenish- 


gray translucent 
variety. (2). 


(1) Johannsen, 1928 (2) 
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Mineralogy 
Antigorite. (2). 


Lizardite with some 
chrysotile. (2). 


Antigorite with 
lizardite. (2). 


Chrysotile with some 
lizardite. (2). 


Antigorite with a 
little chrysotile. (2). 


Chiefly antigorite. (2). 


Faust and Fahey, 1962 
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Figure 5 


Chrysotile (C) replacing olivine 

(QO) along a cleavage. Note small 

scattered grains of magnetite (M) 
in chrysotile. X 145. 


Figure 6 
Large plates of antigorite typi- 
cally found in most gem-quality 
serpentine. X 145. 
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stitution Laboratories of the Pennsyl- 
vania State University for supplying the 
electron photomicrographs used in Fzg- 
ures 3 and 4, and Dr. Thomas A. Vogel 
of Rutgers University for reviewing the 
manuscript. 

(continued on page 356) 
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A Descriptive Catalog of the Drift Diamonds 
of the Great Lakes Region, North America 


Christopher B. Gunn 
(Continued) 


No. 45. 1897. One stone, 6 carats. 

. White. Octahedron, with markings. 
Found by two small daughters of a 
J. R. Taylor of Milford, Clermont 
County, in or near a kettle moraine. 
It passed to a Herman Keck of Cin- 
cinnati in 1899, and subsequently to 
the collection of The University of 
Cincinnati, who possessed it in 1961. 
Cut into a brilliant. Mentioned by 
Hobbs (1899) ; Sinkankas (1959) ; 
Vierthaler (1961a, 1961b). 

NEW YORK 

No. 46. 1905. One stone, possibly 

between 10 and 15 carats (estimate). 

Found while quarrying gravel in a 

pit on the south side of Syracuse. 
It was sold for $1,700 at Springfield, 
Mass. Reported in the Syracuse 
Herald, December 24, 1905. Men- 
tioned by Sinkankas (1959). Re- 
ported by Kunz (1905). 

No. 47. 1909, One stone, no details. 
Found near Grass River, near Mas- 
sena, St. Lawrence County. Men- 
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tioned only by Sinkankas (1959), 
and is open to doubt. 

No. 48. 1920 or 1921. One stone, 
very small. Transparent, white. 
Found in a peridotite dike near Syra- 
cuse by a Frank Brainerd, a graduate 
student at Syracuse. Mentioned by 
Blank (1935); Sinkankas (1959). 
(This is not a drift diamond). 


ONTARIO : 


No. 49. Undated (some time before 
1929). One stone, 33 carats. Rough, 
broken, of little value as a gem. 
Found while digging a railway cut 
between Ottawa and Toronto, ap- 
parently near Peterborough. It was 
sold to a jeweler who showed it to 
G. F. Kunz about 1920, Mentioned 
by Kunz (1931); Blank (1935). 
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Developments 


and Highlights 


at the 


Gem Trade Lab 
in New York 


by 


Robert Crowningshield 


Convincing Turquois Imitation 

One of the most convincing imita- 
tion turquois stones we have encoun- 
tered is illustrated in Figure 1. The 
areas of matrix and natural-appearing 
cavities, combined with the fact that 
the stone “‘sweat’’ oil when a hot needle 
was brought close to it, all suggested a 
normal wax- or oil-treated turquois. 
However, the refractive index varied 
‘from approximately 1.57 in one area 
to 1.60 in other areas. No absorption 
spectrum was noted, but the stone 
charred when touched with a hot 
needle. Magnification failed to disclose 
the usual mosaic pattern of compressed 
imitations, but a drop of clear hydro- 
chloric acid became yellow when left 
on for several minutes. X-ray diffraction 
showed that no turquois was present 
and that it was indeed a compressed 
imitation. 

Pressed Glass 

Another quite convincing imitation 
consisted of six intaglios in a bracelet 
that were pressed glass cemented to flat 
chalcedony backs. The carvings had 
been “sharpened” to appear carved in- 
stead of molded. The bracelet must 
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have been made in a time when carved 
stones were more appreciated than now. 
Fingerprint in Grossularite 
Figure 2 shows a fingerprint inclu- 
sion in a 4-carat pear-shape green gros- 
sularite garnet. The color of the stone 
was a yellow-green of medium inten- 
sity, somewhat like the green of chryso- 
beryl. No chrome lines were visible in 
the spectroscope; in fact, no distinct 
absorption spectrum was seen. 
Bearded Girdle 
Figure 3 illustrates the fact that a 
round diamond with a frosted girdle 
and no inclusions or blemishes may 
rate a flawless clarity classification, 
whereas light polishing of the girdle 
will expose the typical “‘bearding’’ re- 
sulting in a VVS classification. 
Horn (?) Snuff Bottle 
Occasionally, the Laboratories are 
asked to identify materials that are not 
quite what could be termed gem ma- 
terial. Snuff bottles are perhaps the best 
example. Frequently, these bottles are 
not identifiable by gem-testing methods 
or even with destructive mineralogical 
tests. However, they are challenging 
and we frequently spend more time 


335 


Figure 1 


than we can justify. Figure 4 is a close- 
up of a section of a beautifully carved 
snuff bottle that had the odor of burn- 
ing hair when touched with an electric 
needle. We had to indicate in the iden- 
tification report that it was probably 
horn and undoubtedly of organic origin. 
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Figure 2 


Red Inclusions in Rock Crystal 

Figure 5 was taken because the inclu- 
sions in the rough piece of rock crystal 
were a brilliant red and resembled 
strands of seaweed or kelp. We once 
saw similar intense red inclusions in a 
carved amethyst. 

Abraded Old-European Cut 

Figure 6 shows very unusual abra- 
sion of a 1.35-carat old-European-cut 
diamond worn for 40 years as an en- 
gagement stone. 


Figure 4 
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Figure 6 


Figure 7 
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Portrait Diamond 

A 20-catat pear-shape portrait-cut 
diamond we examined was so clear it 
transmitted the poor typing of your 
columnist who quickly mistyped the 
words “portrait cut” for Figure 7. 

Synthetic-Emerald Inclusions 

A 3-carat synthetic emerald, believed 
to be of French manufacture, had a 
specific gravity of 2.73; R. L, 1.565- 
1.570; very weak fluorescence in long- 
wave ultraviolet, with blade-shaped 
inclusions fluorescing yellow. Under 
magnification several odd inclusions 
were noted. Figure 8 shows a 2-phase 
flux inclusion. Figure 9 shows the blade- 
shaped flux inclusions and the layered 
color zoning of the stone. Figure 10 
is of the more familiar wispy veils one 
expects in flux-grown synthetics. 

Tanzanite 

The introduction of transparent blue 
zoisite under the name Tanzanite has 
caused quite a bit of comment. A few 
callers have wondered about the choice 
of name. We have stated that there is 
good precedent for naming minerals 
for a locale; e.g., the californite variety 
of idocrase, the amazonite variety of 
microcline, and labradorite. Honoring 
a new country by naming a beautiful 
new gem after the country seems to us 
to be both mineralogically sound and 
commercially acceptable. Before pro- 
posing the name, a check was made 
with the international nomenclature 
commission for minerals. 

Inclusions in Zoisite 

We have been very pleased to see 
several more large cut zoisites, one of 
more than 80 carats in weight. Most 
have been without inclusions, other 
than a minor fracture. In fact, few of 
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Figure 8 


Figure 9 


Figure 10 


the rough pieces of cutting quality we 
have examined had inclusions specific 
enough to photograph. One piece in our 
collection does have intersecting needle- 
like inclusions, which are shown in 
Figure 11, Another specimen has num- 
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Figure 17 


Figure 12 


Figure 13 


erous two-phase inclusions, with here 
and there what appears to be 3 phases. 
Figure 12 shows one of the latter with 
the small black spot (arrow) . The same 
stone had an area of needlelike inclu- 
sions in one direction only (Figure 13). 


GEMS & GEMOLOGY 


Figure 14 


Double-Culet Effect 
The staff in the New York Lab was 
interested to see the double-culet effect 
mentioned in the last Los Angeles Lab. 
column, since it is the first of this type 
of cutting we had seen, until that after- 
noon when a flawless and colorless 18- 


carat marquise was in for examination. 
It had the same type of culet faceting, 
which would certainly be preferable to 
a single large facet (Figure 14). 
Synthetic Scheelite 

Several requests for information re- 
garding brown scheelite prompted us 
to ask the assistance of Dr. Kurt Nas- 
sau, of Bell Telephone Laboratories, 
who kindly Ioaned us a series of syn- 
thetic “pulled” crystals and fragments 
for study. Because. synthetic brown 
scheelite has been.‘offered for sale as 
natural material recently in Europe and 
other colors have been cut and reached 
collectors, it was thought desirable to 
have on record the absorption spectra 
of the various colors of synthetics. 
Many of the crystals we studied had no 
recognizable inclusions under magnifi- 
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cation. Figure 15 shows one of the most 
startling absorption spectra we have yet 
encountered, The crystal was a rich pur- 
ple, reminiscent of freshly mined kun- 
zite. A paler stone had a similar but 
less pronounced spectrum (Figure 16). 
The absorption spectra of much paler 
lavender and lavender-blue stones were 
shown in the winter issues of Gems & 
Gemology, both 1963-64 and 1964-65. 
Figure 17 shows the absorption spec- 
trum of a rich red-brown fragment, the 
color of which resembles fine topaz. It 
was sutprising to note that a yellow- 
brown crystal gave no absorption lines 
whatever, and a very dark garnet-red 
crystal showed no recognizable lines. A 
pale-yellow fragment gave the spectrum 
recorded in Figure 18. Figure 19 is the 
absorption spectrum of a pale-green 
piece resembling green spodumene in 
color. A very dark yellow-green piece 
resembling the color of fine demantoid 
gave no tecognizable spectrum. Many 
different impurities are involved in the 
coloration of these synthetic scheelites, 
with the rare-earth metals perhaps re- 
sponsible for the most striking. Color- 
less and sulphur-yellow specimens, 
along with a pale, almost gray piece, 
gave no absorption characteristics. 
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Figure 19-a and Figure 19-b are the 
absorption spectra of beautiful faceted 
pale-green synthetic scheelite by analyz- 
ing different directions of light. 19-a is 
the absorption spectrum in direct trans- 
mitted light, whereas 19-4 is the result 
of analyzing diffused light. This brings 
to mind the reversible lines due to fluor- 
escence shown by ruby. This particular 
scheelite fluoresced a brilliant pink un- 
der short-wave ultraviolet. Most of the 
other colors fluoresced various tones of 
blue and bluish white only under short 
wave. One very handsome, rich, peri- 
dot-green stone (which had no recog- 
nizable absorption spectrum) fluoresced 
a dull brick- or orange-red in only one- 
half the stone under long-wave ultra- 
violet. 

Figure 19-c shows typical gas bubbles 
that may occur in any of the colors, al- 
though they are frequently absent. 
However, a “batch” may be spoiled by 
their presence in such great numbers 
as to make the crystal semitranslucent. 
Figure 19-d and 19-e are inclusions of 
rhodium or iridium from the growth 
vessel; they may be found in any color 
but are not always present. These pho- 
tos were taken under 500x. We are in- 
debted to Dr. Nassau for all the inclu- 
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Figure 19-c 


Figure 19-e 


Figure 19-d 
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sion photos. 
Rare Cat’s-Eye Opal 

A small cat’s-eye opal in the posses- 
sion of Bill Collison, gem dealer and 
ex-GIA instructor, caused much com- 
ment at the American Gem Society Con- 
clave in Atlanta several years ago. We 
are happy to show (Igure 20) three 
black opals with good chatoyancy 
shown to us by George Bruce, Atlanta 
stone dealer. The largest is a rich blue 
with a nearly emerald-green eye. 


Strontium Titanate Doublets 


We have heard of many attempts to 
improve the surface resistance of both 
synthetic rutile and strontium titanate. 
One method was advertised as ‘‘sapph- 
itizing” in the 1950's. A West Coast 
lapidary made doublets of synthetic 
sapphire tops and strontium-titanate 
backs. These never reached the market 
in quantity, probably because of labor 
costs and the lack of suitable bonding 
agents. Recently, doublets of synthetic 
spinel and strontium titanate have been 
introduced, with the claim that they 
were not cemented but fused. Under 
magnification we could see no gas bub- 
bles in the joining plane, which was 
at the girdle. The stones withstood 
steam and an overnight bath in concen- 
trated hydrochloric acid. In an attempt 
to determine if the claim of fusing were 
true, one stone was set in a 14K yellow- 
gold engagement ring and the shank 
sized by welding without any protec- 
tion for the stone, The joining plane 
turned brown near the point of prong 
contact and an arborescent, or fern- 
like, pattern developed throughout 
(Figure 21). It is assumed, therefore, 
that a cement is involved. Another stone 
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Figure 21 


set in an engagement ring and properly 
protected during sizing did not alter 
in appearance. It would seem that these 
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Figure 22 


doublets accomplish the desired ends of 
reducing the fire of the strontium titan- 
ate while making a more durable stone. 
In appearance, the round brilliants are 
vety diamondlike. One of the doublets 
we examined recently contained a very 
natural-appearing fingerprint inclusion 
in the strontium titanate (Figure 22). 
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Developments and Highlights 
at the 


Gem Trade Lab 
in Los Angeles 


by 


Richard T. Liddicoat 


A Variety of Interesting Inclusions 

On several occasions recently we 
have encountered chalcedony contain- 
ing little spherules as inclusions. Figure 
1s shows under rather high magnifica- 
tion (about 45x) a number of round 
inclusions in a pale-green chalcedony. 
Figure 2 shows a number of spherules 
in a greenish chalcedony, another stone 
encountered a week or two ago. In Frg- 
ure 3 we see some green spherules in 
another green chalcedony — these seem 
to be perfectly spherical. In addition, 
this stone contained some interesting 
crystallites, which are seen faintly in 
the upper right-hand corner. Figure 4 
shows a nearly circular inclusion in a 
diamond. From its rounded outline and 
low relief, we assume the inclusion to 
be diamond. An excellent, seemingly 
spherical bubble in diamond is pictured 
in Figure 5. From its outline and high 
relief, it seems likely that this is a nega- 
tive crystal. 

We have seen so many square patches 
of cottony inclusions recently in dia- 
monds that we photographed one un- 
der 200x, using a metallurgical micro- 
scope (Figure 6). The same inclusion 


344 


enlarged to 450x is shown in Figure 7. 
In Figure 6, the two elongated black 
areas are small cleavages, and a vagiie 
cross may be seen going from point: to 
point. 
Ultraviolet as an Illuminant 

Figure 8 depicts a very flawed fluor- 
escent diamond photographed under 
long-wave ultraviolet illumination. It 
is interesting to see the extent to which 
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Figure 2 Figure 5 


Figure 4 
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Figure 8 


feathers in the stone are revealed as 
‘black spots against the soft glow of the 
ultraviolet-induced fluorescence in the 
diamond. 
YAG 

Recently, we have seen several stones 
cut from the synthetic so-called YAG, 
an acronym for yttrium-aluminum gar- 
net. This material has a garnet struc- 
ture but does not contain silica, We 
were told that these had been sold as 
demantoid. They were attractive green 


stones but the color was not the chrome 
green of demantoid. Both had an ab- 
sorption spectrum similar to that shown 
in Figure 9. The inclusions were very 
interesting (Figure 10). They included 
not only gas bubbles, but a rather irreg- 
ular-appearing fingerprint inclusion 
(top of the photograph at left center). 
In addition to a few spherical inclusions 
that were somewhat akin to what one 
would expect in synthetic corundum, 
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there were tubelike inclusions reminis- 
cent of those of synthetic’spinel. 

Since the Jast Lab report, we have 
encountered a number of interesting in- 
clusions and surface characteristics in 
diamonds. Figure 11 shows a pair of 
feathers that resembled the wings of 
an eagle, with the body centered at the 
culet of the stone. 


Figure 11 


Figure 12 illustrates the irregular sur- 
face of the table of a diamond that very 
much resembles the meanders of the 
surface of a cultured pearl when viewed 
under high magnification. This photo- 
graph was taken under approximately 
60x. 

A series of strong percussion marks 
on the crown of a large treated green 
diamond is shown in the center and 
left side of Figure 13. 

A vety interesting “washboard” ef- 
fect on the otherwise very smooth girdle 
surface of a diamond is illustrated in 
Figure 14. We assumed that this girdle 
had been turned mechanically, rather 
than holding the stone by hand. We 
have seen traces of this effect in the 
past, but never so strongly developed. 
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Figure 12 


Figure 13 


Figure 14 
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Figure 15 


Figure 15 shows an inclusion with a 
squate outline in the garnet portion of 
a garnet-and-glass doublet encountered 
in the Los Angeles Laboratory recently. 
Because the crystal did not reach the 
surface, we were unable to determine its 
composition; but since square outlines 
in garnet inclusions are rare in our 
experience, we photographed it. 

One of our Graduate Gemologist’s, 
Werner Frischknecht of St. Gallen, 
Switzerland, who studied in Los Ange- 
les for several months, sent us a photo- 
graph of an “Apollo space vehicle’ he 
found captured in an amethyst (Figure 
16). Since the shape is somewhat irreg- 
ular, we were unwilling to hazard a 
guess as to the nature of the inclusion. 

Not long ago we examined a low- 
property green zircon that had very 
intriguing inclusions. We have seen 
somewhat similar inclusions before in 
low-property zircon, but these were so 
well developed that it was decided to 
photograph them (Figure 17). 

Figure 18 shows an interesting black 
calcareous concretion with a structure 
that is evident below the bright reflec- 
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Figure 16 


tion from the illuminator. We do not 
know the origin of the concretion, but 
suspect that it came from a mollusc. If 
any of our readers are familiar with 


Figure 17 
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Figure 18 


concretions of this kind, we would like 
to learn their origin. 

Along the same lines, we have en- 
countered on two occasions black con- 
cretions of a noncalcareous nature that 
are organic in nature, as shown by the 
fact that they give a burnt-hair odor 
when a hot point is applied. They also 
have a characteristic structure that varies 
somewhat with direction. The origin 
seems to be somewhere in Mexico, prob- 
ably near La Paz in Baja, California. 
They have been polished. The refractive 
index is about 1.53 and the specific 
gravity near 1.31. The end view of their 
structure is shown in Figure 19, and 
the side view is illustrated by Figure 20. 
All of those we have studied had been 
shaped and polished. 

Opal-In-Ironstone Matrix 

Figure 21 shows the almost metallic 

reflection from an opal -in-ironstone 
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Figure 19 


Figure 20 
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matrix in reflected light. This photo- 
gtaph was taken with light reflecting 
directly from the surface of the matrix. 
The darker areas showed the good play 
of color one would expect from opal, 
whereas the ironstone showed the al- 
most metallic reflection. 
Mangled Diamond 

The diamond illustrated in Figure 22 
must have been put through a crusher. 
It is hard to conceive of a situation that 
would so completely have destroyed the 
ofiginal symmetry of the round brilliant 
cut. It would seem one could take a 
hammer to a diamond on an anvil and 
hardly achieve such damage as was en- 
countered here, No exceptional strain 
was noted when the stone was examined 
in the polariscope, so we could only 
assume that it had been subjected to 
great abuse. 
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Rose-Cut Fraud 
From time to time we encounter the 
often-described mounting in which a 
very thin rose-cut diamond ‘is set in a 
gypsy mounting so that the entire girdle 
area is covered. The mounting is made 
in such a way that “facets’’ are im- 
pressed in the metal on its flat bottom. 
There is a large air space between the 
flat base of the rose cut and the metal 
“facets.” Usually, when such a stone is 
examined from above under magnifica- 
tion, reflections of the facets on the top 
surface give a doubling effect, such as 
seen in Figure 23, When this diamond 
was removed from the mounting, it was 
found to have a total depth of not much 
more than 2 mm., even though the gir- 
dle diameter of the stone was in excess 
of 14.3 mm. Later, the man who had 
brought it to us for identification told 
us that he had removed the stone from 
the setting, and that it was not much 
thicker than a fingernail. It weighed 
just over two carats. By formula for a 
brilliant cut, if such a diamond with a 
14.3 mm, diameter weighed 214 carats, 
its depth would be only 2 mm. at the 
deepest point. 
Unusual Opal 
A woman who is an X-ray techni- 
cian owned an opal set in a ring. Over 
a petiod of time she noticed that the 
stone had whitened and lost its play 
of color. She thought this must have 
been caused by exposure to X-rays, 
which she believed could have occurred 
during her daily duties. Obviously, such 
an explanation seemed exceedingly re- 
mote, in that the regulations for X-ray 
technicians are so stringent that they 
are exposed to no more radiation than 
the man on the street. Examination of 
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Figure 22 


Figure 23 
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the stone led Charles Fryer to suspect 
that it was hydrophane, so he soaked 
it in water over a weekend. When we 
examined it the following Monday, it 
was again translucent and had a very 
attractive play of color. 
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OPALS & SAPPHIRES, by Ion L. Idriess. 
Published by Angus & Robertson, Ltd., Lon- 
don, England, 1968. 231 pages. Clothbound. 
Illustrated with black-and-white pictures and 
line drawings and eight color photographs. 
Price: $5.50. 

“This book,” Mr. Idriess states, ‘““was writ- 
ten for three kinds of prospectors: the man 
intending to prospect for opal and sapphire 
as a means of earning a living; the man who 
wants to spend a few months in a pleasant 
way, with the chance of a lucky strike to 
bring in payment for his time; and for the 
family holidaymaker with less time but with 
the same object in view.” 

The author, who has had many years of 
practical experience in the Australian gem 
fields, seems to have accomplished these aims 
very well. More than two-thirds of the book 
is devoted to opal: prospecting, mining, 
classifying, cutting, and buying and selling. 
The section on sapphire is treated in a similar 
manner, Also discussed is the geological set- 
ting for these gems, their history of discovery 
and association with the great and the rich, 
the legends they have inspired, the renowned 
collections throughout the world, and the 
record of soaring values. All aspects of Aus- 
tralia’s two most important gems have been 
thoroughly covered, with the exception of the 
more technical information. 

As a practical and readable guide for the 
gem hunter who sets out, either in earnest 
or for fun, on such an adventure, Opals & 
Sapphires will undoubtedly prove valuable. 
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MINERALS & MAN, by Cornelius 8. Hurl- 
but, Jr., Ph.D. Published by Random House, 
Inc., New York City, 1968. 304 pages. Cloth- 
bound. 8x11" format. Profusely illustrated 
with 67 black-and-white photographs and 
line drawings and 160 color plates. Price: $15. 

Minerals & Man has much to recommend 
it. First, the book has instant eye appeal, 
because of its impressive size, its attractive 
layout and design, and the wealth of out- 
standing color plates, all superbly engraved. 
The color photography and reproduction 
rank among the best to be encountered in a 
book of this kind. Secondly, it is written in 
a highly readable and nontechnical style, 
making it equally well suited for the novice, 
the connoisseur, the student and the spetial- 
ist. The author deserves special recognition 
for his knowledgeable handling of the text. 
Thirdly,it is authoritative: Dr. Hurlbut is an 
eminent American mineralogist and a 
distinguished professor of mineralogy at 
Harvard. 

Hurlbut calls attention to man’s increasing 
dependence on minerals and the neglect by 
many writers of a fascinating chapter in earth 
science: the origin, occurrence, association 
and uses of mineral commodities. He points 
out that the number of familiar objects whose 
manufacture requires the use of minerals is 
staggering: from a minute transistor to a 
powerful engine, from wedding rings to 
crown jewels, from the hardest abrasives and 
cutting tools to baby’s talcum powder. Indi- 
vidual chapters discuss the early use of min- 
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etals, physical properties and identification, 
rocks that make up the earth’s crust, the 
beautiful zeolites and related minerals associ- 
ated with lava flows, the discovery and 
exploitation of borax in the American South- 
west in the 1880's, the ancient tin mines of 
Cornwall, a single gypsum crystal as large 
as a skyscraper girder, the ornamental stones 
preferred by sculptors, minerals from the sea 
and from land-locked lakes, the commercial 
importance of ore minerals, the breathtaking 
beauty of fluorescent minerals, the amazing 
array of minerals at Franklin Furnace, New 
Jersey, and the minerals needed for atomic 
energy. Other sections consider the precious 
metals—gold, platinum and silver—and, of 
particular interest to gemologists, two chap- 
ters on gemstones. A bonus for gem enthusi- 
asts is the illustration of both rough and cut 
gemstones in the many superb color plates 
throughout the book, together with special 
emphasis on the importance of pegmatites as 
a source of large and well-formed gem crys- 
tals of many species. An appendix of the 
physical properties of some of the more com- 
mon minerals, followed by an index, complete 
the book. 

Minerals & Man is possibly the most 
refreshing and exciting approach to economic 
mineralogy yet written. It is for all those who 
want to know more about an aspect of the 
natural world vital to mankind. Dr. Hurlbut 
has written a distinctive and significant book 
on this branch of the earth sciences. 


VAN NOSTRAND'S STANDARD CATA- 
LOG OF GEMS, by John Sinkankas. 
Published by D. Van Nostrand Co., Princeton, 
New Jersey, 1968. 286 pages. Softbound. 
Ulustrated with black-and-white line draw- 
ings and photographs. Price $5.95. 

It is difficult to review a book that contains 
thousands of specific facts, because it is easy 
to find fault with a number of figures in 
such a book. We can find dozens of discrep- 
ancies very easily in this work, and we will 
mention a few of them in this review. How- 
ever, we mist express our admiration for 
the care with which John Sinkankas has 
reseatched his subject. 
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Sinkankas has a thorough knowledge of 
the value of the less-expensive gems and 
ornamental stones, even of many of the 
expensive stones in the rough, and he has 
the advantage of being a very careful writer 
who does his best to present a completely 
accurate picture of anything he undertakes. 
As a result, he has several outstanding 
books to his credit. His preliminary section 
on the orientation of rough in cutting is 
superlative, and his diagrams and drawings 
are exceptional. 

In this book, we find fault mainly with 
the higher prices he quotes, feeling that per- 
haps he did not find suppliers who handle 
the ultimate in quality from which to extract 
his information, or that his information was 
not quite up to date in a rapidly rising mar- 
ket. We did find that he is quite low on a 
number of prices in the top qualities of ru- 
bies, sapphires, cat’s-eyes, emeralds, and even 
synthetic emeralds. Probably he consulted 
dealers with whom he was acquainted who 
gave him information on the finest stones 
they had handled; unfortunately, however, 
these were sometimes far from top-quality 
stones. 

For example, he lists a top retail price for 
a 10-carat blue sapphire of $1600 a carat. 
Those who have priced the finest Kashmir 
sapphires recently would realize that the 
jeweler would have to pay appreciably more 
than this. This holds true also for the finest 
ruby, for which he quotes a top price of 
$10,400 per carat; we have seen prices to the 
jeweler in excess of $20,000 a carat. His 
quotations on melee diamonds are particu- 
larly unfortunate, because the prices listed 
are appreciably below wholesale for fine, 
well-made stones. This is an area that is 
likely to be of interest to a majority of read- 
ets, whereas exceptional prices for rubies, 
emeralds and sapphires are seldom encoun- 
tered. In the other direction, the value he 
gives for golden cultured pearls in relation 
to rosé is far above reality, for the golden 
color commands only a fraction of the price 
of fine rosé. 

Despite these drawbacks, which could be 
corrected in future editions, Sinkankas has 
done a remarkably able job, so it will 
have a value far beyond its low cost for 
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those who purchase it. We recommend it 
enthusiastically. 


THE BOOK OF PEARLS, by Joan Younger 
Dickinson. Published by Crown Publishers, 
Inc., New York City, 1968.248 pages. Cloth- 
bound. Illustrated with black-and-white 
photographs and line drawings and one color 
plate. Price: $6.95. 

Joan Younger Dickinson has followed 
her previous book, The Book of Diamonds 
(Crown Publishers, Inc., 1965, $5.95), with 
a comprehensive and thoroughly entertaining 
account of the pearl. As with the diamond 
book, this one fills an obvious gap in the 
literature of the pearl, for no important, 
popular work has been published on this 
subject for many years. 

Mrs. Dickinson’s story covers a wide span 
of time, from the role of pearls in the shell 
cult of antiquity and the early pearl fisheries 
of the Persian Gulf to the development in 
Japan of the cultured pearl of today. She 
tells how these lustrous gems wete revered 
in the East, as in the 9th century, when the 
bride of the Caliph Alumunum of Bagdad 
wore to her wedding a headdress of 1000 
magnificent pearls; how Henry VIII of Eng- 
land had robes, mantles, coats, hats and even 
shoes adorned with pearls; and how Mary 
Queen of Scots, upon her betrothal to Fran- 
cois II of France in 1559, received six ropes, 
each consisting of 25 stunning purplish 
Oriental pearls, the finest of this color ever 
seen. 

When Christopher Columbus reached 
Margarita Island off the Venezuelan coast on 
his third voyage, he found that the American 
Indians were well aware of the beauty and 
value of pearls. He named Margarita the 
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“Isle of Pearls.’”’ Over the years, both salt- 
and fresh-water pearls of the Americas were 
exported in competition with the Oriental 
product. During the late 19th and early 20th 
centuries, a profusion of pearls was pur- 
chased and worn the world over as symbols 
of status and splendor. 

In a chapter entitled The Discovery of the 
Oyster’s Secret, the author describes the frus- 
trating search for a method of inducing the 
mollusc to produce a lustrous concretion — 
the success story of the cultured pearl. An- 
other chapter, Cultured Pearls Today, is 
illustrated with a number of pictures from 
Japan, depicting the step-by-step method 
involved in pearl culturing. 

In addition to discussing the history, lore 
and romance of pearls and pearling, the book 
has a very practical aspect, since it serves as 
a guide for anyone who owns or is contem- 
plating buying pearls. Described is the eval- 
uation procedure for size, shape, luster, 
orient, flawlessness and color, and how to 
choose pearls for fashion and sentiment. Also 
illustrated and described are the various 
lengths and styles of necklaces: choker, mat- 
inee length, opera length, sautoir, bib, dog 
collar, etc. The author tells who weats what 
pearls—and where. 

The Book of Pearls is exceptionally well 
illustrated with many old engravings of 
pearl fisheries, photographs of museum 
paintings, pearl antiques, cultured-pearl ‘pro- 
duction techniques, and exquisite jewelers’ 
offerings: necklaces, bracelets, earrings, 
rings, hairpieces and others. 

Everyone who has an appreciation for 
pearls should find this book an enjoyable 
and valuable reading experience. Many jew- 
elers will consider it a worthwhile gift for 
good customers. 
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COMMON GEMS OF SAN DIEGO 
COUNTY, CALIFORNIA 


by 


Paul Willard Johnson 


With Photographs by the Author 


San Diego County is richly endowed 


with gem minerals. In the 4,258 square 
miles of the County more than 140 dif- 
ferent minerals have reportedly been 
found. Here, the title “gem basket of 
the United States” is justly deserved, for 
no other U.S. county has the profusion, 
variety and quality of gems so repre- 
sented within its boundaries. From the 
ocean on the west through the moun- 
tains in the middle to the desert on the 
east, San Diego County is unique in 
physiography. 

The common gem minerals described 
herein occur in pockets, or vugs, in peg- 
matite dikes. No placer deposits of gem- 
stones have ever been found in San 
Diego County. The mines are located 
in a central mountain belt trending 
from northwest to southeast across the 
county (Freure 1). It is peculiar that 
the pegmatite districts closely coinside 
with the northwest-to-southeast-trend- 
ing fault zones. Most of the gem dis- 
tricts occupy areas of dense chaparral 
(low vegetation), composed mainly of 
greasewood. 

There are eight main pegmatite dis- 
tricts: Aguanga Mountain, Banner, Chi- 


358 


huahua Valley, Jacumba, Mesa Grande, 
Pala, Ramona and Rincon. These dis- 
tricts are indicated on the map in Figure 
1. The two principal mining districts 
ate Pala and Mesa Grande. 

Lepidolite seems to be a valuable in- 
dicator mineral; without it, there is very 
little chance of finding colored gem- 
stones. Lepidolite in the Pala district 
has been dated by John Earl using the 
rubidium-strontium method and found 
to be 106, plus or minus six million 
years old. 

Matrix specimens in the past were 
usually discarded and ended up on the 
dump. They are currently very much in 
vogue, and specimens of this type from 
San Diego County grace mineral col- 
lections throughout the world. 

The most complete permanent collec- 
tion of San Diego County gems and 
minerals, mainly a study collection, can 
be viewed at the San Diego Museum of 
Natural History in Balboa Park. A 
small collection of specimens from the 
County can also be seen at the San 
Diego County Department of Agricul- 
ture at 5555 Overland Avenue. During 
the summer, the San Diego County Fair 
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held at Del Mar usually has an excellent 
collection of San Diego County min- 
etals and gems. 

Historical Sketch 

Local Indians had been collecting 
surface tourmaline from the Pala and 
Mesa Grande districts before white men 
arrived. In many Indian graves have 
been found green and pink tourmalines. 
The first discovery by white men of 
gems in San Diego County was in 1890, 
when Charles Russell Orcutt found 
pink tourmaline at what later became 
the Stewart Mine at Pala (Figures 2 
& 3). This stimulated a local search for 
other gem deposits, 

In 1892, eighteen tons of lepidolite 
from the Stewart Mine was shipped to 
New York for specimens of pink-tour- 
maline sunbursts on lepidolite. The 
famous Himalaya Mine, in the Mesa 
Grande district, was first opened in 
1898. The Himalaya was first worked 
by C. R. Orcutt, and later by Gail Lewis 
and Fred J. Rynerson. The Mesa Grande 
district was most actively mined from 
1902 to 1912. 

Kunzite was first found at the Kater- 
ina Mine on Hitiart Mountain, Pala 
district, in May, 1902, by M. M. Sickler 
and his son Frederick M. Sickler, The 
mineral sicklerite was named for the 
son. In May, 1903, the famous Pala 
Chief Mine was opened on Chief 
Mountain in the Pala district. 

The Rincon district was first pros- 
pected by John Mack in 1903 and was 
worked primarily from 1903 to 1910. 
‘The Ramona district was first discovered 
in 1903. 

The fall of the Chinese dynasty in 
1912, headed by the Dowager Empress 
Tzu Hsi, caused the market for pink 
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tourmaline to dwindle to insignificance. 
Thus, the Himalaya Mine was forced to 
close down. When the news arrived, the 
miners left in such a hurry they didn’t 
even bother to remove their tools. Years 
later when the mine was reopened they 
found all the miner’s equipment, just 
as it had been left, and open pockets of 
tourmaline! 

Frank A. Salmons was an early de- 
veloper in the Pala district. The mineral 
salonsite was named in his honor, 

Morganite, the pink cesium variety 
of beryl, was first found in the Pala 
district, 

In 1947, George Ashley, known as a 
fine faceter of kunzite, bought all the 
mines on Hiriart Mountain in the Pala 
district. Presently, Norman E. Dawson 
of San Marcos controls the Fargo, 
White Queen and Vanderburg Mines 
on Hiriart Mountain. 

Since 1914, gem mining in San Diego 
County has been on a small scale. Most 
of the mining at present is being done 
only by individuals or small groups. 

Production 

From 1900 to 1914 about ninety pet- 
cent of the gem output of San Diego 
County was recorded. Over 90 percent 
has come from five mines: Himalaya 
and San Diego in the Mesa Grande dis- 
trict and the Pala Chief, Tourmaline 
Queen and Katerina in the Pala district. 
Over $320,000 worth of gem minerals 
has been taken from the Pala district 
alone in the last fifty years. From 1898 
to 1952, the Mesa Grande district pro- 
duced over 244,850 pounds of tourma- 
line worth approximately $779,700. 
The estimated market value of cut 
stones of the Mesa Grande district tour- 
maline from 1901 to 1912 is 2.7 mil- 
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lion dollars. The Himalaya has produced 
more tourmaline (about 100 tons) than 
all the other mines in San Diego County 
combined. The total value of gem min- 
erals (in the rough state) in the County 
has been at least 2.3 million dollars. 


Pegmatites 
The pegmatite dikes originate in the 
north in Riverside County (where they 
were first found by Henry Hamilton in 
1872 on Thomas Mountain), pass 
through San Diego County and termin- 
ate on the Gulf of California about 350 
miles south of the United States border 
in Baja California, Mexico. The dikes 
are underlain mainly by plutonic igne- 
ous rocks of the Southern California 
batholith. This batholith is composed 
mostly of gabbro, tonalite, diorite, 

gtanodiorite and granite. 

. The common gem minerals discussed 
in this article are all pocket minerals 
and are found exclusively in the ‘pocket 
pegmatite” part of the dike, which 
usually varies in thickness from a few 
inches to about four feet. Pegmatite is a 
plutonic rock that is irregular in texture 
and usually very coarse grained. It is 
composed mainly of quartz and feld- 
spar of the perthite variety, with minor 
amounts of mica and gem minerals. 

Four zones of a: complex pegmatite 
dike are frequently recognized: (1) 
border, or outermost zones, (2) wall 
zones, (3) intermediate zones, and (4) 
cores, or innermost zones. Graphic gran- 


ite is usually present in the border and 
wall zones. It is composed of a cunei- 
formlike pattern of quartz and feldspar. 
The intermediate zones, or line. rock, 
are frequently a garnet-rich aplite. Zones 
of massive (bull) quartz can usually be 
found between the gem-bearing peg- 
matites and the surrounding country 
rock. Pocket pegmatite is customarily 
fourid in the cores of the dikes, and is 
composed mainly of quartz, albite and 
orthoclase, with minor amounts of mi- 
crocline, muscovite, lepidolite and black 
tourmaline. It is within the pocket peg- 
matite that the vugs and pockets of 
gemstones are found. A single pocket 
of tourmaline in the Mesa Grande dis- 
trict weighed 1,500 pounds. The pockets 
ate usually filled with a red clay com- 
posed mainly of the mineral montmoril- 
lonite. Most of the gems are encrusted 
with this clay and must be cleaned to 
show their beauty. Sometimes in the 
mining operations pockets are encoun- 
tered, in which the gem minerals are so 
friable they will crumble to pieces when 
touched. 

Pegmatite dikes vary in thickness 
from less than an inch to 100 feet, and 
in length to about one-half mile, The 
productive Himalaya dike averages only 
four feet in thickness. 

Beryl 
Crystal description: Hexagonal system, 
hexagonal division; dihexagonal-dipy- 
ramidal class. In San Diego County it 
crystallizes in beautiful hexagonal 


Varieties occurring in San Diego County: 
Aquamarine — Bluish green, blue, light green, yellow-green 


Cat’s-eye — None 
Golden Beryl — Yellow 
Goshenite — Colorless 
Morganite 
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— Pink, pale rose to peach 


GEMS & GEMOLOGY 


ptisms, some of which are vertically 
striated. Also equant to tabular. Faces 
of the second-order pyramid are com- 
monly well developed. 
Occurrence: In San Diego County, beryl 
has been found in the following dis- 
tricts: Aguanga Mountain, Jacumba, 
Mesa Grande, Pala, Ramona and 
Rincon. 
Interesting facts: Beryl from San Diego 
County is associated with quartz, albite, 
lepidolite, potash feldspar, muscovite 
and tourmaline. Gem beryl occurs to 
about six inches in maximum dimen- 
sions, with an average of 2.5 inches or 
less. Nongem beryls in the county get 
quite large. The author found one that 
weighs over 85 pounds. Some of the 
beryls are tapered, probably due to the 
effects of corrosion. 

Morganite was named by Dr. George 
F. Kunz in henor of the banker John 
Pierpont Morgan. Morganite is rarer 
than emerald, although not as popular. 
It seems to be more common than aqua- 
marine. Morganite and aquamarine 
usually occur as greatly compressed hex- 
agonal prisms. Some of the prisms have 
side growths with flat terminations at 
different levels along the c-axis. Usually, 
the crystals have flat basal terminations, 
which sometimes have pyramidal faces 
developed. Some of the flat basal term- 
inations have a negative cavity due to 
corrosion paralleling the c-axis. The 
Mack Mine (Figure 5) in the Rincon 
district has produced some flawless 
light-green prisms of beryl. One from 
Pala had an aquamarine center with a 
morganite edge. The beryls of San 
Diego County are usually faceted in the 
emerald-cut style, and these are usually 
cut deep to bring out the color. 
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The material sometimes has inclu- 
sions of muscovite, lepidolite, quartz 
and tourmaline. It commonly has two- 
phase inclusions with a gas bubble. Two 
moveable bubble inclusions were found 
out of 26 specimens examined. One 
moveable bubble, after being heated 
with the microscope light, disappeared. 
There are also veillike liquid inclusions. 

Spessartite 
Crystal description: Isometric system ; 
hexoctahedral class. Commonly in cxys- 
tals, usually dodecahedrons up to 34 
inch in diameter. The larger crystals are 
usually simple dodecahedrons. Some are 
slightly etched and others, usually the 
smaller ones, are commonly trapezo- 
hedral with minor dodecahedral faces. 
The smaller the crystals, the more per- 
fect they seem to become. 
Occurrence: In San Diego County spes- 
sartite is found primarily in the Ramona 
district, with very minor amounts at 
Pala and Mesa Grande. In the Ramona 
district, it is found mainly at the Little 
Three Mine, and sometimes at the 
A.B.C. and Hercules Mines, 

Interesting facts: Spodumene in San 
Diego County is associated with quartz, 
lepidolite, albite and muscovite. All 
transparent spodumenes are etched 
fragments of once-larger crystals. These 
crystal fragments are deeply striated in 
a direction parallel to their elongation. 
The original luster of the faces has been 
removed and the surface is sometimes 
altered to appear dull and/or earthy. 
Many specimens occur as crystal frag- 
ments within altered spodumene. Most 
of the gem-quality fragments have been 
less than 15 inches long. They also have 
triangular etch pits (Frgvre 10). The 
deepest colors are seen when the stones 
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are viewed parallel to the long axis of 
the crystal ; the table of cut stones should 
also be oriented in this manner. Spodu- 
mene is usually cut deep so that maxi- 
mum color is obtained. 

The light-green San Diego County 
material owes its color to iron and there- 
fore the variety name hiddenite (which 
is colored by chromium) is not appli- 
cable. The light tone of this color 
adds weight against using the name 
hiddenite. 

Kunzite, the rare lilac spodumene, is 
found principally in three places in the 
world: Brazil, Madagascar and San Di- 
ego County. It was named for the late 
Dr. George Frederick Kunz (1856- 
1932), gemologist and former Vice 
President of Tiffany & Company in New 
York City. The color of kunzite is 
caused by manganese. Light-blue spod- 
umene was tediscovered by George 
Ashley, of Pala, in 1952. 

The name spodumene means “ashes” 
in Greek, in allusion of the fact that 
this mineral becomes ashy before the 
blowpipe. 

San Diego County kunzite sometimes 
contains inclusions of what look like 
pocket clay. There are also two-phase 
inclusions in spodumene with a gas 
bubble; and long, thin, rod-shaped 
(needlelike) inclusions. There are also 
funnel-shaped inclusions. 

Topaz 
Crystal description: Orthorhombic sys- 
tem ; rhombic-dipyramidal class. In San 
Diego County, topaz crystals are com- 
monly of short prismatic habit. Very 
rately twinned crystals have been found. 
Crystals of three different terminations 
occur: one with a broad, flat 001, or c, 
face developed; one that is an inverted 
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V-shape with the 021, or y, face well 
developed; and a dome shape with the 
111, or o, face and the 112, or p, face 
developed (see Figure 921, Dana's 
Textbook of Mineralogy, fourth edition, 
page 613). Usually, the crystals have 
only one termination, with the base 
fractured on the perfect basal cleavage. 
However, where growth conditions 
were favorable, a few are doubly ter- 
minated. Topaz crystals are sometimes 
slightly striated parallel to the length 
of the prism. 

Varieties occurring in San Diego 
County: The ordinary variety is usually 
colorless or white; less commonly it 
is a light blue, greenish blue or light 
yellow. 

Occurrence: Topaz occurs in San Diego 
County at the Little Three and A.B.C. 
Mines in the Ramona area, and from 
the Emeralite Number Two Mine on 
Aguanga Mountain. It has also been 
found at the Himalaya Mine at Mesa 
Grande and in very minor amounts in 
the Pala district. 

Interesting facts: Topaz from San Diego 
County is associated with quartz, albite, 
lepidolite and green tourmaline. The 
crystals are very similar to those found 
in the Ural Mountains of Russia. Blue 
topaz has been found in sizes up to 
27 x 3Y, inches at the Emeralite Num- 
ber Two Mine in Aguanga Mountain, 
13 miles northwest of Warner’s Hot 
Springs. This mine was owned and oper- 
ated by the late John W. Ware of San 
Diego. Some crystals have frosted sur- 
faces due to etching. It has inclusions 
of albite. It also has two-phase inclu- 
sions with a gas bubble and three-phase 
inclusions, some of which have two 
nonmiscible liquids, gas bubble and 
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crystal of an unknown mineral. In ad- 
dition, liquid veillike inclusions. 
Tourmaline 

Crystal description: Hexagonal system, 
rhombohedral division; ditrigonal pyra- 
midal class. San Diego County crystals 
are usually prismatic in habit, with di- 
vergent radiating groups; also acicular. 
Tourmaline sometimes shows parallel 
side growths and columnar composites. 
Crystals usually display three curved 
sides in cross section. They occur in 
sizes from microscopic specimens to 
more than a foot long. The most com- 
mon termination is the flat basal type. 
Tourmaline with a flat basal termina- 
tion is called a negative termination; a 
slightly curved end is called a positive 
termination. Doubly terminated crys- 
tals usually have a flat termination at 
both ends, or a flat end and a trigonal 
pyramid or modification of it. Rarely 
both ends will be terminated by the 
trigonal pyramid, and occasionally the 
trigonal pyramid is itself slightly trun- 
cated by three faces. Rarely, tourmaline 
crystals are found that are curved or 
bent. The crystals are usually vertically 
striated. 


Occurrence: Tourmalines from San Di- 
ego County are found in all the peg- 
matite districts: Aguanga Mountain, 
Banner, Chihuahua Valley, Jacumba, 
Mesa Grande, Pala, Ramona and 
Rincon. 
Interesting facts: Tourmaline from 
San Diego County is associated with 
quartz, albite, lepidolite, beryl, perth- 
ite (feldspar), muscovite and cookeite. 
The color is sometimes arranged in 
transverse layers along the length of the 
prism, producing bicolored or tricol- 
ored stones. The color may also change 
from the center outward, showing very 
definite color zones. Sometimes, there is 
a black core with a yellow edge or a 
yellow core with a pink edge. The pink 
core with a green edge indicated the 
famous watermelon tourmaline. Rubel- 
lite with an indicolite edge is some- 
times called a blue-skinned rubellite. 
Colored tourmalines show the best 
color through the side of the prism or 
when viewed through its length. Faceted 
tourmaline is therefore usually cut with 
the table parallel to the length of the 
prism or perpendicular to it, to take dd- 
vantage of the color. The emerald cut 


Varieties occurring in San Diego County: 


Achroite — Colorless 

Bicolored — Red, green, blue, black, yellow, pink, white 
Bicolored cat’s-eye — Pink and white 

Cat’s-eye — Green, pink, white 

Green tourmaline — Green 

Indicolite — Blue 

Rubellite — Pink or red 

Schorl — Black 

Tricolored — Green, white, pink; blue, yellow, red 
Violet tourmaline — Violet 

Watermelon — Red or pink and green (color zoned) 


Yellow tourmaline — Yellow 
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and round brilliant cut are usually used. 

Rubellite, either red or pink, was a 
popular gem-in China, where it was 
carved into beautiful figurines. The fall 
of the Chinese Dynasty in 1912, how- 
ever, caused this market to dwindle to 
insignificance, and the resulting drop in 
price contributed to the virtual discon- 
tinuance of profitable mining in the 
Mesa Grande district. 

Tourmaline crystals take a static 
charge and upon being blown out of a 
pocket by a dynamite charge, usually 
pick up and collect a great amount of 
dust and dirt, sometimes to the extent 
of being completely covered. 

In the early days of gem mining in 

the county, occasionally microscopic 
tourmaline crystals would penetrate the 
miner’s fingers and they would become 
infected. 
_ Tourmaline is commonly encrusted 
with the white mineral cookeite, Tour- 
maline can be cleaned, especially of 
cookeite, by the use of hydrofluoric 
acid. This acid is very dangerous, how- 
ever, and should only be used with ex- 
treme caution since it will even etch 
glass! 

Tourmaline is sometimes found with 
an altered crust revealing a hard nodu- 
lar core that has a conchoidal fracture 
and is often flawless. Only about three 
percent of the material recovered is of 
gem quality. Etching on tourmaline is 
sometimes quite pronounced, even to 
the extent of eating holes in the crys- 
tals. Some of the pink crystals from the 
Himalaya Mine have a thin black skin, 
as if they had been sprayed with black 
paint, but it is probably composed of 
black tourmaline. Negative cavities 
sometimes begin on the termination and 
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are oriented parallel to the sides of the 
prism. A bicolored pink-and - white 
cat’s-eye, with the eye in the white end, 
has very rarely been found. Rarely, tour- 
maline is found encrusted with musco- 
vite casts. These casts with a core of 
tourmaline have been found at the 
Himalaya Mine. Some of the green crys- 
tals from the Himalaya Mine have a 
black cap, which is terminated by a 
trigonal pyramid. 

The Emeralite Number Two Mine on 
Aguanga Mountain produced a light- 
blue tourmaline that has been called 
“emeralite.’ One unusual color-zoned 
tourmaline from the Tourmaline King 
Mine had a pink core surrounded by 
four distinct green bands. Radiating 
sunbursts of pink tourmaline (called 
tourmaline suns) in a fine-grained le- 
pidolite are found at the Stewart Mine. 
The famous Himalaya Mine has prob- 
ably produced more material (about 100 
tons) than any other mine in the world. 
The only color not normally found in 
San Diego County is brown. 

The mineral sometimes has inclu- 
sions of quartz, albite and the micas. It 
also has two-phase inclusions with a gas 
bubble, usually very irregular in shape. 
Very fine, long, rod-shaped inclusions 
and small elongated cavities that are tri- 
angular in cross section are oriented 
parallel to the length of the prism. 
When these inclusions are numerous 
enough, they are the cause of the cha- 
toyancy, or cat’s-eye, phenomenon. 

Tourmaline, that myriad-colored gem 
that mimics the spectral hues of the 
rainbow, is the most colorful of the San 
Diego County gems, 
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Figure 1. Map of San Diego County, California, showing the location of 
the main pegmatite gem-mining districts. 
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Figure 2. Main entrance on the south side of the Stewart Mine, 

Pala district. It was here that gemstones were first discovered in 

San Diego County. Because of the lilac color of the lepidolite 

(lithia mica) found here, it was at first thought to be cinnabar, an 

ore of mercury. The large white area in the center right is 
the mine dump. 


Figure 3. Open 
cuf on north 
side of the 
Stewart Mine, 
Pala district. It 
is here that the 
compact lepid- 
olite is shot 
through with 
pink tourma- 
line. 
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Figure 4. Closeup of a 
large block of pegmatite 
at the north side open cut 
of the Stewart Mine, Pala 
district. The black spots 
are black tourmaline. 


Figure 5. Pegmatite 
dike at the Mack Mine, 
Rincon district. The 
white area in the cen- 
ter is the dike, which 
is dipping 43 degrees 
southwest. This mine 
is noted for prisms of 
light-green beryl. 


Figure 6. Rough crystals 
of beryl, mainly from the 
Emeralite Number Two 
Mine on Aguanga Moun- 
tain. The specimen just 
above the ring (shown for 
scale) is morganite. All 
specimens shown are from 
the author's cabinet. 
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Figure 7. 


Figure 8. Medium-sized crys- 
tals of spodumene from the 
Pala district. The three speci- 
mens on the right are kunzite 
and the three on the left are 
triphane. The erystal in the 
lower left-hand corner is 
twinned. 


Figure 9. Small crystal frag- 
ments of spodumene from San 
Diego County, California. The 
specimen in the upper left 
exhibits the typical etched 
termination on a crystal frag- 
ment. Notice the striations. 


GEMS & GEMOLOGY 


Figure 10. Micropho- 
tograph of triangular 
etch pits on the surface 
of kunzite from the 
Pala district. 


Figure 11. Medium- 
sized crystals of topaz 
from the Little Three 
Mine, Ramona district. 
The crystal in the up- 
per right is doubly 
terminated. 
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Figure 12. Small crystals of topaz from the Litile 
Three Mine, Ramona district. 


Figure 13. Large crystals of green tourmaline from the Little Three Mine, 

Ramona district. The crystal on the left has the positive termination and 

the other two, the negative. The center crystal is encrusted with white 
cooketite. 
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Figure 14, Medium-sized crystals of tourmaline, mainly from the Himalaya Mine, 
Mesa Grande district. Notice the curved crystal in the top row and the crystal 
in the bottom row (next to the ring) that has been almost completely etched. 
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Developments and Highlights 
at the 


Gem Trade Lab 
in New York 


Robert Crowningshield 


Imitation Turquois 

We are indebted to GIA student Mil- 
ton M. Arbetter of San Antonio for the 
chance to study more specimens of the 
unusual turquois imitation mentioned 
in the last column. It was noted that the 
refractive indices varied somewhat from 
1.57 to 1.60 and the same was true for 
the seven specimens submitted. Figure 
1 illustrates the three main types; one 
with dark matrix, one with brown ma- 
trix and natural-appearing cavities, and 
one with no matrix whatever. As one 
would expect, the specific gravity varied 
from approximately 2.49 to 2.59, with 
the material without matrix being 
higher. One unusual reaction not men- 
tioned in the last column is shown in 
Figure 2. When a hot needle is brought 
near the stone an area will puff up and 
turn white with no odor. A lighter area 
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develops when a drop of hydrochloric 
acid is left on for a few minutes. In 
addition, the acid turns yellow, as one 
expects with compressed imitations. 


Figure 1 
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Figure 2 


Inclusion in Alexandritelike Sapphire 

Figure 3 shows an unusual inclusion 
in a small blue to purple alexandritelike 
Montana sapphire. It is an iridescent 
halo around an included crystal. Thanks 
to dealer George A. Bruce of Stone 
Mountain, Ga., for allowing us to study 
the stone. 

Synthetic Absorption Spectra 

In the last issue we showed the ab- 
sorption spectra of synthetic scheelites. 
Again, thanks to Dr. Kurt Nassau of 
Bell Laboratories, we are able to show 


Figure 3 


the absorption spectra of other synthet- 
ics. Figure 4 is the spectrum of a deep- 
red synthetic fluorite, whereas Figure 5 
shows that of a near-emerald-green syn- 
thetic fluorite. Figure 6 shows the ab- 
sorption of an intense orange-brown 
synthetic greenockite. Figure 7 shows 
the characteristics of a synthetic yellow 
Europium garnet and Figure 8, that of 
a light blue-green yttrium -aluminym 
garnet. Figure 9 shows an unusual ab- 
sorption in the deep blue of a light- 
yellow YAG. 


Figure 4 
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Transparent Green Grossularite 

Figure 10 is a 2.02-carat, faceted, 
transparent green grossularite cut by 
Eastern Headquarters staff gemologist 
Jerry Call. An attempt, largely success- 
ful, was to cut with proper angles, to 
determine the depth of color that could 
be obtained along with this garnet’s 
fairly high dispersion. The result is a 
quite bright, though perhaps too pale a 


stone for good commercial appeal. One 
property of this new variety of grossu- 
larite that was not mentioned in the last 
issue is the unique (for garnet) appear- 
ance of fluorescence under both short 
and long ultraviolet. Under short ultra- 
violet there is a pronounced yellow- 
orange glow, whereas under long ultra- 
violet the color is a duller red-orange, 
much like that of a yellow Ceylon 


Figure 10 
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Figure 11 


sapphire. 
Stone-Cleaning Hazards 

The danger of steam cleaning pre- 
cious stones is sometimes not appreci- 


Figure 12 
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ated by repairmen and manufacturers. 
Placing a cold stone directly into steam 
is responsible for much damage. Stones 
with inclusions and fractures, such as 
emeralds, may suffer irreparable dam- 
age or change of appearance. Figure 11 
shows a fine-colored cabochon emerald 
that was set in an earring and then 
steam cleaned. The steam drove out oil, 
which is commonly used to disguise 
fractures, in addition to extending some 
of the fractures. 
Diamond Bruises 

Figure 12 illustrates an unusual series 
of bruises on the table of a diamond. 
They resemble three-toed dinosaur 
tracks. No reason for them was de- 
termined. 

Needlelike Inclusions in Diamond 

A cloud of needlelike inclusions in a 
7-carat marquise diamond is shown in 
Figure 13. 
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Figure 13 


A “Flawless” Diamond 
Figure 14 shows an unfortunate de- 
cision to make a fine diamond ‘“‘flaw- 
less’ by distorting the facets toward one 
point while removing hairline feathers 


near the girdle. Because the stone was a 
ctitical weight, the upper-girdle facets 
were not replaced. 


Unusual Fluorescence in 
Synthetic Emerald 
We recently encountered two small 
synthetic emeralds, probably of Gilson 
manufacture, that fluoresced a stronger 
red under short ultraviolet than they 
did under long ultraviolet. 
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Developments and Highlights 
at the 


Gem Trade Lab 
in Los Angeles 


Richard T. Liddicoat 


Linobate 

For sometime we have had in our 
possession both rough and cut samples 
of lithium metaniobate to study. This 
material is offered under the trademark 
name Linobate, by Crystal Technology, 
Inc., of Mountain View, California. It 
is a vety interesting material with some 
gem potential, fot it has high refractive 
indices, high dispersion, and occurs in 
an attractive colorless form. It has some 
drawbacks as a diamond substitute, in 
that it is relatively soft and very strongly 
birefringent, Its chemical composition 
is LiNbOs. It crystallizes in the rhom- 
bohedral division of the hexagonal sys- 
tem. The specific gravity is approxi- 
mately 4.65, and the refractive indices 
approximately 2.21-2.30 in sodium 
light. The dispersion is very strong; 
within the visible spectrum, for exam- 
ple, the ordinary index varies from 
approximately 2.41, approaching the 


WINTER 1968-1969 


lower end of the visible violet portion 
of the spectrum, at 4200 A. The dis- 
persion is somewhat over double that of 
diamond. The birefringence is about 
.090, thus appreciably greater than that 
of high zircon, at .059. , 

This new manmade material makes 
an attractive gemstone in its own right. 
Of course, the very high birefringence 
gives it a somewhat fuzzy appearance, 
even with the table cut perpendicular 
to the optic axis. The dispersion is 
enough lower than that of synthetic 
rutile or of strontium titanate to give 
Linobate a more natural appearance. 

Yellow Spots on Diamonds 

Recently, while grading numbers of 
diamond brilliants, we encountered 
something that no one recalls having 
seen in the past: distinct, round, yellow 
spots on naturals on the girdles of the 
stones. The spots appeared to be con- 
fined to the surface, but we were unable 
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t Figure 17 


Figure 2 


to scrape them off or to scratch through 
them. No attempt was made to dissolve 
them in acid. Figures 1 and 2 show the 
spots. In Figure 1 the location is marked 
by an arrow. 
Odd Opal Inclusions 

A GIA student brought us a very in- 
teresting opal that had unusual inclu- 
sions. Figure 3 shows the inclusions 
under rather low magnification. The 
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branchlike vertical stalks contrast 
strongly with what appears to be a por- 
tion of a leaf in the lower center. In 
Figure 4 the leaflike area is shown un- 
der higher magnification. Note the ap- 
parent veins that are to be seen in the 
thin material. Close examination did 
not suggest that these were actually or- 
ganic, but they certainly appeared to be 
at first glance. 
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Figure 3 


Figure 4 


Strange Inclusions in Peridot 
Some rather unusual hairlike inclu- 
sions in a peridot are shown in Figure 5. 
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two triangular facets with a ridge run- 
ning from top to bottom of what ordin- 
arily would be a flat kite-shaped facet. 
Note the small chip out of the point. 
Star Doublet 

Figure 7 shows reflections from tiny 
air spaces in the cement joining a color- 
less synthetic corundum cap to a star- 
sapphire base, creating an effective star 
doublet. The reflections from the silk in 
the base portion made possible a strong 
star, so the doublet would pass for na- 
tural when viewed from directly above. 

Unique Turquois 

We see many paraffin- or oil-treated 
turquoises, but recently, for the first 
time, we noted a distinct fingerprint 


’ Figure 5 


Unusual Faceting Pattern 
_ On the point of the marquise shown 
in Figure 6, the bezel facet is not the 
usual kite shape, but was divided into 


Figure 6 


Figure 7 


pattern in a turquois that had nothing to 
do with matrix (Figure 8). We would 
only conclude that there was a layered 
distribution of porosity in the stone be- 
fore treatment, and that this created a 
difference in the concentration of par- 
afin or oil in the impregnated stone. 
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Figure 8 


Cat’s-Eye Zoisite 
Martin L. Ehrmann, Los Angeles 
gem-and-mineral dealer, was examining 
a large parcel of blue-zoisite rough in 
preparation for sending it to his cutters 
when he noticed that one of the pieces 
appeared to contain numerous needle- 
like inclusions in a parallel orientation. 
As a result, he had the stone cut in a 
cabochon form and produced a rather 
attractive eye (Figure 9), As can be 
seen, the eye is strong. 
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Collecting Gems & Ornamental Stones, 
by Kenneth Blakemore & Gordon An- 
drews, reviewed, 191. 

Creative Enameling & Jewelry Making, 
by Katharina Zechlin, reviewed, 321. 
Diamonds in Pictures, by George Switzer, 
Ph.D., reviewed, 289. 

Diamonds in the Salt, by Bruce A, Wood- 
ard, reviewed, 321. 

Dictionary of Applied Geology, Mining G 
Civil Engineering, by A.. Nelson, Dip. 
Min., CCM, FGA; and K. D. Nelson, 
B.Sc. (Eng.), reviewed, 322. 

Edelsteine, by Dr. Hermann Bank, review- 
ed, 254. 

European Regalia, by Lord Twining, re- 
viewed, 224. 


Exploring & Mining for Gems & Gold in 
the West, by Fred J. Rynerson, reviewed, 
290. 

Fascination of Diamonds, The, by Victor 
Argenzio, reviewed, 63. 

Gems, by Mab Wilson, reviewed, 255. 
Gems in the Smithsonian Institution, by 
Paul E, Desautels, reviewed, 57. 


Gem Testing, by B. W. Anderson, BSc., 
FGA, 7th Ed., reviewed, 29. 


Jade, by J. P. Palmer, reviewed, 254. 


Jewelry, by L. Giltray-Nijssen, reviewed, 
250: 


Jewelry Making Step by Step, by E. E. 
Joachim, reviewed, 322. 


Jewelry—Pleasures & Treasures, by Claude 
Fregnac, reviewed, 63. 


GEMS & GEMOLOGY 


Klockmann’s Lehybuch Der Mineralogie, 
by Professor Emeritus Dr. Paul Ramdohr 
& Professor Dr. Hugo Strunz, reviewed, 
191. 

Minerals & Man, by Cornelius S. Hurlbut, 
Jre., Ph.D., reviewed, 353. 

Mineral Recognition, by Iris Vanders & 
Paul F. Kerr, Ph.D., reviewed, 159. 
Minerals, Rocks & Gemstones, by Rudolph 
Borner, reviewed, 95. 

Opals & Sapphires, by Ion L. Idriess, re- 
viewed, 353. 

Pearls in Pictures, by Jo Marty McCormick, 
reviewed, 256. 

Practical Gemmology, by Robert Webster, 
FGA, reviewed, 159. 

Productions Und Handelsgeschicte Des 
Diamanten, by Dr. Godehard Lenzen, re- 
viewed, 160. 

Rockhound’s Guide to New York State 
Minerals, Fossils & Artifacts, by William 
A. Tervo, reviewed, 256. 

Seven Precious Gems, by William Elder 
Marcus, reviewed, 224. 

Science of Gems, The, by P. J. Fisher, 
FGA, FRSA, reviewed, 192. 

Story of Gems & Semiprecious Stones, 
The, by Frederick H. Pough, Ph.D., re- 
viewed, 256. 

Van Nostrand's Standard Catalog of Gems, 
by John Sinkankas, reviewed, 354. 


Cc 


Cannon, Fred J., A Memorial Tribute to, 
30. 


Common Gems of San Diego County, Cali- 
fornia, by Paul Willard Johnson, 358- 
371. 


Crowningshield, Robert, Developments & 
Highlights at the Gem Trade Lab in 
New York: 20-23, 43-48, 67-73, 110-117, 
137-145, 179-182, 199-211, 242-246, 278- 
281, 304-310, 335-343, 372-378. 


Cultured-Pearl- Farming & Marketing, by 
Richard T. Liddicoat, Jr., 162-172. 


WINTER 1968-1969 


D 


De Beers & Kaplan Make Important Gift 
to GIA, by Richard T. Liddicoat, Jr., and 
H. Lawrence McKague, Ph.D., 35-42. 


Developments & Highlights at the Gem 
Trade Lab in Los Angeles, by Richard T. 
Liddicoat, Jr.: 


Number 1: Coated Diamond, p. 26; Color- 
Zoned Sapphire, p. 26; Deep-Red Topaz, 
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24. 


Number 2: Cat’s-Eye Opal, p. 60; Coated 
Amber, p. 60; Crystal Growth Lines, p. 
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ing Chalcedony, p. 118; Odd Inclusions, 
p. 120; Prolific Gem Deposit, p. 118; 
Polishing-Wheel Marks, p. 120; Rare 
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Number 5: Black-Coral Characteristics, p. 
146; Cyclotron-Treated Diamond, p. 
153; Glass vs Opal, p. 150; Irradiated 
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Spinel Inclusions, p. 151; Synthetic Flu- 
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Number 4: A Mystery, p. 115; Black Opal, 
p. 114; Blue Diamonds, p. 116; Chatham 
Synthetic Ruby, p. 110; Flawless Sap- 
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usual Diamond Inclusions, p. 278; Un- 
usual Identifications, p. 279. 
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377. 


Diamond-Proportion Grading & the New 
ProportionScope, by Richard T. Liddi- 
coat, Jr., 146-158. 


Diamonds, Drift of the Great Lakes 
Region, North America, A Descriptive 
Catalog of, by Christopher B. Gunn, 
297, 333. 


E 


Eulitz, W. R., Ph.D., The Optics of Bril- 
liant-Cut Diamonds, 264-272. 


F 


First Brazilian Diamond Dredge, by Prof. 
Dr. Almeida Rolff, 239-241. 


387 


First Two Taaffeites, The: An Historical 
Note, by B. W. Anderson, B.Sc., FGA, 
260-263. 


G 


Gemological Digests, 125-126, 157-158. 


Gubelin, Dr. E., A Visit to the Ancient 
Turquois Mines in Iran, 3-13. 


Gunn, Christopher B., A Descriptive Cat- 
alog of the Drift Diamonds of the Great 
Lakes Region, North America, 297-303, 
333-334. 


H 


Hamilton, John, The Black Opals of Light- 
ning Ridge, Part If, 14-19. 


Hydrogrossular — A Hydrogarnet from the 
‘Jransvaal, by H. Lawrence McKague, 
Ph.D., 49-57, 67-73. 


I 


Iler, R. K., Ph.D., Formation of Precious 
Opal, 194-198. 


International Gemmological Conference, 
by Richard T. Liddicoat, Jr., 99-102. 


J 


Jeanne Martin Retires, 127. 


Johnson, Paul Willard, Common Gems of 
San Diego County, California, 358-371. 


K 


Kolodny, Lev, Seven Wonders of the Soviet 
Union’s Diamond Fund, 273-277. 


L 


Liddicoat, Richard T., Jr., Developments 
& Highlights at the Gem Trade Lab in 
Los Angeles: 24-28, 58-62, 118-124, 146- 
156, 183-190, 212-223, 247-252, 282-289, 
311-320, 344-353, 379-383. De Beers & 
Kaplan Make Important Gift to GIA, 


388 


35-42; International Gemmological Con- 
ference, 99-102; Diamond - Proportion 
Grading & the New ProportionScope, 
130-136; and Cultured-Pearl Farming & 
Marketing, 162-172. 


M 


McKague, H. Lawrence, Ph.D., De Beers 
& Kaplan Make Important Gift to GIA, 
35-42; Hydrogrossular -- A Hydrogarnet 
from the Transvaal, 49-57, 74-76; The 
Serpentine Mineral Group, 326-332. 


Messchaert, Geoffrey W., The Stone 
Carvers of Kofu, Japan, 103-109. 


Miles, Eunice R., South America & the 
World Diamond Market, 226-238. 


Oo 
Operation King Canute, Reprinted from 
Optima, 292-296. 
R 


Rolff, Almeida, Dr. Prof., First Brazilian 
Diamond Dredge, 239-241. 


S 


Serpentine Mineral Group, The, by H. 
Lawrence McKague, Ph.D., 326-332. 


Seven Wonders of the Soviet Union’s Dia- 
mond Fund, by Lev Kolodny, 273-277. 


Six Centuries of Diamond Design, by H. 
Tillander, 77-94. 


South America & the World Diamond 
Market, by Eunice R. Miles, 226-238. 


Stone Carvers of Kofu, Japan, The, by 
Geoffrey W. Messchaert, 103-109. 


r 


Tillander, H., Six Centuries of Diamond 
Design, 77-94. 


Turquois Mines in Iran, A Visit to the An- 
cient, by Dr. E. Gubelin, C.G., 3.° 


GEMS & GEMOLOGY 


YE OPENING PRESTIGE INSTRUMENTS THAT SELL DIAMONDS & CONFIDENCE! 


Make dramatic professional presentations every time! 


Model B 


Superior optics and wider 
magnification range show 
diamonds more clearly, brighter, 
and sharper than ever before. 


The New CUSTOM MARK V 
GEMOLITE gives you a new higher 
resolution and wider total 
magnification range than any 
earlier jeweler’s microscope. This 
combination of GIA research 

and superior optics establishes a 
new standard of crisp, clear, 
bright magnification to help you 
sell, merchandise, grade and 
appraise diamonds and other gems. 
The New CUSTOM MARK V 
GEMOLITE features the famed 
StereoZOOM which gives a 
continuous flow of magnification. 
StereoZOOM eliminates image 
blackout experienced in other 
microscopes when changing 

ms power. The wider range of 
magnification, from 5X to 280X 
depending upon the lens 
combination, lets you select the 
precise magnification needed 

to demonstrate diamond value 

to customers. 

The illuminator in the exclusive 
MARK V GEMOLITE base was devel- 


oped by GIA expressly for the exam- 
ination of diamonds and colored 
stones. It brings a softly diffused, yet 
directional light ideal for gems. The 
light is controlled by a diaphragm 
which baffles unused light, prevent- 
ing fog and flare in the lenses. You 
can select either dark field or trans- 
mitted illumination by simply turn- 
ing a control lever. 

Among other features of the New 
CUSTOM MARK V GEMOLITE is a 
built-in turntable base. This allows 
you to effortlessly turn your dia- 
mond presentation set-up around 
to your customer without losing 
continuity of your sales approach. A 
simple adjustment of the synchro- 
nized eye spacing permits smooth, 
easy change to fit each customer. 
The unique removable stoneholder, 
included with the instrument, will 
hold loose or mounted stones 
equally well in any position. 

The CUSTOM MARK V GEMOLITE 
is a handsome, impressive instru- 
ment. Its textured vinyl finish with 


Model A 


brushed aluminum and chrome 
accents gives this new instrument 
a distinctive, professional 
appearance that inspires customer 
confidence. It will enhance 

the decor of your store. 

You may select either an 
American Optical or Bausch & 
Lomb optical system in your New 
CUSTOM MARK V GEMOLITE. 
(Jewelers wishing to up-date their 
earlier model MARK V GEMOLITES 
can trade in their present 
power pod on the new high 
resolution, wider range Bausch 
& Lomb CUSTOM power pod.) 

Join the growing group of 
modern jewelers who have 
discovered the big sales advantages 
of using GIA professional 
jewelers’ instruments. When you 
demonstrate gem values with 
the newest GIA instruments you 
gain both the customer’s complete 
confidence... and the sale. 


YOUR CHOICE of the finest American made optical systems combined with GIA's years of experience and research 


SPRING 1969 


RICHARD T. LIDDICOAT, JR. 
Editor 


LAWRENCE L. COPELAND 
Assoc. Editor 


IRENE E. BUSER 
Art Editor 


GEMS & GEMOLOGY is the quarterly journal of the Gemological Institute of America, an educational 
institution originated by jewelers for jewelers. In harmony with its position of maintaining an unbiased and 
uninfluenced position in the jewelry trade, no advertising is accepted. Any opinions expressed in signed 
articles are understood to. be the views of the authors and not of the publishers. Subscription price $3.50 
each four issues. Copyright 1969 by Gemological Institute of America, 11940 San Vicente Boulevard, 
Los Angeles, California 90049, U.S.A. 


GEMS & GEMOLOGY 


ems & 
5 S emology 


Volume XIII Number 1 


Spring 1969 


IN THIS ISSUE 


oe The Largest Gems of the Crown Jewels of Iran 
by V. B. Meen 
LS a: rr Developments and Highlights in the Gem Trade 
Lab in New York 


by Robert Crowningshield 


OMS oS Sond Developments and Highlights at the Gem Trade 
Lab in Los Angeles 
by Richard T. Liddicoat, Jr. 


MD! so ctzeapass ends Book Reviews 


AU) ee 5): pedis Correction 


SPRING, 1969 1 


THE LARGER GEMS OF THE CROWN 
JEWELS OF TRAN 


by 


V. B. MEEN 
Chief Mineralogist, Royal Ontario Museum, Toronto, Canada 


During three months in early 1966, 
the Crown Jewels of Iran were studied 
by a team of scientists from the Royal 
‘Ontario Museum, the first scientific 
study ever made of this collection. The 
gems were the responsibility of the au- 
thor and Mr. G. G. Waite, assisted dur- 
ing the third month by Mr. E. B. 
Tiffany, Chief Gemologist of Henry 
Birks & Sons, Canada. Both men are 
Research Associates of the Royal On- 
tario Museum. The documentation of 
all the objects was the responsibility of 
Dr. A. D. Tushingham, Chief Arche- 
ologist of the Museum. 


Some of the results of the study of 
this magnificent collection of regalia, 
armour, objets d’art and gemstones, 
both set and unset, have been published 
elsewhere (1, 3, 4). It is the purpose of 
the present article to put on record the 


*The costs of the fieldwork involved in 
this study were generously underwritten by 
the Birks Family Foundation, Canada. 

The photographs were made by Leighton 
Warren, Chief Photographer, Royal Ontario 
Museum. 
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principal data for the most notable of 
the gemstones. 

Most of the gemstones of the col- 
lection were acquired as loot in 1739, 
when the Persian ruler, Nadir Shah, 
sacked Delhi, the Mogul capital of In- 
dia. There are hundreds of thousands 
of gems, most of which are diamonds, 
emeralds, red spinels and rubies. Also, 
pearls appear in countless profusion. 
Turquois and sapphires, in relatively 
small numbers, are present. Very few 
examples of other gem materials were 
recorded: amber, beryl (goshenite and 
aquamarine), chrysoberyl cat’s-eye, red 
garnet, jade (both jadeite and neph- 
rite), lapis-lazuli, opal, quartz (am- 
ethyst, carnelian, citrine, onyx, rock 
crystal and sardonyx), topaz and 
tourmaline. 

The collection, now the property of 
the State, is in the custody of the Bank 
Markazi (Central Bank) and serves as 
partial backing for the note issue. It is 
displayed in a large, well-protected 
vault in the Bank Melli, Tehran, in 35 
museum-type display cases and is avail- 
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Figure 1 


The lower shelf of the case is reserved for diamonds. In the foreground, the Nadir sword, which 

is entirely encrusted with diamonds (more than 750). Immediately behind it, to the right of center, 

is the Taj-i Mah and the other four diamonds of Figure 4. In the center, in a line between the two 
brass posts, are the nine South African diamonds of Figure 3. 


able for public appreciation six after- 
noons a week. 

Study was restricted. For two months 
all examinations were made through the 
glass of the cases, using specially modi- 
fied Zeiss photomonoculars fitted with 
supplementary front lenses of +1, +2 
or +3 diopter power. With these we 
could examine the condition of gem- 
stones both externally and internally. 
By means of a net-grid cemented in 
the eyepiece, we could calculate the 
gems’ dimensions. During the third 
month we wete granted 56 hours in 
which to handle, examine, measure and 
weigh, where appropriate, objects and 
gemstones. In the following descrip- 
tions, dimensions are by optical deter- 
mination, except where figures appear 
after the decimal. Weights are shown 
as estimated on the basis of all known 
facts or by actual measurement. 

Diamonds 

Since the bulk of the treasure was 
acquired in the sack of Delhi in 1739, 
most of the diamonds are of Indian 
origin. During the succeeding years 
some, notably the Kos-I Nur and the 
Shah, were given away, sold or lost and 
others have been added. The most ob- 
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vious of these are several dozen cape 
and silver-cape stones from South 
Africa, which Nasir ud-Din purchased 
in Europe in 1889. 

Diamonds are everywhere; ome case 
(Figure 1) is devoted entirely to them. 
It was impossible to examine more than 
a small fraction of the collection, but 
data was obtained for 400, of which 
128 unset stones were studied in some 
detail. Although this number includes 
the largest unset diamonds in the col- 
lection, it by no means includes all 
whose weights lie in the 20- to 50- 
carat range. The diamonds display very 
well the development of the lapidary’s 
art (4). 

The most important diamonds are the 
Darya-i Nur and the Taj-i Mab, both 
Indian stones with long histories. There 
is also a third named stone, the Nar-al 
Ain. 

Darya-i Nur (Sea of Light) (Figure 
2). Rectangular, step-cut tablet, 41.4 
x 29.5 x 12.15mm; off-center culet 
about 25mm square, 175 to 195 carats 
(estimated) ; pink, flawless, blue fluo- 
rescence (3600A), extraordinary lim- 
pidity; Golconda stone; inscribed on 
a pavilion facet ‘‘Fath Ali Shah, 1834” ; 
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Figure 2 
The Darya-i Nur Diamond. A flawless, pink 
tablet, reported by the Bank Markazi to weigh 
182 (old?) carats. 


thought to be the major portion of Tav- 
erniet’s Great Table (3). (Case 34, 
No. 2.) 

Rectangular old brilliant cut, 31.75 
x 28.10 x 20.40mm, 152.16 carats; 
silver cape, slight fluorescence, clean, 
elaborately faceted girdle; unset South 
African stone. (Case 24, No. 32, part.) 

High (old) cushion brilliant with 
extra facets around the culet (Figure 
3); 31.67 x 26.70 x 21.00mm, 135.45 
carats; cape, very clean and brilliant; 
unset South African stone. (Case 24, 
No. 33, part.) 

High (old) cushion brilliant with 
naturals on the girdle; 27.10 x 25.32 
x 21.44mm, 123.93 carats; silver cape, 
faint-blue fluorescence, very clean; un- 
set South African stone. (Case 24, No. 
32, part.) 


Figure 3 


Nine South African diamonds. Top row left to right: 57.15, 36.31, 39.02 carats; middle row left 
to right: 86.61, 135.45, 78.96 carats; lower row left to right: 44.49, 65.65, 75.29 carats. 
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Figure 4 


Five Indian diamonds. Upper left: 45.34 carats; upper right: 54.58 carats; center: 72.84 carats; 
lower left: Taj-i Mah, 115.06 carats; lower right: 47.31 carats. 


Multifaceted octahedron, 29.10mm 
tip to tip (21.56mm normal to the side 
of the square section), 121.90 carats; 
cape, faint-blue fluorescence; several 
tiny black inclusions, otherwise very 
clean; unset South African stone. (Case 
24, No. 32, part.) 

Taj-i Mah (Crown of the Moon) 
(Figure 4). Ireegular oval, Mogul cut 
(4), 32.0 x 24.3 x 14.7mm, 115.06 
carats; colorless, blue Mluorescence, finest 
quality, slightly worn on top; unset 
Golconda stone. (Case 24, No. 36, 
part.) 

High (old) cushion brilliant, 27.94 
x 27.80 x 20,60mm, 114.28 carats; sil- 
ver cape, very faint blue fluorescence, 
very clean, slight feathers and chips 
at the girdle; unset South African stone, 
(Case 24, No. 32, part.) 
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Rounded triangular brilliant cut with 
12-fold symmetry (Figure 3), 30.92 
x 13.34mm, 86.61 carats; cape, faint 
bluish fluorescence, very clean; unset 
South African stone. (Case 24, No. 33, 
part.) 

Irregular Mogul cut (4), 26.00 x 
24.50 x 16.10mm, 86.28 carats; silver 
cape, strong-blue fluorescence, clean, 
large natural at the girdle; unset South 
African stone. (Case 24, No. 34, part.) 

High (old) cushion brilliant (Figure 
3), 25.40 x 22.65 x 17.92mm, 78.96 
carats; cape, faint-blue fluorescence, 
very clean; unset South African stone. 
(Case 24, No. 33, part.) 

High (old) cushion brilliant with 
extra facets around the culet (Figure 3), 
23.43 x 23.33 x 17.70mm, 75.29 carats; 
cape, faint-blue fluorescence, very clean ; 
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unset South African stone. (Case 24, 
No. 33, part.) 

Pendeloque brilliant, 33 x 24mm, 
75 carats (estimated); silver cape, 
nearly clean; one of a pair of earrings 
reserved for the use of the Empress. 
(Case 26, No. 5, part.) 

Pendeloque brilliant, 33 x 25mm, 
75 carats (estimated); silver cape, 
nearly clean; one of a pair of earrings 
reserved for the use of the Empress 
(Case 26, No. 5, part.) 

Irregular pear shape, Mogul cut 
(Figure 4), 25.90 x 22.03 x 13.97mm, 
72.84 carats; slight champagne tint, 
greenish-blue fluorescence, finest qual- 
ity; extremely limpid, worn on surface ; 
unset Golconda stone. (Case 24, No. 
36, part.) 

Rounded, rectangular (old) brilliant 
cut (Figure 3), 25.43 x 22.67 x 16.75 
mm, 65.65 catats; cape, faint-blue 
fluorescence, very clean; unset South 


African stone. (Case 24, No. 33, part.) 

Nur-ul Ain (Light of the Eye) (Fig- 
ure 5). Slightly drop shaped, oval bril- 
liant cut, 30 x 26 x 1imm, 60 carats 
(estimated) ; pink, very limpid, incip- 
ient cleavage in pavilion; believed to 
have been cut from part of Tavernier’s 
Great Table (3); center stone of the 
Empress’ diamond tiara. (Case 26, No. 
2.) 

Cushion brilliant, 25.8 x 14mm deep, 
60 carats (estimated); yellow, very 
clean; in Pahlavi Crown in center of 
front sunburst (Figure 6). (Case 34, 
No. 1.) 

Nearly round brilliant cut, 23.86 x 
23.41 x 15.77mm, 57.85 carats; silver 
cape, faint-blue fluorescence, very 
clean, naturals on girdle; unset South 
African stone. (Case 24, No. 38, part.) 

Cushion brilliant (Figure 3), 22.50 
x 22.20 x 14.90mm, 57.15 carats; silver 
cape, faint-blue fluorescence, very clean, 


Figure 5 
Nur-ul Ain, 60 carats (estimated). 
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Figure 7 
Terrestrial Globe, 43 inches high, re- 
ported to contain 51,000 emeralds, 
red spinels, rubies, diamonds and blue 
sapphires. 
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Figure 6 
Pahlavi Crown. The yellow diamond in 
front is estimated to weigh 60 carats. 


chipped at the girdle; unset South 
African stone. (Case 24, No. 33, part.) 

Cushion brilliant, 22.87 x 21.78 x 
15.52mm, 56.19 carats; silver cape, 
faint-blue fluorescence, very clean; un- 
set South African stone, (Case 24, No. 
32, part.) 

Cushion brilliant, 21.5 x 21.0x15.75 
mm, 55.67 carats; cape, faint-blue 
fluorescence, very clean and brilliant; 
unset South African stone. (Case 24, 
No. 32, part.) 

Irregular oval Mogul cut (4) (Fig- 
ure 4), 24.69 x 21.83 x 12.27mm, 
54.58 carats; colorless, finest quality, 
worn on surface; unset Golconda stone. 
(Case 24, No. 36, part.) 

High (old) cushion brilliant, with 
double-decked pavilion resembling the 
Cairo cut (Figure 4), 22.3 x 20.04 x 
14.40mm, 54.35 carats; slight peach 
tint, very clean, finest quality; unset, 
probably recut. from a larger Indian 


Figure 8 
Lower: emerald brooch; weight of the stones, 
320 carats (estimated). Upper: gold box with 
rectangular carved emerald of 35 carats 
(estimated). 


stone. (Case 24, No. 36, part.) 

High (old) cushion brilliant, 22.92 
xX 21.75 x 15.0mm, 53.50 carats; silver 
cape, blue fluorscence, some inclusions; 
unset South African stone. (Case 24, 
No. 31, part.) 


Elliptical Mogul cut (4), 31.67 x 
24.19 x 6.55mm, 51.90 carats; color- 
less, blue fluorescence, few tiny inclu- 
sions, fine quality, surface slightly 
worn; unset Indian stone. (Case 24, 
No. 41, part.) 

Emeralds 

Although most of the emeralds were 
acquired in the sack of Delhi, most came 
originally from Columbia, and exhibit 
the characteristic soft velvet green of 
Muzo or the blue-green of Chivor. 
Emeralds from other occurrences are 
undoubtedly present, but their gener- 
ally inferior quality precluded detailed 
examination when time for study was 
so limited. 

Like the diamonds, emeralds are 
everywhere—in trays, boxes and adorn- 
ing most objects. In addition, two 
cases ate devoted to them. They have 
been fashioned in a variety of ways: 
polished lumps and crystals (mostly 
drilled), smooth and carved beads, ca- 
bochons, mixed cuts, step cuts and 
carved ornaments, Some bear inscrip- 
tions. More than 1000 were examined 
and measured. Of these, most exceed 
ten carats, ten percent weigh (by cal- 
culation or actual determination) be- 
tween 50 and 99 carats, three percent 
weigh 100 to 149 carats, 12 stones 
(three weighed) weigh 150 to 199 
carats, four stones (two weighed) 
weigh 200 to 249 carats, two stones 
weigh 250 to 299 carats, and five stones 
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(four weighed) exceed 300 carats. 

Unsymmetrical, very high, roughly 
hexagonal polished lump, 46.0 x 45.0 
x 19.5mm, 335 carats (2) ; dark blue- 
green, considerable jardin; some in- 
scriptions; unset stone. (Case 30, No. 
50, part.) 

Ovoid cabochon bead, 43.5 x 41.0 
x 19.4mm, 320 carats (2) ; dark green, 
jardin; unset stone. (Case 27, No. 15, 
part.) 

Shallow hexagonal tablet with 
rounded edges (Figure 8), 61x 53x52 
(measured prism to prism) x 13.48mm, 
320 carats (estimated) ; blue-green, 
considerable jardin, two conchoidal de- 
pressions in table; center stone in dia- 
mond brooch. (Case 27, No. 21.) 

Lumpy drilled pendant, 56.5 x 46.0 x 
17.2mm, 315 carats (2); blue-green, 

? much jardin and many feathers; unset 
" stone. (Case 30, No. 50, part.) 


Figure 9 : 
Emerald brooch and pendant, each 250 carats Drilled cabochon pendant, 48 x 39 
(estimated). x 21.3mm, 303 carats (2); dark green, 


Figure 10 


Ruby buckle, 16.7 cm. long. Each of the two largest of these Burmese rubies weighs 11 carats 
(estimated). 
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considerable jardin; fluting radiates 
from one end; unset stone. (Case 27, 
No. 15, part.) 

Hexagonal with corners rounded, 
flat, engraved (Figure 9), 58mm diam- 
eter, 250 carats (estimated); green, 
considerable jardin; mended; brooch. 
(Case 30, No. 36.) 

Hexagonal, inscribed cabochon (Fig- 
uve 9) 52mm (prism to prism) x 
9.65mm thick, 250 carats (estimated) ; 
green, considerable jardin; necklace. 
(Case 30, No. 42.) 

Drilled, polished lump, 44.5 x 42.0 
x 16.1mm, 238.85 carats; green, many 
inclusions; unset stone. (Case 30, No. 
26, part.) 

Drilled, drop-shaped bead, 44 x 
25mm, 175 carats (estimated) ; blue- 
green, nearly clean, superb quality, chip 
out of top; set in Terrestrial Globe 
(Figure 7); first large emerald between 
the equator and the ecliptic west of 
Peru. (Case 37.) 

Drilled, drop-shaped bead, 44 x 
25mm, 175 carats (estimated); blue- 
gteen, nearly clean, superb quality, 
dimple in small end; set in Terrestrial 
Globe (Figure 7) to left of emerald 
described above. (Case 37.) 

There are so many fine, large emer- 
alds in the collection that it is meaning- 
less to describe more. In general, the 
quality varies inversely with the size. 
The emeralds set in the crown and jew- 
elry of Her Imperial Majesty the Em- 
ptess are of particular note. (Case 35 
and 26.) 

Rubies 

Red gems are also numerous, and 
there is one case devoted to them. Most 
are rubies and spinels, but there are a 
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few garnets and tourmalines. Most of 
the rubies are cabochon cut, but many 
less than five carats in weight are fac- 
eted. The greatest concentrations of 
large, high-quality stones are in a plaque 
of 13 rings in Case 11 and in,a ruby 
buckle in Case 35. The rubies in the 
rings and 20 of the 84 in the buckle 
(Figure 10) range in weight from eight 
to 16 carats (estimated) and average 
about 914, carats. 

Other examples of large rubies: 

Flat oval pebble, ca. 44x 22 x 13mm, 
ca. 100 carats; dark red. (Case 11, No. 
9, part.) 

Oval cabochon, 28 x 25mm, 75 carats 
(estimated) ; purplish red, beautiful; 
Terrestrial Globe, North America, lati- 
tude 23 to 30° north. (Case 37.) 

Oval cabochon, 30 x 20mm, 55 carats 
(estimated) ; purplish red, asteriated, 
beautiful; Terrestrial Globe, central 
Africa, latitude 10 to 15° north. (Case 
37.) 

High, oval cabochon, 35 x 15mm, 50 
carats (estimated) ; purplish red, beau- 
tiful; Terrestrial Globe, central Africa, 
latitude 10 to 15° north. (Case 37.) 

Very high, oval cabochon, 27 x 
15mm, 45 carats (estimated) ; purplish 
red, asteriated ; Terrestrial Globe (Fig- 
ure 7), western tip of South America 
below the equator. (Case 37.) 

Irregular cabochon, 20 x 20mm, 35 
carats (estimated) ; purplish red, beau- 
tiful; Throne, center of fan-shaped fin- 
ial at top of Throne back of several 
other large cabochon rubies in the back, 
one is about 18 x 16mm, 22 carats (esti- 
mated) and asteriated. (Case 17.) 

High, oval cabochon, 16 x 14mm, 15 
carats (estimated) ; purplish red; Im- 
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Figure TT 


Red spinels. On the left is the largest on record, 500 carats; on the right is the fourth largest, 
270 carats. 


petial Sword in upper part of scabbard. 
(Case 30, No. 48.) 
Spinels 

Only red and occasional pink spinels 
were observed. The bulk are of two 
characteristic shades — slightly purple 
and slightly orange — and indicate that 
they are primarily from two occurrences. 
These were probably in Badakshan, a 
district in northern Afghanistan on the 
upper Oxus River (Amu Darya). This 
is the world’s largest known collection 
of red spinels. Here, indeed, the gem- 
ologist can truly appreciate the beauty 
of this magnificent gem. 

Data were recorded for 425 of the 
most significant spinels. Of these, 15 
exceed 100 carats in weight and include 
the largest and fourth largest red spinels 
on record. This number by no means 
represents the total of all such stones in 
the collection. In some instances, only a 
sampling was made, as with the string 
of 20 stones (Case 11, No. 59), in 
which only the three largest were studied 
and each estimated to weigh 175 to 200 
carats. Half the remainder would ex- 
ceed 100 carats. Another sample is an 
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eight-inch tray of polished spinels 
(Case 11, No. 12) up to 37mm in 
greatest dimension, in which only the 
three largest were weighed, Although 
many of the largest are polished lumps, 
usually drilled and often bearing in- 
scriptions, there are thousands of fac- 
eted stones. Those in the scabbard of 
the Imperial Sword are particularly 
noteworthy. 

Polished lump with one flat face 
(Figure 11), 54 x 36 x 33mm, 500 
carats (2) ; deep purplish red, some in- 
clusions; drilled and plugged; unset 
gem. This is the largest red spinel on 
record. It is reported that it was once in 
the possession of the King of Abyssinia 
and had been hung around the neck of 
the Golden Calf (5) .(Case 11, No. 38.) 

Polished lump (Figure 11), 45 x 20 
x 21mm, 270 carats; deep purplish red, 
some inclusions, crack near the surface, 
drilled near one edge, inscribed (6). 
This is the fourth largest red spinel on 
record. The second (414 carats) is in 
the Russian Treasure, and the third 
(361 carats), is in the British Crown 
Jewels. (Case 11, No. 35.) 
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Figure 12 


The 18-inch buckler of Nadir Shah, encrusted with a central 225-carat (estimated) red spinel, 12 
large emeralds and hundreds of smaller emeralds, red spinels, rubies and diamonds. 


Polished lump, ca. 40mm in greatest 
dimension, 232.91 carats; purplish red, 
inscribed ‘Akbar Shah’; tray of as- 
sorted spinels. (Case 11, No. 12, part.) 

Octagonal step cut, pavilion exposed, 
34 x 34 x 20mm, 225 carats (esti- 
mated) ; purplish red, some inclusions; 
Nadir Shah’s buckler (Figure 12), cen- 
ter of boss. (Case 28, No. 3.) 

Drilled, nearly spherical bead, 30 x 
28mm, 200 carats (estimated) ; rasp- 
berry red, nearly clean, inscribed at left 
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end; Terrestrial Globe, above southeast 
Asia. (Case 37.) 

Three polished lumps, 35 x 25 x 
25mm, 35 x 30 x 21mm, and 35 x 25x 
19mm, 175 to 200 carats each (esti- 
mated) ; purplish red. (Case 11, No. 
59, part.) 

Rectangular, step cut, pavilion ex- 
posed, 36 x 26mm, 170 carats (esti- 
mated); pinkish red, two feathers, 
worn; Terrestrial Globe, North Africa 
south of Red Sea. (Case 37.) 
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Polished lump, 163.36 carats, pur- 
plish red ; tray of assorted spinels. (Case 
11, No. 12, part.) 

Polished, ovoid drilled bead, 32 x 
21mm, 130 carats (estimated) ; purplish 
red, some inclusions, a little abraded; 
Terrestrial Globe, Brazil. (Case 37.) 

Irregular polished lump, 32.2 x 25.0 
x 16.0mm, 120 carats (estimated) ; 
dark red; finial in Kiani Crown. (Case 
36, No. 1.) 

Polished lump, 34.0 x 26.5 x 24.0mm, 
119.75 carats; dark red, very clean; 
tray of loose stones. (Case 11, No. 12, 
part.) 

Drilled, nearly spherical bead, 30 x 
18mm, 110 carats (estimated); rasp- 
berry red, nearly clean; Terrestrial 
Globe (Figure 7), south-central United 
States. (Case 37.) 

Octagonal step cut, pavilion exposed, 
28mm square, 105 carats (estimated) ; 
raspberry red; Terrestrial Globe, north- 


east Asia, latitude 60 to 67° north. 
(Case 37.) 
Sapphires 

At first glance, sapphires seem to be 
lacking in the collection ; however, data 
were recorded for 57 of the largest. 
Most of these were blue, six were yel- 
low, three orange, three pink and one 
purple. The most notable are: 

Rectangular cabochon with corners 
truncated and hollew back, 33.25 x 
27.50 x 16.0mm, 191.58 carats; deep 
blue, feathers and crystal inclusions; 
unset stone. (Case 24, No. 46, part.) 

Rectangular mixed cut with corners 
truncated (Figure 13), 32.50 x 25.45 x 
15.30mm, 141.91 carats; deep blue, 
strongly dichroic, quite clean, some 
scratches on the table, notched at girdle 
on each end; unset stone. (Case 24, No. 
24, part.) 

Oval with prominent step-cut pavil- 
ion and a few facets around the large 


Figure 13 


Ten blue sapphires. Left to right, top row: 24.48, 16.41, 10.42, 28.90, 30.41 carats. Left to right, 
lower row: 36.80, 17.61, 141.91, 9.79, 25.60 carats. 
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table, 34.14 x 27.32x 11.54mm, 119.04 
carats; yellow, large feather and a few 
inclusions, irregular notch in girdle; 
unset stone. (Case 24, No. 46, part.) 

Oval cabochon, 29.1 x 24.5 x 5mm, 
80 carats (estimated) ; deep blue, some 
crystal inclusions and feathers; set in 
gold-and-diamond brooch with a gold- 
and-diamond ornament attached to up- 
per surface. (Case 10, No. 75.) 

Oval brilliant cut, 30.0 x 23.2 mm, 
75 carats (estimated) ; Kashmir blue, 
some small crystals and a veil; scab- 
bard of Imperial Sword. (Case 30, 
No. 48.) 

Oval cabochon, 27 x 15 mm, 35 
carats (estimated) ; medium blue, some 
feathers and inclusions; center stone in 
a bracelet. (Case 23, No. 19.) 

Octagonal, square step cut, pavilion 
exposed, 18mm, 35 carats (estimated) ; 
dark blue, a beautiful stone; Terrestrial 
Globe, on east coast of Africa, latitude 
10 to 20° south. (Case 37.) 

Irregular, step cut, pavilion exposed, 
19 x 17mm, 30 carats (estimated) ; 
dark blue, a few inclusions, a beautiful 
stone; Terrestrial Globe, central Africa, 
latitude about 6° north. (Case 37.) 

Round, step cut, pavilion exposed, 
18 mm, 30 carats (estimated) ; Kashmir 
blue, clean, some scratches; tip of scab- 
bard in Imperial Sword. (Case 30, No. 
48.) 

Step-cut drop (Figure 13), 27.77 x 
18.05 x 5.36 mm, 28.90 carats; deep 
blue, strongly dichroic, very clean, sur- 
face scratches; unset stone. (Case 24, 
No. 24, part.) 

Rectangular, mixed cut (Figure 13), 
18.2 x 14.6 x 9.85 mm, 25.60 carats; 
deep blue, strongly dichroic, some color 
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zoning and feathers; unset stone. (Case 
24, No, 24, part.) 


Admittedly our study was restricted 
to the more important gemstones of 
the collection. This report, of necessity, 
is restricted yet further to the mote im- 
portant of those studied. However, the 
data supplied should be sufficient to 
call attention to the Crown Jewels of 
Iran, a collection that, despite its pre- 
vious obscurity, is nonetheless the 
world’s finest. 
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6. Inscriptions on 270-carat red spinel: 


(a) Jahangir Shah 1028 (son of) Akbar 
Shah (A.D. 1618-19). 


(b) Sahib Qiran Sani 1038 (A.D. 1628- 
29). 

(c) Alamgir Shah 1076 (i.e., Aurang- 
zeb, A.D. 1665-66). 


(d) Muhammad Farrukh-siyar Padshah 
Ghazi. 


(e) Bazuband Shahshahan Sultan Nadir 
Sahib Qiran muntakhab jawhir 
khana Hindustan 1125 (“Armlet of 
the King of Kings, the Sultan Nadir, 
Lord of the Conjunction, a selected 
(piece from the) Jewel-Treasury of 
Hindustan A.D. 1739-40’). 


(f) Al-’izza lillah (“Glory be to God’’) 
As-Sultan Sahib Qiran Fath Ali Shah 
Qajar. 

(g) As-Sultan Nasir ud-Din Qajar. 
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Developments and Highlights 
at the 


Gem Trade Lab 
in New York 


Robert Crowningshield 


“Fire Jade” 

A mystery surrounds a stone that 
has been offered in mineral magazines 
as “Fire Jade.” Specimens we have 
examined and that have been X-ray 
diffracted by the Los Angeles Labora- 
tory have proved to be a rock mixture, 
mostly opal. Other sources of informa- 
tion indicate that the tiger’s-eyelike ap- 
pearance of the stone is caused by the 
mineral grunerite, possibly grunerite in 
opal. In either case, the term “fire opal” 
would seem to be a misnomer. Frgure 
1 shows the typical surface appearance 
of this material. 

’ Tanzania Garnets 

We are indebted to Mr. Jean Naftule 
of NAFCO, New York City gem deal- 
ets, for a series of light-brown to darker 
orange-brown garnets on which research 
was conducted to determine their na- 
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ture. The stones represent a cross-section 
of garnets recently mined in Tanzania 
and occasionally presented in the trade 
as spessartite, Students of gemology are 
well aware that most red to brown to 
violet garnets are mixtures of the two 
commonest species: almandite and py- 
rope. It should come as no surprise, 
then, to learn that research done at the 
Los Angeles Laboratory found these 
stones to be mixtures of spessartite, 
almandite, pyrope and andradite. This 
corresponds nicely. with work on 
Amelia, Virginia, spessartites by Sinkan- 
kas and Reid and reported in the Journal 
of Gemmology for October, 1966. 
However, on the Tanzania garnets an- 
alyzed, not one specimen contained as 
much as 50% of any of the component 
species. In fact, the darkest material 
contained 39.2% spessartite, 30.5% 
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pyrope, 27.8% almandite and 2.4% 
andradite, whereas the lightest colored 
material contained 42% pyrope, 39.1% 
spessartite, 16.5% almandite and 1.5% 
andradite. 

Sinkankas uses the term pyralspite 
to cover such garnet mixtures. Possibly 
the term garnet alone should be used, 
since, by normal gem-testing methods, 
it would be impossible to determine 
which molecule is present in the great- 
est quantity. And, even if this is deter- 
mined, one is faced with calling a light- 
brown stone pyrope, because a few more 
percent of that molecule is present, yet 
the color is far from that associated 
with that garnet. 

There is evidence that two nearly 
identically colored garnets from the 
Tanzania locality may differ as to which 
garnet is present in the greatest quan- 
tity, thus making it difficult without 
destruction of a disputed stone to settle 


Figure 1 
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Figure 2 


arguments in terminology. Another an- 
swer may lie in the direction of choos- 
ing a name for these garnets, much as 


the term rhodolite was chosen for the é 


violet-colored almandite-pyrope famil- 
iar to all. 
Other Tanzania Minerals 

We also wish to acknowledge with 
thanks the gift of several other Tanzania 
mineral specimens from Mr. Naftule. 
These include chrome-vanadium tour- 
maline, chrome-bearing grossularite, 
stibiotantalite and manganotantalite. 

New Diamond Substitutes ? 

We have been impressed in recent 
months with the possibilities offered by 
two rare-earth laboratory crystals for 
diamond substitutes. One is colorless 
YAG (yttrium-aluminum garnet). 
With a reported refractive index of 
1.833, a dispersion of .024, and a hard- 
ness slightly in excess of 8, stones cut 
by staff gemologist and lapidary Jerry 
Call have been most impressive. 
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Figure 3 


Another material shown to us is yt- 
trium oxide; like YAG, it is cubic. How- 
ever, with the reported R.I. of 1.92 
and a dispersion of .050 (diamond is 
044), the colorless stones are striking. 
Slightly softer than YAG (714 vs. 
8+), it nonetheless takes a high polish 
and is a very promising diamond sub- 
stitute. 

Poured Marble 

We are indebted to Graduate Richard 
Geurringue for a lovely cameo (Figure 
2) that proved to be something we had 
read about but never seen: poured mar- 
ble. All tests that could be conducted — 
R.I., birefringence, acid effervescence 
and S.G. — indicated a calcium carbo- 
nate midway between calcite and ara- 
gonite. However, magnification revealed 
a mosaic texture and the badk looked 
“poured” (Figure 3). We have been 
unable to discover the process by which 
ground-up marble was compressed atid 
poured in this manner. 
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Damaged Diamond Die 
Our thanks to Mr. Fred Montezinos, 
New York City diamond dealer, for a 
gift of a wire-drawing diamond die. In 
Figure 4 one can see the cleavage that 
developed that unfitted the stone for 
use after many months. 
Emerald Imitations 
Beryl-and-beryl triplets in excellent 
imitation of emerald have now become 
even more convincing. Some seen lately 
appear red under a color filter. 
Unusual Inclusions 
A most unusual inclusion in a large 
pink diamond, photographed under 45x, 
is pictured in Figure 5. It appears to be 
a fingerprint similar to that seen in sap- 
phire. Another unusual inclusion in 
diamond is shown in Figure 6. The 
stone was a fancy yellow-brown and 
the inclusion, or color zoning, was 
deeper brown. 
Damaged Diamond 
Figure 7 illustrates a diamond worn 
for approximately a year as an engage- 
ment ring. It was submitted for sug- 
gestions as to why it should show so 
much damage in such a short time. It 


Figure 4 


Figure 5 


was our impression that the combina- 
tion of a very thin girdle, plus main 
crown angles of 26°!, contributed to a 
very vulnerable situation. Such badly 
spread diamonds not only offer very 
little fire but are more subject to break- 
age. Figure 8 compares the diamond 
with an ideal 341/,°-crown stone. 
Damaged Zoisite 

._ A communication from Graduate 
John Furbach, Amarillo, Texas, de- 
scribed a round blue zoisite that broke 
following the use of ultrasonic in final 
preparation for an elaborate “ballerina” 
ring. This is the first we have heard of 
such difficulty, and inquiries in the trade 
and our own experience using ultra- 
sonic on similar stones mounted by Lab 
staff members indicated no such trouble. 
However, it is well to add this informa- 
tion to our growing file on zoisite and 
hope it is a freak occurrence. We have 
heard of a fine stone that cracked when 
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heat was applied to remove a setting 
from jeweler’s shellac. 
Cherrystone-Clam Pearl 

Figure 9 illustrates an attractive cher- 
rystone-clam pearl set in a diamond- 
and-platinum pin by Graduate Gordon 
Uhl, Dormont, Pennsylvania; for'a mu- 
sical client whose son discovered the 
pearl while enjoying clams on the half 
shell. 

Zircons for Heat Treatment 

We are indebted to Mr, Walter Arn- 
stein, New York City gem dealer, for 
a selection of Thailand zircons for use in 
heat-treating experiments. One faded- 
blue zicron became a brilliant orange 
after heating at 1200°F. for two hours. 
Thus far, it has retained this attractive 
color. 

Two Gifts 

We are again indebted to student 
Marvin Zuckerman, Hempstead, Long 
Island, for a gift of stones. This time 
it was a selection of polished pink tour- 
malines. Also, through the good offices 
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Figure 11 
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Figure 12 


Figure 13 


Figure 14 
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Figure 15 


of Graduate Thana Rich we received 
from Mr. Lawrence Ford, antique- 
jewelry specialist from New York, a 
fine selection of many stones for use in 
student study sets. 
True Diamond Chips 

Figure 10 shows a portion of a Eutro- 
pean-made brooch containing true chips 
of diamond—a rarity in our expetience— 
since the term “diamond chips’’ is more 
often than not used to refer to single- 
of fose-cut stones, rather than to un- 
faceted stones. 

Inclusion Oddities 

Figure 11 illustrates unusual inclu- 
sions in a fine-quality natural emerald. 
Several of the oddities were reminescent 
of torpedos or shooting stars. 
Platinum in Hydrothermal Emerald 

A small wire in one end of her mar- 
quise-shaped emerald caused a client to 
seek an identification. Figure 12 shows 
what we assumed to be a bit of plati- 
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Figure 16 


num wire in a hydrothermal synthetic 
emerald sold as a natural stone, 
Needles in Glass 

Needles that can be seen faintly 
to cross at angles were present in a 
green-glass stone (Figure 13). It is 
possible for glass to have very well- 
developed needles, as Figure 14 shows. 
The stone is a tourmaline-green spec- 
imen from our collection. Needless to 
say, stones such as this are very con- 
fusing to a beginning gemologist. 

Opal Imitation 

Figure 15 shows a product that may 
or may not be appearing on the mar- 
ket. It is a hollow-backed cabochon of 
rock crystal filled with clear plastic and 
opal chips. 

Unusual Faceting 

Figure 16 shows unusual faceting 
around the culet of a pear-shaped dia- 
mond with only a 43% depth percent- 


age. 


Developments and Highlights 
at the 


Gem Trade Lab 
in Los Angeles 


Richard T. Liddicoat 


Synthetics Examined 
During the period since the last re- 
port from the Laboratory, we have ex- 
amined a large number of synthetic 


’ materials, some of them new to us. 


Figures 1 and 1a show square plate- 
like negative crystals in synthetic peri- 
clase which was marketed under the 
name of Lavernite. Periclase is a mag- 
nesium oxide that crystallizes in the iso- 
metric or cubic crystal system. Its habit 
is the cube. This was colorless, with a 
hardness of 5, a refractive index of 
1.736; and a specific gravity close to 
3.6. We also examined synthetic green- 
ockite and various colors of synthetic 
scheelite. One of the other synthetics of 
interest that we examined was YAG, 
the synthetic yttrium aluminum oxide 
with a garnet structure, and which is 
therefore called synthetic garnet by 
those who make it. The Airtron division 
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of Litton Industries is making. YAG, 
and is planning to put it on the market 
immediately. 

We understand that the colors in 
which it will be available will be color- 
less, green, and probably a rather in- 
tense yellow. The green material is 
unlike any other gem material in that 
light transmitted is a very strong red, 
much stronger than the early synthetic 
emeralds made hydrothermally by 
Linde. The green stones show a rather 
strong curved striae, with a superim- 
posed irregular structure which may be 
seen at right angles to the curved striae. 

In Figure 2, the curved striae runs 
from left to right and lines that appear 
almost like twinning lines or glide lines 
appear at right angles, running from 
approximately 11 to 5 o’clock. We do 
not know the cause of the latter lines. 

In Figure 3, a slightly different effect 
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Figure 1 


Figure Ia 


is noted, the curved striae run from 
about 10 to 4 and there is another set 
of lines very similar to curved striae 
that run approximately from 9 to 3. 
The curved striae in the green YAG 
appear to be circular rather than the 
fairly short arcs of a circle with a long 
radius with which we are familiar in 
the flame-fusion synthetic ruby. Inclu- 
sions, when present, appear to be gas 
bubbles, but there are also elongated gas 
inclusions to be seen, as in Figure 4. 
In the colorless form, YAG is a fairly 
effective diamond substitute; it has a 
1.833. refractive index, and a hardness 
of 8-8l4, 

As examples of his product, we were 
given two small crystals by a mineralo- 
gist and chemist who is making syn- 
thetic phenakite, a beryllium silicate. It 
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has refractive indices of 1.654 and 
1.670; it is hexagonal, has a hardness 
of 714, and a specific gravity of 3.0. 
The two crystals are pictured in Figure 
5. His plans call for yet another syn- 
thetic emerald. 
Changes in Synthetic Emerald 

Recently, in New York and in Los 
Angeles both, we have encountered syn- 
thetic emeralds with almost no fluores- 
cence and with refractive indices of 
1.568 and 1.572 or 3. Fortunately, 
these synthetic emeralds have a number 
of wisplike flux inclusions that have al- 
ways characterized flux-fusion synthetic 
emeralds. The inclusions are shown in 
Figure 6. The fluorescence has undoubt- 
edly been dampened by the use of iron. 
In addition to the usual chromium spec- 
trum of emerald, an iron line is visible 
in the upper violet at about 4300 A. 
Between studies of these unusual syn- 
thetic emeralds just described, we had 
a natural emerald for identification with 
indices of 1.565 - 1.570 that was so 
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Figure 3 


Figure 4 


Figure 5 


light that it floated in an emerald liquid 
set at 2.67, The presence of a pyrite 
crystal in the typical pyritohedron habit, 
plus three-phase inclusions, showed the 
stone to be natural, even though it 
fluoresced rather strongly, 
Montana Sapphire Doublets 

Much of the product of the Yogo 
Gulch Sapphire Mine is very thin. The 
crystals are so thin that only very small 
stones can be cut from much of the 
rough. To take advantage of material of 
this sort, someone recently has been 
making doublets, using two parts of 
natural Montana Sapphire. One of 
them with an imperfect bond is shown 
in Figure 7, where a dendritic pattern 
is seen in the cement. Most of these are 
quite attractive, and appear to be ef- 
fectively bonded. 

Beryl Triplet 

Figures 8 and 9 show two phase 
inclusions in the bottom half of a trip- 
let, the top half of which was beryl. 
The bottom was concealed in the 
mounting, so we could not identify it, 
but in the process of examination under 
the microscope, immiscible liquids 
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Figure 7 


showed up in bubbles. After the light 
in the instrument had been on for just 
a moment, the line denoting the second 
liquid disappeared, as shown in Figure 
9. 
Happy Gift 
We received for identification a large 
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colorless fragment polished on one side 
which appeared to be topaz, (see Figure 
10). It weighed 10 and 34 oz. or about 
1470 carats. Upon testing, it proved to 
be not topaz, but phenakite — by far 
the largest ever reported to our knowl- 
edge. We feel that this will soon be in 
a museum. 

The story surrounding it is quite in- 
teresting. The present owner had been 
buying colored stones in Ceylon. He 
had completed his purchases when the 
dealer literally tossed to him this color- 
less stone, saying, “Take this along as 
a gift.” 

At the time, both dealer and pur- 
chaser felt that the stone was topaz. 
That was several years ago. Recently, 
the jeweler employed a gemologist, who 
in checking over some stones in his 
employet’s stock questioned the identi- 
fication of the stone as topaz, and sent 
it to the Institute for checking, and 
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Figure 10 


confirmation of his identification as 
phenakite. The last quoted price we 
heard was $25,000. 
Dirty Triplets 

We received an opal and glass trip- 
let for identification, and were rather 
surprised to see the amount of debris 
that had been left in the cement layer. 
One piece seen as a dark line at the 
upper right, was the bristle from a 
brush, probably one used to apply the 
cement. On the upper left hand side is 
seen a sliver of wood (see Figure 11). 
The conditions under which the work 
was being done was certainly not con- 
ducive to producing undetectable as- 
sembled stones. 

A Flood of Unusual Opals 

We received a large opal of the type 
usually called Mexican Opal, but this 
had an especially interesting pattern. 


Figure IT 
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It appeared as if the opal (with a nice 
play of color) must have replaced an 
organic material. The view toward the 
base of the cabochon resembled some- 
what the odd pattern seen in reflected 
light on the surface of the conch pearls, 
see Figwre 12. From the side, a lined 
effect showed that the dark patches ex- 
tended vertically through the stone, 
(see Figure 13). 

Another unusual opal was a white 
opal, but it appeared to have cylindri- 
cal tubes of transparent material run- 
ning from the base to the crown of the 
cabochon. There was just as much play 
of color in the tubes (shown in Figure 
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Figure 13 


14) as in the milky portions of the opal. 
Still another opal (the one shown in 
Figure 15), had a very roiled effect, 
similar to that seen in hessonite garnet. 
We had never seen one quite like it. 
Another opal showed some very odd 
inclusions that resembled high altitude 
weather balloons before they were fully 
inflated extending in all directions from 
a crystal inclusion, (shown in Figure 
16). We were unable to identify the 
nature of these inclusions, but were in- 
trigued by their unusual appearance. 
The strangest inclusion of all was 
seen in another opal (Figure 16a). We 
encountered what appeared to be nega- 
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Figure 16 


tive crystals. In an amorphous material, 
a negative crystal is manifestly impos- 
sible, so it is exceedingly puzzling. The 
only reasonable explanation is that the 
parallelogram outline with a large gas 
bubble must have been a thin shell of 
crystalline material with a liquid and 
gas two-phase inclusion contained 
within it. 
Iridescent 

We were sent an unknown for iden- 
tification that showed a strong irides- 
cence reminiscent both of laboradorite 
and opal in appearance. The effect was 
caused by interference of light in very 
strong banding caused either by twin 
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Figure 16a 


ning, or very abrupt compositional 
changes repeated frequently. In very 
sharp light, the result was something 
along the lines of the legs of a star as 
seen in Figure 17. Under more diffused 
lighting, the appearance was shown 
better in Figure 18. The material turned 
out to be an andradite garnet. 
Gift of Synthetic Emerald 

Pierre Gilson, Jr., son of the French 
cetamics engineer who manufactures 
Gilson synthetic emeralds was in to 
visit the Institute. He brought us as a 
gift, a beautiful cluster of large crystals 
of his father’s product. Some of the 
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Figure 20 


cut stones he had with him from the 
latest production showed inclusions un- 
like any we have encountered in earlier 
products. They appeared to be minute 
flux inclusions arranged in the pattern 
shown in Figure 19. The color was a 
beautiful, slightly yellowish green, and 
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Figure 21 


the stones had norma] flux-fusion emer- 
ald properties, namely 1.561 and 1.564, 
and a specific gravity of about 2.66. 
They were rather strongly fluorescent in 
a deep red color. There were wisps of 
flux inclusions in some of the stones, 
but others were devoid thereof. 
Vegetable Ivory 

Recently, we have had occasion to 
encounter a few necklaces made of 
beads that are supposed to have been 
some sort of vegetable ivory. We identt- 
fied the beads as shown under magnifi- 
cation in Figures 20 and 21 as from the 
nut of the doum palm. The specific. 
gravity is approximately 1.385, the re- 
fractive index about 1.54, and the odor 
given off to the hot point is approxti- 
mately similar to that of burnt sugar. 
Figure 20 shows the lined effect on the 
sides of the bead, and Figure 21 the 
little openings where the tubes making 
the lined appearance on the sides reach 
the top surface. 
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Kashan Flux Grown Rubies 


The Ardon Associates flux- fusion 
synthetic rubies are going to be mar- 
keted by Designers Ltd. of Houston, 
Texas. This is a firm operated by GIA 
student Robert Sandler, They will be 
marketed as ‘Rubies Grown by Ka- 
shan.” They are characterized by many 
dot-and-dash flux inclusions, as shown 
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in Figure 19, together with the wisp- 
like or veillike inclusions that are typi- 
cal of flux-fusion products, such as 
synthetic emeralds. Their properties are 
almost identical to those of natura] 
stones, except in transparency to short- 
wave ultraviolet light, and the differ- 
ence of inclusions. 
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Figure 1 
Typleal dotted or dashed lines of small flux inclusions, about (20x). 


Figure 2 
Even smaller dashed lines (45x). 


Figure 3 
A typical coarse flux in- 
clusion (45x). 


SPRING, 1969 31 


Figure 4 
Dashed lines of coarse flux (45x). 


Figure 5 
Most of the types of inclusions seen 
under low magnification. 


Figure 6 ; 
Negative crystals — flux filled (15x). «d 
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Figure 7 
Veils of flux (45x). 


Figure 8 
Flux inclusions (45x). 


Figure 9 
Typical dashed lines (25x). 
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Figure 10 Figure 11 . 
A needlelike inclusion (60x). An area of white fluorescence under shortwave 
ultraviolet as seen in about one of five 
examples. 


Figure 12 
Eighteen Kashan-grown rubies including two in rings are at the top of this 4-second exposure to 
short wave ultraviolet. The three rounded stones at the bottom are natural and the rectangular 
one is a flame-fusion synthetic. 
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Book Reviews 


THE MINERAL KINGDOM, by Paul E. 
Desautels, Published by Madison Square 
Press, a division of Grosset & Dunlap, Inc., 
New York City, 1968, 252 pages. Clothbond. 
8Y,% 111," format. Ulustrated with black- 
and-white and more than 140 color photo- 
graphs. Price: $14.95. 

This is a fascinating book written by a well- 
known mineralogist, Paul E. Desautels, Su- 
pervisor of the Department of Mineralogy, 
Smithsonian Institution. Its style of present- 
ation makes it equally appealing to the min- 
eralogist and geologist and to the gemologist, 
hobbyist and rockhound. 

Essentially, the author tells, in nontechnical 
and attention-arresting style, how minerals 
ate formed, found and used. His consider- 
ation of the mineral kingdom ranges from 
the history, lore and romance of the ancient 
world to the marvels of present-day earth 
science, in ten fascinating chapters.. The sec- 
tion on gemstones is of particular interest 
to the gemologist, gem fancier and collector. 

The book contains certain basic facts about 
mineralogy and geology, so that the reader can 
more easily understand the exploitation for, 
and the acquistion of, minerals for industrial 
use, beauty, personal adornment and value. 
Also explained in an enlightening manner 
is how the social, political and economic 
nature of our civilization is affected by the 
kingdom of minerals. A number of classic 
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minerals and gems have been chosen for 
discussion, describing the miner and mining 
methods and comparing the historical dif- 
ferences of the sites selected. 

The black-and-white illustrated material, 
including the reproduction of some interest- 
ing old engravings, is excellent, but the color 
photography is truly superb and worth the 
price of the book itself. Many of the miner- 
als and gems photographed in color belong 
to the Smithsonian’s unparalleled collection, 
and represent some of the world’s most 
remarkable specimens. The double-page color 
introduction to each of the chapters is a 
splendid example of creative and imaginative 
book production. Lee Boltin’s color photog- 
raphy has won him critical acclaim among 
experts. 

In the author’s foreword, Desautels states: 
“Whatever man’s contact with the mineral 
kingdom — for his science, his industry or 
his cultural pursuits —the hope is that it 
will have been touched on in this book to 
a stimulating degree.” He has succeeded in 
every respect. 


PRECIOUS STONES, by Dr. Max Bauer. 
Published by Charles E. Tuttle Co., Rutland, 
Vermont, 1969. 647 pages. Clothbound. 8, 
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x11” format. Ulustrated with 95 black-and- 
white photographs and line drawings and 
20 color plates. Price: $17.50. 

This monumental work, which was trans- 
lated from the German in 1904 by L. J. 
Spencer, Ph.D., is now offered to gem lovers 
and connoisseurs in a popular-priced reprint 
edition. Called Edelsteinkunde, the German 
name for Precious Stones, it has for so long 
been a rarity on the book market that original 
copies of the English edition have been sell- 
ing for $150 or more. It is the most all- 
encompassing and highly detailed gemolog- 
ical text in the English language. 

Part I is devoted to a consideration of the 
mineral characteristics that are of importance 
to the specialist in gems, a general consider- 
ation of the occurrence of gem materials, and 
information relating to the application and 
working of gemstones. 

Part II contains a detailed account of every 
mineral that has been used for ornamental 
purposes, with special emphasis on the more 
important gemstones. 

Part II stresses the physical and optical 
properties to be relied on in identifying gems 
and distinguishing them from their 
substitutes. 

The new edition contains 20 color plates, 
with new appendices on synthetic gems and 
cultured pearl. It is a large (5 pounds, 7 
ounces), handsome volume that has immed- 
iate appeal to all those connected with the 
gem world. 


CROWN JEWELS OF IRAN, by V. B. 
Meen, Ph. D., and A. D. Tushingham, Ph.D. 
Published by University of Toronto Press, 
Toronto, Ontario, Canada, 1968. 159 pages. 
Clothbound. 9W%4 x 1414," format. Illustrated 
with black-and-white and 83 full-color photo- 
graphs. Price: $20. 

Until a few years ago, the dazzling, breath- 
taking collection of gemstones and jewelry 
that comprises the Crown Jewels of Iran 
were little more than a legend. Then, in 1960, 
the most important pieces were put on ex- 
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hibition at the Bank Markazi (Central Bank) 
in Tehran and, in 1965, V. B. Meen and 
A..D. Tushingham of the Royal Ontario 
Museum, Toronto, Canada, were privileged 
to make a thorough scientific study of the 
fabulous treasures. They photographed, 
measured and weighed for approximately 
three months, always overseen by five of the 
nine-man Supervisory Board of the Collec- 
tion. This magnificent book represents the 
culmination of their paintaking, exacting 
work. 

The authors describe a profusion of gems 
and gem-encrusted objects without equal in 
size, quality and quantity. The collection in- 
cludes half of the world’s known cut dia- 
monds exceeding 100 carats, an enormous 
500-carat spinel, an unusual array of rubies, 
and scores of emeralds two inches or more in 
diameter. Of the 35 large showcases compris- 
ing the exhibit, two are devoted to emeralds, 
the largest display of this gem known. Many 
of the gems have only been rumored in the 
past, and others were completely unknown to 
gemologists. 

Other pieces described and illustrated in 
color include the Pahlavi Crown, containing 
3388 diamonds weighing 1144 carats, five 
emeralds weighing 199 carats, two sapphires 
weighing 19 carats, and 369 pearls. The 
Gold Girdle is made of delicately woven 
gold, and the clasp is 175-carat emerald 
surrounded by 205 diamonds. A globe of 
the world, two feet in diameter,- called the 
Globe of Jewels, is made of solid gold and 
thickly encrusted with more than 5100 gem- 
stones that weigh a total of 18,200 carats. 
One of the great historic diamonds of the 
world, the 186-carat Darya-i-Nur, is also the 
most famous gem in Iran. The Nadir Throne 
consists of gold and enamel encrusted with 
26,733 rubies, sapphires, diamonds, emeralds 
and spinels. The 60-carat Nur-ul-Ain, which 
is the central stone in a tiara, is the world’s 
largest recorded rose-pink diamond. 

In addition, this astounding collection in- 
cludes a wide variety of other objects, the 
majority of which are embellished with gem- 
stones: necklaces, armbands, hat ornaments, 
brooches, earrings, rings, mirrors, walking 
sticks, swords, daggers, firearms, gold dishes, 
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water and wine flasks, tea and coffee cups, 
snuff and pill boxes, candlesticks and 
waterpipes. 

The setting for the gems — whether an 
article of jewelry, a royal toy, part of the 
Royal Regalia, or an object of dinnerware — 
are remarkable for their artistry and 
craftsmanship. 

Each of the objects illustrated is placed in 
historical context, and each is also accom- 
panied by gemological data. The story of the 
Crown Jewels, which were accumulated by 
conquest, purchase and gift, reflects the na- 
tion’s past, the societies and personalities 
for which they were fashioned. 

Probably the bulk of the important gems 
in the collection represent what survives of 
Nadir Shah’s booty taken from Delhi in 
1739, although there may be stones with a 
longer history, now unidentifiable. Of the 
jewelry and other objects, there is little 
that can be dated earlier than the time of 
Fath Ali Shah (1797-1834), that luxury- 
loving and artistic monarch who created 
the Regalia and the opulent fixtures of the 
Qajar dynasty. Of his successors, only Nasir 
ud-Din Shah, in his long reign (1848-1896), 
added substantially to the collection and, 
apparently, renovated some of his ancestor’s 
creations. Since his time, with the exceptions 
of the crowns, scepter and jewelry created 
for the Pahlavi dynasty, the collection re- 
mains almost static. 

The Crown Jewels of Ivan is a book that 
will be treasured both for its wealth of infor- 
mation as well as for the sheer beauty of its 
superb five-color photographs. It deserves a 
prominent place in the library of every gem- 
ologist and gem fancier. 


CHINESE CARVED JADES, by S. Howard 
Hansford. Published by the New York 
Graphic Society, Ltd., Greenwich, Connecti- 
cut, 1968. 277 pages. Clothbound. Illustrated 
with numerous black-and-white photographs 
and line drawings and nine color plates. 
Price: $16.50. 
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Chinese Carved Jades is a serious, scholarly 
study of the work of the Chinese jade carver 
in all ages, and of the designs, purposes and 
usages of ancient jades. 

The author, who is Professor Emeritus of: 
Chinese Art & Archeology in the University 
of London, wrote Chinese Jade Carving in 
1950. In this earlier book he stated, ‘“The 
modest purpose of this study has been to 
bring together and interpret facts regarding: 
the material and techniques of the Chinese 
jade carvers, which, it is hoped, will assist 
the student in his appreciation of the jades 
and their significance in the history of Chi- 
nese civilization. Further study and the scien- 
tific arrangement of the great fund of ancient 
jades that now exists in Europe and America 
are greatly handicapped by the absence of 
documentation and the lack of authenticated 
types from properly controlled excavations.” 

The present volume attempts to show to 
what extent these hopes have been fulfilled, 
the present state of our knowledge and un- 
derstanding of Chinese jades, and how these 
have been, and can, be supplemented by 
deduction from the still meager fund of 
demonstrable fact. 

Professor Hansford’s study is based on 
personal observation, on earlier writings of 
Chinese and Western scholars, on references 
to jades in the Chinese Classics, and on 
the evidence of archeological excavations in 
China. He sheds new light on many of the 
perplexing problems in which this subject 
abounds. In his search of Chinese literature 
in which he has found references to ancient 
jades, he has evaluated these critically in the 
light of recent archeological discoveries, pay- 
ing particular attention to finds of carved 
jades reported in Chinese journals and mono- 
graphs. He considers the impact of historical 
events on the supply of raw material and the 
progress of the craft, and seeks explanations 
for the wide varation in the quantity and 
quality of the product at different periods. 
New arguments are advanced for determin- 
ation of the origin and date of some famous 
problem pieces. 


The book contains illustrations of more 
than two hundred important and beautiful 
jade objects from collections and museums in 
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Europe, America and China. It is unfortunate, 
however, that some of the illustrations, be- 
cause of the lack of original prints, had to 
be reproduced from Chinese publications and 
are therefore below average in quality. The 
price of $16.50 seems somewhat high for 
a book of this modest size. 

Chinese Carved Jades should prove en- 
lightening and informative for any serious 
student of this complex subject. 


FINGER-RING LORE, by William Jones, 
F.S.A. Reissued by Singing-Tree Press, De- 
troit, Michigan, 1968. Illustrated in black 
and white. 567 pages, Clothbound. $14.50. 

Together with George Frederick Kunz’s 
Rings for the Finger, published in 1917, 
this book ranks as one of the most compre- 
hensive ever written on the subject of rings. 
It was originally published in 1890. 

Jones’s detailed study recounts inumerable 
instances in which rings have figured import- 
antly in literature, having a rich symbolism 
in religion, folklore, magic, funeral customs, 
public offices, fashion, astrology and even 
medicine. 

The book discusses the many times that 
rings have had a material effect on the course 
of history. That a noble lady squirted the 
French ambassador to the court of Frederick 
I] with her squirt ring is a matter of record, as 
is the ambassador’s reply with a glass of water. 
Immediately hushed up, the exchange failed 
to cause an international incident. Hannibal, 
Demosthenes and Condorcet are among those 
who allegedly died by poison rings. A count- 
er-revolution in favor of Mary Queen of 
Scots was avoided when Sir Robert Melville 
paid the popular queen homage by a visit 
and the return of a ring in which she in- 
vested considerable talismanic importance. 
A ring was often considered a seal of inter- 
national alliance by marriage, as of that 
between the Duke of Austria and the Princess 
of Burgandy in 1477. 

Jones describes some grotesque and beau- 
tiful examples of the imagination and art 
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worked into unusual rings throughout the 
ages, among them Martin Luther’s betroth- 
ment band, and an initial ring taken for 
Shakespeare’s. 

The three hundred illustrations are very 
detailed, adding even more interest to an 
already fascinating literary and historical ef- 
fort. Finger-Ring Lore, now available for the 
first time in many years at a modest price 
(compared with much higher prices for orig- 
inal editions), will be welcomed by all those 
having serious interest in the history and 
legend of rings. 


TURQUOIS DEPOSITS OF NEV ADA, by 
Frank E. Morrissey. Nevada Bureau of Mines 
Report 17, published by the MacKay School 
of Mines. University of Nevada, Reno, Ne- 
vada, 1968. Illustrated with black-and-white 
photographs and a large locality map in a 
back pocket. 30 pages. 8Y"x11" format. Soft- 
bound. Price: $1.50. 

The principal purpose of this report is to 
record all the information and data pertain- 
ing to the locations, history and production 
of the turquois mines in the State of Nevada. 
The counties considered are Elko, Clark, Es- 
meralda, Eureka, Lander, Lyon, Mineral and 
Nye. 

The basis of the report is the accumulated 
information gathered and compiled by the 
late Frank Morrissey (a serious collector and 
cutter of turquois) during his many per- 
sonal interviews and extensive correspon- 
dence with miners, prospectors and property 
owners, and from data contained in early 
volumes of Mineral Resources of the United 
States, having produced more than $30 mil- 
lion worth of rough material of all grades 
in its history. In addition, the State has the 
distinction of having produced the largest 
single turquois nodule on record, measur- 
ing 31”x17"x7” and weighing an incredible 
150 pounds. 

This report has been published to preserve 
historical data on Nevada’s turquois deposits. 
Another important reason for documenting 
the deposits is that they may serve the ex- 
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ploration geologist searching for important 
deposits of metallic ores at greater depths 
that sometimes appear to be related to the 
turquois deposits. 

The Turquois Deposits of Nevada is a 
significant contribution to the geology of that 
state. 


THE COMPLETE BOOK OF ROCKS, 
GEMS & MINERALS, by the staff of Rocks 
& Minerals magazine. Published by Peterson 
Publishing Co., Los Angeles, California, 
1968. Illustrated with black-and-white photo- 
graphs and line drawings and color cover. 
192 pages. Softbound. Price: $2. 

This book is intended to fill a void in the 
otherwise extensive literature of the gem- 
and-mineral hobby. In spite of excellent tech- 
nical coverage, there has never been a com- 
bination handbook and directory that could 
serve at once as an introduction for the be- 
ginner and a useful source and guide for 
the experienced. 

It is not a textbook, although enough tech- 
nical information is given to permit readers 
to make judgments. It is not an instruction 
book, but enough how-to-do-it information is 
presented so that the novice can begin gem 
cutting, jewelry making and mineral collect- 
ing without the need for additional informa- 
tion. It tells about the fascination and interest 
offered by each phase of the hobby, and 
answers the majority of the numerous ques- 
tions that newcomers always ask. Particularly 
helpful is a listing of all the nation’s gem- 
and-mineral clubs and a directory of sup- 
pliers and services. 

The beginner, especially, should profit 
from the great amount of varied, simply writ- 
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ten information given. 


AUSTRALIAN GEMSTONES IN COL- 
OUR, by Nance & Ron Perry, FGAA. Pub- 
lished by A. H. & A. W., Reed, Sydney, 
Australia, 1968, 112 pages. 7x7” format. 
Hardbound. Ulustrated with black-and-white 
and 83 four-color photographs. Price: $3.95. 

Although this book was written primarily 
as a gem-locality guide for the Australian 
reader, it will be of interest to gem lovers 
everywhere because of its wealth of excellent 
color plates showing the gemstones for which 
this Continent is noted. Forty-one different 
gem materials, in both rough and cut form, 
are pictured. 

The brief commentary accompanying each 
plate is divided into paragraph headings en- 
titled “flnding localities, how to locate, how 
to test, value and how worked.”’ A complete, 
up-to-date discussion of the cause of the play 
of color in opal, based on electron micro- 
scopy, is given. The book begins with a brief 
introduction to the gemstones of Australia 
and a short chapter on the formation of gems, 
concluding with tests for identification, an 
abbreviated table of properties and a brief 
glossary, Descriptions of the individual gems 
consumes the major portion of the book. 

Mr. and Mrs. Perry are members of the 
New South Wales branch of the Gemmo- 
logical Association of Australia and the Suth- 
erland Gemcraft Guild. They have traveled 
extensively on the Australian mainland, and 
have covered many thousands of miles doing 
research into the occurrences of gemstone 
materials. 

This attractive, inexpensive little book 
should find ready acceptance wherever it is 
sold. 
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Correction 


In the Winter, 1968-1969, issue of Gems 
& Gemology three errors occurred in the 
article by Paul W. Johnson entitled, Com- 
mon Gems of San Diego Co., California. 
The first was on page 361 after the second 
patagraph under Spessartite. The omitted 
paragraph reads: ‘Interesting facts: Spessar- 
tite from San Diego Co. is associated with 
albite, quartz, perthite and black tourmaline. 
For a long time these garnets were thought 
to be hessonite, which is a variety of grossu- 
larite. Finally, gemological tests, backed up 
by X-rays, led to the correct designation of 
spessartite. When fused with sodium: car- 
bonate, it gives a bluish-green bead (the 
test for manganese). This tare garnet ex- 
hibits a very pronounced steplike growth on 
the crystal faces and most crystals have been 
etched, 

“Spessartite commonly has two-phase in- 
clusions with a gas bubble. It also has liquid 
inclusions that are very irregular in outline, 
as well as wispy veillike inclusions. What 
looked like a quartz-crystal inclusion was 
found in one crystal. Spessartite rarely has 
angular three-phase inclusions that contain 
a liquid, gas bubble and a crystal of some 
unknown mineral. 

“A garnet found in the pegmatite dikes 
just west of Tule Mountain, in the Jacumba 
area, was found by X-ray examination to be 
half spessartite and half almandite. This gar- 
net, quite a bit redder than the orange 
spessartite, occurs on white feldspar and 
makes very attractive specimens, besides cut- 
ting into very colorful gems.” 

The second error concerns Figures 8, 9 and 
11, on pages 368 and 369. To correspond 
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with the accompanying captions, thesé photo- 
gtaphs should have been turned end for end. 

Page 361, after the third paragraph in the 
right-hand column, a new’ heading entitled 
Spodumene should begin: “Crystal desctip- 
tion: Monoclinic system; prismatic class. In 
San Diego Co., the crystals are prismatic, 
often flattened (lathe shaped) and vertical 
planes striated and furrowed. Spodumene 
nearly always shows lamellar twinning on 
the front pinacoid, with the twin plane paral- 
lel to their flat sides. Crystals as long as 
nine feet and 14 inches wide have been 
found. 


“Varieties occurring in San Diego Co.: 


Blue spodumene — Light blue 

Green spodumene — Light green 
Kunzite — Pale to rose-pink, violet, lilac 
Triphane — Colorless to yellow 


“Occurrence: In San Diego Co., spodu- 
mene occurs at Aguanga Mountain, Mesa 
Grande, Pala and Rincon. Most of the gem 
material has come from the Pala Chief, 
Katerina atid Vanderburg Mines in the Pala 
district. The Pala Chief Mine, on Chief 
Mountain, has been the foremost producer 
of gem-quality spodumene in the United 
States.”’ 

On page 361, under Tourmaline, two new 
sentences have been added, as follows: “In- 
teresting facts: Some of the small, thin, 
black-looking tourmalines from the Ramona 
district are actually a beautiful brown when 
viewed by strong transmitted light. Small, 
usually less than an inch, radiating groups 
of pink tourmaline associated with lepido- 
tite, cookite and quartz (that was the last 
to form) have been found. 
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ON THE NATURE OF MINERAL 
INCLUSIONS IN GEMSTONES 


by 


Dr. E. Gubelin, CG, FGA 


Among the many kinds of inclu- 
sions’ encountered in natural gem- 
stones, where they are regarded as 
unequivocal criteria of genuineness 
and often as welcome identification 
marks of locality, mineral inclusions 
are of particular interest. Just as, 
externally, the mineralogical environ- 
ment of a gemstone in a specific 
habitat will furnish valuable evidence 
of that deposit’s evolution, the inner 
paragenesis (i.e., the various mineral 
inclusions) will yield valuable infor- 
mation about the chemical and physi- 
cal conditions that must have existed 
during the formation of their precious 
host crystal. 

In a great number of cases, such 
crystalline. formation has been rare 
enough to be considered unique. Wit- 
ness benitoite: the chemical constitu- 
ents, apart from only once being pres- 
ent simultaneously, gathered together 
at the same time in the proper relation 
to the relevant crystal lattice. During 
the growth of a gem, older minerals, 
having crystallized during an earlier 
phase and having temporarily ceased 
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to grow (because of a shortage - of 
substance or a phase displacement), 
were overgrown or fully enclosed by 
the younger gemstone, which may 
have grown even more rapidly (Plate 
LA). W. F. Eppler (9) has named such 
minerals of an older formation preéxis- 
tent mineral inclusions. 

Syngenetic mineral inclusions are 
those that have crystallized together 
with the formation of the gem, from a 
complex solution, or melt, in which a 
number of chemical components were 
present in a dissolved state. Separated 
molecules, in their function of build- 
ing blocks of one mineral or another, 
may link up with one another or with 
other molecules of their own kind, 
disregarding completely the crystal 
structure of other minerals forming at 
the same time. Or they may, with the 
atoms at fairly equal distances apart 
(structural affinity), enter into a mu- 
tual isomorphic relationship (mixed 
crystals) or else grow epitaxially (from 
the Greek epi, meaning upon, and taxi, 
meaning arrangement) upon their 
growing faces (oriented intergrowth). 
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In the process, one of the mineral 
species may cease to grow, due to a 
lack of substance supply. 

Where such a mineral species has 
developed rapidly, greedily amassing 
its components in one direction of 
growth, as it were, slim, stalky crystals 
have resulted, such as the rutile (Plate 
A-2) and tourmaline (Plate A-3) 
encountered in many quartzes, or the 
byssolite fibers included in demantoid 
(Plate A-4). Occasionally, these elonga- 
ted, prismatic or fibrous mineral inclu- 
sions have grown independently; more 
often than not, however, they have 
formed coincidentally with the host 
crystal. But the crystallizing process of 
the gem now including them had not 
ceased by the time the guest minerals 
suspended growth; in fact, it fre- 
quently continued to exist in solution. 
Simultaneous or subsequent solidifi- 
cation (i.e., crystallization of any such 
substance remaining in solution) ulti- 
mately led to the inclusion of foreign 
minerals from a mixed crystal in which 
they had coexisted in solid solution 
until the balance of energy was ulti- 
mately upset. Precipitation of minor- 
ity components has usually been 
caused by changes in temperature 
(cooling or heating, with or without 
change of pressure) and has led to 
crystalline differentiation in that 
microscopic crystals were formed, be- 
ing mostly or nearly always coordi- 
nated according to the crystallonomic 
directions of the major component. 

Typical examples of such exsolved, 
epigenetic inclusions are provided by 
the silk in corundum; i.e., the fine 
rutile needles with their sagenitic pat- 
tern of coordination in accordance 
with the three main directions of the 
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base and rhombohedron (Plate A-5); 
and the small slabs of lepidocrocite 
coordinated parallel with the main axis 
in iolite (Plate A-6); also, the dense 
patches of goethite scales in sunstone 
(aventurine feldspar) (Plate A-7). 
These slabs are not goethite, as origi- 
nally stated, but  lepidocrocite 
( FeQOH) or (Fe203-H20), which 
has the same chemical composition as 
goethite. The difference is a morpho- 
logical one, in that the goethite inclu- 
sions are fibrous to acicular and lepi- 
docrocite, tabular. 

Alternatively, foreign mineral sub- 
stance from outside may have pene- 
trated into the interior of a mineral by 
way of fissures and channels, where it 
is now present predominantly in the 
form of skeleton crystals. Most promi- 
nent among the minerals involved in 
the formation of such subsequent in- 
clusions are iron hydroxide, manga- 
nese hydroxide (psilomelane) and 
manganese oxide (pyrolusite). In the 
fissures filled by them, all of these 
have frequently produced magnificent 
dendritic forms or a host of other 
beautiful patterns. Patterns thus 
formed are particularly prized when 
occurring in kinds of quartz such as 
agate and rose quartz (Plate A-8); also, 
in turquois, rhodonite, etc. 

This deliberately brief excursion 
into the genesis of mineral inclusions 
in gemstones was intended to point 
out just how close a relationship exists 
between mineral inclusions and their 
host crystals and what interesting con- 
clusions on the formation of gem- 
stones may be drawn from a thorough 
knowledge of the inner paragenesis. 

Mineral inclusions have been the 
most important witnesses of the 
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mysterious process of crystallization 
that were involved in the growth of 
mineral deposits at great depths below 
the earth’s surface. Bearing in mind 
their immense analytic value for a 
reliable reconstruction of the evolu- 
tionary processes underlying their for- 
mation, and thus to the science of 
mineral deposits, over the past 100 
years scientists have devoted more and 
more attention to the exact determi- 
nation of mineral inclusions. As long 
as thin sections could be obtained, or 
when in any case the object to be 
tested could be destroyed, the task 
was easy enough. But being concerned 
primarily with studying the cut speci- 
mens of gemstones, gemologists have 
ususially had to confine themselves to 
crystalloptical scrutiny. 

Despite an almost inconceivable 
variety of shapes and forms, and an all 
but unlimited multiplicity of possible 
combinations, a rather reliable crite- 
rion is furnished by the characteristic 
crystal form of a mineral. It is because 
of this, or of the relevant habit of an 
idiomorphic crystal inclusion, that its 
true nature has often been identified. 
It is thus that in the relatively early 
stages of crystalloptical research, de- 
tection and identification were defi- 
nitely not only of the aforementioned 
mineral inclusions, but of such diverse 
members of the amphibole family as 
actinolite shingles (Plate A-9), amian- 
thus felt (Plate A-10) and hornblende 
needles in rock crystal (Plate B-1), 
bamboolike canes of actinolite in Ural 
emerald (Plate B-2), blades of tremo- 
lite in Habachtal and Sandawana emer- 
alds (Plate B-3), irregular structures of 
green chlorite (Plate B-4), brown stalks 
of epidote (Plate A-1) and tetragonal 
bipyramids of anatase in rock crystal 
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(Plate B-5), radiating sheaths of goe- 
thite in amethyst (Plate B-6), small 
pseudohexagonal slabs and flakes of 
brown biotite in Transvaal and Ural 
emeralds, brassy-yellow pyrite crystals 
in both Chivor emerald (Plate B-7) and 
fluorite (Plate B-8), well-developed spi- 
nel octahedra in Mogok ruby (Plate 
D-3), euhedral octahedra of chromite 
in williamsite (Plate B-9), mica pla- 
telets in peridot, hematite in diamond, 
euclase, corundum, quartz and topaz 
(Plate B-10), and diamond and garnet 
in diamond. 

Because of the slanting position of 
the angles incurred by the facets of a 
cut gemstone, even the well-defined 
forms of a crystal will often appear 
grossly distorted, and this may lead 
easily to misjudgment. Furthermore, 
ideal cases of idiomorphic crystal 
forms are extremely rare. Very fre- 
quently, crystals viewed under the 
microscope will not give any eluci- 
dation on the nature of the mineral 
inclusion under observation, since the 
solid body’s shape is irregular, con- 
torted or completely undefined. Not 
infrequently, such inclusions will be 
constituted by resorbed or abraded 
granules, ill-defined slabs, irregularly- 
edged or spiky aggregates, twisted 
flakes, splintery chips, or other such 
indefinable fragments of rudimental 
structures that would no longer permit 
morphological assessment. They might 
at best be identified by virtue of their 
color or the difference between their 
R.I. and birefringence and those of 
their host crystal. Nevertheless, such 
fragmentary mineral inclusions, being 
characteristic of certain gemstone spe- 
cies or particular localities, are indeed 
of some diagnostic value. Pending, 
discovery of adequate methods of 
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identification, gemologists therefore 
contented themselves with giving such 
exact descriptions of them as they 
possibly could. Although for the pur- 
poses of determining genuineness and 
distinguishing differences in origin 
gemological practitioners could recon- 
cile themselves to the mere availability 
of a phenomenological descriptions of 
inclusions, this failed to satisfy the 
gemologist with a bias towards miner- 
alogy and, even more so, the mineralo- 
gist interested in gemology. 

During the past twenty years, ever- 
growing numbers of scientists have 
devoted themselves to painstaking 
research into the field of mineral 
inclusions in gemstones, and it is to 
the outstanding merit of W.F. Eppler 
that he has dedicated himself to this 
task systematically and consistently. 
Applying the orthodox method of 
crystalloptics in some cases, and extri- 
cating the minute mineral inclusions 
for subsequent microscopic and radio- 
graphic examinations in others, he has 
succeeded in identifying beyond any 
doubt a host of solid, foreign bodies 
included in gemstones. This has not 
only added a number of enlightening 
findings to the field of genetic obser- 
vation, but it has also augmented 
considerably the diagnostic techniques 
that are so important to gemology. 

Thus, W.F. Eppler has managed to 
corroborate ,the occurrence of garnet 
in diamond and to prove the existence 
of olivine in diamond shortly after it 
had been observed by R.S. Mitchell 
and A.A. Giardini (36). He was the 
first to discover apatite as being a 
member of diamond endogenesis (8). 
He also reliably identified, in several 
other gemstones, certain mineral inclu- 
sions recurring frequently and thus 
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diagnostically significant; viz., the fill- 
ing with granulated quartz, apatite and 
epidote of tubes parallel with the 
c-axis in aquamarine (Plate C-1); also 
the presence in aquamarine of indi- 
vidual specimens or batches of hema- 
tite, mica (fuchsite, muscovite, phlogo- 
pite), garnet, ilmenite skeletons and 
petalite; and other fascinating cases of 
quartz intergrown with apatite and 
epidote (Plates C-2, C-3, C-4), (10-15). 
The presence of shingles and needles of 
sphene crystals in star spinel, causing 
the latter’s asterism, and having previ- 
ously been detected by this author 
using purely crystalloptical methods, 
has also been confirmed by Eppler 
(Plate C-5), (6). 

Since the discovery of the rich 


, Siberian diamond deposits in Yakutia, 


Soviet mineralogists have exercised 
admirable exactitude in investigating 
the inne: paragenesis of diamonds 
mined in the USSR. However, they, 
too, did not examine the solid bodies 
while still included; rather, they 
“freed” the mineral inclusions from 
their host diamond in order to subject 
these isolated microscopic crystals to 
crystalloptical and radiographic testing. 

Proceeding along the same lines as 
Eppler, but independent of him, they, 
too, managed to recognize olivine and 
garnet as being the most significant 
and frequent accessory minerals in 
diamond. The olivine was identified by 
them as forsterite with approximately 
6 percent fayalite (Plate C-6), and the 
garnet as pyralspite with a high con- 
tent of pyrope (Plate C-7). They also 
identified brown chrome spinel (pico- 
tite ) (Plate C-8), green chrome diop- 
side, or chrome enstatite, and diamond 
(Plate C-9). An occasional incidence of 
serpentine, chlorite, biotite and phlo- 
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gopite was attributed by them to 
pseudomorphic changes suffered by 
mineral inclusions previously synge- 
netic. Reports of chromite, hematite, 
ilmenite, magnetite, pyrite, quartz, ru- 
tile and zircon--all minerals that in 
earlier works by different authors had 
been asserted as inclusions in dia- 
monds—were considered doubtful or 
else refuted by the Soviet mineralo- 
gists on the grounds that the purely 
visual identification method used by 
earlier authors had given rise to confu- 
sion and erroneous identification or 
that, as in the case of quartz and 
zircon, it had by no means allowed for 
the genetic criteria pointing to their 
preéxisting or syngenetic formation. 
The Soviet publications (14-22, 32, 
39) furnish comprehensive infor- 
mation on the findings of research into 
mineral inclusions with reference to 
conditions of formation, orientation 
within the host diamond, R.I. and/or 
D.R., angles of optical axes, ratios of 
parameter, lattice constants and S.G. 
In places, these results are accom- 
panied by illustrative photomicro- 
graphs and Laue diagrams. All these 
findings concerning mineral inclusions 
in diamond tell us that such alkaline 
minerals as olivine, garnet, chrome 
spinel and chrome diopside (or chrome 
enstatite) were formed simultaneously 
with the diamond, during the meta- 
morphosis of olivine aggregate into 
what have been called griquaite nod- 
ules (as far as the main mineral constit- 
uents are concerned, griquaite is simi- 
lar to eclogite; but although the first is 
of deep magmatic origin, the latter is 
of metamorphous origin) in intra- 
crustal areas of formation (37). And 
graphite and serpentine are to be 
looked upon as pseudomorphoses after 
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diamond and olivine, the same as 
chlorite, biotite and phlogopite, being 
mutations of garnet, are encountered 
only as secondary fissure fillings, 
having penetrated into cracks and slits 
at a later stage. 

Stimulated by these interesting 
findings of the Soviet mineralogists, 
W.E. Sharp of the Adamant Research 
Laboratory, Johannesburg, using the 
powder method, performed X-ray 
analyses on a great number of indus- 
trial diamonds. The diagrams thus 
obtained enabled him to identify as 
inclusions of ore minerals various iron 
oxides, such as goethite, hematite, 
magnetite and possibly even wustite. 
He, too, holds that the serpentine and 
chlorite observed are epigenetic alter- 
ations of syngenetic olivine or garnet 
crystals, respectively. In one isolated 
case, he even succeeded in obtaining 
the line diagram of graphite from 
material he had scraped off a fissure 
plane, of which he informed the au- 
thor personally. He has thus, we may 
take it, corroborated the Soviet obser- 
vation holding that graphite may be 
caused by graphitization of diamond 
in places where a carbon structure has 
been grossly disturbed (i.e., tension 
cracks or cleavage fissures), and also in 
the region of stress between foreign 
bodies included in the diamond sub- 
stance enclosing them. Evaluating the 
findings of his elaborate X-ray tests, 
Mr. Sharp arrived at the definite con- 
clusion that pyrrhotite (Plate C-10) is 
an ore inclusion occurring rather fre- 
quently in South African diamonds, 
where it is often found intergrown 
with other ore phases. Most frequent- 
ly, it was found integrated with pent- 
landite; occasionally with pentlandite 
and pyrite. Such intergrowth probably 
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resulted from the exsolution of an 
earlier high-temperature phase that 
was later embraced by a growing dia- 
mond. Individual formations of ilmen- 
ite, pyrite or rutile were not found by 
Sharp, either. 

An exceptionally interesting fact of 
identification was achieved in an en- 
tirely unorthodox manner by B.W. 
Anderson. During the examination of 
dense batches of yellowish-brown min- 
eral inclusions in a Colombian emer- 
ald, his spectroscope revealed a spec- 
trum of rare earths displaying an abun- 
dance of lines and evidencing parisite 
(47). Parisite is a rare fluocarbonate of 
the cerium metals (Ce,La,Di)2 
Ca[F2/(CO3)3]. C34 that forms pyra- 
midal to slender prismatic crystals 
varying in tint between brownish yel- 
low or yellowish brown and lilac (Plate 
D-1). One of its scarce occurrences 
being Muzo, Colombia, its presence in 
emerald may well be considered a 
welcome locality feature. 

Realizing the novel technique of 
combining microscopy with the X-ray 
powder method, P.C. Zwaan achieved 
definite analysis of a number of inter- 
nally paragenetic minerals in a variety 
of gemstones. As early as 1964, several 
conspicuously hexagonal, prismatic in- 
clusions in a lilac-colored Ceylon spi- 
nel were identified by him as apatite 
(Plate D-2), (48) and he has now 
announced the identification of apa- 
tite, corundum, phlogopite, pyrrhotite 
and spinel (the latter confirming later 
observations by this author) in corun- 
dum (Plate D-3), as well as of apatite, 
muscovite and rutile (the latter in 
concurrence with O. Mellis) in almand- 
ite (49). 

This brief review of the new re- 
search techniques developed since the 
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middle of this century and of the 
highly noteworthy findings made pos- 
sible by them with regard to mineral 
inclusions in gemstones has, it must be 
admitted, thrown light on merely a 
few of the milestones marking the 
long, often trying, but always fasci- 
nating path through this field of inves- 
tigation. Yet it does show how in 
recent years the most remarkable find- 
ings have been made, yielding infor- 
mation that may contribute greatly to 
elucidating the genesis of gemstones. 

Nevertheless, gemology, with its 
totally axiomatic approach, could not 
rest content with the present state of 
affairs, since it cannot, in the last 
analysis, tolerate the destruction of its 
objects and the great values they so 
often embody. Indeed, gemologists 
must continue in their search after the 
techniques and tools that may help 
them solve their problems without 
damage to, or even destruction of, 
their costly materials. In other words, 
if they wish to abstain from the often 
destructive methods of mineralogy, 
they must be concerned with devising 
their own instruments that will serve 
their needs more adequately. 

The postulates of gemology have 
now been met with to a great extent 
by the recent invention of the 
electron-microprobe analysis, which 
has brought a revolutionary innovation 
to the field of analytic techniques. 
Providing the analyst with completely 
new ways and means of research, this 
highly impressive process is of the 
utmost importance to him by offering, 
as it does, an exact and nondestructive 
method of probing into the chemical 
constituents, and their quantitative ra- 
tios, of the substances being tested. It 
allows a qualitative and quantitative 
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analysis of solid bodies with volumes 
far beyond the faculties of the unaided 
human eye, thus obviously including 
mineral inclusions in gemstones. 

This very promising instrument is 
called an electron microprobe, and is 
an elaborate device of considerable 
dimensions. It is thus highly unlikely 
that it will ever be included in the 
equipment of a gemologist; rather its 
installation will be restricted to the big 
research laboratories. More recently, 
this device has been employed for 
mineralogical-research tasks in general, 
and for investigating gemstones and 
their mineral inclusions in particular, 
and it is to be duly expected that this 
will be increasingly so in the future. 
For this reason, a report on the signifi- 
cant results achieved with the new 
system had better be preceded by a 
brief description of the device and its 
mode of operation. 

The first operating electron-probe 
microanalyzer was constructed by R. 
Castaing shortly before 1949. De- 
signed as a combination of parts of the 
electron microscope and an X-ray 
fluorescence unit, it functions as an 
instrument for the quick and nonde- 
structive qualitative and quantitative 
analysis of solid bodies with a volume 
of only a few cubic microns (1 micron 
equals 0.001 mm.). Samples to be 
tested need not be extracted from the 
substance enclosing them, but they 
will, of course, have to be exposed to 
the surface of it. It is on account of 
this improved facility of procedure 
that microprobe analysis proves to be 
such an advantageous method of inves- 
tigating mineral inclusions in gem- 
stones. It yields the solutions to many 
analytical problems that were previ- 
ously difficult, if not impossible, to 
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solve by conventional, let alone by 
optical, methods. 

The electron microprobe emits a 
finely focused beam of electrons, di- 
recting it onto the surface of the 
sample and producing an X-ray reflec- 
tion characteristic of the chemical 
elements affected by the electron 
excitation. The angle of reflection and 
the intensity and wavelength of the 
characteristic X-rays—all of these fac- 
tors being determined by the struc- 
tural elements of the material tested— 
will then be used to furnish the analyt- 
ical data to determine the elements 
that are present in the target and their 
relative mass concentrations. 

Currently, all such elements can be 
identified that have atomic numbers 
upward of 11. In typical cases, the 
spatial resolving power is between 2 
and 3 microns; the sensitivity ranges 
from 1:104 to 1:103, depending on 
the composition and expansion of the 
sample; and the relative accuracy 
amounts to between 1 and 2 percent, 
if the concentration is in excess of a 
few percent. The highly complex 
equipment consists of (a) an electron- 
beam column, (b) a number of X-ray 
spectrometers, (c) a light microscope, 
(d) a high-voltage power supply and 
control circuit, (e) one or more 
vacuum systems, and (f) a measuring- 
and-recording system for the analytical 
information. 

Figure I shows the equipment con- 
tained in a typical probe laboratory. 
The most important part of the whole 
apparatus is the electron-beam column 
housing the electron-gun assembly, 
apertures, magnetic lenses and deflec- 
tion plates. 

Figure 2 depicts a typical example 
of such an electron-beam column. The 
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Figure? 


A complete electron-microprobe laboratory. 


Figure 2 


Electron-beam column with a schematic cross-section. 
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function of the column is to provide 
an electron beam of the desired 
characteristics at the sample surface. 
The beam must be adjustable in size 
and density; however, these para- 
meters must be very stable, once estab- 
lished for any program. The heated 
filament provides a source of electrons 
that are accelerated by the field be- 
tween the anode and source. The 
acceleration potential may be varied at 
any time from 2 to 50 kv. and can be 
selected by the operator. The first 
magnetic Jens, or condenser, lens, 
focuses and diminishes the beam, 
usually at a point well above the 
objective aperture. The second mag- 
netic lens, or objective lens, focuses 
the image of the first lens onto the 
surface of the sample and provides a 
further reduction of the image. The 
beam-current monitor, shown at the 
position of the objective aperture, is 
invaluable in duplicating analytical 
conditions for the measurement of 
beam stability. 

A stream of electrons, narrowed 
down to a hair’s breadth, is generated 
by the tube and directed precisely 
onto the surface of the sample to be 
analyzed, which, in the case of mineral 
inclusions in gemstones, is the minute 
cut surface of the mineral included, 
which has been exposed on the surface 
of the gemstone by the cutting of its 
facets. The electron bombardment 
produces an X-ray-reflection character- 
istic of the atoms encountered. On the 
one hand, an angle is formed between 
the electron beam emitted and the 
X-ray beam reflected, its size being 
determined by the structure of the 
atoms constituting the chemical com- 
position of the sample. A goniometer 
may be adjusted to the X-ray leaving 
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the surface at various angles, thus 
measuring the typical angle of reflec- 
tion for each element. In this way, the 
constituent elements of the sample 
may be determined. On the other 
hand, crystals of a suitable material are 
used to deflect the X-rays according to 
their wavelengths, and the deflected 
X-rays are picked up by X-ray detec- 
tors. The photons of these X-rays 
entering the detector are converted 
into oscillations of electrical energy. 
The frequency of these impulses is in 
direct proportion to the intensity of 
the X-ray radiation received, and this, 
in turn, is in direct proportion to the 
quantitative ratio of the elements pro- 
ducing it within the substance being 
analyzed (Figure 3). 

During the relatively short period 
that has elapsed since the introduction 
of this revolutionary innovation in the 
field of chemical microanalysis, it has 
already established itself in a wide 
range of research applications. And it 
is hardly surprising that gemologists, 
too, have not been long in showing 
interest in it and applying it. 

Thus, at the 43rd Annual Congress 
of the German Mineralogists Associa- 
tion (34), O. Mellis, delivering a lec- 
ture about the spectrolite occurring 
near Ylamaa, Finland, was able to 
prove the existence of a definite rela- 
tionship between the chemical compo- 
sition of the spectrolite and its labra- 
dorescent color changes, as well as to 
the number of opaque, needle-shaped 
inclusions. He also explained that the 
process of radiographic determinations 
and the analysis carried out by means 
of a microprobe identified these same 
black needle-shaped inclusions (Plate 
D-4) as magnetite, which was, itself, 
intergrown with fine ilmenite blades 
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Schematic drawing of an electron microanalyzer showing the relationship of the electron 
probe, the specimen stage, the viewing system, and the X-ray analyzer to the specimen, S. 


(probably secondarily exsolved from 
the magnetite—author). 


Notwithstanding the efforts of 
eminent mineralogists, it had previ- 
ously been impossible to determine 
the true nature of the needles inter- 
secting each other (Plate D-5) in red 
garnets of the pyralspite family. How- 
ever, the combined application of 
optical and radiographic methods by 
O. Mellis, in conjunction with 
electron-beam analysis, has since 
achieved a definite identification of 
these needle-shaped inclusions as ru- 
tile. He is convinced that its formation 


SUMMER, 1969 


is not to be attributed to exsolution 
but to syngenetic epitaxy and thus 
represents a phenomenon of growth. 
These rutile needles are predominantly 
oriented parallel with the edges of the 
thombododecahedron. It is only in 
Madagascar garnet that they have been 
observed to be coordinated also to the 
cube. If parallel to the edges of the 
thombododecahedron, the needles are 
invariably twinned; if aligned, how- 
ever, with the edges of the cube, they 
are not pure TiO2, but are invariably 
mixed crystals, which is easily recog- 
nized by the difference in interference 
colors when viewed in polarized light. 
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These reliable findings have consider- 
ably increased our knowledge con- 
cerning one of the most important and 
most frequent mineral inclusions in 
red garnet and are, as such, very much 
to be welcomed. (33,35). 

Almost simultaneously with the au- 
thor, although without being aware of 
the coincidence, H.J. Schubnel, using a 
Castaing microprobe, as well as apply- 
ing a number of combined processes, 
was analyzing several mineral inclu- 
sions in a variety of gemstones. He 
found calcite in ruby and sapphire, 
spinel in ruby, chloroapatite in Ceylon 
spinel, and chloroapatite, pyrite, 
pyrthotite and rutile in Ceylon sap- 
phire (40, 41), thus producing findings 
happily in accordance with those de- 
scribed in Part II of this study. 

In a more recent publication, 
Schubnel reports that by using the 
microprobe analysis he has been able 
to identify as primarily unmixed mag- 
netite the black, needle-shaped inclu- 
sions responsible for the asterism in 
Indian star diopside. These are, them- 
selves, intergrown with secondarily ex- 
solved blades of ilmenite and hercynite 
(42). 

After other analytic methods had 
failed to detect the coloring of 
chrome-jadeite during the examination 
of jade-albite (27,28,29,30) by the 
author, successful analysis was finally 
achieved by means of the electron 
probe. Following the kind suggestion 
of M. Weibel, Professor of Geochem- 
istry at the Institute of Crystal- 
lography & Petrology of the Federal 
College of Advanced Technology in 
Zurich, the author subsequently ob- 
tained permission to use the Institute’s 
AMX electron microprobe to identify 
the mineral inclusions in a variety of 


52 


gemstones he had collected over the 
last 25 years, anticipating the possible 
discovery of a suitable method of 
identification. Since a qualitative eval- 
uation sufficed to diagnose the mineral 
inclusions in question, the author, in 
an effort to save time, contented 
himself with a visual assessment of the 
travel of the graphic indicator, omit- 
ting to use the recording attachment 
that would have traced the relevant 
spectrograms. A detailed description 
of the results thus obtained is set out 
below. 

Plate D-6 to D-10: Hexagonal 
prisms of slim to stubby shapes are 
often encountered in almandite, kor- 
nerupine, spinel and Ceylon ruby. In 
most cases, they are euhedral with a 
base of medium size. Dipyramids are 
rare, but the crystals are frequently 
double ended, yet sometimes partly or 
grossly resorbed. At times, they are 
sporadically distributed; at others they 
occur in groups. The microlites are 
either colorless (ie., mimicking the 
color of the host crystal) or they are 
olive green (notably in kornerupine). 
When viewed between crossed Polar- 
oids, they are conspicuous, owing to 
straight extinction and vivid inter- 
ference colors. Their R.I. is distinctly 
lower than that of their host gems. 
Examination of the crystal inclusions 
exposed on the facet surface, by 
means of the electron microprobe, 
produced readings definitely indicating 
the present of Ca and P. 

Consequently, these minute inclu- 
sions have been identified as apatite 
[Cas(F,CI)(PO4)3] . The presence of F 
cannot be revealed by the microprobe, 
because its atomic number 9 is below 
12, the minimum number detectable 
by this instrument. Apatite crystal- 
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lizes in the hexagonal system and 
occurs in long to short columnar or 
thick tabloid single crystals, or in small 
crystal groups (as inclusions, they pre- 
fer columnar dipyramidal habits). Apa- 
tite shows a marked bias for variable 
chemical composition; therefore, its 
physical properties fluctuate between 
the following mean indices: n = 1.642 
and 1.646, S.G.=3.18 and hardness=5. 

Owing its existence to a great vari- 
ety of formation processes, apatite is 
widespread as a secondary accessory 
mineral in a multitude of deposits. It is 
scarcely ever absent from magmatic 
rocks and is often to be encountered 
in pegmatite and pneumatolytic for- 
mations, but is also occasionally found 
in hydrothermal sources (veins and 
alpine crevasses). In the pegmatite 
phase, apatite is a primary mineral of 
early crystallization, although it may 
also be formed at a later stage of this 
genetic phase. Accordingly, apatite 
may occur in gemstones either as a 
preéxistent or as a syngenetic mineral 
inclusion. 


Descriptions of Color Photographs 


Color Plate A: 
1. Apidote needles embraced by quartz 
(rock crystal}. 

. Rutile needles in rock crystal. 

. Rods of tourmaline in rock crystal. 

. Radiating byssolite fibers in demantoid. 

. Exsolved rutile needles in ruby. 

. Exsolved leipdocrocite tablets in iolite. 


. Dense concentration of goethite flakes 
in aventurine feldspar (sunstone). 


8. Secondary, epigenetic formation of 
psilomelane in dentritic agate. 


9. Blades of actinolite in‘rock crystal. 


10. Dense felt of amianthus fibers in quartz, 
causing chatoyance. 
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Color Plate B: 
1. Rods of hornblende in rock crystal. 
2. Bamboolike canes of actinolite in emer- 
ald from the Ural Mountains. 


3. Needles of tremolite in emerald from 
Sandawana. 

4. Dense concentration of chlorite in 
quartz (often producing moss agate). 


5. Clearly euhedral anatase crystals in rock 
crystal. 


6. Divergently radiating fibers of goethite 
(cacoxenite) in amethyst. 


7. Well-developed crystals of pyrite in 
emerald from the Chivor Mine, Colom- 
bia. 

8. Euhedral pyrite in fluorspar. 

9. Well-defined octahedron of chromite in 
williamsite. 

10. Hematite in topaz. 


Color Plate C: 


1. Growth tubes fitled with quartz, apatite 
and epidote in aquamarine. 


2. Phologopite in aquamarine. 
3. A skeleton of ilmenite in aquamarine. 


4. Combination of quartz and apatite in 
aquamarine. 


5. Oriented arrangement of 
sphenes in star spinel. 

6. Pseudotetragonal olivine prisms epitax- 
jally settled on the octahedron face of a 
diamond. fi 

7. Garnet crystal in diamond. 


8. Combination of distorted octahedra of 
chrome-spinel in diamond. 


9. Emerald-green diopside crystal in dia- 
mond. 


10. Group of pyrrhotite 
diamond. 


twinned 


crystals in 


Color Plate D: 


1. Slender prisms of parisite in emerald 
from the Muzo Mine, Colombia. 

2. Idiomorphous prisms of apatite in mauve 
spinel from Ceylon. 

3. Euhedral octahedron of spinel in Burma 
ruby. 

4. Tiny needles of black magnetite in spec- 
trolite from Finland. 

5. Rutile needles oriented along the edges 
of the rhombododecahedron in alman- 
dite. 
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10. 


. Group of idiomorphous prisms of apatite 


in almandite from Ceylon (these apatites 
proved to contain lanthane and thorium). 


. Double-ended apatite crystals in korne- 


rupine. 


. Stumpy prisms of apatite in ruby (from 


Ceylon?). 


. Slender stalks of apatite in ruby (from 


Ceylon?). 

Partly xenomorphous, partly resorbed 
apatite crystals in mauve spinel from 
Ceylon. 


Color Plate E: 


. Pseudohexagonal and 


. Tabular biotite parcels in almandite. 
. Brown biotite platelets in kornerupine 


from Ceylon. 


spotted biotite 
platelets in peridot. 


. Dense concentration of biotite in pink 


sapphire from Ceylon. 


. Dark-green flakes of biotite in emerald 


from the Transvaal. 


. Irregular concentration of biotite flakes 


from the Habachtal. 


. Red-brown phlogopite in sapphire (Cey- 


lon?). 


. Tabular phlogopite parcel with broken 


borders in spinel. 


. Microlites of chromite in the center of a 


residual fluid drop in peridot. 


10. Irregular aggregates of chromite in 
emerald. 

Color Plate F: 

1. Green fragment of chrome-diopside in 


2. 
3. 
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diamond. 

Feldspar crystals in sapphire. 

Hair-fine, fox-red fibers of goethite and 
individual quartz crystals (bright patches) 
in topaz. 


. Dense cluster of quartz grains surrounded 


by hairlike fibers of goethite in topaz. 


. Tiny octahedra of hercynite arranged in 


parallel lines in spinel. 


. Concentration of hercynite octahedra 


arranged in parallel array in blue spinel. 


. Dense concentration of ilmenite in 


almandite. 


. Idiomorphous calcite crystal displaying a 


rhombic pattern of lines caused by inter- 
twined twin lamellae in Burma ruby. 


. Euhedral crystals, partly well preserved 


and partly as cleavage fragments, 


10. 


enclosed in emerald from the Muzo Mine, 
Colombia. 


Xenomorphous, pseudodctagonal calcite 
in red spinel from Burma. 


Color Plate G: 


1. 


10. 


Xenomorphous intergrowths of dolomite 
and calcite, partly filling octahedral cavi- 
ties in blue spinel. 


. Enlarged area of Photograph G-1 exhibits 


the difference between dolomite and 
calcite in one of the filled cavities. 


. Two tabular fragments of molybdenite in 


emerald. 


. Well-developed microlites of niobite in 


sapphire. 


. Inthe center of the photograph there is a 


slightly damaged pyrite accompanied by 
flakes of biotite (brown) and fine silk of 
rutile needles in sapphire from Ceylon. 


. Pyrrhotite of ideal development in ruby. 


Diagonal lamellae of some exsolved 
minority component are distinctly seen. 


. Resorbed pyrrhotite grain in sapphire. 
. Grains of pyrrhotite and pentlandite of 


varying sizes and irregularly dispersed 
through an emerald. 


. A crystal of olivine flush with the table 


facet of a brilliant-cut diamond. 

A fragment of chrome-diopside exposed 
on the surface of the table facet of a 
brilliant-cut diamond. 


Color Plate H: 


1. 


Irregular conglomerations of a black and 
red mineral, whose chemical composition 
of TiO? indicates either anatase or rutile, 
in kyanite. 


. Huge prisms of red rutile in sapphire 


from Ceyion. 


. Black rutile resorbed into a balt-like 


shape and surrounded by a stress halo in 
sapphire from Montana. 


. Well-developed crystal of sphene in ruby 


from Burma. 


. Group of pale-yellow sphene crystals in 


ruby from Burma. 


. Brilliant-+ed, euhedral crystals of uranpy- 


rochlore (hatchettite) in sapphire (the 
bright spots are feldspars). 


. Rounded grains of metamict zircon sur- 


rounded by tension cracks in korne- 
rupine from Ceylon. 
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10. 


10. 


11. 


12. 


. Bright zircon surrounded by tension 


cracks that contained trace impurities of 
anhydrite and hematite in sapphire. 


. Idiomorphous, yet slightly resorbed, high 


zircon in mauve sapphire from Ceylon. 


Crystal of high zircon, somewhat irregu- 
larly developed, in kornerupine from 
Ceylon. 
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Developments and Highlights 
at the 


Gem Trade Lab 
in New York 


by 


Robert Crowningshield 


X-Ray Bombarded Sapphires 


It has long been known that yellow 
sapphires can be temporarily darkened 
in color by irradiation with subatomic 
particles or even X-rays. Unlike dia- 
mond, the color change is not perma- 
nent, and a few hours exposure to 
sunlight will cause the color to fade. It 
is also known that natural dark-yellow 
sapphires are more sensitive to heat 
than other colors of natural sapphires 
and also ruby. 

As an experiment, we X-ray treated 
a natural-yellow sapphire that had 
been overheated accidently during 
manufacture. We were able to match 
its X-ray-treated color with other 
stones from the original lot. At the 
same time, we X-ray treated four 
light-yellow stones belonging to the 
Laboratory. We taped all the stones 
and one other from the original lot to 
a south-facing window over the long 
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July 4th weekend. When they were 
removed from the window, the Lab’s 
stones had faded to their original 
color, whereas the other stones 
remained unchanged. It is hoped that 
the X-ray-bombarded stone will retain 
its color. We have heard of one 
natural-yellow sapphire that faded due 
to heat but that regained its color after 
having been left outside the window. of 
a manufacturer’s shop for an entire 
winter. 


Brown Conch Pearl 

We had the pleasure of examining a 
43-carat pearl from the brown conch, 
or conchiglia, shell. The flamelike tex- 
ture of the surface closely resembled 
that. of the more common pink conch 
pearl. The brown pearl we examined 
was reported to have been discovered 
by a housewife preparing one of the 
animals for a stew. 
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Entombed Fish 

Through the good offices of Gem 
Trade Lab member Maurice Shire, we 
are pleased to reproduce another 
“conchological” oddity: an entombed 
fish in a pearl-oyster shell owned by 
Max Kniel of Zurich, Switzerland 
(Figure 1). 

Emerald-Green Grossularite 

In the last issue we acknowledged a 
gift of rough, near-emerald-green gross- 
ularite. Now, we can report that simi- 
lar material makes truly exciting and 
beautiful gems. Jerry Call, our staff 
lapidary, cut a fine emerald-cut stone 
weighing 1.12 carats. We have since 
seen two others and have heard of at 
least 12 more, the largest in excess of 
three carats. In color, they resemble 
the best demantoids but without their 
high dispersion. We have been unable 
to detect chromium in the absorption 
spectrum of the stones we have exam- 
ined, although they do appear red 
under a color filter. 


Figure 1 


Dyed Howlite 

Figure 2 is a photograph of an 
intense-blue carving of dyed howlite. 
The color was presumably to imitate 
turquois, but it was much too intense. 
Since the material had the same R.I. as 
turquois and is frequently too large to 
obtain a reliable $.G., two other tests 
are helpful. First, a drop of acid in a 
hidden area will etch the surface, 
exposing the ends of crystals. Sec- 
ondly, a hot needle will melt the 
surface much as borax used in jewelry 
repair does. 


Garnet Inclusions 
Figure 3 shows a patch of needle- 
like inclusions oriented in three direc- 
tions and resembling a trout fly. It is 
in a truly beautiful red-orange garnet 
with the properties of spessartite- 
pyrope-almandite. 


Glass Jade Imitation 


The center stone in Figure 4 is the 
first mounted “‘meta-jade,” or “Timori 


Figure 2 
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jade,” we have encountered. It is 
actually a glass manufactured in Japan 
and erroneously called “synthetic 
jade.” The 18K ring contained numer- 
ous diamonds, six pear-shape green 
synthetic-spinel triplets and 42 synthe- 
tic sapphires. 


Facet-Junction Wear 
Figure 5 shows one of many stones 
in a ring, all of which showed facet- 
junction wear on both crown and 
pavilion and were suspected of not 
being diamonds. 


Black-Star Sapphire 
Through the courtesy of Dr. A. E. 
Alexander, we show two views of a 
remarkable 277-carat black-star sap- 
phire. On the back, a very symmetrical 
concavity was polished in which the 
star was exceptionally brilliant (Fig- 
ures 6 and 7). 
Pink Smithsonite 
Pink smithsonite, which we had 
never encountered before, was made 


available to us for study by Astro 
Minerals, New York City. The piece 
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Figure 4 


we examined was pink shading into 
gray, resembling a pink-crested cocka- 
too. Figure 8 illustrates the absorption 
spectrum of the pink areas. 


Unusual Idocrase 

Figure 9 is the absorption spectrum 
of a new, to us, form of idocrase. The 
rough specimens we studied were 
transparent yellow-green. The R.I. of 
1.728-1.732, with very low birefring- 
ence and an S.G. of 3.36, are normal 
for idocrase. Analysis of interference 
figures of several of the specimens 
indicated uniaxial, but with the quartz 
wedge some appeared negative and 
some positive, although the figures 
were hard to obtain and our observa- 
tion may have been inaccurate. The 
stones were highly dichroic, and two 
small specimens had areas of an almost 
emerald green. In these areas, the 
absorption spectrum showed indica- 
tions of chromium. Several of the 
stones contained numerous trans- 
parent, seemingly colorless low-relief 
crystals that looked like partly melted 
ice cubes (Figure 10). 
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Figure 6 


Figure 7 


Hydrogrossular 


X-ray diffraction by the Los Ange- 
les Lab identified for us a highly 
polished cushion-antique-shaped tablet 
resembling malachite. It proved to be 
chrome-bearing, massive hydrogrossu- 
lar. We are happy to acknowledge it as 
a gift from Max Schuster, New York 
City gem dealer. 


Heat-Treated Zoisite 


We have been examining carefully 
all zoisites before and after heat treat- 
ment, and feel that we may have a 
partial answer to the question of why 
the stones mentioned in the last issue 
of Gems and Gemology fractured fol- 
lowing the use of ultrasonic. Stones 
with needlelike inclusions or small 
fractures and cleavages were either 
unaffected by the heat treatment or 
showed only a slight extension of the 
fractures. However, small fingerprint 
inclusions, such as the ones illustrated 
under 45x in Figure 11 developed 
fractures around the small elements of 
the fingerprint, resulting in a continu- 
ous fracture plane. It is possible that 
ultrasonic aggravated one of these 
heat-induced fractures, resulting in the 
damage reported by Graduate John 
Fuhrbach. 

Figure 12 illustrates the same fin- 
gerprint inclusion after regular heat 
treatment for two hours at 700°F. A 
heat-induced fracture extends consid- 
erably beyond the original limits of 
the inclusions. This loose stone was 
later subjected to ultrasonic for a 
considerable length of time with no 
further spreading of the flaw. Most 
heat treatment of zoisite, as well as 
other commonly heated stones, is 
done after the stones are cut, rather 
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Figure 12 


than in the rough, since insignificant 
flaws can spread in the rough and spoil 
considerably more than their size 
would suggest before treatment. 


“Faceted” Emerald Crystal 

Figure 13 illustrates the termina- 
tion of an unusually flawless natural- 
emerald crystal submitted by gem 
dealer George Bruce, Stone Mountain, 
Georgia. So clear the stone and so well 
“polished” the faces, it was at first 
assumed that the stone had been artifi- 
cially faceted. 
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Russian Emeralds 

Some time ago we received a large 
number of Russian emeralds as a gift 
from Amold Baron, CG, Billings, Mon- 
tana. Recently, we studied them under 
magnification, resolving some very 
interesting inclusions. One faceted 
stone contained hundreds of two- 
phase inclusions; in almost every one 
the bubble moved as the stone was 
turned. As many as a dozen bubbles 
could be seen moving at once. In none 
of these did we encounter a third 
phase. Figure 1 shows a number of 
tiny two-phase inclusions in one of the 
stones. At the center of Figure 2 isa 
two-phase inclusion that we thought at 
first was three-phase; this was taken at 
105x. Figure 3 also shows some two- 
phase inclusions, the one at the center 
of the field in the roughly triangular 
cavity is the most prominent. 
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Fluorite in Emerald 
Figure 4 shows a crystal inclusion 
with distinct color banding evident. 
The included crystal reached the sur- 
face, so Charles Fryer, GIA Lab Super- 
visor, scraped it and by X-ray diffrac- 
tion proved it to be fluorite. We do 
not recall having encountered fluorite 

inclusions in emerald before. 


Diamond Wheel Marks 
A diamond with rather heavy wheel 
marks in two different directions on 
the same facet surprised us, so we 
photographed it (Figure 5). We do not 
expect to see running lines in more 
than one direction. 


Nephrite Absorption Spectrum 


Recently, we have seen two or 
three yellow-green nephrites of un- 
known origin that showed a distinctive 
absorption spectrum (Figure 6). 
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Figure 7 


Figure 3 


Figure 5 


High Indices in Synthetic Emerald 


We have seen some _ interesting 
synthetic emeralds again during the 
period since the last Lab report. We 
received a ring for identification in 
which were set three Lechleitner 
synthetic-emerald overgrowths on 
beryl. The center stone had indices of 
1.59 plus to almost 1.60. We have 
never encountered anything approach- 
ing this in the past. As a matter of 
fact, we have not seen many of these 
Lechleitner types in jewelry since their 
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hey-day a few years ago. We were very 
surprised to encounter such high indi- 
ces. Only one of the three stones could 
be read on the refractometer, because 
they were set below the center stone. 


Linde Hydrothermal Emerald 


Recently, we had the opportunity 
to examine the latest Linde hydro- 
thermal emerald and found it dis- 
tinctly different from the initial pro- 
duct. The refractive indices were 
approximately 1.571-1.578 and the 
specific gravity, 2.678. There was 
much less fluorescence to both long- 
and short-wave ultraviolet than in the 
earlier hydrothermal product, but it 
was still pronounced. It still shows red 
to a transmitted light beam. The dag- 
gerlike spaces topped by phenakite 
crystals were still present, and there 
were wispy two-phase inclusions. 
These are shown in Figures 7 and 8, 
taken at 210x. 


More Synthetic Emerald 
A flux-fusion synthetic emerald 
with quite a number of inclusions also 
contained a beautiful large phenakite 
crystal (Figure 9). 
Inclusions in Phosphophyllite 
Within the last month we had occa- 
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Figure 7 


Figure 8 


sion to test a large stibiotantalite and 
the largest phosphophyllite we have 
ever seen. Figure 10 shows a two-phase 
inclusion in the latter taken at 63x. 
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Figure 9 


Figure 10 


Figure 11 
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Two-Phase Inclusions in Garnet 

We have never encountered, nor 
heard of, two-phase inclusions in gar- 
net, but Figure 11 shows such an 
inclusion under 63x. The stone in 
question was a spessartite-almandite. 
The manganese lines were stronger 
than the almandite lines. 


Synthetic-Rutile Fraud 

We had a greenish-yellow synthetic 
rutile that had been sold as sphene. 
The interesting fact about it was that 
it had some very natural-appearing 
inclusions of a type we have seen 
before in synthetic rutile. The inclu- 
sions were tiny, present in large num- 
bers, and imparted a cottony appear- 
ance to the stone (Figure 12). 


Coated Amber 


We had sent in to the Lab for 
identification a cabochon that proved 
to be amber, but we were disturbed by 
its appearance. In places, it appeared 
to have something on the surface. We 
were able to prove that it did have. 
The odd appearance is obvious in 
Figure 13. When it was turned to the 
side, the coating on the base showed 


Figure 12 
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up as a dark line just above the 
tweezer arm (Figure 14). We were 
unable to determine the exact nature 
of the coating, but it was coated to 
darken the color. 


Chrysocolla Opal 

Graduate Gemologist Felix Chang 
of Taipei, Taiwan, was in a few 
months ago and brought a very inter- 
esting blue-green cabochon that had 
been brought to him as he was about 
to depart for the United States by a 
gem dealer in Taiwan. The dealer had 
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assumed that it was chrysocolla quartz 
and had noted that when it was cold it 
was translucent, but that when it 
became warm, it showed much less 
translucency and a number of cracks. 
Upon checking its identity, it was 
interesting to learn that it was not 
quartz but chrysocolla opal, the first 
we had encountered. We discovered 
that it was not a matter of cooling and 
heating but of the amount of moisture 
it contained, because this acted much 
like hydrophane opal, in that with 
moisture added it was translucent, as 
shown in Figure 15. When it dried, the 
fracture became visible and it became 
more opaque, as shown in Figure 16. 


Banded Glass 

Another rather unusual identifi- 
cation involved a green stone thought 
by the client to be an emerald. It 
proved to be glass but had very unu- 
sual strong banding, as shown in Fig- 
ure 17. When the same stone was 
examined in a polariscope, the same 
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strong banding showed up in an odd 
strain effect that resembled twinning, 
as seen between cross polaroids (Fig- 
ure 18). 


Free-Form Cutting 

Warren Jones, now associated with 
the Venice Lapidary Guild of South- 
ern California, donated to the Institute 
ten examples of the free-form cutting 
that his group is doing (Figure 19). 
These included aquamarine, chryso- 
colla quartz, nephrite, turquois, jade- 
ite, lapis-lazuli, morganite, etc. They 
are very interesting shapes for today’s 
market--something new in the avant- 
garde gem-cutting field. 
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THE ENGRAVED GEMS OF THE 
GREEKS & THE ETRUSCANS, by Gisela 
M. A. Richter. Published by Phaidon Press, 
New York City, 1968. 339 pages. Cloth- 
bound. 13” x 9” format. [lustrated with 
1500 black-and-white photographs and line 
drawings. Price: $45. 

This monumental work is destined to 
become a standard reference in the field of 
classical archeology. It is the most impor- 
tant book of its kind since Furtwingler’s 
preéminent treatise published in 1900. It 
will be followed by a companion volume on 
the engraved gems of the Romans. 

Dr. Richter presents a representative 
selection of 695 Greek and 181 Etruscan 
examples. They were chosen from all major 
American and European collections, to 
emphasize their beauty and interest. In most 
cases, an illustration of the carved gem in its 
original, minute size is accompanied by an 
enlarged illustration of the impression, thus 
showing the design as it was intended to be 
seen when used asa seal. 

The material is arranged chronologi- 
cally, with an introductory chapter for each 
period, preceded by a general introduction 
dealing with the uses of engraved gems, the 
choice of designs, the materials used, and 
information about the artists. The book 
thus presents a history of Greek and Etrus- 
can art in miniature. 

Etruscan gems are treated in the same 
way. They, too, are of great interest both 
artistically and historically, for they shed 
much light on the relationship between the 
Greeks and Etruscans, and many of them 
preserve Greek legends that have not other- 
wise survived. 

The Engraved Gems of the Greeks & the 
Etruscans will be a work of vital interest for 
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all those who appreciate this ancient and 
honorable craft and who wish to have the 
most definitive work available today on this 
always fascinating and sometimes complex 
subject. 


CHINESE JADE OF FIVE CENTURIES, by 
Joan M. Hartman. Published by Charles E. 
Tuttle Co., Inc., Rutland, Vermont, and 
Tokyo, Japan, 1969. 172 pages. Cloth- 
bound. Illustrated with black-and-white and 
ten color plates. Price: $12.50. 

Unlike many other books on jade, 
which treat the subject from its earliest 
beginnings as an art form to modern times, 
often in a cumbersome and technical style, 
Chinese Jade of Five Centuries is confined 
to the Ming through the Ch’ing dynasties — 
the period when the art of jade carving was 
as its height. ‘ 

The author points out that most of the 
truly superb jade carvings were executed 
during these five centuries. She describes a 
wide sampling of outstanding pieces from 
American museums only, tracing in a popu- 
lar and straightforward style the Buddhist 
influences from the Ming through the Ch’ing 
dynasties as a very definite transition in 
style and workmanship, while demonstrat- 
ing the inherent symbolism in the decorative 
motifs of these jades. 

Mrs. Hartman has conveyed the tradi- 
tional Chinese philosophy and way of life 
by including brief descriptions of the court, 
pertinent historical data, and an interpre- 
tation of the symbolism that appears on 
these jades. 

Written for the layman, the text should 
satisfy the more discerning and knowledge- 
able reader, the student and collector. 
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ON THE NATURE OF MINERAL 
INCLUSIONS IN GEMSTONES 


(Part IT) 


(Part I appeared in the Summer, 1969 issue) 


by 


Dr. E. Gubelin, CG, FGA 


Plate E-1 to E-8: The general 
appearance of inclusions in alman- 
dite, kornerupine, sapphire, spinel 
from Oriental deposits, peridot from 
Zebirget and Burma, and in emerald 
from the mica-schist deposits (Habach- 
tal, India, the Urals, Rhodesia and the 
Transvaal) is often characterized by 
varying numbers of inclusions of a 
mineral ranging in hue between yel- 
lowish and reddish brown or between 
grayish and dark brown and occurring 
as isolated, irregularly located scaly 
flakes, some of them twisted, or in the 
form of stacked slabs. It is only in 
peridot that they assume the shape of 
pseudohexagonal slabs; in other gem- 
stones they are characterized by irreg- 
ular contours or, at best, by a faint 
suggestion of imperfect crystalline 
forms. Their R.I.’s are in the region of 
that of emerald, and they display a 
very distinct pleochroism. In polarized 
light, very vivid interference colors are 
seen, whereas the extinction is usually 
indistinct. . 

Although optical tests suggested 
that these guest minerals were mem- 
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bers of the mica family, determination 
of their chemical composition (i.e., the 
distinction between biotite and phlo- 
gopite, with their totally different geo- 
logical environments) was found to be 
impossible. The mica family in the 
restricted sense comprises complex, 
mostly hydrous silicates of monoclinic 
pseudohexagonal and marked tabloid 
crystallization. When scanning these 
often rather slim inclusions bared on 
the surface of a number of gemstones, 
the microprobe indicated the presence 
of the following elements in almand- 
ite, kornerupine, and sapphire from 
Ceylon, peridot and emerald: Fe, Mg, 
K, Si and Al; and in the case of 
dark-blue sapphire of unknown origin 
and red spinel from Burma: Al, Mg, K 
and Si with minute admixtures of Fe 
and Ti. The constituting elements of 
biotite: K(Mg,Fe)3[(OH)2(Al, Fe)Si3 
010], were identified in the former 
case, and those of phlogopite, 
KMg3[(F,OH)2A!Si3010], in the lat- 
ter. 

Both of these micas crystallize in 
the monoclinic system. and have a 
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marked pseudohexagonal character. 
The basal pinacoid is the prevalent, 
often even the only recognizable, form 
of growth, and this is why the pre- 
dominantly tabloid to flaky or fine- 
scaly form is a feature common to all 
micas. The biotite flakes may also 
assume an elongated bladelike shape. 
Except in peridot, the contours are 
mostly ill-defined or at least indistinct. 
For all its chemical variability, the 
optical properites of mica are fairly 
constant. The only two criteria subject 
to relatively wide variation are the size 
of the angle of the optic axes and the 
kind of absorption. But it is these very 
features, which often differ so enor- 
mously within one and the same mica 
group, in which optical methods fail to 
distinguish between its chemically dif- 
ferent members. 

Common biotites contain, apart 
from magnesium, not only divalent 
but also, for the most part, some 
trivalent Fe, which is responsible for 
the prevailing brown tints: 
n= 1.54-1.64, 8.G. = 2.80-3.20, H = 
2% to 3. 

Biotite, as the most common kind 
of mica, is a widespread constituent of 
most magmatic rocks, particularly of 
mica-schist, but is also a product of 
contact and depth metamorphism, as 
well of pneumatolytic and hydro- 
thermal disintegration. It is therefore 
not surprising that it is encountered in 
many gemstones. It is found mainly, 
sometimes in large quantities, in such 
emeralds that have formed as a result 
of contact pneumatolytic processes in 
pegmatite veins of adjacent mica-schist 
(Habachtal, India, Rhodesia, the Urals 
and the Transvaal). The biotite en- 
closed in such emeralds is of pre- 
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éxistent descent, in that it was trans- 
ferred, as a relic of reabsorption, from 
the mica-schist into the emerald as it 
grew, and was thus encorporated by 
the latter. The biotite in Ceylon kor- 
nerupine and sapphire is probably to 
be considered a by-product of contact 
metamorphism, whereas in almandite 
and peridot it may be safely regarded 
as a product of depth metamorphism. 
Thus, it settled itself syngenetically in 
these gemstones. 

In sapphire, biotite occasionally 
contains sparse admixtures of titan- 
ium, whereas in emerald it will display 
traces of chromium. 

Phlogopite differs from biotite in 
that it contains hardly any iron, but it 
frequently contains fluorine. The fluo- 
rine may, however, be replaced in part 
by (OH). Where an abundance of 
Mg-silicate molecules is combined with 
Al-silicate, the tints are seldom in- 
tense, because Mg invariably has a 
bleaching effect. Although these phio- 
gopites, which often contain more 
than 30% by weight of MgO, are rich 
in fluorine, the electron microprobe 
can only determine the absence of 
iron, but neither the presence of the F 
nor of the (OH) group. The physical 
properties of phlogopite differ from 
those of biotite as follows: 
n=1.534-1.566, $.G.=2.75-2.79, H=2% 
to 3. 

Phiogopite is a typical product of 
the pegmatitic pneumatolytic phase, 
but it also occurs as a constituent of 
granular chalks and dolomites of 
crystalline slate and its contact. Its 
occurrence in gemstones resulting 
from formation processes (e.g., the 
previously mentioned dark-blue sap- 
phire and red spinel from Mogok, 
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Burma) is therefore to be ascribed to 
syngenetic growth. 

Plate E-9 to E-10: Apart from the 
ill-deliniated brown scales, the elon- 
gated blades and the stacks of biotite 
in emerald, and the small biotite tab- 
loids in peridot with their clearly 
idiomorphous outlines, irregularly 
formed black granules of ore having a 
carbonaceous appearance are  fre- 
quently present in the internal para- 
genesis of the two gemstones. In emer- 
ald, they occur singly and loosely 
dispersed or in dense clusters, even in 
large coarse lumps, whereas in peridot 
they are always found isolated and 
surrounded by a residual halo. Occa- 
sionally, minute or flat specimens may 
appear dark brown. Microprobe anal- 
ysis identified the chemical elements 
Cr, Mg and Fe. The ore inclusions thus 
turned out to be chromite of the 
chemical formula (Fe,Mg)Cr204. It is 
sometimes slightly contaminated by 
other elements, such as Al, Mn, Ni, Ti 
and Zn. Chromite crystallizes holo- 
hedrically in the cubic system. It is not 
magnetite. n=2.10, S.G.=4.50-4.80, 
H=5%. 

Chromium ore invariably depends 
on associations rich in olivine and on 
serpentines originating from them, 
wherein it occurs as a magmatic pre- 
cipitate irregularly dispersed or 
aggregated in clusters. Another indi- 
cation of its liquid-magmatic mode of 
formation is its occurrence in peridot, 
in which it was syngenetically pro- 
duced. The author holds that the halos 
surrounding each individual granule of 
chromite are waste liquid drops or 
dried residués of liquid that were 
deposited on growth planes during the 
growth stages of the peridot, from 
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which small crystals of chromite were 
subsequently precipitated in the 
course of a phase displacement. In 
emerald, however, a syngenetic forma- 
tion of chromite (that is, after all, a 
product of magmatic formation) 
would appear to be unlikely, since the 
minerals are, we must remember, sepa- 
rated by a considerable period of 
genetic construction. 

Plate F-1: An irregularly shaped 
mineral fragment of a pronounced 
light-green color happened to be 
exposed on the table of a brilliant-cut 
diamond, so that one part of the 
fragment was bared on the surface of 
the table. This tiny area offered an 
ideal object for investigation by elec- 
tron microprobe, and the following 
elements were detected: Ca, Fe, K, 
Mg, Cr and Si (no Al). This combina- 
tion of elements suggests pyroxene; 
ie., augite. Pyroxene (augite), having 
a low alumina and alkaline content 
with [Si04 -Si02]CaMg as its main 
molecule, is called diopside. In very 
many cases, Mg is partly replaced by 
Fe. If chromium is also present, the 
mineral is called chrome-diopside. 
Diopside crystallizes in the monoclinic 
system. The crystals, which are often 
well developed, are columnar in shape 
and are not frequently found in 
aggregates of a granular or bladelike 
structure. n = 1.65-1.68, S.G. = 3.30, 
H=6to 7. 

Emeralid-green chrome-diopside 
evolves in olivine rocks and, as the 
main companion mineral to diamond, 
is also an important component of its 
inner paragenesis. 

Plate F-2: Colorless prismatic or 
slab-shaped crystals often appear in 
dark-blue sapphires from Burma, Thai- 
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land and Australia, embedded either 
singly or in small groups without 
bearing any discernible relationship to 
the crystallonomic directions of their 
host. Their R.I. is clearly lower than 
that of the host sapphire, and a more 
or less oblique extinction can be seen 
in polarized light. The interference 
colors change according to the thick- 
ness of the small crystals. It is interest- 
ing to note that they are almost 
invariably found in the presence of a 
red mineral inclusion and black, ore- 
like grains, which will be mentioned 
later. 

Electron microanalysis established 
the presence of the element groups K, 
Si and Al and Ca, Si and Al, thus 


‘proving these small bright crystals to 


be members of the feldspar family, 
more precisely orthoclase (KAISi30g), 
together with another feldspar of the 
plagioclase species, probably anorthite 
(CaAl2Si20g). Unfortunately, Na, with 
its atomic number 11, cannot be 
detected by the electron microprobe. 
Because of the considerable mixing 
ability of feldspars, no absolutely valid 
constants can be given for these inclu- 
sions, only mean values of their physi- 
cal properties, as follows: n = 
1.52-1.58, S.G. = 2.56-2.77, H = 6 to 
6%. 

All feldspars belong to the same 
morphological type, having little inher- 
ent variability. Monoclinic and triclinic 
feldspars reveal the same form of 
development. Feldspars constitute an 
extremely important group of rock- 
forming minerals that originated dur- 
ing various genetic cycles; e.g., the 
magmatic, the pegmatitic and the con- 
tact metamorphic. Their occurrence in 
sapphire might be an indication of the 
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pegmatitic origin of this gemstone, a 
possibility that is reinforced by the 
other accompanying minerals of the 
inner paragenesis of these feldspar 
inclusions that were, we -may take it, 
syngenetically formed. 

Plate F-3 to F-4: Remarkable 
brownish-red topazes have turned up 
in the gem trade from time to time. 
Their bodies are interpenetrated with 
rust-red needles or hairlike fibers, 
either scattered sporadically or densely 
accumulated. On the one hand, the 
linear needles appear to be arranged 
irregularly, without regard to the 
crystallonomic directions of topaz; on 
the other hand, the crooked, twisted 
and folded fibers form tangled skeins. 
The more abundantly they occur, the 
more intense is the alien red hue and, 
of course, the optical turbidity of the 
host. 

Apart from the pronounced red 
tint, crystalloptical analysis can give 
no positive indication, because of the 
sparse morphological clues and the 
hair-breadth shape of this kind of 
inclusion. The only possible means of 
investigation was the highly sensitive 
and subtle scanning process of electron 
analysis. It revealed the presence of 
one main element, Fe, besides traces 
of Ti and Ca. The results of this 
analysis, together with optical exami- 
nation, suggest the presence of 
goethite (@ FeOOH). This indicates a 
new and interesting occurrence of 
goethite in gemstones, particularly 
since in topaz it is to be attributed to 
syngenetic-formation processes and 
not, as in other cases, to exsolution. 
Goethite crystallizes holohedrically in 
the orthorhombic system, and devel- 
ops prismatic, short-columnar indivi- 
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duals ranging from needle shape to 
hair shape, which are elongated after 
the c-axis. They frequently assemble 
to form scaly, flaky or coarse aggre- 
gates, often displaying a texture of 
divergent fibers. The optical data is 
high: n = 2.21-2.35, S.G. = 3.80 to 
4.30, and H= 5 to 5%. 

Goethite is a characteristic product 
of the weathering zone and the area of 
vadose waters. Thus, like limonite, it 
shows an affinity for the oxidization 
zones of iron-ore deposits. It is also 
encountered as an independent min- 
eral with calcite or quartz. Quartz, 
which occurs either in small, perfectly 
formed crystals or as tiny sandy grains 
in loose groups, can be observed in the 
same topazes paragenetically with 
goethite. Occasionally, these quartzes 
are found intergrown with chlorite, for 
which the electron beam revealed the 
elements Fe, Si and Al. The syngenetic 
formation of quartz in topaz is cer- 
tainly compatible with the pegmatitic 
genesis of these two minerals, of which 
either may be the guest of the other. 

Plate F-5 to F-6: Gemologists inter- 
ested in inclusions are well aware of 
the fact that the small, black octa- 
hedra arranged in straight or curved 
lines are a diagnostic criteria of spinel. 
They were first mentioned and 
depicted by B. W. Anderson (1). For a 
long time, they have aroused the ana- 
lytical curiosity of a number of scien- 
tists concerned with inclusions, and 
some years ago — because of their 
appearance and the limited possibili- 
ties of optical identification — the 
author claimed them to be magnetite. 

These stnall octahedra, which are 
black with a metallic luster, are more 
or less idiomorphically developed but 
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often strongly distorted. They seldom 
occur singly, but are usually arranged 
in large numbers in straight or crooked 
lines and, as such, traverse large areas 
of the interior of the host. Thanks to 
their fairly widespread occurrence in 
spinels, it was noj particularly difficult 
to find several specimens in which 
these little black crystals were exposed 
on a polished facet. Electron bombard- 
ment of the grains thus bared on the 
surface disclosed the chemical ele- 
ments to be Fe and Al, as well as slight 
traces of Si and Ca. The latter may be 
regarded as insignificant impurities. 
Thus, these small black octahedra are 
not magnetite (Fe,Fe204) but a 
related member of the spinel group, 
namely hercynite (FeAl204) — a very 
welcome discovery that somehow fits 
better into “the chemogenetic pic- 
ture.” Hercynite is otherwise known 
under the pseudonym of iron spinel. 
Its physical properties are exactly 
those of a high-ranking member of the 
spinel group: n = approximately 1.80, 
S.G. = 3.95, and H = 7% to 8. 

Hercynite is predominantly of 
liquid-magmatic origin and forms 
coarse crystals with an indication of 
octahedral development. It often 
occurs as an accompanying mineral in 
titano-magmatic deposits, and is also 
widespread as an exsolution product 
of magmetically formed  titano- 
magnetite. Its occurrence may well be 
attributed to unmixing processes in 
spinel, as well. Lamellar hercynite has 
recently been identified by H.K. 
Schubnel (42) as being an exsolved 
by-product in magnetite, which is 
responsible for the four-rayed asterism 
in diopside. 

Plate F-7: A biackish-red almandite 
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of unknown origin was so thickly 
interspersed with small black and 
splintery grains of ore with metallic 
luster that the host had almost com- 
pletely lost its transparency and 
appeared unnaturally dark. Crystallop- 
tical methods were unable to yield 
information as to the nature of these 
small orelike splinters of black, ferrous 
appearance, although many of them 
were flush with the surface of the 
almandite. Careful scanning of the 
surface by the electron beam revealed 
the presence of Ti and Fe, thus sug- 
gesting the titanic-iron ore ilmenite 
(FeTiO3). 

The titanium-bearing iron oxide 
crystallizes in the trigonal- 
rhombohedral system and is akin to 
hematite. It develops a partly tabular, 
partly rhombohedral habit. Its R41. 
varies according to its FezO3 content 
and tends to be higher than n = 2.72, 
S.G. = 4% to 5, and H = 5 to 6. 

Ilmenite is predominantly a liquid- 
magmatically formed mineral of alka- 
line igneous rocks; this, in itself, 
explains its occurrence in the inner 
paragenesis of garnet, which originated 
under identical conditions. It origi- 
nated syngenetically with its host and 
was enveloped by the latter as a 
secondary constituent of the same 
phase of formation. It is also possible 
that ilmenite is genetically older and 
was enveloped by garnet, but ilmenite 
is known to have formed in crevices of 
the St. Gotthard, so syngenetic forma- 
tion can hardly be excluded. 

Ilmenite in beryls was previously 
identified by W. F. Eppler, using opti- 
cal methods (7), to be an inclusion 
resulting from exsolution. Moreover, 
ilmenite, as an exsolved mineral, 
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accompanies other iron ores in gem- 
stones (42); e.g., as lamellae in the 
magnetite needles in star diopside or in 
the pyrrhotite in ruby and sapphire. 
Plate F-8 to F-10: Colorless, trans- 
parent crystals of euhedral habit of the 
rhombohedral system and their cleav- 
ages are known as innerparagenetic 
features of rubies and spinels from 
Mogok and emeralds from the Muzo 
Mine in Colombia, especially when 
they occur only sporadically and do 
not predominate in groups or exten- 
sive intergrowth. Many of these guest 
crystals are distinguished by twin 
lamellae parallel to [0112], on whose 
lamellar planes weak interference col- 
ors appear when the gem is revolved. 
Under extreme magnification, two 
systems of alternately broad and slim 
lamellae can often be recognized. The 
R.L is clearly lower than that of ruby 
and spinel, but corresponds roughly 
(with variation on either side) to that 
of emerald; D.R. is very pronounced. 
There are two reasons for assuming 
that the enclosed mineral in question 
is calcite: the appearance and optical 
behavior of the material, and the 
specific occurrence of the host min- 
erals in a source of rock of granular, 
marblelike limestone, in which they 
were formed by contact metamor- 
phism. Since, however, scientific 
research cannot be content with mere 
assumptions, the microprobe was the 
only possible means for obtaining a 
conclusive answer. All of the exposed 
samples of the above-mentioned min- 
eral inclusions revealed only Ca. Since 
C and O cannot be analyzed because 
of their low atomic numbers, calcite 
(CaCO3) is the only possibility here. 
Calcite is a typical representative of 
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the trigonal-scalenohedral class of 
crystals. Its habit and face develop- 
ment are strongly influenced by 
accompanying solvents. The number 
of its various forms of growth, and of 
their various combinations, is there- 
fore very high. In Burma ruby and 
Muzo emerald, the rhombohedral 
growth and cleavage form would seem 
to predominate, and of the various 
possible twinnings the most frequent 
would seem to be polysynthetic lamel- 
lation after [0112]. n = 1.48-1.65, S.G. 
= 2.71, and H= 3. 

As a free mineral, calcite is formed 
by liquid-magmatic processes under 
pressure in magma having a low SiO? 
content, as well as in the last stages of 
pneumatolytic genesis. Furthermore, 
sedimentary formations may also sup- 
ply limestones. Under the influence of 
metamorphosis, the latter may be 
transformed to marble. Contact meta- 
morphosis of this nature, which took 
place under the impact of magmatic 
melts, is the origin of ruby and spinel 
in Mogok and of emerald in Muzo, and 
also of the syngenetic precipitation of 
calcite inclusions in such gemstones. 

Plate G-1 to G-2: The fact that 
calcite also occurs in spinel from 
Mogok may hardly surprise us, when 
we consider that the growth condi- 
tions are the same as for ruby. It came, 
however, as a surprise when the elec- 
tron analysis disclosed that calcite 
does not always occur alone in spinel, 
but is frequently interspersed with 
dolomite (CaMg[CO3]} and forms 
interesting intergrowths with the 
latter. 

These “double crystals” appear to 
adopt xenomorphic habits that are 
either octahedral, hexahedral or even 
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irregularly warped. Their distribution 
corresponds exactly with the modes of 
concentration of hercynite, being 
arranged singly, in groups or in lines. 
Their appearance frequently seems to 
suggest that they might be fillings in 
negative crystals, half of them consist- 
ing of striped (twinned) calcite and the 
other of dolomite. In polarized light 
they extinguish alternately (ie., in 
different positions) and in bright light 
they reveal vivid interference colors, 
whereas the lamellar structure of cal- 
cite is conspicuous with strong con- 
trast. The refractive index of both 
foreign crystals is markedly lower than 
that of spinel. 

Allowing for the fact that the coun- 
try rock that was involved in the 
contact metamorphosis from which 
the spinel originated consisted of dolo- 
mitic limestone, it is easy enough to 
understand the genetic preconditions 
leading to the development of these 
interesting double crystals. Alterna- 
tively, however, the dolomite might 
have come into being as a result of 
partial displacement and metasoma- 
tosis of the calcite. 

Plate G-3: Apart from the two 
aforementioned granular inclusions of 
chromite in emerald, another guest ore 
having a leaden-gray hue and a high 
degree of metallic luster was observed. 
It is characterized by a tabular habit 
with indistinct edges, and its appear- 
ance distinguishes it unequivocally 
from all the other orelike, dark- 
colored foreign bodies found in emer- 
ald. The chemical elements Mo and S, 
having been revealed by means of the 
electron beam, this kind of inclusion 
could be identified as molybdenite 
(MoS). The high R.I., n = 2.03-4.33, 
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is betrayed by the high metallic luster 
easily perceptible on the inclusion. 
S.G.= 4.75 and H=1 to 1%. 

Molybdenite is a mineral character- 
istic of the perimagmatic to contact- 
pnheumatolic ranges also being present 
in pegmatite veins. Consequently, it 
boasts the same conditions of forma- 
tion as emerald and, therefore, may 
well have crystallized syngenetically 
with its host. 

Plate G-4: In dark-blue sapphires 
from Oriental occurrences — probably 
from Kyaukpyatthat near Mogok in 
Burma, Kanburi or Bang-Kha-Cha in 
Thailand — or from Anakie in Austra- 
lia, pitchblack microlites of a metallic 
luster are occasionally revealed under 
the microscope. They are conspicuous 
because of their well-defined micro- 
tabular or columnar habit, and this 
will be more marked when the crystals 
occur singly or in small groups; as their 
numbers increase they rather tend to 
give an impression of isometric shapes. 
The quality of polish obtained when 
they are cut in the surface of a 
sapphire would indicate medium hard- 
ness. The crystalloptical method failed 
to yield a definite identification of the 
chemical nature of this kind of inclu- 
sion. Electron bombardment, how- 
ever, revealed the presence of the 
elements Nb, Fe, Mn and some Ta 
(and, in one case, even traces of Ti), so 
that the mineral could finally be iden- 
tified as niobite (Fe,Mn)(Nb,Ta)206 . 

Niobite, with its high content of Nb 
and low content of Ta, is an end 
member of the isomorphous series 
collectively referred to as columbite. 
The guest mineral, having a low con- 
tent of Ta, crystallizes dimorphically; 
ie., in the tetragonal and rhombic 
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systems, involving a divergent form of 
development: members rich in Nb will 
prefer tabular or prismatic habits. The 
refractive index, 2.45, is much higher 
than that of sapphire, whereas its 
specific gravity, amounting to 5.30, 
will effect an increase of the density of 
the host when it is present in large 
amounts. H = 6. 

Niobite is a widespread and typical 
companion of granite-pegmatites, and 
its accessory occurrence in sapphire 
indicates that this gemstone from the 
above-mentioned deposits emanated 
from granite-pegmatitic contact melts. 
We may safely assume that the forma- 
tion and inclusions of niobite were 
syngenetic. 

Plate G-5: Pyrite, the “jack-of-all- 
trades” of the mineral world, was 
identified early by crystalloptical 
methods. It is conspicuous not only by 
its unmistakable shade of brass yellow 
and its pronounced metallic luster, but 
also by its surface physiognomy and 
its growth forms that are, generally, 
typically paramorphic. The very fact 
that it will most frequently precipitate 
in a variety of formation cycles 
ensures that it is encountered in many 
kinds of rocks and, as an inclusion, in 
various kinds of gemstones. 

A number of completely xenomor- 
phous and pseudomorphous_indivi- 
duals (such as some partially distorted 
shapes counterfeiting yellowish-brown, 
tetragonally prismatic zircons with 
pyramidal heads), whose exposed sur- 
faces exhibited a high reflecting 
power, were subjected to electron 
microscanning. Since pyrite is noted 
for its tendency to form fantastic 
aggregates, it did not come as a sur- 
prise when the examination revealed 
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the presence of Fe and S, thus identi- 
fying the inclusions as pyrite (FeS2). 

Pyrite is remarkable for its extra- 
ordinary wealth of forms. The habit of 
its crystals is predominantly cubic, 
octahedral or pyritohedral, involving a 
score of combinations. The crystals are 
usually well defined. In addition, there 
is also a diversity of aggregate forma- 
tions. S.G. = approximately 5, H = 6 
to 6%. 

Pyrite is known to be ubiquitous 
among all minerals and can be formed 
under almost any conditions. When 
occurring in such gems as fluorite, 
sapphire and emerald (from Chivor), 
which were likewise generated in com- 
pletely different formation processes, 
pyrite must certainly have crystallized 
syngenetically with its host. 

Plate G-6 to G-8: The many varie- 
ties of black-ore inclusions, ranging in 
appearance from carbon-dull to an 
adamantine-metallic luster, do not usu- 
ally permit a definite identification by 
microscopic methods, although they 
sometimes display clearly recognizable 
morphological characteristics. Fortu- 
nately, they are mostly present in such 
large quantities that there are almost 
always a number of specimens caught 
on the surface of the host stone, which 
are ideal subjects for electron- 
microprobe investigation. 

These ore specimens, ranging from 
black to dark red-brown in color, are 
seldom euhedrally developed, but are 
mostly of pranular or completely 
rounded shape; they can be observed 
in ruby, sapphire and emerald. They 
are normally microscopic, but they 
may grow to such sizes that they are 
perceptible to the unaided eye. The 
microprobe disclosed the elements Fe 
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and S, occasionally in conjunction 
with traces of Ni. The ore inclusions 
examined were thus corroborated as 
pyrrhotite (FeS). S.G. = 4.60, H = 4. 

Pyrrhotite crystallizes in the 
hexagonal system. The rare crystals 
constitute hexagonal slabs with 
stumpy prisms, which are frequently 
characterized by extremely fine, lamel- 
lar structure. The low nickel content is 
present in inserted pentlandite lamel- 
lae that were precipitated asa result of 
exsolution during cooling. The princi- 
pal home. of pyrrhotite is usually the 
basic plutonic rocks in which it can 
accumulate in certain areas and form 
extensive deposits. It is, however, also 
present in pegmatitic-pneumatolytic 
phases and in hydrothermal crevices, 
and was thus liable to be precipitated 
together with the growing corundum 
and emeralds and to be included by 
them. 

When the quantitative proportion is 
relatively high, the mineral in question 
is pentlandite (Fe,Ni)oSg, a para- 
genetic compound that has been 
shown to be present in ruby and 
emerald. This nickel ore crystallizes in 
the cubic system and its lattice is 
characterized by an extremely close 
spherical packing of the S atoms. The 
mineral, which is generally of a coarse 
texture, very rarely displays clear 
crystal faces. Unlike pyrrhotite, it is 
not magnetic, but possesses the same 
range of color from bronze to dark 
red-brown. Its hardness is 3 to 4 and 
its S.G., 4.60 to 5.00. , 

This nickel ore is native to all 
liquid-magmatic pyrrhotite deposits, 
and its coexistence with pyrrhotite in 
internal gemstone paragenesis may 
possibly be attributed to preéxistent 


GEMS & GEMOLOGY 


origin. The former frequently 
embraces the latter in meshes or cells, 
and is then partly an exsolution pro- 
duct of nickel-bearing pyrrhotite. 
Plate G-9 to G-10: Crystalloptical 
and radiographic methods have estab- 
lished beyond doubt (8, 18, 20, 21, 31 
and 36) that olivine belongs to the 
family of minerals constituting inclu- 
sions in diamond, so that further 
corroboration would hardly appear to 
be necessary. Nevertheless, a small 
colorless crystal found to be cut flush 
with the table of a brilliant-cut dia- 
mond appeared to be such an ideal 
subject that the author could not resist 
examining it under the electron micro- 
probe. The little guest crystal revealed 
a positively lower R.I. than the dia- 
mond. In polarized light it extin- 
guished almost parallel with the c-axis. 
It also displayed vivid interference 
colors, and the hardness of its cut 
surface appeared to be rather low. The 
diagnosis, duly expected in view of 
these preliminary observations, was 
confirmed by the electron-beam analy- 
sis on account of the detection of Mg, 
Fe and Si; in other words, the crystal 
included was identified as olivine 
(Mg,Fe)2Si04, which had grown epi- 
taxially and oriented on the octa- 
hedron, as do all olivines in the process 
of simultaneous diamond growth. 
Another small crystal of similar 
appearance and behavior was located 
in another brilliant-cut diamond, again 
having been exposed on the gem’s 
table. It did not, however, live up to 
expectations, but instead revealed the 
elements Ca, Mg, Fe and Si, together 
with traces of Ti and Al, under elec- 
tron bombardment and is, therefore, a 
diopside (CaMg[Si906]). This enrich- 
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ment of the inner mineral association 
of the diamond is certainly in accor- 
dance with the current hypothesis that 
diamonds were formed as the by- 
product of a _ high-pressure, high- 
temperature transformation of olivine 
rock into so-called griquaite nodules 
among whose constituent minerals oli- 
vine and diopside are to be numbered. 
Consequently, diopside was also 
formed syngenetically with diamond. 
Whenever chromium was present simul- 
taneously, emerald-green chrome- 
diopside could result from the inclu- 
sion of minute traces of the pigment- 
ing transition element. 

Plate H-1 to H-3: The typical aspect 
of twinned aggregates of the sagenitic 
texture of rutile needles precipitated 
as a result of exsolution in blue and 
red corundum from Burma and Ceylon 
have long been known and have also 
been confirmed beyond doubt by opti- 
cal and chemical tests. When densely 
accumulated, they are responsible for 
the well-known and much-prized aster- 
ism in rubies and sapphires. Although, 
when viewed in transmitted light, the 
disassociated rutile needles appear as 
brown to black dashes, dark-field illu- 
mination will reveal them as bright 
lines intersecting according to three 
principal crystallonomic directions. 
Other morphological shapes are hardly 
likely to be familiar to a gemologist, 
since he is less well acquainted with 
the granular to columnar prismatic 
habit encountered in nature. On the 
other hand, he will presumably be well 
aware of the fact that rutile occurs in 
such different tints as golden yellow, 
reddish brown and yellowish brown, 
but he will be less familiar with its 
crimson, dark-brown and black varie- 


83 


ties. Such individual specimens as 
rutile (TiO2) in sapphire and coarse 
aggregates in kyanite — which have 
certainly not subsequently evolved as a 
result of exsolution but, rather, simul- 
taneously with the formation of the 
host crystal from the mother melt — 
were detected by electron-ray scan- 
ning, showing Ti to be the main 
element, with Fe occurring as an occa- 
sional impurity. The crimson speci- 
mens consist of pure Ti, whereas the 
brown and black individual specimens 
obviously owe their dark shades to an 
admixture of Fe. 

Morphologically, rutile belongs to 
the tetragonal system. Generally, it 
prefers elongated prismatic habits of 
stout® columnar, as well as needlelike 
to hairlike, shapes, forming the quaint- 
est knee twins and polysynthetic, or 
cyclic, multiples. Many of the exsolved 
twins are conspicuous by their lance- 
like appearance, whose laws of inter- 
growth have not yet been determined. 
n = 2.616-2.903, S.G. = 4.25, and H= 
6. 

Apart from the fact that rutile 
frequently occurs as a secondary pro- 
duct of titanium-bearing minerals, it is 
also widespread as a microscopic 
secondary constituent, assuming the 
shape of very subtle needles in sedi- 
mentary and metamorphic and partly 
also in igneous rocks: In areas of 
pronounced metamorphosis, and also 
in pneumatolytic veins and druses 
formed hydrothermally, it will occur 
as large and well-defined crystals. It is 
certainly this cycle of formation that 
is responsible for the syngenesis of 
substantial individuals, as well as aggre- 
gates of rutile in almandine, kyanite, 
corundum and quartz. 


84 


Plate H-4 and H-5: Burmese ruby 
frequently betrays its origin by the 
pronounced features of its endo- 
genesis, which not only comprise 
whorly coloring and clustered concen- 
trations of exsolved rutile needles, but 
also the presence of a diversity of 
associated minerals. Apart from the 
guest minerals, already discussed, pale- 
to deep-yellow individual specimens, 
having a habit reminiscent of the shape 
of an envelope, have also been encoun- 
tered. Their broad relief is indicative 
of a high refractive index, which is 
considerably above that of the ruby. 
The high birefringence is expressed in 
the extinction and the vivid interfer- 
ence colors. In the deep-tinted speci- 
mens, the pleochroism is clearly per- 
ceptible. The conclusions derived from 
these observations were confirmed 
beyond doubt by a number of micro- 
lites exposed on the facets of some 
rubies, in that the electron analysis led 
to the detection of Ti, Ca, Si and Al; 
hence, the mineral included is sphene 
(CaTi[SiO5]). 

Sphene crystallizes in the 
monoclinic-prismatic system, with flat 
prismatic, tabular, columnar or wedge 
-shaped habits, and in yellow, green 
and brown shades. Its optical proper- 
ties are quite outstanding: n = 
1.90-2.05, birefringence = .105-.135, 
S.G. = 3.40 to 3.60, and H = 5 to 5%. 

The mineral is a widespread acces- 
sory mineral in intermediate igneous 
rocks, primarily in metamorphic rocks. 
Its syngenetic precipitation, together 
with ruby, is completely congruent 
with the process of formation of its 
host, since in the contact-metamorphic 
melt the necessary constituting ele- 
ments emanated from  limestone- 
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marble, as far as Ca is concerned, but 
from granite magma with regard to Si 
and Ti. 

Plate H-6: At times, the internal 
paragenesis of dark-blue sapphires is 
very intriguing because of the presence 
of small red crystals that, by the 
intensity of their color, provide a vivid 
contrast and liven up the endogenetic 
picture. The microlite inclusions are 
encountered singly or loosely grouped 
and are of such positively idiomor- 
phous shape that, in previous studies 
of mineral inclusions, the small, clearly 
isometric crystals were thought to be 
spinels or garnets. In some cases, they 
seem to be closely related to adjacent 
residual fluid drops, from which they 
may have been precipitated. It is inter- 
esting to note that the two feldspars 
previously described were invariably 
encountered in the company of such 
small red inclusions. 

It came as a particular surprise 
when electron-beam analysis indicated 
a complex compound of the elements 
Nb, Ca, U, Ti, Fe and Ta, with small 
quantities of Th and Si, thus revealing 
that these pretty red individuals were a 
member of the pyrochlore group; in 
fact, the presence of U identified it 
more closely as the uranpyrochlore 
mineral, answering to the chemical 
formula (Ca,Fe,U)(Nb,Ca,Ti)2 
(O,0H,F)7 and called hatchettolite. 

Uranpyrochlore crystallizes in the 
octahedral system, forming idiomor- 
phous individual crystals. The mineral 
is predominantly native to granite peg- 
matite. It is worthwhile mentioning 
that in the course of this study, and 
thanks to the electron microprobe, we 
have come across three typical pegma- 
tite minerals included in sapphire: 
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feldspar, niobite and uranpyrochlore, 
which leads us to conclude that at 
least some sapphires are of pegmatitic 
origin. 

Plate H-7 to H-10: The peculiar 
inclusion characteristics represented 
by spherical to ellipsoidal grains have 
been known for some time and have 
frequently been the subject of lively 
controversy. These characteristics con- 
stitute a locally typical criterion of the 
inner paragenesis of almandite, korne- 
tupine, sapphire and ruby from 
Ceylon. 

The small, round xenogenetic bod- 
ies, traditionally regarded as metamict 
zircons, may be recognized easily by 
their single or multifold haloes, which 
BM. Schaub (44) identified as tension 
cracks. Isotropization (ie., the struc- 
tural disintegration of once-normal 
high-zircon inclusions into metamict 
low zircons) is always accompanied by 
an expansion of volume, causing fine 
circular or radiating fissures resulting 
from internal stress in the embracing 
gemstone. Under low-power magnifica- 
tion, they faintly resemble the squatty 
beetle inclusions in amber, and occa- 
sionally they will be distinct from 
their host crystal by virtue of a pale- 
yellow coloring and, invariably, 
because of their broad, dark relief. 

Crystalloptical methods failed to 
provide better identification of these 
isotropic mineral inclusions; electron- 
beam microprobe analysis, however, 
successfully proved the presence of Zr 
and Si, and also, in the fissures 
emanating from the solid substance, of 
Fe, Ca and S. Although the mineral 
inclusion has thus been identified as 
zircon (ZrSiO4), nothing has yet been 
established as to its structural condi- 
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tion; i., whether it is present in 
crystalline or amorphous form. How- 
ever, it is interesting to find an indica- 
tion of impurities in the fissures that 
are indicative of hematite (Fe203) and 
anhydrite (CaSO4). 

Parallel with the formation of small 
fissures, traces of the product of disin- 
tegration have obviously penetrated 
the stress cracks. This may also explain 
the brownish coloration of some of 
these tension haloes, in that they 
probably emanate from minute traces 
of iron that are almost invariably 
present in disintegrating mineral inclu- 
sions. Bearing in mind that green 
metamict zircons have been found 
rather widespread in Ceylon, it is not 
really surprising that they should share 
among the mineral association 
included in a good many Ceylonese 
gemstones. Indeed, zircon in all its 
structural conditions (i.e., in the form 
of low as well as medium and high 
zircon) is one of the principal constitu- 
ents by volume of the island’s gem- 
stone deposits. 

By virtue of their lower readings, 
the physical data of the metamict 
zircons are distinct from those of 
normal zircons: n = approximately 
1.80, S.G. = approximately 4.00, and 
H = approximately 7. 

Apart from its metamict form, zir- 
con is also present as crystalline speci- 
mens with well-defined crystal shapes 
and has, as such, been identified by 
electron microprobe in almandine, 
kornerupine and sapphire. Individual 
specimens are the most frequent, 
although smalt crystal groups and 
irregular intergrowths have also been 
encountered from time to time. Zircon 
is also found in large numbers as a 
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microscopic secondary constituent in 
certain syenetic igneous rocks (magma- 
tites). As an accessory, it is rather 
widespread; hence, it is also found in 
crystalline schists and clastic sedi- 
mentary rocks. As a mineral of pri- 
mary precipitation it occurs as a 
preéxistent mineral inclusion, but 
owing to separation from metamorphic- 
formation processes, it is also encoun- 
tered as a syngenetic internal compan- 
ion of its host gems. 
Because the mineral inclusions iden- 
tified by electron-beam microprobe 
have been discussed individually, read- 
ers might be misled into thinking that 
they had been included in each partic- 
ular host gemstone in isolation; i.e., 
without the presence of other min- 
erals. This is not the case; in fact, they 
often constitute the inner paragenesis 
in conjunction with one another and 
occasionally in conjunction with other 
minerals, some of which were identi- 
fied at an earlier stage, whereas others 
still remain to be identified. In the 
gemstones examined, they were 
encountered in the following group- 
ings: 
Almandite: Apatite, biotite 
Apatite, pyrite 
Iimenite, quartz, 
zircon 
Rutile, which was 
found in several 
almandites in the 
form of needles, 
was not considered 
worthy of further 
analysis 

Quartz with epidote 
and apatite 

Biotite alone 

Chrome-diopside, 
diamond, garnet, 
olivine 


Aquamarine: 


Diamond: 
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Disthene: Potassium feldspar 
and rutile or 
anatase 

Apatite, biotite 
(chalcopyrite?), 
(garnet?), zircon 

Chromite alone 

Apatite, calcite, 
rutile, spinel, 
sphene, rutile, 
pyrrhotite, sphene 

Biotite (phlogopite), 
rutile, pyrite, zir- 
con (the mica is 
often of the 
titanium-bearing 
variety) 

Pyrrhotite and rutile 

Niobite alone 

Feldspar (plagioclase 
and potassium 
feldspar), niobite, 
uranpyrochlore 
(Hatchettite) 

Rutile alone 

Zircon with hematite 
and anhydrite 

Biotite, chromite 

Biotite, pyrrhotite 
and pentlandite 

(Note: The biotite 

is usually of the 

chrome-bearing 
variety) 

Calcite 

Molybdenite 

Pyrite 

Apatite 

Calcite alone or inter- 
grown with dolo- 
mite 

Dolomite intergrown 
with calcite, 
hercynite 

Hercynite alone 

Phlogopite 

Goethite and quartz, 
the latter occa- 
sionally with 
chlorite 


It goes without saying that all the 
aforementioned mineral inclusions will 


Kornerupine: 


Peridot: 
Ruby: 


Sapphire: 


Emerald: 


Spinel: 


Topaz: 
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also constitute an inner hermit- 
paragenesis on their. own; i.e., without 
the presence of companion minerals. 

The author’s sincere thanks are due 
to Professor M. Weibel of the Institute 
of Crystallography & Petrography at 
the Federal College of Advanced Tech- 
nology, Zurich, who, by his helpful 
suggestions, unfailing interest and valu- 
able support, made the electron-beam 
analysis possible, and also wrote the 
reports of the experimental findings. 

Thanks are also due to Mr. R. 
Gubser for kindly agreeing to prepare 
the samples and carry out the pain- 
staking examination of them, a deli- 
cate and time-consuming task to which 
he devoted a considerable amount of 
spare time. 

The author is also most grateful to 
Professor F. Laves for his permission 
to use the instrumenis and for gener- 
ously placing colleagues at the author’s 
disposal for this purpose. 

The author is also indebted to 
Professor O. Mellis, and particularly to 
Professor K. Chudoba, for their thor- 
ough and critical examination of the 
present study and for their valuable 
suggestions for its improvement. 

The findings published in this arti- 
cle constitute a first report on the 
initial stages of a steadily growing 
trend towards a comprehensive investi- 
gation of mineral inclusions in gem- 
stones. The author is fully aware that 
certain of his conclusions regarding 
genetic inclusions are in need of more 
precise scrutiny and corroboration. 
Nevertheless, he hopes that this pre- 
liminary report might inspire some 
scientists interested in mineral inclu- 
sions to persevere in their research into 
the identity of those that have not yet 
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been identified, so that our incomplete 
knowledge of their locally typical asso- 
ciations may be completed, along with 
our knowledge of their genetic pro- 
cesses. 


Color Plate E: 


1. 
2. 


3 


Tabular biotite parcels in almandite. 
Brown biotite platelets in kornerupine 
from Ceylon. 
Pseudohexagonal and 
platelets in peridot. 


spotted biotite 


. Dense concentration of biotite in pink 


sapphire from Ceylon. 


. Dark-green flakes of biotite in emerald 


from the Transvaal. 


. Irregular concentration of biotite flakes 


from the Habachtal. 


. Red-brown phlogopite in sapphire (Cey- 


lon?). 


: Tabular phlogopite parcel with broken 


borders in spinel. 


. Microlites of chromite in the center of a 


residual fluid drop in peridot. 


10. Irregular aggregates of chromite in 
emerald. 
Color Plate F: 
1. Green fragment of chrome-diopside in 


2. 
3. 


10. 
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diamond. 

Feldspar crystals in sapphire. 

Hair-fine, fox-red fibers of goethite and 
individual quartz crystals (bright patches) 
in topaz. 


. Dense cluster of quartz grains surrounded 


by hairlike fibers of goethite in topaz. 


. Tiny octahedra of hercynite arranged in 


parailel lines in spinel. 


. Concentration of hercynite octahedra 


arranged in parallel array in blue spinel. 


. Dense concentration of ilmenite in 


almandite. 


. Idiomorphous calcite crystal displaying a 


rhombic pattern of lines caused by inter- 
twined twin lamellae in Burma ruby. 


. Euhedral crystals, partly well preserved 


and partly as cleavage fragments, 
enclosed in emerald from the Muzo Mine, 
Colombia. 

Xenomorphous, pseudodéctagonal calcite 
in red spinel from Burma. 


Color Plate G: 


iy 


10. 


Xenomorphous intergrowths of dolomite 
and calcite, partly filling octahedral cavi- 
ties in blue spinel. 


. Enlarged area of Photograph G-1 exhibits 


the difference between dolomite and 
calcite in one of the filled cavities. 


. Two tabular fragments of molybdenite in 


emerald. 


. Well-developed microlites of niobite in 


sapphire. 


. In the center of the photograph there isa 


slightly damaged pyrite accompanied by 
flakes of biotite (brown) and fine silk of 
rutile needles in sapphire from Ceylon. 


. Pyrrhotite of ideal development in ruby. 


Diagonal lamellae of some exsolved 
minority component are distinctly seen. 


. Resorbed pyrrhotite grain in sapphire. 
. Grains of pyrrhotite and pentlandite of 


varying sizes and irregularly dispersed 
through an emerald. 


. A crystal of olivine flush with the table 


facet of a brilliant-cut diamond. 


A fragment of chrome-diopside exposed 
on the surface of the table facet of a 
brilliant-cut diamond. 


Color Plate H: 


1. 


Irregular conglomerations of a black and 
red mineral, whose chemical composition 
of TiO? indicates either anatase or rutile, 
in kyanite. 


. Huge prisms of red rutile in sapphire 


from Ceylon. 


. Black rutile resorbed into a ball-like 


shape and surrounded by a stress halo in 
sapphire from Montana. 


. Weill-developed crystal of sphene in ruby 


from Burma. 


. Group of pale-yellow sphene crystals in 


ruby from Burma. 


. Brilliant-red, euhedral crystals of uranpy- 


rochlore (hatchettite) in sapphire (the 
bright spots are feldspars). ‘ 


. Rounded grains of metamict zircon sur- 


rounded by tension cracks in korne- 
tupine from Ceylon. 


GEMS & GEMOLOGY 


Developments and Highlights 
at GIA’s Lab 


in New York 


by 


ROBERT CROWNINGSHIELD 


Unexpected Absorption Pattern 

We have examined the absorption 
of colored diamonds for so many years 
we were beginning to think that noth- 
ing new would be seen. However, a 
4-carat gray, round brilliant gave the 
unexpected absorption pattern seen in 
Figure 1. The stone was exceedingly 
fluorescent (Figure 1A) under both 
long- and short-wave ultraviolet. 
Amazingly, the fluorescent color was 
blue with a zone of yellow. The 
photograph was taken with only the 
fluorescence as a light source. 

Rare, Transparent Actinolite 

A rare collector’s item examined in 
the Laboratory proved to be a dull- 
green, transparent actinolite weighing 
1.06 carats. With its color and a 
refractometer reading similar to that 
of tourmaline, it was helpful to be able 
to obtain an interference figure. The 
absorption spectrum is shown in Fig- 
ure 2. 
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Largest 3-Phase Inclusion 


We were grateful to GIA student 
Yasukazu Suwa, Tokyo, Japan, for a 
1.17-carat emerald with excellent 
3-phase inclusions, ideal for student 
study. Among the 3-phase inclusions 
present was the largest we had ever 
seen. The gas phase is clearly visible in 
Figure 3. The stone illustrates another 
factor useful in teaching: many of the 
open fissures were filled with an oily- 
green substance. 


Orange-Brown Treated Diamond 


One color we used to see in treated 
diamonds that we seldom see today is 
a very attractive orange-brown. They 
were produced by cyclotron treatment 
and, we are told, not available from 
atomic-pile treatment. Some of the 
best were top-treated. When placed in 
a closed bezel setting, such as a man’s 
gypsy ting, the color zone may be 
invisible, and, since the color penetra- 
tion is only “skin deep,” the expected 
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absorption spectrum may not be seen. 
One such stone examined recently 
after removal from the setting showed 
a thin band of color outlining all the 
star facets and the table (Figure 4). 

By coincidence, another culet- 
treated stone of the same color was 
examined the same day. Neither stone 
had the typical treated-diamond 
absorption spectrum. 


Modern Rose Cut 


We examined a modern piece of 
gold jewelry with dark-purplish rubies 
and some peculiar rose-cut diamonds. 
We were informed that they were 
modern “bruted” roses. Figure 5 


Figure 1A 
Figure 2 
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Figure 3 


Figure § 


Figure 4 


shows the very thick girdle of such a 
rose-cut stone, indicating that it was 
not made from a cleavage piece, as 
original stones were. 


Smoke-Treated Opal? 


Figure 6 shows the surface of what 
was a very attractive, high, opal cabo- 
chon. It did not have the typical 
appearance of a treated opal, yet in 
some cracks, and especially in polish- 
ing cracks, we could see a concentra- 
tion of dark brown to black. We 
received permission to polish a small 
area on the girdle, which revealed the 
superficial nature of the coloration. 
We assumed that it was an example of 
the rarely encountered smoke-treated 
opal. 


Tissue-Graft Pearls 


Accidental tissue-graft salt-water 
cultured pearls are not common. Fig- 
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Figure 6 


ure 7 shows ten cultured baroque 
pearls, nine of which are tissue graft 
and the tenth, a normal nucleated 
cultured pearl. It seems that these 
occur when the mother-of-pearl 
nucleus is eliminated by the host 
animal, but the tissue remains to form 
the nucleus of the resultant pearl. 


Flawless Sapphires 

Figure 8 shows a diamond-and- 
sapphire bracelet, not unusual for 
design, but for the fact that all 40 
sapphires were without flaws under 
10x magnification. The color and rela- 
tively strong absorption spectrum indi- 
cates that they were of Montana 
origin. The surface wear and design of 
the setting indicates that the piece was 
at least 60 years old. For precision of 
color matching and freedom from 
flaws, this collection of sapphires was 
unique. 


Color Banding in Treated Diamond 
Unusual cloudy texture and color 
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Figure 7 


banding in a treated yellow-brown 
diamond is shown in Figure 9. 


Flux-Grown Synthetic Rubies 

We have encountered several flux- 
grown synthetic rubies lately. One of 
them had some triangular metallic 
inclusions, probably of the platinum 
group of metals (Figure 10). The color 
of the stone, and of most we have seen 
in the Laboratory, was a dark purplish 
red of the tone one associates with the 
so-called Siam grade. However, unlike 
the Siam type of natural stone, these 
fluoresced very strongly under long- 
wave ultraviolet and enough stronger 
under short-wave ultraviolet, when 
compared with natural stones, as to be 
identifiable. 


Chrome-Green Grossularite 


We received a fine chrome-green 
grossularite as a gift from Mr. Arnold 
Schiffman, Greensboro, N.C. Under 
magnification this stone had a plane of 
breadcrumb-like inclusions and several 
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Figure 8 


hollow tubes resembling fulgurites. 
The short one seen in Figure 11 
(arrow) reminds one of a sugar- 
encrusted quill. The two black ends 
were caused by foreign material, prob- 
ably from the polishing wheel, which 
had entered the tube at the point 
where it reached the surface. 


Figure 10 
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Figure 9 


Calcite Inclusions in Emerald 
The calcite inclusions shown in 
Figure 12 resemble a flight of birds or 
the design of some modern jewelry. 
The inclusion was in a fine 12-carat 
emerald presented for identification. 


Unusual Nucleus 


Figure 13 shows the white core of a 
large, natural-color black pearl. The 
peculiar structure of the core, shown 
in Figure 14, was coarse and lacked 
orient. 


Yag Now Has Name 


Under the trademarked name Dia- 
monaire, the Airtron Division of Lit- 
ton Industries put the first colorless 
synthetic-garnet-structured yttrium- 
aluminum-oxide stones on sale in 
October. They met with instant accep- 
tance as a truly colorless, hard, singly- 
refractive diamond substitute. Some of 
the properties were discussed briefly in 
the Spring, 1969, issue of Gems & 
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Figure 17 


Figure 12 


Figure 13 
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Figure 14 


Gemology. The stones were called by 
the name given them by the original 
researchers: yttrium-aluminum garnet 
(YAG, for short). 

GIA’s New York staffer, Jerry Call, 
G.G., as lapidary consultant for Air- 
tron, worked out the proper angles 
and proportions for the new material, 
so that when viewed face up they are 
excellent diamond substitutes (Figure 
15). However, the refractive index is 
not high enough to prevent light leak- 
age as one views the stones at an angle 
through the table (Figure 16). The 
larger stone is Diamonaire. 

As with most colored stones, the 
facets may not meet as precisely as in 
diamond and there may be more pro- 
nounced polishing scratches. Figure 17 
shows both of these features. 

Some stones we have seen cut for 
maximum yield from the boule may 
have naturals on the girdle (Figure 18). 

One stone,a9-carat emerald cut, 
had some unusual swirls around some 
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Figure 15 


Figure 18 


Figure 16 


Figure 17 Figure 20 
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of the gas bubbles that were present 
(Figure 19). 

Most stones examined were com- 
pletely free of inclusions or had 
exceedingly minute gas bubbles not 
visible under 10x. 

Cartier, Inc., chose this material 
over other colorless stones available 
out of which Jerry cut a replica of the 
69.42-carat diamond soon to be deliv- 
ered to Richard Burton for Elizabeth 
Taylor Burton. Figure 20 illustrates 
the replica, which weighed 87.20 
carats, 
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Developments and Highlights 
at GIA’s Lab 


in Los Angeles 


by 


RICHARD T. LIDDICOAT 


Unusual Opals 


Laboratory work in the gem field 
continues to be endlessly fascinating. 
Occasionally, one will encounter a 
variety of a gemstone that will not be 
seen again for many years—in fact, for 
so many years that one doubts the 
credibility of the earlier-reported prop- 
erty figures. 

At least 20 years ago, we received 
in the Los Angeles Laboratory a red 
fire opal that had a refractive index 
near 1.38. For a long time thereafter 
no other such opal was encountered, 
although some in the vicinity of 1.40 
were seen. Very recently, we encoun- 
tered a black opal, a very lovely stone, 
that gave a reading of approximately 
1.37. 

A parallel story on this subject is 
the fact that our well-known Joe 
Murphy, chief Diamond Course 
instructor, has worked for many years 
on the refinement of estimations of 
weight by measurements. Using his 
highly accurate methods for the esti- 
mation of the weight of a cabochon, 
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this stone, had it had a normal opal 
specific gravity, should have weighed 
about 8 carats. It actually weighed 
5.97 carats. When we took a hydro- 
static specific gravity, the figure was 
approximately 1.42. 

Within the next few days we 
received a white opal that also had a 
refractive index of about 1.37. In this 
case, when we tried specific gravity, 
we found that the result was almost 
impossible to obtain, because the 
stone absorbed water so rapidly that 
its weight in water kept increasing as 
we were trying to make the test. When 
we first started, the weight in air was 
approximately 4.2 carats, but by the 
time we had finished it had risen to 
over 5.00. 

The man who brought the material 
told us he had bought it at a local gem 
shop, to which we sent one of our 
instructors. He had some difficulty in 
obtaining specimens, but he saw mate- 
rial that was milky at the center and 
with a great play of color, but it was 
almost colorless and transparent in a 
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coating at the surface. We were suspi- 
cious, thinking that this could have 
been some kind of synthetic opal, but 
we remembered that there is a source 
in Mexico that produces natural opal 
of this description. Under magnifica- 
tion, the opal material showed a defi- 
nite structure to its play of color. It 
appeared as if there were large grains 
in which play of color was uniform, 
and there were areas with no play 
whatever. This granular structure is 
shown rather well in Figure 1. 

We are actively seeking to gather 
further information on this material, 
because of its exceedingly low refrac- 
tive index, specific gravity and marked 
hygroscopic properties. It is not 
exactly like any natural opal we have 
encountered, and, in the absence of 
any reported marketable synthetic 
opal, we feel that this is something 
that should be watched closely. 


Hornbill Ivory 


The Laboratories studiously avoid 
involvement in identifications that are 


Figure 1 


out of its field in any respect. How- 
ever, they are very frequently called 
upon to identify the nature of the 
materials in snuff bottles, some of 
which are not really gemstuff. Occa- 
sionally, materials used in snuff bottles 
are rather exotic by gemological stan- 
dards. 

One of the most unusual, and to 
the snuff bottle collector exceedingly 
valuable, is the substance called horn- 
bill (Figure 2). This is cut from the 
beak of the hornbill bird, particularly 
the helmeted hornbill, which is found 
only in Indonesia. It is approaching 
extinction. 

The bird is about five feet trom 
beak to tail and has a large head. The 
beak material is yellow, and the hel- 
met covering the top of the head is 
brownish red. 

When we were sent a snuff bottle 
purported to be hornbill ivory, we 
examined it to study its structure and 


Figure 2 
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to measure its properties. We attemp- 
ted to look up as much information as 
possible about the properties of horn- 
bill, but we found the information 
very scanty. We were able to obtain 
from the supplier a number of other 
known hombill objects (Figure 3), and 
those we tested had a specific gravity 
of about 1.28 and a refractive index of 
approximately 1.56. This substance 
showed no reaction to hydrochloric 
acid and had a greenish-white to 
bluish-white fluorescence that was 
rather stronger under long-wave than 
short-wave ultraviolet. To a hot point 
they gave an expectable burnt-hair 
odor. 

The unknown that we examined 
was slightly more translucent than the 
known hornbill materials, and had a 
specific gravity of 1.36, compared 
with 1.28 for the known hornbills. It 
showed none of the lamellar structure 
that we encountered in the other 
specimens. 

We were able to prove to our 
satisfaction that some of the carvings 
on the flat surfaces and the red of the 
helmet on the edges had been applied 
artificially, This had been known to 
the dealer, so it came as no surprise to 
him; but he had been convinced, with 
good reason, that the main material 
was indeed hornbill. This was far 
enough out of our field that we did not 
feel qualified to say whether the base 
was or was not hornbill. All we could 
do was to point out that the properties 
of the material did not agree with 
those of the known hornbill materials 
that we had studied. 


“Petrified Mushroom” 
Recently, we received a section of 
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Figure 3 


gray agate from a gemologist who, 
upon examining the piece, concluded 
that some sort of fungicidal growth 
form, such as a mushroom, had been 
replaced by chalcedony during the 
growth process. In other words, 
instead of petrified wood, he con- 
cluded that this was probably a “petri- 
fied mushroom.” 

His approach was certainly a rea- 
sonable one, but we believed him to be 
in error. The inclusions shown in 
Figure 4 strongly resemble, in certain 
respects, the “‘moss” in moss agate, 
which is usually manganese oxide. 
Apparently, this manganese oxide 
accumulated on the surface of one of 
the layers as the chalcedony accumu- 
lated (perhaps in the form of a silica 
gel) and penetrated through the sur- 
face of the soft layer. Because of the 
greater specific gravity of the manga- 
nese oxide, a portion of it penetrated 
in the form of the root of the 
mushroom. 


Dodecahedral Inclusion Lines 
in a Diamond 


Recently, we examined a diamond 
that showed a number of inclusions 
that appeared to be gas-filled spaces 
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Figure 4 


outlining a dodecahedral growth pat- 
tern very effectively (Figure. 5). A 
dodecahedral face is shown at the 
center of the picture near the bottom 
portion. 


Curved Fluorescence in Synthetic 


Sapphire 
We photographed a synthetic sap- 
phire under short-wave ultraviolet 


light, because we noticed a very 
strongly curved pattern under this 
illumination and noted that it was not 
in the usual completely concentric 
curvature that we expect in any Ver- 
neuil synthetic (Figure 6). Apparently, 
the fluorescence lines did not follow 
the pattern of the Verneuil growth 
pattern. We had not encountered any- 
thing like it before. 


Crystallites in Glass 


A glass imitation was examined in 
the Laboratory. Under magnification 
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Figure 5 


we noticed quite a number of crystal- 
lites in a pattern reminiscent of the 
crystallographic axes of an isometric 
mineral (Figure 7). We did not deter- 
mine the nature of the crystallized 
material. 


Odd Emerald Inclusions 


The number of emeralds and 
synthetic emeralds that we have been 
examining seems to be increasing week 
by week. The problems attendant to 
identification also seem to be growing 
apace. Within the last month we exam- 
ined an emerald that had these prop- 
erties: refractive indices, 1.571—1.577; 
specific gravity, 2.68+; inert to long- 
and short-wave ultraviolet. Fortu- 
nately, the inclusions proved that it 
was a hydrothermal synthetic. It had a 
very pronounced plane of tiny two- 
phase inclusions and, surprisingly, 
semihexagonal fracture tubes that we 
associate with flux-fusion synthetic 
emeralds (Figure 8). We have no idea 
of the manufacturer of this material, 
although it much more strongly resem- 
bles the latest Linde hydrothermal 
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Figure 6 


product than anything else we could 
compare it to. 

The most recent interesting natural 
emerald we have examined was one in 
which planes of pyrite crystals domi- 
nated the inclusion picture. A plane of 
these inclusions is in focus in Figure 9, 
and a second plane, at an angle to the 
first, is seen as a plane in the line on 


Figure 7 
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Figure 8 


the left side of the photograph, passing 
through the bright inclusion toward 
the bottom. When these inclusions 
were examined at right angles, the 
hexagonal nature of the planes was 
evident (Figure 10), It can also be seen 
in the photograph that there was very 
strong color zoning in the stone. The 
properties were rather low for natural 
emerald, with the mean refractive 
index being approximately 1.57. 


Figure 9 
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Figure 10 
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Book Reviews 


PRACTICAL GEM KNOWLEDGE, by 
Charles J. Parsons, GG, FGA. Published by 
the Lapidary Journal, San Diego, California, 
1969. 140 pages. Softbound. Illustrated 
with numerous black-and-white photographs 
and line drawings. Price: $3.95. 


Practical Gem Knowledge, which was 
taken, with some revisions, from articles 
appearing in the October, 1964, to July, 
1968, issues of the Lapidary Journal, was 
written by Charles J. Parsons, GG, FGA. He 
is a retired Navy man who became a 
Graduate Gemologist after his retirement 
from the Navy and who, shortly before, 
assisted GIA instructors in classes in Chicago 
and Los Angeles. 

Parsons is a very knowledgeable gem 
man who has worked in this field for the 
past 15 years and who is eminently qualified 
to write a book on this subject, particularly 
one keyed to the amateur gemologist, as this 
one is. He is one of the most respected, even 
beloved, men in the amateur gem field, 
particularly in the San Diego area, 

The book covers the science of gemology 
in an easy-tozead, down-to-earth manner, 
avoiding complicated and cumbersome 
phraseology. After a discussion of basic 
terminology, the author discusses physical 
and optical properties, inclusions, synthe- 
tics, imitations, fashioning, testing proce- 
dures and gem-testing instruments. This is 
followed by a discussion of the major gem 
species and a few of the lesser known 
gemstones, 

Parsons is head gemology instructor for 
the San Diego Gem & Mineral Society and 
coauthor of The Handbook of Gems & 
Gemology and Gem Materials Data Book. 

The book is excellent in its factual 
presentation. However, the photographs 
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leave quite a bit to be desired, because many 
of them are lacking in contrast and are 
unclear. Also, the inclusion of property 
tables would have been useful. Otherwise, 
with these exceptions, Practical Gem 
Knowledge is well executed and written and 
would be a valuable addition to any gem 
library at such a modest price. 


FACETING FOR AMATEURS, by Glenn 
and Martha Vargas. Published by the 
authors, 1969. 330 pages. Clothbound, Illus- 
trated with numerous black-and-white 
photographs and line drawings. Price: $15. 


Recognizing the need for a comprehen- 
sive book on faceting, the authors present to 
the lapidary hobby a well-organized and 
well-written text on all aspects of the craft, 
including buying and selling rough, orienting 
before cutting, methods of obtaining the 
largest and most perfect stone from the 
rough material, and practical ways of using 
the many different faceting machines on the 
market. The book is amply detailed where 
needed, with simplified and practical expla- 
nations of everything needed to inform and 
teach the student of faceting in this most 
fascinating part of the lapidary art. 

Thirteen chapters comprise the book: 
Gems & Minerals, Faceting Machines, Laps 
That Cut, Laps That Polish, Choosing Mate- 
tials, Optical Properties, Angles for Facet- 
ing, Faceted-Stone Patterns, Preparing for 
Faceting, Cutting the Facets, Polishing the 
Gem, Soft Materials, and Disposition & Care 
of Gems. Appendices, a bibliography, a 
glossary and an index complete the book. 
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One of the more useful sections of the 
book is Appendix I, which gives a descrip- 
tion of the major gem species, including 
physical and optical properties, cutting 
angles, most effective cutting and polishing 
laps, and miscellaneous information, The 
cutting advice given here for the more 
difficult and soft gems can result in the 
saving of one such stone and more than pay 
for the cost of the book. Appendix II 
contains useful tables and formulas. 

The authors have had wide lapidary 
experience. Glenn Vargas, assisted by Mrs. 
Vargas, has taught general lapidary in the 
California public schools for 20 years. Part 
of this experience has been an active busi- 
ness of selling faceting rough. This, together 
with their faceting achievements and their 
teaching, has given them an ideal background 
for the preparation of a book of this kind. 

Faceting for Amateurs should be 
included in the gem library of every person 
who hopes to master the art of faceting. 


METAL TECHNIQUES FOR CRAFTS- 
MEN, by Oppi Untract. Published by Dou- 
bleday & Co., Inc., Garden City, New York, 
1968. 509 pages. Clothbound. Profusely 


104 


illustrated with 667 black-and-white photo- 
graphs and 102 line drawings. Price: $19.95. 


Metal Techniques for Craftsmen is the 
first book that describes in detail the entire 
att of decorative metal work, offering an 
exhaustive, illustrated guide for the inter- 
ested layman, the amateur, and the master 
craftsman. 

In clearly written prose, accompanied by 
excellent photographs and line drawings, the 
book presents a step-by-step account of how 
to form or embellish almost any kind of 
metal, The text includes full work sequences 
of objects in the process of creation. 

The book is supplemented by a complete 
index, a section on the use and maintenance 
of hand tools, tables of weights and mea- 
sures and other reference material. 

Some of the subjects discussed in detail 
in this comprehensive work include the 
following: the behavior of metals and their 
physical properties, the precious metals, the 
base metals, the ferrous metals, the textures 
of metal surfaces, punchwork decoration, 
repoussé and chasing, engraving, etching, 
applique, Indian decorative techniques, 
damascene, inlay, hard and soft solders, 
niello, combining metals with nonmetallic 
materials, silversmithing, pewter, forging 
and welding, cold-metal spinning, lost-wax 
and other casting processes, polishing and 
coloring, 
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NEW NONFLUORESCENT HIGH-PROPERTY 
SYNTHETIC EMERALDS 


by 


Charles W. Fryer 


For some time we have known that 
Pierre Gilson has been making syn- 
thetic emeralds that have higher prop- 
erties than the Chatham synthetics and 
the old Gilsons: Furthermore, these 
new Gilson synthetics do not fluoresce 
to long-wave ultraviolet light, as do all 
other known synthetic emeralds, 
including the old-type Gilson. Needless 
to say, this could cause problems to 
the uninitiated jeweler trying to deter- 
mine if an emerald were natural or 
synthetic. It is the purpose of this 
article to initiate the uninitiated. 

- We recently had the opportunity to 
study 18 loose Gilson synthetic 
emeralds. The only stones we had seen 
previously were unmounted, which 
precluded any specific-gravity deter- 
mination and made it all but impos- 
sible to test for transparency to short- 
wave ultraviolet. Seven of the 18 were 
the new nonfluorescent stones, five 
were the usual Gilsons (which 
fluoresced orange-red), and the 
temaining six fluoresced red, similar to 
the Chatham. Some rather interesting 
conclusions can be drawn from our 
tests on these stones. 
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In the past, it has usually not been 
too difficult to prove whether an 
emerald was synthetic or natural. The 
low refractive indices, birefringence, 
specific gravity, wispy inclusions and 
the fluorescence easily proved syn- 
thetic origin. These methods are still 
satisfactory for all synthetics, except 
the nonfluorescent Gilsons, and pos- 
sibly the Linde hydrothermal, 
although it, too, fluoresces red. How- 
ever, before we discuss the non- 
fluorescent stones, a brief review of 
the properties of the other Gilsons 
tested would be in order. 

Five of the stones were decidedly 
more yellowish green than the others. 
Under long-wave ultraviolet, these 
stones fluoresced the orangy-red color 
usually attributed to the Gilson prod- 
uct. A weaker orange-red fluorescence 
was observed under short-wave ultra- 
violet and X-ray. The transparency to 
short-wave ultraviolet and X-ray will 
be discussed in a later paragraph. All 
the stones had refractive indices of 
1.564-1.569, + .001, with a bire- 
fringence of .005. The optic-axis direc- 
tion was parallel to the width of three 
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Figure 1 
‘Strings of bubblelike inclusions (63x) 


of the stones and parallel to the length 
of the other two. The specific gravity 
was approximately 2.65, + .01. The 
inclusions were the typical wisps 
associated with flux-fusion synthetics, 
phenakite crystals, strings of bubble- 
like inclusions and growth lines. 
Figures 1, 2, 5 and 6 show these 
different kinds of inclusions. 

The 13 stones remaining were 
bluish green, similar to the Chatham 
product. Six fluoresced about the 
same as the Chatham: a dull red under 
short-wave ultraviolet and a somewhat 
stronger red under long wave. Under 
X-ray, these six stones fluoresced a 
weak orange-red. Transparency to 
short-wave ultraviolet and X-ray will 
be discussed later. 

The refractive indices of the six 
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Figure 2 
Odd grouping of bubbielike inclusions (63x) 


fluorescent stones mentioned above 
were in the 1.562-1.567 to 1.568 area, 
with a birefringence of .005 to .006. 
The optic axis was parallel to the 
width of two of the stones and parallel 
to the length of the other four. The 
specific gravity of all six stones was 
approximately 2.65, + .01. The inclu- 
sions were typical of flux-fusion 
synthetics. (Refer to Figures 3 and 8, 
as well as the previous ones.) 

We come now to the seven bluish- 
green stones, which did not fluoresce 
at all to long-wave ultraviolet. These 
are the stones that can cause the most 
difficulty in proving origin. However, 
the combination of the inclusions, the 
peculiar absorption spectrum, and a 
newly discovered reaction to X-ray 
will simplify the identification. 
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Figure 3 
Wispy inclusions, with the optic-axis direction 
parallel to length of inclusions (63x) 


The refractive indices of the non- 
fluorescent stones were 1.571-1.579, 
with a birefringence of .008. THe 
optic-axis direction was parallel to the 
length of all stones except one, which 
was parallel to the width. The specific 
gravity was approximately 2.68 to 
2.69, sinking slowly in a 2.67 liquid, as 
do most natural stones and the Linde 
hydrothermal. All other Gilsons tested 
floated in a 2.67 liquid, as do most 
Chathams. 

Apparently, it is the addition of 
iron to the new Gilson product that is 
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responsible for the lack of fluores- 
cence. The increase in the R.I. and 
§.G., as well as a line at 4270 in the 
absorption spectrum, also can be attri- 
buted to the presence of iron. 

Since the properties of the non- 
fluorescent Gilsons overlap those of 
most natural stones, it becomes 
increasingly important to identify 
them on the basis of the inclusions and 
the absorption spectrum. In addition 
to the usual flux-fusion inclusions, 
there were some short needlelike inclu- 
sions present in some of these non- 
fluorescent stones. The needles. were 


Figure 4 
Wisps and flux-type inclusions, with the 
optic-axis direction parallel to length of 
inclusions (63x) 
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Figure § 
Wisps and growth lines (31.5x) 


oriented parallel to the optic-axis 
direction in the stone. Figures 4 and 7 
show the appearance of these 
inclusions. 

If a stone should be free of inclu- 
sions, the absorption spectrum shown 
in Figure 9 would become very impor- 
tant in its identification. The line at 
4270 A is best seen in a direction 
other than parallel to the optic axis. 
This line is easy to overlook, so espe- 
cially careful observation is required. 
So far, this line has not been encoun- 
tered in any other emerald, either 
natural or synthetic. 

It used to be thought that the 
transparency to short-wave ultraviolet 
was a reliable test for separating 
synthetic from natural stones: natu- 
rals were opaque to short-wave ultra- 
violet and synthetics were transparent. 
Now, however, Gilson has changed 
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Figure 6 
Snowflake-like clusters of phenakite crystals (63x) 
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Figure 7 
Plane of short needlelike inclusions, with optic- 


axis direction parallel to length of inclusions (63x) 


that, with some of his stones being 
transparent and others opaque to 
short-wave ultraviolet. Furthermore, 
some naturals have been encountered 
lately that are transparent to short- 
wave ultraviolet. This test has no 
reliability for separating natural from 
synthetic emeralds. 

One other interesting and useful 
fact is that the iron has also caused the 
stones to become opaque to X-rays. 
Unfortunately, this will not be of 
much use to the average jeweler, but it 
will be of considerable importance to a 
gem-testing laboratory having the 
necessary X-ray equipment. All 18 of 
the Gilsons, plus representative 
samples of natural emeralds, Chatham 
synthetics and Linde hydrothermals, 
were tested for X-ray transparency 
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under the following conditions: the 
stones were placed in a transparent 
tray over a piece of industrial X-ray 
film. They were immersed in a safety- 
film cleaner to absorb secondary radia- 
tion, prevent reflection and refraction, 
and to compensate for the different 
thicknesses of the stones. This is the 
same fluid used in place of carbon 
tetrachloride for pearl X-radiographs, 
so carbon tetrachloride would prob- 
ably work as an immersion fluid. The 
distance from the film to the X-ray 
source was 17 centimeters. The 
exposure time was based on one-half 
the time we would use to shoot pearls 
of a comparable thickness. Power 
requirements for the X-rays are 
40 kilovolts and 7 milliamperes. Stan- 
dard developing procedures were used 
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Figure 8 
Phenakite crystals and wisps (63x) 


for processing the film. Interpretation 
of the film showed that all of the 
natural and synthetic emeralds, except 
the seven nonfluorescent Gilsons, were 
transparent to the X-rays. The impor- 
tant thing was that all of the non- 
fluorescent Gilsons were opaque to the 
X-rays. 

We might sum up by saying that 
most Gilson synthetic emeralds can 
still be separated from natural stones 
by their lower R.I., birefringence, S.G. 
and the fluorescence to long-wave 
ultraviolet. Of course, the inclusions 
are also typical of flux-fusion prod- 
ucts. In the case of a nonfluorescent 
stone with a high R.I. and S.G., we 
must rely on the inclusions and the 
4270 line in the absorption spectrum. 

As mentioned previously, we can 
no longer rely on the short-wave trans- 
parency test. If a jeweler cannot see 
any distinctive inclusions and has no 
spectroscope available, rather than 
take a chance on misidentifying a 
stone, he should submit it to a quali- 
fied laboratory for an X-ray trans- 
parency test. 
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Figure 9 
Absorption spectrum of Gilson nonfluorescent 
synthetic emerald 
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Developments and Highlights 
at Gr Av’s Lab 


in New York 


by 


ROBERT CROWNINGSHIELD 


Flux-Grown Synthetic Rubies 


Although Carroll Chatham first 
exhibited samples of his flux-grown 
synthetic rubies more than 10 years 
ago and a few single crystals were sold 
in recent years and jewelry made with 
crystal groups has appeared in the 
market for several years, it is only this 
year that plans by Created Gemstones, 
Inc., to market faceted stones in most 
popular shapes have materialized. 

The initial examination of several 
lots has shown them to be remarkably 
varying in internal characteristics, as 
well as in nuances of color. Attempts 
to characterize the inclusions have 
been complicated by their variations. 
It would seem by microscopic exami- 
nation that several different tech- 
niques may be involved, and it is much 
too early to state which technique will 
be the one used to produce future 
crystals. Stones examined recently 
have ranged in weight from melee size 
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to a handsome pear shape of more 
than 13 carats. However, judging from 
crystals examined, even larger sizes 
may be anticipated. So that serious 
gemologists may be made aware of this 
new product, we requested permission 
to introduce them in this issue. 

If we assume that Chatham’s 
process is one of flux fusion, we are 
immediately aware of the differences 
seen in his stone compared with those 
for the only other flux-fusion syn- 
thetic stones so far described. These 
are the ones shown in the Spring, 
1969, issue of Gems & Gemology 
under the heading “Kashan Flux- 
Grown Rubies” on page 30. In these 
stones the coarse flux fingerprint 
inclusions, short dashed lines of flux 
inclusions and fine veils of flux seem 
characteristic. In the Chatham stones 
we do find veillike inclusions 
(Figure 1) and occasionally fairly 
coarse “flux fingerprints” (Figure 2). 
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Figure 1 


Figure 3 
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Figure 2 


Figure 4 


However, there are many other 
characteristics. 

Included hexagonal metallic plate- 
lets, probably platinum, are shown in 
Figures 3 and 4. Rutile needles in 
three directions in a natural corundum 
are seen clearly in Figure 5. The natu- 
ral seed is outlined in a blue color that 
resembles an ink stain. In Figure 6 this 
same inky line is curved, but typical 
flux inclusions are seen on either side 
of it. These blue demarcation zones 
are perhaps the most distinctive inclu- 
sions we have seen and we can offer no 
explanation for them. They occur in 
some of the darkest as well as the 
lightest colored stones. 

Sometimes the areas on either side 
of a blue demarcation zone are strik- 
ingly different. In Figure 7 the area on 
the right side is lighter in color, with 
tiny spherical gas bubbles next to the 


Figure 5 
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zone with wisps farther out. On the 
left, the color is much richer and a 
single large flux inclusion is present 
(not seen in the photo). 

In Figure 8 the outline of the seed 
crystal may be seen (arrow). The 
angular chevron-shaped color banding 
is in the growth material, but seems to 
have taken its cue from the natural 
seed. The chevron is very dark red, 
whereas the general growth is lighter 
red. 

The most surprising characteristic 
we have observed is curved growth 
lines that resemble those of flame- 
fusion synthetics but that fan out 
from a point, rather than having a 
strictly subparailel growth as in 
Verneuil synthetics. At first we sus- 
pected we were seeing a Verneuil seed, 
but soon realized that it was not so. 
Note the fingerprint inclusion along 


Figure 6 
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Figure 7 


with the curved growth lines in 
Figure 9. In one stone (Figure 10), the 
growth resembled those of Verneuil 
very closely, so we were prompted to 
perform a Plato optic-axis observation. 
The stone showed no strain pattern 
and the curved banding almost disap- 
peared. A Verneuil stone showed the 
expected strain pattern along the axis 
and the curved striae became more 
distinct, rather than less. Some of the 
very best colored stones have a slight 
mistiness reminiscent of those seen in 
Kashmir sapphires. These stones may 
show a slight trace of whitish fluores- 
cence when viewed under a long-wave 
ultraviolet lamp. 


One stone had an amazing assort- 
ment of inclusions (Figure 11). One is 
a tapering hollow tube, and a few are 
hexagonal greenish platelets appearing 
very much like mica. Others appear to 
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be platinum platelets mentioned 
above. Deep within the stone are 
straight color bands and wispy flux 
inclusions. Further observation of the 
micalike platelets revealed that what 
was taken for transparency was reflec- 
tion of neighboring platelets in the 
mirrorlike surfaces of the platinum. 

Ultraviolet fluorescence, except in 
areas of natural seed material in rare 
stones, appears to be approximately 
the same as reported in the article in 
the Spring, 1969, issue of Gems & 
Gemology. Figure 12 illustrates a 
group of six Chatham stones compared 
with eight Verneuil synthetics for 
short-wave transparency. EReY'y are 
approximately the same. 

With each stone as individual as 
those of nature, the accompanying 
illustrations hardly begin to depict the 
wide variations we have thus far seen. 


Figure 8 
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Figure 9 


Figure 11 


Figure 10 


Figure 12 
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However, with experience and an 
occasional short-wave ultraviolet test, 
the skilled gemologist should be able 
to distinguish this new product from 
both natural rubies and common 
Verneuil synthetics. 


Artificially Colored Opal? 


Figure 13 illustrates a very hand- 
some opal of the kind discussed in the 
last issue of Gems & Gemology in the 
Los Angeles column. It had a refrac- 
tive index of 1.37 (water is 1.33) and a 
specific gravity of approximately 1.42. 
Weighed dry it was 6.62 carats. After 
being in water for only the length of 
time to weigh it, it was again weighed 
out of water and the resulting figure 
was 6.95 carats, thus making a reliable 
specific gravity difficult to obtain. 
Opal with this very low refractive 
index and specific gravity has been 
examined from the Nevada mines, but 
with these properties it is usually light 
in color. Magnification revealed some 
suspicious dark coloring in cracks and 
other areas. With the extreme porosity 
of the stone, it is reasonable to suspect 
artificial coloration. However, we are 
still studying this kind of opal and 
must reserve judgment as to treatment 
until we have better information. 


Plastic-Treated Turquois 


A very pleasing dark-blue turquois 
with matrix yielded no evidence of 
artificial coloration. It had a respect- 
able specific gravity near 2.70, the 
proper refractive index and absorption 
spectrum, and no reaction to a hot 
needle. The only suspicious character- 
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Figure 13 


istic was a too great translucency in 
thin areas and some slight white areas 
near the matrix zones. We were 
informed that it was plastic treated 
but with a lengthy process that elimi- 
nated cracking. Surface curing of the 
plastic seems to have altered it to the 
extent that a hot needle did not cause 
charing nor an odor. We hope that we 
will be able to report further on this 
material, since it is a definite improve- 
ment over other processes. 


Polished Groove on Diamond 


Figure 14 illustrates an unusual 
polished groove (arrow) on the surface 
of an otherwise flawless diamond. We 
have never seen anything like it on 
diamond before and cannot figure how 
it might have been done. 


117 


Figure 14 


Dyed, Plastic-Treated Turquois 


An unusual treatment for another 
turquois is shown in Figure 15. It is a 
surface-dyed,  clear-plastic-coated, 
nearly white stone. The clear plastic or 
lacquer had begun to craze near the 
girdle of the stone and a few chips 
were loose, so it was possible to 
determine that the outermost coating 
was colorless (Figure 16). 


Repaired Emerald 


A very good repair job is shown in 
Figure 17. \t.is an emerald from which 
an emerald-crystal section had fallen 
out. Careful use of an epoxy or other 
fluorescent cement was used for the 
work. From the top the repair could 
not be seen. 
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Figure 15 


Figure 16 
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Figure 17 


“Growth” in Opal 


Within a short time after receiving a 
handsome, large Mexican-opal 
cabochon, a New York dealer noticed a 
small white spot “growing” within the 
stone. He called to ask if we had ever 
heard of such a thing. We said we had 
and he promised to show us.the stone, 
which he did some time later. But by 
that time the spot had grown to 
considerable size and definitely had 
affected the appearance and, probably, 
the value of the stone (Figure 18). 


Jadelike Idocrase 


Although we have reported the 
occurrence of jadelike idocrase from 
Pakistan on several occasions, we had 
never encountered round beads nor 
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material that looked so much like jade. 
Figure 19 shows the mottling of the 
stones. Except for the higher luster, 
one might never suspect that the 
stones were not jadeite. 


Another Damaged Zoisite 


We continue to hear occasional 
difficulties with blue zoisite during 
manufacture. In almost every case we 
are convinced that the misuse of heat 
is the culprit. The lovely stone shown 
in Figure 20 was damaged at the very 
last moment before delivery to the 
client by the foolish use of steam!.We 
can quite confidently say that these 
stones will not take rapid temperature 
changes, and in this respect may be 
even more tempermental than peridot, 
garnet or the clear quartz stones. 


Figure 18 
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Unpolished Girdle 


We have occasionally been surprised 
to see an unpolished girdle on a large 
marquise or pear-shaped diamond. 
Usually, because the girdle does reflect 
into the body of the stone, it is 
faceted and thus increases the scintilla- 
tion of the stone. However, we are 
aware that the unpolished girdle, being 
white, may improve the color appear- 
ance in light-brown and light-yellow 
stones. Figure 21 shows an unpolished 
girdle on a 12-carat marquise. 


Needles in Diamond 


A’ black diamond that came 
through the Lab recently owed its 
color to a host of black needles 
oriented in three directions. Under the 


Figure 19 
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Figure 20 


microscope one was reminded of 
labradorite. Rarely, we see a small 
patch of such needles in an otherwise 
nearly colorless diamond (Figure 22). 


Banding in Synthetic Emerald 


Whether such regular banding as 
seen in Figure 23 is typical of non- 
fluorescent synthetic emeralds is yet 
to be seen. The stone observed had 
refractive indices within the range of 
natural stones and a specific gravity of 
2.70. Typical flux fingerprints and 
veils gave it away, however. 


Unusual Fluorescence 


A very fine natural blue sapphire of 
18 carats surprised us when it was 
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Figure 21 


tested under short-wave ultraviolet: it 
appeared greenish white, just as if it 
were a synthetic. However, the fluores- 
cence was zonal. Figure 24 shows the 
stone under dark-field illumination. 
Figure 25 is the same view under 
short-wave ultraviolet after a 15- 
minute exposure using the 
Photoscope. 


Figure 22 


WINTER 1969-70 


Horsetail Inclusion 


A fine 6-carat demantoid garnet 
had the classical horsetail inclusion 
shown to perfection in Figure 26. 


Unusual Combination 


A most unusual specimen shown to 
us by precious-stone dealer Walter 
Arnstein, New York City, was a 
polished slab consisting of alexandrite 
and emerald. The alexandrite did not 
join the emerald in an even plane but 
with “tongues” that could be seen on 
the polished side by virtue of the 
higher refractive index. Although not 
clear enough for faceting, cabochons 
or flat plates of the stone would make 
desirable and intriguing collector’s 
items. 


“Chrome Chrysoprase”’ 


In one week recently we tested 


Figure 23 
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Figure 24 


examples of what we could only call 
“chrome chrysoprase.” Both stones 
resembled very fine, so-called apple- 
green jadeite. Both showed good 
chrome lines in the spectroscope, and 
we could find no evidence of dye. One 
stone was being offered at more than 
$3000 wholesale — a fair price had it 
been jadeite. 
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Developments and Highlights 
at Gr AW’s Lab 


in Los Angeles 


by 


RICHARD T. LIDDICOAT 


Hydrothermal Synthetic Emerald 


In the Fall, 1969, issue of Gems & 
Gemology we reported a hydrothermal 
synthetic emerald of unknown origin. 
Since that time we have received the 
latest Linde product, and find its 
properties are the same or close to 
those of the specimen reported in the 
last issue. Figure 1 shows the spicules, 
or commalike inclusions, that are char- 
acteristic of hydrothermal synthetics 
seen to date. In addition, there were 
two-phase inclusions that resembled 
somewhat the wispy inclusions seen in 
flux-fusion synthetic emeralds. Fig- 
ure 2 shows a large bubble in a cavity 
in the same stone. These two photos 
were taken at 63x. In Figure 3 you see 
the effects of repeated twinning, 
which was very prominent. This one 
had indices of about 1.571-1.577. The 
specific gravity was increased to the 
point where it sank slowly in our 
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emerald liquid, which is set at about 
2.68. An accurate hydrothermal deter- 
mination gave 2.685. 


More on Synthetic Flux-Melt Emeralds 


For the past two or three months 
we have been examining many flux- 
melt synthetic emeralds, some of 
which have properties in a range that 
we reported for years to be those 
expected only in natural emeralds. 

Recently, more and more synthetic 
flux-fusion emeralds have been 
encountered that are apparently in the 
new line being produced by Pierre 
Gilson of France. They seem to range 
in RI. from a low for the extraordi- 
nary ray of 1.567 to a high for the 
ordinary ray of 1.58; several have been 
1.570 to 1.577, and some as high as 
1.574 to 1.580. These synthetics are 
characterized by almost total lack of 
red fluorescence under a two-tube 
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Figure 7 


Figure 2 
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Figure 3 


Mineralight (a long-wave ultraviolet 
source), and fairly weak fluorescence 
under short-wave ultraviolet. 

Many of these sink slowly in a 
liquid set near 2.68, but most show 
the wisplike inclusions that are char- 
acteristic of flux-melt synthetics. It is 
the inclusions that make them obvi- 
ously synthetic, because they are never 
encountered in natural emeralds. 

For a gemologist familiar with typi- 
cal flux-melt inclusions that resemble 
veils or fingerprints of two-phase inclu- 
sions, these synthetics are reasonably 
easy to recognize. However, the prop- 
erties of these recent ones are those 
that have been heretofore expected 
only in natural emeralds. The wisplike 
or veillike inclusions are actually solid 
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flux. The infrared spectrum of flux- 
melt synthetic emeralds fails to show 
the lines caused by water vapor in 
natural emeralds. 

These latest examples are very simi- 
lar in properties to the latest Linde 
product in their lack of fluorescence, 
their refractive indices and specific 
gravities. However, the Linde stones 
are characterized by the spicule, or 
commalike, inclusions and the thick 
accumulation of tiny two-phase inclu- 
sions near the edge of the seed plate. It 
is becoming increasingly difficult to 
distinguishing between natural and 
synthetic emeralds, whether flux melt 
or hydrothermal. 


Needles in Synthetic Emerald 


In the past month or two we have 
encountered some rather unusual 
inclusions in synthetic emerald. The 
little radiating needles shown in Fig- 
ure 4 intrigued us because they were 
unlike anything we had seen in the 
past. 


Treated Diamond 


In this era it is becoming increas- 
ingly unusual to encounter cyclotron- 
treated fancy-colored diamonds. 
Recently, we found a_ top-surface- 
treated brown diamond in which the 
coloring was quite evident under the: 
microscope. The spectroscope was of 
little assistance in identifying this 
stone. The treatment was evident near 
the top surface of the stone when 
photographed from the pavilion side 
(Figure 5). This picture was taken at 
39x, and it shows the table surface 
from near the crown looking through 
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the pavilion at the table and star 
facets. 


Another Unusual Diamond 


Within the last few days, we exam- 
ined a yellow-brown, emerald-cut dia- 
mond whose characteristics were quite 
similar under the spectroscope to 
those described in an earlier report. by 
our New York Laboratory. The stone 
had yellowish fluorescence, a strong 
absorption line at 4155 A, a fairly 
strong line at 4780, a very weak line at 
about 5050 (probably the familiar 
5040), another fairly strong line at 
approximately 5480, plus a very thin, 
sharp, stronger line just below 5700 
(Figure 6). There was no line at 5920. 
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Figure 4 


Figure 5 


‘GEMS & GEMOLOGY 


| viocer ——-| vie +— erue ——} be 4- ercen + yety + 1) + RED a 


4000 


5000 6000 7000 


Figure 6 


It seems clear to us that the diamond 
was of natural origin, but the two lines 
in the 5500 area were so rare as to 
have been reported only a few times in 
the past and were thus worthy of 
mention. 


An Unusual Treated Opal 


We received for testing a rather 
unusual opal that had been treated by 
the common sugar-and-acid treatment. 
Apparently, the opal was more porous 
than usual, so large areas of the surface 
were penetrated deeply by the acid. 
Apparently, the denser areas were at 
the original polishing level, showing 
little effect of attack, whereas there 
were many areas that had been dis- 
solved to a depth of about 1/2 mm. 

The top of the stone is shown 
under 17x in Figure 7, showing the 
areas of etching. The back of the 
cabochon is shown under 40x in Fig- 
ure §. The black areas are recessed, 
and the white areas stand up above the 
portions in which the black is evident. 


Striae in Light-Green Synthetic 
Sapphire 
We encountered a light-tourmaline- 
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green synthetic sapphire that showed 
unusual, strong, prominent curved 
striae. We expect to see curved striae 
in red, blue and alexandritelike syn- 
thetic sapphire, but to find it in a 
light-tourmaline-green synthetic is 
unusual in our experience. 


Odd Obsidian Inclusion 


We encountered some fibrous inclu- 
sions in an obsidian that were quite 


Figure 7 


Figure 8 


interesting (Figure 9). At the center of 
the photograph is an inclusion that 
looks somewhat like the spicules seen 


Figure 9 
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in Linde hydrothermal synthetic emer- 
alds, but at the end is a radiating group 
of obviously crystalline fibers. 


Silk in a Synthetic Yellow Sapphire 


A synthetic yellow sapphire was 
identified in the Laboratory on the 
basis of a number of spherical bubbles 
and a typical chromium spectrum, plus 
dark-red fluorescence. It showed one 
odd inclusion: a very thin needle that 
was certainly not to be considered 
typical for a synthetic yellow sapphire 
(Figure 10). 


White-and-Green Carvings 


In the last six months we have 
tested quite a number of very attrac- 
tive carvings in a very pure white with 
rather bright-green markings. Some 
were quite massive and very attractive. 
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Figure 10 


When a spot reading gave us a refrac- 
tive index of about 1.70, we thought 
the material might be Pakistani ido- 
crase, but X-ray diffraction showed it 
to be diopside. 


Cat’s-Eye Peridot 


For the first time we encountered 
peridot that had a fairly good eye. We 
did not photograph the inclusions in 
the cat’s-eye material, but did take 
some of the same kind of inclusions in 
a faceted specimen that came in at 
about the same time (Figure 11). We 
could not effectively photograph the 
inclusions in the material that showed 
the eye. 


Odd Pyrite Inclusions in Emerald 


At 20x in Figure 12 are some pyrite 
inclusions in an emerald, which, 
around the edges, are beginning to 
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alter to limonite. At the top of the 
photograph we see an inclusion that 
has almost completely altered, whereas 
the one in the middle shows very little 
change; the one at the ‘bottom has 
altered only slightly to limonite. We 
have never seen a more graphic illustra- 
tion of the process of the alteration of 
pytite to limonite. 


Synthetic Quartz from Russia 


Synthetic quartz in a number of 
colors was donated to the Lab recently 
by GeoAids, International. One of the 
colors was somewhat akin to smoky 
quartz and had areas from which 
stones could be cut showing no charac- 
teristic that would distinguish them 
from natural material by currently 
available tests. The blue material had 


Figure 11 
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three very weak absorption lines in the 
spectroscope, very roughly akin to the 
trio of lines seen in synthetic blue 
spinel, but much weaker. The main 
broad band was centered near 6500 A, 
with others at 6400 and 5500. The 
very diffuse band between 4900 and 
5000 A was visible only in a long 
section of the material. See Figure 13. 

There was also a sort of greenish 
color. None of these colors could be 
considered attractive nor saleable, but 
we feel its availability in the United 
States should be reported, because it 
probably will appear before long in cut 
stones. We feel that it is being 


Figure 12 
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imported largely for the amateur lapi- 
dary trade, rather than for jewelers, 
but it will undoubtedly turn up in 
identification problems in the future. 


Rare Minerals Tested 


We have tested some very unusual 
minerals since the last report, one of 
which, augelite, a basic aluminum 
phosphate, we have encountered in the 
past. This one had many two-phase 
inclusions, as shown in Figure 14. 

Two of the other four minerals we 
had never seen were creedite and 
whewellite. The former is a hydrated 
calcium-aluminum sulphate containing 
fluorine. The refractive indices were 
approximately 1.46-1.485. This rare 
mineral has a hardness of only 3 1/2, 
so it is strictly a collector’s item, 
rather than a gem material. 

Whewellite is a calcium oxalate. 
Since this is a salt of oxalic acid, an 
organic acid, it is a real rarity in the 
gem-collector’s field. It is monoclinic, 
optically positive, hardness only 2 1/2, 
specific gravity 2.23, and refractive 
indices 1.49, 1.555 and 1.65. 

Simpsonite is an exceedingly rare 
hexagonal aluminum tantalate, with a 
hardness of 7, a specific gravity near 
6.00, refractive indices of about 2.06, 
and a birefringence of about .100. This 
mineral, which is bright orange-yellow 
in color, has all the attributes of a very 
attractive and durable gemstone, but it 
is very rare in faceting quality and 
occurs only at Alto do Gis, 
Rio Grande do Norte, Brazil. 


More on Synthetic Emerald 


Another synthetic emerald with 
some very strange inclusions, but with 
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the low properties of the older flux- 
melt type, is shown in Figure 15. 
These flowerlike spots were unlike the 
inclusions we had seen in synthetic 
emerald heretofore. 
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Very Unusual Condition in a Diamond 


In a mounted diamond, in which 
there was no sign of any kind to 
suggest twinning, we noted on one 


‘bezel facet strong running lines (wheel 
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Figure 15 


Figure 16 
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marks) on a portion of the facet, 
whereas the other portion appeared to 
be perfectly smooth (Figure 16). The 
brighter side to the left is without 
running lines, but the wheel marks are 
very prominent on the right side. 

This would suggest a distinct differ- 
ence in hardness on the two sides of 
that line. So, in all probability, this 
must be a twinned crystal, even 
though there is no evidence of it in the 
form of a twin line. 
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Gemological Digests 


LARGE DIAMOND FOUND IN LOUISIANA 


We learned recently from 
C.E.Mounce, a former student in 
Shreveport, Louisiana, that a large 
diamond crystal had been found not 
far from Shreveport and brought to 
him for sale. In a new housing develop- 
ment in the village of Princeton, about 
18 miles east of Shreveport, a boy 
playing in the yard of his new home 
found the 18.20-carat crystal, a 
modified octahedron. His father took 
it to several jewelers in the Shreveport 
area and was directed by one of them 
to Mr. Mounce. Mounce bought the 
stone, shown in Figure J, and then 
sent it to the firm of Lazare Kaplan & 
Sons, New York City, for cutting. It 
was cut into a 3.47-carat oval, a 
2.27-carat marquis, and a 2.75-carat 
heart shape. The oval and the pear 
were approximately VS in clarity 
grade and about J in color. The heart 
shape was approximately a VVS2 and I 
in color. 

The temarkable thing about this 
discovery, if it was actually found as 


reported, is that we believe it to be the 
southernmost point at which a dia- 
mond has been found in this country. 
It is far enough away from a primary 
source in Arkansas that it would sug- 
gest that perhaps another pipe exists 
somewhere in the vicinity, if the geol- 
ogy in the area were different. How- 
ever, since Shreveport is in the area of 
gravels and other sediments dropped 
fairly recently by the Mississippi River 
system, geologically speaking, it is 
almost certainly an alluvial stone, in 
that the last-known volcanic activity 
within hundreds of miles, to our 
knowledge, would have been sometime 
before the deposition of the surface 
sediments in the Shreveport vicinity. 
This is a large stone to have been 
carried hundreds of miles in a river, 
other than a swift mountain stream. 
The Mounce Diamond if found at 
Princeton, Louisiana, as reported, 


would have to take its place among the 
top five to ten rough diamonds found 
in the United States. 


Figure 1 
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Book Reviews 


RUBIES & ROSES, by Peggy Feasey. 
Published by Charles E. Tuttle Co., Rutland, 
Vermont, and Tokyo, Japan, 1969. 128 
pages. Clothbound. Illustrated in black-and- 
white and 45 color plates. Price: $12.50. 


In this unique book, one of the most 
beautifully illustrated we have ever seen, the 
author develops the unusual concept of 
interpreting with flowers the romance of 
gems. 

After a brief discussion of some of the 
basic properties of gems, such as brilliance 
and luster, Mrs. Feasey presents a fasci- 
nating, brief history of the influence of 
flowers and plant forms as a decorative 
motif in jewelry design. 

She then reverses the influence and 
opens up for the reader the beautiful, 
breathtaking world of floral arrangements 
and compositions inspired by gems. She 
considers first the so-called precious stones 
—diamond, emerald, ruby and sapphire—and 
relates delightful stories of the roles played 
in history by gems, and explains how to 
derive exquisite floral creations from them 
—creations that seem to scintillate with the 
same brilliance and luminosity as the gems. 
Twenty-two other stones are treated in the 
same manner, and each is accompanied by a 
superb color plate showing a flower-and-gem 
design and a concise description of the 
materials used. 

Throughout the book Mrs. Feasey urges 
the reader to use his own imagination and 
duplicate in his own way the form, color 
and texture that these stones may inspire— 
to see the interrelation of these marvels of 
nature. She urges us to see in amethysts, for 
example, the lavender delphinium and the 
purple larkspur; to see in waxy jade the 
strong leaves of sanseveria combined with 
satinlike roses. She taps the sources of 
inspiration and stimulates her audience to 
do the same. 

Rubies & Roses will undoubtedly open 
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the door to a new realm of creative experi- 
ence for many persons. 


WORLD MAP OF GEMSTONE DEPOSITS, 
by H. J. Schubnel. Published by the Bureau 
de Recherches Géologiques et Miniéres, 
Paris, France, 1969. Printed in color. Avail- 
able from the Gemological Institute of 
America. 


Monsieur H. J. Schubnel, of the above- 
mentioned Bureau, has succeeded in the 
very difficult task of producing a world map 
of the major gemstone occurrences. 

About 150 deposits, both mining dis- 
tricts and individual mines, are located on 
the map. The author, not being satisfied 
with merely showing locations, has designed 
a colored symbol for each of the major 
gemstones. This symbol, in turn, has been 
modified in shape to show whether the 
deposit is igneous, metamorphic, alluvial, 
vein, lode, etc. Moreover, the size of the 
symbol indicates the comparative impor- 
tance of the deposit. Since this isa gem- 
stone map, the largest deposits are not 
necessarily the most important from a 
gemological standpoint. The Bakwanga 
deposit in the Congo, for example, is the 
largest diamond deposit, but it produces 
mostly industrial stones; therefore, its 
symbol is small. 

The map includes other colored symbols 
that indicate the geological age of the 
formations in which the gemstones are 
found. It measures 34% x 22% inches and is 
on a scale of 1:40,000,000. It is admirably 
suited for framing for wall decoration in a 
gem room. 


JEWELRY THROUGH THE AGES, by 
Guido Gregorietti. Published by American 
Heritage Publishing Co., Inc., New York 
City, 1969. 328 pages. Clothbound. Illus- 
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trated with black-and-white and color 
photographs. Price: $14.95. 


This book is unique for two reasons: it is 
the first major treatise on the history of 
jewelry since H. Clifford Smith’s Jewellery 
in 1908, and it contains many more color 
reproductions than any previous book on 
the subject. The color plates, numbering 
more than 200, are exceptional in every 
respect. Another 200 are in black and white. 

The author tells the story of jewelry in 
eight chapters, entitled Gold, Colored 
Stones in Jewelry, the Middle Ages, the 
Renaissance, the Baroque Period, the 18th 
Century, the 19th Century, and 1870 to the 
Present Day. 

The well-written text covers the subject 
quite well, and includes some material not 
considered in other works on the subject. 

Guido Gregotietti is director of the 
Museo Poldo-Pezzoli and professor at the 
Academia di Brera in Milan, Italy. 

Jewelry Through the Ages is a beautiful 
and’ informative book, and one that will be 
required reading for all serious students of 
the history of jewelry. 


JADE, by Louis Zara. Published by Walker 
& Co., New York City, 1969. 84 pages. 
Clothbound. Illustrated with black-and- 
white photographs. Price: $4.50. 


This modest-size handbook for collectors 
is an abbreviated version of other, more 
comprehensive, works. The subjects dis- 
cussed parallel in part those found 
elsewhere: the similarities and differences of 
jadeite and nephrite, facts and superstitions, 
and brief chapters on the use of jade by the 
Chinese, middle Americans, the Maori, 
Eskimo, American Indian and the Moguls. A 
final chapter gives advice to the collector. 
Included in each section is a discussion and 
comparison of the use of jade by each 
cultural group. 

Mr. Zara is a noted author who has had a 
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life-long interest in gems and minerals, 
especially jade. His book is part of a series 
known as Collectors’ Blue Books, published 
by Walker & Co. 


THE FABULOUS KEOKUK GEODES, by 
Stephen R. Sinotte. Published by the 
author, Portage, Michigan, 1969. 306 pages. 
Clothbound. Illustrated with black-and- 
white and color photographs. Price: $19.95. 


A geode can be defined as follows: “A 
cavity in clay or other formation that has 
been lined with a layer of quartz or other 
mineral. Weathering and erosion have subse- 
quently carried away the host rock, leaving 
a hollow ball, the interior walls of which are 
usually studded with crystals.” 

This book, which deals with the geodes 
of the Keokuk, Iowa, region (the world’s 
most notable source), was developed pri- 
marily around three concepts: the origin, 
formation and development of geodes. 

The first concept embraces the premise 
that geodes had their origin as diagenetic 
concretions in the marine sediments of the 
Mississippian sea. 

The second concept deals with the pro- 
cess by which silica replaced calcite at the 
margins of the diagenetic concretions, thus 
transforming them into geodes. 

Thirdly, the concept of development of 
geodes is concerned with cavity formation 
and mineral paragenesis resulting from the 
action of acidic solutions. 

The author develops these concepts in a 
most comprehensive manner, leaving little 
or nothing to be desired by the reader. 36 
color plates and analyses of selected geodes 
augment the text. The appendix includes a 
discussion of principal collecting sites, a 
glossary and a bibliography. 

For those who have a particular interest 
in these unique geologic formations, The 
Fabulous Keokuk Geodes will offer a wealth 
of informative data, much of which is 
unavailable elsewhere. 
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ASSURE YOUR CUSTOMERS WITH PHOTOGRAPHS OF 
EVERY JEWELRY PIECE YOU SELL! 


GIA PHOTOSTAND: Here is an exciting new way to build 
your professional standing! Give a photographic “‘guaran- 
tee”... and you'll sell more jewelry. 

The GIA PHOTOSTAND is the first miniature photo studio 
designed specificaily for jewelers. So foolproof, that you 
can take ‘‘razor-sharp'’ photos every time! PHOTO- 
STAND includes a Model 350 Polaroid Land Camera, a 
scientifically-balanced, color-corrected lighting system, 
foolproof focus indicators, and three color-coded lenses 
which give you precise focus. 

EASY-TO-USE... SETS UP IN SECONDS! 

You can photograph a single jewelry piece or a group of 
jewelry pieces. You take Y% size, actual size, or 11 size 
photos, black and white, or color, in an instant. Prints are 
ready in seconds. Exciting merchandising techniques are 
limited only by your imagination! Give your customers 
photos of the jewelry they buy. They will proudly show 
these to their friends... help build your business. 

Best of all, the entire PHOTOSTAND . .. camera, lenses, 
lighting, and focus indicators are yours for under $400. 


SPECIAL BONUS FEATURE — The Polaroid Land Camera can 
also be used for regular photographs. 


GIA PHOTOSCOPE: The perfect companion to the GIA PHOTO- 
STAND. This unique photographic system adapts to your Gem- 
olite or Diamondscope. Lets you take photomicrographs of 
magnified gem details in seconds. 

Tiny inclusions show up with the greatest clarity. Use PHOTO- 
SCOPE to furnish your customers with photographic “‘finger- 
prints” of the gems they buy! You build customer assurance! 
Excellent for insurance records. 

The PHOTOSCOPE utilizes the same Polaroid Camera that is 
used with the PHOTOSTAND. The PHOTOSCOPE system also 
includes a fiber optics system which gathers light to automat- 
ically set the exposure needed to take a perfectly exposed 
photo. It quickly attaches to or detaches from your Gemolite 
or Diamondscope. 

Customers will be impressed with your thoroughness and pro- 
fessional approach. PHOTOSCOPE complete with Polaroid 
Camera and fiber optics system, is less than $300. Even less, 
if you already have the PHOTOSTAND, because the same 
camera can be used with both. 


Write today for complete information. 
Instrument Division. 
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GHA Adds More Than 50% to lis Space 


at Los Angeles Headquarters 


The Gemological Institute of Amer- 
ica has added greatly to its space in 
Los Angeles, primarily to train the 
ever-increasing number of full-time 
resident students. For those familiar 
with Los Angeles Headquarters, 
approximately 2400 square feet were 
added over the two stores leased by 
GIA to retail businesses, and two 
stories were added across the back of 
the patio, adding another 1500 square 
feet. 

The architectural work was done by 
the famous firm of Richard and Dion 
Neutra. Richard Neutra (who died 
recently) was one of the more famous 
American architects. A protege of 
Frank Lloyd Wright, Mr. Neutra 
became famous first in Southern 
California and then internationally for 
his modern style of architecture keyed 
to the needs of the occupant. Richard 
Neutra and his son, Dion, and their 
associates, designed the original GIA 
building, constructed in 1955, so it 
was natural that they were chosen 


138 


again to design the addition to the 
space. The photographs accompanying 
this article show some of the unique 
features of the building, both in its 
original form and in the new addition. 

When the original building was 
designed, the Institute handled only 
one or two full-time resident students 
annually, but now, about 100, from 
many different countries, are trained 
each year. Recently, the Institute had 
40 full-time students at one time on 
the premises, representing 10 different 
countries. In the last three years, more 
than 20 students from Japan have 
been trained, as well as several from 
Central and South America, and many 
more from Europe, Canada and the 
Far East. 

Those who complete the training 
successfully earn the coveted GIJA’s 
Graduate Gemologist in Residence 
Diploma, recognized throughout the 
world. 

One of the features of the original 
building was a spiral staircase that 
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Figure 7 
Front view of the Institute, showing the addition over the 
two leased stores. 


Figure 2 


A view of part of the patio, showing the mirrors on the right. 
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appeared in architectural books and 
magazines published in many 
languages, so the Neutras—father and 
son—felt that this should continue to 
be featured in the new building. Since 
it was cut off from view from the rear 
entrance by the two-story wing across 
the back of the patio, they decided 
that mirrors on the lower floor of the 
wing would reflect the staircase and 
add apparent width to the attractive 
patio area. 


The front elevation of the building 
is much more imposing than formerly. 

The full-time resident program is 
growing very rapidly in a natural man- 
ner, since it has had no publicity 
whatever. Its growth has been entirely 
on a word-of-mouth basis. With this in 
mind, it seems very likely that GIA 
will soon outgrow its present quarters. 
Fortunately, the two leased stores on 
the lower floor can be utilized when 
future growth requires that additional 
space is necessary. 


Figure 3 


Another view of the patio. 
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Figure 4 


A room adjoining the present Laboratory, used for offices and 
additional testing space. 


Figure 5 


The classroom-laboratory for students of Gem-ldentification. 
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Figure 6 
The Bookkeeping Department. 


Figure 7 


A portion of the instructors’ offices. 


GEMS & GEMOLOGY 


Figure 8 
Rear entrance to patio, leased shops and second floor. 


AL 
ee 


Parking area, showing rear of building. 
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GLENN NORD AND BERT KRASHES 
TEACH OVERSEAS 


In November, 1969, Richard T. 
Liddicoat, Executive Director of the 
Gemological Institute of America, and 
Glenn Nord, Faculty Supervisor, were 
invited by the Diamond Control 
Center of the Israeli diamond industry 
to visit Tel Aviv and discuss the 
possibility of conducting diamond- 
appraising and gem-identification 
classes in April and May, 1970. 

Classes were planned and scheduled 
to begin just after Passover, and Nord 
was selected as instructor. Six classes 
of 20 students each began in late April 
in Ramat-Gan, a suburb of Tel Aviv, at 
the 28-story Diamond Exchange. 

We have heard from several sources 
that the classes were the talk of the 
industry in Israel. Israeli diamond men 
were particularly pleased with the 
Rapid-Sight system of diamond 
grading and evaluation. 

Mr. Nord followed an exceedingly 
heavy schedule during his teaching 
effort. Each class was given in 10 
3%-hour sessions. The first class daily 
was conducted from 8:30 AM. until 
noon, the second from 3 -P.M. until 
6:30, and the third from 7 P.M. until 
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10:30. During his stay in Tel Aviv, 
Nord taught 4 Diamond-Grading and 
Appraising classes and two Gem-Iden- 
tification classes to a total of 120 
students. 

Further classes are planned for 
either November or early in 1971. 

Nord remained in Israel until com- 
pletion of the classes on May 27. He 
then returned to the United States to 
begin a series of classes in Minneapolis, 
Milwaukee and Topeka. 

At about the same time, Bert 
Krashes, of GIA’s New York staff, 
began a three-day seminar for the 
retail jewelers of Ponce, Puerto Rico. 

The staff of the Gemological Insti- 
tute of America is delighted to have 
these opportunities to extend its in- 
struction beyond the continental 
limits of North America. 

The full-time resident instruction, 
given in Los Angeles, has continued to 
attract students throughout the world. 
The program is growing very rapidly, 
so that the instructors are having 
increasingly greater opportunities to 
plumb the interests of overseas 
jewelers. « 
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Figure 7 
From the left: Elazar Shalev, Diamond Contro! Center, who has all but completed 
GIA courses; Glenn R. Nord, GIA Faculty Supervisor; Schlomo Winnikow, President, 
Diamond Brokers Association; R. T. Liddicoat, Executive Director, GIA; Moshe 
Schnitzer, President, World Federation of Diamond Bourses; A. Ben Moshe, Deputy 
Director, Diamond Division, Ministry of Commerce and Industry; Amnon Ben Zeev, 
Director, Diamond Division, Ministry of Commerce and Industry. 


Figure 2 
Glenn Nord inspects a sawing plant near the Diamond Exchange. 
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Figure 3 
Mr. Nord and an official of the Diamond Control Center with the 
Israeli Diamond Exchange in the background. 


Figure 4 
A gold casting plant.in Jaffa near Tel Aviv. 
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Figure & 
Nord and Liddicoat at 
Capernaum on the Sea of 
Galilee. Capernaum dates 
from the pre-Christian era. 


Figure 6 
The Sea of Galilee from 
Capernaum. 


147 


SPRING, 1970 


Developments and Highlights 
at Gr AX’s Lab 


in Los Angeles 


by 


RICHARD T. LIDDICOAT, JR. 


Unusual Opals 


In the Fall, 1969, issue of Gems & 
Gemology, we reported some opals 
with very low properties: refractive 
indices about 1.37 to 1.38 and specific 
gravities on the order of 1.42. The 
black opals with these properties we 
found very suspicious, but we did not 
have any real basis for calling them 
treated. During the time we were 
testing this material, we discovered 
that the point of a pin indented the 
opal readily, and then the indentation 
disappeared after the point was 
removed. In addition, we noted that it 
was exceedingly soft and that a scratch 
did not have the normal ragged appear- 
ance that we would expect from an 
opal. 

We also tested some white opal we 
believed to have come from Mexico. It 
was so porous that it absorbed water 
and moisture from the tongue at a 
very rapid rate. We have learned since 
that someone has been impregnating 
this white opal with a black plastic. 
The impregnated material assumes a 
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black body color but with its play of 
color unimpaired, and, if anything, 
enhanced. The result is a _ very 
beautiful, doctored black opal. We 
expect to see much more of this 
material on the market in the near 
future, because it is so attractive; and 
it is, to date at least, quite inexpensive. 
With its plastic treatment, it is quite 
durable and makes a very attractive 
gem substitute. 

Detection is possible using a razor 
blade or some other sharp point of like 
hardness against the back of the 
material, because it grooves the 
plastic-impregnated opal rather than 
scratching it, in the ordinary sense. In 
addition, a drop of concentrated 
sulphuric acid leaves a whitened spot. 


Interesting Beryl Inclusion 


Figure I shows one of the most 
interesting inclusions we have seen in 
some time. A colorless beryl crystal 
had a large, hexagonal negative crystal 
with a very long tube extending from 
the point of the crystal. It was an 
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Figure 1 


unusual shape for a beryl crystal, with 
no basal pinacoid. It has often been 
said that tubes in beryl are parallel to 
the c axis, and this proves very well 
that this is the case. In other words, 
the long tube is a negative crystal 
parallel to the c axis (usually the long 
direction in beryl). 


Alexandritelike Synthetic Spinel 


Perhaps the most elusive of the 
synthetic materials is alexandritelike 
synthetic spinel. Occasionally, we see 


one—much less than once a year on an 
average. We encountered one the other 
day with a beautiful color change and 
decided to record the spectrum 
(Figure 2). It very closely resembled 
the cobalt spectrum in ordinary 
synthetic spinel. 


Vegetable Ivory? 


Occasionally, we encounter organic 
materials with rather odd properties. 
One was button shaped and showed 
very strong banding at right angles to 
the axis that passed through the center 
of the dome. The photograph, taken 
through the side, shows the banding 
rather well (Figure 3). When the same 
concretion was photographed from the 
top, a sort of hexagonal pattern was 
shown (Figure 4). We assume that this 
is some kind of vegetable (?) ivory that 
we have seen on numerous occasions 
in the past, but with a less pronounced 
structure. 


Fanciful Inclusions 


Don Williams of Holland,-Michigan, 
showed us a diamond in which a 
pattern that he labeled “CG” (for 
Certified Gemologist) appeared on the 
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on leave, Frank Golden, sent us some 
pictures of star peridot. Figure 6 
shows a six-rayed star, Figure 7 a 
four-rayed star, and Figure 8 one view 
of the inclusions, the reflection from 
which causes the star effect. 


Thad Lavy 


Figure 4 


Figure 6 


table (Figure 5). Unfortunately, the 
“C” and the “G” seem to be juxta- 
positioned, but it is quite clear that 
both letters are present in the photo- 


graph. 


Rare Star Peridot 


After a note in a recent lab column 
about cat’s-eye peridot, our instructor Figure 7 
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Parallel Growth in Emerald 


Very frequently we encounter, 
especially in early Gilson synthetic 
emeralds, a parallel growth with the 
crystals oriented in the same direction, 
so that when a large, flat piece of 
rough is examined under polarized 
light a mosaic effect is noted. We 
tested a natural emerald in which a 
similar, but more pronounced, parallel- 
growth condition was encountered. 
Figure 9 shows three different lighter 
crystals in an emerald-cut emerald. 


Figure 8 


Figure 9 
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The darker areas had a very rich green 
color, and the overall effect was of a 
fine color; but in dark-field illumi- 
nation the three distinctly lighter 
crystals were evident in the optic-axis 
direction. It is clear that a chromium- 
tich beryl surrounded, during growth, 
three chromium-poor beryl crystals, 
and that the final stone was cut to 
include all four. This is something rare 
in our experience, so we recorded it 
photographically. 


Green-Grossularite Inclusion 


The new transparent, green- 
grossularite garnets are not particularly 
common, so when we had an opportu- 
nity to study quite a number under 
magnification, we decided to record 
one distinctive kind of inclusion. 
These are small, flat negative crystals, 
because in the right direction they 
reflect light brightly. Two are shown 
in Figure J0, one with the light 
reflecting from it, so it appears as a 
bright oval; the other (arrow), with 
light passing through, is very difficult 
to see. 


Conch Pearl 


Figure 11 shows an_ especially 
attractive conch pearl, in which the 
flamelike pattern of bright reflections 
is particularly obvious. 


Odd Inclusion 


Homer Holland, Graduate 
Gemologist of Selma, Alabama, sent us 
this picture of the Apollo (?) he took 
in a purple stone (Figure 12). We 
assume from the nature of the 
inclusion that it probably was a 
synthetic sapphire. 
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Figure 10 


Figure 17 


Silklike Inclusions in 
a Natural Spinel 


We usually think of natural spinel 
as having very few inclusions, other 
than the little octahedral crystals that 
most persons associate with spinel. We 
encountered one recently that had a 
large number of silklike inclusions 
(Figure 13). They were found through- 
out the stone and were quite unlike 
any spinel inclusions in our memory. 
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Figure 12 


Hydrothermal Emerald Inclusions 


A rather interesting inclusion in a 
Linde synthetic emerald is shown in 
Figure 14. One of the large cavities 
resembles a hand and wrist. Extending 
from the fingers to the wrist is a large 
bubble not too clearly seen in the 
photograph. However, it is proof, 
because of its two-phase nature, ‘that 
this is a hydrothermal synthetic 
emerald. 


Rare Inclusions in 
Synthetic Emerald 


Recenily, yet another manufacturer 
of hydrothermal synthetic emerald 


Figure 13 
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was called to our attention. This 
gentleman, a former Linde man, is 
apparently making synthetic emeralds 
as a hobby. The specimen we exam- 
ined showed the two-phase spicule 
inclusion capped by a phenakite 
crystal, as we expect in a hydrothermal 
emerald. It also had inclusions that 
looked somewhat wispy, after the 
nature of the Linde product. However, 
some were totally unlike what we have 
seen in this kind of emerald: a group 
of small needles under the table. 
Refractive indices were approximately 
1.575-1.580, a specific gravity near 
2.68, and fluorescence weak. 


Needlelike Inclusions in Diamond 


Another stone we examined was a 
diamond that had some very unusual 
inclusions. They had the look of 
needles, which is unusual in diamonds, 
so this stone almost had a star effect 
(Figures 15 and 16). 


Figure 14 
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Figure 16 


Large Knot in Diamond 


We were grading a round brilliant- 
cut diamond and noticed two bright 
streaks on the table that we first 
thought were deep scratches, but soon 
realized they were feathers. When we 
examined the stone with vertical light 
on the table, it became clear that these 
were delineating the edges of a huge 
knot in the table. The bright streaks 
are shown in Figure 17, and at least a 
portion of the knot is visible in Figure 
18. Arrows have been placed on the 
photograph to show the four corners 
of the knot. We have seen many large 
knots in diamonds, but this is the first 
time that their sides have been out- 
lined by such bright feathers. 
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Figure 17 
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Developments and Highlights 
at Gr TAy’s Lab 


in New York 


by 


ROBERT CROWNINGSHIELD 


Hydrothermal Pink Sapphire 


_ We were happy that we had for 
cémparison purposes the hydro- 
thermal pink-sapphire crystal shown in 
Figure 1. It was a gift from Airtron 
Division of Litton Industries. Later, a 
pink cabochon was submitted for 
testing. With the veils and wisps resem- 
bling those of a flux-fusion synthetic 
emerald, we were somewhat puzzled 
by its color and size. However, when 
compared with the crystal under ultra- 
violet they behaved the same. Under 
long wavelength they both fluoresced 
a very strong red; under short wave- 
length the fluorescence was a weak red 
with a whitish overtone, or “bloom.” 
We doubt that the material will be 
produced commercially for jewelry, 
since it resembles the light corundum 
from Brazil, which seems to be in 
sufficient supply to meet a modest 
demand. 


Black Cultured Pearl 


The black pearl in the ring shown in 
Figure 2 was purchased in Japan as a 
“natural black pearl.” Routine testing 
indicated the possibility that it was, 


156 


since it glowed reddish brown under 
long-wave ultraviolet—a characteristic 
not associated with dyed or cultured 
pearls. Because of the mounting, the 
X-radiograph was inconclusive, and we 
asked permission to have the pearl 
removed from the peg. 

Meanwhile, a mention in The 
National Geographic Magazine last 
year that Japanese cultured-pearl 
growers were beginning to produce 
cultured pearls grown in the black-lip 
Martensii came to mind. As can be 
seen in Figure 3, the pearl was 
cultured but “‘naturally”’ black. 

Cultured-pearl dealers in this 
country have yet to receive any of 
these for sale or display, and their 
source is being investigated. If they 
had been introduced even so short a 
time ago as 10 years, I am sure we 
would be much more excited than we 
are. 


Milky Diamond 


We were very happy to acknowl- 
edge receipt of a 2%-carat milky-white 
diamond from student Marie Hooper, 
jeweler in Spring Lake, New Jersey. 


GEMS & GEMOLOGY 


Figure 7 


The misty quality of the stone can be 
seen in Figure 4. What cannot be seen 
is that the “mist” occurs in definite 
zones and. under magnification can be 
seen to be made up of exceedingly 
small “pinpoints,” much as dust in the 
atmosphere. 

We were reminded of certain impor- 
tant diamonds we have graded recently 
that were just slightly misty but in 
which no zones nor parallel bands 
could be seen and no particles what- 
ever, even under highest magnification. 
Two such stones were top color and 
free of any imperfections otherwise. It 
was acknowledged that the slightly 
lower transparency did affect the 
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Figure 3 


Figure 4 


Figure 2 


value, but we have been at a loss how 
to arrive at a meaningful grade. It is 
possible that these stones represent a 
new source of gem diamonds. If so, we 
must arrive at an acceptable grade for 
them, so as to be fair both to the 
diamond and to potential customers. 


Unusual Diamonds 


Two additional unusual diamonds 
came in the same day and were the 
same greenish-gray color—a color that 
would not normally prompt a gem- 
ologist to use the conductometer, 
since only blue and laminated blue and 
brown diamonds are thought to be 
conductive. However, the fifth stone 


157 


from the clasp end of the bracelet in 
Figure 5 glowed strongly after short- 
wave ultraviolet was turned off, sug- 
gesting the phosphorescence of a Type 
IIB diamond. It proved to be a strong 
conductor, as was a loose l-carat 
marquise of the same color. The fifth 
stone from the other end of the 
bracelet was also conductive but 
expectably so, since it was a soft blue 
in color. The other 12 stones com- 
prised a strikingly beautiful collection 
of natural fancy-colored gems. 


Chrome Aventurine 


Figure 6 is the absorption spectrum 
of a beautiful green quartz that, for 
lack of terminology, we called chrome 
aventurine. The translucency and rich 
color made the stone pass as jadeite, 
until one more knowledgeable dealer 
became suspicious because the stone 
felt “too light.”” The spectrum at first 
made one think of a dyed stone, until 
it was noted that red was transmitted 
beyond 7000 A. The fine-grained aven- 
turine structure could be detected 
only under high magnification. 


Gilson Synthetic Emerald 


Figure 7 is a Photoscope picture of 
a section of a very large Gilson syn- 


Figure 5 


thetic emerald crystal we had the 
pleasure to examine when Pierre 
Gilson, Jr., was in class recently. The 
platinum wire can be seen clearly, and 
near it what must be an included 
crystal of phenakite. 


Chatham Synthetic Emerald 


We are indeed grateful to Mrs. M. 
Stuart of Created Gemstones, Inc., 
New York City, for the group of 
Chatham flux-fusion emerald crystals 


Figure 6 
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Figure 7 


shown in actual size in Figure 8. An 
unusual feature of the specimen was 
the presence of colorless crystals in 
openings and depressions. It was 
assumed that they were phenakite and 
should be of interest to the avid 
micromount collector (Figures 9 and 
10). 


Diamond Inclusion in Diamond 


In Figure 11 an included crystal of 
diamond just beneath the table of a 
round diamond brilliant can be readily 
seen. The faces of the ctystal were so 
smooth that they contributed unex- 
pected flashes of brilliancy as the 
stone was turned. Our thanks to Irwin 
Moed, diamond dealer, New York 
City, for allowing us to study this 
stone. 


Name the Cutting Style 


We were at a loss for the name of 
the cut of the diamond shown in 
Figure 12. The crown and pavilion 
were identical and were each like the 
pavilion alone of a “modified double 
brilliant, cushion antique in shape.” 


Mammoth Ivory? 


Occasionally, we are presented with 
an item to test that we are sure is 
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Figure 17 


outside our field. One such item, 
shown in Figure 13 approximately 
actual size, was an irregularly banded 
knife handle in tan, yellowish and 
nearly white. It was clear that the 
different colors were of different hard- 
ness, because of the apparent under- 
cutting. The white portion was the 
hardest and proved to have the higher 
refractive index (1.61), whereas the 
yellowish to tan areas gave readings of 
1.55 or 1.56. We were quite sure it was 
organic, but the owner had shown it to 
several museum curators who had pro- 
nounced it ‘Mexican onyx,” “banded 
marble” and “early plastic.” With this 
confusing information to spur us on 
we undertook its identification—and a 
return to the old textbooks. 
Meanwhile, to assist us, our client 
returned several days later with a 
sawed chunk of the material, which 
gave similar readings and appeared the 
same in ultraviolet light: banded white 
and yellow fluorescence. He was told 
the chunk was mammoth molar. With 
this as a clue, we found a reference to 
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Figure 12 


elephant-molar ivory in Robert Web- 
ster’s admirable book: “This molar 
ivory often shows cracks along the 
division of the enamel and the cement, 
which produces a weakness in the 


Figure 13 
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material. Such ivory is sometimes used 
for the production of knife handles?’ 
(Now we knew we were on the right 
track!) We had noted the cracks and 
suspected the different layers to be 
different in hardness. Webster con- 
tinued: “This characteristic structure 
is due to the teeth being composed of 
vertical plates of dentine separately 
enveloped with enamel and cemented 
together by the cement.” 

The only thing we could not prove 
was whether it was from an extinct or 
existing elephant. We suspect that 
mammoth molar would be darker in 
color. 

One test we did was not mentioned 
by Webster and may be significant: a 
drop of hydrochloric acid caused 
gentle effervescence, especially at the 
cracks. Figure 14 shows the knife 
handle and the sliced molar. Figure 15 
is an enlarged photograph of a section 
of the handle, which was very kindly 
donated to the Institute by our client, 
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Figure 15 


student A. Zacharya, Stamford, Con- 
necticut. 


Unpolished Girdles 


In the last column, we mentioned 
that an unpolished girdle on a mar- 
quise or pear-shaped diamond that 
draws color will tend to enhance the 
color from the white frosted-girdle 
reflections near the end. A clever 
diamond cutter can use the same 
principle to give brilliancy to an ex- 
tremely thin stone. 

A marquise shown to us recently by 
diamond cutter Ralph Shapiro had a 
depth percentage of less than 40%, 
yet, because of the girdle reflections 
being nearly half way to the culet, it 
was alive with what Mr. Shapiro called 
“false brilliancy” — reflections from a 
slightly thick, faceted girdle. 

We are, incidentally, grateful to Mr. 
Shapiro for several fine pink-conch 
shells, souvenirs no doubt from a West 
Indian vacation. 
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Alexandritelike Garnet 


What may well be one of the rarest 
gem materials at the moment was 
identified as alexandritelike garnet. It 
was a rolled pebble weighing approxi- 
mately three carats. It changed color 
dramatically from green in daylight to 
red-purple in artificial light. We are 
indebted to Dr. John Saul of Nairobi, 
Kenya, for the chance to study this 
specimen and for the gift of unusual 
rough Tanzanian minerals. Thus far, 
our staff lapidary, Jerry Cali, has cut 
brown transparent idocrase, yellow 
diopside, light-green plagioclase and 
rich-blue kyanite. 


New Materials 


Jerry vacationed in Brazil recently 
and returned with several mineral spec- 
imens, among which was a cluster of 
rose-quartz crystals — our first — a gift 
to the Institute from student Jules 
Sauer of Rio de Janeiro. Call also had 
rock crystal with black dendritic inclu- 
sions along healed fractures (Figure 
16). 


Zerfass Synthetic Emerald 


We would like to express our 
thanks to Pierre Gilson, Jr., for the gift 
of a Zerfass synthetic emerald that he 
sent after his return to France follow- 
ing his residence-class study recently. 
We had mentioned that we had not 
encountered any stones from this 
small manufacturer, and were delight- 
fully surprised to receive one for 
study. 

In the microscope it has the appear- 
ance of the usual flux-fusion synthetic 
(Figure 17). It fluoresces red under 
ultraviolet and has the usual refractive 
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Figure 16 


index of 1.560-1.564 and floats in a 
2.67 specific-gravity liquid. In other 
words, it is indistinguishable from 
other fluorescent synthetic emeralds 
of flux manufacture. 


Figure 17 


GEMS & GEMOLOGY 


Diamond in Conglomerate 


An important addition to the GIA 
collection was received recently from 
Allan Caplan, colored-stone importer, 
New York City. It consisted of two 
Brazilian diamond-in-matrix  speci- 
mens. Figure 18 is one of the 
specimens, a coarse conglomerate in 
which at least five minerals can be 
recognized. The diamond (arrow in 
Figures 19 and 20) is just one of the 
pebbles in the mix. The other speci- 
men is sandstone in which the dia- 
mond is nearly embedded (arrow, 
Figure 20). We were delighted to find 
that both specimens were authentic, 
not of the “cemented-in” type fre- 
quently encountered. 


Odd Opal 


Figure 2] illustrates a natural green- 
ish opal that. on sight one would call 
black treated. The color spots were 


Figure 18 
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Figure 19 


circular and many of them had a dark 
spot in the center that could be made 
to be yellow, green or blue by rotating 
the stone. 


Further Acknowledgments 


In addition to the above-mentioned 
gifts, we wish to express our sincere 
appreciation for the following: 

To Church & Co., Bloomfield, New 
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Figure 27 


Jersey, for a great number of stones of 
many species and varieties. 

To Allan Caplan for many Brazilian 
and other stones. , 

To Vartanian & Sons, Inc., colored- 
stone importers, New York City, for 
opals and green-dyed chalcedony in 
sizes that closely resemble Trapiche 
emeralds. 

To student Murray Darvik for some 
handsome dioptase crystals, which 
brought to mind again how unfortu- 
nate that this beautiful green mineral 
is not tough enough to cut and wear. 

To Walter Arnstein, gem dealer, 
New York City, for a specimen of the 
alexandrite and emerald mentioned in 
the last column. 
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DIAMOND FIRMS FINED 


The following is a news release, 
dated April 10, 1970, from the office 
of Louis J. Lefkowitz, Attorney Gen- 
eral of New York County: 

“““Diamonds may be a girl’s best 
friend, but one retail diamond concern 
and two diamond-appraisal companies 
are definitely not,’ Attorney General 
Louis J. Lefkowitz said yesterday 
when he obtained an order in Supreme 
Court, New York County, enjoining 
the firms from alleged deceptive prac- 
tices in supplying inflated appraisals of 
diamonds to prospective buyers. 

“The order, signed by Justice 
Frederick Backer, was consented to by 
Furman & Meyers, Inc., 1196 6th 
Ave., New York City, and the apprais- 
al companies, J. Simpson & Co., Inc., 
1176 6th Ave., New York City, and Al 
Edelstein of the New York Diamond & 
Jewelry Appraisal Service, 29 W. 47th 
St., New York City. 

“The investigation, by the Bureau 
of Consumer Frauds & Protection of 
the Attorney General’s office, assisted 
by the Gemological Institute of 
America and the Jewelers’ Vigilance 
Committee, used undercover shoppers 
who went to Furman & Meyers, Inc., 
and were shown diamonds in a re- 
quested price range and chose one. 
Before a price was given they were 
steered to J. Simpson & Co., Inc., 
where an appraisal was made. On their 
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return to Furman & Meyers, Inc., the 
shoppers were directed to the ‘official 
state appraiser,’ New York Diamond & 
Jewelry Appraisal Service, where an- 
other appraisal, almost identical with 
Simpson’s appraisal, was made. Only 
then was a sales price quoted by 
Furman & Meyers. 

“According to the affidavit of As- 
sistant District Attorney Stephen 
Mindell, who handled the case for the 
Attorney General’s office, Furman & 
Meyers, Inc., and J. Simpson & Co., 
Inc., have identical officers and stock- 
holders, although this was unknown to 
diamond purchasers. Furthermore, the 
investigation revealed that the apprais- 
als were substantially higher, by as 
much as 50 percent, than those given 
by other appraisers subsequently con- 
sulted by the Attorney General’s of- 
fice. Of course, New York Diamond & 
Jewelry Appraisal Service was not an 
‘official state appraiser,’ the Attorney 
General said. 

“The order prohibits the named 
firms from misrepresentation in the 
appraisal and sale of diamonds, and 
prohibits the use of such terms as 
‘slightly imperfect,’ ‘full brilliance, 
‘excellent brilliance,’ ‘fine white col- 
or, ‘commercial white, ‘clean’ or simi- 
lar terms in a misleading manner. The 
order also requires affirmative disclo- 
sure to the public of the close relation- 
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ship between the firms, and the ap- 
praisers must provide prospective pur- 
chasers with a value figure based on a 
bona fide estimation of the present 
approximate retail replacement cost of 
an identical item. 

“Attorney General Lefkowitz 
praised the Jewelers’ Vigilance Com- 
mittee and the Gemological Institute 
of America for their assistance in the 
investigation. 


““Phere is enough uncertainty in 


determining the value of the diamond 
without having to be concerned with 
collusion between retailers and ap- 
praisers, the Attorney General noted. 
He emphasized that size, shape, clarity 
and other factors affect the value of 
the diamond, and there may be differ- 
ences of opinion as to value even 
among reputable firms. 

“The firms paid $2400 in costs and 
consented to the entry of the order, 
but denied any violation of law.” 


A DIAMOND AND PRECIOUS-STONE STOCK EXCHANGE 
PLANNED IN IDAR-OBERSTEIN 


Idar-Oberstein, the well-known Ger- 
man gemstone center, is planning the 
establishment of a diamond and 
precious-stone stock exchange. 

A committee for founding the 
stock exchange was formed in January 
of 1970, consisting of Germany’s 
oldest and largest diamond-cutting 
plants, wholesalers and lapidaries. 

The building housing the Exchange 
will consist of a postoffice, a travel 


agency, a stock-exchange assembly 
room, board rooms, bank branches, a 
large restaurant, and 150 offices. The 
structure will be 14 stories high. 
About 800 to 1000 reputable gem 
dealers will be in the Exchange, and 
drafting the final constitution will take 
place in the near future. The Verband 
der Edelstein und Diamantindustrie 
will assume the organizational tasks. 


SAPPHIRES CAUSE NEW MINING BOOM 


The following is a news release, 
dated March 30, 1970, from the Press 
& Information Officer at the Austra- 
lian Consulate General’s office, San 
Francisco: 

“In the excitement of the current 
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Australian mining boom, with enor- 
mous finds of nickel, uranium and 
other minerals sending Australian 
stock-market prices spiraling, another 
mining boom has gone virtually unno- 
ticed. In the New England district of 
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New South Wales, soaring land prices 
and the scramble for mining leases 
have heralded a revival of Australia’s 
sapphire-mining industry. The boom 
has followed recent finds of top- 
quality sapphires and an increasing 
world demand for the gems in the 
wake of falling production in Asia. 


“It is estimated that sapphires 
worth over $200,000 are being won 
monthly from the sapphire-bearing 
fields in the rich pastoral district 
around the towns of Glen Innes and 
Inverell, about 400 miles northwest of 
Sydney. This figure will rise sharply in 
the near future, when mining syndi- 
cates and public companies take up 
their new leases and production begins 
on a large scale. 

“Until now, sapphire mining has 
been a minor industry carried on by 
family businesses, small syndicates or 
partnerships and individuals, using a 
variety of outdated and sometimes 
primitive methods. The boom is al- 
ready effecting a transformation of the 
area, since the industry is being put on 
a modern footing. in line with other 
mining ventures. Modern drag shovels 
and huge mechanical excavators will 
soon be brought into service to replace 
old dredging methods of mining. 

“The gem industry in Australia in 
the past has been a comparatively 
minor one, representing only a frac- 
tion of one percent of Australia’s total 
mineral production. Opals have been 
the major money earner. The total 
value of sapphires found to date repre- 
sents only a few million dollars, al- 
though precise figures are unknown, 
since a large number of stones found 
by fossickers (an Australian term for a 
miner who gleans what has been left 
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on abandoned workings, mostly on the 
surface) and weekend prospectors are 
undeclared. ; 

“In the past, the northern state of 
Queensland yielded the greatest vol- 
ume of stones, but now the majority 
come from the Glen Innes-Inverell 
fields in northern New South Wales. In 
the Inverell district, commercial 
mining operations began at 
Nullamanna, about 12 miles from the 
town of Inverell, in 1958. Two years 
later, mining was resumed at Sapphire, 
17 miles from Inverell, after a lapse of 
40 years. It was, however, only on a 
small scale, the official total value of 
production for the district being only 
$168,000 to 1965. In the Glen Innes 
district, commercial sapphire mining 
began at Reddestone (Figure 1), about 
7 miles from the town, in 1960, and 
total value of production to 1965 was 
$71,000. 


“After 1965, production dwindled 
as drought gradually gripped the area 
and the streams feeding the sapphire 
dredges dried up. Last year, when 
the drought finally broke, rusty 
equipment was coaxed back into oper- 
ation and mining resumed. With the 
increasing demand for sapphires, pro- 
duction rose to $526,635 for the year. 

“Mr. Jack Gaukroger, head of a 
family business that is currently one of 
the largest producers, estimates that 
between $100,000 and $150,000 is 
flooding into the town of Inverell each 
month as a result of sapphire mining. 
He declined to disclose the value of his 
own production, but he said that 14 
gem buyers from Sydney and Brisbane 
now regularly visit the town. 

“Until the present boom attracted 
the large companies, mining methods 
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Figure 7 


differed little from those used 40 years 
ago. 
“The sapphires are won from 
stream gravels and alluvial deposits 
along the creeks that meander through 
lush properties. where cattle and sheep 
graze. The old hydraulic method in- 
volves washing down the creek beds 
with a high-pressure hose and sucking 
up the dislodged earth and gravel with 
a gravel pump. The slurry is then 
pumped into a trummel, or revolving 
drum, perforated with various-sized 
holes, which separate the larger, value- 
less stones. The ‘refined’ slurry runs 
over a series of sluice boxes to a 
pulsator, which is a large metal box 
with a bottom of fine mesh. Water 
forced up and down through the slurry 
in the box causes the heavier stones to 
fall to the bottom. The sapphires, 
having a higher specific gravity than 
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the other rocks, gather at the bottom 
along with garnets, zircons and other 
gemstones of lesser value. The boxes 
are emptied once a week or once a 
day, depending on their size, and the 
stones collected are washed in a hand 
sieve. Any valueless stones still remain- 
ing have to be taken out by hand. 

“Modern mechanical excavators 
will place the raw material scooped 
from the creek beds directly into the 
pulsators, speeding production and 
eliminating the need for large quan- 
tities of water. 

“There are still many miners in the 
area working on their own, using a 
simple pan and sieve. One man from 
Glen Innes found enough sapphires in 
a few weeks to pay for a new motor 
car. 

“News of the boom has also 
brought a large number of fortune 
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Figure 2 


hunters and tourists into the district 
from all over Australia. They have 
been warned, however, that they are 
liable to a fine of $1000 for mining 
without a lease. 

“Rough sapphires are sorted ac- 
cording to size and quality, either on 
the spot or in homes around the town 
(Figures 2 and 3), and the graded 
stones are then sold to buyers from 
Sydney and Brisbane or directly over- 
seas. 

“Sapphires from the Glen Innes- 
Inverell fields occur in deep blue, 
green, yellow and opaque black or 
bronze colors and in sizes varying from 
one-tenth to half an inch and occasion- 
ally larger. 

“Australian sapphires are recog- 
nized as being of top quality and bring 
high prices in world markets. Most are 
exported in the rough to be cut in 
Thailand and France, although an 
increasing number are being cut in 
Sydney and Brisbane.” 
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Figure 3 
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Book Reviews 


CONTEMPORARY JEWELRY, by Philip 
Morton. Published by Holt, Rinehart & 
Winston, New York City, 1970. Cloth- 
bound. 308 pages. Illustrated with 500 
black-and-white photographs and line draw- 
ings and 16 full-page color plates. Price: 
$9.95. 


To quote the author, “Contemporary 
jewelry, like painting or sculpture, is an art 
form — and one that has found brilliant 
expression in the present century. It reflects 
the ideas, forms and relationships of the 
world we live in today. Its artistic roots lie 
in the tradition of modern art, and its 
character is based on the creative observa- 
tion of the art images of our times, as well 
as on a mastery of techniques that can 
express those images in jewelry. Such jew- 
elry often demonstrates a nonobjective 
sculptural means of expression.” 

According to Morton, “Contemporary 
jewelry appears unusual to many people, 
not because it is abstract but because its 
shapes and forms differ from those of the 
jewelry they have commonly seen and worn. 
These shapes and forms derive from the 
modern world, just as those of traditional 
jewelry derive from the world of the past.” 

Contemporary Jewelry, a most attractive 
and well-executed book, covers the evolu- 
tion of jewelry from pre-Columbian and 
ancient Near East times to the present and 
discusses the style, design and esthetics of 
contemporary jewelry as well as the mate- 
tials and processes for working expressly in 
this form. 

The book is divided into two main parts. 
The first, a general introduction to the 
fundamental aspects of working in contem- 
porary jewelty, includes sections on the 
history of jewelry and on the elements and 
principles of design. 

In the second and major part of the 
book, the fundamental processes for 
creating contemporary jewelry (most of 
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which were known and used in early times) 
are presented. Here, Morton has assembled a 
series of sequences in which procedures for 
achieving a desired form or effect are 
described and illustrated step by step, from 
raw materials to finished work. The author 
says that many of the demonstrational 
sequences, particularly those for the link 
bracelet and tie clasp, are entirely within the 
range of the beginning jeweler. 

There are also chapters on gemstones, 
tools and their construction and, for more 
advanced students and mature artists, on 
marketing and production. Appendices pro- 
vide a record of historical exhibits of con- 
temporary jewelry, information on findings 
and supplies, and a wide range of technical 
data. 

Anyone who wears, admires or wishes to 
make modern jewelry will wish to give this 
new book a prominent place in his library. 


THE ART OF ENAMELING, by Margaret 
Seeler. Published by Van Nostrand Reinhold 
Co., New York City, 1969. 128 pages. 
Clothbound. Illustrated profusely with 
black-and-white and 18 color photographs. 
Price: $14.95. 


Written for the novice and the advanced 
craftsman alike, this beautifully illustrated 
and comprehensive book explains how to 
shape precious metal and. decorate it with 
cloisonné, champlevé, plique-a-jour, grisaille, 
mercury gilding and other techniques. Over 
30 pages of specific projects show in a very 
clear manner how design, enamel, copper, 
precious metals and skill combine to pro- 
duce attractive and useful objects. 

Countless questions are posed and 
answered lucidly; e.g., what workspace and 
equipment are required for metalworking 
and enameling? how do different metals 
affect the process of enameling? what kind 
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of cloisonné wire should be used on gold, 
silver and copper? can the flat, shining 
appearance of opaque enamels be enriched? 
where can grisaille white be obtained? what 
enamels are best for backgrounds? what are 
the various methods that can be used to 
prepare metals for champlevé enameling? 
how can flaws be repaired that develop 
during firings of an intricate plique-ajour 
piece? how are uniform gold balls made for 
grain enameling? what safety precautions 
must be taken when gilding with mercury? 

A handy appendix lists suppliers and 
methods of transferring designs, counter- 
enameling, using acids, repairing flaws, and 
fitting pinstems and findings. 

Margaret Seeler is a teacher of enameling 
and a graduate of the Academy of Fine & 
Applied Arts in Berlin, Germany’s finest art 
school. 


MODERN JEWELRY-DESIGN & TECH- 
NIQUES, by Irena Brynner. Published by 
Reinhold Book Corp., New York City, 
1969. Clothbound. 95 pages. Illustrated 
with black-and-white photographs and four 
color plates. Price $7.95. 


The author of this modest but very 
enlightening book began her career as a 
sculptor, but her interest in abstract design 
led her away from portraits in clay, stone 
and paints to unusual creations in con- 
structed, forged and cast jewelry. 

Largely self-taught, Irena Brynner 
describes in the first part of the book her 
training in the jewelry profession. With a 
great deal of talent and perseverance and a 
minimum amount of equipment, she soon 
began to sell her unique jewelry to stores in 
San Francisco. A few years later she moved 
to New York City, where she gave a number 
of shows, including a one-man exhibition at 
the Museum of Contemporary Crafts. Her 
modern gold and silver stone-set jewelry has 
also been shown in London, Munich and 
other European cities. 

In the second part of the book, Brynner 
discusses step-by-step methods of con- 
structing, forging, working wilh sheet wax 
and making a ting. The discussion is based 
on the assumption that the reader already 
has a basic knowledge of jewelry making, 
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and thus the book is not for beginners. The 
last chapter illustrates examples of her metal 
sculpture and free-form iron, gold and silver 
designs. 

Irena Brynner now designs and manu- 
factures her jewelry for private customers. 


JADE-ESSENCE OF HILLS & STREAMS, 
by Professor H. Howard Hansford. Pub- 
lished by American Elsevier Publishing Co., 
Inc., New York City, 1970. Clothbound. 
220 pages. Illustrated with numerous black- 
and-white and color photographs. Price: 
$25. 


Professor Hansford, who has written 
extensively on jade (viz., Chinese Jade 
Carving and Chinese Carved Jades), has 
based his current book on the world-famous 
von Oertzen Collection of carved jades, one 
of the most important and valuable collec- 
tions of its kind extant. 

Its importance lies not so much in its size 
as in its historical range and in the many 
unique and beautiful pieces it contains. It is 
representative of the best in jade design and 
craftsmanship throughout the ages, from the 
neolithic of thousands of years ago to the 
mid-twentieth century. Possibly the most 
distinguished group is that of the numerous 
small carvings of the Eastern Chou period, 
over 2000 years old. The best of these are 
not surpassed in quality by any to be seen in 
the museums of Europe and America. 

The first part of the book consists of a 
brief discussion of jade in general, touching 
on such topics as colors of jade, jadeite vs. 
nephrite, prehistoric tools of jade, jades 
from the new world, sources of the material, 
magic weapons of jade, gems and orna- 
ments, the dating of Chinese jades, court 
costume and heraldry, motif and symbol- 
ism, the mystery of jade carving, and archaic 
jades and fondling pieces. 

Following this, the major part of the 
book is devoted to black-and-white and 
color photographs of the von Oertzen Jade 
Collection, showing examples of carved 
jades from the legendary Hsia Dynasty to 
the present People’s Republic. 

This book will prove worthwhile for all 
those interested in Oriental art in general 
and jade in particular. 
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OMISSION 


In the Summer, 1969, issue of 
Gems & Gemology, in the article 
entitled On the Nature of Mineral 
Inclusions in Gemstones, by Gtbelin, 
page 43, line 26, left-hand column, 
between the words “minerals” and 
“from,” the following material was 
inadvertently omitted: 


“...that had been settled on the 
former crystal faces or had grown 
freely within the solidifying melt. 

“With atomic spacings (lattice con- 
stants) in the guest and host crystals 
being virtually equal, the mineral 
embraced will coordinate itself in rele- 
vant crystallonomic directions per- 
taining to its host mineral. An example 
of this is furnished by olivine, whose 
pinacoidal face (010) adheres onto the 
octahedral face (111) of the diamond 
in such a manner that the long axis of 
the olivine that is elongated after the 
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diagonal [110] runs parallel to the 
edge of the octahedron. The identity 
period for the structure of the olivine 
along the direction [110] is Vaz = 
b2 = 7.715 A, in the diamond ag .f2= 
5.04 A (private information from Prof. 
Dr. H. Strunz, Berlin). Other known 
examples are supplied by the oriented 
rutile needles in almandite and the 
exsolved fine rutile needles (silk) in 
corundum. © 

“As opposed to preéxistent and 
syngenetic mineral inclusions, ‘epi- 
genetic mineral inclusions’ do not form 
until after the growth of the host 
crystal is fully completed. Their for- 
mation must be ascribed to the: well- 
known process of exsolution. This is a 
subsequent separation of one or even 
of several components (that may like- 
wise exist, and have in fact been 
identified, as independent minerals) 
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ASSURE YOUR CUSTOMERS WITH PHOTOGRAPHS OF 
EVERY JEWELRY PIECE YOU SELL! 


GIA PHOTOSTAND: Here is an exciting new way to build 
your professional standing! Give a photographic “‘guaran- 
tee"... and you'll sell more jewelry. 

The GIA PHOTOSTAND is the first miniature photo stucio 
designed specifically for jewelers. So foolproof, that you 
can take ‘‘razor-sharp"’ photos every time! PHOTO- 
STAND includes a Model 350 Polaroid Land Camera, a 
scientifically-balanced, color-corrected lighting system, 
foolproof focus indicators, and three color-coded lenses 
which give you precise focus. 

EASY-TO-USE... SETS UP IN SECONDS! 

You can photograph a single jewelry piece or a group of 
jewelry pieces. You take '% size, actual size, or 1/ size 
photos, black and white, or color, in an instant. Prints are 
ready in seconds. Exciting merchandising techniques ere 
limited only by your imagination! Give your customers 
photos of the jewelry they buy. They will proudly show 
these to their friends... help build your business. 

Best of all, the entire PHOTOSTAND ... camera, lenses, 
lighting, and focus indicators are yours for under $400. 
SPECIAL BONUS FEATURE — The Polaroid Land Camera can 
also be used for regular photographs. 


GIA PHOTOSCOPE: The perfect companion to the GIA PHOTO- 
STAND. This unique photographic system adapts to your Gem- 
olite or Diamondscope. Lets you take photomicrographs of 
magnified gem details in seconds. A 
Tiny inclusions show up with the greatest clarity. Use PHOTO- 
SCOPE to furnish your customers with photographic ‘‘finger- 
prints” of the gems they buy! You build customer assurance! 
Excellent for insurance records. 

The PHOTOSCOPE utilizes the same Polaroid Camera that is 
used with the PHOTOSTAND. The PHOTOSCOPE system also 
includes a fiber optics system which gathers light to automat- 
ically set the exposure needed to take a perfectly exposed 
photo. It quickly attaches to or detaches from your Gemolite 
or Diamondscope. 

Customers will be impressed with your thoroughness and pro- 
fessional approach. PHOTOSCOPE complete with Polaroid 
Camera and fiber optics system, is less than $300. Even less, 
if you already have the PHOTOSTAND, because the same 
camera can be used with both. 


Write today for complete information. 
Instrument Division. 
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A RARE ALEXANDRITE 
GARVET FROM TANZANIA 


by 


ROBERT CROWNINGSHIELD 


One of the most intriguing pieces of 
gem rough we have seen recently was 
left with the staff of the New York 
Gem-Trade Laboratory for iden- 
tification by Dr. John Saul of Nairobi, 
Kenya. It was a dark, dull-appearing 
rolled pebble weighing approximately 
3 1/2 carats (Figure 1), and had been 
added to his collection during the 
course of his regular commercial beryl 
enterprises in Ruanda. Lying in a stone 
paper among other more colorful spec- 
imens, the pebble would arouse little 
excitement or interest. However, on 
closer examination, we must say that 
the land of gem surprises, Tanzania, 
has produced yet another mineral with 
the beauty and durability of a 
gemstone. 

The potential for this stone was 
recognized when it was noted that in 
daylight -it appeared blue-green, 
whereas under incandescent light it 
became a beautiful, clear, purple-red. 


174 


The color change was dramatic and 
complete and very much like that of a 
fine Russian alexandrite. 

With a refractive index of 1.765, 


single refraction and a specific gravity 


of 3.88, the initial hunch was that we 
were looking at yet another unusual 


Figure 1. 
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garnet from this gem-rich country. 
The absorption spectrum was some- 
what disappointing for such a striking 
stone (Figure 2).- The stone was inert 
to ultraviolet, but it did show bright 
red through the color filter. Its hard- 
ness seemed to be the normal 7 to 
7 1/2 for garnet. 


That the specimen was a garnet was 
confirmed by X-ray-diffraction tests 
conducted in the Los Angeles Lab- 
oratory by Charles Fryer. A semi- 
quantative spectrographic analysis of a 
small sample by Pacific Spec- 
trochemical Laboratory, Inc., gave the 
following results: 

% Present 9% as Oxides 


Silicon 18.0% 38.35% 
Aluminum 14.0 26.45 
Manganese 13.0 16.73 
Magnesium 7.9 13.1 
Calcium 1.7 2.38 
Tron 1.0 1.45 
Chromium 37 54 
Vanadium 2D .324 
Titanium .085 1418 
Copper .0015 .0019 
Nickel 0032 .0041 


Other elements Nil 
TOTAL = 99.4718 
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This new kind. of garnet is not a 
new species but an isomorphous mix- 
ture, principally of the pyrope and spes- 
sartite molecules. Vanadium may be 
the cause of the color change, in which 
case it is similar to synthetic alexan- 
dritelike corundum in which vanadium 
is present for that purpose. Chromium 
undoubtedly plays a part in the color, 
too. (The classification of the stone is 


Figure 3. 
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Figure 5. 


Figure 4. 
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currently being worked out in Los 
Angeles.) ; 

Following the necessary X-ray and 
chemical observations, the pebble was 
beautifully cut by Eldot & Co., New 
York City, into a 1.70-carat oval 
(Figure 3). The cut stone exceeded the 
expectations of the staff, since as a 
rough stone it appeared somewhat too 
dark in color. The cutting brought 
total internal reflection into play, so 
that the stone was bright and the color 
change remarkable, despite inclusions 
of an unusual nature for garnet. Nee- 
dlelike crystals extended unbroken the 
entire length of the stone (Figure 4); 
they occurred in three directions, so 
that a star is potentially possible. In 
Figure 5 is seen a fingerprint inclusion, 
somewhat rare in garnet, which more 
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closely resembled a human fingerprint 
than any we have ever seen. 

The pebble was reportedly picked 
up in alluvial gravels near the North 
Pare Mountains of northern Tanzania. 
While preparing this paper, we learned 
from a telephone conversation between 
Dr. Saul in Nairobi and his father in 
New York City that the prospector 
who found the pebble, had been search- 
ing in vain in the area for the past 
three months for more of the mate- 
tial. It is possible that it is the 
only specimen of its kind; thus, we 
may have one of the rarest gems in the 
world. Since it is a rolled pebble, it 
may have formed at a great distance 
from the area in which it was found, 
or, conceivably, it could have been 
dropped by a bird. 
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WORLD'S LARGEST PHENAKITE 


by 


ROBERT CROWNINGSHIELD 


‘Readers of the Spring, 1969, issue 
of Gems & Gemology may recall the 
1470-carat phenakite fragment des- 
cribed on pages 25 and 26 as possibly 
the largest yet reported. Since it was a 
partially polished rolled pebble, the 
owner decided it should be cut. It was 
certain to yield the largest cut phen- 
akite ever reported, and might produce 
others larger than any recorded. The 
Smithsonian Institution records a 
22-carat stone, for instance, and a 
40-carat cut stone is claimed to be the 
world’s largest. 


Gem-quality phenakite is rarely 
other than colorless. Although miner- 
alogical texts mention a bright wine- 
yellow and a pale rose-red, none has 
been recorded as a cut stone. 


The name of the species. comes 
from the Greek word phenakos, mean- 
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ing deceiver, because of its resem- 
blance to quartz. 

Phenakite occurs in the hexagonal 
crystal system, as does quartz, and 
with a refractive index of 1.654-1.670 
and a dispersion of .015, cut stones are 
not much brighter nor more dispersive 
than rock crystal. The specific gravity 
approaches 3.00 (compared to 2.65 
for quartz) and. the hardness is greater 
than quartz (approximately 7 1/2 to 
8). 

Gemologists are probably better 
acquainted with phenakite as an occa- 
sional included crystal in some syn- 
thetic emeralds, rather than as cut 
stones. 

Readers may recall the gift to GIA 
of a faceted phenakite of less than | 
carat that was discovered by New 
York City jeweler Wesley Bergen in an 
old-fashioned, gold solitaire ring. 
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When a Santa Barbara, jeweler (the 
first owner) received the rough stone 
as a gift in Ceylon, it had one polished 
side through which one could see that 
it was filled with thin, reflective, nee- 
dlelike inlcusions. The present owner 
had read of GIA New York staff 
member Jerry Call’s work in cutting 
large stones, and decided. to ask him to 
examine the rough to see if it warran- 
ted cutting in view of the needles 
(Figure 1). 


Call felt that although cut. stones 
would undoubtedly appear “sleepy,” 
the present specimen had two factors 
in its favor for maximum weight yield: 
(1) the needles lay at right angles to 
the existing polished face, which 
would be the table of the largest stone, 
and (2) the table would be at right 
angles to the optic axis. Since the 
birefringence is considerable (.016), 
this would mean that the doubling of 
needles and back facets would be 


Figure 1. 
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eliminated when viewed through the 
table. 

Call first estimated that the largest 
stone would be an oval step cut of 
approximately 550 carats, with enough 
extra material for a number of smaller 
stones. His experience in cutting 
replicas of famous large diamonds 
indicated that he could use his Lee 
equipment with standard 6- and 8-inch 
laps (Figure 2). 

After an estimated 50 hours of 
work, the finished stone (Figure 3) 
was weighed and found to be 569 
carats. Further work produced 3 addi- 
tional stones, the largest of which was 
an oval cut and weighed approx- 
imately 36 carats (Figure 4). The final 
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yield may be in the vicinity of 50%, 
which is considered better than 
average for colored stones. Because of 
the concentration of needies in some 
of the remaining rough material, there 
is a good possibility of cutting a 
cabochon with a cat’s-eye effect. The 
needles in the second largest stone, a 
12.76-carat emerald cut, are shown in 
Figure 5. 


It is reported that the 569-carat 
stone is destined for the gem collec- 
tion of the Smithsonian Institution, 
Washington, D.C. 
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Developments and Highlights 
at Gr IE AX’s Lab 


in Los Angeles 


by 


RICHARD T. LIDDICOAT, JR. 


Table-Cut Replica 


While examining a group of fluorite 
cleavages, Charles Fryer found some 
very interesting pyrite-crystal inclu- 
sions that resembled closely the early 
table cut. Seemingly, an octahedral 
shape appeared to have been modified 
by just two opposing cube faces that 
differed greatly in size. On both of the 
crystals pictured in Figure 1, a large 
cube face resembled the table of this 
style of cutting and a much smaller, 
cube-face modification at the “culet” 
end resembled the “‘table”’ surface. 


Horn 


We were called upon to identify 
two small carvings that showed an 
interesting banded, platy structure we 
associate with some horn. The refrac- 
tive index was about 1.55 and the 
specific gravity, 1.31. It effervesced 
slowly with dilute hydrochloric acid 
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and showed a strong-blue fluorescence 
under long-wave ultraviolet light, 
which was slightly masked by the dye 
that had been used to color them 
brown. A hot point, applied to an 
inconspicuous spot on both, gave a 
burnt-hair odor that is expected from 
many organic materials. The carvings 
are shown in Figure 2. 


Bicolored Diamond 


Glenn Nord bought back from 
Israel a very unusual bicolored 
diamond that had been loaned to him 
by a man who emigrated from this 
country to Israel after having been a 
jeweler in New York City. The 
marquise was generally yellowish 
green, but in the center area of Figure 
3, outlined by the white arrows, a rich, 
medium-red color was visible. It was 
not the usual garnet-red color of 
so-called red diamonds. 
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Figure 1. 
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Figure 2. 
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Figure 3. 


The spectrum was quite unusual: a 
pair of lines near 5000 A, probably the 
4980-5040 pair;.a rather diffused line 
at approximately 4750 A; a sharp, 
narrow line at about 5950 A (probably 
the 5920 line, rarely encountered in 
naturally colored diamonds); a dif- 
fused line at 6200 A; and another very 
sharp line very close to 6400 A (Figure 
4), Light that was transmitted through 
the diamond gave an intense yellowish- 
green cast to its path. We were 
satisfied that the color was natural. 


High-Property Chrysobery! 


We received for identification a 
cat’s-eye mounted in a man’s ring that 
showed a sharp eye (Figure 5) but that 
was semitranslucent. Despite the high 
refractive indices (1.76-1.77), there 
seemed to be little doubt that the 
material was chrysoberyl. However, 
just to be certain, a minute amount 
was scraped from the back and an 
X-ray powder diagram was made on 
the material by Charles Fryer. The 
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Figure 5. 


pattern was chrysoberyl, as expected, 
and although such high refractive 
indices are certainly not unknown, 
they are rather unusual. 

The absorption spectrum showed a 
line at 4500 A to 4600, somewhat 
higher than the usual chrysoberyl 
absorption band, probably caused by a 
higher iron content that also, in all 
probability, was responsible for the 
higher indices. 
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New Hydrothermal Synthetic Emerald 


Recently, we received a synthetic 
emerald from a new source that 
proved to be of hydrothermal origin. 
It is apparently being made by an 
individual entrepreneur, who once 
worked for one of the major synthetic- 
crystal manufacturers. 


Figure 6 shows many two-phase 
inclusions parallel to the table, each of 
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Figure 7. 


Figure 6. 
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which resembles a spicule; and Figure 
7, a very large two-phase inclusion 
with a liquid-and-gas interface, shown 
about half way up the pointed inclu- 
sion, with phenakite crystals capping 
the larger end to the right. 

The properties were very close to 
those of the latest Linde synthetic 
emerald: refractive indices, approx- 
imately 1.574-1.580; and the specific 
gravity, between 2.68 and 2.69. The 
stone was moderately strongly fluores- 
cent under long-wave ultraviolet, but 
not as pronounced as the early Linde 
product. The properties, of course, 
were well within the range of natural 
emeralds. But without the typical 
hydrothermal spicules and the higher 
long-wave fluorescence, they could 
prove to be very difficult to distin- 
guish from the natural. 


Although some of these stones have 
been cut and offered on a limited 
market, we do not know whether the 
grower plans to market them com- 
mercially. 


Odd Girdle Surface on an Emerald 


We recently received for iden- 
tification a Trapiche emerald that had 
the normal properties for emerald of 
this type, but the girdle thickness was 
unlike anything we had seen in the 
past (Figure 8). The rough, somewhat 
shiny surface appeared to have been 
etched. 

Usually, the girdles of emerald-cut 
emeralds are polished. Rarely, how- 
ever, as described in a recent issue of 
Gems & Gemology, we have encoun- 
tered natural surfaces at least in 
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Figure 8. 
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portions of the girdle. In this case, the 
rough, shiny surface suggested that the 
finished stone had been cut from an 
etched crystal, and that the girdle 
facets had not been polished. 


Lapis-Lazuli Pietre Dure 


We receive for identification a love- 
ly lavaliere, in which the background 
material was lapis-lazuli and in which a 
bouquet of flowers had been inset 
(Figure 9). This kind of work, referred 
to as pietre dure in Italy, is more often 


called intarsia in the gem-hobby field, 
even though the latter term applies 
specifically to such inlay work in 
wood. 

The flowers were in tones of pink 
and white, mostly shell and chalced- 
ony,.and the green leaves were primar- 
ily chalcedony. 

The workmanship was beautiful, 
and the overall effect was very un- 
usual. We haven’t seen a pin of this 
kind in memory, and were pleased to 
have the opportunity to examine it in 
detail. 


Figure 9. 
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Figure 10. 


Unusual Spessartite Garnet 


We encountered a very fine spes- 
sartite garnet containing many inclu- 
sions, which fortunately did not de- 
tract from the beauty of the stone. In 
addition, there were very strong 
growth lines (Figure 10), which had 
the combination of the appearance of 
the color zoning of a Burma ruby and 
the heat-wave effect of a hessonite 
garnet. 


“Unpolished’”’ Nodule 


A jeweler sent us one of a large 
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number of nodules he had received 
from a customer who told him they 
were unpolished. The piece we received 
measured approximately. 21.2, 24.6 
x 12.0 mm., and under magnification 
the surface showed that the stone had 
been polished. This example had a 
dark-brown color, but under trans- 
mitted light it was brownish green to 
yellowish green. When very intense 
light was placed beneath it, it had the 
structure shown in Figure 1]. This 
structure suggested immediately an 
organic, rather than inorganic, material. 
But when the spot method was used, 
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Figure 17. 


the obvious, approximately 1.60 
refractive-index reading changed to a 
darkening of the whole refractometer 
scale to the cut-off at the 1.81 RI. 
reading of the liquid. 


The high birefringence, plus a very 
slow effervescence with cold, dilute 
hydrochloric acid, made it obvious 
that the material was a carbonate. Its 
S.G. was in the vicinity of 3.90, by the 
use of heavy liquids. 

The properties, plus the color, 
made it apparent that the nodule was 
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the iron carbonate, siderite. This find- 
ing was reinforced by a very strong 
iron spectrum: there was almost a 
complete cut-off, and absorption 
below about 5000 A and a strong band 
in the 5200-5300 A area. 
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Developments and Highlights 
at Gr I Av’s Lab 


in New York 


by 


ROBERT CROWNINGSHIELD 


Another Diamond Substitute? 


We are indebted to Mr. R.C. Ander- 
son, manager of the Ceramics 
Processing. Unit of the Metallurgy & 
Ceramics Laboratory of the General 
Electric Co., Schenectady, N.Y., for 
the opportunity to examine and recut 
a specimen of one of their products 
called Yttralox (trademark). It was a 
colorless brilliant of 2.36 carats and 
was reported to have a refractive index 
of 1.92, a dispersion factor of .039, 
and a Knoop-Mohs’ conversion of 7.2. 
Practical abrasion testing indicated a 
Mohs’ hardness of approximately 6 to 
6 1/2. When we received the cut stone, 
it had. the facet appearance and pro- 
portions of an  old-European-cut 
diamond (Figure 1). Our staff lapidary, 
Jerry Call, recut the stone with more 
modern-appearing faceting with a 
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weight loss of .20 carat (Figure 2). We 
determined the specific gravity to be 
5.30—-somewhat higher than for 
strontium titanate. 
Yttralox is being produced by G_E. 
aS a unique optical ceramic — an 
especially sintered, polycrystalline 
product containing about 90% yttrium 
oxide and 10% thorium oxide in solid 
solution, according to the descriptive 
brochure. Its high melting point, trans- 
parency, low light absorption and high 
infrared transmission, together with 
relatively low optical dispersion (when 
compared with glass of similar R.1.), 
all contribute to make this a useful 
industrial product. With its nearly 
colorless body color (approximately H 
on the GIA diamond color-grading 
scale), good dispersion and R.I. and 
tolerable hardness, it could become 
another diamond substitute with a 
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Figure 1. 


Figure 2. 
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future, although our specimen did 
have a few angular gas bubbles and a 
host of nonspecific, dustlike inclusions 
(Figure 3). 


White Star Quartz 


Some years ago we were shown 
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Figure 3. 


several milky-white star-quartz stones 
found by famed marksman Lucky 
McDaniels. Recently, he has formed a 
company, Starphire, Inc., in Colum- 
bus, Georgia, to market the latest 
production, which is considerably more 
attractive. Figure 4 illustrates an 
especially pleasing blue-gray stone in a 
man’s ring. 
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Figure 4. 


Trapiche Emerald 


Trapiche emerald is famed for its 
excellent color, but the general misti- 
ness of the material makes the larger 
stones appear very much like green- 
dyed chalcedony. We have seldom seen 
stones weighing more than 2 or 3 
carats, and one can rarely see the culet 
through the table in stones of this size. 
Figure 5 illustrates a 7-carat Trapiche 
in a fine cluster ring. In spite of the 
low transparency, the stone merited 
the lavish setting. 
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Figure 5. 
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Figure 7. 
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Figure 6. 


Unusual Garnet Inclusions 


The inclusions in a green gros- 
sularite garnet, recently cut by Jerry 
Call, are illustrated in Figures 6, 7 and 
&. Hollow tubes like fulgerites, bread- 
crumblike inclusions, platy metallic- 
appearing inclusions and misty areas 
all seemed foreign to our experience in 
observing garnets. 
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Figure 8. 


Spessartite Spectrum 


Ordinarily, when viewing the 
absorption spectrum of a brown to 
orange stone, one expects to find 
almost complete absorption beyond 
approximately 4300 A. It is usually 
impossible, for instance, to see the 
jade line at 4370 A in a brown jadeite. 
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It was a surprise, therefore, to see 
well-defined lines and bands in a beau- 
tiful red-orange Tanzanian spessartite 
garnet of 4.30 carats, well below the 
expected cut-off point. In fact, we 
have rarely been able to discern 
absorption lines below the one seen in 
many diamonds at approximately 
4155 A (Figure 9). 
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Monazite Spectrum 


While checking the accuracy of our 
observation about the absorption 
spectra of orange and brown stones, 
we examined as many transparent to 
translucent stones in those colors that 


we could. An orange crystal of 
monazite gave us the striking spectrum 
shown in Figure 10. lt reflects beauti- 
fully the rare-earth components of this 
mineral, seldom cut except for collec- 
tors, and is reminiscent of the rare- 
earth spectra of synthetic garnets. 


Figure 17. 
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Figure 12. 
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Book Reviews 


MINERAL DIGEST-—The Journal of Miner- 
alogy. Published by Mineral Digest, Ltd., 
New York City, Volume I, No, I, 1970. 


What is without doubt one of the most 
exciting and breathtakingly beautiful maga- 
zines in the mineral-and-gem field or any 
other field of human endeavor made its 
debut in midsummer, 1970. Its title is 
MINERAL DIGEST-The Journal of 
Mineralogy. 

A descriptive brochure preceding publi- 
cation of the first issue had these words 
about the magazine: 

“A quarterly journal of specific, authori- 
tative information on gems and minerals... 
so broad in scope that it will appeal to 
professionals and amateurs alike... 
strongly researched and carefully edited by 
prime authorities in the fields of mineral 
science and art, gathered into one interna- 
tional editorial staff... printed in Europe 
in full color... all in ali, a very special, 
unique periodical of unsurpassed beauty.” 

One’s initial impression of the journal is 
one of ultimate quality in every respect: 
color photography and reproduction (truly 
superb, 4-color-process photographs, mostly 
of extra-fine-quality rough and cut gems and 
mineral specimens, presenting a riot of 
color); extra-heavy, brush-coated, semigloss 
enamel paper stock; imaginative artwork, 
design and format; and an imposing list of 
by-lines under the well-selected, -written 
and -edited articles, including such promi- 
nent names ‘in gemology and mineralogy as 
Pough, Sinkankas, Hurlbut, Desautels and 
others, 
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Subscription prices for the journal are: 
United States, $12 a year and single copies, 
$3 each; Canada, $13 a year and single 
copies, $3.50 each; foreign, $16 a year air 
mail and single copies, $4 each airmail. 
Subscriptions should be sent to Mineral 
Digest, Ltd., PO Box 341, Murray Hill 
Station, New York, N.Y. 10016. 

Although these prices may seem some- 
what high when compared to those for 
many popular magazines, the striking 
appearance and worthwhile content will 
quickly dispel any reservations one might 
have had about cost. 

Without doubt, the establishment of 
MINERAL DIGEST will prove to be a 
significant event in the world of gems and 
minerals. The Institute heartily wishes the 
publisher, editor and other DIGEST staff 
members every success in this important 
new venture, 


AUSTRALIAN OPALS IN COLOUR, by 
Nance and Ron Perry, Published by Charles 
E, Tuttle Co., Inc., Rutland, Vermont, and 
Tokyo, Japan, 1969. 112 pages. Cloth- 
bound. 7” x 7” format. Illustrated with 
black-and-white photographs and 86 color 
plates. Price: $5, 


This is a delightful, informative little 
book designed to acquaint the reader with 
the beauty of Australian opal through excel- 
lent photographs and easy-to-read text. The 
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authors’ first book, Australian, Gemstones in 
Color, was written in 1968 and reviewed in 
the Spring, 1969, issue of Gems & Gem- 
ology. 

The bulk of the book consists of arm- 
chair visits to the various opal-producing 
fields, both important and unimportant; 
e.g., Lightning Ridge, Andamooka, Coober 
Pedy, etc. The account of each area tells the 
reader in interesting, storylike form about 
location, mileages, road conditions, climate, 
topography, vegetation, accommodations, 
kind of opal produced, current mining 
activity, mining methods, tips on buying, 
supplies and equipment and more. 

A later chapter explains the current 
theory of the play of color in opal, based on 
recent studies of the stone’s internal struc- 
ture with the electron microscope. 
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Concluding chapters describe briefly 
opal cutting, treated opal and how doublets, 
triplets and opal chips in plastic are made. 
The book is profusely illustrated, and the 
color plates, many of fine opals and opal 
jewelry, are particularly attractive. 

The authors are members of the New 
South Wales branch of the Gemmologica. 
Association of Australia and the Sutherland 
Gemcraft Guild. Both are practicing lapi- 
daries. Mr. Perry is a dealer in lapidary 
equipment and supplies; his wife specializes 
in color photography, jewelry designing and 
opal cutting. 

Like their first publishing effort, this 
attractive, inexpensive book should find 
ready acceptance among all those who 
appreciate opal’s unique and ever-intriguing 
beauty. 
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BOOKS 


for every gem library 
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Diamond Dictionary, The, GIA Staff 
Diamonds .. . Famous, Notable & 
“_ Unique — Copeland 
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Dictionary of Gems & Gemology — Shipley 
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The Fabulous Koekuk Goodies Volume I 
Sinotte ... 


Facet-Cutter’s Handboo! 2.0) 
Famous Diamonds of the World — Shipley. 2.7. 
A Field Guide to Rocks & Minerals — Dough 5.95 


Finger-Ring Lore — Jones 
5000 Years of Gems & Jewelry — Rogers & Beard 4.95 
The Fundamentals of Gemstone 
Carving — Kennedy... 
Gemcraft — Quick & Leiper. 
Gem Cutting 
Sinkankas -.. 
Gem-Cutting Shop Helps — Leiper & Kraus 
Gem-Hunter’s Guide — MacFall .. 
Gemmologists’ Compendium — 
Gems — Wilson ck 
Gems & Gem Materials — 
Gems in the Smithsonian Institution — 
Desautels 
Gems: Their Sources, Description & 
Identification — Webster 
Gemstones — Smith...... 
Gem Stones — Sakikawa ... 
Gemstones of North America — Sinkankas 
Gem Testing — Anderson 
Gem Tumbling — Victor .. 


. A Lapiary’s Manual — 


California residents add 5% sales tax 
New York residents add local and state sales tax 
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Getting Acquainted with Minerals — 


Jensen & English 7.95 
The Great Blue Diamond — K. D. . 1.00 
Handbook of Gem Identification — Liddicont..... 9.75 
Handwrought Jewelry — Franke 0... 9.00 
A History of the Crown Jewels of 

Europe — Twining.. 60.00 
How to Cut Gems — 0°81 1.00 
How to Know Minerals & Rock 6.75 
Ivories — Maskell 17.50 
Jade — Wills 5.00 
Jade... Stone of Heaven — Gump 7.95 
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Jewelry — Fregnec .... ses 5.95 
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Jewelry, Gem Cutting & Metal Craft — Baxter... 7.95 
Jewelry Making for Schools, Sredesmen & 

Craftsmen — Bovin_ 6.50 
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Jewelry Making Step By Step — — Joachim 7.95 
Jewelry Through the Ages — Gregorietti 14.95 
The Jewelry Repair Manual — Hardy 6.95 
Key to Precious Stones — Spencer 4.95 
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Modern Jewelry — Hughes.. 15.00 
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Practical Gem Knowledge for the 
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Precious Stones — Gubelin. 2.50 
Precious Stones — Bauer. 17.50 
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The Story of Jewelry — Baerwald & Maho 6.50 
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ASSURE YOUR CUSTOMERS WITH PHOTOGRAPHS OF 
EVERY JEWELRY PIECE YOU SELL! 


GIA PHOTOSTAND: Here is an exciting new way to build 
your professional standing! Give a photographic ‘‘guaran- 
tee”... and you'll sell more jewelry. 

The GIA PHOTOSTAND is the first miniature photo studio 
designed specifically for jewelers. So foolproof, that you 
can take ‘‘razor-sharp'’ photos every time! PHOTO- 
STAND includes a Model 350 Polaroid Land Camera, a 
scientifically-balanced, color-corrected lighting system, 
foolproof focus indicators, and three color-coded lenses 
which give you precise focus. 

EASY-TO-USE... SETS UP IN SECONDS! 

You can photograph a single jewelry piece or a group of 
jewelry pieces. You take '/ size, actual size, or 1% size 
photos, black and white, or color, in an instant. Prints are 
ready in seconds. Exciting merchandising techniques are 
limited only by your imagination! Give your customers 
photos of the jewelry they buy. They will proudly show 
these to their friends... help build your business. 

Best of all, the entire PHOTOSTAND ... camera, lenses, 
lighting, and focus indicators are yours for under $400. 
SPECIAL BONUS FEATURE — The Polaroid Land Camera can 
also be used for regular photographs. 


GIA PHOTOSCOPE: The perfect companion to the GIA PHOTO- 
STAND. This unique photographic system adapts to your Gem- 
olite or Diamondscope. Lets you take photomicrographs of 
magnified gem details in seconds. 

Tiny inclusions show up with the greatest clarity. Use PHOTO- 
SCOPE to furnish your customers with photographic “finger- 
prints’ of the gems they buy! You build customer assurance! 
Excellent for insurance records. 

The PHOTOSCOPE utilizes the same Polaroid Camera that is 
used with the PHOTOSTAND. The PHOTOSCOPE system also 
includes a fiber optics system which gathers light to automat- 
ically set the exposure needed to take a perfectly exposed 
photo. It quickly attaches to or detaches from your Gemolite 
or Diamondscope. 

Customers will be impressed with your thoroughness and pro- 
fessional approach. PHOTOSCOPE complete with Polaroid 
Camera and fiber optics system, is less than $300. Even less, 
if you already have the PHOTOSTAND, because the same 
camera can be used with both. 


Write today for complete information. 
Instrument Division. 
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Summary of 1970 International 


Gemmological Conference 


by 


Richard T. Liddicoat, Jr. 


One of the basic ideas of the 
International Gemmological 
Conference is to give the conferees the 
opportunity to discuss matters of 
mutual interest, sometimes before the 
speaker has enough information on the 
subject to print an article or to be 
quoted fully. As a result, many ideas 
can be brought forward for discussion 
that are not ready for publication. It is 
not considered acceptable to publish 
detailed coverage of the talks and 
discussions that take place at a 
conference. For this reason, I will just 
give a short summary of the speeches 
with a few comments about them. 

Dr. V.B. Meen of the Royal Ontario 
Museum, author of The Crown Jewels 
of Iran, started the Conference by 
showing a number of the beautiful 
slides he had made of that 
incomparable collection that makes up 
the display at Iran’s Royal Treasury 
Museum. Dr. Meen and some of his 
colleagues had an opportunity to look 
at the Iranian collection once again a 
short time ago, so he discussed that 
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return visit and their first cataloging 
venture to Tehran. He showed selected 
slides from both visits and recounted 
some fascinating anecdotes from them. 

Professor Doctor Font-Altaba was 
unable to attend the meeting. In his 
place, Professor Bosch-Figuera 
discussed the Spanish Gemmological 
Association. Since Professors 
Font-Altaba and Bosch and Mr. Masso 
established the gemological training 
program in conjunction with the 
British association several years ago, 
they have graduated quite a number of 
students, particularly in the Barcelona 
area, 

Dr. Pieter Zwaan talked on More 
Data on the Tanzanian Gemstones. 
Most of his remarks were related to 
electron-microprobe analyses of 
inclusions of Tanzanian gemstones. In 
the corundum found in Tanzania, he 
identified pyrrohtite, graphite, apatite 
and rutile; and in garnet he identified 
apatite inclusions. 

While examining the causes of color 
in sapphire, he made some interesting 
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observations regarding the 
relationships between the valences of 
iron and the color. Bivalent-iron 
impurities cause yellow and trivalent 
iron a blue color, but he showed that 
laminated structures of bi- and 
trivalent iron caused green colors in 
sapphire. Laminated structures rich in 
chromium and iron had similar effects 
in orange and violet sapphire. He also 
related garnet properties to unit-cell 
size. Dr. Zwaan is the mentor of the 
Dutch gemological group and has a 
laboratory at the Rijkmuseum in 
Leiden, Netherlands. 

Dr. Jan Kanis of Salisbury, 
Rhodesia, is engaged in gem mining 
throughout East Africa. In the course 
of his work, he recently traveled to 
Mozambique, and he had some 
interesting things to say about many 
gem materials he had seen. Among 


other items, he mentioned an 
emerald-cut, 427-carat pink 
tourmaline. He said the brown helmet 
shell used by Italian cameo carvers is 
found off Mozambique. He also 
mentioned attractive almandite, 
epidote, rose quartz, aquamarine and 
brown zircon. 

Dr. HJ. Schubnel of the French 
government’s mineralogical and 
geological research laboratory studied 
natural emerald crystals and Gilson 
synthetics by an X-ray topographic 
technique. To quote Dr. Schubnel, 
(with minor abridgement), “The 
natural crystal is characterized by 
zonings following the a directions and 
bound to the growth spirals appearing 
on the surface. The steps are made 
visible by rather strong disorientations, 
probably due to the embellishment. of 
impurities at each resumption of 


Left to right: Mr. Chikayama, Mrs. Frederick H. Pough, Dr. Pieter Zwaan, Dr. Frederick H. 
Pough. 
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Left to right: Mr. Charles Schiffmann, Professor Bosch-Figuera, Mr. Gordon Andrews, Dr. Jan 


Kanis. 


growth. The artificial crystal, much 
less regular than the natural, shows a 
mosaic of disoriented grains. Between 
the grains the walls are very 
dislocated.” 

Since my flight to Brussels was 
delayed more than 24 hours, Robert 
Crowningshield, GIA’s Eastern 
Laboratory Director, scheduled for the 
next day, filled in for my scheduled 
talk with an extra about a most 
remarkable emerald crystal recently 
discovered in North Carolina and 
examined in the New York 
Laboratory. The specimen was about 
equivalent in quality to a very fine 
Chivor stone. 

The mine where the stone was 
found is open to public digging for a 
fee. The owner is not only being paid 
by the public for the privilege of doing 
its own mining, but the overburden is 
being stripped away without cost to 
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him — surely, a mine-owner’s dream. 

Dr. Frederick H. Pough of America, 
gem consultant for several magazines, 
talked about colored synthetic quartz 
being made today in Russia. The 
colors seen thus far are light blue 
(colored by cobalt), greenish yellow, 
and a light greenish blue to bluish 
green. He also showed a new synthetic 
turquois made by Gilson. 

Mile. D. Level, a very youthful 
person for her experience in gem work, 
who has been in the French laboratory 
in Paris for over thirty years as 
assistant to Dr. Gobel and now Dr. 
Poirot, talked on New Observations on 
Ancient Glyptics. She has made a 
lifelong study of cameos, intaglios and 
other gemstone carvings, and delivered 
an interesting discourse on the subject, 
illustrated with her own fascinating 
colored drawings. 

Mr. Xaver Saller of West Germany 
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discussed science versus synthetics, a 
favorite topic he has discussed at 


several of the more recent 
Conferences. Mr. Saller is convinced 
that the synthetics’ manufacturers 
have been given too much room in 
their advertising of synthetics. The 
result has been that many of the 
public have been so misled that they 
no longer know for sure what is being 
offered them. 

Dr. Hermann Bank is the president 
of the German Gemmological 
Association. He discussed many new 
gem finds, talking principally about 
Tanzania and other areas in East 
Africa, such as Mozambique. He 
showed many gemstones and gave the 
group an opportunity to examine the 
latest gem minerals that had come to 
his firm in Idar-Oberstein. The group 
welcomed the opportunity to examine 
the stones, and to hear Dr. Bank’s 
interesting observations about them. 

Dr. Bank had a chrome-green tablet 
with properties between grossularite 
and andradite. He said it must have 
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Left to right: 
Dr. Edward Gubelin, 


Dr. Pieter Zwaan, 


been made artificially, because 
German scientists have shown that it 
contains ferrosilicon and other 
artificial materials. By far the bulk of 
the material is garnet. He also showed 
an imitation lapis, employing glass and 
a blue dye on a base of lapis; this is 
then cut into tablets. He exhibited 
transparent, dark-brown  sanidine 
feldspar, lovely chrome grossularite’, a 
tich topazlike grossularite (R.I., 1.74), 
translucent rubies from Bahia with a 
very rich red color, transparent blue 
lazulite from Brazil, and yttruim 
fluoride with indices of 1.615-1.620. 

Mr. Ove Dragsted of Copenhagen, 
the head of the Danish gemological 
association, discussed a subject 
entitled Towards the Philosophy of 
Nomenclature. During the course of 
reading a number of Soviet journals, 
he found two recommendations, both 
interesting, and, to Dragsted, practical. 
The first was that only natural stones 
should be permitted to have names 
ending in “ite.” The second was that 
all important gemstones should have 
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Dr. HJ. Schubnel, Dr. H, Naires, Dr. John Saul. 


the same first four letters in all 
languages. The diamond of the English 
language becomes diamant in French 
and German and diamante in Italian 
and Spanish. This is easy to follow. In 
contrast, the difference between 
emerald in English and snaragd in 
German would not be clear to any 
casual reader of gemological journals 
in different languages. 


> 


In the evening, at the Royal Library 
of Albert I, the film Mogok, the Valley 
of Rubies, which was taken several 
years ago by Dr. Edward Gibelin, was 
shown with a French soundtrack. This 
film has been shown in the past with a 
German soundtrack, but this is the 
first time in French, It is a fascinating 
film, made by Gubelin, who is an 
exceptionally gifted photographer. 


Dr. V.B. Meen, Mr, Xaver Saller, Mr. Basil Anderson, Dr. Jan Kanis. 
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On Tuesday, Dr. John Saul, a 
geology Ph.D., who is now operating 
in Tanzania, discussed his theory 
about the location of gem deposits 
around the world. Saul’s theory is 
quite interesting, and with it he 
accounts for the predominance of gem 
areas in the Southern Hemisphere, 
extending in certain places into the 
Northern Hemisphere. When one is in 
the field looking for a potential gem 
deposit, some kind of theory is 
essential to determine at what points 
one is going to concentrate his early 
prospecting efforts. 

Initially, Dr. Saul pointed out that 
if one were to remove the unusual 
situation, such as the formation of 
diamonds and cool-water deposits and 
the other freakish one-of-a-kind 
deposits, there were really only 17 
limited areas in the world in which 
gemstones were produced: 
Madagascar, the Ural Mountains, 
Burma, Ceylon, Brazil, Southern 
California, New York, New England, 
the Carolinas, Kenya, eastern 
Australia, Mozambique, Tanzania, 
South-West Africa, Rhodesia and a few 
other places. 

Looking back to the era before 
continental drift began, he referred to 
the two supercontinents that are 
supposed to have existed. Relating 
thereto, he traced the areas in the 
world, particularly the Southern 
Hemisphere, in which gem deposits 
existed. He showed a band that was 
almost continuous from Brazil to 
Australia in basement rocks, dating 
back more than two billion years — all 
of which he stated had received some 
kind of volcanic event about five 
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hundred and fifty million years ago. 
His ideas, and theory, led to a very 
lively discussion, with many of those 
in attendance disagreeing strongly with 
his conclusions. 

Dr. Gubelin then discussed Further 
Observations on Mineral Inclusions in 
Gemstones; the subject was diamond. 
He stated that Dr. Neuhaus of Bonn, 
Germany, declared that diamonds had 
been formed in the earth at 
temperatures on the order of 1300° C. 
and 50,000 atmospheres pressure. It 
seems apparent that they formed in 
eclogite, a rock rich in olivine, garnet 
and diopside; and that they were then 
moved upward through cracks in the 
crust, in the form of the kimberlite 


that we see near the surface. 
Edward Giibelin discussed the 


structure of the earth as it has been 
postulated from seismic wave, density 
and other studies. A belt of molten 
silicates below the semirigid, thin, 
silicate crust is thought to be relatively 
constant in composition. This, 
kimberlites that worked their way to 
the surface in stages are to be found in 
many places in volcanic necks all over 
the world, with only minor differences 
in composition. Despite the high 
temperatures, by surface standards, of 
the molten lava in the necks as it rose 
to the surface, the diamonds that were 
crystallized at lower depths dropped in 
temperature fast enough to have been 
preserved at the much _ lower 
near-surface temperatures of the lava; 
otherwise, they would have turned to 
graphite. 

He discussed the various inclusions 
found in diamond and showed slides 
of many of them that had been 
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identified by  electron-microprobe 
techniques. One of the major ones is 


olivine, which, because of its 
pseudotetragonal habit, had been 
confused with zircon, which 


apparently does not exist, as had been 
postulated earlier, as an inclusion in 
diamond. The peridot, or olivine, 
series ranges from magnesium silicate, 
the forsterite end, to fayalite, the 
iron-silicate end. Most of those found 
in diamond were shown to be 94% + 
forsterite; i.e., largely magnesium 
silicate. They were formed at the same 
time as diamond. Other inclusions 
were pyrrhotite (an iron sulphide), 


magnetite (iron oxide), hematite 
(another iron oxide), picotite, 
enstatite, bronzite, apatite and 


graphite. He had beautiful slides 
showing the characteristics of the 
various inclusions that had been 
identified. 

Following Dr. Giibelin, Professor 


Dr. Pense of the University of Mainz 
and Idar-Oberstein, discussed New 
Research on Turquois. He delivered 
the address on behalf of a doctoral 
student, Mr. Bannerjee, who had 
worked on the subject with Pense as 
his mentor to fulfill the requirements 
of a Ph.D. thesis. 


Dr. Pense showed that the 


absorption curve shown on a 
spectrophotometer has a_ typical 
appearance for various turquois 


specimens. They had a minimum 
transmission at about 3500 A in the 
ultraviolet, rising quickly toward the 
visible portion of the spectrum (4000 
to 7000 A), but with a dip between 
3500 and 4500 A, the maximum 
transmission dropping off abruptly to 
the end of the visible spectrum, at 
7000 A. The dip was deepest in 
turquois specimens that had the best 
color. The imitations showed no such 
dip in transmission on the rising curve 


Mr. Ove Dragsted, Dr. H. Clausen, Mr. Richard T. Liddicoat, Jr. 
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from 3500 to 4500 A 

Dr. Poirot, of the Paris laboratory, 
spoke on studies he had made relating 
to crystal growth. He had some very 
interesting ideas about the behavior of 
negative-crystal formation during 
hydrothermal growth in nature. He 
pointed out several of the findings that 
led him to his conclusions. For 
example, he diagrammed convincingly 
the reasons he felt accounted for the 


commalike or spearlike inclusions 
found in hydrothermal synthetic 
emeralds. 


The title of the talk by Basil 
Anderson, of the London Laboratory, 
was Some Problems & a Few Solutions 
in the Field of Gem Testing With the 
Spectroscope. In his initial remarks, 
Anderson summed up the problems 
that plague workers in any gem-testing 
laboratory when it comes to research. 
He stated: “Research work in a busy 
trade laboratory, such as ours, cannot 
be planned as a commonly considered 


academic exercise, but consists of 
untidy, interrupted responses to 
urgent practical problems of gem 
identification. One would like very 
much to tie these together in a neat, 
shapely bundle, but time forbids. 
However, for this occasion I felt it 
might be useful to fellow 
gemmologists if I were to piece 
together some recent observations in 
the field of absorption spectra, with 
particular reference to those caused by 
chromium, cobalt and the rare earths. 

Because the problems of the 
London Laboratory coincide so neatly 
with those of the Gemological 
Institute of America’s Laboratories, 
we are always particularly interested in 
Basil Anderson’s remarks. In his talk, 
which we hope to reproduce in Gems 
& Gemology in a forthcoming issue, 
Anderson discussed some of the 
problems that are encountered in a 
gem-testing laboratory. First, he 
discussed the very many kinds of 


Mr. Robert Webster. 
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spectra encountered in a 
chromium-rich material, noting the 
differences between emerald, ruby, 
jadeite, spinel and pyrope. He pointed 
out how helpful the spectroscope is in 
gem identification, particularly among 
very difficult, ordinary separations. 
Anderson gave some very interesting 
comparisons among stones that 
showed chromium spectra. 

There was some free time Tuesday 
afternoon, so my talk, which had been 
scheduled for Monday morning, could 
be given at that time. My talk was 
concerned chiefly with the new form 
of treated opal, some recent 
developments in synthetic rubies and 
emeralds, and a few other subjects, 
most of which were reported on or 
soon will be reported in Gems & 
Gemology. 


The initial discussion related to the 
remarkably beautiful black opals that 
were so exceedingly low in specific 
gravity and refractive index as to seem 
most unusual to us when we 
encountered them in the Laboratory. 
The information we had learned was 
related to the group, and some of their 
amazingly low properties were given. 
For example, a stone that by Joe 
Murphy’s excellent weight-estimation 
techniques for cabochons should have 
weighed 25.95 carats, if it had an S.G. 
of 2.10, actually weighed only 15.44 
carats. It was explained that the stone 
increased from 15.44 carats before 
immersion in water to 20.555 carats 
after overnight immersion. The 
apparent S.G. was approximately 1.26 
and the R.I., about 1.37. The stone 
was very sticky to the fingers. 

The two methods of treatment told 
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to us as the processes being used were 
heating in a paper bag until the paper 
burned, and plastic impregnation, which 
were discussed as possibilities. Evidence 
for the two methods were outlined, 
since the product seemed to show 
characteristics suggestive of each of 
the methods. 

Also discussed were the latest 
Gilson synthetic emeralds, which had 
properties very much in the natural 
range; ie., R.I’s of 1.574-1.580 and 
an S.G. of 2.685. These synthetics 
showed absolutely no fluorescence to 
long-wave ultraviolet, but still had the 
typical wisplike or veillike inclusions 
associated with flux-grown synthetic 
emeralds. Fortunately, an iron line in 
the spectroscope, at about 4270 A, 
gave them away as synthetic emeralds. 

The latest Linde synthetic emeralds 
were also discussed, showing slides of 
typical identifying characteristics and 
mentioning the 1.571-1.577 R.I.’s and 
the 2.68 to 2.69 S.G. 

Some of the characteristics of the 
new Chatham synthetic rubies were 
discussed, particularly the tendency 
for a line around the seed, which had a 
bluish color. A number of slides were 
shown to illustrate each type. 

A turquois that had come in from 
Gilson was suggested to be synthetic 
on the basis of its low indices and very 
odd black inclusions, plus its 
translucency. At this point, Frederick 
Pough mentioned he had shown a 
synthetic turquois from Gilson on 
Monday. 


The next item for discussion was 
the almost transparent red beryl from 
Utah that had been discussed at the 
Americal Gem Society Conclave in 
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Cincinnati. At that tinie, it had 
appeared there was a possibility that 
this would be a source for transparent 
ted beryl in gem sizes, but this now 
seems unlikely. Visits to the apparent 
locality by two different observers 
(including Pough) suggest that most of 
the material is nontransparent. 

Next, Robert Crowningshield, 
Director of GIA’s New York 
Laboratory, discussed the new, larger 
gem-quality synthetic diamonds being 
produced by the General Electric Co. 
and that had been loaned to GIA by 
GE to study in the rough. This subject 
was of great interest to the European 
gemologists, and was followed by a 
number of questions. Crowningshield 
pointed out that his observations had 
shown clearly that it would be possible 
on the basis of the material produced 
to date to distinguish rather readily 
between natural and the synthetic. He 
said that further studies would be 
made when the first crystals were cut 
in the next few months. 

The next talk was by Mr. Masso of 
Barcelona, Spain, the head of the 
gemological association of that 
country. His talk was entitled Some 
Comments on a Synthetic Ruby. Sr. 
Masso had encountered on three 
occasions synthetic rubies that he 
regarded as different from those he 
had seen in the past. His study was 
based on the observation of seven 
different stones, ranging in weight 
from 11.01 to 2.78 carats. In his 
printed report, he had a picture of one 
of the stones (Figure 1}, and two 
photomicrographs of inclusions. He 
then gave their properties as they had 
been observed in his laboratory. 
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He stated that the specific gravity 
by the hydrostatic balance varied from 
3.996 to 4.015 for the seven stones. 


Figure 1 


The refractive index of all was 1:760 
to 1.768. They all fluoresced strongly 
under ultraviolet light, being slightly 
stronger to long wave, and they were 
transparent to short-wave ultraviolet. 
He said that although there was no 
evidence of curved color bands, round 
and oval gas bubbles were evident in 
all specimens. He said that these 
resembled in some respects the Kashan 
synthetic rubies described in the 
Spring, 1969, issue of Gems & 
Gemology (although these showed no 
gas bubbles), but that there were very 
distinct differences between the 
synthetics he was describing and those 
covered in Gems & Gemology. He also 
showed some photographs of 
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inclusions that were distinctly 
different from any of those of either 
natural or other synthetic rubies 
described in the past. The two 
photomicrographs are shown in 
Figures 2 and 3. 


Figure 2 


On Wednesday, the discussion 
started with a talk by Mrs. 
Cavenago-Bignami, director of the 
Italian gemological laboratories and 
author of the book Gemmologia. 
Madam Bignami had concluded from a 


Figure 3 
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number of observations that the 
nature of anomolous birefringence in 
diamonds was related to their color 
grade. This was a very interesting 
hypothesis, but not one that was 
totally accepted by those in 
attendance, so it was followed by a 
lively discussion. 

Robert Webster, of the London 
Laboratory, talked next on the subject 
Some Investigations on Damaged Gem 
Material, He discussed four sources of 
damage: percussion, thermal effects, 
radiation effects and chemical attack. 
Under percussion, he mentioned the 
effects of ultrasonic cleaning on such 
stones as strontium titanate and 
zoisite. Under thermal effects he 
discussed the fading of color in 
amethyst and some experiments he 
had conducted using ultraviolet, 
infrared and various temperatures, to 
see how well the color stood up. He 
found that it did not take very high 
temperatures for some amethyst to 
fade. Fading in sunlight was 
encountered in morganite, kunzite and 
some Zircons (particularly white stones 
changing to a brown color). He also 
discussed the effects of sulphide fumes 
on cultured pearls, fading in turquois, 
and the effect of vinegar on such 
materials as coral. 

Germany’s Dr. Eppler was unable 
to attend, so Xaver Saller read his talk 
and showed the slides of inclusions he 
had piepared. He mentioned some 
thulite from Australia and South-West 
Africa. He stated that the recently 
discovered Zambian emeralds had an 
S.G. of approximately 2.74 and R.I’s 
of 1.582 to 1.590. They are found in a 
micaceous schist and are dark green, 
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the center usually blackish. He stated 
that the Kashan synthetic ruby is 
made by the Czochralski method. 
Since the inclusions had convinced us 
that the Kashan is a flux-melt product, 
we were interested but somewhat 
skeptical. 

Switzerland’s Charles Schiffmann 
discussed a number of items, including 
the use of the ProportionScope as an 
enlarger, the testing of a Linde 
synthetic emerald that showed 
refractive indices of 1.566 to 1.571, 
diamond fluorescence to ultraviolet in 


yellow, the use of electron spin 
resonance in testing, and other 
subjects. 


Schiffmann prepared a summary of 
the information on the new G.E. 
synthetic diamonds. This had been 
prepared for the conference, so he 
asked Robert Crowningshield, who 
had spoken on the G.E. diamonds the 
day before, whether there were any 
changes that should be made in_his 
summary. Crowningshield suggested a 
few changes. For example, the yellow 
synthetics were nonconductive instead 
of semiconductive; and that, although 
an absorption line at 4155 A is usually 
present in natural diamonds, it is 
usually absent in D & E, GIA’s two 
top color grades. 

Schiffmann was followed by Mr. 
Edwin Sasaki, speaking for Mr. 
Chikayama, the operator of a 
gem-testing laboratory for the 
Gemmological Association of All 
Japan and their chief instructor. Sasaki 
stated that the jewelers’ association 
was formed in June, 1967, and that the 
name was changed to the 
Gemmological Association of All 
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Japan in June, 1969. As of September, 
1970, the Association had more than 
700 members. He talked about and 
showed some of the gem-testing 
equipment that has been made in 
Japan. They have a refractometer that 
is very similar in appearance to the 
Rayner, and a polariscope with a 
design very similar to that of GIA’s 
instrument. They also have a variety of 
other equipment, including a 
monocular microscope set up with a 
variety of attachments to function as a 
polariscope, dichroscope and 
spectroscope. 

Dr. Mikkola of Finland spoke on a 
new kind of gemstone cutting that she 
had named the “Dandelion Moon.” It 
consists of a hemispherical top bearing 
a number of flats, usually about nine 
but sometimes more, and a 16-fold 
symmetry on the faceted pavilion. It 
was devised by an FGA in Finland, Mr. 
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Tauno Paronen. ; 

The last talk was delivered by the 
host, Professor Duyk, of the Belgian 
group, on the synthesis of fluorite. 
Duyk pointed out that fluorite belongs 
to the cubic crystal system, and 


mentioned some of the related 
fluorine minerals. He was talking 
largely about a synthetic red fluorite, 
made by the Harshaw Division of the 
Kewanee Oil Co. by the 
Bridgman-Stockbarger process. He 
stated that chromium, neodymium, 
samarium, erbium, holmium and 
uranium had been used for coloring 
agents, producing a variety of colors. 
He showed slides of unusual cavities in 
the material, which assisted in 
identification. 

The Conference itself ended with a 
banquet that evening. There was a visit 
to the diamond bourse in Antwerp the 
next day. 
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Two German Gem Meetings 

On the following weekend, the 
Deutsche Gemmologische Gesellschaft 
met at the Mineralogical & 
Petrographical Institutes of the 
University of Heidelberg. The DGG 
might be called the gemological 
association of Germany. This 
Organization includes not only 
jewelers, but hobbyists of all kinds in 
the gemological field. It is open to 
everyone in Germany with an interest 
in gemstones. 

The meeting started on Friday, and 
one of the important items that day 
was a meeting of people from various 
parts of the world who had an interest 
in diamond nomenclature. This group 
was organized and led by Herbert 
Tillander, gemologist of Helsinki, the 
-man chiefly responsible for the 
recently published Scandinavian 
diamond-grading system, which is 
based to quite a degree on, the GIA 
system for color and clarity grading 
and on the AGS cutting-and-grading 
system. A rather useful discussion 
took place on some of the stickier 
problems relating to diamond-grading 
differences among countries. 

There were a number of talks on 
the following two days by some of the 
leading professors of mineralogy in 
Germany, as well as by leading 
jewelry-industry members of the 
German gemological association, 
including Dr. Hermann Bank, the 
president, Dr. Godehard Lenzen of 
Hamburg and others. Crowningshield 
and I were asked to speak, as well. 
Among the professors was the famous 
Professor Emeritus Dr. Paul Ramdohr 
of the University of Heidelberg, who 
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spoke on the moon rocks. Professor 
Dr. Ramdohr is perhaps the most 
famous German mineralogist, an 
80-plus-year-old gentleman, who is 
responsible, with Professor Dr. Hugo 
Strunz, for the European equivalent of 
our Dana’s Textbook of Mineralogy, 
Klockmann’s Lehrbook de 
Mineralogie. Others were Dr. E.L. 
Goresy of Heidelberg’s Max Planck 
Institute; Dr. Berdesinski, also of 
Heidelberg; Dr. S. Rosch of Wetzlar, 
who spoke on the coloring of 
Tanzanite; Dr. G. Richter of 
Wurzburg; and Dr. J. Pense of 
Idar-Oberstein and Mainz. 

Dr. Lenzen and Mr. Eickhorst of 
Hamburg spoke on their new diamond 
colorimeter, which is quite similar to 
the American Gem _ Society’s 
instrument, in that it uses two filters; 
theirs uses a blue filter at 4200 A and 
another one at about 5100 A, which is 
in the blue-green. Many instruments 
were on display, mostly utilizing the 
ideas of the former Director of 
Training for the German Association, 
Dr. Karl Schlossmacher, who believed 
that horizontal microscopes were most 
advantageous, since any stone to be 
examined could be immersed in a 
liquid and then viewed through 
square-walled glass containers. This is 
good for testing under immersion, but 
very awkward for the kind of 
examination that normally confronts 
the jeweler. 

About ten days later, the German 
Edelsteintag held by the German 
Friends of Gemstones, the rough 
equivalent of the American Gem 
Society, held its annual get-together in 
Frankfurt. The Executive Director of 
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this organization modeled it, frankly, 
along the lines of the AGS, but he has 
a very interesting philosophy with 
respect to the purpose of his 
organization, since he feels that its 
function is to obtain just as much 
publicity for gemstones as possible. By 
organizing the event around a 
monumental display of magnificent 
gemstones and inviting the public, he 
is able to obtain what by American 
standards can only be regarded as an 
unbelievable amount of publicity. The 
two national television networks 
covered the event and from what we 
could gather, every newspaper of any 
size carried stories on the display and 
the event itself. 

In contrast to the rather spartan 
meeting of the German Gemological 
Association at Heidelberg University, 
this event, held in a major hotel in 
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Dr. H.J. Schubnel, Professor Dr. Pense, Dr. Poirot. 


downtown Frankfurt, was lavish 
indeed. There were two “jewel teas” 
to which local women were invited to 
view models parading in dresses of 
local and other designers, and wearing 
the jewelry of local jewelers. They 
were charged admission for these 
events. There was a charity dinner, as 
well as a “jewel ball” on the last night 
of the event. The awarding of 
certificates of diplomas was given a 
great sendoff, with speeches, chamber 
music and design awards before the 
diplomas were distributed. 

There were also a number of 
lectures by professors and gemological 
teachers, including Prof. Dr. Strunz 
(who spoke in the United States under 
GIA Cosponsorship, Prof. Dr. Rosch, 
Dr. Gubelin, Werner Galia and many 
others. 
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Developments and Highlights 
at Ge I_Av’s Lab 


in New York 


by 


ROBERT CROWNINGSHIELD 


Polycrystalline Diamond 

In the past few months, we have 
encountered two rather unusual 
diamond specimens. Figures 1 and 2 
illustrate a 782.86-carat gray lump 
that proved to be polycrystalline 
diamond. We were reminded of the 
statement some time ago that the term 
“Diamondite’” (which was used as a 
trade name for synthetic sapphire) was 
unacceptable because mineralogically 
there might be a diamond analogous 
with quartzite. This is the first 
specimen we have seen that proves this 
point. 


A Rough & Cloudy Diamond Crystal 

Figures 3 and 4 illustrate a most 
unusual use of a rough and cloudy 
diamond crystal. It came in for 
identification because the owner 
needed proof that he really does wear 
a diamond ring! 


Linde Simulated Diamond 


Just before our staff lapidary, Jerry 
Call, left with a partner, Don Spry, to 
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investigate the possibilities in Brazil, 
they cut for the Linde Co. a really 
surprisingly beautiful marquise-shaped 
brilliant of yttrium-aluminum oxide 
{commonly called YAG, for 
ytirium-aluminum garnet). Figure’ 5 
shows the section of boule from which 
it was cut. Although YAG is cubic in 
structure, several other boules we have 
seen have had a _ hexagonal 
cross-section. The cut stone, Figure 6, 
went on display in early November to 
help launch the imitation they call 
Linde Simulated Diamond. 
Incidentally, their publicity on this has 
been unfortunate. We have seen it 
called both synthetic diamond and 
manmade diamond. 


Transparent Lazulite 

& Green Andalusite 
Another stone that Jerry cut just 
before he left was a 3-carat transparent 
lazulite. Although the finished stone is 
not clean (white breadcrumblike 
inclusions are shown in Figure 7), it 
was until recently the largest cut 


Figure 7 


Figure 3 


lazulite we had seen. Even in 
museums, we had only seen stones of 
less than a carat. Recently, in 
Idar-Oberstein, Germany, I saw cut 
stones of 2 carats and quite free of 
flaws. Also, a magnificent crystal 
group was seen that weighed in excess 
of 100 carats. With the unusual 
dichroism of green and cobaltlike 


222 


Figure 2 


Figure 4 


blue, the crystal was striking. Since 
returning to New York, we have seen 
several fine cut stones, many weighing 
more than 5 carats. 

We are indebted to a Brazilian 
gentleman for the lazulite and also for 
some fine green andalusite with the 
absorption spectrum that has been 
attributed to rare-earth elements. We 
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Figure 5 


Figure 6 


Figure 7 


were interested to note from Robert 
Webster’s latest edition of Gems that 
he attributes the spectrum to 
manganese. We have recently been 
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informed that the supply of lazulite 
will be limited, as will be its use in 
jewelry, since it is less than six in 
hardness. 
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Laser Beams in Gemology 

Diamond cutters have long known 
that certain dark inclusions in 
diamond can be reduced in size by 
using strong acid, providing there is an 
opening to the surface. Some years 
ago, we heard rumors of the possibility 
that laser beams could be used to 
reach wholly included crystals, etc., 
allowing the reducing acids to reach 
them. In September, a diamond dealer, 
who wishes to remain anonymous, 
showed us a small cut diamond before 
it was subjected to the laser operation 
(Figure 8). It had two prominent 
inclusions that appeared dark in color, 
as Well as several smaller ones. 

A few weeks later he brought the 
stone back. Neatly piercing the two 
largest inclusions was a tapering hole, 
or cone {Figure 9). The inclusions 
were lighter in color, but from the side 
(Figure 10) the longer cone was 
reflected in the table and, to our eyes, 
the clarity grade of the stone was not 
improved. (Figure 1/ is a similar view 
before the cone was produced.) We are 
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most grateful to the gentlemen who 
allowed us to study these stones, 
because not more than two weeks later 
we were asked f0 grade a top-color 
7-carat stone and would have been 
unable to explain the three cones we 
saw reaching from the surface to 
rather large white included crystals (or 
now, negative crystals). Two of the 
cones and crystals are shown clearly in 
Figure 12. The third is depicted with 
its reflection in .Figure 13. Several 
smaller black crystals were nearby; 
possibly, they were really a very dark 
brown. If the laser cone reached the 
crystal and the acid dissolved or 
otherwise altered the inclusion, it was 
a mystery to us as to the nature of the 
crystal. 

We were struck with the precision 
of aiming, which allowed the tiny hole 
to just pierce the crystal, but were 
reminded that laser beams are used for 
extremely delicate surgery on the 
retina of the human eye. The main 
problem of early experimenters was to 
learn how to aim for an inclusion that 
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Figure 10 


Figure 13 


Figure 11 


Figure 12 


was not really where it appeared to be. 

It was our feeling that if the 
inclusions pierced by the laser were 
originally black, as the surrounding 
ones were (Figure 14), then the 
salability (if not the actual clarity 
grade) of this diamond was 
considerably improved. We did, 
however, note a decided cleavage crack 
radiating from the longest laser hole 
(arrow in Figure 12), which indicates 
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Figure 14 


that the procedure is not without 
sore risk. 

We are faced with finding a suitable 
name for what we see in a “lasered” 
stone, in order to record it in our 
reports. If and when we can obtain 
information as to the availability of 
this activity as a service, we will report 
it. 


“Assembled Emerald” 

An emerald in a ring was submitted 
for testing, since the client was sure it 
was an assembled stone. At first 
glance, this seemed entirely likely, 
since there appeared to be a colorless 
zone through the girdle (Figure 15). 
However, under magnification and 
immersion, inclusions traversed the 
colorless zone from crown to pavilion, 
proving the stone to be one piece. The 
colorless zone was reminiscent of the 
Linde synthetic emerald. 


UV Fluorescence in Diamonds 
Ultraviolet fluorescence in truly 
colorless diamonds (GIA grades D and 
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E) is fairly rare and when it occurs, it 
is, fortunately, almost always blue in 
color. Strong-blue fluorescence in 
colorless stones usually imparts a 
grayish cast. When it does not impart 
this cast and occurs in a very 
transparent stone, the term Jager may 
be used as a color description. Very 
rarely, we have encountered a 
diamond in the D-E-F range that 
fluoresces yellow — a disappointment 
when the stone is viewed in daylight. 

Recently, we examined a beautiful 
21.90-carat pear-shape brilliant for our 
Laboratory member, Baumgold Bros. 
The stone was graded E under the 


controlled illumination of the 
Diamondlite. Under ultraviolet, the 
stone glowed an intense and 


completely unexpected orange, a 
fluorescent color we have heretofore 
seen only in fancy-colored diamonds. 
By coincidence, the next day we 
graded an 8.10-carat marquise brilliant 
as F in the Diamondlite, and noticed 
that it fluoresced an attractive pale 
green under long-wave ultraviolet. 


Testing Demantoids 
A test we have never had to resort 


Figure 15 
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to before, and one we would not 
ordinarily think to use, involved a 
request to test a large number of loose 
demantoid garnets. The paper 
contained several thousand stones, and 
the client submitted two or three at 
random for testing. By chance, one 
was a green zircon. How to test the lot 
quickly was the problem; the answer 
was to use short-wave ultraviolet. The 
few other zircons present glowed a 
muddy green, whereas the garnets 
remained inert. Normally, when only 
one or two stones are being tested, the 
spectroscope or polariscope and 
microscope are sufficient. 


Amber Identification 

‘We have frequently stated that the 
most difficult of all identifications is 
amber. Although separation of plastic 
imitations is usually accomplished by 
use of the refractometer, specific 
gravity and ultraviolet fluorescence, 
with the hot point as the “clincher,” 
the identification of modern resins 
requires use of either one or both 
acetic ether and sulphuric ether. 

Recently, a stress-figured red-brown 
pendant stone was sent in for 
identification. Everything pointed to 
plastic, except that we have never seen 
stress-figuring in plastic and the S.G. 
was that of amber, not plastic. Its lack 
of fluorescence seemed to rule out 
amber until we made a slight scratch 
near the drill hole. At that point, the 
normal bluish fluorescence of amber 
became visible, proving the piece to be 
a pale amber painted with a 
dark-red-brown varnish (?) or other 
medium to improve the color. 
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Zincian Staurolite 

An unusual-appearing specimen 
from Brazil was submitted for testing; 
it appeared red-brown in incandescent 
light and yellow-green in fluorescent 
light. As a rough fragment, it was 
unlike anything we had seen, and the 
biaxial character and refractive index 
matched nothing we knew. X-ray 
diffraction by Chuck Fryer in Los 
Angeles and cross-reference work at 
the Smithsonian Institution revealed 
the stone to be a new variety of 
zincian staurolite. This mineral is very 
rarely transparent, being known to the 
collector in the form of fairy crosses 
from Georgia, Colorado and other 
areas of the United States. If the new 
material occurs in large enough pieces, 
it should make an attractive cut stone, 
since it tends to be lighter in color 
than other transparent staurolite we 
have seen. Its fairly distinct absorption 
spectrum is seen in Figure 16. The R.I. 
was 1.721-1.731, rather low for 
staurolite; it was biaxial and trichroic 
(green, yellow and red); the S.G was 
3.79; it was inert to X-ray and UV; 
and the hardness was approximately 7. 


Transparent Colorless Grossularite 

If blue is an unheard-of color for 
garnet, so is transparent and colorless. 
To our surprise, we were shown 18 
small, transparent, nearly colorless 
stones that proved to be grossularite. 
Most of the stones were just faintly 
tinted with green — about K on the 
GIA Diamond-Color Scale. It was 
assumed that they represented the 
extreme end of the new Tanzanian 
green grossularite, with the fine 
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emerald-green stones the other end ina 
color series. Some are shown in Figure 
17. 
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Figure 17 


Wichmanis of Brazil. With their high 
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Developments and Highlights 
at Ge I AX’s Lab 


in Los Angeles 


by 


RICHARD T. LIDDICOAT, JR. 


Diamond Polished 
Nearly Parallel to Grain 

‘Occasionally, we encounter 
diamonds with a polished surface that 
appears to be so nearly parallel to a 
cleavage direction (ie., nearly parallel 
to the grain) that ‘a fairly regular 
pattern of discontinuities in the 
surface is evident. Such a surface (in 
this case the table), undoubtedly on a 
three-point stone, is visible in Figure 
J: its appearance is not unlike that of 
magnified calf’s-skin leather. Polishing 
is very difficult in the octahedral 
direction, so probably the polishing 
wheel pulled out minute flakes of 
diamond, leaving the irregular surface 
shown here. Each of the flakes showed 
tiny drag marks, indicating that the 
material had been pulled out by the 
polishing wheel and the tiny diamond 
grains grooved the diamond nearby. 


Eosphorite 
For the first time we encountered 
an orthorhombic mineral called 
eosphorite, which is a 
manganese-aluminum phosphate. It 
was a small, transparent, 
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brownish-pink faceted stone with 
refractive indices of 1.640-1.668. The 
beta index was slightly over 1.660, so 
the mineral was biaxial negative. The 
specific gravity was very near 3.06, 
and the hardness was about 5. The 
spectrum had a very strong absorption 
line at 4100 A and a moderate line at 
4900 A. We were able to confirm the 
optical identification, made initially 
by Charles Fryer, with an X-ray 
powder-diffraction pattern made using 
the powder from a tiny fragment of 
the crystal from which the stone had 
been cut. Figure 2 shows some long, 
stringy acicular inclusions that were 
present in the stone. Eosphorite will 
never rival corundum or even kunzite 
in popularity as a gemstone, but it is 
one more for the collector to try to 
find. 


Gaps in Nacreous Layers 
of a Cultured Pearl 
While examining a cultured pearl 
under fairly high magnification, we 
were surprised to notice several areas 
in which Newton rings were evident. 
Although “we have not examined 
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Figure 7 


thousands of cultured pearls under this 
magnification (approximately 40x), 
nacreous layers with air spaces in 
various places beneath the surface 
layers were new to us. After 
‘encountering this condition in a single 
pearl, we examined quite a number of 
others without again finding it (shown 
rather vaguely in Figure 3). The largest 
space can be seen at center right, with 
several others that are slightly more 
distinct to the upper left of the largest. 


Chrome Fluorite 

On a recent trip to South America, 
Edward R. Swoboda, president of 
Jewels by Swoboda, Beverly Hills, 
California, found some large pieces of 
fluorite whose appearance suggested 
chromium as the coloring agent. 
Figure 4 shows the spectrum of the 
material. The particularly interesting 
aspect of this fluorite was that a beam 
of light transmitted through it was a 
pronounced medium blue, even 
though the stone itself was chrome 
green. 
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Figure 2 


12-Rayed Star Sapphire 
Twelve-rayed star sapphires are not 
exceedingly rare, but one submitted 
for identification was so attractive that 

we photographed it (Figure 5). 


Sinhalite 

We received for identification a 
rather attractive sinhalite that was 
distinguished by some very interesting 
negative crystals extending to the 
surface in one corner of the 7.09-carat 
stone (63x, Figure 6). Even this 
magnification was insufficient to show 
the terminations clearly, but the 
orthorhombic nature of the crystals 


was evident under binocular 
magnification. 
Treated Opal 
In recent issues of Gems & 


Gemology we have discussed the new 
form of treated opal apparently 
impregnated with a black plastic. The 
material is very porous, probably from 
Jalisco, Mexico. One encountered 
recently was the most porous yet. The 
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weight when dry was 15.44 carats. 
Using Joe Murphy’s cabochon formula 
and a specific gravity of 2.10, the 
estimated weight for this opal was 
25.95 carats. It was not possible to 
take a hydrostatic $.G., because the 
stone absorbed water so rapidly. When 
it was soaked overnight and weighed 
again, it had gained 5.11 carats, to 
20.55. Using the cabochon-estimation 
formula and the dry 15.44 weight, the 
S.G. worked out to about 1.26. 
Obviously, this is not a highly accurate 
method for such a determination, but 
it served our purpose. 
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Needles in Natural Spinel 

In the last issue of Gems & 
Gemology an illustration was shown of 
needlelike inclusions in a natural 
spinel. H.J. Vander Veer of Associated 
Mines, Inc., Salt Lake City, Utah, sent 
us some spinels he had found in a large 
group from Ceylon, in one of which 
the inclusions were at least as well 
developed as the one we showed in 
Gems & Gemology. Some of the 
stones had very short needles and one 
had a rather interesting included 
crystal with a halo and a very flat, 
reflective ‘separation that showed a 
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Figure 6 


Figure 8 


“flying saucer” and a_ slightly 
out-of-focus group of typical 
octahedral crystal inclusions (63x, 
Figure 7). 

More on 


Linde Hydrothermal Emerald 
We have had a chance to examine a 
large number of Linde hydrothermal 
synthetic emeralds, and certain 
characteristics have become apparent 
in most of the stones that we regard as 
very helpful in identification. 
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Figure 7 


Figure 9 


One is what Charles Fryer refers to 
as an “ocean-wave” effect (Figure 8), 
which occurs as one or more irregular 
surfaces parallel to the tabular seed. 
Several of these layers are shown in 
Figure 9. When such surfaces are 
examined at right angles to the 
direction of the last illustration, they 
sometimes appear almost. transparent, 
but at other times produce a cloudy 
effect (Figure 10). The side view 
(Figure 8) is apparently accounted for 
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Figure 12 
by the development of many faces as 
growth took place from the seed. 

We regard these as just as diagnostic 
as the commalike or spiculelike 
inclusions capped by the phenakite 
crystal shown in earlier references to 
the Linde product. 

Occasionally, a clear, colorless zone 
is evident, again either in the seed or 
parallel to it. Such a zone is shown by 
the arrows in Figure 71. 

Hexagonal Platelets 
in Chatham Flux-Melt Rubies 
In earlier references to Chatham 
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Figure 13 
flux-melt synthetic rubies, Robert 
Crowningshield called attention to flat 
platelets with a hexagonal outline. We 
have had some doubt whether these 
platelets were negative crystals or 
metallic inclusions. One reached the 
surface in a recently tested stone, and 
we were able to see that it was 
metallic. It appeared to have a 
brass-yellow color, but we have not 
yet made an X-ray powder-diffraction 
pattern to determine conclusively its 
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identity; Charles Fryer is’planning to 
do this shortly. Several of these 
inclusions are shown in Figure 12. 


Three-Phase Inclusions 
With Two Bubbles 

Three-phase inclusions, of course, 
are common in Colombian emeralds. 
We were interested, however, in a 
Colombian stone that showed a 
number of three-phase inclusions, each 
one of which had the tiny crystal in 
liquid in a cavity, bounded by two 
bubbles on opposite sides of the 
crystal. There were about a dozen such 
inclusions. An arrow points to the 
largest visible in the field in Figure 13. 
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7 Book Reviews 


PROSPECTING FOR GEMSTONES & 
MINERALS, by John Sinkankas. Published 
by Van Nostrand Reinhold Co., New York 
City, 1970. 397 pages. Clothbound. Well 
illustrated with 133 black-and-white 
photographs and line drawings. Price: 
$10.95. 

Almost a decade ago John Sinkankas 


wrote a useful book entitled Gemstones & 
Minerals: How & Where to Find Them. It 
very quickly became accepted as a reference 
work and guide for the amateur prospector, 
as well as for amateur mineralogists, 
geologists, gemologists and collectors. 

With his usual writing skill, together with 
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his knowledge in the field, Sinkankas has 
revised and updated the original work and 
retitled it Prospecting for Gemstones & 
Minerals. Now, as before, the primary 
purpose of the book is as a guide to 
recognizing the signs of mineral and 
gemstone deposits and how to extract them 
efficiently. 

In addition to practical information on 
planning field trips, tools and equipment, 
the field appearance of rocks and minerals, 
digging, extracting, preparing and exhibiting 


specimens, etc., this latest edition 
incorporates new photographs and 
information on the most recent 
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developments in the field and lists new 
publications. Following the book’s. nine 
detailed chapters, five appendices include 
tables and charts, useful addresses, reference 
libraries, and suggested references and 
reading materials. 

This authoritative, lucidly written and 
informative book deserves a prominent 
place in every gem-and-mineral library. 
STEREOGRAM BOOK OF ROCKS, 
MINERALS & GEMS, by David Techter. 
Published by Hubbard Press, Northbrook, 
Illinois, 1970. 64 pages. Softbound. 
Illustrated with full-color, matched pairs of 
stereo photographs. Price: $3.95; stereo 
glasses: $1.95. 

Prepared by Hubbard Scientific Co., the 
Stereogram Book of Rocks, Minerals & 
Gems makes it possible to view high-quality 
specimens in three dimensions. 

Each color plate is presented as a stereo 
pair that is viewed through accompanying 


stereo glasses as a_ three-dimensional 
specimen illustrating form, shape and 
structure. Crystal shapes with their 


characteristic terminating faces or cleavages, 
for example, are features that cannot be 
shown adequately in a flat photograph but 
that are clearly revealed by this method of 
viewing. 

It is apparent that great care was taken to 
ensure correct color representation by the 
control of background colors and lighting. 
The specimens photographed for the book 
were selected from the outstanding mineral 
collection of Chicago’s Field Museum of 
Natural History, illustrating good 
crystallization, sharp and true color and 
distinctive characteristics. Included are 
stereo photographs of 18 of the more 
important gemstones, both rough and cut. 
Two appendices show stereograms of lunar 
rock formations and the six crystal systems. 
Special consultant for the project was Dr. 
Edward Olsen, Curator of Mineralogy, Field 
Museum. 

The Stereogram Book is aimed at both 
the student with his classroom needs and 
the independent collector, who may either 
be beginning his collection or seeking a 
book to increase his sources for mineral 
identifications. 
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THE HISTORY OF DIAMOND 
PRODUCTION & THE DIAMOND TRADE, 
by Dr. Godehard Lenzen, FGA; Gemologist, 
GIA. Published by Praeger Publishers, New 
York City, 1970. 230 pages. Clothbound. 
Illustrated with black-and-white 
photographs and line drawings. Price: 
$12.50. 

In this book, Godehard Lenzen explains 
and interprets all the phenomena that 
constitute the history of diamond 
production and the diamond trade. He 
traces the diamond’s status as a gem through 
Greek, Latin and Sanskrit texts and 
discusses in detail its evolution and history 
as a world commodity, the part played by 
various countries in its history, and the 
political and legal developments related to 
it. Other subjects covered include pricing 
and evaluation of diamonds, the technical 
developments that have influenced their 
industrial and economic roles, and the 
changing means of production. 

Although this book contains some 
interesting and hitherto unpublished 
information that obviously required tedious 
and painstaking research, it will no doubt be 
considered as dull and ponderous by many 
readers. Scores of sentences require close 
rereading and study, only to discover they 
are either vague and/or fail to make a 
clear-cut point. Many other sentences are so 
complex that reducing them to their 
essentials becomes a laborious and 
frustrating task. 

The fault may lie in the translation (from 
the German) or, more likely, with the 
publisher, who failed to make use of expert 
editors and proofreaders. An editor may not 
be able (or allowed) to transform 
pendantry, circumlocutions and pedestrian 
writing into great literature, but he can turn 
it into clear, concise English. 

Nevertheless, Lenzen, throughly 
grounded in gemology and mineralogy, has 
written a book that is unique in its field — a 
book that will add one more facet to a 
gemologist’s fund of knowledge. 

In addition to his gemological titles, 
Lenzen holds the degree of Doctor of 
Political Science & History and teaches at 
the Universities of Hamburg and Graz. 
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SOME PROBLEMS & A FEW SOLUTIONS 


IN THE FIELD OF GEM TESTING 


WITH THE SPECTROSCOPE 


by 


Basil W. Anderson, BSc, FGA 


(Ed. note: This is the substance of a 
talk given by B.W. Anderson at the 
13th International Gemmological Con- 
ference in Brussels, September/ 
October, 1970.) 

Research work in a busy trade 
laboratory, such as ours, cannot be 
planned as a calmly considered 
academic exercise, but consists of a 
series of untidy, interrupted responses 
to urgent practical problems of gem 
identification. One would like very 
much to tie these together into a neat 
and shapely bundle, but time forbids. 
However, for this occasion I thought it 
would be useful to fellow gemologists 
if I pieced together some recent ob- 
servations in the field of absorption 
spectra, with particular reference to 
those caused by chromium, cobalt and 
the rare earths. 


Chromium Spectra 


The general features of a chromium 
absorption spectrum are by now well 
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known to every gemologist; but the 
influence of the structure of the host 
material is so great that deviations 
from the classic examples, as displayed 
by ruby, emerald and alexandrite, 
Figures I, 2, and 3, are extremely 
wide. The luxury of sharp chromium 
lines in the deep red, for instance, can 
be expected only in those minerals in 
which the chromium ion enters the 
crystal lattice in replacement for alum- 
inum. Even where there is such iso- 
morphous replacement, there are some 
cases (e.g., spinel, pyrope) in which 
the line system may be absent or 
difficult to discern. 


When one is dealing with multi- 
crystalline materials, such as jadeite 
Figure 4, the sharpness of the red 
bands is decidedly diminished, whereas 
in stones such as chalcedony, where 
chromium has no properly established 
place, the effects are even more blur- 
red. But these facts in themselves may 
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Figure 1 


Figure 2 


Figure 3 


Figure 4 
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be helpful in distinguishing some of 
the translucent green gems resembling 
jade or chrysoprase. 

Not long ago, we tested a cabochon 
green stone in the clasp of a ladies’ 
mesh handbag that looked remarkably 
like a stained-green chalcedony but 
that the spectroscope revealed as a 
cloudy emerald. A similar story in 
reverse, so to speak, was when we were 
asked to examine a small vase reputed- 
ly carved from emerald, and here the 
spectroscope proved the material to be 
a form of aventurine quartz, untypical 
to the eye. There are also, of course, 
almost daily decisions to be made on 
cloudy-green cabochons that may be 
claimed as chrysoprase, jadeite, natural 
chrome chalcedony, chrome-stained 
chalcedony, aventurine or cloudy 
emerald. Usually, a spot  refractive- 
index reading is not sufficiently de- 
finitive and the spectroscope should 
prove a very welcome aid. 

As always, I maintain that wave- 
length measurements should seldom be 
necessary, and these are in any case 
difficult to carry out accurately at the 
red end of the prism spectrum, 
whereas with a. diffraction-grating in- 
strument measurements are also diffi- 
cult in a region where visual acuity is 
so low. What is most useful, indeed 
almost essential, is to have on hand 
samples of all the stones that one is 
liable to have submitted for testing. A 
good view of the actual spectrum is 
better than any description — better 
even than a realistic drawing. 

Returning to the group of green 
translucent stones about which I was 
talking, the spectrum of emerald 
should be recognizable beyond doubt, 
not only for the sharpness of its lines 


240 


in the red, but from the marked 
variations in their strength when 
viewed through a rotating polarizer. 
The spectrum of the ordinary ray is 
particularly distinctive, with the line at 
6370 A appearing in almost equal 
strength with the 6805-6835 A doub- 
let. Fine green jadeite, at a casual 
glance, approaches. emerald closely in 
its three-band spectrum, but the doub- 
let centered near 6900 A is blurred 
and cannot be resolved, and there is no 
variation in polarized light. In paler 
specimens, the iron band at 4370 A 
can be seen clearly and gives complete 
assurance. The spectroscope also pro- 
vides the surest test for dyed jadeite 
Figure 5: the dyestuff band in the 
orange is very easily detected, and the 
chromium bands are usually undetect- 
able. 

When the handsome chrome chalce- 
dony from Rhodesia first appeared, 
fears were expressed that it would be 
difficult to distinguish from chrome- 
stained green chalcedony or from true 
chrysoprase. In practice, the spectra of 
each are distinctly different. Chrome 
chalcedony shows virtually only a 
single narrow band, surprisingly well 
defined, in the red at 6790 A, whereas 
the stained material shows three blur- 
red bands by no means narrow, the 
strongest being at the limits of our 
vision (beyond 7000 A), and the 
others centered at approximately 6650 
and 6340 A. True chrysoprase, of 
course, owes its color to nickel, and 
shows no chromium lines. An ill- 
defined line in the orange must pre- 
sumably be caused by nickel, although 
none of its green salts seem to show 
anything similar. 

Aventurine quartz, which is essen- 
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Figure 5 


tially a quartzite heavily impregnated 
with deep-green flakes of chrome-rich 
mica, can, of course, usually be re- 
cognized .on sight or by loupe inspec- 
tion. Sometimes, however, the mica is 
surprisingly difficult to discern, and 
then familiarity with its two-band 
chromium spectrum (at 6830 and 
6450 A) may be useful. 

In the more limited range of red 
chromium-colored minerals, the only 
difficulty arises (and then only very 
occasionally) in distinguishing between 


pyrope Figure 6, and spinel Figure 7. 
Since each mineral is isotropic and 
each belongs to an isomorphous group 
whose range of constants to some 
extent overlap, the evidence given by 
the spectroscope may be valuably de- 
cisive. In neither mineral does one see 
the narrow chromium lines in the red 
very clearly, but the broad absorption 
regions in the green are very differ- 
ently placed (pyrope, 5750 and spinel 
5400 A are their mean positions), and 
in pyrope the almandite band at 5050 


Figure 6 


Figure 7 
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A can usually be detected. The most 
obvious distinction, of course, lies not 
in absorption but in fluorescence, an 
effect lacking in pyrope and normally 
strong in spinel, particularly under 
crossed filters, when it provides the 
delightful and highly distinctive 
“organ-pipe” group of bright lines. An 
intriguing and extremely useful ex- 
ample of the extreme sensitivity of 
fluorescence effects to the structure of 
the host material is provided here, 
since one finds that synthetic red 
spinels, whether made by flame fusion 
or crystallized from a flux, display the 
strongest of these bright lines (at 6850 
A) in far greater prominence than in 
natural stones, and, in fact, presents 
through the spectroscope an emission 
spectrum strongly resembling that of 
ruby. 

As a warning, it may be said that 
this useful test broke down in the case 
of an exceptionally chrome-rich red 
spinel we encountered in 1964. The 
refractive index of this remarkable 
stone was accurately measured at 
1.7439 — a fairly typical pyrope value. 
Since it was mounted in a three-stone 
ring, its density, unfortunately, could 
not be measured. So chrome rich was 
this specimen that it showed no fluor- 
escence even under crossed filters, and 
in transmitted light only the red end 
of the spectrum was visible, and 
framed in this “window” were numer- 
ous clear-cut lines, measured as 7030, 
6940, 6820, 6730, 6620, 6550, 6480 
and 6410 A. These tallied with pre- 
vious measurements and made the 
identification as spinel quite definite. 

And as yet another warning, we 
were: shown a red garnet not long ago 
by Mr. R.K. Mitchell that incredibly 
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showed a distinct red fluorescence 
under crossed filters. It had a density 
of 3.70 and a refractive index of 
1.730. It showed faint almandine 
bands and a hint of the spessartite 
band at 4340 A. 

Another green jadelike material in 
which chromium is responsible in part 
for the color is an attractive rock from 
Pakistan, which consists of an intimate 
mixture of what is now known as 
hydrogrossular, and massive idocrase. 
The two minerals are chemically and 
structurally very similar, the cube-edge 
spacing of grossular being 11.85 A, 
whereas the corresponding c-axis spac- 
ing of idocrase is 11.79 A. The mix- 
ture ranges from nearly pure grossular 
to nearly pure idocrase. 

In the Pakistan material, showing 
mottled bright greens closely resembl- 
ing Burma jade, in the grossular the 
coloring was chromium, and showed 
itself as a rather broad band in the 
orange centered at 6300 A with a 
sharp edge on the green side. The 
green in idocrase is caused mainly by 
iron, and the strong and well-defined 
idocrase band at 4610 A gives a clue 
by its strength as to how high a 
proportion of this mineral is present. 
Where idocrase is predominant, a 
weaker band at 5300 A in the green 
can be detected, and the chromium 
band mentioned above is no longer 
visible. The better known Transvaal 
massive hydrogrossular, with its range 
of greens and pinks, also reveals the 
presence of idocrase in varying 
amounts, as evidenced by the weak or 
stronger appearance of the 4610 A 
band. There is not enough chromium 
present in the grossular here, however, 
to produce the sharp-edged absorption 
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maximum in the orange. 
Cobalt Spectra 


And now a brief look at spectra 
caused by cobalt, chiefly because of a 
newcomer to the cobalt range in the 
form of blue synthetic quartz. 

For cobalt to produce its well- 
known blue coloration, it needs to be 
surrounded by four oxygens. With the 
exception of one rare mineral, this 
does not happen in nature, in which 
only the CoO, complex is found, 
giving rise to a pink color. 

So it has always been true to say 
that when the gemologist meets a blue 
stone that shows the well-known 
three-band cobalt spectrum, he is safe 
in assuming that he is dealing with a 
manmade material, usually with cobalt 
glass or synthetic spinel. In glass, the 
bands are more widely spread and the 
center band is the narrowest; in 
synthetic spinel, this central band 
appears to be the broadest. 

In the new synthetic blue quartz 
(which emanates from Russia), the 
bands resemble those in cobalt glass 
very closely in position and relative 
width. The center band is markedly 
the narrowest, and the measurements 
for the centers of all three were found 
to be 6450, 5850 and 5400 A — 
figures that might apply equally to a 
sample of glass. It thus behooves the 
gemologist to check his “cobalt-glass” 
specimens on the refractometer or 
between crossed polars. 

All cobalt-blue materials absorb 
strongly in the green and transmit 
freely in the deep red; hence, a red 
appearance under the Chelsea color 
filter is very characteristic. It should 
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be added that stained-blue chalcedony 
often shows cobalt bands. 


Rare-Earth Spectra 


Finally, a look at some rare-earth 
absorption spectra. This is a vast and 
fascinating field that I have scarcely 
started to explore, but that I felt 
bound to enter on account of the 
synthetic “garnets” and “‘scheelites” 
now being made, in which the rich-ine 
spectra of one or more rare earths are 
liable to appear. 

It is worth emphasizing that the 
only rare-earth spectra to be observed 
in natural gemstones are those caused 
by neodymium and praseodymium, 
which in nature are always found 
together, with neodymium as the dom- 
inant partner. These two elements are 
conveniently known by the collective 
name of didymium. The sharp-line 
spectrum of some green andalusites 
from Brazil was formerly ascribed to 
some unidentified rare earth but, sur- 
prisingly, is caused by mangariese. 
When used individually in glass or a 
synthetic crystal, neodymium induces 
a pink color, and its strongest absorp- 
tion lines are at 5850, 5670 and 5270 
A. Praseodymium gives a yellow-green 
color, and its strongest absorption 
lines are in the blue and violet at 4890, 
4750, 4520 and 4490 A. Where 
absorption lines caused by any of the 
other rare earths are present, or where 
either neodymium or praseodymium 
lines are seen on their own, this can be 
taken as proof that the material is 
manmade. 

The presence of groups of didy- 
mium lines in the yellow and green 
regions is a well-known feature of 
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yellow apatite, and lines in the yellow 
can often be seen faintly in several 
other gemstones (scheelite, calcite, 
idocrase, sphene, danburite, fluorspar) 
in which calcium is a major consti- 
tuent. This close association of rare- 
earth elements with the divalent cal- 
cium is rather odd, since they are in 
the trivalent state. 

Measurements made of the strong- 
est absorption line (caused by Nd) in 
all these minerals give the same wave- 
length (5850 A) within the limits of 
experimental error. This lack of sensi- 
tivity to environment is a_ general 
feature of rare-earth ions, where the 
transitions producing absorption and 
fluorescence effects take place in an 
inner electronic shell. The definitions 
of the lines, however, is markedly less 
sharp in a glass or substance of low 
refractive index than in crystal media 
of high index, such as scheelite or 
“YAG.” 

Since the proportions of Nd to Pr 
in natural didymium might be pre- 
sumed to be different in nature from 
those used in artificial mixtures, it was 
hoped that careful comparison of the 
strengths of Nd and Pr lines in the 
spectrum of natural and synthetic 
scheelites might yield significant re- 
sults. Thus far, no success has been 
achieved in this ambitious project and 
the microscope remains the best means 
of distinction. But at least it can be 
said that a scheelite showing either no 
didymium lines or a very strong didy- 
mium spectrum should be regarded 
with grave suspicion. 

As an indication of the difficulties 
involved, it may be noted that J. 
Newton Friend attempted to assess the 
relative concentration of the elements 
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Nd and Pr in solutions of their ni- 
trates. By measuring the strengths of 
Nd absorption lines at 5216, 5203, 
5120 and 5085 A, he achieved fairly 
good results for this element in solu- 
tions containing not more than 50% 
Pr. But when attempting to assess the 
quantity of Pr present by measuring 
the strength of a line at 5890 A, he 
found the accuracy of his results was 
vitiated by the presence of even a low 
concentration of Nd. 

The fact that the main didymium 
absorption bands are in the yellow, 
where visual acuity is at its height, 
caused Sir William Crookes to suggest 
the use of lenses of didymium glass for 
antiglare spectacles. Students who 
wear such glasses have found them- 
selves haunted by a persistent band in 
the yellow, whatever the spectrum 
they examined. 

In addition to their ability to pro- 
vide a rich absorption spectrum of fine 
lines, the rare earths also give rise to 
bright-line emission spectra when suit- 
ably stimulated, which adds an excit- 
ing new dimension to the powers of 
the spectroscope in identifying the 
nature of anyirare-earth elements pre- 
sent. Under strong copper-sulphate 
light, for instance, three strong bright 
lines at 6500, 6200 and 5580 A are 
emitted by a natural scheelite. These 
are caused by praseodymium: syn- 
thetic scheelite doped with neo- 
dymium alone shows no_ bright 
lines under these conditions. 

As I have already stated, the field 
of rare-earth spectroscopy is a vast 
one. The gemologist entering into it 
may find himself lost on a path leading 
nowhere, but at least he will have seen 
some lovely things during the journey. 
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THE FACTS ABOUT 
DIAMOND IMITATIONS 


(This was written originally by the 
Gemological Institute of America for 
the Jewelry Industry Council and Re- 
tail Jewelers of America, Inc. The 
proliferation of recent announcements 
of “new” substitutes required an up- 
date.) 

Like the ancient alchemists who 
dreamed of making gold, many men 
have tried to duplicate the miracle of 
Natures’ creation — cuttable diamond 
— but without success. 

Undoubtedly, most jewelers are 
aware of the many kinds of diamond 
imitations now available. This article is 
published to summarize the differ- 
ences among them, as well as the 
differences between imitations and 
diamonds. 

Since World War II, the trade has 
witnessed the development of various 
new stones with diamond pretensions. 

In 1948, synthetic rutile was made 
during the course of research aiming to 
improve whiteners for paint. It is a 
single-crystal form of titanium oxide, a 
common material in nature, but un- 
known as a colorless gem material. It 
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has a fuzzy brilliance (caused by its 
very high birefringence), quite unlike 
the sharp-edged sparkle of diamond, 
and always has a yellowish-white tinge. 
With its enormous dispersion and re- 
fractive index, it was natural to give it 
consideration as a diamond substitute. 
It has been offered to the public under 
a great variety of names. 

In 1953, another titanium com- 
pound, strontium titanate, was in- 
troduced. This substance, unknown in 
nature, had the advantage of being 
more nearly colorless, singly refractive, 
and of a much more believable dis- 
persion. Almost immediately, it super- 
ceded synthetic rutile, and has been 
offered to the public under various 
trade names. This newer material, like 
synthetic rutile, suffers from a lack of 
hardness and does not take a fine 
polish. In addition, it is so difficult to 
work that many of the stones are not 
cut with full diamond faceting, al- 
though most advertising would have 
one believe they are. With four times 
the dispersion of diamond, strontium 
titanate displays so much fire that it is 
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easily distinguishable from a diamond. 

Both titanium compounds, besides 
being soft, are brittle. It is rare to see a 
cut stone without evidence of shock 
damage — one of the factors that 
mitigated against the acceptance of 
colorless zircons as diamond _ substi- 
tutes. Various attempts to improve the 
wearability of both these synthetic 
stones have been made. “Sapphirized 
rutile’? supposedly had a thin coating 
of sapphire over the stone, but it was 
not effective. Doublets of either 
synthetic spinel or sapphire crowns 
over a pavilion of synthetic rutile and, 
more recently, of strontium titanate 
have been introduced. This offers a 
more wear-resistant crown and some 
reduction of the fire, but most manu- 
faciurers have had difficulty creating a 
transparent and lasting bond between 
parts. 

Synthetic colorless sapphire and 
synthetic colorless spinel have also 
made their appearances as diamond 
substitutes, but their lack of fire and 
brilliance gave them only superficial 
resemblance to diamond. Other mater- 
ials, although lacking in brilliance and 
fire and that. might confuse the lay- 
man, include colorless beryl, quartz, 
topaz, glass and various foilbacks, such 
as rhinestone. Immersion in water will 
cause spinel to lose brilliance, whereas 
diamond will remain bright. 

Recently, a new substance was de- 
veloped known as synthetic yttrium- 
aluminum garnet (YAG), but it has a 
relatively low refractive index and 
does not appear as brilliant from all 
angles, even with the most accurate 
cutting and polishing possible. This 
material, although somewhat brittle, is 
harder than any other substitute ex- 
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cept synthetic sapphire. When im- 
mersed in mineral oil, YAG becomes 
transparent, whereas a diamond still 
shows its characteristic brilliance, 
although somewhat diminished. As 
with other diamond substitutes, it 
usually does not have as fine:a polish 
as a diamond, nor is it usually faceted 
with the precision that gives diamond 
its special “twinkle.” 

Although any colorless material 
may be regarded as a possible diamond 
substitute, there are many important 
gemological differences between dia- 
mond imitations and diamond: 


A. Hardness. 
Even synthetic sapphire, the 
hardest substitute, is very 


much softer than diamond. 
Strontium titanate, the 
material most used as a sub- 
stitute, is only five in hard- 
ness, which means it can be 
scratched by ordinary kitchen 
cleanser. Thus, the wear- 
ability of most diamond imi- 
tations is limited. 


B. Cutting. 
Because of their relative soft- 
ness and the economic factors 
involved, diamond substitutes 
are not cut and polished with 
the fine precision of a dia- 
mond. 


C. Fire & Brilliance. 
Although the titanium com- 
pounds have a higher disper- 
sion factor than diamond, 
which makes them instantly 
recognizable as imitations, 
they can lose their original 
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luster after a short period of 
wear. 


Specific Gravity. 

Because of the difference in 
specific gravity among the 
most popular substitutes of 
diamond, the advertised 
ptices per carat of the imita- 
tions can be misleading to 


anyone contemplating an 
imitation to match a specific 
diamond. For instance, if a 
customer owns a 3.50-carat 
diamond and wishes a com- 
parable size strontium tita- 
nate, she will have to pur- 
chase one weighing in excess 
of five carats. 


The following are some of the 
hundreds of trade names that have 
been used for diamond substitutes: 


Synthetic Rutile Titanium 

Astryl Titanium Rutile 
Brilliante Titanstone 
Diamothyst Zaba Gem 

Gava Gem 

Jarra Gem Synthetic Sapphire 
Johannes Gem Diamondite 

Kenya Gem Walderite 

Kima Gem Crown Jewels 
Kimberlite Gem 

Lusterite Strontium Titanate 
Miridis Bal de Feu 
Rainbow Diamond Diagem 

Rainbow Gem Diamontina 
Rainbow Magic Diamond Dynagem 

Rutile Fabulite 
Sapphirized Titania Kenneth Lane Jewel 
Star-Tania Lustigem 

Tania-59 Marvelite 

Tirum Gem Rossini Jewel 
Titangem. 

Titania 

Titania Brilliante Doublet 
Titania Midnight Stone 
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Sorella 

Pauline Trigere 
Wellington 
Zenithite 
Jewelite 


YAG 

Diamanite 

Diamonair 

Diamonique 

Diamonte 

Di Yag 

Geminair 

Linde Simulated Diamond 
Triamond 


Synthetic Spinel 
Alumag 
Magalux 
Strongite 


Laser Gem (synthetic sapphire top 
& strontium titanate base) 

Carnegiegem (synthetic spinel top 
& strontium titanate base) 
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Substitute 


COMPARATIVE CHARACTERISTICS OF DIAMOND SUBSTITUTES 


Synthetic 
Rutile 


Strontium 
Titanate 


Sapphire 


Synthetic 
Sapphire 


Synthetic 
Spinel 


DIAMOND 


Birefringence Optic Char. 


Characteristics Sometimes 
Present & Visible Under 
Low Magnification 


Yellowish body color, fuzziness from 
extreme doubling, gaudiness from ex- 
tremely high dispersion. Potishing 
scratches, rounded and possibly abraded 
facet junctions. Higher magnification 
may reveal minute gas bubbles. 


High dispersion, no doubling but polish- 
ing scratches, rounded and _ possibly 
abraded facet junctions. Higher magnifi- 
cation may reveal minute gas bubbles. 


May have natural -inciusions. Noticeable 
doubling of facet junctions which may 
also be rounded and/or abraded. 


May have fingerprint or other natural 
inclusions. Weak doubling, very little 
dispersion. 


Same doubling and dispersion as seen in 
natural sapphire. Higher magnification 
may reveal minute gas bubbies. May 
show po ng scratches. 


No doubling, very tittle dispersion. High- 
er magnification may reveal minute gas 
bubbles which may be stringy or stightly 
angular in appearance as well as 
spherical. May show polishing scratches. 


No doubling. Moderate dispersion. May 
show polishing scratches. May show 
minute gas bubbles under higher mag- 
nification. 


No doubling, no polishing scratches, 
facet edges not rounded, high dispersion. 
May show cleavage, naturals at girdle and 
a waxy, smooth girdle surface. 
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Developments and Highlights 
at Gr A’s Lab 


in New York 


by 


ROBERT CROWNINGSHIELD 


Stained-Black Opal 


We were recently informed that in 
Australia the term black opal is reserv- 
ed for nonwhite opal, but only if it 
comes from the Lightning Ridge area. 
Here, the material may or may not 
have black or gray common opal on 
the back, but never ironstone or sand- 
stone matrix. 

We had the occasion to examine 
what we would surely. have considered 
black opals on matrix. Close observa- 
tion, however, indicated that the 
matrix was stained-black ironstone. 
The stones were submitteu to deter- 
mine if they were doublets and later to 
determine if the stain affected the 
appearance in any manner. Figure J 
illustrates the doublet effect, and the 
arrow points to some of the black 
stain lying in polish lines. The Labora- 
tory determined, and it was later 
confirmed, that the treatment of the 
matrix was for uniformity of appear- 
ance of the lot and it did not penetrate 
the matrix zone; hence, it did not 
affect the appearance of the opal. 
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Figure 2 shows the backs of two 
stones; on the left, the stone is as 
submitted and on the right, as it 
appears after removing approximately 
.10 mm., which exposed the original 
brown ironstone color. Figure 3 shows 
the complete lot of stones and the 
uniform black-matrix backs. 


Wisps in Synthetic 
Alexandritelike 
Sapphire 


Recently, we were surprised to see 
irregular gray wisps in synthetic alex- 
andritelike sapphire (Figure 4). We 
determined that they were visible man- 
ifestations of a strain pattern seen in 
the polariscope. ' 


“Synthetic Jade” 


For a number of years, a jadelike 
imitation has been offered in Hong 
Kong and Japan under various names 
such as. “synthetic jade,” “Jimori 
stone,’ “meta jade,” etc. One distri- 
butor offers the material in 8 trans- 
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Figure 1 


lucent shades of green under the 
names Burmese A, B and C, Australian 
A and B and African A and B. It is 
claimed that the raw materials used are 
white jade (jadeite or nephrite?) and 
quartz. The product shows gas bub- 


bles, and the low refractive index of 
1.53 to 1.55 and a specific gravity of 
2.65 are well within the range for 
glass. Under the microscope an un- 
usual pattern may be seen (Figure 5); 
it indicates a possible devitrification. 


Figure 2 
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Figure 3 


Figure 4 


Thin specimens in the polariscope 
show a diminished doubly-refractive- 
aggregate effect. Dr. limori makes one 
type that is devitrified to the extent 
that radiating fibers cause a cat’s-eye 
effect when the stone is cabochon cut. 
These have been called “synthetic 
cat’s-eyes.” 
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Figure 5 


North Carolina Emerald 


Figure 6 illustrates one of the last 
stones Jerry Call cut before leaving the 
Institute for Brazil. It is a 13.14-carat 
North Carolina emerald with a splen- 
did color reminiscent of a fine Muzo 
stone. It was cut from a crystal of 
approximately 60 carats found early 
this year on property owned by Amer- 
ican Gems, Inc., of Hiddenite, North 
Carolina (Figure 7). We are indebted 
to Mr. Bill Baltzley of that company 
for allowing us to examine the crystal 
and the emerald cut from it. It showed 
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Figure 7 


Figure 8 


Figure 6 


unusual termination etching (Figure 8) 
and was somewhat typical of emeralds 
from the locality, in that the central 
core was nearly colorless with a con- 
centration of chrome in the outer 
surfaces. However, the crystal was 
unusual in the richness of color at the 
termination end, which enabled such a 
fine stone to be cut. Figure 9 illus- 
trates the core effect of another North 
Carolina crystal examined at the same 
time. 

Although emeralds were discovered 
in the Hiddenite area as early as 1875 
and the properties have been worked 
sporadically since, the 13.14-carat 
stone described here may well be the 
largest and best yet cut. An excellent 
article on the history of North Caro- 
lina emerald mining may be read in the 
April, 1970, issue of The Lapidary 
Journal. 

The properties recorded for the cut 
stone were somewhat different from 
those of most Colombian emeralds. 
The refractive index was 1.58-1.588, 
the specific gravity 2.73 and a weak 
red was visible under the color filter. 
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Under magnification, nothing could be 
seen that could be termed typical, nor 
was anything seen such as three-phase 
inclusions, mica, etc., that would be 
confused with stones from other 
sources. 

American Gems, Inc., has opened 
much of their property in and near 
Hiddenite to prospecting by the public 
from March through December. It is of 
interest to note in that regard that all 
three of the major precious minerals — 
diamond, emerald (beryl) and corun- 
dum — may now be searched for by 
the interested public, with the tatter 
two areas in North Carolina. 
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Figure 9 
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THE ART OF DISPLAY 


by 


MariAnn Coutchie 
Creative Display Instructor, GIA 


Store image is an integral part of 
store success. You can enhance your 
store image and set your boundaries of 
accomplishment with the art of dis- 
play. The image of Farrar Jewelers, 
Inc., Redlands, California, was 
changed in May, 1970 and its coun- 
tenance became one of impressive 
taste. Along with the manifestation of 
a new image came the addition of a 
new clientele. Mr. Clifford Farrar 
knew the market he wished to reach 
was aware and used to. shopping in 
more sophisticated surroundings. He 
realized that lack of exciting displays 
and poor lighting was only expressing 
absence of pride in his inventory. Mrs. 
Farrar attended a Creative Display 
Class and’ became an excellent student 
in executing all the dynamic aspects of 
visual selling. The Farrars planned with 
a qualified architect and knew the 
image Farrar Jewelers, Inc. wished to 
project; the result is an impressive 
story of accomplishment. 


WINTER, 70-71 


There has never been an era when 
people were so color-conscious. In the 
early 1950’s, an extensive assortment 
of permanent dyes were developed. 
This gave the clothing industry the 
green light to use any combination of 
tints, shades and tones of the color 
wheel. Today, more than ever, color is 
the keynote of fashion. Trained dis- 
play personnel know what colored 
stones to display as the accent for the 
seasons fashionable costumes. They 
know how quantitatively, to distribute 
color in the window. Use the color 
suggestions they offer, and you will 
find the preference of your mer- 
chandise will increase. 

To decide which colors to use in 
the window you should begin with the 
merchandise itself, because it is the 
principal feature. You are always safe 
in using the same color as the gem- 
stone, in a less intense tint or shade, or 
using a complementary color. An 
example would be rubies displayed on 
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a tint of green (green + white), jade on 
a tint of purple (purple + white), or 
sapphires on a tint of yellow. The 
suggested colors are the complements 
of the gemstones. Complementaries 
placed side by side seem to intensify 
one another and they are psychologi- 
cally and optically balanced, one warm 
and one cool color. Display with color 
— it will add life and beauty to the 
gems. 

Your gems and jewelry will lack 
sparkle unless you use the correct type 
and amount of light. The intensity, or 
the total wattage, of the lighting sys- 
tem in the window should be greater 
than the outside light; otherwise, the 
glass will act as a mirror. This will 
make it very difficult to look into the 
window to see the merchandise. If 
necessary to defeat the mirroring 
effect, a lighting system on a track is 
the most flexible. It will enable you to 
move the light source to accommodate 
each change in the window and to 
switch from general lighting to spot 
lighting. 

Windows are part of the educa- 
tional process. They plant the seeds 
for the viewer to become used to new 
designs and textures in jewelry. The 
trained displayman plans with what 
and how he wishes to educate the 
public at least a month in advance, 
Each month usually has some event 


ind 
Ww 
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that can be used as a theme. The 
theme should be changed every other 
week; therefore, each month you 
would have two to three themes from 
which to plan. The theme keys the 
selection of merchandise. It also tells 
you the age of the market“at which 
you are aiming, to help you plan the 
color scheme and composition. 


New Home-Study Course 


1971 will see a new addition to the 
GIA home-study courses, the Creative 
Display Course. This new course con- 
tains twenty-two lessons and a final 
project. Upon satisfactory completion 
of the course, the student is awarded a 
Creative Jewelry Display certificate. 

The home-study course and the 
one-week residence class offer the 
opportunity to develop skills in all 
phases of display. Lighting, color, 
composition and themes for your 
windows will become the tools with 
which to build more sales. 

Put the direction of your store 
image in the hands of a trained dis- 
playman. He is the best qualified in 
merchandise presentation. His selec- 
tion of colors, his use of lights, and the 
themes with which he introduces the 
jewelry to the viewer will start you 
experiencing the success of your new 


image. 
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MERCHANDISE Woman’s yellow-gold and pearl jewelry. 


COLOR SCHEME Rust and blue. 


COPY Jewelry Brightens a Rusty Love. 


ACCESSORIES Rusted tins and metal. Covered 
pads of blue velveteen. Flooring: light 
rust-colored felt. 

The dramatic contrast of rusted 
metal and gold jewelry demands atten- 
tion. An old spokeless wheel propped 
against a crushed can lends elevation 
for displaying the neck chain, pins and 
earrings. Rusted-out cans and sheet 
metal bent into an interesting form all 
lend themselves to be functional dis- | 
players. The written message, or 
reader, is transferred onto watercolor 


paper, and the edges are torn to appear 


as old as the fins. 
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THE RUSSIAN DIAMOND INDUSTRY 


by Richard T. Liddicoat, Jr. 


It was not long after the cessation 
of hostilities at the close of World War 
II that the United States declared an 
embargo on shipments of strategic 
materials to the Soviet Union. Blessed 
with the largest land mass under one 
flag, much of it largely unexplored 
geologically, the Russians embarked 
on an exploration program of an inten- 
sity probably unmatched in history. 
From its western border with the 
Eastern European Bloc, to China and 
the Pacific on the east, from its south- 
ern borders along the Black Sea, and 
the Himalayas and China to the Arctic 
Ocean on the north, the Soviets began 
their intensive search for mineral 
wealth. 

Of the strategic materials they 
sought, diamonds were among the 
most important — their value to in- 
dustry was, and is, unsurpassed. Natur- 
wally, the West embargoed diamond 
exports to the Soviet Bloc, because of 
their paramount importance. There- 
fore, high on the USSR’s priority list 
was the need for finding an adequate 
supply of diamonds. 
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Their activity since World War II 
has been phenomenal. Their scientific 
reasoning must have been entirely 
adequate, for their results have been 
tremendous. In today’s industrial era, 
it is quite obvious that industrial dia- 
monds are vital to machining scores of 
products and for many other purposes. 
When the United States embargoed 
industrial diamonds and the other 
Western countries cooperated, the 
Soviet Union was forced to take dra- 
matic action to obtain this vital min- 
eral. They embarked on a crash pro- 
gram to find diamonds within their 
boundaries. This proved exceedingly 
difficult, because of climatic condi- 
tions in Siberia. This is just one of 
many strategic materials being sought. 
Their results are almost unbelievable. 
Our Bureau of Mines and Geological 
Survey together employ fewer than 
25,000 persons, perhaps less than half 
of that. The Soviet Ministry of Geo- 
logy. employs 500,000. But numbers 
are not necessarily the main factor — 
Russian geologists are very well trained 
and capable. When vast numbers of 
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Two named diamond crystals from Mirny, Yakutsk: the 37.56-carat 
Toktogul (left) and the 46.36-carat Letny fright). In the USSR Diamond 
Fund. 


competent people are mobilized, re- 
sults can be highly significant. 

The Russians quite naturally chose 
the Siberian Table, a large plateau of 
relatively flat sediments, as the first 
place to look. It has a structure very 
similar to that of central South Africa, 
in which diamond mining is important. 
A few diamonds were found in gravels, 
but the geologists decided they had 
probably originated in the folded 
mountains bordering the Table. In 
their efforts to locate pipes, they kept 
searching the gravels. The trouble with 
this is that diamonds are not plentiful, 
even near rich pipes. 

Interestingly enough, the first kim- 
berlite pipes were discovered in 1954 
by a young female mineralogist named 
Popuguewa in the Daldyn-Alakit dis- 
trict, at about 67° north latitude and 
115° east longitude. This is in eastern 
Siberia, west-northwest of the city of 
Yakutsk on the Lena River. First, she 
found gravels that contained pyrope 
very similar to that found in the South 
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African kimberlites. Since pyrope is 
much more plentiful than diamonds, 
she decided to follow the garnet rather 
than the diamonds in her efforts to 
locate pipes. By looking toward in- 
creasing concentrations of pyrope in 
the gravels, she found the first kimber- 
lite pipe, called Zarnitsa, on the Siber- 
ian Table. Less than a year later the 
Mir, or Peace, Pipe was discovered. It 
lies about 62° north latitude and 116° 
east longitude, on a tributary of the 
Vilyuy River and near the newly con- 
structed mining town of Mirny; the 
Vilyuy, in turn, joins the Lena north 
of Yakutsk. Among the other impor- 
tant pipes since discovered are the 
Udachnaya, or Chance, and _ the 
Aikhal, or Glory Pipes, both in the 
Daldyn-Alakit district, appreciably 
north of the Artic Circle. The Aikhal 
was discovered in the Valley of the 
Sokholkh River; it is said to be much 
richer than the Mir Pipe but extremely 
difficult to reach. More recently, other 
deposits have been discovered in Si- 
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A named diamond crystal from the Mir Pipe, Yakutsk: the 38.72-carat 
Zlata Praha. /n the USSR Diamond Fund. (Note: The 166-carat Stalingrad 
Diamond and other large stones continue to be found near Mirny and 


elsewhere. ) 

beria. The latest, which has produced 
diamonds from alluvial gravels only, is 
said to yield a preponderance of gem- 
stones of exceptionally fine color. 

Working and living conditons in this 
part of Siberia are unbelievably bad. It 
is in the area of permafrost, and winter 
temperatures are constantly well 
below zero, often 40 to 50° F. In the 


‘ 
summer, the top surface becomes a 
quagmire, so it is almost impossible to 
move supplies or get about. When 
these pipes were discovered and their 
richness shown to be sufficient to 
warrant exploitation, the Russians 
were anxious to mine them as soon as 
possible; however, conditions were 
execrable. Consideration was given to 


The world-famous 199.80-carat Orloff Diamond. In the USSR Diamond 


Fund at the Kremlin. 
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construct completely roofed towns. 
Prospecting crews work under ex- 
tremely difficult conditions. 

Good placer deposits have been 
found in the Ukraine (i.e., southern 
European Russia) near Perm, which is 
west of Sverdlovsk and slightly west of 
the Ural Mountains, as well as others 
near the Black Sea and the Sea of 
Azov; in Kazakhistan, the huge south- 
ern republic in central Siberia; and 
apparently the prospects in the north- 
ern part of European Russia, north of 
Moscow, are considered to be highly 
favorable — apparently on the basis of 
several discoveries. 

In .1969, there were six recovery 
plants in operation, and at least two 
more under construction. With the 
recently announced finds, far apart 
geographically, there will undoubtedly 
be many more. A 14-story plant was 
completed at Mir in 1967, and a larger 
one is being built at Aikhal. 


Despite the discovery of many kim- 
berlite deposits and some dikes, it is 
evident that only a few are being 
worked — probably, only the richest — 
because of the great difficulty of 
mining operations in the permafrost 
area. However, with all the new dis- 
coveries, it would be interesting to 
learn how many of the newer deposits 
will be worthy of exploitation. Parti- 
cularly, those in the Ukraine and 
Kazakh, where the climate is consider- 
ably more friendly, should be emmi- 
nently workable, if they are sufficient- 
ly rich to make them commercially 
feasible. 

Of course, commercial feasibility in 
the Soviet Union bears little resem- 
blance to that in a free-enterprise 
economy. With no stockholders to 
account to, costs are often disregard- 
ed, particularly if the product can be 
sold for hard currency or is important 
strategically to the Soviet Union. With 


85.22 carats of Soviet-made brilliant-cut diamonds. In the USSR Diamond 
Fund. 
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Crown of the Empress. In the USSR Diamond Fund. 


the shortage of industrial diamonds 
available to their industry, costs of 
early finds were considered unimpor- 
tant. Today, with so many discoveries, 
the USSR should be in a position to 
choose only the richer deposits for 
exploitation. Unfortunately, yields per 
ton of rock mined or per cubic meter 
washed are closely guarded secrets. 

In the Diamond Treasury Room at 
the Kremlin there are rows of illumi- 
nated color transparencies, mostly of 
pipes and recovery plants. One photo- 
graph is a partial view of a room 
containing diamond laps; those visible 
in the picture number more than 250. 
This is only one of three plants we 
know about; there may be more. 
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Obviously, this is a big and growing 
operation. The Russians still market 
through the Diamond Trading Co., 
Ltd., some of the rough they do not 
cut or use for industrial purposes. 
They are marketing their cut-and- 
polished goods through certain im- 
porters in the West. From what we can 
ascertain, they are endeavoring to cut 
the diamonds reasonably close to ideal 
proportions, and the product seems to 
be improving. One of the surprising 
things is that much of the melee is 
exceptionally well cut, whereas the 
larger stones are not quite as well cut, 
relative to Western standards. One 
would expect. the greatest care to be 
accorded the larger sizes. 
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A 932.30-gram gold nugget, called the Rabbit's Ears Nugget, from the 
Ural Mountains. In the USSR Diamond Fund. 


The latest Russian claim is that 
they are the second largest producer of 
diamonds by weight in the world. This 
would put them between the Republic 
of the Congo (Kinshasa), where most 
of the production is industrial, and 
South Africa; the latter is now produc- 
ing in excess of seven million carats a 
year. One Soviet official stated that 
the entire population of the West will 
be ‘“‘put in the shade” by 1972. They 
claim that 54,000 persons are em- 
ployed. South Africa and South-West 
Africa, combined, employed only 
16,000 in 1967. In his summary of 
world production for 1969 in the 
Jewelers’ Circular-Keystone (Decem- 
ber, 1970), Dr. George Switzer estima- 
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ted 10,000,000 carats as the Soviet 
output. We believe it to be at least that 
large. 

Obviously, the Soviet Union is be- 
coming an increasingly important fac- 
tor in the industry; they have been 
important for years in gold and plati- 
num production. In the metals, they 
have been content to take advantage 
of Western prices. For the next several 
years, at least, there is no reason to 
believe that their actions in the dia- 
mond area will be different. At a time 
of an increasing shortage of gem- 
quality diamonds, it is possible that 
the Russian supply will be very signifi- 
cant to jewelers during the next several 
decades. 
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A DIAMOND MINE 


e Gemological Uigests 


REOPENS 


ANOTHER CLOSES 
Koffyfontein diamond mine, feet below the surface, which is about 
thought to be the oldest in South the economic fimit for this kind of 
Africa, will produce again — after mining.” 


nearly 40 years. It is expected to be in 
full production by September, 1971. 
The mine, which was probably dis- 
covered in 1870, stopped production 
in July, 1931. 

Koffyfontein is situated near the 
Riet River, about 60 miles south of 
Kimberley. It is a part of a series of 16 
pipes in the area, and similar in shape 
to the Bultfontein Mine at Kimberley. 
It was worked to a depth of 330 feet 
before being closed. Early in 1969, 
initial survey work was carried out to 
assess the prospects of reopening the 
mine. 

Workmen are building three town- 
ships — for European, African and 
Negro workers — and draining the 
open-pit mine. They are stripping 
waste from the Kimberlite pipe to 
make mining easier. 

“We can expect Koffyfontein to 
have a life expectancy of approximat- 
ely 10 years as an open-pit mine,” said 
Mr. R.A. McCallum, acting manager. 
“By that time, we'll be mining 960 
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During this phase, underground 
sampling will be carried out to test the 
potential of the mine as an under- 
ground producer. 

Koffyfontein is typical of diamond 
mines, in that it is on a volcanic pipe 
wide at the top and narrowing with 
depth. Today, the mine is similar to 
the Big Hole of Kimberley, with a 
ledge running from two sides to meet 
in the middle. The ledge, which was 
used to haul rock to the surface, will 
be one of the first areas to be mined 
when operations start again. 

Workmen are blasting out the sides 
of the hole to make it wider. A spiral 
road will lead down to the working 
area. As the mine gets deeper, the hole 

1200 feet in diameter at present — 
will be enlarged until the 960-foot 
limit is reached and the mining pos- 
sibly goes underground. When that 
happens, the mining process — a re- 
latively simple matter with open-pit 
mining — will become more complicat- 
ed. 
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In open-pit mining, the rock is 
blasted with an ammonium-nitrate fuel 
mixture prepared on the site. The rock 
is then taken to the plant by truck. 

In underground mining, a series of 
tunnels with 15-foot centers is drilled 
through the pipe. Then a complete 
slice is mined out 30 feet above the 
tunnels, and draw points (small tun- 
nels) are run opposite each other from 
the tunnels to the mined-out slice. 

The loose material from the slice 
runs through the draw points of the 
tunnels, where it is scraped through 


into another tunnel and loaded in 
trucks. The rock is crushed under- 
ground before being taken to the plant 
on the surface. 

There are many methods of separat- 
ing the diamonds from the waste rock. 
The method that will be used at 
Koffyfontein is the heavy-media sep- 
aration method, which relies on the 
fact that diamonds have a high specific 
gravity. A high specific-gravity med- 
ium is made, and the rock passes 
through. The waste floats, whereas the 
diamonds sink. 


Book Reviews 


ANTIQUE PASTE JEWELLERY, by M.D.S. 
Lewis, FGA. Published by Boston Book & 
Art Co., Boston, Mass., 1970. 106 pages. 
Clothbound. Illustrated with _ black-and- 
white photographs and line drawings and 
eight color plates. Price: $10.95. 


Mr. Lewis, an FGA who also holds the 
GIA Gemologist Diploma as well, is regard- 
ed by many as an authority in the field of 
antique paste. He has written what is prob- 
ably the first profusely illustrated book 
dealing with all aspects of the subject. 

At its best, antique paste is to be 
compared with the finest jewelry for sheer 
artistry and craftsmanship. Here, Lewis pre- 
sents an authoritative and succinct account 
of the evolution of antique paste, its great 
flowering in the 18th century, and its 
gradual decline in the 19th century. He is 
careful to relate it to genuine-stone jewelry, 
particularly diamond-set pieces. 

Two sections of special value for the 
collector and connoisseur are those on 
methods of distinguishing between paste 
and natural stones. 

Antique Paste Jewellery will prove en- 
lightening and absorbing reading for those 
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with an interest in this age-old and little- 
written-about kind of jewelry. The book is 
the first volume in the Faber Collectors’ 
Library. (Note: The name Faber refers to 
the London, England, publisher, Faber & 
Faber, Ltd.) 


GEMS — THEIR SOURCES, DESCRIP. 
TIONS & IDENTIFICATION, by Robert 
Webster, FGA. Published by Butterworth & 
Co,, Ltd., London, 1970. 836 pages. Cloth- 
bound. Illustrated with numerous black-ana- 
white photographs and line drawings and 22 
color plates. Price: $45. 


One of the truly fine books in the 
gemological spectrum is Gems — Their 
Sources, Descriptions & Identification, by 
Robert Webster of the London Laboratory. 
The book first appeared in 1962 in a 
two-volume edition; a new second one 
volume edition was published in London a 
short time ago. There is an increase in the 
number of pages from 792 to 836. The 
arrangement is a tremendous improvement 
over the first, in that one often appeared to 
be looking in the wrong volume for the 
information sought, whereas with a one- 
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volume edition it is much easier to locate 
the needed page. 

Robert Webster’s long experience in lab- 
oratory work and his inquisitive nature led 
him to record religiously the experiences he 
encountered in all kinds of laboratory prob- 
lems. When such a problem occurred, he was 
one who would seek every possible source 
of information until he could satisfy himself 
that he had every bit of data available to 
make a complete decision. This is certainly 
evident in both editions of his fine book. 

As with any book, it is possible to find 
minor flaws. Although even those not inter- 
ested in phosgenite or ulexite will accept 
their presence in the interest of all-inclusive- 
ness, they may consider some sections 
rather brief. For example, there is no 
reference to the reason for imitating the 
inexpensive mineral hematite — so the figure 
can be pressed into it, instead of requiring 
the expensive labor of carving, thus furnish- 
ing the easiest clue to its detection. 

On the whole, however, this is an ex- 
haustively and satisfyingly complete book, 
now with considerably better color plates 
than in the first edition. It is without 
question a must for any gemological library. 

In Robert Webster, gemology has a very 
able writer, one who is exceptionally well 
qualified to write a book that can be used 
for a text or for a thoroughgoing source of 
information for anyone interested in gem- 
stones. It is a welcome addition to the 
gemological literature. 


If a gemologist were limited to only two 
books, Gems by Webster, and Gem- Testing 
by his colleague, Basil Anderson, Director of 
the London Laboratory, he would be as well 
supplied with information as any two books 
in English could provide. 


NEW DESIGN IN JEWELRY, by Donald J, 
Wilcox. Published by Van Nostrand Rein- 
hold Co., New York City and Toronto, 
Canada, 1970. 120 pages. Hardbound. Illus- 
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trated with 8 pages of full color and more 
than 200 black-and-white photographs. 


This book, conveying an explicit and 
exciting view of “new jewelry,” exhibits 
precisely the modern styles that flood the 
jewelry market today. lis primary focus is 
directed toward the high degree of 
craftsmanship in Scandinavian jewelry, 
encompassing the entire spectrum of jewelry 
design from folk art to exciting 
contemporary works in plastic, steel, gold, 
silver and other familiar materials. 

The reader is introduced to the following 
subjects: Elements of Design — Where do 
Ideas Develop?; Materials and Their Uses — 
What Types of Low-Cost Materials Can be 
Used Effectively in Formulating a Design?; 
Jewelry, Function and Fashion — Is an Item 
of Jewelry Comfortable Yet Durable, While 
Conforming to the Modern, Contemporary 
Styles of Fashion?; and, Summary: A Word 
to the Conservative — Can a Person be 
Unobjective and Close His Eyes to a New 
Trend in Jewelry Design? These are just 
some of the questions that are answered in 
this book, which encompasses the new look 
in design, 

The bulk of the book consists of 
photographs, which are used in conjunction 
with the previously mentioned text. They 
enhance the point by expressing a quite 
complete view of new Scandinavian designs 
today. 

The author is a member of the Vermont 
Council on the Arts, and his sculpture in 
wood, leather and clay has been exhibited at 
one-man and group shows in Vermont and 
elsewhere in the United States. He is 
currently living in Scandinavia and is 
working on several new projects, including a 
book on leuther working and one on rya rug 
weaving. 

This attractive and very informative book 
should prove beneficial to those wishing to 
delve into the fascinating world of 
Scandinavia’s New Design in Jewelry. 
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LABORATORY OF GEMOLOGY 
& ASSAY OF MATERIALS. 


BANCO MUNICIPAL 
DE LA 
CIUDAD DE BUENOS AIRES, ARGENTINA 


by 


DR. JOSE DELLA SALA 


The Laboratory of Gemology & 
Assay of Materials, being a constituent 
part of the Pledging Department of the 
Banco Municipal de la Ciudad de 
Buenos Aires since 1939, is engaged in 
the determination of species, variety 
and origin of the many gemological 
materials, generally set in jewelry, 
including ornamental stones, ivory, 
amber, precious metals, etc., delivered 
to the bank in order to be pledged, 
sold or investigated. Ours is an 
autonomous Institution of the 
Municipalidad de la Ciudad de Buenos 
Aires, and is the most important 
organization of its kind in Argentina. 

The Laboratory of Gemology 
consists of three sections: 

(1) The Laboratory is equipped 
with modern instruments, 
including gemological 
microscopes, refractometers, 
spectroscopes, polariscopes, 
dichroscopes, long- and 
short-wave ultraviolet light, 
X-ray equipment for the 


identification of pearls and 
for analysis of crystal powder 
by the diffraction method, 
and X-ray equipment for 
radiographic and radioscopic 
study of pictorial pieces, etc. 
The Gemological Museum, 
where an important 
collection of rough and cut 
gems of natural and synthetic 
origin is exhibited. 

The Technical Library, 
continuously kept up-to-date 
with more than 500 volumes 
and publications, not only 
about gemology but also 
about chemistry, 
silversmithing, fine arts, etc. 

The Laboratory completes a daily 
average of 150 reports duly signed by 
specialized university technicians. 

The form in which materials to be 
identified are presented, generally set 
in jewelry pieces of great value, makes 
the identification rather difficult, since 
some determinations, such as specific 


(2) 


(3) 
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1. View of the Laboratory Library. 


gravity and chemical composition, etc. analysis, it is possible to furnish a full 
cannot be made. In spite of this, and report on the materials within a short 
because of the experience of the time. Rapidity and surety of 
technical personnel in charge of information given is a characteristic of 
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2. Some of the gem collection of the Museum. 


SPRING, 1971 271 


3. View of the Laboratory and some 
instruments. 


the work developed in the Laboratory 
of Gemology and Assay of Materials. 
Insurance companies, 


well-known jewelers, and the public 
are frequent users of the Laboratory 


5. X-ray equipment for the radiographic 
study of paintings. 


272 


a 


4. X-ray equipment for determining the 
origin of pearls and analysis of crystal 
powders. 

services when they want to be sure of 

the legitimacy of gems. So, previous 

payment of a tariff, a certificate 
stating species, variety and origin of 
the gem is obtainable. 

For development of assigned tasks, 
the Laboratory counts on the 
experience of technical personnel, 
modern instruments and up-to-date 
information about new natural or 
synthetic gems, and is in constant 
contact with the most important 
gemological centers in the world. The 
Laboratory has received synthetic 
emeralds of United States and 
Austrian origin, strontium titanate, 
hydrothermal synthetic rubies and 
other new gemological materials that 
were identified as to species and origin 
by previous theoretical knowledge 
gleaned from publications containing 
information about the manufacture of 
these materials. 
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Developments and Highlights 
at GIA’s Lab 


in Los Angeles 


by 


RICHARD T. LIDDICOAT, JR. 


Lovely Orange-Red Spinel 


We are frequently asked to test 
magnificent emeralds, rubies, sapphires 
and diamonds. Often, the colors are 
lovely. Usually, we have seen 
comparable colors. Occasionally 
encountered is a very rare color that 
appeals to everyone who sees it. Such 
a stone was in for - identification 
recently that was assumed by the 
owner to be an orange-red ruby. It 
seemed fitting that as the 70th 
birthday approaches of the great gem 
spectroscopist, Basil W. Anderson of 
the London Laboratory, the first test 
performed on this stone employed the 
spectroscope. We observed the series 
of lines in the red that Anderson so 
aptly described as organ-pipe lines; 
they characterized red spinel. 

This was the most delightfully 
appealing spinel encountered in a long 
time, and the color was appreciably 
different from any we had seen. 
Parhaps the owner, who had sent it in 
assuming he would receive a report 
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reading ‘‘natural ruby,’’was 
disappointed, but we were delighted 
with the opportunity to see it. 


Fascinating Inclusions 


Chuck Fryer, GIA’s Laboratory 
Supervisor, asked me to look at some 
inclusions in a greenish-blue, oval-cut 
transparent material. Several were 
identical and unique in my memory. 
They seemed to have a reddish center 
and to have flat diamond-shaped vanes 
extending from it, reminiscent of a 
satellite in space after the folded-in 
vanes had been expanded to their full 
extent. We had difficulty capturing 
them on film clearly, but Figure 1 
gives a good idea of their nature. They 
were accompanied by spherical gas 
bubbles, typical cobalt lines in the 
spectroscope, and a 1.73. refractive 
index, plus strong anomalous double 
refraction, identifying the material as 
synthetic spinel. I wish we could 
account for these unique inclusions in 
synthetic spinel. 
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Figure 7. 


Elephant- or Mastadon-Tooth 
Snuff Bottle 


We were very interested to receive a 
snuff bottle for testing that had the 
typical structure of an elephant or 
mastadon tooth (Figure 2). The two 
portions, one presumably mostly 
dentine and the other the equivalent 
of conchiolin, showed different R.I.’s, 
dentine being about 1.56 and the 
conchiolin about 1.60. This was the 
first such snuff bottle we had been 
called upon to test. 


Unusual Star Facets 


Occasionally, a diamond with a 
very flat crown will have star facets 
with an especially acute angle from the 
plane of the table. Even though the 
star-facet angle is flattened, seldom is 
it so flat that a table reflection appears 
in the star facets. In Figure 3, a second 
table reflection is visible, in addition 
to the one in the pavilion; it is seen as 
a ring around an area outside the table 
in the star facets. 
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Fluorescent Blue Sapphire 


The commonly used quick _ test 
used to distinguish natural from 
synthetic blue sapphire is short-wave 
ultraviolet light in a darkroom. The 
synthetic usually shows a yellowish 
fluorescence; the natural is usually 
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inert. A natural blue sapphire tested 
recently showed relatively strong 


yellowish fluorescence under the short 
wave ultraviolet light in the zones that 
were deeply colored. It was rather 
strongly zoned in a portion of a 
hexagonal pattern (Figure 4). 


Figure 4. 

Unquestionably, the reason for the 
fluorescence was that the stone was 
almost completely without the usual 
iron content, as was shown by the lack 
of an iron absorption line at 4500A. 
Occasional sapphires from Kashmir 
and Ceylon are without the iron line, 
but they seldom fluoresce to 
short-wave ultraviolet. The hexagonal 
zoning proved natural origin. 


Figure 5. 


Two-Phase Inclusions 
in Colombian Emerald 


We expect to see two-phase 
inclusions in natural emeralds, of 
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course, but it is rare to encounter ones 
that show such angularity as that in 
Figure 5. There are several right-angled 
bends on the bottom half of the dark 
area, which represent the partially 
gas-filled negative inclusion. 


Doctored Synthetic Rubies 


Very infrequently, we encounter 
flame-fusion synthetic rubies that have 
been altered to give them a more 
natural appearance. In Figure 6, a 


Figure 6. 


rather circular area may be seen 
opposite the arrow, which represents a 
drilled and reamed depression in the 
pavilion and that was later filled with 
plastic. The gray area below it is also 
plastic filled. 

In Figure 7, in the gray area, whichis 
below the drilled area, a dark 
semicircle is seen that outlines the 
plastic filling of a second depression. It 
may be seen that a good part of the 
bottom portion of the pavilion had 
been filled with a material of a lower 
R.I., by the fact that the luster on the 


275 


right-hand side of Figure 7 is 
considerably higher than that to the 
left. 


Figure 7. 


It is our feeling that this is an 
example of the alterations that were 
produced a number of years ago by an 
American firm that planned to make 
this a major product. Since the project 
failed very little of this kind of 
alteration has been performed to our 
knowledge. Under casual examination, 
directed through the top of the stone, 
such a synthetic has a deceptively 
natural appearance. 


Amber Snuff Bottles 


During the past several years, we 
have been reporting the testing of 
many snuff bottles and carvings of 
various descriptions. Recently, we 
received two bottles from the same 
source that appeared at first glance to 
be amber. One was a _ cloudy, 
light-yellow amber and the other a 
rather darker-than-usual amber. Upon 
checking with ultraviolet light, the 
cloudy amber looked very natural, 
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whereas the other with the cap off 
appeared to have been coated. In other 
words, where the bottle had been 
ground off at the neck for the stopper, 
the fluorescence of the outermost ring 
was considerably less bright than that 
in the center portion. at 


Figure 8. 

Both portions tested out correctly 
for amber, but when a bright light was 
put under the bottle and it was 
examined under 10x. magnification, a 
structure such as that seen in Figure 8 
was seen. This is a structure we expect 
from pressed amber. Although the 
irregularity of the fluorescence pattern 
we expect in a pressed piece was not 
evident, we assumed that this was 
hidden by the dark coating. We were 
satisfied that it was a pressed-amber 
piece. The irregular black lines on the 
photograph were caused by engraving 
on the bottle that had been filled with 
gold. 

Some of the interesting, almost 
agatelike structure, of the cloudy 
amber is indistinctly shown in Figure 
9. Under very high magnification, 
often a myriad of minute bubbles may 
be seen (Figure 10). 
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Figure 9. 
Synthetic vs. Natural Emeralds 


For the past year, we have been 
inundated with identifications 
involving the identity of transparent 
green materials that are obviously 
either synthetic or natural emeralds. 
Apparently, this has been occasioned 
by the growing number of reports of 
the difficulty . of distinguishing 
between the two. Since the stories 
have appeared that both Gilson and 
Linde have been producing synthetics 
within the property ranges of natural 
emeralds, and with a small percentage 
of the Gilson output no longer 
showing fluorescence to ultraviolet, 
many jewelers seem to need 
reassurance on their identifications. 

An additional cause has been the 
popularity of Trapiche natural 
emetalds, which have a _ cloudy 
appearance quite unlike that of most 
other natural emeralds. These may be 
new in the experience even of those 


SPRING, 1971 


Figure 10. 

who have been examining emeralds for 
a lifetime. Trapiche emeralds, which 
are from Colombia, apparently have 
been found both at the Chivor and 
Muzo Mines. They are distinguished by 
a cloudy appearance and by properties 
rather higher than the usual natural 
material. For example, the high R.I. 
will usually go to 1.59 or above; this is 
a characteristic that has not yet been 
seen in synthetic emeralds of any kind. 
The inclusions in Trapiche emeralds, 
which have been discussed many times 
in Gems & Gemology, were very 
prominent in an example tested 
recently in the Los Angeles 
Laboratory (Figure 11} This was a 
slightly -more-transparent-than-usual 
stone. 


Figure 117. 
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Tomb Jade? 


A jade dealer, who frequently has 
very fine carved-jade objects tested, 
sent us a greenish-white carved piece 
with a typical brownish orange rind 
seen in some nephrite. The rind had 
seemingly been used very effectively in 
the carving to highlight the message of 
the carving. The dealer suspected that 
the color of the rind was the result of 
artificial coloration. 


he only wanted conformation that the 
material was coated and did not want 
it damaged, we were unable to 
determine the nature of the coating. 


Gigantism in One Amazing Trio 


One day we were called upon to 
identify three huge gemstones. A 
sapphire cabochon (Figure 12) was the 
largest; it weighed nearly 244 pounds 
(approximately 5600 carats). There 
was also a ruby cabochon of the 
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In checking out his assumption, we 
found that he was correct, and that a 
relatively thin coating of 
undeterminec nature had been painted 
on some of the greenish-white surfaces 
to give the attractive bicolored effect. 
The coating was very thin and flaked 
away under the point of a pin. Since 
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Figure 12. 


typical Mysore type that weighed 
about 1795 carats (Figure 13), and a 
faceted green bery! of close to 1180 
carats (Figure 14). The stones had 
dimensions of 4 3/8 x 37/8 x 2 1/4”, 
31/8 x 21/2 x 11/2”, and 27/8 x 
21/4x 1 15/16”, respectively. 

These enormous gemstones were all 
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brought in by the same person. 

A short time later, we had a carved 
opal object, much of it fairly 
attractive. It was 4 x 5” and was 
photographed at % actual size Figure 
15). 


Odd Glasses 


In the past few weeks, we have 
been asked to test several specimens of 
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Figure 14. 


one unusual type of glass and one of a 
second kind. In each case, under 
magnification we could see evidence of 
a crystalline structure, usually in the 
form of dendritic growths extending 
throughout the material. As a result, 
we scraped a small amount from the 
girdle area and used X-ray diffraction 
to identify the dendritic material. 

The kind of which we have seen 
several examples proved to be fluorite 
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Figure 75. 


and the other, wollastonite. The 
material that contained fluorite had 
overall properties that were quite 
different from those of fluorite; it was 
considerably higher in RJ. than 
fluorite and much lower in S.G. The 
overall properties of the wollastonite 
glass were much lower in both R.I. and 
S.G. than wollastonite. In each of the 
materials tested, we could see gas 
bubbles clearly, which led to the glass 
determination, but the dendritic 
crystal pattern was disquieting. 
Despite the X-ray diffraction 
patterns in both situations, we were 
satisfied that the material was an 
unusual form of glass, possibly a slag. 
The glass that gave a wollastonite 


diffraction pattern had an index of 


approximately 1.51, an S.G. of about 
2.50, and gas bubbles. It showed 
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strong X-ray fluorescence, which is a 
characteristic of wollastonite, but 
wollastonite would have indices of 
near 1.620 to 1,634 and an S.G. of 
2.9, 


Star Doublets 
Several years ago, Robert 
Crowningshicld, GIA’s New York 


Laboratory Director, used a section of 
blue star sapphire as the base of a star 
doublet. Using a colorless cabochon on 
top of asmall section of blue-star base, 
he made a very effective star imitation 
to which he jokingly referred as a 
“Crowningstar.” 

Recently, we saw a pair of very 
similar star doublets that had been 
sold to a jeweler. In this case, the 
doublet was made up of a black star 
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sapphire base cemented to a 
padparadsha, synthetic sapphire crown. 
The star was very clear in one of the 
two examples and considerably less 
distinct in the other (Figures 16 and 
17). The structure of the base section 
of natural black sapphire is shown 
clearly in Figure 18, which was taken 


clear synthetic sapphire crown and the 
fairly thick base of natural star 


sapphire (Figure 19). 
New Synthetics 
A short time ago we received a 
synthetic material new to our 
Laboratories: another yttrium 


Figure 78. 


with base lighting through the two 
portions of the doublet. Another 
photograph was taken to show the 
construction of the doublet. This was 
taken from the side and shows the 
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Figure 19. 
aluminate with a structure different 
from that of YAG. YAG has a formula 
of Y3Al,;O;2; this could also be 
expressed as 3Y,03:5AlL,03. A 
second yttrium aluminate with the 
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formula YAIO3, or, expressed in a 
different way, Y.03:Al,03, is an 
orthorhombic form of yttrium 
aluminate. It has indices of 
approximately 1.938-1.955, and its 
hardness by the Knoop indentor test is 
identical with that of YAG at 1800. It 
has an S.G. of 5.35, compared to the 
4.55 or 4.56 for YAG. 

This is another of the materials that 
have been doped with various oxides to 
produce laser materials for industry. 
The specimens we received had colors 
that we would describe as pink, orangy 
pink, and light bluish violet. 

All specimens showed very strong 
rare-earth absorption spectra. The 
strongest is shown in Figure 20, 
perhaps the most spectacular spectrum 
we have ever seen. 

Powdering a small portion of one of 


intention to put this material on the 
market as a gem substitute. Even so, it 
may be encountered in cut form in 
laboratories around the world in the 
next year or two. Since its properties 
do not fit those of any known natural 
material, it seemed incumbent upon us 
to report the properties either 
provided by the manufacturer or 
observed in this Laboratory. Anyone 
with X-ray powder-photography 
equipment who would like to have a 
report on the line positions and 
intensitics may write to GIA for the 
essential figures. 


Tourmaline Collection 
We had a unique opportunity to 


examine a magnificent collection of 
the exceptionally wide variety of 
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Figure 21. 


the specimens for X-ray 
diffraction-powder photography, we 
obtained the pattern shown in Figure 
2/, The little information we have 
indicates that there is no present 


colors in which gem tourmaline occurs, 
The color range was as wide as that 
of any collection we have ever en- 
countered in gem-quality tourmaline. 

We did take the opportunity to test 
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by accurate hydrostatic means the 
S.G. of the specimens. They were as 
expected: within the range for 
magnesium tourmaline. With these 
large specimens, we could expect a 
high degree of accuracy. With one 
exception, all of those tested had 
S.G.’s of 3.04 to 3.05; the other was 
3.02. 
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Developments and Highlights 
at Gr IAy’s Lab 


in New York 


ROBERT CROWNINGSHIELD 


Opal Nomenclature 


In the last issue of Gems & 
Gemology, it was mentioned in this 
column that we had been informed 
that only black opal from Lightning 
Ridge may be called black opal. | 
failed to state that this was one man’s 
opinion, and that we knew of no 
regulation or even local Australian 
custom that has so decreed. In fact, 
until the rather vehement claim was 
made, we would have considered the 
stones under discussion to be simply 
black opal. To be sure, they were clear 
opal overlying dark ironstone matrix 
and could be likened to stones from 
Lightning Ridge, in which clear opal 
overlies black or dark-gray potch. 
Since the last issue, we have written to 
the Australian Gemmological 
Association for more information 
about any possible regulations. 
Meanwhile, we have had _ several 
interesting responses to the Lab 
column. 

We are particularly indebted to Mr. 
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George Brooks, jeweler in Santa 
Barbara, Califomia, not only for his 
authoritative discussion of the subject, 
but for samples of both white and 
black boulder opal. With long 
experience in visiting the Australian 
mines, dealing In opal and cutting for 
the wholesale trade, he stated that the 
black boulder opal (so called to 
distinguish tt from Lightning Ridge 
material) had some advantages over 
the latter. He stated that it does not 
crack, or craze, as some. Lightning 
Ridge material does, and the color of 
the finest stones holds up well under 
all lighting conditions: daylight, 
fluorescent and incandescent. We can 
only agree with him that some of the 
stones are magnificent, and such 
boulder opal seems to be tne only 
material currently available to help 
relieve the black-opal shortage. Figure 
1 illustrates both rough and cut 
ironstone boulder opal, for which we 
are indeed grateful to Mr. Brooks, who 
stated that they came from a mine in 
central Queensland. 
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Figure 7. 


Treated Corundum 


Figure 2 is a PhotoScope picture of 
two artificially colored cut stones 
fashioned from highly fractured 
grayish-pink corundum. We have had 
several occasions to identify this 
stained material. In one case, the 
stones were sold as rubies, but one 
stone became almost totally gray 
during the manufacture of a piece of 
jewelry. The identification was made 
easy by the fact that under long-wave 
ultraviolet the dye appeared orange in 
color and could be seen penetrating 
the cracks. The fluorescence and color 
reminds one of fluorescein dyes used 
in industry. 


Russian Diamond 


Although Russia is certainly one of 
the most important producers of gem 
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diamond, and we have probably 
graded and examined many of them, it 
is almost impossible to obtain 
incontestible proof of the origin of 
either rough or cut Russian stones. 
There have been attempts to 
characterize the material: Is it good 
color? Is it more brittle than other 
diamond? Are the grained stones we 
have been seeing lately possibly from 
that source? Is it true that they do not 
stand rapid temperature changes? Are 
there any fancy colors coming from 
that country? 

We have been unable to obtain 
positive answers, although there are 
several known dealers in Russian-cut 
stones both in this country and 
Europe, Also, we have conflicting 
reports as to the quality of the cutting 
being done in Russia. 

We were happy to examine a large, 
slightly distorted,  fine-color 
octahedron that the bearer said he was 
“99%” sure was of Russian origin. The 
stone showed considerable red 


285 


Figure 2. 


interference under the polariscope, 
particularly at the extremities of the 
large inclusions. In Figure 3, one can 
see at the left of the inclusions a 
ghostly flowerlike pattern made up of 
microscopic white pinpoints. The 
strain pattern was so distinct that we 
have recorded it on color film, with 
the hope of recording any changes 
when the stone is cut. 


Figure 4. 
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Graining in Diamond 


Appropos of the above discussion 
of graining in diamonds, Figure 4 
illustrates pronounced graining in a 
round brilliant-cut diamond, which in 
certain directions appears liké curved 
striae in synthetic corundum. 


Crazed Diamond Surface 


Figure 5 is a PhotoScope picture of 
what appears to be a crazed surface on 
the pavilion of an  emerald-cut 
diamond. We were unable to 
determine if the effect was caused by 
an error in orientation of the rough, or 


Figure 5. 


if the cracks were inherent fractures 
and cleavages of an alluvial stone. 
Again, we wondered if the stone could 
have met with some accident, such as 
rapid temperature change. 


New Diamond Design 


Attempts to minimize the bowtie 
effect in the middle of marquise and 
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pear-shape diamonds are continually 
being made. We have encountered very 
fine stones that had been recut with 
new central angles and had been 
greatly improved. Figure 6 shows 
another attempt -at this worthy end. 
The middle pavilion facets have been 
split so that light does not reflect or 
leak through the entire area at one 
time. We judged the design to be quite 
effective. 


Unusual Doublet 


A most unusual identification is 
shown in Figure 7. It is a rather 
crudely made cluster ring consisting of 
diamond-topped doublets with zircon 
backs. The usual difficulty in making 
diamond adhere to other crystalline 
materials was evident, since one stone 
had lost its pavilion. 


Old-European Cut 


Figure 8 shows the almost classic 
reflections of the culet of an 
old-European brilliant at the tips of 
the bezel facets. Typically, too, one 
can see the effects of wear on the very 
thin girdle. 


Black Diamond 


To the unaided eye, treated and 
natural-color black diamonds seem 
indistinguishable. Figure 9 depicts a 
10-carat stone with only occasional 
areas of whitish fractures visible. If it 
were a treated stone, there would be 
greenish glints along the fractures and 
the stone would be truly opaque. 
Figure 10 shows that it is really an 
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Figure 9. 


intensely flawed natural stone. 
Transmitted light of the Gemolite 
provided the answer. 
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Figure 10. 


Guillermo Russek from Chihuahua, 
Mexico, gave us some examples of 
what to us was a new kind of opal 
from his state. It was a_ soft 
powder-blue common opal with areas 
of play of color in some stones. Others 
lacked the play of color but had an 
attractive, if somewhat subdued, color. 
He had a large selection of cut stones, 
and was in this country to obtain the 
reaction of the trade. 

From Mr. E.E. Parrott, gem man 
and lapidary of Vancouver, 
Washington, we received a nice 
example of green sphalerite that he 
had cut on an experimental wax lap. 
This stone is notoriously difficult to 
cut, and the orientation of the rough 
to avoid cleavage spalling is imperative. 
Obtaining a good polish, which he did, 
is not easy. 
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GIA’s JEWELRY DESIGN PROGRAM 


by 


IRENE BUSER 
Jewelry Design Instructor 


We have noticed a rapidly growing 
interest by retailers in Jewelry Design. 
They express the feeling that it is 
becoming a more necessary and 
essential part of the retail jewelry 
store, and that today’s clientele are 
seeking exclusive creations in jewelry; 
they are demanding personalized 
service. Retailers report that they are 
increasing sales and developing a 
standard of prestige by expanding 
their business to include the art of 
rendering designs. Customers seem 
quite receptive to the individual 
attention they receive from the jeweler 
who can provide these artistic and 
creative expressions of an item for an 
article of jewelry, designed especially 
for them. 

Jewelers realize that fashion and 
fad play an important role in the 
designing of jewelry, but are reaching 
out to learn the techniques and 
procedures to create a long-lived 
adornment which will convey and 
carry the elements of design that 
constitute “fine quality jewelry.” 
Customers cherish a personalized item 
of jewelry; thus, the jeweler is seeking 
the knowledge to be able to produce 
professional renderings in depth, 
dimension and color, using their own 
innate ability to create. 
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Figure 1: Bowknot pin, containing baguette 
and brilliant-cut diamonds with pearls. 
Note how the stones appear to curve 
with the metal and bows. 


GIA’s recently revised Jewelry 
Design course is structured to provide 
the retail jeweler with the opportunity 
to learn simple techniques of 
sketching, rendering, painting, shading, 
perspective; the full comprehensive 
outlook of developing fine quality 
designs in jewelry. 

In this course, a student need not 
have drawing ability in order to learn 
the skills of rendering professional 
jewelry designs. With the simple basic 


289 


Figure 2: Pendant. Design taken from a wig, 
as seen from back. Yellow-gold pendant 
with two pearls (upper left, lower right), 
and pieces of coral and turquois used as 
accents. 


techniques taught, any jeweler having 
only an average ability to work with 
his hands, plus a _ willingness to 
experiment using his imagination and 
an attitude of patience, will amaze 
himself by what he can accomplish. 
Jewelers taking the course appreciate 
the value in learning the practical 
factors in design; beauty, wearability 
and durability of an item; how to 
create an item that will “speak out” 
about the wearer; what types of design 
and color best compliment the client; 
the characteristic features of a 
customer to enhance as well as those 
to minimize; and what to observe 
when working at the counter with a 
prospective client. 

Jewelers have been enthusiastic 
about the results obtained from GIA’s 
one-week classes in Jewelry Design 
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which are conducted in the Los 
Angeles and New York offices, as well 
as in major cities throughout the 
United States. In addition, the 
response to the recently rewritten 34 
lesson correspondence course 
encompassing a comprehensive 
program in design has been excellent. 


New Six-Week Residence Program 


In August of 1970, a new six-week 
residence program was developed in 
Los Angeles to satisfy a growing 
demand from jewelers who sought a 
more extensive resident study in 
design. Students come to Los Angeles 
for an exceptionally comprehensive 
program. All of the jewelry design 
techniques are mastered under the 


Figure 3: Brooch. Idea taken from race 
track. Pearls represent cars running down 
the backstretch with white-gold crossbars 
representing the finish line, as well as 
adding interest and purpose to the 
design. 
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constant supervision of an instructor. 

The response toward this newly 
developed class has proven most 
gratifying, with students expressing 
the confidence that their retail 
business will be expanded with this 
new talent in promoting their personal 
creations of fine-quality jewelry 


design. 


Upon successful completion of 
either the correspondence or full 
resident program a Jewelry Design 


Diploma is awarded. 
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Figure 4: Brooch. This idea was taken from 


an open door 


with floor-to-ceiling 


windows on either side. Diamonds and 
piecework have been added as accents. 


Figure 5: Ladies’ “bubble” ring. A simple 
yellow-gold band with various-size pearls 
mounted to give the appearance of 
bubbles lying on the band. 
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Gemological Vigests 


WORLD’S LARGEST 
MANUFACTURED DIAMOND 
PRODUCED BY UTAH SCIENTISTS 


(Ed. note: The development 
reported in the following digest may 
prove more important in industrial 
diamond technology than the original 
synthesis of diamond grit. 
Polycrystalline synthetic diamond — a 
synthetic carbonado — that can be 
shaped to suit the task as well as 
having a much longer useful life, is a 
truly revolutionary discovery. ) 


The largest known manufactured 
diamond in the world — a 20-carat 
cylinder larger than a toothpaste cap — 
has been produced by a team of Utah 
scientists after years of intensive 
research in a secluded laboratory here. 

Dr. H. Tracy Hall, who in 1954 
became the first man to accomplish a 
confirmed synthesis of diamond, 
unveiled the unpolished gray-black 
stone at his tree-cloistered 
Megadiamond Corporation laboratory 
on the outskirts of Provo last fall. 

Hall, president of Megadiamond 
and Distinguished Professor at nearby 
Brigham Young University, said the 
process breakthrough that made 
possible creation of the material called 
Megadiamond (trademark), is more 
significant than his initial discovery of 
how to make diamond. “It is the 
harbinger,” Hall said, “of an exciting 
new era in  industrial-diamond 
technology.” 
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The soft-spoken scientist said 
Megadiamond of 100 carats. is within 
the firm’s capability, and that 
commercial production “can begin 
immediately.” 

Dr. Harvey Fletcher, former 
director of the Bell Research 
Laboratory, called the achievement 
one of “far-reaching significance,” and 
Governor Calvin L. Rampton issued 
the following statement: 

“The creation of a multicarat 
diamond by man is, without question, 
a technological breakthrough of the 
highest order. We are justly proud that 
this event has been achieved in Utah — 
proud of our Utah industry and proud 
of the extraordinary talent that 
chooses Utah as a place for man, for 
industry, for movement forward. Utah 
salutes Dr. Tracy Hall and 
Megadiamond Corporation.” 

Elaborating on the achievement, 
Hall explained that the 20-carat stone 
is the result of a first-of-its-kind 
process for bonding diamond particles 
into large, usable polycrystalline 
diamonds. 

“The closest thing in nature to 
Megadiamond is carbonado, a 
polycrystalline diamond mined chiefly 
in Brazil,” Hall said. ““Carbonado is 
extremely tough, but because of its 
many-crystalled structure it is not 
easily shaped. You can’t cleave it 
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accurately — you have to grind it to 
the shape you want. Since only 
diamond will cut diamond, this is an 
expensive process ~— analogous to 
cutting a board with a wooden saw.” 

“On the other hand,’ Hall 
continued, ‘‘Megadiamond is 
comparable to carbonado in toughness 
but can be formed directly in virtually 
any desired shape: wedges, points, flat 
plates, pierced parts, rollers, spirals. 
This formability feature eliminates the 
time-consuming grinding process and 
opens up limitless possibilities, 
particularly in view of the fact that 
industrial-diamond use is increasing 
10% a year, twice the annual industrial 
growth rate.” 

Hall predicted that wherever 
industry needs large-sized diamonds 
for wear or abrasive applications or for 
high resistance to deformation, 
“Megadiamond will be part of the 
action.” e: 

Some immediate applications the 
firm sees for Megadiamond are 
wire-drawing dies, drills, chisels, thread 


guides, saws, blades, specialized 
machining tools, and grinding wheels 
and grinding-wheel dressers. (Figure 1 
shows a 20- and a 16-carat 
grinding-wheel dresser. Figure 2 shows, 
from left to right, a 1-carat mounted 
dresser, a 12-carat dresser with a 
central hole, a 3.30-carat cabochon 
mounted in a man’s ring, and, front 
center, a 1.50-carat faceted 
Megadiamond.) 

“But we’re looking at a good many 
other intriguing possibilities down the 
road a bit,” Hall said. 

Dr. Bill J. Pope, who collaborated 
with Hall on the project with Dr. M. 
Duane Horton, said that Megadiamond 
has far greater strength than existing 
industrial-diamond materials, which 
are held together with plastic or 
metal-bonding agents. ““That’s another 
reason we’re confident we’re going to 
have real impact on the country’s 
$100 million-plus annual diamond-tool 
industry,’ Pope said. 

Pope, Megadiamond’s Executive 
Vice President and former Chairman 


Figure 1. 
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Figure 2, 


of the Chemical Engineering 
Department at BYU, detailed two 
other significant advantages of 
Megadiamond: “Natural diamonds, 
used in many industrial applications, 
are single crystals; consequently, they 
cleave along certain planes. This means 
that the angle of attack at which a 
natural-diamond tool contacts the 
work is critical and must be held 
within narrow limits to avoid chipping 
the diamond. Because Megadiamond is 
a many-crystalled material and the 
crystallites are randomly oriented, 
uniform hardness is achieved and the 
angle of attack is much less critical.” 

“Additionally,” Pope went on, “the 
Megadiamond process will enable 
industry to put diamond particles and 
powder back together. This is of 
tremendous importance, because most 
processes involving cutting and 
processing with diamond produce 
by-product diamond chips and 
powder. Now we can reassemble these 
pieces, thereby reducing 
manufacturing costs and conserving 
existing diamond supplies.’ 

Asked why Megadiamond doesn’t 
look like engagement-ring diamond, 
Dr. Horton, Vice President and 
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Secretary-Treasurer, said that 
“something happens in the bonding 
process — we’re not certain just what 
— that absorbs all light in the diamond 
material. We’re conducting further 
research on this phenomenon.” 

Horton added, however, that 
““carat-wise, about 80% of the 
diamond market is industrial; 
consequently, that’s the area of first 
priority.” 

Although the time required to 
produce Megadiamond is company 
proprietary, Horton said, “there is no 
question about Megadiamond’s 
economic feasibility.” 

The manufacturing process consists 
of subjecting natural or synthetic 
diamond particles to ultra-high 
pressure and temperature in 
Megadiamond’s six-ram, high-pressure 
press. “The press rams have enough 
thrust,’ Horton said, “to lift 36 
100-ton locomotives off the ground 
simultaneously. As for temperature, 
it’s higher than that required to melt 
steel.” 

The story of Hall’s press has drama 
all its own. Hall first synthesized 
diamond on December 16, 1954, six 
years after joining General Electric’s 
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Research Laboratory at Schenectady, 
New York, and three years after 
beginning research specifically on 
diamond synthesis. 

Synthesizing diamond was a 
twofold achievement: Hall not only 
delineated the precise chemistry of 
dianiond formation and determined 
how to reproduce it, but he also 
designed and directed construction of 
the “belt” — a high-pressure device 
light years ahead of its time in 
high-pressure technology and 
principally responsible for the 600 
high-pressure research laboratories in 
operation world-wide today. 

Because GE’s proprietary interest 
kept Hall from using the belt after he 
left the company in 1955, he designed 
a totally different high-pressure 
apparatus to continue his research. He 
accomplished this in 1957, but it took 


a top-brass directive from the 
Pentagon to lift federal secrecy orders 
and clear the way for Hall to use his 
own invention. 

Megadiamond Corporation was 
organized in 1966 by Hall, Pope and 
Horton. The Corporation is housed in 
a 2000-square-foot block building in 
north Provo. The structure includes 
executive offices, laboratory, press 
room, shop area and store room. 

The company draws its name from 
the fact that it is conducting research 
and development, as well as 
manufacturing operations, at pressures 
of more than one million pounds per 
square inch (mega denoting million). 

In addition to its work with 
diamond, the firm is actively engaged 
in research across the entire spectrum 
of high-pressure/high-temperature 
technology. 


BOTSWANA BACKGROUNDER 


The following is an article reprinted 
from the November, 1970 issue of 


Diamant Magazine. 


They started in the Tuli Block in 
1955, southeast of the Bamangwato, 
but the De Beers geologists 
prospecting in Botswana found 
nothing of interest, so they turned 
their attention to the Bakgatla area to 
the south. Two kimberlike pipes were 
discovered in this area, but both 
proved to be barren. 

The search was then moved to the 
Bamangwato area itself, northwest of 
the Tuli Block. This area had already 
been prospected by another mining 
company, whose geologists had found 
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two small diamonds in the Macloutsi 
River, northwest of Foley. Their 
geologists followed the river to its 
apparent source but failed to locate 
the source of the diamonds. The 
company then allowed its prospecting 
option to lapse. 

Kimberlitic Searches, Ltd., the De 
Beers operating company, started with 
the river, and within a short time 
found kimberlitic indicator minerals 
and confirmed the presence of 
diamonds in the terrace gravels. 

Dr. Gavin Lamont, who headed the 


295 


search, followed the river upstream 
and noticed, at a point quite near 
where the river appeared to peter out, 
traces of what was apparently an old, 
but large, shallow river valley. While 
searching for an explanation for this, 
he recalled a theory expounded some 
years earlier by Dr. Alex du Toit — 
who was a consulting geologist to De 
Beers at the time — who believed that 
an extensive crustal upwarp of the 
earth’s surface, extending from 
Rhodesia well into Botswana, had 
taken place. This could have cut off 
the head of the river, which, in turn, 
could have drained a considerable area 
to the west of the upthrow. Therefore, 
the source of the diamonds could well 
be in this area. 

To test this, Dr. Lamont and 
another geologist, Jim Gibson, carried 
out a rapid-reconnaissance-prospecting 
program of the area and found 
abundant evidence of the proximity of 
kimberlite. 

Subsequently, a more detailed 
program was carried out in the area by 
Manfred Marx, and this led to the 
discovery of the Letlhakane group of 
kimberlite pipes. 

The first of these, known as BK i, 
was discovered on March 1, 1967, and 
a month later AK 1 was found — just 
twelve years after De Beers first began 
its search. 

Kimberlitic Searches then handed 
over its option to a newly-formed 
company — De Beers Prospecting 
Botswana (Pty.) Limited — which set 
out to prove the pipes. 


Pipe AK 1 


Because of its enormous size, work 
has concentrated on AK 1. This pipe 
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covers more than 278 acres and is the 
second largest in size in the world, 
being six times larger than the Finsch 
pipe. The new company’s first task 
was to define accurately the pipe’s 
surface outline by drilling. This was 
followed by much deeper drilling, to 
determine the nature of the pipe’s 
sidewalls. The initial evaluation of 
grade was made by digging a series of 
widely spaced pits, measuring 5 x 7’, 
to depths of either 20 or 40°. The 
ground from these pits was treated in 
small rotary pans. 

The second stage of this sampling 
program involved the sinking of more 
pits at closer intervals. These reached 
depths of up to 120’, and their ground 
was treated by one of three 
heavy-media separation plants that had 
been erected. Total treatment capacity 
of these units was 300 tons a day, 
although this was tripled later with the 
installation of a pilot treatment plant. 
Final diamondiferous concentrates 
were passed over vibrating grease belts. 
The diamonds recovered indicated an 
industrial-gem ratio of 90:10; 
therefore, the average price per carat 
will be low. 

On November 13, 1968, the 
Chairman of De Beers Consolidated 
Mines, Mr. H.F. Oppenheimer, 
announced that the Orapa pipe was a 
major discovery. 

Detailed prospecting of the pipe 
continued throughout 1969. Pits were 
sunk to depths of 120° with 
encouraging results, for they showed 
that good values persisted in depth — 
to the limit of the test — beneath the 
high-grade, superficially enriched zone. 
Normally, such values decrease with 
depth. 
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Geology 


The geology of the pipe shows that 
its host rock is basalt, which is also 
found as inclusions in places. Apart 
from black cotton soil (similar to that 
found covering the Williamson pipe) 
and occasional patches of red sand, the 
pipe is covered by a layer of calcrete, 


varying between % and 30’ in 
thickness. 
During 1970, the prospecting 


company handed the pipe over to De 
Beers Botswana Mining Co. (Pty.), 
lid. Today, the pilot plants are 
continuing to treat ground until such 
time as the main plant is completed in 
mid-1971. Final recovery of diamonds 
will be by means of X-ray separators 
and vibrating grease belts, whereas 
mining will be by open-cast methods. 


First-Stage Development 


The first stage of the mine’s 
development should be completed by 
June, 1971, when it is expected to be 
treating 7.250 metric tons (10,000 
loads) daily. This should yield about 2 
million carats annually. Estimated 
capital expenditure for the plant and 
services at this stage (excluding 
prospecting expenses of R 4,500,000) 
is R 11,500,000. 

In March, 1970, a taxation 
agreement between the Government 
and De Beers Botswana was signed. It 
provides for royalty to be paid to the 
Government for all diamond sales and 
for the company’s rates of taxation. In 
terms of the agreement, the company 
undertakes to allocate to the 
Government, free of charge, 15 
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percent of all shares issued by it from 
time to time. 

Construction work on the main 
crushing and treatment plant, the 
power station, workshops and stores 
has started and is on schedule. Because 
of the distance and the lack of clay for 
bricks, the mine built its own 
concrete-block-making plant on the 
site—using sand from a _ deposit 
discovered by De Beers’ geologists 
quite near to the pipe — to provide the 
estimated 1,200,000 blocks required 
for the first-state building program. 
This includes 162 houses for married 
employees and single quarters for 210 
men, a hospital, clinic, two schools, an 
adult-education and training center, a 
large shopping center and full 
recreational facilities. 

In order to develop and service the 
mine, a good all-weather gravel road 
had to be built from Francistown, 
which is 140 miles to the east, to carry 
the thousands of tons of equipment 
and supplies needed. De Beers made 
available a loan of up to R 2.3 million 
to the Government for the cost of this 
road, which has now been completed, 
and for the cost of new telex and 
telephone lines to the area. 


Water Supplies 


When treating 10,000 loads daily, 
the mine will use about 2,000,000 
gallons of water, and domestic needs 
will consume another 200,000 gallons 
each day. Temporary supplies are 
drawn from a network of boreholes 
spread over a wide area. However, this 
source cannot supply the mine’s 
eventual needs, so work has started on 
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an extensive scheme to draw water 
from the Botletle River, which is fed 
from the Okavango Swamps. 


Other Prospecting in Botswana 


Further general prospecting in the 
Letlhakane area has revealed a number 
of other kimberlite pipes. One of 
these, DK 1, is promising enough to 
warrant a detailed investigation. 
However, it is much smaller than the 
Orapa pipe and apparently of much 
lower grade, although the diamonds 
are of better quality. 

As part of its general prospecting 
program in the country, Anglo 
American has entered into an 
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agreement with the owners of the 
mineral rights covering the Tati 
Concession, which extends about 80 
miles NNW from the Shashi River and 
runs parallel with the Rhodesian 
border. 

Under the agreement, the 
Corporation can prospect the area 
until the end of May, 1971, after 
which it has three months to evaluate 
the results. It is not known whether 
the area contains any minerals in 
payable quantities, although 
copper/nickel traces are known to 
exist. If any payable deposit is proved, 
then the Corporation will have 
technical and administrative 
responsibility for its development. 
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Book Reviews 


WESTERN MINING, by Otis E. 
Young, Jr., PhD. Published by 
University of Oklahoma Press, 
Norman, Oklahoma, 1970. 342 pages. 
Clothbound, Illustrated with line 
drawings. Price: $8.95, 


This is a clearly written pictorial 
and verbal history of the American 
frontier during the gold-rush days, 
relating mining methods and 
operations. Mr. Young has distilled the 
essence of numerous major mines of 
the Old West, from Spanish times until 
the year 1893—a time marking the 
repeal of the Sherman Silver Purchase 
Act. 

The Spanish, Indians and 
Cornishmen all had varied mining 
techniques, but how these systems 
were extracted by American 
practicality is the key to this work. All 
facets of prospecting, placer mining, 
lode mining and milling are examined 
in detail while maintaining laymen’s 
terminology. Besides day-to-day 
accounts, the reader becomes involved 
with personalities of the camps, adding 
lore and romance to the early-day 
West. 

Throughout the text are more than 
80 reproductions of original drawings 
and maps. of. the mines and _ their 
activities. Of special interest is the 
Glossary of Mining Terms, including 
common terms in Cornish, Spanish 
and Mexican—the languages of the 
principal workmen. 
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The author, a Professor of History at 
Arizona State University, has written 
many books and articles relating to 
mining and western history. 

A notable and informative book, 
Western Mining will be of special 
interest to the historian and folklorist, 
as well as to those searching for 
unparalleled mineralogical and 
geological material. 


GEMSTONES IN COLOR, edited by 
Dr. Ichiro Sunagawa. Published by 
Shueisha Co., Tokyo, Japan, 1970. 
Clothbound. i167 pages. Illustrated 
with numerous black-and white and 
color photographs and line drawings. 
Written in Japanese. Price: $1.25. 

It is seldom that such an array of 
experts assemble to contribute an 
essay relating to all phases of 
gemology. Contained within this 
volume are the following articles: 
Takako Shibusawa, a leader in civic 
affairs, has written on the romantic 
aspects behind gemstone giftgiving; 
Hisao Sawana, a popular novelist, 
related his awe and amazement upon 
viewing rare gems during his world 
travels; D. Ichiro Sunagawa, a 
university mineralogist, sheds technical 
light on the history of diamonds and 
their characteristics; Akira Chikayama, 
a recognized gemologist, gives a 
capsulized summary of gems under the 
heading of From Diamonds to 
Malachite; Hiroshi Atotake, Director, 
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Mikimoto Pearl Co., accounts briefly a 
history of jewelry used as accent 
pieces; Akiko Yosano, a prominent 
essayist, expounds on the current 
etiquette of jewelry wearing; Yasuhiko 
Hishido, a jewelry designer, gives a fine 
overview on the present state of 
contemporary jewelry; Yuzo 
Yamamoto, a metal-company 
president, relates the feasibility of 
specific metals as used in jewelry 
manufacturing; and Eiichi Matsui, a 
jewelry manufacturer, explores the 
applicability of gemstones as 
investments. 

Since this work is in Japanese, its 
value to the average Western reader is 
in: its lovely color plates. Its 
multiple-color photographs lend 
beauty to its vast subject matter. 


JEWELS, by Mr. Motoo Eto. 
Published by Hoikusha Co., Osaka, 
Japan, 1970. Clothbound. 85 pages. 


Illustrated in muttiple-color 
photographs. Written in Japanese. 
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Price: upon request from the 
publisher, 
Jewels, a work published in 


commemoration of the 70th 
anniversary of the Shobido Jewelry 
Co., can be properly called a visual 
compendium of important gemstone 
material. Accompanying each color 
photograph depicting rough and 
fashioned gems is a brief descriptive 
analysis of all the important points 
concerning mining operations, history 
and sources, Minerals covered include 
diamonds as well as colored stones, 
both common and uncommon. In 
addition there is a property chart of 
physical and optical characteristics. Of 
special interest is an up-to-date section 
on synthetic stones, containing 
necessary information on_ testing 
methods -to distinguish them from 
their natural counterparts. 

Mr. Eto has compiled a fine book, 
invaluable to those seeking general 
gemological knowledge. 
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GENERAL ELECTRIC’S 
CUTTABLE SYNTHETIC DIAMONDS 


(Including a First Report of the 
Examination of Faceted Stones) 


by 


ROBERT CROWNINGSHIELD 


In anticipation of the same trade 
and public reaction to the 
announcement last year that General 
Electric had succeeded in producing 
cuttable-sized synthetic diamond 
crystals, we asked for the chance to 
examine the first stones cut from these 
crystals prior to the presentation of a 
selection to the Smithsonian 
Institution in Washington, D.C. 

Three cut stones and an uncut 
crystal were presented on June 17th at 
a press party well attended by guests 
with wide diversity of interests. 
Through the good offices of Dr. 
Rodney E. Hanneman, Manager of the 
Inorganic and Structures Branch of the 
Physical Chemistry Laboratory at 
G.E.’s_ Research and . Development 
Center, Schenectady, New York, the 
writer was able to spend a fascinating 
morming on June 14th examining not 
only the three stones to be given to 
the Smithsonian but a fourth colorless 
oval brilliant and several uncut 
crystals. For unknown reasons 
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reporters at the presentation did not 
pick up the story or failed to note the 
significance of the achievement, for we 
have heard of no newspaper releases 
about cut GE synthetic diamonds. 
Perhaps this is just as well as far as the 
jewelry-buying public is concerned. 
The jewelry trade press, of course, 
took due note of the event, and 


articles to appear in the Jewelers’ 


Circular-Keystone may well spark 
publicity not realized following the 
presentation itself. 

Drs. Herbert M. Strong and Robert 
H. Wentorf, Jr., who are responsible 
for the development of the techniques 
that produce large, single-crystal 
synthetic diamonds, have indicated 
that it is possible to produce colors 
other than the ones we have seen. The 
writer was also shown one light-blue 
crystal that had accidentally been 
changed to gray during experiments 
with subatomic bombardment. Small 
green crystals and nearly black ones 
have been seported but not shown. 
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Dr. Herbert M. Strong (upper left) and Dr. Robert H. Wentorf, Jr., developers 
of the gem diamond processes, ready a giant press for a “run” at the GE Research 
and Development Center, Schenectady, New York. 
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The colors of the cut stones examined 
were colorless or near colorless, pale 
blue, very dark blue and intense 


yellow. : 

The purpose of this present article 
is not to review the details of the 
exquisite scientific techniques needed 


Figure 7 


to produce cuttable-sized synthetic 
diamond crystals in the laboratory, 
but rather to record the observations 
made by members of the Gem Trade 
Laboratory staff on the stones 
mentioned above, as well as three 
additional cut stones examined since. 
Through the generosity of Dr. George 
Switzer, Department Head, Mineralogy 
and Petrology of the Smithsonian who 
personally brought the three 
Smithsonian cut stones to New York, 
we were able to conduct a more 
detailed study in our own laboratory. 

Undoubtedly, jewelers and the 
public alike would be most interested 
in the “white” stones. It should be 
noted that at the moment the stones 
to be described are perhaps the only 
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true cut synthetic diamonds in the 
world. All the many trade names for 
various synthetic products, such as 
strontium titanate, yttrium aluminum 
garnet (YAG), synthetic spinel, 
doublets, etc., are all imitations, not 
synthetic diamonds, as we sometimes 
read. Perhaps this is one reason the 
press did not use the GE news release 
after the presentation. 


COLORLESS TO NEAR 
COLORLESS G E 
SYNTHETIC DIAMONDS 


Size and Appearance 


““GE-1”? in the Smithsonian 
collection weighs .305 carats (Figure J 
illustrates the stone mounted). An oval 
examined in Schenectady is slightly 
larger, and another round brilliant 
examined since weighed .26 carats. All 
stones examined were beautifully 
proportioned and polished, as one 
would expect of stones cut by the firm 
of Lazare Kaplan & Sons, Inc. 


GIA Color Grades 


“GE-1” graded J on the GIA color 
grading scale, whereas the oval graded 
approximately G and the .26 carat 
stone, a remarkable F. It was suggested 
by Dr. Hanneman that color can be 
controlled and that GE has confirmed 
what the Diamond Research 
Laboratory in Johannesburg published 
some years‘ago that yellow in natural 
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diamonds is caused by the presence of 
nitrogen impurities. 


Clarity 


Of all the cut stones examined, 
“GE-1” appeared the most natural and 
with the least number of inclusions. 
All others contained somewhat 
flattened black inclusions of the 
nickel-iron catalyst in which the 
crystals grew (Figures 2 and 2A). 


Figure 2 


Some of them had radiating stress 
cleavages. In two stones we saw rod- 
shaped inclusions (Figure 3) of the 
catalyst material, and in the Smith- 
sonian stone two form an exclamation 
mark (Figure 3A). As one can surmise 
from an examination of a diamond 
report for this stone (Figure 4), if he 
did not know he was looking at the 
report of a GE synthetic diamond he 
would not suspect it. Under a 10x 
loupe the inclusions plotted would not 
excite suspicion. Under higher magnifi- 
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Figure 3 


Figure 3A 
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cation, as we reported in the uncut 
crystals examined last year, we do see 
unnatural-looking, randomly scattered 
pinpoint inclusions (Figure 5) We 
have seen these in all colorless and 
blue stones examined so far. 


Ultraviolet Fluorescence 


As we found with the uncut 


crystals examined last year (Jewelers’ 


Circular-Keystone, July, 1970), none 
of the cut stones was fluorescent 
under long-wave ultraviolet (3660 A). 
By itself, this would not be diagnostic. 
However, under short ultraviolet 
(2537 A), the colorless (and pale blue) 
stones fluoresced — a most unusual 
occurrence with natural diamond. 
They also phosphoresced brightly for a 
long time after the lamp was extin- 
guished. Unlike the effect one sees 
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the foltowing for identification: 


DESCRIPTION 


approx. 4.34-4.37 x 2.61mn. 


Conclusion: 


This report sets forth the results indicated by the tests performed 
Neither the Institute nor any of its employees shall be responsible 
for any action that may be taken on the basis of such report. 


ORIGINAL 


Gemological Institute of America 
> GEM TRADE LABORATORY 


Scientific Identification of Gemstones and Pearls 


NEW YORK LABORATORY 


i transparent near colorless round brilliant measuring 


aratetenatetat SYNTHETEC DIAMOND, weight: 0.305 ct, 


- No Appraisais or Evaluations - 


NY 653488 


580 Fifth Avenue 
New York City, N. ¥. 10036 
JUdson 6-4880 


Date June 29, 1971 


TESTS AND FINDINGS 


binocular magnification 

Diamondlite and master color 
diamonds 

long ultra-violet - 

short ultra-violet ++ - phos. 

Leveridge Gauge and m. reticle 

electro-conductometer+t+ 

spectroscope - 

x-ray fluorescence -+ yel, phos. 

diamond balance 


See attached Diamond Report --------- 
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Figure 4 
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Gemological Institute of America bccaited 


Niy_ 653488 
GEM TRADE LABORATORY 6/28/71 
Scientific Identification of Gemstones and Pearls 


In the opinion of the Laboratory, the following are the characteristics of the stone, of stones, described’on the attached report as 
based on measurements and also on observations made through the Gemolite (10X binocular darkfield magnification) and in the 
Diamondlite, utilizing master comparison stones, Mounted s:ones graded only to the extent that mounting permits examination, 


Shape and Cut round brilliant cut 
Measurements__#.34-4.37 x2.61mm, KEY TO SYMBOLS 
Weight 0.305 ct. 


- included crystal 


Proportions: 
Depth Percentage 60% 
Table Diameter Percentage 57% 
Girdle Thickness 
Culet Size slightiy large 
Finish very good 


thin to slightly thick 


Clarity Grade 
Color Grade 


Fluorescence 


Comments: 


(Red symbols denote internal characteristics; grean, 
external. Symbols indicate nature and pasition of 
characteristics, not nacessarily thair size.) 
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Coturigne 


GIA 

COLOR- AND 
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with natural Type IIB blue diamonds, 
which characteristically phosphoresce 
after being exposed to short ultra- 
violet, we could not visually determine 
when the rays were cut off because the 
intensity of the yellow glow did not 
diminish immediately. 

In the routine grading of colorless 
diamonds one does not usually use 
short ultraviolet. If GE diamonds were 
ever to be marketed and _ they 
continued to be manufactured with 
similar properties, diamond graders 
would find the use of short ultraviolet 
imperative, since in nature it is only 
diamonds with tints of blue (or 
laminated blue and brown) that have 
been found to be phosphorescent. A 
fluorescent and _ phosphorescent 
colorless or faintly-tinted yellowish 
diamond would be highly suspect. 

An interesting observation of both 
the’ colorless stones and the light-blue 
stone examined in the GIA Laboratory 
is that their phosphorescence forms a 
quadrant pattern with a dark cross. It 
was explained that both this property 
and that of electroconductivity is 
crystallographically oriented. If a 
stone is cut with the table paralleling 
the cubic direction, this pattern will be 
seen. Since all the stones were cut 
from variations of good octahedral 
rough, all were cut in this manner, so 
that we were unable to determine the 
appearance of a stone cut with other 
orientation. 


Absorption Spectroscope Observation 


As with the use of short ultraviolet, 
diamond graders do not, nor do we in 
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the Gem Trade Laboratory, ordinarily 
test colorless diamonds in the 
spectroscope. 

After we tested the uncut crystals 
in the spectroscope last year and 
found no absorption lines in stones of 
any color, we examined many color- 
less to near colorless diamonds during 
the year. We found that the vast 
majority of natural diamonds that 
have a tint of yellow (GIA color grade 
F and below) show the so-called Cape 
absorption spectrum in varying degrees 
of strength and completeness (Figure 
6). Nearly colorless stones will show 


Figure 6 


only the 4155 A line whereas stones of 
N color and darker begin to show the 
entire absorption spectrum. Diamonds 
dark enough to be considered fancy 
will, with rare exceptions, show a 
spectrum like Figure 6. More about 
the exceptions later. 

The fact that in the nearly colorless 
GE stones no absorption lines are seen 
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is significant. Not being top color and 
showing tints of yellow (not brown), 
they should have exhibited at least the 
4155 A line. Natural top light-brown 
diamonds do not show any of the 
Cape series absorption lines. 

Again, if GE diamonds were ever to 
be marketed commercially as cut 
gemstones, it might have to be routine 
practice to examine colorless as well as 
fancy-colored diamonds in the 
spectroscope. 


X-Ray Fluorescence and Radiography 


GE synthetic diamonds transmit 
X-rays indistinguishably from natural 
diamonds (Figure 7). This was to be 


GE Diamond 


Natural Diamond 


Figure 7 


expected. However, when viewed in a 
dark room with our X-ray unit set at 
80 KV and 4 MA with stones 
approximately one inch from the 
target, we found that the two round 
colorless brilliants fluoresced strong 
yellow. They also phosphoresced for a 
long period of time when the X-rays 
were cut off. 

We do not 


ordinarily expose 
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diamonds for the purpose of noting 
their X-ray fluorescence. Over the 
years, however, in the process of 
fluorescing pearls we have noted that 
most colorless or near-colorless 
diamonds fluoresce blue, not yellow, 
and seldom phosphoresce. This could 
be a significant test. 

After discovering the unusual X-ray 
characteristics of the GE stones, we 
proceeded to examine as many natural 
“white” diamonds as possible and 
came up with some surprises. Two 
very large D color stones cut from the 
same piece of highly grained rough 
fluoresced strong greenish blue and 
phosphoresced for as long as an hour. 
Another 10-carat pear-shape stone that 
had been graded H on the GIA 
color-grading scale fluoresced bright 
orange with no phosphorescence. 
Obviously, we would have to examine 
many more stones, both natural and 
synthetic, before relying on X-rays as a 
means of distinguishing the two. 


Polariscope Observation 


Our observation of both uncut 
crystals and the cut stones tends to 
confirm statements made by Dr. 
Arthur M. Bueche, GE Vice President 
for Research and Development, that 
GE can control impurities 
extraordinarily well, resulting in nearly 
strain-free crystals with amazing heat 
conduction as well as semiconductive 
properties. We found most of the 
crystals to be devoid of strain, except 
around flux inclusions. We saw none 
of the typical strain seen in natural 
diamonds in which interference colors, 
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in addition to the gray of false double 
refraction, may be present. 


Electrical Conductivity 


In the Laboratory at GIA, we do 
not usually test colorless to near 
colorless diamonds for 
semiconductivity, reserving that test 
for blue or gray diamonds that will 
pass current that can be detected ona 
simple electroconductometer, such as 
GIA’s instrument shown in Figure 8. 
All the near-colorless GE stones 
examined were semiconductive and 
were thus distinguishable from natural 
stones of similar color. 


Figure 8 


Colored General Electric 
Synthetic Diamonds 


Of the three colors of synthetic 
diamonds examined to date, the light 
blue and intense yellow would be 
classed as fancies, if they were natural, 
and to the eye alone their appearance 
is that of natural diamonds. An 
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extremely dark-blue stone was unlike 
any colored diamond we have seen, 
and was perhaps unnatural in 
appearance. 


Yellow Stones 


When we examined yellow crystals 
last year, we predicted that if any were 
ever cut they would be handsome 
stones indeed. In actuality, they 
surpass our estimation. One gentleman 
involved in the cutting of the stones 
exclaimed that one of the cut stones is 
a finer color than any natural stone he 
has ever seen. It is perhaps because of 
the pure, intense tone of yellow 
without either green or brown that 
prompted him to make this statement. 
Under magnification, the yellow 
stones contained inclusions of the 
metallic flux, although one stone 
examined could have been cut without 
any inclusions with only a bit more 
loss of weight. 

A feature of the yellow crystals 
examined last year was present in the 
cut stones: an unusual color 
distribution without orientation and 
with no clearly defined zoning. Figure 
9 illustrates this effect. GE scientists 
have explained that the yellow color 
of most natural diamonds is due to the 
presence of nitrogen impurities not 
homogeneously distributed but in 
so-called platelets. In the GE yellow 
stones, the nitrogen is not in platelets 
but somewhat evenly distributed, 
resulting in a number of electrical and 
industrial advantages. 

One yellow crystal examined this 
year in Schenectady had an octahedral 
inclusion. in the center of a nearly 
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Figure 9 


colorless area. It was explained that 
this could possibly be the synthetic 
diamond seed crystal, and that initially 
it was selective and drew only carbon 
atoms to itself. Later, the growing 
crystal was overwhelmed with the 
presence of nitrogen impurities and 
the resulting crystal was therefore 
intense yellow. Figure 10 was an 
attempt to use the Photoscope on this 


Figure 10 


fascinating crystal. Another yellow 
crystal contained inclusions precisely 
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like the horse-tail inclusions in 
demantoid garnet (Figure 11). 

Drs. Hanneman and Strong told me 
that these inclusions, as yet 


Figure 11 


unidentified, occur near the surface 
and would not be expected to be seen 
in a cut stone. 

In agreement with our discovery 
last year, studying the uncut yellow 
crystals, none of the yellow cut stones 
showed absorption lines. when viewed 
in the spectroscope. A few intense 
yellow natural diamonds also showed 
no lines or bands. These stones are 
usually the finest natural colors 
available and many trade people 
consider them the ‘true canaries.” 
However, according to Basil W. 
Anderson, head of the London 
Laboratory, (and our observations 
agree), these ‘‘true canaries’ always 
fluoresce a strong yellow under long 
ultraviolet. The GE stones do not 
fluoresce under either long or short 
ultraviolet. Of the two yellow cut 
stones we examined under X-rays in 
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the New York GIA Laboratory, one 
fluoresced yellow with a short period 
of phosphorescence and the other was 
virtually nonfluorescent. Since we 


have had little chance to examine a 
selection of “true canary” natural 
diamonds, no conclusion can be made 
regarding X-ray fluorescence as a 
means of testing yellow stones. 


The accompanying report on the 
yellow stone presented to the 
Smithsonian (Figure 12) indicates the 
tests needed for identification. With 
this stone, the significant tests are 
magnification, lack of ultraviolet 
fluorescence, and lack of absorption 
lines in the spectroscope. 
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Scientific Identification of Gemstones and Pearls 


NY 
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DESCRIPTION 


approx. 4,68-4.70 x 3.91mm, 


Caonchution 


assess SY "IC DI PANCY COLOR, 


This report sefs forth the results indicated by the tests performed. 
Neither the institute nor any of its employees shall be responsible 
for any action that may be taken on the basis of such report. 


TESTS AND FINDINGS 


- No Appraisals or Evaluations - 


1 transparent intense yellow round brilliant measuring R, I. 1,80+ 


refraction - single 

magnification 

long ultra-violet - 

short ultra-violet - 

spectroscope ~ 

electro conductometer - 

x-ray fluorescence +, yellow 
phos - weak 
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Figure 12 
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Blue Stones 


As mentioned above, the light-blue 
crystals and cut stones examined have 
the colors and general appearance of 
some natural diamonds we have seen. 
In fact, they resemble very closely a 
beautiful natural stone worn by cutter 
Lazare Kaplan himself. The dark-blue 
crystals and cut stones are inky in 
appearance, with decided color 
banding, and do not resemble natural 
stones we have seen. 

Under magnification all blue stones 
we have seen have inclusions of the 
metallic flux in either rod or flattened 
form; these can be seen under 10x. 
Under higher power, all of the blue 
stones we examined have 
aforementioned inclusions of 
pinpoints scattered somewhat 
randomly and appearing different 
from anything we have seen in natural 
stones. In the dark-blue stones, these 
inclusions do become oriented into a 
misty crosslike pattern; an attempt to 
include this pattern in a cut stone is 
shown in Figure 13. Because of the 
deep color, this does not show up 
without magnification. 

None of the blue stones fluoresces 
under long ultraviolet, but they both 
fluoresce and phosphoresce under 
short wavelengths. In addition, they 
fluoresce and phosphoresce under 
X-rays. The intensity of the 
fluorescence under short ultraviolet 
and long phosphorescence is unlike 
any natural Type IIB stones we have 
seen. We are not yet prepared to 
conclude anything significant about 
their X-ray fluorescence. 
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Figure 13 


As with natural blue diamonds, 
GE’s synthetic blue stones are good 


semiconductors. In using the 
conductometer, the probe has to 
contact specific areas, since the 


conductivity is directional. It is 
interesting to note that following the 
test, if done in a dark room, the stones 
phosphoresce. We have not had the 
occasion to test natural Type IIB 
stones in the dark; they may well have 
a similar reaction. 

Figure 14 is a report. on the 
light-blue Smithsonian synthetic 
diamond in which the significant tests 
that distinguish the stone froin a 
natural Type HB diamond are the 
magnification, which reveals the 
metallic inclusions and the unusual 
pinpoint inclusions, and the strong 
ultraviolet fluorescence, together with 
the long phosphorescence. 

In view of the fact that GE 
scientists can control the color and 


clarity, as well as the electrical 
properties of their cuttable crystals, 
the observations made here can 
obviously not be considered 


definitive. Whether or not a jeweler 
will ever be called upon to determine 
the natural or synthetic origin of a 
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approx, 4,35-4,39 x 2,60mm. 


Conclusion: 


~==~-----SYNTHETIC DIAMOND, FANCY COLOR. Weight: 0.31 ¢h.====------ 


1 transparent light blue round brilliant measuring 


binocular magnification 

R, I, 1.80 + a 

refraction - single 

long ultra-violet - 

short ultra-violet ++ - phos. 

spectroscope — 

electro-conductometer + 

x-ray fluorescence +, yellow 
phos - strong 


This report sets forth the results indicated by the tests performed. 
Neither the Institute nor any of its employees shall bs responsible 
for any action that may be taken on the basis of such report. 


- No Appraisals or Evaluations - 
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Figure 14 


diamond is unknown at present. For 
the moment, it seems that by 
manufacturing large single crystals GE 
has accomplished its purpose, which 
was to study in depth the optical, 
electrical, thermal and other properties 
of diamond not possible with even the 
largest industrial synthetic stones 
previously available. Economics and 
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further research will decide whether 
they will ever produce cuttable-sized 
stones commercially, and even then, 
the electronic applications may win 
out over the limited demands of the 
jewelry industry for what will 
undoubtedly be a very expensive and 
probably not very large synthetic. 
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Developments and Highlights 
at GIA’s Lab 


in Los Angeles 


_ by 
RICHARD T. LIDDICOAT, JR. 


As usual, the interim between the 
last report and this brought one or two 
new problems and the repetition of a 
few older ones. 


Structure in Clam Pearl 


We have seen quite a number of 
clam pearls from molluscs in a range of 
shell sizes from the giant Tridacna 
down to mussels only a few inches in 
diameter. In the Tridacna, pearly 
concretions we have studied were 
characterized by a rather modified 
version of the beautiful, distinctive 
flame structure we expect to find in 
conch pearls. We had never noted such 
a structure in a clam pearl, with the 
exception of the Tridacna concretions. 
Even in these, the flame structure was 
much finer and smaller than in the 
conch pearl. 

Recently, we examined a brown 
clam pearl that showed a very strong 


SUMMER, 1971 


flame structure. Figure J shows a 
flame structure in a conch pearl that 
was very similar to that seen in the 


Figure 1 
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clam pearl that has been described. 
While examining these pearls, we 
looked at one of the beads frequently 
cut from conch shells that shows quite 
a different structure from the usual 
conch bead (Figure 2). These 
structures are among the most 
interesting one encounters when 
examining concretions from clams. 


Figure 2 


A Purple-to-Violet Cabochon 


A former GIA instructor was asked 
to identify three large cabochons said 
to have originated in Thailand. They 
puzzled him because they were 
distinctly different from anything he 
had encountered in the past. Although 
he was quite certain of their nature, he 
brought one of them to us for 
discussion. 

It was quite interesting in that it 
had a very low refractive index — 
approximately 142 or 143 — anda 
relatively high specific gravity. From 
the action in his heavy liquids, he 
assumed the specific gravity to be 
somewhai in excess of 3.10. He had no 
microscope, but could discern a curved 
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structure within the amethystine- 
colored mass that puzzled him. 

He was aware of the structure of 
the blue-john variety of fluorite, but 
had not seen fluorite with such a 
structure in this color. This turned out 
to be, as one might assume, a variety 
of fluorite. We had not known of 
fluorite in this color range and with 
this structure from Thailand. 


A Beautiful Idocrase 


We received a very attractive, 
almost transparent yellowish-green 
cabochon mounted in an attractive 
yellow-gold ring, set with diamond 
melee. It showed a 1.70 spot reading 
and a strong 4650A absorption line in 
the spectroscope. These characteristics 
served to identify the stone without 
question as idocrase — one we 
considered exceptionally attractive. It 
had been offered to the jeweler as a 
californite, and he was just verifying 
its identity. 


Dr. and Mrs. Trueheart Brown 


We were pleased to have .a visit 
from Dr. and Mrs. Trueheart Brown. 
Dr. Brown is the originator of the 
Kashan flux-fusion synthetic ruby. 
During his visit, he informed our staff 
that he is now producing synthetic 
ruby clusters. These he _ initiates 
without seed, in contrast to his large 
synthetic rubies. When no seed is 
introduced, nucleation is widespread 
in the nucreant liquid, and many small 
crystals start to grow almost 
simultaneously. The result is that a 
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very attractive crystal aggregate of 
synthetic ruby grows, a form that has 
proved to be very interesting to many 
designers — according to Dr. Brown. 
This is so different from the 
inexpensive flame-fusion synthetic 
rubies that such an acceptance is easy 
to understand. 


Further Report on Black Opals 
with Very Low Properties 


In several issues of Gems and 
Gemology we have discussed a new 
form of black-opal treatment, * the 
nature of which had not been 


disclosed to us (Volume XIII — 
Number 4, pages 117 and 127; 
Number 5, pages 148 and 163; 


Number 7, page 231 and Number &, 
page 249). 

When we first encountered these 
very dark opals, we were given a story 
about the method of treatment, but 
did not believe it fully. There were 
certain properties and other 
characteristics that did not seem to fit 
the story. We have ultimately 
concluded that the method described 
is probably correct. 

The method given to us was that a 
white opal is enveloped completely 
with brown wrapping paper. The 
covered white opal is placed in a 
crucible, and-is then heated slowly 
with a torch until it is hot enough for 
the paper to char. This “smoking” 
imparts a black color that penetrates 
less than one millimeter. 


SUMMER, 1971 


There were two particular elements 
that made us doubt the authenticity of 
this treatment. One was that the harsh 
heat treating, we thought, would cause 
the opal to craze heavily — ifit did not 
explode. In addition, this did not seem 
to jibe with a reaction. we found to be 
an unusual characteristic in such 
stones: when a point of a needle was 
pressed against this distinctive black 
opal, the indentation that resulted 
would disappear when the point was 


removed. This suggested plastic 
impregnation. 
On the other hand, a plastic 


impregnation would have sealed up the 
interstices so effectively that the 
resulting material would have been 
nonabsorbent, yet this black-treated 
opal absorbed water in great 
quantities. We encountered one that 
actually floated for quite a number of 
seconds. before absorbing enough 
water to sink rather slowly. Usually, 
we obtained refractive indices on the 
order of 1.37 or 1.38 and specific 
gravities almost unbelieveably low — at 
approximately 1.25. Having tried this 
kind of treatment ourselves, we are 
now satisfied that it can be done by 
this method, and that the 
characteristics of a particular kind of 
opal from Jalisco, Mexico, when 
heated and treated in this fashion gives 
results substantially the same as those 
we have encountered in the obviously 
treated material. 

We might add that, with the 
exception’ of considerably higher 
properties, there is some resemblance 
between this kind of treated opal and 
the so-called stabilized opal produced 
from the Virgin Valley black opals. 
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Figure 3 


Interesting Inclusions in an Imitation 


Figure 3 shows some lacy groups of 
bubbles in a glass imitation of a 
gemstone. Unfortunately, it was not 
feasible to use high enough 
magnification in producing | this 
photograph to show that these are not 
continuous strings but individual 
spherical bubbles. This photograph 
was taken at 63 magnifications. 


X-Ray Diffraction Can Be Helpful 


Often in testing, we encounter the 
kinds of material that well-qualified 
individuals are not able to identify 
satisfactorily by ordinary gemological 
methods. One we received very 
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recently would not have yielded 
satisfactorily to any of the usual tests 
available. This material was in the 
form of a double cabochon, and so 
only spot readings were possible by 
refractometer. It was opaque and we 
could get no absorption spectrum of 
any description. The specific gravity at 
3.84 was not particularly significant. 

Turning to a very rarely used test in 
the Laboratories, we found that this 
black cabochon could barely scratch a 
synthetic ruby, and it in turn was 
scratched by the ruby. With a spot 
refractive index on the order of 1.78 
and a specific gravity on the order of 
3.84, we seemed to have a refractive 
index in excess of that of corundum 
and a specific gravity appreciably 
lower. Thus, we seemed to have no 
possible answer that would fit the 
information gathered. 

Fortunately, we were able to scrape 
a minute amount of material from the 
girdle and to run an X-ray powder 
photograph to determine its nature. 
Our first impression, before we had 
taken a hardness test, was that in all 
probability this was a member of the 
spinel group. However, when the 
material proved to be so exceptionally 
hard (when actually we would expect 
a slightly lower hardness from a 
spinel-group material with the elevated 
refractive index and specific gravity), 
we felt that this was not a really 
excellent possibility. However, when 
Chuck Fryer’s film was developed, 
there was no question but that this 
was black spinel. We have no way to 
account for its exceptional hardness. 


Clear Rubies 


One of the remarkable sights in 
gemology is the somewhat roiled 
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effect often encountered in fine 
Burma rubies. We received two 
exceedingly attractive rubies, one 
between one and two carats and the 
other between two and three, both of 
which were reasonably free from 
inclusions. However, under the right 
lighting conditions, they did show the 
highly distinctive appearance of a 
lovely Burma ruby with its roiled body 
structure. This appearance is shown in 
Figures 4 and 5, 


Figure 4 


Unusual Feature in a Cultured Pearl 


When examining a group of 
cultured pearls, we noticed one that 
had a black mark. This was a long thin 
line that had the appearance of a pencil 
or ink mark that had been placed on 
the mother-of-pearl bead before it had 
been inserted in the mollusc. This line 
is readily visible through the 
transparent nacre in Figure 6. Of 
course, there are often blackish areas 
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of conchiolin, but this is the first 
instance in which we have encountered 
what probably was a pencil mark on 
the bead. 


Figure 5 


Figure 6 
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A Very Attractive Spessartite 


An identification we were called 
upon to make recently was of a 


particularly attractive, richly colored 
spessartite. Charles Fryer noticed the 


Figure:7 


inclusion pattern shown in Figure a 
with its dodecahedral pattern in part, 
and photographed it. 


Figure 8 
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Coated Beryl 


We had a bright-green stone to 
identify that we found to be beryl, but 
it had a very obvious coating on the 
back and some bubbles in which the 
edges are shown in Figure &. Since no 
chromium lines were visible in the 
spectroscope, we assumed that this 
was an almost colorless beryl, to which 
the green plastic coating had been 
applied. It was a very clumsy: effort to 
deceive. 


An Unusual Flux-Fusion 
Synthetic Ruby 


All of our reports in the past with 
respect to flux-melt synthetic. rubies 
have indicated that the seed crystal 
used is natural corundum. 

Recently, a large stone purported 
to be ruby was brought to us for 
identification; it proved to be 


exceptionally interesting. It is shown 
in the next four figures. The first 
(Figure 9) shows a bubble, as indicated 
by the arrow, and curved striae. The 


Figure 9 


second (Figure 10) shows the bubble 
as a dark object against a white 
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background. In the third photograph 
(Figure 11) the curved striae in the 
synthetic seed is very apparent. Figure 
12 illustrates the kind of surface that 
joins the overgrowth layer between the 
material that formed the seed and the 
overgrowth, which may have been 
either flux-fusion or hydrothermal. 
This is very reminiscent in appearance 


Figure 10 


Figure 11 


of the material introduced as Linde 
synthetic emerald, which was actually 
a Lechleitner hydrothermal 
overgrowth of synthetic emerald on 
prefaceted natural beryl. 
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Figure 12 


Our impression of the material was 
that a manufacturer of synthetic 
rubies by either flux-melt or 
hydrothermal processes had used a 
flame-fusion synthetic ruby as the 
seed. We believe that both announced 
manufacturers disclaim the use of 
flame-fusion synthetic seeds, so it is 
possible that there is another 
manufacturer of synthetic rubies 
coming into the market unannounced. 


¥ 


Synthetic Opal? 


We received recently for 
identification (with a query about 
their identity) from a cultured-pearl 
and colored-stone dealer two small 
oval cabochons, one of which turned 
out to be as nice a fire agate as we 
have ever seen. The other had a white 
center area at the surface, with a good 
play of color surrounded by a 
nonopalescent dark-brown edge. When 
the dealer had broken this open, he 
found what appeared to be a 
milky-white button at the center. 

We found the button to be singly 
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refracting and hard, so we first 
assumed it to be glass. It was 
surrounded by a fairly thin, white, 
highly opalescent layer and then, on 
the edges, the dark-brown, nearly 
opaque. zone. The whole seemed 
obviously artificial, and because of the 
manner in which the layers were 
joined, it seemed that the opal 
showing play of color was grown on 
the outside of the white translucent 
bead we first assumed to be glass. An 
X-ray diffraction powder photograph 
showed a high cristobalite pattern, 
suggesting that the whole stone is a 
very unusual opal. In Figure 13, a 
piece of the white-opal layer is seen at 
the left, and the white-glass bead 
coated by white opal and _ the 


dark-brown layer is shown on the 


right. 


Figure 13 


We have never seen anything even 
closely resembling this material. We 
are trying to obtain more, so that we 
can examine it in an unbroken state. 


Space Capsules 


On a few occasions in the past we 
have shown some pictures of 
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inclusions in amethyst that closely 
resembled moon-shot vehicles. The 


latest is probably the most Apollolike 
we have seen (Figure 14). Slightly out 
of focus is one that appears to be 
presently firing. 


Figure 14 


Large Water-Worn Crystal of Peridot 


We were surprised to receive for 
identification a large water-worn 
crystal of peridot of magnificent 
quality that weighed 137.5 carats 
(Figure 15). Well-formed peridot 
crystals are not too common anyway, 
and to have such a huge one of fine 
quality in for identification was 
unusual. We judged that this one was 
from Burma. 


Russian Synthetic Quartz 


Some time ago we reported Russian 
synthetic quartz in several colors. 
Chuck Fryer was interested in the 
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Figure 15 
surface growth structure on the 
material and took a _ photograph 


(Figure 16) showing the surface. He 
also took another photograph to show 
the colorless seed crystal and the dark, 
deeply-tinted growth area (Figure 17). 


Crystalites in Glass 


Occasionally, natural-appearing 
inclusions show up in glass when glass 


Figure 16 
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Figure 17 


has had the opportunity to cool rather 
slowly. Chuck Fryer noticed and 
photographed some crystalites in a 
glass imitation as shown in Figure 18. 


Dyed Light-Violet Jade 


We have been plagued recently with 
a large number of lavender jadeite 
cabochons. The color does not appear 
to be totally confined to tiny cracks in 
many of the pieces we have examined. 
The usual method of detection of 
artificial coloration that we have used 
in the past relied on detection of the 
coloring agent confined to interstices, 
and, in some cases, a dye line centered 
at approximately 5700 A _ in the. 
spectroscope. It also fluoresced under 
long-wave ultraviolet in a red color. 
The material seen most recently, when 
fairly dark, showed a faint smudge line 
centered around 6100 A 

We examined one that was offered 
by a local dealer who had bought a 
supply as “treated” jadeite in Hong 
Kong. When it was boiled in sulphuric 
acid it lost some, but by no means all, 
of its color. The color was much less 
noticeable in the interstices after the 
boiling. We are satisfied that a high 
percentage of the material that has 
suddenly flooded the market in Los 
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Angeles has been dyed, but at the 
moment we are not satisfied that we 
can detect it in all cases. 


Figure 18 
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DIAMOND PRICES 


OF A 


CENTURY AGO 


by 


RICHARD T. LIDDICOAT JR. 


An early student of GIA, Bill 
Bolender, of Rockford, Illinois, 
recently donated a book to our library 
that his father had for many years. It 
is entitled The Jeweller’s Guide and 
Handy Reference Book, a new edition 
by William Redman, published in 
Bradford, England in 1883. We were 
grateful for the opportunity to 
examine it and to give some thought 
to some of the ideas expressed at that 
time. Although very small in size, it is 
perhaps comparable to a portion of 
the GIA book The Jewelers Manual, 
which was published by the Institute 
several years ago. 
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The Jeweller’s Guide and Handy 
Reference Book discusses diamonds, 
emeralds, rubies, sapphires and the 
various qualities of gold. Since it gives 
a number of prices, it was possible to 
compare present-day figures with 
those that were extant at the time this 
book was published almost ninety 
years ago. Although the publication 
date was 1883, many of the figures 
cited were for a period ten years or 
more before the book was printed. 
Some of the very interesting figures 
were the prices given for diamonds; for 
example, prices are cited for 1865 and 
1867. A one-carat diamond was listed 
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at 18 pounds (or $90) in 1865, and 21 
pounds (or $105) in 1867. Below the 
table of prices is a qualifying 
statement that says, “The least defect, 
want of (or over) spread, or faintest 
tinge of any colour, reduces these 
values considerably.” Thus, we have a 
one-carat diamond that is apparently 
without flaw or color and of a very 
fine cut listed at $90 for the 1865 
price; and $105 for the 1867 price. 
Three-carat stones are listed. at 125 
pounds (or $625) which is not the 
price per carat but the total price for 
the 1865 figure; and 140 pounds (or 
$700) for the total price of a 
three-carat’ diamond in 1867. A 
fivé-carat diamond, (referring to a 
quality without the least defect in 
clarity or the faintest tinge of any 
color and that is not badly cut) is 
listed at 320 pounds ($1,600) for the 
stone in 1865; 350 pounds ($1,750) 
for the stone in 1867. 

The author gives a method for 
valuing cut diamonds — to quote 
him: ‘“‘An example is here given 
to show in what manner the value of a 
manufactured or wrought diamond of 
one carat is to be found, upon the 
principle advanced. Suppose rough 
diamonds to be valued at 2 pounds 
($10) per carat, the weight of such 
stones must be doubled, on account of 
half being lost in working them, which 
is considered their original weight, 
making two carats; then multiply the 
weight of each stone by itself, which 
squares it and makes four; lastly, 
multiply the four by two, which 
produces 8 pounds, which is the value 
of one carat wrought or polished, and 
is equal to the value of rough 
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diamonds of two carats, out of which 
it is supposed to be made. This single 
instance is here given to show the 
value of rough diamonds in the price 
of wrought ones. As a further 
explanation of the rule of valuing 
them, and previously to offering any 
other, it is to be observed that 
although two pounds is laid down as 
the general price of rough diamonds, it 
is to be understood that rough 
diamonds differ in their value 
according to their different degrees of 
perfection, and according to the loss 
of weight they may be supposed to 
sustain in being truly wrought, as it is 
well known that some will lose more 
than others, from their ill form and 
other defects that may attend them. 


First Instance 


To find the value of one of five 
carats the weight must be doubled, on 
account of half being lost in working, 
that replaces its original weight and 
makes ten carats; then multiply by 
ten, that squares its weight and makes 
100 carats; and lastly, 100 must be 
multiplied by two pounds, the price of 
one carat, which produces 200 
pounds, and is the value of a wrought 
stone of five carats, the price of the 
diamond when rough.” The price given 
earlier for a top quality five-carat 
stone was 320 pounds ($1,600); 200 
pounds (or $1,000) is the price for an 
average stone. 

The author also discussed two 
magnificent rubies that came to 
London in 1875. After recutting, one 
weighed 32 5/16 and the other 38 
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9/16 carats. He said the smaller stone 
was sold abroad for $50,000, and the 
other was sold on the continent for 
$100,000. Thus, even a century ago 
rubies were coveted and brought huge 
prices. He mentioned sapphires as $60 
to $125 a carat, and a splendid gem of 
165 carats that he called “by far the 
finest sapphire of its size in Europe,” 
that was sold in Paris for $35,000 to 
$40,000. Mr. Redman mentioned 
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that emeralds of “very fine dark colour, 
velvety and without flaws” were priced 
as high as $200 to $300 a carat. He 
stated however, that this is very rare, 
but mentioned a six-carat emerald that 
sold for $5,000. 

We are indeed indebted to Bill 
Bolender for this unique and 
informative contribution to the GIA 
library. 
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Book Reviews | 


GEM TESTING, by B. W. Anderson, 
B. Sc., FGA. Published by 
Butterworth & Co., Ltd., London, 
England, 1971. 384 pages. 
Clothbound. Well illustrated with 
black-and-white and _ full-color 
photographs and line drawings. 


B. W. Anderson’s outstanding text, 
GEM TESTING, has just been updated 
in a new Eighth Edition, published this 
year by Butterworth and Company in 
England. First published in 1942, 
Anderson’s fine book has long been an 
outstanding contribution to the 
gemological field and continues in the 
Eighth Edition to be an exceptionally 
valuable sourcebook in gemology. 


Since the Seventh Edition was 


published in 1964, quite a number of 
changes have taken place; they have 
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been duly noted by Mr. Anderson. He 
has added such new synthetics as 
quartz, cuttable diamond, scheelite, 
synthetic rare earth garnet, and new 
types of synthetic emeralds. He has 
also added some of the rarely 
encountered new synthetics such as 
lithium niobate, periclase, and 
bromellite. 


There are changes in most of the 
chapters to bring things up-to-date and 
to clarify a subject. He has added 
explanatory matter on the 
spectrometer, additional data on such 
newly encountered materials as 
transparent blue zoisite, transparent 
grossularite, the jadelike idocrase from 
Pakistan, chrome chalcedony, and 
other gem materials. There has also 
been a certain amount of 
rearrangement for the convenience of 
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the user of this outstanding book. 


GEM TESTING is a must for every 
gemological laboratory and_ the 
additions and changes from the 
Seventh Edition make the new Eighth 
Edition well worth adding to a library. 


ROCK & GEM — Published by 
Behn-Miller, Inc., Encino, California. 


The mineral-and-gem field is 
becoming an increasingly active 
avocation of many people. The 
professional as well as the amateur 
lapidarist will be pleased to find a new 
publication to further aid their 
endeavors. ROCK & GEM made its 
debut in March, 1971 and each issue 
contains articles covering all possible 
facets of the lapidary world. 


There have been detailed articles on 


opal, beryl and tourmaline, as well as 
work projects for the cutter ranging 
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from simple to advanced levels. For 
those interested in collecting 
specimens, field-trip information is 
provided to ensure lucrative finds. 


Experts in gemology, mineralogy 
and the lapidary arts such as John 
Sinkankas, Dr. Joel E. Arem and 
Marvin Wilson will be recognized 
among the contributors. The articles 
are well-written and informative; the 
format is imaginative; and _ the 
photographs excellent 
supplements. 


are 


ROCK & GEM is published 
bi-monthly. The subscription prices 
are: United States, $4.00 a year and 
single copies, $.75 each; Canada and 
all other countries, $5.00 a year. 
Subscriptions should be sent to ROCK 
& GEM, 16250 Ventura Boulevard, 
Encino, California, 91316. 


The Institute is well-pleased with 
this new periodical and extends wishes 
of success to the publishers and staff 
of ROCK & GEM. 
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BOOKS 


for every gem library 


The Agates of North America — 
The Lapidary. Journal 
The Art of Enameling — Seeler .... 
The Art of the Lapidary — Sperisen - 
Australian Gem Hunter’s 

Guide, The — Buchester 
Australian Opals In Colour — Perry 
Australian Rocks, Minerals & 

Gemstones — Chalmers 
The Book of Agates — Quick 
The Book of Gem Cuts (looseleaf) 

Volumes I & II — per volume 
The Book of Opals — Eyles 
The Book of Pearls — Dickinson 
Chinese Carved Jades — Hansford 
Chinese Jade Throughout the Ages — Nott 
Contemporary Jewelry — Morton 
soe Casting — Choate 
Creative Enamelling & Jewelry 

Making — Zechlin 
Crown Jewels of Iran — Meen & Tushingham 
The Cultured Peasl . . . Jewel of 

Japan — Reece 
Dana’s Manual of Mineralogy 
Dana’s Textbook of Mineralogy .......- 
Design & Creation of Jewelry, von Neumann 
Diamond Dictionary, The, GIA Staff .... - 
Diamonds . . . Famous, Notable & 

Unique — Copeland 
Dictionary of Gems & Gemology — Shipley -----. 
Edelsteine (Precious Stones) -...-.-..-------, 
Elements of Design — Anderson 
European Regalia — Twining 
The Fabulous Koekuk Geodes, Volume [ — 

Sinotte 
Facet-Cutter’s Handbook — Soukop 
Faceting For Amateurs — Vargas 
Famous Diamonds of the World — Shipley 
A Field Guide to Rocks & Minerals — Pough 
Finger-Ring Lore — Jones 
The Fundamentals of Gemstone 

Carving — Kennedy 
Gemcraft-Quick & Leiper 
Gem Cutting... A Lapiary’s Manual — 

Sinkankas 
Gem-Cutting Shop Helps — Leiper & Kraus 
Gem-Hunter’s Guide — MacFall 
Gemmologists’ Compendium — Webster . . 
Gems — Wilson. 
Gems & Gem Materials — Kraus & Slawson 
Gems in the Smithsonian Institution — 

IDE SAUTELS meets suite yt hea cesta) th 5) BEEMAN Sc eun leas ts 
Gems: Their Sources, Description & © 

Identification — Webster .......... 
Gemstones — Smith 
Gem Stones — Sakikawa 
Gemstones of North America — Sinkankas 
Gem Testing — Anderson 
Gem-Tumbling — Victor 
Getting Acquainted with Minerals — 

Jensen & English ............--4- 
The Great Blue Diamond — K.De Smet ... 
Handbook of Gem Identification — Liddicoat 


California residents add 5% sales tax 


New York residents add local and state sales tax 
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Handwrought Jewelry — Franke ..........-..- 9.00 
A History of the Crown Jewels of 

Europe — Twining ......---.-.02- 20ers 60.00 
How to Cut Gems — O'Brien «1... 6... ee eee 1.50 
How to Know Minerals & Rocks ~ Pearl ........ 


Ivories — Maskell 


ade Will sitye See sea tte eergetngs cr cbeisespe ee isle eee 
Jade, Essence of Hills & Streams — 

TEETER x eevee cutee eA aOR ORO E Re tec ar is 25.00 
Jade... Stone of Heaven— Gump ............ 10.00 
The Jewelers’ Manual — Liddicoat & Copeland §.50 
Jewelty — Fregnes 2.25. es ee 5.95 
Jewelry Form & Technique —- Grando .......... 5.95 


Jewelry, Gem Cutting & Metal Craft — Baxter .....- 7.95 
Jewelry Making for Schools, Tradesmen & 


Craftsmen —Bovin ........... 0.0000 ee 7.50 

(Sottbound): .:. .. cs wae CGA se avai ea 5.00 
Jewelry Making Step By Step — Joachim ........ 7.95 
Jewelry Through the Ages — Gregorietti ......... 14.95 
The Jewelry Repair Manual — Hardy ........... 6.95 
Key to Precious Stones — Spencer ............. 4.95 
Metat Techniques for Craftsmen — Untracht ...... 19.95 
The Mineral Kingdom — Desautels ............ 4 


Mineralogy — Kraus, Hunt, Ramsdelt 
Mineralogy for Amateurs — Sinkankas 
Mineral Recognition — Vanders & Kerr 
Minerals & Man — Hurlbut ........... 

Modern Jewelry — Hughes ..........-...05-- 
Modern Jewelry, Design & Techniques — 


IBUYNMEL.s:. SeAeeees: = xe 7.95 
New Design in Jewelry — Willcox 7.50 
The Opal Book — Leechman 7.95 
Pearts in Pictures — McCormick 3.95 
Practical Gem Knowledge for the 

Amateur — Parsons ...... - 3.95 
Practical Gemmotogy — Webster 4.50 
Precious Stones — Gubelin .... 2.50 
Precious Stones — Bauer ..... 17.50 
Precious Stones & Other'Crystals — Metz 27.50 
Prospecting For Gemstones & Minerals — 

Sinkankas: Soeaerecatayer soi, eee ON AS 10.95 
Roman Book on Precious Stones — Bail 8.75 
The Romance of Seals & Engraved 

Gems — Sutherland .............- 6.95 
Rubies and Roses — Feasey ..........-. 12.50 
Science of Gems — Fischer ..........- 7.95 
Seven Precious Gems — Marcus ......... 3.50 
The Story of Gems — Whitlock ......... 7.50 
The Story of Gems & Semiprecious 

Stones — Pough -...- 2.2.2.5 ---05 4.50 
The Story of Jade — Whitlock & Ehrmann 20.00 
The Story of Jewelry — Baerwald & Mahoney 6.75 
Van Nostsand’s Standard Catalog 

* of Gems — Sinkankas .............- 7.95 
The Wonderful World of Gems — Axon 4.95 
Wonders of Gems — Pearl ............ 3.25 
World Map of Gemstone Deposits — Schubnel 4.50 
The World of Jewel Stones — Weinstein 20.00 
Gems & Gemology GIA quarterly 

ELEY. CF RUM ai ol WOES Ve sass 52 APM Po ls 3.50 

RSV COTS mer Cees 6.28 sb he, Ren raed 9.75 

Sinplegssuee. 1 ee Ys See eee 1.00 


Prices subject to publisher's change 
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NEW 


Accurate, Comprehensive, Concise Definitions 
and Vital Reference Data on Gems and Gemology .. . 
NOW AVAILABLE! 
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THE STORY 
OF 
WHITE CLIFFS OPAL FIELD 


(Ed. note: The following is an article reprinted from the March, 1971 issue 
of the Commonwealth Jeweller and Watchmaker magazine, written from 
notes obtained by Jack S. Taylor, F.G.A.A., who first visited White Cliffs 
in 1960 and again in 1969. Mr. Taylor has also supplied additional 
photographs to accompany this article, for which we are grateful.) 


The first opal to be discovered in 
Australia was found at Listowel 
Downs near Springsure in Queensland 
in 1872. Twenty years later at White 
Cliffs, New South Wales, Australia’s 
magnificent black opal was found. 
‘The story of the first chance finding 
is an explicit example of the “luck” 
element as predominate in the lives 
of almost every Australian. 

A party of kangaroo hunters, 
Messrs. Hollie, Turner, Richardson 
and Closeton were operating in the 
White Cliffs area in 1892. Hollie, who 
had left the party to track down a 
wounded kangaroo over some low, 
stony hills, picked up a pretty stone 
which took his fancy. It puzzled him, 
so he took it back to camp to show 
his mates. 

They were intrigued and Tumer 
ventured his opinion that it might be 
opal. On their returning to Wilcannia, 
they took the stone to Mr. 
Winnenback, a jeweller there, who 
confirmed Turer’s statement. He 
advised the hunters to collect as 
much of the stone as they could 
because it may prove to be more 
profitable than Kangaroo hunting. An 
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application was promptly lodged with 
the Mines Department for a mining 
lease. 

This application at first threw the 
Mines Department into a quandary, 
as there was no provision in the 
Mining Act for such a mineral as 
opal. After much deliberation, it was 
decided to classify -opal under the 
Gold Mining Act; it was thought that 
the stone appeared in reefs like gold. 
Subsequently, the four prospectors 
were granted a Reward Claim of 80 
acres. The area was named “Block 1” 
and it was decided that all 
subsequent leases issued would be not 
more than 40 acres. A minor rush to 
the area ensued and about 30 blocks 
were registered under these 
conditions, most of which were 
eventually abandoned. 

A Wilcannia Syndicate took up six 
blocks and they arranged for Mr. E.F. 
Murphy to go to White Cliffs and 
look after their interests. As this 
Australian Opal was a new gemstone 
and not of course, readily saleable on 
the market, it caused some concern. 
Also, the. strict labour conditions 
placed on the mining leases. made it 
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difficult for the miners to sell. 

Two Gem Buyers, Messrs. 
Woolaston and Tweedy, hearing of 
the White Cliffs opal find, decided to 
visit the field. They soon saw that to 
do any good with the opal it had to 
be popularized and marketed 
properly. They convinced the original 
four prospectors and the syndicate 
then went to London with samples 
and floated the Amalgamation into a 
Company, called the White Cliffs 
Opal Mining Company. Mr. E.F. 
Murphy became the local manager. 

The next move. was to increase 
production and they decided to start 
an open cut on “Block 1.” Other 
blocks were divided into 45 foot lots 
and people were invited to work 
these as tributors under certain 
conditions. 

The Company would find and 
maintain in working order pegs, 
windlass, tools and supply blasting 
powder. The tributors had to 
subscribe 50% of the value of the 
opal found in their lots after being 
clipped, classed, valued and sold 
through the Company Office. 
Tributors were not allowed to be 
present while their opal was being 
prepared, and all the information 
they received was when a 
representative of the Company 
handed out cheques. 

The tributors considered their opal 
was worth much more and that the 
returns for their labour should have 
been greater. They joined forces and 
protested to the Company in true 
Australian style and some time later 
it was agreed that the tributors be 
permitted to be present while the 
opal was prepared and classed. 
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These unsatisfactory conditions 
caused jewellers to send their own 
buyers into the field to deal direct 
with the tributors who were thus 
enabled to bargain and sell their best 
opals through these buyers while 
disposing of their lower grade opal 
through the Company. 

Even with the many concessions 
allowed, the Company failed to 
obtain the returns expected. 
Tributors having been given time to 
organize their mines, into payable 
working conditions, demanded 
increased payments retuming them 
up, to 75 or 80 per cent. The 
Company refused with the result that 
more opal was sold through 
independent buyers. 

Eventually, the Government was 
to learn how the opal mining was 
conducted. A miner did not need. 
much experience and the machinery 
was. not expensive. It was decided 
that 40 acre blocks were too large 
and the size of the blocks were 
reduced to four acres. Even this 
arrangement did not last as it was 
found that a more workable size 
block of 100’ x 100’ was sufficient 
for a miner to operate. A special 
Opal Act to make the leases the same 


as for alluvial gold was brought 
down. 
Opal mining being such an 


individual occupation, the Company 
continued to head for failure. Better 
quality opal was being discovered in 
outlying areas and larger quantities of 
less valuable opal was deposited with 
the Company. After trying a block 
rental. system, it decided to abandon 
the project. Some miners returned 
and took up leases in their own right 
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from the Government and although 
there are now only a few miners 
operating they are able to make quite 
a good living. 

White Cliffs is a remarkable field 
as it seems capable of producing, 
from various parts of the area, all the 
different types of opal usually found 
on other opal fields; from white to 
black, to boulder type, as well as 
opalized shells, etc. Recently, with 
the aid of modern bulldozers and 
hole drillers, large tracts of land have 
been open cut and valuable packets 
of opal found. There is still, however, 
plenty of workable land at White 
Cliffs with an assured yield of opal 
for anyone who cares to try their 
luck. 


HISTORICAL SURVEY 


The township of White Cliffs was 
originally surveyed about the year 


From left to right: Dick Johnson, Jack 
Patterson and Bill Johnson. Taken at White 
Cliffs in 1895 when the White Cliffs hotel 
and general store were built. 
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1894, but prior to this two enter- 
prising gentlemen, Mr. W. Johnson 
and his brother, Dick, built a Public 
House and named it “The White 
Cliffs Hotel.” 

Mr. Jack Patterson built a General 
Store which had sufficient supplies 
for the town’s needs at the time. 

The township was on the Tartella 
side of the creek, while the hotel was 


White Cliffs hotel and mail coach loaded 
with supplies. 

built on the Momba side. The survey 
which had made % acre opal leases 
close to the hotel was abandoned. 
The Government cut them into one 
acre blocks and put them up for sale 
at from £5 to £75 each according to 
their position and these sold very 


quickly. 
The rapid increase in the 
population necessitated the 


Government building a Police Station, 
Court House, Post Office and School. 
Previously, the Post Office was 
conducted by a Mr. R. Croft in a 
small hut opposite the Hotel. The 
mail arrived from Wilcannia twice a 
week at approximately 6 P.M. 

The journey from Wilcannia took 
9 hours and the population of 150 all 
turned out to welcome the coach. 
Troops were stationed at the 
combined Police Station and Court 
House situated about %4 mile from 
the Hotel. 
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White Cliffs post office with mai! coach. 


In all mining towns, it usually 
occurs that a few people try to take 
charge of the town, and White Cliffs 
was no exception. Attempts to 
dominate were resented by the 
miners who did not wait for police 
action, but attacked them with sticks 
and stones and drove them out of 
town very smartly. 

When the State School was 
erected, Mr. EP. O’Reilly was 
installed as teacher to about twelve 
pupils. This number soon grew to 
150 pupils and necessitated a new 
school house and an assistant teacher. 
As the population increased the 
Roman Catholic, Church of England 
and Methodist denominations built 
churches. 

Two newspapers, the “Western 
Life’ and the “Opal Miner’ were 
published by Mr. Shane and Mr. 
Frank Hartley. They survived a 
number of years. 

White Cliffs grew rapidly. The 
Roman Catholic Church built a 
Convent and a boarding school for 
boys, a great benefit for families 
from Sheep Station properties and 
others. The school remained open for 
a long time, but eventually, owing to 
the difficulty of bringing supplies in 
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from Wilcannia, it was transferred to 
that town. The Church of England 
still have a place of worship under 
the supervision of the Clergy of 
Wilcannia. The Methodist Church was 
abandoned when it was blown down 
in a hurricane which struck the town 
one afternoon. 

Business developed. Messrs. W. 
Dell and H. Stevens opened a butcher 
shop and a bakery was run by 


Mr. & Mrs, Dave Byers. 
Mackenzie Brothers. 
cool drink and confectionery shops 


A number of 


were opened. Mr. Dave Byers, a 
hawker in the district, opened a 
general store in competition with 
another hawker, Mr. J.J. Barrett. Mr. 
Byers later amalgamated with Mr. W. 
Miller from Wilcannia and together 
they enlarged the store which soon 
became the principal general store. 
Mr. Johnson retiring from the Hotel, 
sold out to Dave Byers. The General 
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Store was taken over by Mr. R. 
Knox of Wilcannia who changed its 
name to “Knox & Miller.” They 
increased the staff to eight persons. 
On Mr. Knox’s retirement, Mr. Miller 
sold the business to Mr. W. Major 
who carried it on until the field 
started to decline. He then sold to 
Lum Low a Chinese baker. 

Businesses changed hands rapidly 
and a fire in the main street closed 
several down. At one time there were 
a number of butcher shops in the 
town but keen competition and the 
toll levied by the surrounding 
stations, resulted in mutton being 
sold for 2d. per pound. One by one 
they closed down. The only business 
that seemed able to withstand 
competition were the Hotels. There 
were four in the town until a fire 
bumt down two of them. The town 
then became a shamble town as the 
burnt-out buildings were left and not 
replaced. 

The two surviving hotels started to 
treat the townspeople in a rather 
off-handed manner. People were only 
allowed in the Hotel if they wanted a 
drink or were boarders. 

The arrival of a new type of 
prospector on the field and who did 
not appreciate the treatment received 
at the hotels, formed “The White 
Cliffs Workingman’s Club.” They 
gained the support of the 
townspeople which enabled them to 
purchase the large stone Theatrical 
Hall which had been built by the 
Morris brothers. A few alterations 
provided a bar, concert hall, reading 
room, bathroom, gymnastics 
equipment and games. The library 
contained more than 1,000 books 
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and magazines as well as newspapers 
from all over the world. News and 
reading was provided for the several 
difficult nationalities in the 
community. 

The miners of White Cliffs soon 
surprised visitors to the field with 
their knowledge of happenings in 
other parts of the world and the 
intelligent deductions they obtained 
from this wonderful information 
Bureau. Even members of Parliament, 
visiting White Cliffs, were careful not 
to make any rash statements risking 
being corrected by them. 

Membership of the Club, at one 
time 600, was conducted under strict 
rules and welcomed by police as it 
provided much needed amenities and 
a great meeting place for the miners 
to discuss all aspects of the opal 
field. 

The progress Association had 
another Concert Hall and together 
with the Club many social functions 
were held. 

The first medical practitioner at 
White Cliffs was Dr. Archer from 
Wilcannia. He was followed by Dr. 
Rosenfeldt, a graduate of Melbourne 
University who was guaranteed an 
annual salary of £300 by local 
citizens. Later, he also was replaced 
by Dr. Gayes of Collins Street, 
Melbourne, who was to become the 
mest popular Doctor on the field. As 
well as being a Doctor of Medicine, 
he was also well educated in Geology 
and Zoology. He ultimately became 
the “information bureau’ for miners 
wanting technical information. 

The nearest hospital was at 
Wilcannia 60 miles away. To build a 
local hospital a public collection 
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yielded £600. Governmental 
permission was obtained and an 
18-24 bed hospital was established. It 
was staffed with Matron, one Sister, 
two probationers, two wardsmen, a 
cook and a laundress. Dr. Ercole was 
appointed Medical Officer with rights 
to practice privately. He was also 
Medical Officer for the Druids and 
Oddfellows Lodges. 

The hospital functioned 
satisfactorily until World War I when 
a_ shortage of doctors caused it to 
close. The Bush Nursing Service has 
serviced White Cliffs for the last 50 
years. 

Sport was always a_ popular 
pastime. White Cliffs has two football 
clubs and two cricket clubs. The first 
public schoolmaster was Mr. O’Reilly, 
father of the famous cricketer, Bill 
O’Reilly. The town also has a rifle 
club. 

WOOLASTON, Tweedy, Goldstein, 
and Klein were the first important 
opal buyers on the field but many 
others came and departed. 

The method usually adopted by 
the buyers was to employ runners to 
go around the mines and find out 
who was winning opal. Some of these 
runners employed other runners to 


White Cliffs Racing Club. 
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cover larger areas. They would look 
at the parcel of opal available and 
then bargain about the price. If it 
was a small lot they may possibly 


A gem buyer selecting opals on the field. 


purchase on the spot. Larger parcels 
would be referred back to their 
principals. They always reported back 
on all parcels available, such as 
quality, weight, and the price they 
had offered. If the miner brought the 
parcel direct to the Buyer he would 
be offered the same amount. A 
miner, however, seldom would get 
more than had been offered by the 
runner. Some miners would refuse to 
show their parcels to the runners, 
wishing only to deal direct with the 
principal buyer. 

Runners were also able to arrange 
sales for tributors who did not want 
to sell their good opal to the 
Company. The runners always 
worked on a commission basis. 

The earliest communication lines 
with White Cliffs were via Wilcannia. 
The mail coach was run twice a week 
by Morrison Brothers. Later, a direct 
service was commenced from Broken 
Hill via Tartella and Gnalta. White 
Cliffs was 16 miles off the Mount 
Crow Road. Eventually, a telegraph 
line was laid from Wilcannia. The 
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general supplies for White Cliffs were 
brought also from Wilcannia by 
horse, bullock or camel trains. 

The Opal shipments were sent by 
Mail Coach with Police escort once 
each week. Records show that only 
two occasions was the Coach robbed 
of its consignment; once on the 
Wilcannia — Broken Hill road and 
once, 6 miles from White Cliffs on 
the Tartella road. On this occasion, 
the Royal Bag containing the 
registered mail was recovered and the 
culprit received seven years gaol. 

The earlier robbery occurred on a 
sandy stretch of road through some 
scrub near Dollows Tank on the 
Wilcannia — Broken Hill road. The 
opal was in a bag strapped to a rack 
on the Coach where it should not 
have been. The thief cut the rack 
straps and let the bag drop to the 
soft sand. The driver and policeman, 
not noticing the difference in the 
swinging of the coach, carried on. 
The thief picked up the bag and 
made off with it into the scrub. None 
of this opal was ever recovered 
officially but it is known that it went 


back to White Cliffs and resold mixed 
with other opal. Some of the buyers 
thought they recognized some of the 
stolen opal but it was difficult to 
swear as to its exact identity to 
satisfy a court that it was the stolen 
opal. Two men were arrested, tried 
and acquitted and when the 
Insurance Company paid up, the 
matter was forgotten. 

Over the years there have been 
many cases of men taking their mates 
down over opal, not any of these 
incidents have ever been taken to 
court. 

Fresh drinking water became a 
serious problem when the population 
suddenly grew from 200 to 3,000 
persons. The miners dug a large tank, 
still known as No. | Tank, and good 
rains feeding the tank supplied the 
town for five years. Other smaller 
tanks and waterholes were dug but 
the water was polluted, a typhoid 
epidemic broke out and many died. 
A petition for a larger tank met 
Governmental approval and was built 
18 feet above the township. A 


pipeline was laid to a central point 


Camel train bringing supplies to White Cliffs from Broken Hill Road with police escort. 
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where everyone could use it. 

The contractor who built the tank 
gained a special bonus of £700 worth 
of opal which he found while digging 
the tank. 

The country around White Cliffs is 
composed of groups of low hills 50 
to 200 feet high with flat tops which, 
when they had a larger area than 
usual or gradually sloped off to the 
plains were called tablelands. The 
surface is composed of small pebbles 
mixed with sand and decayed 
vegetation such as leaves from the 
scrub, which was plentiful in the 
early days. The whole country was 
opal bearing from the original surface 
down in some parts to about 40 feet. 

In the first days of the field most 
of the opal was won from the surface 
down to about 12 feet. The miners 
used to sink paddocks usually 10 feet 
by 8 feet or smaller, throwing out 
the dirt with a small hand shovel. 
There was not much equipment on 
the field until someone built a 
windlass of logs and two forked 
sticks, using a crooked limb for a 
handle. With the aid of a rope and 
buckets made of hide they were able 
to sink a shaft down to 25 feet and 
win good saleable opal. This idea put 
new heart into the miners and it was 
not long before good well-made 
windlasses appeared all over the 
blocks. These better windlasses 
enabled the miners to go down to the 
40 feet level. 

The first few feet is composed of 
sand and lime, generally laying in 
flakes with small seams of dust 
between each layer. Occasionally, a 
patch of good opal was found in the 
dust seams. The next few feet is 
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Some help from the fair sex working a 
windlass. 


much harder to dig as it has small 
rock composed of smaller stones 
mixed through it and no dirt seams. 
Then came a conglomerate about the 
size of wheat grains or slightly larger 
set in cement as hard as flint which 
had to be drilled or blasted out. This 
was from 6 to 18 inches deep and 
layed in flakes, thick on one side and 
thin on the other and sometimes 


overlapping. Good opal was 
frequently found in these layers 
usually about 15 feet from the 


surface. After this the sinking was 
easy enough through soft rock which 
crumbled up into small blocks when 
exposed for some time to the air. 
Through this rock ran several 
ironstone seams of decayed matter 
which on numerous occasions carried 
a pocket of opal. 

These seams are called levels and 
they vary in different parts of the 
field. Sometimes, a miner was 
unlucky enough to sink a shaft onto 
a deposit of limestone, locally called 
cement, and had to cut straight to 
the bottom often. by driving several 
feet until he could clear of it and 
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strike the settled country again. 
There were always good prospects of 
picking up a pocket of opal close to 
the limestone. 

This sinking applied to the hills 
and tablelands on the deeper slopes. 
On the flats the sinking was much 
easier, with the prospects of winning 
opal at the shallow levels. Some of 
the flats carried a lot of decayed copi 
(gypsum) and in the early days a 
miner would leave his claim if he 
struck the copi, but when one or two 
struck good opal amongst it, it 
altered the theory of the knowing 
ones, and the shallows were then well 
prospected, usually with good results. 

Many of the miners sinking either 
on the rising ground or the flats went 
deep as the bands (a layer of 
sandstone 6 to 15 inches thick) and 
if they sank that far without finding 
opal they usually abandoned the 
shaft. Many of these shafts were later 
worked again and by driving 
sometimes only a few inches good 
opal was obtained. The depths of the 
band varied from 12 feet on the flats 
to some 54 feet on “Thurlays Hill.” 
The earth below the band was much 
softer than above and instead of 
being clean white or red it was a 
dirty grey or mustard colour and so 
fine that it could be scraped out with 
a shovel. It was not safe to work in 
this area without timbering and as 
prospects were not too promising it 
was thought not worthwhile. 

The ordinary claims were all very 
dry and required no timbering when 
driving. The opal generally occurred 
in seams and a pocket might contain 
anything from % ounce to hundreds 
of ounces which the miners usually 
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divided into four classes: firsts, 
seconds, and thirds besides candle 
box stuff and potch. All these 
different grades could come from one 
seam in the space of a couple of 
square feet. 

Fossils are more or less plentiful 
all over the field; shells, both fresh 
water and marine have been found. 
Also, a peculiar fossil shaped like a 
cigar the miners call a pipe, and 
which varies in length from one to 
over four inches have been found. 

There is another fossil locally 
called a pineapple which is supposed 
to be the cone of a species of extinct 
fir tree. Petrified wood is also very 
common varying in thickness from 
two inches to twelve inches in 
diameter. Some of these pieces of 
wood make beautiful specimens as all 
the ring marks are opalized, while 
other portions have turned into either 
a dark brown or snow white. 
Occasionally, the remains of small 
amphibious reptiles have been 
discovered, also, the joints of the 
backbone of some kind of fish 
varying in width from % inch to 3 
inches. 

The opal is thought to have been 
originally a liquid which ran into 
certain seams in the rock and into 
cavities formed through the decaying 
shells. After solidifying it has 
apparently been subjected to severe 
pressure which sometimes fractures 
the seams in all directions, still 
leaving the opal in its original 
position. In places some pieces are 
first class opal and the next piece will 
be all potch. There are flat seams and 
verticles and. the colour in the flat 
seams run parallel to the surface 
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while in the verticles it’still does the 
same, with the result the different 
colours are across the stone according 
to the slant on the seams. 


GEMVILLE 


About 1891-1892, an exodus took 
place from White Cliffs to a spot 
some 14 miles distance on the Mount 
Brown Road where a couple of 
miners had discovered some very 
good opal. About 300 miners left the 
Cliffs to try their fortune there and 
met with varying success. The field 
only lasted for about ten years but 
became so important that it took on 
the name of Gemville. The 
Government put down a tank for the 
miners there and established a police 
station, school, and post office. 

It was several years without a 
hotel as the miners objected to 
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having one. Finally, vested interests 
and influence won out and a license 
was granted to Mr. R. Patterson. The 
Hotel only lasted about five years 
and was never a success. The landlord 
went out poorer than he went in, 
having to forfeit his license. 

Most of the stores in White Cliffs 
opened branches in Gemville and 
they sent to White Cliffs for supplies. 
Some of the miners dated the 
downfall of Gemville to the opening. 
It probably has a lot to do with it as 
it caused a lot of time to be lost and 
made the men discontented. It is 
reported that there is still plenty of 
opal there. but with the difficulty of 
obtaining rations, a very important 
item, and the price of opal falling at 
about this time, made it unprofitable 
to work on this field. 
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Developments and Highlights 
at Gr I A\’s Lab 


in New York 


by 


ROBERT CROWNINGSHIELD 


Visible Graining in Diamond 

One of the knottiest problems 
encountered while grading fine 
diamonds is how to handle the matter 
of visible graining. Some years ago a 
tuling was adopted by the American 
Gem Society, followed since by the 
grading in the Institute’s Laboratories, 
by which diamonds that have no flaws 
whatever but do show phantom grain 
lines without color and that do not 
reach the surface may be considered 
flawless. 

In recent years, we have been 
encountering more and more stones — 
always top color — in which the 
graining is not phantom but misty. In 
some cases, it is visible as dark lines or 
bands to the unaided eye; in others, 
the bands may run in more than one 
direction. Certainly, they are more 
readily visible and affect light- 
immeasureably more than a tiny 
pinpoint, which disqualifies a stone 
from the flawless category. 

Figure 1 illustrates graining in a 
15-carat marquise that we agreed 
could not be considered flawless. It 
was graded VVS,, but it was noted 
that no other flaws or imperfections 
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Figure 1 


were visible. While investigating the 
X-ray fluorescence of natural versus 
General Electric’s cut synthetic 
diamonds, we noted that this grained 
stone fluoresced an intense yellowish 
green and phosphoresced for a very 
long time afterward. 

Since testing that stone we have 
had occasion to grade five more 
top-colored, grained diamonds, all of 
which behaved the same way. Two 
stones with acceptable phantom 
graining fluoresced blue without 
phosphorescing. Obviously, something 
in the grained stone is responsible for a 
most unusual-reaction to X-rays. It is 
possible that with an X-ray test a 
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cutter considering the purchase of 
what must be exceedingly expensive 
rough could protect himself from the 
disappointment of cutting a crystal 
only to find that it cannot be 
considered flawless. In the rough 
stone, these misty grain lines are 
invisible. Just how a cutter considering 
the purchase of this kind of rough 
could submit stones to a laboratory 
before purchase is a problem. 


Burned Surfaces on Rough Diamonds 


Figure 2 illustrates another problem 
with rough diamonds, only this one is 
fraudulently done in order to disguise 
a yellowish color. It shows a diamond 
crystal that has been burned, or 
oxidized, so that the surface takes.on a 
white cast. The stone was submitted to 
the Laboratory after a cutter had 
polished several stones from a lot, only 
to find the color much poorer than he 
counted on and therefore worth much 
less than he paid. The entire parcel had 
been treated. 


Figure 2 
A 20th Century Cut Brilliant 


We admired a lovely 20th-century 
cut brilliant recently and were struck 
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with the beautiful symmetry, even to 
the appearance around the culet of the 
point where the table would be in an 
ordinary round brilliant (Figure 3). We 
find these rare cuts to be most 


attractive and always are sorry to learn 
that one is to be recut as an ordinary 
spread brilliant, as 
destined to be. 


this one was 


Figure 3 
Tomaknot? 


We are happy to photograph for 
Lazare Kaplan and Sons a brilliant-cut 


Figure 4 


diamond in which a tomahawk-shaped 
knot appears in the table (Figure 4). 
Not visible in the picture is the fact 
that the knot itself is not polished — 
only ground. . 


Synthetic Spinel and Strontium 
Titanate Doublets 


Manufacturing a doublet of 
strontium titanate and a_ harder 
material for the crown is not new; it 
originated. in an attempt years ago to 
market a doublet of synthetic rutile 
and synthetic white sapphire. The 
need for a more durable top on both 
of these materials is obvious. 
Strontium titanate is especially fragile. 

«We made some tests on a few 
doublets two years ago to determine 
the wearing, or resistance, of the 
cement to normal trade-shop work 
such as steam cleaning, ultrasonic, 
sizing a ring shank, etc. The samples 
we tested held up quite well and 
indicated a potentially satisfactory 
product. However, the strontium and 
synthetic spinel were joined. at the 
girdle plane, resulting in knife edges 
for both materials. Consequently, 
many of the stones we have seen since 
have shown damaged girdle areas 
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(Figure 5}. Several have also shown 
damage at the point that the strontium 
titanate rests on the prong bearing. 

Several doublets have been 
submitted to the Laboratory 
illustrating the fact that cements can 
vary and that not all the doublets will 
stand up like the ones we tested. 

Figure 6 illustrates a. new ring in 
which an arborescent pattern _is 
developing in the cement plane. This, 
obviously, is the result of faulty 
control of the cement, since the ring 
had never been worn. 


Figure 6 


The stone in Figure 7 had been 
worn in an engagement ring for a 
considerable -length-of time. The 
cement has begun to separate and 
flake away from the joining plane. The 
stone appears milky, since the cement 
has turned yellowish white, causing 
the stone to appear light yellow in 


Figure 7 
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color. The strontium titanate shows 
considerable damage at the exposed 
head of the stone, but amazingly little 
wear elsewhere (Figure 7A). 


Figure 7A 

Recently, we had the opportunity 
to examine a new idea in doublets 
developed by the firm of Naftile Fils, 
Geneva. and Nafco Gems, Ltd.,. New 
York. After long research into the 
quality control of the cement process, 
they have been able to cut stones that 
appear very diamondlike by joining 
the synthetic spinel and strontium 
titanate well below the girdle plane. 
This allows the girdle to be relatively 
thin instead of the enormously thick- 
ened strontium titanate some manu- 
facturers have produced, to avoid the 
knife-edge problem as seen in Figure 
7B. 

The Nafco doublet in Figure 8 
shows that the girdle is in the 
synthetic spinel. It is faceted and the 
spinel comes well below the girdle. 

Figure 9 shows that the synthetic 
spinel will rest on the prong seat, 
avoiding the damage we mention 
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Figure 8 


Figure 9 


above. We noted that in the pear shape 
and marquises the pavilion faceting is 
not quite diamondlike, since the 
pavilion facets are open at the girdle 
(Figure 10). They still are more nearly 
like a diamond than many solid 
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strontium titanate and other doublets 
in which there are no pavilions at all. 

NAFCO has experimented with 
colored synthetic-spinel crowns and 
has shown us some attractive stones — 
particularly a pink one that resembled 
a fine pink diamond. 

“With the bulk of these doublets 
using synthetic spinel, it would be 
logical to assume that the amount of 
dispersion from the strontium titanate 
would be considerably less than in a 
solid strontium-titanate stone. This is 
not the case, and the experienced 
jeweler can still tell by the extravagant 
fire that he is not looking at a 
diamond. 

Figure 11 illustrates the pavilion 
cutting of one of their round brilliants. 
Note that the pavilions come to a 
point at the girdle and that the girdle 
is faceted. We were amazed that we 
did not see more evidence of the 
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difficulty of polishing at one time two 
materials of such difference in 
hardness. In this photo one can see 
evidence of some undercutting at the 
joining plane in the center of the 
picture. 

An even more promising doublet 
shown to us later by this firm has a 
colorless synthetic sapphire crown over 
strontium titanate base (Figure 11A). 
We were truly amazed to see that the 
two materials had been joined before 


Figure 11A 


polishing yet no evidence of under- 
cutting can be seen in Figure 11B, 
With its faceted medium thick girdle 
and crisp facet junctions (Figure 11C) 
it is a masterpiece of the lapidary art. 
If the cement layer is as durable as 


Figure 11B 
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Figure 117C 

current testing indicates it is, these 

well-made doublets should offer a 

welcome addition to the widening 

spectrum of diamond imitations. 


Wire Loop in Synthetic Emerald 


Testing small emeralds in bracelet 
or brooch settings sometimes offers 
difficulty, especially when testing for 
ultraviolet fluorescence. We have 
noted on one other occasion an 
unusual clue that a stone being tested 
is synthetic. This is shown in Figure 
12, in the form of a platinum-wire 
loop. 


Figure 12 
Dyed Blue Sapphires 
1971 


In the Spring, issue we 
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mentioned testing some “rubies” that 
owed their color to an intense red dye 
that penetrated fractures and repeated 
twinning zones. We recently examined 
a large parcel of cut stones of various 
shapes and colors that were dyed blue. 
The “raw material” was nearly 
colorless to whitish repeatedly 
twinned corundum worth next to 
nothing. Figure 13 shows the 


laminated structure of one of these 
stones. 


Figure 13 
Is It A Diamond? 


Figure 14 
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Figure 14 shows a 6.81-carat 
emerald-cut diamond with a badly 
abraded culet. The stone was being 
offered for sale, but several dealers 
could not believe it to be a diamond 
because of the wear. It was not hard to 
discover that the late wearer of the 
stone also wore a diamond wedding 
band, which caused the abrading. 
Incidentally, with slight loss of weight 
the stone became flawless and was D 
in color. 


Dyed Chalcedony Carving 


A very jadelike carving submitted 
recently proved to be a dyed 
chalcedony. One clue, of course, was 
tHe waxy luster of the broken surface 
of the bird’s wing tip (Figure 15). The 
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absorption spectrum of the dye was 
different from any we have recorded 
(Figure 16), in that the stone 
transmitted well beyond 7000 A. 


Red Synthetic Spinel 


Over the years we have had 
occasion to mention synthetic red 
spinels, mainly as curiosities. We 
received a large octahedron attached 
to a platinum plate some years ago and 
deduced that it was probably made 
experimentally by Mr. Carroll 
Chatham. We received some time later 
a few very .small faceted stones 
represented to be about the best that 
could be secured from Verneuil-grown 
boules. Dr. Gubelin reported seeing 
larger Verneuil-grown stones, but we 
have never considered red synthetic 
spinel to be potentially commercial. In 
April, Bert Krashes was given a 
3.33-carat oval synthetic red spinel by 
one of his Gem Identification Class 
students, Mr. John J. Power of 
Rosemere, Quebec. Under 
magnification, this stone had a most 
unusual appearance. It resembled 
swirls seen in some glass (Figure 17). 
We do not know the method of 
manufacture of this material, and are 
informed that there will not be a 
constant supply. Later, we received 
from Chuck Fryer in Los Angeles 
some small preforms that came from 
Walter E. Johansen, faceting-rough 
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dealer of Morgan Hill, California. 
These also show the peculiar 
“Venetian-blind” structure. 


Black-Dyed Odlitic Opal 


When black treated opal first came 
on the market about 10 years ago, we 
learned to recognize it by the presence 
of the black (carbonized sugar ?) along 
cracks. At about the same time, a few 
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Figure 18 
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dyed-appearing stones that proved to 
be natural oGlitic opal appeared on the 
market. The egg-shaped inclusions are 
a dark greenish-brown color 
surrounded by light-colored common 
opal sprinkled with tiny patches of 
play of color (Figure 18). Some of the 
stones have enough beauty as they are, 
so they are not dyed. Others will take 
the black color, which penetrates 
around the odlites enhancing the black 
appearance of the stone (Figure 19). It 
occasionally takes careful examination 


Figure 19 


of the stone to spot dyed areas, such 
as cracks in clear opal areas that were 
penetrated by the dye. Figure 20 
illustrates a stone that appeared to be 
an untreated odlitic opal with low 
magnification. Actually, it is black 
treated, only in this stone the black 
color penetrates the odlites themselves 
and the play of color is in the 
surrounding areas. 
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Figure 20 
Assembled Crystal Groups 


The popularity of jewelry made 
with amethyst, rose quartz and other 
natural clusters of crystals has 
prompted one firm, Collins Associates 
of Philadelphia, to imitate clusters by 
assembling fragments of natural and 


Figure 21 


352 


synthetic material in a wide array of 
colors and standard sizes. We are 
grateful to Mr. Stanley Gross for a 
selection of 8 colors shown in Figure 
21. The development is another credit 
for the new adhesives being made. 


Biaxial Yttrium Aluminate 


We were very glad that our Los 
Angeles Laboratory recorded in the 
Spring, 1971 issue the properties for 
a new synthetic material. The stone 
we were asked to test was a bright, 
nearly ruby-red color with properties 
nearly identical to those listed. In 
Figure 22 we show a most unusual 
interior texture unlike anything we 
have seen in nature, which put us on ~ 
guard that it was probably synthetic. 


Figure 22 


Rare Green Stones in Jewelry 


Recently, we tested a transparent 
lively green idocrase in a 
gold-and-diamond brooch. We do not 
recall ever seeing quite this color 
before. Another fancy ‘‘ballerina” 
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platinum marquise-and- 
tapered-baguette cluster ring. was set 
with a nearly flawless green sphene, or 
titanite (as Jerry Call mentioned, that 
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Developments 


and Highlights 


at Gr TE AX’s Lab 


in Los Angeles 


by 


RICHARD T. LIDDICOAT, JR. 


An Unusual Gift 


Recently Edward R. Swoboda, 
one of the owners and the operator 
of the Stewart and Tourmaline Queen 
Mines in the Pala area of San Diego 
County, Southern California, visited 
Idar-Oberstein in West Germany. 
While there, he called on the 
Friedrich August Becker Company to 
visit a mutual friend, Gerhard Becker. 
While Mr. Becker was showing him a 
number of different items that had 


been received in the last several 
months, Mr. Swoboda was 
particularly interested in what 


appeared to be a massive grossularite 
garnet which was pink at one end 
and green at the other. He thought it 
was a piece in which the Gemological 
Institute would be interested because 
of studies made on this material in 
our laboratories previously (refer to 
the article entitled ““Hydrogrossular — 
A Hydrogarnet from the Transvaal’ 
in our Summer and Fall, 1966 issues: 
Volume XII — Number 2, Part I, 
pages 49 to 57 and Number 3, Part 
Il, pages 74 to 76 by H. Lawrence 
McKague, while on the GIA staff. } 
Mr. Becker donated the piece to 
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the Institute and Edward R. Swoboda 
had it polished into a long slender 
cabachon. The studies made by 
Charles W. Fryer, the Institute’s 
Laboratory Supervisor, 
commentary. 

The stone measures 19.83 x 10.01 
x 3.68 mm. and is shown in Figure 1: 


Figure 1 
Although not in color, the 
photograph shows the distinct 


difference between the dark green 
end of the stone and the lighter pink 
end on the left. The colors are very 
much reminiscent of the ones seen in 
a fine bicolor tourmaline from Mesa 
Grande, California. Because of the 
striking difference in color from end 
to end, it was decided to test each 
end of the stone to determine if 
there was any perceptible difference 
in the properties. 
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The back of the cabochon was 
not perfectly flat but it was flat 
enough to get a reasonably accurate 
refractive index. Each end had the 
same refractive index of 1.71. The 
pink end had a very strong yellowish 
fluorescence to X-ray. While the 
green end fluoresced, the strength of 
the fluorescence was noticeably less 
than the pink end. 

The spectroscope revealed a strong 
4650 line indicative of idocrase in the 
absorption pattern of the green end. 
The pink end showed no trace of the 
4650 line or any other distinctive 
absorption line or band, for that 
matter. 

The specific gravity of the stone 
was 3.391. Obviously it was 
impossible to measure the specific 
gravity of each end independently, 
without sawing the stone in half. 
However, when a stone is allowed to 
sink slowly in a liquid having a 
specific gravity slightly lower than 
‘the stone, if one end is heavier than 
the other, it will consistently arrive at 
the bottom of the container before 
the lighter end. Since neither end 
seemed heavier than the other on this 
stone, it can be assumed that the 
specific gravity is fairly constant from 
end to end. 

Up to this point, the data 
gathered seemed to indicate that the 


Figure 2 
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pink end was grossularite and the 
green end idocrase. In order to prove 
or disprove this theory,. it was 
decided to run X-ray diffraction 
patterns on each end of the 
cabochon. Figure 2 shows a 
comparison between the diffraction 
patterns of the two ends. It can be 
seen that the patterns are quite 
different and none of the lines from 


one pattern was found on the other 
pattern. Figure 3 shows that the 
pattern of the material taken from 


Figure 3 


the pink end matches exactly the 
standard pattern of grossularite. 
Figure 4 compares the pattern of the 
green end with’ a standard idocrase 
pattern and shows how well they 
match. Neither diffraction pattern 
showed any of the lines found in the 
other pattern, indicating that the 
ends of the cabochon were relatively 
pure material. 


Figure 4 


In conclusion, it can be said that 
this stone represents a unique 
example of an intimate mixture of 
grossularite garnet and _ idocrase. 
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Although such a mixture is not 
uncommon, it usually exists as a 
stone having properties somewhere 
between the properties of the pure 
minerals, depending on how much of 
each is present in the solid solution. 
Never before have we encountered a 
piece of material which showed such 
clear-cut differences from end to end. 


Star Beryl 


It is not often that we encounter 
star material that is not corundum or 
diopside. We received a brown stone 
recently for identification that 
showed a rather tentative six-rayed 
star. When this material was viewed 
from the side in transmitted light we 
could see various layers, some of 
which had a bluish cast, reminiscent 
of aquamarine. Through the center of 
the stone was a very clear uniaxial 
interference figure. It was identified 
readily as beryl and the star as is 
shown in Figure 5 was fairly well 
defined. The layering, with some 
having a bluish cast suggesting 
aquamarine, is typical of the star 
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beryl that we have encountered in 
the past. 


Unusual Discs 


From one of our full-time 
Resident students, we received for 
identification a necklace made up of 
irregular discs which, under 
magnification, showed a structure 
such as that seen in Figures 6 and 7, 
The properties, refractive index 1.54 
and a burnt-hair odor to the hot 
point, suggested vegetable ivory. 


Figure 6 


This type of material is really out 
of our province in identification, but 
the structure is typical of what we 
expect from one of the plant 
compounds that are occasionally used 
for jewelry purposes. In attempting 
to identify something of this nature, 
we feel somewhat out of our 
element, but we can have a 
reasonable idea of the nature of the 
material, based on its structure and 
characteristics under medium-to-high 
magnification, and its reaction to the 
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Figure 7 


hot point, plus refractive index. We 
would like to know more about such 
material. 


Emerald ... 
Synthetic vs. Natural 


A very attractive emerald was 
received for identification. It was 
suspected of being synthetic because 
of the rather unusual inclusions in it. 
It did not fluoresce, but refractive 
indices were in the 1.575-1.580 
range, and it was thought at first to 
be possibly one of the latest of the 


Gilson line. However, additional 
studies disclosed a number of 
characteristics that we considered 


only possible in a natural stone. In 
addition, there was no 4270 line that 
we expect in a synthetic in which 
iron oxide has been used to dampen 
the fluorescence. Some of the 
inclusions seen in the stone are shown 
in Figure 8. 
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A Carved Opal 


Marvin Wilson, a Graduate 
Gemologist from Los Angeles, who is 


Figure 9 


357 


a very talented stone carver, used 
Mexican opal as the medium from 
which to carve the head shown in 
Figure 9. It contains a good play of 
color showing red to green flashes, 
the former being the more 
predominant. The weight of this 
carving is 288.25 carats. 


Bubbling YAG 
Most of the YAG that reaches the 


market is almost free of bubbles. 
However, occasionally one is 


encountered that shows many. This 
one, shown under 60X in Figure 10, 
evidently escaped the quality control 
people at the plant where it was 
made. 


Figure 10 


The plethora of plants being set 
up to cut YAG makes one wonder at 
the capacity of the consumer market 
to handle so much material. 
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Crystal Aggregates 


The popularity of crystal 
aggregates in avant garde jewelry has 
led to the assembly of crystal clusters 
cemented together. Such a cluster, 
identified recently (shown in Figure 
11), included a combination of 
natural green beryl and emerald 


Figure 12 


crystals, together with quite a few 
that were polished to resemble 
crystals. A closer view in Figure 12, 
shows the.bubbles in the glue holding 
the aggregate together. 
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Yet Another Synthetic Emerald 


It is sometimes interesting how 
word travels. We learned from a 
member of the Gemmological 
Association of All Japan in Tokyo, 
that Hans Reymer, a Graduate 
Gemologist in Vancouver, had 
encountered some synthetic emeralds 
made by a Canadian chemist. Upon 
writing to Mr. Reymer, we learned 
that this was indeed true, and were 
given the opportunity to examine the 
product. 

The properties of this new 
synthetic emerald, which has not as 
yet reached the market, are similar to 
those of Chatham and the early 
Gilson product. The only faceted 
stone weighed .37 carats. The 
refractive indices are approximately 
1.560-1.563, and the specific gravity 
is 2.66. 

Of particular interest about these 
synthetic emeralds, is that their 
inclusions are not really suggestive of 


Figure 13 
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a synthetic material. The properties 
suggest flux-fusion growth, but with 
one or two exceptions — the internal 
features do not lead one to that 
conclusion. There are many negative 


Figure 14 


crystals elongated parallel to the 
C-axis (see Figure 13), and there are 
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many inclusions which appear to be 
crystals but do not have a habit 
suggesting the usual phenakite (Figure 
14). There are some fractures which 
give the typical roughly hexagonal 


Figure 16 


outline expected in flux-fusion 
synthetic emeralds (Figure 15). One 
flat crystal plate did show wisplike 
patterns not evident in the cut stone 
(Figure 16). Otherwise, this material 
could very easily pass for natural 
emerald, if the properties were not so 
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low, and if it did not fluoresce so 
strongly. 


Graining in Diamonds 


Off and on for the last year or 
two, we have been discussing the 
effect of internal graining on the 
clarity grade of a diamond. A 
brilliant-cut 3+ carat diamond, sent 
to the Institute for a quality analysis, 
showed a very interesting square 
pattern of graining with all four sides 
very clearly defined. This was so 
readily visible under 10X, and a 
suggestion of it even detectable by 
the unaided eye, that there would 
have been no choice but to grade the 
stone other than flawless. The slightly 
distorted central square and other 
grain lines are clearly visible in Figure 
17. : 


Interesting Emerald 


One of the unknown materials 
received recently for identification 
turned out to be a natural emerald, 
and interestingly enough the very 


Figure 18 
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large culet on the emerald was 
unpolished. There were quite a 
number of growth features on the 
original surface in addition to many 


elongated ridges at right angles to the 
length of the culet. Both are shown 
well in Figure 18, 
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Shop, Seattle, Washington, for a 
rough carnelian specimen for use in 
our display case. 

To student Nancy Brown, Kashan 
Laboratories, Dallas, Texas, for ten 
Kashan synthetic rubies to be used in 
our Gem Identification classes, and a 
lovely 36 carat Kashan synthetic ruby 
crystal group that has been placed in 
our display case. 


361 


To Earl Dresden, GIA Residence 
student, for an opal triplet, a fire 
opal in matrix and a fire agate. These 
fine specimens will be placed in our 
display case. 

To student Pierre Gilson of Gilem 
S.A., Switzerland, for his gift of 70 
carats of Gilson synthetic emerald. 
Included in the parcel are some of 
the latest nonfluorescent as well as 
the fluorescent type of Gilson 
product which will be put to fine use 


in our resident Gem Identification 
course. 

To Igo Blaugrund, Los Angeles, 
California, for a large parcel of rough 
opals and emeralds. These specimens 
will be useful in our classes. 

To Yukio Fujisaki, lizuka City, 
Japan, for over 20 books dealing with 
gemology, mineralogy and geology, 
all written in Japanese, which will be 
put to good use by our Japanese 
resident students. 


Book Reviews 


DIAMONDS by Eric Bruton, F.G.A. 
First published by N.A.G. Press Ltd., 
London, England, 1970; now available in 
an. American. edition published. by-.Chilton 
Book, Company, Philadelphia, Pennsylvania, 
1971, 273 pages. Clothbound. Illustrated 
with black-and-white photographs and line 
drawings. Index, Table of Contents and 
Appendices. Price: $17.50. 

DIAMONDS covers the diamond more 
thoroughly than any other book in English 
that we have encountered, It is very well 
illustrated and interestingly written and 
there is no question but that it will be a 
very popular book, 

The following chapter headings will give 
an idea of its contents: Diamonds in 
History, Where Diamonds Are Found, The 
Big Mining Companies, Mining and 
Recovery Methods, Extracting Diamonds, 
Prospecting Methods, How the Market 
Operates, Sorting Crystals, The History of 
Diamond Cutting, The History of Cuts, 
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Diamond Manufacturing, Grading Polished 
Stones for Colour, Clarity Grading of 
Polished Stones, Grading Polished 
Diamonds. for- Cut: Weighing and Weight 
Estimating, Prices of Diamonds: 
Valuations, Origin 
Distribution, . Diamond - Crystals, Physical 
Properties of Diamond, Synthetic 
Diamonds: Artificial Coloration, and 
Identification of Diamonds, 

Sections on the history of diamonds, 
where they are found, big mining 
companies, mining and recovery methods, 
extracting diamonds are all done very well. 
Although DIAMONDS is up-to-date and 
will undoubtedly become an important 
addition to any jewelers library, there are, 
however, some portions not as well put 
together because Mr. Bruton’s approach is 
that of a layman rather than that of one 
with a firsthand knowledge of diamonds, 

Many of «the book’s diagrams of 
different cuts haven't been seen for 
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generations, The oval brilliant, the 
pear-shaped brilliant, and the marquise are 
very dated and another cut is impossible as 
drawn. In Chapter 12, the book states: “‘ 

For retail purposes, the traditional 
names are preferable ... ” and “ ... who 
can visualize a colour called E?... ” We 
would be equally interested to know what 
customer can visualize a color called 
Wesselton. In addition, we never thought 
of the traditional grades as terms chosen to 
create color images in the layman’s mind. 

In the same chapter, the reader is given 
a comparison of the AGS and GIA scales 
against standard past usage; the two scales 
are shown incorrectly in relation one to 
the other. We were interested with the 
following statement: “ ,.. Blue white... 
truly applies to the rare Jager colour but is 
commonly and incorrectly used for River 
stones all over the world ... ” To this we 
might add Top Wesselton, Wesselton and 
Top Crystal at least, to the commonly 
named grades to which the term “blue 
white” is often applied. 

In Chapter 13, under “tA Basic Grading 
System” the following breakdown is given: 
“|... Top Grades: Flawless, VVS, and VS 
can only be identified with a 10X lens. If 
there is any mark under the table, the 
stone cannot generally be in these grades 

. ” This is an over simplification and 
suggests that what the author has in mind 
as a VS is considerably different from 
what we would have in America. Even a 
VVS, could have a very tiny inclusion in 
the heart. 

In Chapter 14, “Grading Polished 
Diamonds for Cut,” the book does not 
relate clearly the price to relative weight 
retention from the rough — a key factor. 
We also note, in the same chapter, 
illustrations showing different pavilions, 
one of which has been assessed incorrectly 
in the photograph. When illustrating an 
ideal pavilion plus a fish-eye and a dark 
center, the photograph chosen for the dark 
center shows a girdle reflection. 

For many years, Eric Bruton was the 
editor of “The Gemmologist” magazine in 
England and is now editor and publisher of 
a semi-monthly trade newspaper entitled 
“Retail Jeweller.” Mr. Bruton is indeed a 
capable writer and he has researched this 
book thoroughly. However, he tends to be 
long on claims of firsts and short on 
crediting the accomplishments of others, 
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For example, in his preface Mr. Bruton 
states ‘‘ .. . Much later, through the urging 
of Mr. Norman Harper, chairman of the 
Gemmological Association of Great Britain, 
who had started in Birmingham the first 
course in gem diamonds in the world, I 
found myself running a parallel course at 
Sir John Cass College in London and in 
1970 helped found a similar course at 
Barcelona University ... ” According to 
the Journal of Gemmology (Volume VIII, 
No. 8) Harper started in 1962. GIA was 
teaching Diamond Grading and Appraising 
before 1950. A class covering diamonds 
only has been given several times a year 
since 1953. 4 

In addition, Mr. Bruton fails to credit 
Robert Crowningshield with the discovery 
of the means of separating irradiated and 
heat treated yellow diamonds from their 
natural counterparts nor does he credit 
GIA with the means of determining 
pavilion dépth and other factors of 
proportions at a glance by viewing the 
stone through the crown -(“Rapid Sight 
Estimates of Diamond Cutting Quality” by 
Richard T. Liddicoat, Jr., in Volume X, 
Gems & Gemology, Fall and Winter 1962 
issues), 

In spite of a few such minor faults Mr. 
Bruton’s DIAMONDS is a very worthwhile 
addition to gemological books in print. It 
will surely be a treasured part of any 
library. 

INTERNATIONAL DIAMOND 
ANNUAL, edited by A.N. Wilson, M.A. 
Published by Diamond Annual (Pty) Ltd., 
Johannesburg, South Africa. Volume I, 
1971. 279 pages. Clothbound. Weil 
illustrated with black-and-white and 
full-color photographs and line drawings. 
Index and Table of Contents, Price: $20. 

A. N. Wilson, the distinguished and 
long-time editor of the quarterly journal 
“Optima,’® has compiled a_ truly 
comprehensive account of the diamond 
industry. The advent of this annual is 
notably timely with the centenary 
celebration of Kimberley’s discovery having 
taken place in July of this year. 

The INTERNATIONAL DIAMOND 
ANNUAL is unique for several reasons, the 
primary one being its broad spectrum of 
subject matter of the recent developments 
of interest to those associated with the 
diamond industry. The yearly publication 
of a volume devoted to the current survey 
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of subjects pertinent for all those involved 
with the diamond in its many phases 
would be a welcome event, Some efforts in 
this direction have been undertaken in the 
past, but not with the scope of this 
publication. 

The ANNUAL begins by dealing with 
key personalities in the industry, among 
them, Sir Philip Oppenheimer, George F. 
Prins and Lazare Kaplan, ; 

An article on “The Lingua Franca of 
Diamonds,”’ by Herbert Tillander, discusses 
the newly formulated Scandinavian 
Diamond Nomenclature, striving toward a 
uniform terminology. Sections follow on 
diamond. production in each major 
diamond-producing country of the world. 
Each continent is outlined in detail, giving 
special emphasis to mining techniques and 
methods of reeovery, with production 
figures noted ‘for both gem quality and 
industrial material. Of special interest are 
articles on the recovery of diamond from 
the seabed on the continental shelf of 
South West Africa, and a concise account 
of the Siberian diamond situation. 


One article that is very fascinating is 
that by M. Drukker, dealing with a 
legendary 5.05 carat red diamond, cut by 
the Goudvis firm, from a 33 carat piece of 
bort. Last evidence of this unusual gem 
was recorded in 1947, but presently, its 
whereabouts is not known. 

Completing the picture, marketing 
aspects are covered on the retail and 
wholesale levels. The designing and fashion 
ends are also dealt with. Andrew Grima, a 
prominent designer, stressing the modern 
idiom in his work, discusses the future of 
his field in terms of increasing the 
availability of artistically designed jewelry 
to larger groups of the population. 

in short, there is a vast array of subject 
matter, all written by qualified people. The 
Staff of the GIA will refer to the 
INTERNATIONAL DIAMOND ANNUAL 
for historical information, statistical fact 
and interesting reading. The producers of 
this publication may well be commended 
on an excellent compendium of the world 
of the diamond. 
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ASSURE YOUR CUSTOMERS WITH PHOTOGRAPHS OF 
EVERY JEWELRY PIECE YOU SELL! 


GIA PHOTOSTAND: Here is an exciting new way to build 
your professional standing! Give a photographic ‘‘guaran- 
tee”... and you'll sell more jeweiry. 

The GIA PHOTOSTAND is the first miniature photo studio 
designed specifically for jewelers. So foolproof, that you 
can take ‘‘razor-sharp’’ photos every time! PHOTO- 
STAND includes a Model 350 Polaroid Land Camera, a 
scientifically-balanced, color-corrected lighting system, 
foolproof focus indicators, and three color-coded lenses 
which give you precise focus. 

EASY-TO-USE...SETS UP IN SECONDS! 

You can photograph a single jewelry piece or a group of 
jewelry pieces. You take % size, actual size, or 1% size 
photos, black and white, or color, in an instant. Prints are 
ready in seconds. Exciting merchandising techniques are 
limited only by your imagination! Give your customers 
photos of the jewelry they buy. They will proudly show 
these to their friends ...heip build your business 

Best of ali, the entire PHOTOSTAND. ... camera, lenses, 
lighting, and focus indicators are yours for under $400. 
SPECIAL BONUS FEATURE — The Polaroid Land Camera can 
also be used for reguiar photographs. 


GIA PHOTOSCOPE: The perfect companion to the GIA PHOTO- 
STAND. This unique photographic system adapts to your Gem- 
olite or Diamondscope. Lets you take photomicrographs -of 
magnified gem details in seconds. 

Tiny inclusions show up with the greatest clarity. Use PHOTO- 
SCOPE to furnish your customers with photographic ‘‘finger- 
prints’ of the gems they buy! You build customer assurance! 
Excellent for insurance records. 

The PHOTOSCOPE utilizes the same Polaroid Camera that is 
used with the PHOTOSTAND. The PHOTOSCOPE system also 
includes a fiber optics system which gathers light to automat- 
ically set the exposure needed to take a perfectly exposed 
photo. It quickly attaches to or detaches from your Gemolite 
or Diamondscope. 

Customers will be impressed with your thoroughness and pro- 
fessional approach. PHOTOSCOPE complete with Polaroid 
Camera and fiber optics system, is less than $300. Even less, 
if you already have the PHOTOSTAND, because the same 
camera can be used with both. 


Write today for complete information. 
Instrument Division. 
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11940 San Vicente Blvd., Los Angeles, California 90049 
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The Barion Cut- 
A New Standard Mixed Cut 


For Diamonds 


by 


HLS. Pienaar 
University of Stellenbosch, South Africa 


In the recently published 
International Diamond Annual, 
Volume I (1971), another new cut for 
diamonds was advertised. Already 
more than fifty cutting styles have 
been used on diamonds at one time or 
another, but with the Barion cut, it 
would seem that a definite 
breakthrough into the field of brilliant 
diamond cutting has been achieved. 

For many years, Mr. Basil 
Watermeyer who is associated with 
Jooste’s Diamond Cutting Works, 
Johannesburg, has been trying to 
improve the brilliancy of step-cut 
diamonds. After various unsuccessful 
attempts, he once more concentrated 
his efforts on the regular square shape 
and per chance conceived the present 
style of cutting. He patented and 
named this cut the Barion, after his 
wife, Marion, replacing the first letter 
by that of his name, Basil — hence 
Barion. 

Generally, the Barion cut may be 
regarded as a mixed cut resulting from 
a full emerald-cut crown superimposed 
on a modified brilliant-cut pavilion. 
The girdle outline is square, but 
modifications are possible. 


Details are as follows: 
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* Crown 

(a) The fully-cut emerald crown has 
three steps running parallel to the 
girdle and are cut at 40, 34% and 
32° to the plane of the girdle 
respectively. 

(b) The table diameter measured 
squarely, is in the vicinity of 62% 
of the girdle diameter. An 
ideally-cut table of 53% appears 
out-of-proportion, while spreading 
the table very much in excess of 
62% will decrease the amount of 
dispersion frefer to Figures 1 and 
2). 

(c) The crown height is about 1% 

53% TABLE 


Figure 1 


GEMS & GEMOLOGY 


~ 


(¢) 


(a) 


(b) 


62% TABLE 


Figure 2 


thinner than the usually accepted 
ratio between table width and 
crown thickness, e.g., a 62% table 
has a crown thickness of about 12 
to 12.5% of the girdle. diameter 
and not the usual 13%. 

The eight girdle facets are 
polished and have a thickness of 
between 0.7 and 1.7% of the 
girdle diameter; good color 
diamonds being cut with a thinner 
girdle to avoid a heavy 
appearance. 


Pavilion 

The fully-cut brilliant pavilion has 
an additional four half-moon 
facets parallel to the girdle and 
making an angle of about 60° to 
the plane of the girdle. 

The four point corner facets are 
the only facets other than the 
four half-moons to meet the 
girdle. (The four half-moon facets 
should be regarded as an 
extension of the girdle as they 
separate the remaining four 
pavilion and sixteen lower girdle 
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(c) 


(d) 


(e) 


(f) 
(g) 


halves 
proper.) 
The eight pavilion main facets, 
i.e., the four point corner and 
four pavilion facets are set at an 
angle of 41° to the girdle. 

Only the four pavilion facets 
which extend from the center of 
the half-moons meet in the culet 
to form a cross when viewed 
through the table. 

The remaining twenty facets (4 
point comers, 8 inner halves and 8 
outer halves) meet in a common 
plane above the culet. They are 
closer to the culet than in the 
round brilliant cut. 

The pavilion has a depth of 43% 
of the girdle diameter. 

A small culet is added to prevent 
chipping. 


from the girdle facets 


Nomenclature and Facet Distribution 


(Illustrated in Figures 3 and 4) — 


Crown 

Table (1) 

Table Break ( 4) 
Center Break ( 4) 

Girdle Break ( 4) 

Top Point Breaks (12) 25 
Girdle 8 
Pavilion 

Half Moon (4) 

Inner Half (8) 

Outer Half (8) 

Point Corner (4) 
Pavilion (4) 

Culet qd) 29 


Total: 62 facets 
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TABLE BREAK 
TOP POINT 


CENTRE BREAK 
GIRDLE OR RONDIST BREAK 


Figure 3 


PAVILIONS 


S 
GIRDLE or SS 
S 


RONDIST 


—F 


Figure 4 
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The optical appearance of a 
Barion cut diamond is very interesting. 
The whole effect of the cut stone 
when tilted from side to side is a 
pulsating one. The three parallel steps 
of the crown capture and break up the 
reflections from the pavilion causing 
them to curve outwards in rhythmic 
flashes like a fountain (Figure 5). 


According to Basil Watermeyer, 
leading gem houses in Europe, at this 
stage, have rated the Barion in fourth 
place after the round, marquise and 
pear-shaped brilliant-cut diamonds. 
However, its popularity will depend on 
whether it can compete in price with 
that of the round cut. First indications 
are that with skilled craftsmen and 
suitable rough about 10% lower per 
carat prices are not unthinkable. 

The weight retention from the 
rough is considerably higher than that 
of the round brilliant cut. Rough 
stones having rounded octahedrons 
modified by hexoctahedrons and 


Figure 5 


trisoctahedrons are well suited for the 
Barion cut. The step-cut crown, the 
general squarish girdle outline and the 
introduction of the four half-moon 
facets placed parallel to the edge of 
the girdle, all permit extra weight 
retention without giving the finished 
product a “lumpy” appearance, or 
sacrificing brilliancy, scintillation or 
dispersion. 

The brilliancy of the Barion is equal 
to that of the round brilliant cut, and 
its scintillation is superior to that of 
any other step-cut diamond. Moreover, 
the polished girdle facets prevent any 
chance of greyish internal reflections 
on oblique observation. Since no 
rounding up is involved in the 
polishing process, bearded, strained or 
burnt girdle areas are unknown. 

The main boon, however, is that for 
the first time a diamond with 
comparable brilliancy and 
standardized shape other than round 
may be offered to the public. Too 
often in the past, jewelry designers 
have been forced to exclude square-cut 
diamonds from their creations. With 
the advent of the Barion cut, this 
difficulty has been overcome and 
exciting new fields of design are now 
awaiting exploitation. 
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Developments and Highlights 
at Gr E.A\’s Lab 


in New York 


by 


ROBERT CROWNINGSHIELD 


Drilled Diamonds 


One of the most repeated questions 
we have had from jewelers has been 
concerning the use of lasers in 
improving the appearance of 
highly-flawed diamonds. Since the first 
mention of this procedure in this 
column (Fall, 1970 issue of Gems & 
Gemology) we have learned a few bits 
of information and have been allowed 
to examine several diamonds both 
before and after the use of a drilling 
technique. One informant tells us that 
he uses an extremely fine drill to reach 
a dark inclusion in order to allow acid 
to effect the necessary bleaching. He 
tells us that if the cone-shaped hole 
curves it is not due to a laser but to his 
drilling technique. His reason for 
abandoning the use of the laser is that 
it cannot be curved to reach a desired 
point and there is some danger in 
releasing strain too rapidly, with 
consequent cleavage cracks along the 
hole. Unfortunately, we have not been 
able to observe either technique and 
can therefore only report second-hand 
information. However, we can report 
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that the process, whether laser or 
mechanical drilling, does in most cases 
decidedly improve the appearance of 
diamonds that would otherwise have 
objectionable dark inclusions. We are 
indebted to Louis Glick, Gem Trade 
Laboratory member, for making 
available the stones for us to 
photograph before and after drilling. 

Figure 1 shows an included crystal 
in a diamond around which a series of 
fractures or cleavages appear black. 
Figure 2 shows the same inclusion 
through the pavilion. Figure 3 shows 
the same inclusion after a laser beam, 
or a drill hole, has pierced one section 
of the radiating cleavages and 
eliminated the blackness. Several 
theories have been advanced as to 
what occurs. One is that the black is 
graphitic carbon which turns to carbon 
dioxide when the inclusion is opened 
at atmospheric pressure. The other is 
that a liquid is injected that changes 
the optical relationship within the 
fractures and allows light through, 
thus, diminishing the blackness. A 
final suggestion is that the acid used 
actually leaches out impurities of 
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Figure 2 


foreign material within the faults. 
Figure 4 shows how the drill hole has 
not pierced near the included crystal 
but at a distance from it. 

We have encountered drill holes 
that have become filled with black 
dirt, making them more obvious than 
those with white inside walls. We are 
informed that some operators are now 
filling the drill holes with an epoxy, 
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Figure 3 


Figure 4 


probably using a vacuum to help it 
into the hole. 

Questions have been asked about 
whether or not such treatment of a 
diamond must be mentioned to a 
customer. At the moment, the matter 
is being considered by regulatory 


agencies and we will report any 
decisions when they have been 
announced. 
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Rare Diamond Inclusions 


As usual, diamond occupies most of 
our observations and this issue will be 
no exception. We noted the following 
to be of particular interest. Figure 5 
shows a square bull’s-eye inclusion 
under the table of a round brilliant. 
Figure 6 captures a magnificent 


octahedral diamond crystal inclusion 
in a 
crystal. 


somewhat irregular diamond 


Figure 6 
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Figure 7 illustrates a brilliant red 
pyrope garnet inclusion adhering to a 
cleaved section of a diamond. We are 
indeed grateful to Lazare Kaplan and 
Sons for this specimen as a gift. The 
stone is currently under study by Dr. 
Vincent Manson of the American 
Museum of Natural History in New 
York City. Dr. Manson is making a 
special study of inclusions that reach 
the surface of diamonds and would, 
incidentally, be grateful for any our 
readers could send him. 


Figure 7 


Figure 8 clearly illustrates the 
surface of a burned diamond. It has 
been suggested that microscopically- 
thin layers of grease or oil ignited 
causing areas where these layers were 
to oxidize more readily than clean 
areas, 


Diamonds — Are They or Aren’t They? 


The unusual treatment of the girdle 
in the diamond shown in Figure 9 
caused one dealer to suspect that the 
stone was an imitation. The natural, 
seen in Figure 10, would have told an 
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Figure 8 


Figure 9 
experienced grader the truth — it isa 
diamond. It has been our experience 


that this type of girdling is 
occasionally done to eradicate the 
bearding along the girdle which 
prevents a stone from being called 
flawless. 

Unusual internal graining in a 
square pattern is seen in Figure 1]. 
The diamond in Figure 12 weighed 
3.50 carats and exhibited perhaps the 
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Figure 10 


Figure 11 


most drastic wear we have ever seen. It 
is little wonder that the average 
jeweler would suspect that it is not a 
diamond. 

Finally, under the discussion of 
diamond and a new imitation to us is 
the clever carving shown in Figures 13 
and 14, Ornamenting the side of a ring 
were lines of diamonds carved from 
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the metal with each corner bead raised 
and polished. To the unaided eye the 
effect was quite deceiving. 


Foiled Again!! 


The largest rose-cut diamond we 
have ever seen with foil crimped to 


Figure 13 
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imitate the back facets of a diamond is 
shown in actual size in Figure 15. We 
were at a loss to estimate the weight of 
the thin rose cut but judging from 
others we have seen it must be all of 
10 carats. A normal pear-shape 
diamond of this shape and dimensions 
would be approximately 50 carats in 
weight. 


Doublets of Natural and 
Synthetic Corundum 


In the past few months we have 
been shown several parcels of both 
rubies and sapphires which proved to 
be well-made doublets of greenish to 
yellowish crowns of natural sapphire 
and synthetic ruby or sapphire bases. 
We have been waiting to see one in 
jewelry and were recently rewarded. It 
appeared to. be about a four-carat, 
fine-blue sapphire, and loupe 
inspection showed angular banding 
through the table. Spectroscopic 
examination showed a strong natural 
sapphire band. However, a joining 
plane at the girdle was detected, and 


Figure 14 
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short ultraviolet fluorescence quickly 
told us the truth (Figure 16). 


Figure 17 shows another doublet 
immersed in methylene iodide. Curved 
striae may be seen in the pavilion. 
Jewelers must redouble their caution 
when identifying both rubies and 
sapphires, as these stones produced in 
Thailand and selling for about $10 per 
carat, we are told, can easily be 
mistaken for natural stones. 


Figure 15 


More on Doublets 


Doublets consisting of a diamond 
crown and synthetic white sapphire or 
zircon pavilions have occasionally been 
encountered in the past. The Institute 
has one such doublet in its collection. 
These stones were fashioned by 
cementing the crowns and pavilions at 
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Figure 16 


— 


Figure 17 


the girdle plane. In most cases, the 
cementing agents were a source of 
trouble. Arborescent patterns would 
develop as they dried out, making 
their presence readily apparent. In 
some cases, the cements were so 
ineffective that the parts separated. 
Modern cements, particularly the 
epoxies, have made some of the newer 


doublets — crowns of colorless 
synthetic sapphire or spinel and 
pavilions of strontium titanate — 


better in appearance and longer lasting 
than their earlier prototypes. 
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Another development in this field is 
a doublet advertised as Pavilion 
Diamond by Wellington Jewels in the 
September 20th Washington Post. We 
had the opportunity to examine an 
example of the product and despite 
the name, found that the crown — not 
the pavilion — was diamond and the 
pavilion was strontium titanate. Figure 
JS illustrates the highly imperfect 
nature of the diamond top. Although 
not seen in the black-and-white 
photograph, the dispersion of the 
strontium titanate back was. still 
apparent. Figure 19 shows the girdle 
area where the two sections are joined. 
Each part of the doublet was cut with 
a heavy girdle, so that when joined, an 
exceedingly thick girdle easily visible 
to the unaided eye resulted. It is not 
known whether this one specimen is 
representative of the product, 
however, it would seem to offer no 
problem in detection on the basis of 
flaws that terminated in a flat plane, 
excessive dispersion, and the obvious 
joining plane at the girdle. 


Figure 18 
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Figure 19 


Unusual Natural Sapphire 


In Figure 20 we see a natural blue 
sapphire with striations that looked 
for all the world like those seen in 
glass. In fact, it was submitted by a 
student in the Colored Stone course 
who could not reconcile dichroism 
with swirls. 


Figure 20 


Unusual Synthetic Inclusions 


The stone shown in Figure 21 is a 
synthetic sapphire with threadlike or 
wispy inclusions that were a puzzle 
with magnification alone. 
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Figure 21 


The synthetic ruby shown in Figure 
22 had a sleepy appearance due to the 
myriad of bubbles both large and 
small. This appearance was assumed to 
be that of a natural stone until the 
‘laboratory was called in to referee the 
dispute. Another pear-shaped 
synthetic ruby (Figure 23) shows the 
effects of deliberate crackling by 
quenching a hot stone in a cool liquid. 


New Final Examination? 


While identifying the necklace 
shown in Figure 24, we thought how 
good it would be for an examination 
project. The piece contained natural 
stones (Ceylon and Brazil), synthetics, 
glass and garnet and glass doublets. 


Remarkable Green-Grossularite Garnet 


The clasp of the jadeite necklace, 
seen in Figure 25, is a green garnet 
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Figure 23 


that beautifully matched the necklace 
that was being offered for a 
considerable sum. The odd appearance 
of the beads in the photograph is due 
to the crinkled aluminum foil we use 
in our Photostand for diamond 
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Figure 24 


Figure 25 


photos. Unfortunately, as with most 
of the items we photograph, they are 
in our possession all too short a time 
to make adequate individual 
preparations. 
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Imitation Glass? 


Cut stones of glass containing both 
gas bubbles and angular inclusions are 
not often seen. Figure 26 illustrates 
this in a tourmaline green round 
brilliant that would give a beginner a 
bit of trouble. 


Figure 26 


Glass Again 


The diamonds and platinum work 
in the bracelet shown in Figure 27 are 
both top quality. However, the 
emeralds turned out to be very good 
glass. They are probably the type 
known years ago as Ferrer Emeralds 
from the name of a man working in 
Barcelona in the 1920’s on imitations 
of emerald that included not only a 
fine emerald color but inclusions of 
gas bubbles to look like natural 
emerald “jardin.” In the case of this 
bracelet, it appeared that the green 
stones were not the ones originally in 
the bracelet, and may represent the 
choice of an owner to sell valuable 
stones and replace them with stones 
she would not have to worry about. 
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Figure 27 


Natural Emerald — Yes or No! 


We are indebted to Edward Tiffany 
of Birks Ltd., Toronto, for alerting us 
to a type of emerald with properties 
we had never before encountered. He 
also flew to New York with five cut 
stones for us to examine. The 
refractive indices were 1.582-1.588, 
specific gravity 2.70, with no reaction 
under the color filter and no 
ultraviolet fluorescence. The 
spectroscope revealed no evidence of 
chromium in several of them and only 
weak lines in others. What was 
especially odd were the inclusions — 
and lack of inclusions in some. Figure 
28 illustrates some odd hexagonal 
ghosts seen in several of the stones, 
while Figure 29 shows a fan-shaped 
fracture (?) seen in most of them. We 
appreciate the two photographs taken 
by Mr. Tiffany. 

We cut short our examination of 
the stones so that Mr. Tiffany could 
visit Dr. Kurt Nassau at Bell 
Laboratory in Murray Hill, New 
Jersey. We felt it would be wise to 
have a water vapor test in order to 
establish the possibility of their being 
a new source of synthetic or, in the 
event water vapor was _ present, 
attempt to distinguish between 
hydrothermal synthetic and natural. 
Dr. Nassau’s infra-red spectroscopic 
examination showed ‘the stones to be 
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Figure 28 


Figure 29 


very iton rich and to have both Type I 
and Type Il water vapor — strongly 
indicating natural origin. Of course 
anyone attempting to make a truly 
baffling hydrothermal synthetic might 
produce stones with strong alkaline 
content plus chromium and iron. So, 
by this test alone we could not be sure 
the stones were natural. 

Next, we corresponded with both 
Dr. Gubelin of Lucerne and Basil 
Anderson of London, where we were 
able to. secure confirmation of the 
stones’ natural origin by virtue of the 
fact that Mr. Anderson, after first 
experiencing the same doubt as to 
origin, was later brought uncut crystals 
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with undoubtedly natural matrix 
minerals. Since seeing these stones, 
which were bright, quite clean and 
weighing from two to seven carats and 
of an attractive yellowish-green color, 
we have not encountered any others. 


Emerald Imitations 


We have been presented with 
numerous requests to examine beryl 
triplets that were supposedly made 
from natural emeralds. In fact, one 
manufacturer showed us a_ large 
pale-green crystal from Russia from 
which he says he makes his stones. The 
crystal showed evidence of chromium 
and a weak-pink color filter reaction. 
However, when cut into crowns and 
pavilions for triplets, the sections were 
not only so pale as to be outside the 
emerald terminology, but were also 
free of any color filter reaction or 
chromium spectrum. Unfortunately, in 
Europe a report had been issued, 
undoubtedly on somewhat 
darker-triplet sections, to the effect 
that they are emerald — a most 
unfortunate thing, since it can only be 
misleading to a consumer. Some of the 
triplets which we have seen appear to 
be made with two layers between the 
beryl sections — one green and the 
other colorless as shown somewhat 
indistinctly in Figure 30. The arrow 
points to the somewhat opalescent 
layer above the darker green cement 
layer. 


Pink Treated Diamonds | 
We wish to thank Mr. Harry 
Neiman, Nu-Age Products, Hyde Park, 


Massachusetts, for allowing us to study 
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Figure 30 


4 pink-ireated diamonds weighing a 
total of .41 carats. Although the 
method of treatment -has not been 
disclosed, the stones reacted to 
ultraviolet and spectroscope the same 
as those we had reported more than 
ten years ago. 
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Developments and Highlights 
at GIA’s Lab 


in Los Angeles 


RICHARD T. LIDDICOAT, JR. 


In the period since our last report, 
we have seen some very interesting 
material. As usual, we were confronted 
withssome fascinating problems. 


An Oolitic Conclusion 


While we were examining some 
dark opal in which a treated or natural 
black color determination had been 
requested, Chuck Fryer, our 
Laboratory Supervisor, concluded that 
the material was what we term odlitic 
opal and that it was not treated. The 
reasoning for his conclusion came 
about when he recalled that the 
treated opals he had previously 
examined had areas in which the black 
specks were visibly more porous and 


softer than the areas in the 
play-of-color. 
In this specimen (Figure 1) 


undercutting in the polishing showed 
that the black areas were actually 
harder than the rest of the stone. Since 
dyed areas are more porous and 
therefore give a softer reaction to 
polishing than the other areas of the 
stone, he concluded that the color was 
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induced naturally. We felt this to be an 
interesting and well substantiated 
conclusion. 


Figure 1 


Parallel Banding 


On numerous occasions, we have 
been aware that testers have been led 
astray by very strong parallel banding 
in flux-grown synthetic emeralds. 
Figure 2 shows very strong parallel 
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Figure 2 


banding across the width of an 
emerald-cut synthetic emerald. Also 
evident are the wisplike inclusions that 
characterize this synthetic. These 
parallel growth lines are very typical of 
some flux-grown synthetic emeralds, 
so they should not be considered 
evidence of natural origin. 


Unusual and Challenging 
Gem Materials 


C.D. “Dee” Parsons, of Burbank, 
California, who probably cuts more 
rarely encountered gem materials than 
anyone, dropped in to see us and 
brought a deeply appreciated group of 
stones that will be very useful for test 
sets of the rare and unusual. For 
example, he gave us _ transparent 
thodonite, brazilianite, 
phosphophyllite, apophyllite, siderite, 
cassiterite, datolite, scheelite, zincite 
and apatite. The apatite is a deeper 
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and more attractive blue than we have 
ever encountered. 

This time his piece de résistance 
was a material that we not only had 
never seen, but had never heard of — 
grandidierite. It is an 
iron-aluminum-magnesium silicate, 
with a hardness of 7%, specific gravity 
of 3 and indices from 1.602 to 1.639. 
Like kornerupine, it is found in 
Madagasgar. 

Mr. Parsons had also cut some 
fluorites with very interesting 
inclusions. Figure 3 shows some flat 
metallic inclusions which probably are 
hematite. Some larger inclusions are 
shown in Figure 4 and appear to be 
possibly galena. The phosphophyllites 
were transparent in the beautiful light 
blue that is characteristic and two of 
the stones were among the largest 
known, one approximately 4.5 and the 
other about 5.5 carats. 


An Exceptional Cab 


While on the subject of unusyal 
gem materials, I might mention a 
cabochon we identified recently. It 
was light blue in a quite pleasing color 
and had a structure similar to that of 
agate (shown in Figure 5) We found 
refractive indices of about 1.61. to 
1.63 and a birefringence of 
approximately .02. Although it was 
slightly affected by hydrochloric acid, 
it did not effervesce as we would 
expect a carbonate to do. Our first 
thought had been that perhaps it was 
smithsonite, but the lower specific 
gravity of 3.43 together with the low 
birefringence showed that this was not 
a possibility. It turned out to be 
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Figure 3 


hemimorphite. This is the first time we 
have encountered that material used as 
a gemstone. 


Tricky Curves 


We seem to be seeing more green 
YAG than earlier. It usually seems to 
have been sold as synthetic emerald or 
else as demantoid garnet. One such 
specimen (Figure 6) showed such 
obvious curved striae that Chuck Fryer 
took a picture of it. 
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Undetectable Quartz 


A very large crystalline mass, 
approximately 2 x 24% x 5 inches came 
in for identification (shown in Figure 
7). It proved to be quartz. We felt that 
it probably was synthetic, since we 
have never seen anything like it in 
nature, but we have no means of 
detecting a synthetic rock crystal 
quartz. 


Figure 5 


Colorless Pavilion 


One item that we can depend on 
getting every so often is a Ceylon cut 
blue sapphire in which the coloring is 
concentrated in a narrow band, and 
which the sender has decided is 
probably a doublet. The reason is that 
one half of the stone may contain no 
color ‘at all, so the color is 
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Figure 6 


concentrated in the crown or in the 
pavilion near the culet. 

We recently received such a stone. 
Typically, it had almost no crown. It is 
shown in Figure 8, with the color 
division line marked by arrows in the 
illustration. The whole crown, which 
was exceedingly flat, had a bright blue 
color, but the deep pavilion was 
colorless. From above, it appeared to 
be an exceptionally fine sapphire. The 
people who sent the stone in for 
identification were sure that the stone 
was a doublet. Actually, it was a 
natural sapphire with very strong color 
zoning. 


Problematic Grain Lines 


Grain lines in diamonds have been 
presenting an increasing problem in 
that many of the very fine stones 
which show no inclusions of any 
description under 10X do show a 
number of crystal growth lines that 
vary in importance from those that are 
difficult to find to those so strong that 
they affect the brilliancy of the 
diamond. 
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~ a 
Figure 7 


Figure 8 


Recently, we were called upon to 
grade a large emerald-cut green 
diamond in which the darkness of the 
color seemed to emphasize very strong 
grain lines. It is obvious from this 
picture (Figure 9) that they had to be 
considered in the clarity grade of the 
diamond. The three grain lines appear 
as streaks near the culet toward one 
end of the stone. They almost appear 
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to be cleavages, but in fact, are not. 
There was no surface manifestation of 
this condition in the stone, but even 
so, they had to be considered in the 
clarity grade. 


Figure 9 


Crystals in Opal 


One of our recent testing problems 
was to determine whether an opal had 
a treated or natural color. In it, we 
were surprised to notice some very 
angular blocks that were obviously 
crystals. These are shown in Figures 10 
and I]. In the direct overhead light 
(Figure 10) seemingly rhombohedral 
crystals are evident. In Figure 11, 
blockier crystals are evident with less 
of an angle between the sides. 

In any case, this was a treated opal. 
The crystals contained within the opal 
were not identified. They did not react 
to hydrochloric acid, so they were not 
calcite as the overhead light picture 
had suggested. It is possible that they 
were feldspar crystals. 
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Figure 11 


Bubbles vs. Crystals 


For identification, we received a 
number of pieces of corundum, most 
of which were blue sapphires, but one 
was deep red in color. This stone had a 
number of small, nearly round objects 
that appeared at first glance to be 
bubbles. It was very interesting that 
the two largest bubbles or crystals 
were fairly near the surface. 

When we are examining a ruby of 
this type to determine whether it is 
natural or synthetic, ordinarily we use 
dark-field illumination only, but in 
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this instance, Chuck Fryer directed an 


overhead pinpoint light source toward 
the stone and was able to detect tiny 
circulat planes extending away from 
each of the objects we were 
examining. This proved to our 
satisfaction that the objects were 
indeed crystals rather than spherical 


gas bubbles. This finding was , 
confirmed by the fact that the 
medium-to-slightly-dark red stone 


which should have shown very strong 
fluorescence to long-wave ultraviolet, 
was actually inert to both long-wave 
and short-wave ultraviolet light. In 
addition, twinning was evident in the 
stone. This would have been possible 
in a synthetic ruby, but is more 
common in natural stones. 

In thirty years of gem testing, I 
don’t recall any ruby that looked as 
synthetic at first glance that was 
satisfactorily proved to be a natural 
stone. It was easy to understand why 
it had been sent in for confirmation. 


Repaired or Not? 


We had in for identification a ruby 
that probably came from Tanzania. In 
it was a plane that had the appearance 
shown in Figure 12. Our first 
impression was that the plane on the 
pavilion of the stone might have been 
cemented back in place after breaking 
away from the stone. The round flat 
discs, we thought, could be a cement, 
but it appeared in quite a few places 
that the needles of the type shown in 
Figure 13 passed through the plane 
uninterrupted. We finally concluded 
that it was not a cemented piece but 
that some foreign material had gotten 
into the fracture. 
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Figure 13 


X-Ray Diffraction Does It Again! 


We received for identification a 
snuff bottle that was basically black 
but in which two mottled green and 
white insets had been placed. The 
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insets were in the form of the two 
sides of a coin and were recessed into 
the black material. The inset coin 
carvings were found to be jadeite and 
the black material had properties 
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THE ISRAEL DIAMOND 
POLISHING INDUSTRY 


BY MICHAEL SZENBERG 


Assistant Professor, Department of Economics 
Long Island University, Brooklyn, New York 


(Ed. note: This paper is based on 
Michael Szenberg’s 236 page study on 
“The Economics of the Israel 
Diamond Industry” which received the 
1971 Irving Fisher Award, sponsored 
by the International Honor Society in 
Economics. The Final Selection Board 
consisted of an eminent body of 
European and American economists.) 


Introduction and Historical Summary 


The processing of diamonds 
constitutes an appreciable industry in 
five countries: Belgium, Israel, India, 
The United States of America and 
South Africa. During the early postwar 
years the industry branched into 
several main centers, each specializing 
in certain lines of stones. India 
processes those stones that lie on the 
boundary between gems and 


industrials. South Africa and the 
United States fabricate big sized 
stones, while Belgium and_ Israel 


process mainly small stones (more 
than 10 stones in a carat) and medium 
stones — melees (from 1 to 7 stones in 
a carat), respectively. Thus, product 
competition among the international 
centers is indirect. 

Among these centers, Israel’s 
diamond industry alone rose to a 
position of significance in her 
economy through consistent and signal 
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expansion since 1950. In 1965-66 it 
ranked third among 115 minor 
branches accounting for about 4% of 
employment, 7 and 3% of gross 
revenue and of value added, 
respectively of total manufacturing 
activity. 

The industry is also distinguished 
by the fact that it is the only 
manufacturing industry in which Israel 
is a world factor (marketing about one 
third of the world’s total polished 
diamonds — over $200 million, and 
employing a third of the world’s 
diamond manpower — over 10,000 
workers). In the case of one of its 
products, melees, Israel maintains a 
near monopoly in the world market, 
producing over 80% of total value 
produced. 

As a result of this development 
Israel is currently the second largest 
diamond center in the world. 
Moreover, the gap between Israel and 
Belgium, the foremost diamond 
processor, is rapidly diminishing. 

The evolution of the Israel diamond 
industry may be roughly divided into 
two major phases. The early phase 
lasting up to 1945, saw the industry 
emerging from a stage of isolated 
enterprise into a more expansive 
pattern. The first plants were 
established in 1937 by Jewish Belgian 
immigrant polishers in Netanya with 
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the active help of its Mayor, Oved 
Ben-Ami, who furnished free land and 
credit on easy terms. The occupation 
of the Low Countries by the German 
forces paralyzed the traditional 
Européan diamond centers and 
catapulted the fledgling Palestine 
enterprises, reinforced by the influx of 
craftsmen and managers fleeing 
Europe to a position of prominence. 

The expansive tendencies of the 
industry during the war were 
facilitated by three factors: 


(a) The steady supplies of rough 
diamonds, provided by the 
London-based Diamond 
Trading Company (it controls 
over 80% of the world mining 
and marketing of uncut 
diamonds), which would 
normally have been allocated 
to the then defunct diamond 
centers on the European 
continent. 


(b) The imaginative and extreme 
degree of labor specialization 
adopted by the industry, 
namely the chain system 
which shortens the training 
period and allows attainment 
of high worker efficiency 
levels. The principle followed 
is that each trainee specializes 
in one, and only one, of the 
eight phases involving the 
cutting and polishing of a 
diamond. 


(c) The increased demand for 
polished diamonds generated 
by the war throughout the 
world and especially in the 
United States. 
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In 1946, however, the future of the 
industry in Palestine looked 
unpromising, as the European 
diamond centers strove to recover lost 
ground due to wartime restrictions and 
the Diamond Trading Company began 
to redivert the rough to Europe. Firms 
started to disintegrate and craftsmen 
to be laid off. The wartime Palestine 
diamond industry employment peak 
of 1945 (4,000 workers) gave way to 
an abysmal decline in the late 1940’s. 

The second major phase comprises 
the years since 1950, and is 
characterized by the recovery in the 
early years of the period and_its 
phenomenal growth between 1955 and 
the present day. 


Table {1 summarizes the principal 
dimensions of the industry’s growth. 
The value of polished diamonds 
increased from $5 million in 1949 to 
over $200 million in 1970, a forty-fold 
gain. Physical output of diamonds (in 
carats) recorded a smaller rise 
amounting to only about a 
nineteen-fold jump during the same 
period of time. The same picture is 
provided when value added and 
employment figures are examined. 
This expansion has been accompanied 
by a broader distribution of the 
product over the world market. 
Although the United States continues 
to maintain its position as the leading 
importer of diamonds exported from 
Israel, its share in total exports 
declined noticeably from nearly 80% 
in 1950 to 31% in 1970. This signifies 
successful inroads made by the 
industry into new markets in other 
countries, especially in Europe and 
Asia. 


TABLE 1: GROWTH OF THE ISRAELI DIAMOND INDUSTRY, 
IN SELECTED YEARS 


y. Production Exports Value Added Aunslouneit 
ear | in Carats, (000) | (in dollars, 000) | (in dollars,000) | -""P°Y 


1949 5,100 875 800 
11,462 1,645 2,190 

20,616 4,370 2,720 

32,959 7,793 3,480 

56,319 7,150 5,520 

82,340 15,364 6,800 

118,206 15,960 9,800 

164,663 39,728 10,000 

194,802 22,852 10,455 

202,041 47 678 10,200 


Source: Diamond Control Department, Statistical Report (annual), and Central 
Bureau of Statistics, Survey of Industry and Crafts 


expansion. At the same time findings 
on economies of size (the relation 
between average cost of production 


The Structure of the Industry 


The Israeli diamond industry has a 
highly competitive structure at both 
production and distribution levels. We 


and the output of a plant) strongly 
suggest that the minimum optimal 
plant size for the polishing of melees is 


find that two basic conditions of in the range of 50-99 persons 
effective competition — relative ease engaged.* 
of entry and the presence of a large That these developments are 


number (about 470) of independent 
producers (none of whom has a 
sizeable share of the market) engaged 
in competition with one another — are 
satisfied to a very high degree. 


An examination of changes in 
the industry’s structure during the 
period under discussion 1952-1970 has 
shown a persistent expansion of two 
main categories of establishments. 

First, the small non-integrated 
units, engaging from one to four 
persons experienced remarkable 
growth. Second, the larger integrated 
establishments engaging between 50 
and 99 workers experienced moderate 


4 


compatible is explained by the fact 
that, to a considerable degree, the 
small plants are not in direct 
competition with the larger ones. The 
small size industrial units are effective 
competitors on account of product 


* The main sources of economies of 


size for large plants stem from the 
division, balancing, and 
synchronization of processes. For a 
more detailed examination see my 
“Estimating Economies of Scale in 
the Diamond Industry” American 
Economist (to appear in Spring, 
1972). 
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and skill specialization. The sawing, 
cleaving and scaife reconditioning 
functions in the industry became more 
and more concentrated in the smallest 


class. Furthermore, a change in 
product composition was another 
contributing cause in the same 


direction. In recent years imports of 
particular types of uncut diamonds 
like spots, chips, kaps, cleavages 
fancies and sizes have been rising 
relative to the preeminent melees. The 
significance of this lies in the fact that 
these atypical types of diamonds, 
along with sizes, require special 
treatment or are not amenable to the 
chain type processing characteristic of 
melees, typically fabricated in the 
larger establishments. All this suggests 
that qualitative and quantitative 
variability of the rough diamonds 
enhances the survivability of the very 
small plants. 

Capital requirements may pose 
some difficulties for the small plants, 
but certain ways exist whereby entry 
into the industry via subcontracting 
may virtually eliminate their 
significance. Subcontracting may be 
defined as the practice of having an 
outside contractor produce all or some 
part of a product that could be 
produced in the prime contractor’s 
facilities. Generally the relationship is 
between a larger firm and one or more 
small firms. The first is the integrated 
manufacturer who procures rough 
diamonds, employs craftsmen in his 
own plant to saw, cut and polish them 
and sells the finished products. The 
second is the subcontractor who 
produces goods to specification, never 
takes title to the goods which he is 
processing, and is never involved in the 
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marketing of the gems. Some of the 
subcontractors carry out preparatory 
steps in the processing of diamonds 
like scaife reconditioning or cleaving. 
Others engage in sawing, cutting or 
polishing, and still others complete the 
whole work from start to finish. It is 
estimated that more than a third of 
the industry’s factories are engaged in 
polishing for others. 

The economic and social patterns 
that have developed with the growth 
of subcontracting arrangements have 
given rise to many misconceptions 
about its impact, and have led to 


concern on the part of both 
governmental and industry officials. 
There has been a feeling that 


subcontracting leads to the collapse of 
established firms and contributes to 
the undermining of the industry. 

Detailed surveys conducted by the 
writer have established that 
subcontracting plays rather an 
important role in the diamond 
industry’s expansion and 
diversification. Moreover, 
subcontracting in the industry 
represents high degree of 
rationalization of production and the 
extension of the division of labor. The 
relationship between the prime and 
subcontractor was found to be, to a 
very large degree, complementary 
generating benefits to the industry as a 
whole. 

The analysis suggested that the 
forces influencing the prime contractor 
to embark upon a subcontracting 
program can be classified into four 
broad categories: flexibility, 
employment relations, cost and 
quality. The prime contractors were 
found to be positively disposed to 
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their subcontractors in all of the four 
areas explored, with the first two areas 
considered more critical than the 
second two. , 

It is suggested that industry 
officials explore the possibility of 
setting up a contracting program, 
referred to as “Two-Way Contracting.” 
Under this system, each firm, for 
example, will specialize in one or two 
types of uncut diamonds and contract 
out other types. Thus, each firm 
establishes links to bring work in and 
to job work out simultaneously and 
continuously. This will certainly 
increase the efficiency of the industrial 
units. 


Government Policies Toward 
the Diamond Industry 


If the imaginative division of labor 
and the innovative organization of 
production facilities furnished an 
internal impetus for the establishment 
of a modern small scale diamond 
industry, then the governmental 
assistance programs furnished an 
external impetus for the rapid advance 
of the industry. 

In the first place, the government 
displayed vigor and imagination in 
seizing opportunities on the African 
continent by establishing crucial 
contacts with independent diamond 
mining centers, in the late fifties, and 
thus pressuring the Diamond Trading 
Company to provide Israeli producers 
and dealers with wider access to the 
required raw materials. 

Second, the government provided 
generous credits at relatively low 
interest rates that made it possible for 
the industry to compete successfully 
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with its international rivals. It 
recognized the large amounts of 
working capital required ($5,000 — 
$7,000 per worker), slowness of 
building up capital from retained 
earnings after taxation, and the fact 
that all diamond producers are 
proprietorships, partnerships or small 
family-held corporations. All these 
factors place the industry at a great 
disadvantage relative to other larger 
industries in short term export 
financing. 

Other serious impediments to the 
accelerated development of the 
industry have not escaped the 
attention of the authorities. They were 
instrumental in setting up the 
Diamond Institute, in 1965, in order 
to promote intra-industry cooperation 
in respect to innovation and export 
promotion. 

Under the provision for technical 
advance an experimental polishing 
plant was set up for the purpose of 
practical experimentation in trying out 
tools and running in equipment 
developed in the diamond laboratory 
headed by Professor I. Yarnitzki of the 
Israel Institute of Technology. The 
research facilities and technical 
assistance have already led to some 
achievements. It is responsible for 
introducing a new machine for the 
cutting of girdles, a new polishing 
scaife (wheel) and polishing powder, 
new balancing equipment and a 
cutting vibrator which accelerates the 
girdling process. 

It is worthy of note that the pilot 
diamond plant provides an advisory 
service accessible to both local and 
overseas producers. 


Of special importance are the 
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gemological courses organized by the 
Institute in cooperation with the 
Gemological Institute of America. The 
courses cover theoretical information 
combined with practical work on the 
physical structure of gems, and 
methods of polishing, grading, and 
evaluating of various categories of 
precious stones. 


Concluding Remarks and 
Future Prospects 


Although the Israel diamond 
industry .witnessed a rapid rate of 
growth during the last twenty years, 
this growth has been based mainly on 
one product — the fabrication of 
melees. This achievement has created a 
new problem. It is obvious that unless 
the industry broadens its base and 
diversifies into other categories of 
rough diamonds like smalls and sizes, 
its expansion will depend solely on the 
world’s demand for melees. Yet, 
considering the character of recent 
growth, the industry appears to be 
entering a new phase that may help it 
to extend the total foreign market. 

Perhaps the most notable trend is 
the expansion of the service function 
in the industry. A new, most modern 
and the world’s largest Diamond 
Exchange has been constructed whose 
purpose it is to make Israel a world 
diamond trading center in addition to 
its being a _ production center. 
Furthermore, certain long term 
projects initiated at the diamond 
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laboratory carry with them high hopes 
for the future. These involve efforts at 
discovering the best metallurgical 
composition of the materials of the 
scaife (wheel) and their behavior 
during polishing. 

It is hoped that new methods in the 
future will be innovations involving 
fully automatic processes rather than 
mechanical adaptations of existing 
processes. 

The strong performance of the 
industry stems from three main 
sources: 


(a) The sharp division of labor 
which was beneficial from the 
standpoint of increasing both 
productivity and earnings of 
young recruits. 

(b) The pressures of competition 
which contributed to a high 
degree of technical economies 
in the use of labor and 
equipment within the plant 
and among the plants. 

(c) The government programs 
which were wisely conceived 
in the spirit of fostering 
change rather than of 
sheltering existing producers. 


They furnished a positive directing 
force which the industry, given its 
atomistic structure, would have been 
unable to provide by itself. In other 
words, pernicious excessive 
competition which could have easily 
developed was avoided, thanks to 
these specific actions. 
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Developments and Highlights 
at Gr Ay’s Lab 


in New York 


by 


ROBERT CROWNINGSHIELD 


Synthetic Quartz 


We were very pleased to receive a 
telephone call some time ago from Dr. 
Baldwin Sawyer, Executive 
Vice-President of Sawyer Research 
Products, Inc., Eastlake, Ohio. Dr. 
Sawyer mentioned that their firm is 
one of the, if not the largest, 
producers of synthetic quartz. They 
concentrate on the electronic quartz 


resonator applications and have 
developed specialized grades for 
various uses. 

Since 1959 Dr. Sawyer has 


experimented with doping quartz, 
with various impurities during the 
growth of the crystals which have, in 
turn, been the subject of research in 
laboratories around the world. In the 
course of this work, several potentially 
commercial colors have been produced 
including blue, purple and green. None 
of these colors is yet commercial, 
mainiy because of difficulties in 
duplicating color from one run to the 
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next. However, one color, an excellent 
yellow- to yellow-brown citrine, is 
beginning to be commercial and, true 
to his word, Dr. Sawyer sent us a large 
crystal, a transverse section and a 
handsome emerald-cut stone (Figure 
1). The crystal is shaped the same as 
colorless synthetic quartz crystals that 
we have. The rather intense and 
pleasing color is banded parallel with 
the colorless seed (shown in Figure 2). 

By chance, we received for 
identification at the time we were 
studying these specimens, a large 
natural citrine which had angular 
banding. Since the seed wafers, or 
tablets, are all oriented in the same 
manner so that a large group of 
crystals can be grown in close 
proximity without interfering with 
one another, the relationship of color 
bands to the optic axis should prove a 
reliable means of identification. 

Figure 3 illustrates typical bread 
crumblike inclusions of possibly iron 
hydroxide, according to Dr. Sawyer. 
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Figure 1 


These seem to be concentrated near 
the seed. In the cut stone they are 
randomly oriented and may be absent 
entirely, though Dr. Sawyer indicated 
that most stones, at present, have 
them. Figure 4 shows some of these 
bread crumblike inclusions in a cut 
stone. Off the end of the pointer one 
can be seen in focus. 

Our testing, which included all 
normal gemological tests available to 
us, disclosed no differences in 
properties from natural quartz. That 
is, we cannot distinguish this new 
material from natural by spectroscope, 
ultraviolet, X-ray, refractive index, 
specific gravity or any tests other than 
magnification and observation for 
optic orientation. 

By coincidence, we received for 
testing a light cobalt blue emerald-cut 
stone that proved to be synthetic 


Figure 3 
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quartz. The absorption spectrum 
indicated that the color is in fact due 
to cobalt. Like similar colored 
synthetic spinel, the stone appeared 
red under a color filter. 


Piggy-Back Settings 


Recently, we were asked to observe 
a large diamond with a flaw that could 
have been due to damage since the ring 
was badly bent. We were too busy to 
tackle the job right away and asked if 
the jeweler could remove the stone for 
better viewing. The jeweler returned 
with the ring and a puzzled expression 
— the diamond was a “piggy-back.” 
That is, it was made up of a large flat 
marquise with a very large culet 
mounted above a smaller marquise 
brilliant. When set, they do not touch, 
but the dead central area of the large 
stone is filled with the brilliance of the 


Figure 4 


Figure 5 


smaller stone. Figure 5 shows the 
larger stone unmounted while the 
smaller stone is still in its deeply 
buried setting. 

We have encountered this type of 
setting before after a dealer had 
gauged such a stone to be 
approximately 12 carats. In actuality, 


Figure 6 


it consisted of two very flat stones 
totaling little more than 5 carats. One 
such ring we saw had three flat stones 
cleverly mounted to look like one 
stone. One of the flaws in the top part 
of the piggy back shown in Figure 5 
was as close in appearance to the 
fingerprint type of inclusion in 
corundum as any that we have seen 
(Figure 6). 


Rare Natural 


In Figure 7 may be seen a square 
pit, indicative of the cubic crystal 


Figure 7 


surface marking rarely seen in a 
finished diamond, especially in the 
polished girdle of a round brilliant. 


Nonfluorescent-Synthetic Emerald 


We have been seeing more synthetic 
emerald with higher reftactive indices 
and no ultraviolet fluorescence in the 
past few months. Cabochon quality 
stones, which formerly we saw only in 
articles purchased in the Far East, have 
been offered for sale at the wholesale 
level in New York. Invariably, they 
have a strong iron line at 
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Figure 8 


approximately 4300 A as did the two 
faceted pear-shaped stones shown in 
Figure &. These stones were obviously 
replacements because the earrings were 
not prongs showed 
evidence of reworking. 


new and the 


Three-Phase Inclusions 


tend to think of 
natural emeralds as the only stone in 
which three-phase inclusions are seen, 
we have mentioned them in 


Although we 


Figure 9 
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connection with fluorite. A very large 
fluorite, resembling a fine emerald in a 
lady’s ring, was peppered with them. 
The cavities seem to be cubic and the 
gas bubbles often “backed” into a 
corner. Another unusual stone to 
feature three-phase inclusions was a 
fine purple sapphire. The inclusions 
were both stubby and rod shaped as 
indicated by the arrow in Figure 9. 


Two-Toned Diamond Crystal 
70 a black ink line 


separates a colorless section from a 
blue-gray section of a flattened 28 


In figure 


Figure 10 


carat diamond crystal. As we 
expected, the blue area proved to be 
semi-conducting indicative of Type IIb 
crystal structure. We are indebted to 
Lazare Kaplan and Sons for showing 
the stone to us. 


Surface Graining 


Figure 11 illustrates an especially 
hard-to-polish facet which shows that 
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the reason was internal graining. 
Although the stone was otherwise free 
of imperfections, we could not give it 
a flawless grade since the graining 
caused a misty appearance in addition ' 
to poor polish on several facets. >) 


Figure 11 


More on Deceiving Doublets 


Since the last issue we have been 
asked to identify several more 
doublets consisting of natural 
corundum tops (usually 
greenish-yellow Australian material) 
and synthetic ruby or blue sapphire 
pavilions. In many cases, the cement 
layer is very free of bubbles or 
separations, in other cases, the cement 
has separated producing the effect 
seen in Figure 12. 

As mentioned before, jewelers must 
be very thorough when identifying > 
mounted rubies and sapphire, since a 
casual glance at the angular banding in 
the crown or even a spectroscope test 
on blue stones could be misleading. 


Figure 12 Figure 13 
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DR. A. E. ALEXANDER 
REVIEWS 
THE TIFFANY TOUCH 


THE TIFFANY TOUCH by Joseph 
Purtell, Published by Random House. 


309 pages. 


Clothbound. 209 


illustrations. Price: $10.00. 


It was obvious that sooner or later 
the Tiffany story would reach print in 
book form. In 1953, the late Henry 
LaCossitt wrote a two issue article on 
Tiffany & Company for the old 
Saturday Evening Post, which was the 
first time Tiffany lent its name and 
documents to anyone for public 
consumption. These articles had body 
and substance enough to indicate that 
eventually a book on the prestigious 
retail jewelry establishment would be 
written. The man I thought qualified 
to do the job would be none other 
than Tiffany’s unofficial historian, 
William J. Fielding. The undertaking 
was assumed by a former Time 
magazine editorial writer, Joseph 
Purtell. You will not find Fielding’s 
name in The Tiffany Touch. 

Joseph Purtell was given the facts 
and has handled the subject matter 
very well. Tiffany today is still staffed 
with family who are in a position to 
furnish all kinds of data on the store: 


14 


Farnham Lefferts, current president, 
whose father was long an executive of 
the firm; La Bar Hoagland, executive 
vice-president who married S. Hinman 
Bird’s daughter — Bird being, during 
his lifetime, a senior vice-president and 
member of the board of directors, and 
finally, Henry Barstow Platt, 
vice-president and also member of the 
board of directors, whose great, great 
grandfather, Charles Lewis Tiffany, 
was founder of the store. Platt’s uncle, 
William T. Lusk, was a one-time 
president of the firm, succeeding Louis 
de Bebian Moore, who resigned at the 
time of the Walter Hoving takeover in 
the Fall of 1955. Not only could these 
staff executives supply excerpts from 
the Tiffany archives, but equally 
important, furnish numerous 
photographs and lithographs which 
lend so much interest to Joseph 
Purtell’s book. 

Tiffany & Company was founded in 
1837, but under the name of Tiffany 
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& Young. (For the record, the leading 
retail jeweler during this era was 
Marquand — the predecessor of Black, 
Starr & Frost.) Charles Lewis Tiffany, 
who began the partnership with John 
B. Young, shortly thereafter brought 
J.L. Ellis into the firm. The Company 
was then to be known as Tiffany, 
Young & Ellis. The year was 1841. 
Young and Ellis left the firm in 1853. 
It was this year that the store first 
became known as Tiffany & Company. 
In 1868 the store was incorporated. 

A parallel development involved 
America’s leading silversmith, John C. 
Moore. He was unofficially associated 
with Tiffany from the start, for he 
already had a factory in operation in 
1837. Eventually, he became a 
full-fledged member of the store. In 
1868, John C. Moore’s son, Edward, 
was made a director and the Moore 
silverware factory, in Forest Hill, New 
Jersey, became part of the Tiffany & 
Company organization. John C. 
Moore, in his lifetime, was a master at 
his craft, and his beautiful handcrafted 
silverware could not be resisted by the 
discriminating patrons, long used to 
purchasing nothing but English silver. 

One has only to read the first 
chapter of The Tiffany Touch to 
realize that the story of Tiffany is also 
the early history of New York. It 
makes fascinating reading. The entire 
era was characterized by periodic riots 
(it was the Irish in those days). Panic, 
disastrous fires, and riots prevailed, 
often all three at the same time. It was 
during these parlous times that Tiffany 
operied his store — small though it 
was. The success of the enterprise 
from the start revolved around Tiffany 
introducing Chinese and Japanese 
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merchandise to the New York trade. 
The novelty of the stock intrigued 
New Yorkers and sales were brisk. 

An entire chapter is devoted to Dr. 
George Frederick Kunz, Tiffany’s first 
gem expert and distinguished scientist 
who possessed a Ph.D. in mineralogy. 
Throughout his lifetime he was the 
most authoritative practitioner in the 
world of gems and jewels. Dr. Kunz, 
never one to hide his light under a 
basket, maintained, at his own 
expense, a staff of researchers who for 
years funneled data on gems and 
jewels to his attention. He quickly 
proceeded to put all the information 
into book form, and his numerous 
publications are collectors items 
today. All his publications are now out 
of print. His Book of The Pearl 
(co-authored with Charles H. 
Stevenson) is a classic of its kind and 
will remain so for centuries to come. 
Dr. Kunz died in 1932. Tiffany did 


not acquire another Ph.D. in 
mineralogy until 1949, when this 
reviewer joined the firm in an 


executive capacity. Louis de Bebian 
Moore, then president of the store, 
was the individual who made this 
appointment possible. 

As a result of this prestigious 
association, many fascinating contacts 
were made and unusual situations 
encountered. My files are replete with 
data, most of which will not be found 
in Mr. Purtell’s book. To cite a case: 
One day during the middle 1950’s, I 
received a telephone call from Myron 
Taylor’s secretary (as you will recall he 
was our Ambassador to the Vatican). 
Mr. Taylor wished to set up an 
appointment which was duly arranged. 
Several days later, Mr. Taylor came in 


15 


with a shoebox under his arm. He 
insisted on seeing me behind closed 
doors. Charles L. Tiffany II’s office 
was then unoccupied, and it was there 
that the meeting took place. When the 
box was opened, dozens of pearl 
necklaces were noted. It seemed that 
his wife, Anabel, loved pearls. What 
made the whole collection unique was 
the fact that the pearls were a mixture 
of imitation, cultured and oriental — 
all jumbled together. One necklace he 
had purchased for $800,000, another 
for $1,000,000 — at a time when a 
dollar was worth a dollar and taxes 
were practically nil! Mr. Taylor 
wanted the pearls separated and 
appraised. This was done. It required 
one month to do the job. Mr. Taylor 
would have been .given every 
consideration in any event, despite the 
fact that the $1,000,000 oriental pearl 
necklace had not been purchased from 
Tiffany. 

An intriguing chapter in Mr. 
Purtell’s book is devoted to Louis 
Comfort Tiffany, and rightly so. This 
talented genius was a true artist in 
every sense of the word. His fame, of 
course, rests on his creation of Tiffany 
Favrile glass. L.C. Tiffany had his own 
manufacturing facilities which were 
not a part of the jewelry store 
operation. These glass works of art 
must have been considered far out 
when they first were brought into 
Tiffany. Far out or not, sales over the 
years proved sensational. 

Louis Comfort Tiffany built, in the 
vicinity of Oyster Bay, Long Island, 
what must have been in his time the 
most elaborate living quarters ever 
constructed in this country. He named 
the place “Laurelton Hall.” After his 
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death, the huge place became an 
artists’ colony, and suitably endowed. 
Not too long ago, the famous Hall was 
destroyed by fire and many of the 
wonderful works of art went up in 
smoke. 

Mr. Purtell naturally discourses, at 
some length, on the Tiffany take-over. 
This was the start of the Walter Hoving 
era. The famous retail jewelry 
establishment is not what it was but if 
the merchandising policies seem 
radical by comparison, the change has 
been one of expansion and growth. 
The entire success story today is the 
success of the chief executive officer, 
Walter Hoving, who has managed the 
operation since 1955. 

Errors in the book are relatively 
few: William Tants, who. retired in 
1971 after 66 years of continuous 
service with the firm, was 
associate-buyer of gold jewelry — not a 
member of the diamond office. 
Another statement is erroneous. It 
pertains to the Arkansas diamond 
crystal. “The story did not come out 
until years later under a new regime.” 
The reviewer published an article 
about the diamond crystal -in the 
British journal, The Gemmologist, in 
1950, during the regime of Louis de 
Bebian Moore which was five years 
before Walter Hoving took over the 
management of the store. The 
statement that Henry LaCossitt, the 
author of the Saturday Evening Post 
articles “... could not publicize any 
officer of the store,” is not correct. 
The reviewer’s name appeared in Part 
One of the article. 

Joseph Purtell concludes his 
Tiffany story with Harry Platt’s 
interest in the new, blue Tanzania gem 
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that started out in life as the mineral, 
Zoisite, and which now has been given 
the name Tanzanite. Through 
extensive Time and Life magazine 
publicity, the unusual gem became 
famous overnight. It is truly attractive, 
and will continue to grow in 
importance with each passing year. 
Tiffany’s talented designer, Donald 
Claflin, has created a number of 


superb jewels around the gem, with 
the result that many fine sales have 
been made. 

It all seems a fitting conclusion 
about a remarkable retail jewelry 
establishment that the public 
continues to look upon as_ the 
foremost of its kind in the world — 
and rightly so. 
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Developments and Highlights 
at Gr TE AY’s Lab 


in Los Angeles 


by 


RICHARD T. LIDDICOAT, JR. 


Synthetic Opal 


On recent visits from Pierre Gilson, 
Sr. and Pierre Gilson, Jr., we were 
shown the experimental synthetic 
white opal they plan to start 
marketing in the Fall. The pieces we 
have seen are very attractive. They tell 
us that a black variety will soon 
follow. The texture of the white 
material is reminiscent of tapioca 
pudding. The play of color is a 
harlequin type. 

Those we tested had an RI. of 1.44 
and an S.G. range of 2.02 to 2.08. We 
noticed that the hardness is only 4 1/2 
on the pieces tested, distinctly lower 
than the 5 plus of natural opal. 

Robert Earnest, of our staff, seems 
to have found another and safer means 
of separation. He noted that the white 
Gilson product phosphoresced for a 
much shorter period of time after the 
long-wave ultraviolet light source was 
turned off. This was in direct contrast 
to the natural white opals of similar 
appearance which phosphoresced for a 
considerable length of time after the 
ultraviolet was turned off. 


18 


Noteworthy 
Inclusions in Natural Emeralds 


We have encountered quite a 
number of interesting emeralds, both 
natural and synthetic, in the period 
since the last lab notes went to press. 
Figure 1 shows a rather strong heat 
wave effect in a natural emerald that 
was widespread throughout the stone. 
Inclusions which we believe to be 
calcite sometimes seem to cause this 


Figure 1 
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effect in natural emeralds, but this was 
more highly developed than we usually 
find. Another interesting group of 
inclusions in a natural emerald is 
shown in Figure 2. Here you see a 
six-sided platelet that is very thin, and 
which we assumed was probably mica, 
although it could be calcite. Another 
natural emerald showed a rather 
interesting saw-toothed pattern of 
color distribution. It is seen best just 
below the girdle area in the stone 
shown in a cross-section view in Figure 
3. 


Unusual Inclusions in 
Synthetic Emeralds 
If the inclusion shown in Figure 4 
were in a hydrothermal synthetic 


Figure 3 
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emerald, it would excite no curiosity 
or comment. However, this is in a 
flux-melt synthetic emerald, 
accompanied by the usual inclusions 
of flux in veillike patterns throughout 
the stone. This was the only inclusion 
that bore any resemblance to those 
that characterize a hydrothermal 
synthetic emerald. Apparently, we 
have gas bubbles in solid flux material. 

One often examines the inclusions 
in synthetic emeralds to note any thing 
that bears a resemblance to the 
three-phase inclusions of the 
Colombian natural emeralds. Again, in 
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a flux-melt synthetic emerald that 
showed many veillike inclusions, these 
needlelike inclusions shown in Figure 
5 were noted. In the photograph, just 
above the end of the pointer, one of 
the veillike inclusions is seen from the 
side. Just below the line, crossing at 
the end of the pointer, is seen what 
appears to be a three-phase inclusion. 
This was not a three-phase inclusion, 
but at first glance it certainly appeared 
to be. The tiny squarish space in one 
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of the tubes was accompanied by, 
what appears to be, a bubble toward 
the pointer from the lighter “crystal.” 
This photograph was taken at 126X. 


Transparent Pakistani Diopside 


Our good friend, Edward R. 
Swoboda, brought in a typical batch 
of interesting items for us to examine. 
Among them were the rodlike diopside 
crystals from Pakistan shown in Figure 
6 at approximately 3X. These were a 
pleasing green in color and much more 
elongated and pencillike than any 
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diopside crystals we recall. The longest 
of the two crystals was 32 millimeters 
in length. 

He also had a large clinozoisite 
crystal from the same country. It 
contained some negative crystals that 
extended the entire length of the 
crystal. One is shown at the end of the 
pointer in Figure 7. They were 
rectangular in shape and the largest 
was close to a millimeter wide. 
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Figure 6 


Figure 7 
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Sugar-Treated Black Opal 


We were interested to have the 
opportunity to examine a broken 
sugar-treated black opal, because the 
break showed clearly the depth of 
penetration of the black coloring 
matter. This is shown, both in cross 
section and from above, in Figure 8. 
The magnification in this photograph 
is about five times. 


Pearl Wear 


We received a ring, set with 
cultured pearls and diamonds, for 
identification that was of interest 
because of the tremendous wear to 
which the cultured pearls had been 
subjected. They are shown in Figure 9. 
You can see that the erosion has 
removed the nacre all the way down 
to, and past, the top of the pegs on 
which the cultured pearls were 
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mounted. We have seen many worm 
pearls, but never with such extensive 
evidence of wear. 


Laser Drilling 


Despite the advertising and the 
conversation within the industry that 
has been devoted to laser drilling 
techniques to reach and bleach black 
inclusions, we see few examples in the 
laboratory. The reason is that most of 
the diamonds sent in for quality 
analysis are in the upper 3 or 4 clarity 
grades. In the low end of the clarity 
grades, in which laser drilling 
techniques are useful, there is usually 
little point in sending them in for 
analysis. We did receive a marquise for 
quality analysis recently and noted 
two parallel laser drill holes on the 
pavilion. The pointer, in Figure 10, 
marks the surface of the diamond at 
one hole. The hole starts at about the 
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Figure 10 


pointer, going in to the left. The 
apparent hole in the other direction is 
a reflection. A second drill hole 
appears to the right of the first, and its 
reflection is to the right of that. 


Table Reflection 


Recently we had in for 
identification an old European-cut 
diamond that was quite battered, so 
apparently there was some question as 
to whether it actually was a diamond. 
We noted an interesting reflection 
pattern and a table reflection that was 
so sharply etched that we 
photographed it (Figure 11). It was 
the unusual clearness of the edges of 
the table reflection that led us to take 
the photograph. You will note that 
most of the brilliant is out of focus, 
but only the reflection of the table 
and stars, well down in the diamond, 
are sharply detailed at the center of 
the photograph. Note, also, the eight 
reflections in the bezels. 
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Figure 11 


Grain- and Growth-Lines in Diamonds . 


When grading diamonds for clarity, 
there is often a tendency on the part 
of the owner of the diamond to 
dispute a clarity grade involving 
growth lines within the diamonds. 
Such a diamond graded ‘recently 
showed internal growth lines from 
which light reflected rather 
prominently, which is shown under 5X 
in Figure 12. The arrow points to 
these inclusions which are visible 
under this magnification in a pavilion 
facet near the arrow. Since they 
obviously affect the passage of light, 
there is no choice but to give them 
consideration in a clarity grade. There 
were many others, visible in other 
directions in the stone, but these were 
easily photographable and had an 
effect on our decision. 
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Emeraldlike-Inclusions in Glass 


Figure 13 shows some very 
angular-looking inclusions in heavy 
glass that resembled an emerald. This 
material had a refractive index of 1.67 
and a very high specific gravity. There 
was no question but that it was glass 
on the basis of spherical bubbles, a 
singly refracting condition and other 
factors. 


Figure 12 


More on 
Glass Imitations 


Another glass imitation is pictured 
in Figure 14. Here we see a number of 
crystallites in the glass. This had rather 
low properties that are more common 
in glass than those of the specimen 
shown in Figure 13. Apparently, this 
was the result of incipient 
crystallization in the imitation. 


Serpentine Disc 


Another item in for identification 
was a very large disc of serpentine, 1] 
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Figure 13 


3/8 inches in diameter (shown in 
Figure 15). The floral design on the 
surface was appliqued and was made 
up of different gem materials. The 
basic disc, however, was serpentine. 


Another Serpentine 
Another identification, that was 
made at almost the same time as that 


of the large disc described in Figure 
15, was a bottle of a white and green 


Figure 14 
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material. This was about 6 1/2 inches 
tall. The white areas in this bottle 
showed 4550 and 4300 Angstrom unit 
absorption lines, which we regarded as 
characteristic of the white mineral — 
zoisite. The indices for the white 
material were 1.69 to 1.70 and the 
green material about 1.56 to 1.57. 

We have seen this green and white 
combination, resembling jadeite, quite 


Figure 15 


recently in carvings. When we first 


encountered it the obvious 
conclusions, based on the 
refractometer and spectroscope, 


seemed slightly improbable, so Chuck 
Fryer used X-ray diffraction powder 
to confirm our determination of 
zoisite for the white mineral and 
serpentine for the green. Since then, 
we have encountered the same 
material several times. The bottle is 
shown in Figure 16. 
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Figure 16 


A Peculiar Aquamarine 


Another unusual group of 
inclusions is shown in Figure 17 in an 
aquamarine. The photograph is taken 
parallel to the optic axis direction and 
shows a multitude of tiny oval blobs 
that appeared in a brown color in the 
blue aquamarine. We have never seen 
such a proliferation of such inclusions 
in an aquamarine in the past. 


Ingenuity in Testing 
By A Graduate 


Graduate Gemologist Carl 
Schmieder of Phoenix, Arizona, was 
called upon to identify a bezel-set 
black opal to determine whether it was 
a solid black opal or a doublet. The 
bezel setting was such that it was 
impossible to examine the girdle edge. 
So, Schmieder hit upon the interesting 
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idea of passing a very bright light 
through the back of the stone to see 
whether it might assist him in 
determining whether he was dealing 
with a doublet or a solid piece. He 
satisfied himself in an intriguing 
manner, on which we congratulate 
him. 

Figure 18 shows the stone with 
overhead lighting. Although it is not a 
good photograph, it does give an idea 
of the appearance of the stone under 
this type of lighting condition. 
Schmieder decided, that if the material 


Figure 17 


was actually a doublet with a black 
pitch cement layer — used to impart a 
black color to the whole — that 
probably there would be air gaps in 
the cement. Since the material was 
translucent, the presence of pitch 
should be revealed to light from 
beneath. 

Figure 19 shows the appearance of 
the unidentified stone with back 
lighting. The white spots, representing 
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bubbles in the pitch layer, show up 
beautifully. They enabled Schmieder 
to satisfy himself that he was 
confronted — not by a solid piece of 
opal — but a doublet. We congratulate 
him on his ingenuity. 


New Form of Turquois Treatment 


Recently, a graduate brought in 
quite a number of pieces of Indian 
jewelry many of which had turquois in 
them. One was of particular interest in 


Figure 18 


that it had very fine turquois that 
showed no evidence of treatment in 
the blue portion, but there were many 
suspicious looking intensely black 
areas (Figure 20). Our graduate 
informed us that the source from 
which the turquois was obtained 
contained many white areas, so the 
Indians had used a process to change 
the white to black. 
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Synthetic Ruby 


It is not really unusual to encounter 
somewhat angular inclusions in 
flame-fusion synthetic rubies, but 
some that were encountered recently 
in a rather old synthetic ruby were 
photographed because they do show 
something that sometimes tends to 
confuse testers. In Figure 21, we see 
such an irregular inclusion under 
dark-field illumination, under the 
table. This is shown again in Figure 22, 
at a different angle, through the 
crown, against a light background 
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Figure 19 


where slightly-curved striae are 


apparent. 
Synthetic Green Spinel 


Recently we were asked to identify 
a material that turned out to be a 
synthetic green spinel. The absorption 
spectrum was not common in our 
experience, so Chuck Fryer made a 
diagram of the absorption spectrum 
(Figure 23). There is a faint line 
between 5400 and 5500 A, a rather 
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strong line between 5700 and 5800 A, 
and a more diffused line centered at 
about 6200 A. This is in transmitted 
light. 

In reflected light, (Figure 24) the 
synthetic spinel showed a fluorescent 
spectrum, with a rather bright line 
near 6800 A, and a sharp dark line at 
6780 A. 


An Interesting Brown Diamond 
of Natural Color 


A 6.05 carat brown diamond was 
tested, and found to be of natural 
color. It showed thin, very sharp lines 


Figure 20 


at approximately 5370 and 5760 A 
with thin, difficult-to-see lighter lines 
at 4800 and 4935 A (Figure 25). 
There was also a very faint line at 
about 4600 A. 
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AN INTERESTING FEEDBACK 


by I. C. Kislus 


In the Summer, 1971 issue of Gems 
& Gemology we published an article 
entitled Diamond Prices of a Century 
Ago. This was based on a book that 
was donated to our library from Bill 
Bolender of Rockford, Illinois, 
entitled The Jeweller’s Guide and 
Handy Reference Book, a new edition 
by William Redman, published in 
Bradford, England, in 1883. Since this 
book discusses the prices of diamonds, 
it was possible to compare present-day 
figures with those that were extant at 
the time this book was published 
almost ninety years ago. 

Jack McCarley of McCarley 
Jewelers in Mineral Wells, Texas, sent 
us a very interesting comparison 
between 1865 prices and wages for 
that period of over 100 years ago and 
todays wages in relation to diamond 
prices. 

The following comments are from 
his letter: 


Re: Your article “Diamond 
Prices of a Century Ago 
1865... One carat diamond $90.00 
*1865... Average work week: 72 hours 
(6 to 6 daily) 
*1865... Carpenter’s wages: $4.50 per 
week or $.06 hourly 
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*1865... Carpenter worked 1500 hours 
to get a one carat diamond. 


(Guess how many he 
bought?) 
Estimated Figures 


1965... Carpenter @ $4.00 per hour 
— one carat diamond @ 
$1,600.00 

1965... Carpenter worked 400 hours 
for his one carat diamond. 
(And he bought the diamonds 
too!) 


*Source: Industrial & Social History 
of England, Ed. P. Cheyney, 
1921. 


So, in 1965 on 1865 ratio, a 
carpenter would expect to pay $6,000 
for a one carat diamond. Or, in 1865, 
based on 1965 wages, a one carat 
diamond would have cost $24.00 — 
diamonds somewhat high in 1865. 

In answer to Jack McCarley’s letter 
we note the following: 

“We thank you Jack for sending us 
the above comparison. It was nice 
hearing from you. May I add, by 1982 
it may only take a couple of hours per 
carat.” 

Richard T. Liddicoat, Jr. 
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Book Reviews 


AUSTRALIAN PRECIOUS OPAL by Dr. 
Archie Kalokerinos. Published by Thomas 
Nelson (Australia) Ltd., Melbourne, 1971. 
51 pages. Clothbound. Illustrated with 128 
small full-color photographs. Price: $4.95. 


Australian opal mining has long 
fascinated many adventurous individuals 
with countless tales of momentous 
discoveries, instant riches and mystery. 
While many stake claims and work for 
perhaps a lifetime, few actually strike seams 
worth comment. 

The story behind the precious opal of 
Australia is told by an authority, Dr. Archie 
Kalokerinos, who since 1965 has been 
dividing his time between the medical 
problems of the Aborigines and opal mining. 
Since his first book, In Search of Opal, 
published in 1967, his interest has led him 
to the detailed knowledge of opal contained 
in AUSTRALIAN PRECIOUS OPAL, 
including evaluation, terminology, 
description and classification. In this study, 
he developed color photography techniques 
to capture the varied display of the 
play-of-color inherent in opal, creating some 
of the most magnificent pictures of opal in 
existence, (over 120 are contained in this 
publication). By adding a series of close-up 
lenses to a zoom lens and then zooming in 
close, he succeeded in capturing some of the 
movement as it shone radially from the 
edges. 

This summation of opal mining in the 
areas of Coober Pedy and Lightning Ridge is 
a firsthand personal glimpse narrated in a 
vividly colorful style. Early chapters delve 
into the day-to-day dealings at the opal 
fields, providing a deeper understanding of 
the men behind these operations. Following 
are descriptive sections on opal formation in 
relation to the geological structure of 
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Australia. Both surface and trench mining 
techniques are discussed, as well as the 
physical nature of precious opal with brief 
mention of potch and common opal. In the 
final sections, Dr. Kalokerinos’ excellent 
ideas of a nomenclature based on spectral 
play-of-color and pattern are presented with 
the aim of simplifying the laymen’s 
understanding of the gem. 


AUSTRALIAN PRECIOUS OPAL is 
indeed a work rich in romance, technical 
fact and photographic beauty, destined to 
find a place in many gem libraries. 


THE GEM KINGDOM by Paul E. Desautels. 
Published by Random House, Inc.; New 
York, 1971. 252 pages. Clothbound. 
Illustrated with black-and-white and more 
than 150 color photographs. Price: $17.95. 


The natural beauty of gems and minerals 
is a subject that has long fascinated a vast 
majority, and will undoubtedly continue far 
into the future. THE GEM KINGDOM by 
Paul E. Desautels contains general aspects of 
the gem world supplemented with one of 
the most outstanding collections of 
photographs assembled to date. These 
full-color plates are the work of Lee Boltin 
whose past record has established his 
expertise in the field of photography. Those 
familiar with the color of gems will be 
pleased and amazed with the exactitude of 
the photos exhibiting the various 
phenomena such as chatoyancy, asterism 
and play-of-color. The degrees of 
transparency and differences in hue, tone 
and intensity are captured with a fidelity 
seldom encountered in gem photography. 

As in his earlier book, The Mineral 
Kingdom, Mr. Desautels has opened this 
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with the lore that has interested mankind 
concerning the curative and mystical powers 
attributed to gemstones. Consider, for 
example, the following passage: “‘... From 
the use of malachite as a powerful local 
anesthetic to sapphire for curing boils, there 
was some gemstone or combination of 
gemstones suitable for treating every 
ailment.” 

In the five chapters on natural gems, 
both the commonly encountered species as 
well as those falling into. the collectors 
category are discussed. Not only can the 
reader learn the mineralogical and geological 
facts, but the cutting and carving techniques 
as well. One particularly valuable chapter is 
that which deals with manmade and treated 
gemstones. With the advanced techniques of 
manufacture today, some very convincing 
synthetics are commercially available and an 
awareness of these stones is necessary to 
anyone in the stone business. 

In the final chapter, an old subject is 
covered with new dimension, entitled “The 
Sometimes Green Stone.” This story of jade 
is written in attention-arresting detail, 
explaining some of the mystery behind this 
gemstone which has been popular for more 
than. four thousand years. From a 
gemological viewpoint, the definition of 
jade and the mineral species considered 
under this heading are clarified. Mr. 
Desautels relates the history and painstaking 
craftsmanship involved in the carving of this 
very durable material. 

In short, we agree with Paul Desautels’ 
statement in his Introduction: 
“|. . Wherever this love affair between man 
and gems may lead, the hope is that this 
book will be a helpful guide. The 
illustrations have been carefully chosen and 
devised to add as much of a_ visual 
dimension as possible to the survey. For 
those who know little or much about gems 
it should provide some new insight into an 
old but always new story.” 


DIAMONDS by Sara Hannum Chase. 
Published by Franklin Watts, Inc., New 
York City, 1971. 90 pages. Clothbound. 
Well illustrated with black-and-white 
photographs. 
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The young reader will be most interested 
in this work on diamonds and their many 
phases. Although geared to the elementary 
level, there is no lack of solid scientific fact 
and explanation providing a _ strong 
framework for the juvenile reader to build 
upon. Sara Chase has written an imaginative 
as well as informative coverage of the 
diamond from its formation in the earth’s 
crust to its final stages as human adornment 
or industrial aids to mankind. 

One chapter that is sure to hold the 
attention of the reader is that covering the 
turbulent history of three famous Indian 
diamonds: the Koh-i-noor, the Orloff and 
the Regent. There are also individual 
chapters devoted to the discovery and 
mining of diamonds in India, South America 
and Africa, with brief mention being made 
of the Russian deposits discovered in 1954. 

Modern equipment and _ production 
methods are dealt with in detail and richly 
augmented with numerous photographs, all 
with excellent captions. The child will learn 
how diamonds are cut and polished, each 
step being discussed and well illustrated. 

The final section of DIAMONDS, 
especially noteworthy, is a Glossary of 
Important Diamond Terms. The author may 
be commended on her choice of words and 
thoroughness contained in this diamond 
vocabulary. 

In short, DIAMONDS is an exceptional 
publication providing a good introduction 
to a child whose future vocation or 
avocation may be in the field of gemology. 


MINERALS AND GEMSTONES OF 
NEBRASKA — A Handbook for Students 
and Collectors by Roger K. Pabian. 
Published by the University of Nebraska — 
Conservation and Survey Division, Lincoln, 
Nebraska, 1971. 80 pages. Softbound. 
Numerous line drawings and six color plates. 
Price: Upon request from the publisher. 


The University of Nebraska has compiled 
comprehensive, up-to-date, information on 
the locations of minerals in its state. 

Since the principle purpose of the book 
is to tell the- reader exactly where to find 
minerals and what to look for when he gets 
there, the main feature is a fifty-two page 
section including Common Nebraska 
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Minerals and Gem and Ornamental Stones 
from Nebraska. In this coverage, each 
mineral species is discussed from a 
mineralogical viewpoint and detailed 
location according to county is given with 
digging sites and sections of stream beds. 
The first chapters discuss briefly but 
clearly some of the more useful clues for 
identifying gem minerals: hardness, crystal 
structure, cleavage, fracture, luster, 
transparency, specific gravity, and color and 
pattern. Proper tools are essential for 
mineral collecting and the sections dealing 
with these items are useful and informative. 
A subsequent section gives helpful 
suggestions for a gem-collecting trip. Final 
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chapters are devoted to guidelines for those 
minerals considered to be worth collecting 
and cutting with particular lapidary and 
fashioning information. A short but helpful 
glossary, sources for maps and printed 
material resources and a bibliography are 
included. The book is enhanced by six 
full-color plates and many line drawings. It 
is an attractive example of the value a good 
artist can add to both clarity of text and 
visual. appeal. 

MINERALS AND GEMSTONES OF 
NEBRASKA is a_ useful, practical, 
easy-to-understand book for the serious gem 
collector. 
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UNUSUAL QUARTZ INCLUSIONS 
IN NORTH CAROLINA EMERALD 


By 
William J. Furbish 
Associate Professor, Duke University 
Durham, North Carolina 


Quartz inclusions have often been 
noted in the common varieties of beryl 
and P. W. Johnson (Journal of 
Gemmology, 1961) has documented 
their presence in the emerald variety 
of beryl from the Chivor gem mines. 
Inclusions of quartz, in emerald, which 
have an equant form, bear numerous 
mono — or poly-phase inclusions and 
are characteristic of an entire deposit 
can, however, be considered rather 
unique. Not only do. such 
characteristic inclusions fingerprint the 
material from that specific deposit or 
area, but they can also become 
important as tools in unravelling the 
genesis of the deposit. 

Recent work on emeralds from the 
Little Switzerland, North Carolina 
emerald mine has shown that quartz 
inclusions occur in the emeralds at all 
levels of the mine workings — from 
surface outcrop to the present 150 
foot depth. A very small number of 
the emerald crystals taken from the 
mine contain a large number of quartz 
inclusions such as the specimen 
illustrated in Figure J. Some contain 
from a few to a moderate 
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matrix with 
numerous quartz inclusions, 
randomly spaced and oriented. 


Figure1— Emerald 


Quartz healed fracture’ in 

upper portion. X-nicols. 5 x 8 

mm. 
concentration. The majority of the 
emerald crystals, however, contain no 
— or very few — quartz inclusions. All 
quartz inclusions are dispersed through 
the emerald crystals at random. If one 
were to express the concentration as 
zones, they would have to be 
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described as rather nebulous zones 
roughly parallel to the base or to one 
side of the emerald crystals. There 
appears to be no zonation of quartz 
bearing emeralds in the deposit. 

The quartz inclusions are 
unoriented with relation to the 
crystallographic axis of the emerald 
matrix (Figure 1). Polarization further 
reveals random _ crystallographic 
orientation of the quartz crystal 
inclusions relative to themselves 
{shown in Figure 2). No incipient or 
established crystallographic zonal 
patterns. could be ascertained. 

Variations in the concentration of 
quartz inclusions within the emerald 
matrix is well recorded in Figure J. In 
this single crystal, heavy, medium, and 
light concentrations of inclusions 


Figure 2 — 


Pseuco-isometric and rounded 
quartz inclusions showing in 
turn a variety of mono-phase 
inclusions. X-nicols. 0.2 mm. 
from face to face of the 
pseudo-iso shaped quartz 
crystal. 
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Quartz inclusion of 
pseudo-isometric form 
showing in turn numerous 
elongate-shaped mono-phase 
inclusions. Grain contact is 
apparent, not real. X-nicols. 
0.2 mm. from face to face of 
quartz crystal. 


Figure 3 — 


occur while some portions of the 
emerald matrix are completely void of 
any quartz inclusions. A correlation 
between the concentration of quartz 
inclusions — in any single emerald 
crystal — with other more “normal” 
emerald inclusions (the more normal 
emerald inclusions are here defined as 
acicular tubes parallel to the C axis, 
pyrite, and other single, or poly-phase 
inclusions) was found to exist 
throughout the emerald content of the 
deposit. When quartz inclusions were 
present in heavy-to-moderate 
concentration, no other inclusions 
occurred in the emerald matrix. As the 
concentration of quartz inclusions 
dropped below moderate levels, 
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“normal” inclusions began to appear 
in the emerald matrix and as the 
emerald matrix became free of quartz 
inclusions, the ‘“‘normal’” inclusions 
could rise to high concentration of 
jardin. (The modifying word “could” 
is used because many emeralds — 
nearly clear of any type of inclusion — 
were encountered.) 

Although the photomicrographs 
would, at first glance, seem to indicate 
contact of the quartz inclusions 
(Figures I, 2 and 3}, the author could 
find no contact except in vein 
fillings (upper portion of Figure 1) 


where the filling consisted of 
nonoriented contact grains. Thick 
sections as well as whole emerald 


crystals were immersed in oil media 
and used for study, so the apparent 
contact is simply the result of grain 
overlap caused by a large depth of 
field. Further, what appear to be large 
inclusions in some cases, are simply a 
number of close overlapping quartz 
inclusions with the same or nearly the 
same crystallographic orientation 
(Figure 1). 

Morphology of the included quartz 
grains varies greatly in any emerald 
crystal and this variation is apparently 
random. Hexagonal quartz forms are 
encountered but these are quite rare. 
Irregular to irregularly-rounded grains 
predominate, but scattered among 
these are a large number that possess 
pseudocubic (Figures 2 and 3) or 
pseudotetragonal-appearing forms with 
moderately rounded corners. The 
presence of this type of form for a 
hexagonal inclusion in a hexagonal 
matrix certainly raises questions. It is 
hoped that with more study, these 
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variations may shed some light on the 
genesis of the emerald crystals. 

Because of the closeness of 
refractive index values for quartz and 
emerald, the quartz inclusions are not 
readily apparent. Immersion in a liquid 
of refractive index close to either 
mineral and crossed polarization, 
however, accentuates the difference, 
especially under magnification 
(Figures I, 2, 3 and 4). 

Unless the quartz inclusions are 
very abundant, the color of the matrix 
is not lightened appreciably. 

Because emerald is more brittle 
than quartz, a fractured surface of 
emerald containing quartz inclusions 
has a characteristic pebble-grained 


Figure 4— irregular, 


hexagonal) 
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effect with the nonfractured quartz 
grains standing out in relief from the 
emerald surface. On polished surfaces, 
however, because of the differential 
hardness, the quartz grains assume a 
negative relief on the emerald matrix 
surface. This is evident as light is 
reflected from the surface and is 
accentuated by the difference of 
refractive index and reflective qualities 
of the two materials involved. 

Outside the external morphology of 
the quartz inclusions, their own 
content of numerous and varied 
inclusions is also quite unique. The 
author encountered only single-phase 
inclusions in this study. Because two 
or more phase inclusions are normally 
encountered in quartz crystals, 
however, it is possible they might be 
present in the quartz inclusions of this 
study. If so, lack of resolution at high 
magnification may be one reason for 
not recognizing them. What appear to 
be two-phase inclusions in the 
illustrations are only apparent. They 
are simply single-phase inclusions that 
overlap in space and reflect the depth 
of focus in the thick section of crystal. 
As the microscope focus is raised or 
lowered, it can be seen that they are 
separate and discrete inclusions in the 
quartz matrix. 

Mica (muscovite) crystals 
predominate as inclusions in the 
quartz grains (Figures 2, 3 and 4). 
Their. morphologic outline is 
irregular-to-rounded, except when 
viewed perpendicular to their C axis 
when they are tabular in form. A 
planar arrangement is evident and is 
probably coincident with the basal 
plane of the quartz structure. Other 
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transparent crystals occur that have 
recognizable hexagonal, cubic, acicular 
or nondescript shapes and reflect a 
variation of optic properties. Minor 


Opaque inclusions occur in either 
regular, to irregular elongate or cubi¢ 
forms. A further study of the 


inclusions in quartz and the genetic 
implications is in progress. 

Although many inclusions similar 
to those found in the emeralds of 
other deposits and locations occur in 
the Little Switzerland emerald, the 
quartz inclusions discussed in this 
article would seem to be characteristic 
enough for the possible recognition of 
the Little Switzerland, North Carolina 
material. 
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Developments and Highlights 
at Gr AX’s Lab 


in Los Angeles 


by 


RICHARD T. LIDDICOAT, JR. 


A Very Unusual Ruby 


In testing, one gets used to 
problems that involve the detection of 
synthetics. Perhaps it is less common 
to encounter natural stones that have 
been altered to improve _ their 
appearance other than by dyeing or 
heat treatment. Recently, we found a 
rather attractive natural ruby that had 
characteristics quite unlike those we 
had encountered in the past. Figures 1, 
2 and 3 show some of the 
characteristics that we saw in this 
unusual stone. 

Apparently, the ruby had been 
subjected to some form of damage 
somewhere in its history — probably a 
long history. In order to fill out a 
damaged outline, someone had added 
what we assumed to be epoxy resin to 
bring its shape back to a symmetrical 
one. The edge, which had been 
epoxied and brought back to a normal 
outline, is shown nicely in Figure J. 
Gas bubbles in the epoxy are also 
visible in this illustration. There were 
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Figure 1 


several other spots in the ruby that 
had been filled in by epoxy. Two of 
them are shown in the brightly 
reflecting pair of facets in which two 
areas of lower luster are apparent. 
Arrows pointing to these areas can be 
seen in Figure 2. A third photograph 
showing a zone of epoxy, with its 
lower luster going across a bezel and 
an upper girdle facet, is illustrated in 
Figure 3. 
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Figure 2 


A New Synthetic 


One of our recent identification 
problems involved a very large 
cabochon with a light-pink color that 
showed refractive indices of 1.762 to 
1.770, and which appeared to be an 
attractive pink sapphire. Upon 
examination, we found all of the 
characteristics of corundum including 
a chromium absorption spectrum. But, 
despite many inclusions that had a 
very angular nature, we found a large 


Figure 4 
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Figure 3 


bubble near the surface (shown in 
Figure 4). There is no question but 
that this was a synthetic material, but 
one quite unlike anything we had seen. 

We had encountered very large 
synthetic pink sapphires made by. the 
Airtron Division of Litton Industries 


Figure 5 
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in New Jersey, but the inclusions in 
this cabochon were considerably 
different from anything that we saw in 
their product. Their product shows, in 
Figure 5, a variety of inclusions of the 
veillike nature that were reminiscent 
of flux-fusion synthetic emeralds made 
by both Chatham and Gilson. In this 
material, there were many parallel 
inclusions that gave it a natural 
appearance. These parallel inclusions 
in rows are quite visible in Figure 4. 
We do not know who is making this 
new synthetic, but feel it is something 
to guard against in the future. 


Rhodolite Variations 


We usually give a set of property 
values in refractive index for rhodolite 
from about 1.75 to 1.78. Recently, we 
had in for an identification two 


Figure 6 
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Figure 7 


different garnets — with a rhodolite 
color — that had properties distinctly 
different from these figures. One had a 
refractive index appreciably above the 
1.78 figure, at 1.79+. The other one, 
however, had enough differences in 
properties for its appearance to be of 
particular interest to us. It had a 
refractive index of 1.731 and showed a 
weak almandite absorption spectrum, 
with a pale-pink color that would 
characterize rhodolite. We assume that 
it was largely pyrope. 


Unusual Opal 


We had in for identification an opal 
that was fairly normal in appearance 
with a slight preponderance of blue 
play-of-color, but which seemed quite 
transparent for the vividness of the 
play-of-color shown. When we used 
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Figure 8 


dark-field illumination, we noticed a 
preponderance of black  spherules 
throughout, some of which were 
arranged in the interesting patterns 
shown in Figure 6. 

Figure 7 shows a portion of 
another black opal with a play-of-color 
visible in reflected light. This 
transparent opal in dark-field 
illumination appeared as is seen in 
Figure 8. It had a brownish body color 
and the play-of-color was no longer 
visible. This is not unusual, but the 
transparency of the black opal was 
greater than that seen in most such 
stones, and the pattern in dark-field 
illumination was slightly unusual. 


A Blue Mabe 


In Figure 9 is shown a blue mabe 
pearl in which the blue color is a result 
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of coating the inside of the nacreous 
portion of the assembled piece with a 
pitchlike substance. This imparts a 
blue color to the overall mabe, when it 
has been cemented to a bead. 
Interestingly, the bead was not flat, 
but spherical. It had been liberally 
coated with an adhesive before the 
pitch-lined exterior mabe (which had 
been sawn from a host shell) had been 
cemented onto the spherical bead. The 
pitchlike material can be seen as a 
blackish rim under the 
irregularly-broken mabe outer skin. 
The spherical bead is seen as the 
whiter area in the right portion of 
Figure 9; the greyish portion 
represents the cement. 


A Large Black Diamond 


We had an opportunity to examine 
an approximately 30-carat black 


Figure 9 
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Figure 10 .... 


diamond which is shown in Figure 10. 
As can be seen from the photograph, 
the stone looked megascopically to be 
a uniform black. When examined 
under dark-field illumination, at higher 
magnification, it is seen in the next 
photograph (Figure 11) to be 
something less than opaque. It was a 
diamond with a tremendous number 
of inclusions: that gave it a 
uniformly-black appearance to the 
unaided eye. 


Figure 12 
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Figure 11 


Interesting Growth Marks 


The next photograph (Figure 12) 


Figure 13 


GEMS & GEMOLOGY 


shows a crystal which — for practical 
purposes — resembles a diamond 
octahedron, because of the growth 
marks visible on the octahedral face. 
This actually was a dark-green 
octahedron with a refractive index of 
about 1.79, and showing absorption 
bands about 4350, 4650, and 5200 A. 
The specific gravity was on the order 
of 4.5. We were able to identify the 
stone as a member of the spinel group, 
even though in this photograph it so 
closely resembles a diamond crystal. 


An Incomplete Opal 


The purchaser of a rather attractive 
opal cabochon wondered about certain 


Figure 14 
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characteristics it showed, which did 
not seem to fit with his idea of what 
an opal should have. Upon 
examination under magnification (and, 
as a matter of fact, by unaided eye) it 
was apparent that something had been 
added to the back of the opal to make 
it a symmetrical cabochon. The 
pointer in Figure 13 shows a bubble 
which was included: in the plastic 
coating. A filler had been applied to 
the back of the opal to make it a 
complete cabochon. This was a 
relatively-thin piece that had some 
rather deep grooves in the back, into 
which — for strength and a better 
appearance — had been added what we 
assumed to be an epoxy resin. 
Apparently, the person who applied 
the backing to the stone felt that it 
made it a much more saleable item, 
and thus, made this application. 
Apparently, the seller had not 
commented about it in the sale of the 
stone. 


Huge Vase 


We had the opportunity to 
examine a tremendous vase that had 
been bought as glass. Its measurements 
were 4 1/4 inches deep by 9 inches 
wide by almost 20 inches high (Figure 
14). In testing, the huge vase proved to 
be rock crystal quartz. It also had a 
wooden base which added about 3 
inches to its height. It was a very 
imposing piece and remarkable in both 
size and beauty. 


Alexandritelike Sapphire 


We are called upon frequenily to 
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Figure 15 
identify synthetic alexandritelike was very strong, and the material in 
sapphires, with their typical appearance certainly very strongly 
amethystine color under incandescent resembled a natural alexandrite. 
lights and greyish-blue color under However, when it proved to be 


daylight. Recently, we have been 
called upon to identify a number of 
stones, each of which proved to be 
natural sapphire with an 
alexandritelike color change. A change 
from purple to blue in alexandritelike 
sapphires is certainly not too rare, but 
one encountered recently had a color 
change so similar to that of natural 
alexandrite that it was hard to believe. 
The color change was not that of the 
finest of alexandrites, but more akin 
to that typically seen in the industry, 
with a change from a brownish-red to 
a brownish-green.. The color change 
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uniaxial and had a refractive index of 
1.762 — 1.770, there could be no 
doubt that it was actually a natural 
alexandritelike sapphire. 


Jade Substitute 


Recently, we have been 
encountering, more and more 
frequently, a jade substitute being sold 
under a variety of names. By normal 
testing, the material proves to be glass. 
Bubbles are visible under 
magnification, along with a complex 
pattern of angular inclusions. We had 
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Figure 16 


occasion, not too long ago, to test one 
of these by X-ray diffraction. We 
found that it gave a fluorite pattern. 
Under magnification, a dendritic 
pattern of crystals is readily apparent, 
as shown in Figure 15, but bubbles are 
also apparent (see arrow). The 
refractive index is about 1.51. For 
want of a better term, we call this 
material imitation jade, even though 
we are satisfied that it is a form of 
glass. 


Not A Doublet 


Not infrequently, we see rather 
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thin pieces of very attractive opal that, 
when encountered by jewelers, are 
assumed to be opal doublets. Such a 
stone is shown in Figure 16. The 
black-to-gray color division across the 
stone (above the single-cut diamonds 
in the setting), which appears so like 
the line of demarcation in a doublet, is 
actually a line between the 
background material and the natural 
color-bearing opal that is of gem 
quality. 
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A Memorial Tribute 
to 


Martin L. 


For many years, GIA shared — with 


major museums and mineralogy 
departments the world over — the 
pleasure of too-infrequent visits from 
Martin L. Ehrmann. His legion of 
friends and admirers were greatly 
saddened to learn of his death on May 
18th, 1972. 

Martin was a remarkable man in 
many ways. He dedicated himself to 
furnishing museums with gem and 
mineral specimens and traveled all over 
the world buying minerals, acquiring 
collections and important gems. His 
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Ehrmann 


exceptional knowledge, experience, 
and ability made it possible for him, 
from the beginning, to find financial 
backers for his travels and purchases. 
Martin Ehrmann probably had more 
influence on the collections in. the 
major museums than anyone other 
than their curators. 

Mr. Ehrmann was working on a 
book concerning his life with gems and 
minerals. The next few paragraphs 
were written by him for the dust 
jacket of the book he was trying to 
finish before his death. 

Martin L. Ehrmann was brought up 
in Kiel, Germany, and emigrated to 
the United States in 1923. 

A keen interest in mineralogy and 
gemology acquired early in his life, 
furnished him the incentive to 
establish a mineral and gem business in 
New York City, which flourished prior 
to World War II. He was instrumental 
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in arranging for the acquisition of 
many important gemstones | by 
museums throughout the United 
States, including the famed “De Long 
Star Ruby” by the American Museum 
of Natural History in New York City 


and the “Star of Asia” by the 
Smithsonian Institution in 
Washington, D.C. He was also 


responsible for bringing the famous 
Calvert Collection from England to 
this country. 

In the late 1930’s, he commenced 
experimentation with off-color 
diamonds, using the cyclotron at 
Harvard University in conjunction 
with the late Dr. Harry Berman as 
well as the cyclotron at Columbia 
University. Results of _ this 
experimentation and research were 
published in an article entitled 
“Bombarded Diamonds” — which 
appeared in the Summer, 1950, issue 
of Gems & Gemology. His business 
and the cyclotron project were 
interrupted by the outbreak of World 
War II. Though over age, he 
volunteered for service with the 
United States Army and received a 
direct commission. 

His knowledge of mineralogy, 
together with his excellence in the 
German language and knowledge of 
the European terrain, prompted the 
military to send him on several special 
missions to occupied France to obtain 
tourmalines desperately needed for use 
in sensitive measuring devices in a 
number of critical projects. During his 
military service, he achieved the 
command of the United States Army 
Bomb Disposal School at Aberdeen 
Proving Ground, Maryland. 
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Subsequently, he was again called to 
serve to assist in liberating several of 
the great German rocket scientists 
away from the Russians and into 
American hands, Upon his discharge, 
he was decorated with the Legion of 
Merit. 

After the war, he moved to Los 
Angeles where he reestablished his 
mineral and gem business. He authored 
many articles on minerals and 
gemstones; and in collaboration with 
the late Dr. Herbert P. Whitlock, 
Curator of Mineralogy at the American 
Museum of Natural History, wrote the 
book, THE STORY OF JADE. He 
continued his practice of world travel 
and made a number of trips to Burma, 
the Orient, Australia, Africa, Europe 
and South America, in search of fine 
gems and minerals. 

Mr. Ehrmann’s comments for the 
book add to a very brief and modest 
summary of the high spots of a 
remarkable career. There is much more 
that he could have added. 

Martin was a modern-day Marco 
Polo or Tavernier. We, at GIA, looked 
forward to each return to Los Angeles 
from his wide travels. Whenever he 
encountered something new or 
different, he made it a point to let us 
see it. Usually, he made sure that GIA 
was well supplied with whatever new 
material he had found, or items he 
had, that he knew or suspected we 
might need. . 

Martin was well conditioned to the 
unexpected, and anything out of the 
ordinary always intrigued him. His was 
a keen and inquisitive mind — witness, 
for example, his pioneering in 
diamond irradiation. 
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At the GIA, we always looked 
forward to his visits. Not only was 
Martin’s enthusiasm contagious, but he 
shared ‘with us, the ideas and 
excitement that surrounded his work. 
To know that he will no longer call on 
us is indeed a sad prospect. 


Felix S. 


Felix S. Y. Chang, President of the 
China Development Corporation, 
Taipei, Taiwan, and Graduate 
Gemologist, passed away on April 7th, 
1972. 

Mr. Chang traveled widely all over 
the world. He had many friends in 
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All of us — at GIA — feel a deep, 
personal sense of loss. Martin L. 
Ehrmann ... a man who unselfishly 
contributed so much for so many ...a 
man who was respected and admired 
by the many who knew him ... will 
be long remembered. 


every country he visited. Every time 
his agenda took him to Los Angeles — 
when his heavy schedule would permit 
a visit — he called on us at GIA. 

Over the years, Felix Chang 
endeared himself to our entire staff. 
He will be missed. 
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Developments and Highlights 
at Gr A\’s Lab 


in New York 


by 


ROBERT CROWNINGSHIELD 


Jadelike Minerals 


We have recently encountered a 


Figure 17 


number of jadelike stones which 
suggests to us that incréased trade with 
China may be responsible. Several 
carved stones and two actual-sized 


Figure 2 
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cabochons — shown in Figure | — are 
as nearly like jade as we have ever 
seen. They proved to be a mixture of 
grossularite and idocrase with possibly 
hydrogrossular too. We are indebted to 
Mr. George Babakian, of Art Craft 
Jewelry, for these specimens. Also 
seen recently, but not pictured, are 


Figure 3 


strings of beads of the same material. 

Figure 2 illustrates a fairly 
common-type carving mostly featuring 
birds. The material — a combination of 
serpentine and zoisite — is the same as 
that discussed in the Spring, 1972 
issue of Gems & Gemology. 

Another jade substitute — which we 
were unable to photograph — proved 
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Figure 4 
to be a large bowl with a fish motif 


handle. Limited gem tests indicated 
serpentine for the main bowl but the 


Figure 5 
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Figure 6 


head of the fish seemed to give all 
indications of nephrite so that the 
whole was actually a mixture. 

Figure 3 is a photograph of two 
stones from a large lot of quite nice 
green stones that proved to be a 
natural color green quartzite. Initial 
magnification strongly suggested a 
dyed stone (Figure 4). However, 
boiling in concentrated sulphuric acid 


did not attack the color but did 

blacken or alter impurities in the 

spaces between the mosaiclike 
Figure 7 
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structure of the quartzite, as 
illustrated in Figure 5. The absorption 
spectrum of the material (Figure 6) 
indicates chromium. 


Recent Emerald Find 


We are indebted to Mr. E.F.M. 
Wolff, of London, England, for 
allowing us to study some quite 
attractive emeralds from the Marua 
district of Mozambique. They are 
found in a pegmatite area that is 


Figure 8 


GEMS & GEMOLOGY 


currently mined commercially for 
mica, tantalite and beryl, though the 
emeralds are in a zone of schist 
sometimes 20 feet in thickness. 
Although Mr. Wolff doubted that any 
truly large or spectacular stone would 
be found, the stone we examined was 
of pleasing color, though quite heavily 
flawed. We tried to photograph the 


Figure 9 


main characteristics of the inclusions 
— shown in Figure 7 — and would say 
that they are mainly necdlelike parallel 
inclusions with squarish two-phase 
inclusions; although several of the 
stones had what we often amongst 
ourselves term “nondescript garden.” 


Diamond In Diamond 


An otherwise very fine diamond is 
pictured in Figure 8. Fine, except for a 
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Figure 10 


very large included-diamond crystal, 
complete with trigons on the 
octahedral faces. 


Emerald-Green YAG 


A very striking round brilliant when 
viewed with the unaided eye proved to 
owe its sleepy-green color to a myriad 
of tiny gas bubbles, oriented in an 
unusual manner, as seen in Figure 9. It 
is possible that the flaws were 
purposely introduced in order to give 
the green synthetic a more emeraldlike 
appearance. 


Figure 11 


53 


encountered occasionally. However, to 

see it on a faceted stone is new to us. 

(Note peeling at facet edges in Figure 

10 and luster differences in Figure 11.) 

The stone showed no chromium in the 
absorption spectrum, but was a very y 
good green color due to the intense 

green plastic coating. 


Unusual Diamonds 


We have occasionally reported 
round rose-cut diamonds — set over 


Figure 12 
Coated Beryl 


A green plastic coating on beryl 
beads is something’ we have 


Figure 13 


Figure 14 


crimped foil pavilions — making a 
potential customer believe the stone to 
be much larger than it is. Figure 12 
illustrates a long hexagon rose cut, 
similarly mounted, and set in an 
ornate brooch with numerous 
unbacked rose cuts. 

We were puzzled by the great 
amount of wear on a_ beautiful 
briolette diamond set as a stick pin 
(shown in Figure 13). Tt was our 
feeling that it must have originally 
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Figure 15 


been set in jewelry which allowed it to 
strike other diamonds. Surely, it 
would not be exposed to such wear in 
a man’s tie. 

A beautiful, large emerald-cut 
brown diamond of the type that is 
green in transmitted light had a 
transparent colorless-diamond 
inclusion which was responsible for an 
unusual degree of strain in polarized 
light. It is shown in Figure 14. 


Another 
Flux-Grown Synthetic Ruby 


We examined an attractive cushion 


Figure 16 
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antique synthetic ruby which had 
obvious flux-fingerprint and 
coarse-flux inclusions. In addition, it 
had curved striae. This would not have 
been considered unusual as it has been 
recorded for Mr. Chatham’s better 
quality synthetic rubies. However, 
under immersion we noted that the 
curved striae were  subparallel, 
precisely like those of Verneuil 


Figure 17 


flame-fusion synthetics, and confined 
to a darker zone. The flux inclusions 
were confined to a lighter color zone 
outside the dark area. A Plato test 
disclosed strain along the optic axis, 
which was nearly 80° from the plane 
of the table. This strongly suggested 
that a Verneuil seed had been used to 
initiate growth. Subsequent 
conversation with the manufacturer 
confirmed this (Figure 15). 
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Laser-Drilled Diamonds 


Most information about 
laser-drilled diamonds implies that the 
stones so treated were imperfect 
originally. That such is not the case 
was brought home forcibly to us 
recently, when we graded some twenty 
diamonds averaging approximately 
1.00 carat each. Of the twenty stones 
graded, two were found to have been 
drilled and the lowest grade we could 
imagine would be VS, — even 
imagining that the now-white 
imperfections were dark. One of the 
stones is pictured in Figure 16. The 
drill hole is finer than any we have 


seen in a cut stone, and appears to 
have just reached the crystal-shaped 
inclusion. Jn another stone — not 
pictured — a fine drill hole through the 
girdle failed to reach a black “light 
trap.” 

A “light trap” may be defined as an 
internal separation of the structure 
which causes light to be reflected, 
resulting in a black silhouette of the 
area. Sometimes the “light trap” 
radiates from an included crystal, 
resulting in the imperfections most 
frequently misidentified as a “carbon 
spot.’ Figure 17 illustrates a 
black-appearing inclusion of this type, 
which is in a section sawed from a 


Figure 18 
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crystal. It is one of many (Figure 18) 
loaned to us for study by a cutter. In 
order to remove the black inclusions, 
two saw cuts are made and the section 
removed becomes little more than 
crushing bort, perhaps worth less than 
$10 per carat. The economics of laser 
drilling is readily apparent if one 
realizes that instead of removing the 
sections, they can be left in a finished 
stone, and then, improved in 
appearance by laser drilling. Already, 
for many cutters, the use of laser 
drilling is becoming an accepted 
advancement in the field of diamond 
cutting. 
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Book Reviews 


GEMSTONE & MINERAL DATA 
BOOK by John Sinkankas. Published 
by Winchester Press, New York, 1972. 
346 pages. Clothbound. Price: $8.95. 

One of the really remarkable people 
in the gem field is John Sinkankas. A 
former Navy Captain, John spent his 
spare time, in the Navy, cutting as a 
hobby and investigating the gem field 
in a way that was amazingly 
comprehensive. Everyone who is 
acquainted with gemology knows his 
many fine books. For sheer research 
effort, Sinkankas’ latest work, 
GEMSTONE & MINERAL DATA 
BOOK, has greatly outdone anything 
he has done in the past. This is a book 
that must be an essential to anyone 
who maintains any sort of a gem 
library. The effort that has gone into 
this publication can only be described 
as monumental. 

We know John Sinkankas to be a 
man who gets by with about four 
hours sleep a night. It is obvious that 
the waking hours for the last several 
years have gone into gathering the data 
that went into his book. The detail is 
so incredible that it is really hard to 
believe that any one individual could 
find enough time to gather the 
information that he has accumulated 
for the preparation of this book. We 
find it amazing and can only bow to 
Mr. Sinkankas’ efforts. 

There are a few minor criticisms we 
could make, mainly in the fact that 
there is no index in the book, but in 
view of the tremendous effort that 
went into it, we can only bow to John 
and give him an “unbelievably well 
done.” 

Perhaps a better idea of the extent 
of his efforts could be given by 
outlining the “Table of Contents.” 
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Since this table does contain page 
numbers, it has to serve as the only 
index for the book. The first section is 
“Weights, Measures, Conversions, and 
Mathematical Formulas;” the second, 


““Chemicals, Useful Miscellaneous 
Materials, and Formulations; the 
third, “‘Lapidary Equipment;” the 


fourth, “‘Abrasives, Polishing Agents, 
Buffs and Laps, and Their Uses;” 
number five, ‘Metals and Jewelry 
Data;’? number six, “Coloring 
Gemstones and Minerals;’? number 
seven, “Physical Properties of Minerals 
and Gemstones Aiding in 
Identification;’’ number eight, 
“Chemical Testing of Minerals;’’ nine, 
“*Mineralogical Miscellany; ten, 
“Cleaning Mineral Specimens,” eleven, 
“Nomenclature; and number twelve, 
“Optical Properties of Minerals and 
Gemstones.” 

It takes much more explanation 
than this to really give an idea of the 
comprehensiveness of the book. For 
example, under Chapter Seven, 
“Physical Properties of Minerals and 
Gemstones Aiding in Identification,” 
there is a section of cleavages arranged 
by system and type. In this, Mr. 
Sinkankas has arranged all of the 
cleavages to be found in any system by 
crystallographic relationship and also 
by the cleavage surface quality. For 
instance, under the orthorhombic 
system, he lists every gemstone or 
mineral that has prismatic, pinacoidal 
or pyramidal cleavage. The same is 
done for hardness, refractive indices 
and specific gravities for all minerals; 
e.g., every gem or mineral that could 
have an index of 1.59 or any other 
number, is listed — the same is done 
for the other properties. It is hard to 
conceive of the amount of time and 
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effort that went into the gathering of 
the information necessary to compile 
such a table. 

In all our years of looking over new 
books in the gem field, I can’t recall 
any that is more impressive from the 
viewpoint of research entailed in its 
compilation than John Sinkankas’ 
GEMSTONE & MINERAL DATA 
BOOK. At $8.95, it must be the best 
buy of the book year. 


GREAT TREASURES OF THE 
KREMLIN by David Douglas Duncan. 
Published by Harry N. Abrams, Inc., 
New York. 187 pages. Clothbound. 


Profusely illustrated with 105 
full-color photographs. 
This exquisite work is the 


quintessence of three lengthy years of 
study and reflection by an 
internationally famous photographer 
and veteran journalist. David Douglas 
Duncan opens our Western eyes, 
permitting us a glimpse of the mystery 
and beauty from the past grandeur of 
old Russia to the present reality of the 
Soviet Union. 

The text entwines legend, 
temperament, resources and history to 
weave a picture of Russian rulers and 
artisans responsible for the creation of 
some of the worlds most incredible 
riches. Included are photographs of 
Monomakh’s Cap of gold, Ivan the 
Terrible’s jewel-encrusted Book of 
Gospels, the Diamond Crown of Peter 
the Great, the long-lost Cloth of 
Christ, and the Golden Easter Egg 
executed by Peter Carl Fabergé. As if 
these treasures were not enough to 
stagger the imagination, Duncan also 
describes and includes the places, 
ceremonial rooms, and cathedrals that 
house them. Noteworthy is the 
following passage describing the 
Granovitaya Palato (Palace of Facets): 
“ |.The name Palace of Facets 
originated from the prismatic 
appearance of its outer walls which 
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resembled the surface of a facet-cut 
gem. Its outstanding architectural 
feature is the single, central, 
majestically arched stanchion which 
supports the entire vaulted ceiling of 
the Throne Room.” “...The fresco 
illuminations found here today are 
XIXth century versions of those 
painted during the era of Boris 
Godunov, at the end of the XVIth 
century.” 

Equally descriptive passages 
accompany every photograph, 
completing in precise detail, pertinent 
facts the reader would wish to know. 
For the scholar and historian, a 
bibliography is included along with an 
exceedingly technical ‘‘Research 
Supplement,” outlining historical data, 
romantic lore and dimensional aspects 
of each work of art contained in the 
book. 


GREAT TREASURES OF THE 
KREMLIN is one of those rare works 
that permits the viewer and reader 
equal footage. We offer only our 
highest praise and stamp of approval 
to its brilliant writer. 


THE STUDIO HANDBOOK OF 
MINERALS by Hellmuth’ Boegel. 
Edited and revised by John Sinkankas. 
Published by the Viking Press, Inc., 
New York, 1972. 304 pages. 
Clothbound. Well illustrated with 102 
line drawings and 48 pages of beautiful 
color plates by Claus Caspari. Price: 
$8.95. 

“As an amateur handbook,” Mr. 
Sinkankas states, “this one makes no 
pretense at being a textbook. Only 
enough information is given in the 
preliminary theoretical portion to 
acquaint the reader with the essentials 
of crystallography, chemistry, and 
crystal structure.” 

THE STUDIO HANDBOOK OF 
MINERALS was written in 1968 by 
Hellmuth Boegel in Germany. In 1972, 
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a revised and edited English version 
appeared by John Sinkankas. The 
eminently qualified authors have given 
the reading public a book that has 
much to recommend it. 

The first section covers general 
mineralogy with simplified and clear 
definitions on the structure and 
composition of minerals and the basics 
of mineral formation. Also included 
are sensible suggestions for planning, 
storing and categorizing a mineral 
collection. 

The practical section that follows is 
the essence of this colorful work, 
containing the description of over 250 
important and common minerals. The 
minerals are divided into eight classes 
— based on chemistry and atomic 
structure — and each class is further 
subdivided, partly by detailed 
chemical composition and partly by 
structure. Cultural and __ historical 
concepts are injected with each 
mineral, along with deposit location 
information indicating increasing 
specimen quality by the use of an 
increasing number of exclamation 
points with parenthesis, e.g., (1), (!!). 

Concise and orderly tables fill the 
final 42 pages, listing the minerals in 
ascending order on the Mohs scale, 
starting with the nonmetallic and 
ending with the metallic. 

The outstanding feature of this 
work is the color illustrations by Claus 
Caspari. These are watercolors that 
will enable the neophyte collector to 
sight-identify rough crystals. The 
artist’s palette can capture delicate 
nuances of surface luster and 
characteristics of crystal form and 
growth markings that a camera could 
not. It is an impressive book. 

THE STUDIO HANDBOOK OF 
MINERALS is a group effort of 
excellent blending into an invaluable 
work that should serve its intended 
purpose in the field and library. 
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COLORFUL MINERAL IDENTIFIER 
by Anthony C. Tennissen, Ph.D. 
Published by Sterling Publishing Co., 
Inc., New York, 1972. 224 pages. 
Clothbound. Well illustrated with 120 
full-color photographs. Price: $3.50. 

Dr. Anthony C. Tennissen, 
Associate Professor of Geology at 
Lamar University in Beaumont, Texas, 
has compiled a remarkably convenient 
and compact book. Small in size, it 
may accompany a mineral collector in 
the field; vast in detail, it includes 
concise information on color variation, 
streak, luster, hardness, specific 
gravity, crystal system and primary 
source. 

For the specimen collector, Dr. 
Tennissen also indicates in which 
deposits the finest crystals can be 
located. 

Each of the 120 minerals listed is 
accompanied by a full-color 
photograph of superior quality and 
exacting detail to further expedite 
mineral identification. 

The minerals in this book are 


classified chemically. Thus, the 
chapter headings are as_ follows: 
Elements; Sulfides and Sulfosalts; 
Halides; Oxides and Hydroxides; 
Carbonates; Sulfates; Chromates, 


Tungstates, Molybdates; Phosphates, 
Arsenates, Vanadates; and Silicates. 
For quick reference, an index is 
included, preceded by a streak and 
hardness chart. 

Indeed, the COLORFUL 
MINERAL IDENTIFIER — both basic 
in scope and precise in detail — will 
offer sound, informative aid to the 
amateur as well as advanced mineral 
collector. 


PRACTICAL GEMSTONE CRAFT by 
Helen Hutton. Published by The 
Viking Press, Inc., New York, 1972. 
104 pages. Clothbound. Well 
illustrated with 66 line drawings and 
52 photographs (9 in color). Price: 
$8.95. 
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With the art of lapidary increasing 
in popularity, the author has 
recognized the need for a 
comprehensive book on the subject. 
This book: sets out to cover the general 
interest of the lapidary while creating 
a balance between the geological 
background: of minerals, then 
descriptions, and cutting and polishing 
techniques. 

PRACTICAL GEMSTONE CRAFT 
is amply detailed where needed, with 
simplified and practical explanations 
of everything needed to inform and 
teach even the young student of 
gemstone craft. 

Eight chapters comprise the book: 
The Nature of Rocks and Minerals, 
Rocks and Pebbles for Collecting and 
Tumbling, Quartz and its Varieties, 
Descriptions of Gemstones and 
Decorative Stones, Lapidary 
Equipment and its Uses, 
Tumble-Polishing, Cutting a 
Cabochon, What to do with Stones. 
Appendices, a bibliography, a glossary 
and an index complete the book. 

One of the more useful sections of 
Helen Hutton’s book is Appendix III, 
which gives localities mainly 
concentrating on the British Isles. Also 
included is an excellent map. 

The author, Helen Hutton, has been 
a collector since childhood, and has 
recently made a world tour studying 
the sources of decorative stones. 

We recommend PRACTICAL 
GEMSTONE CRAFT to anyone who 
wishes to develop or begin an interest 
in the mineral kingdom. 


INDIAN GEMMOLOGY by Raj Roop 
Tank. ‘Published by Dulichand Tank, 
Jaipur, India. 171 pages. Clothbound. 
Illustrated. Price: $4.00. 

Raj Roop Tank’s Indian 
Gemmology is a unique combination 
of Indian culture with gemology. To 
simply describe this book as 
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out-of-the-ordinary or most unusual 
would be insufficient. The author uses 
a totally different approach by giving 


his readers an overwhelming 
experience of the timelessness of 
Eastern culture — merging the past 


with the present — in a manner that 
very few have been able to achieve. 

There are numerous books in the 
market today, dealing specifically on 
the subject of gemstones, with 
excellent guides for both the 
experienced gemologist and layman as 
well. Indian Gemmology does not 
pretend to match these books already 
in print that give detailed accounts of 
modern scientific investigations or 
accounts of the physical and chemical 
properties of all the stones. Instead, 
Raj Roop Tank covers a total of 84 
stones and classifies them according to 
their utility under the following 
categories: ‘“(1) those suitable for 
jewelry; (2) those required for 
medicinal purposes; (3) those 
considered efficacious for propitiating 
adverse planets; and (4) those required 
for the manufacture of mortar, toys, 
etc.” 

Indian Gemmology takes us back, 
in ancient times, to society in India, 
when by classical law, a division of the 
human activities was organized. There 
was an intellectural class, namely of 
Brahmins or the learned, to give advice 
on religious, spiritual and _ political 
matters. Then, there was the warrior 
class of the Kshatriyas, which guarded 
the social structure against outside 
aggression and inner dissensions. The 
trader class of Vaishyas carried on 
various occupations in the field of 
exchange of commodities, and lastly, 
there was the service class — known as 
the Shudras — that carried on small 
occupations of service to the society. 

At that time this division was not 
rigid. Gems, having a close relationship 
and influence on human affairs, came 
to be distributed according to the 
professions under the four classes: 
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Brahmins, Kshatriyas, Vaishyas and 
Shudras. The author picks gems that 
are the most commonly in use and 
groups them throughout his book at 
various places under what he terms 
“the Four Established Varnas.”’ This is 
one of the many things in Indian 
Gemmology that is so different from 
what we expect that any reader in the 
West is sure to find it very fascinating. 

It is difficult to say when the use of 
gems came into vogue in the civilized 
world and many people have written 
biblical stories on gemstones which 
have always been and continue to be 
of interest to readers. In this vein, 
Tank is no exception but he does 
cover various fascinating accounts in 
his introduction. 

Raj Roop Tank’s book is certain to 
be quoted as a ‘“‘one-of-a-kind” 
publication. As stated previously, 
Indian Gemmology covers 84 stones. 
He takes the most important ones and 
arranges them in the sequence of the 
week days — astrologically! His first 
chapter begins with ‘Manikya 
(Padmarag) Ruby” — ruby to be worn 
in the morning at sunrise on Sunday. 
Tank’s second chapter deals with pearl 
— to be worn on Monday in the 
evening — ending with Rahu (Dragon’s 
head) — hessonite — and ketu 
(Dragon’s tail) — cat’s-eye — with each 
appropriate gem governed by their 
respective planets. 

A brief account of the remaining 
stones arranged in Hindi alphabetical 
order comprises the remainder of the 
book. Each stone contains items of 
interest from a purely gemological 
viewpoint as well as many more from 
the human interest point of view. For 
example, under hessonite the section 
entitled ‘“‘Medicinal Utility”’ reads as 
follows: “Hessonite is crushed and 
powdered finely in rose, ‘Keora,’ or 
‘Bedmushk’ water and then taken by 
mouth. It is indicated in acute 
gastritis, piles, fever with cough, foul 
breath, rheumatism, suicidal 
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tendencies, rheumatic 
swelling of the uterus 


tumours, 
and 


constipation.” One can imagine how 


effective the latter information could 
be over the counter in selling 
hessonite. 

The following are partial excerpts 
taken from Raj Roop Tank’s first 
chapter on ruby: 

MANIKYA (PADMARAG) 
RUBY 

“Ordinarily the Gem stone (of the 
corundum family) which possesses the 
brilliance of lotus petals, is crystal 
clear and transparent, is free from 
spots, stains, cracks, striations (the 
lines seen on the surface of crystal), 
and dullness of colour, which has got 
the smooth and delicate lustre of the 
clarified butter, which is solid, of high 
specific gravity, of blooming colour, is 
of a regular shape and appears to be 
flattening out in a circular fashion, is 
free from bends and fissures and is not 
uneven, such a Gem is known as an 
excellent Ruby.” 

“Ruby is a Gem of the Sun. Just as 
the Sun occupies the foremost place 
amongst the nine planets, so also Ruby 
finds precedence among the nine most 
important jewels. It is of scarlet red 
colour resembling the seeds of the 
‘Kandhari’ promegranate, blossom of 
the ‘tesu’ red lotus, or the beak of the 
parrot. Delicate rosy colour, like that 
of the eye of a living ‘chakravak’ 
(goose) and cuckoo, is also to be 
found in Ruby (of the finest quality). 
It is a Gem of the corundum family, 
and is a compound mainly of 
aluminium and oxygen. Its red tint is 
derived from a light combination of 
iron and chromium.” 

“In a specimen of Ruby we look 
for: transparency, clarity and strength 


of colour, the clear, bright, dark 
crimson called ‘pigeon blood.’ ” 
(A. section entitled “Flaws of 


Ruby” follows, giving 14 steps where 
blemishes may be detected in the 
specimens of ruby. Then, a helpful 
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guide is given in the “Varieties of the 
Native Mineral or Rough of Ruby” 
where essential facts in determining 
the proper use of the rough stone is 
discussed. In addition, there are 


sections entitled “Jdentification of 


Real or Genuine Rubies,” and “Ruby 
Mines” which are fascinating.) 
Grouping of Rubies According to The 
Four Established Varnas 
“Brahmin (the learned class) 
Rubies having the colour of rose 
petals. 
Kshatriya (the fighting or the govern- 
ing class 
Rubies of biood red colour or of 
the colour of red lotus. 
Vaishya (Commercial or the trading 
class) 
Rubies of crimson colour 
resembling that of the seeds of 
Kandhari pomegranate or the 
pigeon’s blood. 
Shudra (the serving class) 
Rubies having the mixed colour of 
bluish or dirtish tinge with the 
red.” 
When To Wear The Ruby Gem 
“According to the astrologers Ruby 
is worn in the phase of the Sun. It is 
put on the neck, arm, or ring finger, 
with due regard to the vocation the 
wearer is following or to the group to 
which he belongs, in the morning at 
sunrise on Sunday.” 
Medicinal Utility 
“Very finely powdered Ruby, and 
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Ruby ash are both utilized for the 
preparation of medicines to be taken 
by mouth with suitable vehicles or 
combinations of drugs for specific 
diseases. Ruby is prescribed for loss of 
blood, gastric troubles, headache, 
diseases of the heart, diminished 
vision, indigestion, prolonged fevers, 
loss of appetite and various mental 
troubles. 

“The flaws of Ruby do not count 
in the preparation of medicine. A 
specimen of fine colour and fire and 
water needs to be selected. 

“It may, however, be noted that it 
is only the Burma Ruby which has 


been found to be useful for 
medicines.” 

In addition to ruby, Raj Roop 
Tank’s book covers — in similar 


fashion — pearl, coral, emerald, white 
or golden sapphire, diamond, blue 
sapphire, hessonite, cat’s-eye, and 
tourmaline, with a brief account of 
seventy-five stones (previously 
mentioned) given in Hindi alphabetical 
order. 

Upon opening Indian Gemmology, 
one journeys from West to East — 
experiences yesterday with today, in 
eye-opening fashion — and obtains a 
knowledge of gemology en route. Raj 
Roop Tank has certainly written a 
most unusual publication. It is a 
fascinating book that should be of 
interest to all. 
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/\ QUARTER CENTURY 
OF DIAMOND RESEARCH 


A.D. BURRIDGE 

Public Relations Officer of the 
De Beers Industrial Diamond Division 

Although diamonds had been used 
in relatively simple industrial 
applications before the outbreak of 
World War II, it was the war that 
hastened man’s dependence on the 
industrial diamond as an essential mass 
production tool. The fabrication of 
harder metal alloys, carbides and 
ceramics, which became increasingly 
difficult to grind and machine, 
demanded the toughest of all abrasives 
and only diamond was tough enough 
to cope. 

Now, while it is a comparatively 
simple matter to define a good rough 
gem diamond in terms of color, size 
and freedom from visible impurities or 
other blemishes, the criteria of a good 
industrial diamond and the knowledge 
and skill required to use it to the best 
advantage, either as a single stone or in 
the shape of fragmented particles, are 
more complex and more directly 
related to the basic properties of the 
diamond. 

It was to investigate these basic 
properties and to solve the problems 
associated with applying them 
efficiently for the benefit of industrial 
diamond users that Sir Ernest 
Oppenheimer, then chairman of De 
Beers, established the Diamond 
Research Laboratory. 

When the Laboratory celebrated its 
25th anniversary in July, 1972, it was 
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appropriate that Harry Oppenheimer, 
present chairman of De 
Beers, should be guest of honor at a 
function which commemorated the 
laying of the ‘foundation stone: by his 
father on April 21st, 1947. Three 
months later, to the applause of the 17 
members of the original staff who 
occupied the small single-story 
building which had just been 
completed, Sir Ernest said: 

“It is our object to study industrial 
diamonds and, in cooperation with 
producers, consumers and _ scientific 
bodies all over the world, to find 
improved and new uses for them in 
industry. In this age of mechanical 
progress industrial diamonds — have 
achieved the status of a_ strategic 
material for which there is no 
substitute. 

“No great industry can exist or 
develop without comprehensive 
research and I firmly believe that the 
establishment of this laboratory will 
be to the benefit of all those directly 
or indirectly concerned with 
diamonds.” 

It is a peculiarity of science that 
though short-term problems are 
continually being faced and solved, the 
essential objectives remain constant, 
and the objectives voiced by Sir Ernest 
— 25 years ago — are hardly any 
different today. The biggest change, of 
course, is one of dimension. From the 
simple little brick structure which 
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looked almost incongruous in one 
corner of a vast 9-acre site, has grown 
a complex of six impressive modem 
laboratory buildings, totalling 137,000 
square feet in extent, in which 350 
people are engaged day in and day out 
on research into just one material — 
diamond, 

This, indeed, was and always will be 
one of the Diamond Research 
Laboratory’s biggest problems. In the 
normal diverse research establishment, 
a limited number of techniques is used 
in the study of many materials. The 
research philosophy at the Diamond 
Research Laboratory — the study of 
one material with the widest possible 
range of techniques — involves a great 
diversity of expensive equipment and a 
need for scientists and engineers who 


are experts in many specialized fields. 

When it was established, the 
D.R.L., as it is known colloquially, 
was the only laboratory in the world 
devoted exclusively to diamond 
research. Since then, similar 
institutions have been set up in the 
United States and in Russia. But the 
D.R.L. is still the biggest. 

Special Research Project 

Right at the outset, valuable 
fundamental work was done in 
Johannesburg, based more upon the 
availability of large supplies of 
diamonds of everyconceivable variety, 
than upon a study in depth of any 
particular property of diamond. But, it 
became obvious that this new 
laboratory would not, on its own, be 
able to cover adequately the 


WHERE IT ALL BEGINS — The De Beers Diamond Raveaielt Laboratory i grown from 
a one-story building 25 years ago to the complex seen here. 
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surprisingly intricate and involved 
study’ required. Thus, Sir Francis 
Simon, later the Clarendon Professor 
of Physics at Oxford University, was 
asked to gather a team of eminent 
overseas scientists together for the 
‘purpose of studying diamond 
problems. This was the birth of the 
Special Research Project which today, 
more than ever, is helping De Beers to 
uncover the secrets locked in that 
complex crystal — the diamond. 

When the Special Research Project 
was initiated, only the fundamental 
properties of diamond — its strength, 
hardness and thermal conductivity — 
were known. A major achievement of 
these scientists, sponsored by and 
working with De Beers, was the 
publication, in 1965, of the only 
authoritative book written on the 
physics of diamond. Entitled simply 
“Physical Properties of Diamond,”’ the 
book contains a vast amount of 
information on diamond’s 
crystallography, its mechanical, 
electrical, thermal and _ optical 
properties, and the effect on its 
properties of radiation damage. 

The name of the book’s editor, Dr. 
R. Berman, is familiar to all students 
of diamond for it was he, in 
partnership with Sir Francis Simon, 
who calculated the Berman-Simon 
Equilibrium Line which represents 
gtaphically the pressure and 
temperature conditions under which 
diamond can be synthesized. 

Tailor-Made for the Trade 

Diamond synthesis, which was 
successfully achieved on a laboratory 
scale in 1955 by the General Electric 
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Company of America, posed a 
tremendous challenge to the D.R.L. 
Such was the strategic value of 
industrial diamond at the time that the 
US. Government placed a strict 
embargo on the publication of 
information about synthesis. Hence 
the South African team, assembled in 
1956, had to go it alone. After partial 
success. in 1958, the Adamant 
Laboratory, set up as an ancillary 
laboratory of the D.R.L., was able to 
announce the production of synthetic 
diamond on a commercial scale in 
1959. 

World industry, which had begun to 
consume diamond at a rate which 
threatened to outstrip availability, 
now had two sources of supply and 
two distinct types of diamond abrasive 
to choose from — synthetic and 
natural. Although specialization in the 
natural diamond grits had been 
introduced by De Beers a few years 
earlier — strong, blocky particles for 
grinding wheels manufactured by the 
metal ‘bond process and more 
elongated friable particles for resin 
bond grinding wheels — synthesis can 
be said to have laid the foundation 


stone for the proliferation which 
followed. 
Today, diamond abrasive is 


virtually tailor-made — either by 
synthesis or by mechanical processing 
— for every conceivable application. 
De Beers alone markets 16 stock types 
and numerous other “specials’’ and 
each has been invented, developed, 
tested and finally piloted to 
production by the D.R.L., which also 
plays the part of policeman to the 


GEMS & GEMOLOGY 


iA 


—aiiloabisaaass cl ky oy A 


A UNIQUE “COAT” — This electron micrograph shows 
coating on a single diamond grit 


production plants, continually 
scrutinizing, sampling and otherwise 
quality controlling the diamond 
destined for world markets. 

Fortunately for industrial diamond 
consumers, whose appetite increases at 
the rate of 10% per annum (in 1971 it 
was not far short of 60 million carats) 
the synethetic product has 
supplemented natural-mined diamond; 
so the historical fear that supplies 
would dry up is now a thing of the 
past. 

The processing of diamond, to the 
stage where it can be marketed as a 
finished product, is much more 
complicated than it sounds. For one 
thing, the sources of natural diamond 
are varied, originating from alluvial 
diggings or pipe mines in many 
different countries, and the synthesis 
processes are equally varied, being 
designed to produce an infinite range 
of qualities, shapes and sizes. In the 
second place, the market requirement, 
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in terms of shape, strength, size, 
crystallinity, quality and color, are as 
varied as the uses to which diamond 
particles can be put. 
Making the Machinery 

Most of the very specialized 
machines used by De Beers to carry 
out the function of grading and 
processing were invented and 
developed by the D.R.L. As can 
readily be appreciated, the method of 
operation of many of these devices is 
secret; but two which have become 
standard equipment in the diamond 
business are the shape sorting table 
and the Friatester. The shape sorter is 
an electrically-vibrated metal table 
which can be adjusted to various 
angles, with from 12 — 14 receptacles 
or bins attached to its lowest side. The 
diamond particles to be sorted 
according to shape are fed onto the 
deck from a glass container on the 
opposite side of the table. When the 
electrical current is switched on, the 
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table vibrates at a predetermined 
frequency. The vibrations cause the 
roundest or blockiest shapes to roll 
quickly into the bin at the bottom end 
and the others to bounce their way 
into different bins higher up on the 
table. Because they are the least able 
to roll, the flattest and most 
needle-shaped particles travel to the 
highest bin. This method, the most 
ingenious ever devised for sorting 
shapes, is now a production process, 
but it is also used continuously at the 
D.R.L. as a control check and for 
experimental work connected with the 
development of new diamond 
products. 

‘The Friatester was designed and 
built, and has been modified many 
times, at the Laboratory. In its present 
form, it is a highly sophisticated 
electronic device for measuring rapidly 
and accurately the strength of any 
kind of diamond abrasive and _ its 
resistance to impact. It imparts to the 
grit particles a strictly controlled form 
of comminution for a predetermined 
time, after which readings are taken. 
The measure of strength, referred to as 
the Friatest Index, or F.I., is defined 
as the number of cycles required to 
reduce a specified quantity of the grit 
to 50% of its original weight of on-size 
material, when the machine is run ata 
certain number of revolutions. Infinite 
accuracy is the keynote of the 
Friatester, which gives readings to four 
decimal points. 

One of the most dramatic 
developments in grit processing has 
been the introduction of metal clad 
diamonds. Years of research proved 
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that the jacketing of diamond particles 
with a continuous metal coat — 
sometimes nickel, sometimes copper 
or sometimes a composite of several 
metals — would improve the keying of 
the particle in the bond of a grinding 
wheel, since metal adheres more 
readily to resin than does diamond. 
Furthermore, it was shown that the 
metal coat served to retain the 
fractured particles of diamond, 
thereby prolonging the life of the 
grinding wheel. Finally, it was 
reasoned, and proved, that the metal, 
being a slower thermal conductor than 
diamond, would slow down the 
transmission of heat from the point of 
contact between the grinding wheel 
and the material being ground, thus 
avoiding charring of the bond. All 
things being equal, a grinding wheel 
containing metal clad diamond, lasts 
more than twice as long as a wheel 
containing unclad diamond. 
New Fields to Conquer 

The D.R.L. introduced a new 
concept in its endeavors to find 
“improved and new uses for diamond 
grit” — in accordance with Sir Ernest 
Oppenheimer’s wishes — when it set 
up a grinding center. Initially a 
research tool for testing grit products, 
it was extended in scope to provide a 
service to diamond grinding wheel 
manufacturers by helping them to 
optimize the conditions under which 
diamond would grind more efficiently 
than any other abrasive. 

One of the grinding center’s most 
far-reaching achievements was the 
discovery that a new grit which the 
Laboratory had developed would grind 
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steel more economically than did the 
conventional types of abrasive — 
aluminum oxide and silicon carbide. 
The range of successful applications is 
not complete, but for some 
hard-to-grind steels the economic 
threshold has been passed and 
diamond is, or should be, the preferred 
abrasive. 

While DXDA-MC — the name given 
to the metal clad diamond abrasive 
developed by the D.R.L. specifically 
for steel grinding — is greatly superior 
in grinding efficiency to conventional 
abrasives, diamond grinding may still 
appear, on the face of it, to be a more 
expensive way of machining because 
of the high intrinsic cost. However, 
there are often unexpected advantages 
which may far outweigh small 
differences in the actual cost of 
machining. Typical of these is the 
strengthening of the physical 
properties of the steel being ground. In 
a test where ground specimens were 
subjected to repeated tensile stresses, 
the pieces of steel that had been 
ground with aluminum oxide failed at 
200,000 cycles; those ground with 
diamond were still intact after 
7,500,000 cycles. 

A similar service is extended by the 
Diamond Research Laboratory to the 
manufacturers and users of diamond 
saw blades. Apart from evaluating the 
performance of De Beers own saw 
abrasives, the well-equipped saw bay 
cuts up rock of various compositions 
and hardnesses in order to assess the 
optimum wear rate under such saw 
blade parameters as diamond grit size, 
diamond concentration, diameter of 
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blade, etc., and machine parameters 
like peripheral speed of the saw, infeed 
rate, depth of cut and volume of 
coolant. 


SDA100 is a superior synthetic diamond 
abrasive used for sawing applications. 


In recent years, there has beet an 
upsurge of diamond usage in the 
building and construction industry. To 
encourage this demand the D.R.L. has 
set up its own concrete casting 
department which supplies reinforced 
concrete slabs to the saw bay. These 
are cut under the same carefully 
controlled conditions and the saw 
bay’s findings are communicated to 
blade manufacturers and concrete 
sawing contractors all over the world. 
The success or failure of diamond 
products in these areas is greatly 
dependent upon the D.R.L.’s 
understanding of the technical nature 
of the problems involved. 

Turning to diamonds whose shape 
and surface ‘characteristics are visible 
to the naked eye, the users of diamond 
drill crowns will remember a serious 
shortage of good drilling material in 
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the late 1950’s. D.R.L. scientists — in 
cooperation with major drilling 
companies throughout the world ~ 
evolved a processed form of drilling 
diamond that could be guaranteed to 
give reproducible results. The end 
product, Hardcore, freed the industry 
from the shackles of a particle size 
distribution imposed by nature and 
allowed the diamond drill 
manufacturer to choose the size of 
diamond appropriate for the job and 
not just that which was available. 

The D.R.L. has a department for 
testing diamond drill crowns in much 
the same way that the grinding center 
and the saw bay test wheels and saws. 
This department, too, after long 
involvement with rock drilling — an 
essential adjunct to mining — has now 
turned its attention to the building 
and construction industry where 
diamond has wide usage and even 
wider potential. 

Diamond Types 

But the hurly burly of producing, 
testing and proving better diamonds 
for industrial application is far from 
being the only activity of the D.R_L. 
On a more fundamental plane, the 
separation of diamonds into distinct, 
recognizable types was one of the 
earlier subjects of research at the 
Laboratory. For example, it was first 
shown that diamonds could be divided 
into two main categories, Type I and 
Type II, of which diamonds of Type I 
are by far the most common. This 
type contains up to 0.2% of nitrogen, 
mainly in the form of precipitates, 
whereas Type II diamonds contain 
nitrogen in negligible quantities and 
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are therefore purer.. A rare natural 
form of Type I diamond was then 
discovered at the Laboratory. In these 
diamonds the nitrogen is included in 
the form of single substitutional atoms 
and not in platelets as is the case with 
the majority, which the D.R.L. then 
classified Type Ia, reserving the 
classification Ib for the rarer type 
containing dispersed nitrogen. 

It was once believed that all 
diamonds occurring in nature were 
perfect electrical insulators. This was 
disproved at the D.R.L. when two gem 
diamonds in a sample of concentrates 
failed to respond to electrostatic 
separation (a method developed by the 
Laboratory to separate diamonds from 
other heavy minerals in mined 
concentrates). Further investigation 
showed that these diamonds, of Type 
II variety, possessed a _ hitherto 
unknown property of semiconduction 
and were capable of rectifying electric 
current passed through them. This 
called for a further subdivision into 
Type Ila, the good insulators, and 
Type Ib, the semiconductors. The 
D.R.L. found that the electrical 
resistance of Type IIb diamonds was 
highly sensitive. to changes in 
temperature. Linked with electrical 
measuring apparatus, these diamonds 
detect and record changes in 
temperature as small as one 
five-hundredth of a degree centigrade, 
making them suitable for medical 
instruments and in industries where 
the accurate and rapid monitoring of 
temperature is of vital importance. 
Type IIb diamonds are also 
incorporated in space satellites for 
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measuring temperature conditions in 
space. 

Type II diamonds of gem quality 
have a thermal conductivity, at room 
temperature, very much greater than 
any other solid. They are therefore 
finding increasing use as heat sinks in a 
wide range of semiconductor devices, 
where the dissipation of heat is a 
serious problem. In the past, heat sinks 
have generally been made of copper 
but miniaturization demands smaller 
and more efficient heat dissipation. 
The use of a diamond as the heat sink 
in one particular electronic device has 
made it possible to increase power 
output from 2 watts to 15 watts 
without it being necessary to increase 
the physical size of the device. 

Color, Quality and Hardness 

Because the color of diamond is of 
great interest, not only to pure 
scientists but also to the gem industry, 
it has been studied extensively at the 
D.R.L. Pure, perfect diamond is 
colorless since it does not absorb light 
in the visible spectrum. Some Type Ila 
diamonds fall into this category, 
although the majority exhibit a 
brownish color. The color of the Type 
I diamond is dependent on the mode 
of inclusion of nitrogen, some being 
colorless (because they absorb light 
only in the ultraviolet region of the 
spectrum) and others being yellow or 
greenish yellow. 

One of the methods used by 
scientists at the D.R.L. to study 
defects in diamonds has been the 
deliberate inducement of defects by 
irradiation. The instrument used to 
accomplish this is a 2 million volt 
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electron accelerator (now being 
operated at the University of the 
Witwatersrand, in Johannesburg, on 
De Beers’ behalf), in which diamonds 
are bombarded with electrons. The 
principal effect is to change the color 
of the diamond, though the color 
change is usually only skin-deep. 
Neutron bombardment effects a more 
drastic color change which pervades 
the whole diamond. Controlled 
heating of certain electron-irradiated 
diamonds in diffused light induces a 
further color change but when these 
diamonds (so-called chameleon 
diamonds) are exposed to sunlight 
they revert to their original color. This 
work, while providing a _ better 
understanding of diamond physics, 
clearly established that the artificial 
coloration of diamonds by irradiation, 
cannot change a brown or yellow 
stone to white; nor can it make a bad 
diamond into a good one. 

Further research into the 
mechanical properties of diamond 
verified that all diamonds have what is 
called a “hard” direction and a “soft” 
direction. This fact, long recognized 
by diamond cutters, is of great 
importance in engineering applications 
because even slight changes in the 
orientation of a diamond lead to a 
marked reduction in abrasion 
hardness. Proper orientation has 
increased the wear resistance of a tool 
by as much as 240% and some years 
ago the D.R.L. developed an X-ray 
image intensifier method to orient 
diamonds rapidly and unambiguously. 

So important is diamond in 
engineering operations that much of 
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the work being done today, by 
scientists at the D.R.L. and _ its 
sponsored university. teams, is 
connected with the mechanical 
properties of diamond. The studies 
include the effect of parameters such 
as orientation, strain and inclusions on 
the behavior of single point diamond 
tools, and the friction between 
diamond and a variety of workpieces 
in different environments. Another of 
the projects holds considerable interest 
for the gem diamond trade. For some 
‘time jewelers and gemologists have 
been discontented with the 
exploitation of the Mohs hardness 
scale by the advertisers... of YAG 
(yttrium aluminium garnet) synthetic 
spinel and other diamond imitations. 
This outmoded scale, which merely 
lists a number of materials in order of 
hardness, has been quoted time and 
time again, somewhat unfairly, to 
show an apparently small difference 
between diamond (10 on the Mohs 
scale) and the imitations (between 8 
and 9). A graph drawn of the relative 
hardness of materials listed on the 
Mohs scale takes a steep upward curve 
between 8 and 10 so that, in fact, the 
difference is infinitely wider than is 
claimed by advertisers of the 
manufactured -imitations. 
Consequently these are indented or 
scratched many times more readily 
than is a diamond. To assist the 
jewelers to refute exaggerated claims, 
the D.R.L. has initiated a full-scale 
program at Exeter University in the 
United Kingdom. The scientifically 
based hardness scale which will emerge 
is to be widely publicized and will do 
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much to place the YAG’s and the 
Lasalites and all the other imitations in 
their true perspective. 

Service to the Mines 

The part played by the D.R.L. in 
facilitating the processes of mining and 
recovery is incalculable. One of the 
most important functions of the 
Laboratory since its inception has 
been to provide technical assistance 
and advice to the diamond producers. 
Down the years this has included the 
invention of new processes and the 
refinement of old ones. It has included 
the design and construction of pilot 
plants, their testing in the Laboratory 
and in situ and ultimately their 
commissioning ~as_ fully-fledged 
production units. It includes, too, the 
full-time secondment of senior 
technical officers from the D.R.L. to 
various mines and today it is not 
unusual on any given day to find mote 
than half the personnel of the 
Laboratory’s Mines Division in the 
field. 

In many ways diamond mining is 
quite unlike any other kind of mining. 
To start with, the diamond must be 
recovered undamaged from its ore; its 
presence in the ground cannot be 
determined by chemical assay 
methods, as is the case with most 
minerals; and the end product, though 
small in size, is many times more 
valuable, weight for weight, than any 
other mineral. This means that 
diamond mines can afford to treat a 
ratio of waste material to end product 
that would be quite unthinkable on 
any other mine. The ratio is as high as 
one hundred million parts of waste to 
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one part of diamond at Consolidated 
Diamond Mines. In the richest 


Kimberlite it is between 15 and 20 


million to one. 

Getting the diamonds out of the 
ground and into the sorthouse more 
quickly, more efficiently -— and 
therefore more cheaply — has always 
been the concern of the mining and 
metallurgical division of the D.R.L. 
Research was started as early as 1947, 
the year the Laboratory was opened, 
into a method of separation based oh 
the fact that nearly all diamonds are 
poor conductors of electricity. This 
method, known as_ electrostatic 
separation, proved very effective for 
the treatment of alluvial gravels, 
especially the heavy gravel from the 
marine terrace deposits in South West 
Africa. The electrostatic method was 
also introduced at various pipe mines 
to simplify the recovery of diamonds 
smaller than 10 U.S. mesh. 

The secondary recovery of 
diamonds usually involves some form 
of grease adherence. Even before the 
turn of the century it had been 
observed that diamonds adhered 
firmly to grease whereas many of the 
minerals found in association with it 
did not. Diamonds repel water and this 
“nonwettable” characteristic led to 
the early development of the grease 
table, which involves washing the final 
concentrates over a series of angled 
surfaces thickly smeared with grease. 
Many alluvial diamonds have 
developed a molecular skin of mineral 
salts and thus lose their tendency to 
repel water. Because of this, grease 
tables were largely ineffective at 
Consolidated Diamond Mines and the 
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D.R.L. was commissioned to solve the 
problem. The Laboratory devised a 
method of chemically conditioning the 
diamond concentrates with a reagent 
which restored a nonwettable surface 
to the diamonds, and then designed 
the grease belt, a quicker and more 
efficient grease recovery method than 
the grease table. Grease belts have 
replaced grease tables at almost all the 
De Beers mines in South Africa, 
including the central treatment plant 
at Kimberley which serves the three 
producing pipe mines in that area. 

For the purpose of checking the 
efficiency of grease recovery and 
electrostatic separators, the D.R.L. 
invented a new machine which was 
based on the principles of light 
transmission, reflection and scatter by 
the diamond when it passes through a 
sharply focused narrow beam of visible 
light. The light impulse from the 
diamond is picked up by a 
photomultiplier, whose amplified 
signal is made to trigger a gate that 
diverts the diamond from the stream 
of gravels. This machine serves as an 
efficient policeman in controlling the 
recovery efficiency in the treatment 
plants. 

A New Dimension 

It became apparent, after 15 years, 
that test tube and pilot plant 
experiments at the D.R.L. would no 
longer solve intricate mining problems 
and a completely new laboratory — 
large enough to house full-scale 
recovery equipment and to handle 
large tonnages of gravel from the 
mines — was erected in 1962. The 


years which followed must rate as the 
most productive in the Mines 


75 


Division’s history. Through the 
development of team expertise, the 
whole approach towards diamond 
recovery has been altered and has 
reached a degree of sophistication 
undreamed of in earlier days. The final 
stages of this are now being seen, with 
the adoption of computer techniques 
to control recovery plant operation. 
Amongst the most recent 
innovations, for which the D.R.L. has 
been responsible, is the X-ray 
separator which now seems destined to 
become the successor to the grease 
belt and grease table. The principle 
behind the operation of this device 
employs a property of diamond never 
before put to use in diamond recovery, 
namely that a diamond will emit a 
blue fluorescence when irradiated by 
X-rays. The concentrates are fed onto 
a fast-moving belt in the separator and 
as they move towards the collecting 
bins they pass through an X-ray beam 
which causes the diamond to 


fluoresce. A photo-multiplier detects 
this fluorescence and activates an air 
ejector which blows the diamonds out 
of the trajectory into a separate 
collecting bin. The efficiency of this 
machine is extremely high and the 
concentration ratio the most 
satisfactory yet achieved. The practical 
application of these developments can 
be seen at Orapa Mine in Botswana, 
which has the most modern diamond 
recovery plant in the world, a plant 
which was not only the brainchild of 
the De Beers Diamond Research 
Laboratory but was built under the 
supervision of D.R.L. scientists and 
technicians and finally commissioned 
by them. 

This involvement in the long-range 
plans of the diamond industry, as 
much as in its day-to-day problems, is 
a justification for the $3,000,000 that 
is spent annually on maintaining the 
Laboratory and an indication of how 
well it is fulfilling the hopes of its 
founder. 


THE STEREOSCAN — This 


scanning examining and photographing specimens, 


electron microscope is used at the DRL for with a magnification range from 20 times to 


100,000. 
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Muzo Emerald Mine : ; 


THE END RESULT — These fine Colombian emeralds have total weight of 43 
carats, priced at $5,000 per carat, or $215,000. 


A Visit 


BY 
JOSEPH W. TENHAGEN, F.G.A., G.G. 
South Miami, Florida 


A trip to the Muzo Emerald Mine is 
really a gemologist’s dream come true. 

Due to the many difficulties and 
obstacles involved, I am probably one 
of the few gemologists in recent times 
to visit the famous Muzo Emerald 
Mine in Colombia, South America. 
Because of government restrictions, it 
is almost impossible to get permission 
to enter the area. Only with a letter of 
authorization from Empressa 
Colombiana de Minas, ‘“Ecominas,” 
could a venture be attempted. 
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The difficult drive to the mine 
began twelve hours late because of 
various and unavoidable delays. There 
are only 38 miles of paved highway 
and approximately 112 miles of very 
rough unpaved, secondary to barely 
passable roads. Further, the travel was 
undertaken in a 1956 Ford station 
wagon, since newer models in 
Colombia are very scarce. 

Under such circumstances, other 
delays were to be expected. We had a 
flat tire in the village of Chiquinquira 
and, since it was already late in the 
day, we spent the night there. The 
next morning we left Chiquinquira and 
were even further delayed by an 
accident two hours or so later when 
our wagon collided with a large dump 
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AT THE. “SITE — This is the Muzo Mine area, eh reaeetne bank in center. 
The principal guard tower is in foreground and there is graded road on top of bank. 


Dark areas are shale where emeralds are found. 


truck on a narrow mountain road. | 
thought we would never complete our 
journey. 

After seven hours of hard driving, 
however, we finally completed our 
journey. Because the entire area is 
under strict military control, we were 
stopped six times by army patrols and 
searched three times. But the hazards 
of the 55 miles from Chiquinquira to 
Muzo are overshadowed by the great 
natural beauty of this rugged country, 
remaining virtually unmarred by man. 

The mine is located in an ex- 
tremely hot and humid valley, and 
the surroundings are dense with 
vegetation. The tour of the mine 
area was conducted by Senor Oscar 
Escobar, mine administrator; Luis 
Bareto, mine superintendent, and four 
soldiers. The vastness and ruggedness 
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of the mine area was most impressive. 
The best means of travel is by 
horseback. Tequendama bank, the 
term used by the Colombians for the 


Muzo 


TYPICAL FINDING — 
emeralds typically occur in white 
calcite and dark shale. 
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productive area. 


working face, is the most important- 
area for emerald exploitation. This is 
the same bank (working face) that the 
Spaniards started working 300 to 50C€ 
years ago. Some of the finest emeralds 
in existence today came from here. At 
Muzo, there are five or six banks 
(areas) capable of producing emeralds. 
Only two are presently being worked. 
The others will be available for future 
emerald mining. 

The open pit method of mining is 
used in the two banks presently being 
worked. Emeralds at Muzo have 
certain distinguishing characteristics. 
They occur in white calcite veins 
situated in a black, sooty 
carbonaceous shale and limestone. The 
bedding planes of the shale at 
Tequendama bank are vertical in some 
areas and twisted in others due to 


FALL, 1972 


metamorphism. The emerald-bearing 
strata is either dynamited or 
bulldozed, then broken by geology 
hammers. The emeralds are then 
picked out of the broken shale. (Only 
geologists handle the emeralds, the 
miners do not.) 
Water Used 

Water is also used in the recovery of 
emeralds. The emerald-bearing, strata 
is washed down from Tequendama 
bank into two canals, or streams. One 
is the Julio canal and the other is the 
“death canal,’ so named because seven 
poachers have been killed by the 
guards here in the last several years. 
The gravel is shoveled out of the 
stream bed and checked by hand for 
emeralds. As emeralds are found, they 
are immediately placed in a 
double-locked bag carried by the 
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TWISTING AND TURNING 
Tequendama bank. 


geologists. At the end of the day these 
are taken to the mine encampment 
and placed under strict security 
conditions. The rough emeralds are 
transferred to the “Banco de la 
Republica” in Bogota by helicopter 
for ultimate cutting and sale by 
“Ecominas.” 

The associated minerals at Muzo are 
calcite, dolomite, quartz, pyrite, chal- 
copyrite, barite, limonite, malachite, 
azurite and parisite, known there as 
Muzoite. Parisite forms ‘in 
yellow-brown prismatic crystals 
terminated by a basal cleavage. It has a 
chemical composition of [(Ce, La)]| 
F,CaCO,; with a refractive index of 
1.676 — 1.757, birefringence of 0.081, 
specific gravity of 4.35 and a hardness 
of 4 1/2. Muzo is the only emerald 
mine in the world where parisite is 
found as an inclusion. 


80 


; x _ . - " ew 
bedding planes are shown at 


I was most fortunate in obtaining a 
nice crystal for my collection. The 
emerald crystals at Muzo are found as 
hexagonal prisms terminated by a 
basal pinacoid. Sometimes they are 


BURIED TREASURE — Parisite crystal 
found embedded in calcite from Muzo. 
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modified by pyramid faces. Emeralds 
crystallize in the hexagonal system 
with a chemical composition of 
Be3Al, (Si 03)¢. Muzo emeralds have 
a tefractive index of 1.578 — 1.584, 
birefringence of 0.006, and a specific 
gravity of 2.71. 

Their color is yellowish-green and 
they are. characterized by their typical 
three phased inclusions consisting of a 
liquid, a gas and a solid. These 
inclusions are generally a flat cavity 
with a jagged or spiky outline. At 
Muzo, pyrite is associated with 
emerald in the calcite, but not found 
as an inclusion in these stones as they 
are in Chivor stones. Trapiche 
emeralds are also found at Muzo. 

Tight Security 

In addition to the government 
restrictions and security regulations 
already mentioned, very tight security 
measures are also enforced at the 
mine. There are guard towers stationed 
throughout equipped with telephones 
and searchlights. Each station is 
manned by at least one soldier armed 
with a rifle. They are manned 24 hours 
a day, with mounted patrols and 
police dogs supplementing the guard 
towers. In spite of all this, a hundred 
or more poachers a day are ejected 
from the mine area. They are rounded 
up like so many cattle, herded into 
trucks and removed from _ the 
immediate area. 

This journey is hopefully only one 
of many more trips to gain further 
knowledge and insight into the mining, 
identification and marketing of 
Colombian emeralds. On my return to 
Bogota, it was my good fortune to 
have lunch with Dr. Hugo Canizares, 
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Interventor de Esmeraldas, Ministry of 
Mines. We discussed the various 
aspects of the trip and the possibility 
of future ones..I have since received 
permission to revisit Muzo in addition 
to Cozquez, Pinas Blancas and Gachala 
Emerald Mines. 

Also, while in Bogota, I saw a large 
Trapiche emerald crystal, 1 1/2” by 1” 
wide. I was fortunate in obtaining one 
for my collection, a Muzo-type 
Trapiche. which is 12 mm long by 10 
mm wide, weighing 10.62 carats. 

This trip was an _ enlightening 
experience. It was the result of a 
dream that involved much time, 
planning and, most important, the 
efforts of many people. My sincere 
thanks are extended to Dr. Canizares; 
Dr. Jaime Gama, Gerente General of 
Econimas; Senor Oscar Escobar, Muzo 
mine administrator; and Senor Luis E. 
Bareto, geologist and Muzo mine 
superintendent. A special thanks to 
my good friend, Senor Francisco 
Farkac, prominent emerald dealer of 
Dagmar Ltd. at the hotel Tequendama 
in Bogota. Without their continuous 
help and support, this trip would not 
have been possible. 
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Developments 
and Highlights 


at Ge I Ay’s Lab 


in New York 


by 
ROBERT CROWNINGSHIELD 


Television viewers who sat almost 
on top of their color sets were startled 
some years back when investigators 
revealed the possibility of radioactive 
leakage from those sets. 

Evidently, though, that 
phenomenon isn’t solely restricted to 
television sets — for example, GIA’s 
New York laboratory recently studied 
a rare, radium-treated green diamond. 

In Figure J is shown a beautiful 
ting set with an approximately 6-carat 
Lisbon-cut brilliant of an attractive 
yellow-green color. Under 
magnification we could see dark spots 
on the surface indicating 
radium-bromide treatment. When the 
stone was tested with a Geiger tube, it 
registered well above readings we have 
secured on-such things as luminous 
dial watches. When the stone was 
placed table down on a bare film for 
fifteen minutes in the dark and the 
film developed, an unmistakable 
darkening was evident. Left on 
another film over a week-end, the film 
was completely blackened. These tests 
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indicate that the stone is very highly 
radioactive — but not so radioactive as 
to glow in the dark, as has been 
reported by Robert Webster. Figure 2 
shows some of the surface spots on 
this diamond. It would seem unwise 
for the owner of this stone to wear it 
regularly. 
More on 
Treated Diamonds 


Other treated diamonds seen 


recently in the Laboratory included an 


Figure 1 


Figure 2 
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intense-yellow round-brilliant of some 
20 carats and a lot of some 50 carats 
of round-blue brilliants all of the same 
attractive intense-blue color, 
somewhat like that of the best fired 
zircons. The latter diamonds were 
kindly shown to us by Mr. Harry 
Neiman, of Nu-Age Products, Hyde 
Park, Massachusetts, as representative 
of some of the newer colors his firm 
can produce. 
An Age-Old Problem 

One request which the Laboratories 
have had little success in answering is 
the matter of identifying so-called 
grave-old jade. Nephrite which has 
been buried for long periods of time 
will alter, becoming, in some cases, 
chalky or bonelike: Unfortunately, the 
appearance can be falsified by heat 
and possibly chemicals. Although 
curators for collections of old jade 
must have done research on the 
problem, we have been unable to find 
any reference in the literature which 
will help in determining such altered 
material. It is definitely, at least on the 
surface, no longer nephrite. In some 
cases, it is impossible — with 
nondestructive tests — to determine if 
a piece was even nephrite originally. 


Figure 4 


Recently, in a lot of stones given to 
the GIA, were found a series of 
drilled-nephrite discs. A few were 
clearly well polished nephrite, but 
most appeared to have suffered more 
or less damage — probably from heat. 
It was of interest to note that those 
stones which had suffered damage to 
the point that the disc was still 
translucent, but the stone had become 
brownish in color, showed very 
distinct absorption lines which have 
been recorded but are seldom seen in 
nephrite. The strongest is at 4980A 
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Figure 5 


with weaker associated lines, especially 
one at approximately 5010A (Figure 
3). Apparently undamaged discs did 
not show the lines. In Figure 4 
undamaged stones are on the left and 
the stone that appears to be most 
altered is in the center. All but the 
center stone sank in bromoform with a 
specific gravity of 2.85, indicating a 
possible mineral alteration. 
Paraffin . . . its Pros and Cons 

Multi-colored jadeite necklaces 
seem to be increasing in popularity. In 
most cases when we have tested such 
bead necklaces we have found all but 
the black beads to be natural-colored 
jadeite. In most cases, the black beads 
have been nephrite, so that the 
necklace is technically a jade necklace. 
The black beads in the necklace — 
shown in Figure 5 — proved to be 
serpentine. However, the necklace was 
submitted bécause the client had 
noted wax or paraffin in the drill 
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Figure 6 


holes. 

We have been informed that a final 
paraffin treatment is customary in the 
preparation of jewelry jades, 
particularly if any of the processes has 
included tumbling, as it might very 
well be in the case of round beads. The 
paraffin disguises unsightly fractures 
produced by the tumbling — fractures 
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Figure 7 


too shallow in most cases to affect 
durability. However, in the case of 
very thin flat cabochons or carved 
pieces the fractures may be serious and 
setters will break what should be a 
very tough stone (Figure 6). This stone 
is one of several broken in setting and 
submitted to the Laboratory. It 
appears that the material contained 
more fracturing than usual but the 
fractures were disguised by paraffin 
with the result that setters did not 
exercise due caution. This is the same 
trouble we have reported with oiled 
emeralds. 
A Spinel Oddity 

Figure 7 is an unusual bib necklace 
containing hundreds of nearly 
identically-colored red spinels, pearls 
and natural-colorless sapphires. The 
spinels were unusual to us in that 
many seemed to be merely faceted 
octahedra or distorted octahedra 
{shown in Figures 8 and 9). The effect 
was pleasing but the whole piece 
seemed oddly like costume jewelry. 
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Smoky Quartz 
We received a selection of various 
stones from New York dealer, Allan 
Caplan. Among the stones were good 
examples of a smoky-brown quartz of 
the type that heat treats to a clear, 
attractive yellow. One dichroic color 


Figure 8 
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of the unheated stone is the yellow 
one sees in the heated stone. Other 
smoky quartz we have does not have 
the yellow dichroic direction and we 
assume would not “burn” to a good 
yellow color. 
An Unusual Inclusion 
in Diamond 

We recently encountered an almost 
complete octahedral inclusion in a 
round-diamond brilliant. The inclusion 
is slightly frosted which makes it 
possible to see the entire crystal. The 
tip of the inclusion was polished away 
when the table of. the brilliant was 
polished; but as one would expect, 
since it is the soft direction, there is no 
evidence visible under ordinary 
magnification. 


Figure 9 


Developments and Highlights 


at Gr I AW’s Lab 
in Los Angeles 


by 
RICHARD T. LIDDICOAT, JR. 


Turquois and Matrix 

Leave it to GIA students to come 
up with the unusual - in this case, two 
unusual stones recently brought in for 
identification. One had been treated 
and one had not. They proved to be 
turquois in matrix and, in each case, 
the interesting feature proved to be 
the matrix. 

In Figure 1, across the bottom of 
the cabochon, is a metallic mineral 
that appeared to be almost white in 
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color but which proved to be pyrite. 
There are other metallic areas in the 
center and at the top right-hand corner 
of the cabochon. When the black areas 
were tested, they proved to be 
sphalerite. The turquois had not been 
treated. 

Within a few days of the receipt of 
that specimen, we received another 
turquois cabochon which also had 
areas of black matrix. As in the first 
instance, the turquois itself had not 
been treated, but gaps in the material 
had been filled in with a black, 
nearly-transparent plastic material in 
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Figure 1 


Figure 2 


which there were spangles. Apparently 
the reflective objects were pyrite 
fragments, although these were not 
identified except visually. There were 
also some inclusions with metallic 
luster in the material: Figure 2 shows 
the black areas from the top side of 
the cabochon, and Figure 3 illustrates 
the spangled effect in the area of the 
lower side that had’ been filled with 
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plastic material to improve the shape 
of the rather irregular cabochon. 
Imitation of An Imitation 
Among the items sent to us for 
testing, we encountered a dark-green 
stone that at first glance appeared to 
be a very dark, black opal with a green 
play of color. A more careful 
inspection suggested that it might be a 
goldstone with a lower-than-usual 


concentration of metallic crystals. 
Shown in Figure 4, at approximately 
10 X magnification, it was easy to see 
the 


that metallic 


War. 
Dy 


highly-reflective 


Figure 3 


flakes were flat crystals or plates that 
appeared to be hematite. Apparently 
the maker had used specular iron ore 
as a source of the flakes that were 
dropped into the glass. This is an 
interesting looking imitation. Two 
individual grains are shown in Figure 5 
under about 25 X magnification. 
Inclusions in Quartz 

We examined a quartz that had 
been sent in for identification and 
noted many included crystals. They 
are shown under 10 X in Figure 6. The 
largest of the inclusions is shown 
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Figure 4 


Figure 5 
under higher magnification in Figure 
7. The behavior of the combination in 
polarized light led Chuck Fryer to the 
conclusion that the main inclusions 
were calcite. 
Black Opal 

A rather attractive black opal was 
examined to determine whether it was 
of natural color, or had been treated. 
It was noted that some areas of 
the stone were unusually transparent. 
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Figure 8 was taken in transmitted 
light. It may be seen that all along one 
side of the cabochon the stone showed 
a high degree of transparency, and that 
there was one other area of 
transparency on the other side of a 
very dense central area. 
A Classic Fingerprint 
Anyone who has examined 


inclusions in natural gemstones has no 


Figure 6 


Figure 7 
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difficulty in appreciating why the term 
fingerprint was coined to describe the 
typical patterns seen in corundum and 
many other natural gemstones. 
Recently we encountered a pattern in 
a natural spinel that was so like the 
print of an index finger that we 
photographed it. It is shown in Figure 
9. It is even more lifelike than the 
average, more angular fingerprint 
inclusion. 
Asteriated Quartz 

A quartz cabochon was brought in 
because. of the rather interesting 
pattern . of inclusions that were 
arranged in a form that created a 
six-rayed star. This was not the usual 
star, but six dark rays caused by a 
concentration of the inclusions. The 
elongated inclusions had a reddish 
color. The pattern is shown best in 
Figure 10, but it is also visible, and the 
inclusions are seen somewhat more 
clearly in Figure IJ taken under 
slightly higher magnification. The 
concentration of the needles makes for 
a just slightly-darker line at the planes 
where the right-and left-handed 
twinned portions join. 


Diamond Pyromania 

Recently, we have examined a 
number of diamonds that have been 
affected to various degrees by 
overheating. The table surface of a 
slightly-burned diamond is shown in 
reflected light in Figure 12. It had not 
been attacked evenly. The photograph, 
taken of reflected light from the table, 
shows the irregular darker areas that 
represent surface pitting. 

A diamond that was severly burned 
is shown in Figure 13. Its table surface 
is shown in Figure 14 under higher 
magnification. It can be seen that the 
etch or burn pits tend to have a 
squarish outline — the expected result 
on a four-point diamond, i.e., one with 
its table parallel to a cube face. 

Additional Comments on 
Laser Drilling of Diamonds 

The usual impression is that laser 
drilling is used to reach a dark 
inclusion in a diamond only when the 
inclusion is so obvious that it gives the 
diamond a grade well into the 
imperfect range. This is not the case. 
Often, laser drilling is used to relieve 
rather small inclusions that reflect 
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Figure 9 


Figure 10 
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badly, or when the dealer believes that 
an inclusion is close enough to the 
surface that changing it from black to 
white would have a material effect on 
the clarity grade of the diamond. S.-n 
an instance is shown in Figures 15 and 
16 As viewed from above, the 
diamond shown in Figure 15 would 
appear to have two small white lines 
going to an inclusion just barely inside 
the lower part of the bezel facet and 
seen again in the lower girdle facet. 
The inclusion is not really highly 
visible. The two white lines made by 
the laser drill holes are actually more 
visible than the inclusion, but before it 
was bleached, the inclusion may have 
been very obvious. These two drill 
holes enter from a lower girdle facet; 
they appear in Figure 16 as two bright 
spots. The inclusion is to their left. It 
appears white in the photograph. 

We were interested to learn recently 
that the Chambre Syndicale Nationale, 
representing the French jewelers, 
issued from Paris on October 25, 
1972, the following statement: “The 
committee calls its members attention 
to the absolute obligation in which all 
the French professionals find 
themselves to outline on memoranda 
and invoices diamonds that have been 
laser treated.” 

The wording adopted by the 
Diamond International Commission of 
the International Confederation of 
Jewelry, Silversmiths, Diamonds, 
Precious Stones and Pearls, during the 
Zurich meeting of July 3, 1972, is as 
follows: “Diamonds which inclusions 
have been artificially modified.” In 
other words, ail French jewelers are on 
notice that any diamond with 
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inclusions that have been drilled by 
laser to bleach out black inclusions 
must be announced to customers. 
New Opal Source 

Recently we received from a 
graduate in Arizona a cut stone and 
two rough pieces of opal from a new 
source in his state. This does not 
appear to be a major development, but 
it is a rather attractive, relatively-dark 
opal with abundant matrix. It would 
lend itself to tumbling and to 
relatively low-quality cabochon 
cutting. It is the first source of opal 
with play-of-color in the state of 
Arizona in our recollection. It is 
always possible when such a new 
source is discovered that better 
qualities will emerge than those first 
discovered. 

Blue Jadelike Material 

We were asked to identify a 
grayish-blue cabochon that was 
relatively attractive. On the basis of its 


Figure 13 


properties, it could be called nephrite 
(refractive indices on the order of 
1.608 to 1.630, and a specific gravity 
near 3.00). However, it was very 
coarsely crystalline which is not a 
nephrite structure and it was actually 
dichroic. An X-ray powder diffraction 
analysis by Chuck Fryer showed it to 
be tremolite. Since nephrite is a term 
applied to a combination of tremolite 


Figure 12 
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Figure 14 


Figure 15 


and actinolite in the amphibole group, 
for a very fine-grained matted 
structure, the person who had the 
material could not be faulted for 
calling it nephrite, even though we 
would not. 

The most interesting feature of this 
material was the fact that it had a 
strong absorption line at 
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Figure 16 
approximately 4370A the position for 
the characteristic jadeite line. This is 
the second time we have encountered 
a material with the refractive index 
and specific gravity of nephrite that 
showed a strong absorption line in the 
jadeite area. 
An Unusual Blue Sapphire 

We received for identification a 

handsome blue sapphire in a mounting 
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Figure 17 


that restricted to some extent the 
opportunity to examine it from all 
directions. In one section it showed 
strong fluorescence to short-wave 
ultraviolet — a characteristic of 
synthetic blue sapphire — and it lacked 
the absorption line in the 4500A area 
that is usual in natural blue sapphires. 
It was a very rare natural sapphire that 
showed no absorption. There are, 
however, some blue sapphires, 
especially those from Ceylon and 
occasionally from Kashmir, that show 
only the faintest and sometimes no 
4500A line. The iron in most natural 
sapphires dampens the fluorescence 
that is usually seen under short-wave 
ultraviolet in the synthetic. An 
examination of this stone when 
immersed showed that the crown 
portion was deeply colored and most 
of the pavilion was almost colorless. 
There was strong color banding in the 
crown area with straight color banding 
very evident and one section with 
parallel bands intersecting the main 
portion (which were relatively parallel 
to the table) at an angle of about 15 to 
20°. If one were to use only 
spectroscopy and fluorescence, the 
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stone would have been identified as 
synthetic, when actually it was an 
attractive natural sapphire. 
Diamond-Shaped Crystals 
in Three-Phase Inclusions 
in Colombian Emerald 

In Figure 17 arrows point to two 
crystals in three-phase inclusions 
which have a diamond shape. In each 
case the gas bubbles appear dark.-in 
these illustrations. 

Cats’ Eye Jadeite 

We had never encountered a 
material that could be described by 
any stretch of imagination as a 
cats’-eye jadeite until a yellowish 
cabochon was brought in for 
identification. A large section of one 
end of the stone had a slightly vague 
but apparent chatoyancy. 

What might appear to be an eye — 
the streak of light running at an angle 
across the trend of the inclusions — 
is actually a reflection of the stone 
holder. The eye was actually at right 
angles to the upper left to lower 
right of the inclusions visible . 


A Plane of Inclusions In a 
Natural Emerald 

Pyrite inclusions are not at all 
unusual in colombian emeralds, but to 
find them as widely dispersed in a 
single plane was seen in Fig. 18 is rare. 
This was a very attractive, if somewhat 
pale, emerald in which we are able to 
photograph all of the rather large 
number of pyrite inclusions - 


Insects in Amber 


Certainly the presence of insects in 
amber specimens from the Baltic.is not 
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unusual. We identified recently a spec- 
imen of amber with many insects. 


Figure 18 


One of the insects was enlarged for 
a photograph at 63X. Fig. 19 


Thauk You 


We wish to express our sincere 
appreciation of the following gifts: 

*DAVID KIRBY, David & Joseph 
Gem Co., Los Angeles, California, for 
an unusual glass jade imitation. 

*ARCHIE CURTIS, recent 
Resident Graduate, Los Angeles, 
California, for a mixed assortment of 
cut stones. 

*J. FRANK GOLDEN, Dallas, 
Texas, for the following rough 
specimens: peach beryl, golden and 
blue topaz, jadeite slab, quartz crystal 
group from Arkansas and an Hawaiian 
black coral. 

*NAFTULE FILS, Geneva and 
Nafco Gems, Ltd., New York, for 
several attractive East African gems. 
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Figure 19 
*SHERI HEMPHILL, recent 
Resident Graduate, La Porte’s 


Jewelers, Pacific Grove, California, for 
a fine assortment of mounted colored 
stones. 

*RUSSELL C. PATTIE, of Miller 
and Woodward, Lexington, Kentucky, 
for several gemstones that will be put 
to use for identification purposes. 

*JOSEPH BEST, GIA student, 
California, for a fine selection of 
assorted stones. 

*ED BORGATTA, Ph.D., G.G., for 
lapis lazuli cabochons 

*JERRY CALL, former staff 
member, for a wide selection of 
citrines showing a wide range of color. 
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* AN ESSAY ABOUT THE ORIGINE 
AND VIRTUES OF GEMS by Robert 
Boyle. Facsimile of the 1672 Edition. 
Published by Hafner Publishing Company, 
New York, 1972. Clothbound. 185 pages. 
Price: Upon request from the publisher. 

(Editor’s note: All quotes contained in 
the following review are given in modern 
English usage.) 

“That the Scarcity, the Luster and the 
Preciousness of Gems have made them in all 
ages to be reckoned among the finest and 
choicest of Natures Productions, is generally 
granted. But whether the Books, that have 
been divulged of them, be answerable to the 
Nobleness of the Subject, seems not to me 
so unquestionable...” 

Robert Boyle (1626 — 1691), British 
scientist and philosopher, who contributed 
to several areas of science, is considered by 
many to be the father of chemistry. His 
Essay on gems stands clearly as the first 
scientific contribution in the history of 
crystallography. In his Essay, Boyle 
recognizes “the mixture of metals and other 
mineral sources,”. which marks the 
beginning of the knowledge of crystal 
structure. He describes the formation of 
many crystals and explores the tendency of 
some gems and diamonds to cleave along 
crystal planes. He further adds a number of 
references to medical practices of the day. 

This particular work is one volume of a 
reprint series on the Contributions to the 
History of Geology, and has been carefully 
edited by George W. White, Research 
Professor of Geology at the University of 
Illinois. It is indeed significant for, at the 
time of its publication. it was far more than 
another book on the lore of gems. Today we 
realize that this highly sophisticated book, 
which appeared in 1672, opened a whole 
new world of experimental mineralogy. 

The book is divided into two sections. 
The first section contains Boyle’s five 
arguments supporting his theory on crystal 
growth. Essentially he notes that crystals 
form from solutions and concludes that 
transparent gems have similar origin and 
structure. His fourth argument, in 
particular, is most fascinating. It states that 
the color of some gems is accidental, due to 
a “colored fluid’ or “mineral exhalation” 
and that this color is sometimes lost if the 
gem is heated. Today, of course, we employ 
these ideas, referring to allochromatic stones 
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and the use of heat to improve the color of 
many gems. 

Section II of the ORIGINE AND 
VIRTURES OF GEMS deals with 
seventeenth century mystical as well as 
medical practices involving pharmaceutical 
uses of gems. Here, Boyle’s scientific 
skepticism is fully revealed — he dismisses 
the magical and conceeds to the medical. 
One such startling and noteworthy 
observation involves the toxic effects of 
mercury in combination with solutions over 
long periods of time. 

Boyle then continues, touching on 
geological formations, effects of 
earthquakes, volcanic eruptions and shifting 

of land masses. 

Robert Boyle’s 300-year old AN ESSAY 
ABOUT THE ORIGINE AND VIRTUES 
OF GEMS is doubtlessly brilliant and 
without question, timeless. Reprints such as 
this afford the well needed bridging of past 
with present. S.K. 

Editor’s Note of Interest: Zeitlin & Ver 
Brugg Booksellers list a First Edition of 
Boyle’s ESSAY at $1,400.00. 


* ANTIQUE JADE by Oscar 
Luzzatto-Bilitz. Published by The Hamlyn 
Publishing Group, Ltd., Middlesex, England. 
Available in the United States from Tudor 
Publishing Co., New York, Clothbound. 158 
pages. 71 color plates. Price: $2.95. 

With some frequency, someone in some 
part of the world publishes a book on jade. 
The newest publication on this subject is the 
work of Oscar Luzzatto-Bilitz, entitled 
ANTIQUE JADE. It was translated from 
Italian by Francis Koval. 

This attractive book is distinctive in that 
it contains 71 color plates. The author has 
created his story around his collection of 
carefully-chosen photographs. 
Accompanying each illustration is a brief 
paragraph or two, giving the reader some 
idea of what is involved; for example: ‘ 


Plate 52 — Bowl with lid. Ch’ien Lung 
period (1736-1795). Victoria and Albert 
Museum, Jondon. Made of remarkably 


translucent greenish-white nephrite jade. 
Here the ornaments are sculptured and 
partly carved in filigree, thus achieving an 
exquisite effect on the vessel’s lid.” 

Since the subject is antique jade, 
Luzzatto-Bilitz begins with a description of 
a Pi (a circular disc, with a hole in the 
center, said to be symbolic of the Heavens) 
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which, in this instance, is believed to be at 
least 2,000 years old. From this point on, 
the author covers dynasty after dynasty, 
ending with the Ch’ien I.ung era (1795). 

Jade of pre-Columbian origin, as well as 
the jades of the New Zealand civilization, is 
also mentioned in the text. 

Luzzatto-Bilitz cites the early history 
surrounding the travels of Marco Polo (14th 
century), and then, launches into a review 
of the ancient art of cutting, fashioning, and 
polishing jade. Centuries ago it was a 
laborious process. Today, of course, Chinese 
artisans use diamond saws, drills and 
powder, to expedite the handling of these 
hard, tough minerals. 

The author of ANTIQUE JADE, 
obviously, spent many months in studying 
the famous jade collections housed in the 
great museums of Europe. He spent much 
time in comparing notes with the curators 
of these institutions, who are recognized 
authorities on jade. 

Several of the museums visited are as 
follows: the British Museum,. the Victoria 
and Albert Museum, the Museo Nacional de 
Antropologia (Mexico City), Museo 
Nazionale Orientale (Rome), Museo Poldi 
Pezzoli (Milan), the Metropolitan Museum 
of Art, and the American Museum of 
Natural History. 

Luzzatto-Bilitz does not, unfortunately, 
include a bibliography (which would have 
been very helpful). In his text, he refers to 
Laufer, and comments on his years of 
research on jade. Since only an expert on 
the history of jade would know about 
Laufer, the layman is left to wonder who 
this investigator is — or was. (Berthold 
Laufer was — for many years — curator of 
archeology, Field Museum, Chicago.) 

This little book is written for the layman 
~ in language the layman can comprehend. 

Even if you already own the works of S. 
Howard Hansford’s Chinese Carved Jades, 
and Stanley C. Nott’s Chinese Jade, you 
would do well to add ANTIQUE JADE to 
your book collection. 

As one who has specialized in jade, I 
found the book engrossing. It carries my 
endorsement. A.B. Alexander 


GEMS & GEMOLOGY 


RICHARD T. LIDDICOAT, JR. 
Editor 


— 
GEMS & GEMOLOGY is the quarterly journal of the Gemological Institute of America, an( 
educational institution originated by jewelers for jewelers. In harmony with its position of 
maintaining an unbiased and uninfluenced position in the jewelry trade, no advertising is 
accepted. Any opinions expressed in signed articles are understood to be the views of the 
authors and not of the publishers. Subscription price $3.50 each four issues. Copyright 1973 by 
Gemological Institute of America, 11940 San Vicente Boulevard, Los Angeles, California 


90049, U.S.A. 
GEMS & GEMOLOGY 


Sems & 


Volume XIV 


IN THIS ISSUE 


2 emology 


—— Number 4 


WINTER, 1972-73 


Spectroscope: An Indicator of Variation 
by B. W. Anderson 


Developments and Highlights at GIA’s Lab 
in Los Angeles 
by Richard T. Liddicoat, Jr. 


Diamonds Oust Beef as Botswana’s 
Revenue-Earner 
reprint from the Diamond News and 
South African Jeweller 


Developments and Highlights at GIA’s Lab 
in New York 
by Robert Crowningshield 


The Derivation of Gem Names 
by L. L. Copeland 


A Memorial Tribute to Edward H. Kraus 


Book Reviews 


WINTER, 1972-73 


97 


SPECTROSCOPE: An Indicator of 


Variation 


by B.W. Anderson 


(Substance of a talk given at the XIVth International Gemmological 
Conference in Vitznau, Swizerland — September, 1972.) 


As my contribution to this year’s 
Conference, I’ve collected some more 
facts and thoughts on a theme that has 
fascinated me for years: those in- 
stances in which very slight changes in 
gemstones’ siructures are signalled by 
marked changes in their absorption or 
fluorescence spectra. 

Scientifically speaking, such cases 
are significant because of the challenge 
to provide a rational explanation 
through the conventional means of 
crystal analysis, such as X-ray diffrac- 
tion. On a more practical level, the 
effects themselves, although not 
understood, may provide a valuable 
means of discriminating between na- 
tural and synthetic gem materials, na- 
tural and treated, etc. 


Zircon 


Before discussing the more myster- 
ious phenomena of this kind, how- 
ever, it might be of interest to talk 
about the latest findings in the zircon 
problem — where structure variations 
are very clearly advertised by parallel 
alterations in absorption spectra. 

The mysterious zircon has been the 
subject of investigation for more than 
a century. Five members, past and 
present, of this Conference, have con- 
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sequently made considerable contribu- 
tions in the zircon field. They include 
Professor Eppler (1), whose doctorate 
thesis was based on a study of zircon 
behavior, and Professor Chudoba (2), 
whose X-ray work with Stackelberg, 
led to our first real understanding of 
metamict zircon. 

Also contributing significantly is 
Dr. Zwaan, who published an interest- 
ing description of one of the rare 
anomalous low zircons; Dr. Edward 
Gubelin, who carried out with Dr. 


Eppler a series of controlled heating 


experiments, and finally, myself (3), 
whose investigations on the subject 
have been — to use a Dickensian 
phrase — ‘“‘extensive and peculiar.” 

Most of the problems with zircons 
have concerned Ceylon stones in par- 
ticular. Before the Indo-China fields 
were discovered, Ceylon was virtually 
the only source of gem-quality zircons. 

The lattice breakdown in Ceylon 
zircons, first reported by Chudoba, is 
now known to be caused by uranium, 
present in isomorphous replacement. 
The maximum uranium content 
measured amounts to 6500 parts per 
million, or 0.65 percent. Those used in 
the recent experiments of Vance and 
Anderson (4a) contained from 0.55 to 
0.57 percent. 
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The thorium content, incidentally, 
was only 100 parts per million. It has 
been calculated that 160 MeV of 
kinetic energy is liberated in each 
fission event of U235 and U238, and 
since this internal bombardment has 
been continuing for 570 million years, 
it is hardly surprising that the original 
tetragonal crystal lattice has become 
severely damaged, 

The extent of the damage in any 
zircon on its jong journey from nor- 
mal, or high, towards the completely 
metamict state can conveniently be 
assessed by its density, sliding from a 
top figure of 4,7 to 3.95 in the 
process, ot by X-ray diffraction. But 
we are concerned now in particular 
with the degradation signs evident 
from the absorption spectra of the 
zircons involved. To the discerning 
eye, these are quite clear. 

Starting at the top end, Burma 
zircons— probably no richer in uranium 
than those from Ceylon—are not only 
stronger and more numerous, but are 
also noticeably sharper defined than 
even the “best preserved’? Ceylon zir- 
cons. The density drop, however, may 
be only from 4.66 to 4.64. 

Proceeding down the scale, the 
bands deteriorate more and more, 
until the stones are almost invariably 
green (the “‘metamict”’ color), showing 
merely smudged bands in the orange- 
red, near where the famous 6535 line 
appears in strength in normal zircon, 
The density of such stones is always 
near the 4.0 mark. 

In this lower region, however, there 
are certain anomalous specimens of 
two types, including green or some- 
times orange stones with a simple 
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refractive index near 1.82 and 3.98 
density. It shows, in addition to the 
vague broad band centered at 6560, a 
fairly narrow and marked band at 
5200, not seen in any other kind of 
zircon. 

The other kind includes green 
stones showing a powerful series of 
bands very similar in general appear- 
ance to those of uranium in the zircon 
lattice but, as we now know, this is, in 
fact, a sign that the uranium is now 
inhabiting a crystal lattice of zircon- 
ium oxide in its cubic modification. 

My own discovery in 1962 — one of 
the most pleasurable and surprising of 
my life — showed that not only type 
“a”? above, but any metamict zircon 
with an under 4.05 density, when 
heated for some hours at 800°—1000° 
C., developed the strong anomalous 
spectrum. By an extraordinary coinci- 
dence, the very first zircon in which 
C.J. Payne and I observed absorption 
bands, happened to be of this rare 
“anomalous” kind. 

We accepted the bands for a long 
time as merely a variation in the zircon 
spectrum, and the stone was sent to 
Professor Chudoba to help him in his 
studies. On hindsight, it’s interesting 
to study his 1936 paper, in which he 
remarks that whereas most of the low 
zircons appeared to be an amorphous 
mixture of Zr02 and Si02, this particu- 
lar stone “provided evidence of the 
presence of a cubic modification of 
the oxide Zr09. 

At the time, the connection be- 
tween this newly developed Zr02 
structure and the handsome, 
malous spectrum was not realized. 
Recently, however, both Claringbull 
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(unpublished) and Vance (4b) have 
proved its validity, although Vance 
was unfortunately not able to account 
for the 5200 band in terms. of struc- 
ture. 

It would seem that the few zircons 
found in nature showing the anoma- 
lous Zr02 spectrum represent very 
low-density zircons heated late in their 
geological history. 


At the top of the scale, Indo-China 
zircons — providing practically all the 
blue and colorless stones used in 
jewelry — contain very little uranium. 
In fact, a Geiger counter, giving a 
Ceylon metamict zircon a count of 
over 300 per minute, gave a negative 
reading with typical Indo-China 
stones. It’s not surprising, then, that 
the stones in the raw state show no 
signs of the uranium spectrum. 


The heat-treated stones, however, 
and in particular the white zircons 
derived from this same rough, show 
invariably, in my experience, both the 
6535 and 6590 absorption lines quite 
clearly by reflected light. A highly 
convenient fact for testing, this is 
difficult to explain theoretically since 
no modification would be expected in 
the fully crystalline zircon lattice 
simply from heating to 900° C. 

The most probable explanation is 
that the heating allows the very small 
proportion of uranium present to take 
its place more regularly in the lattice, 
rather than being randomly scattered 
in the crystal. Much the same thing 
seems to happen with the sherry- 
colored topaz crystals from Ouro 
Preto, where heat treatment enables 
the-trace of chromium present to enter 
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the lattice and change the color of the 
crystal to pink. 

It also allows a red fluorescence to 
appear under U.V.L. or crossed filters, 
revealing itself as a sharp line at 6820 
in the spectroscope. 


Red Spinel 


It is generally known that the beau- 
tiful ‘“‘organ-pipe”’ group of fluorescent 
lines seen in natural red spinel proves 
not only that the stone is spinel but 
that it is also natural (5a). It plays an 
important dual role in gem testing. 

In the seven or more bright lines 
seen in a brightly illuminated red- 
spinel’s spectrum, the 6860A line is 
noticeably stronger than its neighbors. 
In synthetic spinels, this is so domi- 
nant a line as to make the spectrum 
closely resemble the fluorescence spec- 
trum of corundum. 


In synthetic blue spinels made by © 


the Verneuil process, where this effect 
was first noted by Robert Webster, it 
could be plausibly explained on the 
basis of the different stoichiometric 
proportions of alumina and magnesia 
inherent in that process. Since then, 
however, synthetic red spinels have to 
be made by other methods, including 
crystallization from a melt, and in 
these the normal Mg0.AI203 formula 
may be presumed. 

Yet the 68604 line is just as pro- 
nounced. This is a clear instance of the 
spectroscope’s sensitivity as an indi- 
cator of extremely small difference in 
structure — the theme of this discus- 
sion. A crystal of flux-grown synthetic 
ted spinels was heated at 900° C. for 
two hours — this “annealing” treat- 
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ment had no noticeable effect on the 
fluorescence spectrum. 


Rare Earth Spectra in Apatite 


Frank Hird, a former colleague, 
pointed out an interesting mauve- 
colored cut of apatite. The density, 
refractive indices, and typically small 
birefringence label its identity as a 
species, but its rich and _ startlingly 
clear-line spectrum labels the stone 
synthetic. 

Natural yellow apatite (‘asparagus 
stone’’?) from Mexico or Spain is 
known to have a striking “didymium” 
spectrum, consisting mainly of two 
groups of narrow bands — one in the 
yellow, the other in the green — with 
the rare-earth ions presumably replac- 
ing the calcium in the mineral isomor- 
phously, as they do to a lesser extent 
in several other calcium gemstones, 
including danburite and sphene (5b). 

But in comparison with those in the 
synthetic, those rare-earth lines are 
diffuse and ill-defined. The explana- 
tion must lie in differences in the 
lattice, or in the positioning of the 
rare-earth ions within the lattice, caus- 
ing the strikingly different spectrums. 

On the assumption that by anneal- 
ing the natural apatite, the neody- 
mium ions might be able to settle 
more regularly in the crystal lattice 
and thus produce sharper bands, a 
yellow apatite crystal was heated for 
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two hours at 900° C. The crystal lost 
most of its color and showed an 
increased fluorescence under ultra- 
violet light with a banded spectrum. 
The absorption bands, however, 
seemed no more clearly defined. 

The problem then is open for sug- 
gestion and experiment. In the mean- 
time, gemmologists can only be thank- 
ful for such smail but revealing differ- 
ences, adding valuable evidence for 
discriminating between natural and 
synthetic materials. 
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Developments and Highlights 
at GIA’s Lab 


in Los Angeles 


by 


RICHARD T. LIDDICOAT, JR. 


Synthetic Alexandrite 
Finally Reaches the Market 


For many years, various synthetic- 
crystal manufacturers have experi- 
mented with the production of syn- 
thetic-alexandrite chrysoberyl. Since 
most of those who produced such 
materials were doing so more with the 
aim of the production of laser crystals 
rather than the gem market, none 
became available commercially as gem 
substitutes. Now, a firm called Crea- 
tive Crystals, Inc., in Danville, Cali- 
fornia, has produced synthetic alex- 
andrite commercially. They are being 
marketed by Morris Hanauer, 607 
South Hill Street, Los Angeles. 

The synthetic alexandrite is being 
made by a flux method. As might be 
expected, they show characteristics 
associated with that form of synthesis. 
We were able to examine about 100 
examples through the courtesy of 
Morris Hanauer and Mr, Patterson of 
Creative Crystals. In general, they were 
very attractive, with a strong change — 
the colors being more reminiscent of 
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the Russian alexandrites than of those 
from Ceylon. The change was from a 
violetish red to a bluish green. They 
did not resemble the synthetic alexan- 
dritelike sapphire that has been of- 
fered so frequently as synthetic alex- 
andrite (or even just as alexandrite). 

On the whole, the properties were 
very similar to those of natural alexan- 
drite. The refractive indices and spe- 
cific gravities were identical to those 
of the natural gemstone. The refractive 
indices were 1.746-1.755, and the 
specific gravity was 3.73. 

There was a tendency to have a 
layer of dustlike inclusions (Figure I), 


Figure 1 
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apparently parallel to the seed face, 
and a noticeable tendency for relative- 
ly strong banding. The typical veillike 
appearance at low magnification of 


either gas- or flux-filled spaces is 


shown in Figure 2; these also are fre- 
quently encountered. Typical banding, 
or growth lines, is shown in Figure 3. 


Figure 2 


Figure 3 


Some of the wisps bore a strong 
resemblance to fingerprint inclusions 
seen in natural stones; Figure 4 is a 
good example. Usually, however, in 
some portions of the stone, rather 
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Figure 4 


Figure 5 


coarse flux inclusions were evident. 
Figure 5 shows veillike inclusions, 
some of which are natural-looking 
fingerprint types, but also coarse flux 
inclusions are shown in the lower-left 
portion of the photograph. Figure 6 is 
dominated by coarse flux inclusions 


Figure 6 
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arranged in a parallel fashion across 
the center of the photograph. 

The photomicrograph shown in Fi- 
gure 7 was taken in a direction that was 
more or less parallel to a veillike 
inclusion, but below it is seen a six- 
sided inclusion with three of the sides 


more developed than the other three. 


Figure 7 


Hexagonal- and trapeze-shaped inclu- 
sions, usually in a thin plate form, 
were quite common. Figure 8 shows the 
veillike pattern of inclusions that 
characterizes the synthetic alexandrite. 
Figure 9 shows coarse flux inclusions. 

We understand that this new 
synthetic is being offered to the retail 


Figure 8 
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jeweler at from $150 per carat in sizes 
under one carat, up to $250 a carat in 
sizes over two carats. Currently, it is 
available in sizes under three carats, 
but it is being anticipated that larger 
sizes will be available in the next 
several months. 

It will be interesting to see how 
well received the first synthetic alexan- 
drites will be. 


Color Nomenclature 


For the past six or more months, 
one of our most frequent identifica- 
tions has involved East African cor- 
undum. We sometimes see dozens of 
stones a week that have a color that is 
on the ruby-sapphire borderline. The 
question asked is, “Is it a plum sap- 
phire or a ruby?” Many of these stones 
are difficult to assess, because under 
ted-rich incandescent light they do 
appear to qualify as ruby, whereas 
under fluorescent lights they are pur- 
ple to violet in hue. There are others 
that are more toward the brown. 
Every one seems to present a new 
problem, because it is not quite ruby 
but often not quite far enough away 
from red to justify calling the stone a 
sapphire. 


Figure 9 
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Corundum from the same Umba 
River locality presents another prob- 
lem when it is in the orangy-brown 
color range. Traditionally, the term 
padparadscha was limited to the light 
reddish-orange stones that are typical 
of the Ceylon source. In the Umba 
River Mines, producers have been find- 
ing many orangy-brown stones that are 
much darker and much less appealing 
to the average person than the lovely 
Singhalese stones. 

The padparadscha matter is an in- 
teresting illustration of the necessity 
for anyone defining terms for a dic- 
tionary. or a course to make every 
effort to be precise, and to anticipate 
problems that might occur down the 
road. 

In the gem field, perhaps the only 
constant is the everlasting change. The 
one thing that is totally dependable is 
that there will be new discoveries of 
gem materials from time to time that 
will be quite unlike anything that has 
been encountered in the past. Zoisite 
was certainly not regarded as of any 
importance in the gem field until the 
lovely blue variety was discovered in 
Tanzania. The Umba River sapphires, 
in those colors that border on ruby 
and padparadscha, are in some in- 
stances unique in the corundum de- 


posits of the world. 
The relatively new transparent gros- 


sularite, some of which are almost 
colorless, some medium green and 
some rivaling demantoid in their 
beauty, are certainly new in the gem 
firmament. 

It would appear that areas such as 
East Africa and Pakistan, and perhaps 
in the future, Afghanistan, will con- 
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tinue to produce materials that are 
really quite different from anything 
seen before. Dark-blue beryl has been 
described in the past, as Mr. Crowning- 
shield points out in this issue of Gems 
& Gemology, but certainly the market 
has not seen the type, except rarely in 
the past, of the new Brazilian finds 
that are such dark and richly blue 
stones. 


Umba River Again? 


In the past few weeks, we have seen 
some especially interesting materials 
and stones. We examined two rather 
small violetish-colored stones that we 
thought at first glance might be rhodo- 
lite but proved to be sapphire, probab- 
ly from the Umba River or elsewhere 
in East Africa. They showed what 
appeared to be gas bubbles in the 
middle of larger irregular inclusions; 
several appeared as bright pinpoints 
(Figure 10). We found them quite 
unusual; in fact, we cannot recall 


having seen anything quite like them 
in the past. 


Figure 10 
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Banded Diamond 


We received a very interesting dia- 
mond for examination, because the 
sender was puzzled as to what to do 
about a clarity grade, which was ex- 
ceedingly milky to the unaided eye. 
Despite its milkiness, it emitted such 
bright flashes of dispersion that some 
observers compared it to strontium 
titanate and others to Mexican opal. 

The person who sent it was also 
wondering what color grade should be 
assigned to it. When examined under 
10X, no inclusions were obvious, but 
when it was turned to view it through 
the pavilion a very strong banding was 
observed (Figure 11). An observation 
of this strongly banded appearance 
and a view of the color suggested 
immediately that this was a Type 2b 
diamond. This surmise was confirmed 


Figure 11 


by the fact that the diamond was a 
strong conductor of electricity when 
checked on the conductometer. The 
clarily grade that we felt was correct 
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for so cloudy and nontransparent a 
diamond would have to be in the 
imperfect category, and we felt I2 was 
a proper designation. 

Since the cloudiness of this dia- 
mond greatly reduced its value, there 
is some question about whether it 
could not have been used more profit- 
ably for industrial purposes. Cut into 
many small pieces, the rough crystal 
from which the almost two-carat stone 
had been cut would have had great 
value in industry. 

Type 2b diamonds are in great 
demand in industry and command 
premium prices, because they do con- 
duct electricity. It is interesting to 
note that diamonds are in demand in 
the miniaturized electronics field, be- 
cause they are so exceptionally heat 
conductive. They make excellent heat 
sinks, to avoid heat buildup in mini- 
aturized circuits. It is not widely 
known that diamond is four times as 
heat: conductive as copper, which is 
usually regarded as the best heat con- 
ductor. 

We would be very interested to find 
out what would happen if this dia- 
mond were subjected to treatment in a 
nuclear reactor. We once saw a most 
magnificant blue color in a cloudy 
diamond that had been treated in a 
nuclear reactor. When it was removed 
from the reactor, it had a rich sky-blue 
color unlike anything the treating 
people had ever seen in a natural or 
treated stone before. It struck us that 
it was possible that no Type 2b dia- 
mond would be likely to be subjected 
to treatment, because the color would 
be such that there would be no temp- 
tation to try it. This cloudy diamond 
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might have been similar to the sky- 
blue one described earlier, which 
might also have been a Type 2b. We 
did not have the opportunity to test it, 
nor indeed did it occur to us to do so 
at the time the beautiful blue stone 
was observed. 


Diamond Doublets 


The diamond doublet is mentioned 
frequently as a diamond substitute, 
but is exceedingly rarely encountered. 
Recently, we tested a large, hollow 
gold bracelet with seven bezel-set dia- 
monds, most of which were oval in 
shape. The large diameter ranged from 
7.9 to 10.3 mm. 

At first glance, the colorless stones 
might have been synthetic white 
spinel, zircon or even white sapphire. 
The cutting was more oval old-mine 
cutting than brilliant. They did not 
exhibit much in the way of brilliancy, 
but they did show some fire. Two of 
them are shown in Figure 12, in which 
some details are barely noted near the 
culet in the right-hand stone. 

The largest stone is considerably 
magnified in Figure 13, toshow Newton 
tings and other evidences of separation 


Figure 12 
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between the diamond and substitute. 
The pavilion portion of each of the 
doublets was doubly refracting, and 
one appeared to show the bull’s-eye 
uniaxial figure that would be expected 
from rock-crystal quartz. This might 
have accounted for the lack of bril- 
liancy in the stones. 

Probably the reason for the infre- 
quency with which diamond doublets 


Figure 13 


are encountered is that in almost every 
case the temptation to cut such a 
stone is the result of having a macle, or 
flat, with a large spread and no depth. 
It is therefore tempting to put a 
pavilion on what would appear to be a 
crown of a very large diamond. There 
is no temptation in the opposite direc- 
tion, apparently; that is, to cut a 
pavilion of a diamond. The latter 
would be much more effective as a 
diamond substitute than a diamond 
crown. In addition, considering the 
poor appearance of the product, the 
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expense of cutting such a diamond top 
in relation to the value of the finished 
product militates against use of the 
rough in this fashion. 

Over the years we have seen many 
mote bezel-set diamond crowns with 
only metal-reflector backs in a closed 
setting to simulate a pavilion than 
actual diamond doublets. Thus, to see a 
bracelet containing seven diamond 
doublets was indeed a rare occurrence. 


Glass Cat’s-Eye 


A jeweler brought in a white cat’s- 
eye for identification. As may be seen 
in Figure 14, the stone hada very strong 
eye that showed a milk-and-honey 
effect. It had a rather pleasing appear- 
ance. The jeweler thought perhaps it 
was a feldspar or a quartz cat’s-eye, 
but on testing it proved to be glass. 
Most of the glass with a chatoyant 


effect that we have encountered in the 
past has had a fairly coarse eye. The 
tubes in this imitation were numerous 
and fine, so the cat’s-eye effect was 
quite effectively imitated. 
e 
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DIAMONDS OUST BEEF 
AS BOTSWANA'S REVENUE-EARNER 


Reprinted with the kind permission of The Diamond News and 


South African Jeweller. 


“The opening of Orapa mine is a 
major achievement in the history of 
our nation,’ said the President of 
Botswana, Sir Seretse Khama, when he 
officially opened Orapa diamond 
mine. “‘Orapa is the first really signifi- 
cant mining project to be established 
in Botswana, and it constitutes a most 
important step forward in the diversifi- 
cation of our economy, ending our 
hitherto total dependence on beef as 
our biggest revenue earner and export 
commodity.” 

Sir Seretse expressed to all who 
were involved in this tremendous’exer- 
cise, the appreciation of the Govern- 
ment and people of Botswana for the 
energy and skill expended in pursuit of 
the project. “I want to say also how 
pleased I am that the Government and 
De Beers have, despite occasional dif- 
ferences, succeeded in establishing a 
frank and friendly basis for our nego- 
tiations over the establishment of the 
mine and the taxation and marketing 
arrangements. I am confident that the 
same spirit of cooperation will con- 
tinue to be a feature of our working 
relationship. 

“Now that the problems of explora- 
tion and of the establishment of the 
mine have been overcome, it is all too 
easy to assume that we can simply sit 
back and enjoy the numerous benefits 
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that this project will bring us. After 
the long years of hard work, uncer- 
tainty and rising expectations that 
preceded the discovery and ultimate 
establishment of this mine, it is very 
tempting to adopt such an attitude 
about its future. Some of us may find 
it difficult, perhaps understandably so, 
to admit that after such a dramatic 
breakthrough, there could be any 
more thorny problems ahead. But 
there are. 

“It is very important also to train 
local people in the various skills re- 
quired’ to-run modern industries,” said 
the President. ‘““We would like to see 
citizens of Botswana involved at every 
level in the running of the various 
industries now being set up in our 
country. Botswana industries cannot 
and must not forever depend on expa- 
triates to do all their skilled work and 
only employ local people for unskilled 
work. I am well aware of and very 
much appreciate the personal concern 
of the Chairman of De Beers and the 
Anglo American Corporation, Mr. 
Harry Oppenheimer, that people 
should be employed strictly according 
to merit, and that once employed their 
scope for advancement should be lim- 
ited only by ability. 

“We regret that it has so far not 
been possible, for obvious reasons, for 
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Mr. Oppenheimer to implement his 
enlightened ideals in his own country. 
I know that he takes comfort in the 
fact that he has here, next door, in 
Botswana, ample opportunity to put 
these ideals into practice. De Beers is 
already doing much to train local 
people for skilled jobs in the mining 
industry.” 

Speaking again of the mining pro- 
ject, the President added: “The 
achievement that we can see around is 
breathtaking. I have been advised that 
Orapa is the finest planned diamond 
mine in the world and I can well 
believe it. We must all now work 
together to establish a reputation for 
Orapa as the most efficient and har- 
monious mine in Africa.” 

“The starting point for rapid eco- 
nomic progress in Africa has typically 
been a great mineral discovery, and in 
this respect the new Republic of 
Botswana has certainly been born 
under an auspicious star,” Mr. Oppen- 
heimer told the large audience at the 
official opening of Orapa mine. 

“It must surely be unique that the 
attainment of independence by a new 
— and until now a poor — country 
should have coincided with mineral 
discoveries of the magnitude of this 
diamond mine and of the nickel/ 
copper deposits of Selebi-Pikwe,” he 
said. 

The attainment of political inde- 
pendence was a supreme moment in 
the life of a nation, but the attainment 
of economic independence also called 
for a long struggle and constituted a 
gtoal achievement. 

The establishment of Orapa was the 
fesull of & prospecting campaign last- 
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ing no less than 12 years and costing 
R5 million, all of which would have 
been lost had a payable mine not been 
discovered. This surely was risk-taking 
on a grand scale. 

“You must not think that mining 
finance groups such as ours are incap- 
able of thinking beyond the profits 
that we hope to earn or that we are 
insensible of the public obligations 
which rest upon us,”’ said Mr. Oppen- 
heimer. ““We aim, of course, to make 
profits for our shareholders — that is 
our plain duty — but if I may quote 
the words used by my father some 20 
years ago: ‘We aim to do so in such a 
way as to make a real and permanent 
contribution to the welfare of the 
countries in which we operate.’ That is 
what we shall try to do in cooperation 
with the Government of Botswana.” 

The rare degree of official help and 
encouragement De Beers had received 
from the Government in relation to 
Orapa had given the group the en- 
couragement needed to expand its 
activities in Botswana from diamond 
mining into sharing on a substantial 
scale in the Selebi-Pikwe project, Mr. 
Oppenheimer said. 
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Developments and Highlights 
at Gr I AQ’s Lab 


in New York 


by 


ROBERT CROWNINGSHIELD 


Dark-Blue Aquamarine 


Late in 1972 we were shown a lot 
of very dark-blue aquamarine weighing 
from about ten carats to well over 25. 
Most were free from inclusions and the 
color reminded us of Ceylon sapphire, 
or even tanzanite without. the, purple. 
That they were beryl was established 
by Chuck Fryer with X-ray diffrac- 
tion. The most unusual property we 
noted was the absorption spectrum 
(Figure 1). By searching the literature 
and writing to good friend Robert 
Webster in London, we learned that 
the so-called Maxixe beryl was re- 
ported to be very dark-blue, and the 
absorption spectrum, although re- 


ported to be not precisely the same, 
was drawn by Basil Anderson in 1934, 

That the new stones may be froma 
different source is thus indicated, and 
also by the refractive indices, which 
are more normal for beryl than the 
higher.indices Anderson reported. The 
disturbing note that Anderson records 
in his review of unusual absorption 
spectra in 1956 is that the Maxixe 
beryl fades on exposure to sunlight. 
Since the Brazilian dealer who had 
shown us the new stones sold all of 
them within a short time, it was 
clearly seen that we should try to 
determine if these stones also had this 
unfortunate property. 
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Early in 1973, we were allowed to 
examine several fine crystals of a 
peculiar blue-green bery! that had the 
same absorption spectrum seen in the 
dark-blue cut stones several months 
before. We were puzzled that such fine 
rough would be offered in New York 
City, and still more puzzled when 
Brazilian gem dealers we asked had 
never seen such rough or cut stones, at 
least since World War II. Could this 
mean that the rough may not be from 
Brazil, or that the stones do indeed 
have the property of fading? 
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Figure 2 


We enlisted the aid of Dr. Kurt 
Nassau, who is, at this writing, still 
conducting experiments in heating as 
well as an analysis of the crystals. 
Figure 2 is an absorption spectrum of 
one of the crystals taken by Dr. 
Nassau. Note how the peaks of the 
ordinary-ray spectrograph 
with the absorption bands 


coincide 
of the 
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drawing made with a hand-absorption 
spectroscope. The recording spectfo- 
meter is more sensitive than the eye 
using the hand instrument, since the 
faintest band the writer could see was 
at 5420 A.U. Two other observations 
on the cut stones we saw last year 
were the greenish fluorescence under 
short-wave ultraviolet and the red ap- 
pearance under a color filter. 
Carvings 

For the past few months, an in- 
creasing number of carved items have 
been presented to the Laboratory for 
identification. Some were clearly la- 
beled Peoples’ Republic of China; 
others marked Taiwan. Many of the 
carvings have proved to be serpentine, 
green quartzite or the unnamed rock 
mixture containing feldspar, zoisite 
and serpentine. Some, however, have 
been nephrite. 


Figure 3 


One such modern carving is shown 
in Figure 3. The mottling was pro- 
duced by a dark-brown stain that came 
off on a cotton swab moistened with 
fingernail-polish remover. A similarly 
stained animal carving had other areas 
that were quite translucent with a 
chatoyant property; it proved to be 
nephrite. 
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Figure 4 is a translucent, green, 
chatoyant stone purchased as a “‘jade 
cat’s-eye.”” We immediately thought of 
the chatoyant areas we had seen in the 
carving. However, our tests, and later 
X-ray diffraction by Chuck Fryer, 
indicated the mineral actinolite. Al- 
though nephrite is a member of the 
tremolite-actinolite series of minerals, 
we have never encountered nephrite 
with the absorption spectrum shown 
in Figure 5. It is evidenced by both the 


Figure 4 


unknown cat’s-eye and the crystal of 
actinolite shown beside it in Figure 4. 
Of course, the mystique of the term 


jade is a great incentive to have the 
stone called jade. We were unable with 
the magnification available to deter- 
mine the cause of the chatoyancy. 


Chrysoberyl Cat’s-Eye 


A reader who owns a chrysoberyl 
cat’s-eye submitted it to the Labora- 
tory because it appeared to be a 
doublet, and one such stone was re- 
ported by the Los Angeles Lab some 
years ago. Figure 6 illustrates the clear 
area just above the girdle of the stone. 
The plane separating the clear and 
silky areas is a very flat fingerprint 
that covers the entire plane at this 


Figure 6 


level. The black arrow in the photo- 
graph indicates a zone of silk that 
traverses both sections, proving that 
the stone is indeed one piece. 
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Figure 7 
Apatite Cat’s-Eye 


Figure 7 shows a beautiful cat’s-eye 
apatite weighing more than 40 carats. 
It’ was purchased at a customshouse 
auction without a close examination 
by the purchaser. From the six-foot 
limit at which prospective buyers were 
kept, it certainly looked desirable, 

The disappointed owner decided to 
put it into a ring, despite being warned 
of the fragility of the mineral. The 
setter succeeded in hammering the 
stone into a man’s gypsy ring, but the 


Figure 8 
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slight temperature change occasioned 
in cleaning up after polishing the gold 
caused the fracture shown in Figure 8. 

Probably no other mineral with any 
pretense of a gem is as heat sensitive as 
apatite. In addition, it is extremely 
brittle, as well as being #5 on Mohs’ 
hardness scale. 


Deep Laser Hole 


Until now we were given to under- 
stand that the limit of penetration of a 
laser beam in treating a diamond was 
approximately 2mm. We were there- 
fore quite surprised to see a 6-carat 
pear-shaped diamond in which a laser 
hole perpendicular to the table, and 
originating on the table, penetrated 
nearly 4 mm. to reach an inclusion 
that lay néarly against a back facet. 

Obviously, the reason for making 
such a-long drill hole was to prevent a 
reflection from spoiling the appear- 
ance of the stone. As it is, one is not 
aware of the hole until he views the 
stone from the side (Figure 9). 


Figure 9 
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Botryoidal Diamond 


Another surprise in the diamond 
field is shown in Figure 10. It is a 
photograph of a rough diamond with 
areas that appear botryoidal, some- 


thing like the form of prehnite — or 


some goldfish! 


Figure 10 


Fingerprint Inclusions in 
Synthetic Ruby 


Occasionally, we encounter an in- 
clusion in a stone that belies complete- 
ly its nature. For instance, in Figure 
11 is shown a perfectly good finger- 
print inclusion in a Verneuil synthetic 
ruby. 


Hardness of Strontium Titanate 


Figure 12 illustrates the result of 
rubbing the table of a strontium- 
titanate brilliant, which is presumably 
#5 on Mohs’ scale, on a hard plastic 
workcounter with a common kitchen 
cleanser. We have found that a sliver of 
apatite will scratch stontium titanate 
in some. directions but not all, and still 
feel that the hardness of the material is 
fairly expressed as 5-6. 


WINTER, 1972-73 


Figure 11 


THANK YOU 


We wish to express our sincere 
appreciation for the following gifts: 


*To Murray Darvik, I. Morgenstein, 
Inc., New York City, for a round 
brilliant YAG with some of the most 
intriguing inclusions we have ever seen, 
in either natural or synthetic material. 


Figure 12 
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Figure 13 does not do justice to 
what seems to be a host of tiny 
crystals with identically arranged fin- 
gerprint inclusions that look like gos- 
samer insect wings. Certainly, the in- 
clusions do not suggest a synthetic 
stone. 

*To Marvin Zuckerman, G.G., of 
Jewelmetics, Inc., Cedarhurst, N.Y., 
for a gift of various amber products. 
Marvin visited one of the largest amber 
works in Germany and learned first- 
hand about “the stone that burns.” 
Pressed amber is a product of the firm 
that tests for it by using ether. The 
pressed product softens, whereas block 
amber does not. 

Another test is shown in Figures 14 
and 15. Figure 14 shows two speci- 
mens from Marvin. The larger is 
pressed; the other is a freshly carved 
block. Under the polariscope, the 
pressed piece behaved as a doubly 


Figure 14 
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Figure 13 


refractive aggregate, whereas the block 
shows the normal strain pattern that 
one would expect.in amber. 


Figure 15 
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*To Allen Ward, News Editor, 
Jewelers’ Circular-Keystone, from 
whom we received a beautifully cut, 
colorless, round brilliant of the ortho- 
rhombic yttrium aluminate. This stone 
seemed to have been cut to minimize 
the double refraction, which has been 
reported to be .017 (R.I., 
1.938-1.955). Viewed slightly from 
the side, the doubling of the back 
facets is quite apparent (Figure 16). 


Figure 16 


*To Wilford Rose, G.G., of Dover, 
Massachusetts, for a display for each 
office, in which black-treated opal is 
explained. It has been his observation 
that the kind of whitish material that 
takes the sugar/sulphuric-acid treat- 
ment best is one in which the opal is 
distributed in a kaolin matrix. The 
kaolin takes up the sugar and turns 
black after heating with sulphuric acid, 
thus providing a trap for stray light 
and allowing the play of color in the 
opal areas to become visible. Figures 
17 and 18 show a specimen that was 
sawed in two, one part treated and 
then cemented back together. In- 
cluded in the display is a specimen of 
untreated oolitic opal. 
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*To student Maurice Shire, Sanda- 
wana Emeralds, Ltd., New York City, 
for a set of colored inclusion slides 
produced by the Association Fran- 
caise de Gemmologie in France. The 
great emphasis on inclusion study 
given by that Association showed to 
good effect in this project. 

*To diamond cutter Sam Horowitz, 
New York City, for a cabochon of 
green YAG, a surprising and not unat- 
tractive use of this material. 

*To Stanley Marcus, G.G., of Mar- 
cus Jewelers, Rutherford, New Jersey, 
for a 4-rayed light-orange moonstone. 

*To manufacturing jeweler Kurt 
Wayne, New York City, for a greatly 
appreciated gift of rubies, sapphires 
and diamonds, 


Figure 17 


Figure 18 
e 


117 


THE DERIVATION OF GEM NAMES 


by L.L. Copeland 


Having an understanding of etymo- 
logies, or derivations of gemstone 
names is not necessary for a person to 
be a competent gemologist, but it can 
make his knowledge of species and 
varieties more interesting and well 
rounded. 

Although a few contemporary gem- 
ological texts include derivations, none 
carries a separate listing that permits 


word origins with ease and conveni- 
ence; hence,the following compilation. 

This includes all of the better- 
known gemstones, as well as many of 
the lesser-known gem materials and 
rare collector’s items for which etymo- 
logies are known. Some gems, such as 
sunstone, do not have a derivation 
given, because their names are self- 
explanatory. 


one to read about these intriguing 


achroite (a variety of tourmaline). From the Greek achroos, meaning without 
’ color, in allusion to its colorless crystals. 

actinolite. From the Greek actinos, meaning ray, because of the radial habit of 
prismatic crystals. 

adularia (orthoclase moonstone). After the Adula Mountains, 
mountains in the Swiss Alps, an early source of moonstone. 

agalmatolite. From the Greek agalmatos, meaning image, because of its long 
usage by the Chinese for carving purposes. 

agaphite (a variety of Persian turquois). After a Demetrios Agaphi, who 
examined the Persian deposits in 1806. 

agate. Through the Latin from the Greek achates, the name of a river in 
southwestern Sicily (the modern Drillo River), where the material was first 
found in quantity in the time of Theophratus, the Greek philosopher (372 
B.C,-287 B.C.), 

alabaster (a variety of gypsum). From the Latin, which was adapted from the 
Greek alabastros, said to have been derived from the name of a town in 
Egypt. 

alalite (a variety of diopside). After the Ala Valley, Italian Tyrol, where it has 
been found. 

albite (a species of the feldspar group). From the Latin albus, meaning white, in 
allusion to its common color. 

alexandrite (a variety of chrysoberyl). From its supposed discovery on the 21st 
birthday of Count Alexander Nicolaivich, Crown Prince of Russia (later Czar 
Alexander II), in 1830. 

algodonite. After the Algodones Mine, Chile, one of its sources. 

allanite. After mineralogist T. Allan, who distinguished it as a species. 

almandite (a species of the garnet group). Originally, from the Latin alabandicus, 
a name given to garnets found in ancient times in Alabanda, a town in Asia 
Minor. 

almashite (a variety of amber). After the Alamash Valley, Moldavia, Rumania, 
where it is found. 


a group of 
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amatrice (Utah vartiscite), A contraction of American matrix, sometimes spelled 
amatrix. 

amazonite (a variety of microcline feldspar). After the Amazon River, South 
America, although none is found there. 

amber. Through the French from the Late Latin ambar, which is derived from 
the Arabic anbar. The Greek word for it was elektron, because it produces a 
negative charge of electricity when rubbed. The German name for amber is 
Bernstein, derived from the Low German bernen (to burn), so called because 
it burns readily. 

amblygonite. From the Green amblys (obtuse) and gonia (angle), in allusion to 
its obtuse angle of cleavage. 

amethyst (a variety of quartz). From the Greek amethystos, meaning not to 
intoxicate, because the ancients believed it had the power to prevent 
drunkenness. 

analcite. From the Greek analkes, meaning weak; by friction, it develops a weak 
charge of electricity. 

anatase. From the Latin word for extension, meaning that its bi-pyramidal habit 
in the tetragonal system gives its crystals the appearance of an octahedron 
with one axis extended. 

andalusite. From the Spanish province of Andalusia, where it was first found. 

andradite (a species of the garnet group). After J.B. d’Andrada, a Portuguese 
mineralogist, who made a study of garnet early in the 19th century. 

anglesite. After the Isle of Anglesea, Wales, where it was first found. 

anhydrite. From the Greek anhydros, meaning waterless, because of the lack of 
water in its composition, 

anorthite. From the Greek an (not) and orthos upright, in allusion to its 

- oblique crystals. 

anthophyllite. From the Latin enthophyllum, meaning clove, in allusion to its 
common clove-brown color. 

antigorite (a variety of serpentine). After the Antigorio Valley, Piedmont, Italy, 
where it is found. 

apatite. From the Greek apate, meaning deceit, because some of the crystals 
resemble those of other minerals. : 

aphrizite (a variety of tourmaline), From the Greek aphrizein, meaning to foam, 
because it produces a gray froth when heated. 

apophyllite. From the Greek apos (off) and phyllon (leaf), because it exfoliates 
when heated before the blowpipe. 

aquamarine (a variety of beryl). From the Latin aqua and marine, meaning sea 
water, in allusion to its color. 

aragonite. After Aragon Province, Spain, one of the classic localities. 

arendalite (a variety of epidote). After Arendal, Norway, where it is found. 

argillite. From the Greek argillos (clay) and lite (rock), because of its claylike 
nature. 

aschentrekker. The Dutch word for tourmaline, meaning ash drawer, referring to 
the gem’s capacity for attracting ashes as it cools. 

Ashover spar (a variety of fluorite). After the Ashover Quarry, Derbyshire, 
England, where it is found. 

asparagus stone (apatite). From its yellowish-green color. 

astridite (a mixture of jadeite, picotite, opal, quartz and limonite). After Queen 
Astrid of Belgium. 
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augelite. From the Greek auge, meaning brightness, in allusion to the usual 
transparent, colorless crystals. 

australite (a tektite). After its occurrence in Australia. 

aventurine (quartz and feldspar). The name aventurine was applied to these two 
mineral varieties after the discovery of the imitation goldstone by the 
accidental mixing of copper filings and molten glass in a Venetian glass 
factory. The Italian word used for this new material, avventura (meaning 
chance or accident) eventually evolved to the present spelling and came to be 
applied to the quartz and feldspar varieties that exhibit aventurescence. 

axe stone (nephrite). Because of its use for axes and clubs by the Maori natives 
of New Zealand. 

axinite. From the Greek axine, meaning axe, in allusion to its axelike or 
wedge-shaped crystals. 

azurite. From the word azure, meaning blue, in allusion to the mineral’s color. 


* 


barite. From the Greek barys, meaning heavy, in allusion to its high specific 
gravity. 

basanite. From the Greek basanos, meaning touchstone; of Oriental origin. 

bastite (bronzite). After Baste in the Harz Mountains, Germany, the original 
source of the material. 

beekite (silicified coral). After a Dr. Beek of Bristol, England. 

benitoite. After San Benito Co., California, the only known source of the 
mineral. 

beryl. From the ancient Greek berylios, referring to any green stone. Later, it 
came to be applied to beryl only. 

beryllonite. From the beryllium in its composition. 

billitonite (a tektite), From its occurrence on Belitung (formerly Billiton) Island, 
Java Sea, Indonesia. 

binghamite (a silky variety of quartz). After William J. Bingham of St. Paul, 
Minnesota, who discovered it in 1936. 

blackmorite (hyalite). From its occurrence on the summit of Mt. Blackmore, 
Gallatin Co., Montana. 

bonamite (smithsonite). A coined name derived from the two French words bon 
and ami, meaning good friends. 

boracite. For the borate in its composition. 

bowenite (a variety of serpentine). After mineralogist George T. Bowen. 

brazilianite. After the country of Brazil, where it was first found. 

briethauptite. After J.A.F. Briethaupt, German mineralogist. 

bronzite (a variety of enstatite). After its bronzelike appearance. 

brookite. After H.J. Brooke, English mineralogist. 

burmite (a variety of amber). After the country of Burma, where it is found. 

burnite (a mixture of cuprite, malachite and azurite), After a Frank Burnham, 
who discovered it in 1952. 

bytownite. After Bytown (now Ottawa), Canada, where it was first found. 


* 


cachalong (common opal). Adapted from the Tartar word kaschtschilon, 
meaning beautiful stone. 

cacoxenite. From the Greek caco and xenos, meaning bad guest, because the 
phosphorous content injures the quality of the iron from the limonite ore in 
which the mineral occurs. 
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cairngorm (a variety of quartz). After the Cairngorm Mountains, Scotland, one 
of the classic sources. 

calcite. From the Latin calyx, meaning lime; originally from the Greek chalx, 
meaning burnt lime. 

californite (a variety of idocrase). After its occurrence in California. 

callainite (closely related to variscite), From the ancient Greek word kalais, of 
obscure origin. 

cancrinite. After a Count Cancrin, Minister of Finance in Imperial Russia, where 
it was originally discovered. 

carbuncle (a cabochon-cut red garnet). From the Latin carbunculus, meaning 
little spark, In ancient times, all glowing red gems were referred to by this 
name, 

carnelian (chalcedony). Cornelian, the original but now obsolete spelling, comes 
from the Old Latin word cornum, meaning cornel berry or cornelian cherry. 
The newer spelling came into existence during the 15th century, as a result of 
the mistaken belief that it originated from the Latin word carneolus, after 
carnem, meaning flesh, 

cassiterite. From the Greek kassiteros, meaning tin, because it is the principal ore 
of tin. 

catalinite (variegated jasper). After Santa Catalina Island, Southern California, 
where it is found. 

catapleite. From the Greek kata (with) and pleion (more), because it is found 
with other rare minerals. 

catlinite (pipestone). After George Catlin, the eminent American artist, who 
found it being used by the Indians of the Great Lakes region in 1836. 

celestite. From the Latin caelestis, meaning of the sky, because of the typical 

_ blue color of some specimens. 

cerulene (a variety of calcite), From the Latin caeruleus, meaning sky blue, 
referring to one of its usual hues. 

cerussite. From the Latin cerussa, for ceruse, a white-lead pigment. 

ceylonite (a variety of spinel). After the country of Ceylon, where it is found. 

chalcedony (quartz). Thought to be derived from Chalcedon, a seaport in Asia 
Minor near Byzantium, and a probable early source. The Greek word is 
chalkedon; Latin, chalcedonius. 

chalcocite. From the Greek chalkos, meaning copper, because of the copper in 
its composition. 

chameleonite (alexandrite tourmaline). After the chameleon, a lizard that has 
the ability to change its skin coloration depending on mood and surround-: 
ings. 

chemawinite (a fossil resin). From the Indian name of a Hudson’s Bay trading 
post. 

chessylite (azurite). After Chessy, France, one of the notable localities. for the 
mineral. 

chiastolite (a variety of andalusite). From the Greek chiastos, meaning arranged 
diaogonally, because of the crosslike patterns of carbonaceous inclusions of 
crystals cut crosswise. 

chlorastrolite. From the Greek chlor and astro, meaning green star, because of its 
green stellate structure, 

chloromelanite (a variety of jadeite). From the Greek words melanos and chloro, 
meaning black and green, respectively, because of the black or dark-green 
color of the mineral. : 


WINTER, 1972-73 121 


chondrodite. From the Greek chondrodes, meaning granular, because the 
mineral often occurs in granular form in crystalline limestones. 

chrysoberyl. From the Greek chrysos (golden) and beryllos (beryl), of which 
mineral it was once thought to be a variety. 

chrysocolla. From the Greek words chrysos (golden) and kolla (glue), because it 
was used to solder gold. It originally referred to borax and other greenish 
minerals. 

chrysolite (peridot). From the Greek chrysos (golden) and lithos (stone), in 
allusion to the color of the mineral. 

chrysoprase (chalcedony). From the Greek chrysos (golden) and prason (leek), 
in allusion to its yellowish-green color. 

chrysotile (a variety of serpentine). From the Greek chrysos (golden) and tilos 
(fiber), in allusion to the color and structure of the variety. 

cinnabar. From the Latin cinnabaris, the original meaning of which is uncertain. 

citrine (a variety of quartz). From the French word citron, meaning lemon, in 
allusion to the color of the variety. 

clinozoisite (a member of the epidote group). From the Greek klinein, meaning 
to incline (because of the inclination of one axis), and zoisite, after Austrian 
Baron Zois von Edelstein (1747-1819). 

cobaltite. From the German Kobold, meaning underground spirit or goblin, in 
allusion to the refusal of cobaltiferous ores to smelt properly. 

cobaltocalcite. From the cobalt-carbonate composition. 

colemanite. After William T. Coleman, the owner of the California mine where 
the mineral was first found. 

coral. Through the Latin corallium from the Greek korallion. 

cordierite (iolite). After the French geologist P.L.A. Cordier (1777-1861). 

corundum. From the old Hindu word korund, the original significance of which 
is unknown. 

covellite. After N. Covelli (1790-1828), an Italian mineralogist. 

crocidolite. From the Greek krokis and idos, meaning nap of woolen cloth, 
apparently in allusion to its fibrous nature. 

crocoite. From the Greek krokes, meaning saffron, in allusion to the color 
resembling the deep orange produced by saffron dye. 

cuprite. From the Greek cuprum, meaning copper, because of the copper in the 
mineral’s composition. 

cymophane. From the Greek cymo (wave) and phane (to appear), in allusion to 
the chatoyant or girasol effect sometimes possessed by chrysoberyl. 

cyprine (a variety of idocrase). From the Latin cyprine (Cyprus being the 
ancient source of copper), because of the copper content in the mineral’s 
composition. 


* 


danburite. After Danbury, Connecticut, where it was first found. 

datolite. From the Greek dateisthai, meaning to divide, because granular 
aggregates crumble readily. 

davidsonite (a variety of beryl). After a Professor Davidson, a Scottish 
mineralogist. 

delatynite (a variety of amber). After Delatyn, in the Galician Carpathians. 

delawarite (aventurine feldspar). After Delaware Co., Pennsylvania, a source of 
the mineral. 
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demantoid (a variety of andradite garnet). From the Dutch word demant, 
meaning diamond, because of the variety’s outstanding dispersion, brilliance 
and luster. 

Derbyshire spar (a massive variety of fluorite). After Derbyshire, England, its 
principal source. 

diallage. From the Greek diallage, meaning change, alluding to its dissimilar 
planes of fracture. 

diaspore. From the Greek diaspora, meaning scattering, referring to the violent 
decrepitation of crystals when heated in the flame of the blowpipe. 

dichroite (iolite). From the Greek dichroos, meaning two colored, because of its 
strong pleochroism, 

diopside. Through the French from the Greek di and opsis, meaning double and 
appearance, in reference to the confusing effect produced by its double 
refraction. 

dioptase. From the Greek dia and optazein, meaning to see through, because its 
cleavage plane can be seen in the crystals. 

ditroite (sodalite). After Ditro, Rumania, where it has been found. 

dolomite. After Deodat de Dolomieu (175 0-1801), French mineralogist. 

domeykite. After I. Domeyko, a Polish mineralogist. 

dravite (tourmaline). After its occurrence in the Drave district, Carinthia, 
Austria. 

dumortierite. After the 19th-century paleontologist, Vincent Eugene Dumortier. 

durangite. After Durango, Mexico, where it is found. 


* 


egeran (a variety of vesuvianite). After its occurrence at Eger, Czechoslovakia. 

eilatit or Eilat stone (azurmalachite). After its occurrence near Eilat, Israel. 

ekanite. After F.L.D. Ekanayake, gem dealer of Colombo, Ceylon, who 
discovered it in 1953. 

elaeolite (a variety of nephelite). From the Greek elaion, meaning oil, because of 
its greasy luster. 

elbaite (tourmaline). After the Isle of Elba, Italy, where it is found. 

El Doradoite (quartz). After El Dorado Co., California, where it is found. 

elixirite (a variety of wonderstone). In allusion to its hot-springs origin. 

emerald. From an ancient Persian word that was later translated into the Greek 
smaragdos, which evolved through such corruptions of the later Latin 
smaragdus as esmeraude, emeraude and esmeralde. The present spelling did 
not become a part of the English language until the 16th century. 

empirite (tektite). After its occurrence near Empire, Dodge Co., Georgia. 

enhydros (chalcedony containing water). From the Greek word meaning holding 
water. 

enstatite. From the Greek enstates, meaning adversary, because it is infusible 
before the blowpipe. 

epidote. From the Greek epididonai, meaning to give besides, because the base 
of the. prism has one side longer than the other. 

euclase. From the Greek euklasis meaning good cleavage, because of its one 
direction of highly developed cleavage. 

* 


feldspar. From the older German feldspath (now feldspat), which meant 
fieldspar. Spar, which comes from the Anglo-Saxon Spaeth, means any easily 
cleavable mineral, such as calcite, fluorite or feldspar. 
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fluorite. From the Latin fluere, meaning flow, because it melts easily when used 
as a flux. 
fowlerite (a variety of rhodonite). After a Dr. Samuel Fowler. 


* 


gahnite (a variety of spinel). After J.G. Gahn (1745-1818), the Swedish chemist. 

garnet. From the Latin granatus, meaning seedlike or having many seeds, because 
garnet crystals in a rock reminded early scientists of the shape and color of 
pomegranate seeds (Latin, granatum). 

gedanite (a fossil resin). After Gedanum, the Latin name for Danzig, Poland. 

girasol. From the Italian girare (to turn) and sole (sun), to describe any gem that 
exhibits a billowy, floating light effect. 

goshenite (a variety of beryl). After Goshen, Hampshire Co., Massachusetts, 
where it has been found. 

greenovite (a variety of sphene). After G.B. Greenough (1778-1855), an English 
geologist. 

griqualandite (crocidolite). After Griqualand West, South Africa, its principal 
source. 

grossularite (a species of the garnet group). From grossularia, the botanical term 
for gooseberry, in allusion to the appearance of many of its crystals. 

grothite (sphene). After P. Groth, a German mineralogist. 

gypsum. Probably from the Arabic jibs, meaning plaster, and from the Greek 
gypsos, meaning chalk. 


* 


hambergite. After A. Hamberg, a Swedish mineralogist. 

hauynite. After Rene Just Hauy (1743-1822), a French mineralogist. 

hhebronite (amblygonite). After its occurrence at Hebron, Maine. 

heliodor (a variety of beryl). From the Greek helio (sun) and the French dore 
(gilded), in allusion to its brownish-yellow color. 

heliotrope (bloodstone). From the Greek helio (sun) and trepein (direction). It 
was Originally applied to green chalcedony with such a great quantity of red 
spots that, when placed in water in the face of the sun, it appeared uniformly 
red. 

hematite. From the Greek haimatites, meaning bloodlike, because its streak is 
brownish red. ‘ 

hemimorphite. From the Greek hemi (half) and morphe (form), because the 
crystals are unsymmetrical on opposite ends. 

herderite. After S.A.W. von Herder (1776-1838), a mining official of Freiberg, 
Saxony. 

hessonite (a variety of grossularite garnet). From the Greek hesson, meaning 
inferior or less, because its hardness was thought to be inferior to that of true 
hyacinth (zircon), which is often of similar color. 

hexagonite (a variety of tremolite). First described as hexagonal (hence the 
name), but was later shown to be monoclinic. 

hiddenite (a variety of spodumene). After William E. Hidden (1853-1918), 
American mining engineer, mineral collector and dealer. 

hodgkinsonite. After HH. Hodgkinson of Franklin, Sussex Co., New Jersey, 
where it is found. 

howdenite (the chiastolite variety of andalusite). After Mt. Howden, near 
Bimbowrie, South Australia, where it is found. 


124 GEMS & GEMOLOGY 


i 


howlite. After Professor H. How of Nova Scotia, a source of the mineral. 

hyalite (common opal). From the Greek hyal, meaning glassy, because of its 
glasslike appearanice. 

hydrophane (common opal). From the Greek hydro (water) and phane (to 
appear), because, when immersed in water, it becomes more transparent. 

hypersthene. From the Greek hyper and sthenos, meaning very strong, referring 
to its strong pleochroism. 


* 


idocrase. From the Greek eidos (form) and krasis (mixture), because its crystal 
form resembles that of other minerals. 

ilmenite. After Russia’s men Mts., one of the sources of the mineral. 

indicolite (a variety of tourmaline). From the Latin indicum, meaning indigo, in 
allusion to the color of the variety. 

iolite. From the Greek ion, meaning violet, in allusion to its common color. 

ivory. From the Latin eboreus through the Old French yvoire. 


* 


jadeite. The original Spanish name from which the words jade and jadeite 
evolved was piedra de ijada. Meaning colic stone or stone of the flank or loins, 
it was supposed to relieve the pain caused by kidney ailments if applied to the 
side of the body. The Spanish name was translated into French (pierre de 
lVejade and, later, le jade) and subsequently simplified to jade by the English. 
The word yadbite was not coined until about 1863. 

jasper (a variety of chalcedony). Through the Latin from the Greek iaspis, which 
is of Oriental origin but unknown significance. 

jeremejevite. After Pavel V. Jeremejev (1830-1899), Russian mineralogist and 
mining engineer. 

jet. From a Greek word for an unspecified place in Asia that was then known as 
Lycia, progressed through the Latin from gagates, and came to us eventually 
from the Old French jaeit. 


[Editor’s note: to be continued in a forthcoming issue. ] 
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EDWARD H. KRAUS 


A grand old man passed away Feb- 
ruary 3, 1973. Dean Emeritus Edward 
H. Kraus of the University of Michigan 
was for many years the honorary 
president of the Gemological Institute 
of America and in the early days of 
this organization, a key advisor to 
Robert M. Shipley, GIA’s founder. 

Edward H. Kraus, one of the better- 
known and respected mineralogists in 
the world in his time, was successively 
professor of mineralogy, chairman of 
the department, dean of the College of 
Pharmacy, dean of the summer school, 
and dean of the College of Literature, 
Science and the Arts — all at the 
University of Michigan. 

After graduating from the Univer- 
sity of Rochester in New York, he 
earned a Ph.D. degree at the University 
of Munich. Later he joined the faculty 
of the University of Michigan, where 
he became preeminent in the minera- 
logical field and then in 1925 with 
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Edward Holden wrote a key text in 
the gem field, Gems and Gem Mater- 
ials. Later he collaborated with 
Chester B. Slawson on other editions 
of that well-known text, which is still 
in print. He was author of a number of 
other books and a large number of 
articles which added to his outstanding 
reputation in the mineralogical field. 
Recipient of the Roebling Medal for 
outstanding contributions to the min- 
eralogical field, Professor Kraus also 
served as President of the Mineralog- 
ical Society of America, and for many 
years as President of the Gemological 
Institute of America. 

Edward H. Kraus was a remarkable 
man in many ways. He contributed 
materially to many fields other than 
gemology and mineralogy. He and his 
lovely wife, Lena Hoffman Kraus, who 
survives him, continued to live in their 
home on a hilltop in Ann Arbor until 
his death at 97 years of age. 
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* TREASURE FROM LAND, SEA & 


LAB, yearly supplement, by Jewelers 
Circular-Keystone. Published by Chilton 
Publications, Philadelphia, Pennsylvania, 


1972, Magazine format. 132 pages. Price: 
Yearly subscription $6.00. 

New sales approaches, store-lighting 
techniques, and twelve feature articles are 
all highlighted in the latest magazine supple- 
ment of Jewelers Circular-Keystone. 

The opening article by George Holmes, 
“Gemstones: Supply and Demand” points 
out the lucrative increase in colored stone 
demand over the past several years, with 
mention of the six-fold increase in the 
importation of Colombian emerald. “Does 
The Public Know You’re An Expert?” by 
Roslyn Elkins suggests refreshing advertising 
approaches, making use of the vehicles of 
mass media. Dr. Edward Gubelin, in his 
article “Inclusions: Clues to Gem Growth” 
discusses various characteristic gem inclu- 
sions, distinguishing between those present 
before crystallization, those forming simul- 
taneously with the growth process and those 
occurring after crystal formation is com- 
plete. 

“Gemstone Genesis” by Dr. CS. 
Hurlbut, Jr., is a mineralogist’s approach to 
the geological classification as it relates to 
the gemologist. Captain John’ Sinkankas 
then discusses gem-rich areas in the United 
States, listing the larger and more significant 
specimens discovered at each locality. This 
article is aptly entitled “From America’s 
Rocks and Rills.” In “The Almost-Real 
Market” Dr. Frederick Pough summarizes 
the historical growth and current situation 
of the synthetic gem market. 
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In addition to the above, four of the 
articles were contributed by GIA staff mem- 
bers. Richard T. Liddicoat, Jr. in “It’s 
Green: But What Is It?” emphasizes the 
present-day necessity for proper gem identi- 
fication procedures, stressing each individual 
piece of gem-testing equipment and its 
usage. Accompanying this article is an excel- 
lent chart- with over 40 gems and gem 
materials that will serve the jeweler with a 
ready convenient reference. “The Great 
Stone Face Lift” by Robert Crowingshield 
is a revealing look at where man starts to 
improve the cosmetics of gems once nature 
has stopped. Heat treatment improves color, 
as does dyeing, oiling, waxing and irradia- 
tion. Recently, the laser technique is being 
used to improve diamond clarity. Charles 
Fryer clearly categorizes cutting styles in 
“Of Cuts, Facets and Cabochons.” He fur- 
ther delineates the finer points of the 
brilliant cut, the step cut and possible 
combinations. Included with the text are 
numerous diagrams, each labeled with cor- 
rect names. “Gifts From The Sea” by Jill 
Fisher both summarizes and clarifies the 
pearl. After distinguishing the three types — 
natural, cultured and imitation — the finer 
nuances of pearl grading involving luster, 
body color, overtone, blemishes and shape 
are outlined. 

Full-color photographs and illustrations 
supplement many articles. Multiple adver- 
tisements are indexed at the close of the 
issue. 

Jewelers will unanimously find TREA- 
SURE FROM LAND, SEA & LAB a useful 
and informative volume. 

S_K. 
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* DESCRIPTIONS OF GEM 
MATERIALS by Glenn & Martha Vargas. 
Published by the authors, Coachella, Califor- 
nia, 1972. 155 pages. Clothbound, Price: 
$7.50. 

As the authors — Glenn and Martha 
Vargas — point out in their introduction, 
“This book is intended as a reference for 
gem or rough material identification, ‘or in 
preparation for gem cutting. It is hoped it 
will be of value for the student of gemology 
in finding the identity of an unknown gem. 
It should be of value to the cabochon or 
faceted gem cutter to help him identify or 
check the identification of rough material, 
and give him information as to the possible 
behavior of the material when he begins to 
cut it.” As an appropriate companion vol- 
ume to their already popular book — Facet- 
ing For Amateurs — this work accomplishes 
all that it intends. 

Following a brief introduction, this book 
is divided into six sections containing des- 
criptions of more than 220 natural gem 
materials, and 30 synthetic materials. The 
synthetic gem materials, Section 2, is ex- 
ceedingly up-to-date, including items such as 
yttrium aluminum garnet (YAG), yttrium 


aluminate, yttrium oxide, linobate, quartz, 
and fluorite. For all gem materials, both 
physical and optical properties are listed, 
with special emphasis on those factors that 
should be considered when cutting a stone 
such as critical angle and cleavage. 


The following. three sections are each 


arranged in a table format, of ascending 
order, dealing with the hardness, specific 
gravity and refractive index of those gem 
materials outlined in Sections 1 and 2. The 
final section could be considered an acces- 
sory to the entire work, serving as a partial 
index and also containing 360 names ap- 
plied to alternate, varietal and incorrect gem 
and mineral names. The GIA particularly 
commends this portion, as we have often 
noted the chaotic situation regarding min- 
etal nomenclature. 


DESCRIPTIONS OF GEM MATERIALS 
is indeed a worthwhile publication combin- 
ing gemology with the basic technological 
information required by the lapidary crafts- 
man. Both its thoroughness and logical 
arrangements combine to make this book'a 
practical one for the gem field. 


S.K. 
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Examination of Maxixe-type 
Blue and Green Beryl 


by K. Nassau, Ph.D., and D.L. Wood, Ph.D. 
Bell Laboratories 
Murray Hill, New Jersey 07974 


ABSTRACT 

Blue Maxixe beryl, kept in the dark since 
1917, and current blue and green beryl (R. 
Crowningshield, Gems & Gemology, vol. 14, 
#4, Winter 1972-73) showing similar char- 
acteristics, have been examined by absorp- 
tion spectroscopy, gamma-ray spectroscopy, 
chemical analysis, and light, heat, and irradi- 
ation treatments. All three show an anomal- 
ous dichroism (the ordinary ray is more blue 
than the extraordinary ray, whereas in aqua- 
masine the reverse is true) and an unusual 
narrow band spectrum in the red and yellow 
regions. In all three cases the color is 
bleached by exposure to daylight or on 
heating and can be recovered by neutron or 
gamma-ray irradiation. A color center not 
involving a transition metal such as Fe, Co, 
Cu, etc., is indicated. Examination of 23 
faceted “sapphire” blue beryl gemstones by 
gamma-ray spectroscopy indicates that three 
had definitely been colored by neutron 
irradiation; the others may or may not have 
been treated by irradiation. 


INTRODUCTION 

About 1917, in the Maxixe mine in 
Minas Gerais, Brazil, blue beryl was 
found which had the following un- 
usual properties: it showed a strong 
anomalous dichroism, a narrow band 
absorption spectrum for the ordinary 
ray which produces a pronounced 
“sapphire” or “cobalt” blue (distinctly 
different from the blue of aquamarine 
beryl); and the color faded on ex- 
posure to light.' These and other 
properties were reported in 1933 and 
1935 (1,2, 3). We consider any beryl 
to be “Maxixe-type”’ beryl if it shows 
these three unusual properties: di- 
chroism with blue in the ordinary ray; 
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Fig. 1 
Absorption spectra of Maxixe-type beryls: 
(A) 1917 Maxixe specimen; (B) current blue 
faceted stone; (C) current green rough. 
Ordinary ray only; extraordinary ray lacks 
any absorption in the 0.5 to 0.75 micron 
(5000 to 7500 A) region. 


narrow-banded absorptions in the or- 
dinary ray spectrum; and - bleaching 
on exposure to light or heat. Some 
recent material of this type has be- 
come available, and our attention was 
drawn to the unusual absorption spec- 
trum by Mr. R. Crowningshield. 


EXPERIMENT 

We have examined in detail the 
following: a piece of the original 
Maxixe find that has been kept from 
extended exposure to light since 1917, 
courtesy of Mr. B.W. Anderson; 23 


1 After a brief period of “‘a lively trade”’ (1), 
“there resulted much unpleasantness”’ (2). 
[Authors’ translation. | 
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specimens of currently commercially 
available deep blue faceted stones 
(ranging from four to ten carats in 
weight), as well as blue rough from an 
unspecified locality said to be in 
Brazil; and three dark green stones and 
some dark green rough, possibly from 
the same current locality. All exhibit 
the three properties just mentioned. 
Although there were some minor dif- 
ferences, all these specimens showed 
pronounced blue/colorless, blue/pale 
pink, or green/yellow dichroism with a 
similar characteristic ww spectrum in 
the 5000 to 7500 A region (Figure 1). 


Permission was obtained to expose 
to light four current deep blue stones, 
current deep blue and green rough, 
and part of the old Maxixe rough 
(either to daylight with intermittent 
sun or to a 100-watt frosted tungsten 
light bulb at a distance of six inches in 
an air-conditioned room). After one 
week, all had faded significantly, end- 
ing with only about half of the original 
color or less. The bleaching was then 
completed by heating to a maximum 
of 235°C (455°F) for one-half hour, 
resulting in yellow or pale pink color. 
By comparison, aquamarine is cus- 
tomarily heated to a much higher 
temperature 400°C (752°F) to im- 
prove the color, which remains stable 
to light (4). 


Examination of all the specimens 
by gamma-ray spectroscopy, using a 
lithium drifted germanium detector, 
indicated in three of the faceted stones 
the presence of a small amount of 
Cesium-134, a radioactive species with 
a half life of two years. This is absent 
in nature, but produced by neutron 
irradiation of natural Cesium-133 in 
the specimens. These stones must 
therefore have been treated by neu- 
tron irradiation. The other specimens 
did not show this behavior and have 
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probably not been irradiated with neu- 
trons. On heating one of the partially 
bleached cut stones to 150°C for one- 
half hour, there was no significant 
further change in color. However, after 
one-half hour at 200°C (about 400°F), 
only a very pale pink color remained. 
Neutron irradiation (15 minutes at 
10’? neutrons/cm?/sec) now returned 
the stone to a blue color even deeper 
than its original color. Another similar 
stone (blue/pale pink dichroism), 
when heated by Mr. R. Crowning- 
shield, bleached completely to pale 
pink in less than a half-hour at 95°C 
(203°)F. This stone was exposed to 
gamma rays (2x10” rads from Cobalt- 
60) and.also turned deep blue. This 
gamma-ray irradiation does not leave 
any evidence of treatment, producing 
the usual characteristic w spectrum. 
As expected from the ease of heat 
bleaching, this stone also bleached 
very rapidly in light (significantly in 
only 15 hours). 


The green material when bleached 
to a deep yellow by sunlight could be 
returned to green by neutron irradi- 
ation, to a weak blue/green by X-rays, 
but was hardly changed by gamma 
rays from Cobalt-60. The re-colored 
material (both blue and green ) could 
be bleached again by light. The green 
could also be changed to yellow by a 
half-hour heat treatment at 150°C, 
whereas heating to 400°C removed the 
yellow color, as was previously noted 
in an ordinary yellow beryl (5); neu- 
tron irradiation returned this colorless 
material to green. 


Analysis showed a high iron con- 
tent in the green material (about 
0.2%), but essentially none in the old 
Maxixe sample (0.000X%). This is con- 
sistent with the spectral evidence that 
the deep yellow component is due to 
Fe** in the octahedral Al** site (5), and 
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indicates the Fe is not involved in the 
narrow-banded w spectrum. Other 
transition metals, such as Co, Cu, etc., 
are essentially absent. Since the blue 
material can be bleached by exposure 
to light or quite low temperatures and 
recovered by irradiation, a color center 
(6) (see Appendix) not involving a 
transition metal ion is indicated. The 
minor differences in the spectra in 
Figure 1 may well be associated with 
differences in the total alkali content, 
the old Maxixe being high (about 2%), 
the green low (less than 0.1%). 
Neutron irradiation was also tried 
on several of the beryl specimens used 
in our previous study (5). One of 
these, a colorless beryl (#451 of Refer 
ence 5) showed a faint blue color after 
irradiation, and on examination 
showed a weak w spectrum of the 
Maxixe type. Accordingly, it appears 
that not any beryl can be irradiated to 
give a Maxixe-type color; but neither 
does it appear to be necessary to have 
material from a unique location. In- 
vestigation on this point is continuing. 


CONCLUSIONS 


There is some variation in spec- 
trum, iron content, alkali content, 
color, and rate of bleaching by either 
light?» or heat. Nevertheless, in con- 
trast to the many ordinary varieties of 
beryl known over the centuries, these 
specimens show sufficient similarity to 
merit a common designation, and we 
have used the term “Maxixe-type” 
based on the first reported occurrence 
(1,2,3). At present there is not 
enough information to decide if this 
type of material originates from one or 
several localities. It appears that the 
color of some of this material may be 
as originally found, although some 
material has definitely been neutron- 
irradiated either to form the color, to 
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improve the color, or to return color 
which has been bleached by exposure 
to light or to heat. Some or all of the 
rest may have been colored by gamma 
rays. 

Based on the observations here 
reported, we believe that any blue or 
green beryl (particularly if the blue 
color is of the “sapphire” type) show- 
ing anomalous dichroism with the blue 
color in the ordinary ray and sharp 
absorption bands for the ordinary ray 
in the 5000 to 7500 A region (Figure 
1 and Reference 7) should be desig- 
nated as ““Maxixe type.” Such a beryl 
will fade, either on exposure to light 
or on heating. Such a beryl may or 
may not have been irradiated with 
neutrons or with gamma rays. It is in 
fact not possible to determine whether 
a given stone has been treated or how 
fast it will fade. In the words of Mr. 
Crowningshield, “... potential buyers 
should be alerted to the possibility 
that any stone of this type which they 
consider, may fade too rapidly to bea 
satisfactory jewelry stone.” 

Our investigation is continuing and 
a detailed report will appear in Lapi- 
dary Journal, together with color 
illustrations. 
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2a large intensely colored gemstone may 

need more than a week in bright sunlight 
(or 150 hours at 6 inches from a 100-watt 
frosted light bulb) to show pronounced 
fading. 
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APPENDIX: A Note on Color Centers 

Most of the color in gems and 
minerals is caused by unpaired elec- 
trons in major ingredients such as the 
copper in malachite and turquoise, or 
in impurities such as the chromium in 
ruby and emerald or the iron in aqua- 
marine and citrine. Alternatively, there 
is color caused by physical structure, 
as in opal and labradorite (the optical 
diffraction grating effect). 

But in some materials, where there 
is no such color causing ingredient or 
physical structure present, it is possi- 
ble for “color centers” to cause a 
variety of colors. Color centers have 
been studied intensively, but only a 
few have been understood. Frequently 
this involves a vacancy (omitted atom) 
or some other type of defect (some- 
times an impurity) which can hold 
(but does not of itself possess) an 
unpaired electron. 

Examples of color centers occur in 
halite or sylvite (made purple to black 
by various treatments), fluorite (green, 


purple, etc.) and smoky quartz. A 
frequent characteristic of color centers 
is that exposure to light or to rela- 
tively low temperatures may permit 
the unpaired electrons to pair off, thus 
removing the color. Irradiation by X- 
rays, neutrons, or some other form of 
penetrating radiation may cause the 
color to return by unpairing the elec- 
trons again. An unusual, only partly 
understood, color center is involved in 
the amethyst form of quartz which 
also contains iron as an impurity. 
Amethyst is turned yellow or green by 
heat, and can be recolored with X-ray 
irradiation. However, not just any 
quartz colored green or yellow with 
iron will go to amethyst with irradi- 
ation—some specific defect must still 
be associated with the iron impurity. 
Synthetic quartz containing iron must 
be grown in one specific direction to 
produce this specific color center and 
enable amethyst to be produced on 
subsequent X-ray irradiation. The 
color of amethyst is unusually stable 
for a color center, although it will fade 
over a period of many years or in 
hours at 400 to 600°C. The relative 
ease with which the color is produced 
by X-rays is consistent with this stabil- 
ity to light and to heat. 

In the case of the deep blue beryl 
there does not seem to be any specific 
impurity present. It is likely therefore 
that a vacancy is involved which can 
hold an unpaired electron. The relative 
ease of fading implies that the elec- 
trons pair off readily, and the diffi- 
culty of returning the color is consis- 
tent with this instability. 
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Developments and Highlights 
at GIAvs Lab in New York 


Figure 1 


Figure 2 
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by Robert Crowningshield 


Glass 

By coincidence we have encoun- 
tered a number of good green jade 
imitations from various sources, all 
submitted within a very few weeks. 
Figure 1 illustrates an ordinary glass 
imitation mounted in platinum and set 
with diamonds. Although translucent, 
it had nothing particularly different 
about it to suggest that it was other 
than ordinary glass. This is in contrast 
with others seen later. Figure 2 was 
taken by Photoscope to show a most 
unusual radiating fibrous pattern in 
another excellent imitation with a fine 
green color. The process whereby a 
glass contains crystals, or a partly 
crystalline structure, we think of as 
devitrification. In the jade imitation 
sold in Japan as “meta-jade” or 
“‘limori stone” the devitrification 
causes a fern-leaf effect. It is shown in 
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Figure 4 


Figure 6 
Figure 3. This stone was set in a ring 


with unusual imitation diamonds. 
They were cut out of the setting so 
that both the prongs and the table of 
the stones were simulated (Figure 4). 
In another 31-carat cabochon which 
looked certainly like a valuable 
“imperial jade” cabochon, the devitri- 
fication took on the appearance of 
irregular included crystals or tufts of 
crystals (Figure 5). Another imitation 
brought in the same day was clearly 
glass, by virtue of the prominent gas 
bubbles. However, the refractive index 
of 1.66 and the mottled appearance to 
the unaided eye so closely resembled a 
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Figure 5 


Figure 7 

certain quality of jadeite that there 
was a sizeable bet between two trade 
members awaiting the Laboratory ver- 
dict. This stone is shown in Figure 6. 


Fine Jade 

Not all the jade-like stones we en- 
countered since last issue were imita- 
tions. Because of the great demand for 
fine jadeite and the consequent high 
prices, we have been seeing an in- 
creasing number of fine stones. One of 
these contained an inclusion which we 
did not identify, but it appeared to be 

pyrite (Figure 7). 
Another quite acceptable jadeite 
cabochon was unusual in that it had 
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Figure 8 


Figure 10 


several more or less straight bands of 
color which are shown in Figure 8. 


Glass Again 

In Figure 9 we see a bracelet with 
what the customer bought as natural 
emerald crystals. They were cleverly 
made glass imitation hexagonal 
“prisms,” mostly green, but some had 
a brown “matrix.” 
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More Glass-Imitation Cat’s-Eyes 

An attempt to manufacture a glass 
substitute of cat’s-eye is shown in 
Figure 10. The maker was unable to 
color the stones and they appeared 
white due to the breaking up of the 
light by the hollow tubes that were 
introduced to cause the phenomenon. 
Viewed from the side, these tubules 
can be seen in Figure lJ. A later 
attempt by another manufacturer 
produced good-looking imitations in 
various colors, including an approxi- 


Figure 11 
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Figure 12 


Figure 13 


Figure 13-A 

mation of the so-called honey color of 
a chrysoberyl. However, the stone 
illustrated in Figure 12 is a pale sap- 
phire blue. As in chrysoberyl, the 
SPRING 1973 


Figure 13-C 


structure causing the sharp eye effect 
is so fine as to be invisible under 
Gemolite magnification. When viewed 
from the side, a surprising honeycomb 
pattern is seen (Figure 13). We assume 
that this is another manifestation of 
devitrification. In the Polariscope the 
stone appeared to be doubly refractive 
when viewed in this direction. 

Still another cat’s-eye imitation was 
encountered in which the eye was as 
sharp as could be desired (Figure 
13A). It was brownish-yellow in color, 
resembling chrysoberyl. However, the 
most remarkable characteristic was the 
fiber optic effect when viewed from 
the side (Figure 13B). Under magnifi- 
cation the honeycomb appearance was 
present. In Figure 13C one of the 
hexagonal areas is outlined in black 
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Figure 14 
ink in order to delineate the pattern. 
Within each of the larger hexagonal 
areas are hundreds of small hexagonal 
fibers which are obviously the cause of 
the eye effect when viewed from 
above. We are not aware of the nature 
of this glass—possibly it is made of 
fused optic fibers. However, the refrac- 
tive index appears to be well over the 
refractometer scale and the specific 
gravity is 4.19. 


An Unusual Agate 

We recently identified a strand of 
baroque mottled beads in which 
quartz in the form of agate and what 
appeared to be strands of tiger-eye 
intermingled. The necklace had been 
imported as “Hsichwan Jade.” We re- 
called that we had received a similar- 
appearing cabochon from Hong Kong 
Gems, Ltd., some time back. 

This stone is shown in Figure 14. 
We do not know if the tiger-eye ap- 
pearing strands are indeed pseudomor- 
phic asbestos, but it would seem that 
it could have occurred in nature. 

Diamond Finish 

In Figure 15 is shown a beautiful 
example of the girdle faceter’s art. The 
stone was round and weighed in excess 
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Figure 15 


Figure 16 


Figure 17 
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of 13 carats. The girdle facets had 
been placed on with all the skill and 
patience one could wish. In addition, 
the top and bottom main facets 
pointed up beautifully. 


Nature’s Crazy Laser? 

Some of the wildest-looking inclu- 
sions we have ever seen in a diamond 
are shown in Figure 16. The stone was 
a large light brown round brilliant. The 
erratic tubules had a squarish outline 
and meandered through the stone at 
one edge in a haphazard way—some 
resembling snakes, lightning, off-beat 
laser holes or ticker tape. With more 
study we are sure they could be re- 
lated to diamond’s growth structure. 
Another unusual inclusion in diamond 
is shown in Figure 17. It has the 
appearance of a single long, straight 
needle. By way of review, Figure 18 
illustrates two laser holes penetrating 
inclusions in a round diamond of 1.60 
carats. 


Synthetic Emeralds 

With the interest in fine emeralds at 
seemingly an all-time high, it behooves 
jewelers to study as many natural and 
synthetics as possible. The microscope 
remains a very reliable first observa- 
tion, with ultra-violet and refractive 
index still important back-up tests. In 
Figure 19 we show peculiar inclusions 
in a synthetic emerald that had led an 
experienced jeweler astray since these 
had not been reported in his references 
for synthetic emeralds. The stone had 
appeared to be natural until its low 
refractive index and _ ultra-violet 
fluorescence proved it to be synthetic. 


WE THANK ... 


Dr. Kurt Nassau and Dr. D.L. Wood 
for their concern and interest in pre- 
paring the article on Maxixe-type 
beryls for this issue. The Laboratories 
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Figure 18 


Figure 19 
have had many requests for informa- 
tion about the fine blue stones and 
many overseas telephone calls have 
come in. In view of the findings, we 
will specify in our reports any beryls 
with the Maxixe properties as 
“Maxixe-type beryl.” Several sugges- 
tions for recognizing them for those 
who do not have access to a spectro- 
scope were mentioned in the Winter 
1972-73 issue of Gems & Gemology. 
They fluoresce a dull greenish-white 
under short ultra-violet in a dark 
room; they appear red under a color 
filter when viewed in the blue direc- 
tion (a Poloroid plate will sharpen the 
results by isolating the blue direction); 
and since the dark blue is the ordinary 
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ray (it is the extraordinary ray in 
typical aquamarine) one can use a 
Polaroid plate to determine the direc- 
tion of no dichroism (the optic axis 
direction). In Maxixe-type stones this 
will be the dark blue direction, 
whereas in ordinary aquamarines this 
will be a lighter blue to blue green 
direction. In the Polariscope one can 
find the optic axis figure and note that 
in Maxixe-type stones it will be the 
dark blue direction, while in ordinary 
aquamarines it will be a light blue 
direction. Of course, to the experi- 
enced eye the almost cobalt-like blue 
color requires no elaborate tests to 
identify it. 


Mr. Martin Harman of A.V. Gumu- 
chian, New York and Antwerp, fora 
selection of sample qualities of Taiwan 
nephrite cabochons and two rough dia- 
mond crystals—one a lovely orange 
and the other a partially-cut black 
stone. It is interesting when viewed 
over a strong pinpoint light source. 
There is a central large black crystal 
and radiating out from it, something 
like the ripples when a stone is tossed 
into a still pond, are rings of smaller 
black inclusions. The photograph 
(Figure 20) makes it look something 
like a cosmic explosion. 


Mr. Roland Naftule of Nafco Gems, 
New York, for a selection of nearly 
colorless grossularite garnets from 
Tanzania. These will be most useful 


Figure 20 


for advanced students of Gem Iden- 
tification. 


Mr. Don LaPore of Airtron Division of 
Litton Industries, Inc., Morris Plains, 
New Jersey, for a fine selection of 
faceted colorless synthetic garnet 
“YAGS,” which will be most useful in 
class work. 


Dr. A.E. Alexander for a selection of 
synthetic corundum and spinel boules 
which he secured in the late 1940’s 
when he was a consulting engineer for 
the Swiss Jewel Company of Locarno, 
Switzerland. Also in the collection is a 
boule of synthetic rutile, one of the 
last grown by Linde Air Products, 
before they decided not to compete 
with National Lead but to concentrate 
on synthetic star sapphires and rubies 
instead. 
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Contribution to the Knowledge 
of the Argentine Rhodochrosite 


by Drs. J. Della Sala, J.C. Fuentes, M. Herrero, N. Laserre and J. Viand 


INTRODUCTION 

Rhodochrosite, or “Rosa del Inca,” 
is from the Greek rodon (rose) and 
chros (color). It has been known in Ar- 
gentina since Spanish colonial times (1). 
There are some deposits of the mineral 
in Capillitas and Famatina, Provinces 
of Catamarca and La Rioja, respec- 
tively. The first one belongs to an 
important ore deposit in the Depart- 
ment of Andalgald, 3.300 to 3.500 
miles high. 

The veins of minerals are associated 
with rhodochrosite and they are lo- 
cated in a volcanic environment (Mio- 
cene-Pliocene), according to Angelelli 
(2). The carbonate of manganese ap- 
pears as secondary mineral or filling 
material among the other minerals. 

The paragenesis of rhodochrosite is 
correlated mainly with pyrite, chalco- 
pyrite, bornite, sphalerite and galena. 
The veins form lenticular bodies of 
variable length and width, from 3 to 5 
meters to 50 to 120 meters at the 
longest, and 1.50 to 2.90 meters at the 
widest (2). 

Optical Properties 

The rhodochrosite samples for this 
research come from Capillitas (Prov- 
ince of Catamarca, Argentina). Macro- 
scopically, it is opaque, pink colored 
with vitreous-grease towards pearly 
brittle and with alternate tiny bands of 
whitish color with zigzag form, asso- 
ciated with pyrite, chalcopyrite, 
quartz and calcite. 
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Under the petrographic microscope 
in thin section, the mineral is colorless 
with perfect cleavage in three directions 
(thombohedral). Also it shows a high 
dispersion and it was possible to ob- 
serve, with crossed Nicols, the uniaxial 
(trigonal) character and negative sign 
of rhodochrosite. 

With the aid of a Duplex II refrac- 
tometer several refractive indices were 
determined, with a mean value of 
1.59. 


Physical Properties 

Some measurements of specific 
gravity were performed on several sam- 
ples by pycnometer method, obtaining 
a variable result between a range of 
3.50 to 3.60. At the same time the 
mineral was tested for hardness with a 
hardness point-set Rayner, giving 
about 4.5 in the Mohs’ scale. 

The ultraviolet analyses were made 
with Chromato-Vue CC-20 equipment. 
Using short wave (2.537 A), it showed 
a red violet fluorescence color, and 
with long wave (3.660 A) a weak black 
pinkish color was seen. 

With X-rays no fluorescence was 
detected in any samples. For the spec- 
troscopic analysis, a GIA Spectroscope 
Unit was used, giving a characteristic 
absorption band between 5.350 and 
5.650 A in the green zone of the 
spectrum, in complete agreement with 
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assays (3). 
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Chemical Properties 

The composition of rhodochrosite 
is formed by manganese carbonate and 
it could be a member of an isomor- 
phous series among this one and siderite 
(FeCO3), according to Zussman ef al. 
(4), using the name of manganosiderite 
when Mn= Fe. Also, it could form 
another series of the same type, among 
CaCO3 (calcite)}-MnCO3, although in 
the present work only some traces of 
calcium were detected. 

Qualitative and quantitative chemi- 
cal analyses were performed for major 
and some minor elements in rhodo- 
chrosite samples from Capillitas, giving 
the results that follow in Tables 1-A 
and /-B. At the same time, for com- 
parison purposes, we transcribed the 
chémical analysis of another rhodo- 
chrosite from Ljubica. 


CONCLUSIONS 

From the observations and analyses 
performed on the samples from Capil- 
litas, we arrived at the following 
results: 


1. The Argentine rhodochrosite is 
quite different from other rhodo- 
chrosite from different places in the 
world. It has a reasonable amount of 
ferrous iron (Fe?*) and magnesium 
(Mg?*), which could mean an. iso- 
morphous replacement of manganese 
(Mn**) by those elements from the 
series rhodochrosite-siderite and 
thodochrosite-magnesite (MgCO3 ). 


2. The refractive index and the spe- 
cific.gravity have a linear increment 
with the iron (Fe?*) contained, but 
magnesium reduces slightly these 
effects (4): As significant amounts of 
both elements are present in the re- 
searched samples, the obtained results 
for those parameters give average 
values in both cases. 


3. The beautiful and strong pink 
color is generally well recognized in 
the fresh mineral (when it has been 
recently extracted). After some time it 
develops an external alteration to 
manganese oxides of dark color, witha 
light yellowish tint because of the 


Table 1-A. Major Elements 


55.829 
60.87 


2.05° 
Trace 


4 Capillitas, Andalgald, Catamarca, Argentina (present work). 
b Ljubica, district Bosnia, Penins, Balkan, as reported by Zussman et al. in 1970 (4). 
Spectrophotometry (Beckman spectrophotometer). 


Julian method (volumetry). 


© Atomic absorption spectroscopy (Arolab spectrophotometer). 


Total ignition loss (at 1.100°C). 
& Wet chemical analysis. 


h Wet chemical analysis. 


‘Flame spectroscopy (Vreeland spectroscope). 
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Fig. 2. A jewel with rhodochrosite. 


quite appreciable amount of iron 
(Fe?*) that replaces to manganese 
(Mn?*). 

4, The Argentine rhodochrosite be- 
cause of its fine quality is increasing its 
application in the jeweler’s industry as 
well as in the manufacture of art 
(Figure J and 2) and decorative arti- 
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Fig. 3. Silver jewel box with cover 
and bottom of rhodochrosite. 


cles like ashtrays, small statues, etc. 
(Figure 3). 
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Developments and Highlights 
at GIA‘s Lab in Los Angeles 


by Richard T. Liddicoat, Jr. 


Much has been discussed in the 
industry with respect to the use of 
laser drilling to improve the appear- 
ance of diamonds with black inclu- 
sions. Our comments at this time do 
not relate to the ethics of laser drilling 
but merely to the practical aspects of 
results. When there is a completely 
enclosed inclusion in a diamond that 
has a black appearance face-up, we can 
well: understand the desire of the 
owner of the diamond to have it 
drilled, and to have whatever is making 
the inclusion appear black, changed to 
white. However, we have seen a num- 
ber of occasions in which laser drilling 
is used in a manner we consider to be 
foolish from any point of view. In 
other words, sometimes the drilling 
leaves flaws that are much more objec- 
tionable than whatever existed before 
the drilling was accomplished. At 
other times, when cleavages reach the 
surface, there is no reason why ordi- 
nary bleaching actions could not have 
accomplished the purpose without the 
drilling. Even though the jeweler is 
perfectly ethical about the matter and 
discloses the fact of the laser drilling 
to a customer, it seems a very foolish 
maneuver, if nothing has been done to 
improve the appearance of the dia- 
mond that could not have been done 
without the drilling. Disclosure of 
drilling would seem to create some 
degree of doubt in the mind of a 
prospective customer, regardless. Re- 
cently we had two interesting ex- 
amples of this. In one case, the drilling 
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was done very cleverly, from the 
crown, in a position where the cleav- 
age completely concealed the drill 
hole, so that it was likely to be de- 
tected only when examining the stone 
from a girdle-up or pavilion-up posi- 
tion. In the second case, the drilling 
was done from the pavilion, and, with- 
out question, the drilling lowered the 
clarity grade rather than improving it. 
The first example is illustrated in 
Figures I and 2 and the second in 
Figures 3 and 4. In Figure 1, the drill 
hole appears only as a tiny white spot 
against the feather. In the girdle-up 
position in Figure 2, it can be seen on 
each side of the girdle. On the left it is 
white, and on the right it is black 
against the white. The second case, 
illustrated in Figures 3 and 4, shows 
two bright white lines as seen from 
above in Figure 3, and as two tiny 
white dots from the pavilion (igure 4). 

When the diamond is drilled froma 
pavilion facet, the drill hole is almost 
certain to appear as a long white inclu- 
sion, which in many cases is more 
obvious than what the driller was 
hoping either to conceal or to miti- 
gate, as in Figure J. 

One of our local graduates brought 
in some light green material in an 
opaque cabochon that could be 
likened to turquois, except that it had 
a bright green color instead of the 
sky-blue of turquois. The man from 
whom the graduate had gotten the 
material wanted to call it ‘“‘emerald 
turquois.” Coincidentally, we received 
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Figure 3 

similar material from another source 

within a week of the same time. 
Ordinary gemological tests seemed 

to correspond with the results we 
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Figure 4 


might expect from blue turquois, so 
we scraped one of the specimens of 
the so-called emerald turquois and 
utilized X-ray diffraction for more 
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conclusive results. We were interested 
to find that the X-ray diffraction 
powder pattern matched that of nor- 
mal furquois exactly. In view of the 
fact that we had been given enough 
material to be able to scrape more 
powder from the specimen, we were 
able to send it out for a spectro- 
chemical analysis and found that it 
contained almost no copper (the usual 
coloring agent for turquois) but more 
than 4% zinc. Thus the material was 
the zincian analog of turquois which 
has the mineral name of faustite. This 
is a turquois group mineral that was 
named a number of years ago after 
George Faust, a mineralogist in the 
U.S. Geological Survey. 

We are endlessly intrigued by a 
form of glass in which there are 
numerous crystallites, such as those 
shown in Figures 5 and 6. When these 
were scraped and tested by X-ray dif- 
fraction, as reported some time ago, 
we obtained a fluorite pattern. How- 
ever, the material has bubbles, and is 
clearly a form of glass. We have been 


Figure 5 
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Figure 6 
unable to find out what method is 
used for the manufacture of this mate- 
rial. All of that we have seen to date 
has been sold as “‘meta-jade.” 

An Interesting Synthetic Ruby 


It seems that the most frequent 
subject for identification of colored 


Figure 7 
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stones is a synthetic ruby. Over the 
course of the year in the Los Angeles 
Laboratory, we receive—it seems— 
thousands of synthetic rubies for iden- 
tification. This becomes the most rou- 
tine and boring of testing problems. It 
is only rarely that a synthetic ruby is 
particularly interesting. Such a syn- 
thetic came into the laboratory some- 
time in May, and is pictured in 
Figures 7 and &. In Figure 7 we see a 
very strange pattern of minute bub- 
bles, more reminiscent of synthetic 
blue sapphire than synthetic ruby, that 
tended to spread across the antique 
cushion cut of the synthetic ruby. In 
Figure 8 signs of the prominent curved 
striae are seen at the right side of the 
illustration. This was the most interest- 
ing Verneuil type of synthetic ruby 
seen in some time. 

Figures 9 and 10 illustrate an at- 
tractive green oval brilliant that was 
presumed by the person having it 
tested to be natural emerald. Inclu- 
sions shown at low magnification in 
Figure 9 and under higher magnifica- 
tion in Figure 10 might have tended to 
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Figure 10 
bear out the assumption that the oval 
brilliant was a natural emerald. Many 
wisplike or veillike inclusions under 
the plane of tiny flux inclusions that 
are prominent in the two figures’ (9 
and J0) plus low properties, identified 
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Figure 11 
the oval as a synthetic. 
Figure I1 shows some straight 


zoning that had an appearance similar 
to that of polysynthetic twinning, as 
well as gas bubbles. It was a glass 
imitation. 

Graduate Joe Tenhagen of South 
Miami, Florida, has made several trips 
recently to Colombia. An article about 
one of his trips appeared in the Fall, 
1972, issue of Gems & Gemology. 
Upon his return from the last trip, he 
sent us for examination a large crystal 
of parisite and several trapiche emer- 
alds. Parisite, a fluocarbonate of the 
cerium metals, is found at the Muzo 
Mine in Colombia, with emeralds. It 
has indices of 1.67 to 1.75 and is 
slightly radioactive. 

Parisite is not a gem mineral in any 
sense, but it is particularly interesting 
because it is encountered as an inclu- 
sion in emeralds from the Muzo Mine 
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and because that is practically its only 
well-known occurrence. It is found 
elsewhere, such as in Italy, Greenland, 
Quincy, Massachusetts, and Ravalli, 
Montana, but its hardness of only 4.5 
does not make it a practical gem 
material. Chuck Fryer, GIA’s Labora- 
tory Supervisor, was so intrigued with 
its spectrum that he recorded it in 
black and white, as shown in Figure 
12, We do not expect jewelers ever to 
encounter this material, except as a 
minute inclusion in an emerald, but 
the spectrum is intriguing, and, we 
felt, worth recording. It would be nice 
if every gem material had such a dis- 
tinctive spectrum. 


The tiny trapiche emeralds that we 
see most frequently are so small and 
the areas of transparent emerald mate- 
rial so tiny, that we seldom think of 
trapiche emeralds as being a source of 
fine gem material. It is only when this 
type of emerald is quite large, with 
large sections of transparent emerald 
material, that gemstones can be cut 
from trapiche. In no sense could those 
sent by Mr. Tenhagen be considered in 
the gem category, but they did illus- 
trate one typical characteristic of the 
trapiche, in that they had a much 
larger carbonaceous black opaque cen- 
ter at one end than at the other. This 
differential in the percentage of car- 
bonaceous versus transparent beryl 
material is illustrated in. Figures. 13 and 
14. In Figure 13 the banding parallel 
to the prism faces is quite obvious. 
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Figure 13 


Figure 14 


More on Emeralds 
So frequently do we see synthetic 
emeralds with very strong zoning that 
we decided to photograph a natural 
emerald which showed the same sort 
of parallel banding, in this case parallel 
to the basal pinacoid. As can be seen 
from the photograph in Figure 15, this 
was not a particularly delightful emer- 
ald, but the structural appearance was 
so vividly portrayed that we thought a 

photograph seemed in order. 


SPRING 1973 


Percussion Marks 

It is not too infrequent that we 
encounter a series of percussion marks 
on a diamond, particularly on the 
table. We assumed from its source that 
this was a freshly cut diamond and the 
chatter marks in an arc on the table 
were quite distinctive, so we photo- 
graphed them. We assume that the 
conditions shown were occasioned by 
the diamond being too loosely held in 
a mechanical dop, and that as a result 
it moved quite a bit during the cutting 
process, in which it was held table-to- 
pavilion in the dop. 


More on Umba River Corundum 

As we have mentoned frequently in 
recent Laboratory columns, we are 
seeing more and more sapphires and at 
least quasi rubies from the Umba River 
Valley in East Africa. Recently we 
received for identification a ruby that 
had a large number of minute inclu- 
sions, which are shown under approxi- 
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Figure 16 


mately 40X in Figure 16. We do not 
show this photomicrograph to indicate 
really characteristic inclusions, but 
simply a pattern that we have seen 
very frequently in Umba River corun- 
dums—that is, a large number of very 
minute inclusions giving a powdery or 
faintly cloudy impression under 
magnification. 


Figure 17 
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Figure 18 


Typical Inclusions 

During the course of the period 
since the last Laboratory column was 
published, Chuck Fryer has encoun- 
tered some interesting inclusions that 
he photographed, which were so typi- 
cal that we felt they were worthy of 
photography. One was a demantoid 
garnet with the horsetail inclusions so 
dramatically portrayed that he took the 
photomicrograph shown in Figure 17. 


Transient Bubbles 
A movable bubble in a large inclu- 
sion in quartz is a common sight to 
mineralogists, but is seldom seen in a 
gem quality material. Mr. Fryer was 
asked to identify a double terminated 
quartz crystal and when he noted the 
fact that one of the large negative 
crystals shown near the bottom of 
Figures 18 and 19 contained a bubble 
that moved, he photographed the end 
positions. The bubble is seen at the 
lower end of the first illustration and 
at the upper end of the second. This 

makes an intriguing inclusion. 
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Book Reviews 


INTERNATIONAL DIAMONDS/Num- 
ber Two, edited by A.N. Wilson, M.A. Pub- 
lished by Diamond Annual (Pty) Limited, Jo- 
hanesburg, South Africa, 1972, 288 pages. 
Clothbound. Illustrated with black-and- 
white and color photographs and line draw- 
ings. Price: $20.00. 


If anything, INTERNATIONAL DIA- 
MONDS/Number Two is even more fasci- 
nating than the initial publication, INTER- 
NATIONAL DIAMONDS/Number One, 
which was published in 1971. The scope of 
the publication is tremendous, covering 
everything from the diamond fields to all 
aspects of cutting, marketing, conditions in 
each of the major countries and really al- 
most everything connected with the dia- 
mond business. In general, the articles are 
entertainingly written and make for easy 
reading. 

We do not think anyone interested in 
diamonds would fail to be fascinated in 
reading this book, article by article. The 
wealth of fact to be found within its covers 
makes it invaluable also as a reference book. 
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Even the way the many advertisements are 
presented is of real interest. 

The book covers cutting firms, market- 
ing firms, methods of extraction of dia- 
monds from the rough, designing, salesman- 
ship, situations within various countries that 
have a bearing on the saleability of dia- 
monds, and many other subjects, all in 
fascinating detail. This is a book that we feel 
should be in every gemological library. It is 
of value even to those not particularly inter- 
ested in diamonds. 


At $20.00, INTERNATIONAL DIA- 
MONDS/Number Two is well worth the 
price. 


PIERRES PRECIEUSES DANS: LE 
MONDE, by Henri-Jean Schubnel. Published 
by Horizons de France, Paris, 1972. 192 
pages. 110 color photographs and 100 illus- 
trations. Clothbound. Price: $11-$12. Text 
in French. 


The initial impression of this diverse and 
well-organized volume is that of a large 
number of subject matters which are cov- 
ered in the four sections, and numerous 
full-color photographs are. previewed by the 
striking book jacket, which pictures a 
modern objet dart fashioned from rough 
crystals. , 7 

Originally, PIERRES PRECIEUSES 
DANS LE MONDE formed the basis of a 
doctoral thesis by its author, Henri-Jean 
Schubnel, scanning gems from remote an- 
tiquity to the present. 

The four sections of the book cover the 
economics of world trade in gems; a brief 
historical account of gems including world- 
wide collections of importance; global gem 
deposits; and gem identification. 

The opening remarks by the author in 
his preface plead the all-too-familiar neces- 
sity to simplify and standardize gem and 
mineral nomenclature. Following is an eco- 
nomic survey of cumulative world produc- 
tion, with import and export tables from 
various official sources. The second section 
is a convenient synopsis of noteworthy min- 
eral collections, specifying some of the more 
exceptional specimens and fashioned objects 
of the jeweler’s craft. Chapter 3 summarizes 
the geological formation and occurrence of 
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primary world gem deposits. Country by 
country, production statistics are stated, 
sometimes taking into account illegal mining 
and trading operations. Some of the more 
complex threads of the trade are stressed, 
emphasizing economic aspects. 

The fourth and final chapter outlines 
original research by the author in the field 
of gemology: research on solid inclusions in 
gemstones by means of the electron micro- 
probe and the micro-reflectometer; and re- 
search on X-ray topography for natural 
versus synthetic separation. Included in this 
section are photomicrographs of explicit 
detail, which accompany and support all 
research. The work on X-ray topography 
employs the Lang method, Schubnel was 
particularly interested in the difference be- 
tween the crystallization of natural minerals 
from synthetics. Not only can the Lang 
method separate naturals from synthetics 
but can also reveal the exact manufacturing 
process as well. 

The outstanding feature of this particu- 
lar work is its current and up-to-date re- 
search. A number of facts contained herein 
cannot be found elsewhere. The GIA recom- 
mends PIERRES PRECIEUSES DANS LE 
MONDE highly. SK 


SYNTHETIC GEM AND ALLIED 
CRYSTAL MANUFACTURE by Daniel 
MaciInnes. Published by Noyes Data Corpo- 
ration, Park Ridge, New Jersey, 1973. 220 
pages. Clothbound. Price: Request from 
publisher. 


Just as the alchemist pursued the key to 
the mystery of gold, so has man long at- 
tempted to synthesize gemstones. True 
synthetics, by their. very nature, duplicate 
the physical and optical properties of their 
natural counterparts. Thus, a simple glass 
imitation or substitute was not thought 
suitable to duplicate the beauty, rarity, 
durability and value of natural stones. Since 
the late 19th century this dream has become 
a reality and at the present time synthetic 
minerals provide not only a means of adorn- 
ment, but have found a permanent place in 
fields of audio, optics, laser, space, and 
many other industries. 

The entire subject of crystal synthesis 
has changed from one of spéculation to an 
area of intensive research. Mr. MacInnes—in 
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SYNTHETIC GEM AND ALLIED 
CRYSTAL MANUFACTURE presents a 
discussion of those synthetics used primarily 
as gemstones. 

A major portion of this work is devoted 
to the history and eventual success of the 
General Electric Company in diamond 
synthesis as well as subsequent develop- 
ments by other companies worldwide. All 
diamond substitutes are dealt with on an 
individual basis, from the early rutiles and 
titanates to the more recent rare earth gar- 
nets (YAG and yttrium-iron garnet) and 
lithium niobate. Corundum is also covered 
in its transparent and asteriated varieties. A 
miscellaneous section includes additional 
synthetics such as beryl, quartz, opal and 
lapiz-lazuli. 

Each chapter outlines all processes used 
to manufacture a specific synthetic. Num- 
bered line drawings accompany the discus- 
sion and correspond clearly with the text. 
Chemical data also appear, along with tem- 
perature specification, seed crystal orien- 
tation and rate of growth. A helpful section 
following the main body lists companies, 
inventors and patent numbers for all 
subjects. 

The technical possibliities in this field 
are too numerous to describe, and develop- 
ment will surely be a matter of course. Mr. 
MacInnes has prepared this book devoid of 
any extraneous material, intending it not for 
a general audience. A work of this nature, 
however, is invaluable and long overdue for 
those individuals who wish to become 
familiar with synthesis techniques and 
terminology. 


SYNTHETIC GEM AND ALLIED 
CRYSTAL MANUFACTURE fills the void 
between the mere idea and the actual cre- 
ation of gemstone synthetics. SK 


FROM THE WORLD OF GEMSTONES, by 
Professor Dr. Hermann Bank. Published by 
Pinguin-Verlag, Innsbruck * Umschau- Verlag, 
Frankfurt am Main, 1973, 178 pages. Cloth- 
bound. Illustrated with 60 full-color photo- 
graphs plus line drawings. Price: To be 
announced, 


This beautiful new book, printed in Aus- 
tria and published in West Germany, was 
received in Los Angeles a short time ago. It 
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has perhaps as lovely a set of color plates as 
we have encountered in a book on gem- 
stones—with the possible exception of 
Gemmologia by Mme. Cavenago-Bignami 
Moneta, published in Italy. 

Since Professor Bank is a very notable 
colored-stone dealer in Idar-Oberstein (West 
Germany), in addition to being a former 
professor of mineralogy at the University of 
Mainz, one could expect that the text of the 
book would be of the same high quality as 
the color plates. This is true—it is very 
interesting and well-written. 

Unfortunately, we do not know the 
price as yet. It is 178 pages, mostly printed 
on uncoated paper, but over 60 of the 178 
pages are magnificent color plates. Since 
‘there are many other pages of line drawings, 
it does not leave a tremendous amount of 
room for text. Fortunately, that text is very 
well-written and worthwhile to a gem- 
ologist. We consider it a valuable book and a 
welcome addition to the gemological li- 
braries of the world. 


GEMSTONES, by G.F. Herbert Smith, Re- 
vised by F. Coles Phillips. 14th Edition. 
Published by Pitman Publishing Corpo- 
ration, New York, 1972. 580 pages. 35 
plates. Clothbound. Price: $24.50 


First published in 1912, this classic work 
of G.F. Herbert Smith has been completely 
revised, with an expansion of the text and 
specially photographed plates. GEM- 
STONES, by the late president of the Gem- 
mological Association of Great Britain, has 
long been considered a “bible” of gemologi- 
cal basics, as is evidenced throughout the 
book. The sections explaining fundamental 
physical characteristics, including crystal 
structure, system, and habit can and will 
always exist as the foundation for any 


reader new to the field. Technical clarity is 
in no way absent for the additional features 
of refraction indices, double refraction, 
absortion-spectra optics and specific gravity. 
In short, the GEMSTONES as written by 
G.F. Herbert Smith and revised by F. Coles 
Phillips, is a timeless compilation of gem- 
ological knowledge. 

This present volume delves into instru- 
ment advancements and recent synthetics 
while often expanding the bibliography to 
include new recent literature pertaining to 
the field. The illustrations and color photo- 
graphs replace the previous water color 
drawings, adding unquestionably to the sale- 
ability of the book. 

Newly discovered varieties of natural 
gemstones covered include blue zoisite and 
transparent green grossularite garnet, and 
the section on the origin of diamond has 
been rewritten. In view of the rapid change 
in the field of synthetics, any writer runs 
the risk of being out of date by the time any 
revisions go to press. Notably lacking in the 
chapter on synthetics are the iron-rich type of 
Gilson synthetic emerald, additional rare- 
earth synthetic garnets other than YAG, 
synthetic opal, and synthetic turquois. The 
section on synthetic quartz mentions that 
gem use of this material is doubtful—a state- 
ment that has since been proven erroneous, 
based on the large scale use that the material 
has found in the commercial gem market. 

As far as instrument advancement is 
concerned, the Smith refractometer 
marketed in 1907 is discussed side by side 
with the newest model of the Rayner re- 
fractometer. Similar instruments can be 
noted through this section, thereby pro- 
viding historical background data with truly 
current developments. 

GEMSTONES has provided a foundation 
for many gemologists for countless years 
and will continue to do so. Any points of 
omission in the recent volume are minute 
when considering the overall value of the 
work. GEMSTONES is an invaluable book. 


S.K. 
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The Derivation of Gem Names 


by L.L. Copeland 


[Editor’s Note: It was not until the first section of the Copeland article 
appeared that the absence of an entry for “diamond” was noted. 


The term is derived from the Greek adamas. The common form in Latin became 
adiamentem, from which diamond was a natural development. | 


keystonite (chrysocolla quartz). After the Keystone Copper Mine, Gila Co., 
Arizona, a source of the variety. 

kochenite (a fossil resin). After its occurrence at Kochenthal, Tyrol. 

kornerupine. In honor of Danish geologist A.N. Kornerup, after its discovery in 
Greenland in the mid-19th century. 

kunzite (a variety of spodumene). After George Frederick Kunz (1856-1932), 
American mineralogist and gem expert. 

kyanite. From the Greek kyanos, meaning dark blue, since that is its usual hue. 

* 


labradorite (a species of the feldspar group). After the country of Labrador, 
where it was first found by Moravian missionaries in the 18th century; at that 
time it was called labrador stone ox labrador spar. 

lapis-lazuli. From the Latin lapis (stone) and lazuli (blue); actually, lazulus stone. 

_ These words were derived from the ancient Persian lazhuward and the Arabic 

lazaward, both of which meant blue, the color of the gem. 

laurelite (a variety of idocrase). After its occurrence at Laurel, Argenteuil, 
Quebec. 

lazulite. From the Late Latin Jazurius, which, in turn, was adopted from the 
Arabic word azul, meaning heaven, sky or anything blue. 

lechosos opal. From the Spanish leche, meaning milk, in allusion to its white 
background color (with green play of color). ; 

lepidolite. From the Greek lepidos, meaning scale, because of the scaly 
aggregates of much lepidolite. 

leucite. From the Greek leukos, meaning white, because of the color of the 
crystals. 

lucinite (variscite). After its occurrence near Lucin, Box Elder Co., Utah. 

* 


macle (chiastolite). Through the French from the Latin macula, meaning spot or 
blemish, because of the crosslike patterns of carbonaceous inclusions in 
crystals cut crosswise. 

malachite. From the Greek malache, meaning mallow, because its color is similar 
to the leaf of this plant. 

malacolite (a variety of diopside). From the Greek malakos, meaning soft, 
because it is softer than feldspar, with which it is associated. © 

marcasite. From the Late Latin marcasita, although its origin, thought to be 
Arabic, is uncertain. 
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marialite (a member of the scapolite group). After Marie Rose, wife of G. von 
Rath, a German mineralogist. 

meerschaum (sepiolite). From the Greek meer and schaum, meaning seafoam, 
because of its light weight and porosity. 

meionite (a member of the scapolite group). From the Greek meion, meaning 
smaller, in allusion to the small pryamids of the crystals. 

melanite (a variety of andradite garnet). From the Greek melas, meaning black, 
in allusion to the variety’s color. 

menilite (common opal). After Menilmontant, France, where it has been found. 

microcline (a species of the feldspar group). From the Greek mikron and klinein, 
meaning small and to incline, because the cleavage planes are mutually 
inclined at an angle that differs slightly from a right angle. 

microlite. From the Greek mikron, meaning small, because of the very small size 
of the crystals. 

mocha stone (a variety of chalcedony). After a: a port on the Arabian 
coast of the Red Sea. 

moldavite (a2 member of the tektite group). After the Moldau River, 
Czechoslovakia, where it was first found in 1787. 

morganite (a variety of beryl). After J. Pierpont Morgan, the famous American 
financier, in recognition of his contribution to mineralogy and gemology in 
presenting his unrivaled gem collection to the American Museum of Natural 
History. 

morion (smoky quartz). From the old Roman word for this variety, mormorion. 

myrickite (quartz or opal with cinnabar). After an early and prominent Nevada 
prospector, “Shady” Myrick. 


* 


natrolite. From the French natron, meaning soda, in allusion to its sodium 
content. 

nephrite. Lapis nephriticus was the Latin translation of the early Spanish piedra 
de los rinones (stone of the kidneys), nephros being the Greek word for 
kidney. It was believed that the stone would cure ailments of this organ if 
worn next to the skin. Eventually (1739), nephriticus was shortened to the 
present spelling of the word. 

noselite (a member of the sodalite group). After a K.W. Nose, German geologist. 

novaculite. From the Latin novacula, meaning a sharp knife, in allusion to the 
material’s use as a whetstone. 

* 


obsidian. The Romans called this natural glass obsianus, since it had the same 
appearance as a stone discovered in Ethiopia by a citizen of Rome named 
Obsius. In all of the early editions of Pliny’s Natural History the name 
appeared as obsidianus, and eventually it was shortened to its present spelling. 

odontolite (fossil bone or tooth). From the Greek odonto, meaning tooth, and. 
lite, meaning stone. 

oligoclase (a species of the feldspar group). From the Greek oligos and klasein, 
meaning little cleavage, because it was thought to have less perfect cleavage 
than albite. 
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oneginite (sagenitic quartz). After Lake Onega, north of Leningrad, USSR, a 
source of the material. 

onyx (a variety of chalcedony). Through the Latin from the Greek onyx, 
meaning, in the mineralogical sense, a veined gem. 

oolitic agate. From the Greek oion (an egg) and lite (rock), in allusion to its 
rounded grainlike structure. 

opal. Through the Latin opalus from the Greek oplios, which itself comes from 
the Sanskrit upala, meaning precious stone. 

orthoclase (a species of the feldspar group). From the Greek orthos, meaning at 
right angles, and klasis, meaning fracture, in allusion to its right-angle 
cleavage. 

* 


padparadscha (a variety of corundum). After the Singhalese word for lotus 
flower, an allusion to the color of the variety. 

painite. After A-C.D. Pain, a British gemologist, who discovered the mineral in 
1957 in Upper Burma. 

paulite (a variety of hypersthene). After its occurrence on the Island of St. Paul, 
off the coast of Labrador. . 

pectolite. From the Greek pekios, meaning compacted, because of the compact 
masses in which it usually occurs. 

pelhamine (a variety of serpentine). After Pelham, Massachusetts, where it is 
found. 

periclase. From the Greek peri and klan, meaning fo break around, in allusion to 
its one direction of perfect cleavage. 

peridot. From the French péridot, from the Old French peritot. The origin of 
the word, however, is uncertain. 

peristerite (a variety of albite feldspar). From the Greek peristera, meaning 
pigeon, in allusion to its colors. 

petalite. From the Greek petalon, meaning leaf, because of the foliated, 
-cleavable masses in which it usually occurs. 

petoskey stone (coral replaced by calcite). After Petoskey, Antrim Co., 
Michigan, one of its sources. : 

phenakite. From the Greek phenakos, meaning deceiver, because it is so similar 
in appearance to quartz. 

phosphophyllite. From the Greek phyllon (leaf) and lite (mineral), in allusion to 
the common crystal color. 

picotite (a variety of spinel). After a Picot de la Peyrouse, a French botanist. 

picrolite (a variety of serpentine). From the Greek pikro, meaning bitter, in 
allusion to the mineral’s magnesium content. 

piedmontite (a variety of epidote). After Piedmont, Italy, where it is found. 

pistacite (a variety of epidote). From the German pistazit, meaning pistachio, in 
allusion to the color of this nut. 

plagioclase (a series of feldspar minerals). From the Greek plagios (oblique) and 
klasis (a breaking), because its cleavage angle is very close to 90°. 

pleonast (a variety of spinel). From the Greek pleonastos, meaning abundant, in 
allusion to the additional faces that replace the solid angles of the 
octahedron. 
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pollucite. The mineral was originally called pollux and another mineral, now 
called petalite, was named castor, because they were always thought to occur 
together in lithium-rich pegmatites, just as the twin brothers of Greek 
mythology, Pollux and Castor, were inseparable. 

prase (a variety of chalcedony). From the Greek prasios, meaning leek green, in 
allusion to the color of the variety. 

prehnite. After Dutch Colonel von Prehn, who discovered it in 1774. 

proustite. After the French chemist J.L. Proust (1754-1826). 

pseudophite (a mineral of the chlorite group). From the Greek words meaning 
false and like a serpent, because of its resemblance to serpentine. 

psilomelane chalcedony. From the Greek pslio (bare) and melas (black), because 
psilomelane itself occurs in smooth, botryoidal, massive or stalactitic forms. 

pyrite. From the Greek pyrites lithos, meaning stone that strikes fire, because of 
its ability to emit sparks when struck by steel. 

pyrope (a species of the garnet group). From the Greek word meaning fiery eyed 
or firelike, in allusion to its deep-red color. 

pyrophyllite. From the Greek pyro (fire) and phylion (leaf), because the 
application of heat will cause it to exfoliate (cast off flakes or scales). 

* 


quartz. An old German mining term that has been in general use in all languages 
since the 16th century. 


* 


rashleighite. After Philip Rashleigh (1729-1811), a mineralogist of Cornwall, 
England, where the mineral was discovered in 1948. 

retinalite. (a vareity of serpentine). From the Greek rhetine (resin) and lite 
(rock), in allusion to its waxy or resinous luster. 

rhodochrosite. From the Greek rhodo, meaning rose and chrosis, meatal: a 
coloring, in allusion to its usual rose-red hue. 

rhodolite. (a species of the garnet group). From the Greek rhodo, meaning rose, 
and lite, meaning stone, in allusion to its color. 

rhodonite. From the Greek rhodozein, meaning to be like a rose, because when a 
piece of the mineral is subjected to the flame of the blowpipe, a red color is 
imparted to the flame. 

rock crystal (quartz). From the Greek krystallos, meaning clear ice, for the 
Greeks believed that the mineral was ice in permanent, solidified form. 

rogueite (jasper). After Oregon’s Rogue River, where it is found. 

rubellite (tourmaline). From the Latin nubellus, meaning red or reddish, in 
allusion to its color. 

ruby (a variety of corundum). From the Latin ruber, meaning red in allusion to 
its color. 

rutile. From the Latin rutilus, meaning red, referring to the color sometimes 
displayed. 

* 


sagenite (quartz). From the Latin segena, meaning Jarge net, in allusion to the 
inclusions of needlelike crystals. 

samarskite. After a Colonel Samarski, a Russian mining official. 
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sanidine (a variety of orthoclase feldspar). From the Greek sanis,-ides, meaning a 
board, in allusion to the tabular crystals commonly assumed by the 
orthoclase species. 

sapphire (a variety of corundum). From the Greek sappheiros, meaning blue, in 
allusion to the color often assumed by this variety. 

sard (a variety of chalcedony). Through the Latin from the Greek Sardis, which 
was the capitol of Lydia in Asia Minor. 

saussurite. After H.B. Sassure (1740-1799), the Swiss naturalist. 

scapolite. From the Greek skapos, meaning shaft, in allusion to its prismatic 
crystals. 

scheelite. After Karl Wilhelm Scheele (1742-1786), the Swedish chemist. 

schorl (a variety of tourmaline). From an old German mining term of the same 
spelling, which was formerly applied to a number of dark-colored minerals. 

scorodite. From the Greek scorodon, meaning garlic, in allusion to its odor 
under the blowpipe. 

scorzalite. After an E.P. Scorza, a Brazilian mineralogist. 

selenite ( variety of gypsum). From the Latin form of the Greek selene and 
lithos, meaning moonstone, because the cleavage planes of crystals often have 
a pearly, moonstonelike luster. 

sepiolite (the mineralogical name for meerschaum). From the Greek sepia, 
meaning cuttlefish, because the bones of this fish are similarly light and 
porous. 

serendibite. From the ancient Sanskrit Sinhala (Ceylon), where it is found. 

serpentine. From the resemblance of the green-and-white mottled or veined type 
to the skin of some snakes. 

shattuckite. After the Shattuck Copper Co., Cochise Co., Arizona, the principal 
source. 


siberite (a variety of tourmaline). After the country of Siberia, where it has been 
found. 

sillimanite. After Benjamin Silliman (1779-1864), one-time professor at Yale 
University. 

simpsonite. After Dr. E.S. Simpson (1875-1939), former mineralogist of 
Western Australia, where it was first found. 

sinhalite. From the ancient Sanskrit word Sinhala (Ceylon), one of its sources. 

skutterudite. After Skutterud, Norway, one of its sources. 

smaltite. The word smalt, referring to a blue pigment made from the powdered 
mineral, is derived from the Italian smalto. ; 

smaragdite. From the Latin smaragdus, meaning emerald, in allusion to its color. 

smithsonite. After James Smithson (1754-1829), founder of the Smithsonian 
Institution, Washington, D.C. 

sodalite. In allusion to its sodium content. 

spessartite (a species of the garnet group). From Spessart, Bavaria, where it has 
been found. 

sphalerite. From the Greek sphaleros, meaning treacherous, because of its 
similarity to more easily smelted ores. 

sphene. From the Greek sphen, meaning wedge, because of the flattened, 
wedge-shaped orthorhombic crystals in which it occurs. 
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spinel. Origin uncertain. Perhaps from the Latin spina, meaning thorn, in allusion 
to its sharply pointed crystals; or from the Greek meaning spark, in allusion 
to the red or orange color of some crystals. 

spodumene. From the Greek spodumenos, meaning burnt to ashes, in allusion to 
the ashy color of the crude, nongem crystals when the gem was first known. 

staurolite. From the Greek stauros, meaning cross in allusion to the 
interpenetrating twin crystals in the form of a 90- or 60° cross. 

steatite. Through the Latin from the Greek steatos, meaning tallow, in allusion 
to its greasy or soapy feel. 

stibiotantalite. In allusion to the antimony (Latin stibium) and tantalum in its 
composition. 

stichtite. After Robert Sticht, a Tasmanian mining engineer. 

stilbite. From the Greek stilbein, meaning to glitter, in allusion to its pearly 
luster on cleavage surfaces. 

succinite (amber). From the original Latin word for amber, succinum, which 
itself was taken from the word meaning juice. 

* 

taaffeite. After Count Taaffe, an Irish gemologist, who first described it in 1945. 

tachylyte. From the Greek tachy (quick) and lyein (to dissolve), because the 
mineral is decomposed by acids and is readily fusible. 

talc. A French adaptation of the Old Latin talcum, which, in turn, came from 
the Arabic talg. 

tecali (onyx marble). After Tecali, Puebla, Mexico, one of its principal sources. 

tektite. From the Greek tektos, meaning molten, in allusion to its supposed 
meteoric origin. 

thaumasite.. From the Greek thaumazein, meaning to wonder, because of its 
complicated chemical composition. 

thomsonite. After a Thomas Thomson, a Scottish chemist. 

thulite (a variety of zoisite). After Thule, the ancient name of Norway. 

topaz. Derivation uncertain. From Topazios, an island in the Red Sea (meaning 
to guess), because it was often obscured by fog and difficult to find. Another 
theory holds that the name is derivative of the Sanskrit word topas, meaning 
fire. 

topazolite (a variety of andradite garnet). In allusion to its resemblance to topaz. 

tourmaline. From the ancient Singhalese turmali, meaning mixed precious 
stones. 

travertine (massive calcite). Through the Italian travertino from the Latin 
Tiburtinis (from Tibur, an ancient city of Latinum, now Tivoli). 

tremolite (a member of the amphibole group). From Tremola, a valley in the 
Alps, where it was discovered. 

triphane (spodumene). From the Greek meaning appearing threefold, named by 
Haiiy, the French mineralogist (1743-1822), in allusion to his idea that the 
crystals are divided by three planes with nearly equal ease. 

turquois. First used in the 13th century, the name is thought to have come from 
the French pierre turquois, meaning Turkish stone, probably because the 
gemstone first reached Europe by way of Turkey. The Persian word for 
turquois is ferozah, which means victorious. 

* 
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ulexite. After the German chemist George Ludwig Ulex (1811-1883). 
unakite (a rock composed of epidote and feldspar). From the Unaka Mts. (the 
Great Smokies), on the border of North Carolina and Tennessee. 
uvarovite (a species of the garnet group). After a Russian Count, S.S. Uvarov 
(1786-1855), who was president of the St. Petersburg Academy and an ardent 
amateur mineral collector. 
: * 


variscite. After Variscia, the ancient name for the Voigtland district of Germany, 
where the mineral was first found. 

vermeil. From the Old French vermilion, meaning red, usually applied to garnet 
but also to spinel or zircon. 

vesuvianite (idocrase). After Mt. Vesuvius, Italy, where the mineral is found. 

viluite (a variety of vesuvianite). After the Vilui River, Yakutsk, Siberia, where it 
is found. 

violane (a variety of diopside). From the violet-blue color of the variety. 

viridine (a variety of andalusite). From the Latin viridis, meaning green, in 
allusion to its color. 

vivianite. After a J.G. Vivian, an English mineralogist. 

* 


wagnerite. After F.M. von Wagner (1768-1851), a German mining engineer. 

wardite. After H.A. Ward (1834-1906), an American mineralogist. 

wernerite (a member of the scapolite group). After A.G. Werner (1750-1817), 
the eminent German geologist. 

whewellite. After William Whewell (1794-1866), English mineralogist and 
philosopher. 

willemite. After William I, King of the Netherlands, in 1830. 

withamite (a variety of epidote). After a Henry Witham of Glencoe, Scotland, 
where it is found. 

witherite. After W. Withering (1741-1799), an English mineralogist. 


wollastonite. After W.H. Wollaston (1766-1828), an English chemist and 


physicist. 
wulfenite. After Franz Wulfen (1728-1805), an Austrian mineralogist. 
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The Resistance of Diamond and 
Other Gemstones to Abrasion 


BY E. M. WILKS, Clarendon Laboratory, University of Oxford, U.K. 


(Ed. note: Reprinted from Industrial 
Diamond Review, May 1973.) 


‘In this article quantitative informa- 
tion about the differences in the 
resistance to wear and abrasion be- 
tween diamond and the so-called gem 
“diamond substitutes” strontium ti- 
tanate and YAG, and also spinel and 
sapphire, is reported. It is shown that 
the use of the Mohs scale in describ- 
ing gemstones in relation to diamond 
can be very misleading. 

Another exceptional and _ well- 
documented example of the relative 
scratchability of a gemstone occurs in 
this issue of our New York Lab High- 
lights. The abrasion hardness of jade— 
nephrite versus jadeite—is superbly 
illustrated with the softer nephrite (H 
= 6—- 6 1/2) showing considerable 
abrasion and dullness while the jade- 
ite (H=61/2-7) remains shiny and 
unscratched. 


Introduction 

In recent years there has been an 
increasing interest in the use of 
synthetic materials, such as strontium 
titanate and yttrium aluminum garnet 
(YAG) as gem “diamond substitutes.” 
(Not to be confused with synthetic 
diamond, which has the same proper- 
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ties as natural diamond.) Strontium 
titanate, a white transparent sub- 
stance, with a refractive index of 
2.41 and a dispersive power of 0.200, 
has optical properties comparable 
with diamond, whose refractive index 
is 2.417 and whose dispersive power 
is 0.044. (These and subsequent val- 
ues are taken from Diamonds, E. 
Bruton, 1970.) YAG has a lower re- 
fractive index, 1.833, and a dispersive 
power of 0.028. Diamond, however, 
is known to be much harder than 
either strontium titanate or YAG. On 
the Mohs hardness scale, which runs 
from 1 to 10 (Table 1), strontium 
titanate and YAG have values of 5 


TABLE 1 
Minerals on Mohs Hardness Scale 


Talc 
Gypsum 
Calcite 
Fluorite 
Apatite 
Orthoclase 
Quartz 
Topaz 
Corundum 
Diamond 
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1/2 and 8 respectively, whereas’ dia- 
mond has the highest value of 10. 
The Mohs hardness scale is, however, 
based on a very specialized form of 
hardness testing, the scratch hardness 
method, and is, moreover, a quali- 
tative scale, indicating only that a 
substance with a given number. will 
scratch those substances with a lower 
number. The scale gives no informa- 
tion about the relative ease of 
scratching, nor about quantitative dif- 
ferences between different numbers. 
Moreover, the scale has not been 
related to. a more important form of 
hardness, especially of hard materials, 
that of resistance to wear and abra- 
sion. Thus to say that two crystals 
have Mohs hardness values of 8 and 
9, for example, gives no information 
about the relative ease of grinding 
these crystals, nor about any aniso- 
tropic effects there may be in the 
resistance to wear of these crystals. 
Yet because of the simplicity of the 
scale and the ease in determining a 
mineral’s position on it, the scale is 
widely used in describing crystals, 
especially those of gem quality. 

The present work has therefore 
been undertaken to obtain quantita- 
tive information about the differences 
in resistance to wear and abrasion 
between diamond and the so-called 
“diamond substitutes.” At the same 
time, tests were also carried out on 
two other crystals, spinel and sap- 
phire. Spinel has a low refractive in- 
dex of 1.727, a dispersive power of 
0.020 and a Mohs hardness number 
of 7-8; sapphire has refractive indices 
of 1.760 and 1.768 (sapphire is 
doubly refracting) and a dispersive 
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power of 0.018, and has a relatively 
high hardness of 9 on thé Mohs scale. 
It was hoped that as a result of these 
tests, in addition to comparing the 
wear of these crystals with diamond, 
some correlation might be effected 
between quantitative measurements 
of the resistance to wear and abrasion 
and the Mohs hardness scale. 


DESCRIPTION OF THE SPECIMENS 
(a) Strontium titanate 

The specimen of strontium titan- 
ate was in the form of a boule 1 cm 
long and 1 cm across, with two end 
matt faces. These faces were polished 
on an ordinary diamond polishing 
scaife, using diamond powder of 0-1 
micron size mixed in olive oil. One of 
the matt surfaces broke. away from 
the boule during this polishing opera- 
tion, but a satisfactory polished finish 
was obtained on the other surface on 
which measurements could be made, 
although it was of random orienta- 
tion. 


(b) Yttrium aluminum garnet (Y AG) 

Two types of specimen of this 
crystal were available; one sample had 
been grown from a melt, the others 
from a flux. The melt-drawn sample 
was in the form of a white slab a few 
millimeters thick with two matt sur- 
faces of random orientation 1 cm 
across. These surfaces were polished 
on the diamond polishing scaife and 
yielded high quality finishes. The pol- 
ished slab was transparent, and when 
viewed between crossed polaroids 
showed hardly any birefringence 
effects at all. 

The flux-grown crystals possessed 
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several crystallographic faces of dode- 
cahedron orientation. On one speci- 
men these faces were very rough and 
needed to be polished; however, on 
polishing, the surfaces cracked to 
such an extent that no further tests 
could be made. The other samples 
also possessed dodecahedron faces, 
but these were of a higher quality; 
there were crystallographic markings 
on most of them, but on one crystal 
there were no markings on the sur- 
faces and the abrasion hardness mea- 
surements were made on this stone 
without polishing the surface. These 
latter, flux-grown crystals were yel- 
low, transparent and almost isotropic 
when inspected between crossed 
polaroids. They contained 5% dyspro- 
sium, a rare earth ion likely to in- 
crease the density of the crystal but 
not change its lattice dimensions. In 
addition they contained 0.1% lead 
(they were grown from a flux con- 
taining lead). Subsequently a dodeca- 
hedron face of one of these crystals 
was polished on. the scaife and, un- 
like the first flux-grown sample, the 
surface did not crack -and appeared 
similar to the polished surface of the 
melt-drawn specimen. 


(c) Synthetic spinel 

Two types of spinel were also 
available, a melt-drawn sample and a 
flux-grown crystal. The former was a 
slab a few millimeters thick bounded 
by two matt surfaces of random 
orientation, about 1 cm in diameter. 
These faces were polished satisfac- 
torily on the scaife and the sample 
was seen to be transparent and al- 
most isotropic in polarized light. 
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The flux-grown specimen was a 
large, white, transparent and ap- 
parently good quality flattened octa- 
hedron crystal. The octahedral faces 
were all curved as they possessed 
many vicinal faces, and had therefore 
to be polished before any _.abrasion 
could be made. On polishing, how- 
ever, large cracks appeared in the 
surface, and subsequent abrasions, 
made on those parts of the surface 
which had not. cracked, were so 
rough that no reproducible measure- 
ments could be made. Observation 
of this crystal in polarized — light 
showed it to be very birefringent. It 
would therefore appear that large 
amounts of strain had been incorpo- 
rated into this specimen while it was 
growing from the flux, and that the 
heat generated at the surface either 
during the polishing operation or dur- 
ing the abrading process was suffi- 
cient to anneal out the strain locally 
and to produce cracking. (Similar ef- 
fects were observed when diamonds 
that had been irradiated with 
1019-1020 fast neutrons were pol- 
ished or abraded [Wilks 1965].) No 
significant hardness results could 
therefore be obtained from this speci- 
men. 


(d) Sapphire 

Both natural and synthetic samples 
of sapphire crystals were available for 
testing. The natural crystals were 
dark green with fairly well developed 
matt crystallographic faces which, 
however, polished satisfactorily. The 
polishing revealed a darker green 
band structure within the stone, and 
on examining the specimen with a 
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qualitative X-ray - fluorescent tech- 
nique, it was found to contain large 
amounts of titanium with smaller 
amounts of iron and chromium. 

The synthetic samples were white 
and transparent and in the form of 
small cylinders about 4 mm long with 
polished end faces of random orienta- 
tion. Subsequently a basal and a 
prismatic plane were cut and polished 
on one of these specimens. 

Sapphire is naturally doubly re- 
fracting in polarized light, but when 
viewed in polarized light there was no 
evidence of strain in the synthetic 
samples although there was strain 
present in the natural specimen. 


The resistance of diamond to abrasion 

Before describing how the abrasion 
hardness of these crystals was com- 
pared with that of diamond, it is 
necessary to describe the particular 
features associated with the wear and 
abrasion of diamond. Diamond is gen- 
erally ground and polished on a rota- 
ting wheel or scaife charged with 
diamond powder. The scaife may be 
either of cast iron, in which case the 
abrasive is mixed with a light oil, 
usually olive oil, or may consist of 
diamond powder bonded into a metal 
matrix; for practical details see 
Bruton (1970). It has always been 
well known among diamond polishers 
that diamond is extremely anisotropic 
in its wear properties, and that the 
rate of removal of material from the 
diamond depends very greatly on 
both the crystallographic orientation 
of the face being polished and on the 
direction of abrasion. The first quan- 
titative measurements of the resis- 
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tance of diamond to abrasion were 
made by Tolkowsky (1920), himself 
a diamond polisher, who weighed a 
diamond before and after polishing in 
different directions and on different 
faces. More recently measurements 
have been made using a so-called 
micro-abrasion tester, in which a 
small rotating wheel of either cast 
iron charged with diamond powder or 
diamond-bonded material is brought 
against the surface of the diamond to 
be tested for about 20 s under a load 
of about 100 g. A small cut is thus 
made on the surface of the diamond, 
about 1/2 mm long, 1/10 mm wide 
and 1/400 mm deep. Although the 
cuts are extremely shallow, their 
depths can be measured to a few 
parts per cent by optical interference 
techniques which yield sharp contour 
fringes within the cuts; for further 
details of this technique see Wilks 
and Wilks (1966). 

We have shown previously that the 
amount of material removed on dia- 
mond is directly proportional to the 
speed of the wheei and to the load 
on the stone (Wilks and Wilks 1959). 
It has also. been shown that because 
of the shape of the wheel, the pro- 
jected surface area of the cut in- 
creases as the depth of cut increases, 
and that, therefore, although the 
volume of material removed increases 
approximately linearly with time, the 
depth of cut increases approximately 
as the square root of the time of 
abrasion (Wilks and Wilks 1972). 
Hence, in comparing experimental ob- 
servations, a ratio of “x” in depth 
corresponds to a factor “x2” in the 
rate of removal of material. 
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We have also investigated the con- 
siderable differences in the rate of 
removal of material in the different 
principal directions on cube, dodeca- 
hedron and octahedron faces. For ex- 
ample, we have found that a cut 
made with a bonded wheel on a 
dodecahedron face in the softest di- 
rection, which is also the softest direc- 
tion on diamond, is some 10 times as 
deep as a cut made under identical 
conditions in the hardest directions 
on a cube face, which are the hardest 
directions on diamond. As indicated 
above, these figures correspond to 
rates of removal of material in flat 
grinding which differ by a factor of 
the order of 100. 


Experimental conditions 

The abrasion hardness measure- 
ments were made with a diamond- 
bonded wheel mounted in the micro- 
abrasion tester. Cuts were made, under 
identical running conditions, on the 
natural dodecahedron surface of the 
YAG crystal, and on the polished 
surfaces of the other crystals. Their 
abrasion hardness was then compared 
with that of diamond by making simi- 
lar cuts on a dodecahedron face of a 
selected high quality white gem dia- 
mond, in the soft direction on this 
face. To check on the running condi- 
tions of the abrading wheel, cuts were 
made on the diamond before the other 
crystals were abraded, during the tests 
and, finally, when all the cuts had 
been completed. These checks showed 
that no blunting of the wheel occurred 
during the tests. 

Preliminary measurements showed, 
however, that. excessively long cuts 
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were made on most of the crystals 
when the abrasion tester was operated 
under the conditions normally used in 
abrading diamond. However, by re- 
ducing the speed of the wheel to 500 
rpm, the load to 50 g and the time of 
abrasion to 15 s, cuts were made ofa 
reasonable length on most of the 
crystals so that several cuts could be 
made on a given face and different 
directions could be tested. At the same 
time, measurable cuts were made, of 
the order of 3A/2 in the soft direction 
on the dodecahedron piane of the 
diamond. It was therefore possible to 
make a direct comparison of the resis- 
tance to abrasion of diamond in its 
softest direction with the other crys- 
tals. 


A characteristic of the cuts nor- 
mally made on diamond in “easy” 
directions of abrasion is the high quali- 
ty of the abraded surfaces within the 
cuts, and this was also true of the 
abrasions made on the diamond under 
the present running conditions. The 
majority of the cuts made on the other 
crystals were, however, so rough that 
measurements of their depths could 
not be determined to the same degree 
of accuracy as is usual with abrasions 
on diamond. However, on diamond, if 
the cuts are sufficiently shallow, that 
is, less than about 6A/2, then the 
length of cut is related to the depth by 
the relation 1 = 2(Dd)” where D is the 
diameter of the abrading wheel (Wilks 
and Wilks 1972). Thus d is propor- 
tional to 12 and the same sort of 
relation was found to hold for the 
crystals used in the present tests, 
although their depths were appreciably 
deeper than those for diamond and 
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determined with less accuracy. Thus 
for all the cuts, measurements were 
made both of their length and their 
depth, and the hardness comparison 
with diamond determined as an aver- 
age of the results from the two sets of 
measurements. 


Experimental results 

As we have already discussed, when 
shallow abrasions are made on dia- 
mond, the volume of material removed 
is approximately proportional to the 
time of abrasion, and the depth ap- 
proximately proportional to the 
square root of the time of abrasion. 
Similar tests were made on the melt- 
drawn specimens of YAG and spinel 
and on the synthetic sapphire sample 
using wheel speed of 500 rpm and a 
load of 50 gm. As noted above, 
measurements of length of cut were 
considered to be more accurate than 
those of the depth, and therefore we 
show in Figure 1 graphs of the square 
of the length of the cuts against the 
square root of the time of abrasion. 
Comparable data for the diamond used 
in these tests is also shown in Figure 1. 
The graphs show linear relationships 
between the square of the length and 
the square root of the time of abrasion 
for all the specimens tested, even 
though the cuts on the spinel sample 
were appreciably deeper than those on 
the diamond. The experimental condi- 
tions for all these specimens therefore 
approximated to flat grinding, and we 
can compare the abrasion hardness of 
these crystals with diamond either by 
comparing the square of the length 
measurements or directly from a 
measurement of their depths. These 
results are shown in the first two 
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columns of Table 2. However, as dis- 
cussed above, a difference in abrasion 
hardness of “x” as determined from a 
depth measurement, corresponds to a 
factor “x2” when considering the rate 
of removal of material in flat grinding. 
The last column in Table 2 therefore 
shows the average rates of removal of 
material of the various gem stones in 
comparison with that of diamond in 
its softest direction. 

Similar measurements could not be 
made on the specimen of strontium 
titanate, as the cuts were appreciably 
bigger than on the other crystals, being 
about 2 1/2 mm long, and 40-70 
microns deep. Thus, the figures given 
for strontium titanate in Table 2 can 
only be taken as an order of magni- 
tude. 

As already discussed, there are very 


x=——X Spinel 
e—~e Yag 


Synthetic 
oOo 5? 


sapphire 


{Length}? cm?x 1079 


O Oo Diamond 
[001] on (011) 


Fig. 1. The (length)2 of a cut plotted 
against the square root of the time of 
abrasion for spinel, yag, synthetic sapphire 
and diamond 
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TABLE 2 
The abrasion hardness of various crystals compared with diamond 


Number on ‘Direction of (Length)? of cut onerystal Depth of cut on crystal Average rate of removal 
Crystal Mohs scale abrasion (Length)? of cut on diamond Depth of cut on diamond of material compared 
with diamond 
Diamond 10 (0011 on (011) () (1) ) 
[softest] 
Synthetic Sapphire 9 
Sample (a) — random orientation hardest 2-0 2-0 4 
softest 3-5 3-0 9 
Sample () — prismatic plane hardest 3-5 5-0 18 
softest 10-0 15-0 150 
— basal plane average 4-5 6-0 27 
Yag 8 
fa) crystal — (011) face average 4-0 4-5 18 
(6) stab — random orientation average 7-0 7:5 50 
Watural Sapphire 3 > 
— prismatic plane hardest 6-5 8-0 60 
softest 24-0 34-0 850 
— basal plane average 10-0 15-0 150 
Spinel 7-8 z 
slab — random orientation average 40 50 2x 10 
Strontium Titanate 5% 
— boule hardest 45 60 2-5 x 103 
— random orientation softest 70 105 1 


large directional variations of abrasion 
hardness in diamond.-To see if there 
were similar effects in the crystals used 
in this present test series, cuts were 
made in different azimuthal directions 
on the various faces tested. Generally 
two cuts were made in each direction 
and the first and last of a series of cuts 
were made in the same direction. 
There were no anisotropic effects on 
either of the two YAG samples, and 
the results in Table 2 are the averages 
for all directions. Similarly on the 
spinel slab average values for all direc- 
tions are given in Table 2, as the 
differences between different direc- 
tions were certainly less than about 
20%. As already discussed, no repro- 
ducible measurements could be made 
on the flux-grown spinel octahedron 
crystal. 

Anisotropic effects were shown, 
however, by both the natural and 
synthetic sapphire crystals. The first 
tests on the synthetic sapphire crystal 
were made on a sample [sample (a)] 
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whose polished face was of random 
orientation. Further tests were subse- 
quently made on polished prismatic 
and basal planes respectively that had 
been cut on another sample [sample 
(b)]. No anisotropic effects were de- 
tected on the basal plane, as was 
expected from the earlier work of 
Steijn (1961) and Duwell (1966), but 
there were considerable differences on 
the prismatic plane. Similar aniso- 
tropic effects were shown by the 
natural sapphire crystals; no azimuthal 
variations on the basal plane but ap- 
preciable differences on the prismatic 
plane. On the strontium titanate 
sample, single cuts only were made as 
they were so large. Some anisotropy 
was detected, but as the face tested 
was of random orientation, the results 
in Table 2 showing the hardest and 
softest directions can only be taken as 
orders of magnitude. 


Discussion 
Table 2 shows the comparison be- 
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tween the rates of removal of material 
of the various gem stones and a dia- 
mond abraded in its softest direction, 
and show that the resistance to abra- 
sion of diamond in this direction of 
wear is greater than any other crystal. 

The results also show differences 
between the different samples of the 
same crystal. Thus the over-all abra- 
sion resistance of natural sapphire is 
less than that of the two synthetic 
sapphire samples. This is most prob- 
ably due to the presence of the vari- 
ous impurities in the natural dark 
green specimen. The smaller dif- 
ferences between the two synthetic 
samples may also be due to slight 
differences in the quality of the two 
samples. The results also show that 
the anisotropic effects on the pris- 
matic planes are less than those previ- 
ously reported by Duwell and Steijn. 
These authors abraded synthetic sap- 
phire with tungsten carbide and steel 
respectively, and it is possible that 
the differences in the results are due 
to different mechanisms of abrasion 
when sapphire is abraded with dia- 
mond, which is much harder than 
sapphire, and with materials such as 
tungsten carbide and steel of similar 
hardnesses. Similarly the flux-grown 
crystal of YAG appears to be more 
abrasion-resistant than the melt-drawn 
slab, although in this case the more 
pure specimen is the less resistant 
specimen. 

The results also show that there is 
no simple relationship between the 
numbers on the Mohs scale and a 
hardness expressed as a resistance to 
wear and abrasion. Moreover, due to 
the different results for the natural and 
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synthetic sapphire specimens, YAG is 
seen to be more abrasion-resistant than 
natural sapphire in any direction, and 
because of the anisotropy in the 
sapphire, there are some directions on 
synthetic sapphire that are more easily 
abraded than any direction on YAG. 

However, as mentioned above, due 
to the anisotropy in the hardness 
properties of diamond, material can be 
removed some 100 times more readily 
in its softest direction than in its 
hardest direction. Therefore, when 
comparing the wear of gem stones 
with diamond, it is important to 
specify which direction on the dia- 
mond is being considered; the results 
in Table 2 in this paper refer to 
diamond in its softest direction. Thus 
synthetic sapphire, which in its hardest 
direction is four times more easily 
abraded than diamond in its softest 
direction, will be some 400 times more 
easily worn than diamond in its hard- 
est direction. Similarly YAG will be 
worn of the order of 3000 times more 
readily than diamond in its hardest 
direction, and strontium titanate some 
105 to 106 times more easily. These 
results demonstrate, therefore, that 
the use of the Mohs scale in describing 
gem stones in relation to diamond, 
especially those labelled as “diamond 
substitutes,” can be very misleading. 
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(Ed. Note: Mineralogical hardness 
deals with the extent to which a 
mineral resists abrasion; i.e., the resis- 
tance to scratching. Like the other 
physical properties of minerals, hard- 
ness: is largely determined by the 
crystal structure and depends upon the 
bond strength holding the atoms to- 
gether. The stronger the binding 
forces, the harder the mineral. As 
binding forces may vary in different 


‘crystallographic directions, similarly 


the hardness may change in these 
directions. 

The Mohs scale of hardness lists ten 
common minerals, all arranged in a 
sequence-of-hardness numbers from 1} 
to 10. Each mineral on the list will 
scratch those with lower hardness 
numbers and will, in turn, be scratched 
by minerals with higher values. Conse- 
quently, all hardnesses are relative to 
each other and do not represent actual 
quantitative steps between mineral 
hardness. Because the Mohs hardness 
numbers are not uniform, they are 
only considered as reference values. 

Another more quantitative or scien- 
tific scratch test uses the sclerometer, 
an instrument with a diamond point 
under load which is drawn across a 
polished surface to measure scratch 
hardness. Some other methods use 
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indenting devices such as Vickers, 
Rockwell, and Knoop indenters. These 
methods use a diamond point pushed 
into the mineral under a certain load 
for about 15 seconds from which the 
indentation hardness is determined as 
the ratio of the load applied to the 
surface area of the indentation pro- 
duced. A comparison of the Mohs 
scale with the Knoop scale is shown in 
the Hardness Comparison Figure 
which shows the relative differences 
between minerals and also the superior 
hardness of diamond over corundum.) 
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GIA Receives Important Gifts 


For several years GIA’ has been 
planning a-short class in colored stone 
grading with some consideration for 
appraisal. In their efforts in this direc- 
tion, members of the staff of the 
Institute, particularly Cap Beesley in 
New York and Glenn Nord in Los 
Angeles, have been gathering stones to 
use for comparison purposes to show 
the various grades of colored stones. 
Cap Beesley asked Ralph Esmerian, 
Jr., to select a number of rubies and 
sapphires to show the various qualities 
of those important gemstones. This 
was over a year ago. Since that time, 
the approximately 15 one-carat stones 
selected have been in GIA’s possession 
and, in addition, Mr. Beesley had 
selected a number of oval colored 
stones of other species and varieties, 
with a view to making the course we 
had in mind possible. 

Recently, we received a letter from 
Raphael Esmerian, President of the 
firm R. Esmerian, Inc., making a gift 
to GIA of over $15,000 in magnificent 
tubies and sapphires. They show effec- 
tively the various qualities and grades 
of rubies and blue sapphires. Raphael 
Esmerian has been a long time bene- 
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factor of the Institute. A number of 
years ago, he gave us a large quantity 
of rubies, emeralds and sapphires, 
which have proved to be exceptionally 
valuable for our test sets in the Gem 
Identification classes and  corres- 
pondence courses. Whenever we asked 
questions with respect to relative 
values or descriptions of gemstones, he 
has proved unfailingly helpful. The 
new collection will be of inestimable 
value to GIA and to the jewelry 
industry in helping to make possible a 
valuable new instruction program. 


We also wish to thank George A. 
Schuetz, Jr., of Larter and Sons, and 
Stanley E. Church, of Church and 
Company, each of whom gave us 
magnificent groups of over 3,000 
polished stones, including a vast assort- 
ment of stones for immediate use in 
gem testing sets. The Larter assort- 
ment included hundreds of hematites 
of various shapes, of which we were 
very short, plus some fine jadeites and 
many carats of attractive sapphires. 
The Church lot included hundreds of 
zircons, many turquoises and other 
stones in short supply previously. 


171 


Developments and Highlights 
at GIA’s Lab 


in New York 


By ROBERT CROWNINGSHIELD 


Since articles about blue Maxixe- 
type beryl have appeared in Gems and 
Gemology and in Lapidary Journal, we 
have received several inquiries and 
some challenging questions. In spite of 
careful wording to the effect that at 
no time has either Dr. Nassau and Dr. 
Wood nor the Institute stated that any 
dark blue beryl of this type submitted 
to them definitely owes its color to 
atomic bombardment (with the excep- 
tion of three stones in which the 
unnatural Caesium 134 was detected), 
we have heard reports that some 
dealers are stating that GIA has 
claimed that all such stones are 
treated. Unfortunately, no readily 
available type of laboratory examina- 
tion can establish whether or not a 
stone has been treated by gamma 
radiation, the source of radiation the 
authors used to prove that the Maxixe- 
type blue and green colors in beryl can 
be artificially induced. The circum- 
stances surrounding the sudden 
appearance of these attractive stones, 
however, throw suspicion on all of 
them. Furthermore, the admission by 
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dealers in Idar-Oberstein that they are 
currently producing this color artifi- 
cially and selling the stones as treated, 
establishes the source of some of the 
stones. Whether or not a source of 
naturally colored Maxixe-type beryl 
exists is yet to be proven. 
Several dealers who had invested 
heavily in these stones challenged the 
statements that have been made about 
their liability to fading. One dealer 
made an elaborate suite of jewelry 
slated to sell at retail in the neighbor- 
hood of $80,000. The stones have 
been set for nearly a year and no 
fading appears to have occurred. The 
laboratory was questioned about the 
accuracy of the statements concerning 
the fading, At that time, we had not 
actually carried out independent fade 
tests. One reason was the reluctance of 
dealers, who may have paid as much as 
$150 per carat for their stones, to see 
anything done to decrease their beauty 
or value. We are indebted to Dr. 
Giibelin for volunteering to provide us 
with a stone. Since we had only this 
one control stone, we covered half the 
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emerald cut stone with black tape and 
put it against the glass of an east facing 
window. The stone was an intense, 
cobalt blue with the optic axis cor- 
rectly located at right angles to the 
table of the stone. In a note on page 
132 of Dr. Nassau’s article, appearing 
in the Spring 1973 issue of Gems and 
Gemology, he stated that a large, 
intensely colored stone may need 
more than a week in bright sunlight 
before fading would become notice- 
able. Since the test was accomplished 
during the throes of our recent move, 
we forgot about the stone in the 
window for two weeks. An unusually 
sunny and mild autumn in New York 
allowed the stone to receive more than 
the usual amount of sunlight. When we 
were reminded that the stone was in 
the window, we removed the tape to 
discover that half the stone was very 
pale pink and the covered area had 
faded to less than half the original 
intensity. Figure J illustrates the 
appearance of the stone now. 


Figure 7 


SUMMER, 1973 


During the course of Dr. Nassau 
and Dr. Wood’s investigation, we sup- 
plied them with quite a number of 
rough pale aquamarines and morgan- 
ites. Contrary to our expectations only 
one of the morganite specimens 
changed color radically after exposure 
to gamma radiation from Cobalt 60 — 
it turned an intense red — but proved 
to be tourmaline! On the other hand, 
most of the pale aqua rough and the 
five cut stones changed color to some 
degree, Figure 2. 

The most dramatic and signifi- 
cant change from the standpoint of 
the subject at hand was one quite 
irregular piece that was originally pale 
green. Possibly the statement of one 
dealer traveling in Brazil, that he had 
seen a large quantity of very “clean” 
yellow beryls for sale at a cheap price, 
can now be explained. It would seem 
that the production of Maxixe-type 
beryls by gamma radiation depends on 
structural defects that can be modified 
by the radiation. Possibly some mines 
produce such beryl consistently. 


Gamma Radiation of Gemstones 


The matter of sub-atomic bombard- 
ment of gem materials has not been 
thoroughly explored. We do not know 
that neutrons from the atomic pile can 
effect changes in many stones, but 
resulting contamination may prevent 
them from being allowed to be sold. 
X-rays and electron effects from the 
Van De Graaf generator have been 
studied but gamma radiation remains 
to be explored. 

We have long suspected that certain 
dark brown topazes owe their color to 
gamma radiation. The only laboratory 
tests that lead one to suspect treat- 
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Figure 2 


ment are the very strong dichroism, 
yellow-green and red-brown, and the 
very low indices of refraction for such 
dark colored topaz. Dr. Pough re- 
ported in 1957 (electrons) and 1947 
(X-ray irradiation) that pale blue and 
colorless topaz would change color 
with irradiation. Our own limited ex- 
periments carried out with the good 
offices of Mr. Irwin Moed nearly 10 
years ago, involved a pale brown 
Mexican topaz placed in the atomic 
pile. It became very dark red-brown. 
Although it has not been exposed to 
light for long periods during the past 
10 years, it has not lost color. It has 
the low refractive indices 
(1.612-1.620) and strong dichroism 
associated with known treated to- 
pazes. We have seen large, clear pieces 
of rough topaz of this color and 
strongly suspect that it has been 
bombarded — probably by gamma 
radiation. We are indebted to Dr. 
Nassau for the report that gamma 
radiation will indeed color pale topaz, 
inducing various shades of brown and 
red-brown. We do not have informa- 
tion yet about the fade resistance of 
such induced colored topaz. 
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Figure 3 


Last year each delegate to the 
International Conference of Gemolo- 
gists at Vitznau was given a parcel of 
quartz stones that owe their color to 
gamma radiation. The use of gamma 
radiation was the subject discussed by 
Mr, Akira Chikayama of the Gem- 
mological Association of All Japan. He 
stated that Japan is now independent 
in the supply of smoky quartz and 
citrine since they can produce these 
colors with gamma radiation (brown) 
and gamma radiation plus heat 
(yellows). Figure 3 is a photograph of 
four treated rock crystals (the center 
stone is colorless and untreated). Mr. 
Chikayama mentioned too that in- 
ferior colored cultured pearls may be 
irradiated with gamma rays to produce 
an acceptable blue to blue gray color. 
We have noinformation about the fade 
resistance of either the quartz or cul- 
tured pearls. 

One other stone that probably owes 
its color to gamma radiation, though 
other sources of bombardment might 
be used, is: the synthetic amethyst 
which has been produced in Russia 
and elsewhere. As Dr. Nassau men- 
tioned in his articles, amethyst owes 


GEMS & GEMOLOGY 


Figure 4 


its color to an iron impurity but also 
to a color center which must be 
activated by irradiation. The produc- 
tion of synthetic amethyst would seem 
to be a complicated matter requiring 
proper orientation of the seed plate, 
the necessary iron impurity, and sub- 
sequent bombardment. Figure 4 illus- 
trates two handsome synthetic Russian 
amethysts given to GIA by Dr. Henno 
Nairis of Stockholm during the 
American Gem Society Conclave in 
New Orleans last year. 

Gamma radiation will also color 
spodumene. Among the large number 
of beryl specimens given to Dr. Nassau 
for experimentation was a very pale 
yellow piece of spodumene. Following 
irradiation, it was an intense nearly 
emerald green. Just one hour taped to 
a sunny window, though, was all that 
was necessary to remove the color, We 
recently were shown a large lot of 
peculiar blue-green spodumene which 
we strongly suspected was artificially 
colored. The client was too, after he 
returned and we presented him with a 
bi-color stone — half pink, half green. 
We had taped the stone to the sunny 
window for two hours. Coming to our 
attention within the same period of 
time that we have seen the blue beryls, 
brown topazes, and reported yellow 
beryls it is more reason to be sus- 
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picious that somewhere gem materials 
are being treated in abundance with 


gamma rays. 
(Editor’s Note: Since this was 
written, Dr. Nassau showed Mr. 


Crowningshield topaz that had been 
colored to an attractive blue by irradi- 
ation.) 


Wearability of Jadeite Versus Nephrite 


Figure 5 shows 2 bracelet of various 
colots of jade. All except the black 
stone are jadeite. The black stone is 
nephrite. The bracelet has been worn 
constantly for nearly 10 years with the 
result seen in Figure 6. The nephrite 
has lost nearly all its polish while the 
jadeites are relatively unworn. The 
loose black stone is from the original 
lot of black nephrites and has never 
been worn, This bracelet would tend 
to confirm the published data on the 
hardness differences of the two min- 
erals — 6-6% for nephrite and 6%-7 
for jadeite. Figure 7 illustrates the fact 
that actinolite has a hardness similar 
to nephrite or perhaps even less. It is 
an actinolite cat’s-eye that has been 
worn on a man’s little finger ring for 
approximately three months. Al- 
though these stones have been coming 
to the Laboratory’s attention for 
about six months, we really have never 
seen one with an excellent polish. 
However, the scratches seen in Figure 
7.are definitely wear marks and not 
the result of poor original polish. 


Gilson Synthetic Opal 


We are. indebted to Mr. Andrew 
Heinzmann of H.R. Benedict and Sons 
for the opportunity to examine several 


175 


Figure § 


Figure 6 
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handsome synthetic opals. Figure 8 
(taken from a Gilson transparency) 
exhibits the range of body colors of 
the newer stones. We examined the 
large white stone and the black stone 
second from the bottom. The color 
patches are extraordinarily sharp 
especially in the dark stone. All colors 
are present in the play of color with 
the stones tending toward harlequin. 
We have been informed that the prod- 
uct may soon be ready to market. 
Certainly, the rough material must 
now be coming through in sizes large 
enough to. cut regular shapes and quite 
thick stones. A detailed study and 
report on synthetic opal will be forth- 
coming. 


Fire Agate 


We have seen several parcels of 
Mexican fire agate recently and have 


learned to appreciate their muted 
beauty. Although the over-all impres- 
sion is of a brown stone, some have 
such beautiful color play that they are 
desirable for fine jewelry. In fact, we 
saw several in manufacturers’ lines at 
the RJA show in July. Figure 9 illus- 
trates a selection we were happy to 
examine thanks to the courtesy of 
Graduate Gemologist Mrs. Lorene 
Haas, Crown Gems Lid., Sherman 
Oaks, California. Whether or not the 
supply of rough will be sufficient to 
satisfy a commercial demand remains 
to be seen. It is certain, however, that 
for the first time fire agate has become 
more than the oddity it has been for 
decades, 
Glass 

Figure 10 shows earrings containing 
very jade-like devitrified glass of the 
type mentioned in the last issue of 


Figure 9 
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Figure 10 
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Gems and Gemology, It is interesting 
that the owner began to suspect their 
identity when she became aware that 
they did not feel cool on her skin as 
her other jade jewelry does. Jewelers 
to whom she showed them were con- 
vinced that they were the real stones, 
but one humored her and had them 
tested. 


Unusual Serpentine 


The beautifully carved elephant 
shown in Figure I] is one of a pair 
that arrived for testing. The unusual 
surface imitates the hide of an ele- 
phant very well, but prohibited a 
refractive index reading. Similarly, it is 
not easy to take a specific gravity of 
an elephant! The color of the material 


is a nice yellow-green very much like 
some californite variety of idocrase 
that we have. The absorption spec- 
trum, Figure 12, also reminded us of 
that of idocrase and we were at first 
tempted to call it that. However, the 
first rule of gem testing — “Get a 
refractive index if at all possible,” 
came to mind and we polished the 
bottom of one foot. The 1.57 refrac- 
tive index and comparison of the 
absorption spectrum with known 
yellow-green serpentines gave us the 
answer. 


Diamond Damage 


Many jewelers, manufacturers, and 
repairmen have spent their entire 


careers without ever experiencing the 
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Figure 12. Greenish Yellow Serpentine 
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Figure 14 


damaging of a major diamond. It was a 
shock for one jeweler to receive two 
sizeable diamonds back from repair- 
men seriously damaged as shown in 
Figures 13 and 14, It would seem that 
rapid temperature change may have 
been responsible in both cases. Either 
the stones or stone was under natural 
strain or an inclusion with a decidedly 
different coefficient of expansion was 
present and the repairman did not 
realize the possibility of damaging 
what usually is a very durable stone. 
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Developments and Highlights 
at GIA’s Lab 


in Los Angeles 


By RICHARD T. LIDDICOAT, JR. 


_ In a time of tumult in the jewelry 
industry, with prices skyrocketing 
before the recent softening, this has 
been a period of particularly intense 
activity at the GIA laboratories. For 
one period of 60 days, each week — in 
fact, almost every day — saw new price 


‘peaks for diamonds of fine quality and 


for colored stones as well. The demand 
in Europe and the Far East strained 
the U.S. source of supply of large, fine 
diamonds. 

During the time since the last labo- 
ratory report from Los Angeles, we 
have seen quite a number of unusual 
stones. One day we saw three ex- 
tremely interesting large diamonds. 
Two were set in a very unusual fash- 
ion, Instead pf the usual ring settings 
or other common setting, the two 
were set in prongs attached to the top 
of slender hollow metal rods that 
curved out to form the shapes pictured 
in Figure 1, The stones were square 
old-mine cut diamonds of great depth 
with weights which we estimated at 
approximately 53 cts. and over 40 cts. 
In the same lot was another diamond 
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of 18 cts. that had holes drilled at each 
end to accommodate a string or chain. 
This is pictured in Figure 2. 

Figures 3, 4 and 5 show. different 
views of a curious item of inexpensive 
jewelry that doubles as a ring and a 
bracelet. Figure 3 shows it as a ring; 
Figure 4 illustrates how the rings are 
hinged to form the bracelet as shown 
in Figure 5. 


Organic Materials 


Occasionally, the Laboratory is 
asked to identify materials that are 
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mineral replacements of organic sub- 
stances. Although our concern is with 
the nature of the materials as they 
exist currently, we are often curious as 
to the nature of the plant or animal 
life that has been replaced. We usually 
speculate as to the nature of such a 
material, without knowing whether we 
are correct. Perhaps some readers will 
be familiar with the materials shown in 
the photographs of the replacements 
of the organic materials in the next 
several illustrations. If so, we would be 
happy to have their comments. 

In Figure 6, we show a partly 
silicified coral. On this piece we ob- 
tained a refractive index of about 1.54 
with very little birefringence noted on 
Figure 2 the spot reading and the specific 
gravity was near 2.65. In other words, 
the properties were those of quartz 
rather than calcite, yet there was still a 
certain amount of effervescence to 
hydrochloric acid, as we might have 
expected from the calcite of a coral 
material. Between the two slides, 
Figures 6 and 7, the structure is quite 
evident; one, Figure 6, taken from the 
top of the cabochon and the other, 
Figure 7, of the base. In this in- 
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Figure 6 


stance, we were quite satisfied that we 
were dealing with a form of coral. 

In Figure 8, we see an opal with a 
very odd pattern we found quite dif- 
ficult to photograph. Only when the 
light projected to the top of the stone 
was directed exactly at the correct 
angle was it possible to show up this 
rather odd pattern that appears 
vaguely in the photograph. We sus- 
pected that this might possibly be an 
opalized replacement of some portion 
of palm. Whether this was a palm root 
or part of the palm tree we do not 


Figure 7 


know; as a matter of fact, we are not 
sure that this is even a replacement of 
palm, but the pattern is unique in our 
experience, so we would be happy for 
any comment from someone to whom 
this pattern is familiar. 

We received another interesting 
stone that appeared to be a replace- 
ment of an organic material. It was a 
large cabochon of chalcedony sent in 
by a student who thought it was 
petrified palm root. This is shown in 
Figure 9, Although easily identifiable 
as chalcedony, the pattern, though 
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Figure 9 
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distinctive, is not really familiar to us. 
Thus, we were not sure whether it was 
actually petrified palm root as he 
believed, or the replacement of some 
other material. The pattern certainly is 
quite distinctive, so we would like to 
know whether he is correct in his 
diagnosis. 


Twinned Star 


We receive quite a few star diop- 
sides for identification, but it is quite 
unusual to see one that is twinned in 
the manner of the one shown in Figure 
10. In this case, the rays of the star 
were distinctively displaced by the 
twinning plane, which is seen in Figure 
IQ just to the left of the position 
where the two rays cross. 

It can be seen that the left-hand 
portion of the east-west ray is dis- 
placed to the north. A portion of a ray 
is seen below the twin plane to the 
south at about 6 o’clock. Another 
view, shown. in Figure 11, gives two 
north rays and cuts off the south ray 
just below the position where the rays 
cross. We find such twinning in star 
diopside very unusual. 


Magnificent Gemmy Barite Crystals 


A GIA student, Allen B. Smith of 
Grand Junction, Colorado, asked his 
instructor, Jim Taylor, whether GIA 
would be interested in having some 
gemmy barite crystals from a nearby 
locality in Colorado. Since we had no 
such specimens, we were very happy 
to receive them. In Figure 12 the two 
crystals are shown in the magnificent 
4 inch long specimen. Each of the 
crystals could be used to cut a large, 
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Figure 10 


Figure 17 


almost flawless specimen of excellent 
colorless barite. This is indeed a very 
attractive addition to the GIA gem and 
mineral collection. 


_ An Unusual Opal 


We received an opal for identifica- 
tion, particularly with question as to 
whether there was any alteration in 
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Figure 12 


Figure 13 
, 


Figure 14 
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the material. In examining the opal by 
transmitted light, we saw some rather 
odd inclusions which are shown in 
Figure 13. In Figure 14, further mag- 
nification of a portion of that opal 
showed this peculiar cross pattern and 
the various tubelike inclusions that 
were present in the stone. The nature 
of the inclusions could not be readily 
determined without microprobe analy- 
sis. 


One of the Great Rarities 


A GIA collector-student brought in 
to us recently a 1.51 ct. elongated 
emerald-cut stone of a pale blue color 
resembling aquamarine. The stone is 
shown in Figure 15. As is obvious 
from the photograph, it was rather 
difficult to photograph because of the 
nature of the cutting, but it proved to 
be a very interesting stone to test. We 
learned later that the material came 
from the Salem Granite north of 
Swakop, Southwest Africa. For many 
years, the only known source was 
Siberia. 

The properties we obtained in test- 
ing the stone were refractive indices of 
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approximately 1.639-1.648; we deter- 
mined it was uniaxial with a negative 
sign but it also gave indications of 
being biaxial with a very small 2V 
angle. The specific gravity was very 
close to 3.30. The more we studied the 
stone, the more we became convinced 
it was one of the rarest minerals 
known, called jeremejevite. We have 
long thought of jeremejevite as one of 
the rarest of minerals. When later we 
discussed the matter with the Smith- 
sonian staff, we found that they only 
had five sugar-grain sized tiny crystals 
in their collection. To be confronted 
with a 1.51 ct. transparent faceted 
stone seemed totally unbelievable. 
With the very kind permission of 
the owner, Edward R. Swoboda of Los 
Angeles, from whom the collector had 
obtained the stone, we were given 
permission to scrape a small portion of 
a hundredth of a carat from one end 
of the emerald cut — a portion so 
minute that its departure could only 
be detected by a slight roughness at 
one end of the girdle plane, under high 
magnification. Charles Fryer, our 
Laboratory Supervisor, was able to get 
enough powder to confirm our identi- 
fication by X-ray diffraction. When we 
contacted the Smithsonian staff, they 
were kind enough to send us one of 
their five grains which could also be 
used for an X-ray diffraction analysis 
to confirm the identification. It was a 
highly satisfying identification because 
of the extreme rarity of jeremejevite. 


An Interesting Imitation 


One of our students brought in a 
quite interesting imitation similar to 
floating opal, but containing emerald 
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Figure 17 


fragments instead. This was a glass, 
liquid-filled, sealed bead containing 
many fragments of emerald in an oil. A 
sealed fragment is shown in Figure 16. 
A broken, similar glass ball with the oil 
removed and the emerald fragments 
around the ball, is shown in Figure 17. 
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Figure 18 


Many fragments of bright green em- 
erald were placed in the oil and sealed 
into the glass. container. The whole 
effect was that of a bright emerald 
green color. This was new to us. 


An Unusual Emerald 


While in the process of a routine 
identification, the first glance under 
magnification showed a large number 
of parallel tubes in what appeared to 
be a natural emerald. During the pro- 
cess of identification it was obvious 
that it was indeed, a natural emerald 
and that the parallel tubes were part- 
ially liquid-filled. The emerald, as it 
appeared under low magnification, is 
shown in Figure 18 and, under slightly 
higher magnification, in Figure 19. The 
apparent displacement in the tubes as 
they truverse the stone from left to 
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tight is occasioned by the optical 
effect of the facet edges. 


Crackled Synthetic Ruby 


An unusually effective effort to 
conceal the true nature of a synthetic 
ruby is shown in Figure 20. In this 
case, after heating, apparently, the 
ruby had been immersed in a liquid 
that would crystallize as it dried. Asa 
result, the many fractures in the 
synthetic ruby were filled with crystal- 
lites that added to the impression of a 
natural appearance. This is shown 
under rather high magnification in 
Figure 20. Under careful examination, 
bubbles and curved striae could be 
resolved. 


Diamonds and Diamond Inclusions 
Figure 21 shows a diamond cut in 
an unusual style. It might be described 
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as a bead covered by large octagonal 
and smaller square facets, which is not 
described by any known cut. 

Figure 22 shows a not really rare 
type of inclusion of a smaller diamond 
octahedron within a diamond. How- 
ever, it is not too often that they are 
seen in a cut stone this clearly. 


In Figure 23, wesee a very unusual, 


inclusion in a diamond. A pattern of 
this shape and this complexity is 
unique in our experience. We found it 
particularly interesting. Below the 


gletz, just at the table surface at the 
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top of the photograph, the geometrical 
pattern of white lines were at an acute 
angle to the surface. 


Surface Alteration 


Figures 24 and 25 are pictures of a 
carved object with almost no polish on 
the surface, which was basically light 
gray, but which had green and black 
surface material which appear as dark 
areas in Figure 24, The properties of 
the material did not agree with the 
X-+ay diffraction findings. We con- 
cluded that the material was an ortho- 
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Figure 24 


pyroxene, probably enstatite, but that 
it is altering at the surface to another 
mineral. 


New Treatment for Turquois? 


Recently, we have encountered 
highly translucent turquois which gives 
a good absorption spectrum. It shows 
no reaction in the form of the welling 
up of paraffin under the hot point and 
no odor of plastic to the hot point but 
which, very obviously to the eye, has 
been subjected to some form of treat- 
ment. The high degree of translucency 
of the material and its deeper than 
natural blue color suggest that it has 
been impregnated with a blue plastic 
that does not give an odor to the hot 
point. Since all the stones that we have 
had the opportunity to test of this 
type of turquois have been in Ameri- 
can Indian jewelry that is bezel set, we 
have been unable to remove any pieces 
to give it further testing. Usually such 
material, if plastic treated, would have 
been very low in specific gravity and, 
if it could be subjected to destructive 
tests, would reveal its nature, if it had 
been plastic treated. With the limited 
tests available to us of a nondestruc- 
tive nature, we could not prove that 
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Figure 25 


the material was treated, but we were 
well satisfied that it must have been. 


Diamond Prices 


Now that diamond prices appear to 
have stabilized, to a degree at least, 
and in some instances to have dropped 
back appreciably, we are beginning to 
be able to assess the present condition 
in what has been a very chaotic mar- 
ket. Apparently for the last several 
months the greatest demand was for 
larger sizes in very fine qualities from 
Japan and Europe, which was the 
force behind the rapidity and strength 
of the price advances. The demand for 
lower clarity grades and lower colors 
had not been nearly as great. Thus, 
Chart B in GIA’s diamond grading 
system shows much lower percentage 
figures, in general, below the top one 
or two clarity and color grades, than in 
the past. In other words, the prices of 
the very fine grades went up much 
more rapidly than those in the lower 
categories. 


Canned Oysters 


Retail jewelers, and the public as 
well, have become very familiar with 
the canned pearl oyster with a cul- 
tured pearl inside. These are to be seen 
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and available for purchase in a wide 
variety of retail outlets. The presump- 
tion is that these are all rather recently 
operated Pinctada martensii from 
Japan, where the bead has been in the 
mollusc for too short a time to have 
had any chance of producing a gem 
cultured pearl. Over the years we have 
been called upon to test cultured 
pearls removed from such a canned 
mollusc on several occasions. 

The most recent examination was 
by far the most dramatic in that when 
we tested the bead that came from the 
Pinctada martensii, we found not a 
cultured pearl, but an imitation pearl. 
This is a new one in our memory. 
Since we opened the can ourselves, 
there was no substitution involved. 
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In Memoriam 


BEATRICE W. SHIPLEY 
1888-1973 


We regret to report that Mrs. 
Robert M. Shipley, Sr., passed away 
on Monday, July 30, 1973, at the age 
of 85. Beatrice Shipley was born in 
Riverside, California, and lived most of 
her life in the state. The Shipleys met 
at the Louvre in Paris, while attending 
art classes there. They were married in 
1930. Long active in Girl Scouting, 
Mrs. Shipley was President of the Los 
Angeles Girl Scout Council. 

In the early days of the Gemolo- 
gical Institute of America, Mrs. Ship- 
ley was a key factor in the growth and 
development—even the survival—of the 
organization. While Robert M. Shipley 
worked on the courses and on prosely- 
tizing jewelers all over the nation in his 
efforts to demonstrate to them the 
essentiality of gemological knowledge 
to all jewelers, Mrs. Shipley managed 
the operation of the Institute in Los 
Angeles. She built a solid foundation 
upon which the organization was able 
to grow and function effectively. 

The Shipleys were a wonderfully 
effective team. Robert M. Shipley had 
complete faith in Beatrice W. Shipley’s 
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judgment of people and on the opera- 
tion of the office. In home-study, 
efficient office management is vital in 
order to make sure that assignments 
are on hand so students are not de- 
layed and that every questionnaire 
that is received is graded and processed 
promptly. Those who served on the 
GIA staff in those early days regarded 
Mrs. Shipley with a combination of 
respect and affection that brought 
forth their maximum effort. It is 
doubtful that Robert M. Shipley could 
have been as highly effective an orga- 
nizer and developer of the Institute 
had he not been able to depend so 
fully on Mrs. Shipley’s management in 
his absence. Even when he was in Los 
Angeles, he would not have had as 
much time to devote to development 
of new course material had he not 
been able to rely on the fact that the 
Institute would function smoothly and 
effectively under her astute guidance. 

Beatrice Shipley’s host of friends 
and admirers will miss the warmth of 
her presence. 


In Memoriam 


CHARLES JAY PARSONS 
1894-1973 


Reprinted from Lapidary Journal, Vol. 
27, No. 8, November 1973.) 


It is with deep regret that we must 
announce the passing of Charles Jay 
Parsons, G.G., F.G.A., 4430 Dale 
Street, La Mesa, California, Friday, 
September 14, 1973 following a very 
short illness, 

Charlie, as he was known to his 
close friends and associates, was born 
on a farm near Wenatchee, Washing- 
ton, October 1, 1894. His parents, 
Charles Jay Parsons and Ida May Par- 
sons, had both been school teachers 
before their decision to settle on the 
farm permanently. Charlie left the 
farm at an early age 

In 1917 he joined the United States 
Navy as a radio operator. During his 
naval career in the field of electronics 
and communications, he was assigned 
to shore duty at a large radio transmit- 
ter station at Pearl Harbor in Hawaii. 
While stationed there, he met and 
married Sarah Cabral in Honolulu, 
Hawaii, in 1923. Following his retire- 
ment from the service during the late 
Forties, he attended a jewelry trade 
school under the auspices of the G.I. 
bill and became proficient in engraving 
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and jewelry manufacturing. He worked 
for several years as a graver in the 
jewelry trade and during this time he 
became interested in gems and miner- 
als. He then studied with and later 
worked for the Gemological Institute 
of America as a Graduate Gemologist. 
He was also a Certified Gemologist 
(C.G.) of the American Gem Society 
for sixteen years. In 1952 he passed, 
with distinction, the British examina- 
tions and became a Fellow of The 
Gemmological Association of Great 
Britain (F.G.A.). 

Then in 1955 Charlie brought to- 
gether a small group of instructors and 
students to form. the Gemological 
Society of San Diego. Charlie was a 
very humble but able leader and orga- 
nizer whenever it involved gemology. 
Charlie never failed to provide a help- 
ing hand or encouragement for any of 
his students and instructors and was 
responsible for helping several of his 
instructors and students convert their 
hobby into successful business careers 
in various phases of gemology. 

Charlie was a co-author of the 
“Gem Material Data Book” and “The 
Handbook of Gemology,” both. of 
which are now out of print. Later he 
wrote another series of “Practical Gem 
Knowledge for the Amateur” which 
ran serially and was later republished in 
book form by The Lapidary Journal. 
He continued to teach the fourth year 
Classes until he became ill. 

Charles Jay Parsons, “Charlie” to 
all those who knew him well, was 
indeed a dedicated person and truly a 
“King of Gems.” He will be greatly 
missed by his family and all who knew 
and loved him. 

(Ed. note: Charlie Parsons assisted 
the late Lester L. Benson, Jr., GIA’s 
then Research Director, in three-week 
classes A and B in Chicago and Los 
Angeles for several years. Students and 
staff had the highest regard for Char- 
lie’s knowledge, skills, and his un- 
matched willingness to help those who 
shared his interest in gemology.) 
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Some Interesting 
Aspects of Gem Testing 


By ROBERT WEBSTER, F.G.A. 


There appears to be no end to the 
varying nature of objects which are 
submitted to laboratories for identifi- 
cation, many of which are, to say the 
least, somewhat outside the normal 
work of a gem laboratory. Such 
objects may be fairly obvious and 
easy, especially if they have been seen 
before, but if they are something 
outside the common orbit, such pieces 
can be really difficult and tests for 
them need thinking about. This article 
details a few such items, some of 
which had humorous overtones and 
some of which were just plain nuisan- 
ces but all of which had to be identi- 
fied. 

A necklace of baroque white beads 
were submitted for confirmation that 
they had been made from “the milk 
teeth of a young animal.” If they were 
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teeth, they were then in fact ivory, 
and one test for ivory would be to 
grind down thin sections which would 
show under the microscope the typical 
structure of ivory. This would take 
time, so knowing that teeth consist 
chemically of calcium and -phosphate 
with some organic matter, micro- 
chemical tests for calcium and for the 
phosphate radical were made. Scrap- 
ings from the bead were placed on a 
microscope slip and a drop of dilute 
hydrochloric acid added to the scrap- 
ings; this was followed a little later by 
a drop of dilute sulphuric acid. After a 
few minutes the slide was examined 
through the microscope, and typical 
radiating crystals of calcium sulphate 
were seen (Figure 1). This indicated 
that the material contained calcium. 
Another glass slip was cleaned and 
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Figure 7. 
sample. 


further scrapings from a bead were 
placed on it. To this group of scrapings 
was added a drop of nitric acid and 
then a drop of an aqueous solution of 
ammonium molybdate and the slide 
slightly warmed. No action was seen 
when the slide was examined micro- 
scopically. A “blank test” with the 
same reagent, using a scraping from a 
piece of known ivory, gave the charac- 
teristic yellow precipitate which, 
under microscopic enlargement (about 
60 to 80 times) showed up as yellow 
octahedra which were often in groups 
of four (Figure 2). This proves the 
presence of the phosphate radical in 
the ivory, but was not present in the 
beads under test, so the beads could 
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Radiating crystals of calcium sulphate formed when calcium is present in the 


not be teeth. To obtain further infor- 
mation a bead was removed from the 
necklet and its density taken. This was 
found to be 2.82, which, of course, 
was in the range of ivory, but could 
also be the value of the shell of a 
mollusc. To confirm this, an X-ray 
Laue diffraction picture was taken 
which gave a pattern reminiscent of 
fibrous aragonite, that is reminiscent 
of a cultured pearl picture. From the 
above evidence the. beads were de- 
ducted to have been .cut from the 
thick central pillar of a spiral shell. 
Another problem occurred when a 
white spherical object was sent in for 
identification. A preliminary “eye in- 
spection” brought forth the suggestion 
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Figure 2. Groups of yellow octahedral crystals formed when the phosphate radical is 


present in the substance. 


that it was a flint nodule, a notion 
which was not accepted by others. A 
density determination produced a 
value of 2.33. This did not convince 
the “flint nodule” advocate that it was 
not a flint and suggested that the 
object had a cavity in it. An X-ray 
picture showed that this was not so. 
When the “think tanks” got going, it 
was realized that 2.33 was the density 
of porcelain (china), but who wanted a 
china ball? At this time a chemist 
friend of one of us was visiting the 
laboratory and saw the “ball.” That 
evening the writer met him again in a 
club, and he asked if we had identified 
the object. Laughing, he then said that 
the object was a porcelain ball which 
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was used in a “ball mill” for grinding 
fine powders. This was confirmed 
when the object was taken to a manu- 
facturer of such things who confirmed 
it as a ball from a ball mill. 

A slave bangle made of a black 
material joined with an engraved silver 
sleeve produced a problem, for noth- 
ing like it had been seen previously. 
The surface of the black rod-like 
material, which was about 6 mm in 
diameter, was marked with what 
appeared to be weave marks. One end 
of the bangle had come away from the 
silver sleeve, and as no reliable density 
was possible and the refractive index, 
taken by the Lester Benson spot 
method, gave only a value of 1.55, 
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Figure 3. Photomicrograph of a thin section of Hawaiian black coral (transverse section). 


which conveyed little, it was decided 
to cut off a piece from the end and 
make thin sections. When this was 
done, it was seen that there was a 
central glistening core to the black 
rod. This gave the impression that the 
material could be made from a piece 
of single core electric cable — with the 
woven appearance of the surface and 
the glistening central core — but it was 
realized that the hacksaw used in 
cutting off the end did not “bite” as it 
would have done if the rod had a 
metal core. The glistening core was 
later found to be caused by a wax 
filling to a hollow central cavity. A 
transverse and a longitudinal thin sec- 
tion were ground and examined under 
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the microscope. The picture seen im- 
mediately gave the answer, for the 
pattern. was that of black coral, a 
substance which the writer had earlier 
reported upon! (Figures 3 and 4). 
What puzzled us at the time was how a 
branch of black coral could be bent 
into a circle. Reference to literature 
soon told us how.?: 3 The bangle was 
black coral. 


(Ed. Note: A method of shaping 
black coral into jewelry is given in the 
addendum on page 222.) 


Two necklaces of black beads were 
submitted for identification. The first 
consisted of 81 round black beads 
whose surface seemed to be striated 
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Figure 4. Photomicrograph of a thin section of Hawaiian black coral (longitudinal section). 


parallel to the drili canal. The first 
notion explored was that the beads 
might be dyed vegetable ivory, but the 
low density of 1.286 tended to 
discount this. Could the beads be some 
kind of hardwood? Thin sections were 
made of one of the beads, and a 
number of sections were made of 
various woods. There was little agree- 
ment; the wood showing definite plant 
structures while the unknown had a 
peculiar structure of its own and, 
when examined between ‘‘crossed 
polars,” showed fairly strong “‘polari- 
zation colours” which were not seen in 
the wood sections. So it seemed that 
wood could be ruled out. The effect of 
a white-hot platinum wire placed on 
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the cut surface of the bead used for 
making the thin section was that there 
was a strong smell of burning hair. 
Could it be horn? Thin’ sections of 
known horn were made, and these 
confirmed that the substance of the 
beads was indeed horn. It was not 
considered necessary to take the time 
and trouble to chase up the type of 
animal from which the horn came, but 
as no artificial staining could be 
proved by the use of solvents, it was 
considered that the horn was naturally 
black in colour. 

The other necklace tendered at the 
same time again consisted of black 
beads. This time the outward appear- 
ance seemed to show that they were 
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made of some sort of berries which 
had probably been lacquered. One of 
the beads was cut through by a sharp 
scalpel which immediately revealed the 
object to have the typical inside struc- 
ture of a plant seed pod, and indeed 
reminiscent of some rose hips. The 
black colour, however, appeared to be 
natural, as no stain came off when 
swabs of cotton wool impregnated 
with solvent were rubbed over the 
surface of the beads. The beads were 
then reported as botanical seed pods, 
but no identification of the plant was 
attempted. 

The final problem which the writer 
is reporting concerned a black oval- 
shaped stone set in a signet ring. This 
was submitted for investigation in view 
of the possibility of Court proceedings 
over the misnaming of the stone, 
which should have been black stained 
chalcedony, usually called “black 
onyx.” The refractive index was found 
to be about 1.55, a value which is 
never too helpful, but did preclude jet, 
which was one of the suggested possi- 
bilities; jet has a refractive index about 
1.65 and was ruled out. The stone 
could be cut with a knife blade, which 
certainly put black onyx out of the 
question. Examination of the under- 
side of the stone showed peculiarities, 
in that it had a channel running across 
the long diameter. The writer recog- 
nized that the stone had been made 
out of part of a cigar tube which had 
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been ground and polished to produce a 
suitable stone for the ring. A similar 
tube had been in the possession of the 
writer for many years and was at first 
thought to be black amber. For some 
reason or other, this notion was 
changed, and the material was con- 
sidered to be another hydrocarbon, an 
unusual asphalt called albertite. Alber- 
tite has rather similar constants to 
amber. A “hot-wire” test gave a 
“coaly” smell with an underlying aro- 
matic odour. As there seemed to some 
doubt about the matter, a spectropho- 
tometer curve was obtained and com- 
pared against curves for albertite and 
amber. This showed the curve to be 
more like amber than albertite, but 
short of an elaborate chemical ana- 
lysis, the problem is not really satis- 
factorily resolved, although amber 
seems to be the more likely answer; 
amber which had been “loaded” by 
staining with carbon. The material was 
certainly not black onyx, which was 
all the Court would have needed to 
know. 

In this short article it is hoped to 
show that not all tests are straight- 
forward, routine matters. 
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Developments and Highlights 
at GIA’s Lab 


in Los Angeles 


By RICHARD T. LIDDICOAT, JR. 


We encountered a diamond recently 
with a rather unusual reaction to 
ultraviolet light. Under longwave ultra- 
violet radiation, the diamond was 
inert. Usually, diamonds are more 
strongly fluorescent under longwave 
than under shortwave, but in this case, 
the diamond that was inert to long- 
wave fluoresced very strongly in a 
pink-to-apricot color under shortwave. 
Under X-ray, the fluorescence was 
bluish in color as might be expected, 
but in this case definitely on the 
purplish side. The diamond phospho- 
resced in a bluish-green color. We had 
never encountered a gem diamond that 
reacted in this fashion. 


Interesting Emerald Cuts 


The great in GIA’s 
Diamond Course that 


upsurge 
enrollments 
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occurred in 1973 created a situation 
which forced us to buy several hun- 
dred diamonds to be graded and used 
in the home siudy diamond grading 
and appraising portion of the Diamond 
Course. Some of these were emerald 
cuts. The cutting on some of the 
emerald cuts was hard to believe. For 
example, Figure 1 shows an emerald 
cut with the corner facets cut close 
to 90° to the girdle. The angle of even 
the row of facets closest to the table 
must be in excess of 70° to the girdle 
plane. In Figure 2 we see the unusual 
situation of an emerald cut with the 
crown so high and steeply angled that 
the culet is seen reflected in the crown 
facets on each side of the table. This is 
something which is usually seen only 
on the bezels of a round old-European 
cut. 
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Perhaps the most unusual of all of 
the rather odd emerald cuts was one 
which showed a modern bow tie 
(Figure 3). By modern bow tie, we 
refer to the very large bow so popular 
recently. I believe this is the first time 
anyone at our Laboratory had en- 
countered a bow-tie effect in an 
emerald cut. The stone had a depth of 
over 70% of the narrow girdle dia- 
meter. 


A Natural at the Culet 
It is very unusual to see a natural 
on a diamond at the culet. In Figure 4 
a number of trigon growth markings 
are visible on the culet of a marquise. 
Because trigons are characteristic of an 
octahedral face, it is almost certain 


Figure 7. 
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that this marquise was cut from a 
macle, so the culet was preserved from 
the surface of what would have been 
an octahedral face if no twinning had 
been present. The culet represents one 
of the pair of large faces on the 
twinned form called a macle. 


Ghostly Cross 
The cross in the center of the table 
of the diamond shown in Figure 5 
appears to be surrounded by a ghostly 
halo. Such inclusions are seen occa- 
sionally but this is better developed 
than most. 


A Kaleidoscopic Mirror 
When a round brilliant diamond has 
an inclusion near the culet, it is usually 


Figure 2. 
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Figure 3. 


reflected all over the diamond. Such a 
diamond brilliant is usually called a 
reflector. Perhaps the most spectacular 
reflector we have ever encountered is 
illustrated in Figure 6. A large in- 
cluded crystal, probably of diopside, 
just to the right of the culet, is visible 
one or more times in almost every 
crown facet. 


Interesting Cameo 

A cameo received for identification 
showed a certain amount of color 
banding that was reminiscent of onyx 
marble. The features of the nose, eye, 
forehead and cheek were a cream color 
in the lower layers. As the carving of 
the head from the cheek bone to the 
ear and the hair involved removing less 


Figure 5. 
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Figure 4. 


material, the final surfaces were in 
higher layers, and appreciably darken- 
ing to a dark brown was evident. 
Closer examination showed that this 
was not onyx, as suggested by the 
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banded appearance shown below the 
ear in Figure 7. Closer examination 
seen in Figure 8, particularly in the 
lips and the cheek behind the lips and 
the lower portion of the nose, showed 
a strongly banded structure which had 
a certain amount of slightly brighter 
reflections that are seen in such shell 
as the giant Tridacna clam. The band- 
ing is much more evident in Figure 9, 
which is taken of the back of the 
cameo. Note the faint perpendicular 
row of banding near the top of the 
photograph. 


Lovely Stone Cameo 


A green beryl cameo was so attract- 
ive that we decided to photograph it. 
It is shown in Figure 10. The carving 
was exceptionally good and the light- 


ing made for a rather dramatic photo- 
graph. 


Alexandrite Glass 

An attractive piece of jewelry 
received for identification proved to 
be glass. Glass is usually not particu- 
larly interesting, but this had a distinct 
alexandrite-like color change. It was 
more reminiscent of alexandrite-like 
sapphire than of true alexandrite in 
that it had a daylight or fluorescent 
color of a steely blue, and under 
incandescent light the color was ame- 
thystine. An interesting feature in the 
glass was the presence of many tiny 
crystallites shown in Figure 11 under 


63X. We do not know the nature of 
the crystallites. We have been in- 


formed that this glass has been around 


Figure 6. 
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Figure 8. 
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Figure 7. 


GEMS & GEMOLOGY 


Figure 10. 


in quantity since the late 1800’s. It is 
called alexandrite glass and is used in 
vases and other ornamental pieces. 


Venetian Blinds in a Natural Sapphire 


A very interesting group of inclu- 
sions was noted in a natural sapphire 
submitted for identification. A series 
of steps in echelon was noted that was 
assumed to be related to repeated 
twinning. The sapphire also showed 
rather strong color banding which may 
be noted both to the left and to the 
right of the repeated inclusions which 
run from top to bottom in the photo- 
graph. Figure 12 was taken at approxi- 
mately 25X.— 


Another Case of Silicification 


In the Summer issue of Gems & 
Gemology, we showed a picture of a 
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Figure 17, 


coral which was partially silicified. By 
coincidence, we encountered another 
more recently in which a silicification 
has not proceeded quite as far so that 
we were able to take a photograph 
that better delineated the situation. In 


Figure 712. 
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the first photograph, Figure 13, we see 
at rather low magnification the cabo- 
chon with the general structure. A 
drop of acid on the back of the 
cabochon caused heavy effervescence 
and the area attacked is somewhat 
darker than the surrounding area. This 
is illustrated in Figure /4. In this 
photograph, the quartz areas stood out 
and: the calcite areas were lower 
because of their lower hardness. The 
acid etching added to the relief of the 
quartz grains rather well. In taking the 
refractive index by the spot method, 
only the 1.54-1.55 of quartz was 
evident — the high birefringence of the 
calcite was not in. evidence because the 
refractometer was in contact only with 
the grains that stood higher. Rotation 
of a polaroid plate in front of the 
eyepiece did not show the shift that 
would be expected from calcite. 
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Attractive Combination 

We received for identification a 
cabochon of a dark but attractive deep 
green, semi-translucent material that 
appeared to be nephrite but with 
many brighter and lighter green inclu- 
sions. The main mass of the material 
appeared to be nephrite with the 
brighter green inclusions obviously 
harder, because they stood above the 
surface in the polishing of the neph- 
rite. We were able to see that the 
inclusions had-a considerably higher 
refractive index than the nephrite. 

By scraping the edge of the area of 
the darker material and running an 
X-ray diffraction analysis, Chuck 
Fryer was able to obtain a nephrite 
pattern. On the brighter green inclu- 
sions, scraping and X-ray diffraction 
analysis -showed a pattern corres- 
ponding to grossularite. Since the 


Figure 14. 
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refractive index on the order of 1.78 is 
high for grossularite, we assumed that 
a certain amount of the andradite 
molecule was represented in the garnet 
inclusions. Probably some chromium 
was present to give the inclusions their 
bright green color. It made a very 
attractive cabochon. The material was 
said to have come from British 
Columbia. 


We wish to express our sincere 
appreciation for the following gifts: 

To Carroll F. Chatham, Chatham 
Created Gems, Inc., San Francisco, for 
four nice pieces of Chatham Created 
Ruby faceting rough. 

To Graduate Gemologist Dr. Edgar 
F. Borgatta, Ph.D., Gempro_ Distri- 
butors, Rupert, Vermont, for yet 
another very generous donation of 569 
miscellaneous, much-needed cabo- 
chons for use in our student practice 
sets. This most useful gift included 
various jades, lapis, turquoise, chryso- 
colla, variscite and shattuckite. 

To Ben Gordon, G.G., Gordon 
Jewelry Co., Houston, Texas, fot 
another of many donations to GIA for 
class use, consisting of numerous foil- 
backs, lapis, nephrite, coral, marcasite, 
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synthetic star ruby, and star sapphire 
cut stones. This is a most welcome gift 
for our gem identification classes. 

To Donald L. Marchbank, M.D., 
student, Salina, Kansas, for a Gilson 
synthetic turquoise which will be put 
to good use in our gem identification 
classes. 

To Clifford Millsap, Millsap Jewelry 
Co., Kansas City, Kansas, for a large 
assortment of rough, cabochons, and 
faceted imitations for class use in gem 
identification sets. 

To Ernest Penner, G.G., Ernest 
Penner, Inc., St. Catharines, Ontario, 
Canada, for a Brazilian opal cabochon 
which will make an important addition 
to our laboratory reference collection. 

To Edward R. Swoboda, Jewels by 
Swoboda, Los Angeles, California, for 
two large assortments of jadeite jade 
and idocrase baroques. These will be 
put to good use as spectroscopic test 
specimens in our gem identification 
course. 

To Glenn Vargas, dealer in rare gem 
materials, Thermal, California, for a 
generous gift of a large collection of 
rare and unusual gem material rough 
consisting of benitoite, sphene, dato- 
lite, zincite, hexagonite, sphalerite, 
smithsonite, fluorite and a number of 
other specimens for use in our resident 
gem identification classes. 
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Hornbill~Ho-Ting 


BY ARGIMIRO SANTOS MUNSURI 


Reprinted courtesy of 


Boletin del Instituto 


Gemologico Espanol, Noviembre-Diciembre 1972. 


Ed. Note: There are many strange and wonderful forms in the bird world, but 
none attracts so much attention to the gemologist and artisan as the Hornbill. 
They are large in size, shy and uncommon, grotesque in appearance, and most 
have strange nesting habits. But above all, only the Helmeted Hornbill , Rhinoplax 
vigil, from Southeast Asia and Borneo, is unique in that its casque is made of solid 
ivory-like material which is coveted by artisans the world over for ornamental 
carving. It is remarkable that this bird has not been exterminated since it has been 
persecuted for years by hunters wanting the Hornbill ivory. Today, the 
importation of recent carvings to the U.S. of Helmeted Hornbill is illegal; 


however, antique pieces are allowed. 


Gemology is not only the study of 
precious stones, but it also deals with 
certain materials which we could call 
gemological materials, since they are 
used to. make beautiful and treasured 
objects (true jewels). Thus, such 
materials as pearl, coral, ivory and its 
different varieties, bone, amber and jet 
are studied. 

Although there are various texts 
which include these materials, such as 
Gemologia by Sra. Cavenago or Gems 
by Robert Webster, it has always 
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seemed strange to me that none dis- 
cusses Hornbill or Calao Ivory or 
Ho-Ting, as the Chinese call it, or 
golden jade. This material is more 
noble, rare and expensive than ivory; 
therefore, I consider this unique 
material of such importance and 
interest to write this article. 

On the islands that surround Bor- 
neo lives a bird the size of a large 
goose, the Calao (Rhinoplax vigil), 
possessing a wing spread of 1.5 meters 
and a large black and red tail (Figure 
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Figure 1, Idealized portrait of the Helmeted Hornbill (Rhinoplax vigil). Adapted from D. G. 
Elliot’s A Monograph of the Bucerotidae. 
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1). The material that we are dealing 
with here is found on the males of the 
helmeted variety only. It consists of a 
protuberance (casque) of horny (chiti- 
nous) origin that appears on the top of 
the beak next to the cranium (Figure 
2). Other varieties of this species exist 
in Africa and some parts of Asia, but 
they do not produce gem quality 
material, but rather, their material is 
spongy and uncarvable. Only the hel- 
meted variety of the Malayan archipe- 
lago possesses the precious material. 
This species lives in virgin forests 
between 500 and 1000 meters in 
altitude and nests in the tops of large 
trees where the females live in virtual 
captivity until their young can fly. In 
spite of their great weight, these birds 
can fly distances of 300 or 400 meters, 
producing an infernal noise by the 
flappings of their wings. Since these 
birds are extremely cautious, it is 
difficult to catch them. Only the 
Punans of west Borneo are capable of 
catching the male birds. When the 
males leave to gather food for females 
in the nest, they are shot with arrows 
launched from blowguns. Further- 
more, it often takes weeks or even 
months of tracking, and the men must 
take advantage of the least slip-up in 
vigilance on the part of the male bird. 
Thus, the difficulty of its capture, 
together with its rarity, make the 
Hornbill a most treasured and appre- 
ciated material. 

Its carving into valuable objects is 
very ancient; some pieces have been 
found in a Neolithic tomb in Borneo. 
Over 2000 years ago, local tribes held 
the helmeted bird to be magic, and it 
was used as the symbol of power and 
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virility. Some Dayak tribes believe that 
they .descended from the “man bird,” 
which is apparently this very bird 
(Harrison). The poetry and songs of 
this tribe often allude to this bird. 
Also, the Kennyalis, the Njadjus, and 
other peoples in the area often men- 
tion this bird in their songs and 
legends. 

However, it was not until the Horn- 
bill became known to the Chinese that 
it became truly appreciated, when it 
began to be carved into earrings, finger 
rings, pendants, belt buckles, but, 
above all, into much sought after snuff 
bottles (Figure 3). 

During the Tang dynasty a large 
trade developed between China and 
Southeast Asia. From that time on, 
the Indochinese and Malayans became 
intermediaries between hunters and 
consumers. 

Hornbill is also mentioned in later 
dynasties. During the Ming dynasty, 
for example, a piece of this material 
was evaluated as 1000 coins according 
to tax regulations. Furthermore, the 
center yellowish area (the cranium of 
the Calao), called Chin-Mo-Ho-Ting, 
was differentiated from the outside 
carmine-colored area, which was more 
in demand (Figure 2). 

Hornbill, in China as well as among 
the Dayaks, was used only by men, 
and, among the men, only chiefs or 
those belonging to the aristocracy 
wore it. Members of the court or high 
military leaders wore buckles to fasten 
their large belts and long, narrow strips 
of very fine leather, which indicated 
the rank of the wearer. Some very 
finely carved and polished loop-shaped 
examples of these buckles exist, 
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Hornbill Snuff Bottle, Nineteenth Century. 
Valuable snuff bottle carved in “calao 
ivory,” decorated with birds and flowers. 


several in the form of Buddha (from 
the Ming dynasty), and ovals (Tching 
dynasty), all carved from a single 
piece. 

One of these buckles, dating from 
the 18th century, 10.2 cm long, is 
carved on one side with the magnifi- 
cent characters of the symbol “Chow” 
(longevity) and on the other side with 
the symbol “Fou” (felicity). This 
work of art, of incredible beauty, 
belongs to Mr. R. H. Palmer, Berk- 
shire. There are examples of the 
helmet (casque) together with the 
beak, totally carved on the exterior 
into figures or landscapes and the 
cranium furnished with artificial eyes 
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and plumage. A very finely carved 
complete helmet of the Calao may be 
seen in the British Museum. 

During the Chieng-Lung period 
(also 18th century), bottles or flasks 
for snuff began to be carved from 
Hornbill. Soon after, almost the entire 
supply of this noble material was used 
to make only these particular objects. 
Three snuff bottles may be carved 
from one “helmet.” Finger rings were 
also made from Ho-Ting to protect the 
thumbs of aristocratic archers. In the 
18th and 19th centuries, the Japanese, 
too, used this material to carve “‘net- 
sukes” of great beauty and fine crafts- 
manship. 

The helmet, or casque, the usable 
material of the Hornbill’s cranium, is 
located on the top of the bill (See 
Figure 2). It has a form somewhat like 
a loaf, about 5 to 6 cm in length, and 
is almost square, since it is approxi- 
mately the same measurement in 
depth. The interior is a golden yellow 
color, somewhat yellowish-orange in 
the center, and the whole mass is 
surrounded by an outer layer of very 
beautiful carmine color. 

Ho-Ting is a dense material, but it 
doesn’t seem heavy since the carved 
objects are almost always hollow 
(snuff bottles, for example) or are very 
lacy. 

Hornbill’s refractive index is 
approximately 1.54. It is harder than 
ivory, of chitinous character, and has a 
luster after carving somewhat better 
than amber. It should not be called 
Calao Ivory, which it has sometimes 
been designated, as for example by Dr. 
Schuyle Camman, a celebrated investi- 
gator, who said about this material: 
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“Among all the very rare substances 
which have been worked by the artists 
of the Far East and of India, the 
strangest and least known perhaps 
would be Calao Ivory.” (Sarawak 
Museum Journal 1:393). 

On examining Hornbill under a 
microscope, we observe fibers — but 
irregular ones — which have a tenden- 
cy to come together and separate like 
whirlwinds. One of the most difficult 
problems is to determine the age or 
antiquity of a piece of Calao. The 
great collector Tom Harrison, a true 
specialist in this rare substance, says: 

... if the helmet was taken from 
an old male, one would find it split, 


Photomicrograph of Hornbill (calao ivory) 
showing its typical structure. ({90X.) 


210 


cracked and displaying brittleness. 
However, one must take into account 
that some helmets were kept by the 
capturers for a few or for many years. 
This allowed them to deteriorate, 
something which would become evi- 
dent upon carving them.” 

Nevertheless, once Hornbill was in 
the hands of Chinese artisans, it could 
be improved by treatment, the nature 
of which we unfortunately do not 
know. The result of this treatment was 
a more luminous material with a better 
carmine color. The artist’s treatment 
and care of this material could give it 
the appearance of greater age than it 
actually had, or the reverse — it could 
rejuvenate and enrich the material, 
giving it the brilliance and freshness of 
material obtained from young males 
and used soon after their death. 

Recently-captured Hornbill pro- 
duces a material without cracks or 
fibers, full of freshness and color, and 
if it is cleaned and cured adequately 
these properties will last indefinitely. 
The only exceptions to this are the 
helments of old birds. 

As with everything in this world, 
this material has also been the object 
of imitation or faking, although even 
in the Ming dynasty laws existed 
which made this fraud punishable. 

Without any doubt, the most not- 
able substitute comes from the inner 
part of the horns of a deer native to 
India. These imitations are extremely 
rare and thus in.a way more valuable 
than the authentic pieces. The pre- 
viously-cited collector Harrison 
announced that he had with pleasure 
traded a buckle made from authentic 
Hornbill for a fake made from the 
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above-mentioned deer’s horn. At first 
glance these copies are easily confused 
with Calao, since they possess a rich 
yellow-orange color. But microscopic 
examination will separate them easily, 
since ordinarily on examining a sec- 
tion, the horn exhibits concentric 
fibers (indicating growth). In the genu- 
ine material, however, the fibers 
appear without any order, as pre- 
viously discussed, and are not evident 
on the surface. Plastic imitations are so 
easy to detect that it is not worthwhile 
to concern ourselves with the separa- 
tion. The characteristic magnificent 
luster, color and freshness of Ho-Ting 


Photomicrograph of deer horn imitation of 
Hornbill ivory from India, showing con- 


centric and orderly structure indicating 


growth. (30X.) 
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makes the separation of plastic from 
the genuine material a very simple 
matter. 

As an item of curiosity, we must 
also mention that cases were known in 
China of yellow jade with red areas 
being carved and called “‘Calao Ivory.” 
This is not a case of faking in the 
strictest sense of the word, since one 
can readily see that he is confronted 
with a stone, but it is indeed testi- 
mony to the profound admiration and 
appreciation the Orientals felt for 
Hornbill, that they would “copy” it 
with the gem which enjoys their 
greatest appreciation. 


Photomicrograph of elephant ivory, illus- 
trating the “lines of Retzius’’ or engine- 
turning effect seen only in ivory from 
elephants. (30X.) 
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Developments and Highlights 
at GIA’s Lab 


in New York 


By ROBERT CROWNINGSHIELD 


Fade Tests on Gamma 
Irradiated Topaz and Quartz 

In the Lab Column last issue we 
mentioned that we had not conducted 
any fade resistance tests with either 
brown irradiated topaz or smoky 
quartz. We now have some informa- 
tion about them. Figure J shows a 
cleavage section of topaz which was 
originally colorless. After a short ex- 
posure to gamma rays about one half 
of the section became a dark reddish- 
brown color. The line of demarcation 
is almost die straight, indicating that 
an undetermined difference in struc- 
ture allowed the coloration of only 
part of the stone. Longer exposure 
seems not to be the answer. Half the 
piece was covered with black tape and 
placed on a sunny window for a period 
of two weeks. Note that the dark part 
was unchanged. The exposed part of 
the colored zone faded to less than 
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half the original intensity. In addition, 
the color became merely smoky 
instead of brown — the first truly 
smoky topaz we have seen. 

It occurred to us that if a pale 
yellow topaz were irradiated instead of 
a colorless stone, would the reddish- 
brown color superimposed on the 
yellow produce a more realistic color 
than the brown treated stones we have 
been seeing? We are indebted to Grad- 
uate Melvin Strump of Superior Gem 
Co. for loaning us several small so- 
called “Imperial topazes” as well as a 
large pale yellow stone. After short 
exposures to gamma radiation, all the 
stones took on a beautiful orange 
color which was quite exciting to see. 
However, after a very few days on a 
sunny window the stones faded to 
their original colors. 

A large selection of cut rock crys- 
tals was exposed to gamma radiation 
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with the result that most became 
smoky. A few that did not color 
evenly with zones of color reminded 


Figure 2. 
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Figure 7. 


us of the zoning in many amethysts. A 
few pale amethysts were exposed also. 
Although most became darker in 
color, the color was smoky and the 
treatment did not improve them com- 
mercially. Figure 2 illustrates two 
cabochons on the smoky treated 
quartz. One has been on a sunny 
window for two weeks while the other 
(the one with the chip in the girdle) 
was in the safe as a control. The stone 
in the window has faded perceptibly; 
mainly it is less smoky and more 
yellowish. We still have to test the 
irradiated and heat-treated citrines and 
blue cultured and irradiated pearls for 
fade resistance. 


Southwest Indian Jewelry 


In recent months silver and tur- 
quoise jewelry manufactured in the 
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American Southwest has become in- 
creasingly popular — particularly in 
the sophisticated, high fashion shops 
and salons. We have been asked to 
examine several pieces and in most 
cases have found the turquoise to be 
rather pale in color, usually with 
matrix and with no evidence of treat- 
ment. However, recently we tested an 
example of this type of jewelry in 
which the turquoise was definitely 
dyed — not just oiled or paraffin 
treated (Figure 3). The color was too 
intense to be natural, and it had 
penetrated the stones quite irregularly. 
We have rarely encountered turquoise 
with a penetrating dye treatment. 
More often it is merely painted and 
then lacquered with a colorless coat- 
ing. 
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More About Lavender Jadeite 


Until a year or two ago we never 
saw violet or lavender jade with any 
real depth of color. In most cases it is 
quite light in color tending toward 
grayish, though some are a. delicate 
and quite attractive light violet color. 
Recently, as readers have learned, very 
dark purple to blue-purple stones have 
been seen. Some are obviously treated 
by virtue of the fact that the dye can 
be detected under magnification. 
Others do not show the dye under 
magnification but do fluoresce an un- 
natural treddish-orange (like fluor- 
escein) under ultraviolet. Still others, 
purchased from dealers as dyed stones 
and for a small price, show no evi- 
dence whatsoever of the color origin. 


Figure 3. 
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Figure 4. Color treated lavender jadeite (nature of dye unknown). 


This has unfortunately meant that 
there are stones for which no Labora- 
tory report about their color origin 
can be issued. Recently in New York 
we encountered two further examples 
of dyed stones which do not fit the 
examples mentioned above. Figure 4 is 
a drawing of the absorption spectrum 
of one intense violet stone in which no 
‘dye could be seen under the micro- 
scope. Since we identified this stone, 
we have seen several other examples, 
some with a more believable color 
than the first one. Another stone with 
stronger color than we like to think 
possible in nature did not have the 
absorption spectrum shown above, nor 
did it show dye in the cracks when 
observed in the microscope. Under 
ultraviolet. there were areas of very 
weak reddish fluorescence which could 
readily be dismissed as meaningless. 
However, in the dark room with no 
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other source of illumination than long- 
wave ultraviolet, we could see dye 
fluorescing deep within the stone, 
proving that the stone was not of 
natural color. 

Another avenue of investigation 
into the possible source of color in 
treated violet jadeite occurred to the 
writer mindful of the glass which turns 
violet with exposure to sunlight. Per- 
haps atomic bombardment would 
cause a color change. A translucent 
white cabochon was exposed to fast 
neutrons in an atomic reactor. The 
color was virtually unchanged, though 
perhaps grayer. However, it became 
highly radioactive so that it could not 
be released. The chances of an artifi- 
cially induced color being due to 
sub-atomic bombardment seems 
remote. However, it is planned to 
subject other white jadeites to gamma 
radiation. 


215 


World Diamond Production 
1972 


(Ed. note: Reprinted from Mineral 
Trade Notes, U.S. Dept. of the In- 
terior, Bureau of Mines, Vol. 70, No. 
11, November 1973.) 

As shown in the following table, 
total world production of diamond 


carats entirely within the industrial 
diamond segment. The Republic of the 
Zaire continued to be the principal 
source for industrial diamond, and 
South Africa, the U.S.S.R., South- 
West Africa, and Angola were leaders 


(natural) increased over 2 million in the output of gem diamond. 


Diamond (natural): World Production, by country! 
(Thousand Carats) 


Country 


Africa 
Angola .. 
Botswana 
Central African 

Republic 
Ghana 
Guineas ® 


Ivory Coast 


Lesorho 2 
fb 


Sierra Leo 


South Africa: 


South-West Africa, 
Territory of 
Tanzania 


12,380 


155 
29 | 
3 

3 
7,350 
| 315 


| 41,102 | 11,867 31,288 | 


Estimate 

Preliminary 

Revised 

Total diamond output of each couniry is actually reported except where indicated to be an 
estimate. The detailed separate reporting of gem diamond and industrial diamond 
represents Bureau of Mines estimates in the case of al! countries except Lesotho, Liberia 
(1971), and Venezuela where sources give both total and detail. The estimated distribution 
of total output between gem and industrial is conjectural based on unofficial information 
of varying reliability. 

Exports originating in Lesotho; excludes stones imported for cutting and reexport. 

Exports for year ended August 37 of that stated, 

Exports 

All company output from the Republic of South Africa except for that from the Premier 
mines; also excludes company output from the Territory of South-West Africa and from 
Botswana, 
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Book Reviews 


MINERALS OF BRAZIL (Minerais 
Do Brasil) by Ribeiro Franco, Alsedo 
Leprevost, Jodo ‘José Bigarella, and 
Aurélio Bolsanello, Published by 
Edgard Blucher, Ltd., Sa Paulo, 
1972, 3 volumes, 426 pages profusely 
illustrated with 96 color plates. Price 
$50.00. 


Minerals of Brazil is a bilingual text 
in Portuguese and English, compiled 
and authored under the direction of 
Rui Ribeiro. Franco, Coordinator of 
the Central Geoscience Institute, Uni- 
versity of Brasilia, with the assistance 
of Alsedo Leprevost, Jo José 
Bigarella, and Aurélio Bolsanello. The 
book is essentially a visual exploration 
into the vast realm of Brazilian miner- 


als and their localities. 
The format of the book arranges 


the minerals primarily according to the 
standard mineralogical classification; 
ie., as to elements, oxides, phos- 
phates, silicates, etc. Initially, a very 
general introduction to mineralogy 
and summary of the numerous physi- 
cal and chemical properties of the 
various mineral classes are given as a 
short preliminary introduction. 
Reserves and production figures are 
also given for most of Brazil’s strate- 
gic, critical and essential minerals. 
Chemical formulae, locations, and 
English names accompany each photo- 
graph. An indication of specimen size 
is usually given in the metric system. 
Thus the book is not a mineralogy text 
in the classical sense, but rather it can 
be considered a pictorial introduction 
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to the field of descriptive mineralogy. 
To quote from the author’s preface, 
“our idea-was to assemble the largest 
possible number of good quality pho- 
tographs of Brazilian minerals, gems, 
and rocks.” Further, it was intended 
to include “‘...a relatively short pre- 
liminary text to introduce the reader 
to the field of mineral study, giving 
him a new vision about many of, the 
problems related to the subject.” 

Brazilian mineral species are color- 
fully and profusely illustrated, so that 
the varieties of quartz are portrayed 
116 times and tourmaline 26 times. 
Apart from the general good quality of 
the mineral photographs, some of the 
cut stone photographs leave much to 
be desired. The use of solid color 
makes excellent background for show- 
ing the minerals to best advantage. 
Photograph IX-280, depicting ortho- 
clase from Santa Rita, Minas Gerais, 
and photograph IX-287, illustrating 
albite and rubellite from Lavra da 
Barra, Minas Gerais, appear to be 
strikingly similar specimens. They 
seem to be the same specimen except 
for having been apparently reversed in 
the reproduction process. Otherwise, 
in the great majority of color plates, 
reproductions are amazingly accurate 
and of good quality. 

Amateur and professional mineralo- 
gists alike will find Minerals of Brazil a 
fascinating “viewing,” as the many 
diverse minerals of Brazil are put into 
perspective. Because the complete text 
is given in both Portuguese and Eng- 
lish, there is no difficulty in under- 
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standing the descriptions. Con- 
sequently, collectors and importers of 
rough and finished material will find 
the book invaluable. Minerals of Brazil 
will make a useful and decorative 
addition to any mineral and gem 
library. 

RAP.G, 


MAN-MADE CRYSTALS, by Joel 
E. Arem. Published by the Smith- 
sonian Institution Press, Washington, 
D.C., 1973. Publication Number 4830. 
112 pages. Well illustrated with 23 
full-color plates plus numerous black 
and white photographs and line draw- 
ings. Price: $5.95 Paperback. 

The field of synthetic crystal grow- 
ing has made a quantum jump in its 
development since the latter part of 
the 1800's. Man-Made Crystals is a 
broad overview of the field of syn- 
thetic crystal technology. The author 
has picked key developments and 
materials to explain their importance 
to industry and society. The book ex- 
plains why synthetic crystals are im- 
portant and how they fit into the 
general picture of materials science, a 
rapidly growing field in modern tech- 
nology. Topics covered include an in- 
troduction to crystals, which gives 
lucid definitions and descriptions of 
what a crystal is, the difference be- 
tween natural, synthetic, and imita- 
tion, and the importance of crystals to 
our everyday life. Other chapters 
include a historical retrospect of the 
crystal-growing art, transistors, lasers, 
and “bubbles,” (phenomena observed 
in certain types of magnetic materials), 
and specific case histories of organic 
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and inorganic crystal syntheses. Also 
included is a view looking toward the 
future of synthetic crystals. Arem 
predicts that the day may not be far 
off when only synthetics will be avail- 
able to the average person and that it 
will probably be difficult, if not 
impossible, to distinguish natural from 
man-made gems without the most 
sophisticated laboratory analysis. 

A very useful appendix includes 
acronyms for various synthetics as well 
as precise definitions of technical 
terms used in the industry, and a tab- 
ulation of many of the trade names 
used for diamond imitations. From a 
purely gemological point of view, the 
book has much to offer, especially the 
chapters discussing “Techniques for 
Growing Crystals” and ‘Man-Made 
Gems.” In fact, the section on crystal 
growing techniques is one of the best 
general treatments available on the 
subject. 

The author stresses the importance 
of differentiating natural, synthetic, 
and imitation crystals. Natural crystals 
are those found in nature — and are 
minerals, which are naturally-occurring 
chemical compounds with a character- 
istic crystal structure and a com- 
position that varies within defined 
limits. Synthetic crystals are manu- 
factured from simple or complex 
components and are chemically, 
physically, and structurally identical to 
its natural counterpart. The only dif- 
ference is that the synthetic was made 
by man, rather than by nature. Be- 
cause the growth method generally 
introduces characteristic defects, 
inclusions, or other visible features, 
identification of a synthetic is pos- 
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sible. An imitation is a material with 
properties that mimic or simulate 
those of a different, more costly 
material. 

The chapter discussing techniques 
for growing crystals is well written, 
informative, and extremely interesting. 
Joel Arem has done an admirable job 
of describing how crystals grow and 
takes the reader in a lucid step-by-step 
progression through crystal growth 
while defining the complex technical 
terms into understandable language for 
the lay-person. The author uses well 
chosen line drawings to clarify the text 
material. Besides describing the more 
common methods of synthetic crystal 
growth such as the Verneuil and 
Czochralski techniques, growth from 
solution, hydrothermal growth, and 
flux growth, Arem clearly describes 
natural crystal growth and other meth- 
ods not too common to the gemo- 
logist. 

Among the numerous crystal grow- 
ing techniques is the Bridgman- 
Stockbarger method. It is most inter- 
esting because it is a useful technique 
for growing single crystals of excep- 
tionally high purity and enormous 
size. The largest to date are crystals of 
sodium iodide and cesium iodide 
nearly a yard across and weighing 
more than a ton. This is a vast im- 
provement over Fremy’s early 
attempts of synthesis of ruby crystals 
in 1877 which were only about 1/2 
inch in diameter. Unfortunately, 
rubies and other important gem ma- 
terials have not as yet been synthe- 
sized by this method. A variation on 
the Czochralski crystal pulling method 
is the Kyropoulos technique. It differs 
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from the Czochralski technique in that 
instead of the crystal being pulled out 
of the melt, the temperature of the 
melt is lowered from the seed crystal 
downward. This technique produces 
good single crystals having a larger 
diameter compared to height in con- 
trast to the Czochralski method which 
is best suited for crystals much longer 
than they are wide. These systems are 
completely automated and computer- 
ized so that the length and diameter of 
the crystals can be controlled. 

Growth from solutions includes gel 
growth, in which chemicals in solution 
diffuse through an inert gel. Where the 
solutions meet, a reaction occurs and 
crystals grow as the reaction product. 
This technique is good for growing 
relatively insoluble compounds. 

The chapter on man-made gems is 
of special interest to the gemologist 
but rather superficial. However, it does 
cover synthetics such as diamond, 
mby, sapphire, spinel, quartz and 
beryl in a very readable and interesting 
manner. Curiously, the recent develop- 
merits of synthetic turquoise and 
opals by Pierre Gilson of France are 
not covered in this book. 

All the illustrations are clear and 
the information on the coloring agents 
used in the manufacture for all stones 
is interesting. The quality of the 
colored photographs is superb and the 
subjects depicted are both educational 
and aesthetically pleasing. Man-Made 
Crystals is a useful, practical, easy-to- 
understand book. It is highly recom- 
mended to gemologists and anyone 
who wishes to develop or begin an 
interest in synthetic crystals. 

RALP.G. 
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The Gem Line 


Dr. Gubelin Honored 

A new gemological section (De 
Beers Laboratory) was established in 
the Geological Department of the Uni- 
versity of Stellenbosch, South Africa, 
on October 29, 1973. 

At the end of the inauguration 
ceremony Prof. J.N. de Villiers, Rector 
of the University of Stellenbosch, 
awarded Dr. Edward Giibelin the title 
of “Honorary Professor” in recog- 
nition of his valuable contribution 
towards gemological research and 


New Magazine 
From India 


The Gem & Jewellery Information 
Centre of India, Publisher of Journal 
of Gem Industry, Gem. & Jewellery 
Year Book, and Weekly Bulletin on 
Import Licenses for the last 10 years, 
plans to publish very shortly a bi- 
monthly magazine called Diamond 
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successful promotion of gemology 
throughout the world. 

Needless to say, we are all delighted 
with this honor although Dr. Giibelin 
considers this not so much his personal 
reward but more that this is the first 
academic award of its kind ever to be 
bestowed upon a gemologist, in the 
narrow sense, and consequently to the 
science of gemstones, in a wider sense. 
We are happy that through this tribute 
gemology has been elevated into the 
ranks of academic dignity. 


World, India’s only news magazine on 
diamonds. The first issue is expected 
to reach readers before the end of 
1973. The yearly subscription is 16 
Rupees or U.S. $6.00. For more infor- 
mation, contact The Manager, 
Diamond World, Gem & Jewellery 
Information Centre of India, A-95 
Journal House, Janta Colony, Jaipur 
302004, India. 
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2nd Gemmological Symposium in Australia Announced 


The Gemmological Association of 
Australia’s 26th Conference and 2nd 
Gemmological Symposium will be held 
in Melbourne on April 27 and 28, 
1974. Visitors are welcome. For infor- 
mation please write to: Mr. C.R. Stott, 
GP.O. Box 5133AA, Melbourne, Vic- 
toria, 3001, Australia. 

Symposium Theme: Diamonds, 
General Topics and Discussions. 


“Synthetic Diamonds” 

Professor H.C. Bolton, B.Sc., Ph.D. 
(London) 

Department of Physics, Monash 
University, Melbourne 


Largest Russian 
Diamond Found 
In Siberia 
Recently, Siberian miners report- 


edly discovered a 232-carat diamond, 
the largest ever found in the Soviet 
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“Marketing of Diamonds” 
Mr. B. Corcoran 


“Industrial Uses of Diamonds” 
Mr. Gellie, Anglo American 
Agencies 


“Russian Diamond Fields” 
Dr. G. Troup, D. Sc. 


“Reciprocal Influence Between 
Gemmology and Lapidary” 
Mr. J.S. Taylor, F.G.A.A. 


“Further Work on Zoisite”’ 
Dr. D. Hutton 


“Electron Microscope” 
Mr. Dawson, C.S.I.R.O. 


Union. The stone was unearthed in the 
diamond fields of Mirnyy in the 
Yakutskaya region of Siberia. 

The new diamond has been named 
“Fifty Years of Aeroflot” in com- 
memoration of Soviet Aviation Day, 
according to Sovietskaya Latvia. 
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ADDENDUM 


Shaping Black Coral Bracelets 


BY CAPT. GIRVIN B. WAIT 


Reprinted courtesy of Lapidary Journal, June 1973 


(Ed. note: The following article has 
been added to describe the method of 
shaping black coral into jewelry.) 


Black coral from the Hawaiian 
Islands has become very popular for 
jewelry items. This particular coral 
grows in bush form up to three feet in 
height, with branches as thick as one 
inch at the base. 

Black coral jewelry is also manu- 
factured in the Philippine Islands from 
a different variety. The coral used for 
these items, which include bracelets 
and circular earrings, grows in tall 
slender stalks, fifteen or more feet in 
height and about 3/4 inch in diameter 
at the base, tapering to a point at the 
tip. 

The tools used in making the Philip- 
pine black coral jewelry are simple. 
They consist of a buffer using tripoli, a 
hacksaw, a torch for soldering and 
heating the coral, and various shapes 
for chasing a design on the connecting 
silver band. 

The method of shaping the coral is 
as follows: A piece of black coral, 
eight to ten feet long, with the desired 
thickness, is cut from a long stalk. A 
round wooden form is available about 
a foot long and 2-3/8 inches in diam- 
eter, or the inside diameter of a 
bracelet. One end of the coral is nailed 
to the wooden form; then as the coral 
is heated by the blowtorch, it is 
wrapped around the form. The appli- 
cation of the heat is somewhat critical; 
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it must be of sufficient heat to allow 
the coral to bend, but not so hot that 
the coral will melt. The final end is 
then nailed to the wooden form. This 
operation is shown in the diagram. 
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Unlike true precious coral, which is 
composed of calcium carbonate, black 
coral is organic, consisting primarily of 
conchiolin. Calcareous coral resists 
bending; however, black coral when 
fixed on a wooden mount can be 
shaped into many different forms. The 
wooden form with the coral attached 
is put aside for three or four weeks to 
allow the molecules to set in the new 
position. - 

After this lapse of time, the coral is 
removed from the form. A saw cut is 
made separating each circlet. A small 
tubular connecting piece of silver is 
bent to the shape of the circular coral. 
It is then fitted to the slightly tapered 
ends of the coral and riveted in place. A 
design is chased into the connecting 
piece; the whole thing is then polished 
very gently with tripoli, and there you 
have the finished bracelet. 
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Natural and 
Synthetic Turquoise 


By PROF. DR. W. F. EPPLER 


Turquoise is one of the “oldest” 
known gemstones. It was already 
known about 4000 B.C. near the 
southwest coast of the Sinai Peninsula 
in the area of Djebel Serb4l (M. Bauer, 
1909) and since that time it has not 
lost its popularity and appreciation. 

As it is generally known, turquoise 
is opaque and has a very fine-grained 
texture and the well-known greenish- 


Figure 1, Turquoise 
of unknown origin 
showing small veins 
and spots of limo- 
nite. Thin section, 
crossed Polaroids, 
126x. 
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blue to bluish-green “turquoise color,” 
which originates from its copper con- 
tent of the hydrous copper-aluminum- 
hydroxyl-phosphate. The fine tur- 
quoise grains are partly rounded and 
partly fibrous and arranged completely 
without any orientation. This is 
shown in Figures 1 and 2, Both 
pictures are taken with the Polaroid 
plates crossed; therefore, the nume- 
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rous little dark spots also consist of 
doubly refractive turquoise crystals, 
which, however, are at extinction posi- 
tion. The larger darker spots in Figure 
1 are brown limonite (Greek “leimon” 
= meadows, or brown iron ore, an iron 
hydroxide). Figure 2 shows remnants 
of trachyte (Greek “Trachytes” = 
roughness), a geologically young erup- 
tive rock which in some deposits is the 
host rock of turquoise, 

A peculiar turquoise is found in 
Israel close to Eilat in the location 
formerly known as the “Copper Mines 
of King Solomon”. dating from 1,000 
B.C. It is found in small veins and in 
the cracks of a gray silicified sand- 
stone. Sometimes it is accompanied by 
tenorite, a monoclinic copper oxide 
(CuO), which forms rounded black 
spots and areas. Turquoise very often 
shows an intergrowth with a mala- 
chite-like pseudo-malachite, a hydrous 
copper phosphate (Cu, [(OH),|PO,4] 5 
or 5 CuO-P,05-2H,0, which crystal- 
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lizes in the monoclinic system. This 
green mineral forms long and short 
fibers, which are irregularly oriented in 
groups (Figure 3). In the upper part of 
the picture, the almost quadrilateral- 
shaped grains of sandstone are seen, 
which are combined with small and 
very small grains of quartz. The few 
black spots consist of an opaque ore, 
The larger part of the picture consists 
of the fibrous pseudo-malachite which 
runs over into the turquoise at the 
lower part of the picture. This impres- 
sive intergrowth is known in the trade 
as Eilat-stone, 

The production of synthetic tur- 
quoise was attempted for the first time 
by M. K. Hoffman, (1927, Fortschrifte 
der Mineralogie, 12, 45). He reports: 
“Solid, finely ground aluminum sul- 
fate, aluminum hydroxide and cupri- 
sulfate is heated with di-sodium phos- 
phate and the refined sodium-sulfates 
are precipitiated and washed out so 
the turquoise mass is then formed of 


Figure 2, Turquoise 
of unknown origin 
showing small resi- 
due of trachyte 
(dark). Thin section, 
crossed Polaroids, 
126x. 
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Figure 3. Turquoise 
from Eilat, Israel, 
together with 
pseudo-malachite. 
Thin section, 65x. 


malachite (% mol), aluminum oxide (6 
mol) and concentrated phosphoric 
acid (2 mol) when heated a little above 
100°C. The malachite-aluminum- 
hydroxide powder has to be ground 
and finely mixed, preferably in a 
colloid mill, The turquoise is hydrauli- 
cally pressed in molds, then cut and 
polished (filed for patent D.R.P.). 
Hardness, S.G., color and chemical 
analysis prove the successful synthesis 
of turquoise.” 

Later, around 1970, the firm of P. 
Gilson, France, marketed a synthetic 
turquoise, which shows a good tur- 
quoise color, although it appears to be 
somewhat “milky.” Moreover, it does 
not show any matrix. The S.G. varies a 
little bit from 2.72 to 2.74 as men- 
tioned by R. Webster, 1973. Thus, it is 
within the range of natural turquoise, 
which shows 2.60 (USA) and 2.85 
(Persia). On the refractometer it shows 
a uniform RI. of 1.60 which is defi- 
nitely lower than the R.I. of natural 
turquoise (1.62). 

Under a 10X loupe the synthetic 
turquoise shows very fine grains. It 
also shows a very regular and fine 
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pattern not seen in any natural tur- 
quoise. At higher magnifications under 


the microscope the pattern that 
appears consists of slightly deformed 
spheres, the average diameters of 
which are 0.032 x 0.045 mm (Figure 
4). In polarized light they show the 
“extinction cross in spherulites” and 
thus consist of fine, doubly refractive 
fibers, which undoubtedly are syn- 
thetic turquoise. The black fringe 
around the spheres (in the picture, the 
black fringe of the discs = diametrical 
spherical sections) consists of a still 
unknown singly refractive -substance 
which might be a gel-like aluminum 
hydroxide. It acts like a cement that 
holds the spheres together and is prob- 
ably responsible for the somewhat 
lower S.G. The production of this 
synthetic turquoise is probably similar 
or even the same as described by 
Hoffmann over 40 years ago. Also, the 
fact that compression is used can be 
seen in the visible deformation of the 
spheres. 

Turquoise might be confused with 
similar-looking minerals which can, 
however, be identified by their dif- 
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ferent properties. The imitations and 
fakes. are numerous, dating back to the 
early times of Egypt. Some of them 
have names of their own, like “Wiener 
turquoise,” seen around the turn of 
the century, and “neolith’” or “neo- 
turquoise,” used about 15 years ago. 
For example, in recent years there is a 
fake produced from aluminum 
hydroxide and copper sulfate which 
undoubtedly was held together by 
heating and compression. The hardness 
is like turquoise (almost 6) but the 
color is much too blue, not seen in any 
natural turquoise. The S.G, is 2.2 and 
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Figure 4, Synthetic 
turquoise by Gilson. 
Thin section, 246x. 
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is a sure means of identification. The 
thin section (Figure 5) shows that in a 
gray-greenish groundmass (black in: the 
photograph) opaque and sometimes 
translucent particles of a solid sub- 
stance are embedded and that a rela- 
tively larger number of gas bubbles are 
present. They certainly cause the low 
S.G. Noteworthy, also, are. the many 
cracks which together with the 
described structure and the “unreal” 
looking color without a doubt differ- 
entiate natural from synthetic tur- 
quoise. 


Figure 5, Turquoise 
imitation consisting 
of aluminum hydro- 
xide and copper sul- 
fate. Thin section, 
65x. 
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Developments and Highlights 
at GIA’s Lab 


in New York 


By ROBERT CROWNINGSHIELD 


: Diamonds, Diamonds 

Although we do not usually exa- 
mine heavily flawed diamonds in New 
York, we do see enough diamonds 
with laser drill holes to realize that the 
practice has become an established and 
accepted part of the trade. Until now 
the record number of holes in a single 
diamond — a marquise of nearly 5 
carats — was five. Some sort of record 
was reached last week when we exa- 
mined an 0.97 carat oval stone with 10 
drill holes! One hole was remarkable in 


Figure 1 


that it did not actually reach the 
object sought but an “off shoot” did, 
and the inclusion was white (Figure 1). 

Another diamond with one long 
laser hole was examined, and the hole 
was found to have fractured along its 
length (Figure 2) making it look like 
barbed wire. On a hunch we observed 
the stone under polarized light. We 
found that the hole had passed 


through an area of intense strain which 
probably accounted for the unex- 
pected fracturing (Figure 3)- 
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Figure 2 


Figure 4 illustrates a lack of knowl- 
edge on the part of a jeweler who 
“proved” that the emerald-cut stone 
was not a diamond because it was 
scratched by a diamond. He did not 
realize that a diamond will scratch 
another diamond, especially if the 
testing point is brought against a soft 
direction, which the table of this stone 
was. 

In Figure 5 we see the “before” 
situation where two side marquise 
diamonds are touching the large fancy 
yellow center diamond. We could 
almost bet that the center stone will 
be damaged within a short time after it 
is sold and worn. It would be a pity 
since the center stone is almost flaw- 
less and weighs well over 20 carats. 

Damage to two adjacent diamonds 
mounted in an elaborate platinum 
bracelet is seen in Figure 6. The 
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Figure 3 


Figure 4 
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Figure 5 


Figure 7 
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Figure 6 


Figure 8 
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damage must have occurred during the 
setting because the stones are over size 
for the setting. 

Similarly, Figure 7 shows damage 
to a marquise diamond mounted in 
such a way that the tapered baguette 
side-stone touched the girdle. One 
especially heavy blow to the ring 
caused the baguette to move inward 
with the disastrous result. It would 
seem that designers should provide a 
barrier of metal between side dia- 
monds and center stones. This 
reminded us of one nearly 30-carat 
flawless and colorless marquise which 
was damaged on both sides because 
the baguettes touched the pavilion. It 
was no simple matter to repair the 
damage because recutting the center 
part of a marquise makes an obvious 
difference in appearance which the 
owner immediately recognized. More 
than two carats were lost in returning 
the stone to flawless condition with an 
eventual acceptance by the owner. The 
monetary loss was considerable, to say 
the least. 

In Figure 8 the emerald in this 
platinum and diamond ring had suf- 
fered damage when during wear one 
side diamond had “attacked”’ it. 


A New Opal Doublet 


We are indebted to Mr. Michael 
Costello of the Opal Centre, Sydney, 
Australia, for bringing to our attention 
an assembled stone that very closely 
resembles Queensland boulder opal. In 
Figure 9 we see what appears to be an 
irregular opal on ironstone matrix. In 
reality it is probably Coober Pedy opal 
cut with an irregular back which is 
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Figure 9 


then finished off with a mastic 
material consisting of powdered iron- 
stone, some opal and plastic. The back 
is shown in Figure 10. Under ultra- 
violet the bits of opal fluoresce and 
bubbles in the plastic (epoxy?) can be 
seen under magnification. When 
examined quickly in a setting, these 
handsome substitutes could pass for 
natural stones. 


An Unknown Opal 


The opal in Figure 11 had a most 
unusual appearance — something like 


Figure 10 


233 


Figure 77 


Figure 13 
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the pattern in the fur of some cats. 
The color was a variegated brown and 
the fire became much more _pro- 
nounced when the stone was moist- 
ened. Its low specific gravity (near 
2.00) suggests that it may be of 
Mexican origin. 


Temperature Effects 


Rapid temperature change as a 
cause of damage continually comes to 
our attention, The need for knowledge 
about this among jewelers, repairmen 
and wearers is evident. Perhaps the list 
of the most heat sensitive stones 
should be headed by peridot. We are 
convinced that it should be approach- 
ed with awe and great respect. One 
jeweler who sent out a ring containing 
a peridot larger than 50 carats for 
sizing was faced with the job of 
replacing a shattered stone. He was 
ready to take a flight to Brazil until a 
staff member suggested that peridot is 
not mined there. Another stone which 
frequently comes to our attention 
after it has been mistreated in respect 
to temperature change is garnet. Pos- 
sibly the false double refraction so 
often noted in these stones is a clue as 
to why they cannot take a rapid 
temperature change. In Figure 12 we 
see the remains of a nearly 30-carat 
thodolite garnet which the owner de- 
cided to clean (it was a fine ring then) 
by boiling it in ammonia water! (Of 
course, it boiled dry, and naturally she 
poured cold water into the pan.) Other 
stones on the heat sensitive list would 
include tanzanite and the clear quartz 
stones — to say nothing of cat’s-eye 
apatite. 
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Figure 14 


Figure 15 


A Real Reflector 


Figure 13 is a photograph of a rock 
crystal containing a single black tour- 
maline needle which begins at the 
culet and extends straight up toward 
the table. It can be seen in every facet 
when viewed from the top. We thank 
the owner, Dr. Kurt Nassau, for allow- 
ing us to photograph it. It occurred to 
us that a blue filled laser hole in the 
same position in a diamond could 
make a mighty interesting stone. 


A Real Rarity 


Recently we were asked to identify 
a smooth, egg-shaped, clear yellow 
“stone” which the owner had secured 
years ago in the Orient. Its surface 
appearance and an x-radiograph indi- 
cated a conch or other non-nacreous 
pearl. Back to the library we went to 
learn that yellow conch pearls were 
once an item of commerce, though 
always rarer than the pink variety 
(Figures 14 and 15). 


| vioter ——t ve +— sive ——+ nat cneentvety to + reo — 


4000 


5000 6000 


7000 


Figure 16. Very dark blue apatite. 
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Figure 17 


A lot of natural sapphires, contain- 
ing mostly small sizes but pleasant 
dark colors, fluoresced a chalky green- 
ish-white under ultra-violet — both 
short and long wave. Since we do not 
expect this reaction but do expect 
synthetics to fluoresce, we examined 
the stones more closely and found that 
they were heavily oiled. 

A very dark blue apatite crystal of 
7.22 carats had normal apatite proper- 
ties with the exception of the absorp- 
tion spectrum which is shown in 
Figure 16. 


The appearance on the market ofa 
lovely intense red-orange topaz at a 
time when articles about the possible 
production of color in topaz by gam- 
ma and other radiation has prompted a 
number of clients to submit stones. 
Figure 17 is an especially handsome 
40-carat stone. All of the stones seen 
were of the same color with the same 
characteristics of one that was recently 
left in the sun for more than three 
weeks without fading. The presence of 
chromium lines in the absorption spec- 
trum (Figure 18) including a fluores- 
cent line together with the red color 
under a color filter strongly suggests 
and probably proves that the stones 
are natural color. In addition, the high 
refractive index associated with known 
natural dark-colored topaz is reassur- 
ing. HOWEVER, THE GEM TRADE 
LABORATORIES ARE USUALLY 
THE LAST TO KNOW OF NEW 
TREATMENTS. 


Greenish-Yellow “Citrine” 


An unusual color of clear quartz 
which we have encountered several 
times in the laboratories is an intense 
greenish-yellow or yellowish-green re- 
sembling the color of some peridot or 
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Figure 18, Red-orange topaz. 
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chrysoberyl. It is a color that gem 
dealers long associated with the pro- 
duction in Brazil cannot recall seeing. 
We are indebted to Dr. Nassau for 
reseatch into the possible cause of 
color of this material. After a recent 
trip to Japan where he was presented 
with gamma radiated quartz, some of 
which was this peculiar color, he re- 
turned home to experiment with a 
section of a stone he owns and the 
known irradiated stone. It now seems 
quite possible to state with some 
degree of certainty that the color is 
due to irradiation — probably gamma 
radiation plus gentle heat treatment. 
The color is apt to fade in strong light 
or heat. 


Unusual Diamond Imitations 


An intense bright yellow brilliant 
set in platinum with two tapered side 
baguette diamonds was examined for 
color origin. One look indicated that 
the engagement ring had received some 
wear as the stone showed small con- 
choidal fractures. It fluoresced an in- 
tense sulphur yellow color under long 
wave ultra-violet and was positively 
identified by the absorption spectrum 
as europium doped yttrium aluminum 
oxide — “YAG,” We were happy to 
have the absorption spectrum on 
record on page 374, Figure 7 of the 
Winter 1968-69 issue of Gems & Gem- 
ology. 

Another very light brown round 
brilliant was submitted from the trade. 
Its appearance resembled YAG with 
the expected polishing lines and im- 
precise facet junctions. It did appear 
to have considerable dispersion despite 


WINTER 1973-1974 


rather poor make. The actual weight 
was 2.34 carats — surprising because it 
looked and gauged to be, if diamond, 
about 1.25 carats. It clearly had a very 
high specific gravity. This was cal- 
culated to be approximately 7.02, and 
the stone was identified as an example 
of Gadolinium Gallium Garnet, 
“GGG.” With a dispersion nearly as 
high as that of diamond. (.038 versus 
.044) and a refractive index much 
higher than its relative, YAG (2.03 
versus 1.833), and hardness perhaps 
near that of quartz, it might at one 
time have been of interest as a dia- 
mond imitation. The relatively higher 
cost of manufacture plus the high 
specific gravity — nearly twice that of 
diamond — and the lagging interest in 
imitation diamonds have mitigated 
against its use. : 


Carvings, Carvings, Carvings 

A time-consuming activity of the 
Laboratories which taxes the limit of 
gem testing instruments but which is a 
service we feel we must extend to our 
clients is the identification of items 
not used in jewelry. Such items as 
snuff bottles, statuettes, carved ani- 
mals, etc., are often not well-polished 
or are carved in such a way that it is 
virtually impossible to get a satisfac- 
tory refractive index reading. Figure 
19 is a case in point. The client wanted 
12 different paris of this exquisite 
composite carving identified. The 
bowl, bulbs and leaves, as well as the 
white petals, were all nephrite. The 
translucent buds were jadeite; the 
“water” in the bowl, rock crystal; the 
corolla, amber; and the stamens, seed 
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Figure 19 


pearls. When the articles are well 
polished as the beautiful nephrite bowl 
Figure 20) and the charming hippo 
with the ruby eyes (Figure 21} — also 
nephrite — the job is not difficult. Or, 
if the material is quite translucent and 
we can secure an absorption spectrum 
as we did for the exquisite vase and 


Figure 20 
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cover of jadeite in Figure 22, our job is 
pleasantly expedited. Often, however, 
we are faced with the difficult task of 
determining the refractive index on 
large, complicated carvings which do 
not have an adequate surface for test- 
ing. Consequently, as with some rough 
material, we have had to develop new 
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techniques for obtaining surfaces 
usable on the refractometer, such as 
for determining the various com- 
ponents of saussurite carvings. One 
such technique is to use a diamond 
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Figure 21 


dust-impregnated cloth for putting a 
tiny polished area on a large, cumber- 
some object for which we could other- 
wise not obtain a refractive index. 
Figure 23, a beautiful bird carving, 


Figure 23 


Figure 22 
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illustrates a difficult specimen for ob- 
taining a refractive index on which this 
technique was successfully used. For- 
tunately, it proved to be serpentine. 
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Crystal Balling Future 
Synthetic Gemstones 


By T. H. MARINER, Gemologist 
Union Carbide Corporation 


Of the 20 principal gemstone types, 
the following 11 (over half) have now 
been synthesized: 

Diamond: By General Electric, et 
al., using high temperature and pres- 
sure, 

Corundum: By most of the com- 
mon processes — Verneuil, flux, Czo- 
chralski, etc. 

Quartz: By Bell Telephone Labora- 
tories, et al., hydrothermally. 

Beryl: Hydrothermally and by the 
flux method by Union Carbide Cor- 
poration, et al. 

Topaz: By the action of hydrofluo- 
silicic acid on SiO, and Al,O3 in 
water at 500°C as reported by 
Webster. 

Spinel: By Verneuil and Czochral- 
ski techniques. 

Zircon: By flux method, 

Chrysoberyl: By the flux method. 

Garnet: Types such as YAG by the 
Czochralski method, 

Turquoise::By proprietary pro- 

Opal: nak of Pierre Gilson. 


WINTER 1973-1974 


This does not mean all varieties of 
each have necessarily been synthe- 
sized. 

Chrysoberyl, for example, has been 
grown in several, colors including the 
chromium doped alexandrite, but the 


The father of gem. synthesis, A. V. L, 
Verneuil, wearing the derby. 
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Verneuil’s original flame fusion equip- 
ment. 


cat’s-eye variety has so far escaped 
synthesis. 

I have no doubt that a cat’s-eye will 
ultimately be synthesized, if not by 
flux growth, perhaps by the Czochral- 
ski or hydrothermal methods. But 
rather than speculate on an occasional 
synthetic variety holdout, what do we 
know about the nine principal gem- 
stone types that have never been made 
by man? Based on the present 
(known) state of the art, can we make 
some educated guesses as to their 
likelihood of synthesis? I think we 
can, 

Three types can be dispatched right 
off. 

First, the organics: amber, coral, 
shell, pearl, ivory, etc. Without getting 
in a semantic argument about “cultured 
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Diagram of flame fusion process. 


pearls,” I think the organics as a group 
can be eliminated from this discussion. 
Man may plant the seed in the mollusk 
and harvest the result. But let’s make 
no mistake about it. The mollusk 
grows the nacreous (pearl) layer. 

The second gemstone type “‘to go” 
is lapis lazuli. Strictly speaking it isn’t 
a stone or mineral at all; it’s a rock, a 
mixture of minerals. Conceivably lazu- 
tite, one of its ingredients, could be 
synthesized, but that’s really begging 
the issue. 

And third, I would have to put 
hematite on the list of types inappro- 
priate for this discussion. Natural 
hematite is abundantly available and 
inexpensive. Moreover, an imitation 
product, hemetine, made by com- 
pacting various powdered ingredients, 
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already exists, and not because the 
material is cheaper. Rather, because 
cameos and intaglios can be molded 
from it, eliminating the cost of hand 
carving. Another use for this type of 
material is in the compacting of 
various shaped ferrite cores for elec- 
tronic use. 

With these three eliminated from 
consideration, our field of interest is 
now reduced to two polycrystalline 
types, jade and chalcedony, and the 
four following single crystal types: 
tourmaline, the feldspars, spodumene, 
and peridot. 

Take the polycrystalline ones first: 

Chalcedony: Since crystalline 
quartz and opal (hydrated amorphous 
quartz) have both been synthesized, 
one intuitively feels synthesis of chal- 
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Growth stages in flame fusion boule development. 


A single flame fusion boule in 
growth position, 


cedony should be possible. But 
whether or not this would be econo- 
mically meaningful is something else 
again. 

Properly doped fused quartz, for 
example, conceivably could be devitri- 
fied into a lovely chrysoprase, or a 
ground frit of the same fused quartz 
might be sintered to produce similar 
results. But fused quartz is a fairly 
expensive raw material in its own 
right. So unless its formability in the 
glassy state. (or compactability as a 
frit) offers a fashioning advantage, it is 
unlikely that a chalcedony so synthe- 
sized would be competitive for gem 
use. Indeed, natural chalcedony is so 
inexpensive that unless a process were 
perfected for its research value, or a 
chemically unique material were 
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Diagram of a hydrothermal reactor. 


required for some non-gem (industrial) 
use — perhaps as a catalyst — there 
would be little point in synthesizing 
chalcedony. 

Jade: With the possible exception 
of toughness, nephrite is really out- 
classed by jadeite on all counts, Conse- 
quently, if synthesis is contemplated, 
jadeite is certainly much to be pre- 
ferred. And all else being equal — for 
gem use at least — one would probably 
strive for the highly prized Imperial 
green color at that. 

Interestingly, from a chemical point 


of view, jadeite [NaAl(SiO3),] is 
much simpler and would probably be 
attempted first anyway. Exactly which 
process would be used is sheer conjec- 
ture, but calcination of analcite or 
reduction of albite yield balanced 
equations (on paper). Another very 
interesting possibility would be the 
fluxing of sand (SiO) with the zeolite 
natrolite driving off hydrogen. This 
should yield a glass with the jadeite 
formula. If this were then ball milled 
to a frit and compacted by sintering, 
the result might meet all the common 
properties of jadeite. 

Would it qualify as a synthetic? 
Who knows? Remember, spinel grown 
by the Verneuil flame fusion tech- 
nique is not a true synthetic either. Its 
formula is MgO3.5A1,03, not 
MgOAlI,O3 as in the natural stone. It 
is this lack of stoichiometry that dis- 
torts the crystal and has forced gemo- 
logists to coin such terms as anoma- 
lous double refraction to account for 
its optical (mis-)behavior. 

And, of course, ‘‘synthetic 
emerald” grown ina molten flux of, 
say, V,05, can’t possibly have multi- 
ple phase inclusions of water and gas 
as found in nature. It’s really not 


Linde-created emerald crystals hydrothermally grown. 
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Diagram of the flux process. 


surprising that flux grown “synthetic 
emerald” has different values in the 
properties tables from the natural 
crystal. But then they never did call it 
synthetic beryl, did they? 

True synthesis of spinel is, of 
course, possible by the Czochralski 
technique, and beryl (green or other- 
wise) can be synthetically grown 
hydrothermally. But these distinctions 
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are more likely to be noted in the 
laboratory than in the trade. 

I suspect the first “synthetic jade- 
ite” may invite similar hair splitting 
also, 

Now let’s look at the four single 
crystal types: 

Spodumene: From a practical point 
of view, there is really little to recom- 
mend spodumene even as a natural 
gemstone. Strong cleavage in two 
directions makes the crystals difficult 
to fashion, and rather short on durabi- 
lity. Two varieties, kKunzite and hid- 
denite, are sought by some collectors 
because of their rarity, but that’s 
hardly a property that translates well 
into a synthetic. 

Nevertheless, if anyone wished to 
grow synthetic spodumene, perhaps 
for an industrial use to utilize its 
strong optical properties under U.V. or 
X-rays, it probably could be done by 
either the flux or hydrothermal 
methods. It’s also possible that being a 
member of the pyroxene group it 


_ Typical crystal 
_ grown in flux. 
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A YAG boule grown by the Czochralski 
technique. 


might be grown as a parallel (acade- 
mic) exercise in the pursuit of another 
pyroxene, jadeite. 

Peridot: A plentiful supply of peri- 
dot and no very spectacular properties 
all combine to keep this gemstone 
relatively inexpensive. These very sarne 
properties probably preclude any com- 
mercial (gem) interest in synthesis. 
The formula (Mg,Fe),SiO, suggests it 
could be grown by either the flux or 
hydrothermal methods. But, like 
spodumene, academic interest is the 
only reason J can think of that would 
prompt it. 

Tourmaline: (Na,Ca)(Li,Mg,Fe,Al)g 
B3Sig(0,OH)3,. Seeing that formula, 
one is inclined to say “forget it” as 
regards synthesis. Actually, even that 
formula is wanting, because it fails to 
list potassium, manganese, and 
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fluorine, which may also be present. 
Fortunately, if synthesis were really 


wanted, the “formula” could be 
skirted by using worthless chips of 
natural tourmaline as nutrient in a 
hydrothermal bomb. In that event, 
presumably the more desirable red 
color would be sought, perhaps mixed 
with green and/or colorless. All of 
which, fortunately, stem from the 
same general type — that which is rich 
in the alkalis lithium, potassium and 
sodium. 

From a practical pojnt of view, 
however, tourmaline is far too abun- 
dant in nature to warrant its synthesis 
just for gem use. Indeed, unless unique 
specimens are sought for other pur- 
poses, perhaps to utilize tourmaline’s 
piezoelectric, or optical, properties, 
synthesis would seem rather unlikely. 
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Feldspar: If any of the foregoing 
stones were unlikely to be synthesized 
because it was prevalent in the natural 
form, the argument is doubly so with 
feldspar. Taken as a total group, it is 
the most abundant mineral on earth. 
Even the relatively rare moonstone 
variety of orthoclase is too inexpensive 
to warrant synthesis, and other varie- 
ties are actually used for architectural 
materials, such as labradorite. 

Summing up, Of the nine principal 
gemstone types that have not been 
synthesized to date, really only one, 
jadeite, would seem to be “‘probable” 
in the near future. Whether or not the 
product will be a true synthetic or just 
a very close substitute is debatable, 
but I believe one will be forthcoming. 

Some, if not all four of the single 
crystal types undoubtedly are possible 
of synthesis but economically offer 
very little reason to do so. Accord- 
ingly, their synthesis for gem use 
would have to be rated as unlikely. 

Incrementally even less likely still 
are chalcedony, hematite, and lapis 
lazuli. 

And with all due respect to T.V., 
the synthesis of organics would have 
to be rated a “mission impossible.” 
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ing” of a boule, 


@& 


| @ a. 
4 


Boules and their end products —— 
gemstones. 
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Developments and Highlights 
at GIA’s Lab 


in Los Angeles 


By RICHARD T. LIDDICOAT, JR. 


As usual, the period between the 
last report and this one has seen some 
very interesting submissions for ana- 
lysis. 


Synthetic Turquoise 
Under Magnification 


Upon examining some synthetic 
turquoise within the last week or two, 


Figure 1. 
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we were pleased to note that under 
high magnification it reveals a struc- 
ture that should serve to identify it 
very readily. With a magnification of 
50X or slightly less, the appearance of 
the surface suggests the presence of 
millions of tiny spheres that have been 
compacted. Figure 1 was taken under 
approximately SOX. At even higher 


Figure 2, 
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magnification, the tiny spheres, of 
which there are many in each of the 
darker patches observed in the mottled 
surface in Figure I, can be seen indi- 
vidually, With this comparatively low 
magnification, they do not appear as 
spheres. This mottled appearance is 
characteristic compared to the rela- 


Figure 3. 


Figure 4, 
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tively even, very fine grained texture 
of natural turquoise as shown in 
Figure 2 under the same magnifi- 
cation. 


An Unusual Ring 


We had an odd gold and chryso- 
prase ring submitted for identification. 
When we first saw the ring we won- 
dered why it was in for identification 
because it had an interestingly tex- 
tured gold top with no gemstone in 
evidence. Upon close examination it 
became obvious that the gold crown 
was attached to the shank in a manner 
that permitted the wearer to rotate the 
center from the position in which the 
textured gold was in position to be in 
view to a second position in which the 
gold was down and a lovely chryso- 
prase in the upright position. Figures 
3, 4 and 5 show this unusual mount- 
ing. 


Figure 5. 
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Figure 6. 


A Worm’s-Eye View 


We had a large brownish-pink dia- 
mond in for a determination of the 
origin of color. We noted under magni- 
fication what at first glance appeared 
to be well over a dozen laser holes. 
Upon closer inspection, it became 
apparent that some did not reach the 
surface, and those that did were not 
conical nor were they aimed at any 
inclusion that might have appeared 
black. We concluded that these were 
probably included crystals of peridot 
and pyrope. These are particularly. well 


‘Figure 7. 


shown in Figures 6, 7 and 8. Figure 9 
shows that there were some feathers 
associated with them. 


Irregular Gas Vesicles 


In the course of routine identifica- 
tions we encountered a glass with gas 
bubbles that looked so much like 
included crystals or two-phase inclu- 
sions that Chuck Fryer photographed 
the inclusions. From this photograph 
one would not be inclined to suspect 
glass, except for the fact that the 
bubbles are lined up in gently curving 
lines (Figure 10). 


Figure 8, 
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Figure 9. 
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Figure 70. 


Unusual Amber 


Figure 11 illustrates an unusual 
combination of the man-made and 
natural. This photograph shows a 
number of pieces of amber encased in 
plastic. One of the pieces of amber is 
seen near the right-hand tweezer arm 
as a rounded pebble. In a slightly more 


Figure 12, 


Figure 71. 
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magnified version, shown in Figure 12, 
one cloudy, rounded amber grain is 
located at the lower left portion of the 
photograph, and two other more trans- 
parent grains are above it on the upper 
quarter to its right. 

The extent of efforts that are de- 
voted to altering stones or making 
substitutes are exemplified in Figure 
13, a very realistic amber substitute. 
This is a plastic with an R.L. of around 
1.56 or 1.57. It showed no fluores- 
cence under long wave ultra-violet. 
When touched with a hotpoint the 
realistic-looking substitute gives a very 
acrid odor, quite unlike that of amber. 

Figure 14 shows adjacent pieces of 
jadeite in a necklace, The one on the 
left appeared to contain a very coarse 
crystal of jadeite viewed down the 
long axis. The almost square (93°— 
87°) outline is characteristic of the 
monoclinic pyroxene. It is very rare to 
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Figure 14, 


Figure 7123. 


oe ae 
Figure 15, 
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Figure 17. 


see such 
jadeite, 
Pyrite is, of course, a common 
inclusion in Colombian emerald, but 
we don’t recall seeing one with such a 
heavy concentration as was evident in 
a cabochon sent in for identification a 
short time ago. It is shown under 10X 
in Figure 15 and under about 30X in 


a coarse crystal in a cut 


Figure 18. 


Figure 16. Whole zones, such as that 
shown by the arrows in Figure 16, 
were at least 50% pyrite. 


Strange Glass Beads 


In the course of routine identifica- 
tion we encountered a strand of green 
beads with a surface dulled and 


Figure 19. 


WINTER 1973-1974 


Figure 20, 
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Figure 21. 


-coarsened from long wear. Close exam- 
ination of the beads disclosed the 
appearance shown in Figure 17. It can 
be seen here that soft glass was bent 
into a circle to form the beads. The 
two halves are joined at the left. We do 
not recall having seen glass beads 
formed in this fashion. 


Unusual Inclusion Patterns 


We think of corundum first when 
we think of the so-called “fingerprint” 
inclusions, Figure 18 shows a pattern 
that could easily be accepted as a 
fingerprint by a casual observer. Closer 
attention to the nature of the inclu- 
sions shows them to be gas bubbles, 
many of them irregular in outline. The 
host was a synthetic sapphire. The 
pattern could easily fool the casual 
observer. 
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Emeralds or Synthetic Emeralds 


Early this year in the course of 
routine testing a stone that might have 
been synthetic or natural emerald, we 
encountered a zone which was very 
reminiscent of the layer next to a seed 
in the Linde hydrothermal synthetic 
emeralds, As seen in Figure 19, they 
seem to contain dustlike or bread 
crumb inclusions in a very prolific 
pattern of spots in one plane. Exami- 
nation of the rest of the interior 
disclosed good three-phase inclusions 
in another portion of the stone (Figure 
20). Thus, this clearly was a natural 
rather than a synthetic emerald. 


An Unusual Star Ruby 


On quite a number of occasions we 
have seen star corundum with 12 rays, 
but in every instance they all crossed 
at the same point. In Figure 21 we see 
a stone that is very unusual in that it 
shows two distinct rays in each of the 
three directions, with a very significant 
separation between the two long rays 
in each of the three principal direc- 
tions. We attribute this to a combina- 
tion of the needle-like inclusions that 
give rise to an ordinary star plus 
twinning to make the second set of 
rays. 


Rich Blue Kyanite 


Recently we had a chance to 
examine some of the most magnifi- 
cently deep blue kyanite as it has ever 
been our pleasure to see, Its source is 
East Africa from what is apparently a 
new source, We hope this new source 
will become a sufficiently prolific pro- 
ducer to make available to collectors 
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Figure 22, Africa—Blue Kyanite. 


and even to gem fanciers such rich 
blue kyanite. Its unusual spectrum was 
drawn by Chuck Fryer for this 
column, It is shown nicely in Figure 
22, 
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cut stones including lapis lazuli, neph- 
rite, quartz, coral, shell cameos, gar- 
nets, glass doublets, foilbacks, and 
synthetic stones, which will be put to 
good use in the gem identification 
classes. 

To John Peterson, of Gemstones 
Ltd., for slabs of dendritic opal, 
natural and synthetic faceted sapphires 
and miscellaneous doublets for our 
gem identification course. 

To resident student Waveney Phil- 
lipe, of Enachu Diamond Traders Ltd., 
Charlestown, Republic of Guyana, for 
a welcome donation of 100 carats of 
good study specimens of rough topaz 
for use in the resident stone testing 
sets. 

To Marcus Switzer, GIA student, of 
Switzer’s School of Faceting, Man- 
hattan Beach, California, for his per- 
sonal assistance and six hours’ use of 
faceting equipment in the preparation 
of colored slide presentations to be 
used in the GIA Colored Stone and 
Gem Identification resident courses. 
Also, our thanks for one pound of 
Burma gem gravel for use by resident 
students in gem identification and a 
fine sample of synthetic sapphire made 
by the pulling method for our ref- 
erence collection. 
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Winner Selected in 
Jewelry Design Contest 


Early in 1973, a scholarship fund 
was established in memory of Mr. 
George A. Schuetz, former president 
of Larter & Sons, Inc., and a long-time 
friend of the Institute, by Charles E. 
Butler, Ralph W. Landis, Leo J. Dolan, 
Richard Shreve, and Arnold A. Schiff- 
man, 

This scholarship fund was initiated 
as'an award for the best design of a 
piece of men’s jewelry submitted to 
the George A. Schuetz Memorial Fund 
Jewelry Design Contest. Entries to the 
contest were accepted at GIA head- 
quarters in Los Angeles through De- 
cember 31, 1973, and judging took 
place on January 21, 1974, A total of 
twenty-two entries were submitted to 
the contest. 

Members of the Panel of Judges 
were Glenn R. Nord and J. Burton 
Streeter, both of the GIA faculty; Miss 
Lilyan Collard, jewelry designer for 
Donavan & Seamans Co., Los Angeles; 


and Robert Emerson, manager of Car- 
tier Inc., Beverly Hills. 

Selection of the winner was a diffi- 
cult task for the Panel, since many fine 
designs. were submitted. The entry 
receiving the largest number of votes 
was designed by Mr. Ikuo Sato of 
Tokyo, Japan, currently residing in 
Los Angeles. His design for a man’s 
ring, pictured below, uses both yellow 
and white gold set with a square lapis 
lazuli cabochon, 

The $300 scholarship awarded to 
the contest winner may be used for 
any jewelry-related training. Mr. Sato, 
who has completed both GIA’s Resi- 
dent Program in Gemology and in 
Jewelry Design, plans to use his 
scholarship to study casting. We con- 
gratulate him on his excellent design, 
and .we also thank all the other 
entrants for submitting their designs to 
the contest. 


Lapis lazuli enhances avant garde white and gold man’s ring designed by Ikuo Sato. . 
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The Why of This Issue 


In order to settle certain litigation between Huisman Bros., Inc., 
Gemological Institute of America, Lazare Kaplan & Sons, Inc., Leo 
Kaplan and George R. Kaplan, the parties have agreed that Gemological 
Institute of America would publish in Gems & Gemology the following: 


1. Report of Dr. Werner E. Degenhard wherein he claims that the 
Huisman 144-facet cut diamond is 32% more brilliant than the 
58-facet cut diamond. 


2. The rebuttal by Gemological Institute of America of the 
Degenhard report and the Huisman Bros., Inc., claim, and, 


3. The report of Dr. Werner E. Eulitz wherein he rebuts the findings 
of Dr. Werner E. Degenhard and concludes that the 144-facet cut 
is actually less brilliant than the 58-facet cut diamond. 
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CARL ZEINN, inc. 


The Measurement of 
Brilliance of Diamonds 


Werner E. Degenhard * 
Carl Zeiss, Inc. — New York 


SUMMARY: Two differently cut dia 
mond types were measured with a 
goniophotometer to establish the 
apparent visual difference in fig- 
ures. — 

The 58-facet diamond and the 

patented 144-facet diamond cut by 

Huisman Brothers exhibit distinct 

differences in the reflection pat- 

tern. 

The 144-facet diamonds have more 

reflections under normal viewing 

conditions than the 58-facet dia- 
monds. The mean value of the 
obtained. data shows that the bril- 
liance of the 144-facet diamonds 
under investigation was 32% higher. 

1. The problem. 

It is to be established that the ap- 
parent visual difference in two dif- 
ferent types of “brilliant” cut 

_ diamonds can be substantiated by 

instrumental readings. The diamonds 
in question, are a 58-facet diamond 
and a patented 144-facet diamond 
cut by Huisman Brothers. 

The comparison was accomplished 
by goniophotometric measurements 
on pairs of diamonds which were 
selected to match in diameter, total 
height, top height and angles be- 
tween top and bottom. The re- 
maining uncertainty was the in- 


*For author’s credit, see page 270. 
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accuracy of the facet angles. 

The first investigations had started 
in 1969 at Carl Zeiss London, En- 
gland. They were continued for a 
period of more than one year at Carl 
Zeiss, Inc., New York and have. re- 
sulted in the following report. 

2. Definition of technical terms. (see 

Figures 1 and 2) 

Refraction: The speed of light is 
reduced if a light beam enters a 
medium with a higher refractive 
index. If the beam enters under an 
angle lower than the critical angle, 
it is totally reflected. If the incident 
angle is larger than the critical 
angle, the beam is refracted toward 
the normal. If the beam leaves the 
medium with a higher refractive 
index, it is refracted away from the 
normal and gains its original speed 
(see Figure 1). 

Reflection: All beams impinging a 
surface at angles lower than the 
critical angle are totally reflected. 
This, of course, is also true for 
reflections within the medium with 
higher refractive index (see Figure 
q). 

Critical angle: The angle between the 
yertical (normal) to a surface and a 
light beam which is just not re- 
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flected anymore but enters the 
second medium. The critical angle 
varies considerably with the re- 
fractive indices of the two media 
involved (see Figure 1). 

Aperture: a) The opening of an 
optical system such as the iris dia- 
phragm in a photographic camera. 
b) The illuminating or observing 
angle of a surface element. The an- 
gle between the lines drawn from 
the aperture of the optics to the 
surface element (see Figure 2). 


3. Definition of brilliance. 

Brilliance is an optical sensation 
which has not been clearly defined. 
It seems that a high refractive index 
of the sample and a considerable 
number of reflections with some 
intensity on small not identifiable 
facets produce the effect of bril- 
liance. The intensity of the reflec- 
tions should not be too small, be- 
cause then they are not considered 
“brilliant”. On the other hand, the 
intensity should not be too high so 
that the eye is more or less blinded 
by the single sparks. The number of 
the reflections must be such that the 
eye is able to resolve the reflections, 
otherwise the sensation is only 
“brightness”. Many reflections of 
medium intensity are perceived more 
brilliant than a few reflections with 
high intensity, equal dimensions of 
the sample provided. 

All measurements and the conse- 
quences drawn thereof are made 
under the above described assump- 
tions. The measuring conditions were 
selected under the consideration that 
they should come as close as possible 
to the “normal” observation of bril- 
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liance by the human eye. 


4. Differences between visual observa- 
tion and measurement. 

A photoelectric detector resembles 
the human eye only to some degree. 
The response (conversion of light 
into current) of a photoelectric 
detector is linear with the impinging 
light in the normal brightness range. 
The human eye does not respond 
linearly. It cannot separate dif- 
ferences of intensity which vary by 
the factor of 2 within the intensity 
range in question. This means that 
intensities recorded with 10 or 20 
scale divisions of the measuring 
device are seen with the same in- 
tensity. 

The human eye is able to see many 
reflections simultaneously and record 
in the brain the location of origin of 
each single reflection. The eye sees a 
pattern. In this respect it works 
similar to a photographic camera. The 
photoelectric detector, however, 
records only the sum of all reflec- 
tions and cannot locate the origin of 
the individual reflection or the pat- 
tern. A measuring instrument, which 
is supposed to substantiate the visual 
perception in figures, can do this 
only sequentially. 


5. The instrumentation. 


The Zeiss Goniophotometer GP-2 
was considered suitable to fulfill the 
above described requirements (see 
Figure 7). The instrument permits to 
vary the angle of illumination and 
observation between O and 75 
degrees. The apertures (see paragraph 
2) can be varied between 2 and 0.25 
degrees. For this particular problem 
the aperture of illumination was 
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reduced to 0.1 degree to increase 
the resolving power. The illuminator 
opening was reduced to 8 mm to 
prevent stray light from entering the 
detector. It is understood that the 
samples were completely illuminated. 
Since the simultaneous observation 
of all reflections is not suitable (see 
paragraph 4), the samples were 
mounted on a rotating holder which 
rotated continuously. After each 
revolution, the observation angle was 
changed one half of a degree. The 
measuring values were recorded con- 
tinuously on a strip chart recorder, 
the sensitivity of which was adapted 
to the brightness level. 

But it should be emphasized that 
for the quantitative evaluation the 
measuring parameters remained con- 
stant. The experimental set-up is 
described in paragraph 8. 

6. Qualitative results. 

Since diamonds are cut manually 
and the measuring tools do not allow 
for high accuracy, the reflections of 
diamonds of the same type vary even 
under identical measuring conditions. 
After investigating approximately 50 
pairs of diamonds of various dia- 
meters, it was found thatdiamonds 
reflect in “‘zones”’ (see Figure 3). The 
pattern varies to some degree, but in 
general it depends on the number of 
facets. 

Figures 4 and 5 represent the 
typical patterns which were found to 
a higher or lesser degree in all pairs 
compared. More reflections of 
medium intensity are found closer to 
the table in the 144-facet diamond 
whereas the 58-facet diamond shows 
zones of medium and higher inten- 
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sities further out. The fact that the 
144-facet diamond concentrates the 
light toward the table will become 
understandable if the cross sections 
of the diamonds are examined. Fig- 
ure 6 illustrates this in simplification. 
The cross section of a 58-facet dia- 
mond resembles a triangle, whereas 
the cross section of the 144-facet 
diamond approaches the form of a 
hemisphere. If parallel light shines 
into a cone, the light is collected into 
a “focal line”. The hemisphere col- 
lects it into a point. The focal line of 
a 58-facet diamond is vertical that 
means the Jight is diverted from the 
table downward. According to this 
conclusion, it could be expected that 
at observation angles from 0 to 10 
degrees more reflections should exist 
in the 144-facet diamond; in other 
words, more brilliance should occur. 
7. Quantitative results. 

The normal examination of the 
diamond is made by looking at it 
vertically to the table. It may be 
rotated to some degree and also 
slightly tilted. According to expert 
information, the tilting angle is never 
more than 10 degrees. The source for 
the illumination is under normal con- 
ditions the sky or an artificial light 
source such as a fluorescent lamp. In 
any case, the source is extended and 
the illuminating angle cannot be 
defined precisely. The value may lie 
between 15 and 45 degreés to the 
table. 

As a compromise, an illuminating 
angle of 27 degrees was considered as 
justified. The observation was 
recorded between 0 and 12.5 degrees 
to the table which should include all 
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variations of visual observation. As 
mentioned, the aperture of the 
detector was set at 0.1 degrees to 
assure that all reflections were re- 
solved. In order to maintain the 
highest resolving power possible, the 
observation angle was varied in steps 
of 0.5 degrees. 

The. notations in the following 
Table 1 represent the number of 
deflections of the recorder pen larger 
than 5 scale divisions. As a reminder, 
it may be stated that the scale 
divisions do not represent the sensa- 
tion of the human eye quantitatively. 
It can be considered correct that 
recorder deflections between 5 and 
20 scale divisions are perceived with 
equal or near equal intensity. 

The readings were divided into 
three zones to demonstrate again the 
qualitative findings. 

In Table 2 the differences of the 
added numbers are noted. Since the 
human eye sees all zones simul- 
taneously, it is correct to form the 
mean values for all zones. The final 
result is that the diamond with 
144 facets has more brilliance than 
the diamond with 58 facets. The 
average figure for the samples under 
examination was 32.2%. 

8. Experimental set-up 

The recordings were made with the 
Zeiss Goniophotometer GP-2 and an 
attached recorder with sensitivity 
ranges from 2 to 200 mV (Servogor 
recorder). The diamonds were glued 
into a special holder which rotated 
around its vertical axis at approxi- 
mately one revolution per minute. 
The schematic arrangement is shown 
in Figure 8. The diamonds were so 
adjusted that the girdles were in the 
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sample plane of the instrument. The 
tables protruded into the instrument. 
In some qualitative recordings the 
tables were brought in the sample 
plane. This changed the amplitude to 
some degree but not the significant 
pattern of the diamond type. The 
specular reflectance was avoided by 
tilting the diamond slightly to the 
back from the vertical axis. 

For some recordings (I to XIV) the 
aperture of the illumination was in- 
creased to 7 degrees by removing the 
aperture holder. For quantitative 
measurements, however, the aperture 
was reduced to 0.1 degree by taping. 
The sensitivity of the recorder had to 
be adjusted accordingly. Again, all 
quantitative recordings were made 
with identical parameters. 

The sample opening was closed by a 
blackened sheet with a hole of 10 
mm in the center through which the 
diamond was illuminated. This was 
found useful to prevent background 
on the recordings. The base line of 
the recordings was set in coincidence 
with the printed zero-line by shifting 
the zero adjustment. 


The diamond carrier was marked and 
an index permitted to define a single 


revolution. The diamond rotated 
continuously. Any time the mark 
passed the index, the observation 
angle was changed one or one half of 
a degree. The recording speed was 10 
mm/min for the qualitative record- 
ings and 40 mm/min for the quanti- 
tative recordings. 


ie @ agen. 
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TABLE 1 


A. Diamond with 58 facets 

Diameter 0 - 5° 5 = 10° 10 - 12,5. 
6,8 54 73 30 
6,8 reset 75 72 ~ 
6,8 90 72 46 
6,8 reset 84 88 54 
6,6 81 75 39 
6,6 reset 72 68 29 
Dig 3. 104 95 32 
Cyne 60 64 40 
5,0 94 98 34 
4,9 71 62 oi 
4,9 reset 84 102 31 
4,175 33 34 21 
Total: 712 773 377 


B. Diamond with 144 facets 


Diameter Oise or e oe 10 - 12,5. 
6,7 74 116 51 
6,7 reset 77 110 5 
6,8 95 101 4h 
6,8 reset 92 106 45 
6,6 93 119 37 
6,6 reset 100 107 47 
5,3 95 104 45 
5,0 98 96 39 
4,9 96 71 32 
4,6 53 62 37 
4,6 reset 76 79 69 
4,2 47 39 31 
Total: 899 1110 477 
TABLE 2 


» Evaluation of TABLE 1 


°o re) °o 
0-5 5 - 10 10 - 12,5 
Differences 187 337 100 
Gain + 26,2 + 43,5 + 26,9 


Average e810: ale 
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FIGURE 2 


FIGURE 3 
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FIGURE 8 
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LEGENDS: 


Fig. 1. 


Fig. 2. 


Fig. 3. 


Fig. 4. 


Fig. 5. 


Fig. 6. 


Fig. 7. 


Fig. 8. 


Refraction, reflection and critical angle. 

Beam 1 below critical angle — totally reflected. 

C — beam which impinges under critical angle. 

Beam 2 above critical angle enters medium. 

8 = critical angle. 

Aperture. 1 

The beams emerging from the diaphragm D hit each surface element under 

the angle. Only the outer beams are drawn. 

Reflection of a diamond in zones. 

The number and intensities of the reflections vary periodically. The lower 

figure demonstrates schematically the obtained figures of a measurement: 

the inner zone emits 8 reflections, the second zone 31 and the third zone 11 

reflections. 

Typical reflection pattern of a 58-facet diamond. The illumination angle was 

15°, the aperture 7°. 

Typical reflection pattern of a 144-facet diamond. The illumination angle 

was 15°, the aperture 7°. If compared with Fig. 4, it will be noticed that the 

first emission zone is closer to the incident beam, the second zone does not 
appear within the recorded angles. The light is more concentrated toward the 
center of the diamond. 

Explanation for the different reflection pattern. 

Above: Schematic cross-section through a 58-facet diamond (left) and a 
144-facet diamond (right). 

Below: Extreme simplification of the two diamond types. The cone (left) 
produces a focal line if illuminated with parallel light, whereas the 
hemisphere (right) concentrates parallel beams into one point. 

Zeiss Goniophotometer GP-2 

The horseshoe-shaped stand carries the sample holder which was replaced by 

the rotating shaft which in turn held the diamond. 

Schematic diagram of the measuring assembly used to determine reflections 

of. diamonds. ; 

L — Light source. 30 W Tungsten bulb with projection optics and a variable 

aperture, 

D — Detector. A selenium photocell with projection optics and variable 

aperture. The cell was directly connected with a multi-range recorder. 

M — Clock motor with gear. The duration of one rotation was approximately 

one minute. 
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EDITOR’S NOTE 


Dr. Werner E. Degenhard was born 
in Germany in 1914. He studied 
chemistry and engineering and re- 
ceived his PhD degree in chemistry and 
engineering from the University of 
Berlin. During World War II he was 
involved in the teaching of high fre- 
quency electronics and radar in a 
supervisory capacity. 

In 1949 Dr. Degenhard became 
assistant professor at the University of 
Darmstadt, Germany, in the Depart- 
ment of Chemistry. In 1951 he joined 
Carl Zeiss as a staff member of the 
Electron Microscope Department, and 
in 1957 he joined the staff of the 
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Analytic Instrument Department of 
Carl Zeiss. In 1960 he became the 
Supervisor of Customer Laboratories 
at Carl Zeiss. 

In 1962 Dr. Degenhard became 
Scientific Director of Carl Zeiss, Inc., 
New York. In addition, he became the 
consultant for planetarium  installa- 
tions in the U.S. and Canada. Dr. 
Degenhard also was the science advisor 
regarding all equipment in microscopy 
and the introduction of new instru- 
mentation. In 1971 he rejoined Carl 
Zeiss Germany as Chief of Instru- 
mental Demonstrations in Ober- 
kochen. 
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Material in Rebuttal 
To the Degenhard Report 


Huisman Brothers, a New York 
based diamond cutting firm, sued the 
Gemological Institute of America in an 
amount totalling over $3 million, alleg- 
ing a conspiracy to prevent their 
Princess 144-facet round brilliant cut 
diamond from achieving success in the 
diamond market. 

The Huisman Brothers firm made a 
claim that their 144-facet diamond is 
32% more brilliant than a standard 
58-facet . brilliant. On the basis of the 
definition of brilliancy given in its 
Diamond Dictionary, published in 
1960;’several years ‘before the -144- 
facet cut came on the market, GIA 
contends that the Huisman Brothers 
are including scintillation in their 
definition of brilliancy, and that the 
definition thus adulterated in their 
report is a definition concocted to 
further their claim and to mislead the 
public. GIA disagrees entirely with 
their definition of brilliancy. 

GIA considers this lawsuit entirely 
without merit and the time and money 
spent in fighting such a suit although 
necessary is almost a criminal waste 
of assets. 

Huisman Brothers offered to with- 
draw their suit if the Institute would 
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publish in Gems & Gemology a report 
written by Dr. W.E. Degenhard. Dr. 
Degenhard is the person employed by 
Huisman Brothers to write their re- 
port. GIA agreed to this with the 
understanding that it would publish a 
rebuttal written by its expert on 
cutting effectiveness, Dr. Werner 
Eulitz. In this issue of Gems & 
Gemology, the report written by Dr. 
Degenhard appears first, and is fol- 
lowed by Dr. Eulitz’s comments in a 
second article, in which he disputes 
their claim for added brilliancy. 

The Gemological Institute of 
America finds several faults with the 
report written by Dr. W.E. Degenhard. 
It seems clear that he realized from the 
beginning that the only way in which 
he could reach a conclusion that 
would please his sponsors would be to 
rewrite the definition of brilliancy to 
include scintillation. The three factors 
to consider are 1) the efficiency of a 
diamond as a reflector of white light 
falling on the crown, 2) its efficiency 
in dispersing light, and 3) the number 
of reflections returned to the eye as 
the stone is moved — the latter of 
which is scintillation. In his report he 
disregarded the white light reflecting 
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efficiency of the two styles of cutting 
and went only to counting the number 
of reflections from a rotating stone. 

In 1919 Marcel Tolkowsky worked 
out mathematically (what diamond 
cutters had pretty well learned em- 
pirically) that a 40-3/4° or 41° pav- 
ilion angle is the most efficient for a 
diamond. By adding all the facets 
under the girdle at considerably less 
efficient angles, the Princess 144 is 
actually reducing the efficiency of that 
style of cutting as a reflector. When it 
is in motion, because there are more 
facets, it is possible to pick up more 
reflections, but not as much of the 
light striking the crown of the stone 
will return to the eye. Dr. Werner 
Eulitz calculated that the 144 has an 
efficiency as a reflector reduced by 
about 15% from a 58-facet with the 
pavilion mains on gauge. 

There are errors of fact in defini- 
tions in the Huisman Brothers report 
that cast doubt on the knowledge of 
Dr. Degenhard. For example, in the 
definition of refraction, he states “if 
the beam enters under an angle lower 
than the critical angle, it is totally 
reflected.” This is not true for light 
can enter a diamond from air from any 
angle. It is only when it attempts to 
leave the diamond that the quoted 
statement is true. The whole definition 
is backward, because the next sentence 
says, “If the incident angle is larger 
than the critical angle the beam is 
refracted toward the normal.” Any 
light entering a diamond other than 
perpendicular to the surface it enters is 
refracted toward the normal. He says 
all beams impinging the surface at 
angles lower than the critical angle are 
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totally reflected. This is true only for 
angles larger than the critical angle and 
impinging from within the denser medi- 
um. He adds to his reflection definition 
“this of course is also true for reflec- 
tions within the medium with higher 
refractive index.” This. would appear 
to suggest that his idea of refraction is 
mistaken because total reflection 
occurs only within the medium with a 
higher refractive index. 

In his definition of brilliance, Dr. 
Degenhard says brilliancy is an optical 
sensation which has not been clearly 
defined. GIA feels that the definition 
in the Diamond Dictionary, published 
in 1960, and which was in the Dia- 
mond Course before that, could not be 
more definitive in that it clearly dis- 
tinguishes between brilliancy on the 
one hand and scintillation and disper- 
sion on the other. 

In Dr. Degenhard’s attempted 
measurement of brilliancy, he does 
nothing but count the number of 
reflections. His report does not pay 
any attention to their intensity. This is 
obvious from the graphs that are 
shown, in which those for the 58-facet 
cut show intensities that are more 
evenly distributed and greater than in 
the 144. Under number 6, “‘Qualitative 
Results,’ the inference is made that 
more brilliancy is obtained from a 
hemisphere than from a cone. A hemi- 
sphere has a “well” at the bottom that 
leaks much more light than a cone, 
and thus the inference lacks scientific 
foundation. 

Dr. Werner Eulitz effectively sum- 
marizes the true impact of the Degen- 
hard report in the following article. 
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The Optical Quality of Two 
Different Brilliant Cut Diamonds-- 
A Comparative Investigation 


Dr. Wemer R. Eulitz* 
Gemologist, Mineralogist, 
X-ray Cristallographer 
January 10, 1973 


Preface 

The following report, prepared on 
request of the Gemological Institute of 
America (GIA), represented by its 
President, Mr. Richard T. Liddicoat, 
Jr., Los Angeles, is based upon my 
knowledge on the subject in general 
and my independent research on the 
brilliance of brilliant-cut diamonds in 
particular. 

Two different types of brilliant-cut 

diamonds are under discussion: 

a) A 58-facet round diamond 
(58-cut) which is internationally 
known as the “brilliant.” 

b) A modification of the 58-cut to 
a 106-facet brilliant-cut (106- 
cut), patented to Huisman 
Brothers, New York, under U.S. 
Patent Nr. 3,286,486 on Novem- 
ber 22, 1966, which has been 
supplemented by 38 additional 
girdle facets according to the 
Goldstein Patent Nr. 2,340,659, 
issued on February 1, 1944, to 
become the so-called “Princess” 
144-cut. 


The reason for this investigation is 
the claim of Huisman Brothers that 


*For author’s credits, see page 283. 
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the 106- and 144-cut provides higher 
brilliance of the stone than the 58-cut. 
The claim of Huisman Brothers is 
underlined by a report, “GP-2 Goni- 
ophotometer Measurements of Bril- 
liance in Diamonds” by Dr. W.E. 
Degenhard of Carl Zeiss, Inc., New 
York, Febr. 26, 1971, in the following 
discussion abbreviated Z. Rep. 

The purpose of this investigation is 
to prove or disprove the claim of 
Huisman Brothers from a neutral, 
independent standpoint, which is 
based upon scientific facts in concur- 
rence with the internationally 
accepted terminology in this field, 
however, without any regard for com- 
mercial preferences. 


Summary 


The optical quality of the two 
brilliant-cut diamonds under investiga- 
tion, the 58-cut and the 106-cut, has 
been determined by three independent 
methods. The three methods and their 
results are: 

1) Calculation of the amount of 

light being reflected (internal 
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reflections) in percentage of the 
influx of radiation. The reflec- 
tivitity of the 58-cut has been 
found 14.6% higher than that of 
the 106-cut. 

2) Calculation of brilliance by 
application of the brilliance- 
equation derived and evidenced 
elsewhere. Result: The brilliance 
of the 58-cut is between 13.5% 
and 16.9% higher than that of 
the 106-cut. 

3) Intensity evaluation of the re- 
cordings attached to the Z. Rep., 
Figures 4 and 5. Here, the inten- 
sity of reflected light by the 
58-cut was found 15.8% higher 
than that of the 106-cut. 

‘The three results obtained from 
strictly optical considerations in con- 
junction with the internationally 
accepted definition of the term “‘bril- 
liance”’ of faceted gemstones, defin- 
itely prove that the brilliance effect of 
the 58-cut is, on the average, at least 
15% higher than that of the 106-cut. 
They also are evidence for what is 
already known by experience, that 
additional facets below the girdle in- 
crease the leakage of light through the 
pavilion rather than advance the bril- 
liance of the stone. 

1. The fundamental criteria of this 

investigation. 

The form and shape of the 58-cut 
and the 106-cut under discussion are 
illustrated in Figure 1. The crown in 
both cases is supposed to be the same. 
The pavilion of the 106-cut has two 
more different types of facets. All 
facets are designated by capital letters, 
the pavilion facets by the letter P 
ranging from P, through P, for the 
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106-cut, and P, and P, for the 58-cut. 
The crown facets comprise the main 
facets (bezel) C,, the upper girdle 
facets C., the star facets C3, and the 
table T. Since no angles for the 58- 
cut are indicated in the Huisman 
Brothers patent, nor in the Z. Rep., 
angles 6 for the crown facets and 
angles a for the pavilion facets with 
reference to the girdle plane G, have 
been assumed to be those of a good 
average’ brilliant-cut. The angles of the 
pavilion facets for the 106-cut have 
been obtained from the Huisman 
Brothers patent description. The pro- 
file of the two stones in Figure 2 
(main cross-section A - A of Figure 1) 
shows that the 58-cut and the 106-cut 
cannot be of equal proportions. An 
effectiveness-ratio P,:P3; of the 
106-cut has been estimated 80%: 20% 
from Figure 1 of the Huisman 
Brothers patent description 
The crown of the stone may be 
considered the “window” for the 
entering and departing light rays. The 
pavilion acts like a reflector~(angular 
mirror), thus providing the radiation 
(reflected light) for the three phen- 
omena: brilliance, fire and scintilla- 
tion, which are responsible for the 
delightful appearance of a brilliant. 
The brilliance effect is caused by 
the metallic internal reflections, char- 
acteristic for diamond, especially in 
the main cross section A - A of the 
stone comprising the table T, the 
opposite pavilion facets P,, and the 
crown facets C,. The intensity of the 
internal reflections also is responsible 
for the dispersion (fire, rainbow 
colors) produced by the upper girdle 
facets C,, and for the scintillation 
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(sparkling flashes) produced by the 
star facets C3. 

All prominent authorities around 
the world agree that the internal re- 
flections are the primary source of all 
phenomena involved. So, the term 
“brilliance’’ for the internal reflections 
is justified. The fact that some experts 
suggest calling the combined effect of 
the three phenomena the “brilliance”’ 
of the stone cannot be considered a 
lack of uniform definition of the term 
“brilliance” because, in any case, the 
intensity of internal reflections is ac- 
knowledged as the primary source for 
the beautiful appearance of a brilliant- 
cut diamond. 

From this point of view, the “def- 
inition of brilliance” as given in the Z. 
Rep., “It seems that .. . a considerable 
number of reflections with some in- 
tensity ... produce the effect of bril- 
liance,’’ must be considered a devious, 
rather voluntary interpretation. which 
neglects the internationally accepted 
terminology. If this “definition” were 
true, any objective discussion on the 
subject would be hopeless because the 
brilliance would be a matter ‘of in- 
dividual judgment or taste. The term 
brilliance of a gemstone should not be 
confused with what is considered “‘just 
brilliant” in popular language. 

During the past 50 years, much 
effort has been spent to analyze and to 
formulate mathematically the con- 
ditions for an optimum of the brilliant 
phenomena. The most important 
criterion is the refractive index n 
which for diamond is n = 2.45 (violet 
light). Light rays can enter a stone 
within a plane of incidence (drawing 
plane, Figure 2) between +90° and 
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-90° with respect to the normal N - N. 
Due to refraction (Snell’s law), these 
rays are disseminated inside the stone 
between an angle +cr and -cr. Angle cr 
is the critical angle or the angle of 
total reflection which is cr = 24° for 
diamond. However, not all rays be- 
tween +cr and -cr can be totally 
reflected by the pavilion facets. Figure 
3 shows that light rays entering at the 
tight side from the normal N - N with 
an angle e = -cr can all be reflected, 
while, from the left, only rays up to an 
angle e = (a@ - cr) are reflective. Thus, 
for total reflectivity at the pavilion, 
the entering angle e can vary within 
an interval: 


cr Ze = (a-cr) (i) 
This gives a total angular margin for 
reflectivity: (a- cr) - (-cr) =a. 
Reflections inside the stone follow 
from the brilliant law: : 

e+r=2a, + 2a, +B-180° (2) 
where e is the angle of the entering ray 
and r is the angle of the departing ray, 
both inside the stone. The two dif- 
ferent « apply to pavilion reflections 
from P, to P,, for example, or P,P3, 
etc. Reflections back to the table 
(TP,P,T - reflections, entrance at the 
table, reflected over P,P, and depar- 
ture at the table) eliminate angle , 
since for the table 6 = 0°. 

2. The reflectivity of the two bril- 

liants. 

With the brilliant law, any angle r 
under which a light ray strikes a crown 
facet from inside the stone can be 
calculated if the entering angle e is 
known. Since the entering angle e can 
change from -cr = -24° to (a - cr) =(a- 
24°), the maximum and minimum of 
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Table 1 le 
r r R cor aver- 
a |a, | 8 [{max) (min) | 100° R% rected age Light path 
41 | | P | Influx | 41° 
41/41) 0} +8 33 32 78.0 T 
41/41|34 |) +42 | +1 | 23 | 56.0 C 
41 | 41 | 40 | +48 +7 | 17 | 41.5 TP,P, Co 
41/41/15 | +23 | -18 | 41 | 100.0 C3 
41 Influx 41° 
41/43 0 | 412 | -29 36 87.8 T 
68-cut | 47 | 43 34 | +46 | + 5 19 46.3 64.6 Cy 
“~~ 41/4340 | +62 | 411 13 | 317 TPiP2 | Co 
41 | 43.15 | +27 | -14 38 92.6 | C3 
43 | Influx | 43° 
43/43) 0 | +16 | —27 40 93.0 | . T 
43 | 43/34 | +50 | +7 17 39.5 C, 
43 | 43/40 | +56 | +13 11 25.6 TP2P2 | Co 
43 | 43) 15 | +31 | —12 36 83.6 C3 


x 08 | Influx 
41} 0 |+8 | -33 32 78.0 | 62.4 
41 |34 | +42 | +1 23 56.0 | 44.8 
41/40 | +48 | +7 17 41.5 | 33.2 | TPyPy 
41/15 | +23 -18 41 100.0 | 80.0 

x 0.8 Influx 
46} 0 | +18 | -23 41 100.0 | 80.0 
46 | 34 | +52 | +71 13 31.7 | 25.4 44.9 
46 | 40 | +58 | +17 7 17.1 | 13.7 TP, Po 
46/715 | +33 | -8 32 78.0 | 62.4 

x 08 Influx 
46; 0 | +28 | ~18 42 91.2 | 73.0 
46 | 34 | +62 | +16 8 17.4 13.9 
46 | 40 | +68 | +22 2 43 |)' 3.5 TP2P2 
46/15 | +43 | -3 27 58.5 | 46.8 


106-cut 


0 
53) 40 | +72 +31 0 TP) Ps Co 
8 


45 
Influx | 46° 


x 


Pad 
P20Ne 20059 
Btn 
oa 


_ 


6 
53) 40 | +76 | +30 0 FP2P3 C2 
19 


Influx | 41° 


mon 
a 


1 

59 | 34 | +78 +37 0 
| 41 | 59 |) 40 | +84 +43 0 0 

6 


x 0,15 Influx | 41° 

53} 0 | +32 | -—9 33 80.5 | 12.1 T 

63/34 | +66 | 425 O 0 C; 
| o |} oO 


| 
| TPiP, | Cz 
41| 59/16 | +59 | +18 14.6 7 C3 
0.6 | 
46 x 0.05 | Influx | 46° | 
46\59| o | 4|+8 | 16 348) 1.7 T,]} 
46 | 59| 34 | +88 | +42 ) 0 0 Cy 
46 | 59/40 | +94 | +48 ny) 0 0 TP2P, | Co 
46| 59/15 | +69 | 423 1 2.2| 0.1 C3 


”_ Addianalpavhontaceis Py aad-P,. 


58-cut: 64.6% 
106-cut: 50.0% 
Result: The reflectivity of the 58-cut is 14.6% higher than that of the 106-cut. 


Reflectivity R% 
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TABLE I 


Britliant Law: e+ r= 204 + 2a + 6B — 180° 
e = angle of entering ray inside the stone 
cr = critical angie = 24° for diamond 
r (max) = 2a, + 2a9 +B+24° 180° 
(e= cr=—24°) 
r (min) =r (max) — ay 
100 
a) 
Limitation of e for reflectivity: 
—cr Ze & (@ ~ cr) 


R% = (755.0) R £100 
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y= angle of departing ray inside the stone 
R = reflectivity in percentage of influx ( = a1) 
Tabie to table reflections: 
R ° 
mn = 24 +r (max 
100 ay ( ) 
Table to crown reflections: 


R _ Ci i 
oo: %1> 24 r (min) 
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angle r follow by substituting e (min) 
=-cr, and e(max) = (a - cr): 


e (min) + 1(max) = 2a, + 2a, + B- 180° 


and  e(max)+r(min) =2a, + 20, + B- 180° 
thus, r(max) = 2a, + 2a, + 8+ cr - 180° (3) 
and r(min) = 2a, + 20. +B-a, +cr- 180° 

= r(max) - a, (4) 


Rays reflected to the crown facet from 
inside the stone, likewise, can escape 
to the outside only, if their angle of 
incidence r is within the margin -cr 
(-24°) and +cr (+24°). 

This interrelation is depicted in 
Table I for the major light paths of the 
58-cut and the 106-cut. The light 
paths are indicated by a 4-letter desig- 
nation as explained earlier in this 
report. The facet angles and 6 for the 
facets involved (Figure 1) are listed in 
the first three columns. The maxima 
and minima for r (angle of outgoing 
ray), calculated with equations (3) and 
(4), follow in columns 4 and 5, res- 
pectively. The angles of reflectivity are 
marked at the right side by horizontal 
straight lines indicated the influx (a) 
at the top of each group of reflections. 
The “‘window” for the escaping rays is 
framed by vertical lines at +24° and 
-24°. The center line 0° shows the 
point of vertical incidence (e = 0°). 
The reflectivity R% with respect to the 
influx (= @;) follows from the graph. 

It is interesting to note a major 
shift of the reflectivity to the left 
(positive side) with the result that no 
reflections from the additional pavil- 
ion facets P,; and P, of the 106-cut 
can escape through the main crown 
facets C, and C,. 

Light rays of highest intensity (e = 
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0°, vertical incidence) are indicated in 
Table I by a little arrow in the 
zero-point of the influxtine of each 
group of reflectivity. The angle under 
which such a ray of highest intensity 
strikes the table or a crown facet is 
marked bya dot on the reflection line 
of each of these facets. A survey of 
these dots already shows qualitatively 
that the brilliance (back reflection of 
high intensity rays) is better for the 
$8-cut than for the 106-cut. 
3. The calculation of brilliance. - 


The intensity of a reflected ray and 
a refracted ray in percentage of that of 
the original ray changes with the angle 
of incidence. The optical mechanism 
involved is described by a series of 
equations which are known in physics 
as the Fresnel - equations. The inten- 
sity of the penetrating ray is highest at 
vertical incidence. In a brilliant-cut 
diamond, such a ray of zero-incidence 
is reflected to a crown facet with angle 
r and departs to the outside with an 
angle d (in air) which follows from 
Snell’s law: 

sind=n-e sinr 

The intensity of the departing ray 
(in air) has, according to Fresnel’s 
equations, two components, one which 
refers to the sine function of the 
departure angle d, and another which 
refers to cos d. The theory of maxima 
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TABLE II. 


The calculation of brilliance B%. sind =nesinr n= 2.45 


7 T T T 


and minima states that in such a case a 
maximum is obtained by the product 
sin d « cos d. This law can be applied 
to determine the brilliance (highest 
intensity of internal reflections) of a 
brilliant-cut diamond where the main 
cross section of the stone is primarily 
responsible for the total brilliance 
effect. 

The 58-brilliant cross section A - A 
(Figure 1) comprises the pavilion 
facets P, and the crown facets.T and 
C,. The 106-cut, in addition, has the 
pavilion facet P53. . 

From, the 58-cut, two types of 
reflections (light paths), TP,P,T and 
TP,P,C,, contribute to the brilliance 


effect. The 106-cut provides four 
types of reflections: TP,P,T, 
TP,P,C,, TP, P3T, and TP, P3C,, 


where the TP,P3;C, — path gives no 
reflections at all according to Table I. 
For the remaining three light paths of 
the 106-cut, the percentage-ratio of 
facets. P, :P3, being effective for reflec- 
tions, is of major importance. In Table 
I, this ratio has been assumed 80% for 
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Light path r sind cosd B B% 
58-cut A anes 
TP,P,T 16 | 0.676 | 0.737 | 0.5 ‘0 
TPiP.:C, | 18°| 0.757 | 0.653 | 0.49 49.5% 
B% TOTAL 99.5% 
6 1 P,/P3 ratio 
6-Cu T 
60/40 | 70/30 | 75/25 76.5/23.5, 80/20 | 90/10 
TP, P,T 16° 0.676 | 0.737 | 0.5 30% 35% 37.5% | 38.3% | 40% 45% 
TP,P,Cy 18, 0.757 | 0.653 | 0.495 | 29.7% | 34.7% | 37.1% | 37.9% | 39.6% | 44.6% 
TP, P3T 8 0.341 0.94 0.321 12.9% 9.6% 8.0% 7.5% 6.4% 3.2% 
TP1P3C; 0 0 ) 0 
B% TOTAL 72.6% | 79.3% | 82.6% | 83.7% | 86.0% | 92.8% 
| + — =o + 
Difference 
to 58-cut 26.9% | 20.2% | 16.9% | 15.8% | 13.5% 6.7% 


P, and 20% for P3. In order to realize 
the influence of this ratio P, /P3 where 
(P; + P3) = 100%, several ratios have 
been considered in Table IT. 

The angles r for the outgoing rays 
can be obtained from TableJ or, more 
precisely, from the brilliant equation 
substituting e = 0° (zero incidence at 
T). The angle d of the departing ray in 
air follows from Snell’s law as dis- 
cussed above. . 

The product sin d » cos d gives the 
component of brilliance for each light 
path, and the sum of the two com- 
ponents of the 58-cut multiplied by 
100 is the total brilliance in percent- 
age. In the case of the 106-cut, the 
remaining three components have to 
be multiplied according to the P, /P3 - 
ratio, i.e. the P,P, reflections with the 
P,-percentage and the P, P3 reflections 
with the P3-percentage as indicated in 
Table IT. 

Comparing the varying results ob- 
tained for the 106-cut with the 99.5% 
brilliance of the 58-cut, it is clear that 
the total brilliance of the 106-cut is in 
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all cases lower than that of the 58-cut. 
It also is apparent that the difference 
decreases with decreasing size of the 
P3 facet which proves again (see Table 
I) the adverse effect of the additional 
pavilion facets. 

Keeping further in mind that reflec- 
tions from a P3-facet of 20% or less 
cannot reach the table for geometrical 
reasons, but only the crown facet C,, 
where they are totally reflected back 
into the stone, and, on the other hand, 
that a size of more than 25% for the 
P3-facet is out of consideration, the 
actual difference of brilliance can be 
expected between 13.5% and 16.9% in 
favor of the 58-cut. The difference of 
15.8% obtained from measurements 
discussed in the next section 
corresponds to a P,/P3-ratio of 
76.5%:23.5%, which means either the 
actual size of the P3-facet is probably 
about 23.5% of the reflective area of 
the pavilion, or the actual angles a and 
8 of the stones compared in the 
Z. Rep. are more disadvantageous than 
the angles assumed in this investigation. 


4. Evaluation of the intensity 
measurements presented in the 
Zeiss Report 

The GP2 — Goniophotometer is 

designed for intensity measurements as 
indicated by the name of the instru- 
ment. So, it is not readily conceivable 
why the author of the Z. Rep. uses 
this instrument for counting the num- 
ber of reflections which could be done 
by a much simpler method as, for 
example, the ‘‘Reflektograph,” sug- 
gested by S. Roesch in 1925. 

In order to retrace the result of the Z. 
Rep., two recordings of the Gonio- 
photometer attached to this report 


280 


have been evaluated for the “number 
of reflections.” Since these two te- 
cordings are typical for the 58-cut 
(Figure 4) and for the 106-cut (Figure 
5) as stated by the author of the Z. 
Rep., the number of reflections — 
ratio in these recordings should at least 
approximate the final result (32% bril- 
liance in favor of the 106-cut) pre- 
sented in the Z. Rep. 

The number of reflections within 
15 horizontal scale divisions have been 
counted. The 58-cut recording shows a 
total of 138 reflections and that of the 
106-cut reveals 141 reflections. Thus, 
the number of reflections in these two 
typical recordings is practically the 
same. This result is not surprising, since 
with reference to the discussion in 
section 2 and Table I of this report, 
the additional pavilion facets of the 
106-cut and, with the same evidence, 
38 additional girdle facets which 
modify the 106-cut to a 144-cut can- 
not increase the number of reflections 
for optical reasons. 

The fact, emphasized in Figure 3 of 
the Z. Rep., that the modified pavil- 
ion turns the reflections more to 
the center of the stone (table re- 
flections) is not caused by the 
additional pavilion facets P3 and P,, 
and especially not by girdle facets 
(144-cut), but by the pavilion facets 
P, which are cut with an angle larger 
than 45° (see Figure Ic). In this case 
the focal point for the entering and 
departing ray is in front of (not 
behind) the stone; thus, the rays are 
reflected toward the table. 

The impossibility of retracing the 
result of the Z. Rep. properly, chal- 
lenged the evaluation of the two 
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TABLE It, 


Total of vertical scale divisions 
Number of deflections 


Average intensity (scale division/deflection) 


Intensity percentage 
Difference in favor of the 58-cut 


recordings of the Z. Rep. for what 
they actually indicate, the intensity of 
reflections. In order to avoid confusing 
ground reflections, only reflections 
larger than 20 divisions on the vertical 
scale have been considered. The deflec- 
tions. of the recorder pin have been 
read from the vertical scale, 20 scale 
divisions subtracted (ground reflec- 
tions), all readings summed up, and 
divided by the total number of deflec- 
tions. The result of this procedure is 
depicted in Table IL. 

A first look at the recordings, Fig- 
ures 4 and 5 in the Z, Rep., already 
gives the striking impression that the 
58-cut (Figure 4) is better than the 
144-cut (Figure 5). Subdividing the 15 
horizontal scale divisions of each re- 
cording intg 3 partitions of 5 scale 
divisions, the recording of the 58-cut 
shows clearly three distinct areas in 
which the intensities are evenly cen- 
tered about a maximum intensity. In 


January 10, 1973 
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58-cut 106-cut 
3222 2247 
99 82 
32.6 27.4 
100 % 84.2% 
15.8% 


Figure 5, the recording of the 144-cut, 
the intensities are more or less un- 
evently disseminated with an obvious 
congregation at the center of the stone 
(tight side of the recording), while the 
outside area (left side) indicates only 
very low intensities. This proves again 
the earlier statement of this report 
that the reflections of the 106-cut are 
turned toward the center (table) of the 
stone due to the large angle of the 
pavilion facets P,, while reflections 
through the crown facets are reduced 
due to the inefficacy of the additional 
pavilion facets P; and P, as illustrated 
in Table I. 

The conformity in the order of 
magnitude of the theoretical results 
with the practical measurements simul- 
taneously indicates that the Zeiss 
Goniophotometer—GP2 appears to be 
a suitable instrument for determining 
the optical quality of faceted gem- 
stones. 


« Werner R. ul de ar Ge tg; 


Huntsville -— Alabama 
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CROWN sa 
i} 


' 
0) 6B cut = 10G-cut by Beet 


Figure 1. 


Figure 2, Cross section A - A of Figure 7 
shows profiles of 58-cut and 106-cut, and 
distribution of radiation inside the stone 
from -cr to ter, 

cr = 24° - critical angle. 

N - N = Normal (vertical line to the surface) Figure 3. Limitation of reflective radiation 
from which all angles are measured. inside the stone: -cr < e = (a - cr} 
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EDITOR’S NOTE 


Dr. Werner R. Eulitz was 
born in Germany in 1903. He studied 
physics, mathematics, chemistry and 
mineralogy at Leipzig University 
where he received his PhD degree fora 
study in x-ray crystallography. While 
at the University, he developed new 
methods to evaluate x-ray powder 
patterns. During World War II, while at 
the Peenemuende Rocket Center, he 
was involved in numerous research and 
development projects, such as spectro- 
graphic methods for quantitative 
materials analysis and the development 
of hydrodynamic principles related to 
vortexing of rocket propellant that are 
still applied to present-day booster 
vehicles. 

Since 1956, Dr. Eulitz has been 
active in various facets of advanced 
space research, initially at the US. 
Army Ballistic Missile Agency at 
Huntsville, Alabama, and since 1960 at 
NASA, Marshall Space Flight Center 
(MSFC), where he conducted. numer- 
ous experimental and _ theoretical 
studies ranging from liquid oscillations 
in missiles to crystal growing under the 
state of weightlessness. Some of his 
significant research included high 
vacuum pumping systems and sealing 
methods for evacuating large-scale 
vacuum chambers, studies on friction 
and lubrication in  space-exposed 
bearings, development of preventive 
methods for surface tension effects 
under weightlessness, and studies on 
theoretical considerations of human 
movement under the reduced gravity 
of the moon. Dr. Eulitz became an 
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American citizen in 1961 and retired 
from civil service at NASA-MSFC in 
1970. 

He has published a number of 
NASA technical reports on a wide 
variety of subjects and has received 
numerous awards for his scientific 
excellence. In 1969 he was presented 
the Apollo Achievement Award by 
NASA. While working at NASA — 
Marshall Space Flight Center, Dr. 
Eulitz successfully completed the GIA 
courses in Diamond Appraisal, Colored 
Stones, and Gem Identification in 
1968. During that time and up to the 
present he has continued studies on 
the theory of brilliance. 

His long-continued interest in op- 
tical phenomena in crystals, starting in 
University days, stimulated his on- 
going research on the problems of 
brilliance in faceted gemstones. The 
results of some of his gemological/ 
optical physics studies pertinent to 
this article are: 

1. “The Optics of Brilliant-Cut 
Gemstones”; Gems & Gemology, 
Spring issue, 1968. 

2. Comments on Dr. S. Suzuki’s “A 
New Design for Brilliance plus 
Dispersion”; The Australian 
Gemmologist, May issue, 1970. 

3. “Die Rechnerische Ermittlung 
der optimalen Brillanz des Bril- 
lanten” (The Calculation of 
Optimum Brilliancy of the Bril- 


liant); Zschr. d. deutsch. 
Gemmolog. Ges., Vol. 21, Nr. 1, 
March 1972. 
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World Diamond 
Production — 1973 


(Ed. note: Reprinted from Mineral 
Trade Notes, U.S. Department of the 
Interior, Bureau of Mines, Vol. 71, No. 
7, July 1974.) 

Total world production of diamond 
(natural) decreased approximately 
83,000 carats in 1973 from the pre- 
vious year, according to preliminary 
data compiled by the Bureau of Mines. 


US.S.R., the Republic of South 
Africa, Ghana, and Botswana were the 
principal sources of industrial dia- 
mond; the Republic of South Africa, 
the US.S.R., Angola, South-West 
Africa, and the Republic of the Zaire 
were the leading producing countries 
of gem-quality diamond. World dia- 
mond production by country is shown 


The Republic of the Zaire, the in the following table: 
World production, by country 1/ 
(Thousand carats) 
Country 1973 D, 
inaus: 
Gem |__Total Gem Total | Gem triat aaotal 
Africa: t 
Angota ..........5- 2,810 603 2,413 1,616 539 2,155 1,594 531 2,125 
Botswana ........... 82 740 822 360 2,043 2,403 362| 2,054 2,416 
Centrat African 
Republic......... 1/304 1/164 5/468 346 178 524 251 129 380 
Ghana ... 256 2,306 2,562 266 2,393 2,659 270 2,430 2/2,700 
Guineae/... 22 52 74 25 55 80 25 55 80 
ivory Coast - 130 196 326 134 200 334 120 180 300 
Lesotho 2/.. 1 6 7 1 8 9 1 9 _£/10 
Liberia. .... oe 3/532| 3/277] 3/809} 3/414] 3/350) 3/764 450 370 2/820 
Sierra Leone.......-- 1/778| 41/1,168| ¥£/1,946 720 1,080 1,800| 4/670) 4/1,000| 2/4/1,670 
- = = —=$ — —at 
South Africa, 

Republic of: | 

Premier mine ....- 609 1,828 2,437 613 1,841 2,454 625 1,876 2,501 
Other De Beers | 

Company 5/ -....- 2,162 1,769 3,931 2,289 1,872 4,161 2,368 1,938 4,306 

Other sree cue eteyee 398 265 663 468 312 780 368 245 2/613 

Tatel. ocisss'< A 3,169 3,862 7,031 3,370 4,025 7,395) 3,361 4,059 €/7,420 
South-West Africa, 

Territory of . 1,566 82 1,648 1,516 80 1,596 1,520 80) 1,600 
Tanzania .... 419 418 837) 4/326] 4/325| 4/651 290 290 2/580 
LONG? = spe nwnin 5/1,274 | r/11,469 | £/12,743 1,339] 12,051] 13,390 1,294] 11,646 12,940 

Other areas: 
Brazile/....... 150 150 300 155 155 310 160 160 320 
Guyana ......... 19 29 48 20 29 49 21 31 2/52 
RAIA 16 3 19 17 3 20 18 3 21 
Indonesia e/.... 12 3 15 12 3 15} 12 3 15 
U.S.S.R,e/ ...-- 1,800 7,000 8,800 1,850 7,350 9,200} 1,900 7,600 9,500 
Venezuela .. 134 385 499 141 315 456 241 537 778 
_ _ a [——————t- + — 
World total 1/12,454 [r728.9%3 1/41,367 | 12,628| 31,182] 43,810| 12,560) 31,167 43,727 


e/ Estimate. P/ Preliminary. r/ Revised. 


1/ Total (gem plus industrial) diamond output for each country is actually reported except where indicated to be an 
estimate by footnote. In contrast, the detailed separate reporting of gem diamond and industrial diamond represents 
Bureau of Mines estimates in the case of all countries except Lesotho (1971 and 1972), Liberia (1971 and 1972), and 
Venezuela (1971 and 1972), where sources give both total output and detail. The estimated distribution of total output 
between gem and industrial diamond is conjecturat in the case of a number of countries, based on unofficial information of 
varying reliability. 

2/ Exports of diamond originating in Lesotho; excludes stones imported for cutting and subsequently reexported. 

3/ Exports for year ending August 31 of that stated. 

4/ Exports. . 

5/ Alt company output from the Republic of South Africa except for that from the Premier mine; also excludes company 
output from the Territory of South-West Africa and from Botswana. 
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Book Reviews 


AN ILLUSTRATED DICTIONARY 
OF JEWELLERY, by Anita Mason 
and illustrated by. Diane Packer, 
Harper & Row, Publishers, New York. 
1974, 390° pages with numerous line 
illustrations. Price: $8.95. 


In addition to being a dictionary, 
this book is also a jeweler’s ency- 
clopedia. Over 2,000 entries have been 
alphabetically arranged and exten- 
sively cross-referenced for the user’s 
convenience. This interesting and well- 
produced text is a most useful 
addition to the jewelry trade. The line 
drawings which illustrate it are well. 
done, arid the type and organization 
make it easy to read. Definitions are 
concise, well-written and there seem to 
be no major discernible errors in fact. 

An Illustrated Dictionary of 
Jewellery appears to cover every 
aspect of jewelry making. The entries 
include tools and techniques, gem- 
stones, precious and nonprecious 
metals, the history of jewelry from its 
inception to the present day, bio- 
graphies of notable jewelers of the 
past, and other practical information 
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as well as background information on 
such topics as folklore, chief character- 
istics in each historical period, and 
significant chronological events on 
each subject. The book is basically a 
practical reference work for craftsmen 
in the jewelry trade, students of 
jewelry design, gemologists, and others 
interested in this art form. Of great 
interest to the jeweler and gemologist 
are the entries on individual gemstones 
which describe the physical character- 
istics of the stones, the manner in 
which they are usually cut and set, 
their use past and present, and various 


popular beliefs associated with gems. 


Lacking from the text are some recent 
developments in the jewelry trade and 
references to many of the new syn- 
thetics that have been made in the last 
few years, e.g., the text states that 
there is no synthetically made tur- 
quoise. Actually, synthetic turquoise 
and other synthetic gem materials not 
listed in the text have been on the 
market for a year or more. 

A scholarly bibliography of selected 
English titles makes the dictionary 
most valuable and useful for English 
reading audiences. Although written in 
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England with a distinctive British 
flavor, this attractive and inexpensive 
book should find acceptance wherever 
it is sold. 

R.ALP.G. 


Comment Acheter Ses Bijoux, by 
Pierre Paquet, Editions du Jour, Mon- 
treal, Canada, 1974. 86 pages. Paper- 
back, Price $3.50. In French. 


Comment Acheter Ses Bijoux (How 
To Buy Your Jewelry), is written in 
French for the French-Canadian 
speaking consumer. 

In the introduction, Monsieur 
Paquet explains the purpose of the 
book when he says, “The consumer 
has a right to have access to the 
knowledge which will permit him to 
make a judgment on the various items 
offered.”’ And this is what he attempts 
to do in the 10 short chapters. M. 
Paquet uses simple nontechnical lan- 
guage wherever possible. 

The first chapter deals with the 
different qualities of mountings from 
gold filled to solid gold, together with 
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an explanation of the meaning of the 
various karat ratings of gold alloys. 
Chapter 2 is devoted to earrings with 
particular emphasis placed on the pre- 
cautions which should be taken with 
regard to piercing ears. Chapter 3 is 
concerned with rings for men, women, 
and children with comments on 
quality, styles and workmanship. Care 
in sizing, particularly with regard to 
rings for infants, is stressed. 

The remaining chapters briefly 
discuss the factors to consider when 
buying diamonds and other colored 
stones. The aesthetic considerations of 
the various styles, repairs and the care 
of jewelry, and references to sales and 
exchange practices of jewelry stores. 
The final chapter is the author’s advice 
on what to consider and how to select 
a jeweler either for the purchase of 
something valuable or for satisfactory 
repair work. 

This book appears to be a forth- 
right attempt on the part of Monsieur 
Paquet to disclose the problems and 
difficulties that the consumer may 
encounter in the purchase of jewelry 
items and how to overcome them. 

BB. 
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In Memoriam 


JEANNE G. M. MARTIN 


It is with deep regret that we 
announce the passing of Jeanne G.M. 
Martin, F.G.A., C.G., G.G., recently of 
Moab, Utah, on June 5, 1974, at the 
Allen Memorial Hospital, Moab, Utah. 

Jeanne Martin was well known asa 
gemologist, a teacher, a photographer, 
and for her artistic talent, especially 
her recent acrylic landscape paintings 
of the locale around Moab, Utah. She 
was born and grew up in Rushville, 
Indiana, and in 1929 moved to Seattle, 
Washington, where she managed a 
glove factory with 80 employees. In 
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1944, she moved to San Diego, Cali- 
fornia, and became an active member 
of the San Diego Mineral and Gem 
Society, where she acted part-time as a 
faceting instructor. While in San 
Diego, she took local courses in 
gemology taught by the late Charlie 
Parsons. By 1951, she was enrolled in 
the gemological courses of the Gem- 
ological Institute of America and in 
1953 she was granted a diploma in the 
Theory of Gemology. In May of the 
same year, she took and successfully 
passed the British examination in 
gemmology and received her Fellow- 
ship Diploma With Distinction. 

After completing her resident 
classes with the GIA in Los Angeles, 
she was awarded the Graduate Gem- 
ologist Diploma. Because Jeanne was 
an outstanding student and an excep- 
tionally capable gemologist, she was 
offered and accepted a position on the 
staff of GIA. Jeanne was an amazingly 
versatile person and during her time at 
GIA took on and excelled in many 
tasks. Although she had no formal 
experience in publications, she became 
Associate Editor of Gems & Gemology 
and coordinated and helped edit many 
books, including The Jewelers’ 
Manual, Diamonds... Famous, 
Notable, and Unique, The Diamond 
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Dictionary and several editions of the 
Handbook of Gem Identification. In 
1955, while working with the GIA, she 
was also granted the title of Certified 
Gemologist from the American Gem 
Society. 

All during her stay with GIA she 
worked closely with resident students 
as an instructor of gem identification 
and colored stones, making hundreds 
of friends in the process — because of 
her exceptional patience and under- 
standing of beginners’ problems. 
During her years at GIA, she became 
as accomplished a gem photographer 
as any we knew, and Jeanne was 
responsible for having taken most of 
the superb photographs of the fine 
colored stones currently in the In- 
stitute’s files. 

After twelve notable years at the 
Institute, she retired from the GIA in 


1968 and moved to Monument Valley, 
Utah, where she worked for a time as 
an assistant operational manager of 
Goulding’s Trading Post and Lodge. 
Later she moved to Moab, Utah, where 
the high, dry climate seemed to agree 
with her, and she enjoyed painting 
acrylic landscapes of the surrounding 
scenery and grew her favorite African 
violets. 

Jeanne is survived by two daugh- 
ters, Mrs. Denzil (Mona) Osborne, 
Bremerton, Washington, and Mrs. 
Juanita Schiano, San Diego, California; 
four grandchildren and ten great- 
grandchildren; her two sisters, Mrs. 
Samuel (Mildred) Turner, Connersville, 
Indiana; and Mrs. George (Elizabeth) 
Rill of Rushville, Indiana. 

Former students, associates and 
staff alike will certainly miss her and 
remember her with great fondness. 
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ERRATUM: In the Winter 1972-73 
Gems & Gemology, memorial tribute 
to Dr. Edward H. Kraus, on page 126, 
Dr. Kraus was listed as graduating 
from the University of Rochester, 
which is in error. We stand corrected, 
he graduated from Syracuse University. 
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Green Grossularite Garnets 
(“Tsavorites’)in East Africa 


By CAMPBELL R. BRIDGES, Geologist 


Introduction 


Millions of years ago much of pre- 
sent day East Africa was covered by 
seas. Sediments were deposited in 
the basins, their nature and abundance 
dependent upon climatic and topo- 
graphic factors and the rock types or 
organisms from which the sediments 
were derived. With successive accumula- 
tions, accompanied by sympathetic 
downwarping of the basin floors, the 
various sediment layers became 
lithified into rock strata. The sands 
became sandstone, the muds and silts 
became mudstones and shales, and the 
calcareous oozes (probably of biogenic 
origin) formed limestones. 

The whole region was then sub- 
jected to several intensive dynamic 
and thermal metamorphic phases. The 
last of these major regional meta- 
morphic phases occurred some six to 
eight hundred million years ago. 

The limestones were converted to a 
marble. These marble horizons may be 


290 


grey, blue, pink, greenish or yellow, 
although white predominates. Im- 
purities take the form of small pyrite 
crystals (often altered to limonite) but 
more usually graphite flakes which are 
probably of organic origin. The latter 
mineral is sometimes a substantial con- 
stituent of the graphite gneisses, which 
are the metamorphic product of 
impure sandstones, which in turn had 
been derived from siliceous sands in 
which organic matter was intermixed. 
Pegmatites also consistently occur in 
the areas where both green grossular 
garnet and tanzanite (blue zoisite) are 
found. Free quartz is relatively minor 
and occurs as isolated pods and lenses 
or fracture fillings within the crystal- 
line limestones (marbles). Within the 
graphite gneisses quartz often occurs 
as “rods” along joints associated with 
superimposed bedding. Tremolite- 
actinolite is also nearly always present 
and probably represents the meta- 
morphic product of impure lime- 
stones. 
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index map of green grossularite (“tsavorite”) localities in Tanzania and Kenya. 


Intense folding and shearing is com- 
mon in these areas and as the author 
envisages it, during one or more of the 
major metamorphic phases hot gases 
and solutions invaded the 
“sedimentary” beds permeating and 
converting some and moving along 
bedding planes, shears, and other 
spaces that had opened under the 
accompanying pressures. Because of 
the intense pressure and heat the belt 
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became at least partially mobile. Cer- 
tainly the marble horizons appear to 
have flowed, and it seems that the 
original silica content of the country 
rock segregated and formed isolated 
lenses, pods and fracture fillings. The 
more competent gneisses tended to 
shear rather than flow, although there 
are numerous examples of minor 
gneiss bands, caught up in the marble, 
that have been bent and deformed. 
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Green grossularite (“tsavorite’) in graphite gneiss. 
Photo courtesy Campbell Bridges and Tiffany & Co. 


‘In the late 1960’s, the author was 
involved in the discovery and mining 
of green grossular garnet in Tanzania, 
and towards the end of 1970 he 
selected a similar belt of rocks lying to 
the south of the Teita Hills, in the 
Teita/Taveta District, as one of the 
areas in Kenya most likely to carry 
green garnet and/or blue zoisite. By 
late 1971 he had discovered and peg- 
ged sufficient deposits of green garnet, 
green tourmaline and zoisite in the 
Tsavo area to fully occupy him with 
proving and development work and, 
therefore, decided to proceed no fur- 
ther along the belt. Later, just after 
mid-1973, an African prospector, 
working for Messrs. Wanyoike Kimani 
and P. Morgan, located another 
deposit of green garnet somewhat 
farther to the north. In early 1974a 
deposit of fine rubies, tending towards 
the Burmese in colour, was discovered 
in Tsavo National Park to the south. 

Returning to the claims located and 
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pegged by the author in 1971, proving 
work revealed that two of the green 
garnet deposits had definite economic 
potential, while the tanzanite, 
although yielding fragments of fine 
colour and somewhat larger shattered 
crystals, occurred as a minor accessory 
mineral only. Clear pieces were gen- 
erally far too small to be of interest 
for cutting purposes. Tanzanite was 
also found to occur associated with 
the green garnet but was too opaque 
and/or shattered to be of economic 
interest. 

At four of the locations, green 
tourmaline occurred in quite consider- 
able quantity but, unfortunately, was 
generally either too dark, too shat- 
tered, or else displayed an unpleasing 
yellow-green at right angles to the 
C-axis which does nothing to enhance 
the appeal of the cut stone. As speci- 
men material there is some potential 
for the tourmaline of this area. 
Kornerupine, showing a strong dichro- 
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ism from sky blue to violet purple, 
was found associated with tourmaline 
in one deposit but is scarce, usually 
very fractured, and of interest to 
collectors only. Green kornerupine 
containing silk (capillaries) also occurs 
in the area. Rubies are found in 
tremolite-actinolite at one point but 
are so small as to be of no economic 
interest. Purplish red rhodolite garnets 
are abundant, but owing to swarms of 
either iron or manganese inclusions 
arranged in spider-like blobs, they 
are generally of no interest. 

The only mineral with really pro- 
mising gem potential, located and 
pegged by the author in 1971, was 
found to be the green grossular garnet. 
It is classified as grossular because 
chemically and physically it conforms 
most closely to this species of the 
garnet group, although it is by no 
means a pure grossular, and does in 
fact contain. some iron, Other im- 
purities, possibly vanadium, chromium, 
manganese and nickel, are probably 
significant in fixing the particular 
colour of the material. A whole colour 
range, from colourless through pale 
lime green to a full rich grass or 
emerald green, occurs in these de- 
posits. Some stones that are a grass 
green by daylight tend to take on 
more of a blue green hue under normal 
artificial light. Sometimes. stones are 
found that are basically colourless 
with distinct green banding or isolated 
colour patches. 


Occurrence 


Graphite gneiss is the major host 
rock for the green grossular garnet 
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occurrences. Within the graphite gneiss 
horizon, a band of marble also appears 
to be a prime requisite for the forma- 
tion of grossular. This marble can 
manifest itself within the graphite 
gneiss either as: a) a distinct solid 
stratum (bed), b) connected or dis- 
jointed lenses of marble lying within 
the same general plane, or c) an 
alteration product of marble occurring 
as in (b). 

In some places, the type (a) mar- 
ble comprises two or more layers in 
which the joint patterns do not coin- 
cide. This arrangement would seem to 
increase the imperviousness of the 
horizon to ascending solutions and 
gases, thus trapping and effectively 
channeling these mineralizing fluids 
along its lower surface (footwall). This 
lower contact between the limestone 
and underlying gneiss often shows 
considerable slickensiding indicative of 
faulting within this zone. The more 
abundant and larger the open spaces 
that resulted from the faulting, the 
larger and less shattered are the green 
garnet nodules or pockets that formed. 
For the same reason the crests of 
anticlinal folds often provided the 
best channels and spaces for the de- 
position of green garnet. 

The author envisages that these 
gases and/or solutions came from 
depth along cracks, faults, and/or 
through pervious rocks, leaching out 
the necessary chemical elements from 
the rocks through which they pro- 
gressed, to form the green grossular 
garnet when the right conditions of 
chemistry, temperature, and pressure 
were reached, 

Possibly the fluids and/or gases 
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Detail map of green grossularite (“‘tsavorite’’) localities in Kenya. 
y 


could have originated as the result of 
the entire belt being under pressure, 
leading to mobilization of liquids and 
gases coming from various rock types. 
The migrating gases and solutions, 
carrying certain chemical constituents, 
then accumulated and gave rise to 
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grossular garnet pockets, when the 
final chemical balance and the correct 
physical conditions were encountered. 
In this instance it was beneath and in 
the bottom layer of a double-layered 
stratum of impervious crystalline lime- 
stone, from which could have been 
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obtained the calcium necessary for the 
formation of grossular garnet (a cal- 
cium aluminum silicate), It is likely 
that the silica was at least partly 
“leached” from the gneiss, and the 
sillimanite and/or kyanite of the 
gneisses could have been the source of 
the alumina. It is interesting to note, 
however, that a hydrous aluminum 
silicate mineral (montmorillonite?) is 
invariably associated with pockets of 
fine green grossular, leading one to 
speculate whether a reaction between 
an alumina-rich clay and the overlying 
limestone, under metamorphic con- 
ditions, gave rise to the grossular. 


Comparison with Emerald 


Green grossular is basically a cal- 
cium aluminum silicate 
[Ca3A12(SiO4)3]; vanadium, chrom- 
ium and perhaps nickel appear to be 
responsible for the fine green colour. 
It seems likely that brightness or vivid- 
ness of the green could be due to the 
vanadium content. Where chrome is 
relatively abundant, the colour would 
probably be too dark and resemble 
chrome tourmaline. Manganese (which 
can sometimes be seen as dendrites in 
the host rock) is also present in stones 
of bright, rich colour, while iron is 
found in those stones of a more 
yellow-green hue. 

Although emerald (beryl) is chemi- 
cally a beryllium aluminum silicate, 
while grossular is a calcium aluminum 
silicate, both may form under con- 
ditions of considerable stress and, 
hence, both are seldom found in sizes 
large enough to yield clean cut stones 
in excess of two to three carats. In 
fact, a green garnet of fine colour in 
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excess of one and a half carats is rare. 
So size-wise, these two gemstones are 
similar. From a hardness point of view, 
there is little to choose between 
emerald and East African green garnet, 
but the latter is tougher and less 
brittle than emerald. As already indi- 
cated, colour-wise they are similar, but 
whereas emerald with its relatively low 
refractive indices (between 1.568 and 
1.596) tends to be “sleepy” in appear- 
ance, and the much higher refractive 
index of green grossular (1.74) imparts 
considerable brilliance to a well-cut 
stone. 

In summation, then, from a point 
of view of hardness, colour, and 
purity, the stones are similar but green 
grossular is tougher, more brilliant and 
rarer. It would seem that the only 
major reason why emerald is so much 
more expensive than green grossular is 
that it is much better known, having 
been prized and in reasonable supply 
for centuries whereas, at the present 
time, green garnet is relatively un- 
known. 
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New Name: “Tsavorite ” 


Tiffany & Co. was the first to 
introduce this new gemstone in Sep- 
tember 1974. The name “Tsavorite” 
was chosen by Tiffany & Co. for the 
Tsavo National Park, which is near the 
discovery spot of this exciting new 
material. 

The enthusiasm and belief in this 
new stone by Henry B. Platt, president 
of Tiffany & Co., were of great sup- 
port in the quest for this gem. Finally, 
thanks are also due to the Mines and 
Geological Department of Kenya for 
their cooperation and encouragement. 


295 


Composition of Green Garnet 


From Tanzania and Kenya 


By GEORGE S. SWITZER, Ph.D. 
Department of Mineral Sciences, Smithsonian Institution, 
Washington, D.C. 


Four green grossular garnets, rang- 
ing in color from pale yellowish-green 
to deep intense green, have been 
analyzed using an ARL-SEMQ micro- 
probe analyzer. A garnet from Kaka- 
nui, New Zealand, was used as a 
standard for all elements except 
chromium and vanadium. The stan- 
dards used for the latter two elements 
were chromite from Stillwater, 
Montana, and 100 per cent vanadium. 

‘The analyses show that these green 
garnets are very low in iron, mag- 
nesium and manganese and are very 
near the grossular end member of the 
garnet group. The atomic proportions 
given in the table have been calculated 
to fit the grossular formula, 
Ca3Al, Siz0,9. 

The analyses are arranged in the 
table in order of increasing depth of 
color, although the color of numbers 
three and four is essentially the same. 
The chromium content is about the 
same in numbers two, three and four 
and it is much lower in number one. 
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The vanadium content in numbers 
three and four is nearly identical, but 
much higher than in numbers one and 
two. It appears that the depth of color 
is definitely related to the vanadium 
content, and probably also in part to 
chromium. 

Goldmanite is a calcium garnet in 
which more than haif of the aluminum 
atoms have been replaced by vana- 
dium, with a V,0O3 content of 18.3 
per cent. It was described as a new 
species by Moench and Meyrowitz in 
1964, It is dark green to brown in 
color. Doelter (1916) reported two 
grossular garnets containing 0.09 and 
0.24 per cent V20Os3, essentially the 
same as the new material. Badalov 
(1954) reported a dark green garnet 
containing 4.52 per cent V,0,. None 
of these occurrences were of gem 
quality. 

The correct mineralogical nomen- 
clature for the green gem-quality 
garnet from Kenya is vanadian 
grossular. 
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ELECTRON MICROPROBE ANALYSES 
OF GREEN GROSSULAR GARNETS 
FROM TANZANIA AND KENYA 


Intensity of color increasing ———————2 


Weight Percentage 


Oxides dk 2. 3: 4. 
SiO, 42.0% 42.1% 41.8% 41.6% 
TiO, 0.5 0.4 0.4 0.3 
Al, O; 22.9 22.5 20.8 20.7 
Cr, O; 0.04 0.3 0.2 0.3 
V0; 0.1 0.2 1.5 1.6 
FeO 0.2 0.2 0.2 0.1 
MnO 0.4 0.6 0.7 1.1 
MgO 0.5 0.6 0.4 0.5 
CaO 35.2 34.6 L 34.2 34.0 
101.8% 101.5% 100.2% 100.2% 


Number of Atoms on the Basis of 12 Oxygens 


Pale yellowish-green cushion-shaped stone from Tanzania. 
Medium green pear-shaped stone from Kenya. 

Dark green round brilliant from Kenya. 

Dark green cabochon from Kenya. 
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Developments and Highlights 
at GEA’s Lab 


in New York 


By ROBERT CROWNINGSHIELD 


Another Taaffeite Record 

The thrill of discovering a rare gem- 
stone in the Laboratory during the 
course of routine testing is a never-to- 
be-forgotten experience. Most serious 
gemologists are familiar with the story 
of taaffeite. The surprising part of the 
story is that since it was discovered in 
1945 and named for Count Taaffe, a 
Dublin gemologist, only 5 cut stones 
have been described. Our first stone 
was seen in the Laboratory in 1957 
while looking through a parcel of 
small, pear-shaped spinels. The parcel 
was almost certainly made up of the 
least salable colors of a once much 
larger lot. Ever since that time, we 
have been on the lookout for grayish- 
violet (‘‘mauve’’) spinels. In 1967 a 
5.34-carat stone was identified at the 
Los Angeles Gem Trade Laboratory 
and thoroughly described in the Fall 
1967 issue of Gems & Gemology. 


298 


Recently we had a visit from an old 
friend of the Laboratory, Mr. Jan 
Koob, a discriminating collector. In an 
effort to collect as wide a selection of 
the colors of spinel as possible, he had 
purchased a number of stones during a 
visit to Ceylon. The stones were re-cut 
by Thai lapidaries in Bangkok, thus 
improving their appearance consider- 
ably. During his recent visit the writer 
admired the lot of variously colored 
spinels, and one stone caused him to 
become visibly excited. When asked if 
the brownish-violet stone had been 
identified, Mr. Koob stated that all the 
stones had been placed on the refrac- 
tometer and had indices around 1.72. 
This stone (Figure 1) showed a uni- 
axial interference figure immediately 
when placed table down in the polari- 
scope. A quick check on the refracto- 
meter using monochromatic light 
established its identity—the indices 
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Figure 7, 


were 1.715-1.720. Unlike the 5.34- 
carat stone mentioned above, this one 
was almost free of inclusions. Only a 
wispy fingerprint near the edge of the 
table was seen. The owner’s joy at 
having the largest taaffeite on record is 
tempered somewhat by the knowledge 
that before recutting it weighed in 
excess of 9 carats. 


Other Rarities 


We were pleased to examine several 
other stones in Mr. Koob’s collection 
—one, an old friend we had first seen 
in 1967 and were unable to give 
enough time to arrive at a definite 
identification. With a small flat polish- 
ed on the back we obtained secure 
indices of 1.673/1.686/1.690—biaxial 
negative. The birefringence of 0.017 is 
a bit high for normal KORNERUPINE 
but his is a rare cat’s-eye type (Figure 
2). It weighs 7.57 carats and is the 
largest of three in his collection. 

Another cat’s-eye that was a sur- 
prise to us is shown in Figure 3, It isa 
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Figure 2. 


Figure 3. 


gray-green zircon in which the phe- 
nomenon is due to oriented platelets 
of unknown composition. 


Synthetic Dark Green 
and Yellow Sapphires 


Travelers in the Orient must always 
beware of imitations and synthetics 
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Figure 4. 


offered as natural stones. In recent 
years yellow sapphires have gained in 
status, especially in Thailand. Recently 
a traveler returned with a few yellow 
and one bright, pleasant green, nicely 
cut stones. In-Figure 4, the green stone 
is the dark stone in the center, This 
stone was not homogeneously colored. 
Under immersion it was seen to be 
banded green and colorless. In the 
green zone, curved brown color bands 
(Figure 5} had been observed by the 
owner and this had prompted him to 
have the lot tested. All the yellow 
stones had to be tested with polarized 
light under the microscope (the so- 
called Plato test) in order to be sure of 
their identity. Two of the stones. 
resemble medium yellow Ceylon 
sapphires but do not fluoresce. The 
others resemble the brownish-yellow 
Thai stones but show no absorption 
spectrum. Figure 6 is an attempt to 
show the “chevron pattern” of one of 
the yellow synthetics in the Plato test. 
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Figure 5. 


Figure 6. 


Emerald hnitations 


With emeralds becoming very popu- 
lar and ever scarcer, it is not surprising 
to encounter new simulants. One area 
of the trade which we seldom have 
occasion to see is the traffic in gem 
mineral specimens. Twice in the past 
month we have seen emeralds in 
matrix fakes. Figure 7 shows the first 
one. At first sight it seemed believable 
with the end of a four- or five-inch 
crystal showing. The gray and white 
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matrix seemed real, but with a trans- 
mitted light shining through the main 
crystal, one could see that the color 
was due to green paint—hence no color 
filter reaction. Once the “emerald” 
was proven to be a painted quartz 
crystal, it became easy to detect the 
clumsy fake. However, the bearer 
seemed greatly pained on learning the 
identity, as his fortune seemed to be 
riding on the verdict. He was finally 
convinced when we showed him the 
convenient little windows to recessed 
crystals the “artist” had provided. 
(See arrow in Figure 8.) 

Much more cleverly made and 
realistic was the fake emerald in 
matrix specimen purchased by a recent 
student in class while on a tour of 
Colombia. Its cost of approximately 
$15.00 suggested its identity to our 
student, but as a work of art it is 
certainly worth every bit of that 
amount. Again, the crystals are quartz 
painted green on the back and secured 
in the matrix by use of a non-fluores- 
cing plastic mixed with powdered 
matrix. The quartz terminations were 
covered, but some penetrating crystals 
showed pyramids rather than the pina- 
coidal terminations one would see on 
beryl. A bit of study disclosed that the 
matrix was sedimentary with evidence 
of fossil material present. The painted 
quartz crystals appeared to be in hol- 
low areas left by removal of fossil 
shelis—hardly the matrix one expects 
for emerald. Figure 9 shows the speci- 
men with its five lovely green 
“emeralds.” 

Another imitation emerald more in 
our domain is shown in Figure 10. Its 
proposed trade name, ‘Captured 
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Figure 7. 


Figure 8. 


Emerald,” suggested the approach we 
should take in identifying the attract- 
ive cabochons. As can be seen in the 
photo, the stone is a hollow back rock 
crystal cabochon in which fragments 
of a doubly refractive material are em- 
bedded in a green plastic. When the 
plastic was dissolved and the fragments 
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Figure 9. 


were freed, it was found that they 
were indeed beryl fragments (Figure 
11), but only a small fraction of them 
could, in their present state, be con- 
sidered emeralds. The green color seen 
in the original stone was due quite 
simply to the green plastic. This would 
seem to contrast with the “Floating 
Emerald” reported in the Summer 
1973 Gems & Gemology on page 185, 
in which the color of the sealed glass 


Figure 10. 
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beads containing an oil and green 
emerald fragments mixture was 
actually due to the color of the 
emeralds. Many emerald crystals are 
parti-colored and strictly speaking are 
only partly emerald—the rest being 
colorless beryl. Figure 11A shows a 
cabochon cut from a parti-colored 
crystal. This.is the unfortunate charac- 
teristic of most emerald crystals from 
North Carolina. 


Figure 11. 
Figure 77a, 
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Figure 712. 


Beautiful Emerald Substitute 


The designer of the pendant illus- 
trated in actual size in Figures 12 and 
13 must have known very well that the 
stone for which the elaborate setting 
was made was not an emerald but an 
emerald-green fluorite. The soft and 
easily cleaved stone seers to be well 
protected and showed no damage in 
spite of the apparent age of the piece. 


Unusual Jades Identified 


Figure 14 illustrates a striking black 
and white vase that was proven to be 
nephrite. Although we have seen small 
items of similar material, this rather 
mundane carving measuring 8 inches in 
height was a surprise. Another surprise 
was the little dagger shown in Figure 
15. It is a selectively dyed jadeite. The 
dark green end of the carving was 
quite translucent (unlike similar 
natural colors) and showed the red 
color under the filter and typical dyed 
green jadeite absorption spectrum. 
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Figure 13. 
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Maine Tourmaline Mine Visited 


On behalf of the staff and the 
full-time resident class students, we 
wish to thank Mr. Dean McCrillis and 
Mr. Dale Sweatt, principals of Plum- 
bago Mining Corp., Rumford, Maine, 
for welcoming class and staff members 
to the tourmaline mine in both July 
and October this year. Their attention 
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Figure 15. 


and reception was only eclipsed by the 
near ideal fall weather and foliage. In 
Figure /6 is illustrated a representative 
selection of the beautiful purple-red 
and green stones found in this mine. 
The polished crystal section in the 
center is a true watermelon slice, The 
green stones vary 
depth of color, but all have the desir: 
able characteristic of fairly 
nounced dichroism. GIA extends 
sincere thanks for this collection. 
Together with Frank Perham (a name 
famous in Maine mineral circles), these 
gentlemen are also operating mines on 
Mt.Mica some 20 miles from the Plum- 
bago. Here tourmalines of a darker 
green are found in an area long known 
for its gems. 


considerably in 


pro- 


The Uncle Sam Diamond 


When Mr. Jerry Wilcox of the 
Crater of Diamonds State Park, Mur- 
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Figure 16. 


freesboro, Arkansas, wrote earlier this 
year inquiring about the possibility of 
having a replica of the Uncle Sam 
Diamond for their museum, Mr. B. 
Beryl Peikin, the owner, responded 
enthusiastically and allowed us, to- 
pether with GIA) student, lapidary 
Reginald Miller, to photograph and 
measure the stone. We were pleased 
also to show the stone, the largest yet 
found in the United States, to the 
resident classes in session. Figure 77 is 
from John Cubitto’s beautiful color 
slide showing the stone temporarily 
resting in its platinum ring which con- 
tains {wo unusual seven-sided step-cut 
bullets, also found in Arkansas. All 
three stones were cut by the firm of 
Schenck and Van Haelen, who have 
cut most of the diamonds found in 
America’s only pipe. Incidentally, the 
Uncle Sam weighs in at 12.42 carats. 
We understand that the replica in YAG 
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Figure 17. 


may be seen at the Crater of Diamonds 
Museum. 
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Treating Matrix Opal 


By W. A. ROSE, G.G. 


On the opal fields of South Aus. 
tralia a considerable amount of 
precious opal is found embedded in a 
kaolinitic clay matrix. This material 
varies in color from white to light 
brown or beige and has varying degrees 
of hardness and porosity. It often has 
a strong play of color but, because of 
the clay particles present, it is of very 
little use as a gemstone in its natural 
state.. 

The reason for the dull appearance 
of the play of color from the opal is 
due to the fact that part of the light 
striking the surface of the material is 
reflected back from the light-colored 
clay particles and this dilutes the spec- 
trum colors dispersed by the precious 
opal. See Figure 1. 

In much of this type material it is 
possible to dye the clay particles 
black, which results in part of the light 
striking the surface being absorbed and 
the balance being dispersed back by 
the precious opal and standing out in 
strong contrast against the black back- 
ground. See Figure 2. 
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Very pleasing gemstones can be cut 
from the treated or dyed opal matrix, 
but because the treatment penetrates 
only a millimeter or so, it is necessary 
to cut the stones before treatment, 


Method of Treatment 


Several methods, some quite com- 
plicated, have been used to treat this 
type of opal. [have used the method 
outlined below for several years with 
excellent results. 

Select material which appears to be 
reasonably porous, Do not attempt to 
treat the hard,  glassy-appearing 
material, as it} will not) absorb the 
treatment. 

When the material has been 
selected, cut a cabochon to the desired 
size and shape and complete the stone 
through the pre-polish stage, but do 
not give it the final polish. 

Place the stone or stones to be 
treated in a sugar syrup. Several types 
of sugar syrup have been suggested by 
different people, but I find that a 
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Spectral 
Colors 


Figure 1. Cross section of untreated matrix opal, 


solution consisting of 375 grams of 
ordinary granulated table sugar to one 
liter of water works very well. The 
sugar should be dissolved in the water 
and the solution brought to a light 
boil, then removed from the heat and 
allowed to cool, or the stones can be 
placed in the solution while it is still 
hot. Another very satisfactory solution 
is the white corn syrup available in any 
grocery store. 

Leave the stones in the sugar solu- 
tion for approximately two weeks, 
then remove them from the sugar and 
do not wash them. However, if corn 
syrup is used the surplus syrup should 
be wiped off with a paper towel, but 


do not attempt to wipe the stones dry. 

The next step is to place the stones 
in a glass container—the writer uses a 
small pyrex dish about 4 inches in 
diameter with a cover—and pour into 
the dish enough concentrated sulfuric 
acid to cover the stones. Put the dish 
aside in a safe place for at least 24 
hours—any longer period will do no 
harm. 

After the stones have been in the 
acid at least 24 hours, remove them 
and wash thoroughly with water. 
When the stones are removed from the 
acid, they will be covered with a black 
film. This is oxidized sugar and can 
easily be brushed off with a small stiff 


Spectral 
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Figure 2 Cross section of treated matrix opal cabochon. 
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bristle brush such as a fingernail brush 
or the small brass ones used to clean 
pans. The matrix material shouldnow 
be well blackened, allowing the colors 
from the precious opal to stand out in 
brilliant contrast. 

It is important to wash the stones 
thoroughly after removing from the 
acid, and it is a good idea to place 
them in a strong solution of sodium 
bicarbonate (baking soda) for about 
two hours, then to wash them in clean 
water for approximately 24 hours, The 
purpose of this is to remove all trace 
of acid from the material. 

The best method I have found for 
removing the stones from the acid is 
the plastic print tongs sold in all 
photographic supply stores. 

After the stones are thoroughly 
washed, they should be given a final 
polish on a felt or leather lap using tin 
or cerium oxide or Linde “A”. 

If the stone has not changed color 
or has changed only slightly, it is most 
likely due to the fact that the matrix 
material is not porous enough to 
absorb the sugar. However, if the stone 
has darkened but not enough to pro- 
vide a strong contrast, it should be 
retreated following the above pro- 
cedure. 


Concentrated sulfuric acid can usu- 
ally be obtained at larger drug stores. 

If a treated matrix opal is chipped 
during setting or becomes scratched or 
chipped while being worn, it can be 
repaired by removing it from its 
setting and regrinding it. Since the 
penetration of the treatment into the 
surface varies with the porosity of the 
material, regrinding may result in a 
drastic change in the appearance of the 
stone. If this happens, the stone can 
usually be brought back to its original 
color by retreating it following the 
instructions above. 


CAUTION: Special care should be 
used in handling concentrated sulfuric 
acid. Rubber gloves should be wor, 
and it should be kept in mind that 
WATER MUST NEVER BE POURED 
INTO SULFURIC ACID. Because of 
the heat generated, a violent reaction 
is likely to occur which can splatter 
the acid dangerously. 


As an added precaution, it is well to 
have a container of water to which 
baking soda has been added imme 
diately available to counteract the acid 
in case any should be spilled. 


Good luck. 
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Developments and Highlights 
at GIA’s Lab 


in Los Angeles 


By RICHARD T. LIDDICOAT, JR. 


Synthetic Opal 

From the time that Pierre Gilson, 
now of Geneva, Switzerland, first 
announced success in making synthetic 
opals, we had been concerned about 
effective methods for distinguishing 
the synthetic from the natural, The 
first of the Gilson product that the 
Los Angeles Laboratory of the GIA 
was able to examine was white opal. 
At that time, Robert Earnest, of our 
staff, noted that there was a distinct 
difference in the reaction of the Gilson 
synthetic opal and most natural opals 
to long-wave ultraviolet light when 
examined in the darkroom. He noticed 
that the vast majority of natural white 
opals fluoresce strongly in an almost 
white color, and those that fluoresce 
will phosphoresce for a protracted 
period. In contrast, the Gilson syn- 
thetic white opals phosphoresce for 
only about a second before cutting 
off. 
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There are some white opals that do 
not fluoresce to long-wave ultraviolet, 
so they would be eliminated from 
consideration as possible synthetics 
immediately. 

In addition, at that early point it 
was noted in the laboratory that the 
hardness of the synthetic was dis- 
tinctly lower (it was less than 5) on 
the Mohs Scale than natural white opal 
from Australia, 

When we had an opportunity to see 
some of the first synthetic black opals, 
we did not have enough time 
to really examine them, and they were 
so like the natural in appearance that 
they caused concern as to methods for 
distinguishing them. 

Now that they are on the market, 
we have had some sent to us for 
identification and also have had the 
opportunity to examine a number of 
examples furnished by Orin Terry, 
Graduate Gemologist, of Universal 
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Diamond Products, Huntington Beach, 
California, a Gilson distributor. While 
examining the limited number of 
synthetic black opals that Mr. Terry 
had on hand, we noted that they all 
transmitted light. They seemed to have 
a structure that was distinctly differ- 
ent from natural black opals. In an 
effort to show this more clearly, the 
baffle was moved out of the light path 
and the iris diaphragm on the top of 
the Gemolite table was turned down 
so that the black opal covered the 
opening. Light transmitted through 
the opal revealed the unusual pattern 
shown in Figure J, All patterns are not 
identical. They do not all resemble the 
pattern illustrated, in that some of the 
patches show two sets of these mar- 
celled patterns at right angles to one 
another. Some of the synthetic black 
opals I had the opportunity to 
examine in New York at a later date 
had a number of black spots that 
seemed to be confined to the areas 


Figure 7. 
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where the patches joined one another. 
Of course, many natural black opals 
do not transmit light, but those that 
do, do not show patterns approxi- 
mating that shown in Figure I. As 
more synthetic opals become available, 
any. additional patterns photographed 
and any new patterns studied: will be 
shown in future issues of Gems & 


Gemology. 
Charles Fryer, GIA Laboratory 
Supervisor, tested natural versus 


synthetic by comparing transparency 
to ultraviolet light. He found that 
greater differences existed between the 
natural and synthetic when using 
long-wave ultraviolet than short-wave. 
Several examples are shown in Figures 
2a and 2b; these were taken with the 
ultraviolet lamp held about 12 inches 
above photographic paper placed in 
the bottom of a flat tray containing 
tap water. Figure 2a was taken under 
long wave and 2b under short wave. 
The ultraviolet light was turned on for 
about six to eight seconds and then 
turned off. It will be seen that the 
synthetics which are shown at the 
bottom half of both photographs have 
a black line around the rim just inside 
the edge of the samples. The natural 
opals in the upper half of each photo 
lack the black line around the rim. 


A New Synthetic White Star Sapphire 


In reflected light, this very large 
synthetic white star sapphire exhibited 
a very strong star. With backlighting, it 
appears as shown in Figure 3. By 
reducing the light to exaggerate the 
dense patches, the appearance was that 
seen in Figure 4. Across the center of 
the base was a transparent and color- 
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Figure 2a. 


less hemicylinder with a diameter of 
approximately one-quarter inch. The 
layers seemed to be cylindrical and 
concentric about the rod. Curiously 
enough, however, the rod ran parallel 
to the base all the way across. The rod 
was at right angles to the optic axis of 
the cabochon. Under very high magni- 
fication, the light-colored rod is shown 
across the center of Figure 5. Tiny 
needle-like inclusions appeared similar 
to those seen in a Linde synthetic star 
sapphire. Figure 6 shows that the base 
of the cabochon appeared more trans- 
parent than the remainder, but from 
the side it all appeared to be layered 
from the base of the cabochon to the 
top in contrast to the concentric 
appearance parallel to the length of 
the rod. At the top of this photograph 
will be seen a large group of gas 
bubbles. 
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Figure 2b. 


Apparently this large, white 
sapphire represents the product of a 
new manufacturer. We have seen 


Figure 3. 


A 
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Figure 4, Figure 5. 


nothing remotely similar to thisin the dony or quartz. Occasionally we see 
past. some interesting carvings of cameos in 


other materials. The cameo pictured in 
Some Interesting Carved Stones 


Both laboratories of the Gemolo- 
gical Institute of America are called 
upon to identify an increasing number 
of carved objects. We also continue to 
receive stone cameos very frequently, 
most of which are carved from chalce- 


Figure 6. 
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Figure 8. 


Figure 7 is carved in hessonite garnet. 


The bi-colored cameo shown under 
10x in Figure 8 is of quartz. The side 
with the feminine head was light 
yellow and that of the warrior’s head 
dark brown, smoky quartz. This was 
an interesting use of color zoning in 
preparing a cameo. 


Incredible Inclusions in a Ruby 


In the course of routine testing, 
Charles. Fryer, GIA’s Laboratory 
Supervisor, encountered an inclusion 
in a ruby that was unique in our 
experience. 

Cavities of the size that would 
permit combination liquid-and-gas-in- 
clusions to show a movable gas 
bubble we have always associated with 
relatively low temperature formation. 
Figures. 9, 10.and 1] show the change 
in size of a gas bubble in a natural 
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Figure 10. 


Figure 11. 
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ruby as it is gently warmed by the heat 
of the Gemolite electric bulb. In 
Figure 9 the bubble shown by the 
arrow is fairly small, in Figure 10. it is 
increased to about half the size of the 
cavity, and in Figure /1, it covers a 
greater portion of the cavity. 


Size 


The laboratory is often called upon 
to identify many large carvings and 
statuettes. Although the carving pic- 
tured in Figures 12 and 13 was not 
large by statuette standards, it was 
much larger than any light green gross- 
ularite garnet that we have been called 
upon to identify. Its dimensions were 
3-1/2 by 2-3/8 by 5 inches, and its 
weight was almost three pounds. 

The very dark green, almost black, 
very attractive sapphire crystal pic- 
tured in Figure 14 showed enough silk 


Figure 12. 
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to suggest that it would probably cut 
as a star. However, it would probably 
be more valuable as a very fine crystal 
specimen, with dimensions of 5-1/2 by 
3-1/2 by 1-7/8 inches. 


Unusual Spinel 


Recently received for testing in Los 
Angeles was an unusual natural spinel 
in that it showed a distinct color 
change from bluish violet to pinkish 
violet. Both colors were in a light tone. 
Further testing showed anomalous 
double refraction similar to the 
synthetic spinel, but the refractive 
index was 1.710. Under long-wave 
ultraviolet, the stone fluoresced 
medium strong yellow green, the same 
color occurred under x-ray. Very weak 
yellow green was the reaction to short- 
wave ultraviolet. The inclusions were 
typical of natural spinel. 


Figure 13. 
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study collection. 

To Robert A. Stearman, President, 
Bar-O-Jade, Inc., Dugway, Utah, for 
donating six slabs of jade and over 100 
grams of fine rough feldspar from 
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Plush, Oregon, for reference. 

To Marcus Switzer, GIA student, of 
Switzer’s School of Faceting, Man- 
hattan Beach, 'California, for a gift of 
faceted stones including one very 
interesting enstatite, two zircons and a 
fine. synthetic corundum. All these 
stones are greatly appreciated and will 
be put to good use in our gem identifi- 
cation classes. 

To Patricia K. Waters, G.G., of 
Kailua, Hawaii, for a generous and 
much-needed lot of Hawaiian black 
coral for class use and gem identifica- 
tion sets. 

To Robert Webster, F.G.A., renown 
gemologist recently retired from the 
London Laboratory, London, Eng- 
land, for a much-needed donation of 
fifty pieces of jet. These specimens are 
greatly appreciated and will be put to 
good use by our gem identification 
students. 

To Mel Zelnick, GIA student,: of 
Canoga Rocks & Gems, Canoga Park, 
California, for a cabochon containing a 
rare combination of nephrite with 
grossularite inclusions, which will 
make an important addition to our 
laboratory reference collection. 


GEMS & GEMOLOGY 


Book Reviews 


THE INTERNAL WORLD OF GEM- 
STONES, by Dr. E. J. Gtibelin. ABC 
Edition, Zitrich, Switzerland, 1974. 
234 pages with 360 illustrations in 
color. Price: $55.00 


Dr. Eduard Gibelin’s new book is 
probably the most remarkable book 
published in the gemological field as 
an object of beauty. The 360 color 
plates are of a quality that is unsur- 
passed in any book with which we are 
familiar, within or without the gem- 
ological firmament. One unexpected 
dividend is the fact that the book has 
such beautiful photomicrographs that 
it should provide a real inspiration to 
designers, because of the beauty of the 
many patterns of inclusions and their 
vivid coloring. 

Dr. Eduard Gtibelin is undoubtedly 
the foremost student of inclusions in 
the gemological field. He has studied 
inclusions not only for their value in 
identification of the gem mineral, but 
for the information they provide with 
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respect to the conditions prevailing at 
the time of the growth of the host 
mineral. Since he started his detailed 
studies of the inclusions in diamond, 
this has become a very important field 
for geoscientists in their efforts to 
learn more about the conditions that 
exist beneath the crust of the earth. 
Some of the early conclusions reached 
from their appearance about the 
nature of diamond inclusions have 
been dramatically altered by the use.of 
the electron microprobe to determine 
the exact nature of the inclusions. 

In his preface, Professor Dr. W.F. 
Eppler points out that Eduard J. 
Giibelin started to examine inclusions 
in gemstones about forty years ago. 
His contributions in this field are 
unparalleled. In addition to calling 
attention to characteristic inclusions 
that help in identification, his 
research has been of value in the 
mineralogical field in determining the 
conditions under which the host 
minerals grew. This is an important 
contribution to the field of gemology. 
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The book is undoubtedly the most 
comprehensive work on inclusions in 
gemstones. ever written and, in 
addition, it is a magnificent volume. 

In his foreward, Dr. Gtibelin says, 
“The present book deals with the 
inclusions in gemstones and is devoted 
to one of the most fascinating themes 
in scientific gemology. Nevertheless, it 
is no textbook in the narrow sense, 
although it does indeed aim primarily 
at offering a comprehensive presenta- 
tion and scientific classification. The 
publication is, rather, first and fore- 
most a work conceived from the 
aesthetic point of view, setting itself 
the pleasant and elegant task of reveal- 
ing to our gaze the inimitable artistry 
of nature once again in all its — often 
hidden — variety and uniqueness. And 
that by means of pictures which until 
now had never been seen in such 
richness _and_ scientific perfection. 
From a collection of about 5,000 
color negatives amassed over a period 
of 30 years of intensive research work 
(and which possibly constitute the 
greatest wealth of pictorial material on 
gemstone inclusions anywhere!), about 
360 photographs have been selected. 
These splendidly colored documents 
of the hidden beauty within a micro- 
scopically small space are the center 
and pivot of this book. They should 
give pleasure to all those who are 
receptive to the beauties of nature 
and, furthermore, should also serve to 
stimulate and inspire those active in 
artistic pursuit.” 

In this paragraph, Dr. Giibelin has 
summed up the nature of his book. 
Much of it is written in Eduard 
Giibelin’s inimitably colorful English. 
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For example, he states, “Tiny crystals 
float there in the unreal red, green or 
yellow light of an apparently limitless 
space. Petrified growths stand there in 
the imaginary glitter of light reflec- 
tion. In the deep green shimmer of an 
underwater background, forests of 
algae and groves of scouring rushes 
seem to spread over shining crystal 
treasures.” 

In the introduction he shows the 
instruments used in his research, and 
describes some of the processes em- 
ployed. He shows the same inclusions 
in normal light and under crossed 
Polaroids, showing how much more 
revealing one may be than the other. 
He also contrasts photographs taken 
by light field illumination with those 
under dark field illumination, those 
taken with or without phase contrast, 
with the diaphragm open and closed or 
under ultraviolet or normal light. This 
is fairly illustrative of the options 
available to the photographer with all 
of the necessary equipment. 

The book covers the nature of the 
formation of different minerals and 
the relationship thereto of various 
inclusions. Gtibelin distinguishes 
among protogenetic inclusions, i.e., 
those that were formed before the 
growth of the host crystal and in- 
cluded in it as it grew; syngenetic 
inclusions, or those that developed 
simultaneously with the growth of the 
host crystal; and epigenetic inclusions, 
those developing after the growth of 
the host. He classifies syngenetic in- 
clusions into mineral solids, liquid 
inclusions, and breaks those down into 
various types. There are sections of 
each of these types of inclusions. The 
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typical inclusions of the individual 
gemstones is the subject of most of the 
remaining portion of the book. After 
covering the descriptions of typical 
inclusions in natural gemstones, he 
also has a-section on synthetics. 

If there are any criticisms to be 
made of the book, that would have to 
be involved with the fact that many of 
the photographs are taken under rath- 
er higher magnifications than are avail- 
able to the average gemologist. There 
are many photographs taken at 70x to 
250x, which is beyond the capacity of 
most of the equipment available to 
American gemologists. On the other 
hand, there are many that are taken 
under 10x, 20x or 30x, which is well 
within the range of the equipment 
available to most gemologists. Even 
though some of them are taken at 
magnifications higher than available, 
.this: does permit a detail to be shown 
that would not otherwise be clear ina 
photograph, and many times this is an 
important factor in instruction. 

This is without doubt the most 
beautiful book in the gemological 
field. It is also invaluable. 


THE WORLD’S FINEST MINERALS 
AND CRYSTALS, by Peter Bancroft. 
A Studio Book by the Viking Press, 
New York, 1973. 76 full-page color 
plates, 176 pages. Clothbound. 

Price: $28.50 


As the author pointed out, it is the 
aim of this book to give the “lover of 
minerals’ and the first-time viewer an 
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opportunity to see and enjoy 76 out- 
standing mineral specimens through 
magnificent color photographs. These 
were judged by a panel of notable 
mineral experts to be among the 
world’s finest. In this; respect, the 
book is eminently successful, although 
the choice of what is and what is not 
the finest of minerals or which is the 
most beautiful is an individual choice, 
highly subjective, and extremely con- 
troversial. 

In the first part of the book, the 
reader is introduced to the following 
subjects: short sections describing the 
criteria for selection of the specimens 
photographed, how minerals are 
formed, how some of the world’s 
finest collections were begun, about 
collections and modern methods of 
collecting, a mining location map, and 
the care and preservation of speci- 
mens. 

The organization is good, the non- 
technical style generally clear and 
direct. An exception is in the section 
of “The Birth of Minerals” where 
apparently literary license rode the 
horse of reason, especially in the dis- 
cussions of the geologic formation of 
diamond and rose quartz. Also, in this 
section the author refers to “the finest 
rose quartz matrix in the world; its 
portrait is Plate 52.” Unfortunately, 
the specimen will be found on un- 
numbered page 131, which brings us 
to one of the major drawbacks of the 
book, namely its lack of indexing of 
the colored plates. As a consequence, 
the book is less useable and effective 
than if a system of plate numbers and 
pages had been given to the listing in 
“The Gallery Section” of page 26. As 
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it is, the reader must weave his way 
through the index and still not find a 
direct page reference to the plate, 
although rose quartz is listed as a 
subject. 

Nevertheless, the book is the most 
definitive work on the world’s finest 
minerals available today on this fascin- 
ating and colorful subject. One of the 
significant aspects of this book is that 
it does, for the first time, establish a 
“base line” for future comparison of 
76 mineral specimens considered to be 
the best in the world in 1972. 

Facing each color plate is a des- 
cription of the general properties of 
the mineral, a brief history of the 
specimen, its present location, size in 
both centimeters and inches, 
additional locations, names of other 
fine specimens. The photographer and 
often the nominating expert is also 


listed. The specimens are reproduced 
in full color, and the print quality is 
excellent. The result is a unique book 
depicting some of the world’s finest 
mineral specimens in a superb gallery 
of color plates that might otherwise 
not be seen by the reader. 

Peter Bancroft is truly a dedicated 
mineral collector and is to be com- 
mended for an outstanding achieve- 
ment in the publication of a book that 
is both beautiful and informative. 
Although expensive, this book is 
recommended to all serious mineral 
collectors. For those who have a par- 
ticular interest in truly fine minerals, 
The World’s Finest Minerals and 
Crystals will offer a wealth of aesthetic 
pleasure and informative data, much 
of which is unavailable elsewhere. 
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Natural, Treated, Synthetic 
And Imitation Gems 


By KURT NASSAU, Ph.D. 
Bernardsville, New Jersey 


INTRODUCTION 


In an ideal world the distinctions 
among the four designations in the 
title could be determined easily and 
adhered to strictly. The distinctions, 
however, cannot always be made even 
with elaborate gemological  test- 
ing, 2; 4) and lack of understanding 
also adds confusion sometimes. The 
following is an outline of the distin- 
guishing criteria; it recognizes,however, 
that there are some limitations in- 
herent in current examination tech- 
niques. Also listed are those few cases 
where tradition permits a certain lati- 
tude, 

1. Natural Gems 

By itself this designation implies 
untreated material as found in nature 
and only improved by shaping. 

Certain instances exist, however, 
where treatments used to improve the 
material cannot be detected with cer- 
tainty. The following are typical 
examples: oe) 

a) zircon does at times occur with 

a blue color, but most blue zir- 
con has been heat-treated, as has 
much blue aquamarine (origin- 
ally green) and most of the 
reddish pink topaz (originally 
yellow to orange); 

b) the color of amethyst can some- 
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times be intensified by irradia- 
tion treatment;©) 

c) smoky quartz can be made by 
irradiation from most natural 
and synthetic colorless quartz;) 

d) the deep blue color of zoisite 
(tanzanite) is developed by heat- 
ing; 

e) some rare colorless topaz can be 
turned blue by irradiation fol- 
lowed by heating. (5) 

In most of these cases the color is 
indistinguishable from equivalent un- 
treated material, and is just as stable to 
light, etc. Accordingly, the treatment 
is not customarily referred to and the 
simple designation “natural” is used. 
Although careful examination could 
sometimes disclose treatment, tradi- 
tion does not seem to require such an 
attempt in these specific cases. 

A recent addition to this list is 
synthetic amethyst and citrine, most 
of which is produced in the USSR. 
This is so far indistinguishable from the 
natural material and, since it is of com- 
parable cost, the distinction is there- 
fore of little significance. 

2. Treated Gems 

In addition to the “accepted” treat- 
ments mentioned above, there are a 
number of treatments which produce 
clearly identifiable changes, or 
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TREATED TOPAZ. The originally colorless 
specimen was treated with gamma rays and 
became dark reddish-brown. After 
treatment, half the specimen was covered 
with black tape and exposed to sunlight 
for two weeks. Note that the uncovered part 
faded. 


changes which are not stable, so that 
the nature of the treatment used needs 
to be specified in the designation of 
the material. Examples of the first 
group include-(!-4) 
a) heat treated or ‘“‘greened” 
amethyst, particularly that from 
Rio Pardo, Minas, Gerais, Brazil; 

b) various materials dyed or 
bleached so as to improve or 
change the color, including tur- 
quoise, pearls, opal, agate, tiger- 
eye, and so on; 

c) irradiated diamond of various 

colors; 

d) laser drilling to lighten dark in- 

clusions in diamonds; 

e) pearls turned “dark blue” or 

“black” by irradiation. 

Such treated material can be highly 
satisfactory when the color is stable. 
The fact of treatment should be stated 
for materials in this group. 

Examples of treated materials 
which are less satisfactory because the 
color or other effects disappear more 
or less rapidly include: 
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a) ‘‘Maxixe’? type beryl ©:7 
turned deep blue by irradiation 
(this resembles aquamarine when 
it is partly faded); 

b) brown irradiated topaz) (par- 
ticularly cinnamon-colored 
material); 

c) irradiated kunzite turned deep 
green; ©) 

d) greenish-yellow quartz made by 
irradiation, followed by heat- 
treatment; 

e) yellow or orange irradiated sap- 
phire; 

f) “oiled”? gems where the material 
used to hide flaws may also be 
colored to further improve the 
appearance. 

The transitory nature of the effect 
of these treatments should probably 
be stated together with the fact of 
treatment so as to avoid later unpleas- 
antness. 

The only truly “reconstructed” 
gem also falls into this category; it is 
pressed amber, which softens at about 
180°C when small pieces cohere under 
pressure.(4) 
3. Synthetic Gems 

To the scientist any substance made 
by man is “synthesized.” To the gem- 
ologist the term “synthetic” has a 
more restricted sense, i.e.,a man-made 
gem with essentially the same prop- 
erties as the natural gem which it 
duplicates. Thus a synthetic ruby must 
have the same chemical composition 
(single crystal Al203 colored by chro- 
mium) and the same physical prop- 
erties such as hardness, specific grav- 
ity, fracture, and optical properties in- 
cluding refractive index, dispersion, 
dichroism, birefringence. 
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SYNTHETIC RUBIES. Two examples of flux inclusions in flux grown synthetic ruby. The one on 
the right is deceptively like a “fingerprint” inclusion that typifies natural only. 


‘In fact, the only way the synthetic 
product may differ from the natural 
gem is in those properties in which the 
natural material itself shows a signifi- 
cant variation. This includes range of 
color, some compositional variation 
such as the alkali and water content in 
emeralds (producing some specific 
gravity and optical constant varia- 
bility) and of course those imper- 
fections by which synthetics can be 
best distinguished from the naturals. 
As synthesis techniques improve, such 
distinguishing tests must also change. 
An example is the “fingerprint” type 
of inclusion once considered to be 
indicative of natural ruby only, but 
now also recognized to occur in flux- 
grown synthetic ruby.(13) 

One exception to the preceding rule 
(that the composition of the synthetic 
must be the same as the natural gem) 
is found in spinel. Natural spinel is 
MgAl904, but synthetic spinel, made 
by the Verneuil flame-fusion tech- 
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nique, can be grown with a wide com- 
positional range, from the stoichio- 
metric MgO-Al703 to a very alumina- 
rich product MgO-5Al703. Since it is 
easiest to grow intermediate material, 
this is usually done; traditionally the 
term synthetic spinel is accepted for 
this product. 

The designations “man-made,” 
‘‘laboratory-made,” “created,” and 
“cultured” are at times used as syno- 
nyms for “synthetic.” Note, however, 
that a cultured peari is really a man- 
assisted natural gem. 

The term ‘‘synthetic” is also 
applied frequently to materials not 
having a counterpart in nature; thus 
the use of this word in “synthetic 
YAG”(12) merely indicates that it is 
man-made. Here also the word “gar- 
net” in “yttrium aluminum garnet” 
does not imply a synthetic garnet in 
the sense of a duplicate of one of the 
group of natural garnets, but only a 
material having the same atomic struc- 
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tural arrangement; although different 
elements are present, namely yttrium 
and aluminum, these substitutions are 
similiar to those occurring in 
nature 12) ’ 

The use of natural material in 
ground-up form need not present any 
confusion. For example, if ground-up 
ruby or sapphire is used in flame- 
fusion apparatus, the result is 
merely the synthetic gem, just as if 
purified reagent grade chemicals would 
have been used; every chemical sub- 
stance ultimately traces its path back 
to nature. As another example, if 
ground-up turquoise is cemented to- 
gether with some other materials (8) 
e.g. some type of plastic, the result 
cannot be considered a “synthetic” 
turquoise — it does not have the same 
chemical composition, hardness, frac- 
ture, etc. as natural turquoise.{2) Such 
a bonded product is merely an 


imitation. (Ed. note: The so-called 
“synthetic turquoise” as manufactured 


SYNTHETIC ALEXANDRITE. Coarse flux, 
hexagonal platelike inclusions, and wispy 
veil-like patterns are common. 
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by P. Gilson, France, may not be a 
true synthetic in the. strictest sense 
because the microstructure is not the 
same as natural turquoise and there 
appears to be a bonding agent present. 
See Gems & Gemology, Winter 
1973-1974, p. 226-229, by Dr. W. F. 
Eppler.) Were it possible, however, to 
use pressure and temperature to re- 
combine natural turquoise powder (or 
a mixture of its chemical components) 
into a sinter-compact duplicating the 
natural material including its micro- 
structure, then one could indeed speak 
of “reconstituted” (or “synthetic”) 
turquoise. The latter was reported in 
1927,49) but lack of duplication 
appears to make this claim an im- 
probable one. 

As of the present, the list of syn- 
thetic gemstones includes diamond*, 
opal, ruby and sapphires (including 
stars), spinel, beryl*, aquamarine*, 
emerald, alexandrite, tourmaline*, zir- 
con, and quartz (including colorless, 
citrine, amethyst, and smoky). Those 
marked with an asterisk are not com- 
mercially available at present. A num- 
ber of others have been synthesized as 
powder only, including the occa- 
sionally mentioned topaz;4,.1) nor 
have the natural silicate garnets been 
synthesized yet as crystals. Only 
synthetic gems large enough to be 
of actual use are listed above. Tech- 
niques of synthesis have been de- 
scribed elsewhere.('418) 


4, Imitation Gems 

Strictly speaking, an imitation is 
any substance used as a substitute for 
a natural gem that fails to duplicate its 
composition, structure, and properties. 
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IMITATION. Plastic imitation simulating 
agate, 


This group includes everything that 
does not fall into the previous three 
groups. Here we find the many dia- 
mond imitations (simulations, fakes, 
substitutes) including natural zircon, 
synthetic sapphire and spinel, GGG 
(Gadolinium Gallium Garnet), YAG 
(Yttrium Aluminum Garnet), strontium 
titanate, synthetic rutile, doublets, and 
even glass and plastic imitations. Also 
in this group are substances such as the 
above mentioned turquoise powder 
cemented with plastic, foilbacked 
stars, and materials not having an ex- 
act counterpart in nature such as gold- 
stone (copper crystals in glass) and the 
like. 


SUMMARY 


With certain exceptions mentioned, 
some sanctioned by tradition, others 
by the inability to distinguish them 
with any degree of certainty, the con- 
ceptional distinction between natural, 
treated, synthetic, and imitation gems 
is quite straightforward and should 
present no problems. What is then re- 
quired is sufficient gemological know- 
ledge to place any given gem into the 
correct group. 
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Developments and Highlights 
at GEA’s Lab 


in New York 


By ROBERT CROWNINGSHIELD 


Imitation Lapis-Lazuli 


In a three-week period recently we 
were presented with 4 imitations of 
this popular gem material—only one of 
which was known previously to us. 
This, of course, is the classic glass 
imitation. Dark blue splotches in a 
lighter blue and white ground mass 
together with a brassy material 
resembling pyrite characterize this imi- 
tation. It is surprising, however, that it 
frequently fools the unwary. Figure 1 
illustrates one of 40 beads in a neck- 
lace submitted for identification. 

Far more sophisticated were the 
large carved ring sets shown actual size 
in Figure 2. Cursory study under 
magnification indicated lapis with very 
uniform structure and a minimum of 
well distributed pyrite. A drop of 
hydrochloric acid quickly discolored 
the area turning it white ( Figure 3 }). 
Surprisingly, the odor of hydrogen sul- 
phide was overpowering and far 
stronger than that produced from 
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known natural lapis. When the white 
area produced by the acid was 
examined, dark blue fragments 
appeared like the fragments in a 
breccia. Until now, we were sure we 
had an unusual, but probably natural 
stone. However, the refractive index of 
1.60 was not right and the complete 
lack of fluorescence under short-wave 


Figure 7, 


327 


Figure 2. 


ultraviolet seemed strange. The client 
volunteered to submit more stones— 
part of a large lot he was contem- 
plating. They were identical. Now we 
began tests in earnest. The stones are 
more opaque to x-rays than lapis of 
similar dimensions / Figure 4 } The 
hardness is just slightly above 3, 
specific gravity approximately 2.35, 
streak medium blue (contrasting with 
the faint blue of natural lapis) and the 
hotpoint chars and decrepitates the 
area touched ( Figure 5 ), We were not 
successful in securing one of the stones 
for x-ray diffraction and thin section- 
ing to determine the exact nature of 
this clever imitation. However, we 
have since received from New York 
dealer Max Stern a small sample for 
testing. In the course of pursuing our 
study of this material, we asked in the 
Trade if any dealers were familiar with 
any new imitations of lapis. We are 
indebted to GIA Graduate Melvin 
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Figure 3. 


Strump for several small beads which 


were sold to a client of his recently as 
“reconstructed lapis.” These are en- 


Figure 4 
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Figure 5, 


tirely different from the large stones 
and are apparently the same as those 
described by Mr. Alec Farn of the 
London Chamber of Commerce 
Laboratory in the April, 1974, issue of 
The Journal of Gemmology. A drop 
of acid reacted very slowly with this 
material yielding only a suggestion of 
rotten eggs. Like the London Lab 
staff, we could not secure a refractive 
index, although it appeared in the 
mid-1.50’s, The specific gravity agrees 
with Mr. Farn’s findings—approxi- 
mately 2.20. At the moment x-ray 
diffraction and chemical tests are 
being carried out to determine if the 
supposition is correct that these beads 
may be crushed lapis bonded in 
plastic. The hardness appears close to 
3. 

The latest simulated lapis was sub- 
mitted in the form of an elaborate 
necklace of ungraduated beads and 
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Figure 6. 


gold spacers. In this case it was the 
lack of pyrite that prompted a jeweler 
to suggest that the owner bring the 
necklace to the Laboratory. Fortu- 


Figure 7. 
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nately, the necklace was broken so 
that we had a loose bead to work with. 
The refractive index which we secured 
easily after polishing with cerium 
oxide on the palm of the hand was 
approximately 1.60. No color was in- 
dicated when acetone was used with a 
swab, but looking down the drill hole 
it was obvious that the color only 
penetrated for about one millimeter. 
The mass of the bead appeared a 
creamy white in color ( Figure 6). A 
drop of acid attacked slowly, leaving 
an area of exposed “crystal ends” 
( Figure 7 }. With the specific gravity 
of 2.57, we were certain that we were 
testing a dyed howlite—a compact but 
soft calcium borosilicate hydroxide 
found principally in Southern Cali- 
fornia’s playa lake deposits, such as at 
the Tick Canyon area in Los Angeles 
County and Death Valley. 

One last confirming test on the 
bead of dyed howlite was the intense 
orange fluorescence of the exposed 
white area down the drill hole. Until 
now we had only encountered howlite 
in the form of rather unsuccessful 
turquoise imitations. The hardness of 
about 3% is responsible for its failure 
as a gem material. 


Surface Stained 
and Plastic Coated Turquoise 

Although the use of completely 
white turquoise as the base for painting 
and plastic coating beads is not new, 
the use of a fracture sealer as a forti- 
fying agent for extremely porous tur- 
quoise before staining is new. The 
claim that nuggets of turquoise offered 
to hobbyists “go through a fracture 
sealer to seal the dynamite fractures 
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Figure 8. 


from the mining operation but they 
are NOT dyed and are natural color” 
did not stand up in the Laboratory. 
However, the turquoise at the center 
of the nugget that we examined hada 
compact gray appearance evidently 
due to the fracture sealer. Specific 
gravity was under 2.57, When a drop 


Figure 9. 
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of water was placed over a thin scratch 
that penetrated the protective plastic 
coating, the area discolored as shown 
in Figure 8. 


Imitation Opal on Matrix 


In the Winter 1973-1974 issue of 
Gems & Gemology we illustrated a 
clever opal on matrix imitation con- 
sisting of ground-up ironstone, some 
opal and plastic. Figure 9 illustrates a 
refinement of this theme. The hand- 
some stone consisted of low cabochon, 
probably Coober Pedy, with the back 
left just as it came from washing away 
the sandstone (instead of crudely cut- 
ting an irregular back as in the stone 
described in the Winter 1973-1974 
issue). This rough but “natural back” 
was painted black and then cemented 
to a semi-polished cabochon of iron- 
stone. The cement layer is relatively 


Figure 10. 
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thick and contains gas bubbles as well 
as bits of opal and ground up iron- 
stone. Under ultraviolet, the opal top 
fluoresces strongly while the cement 
layer fluoresces weakly and _ the 
ironstone back, not at all. 


An Identifiable Natural Emerald 


Rarely have we ever seen crystal 
inclusions in emerald as well formed 
and distinct as those we illustrate in 
Figure 10. They appeared darker green 
than the host stone and are presum- 
ably emerald crystal inclusions. Figure 
11 shows the largest crystal termina- 
tion. We have been told that this stone 
is almost certainly from the mines at 
Lake Manyara, Tanzania. 


Inside and Outside Diamonds 


We could not resist photographing a 
bit of “flora” seen in a marquise bril- 
liant recently. Nothing like the in- 
clusions shown in Figure 12 appears in 
Dr. Giibelin’s monumental Internal 


Figure 117. 
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Figure 12. 


World of Gemstones, although I am 
sure it is not an uncommon inclusion. 
Its nature is unknown to the writer. 
Figure 13 shows a natural on a 
blocked diamond in which one can see 
circular etch or growth markings. 
These are new in our experience and 
difficult to explain. In Figure 14 the 
camera has captured surface grain lines 
in an otherwise flawless diamond. 
Sometimes these lines appear on only 
one facet and at other times they run 
around the stone in circles. A 77-facet 
round diamond brilliant shown in 
Figure 15 was admired in the Labora- 
tory recently. The additional facets, or 
rather design difference, occur 
because instead of two upper halves 
between each main (and two lower 
halves between each pavilion) there are 
three. An attempt to illustrate this 
arrangement top and bottom is shown 
in Figure 16, while Figure 17 shows 
that the star facet seems to “sit” ona 
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Figure 73. 


smaller star coming up from the girdle. 
Unfortunately, as with most of these 
novelty cuts, the stones are not well 
proportioned and one cannot really 
appreciate what the potential of the 


Figure 14. 
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ek 
Figure 15 


cut is. In this case, the table size is 
68% and the pavilion angles are sieep, 
resulting in a dark-centered stone with 
considerably diminished dispersion 
potential. 


More Preventable Damage 
(or a Diamond Wears a Star) 


In Figure 18 we see a very large star 
sapphire being attacked by one of the 
side diamonds. The star cabochon was 
so steep that the prongs proved incap- 
able of keeping the stone tight in its 
setting. As a result, it rocked back and 
forth during wear and the diamonds 
on each side had worn a considerable 
groove in the stone. 


“Blue Morganite”: Again 


A call from good friend Melvin 
Strump of Superior Gem Co., with the 
tongue-in-cheek announcement that a 
dealer was in his office showing him a 
stone he called “blue morganite,” 
reminded us of our experience with 
the fading of some of the Maxixe-type 
blue beryl last year. With moderate 
heat (and exposure to sunlight) they 
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Figure 17 


became pink. Our suspicion was 
correct when we examined the 40- 
carat, slightly grayish-blue stone. It 
had the typical absorption of Maxixe- 
type beryl colored by gamma radiation 
and could have probably profited from 
a slight heat treatment to produce a 
purer blue color. More calls requesting 
information about “blue morganite”’ 
surprised us since the term is ludi- 
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crous—like saying “pink emerald,” 
“yellow amethyst” or “blue rubies” 
(the last, a term we once read in an 
advertisement by a fine jewelry firm). 


More Preventable Damage 


The old European brilliant shown 
in Figure 19 was submitted for identi- 
fication, The stone appeared quite 
milky and the jeweler suspected an 
imitation. Observation of the 4155A 
line in the spectroscope together with 
the magnification and an x-radiograph 
for the record proved it to be a 
diamond. However, the milky appear- 
ance was due to a severely burned 
pavilion. The fact that the ring had 
enamel ornamentation completely 
across the top suggests that the 
enamelling was done after the 
diamond had been set. 


A First Look at Rubies from Kenya 


A few months ago we were asked to 
issue a report for a large and important 
ruby which at first glance appeared to 
be a fine, slightly light-colored Burma 
stone. Magnification immediately 
puzzled us. The stone had a few coarse 
needles intersecting, some unusual 
bread-crumb inclusions, coarse parallel 
striations, fingerprint inclusions that 
looked suspiciously like flux and a 
metallic crystal polished on the sur- 
face. These disturbing characteristics, 
plus a strong fluorescence under both 
long- and short-wave ultraviolet, 
prompted us to send the stone to the 
Los Angeles Laboratory. It was the 
consensus that it was a natural stone 
but from an unknown source. 

Now, thanks to Mike and Tony 
Wolff of M. & A. Wolff, wholesale gem 
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dealers of London, we can state with 
conviction that the stone represents 
one of the finest yet found in the 
newly discovered ruby mines in Tsavo 


Figure 21. 
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National Park, Kenya. Messrs. Wolff 
kindly allowed us to examine parcels 
of small stones from these mines, and 
we were able to find all the character- 
istics noted above in addition to 
prominent “crackling” in the stones of 
lesser quality. In an effort to acquaint 
gemologists and jewelers with the diag- 
nostic features of these new rubies, the 
following photographs are presented: 
Figure 20 illustrates some coarse need- 
les, a fingerprint inclusion made up of 
small black crystals of unknown 
nature, and general “crackling.” Figure 
21 shows a larger black included 
crystal which, though not seen in the 
photo, was surrounded by a brownish 
stain—probably iron. In Figure 22 we 
see the peculiar breadcrumb-like in- 
clusions together with some bands of 
whitish silk which do not appear under 
high magnification to be rutile, but 
very fine liquid drops. With some 


Figure 22. 
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attention to these details and a keen 
eye for the particular nuance of color 
seen in these attractive rubies, a gemo- 
logist should soon be able to satisfy 
himself that a stone is A) natural; and 
B) probably from Kenya. 

One dealer who had purchased a 
fine ruby in Europe was puzzled by 
some of the same things we noted and 
asked for an opinion about the stone. 
As is customary, the Laboratories do 
not include origin in reports of gem 
identification, but since we had Kenya 
rubies on hand for direct comparison 
the dealer was convinced that his stone 
was also Kenyan. He raised a question 
as to how the market for Burma stones 
would be affected—who would pay the 
top prices for Burma stones with Afri- 
can stones in competition? It was our 
feeling that, as with the new-found 
respect for the better Thai stones, the 
finer Kenya stones will soon be 
accepted on a par with similar quality 
Burma stones. The dealer illustrated 
his point with a lot of fine Burma 
stones recently broken from an old 
necklace. The price asked for them 
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was considerably higher than he had 
paid for the African stone (which, 
incidentally, had been sold as Burma 
origin). By coincidence, one of the 
Burma stones had a metallic inclusion 
exposed at the surface—something we 
have rarely seen in a natural stone but 
frequently in flux-grown synthetic 
stones, 

We are indebted to Scottish geolo- 
gist and mine operator in Kenya, 
Campbell Bridges, for showing. the 
staff some excellent. slides of the 
mining areas around and in the Tsavo 
National Park including the disputed 
ruby mines, one of which was owned 
by Dr. John Saul, a frequent contri- 
butor to the GIA collection. Also, we 
had the chance to see the area where 
Mr. Bridges mines dark green vanadian 
grossularite which Tiffany and Co. has 
christened ‘‘Tsavorite.” The latter 
stones, never large, are not found as 
good crystals but as nodules or’ frag- 
mented inclusions in a contact gneiss 
from which fragments may be pried to 
yield truly beautiful stones rarely 
exceeding 3 carats when cut. 
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Inclusions of Albite and 
Phenakite in Gem Topaz From 
The Tarryall Mountains, Colo. 


By PETE J. DUNN, M.A., F.G.A. 
Smithsonian Institution 


Fine crystals of blue topaz, 
Al2Si04(F, OH)2, have been recovered 
from weathered pegmatite dikes in the 
Tarryall Mountains, Park County, 
Colorado. The deposit was first 
worked about 1909 and later de- 
scribed by Wulff in 1934. Further 
mention of the deposit was made by 
Eckel (1961). Crystals occur loose in 
debris formed from the weathering of 
the pegmatites. The associated min- 
erals are quartz, feldspar, muscovite, 
and biotite. 

Topaz crystals collected (NMNH 
117588, 177589) are stout, prismatic 
in habit, and euhedral. Forms present, 
on these exceptionally well-formed 
crystals, are the prisms {110}, {120}, 
{140}, {101}, {201}, {O11}, the pinacoids 
{001}, {010}, and {100}, and the dipy- 
ramids {111}, and {112}. 

The topaz is light blue in color. The 
refractive indices, determined on the 
Rayner Dialdex refractometer in 
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sodium light, vary from a@ = 1.608 to 
1.612, 6 = 1.610 to 1.614, and y = 
1.616 to 1.620. The optic sign is posi- 
tive, and the birefringence is a con- 
stant 0.008. There is no discernible 
fluorescence with either long- or 
short-wave ultraviolet radiation. The 
specific gravity is 3.56. ; 
Crystals darken to a rather un- 
appealing murky brown after a ten- 
hour exposure to CuKa X-radiation. 
The brown color gradually fades after 
several days of exposure to sunlight. 
The included crystals examined in 
this study were exposed by grinding 
down the host topaz. These exposed 
inclusions were then scratched with a 
diamond point and the resultant pow- 
der x-rayed utilizing CuKo X-radiation 
and a Gandolfi powder camera. Sub- 
sequently, the samples were returned 
to the polishing laboratory and pre- 
pared for microprobe analysis. Analy- 
ses were made with an ARL Electron 


337 


Figure 1. Twinned platy crystals of albite in 
topaz from the Tarryall Mountains of 
Colorado {original magnification 20X)} 


Microprobe using an operating voltage 
of 15 KV and a sample current of 0.15 
ma. The standards used were National 
Museum of Natural History micro- 
probe standards of high reliability. 

Two types of inclusions were 
found. The broad platy crystals shown 
in Figure J are albite, NaAlSi30g, 
occurring both as single platelets and 
as twinned multiple crystals. Analyses 
of two albite crystal inclusions are 
given in Table 1. 

The equant, rhombic crystals 
shown in Figure 2 are phenakite, 
Be2SiO4. Since phenakite is frequently 
associated with topaz, and because 
Colorado pegmatites are noted for 
phenakite and other beryllium min- 
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TABLE 1 


ANALYSES OF ALBITE 
INCLUSIONS IN TARRYALL 
MOUNTAIN TOPAZ 

O 


xides 


Weight Percentage 


99.77% 100.97% 


erals, this occurrence of phenakite as 
an inclusion in topaz was anticipated. 
The phenakite crystals are clear and 
colorless, and have a textured surface. 
The fuzzy edges obvious in Figure 2 
are due to the birefringence of the 
host topaz. 

The crystals were analyzed with a 
microprobe and analyses gave SiO? 
~53%, which is in satisfactory agree- 
ment with the 54.40% SiO2 content of 
pure phenakite. Since the microprobe 
cannot detect any element with an 
atomic number below 6, the beryllium 
(atomic number 4) content could not 
be determined. However, a scan did 
not indicate the presence of any other 
detectable elements. 
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Figure 2, Equant rhombic crystal of 
phenakite in Tarryall Mountain topaz 
(original magnification 30X) 


FALL 1974 


Also present as inclusions are pla- 
nar, triangular cavities containing what 
appears to be two immiscible liquids. 

The author is indebted to Mr. 
Richard Johnson of the thin section 
laboratory for his painstaking prepa- 
tation of polished surfaces. Repeated, 
tedious efforts were required to ex- 
pose the inclusions, and this study 
could not have been completed with- 
out his invaluable assistance. The 
author is also indebted to Dr. George 
Switzer and Mr. John S. White, Jr., for 
critical readings of the manuscript. 
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Developments and Highlights 
at GEA’s Lab 


in Los Angeles 


By RICHARD T. LIDDICOAT, JR. 


Since our last report in Gems & 
Gemology, quite a number of very in- 
teresting gemstones and substitutes 
have been examined. The occurrences 
in the laboratory are a never ending 
source of delight and intrigue. 


A Natural in the Table of a Diamond 

We expect to find naturals on many 
diamonds; we do not expect, however, 
to: find an indented natural in the 
table. Recently, we received a mar- 
quise blue diamond of under 1 carat 
that had a very interesting natural in 
the table which is shown quite clearly 
in Figure J. You will note that the 
natural has a pattern that would en- 
able one to work out easily the crystal- 
lographic orientation of the host dia- 
mond. 


Naillike Inclusion in Diamond 


Often we refer to the inclusions in 
hydrothermal synthetic emerald as 
being spikelike with a phenakite 
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crystal at the head. The appearance of 
a naillike inclusion in a diamond star- 
tled us recently. A very good repre- 
sentation of the inclusion is captured 
in the photograph shown in Figure 2. 
A needlelike inclusion seems to start 
from a crystal shown at the bottom of 
the photograph. Needlelike inclusions 
are uncommon in diamond, and ones 
with a larger section at the head are 
particularly rare. This photograph is 
taken at 126X. 


Diamond Reflection Pattern 


For many years we have called at- 
tention to the manner in which various 
cutting angles reveal themselves in the 
pattern of reflections encountered in 
diamonds. In Figure 3 we see a situ- 
ation in which the bezels and stars 
appear dark, and the upper girdle 
facets bright. This is caused by the 
stars and bezels in this diamond being 
lower than the usual angles to the 
table or the girdle plane, which means 
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Figure 7 


that the upper girdle facets are steeper 
than usual. As one looks through the 
stars and the bezel facets with side 
lighting, the result is that the upper 
girdle facets appear bright. In this dark 
field lighting condition the stars and 
bezel facets do not reflect the light to 
the eye as do the upper girdle facets. 


Another Diamond of Interest 
We received a diamond for a dam- 
age report in which there was a very 
serious cleavage across one end of the 
table of the diamond. This had re- 
sulted in an actual separation of the 


Figure 3 
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Figure 2 


two parts of the stone. From ‘the 
photograph (Figure 4) which shows a 
reflection of light from the table, it 
can be seen that the separation caused 
the stone to buckle; the smaller por- 
tion of the table has been displaced 
from the main portion of the table. 


Figure 4 
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Figure 5. 


This type of situation usually is best 
shown by reflected light, such as is 
used in this photograph. 


An “Insect” in Diamond 


One of the most remarkable in- 
clusions we have ever encountered ina 
diamond is shown in Figure 5. In this 
photograph, taken at 63X, a large in- 
cluded crystal caused strain cracks in 
the diamond, which gave the appear- 
ance of legs extending from the ovate 
body. Asa result, it looked like a sow 
bug or wood louse. 


More Diamonds 


In Figure 6, we see another inclusion 
in diamond taken at a magnification of 
63X. Prior to the microprobe work on 
inclusions by Giibelin and others, we 
would have assumed the inclusion to 
be zircon. Now we can be quite certain 
that it is either diopside or peridot. It is 
interesting to know how much infor- 
mation can be gathered about the con- 
ditions of diamond growth from the 
nature of diamond inclusions. 
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Figure 6. 


The Effect of the Use of Borax in 
Repairs of Corundum Jewelry 

For some time we have called atten- 
tion to the fact that when borax is 
used as a means of protecting gem- 
stones in repair efforts, its harmful 
effect on corundum gems can be very 
serious. An example is very clearly 
shown in Figure 7. In this case, borax 


Figure 7. 
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Figure 8. 


flux was used to protect a sapphire; 
the manner in which the surface was 
attacked by the boron-containing flux 
is readily seen on the table. By experi- 
mentation we have proved conclu- 
sively that borax can be very damaging 
to corundum in situations where a 
high degree of heat is applied. 


Synthetic Opal 


In recent issues of Gems & Gem- 
ology we have mentioned that Gilson 
synthetic opals can be readily distin- 
guished from natural black opals. 
Differentiation can be made by using a 
strong light coming through the stone 
with all extraneous light cut off by an 
opaque diaphragm placed behind the 
stone. Recently we were called upon 
to identify a black opal and found it 
to be synthetic. The reason for the 
synthetic opal identification is appar- 
ent from Figure 8. The appearance in 
the photograph is characteristic of 
Gilson synthetic black opal. We have 
examined a great number of natural 
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black opals, many of which are opaque 
to transmitted light. When they are 
transparent to transmitted light, how- 
ever, there is almost no resemblance 
between the pattern seen in natural 
black opals and the characteristic pat- 
tern in the Gilson synthetic black opal 
shown in Figure 8. 


The Conqueror 


One of the highly pleasant aspects 
of laboratory work is the frequency 
with which one encounters items that 
have no huge scientific importance, 
but which are intriguing or amusing. 
In Figure 9, we see a conquering hero 
from outer space striding into the 
heart of a pale emerald. The heavily 
garbed figure with a ghost hovering 
above his head is seen entering from 
lower center. Whatever this may prove 
scientifically is lost to us, but it is an 
intriguing figure. 


Deceptive Inclusion 
Recently we found in a natural sap- 
phire an inclusion that looked very 
much like a bubble. Crystal inclusions 
in sapphires have much lower relief 


Me 
Figure 9. 
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Angular color banding and a distinct 
4500 A.U. absorption band showed 
the stone to be a natural sapphire 
rather than a synthetic. The bubblelike 
inclusion alone would have caused 
difficulty in the identification of the 
stone, but its relatively low relief and 
the other characteristics proved the 
stone to be a natural sapphire. 


Damage in the Repair of Jewelry Set 
With Garnet-and-Glass Doublet 
An unhappy result in an attempted 
resizing of a ring set with a garnet- 
and-glass doublet substitute for a ruby, 
left the substitute ruined. The damage 
is clearly evident in Figure 11. The gar- 


Figure 10. 


than gas bubbles, since the refractive 
index of the solid inclusion, whatever 
it might be, is much closer to the re- 
fractive index of the sapphire than the 
gas is, gas having a refractive index of 
only about 1. The very round looking 
inclusion pictured in Figure 10 is quite 
bubblelike, but it isa crystal inclusion. 


Figure 12, 


oe 
Figure 11, Figure 13 
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Figure 14 


net cap can be distinguished from the 
glass back rather readily in the photo- 
graph. The garnet cap was damaged as 
well as the glass back which chipped 
out noticeably. 


Transparent Sodalite 


While in Idar-Oberstein in October, 
Prof. Hermann Bank, President of the 


German Gemmological Association, 
showed me some almost transparent 
sodalite that was very attractive. 
Charles Fryer took two photographs 
of the sodalite, one at a low magni- 
fication (Figure 12} and one at 63X 
(Figure 13). Despite the multitude of 
tiny inclusions, the sodalite is almost 
transparent. Normally sodalite has so 
many inclusions that no light is trans- 
mitted. This material has a refractive 
index of 1.484 and a specific gravity 
of 2.31. 


Black Spinel 


Often we receive opaque black gem 
material for identification. When such 
material has a refractive index in the 
high 1.70’s we can be almost certain 
that it is black spinel. Black spinel 
often shows a characteristic surface 
appearance which is unique in my 
experience. In Figure 14, this appear- 
ance is quite clearly shown in the 
photograph which was taken at 37X. 
The refractive index of this piece was 
1.78. 


Figure 15 


FALL 1974 


Figure 16 
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Cemented Crystals 

Recently we have seen a number of 
imitations of clusters of crystals that 
resemble the growth-produced 
Chatham clusters of synthetic emerald 
or ruby crystals. The imitation clusters 
often are produced in other colors as 
well. Figures 15 and 16 show a ce- 
mented imitation cluster. The cement 
was brightly colored and held syn- 
thetic rubies and sapphires which had 
been faceted to resemble hexagonal 
prisms. The result is rather realistic 
until closely examined. 


Tortoise Shell 

Another interesting identification 
was, a snuff bottle which appeared to 
have been made of tortoise shell. It is 
obvious that something the size of a 
snuff bottle could not be carved from 
solid tortoise shell, because tortoise 
shell is not sufficiently thick. Exami- 
nation showed that the snuff bottle 
had been assembled from pieces of tor- 
toise shell. Figure 17 shows a junction 
plane (see arrows) between the plate 
that covered one side of the bottle-and 
the ‘substrata on which the thin tor- 
toise shell layers had been cemented. 


Crystals and Glass 

We seem to be caught up in the 
repetition of a number of subjects 
such as needlelike crystals in diamonds 
and crystals in glass. Each time we en- 
counter crystal aggregates in glass they 
seem to be more intriguing than the 
last. Figures 18 and 19 show a very 
interesting array of needlelike crystal 
groups in glass which appear to fan out 
from a central point like tight cen- 
trally bound sheaths. The first photo- 
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Figure 17 


Figure 18 


Figure 19 
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Figure 20. 


graph was taken under approximately 
15X and the last under about 50X. In 
the absence of a microprobe, we were 
unable to determine the nature of the 
inclusions. 


Concentric Growth Lines 
We were very much intrigued by 
the back of a synthetic star sapphire. 
Concentric growth lines were unusu- 
ally strong. They are seen in Figure 20. 


Interesting Diamonds 


Recently we received a diamond for 
a quality analysis that had surface 
features unique in our experience. On 
the table of the diamond were two 
deep polished grooves, wider at one 
end than on the other, which are 
shown in Figure 2]. There is no way we 
can account for their odd appearance, 
nor how they could have formed. It 
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appears that they would have had to 
be cut into the table of the stone with 
a diamond-charged disc about the size 
of a dentist’s polishing disc. How or 
why is a mystery. 

A few times in the past we have 
encountered needle-like inclusions in 
diamonds. The photomicrograph of 
the diamond shown in Figure 22 
seemed to have more needle-like in- 
clusions than any in memory. 

Fairly well-formed diamond octa- 
hedra are common as inclusions. How- 
ever, octahedra modified by cube faces 
are much less common. Such an inclu- 
sion is illustrated in Figure 23. 

In Figure.24 we see a laser drill hole 
in a diamond which is exceptionally 
long and narrow. It appears to have 
gone through one inclusion about half 
way down from the table and then, 
being aimed perfectly, reached a 
second at greater depth. The tube is 
almost entirely parallel-sided through- 
out its length, with but only a very 
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Figure 22, 


slight tendency toward the usual 
funnel shape, as shown in the reflec- 
tion from the table at the very top of 
the photograph. The drill hole appears 
quite rough-walled, particularly in its 
lower portion. 


Odd Glass 


A pink emerald-cut stone sent in 
for identification appeared under mag- 
nification as shown in Figure 25. 
There were a number of very large and 
very elongated gas bubbles visible 
through the table. Of course, this is 
not unique—only the size and length 
of the bubbles were worthy of com- 
ment. Interestingly, however, when 
the stone was examined through the 
end, it had a definitely cylindrical 
outline as shown in the central portion 
of Figure 26. There were successive 
layers more or less concentrically 
arranged around a central core. One of 
the elongated bubbles emerged at the 
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Figure 23. 


pavilion surface and is seen in the left 
hand side of the central cylinder. It is 
difficult to visualize how this glass was 
manufactured. 


Figure 24, 
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Light Blue Synthetic Spinel 


A synthetic spinel with a color 
reminiscent of pale aquamarine was 
tested and, surprisingly, showed a 
fluorescent line near 6900A, sug- 
gesting the presence of chromium. 
Under long-wave ultraviolet, it showed 
a strong red fluorescence, but under 
short wave it showed an unusual bright 
reddish-orange fluorescence. The 
anomalous double refraction was ex- 
ceedingly strong, showing some 
anomalous interference colors. Refrac- 
tive index was the typical 1.73 and the 
synthetic spinel contained tiny gas 
bubbles. 


Unusual Inclusions 


A hessonite garnet which was iden- 
tified by’ the Laboratory was photo- 
graphed by Charles Fryer because of 
the presence of what apparently are 
long diopside crystals; some. of them 
were described by Fryer as “‘ladder- 
like.” These inclusions are seen in 
Figure 27, 

Another group of inclusions caught 
Mr. Fryer’s fancy and he photo- 
graphed them as shown in Figure 28. 
This was a group of crystal rods in the 
form of a star. Certainly rod-like in- 
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Figure 26. 


clusions are not uncommon in 
sapphire, but it is rather unusual to 
have them radiate in effect from a 
single point. 


Figure 27. 
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Figure 28. 


Some inclusions. of an unknown 
nature were photographed in a rhodo- 
lite garnet. They resembled thorns or 
icicles, as can be seen in Figure 29. 


Unevenly Dyed Jadeite 


Several large jadeite carved objects 
were submitted for identification. 
They were all green and white jadeite, 
but in each case they had been dyed. 
One, shown in Figure 30, possibly 
could have been dyed by treating the 
two ends separately. Another showed 
a rather random distribution, except in 
the one crack at the left end of Figure 
31. This suggests that only the areas 
that were sufficiently porous to take 
the dye became green. There is a dis- 
tinct concentration of dye along the 
separation running from the wide end 
of the piece diagonally toward one 
side. 
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Pie: 


Figure 29. 
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Part 1 


The Origins of Color 
In Gems and Minerals 


By K. NASSAU, Ph.D. 
Bell Laboratories, Murray Hill, New Jersey 


Abstract 

Twelve distinct causes of color in 
gems and minerals are described to- 
gether with brief outlines of the four 
theories involved, namely crystal field 
theory, molecular orbital theory, band 
theory, and physical optics theory. 
The organization is as follows: 


PARTI 

A. Introduction 

B. Light, Energy, and Quantum 
Considerations 

C. The Color and Fluorescence of 
Ruby and Emerald 

D. Pleochroism 

E. Specific Causes of Color 


PART 2 

F. Idiochromatic Transition Metal 
Caused Color 

G. Allochromatic Transition Metal 
Caused Color 

H. Color Centers 

I. Molecular Orbital Caused Color 

J. Treatments that Change the 
Color of Gems and Minerals 


354 


PART 3 

. Band Theory and Metals 

. Band Theory and Semiconduc- 
tors 

. Impurities in Semiconductors 

. Color Caused by Dispersion 

. Optical Effects Caused by Scat- 
tering 

. Color Caused by Interference 

. Color Caused by Diffraction 

. Conclusion 


OeZzg= Rn 


AO mM 


PARTI 


A. Introduction 

The most prominent characteristic 
of the majority of gems and minerals, 
the aspect most striking to the eye, is 
their color. Surprisingly enough, the 
cause of the color in many of these 
materials is frequently either not 
known or only poorly understood. 
The conventional wisdom which tries 
to attribute blue-green colors to cop- 
per, deep blue to cobalt, red to chro- 
mium, and so on, often misleads. For 
example, chromium. compounds can 
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be red, orange, yellow, green or even 
lilac! Again, for a deep blue color the 
cause may be cobalt (as in spinel), iron 
plus titanium (as in sapphire), or a 
color center without any transition 
metal impurity (as in Maxixe-type 
beryl). A detailed study using a variety 
of tools such as spectroscopy, chemi- 
cal analysis, irradiation, and even 
crystal synthesis may be required to 
solve the problem. In some instances, 
such as smoky quartz, the exact details 
have not yet been fully established 
even after more than 20 years’ work 
by many investigators. 

In mineralogy, color is often classi- 
fied as belonging to one of three 
types: idiochromatic (‘‘self-colored’’) 
originating from a major ingredient, 
e.g., copper in malachite, which is 
Cu,(OH),CO;; allochromatic 
(“other-colored”) originating from an 
impurity, e.g., chromium in ruby 
which is Al,O3; + Cr; and pseudo- 
chromatic (‘“‘false-colored’’) originating 
from physicial causes such as the dif- 
fraction grating effect in opal, which is 
SiO,exH,O. While useful in itself, 
such a classification is much too super- 
ficial to give any helpful insight into 
the causes. of color. In Section E 
below, no less than twelve distinct 
types of color-causing mechanisms will 
be described, and there may well be 
others! Yet this apparent complexity 
should not be discouraging, since these 
mechanisms: have much in common 
and need not be studied in full detail 
to obtain a significant understanding 
of the general principles. 

There are in fact only four distinct 
theories which cover the whole range 
of colors in gems and minerals: 


WINTER 1974-1975 


i) Crystal field theory which 
covers both idiochromatic and _ allo- 
chromatic color caused by transition 
metal ions as well as color centers; 
examples are rhodochrosite, emerald, 
and amethyst; 

ii) Molecular orbital Dendy which 
explains charge transfer colors such as 
blue sapphire, magnetite and pyrite, 
the color of organic dyes (organic 
coloration occurs in amber, coral, etc.) 
and of graphite; 

iti) Band theory which Lea AG the 
color of metals (gold, copper), semi- 


conductors (galena, proustite) and 
doped semiconductors (blue  dia- 
mond); 


iv) Physical optics theory arch 
explains the color in pseudochromatic 
materials such as labradorite and 
moonstone. 

In all but the last group it is the 
behavior of unpaired electrons inter- 
acting with light as controlled by 
quantum theory restraints which is the 
key to the understanding of color. 
Before the four theories are taken up 
in turn, it will be necessary to examine 
a few fundamental concepts: light, 
energy levels of unpaired electrons, 
and quantum transitions. 

Following this, the color and fluo- 
rescence of ruby and emerald will be 
explained in detail as examples of 
crystal field theory. With this back- 
ground the majority of colors in gems 
and minerals as caused by transition 
metals and color centers will be ex- 
plained in Part 2 of this series. Next 
comes a discussion of the important 
charge transfer colors and brief con- 
sideration of organic coloration. In the 
last section of Part 2 the results of 
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treatments used to change the color of 
gemstones follow simply from the pre- 
viously discussed concepts. 

In Part 3 band theory is discussed 
as it applies to the color of metals such 
as copper, semiconductors such as 
greenockite and proustite, and doped 
semiconductors such as blue dia- 
mond. Finally, a brief dip into physi- 
cal optics will serve to explain the 
color of materials such as opal and 
moonstone. 

The approach here is tutorial, and 
general references only are given at the 
end of each section. The specific ex- 
amples given are those where the 
assignment of the exact cause of color 
is reasonably well established. In the 
majority of the many known mineral 
substances, the specific causes of color 
are in fact not known (and the author 
cannot answer inquiries). 


B. Light, Energy, and Quantum Con- 
siderations 

The visually observed color of light 
depends on the wavelength, e.g. 6000 
Angstroms (0.6 micron) corresponds 
to yellow. We can also assign an energy 
to each wavelength in spectrally pure 
colors, as is done in Figure 1, in terms 
of “electron volts” (abbreviated eV; 
yellow is about 2.15 eV). 

A well-known analogy shows that 
energy increases in going through the 
spectrum from red to blue: when an 
object is heated it becomes first “‘red- 
hot,” then orange, yellow and, if hot 
enough as in the very hot stars, it 
becomes “blue-hot.” At even higher 
energies the ultraviolet region is 
reached as shown in Figure 1. 

In everyday experience we think of 
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energy as being continuous; for 
example, when we accelerate an 
automobile there is a smooth increase 
of velocity (energy) and we do not 
notice any “energy gaps.”” When we 
look at very small particles, such as the 
electrons which are involved in.color- 
causing ions, it is found that the quan- 
tum theory permits only certain 
“energy levels.” The electron can be 
“excited” from one energy level to a 
higher energy level by absorbing ener- 
gy, or it can relax from a higher to.a 
lower energy level by emitting light or 
heat energy. It cannot, however, exist 
at intermediate energy levels as shown 
in Figure 2, where the energy of a ball 
increases or decreases as it is raised up 
or falls down the steps shown; in the 
earth’s gravitational field this corre- 
sponds to an increase or decrease in 
energy. In a quantized situation it 
cannot ever exist half-way between 
two steps. 

The exact position of the energy 
levels depends on the environment: 
specifically what atom, ion, or group 
of atoms the electron is located on; 
what other atoms or ions surround it 
or are connected to it, at’ what dis- 
tances, and in what geometrical ar- 
rangement. In addition to the limi- 
tation on possible energy levels, quan- 
tum theory also controls the proba- 
bility of occurrence of the various 
possible changes between energy levels 
which can exist and thus explains the 
intensity with which these changes 
occur (the “‘selection rules’). 

The result of such a quantum treat- 
ment is a specification of various possi- 
ble transitions between energy levels. 
When such a transition is produced by 
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Figure 1, The colors, wavelengths in Angstroms, and energy in electron volts (eV) of spec- 
trally pure light. 


light passing through a material, this 
results in absorption of that part of 
the light having the energy needed to 
produce the transition. The light not 
absorbed passes through the crystal, 
giving it color. The visually perceived 
color of the crystal is complementary 
to the colors absorbed; for example, 
emerald absorbs red and violet and 
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therefore transmits green. 

For further reading on the subjects 
of this section, including crystal field 
theory, see: recent inorganic texts, 
such as “Advanced Inorganic Chemis- 
try” by F. A. Cotton and G. Wilkin- 
son, Interscience (3rd Ed. 1972). 
Intermediate treatments are found in 
“Geochemistry of Solids” by W. S. 
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Figure 2. A ball ona set of steps, illustrating a set of “quantized” energy levels. 


Fyfe, McGraw Hill, 1964, and “Mod- 
ern Mineralogy” by K. Frye, Prentice 
Hall, 1974. Unfortunately I do not 
know of any good introductory treat- 
ments of these subjects. 


C. The Color and Fluorescence of 
Ruby and Emerald 
Ruby consists of corundum (single 
crystal Al, O3) which contains a small 


358 


amount of chromium oxide (Cr,03), 
typically less than 1% to give a deep 
red color. The trivalent chromium ions 
replace trivalent aluminum ions in the 
corundum structure. 

In chromium metal each atom 
has 24 electrons, six of which are not 
paired off. In a trivalent chromium 
compound three of these six are used 
in forming chemical bonds, and the 
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4s, 2S, 2p 
cr 


—__— NUCLEUS 
45, 28,2p 


Figure 3. Arrangement of the 24 electrons (schematic) on a chromium atom (Cr) and the 21 
electrons on a chromium ion (Cr3" as in ruby, emerald, or alexandrite); each electron is a 


unit negative charge. 


other three remain unpaired and cause 
the color, as shown in Figure 3. In 
ruby each chromium ion is surrounded 
by six oxygen ions in a distorted octa- 
hedral arrangement at distances and in 
a geometry dictated by the corundum 
structure. This results in an electric 
field, the crystal field, at the chro- 
mium ion. 

Whenever possible, electrons pair 
off (spin pairing) and such paired elec- 
trons do not absorb light in the visible 
region of the optical spectrum and 
therefore do not cause color. The 
three electrons in the chromium ion 
are unpaired and in the crystal field 
environment of ruby the result is the 
energy level scheme shown in Figure 
4a in a simplified schematic form. This 
scheme shows that, depending on the 
energy available, the state of the 
electrons on one of the chromium ions 
in ruby can be in energy levels A, B, C, 
or D as shown in Figure 4a. There are 
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also higher levels, not relevant to the 
present discussion. 

When not excited, the state will be 
the lowest or “ground state” A, Tran- 
sition from A to B is forbidden by the 
selection rules mentioned above, but C 
or D can be reached from A. Since the 
A to C and A to D transitions corre- 
spond to the energy of green and 
violet light, respectively, these two 
colors are absorbed from white light 
when it passes through ruby. The 
remaining light is mostly red — one of 
the two causes of the color of ruby. 

After absorbing violet or green light 
the system will now be in states C or D 
as shown in Figure 4b. Since the selec- 
tion rules favor the transitions from C 
to B and D to B over C to Aand Dto 
A, the former will dominate as shown 
in Figure 4c. Relaxation from level B 
to the ground state A now occurs 
with the emission of red light as in 
Figure 4d. This is a red fluo- 
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Figure 4. Energy levels, transitions, and color absorptions in ruby (a) to (e) and in emerald 
(f); (e) and (f) show the absorption bands, transmission regions, and fluorescence levels. 


rescence, and occurs when ruby is illu- 
minated with green light, or violet 
light, or ultraviolet, etc. It is this red 
daylight-caused fluorescence, added to 
the inherent absorption-caused red 
color, which gives ruby its excep- 
tionally beautiful glowing color. 

The way this energy level scheme 
results in the absorption spectrum is 
shown in Figure 4e. Here it can be 
seen how the broad peaks corre- 
sponding to levels C and D (technically 
the quartet T, and quartet T,, respec- 
tively) result in the absorption of the 
violet and green-yellow regions of the 
visible spectrum. However, all of the 
red and some blue pass through the 
ruby, giving it the red color with pur- 
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ple tint; there is also some red fluo- 
rescence from the B level (the doublet 
E). 

Emerald is Be3Al,Si,Q,, con- 
taining a small amount of Cr,03 (just 
as in ruby) again substituting for 
Al,O;. Here also the symmetry is the 
same as in ruby (D3), but the crystal 
field is somewhat weaker (1630 cm”! 
instead of 1800 cm’!). This produces a 
small Jowering of the C level (from 
2.25 eV to 2.0 eV). The resulting 
change is dramatic: essentially all of 
the red light is now absorbed, but 
almost all of the blue-green is trans- 
mitted as shown in Figure 4f; the 
result is the beautiful color of emerald. 

These energy level schemes have 
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been discussed by D. L. Wood, 
“Spectra of Ions in Crystals,” in 
“Optical Properties of Solids,” Plenum 
Press, 1969, p. 571. 


D. Pleochroism 

Since the environment around the 
coloring ion, the crystal field, is not 
necessarily spherically symmetrical, 
neither is the color, thus producing 
pleochroism. In the case of ruby the 
symmetry of the environment pro- 
duces dichroism, the color being 
violet-red (ordinary ray) and orange- 
red (extra-ordinary ray). In alexan- 
drite the color is also caused by chro- 
mium. Here the crystal field is even 
less symmetrical than in ruby and the 
result is trichroism (yellow, purple- 
red, and blue-green). Visually the 
color depends on the illumination, 
being bluish green in daylight and 
purplish red in incandescent light. 


E. Specific Causes of Color 

In Table J are listed twelve causes 
of color in gems and minerals. These 
fall into four general approaches or 
theories which will be discussed in 


Parts 2 and 3 of this series with exam- 
ples of each type. It should be noted 
that in most minerals the specific 
causes of color are not known; in 
many cases a plausible cause can be 
suggested, but detailed, painstaking 
work is needed for each individual 
color in each material to confirm the 
details. 

Many gems and minerals occur in a 
wide variety of colors. It is always nec- 
essary to establish the color of the 
pure substance — this is frequently the 
lightest color ever observed. The streak 
(color of the powdered substances) 
can be a good guide. As examples, 
quartz and sphalerite occur in many 
colors, but the pure material is 
perfectly colorless in both minerals. 
On the other hand, peridot is pale green 
and greenockite is yellow even when 
perfectly pure, although impurities can 
produce a variety of darker shades in 
both materials. So both the intrinsic 
color as well as the impurity-caused 
colors need to be explained separately. 


Part 2 will appear in the next issue. 


TABLE 1 


Twelve Types of Color in Gems and Minerals 


Typical Materials Color Cause Theory 
1. Malachite, almandite Transition metal compounds Crystal 
2. Emerald, citrine, jade Transition metal impurities Field 
3. Amethyst, Maxixe-beryl Color centers Theory 
4. Blue sapphire, pyrite Charge transfer Molecular 
5. Amb I, bitumen Organic colorati Orbits 
. Amber, coral, bitum rganic coloration Theory 
6. Copper, silver, iron Good conductors Band 
7. Galena, proustite Semiconductors Theor 
8. Blue and yellow diamond Doped semiconductors y 
9. ‘Fire’? in diamond, rutile Dispersion Bneies 
10. Moonstone, stars and eyes Scattering Yale 
: 3 - Optics 
11. Iridescent chalcopyrite Interference TTREOLY 
12. Opal, iris agate Diffraction 
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Developments and Highlights 
at GIA’s Lab 
in New York 


By ROBERT CROWNINGSHIELD 


Opal, Opal 

Some months ago Mr. John Slocum 
of Rochester, Michigan, made a special 
trip to New York to show us an 
amazing selection of imitation opals 
which he had manufactured. (Many 
years ago he experimented with 
making actual synthetic opal with very 
limited success.) Numerous specimens 
looked convincing, and there were 
lookalikes of most opal types. Some, 
however, were very fanciful with 
metallic orange, bronze, and yellow 
flashes. At that time he stated that 
although some were set into rings and 
other jewelry, he had never sold any 
and had not yet decided to market the 
material. When asked what name he 
would suggest be used if he ever de- 
cided to commercialize, he said, ‘Fake 
opal!’ At the time of his visit we were 
unable to secure the properties of his 
product but assumed that it is a type 
of glass with colored reflecting plate- 
lets to give the imitation play of color. 
By coincidence, we received a visit 
from Mr. Michael Costello, opal dealer 
of Sydney, Australia, the day Mr. 
Slocum was here so that he was really 
able to see what black opals should 
look like. 
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A few weeks ago, Mr. Slocum called 
to say his home had been burglarized 
and the entire collection of stones 
stolen. With the exception of a few re- 
jects, he had nothing left. The burglar 
might be able to palm off the stones 
because to the uninitiated and to those 
unfamiliar with Gilson’s synthetic 
opal, his product resembles opal better 
than any imitation seen to date. Con- 
sequently, he volunteered to send a 
selection of the remaining stones to us 
for study and to publish information 
in order to warn the trade. At this 
writing, however, the mystery may be 
about to be solved. A Midwestern 
jeweler was offered some suspicious 
“opals” and called opal enthusiast Dr. 
William E. Kelley, who in turn called 
us in New York. Meanwhile we have 
had a chance to secure the properties 
and some photos — although not of 
the more striking examples. Figure J 
shows the range of types. The long 
oval at lower left resembles some clear 
Brazilian opal we have seen. The stone 
next to it appears to be a fine black 
opal. Figure 2 gives a vague idea of the 
color patches, while Figure 3 shows 
the finely divided reflective metallic (?) 
inclusions under magnification. We 
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Figure 1. 


found the specific gravity to vary from 
approximately 2.41 for the white 
stones to approximately 2.50 for the 
stones resembling Australian blacks. 
The refractive index varied slightly 
from 1.50 to 1.52. Mohs hardness 
tested to be about 5. 

By coincidence while studying Mr. 
Slocum’s “‘opals” we received a wel- 
come visit from Mr. Pierre Gilson, who 
gave us a fine example of his latest 
black synthetic opals. It was amazing 
how much one of Mr. Slocum’s imita- 
tions resembled the stone. Figure 4 
was an attempt to show this. Under 
magnification this latest Gilson 
product exemplifies yet another 
appearance unlike any illustrated to 
date. The unusual ‘“‘can of worms” 
appearance when a strong pinpoint 
light is passed through the stone is 
gone (page 343 of the Fall 1974 issue 
of Gems & Gemology). Instead, very 
little light passed, and the color was 
mainly green with the exception of 
one bright red patch. When admired 
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Figure 2. 


from above, this red patch was a clear 
blue in most positions. Figure 5 indi- 
cates a honeycomb or “chicken wire” 
structure which seemed present 
throughout the stone, though in cer- 
tain areas the hexagons were highly 
distorted, 


Figure 3. 
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Figure 4. 


More About Opal 
We have illustrated in recent issues 
a type of imitation opal consisting of 
white opal top with irregular back 
painted black and jointed with a thick 


Figure 6. 
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Figure 5, 


layer of cement to natural ironstone 
matrix. The cement seems to be an 
epoxy with ground-up ironstone parti- 
cles. In Figure 6 gas bubbles can be 
seen in the slightly darker cement 
layer. In a full bezel setting, this type 
of assembled stone (a quadruplet?) 
could be mistaken for a Queensland 
boulder opal. A similar assemblage is 
pictured in Figures 7 and 8, although 
here we have a carved white opal 
painted black on back and a-mixture 
of dark particles and ground-up opal as 
a backing. Figure 9 shows the backing. 
In this brooch no attempt was made to 
hide the joining plane (Figure 10), 
although the piece had worried a pros- 
pective purchaser enough to have it 
tested. 
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were thought to be jadeite, a nice 
intarsia from Afghanistan in which the 
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slate back (Figure 11), and a most 
unusual slab of chert which shows 
definite slippage after formation 
(Figure 12) resembling crustal move- 
ment associated with faults in earth- 
quake zones. 

To Mr. Bill Larsen of Pala Prop- 
erties International, Fallbrook, Cali- 
fornia, who was most gracious in 
receiving the writer at his shop and 
lovely home and for a selection of 
rough minerals the sources of which 
read like a world atlas — baryte from 
South Dakota, bustamite and 
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and alexandrite from Tanzania, etc., 
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have succeeded in eliminating an un- 
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fortunate tendency to turn brownish 
upon exposure to ultraviolet, including 
daylight. It is our feeling that this 
material comes closest to resembling a 
diamond together with acceptable 
hardness of any diamond simulant yet 
announced. Hardness stated to be 6%. 

To Mr. “Mack” McMacken of Craft- 
stones, Ramona, California, for re- 
ceiving the writer on an unexpected 
visit to Ramona and giving specimens 
of nephrite rough in which -the outer 
“bark” appears to be chatoyant actin- 
olite (?) gradually grading into the 
central tough nephrite. ‘Mack” 
mentioned that currently the most 
popular tumbled stone of the many 
manufactured by this, the largest firm 
specializing in tumbled materials, is 
dyed howlite imitating turquoise. The 
writer hereby retracts his statement on 
page 330 of the Fall 1974 issue of 
Gems & Gemology in which it is 
implied that turquoise-colored howlite 
is not a successful material. 
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Developments and Highlights 
at GIA’s Lab 


in Los Angeles 


By RICHARD T. LIDDICOAT, JR. 


In the: period since the last report 
we have seen some especially inter- 
esting items. 


A New Synthetic Alexandrite 
by the Czochralski Method 

While in New York recently, I saw 
an alexandrite with a very obvious 
synthetic look, but without the usual 
flux characteristics. Shortly thereafter, 
we were sent two examples of a new 
pulled synthetic alexandrite by Dr. 
Kurt Nassau. This material showed a 
strong color change but not much 
resemblance to natural alexandrite. 
The colors were somewhat more 
reminiscent of synthetic alexan- 
dritelike sapphire than of alexandrite. 
The stones were exceedingly trans- 
parent and in daylight the color ap- 
peared bluish-green to greenish-blue, 
and under incandescent light the color 
was purple to almost violet. The 
samples were very transparent and 
slightly pale in color. Refractive in- 
dices were 1.740-1.749, +.001; bire- 
fringence .009. The material was 
biaxial positive with a specific gravity 
of 3.715 +.005. To short- and long- 
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wave ultraviolet and x-ray, it showed a 
strong red fluorescence. Charles Fryer 
tried short-wave and long-wave ultra- 
violet transparency tests on two flux- 
grown synthetic alexandrites, the two 
pulled synthetics and a natural alexan- 
drite for two- and three-second ex- 
posures. Figure I is a three-second 
exposure to long-wave ultraviolet, the 
two flux-grown synthetics on top, the 
natural alexandrite in the center, and 
the two pulled, or Czochralski, syn- 
thetics at the bottom of the picture. 
These were three-second exposures 
with the tube nine inches from the 
film. Figure 2 is a short-wave exposure 
with otherwise the same distance and 
exposure. Figure 3 is taken under 
long-wave with a two-second exposure, 
and Figure 4, under short-wave with a 
two-second exposure. 

It can be seen in all four shots that 
pulled synthetics are much more trans- 
parent to short-wave and long-wave 
and that the flux synthetics are more 
opaque, but not nearly as opaque as 
the natural alexandrite. | 

In each case, the flux are more 
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Figure 7. 


transparent to the long-wave than to 
the short-wave. Figure 5 shows curved 
striae in the pulled synthetic. Figure 6 
shows some lath-shaped included 
crystals in the new pulled synthetic 


Figure 3. 
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alexandrite. Figure 7 shows some 
randomly oriented needlelike inclu- 
sions also in the Czochralski synthetic 
alexandrite. Both Figures 6 and 7 were 
taken at 63x. 


Figure 4. 
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Finally — An Example 

Back in the dim dark ages, I remem- 
ber when first studying the GIA 
Colored Stone Course, the coral assign- 
ment contained the statement that in 
addition to the garden variety of coral, 
there was black coral and a very rare 
blue coral. In the nearly 35 years since 
that reading, many types of coral have 
passed through the laboratory, but in 
1975 we finally have seen a blue coral. 

One might expect that this one 
would be somewhat similar to black 
coral in being noncalcareous, but such 
was not the case. This is a calcareous 
type. It’had a peculiar structure with 
quite a number of large holes with a 
very conspicuous structure, plus a 
myriad of tiny indentations in the sur- 
face. Despite the indentations, the 
overall stone took a rather high polish. 

Figure 8 shows the surface under 
10x, with the small indentations or 
pits showing as white dots and the 
gearlike larger openings, partially 
filled, showing as dark spots. The dark 
spots are shown under 63x in Figure 9, 
where their peculiar structure becomes 
apparent. There are also, as can be 
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Figure 6. 


Figure 7. 


seen in this second shot, some holes 
with light and dark rings surrounding 
them. 

The structure is very interesting, 
and the stone was not unattractive. 
Our next hope is a second example of 
painite. 


A Totally New Coral 
While in New York at the Spring 
RJA Show in February, a man from 
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Figure 8. 


Maui Divers in Hawaii showed me a 
ring set with a coral of the black coral 
family with what would best be de- 
scribed as a subsurface sheen. The 
bright reflection from beneath the 
fairly transparent surface had a golden 
color. This effect is shown in Figure 
10. When magnified to 63x an unusual 
knobby appearance was evident, as 


Figure 10. 
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Figure 9. 


shown in transmitted light in Figure 
11, By reflected light the odd struc- 
ture becomes more apparent and the 
reflecting surfaces also are more 
obvious, as seen in Figure 12. 
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Book Reviews 


By ROBERT GAAL, Ph.D. 


THE DIAMOND MAGNATES, by 
Brian Roberts. Published by Charles 
Scribner’s Sons, New York, 1972, 335 
pages. Hardbound. Price: $8.95 


Although today the sun does set on 
the British Empire, there was a time it 
didn’t, when Britannia was off ex- 
ploring; civilizing, and exploiting the 
far corners of the world. This book, 
“The Diamond Magnates,” describes 
one powerful epic struggle for British 
control of the fabulous South African 
diamond fields. From the very begin- 
ning when the “Eureka” diamond was 
found in 1867, Englishmen dominated 
the diamond fields. The book is a well- 
researched, people-oriented history 
written in a popular style. It is cen- 
tered entirely on the careers of a 
colorful group of men who became 
rich, their subsequent skyrocketing 
rise and later demise. The list of 
incredible and ruthless characters in- 
cludes the famous colonizer Cecil 
Rhodes, the contentious and mean J. 
B. Robinson, the colorful and 
money-driven Barnato brothers, and 
the financial genius Alfred Beit. 
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“The Diamond Magnates” is a 
lively, exciting, and interesting story 
of what men will do for high stakes. It 
is sprinkled with rough politics, in- 
trigue, scandal, sorrow, and base pas- 
sions. The transformation of the quiet 
shanty mining town of Kimberley into 
the arena where the original giants of 
the diaimond: industry battled for 
control is truly a fascinating tale. It 
involved initially the merger of the 
small surface diggers into companies in 
order to mine at depth, followed by 
the amalgamation of these various 
companies by take-overs. Eventually, 
it led to the final struggle between the 
two giant companies, one owned by 
Rhodes, who in partnership with Beit 
controlled the De Beers Company, and 
their rival, Barney Barnato, who ruled 
the Central Company. 

Their active competition ceased in 
1889, when Rhodes won the last 
struggle for control of Kimberley and 
these two magnates joined forces. Con- 
sequently, the diamond monopoly as 
we know it began, controlled by one 
vast corporation, the De Beers Com- 
pany. After the merger of the two 
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giants, the diamond magnates, now 
very rich men, turned their aspirations 
elsewhere to find, surprisingly, new 
battles to fight in other fields of 
endeavor. Apparently only one char- 
acter, Cecil Rhodes, was motivated 
beyond avarice by his desire to put 
wealth to the service of a grand im- 
perialistic design. His story, develop- 
ment, reward, and the fates of the 
other characters can be found in this 
thoroughly enlightening book. 

The book is highly recommended 
for jewelers, gemologists, and students 
of history who want an authoritative, 
highly readable history of the begin- 
nings of the diamond industry and the 
men who made it possible. A collec- 
tion of little-published photographs of 
the main characters further enhances 
the story. “The Diamond Magnates” 
will provide some new insights into an 
old, but always new and intriguing 
story about diamonds and the aspi- 
rations of men. 


GEMSTONE & MINERAL DATA 
BOOK, by John Sinkankas. Published 
by Collier Books, New York, 1974. 
346 pages. Paperback. Price: $4.95 


This paperback reprint of a remark- 
able compilation of varied and 
valuable gemological data and informa- 
tion is a must for the serious gemolo- 
gist and jeweler. John Sinkankas has 
written a concise, handy reference for 
various kinds of gem information, 
chemical data, optical and physical 
properties, conversion tables on 
weights and measurements, metals, 
cleaning mineral specimens, etc., 
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offered for the extremely reasonable 
price of $4.95. 

The reader is referred to Gems & 
Gemology, Summer, 1972, for a 
detailed review of this book. The book 
follows the same format as the earlier 
hardbound edition, first published in 
1972, and unfortunately still main- 
tains the earlier major drawback, 
namely the lack of an index. The 
usefulness of the book is, nevertheless, 
considerable. In the absence of an 
index, the reader has to rely on the 
Table of Contents, which gives a fairly 
detailed breakdown of subject head- 
ings and page numbers. Regardless, 
this is still an excellent reference book. 

“Gemstone & Mineral Data Book” 
is highly recommended for anyone 
who is interested in jewelry making, 
lapidary, and gemology, and for those 
who maintain a gem library. Very nice 
at about half the price of the earlier 
edition. 


GEMS AND MINERALS OF 
AMERICA, by Jay Ellis Ransom. Pub- 
lished by Harper & Row, Publishers, 
Inc.,, New .York, 1975. 705 pages. 
Hardbound. 48 color and 24 black and 
white photographs, Price: $17.50 


“Gems and Minerals of America’’ is 
primarily a book for the lapidary 
hobbyist. It contains a massive gazet- 
teer of about 8500 gem and mineral 
locations in the United States, listed 
alphabetically by state. Where avail- 
able, directions on how to find the 
collecting sites are given which will be 
of great assistance to the collector. 
Although very generalized, the book 
represents a respectable effort in bring- 
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ing to the amateur hobbyist a reason- 
ably documented guide as to where 
minerals come from, how they are 
used, and where to find them. 

The book is divided into two major 
parts, and includes appendices and 
numerous tables. Part one is mostly 
geological, describing minerals, rocks, 
their types and associations; prepayr- 
ation for field collecting; geologic 
maps and how to use them; care, 
preservation, and organization of gem 
and mineral collections; agates, opals, 
and petrified wood; and cutting and 
polishing of gem materials. Each of 
these sections is a short elementary 
introduction to the subject listed. 
Although not necessarily accurate in 
some geologic terminology, and 
lacking in modern concepts, the book 
can be used with caution by the 
beginner as an introduction to the 
topics. 

The second part of the book dedi- 
cates 423 pages to gem and mineral 
localities. alphabetically listed and sub- 
divided into counties. A major feature 
of the book is a list of reference 
libraries and mineral museums by 
states, which might be a handy refer- 
ence for the serious collector. A useful 
bibliography is also a valuable attri- 
bute. The book may find its greatest 
use by the beginning collector, who is 
just starting his travels in the hobby. 


HUNTING DIAMONDS IN CALI 
FORNIA, Revised Edition by Mary 
Hill, Naturegraph Publishers, Healds- 
burg, California, 1972. 80 pages with 
21 black-and-white maps, photographs 
and illustrations. Paperback. 

Price: $2.00 


“Hunting Diamonds in California” 
appears to be a well-documented intro- 
duction to diamonds in California. The 
author, Mary Hill, stresses that one of 
the best places to look for diamonds is 
where they have already been found. 
This is repeatedly stated to be, “...in 
the beds of streams that now drain the 
mountain reaches of the State, or in 
the beds of ancestral streams that 
thousands of years ago flowed down 
the mountain fronts by different 
routes.” In California, no diamond has 
been reported to have been found in 
the rock in which it was formed. All 
diamonds claimed to have been found 
in California to date have been alluvial 
stones. 

The first diamond discovered in 
California. was in 1853 in Butte 
County. In 1868, the largest stone 
reportedly ever found in California 
was from the Cherokee pit, Butte 
County, and weighed about 6 carats. 
Since then, numerous small diamonds 
have been found, all of which are 
associated with placer gold deposits. 
Nine counties in California have pro- 
duced at least one or a few minute 
diamonds each. : 

The first part of the book describes 
the properties of diamonds, discusses 
the term “carat,” the prices of dia- 
monds in general (which are very 
much outdated), and covers simulants 
and synthetic diamonds. Following the 
first part is a chapter on where to look 
for diamonds and several sections on 
California placer diamond locations 
with much historical retrospect. Each 
major diamond-producing county in 
California is listed and pertinent in- 
formation given. The book then turns 
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to the subject of California diamonds 
in lode and the association of dia- 
monds with kimberlite. Two short 
chapters on how to prospect and file a 
claim for diamonds conclude the 
book. An excellent bibliography pro- 
vides valuable references for those 
wishing to delve deeper into the 
subject of diamonds in California. 

Some inconsistencies which need 
mention occur in the revised edition. 
As stated on page 8, diamonds are not 
“chipped” into light-refracting facets, 
but rather, they are polished. Louis de 
Berquem. is again incorrectly credited 
with placing the first symmetrical 
facet arrangement on diamonds on 
page 8. 

Other very important diamond sub- 
stitutes not listed under “may be con- 
fused with” on page 11 are strontium 
titanite, natural and synthetic sap- 
phire, and synthetic spinel. The pricing 
information listed on page 17 is De 
Beers’ 1959 guide for diamond prices. 
In today’s market, the information is 
incredibly out of date. The listing of 
calcite as a diamond substitute, 
appearing on page 22, is indicative of 
the quality of the revision. On page 
23, “the synthetic stone titania” is not 
a variety of the mineral titanite 
(sphene) as listed, but rather is syn- 
thetic rutile. 

Everyone who has an interest in 
diamonds in California should find this 
non-technical book an interesting read- 
ing experience, if they disregard the 
portions that attempt to impart a 
general knowledge of diamond. 
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GEMS AND MINERALS IN COLOR, 
by Rudolph Metz. English translation 
of “Edle Steine.”’ Published by Hippo- 
crene Books, Inc., 1974, with numer- 
ous illustrations by A. E. Franck, 255 
pages. Hardbound, Price: $6.95 


“Gems and Minerals in Color” is a 
richly-illustrated and relatively infor- 
mative introduction to minerals and 
gem materials. It was translated from 
the German by G. A. Wells and con- 
tains over 100 pages of superb color 
photographs. Besides the dramatic 
color illustrations, other features such 
as the relatively accurate text, pocket- 
book size, and reasonable price make 
this a very attractive handbook for 
amateurs and collectors. . 

The book is divided into two parts, 
including a section on gem materials in 
which the important gemstones are 
discussed and rough materials are 
illustrated in color. The first part of 
the book covers mineral character- 
istics, properties, and distribution in 
general. Where minerals are formed is 
the major topic of the second part of 
the book. The minerals illustrated in 
the colored plates are grouped accord- 
ing to their place of natural occurrence 
in the major realms of mineral forma- 
tion, that is, in the magmatic, sedi- 
mentary, and metamorphic environ- 
ments. This freshly-written 
environmental approach can be a 
stimulating way to arouse young 
people and novices to take an interest 
in science. This book stands in con- 
trast to the stodgy, pedantic, classical 
approach of most mineralogical text- 
books which use chemical composition 
and molecular structure to classify 
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minerals. However, to fully understand 
the text, a preliminary knowledge of 
mineralogy and geology is required 
which, in itself, does not detract from 
the wealth of information that can be 
obtained from the book. 

The book deserves to be read care- 
fully by students seriously interested 
in the hobby of collecting minerals 
and gemstones. The color plates alone 
make the book worth the $6.95 and 
the text is just topping on the cake. 


PEBBLE COLLECTING AND 
POLISHING, by Edward Fletcher. 
Published by Sterling Publishing Co., 
New York, 1973. 70 black and white 
illustrations and 20 color photographs. 
96 pages. Hardbound. Price: $3.95 


Although originally written for a 
British following, Joe Rothstein has 
done a quality job of editing and 
adapting this book for an American 
audience. “Pebble Collecting And 
Polishing” by Edward Fletcher is a 
fascinating new book on what you 
have always wanted to know about 
pebbles, tumbling and tumbled stones 
and were afraid to ask. The author 
explains the how-to and what-to-do 
with pebbles with step-by-step instruc- 
tions. The reader is led through six 
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well-written chapters which include 
where pebbles are found, their collec- 
tion and selection for tumbling, and an 
excellent explanation of the tumbling 
machine and how it works. A com- 
plete chapter has been devoted to 
“perfect polishing,” which carefully 
explains the basic tools and supplies 
needed to achieve a perfect polish on 
your specimens. After you have pre- 
pared your polished “gem,” the author 
gingerly guides you through a chapter 
on jewelry making in order to make 
the end product an original piece of 
Baroque style jewelry. Once you have 
learned to collect, polish, and create a 
piece of original jewelry, the final 
chapter of the book orients you on the 
many phases of the hobby and where 
you go from there. A short list of 
accessible collecting areas, lapidary 
supplies, publications, and how to plan 
a trip concludes this delightful new 
book on tumbling. 

“Pebble Collecting And Polishing” 
is written in a refreshing style and isa 
basic educational book from which 
anyone can learn. The full-color 
photographs and other excellent black 
and white illustrations greatly enhance 
the learning situation. The book is 
highly recommended for the beginner 
in lapidary and anyone interested in 
the tumbling hobby. 
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Absorption Spectra: 


Actinolite (translucent green), 113. 
Apatite (rare earth spectra), 101; (dark 


Apatite, 101; 114. 

Arizona opal, 91. 

Argentine rhodochrosite, 141. 
Asteriated ruby, 254. 
Asteriated quartz, 89. 


blue), 235. 
Beryl (dark blue Maxixe), 111; (blue and 
green) 130-133. 
Diamond (natural brown), 26. 
Jadeite (dyed lavender), 215. 
Kyanite (deep blue), 254. 
Nephrite (brownish), 83. 
Parisite, 148. 
Quartzite (green), 52. 
Sapphire (blue), 92. 
Serpentine (yellow green), 178. 
Spinel (red), 100; (dark green), 43. 
Synthetic spinel (green), 26. 
Topaz (red-orange), 236. 
Tremolite (blue-gray), 92. 
Zircon, 98. 
Zoisite (white), 24. 
Actinolite, chatoyant, 113; 175; 366. 
Agate, 138; 177. 
Alexander, Dr. A. E., Reviews The Tiffany 
Touch, 14. 
Alexandrite glass, 2.03. 
Alexandritelike sapphire, 43. 
Amber, 93; 116; 199; 251. 
Anderson, Basil W., Spectroscope: An Indi- 
cator of Variation, 98. 
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Barite, 183. 
Beryl, 54; 203; 241. 


Aquamarine, 24; 111. 

Emerald, 10; 18; 19; 34; 52; 77; 93; 139; 
147; 148; 149; 185; 186; 253; 254; 300; 
331; 343; 360. 

Maxixe-type, 111; 130; 139; 172; 333. 


Book Reviews: 


Antique Jade, by Oscar Luzzatto-Bilitz, 
reviewed, 96. 

Australian Precious Opal, by Archie 
Kalokerinos, reviewed, 30. 

Colorful Mineral Identifiers, by Anthony 
C. Tennissen, reviewed, 60. 

Comment Acheter Ses Bijoux, by Pierre 
Paquet, reviewed, 286. 

Descriptions of Gem Materials, by Glenn 
and Martha Vargas, reviewed, 128. 
Diamond Magnates, The, by Brian 
Roberts, reviewed, 372 

Diamonds, by Sara Hannum Chase, re- 
viewed, 31. 
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Ellis Ransom, reviewed, 373. 
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John Sinkankas, reviewed, 58. paperback 
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Gemstones, by G.F. Herbert Smith, 
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reviewed, 153. 

Great Treasures of the Kremlin, by 
David Douglas Duncan, reviewed, 59. 
Hunting Diamonds in California, re — 
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vised edition by Mary Hill, reviewed, 374, 


‘Illustrated Dictionary of Jewellery, An, 
by Anita Mason and Diane Packer, re- 
viewed, 285. 

Indian Gemmology, by Raj Roop Tank, 
reviewed, 61. 

Internal World of Gemstones, The, by E. 
J. Gibelin, reviewed, 317. 

International Diamonds/Number Two, 
edited by A. N. Wilson, reviewed, 151. 
Man-Made Crystals, by Joel E. Arem, 
reviewed, 218. 

Minerals and Gemstones of Nebraska, by 

_ Roger K. Pabian, reviewed, 31. 

Minerals of Brazil, Rui Ribeiro Franco 
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Pebble Collecting and Polishing, by 
Edward Fletcher, reviewed,376. 

Pierres Precieuses dans le Monde, by 
Henri-Jean Schubnel, reviewed, 151. 

Practical Gemstone Craft, by Helen 
Hutton, reviewed, 60. 

Studio Handbook of Minerals, The, by 
Hellmuth Boegel, edited and revised by 
John Sinkankas, reviewed, 59. 

Synthetic Gem and Allied Crystal Manu- 
facture, by Daniel MacInnes, reviewed, 
152. 

Tiffany Touch, The, by Joseph Purteil, 
reviewed by Dr. A. E. Alexander, 14. 
Treasure from Land, Sea & Lab, Jew- 
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The, by Peter Bancroft, reviewed, 319. 
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Beef as, reprinted from The Diamond 
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Bridges, Campbell R., Green Grossularite 
Garnets (“Tsavorites”) in East Africa, 
290. 
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Burned diamonds, 89; 334. 

Burridge, A. D., A Quarter Century of Dia- 
mond Research, 66. 
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299. 
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Color in Gems and Minerals, The Origins of, 
Part I, by K. Nassau, 354. 

Composition of Green Garnet from Tan- 
zania and Kenya, by George S. Switzer, 
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Copeland, L. L., The Derivation of Gem 
Names, Part I, 118; Part IH, 154. 
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Corundum, 104; 149; 241; 342. 
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Sapphire, 11; 12; 39; 43; 92; 162; 205; 
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Crowningshield, Robert: 
Developments and Highlights at the Gem 
Trade Lab in New York; 8-13, 50-57, 
82-86, 111-117, 134-140, 172-179, 
212-215, 230-240. 298-305, 327-336, 
362-366. 

Crystal Bailing Future Synthetic Gemstones, 
by T. H. Mariner, 241. 
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Damage to gems, 230; 234; 333; 344. 

Degenhard, Werner E., The Measurement of 
Brilliance of Diamonds, 259. 

Della Sala, J., and others, Contribution to 
the Knowledge of the Argentine 
Rhodochrosite, 141. 

Demantoid garnet, 150. 

Derivation of Gem Names, The, by L. L. 
Copeland, Part I, 118; Part II, 154. 

Design Contest, Winner Selected in Jewelry, 
256. : 

Developments and Highlights at GIAs Lab in 
_Los Angeles, by Richard T. Liddicoat, 
Jr.: ; 

Number 1: 

Synthetic Opal, 18; Noteworthy Inclu- 
sions in Natural Emeralds, 18; 
Unusual Inclusions in Synthetic 
Emeralds, 19; Transparent Paki- 
stani Diopside, 20; Sugar-Treated 
Black Opal, 21; Pearl Wear, 21; 
Laser Drilling, 21; Table Reflec- 
tion, 22; Grain- and Growth-Lines 
in Diamonds, 22; Emeraldlike- 
Inclusions in Glass, 23; More on 
Glass Imitations, 23; Serpentine 
Disc, 23; Another Serpentine, 23; 
A Peculiar Aquamarine, 24; In- 
genuity in Testing By A Graduate, 
24; New Form of Turquoise 
Treatment, 25; Synthetic Ruby, 
26; Synthetic Green Spinel, 26; 
An Interesting Brown Diamond of 
Natural Color, 26. 

Number 2: 

A Very Unusual Ruby, 38; A New 
Synthetic, 39; Rhodolite Vari- 
ations, 40; Unusual Opal, 40; A 
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Blue Mabe, 41; A Large Black 
Diamond, 41; Interesting Growth 
Marks, 42; An Incomplete Opal, 
43; Huge Vase, 43; Alexandrite- 
like Sapphire, 43; Jade Substitute, 
44; Not A Doublet, 45. 

Number 3: 

Turquoise and Matrix, 86; Imitation of 
An Imitation, 87; Inclusions in 
Quartz, 87; Black Opal, 88; A 
Classic Fingerprint, 88; Asteriated 
Quartz, 89; Diamond Pyromania, 
89; Additional Comments on 
Laser Drilling of Diamonds, 89; 
New Opal Source, 91; Blue Jade- 
like Material, 91; An Unusual 
Blue Sapphire, 92; Diamond- 
Shaped Crystals in Three-Phase 
Inclusions in Colombian Emerald, 
93; Cats’ Eye Jadeite, 93; A Plane 
of Inclusions in a Natural Em- 
erald, 93; Insects in Amber, 93. 

Number 4: 

Synthetic Alexandrite Finally Reaches 
the Market, 102; Color Nomen- 
clature, 104; Umba River Again?, 
105; Banded Diamond, 106; Dia- 
mond Doublets, 107; Glass Cat’s- 
Eye, 108. 

Number 5: 

Laser Drilling, 144; Faustite, 144; 

“Meta-jade”, 146; An Interesting 
Synthetic Ruby, 146; Synthetic 
emerald, 147; Parisite, 148; 
Trapiche Emeralds, 148; More on 
Emeralds, 149; Percussion Marks, 
149; More on Umba River Corun- 
dum, 149; Typical Inclusions, 
150; Transient Bubbles, 150. 
Number 6: 

Unusual Cuts and Settings, 180; Organic 
Materials, 180; Twinned Star, 
183; Magnificent Gemmy Barite 
Crystals, 183; An Unusual Opal, 
183; One of the Great Rarities, 
184; An Interesting Imitation, 
185; An Unusual Emerald, 186; 
Crackled Synthetic Ruby, 186; 
Diamonds and Diamond Inclu- 
sions, 186; Surface Alteration, 
187; New Treatment for Tur- 
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quoise?, 188; Diamond Prices, 
188; Canned Oysters, 188. 
Number 7: 

Unusual Ultraviolet Reaction, 200; Inter- 
esting Emerald Cuts, 200; A 
Natural at the Culet, 201; Ghostly 
Cross, 201; A Kaleidoscopic 
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202; Lovely Stone Cameo, 203; 
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Another Case of Silicification, 
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206. 

Number 8: 

Synthetic Turquoise Under Magnifi- 
cation, 248; An Unusual Ring, 
249; A Worm’s-Eye View, 250; 
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Kyanite, 254. 

Number 9: None. 
Number 10: 

Synthetic Opal, 309; A New Synthetic 
White Star Sapphire, 310; Some 
Interesting Carved Stones, 312; 
Incredible Inclusions in a Ruby, 
313; Size, 314; Unusual Spinel, 
314, 

Number 11: 

A Natural in the Table of ‘a Diamond, 
340; Naillike Inclusion in Dia- 
mond, 340; Diamond Reflection 
Pattern, 340; Another Diamond 
of Interest, 341; An “Insect” in 
Diamond, 342; More Diamonds, 
342; The Effect of the Use of 
Borax in Repairs on Corundum 
Jewelry, 342; Synthetic Opal, 
343; The Conqueror, 343; 
Deceptive Inclusion, 343; Damage 
in the Repair of Jewelry Set with 
Garnet-and-Glass Doublet, 344; 
Transparent Sodalite, 345; Black 
Spinel, 345; Cemented Crystals, 
346; Tortoise Shell, 346; Crystals 
and Glass, 346; Concentric 
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Diamonds, 347; Odd Glass, 348; 
Light Blue Synthetic Spinel, 349; 


Unusual Inclusions, 349; Un- 
evenly Dyed Jadeite, 350. 
Number 12: 


A New Synthetic Alexandrite by the 
Czochralski Method, 367; Finally 
— An Example, 369; A Totally 
New Coral, 369. 
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in New York, by Robert Crowningshield: 
Number 1: 
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9; Rare Natural, 10; Non-fluo- 
rescent Synthetic Emerald, 10; 
Three-Phase Inclusions, 11; Two- 
Toned Diamond Crystal, 11; Sur- 
face Graining, 11; More on 
Deceiving Doublets, 12. 
Number 2: 
Jadelike Minerals, 50; Recent Emerald 
Find, 52; Diamond in Diamond, 
53; Emerald-Green YAG, 53; 
Coated Beryl, 54; Unusual Dia- 
monds, 54; Another Flux-Grown 
Synthetic Ruby, 55; Laser-Drilled 
Diamonds, 56. 
Number 3: 
Radium-treated Diamond, 82; More on 
Treated Diamonds, 82; An Age- 
Old Probiem, 83; Paraffin . . . Its 
Pros and Cons, 84; A’ Spinel 
Oddity, 85; Smoky Quartz, 85; 
An Unusual Inclusion in Dia- 
mond, 86. 
Number 4: 
Dark-Blue Aquamarine, 111; Carvings, 
112; Chrysoberyl Cat’s-Eye, 113; 
Apatite Cat’sFye, 114; Deep 
Laser Hole, 114; Botryoidal Dia- 
mond, 115; Fingerprint Inclusions 
in Synthetic Ruby, 115; Hardness 
of Strontium Titanate, 115. 
Number 5: 
Glass, 134; Fine Jade, 135; Glass Again, 
136; More Glass-Imitation Cat’s- 
Eyes, 136; An Unusual Agate, 
138: Diamond Finish, 138; 
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Nature’s Crazy Laser?, 139; 
Synthetic Emeralds, 139. 
Number 6: 

Maxixe-type Beryl, 172; Gamma Radi- 
ation of Gemstones, 173; Wear- 
ability of Jadeite Versus Nephrite, 
175; Gilson Synthetic Opal, 175; 
Fire Agate, 177; Glass, 177; 
Unusual Serpentine, 178; Dia- 
mond Damage, 178. 

Number 7: 

Fade Tests on Gamma Irradiated Topaz 
and Quartz, 212; Southwest 
Indian Jewelry, 213; More About 
Lavender Jadeite, 214. 


Number 8: 

Diamonds, Diamonds, 230; A New Opal 
Doublet, 233; An Unknown Opal, 
233; Temperature Effects, 234; A 
Real Reflector, 235; A Real 
Rarity, 235; Greenish-Yellow 
“Citrine,” 236; Unusual Diamond 
Imitations, 237; Carvings, 
Carvings, Carvings, 237. 

Number 9: None. 
Number 10: 

Another Taaffeite Record, 298; Other 
Rarities, 299; Synthetic Dark 
Green and Yellow Sapphires, 299; 
Emerald Imitations, 300; Beau- 
tiful Emerald Substitutes, 303; 
Unusual Jades Identified, 303; 
Maine Tourmaline Mine Visited, 
303; The Uncle Sam Diamond, 
304. 

Number 11: 

Imitation Lapis-Lazuli, 327; Surface 
Stained and Plastic Coated Tur- 
quoise, 330; Imitation Opal on 
Matrix, 331; An _ Identifiable 
Natural Emerald, 331; Inside and 
Outside Diamonds, 331; More 
Preventable Damage (or a Dia- 
mond Wears a Star), 333; “Blue 
Morganite”: Again, 333; More 
Preventable Damage, 334; A First 
Look at Rubies from Kenya, 334. 


Number 12: 
Opal, Opal, 362; More About Opal, 364. 
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Diamond Prices: An Interesting Feed- 
back, by I. C. Kislus, 29. 
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of, by A. D. Burridge, 66. 

Diamonds Oust Beef as Botswana’s 
Revenue-Eamer, reprinted from The Dia- 
mond News & S.A. Jeweller, 109. 

Israel Diamond Polishing Industry, The, 
by Michael Szenberg, 2. 

Largest Russian Diamond Found in 
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The, by Werner E. Degenhard, 259. 
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Taafeite, 298. 

Tenhagen, Joseph W., Muzo Emerald Mine: 
A Visit, 77. 
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Why of This Issue, The, 258. 
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Part 2 


The Origins of Color 
In Gems and Minerals 


By K. NASSAU, Ph.D. 
Bell Laboratories, Murray Hill, New Jersey 


F. Idiochromatic Transition Metal 
Caused Color 

In Part 1 of this series, an outline 
was given of some of the crystal field 
characteristics. It was noted how 
absorptions leading to color orginate 
in unpaired electrons on transition 
metal ions, and how the specific color 
depends on the environment around 
the transition metal ion, i.e., on the 
strength of the bonding and on the 
symmetry of the environment. The 
reason transition metals are so dom- 
inantly involved in causing color is 
that these are the elements that have 
unpaired electrons, and so have the 
ability to cause color. The most 
common transition metal, iron, consti- 
tutes 5% of the earth’s crust. 

An additional factor which can be 
important is variable valence. Thus 
copper in its divalent state Cu* (with 


two electrons used in chemical bond- 
ing) has one unpaired electron and 
forms many colored cupric com- 
pounds; in the monovalent state, Cu’ 
(where only one electron is used in 
bonding), all electrons are paired off 
and the cuprous salts have no color. In 
the case of iron both divalent ferrous 
Fe?* and trivalent ferric Fe** have 
unpaired electrons and both can cause 
color. 

In Table 2 are given gem material 
colors caused by a variety of transition 
metals: since these are all idio- 
chromatic (“‘self-colored’’) materials, 
the transition metal is an essential 
ingredient and cannot be omitted 
without both losing the color and 
changing the nature of the compound. 
Additional impurities acting in an 
allochromatic capacity (see the next 
section) can of course darken or 
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modify any of these colors, but the 
basic absorptions of the idiochromatic 
transition metal will always remain 
present as a component of the absorp- 
tion spectrum. 

The chemical composition of these 
compounds can be located in compila- 
tions such as M.H. Hey, “Chemical 
Index of Minerals,” British Museum, 
London, 2nd Ed. 1962 (Appendix 
1963); “Encyclopedia of Minerals” by 
W.L. Roberts, G.R. Rapp, Jr. and J. 
Weber, Van Nostrand, 1974; or any of 
the more recent “Dana” books. 

Some caution must be used in 
assigning the colors to a specific transi- 
tion element known to be present in 
idiochromatic materials, since some, 
such as copper in the cuprous state or 
iron in the ferrous state, can be color- 
less or close to it, and the color may 
really be caused by another impurity. 
A particiularly good example of this is 
the mineral vivianite Fe3;(PO,) « 
8H,0. This contains ferrous iron 
(Fe), and can be completely color- 
less when freshly mined but darkens 


TABLE 2 
Some Idiochromatic Colorations 
by Transition 
Metal Components in Gem Materials 


Chromium: Uvarovite (green) 


Manganese: Rhodochrosite, rhodo- 
nite (pink), spessartite 
(orange) 
Iron: Almandite (red), lazu- 
lite (blue), peridot 
(green) 

Copper: Azurite, chrysocolla, 
turquoise (blue), diop- 
tase (green) 
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rapidly to green, blue, and bluish-black 
due to the formation of some ferric 
iron (Fe**) by air oxidation (see Sec- 
tion I below). . 


G. Allochromatic Color Caused by 
Transition Metal Impurities 

The touchstone for allochromatic 
(“other-colored”) materials is that 
they also occur in forms which show 
much less, or even no color. For 
example, blue, green, yellow, and pink 
sapphire to red ruby also occur as 
colorless sapphire (all Al, O03) and blue 
and green aquamarine, pink and 
yellow beryl, and green emerald also 
occur as colorless goshenite beryl (all 
Be3Al,Sig0,8). This test is, of 
course, not foolproof, since some of 
the color-center and charge transfer 
materials discussed in the next two 
sections also occur in colorless form, 
as do the doped semiconductors of 
Section M. 

In Table 3A are listed some well- 
established allochromatic gem and 
mineral colorations. It will be noted 
that a wide variety of colors can be 
produced by chromium or iron: this 
varies with the valence state, the 
strength of the bonding, and the 
symmetry of the crystal field as pre- 
viously discussed. 

It is of interest that emerald can be 
colored green either by chromium or 
by vanadium. Chromium by itself 
produces a very satisfactory emerald 
shade of green, which is probably not 
true of vanadium by itself, but never- 
theless much naturally occurring 
chromium emerald also contains 
some vanadium. The vanadium may 
well be in unsuspected dominance in 


TABLE 3 


A. Allochromatic Coloration by Transition Metal Impurities 


Emerald, grossularite, hiddenite, Cr-jade, Cr-tourmaline (green); 


Aquamarine, tourmaline (blue, green); citrine (yellow); ‘‘greened 


Chromium: 
ruby, spinel, topaz (red); alexandrite (red-green). 
Iron: 
amethyst”’ (green); jade (green-yellow-brown). 
Manganese: Morganite, spodumene (pink). 
Nickel: Chrysoprase, Ni-opal (green). 
Vanadium: 


synthetic) (green-red). 


V-Emerald (green); ‘‘alexandrite-colored’’ sapphire (natural and 


B. Same as A with Daylight Fluorescence Added 


Chromium: Ruby (red color plus red fluorescence); emerald (green color plus 


weak red fluorescence}. 
Cerium: Fluorite (bluish). 


emeralds where the chromium concen- 
tration is too low to explain the depth 
of the coloration by itself. 

An additional subtlety occurs with 
some chromium compounds which 
fluoresce red even with daylight illum- 
ination, This adds to the glowing red 
color in ruby and adds character to the 
green of emerald. Note that the red 
fluorescence can be “quenched” (ex- 
tinguished) by impurities, e.g., by the 
iron present in many natural emeralds. 
Another case of daylight fluorescence 
listed in Table 3B is the bluish glow 
seen in some cerium-containing 
fluorite. 


H. Color Centers 

Not only can an unpaired electron 
cause color in its transitions between 
energy levels on a transition metal ion, 
but the same can occur in a color 
center. This is usually a “defect” in 
the crystal, which is able to “trap” an 
electron or a hole. By a “hole” is 
meant the absence of one electron; if 


this is missing from a place usually 
occupied by a pair of electrons then it 
leaves behind an unpaired electron 
which can cause color. Some examples 
will clarify these concepts. 

A well-known color center is the 
deep purple color in fluorite. There are 
several color centers that can form in 
fluorite, but the simplest is the “F- 
center”. Fluorite consists of divalent 
calcium ions Ca** and monovalent 
fluoride ions F~in the ratio of two to 
one as shown schematically in Figure 
5a. Because there are two F for every 
Ca**, the electric charges are balanced 
and the crystal is electrically neutral, 
as it must always be. 

It is possible at times for an 
occasional fluorine ion F™ to be 
missing from the fluorite crystal as 
shown in Figure 5b. For the crystal to 
remain electrically neutral an electron 
can occupy the space left by the 
missing fluorine ion, i.e., it is 
“trapped” there and cannot escape 
except under special circumstances. 
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Figure 5. Fluorite (calcium fluoride) struc- 
ture: a) normal; b) containing an “F center” 
where a fluorine ion is replaced by an 
electron. 


Now this trapped unpaired electron 
can have energy levels just as described 
in Sections B and C for an unpaired 
electron on an ion. [t can cause color 
when light is absorbed to produce 
transitions between these energy 
levels, and also fluorescence if the 
conditions are appropriate. 

Color centers in fluorite can be 
formed during growth, by heating the 
crystal in calcium vapor (which results 
in the out-diffusion of some fluorine), 
by the application of an electric field 
(which can also remove fluorine),.or 
by irradiation, e.g., with gamma rays 
or X-rays. 

In the case of smoky quartz there is 
a “hole” color center. Here it is 
necessary to have aluminum ions, Al**, 
replacing silicon ions, Si*, in the 
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quartz crystal (SiO,). Some alkali 
(e.g., Na’) or a hydrogen ion (H') is 
near each Al** to maintain a neutral 
crystal. Most natural quartz contains 
some aluminum impurity in this way, 
but by itself this does not cause any 
color since there are no unpaired 
electrons. 

If quartz containing such an im- 
purity arrangement is irradiated with 
x-rays, gamma rays, neutrons, etc. or 
by being exposed to some radio-active 
materials producing such radiation, 
this can result in one of the paired 
electrons being knocked out of its 


B 


Figure 6. Quartz (silicon dioxide) structure: 
a) normal; b) containing an Al** in place of 
a Si** and an additional H* to retain 
neutrality. Radiation ejects one of a pair of 
electrons from an oxygen ion leaving the 
unpaired electron “hole” color center of 
smoky quartz. 


position on any oxygen ion, leaving an 
unpaired electron as shown in Figure 
6b. Since an electron is missing, this 
defect center is called a hole, and here 
again there are energy levels and light- 
absorbing transitions which result in 
the color of smoky quartz. This 
process does not occur in quartz with- 
out the necessary defect (Figure 6a). 

The displaced electron in smoky 
quartz becomes trapped elsewhere in 
the quartz crystal without causing any 
additional light absorption. If, how- 
ever, the smoky quartz is heated (say 
to 400°C), these displaced electrons 
can move around and return to occupy 
their original positions. This destroys 
the “holes,” all electrons are now 
paired again, and the smoky quartz 
again becomes colorless. 

The smoky color center formed in 
suitable aluminum-containing quartz 
during geologic periods of low level 
irradiation from nearby radioactive 
materials, and that caused by irradia- 
tion, say in a gamma cell in a few 
hours, are identical. After bleaching by 
heating, the color can again be re- 
stored by a new irradiation treatment. 


Some color centers may be formed by 
special conditions during growth with- 
out the need for irradiation. 

Somewhat similar is the case of 
amethyst. The presence of iron in 
quartz can produce a yellow color 
(citrine) or a green color depending on 
conditions. Some of this material (but 
not all) can yield the lilac color of 
amethyst on irradiation; heating re- 
turns amethyst to either yellow citrine 
or to the “‘greened” amethyst. Even 
though iron, a transition metal ion, is 
involved in the coloration of amethyst, 
this should not be considered an allo- 
chromatic color due to the iron im- 
purity; the iron merely provides the 
defect which permits the special 
amethyst color center to occur. 

Other color centers are listed in 
Table 4. It will be noted that some of 
these are quite stable to light ex- 
posure, while others fade rapidly. Also 
some of these color centers need 
energetic radiation for their formation 
(e.g., smoky quartz), while other 
materials can be colored even by ultra- 
violet irradiation (e.g., some “photo- 
chromic’? hackmanite). These 


TABLE 4 
Color Centers 
Essentially Stable to Light Exposure: Fluorite (purple), smoky quartz (brown to 
black), irradiated diamond (green, yellow, brown, black, blue). 


Rapidly Fading on Light Exposure: Maxixe-type bery! (intense blue), irradiated 
topaz (brown), irradiated sapphire (yellow), U.V. exposed purple 


hackmanite (red). 


Involving Transition Metal lons, Stable to Light Exposure: Amethyst. 


Other 
pleochroic haloes 


Colors Probably due to Color Centers: 
in fluorite, 


Halite (blue and yellow), 
zircon (brown), calcite (some 


yellow), celestite (blue), barite (blue), topaz (some brown), 
sapphire (some yellow), etc., etc. 
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Figure 7. Energy level schemes showing energy barriers involved in color centers, 


phosphorescence, and thermoluminescence. 
a 


variations can be readily understood 
from the energy level schemes of 
Figure 7. 

In Figure 7a is shown schematically 
what might be the energy level dia- 
gram of smoky quartz. Starting with 
colorless quartz in the ground state A, 
irradiation takes the system up to state 
D as in Figure 7b, and the system now 
drops down to state B with the release 
of some heat or light (the quartz of 
course must contain the substitutional 
aluminum precursor or the smoky 
color center cannot form). This is now 
a “trapped” state, confined by the 
energy “barrier” C, 

As shown in Figure 7c, the smoky 
quartz of state B can now absorb light 
because there are absorption energy 
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levels such as E and F, the result of 
such absorptions being the smoky 
color. Note, however, that if suf- 
ficiently energetic excitation is 
supplied, e.g., by heating to 400°C, 
the barrier C can be surmounted and 
the quartz returns to the colorless 
ground state as in Figure 7d. 

In the illustrations of Figures 7a to 
7d the energy needed to form the 
color center (i.e., A to D) is large, and 
the energy to bleach or decolor the 
color center (i.e., B to C) is also large. 
Smoky quartz is a typical example, as 
is amethyst. 

If the formation energy is large, but 
the energy barrier for bleaching is 
small (B to C), this produces the 
scheme of Figure 7e. An example is 
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some irradiated brown topaz which 
fades rapidly after a few days’ or 
weeks’ exposure to daylight (which 
contains light energetic enough to sur- 
mount the barrier BC) or in a short 
time at temperatures as low as 200°C. 
Another example is Maxixe-type bery! 
which bleaches at temperatures as low 
as 100°C and in a ‘Sw days in daylight. 

If the formation and the bleaching 
energies are both low, the diagram of 
Figure 7f is appropriate. Here, even 
short-wave ultraviolet light (about 5 
eV) is energetic enough (AD is small) 
to produce the color center, which 
also bleaches very easily. More 
energetic radiation than ultraviolet, 
e.g., gamma rays (from 100 eV to over 
1 million eV) can still be used for the 
coloration, but the color nevertheless 
remains fleeting. An example is photo- 
chromic hackmanite which turns red 
with ultraviolet irradiation and 
bleaches rapidly in daylight and slowly 
even in the dark (the thermal excita- 
tion at room temperature is large 
enough to permit slow leakage over 
the very low barrier BC in this in- 
stance). 

It might be mentioned that phos- 
phorescence is a case similar to the 
last one, where the drop from C back 
to the ground state emits light, and 
room temperature is enough to permit 
rapid leakage across the barrier. Phos- 
phorescence is shown by some 
fluorite, calcite and diamonds. Fluor- 
escence and phosphorescence “‘life- 
times” grade into each other; rapid 
phosphorescence with a very small 
barrier would appear to be merely 
fluorescence. 

If trap BC is a little deeper, how- 


ever, the result is thermoluminescence 
which occurs when such a material is 
heated to permit the system to escape 
from the trap and produce the fluor- 
escence at a fairly well defined tem- 
perature. Some calcite and much 
fluorite show thermoluminescence. 

Phosphorescence and thermolumin- 
escence, just as fluorescence, are not 
confined to color centers — but the 
energy level diagrams would never- 
theless appear similar wherever such 
phenomena occur. 

Positive proof that a specific color 
is due to a color center may require 
years of investigation using optical 
spectroscopy, paramagnetic resonance, 
and other scientific analyses. In the 
absence of such detailed work the 
fading of the color on exposure to 
light or heat and recovery of the color 
with irradiation remains the touch- 
stone of the color center. 

For some color center studies on 
Maxixe-type beryl, etc., see K. Nassau 
and D.L. Wood, Lapidary Journal 27, 
1032 (Oct. 1973), and K. Nassau, 
Lapidary Journal 28, 20 (April 1974) 
and 1064 (Oct. 1974). 


I. Molecular Orbital Caused Color 

In the crystal field approach dis- 
cussed in Sections B through H, the 
unpaired electrons remain localized on 
a single ion or at a defect. Where 
unpaired electrons are in orbits around 
two or more ions in a predominantly 
ionic type structure, or on two or 
more atoms in predominantly cova- 
lently bonded organic molecules, then 
“molecular orbital theory” is the 
appropriate treatment. The results of 
such a treatment nevertheless resemble 
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TABLE 5 
Molecular Orbital Type Coloration 


A. Mixed Valence Charge Transfer Colors 
Fer Th Sapphire, benitoite (blue) : 
Fe. _ Fev Magnetite, ilmenite (black), vivianite (blue-black). 
Ti me Ti es Rutile (blue to black). 
Mn), _ Mn. : Hausmannite, braunite (brown to black). 
Mn as Mn) : Manganite, bixbyite (black). 
Cul —Cu~ : Covellite (dark blue). 
Vv vt: Vanoxite (black). 
B. Metal —- Nonmetal Charge Transfer 
Pyrite, marcasite, cobaltite, smaltite, sylvanite, etc. (all metallic in 
appearance). 
Cc. Electrons Not on Metal lons 
a) $3: Lapis lazuli — Lazurite (blue). 
b) m7 electrons: Graphite (black). 
c) Organic Pigments: Amber, ivory, tortoise shell (brown), coral (red, 


black); pearl (pink, greenish, blue-black); bitumen, asphalt, coal, etc. 
(brown to black); dyed materials. 


the results of crystal field theory in 
that it also yields energy levels and 
selection rules which control the 
absorption of light and therefore the 
color. Several different types of 
molecular-orbital caused color can be 
distinguished; the three types listed in 
Table 5 are of significance in gems and 
minerals and are here briefly discussed. 

There are several types of charge 
transfer mechanisms. A type of charge 
transfer of major significance in 
minerals occurs between two different 
transition element ions, or between 
two ions of the same element but 
having different valence states. Con- 
sider a divalent iron ion and a tetra- 
valent titanium ion occupying adjacent 
aluminum sites in blue sapphire. If we 
take an electron from the divalent iron 
it becomes trivalent; if we give this 
electron to the tetravelent titanium, it 
also becomes trivalent: 
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Fe™* + Ti** > Fe** + Ti**. 
The reverse process returns the system 
to the original state: 


Fe3* + Ti3* + Fe?* + Ti* 


In magnetite the same can happen 
with only one element, namely iton. 
Magnetite is Fe,;0,4 or FeO « Fe,03; 
it thus contains both Fe?* and Fe". 
Let us use subscripts A and B to 
identify two specific iron ions. By 
moving one electron from the Fex to 
the Fey, the two valence states 
become reversed: 

FeA + FeR > Fey + Fefy 
The reverse reaction 
original situation: 


Fei + Fep> Fex + Fer 
Now a certain amount of energy is 
involved in the hopping of the electron 
from one ion to another, and therefore 
light can be absorbed by this process. 


This usually leads to deep blue to 


restores the 


black colors such as in the blue 
sapphire colored by Fe?* plus Ti** and 
in the black magnetite containing both 
Fe™* and Fe**. The latter process is 
also involved in the deep blue-black of 
the oxidized vivianite mentioned in 
the previous section. Examples are 
given in Table 3A and probably the 
majority of deep blue to black 
materials are colored by this mech- 
anism. Detailed work would be needed 
on most of these very dark compounds 
to confirm that this is in fact the 
mechanism responsible for their color. 

This type of charge transfer has 
been discussed by M.B. Robin and P. 
Day in ‘‘Mixed Valence Chemistry — A 
Survey and Classification” which 
appeared in “Advances in Inorganic 
Chemistry and Radiochemistry”’, Vol. 
10, Academic Press, 1970, p. 247. 

Another type of charge transfer 
involves a metal ion as well as a 
non-metal ion. An example is pyrite, 
FeS, and other metallic appearing 
sulfides, selenides, etc., such as those 
listed in Table 5B. In these compounds 
there is movement of an electron from 
the sulfur to the metal and back again, 
resulting in light absorption. 

Some compounds, such as lazurite 
(Na,Ca)g (Al, Si)i2 Ox4 (S2, SOa), 
which is the blue component of lapis 
lazuli, contain pairs of sulfur ions held 
together by electrons in orbit about 
both ions; such a grouping is written as 
Sz. Here the electrons holding the 
sulfurs together have excited states 
and absorb light to produce the deep 
blue color. In graphite, which is one of 
the forms- of elemental carbon, there 
are sheets of connected six-membered 
rings and some of the electrons, the 
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“‘r-electrons,’” are essentially free to 
move around the whole crystal of 
graphite in the plane of the rings. This 
produces electrical conductivity and 
almost complete absorption of light, 
hence the black color (see also Section 
K ip Part 3). 

Lastly there are a number of gem 
and mineral substances such as those 
listed in Table 5C which are colored 
by dye-like organic compounds of 
biological origin such as the conchiolin 
of pearl, coral, amber, and so on. 
Some of the dyes used to color agate, 
turquoise, pearls, spinel doublets, etc., 
fall into this group (others being 


inorganic compounds of the idio- 
chromatic type). Here also color 
originates in transitions involving 


electrons in organic molecules and is 
explained by the molecular orbital 
theory of dyes. 

Further details on this subject may 
be found in “Color and the Electronic 
States of Organic Molecules” by S.F. 
Mason in The Chemistry of Synthetic 
Dyes, K. Venkataraman, Editor, 
Academic Press, 1970, p. 169. 


J. Treatments that Change the Color 
of Minerals 


With the background of the various 
causes of color discussed in the 
previous sections, it is possible to 
understand many of the color changes 
produced by treatments used on 
minerals and particularly on gem 
stones. 

Heating can have a variety of 
effects. In some cases it destroys color 
centers, thus completely removing the 
color of smoky quartz, brown topaz, 
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and Maxixe-type beryl (in some brown 
topaz and all Maxixe-type beryl even 
exposure to light removes the color). 
In other cases, the loss of the color 
center leaves another color, as in ame- 
thyst turned either citrine color or 
“sreened” by heating, depending on 
the type of the material. These 
changes can be reversed by irradiation 
as described in Section H above. 

Another result of heating can be a 
change in valence. Thus yellowish 
carnelian, tiger’s-eye, and some other 
iron-containing materials can be 
turned red by heating, the change 
being Fe** to Fe**. In beryl the reverse 
appears to happen: golden beryl turns 
colorless and green aquamarine turns 
blue on heating due to the change Fe** 
to Fe”* in a specific site, and this 
change can be reversed by irradiation. 
The blue color of aquamarine is due to 
Fe”' in a different site in the crystal 
and this color is not affected by the 
heating. 

Irradiation, performed most 
efficiently with gamma rays, produces 
the many color centers listed in Table 
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4. The stability of these colors 
depends on the depth of the trap as 
discussed in Section H. When pearls 
are darkened by irradiation the change 
is probably due to a chemical change 
in some of the conchiolin, not too 
different from a gentle charring pro- 
cess. 

Some diamonds can be colored 
green to black by irradiation due to 
the formation of a color center. This is 
quite different from the green color 
found in some natural diamonds which 
is impurity caused (see Section M in 
Part 3); spectroscopic examination can 
distinguish the two types of green. 
Heating can convert this irradiated 
green into yellow or brown. Some 
diamonds can be colored blue by 
irradiation with electrons, again a 
color center. This is also different 
from the natural blue diamond in that 
it does not conduct electricity (see 
Section M). Very rarely a pink color 
has been obtained in diamond by 
irradiation. 


Part 3 will appear in the next issue. 
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Developments and Highlights 


at GIA’s Lab 
in New York 


By ROBERT CROWNINGSHIELD 


Heavy Carvings 

As we have mentioned many times 
in this column, carved items not used 
in jewelry tax gem testing equipment, 
and we find the chore often quite time 
consuming. We continue to offer the 
service, however, in spite of the fact 
that there seems to be no limit to the 
requests. In Figure J the writer and 
staff gemologist Dennis Maun search 
for a polished area and take a refrac- 
tive index on the ear of a 180-pound 
carved horse, which proved to be 
nephrite. 


Selective Dyeing of Calcite 

In Figure 2 we see a hololith 
calcite bracelet with areas of an attrac- 
tive green color produced by selective 
dyeing. Although we have illustrated 
this before, this piece was the most 
convincing as the color of green was 
not so sharp as we have noted before. 
We have recently seen similar calcite 
bracelets dyed with areas of brown. 
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Organics 
Figure 3 illustrates an inexpensive 
though exotic hololith ring with white 
and yellow metal inset ornamentation. 


Figure 1 
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Figure 3 


Figure 2 


Figure 5 
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Figure 
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From our limited tests we. concluded 
that it was probably water buffalo 
horn. Supposedly, many such articles 
are made in Thailand where the animal 
is plentiful. 

Not so plentiful is another organic 
material which we all too rarely see. 
This is the lovely pink “pearl” found 
in the conch. Formerly, it must have 
been more common and particularly 
appreciated in France. We recently 
identified 15 beautiful matched pink 
pearls in a heavy platinum and old mine 
diamond chain necklace with two in 
similar clips, as seen in Figures 14 and 
15, The ensemble looked lovely when 
modeled on a aquamarine-colored 
gown. 


Damage or Shattering Experiences 

In Figure 16 we see all that remains 
of a once-magnificent blue zoisite. It 
had been worn in a ring for several 
years but was returned to the manu- 
facturer for some minor tightening. 
Unfortunately, the workman who 
handled the job was unaware of the 
extreme sensitivity of Tanzanite to 
temperature change with the result 
that in the process somehow the stone 
was completely shattered. How com- 
pletely was brought home to the 
writer when lapidaries pointed out 
that it would be impossible to salvage 
even a 1/2 carat stone from what was 
once more than 15 carats in weight. 
Again, it seems prudent to warn any- 
one who handles colored stones that 
Tanzanite along with the quartz gems, 
garnets and peridot are bad actors 
when it comes to rapid temperature 
change. 

Peridot can be a bad actor in an- 


14 


Figure 6 


other way too. As we see in Figure 17, 
all the small peridots in a lovely dia- 
mond, amethyst, green tourmaline, 
and peridot ring have been etched by 
the solutions used to remove the resi- 
due from the polishing operation. We 
did not learn the nature of the solution 
but assume that it was an acid. It was 
particularly unfortunate that this un- 
happy property of peridot could not 


Figure 7 
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have been learned from a single ring 
instead of a whole line. 


Forgotten But Not Gone — 
And Damaged Too 
We sometimes forget that shortly 
after World War II the hottest imita- 


Figure 10 


Figure 9 
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tion of diamond was synthetic rutile. 
We rarely see it today. Rarer still are 
examples of synthetic rutile in other 
than the pale yellow color. Figure 8 
illustrates in black and white this 
material that ranges in color from very 
light to dark yellow, green, blue, and 
orange. Forgotten too is the fact that 
this material, along with the heat- 
sensitive stones mentioned above, has 
a tendency to fracture with rapid tem- 
perature change. This sad fact was 
learned by a jeweler who called to ask 
help in identifying a deep red-orange 
stone which had been damaged during 
repair of a ring setting. See Figures 9 
and J0. In the Laboratory, the initial 
impression was that the stone was a 
fine zircon. Aside from the obvious 
fracture, no inclusions were present 
and no typical absorption spectrum 


Figure 17 


was observed. However, the extreme 
doubling due to birefringence (Figure 
11) served to identify it as an orange 
synthetic rutile and one that will be 
difficult to replace, it would seem. The 
photograph shows the square culet 
clearly doubled. 


Figure 12. 
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The devilish combination of thin 
girdle and thin crown angles worked 
its inevitable damage on a round 
brilliant-cut diamond shown in Figure 
12. 


A Gem Rarity 

We wish to thank New York gem 
dealer Samuel Goldowski for the gift 
of a completely transparent, very dark 
blue lazulite weighing 0.48 ct. It is 
shown in Figure 13. It is highly di- 
chroic, or rather trichroic, with a pure 
saturated blue, greenish-blue, and 
nearly colorless as the colors. The 
refractive indices are 1.616 — 1.645 
for the extremes (alpha and gamma) 
with beta approximately 1.633, thus 
making the stone biaxial negative. The 
absorption spectrum (Figure 14) 
resembles that of turquoise, although 
with greater absorption in the red. 


Imposturing Threesome 
This brooch shown in Figure 15 
contains numerous natural sapphires, 
diamonds, and what appear to be 


Figure 13 


GEMS & GEMOLOGY 


BLUE 


| — viovet 


4000 


fue] 


Figure 14. Dark Blue Lazulite (0.48 ct.). 


good-sized, rather sleepy rubies. Mag- 
nification reveals that the rubies are 
quench-crackled synthetics which we 
have seldom seen mounted, and then 
only as single stones. The natural- 
appearing cracks produced by quench- 
crackling may be seen in two of the 
stones in Figure 16. 


A Real Diamond Rarity 

Black and white cannot begin to do 
justice to a fantastic true yellow dia- 
mond of nearly 6.50 cts. shown in 
Figure 17,, Some time ago a cutter 
brought for testing two large yellow 
crystals, since it has been known that 
rough diamonds have been treated 
yellow by irradiation and an innocent 
cutter is duped into thinking he has a 
natural stone. At first glance, one of 
the crystals certainly appeared to bea 
treated color having the intense color 
we noted in the “Deepdene,” which is 
perhaps the most famous treated dia- 
mond in existence. The other crystal, 
from which the heart-shaped stone 
illustrated here was cut, had a very 
intense slightly orangy-yellow color 
and showed absolutely no absorption 
bands in the spectroscope. Most so- 
called canary diamonds belong to the 
Cape series of yellow diamonds which 
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owe their color to the presence of 
nitrogen. This type of intense yellow 
stone (usually only in melee sizes) 
belongs to a different class. They have 
been called “‘true canaries” by B. W. 
Anderson. Neither of these stones 
showed absorption bands, and the 
stone illustrated also showed no in- 
clusions or blemishes beyond slight 
polish lines. All the more remarkable is 
the fact that the cutter was able to 
nearly match the stone with a colorless 
heart shape which had no flaws but 
showed whitish graining. 


Flux-Grown Synthetic Rubies © 
The fact that both Gem Trade 
Laboratories of GIA have seen an in- 
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Figure 16 


Figure 17 


creasing number of flux-grown rubies 
since the last issue of Gems & Gem- 
ology suggests that serious jewelers 
and dealers must refresh their knowl- 
edge of these stones. Inasmuch as the 
new Kenya rubies may have wispy 
inclusions reminiscent of those in 
Chatham synthetic rubies particularly, 
it behooves everyone to be on guard. 
If the uncut crystals are being sold in 
the Orient, it is easy to see why serious 
mistakes can be made. 
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diamond crystal. The firm is having a 
number of black diamond _brilliants 
cut and plans to begin a promotion. 
The Laboratory has examined a num- 
ber of the cut stones and finds them 
equal to those we have seen in the 
past. If the experience of lecturers 
who show specimens after their talks is 
any indication of potential sales, then 
black diamonds should be a successful 
item. When an audience is told that 
the lecturer has a black diamond to 
show among many other diamonds, it 
is the black that seems to capture the 
attention first. 

To Jerry A. Gewirtz, Fir Lawn, New 
Jersey, for many colors of imitation 
stones which will be useful in classes. 
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Dunton Mine Tourmaline: 


An Analysis 


By C.R. BEESLEY, G.G. 
GIA — New York Laboratory 
New York, New York 


During this period of economic 
turmoil, complete with spiraling 
prices, dwindling supplies and_ in- 
creasing demands, it is reassuring to 
see new additions to the ranks of fine 
gem material. Actually it is a thrill 
under any conditions to witness the 
birth of a new gem or, as in the case of 
Maine tourmalines, the rebirth of an 
old mining locality. 

Historically, Newry Mountain (Fig- 
ure 1) has intermittently produced in- 
dustrially important minerals and small 
amounts of gem tourmalines since the 
turn of the century.' General Electric, 
Harvard University and various private 
collectors have periodically probed the 
Dunton Mine and attempted to relieve 
it of its hidden treasures. 

It seems somewhat ironic that’ a 
nation as rich as the United States has 
contributed so little to the ranks of 
commercial gem materials. Despite this 


1 See References for detailed historical and 
geological data. 
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lack of productivity, Maine has been 
one of the few areas of this country 
that has sporadically yielded gems of 
any consequence. However, in the fall 
of 1972, that non-productive record 
was shattered by a small group of 
amateur mineral collectors when they 
stumbled upon what may be one of 
the most important gem finds in 
America. The uniqueness of this par- 
ticular rediscovery stems from _ the 
quality and quantity of the gem 
material being recovered. Maine tour- 
malines, once coveted by collectors as 
rarities of nature, have now become 
commercially available. 

The significance of the reopening of 
the Dunton Gem Mine by Plumbago 
Mining Company will be its potential 
impact on the jewelry trade. Whether 
sufficient material exists to develop a 
lasting market is still uncertain. How- 
ever, the quantity and quality of avail- 
able material should insure the U.S. 
jeweler of the opportunity to develop 
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Figure 1. Location map of the Newry Mountain tourmaline deposits, 


Oxford County, Maine. 


and promote this uniquely American 
product. Two of the most outstanding 
features of Maine tourmalines are the 
exceptional brilliance, possibly due to 
the presence of cesium, and the ex- 
quisite array of hues in which these 
gems occur. The colors range from 
green, yellow-green and greenish-blue 
at one end of the spectrum to pink 
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and purplish-red at the other. The 
colors do not occur with the same 
degree of frequency. To date, the 
purplish-red stones constitute the 
largest percentage of the available 
supply. The greens, greenish-blues and 
yellowish-greens, although fewer in 
number, are among the most exciting 
colors being produced. As is the case 
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with any gem material, color should be 
observed in a variety of lighting en- 
vironments. There is a tendency for 
some of the purplish-red stones to 


exhibit a brownish color when 


examined in certain lighting con- 
ditions. 
The clarity of the commercial 


supply ranges from stones that are free 
of inclusions when examined with the 
unaided eye to lightly (LI) and moder- 
ately (MI) included material. In the 
latter case these stones do not exhibit 
distracting or potentially damaging in- 
clusions. 

In addition to faceted stones 
ranging from calibrated sizes to rare 
museum quality gems in excess of 30 
carats, a number of exquisite water- 
melon sections are available. These 
slices, consisting of a green rind and a 
purplish-red core, are an exciting 
addition to the repertoire of material 
available to the discriminating 


designer. Equally dramatic is jewelry 
fabricated with combinations of green 
and pink faceted stones of similar 
tones. : 

Since part of the interest in this 
material may stem from its U.S. origin, 
it is important to examine those 
properties that are indicative of tour- 
maline from the Dunton Mine. Based 
on a cross-sectional analysis of Newry 
material (Table 1), it is apparent that 
very little variation exists between the 
refractive indices of Maine tourmalines 
and tourmalines from other localities. 
Typically, the refractive indices ranged 
from 1.62 to 1.64 and the specific 
gravity varied from 3.04 to 3.09. In 
general, increasing refractive indices 
and specific gravity were accompanied 
by a corresponding change in the 
depth of body color. 

The most remarkable deviation 
from known tourmaline properties was 
observed during microscopic and ultra- 


Table 1 
Refractive Index Data for Newry Tourmaline 


Color* 


Very light pink 
Slightly brownish pink 
Medium orangish pink 
Slightly purplish pink 
Intense purplish pink 
Intense purplish red 
Dark purplish red 
Very light yellowish green 
Light yellowish green 
Yellowish green 

Very light bluish green 
Light bluish green 
Light blue-green 
Medium blue-green 
Dark blue 


OZS0 AS) LOAMVOR - 


Most Common R.I.t 


€ Ww 
1.620 1.639 
1.620 1.640 
1.619 1.639 
1.620 1.637 
1.620 1.636 
1.619 1.635 
1.620 1.634 
1.621 1.638 
1.620 1.636 
1.620 1.637 
1.619 1.636 
1.620 1.638 
1.620 1.638 
1.621 1.640 
1.621 1.641 


*Color determinations were based on examination of specimens in diffused south daylight 


(11:45 a.m.) on 23 May 1975. 


tRefractive indices were determined with a G.I.A. Duplex I! Refractometer and a G.I.A. 
Utility Lamp using a filter centered on 589.6 nm. 
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violet examination. Although ultra- 
violet fluorescence is not a standard 
test for tourmalines, the Newry 
material consistently displays a faint 
to moderate chalky blue reaction 
when examined in short wave ultra- 
violet. In order to ascertain if this 
reaction was unique to Newry 
material, Nafco Gems of New York 
City supplied a number of Brazilian 
and Mozambique tourmalines for a 
comparison study. With few excep- 
tions, tourmalines from other loca- 
tions exhibit a lack of ultraviolet 
fluorescence under both long and 
short wave radiation. All pertinent 


ultraviolet reactions have been tabula- 
ted in Table 2. 

The ultraviolet reaction can be 
altered during the heat treating pro- 
cess. Purplish-red stones that are 
heated to generate more desirable 
color result in a subsequent intensifica- 
tion of the bluish fluorescence. One 
test stone, which was unfortunately 
over heated, turned colorless and 
produced a strong blue fluorescence 
under short wave radiation. To date, 
the ultraviolet fluorescence of a 
natural colorless tourmaline has not 
been examined to determine if the 
fluorescence will equal the intensity of 


Table 2 


Analyses of Fluorescence in Tourmaline 


Newry, Maine Very tight pink 


(heat treated) 
Brownish pink 


Purplish red 
Green 


Colorless 
(heat treated) 


Strong blue No reaction 


Moderate chalky No reaction 


blue 


Faint to moderate No reaction 


chalky blue 


Faint chalky blue No reaction 


Strong to very reaction 


strong blue 


Brazil Brownish pink 


Purplish pink 
Red 
Dark purplish red 


Mozambique Brownish pink 


Light pink 


Brownish purple 


22 


No reaction to reaction 


faint chalky blue 


Very faint blue reaction 


No reaction reaction 


No reaction reaction 


No reaction No reaction 


No reaction to very No reaction 


faint chalky biue 


Very faint biue No reaction 
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the heated materials. The collector 
would be well advised to test the 
fluorescence of any anticipated pur- 
chases prior to adding “‘rare” colorless 
tourmalines to his collection. 

Without question, the examination 
of inclusions produced the most in- 
teresting observations (Figures 2, 3 and 
4), The irregular module-like structure 
of a solid phase of unknown identity 
was encountered in a number of 
samples (Figure 2), Although we most 
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Figure 2 


frequently associate three-phase in- 
clusions with emeralds, a variation of 
the three-phase inclusion was en- 
countered in most samples that were 
examined. In each case the configura- 
tion of cavities exhibited a typical 
tourmaline network, with the addition 
of an irregular solid phase deposited in 
the liquid-and-gas-filled framework 
(Figure 3). The most unusual, but least 
encountered inclusions were patches 
of fine needles yielding a pattern 


Figure 3 
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Figure 4 


reminiscent of graphic granite or 
Egyptian hieroglyphics (Figure 4). 

In the final analysis, the relation- 
ship of dollar value to country of origin 
should be one of academic interest. 
Beauty, in conjunction with the other 
physical attributes that contribute to a 
gem’s desirability, should be the prime 
consideration in establishing value. As 
the international supply of gems con- 
tinues to dwindle, the plight of the 
gem miner becomes even more dif- 
ficult. The quest for gems is essentially 
a business of chance, devoid for the 
most part of deliberate, calculated and 
well-executed recovery operations. 

Philosophically, the account of the 
rebirth of the Dunton Mine typifies 
colored stone mining operations 
throughout the world. When the last 
mining group discontinued its opera- 
tions at Newry, they stopped just 
inches away from the most spectacular 
tourmaline deposit in Maine’s history. 
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However, that element of chance has 
always been the adrenalin of the gem 
business. 
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Winner of 
Schuetz 
Design 
Contest 
Announced 


Winner of the 1975 annual George 
A. Schuetz Memorial Fund Jewelry 
Design Contest is William Shoup of 
Tampa, Florida, who is affiliated with 
Sapphire Blue & Opals, Milpitas, Cali- 
fornia. 

Mr. Shoup’s design, shown here, is a 
ring made of a yellow gold ingot 
stretched and piercing itself, set with 
jade inserts and one golden-brown star 
sapphire oval cabochon. We congratu- 
late him on his fine design and excel- 
lent rendering, and we want to thank 
all the other entrants for taking part in 
the contest. 

Members of this year’s Panel of 
Judges were J.B. Streeter of the GIA 
Staff in Los Angeles; Mrs. Sopha 
Albright, a jewelry designer in Los 
Angeles; Arthur Gleim, Gleim the 
Jeweler, Palo Alto, California; and 
Robert Spratford, C.A. Kiger Co., 
Kansas City, Missouri. 

This contest was established in 
memory of George A. Schuetz, Sr., 
former president of Larter & Sons, 
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Newark, New Jersey. Charles E. But- 
ler, of Shreve, Crump & Low, Boston, 
Massachusetts; James B. White, of 
Jeweler Security Alliance, New York, 
New York; Arnold A. Schiffman, of 
Schiffman’s Inc., Greensboro, North 
Carolina; Leo J. Dolan, of Diesinger & 
Dolan, Ardmore, Pennsylvania; and 
Ralph W. Landis, of Landis Jewelers, 
Camp Hill, Pennsylvania, are Adminis- 
trators of the Schuetz Memorial Fund. 

Any jeweler, jewelry designer, or 
aspiring jeweler or designer may enter 
the contest. Entries must be designs 
for items of men’s jewelry (i.e., rings, 
belt buckles, cuff links, tie tacks, or 
other items suitable for wear by men), 
and they must be in the form of wax 
models or renderings; photographs or 
actual pieces are not acceptable. The 
$300 prize may be used for any 
jewelry-related training at an institu- 
tion of the winner’s choosing. 

Details on next year’s Schuetz 
Design Contest will be available this 
fall from GIA in Los Angeles. 

— Sue Adams 
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Developments and Highlights 
at GEA’s Lab 


in Los Angeles 


By RICHARD T. LIDDICOAT, JR. 


Strange Opal 

A jeweler had sold what appeared 
to her to be an Australian white opal 
to a woman who brought it back a 
year later. The appearance was trans- 
formed. It was now quite translucent 
near the surface with a very large 
white nontransparent core in the 
center and with lighter off-white 
patches of nontransparent white or 
off-white here and there throughout 
the stone. 

After we had immersed it in water 
for several days, all of the patches dis- 
appeared and the white core had 
shrunk noticeably. The surface areas 
were all light brown and transparent. 
When we immersed it later in hot tap 
water, even the central white core dis- 
appeared and it became almost trans- 
parent brown. When immersed, some 
vague faint play of color could be 
seen. 

The only explanation that made 
sense to us was that the opal was one 
of the very porous varieties of Mexican 
opal that absorbed a great deal of 
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water. Possibly if the opal had been 
gently heated in a dry oven, the mois- 
ture would have been driven off, and 
the stone would have returned to a 
opaque white opal or semitranslucent 
opal that would resemble the Austra- 
lian type. 


Figure 7. 
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Figure 2. 


Damage to a Montana Sapphire 

A jeweler sent us a blue Montana 
sapphire that was totally without 
polish. It is shown in Figure 1, The 
ring had been sold to a nurse who had 
worn it for about a year and noticed 
that it seemed to be showing less and 
less polish. 

We could find no reason to account 
for the serious etching that had taken 
place. Had the ring been heated to 
very high temperatures, and covered 
with borax, we might have expected 
some such reaction, but to have this 
occur while apparently in the course 
of normal wear was unexplainable, as 
far as we were concerned. 


Attractive Rock 

A New York dealer sent us for test- 
ing a rather attractive cabochon with 
bright red and green grains. It is shown 
in reflected light in Figure 2 and in 
transmitted light in Figure 3. The 
darker areas are green tourmaline and 
the lighter areas are ruby. There were 
minor amounts of other minerals in- 
cluded in this very unusual rock. We 
don’t recall any combination involving 
ruby and green tourmaline in the past. 
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Figure 3. 


Some Notable Occurrences 

When a blue sapphire is tested and 
shows no absorption line at 4500 
Angstrom units, and is moderately to 
strongly fluorescent to short-wave 
ultraviolet (and negative to long-wave 
ultraviolet), the assumption would be 
that the sapphire is synthetic. No 
inclusions were visible. However, when 
the stone was immersed in methylene 
iodide, the color zoning showed it to 
be natural. This is one of the rare, 
almost iron-free blue sapphires that 
fluoresce similarly to synthetic 
sapphire. 


Large Montana Sapphire 

We were shown a_  12.54-carat 
antique cushion-cut blue sapphire, 
believed by its owner to be the largest 
cut sapphire from Montana. It is an 
alluvial stone rather than being from 
the Yogo Gulch Mine. The largest 
sapphire reported from the Yogo Mine 
to our knowledge is only a fraction of 
that size. 


Jadeite Spectrum 
We were called upon to identify the 
glass with crystalline inclusions which 
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Figure 4 


is sold as “‘metajade.”” We were sur- 
prised to encounter one that showed a 
spectrum that appeared identical to 
that of a naturally colored green 
jadeite. 


Odd Fluorescence 

We encountered a bangle bracelet 
of mottled brown and white nephrite 
jade. The refractive index was about 
1.61 and the specific gravity near 3.00. 
X-ray powder diffraction proved that 
it was indeed nephrite. We were 
surprised by a medium orange fluo- 
rescence to long-wave ultraviolet. 


Interesting Ruby in 
Zoisite Carvings 

We received a huge carved object 
for identification, which proved to 
be a section of a semitranslucent ruby 
crystal in chrome zoisite. The carvings 
on the two sides of the flat crystal are 
shown in Figures 4 and 5. The piece 
measured 5 1/2” x 6” x 3 1/3”. 


‘Emerald Inclusions 
Charles Fryer was very much in- 
trigued by the helical structure of 
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Figure 5 


inclusions of a two-phase nature in em- 
erald. This is very clearly shown in 
Figure 6. 


Figure 6 
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Figure 7 


Variscite 

A rich green opaque stone was 
proved by x-ray diffraction to be 
variscite. We were surprised that the 
refractive index reading was approxi- 
mately 1.60 instead of the usual read- 
ing encountered in variscite of near 
1.56. The refractive index range is 
usually shown in tables at 1.56 to 
1.59, Our experience has been that 
1.56 is the usual reading for this 
massive material. 


Oddity in Diamond 
Inclusion Reflection 
An inclusion near a culet of a round 
brilliant-cut diamond can sometimes 
reflect in a large number of facets. We 
decided to photograph an inclusion 
that appeared four times as we were 
examining a diamond. It is seen in two 
adjoining facets across a facet junction 
and then doubled by reflecting from 
the table as the stone is viewed 
through the pavilion. This effect is 
seen in Figure 7. 
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Bibliophile Requests 

GIA has a request from a biblio- 
phile on gemology, who wants to buy 
a complete set of The Gemmologist 
and Journal of Gemmology for a ref- 
erence library. Should you know of 
anyone having these journals and wish- 
ing to sell them, please contact: Mr. 
Joseph O. Gill, Jr., c/o S.S. DeYoung, 
Inc., 373 Washington Street, Boston, 
Massachusetts 02108. 


Idar-Oberstein Announces 
1975 Gem Design Competition 


Idar-Oberstein, the world-renowned 
and oldest city continuously active in 
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the gem trade, announces the “Ger- 
man Jewels and Gems Award Idar- 
Oberstein 1975” contest for gem 
fashioning for ornamental purposes. 
The contest is open to all designers 
and craftsmen either professional or 
amateur. The entries are expected to 
be unconventional and creative; the 
deadline is August 18, 1975 (date of 
postmark). Details of the competition 
are available from: 

Verband der Edelstein — 

Und Diamantindustrie E.V. 

D6580 Idar-Oberstein 2 

Mainzer Strasse 34 

Germany 
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Book Reviews 


By ROBERT GAAL, Ph.D. 


MINERALS OF THE WORLD, by 
Charles A. Sorrell. Published by Gold- 
en Press, New York, 1973. 280 pages. 
Hardbound price: $5.95. Paperback: 
$3.95 


Charles A. Sorrell has written a 
small, handy, well-printed and clearly 
illustrated introduction to mineralogy 
which is very reasonably priced and 
deserving of wide circulation. Al- 
though the price is particularly favor- 
able, the fact that it is well put to- 
gether, and the data appear correct, 
make it highly appealing for the stu- 
dent mineralogist and gemologist. The 
first 66 pages give a clear and concise 
overview of elementary classical min- 
eralogy. It emphasizes chemical associ- 
ations and crystal structures with a 
brief introduction to rocks and their 
geological relationships to major rock 
types. The use of acidic and basic for 
igneous rock classification is con- 
fusing, and felsic and mafic are pre- 
ferred in modern usage. The remaining 
191 pages of the text are a description 
of minerals based on chemical com- 
positions according to the nonmetals 
or the radicals present. The most 
important and valuable feature of this 
systematic presentation is that the 
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descriptive text and numerous color 
illustrations are on facing pages. This 
will provide the gem and mineral en- 
thusiast with a unique “‘reference cat- 
alog,” which helps simplify identifica- 
tion of each mineral and emphasizes 
the chemical relationship and crystal 
structure of minerals. 

The author’s stated purpose of the 
book was that it “was written to fill 
the gap between available popular 
books and the typical college text- 
book.” Towards this end, the author 
has succeeded and possibly exceeded 
his goal, since the book could be used 
as a supplementary introductory text 
in mineralogy. 

“Minerals of the World” is an 
excellent book for the amateur and 
serious student of gems and minerals 
since it is one of the very few books 
published containing so much infor- 
mation for the reasonable price of 
$5.95. The paperback is also nice at 
almost half the price. This book is 
highly recommended for the serious 
gemologist. 


WORKING WITH GEMSTONES, by 


V. A. Firsoff. Published by Arco Pub- 
lishing Company, Inc., New York, 
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1974. Illustrated in black and white 
and color. 210 pages. Hardbound, 
Price: $8.95 


“Working With Gemstones” is a 
generalized guide to many aspects of 
the lapidary art and craft. The book is 
divided into three parts; the first part 
discusses raw gem materials and is an 
introduction to gemology; the second 
and longest part deals with general 
lapidary in a simplified manner with 
some practical advice; the third part 
consists of miscellaneous information. 

The sections on rocks and minerals 
and the optics of gems are a bit con- 
fusing and need close scrutiny, for 
example; jade is not ‘“‘well known as 
an ornamental stone of volcanic ori- 
gin”; “borazon is a gem comparable to 
and harder than diamond” — borazon 
is not a gem, it is an abrasive; silicon 
carbide’s formula is SiC, not Si3C; 
most scheelite fluoresces bright blue to 
bluish white in short-wave ultraviolet 
(2537 A) becoming yellowish white 
with increasing molybdenum and does 
not “fluoresce lilac’ as stated by the 
author; the description of polarization, 
asterism and pleochroism are fuzzy, 
e.g., “shifting colour or pleochroism 
which may be Englished as more 
colouredness.” Numerous other in- 
accuracies can be quoted; however, 
one myth should be buried once and 
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for all; that is, the resurrection of the 
ghost of ““Lodewyk van Berquem of 
Bruges, in Flanders,” who in 1476, 
“found that diamond could be cut and 
polished with diamond.” Faceted dia- 
monds, i.e., pointed stones, were 
polished before 1476. The reader 
interested in the mythological char- 
acter of van Berquem is directed to 
Godehard Lenzen’s book “‘The History 
of Diamond Production and the Dia- 
mond Trade,’ Praeger Publishers, 
1970, in which a painstaking study of 
source references indicated that van 
Berquem was a mythical character to 
whom was attributed the origin of dia- 
mond finishing! 

One of the major beneficial features 
of the book appears to be the 
appendix with a list of world 
“suppliers of lapidary making equip- 
ment and rough gemstone material” 
and a bibliography in which one of the 
deans of gemology and the lapidary 
arts’ name is misspelled, John Sinkana 
[sic]! The color plates are reasonably 
good reproductions which greatly 
enhance the book, even though their 
source is not acknowledged. The book 
may be of interest to the novice in the 
field; however, most of the infor- 
mation on the lapidary art can be 
found in greater detail in other books, 
such as those listed in the bibli- 
ography. 
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Part 3 


The Origins of Color 
In Gems and Minerals 


By K. NASSAU, Ph.D. 
Bel! Laboratories, Murray Hil, New Jersey 


K. Band Theory and Metals 

All the causes of color discussed so 
far in this series have originated in 
electrons located on an ion, at a 
defect, or on a group of ions or atoms. 
In band theory, however, electrons 
belong to the crystal as a whole. The 
band theory applies to both metallic 
conductors and also to semiconductors 
as summarized in Table 6. 

In a metal such as silver, or an alloy 
such as brass, each metal atom con- 


tributes its outer electrons (those 
usually used in chemical bonding) to a 
joint pool. These electrons are free to 
move from one metal atom to the next 
throughout the whole piece of metal. 
In these electrons is found the reason 
for the unique properties of metals: 
they are conductors of electricity — 
this being merely the movement of 
these free electrons through the metal; 
they are also good conductors of heat 
— again due to the free electrons; and 


TABLE 6 


A. Metallic Color and Lustre in Good Conductors: 


Elements: 
Alloys: 


B. Semiconductors: 
Narrow Band-Gap: 
Medium Band-Gap: 


tron, copper, silver, gold, platinum, mercury. 
Amalgam, iridosmine, meteoritic nickel-iron, brass, bronze. 


Galena, altaite (opaque, dark gray to black). 
Pyrargyrite, cinnabar, proustite (red); realgar (orange); 


sulphur, greenockite (yellow). 


Wide Band-Gap: 


‘Sphalerite, diamond (colorless). 


C. Wide Band Gap Semiconductors with Impurities: 


Donor Impurity: 
Acceptor Impurity: 
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Nitrogen in diamond (yellow). 
Boron in diamond (biue). 
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metals also have their characteristic 
metallic luster and high reflectivity 
due to the free electrons. 

The quantum theory applied to the 
huge number of electrons in a metal 
(more than 1023 per cc) produces 
many energy levels closely crowded 
together, so close in fact that they can 
be considered just about continuous in 
energy. However, the total number at 
various energies is not identical and 
the result is a diagram such as that of 
Figure 8A, Here energy is plotted 
vertically, the horizontal scale giving 
the number of electrons at various 
values of the energy. The electrons 
occupy the lowest energy states, filling 
up the band until all the electrons 
present in the metal are accounted for, 
just as a liquid would be poured into a 
container. The filling level is called the 
“Fermi surface’ as shown in Figure 
8A, 

One of the properties of such a sea 
of electrons is that the metal is opaque 
with very efficient reflectance — the 
“metallic” reflection. Nevertheless, 
some absorption occurs during the 
reflection process. Since there are 
many unoccupied energy levels at 
essentially any energy above the Fermi 
surface, electrons can absorb almost 
any energy light and be excited as in 
Figure 8B. The shape of the energy 
band varies slightly from metal to 
metal, and results in slight differences 
in reflectivity at different energies. In 
the example of Figure 8B, since there 
is room for more electrons at higher 
energies, there will be more absorption 
at c than at a and b. This will produce 
slightly more absorption at the blue 
end of the spectrum and a yellowish 
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Figure 8. Band diagram of a typical metal, 
A; showing light absorption and emission 
transitions, B, 


color such as that of gold. 

In this way the ‘‘free” electrons in a 
metal provide the metallic reflectivity 
as well as the relatively small differ- 
ences in color among metals such as 
copper, silver, gold, mercury, and var- 
ious alloys such as brass, bronze, ster- 
ling silver, etc. 


L. Band Theory and Semiconductors 

There is a large number of chemical 
substances which contain an average of 
four electrons per atom and where the 
bonding is predominantly covalent 
(i.e., sharing of electrons rather than 
the donating in ionic bonding). The 
color of these materials (when they 
contain no impurities) ranges from 
transparent colorless diamond C and 
sphalerite ZnS, which are “wide band 
gap semiconductors,” to opaque gray 
to black minerals such as galena PbS, 
which is a “narrow band gap semicon- 
ductor.” Intermediate colors are 
limited to the series yellow to orange 
to red (e.g., yellow greenockite CdS, 
orange realgar AsS and red cinnabar 
HgS). 
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Figure 9. Band diagram of a typical semiconductor,A; showing light absorbing transitions, 
8; the dependence of color on the energy of light is shown in C; and on the band gap 


energy in D. 


The band theory applied to these 
materials shows that there is an energy 
gap — the “band gap,’ where no 
electrons can occur. This is shown in 
Figure 9A, where it should also be 
noted that the lower band, the “‘va- 
lence band,” is just completely filled 
with electrons, while the upper band, 
the “conduction band,” is completely 
empty; here the Fermi surface is effec- 
tively at the top of the valence band. 

_The semiconducting property of 
galena has been used in the “crystal” 
rectifiers of the early crystal radio sets. 

In Figure 9B is shown how these 
electrons absorb light, very much as in 
Figure 8B. However, only light con- 
taining energies higher than the band 
gap energy is absorbed, since at ener- 
gies lower than the band gap energy 
there is no place for the electrons to 
go. If the band gap energy is small, 
smaller than 1-1/2 eV, this isa narrow 
band gap semiconductor; it means that 
absorption is possible at all visible 
energies (see Figure 9C — also see 
Figure 1) and the material is therefore 
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opaque and very dark gray to black 
(e.g., galena). Another consequence is 
that the material will conduct elec- 
tricity at room temperature. If the 
band gap energy is large, say larger 
than 3 eV, this is a large band gap 
semiconductor, and absorption is only 
possible in the ultraviolet; the result is 
a transparent colorless material which 
is an electrical insulator when pure 
(e.g., diamond, sphalerite). 

At a band gap of 2-1/2 eV only 
blue and violet and higher energy light 
is absorbed (see Figures 9C and D); the 
result is the transmission of the com- 
plementary color of violet-blue, which 
is yellow (e.g., greenockite). At a band 
gap of about 2 eV all visible light 
except red is absorbed (e.g., cinnabar, 
proustite), and with a band gap below 
1-3/4 eV all visible light is absorbed. 

This sequence of colors can be seen 
very clearly in the mixed system cad- 
mium sulfide CdS — cadmium sele- 
nide CdSe. Pure CdS (greenockite) is 
yellow, pure CdSe is black, and in the 
mixtures the series yellow to orange to 
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red to black of Figure 9D is obtained 
with orange at about 15% CdS, 85% 
CdSe. This is a result of the band gap 
energy variation from the 2.4 eV for 
CdS to the 1.7 eV for CdSe. 


M. Impurities in Semiconductors 

Diamond is a wide band gap semi- 
conductor with a band gap energy of 
about 5-1/2 eV. As described in the 
previous section, this large band-gap 
prevents any absorption in the visible, 
and therefore also prevents any colora- 
tion in pure diamond (irradiation can 
produce color, but this is due to color 
centers — see Section H in Part 2). The 
wide band-gap also prevents any elec- 
trical conductivity at room tempera- 
ture in the absence of impurities. 

Each carbon atom has four elec- 
trons which are contributed to the 
valence band. If an impurity is added 
which has five available electrons, such 
as nitrogen, then this is called a 
“donor” because it has one extra 
electron to donate when it replaces a 
carbon atom in the diamond structure. 
This donor will form an energy level 
within the band-gap as shown in 
Figure 10A, where the black dot repre- 
sents one extra electron for each nitro- 
gen. This is located 4 eV below the 
conduction band, so that light of 4 eV 
and higher energy can be absorbed, 
with the electron being excited into 
the conduction band as shown. Figure 
10A is merely a simplified version, and 
actually blue and violet light from 
about 2-1/2 eV up can be absorbed by 
the broadened donor energy level. This 
is the cause of the yellow color in 
natural diamonds and also in synthetic 
diamonds when nitrogen has been 
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Figure 10. Band diagram for impurities in 
semiconductors: yellow nitrogen containing 
diamond in A; and blue boron containing 
diamond in B. 


added during growth. Yellow dia- 
monds contain typically one nitrogen 
atom for every 100,000 carbon atoms. 
Larger amounts of nitrogen produce 
changes in the energy level scheme and 
give a greenish color which canbe 
almost black if sufficiently intense. 
These yellow and greenish diamonds 
containing nitrogen atoms are classed 
type Ib and are electrical insulators at 
room temperature. Very much larger 
quantities of nitrogen than this are 
present in the type Ia diamonds, but in 
these the nitrogen has precipitated as 
platelets and is not present as nitrogen 
atoms which can act as donors; type Ia 
diamonds are therefore colorless. 

This same yellow to green to black 
color sequence can also be seen in 
silicon carbide (carborundum, mois- 
sanite) containing donor impurities. 

Boron atoms contain one less elec- 
tron than carbon atoms, so that by 
substituting a boron atom for a carbon 
atom in diamond an “acceptor” level 
is introduced into the band-gap as in 
Figure 108. This can now accept an 
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electron from the valence band as 
shown. One consequence of this is that 
light can be absorbed by this transi- 
tion. Figure 10B is only a simplified 
version; depending on the position in 
the valence band from which the 
electron originates, different absorp- 
tions are possible, and the actual result 
is a blue color. 

A second consequence derives from 
the fact that only a very small energy 
is needed to move electrons from the 
top of the valence band to the boron 
acceptor level, in fact only about 0.4 
eV. This can be easily achieved by 
thermal excitation at room tempera- 
ture, resulting in “holes” in the 
valence band. These holes can move in 
an electric field and make the blue 
diamond a conductor of electricity. 
This is true both in natural diamonds 
such as the blue Hope diamond, and in 


synthetic diamonds with boron added 
during growth (typically one boron 
atom for every one million carbon 
atoms). It has also been suggested that 
aluminum can act as a blue producing 
impurity in natural diamond, but the 
addition of aluminum during the 
growth of synthetic diamonds has 
never resulted in any coloration. Blue 
conducting diamonds are classified as 
type IIb. Irradiated blue diamond (due 
to a color center) does not conduct. 
Fluorescence can also result from 
the impurity levels in semiconductors 
and phosphorescence commonly 
occurs in type IIb diamonds. Further 
details on band theory may be found 
in modern solid state physics texts 
such as “Introduction to Solid State 
Physics” by C, Kittel, John Wiley, 3rd 
Ed. 1968. For details on diamond see 
“Boron, the Dominant Acceptor in 


TABLE 7 


Pseudochromatic Color Caused by Physical Optics Effects 


A. Color Based on Dispersion 


“Fire’’ in high dispersion gemstones such as diamond, zircon, rutile, and 


strontium titanate. 


B. Color Based on Scattering 


Chatoyancy as in cat’s-eyes, tiger-eyes. 
Asterism as in star corundum, garnet, quartz. 


Luster as in pearl; 
gypsum (satin spar); etc. 


foliated talc, brucite, 


apophyllite; fibrous asbestos, 


Aventurescence as in sunstone, aventurine albite, aventurine quartz, schiller 


spar, silver-sheen obsidian. 


Adularescence as in moonstone (bluish), milky opal. 


C. Color Based on Interference 


Interference effects in thin films such as the tarnish film on chalcopyrite, 
columbite, and bornite and within the cracks of iris quartz. 


D. Color Based on Diffraction 


Diffraction grating produced by periodic spacings as in opal, labradorite, and 


iris agate, 
38 
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Semiconducting Diamond” by R. M. 
Chrenko, Phys, Rev. B7, 4560 (1973) 
and “Lattices of the Diamond Type” 
by P. J. Dean in “Luminescence of 
Inorganic Solids,” P. Goldberg, Editor, 
Academic Press, p. 119, 1966, and 
other citations given in these refer- 
ences. 


N. Color Caused by Dispersion 

The preceding eight causes of color 
have involved electrons in some way or 
another. In the next four sections are 
discussed pseudochromatic — “other 
color’ — minerals, for which the origin 
of the color is found in physical 
optics as outlined in Table 7. 

As first explained by Newton, the 
spectral colors produced when white 
light passes through a prism as shown 
in Figure 11A are the components of 
the white light itself. The sequence of 
colors is the well known red-orange- 
yellow-green-blue-indigo-violet (also 
seen in the rainbow) with the red ray 
being deflected least and the violet ray 
most deflected. The larger the “disper- 
sion” of a material, the larger the 
separation between the colors for a 
given prism angle. Dispersion does not 
add body color, but does add greatly 
to the attractiveness of well-cut gems. 

In a faceted gemstone many of the 
light rays, such as the one shown in 
Figure 11B, enter the stone at one 
angle with respect to the entrance 
surface but leave at a different angle 
with respect to the exit surface. In 
such a case, regardless of the inter- 
mediate total internal reflections, the 
path is effectively that through a 
wedge-shaped section, ie., a prism. 
Thus result the flashes of colored light 
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Figure 11. The splitting of white light into 
its spectral components ina prism, A; and 
in a gemstone, B, 


referred to as “fire” so particularly 
prominent in high dispersion materials 
such as diamond (dispersion 0.044) 
and zircon. Materials with low disper- 
sion such as quartz (dispersion 0.013) 
show little fire. If a gemstone is deeply. 
colored, e.g., emerald where all colors 
other than green are gbsorbed, the 
magnitude of the dispersion becomes 
unimportant because there is no signi- 
ficant range of colors remaining to be 
dispersed. 


O. Optical Effects 

Caused by Scattering 

Most of the effects resulting from 
scattering produce a luster rather than 
a color; in several cases the color is 
also affected and a brief discussion of 
scattering effects is therefore included. 

Light scattered from inclusions or 
other structure within crystals can 
cause a large variety of optical effects. 
If the scattering centers are large, then 
they cannot change the color of the 
scattered light. The terminology of the 
various scattering effects is confusing 
and frequently used inconsistently. No 
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attempt is made here to be definitive. 
A summary is given in Table 7. 

Chatoyancy refers to reflections 
from needles (or hollow tubes) 
oriented parallel to each other. In a 
cabochon-cut stone this produces the 
“eye” effect of a slit pupil appearing 
to move at the stone is turned. Ex- 
amples are chrysoberyl cat’s-eye, 
quartz tiger’s-eye, as well as the much 
rarer tourmaline, beryl, apatite, etc., 
cat’s-eyes. 

In asterism reflections occur from 
needles all of which are not parallel. 
Thus in asteriated corundum the rutile 
needles occur in three orientations (at 
120° to each other in the basal plane) 
so’ that a six-rayed star occurs from 
reflections in a correctly cut cabo- 
chon. More or fewer than six rays can 
be seen in star ruby and sapphire, 
depending on the orientation, twin- 
ning, or imperfections. Other materials 
sometimes showing asterism include 
almandite garnet (three, four, and six 
rays), rose quartz (diasterism — best 
seen in transmitted light), beryl, etc. 

Luster can also derive from a dif- 
fuse form of light reflection or scat- 
tering. In the case of pearl the luster 
(or “orient’”) originates from over- 
lapping platelets of aragonite. Luster 
of this type is also seen in foliated talc, 
and silky luster in fibrous materials 
such as asbestos and the satin spar 
variety of gypsum. 

Aventurescence and schiller are 
terms usually applied to reflections 
from small plate-like inclusions; ex- 
amples include sunstone oligoclase and 
aventurine albite (hematite inclusions), 
aventurine quartz (green mica inclu- 
sions), and silver-sheen obsidian. 
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Adularescence occurs in moonstone 
orthoclase and also in some albite. 
These are semitransparent feldspars 
showing a white or bluish shimmer 
(also termed schiller) which appears to 
float within the stone. This is usually 
attributed to a layer-structure, e.g., of 
orthoclase albite, However, a similar 
effect is seen in the bluish sheen of 
unhomogenized milk (due to light- 
scattering from colloidal fat particles) 
and also in the light scattering produc- 
ing the blue of the clear sky. The 
moonstone imitation made by heating 
synthetic spinel may also be due to 
fine precipitated particles selectively 
scattering light at the blue end of the 
spectrum. It. is therefore possible that 
scattering from very fine particles 
causes the bluish moonstone effect in 
conjunction with layer-structure pro- 
perties. This effect is sometimes 
termed opalescence and is also seen in 
the white to bluish body color of some 
opal (but is unrelated to the fire in 


opal). 


P. Colors Caused by Interference 

Consider a parallel beam of single 
color light A-A falling onto a thin 
wedge of glass as in Figure 12. An 
individual ray of light, such as B or E 
will generally be partly reflected at the 
front surface of the glass, while part 
will enter the glass, For ray B, the part 
which enters will be reflected at the 
back-surface C and would normally 
emerge along the path D. 

However, that part of ray E which 
would be reflected also along path D 
will now combine with the reflected 
ray from C. In the illustrations of 
Figure 12 there are exactly 5 whole 
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wavelengths inside the glass at C. Since 
the ray from E changes phase at the 
reflection on the surface (only at a 
higher refractive index medium), the 
two rays will be exactly out of phase 
and will cancel. There will thus be no 
light along D. 

A little further along the wedge at 
F there are only 4-1/2 wavelengths 
inside the glass, so the two rays along 
G will add and be twice as strong as 
just the reflected ray. At H, where 
there are 4 wavelengths inside the 
glass, the rays will again cancel and 
there will be no light along J. 

The result will be a series of light 
and dark bands if monochromatic light 
falls on such a wedge. If white light is 
used, the different colors will produce 
bands at different positions, and start- 
ing from the thinnest end of the wedge 
the order of the combined interference 
colors is: black, gray, blue-gray, white, 
yellow, orange, red (end of the “1st 
order”), violet, blue, blue-green, 
yellow-green, orange, red (end of the 
“2nd order”), violet, blue, green-blue, 
and so on. This sequence of interfer- 
ence colors occurs in soap-bubbles, in 
oil-slicks on water, and is well known 
in optical crystallography, where it 
usually involves polarized light and the 
birefringence in a quartz wedge. The 
material does not have to be wedge- 
shaped, but must be thin, as the colors 
wash out in higher orders; the path 
difference per order is about 5500 
Angstroms. 

Interference colors in minerals 
occur in thin cracks in topaz, quartz 
(rainbow quartz), etc., where inter- 
ference within the air-film inside the 


SUMMER 1975 


Figure 12, Interference of light in a wedge- 
shaped film. 


crack produces the color. Inter- 
ference colors also occur in the irides- 
cent tarnish films on minerals such as 
chalcopyrite, columbite, and bornite 
(“peacock ore”). In a colorless tarnish 
film it is the combination of film 
thickness and refractive index that 
determines the color; knowing either. 
of the two, one can calculate the 
other. If the film has an intense color 
absorption of its own, then some of 
the interference colors will be missing. 


Q. Color Caused by Diffraction 
A diffraction grating produces color 
in a unique way which combines scat- 
tering and interference. White light 
diffracted from a regular array of 
scattering centers can result in a con- 
tinuous spectrum, not unlike that 
from a prism. This effect can be seen 
by looking through a cloth umbrella 
fabric at a distant street-lamp, or by 
looking at a glancing angle across the 
grooves on a phonograph record. 
Consider two parallel rays of light, 
A and B of Figure 13, falling onto a 
regular array of scattering centers with 
distance d between the layers as 
shown. Light will scatter from each 
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Figure 13. Diffraction of light at a periodic 
grating. 


point in all directions. Consider the 
direction corresponding to the scat- 
tered rays C and D. Note that the 
incident angle a and scattered angle 6 
are not the same as they were in the 
reflection case of Figure 12, The path 
difference between rays AC and BD is 
a + b, or d (sin a + sin 8). Whenever 
this path difference is a whole number 
of wavelengths A for any direction, 
then C and D will reinforce each other, 
i.e., when nd = d (sina + sin 8) with n 
being an integer; if n is not an integer 
then C and D will be out of phase and 
will neutralize each other. The result is 
that, depending on the wavelength of 
the light and on the spacing d between 
the layers of scattering centers, light 
will be observed only in certain direc- 
tions. A spectrum is produced from 
white light, and the colors are pure 
spectral colors as distinct from the 
combination colors occurring in inter- 
ference from thin films. 

The prime example of a mineral 
diffraction grating is precious opal. As 
observed in the scanning electron 
microscope, opal consists of patches of 
very uniform size spheres of amor- 
phous silica in a highly ordered 
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arrangement (usually face-centered 
cubic) in a matrix of silica containing 
some water (see Figure 14). The ar- 
rangement is usually close-packed 
cubic and diffraction may occur either 
from the spheres or from the spaces 
between the spheres. The -patches are 
oriented in various ways and each 
patch will diffract its spectrum to the 
eye over a fairly small angle. As the 
opal is turned, this produces the effect 
of patches of color “flashing” on and 
off within the body of the opal. 

The color diffraction capability 
depends on the spacing between the 
spheres, and the range of color ob- 
tainable from any patch is limited: for 
a flat slab X minimum i8 1-71d and A 
maximum is 2.37d. Thus if the spacing 
d between the spheres in a patch is 0.3 
micron (3000 Angstrom) it can dif- 
fract from 5100 Angstrom (green) to 
7150 Angstrom (red). If d is 0.25 
micron the range is blue to yellow, and 
if d is 0.2 micron it is blue-green to 
violet. A single patch accordingly can- 
not produce, both blue and red. These 
values apply for face-centered cubic 
packing; for hexagonal packing these 
wavelengths are multiplied by 1.06. 

Other examples of color attributed 
to diffraction effects are iris agate and 
labradorite. Iris agate consists of very 
thin layers of transparent quartz which 
present a rainbow effect when viewed 
by transmitted light. Labradorite 
commonly gives a brilliant green or 
blue reflection but can occur in any 
color and in the spectrolite form con- 
tains patches of various colors. Here 
the diffraction colors are produced 
close to the surface of this essentially 
opaque material rather than “flashing” 
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Figure 14. The structure of a natural opal. 


out from within the transparent or 
translucent opal and are attributed to 
repeated twinning. The similarity to 
butterfly-wing colors is not accidental, 
since their color is also due to diffrac- 
tion. 

References to the physical optics 
theory causes of color will be found in 
books on optical mineralogy and in 
physics texts. For details on opal see J. 
V. Sanders, Acta Cryst. A24, 427 
(1968). 

R. Conclusion 

Twelve types of color in gems and 
minerals have been discussed involving 
four types of theories. In many gems 
and minerals more than one cause of 
color may be present, e. g., almandite 
(when pure, a red idiochromatic color 
due to Fe2*) may be black due to 
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allochromatic transition metal impuri- 
ties (e.g. Fe>* or Mn); quartz may be 
green due to allochromatic coloration 
by Ni impurity as in chrysoprase, or 
due to included spangles of green mica 
as in aventurine; and.so on. Some 
guides have been given for further 
study, but the reader must be warned 
that many erroneous early guesses as 
to the causes of specific colors in 
minerals have been repeatedly copied 
from one text to the next so that 
much misinformation is current. It is 
hoped that this outline will help in the 
incorporation of some current insights, 
although it has not been possible to 
fully search the literature for all recent 
developments. The author is grateful 
to Drs. D. L. Wood and M. B. Robin 
for helpful discussions. 
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Developments and Highlights 
at GIA’s Lab 


in Los Angeles 


By RICHARD T. LIDDICOAT, JR. 


An Interesting Corundum 
Received for Identification 


Occasionally, we encounter unusual 
gem materials and one such example 
was a very extraordinary looking large 
faceted tablet. It appeared semi- 


translucent, silky, and lustrous in the 
center, but was transparent and less 
lustrous at the sides. The center sec- 
tion is sapphire, similar to black star 
sapphire, and the transparent sur- 
rounding zone proved to be pinite. 
Pinite is an alteration product made up 


Figure 7. 
Aq 


mostly of muscovite mica; conse- 
quently, it is very soft. The stone, 
shown in reflected light in Figure J, 
illustrates the hexagonal zoning in the 
corundum portion. The corundum 
portion is still roughly hexagonal. as is 
shown in Figure 2. Figure 3 shows the 
difference in luster between the corun- 
dum and the pinite. 


Scrimshaw on Whale Teeth 


We had the interesting opportunity 
to examine three samples of scrimshaw 


Figure 2. 
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Figure 3. 


(Figures 4, 5, and 6) and a carving 
(Figure 7), all done on sperm whale 
teeth. The material seems to be quite 
similar to ivory in certain respects, but 
coarser. It fluoresces in a manner 
similar to ivory and the properties are 
approximately the same. 


Figure 4. 
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Figure 5. 


Figure 7. 
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Unusual Polish on Twinned Diamond 


A diamond received for identifica- 


tion showed a rather dramatic differ- 


ence in the quality of the polish on 
opposite sides of a twinning line. 
Obviously, the orientation was differ- 
ent on the two sides of the twinning 
plane and the polishing direction 
chosen was excellent for one side, but 
not for the other. The difference was 
unusually striking in appearance. As a 
result, some areas were almost 
unpolished on one side of the plane. 
Figure 8 shows the diamond with a 
twin plane indicated by arrows. As the 
lower girdle facets come together 
approaching the culet, there are three 
facets which appeared white. They 
were frosted because they did not take 
a polish, which is in contrast to the 
excellent polish on the other side of 
the twin plane. We also see, on a 
pavilion main facet to the left of the 
pair of white triangular lower girdle 
facets, a frosted area on the opposite 


Figure 8. 
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side of the twin plane. Usually the 
cutter chooses a direction for polishing 
that balances the optimum directions 
between the two orientations and 
finds one that will at least make the 
two polishing directions comparable in 
efficiency. As a result, he obtains a 
better polish than appeared in this 
stone, where the polishing direction 
chosen seemed very poor for one of 
the orientations. 


Large Inclusion in Spinel 


In Figure 9 we see a huge inclusion 
of spinel in a natural spinel. The 
inclusion appears to occupy about 
50% of the table area of this stone. We 
usually think of tiny spinel octahedra 
as typical inclusions in spinel, but one 
this size is extremely unusual. 


A Large New Synthetic Pink Sapphire 
One of our recent testing problems 


was a very large. (approximately 20 
mm. in diameter) round cabochon of 


Figure 9. 
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Figure 10. 


synthetic pink sapphire. Under magni- 
fication by transmitted light, struc- 
tures on two sides of the material were 
quite different. On one side by trans- 
mitted light we see the distinct hexa- 
gonal pattern shown in Figure 10, On 
the opposite side of the ring as it 
appears in the setting, we see again by 
transmitted light a quite different 
pattern (Figure 11). Here we obtained 
a starlike appearance with no regular 
number of rays. 


Figure 12. 
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Figure 17. 
Black Diamond 


Recently, a New York supplier who 
has started to feature black diamond 
set jewelry brought in a sawed half- 
crystal diamond which had a thick 
black exterior and a transparent near- 
colorless center. The top portion of 
the black crystal shows an octahedral 
face reflected across the grooved do- 
decahedral direction. This is shown in 
Figure 12. In Figure 13, the clear core 


Figure 74. 


is clearly illustrated. To date, there has 
been very little exploitation of black 
diamond in jewelry. This will be an 
interesting development to watch. 


Hornbill Snuffbottle 


A short time ago, we were called 
upon to identify a hornbill snuff- 
bottle. The translucency of the 
material is evident in the photographs 
taken of the two flat sides of the 
bottle. Some of the red edge of the 
carapace of the beak and skull of the 
hornbill appears in Figures 14 and 15. 
The cap also showed a reddish color, 
while the rest was a golden yellow, 
typical of “hornbill ivory,” as it is 
sometimes called. 
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The Jewels of 
Fortunato Pio Castellani 


And Carlo Giuliano 


BY DR. A. E. ALEXANDER 
Gem Consultant, New York, New York 


Twenty years ago, Cooper Union 
Museum in New York City exhibited 
an impressive collection of 19th cen- 
tury jewelry in which more than 400 
pieces and designs were included. Out- 
standing in the collection were jewels 
of Fortunato Pio Castellani and Carlo 
Giuliano. 

Fortunato Pio Castellani, who lived 
from 1793 to 1865, had two sons, 
Augusto, who lived from 1829 to 
1914, and Allessandro, 1824 to 1883. 
The latter also collected and dealt in 
Victorian jewels. He eventually be- 
came Director of the Capitoline 
Museum in Rome. 

Fortunato Castellani opened an 
atelier in Rome in 1814, where he 
specialized in creating reproductions 
of Greek and Etruscan jewelry. The 
quality of his work was so fine that 
soon Castellani was recognized 
throughout Europe as the greatest 
goldsmith of his time. Both Fortunato 
and Allessandro, realizing the wide 
interest in antique jewels — the 
authentically old as well as all others — 
were avid collectors throughout their 
lifetimes, 
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As for Carlo Giuliano, there is no 
record of his birth. However, authori- 
ties on this famous goldsmith give the 
time of his death as 1912. From the 
extensive, privately owned collection 
of Carlo Giuliano’s, I was permitted to 
study and carefully examine represen- 
tative pieces, twenty in all. These are 
described below. All the jewels cited in 
this article are hand crafted and of 
18 K gold. 

a) Six seed-pearl necklaces are in 

the collection. There are from six 

to eight pearl strands in each neck- 
lace. From each pearl necklace is 
suspended a pendant, and on the 
delicate wire work encasing white 
enamel is set one or more stones 

(see Figure I) For example, the 

center stone in one pendant is a 

sapphire, another a peridot, and 

third a garnet; these stones averaged 
two and three carats in weight. 

Surrounding the larger stones are 

old-mine cut diamonds or old-mine 

cut rubies of less than one carat in 
weight. To complete the ensemble, 
each pendant supported a single 
pear-shaped pearl. The gold filigree 
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Obverse Reverse 
Figure 1. A superb example of Carlo Giuli- 
ano’s craftsmanship. A gold pendant featur- 
ing brightly colored enamels. The reverse of 


the pendant reveals enamel work featuring 
other colors. Giuliano specialized in the use 
of fine quality oriental pearls. 


clasps are faced in white enamel, set 
with tiny old-mine cut diamonds. 
(Mention should be made that dur- 
ing mid-Victorian times, seed pearls 
were extremely popular.) 

b) One Giuliano necklace of con- 
siderable interest was composed of 
76 gold and blue enamel drops. 
From each drop — a perfect match 
of the other — is seen a single small 
pearl. This is a fine example of the 
Egyptian influence. 

c) Another beautiful necklace con- 
sists of a series of 18 K gold links, 
each set with a single small old- 
mine cut hessonite garnet of rec- 
tangular shape. Each hessonite is 
suspended below a thin gold link 
set with a single one-point old-mine 
cut diamond. There are three very 


SUMMER 1975 


small seed pearls surrounding the 
diamond. All very delicate and 
most attractive. 

d) A third Giuliano gold necklace 
features 59 blue cabochon sap- 
phires, each stone just under a carat 
in size. The gold work is intriguing 
in composition. 

e) Still another gold necklace con- 
sists of 57 cabochon rubies of 
ten-point size and 57 cabochon 
sapphires, which are mounted in a 
gold circle suspended just below the 
rubies mentioned. 

f) Next, I noted an elaborate gold 
necklace to which was attached a 
gold and white enamel pendant. In 
the center was mounted a one-carat 
old-mine cut diamond. Giuliano 
seemed to specialize in suspending a 
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Obverse 


Figure 2, One of Giuliano’s magnificent 18K 
gold pendants. The rubies are gem Burma, 
the single pearl, oriental. Black, white and 
baby-blue enamel is fused on the hand- 


single fine pearl from his pendants, 
and this jewel is no exception. 
Here, it is the size of the diamond 
which gives this lovely necklace its 
importance. 

g) An even more unusual necklace 
is the one featuring a lozenge-shape 
pendant of white enamel and gold, 
set with faceted rubies and small 
old-mine cut diamonds. Herc again, 
the large and imposing pendant has 
attached to it a top-quality oriental 
pearl. 

h) Another pendant, rectangular in 
shape and two inches across, is of 
intricate gold open work and black 
and white enamel. Five cushion-cut 
rubies, each one-third carat in 
weight, complete the piece. A pear- 
shaped pearl is suspended from the 
pendant (see Figure 2). 

i) There are several stone pieces in 
the collection. One, an oval agate 
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Reverse 


carved openwork of rich gold. The reverse 
side of the pendant is almost as beautiful as 
the front. 


cameo, has a white Grecian figure 
carved against a brown background. 
The elaborate gold frame is covered 
with red, green and white enamel, 
and the beautiful cameo carries a 
single flawless pearl. 

j) Another remarkable item is a 
1-1/4-inch piece of rock crystal 
fashioned in a heart shape. The gold 
frame features blue enamel in the 
outer rim, surrounded with tiny 
seed pearls. What really attracts the 
eye is a green enamel “plant” with- 
in the rock crystal; this consists of 
green leaves and flowers which re- 
semble light blue forget-me-nots 
(see Figure 3). 

k) One could not pass up Giuli- 
ano’s superb 18K _ gold earrings. 
The gold wire work is superbly 
formed, and on each side of each 
earring are tiny graduated seed 
pearls. Near the top of each earring 
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Figure 3. Giuliano’s rock crystal heart with 
floral arrangement incised. Mounting is 18K 
gold edged in baby-blue enamel. The 
matched pearls are genuine. 


is an ornament consisting of small 
old-mine cut diamonds, equally 
tiny cabochon emeralds, and a 
number of minute-size seed pearls. 
Every Giuliano earring is made for 
pierced ears. 


1) An important gold necklace is 
the one to which is attached a 
1-1/2-inch gold and white enamel 
pendant set with a ten-carat, old 
rose-cut peridot. Eight small ten- 
point rubies encircle the peridot. 
Here again a single drop pearl is 
suspended from the jewel. The ori- 
ginal Giuliano leather box is in- 
scribed 115 Piccadilly, London. 

m) One of the most beautiful gold 
necklaces studied has lozenge- 
shaped Persian turquoise of superb 
quality, separated by two-point 
rubies. On the outside of each gold 


link there is suspended a tiny pearl. 


The necklace is a two-row combina- 
tion. There are drop earrings of the 
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same design created to match the 
design of the necklace. A leather 
fitted box had been specifically 
made for these stunning jewels. 


n) There are several rings in the 
Giuliano collection. One is a gold 
creation, quite ornate, consisting of 
red, blue and green enamel. Three 
round Persian turquoises are set 
along the top of the ring; each 
stone measures 1/8 inch in diame- 
ter. The mounting is unusual and 
representative of the artistry of 
Giuliano. 


o) Another gold ring featuring 
black and white enamel is set with a 
carved blue oval sapphire of 
approximately eight carats in 
weight. Carved in the sapphire is 
the figure purported to be Eros 
struggling with a very large bird. 
The literature on this particular ring 
states that this is a copy of an 
ancient cameo. 


p) There is one open work gold 
crown in the collection, set with 
twelve amethyst cabochons and 
eight small old-mine cut diamonds. 
Black and white enamel enhances 
the attractiveness of the crown. 

q) Still another pendant, a one and 
one-half inch oval, is set with six 
opals of 1/4-inch size surrounding a 
center opal 1/2 inch long. The opals 
are Australian “white,” not from 
Lightning Ridge. A gold with red 
and white enamel rim set with 
rubies surrounds the group of opals. 
There is a change in format: an opal 
is suspended from the pendant in- 
stead of a drop pearl. 


r) On occasion, Giuliano even re- 
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sorted to using zircon. One gold 

ring with a white enamel back- 

ground has a fleur-de-lis design sur- 
rounding a 3/4-inch faceted brown 
zircon. Surprisingly, the zircon has 

little brilliance. At first glance, I 

thought the stone to be a piece of 

citrine quartz. 

As one views all these Victorian 
jewels as a collection, one is impressed 
by the fact that each jewel is as 
exquisite as the next. It is the imagina- 
tive design and the craftsmanship that 
went into each piece that commands 
attention. If a comparison must be 
made, certainly Carlo Giuliano was the 
Cellini of this time. 

Turning to Fortunato Pio Castellani 
and his jewels. His creations are very 
different in concept and appearance 
from those of Giuliano. The 18K gold 
work is found to be very heavy and 
ornate; nevertheless, they are the work 
of a very talented goldsmith, quite the 
equal of Giuliano. Descriptions of 
several of Castellani’s pieces studied by 
the writer follow: 

a) The first piece of jewelry scruti- 

nized was a circular 18K gold pin, 

1-1/2 inches in diameter, featuring 

a seated owl (shown in Figure 4). 

The bird and the wreath have been 

hand crafted-from tiny particles of 

glass. In short, a mosaic. The heavy 
gold mounting is 3/8 inch thick. 

b) Next is a two-inch massive gold 

four-sectioned pin, set with a one- 

carat square-cut diamond. Four 
triangular-shaped emerald cabo- 
chons flank the diamond. What is 
interesting is the fact that the dia- 
mond is elevated on a pyramid 1/2 
inch high. 
54 


Figure 4. An example of jewelry typical of 
the art of Fortunato Pio Castellani. This 
remarkable mosaic is made of tiny particles 
of black and white glass, mounted in a 
hand-crafted gold frame of exquisite beauty. 


c) Most unusual are three identical 
pins, each 1-3/4 by 2 inches in size. 
On initial inspection, I thought the 
pins represented stylized lyres, Ac- 
cording to <an article written about 
these jewels, however, I learned 
that they are the Gothic letter M 
(said to be for Mary, Mother of 
Christ). One pin is set with emerald 
cabochons, another with sapphire 
cabochons, and the third with ruby 
cabochons (see Figure 5) Each 
piece is set with small pearls, and in 
the open work of the letter M is 
found a frame design of red and 
blue enamel. 

d) I was particularly attracted to a 
gold bracelet. In between the seven 
links is mounted a beautiful carved 
cameo of brown agate. Each gold 
link, of heavy weight and rectangu- 
lar shape, measured 5/8 inch in size. 
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Obverse 


Figure 5. Fortunato Castellani’s stylized 
“M.” In this instance, the “M” is for the 
Virgin Mary. The ornate gold mounting is 
set with cabochon rubies and oriental pearls. 


e) Another superb brown and 
white cameo measures 1-1/4 inch in 
length. The overall length of the pin 
in which the cameo is mounted 
measures two inches. Of gold and 
white enamel, there are four emer- 
ald cabochons evenly spaced on the 
periphery of the piece. Each emer- 
ald weighs approximately one carat. 
f) Castellani created a number of 
gold rings. One is all gold, measur- 
ing 1-1/2 inches wide, and re- 
sembles a fluted dome. This kind of 
ring has been copied time and again 
in recent years. 

g) For pierced ears, there is a pair 
of circular, wheel-like earrings, 5/8 
inch in diameter, from which is 
suspended a 1/2-inch white enamel 
swan. A most unusual treatment in 
high karat gold and enamel work. 
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Reverse 


Note the beautiful enamelled figurines. The 
reverse side shows the care with which the 
gold has been hand-crafted. 


h) Also noted was an exquisite 
gold necklace composed of tiny 
gold squares, each set with a single 
faceted peridot. In between each 
square is a single gold wire to which 
is attached a small round pearl. 


i) The ram’s head in gold is ornate 
in construction, set with a faceted 
sapphire in the back of each ear of 
the ram’s head. Below the horns is 
suspended an urn, in which a 
faceted one-carat emerald is 
mounted. This beautiful pin — even 
though from the description it 
sounds as if it might be ““busy” — is 
nevertheless one of Castellani’s 
more important creations. 


j) In the Renaissance style is a gold 
ring set with a 3/8 inch wide 
cabochon of Persian turquoise, 
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Figure 6. This heavy, eight-sectioned gold 
bracelet created by Castellani is truly ex- 
quisite. Four heart-shaped, light-blue enamel 
inserts, in which a single oriental pearl is 
mounted, complete each section. A side 


flanked by two female torsos of 
magnificently chiseled gold. 

k) Another cameo, 1-1/2 by 1-1/4 
inches in size, features the head of a 
Roman dignitary — the face white 
agate, the background brown. The 
wreath on the brow is brown, and 
the gold mounting is 3/8 inch thick. 


i) Last but not least, I noted a 
heavy, eight-section gold link brace- 
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view reveals the thickness of each link. 
Interestingly, each enamel section is pegged 
through the back since soldering would have 
cracked or crazed the enamel. 


let, each link 3/4 inch square (see 
Figure 6). Mounted in each link are 
four heart-shaped, light blue enamel 
inserts in which a single, very fine 
quality round pearl is set. For the 
record, each beautiful hand-crafted 
link measures 3/16 inch thick. 

I wish to thank Mr. Alfred S. 


Friedl, staff gemologist, Gibelin, Inc., 
for taking the photographs for this 
article. 
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Developments and Highlights 
at GIA’s Lab 


in New York 


By ROBERT CROWNINGSHIELD 


Canasite 


The July issue of Jewelers’ Circular- 
Keystone contains a very faithfully 
reproduced color plate of a new gem 
material from the U.S.S.R. Initial 
examination of it indicates that it is a 
rock; hence any hardness given is 
suspect, since it varies from area to 
area with each stone. The violet- 
colored part of the rock is presumed 
to be a new mineral, canasite, recently 
described (in Mineral Abstracts, the 
spelling is “kanasite”’). At this moment 
the material is being extensively 
studied and no full report is yet 
available. 

Diamonds 

If anyone is still not convinced that 
a diamond can burn, Figure 1; which 
shows the disastrous results of im- 
properly protecting a diamond while 
retipping a prong, should do the trick. 
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It is difficult to understand how.a 
qualified repairman would not have 
seen the damage being done before it 
reached this magnitude. 

What appeared to the jeweler to be 
a laser drill hole extending from the 
table-to the pavilion is shown in Figure 
2. It was found to be a natural, nearly 
hexagonal cavity in Figure 3. 

The inclusions shown in Figure 4 
do not resemble any we have seen in 
diamond before, but rather resemble 
the occasional patch of stocky needles 
running in one direction seen in 
natural corundum. Perhaps one day we 
will encounter a diamond with cat’s- 
eye potential. 

The emerald-cut dark yellow-green 
diamond, shown inadequately in 
Figure 5 , was confirmed to be natural 
in color through the good offices of 
Dr. Edward Giibelin using cryogenic 
spectrometry. It was only after the 
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stone had returned to the United 
States and was being shown to Bert 
Krashes, who had not seen it pre- 
viously, that it was discovered to be a 
rare “‘chameleon” diamond. The re- 
port and stone were handed to Bert, 
who pointed out that the stone was 
yellow — not dark yellow-green. In a 
few minutes, however, bathed in 
strong sunlight, the stone changed 
color amazingly. We have seen only 
two other similar stones in the past 28 
years. One of them was brought in by 
a cutter who remarked that while it 
was being polished it emitted an in- 


Figure 4. 
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Figure 2. 


tense red-orange light. The stones 
fluoresce that color or yellow-orange 
and phosphoresce for a long time. 

One test for natural color in dia- 
monds that we have felt to be infalli- 
ble is the use of a conductometer. If 
diamonds (usually blue, but also lami- 
nated brown stones) show semi- 
conductivity, they must be of natural 
color. But what if a pale conductive 
stone were treated — would it lose or 
retain its conductivity? One such 
brown stone that was treated lost its 
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conductivity and was identifiable by 
normal spectroscopic means. Our ease 
was shortlived since we have subse- 
quently learned that treating will not 
necessarily cause a stone to lose con- 
ductivity. Fortunately, Type IIb 
stones are quite rare — and rarer still 
are the ones that would suggest treat- 
ment. 


GGG — An Interim 
Report on Durability 


We are indebted to Mr. Marvin 
Bankoff of M. Landis Co., New York, 
for the opportunity to have a GGG set 
in a ring in order to observe its wearing 
qualities. On March 15, 1975, a 
4.75-carat round brilliant was set in a 
heavy gold and platinum ring with two 
fancy yellow diamond side stones. It 
has been worn every day since by Ann 
Coleman on the New York staff of 
GIA. As of August 15, the stone shows 
only a little wear. Some scratches on 
the table and one nick, which occurred 
when it was worn on the little finger 
next to another stone ring, are seen in 
Figure 6. With care in the choice of 
setting and on the part of the wearer, 
this newest diamond imitation appears 
to be one of the better simulants 
offered to date. Reviewing its proper- 
ties: Refractive Index — 2.03; dis- 
persion — 0.38; specific gravity — 
7.05; Mohs hardness — 6 1/2 to 7 (6 
3/42). Color on the GIA Diamond 
Color Scale is H to J (unless the stone 
is one that is sensitive to ultra-violet, 
in which case the color may become 
noticeably brown). One 8-carat stone 
in our collection, when used to show 
students the typical pink fluorescence 
under ultra-violet, changed from 
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Figure 6. 


approximately H color to a light fancy 
brown color. Exposure could not have 
been more than a total of 5 minutes. 
The stone was placed on an electric 
burner for about 5 minutes at medium 
setting and then re-graded; it was then 
found to be approximately G on. the 
color scale. Three stones from differ- 
ent sources were placed under short 
wave ultra-violet for 3 minutes. The 
8-carat stone was one of them, and it 
again turned fancy brown. The other 
two developed only a light brown tint 
— perhaps “‘N” equivalent. Again, mild 
heating quickly faded the brown color. 
We have been told that some GGG 
stones have been seen in which black 
inclusions (presumably metal from the 
crucible) might cause the stones to 
resemble a diamond even more than 
flawless stones. 


Mood Stones 
For several weeks this summer we 
have been hearing about a ring stone 
that changes color with the wearer’s 
feelings and moods. All attempts to 
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secure a ring were met with failure 
until after the product was released by 
a leading New York department store 
(where, we understand, the Sterling 
silver rings at $45.00 were an instant 
hit). Thanks to a careful newspaper 
reporter assigned the task of ferreting 
fact from fiction, we had a ring to 
examine. Figure 7 shows that it isa 
simple oval cabochon in a ring 
stamped STERLING. It does not show 
that it is a closed-back setting. When 
the young reporter arrived at the 
office, she had walked in 90° heat for 
several blocks, and the stone appeared 
dark blue. The stone began to change 
color in the air-conditioned office, 
indicating without doubt that the 
effect was due to temperature. Just a 
moment in the refrigerator and the 
stone appeared black. The attractive 
literature provided by Q-TRAN Lid. 
(Bio-Jewelry Division) suggests all 
manner of fanciful interpretations of 
the particular color the stone indicates 
at any given moment; i.e., if the stone 
appears turquoise blue you are “emo- 
tionally charged and somewhat re- 
laxed.” It is easy to see how office 
routine is disrupted the first time the 
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ring is passed around. 

Close examination of the ring dis- 
closed that the stone is indeed rock 
crystal, as advertised. However, unlike 
the advertising, it is not chemically 
treated as one would understand that 
term, but rather the cabochon rests on 
an opaque layer of unknown composi- 
tion which lies at the bottom of a 
shallow cup apparently made of silver 
(although some others examined 
appeared to be brass). The cabochon is 
cemented to the composition material 
with what seemed to be a thick layer 
of epoxy. A particularly obvious 
bubble in the cement layer is shown in 
Figure & The cup, with its heat 
sensitive material over which the 


quartz cabochon is cemented, is in 
turn affixed (cemented?) within the 
oval closed-back ring setting {Figure 
9). Heat is readily transferred to the 
material through the closed back. 
While we pondered the ring and the 
staff made merry with it, we thought 
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Figure 9. 


of our digital thermometer and the 
literature which came with it (Figure 
10). To quote: “Implanted behind 
each digit and arrow are specially 
formulated encapsulated liquid 
crystals engineered to activate at indi- 
cated temperatures at which time they 
reflect light and color ... at all other 
times they are non-reflecting.”’ Since 
our office temperature is usually kept 
fairly comfortable and thus varies 
little, we have been accustomed to 
seeing the digits in blue or tan. One 
young lady on the staff held the 
thermometer tightly in her hand and 
the figures in the 80’s became green 
and turquoise blue! (As they did when 
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the lights were used in taking the 
accompanying photograph.) Now we 
felt that we had the secret of the 
MOOD STONE and began to look 
with skepticism at the advertising 
copy. We did note that the “stone” 
has a rather short life expectancy — we 
thought it short, anyway, when the 
advertisement stated it may last a year 
or more. Further instructions say to 
avoid extremes of temperature and 
ultra-violet. Earrings and necklaces are 
not planned, and a consideration of 
the reason the stone “works” suggests 
why. Meanwhile, we have heard rumors 
that others are about to launch similar 
items. One is said to be in Indian 
jewelry and not confined to rings. Viva 
la Commerce! 


Imori Stone or Meta-Jade 


In Figure 11, we see a chipped 
translucent intense green cabochon. 
What should have been a routine job 
for a jeweler of tightening the 


cabochon turned into disaster. The 
fractured area, though not exactly 
jade-like, did not appear glassy. The 
reason, of course, is that the stone is 
devitrified glass called Imori stone, 
which is manufactured principally to 
resemble jade. Recently, however, we 
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Figure 11. 
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Figure 12. 


have seen nearly opaque, black Imori 
stones on which the typical pattern 
can be seen (Figure 12). 
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Book Reviews 


By ROBERT GAAL, Ph.D. 


GEMS: THEIR SOURCES, DESCRIP- 
TIONS AND IDENTIFICATION, by 
Robert Webster. Published by Archon 
Books, 3rd Edition, 1975, Hamden, 
Connecticut. 931 pages. Hardbound 
price: $50.00 


It hardly sounds reasonable to be 
pleased when a new edition of a book 
is offered for only $50.00; however, 
when it is taken into account that the 
third edition of Robert Webster’s mon- 
umental effort, ““Gems: Their Sources, 
Descriptions and Identification” is 
now 95 pages larger than the huge 
second edition, an increase from 
$45.00 to $50.00 seems relatively 
minor, because the current work 
numbers something over 900 pages. 

In those 900 pages, Robert Webster 
has given the gemologist the most 
complete gemological text that is to be 
found on any bookstore shelf. Robert 
Webster is probably the most in- 
defatigable assembler of facts in the 
gem world. In his many years with the 
London Laboratory, Webster kept 
records of everything he saw or heard 
about. Armed with a wealth of fact so 
carefully accumulated, Webster has 
put together the most encyclopedic of 
texts. There is nothing remotely com- 
parable in the gemological field. Along 
with Basil Anderson’s outstanding 
book, “Gem Testing,’ and Edward 
Giibelin’s “The Internal World of 
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Gemstones,” Webster’s book makes 
one of a trio of really magnificent 
efforts that should be in every gem- 
ological library. 

RTL 


DIAMONDS ETERNAL, by Victor 
Argenzio. Published by David McKay 
Company, Inc., New York, 1974, 290 
pages. Hardbound, with numerous il- 
lustrations. Price: $12.50 


“Diamonds Eternal” is one of the 
those rare popular books on diamonds 
which is entertaining, yet is packed 
with sound advice and information for 
both the jeweler and the layreader. 
This introductory book on diamonds 
modernizes, updates and expands the 
author’s previous book, “The Fasci- 
nation of Diamonds,” written in 1966, 
and includes some of the latest tech- 
niques of mining and cutting, as well 
as information on new synthetics and 
diamond simulants. 

The author traces the history of 
some important, world-famous stones, 
including the legendary Hope Dia- 
mond, the mystery-laden Spoon- 
maker, the pink Darya-i-Nur, the Idol’s 
Eye, and many others. The weight of 
the Orloff Diamond on page 50 should 
be corrected to 189.62 carats from the 
stated 199.60 carats and the GIA color 
grade on page 250 shouldbe amended 
from X to Z. New insight is given 
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about Lazare Kaplan’s cutting of the 
Jonkers Diamond. Unfortunately, Mr. 
Argenzio perpetuates the myth of de 
Berquem as the inventor of the meth- 
od of faceting diamonds. Victor 
Argenzio talks engagingly about his 
many experiences with people and dia- 
monds over his fifty years of experi- 
ence in the diamond trade. He takes 
the reader through the existing his- 
tory, geology, cutting, marketing, and 
buying of diamonds in an enjoyable 
and highly readable manner. 

The book aims, primarily, at a 
general audience and the uninitiated to 
diamonds, yet it will also give a jeweler 
many fascinating bits of information 
and a quick refresher course in dia- 
mond facts and figures. Also included 
are chapters on buying diamonds, dia- 
monds as an investment, a short bibli- 
ography by chapter, and a diamond 
glossary. Numerous photographs and 
illustrations and the clear and simple, 
easy-to-read style greatly enhance the 
book. 

GEMSTONES AND MINERALS, by 
Paul Villiard. Published by Winchester 
Press, New York, 1974. 228 pages. 
Hardbound with illustrations in color 
and black and white. Price: $7.95 

This book is a very generalized 
introduction and guide to the lapidary 
hobby from collecting and identifying 
minerals through displaying specimens 
and making cabochons. Included is a 
very short glossary and list of books 


and periodicals on the lapidary hobby. 
The author, Paul Villiard, is a pro- 


fessional writer with a wide range of 
interests. He has written several hobby 
books on subjects ranging from crafts 
to raising animals as pets to cookie 
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making. His books are reported to 
have been derived from his own prac- 
tical experience, which should benefit 
those beginning a new hobby. 

The sections on geology and min- 
eralogy are extremely superficial and 
contain numerous errors. Thére is 
apparent confusion of terms as well.as 
facts, e.g., the misleading use of the 
words igneous rocks, volcanic rocks, 
and plutonic rocks; “shale and slate 
are common forms of sedimentary 
rocks” — slate is a metamorphic rock; 
the author’s belief that metamorphic 
rocks are formed by remelting is a 
gross misrepresentation and indicates a 
lack of homework and understanding 
of basic scientific principles; hexa- 
gonite is not actinolite as stated by the 
author; some colored plates are mis- 
identified, for example on page 84, the 
“mica books” are fluorite, the “ame- 
thyst crystals” are mica, and on page 
85, the “crystal fluorite” is amethyst. 
Other inconsistencies and errors are 
too numerous to mention. 

The section on cutting gemstones, 
however, appears to be clearly written 
and informative and should prove use- 
ful for the beginner in the hobby. 

In a rapidly developing market 
where there are serious enthusiasts, 
there is a need for expert advice and 
guidance, especially at the beginning 
level of the lapidary hobby. There are 
numerous other books on mineral 
collecting and the lapidary hobby on 
the market place which contain the 
same information and are more accu- 
rate and in greater detail. This book in 
no way adds to our knowledge on any 
aspect of the subjects. “Shoemakers 
should tend their lasts.” 
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A Device for Obtaining 
Interference Figures 
For Gemstones’ 


BY C. S. HURLBUT, JR., Ph.D. 
Harvard University 


Introduction 

Although books on gemology fre- 
quently describe and illustrate inter- 
ference figures, many gemologists have 
never seen one in a gemstone. This is 
because the figures are usually ob- 
served using a high-powered polarizing 
(petrographic) microscope and are 
conventionally obtained using small 
crystals or thin slices of crystals. With 
the high power objectives used, the 
working distance is usually too short 
to accommodate even a small gem- 
stone. Moreover, the stone must be in 
a precise crystallographic orientation 
with respect to the optical axis of the 
microscope. In the general case, then, 
it is necessary to rotate the crystal to 
achieve the desired position. A device 
to do this, developed by Waldmann, is 
manufactured by E, Leitz. It requires a 
polarizing microscope equipped with a 
universal stage in addition to a hollow 
sphere within which the gemstone is 
mounted and surrounded by an im- 
* ©. s. Hurlbut, Jr., 1975 
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mersion liquid. It has two drawbacks. 
First, the microscope and accessories 
are expensive and second, it is time- 
consuming to use. A similar type of 
accessory, the Moore Sphere, for a 
time was available from GIA but has 
been discontinued. 

It is the purpose of this article to 
describe a relatively simple device, a 
Crystal Orienter, to obtain interfer- 
ence figures on transparent crystal 
fragments or gemstones that range in 
diameter from 5-20 millimeters. One 
of its chief attributes is that it is used 
with a low power binocular micro- 
scope with a large working distance, 
the type most jewelers have at their 
disposal. 

Several manufacturers make micro- 
scopes that are suitable. The principal 
requisite is that there be a means of 
substage illumination. The model used 
by the writer is a Bausch and Lomb 
with a zoom lens giving a continuous 
variation in magnification from 7X to 
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30X. The instrument must further be 
converted to a polarizing microscope 
by equipping it with two polarizing 
filters, one beneath the stage and the 
other below the objectives. This is 
easily done with the B & L by placing 
beneath the circular glass stage a sheet 
of Polaroid (the polarizer) cut to the 
same diameter as the glass stage. A 
smaller circular Polaroid sheet (the 
analyzer) is placed in a threaded ring 
(supplied by the manufacturer) and 
screwed into place beneath the objec- 
tives. The polarizer and analyzer are 
jointly called the polars. In the con- 
ventional positions the polarizer is 
turned to permit light to vibrate in a 
north-south direction and the analyzer 
is adjusted to pass light vibrating only 
in a east-west direction. Under these 
conditions no light reaches the eye and 
the microscope becomes a polariscope. 
Thus, an anisotropic gemstone will 
show four positions of darkness when 
rotated 360° on the stage. 


The Crystal Orienter 


The crystal orienter is shown in 
Figure I with a gemstone held in 
three-prong tweezers, “‘tricepts.” 
These tweezers are more desirable than 
other types, for the thin wire prongs 
obstruct but little of the light passing 
through the stone. The instrument is 
so constructed that the gemstone can 
be rotated about two mutually perpen- 
dicular axes. An arm, rotating about 
an axis parallel to the microscope 
stage, carries a support to which the 
tweezers are held in a semicylindrical 
groove by a spring clip. The long 
dimension of the tweezers is the 
second axis and about it the stone can 
be rotated 360°. By adjusting the 
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Figure 1. The crystal orienter with gemstone 
held in three-prong tweezers. 


position at which the tweezers are 
supported, one can. place the stone so 
that the two axes of rotation intersect 
at its center. This point of intersection 


Figure 2. The crystal orienter on microscope 
stage with gemstone immersed in liquid and 
the accessory lens swung into position to 
observe interference figure. 


67 


is directly above a hole in the base of 
the instrument that permits light to 
pass through from the substage illumi- 
nator. When in use, a vessel containing 
a relatively high refractive index liquid 
is placed on the base so that the stone 
can be examined while immersed in 
the liquid (Figure 2). Immersion mini- 
mizes the refraction of light from 
facets, permitting one to see into the 
stone, and is essential in obtaining an 
interference figure. 


Ideally the immersion liquid and 
the gemstone should have. the same 
refractive index. However, this is not 
necessary and any of several liquids 
can be used. It is desirable to use a 
single liquid for, unless great care is 
used, contamination results in chang- 
ing from one liquid to another. It has 
been found that monobromonaphtha- 
lene (R.I. 1.66) produces good results 
with stones having refractive indices of 
1.45 to 1.95. 


Converging polarized light is neces- 
sary to obtain an interference figure. 
Polarizing microscopes usually accom- 
plish this by means of a substage 
condenser that can be swung into the 
optical system. In using the crystal 
orienter the effect is produced with 
ground glass. If a glass immersion 
vessel is used, as shown in Figure 2, 
the ground glass is placed between it 
and the microscope stage. In develop- 
ing this instrument it was found more 
convenient to use a_ rectangular, 
hollow aluminum prism 3 inches long, 
2 inches wide and 1 1/2 inches high. 
Ground glass cemented to one of the 
open ends forms the base and gives the 
required effect of converging light. 
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The Interference Figure 


Uniaxial crystals are so named be- 
cause they have one optic axis, that is, 
one direction in which light passes 
through them as through an isotropic 
substance; there is no birefringence. 
Biaxial crystals have two such direc- 
tions. To obtain what is called a 
centered optic axis figure (either uni- 
axial or biaxial), the crystal must be 
rotated so that an optic axis is parallel 
to the direction in which light passes 
through the microscope. The desired 
position can be obtained quickly and 
easily using the crystal orienter. 

When an anisotropic gemstone held 
in the orienter is viewed through the 
microscope, the probability is that it 
will appear uniformly bright against a 
dark field.* A search for an optic axis 
is made as follows: Rotate the stone 
slowly 360° about the tweezer axis 
with the tweezers as nearly horizontal 
as the immersion vessel permits. If this 
rotation does not show proximity of 
an optic axis (how this is noted is 
described later), rotate upward at 
intervals of about 10° on the hori- 
zontal axis, each time rotating 360° 
about the tweezer axis. If an optic axis 
or the proximity to one has not thus 
been located, the stone must be re- 
oriented in the tweezers and the above 
procedure repeated. If possible, the 
tweezer axis should make on reorienta- 
tion an angle of about 45° with its 
initial position. The first and second 
positions should not be at right angles. 

Since the rotation possible on the 
horizontal axis is only slightly more 


* These conditions offer an excellent oppor- 
tunity to examine the interior of the stone 
to observe imperfections, inclusions, etc. 
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than 45° there is a 50-50 chance that 
the first position in the tweezers will 
yield an interference figure. This is 
true with a randomly cut stone. How- 
ever, many minerals produce the most 
pleasing gems when the table is either 
parallel to or perpendicular to the 
optic axis. Therefore, the chances of 
obtaining an interference figure with 
the first setting are considerably in- 
creased if the tweezer axis makes an 
angle of about 45° with the table. 
Polarized light entering an aniso- 
tropic crystal is separated into two 
rays which, when they reach the 
analyzer, interfere and certain wave 
lengths are eliminated. The thicker the 
crystal, the higher its birefringence and 
the greater the angular deviation of the 
light path from an optic axis, the more 
wave lengths are eliminated but the 
whiter the crystal appears. The abso- 
lute birefringence of a gemstone is, of 
course, constant no matter what the 
orientation. However, since the stone 
is not of uniform thickness, the dis- 


tance light travels through it varies 
greatly from edge to center. In orient- 
ing a stone one should observe the 
thinnest edges. Here may be seen 
interference colors, color bands, 
parallel to the edge as the stone is 
turned. The colors indicate that an 
optic axis has been brought more 
nearly parallel to the light path. Con- 
tinued turning on either axis that 
results in broadening of the color 
bands is indication that an optic axis is 
approaching parallelism with the light 
path. Narrowing of the bands indicates 
a departure from parallelism. In Figure 
3a color bands can be seen at the edge 
of a brilliant cut beryl; Figure 3b 
shows a broadening of the bands after 
the stone has been rotated 15°. When 
it is impossible to further broaden the 
bands by rotation, an optic axis is 
nearly vertical. This is the position 
desired for obtaining an interference 
figure. 

Gems of low birefringence are 
easier to orient than those of high 


Figure 3. A brilliant cut bery! held in the crystal orienter. Figure 3a (left). The stone has 
been brought into position so that color bands appear on the thin edges. Figure 3b (right). 
Broadening of the color bands after the stone has been rotated 15°. 


FALL 1975 


69 


birefringence. Apatite (biref. .005) will 
show interference color bands when 
the optic axis is as much as 30° to 40° 
from its desired position. Whereas, in 
zircon (biref. .057) the axis must be 
within 10° to 15° of the vertical 
before color bands appear. 

To observe the interference figure 
an accessory lens on the crystal 
orienter is swung into position above 
the stone. The figure appears on the 
upper part of the lens and the micro- 
scope tube should be raised to bring it 
into sharper focus. If -it is not 
centered, a slight rotation on one or 
both of the axes of the orienter will 
bring it to a centered position. Since 
with a binocular microscope the stone 
is viewed from two different angles, it 
is impossible to obtain a perfectly 
centered interference figure simul- 
taneously from both halves of the 
optical system. One should, therefore, 
make the final observations using only 
one ocular. 

A uniaxial optic axis interference 
figure, Figure 4a, is composed of 
concentric circles of interference 
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colors superimposed on a black cross. 
The biaxial optic axis interference 
figure, Figure 4b, is made up of curved 
bands of interference colors crossed by 
a single dark brush which may be 
curved or straight. 


The Optic Sign 


Coupled with other observations 
the determination of the uniaxial or 
biaxial character of a gemstone may be 
sufficient to characterize it and further 
data may be unnecessary. However, 
using an optic axis interference figure 
it is possible to go one step more and 
determine the optic sign. For, aniso- 
tropic crystals in addition to being 
classed as uniaxial or biaxial are 
further subdivided as being positive or 
negative. For example, quartz is uni 
axial positive, whereas cordierite is 
biaxial negative. The optic sign can be 
obtained from an interference figure 
by means of a quartz wedge. This is an 
accessory available from any of the 
manufacturers of polarizing micro- 
scopes. 

In a uniaxial interference figure the 
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Figure 4. Optic axis interference figures: a (left), uniaxial; bfright), biaxial. The arrows 
indicate movement of interference colors (stippled bands) in positive crystals when the 
quartz wedge is passed over the interference figure in the direction indicated. 
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bars of the black cross will be N-S 
and E-W, parallel to the vibration 
directions of the polars. To determine 
the sign, slowly pass the quartz wedge 
over the accessory lens at an angle of 
45° to the bars of the black cross 
(Figure 4a). It is necessary that the 
thin edge of the wedge (always at the 
opposite end from the handle) be the 
leading edge in making the observa- 
tions. This will cause the circles of 
interference colors to move. In two 
opposite quadrants they will move 
toward the center of the figure and in 
the other two quadrants they will 
move away from the center. If the 
movement toward the center is in the 
quadrants at right angles to the long 
dimension of the quartz wedge, the 
crystal is positive. If the movement of 
the bands is toward the center in the 
quadrants parallel to the long dimen- 
sion of the wedge, the crystal is 
negative. 

Determination of the optic sign of a 
biaxial crystal is not as straightforward 
as that of a uniaxial crystal. Before it 
can be accomplished, the single dark 
band of the biaxial optic axis figure 
must have its long dimension essen- 
tially at 45° to the vibration directions 
of the polars. That is, it must be in a 
NW - SE or NE - SW position (see 
Figure 4b). This is also the position of 
the maximum curvature of the bar. On 
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initial observation of the figure, the 
dark band may be in this position. If it 
is not, the crystal (i.e. the whole 
crystal orienter) must be turned, per- 
haps as much as 45° to accomplish it. 
In this orientation, known as the 45° 
position, the bar in most instances will 
be curved. The optic sign is then 
determined by observing the move- 
ment of the color bands as the quartz 
wedge is passed over the accessory 
lens. The wedge must be moved so 
that its thin edge approaches the con- 
vex side of the black bar. If the color 
bands move toward the convex side 
and outward from the concave side, 
the crystal is positive (Figure 4b) Ina 
negative crystal the color bands move 
in the opposite direction. 

Some biaxial crystals yield optic 
axis interference figures in which the 
black bar remains essentially straight 
in all positions as the crystal orienter is 
turned. In these crystals the optic 
angle, the angle between the two optic 
axes, is 90° or nearly 90° and it is 
impossible to determine the optic sign. 
However, knowing that the optic angle 
is essentially 90° is in itself useful 
information. 


(Note: The Crystal Orienter is avail- 
able from the Kenneth A. Dawson 
Company, Inc., 106 Concord Avenue, 
Belmont, Massachusetts 02178.) 
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Developments and Highlights 
at GEA’s Lab 


in Los Angeles 


By RICHARD T. LIDDICOAT, JR. 


An Unusual Cyclotron — 
Treated Diamond 


- The number of diamonds that were 

treated by bombardment in a cyclo- 
tron is not large, judging by the few 
that we encounter in the laboratories 
in New York and Los Angeles. The 
quantity of diamonds both cyclotron 
treated to a green or black color and 
then heat treated to produce yellow or 
brown is even less in number and, 
when one considers those treated 
other than from either crown or pavil- 
ion, the number can almost be 
counted on a hand or two. Recently, 
at the GIA laboratory in Los Angeles 
we received a brown marquise dia- 
mond for testing to determine whether 
the color was natural or treated. 

A slightly cloudy nature and some 
color banding suggested the color 
might be natural, until Charles Fryer 
and Peter Yantzer, who were ex- 
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amining the stone, encountered key 
characteristics that would have been 
easy to overlook. Figure 1 shows a 
color zone which is enhanced by 
focusing the light just right on it along 
the keel line. In Figure 2 a sharp color 
line is shown along one side of the 
rough bearded girdle. This is magnified 
and shown more distinctly in Figure 3. 
The unusual thing about- this stone 
that made it unique in our experience 
was the fact that it apparently had 
been treated not from the crown or 
the pavilion but only from one side of 
the pavilion. As a result a zone of 
color produced on one side of the keel 
line was not duplicated on the other 
side. The zone of color occurred only 
a short distance from the girdle along 
one side but there was nothing visible 
on the other side. This was a particu- 
larly interesting cyclotron-treated 
stone in which the particle used for 
bombardment was not a heavy weight 
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Figure 1. 


particle. A heavy particle would have 
penetrated all the way. The particles 
used penetrated only a portion of a 
millimeter. 


Color Zoning in an Emerald 


In a recent identification of a nat- 
ural emerald we were very much in- 
terested in a color zoning that was 
reminiscent of Burma rubies. The over- 
all appearance was one of an attractive 
color, but looking through the stone 
from the pavilion there were rather 
large colorless areas. The boundary 
between those areas was quite sharply 
patterned. This is shown to a degree at 
least in Figure 4. Near the center of 
the photograph will be observed a 
jagged pattern with the color concen- 
trated below the edge of that pattern 
and a colorless area above. This saw- 
toothed pattern is occasionally seen in 
natural emerald but is seldom accom- 
panied by a distinct color boundary as 
observed in the emerald we examined. 


Topaz Inclusions 


A year or two ago we found in 
topaz some almost circular inclusions 
resembling smoke rings. Perhaps that 
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Figure 2. 


made the unusual inclusions pictured 
in Figure 5 somewhat less startling 
than they might have been otherwise. 
The appearance of the inclusions’ is 
almost reminiscent of lint or other 
irregular cloth ravelings. They might 
be likened to irregular tendrils of 
smoke. This is really not what one 
might expect in a crystalline material. 


Semitransparent Jadeite 


Occasionally we encounter jadeite 
that so closely approaches  trans- 
parency that it is faceted. Such an 


Figure 3. 
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Figure 4. 


emerald-cut light gray jadeite was sent 
in for identification and was photo- 
graphed by both transmitted and re- 
flected light. It is shown by trans- 
mitted light in Figure 6 and by re- 
flected light in Figure 7. 


Figure 5. 


Marble Sword 
The laboratory is often called upon 
to identify foreign carvings. Recently, 
we received for identification a cere- 
monial sword, seen in Figure 8, which 
turned out to be marble. Figure 9 


Figure 6. 
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Figure 7. 
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Figure 10. 


shows an area on its surface with a 
tiny fossil foraminifer or gastropod 
under 50x. The heavily etched surface 
is shown under 10x in Figure 10. 
We’ve received quite a number of 
marble carvings for identification in 
recent months. Also, we have identi- 
fied a number of hololith bracelets 
made of marble, many of which had 
been dyed to resemble jadeite. The 
dye is either a green or a rusty orange 
color and usually occurs in patches. 
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Moldavite 


One type of material we are seldom 
called upon to identify is moldavite. 
We had one in for identification which 
showed the typical roiled moldavite 
appearance under magnification. It is 
shown in Figure 1] under 10x, and the 
large number of bubbles may be 
clearly seen at this magnification. The 
typical swirled structure is more evi- 
dent in Figure 12, taken under 40x. 
An oval bubble and a large irregular 
blob of apparently only partially 
melted material is present in Figure 13 
at 63x. 

Inclusions in Amethyst 


Figure 14 shows inclusions that 
resemble those seen in a flux-grown 


Figure 12. 
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Figure 72. 


synthetic material. Actually, the 
rhombohedral arrangement is typical 
of the color distribution often seen in 
amethyst, of which this photograph is 
taken. 


Treated Green Diamond 


In the process of determining the 
origin of color in a dark green dia- 
mond (which proved to have been 
treated in a nuclear reactor), we ob- 
served a very interesting pattern of 
minute inclusions. The dark Maltese 
cross under the table was formed by 
the absence of cottony inclusions in 


Figure 15. 


76 


Figure 14. 


the darker areas. (See Figure 15.) The 
whiter areas are those in which the 
inclusions are abundant. 


An Interesting Inclusion 
in a Colorless Diamond 


While grading a round brilliant, we 
found a square-shaped group of sugary 
inclusions. These were surrounded by 
a square rim of similar inclusions as 
seen in Figure 16 with a needle pro- 


Figure 16. 
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jecting from the center and continuing 
well into the diamond. 


Limonite 
We were asked to test an unusual 
dark brown polished baroque with a 
metallic luster. (See Figure 17.) The 
baroque in question proved to be the 
mineral limonite. This is not a com- 


monly encountered gem material in 
the jewelry industry. 


Acknowledgements 


We wish to express our sincere 
thanks for the following gifts: 

To Robin Banchik, resident stu- 
dent, for eight pieces of rough emerald 
to.be used in our colored stone classes. 

To Yoshiko. Doi, G. G., AGT, 
Tokyo, Japan, for two “metajade” 
cabochonsand one piece of interesting 
glass simulating emerald for our refer- 
ence collection. 

To Toni Garrett, GIA student, 
Lamp Post Antiques, Tulsa, Oklahoma, 
for a large selection of cut synthetic 
stones including ruby, sapphire, spinel, 
glass and natural opal to be used in 
our gem identification classes. 

To Ben Gordon, G.G., of Gordon 


FALL 1975 


Jewelry Corporation, Houston, Texas, 
for yet another generous gift of 
numerous cabochons and _ faceted 
stones of various kinds of natural, 
synthetic, and imitation gem materials. 
These will be put to good use by our 
students in the gem identification 
course. 

To Elaine Ho, G.G., of World Jewel 
Trade Center, Ltd., Bangkok, Thai- 
land, for 24 doublets with natural 
sapphire tops and synthetic sapphire 
or synthetic ruby pavilions for class 
use. 

To Betty Magyari, of Magyari’s 
Jewelry, Westlake Village, California, 
for a welcome assortment of miscellan- 
eous rough and cut stones to be used 
in our colored stone classes. 

To Steven J. Mara, of Greyfriars 
Company, Inc., Yonkers, New York, 
for a 0.67 ct. diamond which will be 
used as a recutting problem in the 
diamond course. 

To Donald Mountfort, F.G.A.A., 
Sydney, Australia, for a gracious gift 
of miscellaneous Australian opals and 
other gem minerals for reference and 
class use. 

To Glenn Nord, G.G., of GSI Gem 
Corporation, Los Angeles, California, 
for a much-needed collection of 23 
diamond melee for class identification 
stones. 

To Marianne Shale, G. G., Beverly 
Hills, California, for a timely specimen 
of “turquoise-blue” ceruleite for our 
reference and student collection. 

To D. W. Ward, GIA student, San 
Diego, California, for a. selection of 
glass imitation turquoise cabochons to 
be used in resident testing sets. 


77 


Faceting Limits 


BY BRUCE L. HARDING 
Holden, Massachusetts 


Introduction 


The pavilion and bezel slopes 
commonly recommended for faceting 
are the result of trial-and-error and 
human judgment. This explains why 
references differ in their 
recommendations. 

Trial-and-error is an effective way 
to solve complex problems until a 
better way comes along, but it usually 
finds only the best solution in the 
range of experimentation. Other good 
solutions may exist — beyond the bad 
ones — but are found only by acci- 
dent. This has been as true in faceting 
as in many other scientific fields. 

Inspired by an exceptionally bril- 
liant but strangely-cut emerald, the 
writer went in search of these other 
solutions and found that there are 
indeed: two or three areas of good 
design for each gem material. 

This article presents the first and 
most important result of that search — 
charts for each of the common fac- 
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eting materials which show areas of 
good and bad pavilion and bezel slope 
combinations; it also defines maxi- 
mum and minimum table sizes briefly 
(more later). The faceter can choose 
from the various “good”? areas ac- 
cording to what he thinks is best or to 
suit the limited proportions of his 
rough material. 

The text describes the formation of 
these charts so that you can under- 
stand them better. Technical details 
are omitted; it is assumed that you are 
either familiar with gemology optics or 
don’t care. The mathematics involved 
are quite simple but are deferred to an 
appendix for those who care to under- 
stand them or who may need to create 
additional charts. 


Objectives 


Figures I through 8 show a grid 
which represents all combinations of 
pavilion slopes from 35° to 45° and 
bezel slopes.from 0° to 60°. Pavilion 
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slopes greater than 45° are not con- 
sidered in this initial discussion but 
will be described in future articles as 


they apply to certain facets. 
It is easier to define that which is 


bad about a gem than that which is 
good, so the object of this study is to 
delete areas of the grid which repre- 
sent poor designs. Dark shading will be 
used for the worst conditions, medium 
shading for those which are less severe, 
and light shading for minor faults. 
“Best” designs will then lie in the areas 
of lightest shading. 


Dead Center 


If the pavilion slope is less than the 
critical angle, no reflections can be 


Figure 3A. 
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seen through the table when looking 
into it perpendicularly; furthermore, 
reflections through the table cannot be 
seen from more than one side of the 
pavilion in other positions. 

This ‘“‘dead” center condition is 
very undesirable so pavilion slopes less 
than the critical angle are shaded dark 
on the grid, as shown for peridot in 
Figure 1. 


The Viewer’s Head 


Rays which are reflected to the 
viewer's eye must come from direc- 
tions which missed his head. Figure 2 
shows that at a viewing distance of one 
foot, as when examining a stone prior 
to purchase, the angle (or divergence) 
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between incident and reflected direc- 
tions of the same ray must be at least 
10°; otherwise the viewer will see 
reflections of himself. 


Table-to-Table Rays 


Figure 3A shows a ray entering and 
leaving the table, being reflected off 
both sides of the pavilion. For each 
pavilion slope P the internal diver- 
gence D (=180°—4P) is constant re- 
gardless of the ray angles. The cor- 
responding external divergence is 
larger and varies according to the 
refractive index of the material and 
the ray angles; it is minimum when it 
is symmetrical as shown in Figure 3A. 

For this minimum external diver- 
gence to be 10°, the pavilion slope is 
about 1.5° more or less than 45°. 
Slopes between these values produce 
less divergence, so that they are shaded 
dark in Figure 3B. 


Table-to-Bezel Rays 


Figure 4A shows a ray entering the 
table perpendicularly, which returns to 
the bezel at an angle B—D to the bezel 
normal. By refraction, the corre- 
sponding external angle must be 


Figure 4A. 
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Bt10° to provide the required mini- 
mum divergence of 10°. 

Figure 4B shows plots of the two 
bezel slopes which satisfy this condi- 
tion for each pavilion slope. Slope 
combinations between these plots 
produce divergence less than 10°. Be- 
cause a large portion of returned light 
passes this way, this area is shaded 
dark. 


Bezel-to-Table Rays 


Rays which enter the bezel and 
leave via the table follow paths identi- 
cal to those described above, except in 
the opposite direction; accordingly, 
the shaded area of Figure 4B applies to 
these rays also. 


Bezel-to-Bezel Rays 


Figure 5A shows a symmetrical ray 
entering one bezel and leaving via the 
other; its internal angles to the bezel 
normals are B—D/2. By refraction, the 
corresponding external angles must be 
B+S° to provide the required mini- 
mum divergence of 10°. 

Figure 5B shows plots of the two 
bezel slopes which satisfy this condi- 
tion for each pavilion slope. Slope 
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Figure 5A, 


combinations between these plots 
produce divergence less than 10°. Be- 
cause the major portion of returned 
light passes this way, this area is also 
shaded dark. 


The Basic Faceting Chart 


Figure 5B is the basic “faceting 
chart” which indicates the well-known 
critical angle limitation and the areas 
which violate the 10° minimum diver- 
gence imposed by the viewer’s head. 
These separate the chart into three 
unshaded areas which are labeled 
Zones A, B and C for simple reference. 

Most recommended designs lie in 
Zone A; those for refractive indexes 


Figure 6A. 
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from 1.6 to 1.7, however, lie in Zone 
B. This explains the odd discontinuity 
in faceting data which must have 
puzzled inquisitive faceters. It is 
curious that experimenters found their 
way into Zone B for these stones only. 
There are no commonly recommended 
designs in Zone C; however, it applies 
to the exceptional emerald which in- 
spired this study. 

Note that the shading is intensified 
when one shaded area overlaps an- 
other; this indicates the worse situa- 
tion of two bad conditions at the same 
design points. 


Additional criteria. will now be 


added to this basic faceting chart. 


40 
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Figure 6B. 
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Internal Reflections From the Bezel 


Figure 6A shows an internal ray 
approaching the bezel at an angle @ to 
the gem axis. If its angle B—@ to the 
bezel normal is more than the critical 
angle C, it will be reflected back into 
the stone. The probability is that such 
rays will ultimately be lost through the 
pavilion (see future sequel), so such 
reflections are to be avoided as much 
as possible. 

The maximum angle 9 of a ray 
reflected from the pavilion is 
180°—C—3P; if this ray is reflected as 
shown in Figure 6A, then all rays 
reflected from the pavilion are re- 
flected back by the bezel. Designs 
which cause this intolerable condition 
are indicated by the dark area in the 
upper right of Figure 6B. 

According to Figure 5A, a sym- 
metrical bezel-to-bezel ray approaches 
-the bezel at an angle B—D/2 to the 
bezel normal. If this angle is greater 
than the critical angle C, then all 
bezel-to-bezel rays are reflected be- 
cause they cannot enter the first bezel 
at an angle which prevents such reflec- 
tion from the second bezel. Designs 
which cause this bad condition are 


Figure 7A, 
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indicated by a medium-shaded diag- 
onal area in Figure 6B. 

Some rays will be reflected back by 
the bezel unless the minimum internal 
angle 6 (=C—P) is not reflected. De- 
signs corresponding to this limited 
back-reflection are indicated ‘by the 
light-shaded diagonal area of Figure 
6B; the area below this corresponds to 
designs with no internal reflections 
from the bezel, except for the follow- 
ing unusual situation. 

With very low bezel and pavilion 
slopes, it is possible to have O0max 
greater than B such that 0—B is greater 
than C. This causes reflections of some 
rays and is shown by a light shaded 
diagonal at the lower left for refractive 
indexes greater than 1.7. 


Range of Reflections Through Table 


Figure 7A shows the extreme angles 
of a ray reflecting off both sides of the 
pavilion: 89min =.C—P (negative) and 
Omax = 180°-C—3P (because D = 
180°—4P). The corresponding external 
angles min and dmax are the limits at 
which the viewer can see reflections 
through the table from the far and 
near sides of the pavilion, respectively. 


our 629 545 475 41.1 352 29.6 242 189 
MIN, 2.0 70 «68.7 104 124 
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Figure 7B. 
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Figure 8A. 


Angle $min is therefore the limit for 
seeing reflections from both sides at 
once. 

These limits are noted across the 
top of the faceting chart in Figure 7B 
for each pavilion slope. Note that as 
one limit increases, the other de- 
creases, 


“Live” Center 


For ultimate liveliness it should be 
possible to see reflections in the table 
from both sides of the pavilion with 
both eyes at once. At a viewing dis- 
tance of one foot, as shown in Figure 
8A, the angle between reflections to 
both eyes (two different rays) is about 


Figure 9. 
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. 62.9 545 475 411 352 296 242 169 
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12°. To see reflections from both sides 
with both eyes, therefore, the mini- 
mum external table reflection angle 
émin must be at least 6°. 

Designs which do not satisfy this 
condition are shaded light at the left 
of Figure SB. 


Faceter’s Options 


The faceter should choose a design 
from one of the lighter areas of the 
chart according to what he thinks is 
“beste 

1) increase pavilion slope for wider 

range of “live” center, 

2) decrease pavilion slope for wider 

range of table reflections, 


Figure 10. 
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3) increase bezel slope for greater 
dispersion, 

4) decrease bezel slope for greater 
brightness. 


Maximum Table Width 


Internal rays which hit the table at 
more than the critical angle to its 
normal will be reflected back into the 
gem and probably be lost through the 
pavilion. This can be avoided by lim- 
iting the table size so that any such 
rays hit the bezel instead of the table. 
Figure 9 shows the two extreme rays 
which cause this problem; oddly, they 
both define the same maximum table 
size. 

Calculations show that this maxi- 
mum table size is seldom less than 75% 
of girdle width for most stones faceted 
by amateurs (it is 53% for diamond 
with standard slopes). 


Minimum Table Width 


The only justification for a mini- 
mum table size is to prevent seeing 
reflections of the culet in the bezel 
when looking perpendicular to the 
table. Figure 10 shows that this limit is 
defined by a ray from the culet to the 
edge of the table which is bent perpen- 
dicular to the table by the bezel. 

Calculations show that this mini- 
mum table size is seldom more than 
50% of girdle width. 


Optimum Table Width 


Charts of maximum and minimum 
table widths, according to these cri- 
teria, will be presented vs. pavilion and 
bezel slope combinations for various 
refractive indexes in a future article. 
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Another sequel will show that most of 
the light returned to the viewer passes 
through the bezel, so this is an argu- 
ment against large tables. 

Temporarily, therefore, . table 
widths from 50% to 60% should be 
considered ideal until more data or 
criteria are available. 


Charts for Specific Materials 
(see facing page) 

Faceting charts are shown for eight 
different refractive indexes repre- 
senting common faceting materials; for 
other materials, use the chart with the 
closest refractive index, or make your 
own if the RI is over 1.9. Marks on 
these charts represent designs recom- 
mended by three common references; 
a solid dot indicates references re- 
ferred to as 1 and 2; circle indicates 
another reference 3. 

The table on page 86 summarizes 
these data and indicates designs which 
appear to be best according to the 
charts. Designs which the chart indi- 
cates as not recommended are shown 
in parentheses. 


Comments 


The charts agree with references 1 
and 2 in all examples but one and dis- 
agree with reference 3 in all but part 
of two. Reference 3 recommends the 
same angles for many stones; for RI’s 
greater than 1.6 these designs give 
almost zero divergences for table-to- 
bezel rays — perhaps this was the 
author’s intent, being unaware of the 
viewer’s head problem. 

If it were important to find one 
design which was suitable to all stones, 
the closest solutions according to these 
charts would be: P/B = 43°/35° (Zone 
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COMMON RECOMMENDED 

P/B RECOMMENDATIONS PER CHARTS 

1 and2 3 ZoneA ZoneB ZoneC* 

quartz 43/42 43/40-50 43/37 = = 
beryl 43/42 43/40-50 43/35 40/34 40/18 
topaz & 39/43 (40/40) 43/33 40/34 40/17 
tourmaline 42/41 39/37 39/23 
peridot & (40/42) 39/43 (40/40) 43/32 40/32 39/22 
spodumene 42/39 39/36 38/27 
spinel & 42/37 (40/40) 43/31 40/31 39/21 
grossular 42/37 39/35 38/26 
corundum 42/37 (40/40) 43/30 40/30 39/20 
& garnets 42/36 39/33 38/25 
38/36 37/30 
low zircon 41/40 42/37 (40/40) 43/28 40/28 39/20 
& YAG 42/34 39/31 38/24 
38/34 37/28 
diamond 40.8/34.5 (Tolkowsky) 4 43/20 41/18 38/20 
42/26 40/21 37/20 
39/24 36/20 


*Zone C includes the Table as a bezel with zero slope. Experimental cuts in this 
zone are brilliant but look strange and may not be desirable. 


A), = 40°/32° (Zone B), = 40°/17° 
(Zone C). 

It is interesting to note that there 
are no good designs for the pavilion 
slope of 41°. 

It is also interesting to note that 
pavilion slope is more critical than 
bezel slope; that is why I always cut 
the pavilion first (in addition to other 
reasons) — if I run short of material I 
can always “‘fudge’’ the crown a bit. 

Zones A, B and C are of particular 
interest in re-cutting. A worn stone cut 
per Zone A can be recut per Zone B, 
and again per Zone C, always retaining 
the same girdle so that it can be 
replaced in the same setting; beauty 
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will be retained and weight loss will be 
minimized. I have done this and it 
works! 

Although it is possible to design a 
gem where the viewer’s head is not an 
obstruction, the viewer’s body is an- 
other problem and will always produce 
a dark area in the gem. A sequel will 
show that this dark area is most 
noticeable when the gem is cut in 
Zone C, 


Conclusions 


It is important to note that this 
analysis has three limitations: 
1) It assumes that pavilion and 
bezel slopes are constant: 
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This is essentially true for bril- 
liant cuts, but not for step cuts. 

2) It assumes that opposite facets 

have a common normal plane: 
This is true for round, square, 
and rectangular girdle shapes, 
but not for oval, pear, marquise, 
etc. 

3) It assumes that rays are in a 

plane through the gem axis: 

This is only a small part of all 
rays, but these are the only ones 
which can be analyzed simply. 

The first two assumptions are also 
inherent in the design slopes recom- 
mended by various references; such 
data were developed by trial-and-error 
on round brilliant cuts but may be 
used as approximate guides for other 
cuts. 

It is most significant, however, that 
the theoretical results show good cor- 
relation with those proven by tri- 
al-and-error, despite the third limita- 
tion described above. This indicates 
the validity of the method. ; 

The key to this study was the effect 
of the viewer’s head, which can be 
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observed by close study of reflections 
in a cut gem. Other criteria which may 
have been overlooked will be added in 
later articles. Several sequels are al- 
ready in process which probe specific 
aspects of the problem in more detail. 

As it stands, this is believed to be 
one of the better faceting guides to 
date. Comments from readers will be 
welcomed and reviewed toward mak- 
ing it even better. 


Reference 


1. GIA Colored Stone Course (1975), 
Los Angeles, California 


2. Soukup, E.J. (1962) Facet Cutters 
Handbook, Gemac Corp, Mentone, 
California, 64 pages 


3. Sinkankas, J.(1962) Gem Cutting — 
A Lapidary’s Manual, 2nd edition, 
Van Nostrand Reinhold Company, 
New York, 197 pages. 


4. Tolkowsky, Marcel (1919) Dia- 
mond Design, Spon & Chamber- 
lain, New York, 104 pages. 


87 


88 


APPENDIX 


The following nomenclature and formulas were used in this analysis: 
R = refractive index C =critical angle (sinC=1/R) 
D = internal divergence D‘ = external divergence 
P = pavilion slope B = bezel slope 
@ =internal ray angle @ =external ray angle 
T = table width W = girdle width 
Table-to-table rays blocked (Figure 3): i 
sinD’ = RsinD .. . where: D = 4(45°—P), D’ = 10° 
Table-to-bezel rays blocked, and vice versa (Figure 4): 
sin (B—¢) = Rsin (B—D) . . . where: ¢ = +10° 
Bezel-to-bezel rays blocked (Figure 5): 
sin (B—¢) = Rsin (B—D/2) .. . where: ¢ = +5° 
Internal reflection from bezel (Figure 6): 
Bmax =9+C (Figure 7A)  Bmin = @ — C (not illustrated) 
Maximum pavilion ray angle (0 max = 180°—C—3P): 


Bmax = 180°-3P Bmin = 180°—2C—3P 
Mean bezel-to-bezel ray (8 = D/2 = 90°--2P): 
Bmax = 90°+C—2P Bmin = too low to matter 


Minimum internal ray angle (8 min = C—-P): 
Bmax = 2C—P Bmin = too low to matter 
“Live center” seen by both eyes (Figure 8): 
sing — Rsin (C—P)... where: ¢ = —6° 
Maximum table size (Figure 9): 


Taos Ze tanP + tanB 
W tanCtanB + 1 


as table size (Figure 10): 


P+ 
amin = = tan peeeroel ... Where: sinB = Rsin (B—@) 


Derivations of formulas will be provided upon request from the author: 


Bruce Harding, 33 Anthony Drive, Holden, Mass. 01520. 
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Developments and Highlights 
at GIA’s Lab 


in New York 


By ROBERT CROWNINGSHIELD 


Synthetic Rubies 


We have had only a few occasions 
to test flux-grown synthetic rubies and 
have been somewhat surprised since 
they are known to be available in Far 


Figure 1. 
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Eastern markets. Recently, we were 
able to purchase, following identifica- 
tion in the Laboratory, a quantity of 
Thai cut stones in the 1/2-carat to 
2-carat range. The parcel contained 


Figure 2. 


Figure 3. 


several hundred stones which varied 
considerably in color and to the un- 
aided eye were very convincing. Figure 
1 is a dark-field photograph Of several 
of them. Most of the stones had the 
bluish band or bands we have associ- 
ated with some of the Chatham flux- 
grown rubies, but which are by no 
means limited to that manufacturer’s 
product (Figure 2). 

Two unusual flame-fusion 
(Verneuil) synthetic rubies are shown 
in Figures 3 and 4. In Figure 3 a 
quench-crackled synthetic ruby is fur- 
ther falsified by numerous scratches 
on the pavilion of the stone. This was 
presumably done with a fine diamond 
point. The glassiness associated with 
the usual synthetic ruby has been 
diminished, and the stone has a quite 
convincing appearance to the unaided 
eye. Figure 4 shows the curved striae 
in an old stone running in opposite 
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Figure 4. 


directions, starting at the center of the 
stone. With the cracks and numerous 
fine gas bubbles, the stone had been 
assumed to be natural by several 
jewelers before being submitted to the 
Laboratory. 


Natural Sapphire Fooler 


It is easy to see why a student 
would think the inclusions shown in 
Figure 5 are in a synthetic sapphire. 
Figure 6, however, shows what appear 
to be gas bubbles are in reality 
rounded negative crystals with their 
associated fingerprint in a natural 
sapphire. Differences in lighting, of 
course, account for the difference in 
appearance. 


Black Is Popular 


The past few months have brought 
a large number of black polished 
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Figure 5, 


stones into the Laboratory for identifi- 
cation. They have included black 
nephrite, obsidian, ordinary glass, 
“Imori stone,” black coral, black 
diamond, serpentine, chalcedony and 
jet. Quite a few were in the form of 
stylish hoops. 


More Corundum 


Recently, one of our staff gemolo- 
gists brought in a friend’s gold ring 
containing an unusual pale brownish- 
orange round brilliant. The refractive 
indices were so unexpected that we 
began a search of the literature for 
something we must have forgotten. 
They were 1.755 — 1.763. It would 
seem to rule out sapphire. We could 
not find anything in the literature, so 
we proceeded to determine whether or 
not the stone was natural. No inclu- 
sions were visible, but the uniaxial 
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Figure 6. 


interference figure showed distinct 
chevrons when we used Professor 
Plato’s immersion test. It must be an 
unusual synthetic sapphire. 


Figure 7. 
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Figure 8. 


A pale blue, translucent, melon-cut 
stone illustrated in Figure 7 initially 
appeared to be an elaborately set blue 
chalcedony — probably dyed. It was a 
surprise to find it was a natural Ceylon 
sapphire. 


“Emerald” 


Another uncut emerald hoax is 
illustrated in Figure 8. ‘It is a pale 
green beryl crystal onto which hard 
green enamel has been baked. Rough 


treatment in company with other 
crystals chipped some of the green 
away, causing the bearer to doubt his 
purchase. 


YAG in Color 


The Laboratory has had very few 
occasions to test other than colorless 
yttrium aluminum oxide — stones 
(YAG). We did have the opportunity 
to test an intense ‘‘sky” blue, well- 
fashioned emerald-cut stone of 25 
carats. The absorption spectrum, as 
seen in Figure 9, is reminiscent of 
cobalt. 


Kornerupine 


In the past few months we have 
seen and heard about more kor- 
nerupine than we have in 20 years. 
First, Mr. Campbell Bridges of Kenyan 
green grossularite fame (Gems & 
Gemology, Page 290, Summer, 1974) 
showed us bright green -vanadium 
kornerupine from Kenya. Specimens 
of this — a handsome cat’s-eye and a 
faceted stone were presented to 
members of the International Gem- 
mological Conference in Washington, 
D.C. in October by Dr. Eduard 


| vioter ——_| VB +— sive ——+ set} creent ye+y1o + RED + 


4000 
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Intense blue Yttrium Aluminum Oxide ---~24.89 cts,-------------- 


Figure 9. 
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Figure 10. 


Giibelin. At the same meeting samples 
of. a dark brown cat’s-eye from Sri 
Lanka were presented to members by 
Dr. Jan Kanis of Salisbury, Rhodesia 
who had secured a number of the 
stones on a trip to that country. All 
three stones are shown in Figure 10 It 
did not occur to us that the stones 
could ever become commercially avail- 
able, though the green stones are very 
beautiful. However, we were surprised 
to receive a bracelet for testing with 
18 translucent quite well-matched 
brown cat’s-eye kornerupines. (Figure 
11). We saw our first cat’s-eye 
kornerupine in 1967, though we did 
not recognize it at the time (Gems & 
Gemology, Summer, 1974). 


Prosopite 


Although Chuck Fryer working 
with Mr. Pete Dunn of the. Smith- 
sonian Institution has reported the 
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Figure 17. 


occurrence of cuttable prosopite re- 
sembling turquoise, we had never seen 
the material. When a staff member was 
contemplating a turquoise for her col- 
lection she tested a beautiful oval 
cabochon weighing 9.90 carats. The 
refractive index, however, was 1.51; 
S.G. 2.65 with a granular fracture and 
no spectrum; and hardness about 4% 
to 5. Work done at the Smithsonian by 


Figure 12. 
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Figure 123. 


Mr. Dunn on this specimen indicates a 
~prosopite structure but with some 
unexplained anomalies in chemistry 
which are still being investigated. The 
1975 Glossary of Mineral Species indi- 
cates the composition of prosopite is: 
CaA12(F,OH)g. This stone takes an 
excellent polish but it has become 
somewhat mottled during the course 
of being examined and tested (Figure 
12). 


An Imitation Zincite or Cuprite 


A dark red emerald cut stone with 
an adamantine — almost sub-metallic 
luster was offered to a collector as 
cuprite. The fact that this rare material 
has been discovered recently and cut 
stones offered for sale at reasonable 
prices suggested that the stone was as 
stated. However, the absorption spec- 
trum was unquestionably that of 
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almandite as were the inclusions. Care- 
ful examination of the surface dis- 
closed nothing suspicious, but on a 
hunch the writer ran the table of the 
stone across a paper with a small 
amount of moistened cerium oxide. 
Now it was possible to see in Figure 13 
that beneath a sputtered coating was a 
common alniandite. 
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World Diamond Production...1974 


(Ed. note: Reprinted from the Mineral 
Trade Notes, U.S. Department of the 
Interior, Bureau of Mines, Vol. 72, No. 
6, June, 1975.) 


According to preliminary data com- 
piled by the Bureau of Mines, world 
production of natural diamond in- 
creased some 945,000 carats in 1974. 
Principal producing countries of gem- 


quality diamond were the Republic of 
South Africa, the U.S.S.R., Angola, 
and the Territory of South-West Afri- 
ca; the Republic of the Zaire, the 
U.S.S.R., the Republic of South Afri- 
ca, and Ghana were the leading pro- 
ducing countries of industrial dia- 
mond. World diamond production by 
country’ is shown in the following 
table: 


Diamond: World production, by country + 
(Thousand carats) 


Country Indus Indus- 
Gem trial Total Gem trial Total 

Africa: 

7 Nals[0lE: Reren eereapimnceere oh 1,504 531 2,125 1,600 500 | £2,100 

Botswana ......-.-.- 362 2,064 2,416 408 2,310 2,718 

Central African 

Republic .......... 251 129 380 300 150 &450 

Ghana ....... 232 2,085 2,317 257 2,316 2,573 

Guinea®.. 2.2... 25 $5 80 25 55 80 

Ivory Coast ...... 120 180 300 130 190 ©320 

Lesotho? ... 1 "g ) 2 9 11 

Liberia 8 ‘ F509 | 308 "817 377 259 636 

Sierra Leone L 646 758 1.404 | 670 | __1.000 ®1.670 
South Africa, 

Republic of: 

Premier mine ..-....-..- 625 1,876 2,501 605 1,817 2,422 

Other _De Beers | 

(Cheese conan ar 2,368 1,938 4,306 2,397 1,961 4,358 
Other: oo eee 465 303 758 | 433 289 722 

otal: secures 3 3,448 | 4,117 7,565 3,435 4,067 7,502 
South-West 

Africa, 

Territory of ........ 1,520 80 1,600 1,491 79 1,570 
Tanzania .... 1251 F250 "601 275 275 &550 
CANIRES fin psn enero te egies 1,082 | 11,858 | 12,940 1,100 | 11,900 | 13,000 

Other areas: 

Bazi Beart ws Bee awe = coon 160 160 320 160 160 320 
Guyana....... 31 21 52 | 30 20 50 
India ......... 18 3 21 17 3 €20 
Indonesia® | 12 3 15 42 3) 15 
ULS.S.R:@ 1,900 7,600 9,500 1,950 7,850 9,800 
Venezuela 7315 | "463 1778 280 420 700 

World total ....... 12,477 | 30,663 | 43,140 | 12,519 | 31,566 | 44,085 

© Estimate. 

© Preliminary. 

r Revised. 

1 Total (gem plus industrial} diamond output for each country is actually reported except 
where indicated to be an estimate by footnote. In contrast, the detailed separate 
reporting of gem diamond and industrial diamond represents Bureau of Mines estimates 
in the case of every country except Central African Republic, (1973), Lesotho, (1973), 


information of varying reliability. 


subsequently reexported. 
Exports. 
stated, to normal! calendar year basis. 


Botswana. 
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Liberia, Guyana, (1973), and Venezuela, {1973), where sources give both total output 
and detail. The estimated distribution of total output between gem and industrial 
diamond is conjectural in the case of a number of countries, based on unofficial 


Exports of diamond originating is Lesotho; excludes stones imported for cutting and 


Revised from data in previous edition, which were for years ending August 31 of that 


All company output from the Republic of South Africa except for that from the Premier 
mine; also excludes company output from the Territory of South-West ‘Africa and 
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Book Reviews 


By ROBERT GAAL, Ph.D. 


THE RETAIL JEWELLER’S GUIDE, 
by Kenneth Blakemore. 2nd Ed., Pub- 
lished by Iliffe Books, London, 1973. 
280 pages. Hardbound with numerous 
illustrations. Price: £5.00 in U.K. 


This book replaces “The Retail 
Jeweller’s Handbook” as a reference 
book and textbook in Britain. Because 
of numerous developments in the 
trade, this necessary revision brings 
-up-to-date. information on such timely 
subjects as quartz watches and hall- 
marking to those long in the trade. 

The intent of “The Retail Jeweller’s 
Guide” is the same as in previous 
editions in that it is a reference hand- 
book of knowledge, written primarily 
to provide newcomers as well as those 
established in the retail jewelry trade 
with the necessary new information 
about the goods that they will prob- 
ably handle during their careers. The 
subjects covered include metals, gems, 
antique silver, hallmarks on gold and 
silver, how  silverwares are made, 
jewelry of the past, the making of 
jewelry, the history of watches and 
clocks, today’s watches and clocks, 
and many other subjects all in 
fascinating detail. Valuable new inclu- 
sions are the illustrated section on 
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common market hallmarks and the 
amplified and expanded glossaries of 
trade and technical terms. Useful 
tables have been added to the appen- 
dix. Although this book is written for 
a British audience, almost anyone in- 
volved in the jewelry trade will find 
this book of considerable interest and 
of practical use. 

Some of the information in the 
section of “The Gems” needs correct- 
ing, notably, on page 45 — strontium 
titanate has less than three times as 
much fire as diamond, not four times; 
garnets are silicates and not sulfides as 
stated by the author; synthetic rutile is 
7.5 times more dispersive than dia- 
mond and not six times as printed. 
Also, some of the recent developments 
in the synthetic gemstone market are 
not listed such as synthetic opals, tur- 
quoise, alexandrite, and types of 
hydrothermal synthetic rubies other 
than the Chatham. Furthermore, the 
GIA’s lowest color grade for diamond 
is Z and not R, as stated on page 40. 
Below a color grade of Z, we are 
dealing with “fancy colors.” Except 
for a few other minor inconsistencies, 
this book is reasonably accurate and 
should be of value to the British 
jeweler. 
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The Variable Effects of 
Faceted Gemstones 


BY WERNER R. EULITZ, Ph.D. 
Huntsville, Alabama 


Summary 


The external appearance of a fac- 
eted gemstone is based upon internal 
double-reflections at the pavilion 
facets. The mechanism of internal 
double-reflection can be described by 
a simple optical law in which the facet 
angles are independent variables. The 
transparency and the refractive index 
of the gem material reduce the reflec- 
tivity of the pavilion and the escape of 
reflected light through the crown 
facets. 

The limitations of reflectivity 
through the table and through the 
crown facets are depicted in diagrams 
for varying pavilion- and crown facet- 
angles of several stone materials. The 
charts provide the basis to analyze the 
external appearance of any cut. 

Comparison of “historical cuts,” 
advocated by H. Tillander, Finland, 
with the standard  brilliant-cut 
diamond: shows that the historical 
cuts, indeed, provide high brilliancy 
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plus dispersion, while the standard 
brilliant is primarily designed for 
optimum brilliancy. With a slight 
modification of crown facet angles, 
however, the dispersion effect and so 
the total appearance of the standard 
cut can be made superior to the 
historical cuts. 


1. Introduction 


The most popular type of faceted 
gemstones is the round-cut, a simula- 
tion of the brilliant-cut diamond. 
Other forms, such as the emerald-cut, 
the octagon, the square cut, etc., may 
be considered modifications of the 
round-cut by stretching some facet 
arrangements lengthwise and reducing 
or eliminating others. All these cuts, 
applied mostly to transparent stones, 
have in common a lower faceted por- 
tion, the pavilion, and an upper por- 
tion, the crown, which are geometri- 
cally separated by an imaginary girdle 
plane. 
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Transparent colored stones are 
being faceted to emphasize the beauty 
of their color; transparent colorless 
stones, which will be considered in the 
following only, are being faceted for 
brilliance and dispersion. The latter 
two phenomena have been subject to 
numerous investigations for many 
years, especially on diamond. 

Brilliance is characterized by the 
strong metallic internal reflections of 
the pavilion facets; dispersion, in 
gemology called the fire, is the resolu- 
tion of the different wavelengths of 
white light into the popular rainbow 
colors (spectrum). — 

For optimum brilliance, a standard 
brilliant has been developed over many 
years. This standard design has been 
the subject of several criticisms in 
recent publications, especially by 
Tillander, Finland, and others, for its 
lack of strong dispersion effects. This 
controversy stimulated the following 
investigation on the variability of opti- 
cal effects by different facet angles. 

The mathematical treatment of the 
problem is not in great esteem even 
among experts, although it is obvious 
that a faceted gemstone is an optical 
device like a lens or a mirror system, 
the quality of which is always cor- 
related to strong optical laws. The 
optical effects of faceted gemstones 
depend on relatively simple laws. It 
will be shown in the following discus- 
sions that many prevailing arguments 
can be resolved and new design criteria 
can be discovered by proper interpre- 
tation of the optical laws involved. 

2. Refraction 

Light travels with a velocity (Light 

Velocity = LV) which is a maximum in 
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vacuum. In air, the LV is only slightly 
less than in vacuum so that for practi- 
cal purposes, the LV in air is com- 
monly used for reference. When a light 
ray enters a stone, its velocity is 
reduced by a factor “‘n”. This means, 
expressed by a simple formulation, 
LV (air) = ne LV (stone) 

The factor ‘“‘n’’ is called the refractive 
index of the stone material. 

The reduction of LV inside a stone 
causes a change of the direction of a 
ray entering the stone. This change of 
direction at the boundary between the 
two media is called “refraction.” The 
degree of refraction depends on the 
size of the angle of an entering ray in 
air which always, as any light ray 
angle, is measured with respect to the 
normal (a line NN vertical to the 
surface at the point of incidence). The 
angle of the ray inside the stone is 
smaller than the angle in air. It has 
been discerned that the ratio of the 
trigonometrical sine-functions (abbre- 
viated “‘sin”) of the two angles is 
always equal to the refractive index 
“n”. Thus, 

sin (angle in air) _ 
sin (angle in stone) _ 
This is Snell’s law of refraction which 
can be solved graphically as demon- 
strated and explained in Figure 1. The 
application of this method is presented 
in Figure 2 for diamond, zircon, 
corundum, and quartz. 

The scale divisions of the stone- 
scales (Figure 2) increase rapidly from 
about 45° (in air) upward. In 
diamond, up to 60° in air are distri- 
buted inside the stone to about 20°, 
while the remaining 30° in air are 
spread over 4° only, inside the stone. 
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The refractive indices for violet and 
red light in diamond are considerably 
different. In Figure 2, the diamond 
circle is referred to violet light (n = 
2.45). For red light (n = 2.41) the 
circle would be larger. It is drawn for a 
short distance. Thus, from a white 
light ray striking a face inside the 
stone under an angle of 24° (diamond 


Fig. 1. Graphical Solution of Snell’s Law of 
Refraction. 
The refractive index n of a gemstone is the 
proportionality factor between the light 
velocity (LV) in air (vacuum) and in the 
stone, so that 
LV (air) _ 

LV (stone) ” 
Assume n = 2.5, line FOF* a.facet of the 
stone, and FO = AO = R the LV{air), then, 
OS = OC = r = R/2.5 is the LV(stone). Ray 
AO impinges on the facet FF* at point O 
under an angle of incidence fa). The exten- 
sion of ray AO intersects the stone circle 
rat point C. The velocity component of AO 
is BO = va in air, and OP = vs in the stone, 
va - vs =n = 2.9. The ray in the stone arrives 
at point D under an entering angle (el; e < 
a. Ratio va:R = sin (a); and vs:R = sin (e). 
Thus, vaivs =n = sin fal/sin (e). This is 
Snell’s law of refraction. It applies only to 
rays passing from one medium into another 
one fair — stone, or reverse). The light path 
inside the stone is unaffected by this law. 


100 


scale), the violet ray will go to the 
outside with an angle of 90° (air 
scale). However, the 24°-vertical line 
intersects the red light circle at point 
P. Consequently, the red light will 
depart the stone with an angle of 
about 77.5° (line from point C over P 
to the air scale). This means the 
original white light ray is dispersed 
into the spectrum with an angular 
margin of about 12°. This angular 
margin obtained from Figure 2 is in 
absolute agreement with earlier, very 
accurate physical measurements. It 
also follows from the diagram of 
Figure 2 that the dispersion in the 
lower degree bracket is negligible. 

In Figure I, only one ray is indi- 
cated. Within the same plane of inci- 
dence (drawing plane), a similar ray 
from the right side of the normal NN 
is possible also. The angle of incidence 
in air can be decreased to 90° at both 
sides of the normal; inside the stone, 
however, the angle for diamond can 
only increase to 24°, also at both sides 
of the normal. Thus, from the outside, 
rays of any incident angle can enter 
the stone within a margin of 180°. 
Inside a diamond, the angular margin 
is only 48° (2 x 24°). Since the path 
of a light ray is reversible, only rays 
striking a facet from inside the stone 
with an angle smaller than 24° (dia- 
mond) can escape to the outside; all 
other rays are reflected back into the 
stone. This is the critical angle cr = 24° 


for diamond. 
Reflections inside a stone by rays 


striking a facet from the inside with an 
angle larger than the critical angle are 
called “total” reflections. They obey a 
simple law which states that the angle 
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of incidence is equal to the angle of 
reflection; the angles again measured 
with respect to the normal. 


3. The Light Path Inside the Stone 


In order to reflect the entering light 
rays back toward the observer, the 
rays are usually reflected twice inside 
the stone. This is accomplished by two 
opposite pavilion facets which «are 
arranged symmetrically to the center 
line of the stone and perpendicular to 


the plane of incidence (drawing plane). 
Due to this arrangement, the path of a 
light ray inside the stone is divided 
into three distinct sections. Each sec- 
tion forms a triangle with the facets 
being touched. A ray entering the 
stone at point A, Figure 3, with an 
angle ‘“‘e’’, arrives at the pavilion facet 
at point B with an angle “‘x,”, with 
respect to the normal. It is reflected 
with the same angle “x,” (law of 
reflection) to the opposite pavilion 


violet — red 


Diamond R/245 ¥ 


Zircon R/1.95 7/ 
Corundum R/1.77 
Quartz R/1.55 
¥ 
Air R/1.00 100 eet 
m \o 


Fig. 2. Nomograph to determine angles of refraction (Snell’s Law). 


This diagram is designed for practical usage, 


based on the principle described in Fig. 1. The 


air scale (outer circle) is linear. The scales of the stone circles (non-linear) are obtained by 
projecting the angles of the air scale parallel to line CO upward to the stone circles, similar 
to lines DP and KS in Fig. 1. To find the refractive angle inside a stone of a ray impinging 
the facet with an angle of 50° in air, for example, connect point C with the 50° -point at the 
air scale. Then, the refractive angle for diamond is approximately 18°, for zircon 23°, for 
corundum 25°, and for quartz 30°. The procedure is reversible. A ray coming from the 
inside with an angle of 15°, would emerge in air with an angle for diamond 39°, zircon 30°, 


corundum 27°, and quartz 23°. 
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Fig. 3. Derivation of the law of internal double reflection. 
The light path inside the stone is divided in 3 sections due to double reflection. Each section 
forms a triangle ( A ) with the facets touched by the light ray. It follows, 


ABDC: (90°— xy}+ (90° — xo) +c = 180° 
thus, x1 tX9 =C = 180° — 20 

A ABT: x, te=a 

A DEG: Xotr=atsB 


Xz, txotetr=2atZB 
e+r= (4a — 180°) +8 


Etre rTT 


(1) 
(2) 
(3) 


(4) 


This is the general law of internal double reflection. Angle f = (4 « — 180°) between 
incoming and outgoing ray, is constant for any stone with pavilion angle «.1f x1 or X>5 is 
larger than the opposite angle within the respective triangle, then, e or r are negative. Thus, e 
for ray AB and r for ray D,& , are negative; e and r are inside AN ABT, and DyE4T5, 
respectively. For rays ABy and DE, e and r are positive, while outside A AB5T, and DEG. 


For table-to-table reflections, ray A,B {Dj 1E,, 6 =0°. 


facet at point D with an angle “x2”, 
and again reflected to the bezel facet, 
arriving at point E with an angle “r’. 

Section AB of the ray forms A 
ABT, with the table and the left 
pavilion facet. Section BD forms A 
BDC with the two pavilion facets, and 
section DE forms A DEG with the 
right pavilion facet and the crown 
facet. Each of the three triangles con- 
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tains one of the design angles of the 
stone. A simple relationship between 
the entering and outgoing light ray and 
the design angles can be derived as 
shown in Figure 3, which leads to the 
general law of internal double reflec- 
tion (IDR - law): 
etr=f+B 

where f = (4@- 180°) may be called 
the focus-angle of the stone. 
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-40° 30" -20° -10° Oo 


+10° +20° +30° +40° 
eth) negative positive e(r) 


Fig. 4. Limits of double 
reflection in diamond. 
Table-to-table reflections 
are possible only, if angle e 
of the entering ray plus 
angle r of the outgoing ray 
fit the area framed by 
points 1 through 6. Frame 
1* through 6* indicates 
the limitations of reflec- 
tions through the crown 
facets ( 8 — reflections). 


4. The Limitations of 
Internal Reflections 

It has been pointed out in section 2 
that angle ‘“‘e” of the entering ray can 
vary between (tcr) and (—cr), so that 
e(max) = (+cr), and e(min) = (—cr). On 
the other hand, angle “x,” (first re- 
flection in Figure 3) cannot be smaller 
than cr for total reflection. According 
to Figure 3, e+ x, =Q, ore =Q— Xj. 
Substituting cr for x, as the limit, we 
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obtain e(max) = (a — cr). The differ- 
ence (@ — cr) increases with increasing 
a. However, it again cannot exceed cr. 
Thus, there are two limitations for 
e(max), depending on the size of a. It 
follows the angular margin of angle 
sees 
(—cr) Se <(@— cr) S(+cr) 

Substituting these limits for ‘‘e”’ in the 
IDR-equation, first for table-to-table 
reflections (@ = 0°), so thate + 1 =f, 
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then we obtain the limitations for the 
outgoing angle “r” at the table: 


limit (e) limit (1) 
+cr f—cr 

(a — cr) f— (a@— cr) 
—cr f+ cr 


These limitations are the basis for the 
diagram of Figure 4, which represents 
the conditions for diamond with cr = 
24°. 

The horizontal angular scale starts 
at the vertical zero-line with positive 
values of “e” or increasing to the 
right, and negative values to the left. 
The critical angle is marked by vertical 
lines at (+cr) = (424°) and (cr) = 
(—24°). The pavilion angle a is scaled 
vertically. 

The focus-angle f = (4a— 180°) is 
indicated by the inclined f-line, and 
the other 6 limitation terms appear 
accordingly in the diagram. This way 
the diagram becomes a graphical com- 
puter which is demonstrated as an 
example, for a cut with pavilion angle 
a= 46° in Figure 4. If a ray enters the 
table with an angle e = +15° (move 15° 
to the right, starting at the zero-line), 
then a move of r = —11° to the left 
(negative direction) leads to point f = 
4° (design point for table reflections 
with @ = 46°), so that the IDR- 
equation for table reflections, e + r = 
f, is satisfied. If e = —18° (move 18° 
from zero-line to the left), then r = 
+22°. The procedure is reversible, so 
that we can write: e(r) + r(e) = f;:for 
e(r) read “‘e or r’’, and reverse. 

Due to the limitations derived 
above, table reflections are possible 
only if the size of e andr is within the 
frame marked by points 1 through 6. 

For reflections to the crown facet 


66.99 
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with angle 6 > 0° the right side of the 
IDR-formula increases by B;e +1 =f+ 
6. Thus, any angle B appears in the 
diagram of Figure 4 as a line parallel to 
the f-line. This is shown in the diagram 
by a series of lines for (values in 
increments of 10°. Then, any point 
within the diagram indicates the size 
of & (horizontal line), that of B (in- 
clined-line parallel f-line), and the 
amount of “f + 6” (distance from the 
zero-line). The computation of e and r 
is the same as that for table reflections 
with the only difference that now the 
design point is “‘f + 6” instead of “f’. 

Angle $8, in general, can vary be- 
tween O° and 90°. However, since 
e(max) = (@— cr) <ter, and r(max) = 
ter at the crown facet (compare 
Figure 3), the maximum of (f + B) =(@ 
— cr) + cr = @ or (f + 8) = 2cr. It 
follows, B(max) = a— f = 180° — 3a, 
or 6(max) = 2cr — f, (for w 2 48° in 
diamond). These G-limitations are indi- 
cated in Figure 4 by the lines marked 
34S 6x. 

The IDR-equation as well as the 
limitations for e and r apply to any 
gemstone material. It is easy to recog- 
nize that numerical differences are 
caused only by the difference in the 
critical angles cr. This effect is demon- 
strated in Figure 5 for zircon, corun- 
dum and quartz in comparison with 
diamond. 


5. Interpretaion of The 
Reflection Diagram, Figure 4 


The limitation for table-to-table re- 
flections (frame 1 through 6) indicates 
that reflections through the table are 
possible for pavilion angles not larger 
than @ = 57° and not smaller than w= 
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Fig. 5. Comparison of re- 
flection limits in diamond, 
zircon, corundum, and 


i 


-40 -30° -20° -{0" °° +i0° 


+207 430° +40° 


et) negative <= positive e(r) 


quartz. 
Symbols D, Z, C, Q refer 


to diamond, zircon, corun- 
dum, quartz, respectively. 


33°. In these extreme cases, the in- 
terior of the stone viewed through the 
table appears “black. For a stone 
with a@ = 57°, crown facets of any 
angle B-also appear black, since B(max) 
= 2er — f = 180° — 4a+ 2cr= 0°. On 
the other hand, a stone with w= 33° 
gives crown facet reflections with 6 up 
to 81% B(max) = a — f = 180° — 3a= 
81°. 
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The standard brilliant-cut diamond 
is équipped with 3 crown facets of 
different B-angles, the main facet (M) 
with 6(M), the star facet (S) with B(S), 
and the upper girdle facet (G) with 
B(G). Facets B(M) and B(S) are re- 
sponsible for the brilliance effect in 
connection with the table, while G(G) 
is designed primarily for dispersion. 

Brilliance is the internal metallic 
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Figure 6. The principle of single reflection. 


etx=a (see Fig. 3) 
x=a-e 
xtr=s=a-—eftr 
s=B-—«a@ 
because, 


180° —B+ats= 180° 

!t follows the law of single reflection: 
r—e=B-— 2a 

!f e@ = 0°, and r=cr (for max. dispers.), then 
B= 2a+cr 

Ife = 0°, andr=0° (star facet effect), then 
B= 20 


reflection of white light projected 
within a relatively small angular mar- 
gin toward the observer. It is obtained 
from rays which enter the table at, or 
close to, 0°. These rays are of high 
intensity (see Figure 2, intensity 
scale), consequently, the bright shine 
of white light reflections. 

Dispersion, as shown in Figure 2, is 
confined to rays which emerge grazing 
the facet. It occurs at all crown facets, 
even at the table. Due to the grazing 
departure, the direction of the spectral 
colors is almost identical with the 
angle 6 of the facet. If this angle is 
small, the projection of the spectrum 
is off the viewing direction, the per- 
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ceptiveness of dispersion is poor. All 
B-angles in a standard brilliant are 
relatively small. This is the reason why 
the standard brilliant is allegedly lack- 
ing the spectral colors. As a matter of 
fact, the spectral colors are present but 
projected in an unfavorable direction. 

In Figure 4, the design points are 
depicted for a standard brilliant with 
pavilion angle @ = 40.8°. Point (T) is 
the design point for table reflections, e 
+ 1 = f = —16.8°, (M) for the main 
facet with B(M) = (@— cr) — f = 33.6°, 
(S) for. the star facet with B(S) = —f = 
16.8°, and (G) for the upper girdle 
facet with B(G) = cr — f = 40.8°. This 
pattern defines entirely the angular 
proportions of this particular cut. 
None of the B-angles in this case is 
6(max) = a@— f = 180° - 3a@ = 57.2° 
(see Figure 4, point D). This 
GB(max)-angle, designated B(D), pro- 
vides only the dispersion effect be- 
cause its reflections are created solely 
by rays entering with e(max) = (@ — 
cr) at the table. However, substituting 
B (D) for B (G) may result in a more 
acceptable angle combination for dis- 
persion, because the perceptiveness of 
dispersion will increase _ appreciably 
due to the larger angle 8 (D). 


6. Single Internal Reflections 


The. reflection diagram of Figure 4 
shows that the largest angle of B= 90° 
corresponds with a pavilion angle w= 
30°. With such a pavilion angle, a ray 
vertically incident at the table, e = 0°, 
cannot be double-reflected by the two 
pavilion facets. The light path, after 
the first reflection, is parallel to the 
opposite pavilion facet as demon- 
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Figure 7. Suggested profile of a dispersion- 
cut diamond. 

a= 29°84 =2ater=82;6o=2a= 58 
Vertical incidence at the table causes max. 
dispersion of about 12° in observer direc- 
tion at facet B 4. At facet B 2, vertically 
incident light emerges vertically to the facet 
Since the light path is reciprocal, the table is 
completely lighted up, surrounded by a ring 
of spectral colors, followed by another ring 
of strong white light. 


strated in Figure 6. Only single reflec- 
tion takes place. 

The formula for single reflection, r 
—e = B — 2@ yields two distinct 
optical effects. If e = O° (vertical 
incidence) and r = cr, so that B= 2a+ 
cr, high intensity dispersion will be 
obtained. With e = 0° and r = 0°, thus, 
B = 2a, a vertically incident ray at the 
table will depart from the facet of B= 
2a vertically also. This effect re- 
sembles the star facet effect as dis- 
cussed in the previous section. 

In Figure 7, an approximate profile 
of such a design is depicted with a 
series of entering rays to show the 
alternate effect of dispersion and scin- 
tillation. The profile resembles an old- 
fashioned cut. It is primarily a disper- 
sion-cut with a considerable loss of the 
total influx of light, though certainly 
quite interesting. 
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Angle a cannot be smaller than cr, 
i.e., & (min) = cr; otherwise a vertically 
incident ray would leak through the 
pavilion. On the other hand, r(max) = 
cr for dispersion, and the extreme 
limit of B is 90°. With these limita- 
tions, it follows from Figure 6: B= 2a 
+ cr = 3 cr=90°. Thus, cr = 30° is the 
largest critical angle which allows a 
design like Figure 7. This corresponds 
to a refractive index of n = 2.0. 
Consequently, a dispersion-cut based 
on a single reflection is applicable to 
gemstone materials of n 2 2.0 only. 


7. Total Reflectivity, Brilliance 
and Perceptiveness of Dispersion 


The total influx of light into a 
stone at any point of a crown facet 
cannot be more than 2 cr inside the 
stone. Since the pavilion facets are not 
ideal mirrors, reflection takes place 
only if the conditions for total reflec- 
tion are satisfied, i.e., for those rays 
which impinge on a pavilion facet 
under an angle larger than cr. Due to 
this fact, the total reflectivity is always 
smaller than the total influx of light. 
The actual amount of total reflectivity 
for any pavilion angle @ is readily 
obtainable from the diagram of Figure 
4, The ratio between the total reflec- 
tivity and the total influx of light (2cr) 
indicates the percentage of reflectivity 
(R%) for any cut. Thus, 


R%= total mcteats ~ 100 


The result is delineated for diamond in 
Figure 8 and for comparison with 
other gemstones in Figure 9. It shows 
that for diamond, the reflectivity is 
largest, R = 91.5%, at a cut of pavilion 
angle a= 44°. 
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Figure 8. Percentage of reflectivity (R%) and perceptiveness 
of dispersion (P%) in diamond. ; 
The total influx of light within one plane of incidence is 
equal to 2 cr. Reflectivity is possible for entering angles e 
between e(max}) and e(min) which can be determined from 
Fig. 4 for any pavilion angle ao Then, the percentage of 
reflectivity is ears aae meee ena 
2cr 

Dispersion is caused by rays, departing grazingly from the 
facet of angle 8. The farger G, or the smaller (90° — 6), the 
better are the dispersed rays projected toward the observer, 
thus, the better is the perceptiveness of dispersion. Analogous 
to Lambert’s law of intensity, the perceptiveness may be ex- 
pressed 

P% = 100 cos(90° —8) = 100 «sin B 
The perceptiveness is plotted for f + 8 (G) = cr, and f + 
B(D) = (a < 2er). 


Here, the total reflectivity is equal 
to &, because, as discussed earlier, the 
total reflectivity is principally the dif- 
ference between e(max) = (@ — cr) and 
e(min) = (—cr) of the entering rays; 
thus, e(max) — e(min) = (@ — cr) — 
(-cr) = a. This is true for alla<44°, 
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If a = 44°, the total reflectivity is 
reduced due to leakage at the second 
reflection (see Figure 4). On the other 
hand, table reflectivity for ~@<44 ° is 
smaller than the total reflectivity. This 
is indicated in Figure 8 by the line 
which divides the area of total reflec- 
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4 


Figure 9. Reflectivities 
(R%) of diamond, zircon, 
corundum, and quartz. 


tivity into two sections. The amount 
of total reflectivity is the prerequisite 
for brilliancy; however, both terms 
should not be considered identical. 
The totally reflected light crosses 
the girdle'plane again in a direction 
opposite to the entering direction. All 
of this back-reflected light (reflux) can 
escape through the crown facets, or 
only part of it, depending on the angle 
of the crown facets. If the total 
reflectivity is high (see Figure 8) and 
all the reflected light can go through 
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the crown facets to the outside, the 
brilliancy of the stone will be a maxi- 
mum. In this case only, total reflec- 
tivity and brilliancy are identical. 

It can be shown that the reflux 
through facet (M) is an optimum, if a 
ray entering the table with e(max) = (@ 
— cr) escapes through (M) with an 
angle r(min) = 0°. Then, f +6 (M) =(@ 
— cr), and B (M) = (@ — cr) — f; table 
reflections and reflections through (M) 
supplement each other to the maxi- 
mum of total reflectivity. 
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The star facets (S) in connection 
with the table, act like a 90°-prism (or 
a = 45°-stone), if f + B (S) =0°, and B 
(S) = (—f). In this case, any ray 
entering the table with an angle (+e), 
departs facet (S) with (—r) = (—e), the 
same way as at the table of a 45°- 
stone. The full amount of total reflec- 
tivity is projected toward the observer. 
This condition of (S), f + B(S) = 0°, is 
possible only for ~@<45° (see Figure 
4). 

The dispersion effect is essentially 
obtained from facets (G) and (D) with 
6 (G) =cr —f, or B(D) = w— f. Due to 
the grazing departure of dispersed 
rays, the spectral colors are increasing- 
ly perceptible by the observer with 
increasing B-angle. Thus, for the dis- 
play of dispersion, 8 (D) is preferable 
to 6 (G). Based on this fact, the term 
“perceptiveness of dispersion” has 
been introduced and explained in 
Figure 8. The curves of P% are deline- 
ated for B(G) and 6 (D) with reference 
to pavilion angle a. The practical 
effect of dispersion perceptiveness 
may be recognized in Figure 7. 


8. ‘Comparison of the Standard 
Brilliant with “Historical Cuts” 


In his article “Observations on 
Historical Shapes of Gem. Diamond” 
(Australian Gemmologist, August, 73), 
H. Tillander, Helsinki, Finland, stated 
that in historical cuts “the angles of 
both the crown and the pavilion facets 
are 45° all the way around the girdle.” 
He concludes, with particular refer- 
ence to the standard brilliant, these 
cuts “are superior to modern stones 
both in brilliancy and dispersion.” It is 
interesting to compare Tillander’s 
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statement with the results of the 
present study. 

A look at the reflectivity curve in 
Figure §& reveals surprisingly that a 
total reflectivity of a (@= 45°)-stone is 
almost exactly the same as that of a (@ 
= 41°)stone. This means, in both 
stones, the same amount of reflected 
light is available to produce the bril- 
liant effect. 

The diagram of Figure 4 indicates 
that the crown facet angle B = 45° is 
identical with the dispersion angle 6 
(D) for a (@ = 45°)-stone (intersection 
of a= 45°-line with Blimit line 4*-5*). 
Thus, the dispersion facets (D) have 
been made the main facets of the (w= 
45°)-stone, while at the standard bril- 
liant, the (G)}facets with B(G) provide 
the dispersion. Due to this fact, the 
perceptiveness of dispersion is, indeed, 
higher at the 45°-cut than that of the 
standard brilliant (compare curves 
(P%) for B (G) and 6 (D) in Figure 8). 
It further can be concluded from 
Figure 8 that the substitution of 6 (D) 
for B (G) will raise the perceptiveness 
of dispersion (P%) of the standard 
brilliant well above that of the histori- 
cal 45°-stones. : 

On the other hand, star facets of 
the type suggested for the standard cut 
with 6 (S) =(—f), which provide 100% 
of the total reflectivity, are not pos- 
sible at the 45°-cut, because in this 
case, f = 0°, thus B(S) = 0° (see Figure 
4). Since the main facets of the 
45°-cut are plain dispersion facets, the 
brilliance effect is confined to table 
reflections. These reflections, however, 
are strong because the pavilion acts 
like a 90°-prism where the direction of 
departing rays is parallel to that of the 
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entering rays. In the standard cut, the 
brilliance effect is provided by the 
table (T), the main facets (M), and the 
star facets (S). From the fact that the 
total reflectivity of the 45°-cut is 
practically equal to that of the stan- 
dard, and that the brilliance of the 
45°-cut is confined to table reflec- 
tions, it can be estimated without 
complicated calculations that the bril- 
liancy of the 45°-cut cannot be higher 
than that of the standard brilliant. 
Another interesting point in favor of a 
40.8°-stone is the fact that in this case 
the total. reflectivity (R%) and the 
perceptiveness of dispersion (P%) are 
equal and high (intersection of 
(R%)-curve with (P%)-curve for 6 (D) 
in Figure 8). 

In addition to his enthusiasm for 


emphasizes the “superb symmetry” of 
all historical cuts with reference to 
Vincent Peruzzi. This statement is in 
absolute agreement with all optical 
experience that symmetry provides the 
most accurate straight reflections of 
highest intensity within a plane of 
incidence, while deviations of a ray 
from the plane of incidence, due to 
asymmetric arrangements of the re- 
flecting surfaces, decreases the inten- 
sity. From this point of view, it is not 
likely that recent suggestions to cut 
the pavilion with an uneven number of 
faces (asymmetry) will improve the 
optical quality of a brilliant-cut 
diamond. 

The maximum dispersion is a dis- 
crete, invariable property of the gem 
material which is confined exclusively 


the (a = B= 45°)-cut, H. Tillander to grazingly departing light rays. Only 


TABLE | 
SUGGESTED DESIGN ANGLES 
FOR BRILLIANCE AND DISPERSION. 


Brilliance 


Scintillation Dispersion 


Material P% 

71 

Diamond 74 

cr= 24 78 

81 

84 

87 

87 

Zircon 89 

cr=31 91 

Corundum |93 

cr = 34.5 95 
Quartz 

cr = 40 |99 
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its direction toward the observer and 
its intensity can be changed by vari- 
ation of the facet angles. Asymmetrical 
faceting can only weaken the over-all 
effect. 

A variety of facet combinations 
which provide high brilliance and opti- 
mum dispersion are presented in Table 
I for diamond, zircon, corundum and 
quartz. In each case, the percentages of 
total reflectivity (R%) and of percep- 
tiveness of dispersion (P%) are added. 


9. Conclusion 


The previous discussions have 
shown that the diagrams, especially of 
Figures 4 and 8, which are based on 
the inherent optical laws, are useful 
tools to design for special effects and 
to analyze the optical quality of 
faceted gemstones. The charts, worked 
out in detail for diamond, can easily 
be modified for any other gem mate- 
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rial as discussed in Section 4. They 
indicate that the variety of the optical 
appearance of a faceted gemstone is 
practically unlimited. The preference 
for one or the other optical property 
of the gem material, such as brilliance 
and dispersion, or their gradual com- 
bination, is a matter of fashionable 
taste. 

Diamond is known for its out- 
standing brilliance effect and dis- 
persion, which are unique among all 
other natural gemstones. Cutting a 
diamond for “Colors” (dispersion) 
only, neglecting brilliance, seems to be 
a devious attempt to demonstrate the 
inherent beauty of this particular gem 
material, because spectral colors can 
be obtained even from glass (rhine- 
stones), but not the quality of 
diamond brilliancy. Only by propor- 
tional cutting for brilliance and disper- 
sion will the real beauty of a diamond 
come to light. 
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Developments and Highlights 
at GIA’s Lab 


in Los Angeles 


By RICHARD T. LIDDICOAT, JR. 


Tesserae Mask 


A large object brought in for an 
identification was one of the most 
unusual items we have ever been called 
on to identify. It was obviously the 
face portion of a human skull that had 
been covered by tesserae of what 


appeared to be turquoise. Two of the 
lower molars were still in the skull. 
The tesserae had bubbles and melted 
when a hot point was brought close. 
The material gave off a plastic odor. In 
other words, the skull was real and the 
tesserae were plastic. This seemed a 


Figure 7. 
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Figure 2. 
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Figure 3. 


strange combination. Figure 1 shows 
the skull from the front and Figure 2 
from the back. 


Interesting Inclusions in 
Diamonds and Resulting Appearances 


In Figure 3 we see a cleavage more 
or less parallel to, and rather near, the 
culet in the pavilion of a round bril- 
liant cut diamond. Reflections exag- 
gerate its extent, but obviously it is a 
very extensive cleavage. When this 
diamond is turned over and examined 
from above, Figure 4, the effect of the 
single cleavage is multiplied and 
appears to be seen all over the stone 
from a circular zone around the culet 
to several other series of circles. On 
the upper right-hand side, the cleavage 
reflections extend all the way to the 
girdle. 


More Diamond Inclusions 


Figure 5 is an excellent example of 
an “impossible” inclusion in a dia- 
mond. There is no way in which one 
could have imagined a situation in 
which diamond, crystallizing as it does 
at depths of over 100 kilometers be- 
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Figure 4. 


low the surface, would have liquid and 
gas inclusions. This is a situation in 
which a cavity was open to the surface 
and water or another liquid was left in 
the cavity, together with a gas bubble. 
With even the gentlest heating, this 
cavity filling resembling an inclusion 
would have disappeared quickly. The 
photomicrograph was taken at 63x.” 


Other Odd Diamond Inclusions 


In Figure 6 we see a tubelike or 
needlelike inclusion in a diamond 
shown under 63x. When we double the 
magnification, we see that it has a 


P| 


Figure 5. 
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Figure 6. 


diamond-shaped cavity, seen in Figure 
7. Unfortunately, the stone was not 
available for the time necessary for a 
detailed study. 


Horsey Inclusion 


The other diamond inclusion that 
was deemed worthy of recording was a 
perfect rendition of the bust of a 
horse. Karin Hurwit, Staff Gemologist, 
at the Los Angeles Laboratory, en- 
countered this during the course of 
diamond grading activities. She is. un- 
decided whether it represents Secre- 
tariat or The Trojan Horse. \t is shown 
at about 60x in Figure 8. 


Opal Fakery 


Figure 9 shows an opal doublet that 
was made to simulate boulder. opal. 
The ironstone usually associated with 
the back portion of a boulder opal had 
been cemented to white opal that was 
quite transparent, giving the effect of a 
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Figure 7. 


black boulder opal. It is shown at 10x 
in Figure 9 and the separation between 
opal and ironstone is more evident at 
63x in Figure 10. 


Nephrite Horses 


We received for identification a 
rather heavily banded and speckled 
gray-green statue of a mare feeding a 
young foal. In appearance, it resem- 
bled an aventurine or quartzite quartz, 


Figure 8. 
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Figure 9. 


Figure 10. 


but the properties were those of 
nephrite. The odd appearance led us to 
scraping a bit from the stone and 
testing it by X-ray powder diffraction. 
The resulting diffraction pattern 
Chuck Fryer found was that of 
nephrite. It is shown in Figure 11 at 
about one-third actual size. 
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Introduction 

Enstatite and hypersthene are mem- 
bers of an isomorphous series of ortho- 
thombic pyroxenes. The pure end 
members of the series are enstatite, 
MgSiO3 and_ orthoferrosilite, Fet+2 
Si03. Iron and magnesium substitute 
mutually between Mg;99Fet29 and 


1963). Although petrologists have sub- 
divided this series into 6 subspecies 
(Table I), the practicing gemologist is 
primarily concerned with only the 
magnesium-rich members which yield 
some attractive gems. Adopting the 
classification used by Deer et al. 
(1963), enstatite is designated as a 


about Mg;qFet299 (Deer et al, member of the series having 88% to 
TABLE | 
NOMENCLATURE OF THE ORTHOPYROXENES 
enstatite Enjg9Fsg to EnggFsy9 Fe0Q< 6.50% 
bronzite EngeFsy9 to En7zoFs39 Fed > 6.50% 
hypersthene En7z9Fs3q to EnsgFs5o FeO > 16.32% 
ferrohypersthene EnsoFs5q to En3gFs7q FeO > 27.23% 
eolite En39Fs7g to Enj,9Fsgeg FeO > 38.12% 
orthoferrosilite En,9Fsgg to EngFsi99 FeO > 47.92% 


En—Enstatite member 
Fs—Orthoferrosilite member 
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100% of the magnesium end member; 
bronzite having 70% to 88% of the 
magnesium end member and hypers- 
thene between 50% and 70% of the 
magnesium end member. Members of 
the series with Fe > Mg are usually 
opaque and of little gemological in- 
terest. It should be noted that meteor- 
iticists use a slightly different classifi- 
cation wherein the enstatite-bronzite 
border is at 10% of the iron end 
member and the bronzite-hypersthene 
border is at 30% of the iron end 
member (Mason, 1962). Although this 
system aids in the classification of the 
chondrule meteorites, gem enstatites 
are best designated by the petrological 
classification in Table I. 

The recent emergence, in the gem 
market, of a number of gem grade 
faceted “‘hypersthenes” prompted the 
author’s investigation into this gem 
group. The present study of gem qual- 
ity enstatite was initiated to determine 
the iron content, and hence the cor- 
rect nomenclature, of these purported 
“hypersthenes,” and gem enstatites in 
general. 

Three faceted gems in the USS. 
National Gem Collection, weighing 
7.77, 8.07, and 10.93 carats each were 
examined. Eight other gemmy ortho- 
pyroxenes were also examined, includ- 
ing the Indian material originally 
noted by the American gemologist, 
John Sinkankas (1955), and donated 
by him to the Smithsonian Institution. 
Five samples from Brazil were donated 
by Miss Tomiko Butler, F.G.A. of 
Silver Spring, Maryland, U.S.A., who 
generously and thoughtfully donated 
fragments of the rough for this study 
before cutting the gems. Other occur- 
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rences include the noted Ceylon green- 
ish enstatite, and the dark green mate- 
rial from the San Carlos Indian Reser- 
vation in Arizona (Sinkankas, 1959). 

All numbered specimens are from 
the U.S. National Mineral Collection at 
the Smithsonian Institution, Washing- 
ton, D.C. 20560. Specimens with num- 
bers prefixed by “G” are faceted gems 
on exhibit. 


Previous Work 


For discussions of asterism and 
inclusions in star enstatite, the reader 
is referred to the work of Eppler 
(1967) and (1971). Early work on gem 
enstatite was done by Mitchell (1953) 
(1954) and Trumper (1954). Tan- 
zanian enstatite was recently noted by 
Bank (1974). 

Chemistry 


All the samples were analyzed on 
an ARL-SEMQ electron microprobe 
utilizing an operating voltage of ISKV 
and a sample current of 0.15Mu. Wet- 
chemically analyzed enstatite and 
hypersthene microprobe standards of 
high reliability were used. The analyses 
are presented as Table II, in order of 
increasing iron content, together with 
their densities, color, and localities. 

The examined gems are all mag- 
nesium-rich with the FeO content vary- 
ing from 2% to 11% by weight. It is 
quite obvious that gem enstatites and 
bronzites vary little in composition for 
a given locality. None of the samples, 
including six offered for sale as hypers- 
thene, contained sufficient iron to be 
considered hypersthene. The Tan- 
zanian enstatites were the purest of 
those examined and the Ceylon gems 
next in relative purity. 
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TABLE II. ANALYSES OF GEM ORTHOPYROXENES 


Percent 
Enstatite 
End- 


NMNH- Sid, Al,0, FeO MgO MnO Cad K,0 Na,0 Tid, Total D Locality Color Member 
ENSTATITE G-5459 58.79 1.33 1.89 38.29 0.08 0.08 0.00 0.05 0.03 100.54 3.25 Tanzania Brown 95 
ENSTATITE 126031 59.55 1.33 2.00 37.78 0.09 0.06 0.00 0.04 0.02 100.87 3.24 Tanzania Brown 94 
ENSTATITE G-2294 58.04 0.78 5.17 35.26 0.16 0.53 0.02 0.02 0.03 100.01 3.31 Ceylon Brownish green 88 
ENSTATITE G-3638 58.24 0.84 5.23 35.44 0.15 0.51 0.03 0.03 0.01 100.48 3.31 Ceylon Brownish green 88 
ENSTATITE 134302 56.60 3.27 5.67 33.68 0.15 1.10 0.00 0.07 0.14 100.68 3.31 Arizona Dark green 84 
ENSTATITE 134309 56.28 3.18 5.77 33.24 0.16 0.83 0.01 0.09 0.06 99.62 3.32 Arizona Dark green 83 
BRONZITE 134303 56.23 3.51 6.80 33.17 0.14 0.99 0.00 0.15 0.20 101.19 3.32 Arizona Dark green 83 
BRONZITE BUTLER 57.01 0.53 8.97 33.50 0.20 0.22 0.01 0.02 0.03 100.49 3.32 Brazil Brown » 84 
BRONZITE 134001 55.93 0.63 9.78 31.91 0.24 0.26 0.00 0.03 0.03 98.81 3.34 India Greenish brown = 79 
BRONZITE 134002 58.03 0.60 10.02 32.53 0.24 0.25 0.01 0.03 0.04 101.75 3.32 India Brown gl 
BRONZITE BUTLER 56.99 0.54 10.43 32.45 0.20 0.24 0.00 0.02 0.02 100.89 3.32 Brazil Brown 80 
BRONZITE BUTLER 56.45 0.62 10.50 32.33 0.20 0.24 0.02 0.02 0.00 100.38 3.32 Brazil Brown 80 
BRONZITE BUTLER 57.01 0.56 10.73 3247 0.22 0.25 0.01 0.03 0.01 101.29 3.32 Brazil Brown 80 
BRONZITE BUTLER 56.15 0.65 10.77 32.12 0.25 0.27 0.03 0.02 0.03 100.29 3.32 Brazil Brown 80 
BRONZITE 134003 57.35 0.55 11.08 32.32 0.25 0.26 0.01 0.03 0.05 101.90 3.35 India Brown 80 


Although the density of the ortho- 
pyroxenes varies from 3.21 to 3.95, 
the densities of the gemmy enstatites 
and. bronzites examined in this study 
varied from 3.24 to 3.35. Gems with 
high iron content have the higher 
densities. Members of this series with 
densities less than 3.30 may be con- 
sidered enstatite, and those with den- 
sities between 3.30 and 3.44 may be 
designated as bronzite. 


Optical Properties 


The refractive indices of the ortho- 
pyroxenes have been studied in great 
detail and several excellent graphs 
relating the optical constants to com- 
position have been prepared (Deer et 
al., 1963). 

The indices and birefringence in- 
crease with increasing iron content. 
Values for gemmy enstatites and 
bronzites vary as_ follows: 
a= 1.650-1.665, B = 1.655—1.676, 
and y = 1.665-1.690, Birefringence 
values vary from 0.015 to 0.025. The 
optic sign changes from positive to 
negative at about EnggFs;2. This 
change in optic sign was taken as the 
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demarcation point between enstatite 
and bronzite and may be used with 
reliability in determining the correct 
designation for a gem. 

The color of enstatite and bronzite 
is not related to the FeO content; both 
the low-iron Tanzanian enstatite, the 
relatively high-iron Indian bronzite, 
and the Brazilian bronzite are a 
medium brown color. 

Pleochroism in orthopyroxenes has 
not been explained in terms of chemi- 
cal composition. Several investigators 
(Howie, 1955; Parras, 1958) have sug- 
gested that the pleochroism might be 
due to oriented intergrowths of diop- 
side lamellae but no such lamellae 
were observed in the visible pleochroic 
Tanzanian and Ceylon enstatites. Al- 
though rock-forming enstatites are not 
usually pleochroic, the Tanzanian 
enstatites exhibit very strong pleo- 
chroism and the Ceylon enstatites 
moderate to weak pleochroism. The 
bronzite from India also exhibited 
strong pleochroism. 

Optical data for the enstatite from 
Tanzania (G-5459), the one nearest to 
the enstatite end of the series, is given 
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as Table II. None of the examined 
gems were luminescent in either long 
or short-wave ultraviolet or in CukKa 


x-radiation. 
Enstatite occurs as prismatic crys- 


tals, with a blocky habit. The rough is 
ideally suited to emerald and rectan- 
gular- cuts. The gems are usually 
oriented with the table parallel to 
{ 100} to obtain maximum yield, and 
sometimes with a table parallel to 
{o10} as these directions provide the 
most pleasing color. This preferred 
orientation in cutting aids the gemolo- 
gist for gems with tables cut parallel to 
{ 100 } permit the direct measurement 
of true @ and 8 and gems with tables 
parallel to { o10} will permit the 
measurement of true 6 and ¥. 

An interference figure, with 
2V = 90° is a helpful determination as 
it indicates that the gem’s composition 
lies on the enstatite-bronzite border. 
This is only applicable in the case of a 
gem with a density between 3.25 and 
3.35 as 2V also approaches 90° at the 
eulyite-orthoferrosilite border in the 
iron-rich end of the series. 

Absorption Spectra 

Although enstatites are known to 
always have a strong absorption line at 
5060 A, other spectral lines were 
observed and recorded. All samples 
exhibited the 5060 A line, and it was 
the dominant line in each case. In 
addition to this dominant line, Tan- 
zanian gemis also had diffuse lines at 
4550; 4880 and 5550 A, Ceylon gems 
had one diffuse line at 5550 A, Indian 
and Brazilian material had diffuse lines 
at 4880 and 5550 A, and Arizona, 
U.S.A., gems had one diffuse line at 
4880 A. 
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TABLE III 
OPTICAL DATA FOR 
TANZANIA ENSTATITE 


(Eng 5 Fss) 


a = 1.653 (+0.002) Optic sign + 
B = 1.655 (£0.002) Birefringence 0.010 
y= 1.6 


.663 (£0,002) 
PLEOCHROISM 
= b Light brown 
Y=a Brown 
Z=c Green 


Although an uncommon gem mate- 
rial, and one whose low hardness 
(5%-6) and perfect easy cleavage in 
two directions restrict its use in 
jewelry, enstatite and bronzite do pro- 
vide very attractive gems. This material 
is also quite useful in teaching gemo- 
logy inasmuch as it is a biaxial gem 
mineral with noticeable pleochroism; a 
material in which the optical constants 
and optic sign determination can 
provide a correct nomenclature desig- 
nation, and one in which correct orien- 
tation is essential to the lapidary. 

Inclusions in the studied enstatites 
were uncommon. Several of the Ari- 
zona bronzites had exsolution lamellae 
of diopside. Inclusions in the Tan- 
zanian enstatite will be the subject of a 
subsequent investigation. 

The author is indebted to Ms. 
Tomiko Butler for thoughtfully pro- 
viding the Brazilian gem bronzites, and 
to Dr. George Switzer for a critical 
reading of the manuscript. Mr. John 
Sinkankas and Mr. & Mrs. Clayton 
Macy generously provided the samples 
from the San Carlos Indian Reserva- 
tion in Arizona, U.S.A. Additional 
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thanks also goes to Miss Ann Gar- 
lington for keeping the office candy 
jar full. 
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Developments and Highlights 
at GIA’s Lab 


in New York 


By ROBERT CROWNINGSHIELD 


More Diamond Inclusions 

The owner of the diamond shown 
in Figure 1 had submitted the stone 
for possible flawless grading. It was an 
unusual insecttike cloud that pre- 
vented any thought of a flawless stone. 
In addition to the “insect” a series of 
the following pinpoints suggests an 
aerial egg-layer. 


Figure 1. 
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In Figure 2 we see two beautifully 
formed octahedral inclusions in an 
otherwise clear diamond. Not shown 
in the photograph are trigons present 
on the faces of the larger crystal. 

We are pleased to add to our 
collection of diamonds with interest- 
ing inclusions the rough specimen 
shown in Figure 3 received through 


Figure 2. 
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Figure 3. 


the good offices of Mr. George Kaplan, 
Lazare Kaplan and Sons. The smaller 
inclusion to the left is transparent 
green and the sawing operation has 
exposed it to the surface. It is possible 
to read a doubly refractive index in 
the vicinity of 1.66. The larger in- 
clusion is yellow brown in color and 
also transparent. A study of the superb 
photos in Dr. Gttbelin’s Internal World 
of Gemstones suggests that the green 
inclusion may be chrome enstatite or 
chrome diopside and the yellowish- 
brown crystal a garnet. 

While the three diamonds described 
above have inherent inclusions, the 
2.50-carat round brilliant shown in 
Figure 4 has 17 inclusions that nature 
never intended. Not all 17 of the laser 
drillholes in the table of this stone can 
be seen in the photograph, although 
12 can be. Viewed from the pavilion 
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Figure 4. 


the stone appears to be crackled with 
inclusions, since by reflection each 
drill hole is doubled as are the in- 
clusions which prompted the drilling 
to begin with. 


A Painted Blue Diamond 


The blue diamond tester or con- 
ductometer manufactured by the Insti- 
tute came in very handy recently when 
a large grey-blue round brilliant in a 
ring came in for testing. The color was 
typical of many Type IIb diamonds 
and it should have conducted electrical 
current. However, it did not, and 
moreover it showed a distict “Cape” 
absorption spectrum in the hand spec- 
troscope. Now we studied the stone 
under the microscope and, using both 
overhead and transmitted dark-field 
illumination, we were able to detect a 
skillfully applied coating—too subtle 
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Figure 5. 
to photograph. The well cut stone, 
however, is shown in Figure 5. 

GGG 


Now that the jewelry trade has 
been advised that Gadolinium Gallium 
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Oxide (the garnet structured syn- 
thetic) is perhaps the most convincing 
diamond imitation yet to come on the 
market, we are beginning to see it 
come in for testing. One faint yellow 
stone (approximately “M” on the GIA 
Color Grading Scale) was a new color 
to us and a real fooler. Usually the 
color tends to be brownish with some 
stones tending to become darker 
brown upon exposure to ultra-violet. 
We have already heard of a case in 
which GGG was involved in a $1500 
swindle. It is clear from the photos in 
Figure 6 and 7 that the setter assumed 
that he was setting a diamond in a 
man’s gypsy ring. In Figure 6 we can 
see deep abrasions from either an 
automatic hammer or burnishing tool 
made before the stone broke com- 
pletely under the treatment. 


Figure 6. 


Figure 7. 


125 


Figure 8. 


Synthetic Opal 


Since Mr. Pierre Gilson first intro- 
duced his black synthetic opal several 
years ago, we have seen several varia- 
tions in appearance and properties. 


Figure 9. 
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The most recent to come our way have 
shown distinct hexagonal patches 
within the individual larger color areas 
with characteristic black spots. These 
are much easier to detect as synthetic 
stones although their great beauty is 
still “too good to be true.”’ One stone 
tested recently became permanently 
discolored following a refractive index 
reading. The dull gray spot is shown in 
Figure 8. The stone was evidently very 
porous suggesting that if placed on the 
tongue it would adhere—as many 
Mexican opals will do. It did adhere 
and turned an ugly brown temporarily 
until all the moisture had evaporated. 
Obviously, the run from which this 
stone came would not be satisfactory 
in jewelry. 


Flux Grown Synthetic Rubies 


Since the last issue of Gems & 
Gemology we have been asked to test 
a number of synthetic rubies which 
proved to be very good simulants of 
the real item. One cabochon shown in 
Figures 9 and 10 displayed the typical 
bluish band and the seed crystal. It 
was very dark red in color resembling 


Figure 10. 


GEMS & GEMOLOGY 
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some African natural stones. One 
flux-grown synthetic had been put 
into an old platinum lady’s cluster 
ring. The jeweler was not too careful, 
since he had broken the tips of several 
prongs, but may have accomplished his 
nefarious aim of swindling an unwary 
buyer. 
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Figure 17. 
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In Memoriam 


CARLETON G. BROER 


Carleton G. Broer, Vice Chairman 
and long time Governor of the Gemo- 
logical Institute of America, died on 
December 21, 1975. 

Cog Broer became a Certified Gem- 
ologist in 1939 and was one of the 
better known gemologists in the 
United States. He was twice President 
of the American Gem Society: from 
1942 to 1943 and again from 1946 
to 1948. In 1969 he was the first 
recipient of the Robert M. Shipley 
Award for his immeasurably valuable 
contributions to the American Gem 
Society. In addition, he served as 
Treasurer and as a member of the 
Executive Committee of the Retail 
Jewelers of America. 

Broer graduated from Dartmouth in 
1927 and many years later received 
the Alumni Award for his unfailing 
assistance to the college. He was an 
exceptionally effective fund raiser for 
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Dartmouth and for his church. He 
served for many years as President of 
Broer-Freeman of Toledo, Ohio, a firm 
founded in 1877 by his father. 

Coggie Broer was one of the most 
intelligent and logical men to grace the 
gemological firmament. In a meeting, 
he always could be depended upon to 
suggest a logical solution to a critical 
problem, the answer to which had 
eluded the majority of people in atten- 
dance, His effectiveness was indelibly 
impressed on every person who had 
the privilege of working with him. He 
was one of the truly remarkable men 
the gemological and jewelry fields have 
been fortunate enough to know. 

Carleton Broer is survived by his 
widow Susanne, his son Carleton, Jr., 
better known as Tony, and two 
daughters, Linda Broer and Carole, 
now Mrs. Robert R. Bishop, Jr. 
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SCORODITE — A New Gemstone 
From Tsumeb, South-West Africa 


By DR. EDWARD GUBELIN, Gemologist, C.G., F.G.A, 


Honorary Professor of the University of Stellenbosch 
Lucerne, Switzerland 


Editor’s Note 


In the Spring 1963 issue of Gems & 
Gemology, we described the properties 
of blue scorodite from Tsumeb, South 
West Africa, including a spectrum 
which is included in the excerpt 
below: 

We usually report identifications of 
unusual gem materials that come into 
the Laboratory, either for those who 
might be asked to identify them by an 
avid collector or for collectors who 
wish to catalog the new items that 
have been cut. However, by no stretch 
of the imagination could the mineral 
scorodite be considered a potential 
gem material, as far as durability or 
availability are concerned. In its usual 
forms, scorodite would have no 
interest to anyone as a gemstone, but 
from the prolific rare-mineral locality 
at Tsumeb, South-West Africa, very 
attractive blue scorodite has been 
found. Its refractive indices have been 
recorded at 1.74 up to 1.92, although 
the birefringence is usually on the 
order of .03. It is a hydrated iron 
arsenate, usually occurring in what 
mineralogists describe as leek green to 
liver brown, but that from Tsumeb is 
blue with reddish overtones. It has a 
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hardness only of approximately 4 and 
it is soluble in hydrochloric acid, so it 
is not very durable. Its’ particularly 
interesting property is its very strong 
pleochroism, showing violetish blue 
(X), greenish blue (Y) and bright red 
(Z). The one we tested had indices of 
approximately 1.78, extending to over 
the scale, with a specific gravity of 
3.218. 


I viover va 


Scorodite spectrum. 


Approximately two years ago one 
of the rarest minerals — jeremejevite — 
was presented to gemologists in gem- 
stone quality for the first time. The 
mineral has been known since Febru- 
ary 25, 1869, when P.W. Jeremejew 
submitted some samples of beryl-like 
minerals to the Russian Mineralogical 
Society in Petersburg. It was not until 
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105 years later that the first specimens 
of gem quality were found at Cape 
Cross near Swakopmund in South 
West Africa (R. Liddicoat, 1974 and 
H. Strunz, 1974). Now an analogous 
event has occurred when the author 
recently acquired four cut samples of 
gem quality Scorodite which origi- 
nated from Tsumeb in South West 
Africa. The cut gems appeared com- 
parable to dark blue “Tanzanite” ex- 
hibiting a similarly strong dichroism 
and consequently at first conjectures 
went hitherward. Yet, detailed and 
careful examination revealed them to 
be the gem varieties of another of the 
rarest minerals in the world which, 
however, has been known since the 
early years of the 19th century and 
was named by J. F. A. Breithaupt. The 
name is derived from the Greek word 
“skdrodon” = garlic, because the 
mineral gives off a garlic-like smell 
before the blowpipe. 

Scorodite is a ferric arsenate 
hydrate (Fe3* [AsO,] * 2H, 0) which 
belongs to the clinovariscite series in 
the hydrous group of the phosphate, 
arsenate and vanadate class. Chemi- 
cally pure scorodite marks the iron- 
tich end of an isomorphous series 
along which the ferric iron is gradually 
replaced by trivalent aluminum caus- 
ing scorodite to change into mans- 
fieldite (A13* [AsO,] : 2H,O). Small 
amounts of [AsO,] in scorodite may 
be substituted by [PO,], ie., scoro- 
dite may be interspersed by molecules 
of strengite (Fe3* [PO,] * 2H,0). 
These manifold possibilities of substi- 
tution in varying amounts are liable to 
be responsible for the multiple hues 
and tones with which scorodite occurs. 
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Crystallographic Data 


Scorodite crystallizes in the ortho- 
thombic system developing prismatic 
{100}, dipyramidal {111} or tabular 
{001} habits. It belongs to the space 
group Pcab. The class designation is: 
2/m 2/m 2/m and at the lattice con- 
stants are ay = 10.28, by = 10.00, cg = 
8.91 resulting in the axial ratio of 
aib:c = 1.028 : 1 : 0.890, Z = 8 (H. 
Strunz, 1970). The crystals which 
rarely occur singly are usually small, 
yet occasionally they may reach sizes 
of 20 to 25 mm. The tabular samples 
appear often to be pseudohexagonal 
(Figure 1). 

Quite often the tiny crystals com- 
bine into forming the inner crusts of 
geodes, irregular clusters, botryoidal 
aggregates with fibrous texture or mas- 
sive, cryptocrystalline, porous or 
sinter-like agglomerations or even 
earthy frostings. Cleavage is imperfect 
after {201}; the fracture is splintery 
and the toughness is quite good. 

The hardness is way below practical 
gemstone hardness, with 3% to 4 only. 

The calculated x-ray density was 
found to be 3.31 while experimentally 
an average specific gravity of 3.29 was 
determined. 


Figure 7. 


Tabular crystal habit of scorodite 
showing the forms:.c = {001}, a = {100}. n= 


{101}, p = {111} , and d= {207} 


131 


Chemical Composition 


The chemical analysis of the new 
material from Tsumeb was carried out 
on two tiny, optically pure slabs cut 
from a crystal of gem quality. The 
wet-chemical identification of the 
powder was considered to be the most 
appropriate analyzing method. When 
heated to temperatures between 220° 
and 250°C, scorodite loses its entire 
water content. Unfortunately, the 
material was not sufficient in quantity 
as to allow a complete analysis on one 
single piece and consequently it was 
not possible to achieve the highest 
degree of accuracy desired. However, 
the equivalent figures are exact. In 
Table I the weight percentages ob- 
tained in the present work are com- 
pared with representative chemical 
analyses of scorodite from other 
sources. 

The new scorodite from Tsumeb 
(with only little aluminum and even 
less phosphorous) shows close chemi- 
cal resemblance to the crystals origi- 
nating from Durango (Mexico) and 
Bhilwara (India), that is to say they 
are all almost pure iron-arsenic rich 


end-members of the isomorphous 
scorodite-mansfieldite series. 


X-ray Data 


For the measuring of the d-values a 
Gandolfi-camera (Fe Ka—radiation) 
was used. The results agree quite well 
with the ASTM card-index file. The 
standard index file adopted the values 
published in a paper by Dasgupta et al. 
(1966), and the d-values are compared 
in Table I. The slight diversity of the 
d-values is probably based on slightly 
different chemical compositions (the 
Indian material was also not com- 
pletely pure). 

In spite of the minute discrepancies 
between the d-data of a given lattice 
net-plane they demonstrate unam- 
biguously that the crystal structure of 
the new gem material is that of scoro- 
dite. 


Optical Properties 


The varigation of colors laid out on 
the scorodite’s palette is quite remark- 
able and ranges from almost colorless 
via greyish green to leek-green, yellow 
and brown, as well as from bluish via 


Table !. Chemical Composition of Scorodite 


Analysis 11) Analysis 111) Analysis 1111) Analysis 1V2) Analysis V Equivalents 


Source: Durango Idaho Oregon 
Fe203 34.79 34.02 25.72 
A1203 = traces 5.76 
As203 49,52 44.40 48.88 
PoOs5 = 4.80 1.72 
SiOo - — - 
Ss = = = 
H20 15.44 17.33 17.04 
Rest 0.38 0.32 1.00 
Total 100.13 100.87 100.12 
1) Ref. 2 

2) Ref. 3 
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India Tsumeb 
34.80 31.5 39.4 
0.20 1.8 3.5 
44.53 49.5 43.0 
0.04 0.1 
5.58 - 
0.31 _ 
13.80 14.5 
99.26 97.4 
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Table Il. Powder Data for Scorodite 


Scorodite from India‘) 


I d-values hkl d-vaiues Int. 
vs 5.654 A 111 5.63 A 80 
ww * 5.210 200 _ - 
m 5.050 020 5,00 50 
ws 4,495 002 4,49 100 
m 4.110 211 4.10 30 
m 3.821 112 3.81 30 
ww 3.353 221/022 3.36 10 
vs 3.195 122 3.18 70 
s 3.074 311 3.06 60 
s 3.013 131 3.00 50 
vw 2.769 113 2.756 10 
m 2.695 032 2.691 50 
s 2.601 400 2.587 60 
m 2.511 040 2,503 40 
w 2,324 331 2.319 20 
ww * 2,266 303 - - 
ww 2.245 004 2.238 10 
ww 2.190 412 2.187 10 
ww * 2.145 114 - — 
ww * 2.118 332 - _ 
ww 2,050 233 2.057 10 
ww 2.011 2.011 20 
ww 1.954 (“The high angle lines 1.955 10 
ww * 1.871 were not indexed = - 
ww 1.846 because of the large 1.846 10 
vw * 1.833 number of possible - -_ 
ww 1.805 indices’) 1.800 5 
ww 1.760 1.759 5 


ag = 10.36 A; by = 10.05 A; Cy = 8.98 A 


(1) Dasgupta et a/. (1966) 


(2) present investigation 
* 


blue to violet whilst the pronounced 
trichroism must be considered accord- 
ing to the direction of observation. 
The trichroic colors with an absorp- 
tion of z>x, y are strongly violet— 
blue—blue-green (i.e., very similar to 
those of heated “tanzanite’’), Re- 
fractive indices, birefringence and axial 
angles 2V change due to constitutional 
share in terms of quantity of the 
cations (Fe3+) and (A13*) as well as 
the anions [AsO,] and [PO,] yielding 
differing values (see Figure 2). 

A confrontation of the optical data 
in Table IH of scorodites from the 
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AlAsOg:2H20 


Scorodite from Tsumeb(2) 


aq = 10.35 A; by = 10.04A;C, =8.97A 


lines too faint in present work for exact determination. 


60 
MOL % 


100 
FeAsOq'2H20 


80 


Figure 2. Diagram exhibiting the linear in- 
crease of R.1, birefringence, 2V, and 
density as As** in mansfieldite is gradually 
substituted by Fe ** in scorodite (Ref. 10). 
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Table 111. Representative Optical Data of Scorodite 
Analysis 11) Analysis 11!) Analysis 1112) Analysis 1V2) Analysis V>) 


Source (Durango) (Idaho) 
na 1.784 1.738 
ng 1.795 1.742 
ny 1.814 1.765 
A +0.030 +0.027 
2V 75 60 

1) Ref. 2 

2) Ref. 3 


3) Own readings 


same localities with those presented in 
Table II renders evident their depend- 
ence upon their chemical composition. 

A comparison of these optical data 
with the chemical analyses elucidated 
that the refractive power, bire- 
fringence and axial angle diminish with 
decreasing proportion of (Fe3*) and 
(A13*) and increasing substitution of 
{[AsO,] by [PO,]. The same observa- 
tion also applies to the specific gravity. 
In addition, the above survey of the 
optical constants reveals that the 
Optical character of scorodite is posi- 
tive. The dispersion is r > v. The lustre 
may be resinous but usually it varies 
from vitreous to adamantine; for the 
medium value of es reflection co- 
efficient Ree ~ 1)? works out to be 


ntl 
0.079 (diamond = 0.172). 
While there are no_ individual 


absorption lines present in the visible 
spectrum scorodite excels in a broad 
absorption band in the green region 
and a complete cut off at 1450 nm 
for the section of shorter waves. On 
the other hand there exists remarkable 
transmission for the longer waves at 
the red end. 


Microscope Examination 
Viewed under the microscope all 
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(Oregon) (India) (Tsumeb) 
1.741 1.784 1.785 1.785 
1,744 as 1.796 . 1.795 
1.768 1805 1,812 1,816 

+0.027 0.021 0.027 +0.031 

40° 65 75 75 


the specimens displayed a combination 
of inclusions very typical of crystals 
which experienced conspicuous 
growth vagaries, for they were not 
only interspersed by parallel arrays of 
hair fine fibres but also permeated by 
numerous liquid feathers (Figure 3) 
intersecting each other and patterned 
by dense concentrations of fluid drop- 
lets or hoses (Figure 4). On the whole 
these liquid feathers were strongly 
reminiscent of the partially healed 
fractures in sapphires from Sri Lanka. 
Dry cracks criss-crossing one another 
were also abundant and added to the 
wispy appearance of the interior 
(Figure 5). No discrete guest crystals 
could be observed but some loosely 
scattered tiny clods of irregular shape 
and of reddish to brownish black color 
seemed to constitute the only solid 
internal paragenesis. Where they 
happened to be flush with the surface 
of a polished facet they reflected a 
strongly metallic, silvery lustre. One 
such exposed spot was subjected to 
the electron beam of a microprobe 
analyzing apparatus and yielded highly 
informative results. First the analysis 
disclosed that these dark, minute 
lumps consisted of a multi-mineralic 
composition comprising at least three 
phases: 
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1) Cu and S responding for the 
mineral chalcocite (Cu,S) 

2) Fe indicating either hematite (a 
- Fe,0,) or goethite [a - FeO (OH)] 


Figure 3. Liquid feathers interspersed with 
cleavage and tension cracks impairing the 
transparency of a facetted scorodite. 32x. 


Figure 4. Section of a partially healed frac- 
ture producing a striking pattern. 32x. 


Figure 5. Numerous liquid feathers in un- 
dulant arrangement betraying significant dis- 
turbances during growth. 20x. 
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3) Al corresponding with some 
Al-oxihydrate (Figure 6). 

These minerals forming complex 
solid inclusions in the scorodite from 
Tsumeb fit very well into the mineral 
parageneses of the cementation zone 
of Tsumeb. By “cementation” one of 
the rock forming phases of the sedi- 
mentary cycle is understood and this 
refers to the diagenetic process by 
which coarse clastic sediments become 
lithified or consolidated into hard, 
compact rocks through the deposition 
or chemical precipitation of mineral 


<" Aboxihydrate | 


nr 


Scorodite 


Scorodite 


Figure 6. EMP-reflectogram of one of the 
reddish /brown-black clods of multimineralic 
ores which mark the scorodites from 
Tsumeb. The chemical formulae indicate the 
irregular distribution of the various ores. 
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material that occurs in voids among 
the individual grains of a consolidated 
sedimentary rock, thereby cementing 
the grains together as a rigid, coherent 
mass. The cementation zone is usually 
underlying the oxidation zone. 


Occurrence 
Scorodite is of SECONDARY origin, 
i.e., a characteristic product of 


weathering, which preferably forms in 
quartz due to the oxidation of 
arsenic-containing minerals, e.g., such 
as arsenopyrite, and it is found in para- 
genesis with beudantite, chalcedony, 
clay, gypsum, limonite, vivianite and 
others. 

It occurs in numerous places all 
over the world. The specimens 
examined by the author came from 
Tsumeb in South West Africa, where 
recently a few large single crystals (up 
to the length of 25 mm) and some 
magnificent groups. of smaller and 
larger crystals in druse-like geodes 
were found. These crystals originated 
in the second zone of oxidation or in 
contact with the cementation zone. 


Scorodite as a Gemstone 


Scorodite will most probably only 
be appreciated as a collector’s gem in 
the future, because its hardness is too 
low for jewelry purposes and in addi- 
tion, it is much too rare as to secure a 
commercially interesting and reliable 


supply. 
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Schuetz Design 
Contest Winner 
Announced 


The 1976 winner of the annual 
George A. Schuetz Memorial Fund 
Jewelry Design Contest is Miss Midori 
Aoshima, who is employed as a jewel- 
ry designer by J. Osawa & Co., Tokyo, 
Japan. 

The contest, established in memory 
of George A. Schuetz, Sr., former 
president of Larter & Sons of Newark, 
New Jersey, is administered by the 
GIA. Anyone who wishes to enter may 
do so. Forty entries were submitted in 
the 1976 competition. 

The annual award covers items of 
men’s jewelry only, and entries are to 
be in the form of renderings or wax 
models (photographs or actual pieces 
cannot be accepted). Designs must be 
original and cannot have been pre- 
viously exhibited publicly or offered 
for sale. Each entry is judged on the 
basis of beauty and originality of the 
design, feasibility of wear, manufactur- 
ability, and effective use of materials. 
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The winner is awarded $300 to be 
used for any jewelry-related training at 
an institution of his or her choice. 

Members of the 1976 Panel of 
Judges were Miss Lilyan Collard, 
jewelry designer for Donavan & Sea- 
mans Co., Los Angeles; Mrs. Mary 
Barr, Charles Barr Jewelers, Newport 
Beach, California; Gary Murray, The 
Hardwear Store, Ltd., Los Angeles; 
and Dr. Robert Gaal of the GIA Staff 
in Los Angeles. 

Miss Aoshima’s design for a man’s 
ring, as illustrated, is an 18K yellow- 
gold shank cut away to reveal two 14K 
white-gold arcs set with twenty half- 
point diamonds. We congratulate her 
on an outstanding design and excep- 
tional rendering. The award committee 
also wishes to thank all the other con- 
testants for submitting entries. 

Information on the 1977 Schuetz 
Design Contest will be available from 
GIA, Santa Monica, in the Fall. 
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Developments and Highlights 
at GEA’s Lab 


in Los Angeles 


By RICHARD T. LIDDICOAT, JR. 


Rarely Used Gem Materials 
Seen Recently 
Shortly after the last Gems & Gem- 
ology went to press, we received our 
second jeremejevite, a 0.20 ct. round. 
We also had an occasion to identify an 
eosphorite weighing 3.73 cts. The 
jeremejevite resembled an aquamarine; 
eosphorite resembles topaz slightly in 


Figure 7. 
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color.. Another material which was 
supposed to be synthetic powellite 
turned out to be synthetic scheelite. 

We had a white cabochon in for 
identification. The refractive indices 
were taken by the spot method and 
although the reading appeared to be 
about 1.60, Chuck Fryer found that 
there was birefringence of about 0.03 
and he determined the indices to be 
1.59 - 1.62. The specific gravity was 
about 2.8 and the material was 
attacked slightly by hydrochloric acid, 
but did not effervesce. Mr. Fryer 
decided that it was probably pectolite, 
but scraped a tiny bit from the back of 
the opaque cabochon and ran an X-ray 
powder diffraction on it. The pattern 
proved that he had been right, that it 
was a pectolite. 

We also identified a brown stone as 
sinhalite. It was in an old bracelet. 


Another Synthetic Emerald 
Recently, the Headquarters Labora- 
tory in Los Angeles received a crystal 
and a cut stone of what is described as 
a new synthetic emerald. The attrac- 
tive material had all of the.characteris- 
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Figure 2. 


tics of a flux-grown product, including 
veillike inclusions, many flux inclu- 
sions, medium red fluorescence and 


Figure 3. 
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low property values; all typical of a 
flux-grown synthetic emerald. The re- 
fractive index was 1.560 - 1.565 + 
0.001, birefringence 0.005-0.006 and 
the specific gravity 2.65 - 2.66. Figure 
1 is a photomicrograph of the crystal, 
taken at about 10x. In Figure 2, we 
see some flux inclusions typical of the 
USTAN synthetic emerald. There was 
a layer of large phenakite crystals: a 
very large one extended beyond the 
surface of the crystal and is seen in 
Figure 3. 


Unusual Turquoise Treatment 


We had a rather poor quality tur- 
quoise in for determination of whether 
or not it had been subjected to treat- 
ment. Jis response to testing was un- 
usual and seemed worthy of recording. 
When a hot point is brought next toa 
paraffin-treated turquoise, it causes 
the paraffin to melt and liquefy and 
come out of the pores. As soon as the 
hot point is removed, it resolidifies. 
The turquoise in question also had 


Figure 4. 
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Figure 5. 


been impregnated with something 
that melted as the hot point was 
brought next to it. Surprisingly, did 
not resolidify immediately, but  re- 
mained shiny and it gave off a faint 
odor we associated with plastic. We 
had not encountered quite this re- 
action in an impregnated turquoise 
before. The shiny liquid spot is shown 
in Figure 4. 


Trapiche Beryl 


We received in for identification a 
brooch set with a rather large light 
green hexagon-cut stone with a green 
color that was not an emerald green, 
but rather a dull yellowish-green. 
There was no evidence of chromium 
lines in its spectrum and all of the 
color was confined to fractures that 
reached the surface. There was no 
question but that the stone had been 
dyed. It is not clear whether the stone 
would have had any green color with- 
out the dye. What made it particularly 
interesting was the pattern of black 
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inclusions seen in Figure 5, radiating 
from a small, hexagonally outlined 
black zone such as that associated with 
trapiche emeralds. We had never en- 
countered this in a stone that would 
well have been colorless or nearly so 
without the dye. The photograph was 
taken at 7x. 


Plugged Hole 


Often in cultured pearls that have 
been x-radiographed, it is obvious that 
the cultured pearl has been drilled 
eccentrically to reach dark spots of 
heavy conchiolin concentrations so 
that they may be bleached out in the 
bleaching process. 

An exceptional example of this 
method is illustrated in Figure 6, a 
portion of an x-radiograph of a 10 
mm. uniform necklace showing an 
unusual number of extra drill holes. A 
side drill hole shows up as a black 
circle on the side wall of the rather 
large drill hole of the cultured pearl 
shown in Figures 7 and 8. A distinct 


Figure 6. 
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owe 


Figure 7. 


line to the right of the round black 
hole shows the dividing line between 
the nacre and the mother-of-pearl 
bead. This is shown at low magnifi- 
cation in Figure 7 and at about twice 
the magnification in Figure 8. 


Blue Sapphire Cluster 


In recent laboratory columns both 
from New York and Los Angeles, 
reference has been made to crystal 
clusters that turned out to be imita- 
tion. Such a cluster simulating blue 
sapphire is pictured in Figure 9. 
Synthetic sapphire had been cut to 


Figure 9. 
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Figure 8. 


simulate hexagonal prisms and then 
cemented together with blue cement. 
Bubbles are evident in the cement. The 
dyed cement had a typical cobalt 
spectrum. 
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A New Diamond Imitation: 
Cubic Zirconia 


BY K. NASSAU, PH.D. 
Bernarasville, N. J. 


Two faceted gemstones, one 0.61 
cts. (courtesy of M. S. Bancroft of 
New York City), the other 0.64 cts. 
(courtesy of R. Crowningshield) were 
studied as examples of a new diamond 
simulant. The constants were stated by 
the manufacturer to be: refractive 
index 2.15, dispersion 0.060, hardness 
8-1/2, and density 5.4. 

The density was found to be 
approximately 5.7 by hydrostatic 
weighing and the hardness by scratch 
testing was between 8 and 9. 
Optically, the appearance is that of an 
isometric crystal, but optical testing 
was not performed. Analysis by 
non-destructive X-ray fluorescence, as 
well as in the scanning electron 
microscope, showed the presence of 
zirconium plus a small amount of 
calcium. The intense X-ray beam 
turned the stone yellow, but the color 
was lost in a few days. Single crystal 
X-ray diffraction and precession 
photographs gave a cubic symmetry 
with a= 5.129 A.* 

Zirconia (zirconium oxide, Zr02) 
exists in several forms: monoclinic, 
tetragonal, cubic, and possibly 
hexagonal. The monoclinic form of 
zirconia is the mineral baddeleyite 


*Courtesy of R. L. Barns and J. L. 
Bernstein; both a and the density could 
vary depending on the calcium content. 
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which has a refractive index of 2.13 to 
2.20 but a hardness of only 6-1/2. 
Above 1000°C this converts to the 
tetragonal form!, which, in turn, 
becomes cubic above about 2300°C.2 
Cubic microcrystalline zirconia can be 
stabilized at room temperature by the 
addition of small amounts of calcium, 
magnesium, or other oxides, and is 
widely used as a high temperature 
ceramic. It is also listed by Hey 
(7.10.1a) as an unnamed mineral, 
based on its occurrence as cubic 
microcrystals (with a = 5.12 A and 
density 6.0) in a metamict zircon.3 

As will be discussed in a rather 
timely fashion in an article to be 
published in the Summer issue of 
Gems & Gemology4, the naming of 
such a material is best accomplished 
by using the chemical composition 
with the crystal symmetry, thus 
leading to the identification “cubic 
zirconia.” Since it has also been 
observed in nature, it could be 
considered to be a “synthetic” cubic 
zirconia. 

Under the microscope one of the 
stones appeared to contain many rows 
and clusters of gas bubbles (Figure 1). 
At a magnification of 300x (Figure 2), 
they were however recognizable as 
flux inclusions. These had formed 


143 


Rows of “bubbles” in zirconia 


Figure 1. 
stone. 


“negative crystals’ with small facets, 
somewhat resembling dodecahedra in 
form. 

This material was purchased in 
Europe and is said to be made by the 
Djevahirdjian Co. of Monthey, 
Switzerland, under the trade name 
“Djevalite” by a flux technique. Many 
fluxes have been reported for the 
growth of zirconia (lead fluoride; 
lithium molybdate; vanadium oxide; 
sodium borate, carbonate, or 
phosphate; etc.). These generally yield 
monoclinic or tetragonal zirconia 
crystals, and it is not known what flux 
is being used to grow the cubic 
zirconia crystals. 

With its unusual combination of 
high values for the refractive index, 
dispersion, and hardness, cubic 
zirconia appears to be an outstanding 
diamond simulant. In view of the 
difficulties associated with flux growth 
and the low yield to be expected (only 
16% for the highly developed Gilson 
flux emerald process5), it remains to 
be seen if this material can compete 
with the somewhat less attractive but 
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Figure 2. Close-up showing “bubbles” are 
flux-filled with poorly formed faces as “‘neg- 
ative crystals” in zirconia stone. 


by now relatively low cost YAG and 
GGG. 
Addendum 

It appears that cubic zireonia (sta: 
bilized by about 15% yttrium oxide) is 
being made in the Soviet Union under 
the name “Phianite” by a melt tech- 
nique, skull melting. This has been 
described by V.I. Alexandrov ef al. 
(Vest. Akad. Nauk, SSSR 12, 29, 
1973). 

This material is also being made by 
the Intermat Corp. of Acorn Park, 
Cambridge, Mass. (J. Wenckus, un- 
published information). It is slightly 
softer (hardness about 8) but other 
constants should be similar to those of 
the calcium stabilized cubic zirconia 
described above. KN. 
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JADE — 
China’s Contribution to the Fine Arts 


BY A. E. ALEXANDER Ph.D. 


From the Book of Rites — Chou 
Dynasty 1050-256 B.C. 


Benevolence lies in its gleaming surface 
Knowledge in its luminous quality 
Uprightness in its unyieldingness 
Power in its harmlessness 
Purity of soul in its purity and 
spotlessness 
Eternity in its durability 
Moral leading in the fact that it goes 
from hand to hand without 
being sullied! 


Can anyone have a love affair with 
a mineral? You can if the mineral is 
Jade!:‘Not the boulder taken from a 
river stream or splintered pieces 
blasted from a cliff, but exquisite 
carvings fashioned by the hand of 
man. 

Collecting jade is like collecting old, 
gold coins, rare snuff-bottles or 18th 
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Century gold-enamel boxes. Fortunate 
is the individual who has the wealth to 
engage in such a rewarding pastime. A 
connoisseur of jade is a person 
possessed. 

Five years ago a two strand, Im- 
perial jadeite bead necklace was sold 
for $36,000. Last year at a Geneva 
auction, an identical necklace went for 
$200,000! Was $200,000 too much to 
pay for such a necklace? Not really. 
Imperial jade is as rare as a natural 
colored deep blue diamond and con- 
sequently warrants a high price. 

In my forty years dealing with jade 
I realize that you can never know all 
there is to know about jade. You also 
become aware that you are not alone 
in your seemingly lack of comprehen- 
sive knowledge. A case in point is the 
reclining horse seen in Figure 1. It is 
nephrite, and its history in this in- 
stance is known. 

The beautifully carved horse which 
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Figure 1. Medium green nephrite Ming Dynasty horse measuring 8 by 5% inches. Royal 


Doulton cat figuring measures 2% inches in size. 


measures 8 inches by 5% inches in size 
was first shown to a leading expert in 
Chinese jade. He flatly stated that the 
horse was not a Ming dynasty piece, 
but was one carved sometime shortly 
after the turn of the century. 

I next took the horse to another 
expert in Oriental art. He stated that 
the piece was definitely antique 
(meaning one over one hundred years 
old), but would not classify the horse 
as to dynasty. 

Since the history of the carving is a 
matter of record it so happens that it 
is “Ming.” 

Dynasty jades, unlike Fabergé are 
not signed pieces, and therein lies the 
problem. 

I would like to point out that 
inadequate lighting has created dark 
and light shadows on the carving 
which do not exist on the horse. The 


146 


Royal Doulton figurine of a cat is 2% 
inches in size and is included for 
contrast and comparison of actual size. 
Before continuing, a listing of the 
various Chinese dynasties should be 
recorded: 
Shang dynasty 
Chou dynasty 
Ch’in dynasty 
Han dynasty 


1766 B.C.-1050 B.C. 
1050 B.C.- 256 B.C. 
255 B.C.- 206 B.C. 
206 B.C.-222 A.D. 


The Three 

Kingdoms 222 A.D.- 280 A.D. 
The Six 

dynasties 280 A.D.- 589 A.D. 


589 A.D.- 618 A.D. 
618 A.D.- 907 A.D. 


Sui dynasty 
T’ang dynasty 
The Five 
dynasties 
Sung dynasty 
Yuan dynasty 
Ming dynasty 
Ch’ing dynasty 


907 A.D.- 960 A.D. 
960 A.D.-1279 A.D. 
1279 A.D.-1388 A.D. 
1388 A.D.-1644 A.D. 
1644 A.D.-1912 A.D. 
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Figure 2. Mauve jadeite water buffalo measuring 7% x 3% inches in size. Royal Doulton cat 


figurine measures 2% inches in size. 


Note: The Ch’ing dynasty is some- 
times broken down as follows: 

K’ang Hsi 1662-1722 A.D. 
Ch’ien Lung 1736-1795 A.D. 


Mention should also be made that 
the Chinese did not know jadeite, 


prior to 1784. In short, all the fabu- 
lous Chinese carvings of known 
dynasties, were nephrite! 

Now, consider the photograph of 
the jadeite water buffalo (Figure 2). 
This delicately hued mauve-colored 


Figure 3. Eighteenth century jadeite “Pillow in the Form of a Bay,” 8% x 4% inches in size. 
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Figure 4. Greenish-white nephrite vase, with 
cover, K’ang Hsi-Dynasty — 1662-1922; 11 
inches in height. 


carving measures 7% inches by 34% 
inches high at the horns. It happens to 
be a flawless piece, although again 
improper lighting gives the impression 
that the carving is flawed. This buffalo 
is a modern piece, however, as its 
owner I consider it a work of art. 
Richard Gump once made this 
observation: “I am not particularly 
interested in an antique jade carving 
versus one of modern origin. If the 
carved piece is superbly done, that is 
all that matters.” In this I concur! 
Figure 3 illustrates the famous 
jadeite carving, ‘Pillow in the form of 
aboy.” It measures 8% inches by 4% 
inches high. According to the Curator 
of the Walker Art Museum, Minneapo- 
lis, the beautiful carving is 18th 
century. Since the cut-off date for 
Chinese knowledge of jadeite is 1784, 
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obviously the piece must have been 
fashioned after this date. 

I have never ceased to wonder 
about the beauty of white nephrite 
jade.. The photograph of the carved 
vase (Figure 4) believed by its present 
owner to be K’ang Hsi reveals in 
considerable detail the intricate carv- 
ing. 

An even whiter nephrite jade shown 
in Figure 5 is that of a crested bird, 
with its offspring. Even though 
nephrite, this is a modern carving, not 


an antique. 
However, one of the most exquisite 
jadeite carvings to come to my 


Figure 5. A modern carving in white 
nephrite of a Phoenix bird on a teak wood 
Stand. 
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Figure 6. Modern carving of an eight- 
sectioned, light green jadeite bowl. 


attention is the eight sectioned scroll 
vase seen in Figure 6. It is light green in 
color. Contemplate for a moment the 
symmetry of the scrolls and the care 
that went into their production. 

Still another interesting piece is the 
nephrite vase with cover depicted in 
Figure 7 featuring whitish-green jade, 
with red-brown jade carvings on the 
side. The vase is 11-5/8 inches high 
and is representative of many Chinese 
carvings which reveal some shade of 
color other than “white.” 

One of the rarest of all nephrite 
jades is that of saffron-yellow. Such a 
piece of this color shown in Figure & 
came to my attention last year. The 
photograph reveals an 18th century 
vase and cover in actual size, with 
double pierced scroll handles. The side 
carving shows in relief a bat, and near 
the base.a dragon with bifid tail, all 
supported on ling-chih fungus 
branches. The cover features a small 
dragon in relief. 

Ten years ago the pair of bright 
green nephrite rings seen in Figure 9 
appeared in the New York market. 
Each ring measured 9-1/8 inches in 


SPRING 1976 


diameter. Note the teak wood stands 
where every curve and every detail is 
an exact copy of the other. Much of 
the overall attractiveness of any 
Chinese jade carving is the teak wood 
stand which accompanies the piece. 

In my files, { found a notation ofa 
pair of snow-white nephrite discs. 
Each disc measured 18 inches in 
diameter and 1 inch thick. Flawlessly 
carved, the nephrite was completely 
devoid of blemishes of any kind. The 
discs were quickly sold at a very high 
price. The year was 1963. 


Figure 7. An important 17th-18th century 
nephrite vase standing 11-5/8 inches high. 
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As for origin, the finest jadeite 
comes from the Myitkyina district of 
Upper Burma. Gem quality nephrite is 
mined (or was) in the province of 
Sinkiang (East Turkestan). As far as 
the Chinese are concerned both 
minerals are called simply “jade.” 

Chemically, nephrite is (a variety of 
the actinolite-tremolite series) 
Ca,(Mg,Fe)s Sig O02 2(OH),. Jadeite is 


equally complex being 
Na(Al,Fe)Siz Og. 
Indices of Refraction Specific gravity 


Nephrite 
Jadeite 


1.606-1.632 2,90-3.02 
1.660-1.680 3.30-3.36 


Jade occurs in colors other than 
shades of green, for example, mauve, 
brown, red, yellow, pale blue, orange, 
white, and black. 


Figure 8. Extremely rare 18th century 
yellow nephrite vase. 
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The ancient Chinese often created 
enormous carvings from nephrite. The 
famous jade “‘mountain” in the Walker 
Art Center, Minneapolis, weighs 640 
pounds and is 38 inches long by 22% 
inches in height. This “mountain” is 
suitably inscribed by Emperor Ch’ien 
Lung and carries the date, 1784. 

Some years ago, an entire series of 
articles entitled “Jades of the East” 
were written by Elsie Ruff for the 
British publication The Gemmologist. 
In one of her articles, she mentions 
that nephrite was used to create 
musical tones. Only the purest white 
nephrite was carved. The pieces per- 
force were flat, of varying size and 
highly polished. They were suspended 
by a thread and when struck with a 
wooden mallet a chime effect resulted. 
The musical jades usually numbered 
twelve although a few collections or 
series consisted of twice this many 
pieces. 

Then there were the wonderful 
Four Season screens. Each measured 
25 by 13% by % inches in size. 
According to my records, the screens 
were transferred from Peking to 
Shanghai at the time of the Japanese 
invasion of 1937, Before they were 
sent to London to be auctioned (they 
were sold for $117,000), I almost 
found a buyer in New York. Did he 
plan to hold them intact? No, if he 
decided to buy he planned to have the 
four marvelously carved screens cut in 
cabochons of ring stone size. 

Then there is the variety of jade we 
know as chloromelanite. From the 
name, a black color is indicated. How- 
ever, under very strong illumination, 
the “black” is found to be in most 
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Figure 9. Bright green nephrite circles on finely carved teakwood 
stands from the 18th century. Circles are 9-1/8 inches in diameter. 


cases a very dark green. 

In 1961, a New York dealer had a 
pair of carved Panthers suitable for use 
as book ends. Each Panther measured 
5 inches in length. The beautifully 
proportioned carvings could have been 
purchased at that time for a modest 
$200.00 the pair! Turning to jade 
jewelry. We have everything from a 
smali nephrite cabochon worth a 
dollar, to a cabochon of Imperial 
jadeite quality which might wholesale 
for $20,000 to $30,000! 

Figure 10 is a photograph of two 
items that appeared in an auction a 
year or so ago. One piece consisted of 
an item’ known as “Buddha’s-hand 
Citron.” Since the “hand” was adver- 
tised as Imperial jade, I made a special 
point to examine it critically. While 
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the jadeite was an exceptional green, it 
was not in my opinion “Imperial” 
quality. 

To me Imperial jadeite jade must 
and does rival the finest Muzo emerald 
in color. Had the. “hand” been Im- 
perial it may well have been worth 
$40,000 or more. The necklace in the 
photograph likewise proved to be fine 
jade, but not Imperial. In the begin- 
ning of this article I mentioned that 
$200,000 had been paid for an 
Imperial jade bead necklace. 

Is jadeite ever found transparent? 
The answer is yes, but I must quickly 
add that its occurrence is exceedingly 
rare! 

In 1964, a bi-colored jade bead 
necklace came to my attention. Each 
bead consisted of intense emerald- 
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Figure 10. Buddha's Hand and jadeite bead necklace. Both approach 


tmperial jadeite green in color. 


green crystals evenly separated with 
crystals of absolutely colorless crystals. 
The mineral matter was pure jadeite. 

This is akin to the 7.27 carat 
lozenge-shaped transparent faceted 
rhodochrosite which appeared in the 
New York market in early 1975. Or, 
like the transparent lazulite gem 
described in the Spring 1975 issue of 
Gems & Gemology! 

Some years ago, when it was possi- 
ble to visit Burma the length and 
breadth of the land, Dr. Eduard 
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Giibelin made it a point to examine 
the jade deposits of that country. It 
was on this occasion that he came 
across the decorative green stone 
known by the natives as Maw-sit-sit. 
The rock closely resembled jadeite but 
was found to be slightly less hard. On 
his return to Lucerne he studied the 
mineral in detail and found it to be a 
mixture of albite feldspar and a small 
amount of chrome rich jadeite. Maw- 
sit-sit is used in carvings, and actually 
has been found to be most attractive. 
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Developments 


and Highlights 


at GEA’s Lab 
in New York 


By ROBERT CROWNINGSHIELD 


For the past few months in New 
York we have found it necessary to 
close the laboratory the last Friday of 
each month in order to catch up with 
office work and to have a breather. We 
plan to have a guest lecturer talk about 
his or her specialty for the benefit of 
the gemologists. Initiating this pro- 
gram was Dr. Kurt Nassau (Figure 1) 


Figure 7. 
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who expanded on his discussion of the 
causes of color in gemstones. We all 
found his talk of great help in under- 
standing articles printed in Gems & 
Gemology and The Lapidary Journal. 

Our second speaker was Mr. Abe 
Nassi (Figure 2) who delivered an 
informal, highly informative — talk 
about his travels in search of fine 


Figure 2. 


Figure 3. 


colored stones and the state of the 
market today. We look forward to 
having diamond cutters, jewelry de- 
signers and similar people who can 
help us to keep current and expand 
our appreciation and knowledge. In 
March we joined the members of the 
residence class in a short field trip to 
see some of the famous Blaschka glass 
flowers on loan to Steuben Glass on 
Fifth Avenue from the Botanical 
Museum at Harvard University. All felt 
the trip was a fantastic esthetic ex- 
perience. The writer has visited the 
museum at Cambridge several times 
and comes away uplifted each time. 
Figure 3 is from the Steuben catalog 
cover and shows part of a cluster of 
great laurel so meticulously and 
accurately done it is difficult to tell 
that it is not alive. 

The last Friday in May all staff 
gemologists who were not at the 
official opening of the New Gem Hall 
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at the American Museum of Natural 
History earlier this month joined re- 
sidence class members for a memor- 
able but quick tour of this wonderful 
addition to New York’s cultural life. 
The staff hurried back to the office to 
join the curator and creator of the new 
exhibit, Dr. Vincent Manson, for lunch 
and an inspiring talk about the many 
angles from which gems may be 
viewed — modern prospecting and 
mining; identification and its increas- 
ing complications; synthetics and their 
usefulness in keeping interest high in 
the natural stones and the increasing 
knowledge being made available to the 


public. 
A New Diamond Imitation 
A small round brilliant, nearly 
colorless and estimated to weigh 


approximately 0.38 carats by diamond 
formula was found to weigh 0.63 
carats. This clearly showed that it was 
not GGG which has almost exactly 
twice the specific gravity of diamond. 
The client stated that it was a sample 
from abroad and that the constants 
sent with the stones are: R.I. 2.15, 
5.G. 5.40, dispersion 0.060, and hard- 
ness 8%. We found it to be-singly re- 
fractive. Consequently, we sent the 
stone to Dr. Kurt Nassau whose initial 
findings indicated the stone to be zir- 
conium dioxide. In nature a mono- 
clinic zirconium dioxide occurs as the 
mineral baddeleyite. Since the stone is 
cubic in structure and zirconium 
dioxide, it is a synthetic paramorph of 
baddeleyite. The initial stone con- 
tained no inclusions or other indica- 
tions of the method by which it was 
made, thus the assumption was that it 
was probably a result of flux growth. 
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However, in the meantime another 
similar stone also small in size was sub- 
mitted for testing. This one contained 
what appeared to be many gas bubbles 
in parallel strings indicating artificial 
production. A full report on these 
interesting imposters appears in Dr. 
Kurt Nassau’s article in this issue. In- 
cidentally, during the test for zir- 
conium using intense Xray beams, the 
initial stone turned an attractive 
brown color. Whether it fades without 
heat will be reported too. 


Opal-Like Glass 


The transparent smoky brown 
faceted emerald-cut stone shown in 
Figure 4 was understandably mis- 
taken for opal because of its prop- 
erties. Refractive index: 1.456; S.G.: 
2.25; and single refraction. However, 
the prominent swirl marks shown in 
the photograph (Figure 5) as well as 
the spherules of other glass, together 
with the green fluorescence under 
ultra-violet and opacity to X-rays, indi- 
cate a glass, probably slag. 


Figure 4. 
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Puzzling Sapphire 

Students usually learn to associate 
curved inclusions in sapphire with the 
synthetic, and straight inclusions with 
natural stones. The natural sapphire 
shown in Figure 6 showed a veil of 
needles (?) which are decidedly 
curved. 

Recently, Mr. Carroll Chatham and 
his son Tom visited the New York Lab 
and disclosed that new flux-grown 
blue synthetic sapphires will soon be 
available to the trade. We are eagerly 
awaiting the opportunity to examine 


these new wonders from _ the 
“wizard’s” laboratory. 
Jade-like Quartz 


Several highly styled lapis and 
“jade” jewelry items came into the 
Laboratory because the green stones 
were suspected of being dyed jadeite. 
Upon testing it was determined that 
the. stones were quartz with evidence 
of chromium in the absorption spec- 
trum. We suspect that the stones are 
examples of quartz from Rhodesia, 
locally called “mtorolite.” We received 


Figure 5. 
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Figure 6. 


from Gem Trade Laboratory member 
Robert C. Nelson, Jr. a slab of similar- 
appearing green quartz, presumably 
from Brazil. We are happy to add this 
specimen to our collection of jade 
simulants. 
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Figure 8. 


—given the turquoise craze only now 
showing signs of abating. Figure 7 isa 
photograph of a large howlite nodule 
given the writer. It has been tumbled, 
but not dyed. In addition to many 
tumbled stones useful in gem identifi- 
cation classes, such as idocrase, psilo- 
melane, dyed howlite, rhodonite, 
adventurine, etc., we were given a new 
product that poses potential problems 
to gem testers. It is dyed granite from 
the Ramona locale. With the supply of 
howlite definitely limited, “Mac” 
began experiments with local rocks 
and was surprised to find a light 
colored granite would take the dye 
very well. In Figure 8 is a tumbled 
piece before dyeing, a dyed piece in 
the center, and the depth of penetra- 


SPRING 1976 
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Robert Webster 


A Memorial Tribute 


BY B.W. ANDERSON 


The death of Robert Webster last 
February at the age of 76 has left an 
irreplaceable gap in the ranks of gem- 
mologists. For him, to be busily 
occupied was life itself: inactivity, 
little better than death. So, while 
mourning his passing, we can at least 
be glad that by careful husbanding of 
his physical resources, his ability and 
relish for his chosen work had hardly 
diminished to the ending of his days. 

In earning a living, Robert was 
perforce an early starter: as a gem- 
mologist, a late one. His father was a 
pawnbroker, and on his death R.W. 
became an assistant in that trade in 
order to support his widowed mother. 
Whereas not until he was 34 did he 
take the fateful step of enrolling as an 
evening student in the gemmology 
classes at Chelsea Polytechnic, Lon- 
don. Here he proved an industrious 
and gifted student, though beaten to 
the Tully Medal by the brilliance of 
R.K. Mitchell. 

Encouraged by Arthur Tremayne, 
editor of the recently launched month- 
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ly journal “The Gemmologist,” and a 
dynamic and influential figure in his 
day, Robert was soon launched on a 
writing career. His style, always work- 
manlike, was at first uncouth, but 
improved steadily through the years. It 
was thanks to Tremayne also that he 


was able to have published that 
popular student’s vade-mecum “The 
Gemmologist’s Pocket Compendium” 
and later ‘Practical Gemmology” — a 
simply explained course on the sub- 
ject. Both have proved their continued 
usefulness in surviving to the present 
day in a series of revised or reprinted 
editions. Before long he had also 
become an evening lecturer in gem- 
mology at Chelsea and at other poly- 
technics to which the classes were 
moved. Anyone who has done any 
teaching will agree that instructing 
others inevitably involves a great deal 
of self-instruction as an added benefit. 

But it was not until immediately 
after the War (in which Webster had 
served enthusiastically as a Home 
Guard) when he accepted the offer of 
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a job in the Precious Stone Laboratory 
of the London Chamber of Commerce 
in Hatton Garden, that he was able to 
devote all his time and talents to his 
chosen science. In his first year he 
joined in the tremendous task of 
testing over 100,000 stones (mostly 
calibré rubies) made necessary by the 
infiltration of synthetics into original 
parcels: a veritable baptism of fire. 
After that year the sheer quantity of 
stones for testing diminished, but 
there were problems in plenty to 
tackle on top of our continued bread- 
and-butter work of pearl testing. He 
now enjoyed the advantage of 
guidance and consultation with ex- 
perienced colleagues and the avail- 
ability of apparatus adequate for 
almost every need. In the routine work 
of the Laboratory he chiefly 
specialized in the radiography of 
pearls, but his powers of concentration 
and his general efficiency were also 
used to our advantage in the necessary 
chore of book-keeping. 

Webster’s talents for investigating 
neglected aspects of gemmology en- 
abled him to illuminate many of the 
dark corners of our science, and a flow 
of published articles made his findings 
available to gemmologists the world 
over. ; 

Eventually, having the Laboratory’s 
accumulated store of first-hand data as 
well as the results of his own personal 
work at his command, he was able to 
compile his magnum opus, “Gems, 
their Sources, Descriptions, and Identi- 
fication” which was first published by 
Butterworth in a two-volume format 
in 1962. Despite its formidable bulk 
and cost this work sold well, and 
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Robert was able to complete its en- 
larged single-volume third edition in 
the year before his death. 

In 1968, at the invitation of the 
Canadian Gemmological Association 
and the GIA, Webster crossed the 
Atlantic, where he spent some time at 
GIA headquarters. On another 
occasion he had the opportunity to 
visit the main diamond mining centers 
in South Africa by acting as gemmo- 
logist and assistant courier to a mixed 
group of people on a tour organized by 
the Illustrated London News. 

Robert’s frequent attendances as an 
expert witness in court cases involving 
jewelry had roused in him an increas- 
ing interest in the forensic role of 
gemmology. For nine years he was an 
honorary visiting lecturer to the De- 
tective Training School in London. 
Finally he was led to apply for mem- 
bership of the British Academy of 
Forensic Sciences, and later of the 
Forensic Science Society, serving on 
the committee of the former body 
after his retirement from the Labor- 
atory in 1971. ; 

It would be impossible in a short 
account to indicate the extent and 
scope of Webster’s work for gemmo- 
logy. Fortunately most of it is there 
for all to read in his great book 
“Gems.” 

In person he was small in stature 
and brisk in mien and movement. He 
was indeed rather fond of affecting a 
brusque or blunt manner. But one 
soon became aware of the warm heart 
of this very kind and generous man. In 
his death, the world has lost a great 
gemmologist, and those who knew 
him, a loyal and valued friend. 
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A Pleochroic Variety of Gem] 
Labradorite From the Rabbit Hills 
Area, Lake County, Oregon* 


By ERNEST H. CARLSON 


Associate Professor of Geology and 


Kent State University 


Introduction 

Labradorite rarely is considered to 
be a gemstone. One important but 
poorly known occurrence is found 
about 22 miles north of Plush in 
east-central Lake County, Oregon 
(Figure 1). It lies in the northwest part 
of the Rabbit Hills NE quadrangle map 
of the U.S. Geological Survey. The 
material is called sunstone locally, and 
the site of the occurrence is designated 
as the “Sunstone Area” on this map. 


Lake County 


Figure 1, Gem labradorite locality in the 
Rabbit Hills area, Lake County, Oregon. 
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Geologist and Gemologist 
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The Rabbit Hills area lies within the 
southern portion of an extensive pro- 
vince of volcanic rocks that passes 
north and east into Washington and 
Idaho. Stewart, and others (1966, p. 
178-180) note that labradorite occurs 
as phenocrysts in porphyritic lava 
flows in the vicinity of the Rabbit 
Hills. They described crystals as large 
as 86 x 26 x 8 mm. 

A parcel of cut stones and rough 
material from the Rabbit Hills area 
was investigated by the writers. Trans- 
parent gem quality stones as large as 
13 x 7 x 5. mm were examined. The 
discovery of some previously undes- 
cribed properties led to the work upon 
which this report is based. The assis- 
tance of James Pettit, Assistant 
Manager of J.R. Rodgers, Ltd., Sher- 
man, Oregon, who supplied all the 
specimens, is gratefully acknowledged. 


*Department of Geology, Contribu- 
tion No. 134. 
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Figure 2, Debye-Scherrer x-ray diffraction photograph of labradorite from the Rabbit Hills 


area, Oregon. 


Previous work on the properties of 
gem labradorite from southern Oregon 
is scant. Aitkens (1931, p.8) noted the 
occurrence of a labradorite that is 
remarkably similar to the material 
described here, from an unspecified 
locality in southern Oregon. Bank 
(1970, p. 134-136; 1973, p. 58-59) 
described similar feldspars (bytownite, 
labradorite) from an unspecified peg- 
matite locality near Plush. Gem labra- 
dorite from the Rabbit Hills locality 
has been noted recently by Rodgers 
(1976, p. 120). 


X-Ray Diffraction 

Positive identification was made 
from a powder sample, using a Debye- 
Scherrer camera of 114.7 mm 


diameter, and a filtered copper radia- 
tion source. The resulting pattern is 
shown in Figure 2. Twenty reflections 
were measured and the corresponding 
d-spacings are listed in Table J. Inten- 
sities were estimated visually on a scale 
of 10. The pattern is typical of plagio- 
clase and no reflections due to im- 
purities were recognized. 

The structural state of the plagio- 
clase was determined by accurately 
measuring the 2673, — 20,3, spacing 
with a Norelco diffractometer. The 
spacing was found to be 2.10 degrees. 
From the determinative curve given by 
Bambauer, and others (1967, p. 342), 
a high structural state for the plagio- 
clase is indicated. This result is con- 
sistent with a volcanic origin. 


Table 1. Intensity and measured d-spacing for labradorite from the Rabbit Hills, 


Oregon 
d-spacing d-spacing 
Indices Intensity (Angstroms) Indices Intensity (Angstroms) 
BEF cco oxy 1/2 4.68 BM ee 2 2.82 
QUOTES ono tr... 3 4.03 (ee 1 2.64 
Site ee... 1/2 3.88 Tage, eee 4 2.51 
TO les... 3 3.75 PAW Wee oss. 2 2.13 
Se 2 3.62 (re 1 2.09 
Lae 1/2 3.47 422, 422...... 1/2 1.92 
IS Gain oss 1 3.35 333, 260...... 1 1.87 
040, 202, 002....... 10 3.19(broad) 400 ....... 1 1.83 
oe 1 3.02 a saci: 1/2 1.79 
i a 3 2.93 7A) aera 1 1.77 
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Refractive Indices and 
Specific Gravity 

Refractive indices were determined 
in sodium light using a Duplex II 
refractometer. From eleven deter- 
minations, na ranged from 1.560 to 
1.563, averaging 1.562, and ny ranged 
from 1.569 to 1.570, averaging 1.570. 
The average birefringence was 0.008. 

Specific gravity determinations 
were made using an Ainsworth, double 
pan, analytical balance, and toluene as 
the displacement fluid. For seven 
determinations, the specific gravity 
averaged 2.713, ranging from 2.711 to 
2.717. The accuracy of the determina- 
tions is estimated to be + 0.010. 

The composition of the plagioclase, 
in terms of the percent albite (Ab) and 
anorthite (An), can be determined 
from its ~ structural state, refractive 
indices and specific gravity. Using the 
determinative curves of Barth (1969, 
p. 159) and Smith (1958, p. 1189), 
the composition was found to be 
calcic labradorite (Ab3,—Angs). All 
of the above data is in close agreement 


with the results of Stewart and others, 
(1966, p. 182-185), seeming to indi- 
cate that their material and ours cor- 
respond. 
Color and Pleochroism 

Colors of varying tone and intensity 
were observed in the labradorite from 
the Rabbit Hills. The variations in 
color, as observed in. diffuse south 
daylight during January, are given in 
Table 2. The color descriptions used 
follow standard North American gem- 
ological nomenclature. In addition, the 
color was noted to vary slightly with 
the source of illumination — a red- 
orange color being more predominant 
under incandescent light, and a bluish- 
green predominating under fluorescent 
light. 

One of the most unusual properties 
of the labradorite is its pleochroic 
character. This pleochroism, which is 
weak in the pale yellow material, 
increases in strength with depth of 
color. In more deeply colored speci- 
mens the strong pleochroism imparts a 
multicolored effect that can be seen 


Table 2. Color and pleochroic character of labradorite from the Rabbit Hills, 


Oregon. 


Color of Stone 
yellow 


red-orange and blue-green 
(multicolored effect) 


bluish-green 
red-orange 
yellowish green 
orange 


bluish-green and violet 
(parti-colored) 
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Pleochroism 


colorless; light yellow 


bluish-green; light red-violet; reddish- 
orange or orange 


bluish-green; light orange; colorless 
orange; light reddish-purple 
biuish-green; light orange 

orange; reddish-orange 


red-violet; reddish-orange; bluish-green 
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Figure 3. Saucer-shaped clustered inclusions 
(x25). 


without the aid of a dichroscope or 
polariscope as the stone is rotated. 
This effect is similar to that observed 
in transparent andalusite. The data 
given in Table 2 were obtained froma 
gem dichroscope with the base of an 
Illuminator Polariscope serving as the 
light source. The pleochroism un- 
doubtedly is due to a unique combina- 
tion of the high transparency, deep 


Figure 4. Zigzag patterns viewed on edge 
(x25). 
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coloration and relatively large size of 
the crystals of the Rabbit Hills 
material. 

The labradorite lacked fluorescence 
in both short- and long-wavelength 
ultraviolet radiation. No characteristic 
absorption spectra were recognized 
with a Rayner Prism Spectroscope. 


Inclusions 

Inclusions of microscopic size are 
common in the Rabbit Hills labrador- 
ite. With the unaided eye, the presence 
of inclusions in some specimens is 
indicated by an aventurescent effect 
similar to that of sunstone. As viewed 
with dark-field illumination under 
magnification, the inclusions are seen 
to reflect light strongly and to be 
oriented in planes. The distribution of 
the inclusions is irregular and. they 
often occur in clusters (see Figure 3*). 
The inclusions sometimes appear as a 
series of minute, parallel streaks that 
form a zigzag pattern when viewed 
along an edge (see Figure 4*), When 
rotated from this position, reflective 
surfaces of the inclusions appear, in- 
dicating a plate-like habit (see Figures 
5*, 6*, and 7*). The size of the 


Figure 5, Reflections from plate-like in- 
clusions (x100). 
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Figure 6. Reflections from plate-like in- 
clusions (x25). 


inclusions is approximately the same 
in a given plane, but may vary between 
adjacent planes and from specimen to 
specimen. In one specimen of rough 
material, sheets of inclusions were seen 
to lie parallel to a prominent direction 
of cleavage. This cleavage was es- 
tablished to be the {001} direction 
since it was cut by broadly spaced 
albite twin lamellae. It was not pos- 
sible to identify the platy inclusions 
with the available equipment. The 


strong doubling effect under magnifi- 
cation, which is readily apparent in the 
photomicrographs, increased the dif- 
ficulty of resolution. 

In one stone, a solitary inclusion 
was resolved at 100 power magnifica- 
tion (Figure 8*). This inclusion has the 
equant habit and color that are char- 
acteristic of pyrite, and is obviously 
protogenetic in origin. Noting the size 
of other inclusions in this photograph, 
one clearly can see why this particular 
specimen presented a cloudy appear- 
ance under low magnification. 


Gem Potential 

The limitations to the use of this 
gemstone in jewelry stem from its low 
hardness relative to other gem ma- 
terials and its ability to cleave easily in 
two directions. Similar factors have 
been overcome in other gemstones 
with careful attention to the type of 
mounting used, and by exercising care 
in setting the stone. Examples of 


*References to magnification refer to 
the original size of the negative (24 x 
36 mm)., All photographs were taken 
under dark-field illumination. 


Figure 7. Strong reflections from inclusions 
viewed perpendicular to plates (x25). 
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Figure 8. Large solitary inclusion surround- 
ed by minute inclusions (x 100). 


GEMS & GEMOLOGY 


gemstones of a similar nature are 
kunzite and opal, both of which are 
used widely in jewelry. 

The quantity of better material that 
is potentially available is unknown at 
the present time. Since there may be a 
limited supply of quality stones, 
probably the appeal will be restricted. 
The high degree of transparency and 
the unusual pleochroism displayed by 
the Rabbit Hills material, however, 
combine to form an exceptional gem- 
stone for the collector or other dis- 
criminating individual. 
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On the Naming of New 
Man-Made Crystals 


By K. NASSAU, Ph.D. 
Bernardsville, N.J. 


The well-established names of gem- 
stones give direct information about 
their composition. Thus diamond 
refers to carbon in a cubic form, 
sapphire is A1,0, in a trigonal 
arrangement, spinel is cubic MgA1,0,, 
and so on. Yet carbon can also exist as 
hexagonal or rhombohedral graphite; a 
cubic form of A1l,0, (called gamma- 
alumina or gamma-corundum) has 
been synthesized; and spinel in its 
synthetic form has a wide range of 
composition (from about Mg0-A1,0, 
to about Mg0-5A1,0,) without any 
change in structure. These matters are 
well covered in Hey’s Index.! 

Many: man-made crystals are now 
used in technology and are finding 
their way into the gem field. Naming 
these compounds can be a problem. 
An example occurs with “‘yttrium alu- 
minate.”” This designation implies a 
composition containing both yttrium 
oxide (Y,0;) and aluminum oxide 
(A1,0,). Now in the Y,0,-A1,0, 
phase diagram,” there are two such 
compounds. The first is 
3Y,0;°5A1,0, or Y,A1,0,5, also 
called “YAG,” “yttrium aluminum 
garnet,’’ ‘‘yttrogaret,”(2) “dia- 
monaire,” and other trade names. The 
second compound is 2Y,03-A1,03 or 
Y,A1,0, which has no other name. 
When the term “yttrium aluminum 
oxide” is used by itself, one cannot be 
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sure which compound is intended ex- 
cept from the context.3 

Similarly, the designation ‘“‘stron- 
tium titanate” for the man-made gem 
material SrTiO. (“fabulite,” etc.) has 
been a satisfactory name only because 
other “strontium titanates” do not 
appear to have been grown in crystal 
form. The Sr0-Ti0, phase diagram? in 
fact shows four strontium titanates: 
Sr3Ti0,, Sr,TiO,, Sr3Ti,0,, and 
SrTiO, ! 

How then should such materials be 
designated so that all ambiguity can be 
avoided? The most obvious way would 
be to continue to use whichever popu- 
lar designation is current, but always 
to append the chemical formula. For 
example: strontium titanate — SrTi0,; 
YAG — Y3;A1,;0,, or yttrium alumi- 
num oxide — Y,;A1,0,, In some 
cases the same chemical formula com- 
position can exist in different crystal 
forms. If separate names do not exist, 
then the formula would have to be 
followed by the crystal system. Thus 
yttrium oxide would be Y,03— cubic, 
Y,03;— hexagonal, or Y,03;— mono- 
clinic, just as PbO could be either the 
dimorphous minerals litharge or mas- 
sicot (tetragonal and orthorhombic, 
respectively). In this way both present 
and future confusion can be avoided. 
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Gemology— Now You See It, 
Now You Don’t 


by MABEL STERNS 
Washington, D.C. 


The word “gem” stems from the 
Latin germma, so you might think that 
“semology” had been around a long 
time. Not so, apparently; at least the 
references we think of as authorities 
don’t substantiate it. The earliest I 
have found is a reference to lithology 


in 1811, which shows the word 
“gemmology.” 
Webster’s New — International 


Dictionary, 1909 edition, seems to be 
the first of that series to show 
“semmology.” The third edition, 
1971, gives both the single and double 
“‘m” plus several related words. 


Webster’s Universal Dictionary, 
1908, and Webster’s Imperial Diction- 
ary, 1909, fail to include any such 
term. Webster’s New American Dic- 
tionary, 1958 and 1965, prefers the 
American spelling. 

Century Dictionary and Cyclopedia 
did not show the word in 1911, nor 
did The Universal Dictionary of the 
English Language and The New Cen- 
tury Dictionary, both in 1952. Funk 
& Wagnall’s New Standard Dictionary, 
1921, includes “gemmology,” and in 
1960, gives two spellings, but its 
Standard Dictionary International Ed- 
ition in 1974 omits ‘‘gemology.” 
The Oxford English Dictionary, 1931, 
followed the Latin derivation, and 
added ‘‘gemmosity.” In 1972, the 
Supplement recognized “gemmo- 
logist.”” 

As early 1937, the Gemmologists’ 
Compendium used the British term 
based on the Latin spelling. The Dic- 
tionary of American English, 1940, 
had not caught up with the word, but 
did define “gem pan.” Chambers’s 
Mineralogical Dictionary, 1948, shows 
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neither spelling; Chambers’s Twen- 
tieth Century Dictionary included 
“gemmology” in 1956. 


Cassell’s French-English, English- 
French Dictionary, 1951, came up 
with “gemmed,” and ‘“gemmiform,” 
which are its closest approaches to 
our present topic. ‘““Gemmology” and 
“Gemmologist” appear in the Britan- 
nica World Language Dictionary for 
1954. The American College Diction- 
ary still omitted the term as lately as 
1961. Even in 1966, A Comprehensive 
Etymological Dictionary of the English 
Language (Ernest Klein), was not 
comprehensive enough to recognize 
either spelling. 


The Random House Dictionary of 
the English Language, 1966, contains 
both spellings of the word in question, 
as well as ““gem(m)ologist” and “‘gem- 
(m)ological.”” Oddly, “gemmology” 
appears in A Dictionary of Difficult 
Words in 1969. By 1971, The World 
Book Dictionary gave “gemology”; 
in 1974, it added the British form. 


Additional research in encyclopedias 
indicated that. although Encyclopedia 
Americana, 1960, omits “‘gem(m)- 
ology,” it does include “‘gemologist.” 
As recently as 1974, Encyclopedia Bri- 
tannica ignored the whole thing. 
McGraw-Hill Encyclopedia of Science 
and Technology, 1960, 1966, 1971, 
gives the American orthography. The 
Harper Encyclopedia of Science, 1963, 
fails to acknowledge gem(m)ology but 
does discuss gemstones very clearly. 


From the above research, it appears 
that “gemology” has been stumbling 
into the English language for about 
165 years. 
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Developments and Highlights 
at GEA’s Lab 


in Santa Monica 


By RICHARD T. LIDDICOAT, JR. 


One of the Rarer 


In a very recent issue we discussed 
blue coral, stating that it was a mate- 
rial that had been mentioned in the 
GIA course for years but never seen 
before in my memory at GIA Los 
Angeles. Just a short time later we had 
a parallel experience. Jerry Call, a 
former GIA instructor, came in to visit 
us while on a trip from his home in 
Brazil. After showing us several inter- 
esting stones, including a lovely green- 
ish-blue euclase of about 8 carats and a 


Figure 7. 
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large (over 50 carat) petalite, he men- 
tioned another petalite of well over 
100 carats that had gone to a museum. 
Almost as an afterthought, he brought 
out a star chrysoberyl. Star chryso- 
beryl is often listed among those very 
rarely encountered stars of an almost 
once-in-a-lifetime type. In Figure 1 
we see the strong ray of the usual 
chrysoberyl cat’s-eye but with a very 
distinct ray at 90°, giving a very 
excellent four-rayed star in an other- 
wise nondescript chrysoberyl. The 
color of the stone was not particularly 
attractive; the ordinary cat’s-eye effect 
extending the long way’ on the 
cabochon was not all that exciting, 
and the stone was not particularly 
transparent. However, the ray at right 
angles to the usual eye was so pro- 
nounced and sharp that it made this a 
very rare and really exciting star 
chrysoberyl. 


Inclusions in Natural Ruby 


Another very unusual group of in- 
clusions’ was encountered in a natural 
ruby. These are shown in Figure 2 at 
126x. Three irregular cavities appeared 
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Figure 2 


to be filled with aliquid and gas. In 
each of the inclusions there appears to 
be a bubble in a liquid. This is an 
unusual situation for a natural ruby. 
A Novel Cut 

One of GIA’s consultants in the 
optical field, Helio Associates of 
Tucson, designed an unusual cutting 
style without facets. They cut an 
example in glass. It looks like a facet- 
less round brilliant with a buff top. 
The pavilion is a 41° cone and the 
crown appears to be a section of a 
sphere with a large radius, It is a highly 
efficient reflector, but, of course, has 
no scintillation. Figure 3 shows a side 
view. 


Figure 3 


Unusual Inclusions in 
Flame-Fusion Synthetics 


Figure 4 shows some opaque, angu- 
lar inclusions in a Verneuil synthetic 
ruby. There were spherical gas bubbles 
elsewhere in the stone and curved 
striae. These did not look like the 
blobs of partially melted powder 
occasionally seen in synthetic ruby, 
but were dark and opaque. Some 
unusual dendritic inclusions in a 
synthetic sapphire are seen in Figure 5. 
It, also, had other factors, such as 
curved color banding which identified 
it. 


Cyclotron Treated Diamond 


Today, one seldom encounters 
cyclotron-treated diamonds, and 


Figure 4 
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Figure 6 


emerald cut cyclotron-treated stones 
are especially rare. The emerald cut 
shown in Figure 6 was treated from 
the culet to a green color and remains 
a green color today — not having been 
heat treated to a canary color. The 
streak shown in the center of the 
photograph represents the culet of the 
stone and, near the top, the dark 
shadow going off to the left, repre- 
sents a corner pavilion facet. 


A Rhodolite Pink Diamond 


We had a 0.44 ct. diamond in for 
testing which had a body color that 
was almost a medium tone of slightly 
reddish-purple. It was very reminiscent 
of a good rhodolite color. The spec- 
trum was very interesting; it had a 
moderately strong line in the red at 
6390, a faint line at 6190 and a very 
faint line at 5960 Angstrom units and 
a fluorescent line at 5768 which is 
reversible to a faint dark line. The 
spectrum tended to be directional. The 
stone had a strong orange fluorescence 
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Figure 7 


to long-wave ultraviolet and slightly 
less strong, of approximately the same 
color, to short-wave. It fluoresced to 
X-ray, but had no phosphorescence. It 
was not a conductor. This is a classic 
spectrum for treatment in a pink 
diamond. A 0.44 carat is large for a 
treated pink diamond. 


Negative and Positive Crystals 
A short time ago, we received a 
broken star sapphire sent to us by a 
client as a horrible example of what 
could happen on the repair scene. In 


Figure 8 
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Figure 9. 


the middle of the larger of the two 
pieces was a large negative crystal 
opening to the fracture surface. In the 
negative crystal were needlelike 
crystals growing from one side. These 
are clearly seen in Figure 7, We did not 
attempt to identify them. 


Incredible Cutting on a Diamond 

We received a stone for grading not 
long ago that was so poorly cut that 
the star facets failed to meet at the 
table by about the same length as their 
total width at the table. Pictured in 
Figure 8 isa bezel facet that does not 
have the usual four sides, but ten - 
count them - ten. 


Figure 17. 
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Figure 70. 


Cicada in Amber? No! 

Figure 9 shows a top view of a 
cicada that was imbedded in a material 
resembling amber. The material turned 
out to be plastic, rather than amber. 
It had been built in layers and the 
colored layer shows well in Figure 10 


Odd Diamond Natural 


Bob Klippel of Ben Erlich Com- 
pany in Los Angeles, donated to GIA a 
0.05 ct. diamond which, when we first 
examined it, we thought had the first 
perfectly smooth, conchoidal fracture 
we had ever seen in a diamond. Since 
that didn’t make sense, we studied it 
much more closely and realized that it 
was a natural. It is shown in white in 
the upper left side of Figure 11. 
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Figure 13 


A Mabe with an Unusual Center 

Figure 12 shows one of a pair of 
earrings set with numerous 4 mm. 
Mabe pearls. The one with the top 
missing had an imitation pearl center. 
This feature is new to us. 


Rutile in Emerald 


Recently received for identification 
was an emerald with some relatively 
large needlelike inclusions. The in- 
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Figure 14. 
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clusions were really larger than any 
needlelike inclusions we had encount- 
ered in emeralds for some time. In 
examining the stone, the near metallic 
luster and the squarish cross sections 
of the needles led Charles Fryer to the 
conclusion that these might be rutile 
needles. They are shown in Figure 13. 


Interesting Crystals in Opal 

Graduate Gemologist Loreen Haas 
of Crown Gems brought in a number 
of Mexican opals in which two speci- 
mens had visible crystal inclusions. 
Two different crystals are shown in 
Figures 14 and 15. In Figure 14 we 
couldn’t really see enough of the 
crystal to be sure into what system it 
crystallized, but in Figure 15 we were 
satisfied that it had crystallized in the 
monoclinic system. 


Flux Synthetic Ruby ona 
Flame-Fusion Synthetic Seed 


Figure 16 shows a rather thin flux 


wer 


Figure 15. 
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Figure 16. 


growth near the culet of a combina- 
tion flame-fusion and _ flux-melt 
synthetic ruby of which the larger 
portion was that formed by the flame- 
fusion method. This looks very much 
like the appearance of a Lechleitner 
synthetic emerald overgrowth on 
natural beryl, only in this case, it is 
flux-melt synthetic ruby on a flame- 
fusion synthetic ruby base. 

Curved striae were readily visible in 
the flame-fusion portion and flux in- 
clusions were visible elsewhere in this 
material in the flux-melt portion. In 
addition, there was a distinct purplish 
dividing line between the two portions 
of this synthetic ruby. 
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EDITORIAL NOTE concerning an 
amendment to the “Internal World of 
Gemstones” by Dr. E. Giibelin. 


Dr. Giibelin had a recent oppor- 
tunity to acquire several small hesson- 
ites from Ceylon, all excelling in 
that well known granular look caused 
by a dense dissemination of minute 
guest minerals, which offered the 
welcome chance of carrying out a 
more careful and accurate examination 
of these mineral inclusions. Several of 
the guest minerals in each hessonite 
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being apatite. This result causes an 
amendment to be made in his book, 
and Dr. Gibelin invites readers to alter 
the caption of the center right illus- 
tration on page 166 so that it reads: 

“Hessonites from Ceylon are recog- 
nizable by their ‘granular’ appearance 
which is provided by grains of apatite” 
(instead of “diopside or zircon” as 
thought previously). 
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An Easy Method of Measuring the 
Depth of a Mounted Transparent 
Stone in a Closed-Back Setting 


By JOSEPH O, GILL, C.G., F.G.A. 
Boston, Massachusetts 


Those who deal with estate and 
antique jewelry have always found it 
necessary to remove a stone mounted 
in a closed-back setting in order to 
obtain its weight. Stones where the 
pavilion is accessible may be measured 
directly and a formula can be used for 
a fairly accurate weight estimate. 
These formulas are obtainable through 
the GIA and are very simple to use 
with only a small amount of practice. 

I was recently asked if there was 
any way to obtain an accurate depth 
for stones in a very valuable antique 
sapphire necklace and bracelet, where 
the sapphires were set in a closed-back 
bezel setting. From direct vision there 
was absolutely no way to even guess at 
the depth. Only the length and width 
could be measured; and without the 
depth, the stones would have to be 
removed from their fragile old settings 
to be weighed. The settings would be 
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damaged and this is, of course, out of 
the question when you are buying and 
handling other people’s property. 

I recalled the ‘Herbert Smith 
Memorial Lecture” given .by Mr. 
Basil Anderson, F.G.A., in London in 
1955. Mr. Anderson spoke on “The 
Refractometer and Other Refractive 
Index Methods.” He discussed the Duc 
de Chaulnes’ method of: using the 
microscope to obtain the refractive: 
index of any transparent stone, no 
matter how high or low its refractive 
index. Briefly, by measuring the depth. 
by direct measurement and dividing 
that by the apparent depth, one can 
easily calculate the refractive index. 
The apparent depth is found by mea- 
suring the difference in microscope 
position between focusing on the 
culet, or bottom of the stone, and 
focusing on the surface of the table (or 
highest point on a cabochon). 
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Figure 1. Table gauge with millimeter mea- 
surements set in microfilm. Accuracy in a 
range of + .05mm. 


Mr. Anderson briefly mentioned 
that by measuring the apparent depth 
of a flaw or inclusion and multiplying 
that by the refractive index, one can 
obtain the real depth of the inclusion. 
This method would be helpful in 
recutting a stone and is now used in 


the precise location of dark inclusions 
ina diamond to be lasered. 

Closer to our needs, in July, 1973, 
Mr. Harold Oates, F.G.A., discussed 
the Duc de Chaulnes’ method in great 
detail. (2) Briefly, he explained the 
benefits of the dial-type depth gauge 
in arriving at an accurate measurement 
of the apparent depth. At the end of 
his detailed article he made a short 
note concerning diamonds mounted in 
closed-back settings. He said that by 
multiplying the apparent depth by the 
refractive index you get the true depth 
of the mounted diamond. 

Oates’ paper indicated that by using 
the Duc de Chaulnes’ method for 
diamond but substituting the appropri- 
ate refractive index of any given stone, 
and multiplying that by the apparent 


Figure 2. Gemscope microscope with 40X magnification and stone holder. 
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depth, one could obtain a relatively 
accurate reading of the real depth. 

This sounded good in theory but 
had to be tested in practical applica- 
tion. 

The table gauge (Figure 1) was 
taped to the stationary side of the 
Gemscope just above the adjustment 
knob, and the measuring bar of film 
was positioned parallel to and just over 
the edge. Then the stone was inserted 
in the stone-holder in a workable 
position and the Gemscope run down 
to focus on the culet. By placing a 
small mark on the moving side of the 
Gemscope, opposite the zero on the 
table gauge, a zero point was estab- 
lished (see Figure 2). From this zero 
point adjustment knob was turned 
until the focus was moved from the 
culet up to the table of the stone. 
Then, by reading the point on the 
gauge opposite the new position of the 
mark, the apparent depth was deter- 
mined. Only one mark is necessary as 
each successive stone is adjusted up 
and down in the movable tweezers 
until the culet is in focus while the 
zeto point is in place. 

Using this very simple method, fif- 
teen loose stones of several different 
species were tested. By multiplying 
the apparent depth by the appropriate 
refractive index I found that I came 
within .0S5mm every time. The thicker 
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the stone examined, the more accurate 
the results. The culet was always used 
as the zero point because it is the more 
difficult point of the two on which to 
focus. Mr. Anderson’s speech, referred 
to earlier, agreed with this point. 

For even better, more reliable re- 
sults than the quick method described 
above, [ am sure that a device could be 
constructed to hold a leveridge gauge 
in the appropriate position to substi- 
tute for the awkward table gauge 
which can be read accurately only 
with a 10X loupe. 

The results are as close as an estima- 
tion can be and the process is ex- 
tremely easy. This formula will give 
accurate refractive index readings well 
above or below the range of the 
refractometer and will help in calculat- 
ing weight estimation. 

I feel that this method will prove to 
be a very helpful tool to the practical 
gemologist. 
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Developments and Highlights 
at GIA’s Lab 


in New York 


By ROBERT CROWNINGSHIELD 


Some Diamond Inclusions 


In the course of cutting a 50-carat 
rough diamond one imaginative cutter 
decided to eliminate a central cloudy 
area by cutting a cube in which the 
cube-shaped dark cloud can be seen to 
enclose a cross. The combination of 
unusual appearance together with the 
unexpected reflections by virtue of the 
diamond medium combines this 8.55 
carat specimen one of the most in- 
triguing we have ever seen. (See Figure 
1). In Figure 2 we see a roughly 
hexagonal white cloud with a six-rayed 


Figure 1. 
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cross which was photographed in a 
fancy natural brown diamond. While 
mentioning inclusions in diamond we 
would like to thank the firm of J. C. 
Keppie Co., Pittsburgh, for a beauti- 
fully cut round brilliant containing a 
bright green inclusion which we be- 
lieve to be chrome enstatite — though 
possibly chrome diopside. Also we 
wish to thank Gem Trade Laboratory 


Figure 2 
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Figure 3. 


member John Schupf, New York for 
another round brilliant cut diamond 
for our collection which contains a 
most unusual and indescribable in- 
clusion. 


Rarely Seen Matched Spinels 


In Figure 3 can be seen part of a 
platinum and diamond bracelet con- 
taining natural red spinels of superb 
quality — so fine, the client wanted to 
know if they were natural or synthetic 
rubies. Similar fine red spinels have 
been shown to the staff in recent 
months under the term “soft rubies.” 


Lapidary Art 

Rescues An Indifferent Emerald 

Undoubtedly the natural emerald 
shown in Figure 4 would have been 
unsaleable if it had been faceted or 
even cut into a normal cabochon. It 
was heavily included and not particu- 
larly dark in color. However, by melon 
cutting the cabochon the inclusions 
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Figure 4. 


were effectively disguised and the 
jeweler designed the setting to harmo- 
nize with the fluted edges to produce a 
most happy result. 


GGG In The News 

In March, the New York District 
Attorney called to alert us to a fraudu- 
lent practice that had been reported to 
his office. It seems that a neatly 
dressed man has been visiting jewelers 
for the purpose of selling an engage- 
ment ring with what appears to be by 
estimation a diamond of 0.75 carats. 
Presumably, a broken engagement 
prompts the sale and the confidence 
man does not claim the stone to be a 
diamond. Only after the jeweler parts 
with from $250 to $350 removes the 
stone from the setting and finds that it 
weighs twice his estimate does he 
become suspicious. 


A Diamond Color Mystery 
Recently the laboratory had a tele- 
phone call from a consumer in New 
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Figure 5. 


England who had noticed that his 
wife’s engagement diamond was be- 
coming yellow in color. The jeweler to 
whom he took the ring steamed it as 
well as exposing it to ultra-sonic to no 
avail. The jeweler suggested that he 
call us. On a hunch I asked the 
gentleman about the quality of the 


Figure 6. 
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water they use. “Funny,” he said, “‘the 
stone only became noticeably yellow 
the past eight months following our 
move to our present home. You would 
be amazed to read the water analysis 
report on our well.” He sent the ring 
to us and we repeated the jeweler’s 
attempts again to no avail. In the 
microscope we noticed a _ yellow- 
brown build up under the prongs and 
decided to dip the ring in concentrated 
hydrochloric acid. Presto! The stone 
came out sparkling clean and colorless. 
Some years ago a jeweler in Chicago 
told the writer of a similar experience 
which prompted the thought that local 
water was the culprit in this case too. 


Follow-Up On A 
Blue-Gray Diamond 

The painted blue-gray diamond 
described in the last issue of Gems & 
Gemology was returned by other 
clients a number of times. The last 
time we were able to photograph an 
oval spot where the coating was thin 
(Figure 5). 


Diamond Inclusion Oddities 

A 7,76-carat irregular rough 
diamond crystal was shown to us by 
Lazare Kaplan & Sons because of a 
striking black “‘S” lying in the mid- 
plane of the stone. It was not possible 
to determine if it were an impurity 
along a separation plane or an actual 
plane of black inclusions (Figure 6). In 
Figure 7 we captured two nearly ideal 
“bubbles” lying near some small frac- 
tures. We have never seen such spheri- 
city in diamond inclusions. 


Diamond Shapes 
Occasionally we have to invent 
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Figure 7 


names for shapes and cuts of diamonds 
that have not been common enough to 
enter the literature or dictionaries. 
One shape for which a name seems in 
order is that in which the stone is 
neither an oval or a marquise {Figure 
8}. We would like to propose a term 
we have occasionally used — “‘mar- 
quise oval.” We have found it to be 
generally well understood and readily 
visualized. 


True Antiques and Reproductions 
Figure 9 illustrates what is pur- 
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Figure 8. 


ported to be part of a necklace con- 
sisting of silver gilt metal and thin 
foil-backed almandite garnets belong- 
ing to Martha Custis before her marri- 
age to George Washington — if the 
moldering documents accompanying 
the jewelry are to be believed. The 
cross shown in Figure 10 is clearly a 
reproduction in spite of the fact that it 
too is silver gilt with true diamond 
chips and synthetic blue sapphire. 


Figure 10 
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What Did It? 

For the life of us we are unable to 
come up with the answer to the cause 
of the complete spiral scratch on the 
table of the diamond in Figure 1] 
Because it is so regular it seems almost 
too complete to be intentional. Could 
it be due to a faulty tool or technique? 


Figure 12. 
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How Did He Do It? 


The slab of pale dyed green 
chalcedony given to the writer on a 
recent trip to California by Leon 
Trecker, G.G. of Laguna Hills, con- 
tained a very natural looking moss-like 
inclusion. Presumably, it is an artifi- 
cially precipitated copper inclusion. 
The guess is that it has occurred as the 
result of an electrical application 
(Figures 12 and 13). 


Imitation Opal 

According to Mr. John Slocum, 
whose imitation opals were described 
in the Winter 1974-1975 issue of Gems 
& Gemology, the product has entered 
the market by way of mineral and 
gem dealers and gem and mineral 
shows where both cut and rough 
material has been readily accepted. In 
addition to stones which resemble 
both white and black opals, Mr. 
Slocum has manufactured some stones 
with a pink body color and others 
with blue and orange body colors. 
Some stones have also been faceted. In 
most of the stones the color seems to 


Figure 13. 
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Figure 14. 


come from thin plates or flakes sus- 
pended in the colored (or colorless or 
milky) mass. Figure 14 shows a mosaic 
of thin flakes in an orangy-bronze 
stone with peculiar fingerprint or cob 
web-like inclusions. 
Dyed Quartzite 

In Figure 15 is shown a group of 
green to variegated green and white 
cabochons submitted for testing. The 
physical tests indicated quartz but the 
only clue to the origin of color was the 
presence of a broad absorption band at 
6700 A in the hand spectroscope. 
There was no fluorescence and no 
color filter reaction. Also, there was 
no reaction to color by hydrochloric 
acid. However, a short heating in the 
acid completely destroyed the green 
color leaving the stone nearly opaque 
and black (the darker stone in Figure 
16). The identification was written: 
“Dyed Quartzite.” 

Unusual Diamonds 

We have encountered several 
novelty cuts of diamond recently. One 
consisted of apparently a normal 
round brilliant into which notches 
were cut to make a 6-pointed star. 
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Figure 15. 


With the 8-fold symmetry of the 
round brilliant, the 6-fold symmetry 
of the star does not “jibe” and the 
whole looks haphazard. More recently 
we have been seeing some 6-pointed 
stars with 6-fold symmetry. The 
notches appear to be faceted the way 


Figure 16. 
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the notch is put into a heart-shaped 
stone. An adaptation of the same tech- 
nique was evidently responsible for the 
treated blue-green Christmas tree- 
shaped stone seen in Figure 17. It was 
evidently made from a former pear- 
shaped brilliant. 

Laymen and some jewelers are 
often unaware of the fact that dia- 
monds can break. When a stone is 


Figure 18 
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damaged in an engagement ring, it is a 
traumatic experience and in his or her 
frustration the owner frequently lashes 
out at the jeweler for selling him a 
“bad stone.” In Figure 18we see sucha 
broken stone. A blow on the girdle has 
split off a typical portion of the stone 
which eliminated the culet. Figure 19 
shows that the stone had a normal 
crown angle and medium girdle. 
Whether or not the unpleasant lawsuit 
could have been avoided by giving the 
buyer the information about dia- 
mond’s durability and the need for 
insurance in the rare case that it is 
broken is hard to say. Perhaps it would 
not be wise to bring home the point 
by showing the customer Figure 20 
which is a normal marquise broken 
during the course of repairing it or 
Figure 21 which is a 3.80 fine round 
brilliant that completely shattered 
while the brilliantccrer was putting the 
final shape to the lower girdle facets! 
We are indebted to Gem Trade Labora- 
tory member Goldberg-Weiss for the 
latter stone which now graces our 
collection. 


Figure 19 
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Figure 20 


We mentioned unusual shapes of 
diamonds in the last issue such as a 
“marquise oval.” In Figure 22 we see 
what we feel is best described as a 
cushion antique step or emerald cut. 
In Figure 23 we are shown a number 
of small distorted octahedra on which 
from one (a ducut) to 5 (a Prinz cut?) 
facets were polished. We have been 
told that a family of diamond cutters 
tried to popularize a simple 5 polished 
facet octahedron under the name Prinz 
Cut. Some of the octahedra (of the 


Figure 22 
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Figure 27 


type used in glazers tools) were so 
bright naturally, that by merely put- 
ting one facet on the stone (the table) 
a quite respectable looking product 
was produced. It was named the Duke 
Cut (maintaining the royal sound of 
the family name). Later as these 
simple stones were accepted they be- 
came known as “‘ducats,” “‘ducuts” or 
merely “dukes.’”’ Needless to say, un- 
der Federal Trade Commission Rules 


Figure 23 
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Figure 24 


the name must be used since under the 
rules no diamond with fewer than 17 
symmetrically placed facets can be 
called diamond alone. 

We are indebted to Mr. Paul Kap- 
lan, grandson of famed Lazare Kaplan, 
for his continued interest in bringing 
unusual rough diamonds to our atten- 
tion. Figure 24 is one such stone. How 
two widely dissimilar octahedra could 
have intergrown is a mystery. We are 


SUMMER 1976 


also indebted to Paul for a fine 
presentation and demonstration of 
cleaving for our New York full-time 
resident class. Included was a 3-minute 
movie of his grandfather and father 
cleaving the Jonker diamond. 
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Book Reviews 


HOW TO INVEST IN GEMS, by 
Benjamin Zucker. Published by Quad- 
rangle/The New York Times Book Co., 
New York, 1976, 120 pages. Hard- 
bound with numerous illustrations. 
Price: $12.50 


‘To come to the point quickly — 
there are reservations about the book. 
The premise: Gemstones in the re- 
viewer’s opinion are nof an invest- 
ment. , 

Consider what is involved: 

' This reviewer has lectured on gems 

for the past 40 years. A leading 
question always asked: “Are gems an 
investment?” My answer — frankly, 
no! 

Since everything revolves around 
the mighty dollar, the comments made 
in this review are based on prices as of 
now. For gemstones, they are skyhigh. 

A case in point: During October, at 
Parke-Bernet auction galleries, a 
44.6l-carat sapphire was sold for 
$290,000 — a new high for a gem, 
Ceylon sapphire. 

In this instance, investment was not 
an angle. Ownership of a superb 
sapphire was! 

To continue: About 10 years ago, a 
magnificent Oriental pearl necklace 
was sold for $50,000. It had been 
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purchased from Tiffany & Company in 
the 1920’s for $600,000. Keep in 
mind that in those years, a dollar was 
worth a dollar! 

An investment? Hardly. 

Next, take the case of the Nassak 
diamond. Flawless and ““D” in color. 
The famous, historical emerald-cut dia- 
mond weighing 43.37 carats was ap- 
praised in 1969 for $1,000,000. 

This reviewer working with’ the 
diamond received an offer of 
$500,000. The owner, a Britisher, 
turned the offer down. 

Shortly thereafter the Nassak was 
sold at auction for $400,000. 

Had the diamond been auctioned in 
London, at the time a British pound 
was worth $2.84, consider what the 
situation would be today, with the 
pound valued at $1.66. “Investment” 
in gemstones can be a precarious busi- 


ness. 
A Richard Burton might con- 


ceivably have paid $1,000,000 for a 
diamond of this size, and bought this 
famous diamond for his then equally 
famous wife. With his resources, 
getting his money back in full would 
not be a matter of concern to Richard 
Burton! 

Turning to the text, one finds on 
page 23 a statement to the effect that 
“T advise you (the reader) to purchase 
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your gems from a fine, retail establish- 
ment, even though you admittedly pay 
a retail mark-up.” 

An amazing statement from one 
who is a wholesaler in the jewelry 
industry and one who is trying to 
interest the reader in investing in gems! 

Frankly, a retail jeweler could be 
hurt in a situation of this kind. For 
example: 

A customer purchasing a diamond 
ting from Cartier or Tiffany for 
$500,000 is going to be shocked to 
learn what he or she would be offered 
for the stone, if at some later date the 
decision was reached to dispose of the 
diamond. 

In the chapter on rubies, Zucker 
discusses stones of Burma, Siam, 
Ceylon and African origin. He makes 
this observation (speaking of color): 
“Unfortunately, color differentiation 
isn’t all that simple.” 

This reviewer has seen Siam rubies 
which rivalled the finest Burma gems 
in color. It doesn’t happen very often, 
but it does occur. 

Zucker next comments on  sap- 
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phires, and continues with a chapter 
on emeralds. Here he discusses stones 
of Muzo, Chivor, Sandawana and those 
of Brazilian origin. 

The reader will find his chapter-on 
diamonds informative. Gleaned from 
many sources, Zucker’s material is 
combined in a few short pages. 

The book would not be complete 
without mention of prices. The reader 
is directed to Table 1 on page 80. 
Titled: “Current Prices of Colored 
Stones and Diamonds of Fine Quality” 
(at prices per carat). Zucker does not 
state that the figures are wholesale, 
but if you are in the stone business, 
you know that they are. , 

A feature of the book covers: “In- 
vestment Portfolio for Gems in the 
$5,000, $20,000, $100,000 and 
$1,000,000 range.” : 

The 120-page publication contains 
a collection of carefully chosen photo- 
graphs. The plates enhance the text. 

The book is favorably priced at 
$12.50. Buy it and judge for yourself. 


A. E. Alexander, Ph.D. 
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How to Define 


Non-Single-Crystal Synthetics 


By K. NASSAU, Ph.D. 
Bernardsville, New Jersey 07924 


Introduction 

When dealing with single crystal 
synthetic equivalents of gem materials 
there are quite clear-cut guidelines as 
to terminology. To be termed “‘syn- 
thetic,” the gem material must 
have essentially the same chemical 
composition and the same crystal 
structure. This should automatically 
ensure an appearance essentially iden- 
tical with the natural gem. (Note that 
chemical composition alone does not 
automatically guarantee structural 
identity, as with diamond and graph- 
ite, where both have the same com- 
position but different structures.) In a 
previous article(1) the distinctions be- 
tween “Natural, Treated, Synthetic 
and Imitation Gems” were discussed in 
some detail (including some excep- 
tions). 

However, there are peculiar 
problems which are now becoming 
apparent in connection with non- 
single-crystal* materials, those that 


*The author apologizes for this rather 
clumsy hyphenated designation. It is, how- 
ever, concise, the alternative being “poly- 
crystalline, amorphous, vitreous and partly 
ordered’ (the last being necessary for 
materials such as opal and amazonite). 


194 


would normally be termed amorphous, 
microcrystalline, polycrystalline, 
glassy, and so on. 

Until recently, gem synthesis had 
been successfully accomplished only 
for single crystal materials such as 
ruby, emerald, quartz, etc. The 
achievements of what appear to be the 
synthetic counterparts of natural 
opal, (2,3) turquoise,(4.5.6) and lapis 
lazuli (made by P. Gilson, France) 
raise .the question of how to define 
certain subtleties involved in the 
“synthetic” designation and also how 
to determine whether or not these 
materials meet the definition. y 

In the years to come, undoubtedly, 
yet other non-single crystal materials 
such as malachite, rhodochrosite, the 
jades, the agates, etc., may well join 
this list. It would thus seem to be 
desirable to clarify the problems in- 
volved in the designation “synthetic” 
and, to this end, a possible set of 
definition criteria is presented below. 

The aim of this discussion is to 
suggest guidelines for the examination 
(by what may be called the gemo- 
logists’ gemologists) of a new material 
of the non-single-crystal type when it 
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first appears. As part of this examina- 
tion, the type of information discussed 
below will enable the decision to be 
made whether the material deserves 
the “synthetic” label or not. Another 
part of this initial examination will 
determine those characteristics, 
usually listed in gemology texts, by 
which the practicing gemologist can 
recognize the material without the 
necessity of any of the elaborate test- 
ing discussed below. As always, a 
careful watch will be needed to ensure 
that a modification of the manufac- 
turing process does not alter the 
material sufficiently so that a change 
in classification will be necessary. 


The Five Levels of Examination 

Having stated the chemical com- 
position and the crystal structure, the 
specification of a single crystal equiva- 
lent of a gem material is essentially 
complete. There are two additional 
subtleties: 1) different colors caused 
by different valence states of the 
impurity, or from impurities located in 
differing sites, with the possibility of 
color centers as well; and 2) disorder, 
as in metamict zircon. 

In non-single-crystal materials the 
structural properties can be of sig- 
nificance at no less than five levels of 
magnification. Proceeding up the size 
scale from the smallest items we have: 

(1) Individual atoms. Here there 
are the chemical composition, in- 
cluding significant impurities, valence 
state specification of variable valence 
ions, and color centers. 

(2) The atomic structure. This is 
revealed, for example, by an X-ray 
powder diffraction pattern which re- 
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flects the structural features at the 0.1 
to 10 nanometer (1 to 100 Angstrom) 
level. Absence of any signs of structure 
at this level may indicate an amor- 
phous or glassy nature. 

(3) The sub-micro-structure level 
may be taken as the region accessible 
only to the electron microscope, with 
features at the 100 to 1000 nanometer 
(0.1 to 1.0 micron) level. An example 
is the alignment of the spheres in opal 
to form the diffraction grating struc- 
ture which produces the color 
phenomenon. The lamellar structures 
in materials such as labradorite also 
range down to this size. 

(4) The micro-structure, as seen 
under the optical microscope, and 
even under the magnifying glass, re- 
veals structures from the 1000 nano- 
meter up to the 1 millimeter level; 
here considerable variation may exist 
from, say, one specimen of turquoise 
to another. This range also includes 
the needles and inclusions in many eye 
and star materials. At the upper end of 
this scale occur gross inclusions, such 
as the pyrite seen in much lapis lazuli, 
as well as matrix present in much 
turquoise, for example. 

(5) Macro-structure, visible to the 
naked eye. Here again there is con- 
siderable variation from one specimen 
to another, yet all specimens of a given 
species, say gem opal, have that 
appearance which makes the material 
instantly recognizable as being gem 
opal. . 


A Proposed Working Definition 

To be considered the synthetic 
counterpart of a natural non-single- 
crystal gem material, it is proposed 
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that four criteria should be met in the 
strictest sense: 

(a) The chemical composition must 
be the same, including valence states. 
There may be some substitutional 
variation, as in natural material, as well 
as contributions from the matrix. The 
synthetic must fall within the range 
found to occur in nature; no foreign 
binder, filler, or coloring matter can be 
present. (This may present analytical 
problems since a small amount of 
binder may be difficult to detect.) 

(b) The crystal structure as seen by 
X-ray diffraction must be the same as 
that of the natural equivalent (several 
structures may be possible for a given 
chemical composition, e.g. graphite 
and diamond, rutile and anatase, etc.). 

(c) Any sub-micro-structures, par- 
ticularly those leading to characteristic 
optical effects, must be essentially 
identical (e.g. the diffraction grating 
arrangement in opal, perthitic struc- 
tures, etc.). 

(d) Finally, it is essential that the 
synthetic non-single-crystal material 
give to the naked eye the same overall 
appearance as the naturally occurring 
counterpart. 

The only way in which this type of 
synthetic can be permitted to differ 
from the natural material is at the 
microscopic level, involving grain size 
and micro-structure, inclusions, and 
matrix. It is in this range where natural 
materials also show considerable 
variation from one locality to another, 
and even among specimens from a 
single locality. (Some restriction on 
the range of variation possible within 
this group may be necessary. However, 
such a limitation cannot be construed 
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in any narrow sense as the following 
analogy would indicate: if a new 
natural rhodochrosite, jade, opal, etc. 
were to be found which shows a 
somewhat different grain structure 
from any found previously but is 
otherwise identical, one would never- 
theless have no hesitation in applying 
the conventional designation. One 
would be justified in coining a new 
mineral name only if a really spectacu- 
lar difference were to’ be noted, e.g., 
the difference between chalcedony 
and opal!) 

These proposals are summarized in 
concise form in Table I. Any non- 
single crystal materials not meeting the 
four congruency requirements should 
then be designated an “‘artificial” or 
“imitation”? product rather than a 
“synthetic” if this scheme is followed. 

It should be noted that as a con- 
sequence of congruency by these four 
criteria, the usually measured gemo- 
logical parameters will be approxi- 
mately the same as in the natural 
material, as should be expected. This 
includes refractive index, specific 
gravity, color (but not necessarily 
fluoresence), hardness (but not neces- 
sarily fracture), behavior with respect 
to heat, acids, and so on. If any of 
these parameters are not approxi- 
mately correct (e.g. see under Gilson 
Lapis below) then the case must be 
decided on its merits consistent with 
other current criteria. : 

Microscopic examination will there- 
fore have to be the major technique 


for distinguishing synthetic from 
natural non-single-crystal gem 
materials. 


Based on the published examina- 
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tions and the above criteria one would 
draw the following conclusions: 

Gilson Opal: jppears to meet all the 
criteria‘23) and is therefore a 
true “synthetic opal,” by these 
standards. 

Gilson Turquoise: an examination 
by W. F. Eppler(5) indicates that 
a cement is present which would 
negate the synthetic designation 
if it is a foreign material. In view 
of Mr. Gilson’s statement that 
no binder is used, detailed in- 
vestigation is required to con- 
firm. that this binder is merely 
finely divided turquoise, which 
would be consistent with the 
designation “synthetic,” and‘not 
a foreign ingredient, which 
would make the material an 
“imitation.” Such an investiga- 
tion is under way in several 
laboratories. 


Syntho Turquoise: only a partial 
report has appeared, which “.. . 
shows a chemical analysis but 
does not give any of the gemo- 
logical information such as re- 
fractive index and _ specific 
gravity, nor does it give any 
indication of crystal structure or 
other factors which are usually 
the basis for determining a 
synthetic gem material.’(6) 


Gilson Lapis: the results of exam- 
inations have not yet appeared, 
although preliminary reports 
raise some questions: although 
giving essentially the same spec- 
trochemical and X-ray dif- 
fraction data as natural lapis, a 
low S. G. and strong reaction 
with dilute hydrochloric acid 
seems inappropriate for lapis and 
the material may therefore not 


TABLE | 


Phenomena Observed at Different Magnification in Non-Single Crystal Materials 


Examination 
Technique 


Approximate 


Level Size Range 


1. Atom level 


0.1 nm to 10 nm 


100 nm to 1000 nm 
1000 nm to 1 mm 


X-ray diffraction 


Po 


magnifying glass 


5. 1mm to overall naked eye 


elemental analysis, 
optical spectroscopy 


electron microscope 
optical microscope, 


Near 
Property Congruency * 
Observed Necessary? 
chemical composition, Yes 
valence states, 
impurity sites, color 
centers 
crystal structure Yes 
diffraction structure, etc. Yes 
grain structure, No 
inclusions, matrix, etc. 
visible appearance Yes 


*The word “congruency” is used to describe the necessity for near complete agreement at a 
given level of examination of the synthetic with the natural material. In the absence of the 
necessary congruency, the material may only be designated ‘‘artificial’’ or “imitation.” 
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be up to “synthetic”  stan- 
dards.{7.8) 
Conclusions 


A working definition for a non- 
single-crystal synthetic equivalent of a 
natural gem material is proposed on 
the basis that it must duplicate in 
essence the equivalent natural material 
at all levels of magnification (chemical 
analysis, X-ray structure, electron 
microscope structure if applicable, 
naked eye appearance) except in the 
micro-structure region (say 1000 nm to 
imm) where the grain structure, in- 
clusions, etc., may vary over a wide 
range much in the same way as natural 
material does, but not necessarily re- 
stricted to the range observed in the 
natural material. This will generally, 
but not always, ensure that the usual 
gemological tests give values close to 
those of the equivalent natural 
‘material, as they of course should. 

The distinction between the syn- 
thetic and the equivalent natural non- 
single-crystal gem materials thus has to 
be based predominantly on micro- 
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scopic examination supplemented by 
specialized tests where indicated, as is 
also the case with the single crystal 
materials. 
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Gem Notes 


BY PETE J. DUNN, M.A., F.G.A. 
Department. of Minera! Sciences 
Smithsonian Institution 
Washington, D.C. 20560 


Madagascar Hambergite 


The recent acquisition of a set of 
ten cut hambergite gems (0.7 to 2.9 
cts.) adds yet another facet to the U.S. 
National Gem Collection at the Smith- 
sonian Institution. This set of gems, 
ensconced in a specially designed case, 
was part of the mineral collection of 
Dr. Carl Bosch, and may be the largest 
set of Madagascar hambergites in ex- 
istence. Since little has been written of 
gem hambergite, a mention of these 
gems seems warranted. 

Hambergite, Be2(OH)(BO3) , from 
Anjanabanoana, Madagascar, was ori- 
ginally described by Lacroix (1909) 
and Goldschmidt and Miiller (1910). 
The colorless orthorhombic crystals 
are found in sizes suitable for the 
cutting of small gems (1-3 cts.). Al- 
though the hardness (7-1/2) and re- 
fractive indices (1.553 - 1.628) might 
qualify it as a useful gem material, the 
lack of..color, low dispersion, perfect 
cleavage on {010}, and extreme rarity 
of gem quality material have relegated 
it to the obscure status of a gem for 
museums and collectors of rare gems. 

Measurements of the densities of 
these 10 gems, using a modified 
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Berman-type balance and temperature 
correction yielded an average value of 
2.35. The refractive indices, measured 
in sodium light, taking care to observe 
readings on many facets of each gem, 
were quite constant at a = 1.554, 8 = 
1.588 and y = 1.628 (40.002). These 
are in good agreement with the values 
given by Palache et al. (1951): @ = 
1.5536, B = 1.5873 and y = 1.6278 
which are averages of values obtained 
by Lacroix (1909) and Goldschmidt 
and Miiller (1910). This obvious con- 
stancy in refractive indices could be 
due to all ten gems having been cut 
from the same crystal, or to a con- 
sistency in composition for the Mada- 
gascar material. The high birefringence 
of the hambergite causes an obvious 
doubling of the pavilion facets. 


The gemologist might encounter 
some hambergite with lower refractive 
indices. Switzer et. al:: (1965) “have 
shown that there is a substantial de- 
crease in the refractive indices (to a = 
1.543, 8 = 1.580 and y = 1.617) with 
isomorphous replacement of hydroxl 
by fluorine, as occurs in the ham- 
bergite from The Little Three mine in 
San Diego County, California. 
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Inclusions in the examined stones 
consisted of thin cigar-shaped libellae 
consisting of a liquid and a gas or 
vacuum bubble, and thin non-parallel 
fibrations which appear to be ran- 
domly oriented. These fibrations, or 
tubelets, appear similar to those seen 
in beryllonite but are thinner and 
interrupted along their length. 

There was no discernible flumi- 
nescence in either long- or short-wave 
ultraviolet or x-radiation. Exposure to 
intense CuKa x-radiation did not 
effect any color change in these gems. 

The author is indebted to Dr. 
George Switzer for a critical reading of 
the manuscript. 
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Inclusions in Sapphires 
From Yogo Gulch, Montana 


Fine sapphires from this American 
locality have been known for some 
time. The deposit was originally dis- 
covered, according to legend, in 1895. 
For an excellent description of the 
area and overall production, the reader 
is referred to the work of Sinkankas 
(1959). The deposit was also noted by 
Crocker (1956). 

Sapphire crystals from the Yogo 
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Gulch mines are small and yield small 
accessory gems for the most part. The 
crystals are frequently flattened on 
{0001}, further limiting the size of a 
gem with proper proportions. The 
color of the material varies from blue- 
green to a rich cornflower-blue and 
violet-blue. Some of the sapphires, 
particularly the violet-blue varieties, 
do exhibit a dull violet-red fluores- 
cence in long-wave ultraviolet radia- 
tion. 

Inclusions in these crystals are not 
common, but are quite distinctive. 
These inclusions were separated from 
gem rough and X-rayed utilizing Cuka 
x-radiation and Gandolfi powder 
cameras. 

The light brown partially resorbed 
crystals are spinel. The color of these 
spinel inclusions is consistent in several 
samples. The bright red resorbed blebs 
are rutile (Ti02) and to be expected in 
a corundum colored by titanium. Both 
of these minerals have been previously 
noted as inclusions in sapphire and 
their occurrence here was anticipated. 
The long, very irregular inclusions of a 
brownish color give an X-ray pattern 
indicative of a member of the mica 
group, but the exact nature of the 


mica is unknown. 
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Green Fluorite 
From New Hampshire 

Long noted as a mineral deposit 
which has produced large etched 
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octahedra of green fluorite, the Will 
Wise Mine in Westmoreland, Cheshire 
County, New Hampshire, has recently 
produced some fine facettable green 
fluorite. The deposit was reworked in 
the autumn in 1974. 

The fluorite occurs as veins in 
quartz and is found as resorbed green 
octahedra up to 15 cm on an edge. 
The material is very evenly colored, 
without the unsightly color-zoning so 
common in fluorite. One gem of 70 
carats and many gems of 30 carats 
have been cut from this flawless 
material, The color is a very uniform 
and pleasing pastel green. It fluoresces 
a weak violet in short-wave ultraviolet 
and a strong violet in long-wave. There 
is no phosphorescence. 


Opalescent Sandstone 
From Louisiana 

A sandstone comprised of quartz 
grains cemented together by precious 
opal was discovered in Central Western 
Louisiana by Mr. Gary Moore of 205 
East Union Street, Leesville, Louisiana 
71446, who sent the material to the 
Smithsonian Institution. 

The sandstone is quite pure and is 
comprised almost entirely of clear 
quartz with some minor black and 
grey quartz. 

The original sand is poorly sorted 
with an average grain size of 0.1 to 1.0 
mm. The grains are quite angular and 
exhibit little rounding. 

The cementing opal is, for the most 
part, bluish-violet or colorless. Pieces 
with a bluish-violet base color have a 
blue to. violet opalescence. Pieces 
which have no base color show red and 
green opalescence. The opal is quite 
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homogeneous and unfractured. Zones 
of oxidized iron run through the ma- 
terial and are quite porous and friable. 

The material has some gem poten- 
tial. Although the gemologist is condi- 
tioned to seeing opal in sizeable 
fragments, the pinpoint effect of 
hundreds of tiny precious opal frag- 
ments resting in interstices between 
colorless quartz grains is quite attrac- 
tive. Polished surfaces are somewhat 
grainy due to the undercutting of the 
opal, but the well-colored material is 
quite tough and easily worked. 


Inclusions in 
Brazilian Andalusite 


Fine waterworn crystals of gemmy 
andalusite, Al Si05, have been known 
to occur in the area around Minas 
Novas, Minas Gerais, Brazil. The 
crystals occasionally attain dimensions 
of 8 x 8 x 30 mm but most are 
considerably smaller. 

Isolated euhedrons (Figures 1 and 
2) have been observed within the gems 
and have been identified. The inclu- 
sions were exposed by grinding and 
polishing rough gemmy fragments and 
then analyzed with an ARL-SEMQ 


Figure 7. 
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Figure 2. 


electron microprobe using an operat- 
ing voltage of 15 kV and a beam 
current of 0.15 uA. A preliminary 
analysis indicated the inclusions were 
not a silicate and had an appreciable 
calcium content. Subsequent analyses 
indicated the inclusions were apatite, 
and a final analysis of this fluorapatite 
is given as Table 1. The included 
crystals are colorless, and easily ob- 
servable. They appear to be somewhat 
resorbed or corroded and not all ex- 
hibit the rough hexagonal cross section 
so common in apatite inclusions in 
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Figure 3. 


almandine. Also noted were some 
ladder-like arrangements of acicular 
tubelets (Figure 3). 


TABLE | 


ANALYSIS OF FLUORAPATITE 
IN ANDALUSITE 


Brazil Theoretical 
Ca0 54.63 56.10 
P505 42.15 40.30 
E 3.46 3.60 
TOTAL 100.24 100.00 
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Alexandrite From 
Lake Manyara, Tanzania* 


By EDWARD GUBELIN, Ph.D., C.G., F.G.A. 
Honorary Professor of the University of Stellenbosch 
Lucerne, Switzerland 


Introduction 


The far-flung emerald deposit at 
Lake Manyara was mentioned by 
THURM (1972) and described more 
precisely by BANK (1974), by the 
present author (1973 & 1974), and 
more recently by MWAKISUNGA 
(1976). BANK (1974) reported a small 
piece of mother rock, on which, as- 
sociated with feldspar and mica, 
alexandrite, emerald and ruby oc- 
curred, i.e. three extremely rare gem- 
stones all of which owe their color to 
an admixture of chromium. From the 
mineral paragenesis he also surmised 
that the Manyara deposit was analo- 
gous to the famous occurrence of 
beryllium minerals at Tokowaya in the 
Ural mountains (described by FERS- 
MANN, 1929), where the same gem 
minerals are found in close association. 
Towards the end of his paper ‘“‘The 
Emerald Deposit at Lake Manyara, 
Tanzania” (Lap. Journ., May, 1974) 
the writer refers to several other gems 
such as apatite, garnet, spinel and 
chrysoberyl, of which the detection of 


*Manuscript received July, 1976. 
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alexandrite is the most intriguing 
(Figure 1). 

Since then further investigation 
could be carried out on the alexandrite 
from Lake Manyara in its quality as a 
crystal and precious stone as well as on 
its mode of occurrence, justifying a 
special publication on this: fascinating 
gem. 

The mother rock of the Manyara 
alexandrite has meanwhile been care- 
fully analyzed. Each individual mineral 
component was X-rayed. The red 
grains which can easily be seen in the 
rock all proved to be chondrodite. In 
thin sections they are yellow. Contrary 
to the previous information (GUBE- 
LIN, 1974), garnet seems to be rather 
scarce or then very sparsely dispersed; 
at least it has not been encountered in 
a more recent and more thorough 
analysis. The mineral components 
which were definitely identified are in 
sequence of frequency: actinolite, en- 
statite, fayalitic olivine, chondrodite, 
chrysotile and pleonaste. Conse- 
quently the name actinolite-schist is 
proposed. In contrast to the former 
conjecture it is not a peridotite, be- 
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cause it does not contain enough 
olivine. The association of actinolite 
and alexandrite indicate a metamor- 
phic rock, hence: it is a schist. 
According to BANK (1976) and 
OKRUSCH (1971) the possibilities of 
formation are more limited for the 
alexandrite than for ordinary chryso- 
beryl. Alexandrite owes its great rarity 
to the fact that the geochemical condi- 
tions are highly accidental because 
beryllium and chromium do not 
normally occur within the same rock 
suites. Beryllium is concentrated in the 
pegmatitic and pneumatolytic phases 
which themselves are devoid of chro- 
mium. The latter, on the other hand, is 
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more frequently present in mafic 
rocks. Therefore the formation of 
alexandrite may only be expected in 
places where the ingredients of these 
rocks can meet, that is to say, where 
the pegmatitic and pneumatolytic re- 
sidual phases carry the beryllium into 
contact with the chromium in such 
ultramafic rocks as actinolite, perido- 
tite, pyroxenite, and their metamor- 
phic derivates (particularly serpen- 
tinites). These were the favorable con- 
ditions found in the deposit at Lake 
Manyara manifesting close similarity 
to the deposit of Tokowaya as well as 
of the Girdlestone Farm at Novello, 
Rhodesia (BANK, 1964). 
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Figure 1. This simplified geological map of northern Tanzania shows the situation of the 
alexandrite deposit at Lake Manyara, where alexandrite occurs together with some other 


ehromium-bearing gem minerals. 
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External Appearance 


Considering this geochemical simi- 
larity of occurrence, the author was 
not astonished to observe that all the 
Manyara alexandrites which he has 
seen so far looked puzzlingly similar to 
those from Tokowaya and from No- 
vello. In daylight they all displayed the 
same exquisite bluish-green hue with a 
remarkable change of color to pro- 
nounced raspberry red in incandescent 
light. 

With a few exceptions, most of the 
specimens seen or investigated dis- 
played those characteristic formations 
of three crystals intersecting each 
other, which yield the well known 
trillings. The habit of the individual 
crystal was mainly determined by the 
prism. Some were just broken-off 
crystals and others merely fragments. 
Some were absolutely clear and of 
exceptional gem quality and when cut 
would have resulted in high grade 
ptecious gems up to 5 carats. However, 
many crystals and fragments were in- 
tensely etched and marred by too 
many mineral and liquid inclusions as 
well as cracks. 


Chemical Composition 


By means of the electron micro- 
probe, an analysis was carried out on 
two crystals, the results of which are 
communicated in Table J, The calcula- 
tion program was started off in assum- 
ing BeO to amount to 20% (theoretical 
value), because due to the low atomic 
number (Z=4) of Be the microprobe 
does not register this element. In the 
alexandrite from Novello BeO amounts 
to 19% and thus very closely ap- 
proaches the theoretical value. 
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TABLE | 
Alexandrite 
No. 1 No. 2 
% % 
Bed 20 20 
A1903 77 78 
Feo04 0.7 0.7 
V2 03 = = 
Ti 05 0.12 0.08 
Si 05 0.13 0.4 


The percentage of the trace ele- 
ments present reveals that chromium 
and iron are responsible for the color. 
Vanadium seems to be entirely absent. 
However, as will be explained further 
down, the striking alexaridrite effect is 
caused solely by chromium, while iron 
is of secondary importance and mainly 
acting as an inhibitor (see later). 


Physical Properties 
The physical properties do not 
manifest any peculiarities — the one 
exception of course being the 
chameleon color change — and may 
therefore be mentioned hereafter 
merely for statistic purposes. 
Density: 
The frequency medium of numer- 
ous measurements taken results in 
d=3.71g/cm3 at 4°C 


R.I. and birefringence: 
Again the medium data of numer- 
ous readings are: 


Ng = 1.745 
ng... = 1.750 
Dy ee 1.754 


whereas the birefringence varied from 
0.008 to 0.010. The optical character 
is of course negative. 
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Trichroism: 

This property is very distinct and 
depending upon the three main optical 
directions produces the colors shown 
in Table IT. 


TABLE H 
Optical Incandescent 
direction Daylight light 
Ny reddish carmine red 
ng yeliow green orange red 
ny blue green greenish 


For this accentuated pleochroism 
the transition-metal chromium alone is 
responsible. 


Absorption: 

The absorption spectrum is a typi- 
cal chromium spectrum whose spectral 
image is characterized by two promi- 
nent bands and marked by several indi- 
vidual absorption lines in the red 
region (Figure 2}. The two bands are 
designated A and B. They range astride 
the critical wavelengths of 580 nm and 
415 nm. If they trespass these values 
the alexandrite is green, otherwise it is 
red. The A band extends from approx- 
imately 550 nm to roughly 610 nm 
and culminates at 571.4 nm. It is 
accompanied on its long-wave side by 
the telltale chromium lines at 680, 
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Figure. 2, Absorption spectrum of the 
alexandrite from Lake Manyara in unpolar- 
ized light ranging from 325 nm to 700 nm 
at room temperature. 
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678, 665, 655, 649, and 645 nm 
which result from  spin-forbidden 
transitions. The B band is somewhat 
narrower ranging from 395 nm to 443 
nm with its peak at 415 nm. It is 
chaperoned by four satellite lines at 
470 nm and 465 nm on the long-wave 
side and at 385 nm and 375 nm on the 
short-wave side. The latter two lines 
are caused by trivalent iron. The 
narrow lines in the red and in the 
short-wave section become more con- 
spicuous when a polaroid is used. The 
absorption minimum is situated at 494 
nm and very closely corresponds to 
the intensity maximum of the solar 
spectrum in the green (at 500 nm) 
imparting the alexandrite a green color 
in daylight. Incandescent light excels 
in a predominance of longer wave- 
lengths which are transmitted by the 
alexandrite’s second absorption mini- 
mum at 725 nm thus conferring the 
gem a red appearance. 

The breadth of band A suggests 
that it must be provoked by two 
overlapping absorption spectra of two 
differing color centers. This becomes 
evident when polarized light is ap- 
plied. In unpolarized light the breadth 
of the A band complex is produced by 
the superposition of two bands with 
maxima slightly displaced against each 
other. The polarized absorption 
parallel to the z-direction (Aj) culmi- 
nating in longer wavelengths at 571.4 
nm is responsible for the green. color, 
while the polarized absorption per- 
pendicular to the zdirection (Alz) 
sweeps to a maximum among shorter 
wavelengths at 551 nm and induces 
red coloration (Figure 3). This change 
of color is called ‘Alexandrite Effect.” 
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Figure 3. Polarized absorption spectra of 
band A parallel and perpendicular to the 
z-direction (Hassan et al., 1974). 


The alexandrite-effect: 

This phenomenon is an excep- 
tionally well-pronounced specialty of 
the Manyara alexandrite, for the color 
change from green to red and vice 
versa is very definite and so complete, 
that the beholder cannot help wonder- 
ing about the nature of its cause. The 
attempt to explain essence and cause 
of this unusual feature was undertaken 
in numerous publications. For a very 
long time it was simply connected 
with the mineral’s strong trichroism 
and it was merely regarded as an effect 
provoked solely by the different 
spectral composition of daylight and 
incandescent light. None of these older 
and rather one-sided explanations of 
the very complex process were con- 
vincing. Nowadays the contexts are 
better understood, and hence the 
interpretation of the causal conditions 
acquire a new significance. Today’s 
apprehension is based upon a much 
more profound. comprehension of the 
intrinsic structure of the alexandrite. 
While POOL (1964) and partly also 
WHITE ef al. (1974) attributed the 
color change to a rather psychological 
effect of the human eye and brain 
than to the inherent structure and 
properties of the alexandrite, FAR- 
REL et al. (1963 & 1965), NEWN 
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HAM et al. (1964), WHITE et al. 
(1967), and HASSAN ef al. (1974) 
investigated the structural background 
of the question. Their results provide 
an instructive insight into the mecha- 
nisms which take place, when light 
falls into an alexandrite. The author 
feels that his present account of the 
Manyara alexandrite might be a wel- 
come opportunity of making some 
integrating reflections on these more 


recent studies. 
Alexandrite is isostructural with 


olivine and sinhalite, ie. it has an 
identical structure as these two min- 
erals (FARRELL, NEWNHAM, 1965 
and STRUNZ 1968). The structure of 
the alexandrite is determined by a 
dense packing of the relatively large 
oxygen ions in a hexagonal arrange- 
ment. Within this lattice the tetra- 
hedral interstices are occupied by Be 
while the Al partly sits inside the 
coordination octahedra. This results in 
a combination of tetrahedral BeOy 
groups and octahedral A104 groups. 
Numerous chemical analyses as well as 
recent refinements of the structure of 
chrysoberyl have lead to the convic- 
tion that the transition element 
chromium (Cr>") (NASSAU, 1975) is 
the chromophorous ion, yet not vana- 
dium. The aforementioned chemical 
analyses did not furnish any alibi for 
the existence of vanadium. 

It is not the mere presence of cr* 
ions within the structure of the alex- 
andrite which is responsible for the 
color change but rather their array in 
the crystal lattice. Within the structure 
of the chrysoberyl there are various 
lattice sites with octahedral symmetry, 
which are held by Cr>* instead of A1>* 
ions. However, normally only two of 
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them are being claimed by Cr". The 
refinement of the structure of chryso- 
beryl by FARRELL ef al. (1963) 
disclosed that these two octahedral 
lattice sites preferred by the Cr ions 
differ with regard to size — not very 
much but significantly enough to pro- 
duce the color change (Figure 4). Half 
of the Al> ions are perched in coordi- 
nation polyhedra with inversion 
symmetry = Al" (1) and the other on 
mirror plane positions = Al (2). The 
average distances to the nearest oxy- 
gen ions measure 1.890A for the 
Al* (1) sites and 1.934A for the 
A1>* (2) sites (the mean value between 
the two (= 1.914A) happens to be 
almost identical to the distance Al — 
0 in alpha-corundum). If trivalent 
cations replace others they favor one 
place to another depending upon 
symmetry and size. 

The Cr" ion (@ = 0.615A) is 
slightly larger than the Al*ion (@ = 
0.530A) and hence prefers the more 
spacious A13* (2) sites. Yet, if intro- 
duced under pressure and high 
temperature some Cr* ions may 
accommodate themselves on narrower 
A1>* (1) sites. The dispersion of the 
Cr" ions onto transition-metal sites 
differing in size and symmetry within 
the crystal field cannot happen with- 
out drastic influence on the color 
properties of the alexandrite, espe- 
cially so because the absorption spec- 
trum of the alexandrite consist of two 
individual spectra of the Cr (1) and 
the Cr3* (2) color centers overlapping 


one another in the A band. 
The intrinsic cause of the cha- 


meleon effect of the Cr> ions on their 
two different lattice sites is their dif- 
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Figure 4. The refined structure of chryso- 
beryl projected on (001). Heights of the 
atoms are expressed in cell fractions (Farrell 
et al., 1963). 


ferent distance to the oxygen ions. On 
the smaller octahedral sites (1) of the 
alexandrite lattice the Cr — O distance 
is shorter, the Cr>" ion finds itself in a 
compressed position and thus pro- 
motes the transposition of the absorp- 
tion maximum from 571.4 nm 
(assigned to the more numerous Cr 
(2)-centers) to 551 nm (ascribed to the 
less populated Cr>* (1) centers). The 
denser the population of the Cr (1) 
centers the greater the spectral disloca- 
tion and hence the more intense the 
red coloration. This condition concurs 
exactly with observations made in 
gemstones of the ruby type (ruby, 
spinel) where the red color also results 
from compressed space at the Cr3* 
lattice sites. 

The investigation of the two dif- 
ferent coordination sites elucidates 
that the Cr3” (1)/Cr>* (2) population 
ratio decides the color itself as well as 
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the intensity of the color change. The 
greater the cr* (1)/Cr>* (2) ratio the 
more pronounced is the color of the 
alexandrite in daylight as well as in 
incandescent light. Due to the denser 
population of the Cr (2) centers, 
but also because of the polarizing 
influence of the adjacent Be ion acting 
as a central ion, the conditions for the 
Cr>" ions are very similar as in the cr 
doped silicates of the emerald type 
(emerald, demantoid, hiddenite etc.) 
as long as the alexandrite is impelled by 
the intensity as well as by the spectral 
character of the light in which the gem 
is being viewed. Daylight or any other 
white illumination with an identical 
distribution of wavelengths interacts 
with both Cr> centers imparting the 
green as well as the red hue in de- 
pendence on the Cr* (1)/Cr* (2) 
population ratio. In incandescent light 
on the other hand, which is relatively 
poor in short (blue, high energy) wave- 
lengths but rich in long (red, low 
energy) wavelengths the alexandrite 
appears red, because the strong band B 
with its culmination at 415 nm ab- 
sorbs the majority of the scanty short 
wavelengths up to about 443 nm thus 
blotting out almost all of the blue 
region. The residual light is being 
controlled by the broad A band com- 
plex at 571.4 nm, ie. it absorbs 
mainly in the green. On account of its 
complex nature the band A also blacks 
out parts of the bluish green and of 
the yellowish green between 625.5— 
516.6 nm. This extensive absorption 
of almost all the shorter wave- 
lengths results in the complementary 
purplish red color: the characteristic 
raspberry red of the alexandrite in 
incandescent light. From this it may 
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be concluded that the smaller the Cr" 
(1)/Cr3" (2) population ratio, i.e. the 
more concentrated the Cr>* centers, 
the more more important the absorp- 
tion effect of band A. 

After all these reflections it must, 
however, be considered that the A 
band complex is neither the sole nor 
the principal factor for the quality of 
the color change but rather the corre- 
lation of both bands A and B. Above 
all the absorbence of band B, that is to 
say, the sum of the absorbing centers 
in band B must apparently reach a 
certain critical value to completely 
absorb the shorter blue and green 
wavelengths which are in any way 
quite scanty in incandescent light. 

In summarizing it may be recapitu- 
lated that the alexandrite ‘effect ma- 
terializes in that chromoforous 
chromium atoms in the state as Cr 
ions occupy octahedral coordination 
sites in the crystal which are otherwise 
held by Al1>" ions. These sites differ in 
size; some of them are of normal 
largeness, others are constricted. The 
color change is provoked when in 
comparison to the Cr>* (2) ions on 
regular spacious sites sufficient Cr 
ions can slip onto the compressed sites 
cr (1), that is when a certain critical 
value of the Cr>* (1)/Cr>* (2) ratio is 
reached. The distribution of the Cr" 
ions onto the different transition- 
metal sites certainly depends upon the 
growth conditions of the alexandrite; 
in order to force enough Cr ions 
onto the compressed lattice sites either 
very high temperatures and low 
pressures or low temperatures with 
high pressures are necessary. Such ex- 
treme conditions happened to occur 
very rarely in the birth chambers of 
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the alexandrite (not to mention the 
extreme rarity of the chromium) so 
that natural specimens with a good 
color change are purely accidental! 

The foregone explanation may be 
preliminary and perhaps it is an over- 
simplification but it had to be adapted 
to different grades of scientific educa- 
tion of the readers. To understand 
the miracle does not deny its ex- 
istence! 

In the above considerations the iron 
was not mentioned because it exerts 
no influence on the alexandrite effect. 
If present in sufficient quantity as to 
affect the color by imposing its ab- 
sorption upon that of the chromium, 
Fe? may impair the purity of the hues 
in day and incandescent light. Thus 
iron is often responsible for the 
brownish tint of some alexandrites 
from Sri Lanka. In addition, iron acts 
as a powerful inhibitor in that it 


prevents the alexandrite from emitting 
luminescence. 


Behavior under short wave radiation: 

Table 1 reveals that iron partici- 
pates with 0.7% of the total amount of 
chemical elements in the composition 
of the Manyara alexandrite. This is 
approximately three times that of 
chromium. Yet, it appears to be insuf- 
ficient for completely suppressing the 
luminescence, for contrary to alexan- 
drites from other sources which are 
normally inert to shortwave illumina- 
tion, the Manyara alexandrite glows 
faintly in UV light but does not 
respond to X-rays. This distinct lumi- 
nescence serves as a welcome virtue of 
distinction from (a) genuine alexan- 
drites from other deposits and (b) 
both types of synthetic alexandrite 
presently known. Table III offers a 
clear survey of the behaviour under 


Figure 5. A “parcel” of dark blackish brown biotite flakes (32x). 
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Figure 6. A section of a “fingerprint” inclusion, i.e. a partially healed fracture 
marked by a system of intercommunicating channels of residual liquid (40x). 


Figure 7.Pseudohexagonal arrangement of color zones alternatively dark and 
pale green (32x). 
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short wave radiation of the various 
genuine and synthetic alexandrites. 

The immediate deduction to be 
assumed from the positive response of 
the Manyara alexandrite to UV radia- 
tion would be that it contains less iron 
than the alexandrites from the other 
localities. This observation is also con- 
firmed by the high degree of trans- 
mission of the Manyara alexandrite in 
long wave UV light. Under short wave 
UV radiation all natural alexandrites as 
well as flux grown synthetic alexan- 
drites are opaque, while the 
Czochralski pulled synthetic alexan- 
drites are transparent. 

Inclusions 

The internal paragenesis of the 
Manyara alexandrite is typically 
moulded by its mode of formation and 
the component minerals of the mother 


rock, Therefore it is not surprising to 
encounter some minerals of the ex- 
ternal mineral association such as 
actinolite and biotite. The actinolite 
occurs in the form of fibres or stalks 
either discretely distributed or then 
concentrated in irregular massés or as 
slightly divergent sheaves. Close and 
dense arrangement of fine actinolite 
fibres may cause chatoyancy in some 
specimens. The biotite also either 
assembles in the well known form of 
so-called “books” or hovers as indi- 
vidual flakes in the body of its host 
gem (Figure 5). In one small alexan- 
drite an individual, well formed crystal 
of apatite was observed. 

The majority of those Manyara 
alexandrites excelling in inclusions 
contain mainly fanciful liquid inclu- 
sions which traverse the whole crystal 


TABLE III 


ALEXAN LUMINESCENCE | Teansparency Opacity in 
DRITE fong wave short wave in long wave short wave 
ROM UV light UV light X-Rays UV fight UV light 
i 365 nm 254 nm 365 nm 254 nm 
Lake Manyara| medium weak inert aod opaque 
dull red yellowish g Eso | 
Novello inert inert inert medium opaque 
Rhodesia | | 
Ratnapura inert inert inert medium | Opaque 
Sri Lanka 
—— 
Tokowaya 
Ural Mts. inert inert inert medium opaque 
Siberia 
Synthetic 
Alexandrite 
flux grown distinct very weak inert very good Opaque 
(Patterson) | orange red | reddish 
ff 
Czochralski 
pulled strong red strong red inert excellent transparent 
(Dr. Morris) 
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at random and display the character- 
istic appearance of secondary inclu- 
sions or partly healed fractures. Their 
pattern is decided by liquid filled 
tubes or channels which are more 
loosely disseminated or then by dense 
and irregular arrangement of ramifying 
veins and capillaries (Figure 6). No 
small number of Manyara alexandrites 
display periodic growth either by a 
layered distribution of the color or a 
pseudohexagonal zonal accord of light 
and darker shades (Figure 7). 

Unfortunately the supply of this 
magnificent precious stone from Lake 
Manyara will presumably always re- 
main rather uncertain or at least very 
irregular and in any case too scarce as 
to satisfy a receptive market, and the 
exhorbitant prices which were asked 
from the beginning did not help to 
promote the gem’s popularity. 
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Developments and Highlights 
at GEA’s Lab 


in Santa Monica 


By RICHARD T. LIDDICOAT, JR. 


Assembled Hornbill 

Recently, a snuff bottle reputed to 
be hornbill came in for identification. 
It is shown in two views in Figures / 
and 2. Yhe body of the material is 
light brown and the wings of what 
apparently represent a cicada are a 
dark brownish-red, typical of hornbill 
casque. Chuck Fryer’s examination 


Figure 7. 
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under magnification with strong over- 
head light revealed spherical bubbles 
underneath the brownish-red wings, 
proving to his satisfaction that. the 
wings had been cemented to the body. 
Figure 3, taken at 25x, shows a por- 
tion of the wing (darkest area) and the 
zone where the top of the body has 
been built up from some type of 


Figure 2, 
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Figure 3. 


casein cement (the area that is slightly 
darker than the under body). This 
cement area is full of spherical bub- 
bles. Figure 4 is the top view of the 
bottle (taken at 15x) showing that the 
tip of the beak was probably cut off. 
The area was filled with casein cement 
and apparently then drilled for the 
stopper. The cement portion is the 
darker area shown in Figure 4, The bot- 
tle appears to have been assembled par- 
tially from hornbill. 


Rare Spodumene Cat’s-Eye 
One of the most interesting stones 
encountered recently in the Santa 


Ph 
Figure 4. 
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Monica Laboratory was a loose stone 
that was semitranslucent and that had 
a reasonably good eye. The surprising 
thing about it was that it turned out to 
be spodumene. We had never seen a 
spodumene that even closely re- 
sembled chatoyant material. To make 
doubly certain that the identification 
was correct, we resorted to X-ray 
diffraction to prove it. This unusual 
stone is shown in Figure 5. 


African Alexandrites? 

We received a group of alexandrites 
which in their reactions to ultraviolet, 
both long and short wave, seemed very 
similar to the reactions we expect 
from synthetic alexandrite. The trans- 
parency to the shortwave test sug- 
gested that they were synthetic, 
but the inclusions looked natural. 
Tested on the Luminoscope, they 
showed a distinctly different reaction 
from synthetic material. They were 
identified as natural, without any 
question. What it proves is that the 
transparency to shortwave testing is no 


Figure 5. 
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longer viable. One stone glowed red to 
longwave, and yellow to yellow-green 
to shortwave ultraviolet; it was color- 


zoned red and green in its fluorescence 
to the Luminoscope. Some of the 


inclusions are shown in Figures 6 


through 10. Figures 9 and 10 show 
two views of a very fluxlike inclusion 
that was obvious in one of the stones. 
Hexagonal appearing inclusions with 
stress cracks are seen in Figure 6. 


Figure 6. 


Figure 7. 
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Figure 9. 


Figure 10. 
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Figure 11. 


Figure 7 shows transparent light green 
included crystals at 126x. Another 
view of the same inclusions is shown in 
Figure 8. Figures 9 and 10, the first 
taken at 48x and the second at 126x, 
illustrate the fluxlike inclusions. 


Interesting Quartz? 
Inclusion in Emerald 
On another occasion, we en- 
countered an interesting crystal inclu- 


Figure 12. 
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sion in a natural emerald from Colom- 
bia. It appeared to be a doubly termi- 
nated quartz crystal. The inclusion is 
shown in Figure 11, taken at 63x. 


A Knotty Problem In a Diamond 

We received for identification a ring 
set with a greenish-brown diamond 
weighing slightly over 3 carats, That 
the color was natural was easily proved 
to our satisfaction. Surprisingly, there 
was no X-ray fluorescence. Figure 12 
is a picture of the diamond table 
showing that it was really full of 
knots. This is the most knot-filled 
diamond in memory. 


Botryoidal Opal 

In Figure 13, we see an inclusion in 
a botryoidal opal. The photograph is 
taken at 63x. We do not know the 
nature of the inclusion. In the Spring 
1967 issue of Gems & Gemology we 
showed another picture of the botryoi- 
dal structure in a type of opal. This 
unusual opal appears under magnifica- 
tion to have sections of curved striae 
(Figure 14). We have seen this only in 


Figure 13. 
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Figure 14. 


opal from one locality in northern 
Mexico. The surface of the rough opal 
shown in Figure 15 is botryoidal in 
nature. Figure 16 shows one mote 
inclusion in botryoidal opal. This re- 
sembles a crablike nebula. 


Unknown Inclusion 

In Synthetic Emerald 
We received a synthetic emerald for 
identification which had in it a large 
crystal with an appearance similar to 
that of a spodumene crystal. We never 
heard of a spodumene inclusion in 
synthetic emerald. Even though the 
flux used probably contains some 


Figure 76. 
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Figure 15. 


lithium, it seems an unlikely possi- 
bility. See Figure 17. 


Devitrifying Glass 
A spherical gas bubble in glass about 
which devitrification is taking place 
and distinct zones of crystallization 


Figure 17. 
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Figure 78. 


are visible is shown in Figure 18. To 
have the crystallization appear to 
nucleate around the bubble is new in 
our experience. 
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Inside and Outside of GIA’s 
New Headquarters in Santa Monica 


New GIA Headquarters Building, 
Santa Monica, California 


A view of the popular student lounge on the second floor of the Institute. 
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Popular one-week class in Diamond Appraising is held in Santa Monica. Classes are limited 
in size to give students close personal attention. 


Students and staff enjoy 
relaxing in the southern 
California sunshine at 
the side entrance during 
break time. 


FALL 1976 217 


Developments and Highlights 
at GEA’s Lab 


in New York 


By ROBERT CROWNINGSHIELD 


Diamonds-Diamonds-Diamonds 

The overwhelming majority of the 
hundreds of diamonds examined each 
week in GIA laboratories are relatively 
free of flaws so that any stone with 
photographable inclusions is a rarity. A 
few such stones have been seen in New 
York recently among which is the 


Figure 7. 
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laser-damaged 10-carat pear-shaped 
stone shown in Figure I, Branching 
from the main drill hole is an erratic 
pattern of subsidiary holes shown. in 
Figure 2. Without doubt the damage 
contributed to the I; grade. We have 
seen small cleavages radiating from a 
laser hole before but not this type of 


Figure 2. 


GEMS & GEMOLOGY 


Figure 3. 


damage. We have no history of the 
stone as to when the technique was 
applied. In Figure 3 we see a lasered 
stone of which some history is known. 
It was presumably done early in the 
application of the process and the 
surface of the table has become 
brown. The owner repeatedly tried to 
clean the stone not knowing that it 
was a laser drilled stone and that the 
technique had resulted in a burned 
surface. Although we advised that the 
surface could be polished and the 
discoloration removed, there was a risk 
of creating pronounced drag lines lead- 
ing away from the hole. This fact we 
failed to mention when describing the 
diamond with 17 laser drill holes in 
the Winter 1975-1976 issue of Gems & 
Gemology. (Figure 4, page 124) 


Unusual “Fish Skeleton” Cleavage 

Another rather weird inclusion 
photographed recently appeared to be 
an excellent rendition of a fish skele- 
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Figure 4. 


ton. It was actually a cleavage on the 
table which reflected the striations 
along the cleavage, giving the whole a 
remarkable symmetry. See Figure 4. 


A Simple Test 

The ‘‘tilt test” for getting some idea 
of the relative refractive index of 
diamond substitutes has been recom- 
mended and does have a certain appli- 
cation in gem testing. The idea behind 
it is that in comparison with diamond 
with its refractive index of 2.417, 
most gem materials of lower index will 
leak light as seen when the stone is 
tilted so that one observes the back of 
the stone through the table but at an 
angle. An attempt to illustrate this is 
shown in Figure 5. Of course, there are 
limiting factors in both making and 
photographing the test. One factor is 
that stones are not all equally well 
proportioned for the index involved 
nor are they equally well polished. 
However, in the photograph we can 
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Figure 5. 


see that there is more leakage of light 
with the stones of low refractive in- 
dex. Quartz is “blackest” as shown in 
the stone on the right. Next is syn- 
thetic spinel, synthetic sapphire, 
“YAG,” “GGG,” Zircon (note the 
effect of abraded facet junctions), 
strontium titanate, diamond and last, 
synthetic rutile. Note the preponder- 
ance of first surface reflection in the 
synthetic rutile. 


Emeralds-Emeralds-Emeralds 

With emeralds apparently at an 
all-time high in demand and popu- 
larity, we continue to see new imita- 
tions and substitutes. For a change, we 
illustrate an excellent natural substi- 
tute in Figure 6 which proved to be 
aventurine quartz. In appearance it 
closely resembled the type of Colom- 
bian material known as “trapiche.” 
Even the black flecks illustrated in the 
picture contributed to the resem- 
blance. The glass imitation of emerald 


shown in Figures 7 and 8 was a real 
fooler, Under a loupe no clearly dis- 


cernible gas bubbles were seen but 
indistinct “flaws” typical of natural 
emeralds were observed. There was 
even a layered effect resembling planes 
of calcite (Figure 8). Another imita- 
tion rough emerald crystal is shown in 
Figure 9. This concoction was not 
easy to determine as to components. 
Green plastic (which was red under the 
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Figure 6. 


filter) provided the color. The decep- 
tion was heightened by the natural 
appearing “‘matrix” consisting of an 
earthy micaceous material held in a 
mastic or cement. Again, the client 
was amazed to find out that his 
“investment” for which he was offered 


Figure 7. 
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Figure 8. 


a “profit” if a satisfactory laboratory 
report could be secured was in fact 
worthless. (Except back in Colombia 
where it could be used again!) 

Recently we examined a very nice 
translucent green stone with two phase 
inclusions in which the gas bubbles 
were enclosed in cubes reminiscent of 
the inclusions we have seen in fluorite. 
The stone proved to be emerald but 
we certainly did not recognize a 
source (Figure 10). 


Odd Diamond Inclusions 

A very shallow cleavage in a dia- 
mond submitted for grading resembled 
a Trojan Horse head (Figure 1/). The 
orange-brown. natural color diamond 
shown in Figure 12 contained a dense 
white cloud that resembled a marsh- 
mallow with a six ray star. 

Zirconium Oxide 

We are grateful to Mr. Marvin S. 
Bankoff of MSB Company, New York, 
for a sample round brilliant of the 
zirconium oxide described in the 
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Figure 9. 


Spring 1976 issue of Gems & Gem- 
ology by Dr. Kurt Nassau. Tentatively, 
Mr. Bankoff plans to market it under 
the trade marked name Diamonique 
Ill. (Diamonique I was his name for 
YAG and Diamonique II the name for 
GGG.) A fingerprint inclusion runs 
across the table of the stone (Figure 


Figure 10. 
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Figure 77. 


13) and resembles a reflective grain 
line. 
Some Foolers 

The irregularly oriented black 
needles in the translucent chatoyant 
cabochon shown in Figure 14 took us 
by surprise as the host is cat’s-eye 
chrysoberyl. 


Figure 12. 


Figure 15 illustrates what for all the 
world appears to be the engine-turned 
appearance one associates with carved 
ivory. In fact, though, the piece is a 
plastic netsuke. 


Figure 13. 
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Figure 14. 


GEMS & GEMOLOGY 


Figure 15, 


A fine quality translucent jadeite 
was selected for the hololith ring 
shown in Figure 16. It was then 
selectively dyed green on the top. 

Use of a fine-grained calcite similar- 
ly selectively dyed can only be looked 
on as reprehensible. Figure 17 shows 
what can happen the first time a 
customer wears such material in a 
hololith bracelet. 
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Figure 16. 
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A Critical Examination 
of Synthetic Turquoise 


J. D. WILLIAMS, Ph.D. 
Mercyhurst College 
Erie, PA 16501 


ABSTRACT 


Several synthetic and imitation tur- 
quoise specimens have been examined 
and compared with natural turquoise 
with respect to five criteria: elemental 
composition, X-ray diffraction pat- 
tern, possible presence of a binder, and 
conventional gemological tests. 

“Gilson Created Turquoise” (P. Gil- 
son S. A. Lapidaries) appears to meet 
all five criteria and can therefore be 
considered a “synthetic” turquoise. 
“Turquite” (Turquite Minerals) did 
not correspond to turquoise either by 
elemental composition or by X-ray 
diffraction pattern. “Simulated Tur- 
quoise” or “True Synthetic Turquoise” 
(Syntho Gem Co.) and “‘Reconstituted 
Turquoise’ (Adco Products) had ap- 
proximately the right composition, 
but did not have the turquoise struc- 
ture. These three products should 
accordingly be designated “imitation” 
or “simulated” turquoise. 


Introduction 
Turquoise is a hydrated copper alu- 
minum hydroxy phosphate CuAl¢ 
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By 


K. NASSAU, Ph.D. 
Bell Laboratories 
Murray Hill, N.J. 07974 


(PO4)4(OH)g°SH20 (triclinic, PT) 
with a calculated composition 19.90% 
Al, 15.23% P, 7.81% Cu and 1.97% H; 
some iron is usually present, as little as 
0.15% Fe in the crystalline material 
from Virginia. 1) In view of a consid- 
erable demand for quality material, a 
number of imitations and syntheses 
are commercially available and partial 
descriptions have been given in various 
publications.(2,3,4,5) 

Many turquoise substitutes are sold 
as simulations or imitations, implying 
by these designations only a similarity 
in appearance. Some products claim to 
be “synthetic” turquoise, ie., a man- 
made exact equivalent of natural tur- 
quoise, or “reconstituted” or ‘“‘recon- 
structed” turquoise, implying a natural 
turquoise raw material source which is 
processed to end up as the equivalent 
of natural turquoise. 

In this study the five “turquoise” 
materials shown in Figure 1 were 
compared. They are: 


GEMS & GEMOLOGY 


Figure 1. Bottom row: natural turquoise (left), and Turquite (right); center: two 
Gilson cabochons; top: Adco {left) and Syntho (right). 


Sample 1: 


Sample 2: 


Sample 3: 


Sample 4: 


Natural turquoise, a 


nugget from Nevada; 


“Gilson Created Tur- 
quoise” from Pierre Gil- 
son S.A. Lapidaries, 
Chateau de Campagne 
Les. Wardrecques, 
62120, Aires, France; 
“Simulated Turquoise” 
(advertised as “True 
Synthetic Turquoise” at 
the time of this study) 
from the Syntho Gem 
Co., Reseda, CA 91335; 
“*Reconstituted Tur- 
quoise’” from Adco 
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Sample 5: 


Products, P.O. Box 67, 
Buena Park, CA 90621 
(this material was in the 
form of “‘heishi’’ beads; 
slabs for cabochons 
tested as plastic with an 
S.G. 1.44, RA. 1.57); 
and 

‘‘Turquite” simulated 
turquoise from Tur- 
quite Minerals, Deming, 
NM 88030. 


Criteria of Distinction 
In a recent account one of us(5) has 


published a set of criteria against 
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Figure 2. Scanning Electron Microscope 
elemental analysis curves (energy dispersive 
mode]; Syntho and Adco are similar to the 
Gilson curve. 


which the designation “synthetic” 
may be judged for non-single crystal 


gem materials. It is proposed that the 
synthetic should duplicate the natural 
at the atomic level (chemical composi- 
tion, cause of color, etc.); at the X-ray 
diffraction level (crystal structure); at 
the electron microscope level (optical 
effects, if any), and at the visual level 
(appearance to the unaided eye). At 
the microscopic level (100 nm to 1 
nm) there may be some variability, as 
there is in fact among different species 
of any natural material (and hence 
some variability in the many conven- 
tional gemological tests, by which 
these materials are distinguished). 

A scanning electron microscope, 
SEM (ETEC Autoscan operated at 20 
kV) was used for detailed examination 
including semi-quantitative compara- 
tive analysis in conjunction with an 
X-ray energy spectrometer (KEVEX 
model. 5100C) and also for elemental 
mapping. 

The relevant elements not accessible 
to this technique (carbon and hydro- 
gen) were analyzed for separately by 
combustion and gravimetry. 


TABLE I 
Composition of the Various Turquoise Specimens Studied 
Impurity 
Major Minor Elements4 
Elements@ Elements4 (about 1% Carbon. Hydrogen 
Sample (over 10%) (10% to 1%) or less) wt, %5 wt. % 
#1 Natural A1,P Cu Fe,Si 0.34 2.1 
#2 Gilson Ai,P Cu _ 0.69 2.1 
#3 Syntho A1,P Cu - 2.6 2.1 
#4 Adco A1,P Cu - 2.8 3.0 
#5 Turquite Si,P,S Cu,A1 _ 6.9 1.9 
Theory® Ai,P Cu = _ 2.0 
3 by SEM 


b by combustion and gravimetry. 
© for CuA1g(PO4)4(OH)g°5H20 
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Figure 3. Powder X-ray diffraction curves; 
the numbers on the Nevada curve are the 
@ spacing in A and the intensity in parenthe- 
ses taken from the ASTM File Card 6-0214. 


Pyrolysis was performed at a rate of 
2°C/min in. an inert atmosphere (flow- 
ing nitrogen) and the products ana- 
lyzed in a UTC-100 pe eS See Ine 
ter. 

Gemological parameters were de- 
termined by the usual “techniques(7) 
(R.I. by the spot method; specific 
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gravity by hydrostatic weighing; short 
and long-wave ultra violet fluores- 
cence, and examination under magnifi- 
cation). 


Results 

Elemental compositions from the 
SEM in the energy dispersive mode are 
shown for three of the materials in 
Figure 2. The Adco and Syntho prod- 
ucts gave curves similar to the Gilson 
curve of Figure 2B. It can be seen 
immediately that the Turquite ma- 
terial does not have the turquoise 
composition, containing little, if any, 
Al and much Si, S, and Ca. The 
natural turquoise contains small 
amounts of Fe and Si, the former as 
expected,(!) the latter indicating some 
trace silicate contamination. © 

Table I contains these results to- 
gether with C and H analyses. It can be 
seen that the Gilson product analysis 
is very close to the natural turquoise 
results; the absence of significant 
amounts of iron indicates it is pro- 
bably made from fairly pure ingredi- 
ents. The low iron content also ex- 
plains why the weak iron spectrum 
seen in natural turquoise is absent in 
the Gilson product. 

Syntho and Adco contain consider- 
able excess carbon, and Turquite just 
does not fit the turquoise composi- 
tion. 

Results of powder X-ray diffraction 
add further information. Here, as 
shown in Figure 3, only the Gilson 
product has the same crystal structure 
as natural turquoise. Syntho and Adco 
are very similar to each other, with the 
correct chemical composition, but not 
the turquoise crystal structure. The 
Turquite product also does not have 
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Figure 4. Scanning Electron Microscope 
view of the Syntho product, field of view is 
3mm across. 


the correct crystal structure for tur- 
quoise. 

Microscopic and SEM examinations 
show a very coarse structure for Tur- 
quite, visible even in Figure I. Syntho 
and Adco have a finer structure, 
shown for. Syntho in Figure 4. SEM 
analysis showed the dark grain in the 
lower left hand corner to have a higher 
P and lower Al content than the 


surrounding lighter colored area. 

The Gilson product has a grain size 
of about 0.04 nm (404m) and shows 
some material between the grains 
which has been speculated to be a 
gel-like aluminum hydroxide cement 
by Eppler.(3) SEM examination in the 
element mapping mode shown in Fig- 
ure 5 indicates that the distribution of 
P, Al, and Cu is quite uniform. Grains 
would be slightly less than half the 
reference bars in diameter. No deple- 
tion of these elements is seen in either 
grain or intergrain regions; accordingly 
the grains and intergrain filling all have 
the same turquoise composition. 

Another question that needs to be 
answered is whether any of the carbon 
in the Gilson product could derive 
from an organic binder (plastic, poly- 
mer) or is present as inorganic car- 
bonate as in the natural turquoise. A 
sample of 6.70 mg was heated in an 
inert gas stream and the gaseous de- 
composition products were analyzed. 
Only H20 and CO and their decom- 


Figure 5. Scanning Electron Microscope views in the elemental mapping mode of Gilson 
synthetic turquoise for phosphorous (P), aluminum (A1), and copper (Cu). 
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position products were observed (to- 
gether with a trace of S09, probably a 
contamination). Figure 6 shows the 
curve at 600°C. Quite similar curves 
were obtained up to 1000°C, indicat- 
ing the absence of any organic binder. 


We are grateful to Dr. P. K. Gallagher 
for these pyrolysis results. 

The infrared reflection spectra pub- 
lished by Arnaud and Poirot(5) show 
the spectrum of the Gilson material to 
have the same peak positions as the 
natural, however with much less sharp- 
ness. The other products examined by 
them were quite different. 

The results of gemological examina- 
tions are. given in Table 2. These 
clearly permit the imitations to be 
distinguished from the natural and 
synthetic materials. Examination 
under magnification should permit the 
distinction between natural turquoise 
and the Gilson product.(2.3,4) 


Summary 
The “Gilson Created Turquoise” is 
shown to meet all the criteria pro- 
posed(6) for a synthetic non-single 
crystal equivalent of a natural gem 
material. It appears to be the only true 
synthetic turquoise so far examined. 


TABLE 2 
Gemologica! Data for the Various Turquoise Specimens Studied 


Refractive 
Sample S.G.° Index 
Natural 2.60-2.90 1.61-1.65 
(range) 
Nevada 2.66 1.61 
(Natura!) 
Gilson 2.70 1.61 
(Synthetic) 
Syntho’ 2.10-2.40 1.56-1.59 
(Imitation) 
Adco 2.20 1.58 
(Imitation) 
Turquite 2.26 1.56 
(Imitation) 
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Fluorescence under 


Iw uv sw uv 

Greenish-Yellow Inert 
to Blue 

Grey Blue Inert 

Grey Blue Inert 

Inert Inert 
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Turquite was found to be a simula- 
tion, as claimed by the manufacturer. 
The name is true of the Syntho prod- 
uct, which had previously been adver- 
tised as “True Synthetic Turquoise,” 
however. The Adco product does not 
appear to be a “reconstituted” tur- 
quoise, since it does not contain any 
significant amount of iron, which is 
always present in natural turquoise. 
Neither does it appear to be a “syn- 
thetic” turquoise, since it does not 
have the turquoise crystal structure. 
These three products are correctly 
designated “imitation” or “‘simulated”’ 
turquoise. 

Conventional gemological testing 
appears to be adequate to distinguish 
synthetic, imitation, and natural tur- 
quoise. 


The Adiel Steacy Memorial 


An annual scholarship is open to a 
resident of the city of Brockville, 
Ontario, Canada, or surrounding area 
who is in need of assistance to enable 
him to pursue the study of gemology. 
The scholarship provides actual costs 
up to a maximum of $2,500 to enable 
the recipient to attend the Gemo- 
logical Institute of America or any 
Institute in Canada of equivalent 
status. 

If there is no applicant from the 
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Developments and Highlights 
at GIA’s Lab 


in Santa Monica 


By RICHARD T. LIDDICOAT, JR. 


In the interim since the last labora- 
tory report, we have seen some 
interesting things. 


’ Laser Drilling Gone Mad 
A diamond was sent to the Santa 
Monica Laboratory for identification. 
This pear-shaped brilliant caused some 
doubts in the minds of the people who 
sent it because obviously they were 
not sure it was a diamond. The stone 


Figure 7. 
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boggled the minds of those who saw it 
because they found between 25 and 
30 laser drill holes in the table. Many 
of these are discernible in Figure 1. 
When a diamond is laser drilled 
through the table, the drill holes are 
much less apparent than when they are 
drilled through the pavilion facet. 
Pavilion drill holes appear as obvious 
white lines. If the diamond is drilled 
through the table, the drill holes are 
much less evident to a viewer who 
examines the diamond from a direc- 
tion perpendicular to the table. When 
this diamond was examined from the 
side, the appearance seen in Figure 2 
became evident. Many drill holes can 
be readily seen in Figure 2. 


Figure 2. 
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Figure 3. 


Imitation Bloodstone 

Occasionally we see imitations that 
have. been made of relatively inexpen- 
sive materials. It makes one wonder 
why the imitator bothered to do the 
job. We received a really beautiful 
imitation of bloodstone for identifica- 
tion. It was unquestionably glass but 
so beautifully done that there is no 
doubt but that it had been done 
intentionally and seemingly at great 
expense, 

Figure 3 shows a view of a portion 
of a carving purported to be blood- 
stone. The light areas in the photo- 
graph are the red spots that would 
characterize a bloodstone. However, 
since it was actually glass, it was 
surprising that the amount of effort 
that went into the making of the piece 
would have been expended on such an 
inexpensive item. Obviously, the pur- 
pose was that the material could be 
molded instead of having to be carved, 
so it made more sense than it would 
have had it not contained a carving. 
Figure 4 shows a magnification at 63x 
of one of the red spots and the pointer 
shows a bubble beside a flow structure 
within the red spot that makes it 
clearly a glass imitation. 
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Figure 4. 


Barion Cuts 
Figures 5 and 6 show two Barion 
cut diamonds, one a square and the 
other rectangular. These were very 
attractive stones that used this rela- 
tively new style of cutting. 


Repairs and Alterations 
of Jade Carvings 
We received in for identification a 
two-piece carving on which damage 
has been sustained on the top piece. 


Figure 5. 
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Figure 6. 


To repair the break, plastic material 
had been added, which is shown in 
Figure 7. The right hand portion and 
the ring surrounding the left hand 
portion were of nephrite jade but the 
plastic addition to replace the broken 
piece is shown as the shinier left hand 
top portion in Figure 7. Another 


Figure 7. 
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nephrite jade carving in the form of 
the disc had a drill hole through it 
originally to take care of a chain. The 
hole had been filled in and is seen as 
the gray area at the center of Figure 8. 
This was very obvious to the eye in the 
examining of the stone. 


True Canary 

A truly lovely square-cut canary 
diamond in a turn-of-the-century plati- 
num mounting was received for identi- 
fication and a determination as to 
whether the color was natural. It hada 
beautiful. orangy fluorescence to both 
short-wave and long-wave ultraviolet 
and was totally without the usual cape 
spectrum of a canary diamond. This is 
what Basil Anderson, longtime direc- 
tor of the London Laboratory, 
referred to frequently as a true canary. 
It was a very lovely stone. We do not 
see these very often. 


Rare and Unusual Stones 

Recently, we received for identifi- 
cation a 6.07 oval-mixed cut brown 
stone which proved to be sinhalite. It 
showed all of the four absorption lines 
we expect from this relatively rare 
gemstone and was a very attractive 
stone. We also received as a gift from 


Figure 8, 
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Figure 9. 


our old friend, Edward R. Swoboda, 
two crystals of a very rare gem 
material — jeremejevite. One was 
colorless and the other blue. Another 
interesting identification was a color- 
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less brilliant that the sender suspected 
of being a new diamond imitation. The 
specific gravity turned out to be 5.57, 
the hardness of 6 to 6%. It was singly 
refractive and inert to both short-wave 
and long-wave ultraviolet. The 1.17- 
carat round brilliant showed.a faint 
yellow fluorescence to X-rays. We 
were asked to do an X-ray diffraction 
study on it, and found that it con- 
formed best in structure to a 
dysprosium gallium oxide. In view of 
the fact that all the figures we have for 
this compound give much higher speci- 
fic gravity values, we doubt that this is 
exactly what it is, but it is obviously a 
rare earth synthetic with a garnet 
structure. 
A New Use of Gilson Synthetic Opal 
A really spectacular black opal 
triplet was received by our Laboratory 
for identification. This turned out to 
have a glass top and a good solid opal 
back, but the black opal portion 
showed the usual mosaic structure of 
the Gilson synthetic opal. We learned 
from our New York Laboratory that 
they too had recently encountered 
such a use for Gilson synthetic opal. 
See Figure 9. : 


More Notes on Diamond Inclusions 

Again, we encountered some very 
interesting inclusions in diamond. 
What appeared to be an oval bubble is 
portrayed in Figure 10. This was 
actually a very flat inclusion in a 
cleavage plane with a separation away 
from a tiny crystal inclusion. But in 
this view, it does look very much like 
an oval bubble. In a pink diamond sent 
in for identification, a number of 
needlelike inclusions were observed 
and are seen in Figure 11. Such inclu- 
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Figure 77. 


sions are not exceedingly rare in a pink 
diamond but they showed up rather 
more clearly than usual in this illustra- 
tion. 


“Bubble” in Natural Sapphire 
What appears at first glance to bea 
circular bubble in a natural sapphire is 
seen in Figure 12. A second look at it 
from the side indicates that it is 
actually flattened and that it is neither 

spherical nor a bubble (Figure 13.) 
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Cathodoluminescence of Gem Materials 
A Short Review 


BY 
ROBERT A. P. GAAL, PH.D., G.G. 
Research Scientist, GIA 
Santa Monica, California 


Abstract 


Gem materials containing activator 
ions or structural defects luminesce in 
an electron beam and reveal features 
not visible to the eye when using 
ordinary light. This phenomenon 
called cathodoluminescence (CL) has 
been known in diamonds for nearly 
100 years. The technique has only 
recently been resurrected by mineral- 
ogists as a fallout from the develop- 
ment of the electron microprobe 
analyzer. Results obtained so far pro- 
mise versatile possibilities of applica- 
tions to gemology and the jewelry trade, 
especially when coupled to a scanning 
micro-spectrophotometer. This tech- 
nique can produce luminescent colors 
and spectra useful in research which in 
turn can be used to detect and identify 
gem materials, show crystal structural 
defects not observed by other means, 
separate natural, synthetic, and imita- 
tion gemstones, exhibit zoning, detect 
certain dyes and enhancement pro- 
cesses, and be used by the prospector, 
miner, sorter, cutter, and gem synthe- 
sizer in separations, sorting and quality 
control functions. The structural and 
compositional variations reveal poten- 
tial genetic implications. 


Introduction 

Mineralogists and gemologists have 
used UV excited fluorescence for iden- 
tification for many years, yet little 
attention has been given to the appli- 
cation of electron excited lumines- 
cence by microscopic examination 
until recently in the study of dia- 
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monds. How paradoxical this is since 
diamond was one of the first crystals 
in which cathodoluminescence was 
observed. Crookes in. 1879 initially 
reported the phenomenon of cath- 
odoluminescence (CL) in gemstones. 
As one of the pioneers in the use of 
luminescence as a gemological tech- 
nique, Crookes, along with Maskelyne, 
studied the effect in diamond, 
sapphire, ruby, emerald, zircon and 
other minerals nearly 100 years ago. 
They found that when gemstones were 
subjected to the negative discharge in 
vacuum, they “shine with a great 
splendor.” 

In the 1920’s, H. Michel and G. 
Ried! of Vienna investigated the lumi- 
nescence of gemstones using cathode 
rays and later B. W. St. Clair studied 
cathodoluminescence of natural and 
synthetic sapphires. He was able to 
detect and identify. the phosphores- 
cent synthetics from the natural 


stones. 
Although the phenomenon of CL 


has been known for many years, the 
“modern” period of development of 
luminescence microscopy perhaps only 
began in the early 1960’s when J. V. 
Smith (1965) at the University of 
Chicago and J.V.P. Long and S.O. 
Agrell (1965) of Cambridge University 
published papers on the use of lumi- 
nescence as a petrologic technique. 
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The renewal of the method was a 
result of the development of the elec- 
tron-bombardment-stimulated X-ray 
microprobe analyzer (EMP) of the late 
1950’s and early 1960’s, in which 
cathodoluminescence was commonly 
observed. as a by-product of studies 
undertaken for other purposes. 

Some of the most recent studies with 
CL involve “lunar rocks,” emeralds 
from Colombia and CL scanning elec- 
tron microscope studies of diamond by 
the De Beers Diamond Research Lab- 
oratory and various universities in 
England, Germany, and Holland. See 
Escobar and Mariano, 1976. 

In 1965, the Nuclide Corporation 
developed an inexpensive device that 
could be attached to an ordinary 
microscope for observing specimens 
under electron bombardment having 
energies of up to 20,000 volts. The 
resulting instrument was called the 
Luminoscope®- See Mariano, 1975. 

Recently, the Gemological Institute 
of. America acquired a Nuclide Lumi- 
noscope® ELM-2A, a new _ third- 
generation cathodoluminescence in- 
strument for the convenient and eco- 
nomical observation .of specimens 
under electron bombardment. This 
unit is. compatible with almost all 
microscopes so that the CL phenome- 
non can be seen at various magnifica- 
tions. 


Luminoscope® 

What is the Luminoscope® and 
what does it do that other instruments 
cannot do for gemology? First, it can 
be visualized as a miniature TV tube in 
which the TV screen can be considered 
to be the gem sample. It resembles a 
horizontally mounted electron micro- 
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scope in that an anode draws electrons 
from a cold cathode, then passes them 
along a column consisting of a metal 
tube with magnetic condensor objec- 
tive lenses. These lenses (magnets) 
focus the electron beam onto a small 
sample area. The electrons then ex- 
cite the sample and cathodolumines- 
cence, thermoluminescence and some 
X-rays are produced. 

The basic instrument and its com- 
ponents shown in Figure I consists of 
a high voltage power supply control 
unit, and vacuum specimen chamber 
with attached electron gun. Figure 2 
illustrates its schematic arrangement. 

The control unit consists of a high 
voltage power supply (0-18 keVDC) 
current monitor (8uA-2mA) and 
focusing controls (system). The 
vacuum specimen chamber has. an ob- 
servation window and holds 2” x 3x 
1/2” specimens. The GIA instrument 
(specimen chamber and electron gun) 
is mounted on a stereomicroscope. An 
internal X-Y translating stage allows 
specimen positioning within the cham- 
ber. A variable leak valve is attached to 
the chamber to maintain a glow dis- 
charge. The electron gun attached to 
the vacuum specimen chamber uses a 
cold cathode discharge at mechanical 
pump pressures (10-25 millitorr). De- 
tails of the specimen chamber and 
electron gun are shown in Figure 3. 
Because of the cold cathode discharge 
environment, specimens do not require 
a conductive coating. 


Theory of Cathodoluminescence . . . 

or Why Do Gem Materials Light Up 
Cathodoluminescence (CL) simply 
means electron stimulated lumines- 
cence. Luminescence is the term used 
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Figure 1. The Luminoscope®, Model ELM 2A, with specimen chamber installed on a 
Gemolite stereomicroscope, with vacuum pump, helium system, and power supply attached. 


for light emission that cannot be 
attributed purely to thermal origin. 
When it is produced by ultraviolet or 
visible. light, it is called photolumines- 
cence. This is the classical or common 
type of optical fluorescence seen by 
gemologists. If, however, the lumines- 
cence or visible radiation is produced 
by high speed electron bombardment, 
the phenomenon is called cathodolu- 
minescence, 

The most familiar used of catho- 
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Figure 2. Schematic diagram of cathodo- 
luminesce system. 
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doluminescence is in the picture tube 
of television sets. Let’s look at the 
analogy of the TV picture tube as 
shown in Figure 4. An electric current 
flowing through the heater filament 
causes the cathode, a metal cylinder, 
to get hot and a continuous cloud of 
electrons is “boiled off’ which passes 
through the anode on its way to the 
screen where it strikes the inside phos- 
phor coating of the tube and causes it 
to “light up.” The screen .of a tele- 
vision picture tube consists of many 
crystals of phosphor capable of pro- 
ducing luminescence when bombarded 
by electrons. When a fast-moving elec- 
tron strikes one of the crystals, its 
molecules absorb the energy of impact 
and some of the electrons, bound in 
the crystal, are raised to higher than 
normal energy levels. As they drop 
back to the unexcited or ground state, 
the electrons give off visible light, with 
an intensity depending upon the 
energy from the impinging electrons. 
Similarly, the Luminoscope® works 
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Figure 3. Luminoscope® Model ELM-2A specimen chamber showing features (plan and 
section). Courtesy of Nuclide Corporation, Acton, Mass. 


in much the same way, except the gem 
material lights up and becomes the 
glowing screen. Instead of using a 
heater to produce electrons, the 
Luminoscope® uses a cold-cathode 
emission technique to produce an elec- 
tron beam. A high potential difference 
of several thousand volts is placed 
between the anode and cathode to pull 
the electrons free from the cathode. 
The gem material is bombarded in a 
vacuum chamber to permit passage 
and minimize attenuation of the elec- 
tron beam. 

Since the physics of CL can become 
quite complex very quickly, the reader 
is referred to references on color in 
gem materials by Nassau in Gems and 
Gemology 1975-1976, Loeffler and 
Burns (1976), and for an in-depth 
presentation of the theory of lumine- 
scence, see Garlick (1958), Leverenz 
(1950), and Burns (1970). Numerous 
other papers discussing the details 
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of the electronic processes involving 
transitions from excited states to 
ground states, and other solid state 
phenomena, are listed in the afore- 
mentioned references. However, I be- 
lieve that the conceptual analogy of 
the TV picture tube will suffice for the 
practicing gemologists. 
Although the theory of CL is quite 
complex, the effect is readily seen 
when the electron beam current is a 
few micro-amps (uA) and the high 
voltage is about 5 to 18 keV. This 
voltage is sufficient to accelerate the 
electrons to speeds of almost a quarter 
HORIZONTAL 
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PLATE 1 


a. Labradorite, left, calcite, right, showing b. Benitoite with characteristic intrinsic 
CL suppression by iron. blue CL. 


c. Natural ruby with disrupted structures d. Synthetic ruby (Kashan) with character- 
suggesting interrupted growth. istic parallel zonation in CL. 


e. Diamond with complex growth zones, f. Natural white jadeite in CL. 
slip and dislocation bands. 


g. Diamond melee of two different dia- h. Diamond exhibiting complex structures 
mond types. and diamond type mixtures. 
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PLATE 2 


a. Synthetic alexandrite with growth band- b. Natural green diamond showing different 
ing showing changes in composition. compositional types in CL. 


c. Diamond with floating disrupted struc- d. Diamonds with red and blue CL. 
tures of different types. 


e. Dyed green jadeite. f Dyed lavender jadeite. 


e 


g. Natural green jadeite spot at initial CL. h. Green jadeite spot in 2-9 turns red after 
10 secs {thermoluminescence). 
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of the speed of light. When the elec- 
trons strike the gem material, they are 
brought to rest and their kinetic 
energy is dissipated, mostly as heat, in 
the atomic structure of the bombarded 
material. Depending on lattice distor- 
tions, imperfections, intrinsic features, 
or impurity ions, some of this energy 
is radiated back as light — this is 
cathodoluminescence. 

Minerals owe their CL to the pres- 
ence of impurity activators, structural 
defect centers, or to intrinsic proper- 
ties. Variations in intensity of lumin- 
escence may be due to variations in 
activators and/or quenching ions. 
Activators are imperfections such as 
impurities or defects in structures that 
cause luminescence as a result of 
changes in electronic states. CL 
appears to be generated only in a very 
thin layer in or near the surface. 


Experimental Method 


Gem materials analyzed with the 
Luminoscope® included _ faceted, 
cabochons, crystals, and rough 
materials. There is no need for coating 
the samples with a conductive paint 
since charge neutralization occurs 
rapidly and there is very little charging 
at the low pressure in the chamber. 
The chamber and electron gun unit is 
attached to a stereomicroscope for 
viewing. CL was induced by 5 to 18 
keV electrons in an irradiation cham- 
ber; the specimens were examined 
microscopically during irradiation and 
luminescence observed visually. Ideally 
these data also should be recorded 
spectrophotometrically. Spectra of the 
new diamond simulant cubic zirconia 
quickly identify it. Zirconia has a broad 
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band in CL peaking at about 475 nm 
with a small satellite peak at 612 nm 
which is different than diamond (per- 
sonal communication, A. Mariano, 
1977). Two micro-spectrophotometer 
systems were tested, one of which was 
computerized and data output (spec- 
tra) was plotted on an X-Y recorder. 

Energies used in this study cause 
electron penetration depths of 1 to 2 
um (Garlick, 1966). Davies (1975) 
has calculated the depth of penetra- 
tion in diamonds and shown it to bea 
near surface effect. For 10 keV, the 
depth of penetration is 1.4 um and for 
50 keV about 20 um. Therefore, CL 
excites a very small volume of the gem- 
stone. The size of the energized vol- 
ume is equal to the area of the spot 
diameter, 1 cm. (104 um) for the un- 
focused beam and 1 mm. for the 
focused beam and depth about 10 um. 


Samples are first cleaned in distilled 
water where applicable and wiped dry 
with a lint free absorbent tissue where- 
upon they are placed in the specimen 
tray and their position is plotted on a 
sheet of paper so that their response to 
CL can be identified and recorded. 
The samples are placed in the vacuum 
chamber which is pumped down to a 
pressure of 15-30 mtorr in less than 3 
minutes. Once this vacuum has been 
reached, the cold cathode discharge 
source is turned on and the beam 
voltage adjusted to produce lumines- 
cence. The electron beam can be 
focused at a diameter from 1 mm. to 1 
cm. on the desired specimen. The 
response of the gem -material is re- 
corded as to color, intensity, patterns, 
phosphorescence or no apparent reac- 
tion. See Goebel and Patzelt, 1976. 
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Specimens with dimensions up to 
2” x 3" x 1/2" can be placed into the 
chamber and are examined at magnifi- 
cation up to 90x with a stereomicro- 
scope. Samples can be changed and 
analyzed in less than 5 minutes once 
the unit has been pumped’ down 
initially. 

CL color data are summarized in 
Table I. High concentrations of iron 
or other elemental impurities tend to 
suppress luminescence. 

All photographs were taken on 
high-speed Ektachrome (160 ASA) 
with a 35-mm Nikon F2 Photomic 
camera attached to an AO stereo- 
microscope at magnifications of 10x 
to 63x, 5-18 keV, 0.5-lma, 40-50 
mtorr, for 30 to 60 seconds. See Plates 
Land 2. 


Results 

Preliminary study of various gem 
materials indicates that several can be 
rapidly identified, and suggests that 
much can be learned about gemstone 
treatment, crystal defects, origins, etc., 
based upon the features revealed by 
CL. Structural and compositional vari- 
ations. may reveal potential genetic 
implications. Crystal-zoning, some- 
times revealed only by CL, was quite 
pronounced in some crystals such as 
diamonds and synthetic alexandrite 
(Plates Id, le and 2a), The zoning sug- 
gests that the composition and environ- 
ment of crystallization was changing 
with time. 

Most diamonds have a blue CL 
color. Some specimens luminesced a 
very weak blue-yellow-green (Plate 2b), 
but did not show any obvious struc- 
tural relationships by microscope ex- 
amination. However, when the speci- 
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men was photographed, excellent 
structural defects become apparent. 
Other diamonds which originally 
luminesced various shades of blue 
turned a pink color at higher beam 
current. densities and exhibited weak 
linear zonations. Since rubies and 
emeralds luminesce in the red end of 
the spectrum, an interesting specula- 
tion is to consider the use of IR 
photography during CL. Examination 
of some dyed lavender and green jade- 
ite suggests another useful application 
of CL. The dyed luminescing areas 
seen in Plates 2e and 2f displayed by 
CL appear to be discontinuous and 
irregular, apparently following the 
crystal boundaries and cracks. 

The variety of color of some gem- 
stones may be of diagnostic value 
(Plate 1b).Carbonates usually show red 
or orange luminescence; those that did 
not apparently were iron bearing. See 
Plate la. Zoning is detected .from 
variations in color or intensity of lumi- 
nescence, possibly indicating areas of 
weakness in a stone. CL is a quick 
qualitative way of revealing chemical 
variations which could be especially 
useful in checking the homogeneity of 
synthetic or natural gem materials. 
Supplemental investigation with EMP 
or EDS would help confirm this inter- 
pretation. Because of the heating effect 
of the electron beam on (insulating 
materials) the specimen, the observed 
luminescence in some specimens was 
seen to change with time. A spot of 
green jadeite mixed in white jadeite 
was observed to turn red in a matter of 
a few seconds (Plates 2g and 2h). This 
may be a thermoluminescent effect 
due to heating. 
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Selected Gem Materials and their Cathodoluminescent colors* 


ALEXANDRITE 


c > 


DULL TO NLR. 


AMBER 


DULL YEL-GRN 


AQUAMARINE 


AXINITE 


VERY DARK 


BENITOITE 


INTENSE 


BERYLLONITE 


LIGHT 


BRAZILIANITE 


CALCITE 


CHRYSOBERYL (yel.} 


INTENSE 


LIGHT 


CHRYSOPRASE 


DULL PURP-RED 


CORAL (pink) 


DULL 


DANBURITE 
DIAMOND 


CHROME DIOPSIDE 


PALE PINK-BLUE 


INTENSE BLUE; STRUCTURES 


DULL BRN-RED 


DATOLITE 


DIOPTASE 
EMERALD 


GROSSULAR (green) 
IOLITE 
KYANITE 


LABRADORITE 


INTENSE LT. BLUE 


LAPIS. 


ORTHOCLASE (cat’s-eye) 


PEARL (Biwa; Chinese) 


FRESH WATER CULTURED 


PERIDOT 


PETALITE 


INTENSE 


PHENAKITE 


INTENSE 


PLAGIOCLASE 


PHOSPHORESCENT 


RHODOCHROSITE 


: 
E 
= 
: 
: 
: 


DULL 


INTENSE 


SANIDINE 


SPESSARTITE 


DULL 


SPHALERITE 


INTENSE 


SPHENE 


DULL 


SPODUMENE (pink) 


INTENSE 


STRONTIUM TITANATE 


TANZANITE 


PALE 


TEKTITE (moldavite) 


DULL 


TREMOLITE 


WOLLASTONITE (white) 


INTENSE 


ZIRCON (green) 


DULL YEL & PURP BANDS 


YAG (colorless) 


SYN. RUBY 


KASHAN WEAK, OTHERS INT 


SYN. EMERALD 


SYN. DIAMOND 


CHATHAM, LINDE INTENSE 


INTENSE 


*Most commonly observed color(s). 
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Diamonds proved to be one of the 
most interesting materials observed in 
GIA lab studies. Several CL examples 
of diamonds are seen in Plates 1g and 
2d. Studies by G. Davies (1975) indi- 
cated that only diamonds with ‘‘imper- 
fections’ can radiate visible CL. 
These imperfections include impurity 
ions or their aggregates and vacant 
lattice sites. The particular CL colors 
produced suggest the type of defect. 
Note that not all defects, in diamonds, 
for example N3 and ND1 centers, pro- 
duce CL. The blue CL seen in type Ia 
and IIb diamond may be due to donor- 
acceptor spectra. Furthermore, Davies 
(1975) believed that CL is a near 
surface phenomenon since no lumines- 
cence comes from the true surface of 
the diamond and no information is 
obtained below a 20 um depth of 
penetration for the electrons. 

Collins (1974) has studied CLin dia- 
monds and reported that natural type 
Ia and IIb diamonds often show two 
different contrasting shades of blue. 
This distribution of blue color within a 
specimen indicates the inhomogeneity 
of natural diamonds and that they are 
mixtures of type [and II material. See 
Plates le and 2c. The blue CL is due 
to Band A spectrum. Blue CL can be 
seen from all types of natural dia- 
monds. We found that upon prolonged 
excitation the color of the diamond 
may change from blue to green, sug- 
gesting this variation in color may be 
due to changes in specimen tempera- 
ture. This effect was also noted in some 
other gemstones, e.g., the green areas 
in natural jadeite turn red. Some type 
IIb diamonds turn an intense pink, 
Red CLis reported to be characteristic 
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of some type II or type Ib diamonds 
which have undergone radiation dam- 
age (see Plate 2d) Some synthetic 
diamonds CL green, others blue. Seal 
(1976) has discussed the structure of 
type I and If diamonds using CL and 
other methods. 


An excellent recent paper on CL of 
synthetic diamonds by Woods and 
Lang (1975) discusses growth sectors 
and dislocations and their character- 
istic luminescent colors and brightness 
as a function of current density. They 
reported that some green CL. from 
cube growth sectors are linearly polar- 
ized. This writer found similar effects 
for certain gem materials. More re- 
cently, Woods (1976) in a stimulating 
paper on “nitrogen platelets” in dia- 
monds used CL in conjunction with 
other techniques. He now believes that 
the so-called “platelets” are not. of 
nitrogen, but rather of aggregates of 
interstitial carbon atoms in puckered 
layers parallel to [100] planes. 

The most intriguing aspect of this 
writer’s study was the observation of 
the complex internal structures and in- 
homogeneities of the diamond types. 
These features indicate interesting po- 
tential genetic relationships. For ex- 
ample, the complex bending and dis- 
locations of parallel growth zones in 
some diamonds suggest plastic de- 
formation in a dynamic stress field; 
the sum of the thicker multiple growth 
zones followed by much thinner growth 
zones of differing composition suggests 
a fluctuating growth rate of relatively 
long and short duration in a changing 
environment; apparent disrupted 
structures of different compositions 
and angular shapes suggest violent dis- 
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ruptions followed by extremely rapid 
growth (see Plates le, 1h, and 2c). 
Summary 
CL color can be used for the 


detection and identification of many 
gem materials. It shows variations in 
trace concentrations of activator ele- 
ments in zoned materials. CL can be 
used in quality control in synthetic 
crystal growth. By using a broad beam, 
one can examine and sort parcels of 
mixed stones or rough material. Also, 
mounted goods can be studied. 

CL may aid in the study of dyed or 
even plastic enhanced materials and 
reveal features not detectable by other 
visible methods. It may also be seen in 
gem materials in which UV produces 
no effect. 

Its use can be applied by the research 
and practicing gemologist, gem prospec- 
tor, in initial mine separation and sort- 
ing, synthetic gem manufacturing in 
quality control, diamond and colored 
stone gem sorters and cutters, etc. See 
Potosky and Kopp, 1970. 

Future research will include (1) 
creating defect centers within various 
gernstones possibly by X-rays to 
determine any measurable changes for 
test purposes, (2) study of the change 
in CL variations of color and intensity 
with temperature and time, (3) study 
emission spectra to obtain quantita- 
tive spectra, (4) study suites of speci- 
mens from known localities to estab- 
lish a baseline for future work, (5) 
study the relationships of the various 
types of zonations, bands, dislocations, 
and patterns to crystallographic 
parameters. 
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Developments and Highlights 
at GEA’s Lab 


in New York 


By ROBERT CROWNINGSHIELD 


Diamonds Toujours Diamonds 
In the early days of our investiga- 
tions into the problems of identifying 
irradiated diamonds we had the im- 
pression that definite color banding in 
a fancy color diamond was an indica- 


Figure 1. 
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tion of its natural color. Figure 1 
illustrates pronounced color banding 
in a natural brown diamond. Later we 
read that one of the early problems in 
cyclotron treatment of first, greens, 
then browns and yellows was the 
production of color banding when 
none was visible before. This problem 
must have been solved as we rarely 


Figure 2 
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Figure 3. 


encounter strong color 
treated stones today. 
Although the diamond illustrated in 
Figure 2 is also a brown diamond, the 
reason for reproducing the slide is the 
unusually precise location of an in- 
cluded crystal which reflects in nearly 
every facet. Placed only slightly away 


zoning in 


Figure 4, 
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from its position the stone would be 
graded fairly high — perhaps VS,. It is 
a problem to grade the stone fairly but 
surely SI, comes to mind. 

Figure 3 shows just one of the 
faults in symmetry that can occur in 
the pursuit of excellence — in color 
and clarity. The stone was originally 
submitted for quality grading and 
found to be E color, VVS, with a 
weight of 2.14 carats. The flaw 
accounting for the clarity grade was a 
feather at the girdle. The stone was 
finally completed after five examina- 
tions as a Flawless, E color stone but 
with symmetry noted “poor.” The 
final weight was 2.01 cts! The Gem 
Trade Laboratories are quite aware of 
the perhaps unwitting part they play 
in producing less than good make and 
symmetry. The nearly oval shape of 
this stone is a good example. 

We are also aware over the past few 
months of a growing tendency to 
produce round brilliant cut diamonds 
with main crown angles 30° or less. It 
was about 18 months ago that we first 
began to note on laboratory reports 
when a stone had such a deficiency. 


Figure 5. 
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Figure 6. 


We have noted in this column before 
that we have seen crown angles less 
than 30° together with thin girdles in 
at least 75% of the cases of damaged 
stones which come to our attention, 
usually through insurance adjusters. 
The damage can occur during normal 
wear or during setting as shown in 
Figure 4. Although this particular 
damaged stone was an old European 
brilliant, the thin girdle and improper 
bearing in the prongs (Figure 5) could 
have been responsible for similar dam- 
age in a thin crowned stone. 

We rarely see a green diamond that 
we feel sure is of natural color. Cer- 
tainly, in the past 25 years we can 
recall only one or two dark tourmaline 
green stones whose history. could es- 
tablish the natural color. Also, each 
such stone had dark brown to 
greenish-brown naturals. We have seen 
several very light almost aquamarine 
color bluish-green diamonds which we 
feel are natural in color by virtue of 
the presence of brown “stains” in 
naturals. Figure 6 illustrates this. On at 
least two occasions cutters who know 
that these important clues may be cut 
away in polishing have shown us rough 
crystals which have a brownish-green 
skin but are very transparent and a 
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most attractive color even before cut- 


ting. 
Over the years there have been 
several photographic techniques 


developed for the purpose of “finger- 
printing’ diamonds. The most recent 
has been reported to make use of a 
simple laser beam. The resulting pat- 
tern when reflected from the facets of 
a polished diamond is unique to that 
stone and supposedly provides a 
means of identification. The twofold 
problem still remains, however; in 
recall, how does one catalog the mil- 
lions of smaller diamonds that may 
one day be photographed and what 
means does the device have to detect 
that a stone has been recut — a 
favorite method employed in disposing 
of stolen stones? One suggested means 
of truly capturing a significant identi- 
fying characteristic of important 
diamonds is to photograph the strain 
patterns under polarized light. Almost 
all diamonds have strain when seen 
under crossed polarizers though not 
usually as distinct and attractive as 
that shown in Figure 7. The photo- 
graph does not indicate the beautiful 
blue and red colors present nor the 


Figure 7. 
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Figure 8 


fact that a small pinpoint inclusion is 
present in the center. Of interest to 
cutters, is the fact that sawing through 
such a strain center may cause frac- 
tures to develop and many use a 
polariscope to avoid doing so. 

We show Figure 8 only to remind 
our readers that coated diamonds are 
still around though certainly in the 
New York Laboratory we have not 
seen many in the past few years. The 
coating on the diamond in this photo- 
graph was quite resistant and appeared 
as tiny bluish spots all across the 
pavilion. 

It would be difficult to disguise the 


Figure 9. 
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identifying characteristics of the 
orange-brown natural color diamond 
shown in Figure 9. The cottony cloud 
is characteristic of many of these 
lovely stones, though usually not so 
pronounced. In the last issue we did 
show a similar diamond, though very 
much smaller, with a similar central 
cloud. The last issue also showed the 
picture of a diamond with an unusual 
spiral scratch. Reader Eugene S. Love, 
Newport News, Virgina, offers the sug- 
gestion that it could have occurred if 
the stone were in a spinning device 
such as a Flexshaft hand tool while 
being polished on the diamond scaife. 
This is a technique the writer has seen 
used with star sapphires but was un- 
aware of its use with diamond. 
Diamonds with no other fault than 
surface grain lines may be graded 
“Internally Flawless.” However, there 
has to be a limit to the visibility of this 
characteristic. When they are numer- 
ous and reflect in the opposite facets 
of a round brilliant, the trade generally 
will not accept such a stone as flaw- 
less. In Figure 10 the arrow points to 


Figure 10. 
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Figure 11. 


surface grain lines which in the photo 
appear white and reflect in the 
opposite facets. This stone was graded 
VVS, — certainly the grain lines were 
much more obvious and detracting 
than a minute pinpoint inclusion. 


Tricky Rubies and a 
Synthetic Emerald 
Figure 11 illustrates a three stone 
antique ring with two rubies flanking a 
diamond. With the loupe, one of the 
rubies appears immediately to be 
synthetic since it has the typical strain 
cracks at facet junctions and even 
across whole facets due to rapid 
polishing (Figure 12). In fact, it is a 
natural ruby and of the two stones has 
much the better color but much the 
poorer make and polish. 
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Figure 12. 


Another natural ruby is shown in 
Figure 13. Here one would swear he is 
looking at gas bubbles. However, the 
stone shows no fluorescence under 
ultra-violet and under high magnifica- 
tion the bubbles are seen to have a 


Figure 13. 
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Figure 14 


“halo” (Figure 14). The black crystals 
in the ruby shown in Figure 15 appear to 
be natural but are in reality metallic 
inclusions in a flux synthetic — of 
which we are seeing many more in 
recent months. The stones shown in 
Figure 16 appear to be carved with the 
typical motifs used to enhance opaque 
Mysore ruby. They are, in fact, dyed 
quartz. 


i 


Figure 16 


Wipe 
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Figure 15 


Occasionally we see very pro- 
nounced banding in Gilson’s synthetic 
emeralds and have referred to them as 
“Venetian blinds.” The photograph 
(Figure 17) caught this effect better 
than any we have yet seen. This type 
of banding has also been noted in the 
synthetic alexandrite made by the flux 
method by David Patterson in Cali- 
fornia. 


Figure 17 
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Figure 18. 


Insects In? 

We have had a flurry of inquiries 
about insect-bearing amber and have 
had occasion to identify several speci- 
mens. In Figure 18 the insect is quite 
distinct and has extremely long legs, 
well preserved. The ungainly insect 
shown in Figure 19 surrounded by 
distinct gas bubbles met its fate only 
recently in a very good plastic imita- 
tion of amber. 
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Observations on the Slocum Stone 


By PETE J. DUNN, M.A., F.G.A. 
Department of Mineral Sciences 
Smithsonian Institution 
Washington, D.C. 20560 


Introduction 

During the last two years, a new 
imitation opal gem material has ap- 
peared on the gem market in the 
U.S.A. This material is an opal simu- 
lant which is a sodium calcium mag- 
nesium silicate glass. When viewed 
from a distance of three feet, the 
material has a striking similarity to 
gem opal. This material is called THE 
SLOCUM STONE after its creator, 
J.L. Slocum. This imitation opal is 
sold by MDI Corporation, 3417 
Rochester Road, Royal Oak, Michigan 
48073, U.S.A. It is manufactured in at 
least five colors which are termed 
“white, crystal, amber, semi-black, and 
black” according to a brochure from 
the manufacturer. An initial report on 
the material was published by Crown- 
ingshield (1974). 


Physical Description 
The author examined two of the 
simulated gems; one with black body 
color and one with no body color. The 
clear material is the one described 
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herein. It is quite attractive and might 
pass for opal in the eye of an un- 
trained casual observer. 

The material is quite transparent in 
transmitted light and one could easily 
read this printed page through the 
gemstone, were it not for the opal- 
escent effect which returns much light 
to the eye and cuts down the effective 
transparency. To an experienced gem- 
ologist, some of the Slocum stones, 
particularly the black colored material, 
exhibit a vague resemblance to 
crinkled cellophane under crown-glass. 
However, a careful observation indi- 
cates that the color-causing medium is 
indeed distributed through the ma- 
terial in a rather uniform manner. 

The opal simulant studied herein 
was about 20 x 12 mm and cut en 
cabochon, Upon. examining the imita- 
tion opal from directly above the 
crown, one sees an “‘opalescence”’ of 
violetish blue, orangish red, and 
yellowish green. As the stone is 
moved, the character of the light 
changes in a manner similar to opal, 


GEMS & GEMOLOGY 


and the individual color-spots, sheets, 
and veils change from one color to 
another and back again. There are no 
localized color-concentrations or 
patchy effects. 

Two salient features aid the gem- 
ologist in visually recognizing the 
Slocum stone. First, there is a pre- 
ferred orientation for the ‘“opal- 
escence” and when the stone is viewed 
from the side, there is a marked 
reduction in the opalescent effect. The 
second noteworthy feature is that 
when the material is viewed with 
transmitted light passing normal to the 
plane of the orientation, a patchwork 
of very small green splotches is very 
obvious. The splotches do change 
color upon tilting the stone, but in a 
peculiar manner not identical to the 
effect seen under reflected illumina- 
tion. This effect, quite unlike opal, is 
rather peculiar. 

The examined Slocum Stone has a 
density of 2.47 g/cm? (+0.03) com- 
pared with the manufacturer’s range of 
2.41 — 2.50. The refractive index is 
nD = 1.514 (+0.003) compared with 
the range of 1.49 — 1.51 offered by 
the manufacturer. The. material is iso- 
tropic and the effect seen in crossed 
polars is kaleidoscopic. It is not fluor- 
escent in either long- or short-wave 
length ultraviolet radiation. The 
material does not diffract X-rays co- 
herently, is amorphous, and is not 
affected by heating to 200°F. The 
Slocum Stone isa glass. 

A notable feature of this material 
among other simulants is its extreme 
toughness. Its resistance to chipping 
and breaking is quite high. The author 
spent about 15 minutes bouncing this 
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imitation gem on floors with no effect 
to the stone whatsoever. It might be 
added in passing that this very tena- 
cious material has a rather lively 
bounce; greater than that of normal 
glass gems. Breaking the material for 
analysis using a device comprised of 
opposing chisels was quite difficult 
and confirmed the toughness of the 
material. 

The Mohs hardness is, about 5-54. 
Several measurements were made with 
a Vickers micro-hardness tester. Eight 
impressions with a 100-gram load gave 
an average hardness number of 509 
(+38). Five impressions made with a 
50-gram load gave an average hardness 
number of 465 (+50). This Vickers 
hardness confirms the Mohs hardness 
value. The observed variation in micro- 
hardness of the material (not of con- 
cern in evaluating its gem potential) is 
also seen as a differential resistance to 
polishing. A careful examination of a 
polished surface (Figure 1) reveals a 
subtle, irregular, ‘“‘suturing’’ between 
adjacent grains of the glass. The 
presence of these grains suggests a 
gross granular or lamellar texture with 


Figure 1. Irregular suturing between grains 
of the Slocum stone. (Photo taken with 
Nomarski phase-contrast technique at 44x.) 
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pene HRN 


Figure 2. Lenticular-aggregate texture of 
the Slocum stone. (Photo taken with 
Nomarski phase-contrast technique at 44x.) 


a grain size varying up to 1.5 mm. The 
highly polished surface of a thin 
section of the material was coated 
with carbon and then coated with 
platinum and photographed in re- 
flected light. Photographs of this sec- 
tion are shown in Figure 2. The 
section is cut normal to the base of the 
cabochon and shows the irregularity 
of the texture very well. The preferred 
orientation of the grains is obvious and 
the grains are lying with their tabular 
direction parallel to the normal line of 
sight of the viewer, assuming the stone 


Figure 3. Photograph showing the irregular 
fracture of the Slocum stone. (Photo taken 
with the Scanning Electron Microscope 
(SEM) at 130x.) 


was cut in the manner suggested by 
the manufacturer’s pre-orienting of the 
material. This irregularity of the grains 
is also likely the cause of the extreme 
toughness of this material. The frac- 
ture of the glass is irregular and 
random (Figure 3), with no diagnostic 
features. 
High Magnification 
Observations 

In an effort to attempt to explain 

the “opalescent” effect seen in the 


Figure 4. Photograph of a large fracture 
surface of the Slocum stone. (Photo taken 


with the Scanning Electron Microscope 
(SEM) at 53x.) 
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Figure 5. High magnification photo of the 
lenticular texture of the Slocum stone. 
(Photo taken with the Scanning Electron 
Microscope (SEM) at 680x.} 
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Figure 6. High magnification photograph of 
the border between the two different tex- 
tures in the Slocum stone. {Photo taken 


with the Scanning Electron Microscope 
(SEM) at 10,500x.} 


material, small fragments were exam- 
ined by means of a Scanning Electron 
Microscope (SEM). It was thought that 
the effect might be due to a thin film 
of organic material lying between the 
individual lamellae. No film was ob- 
served, however, even at magnifica- 
tions of 10,500x, nor was any other 
intergranular material noted. 

Figure 4 illustrates a very small 
section of a fractured surface mag- 
nified 53 times. Scattered bits of 
particulate matter are dust and glass 
fragments and should be ignored. A 
small portion of Figure 4 (designated 
by arrow 5) was examined at 680 
magnifications and is shown as Figure 
5. The lamellar texture seen in Figure 
2 is also quite obvious here, although 
here it is seen on a very small scale. In 
this photograph the material is seen to 
consist’ of two separate textures; one 
extremely fine-grained, and the other 
of a micro-granular nature. It is pos- 
sible that the “opalescent” effect is 
generated at the juncture of these two 
texturally inhomogeneous materials. 
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Figure 7, High magnification photograph of 
the border between two grains of similar 
smooth texture. (Photo taken with the 
Scanning Electron Microscope (SEM) at 
10,500x.) 


Two small sections of Figure 5 (desig- 
nated by arrows 6 and 7) were photo- 
graphed at a magnification of 10,500 x 
to generate Figures 6 and 7. It is 
readily apparent from Figure 6 that 
there is quite a variation in the texture 
of individual lamellae in the material. 
Here the border between the truly 
homogeneous glassy and micro- 
granular portions is clearly seen. This 
textural difference is also likely re- 
sponsible for the differential micro- 
hardness of the Slocum stone, as noted 
earlier in this paper. Figure 7 is a 
photograph (at 10,500x) of the 
“sutured” junctures where two glassy 
portions appear (see Figure 1) to join 
without any intervening lamellae of 
the coarser-grained material. Here a 
chevron-like banding occurs which 
may be due to a compositional varia- 
tion below the limits of detection of 
the microprobe or, more likely, due to 
a gradual change in grain size between 
the two textures. This banded effect is 
also seen in Figure 6, but is less 
pronounced, 
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TABLE | 


Microprobe analyses of the Slocum 
Stone 


#1 #2 
SiO, 71.85 73.20 
TiO, 0.00 0.00 
Al, 0; 1.95 0.07 
FeO 0.00 0.00 
MgO 4.37 4,28 
MnO 0.00 0.00 
CaO 7.59 8.98 
K,O 0.60 0.02 
Na,O 13.22 14.08 
TOTAL 99.58* 100.63* 


accuracy of data + 2% relative 
* plus 0.29 % H, O by the Penfield method. 


Chemistry 

This imitation opal material is a 
sodium calcium magnesium potassium 
aluminum silicate glass. The manufac- 
turer states that it is composed of 
“SiO,, Al,O3, and alkalies, and is 
anhydrous.” 

The sample was analyzed with an 
ARL-SEMQ electron microprobe using 
an operating voltage of 15 kV anda 
beam current of 0.15 wA. Standards 
used were SiO, for silicon, hornblende 
for aluminum, iron, calcium, potas- 
sium, magnesium, and titanium. Man- 
ganite was used for manganese and 
anorthoclase for sodium. Separate 
analyses with different standards have 
verified the composition. A micro- 
probe scan indicated the absence of 
other elements. The data were cor- 
rected by computer using Bence-Albee 
correction factors. 

Two analyses of the material are 
presented in Table I. Analysis #1 is 
representative of the bulk of the glass 
examined. The material is very rich in 
silicon, sodium, calcium, and mag- 
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nesium. During the course of analyzing 
the material, it was noted that the base 
of the imitation opal was deficient in 
aluminum and enriched in calcium and 
sodium relative to the bulk of the 
material. Analysis #2 is representative 
of the composition of the base. Water 
was determined by the Penfield 
method and found to be a miniscule 
0.29% by weight. When compared to 
the water content of gem opal, this 
water is negligible. The Slocum stone 
is also, aside from the aluminum- 
deficient base noted above, quite 
homogeneous in composition. 

In summary, the Slocum stone is a 
sodium calcium magnesium glass of 
extremely high tenacity. The cause of 
the “opalescence” is not known with 
certainty since the observations herein 
are subject to several interpretations. 
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Comments on the Hixon Collection 


The magnificent Hixon Colored Stone Collection now is 
the property of the Natural History Museum of Los Angeles 
County. The Collection was assembled over a period of several 
vears by Mr. F. C. Hixon, with the assistance of Ben KR. Him 
mond, Jr. GG of San Antonio and Alan Caplan of New York. 
Krom the beginning, Mr. Hixon wanted the Collection to be 
used to the best advantage of future generations in the study of 
gemstones, so the stones were chosen with that in mind. The 
Collection was donated to the musetim with the express 
understanding that it would be available to the Gemological 
Institute of America for use in special classes in Colored Stones 
to be given in a laboratory space prepared for that purpose 
in the museum. 

The unique thing about the Hixon Collection is that it was 
planned from the beginning to be a useful working collection. 
The idea was that students and other interested collectors could 
examine stones of a size useful for jewelry, rather than the 
largest to be found. Stones were chosen to exemplify as com- 
plete as possible a color spectrum for each of the colored stone 
species. It was thought that the various stones could be valued 
on a regular basis by specialists in each of the gem species. In 
this way, it would be possible for an individual to stay abreast of 
the changing marketplace in colored stones with somewhat 
greater accuracy than would be possible otherwise. 

In order to facilitate their use in study, Mr. Hixon donated 
a handsome sum to the museum to assist in the construction 
of a new wing that would house the Collection and in building 
a room that would be ideal for the study of the stones in the 
Collection. _ 

The Collection is unusual in that it contains fine specimens 
of many of the rarely encountered gem materials, and it is 
a complete spectrum as possible in each of the major species. 
[t is particularly strong in spinel, tourmaline, and corundum. 
(lowever, the beryls are very fine, also. All in all, the Hixon 
Collection will be of great value to students of gem materials in 
perpetuity. 

Even though the photographs are particularly good, for 
color photographs of gemstones, they really fail to do justice to 
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OO) 


SIAM RUBY 
9.3x9.2x 5.0mm. 
3.85 cts. 
*13814 


HONEY-GREEN 
CHRYSOBERYL 
15.7 x 12.5 x 8.2 mm. 
13.24 cts. 
13800 


STAR RUBY 


14.8x 11.9 x 10.0 mm. 


18.29 cts. 
13815 


(a 


SHERRY 
SAPPHIRE 


12.0x18.5x 4.5mm. 


4.32 cts, 
13812 


ALEXANDRITE 
CHRYSOBERYL 


12.4 x 10.0 x 6.5 mm. 


8.07 cts. 
13799 


BLUE STAR 


SAPPHIRE 


15.8 x 12.0 x 12.9 mm. 


24.98 cts. 
13813 


CHRYSOBERYL 
CAT’S-EYE 
11.4 x 8.4 mm. 
9.57 cts. 
13798 


*Denotes L.A. County Museum Catalog Numbers. 


GOLDEN ZIRCON 


12.9x10.0 x 7.5mm. 


9.57 cts. 
13802 


= 


GREEN ZIRCON 


12.6 x 10.5 x 7.7 mm 
10.34 cts. 
13805 


BROWN ZIRCON 


12.7 x 12.1x 9.0 mm. 
14.53 cts. 
13804 
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ORANGE ZIRCON 
16.0 x 15.5 x 9.6 mm 
21.08 cts. 
13803 


COLORLESS 
ZIRCON 
16.5 x 10.0 mm. 
23.07 cts. 
13801 


BLUE ZIRCON 
16.0 x 11.4 mm. 
23.85 cts. 
13806 


©) 


YELLOW 
SPHALERITE 


16.0 x 9.8 mm. 
19.46 cts. 
13809 


O) 


RED SPHALERITE 


16.0 x 10.3 mm. 
20.23 cis. 
13810 


©) 


YELLOW-BROWN 
SPHALERITE 
15.7 x 8.9 mm. 

17.42 cts. 
13811 


©) 


YELLOW-GREEN 
SPHALERITE 
16.2 x 9.0 mm. 

8.35 cts. 
13725 
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LJ 


COLORLESS 
TOPAZ 


20.3 x 16.3 x 9.7 mm. 


28.63 cts. 
13820 


C 


BLUE TOPAZ 


26.4 x 16.0 x 12 mm. 
41.47 cts. 
13728 


a 


PINK-GREEN 
BI-COLOR TOPAZ 


22.9 x 13.3 x 8.9 mm. 


27.03 cts. 
13821 


O 


COLORLESS 
TOPAZ 
9.5x6.6 mm. 
3.95 cts. 
13714 


BLUE TOPAZ 


15.5 x 13.0 x 9.7 mm, 
17.74 cts. 
13816 


BROWN TOPAZ 


16.8 x 14.4 x 12.3 mm. 


26.34 cts. 
413817 


YELLOW TOPAZ 
29.8 x 17.0 x 11.7 mm. 
53.22 cts. 
13818 


COGNAC TOPAZ 
21.0 x 11.2 x 7.6mm. 
15.62 cts. 
13819 
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RED-PURPLE 
SPINEL 
17.0 x 11.8 x 8.4 mm. 
14.25 cts. 
16799 


PURPLE SPINEL 
10.6 x 10.7 x 7.6 mm. 
7.44 cts. 
16795 


LAVENDER 
JADEITE 
22.4 x 16.0 x 6.7 mm, 
20.51.cts. 
15534 


) 


PINK SPINEL 


15.4x14.0x6.9mm 
13.93 cts. 
16793 


C) 


ORANGE-RED 
SPINEL 


13.2 x 12.7 x 9.6 mm. 


AQUA-BLUE SPINEL 


12.7 x9.5 x 6.5 mm. 
6.07 cts. 
16810 


RED SPINEL 


25.7 x 20.1 x 12.8 mm. 
55.68 cts. 
16813 


C) 


PINK SPINEL 
12.3 x 11.9 x 6.5 mm. 
9.28 cts. 
16815 


RED SPINEL 
15.3 x 11.5 x 8.3mm. 
12.99 cts. 
16794 


BLUE SPINEL 
16.0 x 11.8 x 7.0 mm. 
11.60 cts. 
16797 


COBALTOCALCITE 
13.7 x 9.8 mm. 
9.42 cts. 
16802 


& #4 


PURPLE 
TOURMALINE 
17 x 15.6 x 11.2 mm. 
19.32 cts. 
13844 


PINK 
TOURMALINE 
17.0 x 13.4 x 10.1 mm. 
17.66 cts. 
13842 


BROWN 
TOURMALINE 


16.5 x 12.3 x 7.6 mm, 


10.37 cts. 
13837 


CO) 


RED 
TOURMALINE 
23.5 x 17.7 x 12.2 mm. 
32.76 cits. 
13840 


O) 


PINK 
TOURMALINE 


15.7 x 13.4 x 10.4 mm. 


13.79 cts. 
13845 


O) 


PINK-GREEN 
BI-COLOR 
TOURMALINE 
12.0 x 8.5 mm. 
6.77 cts. 
13844 


GOLDEN 
TOURMALINE 
10.0 x 8.0 mm. 

6.85 cts. 

13836 


RUBELLITE 
TOURMALINE 
18.7 x 11:3 x 8.5 mm 
13.47 cts. 
13843 


ORANGE-PINK 
TOURMALINE 
16.0 x 12.2 x 7.7 mm. 
11.38 cts. 
13839 


BROWN 
TOURMALINE 
17.2 x 15.0 x 9.8 mm. 
19.31 cts. 
13838 


268 


BLUE 
TOURMALINE 
49.6 x 13.7 x 9.4 mm. 
20.84 cts. 
13834 


GREEN 
TOURMALINE 
16.4 x 10.3 mm. 

17.27 cts. 

13828 


PURPLE CAT'S-EYE 
TOURMALINE 
12.5 x 9.7 x 5.9 mm, 
5.90 cts. 
13848 


- 


BI-COLOR 
TOURMALINE 
23.7 x 16.3 x 11.0 mm. 
38.31 cts. 
13835 


al 


CHROME GREEN 
TOURMALINE 
19.2 x 13.2 x 9.1mm. 
14 cts. 

13833 


em, 


YELLOW-GREEN 
TOURMALINE 
23.0 x 14.3 x 9.0 mm. 
20.50 cts. 
13829 


Q 


CHROME GREEN 
TOURMALINE 
11.4x7.7x44mm. 
2,35 cts. 
13831 


O 


BLUE CAT'S-EYE 
TOURMALINE 
16.6 x 11.8 x 9.1 mm, 
13,44 cts. 
13846 


GREEN 
~ TOURMALINE 
16.1 x 14.1 x 7.7 mm. 
14.22 cts. 
13832 


YELLOW-GREEN 
TOURMALINE 
15.2 x 13.7 x 8.7 mm. 
10.17 cts. 
13830 


RED CAT’S-EYE 
TOURMALINE 
9.6 x 11.0 x 6.4 mm. 
§.32 cts. 
13847 


{ 


aS 
dj 


ROSE 
SAPPHIRE 
13.4x9.2x7.4mm 
9.34 cts. 
15337 


ROSE 
SAPPHIRE 
| 11.3 x 10.7 x 5.2 mm. 
6.20 cts. 
15332 


Be C2 


PINK 
SAPPHIRE 
13.8 x 10.7 x 75mm 
9,28 cts. 
15333 


RED-PURPLE 
SAPPHIRE 


11.18 cts. ° 
270 15335 


14.1x9.6 x 8.1mm. 


. 


PINK PADPARADSCHA 
BI-COLORED SAPPHIRE 
14.9 x 10.6 x 7.5 mm. 
11.95 cts. 

16812 


( 


PADPARADSCHA 
SAPPHIRE 
11.9x10.0x 5.3mm 
6.51 cts. 
15331 


z 


ORANGE 
SAPPHIRE 
15.3 x 11.3 x 8.5 mm 
16.36 cts. 
15330 


& 


GOLDEN 
SAPPHIRE 
19.8 x17.1x 12.2 mm 
39.72 cts. 
15329 


©) 


GOLDEN 
SAPPHIRE 
14.9x11.8x9.9 mm 
17.15 cts. 
15328 


©) 


GREEN 
SAPPHIRE 
10.1 x 6.0 mm. 
4.36 cts. 
15334 


BI-COLORED 
BLUE-GREEN SAPPHIF 


15.7x9.8 mm. 
17.81 cts. 
15339 


ALEXANDRITE-LIKE 
BLUE SAPPHIRE 


14.5 x 11.1 x9.2 mm. 
9.54 cts. 
15336 


a2 


MAUVE-PINK 
SAPPHIRE 
13.4x9.4x6.5 mm. 
8.13 cts. 
15338 


ORANGE BERYL 


13.6 x 9.8 x 5.9 mm. 
5.97 cts. 
13796 


GREEN BERYL 


16.5 x 13.4 x 10.3 mm. 
15.00 cts. 
13795 


GOLDEN BERYL 


17.4x 14.4 x 73mm. 


10.44 cts. 
13793 
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YELLOW-GREEN 
. BERYL 
21.0 x 15.0 x 9.7 mm. 
24.92 cts. 
13794 


PINK BERYL > 
13.0 x 15.0 x 8.8 mm. : 
14.25 cts. 
13792 


GREEN BERYL ( | 
CAT'S-EYE 
22.7 x 15.6 x 13.5 mm, 
34.11 cts. 
13797 


CO) 


CITRINE QUARTZ 
24.5 x17.8x 11.7 mm. 
28.18 cts 
13731 
AMETHYST QUARTZ 
19.1 x 16.8 x 10.5 mm. 
19.31 cts. 
13766 
RUTILATED 
QUARTZ 
14.5x9.1mm. 
9.32 cts. 
13771 
CITRINE QUARTZ 
18.2 x 13.2 x 10.0 mm. 
13.83 cts. 
13734 
SMOKY QUARTZ 
35.0 x 28.0 x 18.0 mm. 
132.28 cts. 
13712 
KUNZITE 
22.7 x 14.0 x 10.6 mm. 
26.36 cts. 
13776 
KUNZITE 
12.8x9.0x 7.3mm. 
5.20 cts. 
13715 


272B 


AMETHYST QUARTZ 
19.4 x 13.5 mm. 
27.19 cts. 
13732 


MADEIRA RED 


QUARTZ 
20.4 x 11.8.mm. 
27:22 cts. 
13733 


SPODUMENE 
18.4 x 13.5 x 10.5 mm. 


os 


ALMANDINE 
GARNET 
13.5 x 10.0 mm 
17.47 cts. 
13822 


© 


GREEN 
GROSSULAR GARNET 
10.4x9.0x 5.0mm. 
3.98 cts. 

13726 


Lal 


BLUE EUCLASE GREEN EUCLASE 
9.8 x 5.6 mm. 


10.5 x 6.8 x 4.2 mm. 
2.67 cts. 
13790 


ie. 


YELLOW SPHENE 


7.0x12.0x 4.8mm. 


2.80 cts. 
13716 


272D 


YELLOW-ORANGE 
GROSSULAR GARNET 
41.5 x 7.4mm. 

7.49 cts. 

13826 


HESSONITE 
GARNET 
14.0 x 10.0 x 74mm 
8.41 cts. 
13824 


ORANGE 


SPESSARTINE GARNET 


10.0 x 6.8 mm. 
5.70 cts. 
13823 


==) 


GREEN 
GROSSULAR GARNET 
17.0 x 14.4 x 9.6 mm. 
18.71 cts. 

13825 


BROWN 
GROSSULAR GARNET 
10.1 x 6.3 mm. 

4.71 cts. 

13722 


OC) 


BLUE EUCLASE GREEN EUCLASE 


2.78 cts. 
13718 


BROWN SPHENE 


10.9x6.5 mm. 
4.60 cts. 
13808 


1.02 cts. 
13756 


99x3.5x3.2mm. 5.8x4.5x3.6mm. 


0.78 cts. 
13755 


AXINITE 
10.3 x 8.8 x 6.5 mm. 
5.08 cts. 
13721 


() 
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GREEN SPHENE 


19.4 x 15.7 mm. 
43.09 cts. 
16798 


KASHMIR BLUE 
SAPPHIRE 
10.5x9.0x6.7mm 
6.70 cts. 
16796 


IDOCRASE 
14.8 x 8.1 mm. 
10.66 cts. 
16806 


YELLOW 
SCHEELITE 
11.0 x 8.1x5.6 mm 
5.72 cts. 
16803 


- 


MAXIXE TYPE 
BLUE BERYL 
20.9 x 18.5 x 12.4 mm 
34.61 cts. 
16805 


O 


ORANGE 
SPHALERITE 


19.1 x 12.9 mm. 
34.39 cts. 
16809 


U) 


GREEN DIOPSIDE 


14.8x12.7x6.5 mm. 
11.74 cts. 
16801 


U 


RHODOCROSITE 
17.6 x 13.6 x 8.5 mm. 
14,22 cts. 
16800 


PINK TOURMALINE 
18.6 x 11.9 mm. 
22.65 cts. 
16808 


MUZO EMERALD 
11.8x9.8x6.4 mm. 


5.45 cts. 
16792 


YELLOW-BROWN 
SPHALERITE 
15.1 x 12.0 mm. 

23.36 cts. 
16807 


GREEN EUCLASE 
15.3 x 11.4 x 9.0 mm. 
10.53 cts. 
16804 


& 


é 


f 
i 
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e 


GREEN 
FLUORITE 


21.5 x 15.0 x 13.5 mm 


37.46 cts. 
13778 


©) 


ANDALUSITE 


411.2x9.2x5.4mm. 
3.72 cts. 
13746 


©) 


YELLOW 
APATITE 
18.2 x 12.8 x 8.9 mm. 
15.12 cts. 
13719 


©) 


PETALITE 
7.5 x 4.6mm. 
1.02 cts. 
13779 


MOLDAVITE 
12.8 x 9.7 x 4.3 mm. 
3.13 cts. 
13784 


C) 


PURPLE 
FLUORITE 


15.6 x 11.0 mm. 
48.20 cts. 
13769 


C) 


ANDALUSITE 


16.5 x 14.5 x 9.7 mm. 


15.60 cts. 
13747 


Cae 


GREEN 
APATITE 


12.0 x 8.3 x 5.0 mm. 


3.59 cts. 
13748 


O) 


CERUSSITE 
12.5x 82mm, 
15.10 cts. 
13807 


O 


IOLITE 
16.3 x 11.8mm. 
13.54 cts. 
13788 


GREEN 
FLUORITE 
18.0 x 12.6 mm. 
26.13 cts. 
13768 


ANDALUSITE 


15.3 x 11.0 x 6.9 mm. 
9.80 cts. 
13717 


C) 


BLUE 
APATITE 
7.0 x 5:6 x 4.7 mm. 
0.73 cts. 
13750 


C2 


SMOKY 
CASSITERITE 
79 x 4.8mm. 
3.80 cts. 
13752 


7 


BRAZILIANITE 
14.4x9.8x 70mm 
9.08 cts. 
13781 


a 
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AMBLYGONITE 


15.0 x 10.1 mm. 
13.41 cts. 
13789 


e. 


YELLOW 
DANBURITE 


13.0 x 10.3 x 6.0 mm. 


5.08 cts. 
13753 


KORNERUPINE 


10.4 x 7.2 mm. 
6.04 cts. 
13782 


©) 


ORANGE 
SCHEELITE 
9.0x5.8mm 
5.27 cts. 
13735 


SINHALITE 
14.8 x 11x 7.2mm 
41.75 cts. 
13758 


YELLOW 
ORTHOCLASE 


13.9x12.6x9.3 mm. 


8.50 cts. 
13720 


Ee 


COLORLESS 
SMITHSONITE 


7.4 x 7.0 x 6.0 mm. 
3.18 cts. 
13759 


O) 


BENITOITE 


8.1x4.9 mm. 
2.02 cts. 
13791 


a 


BENITOITE 


6.4 x 4.68 x 3.0 mm 
0.73 cts. 
13749 


Vv 


WULFENITE 
5.8x5.0x 2.1mm. 
0.92 cts. 
13780 


ORANGE CALCITE ( ) 


15.5 x 10.6.mm. 
15.14 cts. 
13751 


ia 


PHENAKITE 
12.5x9.4x 6.1mm 
4.46 cts. 
13783 


& 


YELLOW 
SCAPOLITE 
11.8 x 9.7 x 7.2 mm. 
4.75 cts. 
13757 


OC) 


COLORLESS 
SCHEELITE 
9.8x5.5 mm. 
5.59 cts. 
13777 


280 


WHITE JADEITE 
18x13 mm. 
12.32 cts. 
13762 


LAVENDER 
JADEITE 
18 x 13 mm. 
12.66 cts. 
13761 


TURQUOISE 
21.8 x 15.9 mm. 
14.58 cts. 
13745 


PINK CORAL 
15 x 20 mm. 
14.90 cts. 
13740 


GREEN JADEITE 


RED JADEITE 


18 x13 mm. 18 x 13 mm, 
ee 9.45 cts 
13763 ; j 
BROWN JADEITE BLACK JADEITE 
18x13mm. 18x13 mm. 
6.40 cts. 9.79 cts. 
43765 13764 
MATRIX TURQUOISE TURQUOISE 
20.4 x 17.2 mm. 20.5 x 16.9 mm 
15.87 cts. 22.66 cts. 
13737 13736 
RED CORAL RED CORAL 
15 x20 mm. 15 x 20 mm. 
19.67 cts. 16.21 cts. 
13739 13738 


©) 


BLACK OPAL 
17.3 mm. 
10.60 cts. 

13774 


a 


CHERRY OPAL 


26.0 x 19.6 x 11.7 mm 
29.58 cts. 
13785 


C) 


LAPIS LAZULI 


15 x 20 mm. 
18.64 cts. 
13743 


C) 


MALACHITE 


13 x 18 mm. 
13.87 cts. 
13742 
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& 


BLACK OPAL 


25.2 x 18.0 mm 
18.70 cts. 
13773 


C) 


BLACK OPAL 
12.4 x 15.9 mm. 
9.75 cts. 
13754 


SODALITE 
13 x 18 mm 
8.69 cts. 
13744 


CHRYSOPRASE 
14x 20mm. 
15.44 cts. 
13767 


= 


BLACK OPAL 


22.8. x 17.4mm 
16.65 cts. 
13772 


CO 


IRIS OPAL 
28.6 x 23,5 x 15.5 mm. 
41.84 cts. 
13729 


an 
\ A 


& 


BLOODSTONE 
13.x 18 mm. 
11.27 cts. 
13741 


@* be 


BLACK 
NEPHRITE 
15 x 25 mm. 

19.09 cts. 
13713 


BLUE TOURMALINE 


© Ff 


YELLOW CAT'S- me! 


ORTHOCLASE ‘ CAT’S-EYE 
MOONSTONE CAT'S-EYE MOONSTONE ORTHOCLASE 
11.63 cts. aac 22.10 cts. 7.98 cts. 
13723 13846 13775 13786 
RED TOURMALINE CHRYSOBERYL 
CAT’S-EYE CAT'S-EYE PURPLE TOURMALINE 
9.6 x 11.0 x 6.4mm. 11.4x 8.4mm. CAT'S-EYE 
5.32 cts. 9.57 cts. 12.5x9.7x 5.9mm. 
13847 13798 5.90 cts. 
13848 
* 
J 
BLUE STAR 
SAPPHIRE x ee os STAR DIOPSIDE 
15.8 x 12.0 x 12.9 mm ages co rae} 15.5 x 13.3 x 9.9 mm 
24.98 cts. 13815 j 17.25 cts. 
13813 13730 
“y 
- 
STAR ALMANDINE YELLOW 
BLACK GREEN BERYL 
GARNET ™ paged ts MOONSTONE CAT'S-EYE 
18.5 x 15.0 x 14.4 mm. 5X 12.3 x 11.7 mm. 23.3 x 20.0 x 16.6 mm. 22.7x15.6x13.5 mm. 
39.63 cts. 21.90 cts. 57.09 cts aA tele 
ese oe 13787 13797 
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KASHMIR BLUE 


SAPPHIRE 
10.5x9.0x6.7mm 


6.70 cts. 
16796 


IOLITE 


16.3 x 11.8 mm 
13.54 cts. 
13788 
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C) 


SIAM RUBY 
9.3x9.2x 5.0mm. 
3.85 cts. 
13814 


ALEXANDRITE 
CHRYSOBERYL 
12.4 x 10.0 x 6.5 mm 
8.07 cts. 
13799 


CARVED 
JADEITE 
43.3 x 21.9 x 3.2 mm. 
25.11 cts. 
16814 


RED SPHALERITE 
16.0 x 10.3 mm. 
20.23 cts. 
13810 


MUZO EMERALD 
11.8x9.8x6.4mm 
§.45 cts. 
16792 


a 
of 
STAR EMERALD 
13.6 x 8.4 mm. 
11.19 cts. 
15533 

os 

os 


; 


THE HIXON COLLECTION 


Mr. F. C. Hixon of San Antonio, Texas, has 
completed the gift of his important gemstone 
collection to the Natural History Museum of 
Los Angeles County. Known as the Hixon 
Collection, it consists of over two hundred 
faceted or polished gems and minerals and 
several outstanding gem crystals. Valued at 
over $1,000,000.00, the collection is unique 
in its dual purpose. First, the viewing public 
will better appreciate the incredible beauties 
of nature found in gems. Second, and of 
interest to jewelers and gemologists, is the 
dedication of this collection as a research 
vehicle for the gem and jewelry industries. 

The museum will display the collection in 
an area to include a complete gem lab. The 
Gemological Institute of America will con- 
duct advanced classes in colored gem iden- 
tification and colored gem evaluation using 
the Hixon Collection and the total museum 
inventory as study specimens. 

| had known Mr. Hixon for a number of 
years when the idea of a gem collection 
came to him during the spring of 1970. An 
ardent and noted sportsman, Hixon directs 
the affairs of a far flung investment company. 
His expertise and success as a capitalist 
have made him a legend in the business 
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community. His interest in the rare and un- 
usual have resulted in significant collections 
of coins, stamps, art and art objects, guns 
and knives. His philanthropies have included 
major gifts to numerous medical, educational 
and historic organizations and charities. His 
contributions to the San Antonio Zoological 
Society and to the preservation of wildlife 
have been nationally recognized. 

A team of world renowned gemologists, 
collectors and dealers were organized to 
help gather and select specimens. By April, 
1970, we had begun to examine gem 
specimens. Mr. Hixon started to study gem- 
ology, and, in a few weeks, had read most of 
my library of technical material. 

A decision was made to obtain an out- 
standing example of each color and variety 
ofagem mineral species. The size should be 
large enough for ease of viewing on museum 
display. Color and clarity were to be the best 
available and cutting proper for each particu- 
lar material collected. 

Mr. Hixon’s first acquisitions were two 
lovely Sapphires—one reddish-orange 
which we called “watermelon” and the other, 
orchid. By June, 1970, we had a number of 
items submitted for selection. Mr. Hixon had 
built acomplete gem lab at his home in order 
to study the stones. 

During the summer of 1971, Mr. Hixon, a 
native of Los Angeles, met Dr. Giles Mead, 
Los Angeles County Museum Director and 
Mr. Douglas Macdonald, Museum Trustee: 
They wanted to have the collection for their 
proposed Hall of Gems and Minerals and 
agreed to plan the display area to include a 
laboratory for GIA use. Towards this end, Mr. 
Hixon donated this magnificent collection 
which will be available for public viewing in 
the spring of 1978. 

In the years that | collected for Mr. Hixon, | 
visited most of the important gem collections 
in the world. | believe Mr. Hixon ac- 
complished his purpose. This collection is 
unique and outstanding when the size and 
quality of the gems are considered. Future 
plans include the exhibition of the collection 
in Europe, Asia and other American cities. 
Hopefully, museums abroad will send their 
historic gem and jewelry collections to the 
United States in exchange. 


—Ben R. Hammond, Jr, Gemologist 


Hixon Col lection .... continued from front flyleaf 


the beauty of many of the stones in the Collection. Gemstones 
have to be seen in the “flesh,” as it were, to really appreciate 
their beauty. The Collection will be exhibited for public view- 
ing for the first time in the early Spring of 1978 at the Natural 
History Museum of Los Angeles County. 


Almost any one of the stones is likely to be regarded as 
a distinct favorite by many viewers of the Collection, but some 
are truly outstanding by any measure. I believe my favorite 
stone in the Collection is what was described as a “wine” sap- 
phire. It is a deep, red-purple stone of surpassing beauty, 
and since it is a favorite color of mine, it struck me immediately 
when first looking over the sapphires. But there are so many 
other truly magnificent stones in the Collection that if forced to 
choose a favorite, one is torn in many directions. 

The first stone chosen for the Collection by Mr. Hixon was 
an orange-red sapphire that was sold as a “tangerine” sapphire, 
because of the obvious resemblance in color. The padparadscha 
is a very nice example of that variety of corundum, and the 
Kashmir sapphire is also a very lovely stone. The blue spinels 
are more vivid in color and more attractive than most natural 
stones. Many of the unusual stones are exceptional specimens. 

In its present situation, there are a few missing varieties 
that could be added to make the Collection even more com- 
plete. One would be a red beryl, which is of course exceedingly 
rare, and two, a translucent rich green jadeite of imperial 
quality, and third, a Burma ruby. In spite of this, I can think of 
no collection that is of relatively comparable size in its stones, 
and which has as complete a specturm in the major stones as 
this one. 

In the color pages that follow, only about 185 of the more 
than 200 stones are illustrated. 

In my opinion, the Hixon Collection is going to be a fine 
working collection, and one that will be used to great advantage 
by jewelers, gemological students and the public as well. 


Richard T. Liddicoat, Jr. President 
Gemological Institute of America 
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Contribution to the Gemological 
Analyses of Argentine Fluorite 


BY DR. J.C. FUENTES AND LIC. R. TUCCILLO 
Laboratory of Gemology 
Banco Ciudad de Buenos Aires 


Introduction 


Fluorite, a name of Latin origin, 
means ‘‘flowing rock” and has been in 
use since Roman times (Wollin, 1972). 
Alternately, “flux” is the name 
applied in industry and ornamental 
stone or gemological material of nor- 
mal use for the beautifully colored 
varieties. Fluorite appears quite fre- 
quently as an accessory mineral of 
several ore deposits in Argentina. Dur- 
ing the present work, some samples 
have been selected from different dis- 
tricts, like Cérdoba, San Luis and 
Rio Negro provinces. (See Figure 1.) 
These samples have been compared 
with others from well-known localities 
such as Durham and Castleton in 
Derbyshire, England (Ford, 1955). 


These samples were subjected to 
gemological analyses, ie., refractive 
index, specific gravity, X-ray and ultra- 
violet-light fluorescence, thermal treat- 
ment, and chemical analyses of trace 
elements by emission spectroscopy. 


Paragenesis 


Generally, Argentine fluorite occurs 
in hydrothermal veins of low tempera- 
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ture, in bodies up to one kilometer 
long and 0.3-3.0 meters wide. In 
some ore deposits it appears in cracks 
or breccias connected with granitic 
rocks and schists (Angelelli, 1950). 

Veins are commonly fiber-like or 
fine-grained. The color varies widely, 
ranging from white, violet, green to 
yellow. The mineralogical association 
is mainly calcite, barite, chalcedony, 
etc. Generally, Argentine fluorites are 
not associated with sulphides; some 
deposits of fluorite are associated with 
tungsten (W) mineralization (sample 
No. 6). 


Physical Properties 


The refractive indices were ob- 
tained by using a GIA Duplex II 
refractometer, with a monchromatic 
light source (yellow sodium light). In 
order to get the specific gravity, the 
pycnometer method was used, obtain- 
ing a range from 2.80 to 3.18. The 
lower values are probably due to the 
quartz inclusions in the samples (see 
Table I). Fluorite belongs to the iso- 
metric system (Zussman et al., 1970) 
and its hardness is 4 in the Mohs scale. 

The ultraviolet analyses were made 
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Figure 1. Location map 
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A 
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with a Chromato-Vue CC-20, an in- 
strument having both short and long 
wave sources (see Table II). X-ray 
fluorescence and phosphorescence 
were run using a Reich-Scheiffer 
machine. See results in Table LIL. 


of Argentine fluo- 
rite deposits. 


BRAZIL 


GEOGRAPHICAL 
SETTING 

0 500 miles 

References: 


A: Cordoba - samples 1, 2, 3 
B: San Luis - samples 4 
C: Rio Negro - samples 5, 6, 7 


Chemical Properties 
The basic composition of fluorite is 
calcium fluoride (CaF 2). Usually, it 
contains some trace elements quite 
important to the optical and physical 
properties of the mineral. Therefore, 


TABLE | 
REFRACTIVE INDEX AND SPECIFIC GRAVITY 


Sample Refractive Index Specific Gravity 
No. Locality (Na = 5890 A) (g/cm3) 
1 Pampa Olaen 1.438 3.080 
2 La Ciénaga 1.434 3.120 
3 La Ciénaga 1.433 3.180 
4 Rio Seco 1.433 3.176 
5 Los Menucos 1.435 3.110 
6 Valcheta 1.441 2.990 
7 Pailéman 1.435 2.799 
8 Durham 1432 3.160 
9 Blue John 1.435 3.250 
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TABLE II 
ULTRAVIOLET-LIGHT FLUORESCENCE 
AND DAYLIGHT COLORS 


Sample Daylight Long-wave UV Short-wave UV 
No. Locality Colors (A = 3660 A) (A= 2537 A) 
1 Pampa Olaen White Purple to brown Same but 
yellowish weaker 
2 La Ciénaga Purple Slightly purple Deep purple 
3 La Ciénaga Deep to light Deep purple gives Same but 
purple bands purple fluorescence. strongest 
Light purple gives fluorescence 
brown yellowish in light purple 
fluorescence. 
4 Rio Seco Light green Purple to brown Same 
yellowish 
5 Los Menucos Light brown Purple with ‘‘zones’’ Same 
slightly yellowish 
6 Valcheta Purple to brown Deep purple Slightly purple 
: yellowish bands to cream white 
(Scheelite’s 
impurities) 
7 Pailéman Same asSampie6 Same as Sample 6 Sameas Sample 6 
Durham Colorless Deep purple with Same but weaker 
strong ‘‘zones” 
9 Blue John Purple banding Very weak slightly Same 
purple 
TABLE Hl 


X-RAY FLUORESCENCE AND PHOSPHORESCENCE 
TUNGSTEN (W) TUBE, 53 kv. AND 20mA. 


Sample 
No. Locality Fluorescence Phosphorescence 
1 Pampa: Olaen Strong bluish green Strong and permanent 
2 La Ciénaga Cream purple Non-present 
3 La Ciénaga Cream purple Non-present 
4 Rio Seco Light yellowish brown Strong and permanent 
5 Los Menucos Light purple Weak and brief 
6 Valcheta Light purple Weak and brief 
7 Pailéman Purple Weak 
8 Durham Light blue Weak and brief 
9 Blue John Cream purple Non-present 
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we put emphasis on the research of 
these elements which may substitute 
partially for the calcium, yttrium (Y), 
cerium (Ce) and strontium (Sr). The 
qualitative and  semi-quantitative 
chemical analyses of the samples were 
made with a “Spectrex” Vreeland 6 
spectroscope (see Table IV}. 


Discussion of the Results 


According to the X-ray, ultraviolet 
fluorescence and phosphorescence, 
microscopical aspect and natural color, 
there is a remarkable similarity among 
fluorites from La Ciénaga (C6rdoba), 
Valcheta-Pailemin (Rio Negro) and 
the Blue John from Castleton (Eng- 
land). 

Blue John color is believed related 
to an organic origin, suggesting 
synchronous formation of the fluorite 
with oil-bearing sediments (Ford, 
1955). Similar evidence of this type 
was found in the Argentine specimens. 
Besides, there might be a possible 
connection between Durham (Eng- 
land) and Los Menucos fluorites (Rio 
Negro) on the basis of physical prop- 
erties (see Table JI). Both types show 


Figure 2. Los Menucos’ fluorite (Sample 5) 
showing strong “zones” under U.V. light. 


strong ‘‘zones” under ultraviolet radia- 
tion (see Figure 2). 

Some fluorite under thermal anal- 
yses (I.E. Qda. del Rio Seco, S.4) have 
shown strong remnant phosphores- 
cence. All samples were decolored by 
heating (Fander, 1972) followed in 
many samples by a  decrepitation 
effect, probably due to expansion of 
some water in the crystals. 


Conclusions 


The best Argentine fluorites for 
gemological or ornamental purposes 


TABLE IV 
SPECTROSCOPIC ANALYSES 
Sample 
No. Locality Cerium Yttrium — Strontium 

1 Pampa Olaen traces contains traces 

2 La Ciénaga traces traces more than 1% 
3 La Ciénaga traces traces less than 1% 
4 Rio Seco contains traces traces 

5 Los Menucos contains contains less than 1% 
6 Valcheta traces traces less than 1% 
7 Pailéman —_——— traces less than 1% 
8 Durham traces traces traces 

9 Blue John* =< 0.02% traces 


* After ‘‘Blue John fluorspar,’’ T.D. Ford, 1955. 
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Figure 3. Carved figures made of Argentine 
fluorite. 


are the green specimens found in San 
Luis Province (Qda. del Rio Seco) and 
the banded violet ones from Cérdoba 
(La Ciénaga). Figure 3 shows carved 
figures of Argentine fluorites. Recent- 
ly, some green fluorite simulants have 
appeared in the local market, made of 
plastic material (see Figure 4) and is 
used as ornamental figures. The fidel- 
ity of the natural “matrix” reproduced 
in the imitation fluorite can hardly be 
recognized as a simulant even after a 
hardness test or fluorescence assay: 

The other fluorites, mainly the purple 
color and the banded ones quite simi- 
lar to Blue John, have problems as 
ornamental stone because it is difficult 
to carve. 
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Developments and Highlights 
at GIA’s Lab 


in Santa Monica 


By RICHARD T. LIDDICOAT, JR. 


During the past few months, we 
have encountered some very interest- 
ing items in Chuck Fryer’s Santa 
Monica Laboratory. One of the most 
interesting was a colorless 10.28-carat 
square emerald cut stone. As expected 
in a colorless stone, it showed no 
absorption spectrum. The refractive 
index was above 1.81. Chuck found a 
uniaxial figure and determined a 
specific gravity of 6.13, with an ac- 
curacy of about + .02. The X-ray fluo- 
rescence was moderate yellow. The 
short-wave ultraviolet fluorescence 
exhibited a strong yellow color. Under 
long-wave ultraviolet, there was a very 
strong yellow fluorescence and weak 
yellow phosphorescence. Given this in- 
formation about the stone pictured in 
Figure 1, Mr. Fryer identified the 
stone as phosgenite. He was able to 
confirm this identification by using 
X-ray diffraction. This is the first 
phosgenite we have tested in any of the 
GIA Laboratories. 

Other rare and unusual gemstones 
were examined during recent months. 
One was a 41.7-carat ekanite, the larg- 
est that we had ever seen. This square 
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emerald cut stone was exceedingly 
radioactive and would have been very 
dangerous for anyone to wear. The 
inclusions observed in the stone are 
shown in Figure 2. 

The third really unusual stone 
observed was a 48-point, slightly red- 
dish brown cat’s-eye that had a very 
sharp eye. It is pictured in Figure 3. 
This stone showed tourmaline proper- 
ties in that the refractive index ap- 
peared to be on the order of 1.63-1.65 
and the specific gravity near 3.15. The 
eye was sharper than any we had ever 


Figure 1. 
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Figure 2. 


seen in tourmaline. The stone was 
inert to both long- and short-wave 
ultraviolet and to X-ray. It showed a 
band at 5100 Angstroms and a weaker 
band at 5500. Mr. Fryer was able to 
obtain a tiny amount of powder from 
it by scraping an edge (an amount I’m 
sure only Fryer’s technique would 
have accomplished). With the diffrac- 
tion pattern, we were able to identify 
the stone as our first anthophyllite. 
Another unusual stone we tested 
was a green cabochon that showed a 
dye spectrum. There was a broad band 
absorption in the red in the area that 
we associate with dye in jadeite or 
nephrite. The specific gravity was 
about 2.94, the refractive index about 
1.62, and the hardness about 4-1/2 to 
5. The appearance was that of jadeite 
but the properties certainly could be 
confused with nephrite. Ultraviolet 
and X-ray fluorescence were quite dif- 
ferent, however. Long-wave ultraviolet 
showed a bluish fluorescence as did 
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Figure 3. 


short-wave ultraviolet and the X-ray 
fluorescence was yellowish. Scraping 
material for an X-ray diffraction analy- 
sis revealed that the material was dyed 
wollastonite. The stone is shown in 
Figure 4. 


Diamond Items of Interest 

Recently, we found an unusual in- 
clusion under the table of a diamond 
that was brought in for testing. It was 
an included macle with rather peculiar 
surface markings. This is shown in 
Figure 5S. 

Another diamond showed purple 
banding or grain lines. These are 


Figure 4. 
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Figure 5. 


shown near the girdle in Figure 6. We 
do not recall having seen grain lines or 
banding in the past with a purple color 
in diamonds. 

In a treated yellow diamond, we 
found a large indented natural on the 
pavilion. This interesting feature is 
pictured in Figure 7, taken at 22x. 
Obviously, the stone was not consid- 
ered exceedingly valuable to be left in 
this condition. 

Figure 8 shows a diamond with 
two spots of ink, one at 12:00 o’clock 
and the other at 6:30. The ink had 
been placed on the diamond, obvious- 
ly to improve the apparent color. With 


Figure 6. 


the ink on the stone, it was graded at a 
low H; with the ink removed, it was on 
the I-J borderline. The ink spots are 
shown in Figure 8. 

Another diamond was sent in for 
identification because it had been so 
badly abraded on the crown that the 
sender could not believe the diamond 
could be so badly worn, and ques- 
tioned its identification. It is shown in 
Figure 9. 

One of the problems that we fre- 


Figure 7. 
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quently encounter in diamond grading 
is a matter of grain lines. When grain 
lines are visible only through the pavil- 
ion and do not cause any whitening or 
reflections, they are noted under grain- 


Figure 10. 


ing, but do not reduce the clarity 
grade. When they are reflective or 
whitish, they do affect the clarity 
grade. Some prominent grain lines are 
shown in figure 10. If these were 


Figure 12. 
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polishing marks, as they appear at first 
glance, they would not extend across 
facet edges. These lines are seen intern- 
ally and are obviously more significant 
than a tiny pinpoint. The grain lines 
visible in Figure 10 definitely would 
reduce the clarity grade of the 
diamond. 

An intriguing negative crystal was 
found on the surface of a diamond 
that recently came in for quality grad- 
ing. In Figure 11, in the dark back- 
ground, the inclusion appears as an 
included crystal. However, it was at 
the surface and undoubtedly had been 
pulled out during the polishing pro- 
cess. Another view is seen in Figure 
12. Both shots were taken at 126x, 
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School of Faceting, Manhattan Beach, 
California, for a rough zircon contain- 
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ing unusual tube-like inclusions with a 
very strong spectrum and a fine moon- 
stone specimen. 

To Douglas Ward, GIA correspon- 
dence student, of Wards’ Jewelry, 
Sunriver, Oregon, for two nice rough 
examples of cat’s-eye spodumene. 

To August Weilbach, GIA student, 
La Habra, California, for a large piece 
of difficult to obtain optical quality 
calcite. 


To Charles Wells, Jacksonville, 
Florida, for a beautiful colored picture 
of matched alexandrites and a 
welcome selection of miscellaneous 
stones for student use. 

To David Widess, of I. Widess & 
Sons, Los Angeles, California, for a 
generous gift of early Gilson synthetic 
emeralds and the long-term loan of 
three fine diamonds used for student 
demonstration purposes. 


In Memoriam 


We are saddened by the death of 
Professor Ralph J. Holmes of the 
Department of Geological Sciences at 
Columbia University. Dr. Holmes was 
a long-time associate and friend of 
GIA. At one time he was an Advisory 
Board Member to the Gem Trade 
Laboratory and a regular contributor 
to Gems & Gemology. During sum- 
mers in the late 1940’s, he conducted 
classes for GIA, making many lifelong 
friends in the process. 

Ralph “Holmes is well remembered 
by the trade for his many contribu- 


tions to gemology. Especially signifi- 
cant was his research in the identi- 
fication of gems by X-ray techniques. 
Dr. Holmes was a Professor of 
Mineralogy and Crystallography at 
Columbia University from 1936, and 
taught a well-known course on Gems 
and Precious Stones in the University 
extension classes. 

Those who knew him will remem- 
ber with gratitude his gift for teaching, 
his warm-hearted friendship and his 
lasting interest in gems and minerals. 


CORRECTION 


In a recent paper on the Slocum 
stone (Gems & Gemology, Volume 
XV, Number 8, pages 252-256), the 
words opalescence and opalescent 
were inadvertently misused to denote 
the play-of-color in opal and some 
opal simulants. The word opalescence 
correctly refers to the milky or some- 
what pearly appearance of some opals, 
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but not to the well-known play-of- 
color seen in fine gem opal. The 
author regrets the error and wishes to 
thank Dr. Kurt Nassau for calling his 
attention to the misuse of the words. 


Pete J. Dunn 

Dept. of Mineral Sciences 
Smithsonian Institution 
Washington, D.C. 
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A New Gemological Property 


By W. W. HANNEMAN, Ph.D. 
President, Hanneman Gemological Instruments 
Castro Valley, California 94546 


Luster can be defined as the appear- 
ance of a surface as determined by its 
reflecting power. Ly is the term used 
to define the numerical value for luster 
as determined according to the meth- 
od of the author. This article presents 
a description of the evolution of an 
instrument providing numerical values 
for luster, a table of Ly values for 
gems and a practical scheme for the 
identification of the high RI simulated 
diamonds. 

The reflecting power of a surface is 
determined by several factors. They 
are the chemical composition and 
atomic structure, the degree of 
smoothness (polish), and the cleanli- 
ness of the surface as well as, the 
wavelength of the energy source used 
to make the measurement. 

Gemologists, dealing with polished 
specimens, are in a position to mini- 
mize or recognize any negative effects 
of surface polish or dirt. This leaves 
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the major factors affecting the reflect- 
ing power of a gem to be its chemical 
composition and atomic structure and 
the wavelength of incident light. This 
was recognized by the author and 
resulted in the creation of the pocket 
sized, portable Hanneman Relative Re- 
flectometer which is perhaps better 
known as “The Jeweler’s Eye®.” In 
this instrument energy emitted froma 
gallium arsenide light emitting diode 
was used rather than either monochro- 
matic sodium or white light as the 
longer wavelengths served to some- 
what decrease any effects of surface 
roughness and to provide the desirable 
separation of diamond from strontium 
titanate. 

“The Jeweler’s Eye®” is calibrated 
to relate the quantity of reflected ener- 
gy to the name of the gem (ie. 
chemical composition and atomic 
structure). A typical scale is shown in 
Figure 1. 
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Figure 1. A typical scale. 
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This has caused problems for the 
inexperienced individual, who, not un- 
derstanding the limitations of reflec- 
tive measurements, put “blind faith” 
in the meter reading. His confidence 
was, of course, shattered when he 
observed that any gem could give any 
reading below its designated range due 
to the condition of the surface and it 
was his responsibility to ascertain the 
suitability of the surface before mak- 
ing the measurement, 

An analysis of this situation led to 
the conclusion that the relative reflec- 


Figure 2. A typical LUSTERMETE R® scale. 
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TABLE | 
THE HANNEMAN LUSTER SCALE* 


Standard Gem Ly 
DIAMOND 4 
STRONTIUM TITANATE 3 
GGG 2 
YAG 1 
SYNTHETIC SPINEL ES 
QUARTZ 55 


*The scale is discontinuous below 1, 


tometer actually measures the proper- 
ty we know as luster. Now, since one 
can measure luster and “The Jeweler’s 
Eye®” has demonstrated the useful- 
ness of such measurements on gems 
for which it has been calibrated, it 
follows that if there were a numerical 
scale of luster and numerical luster 
values determined for all the gems, an 
instrument measuring luster could be- 
come a useful tool of determinative 
gemology. And so the LUSTER- 
METER® was conceived. 

Since there was no recognized scale 
© 1977 W. W. Hanneman 
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Figure 3. Typical curves for calibration for 
Ly values. 


for gem luster it was first necessary to 
create one. From an analytical view- 
point, it is much simpler to make 
relative measurements than absolute 
determinations; so it is only sensible to 
create a relative scale of luster. This 
has been done and is shown in Table I. 
It is similar in concept to the Mohs 
Scale of Hardness. It has been named 
the Hanneman Luster Scale and values 
are designated by the symbol Ly in 
order to specify it is based on measure- 
ments using the gallium arsenide LED 
energy source. A typical LUSTER- 
METER® scale is shown in Figure 2. 

Calibration of a relative reflecto- 
meter is accomplished by creating a 
linear plot of numerical values as the 
abscissa and the maximum possible 
meter readings of the reference speci- 
mens as the ordinate as shown in 
Figure 3. Since these are relative mea- 
surements, the accuracy of the calibra- 
tion depends upon the quality of the 
reference specimens. 

Once calibrated, Ly values can then 
be determined for any gem and com- 
pared to a reference table of Ly 
values. The LUSTERMETER® is most 
useful for the identification of the 
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simulated diamonds not amenable to 
critical angle refractometer measure- 
ments. ; 

Table I presents Ly values of the 
reasonably scratch resistant diamond 
simulants and a practical scheme for 
their characterization is presented be- 
low. 

A higher measured luster value indi- 
cates the supposed identification is 
incorrect. A lower value does not 
positively rule out the purported iden- 
tity unless it can be shown that the 
surface condition is not significantly 
lowering the LUSTERMETER® read- 
ing. 

If the measured Ly, value falls in a 
range covered by more than one gem, 
then additional data must be obtained 
in order to make the proper identifica- 
tion. 

An examination of Table I reveals 
some very uscful and practical general- 
izations which can greatly simplify the 
gemologist’s task. Several of these are 
noted below. 

e Except for diamond and silicon 
carbide, all gems having Ly val- 
ues above 2.5 are soft (H<6) 
and/or doubly refractive with 
high and easily observed bire- 
fringence. 

» Except for andradite garnet 
(with its characteristic inclu- 
sions), there are no naturally 
occurring gemstones having Ly 
values between 1 and 2.5 which 
are singly refractive. 

e All synthetic garnets are singly 
refractive and have Ly values 
between 0.7 and 2.5. 

e Diamond, zircon and sphene are 
the “most apt to be encounter- 
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TABLE Il 
HANNEMAN RELATIVE LUSTER VALUES 


Hardness 


Material Mohs 
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Silicon Carbide 
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Diamond 
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ed” natural gemstones with Ly 
values above 1.5. Any other gem 
with Ly above 1.5 is either a 
man-made product or else a rela- 
tively soft and rare “collector’s 
item.” 
From a practical point of view, 
once a simulant has been recognized, 
the precise identification of its com- 


Figure 4. 
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Distinctive Features 


Brown to green; Low birefringence 
High dispersion, High birefringence 
Tetragonal; High birefringence 
Isometric 

Orthofhombic 

isometric 

Very high dispersion; Cubic 
Isometric 

Isometric 

Hexagonal 

lsometric 


High dispersion; Tetragonal; High birefringence 


High birefringence 
High birefringence 
Lower birefringence 
Tetragonal; Fluoresces 
High birefringence 
High dispersion 
isometric 

Usually green 
Isometric 


position is purely an academic ques- 
tion as the intrinsic values of all the 
synthetics are small. 

To be sure, the LUSTERMETER® 
does provide values between .4 and .8 
which include most of the traditional 
colored gemstones. However, it is re- 
cognized that more useful diagnostic 
information can be obtained by the 
gemologist using his critical angle re- 
fractometer. Nevertheless luster values 
have been assigned to all of these 
gems. They can be easily remembered 
as they correspond to the value obtain- 
ed by removing the 1. from the RI 
value. 

It is expected that other researchers 
having access to the rare “‘collector’s 
item’ high RI gems will be able to 
provide accurate Ly values for them 
and increase the overall utility of the 
LUSTERMETER® (Figure 4). 
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Developments and Highlights 
at GIA’s Lab 


in New York 


By ROBERT CROWNINGSHIELD 


Notes On Fancy Colored Diamond 

' In recent issues of national jewel- 
ty trade magazines we have seen at 
least four advertisements for treated 
color diamonds. Several offer not only 
stock but the service of treating dia- 
monds. This development seems to in- 
dicate a greater acceptance of treated 
diamonds but also indicates a greater 
need to review testing procedures. 
While pursuing the latter we have 
come upon several observations which 
are not covered in the G.I.A. Diamond 
Course or are in error. 

In the past year we have seen 
more small treated pink to purple-pink 
diamonds than in all the years since 
we identified our first stone of .01 ct. 
Last year an exciting red-purple stone 
of nearly .75 carat was seen and found 
to have the typical absorption spec- 
trum as shown in Liddicoat’s Hand- 
book of Gem Identification. We ate in- 
debted to New York diamond broker 
and Gem Trade Laboratory member 
Arthur Reik for securing on loan for 
our study a paper of more than 20 


306 


pink, yellow-pink, purple pink to fine 
light pink treated diamonds weighing 
as a lot nearly 3.00 carats — by far the 
greatest number we have seen at one 
time. It was comforting to see that 
they all had the typical absorption 
spectrum. We still do not know what 
type of diamond becomes this exciting 
color upon treatment. The fact that 
they have a “Cape” line at 4155 A.U. 
at first suggested that the stones must 
be some shade of yellow to greenish- 
yellow before treatment. Recent ob- 
servations of a lot of rough Brazilian 
pink stones in which we detected the 
4155 A.U. line in any stone that fluor- 
esced blue in long-wave ultraviolet 
forced us to abandon that theory. We 
have not noted in the literature any 
mention of a “Cape” line in fluores- 
cent pink natural color diamonds. 
Because the lot of pink rough was sub- 
mitted to determine if the color was 
natural we scurried off to find known 
natural pink diamonds in established 
collections and can report that every 
stone tested which had medium to 
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strong blue fluorescence also showed 
the 4155 A.U. absorption line. 

In the past year or so we have 
issued individual color origin reports 
on a large number of natural color 
black diamonds as each was finished. 
We note a recent advertisement in 
which the stones are being promoted. 
Many of the stones were very difficult 
to polish and in some cases only the 
crown would be completed. We were 
told that polishing wheel life was 
short. Some of the stones were truly 
opaque but most exhibited some light 
transmission over a powerful light such 
as that used for the spectroscope. 
Some show a “sugary” appearance and 
light reflected from internal fractures 
appears white. Thus we can state 
categorically that the note formerly 
found in Lesson 18 of GIA’s DIA- 
MOND COURSE (page 3) was in- 
correct. If thin sections of a black dia- 
mond (or reflections from fractures) 
appear green, it is an excellent indica- 
tion that the stone is treated — not 
natural. 

An oversight in the course came 
to our attention recently when be- 
cause of some unexplainable “hunch” 
the writer placed a large hexagonal 
step cut brown diamond on the con- 
ductometer and found that it con- 
ducted, but not uniformly. Most 
gemologists believe that no other than 
blue or gray diamond could show 
Type Ip characteristics. The fact that 
stones which appear brown to the eye 
could be conductive seemed not to 
have gotten into GIA’s lessons. In self 
defense the writer contacted Mr. 
Joseph Gill of J. & S.S. DeYoung, 
Boston, who is working on a master 
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cross reference of topics in gemologi- 
cal and jewelry trade publications. In a 
matter of minutes while I was waiting 
on the telephone he came up with two 
entries in past issues of Gems & Gem- 
ology where this fact was noted — 
embarrassingly, by this writer. In these 
earlier references it was noted that 
these brown conductive diamonds 
seem to be laminated with alternating 
zones of Type IIgp and some other 
type. In one case, the zones were clear- 
ly alternating light blue and brown but 
the overall appearance was a peculiar 
brown — perhaps, though not neces- 
sarily, similar to the recently tested 
hexagon which was tested for conduc- 
tivity. 

We have long thought that the 
brown to yellow and greenish-yellow 
green transmitting diamonds which 
show two absorption lines at approxi- 
mately 4980 A.U. and 5040 A.U. are 
distinct from those stones which show 
the “Cape” spectrum. It came as a sur- 
prise to examine a typical brown 
green-transmitting stone which showed 
in addition to the 4980 and 5040 lines 
the basic cape line at 4155 AU. 
Similarly, we were surprised to see a 
distinct line at approximately 5700 
A.U. from a yellow brilliant with an 
otherwise typical strong ““Cape”’ spec- 
trum. This measurement coincides 
almost exactly with the fluorescent 
line produced by ordinary fluorescent 
light. Interesting enough, we noted the 
line nearly 20 years ago as an oddity 
easily overlooked if any stray fluores- 
cent light strikes the spectroscope 
aperture. 

“Insect” In Diamond? 
A truly enchanting inclusion in an 
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Figure 1. 


emerald-cut diamond submitted for 
quality grading in illustrated in Figure 
Z. Although the “thing” has the usual 
six-fold symmetry we expect from 
such inclusions, one “ray” was long — 
the insect body, and one was short — 
the head. The remaining four were 
equal and approximated wings. 


“Opal-Essence” 

The choice of the name ‘“Opal- 
Essence” for the marketing of the 
Slocum Stone discussed at length in an 
article by Mr. Pete J. Dunn in the 
Winter 1976-1977 issue of Gems & 
Gemology brings to mind the conflict- 
ing definition of the term opalescence 
on which the new terms play. In 
American gemology, it is defined as 
“The milky or pearly appearance of 
some common opal. Not to be con- 
fused with the play of color exhibited 
by precious opal (Dictionary of Gems 
and Gemology, Shipley).” However, in 
Anderson’s Gem Testing we find: “A 
term used both for the milkiness of 
common opal and (more properly) for 
the milky iridescence seen in precious 
opal.” While in Webster’s Compen- 
dium we see: “a reflection of a milky 
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Figure 2. 


or pearly light from the interior of a 
mineral. Also used’ by some as an alter- 
native to iridescence.’’? But in 
Webster’s (Noah) Unabridged 20th 
Century Dictionary, Second Edition, 
we find: ‘‘Opalescence, the quality of 
being opalescent.” “Opalescent, re- 
sembling an opal in play of colors — 
iridescent.” One wonders why this 
common term cannot be standardized. 


Staff Meeting Report 

On the last Friday of January we 
were delighted to have as our guest 
speaker for the staff gemologists Mr. 
Pete J. Dunn from The Smithsonian 
Institution. He spoke of his work on 
tourmalines. On the last Friday of 
February we enjoyed an informal talk 
and exhibition of antique jewelry by 
GIA Graduate and antique dealer, 
Thana Rich. (Figure 2.) 


A Real Fooler 
Figure 3 illustrates some peculiar 
inclusions in a synthetic spinel with a 
color none of us ever recalls seeing. It 
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Figure 3. 


resembles the pinkish-orange padpara- 
dscha variety of sapphire and was 
being offered with that label when a 
well-trained gemologist made the 
identification and sent it in for confir- 
mation. 


Phase Contrast Photography 

Until recently we have been 
taking photographs of surfaces of 
stones suspected of having suffered 
damage using line-of-sight illumination 
with the Gemolite. Lately, we have 
been using a binocular microscope 
with Normarski phase contrast equip- 
ment. Even with the possibility of 
studying surfaces up to 2000x, ex- 
tremely well polished stones with a 
fracture reaching the surface may not 


Figure 5. 
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Figure 4. 


yield the needed information. How- 
ever, under high magnification using 
different filters although no inter- 
rupted polishing lines are seen, under- 
cutting on inherent fractures may be 
detected. In Figure 4 an inherent 
fracture is seen under 300x. The 
lighter areas along the fracture show 
the direction away from the polish 
direction. 


More Diamond Inclusions 

Figure 5 shows some unusual 
oriented needle-like inclusions in a 
3.00-carat round diamond brilliant. 
Perhaps one day we shall encounter a 
diamond with enough needle-like in- 
clusions to suggest cutting a cat’s-eye 
— only who will cut a diamond 
cabochon? Figure 6 is an attempt to 
capture a charming scene in a round 
diamond — a fish about to engulf a 
morsel with rays of sunlight off to the 
left. Figure 7 is a picture of a .40-ct. 
diamond brilliant with the largest 
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Figure 6. 


naturals we have yet seen. One 
wonders about the weight retention 
from the rough. One would not expect 
to see a conchoidal fracture on a 
polished diamond or other stone with 
perfect cleavage. However, in Figure 8 
we see a good example of a conchoidal 
fracture. (We have seen the same thing 
on a blue topaz — probably treated — 
which prompted the owner to have the 
stone tested.) The included crystal in 
the diamond photographed in Figure 9 
resembles a child’s face. In Figure 10 a 
rare cubic natural was captured. 


Beryl Oddities 
In the black and white photo- 
graph, Figure 11, it was impossible to 
capture what looked like swirling snow 
over the Rockies in a parti-color (green 
and colorless) emerald. 
We have occasionally mentioned 


Figure 8. 
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Figure 7. 


in this column the still unsolved 
phenomenon of “tarnish” on natural 
emeralds. Sometimes it is so heavy 
that it is impossible to secure a refrac- 
tive index without polishing it away 
with a fine paper or ink eraser. It was 
not unexpected to see “tarnish” on a 
large golden beryl as seen in Figure 12. 


Quartz-Natural And Synthetic 

We were able to purchase for the 
Institute’s collection two star quartz 
cabochons one of which was a light 
blue-gray and the other a pleasant 
smoky brown. The latter is shown in 
Figure 13 looking down the optic axis. 


Figure 9. 
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Figure 17. 


Figure 10. 


When the stone was tilted slightly, 
numerous: subsidiary stars appeared 
(Figure 14). Under the microscope, 
additional stars terminating below the 
surface are visible. In all the writer 
counted 36 stars representing both 
four and six rays. The brown stone is 
unique in that it is without flaws 
under 10 power and the cause of the 
star is not seen under any magnifica- 
tion possible with the Gemolite. At 
first we thought the stones may have 
come from the same source in Alabama 
as the stones given to us by one Lucky 
McDaniels, a famous quick draw artist 
often employed by police academies — 
and owner of property on which he 
discovered normal quartz stars he was 
going to market as “StarFells.” How- 


Figure 12. 
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ever, it -was reliably reported that 
stones of this description had been 
bought in Sri Lanka, but we saw none 
until our good friend Eric Darmstadter 
brought us several from this locale. 
None, however, was as nearly flawless 
with as clear a phenomenon as the first 
we saw. 

In Figure 15 a bi-color synthetic 
quartz half yellow and half green is 
shown. We understand that 
made in the Soviet Union. Typical 
“bread-crumb”’ inclusions are seen in 
Figure 16. 


it was 


Figure 13. 


311 


Figure 14. 


A New Jewelry Item 

Figure 17 cannot do justice to a 
hauntingly beautiful stone reported to 
be assembled with a rock crystal top 
laminated to fossilized ammonite in 
the form of aragonite with a support- 
ing base. The stones we have seen are 
like a mosaic of green and red opal but 


Figure 16. 
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Figure 15. 


clearly not to be confused. The one 
stone we have had to examine closely 
seemed very well made and the makers 
claim good durability. It has been 
named ‘“‘Calcentine” in honor of 
Calgary’s centennial. The fossil 
ammonities are found in southern 
Alberta and the stone is being manu- 
factured by Calcentine Ltd. in Calgary. 
The plan is to sell only completed 
jewelry rather than unset stones. It is 
hoped that the jewelry trade will 
welcome a newcomer to a continent 
that unfortunately has precious few 
minerals we can count on to provide 
beauty for the marketplace in what- 
ever form. 


More About Quartz 

With the interest in emeralds at an 
all time high, qualities of this stone 
that would not have been cut years 
ago are appearing on the market. Some 
are quite good color but highly flawed 
and quite opaque. Into this breach has 
been thrown dyed quartzite that is an 
excellent imitation of this quality. 
Some has been sold on a buyer-beware 
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Figure 17. 


basis while others have been labeled 
“Emerald Nova” which at least gives 
the wary a clue. Aside from the 
unnatural color, some of this material 
seen in the Laboratory has not been 
easy to test. Visually, the dye is not 
obvious but, of course, the absorption 
spectrum is wrong, thought due to 
chromium. 
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FLASHBACK 


Ed. Note: One of the many rewards in 
publishing articles in Gems & Gem- 
ology is to have a reader’s response to 
the material and adding more useful 
information to it. A recent example is 
described below from a letter by Dr. 
Edward Giibelin in which -he shows 
that well-shaped inclusions can be 
determined by their measurable angles 
from a photograph. 


“As always I read the developments 
and highlights from the GIA’s labora- 
tories with particular care and concen- 
tration and I was immediately struck 
by Figure 11 on page 213 of Gems & 
Gemology (Fall 1976) showing the 
magnificent portrait of a quartz crystal 
in an emerald from Colombia. I am 
certainly not mistaken in assuming 
that we must have had (in our testing 
laboratory) this very emerald with this 
same inclusion, as I remembered it 
immediately. I took several photo- 
micrographs from various angles very 
carefully because I had the feeling that 
such a beautiful and sharply-shaped 
crystal should allow me to measure its 
angles and thus determine its nature. 
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Indeed, when measuring the angles of 
the crystal sketches which I had made 
from the photomicrographs, | found 
the typical angles of quartz, seen in 
the diagram below. The marked angles 
are constructed from the six-sided 
point. The positive and the negative 
thombohedra are equally large. On 
freely grown quartz the point might 
even be blunt. As far as the mor- 
phology is concerned, the identity of 
our inclusion in this Columbia emerald 
is definitely quartz.” 
Most sincerely yours, 


a 


Dr. E. Giibelin, C.G., F.G.A. 
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On the Turquoise Deposits 
of Nishabur (N. E. Iran) 


By MOHSEN MANUTCHEHR-DANAI 


Faculty of Sciences, Geological Department 
University of Meshed, Meshed, Iran 


Abstract 

A short description is given of the 
history, the output and the geological 
conditions of the turquoise deposits of 
Nishabur, together with some remarks 
on the genesis of the deposits. Tur- 
quoise appears together with faustite, 
the zinc analogue of turquoise, opal, 
and sulphides in weathered inter- 
mediate volcanic rocks (among others: 
trachyte and trachyandesite). The 
rocks are stained and darkened by iron 
oxide, and are ascribed to the Tertiary 
Age. Also uranium minerals (autunite) 
have been found. 

Geographical Location 

The turquoise deposits of Nishabur 
(36° 30’ N, 58° 20’ E) are situated 
approximately northwest of the town 
of Nishabur (in the direction of Teh- 
ran), near the village of Ma’adan (Fig- 
ure 1). 

The only tunnels of the turquoise 
deposits. worked today are on the 
south and southeast slopes of the Kuh- 
e-Raies Mountain. (1250 m altitude; 
tunnel | is at 1675 m and tunnel 3 at 
1575 m altitude), 2.5 kms west from 
the village. The neighboring summit of 
the Abdulrazzaghi Mountain is 1785 m 
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high. The dumps of the mine are situ- 
ated south of tunnel 3 (Figure 2), and 
are visible from some distance. 
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Figure 1. General map indicating the geolo- 
gical position of the Nishabur deposits (from 
Tectonic Map of tran}. 
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History and Economics of 
the Turquoise Deposits 

According to Pogue (1915) the 
world-famous turquoise deposits of 
Nishabur have been mined since 2100 
B.C. An inscription at Susa from 
Darius the First (521 - 486 B.C.) 
mentions turquoise from the region 
known at that time as ““Khawrazm.” 
Khawrazm was an area located north- 
east of Iran with uncertain borders and 
probably the turquoise deposits were 
counted to Khawrazm. 

In the 9th and 10th century A.D. 
also, several references to turquoise 
from Nishabur can be found in many 
old Persian gemmological, mineral- 
ogical, cosmological and medical 
manuscripts. 

Marco Polo (13th century) and 
Tavernier (17th century) were among 
the first Europeans to mention tur- 
quoise from Persia in their travel 
accounts. Khanikov (1861), Tietze 
(1879 and 1884), Houtum-Schindler 
(1881 and 1886), Helmbacker (1898), 
Griesbach (1886 and 1887) wrote 
scientific reports about the turquoise 
deposits in Persia; Bogdanowitsch 
(1889) and Stahl (1911) discussed the 
possible geological formation of these 
deposits. 

According to historical accounts, 
these turquoise deposits were known 
in Persian vernacular under the name 
of ““Shadadi.” 

Since they were first discovered, 
the turquoise deposits of Nishabur 
have been worked in a very primitive 
way. (Later on the turquoise mine was 
modernized through the digging of 
three tunnels, and the ensuing transi- 
tion to subterranean mining.) Today, 
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the turquoise mine is still operating 
and it is run under state supervision. 
The working area of the turquoise 
deposits extends over an area of nearly 
1 km x 2.5 kms (Figure 2). There are 
at present about 210 people working 
at the mine. They extract approxi- 
mately 11,000 kg of native rock — 
that is, from 4 to 4.5 m? per week. 
The turquoise is then extracted 
manually. According to calculations of 
the management of the mine, every 
ton of native rock has 3.3 kgs of tur- 
quoise, corresponding to 9 kg/m3. 


Geological Conditions and Age 

The Kuh-e-Raies Mountain, from 
which the turquoise is extracted, con- 
sists of intermediate volcanic rock 
darkened by iron oxide. According to 
Tietze (1884), this rock belongs to the 
Tertiary Age. Bazin and Htbner 
(1969) state that it belongs to the 
early Tertiary. According to Griesbach 
(1886-1887), it must be ascribed to 
the Eocene with nummulitic lime- 
stone; this coincides with an Eocene 
origin. 

The southeast slope of the moun- 
tain is covered by sediments composed 
of conglomerates, sandstones, num- 
mulitic limestone, marl, gypsum and 
salt. Farther away, isolated salt hills 
are found towards the southeast. In 
the village of Amarlu, mineral salt is 
extracted. 

The volcanic rock of this area runs 
from southeast to northwest, as can be 
seen from the geologic-tectonic map of 
Iran (Figure 1). 

The rock complex consists partially 
of brecciated trachyte, i.e., trachyan- 
desite of porphyritic texture. The 
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Figure 2. Morphological map of Nishabur deposits (from the former 
Mining Company of Nishabur prepared by the author). 


weathered surface is yellow-brown to 
black-brown. The rock is alunitized. In 
places it has a gray to yellowish sur- 
face. This color appears paler on a 
freshly fractured surface. The alunite 
group of minerals consists of jarosite, 
natrojarosite and hydronium jarosite 
which can at times be seen in the fis- 
sures and on the fracture surfaces of 
the rock, and small turquoise grains 
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also can be found there. 

The actual brecciated brown rock 
containing turquoise is an extensively 
oxidized (limonitized) kaolinized sili- 
ceous trachyte with gradations to 
quartztrachyte and keratophyre. Sul- 
phide minerals such as chalcopyrite, 
pyrite and probably sphalerite also 
appear in the rock as accessory con- 
stituents. The formation of sulphide 
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minerals, according to Bazin and 
Htibner, can be most. probably 
attributed to post-hydrothermal reac- 
tions. The turquoise yielding rocks are 
dark to black-brown on the surface, 
and yellow-brown on the fractured 
surface, and grade in places into gray 
with streaks of iron glance (specu- 
larite). The fissures and cracks in the 
brecciated rock are filled and veined 
with secondary iron oxide. It looks as 
though the iron oxide cemented the 
rock formation. However, there are 
nodular, nut- or pea-sized lumps of 
turquoise of different color shades in 
the cracks of the rock. All the rocks, 
the turquoise bearing as well as the 
non-turquoise yielding ones, contain 
apatite, which can be easily seen under 
the microscope. A greater proportion 
of apatite in the turquoise-rich mineral 
is confirmed by X-ray fluorescence 
analysis. These rocks contain between 
1.3% to 3.0% of P,O;. Here it should 
be mentioned that colorless, radial, 
vitreous, shining secondary minerals, 
which were found in some of the 
cracks, proved to be apatite after 
radiographic examination. 


Genesis 

As already stated, turquoise forms 
nodular or pea-sized grains which 
appear here and there, in the cracks 
and fissures of the native rock 
(together with clay minerals, e.g., 
montmorillonite). 

A previous paper on the turquoise 
deposits of Baghu (Manutchehr-Danai, 
1976) indicated that the problem of 
turquoise formation has not yet been 
satisfactorily solved. Here one can 
accept the theory of turquoise forma- 
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TABLE |. 
Elements detected in the Rocks and 
Weathering Products 


Samples Mn Ni Sr Rb Ba Pb As Cu Zn Ma 

Rocks 1 + + + + + ? ? + + 

“s 24+ 4+ + --—- 2? 2? +5 

' 3 ste — —gSscp tots 

Weathering | 
fa + = So 
2¢+¢te. +---- + + + 
3 +t. +---- + + tr 


tion, as described by Jung (1932) and 
Hinze (1933). The presence of second- 
ary minerals, such as opal or chalce- 
dony, could represent the evidence of 
the formation of turquoise as a wea- 
thering product. Some weathering 
products have been sampled from the 
fissures and cracks of the brecciated 
stone; these materials have a pale tur- 
quoise color, but under radiographic 
examination, proved to be aggregates 
of faustite* and turquoise. Thus, the 
rock must yield zinc minerals. 

It is probable that this mineral is 
sphalerite (zinc blende), which occurs 
as a post-hydrothermal reaction, as 
described by Bazin and Hfibner 
(1969). Other sulphide minerals, such 
as pyrite and chalcopynite, are present. 
Sphalerite could not be detected by 
microscopic examination. 

With the aid of X-ray fluorescence, 
zinc has been detected in two of the 
faustite and turquoise aggregates. A 
further element, iron, has also been 
found. It appears as iron oxide inter- 


*The chemical formula is, according to Erd 

et al. (1953) as follows: (Zng.,Cup..) 

Al,(OH), (PO,), 5SH,O; according to 

pion it is as follows: ZnAl, (OH), (PO,), 
20. 
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stratified with turquoise in veined 
matrices as an impurity. A number of 
other metallic ions have also been 
detected through X-ray fluorescence 
examination, as indicated in Table 1. 
Their portions, however, may be well 
under 1%. The majority of these 
metallic ions is indicated in the paper 
of Khorassani et al. (1976). 

The weathered samples have a light 
blue, and at times, apple-green color. 
Most of them are nodular, with cauli- 
flower-like aggregates and are partially 
veined on the surface. 

Secondary minerals worth mention- 
ing are: chrysocolla, iron oxide (iron 
glance), opal, dioptase, calcareous 
spar, and malachite. Small quantities 
of chalcanthite have also been found. 
This fact is also mentioned by Bariand 
(1963). Furthermore, small amounts 
of secondary radioactive uranium 
minerals (autunite) have been found. 
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1977 Schuetz Design Contest Winner 


Miss Yoko Tanaka, an employee of 
Miwa Company, Tokyo, Japan, has 
been named the winner of the 1977 
George A. Schuetz Memorial Fund 
Design Contest. Her outstanding prize- 
winning design and exceptional render- 
ing is for a man’s ring featuring 
diamonds, platinum and yellow gold. 
She has been awarded a $300 scholar- 
ship for any jewelry related training at 
an institution of her choice. 

The yearly contest was established 
in the memory of George A. Schuetz 
former president of Larter & Sons, 
Newark, New Jersey. The contest is 
administered by the Gemological 
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Institute of America. Anyone may 
enter. Entries are limited to designs for 
men’s jewelry. Al! entries are judged 
on the basis of beauty, originality of 
design, feasibility of wear, manu- 
facturability and the effective use of 
metal and stones for men’s jewelry. 
Designs must be original and cannot 
have been previously exhibited 
publicly or offered for sale. Entries are 
made in the form of renderings or wax 
models. Photographs or actual pieces 
are not accepted. 

Thirty entries were submitted for 
the 1977 contest. Members of this 
year’s panel of judges were Robert 
Ahrens, jewelry designer for Van Cleef 
& Arpels of California, Inc.; Angel 
Castelo, jewelry designer and manu- 
facturer, Beverly Hills, California; and 
D. Vincent Manson, Ph.D., Research 
scientist at the Gemological Institute 
of America, Santa Monica, California. 

In announcing their decision, the 
award committee congratulated Miss 
Tanaka and expressed their sincere 
appreciation to the other contestants 
for submitting entries. 

Information about the 1978 
Schuetz Design Contest is available in 
the fall. Please write GIA, 1660 
Stewart Street, P.O. Box 2110, Santa 
Monica, California 90406. 
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Analytical Results of Poly-Mineralic 
Sulfide Inclusions in Diamond 


by E.J. Gibelin, PhD, CG, FGA 
Lucerne, Switzerland, oe 


las prepared for the 2nd International Kimberlite Conference 
in Santa’ Fé, Oct. 3-7, 1977" 


Diamonds and their mineral inclu- 
sions appear to be a unique window 
into the Upper Mantle and provide un- 
altered samples of a wide composi- 
tional range of several rock suites. The 
abundance and variety of inclusions, 
both mono- and poly-mineralic, even 
within a single diamond suggest that a 
complex history has preceded the 
genesis of the host diamond. The his- 
tory would appear to forerun the 
formation and emplacement of 
kimberlite. Hence, detailed investiga- 
tion of the crystalline inclusions in 
diamonds is essential. Their co- 
existence with the diamond, i.e. their 
forming the internal paragenesis of the 
diamond tells us a fascinating story of 
evolution. The origin of the diamond 
has been disputed for many years and 
will still be in years to come and even 
now it is still full of riddles and 
secrets. Nevertheless, it is fascinating 
to realize that it is indisputably the 
guest minerals of the diamond that 
have delivered an incalculably instruc- 
tive contribution to the clarification of 
the diamond genesis. Analysis of its 
syngenetic mineral inclusions and their 
trace elements actually provides 
valuable clues to the material com- 
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position of the mother-magma which 
must have been. once poor in iron, 
chromiferous and peridotitic ~ and 
hence ultramafic — with admixtures of 
sulphur, titanium and carbon dioxide. 
Natural diamonds are generally con- 
sidered to be the products of stable 
growth. On this assumption it has been 
argued that many mineral inclusions in 
diamond represent original phases 
which formed in equilibrium with the 
diamond — in other words: they grew 
simultaneously with the diamond 
undergoing the same conditions of 
crystallization. 

Inspired by a previous study of J.W. 
Harris (1972) who had found that the 
black lining of cracks in diamonds 
often consisted of graphite and pyrrho- 
tite, and also intrigued by relatively 
large black spots which occurred in all 
of about one dozen of diamond slabs 
which Mr. R. Crowningshield, Director 
of the GIA Gem Laboratory in New 
York gave me for examination, I con- 
sidered it worthwhile to attempt 
further detailed investigation of the 
nature of these black inclusions. The 
diamond slabs had been sliced parallel 
to the girdle, ic. to the maximum 
circumference of octahedral diamond 
crystals from Ghana, weighing about 3 
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Some of the diamond slices 


Figure 7. 
mentioned in this article are photographed 
in short-wave ultraviolet light. The strong 
absorption of the ultraviolet light by these 
slabs classifies them as diamonds Type Ta. 


to 4 carats each (Figure 1). In each of 
the slabs one or more black inclusions 
of the type illustrated in Figure 2 were 
present. These inclusions consisted 
essentially of a bright, colorless or 
sometimes a black mineral grain sitting 
more or less in the center of a system 
of fissures: diverging in directions, of 
the (111). faces and predominantly 
lined with a black substance. Testing 
their transparency in short-wave ultra- 
violet light proved that all the host 
slabs were diamonds of Type La. 

As the mineral inclusions were com- 
pletely encased by the diamond sub- 
stance of the slabs, the latter had to be 
cut slimmer, until the bright and black 
inclusions were flush with the surface, 
i.e. exposed for a quantitative and 
qualitative analysis by conventional 
methods as well as by means of the 
electron microprobe. These examina- 
tions showed that the bright colorless 
inclusions were mono-mineralic while 
the majority of the black inclusions 
were poly-mineralic substances. In the 
bright’ mono-mineralic crystals, the 
microprobe identified the elements Mg 
and Si, thus they may be considered as 
olivines. (It is well known that olivine 
is the most ubiquitous guest mineral of 
the diamond.) The black poly- 
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mineralic grains were mainly sulfides 
such as pyrrhotite (Fe,-xS), Pentlan- 
dite (Fe, Ni)oSg, and Chalcopyrite 
(CuFeS,). It was interesting to note 
that one of the black mineral grains 
turned colorless after grinding down 
the host slab, and the composing 
elements Mg and Si, determined by the 
microprobe, indicated an olivine, 
which had previously been wrapped by, 
a film of either graphite or pyrrhotite. 

The inclusions in slabs numbers D-1 
and D-4 proved to be particularly 
informative. Slab D-4 contained — 
besides the common black grains — a 
tiny anhedral yellow crystal (Figure 3) 
for which the microprobe revealed the 
elements Fe, Ca, Mg, (Mn), Si and Al 
which justify the identification as a 
pyroxene. However, it was not pos- 
sible to determine whether it was a 
clino- or an orthopyroxene. 

The answer to this alternative 
would have been extremely illum- 
inating because it could have indicated 
whether the host diamond originated 
from a peridotitic mother rock (i.e. 
garnet lherzolite) or from eclogite. The 
mineral associations of the diamond’s 
internal paragenesis belong to two 
different suites of mother rocks, 
namely either to lherzolite or to 
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Figure 2. Common appearance of the biack 
inclusions in the diamond slices examined. 
They usually consist of a central bright or 
black mineral surrounded by system af 
divergent fractures. 100x 


eclogite, both being deep seated xeno- 
liths. 
of the Upper Mantle has revealed that 
each type of rock is characterized by 
its specific Composition of minerals, to 


Detailed research of the material 


such an extent that certain incluston 
parageneses refer to one or the other 
mother rock, even if.only one discrete 
mineral inclusion happens to be pre- 
sent. Thus, the association of chrome- 
rich garnel (purple red. knorringite- 
pyrope), chrome diopside, 
(ortho-pyroxene), olivine, 


rich 
enstatite 


and 


lherzolite, 


chromite indicate origin from 


whereas 4 paragenesis of 
honey-brown garnet (with molecules 
of pyrope-almandine and grossular) 
(clino- 

rutile 


omphacitic pyroxenes 

pyroxene), kyanite, olivine, 
which is a frequent accessory mineral), 
phlogopite, and magnetite betray for- 
mation in eclogite (PRINZ, M. e¢ al. 
1973), The garmets in both types of 
xenoliths seem to excel in the same 
peculiarity of containing 4 remarkable 
amount of Naz0 — which implies high 
one of the 


pressure of formation 
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Figure 3, Yellow mineral inclusion of irregu- 
Jar shape, which the efectron microprobe 
revealed (0 be & pyroxene. T00x 


very important factors of diamond 
growth, 
The investigation of slab D-! 


offered & more proyocative problem 
since it enclosed two black inclusions 
of seemingly different nature. They 
were first subjected to a microprobe 
analysis which disclosed the elements 
S, Fe, Ni and Cu for both grains A and 
B as well as a clear indication of Si for 
grain B figure 4). It ishowever not so 
much the presence of Si which is 
astonishing but definitely its imme- 
proximity to a poly-mineralic 
observation 


diate 
grain of sulfides an 
which seems to be unique and was 
made for the first time in connection 
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Figure 4. Electron microprobe scanning Figure 4a. Scanning X-ray image showing 

image of the poly-mineralic inclusions Bin the distribution of elements, i.e. the content 

diamond slab D-1. of sulphur in the poly-mineralic grain of 
sulfides. 


Figure 4b. Scanning X-ray image displaying Figure 4c. Scanning X-ray image disclosing 
the distribution of iron in the poly-mineralic the distribution of nickel in the poly- 


sulfide grain. mineralic grain of sulfides. 


Figure 4d. Scanning X-ray image reveals that Figure 4e. Scanning X-ray image indicates 
the copper content is mainly concentrated the presence of a small amount of silica in 
along the rim of the poly-mineralic grain of | immediate contact with the sulfide minerals. 


sulfides. 
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with the internal paragenesis of dia- 
mond (Figure 4e). Figures 4a, 4b, 4c 
and 4d show the distribution of the 
elements found in the poly-mineralic 
sulfide grain and they simultaneously 
depict that iron and nickel occur in 
solid solution (i.e. mixed) in the cen- 
tral part of the grain, whereas copper 
is mainly concentrated along the rim. 
The quantitative analysis of the two 
black sulfide inclusions is shown in 
Table I: 


TABLE | 


Microprobe Analysis of Elements in 
Stab D-1 Inclusions 


Element Inclusion A Inclusion B 
Wt. % Wt. % 
Ni 7.81 0.67 7.89 
Fe 51.35 3449 53.52 
S 40.28 34.06 36.13 
- Co 0.46 0.06 0.44 
Cu 2.67 27.24 0.57 
*Total 


Percentage 102.57% 96.53% 98.54% 
*(The analytical quantities do not 
exactly add to 100% because of the 
irregular and gradual transition (zona- 
tion) of the phases.) 


The Fe-Ni-S-phases are similar in 
both inclusions, and the ostensible dif- 
ferences in all components are likely 
to be based on the delimitations merg- 
ing into one another. The significant 
feature of the microprobe scanning 
X-ray images is the conspicuously high 
Ni content (which agrees with the 
chemical analysis of both black grains) 
in a mineral which is basically pyrrho- 
tite in composition. Apparently, little 
or no exsolution of Ni has taken place 
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from the original mineral during cool- 
ing, which suggests that this host 
diamond cooled rapidly. Most pyrrho- 
tite can only accommodate about 
1-2% Ni in solid solution, yet these 
two black sulfide inclusions contain 
7.8% Ni (see Table 1). ge 

The Cu-Fe-S phase is chemically 
chalcopyrite, but it has recently be- 
come known that there are some high 
pressure polymorphs of a similar 
mineral known, which are chemically 
indistinguishable from chalcopyrite, so 
that the mineral in this host diamond 
is somewhat uncertain. 

Furthermore, the Si-phase also re- 
mains dubious; it could consist of the 
high pressure modification of quartz — 
called coesite (Figure 4e). An attempt 
was undertaken to separate the pattern 
of the Si-diffraction from the pattern 
of the sulfide phases by means of 
X-rays, yet the extreme overlapping of 
the two principal components ren- 
dered the task even more difficult. 
However, a comparison of Figure 4 of 
microphotographs (polarized) in the 
present article with the description 
and the microphotographs 1-4 
(crossed-polarized) in a recently pub- 
lished paper by J.R. Smyth (1977, p. 
829) would suggest that the Si- 
polymorph is.a quartz pseudomorph 
after coesite. Be that as it may, the 
direct contact of a Si-phase with sul- 
fides is an absolutely unique occur- 
rence, which has never been men- 
tioned in the literature before. 

Considering all the factors of the 
sulfide inclusions analyzed in these 
diamond slabs, especially so in slabs 
D-1 and D-4, one may conclude that 
they were found in eclogites. 
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The divergent black fissures are 
tension cracks initiated by a higher 
coefficient of thermal expansion of 
the mineral grain in their center as 
against that of the diamond. In most 
cases the black coloration is caused by 
an aultra-thin film of pyrrhotite rather 
than graphite. The question as to how 
this fine lining of the fractures could 
occur has not been solved and con- 
tinues to be a challenging problem. 
Nevertheless, the conclusions which 
may already be derived from the in- 
vestigation of inclusions and applied to 
tentative - explanation of the host 
diamond’s genesis are already highly 
informative. In connection with the 
analytical results in this paper, it seems 
to be most elucidating to study the 
paper by H.O.A. MEYER ef al. (1976) 
who stated that: “A major problem 
with sulphides is that they re- 
equilibrate very readily with decreas- 
ing temperatures, and furthermore the 
effect of pressure on the stability 
fields of these sub-solidus phases is 
mostly unknown. It is most likely that 
under the conditions of diamond and 
inclusion genesis the sulphides are a 
single discrete phase. of the mono- 
sulphide solid solution. Subsequently, 
as the temperature decreases, it is 
probable that Cu-rich phases such as 
chalcopyrite would first be exsolved 
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leaving a Ni-enriched monosulphide 
with pyrrhotite structure. Eventually, 
this monosulphide would undergo 
further sub-solidus re-equilibration to 
pentlandite and pyrrhotite.” 

I wish to extend my sincere ex- 
pression of gratitude to Prof. M. 
Weibel of the Institute of Mineralogy 
and Crystallography at the Federal 
High School of Technology in Ztrich, 
Switzerland, for the analytical work as 
well as to Dr. J.W. Harris for his 
competent interpretation of the 
analytical results. 
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Developments and Highlights 
at GIA’s Lab 


in Santa Monica 


By RICHARD T. LIDDICOAT, JR. 


Exceptional Crystal 


As usual, in the interim between the 
last set of lab notes and today, we 
have had a number of very interesting 
developments. We were asked to con- 
firm the identity of a very beautiful 
and seemingly valuable emerald crys- 
tal. The first clue that came into focus 
was that it showed absolutely no 
chrome spectrum. When it was ex- 
amined under magnification, large 


Figure 7. 
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bubbles were evident which were 
usually flattened and elongated as seen 
in Figure I, When the stone was 
examined by X-ray, it was apparent 
that the bubbles were due to the fact 
that the crystal had been core-drilled 
and the space between the core and 
the outside crystal filled with a green 
cement. Probably, a pale beryl crystal 
had been drilled and a green cement 
with chromium was used to hold the 
core in place. From what we were able 
to gather, an unfortunate victim had 
paid a very high price for the crystal. 


Zoned Emerald 


From overseas, we were sent a 
beautiful antique cushion-shaped em- 
erald with a cabochon top and a 
faceted pavilion with a request to 
determine whether the color was na- 
tural or whether something had been 
done to enhance the stone. It turned 
out to have the strongest zonal colora- 
tion we ever have encountered in an 
emerald. It was reminiscent of the 
color distribution of a Burma ruby, 
except that the color distribution was 
structured. Part of the stone was color- 
less, and part a rich, deep emerald 
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green. The overall effect, when looking 
at the stone face up, was that it was a 
normally colored emerald, but the 
strongly zoned coloration shown in 
Figure 2 was apparent only in one 
direction. 


A Lovely Amethyst Cameo 


We received, just to examine, an 
antique brooch set with a very large 
carved amethyst. It is shown in Figure 
3. The amethyst is very attractive, and 
the carving is delicate and appealing. 


_ Green Cuvette 


Recently, we received a man’s ring 
in which was set a green cuvette, The 
soldier’s head was in green, raised 
above a white frosted background. The 
interesting fact about the piece was 
that it had been cut from a synthetic 
spinel triplet. The carving had sliced 
through the crown, and had removed 
the colored cement layer, which left 


Figure 2 


FALL 1977 


Figure 3, 


the frosted background of the color- 
less spinel base as seen in Figure 4. 
Most of the carving of the head had 
been done in the upper portion of the 
doublet, leaving the color. It was an 
interesting use of the colored cement. 


“Horsetail” Inclusions 


People in the Laboratory were very 
much intrigued by a green glass that 
showed milky swirls which, at first 
glance under magnification, were rem- 
iniscent of “‘horsetail” inclusions of 
demantoid. They are pictured in 
Figure 5, 


Diamond Substitutes 


In this day of GGG and cubic 
zirconia, some dealers are becoming 
paranoid about the thought of being 
cheated by an erstwhile customer. One 
of them has resorted to scratching the 
table of stones offered to him with the 
presumption that they are diamonds. 
For this test, he uses a diamond 
hardness point. Since most diamonds 
in the trade are 4-point stones, the 
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Figure 4. 


result can be, and usually is, a notice- 
able scratch on the table of even a 
diamond. Recently, our Laboratory 
had in for examination a 1-7/8-carat 
diamond, on which our strong-fisted 
friend had put very noticeable scratch- 


Figure 5. 
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es on the table of the diamond. These 
are clearly visible in the center bottom 
half of the table in Figure 6. It is 
unfortunate that the jeweler in this 
case did not know that diamond 
scratches diamond. 


An Early Flame-Fusion Synthetic 


There were quite a number of angu- 
lar appearing inclusions in an early 
synthetic ruby sent to the Santa 
Monica Laboratory for identification. 
These are pictured in Figure 7 There 
was no difficulty in identifying the 
stone. Figure 8 shows the tightly 
curved striae that were obvious, but a 
first glance at the angular inclusions 
could have been misleading. 


Interesting Green Stone 


Chuck Fryer and I were puzzled by 
a stone we thought might be tourma- 
line and which showed refractive in- 
dices of 1,.62—1.64. It was a strong 
green in color, but showed no extinc- 
tion in the polariscope and no dichro- 
ism. Under magnification, it had the 
roiled or heat wave look of serpentine, 


Figure 6. 


GEMS & GEMOLOGY 


my 


Figure 7. 


or hessonite, There was a quasi-fibrous 
structure to it. We felt that it probably 
was actinolite, 

Using the energy dispersive unit of 
the scanning electron microscope to 
obtain the stone’s chemistry, Dr. Man- 
son found magnesium, aluminum and 
silicon present in large quantity with 
minor amounts of calcium and iron. 
We decided it would be necessary to 
check by another technique. A tiny 
amount of material was scraped from 
the girdle to get the X-ray diffraction 
powder pattern. 

After all of this, and much to our 
surprise, the X-ray diffraction powder 
pattern showed the stone to be tour- 
maline. The lack of dichroism and the 
crystalline aggregate reaction in the 
polariscope showed that this is not a 
single crystal. It has a semi-fibrous 
appearance and the roiled look under 
magnification suggested that the cut 
stone was made up of a number of not 
quite parallel crystals. The 1.62—1.64 
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Figure 8. 


refractive indices would tend to. bear 
out the fact that there was some 
parallelism, but not enough to give 
obvious extinction in the polariscope. 


Amethyst-Colored Spodumene 


We were very pleased to have the 
opportunity to examine a large, magni- 
ficent deep amethyst-colored spodu- 
mene. It was deeper in color and more 
purple than we had ever encountered. 
The closest color similarity to des- 
cribed its appearance would perhaps 
be that seen in one direction in a very 
large, very deeply. colored kunzite 
crystal. It was indeed a handsome 
color, but not one that we would 
associate ordinarily with spodumene. 

One of the staff who had observed 
the stone by unaided eye remarked 
that it was unfortunate that it had a 
feather all the way across the center of 
the stone more or less at right angles 
to the long direction. Upon examina- 
tion, under magnification, there was 


331 


; Qe 
\ 


\ 


Crown 


Se. 
Wi 
WZ 
a 


Side 


K 


Pavilion 


RADIANT CUT 


no feather to be seen. Very inter- 
estingly, there was a layer caused by 
twinning across the stone at right 
angles to the keel line, about a milli- 
meter in thickness. The orientation, 
being different from that of the host 
crystal, showed up as a bright bar in 
the extinction position of the main 
body in the polariscope. In the photo- 
graph shown in Figure 10, the twin 
portion is in the extinction position 
and appears as a dark bar, visible to 
the right of the keel line — it appears 
as a light bar to the left of the keel 
line, which runs from 3:00 to 9:00. 

We had never seen a spodumene 
with this depth of color, either treated 
or untreated. Also, we did not have an 
opportunity to perform other tests 
other than those needed to determine 
that it was indeed spodumene. The 
owner, a stone dealer, insisted that the 
stone was untreated. We have never 


Figure 9, 
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heard of spodumene being treated to 
this color. 
The New “Radiant-Cut”’ 

In the Winter 1976-1977 issue of 
Gems & Gemology, pages 234 and 
235, two diamonds were illustrated 
and captioned as ‘‘Barion Cuts.” They 
are, in fact, the new “Radiant-Cut.” 
Since our Laboratory had no know- 
ledge of the new “Radiant-Cut”’ at the 
time the stones were examined, they 
were described as modified “Barion 
Cuts.” The “Radiant-Cut” is a cushion 
octagon modified brilliant style of 
cutting patented by Gem Trade Labor- 
atory member Henry Grossbard which 
has similarities to the “Barion Cut.” 

Unthinkingly, instead of maintain- 
ing our normal Laboratory policy of 
using descriptive cutting terms rather 
than naming different patent cuts, we 
used such a term — and incorrectly. 
However, since only a slight modifica- 
tion of cutting may be sufficient not 
to infringe upon a patent, it would be 
difficult, as well as an unnecessary 
burden, for our Laboratories to have 
to determine whether or not a facet 
pattern matches a patented one. As is 
the policy of our Labs, we will con- 
tinue to avoid naming patented cuts in 
our reports and regret this oversight of 
using “Barion Cut” for “Radiant-Cut.” 
For clarification, a diagram of Henry 
Grossbard’s patented “‘Radiant-Cut” is 
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shown in the illustration. The 
“Radiant-Cut” is described as a “bril- 
liantized” step cut stone with a 
straight edged polygonal shaped girdle. 
It has a generally pyramidal base and a 
crown with at least girdle and table 
breaks wherein at least one of these 
breaks is cut with triangular shaped 
facets. 
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Historical Notes on 
South American Gemstones 


BY JOHN SINKANKAS 
San Diego, California 


Columbus’s epic voyage led other 
European adventurers to further ex- 
plore the New World with the Spanish 
and Portuguese directing their efforts 
toward the south. In point of time, the 
first contacts with the continent of 
South America were made in 1500 
when the Spaniard Alonzo de Ojeda 
(14652-1515) sailed along the coasts 
of what is now Colombia and during 
1508-09 unsuccessfully attempted 
colonization at Cartagena. It was not 
until Jimenez de Quesada 
(1500?-1579) penetrated inland to de- 
feat the native Chibchas on the Alti- 
plano in 1536-38 that the Spanish 
conquest and colonization of this 
country, then dubbed New Grenada, 
was assured. 

The Portuguese, exploring farther 
south, discovered Brazil in 1500 when 
Vicente Yanez Pinzon (14602-1524?) 
sighted Cape Augustine some 20 miles 
south of present-day Pernambuco. In 
the same year, Pedro Alvares Cabral 
(1460715267) discovered another part 
of the Brazilian coast at Alagoas and 
took possession of the land in the 
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name of the King of Portugal, but 
permanent settlements were not estab- 
lished until 1532 at Sao Vicente. 

Thus the first decades of the 16th 
century saw the stage set for inland 
penetration, exploration and exploita- 
tion of the wealth of both Colombia 
and Brazil. 


Colombian Emeralds 

The sources of emeralds in Colom- 
bia, namely Muzo and Chivor, were 
originally found and exploited by the 
natives for an unknown length of time 
before the advent of Europeans. 
Traded to other tribes, the emeralds 
found their way throughout northern 
South America, into Central America 
and even into Mexico. In his report on 
his explorations in the grave sites of 
Coclé, Panama, Lothrop! describes 
numerous emeralds which he tenta- 
tively asserts as having been traded 
into Panama from Ecuador. However, 
on the basis of present geological 
knowledge it seems clear that no 
source for such stones exists anywhere 
in Mexico, Central America or Ecua- 
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dor and that these stones must have 
originated in one of the Colombian 
deposits. 

The stocks of emeralds held by the 
Indians and subsequently confiscated 
by the conquistadores surpasses belief. 
Sent to Spain as part of the loot from 
the New World, these gems, along with 
gold, enormously increased the wealth 
of Spain and its political power. Yet 
all of this raises the intriguing question 
— where did all of the Spanish emer- 
alds go? Consulting Twining’s massive 
history of European crown jewels, it 
is soon discovered that “strictly speak- 
ing there are no Spanish crown jewels” 
(p. 579) and also, “the great emerald 
mines of Peru /sic/ provided an im- 
mense source of this beautiful stone” 
(p. 615). Twining’s descriptions of 
such jewels as have survived show that 
emeralds are virtually absent. Twining 
suggests that the trappings of royalty 
were less important to the Spanish 
rulers than in other kingdoms and that 
this could explain the paucity of re- 
galia. However, another explanation 
could be set forth, that is, that the 
Spanish regarded emeralds primarily as 
disposable wealth in the same class as 
gold and used them in the same way. 
The love of gemstones so characteristic 
of the nobility and merchant princes 
in other lands, both in Europe and in 
the East, seems not to have been a 
strongly developed trait of the Span- 
ish. 

Records of large emeralds still to be 
found in royal treasuries of lands. far 
removed from Spain suggest that the 
major portion of the Spanish hoard of 
emeralds was sold to eager buyers and 
that scarcely any were retained in 
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Spain itself. For example, consider the 
astonishing stock of emeralds in rough 
and cut forms in the crown jewels of 
Tran in Tehran?, also the extremely 
large polished hexagonal crystals and 
cut gems in Turkey’s Topkapi Museum 
in Istanbul*, the Devonshire emerald 
in England which has been frequently 
described in English gemological litera- 
ture, and the truly enormous 
quantity of emeralds in cabochon 
forms, carved cabochons, or polished 
hexagonal cross-sections that were dis- 
covered in the treasuries of the maha- 
rajahs of India.5 The latter have often 
been called “Indian’’ in origin and 
various sources for them have been 
suggested but again it seems plain on 
the basis of current geological knowl- 
edge of the Indian sub-continent that 
these can be nothing other than 
Colombian emeralds traded into India 
soon after their shipment to Spain. 
The two principal deposits, or 
rather, groups of deposits in Colombia 
are centered about Muzo and Chivor 
respectively and lie north of Bogota in 
a high-altitude, rain-forest environ- 
ment which does much to impede 
exploitation. The location of Muzo 
was quickly wrested from the Indians 
by the Spanish conquistadores and the 
mine placed in operation soon after 
the country was subdued. These mines 
have been in intermittent operation 
since then and are still capable of 
producing emeralds as fine as were 
ever known. Chivor, or as it was then 
known among the Indians, Somon- 
doco, is another matter. Although it 
too was exploited at an early time, the 
mines were allowed to lapse and gradu- 
ally all knowledge of their exact loca- 
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tion was lost for several hundred years. 
It was not until some detective work 
among old records in Ecuador that a 
clue to their location was obtained in 
1904 by Francisco Restrepo, a citizen 
of Bogota. Fritz Klein (1882-1953) of 
Idar-Oberstein, Germany, while travel- 
ing for rough gemstones in South 
America, joined forces with Restrepo 
to locate the deposits and commence 
their first modern exploitation. The 
exciting tale of the events that led to 
the rediscovery of Chivor and its initial 
mining in the period before World War 
I are told by Klein in a book of 
memoirs.6 It was during Klein’s regime 
that the famous large multiple emerald 
crystal, called the “Patricia,” was 
found at Chivor. For many years this 
crystal mysteriously disappeared from 
veiw but just recently it resurfaced and 
was given by an anonymous donor to 
the American Museum of Natural 
History in New York. 

Returning to Germany upon the 
outbreak of the first World War, Klein 
lost his rights to mine the Chivor 
deposits to an American syndicate 
which placed Peter Rainier, a mining 
engineer, in charge. The latter wrote 
Green Fire’, a colorful tale of adven- 
ture describing in vivid detail his ex- 
periences at the mines and valuable as 
being the only eyewitness account of 
the time. A succeeding period of ex- 
ploration is also described by Ander- 
ton who was placed in charge of the 
Chivor mining enterprise after Rainier. 
His book, entitled Tic Polonga®, is also 
filled with colorful anecdotes and 
again is valuable for its firsthand 
accounts of the emerald mines. How- 
ever, the best overall view of emerald 
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deposits and mining in Colombia is 
certainly the thorough and detailed 
work by Dominguez, entitled Historia 
de las Esmeraldas de Colombia.9 This 
work has the virtue of including 
modern geological-mineralogical 
studies by competent earth-scientists. 

The emerald deposits of Colombia 
are virtually unique because they form 
fracture fillings in a black limestone, 
the contents of the veins being pri- 
marily calcite in the case of the Muzo 
deposits but containing much albite in 
the Chivor veins. The geological prob- 
tem is to account for the presence of 
beryl (emerald) in such veins because 
the major portion of beryl occurs in 
granitic pegmatites wherein the crys- 
tals have been deposited through the 
agencies of high temperature and 
pressure. In contrast, the formation of 
beryl in the Colombian deposits seems 
to have occurred at low temperature at 
near-surface pressures. The other 
major type of emerald deposit can be 
called the “‘schist-type” inasmuch as 
the crystals are generally found en- 
veloped completely in mica flakes as in 
the famous Uralian and the Pakistani 
mines and others of similar type in 
Africa and Brazil. However, in these 
deposits the source of the beryl can be 
traced to pegmatite veins and no par- 
ticular paradox is presented. Despite 
numerous studies the origin of emerald 
in the Colombian deposits remains 
unclear. 

At the present time, the Colombian 
deposits still represent the world’s 
major resource of this gemstone. 
Geological reconnaissances of the lime- 
stone formations and their extensions 
strongly suggest that emeralds may be 
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found in the future anywhere along a 
belt that may stretch for several 
hundreds of miles. 

The mining of Colombian deposits 
is done very simply: cliffs of limestone 
enclosing potential emerald-bearing 
veins are systematically broken down 
and the exposed facades carefully ex- 
amined for traces of emerald. When 
such are found, hand-tool work is 
employed to recover the stones. The 
Muzo mines are under strict govern- 
ment control, sometimes operated in 
behalf of the government, sometimes 
operated by private concerns under 
lease arrangements. The Chivor mines 
have always been privately held due to 
a decree obtained by Restrepo in the 
early part of this century when. the 
mines were rediscovered. An excellent 
modern account of the Chivor emerald 
mines and their minerals was provided 
a few years ago by P.W. Johnson.10 


Diamonds of the North 

A large, wild, sparsely inhabited 
region of northern South America 
next merits our attention because it 
continues to produce a steady supply 
of small but generally high quality gem 
diamonds. This region stretches from 
the southern tip of Venezuela, the 
Gran Sabana, into Brazil’s State of 
Roraima, thence into the Guianas. It is 
far removed from the coast and acces- 
sible only by boating expeditions up 
the rivers and into the headwaters 
wheré gold-seekers first made their 
way and then discovered among the 
gold-bearing sands and gravels the 
small diamond crystals mentioned. 
Van Kooten!! notes that a few 
alluvial diamonds were found in Suri- 
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nam as early as 1880 while Pollard, et 
al!? indicates the first discovery in 
British Guiana occurred in 1887. 
Venezuelan diamonds apparently were 
first found at a much later date. 
According to Freeman!?, a pioneer 
rancher in the Gran Sabana, L. F. 
Pefia, discovered diamonds along with 
gold about 1930. 

All diamonds. occur as loose stones 
in sands and gravels of stream beds and 
are obtained simply by scooping up 
the bottom material and screening it. 
In more modern explorations small 
power dredges and divers equipped 
with air-breathing apparatus have been 
used, Both Van Kooten (ibid, p. 53 
ff.) and Pollard, et al. (ibid, p. 13 ff.) 
give details on mining methods, re- 
covery of stones, types and sizes, etc., 
as well as the geology and mineralogy 
of the deposits. As is true in the case 
of the Brazilian diamonds to be dis- 
cussed later, no original source for 
them has yet been discovered. 

On the whole, the diamonds are 
principally remarkable for their small 
average size, about 10 stones per carat, 
although a number are found in excess 
of two carats. On the other hand, 
Pollard, et al. (ibid, p. 13) note that 
two-thirds of the stones are gem 
quality, a high proportion. Perhaps 
more valuable than the money realized 
from these diamonds is the enrichment 
of adventure literature by a series of 
books written by explorers of the 
region who couple diamond, gold, 
savages, and danger into exciting ac- 
counts whose royalties fetched more 
than the meager returns from their 
mining efforts. Among these are books 
by Dennison!4 who wrote about his 
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adventures along Venezuela’s Caroni 
River, Greatorex! recounting his 
accomplishments in the Mazaruni 
watershed of British Guiana, la Varre’s 
account!® along the same river, and, 
better than most, the stories of Nor- 
wood,17, 18 
Brazilian Diamonds 


Oakenfull, that indefatigable re- 
porter of the current scene in Brazil, 
wrote a series of handbook-guides 
commencing with his Brazil in 
1 90919, and issuing thereafter yearly 
revisions, culminating in his Brazil — A 
Centenary of Independence.20 His 
handbooks still provide much interest- 
ing and valuable information on Brazil 
as a whole, including excellent sum- 
maries of colonial history and material 
on the mineral wealth, including gem- 
stones. We note from the first issue of 
his handbook (ibid, p. 59) that “in 
1699, the first great discovery of gold 
took place, and was followed, 30 years 
later, by that of diamonds.” However, 
he later revised this date to state that 
diamond ‘“‘was first recognized in 
Brazil in 1721.” It was in this year 
that Bernardo da Fonseca Lobo, a gold 
miner, discovered diamond while 
working gravels in the vicinity of the 
city now called Diamantina in the 
State of Minas Gerais. 

While Oakenfull gives a good ac- 
count of the early history of Brazilian 
diamonds, no better information on 
the famous diamonds of this country 
can be found than in Reis’s Os 
Grandes Diamantes Brasileiros.2! In 
his book, Reis lists finds made 
throughout Brazilian history of stones 
ranging from about 80 carats to over 
400 carats, including such famous ex- 
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amples of rough as ultimately fur- 
nished the Dresden, Empress Eugenie, 
Star of the South, Vargas, Victoria and 
many others. Details on these and 
other famous Brazilian diamonds may 
also be found in Copeland, et al2? and 
Freyberg.23 Interesting early accounts 
of the diamond mining, the miners, 
customs, etc. may be found in 
Mawe24 and Burton.25 The work of 
Mawe is particularly recommended be- 
cause he was a mineralogist/gemologist 
famed for his perspicacity and ac- 
curacy. 

As in the diamond deposits in the 
north of the continent, the original 
host rocks of the diamond crystals 
remain unknown despite much past 
speculation, “proof” of host rock 
sources by some authorities, and 
modern intensive geological explora- 
tion of the regions presently yielding 
diamonds. The extent of the contro- 
versy as to origin can be readily 
appreciated by consulting the many 
entries on diamond in Iglesias’s bibli- 
ography.26 Some Brazilian diamonds 
are found in a sort of matrix to be 
sure, this being a conglomerate of 
well-rounded small pebbles -cemented 
together with sand and iron oxides and 
locally called cascalho by the miners. 
However, no diamond-bearing kim- 
berlites have been found in all of 
Brazil unlike the case in South Africa, 
which land is now believed to have 
been adjacent to Brazil according to 
the continental drift theory first ex- 
pounded by Wegener in 1912. 

The Brazilian diamonds occur in 
gravels along river beds and are ob- 
tained most easily by washing the 
gravel in a batea, a flattened cone 
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basket, which is oscillated under water 
to wash away the lighter minerals and 
leave behind the “‘heavies,” including 
such diamonds as may be present. 
While much of the diamond washing is 
conducted even today by individuals, 
the so-called garimpeiros, large-scale 
operations have been conducted in the 
past, including diversions of streams 
via flumes to leave bare the bottoms 
and permit almost perfect cleaning of 
gravel down to bedrock. More 
recently, power dredges have been 
employed where gravels form ex- 
tensive deep deposits. 

There are several principal diamond 
mining regions, the major one of the 
early colonial period being centered 
about Diamantina in Minas Gerais with 
other important regions around 
Cocaes, the Serra do Cabral, Rio 
Macahubas, Serra do Grao Mogol and 
Abaeté in the same state. Diamonds 
also occur in the Coxim district of 
Matto Grosso state, and in the states 
of Sio Paulo, Goiaz, Parana and Bahia. 
While production is by no means so 
large as that of Africa, Brazil continues 
to supply the market with consider- 
able quantities of rough and small 
amounts of cut gems. In addition to 
providing a remarkable number of 
large diamonds, Brazil is also noted for 
production of carbonado and ballas 
diamond, both being curious crypto- 
crystalline .aggregates of numerous 
very small diamond crystals more or 
less firmly. adherent and broken only 
with great difficulty in the case of 
carbonados. The ballas diamonds form 
radiate structures of crystals and when 
best developed resemble glittering 
grayish to whitish pellets or shot. 
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Brazilian Gemstones 
(Other than Diamond) 

One may justly say that almost any 
country the size of Brazil is certain to 
have some gemstone treasures worth 
speaking of, but Brazil is especially 
endowed by virtue of possessing a 
large variety of basement rocks richly 
furnished with gemstone deposits. 
Among all important gemstones only 
the corundum family of rubies and 
sapphires is poorly represented and in 
regard to precious opal, once almost 
absent from the roster of major Bra- 
zilian gemstones, this has lately been 
rectified by discovery of high quality 
stones. Of all types of deposits repre- 
sented in this Western Hemisphere gem 
chest, it is the granitic pegmatite that 
has furnished virtually all of the im- 
portant production. Pegmatites are 
masses of feldspar, quartz and mica 
crystallized from emanations from 
large bodies of granite and commonly 
found as vein-like or pod-like bodies of 
no great size intruded into overlying 
schists and gneisses. There are séveral 
characteristics of pegmatites which 
make them eagerly sought for and 
exploited, first being the fact that the 
crystals in them are much larger than 
is the case in ordinary rocks, and 
second, the minerals in them often 
contain elements found sparsely else- 
where. Thus pegmatites furnish large 
plates of mica, rare elements as 
tantalum, niobium and beryllium, the 
last obtained from beryl crystals, the 
same mineral which provides aqua- 
marine, goshenite, morganite and 
other gem varieties of this species. As 
previously noted, some pegmatites also 
provide the special color variety of 
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beryl known as emerald. Some pegma- 
tites, but statistically rare, also contain 
voids or “pockets,”’ in which crystals 
develop to a degree of perfection that 
makes them desirable both for gem- 
stones and mineral specimens. Typical 
pegmatite gemstones not only include 
the beryl varieties mentioned but also 
tourmaline, topaz, quartz, and a host 
of rare species as spessartine, euclase, 
beryllonite, brazilianite, amblygonite, 
and others more sought for by col- 
lectors of the rare than the dealer in 
commercial gems. Amazonite, the 
green feldspar, is also a product of 
pegmatites. 

In Brazil, vast areas of gneissoid 
rocks intruded by pegmatites occur 
from the State of Parana in the south 
and extend roughly parallel to the 
coastline of the South Atlantic north- 
ward into the states of Ceara and Rio 
Grande do Norte. The principal belt, 
however, occurs in Minas Gerais and it 
is in that state that most productive 
pegmatites have been found. If these 
regions were superimposed on the 
Western United States, they would 
cover all of the coastal states and lap 
into Mexico and Canada. Thus the 
total area is enormous in extent, not 
fully explored by any means, and is 
capable of producing gemstones for an 
indefinite period in the future. 

The initial finds of gemstones were 
made soon after penetration of the 
interior by miners who found water- 
worn pebbles of gemstones in stream 
gravels along with gold and diamonds. 
Such pebbles represent the debris of 
millions of years of weathering of the 
host rocks enclosing the pegmatites as 
well as the pegmatites themselves. All 
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of this was favored by a warm, humid 
climate, abundant rainfall, and. de- 
velopment of vegetation which pro- 
moted chemical attack of the less 
resistant rock-forming minerals, 
notably feldspar, and permitted the 
more chemically resistant and:.more 
durable minerals, particularly gem- 
stones, to migrate downslope into 
gravel beds. For this reason the first 
major production of gemstones took 
place in river beds, particularly in the 
watersheds of the So Francisco, 
Jequitinhonha, Mucuri and Araguai 
rivers. Indeed it seemed that nowhere 
in this pegmatite-rich region one could 
not find gemstones but most efforts 
were confined largely to areas around 
Governador Valadares, Belo Horizonte 
and Teofilo Otoni in Minas Gerais. 
Again exploitation was merely a matter 
of choosing a promising site and 
digging pits into the gravels until the 
waterworn crystals were found, or if 
not, moving to some other place. Gem- 
stones found in such alluvial deposits 
showed all signs of wear, from crystals 
still retaining most of their growth 
faces to others that were completely 
rounded by the pummeling and abra- 
sion suffered during the movement of 
pebbles in flood periods. Much of this 
material was of highest quality since 
the stream wear soon crushed the 
flawed stones, wore off weak spots, 
and generally left behind only the 
strongest cores which aJso happened 
to be the best gem material. 

While the initial phase of gemstone 
exploration confined itself to search- 
ing the gravels, it was gradually found 
that in-place sources could also be 
tracked down and gemstones re- 
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covered directly from rotted pegma- 
tites. In these, the decay of the feld- 
spar made excavation easy: one merely 
used pick and shovel to dig away the 
kaolinized feldspar until the un- 
touched contents of gem-bearing 
pockets were reached. Direct mining 
of pegmatites was greatly encouraged 
during World War II when teams of 
experts from the U.S. Geological Sur- 
vey were sent to Brazil to systematize 
the mining of pegmatites for mica, a 
critical electronic insulating material 
in short supply, as well as other min- 
erals which concentrated in pegmatites. 
Another factor favoring direct mining 
was the discovery that excellent 
quality crystal groups could be re- 
moved from the pegmatites and sold 
as mineral specimens to augment 
profits realized from sale of gemstones. 
Today many Brazilian pegmatites are 
being carefully and systematically 
mined almost entirely for the sake of 
the mineral specimens which are 
now in great demand and fetch high 
prices in better qualities. 

In general, the best known Brazilian 
gemstones are those produced from 
the pegmatite bodies just discussed 
and include colored beryls as aqua- 
marine in numerous shades, green 
beryls, golden beryl, pink morganite, 
and minor quantities of rarer varieties 
as cat’s-eye beryl and star beryl, a large 
color spectrum of tourmalines, mainly 
greens but also pinks and reds, topazes 
which: range in hue from colorless to 
blue and sometimes faintly yellow or 
brown, spodumene, chrysoberyls, but 
the last still largely obtained in gem 
pebbles from alluvial deposits, and a 
host of mineralogical rarities, some of 
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which can be faceted into collector’s 
stones as brazilianite, euclase, phena- 
kite, and others. Aquamarines of pure 
blue shades are now extremely scarce 
and fetch high prices while the lovely 
chartreuse chrysoberyls are now also 
difficult to find and have risen sharply 
in value. 

Other important gemstones include 
amethyst, citrine and other varieties of 
crystalline quartz, with the first two 
named largely obtained from quartz 
veins rather than from pegmatites. Im- 
portant sources of vein amethyst are 
located around Jacobina in the State 
of Bahia. Andalusite, a gem that has 
the startling property of displaying 
several colors at once, is still mined 
from gravels at several points in Brazil 
and is also a non-pegmatite mineral. Of 
great importance, though a relatively 
cheap material, is the agate found in 
the form of nodules and geodes over 
an extensive area of Rio Grande do 
Sul, the southernmost state of Brazil. 
There the nodules originally found 
weathered from lava flows and col- 
lected from the surface are now 
mined from the native rock in shallow 
pits. This agate-producing region ex- 
tends over the border into Uruguay 
and also produces some excellent 
amethyst from crystals lining agate 
geodes. Many of the latter are very 
attractive when broken open and 
find a ready sale as mineral specimens 
or decorator pieces. While emerald in 
South America is most importantly 
produced in Colombia, Brazil also has 
its share of emerald deposits of the 
schist type, with several areas in Minas 
Gerais producing large quantities of 
flawed crystals but capable of yielding 
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very small gems of good color. 

Sound detailed information on 
gemstone deposits of Brazil is not 
easily obtainable despite the long 
history associated with their mining 
since colonial days. Only one mono- 
graph worthy of the name was ever 
written, that being a modest volume 
in German by Calmbach and published 
in 1938.27 Freyberg’s excellent review 
of mineral resources of Minas Gerais, 
which includes diamond and other 
gemstones, has already been men- 
tioned??; it remains an excellent 
source of reliable information but is 
now difficult to find. A systematic ac- 
count of beryl deposits in Brazil with 
descriptions of important finds of 
gem-quality crystals appears in a series 
of articles in the Lapidary Journal by 
Sinkankas.28 Many excellent articles 
on Brazilian gemstones written by 
others also appeared in this journal 
during the last decade and are worthy 
of consultation. A now rare compila- 
tion of information on all the then- 
known minerals of Brazil can be found 
in a compendium of large size assem- 
bled by Ferraz2? and published in 
1928. A recent book, in three volumes, 
actually a “picture book” of Brazilian 
minerals, by Franco, et al, appeared in 
1972 but is disappointing because of 
its lack of specific locality information 
and virtually no discussion of gem- 
stones.30 Standard gemological texts, 
as the now out-dated but still useful 
massive work by Bauer*! and the very 
recently published works by Smith? 
and Webster?> provide considerable, 
albeit piecemeal information on Bra- 
zilian gemstones and their sources. 
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Rhodochrosite of Argentina 


A discussion of South America gem- 
stones would not be complete without 
mentioning the most attractive banded 
pink rhodochrosite found as cavity 
linings in the zinc-lead mines of Capil- 
litas, Catamarca Province. Rhodo- 
chrosite is not a rare mineral but it is 
only in this deposit that it reaches 
such a degree of perfecting in terms of 
providing fine-grained masses readily 
capable of being shaped into many 
types of ornamental objects as ash- 
trays, bookends, bowls, carvings, and 
slices cut across stalactitic formations 
to reveal handsome circular patterns 
of differing shades of pink. The fasci- 
nating story of one man’s attempt to 
publicize and commercialize this 
material is to be found in Mansfeld’s 
monograph of 194334, handsomely 
illustrated with color plates of typical 
specimens and cut gems. A recent 
mineralogical study of the deposit 
and the rhodochrosite in particular 
was published in 1949 by Radice*>, 
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Developments and Highlights 
at GIA’s Lab 


in New York 


By ROBERT CROWNINGSHIELD 


Cubic Zirconia 


From all reports the front runner in 
the sweepstakes for best diamond imi- 
tation is cubic zirconia. Not only does 
it have a refractive index closer to dia- 
mond and dispersion greater than dia- 
mond, but the color is believable and 
the hardness greater than the most re- 
cent contender, “GGG.” In line with 
the policy of the Institute to have new 
stones, synthetic and natural, worn in 
jewelry to be better able to answer 
questions about durability, we have re- 
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placed a GGG in a ring that has been 
worn for the past three years. Figure 1 
illustrates the stone chosen in which a 
fracture at the girdle very much resem- 
bles a diamond flaw. The rather un- 
usual girdle finish of this particular 
stone is shown in Figure 2. Of course, 
girdle finish is a function of time and 
care and in the future economics may 
determine if attempts will be made to 
make them more diamond-like. Prop- 
erties and the identification of cubic 
zirconia have been tabulated elsewhere 
in Gems & Gemology but some obser- 
vations of this newcomer may be of 
interest. In Figure 3 a round brilliant is 
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Figure 3. 


shown over the iris diaphragm of a 
Gemolite. The pavilion facets are a 
monochromatic color — red, orange to 
yellow. The same effect, due to the 
higher dispersion than diamond, has 
been seen with colors at the shorter 
end of the spectrum. Although it is 
not a conclusive test, such strong 
delineation of the pavilions in disper- 
sive colors has been unreported in 
diamond. In Figure 4 we see a very 
natural appearing ‘‘feather” paralleling 
the edge of the table in a round cubic 
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Figure 4. 


zirconia. Figure 5 shows the GGG bril- 
liant removed from a ring after ap- 
proximately 3 years’ wear. The large 
chip occurred when the ring was worn 
in the modern manner along side 
another stone ring. The hardness of 
less than 7 mitigates its use for every 
day wear. 


Diamond Observations 


Diamond also can show unexpected 
wear and this is clearly seen in Figure 
6. The stone which was removed from 
a ring shows considerable wear on 
facet junctions of the pavilion. Perhaps 
it originally was used in some other 
type of jewelry where other diamonds 
were allowed to come into contact 
with it. In Figure 7 a ghostly truncated 
octahedron under the table of a round 
brilliant cut diamond is clearly seen. 
Two mountain ranges appear to be 
trapped in another brilliant shown in 
Figure 8. We only rarely test a green 


GEMS & GEMOLOGY 


Figure 6. 


diamond and find it to be radioactive 
and thus suspected of having been 
radium treated. In many, but not most 
cases we can see evidence of surface 
coloration in the form of small mossy 
patches. Figure 9 was an attempt to 
capture an area of mossy patches on 
Polaroid film. 


Cultured Pearls 


A most unusual baroque cultured 
pear! weighing 129.65 carats was iden- 


Figure 8. 
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Figure 7. 


tified in the Laboratory and it was 
found to be mostly a blister with an 
8% mm. nucleus lost in the empty 
space. It appears that the nucleus must 
have been rejected by the mollusc but 
was not eliminated entirely and be- 


Figure 9, 
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Figure 10. 


came the focus for a blister (Figure 
10). In Figure 11 we see part of a 
strand of what we have determined as 
“accidental salt water non-nucleated 
cultured pearls.” A better term would 
be ‘‘baroque tissue nucleated salt 
water cultured pearls.” 

We had a chance to examine our 
first lot of untreated black cultured 
pearls from Tahiti (Figure 12). Some 
were as large as 12.00 mm. and most 
were quite round. The X-ray photo- 
graph of a selection of them shows a 
fairly healthy culture as shown in 
Figure 13. We are indebted to Mrs. 


Figure 12. 
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Figure 11. 


Denise Garnier for a nice specimen for 
the collection and for her visit with Jill 
Fisher in Santa Monica to share her 
experiences in the culturing of the 
pearls on an atoll nearly a thousand 
miles from Tahiti in presumably “safe 
from pollution” waters. 


Figure 13. 
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Another Arkansas Diamond Find 


The bright yellow diamond crystal 
recently found at Murfreesboro, 
Arkansas, weighed 4.23 carats and in 
the clarity and unblemished “skin” 
resembled closely the famous yellow 
diamond known as the Garry Moore. 
Figure 14 does not do justice to this 
beautiful stone, of course. We have 
heard reports of another recent find of 
a crystal weighing more than 16.00 
carats. Beginning with the Jewelry 
Trade Show issues of the jewelry trade 
magazines, we have noticed several ad- 
vertisements for items that heretofore 
have been considered outside the pro- 
fessional jewelry field. Such items as 


Figure 15. 
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picture jasper seen in Figure J5 and 
petrified dinosaur bone are among 
them. 
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Irradiation Colors in 
Topaz, Quartz and Beryl 


By K. Nassau, Ph.D. 
Bernardsville, N.J. 


Color changes produced by irradia- 
tion such as X-rays and gamma rays 
usually involve color centers.) For 
each color the gemologist needs to 
know the answer to three important 
question: 1) is the color stable with 
respect to light exposure, 2) can the 
material be distinguished from the 
naturally occurring gem having the 
same color and, if so, then 3) how is it 
distinguished. 

A. BROWN TOPAZ 

Almost all topaz turns yellow to 
imperial color to cinnamon brown on 
irradiation.2»3 These color centers 
are quite unstable and reversion to the 
original color occurs in hours to days 
of exposure to light. Since almost all 
natural brown topaz is stable to light 
exposure, this in itself provides a good 
distinction. 


B. BLUE TOPAZ 

Upon extended irradiation, some 
topaz turns an olive brown color, con- 
sisting of the above brown plus an 
additional blue-producing color 
center.2,3 Only the blue color re- 
mains after the brown color is re- 
moved by exposure to light or by 
gentle heating (for a few hours to 
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perhaps 200°C). This color can often 
be a deeper blue than that of naturally 
occurring topaz, but appears to be just 
as stable to light and heat. Distinction 
from natural topaz is presently not 
possible; it may never be, since it 
appears likely that this color is iden- 
tical with the natural blue (which 
probably has been produced by a 
similar irradiation process from natur- 
ally occurring radioactivity in adjacent 
rocks). 


C. SMOKY QUARTZ 

The full range of pale tan through 
brown to pitch black colors observed 
in nature can be produced in most 
natural quartz by irradiation. Here the 
color is identical with the natural 
radioactivity produced smoky color. 
The stability is therefore the same and 
distinction is not possible. 


D. GREENISH-YELLOW QUARTZ 
Much smoky quartz (whether 
naturally or artificially irradiated) will 
turn a greenish-yellow color when 
heated. Heating must be done gra- 
dually in steps, since a little too much 
heating will turn the quartz colorless 
again.4.5 Some natural quartz of 
this color does occur, often in com- 
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bination with smoky, and has gen- 
erally been labeled as smoky. The 
color is, however, distinct from the 
smoky color and from the iron-caused 
citrine; color illustrations have been 
published.4 This color center is 
reasonably stable and distinction is not 
possible. 


E. MAXIXE AND MAXIXE-TYPE 

BERYL 

Some colorless, pink, green or blue 
beryl can be irradiation colored to 
acquire an added intense deep blue 
(Maxixe-type).®> 7 Even ultraviolet 
‘light can produce this color center, 
which accordingly involves a very 
shallow and therefore unstable trap! 
and is rapidly bleached by light ex- 
posure (in days to a few weeks). 
Maxixe beryl itself of a similar color 
was found naturally occurring in Brazil 
in 1914, but had a slightly different 
type of spectrum, although it faded 
just as rapidly. The best way to dis- 
tinguish these fading blue types from 
the stable blue of aquamarine beryl is 
by the use of a spectroscope or with a 
polarizer: in aquamarine the blue is 
carried by the extraordinary ray, in 
Maxixe and Maxixe-type the blue is 
carried by the ordinary ray.6 The 
exact color of Maxixe-type irradiated 
beryl (or even emerald, perhaps) will 
depend on the original color, to which 
the material will return after the 
Maxixe-type component has faded. 


F. GREEN AQUAMARINE AND 
GOLDEN BERYL 
Most greenish and yellowish beryls 
are heated routinely in the hope of 
developing any blue aquamarine color 
that may be present. This change does 
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not involve a color center but a change 
of valence of some of the iron present: 
the specific Fe?* impurity which 
causes a yellow color is changed to 
Fe2* which is colorless; the iron im- 
purity causing the blue color is not 
affected.8 If the resulting blue color 
is too weak to produce a saleable blue 
aquamarine, it is possible to recover 
the original green aquamarine or 
golden beryl color by irradiation; e.g. 
by gamma rays. The resulting color is 
stable and could probably be con- 
sidered to be “natural”, since the 
effect of the previous heat treatment 
has merely been reversed! 

Other irradiation colors, not dis- 
cussed above, include the blue, green, 
yellow, and brown irradiated dia- 
monds [treated in gemology texts? ], 
blue or black pearls,4 green kunzite,4 
pink and yellow tourmaline,!0 ame- 
thyst, and so on. Gamma ray irra- 
diation has been described elsewhere.2 
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Official State Gems 


By R. V. DIETRICH 
Department of Geology, 
Central Michigan University 
Mount Pleasant, Michigan 


Sixteen of the United States have 
official state gems or gemstones (Table 
1). In addition, Arizona has the tur- 
quoise bola tie as its official neckwear. 

A few of the legislature-decreed 
state minerals, rocks and stones have 
also been used as gems and/or for 
other decorative purposes. Especially 
noteworthy among these are the fol- 
lowing: 


Table 1. STATE GEMS* 


Year of 
STATE: GEM: legislation: 
Alaska Jade 1969 
Arkansas Diamond 1967 
Florida Moonstone 1970 
Georgia Quartz 1976 
idaho Star Garnet 1967 
Michigan Chiorastrolite 1972 
Minnesota Lake Superior 1969 
agate 
Montana Sapphire & agate 1969 
Nebraska Blue chalcedony 1967 
New Mexico Turquoise 1967 
Ohio Flint 1965 
So. Carolina Amethyst 1969 
So. Dakota ‘Fairburn agate 1966 
Texas Blue topaz 1969 
Wyoming Nephrite jade 1967 


*Some are termed Official Gemstones rather 
than Official Gems. 
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State rocks -— Alabama-marble, 
California-serpentine,  Florida-coral, 
Iowa-the geode, Missouri-the chert 
called mozarkite, Nebraska-prairie 
agate, and Oregon-the “thunder egg”; 
state minerals — Alaska and California- 
gold, Connecticut-garnet, Georgia-stau- 
rolite, Maine-tourmaline, and South 
Dakota-rose quartz; state “stones” — 
Michigan-the Petoskey stone, North 
Carolina-emerald, and Texas-petrified 
palmwood; and state fossils — Georgia- 
the shark tooth, and North Dakota- 
Teredo petrified wood. 

The recency of some of the legisla- 
tion suggests that other states are 
likely to establish additional official 
State Gems in the future. 
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The Contact Angle of Water On Gems 


By K. NASSAU, Ph.D., and H. SCHONHORN, Ph.D. 
Bell Laboratories 
Murray Hill, NJ 07974 


The contact angle of water on 
inorganic minerals and a.variety of 
diamond substitutes is shown to be a 
useful gemological test probe. Dia- 
_mond has a contact angle quite differ- 
ent from that of the various diamond 
imitations. A complicating factor is 
the effect of irradiation, which appears 
to produce a modified surface layer 
which changes the contact angle. This 
can be removed by mild abrasion. 
Contact angles are reported for 27 gem 
and mineral substances. 


Introduction 

It is widely known that diamond 
differs from most other minerals in 
that it is hydrophobic, ie., is not 
wetted by water. This property is used 
in the “grease-table” separation tech- 
nique in the South African diamond 
mines: when crushed rock is washed 
with water over a table covered with 
grease (e.g., petroleum jelly), dia- 
monds will adhere to the grease while 
most other minerals are washed 
away.! 
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With the proliferation of diamond- 
look-alike synthetics, a need exists for 
rapid, positive tests for the identifica- 
tion of high refractive index stones, 
i.e., those with refractive index 
beyond the range of refractometers. 
At present the only tests which can 
support a loupe or microscope examin- 
ation for flaws, inclusions, perfection 
of finish, etc., are a specific gravity 
measurement, the reflectometer type 
instruments’, and checking the hard- 
ness, e.g., with a tungsten carbide 
point®, which scratches everything ex- 
cept diamond (if one has been assured 
that it is indeed a diamond!). There 
are drawbacks to each of these tech- 
niques, and an additional test, even if 
it should not be sufficient in itself, is 
always useful, particularly if it is 
simple and non-destructive. 


Theory 
When a liquid L is in contact with a 
solid S in the presence of an atmos- 
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LIQUID L 


SOLID S 


Figure 1. Young’s equation for the contact angle 8 of a drop of 
liquid Lon a solid § in a gas V with interfacial tensions T. 


phere or vapor V, the contact angle is 
controlled by Young’s equation* as 
given in Figure 1 where T is the 
tension between any two of the three 
phases and @ is the contact angle as 
shown in Figure J. This equation is in 
fact only a statement that the forces 
must balance in the horizontal plane at 
the contact point. It is usually not 
feasible to measure the individual T 
values, and @ is therefore measured 
directly. 

Contact angles range from O de- 
grees, when complete spreading (wet- 
ting) occurs on a clean surface of 
combinations such as water on glass, 
quartz, etc. to values close to 180 
degrees, when a drop sits on the 
surface with essentially no contact. 

Much work has been done in the 
contact angle field for polymers and 
other organic substances and a review 
has ‘been given by Neuman.* There has 
been some recent questioning of the 
fundamentals behind Young’s equa- 
tion®, but a new derivation appears to 
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have placed it on a sound theoretical 
footing.” 
The contact angle depends both on 
the solid as well as on the liquid used. 
Any liquid could be employed, but in 
this study we have confined our atten- 
tion to distilled water. Since the con- 
tact angle is characterized by the 
properties of the surface atomic layer, 
surface contamination is the main 
error-producing factor. 


Technique 
In Figure 2 a step by step descrip- 
tion is given of the technique which 
was used to measure contact angles on 

a variety of gem and mineral materials. 

Additional precautionary notes to this 

figure are: 

(i) If oil, grease, or soap may be 
present (as in a mounted stone) 
wash well in water, dry and use an 
additional preliminary rinse in 
trichlorethane or a similar grease 
solvent. 
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CLEAN AND DRY (1) 


SHAKE OFF SOLVENT |PLACE ON SOLID 


SWISH WELL IN CLEAN| OR BLOT ON CLEAN | SUPPORT WITH FLAT 


TRICHLORE THANE 


NEW FILTER PAPER | HORIZONTAL (2) 


STEP 4 


GENTLY PLACE A 


CHECK THAT DROP 
DROP OF CLEAN WATER |IS ROUND AND NOT 
ON FLAT SURFACE (3) | TOUCHING EDGES 


STEP 6 


\ 


AXX RK 


MEASURE ANGLE 
ON BOTH SIDES AT 
CONTACT POINT (4) 


Figure 2. Steps in measuring the contact angle. See text for 


footnotes. 


(2) Do not touch top surface of stone 


after cleaning. Modelling clay is a 
good medium to hold stones in 
place. Measure within a few 
minutes of cleaning. 


(3) Use clean, distilled water, free of 


soap or grease. Do not drop water 
from above the surface and do not 
move drop or suck water back 
from drop once it is in place. A 
hypodermic ‘syringe with a fine 
needle, a glass medicine dropper 
drawn out to a fine tip, or a 
micropipette are suitable for 
adding the liquid. 


(4) Measure the angle within a few 


minutes of forming drop, to avoid 
excessive evaporation or contamin- 
ation from atmospheric pollution, 
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and do not shake or otherwise 
cause drop to move. Make sure 
angle is being measured right 
where it is touching the surface. 
The two measurements should not 
be significantly different. 


Additional cautionary points are 


the following: 
(5) Too high readings may result from 


any grease present or from some 
coatings; too low readings will 
result from some coatings, from 
soap or detergent, from con- 
taminated water, from waiting too 
long, or from angles measured 
away from the contact location. 
Make sure there is no coating on 
the surface to be tested and that 
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the stone is not a combination 

stone (doublet, triplet, etc.). Irra- 

diation appears to change the con- 
tact angle; lowers a high value and 
raises a very low value (see below). 

(6) It is always best to check one or 
two known specimens to confirm 
that good technique is being fol- 
lowed, as with any test. 

The contact angle was measured 
with a small telescope equipped with 
two cross-hairs, one being fixed hori- 
zontally, the other attached to a 
rotating scale calibrated in degrees. In 
this apparatus®, the sample to be 
measured is supported ona solid metal 
table which can be moved horizontally 
and vertically by rack and pinion 
drives to obtain an exact position in 
the cross-hairs. 

Results 

In Table I and Figure 3 are 
accumulated data taken by at least 
two observers each on a range of gem 
and mineral type of materials. In many 
cases a variety of colors was included 
(e.g., white, blue, brown, and orange 
topaz; white, pink, ruby, orange, and 
blue shades of corundum; etc.); both 
natural and synthetic gems were also 
tested, and neither color nor origin 
appeared to introduce any differences 
except in spinel and cubic zirconia, 
where the composition of the syn- 
thetic is known to be quite variable. 

The contact angle is not signifi- 
cantly affected by the quality of the 
polish, and results were usually repro- 
ducible +3 degrees on a given sample 
and almost always within +5 degrees 
over several samples (except for the 
variable composition spinel and cubic 
zirconia). 


WINTER 1977-1978 


TABLE 1 
CONTACT ANGLES (WATER) 


In descending order of the 
average angle in degrees. 


Zincite 94-90 
Corundum 94-86 
YAG 92-86 
Strontium Titanate 90-80 
Lanthanum Aluminate 91-85 
Alexandrite 90-84 
Elbaite 88-80 
Grossularite 84-76 
Cubic Zirconia 90-70 
GGG 84-74 
Beryl 89-83 
Topaz 80-69 
Lithium Niobate 77-71 
Spinel 84-64 
Wulfenite 73-69 
Y ttralox 71-65 
Rutile 72-62 
Zircon 67-60 
Spessartite 67-60 
Powellite 64-60 
Moissanite 66-58 
lolite 62-56 
Scheelite 60-50 
Diamond 55-47 
Otigoclase 41-35 
Quartz 0 

Glass 0 


To check on possible anisotropy 
effects, an oriented topaz cube was 
measured on all faces as follows: 

a — faces: 70,74; Av. 72.0, SD 2.8 

b — faces: 69,74; Av. 71.5, SD 3.5 

c — faces: 72,80; Av. 76.0, SD 5.6 

Grand average 73.2, SD 3.3 
Within the standard deviation (SD) 
limits the differences found were not 
significant. 


The Effect of Irradiation 
Considerable difficulty was ex- 
perienced in obtaining consistent read- 
ings on several of the materials 


357 


GGG ‘“\ 
—-BERYL, STRONTIUM TITANATE-= —-SPINEL , TOPAZ—>—- 
CUBIC ZIRCONIA 


rN \ 4 \ 7 

HE x »~ SQ yo 

/" soe \ ae 
ZA0°*~ 

ZIRCON OLIGOCLASE 


MOISSANITE 
ad 
“ “ay ~ 


POSITION 
— WRONG 


Figure 3. Approximate contact angles of diamond and diamond 


imitations. 


studied, until it was realized that they 
had one thing in common: they had 
been known or suspected of having 
been irradiated. Some irradiation ex- 
periments using a cobalt-60 gamma 
cell on known unirradiated specimens 
confirmed this effect. 

It appears that a thin film of oil, 
grease, etc. is usually present on all 
surfaces and when the specimen is 
irradiated the surface is modified by 
an adherent layer of possibly poly- 
merized material tightly bonded to the 
surface. Such a layer is only a few 
atoms thick and therefore does not 
affect the refractive index (also a 
surface property, but which needs a 
layer at least of the order of a 
wave-length of light in thickness to 
have any effect). 
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Even hot chromic acid/sulphuric 
acid cleaning solution did not remove 
this layer, but a light -re-polishing 
always did. In the case of an irradiated 
blue-green diamond, a light rubbing 
with Linde A abrasive (much softer 
than diamond) removed the layer and 
restored the contact angle reading 
appropriate for diamond. A check on 
natural blue and yellow diamonds 
showed normal results. 


Discussion 

The most surprising aspect of this 
study was the finding that so many 
materials have contact angles even 
higher than the 50 degrees of 
diamond. This is particularly true of 
almost all the more convincing high 
refractive index diamond imitations 
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TABLE 2 
THE EFFECT OF !RRADIATION 


ON THE 
CONTACT ANGLE (WATER) 
Re-polished Irradiated 
or not and no 
Material irradiated re-polished 
Corundum 94-86 40-36 
Beryl 89-83 74-43 
Topaz 80-69 70-48 
Diamond 52-47 17-15 
Quartz 0 35-22 


such as cubic zirconia, GGG, YAG, 

strontium titanate, rutile, and zircon. 

Diamonds smaller than one half carat 

can be readily measured. 

In view of the anomalous results 
produced by irradiation, the contact 
angle test cannot be recommended as 
an unambiguous guaranteed-not-to-fail 
identification test for diamond. Never- 
theless it is interesting that, in the 
absence of irradiation, diamond with a 
contact angle of about 50 degrees is 
easily distinguished from the various 
diamond imitations with contact 
angles in the 60 to 90 degree range as 
shown in Figure 3. 

The range of this study was rela- 
tively limited; the values determined 
need to be checked elsewhere on 
different specimens and a number of 
additional studies would be needed for 
the full applicability of the contact 
angle as a gemological testing tech- 
nique. Items that need investigation 
include the following: 

a) Trying different solvents and clean- 
ing techniques to see which pro- 
duces-a clean surface most easily 
for various possible contaminants 
(waxes, silicone, grease, soap, etc.). 


WINTER 1977-1978 


b) Trying other test liquids. Water is 
most convenient and gives an ex- 
cellent separation for diamond, but 
it becomes contaminated very 
easily; it is probably still the best 
for general use. 

c) Checking in more detail for small 
variations of the contact angle with 
quality of polish, with composition 
(including impurities, ie., color) 
and with orientation. All except 
major composition changes are ex- 
pected to be very small effects, if at 
all detectable. 

d) Building up a compilation of accu- 
rate contact angles for several speci- 
mens each from different localities 
of many gems and minerals, includ- 
ing any orientation and composi- 
tional variation effects. 

e) Determining the softest abrasive 
which will reliably remove the 
irradiation-produced surface poly- 
mer layer. 
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Addendum: : 

A recent article by W.W. Hanneman 
(Lapidary Journal 31, 2576, March 
1978) and an older one by A.T.H. 
Tjwan (Journal of Gemmology 11, 
205, April 1969; reprinted Lapidary 
Journal 23, 624, July 1969) report 
some water drop results. Both authors 
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appear to have used quite inadequate 
cleaning: Tjwan “wiped with a clean 
dry cloth” (!) and Hanneman did not 
specify his technique. As one example, 
neither the glass nor the quartz of the 
latter should yield the drops he shows 
in his figures, since the contact angle 
of both these materials is zero degrees 
and complete spreading is known to 
occur when they are scrupulously 
clean. Accordingly, the conclusions of 
both of these reports cannot be 
accepted as valid. 
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Developments and Highlights 
at GEA’s Lab 


in New York 


By ROBERT CROWNINGSHIELD 


More on Cubic Zirconia 


Since writing the Fall Column for 
Gems & Gemology, the Laboratory 
in New York has had the occasion to 
examine quite a few of this latest dia- 
mond simulant. We are proud of all 
the laboratory staff — from non- 
gemologist weighers and measurers 
to diamond graders and colored stone 
personnel who have recognized stones 
surreptitiously submitted for examina- 


Figure 7. 
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tion. In several instances, weighers 
have noted the weight versus measure- 
ment differences while graders have 
noted the rounded facet junctions,. 
polishing scratches and un-diamond- 
like girdle treatment. In almost all 
stones tested, the mere act of taking 
the stones’ measurements chips the 
culet with a resulting conchoidal frac- 
ture which arouses suspicion. 
Recently, a detective for the attor- 
ney general’s office in a nearby county 
brought in four rings each set with 
cubic zirconia (Figure 1). Without 
question they were the best polished 
and best quality clear material we have 
seen (barring the obvious hardness test 
scratches made before we saw them). 
The stones ranged in size from an 
approximate diamond size of 1.00 
carat to an emerald cut about the size 
of a 5-carat diamond. The smallest 
stone was set in an old platinum en- 
gagement ring with two side diamonds, 
but the prongs had not been repaired 
to complete the deception. All but one 
of the stones fluoresced orange under 
long-wave ultraviolet. The remaining 
stone was inert but glowed a slight 
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greenish-yellow under short-wave ul- 
traviolet. We were unable to unmount 
the stones to determine specific gravi- 
ty but have found it, too, to be incon- 
sistent ranging as it does from approxi- 
mately 5.40 to 6.00. All showed the 
effect of great dispersion when ex- 
amined culet up in the light well of the 
Gemolite. When tested with a reflec- 
tivity meter, the reading for all four 
stones was 2.15 in good agreement 
with our standardized cubic zirconia 
test comparison stones. 

Perhaps the most insidious request 
we have received was for a report on 
the color origin of a light pink round 
brilliant. By chance the weighers had 
just finished a colorless diamond with 
almost the same measurements and 
were alerted when the pink stone 
weight was much greater — but not be- 
fore the culet had suffered chipping 
because of the measurement. This was 
our first cubic zirconia in a near-fancy 
color. 

We feel that well-proportioned and 
finished cubic zirconia is potentially a 
great hazard for the jewelry trade, as 
well as mélée size stones. We do not 
know the story behind the four rings 
submitted by the detective, but he 
promised to let us know when litiga- 
tion is completed. Several people are 
working toward simple tests which 
non-gemologists can use to detect 
whether or not a stone being examined 
is a diamond. Certain properties of dia- 
mond not currently being exploited by 
gemology may have to be used. One 
can think of thermal conductivity, un- 
wettability, etc. If any reader learns of 
frauds committed with this material, 
the writer would like to hear about the 
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incident in order to alert other readers. 
Meanwhile, with diamond prices still 
going skyward, there may be a place 
for this convincing stone. 

Evidently, the very diamond-like 
appearance of cubic zirconia is giving 
problems to manufacturers and repair- 
men. Workers forget — or do not know 
— they are not working with diamond, 
often with disastrous results. Figure 2 
shows what remained of a 2.50-carat 
round brilliant in a solitaire ring being 
sized. Manufacturers have told us of 
higher than average incidence of break- 
age. At the moment, we do not have 
enough information about the wear- 
ability of the stone since we only re- 
cently had one set with the request 
that the owner wear it regularly. 

Currently in the Laboratory, we are 
working on an interesting project fora 
client. With the high price of dia- 
monds, he is curious to see if a master 
color set of cubic zirconia might not 
be feasible. To our amazement, we 
have secured an “E,* “G,” “I,” and a 
rather too brownish “J.” We do not 
know if cubic zirconia will ‘hold its 
color” or if it will alter with exposure 
to ultraviolet or with age. We do know 
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that the stones do not excite suspicion 
on the part of the color graders as they 
“Fook like diamonds.” With the advent 
of cubic zirconia in colors perhaps we 
can secure some master fancy colors at 
a reasonable price to delineate such 
things as the point at which a pink 
may be considered fancy or fancy in- 
tense pink. 


And Now, Diamond 


We have reported before that Type 
IIb conductive diamonds are not all 
blue. Most recently we mentioned the 
possibility of brown stones which 
seem to be laminated with brown and 
blue. (I am reminded of a flat crystal 
kindly lent to us for photographing by 
Lazare Kaplan and Sons in which half 
was blue and half was brown.) Also, 
most gray to “transparent” black dia- 
monds are conductive. As an experi- 
ment, one friend of the Laboratory 
showed us a conductive gray diamond 
with the statement that he planned to 
bombard it with electrons in order to 
give it a blue color. This he proceeded 
to do, but upon retesting for con- 
ductivity it was found to be inert. If 
this is, indeed, the reaction of irradia- 
tion on conductive stones, it is a com- 
fort to know since conductivity has al- 
ways indicated natural color. 

One. color of diamond which we 
rarely see and then mostly in mélée 
sizes is a light greenish blue resembling 
un-heat-treated aquamarine. Some- 
times the small stones have greenish to 
brown spots in naturals and some 
show a cape spectrum suggesting 
natural irradiation as the source of 
color. Recently, we examined an ex- 
quisite light greenish-blue emerald-cut 
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stone weighing more than 25 carats 
and which was, incidentally, internally 
flawless. The stone apparently had 
some history suggesting that it was in 
existence as a cut stone long before 
irradiation was used to alter colors. It 
was inert to ultraviolet and did not 
conduct. Moreover, there were no 
naturals present to search for “skin.” 
We were curious to determine if the 
stone might not be a Type Ila which is 
highly transparent to short-wave ulira- 
violet as Type IIb stones are, but are 
not conductive. This stone was trans- 
parent to short-wave ultraviolet (using 
the ‘“‘scheelite test” in a dark room). 
We are eager to examine more stones 
of this rare color to see if our findings 
have any meaning. We are especially 
interested in a pair of stones cut from 
the same piece of rough which the cut- 
ter said had a “skin” of brown spots. 
Unfortunately, they were all cut away 
so that there is no means of deter- 
mining the color origin. They resemble 
a light greenish-blue electron-treated 
stone given to GIA some years ago by 
the Diamond Research Laboratory in 
Johannesburg. The two stones have 
weak 4155 A. U. “Cape” lines which 
the large emerald cut did not have. In- 
cidentally, both they and the large 
emerald-cut stone were noticeably 
more transparent than most “white” 
diamonds. Figure 3 depicts this un- 
usual large emerald cut. 


A really rare coincidence is shown 
in Figure 4. It is a surface grain or twin 
line paralleling the girdle and bisecting 
it so that the stone was suspected of 
being a doublet. 

Those readers who use the spectro- 
scope frequently for determining the 
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Figure 3. 


origin of color of diamonds know how 
rarely a fluorescent line is seen. The 
line at approximately 5700 A. U. in 
treated pinks is the most frequently 
observed. We were surprised to see 
such a line at about 5400 A.U. in an 
intense fancy yellow brown stone of 
natural color. 

In Figure 5, we illustrate something 
that keeps us amused while grading 
diamonds. For all the world, the in- 
clusions in this diamond resemble 
worms. It is difficult to imagine what 
went on crystallographically to pro- 
duce unusual features. 


Another Multi-Star Quartz 


Since writing the column for the 
Summer 1977 Gems & Gemology, 
we have not seen any more of the 
multi-star quartz until recently when a 
204-carat ‘stone in a diamond and 
platinum cluster ring was presented for 
identification (Figure 6). The stone 
was light bluish-gray in color and when 
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Figure 4, 


viewed with the main star along the 
optic axis, it resembled a star sapphire 
very well. Unfortunately, the photo- 
graph does not show the many other 
stars which confused jewelers in this 
country who were asked to evaluate 
the ring. The ring was purchased in 
Hong Kong by a tourist. 


Imitation Tourmaline 


A modest amount of publicity has 
occurred to promote one of America’s 
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few gemstones — namely, Maine tour- 
malines. As we have mentioned before, 
the colors from the Plumbago Mine 
tend toward a rhodolite red-purple and 
a pleasant bluish-green with bi-color 
stones occurring occasionally. We were 
surprised to have submitted for identi- 
fication a pair of quartz triplets which 
were dead ringers in color for Maine 
bi-colors (Figure 7). 


Black Cultured Pearls, Natural Color 


Through the good offices of Assael 
International, New York, we have had 
the opportunity to examine the first 
commercial offerings of Tahiti black 
cultured pearls assembled in necklaces 
and paired for earrings (Figure 3). The 
test for untreated color is use of long- 
wave ultraviolet in a dark room. Black 
pearls from some sources will fluoresce 
an intense red while others take on a 
“furry” brown appearance. The Tahiti 
cultured pearls are in the latter cate- 
gory. We find it is helpful to use the 
contrast goggles to see the brownish 
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color otherwise masked by visible ul- 
traviolet reflections. [t will be interest- 
ing to see how well this new product 
will be accepted by the trade and 
public. 


Synthetic Amethyst 


Although we are quite sure that 
synthetic amethyst particularly of 
Russian manufacture has been entering 
the market for some time, the Labora- 
tories are seldom called upon to make 
a distinction between it and natural 
material. Now that the Russians. are 
seeking distribution in the United 
States we have seen several large lots 
and have been asked leading questions 
about marketing it. As we have stated 
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before, if the stone being examined 
has no inclusions whatsoever and no 
color banding it is suspicious — but 
not identifiable. We were in hopes that 
a lead offered by Robert Webster who 
was unacquainted with synthetic 
amethyst would be helpful. In his 
monumental book, he suggests that 
X-ray fluorescence many times distin- 
guishes synthetic rock crystal from 
natural. Indeed, we found that the 
paler synthetic amethyst glows a weak 
greenish compared with the same color 
natural — sometimes! Darker synthetic 
stones in our collection are virtually 
inert while a similar colored natural 
stone fluoresced weakly. Parcels of- 
fered recently at low prices contained 
as many as 30 calibrated stones not 
one of which had any inclusions, al- 
though some had indistinct color 
bands. It would appear that the stones 
were cut from growth areas far re- 
moved from the seed plate and care- 
fully examined so that tell-tale bread 
crumb inclusions would be absent. The 
lack of flaws, of course, was sus- 
picious. In color, the stones we have 
seen vary from pale brownish-purple 
to a deeper purple, but still brownish. 
In fact, we have seen very few syn- 
thetic amethysts with the exciting 
red-purple of the finest natural stones. 
Because amethyst is not really one of 
the most popular stones, it remains to 
be seen how well a synthetic counter- 
part resembling less than fine quality 
will be received. We have had the ex- 
perience in the recent past of being of- 
fered large lots of amethysts by 
Brazilian dealers eager to sell at any 
price in order to get the air fare home. 
The prices asked for stones very simi- 
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lar to the synthetics we have seen must 
surely be lower than that at which the 
synthetic ean be sold. 


A Puzzling Natural Emerald 


The difficulty one encounters in 
using the loupe alone for identification 
was pointed up when a natural emer- 
ald was identified recently for a jewel- 
er who is familiar with the so-called 
“Ferrer” emerald appearance under 
the loupe. This glass imitation of emer- 
ald was reportedly made in the 1920’s 
in Barcelona by one Ferrer who man- 
aged to make an excellent color and to: 
introduce swirled inclusions of gas 
bubbles resembling the “garden” in a 
natural emerald. In Figure 9 two-phase 
inclusions are swirled in a “Ferrer- 
like” pattern. 


Figure 9. 
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Amber From the Dominican Republic 


A recent issue of National Geo- 
graphic reminded us that we have been 
seeing quite a bit of interesting amber 
from this Caribbean island. One 
American dealer has been very helpful 
in providing our collection with 
samples of the wide range of colors 
and appearances. In Figure 10 we at- 
tempt to illustrate in black and white a 
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part of the collection. In color they 
range from very pale yellow 
resembling white wine to a very dark 
almost black-brown. A few are highly 
fluorescent and will appear blue in cer- 
tain lights. A fairly large percentage of 
the pieces we have seen have contained 
insects or botanical specimens such as 
flowers and needles. We are told that 
the highly fluorescent amber never 
contains insects. Figures 11 through 
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Figure 15. 


Figure 16. 
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16 show them, some beautifully pre- 
served. The compound eyes of some of 
the flies can be seen clearly under the 
microscope. In Figure 17 is seen what 
appears to be an orchid flower en- 
trapped in the amber. Figure 18 was 
taken of a rare true green amber with- 
out a hint of normal amber color. It is 
unfortunately not part of the 
Institute’s collection. We have not seen 
any of the “sun spangled” or “stress 
figured” amber such as the Baltic piece 
shown in Figure 19. By coincidence, 
we received for testing a pendant con- 
taining a pale yellow to nearly color- 
less cabochon which resembled amber. 
It was identified as rock crystal with a 
yellow stain in fractures. Whether the 
stain as seen in Figure 20 was natural 
iron oxide or an induced dye we were 
unable to determine. 


Figure 17. 
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Figure 78. 


Figure 20. 
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Some Unusual Items Recently Seen 


A flexible block bracelet with alter- 
nating diamonds and synthetic sap- 
phires was of interest because the 
synthetic sapphires seem to have been 
selected with very natural appearing 
fractures — perhaps quench induced. 
One stone is shown in Figure 21. A 
clear Mexican opal with quite definite 
crystals is illustrated in Figure 22. One 
of the inclusions was polished through 
as seen in Figure 23 and it appears to 
be empty, posing a question as to the 
formation of negative crystal shapes in 
an essentially amorphous mineral. 

We were amused by the story of a 
member of a tour visiting Russia. The 
person had tried on 5 consecutive 
days, without success, to enter a store 
in Moscow where it was assumed one 
could purchase demantoid garnets. We 
have not heard of any “fresh”? deman- 
toids being available in more than 30 
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Figure 22. 


years. The best source is to “mine” 
auctions or antique jewelry shops. The 
stones (approximately 20 carats) in 
Figure 24 were all removed from a 
Victorian necklace purchased at auc- 
tion in Europe. Repolished, they were 
as handsome a selection of these rare 
green gems as we have ever seen. 
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Gemological Education in Great Britain 


By M. J, O7DONOGHUE MA, FGA 


This topic was considered some 
years ago in an article commemorating 
60 years of gemology in Great Britain 
(Journal of Gemmology* vol. 11., No. 
3, July 1968). The article did not, how- 
ever, discuss the part played by organi- 
zations and institutions outside the 
Gemological Association, nor did its 
terms of reference include the work of 
the Precious Stone Laboratory of the 
London Chamber of Commerce. 
Today the intending student of gemo- 
logy has a choice of learning methods, 
whether or not he wishes to become 
formally qualified. 

The only gemological qualification 
in Great Britain is. the Fellowship 
Diploma of the Gemmological Associ- 
ation and this may only be obtained 
through success in the Preliminary and 
Diploma examinations set and marked 
by the Association. Study for the 
examinations may be undertaken quite 
on one’s own, by use of the corres- 
pondence course, again set and marked 
by the Association, or by attendance 
at a live class. Which option is chosen 
depends to a large extent on the time 
an individual can devote to study and 
when he can devote it; geography 
plays a large part, too, since live classes 
are only held in the larger towns. 


*NOTE: Gemology spelled with two m’s is 
British usage. 
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The correspondence course is of a 
high standard and marking is rigorous, 
with the instructors spending a large 
part of their time outlining comments 
on the student’s work. Many students 
find this discipline useful and develop 
a relationship with the instructor lead- 
ing to personal friendship — one of the 
best features of this method of study. 
Others who are suitably placed to do 
so, find greater attraction in attending 
a live class where the same oppor- 
tunities for friendships are available 
and where there is the constant chal- 
lenge of other students. Some students 
get the best of both worlds by follow- 
ing the correspondence course and 
attending a live class, often fot the 
practical sessions only. 

The live classes are conducted at a 
wide variety of institutions of further 
education, depending on the town 
concemed. Instructors are appointed 
by the local education authority and 
paid by them, not by the Association, 
which confines itself to the examina- 
tions. The largest classes are, as one 
might expect, held in London at the 
City of London Polytechnic and this 
institution, as far as the gemology 
classes go, is a descendant of the 
Chelsea Polytechnic, where the first 
classes were held after the first world 
war. In London student numbers 
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approach 200 and are divided amongst 
Preliminary and Diploma’ classes (the 
latter being themselves divided be- 
tween practical and theoretical 
groups), a Post-Diploma class, run on 
the lines of a group of gemological 
friends meeting once a week; and a 
Gem Diamond class. Students of this 
class, which teaches grading as well as 
some more detailed aspects of the 
diamond, must be in possession of 
their Diploma. 

The Hatton Garden Laboratory, as 
it is popularly known, was well de- 
scribed by its first director, Mr. B. W. 
Anderson, in an article entitled 
“1925...and all that” (Journal of 
Gemmology, Vol. 13, No.7, July 1973, 
and continued by two further articles 
in the same journal, Vol. 14, No. 3, 
and Vol. 14, No. 6, July 1974 and 
April 1975). The full title should be 
the Laboratory of the Diamond, Pearl 
and Precious Stone Section of the 
London Chamber of Commerce. This 
body is similar to bodies in the USA 
with the same title. No teaching has 


ever been carried out by the Labora-. 


tory, since its function is the testing of 
stones; however, most of its staff have 
at some time lectured to live classes in 
London and have conducted the cor- 
respondence courses for the Gemmo- 
logical Association. Messrs. B. W. An- 
derson, R. Webster, A. Farn and C. J. 
Payne are well known to all gemo- 
logists and all have worked at the 
Laboratory, Close links are maintained 
with the Gemmological Association but 
the London Chamber of Commerce is 
the parent body. 


In the last few years the trade news- 
paper Retail Jeweller has conducted 
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classes of various kinds, ranging from 
those directed at students with no pre- 
vious gemological knowledge to an 
advanced class for those with Di- 
plomas, aimed at giving them an intro- 
duction to more sophisticated testing 
methods and to newer synthetic 
materials. Mr. Alan Hodgkinson origi- 
nated these classes and conducts 
them; he and I share the advanced 
class. At present these classes are the 
only residential ones in Great Britain, 
lasting for two days. 

The picture in this country is a 
varied one but I feel that it is a 
strength to have such a diversity of 
approach. Historically, Great Britain 
did much to introduce gemology as a 
separate science and today many of 
those concerned in gemological educa- 
tion are interesting themselves in 
geology and mineralogy as part of a 
wider program of study. There are 
close personal links between the wider 
earth science organizations such as the 
Mineralogical Society and the Geologi- 
cal Society and those concerned with 
gemology. The British Association for 
Crystal Growth and similar organiza- 
tions could also come into a close 
relationship with gemologists. I am 
myself a member of some of these 
societies and am by no means the only 
gemologist interested. Some gemolo- 
gists take field trips to suitable areas 
where gem materials (or other min- 
erals) can be found; others lecture to a 
wide variety of audiences. The interest 
has never been greater and it is for 
those concerned with education to see 
that students get as wide an attractive 
picture as possible of the gem world 
and its relatives. 
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In Memoriam 


Lawrence L. Copeland 


1921 - 


On Thursday, December 29, 1977, 
Lawrence L. Copeland, long-time Re- 
search Librarian for the Gemological 
Institute of America and Associate 
Editor of Gems & Gemology, passed 
away. After suffering a stroke in 1961, 
Larry’s health never fully recovered. 
Following his recuperation from the 
stroke, he acquired narcolepsy which 
bothered him during his remaining 
years at the Institute. He retired from 
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the Gemological Institute of America 
in 1970 and continued to live in West 
Los Angeles. 

- Larry Copeland was born in Chilli- 
cothe, Missouri, on June 14, 1921. His 
interest in gemology started early in 
life, when as a young boy, his grand- 
father interested him in lapidary and 
mineral collecting. His fascination with 
gems and minerals increased as he grew 
older and he became an avid mineral 
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collector and faceter. Following 
graduation from high school, he 
worked in mining, mineral explora- 
tion, and metallurgy in Texas, New 
Mexico, and “‘old” Mexico. During this 
time, he also studied mineralogy at the 
Colorado School of Mines. 

After serving in the U.S. Air Force 
in World War II, Larry returned to 
continue his studies of geology at the 
University of New Mexico. He soon 
became associated with a retail jewelry 
store and gained over-the-counter ex- 
perience, both in Albuquerque and 
Denver, Colorado. Recognizing a need 
for gemological knowledge in the 
trade, Larry enrolled in the GIA 
Correspondence Courses. In May of 
1948, after completion of his studies, 
he joined the GIA staff in Los Angeles 
as an instructor, but soon his skill in 
writing and knowledge were recog- 
nized and put to other important use. 
Until his retirement, he wore many 
hats and contributed greatly to the 
Institute and the courses as we know 


374 


them now. For many years, Larry was 
charged with the responsibility of 
keeping the GIA Home-Study Courses 
up-to-date, as well as working on Gems 
& Gemology. He also compiled many 
glossaries for GIA, and did much on 
the early compilation work for the 
Diamond Dictionary. Latry was the 
author of Diamonds — Famous, No- 
table and Unique which is the standard 
in the trade for information on famous 
diamonds, and co-author with others 
on the Jewelers’ Manual, the Diamond 
Dictionary, and many of GIA’s shorter 
publications. 

Even with his many duties, Larry 
found time to help the many students 
who visited him during their studies at 
the Institute. He was fond of classical 
music and reading, especially the his- 
tory of the old American Southwest 
and philosophy and spent many of his 
free hours pursuing these interests. 
Larry will be missed by all who knew 
him. 
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Cathodoluminescent Colors, Selected Gem 
Materials and Their, 242 

Cathedoluminescence of Gem Materials: A 
Short Review, by Robert A. P. Gaal, 
Ph.D., G.G. 238 
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Cathodoluminescence (CL), 225, 238, 239, 
240, 240A, 240B, 240C, 240D, 241, 
242, 243, 244 

Chalcopyrite in Diamond, 323, 326, 327 

Chameleon Diamond, 57, 58 

Chatham Synthetics: Sapphire, 155; Ruby, 
18,90 } 

Chatoyancy in: Anthophyllite cat’s-eye, 
295, 296; Apatite cat’s-eye, 40; Beryl 
cat’s-eye, 40; Chrysoberyl cat’s-eye, 40, 
170, 222; Quartz tiger’s-eye, 40; Spodu- 
mene cat’s-eye, 211; Tourmaline cat’s- 
eye, 40 

Chromiun, 3, 4 

Chrysoberyl, 170, 222; Alexandrite, 203, 
204, 205, 206, 207, 208, 208A, 208B, 
208C, 208D, 209 

Chrysocolla, 3 

Chrysoprase, 4, 43 

Citrine, 6 

Color: Allochromatic Color Caused by Tran- 
sition Metal Impurities, 3; Band Theory 
and Color, 34; Color Caused by Diffrac- 
tion, 41; Color Caused by Dispersion, 
39; Color Caused by Interference, 40; 
Color centers, 4; Idiochromatic Transi- 
tion Metal Caused Color, 2; Orbital 
Caused Color, 8; Optical Effects Caused 
by Scattering, 39; Treatments that 
Change the Color of Minerals, 10 

Colombian Emeralds, 334, 335, 336, 337 

Color Caused by Diffraction, 38, 41, 42, 43; 
in Iris agate, 38; in Labradorite, 38; in 
Opal, 38 

Color Caused by Dispersion, 38, 39; in 
Diamond, 38; in Zircon, 38; in Rutile, 
38; in Straontium titanate, 38 

Color Caused by Interference, 38, 40, 41; in 
Iris quartz, 38; in Topaz, 41; in Rainbow 
quartz, 41 

Color Centers, 3, 4, 5, 6, 7, 8, 11, 350, 351 

Color Center Coloration of Gem Materials: 
Amethyst, 6; Fluorite, 6; Irradiated dia- 
mond, 6; Irradiated Topaz, 6; Maxixi- 
type beryl, 6; Sapphire, 6; Smoky 
quartz, 6; Topaz, 6; U.V. exposed, 6 

Color in Gems and Minerals, The Origins of, 
Part II, by K. Nassau, 2; Part IH, by K. 
Nassau, 34 

Color Zoning, 72, 73, 245, 246, 328, 329 

Conch Pearl, 13, 14 
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Conduction Band, 36, 37 

Conductometer, 58 

Corundum, 44 

Concoidal Fracture in Diamond, 310 

Contact Angle of Water on Gems, The, by 
Nassau, K., Ph.D., and H. Schonhorn, 
Ph.D, 354 

Contact Angles of Water with Various Gem 
Materials, 354 

Contribution to The Gemological Analyses 
of Argentine Fluorite, by Dr. J. C. 
Fuentes, and Lic. R. Tuccillo, 290 

Corozo Nut (Vegetable Ivory), 127 

Comments on The Hixon Collection, by 
Richard T. Liddicoat, Jr., Front Flyleaf, 
Volume XV, No. 9 

Copeland, Lawrence L., In Memoriam, 373 

Coral, 91 

Critical Examination of Synthetic Tur- 
quoise, A, by J. D. Williams, Ph.D., and 
K. Nassau, Ph.D., 226 

Crown Angles, 246 

Crowningshield, R., Developments and 

. Highlights at GIA’s Lab in New York, 

12-18; 57-62; 89-94; 123-127; 153-157; 
181-189; 218-224; 245-251; 306-314; 
345-349 

Crystal Inclusions in Opal, 174 

Crystal Orienter, 66, 67, 68, 69, 70, 71 

Cubic Zirconia, 143, 144, 154, 155, 221, 
222, 240D, 329, 345, 346, 361 

Cultured Pearls, 140, 141,174, 347, 348 

Cutting Styles, 171, 183, 184, 186, 187, 
188, 234, 332, 333 

Cuvette, 329 

Cyclotron-Treated Diamond, 72, 73, 171, 
172 
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Damage to Gems, 14, 15, 16, 27, 57, 172, 
173, 185, 187, 188, 218, 219, 247, 309, 
329, 330 

“Deepdene”, 17 

“Defect,” in Color Center, 4 

Demantoid, 329, 369 

Design Contest, 25, 30 

Design Contest, Idar-Oberstein, 30 
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Developments and Highlights at GIA’s Lab 
in Los Angeles and Santa Monica, by 
Richard T. Liddicoat, Jr.: 

Number 1: 

Strange Opal, 26; Damage ‘to a Montana 
Sapphire, 27; Attractive Rock, 27; Some 
Notable Occurrences, 27; Large Montana 
Sapphire, 27; Jadeite Spectrum, 27; Odd 
Fluorescence, 28; Interesting Ruby in 
Zoisite Carvings, 28; Emerald Inclusions, 
28; Variscite, 29; Oddity in Diamond 
Inclusion Reflection, 29 

Number 2: 

An Interesting Corundum Received for 
Identification, 44; Scrim Shaw on Whale 
Teeth, 44; Unusual Polish on Twinned 
Diamond, 46; Large Inclusion in Spinel, 
46; A Large New Synthetic Pink 
Sapphire, 46; Black Diamond, 47; Horn- 
bill Snuff Bottle, 48 

Number 3: 

An Unusual Cyclotron-Treated Dia- 
mond, 72; Color Zoning in An Emerald, 
73; Topaz Inclusions, 73; Semitrans- 
parent Jadeite, 73; Marble Sword, 74; 
Moldavite, 75; Inclusions in Amethyst, 
75; Treated Green Diamond, 76; An 
Interesting Inclusion in a Colorless Dia- 
mond, 76; Limonite, 77 

Number 4: 

Tesserae Mask, 113; Interesting Inclu- 
sions in Diamonds and Resulting Appear- 
ances, 114; More Diamond Inclusions, 
114; Other Odd Diamond Inclusions, 
114; Horsey Inclusion, 115; Opal 
Fakery, 115; Nephrite Horses, 115 

Number 5: 

Rarely Used Gem Materials Seen Re- 
cently, 138; Another Synthetic Emerald, 
138, 139; Unusual Turquoise Treatment, 
139; Trapiche Beryl, 140; Plugged Hole, 
140, 141; Blue Sapphire Cluster, 141 

Number 6: 

One of the Rarer, 170; Inclusions in 
Natural Ruby, 170, 171; A Novel Cut, 
171; Unusual Inclusions in Flame-Fusion 
Synthetic, 171; Cyclotron-Treated Dia- 
mond, 171, 172; A Rhodolite Pink 
Diamond, 172; Negative and Positive 
Crystals, 172, 173; Incredible Cutting on 
a Diamond, 173; Cicada in Amber? No!, 
173; Odd Diamond Natural, 173; A 
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Mabe with an Unusual Center, 174; 
Rutile in Emerald, 174; Interesting 
Crystals in Opal, 174; Flux Synthetic 
Ruby ona Flame-Fusion Synthetic Seed, 
174, 175 


Number 7: 
Assembled Hornbill, 210, 211; Rare 
Spodumene Cat’s-Eye, 211; African 


Alexandrites?, 211; Interesting Quartz? 
Inclusion in Emerald, 213; A Knotty 
Problem in a Diamond, 213; Botryoidal 
Opal, 213; Unknown Inclusion in 
Synthetic Emerald, 214; Deritrifying 
Glass, 214, 215 

Number 8: 
Laser Drilling Gone Made, 233; Imita- 
tion Bloodstone, 234; Barion Cuts, 234; 
Repairs and Alterations of Jade Carvings, 
234, 235; True Canary, 235; Rare and 
Unusual Stones, 235, 236; A New Use of 
Gilson Synthetic Opal, 236; More Notes 
on Diamond Inclusions, 236, 237; 
“Bubble” in Natural Sapphire, 237 

Number 9: 
None. 

Number 10: 
Diamond Items of Interest, 296, 297, 
298 

Number 11: 
Exceptional Crystal, 328; Zoned Emer- 
ald, 328; A Lovely Amethyst, 329; 
Green Cuvette, 329; “Horsetail’’ Inclu- 
sions, 329; Diamond Substitutes, 329; 
An Early Flame-Fusion Synthetic, 330; 
Interesting Green Stone, 330; Amethyst- 
Colored Spodumene, 331; The New 
“Radiant Cut,” 332 

Number 12; 
None 

Developments and Highlights at GIA’s Lab 
in New York, by Robert Crowning- 
shield: 

Number 1: 
Heavy Carving, 12; Selective Dyeing of 
Calcite, 12; Organics, 12; Damage of 
Shattering Experiences, 14; Forgotten 
But Not Gone — and Damaged Too, 15; 
A Gem Rarity, 16; Imposturing Three- 
some, 16; A Real Diamond Rarity, 17; 
Flux-Grown Synthetic Rubies, 17 

Number 2: 
Canasite, 57; Diamonds, 57; G.G.G. — 
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An Interim Report in Durability, 59; 
Mood Stones, 59; Imori Stone or Meta 
Jade, 61 

Number 3: 
Synthetic Rubies, 89, 90; Natural 
Sapphire Fooler, 90; Black is Popular, 
90; More Corundum, 91, 92; “Emerald,” 
92: YAG in Color, 92; Kornerupine, 92, 
Prosopite, 93, 94; An Imitation Zincite 
or Cuprite, 94 


Number 4: 
More Diamond Inclusions, 123; A 
Painted Blue Diamond, 124, 125; 


G.G.G., 125; Synthetic Opal, 126; Flux- 
Grown Synthetic Rubies, 126, 127 
Number 5: 
A New Diamond Imitation, 154; Opal 
Like Glass, 155; Puzzling Sapphire, 155; 
Jade-like Quartz, 155, 156 
Number 6: 
Some Diamond Inclusions, 181; Rarely 
Seen Matched Spinels, 182; Lapidary Art 
Rescues an Indifferent Emerald, 182; 
G.G.G. in The News, 182; A Diamond 
Color Mystery, 182, 183; Follow-Up on 
a Blue-Gray Diamond, 183; Diamond 
Inclusion Oddities, 183; Diamond 
Shapes, 183, 184; True Antiques and 
Reproductions, 184; What Did 1t?, 185; 
How Did He Do It?, 185; Imitation 
Opal, 185, 186; Dyed Quartzite, 186; 
Unusual Diamonds, 186, 187, 188, 189 
Number 7: 
Diamonds, Diamonds, Diamonds, 218; 
Unusual “Fish Skeleton” Cleavage, 219; 
A Simple Test, 219, 220; Emeralds, 
Emeralds, Emeralds, 220, 221; Odd Dia- 
mond Inclusions, 221; Zirconium Oxide, 
221, 222; Some Foolers, 222, 223 
Number 8: 
Diamonds Toujours Diamonds, 245; 
Tricky Rubies and a Synthetic Emerald, 
249; Insects in?, 251 
Number 9: 
None. 
Number 10: 
Notes on Fancy Colored Diamond, 306, 
307; “Insect” in Diamond?, 307, 308; 
“Opal-Essence”’, 308; Staff Meeting Re- 
port, 308; A Real Fooler, 308, 309; 
Phase Contrast Photography, 309; More 
Diamond Inclusions, 309, 310; Beryl 


GEMS & GEMOLOGY 


QD 


‘J 


€ 


Oddities, 310; Quartz — Natural and 
Synthetic, 310; A New Jewelry Item, 
312; More About Quartz, 312 
Number 11: 
Cubic Zirconia, 345; Diamond Observa- 
tions, 346; Cultured Pearls, 347; 
Another Arkansas Diamond Find, 349 
Number 12: 
Cubic Zirconia Continued, 361; And 
Now, Diamond, 363; Another Multi-Star 
Quartz, 364, Imitation Tourmaline, 364; 
Black Cultured Pearls, Natural Color, 
365; Synthetic Amethyst, 366; A Puz- 
zling Natural Emerald, 366; Amber from 
the Dominican Republic, 367 
Device for Obtaining Interference Figures in 
Gemstones, A, by C. S. Hurlbut, Jr., 
Ph.D., 66 
Diamond, 8, 11, 14, 16, 17, 29, 34, 35, 36, 
37, 38, 39, 46, 47, 57, 58, 72, 73, 76, 
91, 95, 114, 115, 123, 124, 171, 172, 
173, 182, 183, 185, 186, 187, 188, 189, 
213, 218, 219, 235, 236, 238, 239, 
.240B, 240C, 240D, 241, 242, 243, 244, 
245, 246, 247, 248, 296, 297, 306, 307, 
308, 309, 310, 322, 323, 324, 325, 326, 
327, 329, 330, 332, 337, 338, 339, 346, 
347, 349, 352, 363 
Diamonds: 
Developments and Highlights at the 
GIA’s Labs — 16, 17, 29, 46, 47, 57, 58, 
72, 73, 76, 114, 115, 123, 124, 171, 
172, 173, 182, 183, 185, 186, 187, 188, 
189, 213, 218, 219, 235, 236, 245, 246, 
247, 248, 296, 297, 306, 307, 308, 309, 
310, 346, 347, 349, 363, 369 
Diamond Coating, 124, 125, 182, 183, 248 
Diamond Production, World, 1974, Re- 
printed from Mineral Trade Notes U.S. 
Department of the Interior, 95 
Diamond Substitutes, Testing, 219, 240D, 
242 
Diamond, Treated Color (Pink), 172 
Dietrich, R.V., Official State Gems, 352 
Diffraction, 38, 41, 42 
Dioptase (Green), 3 
Dispersion, 38, 39 
Dispersion, in Diamond, 98, 99, 101, 105, 
106, 107, 110, 111, 112 
Djevalite, 144 
“Donor” in: Natural Diamond, 37, 243; 
Synthetic Diamonds, 37 
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Ducat Cut, 188 

Duc de Chaulnes’ Method of Refractive 
Index Measurement, 178, 179 

Dunn, Pete J., M.A., F.G.A., On Gem 
Orthopyroxenes: Enstatite’and Bronzite, 
118 

Dunn, Pete J., M.A., F.G.A., Gem Notes, 
199 

Dunn, Pete J., M.A., F.G.A., Observations 
on the Slocum Stone, 252 

Dunton Mine, Maine, 19, 21, 24 

Dunton Mine Tourmaline: An Analysis, by 
C.R. Beesley, 19 

Dysprosium Gallium Oxide, 236 
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Eclogite, 323, 324, 326 

Ekanite, 295 

Electrons in Gem Materials, 2, 4, 5, 6, 8, 9, 
10, 34, 35, 36, 37, 38 

Emerald, 73, 182, 220, 328, 329, 334, 335, 
336, 337, 366 

“Emerald Nova,” 313 

Emerald Substitutes, 92, 220, 221, 312, 
313, 328 

Energy Levels in Gem Materials, 5, 6, 7, 8 

Enstatite, 118,119, 120,121 

Eosphorite, 138 

Euclase, 170 

Eulitz, Werner R., Ph.D., The Variable 
Effects of Faceted Gemstones, 98 
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Faceting Charts, 79, 80, 81, 82, 83, 85, 86 

Faceting Limits, by Bruce L. Harding, 78 

Fake “Emerald” Crystal in Matrix, 220, 221 

Faustite, 315, 318 

“F-Center”, 4, 5 

Fermi Surface, 35, 36 

“Fingerprint” Diamonds, 247 

Flame-Fusion Synthetic Ruby, 90, 171, 330 

Flash Back, by Dr. E. Gubelin, C.G., F.G.A., 
314 

Fluorescence, 4, 5, 8, 22, 23, 38, 58, 59, 
238, 240, 241, 291, 292, 293, 294 

Fluorescence in: Cerium-bearing fluorite, 4; 
Diamond, 38, 58, 172, 235; Emerald, 4; 
Fluorite, 4; Gadolinium gallium garnet, 
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59; Natural Blue Sapphire, 27; Natural 
Ruby, 4; Nephrite, 28; Synthetic Flux 
Emerald, 139; Tourmaline, 22, 23; Tur- 
quoise, 231 

Fluorite, 4, 5, 6, 200, 201, 290, 291, 292, 
293, 294 

Flux-Grown Synthetic Emerald, 138, 139 

Flux-Grown Synthetic Ruby, 17, 18, 89, 
90, 126, 127, 250 

Flux , Synthetic Ruby on A Flame-Fusion 
Synthetic Seed, 174, 175 

Flux-Grown Synthetic Sapphires, 155 

Fossilized Ammonite, 312 

Fuentes, J.C., Dr., Contribution to The 
Gemological Analyses of Argentine 
Fluorite, 290 


G 
s 

Gaal, Robert, A.P., Ph.D., G.G., Book Re- 
views, 31, 32, 63, 64 

Gaal, Robert, A.P. Ph.D., G.G., Cathodo- 
juminescence of Gem Materials, A Short 
Review, 238-244 

Gadolinium Gallium Garnet, (GGG), 5, 9, 
59,125, 182, 329, 345, 346 

Gamet, 324, 325 

Garnet, Hessonite (Ceylon), 177, 184 

Gamma-Ray Irradiation, 350, 351 

Gamma Rays, 5, 8, 11 

Gem Line, The, 30 

Gemmological Education in Great Britain, 
by M.J. O’Donoghue, 371 

Gem Notes, by Pete J. Dunn, M.A., F.G.A., 
199 

Gemology, 164 

Gemology — Now You See It, Now You 
Don’t, by Mabel Sterns, 169 

Gill, Joseph O., An Easy Method of Measur- 
ing The Depth of A Mounted Trans- 
parent Stone in A Closed-Back Setting, 
178 

Gilson Created Turquoise, 197, 225, 226, 
227, 228, 229, 230, 231 

Gilson Created Opal, 197, 236; Created 
Turquoise, 197; Imitation Lapis, 196, 
197, 198 

Gilson Synthetic Emerald, 250 

Giuliano, Carlo, Jewelry, by: 50, 51, 52, 53, 
54 
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Glass, 155, 185, 186, 214, 215, 234, 252, 
253, 254, 255, 256, 329 

Grain in Diamond, 248, 249, 296, 297 

Granite, Dyed, 157 

Ground State, 7,8 

Gubelin, Edward, Ph.D., C.G., F.G.A., 
Alexandrite From Lake Manyara, Tan- 
zania, 203 

Gubelin, Edward, Ph.D., C.G., F.G.A., 
Analytical Results of Poly-Mineralic Sul- 
fide Inclusions in Diamond, 322 

Gibelin, Edward, Ph.D.,C.G., F.G.A., Flash- 
back, 314 

Giibelin, Edward, Ph.D., C.G., F.G.A., 
Scorodite — A New Gemstone from 
Tsumeb, South-West Africa, 130 


H 


Hambergite, 199, 200 

Hammond, Ben R., Jr., The Hixon Collec- 
tion, 288 

Hanneman, W.W., Ph.D., A New Gemologi- 
cal Property, 302 

Harding, Bruce L., Faceting Limits, 78 

Heat Treatment, 350 

Hessonite Garnet, Ceylon, 177 

Historical Notes on South American Gem- 
stones, by John Sinkankas, 334 

Hixon Collection, 257 

“Hole,” in Color Center, 4, 5, 6 

Holmes, Ralph J., Professor, In Memoriam, 
301 

Hololith, 12, 13, 75, 223 

Hope Diamond, 38 

Horn, Buffalo, 14 

Hornbill Ivory, 48, 210, 211 

Howlite, 156, 157 

How to Define Non-Single-Crystal Syn- 
thetics, by K. Nassau, Ph.D., 194 

Hurlbut, C.S., Jr., Ph.D., A Device for 
Obtaining Interference Figures for Gem- 
stones, 66 


I 


Idiochromatic Color, 2, 3 

Idiochromatic Colored Gem Materials; Al- 
mandite, 3; Azurite, 3; Chrysocolla, 3; 
Dioptase, 3; Lazulite, 3; Peridot, 3; 
Rhodochrosite, 3; Rhodonite, 3; Spes- 
sartite, 3; Turquoise, 3; Uvarovite, 3; 
Vivianite, 3 
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Imori Stone, 28, 61, 62 

Impurities in Semiconductors, 37, 38, 39; in 
Diamond, 37; in Type Ib, 37; in Type 
IIb, 38 

Inclusions in: Alexandrite, 208B, 209, 211, 
212; Amber, 251; Amethyst, 75, 76; 
Andalusite, 201, 202; Corundum, 44, 
170, 171; Cubic Zirconia, 143, 144, 221; 
Ekanite, 295,296; Emerald, 28, 174, 
213, 220, 221; Glass, 155, 234; Imita- 
tion Opal, 186; Labradorite, 165, 166; 
Moldavite, 75; Phenakite, 139; Ruby, 
170, 171, 249; Sapphire, 90, 155, 237; 
Spinel, 46; Synthetic Emerald, 214; 
Synthetic Opal, 236; Synthetic Quartz, 
311, 312; Synthetic Ruby, 171, 174, 
175, 250, 330; Synthetic Sapphire, 171; 
Synthetic Spinel, 308, 309; Topaz, 73 

Inclusien, Artificial, 185 

Inclusions in Diamond, 114, 115, 123, 124, 
181, 183, 218, 219, 221, 297, 298, 299, 
307, 309, 310, 311, 322, 323, 324, 325, 
326, 327 

Inside and Outside of GIA’s New Head- 
quarters in Santa Monica, 216, 217 

Interference, 38, 40, 41 

Interference Figures, 66, 67, 68, 69, 70, 71 

Internally Flawless, 248 

Irradiation: Cyclotron, 72, 73, 171, 172; 
Gamma Ray, 5, 6, 8, 11, 350, 351; 
Neutron, 5; Radium, 346, 347; Ultra- 
violet, 4, 8; X-Rays, 5 

Irradiation Colors in Topaz, Quartz and 
Beryl, by K. Nassau, Ph.D., 350 

Ivory, 44, 45, 48 
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Jade - China’s Contribution to the Fine 
Arts, by A. E. Alexander, Ph.D., 145 
Jadeite, 73, 145, 147, 148, 149, 150, 151, 
152, 223, 240B, 240C, 241, 243 

Jeremejevite, 130, 131, 138, 236 

Jeweler’s Eye®, The, 302, 303 

Jewels of Fortunato Pio Castellani and Carlo 
Giuliano, The, by Dr. A. E. Alexander, 
50 


K 


Kanasite, 57 
Kenya Ruby, 18 
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Kimberlite, 322 

Kircher, Michael A., A Pleochroic Variety of 
Gem Labradorite from the Rabbit Hills 
Area, Lake County, Oregon, 162 

Knots, 213 

Kornerupine, 92, 93 
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Labradorite, 162, 163, 164, 165, 166, 167 

Lake Manyara Gem Deposit (Emerald), 203, 
204, 205, 207, 208D 

Laser Drill Holes, 218, 219, 233 

Lazulite (Blue), 3, 10, 16 

Lazurite, 10 

Ly, 302, 303, 304, 305 

Ly — A New Gemological Property, by W. 
W. Hanneman, Ph.D., 302 

Lherzolite, 323, 324 

Liddicoat, R.T., Jr., Comments on the 
Hixon Collection, Front Flyleaf, Volume 
XV, No. 9 

Liddicoat, R. T., Jt., Developments and 
Highlights at GIA’s Lab in Los Angeles 
and Santa Monica, 26-30; 44-49; 72-77; 
113-117; 138-144; 170-177; 210-215; 
233-237; 295-301; 328-333 

Limonite, 77 

Liquid Crystals, 61 

Louisiana, 201; Sandstone, Opalescent, 201 

Luminescence, 7, 8, 39, 208D, 238, ae 
240A, 240D, 241, 243 

Luminiscope®, 211, 239, 240, 240D, 241, 
242 

Luster in Gem Materials, 302, 304, 305 

Lustermeter®, 302, 303, 304, 305 


Mabe Pearl, 174 

Maine, 19, 20, 21, 24 

Manganese, 3, 4 

Mansfieldite, 131, 133 

Man-Made Crystals, 168 

Manutchehr - Danai, Mohsen, On the Tur- 
quoise Deposits of Nishabur (N.E. Iran) 

Marble, 74, 75 

Maw-Sit-Sit, 152 

Maxixe Beryl, 351 

Maxixe-Type Beryl, 6, 8, 11, 351 
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Measuring The Depth of a Mounted Trans- 
parent Stone in A Closed-Back Setting, 
An Easy Method, by Joseph O. Gill, 
C.G., F.G.A., 178 

Meta-Jade, 28, 61, 62 

Mexican Opal, 26 

Moldavite, 75 

Molecular Orbital Type Coloration: Amber, 
9; Benitoite, 9; Coal, 9; Coral, 9; Dyed 
Materials, 9; Graphite, 9; Ivory, 9; Lapis 
Lazuli, 9; Pyrite, 9; Pearl, 9; Rutile, 9; 
Sapphire, 9; Tortoise Shell, 9 

Montana Sapphire, 27 

Mood Stones, 59, 60, 61 

Mtorolite, 155, 156 

Murfreesboro, Arkansas, 349 
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Nassau, K., Ph.D., and H. Schonhorn, The 
Contact Angle of Water on Gems, 354 
Nassau, K., Ph.D., A Critical Examination of 
Synthetic Turquoise, 226 

Nassau, K., Ph.D., A New Diamond Imita- 
tion: Cubic Zirconia, 143 

Nassau, K., Ph.D., The Origins of Color in 
Gems and Minerals, Part 2, 2; Part 3, 34 

Nassau, K., Ph.D., How to Define Non- 
Single-Crystal Synthetics, 194 

Nassau, K., Ph.D., Irradiation Colors in 
Topaz, Quartz and Beryl, 350 

Nassau, K., Ph.D., On the Naming of New 
Man-Made Crystals, 168 

Nephrite, 12, 28, 115, 116, 145, 147, 148, 
149, 150, 151, 234, 235 

New Diamond Imitation: Cubic Zirconia, A, 
by K. Nassau, Ph.D., 143 

New Hampshire, 200, 201; Fluorite, 200, 
201 

Newry Mountain, Maine, 19, 20, 21, 22, 23, 
24 

Nishabur, Iran (Persian) Turquoise Deposit, 
315, 316, 317 

Nitrogen in Diamond (Yellow), 17, 34, 37, 
243 

“Nitrogen Platelets,” 243 
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Observations on the Slocum Stone, by Pete 
J. Dunn, M.A., F.G.A., 252 
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O’Donoghue, M.J., Gemmological Educa- 
tion in Great Britain, 371 

Official State Gems, by R. V. Dietrich, 352 

Olivine in Diamond, 323, 324 

On the Naming of New Man-Made Crystals, 
by K. Nassau, Ph.D., 168 

On the Turquoise Deposits of Nishabur 
(N.E. Iran), by Mohsen Manutchehr- 
Danai, 315 

Opal, 26, 42, 43, 115, 174, 213, aa; 369 

Opalescence, 308 

Opal Imitation, 185, 186, 252, 253, 254, 
255, 256 

Optical Effects Caused by Scattering, 38, 
39, 40; in Aventurine Albite, 38; in 
Aventurine Quartz, 38; in Garnet, 38; in 
Milky Opal, 38; in Moonstone, 38; in 
Quartz, 38; in Star Corundum, 38; in 
Sunstone, 38 

Optic Sign, 70, 71 

Organics, 12, 14, 44, 48, 91, 210, 211 

Orthopyroxenes: Enstatite and Bronzite, On 
Gem, by Pete J. Dunn, M.A., F.G.A., 
118 


Pectolite, 138 

Pentlandite in Diamond, 323, 324, 327 

Perceptiveness of Dispersion, 107, 108, 110 

Peridot (Green), 3, 14 

Petalite, 170 

Phenakite, 139 

Phianite, 144 

Phosgenite, 295 

Phosphorescence, 7, 8, 38, 59, 242, 291, 
292, 293 

Phosphorescence in: Calcite, 8; Color 
Centers, 7; Diamond, 8, 38, 58; Fluorite, 
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IN MEMORIAM 
ROBERT M. SHIPLEY 


When Robert M. Shipley passed 
away in. his sleep on April 18, a giant 
was lost to the jewelry industry. The 
father of gemology in America, 
Shipley was the 129th diplomate of the 
Gemmological Association of Great 
Britain. When that award was granted, 
apparently, there was only one 
jeweler’s refractometer in America, 
and the state of knowledge of 
gemology in this country was primi- 
tive. 

Robert M. Shipley was born in 
southwest Missouri on February 21, 
1887. A short time later, the family 
moved to Monett, Missouri. After be- 
ing tutored by a maid in the family, 
young Robert was sent to a military 
academy in Wisconsin and later at- 
tended the University of Wisconsin, 
dropping out in his junior year when 
his father died. He returned to the 
then family home in Wichita, Kansas. 
He held a variety of positions in 
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Wichita, including working for the 
Kansas Gas and Electric Company. 
While working for the utility, he mar- 
ried the daughter of a local jeweler. 
When he was asked later to take over 
the business, he did so. Shipley never 
really liked the jewelry business at that 
stage, but he did add other elements to 
the store, such as china, giftwares, 
leather goods, and an interior decorat- 
ing facility. Several years ‘later the 
business ran into difficult times, as did 
his marriage. He was divorced, left 
Wichita, and ultimately traveled to 
Paris, France, to study at the Louvre 
where he met Beatrice Bell, whom he 
later married. During the latter part of 
his European sojourn, Shipley took 
the correspondence courses of the 
Gemmological Association of Great 
Britain. In 1929, he went to London 
to prepare for and take the examina- 
tion that would earn his diploma. 

It was to see Beatrice Bell that he 
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went to California in 1930. There, he 
opened a small art gallery that was not 
too successful in the depression year 
of 1930. 

Before Shipley had left the jewelry 
business, his early success had led to 
his election as president of the Kansas 
Retail Jeweler’s Association, and later 
he was a regional vice-president for the 
then American National Retail 
Jeweler’s Association. On the street 
one day in California, he encountered 
Armand Jessop, who was at that time 
regional vice-president for the far west 
for ANRJA. Upon learning what 
Shipley had been doing in Europe, 
Jessop asked him if he would give 
some lectures on the subject of 
gemology to local jewelers. This was 
set up in the extension division of the 
University of Southern California, and 
the first classes were given in 1930. 
These were, as extension division 
classes, offered on a one or two night 
per week basis. When Shipley went to 
his first class, he thought no one had 
responded because there was no one in 
the. room which had been assigned to 
the class. It was not until a few 
minutes later that he found a notice 
indicating that the class had been 
moved to another larger room where 
he found 80 people waiting. Many of 
the jewelers attending the classes had 
to travel great distances, and one in 
particular, J. E. Peck of Campo, 
California, near the Mexican border, 
persuaded Shipley to produce the 
course in a written form that could be 
studied at home. At about the time he 
concluded that this might have a 
chance for success, he raised enough 
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money to pay less than $100 for an 
old model A Ford and a typewriter. 
He started to write a four-course pro- 
gram in gemology consisting of a 
Fundamental Course, a Colored Stone 
Course, a Diamond Course, and an 
Advanced Gemology Course, The 
latter essentially was the. use of gem- 
testing equipment and identification. 

Shipley had so little money it was 
almost essential that he sell a course in 
each city so he could start getting the 
$8.00 per month per student coming 
in to sustain him as he wrote the 
course. His wife, Beatrice Bell Shipley, 
was enormously helpful, both in en- 
couraging him to continue a very 
difficult task of selling an idea, and in 
assisting him financially. About the 
time the initial course was completed, 
Robert Shipley, Jr. joined his father. 

Robert Jr., a brilliant young sci- 
entist, developed most of the gem- 
testing instruments that differed from 
the mineralogist’s array of equipment. 
He was responsible, for example, for 
the dark-field illuminator binocular 
microscope, for the polariscope em- 
ploying the then new Polaroid plates 
and for many other innovative ideas. 
The father was the magnificent sales- 
man of an abstract idea, and the son 
gave it a solid scientific backing. There 
is no question but that Mrs. Shipley 
and Robert Shipley, Jr. were im- 
portant in the early stages of the 
Gemological Institute of America. 

In those early days, there were a 
number of students who were right up 
to date on Shipley’s writings at all 
times and waiting for the next lesson 
to be completed so they could com- 
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plete their courses. GIA’s first gradu- 
ate was Frederick B. Thurber, of the 
firm Tilden-Thurber, which still is 
going strong in Providence, Rhode 
Island and vicinity. Robert Jr. assisted 
his father in writing the advanced 
courses on Colored Stones and Ad- 
vanced Gemology, which in a later 
revision was retitled Gem Identifica- 
tion. 

One of Shipley’s early selling points 
on studying gemology was the intent, 
when numbers justified it, to form an 
organization he described as being 
similar to ‘the guilds of old.” This 
would be a membership organization 
for which there were two prerequi- 
sites; one, knowledge and two, ethics. 
The idea was that the firms solicited 
for enrollment in the gemological 
courses were those which did the kind 
of business that their peers could be 
proud to join in a guild type of 
organization. The founding date given 
for the American Gem Society is 
1934, but Shipley had been using that 
theme several years before. It was not 
until a number of years later that the 
American Gem Society became en- 
tirely separate from the Gemological 
Institute of America. In those early 
days, Mrs. Shipley was the Chief Ad- 
ministrator of the organization while 
Robert M. Shipley did the selling, 
mostly on the road, and the writing, 
both on the road and at home. Mrs. 
Shipley was assisted by Dorothy 
Jasper Smith, who joined the staff in 
1932 and, with the exception of leaves 
to have her two children, served GIA 
for 31 years. In those early days, 
Shipley was President of GIA. After 
the late Edward Wigglesworth, Ph.D., 
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Curator of Gems & Minerals at the 
Boston Museum of Natural History, 
became interested in and studied 
gemology, Shipley asked the Board to 
make Wigglesworth President and 
Shipley became Executive Director. 
There were many jewelers who 
were of enormous help to Shipley in 
those early days. He used to point 
with real appreciation to such men as 
Godfrey Eacret of Shreve, Treat and 
Eacret of San Francisco, George Brock 
of George Brock and Company, Los 
Angeles, Edward F. Herschede of Cin- 
cinnati, Leo Vogt of St. Louis, Percy 
Loud of Detroit, Paul Juergens of 
Chicago, John Vondey of San Bernar- 
dino and many more. Later James 
Donavan and Fred Cannon, both of 
Los Angeles, were of great help to 


Shipley. 
After the courses were completed, 
about 1935, their structure and 


numbering was changed to conform to 
the four-course arrangement men- 
tioned earlier. The Fundamental 
Course was called Course #012,. the 
Colored Stone Course was #1, the 
Diamond Course was #2, and the 
Advanced Gemology #3. This course 
arrangement lasted until after Robert 
M. Shipley’s retirement. In 1938, the 
Institute was moved from the old 
small studio apartment on the corner 
of 6th and Alexandria in Los Angeles, 
into an apartment building that had 
been built with the idea of housing the 
Institute by the Shipleys. The idea was 
that the Institute could occupy two 
apartments initially, and then, as it 
grew, additional apartments could be 
occupied. The plans were interrupted 
by World War II. Robert Shipley, Jr. 
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was an officer in the Air Force Reserve 
and anticipating his call-up, which did 
occur in Spring of 1941, Mr. Shipley 
approached Dean Edward H. Kraus 
and Professor Chester B. Slauson of 
the University of Michigan, for a 
Director of Education. In June of 
1940, Richard T. Liddicoat, Jr. was 
hired. One year later in the spring of 
1941 Alfred L. Woodill, Robert 
Shipley’s nephew, who would later 
become Executive Director of the 
American Gem Society, also joined the 
organization. Shipley was very con- 
cemed by what might happen to GIA 
during a war, and he turned the 
Institute over to the Board of Gover- 
nors acting for the industry so that an 
endowment fund could be raised to 
insure the existence of the Institute 
through a war-time period. The ex- 
pected decimation of enrollments did 
not occur, and ably assisted by Vir- 
ginia Hinton and Elizabeth Brown on 
the educational side, Shipley 
weathered the war years and the Insti- 
tute emerged in excellent condition. 
With the help of the G.I. Bill, which 
went into effect, as far as GIA was 
concerned, in late 1946, the Institute 
prospered and the student body was 
enlarged enormously during this 
period. Many people who were to 
become key factors in the growth of 
the Institute joined the staff. Liddi- 
coat who had returned from the 
service in February of 1946, was work- 
ing with George Switzer, Ph.D., who 
later became Curator of Gems & 
Minerals at the Smithsonian Institu- 
tion, and during this period Lester 


Benson, Kenneth Moore and Robert 
Crowningshield were all added to the 
staff, as well as Lawrence Copeland 
and others. Mark C. Bandy, Ph.D., was 
on the staff for a fairly short period of 
time and opened GIA’s Laboratory in 
New York City in the Fall of 1948. 
GIA’s first Eastern Laboratory had 
been opened in Boston by Edward 
Wigglesworth who was serving GIA 
without compensation. Upon his death 
in 1945, the laboratory was closed and 
did not reopen until Bandy and 
Crowningshield went to New York in 
1948. 

It was in 1948 that Shipley an- 
nounced his intention of retiring in 3% 
years, planning to step down at the 
end of 1951. Circumstances led to a 
3-month postponement of that retire- 
ment date, which was. then made 
March 31, 1952. Thus, after 21 years 
at the helm of GIA, Robert M. Shipley: 
retired. 

The years following his retirement 
were spent largely in South Laguna 
Beach in an area of the California 
coast the Shipleys loved. His beloved 
wife, Bea, passed away in. July of 
1973. 

On February 18, 1977, three days 
before his 90th birthday, a vital 
Robert M. Shipley visited GIA’s new 
headquarters in Santa Monica. A re- 
ception was held in his honor by GIA’s 
Board of Governors and the staff. He 
charmed the student body with a 
fascinating recounting of salient events 
from the early days of GIA. 

Robert M. Shipley lived a long and 
productive life. He will be missed by 
many, but he left his mark. 
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Differentiation of Black Pearls 


By HIROSHI KOMATSU and SHIGERU AKAMATSU 
K. Mikimoto & Co., Ltd. 
Research Laboratory 
Kobe, Japan 


Introduction 

The term black pearl has been 
generally used without clear-cut defini- 
tion. In addition to naturally colored 
pearls, various kinds of artifically 
colored pearls are also called “‘black 
pearls.” The naturally colored black 
pearls (hereinafter to be referred to as 
cultured black pearls), which are 
barely known to the world, are ob- 
tained from black-lipped pearl oysters. 

Our main purpose is to describe the 
history and nature of the cultured 
black pearls. Methods are presented 
for distinguishing them from other 
artificially stained black pearls, es- 
pecially from pearls blacked by the 
so-called “‘silver salt treatment.” 


Cultured Black Pearls 

History and Present Situation 
Reportedly, the first trial of black 
pearl cultivation in Japan, mainly 
blister pearl, using black-lipped pearl 
oysters (Pinctada margaritifera) was 
carried out in 1912 in the Miyakojima 
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Islands in Okinawa Prefecture (the 
Ryukyu Islands at that time). For 
several decades since then, a great deal 
of effort has been made by many pearl 
culturers to cultivate black pearls. 
However, all their attempts failed be- 
cause of the great difficulty involved 
in the cultivation technique. In the 
eatly 1970’s, the present Ryukyu Pearl 
Co., Ltd., succeeded in producing 
black pearls on a profitable basis. This 
was nearly 20 years after the initiation 
of the project in 1951 on Ishigakijima 
Island, Okinawa. 

At present, three main regions pro- 
duce cultured black pearls: Yaeyama 
Islands (Ishigakijima, Iriomotejima and 
other), Tahiti and the Fiji Islands. 

Although their existence has been 
known by some professionals for 
about 60 years, black pearls of gem 
quality, namely, perfectly round, real 
black and flawless, have rarely been 
seen in the market. The reason for the 
scarcity is the inability of most 
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Figure 1. Left: dlack-lipped pear! Figure 2, Pearls from black-liaped peart 
oyster. Aight: Akoya pearl oyster. oysters. From left to right: silver, gold. 
brown-black, black and green-black, 


Figure 4. Scanning electron microscope 


Figure 3. Microscopic ebservation of observation (x15,000) of the cut surface 
stripe patterns of Akoya peart {left} and of a black pearl (above) and its sche- 
cultured black pearl fright} (60x). matic diagram (below), 


Figure §, Artificially blackened pearls. 
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Figure 6. Blue pear! fleft) and black 
pearl (right), Outer appearance (above) 
and sections (below). 


cu 


Figure 8. Silver treated black pearts, 
Conventional color fitm (above) and 
infrared color film (below), Campare the 
infrared image with that of Figure 7. The 
color tone is quite different, 
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Figure 7, Cultured black pearls. image 
of conventional cofor film fabove} and 
infrared color film {befaw), 
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Figure 9. Chromaticity coordinates, 


growers to cultivate them. 

Presently, the quantity of gem 
quality black pearls is so limited that 
the annual production is estimated to 
be about 2,000. 


Culturing Method 

Black-lipped pearl oysters are large 
bivalves which live in tropical or sub- 
tropical seas. The inner surface of the 
shell is an intensively iridescent white 
silver. The edge of the shell is lined 
with a characteristic brown-black belt 
(Figure 1.) 

The process of cultivation is very 
similar to that of ordinary pearls: A 
tiny bead which is made of mussel 
shell (called the “nucleus”’) is inserted 
into a black-lipped pearl oyster to- 
gether with a piece of the mantle from 
another living oyster. The oyster is 
then placed in its seawater habitat and 
cultured so that the nacre layer can be 
formed around the nucleus. As the 
black-lipped pearl oysters are very 
sensitive, many of them, after having 
the nucleus inserted in their bodies, 
reject the nucleus or die. Only 20 or 
30 per cent of them eventually serve as 
pearl-producing oysters during the 
two-year cultivation period. Of the 
pearls harvested from these surviving 
oysters, only 5 to 10 per cent are of 
gem quality. 


Color Tone 

Cultured black pearls may be classi- 
fied into five groups depending on 
their color. For convenience the 
following designations are given: silver, 
gold, brown-black, green-black and 
black. Among them, the brown-black, 
green-black and black are tentatively 
called “black pearls.” Silver and gold 
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pearls can also be obtained from the 
Akoya and: silver-lipped pearl oysters 
as well as black-lipped pearl oysters. 
Therefore, because they are more 
plentiful, they are of less value than 
the brown-black, green-black and 
black pearls and, of course, cannot be 
called black pearls (Figure 2). 


Structure and Composition 

As is well known, the characteristic 
iridescence and color tone of pearls are 
derived. from the pearl layer which is 
formed over the nucleus. Microscopic 
observation of the pearl layer discloses 
a regularly layered structure of arago- 
nite, a polymorph of calcium carbo- 
nate similar to calcite. The character- 
istic striped pattern of the layers as 
observed over the surface through the 
microscope is shown in Figure 3. The 
layered crystal plates are recognized 
on the cut surface (Figure 4) through 
the use of the electron microscope. 

Lying between the crystal layers are 
organic sheets, specific to pearls, 
which play a role of sticking the 
crystals together. The major compo- 
nent of the organic sheets is a hard 
protein called ‘conchiolin.” Other 
substances such as glycoproteins and 
pigments also have been identified. 

The only reason black pearls are 
black is that the brown-black pigment, 
characteristic of black-lipped pearl 
oysters, is part of their organic sheets. 
As far as this pigment is concerned, it 
has not been chemically studied yet. 
Only one report on the composition of 
their shells, not of pearls, makes it 
possible to guess the composition of 
the black pigment.* 


*Yoshishige Horiguchi Bull. Japan. Soc. Sci. 
Fish, 25, 391-401, 675-679 (1959). 
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Analogous (Imitation) Black Pearls 
Pearls Blackened by 
Silver Salt Treatment 

These are blackened pearls very 
similar to the cultured black pearls 
previously mentioned. They have been 
on the market since the 1930’s and are 
more popular than the cultured ones. 
Several methods are being used to 
make pearls black, among the most 
popular is the “silver salt treatment.” 
The coloration is based on the chemi- 
cal reaction using various kinds of 
silver salts to make silver precipitate in 


the nacre so that the color of the nacre 
turns black. Thus blackened pearls are 
very similar in color to the cultured 
ones. They also have the same color of 
brown-black, green-black and black, 
which makes it difficult even for the 
experts to distinguish them from cul- 
tured black pearls by observation 
alone. Examples of this treatment can 
be seen in Figure 5. 


Blue Pearls 

It is the blue pearl which is often 
considered a black one by mistake, 
although it is not an imitation of the 


TABLE 1. 


Comparison of the Mechanisms of Color Formation 
Between Conventional Color Films and Infrared Color Films 


Conventional Color Films 


spectrum zone 


film layer sensitivity 


green 


dyes formed in film 
layers 


magenta 


resulting colors in 
transparency 


Infrared Color Films 


spectrum zone 


infrared 


film layer sensitivity 


film layer sensitivity 
after yellow filter 


infrared 


infrared 


dyes formed in film 
layer 


magenta infrared 


resulting color in 
transparency 
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Figure 10. Broven-black pearix, At left ix Figure 11. Green-black pearls. Left: cul- 
the cultured black pearl; at right the tured black pearl. Right: silver treated. 
silver treated, Conventional colar image Conventional colar image fabove} and 


fabove) and infrared image (below). infrared image (below). 


Figure 12. On the right is the imitation, 

in the center and on the feft are cultured Figure 73. The cultured black pearl 

black pearis. feenter}) is surrounded by silver treated 
black pearis, 


Qoc-- Figure 15, Images of infrared color film 
with varying exposures, Above feft: opti- 
Figure 14. At the extreme right is the mum exposure, Above right: one scale in 


treated pearl. The others are genuine. excess of the optimum exposure. Below 
left: three scales in excess, Below right: 


five. scales in excess, The cultured black 
pear! {to the Jeft of all four pictures) is 
clearly distinguished trom the silver salt 
treated pear! {to the right of al! four 
pictures). 
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black pearl. Most of the blue pearls are 
obtained from Akoya pearl oysters 
and not from the black-lipped oyster. 
They have bluish colors of transparent 
pale blue, pale green or deep blue, 
from which they derive their name. 

Further explanation is needed in 
regard to the cause of blue tones. The 
tones chiefly come from colored con- 
taminants in the nacre or between the 
nacre and nucleus. During the period 
of pearl cultivation, some organic 
matter becomes incorporated in the 
shell due to the physiological changes 
of the pearl oyster. The organic matter 
causes a brown blemish which gives 
the pearl a blue appearance when seen 
through the translucent nacre. 

Although the name “blue pearl” 
often makes one think the blue pearl is 
a black one, the structure and com- 
position of a blue pearl differ from 
that of a black pearl, as shown in 
Figure 6. 


Differentiation Methods 


It should be remembered that in 
this present article, the genuine black 
pearl means cultured black pearls hav- 


ing color tones of brown-black, green- 
black or black which are obtained 
from black-lipped pearl oysters. These 
are of gem quality. On the contrary, 
the blackened pearl means pearls 
colored by the silver salt treatment as 
previously described. 

There has been an increasing de- 
mand by jewelers to differentiate these 
two types of pearls since appraisers 
often have been faced with the diffi- 
culty of doing it. We tried some 
methods, among which the following 
differentiations were found to be use- 
ful. Infrared color film yielded es- 
pecially good results. 


Differentiation by Color Image 
On Infrared Film 

When the cultured black and 
blackened pearls are photographed 
with color infrared film (Kodak, Ekta- 
chrome Infrared Film, IE 135-20), a 
clear difference between the two can 
be observed in the color tone of the 
images. (See Figures 7 and 8.) 

For a better understanding of the 
technique, first let us discuss infrared 
film. Conventional color film consists 


TABLE 2. 


Analysis of the chromaticity on the infrared images 


= a : a bk 
Figure 8 1 49.93 | 0.3322 | 0.3702 | 76.03 
{Ag treated 2 49.26 | 0.3014 | 0.3423 | 75.61 
Akoya pearl) | 3 33.63 | 0.2878 | 0.3547 | 64.69 
Figure 7 1 34.21 | 0.2758 | 0.3152 | 65.12 
(Cultured 2 34.57 | 0.2734 | 0.3107 | 65.40 
black pearl) 3 16.29 | 0.2642 | 0.3225 | 47.34 


*measured by spectrophotometer (Hitachi M 307). 
calculated according to 0-0 SI 10 W 10 (JIS Z 8722) 
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of three image layers sensitive to blue, 
green, and red, whereas the image 
layers of infrared color film are sensi- 
tized to green, red and infrared. Ac- 
cordingly, the differences in intensity 
of infrared ray reflections on materials 
results in differences of color tones 
from the images (see Table 1). 

As shown in Figures 7 and 8, 
cultured black pearls give blue images 
while, in contrast, images of blackened 
pearls are greenish blue to yellow- 
green. Whatever different colors — 
brown-black, green-black or black — 
cultured black pearls may have, they 
give the same blue images which are 
quite different from those of 
blackened pearls. Other examples as 
seen in Figures 10, 11, 12, 13 and 14 
show this fact. These color character- 
istics can be used as one of the 
effective methods of differentiation. 

Next, the analysis of the chro- 
maticity was carried out on the images 
of Figures 7 and 8. (See Table 2 and 
Figure 9.) 

As indicated in Table 2 and Figure 
9, the chromaticity of the cultured 


black pearls belongs to the blue region, 
while blackened pearls have their chro- 
maticity in the region from green to 
yellow with probable contamination 
of red. Although the mechanism has 
not been proven yet, the color differ- 
ence between the two kinds of black 
pearls seems to result from the infra- 
red reflection rates being different 
between genuine and imitation black 
pearls. This difference is due to the 
infrared color film which gives a red 
image when it is exposed to infrared 
rays. 

There are two requirements neces- 
sary in order to obtain a clear differen- 
tial image. First, the light source 
should be a Xenon lamp. The intensive 
emission spectrum of this lamp in the 
infrared region (0.82-0.99 1) may con- 
tribute to the successful differentiation 
of the two pearls. Secondly, a series of 
images photographed with varying ex- 
posure is advisable, from optimum to 
excessive, since it is rather difficult to 
differentiate between them with only 
a single photo. By photographing in a 
series as recommended, clear differen- 


TABLE 3 


Element Composition of the Surface Layer of Pearls 
by X-ray Fluorescence Analysis. 


Elements 


Samples 


Akoya pearl 


Black-lipped pearl 


“Ag treated’’ 
Akoya pear] 


+++: most clearly detected 
++: clearly detected -: 
+: detected 
14 


not clearly detected 
not detected 
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tiation will be obtained. Figure 15 
shows the difference in color tone of 
images taken at various exposures. 
Notice that the difference between the 
two becomes clearer with excessive 
exposure. 


Differentiation by X-Ray 
Fluorescence Analysis 

If pearls are treated with silver salt, 
silver will be detected by X-ray fluor- 
escence analysis*. Since cultured 
pearls do not contain silver, the ex- 
traordinary content of it suggests that 
it has been treated with silver salt. The 
most favorable reason for using this 
analysis is that it can analyze the 
elemental composition without des- 
truction of the samples. Elemental 
composition of the surface layer of 
pearls (pink pearls from Akoya pearl 
oyster), cultured black pearls and 
blackened pearls are shown in Table 3. 

As expected, silver was detected 
only in the blackened pearls. The 
X-ray fluorescence analysis may be 
used as one of the methods for dis- 
tinguishing cultured black pearls from 
the blackened ones. The only unfavor- 
able drawback to this analysis is that 
the sample pearls turn to brown-black 
from X-ray irradiation. 

Table 3 shows that presence of 
potassium and strontium in the cul- 
tured black pearl. Further studies are 
required in order to confirm which 


*Being irradiated with a powerful X-ray, 
each element contained in the sample is 
excited to emit characteristic X-rays, the 
wave lengths of which are measured spec- 
troscopically to confirm the presence of a 
corresponding element in the irradiated 
area. 
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conditions, physiological ones of the 
oyster or environmental ones such as 
seawater, nutrition, and so forth, cause 
the presence of these elements. 


Differentiation by 
Hardness Measurement 

The nacre of the blackened pearl is 
more fragile due to the alteration of its 
surface by various chemicals during 
the coloring process, especially silver 
salt treatment. By measuring the 
tendency of the decrease in its hard- 
ness with a micro hardness testing 
machine, we can judge whether 
sample pearls are chemically treated or 
not. A decrease of about 40 per cent 
in the hardness caused by the coloring 
process was demonstrated by a Vickers 
hardness testing machine. In addition, 
an indication of surface deterioration, 
such as exfoliation and cracks. are 
occasionally found on _ blackened 
pearls by careful observation with a 
microscope. 


Other Methods of Differentiation 
None of the blackened pearls 
fluoresce under ultraviolet irradiation. 
The cultured black pearls, on the other 
hand, especially those of middle grade, 
emit yellow-red fluorescence from the 
hollow and the micro niches on the 
surface. The emission is limited to-the 
spot of such an irregularity on the 
surface (the cultured black pearls of 
high quality as previously defined emit 
no fluorescence because of the com- 
plete smoothness of the surface). How- 
ever, there are so many exceptional 
cases in these properties that careful 
testing is required to adequately 
identify the cultured black pearl. 
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Inclusions in Agate and 
Their Origins and Significance 


By ROGER K. PABIAN 
Conservation and Survey Division 
University of Nebraska 
Lincoln, Nebraska 68588 


INTRODUCTION 


As the prices of diamonds .and 
many colored stones steadily increase, 
the consumer who desires natural 
stones will exert heavier pressure on 
the less expensive and more abundant 
colored stones such as the chalcedony 
gems. In spite of its abundance, little is 
known about the geological origins of 
this gem because it has generally been 
treated as a laboratory curiosity and 
the field relationships and genesis of 
this gem have not been widely studied 
(Jones, 1951; Sinkankas, 1961). Lane 
(1911) did some field related studies 
on the occurrences of agate in the 
Keweenawan Peninsula of Michigan, 
and Zarins (1977) demonstrated that 
the occurrence of agate in the Cathe- 
dral Mountain area of west Texas is 
related to an important geological time 
line, that agates could be used to 
correlate volcanic rock units, and that 
agates were largely a product of 
weathering. 
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As a gem material, agate offers the 
jeweler a number of advantages over 
many other colored stones. It is cur- 
rently inexpensive and attractive to 
young, less affluent buyers whose trust 
can be built early. A large inventory 
can be handled and it .is easy to 
identify so there is no incentive for 
imitations to be produced. Many of 
the inclusions in agate are of such a 
nature that they may serve as the 
subject of a stone. Many jewelers, 
however, lack an in-depth knowledge 
of agate sufficient to enable them to 
take full advantage of its sales poten- 
tial. The following study is devoted to 
identifying and interpreting the nature 
of inclusions in agates. The study is 
based on comparing the similarities 
and differences of 3,901 agates, 794 
from the Lake Superior region of 
Minnesota and Michigan; 734 from the 
Coya Mito region, Chihuahua, Mexico; 
609 from the Ojo de Laguna Region, 
Chihuahua, Mexico; 929 from the 
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Moctezuma region, Chihuahua, 
Mexico; 66 from the Cerro de Mercado 
region, Durango, Mexico; 127 from 
various regions of Brazil; 62 from 
Botswanaland, Africa; 238 from the 
Madras, Oregon region; 30 from the 
Crawford, Nebraska region; 104 from 
the Glendive, Montana region; and 208 
from the Cathedral Mountain area, 
west Texas. 

Contrary to the popular notion that 
no two agates are alike, the results of 
this study show a great deal of simi- 
larity between all agates, regardless of 
geological age or geographic source. 

Pre-genetic inclusions (inclusions 
formed before the agate nodules 
crystallized) in agate nodules are very 
common in geologically young agates 
but usually rarer in old agates and 
include such things as aragonite 
crystals and gypsum crystals. These 
inclusions may be completely replaced 
by chalcedony through time, and in 
geologically old agates they may be 
absent. For example, sulfide inclusions 
in geologically young agates such as 
those from the Tertiary of Texas may 
be replaced by oxides in old agates 
such as those from the Late Pre- 
cambrian (over 300 million years ago) 
of the Lake Superior region. Many in- 
clusions, such as decomposition 
products of the host rock and low 
temperature polymorphs of aragonite 
and gypsum indicate that agates 
formed under conditions of low tem- 
perature (25-30°C) and pressure. Syn- 
genetic features are those features the 
agate acquired during its crystalli- 
zation. These include bands, escape 
tubes, plastic deformation structures, 
and bubbles. 
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Structure of the Agate Nodule 


Generally, a fresh agate nodule con- 
sists of a zone of banded spherulitic 
chalcedony that frequently encloses a 
pocket of euhedral quartz crystals 
(Figure 1, Table 1). This model may 
be repeated one or more times within 
the same nodule. Crystals of other 
minerals such as aragonite and calcite, 
decomposition products of the host 
rock, or membranous cristobalite 
(Lebedev, 1967), enclosed in chal- 
cedony, may occur on the outside of 
the nodule but separate from the 
banded chalcedony portion (Figure 1). 
Decomposition products of the host 
rock may include epidote, chlorite, 
limonite, zeolites, calcite, aragonite, 
and other secondary minerals. 

Concentric bands are the most 
prominent structural feature of the 
agate nodule and make up the area 
most likely to be used for gem pur- 
poses. Keith and Padden (1963, 
1964a, b) developed a general theory. 
of spherulitic crystallization, and they 
noted that chalcedony and agate are 
composed of spherulite-like crystal 
aggregates. Primary nuclei of Si0, 
grow and eventually give rise to ra- 
dially fibrous, polycrystalline aggre- 
gates (Figure 2) in which crystal 
growth is at small angles to the fibre 
axis, rather than along preferred 
crystallographic orientations as in 
euhedral quartz crystals. Oehler (1976, 
p. 1146) demonstrated that spherulitic 
growth occurs in “... multicompo- 
nent systems in which component 
segregation occurs during crystalliza- 
tion and in which coefficients of diffu- 
sion in the liquid phase are small 
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TABLE 1. Types of Inclusions found in various agates. Note the 
Source of Agate Lake 
and Geological Superior Ojo de Alpine, 
Age Region Laguna, Coya Mito, Moctezuma, Texas Area 
Minnesota, Chihuahua, Chihuahua, Chihuahua, (Cathedral 
Michigan, Mexico Mexico Mexico Mountain) 
Type of Late Eocene- Eocene- Eocene- Eocene- 
Inclusions Precambrian Miocene Miocene Miocene Miocene 
Bands of 
Spherulitic Chalcedony x x x x x 
Euhedral Quartz x x x x x 
Membranous Cristobalite Rare x x x x 
Weathering Products 
of host rock Rare Abundant Abundant Abundant Abundant 
Escape Tubes x x x x x 
Flow or plastic 
Deformation structures x x x x x 
Bubbles x Rare x 
Sagenite (See Crystals, Crystal Pseudomorphs, Crystal molds, Plumes) 
Crystals Rare x x x x 
Aragonite x x x x 
Rutile x x x 
Goethite x x x 
Calcite Rare x x x x 
Gypsum x 
Barite x x x 
Siderite x x x 
Crystal Pseudomorphs x x x x x 
Aragonite x x x x x 
Calcite x x 
Gypsum Abundant x 
Barite x x x 
Crystal Molds 
Barite Common Rare Rare Rare Common 
Calcite Common Rare Rare Rare 
Aragonite Rare Rare Rare Common 
Plumes 
Marcasite Rare Abundant 
Limonite Rare Abundant 
Pisolites Rare Common Abundant 
Stalk Forms x x x x 
Chromatographs x 
Globular-collimorphic 
Textures * x x x x 
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similarities of all agates regardless of geographic source or geologic age. 


Corro de Glendive, 
Botswanaland, Brazil, All Mercado, Crawford, Montana 
South Africa Areas Durango, Nebraska Area Madras, 
probably Late Age not Mexico Area Devonian- Oregon 
Precambrian Determined Eocene-Miocene Oligocene Cretaceous Area 
x x x x x x 
x x x x x x 
Rare Rare x x 
x Rare x x Rare x 
x x x x x x 
x x x x x x 
x Common 
Rare Rare Common x 
Oey x x 
x x x 
x x x 
x 
x 
x x x 
x 
x x 
Common 
x 
x K x 
Common 
x » x x 
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compared with crystal growth rates.” 
The only way this condition can occur 
in a colloid is in a solution in which 
the concentration is well above the 
saturation value. A viscosity threshold 
must be reached for spherulitic crystal 
growth, or non-spherulitic crystal 
growth will occur (Oehler, 1976). As 
the (silica) concentration of a solution 
increases, the viscosity threshold will 
be attained and spherulitic crystal 
growth will occur producing banded 
chalcedony, until the colloid is con- 
sumed or diluted (Oehler, 1976, p. 
1148). In low viscosity or highly 
diluted (silica) systems, euhedral 
quartz crystals or quartz overgrowths 
will occur. Mackenzie and Gees, 1971, 
precipitated quartz crystals from 
undersaturated siliceous solutions 
under surface conditions. Thus, the 
banded portion of the agate nodule is 
indicative of the stage of growth in 
which the viscosity of the silica solu- 
tion was high and the euhedral quartz 
crystals represent the time line in the 
agate nodule in which the viscosity of 
the. siliceous solution became diluted 
or low, 

Zarins (1977, p. 34) indicated that 
a natural, siliceous colloid commonly 
contains impurities which may be re- 
jected from the chalcedony as spheru- 
litic growth continues. The impurities 
become concentrated in the troughs 
between spherulites, which inhibits 
further crystal growth in these areas. 
This process favors continued spheru- 
lite growth at their tips while the 
troughs between crystal clusters fill 
with impurities and form bands. 

Many theories have been advanced 
to explain the banding of agate. 
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Liesegang (1915) synthesized bands of 
silver chromate in a gelatin medium 
from silver nitrate and potassium 
dichromate. The silver chromate pre- 
cipitated only when the solution was 
saturated with silver nitrate. The silver 
seeks a layer beyond the precipitate 
layer and when saturation. occurs, 
another precipitate layer forms and 
the process repeats itself as long as the 
reactants are present in a supersatu- 
rated concentration. This idea was 
accepted by most workers and was 
well entrenched-in Farrington’s (1927) 
classic work on agates. 

Many agate nodules contain banded 
zones with the inner bands extending 
in a long, tube like structure, all the 
way to the outer surface of the nodule 
(Figure 3), Many workers (Blair, 1936; 
Dake, 1950; Vanasse, 1958) have in- 
terpreted this as an entrance duct 
(“Einflusskanale,” of Noegerrath in 
Liesegang, 1915) in which a saturated 
silica solution periodically filled the 
vesicle in which the agate nodule 
formed. As the water evaporated, a 
new layer of silica was deposited inside 
the nodule. Shaub (1955, p..117-120) 
demonstrated this structure to be an 
escape tube by showing that more 
than one could be found in an agate 
nodule and that they had no preferred 
orientation. Many of the agates ob- 
served in this study exhibited this 
feature but it did not always extend to 
the outer surface. Furthermore, the 
inner bands displayed diapiric (pierc- 
ing) deformation of the outer bands 
indicating that the agate was in a 
gelatinous state when the silica solu- 
tion escaped from the nodule (Figure 
3). As crystallization proceeds from a 
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Figure 7, Unweathered agate nodule 
fram Caya Mito, Chihuahua, Mexico. 
The nodule shows banded, spherutitic 
chalcedony enclosing a pocket of 
Euhedral Quartz Crystals. The chat- 
cedony engulfs membranous cristabalite 
and decompasition products of the host 
rock, Wote siderite crystals below 
banded chaleedany in lower right. XO.5 


_ 


Figure 3. Escape tube in sgste. Speci- 
men from Late Precambrian, Lake 
Superior Region, Minnesota, Note diapir 
deformation of densa, white bands. X2 


Figure 5. Bubbles in agate nodule fram 
Cerro ‘de Mercado Region, Ourango, 
Mexico. X7. 
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Figure 2. Spherulltic chaleedony in 
polycrystalline aggregates. Specimen 
from Cottonwood Springs Basalt, Catho- 
drat Mountain Quadrangle, west Texas. 
360. 


Figure 4. Flow structure causing plastic 
déformation in agate nodule fram late 
Precambrian, Lake Superior Region, 
Minnesota. X2. 


Figure 6. Bubbles concentrated in es- 
cape tube in agate nodule from Cerro de 
Mereado Region, Durango, Mexico. X2. 
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silica solution, the volume occupied by 
siliceous gel is squeezed within the 
nodule to the outside resulting in 
plastic deformation or flow structures 
(Figure 4), Flow structures are com- 
mon to agates from all locations 
(Table 1). 

Geologically older agates that have 
been weathered and/or transported 
often lack the zone of membranous 
cristobalite or decomposition products 
of the host rock. This is probably 
because this area is porous and absorbs 
water more readily. In some climates, 
such as in the Lake Superior Region, 
the wet porous area would be an area 
subjected to freeze-thaw destruction. 
Those agates that have been glacially 
transported very rarely have the cris- 
tabolite — host rock zone. 


Bubbles 


Some agate nodules may contain 
bubbles (Figure 5), the origin of which 
was initially difficult to understand. 
Winfree (1973, p. 82-95) demon- 
strated that chemical reactions take 
place in a rotating, spiral pattern; as 
the reaction goes to completion, heat 
may be generated causing the solution 
to boil. The spiral reactions also pro- 
duced banded structures in the “Z 
reagent” media used by Winfree. It 
appears that the bubbles were trapped 
in the silica gel when it hardened. In 
some agate nodules from the Cerro de 
Mercado region, Durango, Mexico, the 
bubbles are concentrated in the “es- 
cape tube,” (Figure 6) lending further 
evidence to Shaub’s idea that material 
actually was forced out of the agate 
nodule. 
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Plumes and Dendrites 


Plumes of metallic oxides and sul- 
fides are abundant in the agates from 
the Tertiary volcanic rocks in the 
Alpine, Texas area (Figure 7). Such 
inclusions are also known from the 
agates of the Priday Ranch and the 
Eagle Rock area in Oregon. Plumes are 
also rarely encountered in the agates 
from the late Precambrian rocks of the 
Lake Superior region of Minnesota and. 
Michigan (Table 1). In the geologically 
old agates, these structures probably 
have been destroyed by weathering as 
the plumed area is quite porous. The 
sulfide plumes are probably a late- 
stage crystallization product from a 
magma; they may occur in basaltic or 
thyolitic rocks. Plumes show no evi- 
dence of having distorted the host 
agate — in fact, they appear totally 
engulfed by chalcedony... Dake (1950, 
p. 44) illustrated plumes free of 
chalcedony matrix. Upon oxidation, 
the sulfides yield oxides, and in geo- 
logically old agates, the plumes usually 
occur as the latter. 

Zarins (1977) demonstrated that 
different types of plumes occur in 
different volcanic rock units in the 
Cathedral Mountain area of west 
Texas. The plumes in agates of the 
Cottonwood Springs Basalt. are hori- 
zontal with respect to the land surface 
and, in the underlying Sheep Canyon 
Basalt, vertical with respect to the 
present land surface. Further, Zarins 
demonstrated that no agates occur in 
the younger Duff Tuff that overlies 
the Cottonwood Springs and Sheep 
Canyon Basalts or in conglomerates 
derived from weathering and erosion 
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of the Duff Tuff. Zarins postulated 
that weathering of the Duff Tuff and 
the consequent release of silica pro- 
vided the material from which the 
agates were formed. He found no near- 
by igneous intrusions that could pro- 
vide hydrothermal sources of silica and 
concluded that they originated under 
conditions of low temperature and 
pressure and not hydrothermally. The 
agates in the Cathedral Mountain 
Quadrangle, Texas, are an important 
index for correlation of rock units; 
their occurrences can be used as a 
geological time line. 

Dendrites look much like plumes; 
however, there is a significant genetic 
difference in that dendrites are 
deposited as initial oxides, like 
pyrolusite, and not as an oxidized sul- 
fide. Microscopic examination shows 
the dendrites are normally confined to 
the area between bands of chalcedony 
or in healed fractures in chalcedony 
and are essentially “two-dimensional” 
whereas plumes are ‘“‘three-dimen- 
sional” and occur within the chal- 
cedony crystal aggregates. 


Sagenite, Crystals and 
Crystal Pseudomorphs 


Sagenite is a “catch-all” term that 
applies to slender, needle-like inclu- 
sions of various minerals. Mayer et al. 
(in Myatt, 1972, p. 152-153) included 
zeolite, rutile, tourmaline, hornblende, 
actinolite, and- cinnabar among the 
sagenite-forming minerals. This type of 
inclusion (Figure 8) occurred in practi- 
cally all types of agate studied. Sage- 
nite (see crystals, Table 1) included in 
the agates seen in this study consisted 
mainly of hollow aragonite. needles 
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and secondarily of siderite, rutile, 
geothite, gypsum and barite. In many of 
the agates studied, chalcedony pseudo- 
morphs after “‘sagenite’” minerals 
were present, especially in the Late 
Precambrian agates (Figure 9). Most of 
the sagenite forming minerals are low- 
temperature such as aragonite, and are 
associated with low temperatures that 
would occur along with weathering 
and/or soil development. 

Crystals are common _ inclusions 
within many agates. The geologically 
younger agates commonly contain un- 
altered aragonite, calcite, barite, 
gypsum, goethite, or rutile crystals. In 
the geologically old agates most of 
these inclusions are represented by 
chalcedony pseudomorphs: Goethite 
and rutile may form the nuclei about 
which tubes or eye-like structures 
grow (Figure 10}, Goethite and rutile 
are usually unaltered in even the geo- 
logically old agates, and they are com- 
mon crystal inclusions. Chalcedony 
from the Oligocene, Chadron Forma- 
tion of Nebraska frequently occurs as 
complete or partial pseudomorphs after 
gypsum (Vondra, 1961), In numerous 
instances, the agate inherits the cleav- 
age of gypsum (Figure 11); thus, much 
of the parallel banded varities of chal- 
cedony referred to as onyx or sardonyx 
(Figure 12) are probably chalcedony 
pesudomorphs after gypsum. 

In geologically older agates, many 
of the crystals are represented only by 
chalcedony pseudomorphs. The Late 
Precambrian agates from the Lake 
Superior region commonly contain 
pseudomorphs of chalcedony after 
gypsum and aragonite (Figure 11, 12). 

In some instances, pseudomorphyism 
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Figure 7. Marcasite plumes in agate 
nodule from Cathedral Mountain Area, 
west Texas. The plumes have a thin 
coating of Red Hematite, X2. 


Figure 9, Agate pseudomarph after 
aragonite in agate nodule from Lake 
Superior Region, Minnesota, X23. 


Figure 11: Partial pseudamarph of 
chalcedony after Gypsum, from 
Oligocene, Chadron Formation, Craw- 
ford, Nebraska. Note that the chal- 
cedony retains the Gypsum 
cleavage. X1. 
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Figure &. Sagenitic growths in agate 
nodule fram Ojo de Laguna, Chihuahua, 
Mexico. Radial, needle like orystals in 
upper left are aragonite. Coarse crystals 
in flower right are siderite, probably 
pseudomorphous after aragonite, Xf. 


Figure 10. Goethite needles in agate 
nodule from Ojo de Laguna, Chihuahua, 
Mexico. Nate that the needies form 
nuclei about which eyes and tubes pre- 
cipitate. X05, 


Figure 12. Onyx probably pseudomarph 
of chalcedony after Gypsum, fram late 
Precambrian, Lake Superior Region, 
Minnesota. X2. 
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Figure 13, Latex cast of prismatic barite Figure 14, Statk-/ike aggregates in agate 


crystal mold in agate from Late Pre- nodule from Botswanaland, Africa. Note 
cambrian, Lake Superior Region, Minne- the plastic deformation of the banded 
sota, X17. portion of the agate. X15. 


Figure 15. Globuler-collimarphic tex- Figure 16. Spherulitic, limonite pisolites 
ture in lace type agate from near Ojo de in agate nodule from Moctezurma, Chi- 
Laguna, Chihuahua, Mexico. X0.7. Giratua, Mexico. “1. & 


Figure 17. Chromatograph in agate 
nodule from Moctezuma, Chihuahua, 
Mexico. 1,7. 
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of a slightly-soluble crystalline inclu- 
sion does not take place after the 
inclusion has been dissolved. This 
leaves a crystal mold, a structure that 
is fairly common in geologically old 
agates but rare in young agates. Many 
of the crystals in young agates prob- 
ably have not been given sufficient 
time to dissolve away by weathering 
processes. Latex casts have been made 
of some of these molds (Figure 13) 
and most appear to have housed 
prismatic barite or scalenohedral cal- 
cite crystals. 


Stalk-Like Aggregates 

Stalk aggregates (Lebedev, 1967, p. 
59-60) are fairly common inclusions in 
agate. Like stalagmites in caves, stalk 
aggregates grow in a direction opposite 
to the movement of particles in solu- 
tion. In other words, the aggregates are 
oriented upward although they appear 
stalactitic. These probably form when 
droplets of a less dense liquid (water?) 
rises toward the top of an unsolidified 
silica gel. Stalks may, in some cases, 
deform the banding of an agate 
(Figure 14). All of the stalks have 
identical orientations. They are com- 
mon to most types of agates studied. 
These have been duplicated in the 
laboratory by upward movement of 
small quantities of water through 
bromoform (S. G. = 2.85). 


Oolites and Pisolites 
Oolites are spherical mineral aggre- 
gates characterized by a distinct, con- 
centrically zoned structure. Oolites 
greater than 2 mm in diameter are 
conventionally referred to as pisolites. 
They are generally spherical, growing 
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about a central nucleus, but they may 
develop irregular structures such as 
ellipses or may become polyhedral, 
with distinct faces upon close com- 
paction (see Lebedev, 1967, p. 18-24). 
Oolites and pisolites grow by accumu- 
lation of material on their outer sur- 
faces. Oolites and pisolites require a 
fairly high energy environment to de- 
velop. Since they grow by external 
accretion, their presence suggests the 
cavity in which the agate developed 
was periodically invaded by moving, 
mineralized water before the agate 
formed. Chalcedony pisolites probably 
grow in the same fashion and are one 
case where agate actually developed by 
successive deposition of layers of 
silica, but from inside out instead of 
outside in. Pisolites in nodular agates 
are normally engulfed in chalcedony. 
Lebedev (1967, p. 26-33) described 
five oolitic-pisolitic textures, two of 
which have been recognized in agates. 
The globular-collimorphic texture 
appears to be common in the lace-type 
agates from northern Mexico (Figure 
15). The lace-type agates normally 
form in open veins rather than in 
closed vesicles; thus, accumulation of 
agate by layers takes place in this 
situation. 

Agates containing spherulitic tex- 
tured pisolites are common in the 
Tertiary basalts of west Texas and 
from the Moctezuma region in Chi- 
huahua, Mexico. Pisolites are rare in 
the Late Precambrian agates from the 
Lake Superior region. Pisolites may be 
of calcite, limonite (Figure 16), or 
chalcedony, the latter usually being 
pseudomorphic after the former two. 

Some pisolitic structures have been 
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referred to as algal in origin, probably 
based on Elias’ (1931) interpretation 
of pisolitic limestone in Wallace 
County, Kansas. Swineford ef al. 
(1956, p. 98-116) have demonstrated 
that pisolitic limestone developed as a 
result of soil forming processes. They 
indicated that conditions favoring de- 
velopment of pisolitic limestones were 
(1) rocks containing easily soluble 
minerals giving residues rich in Ca 4 
ion; (2) effective rock permeability; 
(3) deficient rainfall and long, dry 
periods; (4) low topographic relief; (5) 
time. Three of these conditions would 
occur in a basaltic flow where plagio- 
clase could furnish Ca“* ion, perme- 
ability is high, and topographic relief is 
generally low. Water supply is con- 
trolled in climate. 


Chromatographs 


Chromatography occurs when 
mixed dyes are separated by a porous 
membrane. The particle size of the 
dyeing. agent controls this process — 
the larger particles first being trapped 
and finally the smaller. Chromato- 
graphs have been observed only in the 
Tertiary age agates from northern 
Mexico (Figure 17). The spherulitic 
chalcedony crystals function as the 
membrane and metallic salts are dis- 
tributed throughout the bands. The 
available space between spherulitic 
crystal clusters forming the bands con- 
trols which coloring agents are de- 
posited where in the nodule. The 
presence of chromatographs suggests 
that coloring is a post-genetic feature 
in agate nodules. 
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Conclusions 


Some of the above explanations of 
the structure of and inclusions in 
agates vary considerable from earlier 
ideas. The results of this research show 
that most agate nodules have many 
similar features regardless of age or 
origin. 

Pre-genetic inclusions in agate, such 
as aragonite crystals, are usually un- 
altered in geologically young agates 
but frequently replaced by chalcedony 
pseudomorphs in geologically old 
agates. Plumes are common in young 
agates and rare in old agates. Crystal 
molds, are conversely, rare in young 
agates and common in old. The pres- 
ence of low-temperature crystalline 
inclusions and pisolites suggests that 
agate is a low temperature-pressure 
product of weathering and soil 
development. The absence of hydro- 
thermal sources in the area of abun- 
dant Tertiary agate occurrences off 
west Texas and northwestern Nebraska 
are further evidence that agate forms 
at low temperatures and pressures. _ 
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Book Reviews 


GEMSTONES FOR EVERYMAN, by 
Basil W. Anderson. Published by Van 
Nostrand Reinhold Co., New York, 
1976. Illustrated in black and white 
and color. 368 pages. Hardbound. 
Price: $25.00. 


It is a pleasant experience to en- 
counter a book on gemstones that is 
written by a person eminently quali- 
fied to do so based on knowledge and 
experience and who also writes in an 
easy-to-read style. B. W. Anderson, the 
founder and long time leader of the 
famous London Gem Testing Labora- 
tory, with the ringing title, ““The Pre- 
cious Stone and Pearl Laboratory of 
the London Chamber of Commerce 
and Industry,” is such a person. The 
author of Gem Testing, now in its 
eighth edition, and lecturer for many 
years for the Gemmological Associa- 
tion of Great Britain, is still, in retire- 
ment, preparing and grading diploma 
examinations for the Gemmological 
Association. There is no one with 
more knowledge or experience with 
gemstones than Basil Anderson. 

. Many of the so-called popular 
books or picture books related to 
gemstones talk down to the reader, 
and seemingly are written for ten year 
olds. This book does not, in any way, 
talk down to the reader; in fact, some 
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rather technical items are covered, but 
they are covered with such clarity that 
anyone could find them interesting. 
One example of the type of high level 
information that is covered so lucidly 
is the reason why the fluorine-rich 
topaz has lower refractive indices than 
the fluorine-poor material. 

There are over three hundred pages, 
and a rather small type face allows the 
publisher to get 40 lines to the page, 
so there is an enormous amount of 
information crammed into ‘“Gem- 
stones for Everyman.” In our opinion, 
it makes just as interesting and reward- 
ing reading for the experienced 
gemologist as for the novice. This is a 
very worthwhile addition to every 
person’s library. 


JEWELER’S DICTIONARY 3rd EDI- 
TION, Edited by Donald S. McNeil, 
Published by Jewelers  Circular- 
Keystone, 1976. Illustrated in black 
and white. 268 pages. Hardbound. 
Price: $39.95, 


The Third Edition of the “Jeweler’s 
Dictionary” published by Jewelers’ 
Circular-Keystone is now available. It 
has been very painstakingly revised as 
it was brought up to date by the 
retired editor of Jewelers’ Circular- 
Keystone, Donald S. McNeil. 
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The new edition of the dictionary 
would seem to be a must for every 
jeweler’s library in that it is an up-to- 
date edition of a work that has been 
out of print for many years. There is 
no more painstaking or careful editor 
than Don McNeil and the book is 
much more valuable than the second 
edition because it is not only carefully 
edited and greatly enlarged over the 
last edition, but it is very effectively 
illustrated as well. There are a large 
number of half tones in the book, and 
in addition, many excellent line draw- 
ings. There is little to criticize about 
the book except for its $39.95 price 
tag. A book of this sort is exceedingly 
valuable if thoroughly researched and 
up to date as is this work, but the 
price does seem a bit difficult to 
justify. We still recommend it as a very 
valuable edition to the retail or whole- 
sale jeweler’s library. 


PRACTICAL GEM TESTING by 
David Lewis, F.G.A,. Published by the 
N.A.G. Press Limited, London, 1977. 
Illustrated in black and white. 149 
pages. Hardbound. Price 7 pounds 50. 


“Practical Gem Testing’ as stated 
by the author, David Lewis, F.G.A. is 
not intended ‘“‘as a work to advance 
the science of Gemology, but as one to 
make Gemstone Identification avail- 
able to a wider group of people.” He 
further states “The purpose of this 
handbook is to provide guidance to 
the reader who wishes to identify the 
most commonly encountered gem- 
stones in the quickest and surest 
manner.” The book is designed as a 
guide for the identification of jewelry- 
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set gemstones where light can be trans- 
mitted through the stone and the gem 
can be tested on the refractometer. 

The general layout of the book is 
new and interesting. Mr. Lewis takes 
us in the first 42 pages through a brief, 
but essentially well done section on 
gem testing instruments and _ tech- 
niques. 

The second half of the book is 
devoted to gemstone identification. 
The gem materials in this section are 
listed in alphabetical order and a 
numbered sequence of tests is given 
intended to lead to positive identifica- 
tion of that gemstone. 

The book, however, in spite of its 
unique format, contains a few errors 
and omissions that should be noted. In 
the section on gem testing instruments 
and techniques the reader is asked to 
look at a diagram when the distant 
vision (spot method) of refractometry 
on cabochons is being discussed. The 
diagram illustrated is not an example 
of the image seen when taking a 
refractive index on a gem with a 
curved surface. Under the sections on 
the use of the polariscope and refrac- 
tometer, and throughout the entire 
text, no credence is given to the value 
of optic character (figure and sign) in 
the testing of mounted gemstones. 

In part two, identification of gem- 
stones, the water drop test as a means 
of separating diamond from its sub- 
stitutes is discussed. It is stated that 
the test is related to hardness and that 
a drop of water will “‘spread out to 
cover more of the surface of a soft 
stone than a hard one.” It will be 
found, however, by careful experimen- 
tation that the major diamond substi- 
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tutes are more hydrophobic than 
diamond. 

Apatite is said to show movement 
of both shadow edges when tested on 
the refractometer, which is in direct 
conflict to its uniaxiality. In addition 
the spectrum of yellow and green 
apatite is attributed to didymium “a 
rare earth element,” which is in fact a 
mixture of rare earths. 

Zircon is not broken down into 
high, medium, and low types, and the 
generalized statement, “the birefrin- 
gence of the zircon is so great,” does 
not take into consideration the 
metamict, nearly amorphous low zir- 
con. Between apatite and zircon there 
are other small errors. In addition the 
tables in the appendix will find limited 
use, and the book contains no bibliog- 
raphy. In spite of the aforementioned 
drawbacks the book has several re- 
deeming qualities. The black and white 
photographic illustrations of inclusions 
are very good. The clear and concise 
manner in which Mr. Lewis describes 
testing methods, like the copper sul- 
fate filtering technique in spec- 
troscopy and the crossed filter test, is 
helpful. The layout of the book, with 
its step by step gem testing pro- 
cedures, is unique among gem testing 
handbooks and should make a wel- 
come addition to the gemologist’s ref- 
erence library. 


HOW TO FIND AND IDENTIFY THE 
VALUABLE METALS by George F. 
Muns. Published by Dorrance and 
Company Incorporated, Ardmore, 
Pennsylvania. Illustrated in black and 
white. 133 pages. Hardbound. 
Price: $6.95. 
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The new book “How to Find and 
Identify the Valuable Metals,” by 
George F. Muns, is very well written, 
easily understood, and accurate in its 
content. 

In the book, the crystal systems are 
briefly described, and the individual 
metals are discussed in the order of 
their grouping in the periodic table. A 
great deal of information is contained 
in this section on the metals and metal 
groups such as abundance in the 
earth’s crust, uses to which they are 
put, relative stability, and so on. 

The most extensive section in the 
book describes a series of systematic 
chemical tests that can be carried out 
to correctly identify the presence of 
any one of the major mineral forming 
metals. This section is especially useful 
to exploration geologists and min- 
eralogists who might desire a con- 
firmatory test that can be performed 
in the field for a particular mineral 
that has been tentatively identified. 

The book concludes with appen- 
dices of elements, chemical reagents, 
laboratory equipment and suppliers, a 
brief glossary of terms, and a bibli- 
ography. 

This book is recommended to any- 
one with an amateur or professional 
interest in metals, metalliferous com- 
pounds and mineral exploration. 


GEMSTONES OF THE WORLD by 
Walter Schumann. Published by Ster- 
ling Publishing Company, Inc., New 
York, 1977. Illustrated in Color and 
Black and White. 256 Pages. Hard- 
bound. Price $12.95. First published 
in Germany, and then translated into 
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English by Evelyne Stern, F.G.A., for 
the NAG Press in London. 


“Gemstones of the World” has 
some of the most beautiful illus- 
trations of any book we have en- 
countered, and is particularly useful 
for those who are looking for good 
illustrations of the unusual stones. 
There are good photographs of a wide 
variety of the rarely encountered 
collector’s gemstones. For the most 
part, the information in the book is 
accurate and useful. It does not pre- 
tend to be a real text book, and in 
some sections, it is less than up-to- 
date. For example, ruby is listed as 
being found in Burma, Thailand, Sri 
Lanka and Tanzania, and that from 
Tanzania is listed primarily as the 
opaque ruby and ziosite, plus a few 
items from the Umba River. No refer- 
ence is made to rubies from Kenya, for 
example. Similar comments could be 
made about some of the other in- 
formation on the important colored 
stones. However, the book is very 
useful in that it has extensive tables 
and the aforementioned excellent 
color plates. Dr. Schumann has his 
tables divided in a very interesting 
fashion in that he separates by color, 
e.g., violet plus blue-red, divides them 
into columns vertically that show 
R.I.’s from 1.4 to 1.499, 1.5 to 1.599, 
etc., and then separates horizontally 
on the basis of specific gravity in 
rather broad categories. After the 
name of singly refracting stones, he 
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lists the hardness, and after those that 
are doubly refractive, he lists hardness 
and birefringence. Refractive Index 
and specific gravity are not shown 
individually in these tables, but they 
do show an interesting arrangement, 
which would be of some assistance in 
identification. 


SCHEDULE OF ORNAMENTAL 
AND GEMSTONES by Dieter Pschi- 
chholz, F.G.A. Published by Ruhle- 
Deibener Publishing Company, 
Stuttgart Germany. Illustrated in 
color. 65 pages. Loose Leaf. 
Price: not known. 


In his tables Mr. Pschichholz, with 
only a few omissions, has put together 
a rather complete listing of both the 
more commonly encountered gem- 
stones and the very rare collector’s 
gem materials. The tables are ordered 
vertically with increasing refractive 
index, and the information on indi- 
vidual gems in laid out in a horizontal 
direction. 

There are omissions in the tables of 
information that could have been 
easily added to make these tables more 
complete and useful. There are also 
some areas where the information is 
somewhat misleading, such as for 
Malachite where the range of refractive 
index given is considerably less than 
the actual mineral shows. The color 
drawings of absorption spectroscope 
findings could also mislead the user as 
to what to expect. 
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EDITOR’S COMMENT 


The summer issue of GIA’s quarterly publication, Gems & 
Gemology, is dedicated to the memory of Robert M. Shipley, the 
founder of the Gemological Institute of America, and the original 
editor and publisher of Gems & Gemology, which first began 
publication in 1934. The last issue of this quarterly magazine 
contained an obituary of Robert M. Shipley, recording his passing at 


the age of 91, on April 18th, 1978. 


So much has been written chronicling his activities and his 
accomplishments in a glorious life span, that no more needs to be 
said in that regard in this issue. Instead, we have asked many who 
knew Robert M. Shipley well to relate anecdotes that would bring 
those who did not have the opportunity to know him a bit closer to 
the man who gave so much to the jewelry industry in America, and 


abroad. 
Richard T. Liddicoat, Jr. 
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MEMORIES OF ROBERT M. SHIPLEY 


Founder of the 
Gemological Institute of America 
and 
American Gem Society 


Some Memories of 
Robert M. Shipley 


By ALFRED L. WOODILL 
Executive Director, 
American Gem Society 

Writing about Mr. Shipley involves 
a family, a business, and a personal 
relationship dating back to 1929 or 
1930. Shipley met my aunt, Beatrice 
Woodill Bell, in Paris, France while 
both were taking art classes. He 
followed her back to Los Angeles, 
where they were married — the second 
marriage for both. 

Shipley launched the GIA in 1931 
as a partnership with his wife. He then 
commenced the AGS in 1934. As for 
me, I first worked for the GIA/AGS 
office during my high school and early 
college years. The work was part-time, 
on and off, and might be nights, 
weekends, or vacations. The standout 
memories of those days were much 
conditioned by the times of the Great 
Depression of the 1930’s. It was a 
48-hour week, no coffee breaks, abso- 
lute punctuality, and a withering 
glance or verbal lacing by either of the 
Shipleys for sloppy work. 

The Shipleys lived in, or adjacent 
to, the GIA offices throughout their 
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careers. They added a weekend home 
in Laguna Beach in 1935; but business 
was a 24-hour, 7-day-a-week involve- 
ment. Both of them had the unusual 
ability to keep their several interests in 
art, music, books, family and business 
all going at the same time. Mr. Shipley, 
especially, was adept at. vigorously 
working anywhere, anytime that 
suited him. On a family gathering, or 
weekend at the beach, he could break 


Shipley as. a Wisconsin military academy 
cadet., ca 1905, 
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Shipley in the early 1920's. 


off, write, read, answer mail, or what- 
ever, and then rejoin the festivities. 
The two of them were quite charming 
and their varied pursuits and travels 
made them excellent company and 
relatives. 

Shipley’s thinking and working 
habits were circuitous. To get from 
business point “A” to business point 
“B” involved all sorts of twists and 
turns and mental gymnastics. The late 
and very talented, Jerry Wiss, C.G., the 
developer of the Wiss Jewelry firm in 
New Jersey, was an ardent and active 
supporter. Jerry admiringly referred to 
Shipley as Confucius—to include the 
idea of confusion. 

Shipley’s memory and recall ability 
were always exceptional. His know- 
ledge of U.S. geography was likewise. 
A little over a year ago, at 90, he was 
sitting in Liddicoat’s GIA office. Dick 
finished a phone conversation and 
stated the caller was one of his former 
students — John Penn Fix. Shipley 
would have had no reason to have 
heard or seen that name in his 25 years 
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of retirement, yet his immediate res- 
ponse was — “I never did visit 
Spokane” (Jack Fix’s home city). 
Both Mr. and Mrs. Shipley had 
what might be referred to as a “good 
guy” — “bad-guy” syndrome. Those 
on the staff, jewelers in the AGS, and 
those out in the industry. — all seemed 
to be either on a pedestal, or going in, 
or coming out of the dog house. All 
positions were transitory. I remember 
one morning in the late 40’s asking 
co-worker Bill Collison, CG (now in 
Philadelphia), how he was. Bill said, “I 
don’t know, I haven’t seen him yet.” 
After World War II, the AGS and 
GIA obtained separate offices. I 
worked with Shipley a great deal until 
his retirement in 1952 — and of 
course, was in constant contact with 
him, through the family, until his 
death. He had a vision for the retail 
jeweler, and he had an extensive back- 
ground in the industry tempered by 
both success and failure. He had many 
qualities of the artist, and he had the 
education and intellect to pursue and 
carry out his goals. He was very 
creative, and a hard worker. He was 
also tall, handsome and a good sales- 
man when he wanted to be. All of 
these qualities, developed during the 
pressure cooker of the depression 
years, produced an amazing individual. 
As inferred previously, Shipley 
could be tough to work for and quite 
cantankerous. There were many ups 
and downs and he rubbed some people 
the wrong way. However, few of us 
ever have the opportunity to know 
and work with a truly outstanding 
individual! One who from scratch 
creates in his lifetime something valu- 
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able that was not there before; and 
one who leaves the people he knew 
and the business world he lived in 
much better off because of his 
presence. Those of us who knew and 
worked with Robert M. Shipley have 
been most fortunate. 


Some Memories of the 
Early Days of 
Robert M. Shipley 


By EDWARD B. TIFFANY 
Henry Birks and Sons, Limited 
Toronto, Canada 


I believe that Lovell Baker, Ken 
Mappin and I were the three 
“Canadian Originals” in Montreal to 
fall under the spell of R.M.S. when he 
came up to Canada in the early 
thirties. He was so imbued with the 
gemological gospel, and presented it so 
enthusiastically and dramatically that 
we were really excited with the whole 
idea. His words fell on very fertile soil 
as we were eager to add to the 
comparatively meager knowledge we 


had acquired in a practical way in the 
jewelry business. I think he was 
amazed and relieved at the ease with 
which he succeeded with us, as he had 
just gone through the wringer with the 
New York dealers who had given him a 
particularly hard time, and he was 
pretty well worn out. Personally, I had 
always been interested in gemstones 
and had read and studied most of the 
available literature such as Bauer, 
Herbert Smith, Dana, Kraus and 
Slawson etc., and also struggled experi- 
mentally on my own. It was a delight 
to progress in the earlier courses to 
R.J. and go on to work a week with 
Dr. Wigglesworth and take the C.G. 
stone exam in Boston. In those days 
the papers were sent to L.A. and the 
results mailed out from there. I had to 
wait about three months for the 
verdict. One kind soul suggested it 
probably took that long to decipher 
my writing! 

The early conclaves were especially 
memorable, probably because of their 
novelty. The groups were much 


From Left to Right George Houston, James G. Donavan, Jr., Robert M. Shipley, John 
Vondey and Alfred Woodill, 
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smaller and personal tuition was much 
easier. There was always an instrument 
shortage, as some of the present ones 
were not yet developed. I was an 
instructor for several years, and now 
shudder to realize how much know- 
ledge we have acquired since those 
days. Fortunately, however, most of 
the students were less knowledgeable 
so it was not too apparent. Probably 
most of the present members do not 
realize or appreciate the contribution 
that Bob Shipley, Jr., made to the 
movement with his scientific know- 
ledge and efforts in the instrument 
field. He did excellent work. 

Among the regular participants 
there were several who definitely 
could be described as “characters.” 
They added considerable comedy to a 
very serious group. The bull sessions in 
some of the members’ rooms after the 
régular meetings were really quite 
historical (or should I say hysterical)! 
It would be manifestly unfair to single 
out for special mention any from the 
host of the lovable, dedicated people 
who participated, but the older 
members will surely recall many of the 
incidents. 

R.M.S. attended many of the meet- 
ings and offered his comments and 
advice. One particularly tough assign- 
ment was on color, a subject on which 
he was most emphatic. Exact color 
description obviously is practically 
impossible, and he had a series of color 
swatches which did help somewhat, 
and about which was much 
controversy and discussion. He 
revelled in it. He took a firm stand on 
all his ideas regardless of opposition, 
which at times could be very heated. 
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The conclaves which originated in 
the East have spread across the conti- 
nent and have done much to cement 
relationships among the industry, as 
well as affording many members and 
their families the opportunity to 
broaden their travel experience. 

The passing of R. M.S. marks the 
end of an era. He was such a vital 
force, and almost single handedly 
started the gemological movement in 
America, which with the assistance of 
his wife and many dedicated and ener- 
getic persons, has elevated gemology 
to the status of a profession recog- 
nized, honored and respected through- 
out the world. How happy and fortu- 
nate that he was able to see the 
results of his life work so wonderfully 
brought to fruition. 

We now go on to further develop- 
ments. Scientific research will un- 
doubtedly reveal more of nature’s 
mysteries, and world-wide explora- 
tions discover new gem sources. We 
must keep abreast of the future, and 
are fortunate that the leadership of 
both the Institute and society are in 
such imaginative and capable hands. 


Robert M. Shipley with Dorothy Jasper., ca 
1934, 
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Remembering 
Robert M. Shipley 


By HANS J. BAGGE, C.G. 
Los Angeles, CA 

My personal experience with 
Robert Shipley goes back to about 
1933 when he came to Chicago and 
interested H. Paul Juergens and myself 
in taking his Gem Course. There is a 
little story connected with my taking 
the gem course, and I feel it gives a 
little insight into Robert Shipley’s 
character and integrity. 

Bob was in the retail jewelry busi- 
ness in Kansas and because of the 
times, was just not able to make it 
financially. When he closed out he 
owed my firm, J. Milhening, Inc., an 
indebtedness which he was unable to 
pay. When he came to Chicago in 1933 
he offered Frank Milhening two com- 
plete courses in lieu of this indebted- 
ness and his offer was accepted. Frank 
Milhening gave one of them to our 
office manager Henry Brookstra and 
the other to me. Brookstra never 
finished, but I went on to take the 
complete course, the written and stone 
examinations (with H. Paul Juergens) 
and received CG title #7 on Oct. 16, 
1935. We founded the Chicago 
Chapter of the AGS in 1935 (H. Paul 
Juergens was President and I was 
secretary for the next ten years). 
Whenever Bob Shipley came to 
Chicago we made sure he was our 
featured speaker as we were sure to 
sign up additional prospective 
students. 

When we held the First Annual 
Gemological Conclave in Chicago in 
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1937 at the Stevens Hotel, it was 
hosted by the Chicago Guild, and 
directed by H. Paul Juergens and 
myself. Bob naturally came to Chicago 
and spoke at several of the sessions. He 
also attended our subsequent con- 
claves in 1938, 1939 and 1940. Presi- 
dent H. Paul Juergens was our master 
of ceremonies at these first conclaves, 
and he continued for many years to 
come. 

One of my prize possessions is a 
Christmas letter I received from 
Robert Shipley in December 1937 
naming me as one of the 12 people in 
the United States who had contributed 
the most to the development of the 
gemological movement during the year 
1937. I think a lot of the success of 
our gemological movement was due to 
Bob Shipley’s interesting the two 
major retail research groups of that 
period in the study of gemology. No. 1 
was composed of 12 leading jewelers 
such as J.B. Hudson Co., of Minnea- 
polis, MN., C.B. Brown Co., Omaha, 
NE., C.I. Josephson Moline, -IL., 
Wright-Kay Co., of Detroit, MI., Frank 
Herschede Co., Cincinnati, OH., Hardy 
& Hayes Co., Pittsburgh, PA., and 
others. Retail Research Group No. 2 
was composed of 22 or 23 stores of 
which Donavan & Seamans Co., and 
Broer-Freeman Co., were members. 
These groups got together periodically 
to exchange pertinent and confidential 
information. With their support and 
interest, the gem movement was able 
to make great strides. 

When I came to California in 1945 
and assisted in reorganizing the then 
disbanded Los Angeles Guild of the 
AGS I had a chance to see Bob 
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occasionally and was pleasantly sur- 
prised at his continued enthusiasm. 
Robert Shipley was an unusual indivi- 
dual. He had a certain dignity about 
him that was to be admired. Funda- 
mentally I always felt he was very 
sound, and while on occasion he had a 
hard time expressing himself correctly, 
he did have the ability to sell everyone 
on the need of gemological education. 
Certainly the thousands of students 
who have come through the GIA 
should send up a special prayer for 
him for starting the gemological move- 
ment and putting our industry on a 
truly professional basis. Iam very glad 
that he came along during my lifetime. 


Robert M. Shipley 


By DOROTHY JASPER SMITH 

Desert Hot Springs, California 
December, 1932 ... That seems a 
long time ago and it was. But, that was 
when I first became associated with 
Mr. and Mrs. Robert M. Shipley in the 
early stages of the development of the 
Gemological Institute of America. Mr. 
Shipley had taken the suggestion of his 
lecture students at the University of 
Southern California and had started 


Oscar Homann, Mrs. 
Shipley, and Clifford 
Josephson at a Board of 
Governors dinner in.the 
1940's, 
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writing the correspondence courses. 
However, he had gone further and was 
building the foundation for what was 
to become a vital force in the jewelry 
industry throughout the world. 

R. M. S. was not only planning the 
correspondence courses in the Science 
of Gemstones but he had also called 
on important firms throughout the 
jewelry industry, many of them mem- 
bers of the Jewelers’ Research Group 
and the ANRJA, friends of long stand- 
ing. With his super-salesman powers, 
he sold them on his idea and many of 
them became Sustaining Member 
Firms of the GIA. In addition, he 
called on or wrote to leading educators 
throughout the world and secured 
their support and assistance in check- 
ing the material he was presenting in 
the lessons. Even our early Boards of 
Governors, Educational Advisory 
Boards and Examination Standards 
Boards were represented by leading 
jewelers and educators. This gave him 
the backing, both in prestige and 
money, that he needed to go on with 
his dream of educating jewelers and 
putting them on a professional basis. 

At the time I started, the “head- 
quarters” were located in a studio 
apartment on West Sixth Street and 
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Alexandria in Los Angeles which was 
also being used by Mrs. Shipley for her 
business. All space served a dual pur- 
pose: the bedroom was also Mr. 
Shipley’s office; the large studio room 
was the GIA office and shipping room 
and space for Mrs. Shipley’s art shows, 
lectures and book reviews. Needless to 
say, on an afternoon of a book review, 
we did a bit of shifting around. At 
about 8 A.M. the cornflakes and 
coffee disappeared from the kitchen 
counters and were replaced by the 
methylene iodide and other gem test- 
ing materials and, again in the evening, 
these were replaced by the ingredients 
of the day’s dinner. The eating area 
was the printing shop in non-eating 
hours. 

Mr. Shipley was busy writing and 
rewriting and rewriting the correspon- 
dence course assignments. Betty, the 
other employee, and I would type, 
retype and retype until it was time to 
cut stencils to run off on our small 
mimeograph machine. I believe we 
made 35 copies on the first run. It was 
quite a sight to see us gathering the 
pages of an assignment spread out on 
the floor with Mr. and Mrs. Shipley 
helping with the checking and stapling. 
Everything was a community effort. 
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Shipley at his desk at 541 South Alexandria 
about 1947, 


We had a few eager-beaver students 
who kept us hopping, because they 
would finish assignments faster than 
we could get them ready. We would 
mail them out, and, before we knew it, 
the completed questionnaires would 
be retumed to us for grading. (The 
mail service was a bit better in those 
days.) Among the early students who 
kept us hustling was Fred Thurber of 
Providence, who became the first. CG, 
Milton Gravender of Minneapolis and 
Richard Van Esselstyn of New York 
City, who even hand delivered his 
questionnaires one day after a flight 
from New York to Los Angeles, not a 


Robert M. Shipley with 
Heywood Macomber 
and the late John Ken- 
nard of Boston, ca 
1939. 
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Shipley presenting an expression of appreci- 
ation for long service to the late Fred J. 
Cannon., ca. 1948. 


common practice in those days. These 
gentlemen, among others, gave Mr. 
Shipley an extra impetus to complete 
his educational program. 

After Mr. Shipley had spent part of 
his time working on the courses and 
part in successful travels to line up 
new students, it was necessary to begin 
expansion and the GIA took over 
exclusive use of the studio apartment. 
New employees were added and a 
shipping department — established. 


In front of the GIA at | 
541 South Alexandria. 
From the left, Richard | 
T. Liddicoat, Robert 
Shipley, Jr., Robert M. 
Shipley, George Swit- 
zer, Ph.D., and Loyal 
Clark, 
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Among the early employees were Mrs. 
Isabel Blanchard, Mrs. “B” to us, 
Dorothy Phebus and Clare Verdera. 
Shortly after I started, Robert Shipley, 
Jr. joined us and was of great assis- 
tance to his dad in research for the 
courses and particularly in his tremen- 
dous ability in developing tests and 
testing equipment. 

Anyone who had the opportunity 
to know Mr. Shipley personally could 
not help but join in his enthusiasm and 
dedication to what he was doing. As 
mentioned before, he was a super- 
salesman but he was also sold on his 
subject. He had a dream and he was 
determined to see it develop. He was, I 
know, astounded at the proportions to 
which the GIA grew and became 
important in the industry. Mrs. 
Shipley was the counterpart he needed 
to keep things on an even keel. It took 
the two of them to really set the 
foundation upon which great advance- 
ment could be made. 

In 1934 R. M. S. further developed 
his idea of professionalizing the 
jewelry industry by establishing the 
American Gem Society and introduc- 
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ing a code of ethics and educational 
standards for members. The Registered 
Jeweler and Certified Gemologist titles 
became AGS titles. During the early 
years of the AGS, he was Director of 
both AGS and GIA. Later he withdrew 
from the AGS and they became a 
separate entity with separate offices 
and personnel. 

Until 1942 the GIA was operated as 
a partnership of Mr. and Mrs. Shipley. 
At this time, Mr. Shipley further 
realized a part of his dream of educa- 
tion for jewelers and they turned the 
control of the GIA over to the indus- 
try. The educational facilities were 
available to anyone. Mr. Shipley 
remained as Director of the Institute 
until his retirement in 1952. 

To offer even more thorough train- 
ing, Mr. Shipley introduced the first 
resident class in 1937. This was the 
forerunner of the current extensive 
resident training. Among the early 
attendees were Dr. Edward Gubelin of 
Lucerne, Leo Kahn of Manila and Jose 
Beltri of Mexico City. Among other 
visitors to the Los Angeles offices in 
the early days were Dr. Edward 
Wigglesworth, Director of the New 
England Museum of Natural History 
and first President of the GIA as a 
corporation and Dr. Ralph Holmes of 
Columbia University. Both of these 
gentlemen were extremely valuable as 
consultants. 

The GIA continued its growth and 
in 1939 moved from the studio apart- 
ment to the new headquarters on 
South Alexandria in Los Angeles. This 
was “heaven” to us who had worked 
in the smaller space and it seemed it 
could never be outgrown. However, 
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Robert M. Shipley at the time of retirement 
in 1952. 


after WW II, it was necessary to rent 
additional space for the offices of 
Gems & Gemology and to hold classes 
and by 1955 another move was made 
to larger quarters in Brentwood. 

Mr. Shipley lived to see his dream 
flourish and I know he was extremely 
proud and especially appreciative of 
the support that had been given to him 
throughout the years by members of 
the industry and by the employees 
who worked diligently for him. He and 
Mrs. Shipley worked together and 
surely shared the laurels. 


The Crusader in 
The Trench Coat 


By ELLEARD B. HEFFERN 
Elleard B. Heffern, Inc. 
St. Louis, Missouri 
It was a hot, muggy August after- 
noon in St. Louis, the summer of 1937 
(2 years before our old family store, 
Heffern-Neuhoff Jewelry Co., was air- 
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Robert M. Shipley at the age of 90, 


conditioned), when a harried, worn- 
out ‘man with a craggy, leonine head 
appeared at the door of the store. 

His trench-coat was hardly impres- 
sive, but his voice had a mellowness to 
it as he asked to talk to my father. 
Dad listened to his story with a 
courtly politeness which soon warmed 
to interest as the handsome thesis was 
intoned. 

I joined the conversation and 
listened as Bob Shipley told us of a 
new educational and professional 
organization for gem specialists and 
jewelers. 

As our enthusiasm grew, the 
zealot’s eyes were flashing and the 
battle-weary trench-coat became a 
coat of mail with a lion rampant 
emblazoned on the breast plate. Henry 
V, on the eve of Agincourt, had issued 
his challenge. 

We enlisted on the spot. I have not 
had cause to regret this decision. The 
many hours spent on study of the GIA 
courses have proven most fruitful. It 
has been great to be a part of the AGS 
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and the GIA as they have grown in 
reputation. 

You will recall the days when 
loving parents hastened to have their 
baby’s first shoes “bronzed.” It occurs 
to me that an appropriate memorial to 
Bob Shipley would be to have this old 
trench-coat “bronzed” and retired in 
dignity in the GIA trophy room. 


Early Memories 


By EUNICE R. MILES, Instructor 
Gemological Institute of America 
New York, New York 


My first impression of Mr. Robert 
Shipley was that of a tall, stately, 
middle-aged gentleman, endowed with 
enthusiasm which wanted to burst out 
from under his sophisticated reserve. 
Bob Shipley came to Boston in the 
late 30’s. His mission was to introduce 
his dream of developing an educational 
course in colored stones for the 
jeweler to Dr. Edward Wigglesworth 
who was then Director of the Boston 
Society of Natural History and 
Curator of the Mineral and Gem 
Department of the museum. 

I was his assistant. 

Edward Wigglesworth and Bob 
Shipley had immediate mutual admira- 
tion for each other. They were both 
men of integrity and ideals who were 
working for the good of their fellow 
man. Dr. Wigglesworth had founded a 
school for farm boys. Immediately, 
these two gentlemen had another 
common bond between them. Each of 
them had been interested in develop- 
ing needed educational institutions for 
specific trades. 

It took little persuasion from ‘Bob 
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February 18, 1977. Robert M. Shipley and Richard T. Liddicoat, Jr., at a reception held by 


the GIA Board and Staff in honor of Mr. Shipley on his 90th birthday three days before the 


event. 


Shipley to convince Dr. Wigglesworth 
that a colored stone course was needed 
for the jeweler. He agreed to check the 
contents of the first colored stone 
course in gemology. I ran questions 
and answers back and forth between 
the Mineralogy Department of M.LT., 
where I was a student, and the Miner- 
alogy Department at the museum. 

Bob Shipley traveled throughout 
New England recruiting outstanding 
jewelers to join his gemological move- 
ment. The late John Kennard, who 
was President of Hodgson Kennard, 
invited me, “the child scientist” as 
they called me, to my first AGS 
Conclave in the Spring of °38. It was 
exciting to look at gems under the 
Diamondscope. Bob Shipley was a 
keen observer and sensed my enthusi- 
asm. He asked me if I would like to 
study gemology. Wow, would I! So I 
was allowed to use Dr. Wigglesworth’s 
assignments and instruments at the 
museum. Every spare minute I had, I 
studied different mineral and gem 
specimens in the museum’s collection. 
Both gentlemen believed that one 
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should pay even a small amount for 
anything you valued. So I was asked to 
pay $3.00 per month. I was launched 
on my new career, 

A few years later, Bob Shipley 
opened the first Eastern Headquarters 
of the AGS/GIA in Boston, with Dr. 
Wigglesworth as its Director, Mr. 
Shipley selected Boston because it was 
a renowned educational center, and he 
wanted his dream to be nurtured ona 
cultural and educational foundation. 
Although then, as now, New York was 
the pulsating heart of the jewelry 
industry in America, Bob Shipley 
believed that the New York Diamond 
Trade, with profit as its primary moti- 
vation, would strangle his educational 
gemological movement. He felt that 
the Institute must become well estab- 
lished before being moved to New 
York City. 

The New England AGS Guild was 
formed and the American Gem 
Society grew in stature in Boston until 
Dr. Wigglesworth’s death. Three years 
later, Bob Shipley moved the AGS/ 
GIA Eastern Headquarters to 5 East 
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Robert M. Shipley with GIA 


Governor George Sloan. 


47th Street in New York City. He 
brought Richard T. Liddicoat, Jr. and 
his lovely wife Gene, east from Cali- 
fornia to open the new Eastern Head- 
quarters. Mr. Liddicoat was appointed 
Director. 

Mr. Shipley’s influence and enthusi- 
asm were contagious and the organiza- 
tion continued to grow. There was 
much resistance at first because he was 
eliminating “CHANCE” from the 
jewelry industry. This had been a 
built-in factor, “taking a chance to 
make a profit.” 

Bob Shipley had a healthy attitude 
towards women. He treated them with 
respect and welcomed and encouraged 
them as active working members into 
the study of gemology. He realized the 
potential women had to strengthen the 
science. He gave women a chance for 
creative expression and young jewelers 
the opportunity for becoming 
professionals. 

Mr. Shipley had the cooperation of 
his wife, Beatrice, who worked 
untiringly with Bob, starting in their 
home as their first office, and his son, 
Bob Shipley, Jr., who designed some 
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Robert M. Shipley with GIA Board Chairman 
Arthur F. Gleim. 


of the earliest gem testing instruments. 
It was a family organization which in 
itself had an appeal for the jeweler 
who for generations has been family 
business oriented. Bob Shipley left 
a heritage for all of us to perpetuate 
and cherish. 


Mr. Robert M. Shipley 


By RICHARD T. LIDDICOAT, JR., 
PRESIDENT 
Gemological Institute of America 

Robert M. Shipley was a remark- 
able man in many ways. It was a great 
opportunity to have had the chance to 
work for him and with him for 12 
years. 

I was studying mineralogy in the 
graduate school at the University of 
Michigan and never had heard of the 
Gemological Institute of America until 
one day when the late Professor 
Chester B. Slawson showed me a letter 
he had received from Robert Shipley 
telling of an opening for a mineralogist 
at GIA in Los Angeles. Professor 
Slawson did not expect me to be 
interested, because I was mid-way in 
my studies leading to a Ph.D. and a 
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probable teaching career. However, it 
came at just the right time, so I got in 
touch with Mr. Shipley and drove 
from Ann Arbor to Cincinnati to meet 
him and Mrs. Shipley as they passed 
through. [ll never forget how 
impressed my wife and I were by the 
Shipleys. The tall, distinguished pair 
were unforgettable. Edward Herschede 
then was Chairman of the Board of 
Governors. We met at his store, the 
Frank Herschede Company in Cincin- 
nati. 

Shipley inspired awe on the part of 
the staff, because he was such an 
imposing figure of a man and his 
knowledge of the jewelry industry was 
encyclopedic. Likewise, Mrs. Shipley, 
who worked with him and in effect, 
managed the office, awed the women 
on the administrative staff. Mr. 
Shipley was one of the few people in 
my memory who wore _pince-nez 
glasses. He used them effectively in his 
conversations with people. He would 
remove them from the bridge of his 
nose, gesticulate with them, and then 
drop them in his lap to emphasize a 
point. Listeners responded. 

In all the time I knew him, I don’t 
remember an occasion during the time 
he directed GIA in which Robert 
Shipley sent a letter by regular mail. 
Everything was air mail, special 
delivery. His early experiences with 
New York suppliers, who generally 
were anti-gemology, made him most 
wary about some of the activities of 
various individuals. He saw danger in 
almost everything that happened. 
People were plotting. Thus, we always 
were engaged in some sort of a battle 
to prever.t certain events from taking 
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place. It would have to be determined 
who might have the most influence 
with some recalcitrant who was up to 
no good. This would involve a batch of 
special delivery letters and phone calls 
to counteract whatever was under 
way. 

In the early days of the Institute, 
Shipley was exceedingly busy, because 
he had to write the courses as well as 
sell them. He traveled much of the 
time. He was famous for catching a 
Santa Fe or Union Pacific streamliner 
as it was starting to move out of the 
station. On a few occasions he had to 
be driven, at breakneck speed, the 60 
miles to San Bemardino to catch up 
with the train. 

I recall vividly, one occasion when 
the late Dean Edward H. Kraus, who 
at that time was the honorary presi- 
dent of the Institute, made a visit to 
Los Angeies. It was in 1947. At that 
time, Dean Kraus was in his seventies. 
By the time RMS, who had many 
things to discuss with the Dean right 
up to the last minute, got into. the 
station, Shipley had to run and throw 
the Dean’s luggage on a vestibule and 
the late Dean barely made it aboard 
the moving train. 

One time, the Shipleys were leaving 
for the station and the entire staff was 
out on the lawn beside the driveway at 
541 South Alexandria to see them off. 
One of the girls, the bookkeeper, said 
to Mr. S., “You have your tickets?” 
He patted his pockets and then 
searched his heavily loaded briefcase. 
No tickets. A frantic search of his 
office, luggage, briefcase, etc., ensued, 
but failed to turn up the tickets; 
they had to make a last minute dash to 
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Shipley with Alfred Woodill and Richard 
Liddicoat enjoying a laugh at his 1977 
reception at GIA. 


the Union Station sans tickets. The 
tickets never did turn up and I sus- 
pected that whoever found them 
decided that it was the better part of 
valor to just forget it. 

Late in 1946, enrollments were 
incteasing slightly and the GJ. Bill 
came along. Shipley’s initial reaction 
was that this was not a good idea for 
GIA, because it would involve a great 
deal of government interference. He 
had to be persuaded that perhaps it 
was worth a try. Under the G.I. Bill, 
GIA grew very rapidly, and, at the 


Robert M. Shipley autographs a student’s 
workbook. 
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peak, when an enormous number 
enrolled in the first six months of 
1951, the staff was at a larger size than 
it was to see for several more years. 

During that busy time, we started 
to use more and more of the space 
that had been built for expansion in 
the apartment house at 541 South 
Alexandria. It got down to the point 
where Robert Shipley, who had 
occupied the largest apartment, had 
only a bedroom left on the second 
floor, and we really needed that to 
find room for the new people on the 
staff. For many years, Mr. and Mrs. 
Shipley had gone to their beautiful 
home on a cliff overlooking the ocean 
in South Laguna, California, for every 
weekend. With his retirement 
approaching, Robert M. had begun to 
go down in the middle of the week, as 
well as on the weekends. Mrs. Shipley 
long since had moved to the Beach. One 
time when he returned to Los Angeles, 
he found his bedroom occupied by 
staff. Les Benson and Ken Moore had 
decided that they just had to move 
desks into it (I was out of town at the 
time), and I’ve laughed ever since at 
Les and Ken’s story of his indignation 
when Robert M. Shipley found that 
there were desks in the bedroom, and 
nothing but a small single bed was left 
for him. 

These are a few of the lighter 
moments that occurred over a long 
period of association with a man I 
admired and enjoyed. 

Robert M. Shipley was a truly 
outstanding individual. I am thankful 
to have had the opportunity to know 
him and to work with him for more 
than a decade. 
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Plastic Impreqnated Gem Opal 


By D. VINCENT MANSON, Ph.D. 
Director of Research 
Gemological Institute of America 


Introduction 


The “play of color’? shown by gem 
opal is a beautiful and distinctive 
characteristic such that fine opal has 
over long periods of time kept its 
position as an appreciated and popular 
stone in the gem markets of the world. 
In the late 1960’s, the unique struc- 
tural characteristics of opal were deter- 
mined, leading to an understanding of 
the cause of play of color in gem opal. 
Inevitably, researchers began experi- 
menting with the reproduction of this 
phenomenon in synthetic materials. 
The most successful of these efforts 
became apparent. with the introduc- 
tion by Pierre Gilson of his spectacular 
synthetic milky and black opal in the 
early 1970’s. To a variable degree, 
both natural opal and this synthetic 
material have a tendency to develop 
cracks: and also, in some instances, to 
lose their beautiful translucency as 
they lose water. Many individuals have 
made numerous efforts of one kind or 
another to overcome these problems 
by stabilization processes. Their intent 
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was to seal the opal from drying out 
and/or to neutralize or remove any 
strain within the stone. 

Recently, such efforts have resulted 
in a new material appearing in the 
market place. It consists of Brazilian 
opal in which the interstitial voids 
have been inpregnated with a plastic 
resin. In some specimens, the addition 
of a dark dye-like material gives an 
appearance closely resembling Aus- 
tralian black opal. The description of 
this material is the principal subject of 
this report. 


Gem Opal 

The special characteristics of gem 
opal have long been admired. With the 
attractive and characteristic “‘play of 
color,” it is unique among gemstones 
and better specimens will show flashes 
of color of pure hues from all portions 
of the spectrum. 

In the late 1960’s, with the availa- 
bility of electron microscopes to 
research mineralogists, almost simul- 
taneous inquiries in Germany and 
Australia revealed the distinctive 
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nature of gem opal. At magnifications 
of approximately 15,000 times, appro- 
priately prepared specimens revealed 
gem opal to be characterized by 
regularly stacked arrays of uniform- 
sized, sphere-shaped particles of 
colloidal silica. When the size of the 
spheres lies between certain specific 
limits, these regular arrays, or more 
particularly, the combination of 
spheres and their interstitial voids, 
provide for a three-dimensional struc- 
ture which serves as a diffraction 
grating, if the colloidal silica spheres 
are transparent to light. Depending on 
the angle of incidence and the distance 
between parallel layers in the array, 
white light falling on the opal will be 
diffracted, such that for any one posi- 
tion of observation patches of pure 
spectral colors will reach the eye 
(Figure 1}. The colors can pass 
progressively through the entire range 
of the spectrum as either the source of 
light, the specimen or the observer 
change their relative position and the 
requirements for diffraction are satis- 
fied for light of a different wavelength. 
Depending on the domain within 
the opal over which a regular array of 
the spheres prevails, as also on the 
mosaic-like arrangement among these 
arrays, it is possible for the play of 
color to have a quite varied appear- 
ance. These variations are distin- 
guished by descriptive terminology 
and range from the so called “pin fire” 
to the checkerboard appearance char- 
acteristic of “harlequin,” to the broad 
flashes of “flash fire,” and all con- 
ceivable combinations in between. 
Gem opals from numerous localities 
have been examined in this study and 
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with minor variations, all show the 
validity of these observations. 


Synthetic Opal and Opal Simulants 

The original studies which led to 
this understanding were well docu- 
mented and soon led to- numerous 
attempts to reproduce the structure of 
opal and the development of a synthe- 
tic opal gemstone. (See Darragh, P.J., 
Gaskin, R.J. and Sanders, J.V.) In the 
early 1970’s, the rather remarkable 
milky and black synthetic opals pro- 
duced by Pierre Gilson appeared and 
received acceptance. In 1976, another 
man-made material became available. 
Called Slocum Stone, it emulates the 
appearance of opal, although not 
exactly duplicating the effect of “‘play 
of color” in gem opal. (See Darragh, 
P.J. and Sanders, J.V.; and also Dunn, 
P.J.) Scanning electron microscopy 
reveals that Slocum Stone, an artificial 
glass with an irregular granularity, con- 
tains thin film or plate-like areas ran- 
domly distributed within the glass. 
These provide for a light diffraction 
effect which produces the distinctive 
Slocum Stone phenomenon. 

Most recently, an opal simulant 
manufactured entirely of plastic has 
been developed. Samples of material 
from Australia and Japan have been 
examined. Infrared spectroscopy iden- 
tifies the Australian material to consist 
solely of a plastic, the co-polymer of 
styrene and methyl methacrylate. Pre- 
liminary examination under the scan- 
ning electron microscope shows that 
the plastic duplicates the geometrical 
arrangement of three-dimensionally 
stacked arrays of spherical particles 
comparable in size to those present in 
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Figure 1. Patches of color are produced in gem opal when white light is diffracted by the 
ordered structure of silica spheres and interstitial voids. The particular spectral color 
observed is related to the distance S between adjacent arrays of spheres in the structure 
and varies with A, the angle of incidence and reflection. 


natural gem opal. This material has a 
light milky appearance and is similar 
to. lower quality Brazilian and Austra- 
lian gem opal, with a play of color re- 
sembling pin fire. A sample examined 
had a refractive index of 1.465. 
The composition of plastic in the 
simulant from Japan has not yet been 
identified. In the single sample of this 
material seen to date, it has a very 
pleasing appearance duplicating the 
“play of color” in fine gem opal. A 
refractive index of 1.48 was measured. 
The specific gravity of this sample was 
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determined to be 1.17. It is interesting 
to note that the sample was mounted 
in an 18-karat gold setting. 

Numerous assembled materials with 
some of the characteristics of play of 
color in gem opal have been produced. 
These include the well known doublets 
and triplets in which a thin layer of 
natural gem opal is covered or sand- 
wiched between other suitable natural 
or synthetic materials. Another 
approach has been to embed frag- 
mented opal pieces within a plastic 
binding agent. This can provide for a 
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resemblance to opal, but the material 
is readily distinguished by close exami- 
nation. 

Another material which to the 
untrained eye may be confused with 
gem opal, is the assembled stone called 
Calcentine. The iridescent nacre layer 
of fossil ammonites and baculites from 


deposits of Permian Age is cemented 
to a suitable matrix and most often 


also capped by a quartz crystal cabo- 
chon. This provides for an attractive 
stone showing the effects of diffrac- 
tion of light, but is quite distinct in 
appearance from the play of celor in 
opal. 


Plastic Impregnated Gem Opal 

The first samples of this material 
seen had an appearance suggestive of 
poorer quality black opal from 
Australia. A slightly dull or smoky 
blue appearance in the body of the 
stone together with wisp-like veils of a 
deep blue-black color associated with 
some of the natural fractures in the 
stone were noted. This unusual appear- 
ance together with values for refractive 
index of 1.45 and specific gravity of 
1.85, raised our suspicions with regard 
to the natural origin. of this sample. 
Examination under the scanning elec- 
tron microscope was most informative. 


Figure 2. 
INFRARED TRANSMITTANCE SPECTRA 
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Scanning electron microscope 
etched surface natural 
magnified 14,000xs 


view of 
Australian opal 


A natural fracture surface exposed 
when the stone was broken revealed 
under high magnification the typical 
stacked arrays of silica spheres. These 
spheres, however, appeared to be 
embedded in a matrix of material 
filling the interstitial voids. This sur- 
face was etched with a 10% solution of 
hydrofluoric acid in water, for approx- 
imately forty seconds. On reexamina- 
tion under the scanning electron 
microscope, the silica spheres had been 
dissolved but the interstitial matrix 
was untouched leaving a distinctive 
three-dimensional mesh work which 
was, in fact, a negative form of the 
normal silica spheres in gem opal. A 
small cabochon of this material was 
placed in hydrofluoric acid for an 
extended period. All the silica spheres 
were dissolved in this way, leaving a 
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Fracture surface of plastic treated Brazilian 
opal magnified 9,000xs 


cabochon consisting only of the 
matrix material which had been used 
to impregnate the voids in the original 
opal. The composition of this strange 
cabochon, which still showed a 
polished surface and a diminished but 
distinctive play of color, was deter- 
mined by infrared spectroscopy to 
consist solely of the plastic polymer 
n-butyl methacrylate (Figure 2). 
Numerous samples of — similar 
plastic-impregnated gem opal have 
now been encountered. They include 
some very fine samples that resemble 
the best quality “crystal” opal from 
Australia and pieces with an appear- 
ance ranging from poor to excellent 
quality black opal, apparently as a 
result of a dye incorporated with the 
resin during impregnation. It is pos- 
sible, however, that some natural opals 
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Natural Australian opal, pinfire type play of = Natural Australian opal, harlequin type play 
calor. of cofor. 


Natural Australian opal, broad flash type Natural Australian black opal, mosaic type 
play of color. play of color. 


Natural Brazilian opal, banded milky Plastic treated Brazilian opal resembling 
appearance, Austratian crystal. 


Natural Australian black opal, crystal type. 


54 GEMS & GEMOLOGY 


Plastic treated and dyed Brazilian opal Plastic treated and dyed Brazilian opal 
showing hydrofluoric acid etch mark. showing detail of wisp-like veil of dye along 
crack and removal of dye in etched area. 


— > 


Portion of cabochon showing play of color — Gilson synthetic black opal. 
in plastic “negative opal.” 


‘Slocurn Stone’ opal simulant 
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Plastic embedded silica spheres on fracture Etched fracture surface of plastic treated 
surface of plastic treated Brazilian opal Brazilian opal magnified 6,500xs 
magnified 9,000xs 


Etched fracture surface of plastic treated Fractured surface of Australian plastic opal 
Brazilian opal magnified 16,000xs simulant magnified 15,000xs 
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with a color due to naturally included 
dark particles have also been impreg- 
nated. 

The refractive index of this impreg- 
nated material appears to be consis- 
tently in the range of 1.410—1.460, 
while the specific gravity falls between 
1.85 and 2.01. Recently, it has been 
reported (personal communication 
Dag Johnson) that a few samples of 
Mexican and Idaho opal have also been 
successfully treated. 

The wide variety of sources, the 
variation in quality and also the varia- 
tion in the value for specific gravity 
suggests that more than one source 
exists for this material. Further, it is 
considered that a variety of polymer 
plastics may be used for impregnation 
with or without a dye used to impart a 
body color suggestive of black opal. 

At the present time, the only posi- 
tive identification of this material is 
dependent upon the discovery of the 
mesh work structure in the plastic as 
revealed under high magnification by 
the scanning electron microscope 
following etching with a small drop of 
diluted hydrofluoric acid. It is hoped 
that a simple spectroscopic examina- 
tion in the infrared will be perfected in 
the near future whereby a character- 
istic signature may be used for rapid 
distinction of this treatment procedure 
in gem opal. 

It is important that recognition of 
the treatment of this material be 
readily available. While the treatment 
process appears to provide an interest- 
ing and useful source of a stable and 
quality gem product, there is a need 
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for its distinction from _ natural 
untreated and presumably more 
desirable gem opal. 


Acknowledgements 


I would like to express my sincere 
appreciation to a number of people 
who participated in or contributed to 
this study. Firstly, Chuck Fryer, Direc- 
tor of the Gem Trade Laboratory in 
Santa Monica, whose observations, dis- 
cussion and assistance were invaluable. 
To Dag Johnson and Mike Schowalter 
of San Diego County and Charles 
Howell of La Jolla, California, who 
provided several of the samples used in 
this study. To my assistant in the 
reasearch laboratory, Nancy  L. 
Colonica, who took great care in the 
preparation of the samples for the 
scanning electron microscope and 
collected and prepared data. To- Dr. 
Patrick Gillis, Santa Monica, Califor- 
nia, for his assistance with the infrared 
spectrophotometry essential for identi- 
fication of the specific plastic 
polymers used in impregnation. .To 
Michael R. Havstad and Michael D. 
Waitzman for some of the color photo- 
graphs illustrating this article. 


References 


Darragh, P.J., and Sanders, J.V.; Slocum 
Stone, The Australian Gemmologist, Febru- 
ary 1975 

Darragh, P.J., Gaskin, R.J. and Sanders, 
J.V.; Opals, Scientific American, April 
1976 

Dunn, P.J.; Observations on Slocum Stone, 
Gems and Gemology, Vol. XV, #8, 1977 
Collins, H.F.; Canada Produces New Gem 
. . . Calcentine, American Horologist and 
Jeweler, July 1978 


57 


Synthetic Cubic Stabilized Zirconia 
A New Effective Diamond Substitute 


By RICHARD T. LIDDICOAT, JR. and JOHN {. KOIVULA 
with photographs by Michael D, Waitzman and Michael R. Havstad 


A Brief Description 

Synthetic cubic stabilized zirconia, 
a newcomer in gemology, can now be 
added to the growing list of diamond 
substitutes. It is perhaps the most 
satisfactory of the one-piece diamond 
substitutes to date. As the name 
implies, cubic zirconia crystallizes in 
the cubic (isometric) crystal system. 
The chemical formula is ZrO7 with 
minor amounts of certain metallic 
oxides like calcium oxide (CaO) or 
yttrium oxide (Y703) that act as 
structure stabilizing agents in the 


otherwise naturally monoclinic 
material. 
The refractive index of cubic 


zirconia varies between 2,15 and 2.18 
which is somewhat less than diamond’s 
fairly constant 2.42 reading. The 
slightly lower refractive index is, in 
general, balanced out by a dispersion 
of approximately 0.060 which is 
greater than diamond’s dispersion of 
0.044. Showing no cleavage and with a 
hardness of 7-1/2 to 8-1/2 on the 
Mohs scale, cubic zirconia is a very 
acceptable synthetic gem material. 

The much higher specific gravity of 
cubic zirconia, 5.60 to $.95, compared 
to diamond’s 3,52, makes this proper- 
ty a good test for gemological separa- 
tion if the stone is unmounted. Under 
magnification, due to cubic zirconia’s 
much lower hardness, rounded facet 
junctions and polishing lines will often 
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be noted. In addition, cubic zirconia 
may contain small negative crystals 
arranged in sub-parallel rows that 
appear as tiny bubbles of very high 
relief. The negative crystals may in 
turn be lined or partially lined with a 
white powder that is probably undiges- 
ted ZrO>. On rare occasions negative 
crystals may be somewhat larger and 
more easily resolved. 

As well as the colorless form, cubic 
zirconia is available in a wide range of 
colors from red to violet. Although 
somewhat brittle, it is easily faceted 
and should gain in popularity as a 
synthetic gem material. 


Identification of Cubic Zirconia 


The major obstacle to overcome in 
the identification of cubic zirconia or 
any diamond substitute is the blinding 
of gemological knowledge that occurs 
when someone is offered, at a low 
price, what appears to be a diamond. 
If a gemologist keeps in mind the 
many ways in which diamond substi- 
tutes may be detected, the chance of 
making a mistake is minimal. There are 
many ways to identify cubic zirconia. 
The most important tests are based on 
refractive indices, specific gravity, 
fluorescence and visual characteristics 
that become apparent both to the 
unaided eye and under magnification. 

If loose, the much higher specific 
gravity of cubic zirconia is readily 
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Growth | striations in cubic zirconia. 


Magnification 10x. 


Elongated bubbles partially fined with flux. 
Magnification 15x. 


ya 
Several colors of skull melt rough cubic 
zirconia. 


apparent. With those familiar with 
diamond sizes and weights, merely 
weighing the stone will show its weight 
to be considerably ereater than that of 
u diamond of the same size. This is 
sufficient to prove that it is not a 
diamond, The factors related to refrac- 
tivity show up in the appearance of 
the stone, particularly when tilted, and 
looked at from the side. When one 
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Stringers of negative erystal “gas bubbles.” 
Magnification 25x. 


Large gas bubbles like these are rare in cubic 
zirconia. Magnification 45x, 


= Fa" ota = 


Several colors of faceted cubic zirconia, 


views a round brilliant diamond from 
just above the plane of girdle, the 
opposite side of the stone still looks 
brilliant whereas there is a dark “V™ at 
the center of the opposite side of a 
cubic zirconia, GGG or YAG. If a 
stone is laid on {ts pavilion main 
facets, and light is directed onto the 
stone through the table, then the size 
of the area of bright light coming 
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| through the stone will vary depending 


on the refractive index of the material. 
There is a distinctly different appear- 
ance and larger circle of light transmis- 
sion on a cubic zirconia as compared 
to a diamond. Of course, GGG and 
YAG have even larger circles. The 
same situation is true when one tries 
to read printing through a stone. 
Again, related to refractive index is the 
appearance of a stone when immersed 
in methylene iodide with a refractive 
index of 1.74. The loss of brilliancy in 
the cubic zirconia compared to 
diamond is marked to the eye. 

Also, one could get an idea as to 
the identity of the unknown stone by 
using a reflectivity meter, such as a 
Gemeter, or Jeweler’s Eye. While 
reflectivity meters have inherent faults 
and often give other than an accurate 
reading, there is a large enough differ- 
ence between the reflectivity of cubic 
zirconia and that of diamond to make 
it easy to distinguish the substitute 
from diamond. 

A carefully polished substitute that 
is as hard as cubic zirconia should have 
sharp facet edges, but those that are 
polished rapidly do show rounded 
facet edges, a feature never seen on a 
diamond. The softer substitutes such 
as strontium titanate and synthetic 
rutile routinely show the rounding of 
facet edges and are readily identified 
as substitutes by them. The girdle 
surface looks different from that of 
the bruted girdle on a diamond. There 
will be no cleavages on a cubic zir- 
conia, which is an important identi- 
fying characteristic of diamond. 
Naturals, another key diamond char- 
acteristic, have also been observed on 
the girdles of cubic zirconias. These 
can be very confusing, as the photo- 
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graph below illustrates. The inclu- 
sions in cubic zirconia, if present, 
are also clues to its identification; 
however, many stones must be studied 
to become familiar with the common 
appearance of these. 

The reaction of cubic zirconia to 
ultraviolet radiation varies somewhat 
from stone to stone. Under long wave, 
a medium yellow to orange fluores- 
cence is usually encountered. The 
color is roughly the same, or a little 
more yellow under short wave, and 
stones have been noted that while 
fluorescent to short wave are com- 
pletely inert to long wave radiation. 
Unfortunately, some cubic zirconia 
shows no fluorescence. Another means 
of recognizing cubic zirconia that is 
useful to those who have examined a 
number of stones, is to place the 
stone table down on a piece of paper 
with a light overhead. In this way, 
the cubic zirconia shows much more 
dispersion than does a diamond of 
comparable size. 

There are several new tests in the 
process of development that will be 
useful for identification of diamond 
versus its substitutes. One is a heat 
conduction test that should-be on the 
market very shortly. Another is a new 
liquid developed by the GIA that will 
write smoothly on a diamond’s surface 
but will bead up on diamond substi- 
tutes like cubic zirconia, GGG and 
YAG. (Gadolinium Gallium Garnet 
and Yttrium Aluminum Garnet). 


Natural on cubic zirconia, Magnification 63. 
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Historical Note 


“GEMOLOGY” the Bulletin of the Gemological Institute of 
America, Volume one Number one is reprinted here in its entirety in 
memory of Robert M. Shipley and the beginnings of his organized 
Gemological movement. The year was 1931. 


CEMOLOGYT 


Volume One 


A Gemological Socie 


An enthusiastic group consisting almost 
entirely of jewelers and diamond dealers 
met at the Los Angeles Public Liibrary on 
the night of January 15 and organized 
a Gemological Society. This Society is the 
outgrowth of the interest shown by the 
classes in Gemology which have been 
conducted by Robert M. Shipley, Gem- 
ological Diplomate, at the University of 
Southern California. 

The Gemological Society has as its 
purpose the advancement of the scien- 
tific and practical study of Gemology by 
jewelers and others who are interested 
and the furtherance of a greater apprecia- 
tion of Diamonds and Gems on the part 
of the Ametican people. 


Meetings will be held bi-monthly for 


Los Angeles, California 


ty | 
(ea —— 


Sealine ory 
GIMOLOGICAL SOCIETY 


the discussion and advancement of Gem- 
ology. Requirements for membership to 
this Society are based upon an examina- 
tion, conducted by the Examining Board 
of the Society, on the elements of Gem- 
ology: As the Society progresses examina- 
tions will be held in various cities 
throughout the United States, A thing 
that will immediately affect the jeweler of 
foresight and integrity is the privilege of 
displaying in his store and window the 
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Number One 


s Organized 


emblem of the Society. The establish- 
ment of a strong membership Committee 
makes membership possible ofly to per- 
sons of recognized integrity. 

Temporary officers elected to hold of- 
fice for two months were: President, 
Arthur H. Dibbern, Glendale; Vice- 
President, C. S. Fisher, Riverside; Secre- 
tary, G. H. Marcher, Los Angeles; Treas- 
urer, H. E, Rapp, Pasadena. 

The ideas and purposes of che Society 
are serious, being purely scientific in 
character and not a Trade Association or 
Club. Others than jewelers wete among 
this organizing group and whet the meet: 
ings are thrown open to the public many 
mineralogists, scientists and orbets are ex- 
pected to be in attendance. 


Ieee hasan To Have 
Knowledge of Gemology 


BY ARTHUR H. DIBBERN 
Retail Jeweler, Glendale, and President 
Gemological Society 

Those certain individuals interested in 
the study of Gemology who have taken 
the course at the University of Southern 
California under Professor Robert M. 
Shipley, G.D., were fortunate, indeed, in 
being given the opportunity to view with 
broader vision and greater knowledge that 
which to many of us constitutes our life 
work. 


From this broader knowledge, with its 
disillusionment and more reliable scien- 
tific information, comes a desire for the 
ey of periodical contacts with an 
educational medium which will keep fresh 
in our minds the knowledge gained. 


That oppormnity is now to be given 
us thru the medium of the Gemological 
Society recently formed ac the enthusi- 
astic meeting held in the History Semi- 
nar room of the Los Angeles Library on 
Thursday evening, January 15, 1931. 

It is to be reasonably expected that 
with a feeling of confidence formed on 
the part of the public by authentic know: 
Jedge thus gained we may be able to 
move forward, enjoying the privileges 
that result from a feeling of security 
among those whom we contact and serve. 
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Do You Know? 


BY EVELYN DIBBLE 
Charter Member Gemological Society 


1, That when you teil your customer a 
synchetic Ruby is made up of small 
articles of real Rubies you are not 
telling the truth? 


2, The ruling of the Federal Trade Com- 
mission on what constitutes a perfect 
Diamond and what those imperfec- 
tions look like when you see them? 


3, That the majority of “Topaz,” in the 
showcases in America, are Quartz? 


4, Which stones are dyed and which ones 
fade easily in stock? 


5, That there is no more effective means 
of advertising than to have your cus- 
comers say “he is a student, he knows 
his Diamonds and Gems?” 


6. That the Federal Trade Commission 
has ruled against selling an “‘imica- 
tion” as a “synthetic?” 

7, What constitutes this difference be- 
tween an “imitation” and a “syn- 
thetic?” 

g, That the Ruby is the most expensive 
of all stones? 


9, That most jewelers believe a Diamond 
is only one-tenth harder than Sap- 
phire? 


Examinations for Member= 
ship in Gemological Society 


Members of the fall classes who were 
unable to take their examinations may do 
so in February or March by application 
by letter or the phone to George Marcher, 
Secretary Gemological Society, 640 South 
Flower Street, Los Angeles, Tucker 1938. 


The San Bernardino-Riverside Corres- 
pondence Course, group of 14, are meet- 
ing for ceview and discussions during 
February. Professor Shipley will conduct 
a final review class in March and an 
examination will occur about March 15. 


Engaged in special research work in 
Diamonds and Gems at the laboratory of 
the Gemological Institute afe G. G. 
Reisch, Los Angeles; C. W., Clark, Van 
Nuys; Richard Ewert, Santa Ana; Mar- 
vin Thomas, Pasadena; Roy Martindale, 
Glendale; Maren Hansen, Los Angeles; 
Geo. Schneider, Hollywood; Geo. Mar- 
cher, Los Angeles; Edward Mitchell, Al 
hambra; F. H. Smith, Ontatio; Leslie 
Gray, Culver City; John R. Johrson, Pasa- 
dena; Geo. F. Hambright, Los Angeles. 


Members of fall classes wishing to an- 
swer questions already distributed in pre- 
paration for examination may have these 
answers corrected and corrections ex- 
plained for a fee of $2.00. 
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Bulletin of the Gemological Institute 
of America 


The purpose of this Institute is the dissem- 
ination of scientific knowledge of dia- 
monds and gem-stones to the jeweler and 
the general public. 


Robert M. Shipley, D., President, 
Bil Title-Guarantee Bldg., 
Los Angeles, California 


The rules approved by the Federal 
Trade Commission regarding the naming 
of synthetic stones and the definition of 
a perfect diamond have made eveiy think- 
ing jeweler realize the importance of a 
correct scientific knowledge of diamonds 
and gems. This Commission has just 
taken action against a Chicago concern 
guilty of violating their ruling regarding 
the use of names applied to imitation 
stones. The ignorance of the jewelry 
trade in such knowledge is appalling and 
should almost be classed as criminal neg- 
lect. Frequently the newspapers carry 
stories of damage suits brought by cus- 
tomers which only the ignorance of the 
merchant made possible. 

Face the Facts 


How can the honest merchant combat 
the unscrupulous advertisers of “perfect- 
cut,” “blue-white? and similar diamonds 
unless he himself thoroughly understands 
and can explain to his community, in 
their own language, the facts. Increased 
sales ate attracted to the man who is 
known as “a student of his business” as 
surely: as steel is attracted to the magnet. 

When I was.a jeweler I read books 
on gems and bragged about my know!l- 
edge of diamonds and precious stones, 
but the loss of an important customér 
who had “checked” my statements im- 
cura me with the necessity for correct 

nowledge. The only organized study of 
Gemology was in England and no ad- 
thoritative jewelers’ reference book was 
then published. I determined to obtain 
this instruction, and, if possible, the re- 
sulting degree. This I accomplished at 
the first opportunity, obtaining my de- 
gree of Gemological Diplomate in Eng- 
Tand, 

Reasons for This Bulletin 

Since that time I have devoted five 
months to “boiling down” the combined 
opinions of the American, English and 
German authorities into my Correspond- 
ence Course and my Reference book, 
which I have arranged as an authoritative 
book for quick reference and sales help, 
to give tomas quickly and correctly 
to the one who seeks it. 

In passing on to the trade the results 
of my years of research work and sales 
experience I hope to be of service to the 
diamond and gem-expert, jeweler or sales- 
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GEMOLOGY 


The Gemological Institute 


The Gemological Institute is an edu- 
cational institute organized for the pur- 
pose of education and research in the 
subject of Gemology. The Instirute de- 
sires to assist the merchant increase his 
pos by acquainting himself with a 

owledge of factors which affect the 
value of Diamonds and Gems. It has an 
honest intention to eliminate the ignorant 
and, the very occasional intentional mis- 
tepresentations, more or less prevalent in 
the trade, and anticipates the support of 
dealers and merchants who are inter- 
ested in such elimination. 


It hopes, in its modest way, to assist 
in this education of the jeweler which 
has been fostered by the Jewelers’ Circu- 
lar, Keystone and other trade journals, 
as well as by Professors Frank Wade, and 
Paul Kerr. 


The Insticute depends for its mainte- 
nance upon the sale of the Correspond- 
ence Courses and the materials which have 
been compiled by Professor Shipley for 
the Diamond and Gem merchants and 
other students of Gemology. Such mater- 
ials consist of reference books, text books, 
photographs gathered from all parts of 
the world, colored plates of Gems; also, 
books on Diamonds and Gems; instru- 
ments, diamond lenses, etc. An extensive 
laboratory is maintained and the advice 
of an expert is obtainable for correct 
identification of Diamonds and Gems. 


Some far-seeing jewelers, have already 
become sustaining members (names to be 
announced in our next issue) because of 
theic interest in the,educational and scien- 
tific mature of the work. These retail 
jewelers believe that the public are los- 
ing confidence in the trade because of 
misinformation given by many of its 
members and have signifed their inten- 
tion of financially ‘assisting the Institute 
in its work which is also the fostering of 
a movement for the dissemination of cor- 
rect educational information looking to- 
watd the elimination of unintentional 
misrepresentation by the conscientious 
merchant, 


The temporary quarters of the Gemo- 
logical Insticute of America are at 811 
Title Guarantee Building, Los Angeles. 


WANTED 


Salesmen to sell Shipley’s Gemology, a Ref- 
erence and Sales Help for jeweler's counters; 
Correspondence Course, etc. 

Young men in every large city to organize 
study groups in Gemology for free mition in 
Correspondence Course. 


man who honestly wishes to tell the 
truth to his customer and to gain or re- 
tain the respect in his community as a 
merchant of unquestioned integrity. 


Interest Shown in Gemology 
Gratifying 


BY GEO, H. MARCHER 
Lapidist, Los Angeles; Secretary 
Gemological Society 

The sincere interest shown in the pres- 
ent movement toward a better knowlege 
of gem-stones is both a surprise and a 
pleasure. Jewelers formerly have shown 
but little desire to familiarize themselves 
with jewels in a comprehensive way al- 
though the jewelry business is named 
from them. 

While selling stones on the road it was 
apparent that customers should know 
more about gems to handle them success- 
fully. Books on precious stones were sold 
the customers whenever possible. 

I firmly believe the Gemological So- 
ciety will promote and maintain a wider 
knowledge among jewelers and laymen 
of these most permanently beautiful ob- 
jects of nature. 


GEMOLOGY VITAL TO TRADE 
BY L.  MERITHEW 
Retail Jeweler, Long Beach 

The movement launched recently in 
Los Angeles, which should create a na- 
tion-wide interest in the study of Gem- 
ology by the jewelry trade is one of 
vital importance to the legitimate jew- 
eler. Such a study will have.a great ten- 
dency to re-establish, confidence in our 
profession in the minds of the general 


public. 


GEMOLOGICAL SOCIETY 
VALUABLE TO THE INDUSTRY 
BY C. L. RUNYAN 
Retail Jeweler, Huntington Park 
Chairman of the President's Council, Southern 
California Jewelers Association 


I do not believe that the jewelry busi- 
ness can be ovet-organized and I believe 
that the Gemological Society has a valu- 
able place in the industry. Judging from 
the benefic obtained from che Gemologi- 
cal course by a member of my organiza- 
tion the study of the subject will prove 
valuable to every merchant and the So- 
ciety should grow ns Personally, I 
am hoping to qualify before the next 
meeting. 


GEMOLOGICAL NEWS 


Members of the laboratory class at U. 
S. C. welcome two new members Jean 
P. Spirzel, diamond importer, and Lyle 
Merithew, Long Beach jeweler. 

J. E. Peck, engineer and prospector of 
Jacumba, California, is enthuistically 
Perens for his examination for mem- 

tship in the Gemological Society . 


(Cont'd on Page 3) 
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GEMOLOGY 


AS NECESSARY AS YOUR 
SCALES AND TWEEZERS 


GEMOLOGY 


The Authorative Reference Book ~ 


By ROBERT M. SHIPLEY, Gemmological Diplomate 
Instructor in Gemology at the University of Southern California 


A DE-LUXE COUNTER REFERENCE AND SALES HELP 


All useful and condensed scientic information that the jeweler could 
obtain from the reading of a dozen books on diamonds and other gems. 
Written and arranged exclusively for the jeweler by a gem-expert 
and former retail diamond salesman, as a practical means of helping the 
jeweler build confidence among his customers and efficiency among 


his salesmen. This book comes in the form of a loose-leaf binder, 


leatherette cover, on fine ledger paper size 9x12. It contains 13 useful tables, 156 sketches. With it comes 


loose-leaf insertions of 6 actual photographs, containing 33 diamond mining operations, diamond-cutting 
operations and microscopic photographs showing kinds of imperfections in diamonds and differences under 
the lense between synthetic, imitation and real stones; and between artificial and real pearls; also 2 color plates 
of gem stones, The sales index refers to facts which may be used as arguments in selling various qualities of 
diamonds and the different varieties of other gems, can be kept up-to-date, with insertions of new develop- 


ments, research, rulings, etc. at nominal yearly cost. $18,50 


This book on your counter inspires customer confidence in your desire.to honestly arid accurately repre- 
sent merchandise. As necessaty as yout scales and tweezers. 


Shipley'’s GEMOLOGY 


The only text-book on Gemology ever written in English by a man who has both scientific and practical 
knowledge. Loose-leaf, leatherette bound, on heaviest ledger paper, containing the full course as given at the 
University of Southern California. This book contains 13 useful tables, 156 sketches, without photos or 
colored plates. A limited number only at $9.00 


Correspondence Course Classes 
Arranged for the busy man to study at home. A lesson comes to you each week for eight months. Complete 
in 40 Lessons. Practical, condensed and explained by numerous diagrams and tables. 
Frequent test questions may be answered which will receive the personal attention of Mr. Shipley to clear 


up matters which you may not understand. 


$8.00 down and $5.00 for eight months. 


A class begins February 15, limited strictly to 35 members. A second class begins March 1, strictly limited 


to 35 members. 


UNSOLICITED LETTERS FROM 
CORRESPONDENCE COURSE 
STUDENTS 


“Enclosing answers to questions, I am 
enjoying your course very much and find 
it very worth while.” F. G, Palumbo, jew- 
eler and watchmaker, Fresno, Calif. 

es ok # 

“Mr. Horning and myself like the 
course as far as we have gone and expect 
it to be of great value to us in the fu- 
ture. Harold Hoffman, South Washing- 
ton, Virginia. 


GEMOLOGICAL NEWS 
(Cont'd from Page 2) 

Geo. F, Hambright’s talks to jewelers 
on Diamonds and Gertrude McMul- 
len’s talks on colored stones have done 
much to interest Southern California jew- 
elers in the further study of these two 
branches of Gemology. 


SUMMER 1978 


Send your enrollment: (first payment) today! 


CLASSES IN GEMOLOGY 


Lonc BEACH-HUNTINGTON PARK ASSO- 


CIATION—Limited to twenty. Lectures 
Friday nights at 7:15. Begin February 
6. 


San Dizco AssociaTION—Every one in- 
vited to firse two lectures. To be held 
Mining department, Chamber of Com- 

. merce, Begins Monday night, February 
2 at 7:15. Sponsored by San Diego 
Jewelers Association. 

Los ANGELES LABORATORY CLAss—Uni- 
versity of Southern California class to 
be held at 811 Title Guarantee Bidg. 
Tuesday nights at 7:15. 

Los ANGELES PREPARATORY CLASS FOR 
GsMOLOGIcAL Sociery — Special in- 
struction for those wishing to become 


members of the Society. Classes lim- 
ited to 15 petsons, Beginning Thurs- 
day night February 5, at 7:15. 811 
Title Guarantee Bldg., Los Angeles. 


Los ANGELES SPECIAL LECTURES FOR 
DIAMOND DEALERS AND SALESMEN— 
From 5 to 6:30 p.m. Thursdays. Be- 
ginning February 5, 811 Title Guar- 
antee Bldg., Los Angeles. 


SHorr’ Course in general laboratory 
work and advance study of the dia- 
mond. Starting February 12 at 7:15 
811 Title Guarantee Bldg. 


Call VAndike 6914 for information, or 
attend the next meeting of a Los An- 
geles class at 811 Title Guarantee Bldg. 


The members who have already quali- 


fied may place orders for Gemological 


Society signs by communicating with the 
Secretary, Geo. H. Marcher. 
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First Members Gemological 
Society 


All members of the local and corres- 
pondence classes were made charter mem- 
bers of the Gemological Society pro-tem. 
Those who have “passed” their first 
examination in Gemology, are Arthur 
H .Dibbern, Glendale; H. E. Rapp, Pasa- 
dena; G .H. Marcher, Los Angeles; C. 
S. Fisher, Riverside; M. F. Thomas, 
Pasadena; James A. Newton, Long 
Beach; John R. Johnson, Pasadena; 
Geo. H. Schneider, Los Angeles; G. G. 
Reisch, Los Angeles; Floy Runyon, Hunt- 
ington Park; Leo Kirchoff, Long Beach; 
Evelyn Dibble, Pasadena; E, E. Martin- 
dale, Los Angeles; Neal Tanquary, Los 
Angeles; Gertrude McMullen, Los An- 
geles, 

Owing to the Christmas “rush,” ill- 
ness, etc., others of the class who had 


GEMOLOGY 


ho opportunity to take examinations were 
elected pro-tem until the meeting of 
March 31, they are: Charles W. Clark, 
Van Nuys; Thomas D. Arnold, Pasa- 
dena; Glenn Box, Monrovia; Claude 
Davis, Pasadena; Fred Morgan, Pasadena; 
Roger Kelley, Pasadena; Emil R. Zielke, 
Pasadena; W. R. Cartiser, Pasadena; Wal- 
ter Hali, Pasadena; Chas. E. Everard, 
Pasadena; Earle B. Hall, Pasadena; Geo. 
W. Collis, Pasadena; Paul Hannaford, 
Pasadena; Calvin Arnold, Pasadena; 
Henry James Armstrong; Chas. G. Lewis, 
Pasadena; H. Wellman, Alhambra; Bert 
Jenney, Pasadena; Martin R. Thomas, 
Pasadena; Earl Smillie, Pasadena; Flor- 
ence Smith, Ontario; F. H. Smith, On- 
ratio; Leslie Gray, Culver City; DeMoss 
McCamant, Los Angeles; E. E. Aughe 
Los Angeles; Richard Ewert, Santa Ana; 
Conrad H. Mumper, Los Angeles; S. Sha- 
pito, Los Angeles; David A. Kirk, Los 


Angeles; Louis M..Jabner, Los Angeles; 
Samuel Sideman, Los Angeles; Kirk 
Goldsmith, Riverside; Duward Howes, 
Los Angeles; Erwin King, Los Angeles; 
T. R. Canady, Huntington Beach; Mrs. 
Marjorie Canady, Huntington Beach; 
Kenneth Low, Los Angeles; Joseph R. 
Milnor, Los Angeles; Emil Shostcom, Los 
Angeles; Jean Wood, Wilmington; Ed- 
ward Morrison, San Pedro; M. Hull, Los 
Angeles; Sydney Itmas, Los Angeles; 
Carl Gross, Los Angeles; Maren Hansen 
South Pasadena; George Munn, Los An- 
geles; A. C. Heinzel, San Bernardino, 
Guy Lauderbaugh, San Bernardino; Bob 
Wellman, San Bernardino; H. C .Schultz, 
Riverside; Mrs. H. C. Schultz, Riverside; 
Howard Black, Riverside; Kick Gold- 
smith, Riverside; F. W. Twogood, River- 
side; J. E. Peck ,Jacumba; L, R. Wagner, 
Sacramento. 


QUESTIONS AND ANSWERS 


Conducted by Robert M. Shipley, G. D. 
Address questions c-o Gemological Institute of America 


| UV 1d 
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1, What is the Premier “quality” diamond? Ans, Pre- 
mier is the name applied to any name applied to any 
stone which appears bluish under a strong reflected 
light, and yellowish or brownish when one looks 
through it. 


2. What are ‘blemishes’ which Federal Trade Com- 
mission state a perfect stone should not “disclose?” 
Ans. Shipley’s Gemology states: “Blemishes are sut- 
face imperfections and include surface cracks, cavities, 
nicks, knots, scratches and facets cut exactly with the 
“grain.” (Write for complete copy of the definitions 
which follow in text if further definition is desired.) 


3. Why does Zircon “pic” or chip easily? Ans. The 
cleavage is poor but it fractures easily when ic has 


been treated. The statement that ic cleaves easily is 
incorrect. 

4. What is “Wedgewood?” Ans. Wedgewood is not 
an imitation of a gem-stone. It is a very famous china- 
ware made in England. Such cameos have been made 
not as imitations but as objects of art by the Wedge- 
wood company for over a century. 

5. A tecently purchased fine Amethyst faded in my 
window, and dealer refuses to replace it, stating that 
genuine Amethysts often fade in the sun. Is he right? 
Ans. Yes, many colored stones fade in the sun. 

6. What is “Olivine?” Ans. The “Olivine” of the 
jeweler is a green Garnet, properly called Demantoid. 
Te is not olive colored but a much brighter green. Olivine 
is the mineralogical name of the Peridot. 
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The Tears of Heliades 


By E.J. Giibelin, Ph.D., C.G., FGA 
Lucerne, Switzerland 


Phaethon, the son of Helios, the 
Sun-God, was probably a somewhat 
impetuous young man — so the myth 
tells us. One day his father allowed 
him to drive the sun chariot, but he 
drifted off his course and skidded so 
close to the Earth, that he kindled a 
disastrous fire. Zeus, undertandably 
very angry over this carelessness, killed 
the imprudent driver hurling him by 
means of a destroying flash of light- 
ning into the remote northern river 
Eridanos. The father of the gods was 
so furious that he did not even tolerate 
the grief of Phaethon’s surviving sis- 
ters. Their tears flew him into such a 
mad rage, that he turned the poor girls, 
the Heliades, into black poplars. Yet, 
also this spell was of no avail; even in 
the shapes of trees the distressed sis- 
ters continued to mourn and their 
tears solidified into smooth, lustry 
drops of — amber. The sadness of the 
Heliades must have been so over- 
whelming that they shed such an 
abundance of tears that even in this 
present day they can be heaved from 
the sand by means of excavators. 

There are a good number of sources 
in Europe, e.g., in Denmark, England, 
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Holland, Rumania, Sicily, Sweden and 
even in the Ukraine (Map 1). The most 
important deposit, however, is situated 
in the Samland, the East Prussian 
peninsula between the Frische and the 
Kurisch Haff (Haff = lagoon). This 
source was already known in ancient 
times, and amber has always been a 
highly desired object of exchange and 
trade. For centuries amber has played 
a significant role in the civilization and 
culture of the peoples in Europe in the 
form of ornamental objects and a 
material easily workable for artistic 
articles such as chalices, jugs, vases, 
snuff boxes, amulets, ritual adorn- 
ments, etc. Amber was collected along 
the beaches, hauled with nets and 
picked out of the earthy layers of the 
steep coast of the Samland rising, in 
places, to more than 200 ft. above sea 
level. Even today it is no rare event to 
discover golden yellow, _ glittering 
pieces of amber after stormy days on 
the beach onto which the churned-up 
sea has thrown them. 

In accordance with the amber’s 
high commercial value, the amber 
deposits are being industrially worked 
by strip mining. Huge excavators re- 
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move the thick layers of clay which 
cover the striking zones. These placers, 
called “Blue Earth,” are being ex- 
ploited, washed and screened. 

Since the days of Aristotle and 
Pliny the Elder we already know that 
amber is no mineral but an arboreous 
resin. The massive concentration on a 
large scale along the Baltic Sea sug- 
gested the conjecture that enormous 
forests had once grown on the very 
same spot. However, this surmise 
proved to be wrong, for today we 
know that the place of discovery is not 
the place of origin. 

At a depth of about 75 to 120 ft. 
amber is being found embedded within 
two strata of a marine sediment of the 
Tertiary (higher and lower Tertiary), 
which is colored by green glauconite 


and hence called “Blue Earth.” Since 
in these strata the fossil remnants of a 
marine fauna of medium depth are 
found, the movements of the earth’s 
crust causing elevations and depres- 
sions of the sea bed must have been 
considerable and recurred several times 
over long periods. This assumption 
may be derived from the 19 different 
sediments above the “Blue Earth.” 
The fact that all the deposits along the 
shores of the Baltic Sea are of second- 
ary Origin leads to the question about 
the primary origin of amber and how 
it got into the placers where it has 
been found ever since. 

A landmass — comprising large 
parts of present day Scandinavia and 
the Baltic Sea — must once have been 
covered with vast forests, in which the 
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Map 1. Map of the Samland. The richest deposits of amber are situated along the 


coast and are marked here in black color. 
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Subtropical flower with stamen and ovaries. Withered flower of a folly {lex aqui- 
folium). 
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Frutt capsule on its broken-off stem. Well preserved working ant {Formica}. 


Master sample for investigation. 
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Black saidier ant (Formica nigra). Note the Female ant {Formica Lasit}). Note distinct 
clearly visible multifaceted eye. details of the body. 
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Mosquito (Dipterus) trying hard to walk off. 
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Mosquito {Dipterus} hetding a bubble be- 
tween its forelegs, 


Mosquito (Dipnterus Nematocerus} ready to 
take off. 


Close-up portrait of this same bSatlerina 
flashing beautifully farge eyes at the be- 


holder. 
A graceful little ballerina performing a 
pirouette. 
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Fly (Dipterus brachycerus), which appears 
to have been trapped while trying te land, 
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Head with large multifaceted eyes of this 
same fly (Dipterus brachycerus). 
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amber pines grew. All the trees secret- 
ing amber resin belong to the order of 
the conifers and within this to the 
genus (=category) of the pinites. Of 
the latter, six varieties have become 
known to produce amber resin. Three 
among them — the pinites Mengeanus, 
pinites radiosus and pinites anomalus 
— are rarely represented by the pine 
needle inclusions found in amber. 
Somewhat more frequent are the relics 
of wooden fragments and needles of 
the pinites succinifera which greatly 
resembles our pinus abies as we know 
it today. The highest-yielding producer 
of amber resin was pinites stroboides, 
which is extremely difficult to distin- 
guish from pinus strobus. Its producti- 


vity was enormous, and by far the 
largest quantity of amber being found 
was produced by pinus stroboides. 

One of the mysteries concerning 
amber and which keeps us guessing 
and will most probably remain un- 
solved, is the fact that special types of 
trees, which are near relations to living 
species of pines, secreted a resin of the 
particular chemical composition of 
amber (CigHig9) only during that 
period, and that next to those a 
substantial number of other conifers 
existed yielding resin — yet completely 
devoid of the essential amber acid. 

However, the secretion of amber 
resin need not necessarily have been 
extraordinarily abundant, for inclusions 


Map 2. Later transport of the amber from 
its secondary deposits in Samland by the 


currents of the sea and the rivers into its 
present deposits (dotted). (after Bachofen, 
1949) 
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in amber reveal that periods of relative 
sterility interchanged with such of 
medium or intensive productiveness. 
Consequently we may assume that 
under equal climatic conditions the 
forests covered vast areas of Feno- 
scandia for an — even geologically seen 
— long era. Possibly these forests 
outlasted the hardly conceivable space 
of time of more than 15 million years, 
i. from the Lower Eocene to the 
Upper Oligocene. 

The inundation of lower regions, 
caused by a tectonical depression of 
the Fenoscandian mainland during the 


1) Eberswalde 

2) Samland 

3) Shitomir 

4) Brest-Litovsk 


Map 3. The occurrences of amber in north- 
ern and eastern Europe which were de- 
posited by tertiary transport from its place 
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Old Tertiary, allowed enormous 
masses of the resin that had — from 
time immemorial — accumulated and 
solidified in the forest soil to get into 
the sea. Strong currents carried part of 
the resin into the tranquil bays of the 
Samland, where, covered by strata of 
sand and sediments, it was embedded 
in the “Blue Earth.” 

Only portions of these tremendous 
quantities of amber remained there till 
now. Frequently, further displace- 
ments occurred by way of river trans- 
port, by marine currents, wash-ups of 
the ocean or shore slides. 


5) Kiev 

6) Jekaterinoslav 
7) Charkov 

8) Svatoi Noss 


of origin in the amber forests in Feno- 
scandia and its secondary placers in Sam- 
land. (after Bachofen, 1949) 
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Hymnopterus braconidis; the outstretched 
antenna seems to forebode the forthcoming 
catastrophe while the other has already been 
caught by the disaster. 


Two bees (Hymnopteri apides meiliferae}. 
One of them is still clinging to a white 
Potlen. 


The period of decline in tem- 
perature beginning towards the end of 
the Pliocene led to the Ice Age, in the 
course of which the host of amber was 
carried and washed into new deposits 
along the shores of the Baltic Sea and 
Northern Europe (Map 2), as well as 
far down on the mainland of Eastern 
Europe as the Ukraine (Map 3) by the 
repeated advance and retreat of the 
mighty glaciers as well as by colossal 
streams of melting water. The majority 
of amber collected and mined till now 
originated from the Baltic Sea and 
those remote placers, 
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Long-horn beetle (Colepterus). 


Spider (ord. Aranea) realizing the paralyzing 
shock of being trapped. 


The internal world of the coveted 
amber must already have fascinated 
our ancestors just as exuberantly as we 
become enthusiastic over these fos- 
silized, yet eloquent witnesses of 
vanished times and landscapes en- 
shrined in their golden and transparent 
sarcophagi. Numerous pieces of wood 
and bark, parts of cones, twigs and 
roots, fragments of coral and shells, 
uncountable numbers of insects, such 
as mosquitoes, flies, butterflies, bees 
and others as well as spiders and their 
cobwebs, water fleas and mites, but 
also worms, caterpillars, centipedes, 
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Bug (Heteropterus cimex}, upside down Termite ford. tsoptera) with drooping wings 
displaying its large eyes, the folded legs and and antennae. 


the segmental abdomen. 


Gnat (Fungivorida Mycetaphilida). 


larvae and even lizards were trapped 
by the viscous and sticky resin and 
preserved for posterity in unaltered 
condition. While to our forebearers all 
these inclusions may only have been 
objects of myth and awe, to modern 
science they are the revealing testi- 
mony of conditions and events which 
prevailed more than 40 million years 
ago, and with incomparable lucidity 
they enrich our knowledge about 
those geological eons. 

Many aspects indicate that the land- 
scapes of the amber country were 
characterized by more or less dense 
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Midge (Fungivorida Mycetophilida). Nate its 
hornlike, segmental antennae, 


stands of pinites succinifera similar to 
those forming the pine savannes in 
North America (e.g. in higher altitudes 
of Florida) as well as in East Asia. 

We learn from blossoms and fruit, 
ieaves and fragments of wood which 
could be determined that deciduous 
trees, such as alder, beech, birch, 
chestnut, cypress, elm, maple, oak, 
poplar and willow were no rarity, and 
that camphor trees and even date and 
fan palms grew in those forests. Of the 
cinnamon tree, blossoms and leaves 
have been identified, while the mag- 
nolia is represented by one known leaf 
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only. This curious mixture of trees still 
growing in our domestic forests with 
relatives of sub-tropical and tropical 
species was towered over by mammoth 
trees similar to the sequoias in Cali- 
fornia. Many kinds of mushrooms and 
mosses were also present. 

However, as informative as the un- 
countable inclusions of parts of plants 
proved to be they are not capable of 
procuring a complete picture of the 
flora of the “amber country.” Only 
those particles which happened to 
occur in the immediate neighborhood 
of the amber-producing pines could be 
embedded. Parts of plants which were 
outside the forests rarely ever got into 
the resin. In most cases these were 
withered blossoms, flowers and leaves 
or shreds thereof, blown off and 
scattered by the winds which settled 
upon the still glutinous amber. 

However, the world of small ani- 
mals handed down in the amber illus- 
trates much more expressively the 
multitude of forms and conditions of 
life in the amber forests. Yet, it must 
be considered that the concentration 
of certain animals, as it manifests itself 
in the inclusions, does not correspond 
with the true circumstances of the 
amber forests and their environment. 
The mode of behavior and biotape of 
certain categories and geni may have 
determined the frequency of a particu- 
lar inclusion (e.g. insect). 

The most abundant inclusions are 
dipterous insects (ord. diptera), i.e. 
mosquitoes and flies, which were 
trapped as they settled on the still 
liquid and soft resin — and held by the 
gummy fluid were afterwards en- 
tombed by the subsequent drops. 
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Specimens of amber were found con- 
taining more than a hundred of them. 
But also beetles, ants and other insects 
— if belonging to those species which 
preferred to sojourn on trees or their 
vicinities — are among the captive 
guests of the amber. Occasionally 
small butterflies are encountered, 
whilst samples with large butterflies 
are valued as rare treasures. Only a few 
dragonflies are known, and the order 
of the dayflies (ord. Ephemeridae) is 
represented by hardly more than a 
dozen species. From other indices we 
may derive knowledge about landscape 
and topography vanished long ago. 
Thus, investigations of the insect 
species of the quiverflies (trichoptera), 
for instance, allow us to speculate that 
certain areas of the amber landscapes 
were mountainous, with numerous 
brooks and streams. Approximately 
half of all known species are to be 
attributed to families whose present- 
day representatives can only pass their 
larval stage in rapidly flowing water. 
Furthermore, the stone- and bank- 
flies, which have been transmitted in a 
small number of species and whose 
larvae also depend on flowing water 
indicate the existence of brooks and 
rivers. Certain other species of the 
quiver-fly, on the other hand, suggest 
tranquil, stagnant waters which must 
have contributed towards the appear- 
ance of the landscape. 

Apart from the numerous silvan 
insects preserved in amber we also 
observe those whose habitat was the 
open countryside and which surely 
must have come into contact with the 
fatal resin by unfortunate accident. 

It is, therefore, likely that the vast 
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forests were interspersed by smaller 
and larger glades and possibly also by 
large open fields. Of many of the 
examined insects we may assume that 
they belonged to species visiting and 
pollinating blossoms and flowers. Es- 
pecially the bees, represented by 
numerous geni, indicate that meadows 
were resplendent with a variegated 
abundance of flowers. 

Those captive insects whose rela- 
tives populate rather different climate 
zones nowadays have always met with 
increased interest. Apart from those 
which live in temperate regions, there 
are others which exist only in areas 
with a subtropical or even tropical 
climate. An illustrative example are 
the descendents of the termites en- 
closed in amber. 

Countless animals appear to have 
paused suddenly in the middle of a 
movement. Mosquitoes, flies and bees 
seem to be caught while flying, butter- 
flies and their caterpillars peregrinate 
with their housesack, ants seem to be 
on the point to relax quietly or drag a 
wasp, while beetles may resume 
roaming about. Even enclosed feathers 
betray a catastrophic event in the life 
of their former bearers. The im- 
pression of a hardly-extinguished life is 
amplified by the completely preserved 
colors, which we admire on the 
gossamer wings of many insects. The 
entrancing amazement, which fauna 
and flora of the amber evoke by the 
lifelike pantomime of their bodies, is 
further enhanced by the unique preser- 
vation of subtle and minute details. 
The observation of the daintiest sen- 
sory organs such as mouth parts, and 
the possibility of counting the indi- 
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vidual cells of a fly’s multifaceted eye, 
is eclipsed when we recognize the tiny 
hairs on the antennae, or the nectar- 
collecting legs of a bee, or behold the 
threads of a cobweb and may, by the 
architecture of the construction, deter- 
mine the family to which the spider 
belonged. In cross-sections, even the 
inner organs can easily be discerned 
and identified! The wealth of interest- 
ing and stupendous observations is 
legion and may still be multiplied. 
Even the host of those animals, which 
were surprised by death while resting, 
is far more intriguing than the sys- 
tematic arrangement or exhibition of 
any modern collection of insects. 

We do not know whether the amber 
continent (the eastern Scandinavian 
shield) has distinctive climate zones 
which favored a simultaneous exist- 
ence of species and groups adapted to 
definite conditions of temperature, or 
whether in the course of long-dated 
changes of climate these orders and 
geni lived at greatly different times. 
Systematic research of those host 
ambers which coincidentally housed 
various insects could shed light onto 
such questions. Such specimens of 
amber are found quite often, and we 
know with certainty that the insects 
embalmed in them definitely lived at 
the same time at the same place. The 
yields of relics from vertebrae have 
been rather poor, yet they have dis- 
closed some early types of birds never 
observed elsewhere, as well as the 
oldest finds of hair which have de- 
livered fresh corroboration for the 
very high age of bats. Just the same as 
so many other inclusions in amber, 
these finds of vertebrae form clear 
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evidence of their existence and afford 
a profound insight into the life of 
animals. They also display much more 
important features than the discovery 
of a skeleton, which only serves to 
identify a species not known before. 

Thus, the wonderful world of in- 
clusions in amber, which have been 
passed on by the thousands and in 
abundant diversities is - by comparing 
them with present-day fauna and vege- 
table specimens and their dependence 
upon their area and climate — granting 
us in a unique manner welcome and 
reliable conclusions as to climatic, 
geological and topographical con- 
ditions of the amber country pre- 
vailing at the time when the amber was 
formed and captured all these mani- 
fold contemporaries of its surround- 
ings. They also enable us to investigate 
the situation, as well as the regularity 
of phylogenetic evolution of life on 
earth, through a great animal category. 

Amber, the Tears of the Heliades, 
the Gold from the Baltic Sea is a 
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fascinating material which has accom- 
panied mankind from very early times 
just the same as admiration, curiosity, 
respect and superstition have accom- 
panied this lovely gem of which we 
now know to be the solidified resinous 
sap of ancient pines, and one of the 
very few of earth’s treasures divulging 
its geological and biological past. 
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Laser Reflection Patterns in 
Diamond and Diamond Substitutes 


By EUNICE R. MILES, G.G. 
Gemological Institute of America 
New York, New York 


Introduction 

During the last half century, man 
has been experimenting with light re- 
flections and exploring new methods 
of “fingerprinting” diamonds to serve 
as permanent records for future identi- 
fication and recognition of the same 
stone. It was the late Robert Webster, 
with his involvement in Forensic 
Science in Great Britain, who stimu- 
lated me to explore methods of identi- 
fying a particular gemstone through its 
“fingerprints.” 

Robert Webster referred in the 
Criminologist publication of May, 
1968, to detection techniques through 
“dight reflections.” One of the earliest 
recorded methods of “fingerprinting” 
was by Professor Johnson of Berlin, 
Germany. He devised the “Brilliant- 
scope” to observe the reflection of cut 
stones on a ground glass hemisphere. 
While recently in the office of Regi- 
nald Miller, a New York lapidary, we 
observed differences in the reflection 
patterns of diamond vs. synthetic 
cubic zirconia as they were projected 
on a very thick rectangular piece of 
glass used for display. This difference 
will also be shown with laser beam 
reflection patterns. 
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Later, Bohman from Holland 
adapted the idea of the “Brilliant- 
scope” to a camera with which he 
could photograph spots of reflected 
light from a diamond. In 1948, Dr. 
Bruce D. Eytinge of New York pro- 
duced a_ cylindrical-shaped camera 
with a simple lens system in which 
light passes through a hole in the 
center of a back-reflecting x-ray film. 
(The hole also served to center the 
table of the stone.) The light reflection 
pattern of the stone was then recorded 
on the film. 

In the 1960’s to 1970’s, the “Laser 
Beam” had become accepted in medi- 
cine and numerous industrial usages, as 
well as for removing undesirable black 
inclusions from diamond. It was inevi- 
table that someone would think of the 
laser and apply its light energy to 
reflection patterns in “fingerprinting” 
diamonds and diamond substitutes. 

In 1975, Charles Bar Isaac intro- 
duced laser technology in gemology in 
his presentation to the Scientific 
Council of the Weizman Institute of 
Science in Rehovot, Israel. Here he 
introduced Gemprint, a recording 
camera and low-powered laser light 
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source, with an application of the 
“laser fingerprinting” for diamond and 
diamond substitutes. 


Operation of the Gemprint Camera 

The Gemprint laser-lighted  re- 
cording camera is just under three feet 
long, about one foot wide, and slightly 
over a foot high. Its size allows it to be 
set on a table at a comfortable opera- 
ting height. The camera is equipped 
with a helium neon gas laser light 
source, considered weak and safe to 
the user. It also has a simple shutter 
and double lens system. With the 
shutter open, the laser beam passes 
through the first lens, which focuses 
the beam to a pin hole opening in the 
center of the Polaroid film (Polaroid- 
Land 4x5 film, black and white Type 
52 Pola Pan, which produces a “fine 
grain positive print with excellent 
gradation and tonal range”’), which is 
held firmly in a film holder. The laser 
light passes through the centered pin 
hole, continues through a second lens, 
becoming more divergent, and passes 
into the diamond. The laser light 
striking the table of the diamond 
positioned at 90° to the laser beam is 
thus reflected directly back to the film 
and recorded as the strongest reflec- 
tion point in the pattern. Laser light 
internally reflected from back facets 
of the diamond is recorded as weaker 
points in the pattern on the film. The 
dominant reflection pattern must coin- 
cide with the center hole in the film to 
produce a true laser reflection of the 
particular stone being recorded. A 
unique pattern is recorded for each 
stone depending upon the symmetry 
of the cut and the nature of the 
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material. The stone must be held 
securely in a specially designed stone 
holder which allows the stone to be 
accurately positioned, with the center 
of its table at precisely a right angle to 
the laser beam. 


Diamond and Diamond Substitutes — 
A Comparison 

Initially, a selection of 10 trans- 
parent colorless round brilliant cut 
gemstones, varying in weight from 
0.67 carat to 1.50 carats, were exa- 
mined. We photographed the laser 
reflection pattern of diamond and the 
following nine diamond substitutes 
with Gemprint: 


Natural Gemstones 
Diamond 
Zircon 
Assembled Stone, Doublet 
Strontium Titanate and Syn- 
thetic Spinel 
Synthetic/Man-made Gemstones — 
Diamond Substitutes 
Synthetic Sapphire 
Synthetic Spinel 


Synthetic Rutile 

Strontium Titanate 

YAG — Yttrium Aluminum 
Oxide 

GGG — Gadolinium Gallium 


Oxide 
Synthetic Cubic Zirconia 


Then another 10 gemstones of com- 
parable identity were photographed to 
match their similar reflection patterns 
with the initial set. 

Curiosity led me to take the reflec- 
tion pattern of a 1.30-carat blocked 
diamond (Photo 1). As was expected, 
this pattern did not resemble that of a 
finished stone. This diamond was then 


GEMS & GEMOLOGY 


GEMPRINT Laser light reflection patterns of diamond 


Photograph 3. Diamond. 1.05 ct. 


finished to a 1.05-carat round brilliant 
cut stone. We photographed it in two 
different positions, Photo 2 and Photo 
3. If Photo 3 is rotated approximately 
12° NE, its pattern matches Photo 2. 
This proves it is the same stone. This 
same diamond was then recut to a 
1.04-carat round brilliant cut stone, in 
Photo 4. It exhibits a new pattern and 
must now be considered a new stone, 
based on reflection patterns only. 
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Photograph 2. Diamond. 1.05 ct. 


Photograph 4. Diamond {recut to 1.04 ct.) 


The reflection patterns in diamond 
and nine most common diamond sub- 
stitutes have definitive characteristics. 
A few of the substitutes’ patterns are 
fairly similar to one another. However, 
all of the diamond substitutes’ reflec- 
tion patterns are very different from 
those shown by diamond. 

Reflection patterns were photo- 
graphed of other colorless gemstones 
— i., rock crystal, glass, topaz and 
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TABLE OF CHARACTERISTICS 


Material Pattern Image(s) 
Diamond random pattern sharp star-like image 
Zircon random pattern small ‘‘double’’ 


Synthetic Sapphire 


(most closely 
resembles diamond) 


bold semi-concentric 
brushed-like center 
pattern 


pulled-out modified 
star-like image 


fish vertebrae-like 
image . 


Synthetic Spinel 


semi-concentric 
pattern 


fuzzy finger-print 
and stringer images 


Synthetic Rutile 


random pattern 


Strontium Titanate 


modified cut corner 
ribbon, or cube-like 
pattern 


“double” slightly 
fuzzy, less distinct 
and larger image 
than Zircon 


random horse-tail 
images 


YAG — Yttrium Aluminum 
Oxide 


random pattern 


pulled-out stars and 
triangles with 
connecting stringers 


GGG — Gadolinium 
Gallium Oxide 


double concentric 
pattern 


triangles and larger 
patchy images 


Synthetic Cubic Zirconia 


random pattern 


fuzzy fingerprint-like 
comet-like tail images 


Strontium Titanate/ 
Synthetic Spinel Doublet 


spoked wheel, with — 
outer concentric 


random knife-like 


slash images 


ring pattern 


colorless beryl (goshenite). Their re- 
flection patterns neither resemble 
diamond or the nine diamond sub- 
stitutes. 

Since synthetic cubic zirconia has 
become of great concern to the gemol- 
ogist/jeweler, a reflection pattern of a 
1.49-carat oval brilliant cut is in- 
cluded, Photo 5. 

This same stone was recut to 1.20 
carats, now showing a new pattern 
(Photo 6). It is readily seen that upon 
recutting the pattern of reflection has 
been drastically altered. However, on 
closer examination, the fuzzy 
sweeping image characteristic of cubic 


80 


zirconia is still present. 

In the 1960s, the GIA was deeply 
involved in researching a method of 
detecting artificially-coated diamond. 
Therefore, I felt it would be of interest 
to observe and photograph the laser 
beam reflection of a coated diamond. 
A 1.25-carat round brilliant was used 
and the pattern is shown in Photo 7. 
As can be seen from the photograph, 
this stone showed only the normal 
random reflection pattern and charac- 
teristic star-like image that is normally 
associated with uncoated diamonds. 

However, you can “fingerprint” a 
coated diamond by photographing the 
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GEMPRINT Laser light reflection patterns of diamond and its substitutes. 


Synthetic Cubic Zirconia. Round Brilliant. 
0.91 ct. 


Photograph 5. Synthetic Cubic Zirconia. 
Oval 


Photograph 6. Synthetic Cubic Zirconia. 


Oval 


stone through the Gemolite. Focus 
through the stone to the back facets 
and observe in reflected and diffused 
transmitted light sources together. 
You can then record crater-like areas, 
broken bubbles in the coating, or 
concentration of coating paralleling a 
facet junction, or an all-over bluish- 
gray coating. (See Gems & Gemology, 
Winter 62-63, Summer ’64.) 
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Photograph 7. Artificially coated diamond. 
7.25 ct. 


Conclusion 
A jeweler/gemologist can use Gem- 
print to: 
1. record laser reflection patterns 
of his stock. 
2. supplement a laboratory report 
for insurance purposes. 
. stimulate customer confidence. 
. help to separate diamond from 
diamond substitutes for a deci- 
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GEMPRINT Laser light reflection patterns of diamond substitutes. 


Quartz (Rock Crystal). Glass. 


Topaz. Beryl! (Goshenite). 


Synthetic Spinel. Semi-concentric pattern; YAG — Yttrium Aluminum Oxide. Random 
fuzzy finger-print and stringer images. pattern; pulled-out stars; triangles with con- 
necting stringers. 
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GEMPRINT Laser light reflection patterns of diamond substitutes. 


GGG — Gadolinium Gallium Oxide. Double 
concentric pattern; triangles and larger 
patchy images. 


Synthetic Sapphire. Bold semi-concentric 
brushed-like center pattern; fish vertebrae- 
like image. 


Synthetic Rutile. Random pattern, double 
slightly fuzzy, less distinct and larger images 
than Zircon. 


Zircon. Random pattern (most closely re- 
sembles diamond); small double pulled-out 
Modified star-like image. 


Strontium Titanate. Modified cut corner; 
cube-like pattern, random ribbon and horse- 
tail images. 
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Strontium Titanate/Synthetic Spinel 
Doublet. Spoked wheel, with outer concen- 
tric ring pattern; random knife-like slash 
images. 
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The GEMPRINT recording camera. 


sion on a loan or as collateral 
against another diamond. 

5. verify whether a mounted stone 
is the same stone a customer 
bought loose. 

Gemprint provides another  te- 
cording system for future identifica- 
tion and recognition of a diamond, 
under the following conditions: if the 
stone has been formerly “finger- 
printed,” the records of it are on file, 
and the stone has not been recut. 

Other proven means of identifying 
a diamond are laboratory reports such 
as those prepared by the Gem Trade 
Laboratories. Those may include a 
photomicrograph of the internal 
characteristics and structure of a 
stone. 

Future research holds promise for 
other uses for Gemprint, e.g., 

a. to study whether a stone has 
been “recut” by comparing its 
side reflection patterns with 
those on record. A circular film 
in a cylindrical film holder, in a 
camera with a circular rotating 
exposure aperture, is used for 
making the photographic record. 
This would be comparable to 
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1. Laser light source 
2. Shutter 


3. Primary lens 
4, Film holder 


5. Holding screen 
6. Secondary lens 
7. Mobile gem holder 


Schematic drawing of the GEMPRINT camera. 


film used for recording a picture 
of the entire human jaw in- 
cluding the back of the head as 
done by a dental technician. 

b. pattern reflection symmetry, to 
study the “make” of a diamond, 


e.g., shallow, near ideal, too 
deep. 
c. pattern reflection of “fancy 


cuts” of diamond and diamond 
substitutes as recorded by Gem- 
print. 
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Some “New” Angles on Faceting 


By EDWARD A. DANBOM 
Colombo, Sri Lanka 


Much has been written about angles 
for faceting colored stones and the 
results of scientific analyses have been 
reported in Gems & Gemology. How- 
ever, when the cutter works on a 
stone, he is confronted by the many 
problems that each stone presents. 
Since most jewelers prefer stones with 
low crowns, the favored crown main 
angles of 32 to 37 degrees and table 
sizes of 50 to 60% of stone diameter 
are used. Fortunately, crown angles 
can be changed to suit the desires of 
the customer without seriously 
changing the color and brilliance of 
the stone, although the dispersion may 
be slightly affected. 


The cutter’s greatest opportunity to 
enhance the beauty of a stone is in 
designing the pavilion. Color will be 
enhanced by the addition of pavilion 
step facets. Considerable freedom is 
allowed in pavilion design, as long as 
certain rules are followed. Usually, 
facets cut at angles less than the 
critical angle allow light to leak 
through the facets adjacent to the 
culet area. Facets cut at angles much 
greater than the critical angle will 
allow light to leak out the side of the 
stone. Note that the angles greater 
than the critical angle, which allow 
leakage of light, depend upon the 
critical angle of the individual stone. If 


— — — Standard Pavilion 
Step Pavilion 


Figure 7. 
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Figure 3, Table view. Standard brilliant ison Figure 4, Pavilion view. Standard brilliant is 
the left. on the left. 


Figure 5. Table view. Standard oval ison the — Figure 6. Pavilion view. Standard oval is on 
left, the feft. 


Figure 7. Table view. Standard marquise is Figure 8. Pavilion view. Standard marquise 
on the left, is on the left. 
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——-— Standard Emerald Cut at 5° Steps 
Dark Tourmaline Pavilion at 80° 


the facets which are cut at these steep 
angles, which allow light leakage from 
the side of the stone, are kept near the 
girdle and not allowed to project 
under the table, the effect of that light 
leakage will not be apparent. There is 
some “tunneling” or “see through” 
effect, but the enhancement of color 
more than makes up for this loss. 
Therefore, the cutter should select a 
culet angle at least two degrees above 
the critical angle and cut step facets 
into the pavilion. For example, for 
pavilion step facets in sapphire, one 
would choose angles of 62 degrees, 52 
degrees, and 42 degrees to obtain the 
best color, if the stone is relatively 
pale. (See Figure 1.) 

There are exceptions to the above: 
colorless stones must be cut with most 
pavilion facets at, or near, the best 
angle for maximum reflection. There- 
fore, no additional steps should be 
used in the pavilion design. Very dark 
material must be cut shallow to allow 
sufficient light to penetrate the stone. 
Some brilliance is sacrificed for the 
beauty of color, since the dark stone 
deliberately cut shallow allows light 
leakage. Dichroic stones with very 
dark color along one axis, as in some 
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Figure 2. 


tourmalines, present special problems. 
In designing the pavilion of dark tour- 
maline, one must prevent refracting 
light through the dark axis. The cutter 
must cut the end facets steep enough 
so that any light that touches those 
end facets will be allowed to leak out, 
thereby lightening the stone. Figure 2 
shows the side view of a dark tour- 
maline where the steps are eliminated 
and the end facet is cut to 80° to 
lighten the stone. 

To illustrate the effect of enhancing 
the color of weakly colored stones by 
cutting step pavilions, 1 experimented 
with stones cut from the same boule 
of synthetic spinel. A standard bril- 
liant cut, compared to one cut with 
ten degree steps in the pavilion, is seen 
in Figures 3 and 4. The steps were 
staggered to create “diamond-shaped” 
facets, although it can also be accom- 
plished by using parallel steps. The 
stepped stone appears richer in color 
and is more brilliant in appearance. 
Figures 5 and 6 show the same treat- 
ment of oval cut stones. In this com- 
parison, the effect is further improved 
because leakage through the end 
pavilion facets is reduced, since no 
facet is cut at less than the critical 
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angle. The same type of color and 
brilliance enhancement occurs in the 
marquise cut, which is seen in Figures 
7and 8. 

No pavilion facet is cut at an angle 
less than the critical angle; therefore 
the light is reflected back into the 
stone and out the crown. In all of the 
aforementioned stones, the crowns 
were cut identically. The total im- 
provement of appearance can be attri- 
buted to the change in pavilion design 
by the addition of step facets. 


Dispersion: Considerations 
’ in Faceting 

Dispersion, the separation of white 
light into the colors of the visible 
spectrum, should be considered in 
planning gem cuts. This ‘“‘fire’” im- 
proves the appearance of pale or color- 
less materials. Some stones exhibit 
more of this property than others, but 
effort should be made to bring out the 
best in each potential gem. 

Maximum dispersion occurs where 
light emerges from a facet at angles 
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near the critical, and decreases as 
angles approach the perpendicular. 

Most cutting diagrams require that 
crown facets be aligned precisely over 
pavilion facets, and crown angles be 
increased for material with wider 
critical angles, to improve dispersion. 
These materials will then have higher 
crowns than are desired by some 
buyers. The alternative to higher 
crowns is a change of design that will 
cause light to be reflected from the 
pavilion at different angles of rotation. 

Some improvement may be accom- 
plished by extending the break facets 
of the pavilion further toward the 
culet, since break facets reflect light at 
different angles of rotation from those 
of the mains. 

More improvement may be ob- 
tained by offsetting the crown so its 
main facets fall between the pavilion 
mains, or by coupling a vertically split 
pavilion to a standard crown. These 
plans, also, produce “busier” appear- 
ing pavilions, which may be desirable, 
especially for larger stones. 
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The New Gem Diamond Pen 


By RICK SHAW, G.G. 
Gemological Institute of America 
Santa Monica, California 


As the name suggests, the purpose 
of the Diamond Pen is to separate 
diamond from its substitutes and 
imitations. This separation is accom- 
plished strictly by visual means, made 
possible by the unique atomic proper- 
ties of diamond which do not charac- 
terize any of the imitations. Although 
theoretically complex, the principle on 
which the pen is based has been 
utilized for many years. It has been 
said that an experienced diamond man 
with a tooth pick and a glass of water 
can tell a diamond from any other gem 
material. This simple test is founded on 
the principle that the surface tension 
of diamond is unique for its optical 
density. 

For a technical explanation of the 
contact angle and the principle of 
surface tension, please refer to the 
article by Dr. Kurt Nassau and Dr. H. 
Shornhorn in Gems and Gemology 
dated Winter 1977-1978. As Dr. 
Nassau’s article has done so already, 
this article is not an attempt to elabor- 
ate on technical subjects. It is rather 
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my intention to describe the use of the 
pen and offer some hints regarding its 
application. 

Our objective was to create a liquid 
which would spread only on diamond 
and bead on all of the diamond imita- 
tions or substitutes. The pen itself is 
really of no consequence. It is manu- 
factured by a company which makes 
drafting pens. The tip number 2.5 
enables the somewhat viscous liquid to 
flow evenly; each time the pen is 
drawn across the stone’s surface, a 
metered amount of liquid is deposited. 
The liquid, a non-drying fluid, consists 
of inert chemicals which cause no 
problem when in contact with the 
skin; the dyes, however, may stain 
clothing. The pen contains a plunger 
which is gravity activated and will 
keep the tip free-flowing at all times. 
There is enough liquid supplied with 
the kit to test several thousand stones, 
probably more liquid than one might 
use in a lifetime. 

During the initial laboratory test- 
ing, we found that it was sufficient to 
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clean the gemstone surface with al- 
cohol. It has since come to our atten- 
tion that due to the notoriety of the 
contact angle of water on gemstones 
and the availability of other pens 
which will more or less produce an 
effect similar to, but not as conclusive 
as, that of the Diamond Pen’s, stones 
have been coated to give a diamond- 
like reaction. We decided, therefore, 
that it would be much more practical 
to polish the surface to be tested with 
a polishing compound rather than 
simply attempting to clean it. The 
polishing would remove any coating, 
even a very tenacious one such as 
magnesium fluoride. 

In the kit (see photograph) is in- 
cluded a hard piece of felt and some 
polishing compound suitable for use 
on all diamonds and diamond imita- 
tions. In the case of diamond, this 
compound is not hard enough to 
polish the surface of the diamond, it 
can, however, polish the surface of 
diamond imitations so care must be 
taken not to round the edges or 
damage the imitation in any way. 


GEM Diamond Pen Kit 
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To insure a clean and well-polished 
surface, usually a table or other large 
facet, place a very small amount of 
polishing agent — just enough to be 
visible — on the felt pad included in 
the kit. Use the locking tweezers to 
hold loose stones; for larger stones, use 
the jaws of the tweezers to grasp the 
girdle. Make sure the jaws of the 
tweezers do not cover the surface to 
be tested. For small stones, place the 
stone table down on the polishing felt. 
The small hole in the base of the 
tweezers is placed over the culet to 
hold the stone for polishing. For 
mounted stones, hold the mounting in 
the fingers and polish the exposed 
table or other facet. Rub the facet or 
table to be cleaned back and forth 
briskly on the polishing agent. After 
the surface has been thoroughly 
cleaned, wipe the stone with a clean 
cloth or facial tissue. The next step is 
the test itself. 

The Gem Diamond Pen test should 
be observed under magnification of 2x 
to 10x to aid in separating the reac- 
tions. To perform the test, hold the 
pen in a vertical position above the 
clean facet, press down on the pen 
gently and draw a straight line of 
liquid across the surface of the facet. 
You should get immediate and accu- 
rate results. If the stone is a diamond, 
the application should appear as a 
straight line, possibly even spreading 
(Figure 1). If the stone is a diamond 
substitute, the application will not be 
a continuous line but a series of 
individual beads along the path of the 
pen’s movement (Figure 2). 

The enclosed list of gemstones 
(Table 1), taken directly from Dr. 
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Nassau’s article, indicates the relation- 
ship between the reliability of the 
Diamond Pen test and the surface 
contact angle shown. It will be noted 
that the contact angle of diamond is 
closest to that of the imitations 
synthetic rutile and zircon. If diffi- 
culty is to be encountered when using 
the pen, these two stones, especially 
those with poorly polished surfaces, 
will present the most trouble. Separa- 
tion should be confirmed by their 
obvious physical and optical prop- 
erties. 

The only other anomalous results 
with the pen have occurred on stones 
with indices well below 1.80, the 
upper limit of the conventional re- 
fractometer. As a practical limitation, 
we have stipulated that the pen works 
on stones with a refractive index over 
1.80, where in reality, it will work on 
spinel, sapphire and transparent ma- 
terials with an R.I. as low as topaz 
(1.619 — 1.627). The only two dia- 
mond substitutes and imitations which 


could possibly cause confusion are 
quartz and low property glass which 
can give a diamond-like reaction; all of 


Figure 1. The pen draws a smooth unbroken 
liquid line on diamond. 
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TABLE 1 
CONTACT ANGLES (WATER) 


In descending order of the 
average angle in degrees. 


Zincite 94-90 
Corundum 94-86 
YAG 92-86 
Strontium Titanate 90-80 
Lanthanum Aluminate 91-85 
Alexandrite 90-84 
Elbaite 88-80 
Grossularite 84-76 
Cubic Zirconia 90-70 
GGG 84-74 
Beryl 89-83 
Topaz 80-69 
Lithium Niobate 77-71 
Spinel ‘ 84-64 
Wulfenite 73-69 
Yttralox 71-65 
Rutile 72-62 
Zircon 67-60 
Spessartite 67-60 
Powellite 64-60 
Moissanite 66-58 
lolite 62-56 
Scheelite 60-50 
Diamond 55-47 
Oligoclase 41-35 
Quartz 0) 

Glass 0 


the other transparent and man-made 
transparent materials have a surface 
tension which will cause the pen’s 


Figure 2. The liquid beads up on any of the 
major diamond substitutes. 
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liquid to bead. Beading will never be 
visible on a diamond with a clean 
surface. The true problem separations 
in the trade, CZ and GGG, have high 
contact angles or a surface tension 
which allows for a very rapid beading 
of the pen’s liquid. If the pen’s direc- 
tions are followed exactly, no prob- 
lems should arise. 

While conclusive results can be 
achieved by gemologists and non- 
gemologists alike, it is advisable to 
have an example of diamond on hand 
for comparison purposes until you and 
your staff are familiar enough with the 
reaction to make calls confidently. 
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We feel that this pen alone is 
sufficient to enable the average jeweler 
to avoid common costly mistakes re- 
sulting from the marketing of new gem 
substitutes such as CZ and GGG. The 
reaction of gem materials produced in 
the future is almost certainly to be 
similar to these substitutes. It is ex- 
tremely unlikely that any optically 
dense diamond substitute produced in 
the future would not give a reaction 
characteristic of all the existing imita- 
tions. In the event that such a sub- 
stitute is manufactured, however, a 
complete article on it will appear in 
Gems and Gemology. 
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GIA Mourns the Passing of James Donavan 


The Gemological Institute of 
America and the jewelry industry of 
America have lost one of their pillars 
in the passing of James G. Donavan, 
Jr., long-time Chairman of the Board 
of Governors of the Gemological Insti- 
tute of America. 

For a period of over 50 years, Jim 
Donavan served the jewelry industry, 
the consuming public and, for the last 
40 particularly, the Gemological Insti- 
tute of America. He was an excep- 
tionally effective jeweler. In addition, 
he was selfless in his devotion to the 
standards he felt a school devoted to 
training jewelers should maintain. He 
felt that every jeweler should serve the 
public with integrity and knowledge 
and that it was the function of GIA to 
provide jewelers and the public with 
accurate information. He felt that 
jewelers should be professionals and he 
devoted a lifetime to furthering that 
goal. 

During the many years that he 
served the GIA and also the American 
Gem Society, he gave thousands of 
hours of his time without recompense 
and without expecting even a pat on 
the back for his efforts. He was truly a 
selfless idealist to whom all GIA’s 
students and graduates owe an enor- 
mous debt of gratitude. 

Mr. Donavan was an exceptionally 
objective person with an incisive mind 
that enabled him to cut to the heart of 
a problem quickly. Particularly in his 
early years of guidance and wise 
counsel to the American Gem Society, 
as its President, and later, as the 


96 


long-term Chairman of the Board of 
the Gemological Institute of America, 


did he demonstrate his incisive think- 


ing. oe 
Jim Donavan was a man of very 
strong convictions. He always felt that 
the Gemological Institute of America 
should be housed very close to one of 
the major universities in Southern Cali- 
fornia and that its ultimate aim should 
be to offer a degree in gemology. 

Even after he retired from his chair- 
manship of the Board of GJA, he 
retained his vital interest in its 
activities. 

As a small token of appreciation of 
the Board and the staff of GIA, the 
James G. Donavan annual grant was 
established to fund research in the 
gemological field. The most important 
grant to date has been the establish- 
ment of the GIA Research Laboratory 
funded -ittitially by over: $125,000, to 
purchase the essential equipment to 
establish what is probably the most 
advanced gemological laboratory. 

Each year since that laboratory was 
first established, major new additions 
of equipment have been made under 
the James G. Donavan grant. To 
memorialize his contributions, a new 
grant has just been authorized to 
purchase a new energy dispersive unit 
for the laboratory at a cost of over 
$17,000. 

As long as there is a GIA, people on 
the staff, students and the jewelry 
industry will be indebted-to the enor- 
mous contributions made by James G. 
Donavan, Jr. He will be sorely missed. 
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A Test of the Ceres Diamond Probe 


By K. NASSAU, Ph.D. 
Bernardsville, N.J. 07924 


Abstract: 


Tests are reported of a new instru- 
ment, the Ceres Diamond Probe, 
which has been developed to dis- 
tinguish diamond from all of its limita- 
tions. The magnitude of the thermal 
conductivity, where diamond has a 
uniquely high value, is tested by a 
copper-tipped probe which is pressed 
against the stone to be tested. Within 
about three seconds, the response on 
the dial of the instrument, as well as 
flashing lights, indicates whether or 
not’ the material is a diamond. Stones 
as small as three points (three hun- 
dredths of a carat), are readily 
checked, and the only transparent 
materials which could produce con- 
fusion are bromellite (soft and 
poisonous), silicon carbide (usually 
deep colored, birefringent, etc.), and, 
of course, a diamond-topped doublet. 


Introduction 

Man-made diamond imitations have 
improved steadily over the years. 
Starting with the rather dull synthetic 
sapphire, spinel, and the overly bril- 
liant but yellowish rutile, there was a 
large improvement in going to the 
colorless and overly dispersive or fiery 


98 


brilliant, but still soft strontium titan- 
ate. With YAG and GGG, the hardness 
improved greatly, and the most recent 
material, cubic zirconia't:?), is ex- 
tremely close to diamond in appear- 
ance and presents identification prob- 
lems. 

To make easier the distinction of 
such imitations from diamond, there 
have been developed a series of new 
test instruments based on reflectivity, 
including the Gemeter'?) and the 
Gemeter ’75'*) (made by Sarasota 
Instrument, Inc., Sarasota, Florida); 
the Jeweler’s Eye‘°:”), luster- 
meter'®*® and Diamond Eye‘7)(Hanne- 
man Lapidary Specialities, Castro 
Valley, California); and the Martin 
Gem Analyser‘?) (Martin Precision 
Instrument, Inc., Saratoga, California). 
Techniques which are based on surface 
wetting, such as the measurement of 
the contact angle of water’t9+}) or 
of certain inks‘?!), have also been 
perfected. 

The most recent development is the 
arrival of an entirely new instrument, 
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the Ceres Diamond Probe. The author 
is grateful to the manufacturer (Mr. 
J.F. Wenckus, Ceres Corp., Waltham, 
Massachusetts) for permission to test a 
prototype of this instrument, which is 
reported to be scheduled for produc- 
tion later this year. (Marketing is being 
arranged through MSB Industries, New 
York City.) 


The Thermal Conductivity Probe 

The observation that gems are cold 
to the touch is well known. It was 
recognized long ago that diamond has 
one of the highest of thermal conduc- 
tivities.42:13) In fact, diamonds of 
Type 2a conduct heat so very much 
better than the best of metals that 
they are used as heat sinks to dissipate 
heat from high power transistors. 

The scientific basis for the conduc- 
tion of heat is extremely complex.‘+9) 
Experimental values taken from a 
variety of sources are shown in Table 
i. tt can be seen that there is an 
astonishingly precise division into 
three groupings. In Group A, there are 
conductivities above 10 watts per cm 
per degree K, and here there are only 
diamond and a special form of carbon, 
black pyrolytic graphite (even so only 
when measured in one specific 
direction). 

In Group B are listed the four best 
thermal conductivity metals. All other 
metals have lower conductivities and 
are omitted. In Group C are the 
majority of gem and mineral sub- 
stances. It will be noted that the 
highest value for any of the diamond 
simulants, which range from less than 
0.1 to 0.3 watts per cm per degree K, 
is far from the lowest value reported 
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for diamond, 10 watts per cm per 
degree K. 

A precise thermal conductivity 
measurement usually involves elabor- 
ate equipment'*3) and requires a care- 
fully shaped slab of the material to be 
tested. Several systems of units are 
used and conversion factors are as 
follows: 

to convert thermal conductivity 

data to watts per cm per degree 

K, multiply by 


for BTU per hour per foot per 

degree F, use 0.0173 

for Cals per sec per cm per 

degree K, use 4.184 

for Joules per sec per cm per 

degree K, use 1.0. 

With the modern availability of transis- 
tors and integrated circuits, compact 
and relatively simple devices are now 
possible for semi-quantitative measure- 
ments. 

The Ceres Diamond Probe uses a 
thermistor at the tip of a pen-like 
probe. When a short pulse of a very 
small electric current is passed through 
the thermistor, it heats up a little. The 
speed with which its temperature falls 
when the current stops is next 
measured by elaborate electronic cir- 
cuitry, and this process of heat pulse 
and temperature measurement is auto- 
matically repeated at a rate of once a 
second. 

The output from the circuitry is 
displayed on a scale which is divided 
into three zones: green (go, for dia- 
mond) on the right, yellow in the 
center, and red (for danger, simulant) 
on the left. There are also three lights: 
green, yellow and red. The appearance 
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of the instrument will be close to the 
mock-up shown in Figure 1. Although 
the prototype examined was slightly 
different, the functioning is stated to 
be exactly the same. 

After switching on the instrument, 
its operation is first checked by touch- 
ing the tip of the probe to a test point 
(apparently aluminum) which should 
move the needle into the central yel- 
low region and turns on the yellow 
light (a calibration knob is used if the 
reading is off, e.g., from dropping the 
unit!). 

The spring-loaded probe is next 
pushed against the material to be 
tested. The needle fluctuates for the 
first pulse or two, but then settles 
down to give a steady reading in the 
green, yellow or red sections of the 
scale visible in Figure J. At the same 


Figure 1. The Ceres Diamond Probe in use. 
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time, flashing lights, either green alter- 
nating with yellow, yellow only or 
yellow and red, are also activated. 

If the tip of the probe touches a 
material of high thermal conductivity, 
the heat will be conducted away effi- 
ciently, and a rapid drop in the tem- 
perature occurs. For a low conduc- 
tivity, the drop in temperature is more 
gradual. 

The actual temperature change of 
the probe is so small that it cannot be 
felt by touch, and there should be no 
danger on testing even the most heat 
sensitive of materials. The tip is made 
of copper and should present no 
scratching problem. The unit is 
powered by an internal battery, which 
can be recharged by means of a plug-in 
110-volt recharge unit supplied with 
the instrument. Some probe failure 


GEMS & GEMOLOGY 


( 


c 


was encountered with the prototype 
and this survey was completed with a 
replacement probe. 


Results 


A series of some hundreds of rough 
specimens and faceted gemstones, both 
loose and mounted, were tested. The 
diamonds included a full range of the 
four types; la, 1b, 2a and 2b (some 
kindly loaned by Lazare Kaplan and 
Sons, Inc., New York City), as well as 
man-made diamonds and all the major 


TABLE 1. 
Literature Values of 
Thermal Conductivities at 
Room Temperature in 
Watts per cm per degree K 


Group A: Diamond Type 1 10-20* 
Diamond Type 2a 26 
Diamond Type 2b 15 
Graphite (pyrolytic, parallel) 

20 

Group B: Silver 4.3 
Copper 4.0 
Gold 3.2 
Aluminum 2.4 

Group C: Bromellite (BeQ) Cie! 
Borazon (cubic BN} 1-4 
Moissanite (SiC) 0.9** 
Corundum (Al,O3), 

Zincite (ZnO), about 0.3 
Sphalerite (ZnS) 
Topaz, Kyanite about 0.2 


Spinel, YAG, Rutile, 
Cubic Zirconia, Quartz, 


Zircon, Beryl, Halite, 0.1 or less 


Sylvite, Glass, etc. 


*The purer, the higher the value. 
** Somewhat variable depending on the 
_ ploytype structure. 
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diamond simulants. Of the items of 
Table I, only the graphite and borazon 
were not available for testing, but 
these are not transparent and, there- 
fore, not potential diamond simulants. 

Each test takes about three 
seconds, and repeated testing on 
various parts of the same specimen 
gave identical results, as long as the 
probe was held squarely against a flat 
part of the specimen and adequate 
pressure was used to partially depress 
the spring-loaded probe so as to pro- 
vide good contact. Stones as small as 
three points were readily checked, 
even if deeply recessed within a 
mounting. 

It was noted that the smaller the 
stone, the weaker the response, as is 
pointed out in the operating instruc- 
tions. Using the numbering of the scale 
of Figure 2 for reference, the dia- 
monds tested over 1/3 carat all gave a 
response in the 7 region, while a 
number of 3 pointers measured at the 
low end of 5,i.e., almost in the yellow 
region. The results are summarized in 
Table 2. Interestingly enough, some 
black man-made carbonado also mea- 
sured in the green region. The 
moissanite (silicon carbide) thermal 
conductivity value of Table I is ob- 
viously inadequate. 

It is clear from Table 2 that dia- 
mond can be distinguished un- 
ambiguously from all practical 
simulants. The bromellite and 
moissanite (silicon carbide) results 
should present no problems; the..for- 
mer is a very poisonous technological 
material of low refractive index (1.73), 
only produced experimentally in small 
crystals; the latter is seen in transparent 
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Figure 2. Drawing of the scale with numbers added for ease of describing the test data. 


crystal form only rarely and then only 
in very small sizes, usually deeply 
colored, and shows birefringence, a 
distinct dichroism, with both the re- 


TABLE 2. 
Ceres Diamond Probe Test Results 
(Red is 1, 2, 3: Yellow is 4; 
Green is 5, 6, 7; see Fig. 2) 


Non-Metals (transparent} 
All diamonds 
(natural and man-made }) 
All diamond simulants* * 1 
Moissanite crystals 
Bromellite crystals 
All other transparent gems 


and minerals tested 1 
Metals 
Yellow & White Gold, 14K and 
18K; Platinum 1 


Gold-plated sterling; 1/20 
gold-filled metal 3-5 
Sterling; rhodium-plated sterling 5-7 
Pure Gold (24K) 7 
*Depending on size and impurity 
content. 
** Including cubic zirconia, GGG, YAG, 
strontium titanate, rutile, spinel, 
sapphire, zircon, quartz, glass, plastic. 
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fractive index and the dispersion being 
higher than the diamond values. 

The probe might actually also be of 
some use in distinguishing among the 
metals as seen in Table 2. Thin platings 
should have little effect and the base 
metal might be so identifiable. This 
was not further investigated. 


Discussion and Comparison 
with Other Techniques 

Allowing for the fact that very 
small stones will give lower readings, 
the Ceres Diamond Probe was found 
to give accurate results on both large 
and small, loose and mounted, stones. 
Since the property being monitored, 
the thermal conductivity, is a bulk 
property, thin surface coatings will not 
interfere. Only a coating so thick 
and/or rough that the probe never 
touches the stone could affect the 
reading, and such a coating would be 
easily seen by the unaided eye. The 
only problem might arise from a 
doublet with a diamond top, and even 
here, a test on the back of the stone 
would reveal such a combination. 
Nevertheless, this last possibility 
points up that an eye at least partly 
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trained is always necessary and will 
probably never be completely dis- 
placed by any instrument in gemolo- 
gical testing. 

The surface tension tests referred to 
in the introduction need some ex- 
perience and, since a surface property 
is involved, can be foiled by quite 
invisible surface coatings as has already 
been reported.(1%) 

The reflectometer instrument also 
referred to in the introduction can 
probably serve a useful function. How- 
ever, mounted stones which do not 
protrude from their mounting cannot 
be measured. and the surface must be 
well polished and very clean or low 
values will be obtained. Since internal 
reflections can give high values, several 
readings must be taken.'”) Finally, 
since a surface property is being mea- 
sured, it may unfortunately be only a 
matter of time until someone will 
come up with a coating which will give 
a reflectometer “diamond” reading on 
any gemstone! 


Summary 

The Ceres Diamond Probe appears 
to be a well-build, rugged instrument 
which admirably meets its aim — to 
distinguish diamond from the various 
diamond imitations by testing their 
thermal conductivity. The writer can- 
not, in fact, understand why it took so 
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long for someone to take advantage of 
this unique property of diamond for a 
testing approach. The only reservation 
is based on the fragility of the probe 
tip, with which some difficulties were 
experienced. The manufacturer states 
that a re-design under way should 
eliminate this problem. 
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Sapphire-Blue Euclase, 
A New Collector’s Gem 


By E.J. GUBELIN, Ph.D., CG, FGA 
Lucerne, Switzerland 


The discovery of a new gemstone, 
or even just a new color variety of an 
already known gemstone, is always a 
joyful event for the world of experts. 
In the course of the past 10 years 
Africa has yielded several such sur- 
prises, with an apparent preference for 
blue novelties. Thus the Dark Con- 
tinent bestowed on us blue Zoisite 
(tanzanite) in 1967, jeremejevite from 
Cape Cross, near Swakopmund in 
South-West Africa, in 1973, scorodite 
from Tsumeb in South-West Africa, in 
1975, and now just in the past winter 
a sapphire-blue euclase from Miami in 
Rhodesia. 

Till now, euclase has been known 
only in pale shades, ranging from 
colorless through light blue and light 
green to deep yellowish-green or 
greenish-blue. The colors are due to 
the various states of oxidation of the 
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iron which is present in very small 
quantities. ; 
Euclase (Al Be [OH | SiO,]), the 
epigone of beryl, is an exemplary 
secondary product of the pegmatitic 
phase; it could hardly have developed 
during the climax of this phase 
(700°-600°C) but rather at the time of 
transition to lower temperatures 
(600°-400°C), by disintegration of the 
abundant beryl then present — i.e. at 
the beginning of the pneumatolytic or 
even the hydrothermal phase. The 
pegmatites of Miami have a geological 
age of ca. 500-600 million years. 
Radiometric age determinations with 
radioactive columbite/tantalite gave an 
age of 550 million years, whilst musco- 
vite from the Catkin and Esquire 
mines measured by the K/Ar method 
indicated an age of 520-530 million 
years respectively. These investigations 
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proved that the Miami pegmatites ori- 
ginated in two clearly distinct genera- 
tions. The older group is homogeneous 
and of little or no economic value. The 
most important mineral components 
are plagioclase and quartz with some 
tourmaline. These rocks obviously 
belong to the earlier soda meta- 
somatism, that is, they represent alter- 
ations. 

The pegmatites of the younger and 
economically more important group 
may easily be recognized by their 
wealth of microcline, which simul- 
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taneously shows that they belong to 
the later potash-rich phase. A simpli- 
fied idealized pegmatite of this group 
exhibits an obviously zoned structure. 
The zones form shells which succeed 
one another around an inner core. 
They consist of varying amounts of 
quartz with microcline, albite or 
plagioclase, as well as mica (mostly 
muscovite), beryl, and tourmaline, and 
in most favorable cases they are 
accompanied by rarer but typical peg- 
matite minerals whose larger and more 
transparent specimens can be used as 
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Geological map of the gemiferous region, the so-called Miami gneiss shield, north of Karoi. 
The black square indicates the exact locality, five miles southwest of Miami where 


sapphire-blue euclase is found. 
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gemstones. It is not therefore sur- 
prising that in the extensive gneiss 
shield of Miami, with its numerous 
pegmatite intrusions and widespread 
beryl occurrences, euclase should 
develop in a later process of recrystalli- 
zation. 

So far, the euclases originating in 
the Miami district used to display the 
pale colors (i.e. colorless, pale biue and 
light green as well as mixtures of the 
latter two) well known heretofore, and 
it came as an unexpected surprise 
specimens appeared on the market. 
The light-colored varieties had been 
coming from limited occurrences be- 
tween “Radio” and “Bul-Bul” east- 
southeast of Miami as well as from 
localities called “Bluestone” almost 
directly south of Miami at distances of 
approx. 2 and 4 miles, respectively. In 
the course of an inspection of various 
pits and mines in the Miami region in 
1971, the author had heard hints 
about “very beautiful dark blue 
euclases” which were rumored to have 
been found in the surroundings of the 
small settlement of Miami. Unfortu- 
nately, his further enquiries remained 
unanswered; and even during a repeat 
visit in 1973 no one seemed capable of 
giving any more accurate details about 
the place of discovery. Even after their 
debut on the European market it was 
extremely difficult to trace the exact 
source of these sapphire-blue euclases, 
until native friends of the author 
offered their assistance. According to 
their information the locality is 
situated west-southwest of Miami very 
near the southwestern rim of the beryl 
and muscovite bearing gneiss shield, 
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approximately 8 to 10 miles northeast 
of Karoi as the crow flies (see map). 


Colour 

The euclases described below were 
certainly correctly offered as euclases; 
but the completely new dark blue 
color seemed to call for a detailed 
investigation. In a fairly large parcel 
totalling 33 rectangular and square 
faceted euclases only a few were uni- 
formly dark blue; most individuals 
were bi-colored, i.e. dark blue sections 
alternated with colorless parts. The 
dark blue color on average corres- 
ponded to color numbers 17: 4: 5, 
and in better qualities to 18:5:3 
(with corresponding color values 
X. 5,8; Ye 5,7; Ze 13, 4 and X12, 0; 
Y, 14,1; Z,_ 31,0 respectively), in 
accordance with the DIN color chart 
6164. Analyses achieved by means of 
the electron micro-probe traced the 
origin of the dark coloring to iron, 
moreover ONLY iron was indicated as 
a coloring element. A quantitative 
measurement of the iron content gave: 

Colorless portions 0.06% Fez O3 

Datk blue portions 0.12% Fes03 
and showed unequivocally that triva- 
lent iron causes the sapphire-blue 
color, natural voids and color centers 
being likely to also exert their deter- 
mining influence. The copper content 
lies below 0.005%. 

Although ferric iron often shows 
evidence of its presence in strong 
absorption lines in the lower blue 
region of the spectrum (cf. andradite, 
chrysoberyl, epidote, corundum, 
orthoclase, etc.), absolutely no absorp- 
tion lines in the blue sector could be 
observed with the optical spectroscope 
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in the material under discussion. The 
general spectroscope image showed a 
striking transparency in the neighbour- 
hood of .4500A and a fairly uniform 
increase of absorption in the short- 
and-long-wave directions. This observa- 
tion was equally confirmed by the 
curve obtained with the  spec- 
trophotometer, as was the obvious 
absorption minimum at 4650A. On 
both sides of the curve the smooth 
clean trace of the short-wave and the 
slight shoulder at 5702A on the long- 
wave section are apparent. (Figure 1) 
The latter feature could not be dis- 
cerned in the spectroscope — not even 
as the finest line. As might be ex- 
pected, the new sapphire-blue euclase 
does not react under either long or 
short-wave ultra-violet light, for the 
pigmenting iron content acts as an 
inhibitor. 
Optical Behaviour 

Not only the colorless, but also the 
dark blue parts show a remarkable 
constancy of their optical properties. 
The refractive indices of the twelve 
largest specimens varied only between 
the narrow limits of: — 

na 1.652 (4 specimens) and 

1.653 (8 specimens) 
n8 1.656 (all 12 specimens) 
nd 1.671 (4 specimens) and 
1.672 (8 specimens) 
with a birefringence value of +0.019 
(for all 12 euclases). In the dichro- 
scope a marked pleochroism was seen, 
of azure blue, Prussian blue, and 
greenish-blue. 

The axial angle amounted to 
2V =48°; the axial plane lay in the 
(010) plane, and the extinction posi- 
tion measured 41°+. The remaining 
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properties which can be gemo- 
logically measured, such as hardness 
and specific gravity were determined 
as: H=7%; S.G.=3.06 - 3.13, with an 
arithmetic mean of 3.096 + 10.001 
g/cem3/4°C. 

The determination of all these con- 
stants was sufficient to establish the 
variety and nature of this new gem- 
stone and to identify it undubitably as 
euclase. Nevertheless, it seemed desir- 
able to carry out an X-ray test in 
addition. 


X-ray Behaviour 

The X-ray data were derived from 
five Gandolfi diagrams, and the 
crystallographic constants were 
worked out by computer programs. 
The resulting d-values correspond 
well with the values found in the 
relevant literature*; the lattice con- 
stants are somewhat larger, expecially 
Co. In agreement with the character- 
istics of the monoclinic crystal system, 
to which euclase belongs, many d - 
values were obtained. In the accom- 
panying table only those for the 45 
strongest reflections are mentioned*: 


The aforementioned data yield a 
unit cell with lattice constants of: 

a9 = 4.775A (a9 = 4.763A); 

bo = 14.298A (by = 14.29 A); 

Co = 4.6554 (co = 4.61gA). 

a:b:c=0.334: 1:0.325 

B= 100° 18° (p= 100°15')* 

Z= 4. Euclase belongs to the space 

group C3,- P2,/c. 

*The values in brackets correspond to data 
after M.E. Mrose et al. Zeitschrift f. Krist. 
112, 285-287. 1959. (See also McKie, D. 
(1955) Notes on some minerals from 


Tanganyika. Rec.Geol.Sury. Tanganyika 5, 
81-94) 
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X-ray and Crystallographic Data for Sapphire-Blue 
Euclase from Miami, Rhodesia 


Gandolfi camera, CuKa -irradiation 


| d hkl 
(estimated) (measured) 

100 7.07 020 
20 4.576 010 
20 4 468 110 
50 3.845 021 
15 3.578 040 
10 3.506 111 
10 3.298 031 
70 3.223 121 
10 2.962 414 
20 2.893 131 
10 2.836 041 
80 2.785 121 
40 2.546 131 
30 2.449 150 
20 2.353 200 
20 2.256 201 

5 2.229 220 
10 2.193 Ti2Z 

5 2.111 061 
10 2.069 151 
10 2.042 23) 

5 2.015 132 
20 1.995 


Microscopic Observations 


When seen under the microscope 
the apparently uniform blue color seen 
by macroscopic observation exhibits 
an obviously cloudy (but not streaky) 
or zonal distribution, and in this 
respect resembles many blue sapphires. 

Unexpectedly the colorless sectors 
are almost completely clear, while by 
contrast the blue parts, as well as the 
completely blue euclases, are more or 
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| d 
(estimated) (measured) 
10 1,948 
20 1.881 
10 1.806 
30 1.784 
5 1.729 
10 1.669 
10 1.627 
5 1.565 
5 1.543 
5 1.512 
20 1.497 
10 1.441 
10 1.409 
5 1.391 
10 1.378 
20 1.368 
10 1.337 
10 1.316 
20 1.311 
5 1.286 
10 1.270 
5 1.247 


+ further lines 


less rich in inclusions, thus revealing 
that they experienced a more eventful 
history of formation than the colorless 
sectors or crystals. The inclusions con- 
sist mainly of cracks, with random 
trends, which transect the host in any 
direction. Some of them consist of 
syngenetic, pseudo-secondary  in- 
clusions, i.e. they are partially healed 
cracks, which are easily recognized as 
bizarrely shaped “undigested” liquid 
droplets and hoses. Neither the pattern 
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exhibited by these liquid droplets, nor 
the shape and arrangement of the 
“feathers” show specific, diagnos- 
tically significant characteristics; no 
conclusions can therefore be drawn 
from these inclusions as to the classifi- 
cation or origin of this gemstone. The 
other kind of cracks could be of 
epigenetic origin, for they are dry and 
filled with air — and hence, not healed. 
They reflect the incident light in cer- 
tain places, so that when the stone is 
moved bright reflections flash out. No 
mineral inclusions have so far been 
observed. In any case, the inclusions 
act as a definite proof of genuineness 
and — when they are not too dense — 
pleasantly enliven the appearance of 
these dark blue euclases. 


The surprising occurrence of this 
new sapphire-blue gemstone once 
more confirms that gemstones can 
never be certainly identified by their 
color alone, for who would have sus- 
pected 10 years ago that sapphire-blue 
euclase would one day be found? 

The author wishes to thank Pro- 
fessor Dr. M. Weibel, Dr. R. Ober- 
holzer, and G. Brunner of the Institute 
of Crystallography and Petrography of 
the Federal Highschool for Tech- 
nology in Zirich, CH., for their 
valuable and decisive assistance. 
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The Adiel Steacy Memorial Scholarship in Gemology 


A very generous scholarship in 
gemology for Canadians is being 
offered through the Queen’s Uni- 
versity in Kingston, Ontario, Canada. 
The Adiel Steacy Memorial Scholar- 
ship will be awarded according to the 
following conditions: 

“This is an annual scholarship 
open to a resident of the city of 
Brockville or the surrounding area 
who is in need of assistance to 
enable him to pursue the study of 
gemology. The scholarship provides 
actual costs up to a maximum of 
$2,500 to enable the recipient to 
attend the Gemological Institute of 
America or any institute in Canada 
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of equivalent status. If there is no 
applicant from the city of Brock- 
ville or the surrounding area, the 
scholarship may be awarded to a 
person ordinarily resident in On- 
tario. It is a condition of the 
scholarship that the recipient must 
seek employment in the jewelry 
industry in Canada. Applications 
should be submitted to the Assis- 
tant Registrar (Student Awards), 
Queen’s University, Kingston, On- 
tario, prior to July 1 of the year of 
application.” 

Please contact the Queen’s Uni- 

versity for further details. 
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Distinguishing Diamond 
From Cubic Zirconia: 


Old and new tests for the identification of diamond 


By K. NASSAU, Ph.D. 
Bernardsville, N. J. 


Abstract 

With the arrival of ever better dia- 
mond imitations, culminating in cubic 
zirconia, even the expert may no 
longer be able to trust his trained eye. 
Most of the classical gemological pro- 
perties (hardness, density, refractive 
index, dispersion, etc.) either cannot 
usually be used or have severe limita- 
tions. 

Three new approaches are the re- 
flectometers, the recent surface wet- 
ting behavior (with water or with ink), 
and the very recent thermal conduc- 
tivity probe. The uses and limitations 
of these, as well as the older tech- 
niques, are described. 


A. Introduction 

Once upon a time it was easy to tell 
an imitation diamond from a real 
diamond. The low refractive index and 
dispersion materials, such as colorless 
sapphire and spinel, just lacked any 
real “life,’ and the high refractive 
index and dispersion of strontium 
titanate (e.g. ‘‘fabulite”) and rutile 
(e.g. “titania”) had so much “fire” 
that anyone with the least experience 
could never mistake them for dia- 
mond. 

When the synthetic garnets YAG 
and GGG came on the scene'??, the 
distinction became more difficult. Yet 
with a little practice both of these 
materials, as well as the rather similar 
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colorless natural zircon, could be dis- 
tinguished from diamond. One would, 
for example, look at the faceted stone 
from the side, or immerse it in water, 
and the difference would become ob- 
vious. 

With the recent arrival of cubic 
zirconia‘?), however, the situation has 
changed drastically. Even the pro- 
fessional can no longer just glance at 
the stone and say: “yes, a diamond” 
or “no, an imitation.’’ He has to take 
his loupe, examine the stone closely, 
and then his highly trained eye should 
give him the answer. Figure I is an 
attempt to show this close likeness 
between a $5000. diamond and a $50. 
cubic zirconia. 

Even though cubic zirconia has 
been available only for a short time, 
there have been many reports of 
jewelers being deceived by them. In 
several instances a “customer” viewing 
a batch of loose diamonds has success- 
fully substituted a cubic zirconia for 
one of the diamonds. There have also 
been jewelry items sold to jewelers in 
which just one or two of a number of 
diamonds in the setting were cubic 
zirconias; even ballerina settings have 
contained some cubic zirconias mixed 
in with the diamonds. 

In° most other gem materials, the 
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measurement of the refractive index is 
the test which will almost always give 
a unique answer. However, the better 
diamond imitations have a refractive 
index above the range of conventional 
refractometers, and other testing tech- 
niques are needed. 

Cubic zirconia is too recent to be 
found in the gem testing books, but 
textbooks, such as the Liddicoat‘*) 
and Anderson‘*) volumes, should be 
consulted for the conventional gemo- 
logical tests discussed below. 

This article reviews the different 
properties of diamond and examines 
how some of these can be used for 
identification. Recent new approaches 
to this problem will be discussed, 
including the reflectometers, the con- 
tact angle and wetting tests, and the 
thermal conductivity probe. Although 
the distinction between diamond and 
cubic zirconia is the most difficult 
problem, other imitations such as 


YAG, GGG, strontium titanate, rutile, 
and zircon will also be briefly covered. 

Of utmost value to the trained eye 
is the appearance of the facets, edges, 
and the girdle: with its supreme hard- 
ness, diamond yields extremely flat 
facets meeting at razor-sharp edges. 
Such perfection is almost unknown in 
the softer gem materials where dif- 
ferent faceting techniques are used and 
where much less care is taken in the 
shaping. To the expert, the bruted 
girdle of the diamond, sometimes 
“bearded” from too rapid bruting, is 
quite characteristic. The presence of 
“naturals” on or close to the girdle, 
these being portions of the original 
diamond faces and frequently showing 
“trigon” growth or solution features, 
are diagnostic for diamond. Note, 
however, that an unpolished facet re- 
cently seen next to the girdle of a 
cubic zirconia looked just like a 
“natural” at a quick glance. 


Figure 1. Which is the $5000. diamond and which the $50. cubic zirconia? If you just guess, 
you have a 50:50 chance of hitting it right. If you think you can see a real difference, it 
probably lies in the problem of photographig and reproducing in color such gemstones. (The 
answer is given at the end of the article). Courtesy of A. Israel Diamond, Inc., and MSB 


Industries, both of New York City). 
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The adamantine luster is shared by 
diamond, cubic zirconia, strontium 
titanate, and rutile. The “fire” from 
the dispersion is shared by diamond 
with cubic zirconia and zircon; stron- 
tium titanate and rutile are excessive 
in this respect and therefore easily 
spotted. Strong birefringence shown 
by apparent doubling of the back or 
side facets is present in rutile, is 
weaker in zircon, and any material can 
have some weak strain birefringence 
(anomalous double refraction). 

Observing the apparent loss of bril- 
liance when the gem is viewed from 
the side or immersed in water or a 
higher refractive index liquid will 
reveal the lower refractive index 
materials such as zircon, YAG, and 
GGG. 

Characteristic inclusions seen under 
magnification can be diagnostic, but 
only to the knowledgeable; in clean 
stones this is, of course, not very 
helpful! 


C. Optical and Related Characteristics 

None of the convincing diamond 
imitations has a refractive index lower 
than 1.81, and therefore cannot be 
measured on the conventional refrac- 
tometers. This also eliminates the 
possibility of a measurement of the 
birefringence which was discussed in 
the previous section, and the dis- 
persion is never easily measured. Pleo- 
chroism does not occur in these color- 
less materials. There is always the 
technique of measuring the actual 
depth of a stone and dividing it by the 
apparent depth, as read on a scale 
attached to a microscope, to obtain 
the refractive index, but this is a 
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difficult test to perform accurately, 
particularly in a mounted stone, and 
does not give satisfactory values on 
small stones. 

The recently developed  reflect- 
ometers indirectly evaluate the refrac- 
tive index by measuring the amount of 
light reflected from the polished sur- 
face. Several instruments have been 
placed on the market in recent years, 
including the Gemeter'*) the Gemeter 
‘75'°) (made by Sarasota Instrument, 
Inc., Sarasota, FL); the Jeweler’s 
Eye”), Lustermeter(®-1%, and Dia- 
mond Eye?) (Hanneman Lapidary 
Specialities, Castro Valley, CA); and 
the Martin Gem Analyser'*?) (Martin 
Precision Instrument Inc., Saratoga, 
CA). All appear to use a battery 
powered semi-conductor light-emitting 
diode operating in the infrared. These 
are very stable devices, and the use of 
the infrared permits an improved dis- 
tinction of diamond from the imita- 
tions, since the refractive index 
variation with the wavelength of light 
is different in different materials. 
Full descriptions may be found in the 
cited references, particularly reference 
7. 

There are some limitations to these 
reflectometer type instruments. The 
surface must be flat, clean and free of 
imperfection. Several readings must be 
taken in different spots on the gem, 
since scratches will give low readings, 
and internal reflections can give high 
readings. Although satisfactory for the 
main stone protruding from a setting, 
other stones (or even the main stone if 
it does not protrude) cannot be 
measured. Curiously enough, a 
modification employing a narrow ele- 
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vated tube for the positioning of the 
stone could avoid much of this limita- 
tion, but none of the reflectometer 
instruments have such a feature. 

The spectroscope can identify the 
cape series of diamonds (the yellow 
and darker tinted stones), but this is a 
very limited test. The exceptional 
transparency of diamond to X-rays is 
diagnostic but similarly not of general 
utility. Fluorescence, whether stimu- 
lated by ultraviolet, X-rays, etc., can 
be of value in the hands of an expert, 
but most materials can be so variable 
in their reaction that this is of little 
value by itself. An exception occurs 
with those diamond stones giving a 
strong blue fluorescence under long 
wave ultraviolet light if they also give a 
yellow phosphorescence (afterglow) 
when removed from the excitation; 
this appears to be diagnostic. 


D. Mechanical Properties 
and Related Tests 


No other material even approaches 
the hardness of diamond, and this 
certainly provides a unique test. How- 
ever, it cannot be generally recom- 
mended since there are dangers. In one 
form of testing, a tungsten carbide 
point is applied to the stone. If it turns 
out to be not a diamond, the stone 
may be disfigured; even a diamond 
may, however, be damaged if a hidden 
weakness, a strained region at a cleav- 
age plane, or an area close to a thin 
girdle is handled too carelessly. Alterna- 
tively, the girdle can be applied to a 
piece of sapphire to see if it will 
scratch it. Either of these or related 
tests should only be used by an experi- 
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enced tester and with the recognition 
of the risk involved. 

The density (specific gravity) gives 
a very satisfactory distinction if a 
loose stone is involved; indeed merely 
hefting in the hand will readily sepa- 
rate a diamond from a cubic zirconia 
of similar size. With a set stone this 
test is, unfortunately, not applicable. 
The determination of structure by 
X-ray diffraction is a test that is not 
very practical. The characteristic 
octahedral cleavage of diamond can be 
seen in the rough material, but only 
rarely in the faceted stone. 

The electrical conductivity is diag- 
nostic only for the rare and valuable 
blue type 2b diamonds. 

The fact that diamond is not 
wetted by water but preferentially 
attaches itself to grease is well known 
and is used in its separation from rock 
on the “grease tables” in South 
African diamond mines. In a recent 
report by Nassau and Schonhorn'??) 
an account has been given of how this 
can give a satisfactory distinction be- 
tween diamond and its major imita- 
tions which are even less easily wetted! 
Here again, some experience and, in 
particular, a meticulous cleanliness and 
measurement technique are necessary. 
As described there?), an adherent 
film left by irradition can give erron- 
eous measurement, but can be re- 
moved by a mild abrasive (see below). 

In previous attempts to use such a 
wetting test by Tjwan'???) and Hanne- 
man‘**) | Jack of an adequate cleaning 
technique appears to have produced 
haphazard results and conclusion that 
cannot be accepted as valid‘??). 

More recently, an “ink test” seems 
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Figure 2. Drawing of an ink test on Diamond (left) and Cubic Zirconia (right). 


to have arisen almost spontaneously in 
the diamond industry. The stone is 
cleaned (merely wiping with a clean 
cloth appears to be adequate), and a 
spot of ink from the right type of 
felt-tip pen or marker is applied on the 
surface of the gemstone. Under these 
conditions the ink wets the diamond 
and forms a spot with smooth edges; 
on cubic zirconia and the other major 
imitations the ink does not wet but 
beads up and withdraws from much of 
the area covered with ink as does 
water on a greasy surface, as shown in 
Figure 2. The spot must be examined 
before the ink dries up. 

A survey by the author of a number 
of felt tip pens showed that the 
response is variable, presumably de- 
pendent on the specific nature of the 
chemicals used in the ink formulation. 
Interestingly enough, manufacturers 
who market several different pens and 
markers each, such as Sanford and 
Esterbrook, appear to use different 
formulations in their different lines, as 
shown by the results of Table 1. The 
results of Table I can be used as a 
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guide for choosing a pen but any 
specific pen should still be checked 
before use, since the ink formulation 
could always have been changed by 
the manufacturer in the meantime. 

Unfortunately, the validity of this 
test has already been compromised, 
since some cubic zirconias have been 
reported by Crowningshield“*®) to 
have been coated so as to give the 
diamond response to the ink test. It 
has been found, however, that a light 
rubbing with a mild abrasive will re- 
move such a coating or an irradiation- 
induced coating (see Appendix), and a 
set of a special ink pen together with 
an abrasive is being marketed by the 
Gem Instruments Corp., as listed in 
Table 1. 

Lastly, there is the use of the 
uniquely large room-temperature 
thermal conductivity of diamond. This 
is much larger than that of any dia- 
mond imitation, and the Ceres Dia- 
mond probe (manufactured by the 
Ceres Corp., of Waltham, MA) is 
scheduled for marketing by the end of 
1978. (Figure 3) 
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Figure 3. A brooch containing 39 diamonds being tested with the Ceres Diamond Probe. All 
stones, down to 0.03 carats in size, were checked out in fess than three minutes. 


TABLE 1. 
PENS TRIED FOR DISTINGUISHING DIAMOND FROM 
CUBIC ZIRCONIA AND OTHER IMITATIONS 


A. Specially manufactured for the 
purpose: 
GEM Diamond Pen (Gem Instru- 
ment Corp., Santa Monica, CA; 
includes an abrasive for removing 
coatings.) 

B. Suitable 
(Diamond is wetted) 
Banana (Bic) 
Feltwriter (Esterbrook) 
Liquid Crayon (Magic Marker) 
Pilot 
Scripto 
Skinny Tip (Magic Marker) 
Vis-a‘-Vis (Sanford) 
Wearever 
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C. Not Suitable 


(Diamond and Cubic Zirconia are 
both wetted) 

E| Marko (Flair) 

Lab Pen (Nalgene) 

Marker De Luxe (Sanford) 
Sharpie (Sanford) 

Vega (Farber-Castell) 

Vu Thru (Esterbrook) 


. Not Suitable 


(Neither Diamond nor Cubic 
Zirconia is wetted) 
Expresso (Sanford) 


. Not Suitable 


(Dries too rapidly) 
Liquid Tip (Blaisdell) 
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The point of a pen-like probe is 
applied to a stone and the deflection 
of a meter needle and a flashing light 
gives a reading in two to three seconds. 
The brooch shown being tested in 
Figure 3 contains 39 diamonds rang- 
ing down to about 3-pointers (three 
hundredth of a carat), and all 39 
stones were checked (and found 
genuine) in less than three minutes. 
With its slender probe point, the 
nature of the mounting does not inter- 
fere, as it can with the reflectometers, 
and surface coatings do not appear to 
affect the reading. 

An interesting low priced version of 
this test is the “breath test.” If one 
breathes on a diamond and an imita- 
tion of about the same size, so that a 
little moisture from the diamond will 
evaporate much more rapidly than 
from the imitation, again because of 
its much larger thermal conductivity. 
Obviously some practice is advised, 
and surface coating can have a sig- 
nificant effect on this test. 


E. Summary 

With a loose stone, the high density 
is a give-away for cubic zirconia. The 
major stone in a mounting, if it pro- 
trudes from the setting, can be 
checked on a reflectometer type 
instrument such as the “Diamond 
Eye.” All stones can be checked 
rapidly and precisely by a thermal 
conductivity probe instrument such as 
the “Ceres Diamond Probe.” In the 
absence of these instruments, an ink 
wetting test and the “breath” test can 
be tried, but coatings could con- 
ceivably interfere. 
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A doublet consisting of a thin 
natural diamond top and a cubic zir- 
conia base would, of course, pass as a 
diamond by any test which is applied 
only to the diamond table facet of 
such a stone. Examination by the 
trained eye, looking for general fea- 
tures as well as characteristic defects, 
“naturals” on the girdle, etc., could of 
course identify such a stone and is a 
necessary part of any gemological 
examination. 


NOTE: In Figure 1, the diamond 
(with a dagger-shaped re- 


flection) is at the left. 
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Transparent Bluish-Green Kornerupine 
From East Africa (Kenya and Tanzania) 


ByDR. KARL SCHMETZER 
University of Heidelberg, Heidelberg, West Germany 
DR. JOACHIM OTTEMANN 
University of Heidelberg, Heidelberg, West Germany 
PROF. DR. HERMANN BANK , 
Idar-Oberstein, West Germany 


DR. HORST KRUPP 


Heidelberg, West Germany 


Since 1972 bluish-green and blue 
kornerupines (Bank & Berdesinski 
1974, 1975; Webster 1974) from 
Kenya and Tanzania have arrived at 
gemological laboratories. 

. These stones are distinctly different 
in their optical features from the green 
komerupine crystals from the Kwale 


which are described here are mainly 
cut stones which could be partly 
detected in lots of other minerals 
(green tourmalines or green garnets). 
Partly they had been offered as single 
stones under other names (e.g. silli- 
manite). 

In the last few months, we have 


District, Kenya (Schmetzer et al. been able to obtain bigger lots of 
1974; Girgis et al. 1976). The samples rough cuttable material of these 
TABLE 1: 


PLEOCHROISM OF KORNERUPINE FROM DIFFERENT LOCALITIES. 


Ceylon and | Kwale District] Kenya and Tanzania, various localities some- 


reddish purple bluish grey 


what different due to contents of trace elements 


emerald green emerald green 


reddish purple 
Y and Z show only 


small differences 


Madagascar Kenya 
x yellowish-| intensively 
brown green 
Y brown slightly green| bluish grey 
Z green greenish- 
| yellow 
118 


GEMS & GEMOLOGY 


bluish-green kornerupines for investi- 
gations. Therefore, we will publish 
here some of our results though we 
have not yet been able to compre- 
hensively clarify the especially inter- 
esting correlation between their crystal 
chemistry and colour. 

The kornerupines mentioned above 
differ especially in their expressive 
pleochroism (Table 1} from those of 
the Kwale District, Kenya, and also 
from the brown-green crystals of the 
historic occurrences in Ceylon and 
Madagascar. They show, on observa- 
tion in polarized light paralle] to the 
crystallographic c-axis, an intense 
emerald-green colour. 

Perpendicular to the c-axis, there 
can be seen a slightly weaker blue 
colour which may differ from crystal 
to crystal (sometimes more reddish- 
purple, sometimes more bluish-grey). 
The color itself varies in natural, un- 
polarized light in various stones from 
green over bluish-green to blue and 


colours along the detections of X, Y 
and Z (colours parallel to the crystallo- 
graphic axis a, b, and c of the ortho- 
rhombic mineral kornerupine) and 
eventually a mixture of these three 
colours appears on viewing at any 
angle other than these directions. A 
similar pleochroism is present for dif- 
ferent colours of all varieties of 
optically anisotropic minerals but only 
in very few minerals are they dis- 
tinctive. It has been described by 
Résch 1971) for blue zoisite as an 
example. 

Though polarized absorption 
spectra of the kornerupine crystals 
from Kenya and Tanzania could not 
yet be interpreted in detail, it can be 
stated with certainty, as result of 
chemical and spectroscopical investiga- 
tions, that the colour is caused by 
traces of the elements iron, chromium 
and vanadium (Table 2). In the case of 
blue samples, it was possible to deter- 
mine distinctive contents of Cr.O3 


purple. This colour corresponds to the analytically, whereas chromium-free 
TABLE 2: 
CHEMICAL ANALYSIS OF KORNERUPINE (ELECTRON PROBE ANALYSIS). 
Locality Colour Fe Cr V 
Madagascar 0.83 0.02 0.01 
Ceyton brownish-green 3.82 0.02 
Burma 1.05 0.02 0.01 
Kwale District, Kenya green 0.03 0.03 0.15 
Kenya and green 0.08 % 0.04 
Tanzania, green 0.05 0.04 0.17 
Various localities bluish-green 0.14 0.06 0.07 
blue 0.11 0.10 0.02 
blue 0.18 0.39 0.53 
* = not detected ~* 
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kornerupines and samples with little 
chromium and much vanadium 
showed green colour shades in varying 
intensity. Chromium will possibly be 
present as Cr°* in the Mg-Al-silicate 
kornerupine whereas the valency 
states of iron (Fe** and/or Fe?*) and 
vanadium (V?* and/or V**) could not 
yet be determined. The lattice posi- 
tions of these ions, which theoretically 
may occupy five different lattice 
points in the crystal structure. of 
kornerupine, could not yet be deter- 
mined. 

The refractive indices of the op- 
tically biaxial negative kornerupine 
crystals vary for the various deter- 
mined samples within narrow limits. 

Due to the small optical angles, ny 
and n, do not show a big difference. 


ny 1.662 - 1.663 
ny 1.673 - 1.674 
n, 1.674 - 1.675 
noe” errr 

ny -ny, 0.012 - 0.013 


Until now, we have only been able 
to recognize that the kornerupine 
crystals come from occurrences in 
Kenya (District of Namanga) and Tan- 
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zania (Southern part of the Usambara 
Mountains or Daluni in the Umba 
Region). Most probably, there will be 
discovered more localities of blue 
kornerupines in Eastern Africa. 

We thank Professor Dr. E. Gtbelin, 
Lucerne, Switzerland, and Mr. H.W. 
Lorenz, Idar-Oberstein, West Ger- 
many, for giving research material 
from Ceylon, Madagascar and Burma 
from their collections. 
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Bluish-Green Zoisite 
From Merelani, Tanzania 


by 


DR. KARL SCHMETZER 
University of Heidelberg 
Heidelberg, West Germany 
and 
PROF. DR. HERMANN BANK 
Idar-Oberstein, West Germany 


Since the first publication on the 
blue variety of zoisite, called tan- 
zanite, from Merelani, Tanzania (Bank 
et al. 1967), this mineral has become 
an important gemstone. The colour is 
caused by traces of vanadium, re- 
placing Al?* in the crystal structure of 
zoisite (Hurlbut 1969), The absorption 
spectra of this blue zoisite has led 
various working teams to different 
interpretations of the absorption 
bands (Faye & Nickel 1971; Tsang & 
Ghose 1971). Most probably, the 
Al? *-positions are occupied by tri- and 
tetra-valent vanadium ions (Schmetzer 
1978). The colour change of the 
zoisite crystals from Merelani through 
heat treatment to approximately 
500°C is caused by the disappearance 
of an absorption band in the blue part 
of the visible spectrum (at 22,000 
em’). The following scheme of pleo- 
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chroism before and after heat treat- 
ment is given: 


crystals before heating 


x a reddish-purple 
Y b blue 
Z c yellowish-brown 


crystals after heating 


x a reddish-purple 
Ny, b blue 
Z c blue 


Green zoisite from Longido in Tan- 
zania, which is coloured by Cr?*, was 
first reported by Game (1954). The 
absorption bands in its spectrum are 
attributed to Cr?* -ions, which have 
been already described for vanadium, 
and are located on Al?* -positions in 
the zoisite lattice (Schmetzer & Ber- 
desinski 1978). 
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Some time ago, one of the authors 
discovered in rough Zoisite crystals 
from Merelani numerous bluish-green 
stones, showing a pleochroism differ- 
ing from that of pure blue zoisite. 
When heated up to 500°C, these 
stones also changed their colour. The 
pleochroism of heat treated and non- 
heat treated stones of this bluish-green 
type is mentioned in the following 
scheme: r 

crystals before heating 


reddish-purple 
Y b bluish-green 
greenish-yellow 


crystals after heating 


x a reddish-purple 
V4 b blue 
Z G bluish-green 


The optical and crystallographic 
values of the bluish-green zoisites do 
not differ from the respective para- 
meters of the blue zoisites. The 
absorption spectra of the bluish-green 
varieties show all bands of the 
vanadium-bearing blue crystals from 
Merelani and those of the chromium- 
bearing zoisites from Longido. Micro- 
probe analysis confirms the spectro- 
scopic investigation: the bluish-green 


¢ 
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crystals contain nearly equal contents 
of vanadium and chromium (0.06% V, 
0.07% Cr), whereas, the iron contents 
of bluish-green and blue zoisite from 
Merelani remain very low (0.001% Fe). 

The bluish-green zoisite from 
Merelani must be regarded'as coloured 
by both vanadium and chromium. We 
regret that we could not find out in 
which part of Merelani deposit these 
bluish-green crystals occur. Therefore, 
there is no possibility to discuss the 
genesis. 
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GEMOLOGICAL NOTES 


By PROF. DR. HERMANN BANK 
Idar-Oberstein, West Germany 


Blue Gem Hailyne 


Hatiyne has been found in abso- 
lutely clear blue, rather large pieces in 
the Eifel mountains in Germany, in 
lava flows of basalts. About 20 years 
ago, the author collected one trans- 
lucent piece in the Trachy-Basalt 
quarry of F.X. Michels in Nieder- 
mendig near Koblenz. 

Now there have been about 50 
pieces available showing the following 
properties: (Bank 1977) 


R.I. average 1.496 
varying from 1.490 - 1.500 
Haiyne is chemically 
(Na, Ca), (S0,),..A1,Si,054 
and crystallizes in the isometric 
system. It got its name by Brunn & 
Neergard 1807 after the abbé Haily. 
Troeger et al. 


Reported R.I.’sofupto 1.508 
S.G. = 2.45 
Hardness 5 to 6 


Webster (1975) mentions orange- 
red luminescence under long wave 
ultra-violet light. 
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An X-ray powder diagram con- 
firmed the material as Haiiyne. 

The stones go up to the weight of 3 
ct. per piece. 


Demantoid Garnet 
From Korea 


Demantoid belongs to the andra- 

dite garnets: 

Ca, Fe,(SiO,), 
(1868 named by Dana/Nordenskjold 
1878) and owes its colour to Cr. 

The finest demantoids are known 
from the Ural Mountains in Russia and 
there have also been found demantoid 
garnets in Italy in the Fassa Valley. 

New stones are now reported from 
Korea. 

(green DIN - card 6164 1: 5: 3). 

They form idiomorphous crystals 
with the Deltoid — Icositetrahedron as 
the common crystallographic form. 

The crystal lattice was determined 
using the Debye-Scherrer X-ray 
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powder diagram method (Camera 
114.8mm., Fe Ka 
ag = 12.0587 + 0.0002 A) 

The Refractive Index was deter- 
mined with the minimum deviation 
method for 

Np (589 nm) = 1.8889. 
The Specific Gravity was measured 


3.82 + 0.002. 
The chemical analysis: 
SiO 36.56% 
AlzO3 0.12% : 
Cr203 0.06% 
Fe,03 30.34% 
CaO 33.93% Microprobe 
ARL- EMX 
MgO 0.05% 
MnO 0.03% 
101.09% 


Absorption spectra with LEITZ- 
Unicam SP 800 show maxima at 
16200 cm’ and 22800 cm”, which 
‘cause the yellow-green colour. Am- 
thaur et al. have found the same bands 
in andradites from Val Malenco and 
think that they belong to Cr?*. This 
would apply to the analysis by micro- 
probe of the Korean stones with the 
Cr203 contents of 0.06%. 

According to the nomenclature, 
such andradites may be called deman- 
toids. 


Blue to Red Colour 
Changing Garnet 
From East Africa 


In the last years, East Africa has 
become a supplier of rare minerals and 
unusual colours and varieties of old 
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known and common minerals. 

Thus, it was not entirely unex- 
pected when a rare colour change 
garnet turned up. In 1970, Crowning- 
shield, of the Gemological Institute of , 
America, had already described a “rare ( 
alexandrite garnet” from Tanzania, of 
1.70 cts. with a refractive index of 
1.765 and a specific gravity of 3.88. 

The semi-quantitative analysis gave: 


SiO, 38.35% 
AlsO3 26.25% 
MnO 16.73% 
CroO3 0.54% 
Vo05 0.324% 


Further Elements: Ti, Cu and Ni. 

Therefore, it was no new variety of 
garnet, but a mixture of pyrope and 
spessartite. 

Inclusions similar to fingerprints 
were present, and noted. 

In 1975, a similar garnet was des- 
cribed by Jobbins et al. Again, it was a 
loose stone with a definite colour 
change, blue to red. 

RI. 1.757 
S.G. 3.84 

The absorption spectra indicated 
spessartite, the R.I., pyrope. An X-ray 
diagram which showed an elementary 
lattice unit of ag = 11.578A proved 
the result: Garnet, rich in spessartite. 

An analysis of the elements resulted 
in Si, Al, Mn, Mg, Ca and Vanadium. 
Chromium was not detected. 

During the International Gemo- 
logical Conference in Den Haag (1977) 
the author studied a 3.10 carat stone 
which had been offered as a spinel and 
in which a distinct colour change from 
blue to red was visible, an R.I. of 
1.764, together with the density of 
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3.88, showed that it could not be a 
spinel. 

A X-ray powder diagram confirmed 
that it was really a garnet with the 
ag = 11.568A. 


Further investigations showed: 


Cr,0, 0.5% 
Va0- Gar 
MnO 22.0% 


The occurrence is also East Africa. 
At the same time, the author inves- 
tigated a green-blue to red colour 
changing stone of 1.87 carats, which 
had been offered as an alexandrite. 


The isotropic material furnished an 
R.I. of 1.778 and a specific gravity of 
3.89. 

A Debye-Scherrer powder diagram 
showed that it was a garnet, close to 
spessartite: 


ag = 11.654 A 
Trace elements are: 
C1205 1% and an extraor- 
dinary contents of 
Vo205 2% and 
MnO 22% 


The stone came from Sri Lanka. 
The mine is said to be 20 km. NE of 
Ratnapura. 


Two Interesting Treated Diamonds 


By DR. JOSE DELLA SALA and RICARDO TUCCILO 
Gemologists of the Buenos Aires City Bank 
Buenos Aires, Argentina 


Recently, through the Gem Identi- 
fication and Appraisal facilities of the 
Buenos Aires City Bank were admitted 
two brilliant-cut colored diamonds for 
color origin determination. ~ 

One of the diamonds weighed 1.16 
cts. and the other one 3.02 cts. No 
internal imperfections were observed 
under 10X magnification. Their color 
was a dark tourmaline-like yellowish 
green and the smallest stone was 
lighter in color than the larger one. 
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Neither diamond was fluorescent to 
long or short-wave ultraviolet light but 
they showed a bluish white X-Ray 
fluorescence without any visible phos- 
phorescence. 

As they were suspected to be arti- 
ficially colored diamonds, a detailed 
examination was performed with the 
Gemolite searching for the “umbrella” 
effect commonly observed as a conse- 
quence of the modern cyclotron color 
treatments. The results were negative. 
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Fig. 1: Autoradiograph of the 1.16 carat 
radium treated diamond after 72 hours film 
exposure. 


Next, the absorption spectrum was 
studied and this showed no lines char- 
acteristic of treated diamonds. 

A zinc bisulfide screen test was also 
carried out and did not show any 
sparkling effect. 

Next, a radiographic-plate test was 
carried out by placing each diamond in 
contact with an unexposed film in a 
light-tight paper holder. After a 
seventy-two hour exposure, the 
smallest brilliant left a spotted octa- 
gonal‘shaped photographic impression 
(see photograph #1) delineating the 
table outline. The largest diamond left 
a less defined but strong impression 
after mninety-four hours exposure, 
showing a stronger residual radio- 
activity (see photograph #2). 

Under magnification, the diamonds 
did not show the flat, disclike, brown 
spots characteristic of the Radium- 
diamonds. 
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Fig. 2: Autoradiograph of the 3.02 carat 
radium treated diamond after 94 hours film 
exposure. 


Finally, a qualitative verification of 
the water contact angle (Gems & 
Gemology, Winter 1977/78) was 
carried out. This led to quite lower 
values than the contact angles for non- 
treated diamonds. However, the test is 
not conclusive because no way was 
available to accurately measure the 
contact angle and then compare it to 
an untreated diamond as a standard. 

The tests performed certified they 
both were artificially colored Radium- 
treated diamonds. Radium treated dia- 
monds are now quite rare on the 
diamond market and these made an 
interesting study. 

The authors wish to thank the 
Buenos Aires City Bank for the facili- 
ties given to make this work possible 
and the permission to publish the 
results. 
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BEANS ABOUT CARATS, “A Guide 
for the Serious Salesperson”’ by Rick 
Thomas. 

Published by GEM PUBLICATIONS, 
Logan, Utah. 

Illustrations by the author in black 
and white. 165 pages. Paper bound. 


At age 23 the author has condensed 
some inspirational sales techniques set 
forth by well known authorities and 
sales courses into this easy-to-read 
book. He has added interesting per- 
sonal experiences and oriented the 
entire text toward jewelry sales people 
as he exhorts them to “work smarter.” 

He is very open with hi$ readers and 
shares with them his successes. large 
and small, and with humility, his 
failures and shortcomings as well. His 
insight as to the thinking process of 
prospective customers in their last 
stand before the persuasion of the 
salesperson reflects much _ original 
thought and practice in the technique 
of closing a sale. 


WINTER 1978-1979 


For one who entered the jewelry 
business with some misgivings after 
completing high school, it reveals 
fresh, stimulating thoughts of a very 
young man who has already come a 
long, hard way. ? 

The work should not be considered 
a text book. The reader must overlook 
numerous errors in grammar and spell- 
ing, considering only the thoughts of 
the author. The famous industrialist of 
Carnegie, United States Steel Corpora- 
tion, and Bethlehem Steel, for ex- 
ample, was Charles Schwab, not 
Charles Schaub. 

Rick has taken the liberty of insert- 
ing frequent mention of other publica- 
tions and services that he has or 
expects to provide which might have 
been more tactfully promoted else- 
where. 

The book is easy to read with large 
type printed on quality paper. One 
extra sale derived from an idea pre- 
sented in the book would be worth 
much more than its cost. 

J. Burton Streeter 
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GEMOLOGICAL INSTITUTE OF AMERICA 
1660 Stewart Street 
Santa Monica, California 90404 


SUBJECT MATTER: Articles that 
pertain directly to Gemology or other 
closely related subjects written by 
qualified individuals are acceptable. 
Contributions from writers are sought 
that show gemological research ex- 
tending further than merely rewriting 
the material contained in reference 
books, and gemological journals. 

Pertinent short articles, current 
news on gemological developments 
and discoveries, or terse reports of 
scientific research along gemological 
lines are used in the gemological notes 
column. 

LENGTH OF ARTICLES: Feature 
articles should consist of from 1,500 
to 10,000 words (this represents 
approximately two to sixteen printed 
pages in GEMS & GEMOLOGY.) 
Longer articles, if of sufficient inter- 
est, will be accepted. 

Short articles for gemological notes 
usually consist of from 250 to 1,000 
words. 

RATE OF PAY: Payment of $25 
per printed page is made for accepted 
feature articles, when published. 

DEADLINES for _ publication: 
GEMS & GEMOLOGY, a quarterly, is 
published in the SPRING, SUMMER, 
FALL and WINTER. Deadlines for 
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material are January 15, April 15, July 
15,‘and October 15. 

NOTE: ft is suggested that the 
Editor or Associate Editor be con- 
tacted concerning the subject matter 
before an article is written for GEMS 
& GEMOLOGY. The Editor and 
Associate Editor reserve the right to 
make necessary changes without the 
author’s express approval. If approval 
is requested by the author, a copy of 
the edited manuscript will be fur- 
nished. 

If the article submitted has been 
released to other publications for cur- 
rent or future use, or if it has been 
used previously, mention should be 
made of this when the article is sub- 
mitted for consideration of publica- 
tion. 

Fifty reprints will be made available 
to authors of feature articles, if the 
publications department is notified 
prior to printing date. 
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Fire Agates of Deer Creek 


By JAMES L. SWEANEY, G.G. 
Gemological Institute of America 
Santa Monica, California 


With photographs by Michael R. Havstad, Gem Media 


Mention the word “agate” and 
many people think of heach pebbles, 
rock hounds, or a child’s polished 
marbles. Indeed, for centuries agate 
has been the do-it-yourself gemstone, 
commonly available, easily worked, 
and universally attractive. The earliest 
shamans probably carried talismans of 
agate in their “magic” bags, and since 
that time, men have used agate and 
other yarieties of chalcedony for amu- 
lets, engraved seals, carvings, and gem- 
stones. Notably, in recent times, 
Faberge often set the humble agate 
into objets d’art for kings and prin- 
cesses. The great Lalique chose from 
the chalcedonies for components in his 
visions of l'art nouveau. Seen against 
this background of time and tradition, 
the emergence of a totally new variety 
of chalcedony is truly exciting. 

The fire agate, discovered little 
more than thirty years ago, is one of a 
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growing number of new gems of the 
twentieth century. [ts brilliant and 
varied iridescent hues and unique 
forms are especially appealing in a 
world increasingly dominated by mass 
production. This article will examine 
the occurrence of the fire agates found 
at Deer Creek, a notable locale in 
southeastern Arizona. We will look at 
the history of the area, the current 
mining operations, and the mode of 
occurrence and formation of these 
stones. Basic fashioning techniques 
and an approach to choosing good 
stones will be discussed. Several par- 
ticularly fine gems will be shown. 


History and Location of Deer Creek 

The time and location of the orig- 
inal discovery of fire agate is open to 
some question. In a search of the 
literature, one article seems to have 
been taken at face value as the first 
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recorded discovery of fire agate. 
According to J.W. Baker, the discovery 
of fire agate took place in the fall of 
1945 or spring of 1946 in southeastern 
California near the Arizona border at 
Wiley Well, also known as Coon Hol- 
low. The account of this discovery, 
given in the article “Fire Agate of 
California,” is referred to by several 
authors. 

There is evidence, however, that 
this may not be the first discovery. 
The time of discovery of the Deer 
Creek fields is in some doubt. Canton 
(1974) states that this area has been 
known since about 1964. In contradic- 
tion to this, Warren Hughes, one of the 
old-timers at Deer Creek, refers to fire 
agate as being known in the late 
1930’s. Furthermore, one of the 
miners at Deer Creek stated that this 
area was producing agate by the late 
1940’s, and referred to an earlier 
discovery at the Day Ranch, near the 
Duncan and Bowie locations. Knowing 
the caginess of some rock hounds, it 
would not be too hard to imagine that 
whoever first stumbled onto the fire 
agate might have kept the discovery to 
themselves. It seems clear that al- 
though the discovery described by 
Baker stands as the earliest docu- 
mented occurrence, there is reason to 
believe that earlier discoveries may 
have taken place. Whatever the original 
discovery, the fire agate has since been 
found to be indigenous to the Sonoran 
Desert of Arizona, California, and 
northern Mexico, and to the Central 
Basin of Mexico. 


Located about forty miles west of 
Safford, Arizona, the Deer Creek agate 
beds lie high on the north slopes of the 
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Galiuros Mountains at an elevation of 
about 5500 feet. The area is remote, 
about ten miles from the nearest 
settlement. Access is limited to a crude 
single lane dirt road which is impass- 
able during periods of bad weather. 
The area is snowbound in winter 
months, and quite hot during the 
summer. The beds occupy approxi- 
mately 720 acres in Section 12, T9S, 
R20E, and Section 7, T9S, R21E, 
G&S, according to Canton (1974). 
More recently, claims staked in the 
spring of 1976 on lands administered 
by the Bureau of Land Management 
have been developed into the One 
Track Mine. The author made a field 
trip to the area in the spring of 1978, 
and was able to examine several of the 
local mines. Rough material and speci- 
mens shown in this article were per- 
sonally collected at the One Track 
Mine. 

It should be emphasized that the 
Deer Creek agate fields are not open to 
the public. Unauthorized visitors will 
likely be met with suspicion or even 
outright hostility, since poaching has 
been and will continue to be a prob- 
lem for the miners. Persons wishing to 
visit the area should get permission 
from the lessees. 

Mining Methods 

At Deer Creek, five claim groups 
are currently being mined by open pit 
methods. At several of the earlier 
mines, now deep pits, the miners have 
encountered severe drainage problems. 
The mines fill up, becoming ponds for 
much of the year. The One Track is 
the most active mine at present, and is 
represented by the lessees as one of 
the largest fire agate mines currently 
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producing in the U.S.A. 

The mining method is basic. The 
mine is on a sloping hillside, with a 
vertical rise of about twenty feet per 
one hundred feet of horizontal dis- 
tance. The miners remove the topsoil 
with earthmoving equipment to ex- 
pose the agate bearing country rock. 
At the bottom of the claim area, the 
first bench or step is begun by placing 
numerous drill holes, about five feet 
deep, along a fifteen-foot wide strip 
which follows the hillside for about 
fifty feet. A soft charge of dynamite 
loosens this strip, which is then care- 
fully picked through, often by hand, 
to expose the small pockets and crusts 
of agate. The likely looking pieces are 
set aside, and the remaining rubble is 
moved onto a dump area by a backhoe 
tractor. In this manner, the One Track 
has been terraced into steps which are 
about fifteen or twenty feet deep and 
five feet high. Four such benches were 
originally made and in evidence when 
this writer visited the mine. Since 
then, according to the miners, these 
benches have been cleared and 
widened so that the deepest part of 
the mine is twenty feet below the 
hillside, and the face extends one 
hundred feet along the hill. Plans are 
being made to expand the mine by 
approximately three times the current 
size. 


Mode or Occurrence and Formation 
The Deer Creek area shows evi- 
dence of relatively recent volcanic 
activity. Flows of basalt and rhyolite 
comprise the country rock, which is 
an agglomerate structure, showing evi- 
dence of considerable movement and 
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activity. The primary deposits of agate 
are found in the fine-grained rhyolite, 
in fissures, veins, and especially in 
cavities and pockets which range in 
size from one inch to two feet and 
more in diameter. 

Secondary deposits are indicated 
since the topsoil is rich with agates 
which have weathered out of their 
original implacement. The alluvial 
areas below the primary deposits may 
yield good material. Agate is found at 
surface and throughout the overlayer 
of topsoil, which varies from one to 
eight feet in depth. The material found 
in this region is likely to be struc- 
turally inferior to that mined at depth, 
since the weathering processes act on 
the iron oxides within the chalcedony, 
causing the material to come apart 
along the layers. Curiously, the miners 
at One Track report that stones from 
near surface often have the best fire! 

Samples collected from pockets at a 
depth of about two to five feet, which 
are typical of the agate found near 
surface, are shown in Fig. 1. Notice 
that the growth surfaces are iridescent. 
Fig. 2 shows a closeup of a.weathered 
agate from near surface. The effects of 
weathering can be seen in layers which 
have discolored and have begun to 
flake apart. 

The oldest and deepest mine at 
Deer Creek, the Van Dusen mine, is 
reported to have reached a depth of 
about forty feet. Whether these de- 
posits will continue deeper remains to 
be seen. Some of the Mexican mines 
are said to be producing at depths of 
eighty to one hundred feet. 

Ore from greater depths occurs in 
generally larger, more solid pieces, 
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Figure 1. Figure 2. 


es 


Figure 3. Figure 4, 


Figure 7, 
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usually overgrown by non-iridescent 
layers of clear chalcedony. Fig. 3 
shows a large piece with brown ‘iron- 
bearing chalcedony merging into color- 
less chalcedony, indicating a more 
continuous growth sequence. 

Several of the pockets excavated at 
a depth of about five feet yielded very 
interesting specimens with quartz 
crystals in close proximity to or 
growing directly on the chalcedony. 
(Figs. 4 and 5) The presence of over- 
growths of iridescent chalcedony coat- 
ing quartz crystals is shown in Fig. 6. 

Fig. 7 shows a cluster of divergent 
spikes of an unknown mineral which 
are being engulfed by a rising tide of 
chalcedony. In Fig. 8, the same cluster 
is seen in closeup. Note the clear 
chalcedony coating the thin spikes. 
The iridescent chalcedony to the right 
of the spikes shows a mammillary 
form, suggesting a similar growth se- 
quence carried further along. Fig. 9 
shows another formation, again with 
thin spikes of an unknown mineral, 
and thicker tapered formations of iri- 
descent chalcedony. These formations 
of iridescent spikes, known as sagenite, 
are quite rare and beautiful when 
fashioned. The curious features of 
overgrowth noted in these specimens 
indicates varied sequences of growth. 

These samples and others, collected 
at surface and at depth, show features 
which indicate hydrothermal forma- 
tion at low pressure and temperature. 
What follows is a possible scenario, 
based on direct observations and 
associated research, of the formation 
of these agates. 

Hot waters saturated with colloidal 
silica and iron oxide invaded cavities 
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and spaces in the country rock and 
began to cool. Chalcedony with iron 
oxide imparting brown color began to 
grow on any surface available.. These 
solutions had to be highly saturated 
for chalcedony to form, and growth 
could have been rather rapid. As the 
solutions lost silica through growth, 
too much iron oxide remained in 
suspension, so periodic adjustments 
restabilized the solutions. When condi- 
tions were right, iron oxide precipi- 
tated onto the growth surface of the 
chalcedony, creating an extremely thin 
layer of very tiny regularly arranged 
crystals. Once restabilized, the solu- 
tion continued the growth of chal- 
cedony. The cycle repeated, creating 
regularly layered sediments of iron 
oxide, known as Schiller layers, within 
the chalcedony. These layers cause the 
brilliant interference colors we see as 
“fire.” The solutions were probably 
replenished periodically with silica, 
but at some point, the source of iron 
ran out. The chalcedony continued to 
grow, but was now colorless. 


Fashioning Techniques 

Cutting fire agate is challenging yet 
rewarding. Lapidaries who have 
worked fire agate know it is one of the 
most difficult gems to cut. The secret 
is in understanding how the layered 
structure and botryoidal form influ- 
ence the cutting technique. We have 
seen how extremely thin layers of 
iridescent iron oxide are deposited 
onto the growing surface of the chalce- 
dony bubbles, only to be covered, in 
turn, by a layer of chalcedony. The 
cutting process is essentially a reversal 
of this growth pattern. After careful 
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Figure 9. 


study to determine the structure, the 
lapidary carefully grinds away all the 
excess chalcedony, leaving only a thin 
clear window which exposes, yet pro- 
tects, the fire layer. By following the 
natural contours of the material, by 
“peeling the onion.” the cutter can 
create a gem with fire glistening from 
the entire surface. 

Several good articles describing 
methods for cutting fire agates are 
listed in the bibliography. Regardless 
of the method, the common denomi- 
nator is the need to follow the natural 
contours, carefully grinding away ex- 
cess chalcedony to expose the fire 
layers, What follows is a description of 
the basic cutting procedure used by 
the “One Track” group, which will be 
referred to as “contour cutting." 

First, the rough is carefully ex- 
amined in strong light, preferably sun- 
light, to see where the layers run and 
where any fire is obvious. This de- 
termines the orientation of the top of 
the stone, 

Next, the rough is trimmed of 
excess matrix and overgrowth by 
whatever means is most efficient 
(usually a combination of careful saw- 
ing and rough grinding). The back of 
the stone is often prepared at this 
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Figure 70. 


Figure Tf. 


stage, and if not much chalcedony 
covers the fire layers, the outline or 
perimeter of the stone may be estab- 
lished by grinding away all material 
with no evidence of fire. Grinding at 
this stage is done with medium coarse 
wheels, run wet to avoid overheating. 

The critical step now begins, The 
face of the stone is carefully con- 
toured, The stone is hand held to the 
edge or corner of a 220 grit wer 
grinding wheel, and gently carved 
along the contours. Patience and fre- 
quent checking in good light are neces- 
sary at this stage, since the fire layer is 
easily ruined by overheating or over- 
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grinding. When the fire is fully ex- 
posed, with just enough chalcedony 
left as a protective cover, any adjust- 
ments to the outline or back are ‘made, 
and the stone is ready for finishing. 
The “One Track” people use a tum- 
bling process at this point-to sand and 
polish. . Conventional sanding and 
polishing ‘or carving techniques may 
also be used to finish the stone. 

Acceptance and marketability of 
the fire agate has been significantly 
affected, in. ways both positive and 
negative, by the special cutting prob- 
lems. The obvious desirability of 
standardized shapes has led to many 
attempts to impose the standard cabo- 
chon shape on fire agate. A few such 
attempts succeed, but most end in 
disaster. Many stones, especially those 
from. the. United States, have only one 
good fire layer. If a layer is ground 
away in an effort to achieve a par- 
ticular shape, the fire is gone forever. 
A fair amount of the Mexican material 
has flatter and more numerous layers, 
and can be cut into excellent cabo- 
chons. 

The Mexican cutting of fire agates 
was, for a time, notoriously bad. 
Stones were excessively heavy on the 
bottom, and fire layers were ground 
away or indiscriminately oriented. To 
make matters worse, traders were 
forced to buy in lots, ending up with 
numerous poorly cut stones for every 
good one. Recent efforts to upgrade 
the Mexican cutting industry are be- 
ginning to bear fruit. The result is a 
more expensive, but eminently more 
desirable product. These excellent 
cabochons are usually buff top, and 
somewhat baroque in outline. 
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. Standard shapes and sizes are -gen- 
erally pot in the.cards for fire agate, 
and the skill necessary to do justice to 
the material is not easy to come by. 
Each stone is essentially custom cut, 


‘so the fashioning can be a major. factor 


in the price of godd stones. ‘It. is 
difficult, at present, to find well-cut 
stones: at a reasonable price and in 
good supply because of the time and 
effort involved in cutting. Recent ad- 
vances in cutting technology may 
remedy this problem. For Deer Creek 
agates, the contour cut is most often 
suitable. Fig. 10 shows an array of 
well-cut stones, mostly from Deer 
Creek. 

The unique shape and pattern of 
each stone is an important aspect of 
the character and charm of this 
material. The challenge of cutting such 
fine and colorful gems has created a 
devoted following among rockhounds 
for Deer Creek agates. Fine fire agates 
are especially popular with jewelers 
and goldsmiths who specialize in 
custom jewelry, and with collectors of 
the. unusual. The domain of the fire 
agate has been, and probably will 
continue to be, with those who value 
the one-of-a-kind. 


Choosing Good Stones 

The questions most often asked 
about gems are: “What is it?,” “How 
good is it?,” “How much is it worth?.” 
Indeed, selecting good gemstones is 
perhaps the most crucial step the 
jeweler must take. Professional gem 
traders must know the answers to 
these questions before they can buy 
and sell effectively. 

The situation with fire agate is 
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reminiscent of what happened with 


black opal. In the early days at the’ 


fabulous Lightning Ridge opal fields, 
the miners knew they were on to 
something very special, but the buyers 
were puzzled by these now famous 
black opals. The stones were so new, 
so different from any opal previously 
mined, that few dealers were willing to 
pay anything but the lowest price. 

. Later,'as people learned to appreci- 
ate the unique beauty of these gems, 
they became valued more than all 
other opals. Like the black opal, the 
fire agate has encountered resistance, 
probably .because it is so different 
from. other gems. Now, its star rising, 
the fire agate is increasingly sought 
after. Some of the best jewelry houses, 
like Tiffany’s, feature fine fire agates. 

Choosing a good fire agate is not 
difficult, once you know what to look 
for. Their beauty really speaks for 
itself, but a prospective buyer should 
know the relative merits of the various 
qualities of these gems. The following 
discussion will describe the factors 
which affect the beauty and thereby 
the value of fire agates. These factors 
are best considered separately, ‘so that 
the stones may be graded in a con- 
sistent manner. 

Color is probably the most desir- 
able characteristic of gems, and’ since 
fire agate often present a kaleidoscope 
of colors, this quality should be evalu- 
ated from several aspects. First, pure 
spectral. hues which stand out from the 
brown body color should be noted. 
Almost any color may. be seen, but 
some, because of their rarity, are more 
desirable. In order,’ the value is usually 
highest for the primary colors blue, 
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yellow,’ and red, ‘then tlie’-secondary 
colors ‘violet, green, « and orange. 
Bronzy.or metallic’ cotors ‘have ‘little 
merit. The intensity of-color as well as 
other factors can easily outweigh: this 
order. At. Deer Creek, the Van Dusen 
claims are.noted for stones with a 
predominance of violets and blues, 
while the One Track claims yield 
particularly fine greens and reds. Fig. 
11 shows three fine stones fromi Deer 
Creek, with distinct spectral colors 
predominating in each. ek: 
Next, the number and juxtaposition 
of colors should be considered. As a 
general rule, the greater the number of 
distinct colors, the better the stone, 
but the contrast of these colors is also 
very important. For example, the 
visual. impact of violet is less when 
seen next to blue than when-it occurs 
next to red, green or yellow. Unusual 
color combinations, such as violet and 
red, blue and orange, «red and green, 
are rare and should be rated accord- 
ingly. Figs. 12 through 15 show the 
magnificent coloration possible in a 
fire agate. When first cut, this 39-carat 
stone was mostly red and green,’ but 
because it had multiple fire layers, 
parts were recut to reveal more purples 
and blues. The closeups show a full 
spectrum of colors in interesting and 
unusual combinations., 
Regardless of what colors and what 
combinations may be seen, the bright- 
ness or intensity of the colors is 
especially important. The fire in these 
stones is like that of a burning coal. 
The very best stones, radiate color 
which can be’seen from thirty or forty 
feet away. The brightest fire agates are 
at least as bright as the best opals. 
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Figure 14, 


Figure 13. 


Figure 12. 


Figure 17. 


Figure 15, 


Figure 18, 


Figure 16, 
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Since no verbal description can convey 
the quantitative differences that can 
be seen, prospective buyers should 
endeavor to see a range of stones, 
including some exceptionally bright 
ones. 

The amount of color covering the 
face of the stones should be noted. 
The best stones will usually have color 
covering ninety percent or more of the 
face. A fine stone can - show less 
coverage, between seventy and ninety 
per cent, but with less color, the 
brown body color begins to detract 
from the appearance of the stone. 
Generally, the less color coverage, the 
less desirable the stone. 

There is a peculiarity seen in stones 
from Deer Creek. Fire agates from 
other locations usually have a direc- 
tion or orientation which shows the 
color best, and directions which are 
“‘dead.”’ If such stones are viewed face 
up and rotated, the colors will 
brighten and then. recede, depending 
on the orientation. Stones from Deer 
Creek show their colors in all direc- 
tions with no dead spots. Whether this 
quality is due to cutting or to some 
structural anomaly is not known, but 
it is a distinct advantage. 

The color coverage, and to a lesser 
degree, the brightness of color, reflect 
the quality of cutting. These features, 
as well as others, such as the level of 
polish and the amount of superfluous 
weight, will indicate whether or not a 
stone is well cut. Cutting flaws should 
be considered as negative features, and 
should lower the value according to 
their severity. Similarly, inherent flaws 
like cracks, pits, and the appearance of 
matrix on the face of the stone, 
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detract from desirability. Other 
cutting characteristics, such as 
polished backs which show fire or 
unusually baroque forms, may en- 
hance value. 

The size of the finished stone is an 
important consideration: most stones 
range in size from one to twenty 
carats. Fine stones over twenty carats 
are rare, and to find a stone over thirty 
carats which ranks high for all the 
criteria, is to find a true collector’s 
item. 

The stone shown in Fig. 16 is a 
prime example of a finely crafted fire 
agate. The stone exhibits an intense, 
very bright green covering the full 
face. The polish is excellent and both 
sides are polished. The unusual shape 
evokes animal-like images when viewed 
from different perspectives. The cutter 
developed this delightful form quite 
by accident, as she took care to follow 
the green color layer throughout the 
stone. 

Certain rare qualities can enhance 
the value of a stone considerably. At 
Deer Creek, the rare sagenitic forma- 
tion is found in relative abundance. 
Fig. 17 shows a beautifully sculpted 
piece cut from a sagenitic formation. 
The small bubbles seen are actually 
sagenitic spikes which have been 
ground down parallel to their base. 
Fig. 18 shows a small stone in which 
the sagenitic formation is seen to best 
advantage, lying parallel to the 
polished face. These spikes of fire, 
radiating a bright burst of color, can 
increase value by as much as one third. 
Unique color patterns are sometimes 
encountered, and if attractive, should 
be considered as an enhancement, and 
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rated accordingly. A stunning pattern 
has been seen, with thin streamers of 
fire running through the stone like a 
spider web. 

A good idea of the relative merits 
of a particular stone can be reached 
once all factors affecting beauty have 
been examined. Since no standard 
grading or pricing structure exists, 
some price discrepancies may be en- 
countered, but usually, prices will be 
competitive. Most dealers have de- 
veloped their own grading system, 
based: on their marketing experience. 
No firm prices are available, but some 
recent trends have been noted. Prices 
have been steadily on the rise over the 
past few years, and the trend has been 
for dealers to change from per stone 
prices to per carat prices, particularly 
for the better stones. 

Five years ago, a very good fire 
agate of ten carats or so could be 
bought for less than $50. Top quality 
stones, those with desirable very bright 
colors covering the full face, good 
shapes with high polish, currently 
fetch from $10 to $25 per carat 
wholesale. Very exceptional specimens 
are priced on an individual basis, and 
may run considerably higher. Good to 
better quality stones, with good bright 
colors covering at least fifty per cent 
of the face, usually referred to as 
commercial grades, range from $2 to 
$10 per carat. Stones of lesser quality 
may be sold on a per stone basis, 
ranging from $1 to $10 per stone, 
reflecting little recent price change. In 
defense of these higher prices, it 
should be emphasized that today’s 
stones are usually of much better cut, 
and much more suitable for fine 
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jewelry. With prices for more conven- 
tional gems at an all time high, the fire 
agate is stili a good bargain, offering 
intense colors, interesting patterns, 
and unusual forms at reasonable 
prices. 
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The Renaissance of 
The Art of Scrimshaw 


By JEROLYN DIRKS 
Santa Monica, California 


With Photographs by Michael R. Havstad, Gem Media 


When President John F. Kennedy 
was interred at Arlington National 
Cemetery, an engraving of the presi- 
dential seal on whale’s tooth ivory was 
buried with him. Many other examples 
showing the high esteem in which the 
art of “‘scrimshaw” has been held 
could be cited. 

The history of engraving on ivory is 
an ancient and honorable one. Pre- 
historic man carved and engraved on 
ivory thousands of years ago. More 
recently, American Indians, Polyne- 
sians and Eskimos decorated bone, 
shell, horn, and ivory items well before 
Columbus landed in the New World. It 
is almost certain that American 
whalers were inspired by this native art 
which they saw en route to their 
Pacific whaling grounds. This inspira- 
tion, combined with an abundance of 
leisure time on board ship, created this 
truly American folk art. 

Sperm whales were sought all over 
the world for their superior oil; the 
fact that such whales had teeth was an 
added benefit. Each sailor was given 
his share of teeth or bone to carve or 
decorate as he wished, filling the long 
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hours at sea with a very pleasant 
pastime. It was reported that the men 
became so involved with their “scrim- 
shanding” that they would occa- 
sionally fail to spot a whale so they 
could continue their more enjoyable 
activity. 

Some of the items that were scrim- 
shawed were ornamental objects, small 
toys and useful items to bring back to 
wives, as well as equipment for use 
aboard ship. These items, which in- 
cluded sewing boxes, writing desks, 
clothes pins, pie crimpers, jewelry and 
combs, were scribed with details of life 
at sea as well as with fanciful scenes. 

To carve their drawings on the 
ivory, the whalers used tools that were 
readily available such as jack knives, 
sail maker’s needles imbedded in 
wooden handles or finely sharpened 
nails. By rubbing lamp black or soot 
into the carved lines, they were able to 
bring the scenes into clear relief. How- 
ever, occasionally color was added 
from tobacco juice or from the juice 
of berries and the plants which they 
collected in the tropical islands. 

Some sailors were very fine drafts- 
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SCRIMSHAW IN FOSSILIZED MASTODON IVORY 


Bald Eagle in Flight. Mastodon Eating. 


SCRIMSHAW IN FOSSIL WALRUS 


Jaguar Resting Hare on Alert 


Paorpaise 
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SCRIMSHAW ON AGED ELEPHANT IVORY 


Horned Owl 


Ram's Head 


men, but since most were nol artists, 
they either produced fairly 
drawings or traced designs from maga- 
zines, Before leaving on a long voyage 
the sailors’ wives would place books 
and magazines aboard ship; it was 
from these early magaziries (including 
Godey’s Ladies’ Book) that whalers 
copied fanciful scenes and pictures, 


crude 
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Raccoon in Tree 


~~ 


Dragon Necklace With Ruby Eye 


Lion’s Head 


Other drawings depicted ships, whaling 
adventures, battles, nostalgic scenes 
and many other subjects that entered 
the imagination of sailors at sea. 

It is not surprising that the carly 
scrimshanders developed the name 
“scrimshaw’ from two words com- 
monly used in their day, “scrim, meazi- 
ing to strimp and save and ‘shaw,’ 
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Sea Otter 


Monarch Butterfly in Flight 


meaning the use of time in idle pur 
suits. The art waned with the decline 
of whaling in America, but there have 
always been a few artisans who have 
continued to practice the craft. In its 
heyday, owners of fine homes in New 
England generally boasted of a few 
fine scrimshaw objects in their curio 
cases. side by side with more exotic 
objects from the Orient such as net- 
suke from Japan and carved jade from 
China, 

Currently there is a renaissance of 
this important American art form and 
scrimshaw itself is rapidly changing 
and Refined techniques, 
better tools, and color-fast inks en- 
hance modem scrimshaw far beyond 
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Hummingbirds Feeding 


Galilean Under Sail 


Cottontail Rabbit at Rest 


the black and white creations pro- 
duced in the cighteenth and nine- 
teenth centuries. 

The preparation of the ivory sur- 
face is a time consuming procedure, 
beginning with the careful cutting of 
each piece to the desired shape. This is 
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followed by a sanding process using 
four grades of sandpaper ranging from 
#100 coarse to a very fine #600 grit, 
bringing the surface to a dull finish. 
Water must be used during the sanding 
to insure that the ivory does not 
overheat, which could result in crack- 
ing; also the water helps achieve a 
higher degree of smoothness. 

The final surface preparation in- 
cludes applying a polishing compound 
to a jeweler’s buffing wheel, after 
which the ivory is polished to a soft 
satin sheen. This writer uses two buff- 
ing wheels which vary in softness. The 
result is a high gloss surface enhancing 
the beauty of each finished piece. 

‘Motifs are then achieved with in- 
cised lines of crosshatching and stip- 
pling done entirely by hand. Ex- 
tremely fine styli such as intaglio 
points or sharpened dental tools along 
with razor sharp knives are used to lay 
a single line of color into each delicate 
groove. 

The material shown in the illustra- 
tions-is of antique elephant and masto- 
don ivory and fossilized walrus. The 
fossilized ivory is purchased from Eski- 
mos who dig in the short summer 
months (when the permafrost is only 
five or six feet deep). Some of the 
walrus ivory is 2,000 years old while 
mastodon ivory can be thousands of 
years older. Most of the digging for 
walrus material is done in the old 
hunting camps and the same families 
will dig season after season. Like other 
irreplaceable materials, the price goes 
up every year. 

Minerals absorbed from the earth 
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through the centuries have shaded the 
ivory; it can range from creamy white 
to dark brown. Walrus ivory can be 
recognized by its distinctive “tapioca” 
patterning. Ivory continues to change 
as it gradually absorbs natural oils 
from contact with skin, darkening and 
enriching in tone, adding to its natural 
beauty and value. 

Ivory, like any other fine jewelry 
material, must be treated with care. It 
is relatively soft so. it must be pro- 
tected against abrasion. No matter 
what the age of ivory, it is sensitive to 
heat, so it cannot be stored in over- 
heated places. 

Wearing scrimshaw jewelry can be 
compared to wearing a unique work of. 
art and, in an age of increasing 
mechanization, that makes these deli- 
cately carved miniatures rarities. For- 
tunately, this craft, with its romantic 
history, has been preserved through 
the efforts of artisans who not only 
work in the same fashion as the 
whalers did, but with equally the same 
enthusiasm and dedication. In so do- 
ing, they have continued to preserve 
this truly American art form. 


The author of this article is a 
Southern California artist who has 
been making scrimshaw for several 
years. Her works are widely collected 
as art objects and unique articles of 
jewelry. She offers her work in the 
United States through the Wing 
Gallery in Encino, California, and in 
Canada through Steve Knight of 
Ontario. 


GEMS & GEMOLOGY 


Developments and Highlights 
at GE.A’s Lab 


in New York 


By ROBERT CROWNINGSHIELD 


Treated Blue Sapphires 

One of the best kept commercial 
secrets in the jewelry industry has 
been the artificial (?) color treating of 
blue sapphires. According to reports, 
poor quality faceted and cabochon 
sapphires of near colorless to milky 
white appearance have been bought up 
at inflated prices by Thai visitors to Sri 
Lanka. Reports are that through heat 
and possibly chemical treatment milky 
stones are made more transparent 
while blue color is induced, producing 
blue faceted stones unlike normal so- 
called Ceylon quality. Also, cabochons 
properly oriented for asterism are 
made blue and the star considerably 
improved. The latter process was 
patented by the Linde Company when 
they were engaged in the jewelry 
business (Fig. 1). We examined 13 
reputedly treated blue faceted 
sapphires which in general had a dark 
but watery appearance. Twelve of 
them showed greenish fluorescence 
much like synthetic stones do. The 
inert stone showed a weak iron line 
while the others showed no line. Ten 
stones had cracks or fractures radiating 
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from included crystals or fingerprints. 
Three showed no evidence of heating. 
At this writing, we have to include 
treated sapphires along with blue 
topaz, some violet jades and some 
green treated diamonds in the list of 
products not always identifiable in the 
gem labs of the world. 

Meanwhile, we identified a quite 
dark blue synthetic sapphire by virtue 
of its curved color banding and gas 
bubbles — in spite of the fact that it 
showed a somewhat fuzzy absorption 
line at 4500 A.U. in the spectroscope. 
A similar absorption band was shown 
by a dark uniform blue synthetic 
sapphire of 4.33 carats. It had a faint 
chalky blue fluorescence. Both of 
these stones could have been confused 
with a treated stone which so far, 
seems to have weak or no absorption 
and may have fluorescence! It is wise 
to immerse the unknown and check 
the color banding. 


Cultured Pearls 
A six-strand necklace of round to 
near round pearls, part of which is 
shown in Fig. 2 enlarged 1%4X deserves 
mention because it is the handsomest 
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collection of Lake Biwa mantle tissue 
nucleated cultured pearls we have ever 
seen. Fig. 3 is the x-ray. Although 
most of the natural colored black 
cultured pearls we have seen are amaz- 
ingly round, like ball bearings, we have 
seen unusual shapes as the x-ray in Fig. 
4 shows. Since the fisheries in Tahiti 
waters have come into production, we 
have seen many cultured pearls ranging 
in color from shimmering black 
through gray to creamy white (Fig. 5). 
Most of the black and gray pearls 
fluoresce reddish to brownish and are 
considered to be untreated or natu- 
rally colored, which we state on. a 
report. Unfortunately, the creamy 
white and lighter gray cultured pearls 
cannot be called “natural color,” pro- 
bably for the same reason that no 
commercial pearl is natural color con- 
sidering. the bleaching and occasional 
tinting that is practiced. 

All the pearls in the pendant ear- 
rings in Fig. 6 are imitation, and date 
from the time wax filled glass spheres 
or baroque globes were used. Occa- 
sionally we encounter such so-called 
“destructible” imitation pearls with a 
gritty surface which we are told was 
accomplished by dipping the glass into 
hydrofluoric acid. If one used the 
tooth test alone, he or she could be 
fooled. 


Alexandrite Oddities 

An Alexandrite of 4 plus carats 
removed from an old setting and re- 
polished before it was submitted to us 
for testing proved to be flawless. The 
color change was good, but the day- 
light color was somewhat “muddy.” 
Fluorescence was weak and the iron 
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line in the spectrum quite strong. This 
combination of characteristics, plus 
the size, indicated natural origin. At 
the moment the two best known 
sources of synthetic alexandrite do not 
produce stones with these features. 
Those made by Created Crystals Inc. 
in California are flux grown and ex- 
hibit characteristic inclusions and 
fluorescence. Few have been seen 
larger than 4 carats. Stones grown by 
Kyocera in Japan and marketed as 
Inamori Created alexandrites are not 
flux grown but “pulled” by the 
Czochralski method. Large and flaw- 
less stones may be produced, but with 
minimal iron and strong fluorescence. 

In the past year we have had the 
occasion to identify red chrysoberyls 
which refused to turn green — hence 
are not alexandrites. Fig. 7 illustrates 
the latest one seen in which the color 
is dark and very garnet-like. Because of 
the scarcity of alexandrites, we are 
often asked to “rule” on chrysoberyls 
with color change so slight as to be 
imagined or changes from greenish 
brown to yellow brown — hardly a 
description a layman would recognize 
as green/red color change. 


Cubic Zirconia 

Although we have been informed 
that manufacturers of cubic zirconia 
have been able to increase the size of 
their rough crystal fragments consid- 
erably in the past year, the largest 
stone we have seen in New York was 
cushion antique shape, modern brilli- 
ant in cut, weighing just over 37 
carats. It was faint brown in color 
(“K” equivalent) and had been sent to 
a diamond cutter with instructions to 
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Figure 2. 


Figure 6. 


Figure 4. 
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improve the polish! We have received 
in the mail two parcels fully insured, 
as if the contents were diamond and 
not cubic zirconia — which was estab- 
lished by the weighers and measurers. 
In one case the jeweler admitted that 
he had purchased an engagement ring 
and was impressed with the quality of 
the stone — but failed the identity test. 


Unusual Fluorescence 

We were surprised to see a rather 
strong green fluorescence under long 
ultra-violet in a natural pink spinel. It 
resembled the fluorescence of many 
glass imitation stones viewed under 
short ultra-violet. A handsome 18- 
carat bright orange topaz with distinct 
chromium lines in the spectroscope 
showed a strong orange fluorescence 
under jong ultra-violet. 

A fancy brown old mine cut dia- 
mond showed the characteristic 5040 
A.U. pair of absorption lines in the 
spectroscope seen in most green trans- 
mitters. However, this stone, while 
showing the green transmission, fluor- 
esced moderate blue rather than the 
expected green to yellow-green. 


Some Unusual Lines of 
Transmission in the Spectroscope 
Ordinarily we consider bright lines 

in the spectroscope to be connected 
with fluorescence. Typical examples 
are ruby, some red-orange topaz and 
treated pink to purple-red diamonds — 
all of which fluoresce orange. Recently 
we tested a blue, treated pear shape 
diamond which had no fluorescence. 
However, it showed a distinct line of 
transmission at approximately 5040 
A.U. Every now and then we have 
encountered faint pink diamonds 
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which fluoresce strong orange. Most of 
them have a line of transmission in the 
spectroscope at approximately 5750 
A.U. — the same position as the bright 
line in treated diamonds. (The pre- 
sence of this line in orange fluorescing 
pink diamonds was first noted by Basil 
Anderson at the time: the famous 
“Princie” pink diamond was sold in 
1960.) The mystery of what type of 
diamond will treat to become pink or 
purple-red has not been solved. How- 
ever, since all we have tested have 
fluoresced a characteristic orange to 
yellow orange, suggests that possibly 
they started out as orange fluorescing 
faint pink stones. This might also 
account for the fact that most treated 
pink stones have been well under a 
carat in weight. Had such stones been 
larger — even though very faint pink — 
they would have had an appeal which 
would preclude their being consigned 
to irradiation. | 

A 3.22-carat blue-green, treated, 
pear shape brilliant showed no fluores- 
cence, but it had a strong fluorescent 
line at approximately 5050 A.U. in the 
spectroscope. A pale green natural 
emerald, with red transmission when 
on the spectroscope light, showed’ a 
red fluorescent line at approximately 
6800 A.U. —‘and resembled the spec- 
trum seen in most rubies. 


More On Cubic Zirconia 

A client called from Phoenix, Ariz., 
to make an appointment to have a 
large stone graded. When he arrived at 
the window he did not know the 
stone’s weight so it was weighed be- 
fore a receipt was given. The weigher 
immediately suspected that it was not 


GEMS & GEMOLOGY 


diamond since it gauged for about a4 
carat round brilliant but checked in at 
around 6 carats. After the client left, 
we examined the stone closely and 
noted very poor polish. However, 
when we used the pen test the ink 
spread just as it would on a diamond 
both on the top and bottom facets. We 
used cerium oxide and a bit of water 
with a hard cardboard as our “lap” 
and the table quickly became clean 
and the ink behaved as it should on 
cubic zirconia, which the stone was. 
The client was heard to remark after 
receiving an identification without a 
grading, “Well, I am glad they are on 
top of things.” About the same time, 
and the time we were experimenting 
with ink formulas, we received an Old 
European brilliant in a bezel setting 
for identification only. The stone 
clearly was a diamond — by the cut, 
inclusions, presence of naturals — and 
a cape Spectrum. However, ink 
“balled” up instead of spreading as 
one expects it to on diamond. Brisk 
use of our cardboard “lap” with 
cerium oxide did not do the trick. 
Only after spreading concentrated 
hydrochloric acid over the table and 
allowing it to dry out, then washing 
the stone did the ink spread properly. 
The client had evidently used the ink 
test and was puzzled by the false 
reaction. So, it is well to know that 
imitation diamonds can be coated to 
behave like diamonds and unknown 
coatings (possibly from ordinary 
wear!) on diamonds can make them 
behave like imitations. 


Testing Colored Diamonds 
We have been happy for early re- 
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sults Dr. Vince Manson has been able 
to report using cryogenic techniques 
on the recording spectrophotometer. 

This is especially applicable to 
identify color origin of green stones. 
One green old mine cut stone was 
presumed to be of natural color by 
virtue of a knowledge of its history 
and prominent green naturals on the 
girdle and culet. Later, the stone was 
recut and all naturals removed so that 
we could not state that the color is of 
natural origin. It is hoped with these 
new studies in the visible and infrared 
portions of the spectrum that we now 
will be able to do so. 

A red-brown stone known to be 
treated failed to show the 5920 A:U. 
line in the hand spectroscope but it did 
show a line at 6400 A.U. We have been 
informed that this line too is a part of 
the series of lines right up into the 
infrared which appear when a diamond 
has been colored by irradiation. It was 
so identified by Dr. Manson. 

Recent publicity from London 
that it is possible to re-heat treated 
diamonds to remove the 5920 A.U. 
line does not pose the threat it did at 
first. 


Synthetic Amethyst 


By now most gemologists are aware 
that there is currently no test for a 
flawless amethyst. Even those with 
inclusions may be difficult to identify, 
especially in view of a rumor that a 
method — not hydrothermal — is being 
developed in which very natural 
appearing fingerprints, etc. may occur. 
The bulk of the synthetics we have 
seen have been pleasing in color, but 
not exciting — and entirely without 
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Figure 16. 


Figure 18. 


natural stones. by virtue of their inclu- 
sions. It is presumed that the raw 
material accounts for very little of the 
value and cost of cutting a large 
number is quite low, thus the substitu- 
tion of Brazilian cut natural stones for 
Idar cut synthetics. 


Colored Stone Oddities 

Not really an oddity but certainly a 
rarity was a 2.7\-carat Taafeite seen 
recently in the Laboratory. It was a 
pleasing pinkish, gray-purple and con- 
tained a nice crystal inclusion (/ ig, &). 
We have heard of slightly larger stone 
being sold at auction in Europe for 
$10,000 per carat. 

Fig. 9 illustrated a normal Verneuil 
synthetic ruby with pronounced 
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Figure 19. 


curved siraie and needle-like inclusions 
of an unknown nature. 

A handsome glass imitation of 
emerald with swirls and “garden” re- 
sembling those seen in so-called 
“Ferrer Emeralds” had the unexpected 
refractive index of 1.75. 

Diamond Design 

We could keep one person quite 
busy making precise diagrams for 
every slight variation we see in facet 
design and placement. Designs that 
have been patented and which we 
expect to encounter frequently are 
drawn for Laboratory use, However, 
some newer ones appear to be one of a 
kind, and do not merit the effort to 
make a supply of diagrams. Several, 
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such as the ones here shown (Figs. 
10-14) are attempts to make cushion, 
cushion octagon, and square cuts 
appear more brilliant. Fig. 15 was a 
surprise in that it had 9-fold symmetry 
instead of 8-fold. It hardly merited 
expending the effort to draw an actual 
diagram, and sirice it was-nearly flaw- 
less we did not have much plotting to 
do. 


Imitating Emerald 

Most triplets imitating emeralds 
which we have encountered give them- 
selves away with the simplest of tests 
— they remain green under an emerald 
filter (as will certain natural stones 
too). The discovery of a green cement 
or plastic which has good emerald 
color and also appears red under the 
filter was made some years ago and we 
are seeing more of it used. Fig. 16 
shows part of a necklace of pale green 
beryl beads coated with green plastic 
which is red under the filter. Fig. 17 is 
a recent shot of the most realistic 
imitation emerald crystal we have en- 
countered. It was purchased in Bogota 
by a tourist. Evidently the relatively 
low price paid was the cause of sus- 
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picion which brought him to the 
Laboratory. Again, it appeared red 
under the color filter. To the unaided 
eye, it resembled emerald crystals such 
as the “Patricia” at the American 
Museum of Natural History. On close 
examination large flat gas bubbles 
could be seen and these were found to 
be in green cement a few millimeters 
beneath the crystal faces of the quartz 
crystal forming the periphery (Fig. 
18). 

Ultraviolet disclosed epoxy “‘joints”’ 
indicating that the crystal had been 
cracked in half, hollowed out to 
accommodate a smaller quartz crystal 
which was then cemented into posi- 
tion. The “‘terminations” were cleverly 
made of epoxy, matrix and broken 
quartz fragments. Heretofore, we have 
only seen such fakes with more matrix 
than crystal. (Gems and Gemology, 
Fall, 1976, Page 220.) 


More on Testing Colored Diamonds 
One type of light green diamond 
which we feel can be considered 
natural in color owes its color to green 
graining. This is shown in Fig. 19. 
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Fashioning Cubic Zirconia 


By BILL KERR, G.G. 
Faceting Instructor 
Gemological Institute of America 
Santa Monica, California 
With photographs by Michael R. Havstad, Gem Media 


Some of the older books written 50 
to 100 years ago that attempted to 
cover the then guild- or family-con- 
trolled subject of lapidary treatment 
of gemstones, were filled with much 
misinformation. The writers indicated 
that the appeal and beauty of the gems 
that today we call “colored stones” 
was due solely to their intrinsic color. 
The low optical properties of these 
stones could not be expected to con- 
tribute anything in the way of brilli- 
ance and dispersion. Considering the 
poor. quality lapidary treatment 
(cutting) most commonly employed in 
those days, it is understandable how 
these views came about. In fact, many 
of the rare and beautiful gems in our 
museums today must continue to 
struggle against the inferior lapidary 
treatment inflicted upon them, and 
display to the public their inherent 
beauty and charm as best they can. 

Today’s well trained and well in- 
formed jeweler is very much aware of 
that extra beauty seen in well-cut 
stones. They realize that the laws of 
optics apply also to materials other 
than diamond. 

We ‘“‘cutters,” having worked our 
way thru the Y.A.G.’s the G.G.G.’s 
and the assembled diamond substi- 
tutes, were handed, about a year ago, a 
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new and much better material, “Cubic 
Zirconia” (C.Z.), (See Gems & 
Gemology, Summer, 1978). (Lapidary 
Journal, July, 1977.) This article 
covers a faceting process that produces 
a very believable diamond simulant. 

Cubic Zirconia is singly refractive, 
as is diamond. It has an S.G. of 
approximately 5.60, an RI. of ap- 
proximately 2.20 and a dispersion of 
about .060 or approximately one and 
one third that of diamond. The hard- 
ness of the Mohs scale is between 8 
and 9. With these properties, a dia- 
mond substitute is easily indicated. 

Rough pieces of cubic zirconia are 
usually irregular in cross section. Un- 
like many other synthetic materials 
formed in round boules, the shape 
does not lend itself to a high recovery 
percentage. Sawing and preforming are 
troublefree and done as is usual with 
any faceting material. Standard round 
brilliant preforms, intended to be dia- 
mond simulants, are accurately 
rounded or turned on a fast, true 
running, medium coarse grit diamond 
lap on a modern facet machine. The 
material is first shaped into a cylinder, 
then the end intended for the pavilion 
is turned to a cone shape at approxi- 
mately a 43° elevation angle with the 
girdle plane. 
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Several faceted shapes of Cubic Zirconia 
ideal for use as diamond substitutes, 


The dispersion of Cubic Zirconia is apparent 
in this stone, 


The recommended angles for facet- 
ing are 36° for the crown and 42° for 
the pavilion mains. Logic tells us to 
use angles that are slightly steeper than 
those for diamond (34%° and 41°) 
since the R.1. (2.20) is not quite as 
high as that of diamond (2.417). 

The actual cutting or grinding of 
facets on Cubic Zirconia is no differ- 
ent from other materials such as cor- 
undum or Y.A.G. Coarse grit laps seem 
to pull out small pieces of the ma- 
terial, leaving cavities or pits. These 
may be dressed down and the final 
cutting and alignment done on a well 
used 1200 or 1500 grit lap. 
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This well-cut red-orange Cubic Zirconia 
shows the potential of the colored maternal. 


Although it is possible to polish 
Cubic Zirconia on a tin lap with 
“Linde A” (aluminum oxide), this is 
rather slow and not recommended. 

Use: a ceramic lap with spray dia- 
mond to polish. This cutter’s Original 
Ceramic lap has one face ground op 
tically flat, One-fourth (4) micron 
(100,000 mesh) diamond in a pressur- 
ized spray contiiner is used to charge 
the lap for polishing. A new lap may 
require « few hours use before if 
polishes well- 

The R.P.M, of the polishing lap 
should be slow (100 to 300), Higher 
speeds are likely to cause a peculiar 
spiral-like spalling of the facets. This is 
more common on the smaller facets 
and is probably caused by a heat 
buildup, since cubic zirconia is a very 
poor conductor of heat. Use a light to 
medium pressure and keep the facet 
moving across the lap. 

A working technique might be des- 
cribed thus; 

Spray diamond lightly and only 
briefly on the slowly rotating lap. 
Work the diamond into the lap pores 
with a freshly ground facet swept fully 
across the lap. Wipe the excess liquid 
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and diamond off the lap with tissue. 

A graphite stick supplied with the 
lap was not found to be necessary 
after arriving at a successful polishing 
system. 

Do not use any liquid. Wipe all 
cutting residue from the lap face regu- 
larly since this can cause scratching. 
Keep the surface clean and dry. Do 
not touch the sidewalls of the splash 
pan with fingers or tissue, as this can 
carry cutting residue to the lap face 
and contaminate it. After the lap has 
polished a few stones, it will require 
very little. additional spraying of dia- 
mond. If spalling occurs, change the 
direction of polishing and ease up on 
the pressure or lap speed. The final 
polish is often done with the lap 
completely stopped. 

The slow removal of material gives 
the cutter time to align facet junctions 
perfectly for that “diamond cutter” 
precision look. Perhaps % micron dia- 
mond spray would produce an accept- 
able “commercial cutting” finish. 

As in all gemstones, correct propor- 
tions and cutting angles contribute 
greatly to the beauty of finished cubic 
zirconia. The table percentage should 


be 58% to 65% of the girdle diameter. 
The pavilion girdle facets are cut at an 
elevation angle of only 1° numerically 
greater than the pavilion mains and 
should extend 75% to 80% of the way 
down from the girdle toward the culet. 
Cut a very very small culet and polish 
it on the ceramic lap: Cubic Zirconia is 
not as tough as corundum and the 
sharp culet junctions need some pro- 
tection against possible breakage. 

The girdle is usually sanded and not 
polished since the usual intent is to 
simulate a cut diamond. The girdle 
edge may be processed by sanding first 
on 400 wet or dry silicon carbide 
paper resting flat on a magazine back 
on a desk or table then with 600 grit. 
Spray diamond on a wood lap will 
polish the girdle edge nicely, if desired. 

The colored varieties of cubic zir- 
conia are capable of producing beauti- 
ful cut stones rivaling natural colored 
or irradiated diamonds. When colors 
are available that can match the more 
desirable hues of natural stones such as 
ruby, sapphire, and imperial topaz, 
then there should be a considerable 
demand for them in jewelry affordable 
to everyone. 


1979 Schuetz Design Contest Winner 


Winner of ‘the 1979 George A. 
Schuetz Memorial Fund Jewelry De- 
sign Contest was John F. MacDermaid 
of Union Lake, Michigan. He is em- 
ployed by Rose Jewelers, Oak Park, 
Michigan. 

This was the sixth Schuetz Design 
Contest, which was established in 
1973 in memory of George A. 
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Schuetz, Sr., late President of Larter 
and Sons, Newark, New Jersey. The 
contest is administered annually by 
GIA. 

Mr. MacDermaid’s winning design, 
pictured here, is for a 14K yellow-gold 
man’s ring set with a trilliant-cut dia- 
mond and two ruby baguettes. His 
prize is a $500 scholarship to be used 
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for any jewelry-related trtining at any 
institution of his choice. 

Second Place in the judging went to 
Aleta J. Ford of Bakersfield, Cali- 
fornia, for her design of a tie tack to 
be cast in 14K white gold with one 
.20-carat triangular-cut diamond and 
nine single-cut mbies set in platinum. 

Hirofumi Yamaguchi of Osaka, 
Japan, was given Third Place for his 
design of a yellow-gold man’s ring set 
with black onyx and three round 
brilliant diamonds, 

Laszlo Mosonyi of Jewelry by 
Laszlo, Los Angeles, California, re- 
ceived two Honorable Mentions, one 
for a man’s yellow-gold zodiac pen- 
dant sat with one .25-carat diamond, 
and one for a white-and yellow-gold 
man’s initial pendant set with .02 to 
04-carat diamonds, 

Vance Hanna of Vance Hanna De- 
sign, Southfield, Michigan, also re- 
ceived an Honorable Mention for his 
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design of 18K yellow-gold cufflinks 
with five diamond baguettes set in a 
14K white-gold bezel. 

There are no prizes for Second 
Place, Third Place, or Honorable Men- 
tions. 

The four judges are asked to select 
the winning design based on its beauty 
and originality, feasibility of wear. 
manufacturability, and effective use of 
materials, Entries must be for men’s 
jewelry and must be either color 
renderings or wax models; no actual 
pieces are accepted. With 103 entries 
from 48 contestants, the task of 
picking the winner was nol an casy 
one for the judges, and we wish to 
express our gratitude for their time 
and effort to: 


Nancy Levy, Designer, Los Angeles 
Clifford R. Fisher, Kearley’s Watch 
& Jewel Shoppe, Santa Monica 
Lillyan Collard, Designer, Donavan 
& Seamans Co_, Los Angeles 
Beverly Hori, Instructor, GIA, 
Santa Monica 
We also wish to thank all the 
entrants and to congratulate them on a 
group of fine designs. Information 
about the 1980 Schuetz Design Con- 
test will be available from GIA, Santa 
Monica, after October of this year, and 
the entry deadline will be the end of 
February, 1980, 
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Colorless and Green 
Grossularite From Tanzania 


By PIETER MUWE, Ph.D. 
Associate Professor of Metallurgy, Georgia Institute of Technology 


CORNELIUS S. MUIJE, F.G.A., G.G. and LILIAN E. MUIJE, G.G, 
Lili Gemologists, Inc., Louisville, Kentucky 


Introduction 


When the original East African 
finds of transparent green grossularite 
were made in the late sixties, the 
excitement created by this new gem 
overshadowed the simultaneous finds 
of colorless, yellow, and golden gros- 
sularite. All of these varieties were 
discovered in excellent gem quality. 
Dr. H. Bank, in 1968, was the first to 
describe colorless grossularite.(1) The 
green variety was promotionally intro- 
duced to the public by Tiffany & Co. 
in September, 1974, under the name 

“tsavorite. »9(2) But the other varieties 
received no special names. Tsavorite 
was named after the Tsavo National 
Park, a park in Kenya located near the 
discovery site in Tanzania. Even 
though tsavorite has received wide- 
spread recognition and acceptance, in- 
formation in the literature on this 
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green variety is limited.1 thru 11) 
Literature references on the other 
varieties are frequent but very limited 
in content.(1,2,4 thru 12) 

Discussions with a number of 
dealers who have bought and sold large 
quantities of Tanzania and Kenya gros- 
sulars, and who have subjectively esti- 
mated the relative quantities of the 
various varieties of grossularite, lead to 
these conclusions: 

Yellow or golden grossularite is 
substantially more rare than green 
grossularite, and colorless grossularite 
is the rarest of all. 

Furthermore, according to these 
dealers, all colorless grossularite is 
from finds in Tanzania. No more than 
ten cut colorless grossulars in excess of 
four carats are known to exist, none 
larger than eight carats. All or most of 
these stones are in the possession of 
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private collectors, It is noteworthy 
that even the Smithsonian Institution 
by May 1978 did not have a colorless 
grossular on display. A reasonable esti- 
mate is that there are about forty 
stones ranging from two to four carats 
and a few hundred between one and 
two carats. The total weight of the 
stones below the size of one carat 
should be about six-hundred to eight- 
hundred carats. 

We were fortunate to acquire a 
large number of cut East African 
gemstones for examination. All were 
reported to be grossulars and to have 
been found in 1968 and without a 
doubt from the early finds in Tan- 
zania, They were machine cut and in a 
variety of colors. Some were pure 
colorless. All were transparent and of 
excellent gem quality. The examina- 
tions presented here were restricted to 
stones which were pure colorless or 
green. The green stones had various 
intensities ranging from near colorless 
with only a touch of green, through 
medium green, to deep green. 

Our main objective was to deter- 
mine the characteristics of the color- 
less stones, so that it could be verified 
that they were in fact colorless gros- 
sulars. Such information on the Tan- 
zania colorless grossulars was not in 
the literature. Another objective was 
to better understand the cause of 
green color in grossularite. 


Colorless Defined 


The colorless and _near-colorless 
gemstones were color graded against a 
GIA-Graded Diamond Master Set. 
Such grading presented no difficulties, 
even though the gemstones tended to 
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have greenish tints and the diamonds 
of the diamond master set, yellowish 
tints. During the color grading of a 
great number of stones, consistent 
results were always obtairied by differ- 
ent gemologists working inde- 
pendently. 

The best GIA grade found among 
hundreds of small stones evaluated was 
G/H, And the best GIA grade found 
among the many stones over one carat 
was I. Typically, the GIA grade for a 
stone was K or L. We classify an N 
grade and grades of darker tones as 
near colorless. Even with a small bril- 
liant cut, an N rated gem is noticeably 
colored to the naked eye. 

Many dealers offer as colorless gros- 
sulars, stones that will grade between 
O and Z. In fact, all Kenya ‘‘colorless”’ 
stones we have seen and graded have 
been darker than O with clearly ob- 
servable green or other tints. This may 
be why most prominent dealers claim 
that all colorless grossulars come from 
Tanzania despite the fact that in the 
literature there are references to color- 
less grossularite from Kenya, Canada, 
California, and Mexico.(2,5,9,11) 


Chemical Analyses 

Three colorless gemstones and one 
near-colorless gemstone were chemi- 
cally analyzed by the nondestructive 
technique of X-ray energy spec- 
trometry (XES). Their GIA grades 
were G/H, I, M, and Q, respectively. 
Twelve tsavorites which had been 
selected to form a color suite with 
colors ranging from very light green to 
deep green, in small increments, were 
also chemically analyzed. All stones 
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were brilliant cut and about 3 mm in 
diameter. 

We used a Jeol Electron Microscope 
Model 100-C with a Kevex-Ray Model 
5100 Energy Spectrometer for the 
analyses. This Kevex 5100 system 
identifies and provides a quantitative 
analysis of the chemical elements of a 
sample by measuring in the spectrum 
the dispersive X-ray energy that is a 
unique characteristic of each element. 


The X-ray spectrum is induced in the 
sample by placing it in the electron 
microscope and bombarding the 
sample with electrons. For accuracy of 
chemical composition, tsavorite, cal- 
cium carbonate, and some high-purity 
oxides were used as comparative 
standard. It is recognized that oxygen 
and lighter elements cannot be de- 
tected by this method. Therefore, it 
was assumed that oxygen was present 


TABLE | 
CHEMICAL COMPOSITION OF GROSSULAR 
(X-Ray Energy Spectroscopic Analyses) 


Sample 


Zz 
9 


Weight Percent * 


Color ** 


CaO Ai,0, Si0, MgO TiO. MnO FeO Cr,0, V,05 


1 38.5 212 397 O01 O03 
2 38.0 209 403 04 02 
3 39.7 199 395 O01 04 
4 32.3 228 433 10 03 
5 35.1 213 4149 09 04 
6 33.9 224 421 09 04 
7 345 215 428 05 03 
8 345 205 430 03 02 
9 348 217 446 O01 03 
10 33.6 216 422 04 04 
1 33.7 211 425 07 02 
12 35.5 205 419 04 O2 
13 345 205 425 03 03 
14 346 210 420 03 O02 
15 349 205 419 04 03 
16 36.3 206 403 02 O02 


0.1 01 ND*** ND Colorless, G/H 
01 O11 ND ND Colorless, | 
02 0.1 ND 0.06 Colorless, M 
O1 0.1 ND 0.05 Near Colorless, 0 
0.1 O01 0.09 0.10 VL Green 

01 0.1 ND 0.09 L Green 

02 01 ND 0.11 L Green 

06 01 0.09 0.7 M Green 

0.4 0.03 0.06 1.0 MD Green 

06 O1 009 1.0 MD Green 

05 0.04 010 1.1 MD Green 

0.3 ND 0.02 1.2 MD Green 

05 O01 O12 1.2 MD Green 

0.4 0.03 014 1.4 D Green 

04 01 O15 1.4 D Green 

0.2 ND 010 1.5 D Green 


Ideal grossular is: 37.36% Ca0, 22.63% A120s, 40.01% SiOz. 


Grossulars are ranked according to GIA diamond color grade and depth of 


green color; VL = Very Light; L = Light; M = Medium; MD = Medium to Deep; 


D = Deep. 


Not Detectable 
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in such amounts as to form perfect 
metal oxides, and that elements of 
atomic number less than oxygen were 
not present. 

The determined chemical composi- 
tions of all gemstones, ranked accord- 
ing to color grade or intensity of green 
color, are given in Table I in terms of 
oxide weight percentages. Their chemi- 
cal compositions in terms of the 
number of metal atoms per twelve 
oxygen atoms are given in Table I. 
Table IT is a convenient way to com- 
pare the measured chemical composi- 
tions of the stones with that of color- 
less, ideal grossularite. Colorless, ideal 
grossularite has a _ stoichiometric 
formula of Caz Alz (SiO4)3, indicat- 
ing that there are three calcium atoms, 
two aluminum atoms, and three silicon 
atoms for every twelve oxygen atoms. 
As is customary, it was accepted when 
constructing Table IT that magnesium, 
manganese and iron replace calcium; 
that chromium and vanadium replace 
aluminum; and that titanium replaces 
silicon. There is doubt that this can be 
applied strictly.(13,14) However, con- 
sidering the low concentrations of 
these impurity elements, the results 
would not be significantly different. 

The chemical analyses showed that 
the chemical compositions of the 
colorless or near-colorless gemstones 
were similar to those of the tsavorites 
and very close to the calculated, 
theoretical composition of colorless, 
ideal grossularite. Sample No, 1 and 
Sample No. 2, the two most colorless 
stones, were found to be calcium- 
aluminum silicate of 99.6% and 99.5% 
purity, respectively. Colorless Sample 
No. 3 had a purity of 99.4%. These 
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purities were all weight percentages 
calculated from the chemical composi- 
tions, assuming that there were twelve 
oxygen atoms to every eight metal 
atoms. We recognized that the oxygen 
atoms associated with the impurity 
metal atoms were not impurity oxygen 
atoms but oxygen atoms of the basic, 
ideal crystal. 

The X-ray energy spectrum of color- 
less Sample No. 2 is shown in Fig. J. For 
comparison, the X-ray spectrum of 
tsavorite with a deep green color is 
shown in Fig. 2. The similar nature of 
the silicon, aluminum, and calcium 
peaks of the colorless gemstone and 
tsavorite may be seen by comparing 
Fig. 1A with Fig. 2A between 0.5 and 
3.5 KeV. In Figs. 1B and 2B the 2.8 to 
7.9 KeV range is magnified to show (a) 
the absence of vanadium and chro- 
mium in the colorless gemstones, (b) 
the vanadium and chromium peaks in 
the tsavorite, and (c) the lower manga- 
nese and iron peaks in the colorless 
gemstones. 

The statement is often made.:that 
pure or nearly pure garnets do not 
exist in nature. However, the colorless 
grossulars we examined are very close 
to the pure end member grossularite. 
They are probably as pure a grossu- 
larite as can be found in a natural 
deposit. The purest grossular pre- 
viously reported in the literature had a 
purity of 98.9%.(3) However, the 
color of this stone was pale yellowish 
green rather than colorless, This is in 
agreement with the lower purity ob- 
served. We calculated the purity of this 
grossular from the reported chemical 
composition and used the same 
assumptions as before. The reported 
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Full scale = 33,000 counts 
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Quantum energy, KeV 


Figure 1. X-ray energy spectrum of colorless grossular (Sample No, 2). 
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Full scale = 33,000 counts. 
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Figure 2. X-ray energy spectrum of tsavorite. 
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chemical composition had been de- 
termined by a technique of X-ray 
spectrometry comparable to our own. 

The results of the chemical 
analyses, augmented by our physical 
and optical property determinations, 
further showed that the colorless and 
near-colorless stones formed an ex- 
panded color suite with the tsavorites. 
This expanded suite consisted of the 
sixteen grossulars listed in Tables I and 
ZT, with tones and intensities of green 
ranging all the way from G/H colorless 
to deep green. This greatly facilitated 
the evaluation of the effect of chemi- 


cal composition on color. 
A direct relationship was found 


between the vanadium content and the 
intensity of the green color of the 
grossulars, as may be seen in Table I. 
No vanadium or chromium was de- 
tected in the two most colorless 
stones. And as the vanadium-oxide 
content gradually increased to 1.5%, 
the intensity of the greén color gradu- 
ally increased to deep green. In the 
colorless grossular that graded an M 
color, the vanadium-oxide content was 
0.06%, but no chromium was detected 
in this stone, either. In fact, no chro- 
mium was detected in. the first seven 
grossulars of the color suite except for 
Sample No. 5, and the color of Sample 
No. 6 was already rated as light green. 
Therefore, chromium could not 
account for, nor contribute to, the 
green colors of these grossulars. 
Unfortunately, there was no stone 
in our color suite that contained 
chromium without vanadium. There- 
fore, we were not able to determine 
the effect of chromium without 
vanadium. However, Sample No. 5, 
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which contained 0.09% chromium- 
oxide and 0.10% vanadium-oxide, was 
lighter green than Samples No. 6 and 
No. 7, which contained no chromium 
and about the same amount of 
vanadium. Except for the chromium- 
oxide content, the chemical composi- 
tions of these three grossulars were 
very similar. Therefore, it appeared 
that chromium did not increase the 
intensity of the green color, but 
rather, had a slightly negative, or 
lightening, effect. The chromium- 
oxide content was mostly not greater 
than about 0.1%. It was 0.15% as a 
maximum. Therefore, the effect of 
chromium on the green color of the 
grossulars of this investigation seemed 
to be insignificant. 

Except for influencing the tones of 
the colorless and near-colorless stones, 
no remaining element at the levels 
present seemed to influence color sig- 
nificantly. 

The magnesium-oxide content 
vatied erratically between 0.1% and 
1.0% in the color suite, with no 
significant effect on the green color. 

In the colorless stones, the 
manganese-oxide content was only 
0.1% or 0.2%. The manganese-oxide 
contents of the remaining stones 
varied erratically between 0.1% and 
0.6%. Within this range, the manganese 
did not noticeably modify the green 
color of the tsavorites. However, the 
green color was always of high in- 
tensity at the high levels of manganese. 
This may have obscured any effect of 
manganese on color. 

The titanium-oxide content was 
always in the range of 0.2% to 0.4%, 
and the iron-oxide content was never 
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more than 0.1%. Under these condi- 
tions, no noticeable influence of these 
elements on the green color of the 
tsavorites was observed. 

None of the gemstones examined 
had a measurable nickel content. 


Optical and Physical Properties 

The optical and physical property 
determinations were restricted to the 
colorless gemstones. We evaluated bire- 
fringence, refractive index, ultraviolet 
fluorescence, and specific gravity. In 
addition, some gemstones were micro- 
scopically examined for inclusions. 


Birefringence: None of the coiorless 
gemstones examined exhibited bire- 
fringence under the GEM Illuminator 
Polariscope. All were found to be 
singly refractive but with medium 
strain. 

Refractive Index: The small colorless 
gemstones, Sample No. 1, Sample No. 
2, and Sample No. 3, all showed a 
refractive index of 1.731 to 1.732. 
Their GIA color grades were G/H, I, 
and M, respectively. Ten colorless gem- 
stones which were one to two carats in 
size showed an average refractive index 
of 1.732. Five of these measured 
1.731, and five measured 1.732. Their 
GIA color grades ranged from I to M. 
All refractive indices were determined 
with the GEM Duplex II Refrac- 
tometer. 


Ultraviolet Fluorescence: Under both 
short and long wave length ultraviolet 
radiation, the colorless grossularite 
fluoresced a weak to moderate golden- 
yellow visible light. The color of this 
light could also be called yellow with a 
touch of orange. The ultraviolet 
fluorescence was determined with the 
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UVSL-25 Combination Mineralight 
Lamp using an ultraviolet viewing cabi- 
net. 

Specific Gravity: The specific gravity 
of the colorless grossularite was 3.62 
as determined by the direct-weighing 
method, The small colorless stones of 
our color suite were too small for 
accurate, reliable measurement of 
specific gravity. Therefore, we made 
three different batches of large grossu- 
lars, each consisting of three stones, 
and determined the joint specific 
gravity in each case. The weight of 
each batch was between four and five 
carats. And the measured specific 
gravities were 3.61, 3.62, and 3.62. 


Characteristic Inclusions: We ex- 
amined many of the colorless grossu- 
lars under the microscope at magnifi- 
cations up to 60x for inclusions. To 
date we have not been able to cata- 
gorize any of the inclusions we ob- 
served as “characteristic.” One stone 
exhibited short stubby inclusions (Fig. 
3}. Another showed two long parallel 
needles (Fig. 4). A third had short 
needles and angular inclusions (Fig. 5 }. 
And a fourth displayed a plane of 
small ‘‘fingerprint-like” inclusions 
(Fig. 6). 


Further Discussion 

Bank reports the refractive index of 
colorless grossularite to be in the range 
of 1.732 to 1.736.) Eppler reports 
pure synthetic grossularite as having a 
refractive index of 1.734.06) And 
Mackowsky gives 1.735 for the refrac- 
tive index of pure grossularite.1) 
Webster reports 1.738 to 1.744 for 
Sec green grossularite (tsavor- 
ite).1) The GIA shows 1.736 to 1.742 
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Figure 3. Colorless grossular with short 
stubby inclusions (60x). Arrow points to 
cluster of inclusions. 


Figure 5. Colorless grossular with short 
needles and angular inclusions (60x). Two 
arrows point to short needles, and one 
arrow points to one of numerous angular 
inclusions. 


SUMMER 1979 


Figure 4. Colorless grossular with long 
parallel needles (60x), Each arrow points to 
a long needle-shaped inclusion. 


Figure 6. Colorless grossular with small 
fingerprint-like inclusions (60x). Arrows 
point to plane with small inclusions in 
“fingerprint” pattern. 
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for green 
(tsavorite). 

The colorless gemstones we ex- 
amined showed an average refractive 
index of 1.732. Therefore, our experi- 
mental results are in agreement with 
the data reported by Bank for color- 
less grossularite, even though some of 
our colorless stones measured 1.731, 
the lowest refractive index ever re- 
ported for colorless grossularite. It 
should be noted that the measured 
refractive indices of our colorless gros- 
sulars were at the lower end of the 
1.732 to 1.736 range reported by 
Bank. And they were lower than the 
1.734 reported for pure synthetic gros- 
sularite by Eppler and lower than the 
1.735 reported for pure grossularite by 
Mackowsky. Since we define colorless 
rather tightly, it appears that many of 
the stones examined by the other 
investigators were near colorless rather 
than colorless. This seems especially 
true since the GIA shows a refractive 
index of 1.736 to 1.742 for green 
transparent grossularite (tsavorite). 

Previous work by Switzer suggested 
that the green color in tsavorite was 
related to the vanadium content and 
probably in part to the chromium 
content.3) However, both vanadium 
and chromium were always present in 
the four green grossulars Switzer ex- 
amined, so that the effectiveness of 
each of these elements alone to impart 
green color could not be determined. 
Also, an interaction of vanadium and 
chromium could not be ruled out. 

The present work clearly showed 
that vanadium is the effective element 
that gives tsavorite its intense, beauti- 
ful green color. The presence of 


transparent —grossularite 
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chromium is not essential, Further- 
more, it appears that chromium at the 
low levels found in tsavorite during 
both investigations — 0.3% chromium 
oxide or less — does not have any 
significant effect on green color, 
neither in a positive nor negative sense. 


é 


Conclusions 


The chemical compositions and the 
optical and physical properties, de- 
termined during this investigation, 
verify the reports that the colorless 
gemstones discovered in Tanzania in 
the late sixties are colorless grossulars. 
Such grossulars are exceedingly rare 
and have characteristics that qualify 
them as desirable gemstones. It 
appears that most, if not all, “color- 
less” grossulars from Kenya are not 
colorless, but “near colorless” with 
clearly observable green or other tints. 

Similar to diamonds, colorless gros- 


‘sulars can be color graded accurately 


and with consistent results. A GIA- 
Graded Diamond Master Set is suitable 
for such grading. 

The beautiful green color in 
tsavorite is caused by vanadium alone. 
Chromium is not essential. In the 
absence of chromium, a vanadium- 
oxide content of 0.1% already causes a 
light green color. And a vanadium- 
oxide content of 1.5% causes a deep 
green color. Presumably, the tsavorites 
that black out have higher vanadium- 
oxide content. It appears that 
chromium at the levels found in 
tsavorite during this investigation has 
no significant effect on green color. 
The chromium-oxide contents were 
about 0.2%, or less. 
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Quartz: Myth and Magic, 
Science and Sales 


By CHERI LESH 


Gemological Institute of America 
Santa Monica, California 


From the intrepid cavedweller who 
believed that a special type of stone 
arrowhead would never fail to reach its 
target, to the romantic modern couple 
who believe that a diamond will help 
their love to last forever, humans have 
always displayed a belief in the magi- 
cal properties of gemstones. Western 
philosophers of the middle ages des- 
cribed gems as the flowers of the 
mineral kingdom, while in the East 
gemstones are considered to be the 
mines of cosmic rays. The ancients of 
many cultures believed that rocks and 
stones were the bones, the very skele- 
ton, of the Earth Mother, and there- 
fore the repository of much of Her 
power. 

To the gemologist, who is aware of 
the physical properties of gems and 
the scientific facts of their creation, it 
may seem odd to accord a respectful 


174 


examination to the superstitions sur- 
rounding gemstones. But for the 
majority of people who buy and wear 
gems, it is their beauty and romance 
which is attractive, and the jeweler 
who can enhance this intuitive attrac- 
tion is in a position to increase sales. 
The famed Occultist Dion Fortune 
described magic as: “The art of caus- 
ing change in accordance with will.” 
Magic has the same root word as 
“Gmage’’. To cause magic, one begins 
with an image, a vision, and directs 
energy towards it. A good sales person 
works in a very similar manner, and 
the lure of gemlore can produce a 
magical effect on a customer’s interest. 

As a survey of the magical proper- 
ties accorded to every gemstone would 
require an article of encyclopedic 
length, this examination will limit it- 
self to a study of the quartz family. In 
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an article on Quartz! | Cornelius S. 
Hurlbut notes that, “More than any 
other mineral, quartz has been the 
birth place and the testing ground for 
the concepts and methods of miner- 
alogy.” It also provides a good focus 
for our explorations of the link be- 
tween magic and gems. From wine- 
dark amethyst to the smoky cairn- 
gorms of Scotland, the quartz family 
has retained its mysterious allure to 
this day. Few images conjure more of 
the thrill of the occult than the crystal 
ball, that sphere of unknown poten- 
tialities, a cosmic television set pro- 
grammed by fate. Quartz is found all 
over the world, in many varieties, 
including amethyst, whose name is 
Greek for “not drunk,” believed to 
counteract the effects of liquor; cat’s 
eye, used by Witches as a jewel of 
fascination to draw the mind and eye; 
rose quartz which contributed its 
beauty to the first ‘rose-colored 
glasses,” and rock crystal, whose name 
reflects the belief that it was a form of 
ice that would never melt. While each 
variety is considered to be endowed 
with its own uniquely mystical proper- 
ties, many types from the quartz 
family have the reputation for produc- 
ing clarity of vision, whether freedom 
from the foggy spirits of alcohol or 
communion with benevolent spirits 
under the influence of the “second 
sight” stimulated by a faceted crystal 
or crystal ball. 

The belief that quartz does, in fact, 
possess special magical qualities is vir- 
tually universal. For the Australian 


Quartz,” Mineral Digest, Cornelius S. 
Hurlbut, Jr. 
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aboriginal medicine-man, quartz is a 
vital part of his repertoire of healing. 
The Apache Indians held crystal in the 
highest regard as “good medicine” and 
the aboriginal Tasmanians held that 
quartz crystals could be used to com- 
municate with persons living or dead. 
Pieces of milky quartz were commonly 
placed on graves and in tombs all over 
the British Isles and Europe up to the 
1800’s. Mircea Eliade reports that 
liquefied quartz was sprinkled on 
aboriginal medicine men as part of 
their initiation rituals, and that this act 
enabled them to see the dead, to 
ascend into heaven, and to predict the 
future. Tribes in Burma revered quartz 
stones as living creatures and “fed” the 
stones by rubbing blood over them. 
Crystal gazing itself is a practice of 
great antiquity. Several large crystals 
of fine quality were found in the ruins 
of the Egyptian Temple of Hathor, 
estimated to be over 8,000 years old. 

All of the claims made for the 
efficacy of quartz in healing, divina- 
tion, etc., may seem too extraordinary 
to be considered rationally. It can be 
easily observed that a person wearing 
an amethyst is just as likely to become 
inebriated as one who has no -such 
talisman on his person. The notion 
that amethyst could prevent drunken- 
ness is based on what is called “‘sympa- 
thetic magic” — the idea that what 
looks like wine has corresponding 
powers over wine. The idea of “looks 
like, acts like” is the type of analogical 
thinking seen among children, easily 
dismissed by adult logic. 

But not all magical thinking can be 
classified as a combination of sym- 
bolism and wish fulfillment. It is im- 
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portant to remember that magic in its 
original form consists of phenome- 
nological observation and the develop- 
ment of a corresponding science. As a 
civilization degenerates, its sciences 
also degenerate into superstition. 
Timothy Leary has said that “Ritual is 
to the internal sciences what experi- 
ment is to the external sciences.” 
Magic is a combination of experiment 
and ritual designed to implement coin- 
cidence control — enhancing the 
human ability to predict, to create, 
and to change. 

With this in mind, we can look for 
possible physiological and psycho- 
logical explanations for the persistent 
belief in the powers of quartz. The 
obvious explanation which comes to 
mind is the extraordinary. ability of 
quartz to hold and transmit a charge. 
The structure of quartz is arranged in a 
helix or spiral, and an equal. number of 
right-handed and left-handed speci- 
mens have been observed. As a result 
of low symmetry of the quartz crystal 
structure, rock crystal easily develops 
pyroelectric charges when passed 
quickly through fire. More remarkable 
is the fact that rock crystal is also 
piezoelectrical, meaning that it can 
develop a charge from pressure. Rock 
crystal is so sensitive that even a light 
pressure, as could easily be conveyed 
by the fingers, will create a piezoelec- 
trical effect. In 1921, quartz was 
discovered to be invaluable for con- 
trolling and maintaining the wave- 
lengths of a broadcast emission due to 
its piezoelectric properties. When 
properly mounted and vibrated at the 
correct frequency by means of eleciri- 
cal stimulation, the frequency of radio 
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transmissions could be stabilized and 
“the crystal set,” a new form of long 
distance communication, was born. 

One is irresistibly reminded of the 
medicine man’s claim that he (or she) 
could use quartz to communicate with 
people at great distances, including the 
dead. Could our ancestors have in- 
tuited qualities which have now been 
validated by scientific research? 
‘Quartz has also been used to improve 
the accuracy of watches and clocks. 
Unlike glass, it is transparent to ultra- 
violet rays, and is therefore utilized for 
lenses of especially sensitive photo- 
graphic equipment. The crystal gazers 
of old were not alone in their use of 
quartz to develop a clear picture! 
While the spiral structure of quartz 
was not officially discovered until 
1926, it is a curious fact that the spiral 
has been a universal symbol of life and 
rebirth from time immemorial. 
Coupled with the observation that, the 
Celts, who constructed spiral barrows 
for their dead, also considered quartz 
an essential part of their burial ritual, 
makes for a very interesting coinci- 
dence. 

It seems likely that the piezoelec- 
tric and vibratory capacities of quartz 
may have contributed to its accep- 
tance as the supreme material aid to 
the art of scrying, which is the art of 
inducing prophetic or meaningful 
visions. An expert on the subject of 
crystal gazing, Sonor C.E.S., provides 
the following information on this 
ancient art: “Let it be noted here that 
nothing is actually seen in the crystal. 
The object used for scrying serves as 
a meeting point for the imaginative 
visualizing force of the mind and the 
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eyes, thus creating a vision. Crystals 
give the clearest sharpest visions.” 

The importance of quartz to the 
ancients is underscored by the fact 
that they frequently transported enor- 


mous blocks of quartz or quartz- - 


bearing granite to be used as standing 
stones at their ritual sites, ignoring 
other species of rock both plentiful 
and adjacent to the area, The recent 
hypothesis that Stonehenge and the 
other great henges: of Great Britain 
were used as gigantic seasonal calen- 
dars raises an interesting question; 
could the quartz henge have served the 
same purpose as a monolithic Swiss 
watch? 

This leaves us with the alleged 
healing powers of quartz, The most 
common method of healing with 
quartz or agate was to immerse the 
stone in water for a given period of 
time and then to have animals or 
humans drink the resulting liquid. This 
charm was thought to be proof against 
serpent bites, hydrophobia, and child- 
hood diseases of all kinds. In their 
book, The Secret Country, Janet and 
Colin Bord speculate that stones from 
the quartz family were held to have 
special healing and divination powers 
because of their ability to 
charge, either of earth currents or 
human energy produced by a healer.” 
They theorize: 

“As a battery will hold a cies of 
electricity, so certain stones of a speci- 
fic granitic crystalline structure could 
have the property of storing the subtle 
health-giving energies, perhaps for 
centuries. When these stones are 
brought into contact with the life-field 
of the human body, or with a liquid, 
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“retain a’ “ 


they are able to charge it with some of 
the stored energy. Perhaps some of 


these small stones were originally in 
the possession of a saint or a pre- 
Christian healer whose life-field has 
left a lasting impression on the stone, 
from which beneficial radiation can 
still be obtained by those in need.” 

They continue to expound on the 
practice of dipping quartz amulets into 
water to distill a healing brew: 

“Although this practice at first 
glance appears to be mere superstition, 
it could well be soundly based. If 
quartz and other minerals have vibra- 
tory potencies that can restore a 
natural harmony to tissues and cells 
that are diseased, then using pure well 
water as a medium for conveying the 
healing properties makes good sense. 
Similarly in modern medical practice a 
substance of natural origin is isolated, 
concentrated, and ingested by the 
patient as a liquid medicine or a pill 
taken with water.” 

Of course, it is also possible that 
the stones were simply used as tools to 
focus human concentration on the 
task at hand. Simple belief in the 
efficacy of a ‘‘magical” stone can 
produce a placebo effect, resulting in a 
magical’? cure. Modern Witches and 
Shamans will often employ a piece of 
faceted crystal as part of a healing 
ritual. They use the crystal to focus 
the powers of the healer, much as a 
magnifying glass may be used to focus 
and intensify the sun’s rays to a point 
of great heat. Whether the end result is 
due in part to physical as well as 
psychological factors is uncertain. But 
before one dismisses such ritual heal- 
ing as all “superstition,” one should 
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remember that it was the Witches of 
the middle ages who discovered that 
foxglove (which contains digitalis) was 
a potent remedy for heart disease, and 
that other herbal remedies are now 
being acknowledged by science to be 
useful in healing a wide variety of 
illnesses. It may be that the structure 
of crystal makes it uniquely suited for 
types of healing not yet accepted by 
the medical establishment. 

Perhaps these thoughts amount to 
no more than educated fantasy; or 
perhaps they are the infant archae- 
ology of an ancient science. As we 
break through the chauvinism of the 
Industrial Age, we are constantly be- 
coming aware that our ancestors were 
not as ignorant as we once supposed 
them to be. Only a few years ago, 
herbalism was regarded as the province 
of quacks, Today herbal remedies may 
be seen on the shelves of every health 
food store. Is ‘‘gem therapy” really 
any more far fetched than cures de- 
rived from fungi and molds? One thing 
is certain; occult information now 
holds more glittering fascination for 
the popular imagination than it has for 
centuries, And all that glitters is not 
dross. This bit of magical philosophy 
contains a principal which applies to 
gem sales as well as to the occult: 
“Logic gets you what you need; Magic 
gets you what you want.”2 


2Another Roadside Attraction, Tom Rob- 
bins, New York, W.H. Allen, 1973, 
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. William Jones, 
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An Examination of the 
New Gilson “Coral” 


By K. NASSAU, Ph.D. 
Bernardsville, N.J. 


Abstract 


A new “‘coral” has been produced 
by Pierre Gilson, well known for his 
synthetic emerald, opal and turquoise. 
A wide range of colors from an almost 
pure white to a deep oxblood red is 
available. 

The major component is calcite, 
just as in natural coral, and the hard- 
ness, luster and general appearance are 
also an excellent equivalent of natural 
coral. There is, however, a low density 
with some porosity, extra phases are 
present as observed on X-ray diffrac- 
tion and on thermal analysis. Also 
there is a significant silicon content. 
Accordingly it is felt that the material 
is not similar enough to be considered 
a synthetic coral and the designation 
‘Gmitation coral’ would seem to be 
more appropriate. 


A. Introduction 

The gem coral, used in jewelry, is 
the tree-like scaffolding upon which 
the less than 2-mm size coral polyps, 
corallium nobile or corallium rubrum, 
live on the ocean floor, as shown in 
Fig. I. The “tree” is built up by the 
polyps from chemicals they extract 
from the sea water. Since the coral is 
built up over the life of the colony, it 
is laid down in layers of tiny fibrous 
crystals, and a tree-ring-like structure 
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can usually be seen, with a grainy 
structure within the rings in cross- 
section and a striped pattern along the 
length of the branches. A good des- 
cription of natural coral can be found 
in Webster’s book(!), 

The composition of natural coral is 
almost pure calcium carbonate in the 
calcite structure, usually containing a 
little magnesium, traces of iron, and a 
few per cent of organic matter. Both 
the iron as well as the organic matter 
are believed to contribute to the color 
which can range from an almost pure 
white through a pale pink “angel’s 
skin,” rose, salmon, red, and toa dark 
“oxblood” red. (There are also blue 
and black forms of coral which are not 
in the corallium grouping and are not 
composed of calcite but of a horn-like 
organic substance.) 


Over the years many substances 


have been used to imitate coral. These 
have included a stained vegetable ivory 
and even wood, glass, plastic, wax, and 
a variety of finely powdered sub- 
stances such as marble, bone or even 
coral pigmented to provide the desired 
color and compacted under pressure, 
often with an organic binder added. 
Some of these later compacts may be 
porous and coarse-grained in structure, 
and some do not take a satisfactory 
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polish. Very few of these imitations 
have properties which would make 
them particularly likely to be mistaken 
for natural coral by anyone with even 
a little gemological knowledge. 

There is one problem which has to 
be faced by the manufacturer who 
should wish to claim a real synthetic 
coral. Since the exact nature of the 
organic substances contributing to the 
color of natural coral remains un- 
known, it would obviously be most 


Figure 1. Polyps of 
corallium rubrum 
and the _ coral 
branches they are 
building (magnified) 
(courtesy of P. Gil- 
son). 
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difficult to find an exact duplicate! 
And if the color of a man-made coral 
does not originate from the same 
causes aS does the color of natural 
coral, then it would not pass all the 
criteria for a “‘synthetic” gem material, 
as they have been recently detailed by 
the author(2), however close a dupli- 
cate it might be in all other respects. 


B. The New Gilson “Coral” 
Mr. Pierre Gilson of Switzerland 
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and France is well known for his 
superb synthetic emerald(3) and 
synthetic opal(2) as well as for his 
synthetic tur uoise(4;2) and his recent 
lapis lazuli(2). Most recently he has 
also announced ‘GILSON created 
CORAL.” 

According to Mr. Gilson, this 
“coral” is made from a natural calcite 
from a new mine in France, plus added 
pigment, by a process employing high 
pressure and some temperature. The 
specific gravity is stated to be 2.60 to 
2.70 and the refractive indexes 1.468 
to 1.658. 

Material is manufactured in pieces 
weighing up to 700 grams (over 1 Ib.) 
and is said to be available in the trade 
in rough pieces as well as in round (6 


to 16 mm) and oval (6x8 to 16x20 
mm) cabochons and drilled beads (5 
to 16 mm). A wide range of colors 
with three shades of ‘“‘angel skin,” one 
of “salmon,” two of “bright rose,” 
one of “red,” and two shades of 
““oxblood” are available at a cost said 
to be “about seven times cheaper than 
natural coral of the same quality and 
beauty.” 
C. Examination of the Gilson “Coral” 
Four 14-mm cubes and one oval 
cab of various colors were studied. 
These are shown in Fig. 2 together 
with a natural coral cameo and two 
natural coral necklaces. As can be seen 
from this photograph. the colors and 
general appearance are an excellent 
match for natural coral; other colors 


Figure 2. Four 14-mm cubes and one 10x14-mm cabochon of the Gilson “coral” with a 
natural coral cameo and two natural coral necklaces. 
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were also seen but not studied. 

Major examination was confined to 
the lightest and darkest cubes of Fig. 2 
and color-matched pieces of almost 
white and red-brown natural coral. 
Visually the appearances matched very 
well, including the high polish, luster, 
and a slight translucence. (An even 
more translucent form is said to be on 
the way.) The growth features des- 
cribed in the introduction are visible in 
the natural material even in Fig. 2, but 
the Gilson product appears quite uni- 
form. Under 100x magnification a fine 
grain structure is visible with milky 
grains less than 1/100 mm in size with 
much smaller pigment grains dis- 
tributed among them. The appearance 
could be likened to a brecciated or 
terrazo-like structure. 

The hardness at 3% matched the 
natural coral perfectly, with both 
materials just scratching each other. 
The resistance to breaking and 
powdering (toughness), however, was 
significantly less than that of the 
natural coral. The effervescence pro- 
duced by dilute hydrochloric acid 
closely matched that of natural coral, 
but the color of the wipe from this 
test as well as the color of the streak 
depended on the color of the material, 
while natural coral is colorless or white 
in both instances. The fluorescence 
was variable, ranging from inert via a 
mottled orange to a quite strong 
purplish red. 

The specific gravity of the darkest 
cube was measured by Archimedes’ 
technique at room temperature. It was 
found to be 2.438, significantly less 
than the 2.60 to 2.70 listed by Gilson. 
A slow gain in weight was noted, and 
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after 24 hours the specific gravity had 
risen to 2.504. At this point a slightly 
mottled appearance was noted. The 
weight gain was 2.94%, and the 
volume porosity was calculated at 
6.98%, although the actual porosity 
may be somewhat higher since the 
water was not necessarily able to 
penetrate into all voids. After some 
days in the room atmosphere, essen- 
tially all the absorbed water was again 
lost but some of the mottled appear- 
anc¢ remained. 

A refractive index text by Mr. 
Crowningshield of the Gemological 
Institute of New York City proved 
difficult because some of the fluid 
seemed to be absorbed. A reading of 
about 1.55 showed only weak double 
refraction as distinct from natural 
coral, where the 1.49 and 1.65 of 
calcite can usually be seen. The gemo- 
logical test data is summarized in 
Table I. 

A semi-quantitative emission spec- 
trochemical analysis, given in Table 2, 
indicates the presence of one to several 
percent silicon in the Gilson product; 
it is likely that this is in the form of 
one of the calcium silicates. Inter- 
estingly enough there was no iron 
detected in the natural coral at the 
0.001% level, indicating that essen- 
tially all of its color derives from 
organic pigment. The 0.01% to 0.1% 
iron present in the Gilson product 
could account for its color, which 
under the microscope can be seen to 
be concentrated in small deeply 
colored grains. 

X-ray powder diffraction spectra 
were taken on a Rigaku Mini-flex 
Diffractometer using filtered copper 
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TABLE 1: Gemological Constants 


Comparison of Natural Coral and Gilson “Coral” 


Natural Coral Gilson “Coral” 
Hardness 3% 3% 
Specific Gravity 2.6 to 2.7 2.44* 
Refractive Index 1.49 and 1.65 1.55 
Acid Reaction effervesces effervesces # 
Streak white variable 
Structure wood-grain brecciated 
Fluorescence dull purple-red variable* 


*See text for details. 


#Color may show in the wipe from the 


radiation. The two natural corals gave 
patterns identical with each other and 
with the data for the pure calcite 
X-ray diffraction standard on JCPDS 
24.274): one of these natural coral 
patterns is shown at the bottom of 
Fig. 3 and the numbers give the 
d-spacings in Angstrom units and the 
relative intensity in parentheses from 
JCPDS 24-27. Both Gilson “coral” 
specimens tested gave the pattern 
shown at the top in Fig. 3. It is clear 
that an extra phase is present from the 
occurrence of the extra lines marked x 


acid reaction. 


(possibly a calcium silicate), but no 
effort was made to identify this extra 
phase. 

Professor A.P. VanHook of the 
College of the Holy Cross, Worcester, 
Mass., has performed a solution experi- 
ment using a 10% solution of ethylene 
diamine tetra-acetic acid (EDTA) in 
water adjusted to a pH = 10 with a 
caustic soda solution, at room temper- 
ature as well as at 70°C. This is a 
solution which dissolves calcite very 
slowly and gently. The red Gilson 
material was barely attacked (even 


TABLE 2: Spectrochemical 
Analysis of some Corals* 


Level Gilson 
Present almost white 
10% + Ca 

1% to 10% Si, Mg 

0.1% to 1% Sr 

0.01% to 0.1% 


Fe, Al, Ba, Na 
0.001% to 0.01% — 


Gilson Natura! Coral 
red-brown red-brown 
Ca Ca 

Si, Mg Mg, Sr 

Ba, Sr —_ 

Fe, Al, Cd, Na Na 

— Ba 


*All other detectable elements less than 0.001% 
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GILSON CORAL 


NATURAL CORAL 


INTENSITY —=— 


DEGREES 28 


Figure 3. Powder X-ray diffraction data of natural coral and Gilson “coral.” 


after two weeks at 70°C), but the red 
natural coral was dissolved at room 
temperature, with its diaphanous 
skeletal structure being thereby re- 
vealed as seen in Fig. 4. 

The behavior on heating as revealed 
in the differential thermal analysis 
curves of Fig. 5 showed significant 
differences. These were taken on a 
Dupont 990 Thermal Analyser in flow- 
ing nitrogen at a heating rate of 20°C 
per minute. The natural coral showed 
the decomposition endotherm of cal- 
cite near 900°C at A, while the Gilson 
product showed this plus an additional 
endotherm near 475°C at B, pre- 
sumably belonging to the extra phase 
showing the X lines in Figure 3. This 
could be either a decomposition or a 
phase change, but this was not further 
investigated. 

In view of these results, it was felt 
that further technical examination, 
e.g. by the scanning electron micro- 
scope or by thermal decomposition (to 
determine if organic material either as 
a binder or as a coloring agent was 
present) were not necessary. 
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Figure 4. Skeletal structure of natural coral 
revealed after three weeks ina 10% EDTA 
solution, 
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D. Conclusion 

The Gilson ‘coral’? product pre- 
sents a very excellent coral-like appear- 
ance to the eye, differing most ob- 
viously from natural coral in the ab- 
sence of the natural growth features 
(rings and stripes with a grainy sub- 
structure). 

It is clear from the many differ- 
ences, including specific gravity, 
porosity, chemical analysis, X-ray 
diffraction, differential thermal analy- 
sis, etc., that the composition ‘of 
Gilson “coral” differs in a significant 
manner from the composition of 
natural coral. Accordingly, the author 
believes that it should not be desig- 
nated “synthetic coral,’ “man-made 
coral,” or “‘created coral,” but would 
more correctly be designated “imi- 
tation coral.” 
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GILL’S INDEX TO JOURNALS, 
ARTICLES, AND BOOKS RELAT- 
ING TO GEMS AND JEWELRY, by 
Joseph O. Gill, B.Sc., G.G., F.G.A.; 
420 pages; 6x8’ Gemological Insti- 
tute of America, $24.50; First Edition, 
1979. 


‘Have you ever needed additional 
information on color treated diamonds 
or a certain synthetic or natural gem 
material and not known where to 
look? A source of sources is now 
available to aid all interested in the 
science of gemology. 

The Gemological Institute of Amer- 
ica has just published the long awaited 
Gill’s Index to Journals, Articles and 
Books Relating to Gems and Jewelry. 
It is a total subject index to the 
literature of gems and jewelry. 

This 420-page book provides a 
cumulative index for quick reference 
to the world’s eighteen leading jour- 
nals and books on gemology, miner- 
alogy, jewelry and lapidary. The easy- 
to-read format is an all inclusive index, 
with each entry annotated for quick 
evaluation of content. The amateur to 
the professional will find it an invalu- 
able source for gem information from 
actinolite to zoisite and Afghanistan to 
Zambia. Each subject of this index has 
been broken down by individual jour- 
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GIA Publishes An 
Essential Gem Book 


nal, thus eliminating time wasting 
hours researching a particular subject 
of interest. Considering most people 
have only one or two journal sets to 
work from, the range of uses are 
innumerable for a book of this format. 

This book will be used by the 
worldwide gemological associations, 
students of gemology, jewelers, miner- 
alogists, lapidaries, museums, libraries, 
writers and anyone planning gemologi- 
cal field trips throughout the world. 

Gill’s Index will be updated every 
few years so valuable and pertinent 
information will be available right: at 
your finger tips for use in your busi- 
ness or hobby. 

The author, Mr. Joseph O. Gill, 
B.Sc., G.G., F.G.A., Gemologist for J. 
& S.S.De Young of Boston, Massachu- 
setts, is an authority on gem and 
jewelry literature in the English langu- 
age. His articles have been published in 
Gems & Gemology, Jeweler’s Circular 
Keystone and Lapidary Journal. 

The GIA is proud to announce the 
publication of Gill’s Index as part of 
our continuing effort to keep the 
jewelry and gem industry informed. 
All inquiries about Gill’s Index should 
be sent to the GIA Bookstore at 1735 
Stewart Street, Santa Monica, Cali- 
fornia 90404. 
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Book Reviews 


FABERGE: IMPERIAL EGGS AND 
OTHER FANTASIES, by Hermione 
Waterfield and Christopher Forbes. 
Published by Thames and Hudson, 
London, Great Britain, 1978, 123 
color plates, 143 pages. Hard Cover. 
$19.95. 


Few of us will ever be allowed to 
hold a Fabergé creation. However, the 
color photographs in this collection 
almost make this dream a reality. 
After seeing many of these ‘‘fantasies”’ 
on exhibition, I can testify that the 
photographic reproduction is of un- 
usually high quality. Even the minute 
guilloche patterns are clearly visible 
through the enamel. Each objet d’art is 
lovingly described, with previous 
owners and exhibitions also listed. An 
unusual appendix shows details such as 
the hidden pencil on the nephrite desk 
pad (number 108). Miniature portraits 
and scenes from several eggs are also 
reproduced. The appendices also in- 
clude biographies of the workmen, and 
a year-by-year list of the Easter Eggs. 
Through the photographs of this col- 
lection, we can all appreciate the 
creativity and genius of Peter Carl 
Fabergé. 

By Betsy Barker 


GEMMOLOGICAL INSTRUMENTS 
by Peter G. Read. Published by 
Newnes-Butterworth, London 1978, 
227 pages plus 7 unnumbered pages of 
advertisements. Hard bound with 
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numerous drawings and black and 
white photographs. 


The author has brought together 
descriptions, and in most cases photo- 
graphs, of the various gem testing 
instruments produced by the leading 
manufacturers of the world. The fea- 
tures of each instrument are presented 
impartially without making any 
comment about the advantage or dis- 
advantages of one instrument versus 
another manufacturer’s version of the 
same type of instrument. 

The table of contents is very good, 
as is the index at the back. Chapter 
one has a good introduction to the 
basic procedures of gem testing along 
with simple definitions of the terms 
used in gemology. The printing, al 
though slightly small in size, is still 
easily readable. The quality of the 
reproductions of photos and drawings 
is excellent. 

There are a few inconsistencies in 
the text. For example, on page 39 the 
R.I. of Methylene iodide is correctly 
listed as 1.74, yet on page 154 it is 
listed incorrectly as 1.66. It is also 
incorrectly stated on pages 37 and 38 
that if the eyepiece is changed from 
10X to 20X, the working distance 
changes from 40 mm. to 20 mm. 
Changing the eyepiece power has no 
effect at all on the working distance. It 
only changes the size of the field of 
view and the overall magnification. 

Table 12.1 on page 173 does not 
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correctly show the relationship be- 
tween GIA and AGS color grades. For 
example, the high end of AGS color 
grade 1 could be called an E on the 
GIA system. The lowest end of AGS 
color grade 1 could be a GIA color 
grade of F, not G as shown on the 
chart. Furthermore, GIA master stones 
do not correspond to the center of 
each color grade as stated on page 173. 
Although there are a few other 
minor discrepancies in the gemological 
data presented, the objective of the 
book is well fulfilled in that it does 
give adequate coverage to the various 
instruments available for Gem Testing. 
It should be a useful book to anyone 
looking for information about the 
instrumentation necessary for a gem 

testing laboratory. 
By Chuck Fryer 


CATALOGUE OF THE ENGRAVED 
GEMS AND FINGER RINGS, Volume 
I, Greek and Etruscan, by John Board- 
man and Marie-Louise Vollenweider. 
Published by the Oxford University 
Press, Oxford, England, 1978. 122 
pages of text plus 64 pages of photo- 
graphs. Hardbound, $65.00 


Engraved gems provide an unusual 
historical record that can be appreci- 
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ated by anyone. For the serious stu- 
dent of ancient gems, this study pro- 
vides a detailed chronology of gem 
use. Each piece is discussed com- 
pletely, from the type of carving 
material to the dating of the artistic 
style. Although only the Greek and 
Etruscan periods are covered in this 
volume, later works in the series will 
cover gems of the Roman and Minoan 
civilizations. While this text provides a 
detailed study of these individual arti- 
facts, John Boardman’s previous work, 
“Engraved Gems — The Ionides Collec- 
tion,” supplies background informa- 
tion. Marie-Louise Vollenweider’s ex- 
pertise is clearly demonstrated in the 
section on Hellenistic gems. She also 
includes a complete table of ancient 
gem names and sources for carving 
material. Among the gems used were 
agate, ruby, opal, emerald, and garnet, 
gems that are still familiar today. 
Although this book is primarily 
intended for the serious student ‘of 
glyptics (gemstone engraving), anyone 
with an interest in the history of gems 
will find this study illuminating. The 
wealth of photographs _ illustrates 
clearly that gems were as highly prized 
centuries ago as they are today. 
By Betsy Barker 
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Developments and Highlights 
at GIA’s Lab 


in New York 


By ROBERT CROWNINGSHIELD 
With Photographs By 
ALAN RODITTI, G.G. 


’ Some Sapphire Problems 

Fancy yellow to orange-yellow 
natural colored sapphires are rela- 
tively straightforward in their 
identification. Ceylon stones tend to 
be a pure yellow, fluoresce a typical 
reddish-orange (apricot) and exhibit 
no ‘iron line in the spectroscope. 
Stones from Thailand, Australia and 
East Africa all tend to be brownish 
yellow, show little or no fluorescence 
and exhibit strong iron lines. Typical 
inclusions may be present to assist in 
separating from synthetics. There- 
fore, when we encounter a natural 
yellow sapphire of brownish-yellow 
hue which does not show an iron line 
and no fluorescence, a short exposure 
to sunlight usually establishes the 
fact that it has been irradiated. Even 
X-rays may produce the necessary 
color center in pale Ceylon stones. 
Since last issue, we have had several 
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lots of such treated stones in for 
testing. 

During the same period, we have 
had two new types of sapphires pre- 
sented which are mystifying and we 
were unable to carry out all the tests 
we would like since the clients did not 
own the stones. One was a handsome 
orange-brown star sapphire of a 
color we have never seen or heard of. 
It did not show an iron line, but did 
fluoresce very weakly. Had we been 
allowed to give it a fade test, perhaps 
we could have solved the mystery 
(Fig. 1). 

Recently, we have seen several 
intense red-orange natural sapphires 
(Fig. 2) in which the color appears to 
lie just near the surface. In fact, some 
facets appear to have had color 
polished away so that in immersion 
the stones resemble Lechleitner 
synthetic emerald. overgrowth on 
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Figure 3 


Figure 5 


Figure 7. 
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Figure 2 


Figure 4 


Figure 6 


Figure 8 
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beryl. They do not show any absorp- 
tion lines (neither iron nor chrom- 
ium), while the ultra-violet fluores- 
cence is weak at best. 

Under immersion, a splotchy 
appearance is seen and the body 
color appears to be pale yellow (Fig. 
3). Close observation of the surface 
shows an amazing reticulated or 
honeycombed “crazing” lying just 
under the surface and unrelated to 
prominent polish lines (Fig. 4). We 
were unable to see if the stones held 
their color in sunlight. With all the 
rumored treatments of sapphires, we 
have been surmising that perhaps in 
their experimenting, operators have 
discovered some method of introduc- 
ing this most attractive color near the 
surface of natural yellow sapphires. 
Perhaps the stones we have seen were 
so badly worn by the treatment they 
had to be repolished, resulting in the 
splotchiness noted. The peculiar 
surface appearance defies solution at 
the moment. 


Black Star Observation 


The 12-rayed black star sapphire 
pictured in Fig. 5 brought to mind a 
comment made at the 17th Inter- 
national Gemmological Conference 
in Idar-Oberstein in September by 
Dr. Edward Gubelin. He has been 
investigating the cause of asterism in 
this variety and other specimens and 
has not yet determined what foreign 
material is responsible — in fact, has 
been unable to detect foreign ma- 
terial. (He has determined that 
sillimanite is the cause of asterism in 
the multi-star quartz.) 


196 


A Sphene Ring 


Fig. 6 shows an approximately 
20-carat oval green sphene ina lady’s 
ring with diamonds and citrine side 
stones. Surprisingly, the stone 
showed very little wear. Note that our 
photographer caught the strong 
double refraction. 


Another Fake Matrix Emerald 


In Fig. 7, we see the most flagrant 
imitation emerald crystal in matrix 
we have yet encountered. Aside from 
the ground-up gray rock to form the 
matrix, the whole specimen is plastic. 
The gray material is held together by 
plastic and the “emerald” is entirely 
plastic. The light “theft” of the 
specimen was one clue that a fake was 
involved. A hot point proved it. 


Unusual Mexical Opal Specimen 


Graduate Leon Trecker of Long 
Beach, California, gave the writer 
what we both assumed to be a 
specimen of natural glass, probablya 
light colored “Apache tear.” Back in 
New York, the piece was examined 
under the microscope and just did 
not look right. Testing established 
that it was in fact an opal (Figs. 8 and 
9). 


Merchandising Diamond Inclusions 


With diamonds at or near their all- 
time highs in price, jewelers are 
finding that stones to be worn in 
jewelry, especially engagement rings, 
are smaller and of lower quality in 
order to be afforded by today’s young 
man, what with all the other eco- 
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Figure 9 Figure 10 


Figure 13. 


( Figure 11 Figure 12 


Figure 15 Figure 16 
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nomic pressures coming to bear. It 
has occurred to us that just possibly 
some inclusions could be shown to a 
buyer in a positive manner as some- 
thing unique, identifying and oc- 
casionally beautiful in themselves. 
With the aid of a binocular micro- 
scope, an imaginative jeweler might 
be able to capture a client’s fancy by 
first showing unusual inclusions. 
With this idea in mind during the past 
few months, New York Staff Photog- 
rapher, Alan Roditi, has been 
capturing such inclusions on slides. 
Fig. 10, however, was taken nearly 20 
years ago and the stone was given the 
name “The Willie Mays” diamond. 
Clearly, the shot is of a baseball 
player wearing a turban. Recently, 
Alan took a photo so like the early 
one it had me searching the slide 
collection to see if it was the same 
stone. It isn’t but the inclusions are 
amazingly alike (Fig. 11). 

Very recently, we graded a dia- 
mond with a spherical light green 
inclusion resembling a baseball or 
tennis ball. The diamond was non- 
fluorescent but the “ball” fluoresced 
bright yellow. Whether or not to 
show a customer this phenomenon is 
debatable. He might love it (Figs. 12 
and 13). 

Another diamond had an in- 
clusion resembling a stick figure or 
skinny ballet dancer (Fig. 14). Maybe 
the brown worm in Fig. 15 would not 
be something to show a customer — 
unless he were an avid fisherman. 
Could the owner of the diamond 
shown in Fig. 16 ever mistake his 
stone? The inclusions remind the 
writer of bracken or fern shoots or 
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fiddle heads. We have no idea what 
they really were. And then in Fig. 17, 
we see some roots — actually 
branching hollow tubes we have seen 
only once before. Smokey The Bear 
is very realistic in Fig. 18 even to his 
brown color! Other creatures of 
nature that we have identified lately 
are a sea-gull, Fig. 19; a dolphin, Fig. 
20; a bird, Fig. 21; and a turtle, 
Fig. 22. 

Melting ice cubes were caught in 
Fig. 23, and in Fig. 24, we see 
fireworks resembling sparklers. 


Other Interesting Diamond 
Inclusions and Characteristics 
The following photos were taken 
of peculiar inclusions perhaps not 
quite so meaningful to a potential 
customer, but in many cases, highly 
identifying. Fig. 25 shows needle-like 
inclusions in two directions prompt- 
ing someone on the staff to remark 
that some day we will see a cat’s-eye 
or star diamond. (Once the cabochon 
process on diamond is perfected!) 
The yellow cubic cloud in Fig. 26 did 
resemble a marshmallow. Red garnet 
crystal inclusions such as the one 
in Fig. 27 always seem to fascinate 
jewelers and laymen alike. (Two 
gems for the price of one.) The 
inclusion in Fig. 28 was determined 
by Vince Manson, GIA Research 
Director, to be chrome bearing, 
possibly chromite. The metallic 
crystal comes to the surface on the 
pavilion and from the crown a 
yellowish haze surrounds the in- 
clusions (Fig. 29). 

The included crystals in both Figs. 
30 and 31 were positioned in the cut 
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stone so that they reflect in nearly 
every facet. In grading for clarity of 
such occurrences, it is possible for a 
single “VS,” inclusion to be reflected 
so much that the stone has to be 
graded Sl], or Sl. Such a stone is 
identifiable, though. The inclusion in 
Fig. 32 is an octahedron with an 
etched surface. The tip of the 
octahedron forms a knot on the table 
of the parent diamond. A rarely seen 
cubic pit on the girdle of a polished 
diamond is shown in Fig. 33. 

The “characteristic” illustrated in 
Fig. 34 is not natural, but is the result 
of the uncertainty many jewelers are 
experiencing due to the growing 
number of cubic zirconia horror 
stories. Unfortunately, the “fake” 
detected by the jeweler responsible 
for the damage shown here is a 
diamond with the table parallel to the 
softest direction (cubic). The jew- 
eler’s fool proof tester must have 
been diamond oriented so that the 
point of the tester was a hard 
direction. We may be seeing more 
such horror stories. 


Some New Imitations 

We are indebted to GIA Board of 
Governors member Kurt Nassau for 
sending us two imitations, one of 
which must be new, and the other we 
do not know. The new one is anivory 
imitation described as microcrystal- 
line cellulose. With ivory declining in 
commerce, this may fill a need. In 
color, it resembles ivory and we are 
told it can be made in any color and 
size. We found the following proper- 
ties: R.I. 1.54; S.G. 1.53; u.v. fluor- 
escence (both wave lengths) medium 
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yellow; hardness 414; negative acid 
reaction; dull granular fracture (no 
engine turning effect); burning paper 
odor with the thermal reactor. The 
product was developed by Dr. A.O. 
Battista and released as “Avory 
Cultured Ivory” by the Research 
Services Corp. of Forth Worth, TX. 

The other imitation is glass used to 
imitate a star sapphire (Fig. 35). 
Unlike most glass imitations of star 
stones, the rays are clear and appear 
to go from the apex into the blue glass 
resembling the work seen in glass 
paper weights or old fashioned 
Christmas candy. Identification is no 
problem, of course. 


Diamond Chips 

About once a year we receive an 
item for testing in which honest to 
goodness diamond chips appear. 
Many on the staff have never seen 
these in jewelry and we were pleased 
to be able to show the ring in Fig. 36 
and 37 which contained three syn- 
thetic blue sapphires and numerous 
small cleavages (chips). Most laymen 
are under the impression that any 
small diamond is called a chip when 
in reality, they are single cuts, or 
more rarely, rose cuts, but of small 
size. 


Size and Diamond Color 
We have often been impressed 
with the scarcity of really top colored 
small diamonds. We have graded far 
more 3-carat and up such stones, 
than we have D colored 1-carat 
stones. Extraneous causes such as the 
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Figure 33. 


Figure 35 


cut, girdle effect, etc. seem to affect 
small stones more than larger ones 
An illustration of this came about 
when we had the chance to grade all 
the stones cut from a very large 
crystal. The largest cut stone was 
more than 100 carats. All the rest of 
the stones weighing more than 1.00 
carat could be conscientiously graded 
D in color. The three stones under | 
catat, with the smallest only .36 
carat, were by no means D in color, 
though they were graded E, This 
brings up the faci that re-cutting a 
diamond may alter the effect of light 
on the stone with a consequent 

alas, usually lowering of the color. 
We have seen this when a clicnt has 
requested re-checking a borderline 
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Figure 34. 


Figure 36. 


stone for a higher color, only to lose 
the higher color by recutting the 
stone. 


Figure 37 
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The Size and Weight of Diamond 
And Diamond Imitations 


By K. NASSAU, Ph.D. 
Bernardsville, N.J. 


The size-weight relationship in a 
faceted gemstone depends on two 
factors: the proportions (shape) of 
the cut and the specific gravity 
(density). The proportions are usu- 
ally determined by the refractive 
index (and, to a lesser extent, by the 
dispersion) so as to maximize “life,” 
i.e. brilliance and fire. The propor- 
tions are always subject to variations 
induced by the shape of the rough. 
Details on the history and current 
practices with respect to diamond 
proportions can be found in Bruton’s 
book‘) and elsewhere. 

In Fig. J are presented curves 
which permit conversion between the 
size (diameter in millimeters) and 
weight (in. carats) of brilliant-cut 
diamonds and several diamond 
imitations. As one example, by 
following the horizontal line for 2 
carats to its meeting with the diamond 
curve, such a diamond can be seen to 
be a little over 8 millimeters in 
diameter. By now, following the 8 
millimeter line upwards, it can be 
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seen that this diamond would be 
matched in size by a 2% carat YAG 
(yttrium aluminum “garnet”), a 34 
to 3% carat synthetic cubic zirconia, 
or a 4% carat GGG (gadolinium 
gallium “garnet”). 

Values determined by using Fig. 1] 
are only approximate, since there can 
be considerable variation in shape; 
for the diamond curve the Tolkowsky 
proportions have been used. Even the 
specific gravity can vary for synthetic 
cubic zirconia, where both the type of 
stabilizer as well as the amount used 
can be varied™: as a result, synthetic 
cubic zirconia stones may fall on the 
curve given in Fig. /, or may rangeas 
far as half-way towards the GGG 
line. 

The values for several other 
gemstones can also be read from Fig. 
Z. Rutile, spinel, ruby and the 
sapphires fall about half-way be- 
tween diamond and YAG, and 
strontium titanate falls a little above 
the YAG curve. Both quartz (includ- 
ing rock-crystal, smoky quartz. 
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citrine, and amethyst) and the beryls 
(including aquamarine, golden beryl, 


CUBIC ZIRCONIA 


WEIGHT 


DIAMETER 
IN 
MILLIMETERS 


Figure 1. The weight-diameter relation- 
ship for briltiant-cut diamonds and some 
diamond imitations. Strontium titanate 
falls a little above the YAG curve; rutile, 
spinel, ruby and sapphires fall between the 
YAG and diamond curves; and quartz and 
bery! fall on the diamond curve. 
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morganite, and emerald) fall on the 
diamond curve; although their 
specific gravities are much lower than 
that of diamond, so are their refrac- 
tive indices, thus necessitating a 
much deeper stone. 

Finally, it should be noted ‘that 
some manufacturers and retailers 
give the weight of their diamond 
imitations not as the actual weight of 
the stone, but as the weight of an 
equal size diamond. Since this 
practice. is not always specifically 
mentioned, it can cause considerable 
confusion! 

Part of this material is taken from 
the author’s book “Gems made by 
Man,” being published about April 
1980, by the Chilton Book Co., 
Radnor, PA. 
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Developments and Highlights 
at GEA’s Lab 
in Los Angeles 


By ROBERT E. KANE 


Trigons on a diamond by Interference contrast. 200X 
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Synthetic Rubies 


Quite recently the Los Angeles 
Laboratory has been requested to 
identify several fine quality synthetic 
rubies. In dealing with the identifica- 
tion of these stones careful study 
through the microscope is applied to 
determine the origin: natural versus 
synthetic. Inclusions have always 
been a necessary criterion in terms of 
this ruby separation. Under magnifi- 
cation these stones have revealed 
some interesting inclusions, some of 
which had not been encountered 
previously. 

One such example is shown in Figs. 
7 and 2.: The presence of uniform 
parallel growth planes which meet at 
an angle, but do not intersect as 
expected in a natural ruby. At first 
glance this may appear to resemble 
the hexagonal growth displayed by 
silk and straight zonal banding which 
is also seen in some natural rubies. 
Upon further examination through 
the microscope it was noted that 
these growth planes differ in appear- 
ance from that which is encountered 
in natural stones. In some of these 
synthetic rubies is the presence of 
uniform parallel growth planes 
which do not intersect (Fig. 3) and is 
somewhat comparable to the lami- 
nated twinning seen in some natural 
rubies (Figs. 4, 5 and 6). This lami- 
nated twinning differs from the 
synthetic growth planes in the fact 
that the laminated twinning is 
composed of precise parallel “layers” 
that continue into the stone. The 
growth planes in the synthetic 
material are not of this nature. 
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One feature of these synthetic 
stones should be noted: The growth 
planes are not always readily ap- 
parent and careful positioning of the 
stone to obtain an oblique angle of 
illumination might prove necessary. 

This type of synthetic ruby may 
also contain angular inclusions of 
flux which appear white (Fig. 7) that 
somewhat resemble crystals found in 
some natural stones (Fig. 8). Wispy 
veil-like inclusions (Fig. 9) which 
may be similar to the fingerprint 
pattern seen in some natural stones 
(Figs. 10-13) were also noted. Angular 
inclusions of flux which appear dark 
(Fig. 14) and stringer-like inclusions 
of white flux (Figs. 15 and 16) were 
also encountered in some of these 
synthetic rubies. This type of syn- 
thetic ruby can contain any one ora 
combination of the previously men- 
tioned inclusions. 

Recently sent to the Laboratory 

for identification was a fairly large 
cushion antique mixed cut of this 
same type of synthetic material. The 
interesting feature about this particu- 
lar stone was its cutting, because the 
majority of synthetic rubies ex- 
amined in the past have usually been 
relatively symmetrical. However, this 
stone did have a poor symmetry 
reminiscent of some far eastern cut 
natural rubies. 
(Note: In Figs. 1-16 the colors of the 
photographs are not necessarily a 
true representation of the face up 
color of each gemstone, due to the 
different angle of illumination that 
was necessary to photograph each 
particular inclusion.) 
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Figure 3. Figure 4 


Figure 6 


Figure 7 
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Figure 10. 


Figure 14 


Figure 15 


208 GEMS & GEMOLOGY 


Some Unusual Clouds in Diamonds 

We have seen a thin square cloud 
in a diamond before, similar to the 
one shown in the Spring issue ol 
Gems & Gemology, 1967, in which 
George Kaplan of Lazare Kaplan & 
Sons diamond firm commented that 
this type of inclusion is characteristic 
of diamonds from Sicrra Leone. But 
| have never personally seen a cloud 
quite like the one that we en- 
countered recently in the round 
brilliant diamond (Figs. /7 and 18) 
This cloud has four symmetrical 
voids originating near the center and 
continuing outwards toward the 
corners of the square, creating an 
inclusion remarkably resembling a 
maltese cross. This inclusion is 
somewhat similar to the one ina |.55- 
carat emerald cut diamond shown in 
the Winter issue of Gems & Gem- 
ology, 1966-67, and the Spring issue, 
1967, 

Fig. 19 shows a round brilliant 
diamond which contained an un- 
usual cloud. This cloud was in very 
high relief and had an angular 
appearance that was almost hex- 
agonal. The structure of this cloud 
was hollow with an open end and 
terminating in a point at the other 
end 

In the diamond shown in Fig, 20 
approximately one half of an octa- 
hedral cloud near the culet ts seen 
When viewing a round brilliant 
diamond from the crown, an in- 
clusion that is positioned in this way 
will usually reflect. As seen in Fiz. 2/, 
this particular reflector forms an 
interesting symmetrical pattern 
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Figure 18 


Figure 19. 


Figure 20. 
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Figure 21. 


Figure 23. 


Cubic Natural 

In Fig. 22 a rarely seen cubic 
natural is shown. This is the type of 
typical growth marking that may be 
encountered on the faces of diamond 
cube rough. The sides of the square 
or rectangular depressions are set-at 
45 degrees to the edges of the cube 
(Figs. 23 and 24). Cubes are rarely 
found in gem quality diamond 
rough, the most common habit being 
octahedral. When a diamond cube is 
fashioned into a gemstone. the table 
will often be cut parallel to the cube 
face. Therefore, when cut stones with 
these growth markings are en- 
countered, they will probably be 
positioned 45 degrees to the table 


Green Graining 
One unusual characteristic seen in 
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Figure 22 


ay 


a 


Figure 24 


some diamonds is that of colored 
graining, Green graining is some- 
times associated with light green 
natural colored diamonds. However. 
the green graining shown in Fig. 25 is 
not the first that we have seen in a 
near colorless diamond, but still isa 
somewhat rare occurrence 


Figure 25 
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“Trapiche” Emerald 


In 1964 an unusual type of 
emerald was encountered jn Colom- 
bia. This type is known as 
“Trapiche,” after the Spanish word 
for the sugar cane crushing gear 
which it resembles. Hf large enough, 
the green sections of these stones 
would be cut up into small stones: if 
too small they were usually discarded 
at the mine. With the increase of 
emerald prices over the past decade 
these small stones apparently are no 
longer discarded, “Trapiche” em- 
eralds now sold as mineral 
specimens and also to be cut into 
cabochons. 

There are many types of 
“Trapiche” emeralds. The type that 
we have seen most often consists ol a 
central hexagonal column of emerald 
with six arms of this same material 
extending outward from the central 
column. The interstices between 
these arms are a finely grained 
matenal which whitish to 


are 


can be 

black in appearance. 
Recently sent to the Laboratory 

was a “Trapiche™ emerald of a 


Slightly different appearance. This 


I3-carat oval cabochon consisted 
mainly of one central hexagonal 
column and six prisms of semi- 


transparent emerald separated by a 
fine grained opaque material, As seen 
in Fig. 26, the central column tapers 
dramatically as it continues toward 
the bottom of the cabochon 


Radiation Stains 


Recently sent to the Laboratory 
for full quality grading was a round 
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Figuré 26 


brilliant diamond which had an 
interesting feature: radiation stains 
were found on both of the two 
naturals on this G colored diamond 
(shown in Fig, 27). Radiation stains 
on diamond naturals ate usually 
associated with green diamonds. This 
is the first time we have encountered 
this feature on a 
diamond 


near colorless 


More Diamond Inclusions 


Occasionally we will see an 
iridescent feather in a diamond like 
the one shown in Fig. 28. Feathers of 
this nature usually occur in a plane 
that 1s relatively parallel to and near 
the surface of the faceted diamond 


An unusual inclusion in a dia- 


Figure 27 
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Figure 28 


Figure 29 
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mond is shown in Fig. 29. At the 
edges of the inclusion are needles 
radiating outward at various angles. 
The darker colored areas at the left of 
the inclusion may have been stained 
by an iron oxide. 
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COOBER PEDY — The Opal Town 


By JONATHON STONE 
Australian Information Service 
New York, New York 


Even when you see Coober Pedy, 
it is hard to believe. This town fries or 
freezes — an incongruous clutch of 
buildings in the middle of a vast 
desert — a landscape marginally 
more hospitable than the moon. 

What looks like meteor craters are 
opal diggings, for Coober Pedy is the 
source of 90 percent of the world’s 
opal. Nobody knows just how much 
opal each year comes out of the 
tunnels in a 126,000,000-year-old 
rock-hard sea bed, some 900 km (560 
miles) north-west of Adelaide. 

The official’ census shows that 
1,740 people live in the. township. 
Actually there are more than 5,000 
residents. 

Opal and isolation attract people 
who want to get away from other 
people, with the thought that they 
might also strike a fortune. 

About 20 percent of the popula- 
tion is aboriginal, and 60 percent is of 
an ethnic origin other than British or 
Australian. 

The past history of conflicts 
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between many of their original 
countries seems to have been alto- 
gether forgotten. 

Accent or origin means nothing, 
but substance and character are 
everything. 

Temperatures may rise to 54°C 
(130°F) in the shade in summer and 
drop to freezing point on a winter’s 
night. 

The average rainfall for the past 25 
years has been 50 mm (two inches) 
and it costs $A64 to have a household 
tank filled from the township’s only 
water supply — brackish and scarce- 
ly drinkable after being pumped from 
an artesian basin. 

The local area school, which caters 
to 525 children from pre-school to 
university matriculation, has an 
annual water bill of $425,000. 

Lawns are out of the question. 
However on the rare occasions when 
it does rain, the desert turns green 
overnight and carpets of wildflowers 
stretch to the horizon. 

Five years ago there were five trees 
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in Coober Pedy over five feet tall. 
Now there are about 100 planted at 
the school. 

So important is the sight of trees to 
children that the school will use some 
of its precious water to maintain a 
drip irrigation system. 

But nothing can be done about the 
remorseless bush flies, and dust is an 
ever-present irritation. 

To escape the extremes of climate, 
many people live and conduct their 
business underground. A_ further 
incentive is the ever-present possi- 
bility that these diggers will strike 
opal. 

These dugouts are also good 

: investments because hillside sites are 
Coober Pedy Supermarket, differing from becoming scarce. 
the supermarkets most of us shop at in that Dugouts don’t need air condition- 
this market also sells high explosives. 
(Note list in top center of photo.) ing. Despite the variations in outside 


# 


Se 


—— 


A ventilation shaft and a water tank mark Coober Pedy. (Australian Information 
the location of an underground house in Service photograph.) 
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temperatures, dugout temperatures 
generally vary no more than two or 
three degrees from 22°C (72°F). 

At night, the dugout walls and 
ceilings, which look like red-veined 
marble, reflect artificial light, and 
seem to sparkle with diamonds, 
rubies, emeralds and sapphires. 

In fact, the marble-like walls are 
silt of an ancient sea bed, compacted 
so hard that only a pneumatic drill 
can dig through it. 

The red veins are the remains of 
worms which lived in the sea bed 
126,000,000 years ago. The diamond- 
like sparkles are reflections from 
gypsum chips and the reds, blues and 
greens are reflections from opalised 
sea shells. 

On the surface are two modern 
motels, one with a disco group whose 
lead singer and guitarist has studied 
music and composition in the U.S.A. 

The post office, supermarket, 


In many places in Australia’s vast outback, 
landing strips are located on the nearest 
clay pan — the dry bed of a shallow lake. 
This one is at Andamooka, the small opal 
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several shops and restaurants are also 
above ground. 

Virtually all business is done in 
opal or cash, and it is common to see 
bundles of notes totalling between 
$A100,000 and $A200,000 across the 
counter of the only bank. 

The biggest surprise of Coober 
Pedy is that 5,000 individualists, 
from divergent backgrounds, have 
developed a cohesive community 
spirit. 

There is no municipal government 
or no formal civic organisation — 
and the people want to keep it that 
way. 

The township is run by a Progress 
Association and a Miners’ Associa- 
tion which own the drive-in theatre, 
the main source of revenue for 
community improvements. Last 
year, its donations enabled the 
completion of a $A70,000 sports 
centre. 


mining settlement about 320 km (200 
miles) southeast of Coober Pedy. (Aus- 
tralian Information Service photograph.) 
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Other Miners’ Association gifts 
last year included $A6,000 to the 
hospital, $A1,000 to the school 
library and large contributions to 
sporting bodies. 

The school, well appointed and 
equipped, is the town’s central 
meeting place for sports and other 
community organisations. At night it 
is used for adult education classes. 

Most of its teacher aids, technical 
and electronic equipment is provided 
by community effort. 

It seems unlikely that a govern- 
ment or major company would be 
bothered with Coober Pedy because 
there is no way of finding opal except 
by random digging, which is un- 
economic on a large scale. Pockets of 


opal are usually small and not 
necessarily an indication of others in 
the immediate area. 

Expensive machinery is neither 
necessary nor an advantage. More 
ground can be dug up with a bull- 
dozer, but an opal level may be found 
perhaps just as quickly by a miner 
sinking a single shaft. 

The sheer outlandishness of 
Coober Pedy, the possibilities of 
doing a little fossicking or buying 
opal cheaper on the spot, attracts 
many tourists during winter months. 

Visitors usually come by air, and 
pilots of the local commuter service, 
called Opal Air, have opal wings 
pinned to their uniforms. 


Notices on the window of the Coober Pedy Post Office. Note Mine Rescue Squad 


poster and Explosives Information Chart. 
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Recent Activities in 
GIA’s Research Department 


by D. VINCENT MANSON, Ph.D. 
Director of Research 
Gemological Institute of America 


Steady progress continues to be 
made in achieving the major goal of 
GIA’s research function. Specif- 
ically, this involves the establishment 
of a broad-ranging reference collec- 
tion of gemological materials and 
documentation of their properties. In 
excess of 9,000 items are now 
catalogued in the reference collection 
and the slow but important task of 
collecting data on properties of all 
these materials is under way. 

Certain specific gemological prob- 
lems take priority and determine the 
emphasis in our data collection. 
Areas of special interest at the 
present include: 

1, Origin of color in diamonds 

2. Origin of color in lavender jades 

3. Review of the gem garnet group 

4. Golor permanence in colored 
gemstones 

5. Major and minor element com- 
position of gem materials 

Significant results obtained to 
date in the course of pursuing these 
broader goals are summarized below. 
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Second Crystal of Painite 
Discovered 

In review of a box of gem spinels 
from Mogok, Burma, a gemmy 
crystal — clearly not a spinel and not 
readily identified with any other 
species — was encountered. The 
crystal measures about 3% cm long 
and 3 mm in cross section. X-ray 
identification, together with other 
properties, identified the 1.7-carat 
hexagonal crystal as the second 
known sample. of Painite. Chemical 
analysis showed it to be different 
from the composition first suggested 
for this mineral due to the absence of 
zirconium. Further library research 
and comparison with the type 

material confirmed this result. 


Clarification of Composition 
of Maw Sit Sit 
This intriguing ornamental gem- 
stone from Mogok, Burma, was first 
described in the 1950’s. It was 
recently examined under the scan- 
ning electron microscope, chemically 
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analyzed with the energy dispersive 
X-ray system and X-ray diffracted to 
determine its internal structure, by 
using finely ground powder separates 
and studying the resulting powder 
patterns. Due to the intimate inter- 
growth of the two minerals present in 
the attractive dark green mottled 
jade-like material, it is not surprising 
that earlier identifications performed 
prior to availability of scanning elec- 
tron microscopes and instrumental- 
ized microanalysis techniques did not 
provide for correct identification of 
the components. 

This study shows the dark green, 
almost black, phase (previously 
described as chrome jadeite) to be a 
pyroxene called ureyite, after Nobel 
Scientist Harold Urey. This mineral 
was discovered in meteorites and 
prior to our identification, was not 
known to occur terrestrially. Inti- 
mately intergrown with the ureyite is 
a colorless to white mineral pre- 
viously identified as the feldspar 
albite, but which on clean separates 
proves unquestionably to be natro- 
lite. 

Unusual Gem Garnets 
from East Africa 

As part of a long term project 
reviewing the chemical and physical 
properties of the gem garnets, an 
unusual “variety” of garnet from East 
Africa has been identified and the 
range of its properties is being 
investigated in greater detail. 

The high grade metamorphic 
rocks exposed in Kenya and Tangan- 
yika are among the oldest pre- 
Cambrian formations known, and 
have in recent years proved prolific 
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sources of most intriguing gem 
materials. The area appears to have 
had a distinctive sequence of geo- 
logical processes involved in its 
history which accounts for the 
varieties of gem minerals to be found 
— gem minerals not characteristic of 
areas with a less involved geologic 
history. Superimposed is the pres- 
ence of a geochemical province 
characterized by a small but signif- 
icant and widespread distribution of 
vanadium which occurs as a trace 
element in several of these gem 
minerals. Tanzanite is one of the 
better known examples of a gem 
mineral produced by these events in 
this locale. Vanadium tourmalines 
(frequently identified, due to traces 
of chrome also present, as chrome 
tourmaline in the trade) and va- 
nadium grossulars or “tsavorite” are 
other important examples. 

The East African gem province is 
noteworthy, among many other 
reasons, for the large variety and high 
quality of the gem garnets being 
produced. Along with fine rhodo- 
lites, grossulars, spessartites, and 
other garnets consistent in properties 
and composition with the tradition- 
ally recognized varieties of this 
species, it soon became apparent that 
some garnets occurred which were 
not conveniently encompassed by the 
traditional gemological separations 
for the varieties of this species. In 
particular, a garnet with a refractive 
index varying between 1.74 and 1.76, 
showing a strong manganese spec- 
trum and most commonly witha rich 
golden-orange color. This garnet did 
not correspond with any of the 
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recognized varieties, and became 
known in East Africa as Malaya 
(“Malia”) from the Swahili word for 
“out of the family” (also used 
colloquially to describe a woman of 
the night). 

This garnet falls in a composition 
range between spessartite and pyrope 
with a varied but small amount of the 
grossular molecule also present. Due 
to the unusual replacement within 
the garnet structure of atoms of 
significantly different size that this 
mixture implies, it is not surprising 
that mineralogists had previously 
considered such compositions of 
garnets to be of unlikely occurrence 
in nature. The rather special geo- 
logical events, in particular the 
complex metamorphic history that 
provided for the formation of these 
garnets will, it is thought, provide the 
explanation for the unusual chem- 
istry. 

Among the “Malaya” garnets are 
some containing significant trace 
amounts of vanadium. The presence 
of this element provides for an 
exciting new character to the garnet 
in the form of a weak to strong 
alexandrite-like color change from a 
bluish mauve under fluorescent light 
to a warm magenta under incan- 
descent lighting. 
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Plastic Impregnated Opal 
and Plastic Opal 

Some time ago, an unusual opal 
caught our attention. Resembling a 
“semi-black” type of Australian opal, 
its unevenness in color and the 
presence of wispy veils of minute, 
discrete, opaque inclusions and a 
slightly low specific gravity invited 
further investigation. The scanning 
electron microscope eventually re- 
vealed that this was a plastic impreg- 
nated opal. The opaque inclusions 
were identified as octahedrons of the 
mineral bravoite, which to this time 
has not been found by us in any opal 
other than Brazilian varieties. 

The plastic used initially was a 
carbon based polymer. We believe 
the process is now being done witha 
silica based polymer (i.e., a silane) 
which would have a higher specific 
gravity and provide for greater 
difficulties in identification. We 
continue to seek a positive separation 
less complicated than examination 
under the scanning electron micro- 
scope. 

An opal simulant made entirely of 
plastic has been manufactured in 
both Japan and Australia. With 
unmounted goods, the very light 
specific gravity of this material (1.1) 
is a giveaway. 
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Australia Adds Rubies 
To Its Mineral Riches 


By REX SCAMBARY 
Australian Information Service 
New York, New York 


John Bruce, a veteran prospector 
engaged by a Melbourne company to 
explore a mining lease in the remote 
Harts Range in Australia’s Northern 
Territory, found little for his troubles 
apart from some deep-red crystals. 

The crystals have now proved to 
be Australia’s first commercial 
discovery of ruby, one of the world’s 
most valued gems. 

Most top-grade rubies come from 
Burma and Thailand, with smaller 
quantities from Ceylon. Others have 
been found and are mined in Kash- 
mir and Tanzania, but otherwise the 
distribution of the gemstone is 
limited. 

Since Mr. Bruce made his dis- 
covery late in 1978, further explora- 
tion has revealed surface outcroppings 
of rubies over a wide area of the 
Harts Range lease, a region known 
previously only for small-scale mica 
mining. 
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The Harts Range is north-east of 
Alice Springs, the main town in 
central Australia. 

The rubies are contained in 
pockets of metamorphic rock, or 
gneiss, In a zone about 50 m (164 ft.) 
deep extending over some 20 km (12 
miles). 

Ruby is a form of corundum, or 
aluminum oxide, characteristically 
formed in hexagonal crystals about 5 
cm (2 in.) in diameter and about | cm 
(.4 in.) thick, It gets its distinctive red 
colour from small quantities of 
chromium. 

Although the deposit has yet to be 
fully explored, geologists from the 
Australian Government’s Bureau of 
Mineral Resources have assessed the 
rubies recovered to date to be of 
excellent cabochon grade and of 
good colour. 

Only very small quantities of 
transparent stone have been found in 
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A sample of a ruby crystal from the Harts 
Range, set in its host rock, and specimens 
that have been cut and polished in the 
traditional cabochon shape. 


the Harts Range. Such stones, which 
are rare even in the traditional ruby 
producing countries, are prized 
because they are of faceting quality. 
Hillrise Properties Proprietary 
Limited, the Melbourne company 
controlling the lease, has linked with 
a South Australian company, Mistral 
Mines NL, to develop the deposit. 
As the rubies are in a shallow, sub- 
surface deposit, a simple open-cut 
mining operation will be used, and 
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Australian Information Service photograph by Norman Plant 


Exploration consultant Tim Sloggett with 
rock samples from the Harts Range 
containing ruby crystals. 


grades are expected to improve as 
mining proceeds. 

For an initial investment of about 
$400,000, the developers expect to 
mine and sell rubies worth about 
$2,000,000 in the first 12 months. 

Australia has only limited tech- 
nology for the cutting of rubies, and 
it is expected that the Australian 
stones will be processed in Bangkok, 
Hong Kong and the Federal Repub- 
lic of Germany. 


221 


Acknowledgements for Gifts 
Received By The Institute 


Santa Monica 
Headquarters 


We wish to express our sincere 
thanks and appreciation for these 
gifts and courtesies: 


To Irving Apple, Apple and Apple, 
Certified Public Accountants, Min- 
neapolis, Minn., fora variety of gems 
including a 67.92-carat cuprite, a 
45.60-carat smithsonite, and a 10.25- 
carat rhodochrosite. These gems will 
enrich our display and study collec- 
tions. 


To Dr. and Mrs. John Chadwick, 
Oxy Gems, Coalinga, Calif., for a 
selection of gems to add to the 
student stone sets. 


To Mr. and Mrs. Jack Chou, Santa 
Ana, Calif., for an exceptional 
emerald carving weighing 948 carats. 
This distinctive gem represents a 
mountain, one of the important 
symbols of the Chinese Taoists. 
Visitors to the GIA will be delighted 
with the beauty of this work of art. 


To Mr. and Mrs. Louis Freedman, 
Frankfort, Ind., for anextraordinary 
63.32-carat yellow scapolite for our 
display collection. 


To Harold J. Greenspan, Los An- 
geles, Cahif., for a unique 3087.50- 


222 


carat blue topaz to be enjoyed by 
everyone who visits our displays. 
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Book Reviews 


100 WINDOW DISPLAYS by H. 
Marquis, 1978, Edition Scriptar SA, 
Switzerland, 115 pages, text in 
English, French, German, and Span- 
ish, $45.00 through GIA Bookstore. 
How many customers do you lose 
each day because your display 
windows are the same? Express your 
store’s image through crowd- 
stopping displays, beginning with the 
ideas in this text. Basic principles of 
window design such as the “Golden 
Rule” and the “Golden Number” are 
explained in detail, and clearly 
illustrated with photographs. Most 
of the displays are shown in color to 
illustrate proper use of tone, hue, and 
intensity. Complete instructions for 
making backgrounds and stands will 
make even a beginner’s display 
attract customers. If each design is 
used fora month, there are more than 
eight years of creative display ideas! 
At that rate, the cost is a very small 
investment. This is also an excellent 
reference to supplement the GIA 

Creative Display course. 
By Betsy Barker 


THE JEWELRY IN YOUR LIFEby 
Morton Sarett, Nelson-Hall, Chi- 
cago, Ill., 1979. 144 pages, $27.95 
through GIA Bookstore. 

Mort Sarett has written a useful 
and much needed guide for the 
jewelry consumer. Easy to read and 
informative sections on gem ma- 
terials, watches, metals and care of 
jewelry also give sound advice. 
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Birthstones and a history of rings are 
described in detail. The last chapter 
lists many of the jewelry retailer’s 
frequent questions, and answers each 
question carefully. Unfortunately, 
the photographs are not of the same 
high quality as the text. The Hope 
Diamond is simply not impressive in 
black and white. The 12 pages of 
color photographs are interesting, 
but not unusual. Despite the cost and 
the poor photographs, this is an 
excellent gift for a valued customer, 
or a solid introduction for untrained 
sales staff. 

By Betsy Barker 


MINERAL NAMES: WHAT DO 
THEY MEAN? by Richard Scott 
Mitchell; 256 pages; 6 x 9; Van 
Nostrand Reinhold, 1979; $13.95 
through GIA Bookstore. 

“Mineral Names: What Do They 
Méan?” is the first modern compre- 
hensive study on mineral names and 
origins. This work traces the origin of 
over 2,600 names bringing together 
an abundance of biographical, 
scientific, and historical data that 
until now was scattered throughout 
the mineralogical literature. 

This book explains how minerals 
are named and investigates the origin 
and meaning of the various suffixes 
that are attached to mineral names. 
The names are presented in alpha- 
betical order for quick reference. 
Biographical data, where possible, is 
given for minerals named after a 
person. This book should help the 
gemological and mineralogical com- 
munities alike in deciding which 
spelling to use for minerals like 
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almandine-almandite, analcime- 
analcite, and hauyne-haiuynite. 
Gemologists, mineralogists, gem 
collections, geologists, and others 
interested in minerals and the 
geosciences should find this reference 
work a helpful and useful addition to 
their reference libraries. 
By John Koivula 


DIAMONDS, LOVE AND COM- 
PATIBILITY by Saul A. Spero, 
Exposition Press, Hicksville, N.Y., 
1977; $7.50 through GIA Bookstore. 

Saul Spero’s diamond shape game 
may be the best sales trick of the year. 
It’s a fun and simple personality 
survey to give to couples who are 
buying an engagement ring. Accord- 
ing to Mr. Spero, personality is 
clearly reflected ina woman’s choice 
of a specific diamond shape such as 
round brilliant or marquise. After 
surveying thousands of engaged 
couples, Mr. Spero states that a 
groom can tell if he'll be happy with 
his bride by using this game. While 
the game is aimed at revealing the 
bride’s interest in homemaking, the 
test will also reveal the groom’s 
personality. No one has ever failed 
the diamond shape test! 

This game could easily become 
part of a very effective sales presenta- 
tion. Working closely with the 
customer to choose a favorite dia- 
mond shape also creates the trust and 
confidence needed to bring that 
customer back to buy again. Selling 
engagement diamonds should be fun, 
and with this method, these sales may 
be more profitable. 

By Betsy Barker 
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Synthetic Gemstone Developments 
in the Nineteen Seventies 


By KURT NASSAU, Ph.D. 
Bernardsville, N. J. 07924 


Abstract 

The nineteen seventies were an 
exciting period, with many new 
developments in the field of synthetic 
gemstones. It was a difficult period 
for the gem expert as he struggled to 
keep up with a series of new syn- 
thetics, imitations, and treatments. 
For the user of gemstones these 
developments have provided a wide 
variety of new or improved, albeit 
“man-made,” products at costs well 
below the ever increasing inflation- 
ary prices and rarity of quality 
natural gemstones. 

The decade began with a bang in 
1970 with the first successful growth 
of gemstone-size synthetic diamonds, 
as well as with the introduction of 
YAG as a diamond imitation, this 
rapidly superseded all the older 
materials. Soon thereafter, Pierre 
Gilson of France announced his 
synthetic opal in both white and 
black forms, as well as synthetic 
turquoise, later to be followed by his 
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lapis lazuli and coral products. 
Commercial production of synthetic 
citrine and synthetic amethyst began 
in the USSR, while in the USA Linde 
discontinued its synthetic star ruby, 
Star sapphire, and its synthetic 
emerald production (the last has been 
reactivated by another company). An 
authentic synthetic alexandrite and 
Slocum’s imitation opal have been 
additional new products. 

Towards the end of this decade, 
the most significant development was 
the meteoric rise of synthetic cubic 
zirconia, which almost overnight 
displaced essentially all the previous 
diamond imitations. Newly de- 
veloped testing techniques are mak- 
ing the identification of this diamond 
look-alike a little easier. Another 
development has been the continuing 
rise of treatments used to “improve” 
natural gem materials, this includes 
irradiation as well as impregnations. 

In looking back over these rapid 
developments of the last ten years, 
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one suspects that the next decade will 
not be quite so hectic; a period to 
digest and utilize more fully these 
advances may, perhaps, be antici- 
pated. 

Parts of this article are based on 
material in the author’s book “Gems 
Made by Man,” published by the 
Chilton Book’ Co., Radnor, PA 
19089. 


The sequence of gemstones made 
by man began at the turn of this 
century with the duplication of ruby, 
the sapphires, and spinel. As can be 
seen in Table J, there followed a long 
gap until the late 1940’s, when a series 
of new duplications as well as steadily 
improving diamond imitations fol- 
lowed over the next two decades. 
This culminated in YAG (yttrium 
aluminum “garnet”), so widely used 
as a diamond imitation as to make 
almost everyone aware of the exis- 
tence of such triumphs of man’s 
technology. Some of these materials 
had been originally perfected for 
their known or hoped-for techno- 
logical uses, others specifically for 
their gemstone potential. This pro- 
cess accelerated in the 1970’s with a 
major development every year on the 
average. With the end of the decade, 
this process may be slowing down 
because all but the most difficult 
syntheses have been achieved, and 
also for economic reasons. 

The developments of the 1970’s 
will be discussed in the sequence: 
(A) synthetic diamond, (B) diamond 
imitations, (C) low-priced Verneuil 
products, (D) high-priced luxury 
synthetics, (E) miscellaneous ma- 
terials, and (F) treatments. 
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A. Synthetic Diamond 
After a checkered early history, 
including many false claims (some 
due to sincere errors, others due to 
outright fraudulence) the duplication 


Table 1. The Sequence of Major 
Synthetic and Imitation Gemstones 


Approximate 
Year of Synthetic or Imitation 
Availability Gemstones and Manu- 
in Quantity facturing Technique 
SSS sane is even syeyste hanes Ruby (Geneva) 
1905, puck ese vee Ruby (Verneuil) 
1910: sch ae sie Sapphire (Verneuil) 
HNO: esse adie as Spinel (Verneuil) 
1947 .... Star Ruby and Sapphire 
(Verneuil) 
GAR sycedec eee Ae Rutile (Verneuil)# 
195 O ease eye eee Emerald (Flux) 
1950), 1 32% Quartz (Hydrothermal)# 
1955) shoe seem Strontium Titanate 
(Verneuil)# 
1965 .... Emerald (Hydrothermal) 
1968) 6 dase 2. YAG (Czochralski 
Pullirig)# 
197 ON oo ce ves cet enc Diamond (High 
Pressure)#* 
OF Diecast Turquoise (Ceramic) 
MOPS: co eee Bee Alexandrite (Flux) 
WOUAN face. Opal (Complex Process) 
1974 ...... Citrine (Hydrothermal) 
1975 ... Amethyst (Hydrothermal) 
FONG. nee eet Lapis Lazuli (Ceramic) 
1976 42 weer a Pract Cubic Zirconia 
(Skull Melting)# 
LOFT spats seas Opal-Essence (Glass) 
1978) iar. eet Coral (Ceramic) 


#Process perfected for potential 
technological use. 
*Experimental production only. 
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of diamond was finally achieved by 
H. Tracy Hall at the General Electric 
Co., Schenectady, N.Y., on Decem- 
ber 16, 1954. With the publication of 
details by F. P. Bundy, H. T. Hall, H. 
M. Strong, and R. H. Wentorf, Jr., in 


1955, and a detailed description of the. 


apparatus by Hallin 1960, a synthetic 
diamond grit industry developed 
rapidly. 

Today, G. E. at its Worthington, 
Ohio, facility produces somewhere 
near one half of the world’s produc- 
tion, estimated at some 100 million 
carats (20,000 kilograms, 44,000 
pounds) of grit per year. Diamond 
grit costs from one to several dollars 
per carat, depending on the type. 

The second largest producer is 
probably the DeBeers organization 
who purchased from G. E. the rights 
to manufacture synthetic diamonds 
in South Africa and Europe with the 
major production facility on the East 
Rand in South Africa, and additional 
production in Shannon, Ireland, and 
at the ASEA facility in Robersfjord, 
Sweden. Smaller production occurs 
in Japan and West Germany and 
probably elsewhere. In the USSR, 
diamond research is conducted in 
Moscow with production facilities in 
Poltowa, Yerevan, and Kiev. 

In 1970 there came another 
announcement from G. E. by R. H. 
Wentorf, Jr., H. M. Strong, and R. 
M. Chrenko, describing the growth 
of gem-size and gem-quality dia- 
monds. Details of this, as well as of 
other aspects of diamond synthesis 
have been given by the author 
elsewhere (1.2). 

This process can use any form of 
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carbon-containing material (even 
mothballs or peanut butter!), taken 
to a pressure of perhaps 70,000 bars 
(1 million pounds per square inch) 
and a temperature of perhaps !800°C 
(3272°F). Diamond is rapidly pro- 
duced from the carbon by crystalliza- 
tion from some metal solvent, such as 
iron, and growth next occurs on a 
thin diamond seed-plate to form 


large crystals over a period of about 


one week. 

Synthetic diamond crystals about 
5 millimeters (1/5 inch) across weigh- 
ing one carat were grown in 1970 and 
cut to yield up to 0.46 carat faceted 
gemstones; some of these were 
presented to the Smithsonian Institu- 
tion, Washington, D. C. Colorless 
diamonds (down to “F” on the GIA 
color scale), yellow (containing 
nitrogen impurities) and blue (con- 
taining boron impurities) can all be 
made. 

Synthetic carbonado (a tough, 
black polycrystalline diamond) con- 
tinues to be widely manufactured and 
used for metal machining and other 
industrial purposes. Fine diamond 
grit also continues to be manu- 
factured by the shock-wave ex- 
plosion process, e.g. by DuPont at its 
Gibbstown, N. J. facility. Details 
have been published") 

Various low pressure processes for 
adding diamond to existing diamond 
crystals have been proposed, but a 
typical growth rate is less than 1 
millimeter per year, and it is not clear 
whether diamond is even produced! 
It may well be that the product is the 
“lonsdaleite” form of carbon or 
other, similar forms. 


GEMS & GEMOLOGY 


s 


Figure 1. Schematic diagram of the ion implantation growth of diamond; both the carbon 
source A and the diamond B are heated by electrical coils. 


A most interesting development 
has resulted in another low pressure 
process, developed by J. H. Freeman 
and co-workers at the Harwell 
Atomic Energy Research Center in 
Britain. This is disclosed in British 
patents 1,476,313, June 10, 1977, and 
1,485,364, September 8, 1977. The 
technique used is to produce a beam 
of carbon ions (at A in Fig. J) ina 
vacuum chamber and accelerate 
these by a high voltage at B. The 
beam of ions is separated from 
accompanying residual gas ions ina 
magnetic mass-spectrometer type of 
arrangement at C and the energetic 
ions are then implanted into a 
diamond at D. If the diamond is at 
room temperature, the implanted 
ions merely cause disorder, but if the 
implantation is conducted with the 
diamond at an elevated temperature, 
perhaps 700°C (1292°F), the dis- 
order continuously anneals out and 
the implanted carbon ions add to the 
diamond. 

The added material has been 
shown to be true cubic diamond, and 
impurities can be added during 


WINTER 1979-1980 


growth. At present the growth rate is 
too slow for useful gemstone dia- 
mond growth. Nevertheless, the 
possibility for improvements in this 
process exists and will bear watching. 


B. Diamond Imitations 

By about 1972, the production of 
YAG (yttrium aluminum “garnet,” 
Y,Al1,;O,.) used as a diamond 
imitation peaked at about 40 million 
carats (8000 kilograms, 17,600 
pounds) per year. This was more than 
the market could absorb, there was a 
fall in price, and a number of manu- 
facturers discontinued production. 
With the arrival of cubic zirconia in 
1977, YAG is now joining earlier 
diamond imitations such as rutile 
and strontium titanate in small-size 
production only. 

Early in the 1970’s, many crystal 
growth studies were performed on 
GGG (gadolinium gallium “garnet,” 
Gd,Ga,O,,) for use in “bubble 
domain memory” units. For this 
purpose, the GGG must be essen- 
tially flawless, even free of disloca- 
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Figure 2. Apparatus for the Czochralski- 
pulling growth of large high-melting 
crystals such as synthetic ruby, YAG, or 
GGG; the diameter of the iridium crucible 
may be as large as 15 cm (6 inches). 
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tions! Because of this type of 
technological necessity, GGG and 
electronic grade silicon are probably 
the two most perfect crystals in 
existence in quantity today. 

With a refractive index of 1.98 (an 
incorrect value of 2.02 is often 
quoted) and a dispersion of 0.038, 
GGG was an improvement on the 
1.83 and 0.028 of YAG. It is much 
more expensive to produce, however, 
and was displaced by cubic zirconia 
before it ever became popular. 

The chemistry of the “rare earth 
garnets” such as YAG and GGG has 
been described by the author”? 
Produced by Czochralski pulling 
from the melt, as shown in Figs. 2 and 
3, crystals 5 centimeters in diameter 
and 20 centimeters long (2 inches by 8 
inches) weighing 9000 carats (1-3/4 


Figure 3. Czochralski apparatus as in Figure 2, used for synthetic ruby growth. Courtesy 
of Litton Systems. 
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kilograms, 4 pounds) are readily 
grown. 

Cubic zirconia, produced by the 
“skull melting” process, began with 
small-scale production in 1977 by the 
Ceres Corp. in the USA, by 
Djevahirdjian S. A. in Switzerland, 
and at the Lebedev Physical Institute 
in Moscow, USSR. These, as well as 
other manufacturers have scaled up, 
so that by now a production rate of 
some 30 million carats (6000 kilo- 
grams, 13,200 pounds) per year can 
be estimated. There is a rapid fall in 
the price and there may soon be a 
parallel with the peaking of YAG in 
1972. 

Cubic zirconia is zirconium diox- 
ide, ZrO, (the monoclinic mineral 
baddeleyite), stabilized to remain 
cubic by the addition of some yttrium 
oxide Y,O, or calcium oxide CaO. 
The process is difficult because of the 
high melting point of ZrO,, 2750°C 
(4980°F), necessitating the skull 
melting shown in Fig. 4. Full details 
of the process and the product "* 
have been given by the author and 
others. 

Cubic zirconia is by far the best 
diamond simulant to date. It has a 
refractive index of about 2.16, 
somewhat below the 2.42 of dia- 
mond, which is nicely balanced by 
the 0.060 dispersion, which is higher 
than the 0.044 of diamond. With a 
high specific gravity of about 6.0, a 
cubic zirconia gemstone the same size 
as a 1 carat diamond will weigh 
almost 1-3/4 carats. A convenient 
size-weight conversion figure for 
diamond imitations has been pub- 
lished by the author" 
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Figure 4. J. F. Wenckus growing synthetic 
cubic zirconia in a small skull-melting 
apparatus. Courtesy of Ceres Corp. 


To aid in distinguishing between 
diamond and cubic zirconia, a 
number of new techniques can be 
used. There are reflectometers, such 
as the Sarasota Instruments, Inc., 
Jemeter, the contact angle tests, e.g. 
used in the GIA Diamond Pen, 
and, probably the most rapid and 
most convenient of any testers, the 
Ceres Co. Diamond Probe, which 
tests for the uniquely high thermal 
conductivity of diamond ®- 


C. The Verneuil Products: 

Ruby, Sapphires, and Spinel 
The majority of synthetic ruby, 
sapphires, and spinel for gemstone 
use is Verneuil-grown because of the 
large production facilities available 
and the attendant low costs, only a 
few cents per carat. As a result, 
synthetic rubies, sapphires, and 
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spinels in wide range of colors are 
available in faceted form from less 
than one dollar to a few dollars per 
stone, depending on the size. In the 
Verneuil technique, powdered ma- 
terial is sprinkled downward through 
a vertical flame to melt and build up 
on a growing “boule.” 

With some half dozen large manu- 
facturers, mostly in Europe, and 
several smaller ones, a world-wide 
Verneuil capacity of well over 
1 billion carats (200,000 kilograms, 
440,000 pounds) per year is in 
existence. The bulk of the production 
is used for the “jewel” bearings in 
watches and instruments. When used 
for this purpose, only about one 
percent of the weight of the boule 
ends up as finished bearings, all the 
rest being lost in the cutting and 
shaping steps! Demand has fallen 
somewhat with the rise of electronic 
watches which do not use bearings. 

The Linde Air Products Co., later 
a division of the Union Carbide and 
Carbon Corp., was the major manu- 
facturer of Verneuil products in the 
USA at its East Chicago facility. Due 
to the pressure of lower labor costs in 
Europe, most Verneuil growth had 
been discontinued before 1970, but 
the growth of synthetic star ruby and 
star sapphires continued, covered by 
a series of US patents. 

Synthetic stars are made by 
including some excess rutile (ti- 
tanium oxide, TiO,) in the feed 
powder. The grown boules are 
annealed, typically 24 hours at 
1300° C (2372° F) to permit the rutile 
to precipitate as fine needles which 
reflect light to produce the star effect. 
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Figure 5. Czochralski-pulled synthetic 
ruby (4.2 kilograms, 9% pounds) and 
synthetic colorless sapphire (10 kilo- 
grams, 22 pounds). Courtesy of Union 
Carbide Corp. 


Details are given elsewhere™. Even 
this production ceased in 1974 with 
the closing of the East Chicago 
facility, representing the cessation of 
all gemstone work by Linde. 

Ruby and sapphires of higher 
quality than the Verneuil product are 
required by industry (e.g. for the 
“SOS,” silicon-on-sapphire semi- 
conductor technology) and Linde as 
well as others have used Czochralski 
pulling similar to that of Figs. 2 and 
3. The sizes attainable can be seen in 
Fig. 5! 

Small-scale production of syn- 
thetic ruby and sapphire by the flux 
process continues by C. C. Chatham 
of San Francisco, California, and F. 
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Truehart Brown of Ardon Asso- 
ciates, Inc., of Dallas, Texas. In view 
of the high cost inherent in the flux 
process, there appears to be little 
demand. The major use seems to be 
in as-grown clusters of crystals used 
in jewelry without faceting. 


D. The Luxury Synthetics 

Excellent synthetic equivalents of 
natural emerald, opal, and alex- 
andrite are nowadays available. 
These are made by difficult processes 
and hence sell in the one to several 
hundred dollars per faceted carat 
range. This is, nevertheless, still low- 
priced compared to the cost of the 
equivalent quality natural gems! 

Flux-grown synthetic emerald was 
first marketed by Chatham in the 
1950’s, to be joined in the mid 1960’s 
by the similar product of Pierre 
Gilson of France‘). The latter has 
now achieved excellent control of his 
flux growth and is able to use a flux 
transport process, with emerald feed 
being dissolved in one part of the 
container and being transported to 
the seed section, where growth 
occurs, as shown in Fig. 6. Growth 
occurs at about | millimeter per 
month; completed crystals can be 
seen being removed from the growth- 
furnace in Fig. 7. 

Hydrothermal synthetic emerald 
was involved in the early unsuccess- 
ful overgrowth product of Lech- 
leitner, which was never produced in 
quantity. The Linde Division of 
Union Carbide perfected a hydro- 
thermal process, involving a strong 
acid solvent, and began marketing in 
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Figure 6. Schematic diagram of the flux- 
transport growth of synthetic emerald 
used by Gilson. 


Figure 7. Gilson flux-grown synthetic 
emeralds being removed from the growth 
furnace; crystals are 63 mm (2% inches) 
long and weigh about 400 carats. Courtesy 
Ets. Ceramique Pierre Gilson. 
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Figure 8. Hydrothermal synthetic emerald 
growth at Linde, about 1965. Courtesy of 
Union Carbide Corp. 


Figure 9. Gilson 
Opal during — its 
one-year settling 
period. Courtesy 
of Ets. Ceramique 
Pierre Gilson. 
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1965 in jewelry of its own manu- 
facture under the “Quintessa” name. 
A part of the early production facility 
is shown in Fig. 8. Because of over- 
production (200,000 carats per year 
at its peak) and marketing problems, 
the manufacture was halted in 1970 
and marketing ceased in 1975 with 
considerable amounts of unsold 
stock. The equipment was subse- 
quently sold and a patent-use license 
was granted to Vacuum Ventures, 
Inc. of Sunnyvale, California, and 
Pompton Lakes, New Jersey, who 
have reactivated the process using the 
name “Regency Created Emerald.” 
Other emerald growth processes have 
been claimed over the years, but none 
has produced a usable product. ™”), 
There had been much speculation 
about the cause of color in opal 
which was finally established in 1964. 
The electron microscope revealed a 
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structure consisting of a very regular 
array of equal sized spheres of silica, 
with the diffraction-grating effect” 
producing the color. Only eight years 
later Pierre Gilson, Sr., of France, 
announced a successful duplication 
and marketing began in 1974. The 
synthetic opal process involves the 
precipitation of silica spheres and a 
long settling period, as shown in Fig. 
9. Both white and black synthetic 
opal are made by Gilson. The full 
details of the opal process have never 
been revealed, but some parts can be 
deduced”, ’ 

An alexandrite imitation, using 
vanadium impurity in corundum, has 
long been known, but in 1973 a true 
synthetic alexandrite was announced 
by Creative Crystals of San Ramon, 
California, based on US Patent 
3,912,521, 10/14/1975. Both pulling 
from the melt and flux-growth are 
described in this patent. The product, 
sold under the name “Alexandria- 
created Alexandrite,” is clearly flux- 
grown. It has an excellent color 
change. A similar product is made in 
Tokyo, Japan, by the Kyocera Co., 
and sold under the names “Crescent 
Vert Alexandrite” and “Inamori- 
created Alexandrite.” Experimental 
Czochralski-pulled material has also 
been seen. 


E. Miscellaneous Material 
Production of colorless synthetic 
quartz by the hydrothermal tech- 
nique of growth from superheated 
water/steam under pressure has been 
carried out on a commercial scale 
since about 1950. In the USA the 
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largest producers are the Sawyer 
Research Products, Inc., Division of 
Brush Wellman, Inc., in East Lake, 
Ohio, and the North Andover, 
Massachusetts, facility of Western 
Electric, the manufacturing arm of 
the Bell System. There is also the 
General Electric Co., Ltd., in Great 
Britain. The product is used mostly in 
communications equipment, includ- 
ing CB (citizens’ band) radios. Witha 
decline in demand in recent years, the 
annual production has fallen some- 
what from a peak of 700,000 kilo- 
grams (1-1/2 million pounds). De- 
tails of the early history and current 
technology of colorless and colored 
synthetic quartz may be found 
elsewhere. 

Synthetic citrine and synthetic 
amethyst are made by adding iron 
under carefully controlled conditions 
and, in addition, also using irradia- 
tion for the amethyst (synthetic 
colorless quartz can also be ir- 
radiated to give synthetic smoky 
quartz, should it be desired). Details 
of the processes have been revealed in 
a series of patents by Russian 
workers, e.g. US Patents 3,936,276, 
2/3/1976, and 4,021,294, 4/3/1977. 
Commercial production is under way 
in the USSR and the product recently 
has been made available in the USA. 
A wide range of colors can be 
obtained in synthetic quartz, includ- 
ing purple amethyst, yellow citrine, 
smoky, blue, and green quartz. This 
is one of the few instances where tests 
for distinguishing the natural from 
the synthetic materials have not yet 
been developed; the prices are in the 
same range. 


235 


Turquoise and Lapis Lazuli are 
poly-crystalline materials, which can 
be synthesized by ceramic tech- 
niques. Synthetic Turquoise has been 
marketed since 1972 by Gilson; 
material containing veins of “matrix” 
has also been made. Synthetic Lapis 
Lazuli, both with and without pyrite 
inclusions, has been introduced by 
Gilson in 1976 (it is somewhat more 
porous than the natural material). 
Both products provide excellent 
duplications of the appearance of the 
natural gems. Color illustrations and 
details have been presented else- 
where. 

Glass, plastic, ceramics, and 
composite imitations are also dis- 
cussed and illustrated there. Items of 
particular interest which might be 
mentioned are Slocum’s imitation 
opal (“Slocum Stone” or “Opal- 
Essence”) made of glass, the various 
partly crystallized glass products of 
Imori Laboratory, Ltd., of Tokyo, 
Japan (“Victoria Stones,” “Meta 
Jade,” etc.), and Gilson’s coral 
imitation made in a wide variety of 
colors by a ceramic technique and 
coming very close to being a syn- 
thetic (1), 


F. Gemstone Treatments 

Of all the treatments used on 
natural gemstones, irradiation pro- 
duces the most spectacular re- 
sults"), The irradiation of dia- 
monds to produce “fancy” colors 
continues. There has been an increase 
in the use of irradiation to turn 
colorless rock-crystal into smoky 
quartz"), particularly the magnifi- 
cent mineral specimens from Hot 
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Springs, Arkansas; with the existence 
of large, intense gamma irradiation 
sources employing Cobalt-61 or 
Cesium-134, only a few minutes 
exposure may be required, and size is 
no problem. Pearls are also still being 
turned “black” with radiation“, 

There have been two major 
irradiation developments during the 
last decade, each involving a blue 
color. The first was the arrival in 1972 
of magnificent dark blue beryls from 
Brazil, said to be of natural origin. 
Investigation by the author and co- 
workers demonstrated conclusively 
that these were treated stones and 
that they faded rapidly in bright 
light*!) Various types of irradia- 
tion can be used on pink beryl from 
one locality in Brazil or on some pale 
beryl from Rhodesia, North Caro- 
lina, and elsewhere, to produce this 
deep blue irradiated beryl, which can 
also properly be called “Maxixe-type 
Beryl” by analogy with a similar, but 
not identical beryl found in 1917 in 
Brazil in the Maxixe mine; it should 
not be called aquamarine, from 
which it differs in important re- 
spects (415), 

The second development arose 
about the same time, and was at first 
unrecognized. Unusually large num- 
bers of blue topaz gems, some darker 
in color than usual, were seen in the 
jewelry trade, apparently without the 
discovery of any new deposits. 
During irradiation work?!®, the 
author accidentally discovered that 
while most colorless topaz (a very 
plentiful and low priced material) can 
be irradiated to a brown color, some 
of this material subsequently would 
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convert to a blue color on gentle 
heating instead of merely returning 
to colorless. It appears that this was 
being done commercially at the time, 
and continues to be done. The 
resulting irradiated blue topaz may 
have a deeper color than the usual 
natural blue topaz, but the color 
appears to be caused by exactly the 
same color center", with the same 
stability to light and heat as natural 
blue topaz"®. There is no dis- 
tinguishing test known at present. 

It should be noted that some 
irradiation-produced colors are 
unstable and will revert on light or 
heat exposure, such as the irradiated 
Maxixe-type beryl and irradiated 
brown topaz; some irradiation- 
induced colors are perfectly stable to 
normal heat and light exposure such 
as the irradiated blue topaz, ir- 
radiated smoky quartz, and ir- 
radiated diamonds. The physical 
basis of these color changes has been 
described elsewhere “1%, 

There are many changes in color 
induced by bleaching, dyeing, and 
heat-treatments. Impregnations are 
used to hide flaws, change the color, 
and improve the apparent quality of 
gemstones; as one example, there iS 
hardly any turquoise that has not 
been impregnated or “color sta- 
bilized.”” A summary has been 
given”, Quite recently it has been 
discovered that some almost color- 
less opal can have its play of color 
revealed by a plastic impregna- 
tion™?, 


The Outlook for the 1980’s 
If we judge the future as being but 
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a continuation of the past, then we 
would have to conclude that gems 
made by man will continue to 
proliferate at an ever more rapid rate 
and that diamond imitations will 
further close the small gap still 
remaining. As against this, it would 
be argued that a slowing-down 
should be expected since the easier 
syntheses have been achieved and 
only the most difficult remain to be 
explored. This factor, however, is 
balanced, at least partly, by the ever- 
improving technological capabilities. 
Consider, next, that several of the 
most recent new synthetic and 
imitation gem materials, YAG, 
GGG, alexandrite, and cubic zir- 
conia have all come to the gem field 
as by-products of technological 
research. There is, currently, some 
slowing down of new crystal syn- 
thesis, partly because the easier 
materials have been prepared and the 
work involved in new crystals 
increases while the potential returns 
to be expected become less. and, 
partly, because so much work still 
remains to be done to bring the 
existing technological materials to 
the limits of their potential. In 
balance, it would be safe to assume 
that new synthetic and imitation gem 
materials will continue to come from 
this source, albeit at a much slower 
rate. 

The only other source of recent 
new synthetic and imitation gem 
materials appears to be from labora- 
tories devoted to this purpose, 
namely those of Gilson (opal, tur- 
quoise, lapis, and coral), and the 
glass and plastics efforts of Slocum 
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and Imori. More, no doubt, can be 
expected from these sources. 

The step of taking a new and yet 
better diamond imitation from the 
laboratory to the market place is, 
however, another matter. Since cubic 
zirconia is already so close an 
imitation of diamond at a not 
unreasonable price, any new material 
would have to represent a significant 
improvement in appearance and 
wearability at an equal or lower price 
to justify the promotion necessary for 
its introduction. 

With the right stimulus, addi- 
tional new synthetic gemstones other 
than diamond imitations easily could 
become important. Thus synthetic 
zircon has been grown as small 
crystals from the flux, and silicon 
carbide (synthetic moissanite) shows 
great promise if the size and color 
could both be improved. Other single 
crystal gemstones which could un- 
doubtedly be duplicated with suit- 
able research and development 
efforts are colorless, pink, red, blue, 
and green elbaite tourmalines; topaz 
in colorless, orange, red, and blue 
shades; the various naturally oc- 
curring silicate garnets in many 
shades, including: orange, red, and 
the brilliant green of demantoid 
garnet; blue iolite; and green peridot. 
Yet it is questionable whether the 
commercial returns could possibly 
justify either the research for finding 
appropriate growth techniques and 
conditions for a new material or the 
additional development which would 
then be returned to attain usable size 
at reasonable cost. Here again, 
technological advances may initiate 
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the next new synthetic gem material. 

A relatively untapped field is that 
of gems showing special optical 
effects. The synthetic star ruby and 
sapphires have been available for 
some time and synthetic opal has 
recently joined the list. Nevertheless, 
the star phenomenon is quite wide- 
spread among natural gem species, 
occurring also in beryl, rose quartz, 
spinel, garnet and others, although 
generally only on rare occasions. 
Then there is the “eye” phenomenon 
or chatoyancy seen in some natural 
quartz tigereye and in chrysoberyl 
and tourmaline cat’s-eyes. Addi- 
tionally, there are two feldspars, the 
moonstone variety with its “adulares- 
cence” as well as the labradorite 
variety with its color flashes. It would 
be intriguing to see the duplication of 
such attractive natural gem ma- 


terials. 
Another field providing scope for 


further work is that of the poly- 
crystalline materials. Here potential 
new synthetic gemstones might 
include malachite and the two jades: 
nephrite and jadeite. With their 
toughness derived from tiny inter- 
locking crystals, the jades should 
provide interesting preparation 
problems to the materials scientist. 
And, for a real challenge, there is 
always the possibility of a truly 
synthetic pearl; this may be an even 
more difficult materials problem 
than was opal, but could fill a real 
need if the continuing destruction of 
pearl beds by oceanic pollution is not 
halted in time to preserve both the 
natural and the cultured pearl 
industries. 
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} 


There are many less well-known 
and rarely seen gemstones, the 
synthesis of which would be pointless 
in the absence of an existing or 
created demand. Perhaps the most 
useful next development would be a 
significant cost reduction in the most 
difficult of the existing gemstone 
syntheses, those of emerald and 
diamond. The last few years have 
seen an increase in the sophistication 
with which suppliers of natural 
gemstones modify and improve their 
wares by heat treatments, irradia- 
tions, and similar processes. All of 
this is making the task of the 
gemologist more difficult, and ever- 
continuing research and education 
are essential for keeping abreast of 
new developments with respect to 
new treatments, new synthetics, and 
new imitations, as well as improve- 
ments in existing ones. 

As a last point, it should be noted 
that with the growing world popula- 
tion and increasing prosperity, the 
demand for gems has been rising at 
the same time that the supply of 
natural gemstones has been falling. 
The continuation of this trend would 
be a most significant long-term factor 
in the future expansion of man-made 
gemstones. 
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Gold Corals — Some Thoughts 
On Their Discrimination 


By GRAHAME BROWN, F.G.A.A., R.G.A.A., Dip. D.T. 
Brisbane, Queensland, Australia 


Brock and Chamberlain’s 1966 
discovery! of commercial quantities 
of precious pink coral (Corallium 
secundum) in the deep waters of the 
Makapuu Bed — off the southeast 
corner of the Hawaiian island of 
Oahu — stimulated a wave of 
exploration which ultimately led to 
the discovery and exploitation of a 
new jewelry coral — gold coral. 

Gold coral! [Gerardia (sp.) = 
Parazoanthus (sp.)] is an organic 
coral (Fig. I) which grows, in sym- 
biotic association with pink coral, at 


Fig. 1. Branch of gold coral with its 
coenenchyme removed. 
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depths from 300m to 400m below the 
surface. 

Commercial harvesting of gold 
coral commenced in 1973, when the 
miniature submarine Star II was 
hired by Maui Divers to mechan- 
ically harvest this deep coral. Al- 
though the distribution} of gold coral 
on the Makapuu Bed is sparse and 
irregular (.003 colonies/ m3), 1,307 kg 
of gold coral — valued at $160,000 — 
was harvested between the years 
1975-1977. Harvested coral must be 
cleaned to remove the adherent 
coenenchyme, dried, sorted and 
graded before sections cut from the 
branches of this lustrous, flexible 
coral are manutactured in Honolulu 
into attractive items of jewelry such 
as‘ freeform shapes for pendants and 
brooches, variously shaped cabo- 
chons for inclusion into a wide range 
of hand-made jewelry, and beads. 
Gold coral jewelry currently forms a 
small yet increasingly important 
contribution to the Hawaiian jewelry 
industry. 
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For several years, a second “gold” 
coral> — of similar color to that of 
the Gerardia coral, but possessing a 
slightly different surface texture — 
has appeared in the market place. 
This highly lustrous organic coral 
seems to be used primarily for the 
manufacture of beads. The golden 
color of this coral is not natural; it 
has been induced into the horny axis 
of a variety of Whip coral (probable 
genus = Cirrhipathes® by an acid 
(nitric acid?) treatment. [Ed.’s note: 
We believe the treatment to be a 


simple H,O, (Hydrogen peroxide). 


bleaching.] This golden coral (Fig. 2), 
as the Hawaiians named it, is 
produced in the Philippines, where 
the treated coral is used to manu- 
facture a range of cheaper quality 
“folk” jewelry. 

Although the two “gold” corals 
are superficially similar in appear- 
ance, significant differences in value 
between the two corals necessitated 
the development of discriminatory 
tests which could be confidently 


Figure 2. A bead manufactured from 
treated golden coral. 
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Taxonomy 

Investigations into the taxonomy 
of corals, from which the polyp 
containing coenenchyme has been 
removed, are fraught with problems 
and frustrations. As a result of this 
investigation it has been established 
that both of the corals studied were 
hexacorals — corals with six tenta- 
cled polyps whose coenenchyme 
secretes the flexible skeletal axis that 
supports the colony. The gold coral 
from Hawaii (Gerardia sp.) has been 
classified as a Zoanthid', while the 
golden coral from the Philippines has 
been tentatively classified as a 
member of the sub-species of Anti- 
patharian (thorny black) corals 
known as Cirrhipathes$ or Whip 
coral. 


Gemological Properties 

Conventional gemological prop- 
erties were determined (Table 1) for 
each of the “gold” corals. 

As no significant differences in 
gemological properties could be 
demonstrated between gold coral 
and golden coral, it must be con- 
cluded that routine measurement of 
these properties will not assist 
positive discrimination. 


Hand Lens Observation 

Surface Appearance 

A 10x magnification hand lens 
examination of the surface of the 
“sold” corals was usually quite 
sufficient to facilitate discrimination 
of gold coral from golden coral. 

Golden coral (Fig. 3A) possessed a 
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TABLE 1. 
Gemological properties established for gold coral and golden coral 


Gemological Gold Coral" Golden Coral 
Property (Gerardia sp.) (Treated Cirrhipathes) 
Hardness 2-3 2 
Fracture Splintery Splintery )» 
Specific Gravity 1.44 1.40 
Refractive Index 1.56 1.55-1.56 (DR) 
Diaphany — Opaque Opaque-Treated sec- 
tions are transluscent 
Luster Greasy-Chatoyant Greasy-Resinous 
Absorption Spectrum Not Diagnostic Not Diagnostic 
Fluorescence Inert Inert 
Solubility Insoluble - HCl Insoluble - HC} 


Heat Sensitivity Thermoplastic Thermoplastic 


rough spiny surface, while gold coral 
(Fig. 3B) was characterized by 
displaying an irregularly dimpled 
surface. 

Both corals exhibited a similar 
deep yellowish brown lustrous sur- 
face. 


Appearances in Cross Section 
Hand lens (10x magnification) of 


3A. Golden Coral 


cross sections of both corals indi- 
cated that neither coral was of 
gorgonian origin, as samples of both 
corals possessed: 

e A central longitudinal canal. 


e A well developed circumferential] 


lamellar structure. 
e A gelatinous texture. 
A detailed examination of the 


Best la laa + . * 


3B. Gold Coral. 


Figure 3. Photograph of the surface of “gold corals,” viewed through a hand lens, 
ilustrating (A) the irregular, spiny surface of golden (Treated Cirrhipathes) coral and (B) 
the irregularly dimpled surface of gold (Gerardi sp.) coral. 
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4A. Golden Coral. 


4B. Gold Coral. 


Figure 4. Photograph of cross sections of “gold coral,” viewed through a hand lens, 
illustrating their diagnostic structural differences: A. Central canal (1), radially arrayed 
spines (2), external layer of denatured protein (3). 


B. Central canal (4), shrinkage spaces between concentric lamellae (5), short radially 
oriented “dash” like markings (6). NOTE: Lamellae of golden coral are tightly packed and 


do not display shrinkage cracks. 


prepared cross sections showed that 
diagnostic structural differences 
could be established for each of the 
two “gold” corals (Fig. 4). 

Golden coral (Fig. 4A) can be 
readily discriminated from gold coral 
(Fig. 4B) by observing the two 
features which characterize golden 
coral: 

I. Golden coral, in cross section, 
displays radially arrayed spines. 

2. Golden coral, in cross section, 
displays a golden colored external 
layer of acid denatured protein. 

The internal lamellae of this coral 

are unaffected by the acid treat- 

ment and maintain their original 
blackish brown color. 

Golden coral’s color is totally 
derived from the thin layer of 
denatured protein that covers its 
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external surface. The extent of the 
induced color is illustrated in 
Fig. 5. 


Figure 5. Photograph of a cross section of 
treated golden coral Cirrhipathes illus- 
trating its characteristic radially arrayed 
spines, and the superficial extent of the 
external protein denaturization that is 
responsible for the coral's golden color 
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Summary and Conclusions 
Discrimination of Hawaiian gold 
coral from Philippine treated golden 
coral is not difficult. If the below 
listed steps are followed, positive 
discrimination will be assured. 


Step 1: Feel the surface of the coral. 

Gold coral has a smooth texture, 
while golden coral has a rough 
abrasive surface. 


Step 2: Examine the surface of the 
coral with 10x magnification. 

Gold coral has an irregular 
dimpled surface, while golden coral 
has a surface that is covered with 
spines. 

Step: 3: Examine a cross sectional 
view of the coral. 

Gold coral has a uniform color 
distribution. Golden coral has a dark 
center core which is surrounded bya 
thin golden layer of denatured 
protein. 
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The Brewster Angle Refractometer 


By R. M. YU, Ph.D., F.G.A. 
Physics Department, University of Hong Kong 


This paper describes a novel 
refractometer which determines the 
refractive index of a gem by measur- 
ing the Brewster angle. Conventional 
refractometers based on the phe- 
nomenon of total internal reflection 
have an upper refractive index limit 
of 1.8. This Brewster Angle Refract- 
ometer can measure refractive in- 
dices of any value. It is simple in 
construction and does not require a 
refractive index liquid as in con- 
ventional refractometers. Gems and 
minerals of any size and shape can be 
measured with this instrument, the 
only requirement being a flat pol- 
ished surface of dimensions about 3 
mm square. Mounted stones need 
not be unset from their mountings. 

Light is a form of transverse 
electromagnetic wave. The optical 
vector causing the sensation of light 
is always perpendicular to the 
propagation direction of the light 
beam. Natural and the usual artificial 
light are unpolarized, that is, their 
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optical vectors may point in any 
direction as long as they are perpen- 
dicular to their propagation direc- 
tions. A linearly polarized light beam 
is obtained by passing an unpolarized 
beam through a sheet of polaroid. 
The optical vector of the linearly 
polarized light always points in a 
direction parallel to the polarization 
direction of the polaroid. A second 
polaroid sheet placed with its polar- 
ization direction parallel to that of 
the first polaroid will allow the 
linearly polarized light to pass 
through. If its polarization direction 
is perpendicular to that of the linearly 
polarized light it will block the 
passage of the light beam. 

The reflectance R of a surface is 
defined as the ratio of the intensity of 
the reflected light to that of the 
incident light. The reflectance R, for 
a linearly polarized light beam with 
its direction of polarization parallel 
to the plane of incidence is different 
from R,, the reflectance of a beam of 
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Figure 1. Variation of reflectances with 
angle of incidence 


linearly polarized light with polariza- 
tion direction perpendicular to the 
plane of incidence. Moreover they 
vary with the angle of incidence 6 in 
different ways. Fig. 1 shows how the 
reflectances R, and R, for glass of 
refractive index 1.5 vary with the 
angle of incidence. 

For the sake of brevity, linearly 
polarized light with direction of 
polarization parallel to the plane of 
incidence will be called the “parallel 
component” while a linearly polar- 
ized light with direction of polariza- 
tion perpendicular to the plane of 
incidence will be called the “perpen- 
dicular component.” The reflectance 
curve for the “parallel component,” 
i.e. the R, curve, shows a broad 
valley. The reflectance R, becomes 
zero when the angle of incidence 0 is 


equal to the Brewster Angle ®@, which. 


is related to the refractive index n of 
the reflecting material by 
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.tan®, =n (1) 

This is known as Brewster’s law 
after the discoverer Sir David 
Brewster (1781-1868) who also 
invented the kaleidoscope. 

Eq. (1) suggests that the refractive 
index of any gem can be found by 
measuring its Brewster angle 9,, i.e. 
the angle of incidence for which the 
reflected “parallel component” be- 
comes zero. The construction of such 
a Brewster Angle Refractometer is 
shown in Fig. 2. S is a transparent 
plastic ruler serving as a scale. It is 
illuminated by a fluorescent lamp L 
such as the Sylvania F4T5/CW4- 
watt fluorescent lamp. A strip of 
milky white plastic sheet D is placed 
in front of the lamp L to diffuse the 
light and render the lighting more 
uniform. Light from the illuminated 
scale S is reflected from the polished 
surface of the gem G and observed 
through a sheet of polaroid P. The 
polaroid is oriented so that its 
polarization direction is parallel to 
the plane of incidence. Thus only the 
reflected “parallel component” will 
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Figure 2. The Brewster angle refracto- 
meter 
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be visible to the observer, the 
reflected “perpendicular component” 
being completely blocked out by the 
polaroid. Various points suchas f,g,h 
on the illuminated scale S subtend 
different angles of incidence at the 
reflecting surface G. For example, 
the point f subtends a larger angle of 
incidence than the point h. If the 
point g should subtend an angle of 
incidence equal to the Brewster 6) for 
the gem, the reflected intensity 
becomes zero and the point g would 
appear dark to the observer. Since 
the R, curve in Fig. J has a broad 
minimum at 6, the observer sees a 
dark band around the point g in an 
otherwise uniformly illuminated 
scale S. The position of the dark band 
on the scale S indicates the magni- 
tude of the Brewster angle and hence 
the refractive index of the gem. Using 
Eq. (1) the scale S can be marked to 
read the refractive indices directly. 
In the arrangement just described 
that part of the illuminated scale 
corresponding to the Brewster angle 
appears dark to the observer, hence 
the scale reading at this dark band 
cannot be read easily. Fig. 3 shows an 
alternative arrangement in which the 


a, 


Figure 3. The Brewster angle refracto- 
meter (alternative arrangement). 
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polaroid P is dispensed with, instead 
a strip of polaroid Q is placed in front 
of the upper half of the illuminated 
scale S. The polarization direction of 
Q is oriented parallel to the plane of 
incidence. With this arrangement the 
same effect of a dark band corres- 
ponding to the Brewster angle for the 
gem is observed in the upper half of 
the illuminated scale S, while the 
lower half of the scale remains bright 
and hence the position of the dark 
band can be easily read on the 
refractive index scale. 

With the Brewster Angle Re- 
fractometer the refractive index of a 
gem is determined by the position of 
complete darkness on the illuminated 
scale, corresponding to zero R, for 
angle of incidence @,. Since the 
human eye cannot pin point precisely 
this position of maximum darkness 
in the fairly broad dark band, the 
refractive index cannot be deter- 
mined exactly. The accuracy of this 
instrument at the present stage of 
development is inferior to that. of 
conventional refractometers. This 
weakness is amply compensated by 
its unique merits suchas an unlimited 
refractive index range and dispensa- 
tion with a refractive index liquid. 
The Brewster Angle Refractometer 
may have great potential when visual 
observation is replaced by solid state 
photon detectors and digital dis- 
plays. 

NOTE: Dr. Yu’s work on the 
Brewster Angle Refractometer is 
independent of Mr. Peter Read’s 
work that has priority and appeared 
in the Journal of Gemmology, 
October 1979. 


Know Your Diamonds 


By BETSY BARKER, G.G. 
Gemological Institute of America 


Santa Monica, California 


The GIA Diamond Course has 
always been considered to be the first 
word in knowledge about diamonds. 
But what information is available 
beyond the Diamond Course? What 
other books would interest the 
diamond retailer and gem broker? 
What information is available that 
you, the professional jeweler, can use 
to keep ahead of the competition? It’s 
not as hard as it sounds! The 
diamond world hasa wealth of books 
and magazines from around the 
globe to fill this need. Other lists of 
recommended resources include rare 
books and journals that are out of 
print, but today’s market needs 
today’s information. All of these 
materials are currently available in 
libraries or bookstores. Purchasing 
and subscription information follows 
the recommendations. 

Many general books on diamonds 
are available. The long-awaited 
second edition of Diamonds by Eric 
Bruton is very useful. Diamonds in 


248 


the U.S.S.R. and recent develop- 
ments in the diamond industry are 
included. The sections on mining and 
cutting are especially good. Dia- 
monds is an essential reference for 
every gemologist. 

Even in French, Le Diamant — 
Mythe, Magie et Realite would be an 
outstanding addition to any dia- 
mantaire’s library. The English 
edition will be available this spring, 
and will include a chapter on the 
certification of diamonds written by 
Richard T. Liddicoat, Jr. The text 
and exceptional photographs are 
comprehensive, covering history, 
mining (including Brazil, Venezuela 
and Africa), cutting and diamonds in 
jewelry. A series of unusually good 
photographs illustrating the various 
clarity grades far surpasses a similar 
set in Bruton’s text. This reference is 
the only book in years to compare 
with Bruton’s text as a source of 
technical information. 

The Diamond by George Blakey, 


GEMS & GEMOLOGY 


Diamonds Eternal by Victor Ar- 
genzio, The Book of the Diamond by 
Joan Dickinson, and Diamond by 
Emily Hahn, all emphasize the 
history and legend of the diamond. 
The Diamond has unusually good 
photographs and the amusing story 
of the attempted theft of the English 
Crown Jewels in 1671. Diamonds 
Eternal has a very complete guide for 
consumers on how to buya diamond. 
The history of diamond fashions is 
eloquently told in The Book of 
Diamonds. 

Diamond tells the tale of Emily 
Hahn’s travels to DeBeers in Lon- 
don, plus descriptions of the dia- 
mond mining operations in South 
Africa. All of these four are fasci- 
nating and easy to read. Since 
history, legend, and famous dia- 
monds are the basis of many sales 
presentations, these stories are a 
great source for what the customer 
wants to hear. 

Diamonds have always been the 
playthings of the famous and in- 
famous. Histories of many unusual 
diamonds can be found in the GIA 
Diamond Dictionary, and all of the 
other books just mentioned. This 
reference is filled with photographs 
of these diamonds and of winners of 
the Diamonds-International Awards. 
For detailed histories of noted 
diamonds and color photographs of 
many diamonds in their fabulous 
settings, GIA’s Diamonds... Famous, 
Notable, and Unique is the source. 
The enchanted, but unlucky, history 
of the Hope diamond is retold in Blue 
Mystery by Suzanne Patch. Even 
today, the Smithsonian Institution, 
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home of the Hope diamond, receives 
thousands of letters each year 
blaming the troubles of the United 
States on this lovely gem. 

Legend and lore may add toa sales 
presentation, but the basis of each 
sale should be proven selling pro- 
cedures. To learn a variety of 
techniques, read Beans About Carats 
by Rick Thomas. For a totally 
different approach, read Diamonds, 
Love, and Compatibility by Saul 
Spero. Although his “Diamond 
Shape Game” may be like astrology 
for diamonds, everyone will enjoy 
playing. Customers will love the 
personal attention and the humor 
that the shape preferences reveal. 

The beginnings of the diamond 
industry in South Africa fascinate 
many diamond collectors with tales 
of fortunes lost and won. By using 
letters and newspaper accounts, 
Marian Robertson takes us back to 
1866-1869 in Diamond Fever. But it 
is the tales of the diamond brokers 
such as Rhodes and Barnato that give 
an insight into this dynamic era. The 
Diamond Magnates by Brian 
Roberts gives the details of each 
move in the war between Rhodes and 
Barnato for control of the diamond 
mines. After the death of Rhodes, 
DeBeers and the diamond industry 
prospered under the guidance of the 
Oppenheimers. The history of De- 
Beers and the reasons for its pivotal 
role in the diamond industry are 
retold in Oppenheimer and Son by 
Anthony Hocking. Along with the 
facts of the industry’s growth in 
Africa, The History of Diamond 
Production and the Diamond Trade 
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by Godehard Lenzen includes a 
thorough review of diamonds in 
India and Brazil. For the study of 
historical diamond prices, this text is 
quite valuable. 

As diamonds have become a 
major industry, the scientific com- 
munity has become interested in 
what the diamond can tell us about 
the inside of the Earth. The Min- 
eralogy of the Diamond by Yu Orlov 
explores the various shapes of 
diamonds from the U.S.S.R. and has 
a superb bibliography on specialized 
topics. Although most customers 
want to hear about the history and 
mystery of diamond, a few may ask 
technical questions that would be 
answered by this text. 

Many reference books have an 
excellent chapter on diamonds. Asan 
introduction for a new sales staff, or 
as a supplement to the GIA Diamond 
Course, there are several outstanding 
books. Gems by Webster has a long 
chapter on diamonds that describes 
sources, mining methods, cutting, 
and grading. As a single source of 
gemological information, Gems is 
essential for every knowledgeable 
and professional gemologist. Min- 
eralogy for Amateurs is another 
reference that should be on every 
gemologist’s shelf. Although the title 
sounds impressive, this book is easy 
to read and will make lessons 1-6 of 
the GIA Diamond Course seem 
simple! 

An essential reference book is the 
GIA Diamond Dictionary. It is well 
worth the investment, since its short 
definitions cover terms, diamond- 
producing countries, fashion, and 
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famous diamonds. The Jeweler’s 
Dictionary by Jeweler’s Circular- 
Keystone magazine also has clear, 
short definitions, while An [lus- 
trated Dictionary of Jewellery by 
Mason and Packer emphasizes the 
history of jewelry. GIA’s latest 
reference book, Gill’s Index, has 48 
pages of references to articles on 
diamonds alone. Information in 
“Gems and Gemology,” “Journal of 
Gemmology.” “Lapidary Journal,” 
and the “Australian Gemmologist” 1s 
easy to find with Gill’s Index. 

With so many changes in the 
world of diamonds, it is essential to 
subscribe to industry journals to keep 
posted on the news. Many of the 
major diamond producing countries 
publish their own magazines but the 
best source for current information 
on diamonds is “Jeweler’s Circular- 
Keystone” magazine. Each month’s 
issue includes a survey of the past 
month’s diamond market and a price 
index. The September issue is always 
devoted to diamonds, and the cover 
story for this September’s issue is an 
analysis and expose of DeBeers and 
its role in the diamond industry. 
“National Jeweler,” the twice month- 
ly newspaper of the industry, fre- 
quently has articles on the market. 
The “National Jeweler” emphasizes 
recent activities and news, while the 
“Jeweler’s Circular-Keystone” em- 
phasizes comprehensive feature 
articles. 

For information on activity in the 
diamond centers around the world 
there are a host of magazines. 
“Diamant” is published monthly in 
Antwerp, and has a summary of the 
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news from every major diamond 
center. South Africa is represented 
by “Diamond News and South 
Africa Jeweler,” which describes 
mining, production, and trends in the 
South African market. India pub- 
lishes “Diamond World,” which is a 
good source of information on 
import-export practices and the 
diamond cutting industry of India. 
Each month “Israel Diamonds” 
reports on growing use of automa- 
tion and on the Israeli reactions to 
DeBeer’s policies. Israel also pub- 
lishes a quarterly journal called 
“Diamond World Review.” This 
magazine is a superb source of 
information on the latest trends in 
every diamond market. From De- 
Beer’s successful campaign to in- 
crease engagement ring sales in 
Japan to political upsets in Africa, 
every country is described in detail. 
The price of each diamond sold today 
is affected by action in markets 
halfway around the world, so an 
awareness of the market in these 
trading centers is vital. 

Gemological magazines are also 
an excellent resource for information 
on diamonds. Years of scientific 
research or discoveries of diamond 
sources may be condensed into a 
single article. “Gems and Gemology” 
has brought its readers information 
on all of the major gem deposits, plus 
the latest techniques for identifying 
substitutes. “The Journal of Gem- 
mology” also emphasizes the science 
of gems. These two publications are 
essential reading for every gemolo- 
gist. 

This list is only an indication of the 
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resources that are available to 
anyone in the world of diamonds. 
Many new books and magazines 
appear each day, so those that are not 
included may also be worthwhile to 
read. By keeping track of changes in 
the industry, and watching for 
trends, a world of diamond profits 
can be realized. 

Time is money, and for years the 
GIA courses have shown that time 
invested in education leads to 
increased profit. It is no longer 
enough to watch competition in one 
area alone. The consumer-oriented 
market requires a professional 
attitude and comprehensive know- 
ledge of the world of diamonds. 
Today’s professional jeweler realizes 
that lifelong learning is the key to 
success in the diamond world. 

These books and magazines can be 
ordered from the addresses listed 
below: 


BOOKS 
Beans About Carats by R. Thomas, 


Gem Publications, Logan, Utah, 
1978. $12.50 through the GIA Book- 
store. ; 
Blue Mystery: The Story of the Hope 
Diamond, by S. Patch, Smithsonian 
Institution Press, Washington, D.C., 
ISBN 0-87474-165-3. $7.95 through 
the GIA Bookstore. 

The Book of Diamonds by J. 
Dickinson, Crown Publishers, Inc., 
New York, NY, 1965. This book is 
available in many libraries. 

Le Diamant — Mythe, Magic et 
Realite, edited by J. Legrand, 


Flammarion, 1979. Approximately 


$50 for the English edition, which 
will be available later this year. 
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The Diamond by G. Blakey, Grosset 
and Dunlap, New York, NY, 1977, 
ISBN 0-448-22062-8. $19.95 through 
the GIA Bookstore. 


Diamond by E. Hahn, Doubleday 
and Co., Inc., New York, NY 1956. 
This is also available in many 
libraries. 


The Diamond Dictionary by the GIA 
Staff, Second Edition, Gemological 
Institute of America, Santa Monica, 
CA, 1977, ISBN 0-87311-008-0. 
$16.95 through the GIA Bookstore. 


Diamonds...Famous, Notable, and 
Unique, by the GIA Staff, Revised 
Edition, Gemological Institute of 
America, Santa Monica, CA, 1974, 
ISBN 0-87311-005-6. $7.50 through 
the GIA Bookstore. 


Diamond Fever by M. Robertson, 
Oxford University Press, Johannes- 
burg and London, 1974, ISBN 0-19- 
$70002-3. Public libraries often have 
this reference. 


The Diamond Magnates by B. 
Roberts, Charles Scribner’s Sons, 
New York, NY, 1972, ISBN 684- 
132344-x. Libraries often have this 
book. 


Diamonds by E. Bruton, Second 
Edition, Chilton Book Co., Radnor, 
PA, 1978, ISBN 0-8019-6789-9. 
$25.00 through the GIA Bookstore. 


Diamonds Eternal by Victor Ar- 
genzio, David McKay Co., Inc., New 
York, NY, 1974, ISBN 0-679-50427- 
3. Public libraries usually have this 
text. 


Diamonds, Love, and Compatibility 
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by S. Spero, Exposition Press, 


Hicksville, NY, 1977, ISBN 0-682- 
48826-7. $7.50 through the GIA 
Bookstore. 


Gems by R. Webster, Third Edition, 
Shoe String Press, Hamden, CT. 
1977, ISBN 0-208-01491-8. $67.50 
through the GIA Bookstore. 


Gill’s Index to Journals, Articles and 
Books Relating to Gems and Jewelry 
by J. Gill, Gemological Institute of 
America, Santa Monica, CA, 1979, 
ISBN 0-87311-009-9. $24.50 through 
the GIA Bookstore. 


The History of Diamond Production 
and the Diamond Trade by G. 
Lenzen, Praeger Publishers, New 
York, NY, 1970. This text is still 
available in many libraries. 


Jeweler’s Dictionary edited by D. 
McNeil, Third Edition, Jeweler’s 
Circular-Keystone, Radnor, PA, 
1976. $39.95 through the GIA 
Bookstore. 


Mineralogy for Amateurs by Captain 
J. Sinkankas, USNRET, Van 
Nostrand Reinhold, New York, NY, 
1964, ISBN 0-442-27624-9. $12.95 
through the GIA Bookstore. 


The Mineralogy of the Diamond by 
Y. Orlov, John Wiley and Sons, New 
York, NY, 1977, ISBN 0-471-01869- 
4. $29.95 through the GIA Book- 
store. 


Oppenheimer and Son by A. Hock- 
ing, McGraw-Hill Book Co., New 
York, NY, 1973, ISBN 0-07-091255- 
6... $12.95 through the GIA Book- 
store. 
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MAGAZINES 


“Diamant”, Conscienstraat 7, 2000 
Antwerpen, Belgium. Monthly. 


“Diamond News and South African 
Jeweler”, Box 60, Lyndhurst, Trans- 
vaal, South Africa. Monthly. 
“Diamond World”, Journal House, 
A-95, Janta Colony, Jaipur 302-004, 
India. Six issues per year. 
“Diamond World Review”, Box 
1381, Tel Aviv, Israel. Issued quar- 
terly. 

“Gems and Gemology”, Gemological 
Institute of America, Box 2100, 


Santa Monica, CA, 90406. Issued 
quarterly. 
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“Israel Diamonds”, Box 3237, Ramat 
Gan, Israel. Six issues per year. 


“Jeweler’s Circular-Keystone”, Chil- 
ton Co., Chilton Way, Radnor, PA, 
19098. Monthly. (215) 687-8200. 


“Journal of Gemmology”, Gem- 
mological Association of Great 
Britain, Saint Dunstan’s House, 
Carey Lane, London EC2V 8AB, 
England. Quarterly. 


“National Jeweler”, Gralla Publica- 
tions, Inc., 1515 Broadway, New 
York, NY 10036. Two issues per 
month. (212) 869-1300. 
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Book Reviews 


INTERNAL WORLD OF GEM- 
STONES by Dr. E. J. Giibelin. 
Second Edition 1979. Butterworths, 
USA, Publishers. 234 pages with 360 
illustrations in color. Available 
through GIA Bookstore. 

Dr. Eduard Giibelin’s book is 
probably the most remarkable book 
published in the gemological field as 
an object of beauty. The 360 color 
plates are of a quality that is 
unsurpassed in any book with which 
we are familiar, within or without the 
gemological firmament. One unex- 
pected dividend is the fact that the 
book has such beautiful photomicro- 
graphs that it should provide a real 
inspiration to designers, because of 
the beauty of the many patterns of 
inclusions and their vivid coloring. 

Dr. Eduard Gtibelin is undoubted- 
ly the foremost student of inclusions 
in the gemological field. He has 
studied inclusions not only for their 
value in identification of the gem 
mineral, but for the information they 
provide with respect to the con- 
ditions prevailing at the time of the 
growth of the host mineral. Since he 
started his detailed studies of the 
inclusions in diamond, this has 
become a very important field for 
geoscientists in their efforts to learn 
more about the conditions that exist 
beneath the crust of the earth. Some 
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of the early conclusions reached from 
their appearance about the nature of 
diamond inclusions have been dra- 
matically altered by the use of the 
electron microprobe to determine the 
exact nature of the inclusions. 

In his preface, Professor Dr. W. F. 
Eppler points out that Eduard J. 
Gibelin started to examine in- 
clusions in gemstones about forty 
years ago. His contributions in this 
field are unparalleled. In addition to 
calling attention to characteristic 
inclusions that help in identification, 
his research has been of value in the 
mineralogical field in determining 
the conditions under which the host 
minerals grew. This is an important 
contribution to the field of gem- 
ology. 

The book is undoubtedly the most 
comprehensive work on inclusions in 
gemstones ever written and, in 
addition, it is a magnificent volume. 

In his foreword, Dr. Gubelin says, 
“The present book deals with the 
inclusions in gemstones and is 
devoted to one of the most fascinat- 
ing themes in scientific gemology. 
Nevertheless, it is no textbook in the 
narrow sense, although it does indeed 
aim primarily at offering a compre- 
hensive presentation and scientific 
classification. The publication is, 
rather, first and foremost a work 
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conceived from the aesthetic point of 
view, setting itself the pleasant and 
elegant task of revealing to our gaze 
the inimitable artistry of nature once 
again in all its — often hidden — 
variety and uniqueness. And that by 
means of pictures which until now' 
had never been seen in such richness 
and scientific perfection. From a 
collection of about 5,000 color 
negatives amassed over a period of 30 
years of intensive research work (and 
which possibly constitute the greatest 
wealth of. pictorial material on 
gemstone inclusions anywhere!), 
about 360 photographs have been 
selected. These splendidly colored 
documents of the hidden beauty 
within a microscopically small space 
are the center and pivot of this book. 
They should give pleasure to all those 
who are receptive to the beauties of 
nature and furthermore should also 
serve to stimulate and inspire those 
active in artistic pursuit.” 

In this paragraph, Dr. Gubelin has 
summed up the nature of his book. 
Much of it is written in Eduard 
Gubelin’s inimitably colorful 
English. For example, he states, 
“Tiny crystals float there in the 
unreal red, green or yellow light of an 
apparently limitless space. Petrified 
growths stand there in the imaginary 
glitter of light reflection. In the deep 
green shimmer of an underwater 
background, forests of algae and 
groves of scouring rushes seem to 
spread over shining crystal trea- 
sures.” 

In the introduction he shows the 
instruments used in his research, and 
describes some of the processes 
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employed. He shows the same 
inclusions in normal light and under 
crossed Polaroids, showing how 
much more revealing one may be 
than the other. He also contrasts 
photographs taken by light field 
illumination with those under dark 
field illumination, those taken with 
or without phase contrast, with the 
diaphragm open and closed or under 
ultraviolet or normal light. This is 
fairly illustrative of the options 
available to the photographer with 
all of the necessary equipment. 

The book covers the nature of the 
formation of different minerals and 
the relationship thereto of various 
inclusions. Gibelin distinguishes 
among protogenetic inclusions, i.e., 
those that were formed before the 
growth of the host crystal and 
included in it as it grew; syngenetic 
inclusions, or those that developed 
simultaneously with the growth of 
the host crystal; and epigenetic 
inclusions, those developing after the 
growth of the host. He classifies 
syngenetic inclusions into mineral 
solids, or liquid inclusions, and 
breaks those down into various 
types. There are sections on each of 
these types of inclusions. The typical 
inclusions of the individual gem- 
stones is the subject of most of the 
remaining portion of the book. After 
covering the descriptions of typical 
inclusions in natural gemstones, he 
also has a section of synthetics. 

If there are any criticisms to be 
made of the book, that would have to 
be involved with the fact that many of 
the photographs are taken under 
higher magnifications than are 
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available to the average gemologist. 
Several of the photographs are taken 
at 250x, which is beyond the capacity 
of most of the equipment available to 
American gemologists. On the other 
hand, there are many that are taken 
under 10x, 20x, or 30x, which is well 
within the range of the equipment 
available to most gemologists. Even 
though some of them are taken at 
magnifications higher than available, 
this does permit a detail to be shown 
that would not otherwise be clear in 
a photograph, and many times this is 
an important factor in instruction. 
Another helpful addition to the 


second edition would have been to 
include a detailed index of the color 
plates for quick reference. Minor 
errors included in the first edition 
were corrected in the second. For 
example, Dr. Gubelin, through 
experimentation, has found that the 
partially resorbed mineral grains in 
Sri Lankan hessonite garnets are 
apatite rather than diopside or 
zircon, and this has been changed in 
the second edition. 

The Internal World of Gemstones 
is without doubt the most beautiful 
book in the gemological field. It is 
also invaluable. 
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Shedding Light On Ultraviolet 


By TEDD PAYNE, G.G. 


Gemological institute of America 
Santa Monica, California 


Introduction 
The intent of this article is to 
familiarize the reader with the 
following subjects: 
I. Ultraviolet Light 
II]. Fluorescence and Phosphor- 
escence 
I. Ultraviolet Lamps 
A. Tubes 
B. Phosphors 
C. Filters 
IV. Safety Precautions 
V. Summary 


I. Ultraviolet Light 

The sun was the first source of 
ultraviolet radiation. Through ther- 
monuclear reactions it emits a broad 
range of electromagnetic energy 
wavelengths including radio, infra- 
red, visible light, ultraviolet, x-rays, 
and cosmic rays. The ultraviolet 
portion extends from x-rays at about 
100K to 4000A where it merges with 
violet in the visible spectrum. Near or 
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long ultraviolet wavelengths are 
those from 40008 to 3200A, medium 
waves are from 32004 to 28004, and 
short waves are from 28004 to 
2000A. Agreement is not universalas 
to the exact wavelength of these 
boundaries. 

Wavelengths below 20004 are 
absorbed strongly by air and none 
shorter than about 2950A reach the 
earth’s surface due to absorption by 
ozone in the atmosphere. Remaining 
solar ultraviolet rays up to about 
3200K may cause tanning or sunburn 
and vitamin D formation in the skin. 

Early man-made sources of 
ultraviolet were usually powerful 
electric sparks produced between 
iron or carbon electrodes. Ultraviolet 
production was accompanied by 
much noise and visible light. Modern 
sources produce ultraviolet by an 
electric discharge through mercury 
vapor in argon gas or by discharges in 
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xenon, hydrogen, or nitrogen gases. 
Fig. I shows the range of wavelengths 
detected by the human eye and those 
reaching the earth’s surface from the 
sun. Wavelengths are shown in 
microns, nanometers (nm), and 
angstroms (AU). 


II. Fluorescence and 
Phosphorescence 
Fluorescent response to ultraviolet 
light is recognized as a valuable test 
in the identification of many impor- 
tant gem materials. Small amounts of 


impurities such as chromium, 
manganese, and uranium, called 
activators, produce most of the 


fluorescence seen in minerals. In 
contrast, the presence of iron is 
known to reduce or prevent fluor- 
escence. 

Under the influence of radiation of 
the appropriate wavelength (appro- 
priate energy), such as UV, some 
electrons in the activator atom will be 
raised to higher energy levels. These 
new levels, or orbitals, will accom- 
modate the electron’s higher energy 


state resulting from absorption of the 
UV: rays. However, this condition is 
unstable and in most cases the 
displaced electrons return instan- 
taneously to their original orbitals 
(the ground state). 

Fluorescence, a visible emission of 
light, occurs as the returning 
electrons give up their excess energy. 
(Fluorescence can be an emission of 
any wavelength — x-ray, UV, or 
infrared, but it usually implies visible 
unless otherwise stated.) If the 
electrons returned directly, the light 
emitted would be of the same 
wavelength as the stimulating 
radiation absorbed and no fluor- 
escence would result. Instead, the 
electron may return in steps, 
emitting, for example, infrared in the 
small step and visible light in the 
remaining step. The sum of the 
energies of the infrared and visible 
emissions will equal the energy of the 
ultraviolet absorbed. Synthetic ruby, 
activated by chromium, is a good 


example of this. See Fig. 2. 
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FIG. 


@. APPROXIMATE SOLAR RADIATION AT EARTHS SURFACE. 


b. APPROXIMATE HUMAN EYE RESPONSE. 


Figure 1. 
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Electrons may become tempo- 
rarily trapped at an excited level inan 
“energy well.” A small amount of 
additional energy is then needed to 
raise the electrons out of the “well” 
and allow them to return to the 
ground state. This additional energy 
may be supplied in the form of heat 
energy from the surrounding air. 
Electrons returning to their ground 
state may be delayed, as described 
above, for seconds, minutes, hours or 
even days. This delayed return causes 
a continued glow called phosphor- 
escence. Synthetic ruby usually 
phosphoresces to x-rays while the 
natural does not, due to the presence 
of iron impurities. See Fig. 3. 


TI. Lamps 
The lamps and tubes described 
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below are of the “fluorescent” style 
and are representative of modern 
commercial equipment sold by 
companies such as Ultraviolet 
Products of San Gabriel. 

There are three basic types of 
modern ultraviolet lamps: the “black 
light blue,” the externally filtered 
long wave, and the externally filtered 
short wave. 

BLACK LIGHT BLUE — This is 
the typical “black light” of psyche- 
delic and theatrical fame. The filter is 
the purple glass from which the long 
wave tube is made, hence the name 
black light blue, which is abbreviated 
BLB on the tube. This is the most 
economical type but it is also the least 
efficient and emits considerable 
visible light. Maximum ultraviolet 
output is long wave at about 36604. 
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Figure 2. Ultraviolet energy raises the 
electron from the ground state (1) to the 
excited state (2). The first return step emits 
infrared (3), the second step emits visible 
light and returns the electron to the ground 
state (4). Longer steps (and shorter wave-~ 
tengths) represent more energy. Thus, UV 
has more energy than visible tight, which 
has more than infrared. 
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Figure 3. Ultraviolet energy raises the 
electron from the ground state (1) to the 
excited state (2). The first step of the 
return temporarily traps the electron in an 
“energy well” (3). The ambient air temp- 
erature supplies enough energy to raise 
the electron out of the “well” and make the 
final return step (4). 
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EXTERNALLY FILTERED 
LONG WAVE — This lamp uses a 
long wave tube and a separate filter 
which passes less visible light and is 
used in more critical applications. 
Maximum output is at approxi- 
mately 3660A. 

EXTERNALLY FILTERED 
SHORT WAVE — This lamp uses a 
short wave tube and a separate filter 
which will pass short wave. A small 
amount of visible and very little long 
wave are also emitted. Maximum 
output is at approximately 25404. 

COMBINATION LONG/SHORT 
WAVE — Some lamps are a source 
of both long and short wave. This 
may be accomplished in two slightly 
different ways. One is by using two 
separate tubes, one long wave and 
one short wave, in the same lamp 
with an external filter. The second 1s 
an interesting lamp containing one 
tube which is half long wave and half 
short wave. The external filter used in 
either case may be half long wave and 
half short wave or all short wave. 

Long, short and combination 
wavelength lamps are available for 
AC and portable battery operation 
and in several powers, commonly 4, 
6, and 8 watts total output. Units 
operated from an AC line contain a 
transformer which supplies. the 
correct voltage to the tube. Portable 
units use 6 or 12 volt batteries and an 


inverter circuit to raise the voltage as 
necessary. 

In most lamps the ultraviolet tubes 
have an approximate life of 5000 
hours. Short wave filters have. an 
estimated life of 500 hours and long 
wave filters last indefinitely. 

A. Tubes 

Short wave tubes must be made of 
quartz or a very pure silica glass to 
allow the transmission of short wave- 
lengths. This is not necessary for long 
wave tubes and they can be made of 
ordinary glass. Both of these tubes 
are filled with argon gas at low 
pressure and contain a small amount 
of pure mercury which is present as 
small droplets in the tube. A wire 
heating filament at each end of the 
tube is used to vaporize the mercury 
which then conducts an electric 
current between the filaments. See 
Fig. 4. This electrical discharge 
stimulates the mercury vapor to emit 
certain characteristic wavelengths, 
the strongest of which is short wave 
ultraviolet at about 25404. This 
accounts for about 90% of all tube’s 
output, The remainder consists of 
long wave UV, most at about 3660A, 
and visible light concentrated at the 
wavelengths shown in Fig. 5. 

B. Phosphors 

The clear tube just described emits 
mostly short wave. To obtain a long 
wave source the clear tube is coated 


Figure 4. 
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Figure 5. 


inside with a special white phosphor. 
The phosphor absorbs the short wave 
(25404) energy given off by the 
mercury vapor and in return emits a 
longer wavelength (36604) ultra- 
violet. (You may recognize this as a 
type of fluorescence.) There are 
strong visible light emissions by the 
long wave (phosphor coated) tube 
concentrated at about the same 
wavelengths shown in Fig. 5. 

A tube may be made half long 
wave and half short wave by coating 
only half of the tube. See Fig. 7. 

An “ordinary” fluorescent light 
operates the same way except that the 
different phosphor coating used 
emits more visible light and far less 
long wave ultraviolet. 


5000 6000 


C. Filters 

Ultraviolet filters are basically of 
three types: Long wave internal, long 
wave external, and short wave 
external. 

The long wave internal filter is the 
tube itself which is made of a special 
cobalt filter glass. This tube absorbs 
much of the visible light emitted by 
the phosphor while passing the long 
wave through. 

The long wave external filter is a 
special type of cobalt glass which 
transmits long wave while absorbing 
most of the visible light from the 
phosphor coated tube. Long wave 
filters will transmit ultraviolet in the 
range of about 3200A to 4000A and 
will last indefinitely. 
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The short wave external filter is 
used with an uncoated tube. It is an 
expensive cobalt mixture made with 
a glass-like texture and formulated to 
transmit short and long wave 
between approximately 2300A and 
4000A. Short wave filters have a 
limited lifetime. Exposure to short 
wave affects the molecules in the 
filter causing it to become opaque to 
short wave. This process is called 
solarization. A solarized filter will 
still pass long wave and tends to pass 
more visible violet and blue. 

The filter solarizes most quickly 
during the first 50 hours of use. The 
process then slows considerably and 
the filter has an estimated life of 500 
hours. Short wave filters do not lose 
efficiency solely from age, but they 
may develop a white scaley coating 
with time. Thus a very old filter may 
be perfectly usable if it has not had 
too much use and does not have a 
heavy white coating. In his book 
Ultraviolet Guide to Minerals, 
Sterling Gleason claims some 
solarized short wave filters may be 
restored by a heating and annealing 
process. 

Both long and short wave filters 
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pass some red and violet visible light. 
A comparison of Figs. 5 and 6 will 
show that the visible violet emitted by 
long and short wave tubes is passed 
by the filter while the other visible 
emission lines are absorbed. The 
heating filaments in the short wave 
tube may give off a visible red glow 
which is also passed by the filter. 


IV. Precautions 
For The Operator 

“SUNBURN.” Shortwave ultra- 
violet can injure unprotected skin 
and especially the eyes. NEVER 
allow short wave to reach unpro- 
tected eyes, even by reflection. 
Temporary or permanent eye dam- 
age can result. Eye glasses and most 
types of glass and plastic will stop 
short wave radiation. 

ELECTRIC SHOCK. There are 
electrical hazards within the lamp 
due to the presence of high voltages. 
ALWAYS unplug the lamp before 
disassembling it. 


For Stones : 

The color of some stones may fade 
with exposure to ultraviolet. Some 
zircon, heat treated yellow and pink 
topaz, kunzite spodumene, irradiated 
golden beryl, irradiated yellow 
sapphire corundum, and irradiated 
blue-green spodumene may react this 
way. 


For The. Lamp 

To extend the life of the short wave 
filter, turn off the lamp when not in 
use. Do not turn on the lamp without 
a tube in place. This can cause 
damage to the electrical circuit, 
especially in battery operated lamps. 
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Vv. Summary 

1. Short wave ultraviolet extends 
from 2000A to 28004, medium wave 
from 2800 to 32004, and long wave 
from 3200A to 40004. 

2. Many gem materials will 
absorb x-rays, ultraviolet, or visible 
light and emit visible light of a longer 
wavelength. This is fluorescence. 

3. Mercury vapor, at low pressure 
and stimulated by an electric dis- 
charge, emits predominantly short 
wave ultraviolet at about 25404. 

4. The white phosphor coating 
inside long wave tubes absorbs short 
wave and emits predominantly long 
wave ultraviolet at about 3660A. 

"5. Short wave filters pass short 
and long wave ultraviolet from about 
2300A to 4000A, plus some visible 
violet and red. 

6. Long wave filters pass lon 
wave ultraviolet from about 3200 
to 4000A, plus some visible violet and 
red. 

7. Short wave lamps emit 2540A 
ultraviolet, a small amount of long 
wave, plus some visible violet and red 
light. 

8. Long wave lamps emit 3660A 
ultraviolet and some visible violet. 

9. Long wave ultraviolet is not 
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harmful to 
human eye. 

10. Short wave ultraviolet can 
burn the eyes and skin. It is absorbed 
by most common glass and plastic. 

For non-critical applications or 
just for fun, try these: 

11. Use an old (solarized) short 
wave filter as a long wave filter. 

12. Use an ordinary fluorescent 
light, with any UV filter, as a source 
of long wave. 

13. Use a “black light blue” long 
wave tube, or other tubes with 
appropriate filters, with an inex- 
pensive battery operated fluorescent 
camping lantern. 


the average normal 
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Developments and Highlights 
at GIA’s Lab 


in Santa Monica 


By RICHARD T. LIDDICOAT, JR. 
and 
CHUCK FRYER 


Notes On Diamonds 

Occasionally we encounter dia- 
monds with the so called “sugar 
cube” inclusion. This type of 
inclusion, shown in Fig. J, is seen in 
stones from Sierra Leone. 

Fig. 2, taken at 12X magnification, 
shows an inclusion ina diamond that 
one of our staff gemologists, a former 


Figure 1. 
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professor of oral pathology, says 
reminds him of a molar. Fig. 3 shows 
the same inclusion at 63X. What 
appears to be doubling of the facet 
edges and the inclusion is actually the 


Figure 2. 
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Figure 3. 


result of inadvertent camera move- 
ment during the time exposure. 

The table of the diamond pictured in 
Figs. 4 and 5 shows a report number, 
the weight of 0.40 ct., a clarity grade 
of VS,, Color G, finish good, sintered 
on the surface of the stone. We had 
seen this done by the Japanese 
before, but the markings were so 
small, a magnification of at least 
200X was necessary to reveal them. 


The remarkable thing about this 
stone is that the writing can be seen 
at only 10X,as in Fig. 4. 

A treated diamond was observed 
with a very unusual color that could 
only be described as grayish green 
and blue. Basically the color seemed 
to be a gray green but when viewed 
through the girdle a very distinct 
concentration of blue was observed 
at the girdle edge and the culet areas 
of the stone. 


Colored Stones In The Laboratory 

Every so often we get in a ruby or 
sapphire that has a surface looking 
like that shown in Fig. 6. This etching 
occurs when a jeweler performs some 
prong repair work or sizing on an 
item without removing the corun- 
dum from the setting. When the 
repair has been completed the item is 
then put into hot pickle solution to 
clean up the soldered joint. Corun- 
dum is soluble in borax and since 
most pickle solutions contain borax, 
the etched surface of the stone 
results. The moral of the story is to 
always remove a corundum from the 
mounting before repair or pickling. 


Figure 4. 
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Figure 5. 
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Figure 6. 


Another garnet with a strong color 
change, from greenish-blue to 
purplish red, recently came into the 
lab. The absorption spectrum 
revealed strong bands at 4150A and 
43504 as well as a broad absorption 
from approximately 5100A to 
6300A. The type of spectrum 
observed, along with the 1.76 R.1., 
would indicate the stone is a 
combination of the spessartite and 
pyrope end members in the garnet 
group. Our research department 
checked the chemistry on the energy 
dispersive unit of their SEM 
(Scanning Electron Microscope) and 
found Magnesium (Mg), Aluminum 
(Al), Silicon (Si), Manganese (Mn), 
Iron (Fe), Calcium (Ca) with traces 
of Vanadium (V) and Chromium 
(Cr). This would confirm our 
interpretation of the absorption 
spectrum and provide evidence that 
small amounts of grossularite and 
almandite were also present. The 
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traces of vanadium and/or chrom- 
ium are probably responsible for the 
color change of the stone. 

We occasionally get in some large 
objects which present special prob- 
lems in identification. Fig. 7 shows 
one panel of a screen measuring 6 ft. 
high by 16 inches wide. The designs 
visible in the three sections of the 
panel are made up of bas-relief 
carvings applied to the background. 
Problem — identify the material of 
the carvings. Obviously specific 
gravity, refractive index, etc. the 
normal gemological tests could not 
be used. A minute amount of powder 
was scraped from the bottom of the 


Figure 7. 
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gown on the carved oriental figure 
with flute on the right in the middle 
section. X-ray diffraction proved 
that at least this figure was carved 
from serpentine, not nephrite jade as 
represented to the client by the dealer 
in Hong Kong. 

We received a 0.88-ct., near color- 
less round faceted stone from a 
student asking us to confirm the 
identity as Stibiotantalite. He had 
never seen nor heard of this material 
being as nearly colorless as was this 
stone. A hydrostatic density test was 
run, showing the S.G. to be 
approximately 7.33. Due to the 
inclusions, an optic figure could not 
be resolved. Some of the tubelike 
inclusions extending from the surface 
into the stone are shown in Fig. 8. 
The amount of doubling visible in the 
stone seemed to be consistent with 
the 0.83 birefringence of Stibiotanta- 
lite. An examination with the energy 
dispersive system of our SEM in the 


Figure 8. 
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research department showed the 
presence of Antimony (Sb), Tanta- 
lum (Ta) and Niobium (Nb), 
confirming the identity. 


The Rarest of the Rare 

There are perhaps only 10 or 12 
known Taaffeites in the world. All of 
these stones have been of the same 
lilac color. We have just encountered 
a very fine sapphire-blue stone of 
3.34 cts. which has been confirmed by 
x-ray diffraction to be Taaffeite. The 
properties of this stone are: R.I. 1.718 
- 1.722, birefringence of .004, 
uniaxial negative and a S.G. of 3.59. 
The absorption spectrum is shown in 
Fig. 9. The stone was found in a 
parcel of blue sapphires that were 
reputed to be heat treated, so there is 
a possibility that the color may be the 
result of heat treatment. Which of 
you Taaffeite owners will be the first 
to volunteer your stone for the great 
heat treatment experiment? 

A 2.10-ct. oval mixed cut showed a 
slight color change from grayish- 
green in daylight to a very faint 
reddish overtone on the green color 
in incandescent light. In our opinion, 
the change was not strong enough to 
warrant calling the stone Alex- 
andrite, had it been chrysoberyl. The 
stone showed strong twinning in the 
microscope (see Fig. 10), very similar 
to the twinning often seen in 
chrysoberyl. However, the R.I. was 
approximately 1.76 - 1.77 with a 
uniaxial reaction when the stone was 
rotated on the hemicylinder. Due to 
the twinning, no optic figure could be 
resolved in the polariscope. The 
absorption spectra showed a 4500A, 


GEMS & GEMOLOGY 


q 


| __ yioret-———+. v8 | BLUE 


4000 


leet GREEN+ Ye ty +o +. RED | 


6000 7000 


§000 


Figure 9. 


4600A, and weak 47004 line, 
confirming the identity as natural 
sapphire. We do not recall seeing a 
sapphire of this color with such 
apparent twinning before. 

We recently encountered a bright 
mottled green cabachon with dark 
green and brown inclusions. (See 
Fig. 11.) The R.I. of approximately 
1.57 obtained by the spot method, a 
heavy liquid S.G. determination of 


Figure 10. 
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approximately 2.75 and a reddish 
fluorescence to short wave ultra- 
violet light suggested a feldspar in 
spite of the color. Since we had not 
encountered feldspar of this color 
before, we scraped a little powder 
from the edge of the stone for x-ray 
diffraction. analysis. The. resulting 
pattern of the material almost exactly 
matched the pattern of anorthite. 
The SEM microprobe in our research 
lab was utilized to analyze the stone 
as well as the brown and green 


Figure 11 
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inclusions. The chemistry obtained 
confirmed anorthite and suggested 
that the brown inclusions were 
probably titanite and the green 
inclusions uvarovite garnet. A scrap- 
ing was made on one of the green 
inclusions that reached the surface 
and the diffraction pattern proved it 
to be uvarovite. 

We wish to express our sincere 
thanks for the following gifts and 
courtesies: 


To the Asian Institute of Gem- 
ological Sciences, Bangkok, Thai- 
land, for 13! carats of heat treated 
synthetic blue sapphires to enrich our 
student test sets. 

To A. C. Bellanca, Los Angeles, 
California, for a suite of East African 
tourmalines weighing 21.79 carats, to 
be used in displays and research 
projects. 

To Delano R. “Dee” Brister, The 
Earth’s Treasures, Sierra Vista, 
Arizona, for 112.17 carats of 
Bytownite (feldspar) that will be 
studied by our students and research 
staff. 


To Jerry Clark, Fallbrook, Cali- 
fornia, for an assortment of 25 
mineral specimens, including exam- 
ples of Brazilian aquamarine and 
tourmaline, so that our students can 
learn to appreciate crystal forms. 

To David E. Cordoba, Rancho 
Palos Verdes, California, whose gift 
of fourteen faceted gems includes a 
sphalerite (17.42 carats), all to 
enhance our display collection. 

To Diablo Gem Collections, Ltd., 
Walnut Creek, California, for an 
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exceptional crystal of natural 
alexandrite chrysoberyl, weighing an 
amazing 51.81 carats, to beautify the 
displays in the Santa Monica head- 
quarters. 


To Cheryl and Tom Fletcher, 
Goleta, California, for 46.25 carats of 
green tourmaline exhibiting the cat’s- 
eye effect, which will be used in our 
student study sets. 


To Pete Flusser, Overland Gems, 
Culver City, California, who has 
donated 30.65 grams of rough garnet 
to be studied by our gem identifica- 
tion students. 


To Pete Flusser and Howard Gena- 
ler, Overland Gems, Culver City, 
California, for 30.65 grams of rough 
Malaya garnet, a grossularite garnet 
of 1.59 carats, and 6.31 carats of 
African oilite, all to be used in the 


research and student study stone’ 


collections. 


To B. Freedman Jewelers, Inc., 
Huntington, New York, for a strand 
of coral beads to be used in our 
student test sets. 


To David A. Gleason, III, New 
Orleans, Louisiana, for his generous 
gift of a rubellite tourmaline (26.72 
carats) and a golden beryl (9.94 
carats) to beautify our gemstone 
displays. 

To Hulette P. Gleason, New Orleans, 
Louisiana, for a selection of imperial 
topaz weighing 15.45 carats, 11.31 
carats, and 7.19 carats, all to be 
displayed in the headquarters offices. 


To Garry W. Helm, Darwin, Aus- 
tralia, for several samples of Zebra 
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Rock to be studied by our research 
department and students. 


To Mary and Daniel Henkin, 
Elkhart, Indiana, who have enriched 
our display and research collections 
with complete color suites of 
corundum, garnet, and tourmaline; 
and for the diamonds used in the 
master set and study collection for 
the third team in the rapidly growing 
One-Week Gemology program. 


To Donald L. Herrick, Dallas, 
Texas for a distinctive collection of 
faceted amethysts that weigh a total 
of 2286.81 carats, to be used in our 
displays and student identification 
sets, 


To Glenda S. King, New Orleans, 
Louisiana, whose donation of a 
chrysoberyl (8.95 catats) and a pear 
shape brazilianite (5.30 carats) will be 
enjoyed as a part of our displays. 


To Shelagh S. Kresser, Honolulu, 
Hawaii, for a medley of gems 
including a scapolite of 20.81 carats 
to enhance our display collection. 


To Karla Larson, Honolulu, 
Hawaii, for sending us a synthetic 
citrine quartz of 18.01 carats to be 
studied by our research staff and our 
students. 


To Jay E. Mahachek, Littleton, 
Colorado, who has thoughtfully 
donated a variety of gems including 
an impressive cat’s-eye chrysoberyl 
of 20.45 carats and 15.24 carats of 
star rubies to be placed in our 
displays and study sets. 


To Day P. McNeel, Jr., Houston, 
Texas, for a medley of gems includ- 
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ing amethyst, aquamarine, citrine, 
moonstone, peridot, and tourmaline, 
to be tested by our students and 
enjoyed in our displays. 

To John F. Meacham, Long John 
Silver, Ltd., Victoria, British Colum- 
bia, Canada, for a copy of Jade in 
Canada to add to our library. 

To R. M. Mead, Bisbee, Arizona, 
for a 3.07-carat cabochon of azur- 
malachite to become a part of our 
displays. 


To Dr. Michael Meftah, Columbus, 
Ohio, for his kind donation of a 
superb faceted kunzite weighing 536 
carats, which has attracted many 
visitors to our display cases. 


To Michael M. Menser, Buch- 
roeder’s, Columbia, Missouri, whose 
gift of a variety of gems will be used in 
the student testing sets for the latest 
addition to the gemology program in 
residence. 


To Ethel and Frank Miley, Agate 
Specialists, Los Alamos, New Mex- 
ico, for chalcedony, kunzite, moon- 
stone, opal, rhodonite, and turquoise, 
to be studied by the residence and 
correspondence students. 


To Fred Nakamura, Long Beach, 
California, for a selection of fine 
gems including a 2.67-carat anda- 
lusite and a 10.07-carat chrysoberyl 
to augment our displays. 

To Pedro J. Obregon, M.D.., 
Columbus, Ohio, for a 3.20-carat 
diamond surrounded by four 0.08- 
carat diamonds in a white gold 
setting, to be studied by the students 
in the Applied Gemology section of 
the Resident program. 
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To Jose Guillermo Ortiz, Colom- 
bian Emeralds Company, Bogota, 
Colombia, for an outstanding 
example of an emerald crystal in 
matrix so that our students can 
appreciate the crystal in its natural 
setting. 


To Ron Pingenot, Tejon Gallery, 
Ltd., Denver, Colorado, for two 
quartz crystals that are half amethyst 
and half citrine in color, which will be 
exhibited to the students in our 
classes. 


To Robert N. Poole, Lakewood, 
Colorado, for his donation of 12.65 
carats of emeralds, 61.91 carats of 
sapphires, and 13 rubies totaling 
10.42 carats; all will add to the 
displays and research collection. 


To Pliny A. Price, M.D., Columbus, 
Ohio, whose thoughtful gift of an 
array of 94 tourmalines (198.88 
carats) and a suite of 16 sapphires 
(37.76 carats) will enrich the display 
collection and the student study sets. 


To Royston-Ward Jewelers, Inc., 
Dayton, Ohio, for a variety of 


colorless, pink and red gems to use in 
the student study sets. 


To W. B. Scholefield, Los Angeles, 
California, for a 18.18-carat yellow 
scapolite, and 25.25 carats of tour- 
malines in assorted colors to supple- 
ment the display collection. 


To Mrs. O. L. Yeater, Orange, 
California, for a selection of gems 
including a 1.30-carat mauve scapo- 
lite, a 1.15-carat sunstone, and a fiery 
opal of 20.65 carats, to be utilized in 
the study and display collections. 


To Judge Pearce Young, Beverly 
Hills, California, for a spectacular 
array of twenty Mozambique tour- 
malines. These gems will form an 
important part of our display col- 
lection. 


To Clara T. Younger, M.D., 
Cypress, California, for two apatites 
(mauve, 2.33 carats, and yellow, 
17.65 carats), a 1.61-carat idocrase, a 
5.42-carat- opal, a 2.73-carat tan- 
zanite, and a 19.40-carat blue topaz, 
all to be appreciated in our displays. 
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FLUID INCLUSIONS 
Hidden Trouble for the Jeweler and Lapidary 


By JOHN |. KOIVULA 
Mineralogist — Gemologist 
Gemological Institute of America 
Santa Monica, California 


Jewelers using the torch near a 
gemstone mounted in a piece of 
jewelry and Japidaries in the process 
of dopping a gem have at times 
experienced the fracturing of a stone 
even though great care was taken in 
bringing the gemstone carefully and 
uniformly up to the working 
temperature. In a great many of these 
cases the culprit responsible for the 
destruction of the gem is a minute, 
almost invisible, fluid inclusion. A 
basic understanding of fluid in- 
clusions and the way they react to 
heating, coupled with a quick 
examination under the microscope 
could save many gemstones from an 
untimely fate. In the process, the 
jeweler or lapidary could be saved 
from almost certain embarrassment, 
or worse. 

With the probable exception of 
diamond, fluid inclusions can occur 
in virtually every crystalline gem 
mineral of natural origin that the 
jeweler or lapidary is likely to 
encounter. As a gem crystal grows at 
a specific temperature and pressure, a 
negative crystal may begin to form on 
its growing surface. As the negative 
crystal forms, it is filled with the 
growth fluid at the temperature and 
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pressure of growth. As the gem 
crystal continues to grow, it may seal 
off the fluid filled negative crystal 
which would then become a closed 
system. 

As the crystal cools, the fluid that 
completely filled the negative crystal 
at the higher growth temperature 
begins to contract. As it contracts in 
the closed system of the negative 
crystal, it no longer fills the cavity, 
and a contraction bubble of vapor- 
ized liquid appears to fill the void. 
The bubble gets larger as the crystal 
gets cooler. We now have what 
gemologists refer to as a two-phase 
inclusion, as the negative crystal now 
contains two states or phases of 
matter, liquid and gas. In addition, if 
any salts have been dissolved in the 
liquid at a higher temperature (salts 
like sodium chloride [NaCl — 
common table salt] or potassium 
chloride [KC1] etc.), they may now 
crystallize out of solution at the lower 
temperature provided their concen- 
tration in the fluid is high enough. 
The result will be a solid crystal in the 
same void with the liquid and gas. We 
have added a third phase or state of 
matter and we now have a three- 
phase inclusion. Just as a drop in tem- 
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perature caused the formation of the 
gas bubble, and if present, the solid 
crystal, a rise in temperature will 
cause the crystal to go back into 
solution and will cause the bubble to 
be resorbed back into the solution by 
virtue of the expansion of the liquid. 

The disappearance of the vapor 
bubble is the critical step. We know 
from the physics of liquids that they 
are virtually incompressible. There- 
fore, once the bubble, which acts asa 
thermal shock absorber for the 
gemstone, disappears, a tremendous 
amount of pressure builds very 
rapidly. If the gemstone is subject toa 
further rise in temperature once the 
critical temperature at which the 
fluid fills the cavity has been reached, 
damage will be the unavoidable end 
result. 

Many of us believe that gem 
crystals form at temperatures much 
higher than we would ever subject a 
stone to in the course of normal 
repair or lapidary work. 

This, however, is not always the 
case. Some of the fluids filling these 
voids are very sensitive to heating, 
and have been known to fracture a 
gemstone when subjected to as little 
heat as is generated by the light bulb 
in a microscope stage. 

The following paragraphs taken 
from a letter written in 1835 by the 
English Physicist, Sir David Brewster 
to Sir Walter Scott indicate the heat 
sensitive nature of some of these 
fluids. 

“When the gem which contains the 
highly-expansive fluid is strong, and 
the cavity not near the surface, heat 
may be applied to it without danger, 
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but in the course of my experiments 
on this subject, the mineral has often 
burst with a tremendous explosion, 
and in one case wounded me on the 
brow. An accident of the same kind 
occurred to a gentleman, who put a 
crystal into his mouth for the purpose 
of expanding the fluid. The specimen 
burst with great force and cut his 
mouth, and the fluid which was 
discharged from the cavity had a very 
disagreeable taste.” 

“In the gems which are peculiarly 
appropriated for female ornaments, 
cavities containing the expansible 
fluid frequently occur, and if these 
cavities should happen to be very 
near the surface or the edge of the 
stone, the fever heat of the body 
might be sufficient to burst them with 
an alarming and even dangerous 
explosion. I have never heard of any 
such accident having occurred; but if 
it has, or if it ever shall be heightened 
by any calamitous results, the 
phenomena here described will strip 
it of its wonder.” 

The following series of six 
photographs taken at 100X magni- 
fication illustrate in vivid detail the 
destruction of a quartz crystal caused 
by the heat induced expansion of its 
fluid inclusions. The fluid in this case 
is a highly viscous yellow colored oil 
(Petroleum) that stands out readily 
against the much lighter background 
of the quartz crystal host. The oil is 
somewhat sensitive to heating, but 
not nearly as sensitive as a fluid like 
liquid carbon dioxide, which is one of 
the more common fluid inclusion 
fillers. 

In Fig. 1, we see the fluid chamber 
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at room temperature containing the 
oil and one large vapor bubble. The 
bubble appears to occupy approx- 
imately ten percent of the total 
volume of the inclusion at this 
temperature. 

In Fig. 2, at room temperature 
there are now two smaller bubbles in 
the oil occupying the void. These 
were formed by slowly heating the 
inclusion until the oil completely 
filled the chamber. Then the 
inclusion was allowed to cool 
quickly. Due to the length to width 
ratio of the void (14 to 1) and the 
highly viscous nature of the oil, more 
than one gas bubble formed in the 
chamber as the volume of the oil 
quickly shrunk on rapid cooling. 

Fig. 3 illustrates this same 


inclusion with three distinct bubbles 
present. 

Fig. 4 shows the fluid chamber 
completely filled by the oil. Note that 
the background inclusions still 
contain gas bubbles. 

Fig. 5 was taken only seconds later. 
Pressure and strain in the host quartz 
is building rapidly at this point and 
the inclusion is close to the critical 
state. Notice that the bubbles in the 
background inclusions have now 
disappeared. 

Fig. 6 shows the host quartz after 
explosion of the main oil filled 
inclusion. Note the large fracture that 
has occurred. Although very small, 
this inclusion produced an easily 
audible cracking sound when it 


exploded. The approximate temper- 


Figure 1 


Figure 3. 
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Figure 2. 


Figure 4 
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Figure 5. 


ature at the time of explosion was 
130° C (266° F) which is well within 
the temperature range of a jeweler’s 
torch. 

An inexpensive rock crystal quartz 
was used in the above experiment. It 
should be noted, however, that the 
same results could be obtained using 
much more costly gemstones like 
beryl, tourmaline, corundum and 
topaz. 
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Developments and Highlights 
at GIEA’s Lab 


in Los Angeles 


By ROBERT E. KANE 


During recent months at the Los 
Angeles laboratory we have en- 
countered some very interesting 
inclusions in some of the diamonds 
submitted to us for grading. Some 
unusual crystals were seen in the 
round brilliant diamond shown in 
Fig. 1, This particular stone con- 
tained a large number of tetrahedral 
crystals in definite planes inter- 
spersed throughout most of the 
diamond. What cannot be accurately 
conveyed with a photograph is the 
three-dimensional nature of these 
odd inclusions. They were com- 
posed of three equal sides and a base. 

The round brilliant shown in Fig. 2 
had an interesting feature. This 
diamond had numerous rounded 
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Figure 1. 
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crystals that resembled flux or 


elongated gas bubbles. 
Another diamond that had an 
unusual inclusion is shown in Fig. 3. 


Figure 3. 


Figure 2 
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Figure 4. 


This inclusion had a_ dendritic 
appearance which is somewhat rare 
in diamond. 


Imitation Cat’s-Eye 

Recently we had the opportunity 
to examine a rather fine glass and 
fiber optic cat’s-eye imitation. This 
material had a refractive index over 
the limits of the refractometer. The 
specific gravity was 4.20. The stone 
was inert to short wave and long 
wave ultraviolet light. To the unaided 
eye this semi-translucent brownish- 
yellow stone had a silky appearance 
and exhibited an extraordinarily 
sharp eye, almost too sharp. This 
stone’s appearance had a remarkable 
likeness to the “milk and honey” 
effect seen in a fine-quality cat’s-eye. 

When this material was revolved 
under two overhead light sources, the 
opening and closing of the eye was 
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Figure 5. 


exhibited very well (Figs. 4 and 5). 
When viewed from the side over a 
light source, the stone was trans- 
parent and near colorless as is 
exhibited by Fig. 6. When it was 
examined under magnification a 
“honeycomb-like” hexagonal struc- 
ture was shown (Fig. 7). Each larger 
hexagonal area contained hundreds 
of small hexagonal fibers (Fig. 8). 
These fibers are the cause of the 
chatoyancy. The darker colored 
areas in Fig. 8 are the fibers that 
cause the color in the stone. 


Fish Shape Brilliant 

Quite recently a client requested an 
Origin of Color on his very unusually 
cut fish shape brilliant diamond (Fig. 
9). This stone had 17 pavilion facets 
and 22 crown facets. It was a rather 
pleasing color, fancy pinkish-violet 
of natural origin. 
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Figure 8. 


Rutile in Emerald 

Recently the Los Angeles labora- 
tory received for identification a 
transparent green rectangular step 
cut. This stone was identified as 
emerald by its refractive indices and 
rich chromium spectrum. When 
examined under magnification the 
interior of this gemstone proved it to 
be of natural origin. The interesting 
feature of this natural emerald was 
that it contained numerous randomly 
oriented yellowish-brown needles, 
presumably rutile, rare in emerald 
(Fig. 10). 
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Figure 7. 


Figure 9. 


Figure 10. 
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Figure 11. 


Unusual Fluorescence 

When we were checking the long- 
wave ultraviolet fluorescence of a 
round brilliant diamond, an unusual 
occurrence was noted. When this 
diamond was viewed table-down, it 
exhibited a very strong blue fluor- 
escence overall, with a very strong 
yellow fluorescence outlining the 
inside of the table and around the 
culet. This is indicated by the arrows 
marking the darker areas of the 
diamond shown in Fig. JJ. 


Large Well-Formed Knot 
in Diamond 

Recently we examined a rather 
large knot in a 1.50-carat round 
brilliant diamond. The staff at the 
Los Angeles laboratory has seen 
many large knots in diamonds 
before. This, however, was one of the 
few occasions where we have seen 
such a prominent and well-formed 
octahedral knot. When this diamond 
was viewed from the pavilion, we 
observed that approximately one 
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Figure 12. 


Figure 13. 


half of an octahedron had become 
“captured” in this round brilliant 
diamond (Fig. 12). Fig. 13 shows how 
this inclusion appeared when viewed 
from the crown. 


Large Natural 
In Figs. 14 and 15 an extremely 
large and deep indented natural is 
shown. Note the almost perfectly 
shaped trigon in Fig. 15. Except for 
this large natural it was a rather clean 
diamond. As the price of diamonds 
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Figure 16. 


continues to increase, we will 
probably see more examples of 
extreme weight retention from the 
rough. 


Nature’s Art in Diamonds 

Seen in Fig. /6 are two included 
diamond crystals with feathers that 
make up an inclusion that looks very 
much like a honeybee in flight. When 
this round brilliant diamond was 
viewed at certain angles, the included 
diamond crystals had an intense 
yellow color. The inclusion shown in 
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Figure 15. 


Figure 17. 


Figure 18. 
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Figure 19. 


Fig. 17 is reminiscent of a fly 
fisherman’s lure. Fig. 18 shows a 
group of inclusions that form an 
arrangement resembling a straw- 
berry. 


“Lizard Skin” Polish 
Fig. 19 is a photomicrograph of 
“lizard skin” polish viewed under 
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reflected light. This type of polish is 
also referred to as “steplike polish” 
by some diamond cutters. This effect 
occurs when a particular facet is 
parallel to or almost on an octahedral 
face, and is caused by the extreme 
hardness of the octahedral face. 
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Opal: Smolder of Fortune? 


By CHERI LESH 


Gemological Institute of America 
Santa Monica, California 


“ . . he flirted on her beautiful 
forehead a drop or two of the 
moisture which remained on his own 
hand. The opal, on which one of 
these drops had lighted, shot out a 
brilliant spark like a falling star, and 
became the instant afterwards light- 
less and colourless as a common 
pebble, while the beautiful Baroness 
sunk on the floor of the chapel witha 
deep sigh of pain. All crowded 
around her in dismay. The unfortu- 
nate Hermione was raised from the 
ground, and conveyed to her cham- 
ber; and so much did her counte- 
nance and pulse alter, within the 
short time necessary to do this, that 
those who looked upon her pro- 
nounced her a dying woman.”? 

It seems hard to believe that the 
fantastic passage quoted above could 


‘Scott, Sir Walter, Anne of Geierstein: or The 
Maiden of the Mist, Boston, Bazon & 
Ellsworth, 1831. 
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cast a shadow of suspicion over the 
opal’s sparkling fires. Yet this 
unwarranted reputation as a gem of 
ill-luck has dogged the opal for more 
than acentury, and the myth seems to 
have derived largely from Sir Walter 
Scott’s novel, Anne of Geierstein: or 
The Maiden of the Mist, published in 
1831, In this book, the mysterious 
damsel Hermione, ‘“‘a doctor of 
theology in the dress of an Eastern 
dancing girl,”? appears before the 
Baron of Arnheim under extraordi- 
nary circumstances. Scott describes 
this apparition in minute detail, 
paying particular attention to her 
headdress; “she wore no turban or 
headdress of any kind, saving a blue 
riband drawn through her auburn 
hair, and secured by a gold clasp, the 
outer side of which was ornamented 
by a superb opal, which, amid the 
changing lights peculiar to that gem, 


Ibid. 
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displayed internally a slight tinge of 
red like a spark of fire.” 

However, in context, it is quite 
obvious that this opal is no ordinary 
opal, just as Hermione 1s no ordinary 
Persian woman. This is a tale of 
bewitchment, and Hermione’s opal, 
which glowed with its own rather 
than with reflected ight, bears no 
more relation to actual opals than a 
unicorn does to a Shetland pony. 

Some believe that Scott modeled 
the opal in Anne of Geierstein after a 
magnificent, large opal which Na- 
poleon presented to Josephine. The 
play of color in this jewel was so 
intense that Napoleon called it, “The 
Burning of Troy.” Perhaps Scott did 
deliberately make an evocative 
analog to that gem, playing on the 
British dislike of anything French — 
particularly anything related to a 
French Emperor who had sworn to 
master the world! 

Regardless of Sir Walter’s feelings 
toward the French, there is no 
evidence to suggest that he meant to 
slander opals. While Sir Walter Scott 
was, in the style of his day, a bit 
didactically moral, he had a great 
love of beauty. He would not have 
wanted to impugn such a beautiful 
stone as the opal, and such was 
certainly not his intent. Writers deal 
in metaphor the way jewelers dea] in 
actual gems; it is their livelihood. 
Only a very literal reading of Anne of 
Geierstein could produce an aversion 
to opals. Scott wanted a talisman 
which would symbolize the inner 
fires and changeable passions of his 
elfish and elemental anti-heroine. 


31 bid. 


284 


Since mood rings had not yet been 
invented, his artistic quest for an 
appropriate symbol fell upon the 
opal. It was a logical choice; several 
varieties of opals are indigenous to 
Scotland, so it was undoubtedly a 
stone he was familiar with. However, 
the occult image conjured by the 
Baroness Hermione and her ever- 
changeable gem were supposed to be 
due to a peculiar circumstance of 
enchantment, not to any inherent 
quality of the opal itself. 

Once this superstition regarding 
opals has been demystified and 
explained, few consumers will retain 
any uneasy feeling towards them. 
The tradition which honors the 
beauty and good fortune of opals 
encompasses at least 3,000 years and 
many different cultures. The 
Aztecs and Incas introduced 
their variety of opal to the Spaniards, 
who noted that the peoples of these 
ancient civilizations held the opal in 
higher regard than any other gem 
except for jade. In Indonesia, opal is 
known as “The Royal Gem of Java” 
and also as “The Queen” and is 
considered a sign of royal blood. The 
ancient Greeks and Romans revered 
the opal above all other gems except 
the emerald. According to Orpheus: 
“On Olympus the opal was the 
delight of the Immortals, so fair to 
view that it charmed the strong eye 
and strengthened the weak.” The 
Greeks held the opal to be sacred to 
Aphrodite, the Goddess of Love, and 
the Romans also valued it as the 


4Leechman, Frank, The Opal Book, Sydney, 
Australia, Ure Smith, 1961. 
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badge of Venus and her cherubic 
child Cupid. 

It is true that the opal presents an 
irresistible allure as a lover’s token. 
It has already been mentioned that 
Napoleon chose an opal as a bond of 
affection between himself and his 
Empress Josephine, and he con- 
sidered that stone so inherently 
romantic that he nicknamed it “The 
Burning of Troy,” evoking memories 
of Helen and Paris, those star- 
crossed lovers of the past. History 
tells us that Mark Anthony coveteda 
ring belonging to Senator Nonius, 
which contained an opal the size of a 
hazelnut. Mark Anthony wanted the 
ring to give to Cleopatra, as a token 
of his ardent passion. When Nonius 
refused to sell him the ring, Anthony 
flew into a rage, and retaliated by 
ordering Nonius’ death and the 
confiscation of all his property. 
Nonius had to flee from Rome so 
abruptly that he could take only the 
clothes he wore — and the opal he 
valued so highly. Nonius apparently 
lived happily ever after in exile, while 
Mark Anthony met defeat on the 
sands of Egypt to the forces of Oc- 
tavian. Various historians have con- 
firmed their culture’s belief in the 
luck and virtue of these gems. Pliny, 
who related the story of Nonius, called 
opal a gem of incomparable beauty 
and elegance. B. de Boodt (1647) 
acknowledged it as the most beauti- 
ful of gems, and Dutens (1779) 
shared that opinion and said that in 
his time, opals were valued as high as 
diamonds. Ure (1853) confirmed this 
evaluation, saying, “In modern times 
fine opals of moderate bulk have 
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been frequently sold at the price of 
diamonds of equal size: the Turks 
being particularly fond of them.”5 
The mass hysteria accompanying 
the Black Plague in Europe caused 
the opal to fall into temporary 
disrepute. Many in the Middle Ages 
sought to appease an angry God by 
destroying all the “devil’s vanities” 
such as statues, pictures, jewels, fine 
clothing, anything they possessed of 
artistic and aesthetic value. The ‘bad 
luck’ of the opal, then, was simply 
linked to the fact that it was an object 
of great beauty! Since theology of the 
time dictated that the glories of the 
earth were a snare and a delusion, 
Satan’s web spun to trap unwary 
mortals, a gem of incomparable 
beauty like the opal attracted much 
suspicion. To the medieval mind, the 
world was a horrific place populated 
by unseen demons and strange hosts 
of evil: demonic possession was nine- 
tenths of the lawless. Even the 
Victorians shared the medieval 
distrust of earthly pleasure. The 
faddish superstition which arose in 
connection with the publication of 
Anne of Geierstein-was probably the 
result of a prudish Victorian sensi- 
bility which eyed the sensual glories 
of the world with doubtful qualms. 
Queen Victoria herself considered 
the opal’s inner fires an aesthetic 
virtue, devoid of more sulphurous 
connotations. She stoutly defended 
the opal’s reputation, and instituted a 
royal custom of giving the sparkling 
gems to her daughters on the 


5Ure, Dictionary of Arts, Manufacturing and 
Mines, New York, 1853. 
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occasion of each of their marriages in 
an attempt to allay the public’s empty 
fears. 

For those souls brave and rational 
who dismiss the whisperings of the 
timid, the rewards of opal are many. 
For those who want a gem which is as 
individualistic as they are, opal is 
ideal. Opal comes in many varieties, 
enough to suit every personality and 
preference. There is the pin fire, a 
needlepoint rainbow; the harlequin 
opal with its jester’s patchwork of 
color; the flash opal with its moving 
bands of light; the abanderado opal 
with its ribbons of fire. From 
Mexico, there is the unique water 
opal which they term “illusivisnando” 
which is as transparent as a raindrop 
but with the full spectrum of the 
rainbow glinting within like a 
crystallized tear of the sun. 

The basic body hue of opals also 
covers the full range of the rainbow, 
from the milk opal with its creamy 
white background to the mysterious 
black opal which sometimes shim- 
mers with rare tints of indigo and 
violet. Orange, peach, salmon, 
honey, cherry, beige, turquoise, 
peacock or cloudy blue, the opal 
shows a thousand faces, with plays of 
color ranging from volcanic fires to 
the northern lights. Whatever the 
customer’s desire, an opal can be 
found which will suit almost any 
requirements for shade or style. 

The opal is a stone of incompar- 
able warmth and loveliness, rife with 
lover’s symbolism. The diamond’s 
chaste white flame may be forever, 
but the pulsing hearthfires of the opal 
speak more eloquently of passion. It 
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is an ideal love token for trysts and 
engagements. 

Another favorable aspect of opals 
is that each one is unique. A handful 
of one-carat diamonds may each 
have a distinctive ‘fingerprint’ re- 
vealed by a gemprint machine, or 
may be distinguished by a trained 
gemologist with a microscope, but 
they are dazzlingly alike to the 
prospective buyer. The opal’s indi- 
viduality can be easily detected by the 
layperson wanting a distinctive gem, 
and this uniqueness makes it even 
more valuable. It is a substance 
ancient beyond human lore; opal was 
60 million years old before humans 
made the first arrowhead. Fossilized 
shells and bones of prehistoric 
animals have been found entirely 
replaced by the silica gel known as 
opal. 

The ancient earth processes which 
create opal are unique to that stone; 
no other gem is like it. It is a child of 
the volcano, whose Goddess, Pele, is 
known as “the fire in the night.” It isa 
fortuitous composition of the four 
elements of earth, fire, water and 
light. Formed by deep fires in the 
earth, it owes its brilliant reflection of 
the light to the water trapped by an 
intricate lattice of silica within. The 
“fire” of the opal is created by 
Nature’s brush alone, not the faceting 
skill of a patient human hand. The 
‘only Nature can make an opal’ factor 
may appeal to those involved in the 
back to nature movement. 

Of course there are those who 
claim that opals are unlucky because 
they are fragile. Well, so are butterfly 
wings and soap bubbles. Iridescence 
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in nature is a transient phenomenon. 
Rainbows, halos around the moon, 
and the sunset playing over the sea 
are fleeting. Opal is the most durable 
form of shimmer and shine in 
Nature’s jewelbox. The Aztecs called 
opal “vitzitziltecpatl,” “the hum- 
mingbird-stone.” The pleasures of 
owning a ruby-throated rainbow 
cannot be measured in days and years 
alone. The fragility of modern opal is 
greatly overestimated. Even the 
vibrant but delicate Virgin Valley 
opals of Nevada can now be stabil- 
ized by a process formulated by Bill 
Kelly in 1962. The process contains 
no foreign additives and does not 
alter the physical or chemical prop- 
erties of opal. There are several 
different techniques for preserving 
opals from losing their moisture and 
cracking or crazing. Fine gem quality 
opals from every source are now 
generally well-regulated to ensure 
their long-lasting qualities. There are 
opals in European museums whose 
fire has remained undiminished over 
periods of hundreds of years. So 
there is no longer any reason for the 
exaggerated fear of opal’s imperm- 
anence to tarnish the name of this 
lovely stone. 

Speaking of opal’s “good name,” 
an examination of the word’s origin 
reveals still further the veneration in 
which this stone was held, as far back 
as the dawn of language. It has often 
been said that the opal derives its 
name from the Sanskrit, “Upala,” 
meaning “Precious Gem.” In Greek 
this became “Opallus,” which be- 
came transformed to “opal” in 
modern day English. While there is 
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no disputing opal’s designation as a 
“precious gem,” Barrie O’Leary 
states that this derivation is incorrect. 
He traces the term opal to two 
ancient Greek words, one of which is 
the root for such words as “optical,” 
“opaque” and “optometrist” and 
means “to see.” The other Greek root 
word gives us “alter” and “alias” and 
translates as “to change.” Thus opal 
literally means, “to see change.” 
Curiously, the word “Witch” also 
derives from a term meaning “the 
bender or changer.” Magic has long 
been known as the art of change, soit 
would seem that the potential 
mystical properties of the opal were 
discovered early on. Coincidentally 
enough, the Indonesian word for 
opal is “Kalimaya.” Kali means 
“river,” and also the Goddess of 
birth, death and transition. Maya 
means “illusion.” So for the Indo- 
nesians, the opal was “a river of 
illusion,” with “the Goddess of 
illusion” as another possible interpre- 
tation. Opal is also known as “The 
Queen” and has a long association 
with royalty. 

The persistent beliefs that opal is a 
harbinger of fortune, good or bad, 
probably stem from the deep effect 
viewing the stone can have on the 
human spirit. The flickering fires 
which shift and change like the 
Northern lights under the opal’s 
glossy skin are profoundly moving. 
They thrill the senses and titillate the 
soul. The early Australian Ab- 
origines held them in awe, believing 
that the glistening, mysterious glows 
within were evil spirits beckoning 
and enticing them with their beauty. 
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However, it is a cross-cultural trait 
among aboriginal peoples to hold the 
powers of the world in a reverence 
approaching dread, and:‘to refuse to 
touch them, believing that only a 
Shaman, a tribal mystic leader, could 
harness those powers and shape them 
to his/her purpose. Now that we no 
longer fear such earthly spirits, the 
fact that the opal’s lights seem so 
alive as to possess their own soul can 
be seen as a tribute to their powerful 
beauty. 

In a modern psychological con- 
text, how one feels about opals may 
well reflect how comfortable one is 
with one’s own inner fires and 
mysteries. An uneasiness with the 
hidden, arcane side of human person- 
ality may translate into a fear of the 
gem which causes those dark currents 
to stir and flutter within. People at 
peace with their spirituality can relax 
and appreciate the glory of opal. As 
an old Australian opal miner once 
put it, “The only unlucky thing about 
opals is not having any.” 
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Citrine-Amethyst Quartz — 
A Gemologically New Material 


By JOHN I. KOIVULA 
Mineralogist-Gemologist 
Gemological Institute of America 
Santa Monica, California 


Long known to mineralogists and 
crystallographers, having been stu- 
died since the early 1800’s by such 
notable researchers as Sir David 
Brewster, E.S. Dana, and Clifford 
Frondel, sectorally color zoned quar- 
tz seems to be somewhat of a mystery 
to the gemological community. Now 
a gemologically interesting bi-color- 
ed quartz has just recently arrived on 
the gem market from a somewhat 
secret Brazilian locality reported to 
be in the mining area of Rio Grande 
Do Sul, near the Uruguayan border. 
Excellent gems as in Fig. 1, some 
quite large, have. been cut from this 
material which consists of amethyst 
and citrine colored quartz in single 
crystal combination. When relatively 
complete crystals are studied it can be 
observed readily that the amethyst 
and citrine colored sections are con- 
fined more or less to definite zones. If 
a slab is cut near the termination per- 
pendicular to the C axis, forming an 
optically flat section and the surfaces 
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are polished, we can now look 
directly down the C axis, as in Fig. 2, 
and readily see the wedge shaped 
arrangement of the color sections in 
the crystal. Not all of these color 
zoned crystals, however, exhibit as 
perfect a color arrangement as is 
shown in Fig. 2. 

‘Viewing such a crystal section 
makes the gemologist begin to won- 
der what mechanism or mechanisms 
in nature could result in such a near 
perfect distribution of color. 

In trying to solve this puzzle the 
gemologist must first review the 
natural causes of the citrine and ame- 
thyst colors in quartz. In his new 
book, Gems Made By Man, Dr. 
Kurt Nassau points out that traces of 
ferric iron (Fet+3) are responsible for 
the coloration of citrine. If the ferric 
iron ions are located in the proper 
lattice sites then natural irradiation 
will alter the citrine to amethyst. 
However, only small amounts of 
natural citrine are suitable for alter- 
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ation to amethyst as the iron is com- 
monly not properly oriented in the 
quartz lattice to produce the neces- 
sary color center. These facts on the 
coloration of citrine and amethyst 
immediately bring up another ques- 
tion, Why is the color segmentally 
zoned instead of being uniform? 

It has been proved by experiment 
and also noted in nature that quartz 
has a greater affinity for absorbing 
impurities such as iron on the posi- 
tive rhombohedrons of the termina- 
tions than on other faces as the 
crystal grows. The negative rhombo- 
hedral faces may also assimilate tra- 
ces of iron but to mucha lesser extent 
than the positive rhombohedron. 
This selective absorption by the posi- 
tive rhombohedron results in a much 
greater concentration of iron ions on 
alternate rhombohedral faces. There- 
fore, there exists a much higher prob- 
ability of having iron ions in the 
correct sites to produce the amethyst 
color center upon irradiation. Once 
iron has been absorbed on the nega- 
tive and to a greater extent on the 
positive rhombohedral faces the re- 
sult is a citrine colored quartz. If this 
citrine meets with irradiation then 
the segments with the highest concen- 
tration of iron in the proper sites will 
be changed to amethyst. The end 
result would be a segmentally color 
zoned crystal of citrine and amethyst 
of the type illustrated in Fig. /. 

It should be noted that although 
the low level natural radiation in the 
earth could surely produce the ame- 
thyst coloration over a period of 
years, the same result could be ach- 
ieved by artificial sources of irradia- 
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tion, and at the present time there 
would be no way to tell the dif- 
ference. 

It has also been noted that all of 
this material tested to date has been 
twinned according to the Brazil law. 
This kind of twinning is an inter- 
growth of the two enantiomorphous 
forms of quartz. That is one right- 
and one left-handed individual. It 
consists of laminae of one hand en- 
closed and structurally ordered like 
satellites in a host crystal of the 
opposite hand. It is suggested that 
Brazil twinning occurs in areas with- 
in a host crystal where a disturbance 
during growth at the surface of the 
crystal nucleates an area of parallel 
axis quartz growth of the opposite 
hand in the host crystal. The combi- 
nation of Brazil twinning and seg- 
mental coloration gives rise to some 
beautiful and startling optical effects 
under polarized light. Figs. 3, 4 and5 
illustrate the cut crystal section 
shown in Fig. 2 between crossed 
polaroids. The vivid light interfer- 
ence colors change dramatically as 
the crystal section is rotated between 
the crossed polaroids and at the same 
time the separate triangular segments 
also remain visible. 

Using a condensing lens to con- 
verge the polarized light reveals a 
great deal about the structural nature 
of this material. Certain sections of 
the crystal where the right-handed 
and left-handed quartz laminations 
overlap produce equal and opposite 
light retardation and therefore an 
apparent non-rotatory character. This 
results in the presence of a standard 
uniaxial cross as shown in Fig. 6. In 
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Figure 1 


Figure 7 
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Figure 2 


Figure 4. 


Figure 6 


Figure 8 
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other areas of the crystal where we 
have an isolated right- or left-handed 
section of quartz we have optical 
activity and rotation of the polarized 
light. Those areas show the standard 
quartz bull’s eye uniaxial figure as 
shown in Fig. 7. At the immediate 
junctions between right- and _left- 
handed layers the Airy’s spirals uni- 
axial effect, as illustrated in Fig. 8, is 
observable. As can now be seen, this 
Brazil twinned, segmentally colored 
quartz is surely unique in the fact that 
it shows three different optic figures 
in one material. 

The precise relationship between 
the Brazil twinning and the segmen- 
tal coloration is not known at this 
time. Perhaps the presence of iron 
impurity produced the necessary 
growth disturbance to cause the twin- 
ning or possibly the presence of twin- 
ning resulted in a greater absorption 
of iron by the crystal as it grew. It 
should also be noted that etching on 
some crystals shows the existence of 
dauphine twinning as well as opti- 
cally detectable Brazil twinning soa 
possible combination twinning may 
be present in some examples. The 
writer has presented a theory as to the 


possible origin of this gemologically 
new quartz. Any comments or 
observations by the readers of this 
paper are welcome. 
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The Elusive Nature of Graining 
In Gem Quality Diamonds 


By ROBERT E. KANE 
GIA Gem Trade Laboratory, Inc. 
Los Angeles, California 


Introduction 


In clarity grading of diamonds one 
of.the least understood aspects is the 
characteristic of graining itself. This 
graining can have a number of effects. 
It can affect the cutting and polishing 
processes, the color, the clarity, the 
overall beauty of a faceted gemstone, 
and in some cases the saleability and 
price of a particular diamond. This 
article will be devoted entirely to the 
subject of graining in gem quality 
diamonds. This study will focus main- 
ly on the effects of graining and how 
graining directly concerns the pro- 
fessional diamond grader, gemologist, 
diamond merchant and jeweler. A 
description of the classifications and 
definitions of graining in diamonds 
as they are recognized by the pro- 
fessional diamond grader will be dis- 
cussed in detail. A brief explanation 
of the causes of graining and the 
relationship between birefringence 
and visible graining in diamonds will 
also be discussed. 


Graining Classifications 


The diamond grader recognizes 
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two major categories of graining in 
diamonds, surface and internal. 
These two types of graining may be 
seen together as one characteristic or 
they may be present as two unrelated 
features in one stone. For example, a 
diamond may have internal graining 
extending into the stone directly from 
the surface graining. A diamond 
might also have internal graining in 
one part of the stone and surface 
graining may be present inanentirely 
different area. 

It must be emphasized that inter- 
nal graining is not always easily 
classified. A particular diamond may 
have a mixture of different internal 
graining types. In a situation where 
there is a mixture, the diamond 
grader will usually note the type that 
is the most prominent or important 
to the clarity grade. An excellent 
example of a diamond containing a 
mixture of graining types is shown in 
Figs. 50 through 53. This fancy violet 
diamond had numerous surface grain 
lines, violet graining, and reflective 
graining all associated together as 
one characteristic. 
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The following is a breakdown of 
graining classifications: 
I. Surface graining is divided into 
two categories: 
(1) surface grain lines (singular 
and plural) 
(2) surface graining (irregular 
graining of various shapes) 
II. Internal graining is divided into 
four main categories: 
(1) “phantom” graining 
(2) colored graining 
(3) whitish graining 
(4) reflective graining 


Anomalous Birefringence 
In Diamond 


One of diamond’s many intriguing 
properties is the presence of bire- 
fringence. Even though diamond cry- 
stallizes in the isometric system it 
invariably exhibits some degree of 
birefringence or, as it is often called 
in gem identification, anomalous 
double refraction. This birefringence 
is directly related to and is sometimes 
seen in the form of visible internal 
graining. Another way this birefrin- 
gence is exhibited is in the form of a 
variety of patterns displayed by inter- 
ference colors. when examining a 
diamond under polarized light. The 
great variety of patterns is explained 
by the several different causes of this 
birefringence. 

Professor Tolansky (1966) examin- 
ed 3000 well-formed micro-diamonds 
(diamonds with a diameter less than 
0.2 mm.) under polarized light and 
found that all showed some degree of 
birefringence. Earlier researchers 
(notably Brewster and Friedel) had 
found birefringence, which they attri- 
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buted to strain. Friedel (1924) con- 
sidered its cause to be plastic defor- 
mation. Plastic deformation is a 
permanent change in shape of a solid 
that does not involve failure by rup- 
ture. In the narrowest sense, the 
change is accomplished largely by 
gliding within restricted zones within 
the crystal; but it also involves rota- 
tion of these zones. In a broader 
sense, it includes deformation that is 
related to recrystallization. Lang 
(1967) described several causes of 
birefringence in diamonds; disloca- 
tions, lattice parameter variations, 
inclusions, fractures, and plastic de- 
formation. 

In another study conducted by 
Tolansky, 2000 gem quality dia- 
monds were utilized. Two hundred 
of the crystals were of the dode- 
cahedral habit weighing approxima- 
tely one-half carat each; the remaining 
were crystals of various habits, 
weighing approximately one carat 
each. When examined under crossed 
polaroids, all of these diamonds 
showed some degree of birefringence. 
Only twenty of the crystals had local 
birefringence associated with inclu- 
sions. In 1966, Richard T. Liddicoat, 
Jr., and H. Lawrence McKague, 
Ph.D., studied a collection of dia- 
mond crystals given to the G.IA. 
from DeBeers Consolidated Mines, 
Ltd. and found some birefringence in 
all of the crystals. 

The author has studied a large 
number of faceted diamonds and 
found some birefringence in each one 
of them. With this information and 
the many studies that have been con- 
ducted by various researchers, the 
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conclusion that most, if not all dia- 
monds, will exhibit some birefrin- 
gence has been well documented. All 
visible internal graining invariably 
exhibits some birefringence, but not 
all birefringence is associated with 
visible internal graining. Figs. 1 and 3 
show internal graining seen under 
normal diamond grading conditions. 
Figs. 2 and 4 are the same diamonds 
viewed under polarized light. The 
birefringence associated with the 
graining is displayed in the form of the 
interference colors seen in Figs. 2 and 
4. 


Surface Graining 


Of the two major categories of 
graining, we will begin with surface 
graining. Surface graining is the 
external feature as seen on a polished 
surface, associated with a distur- 
bance in the lattice that gives rise to 
any graining in a diamond. Surface 
graining may occur in the form of a 
single line, several parallel lines, 
intersecting lines, slightly raised 
areas of various shapes, or any 
combination of these. Surface grain- 
ing may occur on any facet and inany 
number. It may be seen confined toa 
single facet, end at a facet junction, or 
more commonly, be seen running 
across facet junctions. 

Diamond is commonly twinned, 
that is, different portions of the 
crystal have a different yet definite 
crystallographic relationship, one 
portion to the other. In consequence, 
a facet surface can have a change in 
directional hardness, due to the 
change in lattice direction between 
the portions of the twinned material. 
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This change in directional hardness 
can result in visible surface graining 
and the inability of the diamond 
polisher to achieve a good polish on 
one or the other side of the surface 
graining (Figs. 5 and 6). 

Surface graining is often seen very 
easily when looking. through the 
diamond to the opposite surface. Fig. 
7 shows a round brilliant being 
viewed from the crown; numerous 
surface grain lines are seen wrapping 
around the pavilion. Surface grain- 
ing may also be seen when directly 
viewing the facet in question (Fig. 8). 
To further examine a particular 
facet, the reflected light technique is 
used. The object of this technique is 
to get a facet in total reflection, so 
that only the surface of the facet is 
being observed (Fig. 9). This can be 
done by using a microscope in 
conjunction with an overhead light 
source, such as the Coaxial Iiumi- 
nator System shown in Fig. 10. This 
particular system utilizes colored 
filters over the light source, which 
sometimes makes examining surface 
characteristics easier than using 
“white” light. Another successful 
technique is to use a small incan- 
descent lamp positioned at the side of 
the microscope as shown in Fig. 11. 
Figs. 12 and 14 show surface graining 
on the table being viewed from the 
pavilion. Figs. 13 and 15 show the 
tables of the same diamonds being 
viewed in reflected light. Figs. 16 
through 19 show various types of 
surface graining and grain lines 
viewed in reflected light. 

Surface graining, in most situa- 
tions, is easily distinguished from 
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polishing lines. Polishing lines vary 
in direction from facet to facet, as is 
shown in Fig. 20. Whereas surface 
graining is slightly raised and is not 
usually parallel to polishing lines on 
any given facet, it also will often cross 
from facet to facet, changing direc- 
tion only slightly (Fig. 7). A type of 
polish that is sometimes confused 
with surface graining is “lizard skin” 
polish (Fig. 21). This type of polish is 
also referred to as “step-like” polish 
by some diamond cutters. “Lizard 
skin” polish occurs when a particular 
facet closely parallels an octahedal 
face and is caused by the extreme 
directional hardness of the octa- 
hedral face. “Lizard skin” polish is 
easily distinguished from graining 
by its characteristic appearance; it 
also does not cross facet junctions as 
does some surface graining. 

Surface graining can havea variety 
of appearances; the common types 
which are somewhat comparable to 
each other and others which are very 
distinctive and unusual in appear- 
ance. An example of a very unusual 
type of graining is shown in Figs. 22 
and 23. This unusual surface graining 
crossed facet junctions and was 
randomly oriented over the entire 
polished surface of the diamond. 
This graining had a very similar 
appearance in different regions, but 
did not appear to have a uniform 
repetitious pattern. We have seen this 
type of surface graining on a few 
occasions, but it is still somewhat 
rare. Figs. 24 and 25 show an unusual 
and distinctive association of well 
formed needles touching a facet in 
alignment with numerous inter- 
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secting surface grain lines. These 
needles extended into the diamond 
off of the surface grain lines in 
definite planes that followed the 
graining planes. Fig. 25 shows how 
these needles appeared when viewed 
from the pavilion. Fig. 26 shows one 
facet in reflected light. 

In many cases, the underlying 
cause of surface grain lines is directly 
related to cause of coloration in 
violet diamonds of natural color. 
This is discussed in detail in the 
colored graining section. 


Internal Graining 


Internal graining is the second 
major category of graining in dia- 
mond. The diamond grader charac- 
terizes internal graining as being 
more of an optical flaw than a 
physical flaw, such as a feather or an 
included crystal. Some graining does 
have physical flaws associated with 
it. Most internal graining has a very 
elusive nature. When a faceted 
diamond is viewed at specific angles, 
this graining may be very evident. At 
other angles, it may totally dis- 
appear. Internal graining is very 
often seen only through the pavilion 
at specific angles and not through the 
crown at all, or vice versa. It is 
because of this elusive nature that 
internal graining is not considered a 
flaw of the same type as a feather or 
an included crystal. 

Internal graining is located during 
the clarity grading process when the 
diamond grader is looking for 
inclusions in the diamond. If internal 
graining is present, the grader will see 
it when holding the diamond in one 
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Figure 9. 


Figure 11 


Figure 14. 
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Figure 10 


Figure 12 


Figure 13 


Figure 15 
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position, and may sce it disappear 
when the stone is tilted a little. Fig. 40 
shows internal graining in the outer 
edges of the crown of a round 
brilliant diamond, Fig. 38 shows the 
same stone in exactly the same area 
of the crown, but with the crown 
tilted a little, the graining has totally 
disappeared from view. In Fig, 27, A 
indicates the direction of view, B and 
C indicate the directions in which the 
diamond is tilted a little in order to 
locate graining and inclusions. The 
same procedure is used when examin- 
ing the pavilion of a diamond 

In many situations the type of 
graining shown in Fig. 40 is not 
visible when viewing a diamond in 
the face-up position, by reason of the 
specific viewing angle that is some- 


times necessary to locate this parti- 
cular type of internal graining 


“Phantom” Graining 


It would appear that most internal 
graining is the type that is sometimes 
referred to by diamond graders as 
“phantom” graining. This includes 
any internal graining other than color- 
ed, whitish or reflective. “Phantom” 
graining can display many different 
patterns, such as some of the bire- 
fringence patterns discussed in detail 
by Orlov including: banding radial 
and polygonal, radiating, stellate, 
cruciform and patterns in the shape 
of isoclines. “Phantom” graining is 
usually not important to the clarity 
grade, so the diamond grader does 
not go into such extensive detail as to 


Figure 16. 


Figure 17 


Figure 18. 
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Figure 19 
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Figure 20, The actual polishing directions 
of a four point diamond. 


Figure 22 


Figure 24 


Figure 26, 
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Figure 21. 


Figure 23 


Figure 25. 


Figure 27, 
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Figure 28. The crystallographic relation- Figure 29. The stratified structure of grain- 
ship of the octahedron and the cube. ing parallel to octahedral faces. It shows 
itself as cubic when viewed from the table 


of a four-point round brilliant. 


Figure 30. An octahedron with a portion 
sawed away in preparation for the cutting 
of a four-point round brilliant. 


Figure 31. The relationship between a 
round brilliant diamond and an octahe- 
dron. Comparing this diagram to Figures 
29 and 30, it becomes readily apparent that 
the octahedral graining would manifest 
itself in a square outline in the table 
direction of a round brilliant. 
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the classifications of the types. 

Type I diamonds frequently show 
easily visible graining in the form of 
linear stratification on octahedral 
planes, sometimes referred to as 
“cubic” graining (more properly 
called octahedral graining). Since 
this stratified structure is usually 
parallel to octahedral faces, and a 
good majority of round brillant cut 
diamonds are fashioned with the 
table parallel to a possible cube face 
(four-point diamond), this stratified 
structure of Type I diamonds is 
frequently seen as a banded effect in 
four sets around the outer edges of 
the crown of a round brilliant cut 
diamond (Figs. 28 through 31). Fig. 
32 shows this stratified graining .in 
one direction, in the outer edges of 
the crown of a round brilliant 
diamond. Fig. 33 also shows “cubic” 
graining being viewed from the 
pavilion. 

These bands, which can vary in 
thickness, can either be relatively 
faint in appearance or very distinct 
and easy to see, depending upon the 
amount of birefringence present and 
the differing strengths of this bire- 
fringence. Fig. 34 shows a round 
brilliant diamond with well formed 
“cubic” graining. The interesting fea- 
ture about this particular stone was 
the fluorescent reaction under long 
wave ultraviolet light. There were 
different intensities of fluorescence 
between the bands’ of the stratified 
structure (Fig. 35). 

The amount and the degree or 
strength of “phantom” graining may 
be classified as slight, moderate or 
significant. Of these three, slight 
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graining is most frequently observed. 
Slight graining is commonly seen as 
the stratified structure often seen in 
Type I diamonds, and referred to as 
“cubic” or banded graining. 

Slight graining is also seen in an 
irregular swirled pattern. This pat- 
tern is well illustrated by comparing 
its appearance to the effect seen when 
liquor is added to water, often refer- 
red to as the “scotch and water 
effect.” This swirled pattern is often 
associated with an inclusion of some 
type. Whether the inclusion be a 
pinpoint, cloud or crystal, this type of 
graining is usually an indication that 
the structure of the diamond is under 
internal strain in that particular area. 
However, it is rare for this internal 
strain to threaten the durability of the 
diamond. 

Slight graining is often seen 
around an included crystal or group 
of crystals. Fig. 36, however, shows 
slight graining in a rarely seen con- 
figuration. This graining was found 
to outline the outer edges of a dense 
cloud, indicated by the arrows in Fig. 
36. When this diamond was exam- 
ined under polarized light, vivid 
interference colors were seen at the 
area of the graining and only on the 
left of the cloud, not at all within the 
area of the cloud. This indicated 
stress and a possible change in direc- 
tion of the crystallographic growth of 
the diamond. When this diamond 
was examined under normal dia- 
mond grading conditions, the stone 
was tilted and the intensity of the 
graining changed dramatically until 
at one specific angle it disappeared. 
This is the expected reaction for most 
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“phantom” graining. 

“Phantom” graining with a swirled 
pattern is also seen totally unrelated 
to visible inclusions; however, the 
possibility of submicroscopic inclu- 
sions being present should not be 
ruled out. Fig. 37 shows a round 
brilliant diamond with pronounced 
graining. This extreme amount of 
graining greatly decreased the trans- 
parency of the stone. Even to the 
unaided eye, this diamond had a very 
“foggy” appearance. It is uncommon 
for this amount of graining to be 
seen, but in this case it lowered the 
clarity approximately two grades. 


Type II diamonds do not exhibit 
stratifications on octahedral planes. 
Therefore, they do not exhibit 
“cubic” graining. This is not to say 
that Type II diamonds do not have 
internal graining but it is of a dif- 
ferent nature than the banded or 
“cubic” type seen in some Type I 
diamonds. Some Type II diamonds 
exhibit a characteristic graining and 
birefringence pattern that is similar 
to the cross-hatching of the micro- 
cline lattice. This is sometimes refer- 
red to as the “tatami” type of 
birefringence pattern, after the ap- 
pearance of the Japanese woven 
straw mat of the same name. Lang 
(1967) offers the theory that this type 
of birefringence pattern is caused by 
plastic deformation. He has shown 
that the bands of “tatami” patterns 
cross growth layers and coincide in 
direction with the glide lines. The 
author has observed that this “ta- 
tami” pattern often occurs in dia- 
monds that are free from visible 
inclusions. These diamonds would 
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normally be graded internally flaw- 
less if not for the sometimes whitish 
appearance of this graining. 


Colored Graining 


One intriguing aspect of internal 
graining in diamonds is colored 
graining. This type is often refer- 
red to as graining that draws color. 
The most commonly seen colors are 
brown, green and violet although 
any spectral color could be seen. 
Colored graining, like most internal 
graining, has a very elusive nature. 
When viewed at specific angles, the 
color is very evident while at other 
angles in the same stone, the graining 
may still be visible but it no longer 
“draws” color or as much color. 

This is well illustrated by the series 
of photomicrographs (Figs. 38 
through 40) of “cubic” graining view- 
ed at different angles. Fig. 38 showsa 
section of a round brilliant diamond 
where no graining is visible. Fig. 39 
shows the same stone in exactly the 
same area, but it has been tilted 
slightly. Graining is now visible’ and 
is “drawing” some color. In Fig. 40, 
the diamond has been tilted a little 
more, and is now “drawing” much 
more color. The brown grain lines in 
Fig. 41 also show this elusive nature. 
Note that the grain line marked A is 
more intense in color than the lines 
marked B. All of these grain lines 
changed dramatically in intensity 
when movement of the stone was 
observed. Fig. 42 shows an excellent 
example of this type of brown grain- 
ing ina light brown diamond. Fig. 43 
shows a very angular type of “phan- 
tom” graining. When this diamond 


GEMS & GEMOLOGY 


Figure 32 Figure 33. 


Figure 34 


Figure 36 Figure 37 


Figure 38. Figure 39 
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Figure 40 Figure 41 


Figure 42 Figure 43 
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Figure 46 Figure 47, 
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was tilted and viewed at a different 
angle, the graining exhibited a very 
intense color (Fig. 44). 

Colored graining is commonly seen 
in straight parallel lines (Fig. 45). 
These lines can be found almost 
anywhere in the stone. The green 
graining shown in Fig. 45 is in a near 
colorless diamond. If enough grain- 
ing of this type is present, it could 
impart a green color to a diamond as 
seen in Fig. 46. Fig. 47 is a photo- 
micrograph of green graining in a 
slightly greenish orange-brown dia- 
mond. Some orange-brown dia- 
monds transmit green to fluorescent 
light. In some cases, this green trans- 
mission combined with a significant 
amount of green graining can cause 
the diamond to have a greenish cast 
when observed in fluorescent or in- 
candescent lighting. 

As briefly discussed in the surface 
graining section, the cause of color- 
ation in most violet diamonds of 
natural origin can be directly related 
to surface grain lines present on the 
stone. Orlov (1973) states that re- 
gardless of locality origin, all mauve 
or violet diamonds of natural color 
show signs of intensive plastic de- 
formation. He also states that there is 
no justification for the theory that the 
definitive cause of coloration in 
mauve diamonds is iron (Fe) or man- 
ganese (Mn) as previously held by 
earlier researchers. There is very strong 
evidence. that violet coloration in 
diamonds is epigenetic (a change that 
takes place in the diamond after the 
crystal stops growing) and only in- 
directly due if at all to the presence or 
absence of any minor element. Orlov 
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states that “all mauve diamond cry- 
stals, without exception, display 
glide lines on the {1 11} planes and on 
combination surfaces formed by edges 
of stacked octahedral layers and also 
on the curve-faced surfaces develop- 
ed in place of combination surfaces 
or octahedral edges.” This usually 
results in numerous, easily visible 
surface grain lines wrapping around 
a faceted violet diamond. Fig. 48 
shows a fancy light violet diamond 
with numerous parallel surface grain 
lines continuously wrapping around 
the stone from pavilion to crown. In 
Fig. 49 a view of the same diamond in 
reflected light is shown. The slightly 
raised nature of the grain lines be- 
comes very apparent when this tech- 
nique is used. Also note the polishing 
lines that are running at an angle to 
the grain lines. Seen in Fig. 50 isa 
fancy violet diamond with the typical 
numerous surface grain lines present. 
Slight movement of the diamond, 
keeping the facet in view, displayed 
clearly defined violet bands extend- 
ing into the stone in definite planes 
contiguous with the glide lines and 
alternating with near colorless sec- 
tions (Figs. 51 through 53). 

Thus it is evident that most if not 
all of the violet coloration appears 
only at glide planes; this is sub- 
stantiated by diamonds that show 
development of one or two glide 
lines. An example of this develop- 
ment is well illustrated by the violet 
coloration at the glide lines in the 
diamond shown in Fig. 54. This 
diamond was near colorless and con- 
tained only a few violet bands which 
were not enough to impart even a 
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Figure 52. 


Figure 54. 
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Figure 53 
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Figure 55. 
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Figure 56 


Figure 57. 


Figure 58 
very faint violet body color. There- 
fore, it seems that most if not all 


natural violet diamond coloration ts 
associated with usually visible grain- 
ing and with defects at glide planes, 
formed after crystallization, as a re- 
sult of plastic deformation. 

Diamonds containing only a small 
degree of violet coloration, such as 
violetish-brown and violetish-pink 
stones, will sometimes display the 
numerous surface grain lines that are 
typical of most violet diamonds, but 
rarely to the extent that they are 
dispiayed by most violet stones 

Fig. 55 is a photomicrograph of a 
fancy intense yellow diamond of nat- 
ural origin. This stone was unusualin 
the fact that it had a large amount of 
color zoning in irregular patchy areas 
throughout the diamond. The overall 
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Figure 60 


body color of the diamond was yel- 
low with areas of near coloricss zon- 
ing. There was a significant amount 
of graining in the yellow areas. The 
appearance of this graining could be 
compared to yellow cellophane in 
irregular patterns. The arrow in Fig. 
55 indicates one area of this “cello- 
phane-like” appearance. This graining 
fully itlustrates the fact that not all 
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Figure 61. 


graining is easily classified into pre- 
determined categories. 


Whitish Graining 


Whitish graining is a type of grain- 
ing that has a whitish appearance 
when viewed at specific angles and 
under certain lighting conditions. 
Whitish graining, even more than the 
other types of internal graining, hasa 
very elusive nature. It is not only 
associated with a whitish appear- 
ance, but has a misty or cloudy 
appearance which often greatly de- 
creases the transparency of a dia- 
mond. In larger stones (over a few 
carats) with significant graining, the 
misty or cloudy appearance is often 
visible to the unaided eye. 

The decreased transparency of a 
diamond containing whitish graining 
is associated with submicroscopic de- 
fects. The whitish appearance is an 
optical effect that is probably caused 
by.a large number of scattering cen- 
ters present. These defects cause the 
light to scatter in various directions, 
thus giving the stone a whitish and 
foggy appearance. This effect is some- 
what similar to the effect of a drop of 
milk in a glass of water. 
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Figure 62. 


Whitish graining can take on a 
variety of appearances. Figs. 56 
through 60 show some of the types of 
whitish graining that may be seen. 
Like most internal graining, whitish 
is not always easily defined and can 
mix with other types of graining. 
Figs. 56 and 57 show whitish graining 
in association with “phantom” grain- 
ing. Whitish graining seems to be 
often associated with Type IIB dia- 
monds.. Most commonly we have 
seen whitish graining in high colored 
diamonds (D, E and F) and in dia- 
monds with brown, pink and blue 
coloration. However, whitish grain- 
ing may be seen in diamonds of other 
coloration. 


Reflective Graining 


The last type of internal graining 
we will look at is reflective graining. 
This graining is most commonly seen 
as a “reflective” plane extending into 
the diamond from a surface grain 
line. It is also seen in the form of 
“fingers” radiating into the stone and 
totally unrelated to surface graining. 
Reflective graining can havea variety 
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Figure 63 


Figure 65 


of appearances as illustrated by Figs. 
63 through 75. 

D. Vincent Manson, Ph.D., Direc- 
tor of the Research Department at 
the Gemological Institute of America, 
studied a number of diamonds that 
contained reflective graining. Dr. 
Manson analyzed two of these dia- 
monds using a Scanning Electron 
Microscope and an Electron Micro- 
probe. In preparation for analysis, he 
burned the diamonds in air leaving 
only the refractory material that was 
believed to be responsible for the 
“reflecting” planes. Under magnifica- 
tion he then proceeded to carefully 
prepare the specimens for the SEM, 
Fig. 61 1s a photomicrograph of this 
material magnified to | .370X direct. 
Fig. 62 is the same material photo- 
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Figure 64. 


Figure 66 


graphed at 6,800X direct. The mat- 
erial was found to be a phase rich in 
SiO2, AhO; and KO. Because the 
phase was extremely thin, inhomo- 
genous and volatilized rapidly under 
the electron microscope beam, it was 
difficult to analyze. The approximate 
composition was determined to be: 
SiO», 67%; TiO;, 2.5%; Al,Os, 14- 
17%; FeO, 2-3%: MgO, 1%; Na,O, 
0.25%; KO, 8.5-L0% 

The phase appears to be at least 
partly crystalline, but little is yet 
known about its formation. 

Reflective graining, like most in- 
ternal graining, exhibits the same 
elusive nature. Since most reflective 
gQraining ts associated with surface 
praining it is usually casily located. 
The diamond grader finds reflective 
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Figure 67, 


Figure 69 


graining by looking from the surface 
grain lines into the diamond while 
slightly moving the stone. If reflective 
graining is present and associated 
with surface grain lines, it will usually 
appear very prominent at one angle 
and disappear from view at another 
Shown in Fig, 63 is a surface grain 
line with a reflective graining plane 
that extends into the stone. 

Hf reflective graining is not assoc- 
iated with surface gpraining it Is 
located by using the same procedure 
that is used for other types of internal 
graining. This type of reflective 
graining is shown in Fig, 64, In this 
particular diamond it was displayed 
in the form of “fingers” radiating into 
the stone. This type of reflective 
graining is also seen in association 
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Figure 68 


with inclusions. such as pinpoints 
and crystals. When reflective grain- 
ing that is (tally internal is present, it 
is sometimes referred to as a “grain 
center.” 

Figs, 65 through 67 fully illustrate 
how dramatically gratning can change 
its appearance upon a slight move- 
ment of a diamond. In Fig. 65, grain- 
ing With a very strong violet color is 
The diamond 1s tilted just 
slightly, and now reflective graining 
is visible (indicated by the arrow 
labeled “B"” in Fig. 66), At this par- 
ticular viewing angle, the very slight 
difference in angle between facet “A” 
and facet“ B’ changes the appearance 
of this graining. Fig. 67 is the same 
diamond at a higher magnification 
and another viewing angle, In this 
view we can sce how the reflective 
graining continues into the diamond 
in a plane and has an overall faint 
violet color. Upon close examina- 
tion, when moving the stone very 
slightly, all of the spectral colors 
could be seen in very small particles. 


seen, 


Reflective graiming seems to be 
found in most types and colors of 
diamonds. Violet diamonds of natur- 
al color that have numerous, easily 
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Figure 70. 


Figure 72 


| a 


Figure 74 


visible surface grain lines almost al- 
ways exhibit reflective graining along 
glide planes when Viewed at specific 
angles. Another diamond with violet 
reflective graining is shown in Fig 
68 

Reflective graining is seen in Fig. 
69. The faint white tines directly 
above and 


below this are surface 


SUMMER 1980 


es 
Figure 73 


Figure 75 


grain lines. Upon slight movement of 
the stone, all three lines take on a 
brown color; the center One being the 
most intense (Fig. 70), Figs. 77 and 72 
show a fancy brownish-pink dia- 
mond of natural origin with reflective 
Braining; this is indicated by the 
arrows. Reflective graining is most 
commonly seen as planes running in 
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one direction. It is sometimes seen 
running in two directions that inter- 
sect each other as shown in Fig. 73. 
Figs. 74 and 75 show some more 
types of reflective graining that may 
be seen. 

In conclusion, if internal graining 
appears colorless (“phantom”), it is 
most often not considered a charac- 
teristic which lowers the clarity 
grade. However, if internal graining 
is colored, whitish or reflective, it 1s 
considered a characteristic which may 
affect the clarity grade. A diamond 
which contains this type of graining 
easily seen at 10X magnification with 
no other visible imperfections or in- 
clusions would not be considered a 
flawless stone but rather would fall 
into the VVS categories. It should be 
noted, however, that a signficant 
amount of these various types of 
graining could lower the clarity grade 
even below the VVS clarities. 

Surface graining is a characteristic 
which always keeps a diamond from 
being assigned a Flawless grade if 
present at 10X magnification. A small 
amount of surface graining with no 
other imperfections at 10X would be 
assigned the grade of Internally Flaw- 
less. A significant amount of surface 
graining could affect the clarity by 
several grades if easily visible through 
the crown at 10X. 

When judging the effects of grain- 
ing on the clarity grade every dia- 
mond should be considered in- 
dividually. Due to the remarkable 
nature and classifications of grain- 
ing, this optical flaw has been the 
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subject of much interest. How to deal 
with graining has been in the past and 
will be in the future, an area of inter- 
pretive changes, but the various types 
of graining also point out the fascina- 
tion and individuality all gem dia- 
monds possess. 

The author invites comments from 
readers of this article and would ap- 
preciate hearing of any other theories 
or observations concerning graining 
in gem diamonds. 
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Developments and Highlights 
At GIA’s Lab 
In New York 


By ROBERT CROWNINGSHIELD 


Corundum Observations 
and Problems 


In the last column we mentioned a 
beautiful red-orange natural corun- 
dum but did not have colored slides 
to illustrate these unusual “overlay- 
ered stones.” Since that time we have 
seen several more of these stones and 
had a chance to take photos. Fig. 1 
shows one of the stones in ultra- 
violet illustrating the fact that where 
the facets have been polished to 
expose the natural sapphire the un- 
natural bluish fluorescence can be 
seen. The red-orange “over-layer” 
does not fluoresce. Fig. 2 shows one 
stone in which the “over-layer” is 
present on the table but has been 
polished off most of the crown. The 
refractive index on the table gave un- 
expected readings — 1.765-1.800. It 
may be an anomalous effect, but does 
make one wish there were time to do 
an exhaustive test. 

Another sapphire oddity came to 
our attention when a manufacturer 
sent us several large and handsome 
stones to test. Five of them were 
natural blue sapphires, although pro- 
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bably heat treated. One was clearly a 
synthetic stone though the color 
looked less “watery” than most Ver- 
neuil stones. However, the final stone 
was a real puzzle. Concentrated near 
the culet, but present elsewhere in the 
stone were fingerprint inclusions re- 
miniscent of Ceylon sapphires (Fig. 
3). Under immersion, curved color 
bands could be seen clearly (Fig. 4). 
The stone fluoresced a typical chalky 
green and showed no iron line in the 
hand spectroscope. We had ample 
time to study the stone as it was 
returned a few days later by an 
importer. A short time after we iden- 
tified this unusual synthetic, Paul 
Holt, Education Supervisor, receiv- 
ed a visit from a student now living in 
Bangkok and the gift of two cru- 
cibles, fragments of others and a 
bottle of red liquid all of which are 
said to be used in heat treating sap- 
phires. He mentioned that there is a 
new process whereby fingerprint in- 
clusions are introduced into Verneuil 
synthetic stones. He also mentioned 
that boules are being cut into natural 
appearing bi-pyramids, treated to 
introduced fingerprints then cut by 
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Figure 1 


Figure 3 


innocent lapidaries. The Verneuil 
synthetic ruby shown in Fig. 5 illus- 
trates these induced [meerprints. We 
hope to analyve the liquid and lind 
out how it is used, The visitor men- 
tioned red-orange sapphires but did 
not Know much about what is done 
to produce them, One of the crucibles 
is shown in Figs. 6 and ? 

A client asked if we could venture 
an opinion as to the origin of a 
large, fine color but slightly sleepy 
ruby, We do not identify country of 
origin of stones on reports but will 
often discuss it among ourselves 
Usually the opinion ts based heavily 
on “The Internal Warld of Gem- 
stones.” Dr. Edward Giibelin’s mas- 
terpiece. This ruby had inclusions 
unlike any we had ever seen. There 
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Figure 2 


A s 
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Figure 4 


were needles in three directions, but 
the needles were stubby and brown- 
ish in color. unlike the bright very 
slender needles in Burma stones. We 
told the client that we could not place 
the stone, but ventured that it might 
be Africa - specifically from Kenva 
We were informed later by an im- 
porter that we were not to be blamed 
for being puzzled. The stone former- 
ly was @ Burma star ruby, It had been 
heat treated to diminish the silk and 
in the provess they had changed 
radically in appearance 

Most troubling of all our observa- 
tions lately, however, is of a parcel of 
blue “natural” sapphires which have 
their near the 
surface just like the orange stones 
noted above. Fig. 8 1s un attempt to 


color concentrated 


GEMS & GEMOLOGY 


show this. The stone photographed 
lacks color on the table and one star 
facet as well as one-half the pavilion. 
It can only be seen in immersion and 
even then a competent gemologist 
could miss it. In a mounting we fear 
these stones will be passed as natural 
sapphires (which they are). Recutting 
a damaged stone could radically 
change its appearance. Hence, this 
particular product, we feel, must be 
disclosed to the client. 

Figs. 9 and 10 illustrate a most 
puzzling blue sapphire. Color was 
concentrated in a pattern unlike any 
we had ever seen. In one direction, it 
is distinctly curved while in others it 
is Straight. Throughout the stone, but 
more prevalent at one edge of the 
table were curving wisps that at first 
resembled needles. We thought back 
to the star ruby mentioned above 
which had been heated in order to 
dissipate the silk. The individual 
needles were not entirely absorbed 
leaving the stubby needles noted as 
well as wisps similar to those seen in 
this stone. By coincidence, while we 
had this large stone in the Lab, 
another smaller stone less inky in 
appearance was in and it too showed 
these wisps in one direction. Could 
these have been the remainder of 
rutile needles? 

It is interesting that at this date we 
have yet to read a detailed eye- 
witness account of the heat treating 
process in use in Thailand. 

We have been told that the raw 
material for the heat treating is a 
cloudy nondescript colored rough 
from Sri Lanka. Until recently, the 
price of this formerly worthless sap- 
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phire (it won’t even produce a star) 
(Fig. 11) was increasing steadily as 
Thai visitors to Colombo sought it 
out. We have been informed that the 
Sri Lankan government has finally 
come to the conclusion that this 
precious resource should stay home 
and be heated. 

In Bangkok, we've been told, the 
rough to be heated is sealed in the 
clay and porcelain crucibles which 
are then placed in 55-gallon drums 
packed in charcoal. One man told us 
that when the charcoal is burning 
flames shoot out 10 feet from the 
drum. The temperature must be 
somewhat uncontrolled, hence stor- 
ies of failure abound. 

The rough material. presumably 
owes its cloudiness to unoriented 
titania which, in the reducing at- 
mosphere in the crucibles, is absorb- 
ed by the heated crystal. The titania 
enters the structure in a form that 
provides the blue color. Two goals 
are realized if all goes well — the 
rough becomes clear and provides its 
own coloring agent for the blue 
color. 

It has been reported that very dark 
Australian material has been success- 
fully lightened in color but the strong 
green dichroic direction remains. 
One story has it that success is by no 
means certain. A dealer is said to 
have invested his. entire fortune in 
dark Australian rough only to have it 
ruined in the heating process. He 
reportedly committed suicide. 

With the touting of colored stones 
for investment it behooves gemolo- 
gists to review possible substitutes. In 
addition to the stones discussed 
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Figure 5 Figure 6 


Figure 7 Figure 8 


Figure 11 Figure 12 
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above, we have encountered our old 
friends synthetic back-natural top 
sapphire and ruby doublets (Fig. /2). 

Also, it is imperative for gemolo- 
gists to review the identification of 
flux grown synthetics which must 
have recognizable flux “fingerprints” 
but some tack these and must be 
identified by their high fluorescence 
and inclusions which we have char- 
acterized as “rain” (Fig. /3). We have 
been seeing an increasing number of 
these stones both Chatham and 
Kashan, but it should be noted that 
not all Kashan Rubies show the high 
fluorescence commonly 
with other synthetic rubies, 


associated 


Natural Corundum Oddities 


The cabochon shown in Fig. /4isa 


Figure 13 


Figure 15 
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rarity — half white sapphire and half 
ruby. The ruby portion showed an in- 
distinct star 

The natural purple sapphire 
shown in Fig. 7/5 had very coarse 
needles unlike those usually seen in 
corundum. They were quite recogniz- 
able with the unaided eye 

A type of phenomenon (not well 
illustrated in Fig. /6) which we have 
rarely seen consists of three bands 
which cross, forming a flat “star”ina 
sapphire. The bands in this 60-carat 
yellow sapphire tablet consist of par- 
allel fibers running the length of each 
band so that a chatoyant effect high- 
lights the “star” as the stone is turned. 
Cutting such a stone with a domed or 
cabochon surface diminished the 


effect rather than making it more 


Figure 14. 


Figure 16. 
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pronounced as the owner, student 
Nick Angiulo, discovered 

Since beginning this column we 
have had a lot of three more orangy- 
yellow sapphires to test and they 
have proved to be very confusing 


lhe amber-like color wus that which 


one associates with stones from Thai- 


Figure 17 


land in which a strong iron band ts 
seen in the spectroscope and no ultra- 
violet fluorescence is present. These 
three stones showed no iron lines but 
did have a fluorescent chromium line 
at 6900 AU 


we have 


a combination which 
taurht proves synthetic 
wo of the stones fluoresced reddish, 
inert 


fingerprint inclusions (/¥g, 17) which 


one was Pwo had pecuhar 


reached the surface. All three had 
either parallel bands of fine silky 
(Fig, 18) o1 
growth lines and all had a4 positive 
Plato test 
polish certainly suggested synthetic 
origin (Fig, 19). With all the treating 


inclusions angular 


The color and the poor 


of corundum being done, we have 


become “gun shy” with this material 


Figure 18 


Figure 20 
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Figure 19. 


Figure 21 


GEMS & GEMOLOGY 


A Giant Chrysobery! Crystal 


Figs. 20 and 21 show a crystal of 
this relatively rare gem material 
which weighed more than I pounds. 
The fact that it was in this country 
(origin unknown) suggests that it was 
not cuttable. Here and there were 
areas which might have produced a 
two- or three-carat green or brown 
stone, We searched for silky areas 
but felt the rough had no cat’s-eye 
potential, We usually confine our 
gem identification to polished gems 
rather than rough. The fact that this 
crystal had transparent areas and 
chrysoberyl has 4 very diagnostic 
spectrum prompted us to accept it. 
Some years ago we accepted a 45- 
pound specimen because it appeared 
to be a chatoyant material, Again, it 
was identifiable by the absorption 


Figure 24. 
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spectrum but in this case it proved to 
be the greenish-brown apatite and 
the source of many cat’s-eye apatites 
which masqueraded as chrysoberyl. 
Fig, 22 shows a 207-ct. cat’s-vye 
apatite submitted as this is being 
written 


Black Rose Cut Diamonds 

Figs. 23 and 24 show a pair of 
black rose cut diamonds using trans- 
mitted light. They weighed more 
than a carat each and must have been 
cut from the same rough since the 
Iron cross inclusions appeared the 
same in each. 


Blue-Green Beryl + Emerald? 

A handsome and very clean pear 
shape blue-green bery! was in for 
testing. It had prominent chromium 


Figure 23 


Figure 25 
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limes as Well as a distinct iron line in 
the blue. The most unusual feature 
of the stone was the dichroism 

strong pure blue and yellow green 
The stone was the closest to an aqua- 
marine-emerald have 


felt 


mixture we 


ever seen. With the chronuum we 


it had to be considered emerald 
A Well-Made Pear Shape Diamond 


We are aware of the great tempta- 
tion on the part of cutters to retain as 
much weight from the rough as pos 
sible especially with rough at an all 
time high in priee. [tis therefore ajo. 
to see 4 beautifully proportioned and 
Fig, 25 


shows such a pear shape.in which the 


Shaped fancy cut diamond 


bow tie eflect is at a minimum 


Figure 26 


Figure 28 
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Honey Comb Effect in Opal 


Fig. 26 


appeared to be the typical 


illustrates what at first 


hicken 


wire or honey comb ‘structure of 


synthetic opal, Close exumination 
showed that it was natural opal with 


a network of potch inclusions 


Red Cat’s-Eye Chrysoberyl 
We mentioned 4 faceted chrome 
rich red chrysoberyl ina recent issue 
We have now tested a dark red cat’s- 
eye chrysoberyl which reluses to turn 
green and is therefore not alexandrite 
(Fie, 27) 


the blue dichrote direction appears at 


The stone is twinned so that 


the ends of the stone when a polaroid 
plate is rotated over the stone (Figs. 
28 and 29), 


Figure 27 


Figure 29 
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Figure 30. 


More on Diamond Inclusions 


The discussion of diamond inclu- 
sions in the Fall 1979 issue of Gems 
and Gemology brought several 
favorable comments. At the recent 
AGS Conclave in Dallas, graduate 
Bob Limon showed a small diamond 
with a “bunny rabbit” inclusion, He 
sold it on sight toa customer he knew 
liked rabbits, Another diamond seen 
in New York had an identifiable 
parnet inclusion, The dealer's cus- 
tomer wanted the fact noted tn the 
grading report. 

Fig, 30 illustrates a reddish inclu- 
sion which appears to be a surfacing 
red seal. In Fig. 3/7 we see a ree- 
tangular space station and shuttle 
peculiar flat black inclusions we've 
never seen before. 

We wish to express our sincere 
thanks for the following gifts and 
courtesies: 

To Mr. Robert Sandler of Hous- 
ton, Texas, for a polished plate ol 
charoite, the opaque purple mineral 
wheh he acquired during a recent trip 
to Russia. 


To Mr. Bill Larsen, Fallbrook, 
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Figure 31. 


Figure 32 


California, for three round brilliant 
cut “Malaya” garnets, These hand- 
some stones vary in color from in- 
lense-orange-red to brownish- 
orange. Fig. 32 shows a particularly 
pleasing [$-carat stone. 

To Leon Trecker, Laguna Hills, 
California, for some treated brown 
Mexican topaz crystals. The color is 
not particularly attractive, but sam- 
ples left in a sunny window for 
several weeks have not faded. Per- 
haps with a bit of heat, the stones 
would fade. 

To Edward F. Borgatta of Rupert. 
Vermont, fora fine selection of jades, 
amethysts, grossularites and 
turquoise which will be useful in 
student test sets, 
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A New View of Diamond’s Beauty — 
The ‘Cone of Brilliance’ 


By GEORGE R. KAPLAN 
Lazare Kaplan and Sons, Inc. 
New York, New York 


Much has been written and said 
recently about what is the most desir- 
able cut and what are the most 
desirable proportions for diamonds. 

There are no set rules for cutting 
diamonds to get high yield; each 
diamond represents a compromise 
between the conflicting aims of size 
and beauty, with beauty often com- 
ing in a distant second. 

However, if beauty is the goal, 
certain principles are agreed. Pavi- 
lion angles should be very close to 
41°, polish and symmetry should be 
impeccable, and bezel angles run 
close to 34°. Lately, differences of 
opinion have arisen about table per- 
centages. It is agreed that the bril- 
liance perceived through the table is 
very important, and also that the fire 
and scintillation viewed through the 
bezel angles are very important; the 
debate centers on what is the “ideal” 
combination of these two diamond 
phenomena. 

While there is certainly room for 
difference of opinion on the relative 
importance of brilliance versus fire, 
there can be no defense of a dull area 
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which must be detrimental to the 
diamond’s beauty. 

In order to test this, we prepared 
two diamonds, both with 41° pavi- 
lions, one with a 55% table and one 
with a 65% table. We viewed the 
stones while progressively tipping the 
tables away from the perpendicular. 
At 10° from the perpendicular, the 
65% table edge began to show dull 
reflections of the girdle; none at all 
on the 55% table (Fig. 1). 

It was necessary to continue the 
tipping until we reached 18° (Fig. 2) 
before any dull girdle reflections 
were visible on the 55% table. This 
means that in the area of vision 
between 10° and 18° the smaller 
table showed uniform brilliancy and 
the larger table did not; in other 
words, the “cone of brilliance” of a 
55% table is 36° (2 x 18°) while the 
65% table has a “cone of brilliance” 
of only 20° (2 X 10°) (Fig. 3). This is 
a qualitative as well as quantitative 
difference; the larger table shows 
definite and increasing dull areas, the 
smaller table shows none. 

As one continues to tip the dia- 
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Figure 1 10° 


-_ ar 
core of are @ 
fer Phare wees 


Figure 3. 20° and 36° “cones of brilliance” 


mond from the perpendicular, both 

stones show increasingly larger areas 

of dull girdle reflections, but the 65% 

table's dull areas are always far more 
extensive (Fig, 4), 

We consider the “cone of bril- 

liance™ concept particularly impor- 

tant since most of the time diamonds 
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Figure 2, 18° 


Figure 4, 25° 


are Viewed obliquely rather thanona 
perpendicular. Therefore, most of 
the time, stones with smaller tables 
will show more uniform. brilltancy 
than stones with larger tables. Of 
course. the smaller table always ex- 
hibits more “fire”. 

©1980 
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‘Thin Films’ — 
Elusive Beauty in the World of Inclusions 


BY JOHN |. KOIVULA 
Mineralogist - Gemologist 
Gemological Institute of America 
Santa Monica, California 


Figure 1. The commonest of thin films, a 
brilliantly colored iridescent fracture radi- 
ating fram a spessartine garmet included 


in a rock crystal quartz. GOX 


Darkfield illumination is withouta 
doubt the single most useful lighting 
technique for the general observation 
and study of gemstones through the 
microscope. For this reason gemolo- 
pists through the years have come to 
use the darkfield method almost ex- 
clusively when performing micro- 
scopic examinations on transparent 
gemstones. 

Vertical illumination (lighting 
from above) is seldom, if ever, em- 
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ployed except when examining 
opaque materials 

As a result much of the hidden 
beauty of the inclusion kingdom, in 
the form of ultra-thin films, com- 
monly 100 nanometers or less in 
thickness, of solids, liquids and’ or 
gases goes unobserved and therefore 
unappreciated by a great number of 
the world's gemologists. Even if ver- 
tical illumination were emploved, the 
gemologist would need a pencral 
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understanding of thin films, how to 
recognize .them and how light be- 
haves at the thin film-host border. 
The angle at which the incident light 
strikes the thin film is so critical that 
unless the gemologist was in fact 
studying thin films the proper angle 
would probably be missed and the 
potential effects would pass unob- 
served. 

. As an observer, in the course of 
study, first encounters a complex 
looking, brightly colored, thin film, 
the thought might occur that as an 
inclusion it is an extreme rarity and 
will probably never be encountered 
again. Thin films however are some- 
what common.: Most gemologists, 
even if they did not recognize it as 
such, have undoubtedly seen the 
commonest of thin films, the iride- 
scent fracture..See Fig. 1. 

When the proper illumination is 
applied it is, however, very fine, lacy- 
looking liquid, and. liquid and gas 
fingerprint-like, partially healed 
fractures and layers of ultra-thin 
transparent included crystals that 
make the most intriguing thin films. 

Within the natural, brightly-color- 
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ed artistry of these inclusions lies a 
wealth of gemological information 
that would normally remain hidden 
to the gemologist. Vertical illumina- 
tion brings out in strikingly vivid 
detail, areas of partial healing, layers 
of separation and growth details on 
the surface of included crystals that 
would normally be very difficult, if 
not impossible, to resolve. 

To understand the source of inter- 
ference colors in thin films, we must 
study what happens to light as it 
encounters the gem-thin film border 
(see Fig. 2). Ideally, as white light 
(WL), containing all the rainbow 
colors of the visible spectrum, strikes 
the gem-thin film boundary (A), part 
is reflected (RF), and part is refracted 
(RR) into the film which has a differ- 
ent refractive index than the host 
gem. The portion of white light that 
was refracted (RR) into the film 
travels in the thin film substance until 
it again encounters the thin film-gem 
interface (B). At this.point part is 
reflected (RF1) back up through film 
and part is refracted (RR1) through 
the interface and into the gem. The 
portion that is reflected (RFI) back 
up through the film.again encounters 
the boundary (A). Part is reflected 
(RF2) and part is refracted (RR1). 
The portion of the white light that is 
reflected (RF2) back into the film 
will again repeat the process of reflec- 
tion and refraction as described 
above. The portion that was refract- 
ed (RR2) out into the gem changes 
direction to parallel the original re- 
flected (RF) portion of the white 
light. The portion of the white light 
(RR2) that has emergéd from the 
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Figure 5 


thin film to parallel the original re- 
flected beam (RF) has obviously fol- 
lowed a path that is longer than the 
original reflected beam (RF), Since 
the refractive index of the thin film 
material is different from the gem, 
light in the film travels at a different 
speed than it does in the gem, This 
fact, coupled with the greater dis- 
tance traveled by one portion of the 
light over the other. produces light 
with some wavelengths in-phase and 
intensified and some out-of-phase 
and cancelled, The resulting color of 
the light returned to the eye is the 
sum Of the intensified wavelengths 
minus those wavelengths that have 
met with destructive interference and 
cancellation, The thickness of the 
thin film contributes directly to the 
difference in distances traveled by the 
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Figure 4. 


Figure 6 


rays, The refractive index of the thin 
film medium also speeds or slows the 
light to further change the phase 
relationships between wavelengths in 
(RF) and (RR2) 


tions of these films tend to produce 


The thicker por- 


red and orange colors and the thinner 
portions show violet and blue hues 

Figs. 3 through /2 show five pairs 
of photographs illustrating thin film 
effects in various gem materials, 
showing the difference between these 
inclusions under darkfield or trans- 
mitted light and vertical illumina- 
tion. Fig 
pad” liquid layer in peridot taken 
under darkfield conditions at 50X 


3 shows a common “lly 


Fig. 4 at SOX shows the correspond 
ing thin film effect using only vertical 
illumination. Fig. 5 shows a liquid 
fingerprint in peridot at 60X. Fig. 6 
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Figure 114 


Figure 13 
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Figure 12 


Figure 14 
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shows the intricate detail of the same 
fingerprint under thin film condi- 
tions. Fig. 7 shows a yellow beryl at 
20X under darkfield illumination. 
Note that the fine layer of two phase 
liquid and gas inclusions is almost 
invisible. Under vertical lighting 
these same inclusions glow with vivid 
interference colors in Fig. 8. The 
iolite at 40X in Fig. 9 contains several 
parallel layers of ultra-thin hematite. 
The color of the hematite is a striking 
red orange under transmitted light. 
Using vertical illumination the same 
inclusions stand out in much greater 
detail in Fig. 10 although their true 
body color is masked by the inter- 
ference colors. Fig. 1] shows an al- 
most invisible partially healed frac- 
ture in a pale blue sapphire taken 
using darkfield at 25X. Fig. 12 shows 
the same inclusion under vertical 
lighting. The extent of healing be- 
comes obvious to the observer. 

As the photographs above have 
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shown, vertical illumination can bea 
useful tool to the gemologist when 
examining transparent materials. The 
extent of damage of fractures and 
cleavages or of healing in partially 
healed fractures as well as the recog- 
nition of nearly invisible inclusions 
may all be possible using only a 
simple light from above. 

In closing I would like to refer to 
the sapphire illustrated in Figs. 13 
and 14 taken at 20X. Now yousee it - 
now you don’t. 
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Australia Likely To Be 
Major Supplier of Jade 


By JONATHON STONE 
Australian Information Service 
New York, New York 


ADELAIDE, Australia 

Australia is expected soon to 
become a major world supplier of 
‘jade. 

On Eyre Peninsula, South Aus- 
tralia, where nephrite jade has been 
mined for several years, geologists 
have confirmed deposits  signifi- 
cantly greater than earlier estimates, 
with large blocks of high-quality 
jade. 

A form of jade combined with 
marble also has been found. This 
combination is suitable for domestic 
tiles or carving and can stand hard 
wear. 

South Australia’s Minister of 
Mines and Energy, Roger Golds- 
worthy, said the State already was 
supplying about one-quarter of the 
annual world jade demand of about 
700 tonnes at between about $A5 and 
$A80 a kg (about $2.50 to $40 a 
pound), depending on quality. 

The Eyre Peninsula deposits, 
mined by Cowell Jade Proprietary 
Limited, are the best quality in 
Australia-and at present the only 
commercial source of true jade. 

The managing director of Cowell 
Jade. Graham Robertson, said the 
company had arranged an overseas 
share placement to London and 
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Hong Kong interests to allow the 
company to upgrade and enlarge its 
operation. 

He said that a group of Chinese 
geologists had visited both the 
Cowell deposits and workshops in 
several countries and had been im- 
pressed with the quality of the 
finished product. He believed the 
Chinese market would prove very 
valuable. 

Mr. Robertson said the inferred 
reserves by the Department of Mines 
and Energy were 49,000 tonnes of 
jade at the Eyre Peninsula sites. 

Cowell Jade’s mineral leases 
covered more than 90 per cent of 
these reserves, which gave it access to 
about 45,000 tonnes of top-quality 
jade. : 

Mr. Robertson said the jade 
industry had developed steadily since 
the department had mapped and 
identified deposits at Cowell in 1974 
and 1975. The department had also 
helped the industry determine more 
efficient and less destructive mining 
methods. 

Production had totalled 470 
tonnes since 1974, with a peak of 210 
tonnes in 1978. The company’s major 
market was New Zealand, but it also 
sold to India and the United States. 
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GEMOLOGICAL NOTES 


Gemological notes is a new column 
that will appear on a regular basis in 
each issue of Gems and Gernology, It 
is intended to bring new information 
of gemalogical interest to our sub- 
scribers. Readers are invited toa stub- 
mit shert articles of only a few para- 
graphs ar less briefly describing their 
discoveries and observations, All short 
articles used in the column will be 
duly acknowledged 


Diopside As An 
Inclusion in Peridot 


By JOHN |. KOIVULA 
With analyses By CHUCK FRYEH and 
CAROL M. STOCKTON 
Gemological Institute of America 
Santa Monica, California 


For many years | have had several 
specimens of gem peridot from the 
San Carlos Indian Reservation, Gila 
County, Arizona resting in my col- 
lection. These specimens all contain 


Figure 2 
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Figure 1 


rather nondescript protogenctic 
emerald green grains that are yery 
rounded and almost invisible due to 
their near refractive index with their 
host peridot. Having dismissed these 
for years as possible ghost-like areas 
of color concentration, my interest 
was again aroused when | received a 
gilt from # gemologist triend, Frank 
C. Bonham, of a peridot that clearly 
showed one of these inclusions as a 
separate included crystal (Fig. 1). My 
curiosity up, | crushed two of my 
Own Samples. 

Sure enough, the ghost-like green 
inclusions could be separated from 
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their host. Haying extracted some oi 
these tiny inclusions from their oh 
yine prisons, | gave one to Chuck 
Fryer for X-ray diffraction and one 


to Carol M, Stockton of GIA’s 
Research Department for micro 
chemical analysis. Chuck Fryer 
found the diffraction pattern (see 


Fig. 2) of these inclusions matched 
our diopside standard, Carol Stock- 
ton found all of the necessary 
elements present for diopside, mag 
nesium, calcium, and silicon as. well 
as minor traces of otherclements like 
iron 

Although the color, as can be seen 
in Fig 
no chromium was detected 


/, suggests chrome diopside 


Negative Crystals? 
In Synthetic 


Verneuil Spinel 


By JOHN |. KOIVULA 
Gemological Institute of America 
Santa Monica, California 

When present, gas bubbles are one 
of the characteristics that aid the 
gemologist in the identification of 
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F 


n 


synthetic Verneuil (flame fusion) 
products 

It is not hard to imagine a novice at 
gem identification starting to doubt 
the refractometer reading ar the 


poluriscope reaction of the blue 
spinel containing the bubble shown 
in Fre. 3. The bubble seems to have 
taken on a modified cubo-octahedral 
habit complete with growth steps 

Such modification of a gas bubble 
is perhaps the result of very slow 
cooling of the boule allowing the host 
synthetic spinel an opportunity to 
impart its internal erystal symmetry 
on the surtave of the bubble 


Any other theories? 
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DESCRIPTIONS OF GEM MAT- 
ERIALS by Glenn and Martha Var- 
gas. Published by the Authors. 
Second Edition, 1979. $10.00. Avail- 
able through the GIA Bookstore. 


The well organized First Edition of 
Descriptions of Gem Materials 
contained information on over 200 
gem materials; the new Second Edi- 
tion is equally well organized and 
contains more listings. The introduc- 
tion contains a brief explanation of 
terms that is easily understood even 
for the beginner. The first section of 
the book contains a very complete 
alphabetical listing of the rare and 
unusual collector’s gem materials, as 
well as the more traditional of the 
naturally occurring gem materials. 
For each of the listed gem materials 
all of the basic gemological proper- 
ties are given. The Second Edition 
also contains an alphabetized listing 
of man-made gem materials. The 
basic properties and much useful in- 
formation are given for the materials 
in this section. An added bonus is a 
cross-reference to the synthetic’s 
natural counterpart when appro- 
priate. Sections 3 through 7 contain 
useful property tables, an index of 
alternate varietal and incorrect 
names, and a reference list. The for- 
mat of the second edition has 
changed as well as the print size. So, 
even though there are 15 fewer pages 
in this new edition, it still contains 
information’ on approximately 50 
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gem materials not included in the 
first edition. 

This book is easy to use and ac- 
curate in its content. The Second 
Edition of Descriptions of Gem 
Materials by Glenn and Martha 
Vargas is recommended to the prac- 
ticing jeweler-gemologist and hob- 
byist alike. 

John I. Koivula 


THE GEM COLLECTION by Paul 
E. Desautels, Photography by Dane 
Penland, Smithsonian Institution 
Press, Washington, D.C., 1979, 
$12.50 hardcover, $6.95 paper 
through the GIA Bookstore. 


The revised guide to the gem 
collection of the Smithsonian Insti- 
tution will certainly please visitors to 
our national collection. Dane 
Penland’s exciting photography 
really brings these jewels to life. His 
careful lighting techniques display 
the entire pavilion and keep color 
distortion to a minimum. Although 
the information on the specific gems 
is standard, it provides a thorough 
introduction for the interested 
tourist. Unfortunately, all three 
editions of this catalogue describe 
the outdated endoscope as a useful 
method for testing pearls. Since x- 
ray testing is the most reliable and 
most widely used method, why isn’t 
this procedure explained in detail? 
Despite this, the stunning treasures 
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in the Smithsonian can be appreciat- 
ed best through the photographs in 
this guide. A valued customer or un- 
trained sales staff would find this a 
valuable introduction to these spec- 
tacular gems. 

Betsy Barker 


SYNTHETIC GEMS PRODUC- 
TION TECHNIQUES, CHEMI— 
CAL TECHNOLOGY REVIEW 
NO. 149, Edited by L.H. Yaver- 
baum. Hardbound, 352 pages, Illus- 
trated in Black and White. Noyes 
Data Corporation, Publishers, Park 
Ridge, New Jersey. Available 
through the GIA Bookstore, $39.00. 


These troubled times of sapphire 
and ruby enhancement have gemolo- 
gists wondering how corundums are 
being treated, if in fact they are. Now, 
his new book, Synthetic Gems Pro- 
duction Techniques is a veritable 
light at the end of the tunnel. Comple- 
menting Dr. Kurt Nassau’s new 
book, “Gems Made By Man,” as a 
back-up text, this work describes 
patented techniques that can be used 
to alter the color of corundums, 
changing pale pink stones into rubies 
and pale blue sapphires into deep 
blue gems. 

It also explains a process for put- 
ting hard corundum coatings on soft- 
er gems. 

In addition, this book describes 
production techniques for all of the 
other major synthetics and substi- 
tutes including opal and the latest 
data on diamond synthesis. 

In a sense it is a second edition of 
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“Synthetic Gem and Allied Crystal 
Manufacture” by Daniel MacInnes, 
but it contains a great deal of new 
information and should be consider- 
ed a welcome text to add to any 
gemological library. 

John I. Koivula 


WHO’S WHOIN THE JEWELRY 
INDUSTRY. $54.95 plus applicable 
tax through Jewelers’ Circular/ 
Keystone, Chilton Way, Radnor, 
PA 19089. 


Who was the speaker at your last 
state jewelers association meeting? 
Who is the voice that takes your 
order for diamonds on memo? Who 
has the experience to help with your 
special retail or wholesale problems? 
All of these questions and more can 
be answered by using JCK’s latest 
publication. Write to the speaker for 
more information, or ask your 
wholesaler about his hobbies — it 
will help your business! Check the 
listings by state to see who in your 
area has the experience to help you 
solve irksome business troubles. But 
the 3,000 profiles can only hint at the 
reasons for recognizing these indus- 
try professionals. The years of hard 
work and dedication are only out- 
lined by membership in industry 
organizations or directing charity 
fundraisers. We can all learn from 
the experience of those in the fore- 
front of our industry. Using the 
examples of these jewelers, we can all 
work together to raise the standards 
of professionalism in our jewelry 
industry. 

Betsy Barker 
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The Three-Phase Inclusion — 
A Product of Environment 


By JOHN |. KOIVULA 
Mineralogist, Research Gemologist 
Research Department 
Gemological Institute of America 
Santa Monica, California 


With the introduction of the syn- 
thetic emerald to gemology it became 
apparent that tests were needed to 
separate these laboratory products 
from their natural counterparts. 
Through the microscope obvious dif- 
ferences in natural and synthetic 
emeralds were evident. It was these 
early microscopic observations of 
natural emeralds that led to the gemo- 
logical awareness of the three-phase 
inclusion. Today’s gemologist, when 
examining an emerald, is delighted to 
see a well formed three-phase inclu- 
sion nested in the emerald’s green 
depths, because he is assured by the 
inclusion’s presence that the gem is 
natural. 

It is this emphasis on three-phase 
inclusions in natural emeralds that has 
led many gemologists to believe that 
the three-phase inclusion is unique to 
natural emerald and is proof of em- 
erald rather than just proof of natural 
origin. This idea is rooted so deeply 
that it is easy to overlook three-phase 
inclusions in other materials and just 
dismiss them as peculiar two-phase 
inclusions. 

The three-phase inclusion is, how- 
ever, commonly the product of growth 
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from a hydrothermal or pegmatitic 
geologic environment and so is not 
confined to existence in natural 
emeralds alone, but can be expected to 
occur in a wide variety of natural 
materials. 

As the volatile vapors and fluids 
associated with hydrothermal solu- 
tions and pegmatitic intrusives mi- 
grate through the host country rock, 
the mechanism for a three-phase in- 
clusion is set. Through experimenta- 
tion, it is known that as the 
temperature of a fluid increases, its 
ability to hold dissolved salts in solu- 
tion increases. Therefore, as a hot, 
vapor-rich solution percolates through 
its host rock, it may dissolve variable 
quantities of salts from the surround- 
ing rock and hold them in solution at 
elevated temperatures. As a solution 
rich in dissolved salts begins to cool, 
the salts will begin to crystallize. If 
some of this fluid has been trapped as 
a primary or secondary inclusion filler 
in a negative crystal, then the salts will 
crystallize in the inclusion cavity and 
form a solid phase. At the same time 
the solid phase is forming, the 
liquid is contracting as it cools. This 
contraction of the liquid in the closed 
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environment of an inclusion cavity 
produces a vapor bubble. Now all 
three phases or states of matter are 
present and a three-phase inclusion is 
formed. 

This sequence of geologic events 
resulting in the growth of three-phase 
inclusions is not limited to natural 
emeralds where it was first observed 
by gemologists. It is limited only by 
geological environment and in view of 
this fact we should expect many other 
gem materials to contain three-phase 
inclusions. Not all of the three-phase 
inclusions we encounter in other 
gem materials look like those found in 
emeralds from Colombia, South 
America. Many gemologists have a 
picture in their mind of a cube of halite 
(NaCl) and a vapor contraction 
bubble surrounded by a brine solution 
all contained in a somewhat flattened 
jagged-edged cavity. This is the classic 
picture of a Colombian emerald three- 
phase inclusion. It must be remem- 
bered, however, all that is necessary 
for a three-phase inclusion is the exis- 
tence of three states of matter in a 
closed void of primary or secondary 
origin. 

Since a number of significant 
colored stones have their origins in 
hydrothermal and/or pegmatitic en- 
vironments, we might expect, and do 
find, three-phase inclusions in many 
of them. These three-phase inclusions 
do not necessarily look like natural 
emerald three-phase inclusions, but 
many of them, particularly those of 
hydrothermal origin, do have similar- 
ities. Figure I illustrates a three-phase 
inclusion in a hydrothermal fluorite 
and Figure 2 shows three-phase in- 
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clusions in hydrothermal quartz. Both 
of these photomicrographs illustrate 
notable similarities to their natural 
emerald counterpart. 

Pegmatitic environments often pro- 
duce three-phase inclusions with a 
somewhat different appearance. In 
Figure 3, a cavity in a pink beryl 
contains the liquid and gas phases as 
expected, but the solid phase consists 
of a group of nondescript crystals with 
a single acicular crystal extending into 
the cavity. A cavity in the topaz shown 
in Figure 4 contains a quartz crystal. 
The quartz crystal solid phase is 
doubly refractive and is made clearly 
visible by the use of polarized light. 
Polarized light can be used to study 
other three-phase inclusions as well. 
Figure 5 shows a three-phase inclu- 
sion in a colorless spodumene. Under 
polarized light the solid phase is easily 
visible as a bright spot against the 
much darker background of the host. 
In Figure 6, a fluid inclusion in a pink 
tourmaline shows two immiscible 
liquids, a vapor bubble and several 
doubly refractive solids under polar- 
ized light. A cavity in the spessartine 
garnet shown in Figure 7 contains a 
solid phase that stands out from its 
background when using polarized 
light. The vapor bubble can be seen 
floating just above the solid. The 
negative crystal in the blue sapphire in 
Figure 8 contains both liquid and 
gaseous carbon dioxide and a hema- 
tite crystal as the solid. Polarized light 
would not help in locating the hema- 
tite platelet as it is opaque. 

The often complex nature of the 
three-phase inclusion is well demon- 
strated in the polarized light photo- 
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Figure 3, Figure 4. 


Figure 7. Figure 8. 
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Figure 13. Figure 14, 


Figure 15. 


FALL 1980 341 


micrograph in Figure 9. Within this 
single cavity in a Brazilian magnesite 
there is one vapor bubble, an obvious 
salt-rich solution and as many as ten 
separate solid phases, some of which 
are doubly refractive. 


Mobile Solids 


Gemologists who have studied fluid 
inclusions are familiar with the mobile 
gas bubbles that occur quite com- 
monly in quartz gems, and to a lesser 
extent, in other gem minerals like 
beryl. 

On the other hand, mobile solid 
phases in three-phase inclusions are 
for the most part not known. It is 
generally thought that the solid phase 
is permanently stuck to the inner walls 
of the cavity containing the three- 
phase inclusion. 

Upon close microscopic observa- 
tion, however, solids in. three-phase 
cavities can be seen, with some regu- 
larity, tumbling through their negative 
crystal prisons. Sometimes a gentle 
tap and the influence of gravity is all 
that is necessary to set them in motion. 
Figures 10 and 11 show a cavity ina 
fluorite with a somewhat distorted 
rectangular solid phase that tumbles 
about like a log. In Figures 12 and 13, 
a cubic salt crystal is free to roll about 
in its quartz host like a microscopic 
die. Included in a pegmatitic topaz, 
the large primary negative crystal in 
Figures 14 and 15 houses a vapor 
bubble and at the tip of the negative 
crystal, a flock of hematite plates float 
through the surrounding liquid like so 
many tiny black stars. 


Conclusion 


This article has illustrated three- 
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phase inclusions in beryl other than 
emerald, together with tourmaline, 
garnet, topaz, spodumene, corundum, 
fluorite, quartz and the collectors gem, 
magnesite. But the list goes on to 
include many other gem materials in 
addition to those mentioned. 

The three-phase inclusion is proof 
of natural emerald, proof of natural 
corundum, proof of natural quartz 
and so on. 

The three-phase inclusion is the 
most complex of fluid inclusions. It 
can tell a great deal about the origins 
ofits host gem, and it gives the jeweler- 
gemologist yet another weapon in 
separating natural gemstones from 
their synthetic and simulant counter- 
parts. 
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Irradiation-Induced Colors 


In Gemstones 


By K. NASSAU, Ph.D. 
Bernardsville, NJ 07924 


Abstract 


Both natural and irradiated gem- 
stones may derive their color from 
color centers. Color centers vary with 
respect to the energy necessary to 
destroy the color center. As a result, 
some color centers are stable to light 
while others are not. Some color- 
center gemstone materials, such as 
brown topaz, may occur in both stable 
and unstable forms. If color centers in 
natural gemstones are destroyed by 
accidental heating, the color can 
usually be restored by irradiation. A 
summary is presented of current 
knowledge of irradiation sources 
used, stability of the color centers to 
light, and the characteristics by which 
the use of irradiation may be 
identified. 


Introduction 


In recent years there has been a 
drastic increase in the use of irradia- 
tion to induce or change the color of 
gemstones. This increase undoubtedly 
derives from the wider availability of 
facilities for performing such irradia- 
tion, particularly large and powerful 
gamma-ray sources. 

Sometimes the first hint that ir- 
radiation had been used comes from 
the observation of fading of the color. 
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In some instances, e.g., in Maxixe- 
type blue beryl, simple tests can 
establish the presence of an irradia- 
tion-produced color; in others, such as 
brown topaz, the fading in light itself is 
the best test; in yet others, such as blue 
topaz, no distinguishing test is known 
at present. 

This article covers the irradiation 
and the properties of irradiated gem- 
stone materials with the exception of 
diamond; full details on the latter can 
be found in the standard gem and 
gemology texts, e.g., in Webster’s 
book!. 


Irradiation Sources 


The term irradiation is a very broad 
one and covers the use of the full range 
of electromagnetic radiation as well as 
bombardment by energetic particles. 
Visible light itself can produce color 
changes in some materials; the energy 
of visible light ranges up to about 3 
electron volts (abbreviated eV) at the 
violet end of the spectrum?. Slightly 
more energetic is ultraviolet radiation, 
particularly the 2537 A short wave UV 
with energy of almost 5 eV. 

More energetic than the ultraviolet 
rays in the electromagnetic spectrum 
are X-rays, which have energies 
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ranging from hundreds to hundred 
thousands of eV. X-rays suffer from a 
lack of penetration; as a result the 
coloration will be produced only in a 
thin layer on the surface. In addition, 
X-ray generating tubes are expensive 
to buy as well as to operate, have a 
limited lifetime, and produce only a 
small area beam. 

Even more energetic in the electro- 
magnetic spectrum are gamma-rays, 
with energies ranging from the thou- 
sands into the millions of eV. These 
are produced by unstable elements 
obtained from nuclear reactors. The 
two most commonly used are the 
cesium isotope of weight 137 (com- 
pared with weight 133 for ordinary 
cesium) which emits gamma rays of 
energy 660,000 eV and the cobalt 
isotope weight 60 (compared with 
ordinary cobalt-59), which emits two 
gamma rays of 1.17 million eV (ab- 
breviated MeV) and 1.33 MeV. Both 
cesium-137 and cobalt-60 decay as 
they undergo radioactive disintegra- 
tion, with half-lives of 30 years and 5.3 
years, respectively. As a result, a 
typical cobalt-60 cell slowly loses its 
activity, falling to one half after. 5.3 
years, one quarter after 10.6 years, one 
eighth after 15.9 years, and so on. 
When the cell needs recharging, the 
whole unit must be shipped back to 
the supplier. 

Gamma cells are very simple in their 
construction, consisting of a large 
block of lead, weighing 3,800 kilo- 
grams (8500 pounds) in the unit of 
Figure 1, with a central cavity con- 
taining the radioactive element. The 
sample to be irradiated is loaded into 
the compartment seen open in Figure 
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Figure 1. Sample being placed into a 
cobalt-60 gamma irradiation cell. 


1 and is then closed and lowered into 
the cavity below. After the required 
dose has been reached, the compart- 
ment is raised and the sample 
removed. In the unit shown in Figure 
1 colorless quartz needs 20 to 30 
minutes to reach a dark smoky color, 
but there are large powerful com- 
mercial sources in which specimens 
several feet across may need no more 
than a one-minute exposure. The 
magnificent large smoky quartz clus- 
ters from Hot Springs, Arkansas, are 
believed to be colored in this way. 
Gamma rays are strongly penetrating 
and will, therefore, produce uniform 
coloration. The cell does not consume 
power, nor is there any deterioration 
because of use—the rays are produced 
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Figure 2. A Van de Graaff electron ac- 
celerator. 


continuously, merely slowly decaying 
in intensity over the years. 

Turning from the electromagnetic 
spectrum to particles, there are three 
types used for irradiation: the nega- 
tively charged electrons, positively 
charged particles such as protons and 
alpha particles, and neutrons which 
have zero charge. 

Electrons can be accelerated in 
linear accelerators, which may be 
powered by a Van de Graaff voltage 
generator, or in other machines such 
as betatrons. The terms beta-rays and 
cathode rays also have been used in 
the past for high-energy electrons. In 
linear accelerators the energy content 
of the electrons is simply expressed by 
the maximum voltage used, since one 
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Figure 3. View of the interior of the Van 
de Graaff electron accelerator of Fig. 2. 


“electron volt” is defined as the energy 
of an electron when accelerated by a 
field of one volt. Thus, the electron 
accelerator of Figures 2 and 3, 
powered by one million volts, will 
produce | million electron-volt elect- 
rons, Le., electrons of energy | MeV. 
Electrons in the billion electron volt 
(abbreviated GeV) range can be pro- 
duced. Electrons are strongly 
absorbed and therefore do not pene- 
trate deeply and produce only surface 
coloration. In addition, electrons pro- 
duce strong localized heating and 
cracking can result. Electron acceler- 
ators are expensive, as well as 
expensive to operate. 

A variety of positive particles can be 
accelerated in machines such as cyclo- 
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trons, synchrotons, and the like, to 
energies in the GeV range. There are 
protons (ionized hydrogens H’), deu- 
terons (ionized deuteriums or heavy 
hydrogens D’), alpha particles (doubly 
ionized heliums He’), and so on. 
Alpha-particles are also produced by 
radium salts (energy about 5 MeV) 
and diamonds were at one time 
colored by being covered, for 
example, with radium sulphate. These 
positive ions do not penetrate well and 
also may induce radioactivity in the 
irradiated sample. 

Neutrons are present in large 
quantities in nuclear reactors; samples 
are irradiated by merely insetting 
them into a reactor. Although neutron 
energies extend into the high MeV 
range, the average neutron energy 
may be less than | MeV. Because the 
neutron has no charge, there is no 
electrical repulsion when it ap- 


proaches an atom, and a large energy 
is not necessary for significant effects. 
Neutrons thus can penetrate matter 
readily and produce uniform colora- 
tion. Their major drawback is that 
they have an effective ability to pene- 
trate even into the atomic nucleus so 
that they can induce radioactivity in 
the irradiated material. 

The various rays and particles used 
for producing color centers are sum- 
marized in Table |. It will be noted 
that the low energy rays, such as X- 
rays, and the negative and positively 
charged particles do not penetrate well 
and thus color only the surface. Ener- 
getic gamma rays and the electrically 
neutral neutrons penetrate well and 
thus produce uniform coloration. 
Neutrons and positive particles can 
induce radioactivity. 

The nature of the irradiation 
source does not matter as long as the 


Table! — The Various Types of Radiations 
Used for Producing Color Centers 


Typical energy 


Penetration 
2nd uniformity 


Radiation (electron Volts) of coloration 
Electromagnetic 
Spectrum: 
Light 2-3 eV variable 
Ultraviolet (SW) 5 eV variable 
X-rays 10,000 eV poor, surface only 


Gamma-rays 1,000,000 eV good, very uniform 
Particles: 
Electrons (negative) 1,000,000 eV poor, surface only 
Protons, deuterons, 4,000,000 eV poor, surface only” 
alpha-particles, 
etc. (positive) 
Neutrons (neutral) 1,000,000 eV good, very uniform” 


*Can induce radioactivity. 
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irradiation is energetic enough to 
produce the intended color change. 
Using excess energy usually does not 
alter the result, apparently with the 
single exception of diamond!. The 
only limiting factor is heat as with 
high energy electrons, which may 
produce cracking in heat-sensitive 
materials. The heating produced by 
such electrons in, say, a Maxixe-type 
beryl may be enough to fade the color 
as rapidly as it is being produced! 

The absorbed radiation dosage 
unit usually used for irradiation treat- 
ments is the rad; a typical irradiation 
dose used for amethyst or smoky 
quartz is | million rads. Other units 
used in connection with irradiation 
are the Curie (amount of radioactivity 
in a material), the Roentgen (dose of 
ionizing radiation), and the rem (dose 
of ionizing radiation in man). 


Color Centers 


A change in color produced by 
irradiation is most often the result of 
the formation of a color center. This is 
usually a misplaced electron which 
can be an excess electron (an electron 
color center) which is trapped at a 
defect, or a deficit of an electron (a 
hole color center) located at a defect 
(with the missing electron trapped at 
another defect). The pre-existing de- 
fects without the hole or the extra 
electron are called precursors. When 
light exposure or heating permits the 
displaced electron to return to its 
original place, the color center is des- 
troyed and the precursors are re- 
formed in a process called fading or 
bleaching. 

The depth of the trap is a measure 
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of how much energy is needed to 
produce bleaching. The energy for 
bleaching of a color center can be 
supplied by light, by heat, or by a 
combination of both. When a color 
center has been bleached, it is usually 
possible to re-create it by another 
irradiation. This cannot be done if 
overheating occurred during the 
bleaching step. Thus, amethyst which 
has been gently heated to obtain a 
citrine color can be returned to its 
original color by irradiation, and the 
process can be repeated any number of 
times. If too high a temperature is 
used, however, the substitutional iron 
precursor changes to ferric oxide with 
the production of a deeper brown 
color, which cannot be altered by 
irradiation. 

Details of color in general and some 
color centers in particular have been 
given by the author in several 
places #45 and will not be repeated 
here. A brief outline of color center 
theory is given in the Appendix. 

The most important factors for a 
given color center are the stability to 
light exposure, ie., the resistance to 
fading, and the characteristics which 
indicate that irradiation has been 
used. Based on the resistance to 
fading, three groups of irradiation- 
produced color effects can be distin- 
guished. In a fourth grouping are 
discussed some irradiation-produced 
changes which do not involve color 
centers. 


I. Color Centers with Shallow 
Energy Traps 


In this group are included those 
irradiation-produced color effects 
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which are not stable at room tem- 
perature even in the dark. Ordinary 
fluorescence can be viewed as an 
unstable color center, the effect being 
so fleeting that the red fluorescence of 
emerald, as one example, stops within 
a few thousands of a second after the 
ultraviolet irradiation is halted. 

Lasting somewhat longer is the 
phosphorescence or after-glow of 
substances such as some fluorites, 
some calcites, and some diamonds; 
this behavior can be viewed as de- 
rived from transient color centers. 
This occurs when the color-center trap 
is relatively shallow, so that the energy 
of the thermal vibrations at room 
temperature is enough to permit slow 
escape from the trap. The color of the 
phosphorescence may be the same as 
that of the fluorescence, as in the brief 
red phosphorescence of particularly 
iron-free rubies (mostly synthetics) or 
it may be different as in those dia- 
monds which have a blue fluorescence 
followed by a yellow after-glow. 

If substances in this group are 
cooled to a low temperature and then 
irradiated, this will frequently stabilize 
the color center. On warming up, the 
color center again will become un- 
stable and emit its energy over a 
specific temperature range, an effect 
which is then called thermolumines- 
cence. Liquid nitrogen or even lower 
temperatures may have to be used to 
observe this effect. 


Il. Color Centers with Medium 
Energy Traps 


There are some materials which are 
easily colored by low energy irradia- 
tion such as ultraviolet light and X- 
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rays. One of these is the mineral 
hackmanite which can be colored red 
by UV radiation. This color is per- 
fectly stable as long as the specimen is 
kept in the dark, but will fade on 
exposure to visible light (or more 
rapidly on heating). Such materials 
are sometimes called photochromics. 
Photochromic sunglasses are now 
manufactured which turn dark from 
the UV present in strong sunlight and 
fade rapidly in the UV-free indirect 
light in the shade. 

These colors may be stable when 
cooled (arctic wear?) and thermo- 
luminescence may occur during heat 
bleaching. Several gemstone 
materials, some naturally occurring, 
fall into this group. 

There is some natural topaz which 
is brown as found but which fades 
rapidly when exposed to light. Simi- 
larly, almost any colorless or pale 
yellow topaz will color brown on 
being irradiated by X-rays, gamma- 
rays, etc. Two distinct component 
colors can occur, either separately or 
together: a pale yellow-brown and a 
dark cinnamon-brown; the former 
forms rapidly on irradiation and fades 
in a matter of hours in the sun; the 
latter forms more slowly and also 
fades more slowly in one or a few days 
in the sun. There are two additional 
radiation-related colors in topaz 
which are stable and are discussed in 
the next section. Details’ 7 and color 
illustrations? have been published. 
Observation of the fading may be the 
only practical identification test for 
these transient brown colors in topaz. 

Pink kunzite will turn a deep almost 
emerald-like green upon irradiation. 
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This coloration bleaches in an hour or 
so in sunlight and is quite distinct from 
the green of hiddenite. Color illustra- 
tions have been published”. Some 
pale tourmalines turn red on irradia- 
tion, some turn yellow and some blues 
turn purple; all of these may fade in 
days to weeks in the sun (but see also 
the next section). Details? and color 
illustrations® have been presented. 

An important unstable color in 
beryl is a magnificent deep blue, ap- 
proaching the blue of tanzanite or 
sapphire, seen in Maxixe beryl and 
Maxixe-type beryl. The former was 
found in 1917 in the Maxixe Mine in 
Minas Gerais, Brazil, while the latter 
has been produced in recent years by 
the irradiation of pale pink or other 
pale color beryls from certain local- 
ities in Brazil, Rhodesia, North 
Carolina, and probably elsewhere; 
UV, X-rays, gamma-rays, and neu- 
trons have all been used for this 
irradiation. This deep blue beryl has 
been called “Halbanita” and “aqua- 
marine,” the latter being incorrect by 
customary gemological usage. A dark 
green color can result if the starting 
beryl was yellow. Full details '°", 
including color illustrations!!, have 
been published. 

Maxixe and Maxixe-type beryls 
fade in a matter of days or weeks on 
exposure to sunlight. Identification 
and distinction from aquamarine is 
readily achieved'*"' by the spectro- 
scope (sharp lines near 7000 A not 
present in aquamarine), by examina- 
tion in polarized light (the blue color is 
carried by the ordinary ray, while in 
aquamarine it is carried by the extra- 
ordinary ray), or by observing the 


FALL 1980 


fading. Both are hole color centers, 
and the rather small difference in the 
spectrum between Maxixe and 
Maxixe-type beryls has been 
attributed to different precursors, 
being small amounts of nitrate NO; 
and carbonate CO%, respectively 2. 
Irradiation removes one electron from 
these, leaving the hole color centers 
NO; and COs, respectively. The dis- 
placed electron becomes trapped at a 
proton H’* or a free carbon dioxide 
CO, 'in the channels, producing H and 
CO:, respectively (see also the 
Appendix). 


III. Color Centers with Deep 


Energy Traps 


Materials in this group generally 
need higher energy irradiation (at least 
X-rays) and the resulting colors are 
stable to light at ordinary tempera- 
tures. The colors will fade if heat (or 
the combination of heat and light) is 
used. A report }3 stating that irradiated 
blue topaz faded under a mercury arc 
lamp omitted to mention that the 
sample reached over 300°F (149°C) 
under the fading conditions used!*; 
undoubtedly, natural blue topaz also 
fades under such extreme conditions. 
Similarly, the investigation of reports 
of light-fading amethyst usually re- 
veals that heat was also present. 
Thermoluminescence may occur 
during heat bleaching. 

The color of most natural brown 
topaz is stable to light, but heating will 
destroy this color (if there is any 
chromium present, then pink or red 
“pinked” topaz results). Together with 
the two unstable brown colors dis- 
cussed in the previous sections, this 
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indicates the existence of at least three 
distinct brown colorations in topaz. 

When brown irradiated topaz is 
heated or exposed to light, the brown 
color fades. Sometimes the fading 
does not return the material to the 
original colorless state, but instead 
produces a blue topaz, which can be 
even darker than the blue of naturally 
occurring blue topaz. The accidental 
observation of this phenomenon in a 
specimen thought to be quartz *’ ex- 
plained the appearance on the 
gemstone market in the early 1970's of 
quantities of unusually deep blue 
topaz without the report of the dis- 
covery of a new mine. The author 
found that the irradiation of old col- 
lections of colorless topaz produced a 
significant quantity of blue, while 
more recently obtained colorless 
topaz did not. From this one could 
deduce that essentially all colorless 
topaz is now. irradiated and then 
heated so as to locate all blue-pro- 
ducing material. There appear to be 
no gemological-testing differences 
between the natural and the irradiated 
blue topaz, and both appear to have 
the same stability toward light and 
heat. 

Almost all colorless quartz, whether 
natural or synthetic, turns into smoky 
quartz'5 on being irradiated. This 
color is stable to light and bleaches 
over a wide temperature range on 
heating, just as does natural smoky 
quartz; the last trace of smoky color 
disappears anywhere from 140° to 
400°C (284° to 752° F) depending on 
the specimen!®. The color can vary 
from a yellowish or a reddish brown 
all the way to a pure black, de- 
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pending on the type of material and 
the irradiation dose used. There ap- 
pear to be no gemological testing 
differences between irradiated and 
naturally-occurring smoky quartz. 
The color center precursor consists of 
a few parts per million aluminum 
impurity (some alkali or hydrogen 
ions are also needed for charge com- 
pensating the Al?* which substitutes 
for Si**). 

If this heating to fade smoky quartz 
is carried out gradually in steps, much 
naturally occurring and irradiated 
smoky quartz will yield a greenish- 
yellow color, abbreviated G- Y quartz. 
This has been also called yellow 
quartz, honey quartz, citrine, and ra- 
diation-produced citrine; the latter 
two terms are undesirable because of 
the absence of iron, characteristic of 
naturally-occurring citrine. G-Y 
quartz forms from smoky quartz at 
140° to 300°C (284° to 572°F); G-Y 
quartz loses its color at 140° to 380°C 
(284° to 716° F). There is some natur- 
ally-occurring G-Y quartz, and some 
rare colorless quartz irradiates directly 
to G-Y quartz without the formation 
of any smoky color. Full details of G- 
Y quartz!*, a reinterpretation of 
smoky quartz!5, and color illustra- 
tions?® have been presented. 

The detailed nature of the color of 
natural amethyst was not understood 
until the achievements of its duplica- 
tion by man. When synthetic quartz is 
grown with the incorporation of iron, 
the resulting color is either yellow or 
green, depending on the growth condi- 
tions3. If growth has occurred in cer- 
tain crystallographic directions and if 
the iron concentration is in the correct 
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range, then irradiation will result in 
the hole color center of synthetic 
amethyst. Heating will restore the 
green or yellow color, just as happens 
with natural amethyst, which gives 
either a citrine color or the “greened 
amethyst.” Irradiation will once again 
restore the amethyst color (as long as 
overheating was avoided, since this 
changes the nature of the iron im- 
purity). Details? and color illustra- 
tions*’ have been presented. 


A color center having a very similar 
color is the deep purple of “desert 
glass” seen in old glass bottles exposed 
to the sun’s UV over several years in 
the Western desert states or to, say, 
gamma-rays for some minutes. A 
necessary precursor is the manganese 
which used to be added to glass to hide 
the green color of iron impurities. 

The effects of irradiation on tour- 
maline can be quite complex. Some 
pale pink or other pale material turns 
deep pink to red, and some turns 
yellow; some blue tourmaline turns 
purple. These irradiation induced 
colors are stable to light in some 
specimens, but fade in others, as stated 
in the previous section. Details? and 
color illustrations have been 
presented8. 


IV. Irradiation Effects not 
Involving Color Centers 


Although the production of color 
by irradiation and its destruction by 
heat or light is the touchstone of a 
color center, this in itself is not suf- 
ficient proof. One example of such a 
change not involving a color center 
occurs in aquamarine and golden 
beryl. As found, these natural 
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materials have a color ranging from 
blue-green via green to yellow and are 
almost invariably immediately given a 
heat-treatment. The heating removes 
the yellow color component and is 
performed in the hope of producing a 
pure blue aquamarine. Often the re- 
sult is a colorless beryl. Irradiation will 
return the material to the green or 
yellow state. The change here involves 
a change in the valence of the iron 
impurity causing the yellow color; the 
iron impurity causing the blue color is 
not affected by either the heating or 
the irradiation. These colors are stable 
to light and details!’ and color illus- 
trations? have been published. 

Lastly, irradiation has a charring- 
type effect on some organic substances 
such as paper, and this is used to 
darken some kinds of natural or cul- 
tured pearls; this does not work with 
all pearls. A color illustration has been 
presented’. 


Color Loss on Accidental Heating 


In addition to the intentional 
heating of green and yellow beryls, 
accidental heating may at times des- 
troy the color of some natural gem- 
stones with stable color centers. If the 
heating was not excessive, then ir- 
radiation is usually able to return the 
gemstone to its original color. Such a 
step may be viewed merely as res- 
toration rather than an irradiation- 
originated coloring. Restoration may 
be possible with accidentally heated 
blue or brown topaz, amethyst or 
smoky quartz, and red tourmaline, as 
well as with golden beryl. 


Summary 
Color centers can be produced by a 
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variety of irradiation treatments and 
can be destroyed by heating. Light 
bleaches some color centers, but not 
others, depending on the depth of the 
color center trap. There may be more 


than one type of color center which 
can produce a given color as in topaz, 
where one type of brown is stable to 
light, another bleaches slowly, and a 
third one bleaches rapidly. In some 


Table Il — Occurrence and Stability of Color Centers 


Color (& change on 
bleaching) 


Colored form 
Naturally Produced by 
Occurring Irradiation 


|. Color centers with shallow energy traps (color unstable even in the dark”): 


Phosphorescents varied — Yes 
(fluorescents) 


Material 


Il. Color centers with medium energy traps (color is bleached by light at room 
temperature or more rapidly by heating#): 


Hackmanite red (to colorless) Yes Yes 
Topaz yellow or brown (to colorless) Yes Yes 
Kunzite green & lilac? (to pink or colorless) ? Yes 
Tourmaline red (to pale or colorless) ? Yes 
Tourmaline yellow (to pale or colorless) ? Yes 
Tourmaline purple (to blue) ? Yes 
Maxixe beryl blue (to colorless) Yes No 
Maxixe-type beryl blue (to pink or pale colors) No Yes 
Maxixe-type beryl green (to yellow or pale green} No Yes 
Sapphire yellow (to colorless) No Yes 


Ill. Color centers with deep energy traps (color is stable to light at room 
temperature but is bleached on heating#): 


Topaz (Cr) brown or orange (to pink or red) Yes ? 

Topaz blue (to colorless) Yes Yes 
Quartz smoky (to greenish-yellow or Yes Yes 

colorless) 

Amethyst purple (to yellow, brown, or green) Yes Yes 
Tourmaline red (to pale colors or colorless) 2? Yes 
Tourmaline yellow (to pale colors or colorless) 2? | Yes 
Tourmaline purple (to blue) ? ‘Yes 


IV. Irradiation effects not involving color centers (change on heating shown): 


Beryl yellow (to colorless) Yes Yes 
Beryl green (to blue) Yes Yes 
Pearl “blue” or “black” (permanent) No Yes 


*Cooling may stabilize the color center, which will again become unstable or 
bleachable when returned to room temperature. 


#Thermoluminescence may accompany destruction of the color center by heating. 
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instances the irradiated man-produced 
and the naturally occurring color ap- 
pear to be identical (as in blue topaz, 
smoky quartz, and amethyst) and 
gemological distinguishing tests are 
not presently available. Table 2 sum- 
marizes the irradiation and bleaching 
behavior covered in this discussion. 


Appendix 


Two types of defects are needed for 
the formation of a stable irradiation- 
induced color. Consider a crystal 
containing two such defects as in 
Figure 4a. Defect A has no color 
absorption, but it has a pair of elec- 
trons from which one electron can be 
lost relatively easily, i.e., it can act as 
an electron donor. Defect B has no 
color absorption, but it has the capa- 
bility of trapping an extra electron, 
i.e., it can act as an electron acceptor. 


RADIATION 


} 
RKO 


Sey eens 

SORE 
HOLE ELECTRON (b) 
CENTER CENTER 


Figure 4. The transfer of one electron 
from precursor A to precursor B in (a) 
produces two centers, a hole center At 
and an electrom center B- as in (b); either 
of these can be a color center. 
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These defects are called precursors. 

When radiation strikes defect A, 
one of the pair of electrons can be 
ejected as shown, and becomes trap- 
ped at defect B. As a result the ar- 
rangement is now as in Figure 4b, 
with both A+/B- each having an 
unpaired electron. The absorption of 
energy from light or from heating 
could now permit the extra electron 
on B- to return to A+, thus re-forming 
the original defects A and B as in 
Figure 4a. 


In general, either defect A or defect 
B can become the color center; if it is 
A, then the result is the hole color 
center At: if it is B, then the result is 
the electron color center B-. 

In the case of Maxixe-type beryl, A 
is CO} and B can be H*. The ir- 
radiation changes are: 


Irradiation: COZ CO; + e~ 


.. . Equation (1) 
Trapping: e~ + Ht H 
.. . Equation (2) 


Here CO} is the color center pre- 
cursor, e- is the freed electron, and 
CO; the light-absorbing hole color 
center. The second defect H+ which 
traps the electron by Equation (2) and 
becomes the electron center is also an 
essential part of the color center al- 
though it does not cause color in itself; 
without it the electron would imme- 
diately return to destroy the color 
center in the reverse of Equation (1). 
The second defect may be adjacent to 
the first, or it may be some distance 
away. Light or heat reverses Equation 
(2), and the liberated electron then 
reverses Equation (1). 
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Figure 5. Energy level schemes showing color center traps involved in phosphor- 


escence, fluorescence, and bleaching. 


In an electron color center, e.g., in 
purple fluorite, B in Figure 4 is the 
color center precursor and it is the 
electron color center B- that absorbs 
light to produce the color. In this 
instance B™ is an electron trapped ata 
fluoride vacancy 345. 

Details of the energy level diagram 
in Figure 5 include: the ground state 
A corresponding to the precursor 
state; the formation of the trap by 
absorption of radiation from A up to 
level D and formation of the color 
center with relaxation down to its 
energy level B as at (b); the absorption 
of light within the color center by the 
B-E-F energy level system as at (c); 
and bleaching by escape of the elec- 
tron from the trap over the energy 
barrier C as at (d) with re-formation of 
the precursor. 


354 


When the energy of the color center 
as a whole is considered as in Figure 5, 
both the defects A and B of Figure 4 
must be included: the energy levels for 
activation of the color center, such as 
the A to D energy absorption transi- 
tion in Figure 5b belong to the elec- 
tron donor A in Figure 4; the depth of 
the trap, i.e., C-B in Figure 5b belongs 
to the electron acceptor B~ in Figure 
4, and the color of the color center, 
i.e., the B-E-F energy levels in Figure 
5c, belongs to either the hole center At 
or the electron center B-in Figure 4, 
whichever is the color center itself. 

The scheme of Figure 5(a) to (d) 
corresponds to a large formation 
energy, needing X-rays or more ener- 
getic irradiation, and has a deep C-B 
trap that is stable to light at room 
temperature, as is smoky quartz or 
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blue topaz. At (e) is shown a similar 
diagram with a much smaller C-B 
trap, where the energy present in light 
would enable escape from the trap and 
bleaching as in Maxixe-type beryl or 
green irradiated kunzite. 

The scheme of Figure 5(f) would 
correspond to a photochromic mater- 
ial, such as Hackmanite, where UV 
radiation is enough to form the color 
center and light bleaches it again. If the 
trap C-B is a little smaller yet, then the 
energy present in the atomic vibra- 
tions at room temperature is enough 
to permit slow leakage out of the trap 
and phosphorescence can then occur 
as in some diamonds. 
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GEMLURE 


Born in the Depths: The Perfect Pearl 


By CHERI LESH 
Corte Madera, California 


“Born in the depths of the seas, springing from living flesh, round and pure, the 
pearl detaches itself from the ephemeral creature that conceived it, and becomes 


immortal.” 


— Paul Claudel 


“Full fathom five thy father lies of his bones are coral made: Those are pearls 
that were his eyes. Nothing of him that doth fade but doth suffer a sea-change 


into something rare and strange.” 


—Shakespeare, The Tempest, Act I, Sc. ii 


Shakespeare’s flight of fancy about 
the transmutation of human flesh into 
gems of the sea was not the only wild 
tale to circulate about the mysterious 
origins of pearls. The speculations on 
the birth of this gleaming gem rival the 
‘where do babies come from’ theories 
circulating about storks and cabbage 
patches for sheer inventiveness and 
ingenuity. In India, it was believed 
until quite recently that pearls could 
be derived from eight sources: falling 
from the clouds with rain, in the head 
of a hog, the head of an elephant, from 
the bamboo plant, the cobra, the 
conch, the fish, and the oyster. Wisely 
enough, they believed that oysters 
were the most common pearl source, 
although the gem originating with the 
cobra was the most valuable. In a tract 
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titled Indian Gemmology published 
as recently as 1967, Raj Roop Tank 
describes the cobra pearl in this 
manner: 


“It has its source in the hood of King- 
Cobra, is very bright and of a blue 
tint. It is known as the ‘Naga-Mani’ 
or the ‘Snake-Stone.’ The Tantrics 
say that the King Cobra when it 
crosses its hundredth year, becomes 
‘Ichhadhari Naga,’ then it acquires 
the power to transform itself into any 
form animate or inanimate. It also 
acquires ‘Naga-Mani,’ a magic Pearl 
Gem which it keeps in its mouth and 
takes out in dark nights to play with. 
The Gem emits brilliant light and can 
fulfill desires for material wealth if 
one is lucky enough to possess it. We 
do not know whether there is any 
truth in what the Tantrics say.” 
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Lest the reader doubt that all eight 
varieties of pearl exist, however, 
author Raj Roop Tank assures us that 
“The writer has had an opportunity to 
see with his own eyes all the eight 
varieties of Pearls mentioned above at 
the place of Shri Dhanroop Mal the 
renowned Jeweller of Ajmer.” 

Layered like an onion, the pearl was 
often said to be the result of tears. In 
his epic, “The Bridal of Triermain,” 
Sir Walter Scott makes mention of: 
“The pearls that long have slept/ These 
were tears by Naids wept.” Scott re- 
peats the pearls/tears theme with the 
stanza: 

“The liquid drops of tears that you 
have shed/Shall come again, trans- 
formed to Orient Pearls./ Advantaging 
their loan with interest/Of ten times 
double gain of happiness.” 

In this passage, pearls signify grief 
transformed to beauty, wealth and 
happiness. The analogy of pearls and 
tears probably stemmed from the 
common notion that pearls were 
formed from dew drops ingested by 
oysters who rose to the ocean’s surface 
to procure this beneficial liquid. Since 
dew was sometimes said to be the tears 
of Aphrodite, shed when she dis- 
covered the body of her mortal lover 
Adonis, the connection of pearls to 
tears to the Goddess of Love is ap- 
parent. 

In Persia, pearls were used in reli- 
gious worship from the earliest times, 
probably because of their obvious cor- 
relation with the moon, which they 
resemble. The ‘little moons,’ some- 
times seen as tears of that great orb, 
must have been highly esteemed in- 
deed at a period of history when time 
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was measured by lunar reckonings 
and the Moon was worshipped as the 
mysterious ruler of tides and the fertile 
cycles of women. 

Since pearls most often resemble 
the full moon, they were sacred to the 
Great Goddess in her full moon aspect 
as the cosmic lover, the Sea Mother 
who poured her love out on the earth, 
known as Isis, Ishtar, Aphrodite, and 
Venus. Statues of this aspect of the 
Goddess are traditionally adorned 
with pearl earrings. The mate to the 
earring that Cleopatra supposedly dis- 
solved in wine was said to have been 
cut in half to make a pair which was 
offered up at the temple of Venus in 
Rome. An ancient statue of Isis on 
display in Alicante, Spain, was de- 
corated by the richest of gems, in- 
cluding a diadem set with an ‘unio’-—a 
large round pearl whose name denotes 
its uniqueness and size—along with 
several smaller pearls, pearl and 
emerald earrings, necklaces and 
bracelets. The inscription on the base 
of the statue informs us that these 
gems had been offered by Fabia 
Fabiana who had been obliged by Isis 
herself to do this in honor of her 
grand daughter. Homer alludes to 
pearls as triple drops or beads in his 
description of Juno in the Iliad, XIV, 
183: 

“In three bright drops 
Her glittering gems suspended 
from her ears.” 


He mentions this distinctive ornament 
again in the Odyssey, XVIII, 298: 


“... Earrings bright 
With triple drops that cast a 
trembling light.” 


357 


Classical designs of Juno usually show 
three pear-shaped pearls pendant 
from her ears. The number three was 
sacred to the Goddess in her three-fold 
aspect, and also denoted fertility. The 
pear-shape may be meant to evoke the 
pregnant female form. No informa- 
tion remains as to why earrings were a 
more significant ornament than, say, a 
pearl choker or ring. Perhaps the ear, 
often described as ‘shell-like’ by poets, 
served as a creative simile to the oyster 
which had originated the lovely jewel 
and was therefore supposed to have a 
special affinity for them. Joan Dickin- 
son theorizes that the custom of pier- 
cing the ears and adorning them with 
pearls may have originated with the 
cult of the shells, and the idea that the 
’sound of the sea’ one hears roaring in 
many shells was the voice of the Gods. 
By piercing the ear, as many natural 
shells are pierced (such as abalone), 
people may have hoped to maintain a 
constant connection to the voices of 
the Gods. The image of ‘Venus on the 
Half-Shell’ popularized by Botticelli’s 
painting becomes more clear when 
Venus’ symbolic relationship with 
pearls is kept in mind. In Rome, the 
interior of the temple of Venus was 
covered with pearls honoring She 
who was foam-born like them. Pliny 
reported that pearl-oysters lived in 
communities like swarms of bees, gov- 
erned by one of great size and age 
which protected her subjects from 
danger. What seems at first to be an 
uneducated fantasy actually shows the 
mythic connections of pearls to matri- 
archal Goddess-worship. Bees were 
sacred in Crete, where the Mother 
Goddess and her earthly representa- 
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tion (known as The-Goddess-on- 
Earth) reigned supreme. Since pearls 
and pearl oysters were a part of the 
cult of the shells, with its worship of a 
supreme female deity, it was assumed 
that oysters had a social system similar 
to bees and early matriarchal com- 
munities. 

Because of its association with the 
moon and the mysteries of creation, 
the pearl is the most expressly femi- 
nine of all gems. Most likely, the pearl 
was the first gemstone used for adorn- 
ment. Probably discovered by the 
earliest humans as they pawed 
through edible shellfish, we can 
imagine the thrilling impression the 
initial discovery of pearls must have 
made upon the human mind. Unlike 
other gems, pearls require no faceting, 
polish or other human skill to make 
them cast forth their luminescent 
glow. The pearls’ resemblance to the 
moon must have been immediately 
apparent, and this mystical connec- 
tion caused them to be held in great 
awe. Gold, diamonds, iron and other 
precious stones and metals harvested 
from the earth were symbols of 
wealth, status and royalty only as 
civilization became sophisticated 
enough to mine and shape them for 
valued use. Before any of these sub- 
stances were known, the burgeoning 
seashore civilizations worshipped the 
pearl and the cult of the shells. Along 
with the earth herself, the moon was 
the first deity honored by the old 
Nature religions. Queen of the night, 
fertility, tides and time waxed and 
waned beneath her omniscent gaze. 
The miniature moons known as pearls 
were her most valuable talisman, con- 
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veying divine power to their posses- 
sors. From earliest times through the 
customs of recent royalty, two bands 
of pearls set on a wide piece of ribbon 
and worn on the head symbolized 
descent from the Gods, conferring the 
divine rights of rulers. Joan Dickinson 
notes, “We can only guess that in the 
old nature religion this might have 
been a moon-inspired halo: by the 
time we see it in the head-wreaths of 
the kings of Persia its origins ap- 
parently were taken for granted.” 
The oldest surviving pearl jewelry 
extant is a pearl necklace once worn 
by Queen Achaemenid at around 2300 
B.C., who ruled at Susa in Western 
Iran. The pearls of Persia were re- 
nowned throughout the civilizations 
of the ancient world. The dwellers of 
the fertile crescent knew the bodies of 
water surrounding the cradle of civili- 
zation—the Indian Ocean, Red Sea 
and Gulf of Persia—to be as rich in 
pearls as their fabled land was rich in 
soil. Divers gathered the pearls and 
sponges which grew in profusion in 
the Persian Gulf, and distributed them 
to a diverse host of traders and mer- 
chants who frequented Bombay. 
Another ancient use of pearl was 
discovered in the tomb of Queen Bhab 
of Sumer, where a gilded shell, gold 
spoon and carrying case, were found 
beside her. Apparently, all were used 
for the purpose of carrying and ap- 
plying powdered pearl to the Queen’s 
features. As Dickinson says in her 
work, The Book of Pearls, “Although 
male scholars refer to the find as a 
‘vanity’ case, it is likely that just as 
poetry began as prayers, and jewelry 
as religious amulets, cosmetics began 
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as symbols of religious devotion.” She 
goes on to conclude that queens like 
Bhab wore powdered pearl on their 
faces to emulate the shining of the 
moon, and make clear their position 
as Her representative on earth. Dick- 
inson points out that the Queen of 
Sheba is reported to have adorned her 
face with powdered pearl and gold 
dust, and that powdered pearl is one of 
the ingredients of kohl, the ancient 
cosmetic used by Egyptians as a spiri- 
tual statement as well as a beauty aid. 

Ceylon was also a famous source of 
pearls for the ancient world, and 
pearls have a place in Indian myth- 
ology from the earliest writings which 
have come to us. Circa 3300 B.C., 
Brahmans of the Indus River basin 
mentioned pearls in the pages of their 
religious classic, the Rig-Veda. Sing- 
halese historical records found in the 
Mahavansa and Dipavansa describe 
methods for gathering and evaluating 
pearls and note that King Weyaga 
gave his father-in-law a pearl worth 
200,000 rupees. Two of India’s most 
famous works, the Ramayana and the 
Mahabharata state that selected 
groups of individuals were trained 
both as warriors and pearl-divers. 
Were these aquatic warriors used as 
the first secret agent saboteurs of naval 
warfare? We shall never know. 

In an Indian text known as the 
Kalpa Sutra, one of the sacred books 
of the Jains, principal rivals of the 
Buddhists, describes their beautiful 
Goddess as adorned with pearls: 
“The pure cup-like pair of her breasts 
sparkled, encircled by a garland of 
Kunda flowers in which glittered a 
string of pearls. She wore strings of 
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pearls made by clever and diligent 
artists, strung with wonderful strings, 
a necklace of jewels with a string of 
Dinaros, and a trembling pair of ear- 
rings touching her shoulders, diffused 
a brilliancy; but the united beauties 
and charms of these ornaments were 
only subservient to the loveliness of 
her face.” 

At Mutan, one of the great Indian 
cities of antiquity, there was a Hindu 
temple containing an idol whose eyes 
were two large matching pearls, 
making Shakespeare’s conceit, ‘those 
are pearls that were his eyes,’ a reality. 
Hindu literature associates pearls with 
Krishna, the eighth avatar or incar- 
nation of Vishnu, one of the most 
popular Gods of Hindu worship. 
Another Indian myth recounts offer- 
ings made by the elements as gifts 
worthy of a deity; the air offered a 
rainbow which formed a halo over the 
God, the fire a falling star which 
served as a lamp, the earth a ruby 
which decorated the forehead, and the 
sea a pearl which was worn over the 


God’s heart. 
In the dramas of Kalidasa, the 


Hindu Shakespeare of 3rd Century 
A.D., pearls were called mukta, the 
pure. And the Atharvaveda, a 2,400- 
year-old manuscript, makes allusion 
to the use of an amulet of pearl shell 
and pearls among the Hindus as a 
means of bestowing long life and 
protection upon young Brahman dis- 
ciples. An excerpt from the ritual 
recites: 

“The bone of the Gods turned into 
pearl; that, animated, dwells in the 
waters. That I do fasten upon thee 
unto life, luster, strength, longevity 
unto a life lasting a hundred autumns. 
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May the amulet of pear] protect thee!” 


The five gems known to the Hindus as 
the maharatnani or ‘great gems’ were 
the diamond, pearl, ruby, sapphire 
and emerald which were correlated, 
respectively to the sun, moon, Venus, 
Mercury and Saturn. Together with 
four lesser gems they formed a talis- 
man known as the naoratna which 
theoretically combined the favorable 
influences of all the celestial bodies 
which brought their astrological 
power to bear on the fate of an 
individual life. The pearl was always 
deemed second or third in importance 
due to its association with the power- 
ful tide-changing moon. 

Pearls were also sacred in the 
Orient. The Chinese mention pearl 
gifts in the Scripture of Documents 
(Shu Ching) compiled in about 2,200 
B.C. Later references of the Chou 
period (1122-256 B.C.) list pearls as 
one of the most highly regarded gems. 
Some writers credited pearls as having 
originated in the brains of dragons 
(similar to the cobra-pearl myth of 
India). They were used as charms 
against fires and other disasters (the 
relation of pearls to the water element 
may have accounted for their sym- 
pathetic magic capabilities to defeat 
fire). Other Chinese writers describe 
pearls so brilliant they were visible at a 
distance of a thousand yards, swearing 
that rice could be cooked by the light 
from them. The Book of the Later 
Han regards the pearl as the hidden 
soul of the oyster. It is said by various 
Oriental sages that “Whisper the right 
word and a spirit will appear from the 
pearl, like a genie from a lamp to grant 
the speaker ali happiness on earth.” 
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The pearl was the sigil of kings in 
the Americas as well. The Aztec kings 
possessed pearls of great value; in 
Mexico, the palaces of Montezuma 
were studded with pearls and 
emeralds. Pearl necklaces dating from 
500 B.C. were found in Monte Alban 
in Mexico and many other types of 
pearl jewelry were found in ancient 
Inca temples and burial grounds in 
Peru. 

As we mentioned before, the 
ancient Greeks and Romans were 
especially partial to pearls. Pliny notes 
that a portrait of Pompey, conqueror 
of Pontus and Syria, was encrusted 
with pearls, and that it portrayed him 
wearing a crown featuring 33 fine 
specimens. The noblewomen of Rome 
were reputed to wear their pearls to 
bed with them at night so that the 
lunar globes would light their dreams 
with visions of beauty and abundance. 
The demand for pearls grew so great 
that sumptuary edicts were issued by 
several Caesars forbidding women un- 
der fifty-five and all women who were 
unmarried or childless from adorning 
themselves with the popular gems. It is 
generally admitted, however, that the 
Roman ladies turned a deaf ear to 
these attempts to regulate their plea- 
sures. For all their sternness, the 
emperors themselves were not im- 
mune to the lure of Venus’ baubles; 
Constantine’s crown and helmet, Cali- 
gula’s boots and Nero’s scepter and 
the masks of his retainers were all 
heavy with pearls. 

Since Cleopatra was known to her 
people as Isis-Incarnate, a living love 
Goddess, it is not surprising that 
dramatic legends concerning pearls 
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are associated with her reign. Her 
desire for the aquatic gems was 
rumored to be insatiable, and there is 
no telling how much her lavish use of 
pearls as personal ornamentation 
added to the fatal attraction cast by 
her beauty and power. It is said that 
she impressed the already infatuated 
Mark Anthony with her indifference 
to wealth by dissolving a magnificent 
pearl earring in her wine and quaffing 
the mixture with elan. In actual prac- 
tice, this feat would be impossible 
unless the pearl was pulverized and the 
wine was near vinegar. But perhaps 
the chroniclers of the time were too 
dazzled by the magic of the Isis- 
Incarnate to note such petty details as 
the grinding of the pearl to powder or 
the quality of the wine imbibed. If 
stories of Cleopatra’s predilection for 
dramatic enchantments are true, it 
might not be beyond her to use a 
goblet with a false bottom and recover 
the pearl intact for later use! The 
symbolism of the tale is more signifi- 
cant than its historical reality. By 
partaking of pearl, Cleopatra was 
indicating that while pearl was a rich 
and costly substance, that no nectar 
was too dear for the palate of a 
Goddess. In the Egypt of her day, 
rulers were still believed to be phy- 
sical incarnations of the Gods, so 
Cleopatra’s apparent hubris becomes 
understandable given the assumptions 
of her culture. 

Pearls have traditionally been talis- 
mans of mental as well as physical 
creation. While usually associated 
with Goddesses of love and procrea- 
tion, pearls were also especially sacred 
to the Nine Muses, the deities who 
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inspired humans to create poetry, 
drama and song. Pliny the Elder, 
Roman historian who lived from A.D. 
23-79 mentioned that caskets of 
pearls, most of them war trophies, 
decorated a famous altar to the 
Muses. It is easy to see the meta- 
phorical relationship between the 
pearl and spiritual sources of inspira- 
tion. Many artists have written of the 
link between suffering and creation 
and empathized with the homely oys- 
ter which covers the source of its pain 
with layers of glistening nacre, much 
the way the artist takes the pain in his 
or her life and covers it with layers of 
paint, clay or adjectives to create a 
thing of lasting beauty. One tribute to 
the oyster’s creative powers follows: 
Know you, perchance, how that poor 
formless wretch 
The Oyster, gems his shallow moon- 
light chalice? 
Where the shell irks him, or the sea 
sand frets, 
He sheds this lovely lustre on his grief. 
—Sir Edwin Arnold (1832-1904) 
“The Oyster” 


In the centuries which bridge the 
ancient past with our present, the 
pearl continued to be a source of 
wonder, speculation, wealth, meta- 
phor and even healing. In the Bible, 
sacred to Judeo-Christians, St. John’s 
conception of the heavenly city in- 
cludes gates of pearl (Rev. XXI,21). 
As the moon was once regarded as a 
door to spiritual illumination, so we 
see her emblem, the pearl, on the gates 
to a new heaven. The Biblical heaven 
was a heaven of the Father, but the 
symbols of the Mother Goddess 
guarded the gates therein with a mix- 
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ture of old and new symbology. The 
third of the Mohammedan’s seven 
heavens was entirely composed of 
pearl. The Bible refers to pearls many 
times as symbols of purity, chastity, 
great worth, and wisdom. One of the 
most famous Biblical references is 
‘Pearls before swine,’ which is a meta- 
phor for knowledge wasted on the 
ignorant or profane. Wisdom, like 
pearls, is formed by the slow accumu- 
lation of layers of knowledge. The 
pearl provides a lesson upon the uses 
of pain and adversity by converting 
affliction into a precious gem sym- 
bolic of all that is pure and 
beautiful. As the great Persian poet 
Hafiz says: 

“Learn from yon orient shell to love 
thy foe / And store with pearls the 
wound that brings the woe.” 

In many cultures, pearls were 
thought to have magical and curative 
powers. The Romans believed that 
yellow pearls brought wealth, brown 
pearls wisdom, white pearls freedom, 
and green pearls, happiness. The 
Chinese believed that pearls increased 
sexual vigor, improved eyesight and 
cured ailments of the ear. Since pearls 
contain a lot of calcium, it is possible 
that in a calcium deficient body they 
might stimulate healing. Eastern cul- 
tures such as Japan and China 
consumed little milk or dairy pro- 
ducts, so perhaps pearls—an 
expensive alternative!—provided 
some of the necessary nutrients. As to 
sexual vigor, the much touted story of 
Cleopatra suavely dissolving a large 
pearl in wine and sipping it before the 
bedazzled Mark Anthony certainly 
would seem to indicate that the in- 
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gestion of pearls makes one feel sexy. 
The Taoists considered pearls a vital 
ingredient in elixers of immortality. 
According to an old Taoist authority, 
one must take a long pearl worn for 
many years, and steep it in a combi- 
nation of serpent’s gall, honeycomb 
and pumice stone (the snake, bee and 
volcano represent the Goddess of life, 
destruction and rebirth). When the 
pearl becomes malleable it is drawn 
out to a length of two or three feet and 
cut into pill shapes which will prolong 
life indefinitely without need for 
further nourishment. 

Indian Gemmologist Raj Roop 
Tank describes the medicinal proper- 
ties of the pearl in his book, Indian 
Gemmology: “Pearl is specifically 
prescribed for diseases caused by the 
deficiency of calctum in human body 
and for the diseases of the heart. It is 
also indicated in diabetes, micturition, 
insanity and other mental diseases. 
Unbored pearls of good quality are 
crushed finely for eleven days in rose 
or Keora water. When reduced to a 
very fine powder and no granule re- 
mains, the paste is allowed to dry in 
shade and the powder is then taken as 
medicine with a suitable vehicle ac- 
cording to the directions contained in 
the well-known books of Ayurvedic 
and Unani systems of medicine.” 

The thirteenth century German 
monk Albertus Magnus listed pearls 
as being beneficial for ‘‘mental 
diseases, affections of the heart (also 
known as love-sickness) and in hemor- 
rhage and dysentery.” 

The famous ‘aqua perlata’ was re- 
garded as a sovereign remedy for 
almost everything (but especially 
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melancholy and the dread love-sick- 
ness) from the middle ages to 
Victorian times. Writer Anselmus de 
Boot and scientist Francis Bacon both 
believed in the efficacy of aqua per- 
lata, which was described as a mixture 
of fresh lemon and pearl powder, 
sometimes mixed with sugar, rose- 
water, tincture of strawberries, borage 
flowers, balm and cinnamon water. If 
nothing else, it sounds like a refreshing 
beverage for a sunny day at the beach, 
and the combination of calcium from 
the pearls and vitamin C from the 
fresh lemon probably had an invigor- 
ating effect. Other common pearl 
recipes from the Middle Ages include 
pearl milk or elixers of jacinth and 
pearl remedies which were applied for 
high fever or great weakness. These 
and other pearl concoctions probably 
had more magical than nutritional 
effect, but the placebo principle is as 
valid a medical concept today as it was 
to the healers and shamans of ages 
gone by. 

Of course, pearls were not always 
regarded as beneficial in their effects. 
Johann Wolff seriously considered 
whether the mysterious illness and 
death of popes Leo IV and Paul II 
could have been caused by the large 
numbers of pearls and stones they 
wore, the coldness of such objects 
causing a fatal chill to their owners. 
It’s lonely at the top . . . Like the opal, 
the pearl also suffered from the rumor 
that they lost their luster with the 
death of their owner. When the moon 
began to be regarded as a herald of 
baneful influences (e.g., Junacy) rather 
than a source of beneficient inspira- 
tion, pearls also assumed a question- 
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ably occult reputation. George 
Frederick Kunz casts the cold water of 
reason against this legend in his 
authoritative work The Magic of 
Jewels and Charms saying: “The 
invariable experience of the writer has 
been that whenever pearls have been 
said to have suffered in this way, the 
true explanation has been that they 
were old and poor at the time of their 
purchase, and that this romance was 
started on its travels =s an excuse to 
cover up the defect of such pearls and 
to arouse the belief that they had been 
remarkably beautiful and valuable 
when they were originally acquired.” 

In Europe of the Middle Ages, pear! 
powder was in vogue with the apothe- 
caries of the time, but the jewels 
.themselves were frowned on for the 
same reason that they were once 
honored: their connection with the 
powers of the moon. It was an age 
where woman’s power—the power of 
lunar cycles and everyday miracles of 
seasons and birth—was being 
crushed. As a moon talisman, pearls 
were tied in to the previously domi- 
nant Nature religions and therefore 
contrary to the creed of transcendant 
divinity. Many sumptuary laws were 
passed, restricting women from wear- 
ing pearls except under very limited 
conditions, such as the first ten or 
fifteen years after their first marriage. 
In 1609, all importation and dealing in 
pearls was forbidden in Venice, Italy. 
And in that same time range in Ger- 
many, the Bishop Tudertines excom- 
municated all the women of his 
diocese who wore pearls. In the 
American colonies, the Puritans ban- 
ned pearls as “Pagan symbols.” 
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Aceticism gave way to decadence by 
the dawning of the Renaissance. 
Queen Elizabeth I was known for her 
partiality to pearls as well as her reign 
of religious freedom and tolerance. By 
assuming the habit of a Goddess, she 
made her commitment to wordly plea- 
sures clear. There were no sumptuary 
edicts issued in Elizabeth’s time to 
deny the use of the earth’s wonders to 
enhance personal beauty. She wore 
increasingly grand numbers of gems as 
her age advanced, in the apparent 
hope that, dazzled by the radiance of 
her pearls, her subjects and suitors 
would be blinded to the fading of her 
youth. 

Joan Dickinson evaluates the his- 
torical and mythical significance of 
pearls in this summary: “As Nature 
herself became viewed simply as utili- 
tarian to man, the pearl became 
viewed either as ornament or utility.” 
Pearls have changed from moon 
symbols and objects of pantheistic 
worship, to occult or worldly tempta- 
tions, and to ornaments signifying 
wealth and power. In our agnostic age, 
they are objects of material value only. 
But the soft lunar glow of the pear! still 
captures our hearts, as the moon still 
shifts the tides in our blood. A woman 
clasps a strand of pearls around her 
neck .. . and Aphrodite weaves her 
magic once again. 
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Where Have All Our Answers Gone?... 
Or... Let Me Introduce You to Gill’s Index 


By JOSEPH O. GILL, C.G., F.G.A. 
Sotheby, Parke Bernet, Inc. 
Los Angeles, California 


What is a Gill’s Index? Gill’s Index 
is the guidebook to all English lan- 
guage literature on the subject of gems 
and jewelry . . . the bringing together 
and the mapping out of that vast body 
of published knowledge on this spe- 
cialized subject. This is the first time 
an effort of this kind has been made... 
and effort it was! 

Over a period of 12 years ] have 
been collecting a library of all books, 
papers and journals in the English 
language on gems and jewelry. For the 
first five years I sent out want-lists to 
over 300 fine book dealers all over the 
world and wrote a minimum of 20 
letters each day. It was a “blitzkrieg 
attack” to create a complete resource 
library as rapidly as possible. It was 
my intention to find every rare and old 
book available on the market having 
reference to gems. Since I only read 
English and I wanted a usable research 
library, the only limitation I placed on 
my collecting was that all publications 
had to be in the English language. I 
searched the bibliography of each new 
acquisition for other related publi- 
cations on gems and later found most 
of those references. 
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Journal collecting proved to be the 
most challenging. It was like assemb- 
ling a puzzle—trying to piece together 
the hundreds of odd issues needed to 
complete each set of journals. 
Through the courtesy of several gem 
institutes, my needs were made known 
through their publications. This was 
done as a kindness and I deeply 
appreciate all their efforts. Ultimately, 
full sets of all the major and many of 
the minor journals were collected. The 
articles in the journals were amazing 
in that they covered in depth so many 
rare and unique subjects. One con- 
centrated on lapidary, another on 
locations, and yet another on tech- 
nical gemology or jewelry styles. Of 
the journals I collected, the earliest 
commenced publication in 1882 and 
several continue to the present day, so 
it is possible to witness on the spot the 
development of the science of gem- 
ology. 

These journals together were like an 
immense volume of knowledge but 
with no index or table of contents. I 
had accomplished my goal of col- 
lecting a comprehensive research 
library only to find that it was of little 
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use without easy access to the facts 
within. Recognizing the need for ac- 
cess to this knowledge I decided to 
create a complete subject index for 
each publication within my library. 

Organizing the layout of such an 
index for quick information retrieval 
was not a small task. | decided that 
Part One should cover each gem indi- 
vidually, and over 180 gem materials 
are included. Part Two embraces 
world localities, country by country 
(93 countries in total), and the United 
States is further subdivided by state. 
Part Three consists of all the many 
technical aspects of gemology and 
includes a section on the growth of the 
various gem associations and _ insti- 
tutes over the world. Part Four 
comprises antique jewelry, fashion, 
museum collections, lapidary and 
jewelry making. 

The following journals are indexed 
individually in chronological order 
under each subject title within the four 
parts of the index: 


1) Minerals Yearbook (chapters on 


gemstones) 
2) Mineral 1882-1921 
Resources 
Mineral Industry 1905-1932 
Minerals 1932-1975 
Yearbook 
2) The Gemmolo- Aug., 1931- 
gist Dec., 1962 
3) Gems & Jan., 1934- 
Gemology Fall, 1977 
4) The Journal of = Jan., 1947- 
Gemmology Jan., 1978 
5) Lapidary Apr., 1947- 
Journal Apr., 1978 
FALL 1980 


6) The Australian July, 1958- 

Gemmologist Nov., 1977 

The journals have been listed sep- 
arately under each subject for the 
benefit of most readers who possess 
only one or two sets of journals. The 
researcher will also find this beneficial 
in keeping his references well organ- 
ized. The journals appear in the order 
in which they were first published and 
are listed that way throughout the 
text. 

Following the journals, under each 
subject within the four parts, under 
the title of “Gem Library Biblio- 
graphy,” is a chronological listing of 
relevant books and articles. These 
additional references are as complete 
as possible—from the first book on 
gems in the English language pub- 
lished in 1652 to the most modern 
studies. In addition to books I include 
in this section specialized geological 
survey publications from many count- 
ries, college theses, various museum 
publications, and articles from other 
journals not fully indexed. All articles 
related to gems and jewelry are in- 
cluded from such journals as: “The 
American Mineralogist,” “Nature,” 
“Scientific Monthly,” “Science,” “The 
Mineral Digest,” “Economic Geo- 
logy,” “The Mineralogical Record,” 
“Journal of the Mineralogical So- 
ciety of America,” “Life,” “Harpers,” 
‘“‘Jewelers’ Circular-Keystone,” 
“Engineering and Mining Journal,” 
“Rock and Gem,” “The Canadian 
Mineralogist,” “Rocks and Minerals,” 
“The Mineralogist,” “American Jour- 
nal of Science,” “Journal of the 
American Chemical Society,” “Min- 
eralogical Magazine,” “Nicholson’s 
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Journal,” plus many more. 

Many weekends I would start work 
at six o’clock in the morning and work 
straight through, with at most an 
hour’s break, till two o’clock the next 
morning. In the beginning I had no 
intention of publishing the index but 
meant only to use it for my own 
research. However, I showed my notes 
to several people from the Gemologi- 
cal Institute of America and they saw 
the index as a worthwhile contribu- 
tion to the study of gemology. They 
strongly urged me to finish my notes 
and prepare a manuscript as they 
would be pleased to publish the 
finished index. It took over 18 months 
of typing several hours a day just to 
copy my original handwritten notes. 

At last the research is done, the 
manuscript has been published, and 
“Gill’s Index to Journals, Articles and 
Books Relating To Gems and 
Jewelry” is available to all. In this 420 
pages of index one can see how jour- 
nals have attempted not to overlap 
each other in their special report 
studies, and they avoid repetition 
wherever possible. One is also able to 
see where the weaknesses occur in 


research. The text will be helpful in 
eliminating the reiteration of past re- 
ports and highlighting the potential 
for future original studies. The index is 
best used with some review of the 
introduction and especially the table 
of contents. 

This book will be used by min- 
eralogists, geologists, museums, 
libraries, students of gemology, 
writers, jewelers, amateurs or 
professionals planning gem field trips 
anywhere in the world, and by the 
more knowledgeable gemological as- 
sociations. 

After these 12 exciting and produc- 
tive years of collecting, my research 
library now includes every major pub- 
lication written in English on the 
subject of gems and jewelry and is one 
of the finest in the world. 

It’s a great pleasure to present Gill's 
Index through the Gemological Insti- 
tute of America which has continually 
brought us the latest developments. in 
gemology. I feel this effort was much 
needed and will be most appreciated 
by all gemstone and jewelry enthu- 
siasts. 


BOOK REVIEWS 


GILL’S INDEX TO JOURNALS, 
ARTICLES, AND BOOKS RELA- 
TING TO GEMS & JEWELRY 


A Review By Edward J. Gubelin, 
Ph. D., C.G., F.G.A., Lucerne, 
Switzerland 
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A precious technical book among 
the gem-literature. 

The newly published Gill’s Index is 
a helpful and time-saving instrument 
for all lovers of gems and jewelry who 
are not satisfied with merely owning 
or looking at these jewels but are also 
curious and interested about the ori- 
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gin, composition, formation - in short: 
all the knowledge that distinguishes 
the amateur from the expert. What is 
Gill’s Index? 

Joseph O. Gill, F.G.A., C.G., G.G., 
has created a reference-book that 
gives multi-dimensional information 
of the entire literature about gems and 
jewelry in the English language. Gill’s 
Index mainly brings the publications 
of the eighteen leading technical jour- 
nals (like The Gemmologist, Gems 
and Gemology, The Journal of Gem- 
mology, The Australian Gemmolo- 
gist, The Lapidary Journal etc.,) ina 
suitably structured summary. 

The book consists of four parts. 

The most extensive is the first part, 
which gives information about the 
general nature of natural gems and 
synthetic stones. Following are expert 
articles about more than 180 kinds of 
gems and decorative stones in alpha- 
betical order from Actinolite to Zoi- 
site. 

The second part of the index puts 
the gemological literature in order of 
the geographical origin. Here, the 
scientific essays have been arranged 
under more than 140 places of dis- 
covery. 

In the third part there are works 
about the gemological science, and the 
fourth part brings order into all the 
publications worth knowing about 
antique gems and jewelry. In all in- 
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stances, under each of the already- 
mentioned sections, the title of each 
work is listed as in the technical 
journal and in chronological order, 
whereby the page number and also the 
names of all authors of importance are 
given. 

Those who own Gill’s Index never 
have to fear questions like: What is a 
Hambergite? Where does Ekanite 
come from? What are the character- 
istic properties of black coral? Which 
gems do you find in Kenya? etc. Every- 
one can immediately find the pertinent 
source in Gill’s Index to be able to 
answer all questions. Even just 
reading the titles to the articles often 
gives answers to such questions and 
transmits much knowledge, so that 
one can see Gill’s Index being used for 
revision purposes by scientists and 
students. No wonder the publisher of 
Gill’s Index, the G.I.A., is proud of 
this work, and has therefore promised 
to renew it every few years. This 
welcome decision removes all doubts 
about whether or not to buy the book. 
(G.L.A. Bookstore, 1735 Stewart 
Street, Santa Monica, California 
90404). 

The idea and concept of Gill’s Index 
should be taken up by other scientific 
branches of knowledge. After all, the 
motto for the expert stands: Not the 
not-knowing is shameful, but the not- 
knowing where you could look it up! 
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GEMOLOGICAL NOTES 


The Optical Constants of GGG 


By K. NASSAU, Ph.D. 
Bernardsville, N.J. 07924 


Since it was first used as a diamond 
imitation in the early 1970s, the opti- 
cal constants of Gadolinium Gallium 
Garnet (GGG) have usually been 
given as RI 2.02 or 2.03 and DISP 
0.038. I myself have used these values 
and am sometimes quoted as the 
source, but have merely repeated data 
current in the field. 

Recent precision measurements by 
Dr. D. L. Wood of the Bell Telephone 
Laboratories gave the following 


values (rounded to five significant 
figures): 


Refractive (sodium light) 1.9698 
Index 
(G, 4308A) 2.0043 
(B, 6870A) 1.9597 
Dispersion (G - B) 0.0446 


Rounded off, the gemological 
values that should be used are: RI 
1.970, DISP 0.045. There could be a 
small variability derived from com- 
positional variations. 

I am grateful to Dr. Wood for 
permission to use his data. 


Remodeling the Ivory Tower 


By CHERI LESH 
Corte Madera, California 


The House of Representatives has 
passed a bill which would restrict 
ivory imports in an ecological move to 
help save the world’s remaining 1.3 
million elephants from extinction. If 
passed by the Senate, this bill would 
place a six-month ban on the trans- 
port of all elephant products in and 
out of the U.S. After the initial six- 
month ban, imports would be allowed 
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only with permits from the Depart- 
ment of the Interior. Such permits 
would be issued only if the nation 
exporting elephant products had U.S. 
approved regulations to protect their 
dwindling elephant populations from 
dangerous exploitation. 

Jewelers are as concerned as any- 
one with preserving these magnificent 
animals, yet they may have mixed 
feelings about the loss of the beautiful 
substance of ivory from the jeweler’s 
repertoire. Fortunately, many substi- 
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tutes for ivory exist, including bone, 
antlers, antique or fossilized ivory, 
plastic substances, fictile ivories, and 
vegetable ivory. 

Bone is, of course, the closest to 
ivory in its structure and composition. 
Though of a similar composition, it is 
somewhat less dense and does not 
show the graining usually seen in 
ivory. The bone most commonly used 
to simulate ivory is prepared from the 
long-bones of mammals, especially 
the bones of cattle, which are a by- 
product of the meat trade. There is no 
shortage of supply, so despite the 
necessary preparation of the material, 
called degreasing, it is a cheap and 
plentiful substitute. 

Antlers are a less commonly used 
substitute, but this natural animal 
product has great potential for more 
widespread use. Many deer shed their 
antlers every year and grow new ones, 
so the species need not be threatened 
by extinction because of the value of 
their horns. For instance, in Jackson 
Hole, Wyoming, the Boy Scouts make 
an annual collection of fine elk antlers 
which the elk shed seasonally. These 
antlers are then put up for sale, and are 
especially popular with Oriental 
buyers who purchase them for 
detailed carvings such as the Japanese 
netsukes and occasionally for their 
alleged aphrodisiac qualities. Deer 
horns are also commonly used for 
knife handles and inlay work. Deer 
horn is generally more brownish-yel- 
low in hue than bone or antique ivory, 
and has its own unique and distinctive 
beauty. 

It is sometimes possible to obtain 
antique elephant or whale ivory which 
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is already in this country. Since whales 
are even more endangered than cle- 
phants, no one would question the 
ethics of abstaining from purchasing 
whale materials from recent kills even 
if the law permitted it. But there is still 
some antique material from the days 
of the huge New England whaling 
industry which is generally used for 
scrimshaw. Curiously enough, one 
can occasionally obtain fossilized 
ivory from an animal already extinct, 
the woolly mammoth. Fossilized ivory 
from these ancestral elephants has 
been found in Northern Europe, Asia, 
Russia and the North American con- 
tinent, preserved in the natural refri- 
gerator of glacial ice. This ancient 
ivory tends to have a mellow tan or 
yellowish tint and, aside from a slight 
brittleness due to age, is identical to 
modern ivory. 

The plastic ivory imitations are 
probably the most widespread and 
cheapest form of ivory substitute 
available. Types used for the pro- 
duction of artificial ivory substances 
include cellulose acetate, ethyl cellu- 
lose, bakelite and other thermoplas- 
tics, as well as casein, which is a milk 
by-product. Plastic substitutes usually 
exhibit a noticeably lighter weight and 
specific gravity than bone or ivory. 
The plastics usually exhibit little or no 
graining but can appear quite con- 
vincing, particularly when the pieces 
are small or used in conjunction with 
other jewelry materials. Ivory-like 
plastics may be dyed to obtain an 
‘antique’ look, and sometimes these 
‘aged’ hues are the most convincing in 
appearance. 

Other prepared imitations are 
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known as Fictile ivories; these are 
copies or reproductions of artistic 
ivories made of plaster of paris (gyp- 
sum) tinted with yellow ochre. The 
glossy surface appearance of such 
imitations is a result of treating the 
surface with a mixture of wax, sper- 
maceti or stearine. These artificial 
ivories are the easiest to distinguish 
from genuine ivory, and thus the least 
useful to the jeweler. 

Perhaps the most unexpected and 
fascinating of the ivory substitutes is 
vegetable ivory. There are two sources 
for vegetable ivory, the ‘ivory-nut 
palm’ which_is native to South Ameri- 
ca, the fruit of which is known as 
Corazo Nuts, and the nuts of the 
Doum Palm which grows in North 
Africa, especially Egypt. The ‘ivory’ of 
the Corozo nuts has traditionally been 
used in the manufacture of chess 
pieces, small ornamental objects and 
buttons. While the size of the nuts is 
too small to fashion very large ob- 
jects, larger pieces may be constructed 
by interlocking pieces or with a mosaic 
technique. An example of this artistic 
approach is the model temple in 
vegetable ivory exhibited at the Royal 
Botanical Gardens at Kew. Both 
species of vegetable ivory have a lower 
density than dentine ivory, but with 
their attractive appearance and high 
polish they are easily mistaken for the 


more valuable animal product. 
Vegetable ivory may be easily dyed to 
resemble antique ivory or horn, and in 
some cases has even passed for coral. 
The structure of both palm nuts is 
pure cellulose, and their cellular struc- 
ture often creates a grain appearance 
similar to animal ivory. 

Jewelers can take heart, then, that 
the beauty of ivory jewelry need not 
pass into extinction, Even customers 
who initially insist on ‘genuine’ ivory 
can probably be mollified by appeal- 
ing to their natural desire to preserve 
the intelligent and fascinating 
elephants for the enjoyment of future 
generations. Ivory substitutes enable 
the customer to enjoy the beauty of 
ivory while feeling a sense of satis- 
faction that they are contributing to 
the protection of a vanishing species. 


Sources: 
Robert Webster, F.G.A., THE 
GEMMOLOGIST 
Oct. 1936, Vegetable Ivory, p. 71, 7 pp. 
May, 1944-Aug. 1945, Ivory, Its 
Varieties and Imitations. 
Robert Webster, F.G.A.. GEMS & 
GEMOLOGY 
Winter, 1948, Ivory or Bone, p. 105, 6 
pp. 
Summer, 1949, Vegetable Ivory, p. 
179, 5 pp. 


Gemology As a Profitable Sales Tool 


By STUART J. MALKIN, B.Sc., G.G. 


Our firm has, through experience 
and intuition, developed a series of 
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operating concepts which we have 
found to be not only ethical but highly 
profitable. They are presented here as 
they specifically relate to the sale of 
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gemstones and jewelry. 

We use gemology as a basis for 
sales. Most customers are very inter- 
ested in the gemstone(s) they are con- 
sidering purchasing. We “instruct” our 
customers in the gemological aspects 
of the stone they are purchasing; 
where such stones are found, how 
they are mined, why they are rare or 
exist in limited supply. These concepts 
make every gemstone a “conversation 
piece” for the customer. 

We first try to establish the cus- 
tomer’s preference in gemstones, then 
in the mounting. We like the GIA 
concept that the jewelry should be 
purchased before the clothes. Our 
customers like to build a coordinated 
outfit around and based on the gem- 
stone! 

It is important that the negative 
aspects of a gemstone be completely 
revealed to the customer. This not 
only builds his appreciation for stones 
of better color and clarity, but rein- 
forces his judgement of you as a 
trained, ethical gemologist. Further, 
inclusions in gemstones can be a valu- 
able sales aid. For one thing, they are 
frequently “proof” of a “natural” stone 
- a good concept for a customer to 
understand and appreciate. Inclusions 
are also a good point of interest for the 
customer when he is proudly display- 
ing his acquisition. They open the 
door to the sale of other gemstones as 
the customer’s appreciation builds. 
We teach our customers to use a 
loupe, and for larger gemstone sales 
we present the customer with a loupe 
and pair of tweezers. 

Any appraisals or “calls” the gemo- 
logist makes should be conservative. 
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Color gradings, split clarity calls, qual- 
ity judgements of colored stones, etc., 
should all be made on the low side. We 
believe this operates to the customer’s 
great advantage - you should do it, 
and tell the customer you are doing it! 
Most everything you do should be in 
writing. Certainly stones or jewelry 
submitted for repair, remount or ap- 
praisal should be examined in the 
customer’s presence and descriptions 
recorded. Flaws, suspicion of synthe- 
tics, etc., should be dutifully recorded 
as this can only increase the 
customer’s awareness of your profes- 
sionalism. 

You should maintain and publicize 
a gemological laboratory with the best 
instruments available. We give our 
customers a list of all our equipment, 
as they appreciate knowing that their 
gemstones were thoroughly examined 
scientifically and professionally. We 
conduct a gemological examination of 
every stone sold by us or submitted to 
us. “Sight calls” are out of place in our 
concept. Normally, we do not allow 
customers to observe testing proce- 
dures, but we are glad to discuss them 
in detail should a customer be inter- 
ested. 

Master sets should be constructed 
for the gem being graded. CZ color 
masters are fine for grading Cubic 
Zirconia but not for grading 
diamonds. There is a tendency, due to 
the relative ease of assembling a CZ 
Master Set, to eliminate the, need for 
diamond master grading stones. We 
feel this would be a professional fail- 
ing. So we use the very fact of a GIA 
master diamond grading set as a sales 
point. 
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We encourage questions and future 
customer contact. We want customers 
to think of us when they have 
questions about gemstones—as we 
will take the time to increase their 
understanding, notwithstanding the 
absence of an imminent sale. 

It is no accident that “natural,” 
“real” and “honest” continue to sur- 
vive as concepts which most people 
truly hold as highly desirable life 
criteria. That such concepts are not 
operative in many segments of the 
business community is a source of 
great disappointment. Our language 
itself has added a new term, “rip off,” 
to characterize the popular view of the 
business world, sometimes with con- 
siderable justification. 

Happily, there is an alternative and 
it has total applicability to the gemolo- 
gist/ jeweler: “Always operate in your 
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customer’s best interests.” Think 
about that! To construct your busi- 
ness philosophy around a concept that 
says “every decision I will make today 
about this job, this ring, this gem- 
stone, this sales presentation - or what- 
ever - will be from the customer’s 
vantage and in their best interests.” 
You will discover that such a business 
posture is the most profitable 
Operating concept ever conceived. 
Patently, customers will return to you 
for sale after sale; you and your 
employees will be happier with your- 
selves and radiate this happiness to 
customers. It is to your advantage that 
many businesses do not operate this 
way and would never think of doing 
so, therefore, YOU and YOUR com- 
pany can emerge as the trained and 
ethical gemologist/ jeweler. 
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Aschentrekker 


By BETSY BARKER, G.G. 
Gemological Institute of America 
Santa Monica, California 


Aschentrekker — the ash-drawer 
— tourmaline; the mysterious bit of 
stone that pulls ashes out of the bow! 
of a long clay pipe. During the 1700's 
in Holland, this was a favorite toy for 
the wealthy traders and a question 
for the scientists of the European 
world. For the Dutch, it was magic 
brought back from the fantasyland of 
the distant colonies in Asia. Like a 
magnet, the aschentrekker seized the 
minds of the western world with its 
magical power to attract ashes. 

Holland, (now the Netherlands) 
was immensely powerful in the 
1700’s. Her navy controlled the seas 
of Europe, and traded with the 
almost mythical lands of Asia. When 
tourmaline first arrived from Sri 
Lanka in 1703, Holland was a 
paradise for the middle classes. 
Bankers, skilled shipwrights, and 
textile barons provided a ready 
market for the skills of painters such 
as Rembrandt, Van Dyck, and 
Vermeer. One of the paintings by an 
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English artist, Hogarth, shows a 
young man viewing the sun througha 
transparent, gemmy crystal of 
tourmaline. 

But without tobacco, a recent 
import from the Americas, the odd 
properties of tourmaline would have 
been unknown. Although primitive 
cultures in Africa and Europe had 
used pipes. it was not until the 
Golden Century of Holland in the 
1600’s that sailors brought back the 
custom of smoking tobacco ina pipe. 
Tobacco is native to the Americas. 
and many of the fortunes of early 
settlers in the Colonies were based on 
the cultivation of this plant. The 
Spanish, notorious conquerors of 
South America. were the first to 
succumb to nicotine addiction, but 
the rest of fashionable society soon 
adopted this habit. All Europe began 
to reek with the smoke of a thousand 
tiny fires. 

Along with pipe smoking the use of 
tourmaline spread from the Low 
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Countries to the capitals of eigh- 
teenth century Europe. Along with 
the mania for this unusual crystal 
went the name, turmali, coined from 
the Sinhalese word. In Ceylon (now 
Sri Lanka), turmali refers to a mixed 
lot of yellow and brown pebbles 
found in gem gravels around 
the island. These lots usually 
included zircon as wellas yellow and 
brown tourmaline. The first recorded 
import of tourmaline from Ceylon 
was in 1703, but other sources in the 
Western world were known before 
this time. The island of Elba, known 
as the prison for Napoleon the First 
ina later time, produced a variety of 
colored gems, all with an unusual 
layer of black color on the free end of 
the crystal. Brazil also produced a 
variety of colored tourmaline, but 
few sources record imports from this 
area. Since the green tourmalines 
were being imported under the name 
“Brazilian Emeralds,” it is unlikely 
that any tourmalines were imported 
for their own beauty. In every age, 
other green gems have been substi- 
tuted for costly and rare specimens of 
emerald. If only the refractometer 
had been invented at this time, 
identification would have been 
simple! 

Scientific authorities in Europe 
tried to identify and classify the 
tourmaline from Sri Lanka. The 
quest for knowledge in this era led 
them to investigate the bit of parlor 
magic known as “aschentrekker.” 
The distinctive crystal structure of 
tourmaline causes two unusual 
properties, pyroelectricity and piezo- 
electricity. Scientists today explain 
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the “aschentrekker” as a phenom- 
enon of pyroelectricity, but in ancient 
times it was a mystery controlled by 
powers beyond comprehension. 
Early researchers into the occurrence 
of pyroelectricity included Thales, 
who reported that amber would 
attract dust when rubbed. This 
observation was made in 600 B.C., 
well before the founding of GIA. 
More recent scientists such as Gilbert 
noted the same effect in several other 
gems in the Sixteenth century. 
Gilbert named _ this strange effect 
electrification, to commemorate the 
work of Thales. The root of 
electrification is electron, the Greek 
word for amber. Diamond, topaz 
and glass also can exhibit the power 
of attraction. The French Academy 
of Science learned of pyroelectricity 
when Monsieur Lemery demon- 
strated it before the members in 1727. 
To Carolus Linnaeus, the noted 
Swedish botanist, tourmaline was 
“borax electricus” or electrical stone. 
It remained for later research to 
classify this complex gem more 
completely. 

Rome de Lisle, noted for postu- 
lating the rule of the constancy of 
interfacial angles, concluded that the 
tourmalines from Sri Lanka were 
indeed the same as the schorl (black 
tourmaline) found in mines in 
Germany. The founder of the science 
of crystallography, the Abbe Rene 
Just Hauy, also studied the tour- 
maline to discover its true nature. But 
it was not just the French who 
explored the scientific problem. 
Benjamin Franklin, hero of early 
American history, corresponded 
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with English colleagues about 
tourmaline and its peculiar proper- 
ties. 

John Ruskin, a noted mineralo- 
gist, studied the chemistry of 
tourmaline. In 1858, he explained 
that tourmaline is composed of: 

“a little of everything; there’s 

always flint, and clay, and 

magnesia in it; and the black is 
iron, according to its fancy; and 
there’s boric acid, if you know 

what that is; and if you don’t, I 

cannot tell you today; and it 

doesn’t signify; and there’s potash 
and soda; and on the whole, the 

chemistry of it is more like a 

medieval doctor’s prescription 

than the making of a respectable 
_ mineral.”! 

Recent studies have agreed that the 
chemical formula of tourmaline is 
extremely complex. The three main 
groups are alkali, iron and mag- 
nesium based. The chemica! formula, 
to be complete, is: (Na, Ca) (Li, Mg, 
Al) - (Al, Fe, Mn), (BO3)3 (SisO;) 
(OH). This jumble of parentheses 
translates into a series of closely 
related minerals separated by slight 
chemical variations. Each element 
shown in the first three pairs of 
parentheses can substitute for 
another in the same parentheses. 
Gemmy material is usually elbaite, a 
lithium tourmaline. Liddicoatite, 
though only recently discovered, has 
been faceted into unusual shapes to 
show off the common bright green 
and shocking pink bicolor. However, 
no cameo artist has yet carved the 


“The Tourmaline”, by Louis Zara, “Mineral Digest”, Winter 
1973, p. 35. 
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portrait of the famous gemologist in 
a specimen of the gem that bears his 
name. 

Either heat or pressure can 
generate an electrical charge in the 
hemimorphic structure of tourma- 
line. The power of the “aschen- 
trekker” is due to the difference tn 
electrical charge that can be created 
at the ends of a tourmaline crystal. 
The phenomenon responsible for this 
effect is pyroelectricity. Pyroelec- 
tricity is another word that has its 
origins in the Greek language. Pyro 
means heat or fire, while electricity is 
from the original Greek word for 
amber. Heat, whether in the form of 
sunlight or friction, can cause 
tourmaline to attract dust and bits of 
paper. A crystal of tourmaline in a 
sunny display window will accumu- 
late dust and lint particles as long as 
the sun shines. If a slender pencil of 
tourmaline is rubbed hard with a 
woolen cloth, the same effect can be 
seen. The gem will pull bits of dust 
closer as if by magic. Bright, intense 
lamps of a jeweler’s showcase can 
also heat the tourmaline enough so 
that it will soon be covered with a 
layer of fine dust. The heat loosens or 
breaks the atomic bonds on the 
surface of the gem, resulting in the 
movement of electrons within the 
crystal, and anelectrical charge at the 
ends of the long c axis. When the 
crystal cools, the electrons are drawn 
back into their original position, 
causing a reversal of the electrical 
charges in the crystal. When a pencil 
of tourmaline is inserted into the 
bowl of a pipe, the warm ashes heat 
the crystal, creating an electrical 
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charge that pulls the ashes out of the 
bowl. 

Similar to pyroelectricity is the 
phenomenon of piezoelectricity. 
Both phenomena are due to changes 
in the electrical field of a tourmaline 
crystal, but the piezoelectric charge is 
caused by pressure, not heat. The 
piezoelectric charge was discovered 
in 1881. by two of the famous Curie 
family, Pierre and Jacques. When 
pressure is applied down the length of 
the c axis, an electrical current is 
generated that creates a positive 
charge on one end of the crystal, and 
a negative charge on the opposite end 
of the crystal. This pressure also 
causes a slight rearrangement of the 
electrons in the crystal, creating 
opposite charges at the ends of the 
crystal. Although few crystals show 
this phenomenon strongly, it can be 
used in a variety of industrial appli- 
cations. 

The amount of current created is 
directly related to the amount of 
pressure on the crystal and the size of 
the area that is compressed by the 
pressure. A strong alternating 
current can be created in a piece of 
tourmaline if it is struck repeatedly 
along the c or long axis. When the 
pressure is on, the current flows in the 
opposite direction. While a very 
slight pressure will not cause a 
current, pressure gauges of tour- 
maline have been used to record the 
power of surf breaking ona sea wall. 
More common uses of pressure 
gauges of tourmaline include depth 
recording devices in submarines, and 
blast pressure indicators. 

Tourmaline is a remarkable gem, 
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not only for its striking beauty, but 
also for its many industrial uses. The 
variety of colors make tourmaline 
appealing to every fashion and style. 
Since tourmaline is not well known 
to the buying public, the merchan- 
dising possibilities are limitless. 
Because of the glamour of tourma- 
line, it will rarely be in a jeweler’s 
window long enough to draw dust. 
The true value of the “aschentrekker” 
is in its power to enchant and attract 
anyone who appreciates this ex- 
ceptional gem. 
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1980 Schuetz Design Contest Winner 


The winner of the 1980 George A. 
Schuetz Memorial Fund Jewelry 
Design Contest was Susan Hastings 
Bates, who works for Laykin et Cie. in 
San Francisco, California. Ms. Bates’ 
design, pictured here, is for a pair of 
men’s cufflinks in 18K yellow gold, 
each set with two trilliant-cut dia- 
monds in platinum prongs. There are 
two 18K pressure hinges on the backs 
of the cufflinks. 

Second Place in the judging was 
awarded to Rose Kam Sun Wong of 
Victoria, British Columbia, Canada, 
for a man’s ring set with a black pearl 
and black chalcedony. Third Place 
went to Sara A. Hitt of Palo Alto, 
California, for cufflinks set with four 
15-point diamonds and black onyx. 

The First Place winner is awarded a 
$500 scholarship to be used for any 
jewelry-related training at any insti- 
tution of the winner’s choosing. 

The Panel of Judges, who select the 
winning entry on the basis of beauty 
and originality of design, feasibility of 
wear, manufacturability and the ef- 
fective use of materials, included: 

Howard J. Henkes, Henkes Jewel- 

ers, Los Angeles, CA. 

Edward Newman, graphic designer 


and illustrator, Santa Monica, 
CA. 
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Pepi Kelman, designer, Nova 
Styling Inc., Los Angeles, CA. 
Carl S. Chilstrom, GIA Staff, Santa 

Monica, CA. 


Our thanks to the Panel of the 
Judges and to all the contestants, and 
our congratulations to the winner. 
The Schuetz Contest, which is for 
men’s jewelry specifically, is held an- 
nually, and anyone who wishes to 
enter in 1981 should contact GIA for 
contest rules and entry blanks after 
October. 
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CALL FOR MANUSCRIPTS 


In 1981, the Gemological Institute of America will celebrate 50 years of leadership in the 
study and teaching of gemology. In conjunction with this celebration, the Institute is 
totally restructuring its publication, GEMS & GEMOLOGY, to better serve the gemological 
community. This new professional journal will promote research in gemology and com- 
munication among all those interested in gemstones and gem materials. 


Editor in Chief, Richard T. Liddicoat, Jr., President of GIA, will be assisted in the develop- 
ment of the new journal by Associate Editors Peter C. Keller, Ph.D. and D. Vincent Manson, 
Ph.D. and by Managing Editor Alice S. Keller. 


Prospective authors are invited to submit manuscripts from all relevant fields, including 
(but not limited to} colored stones, diamonds, gem instruments, gem localities, synthctics, 
gemstones for the collector, pearls, and the jewelry arts. Manuscripts may be submitted 
as original contributions (original studies and laboratory or field research), gemology in 
review (comprehensive reviews of topics in the field), and notes and new techniques (brief 
preliminary communications of recent discoveries or developments in gemology}. Authors 
are encouraged to submit both color and black-and-white photos and suitable line illus- 
trations to support their articles where appropriate. 


All submitted manuscripts will be promptly reviewed by at least two members of GEMS 
& GEMOLOGY’s distinguished editorial review board. Authors will remain anonymous 
during the selection process so that all articles will be reviewed on the basis of merit alone. 
Every effort will be made to publish papers as quickly as possible after acceptance. The 
new GEMS & GEMOLOGY will be published quarterly, beginning with the Spring 1981 issue. 


Please direct requests for style sheets and other editorial communications to: 


Alice S. Keller, Managing Editor 
GEMS & GEMOLOGY 
1660 Stewart Street 
Santa Monica, CA 90404 
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The New 


GEMS & GEMOLOGY 
Suggestions for Authors 


The following guidelines were pre- 
pared both to introduce you to the new 
GEMS & GEMOLOGY and to let you 
know how we would like a manuscript 
submitted for publication to look. No 
manuscript will be rejected because it 
does not follow these guidelines pre- 
cisely, but a well-prepared manuscript 
helps reviewer, editor, and reader ap- 
preciate the article that much more. 
Please feel free to contact the Editorial 
Office for assistance at any stage in the 
development of your paper, whether 
to confirm the appropriateness of a 
topic, to help organize the presenta- 
tion, or to augment the text with 
photographs from the extensive files 
at GIA. We look forward to hearing 
from you. 


Introduction 


GEMS & GEMOLOGY is an inter- 
national publication of original con- 
tributions concerning the study of 
gemstones and research in gemology 
and related fields. Topics covered in- 
clude (but are not limited to) colored 
stones, diamonds, gem instruments, 
gem localities, gem substitutes (syn- 
thetics), gemstones for the collector, 
and jewelry arts. Manuscripts may be 
submitted as: 
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Original Contributions — full-length 
articles describing previously unpub- 
lished studies and laboratory or field 
research. Such articles should be no 
longer than 6,000 words (24 double- 
space, typewritten pages) plus tables 
and illustrations. 

Gemology in Review — comprehen- 
sive reviews of topics in the field. A 
maximum of 8,000 words (32 double- 
spaced, typewritten pages) is recom- 
mended. 

Notes & New Techniques — brief 
preliminary communications of recent 
discoveries or developments in gem- 
ology and related fields (e.g., new 
instruments and instrumentation 
techniques, gem minerals for the col- 
lector, and lapidary techniques or new 
uses for old techniques). Articles for 
this section should be approximately 
1,000-3,000 words (4-12 double- 
spaced, typewritten pages). 

GEMS & GEMOLOGY also in- 
cludes the following regular sections: 
Lab Notes (reports of interesting or 
unusual gemstones, inclusions, or jew- 
elry encountered in the Gem Trade 
Laboratories), Book Reviews(as sohi- 
cited by the Book Review Editor, 
publishers should. send one copy of 
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each book they wish to have reviewed 
to the Editorial Office), Gemological 
Abstracts (summaries of important 
articles published recently in the 
gemology literature), and Gem News 
(current events and upcoming acti- 
vities in the field; please keep our 
readers informed of meetings and 
other activities in your area of the 
country or the world by sending 
notices to the Editorial Office at least 
three months before the desired publi- 
cation date). 
Manuscript Preparation 

All material, including tables, le- 
gends, and references, should be typed 
double spaced on 8% x 11” (21 x 
28cm) sheets with 114” (3.8 cm) mar- 
gins. Please identify the authors on the 
title page only, not in the body of the 
manuscript or the figures, so that 
author anonymity may be maintained 
with reviewers (the title page is re- 
moved before the manuscript is sent 
out for review). The various compo- 
nents of the manuscript should be 
prepared and arranged as follows: 


Title page. Page 1 should provide: (a) 
the article title; (b) the full name of 
each author (first name, middle initial, 
surname), with his or her highest 
degree and affiliation (the institution, 
city, and state or country where he/ 
she was working when the article was 
prepared); (c) acknowledgments of 
persons who helped prepare the re- 
port, where appropriate; and (d) five 
key words that we can use to index the 
article at the end of the year. 


Abstract. Page 2 should repeat the 
title of the article followed by an 
abstract. The abstract (no more than 
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150 words for a feature article, 75 
words for a note) should state the 
purpose of the article, what was done, 
and the main conclusions. 

Text. Papers should follow a clear 
outline with appropriate heads. For 
example, for a research paper the 
headings might be: Introduction, Pre- 
vious Studies, Methods, Results, Dis- 
cussion, Conclusion, and Implications. 
Other heads and subheads should be 
used as the subject matter warrants. 
Also, when writing your article, please 
try to avoid jargon, to spell out all 
nonstandard abbreviations the first 
time they are mentioned, and present 
your material as clearly and concisely 
as possible. 

For general style (grammar, etc.) 
and additional information on pre- 
paring a manuscript for publication, 
A Manual of Style (The University of 
Chicago Press, Chicago) and The Ele- 
ments of Style (by Strunk and White, 
MacMillan Publishing Co., New 
York) are recommended. 

References. References should be 
used for any information that is taken 
directly from another publication, to 
document ideas and facts attributed 
to—or facts discovered by—another 
writer, and to refer the reader to other 
sources for additional information on 
a particular subject. Please cite ref- 
erences in the text by the last name of 
the author(s) and the year of publica- 
tion—plus the specific page referred 
to, if appropriate—in parentheses 
(e.g., Liddicoat, and Copeland, 1967, 
p. 10). The references listed at the end 
of the paper should be typed double 
spaced in alphabetical order by the 
last name of the senior author. Please 
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list only those references actually cited 
in the text (or tables or figures). 


Include the following information, 
in the order given here, for each 
reference: (a) all author names (sur- 
names followed by initials); (b) the 
year of publication, in parentheses; (c) 
for a journal, the full title of the article 
or, for a book, the full title of the book 
cited; and (d) for a journal, the full 
title of the journal plus volume num- 
ber and inclusive page numbers of the 
article cited or, for a book, the pub- 
lisher of the book and the city of 
publication. Sample references are as 
follows: 

Darragh PJ, Sanders JV (1976) Opals. 

Scientific American, 234:84-95. 


Heinrich KFJ (1968) Common Sour- 
ces of error in electron probe 
microanalysis. In J Newkirk et al., 
Eds., Advances in X-ray Analysis, 
pp. 40-45. Plenum Press, New York. 

Liddicoat RTL Jr., Copeland LL 
(1967) The Jewelers’ Manual, 2nd 
ed. Gemological Institute of 
America, Santa Monica, CA. 

Tables. Tables can be very useful in 

presenting a large amount of detail in 

a relatively small space, and should be 

considered whenever the bulk of in- 

formation to be conveyed in a section 
threatens to overwhelm the text. 
Type each table double spaced on a 
separate sheet. If the table must ex- 
ceed one typewritten page, please 
duplicate all headings on the second 
sheet. Number tables in the order in 
which they are cited in the text. Every 
table should have a title; every column 
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(including the left-hand colume) 
should have a heading. Please make 
sure terms and figures used in the table 
are consistent with those used in the 
body of the text. 


Figures. Please have line figures 
(graphs, charts, etc.) professionally 
drawn and photographed. High- 
contrast, glossy, black-and-white 
prints are preferred. 

Submit black-and-white photo- 
graphs and photomicrographs in the 
final desired size if possible. Where 
appropriate, please use a bar or other 
scale marker on the photo, not out- 
side it, rather than a magnification 
factor in the legend. 

Use a label on the back of each 
figure to indicate the article’s title (ora 
shortened version thereof) and the top 
of the figure. Do not trim, mount 
(unless one figure is composed of two 
or more separate photos), clip, or 
staple illustrations. 

Color photographs will be consid- 
ered for publication. Please include 
three sets of color prints or slides with 
the manuscript package submitted for 
publication consideration. 

All figure legends should be typed 
double spaced on a separate page. 
Clearly explain any symbols, arrows, 
numbers, or abbreviations used in the 
illustration. 


Manuscript Submission 

Please send three copies of each manu- 
script (and three sets of figures and 
labels) as well as material for all 
sections to the Editorial Office, in care 
of: 
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Alice S. Keller, Managing Editor 
GEMS & GEMOLOGY 

1660 Stewart Street 

Santa Monica, CA 90404 


Only manuscripts that have not ap- 
peared elsewhere in any but abstract 
form and are not under review else- 
where will be considered for publica- 
tion. No payment is made for articles 
published in G&G. 

Review Process 


Manuscripts are examined by the Edi- 
tor, one of the Associate Editors, and 
at least two reviewers. The authors 


will remain anonymous to the review- 
ers. Decisions of the Editor are final. 
All material accepted for publication 
is subject to copyediting; authors will 
receive galley proofs for review and 
are held fully responsible for the con- 
tent of their articles. 


Reprints 

Authors of all articles appearing in 
G&G will receive 50 free reprints 
approximately one month following 
publication. Additional reprints may 
be ordered directly from the Editorial 
Office. 


New Price Structure for Gems & Gemology 


Effective November 1, 1980, the 
Gemological Institute of America is 
changing the price structure for its 
quarterly Journal, Gems & 
Gemology, as follows: 


$16.50 (U.S.) 
$20.50 (foreign) 
Three years = $45.00 (U.S.) 
$55.00 (foreign) 


Special rates for students actively 
involved in a GIA program: 
One year =$12.00 (U.S.) 

$16.00 (foreign) 


One year = 
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These increases are being made to 
reflect the major redesign of the Jour- 
nal—expansion to an 84% x 11” for- 
mat, approximately 64 pages, with the 
regular use of color and the addition 
of several special sections. These 
changes will appear in the Spring 1981 
issue. 
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Carbon Dioxide As a Fluid Inclusion 


By JOHN |. KOIVULA 
Mineralogist-Senior Research Gemologist 
Gemological Institute of America 
Santa Monica, California 


Abstract 


Second only to water inabundance 
as a fluid inclusion filler, carbon 
dioxide in a liquefied form, because 
of its low critical temperature and ex- 
treme sensitivity to’heating, is often 
and easily overlooked. Found in nat- 
ural gem minerals, the explosive pres- 
sures CO? can generate in an inclu- 
sion chamber, even with only a slight 
rise in temperature, make it a type of 
fluid inclusion that all gemologists 
should be aware of. 


Discovery and Identification 

In the year 1823, while examining 
the interiors of several rough crystals 
of smoky quartz, topaz and sapphire 
under magnification, the Scottish 
physicist Sir David Brewster made 
note of and reported on a “remark- 
able new fluid found in the cavities of 
rocks.” Under the microscope he 
noted the strange new liquid he had 
discovered was found quite often in 
the presence of water although the 
two did not mix. The refractive index 
of the new liquid was less than that of 
water and it had a coefficient of ther- 
mal expansion of approximately 30 
times that of water. This new liquid 
was found to be of a non-wetting 
nature and would ball-up somewhat 
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like mercury rather than spread and 
wet the walls of its negative crystal 
host. In general he found the liquid to 
be quite active. 

Other researchers, interested by 
Brewster’s discovery, followed his ex- 
periments. They verified his findings 
and also noted that the density of the 
new liquid varied greatly under slight 
changes of temperature. Some small 
bubbles of this liquid could be made 
to sink or float in otherwise water- 
filled negative crystals simply by al- 
tering the temperature. 

It had been theorized that the new 
liquid might be carbon dioxide. But, 
it was not until 46 years later in 1869, 
with the discovery that CO2 could in 
fact be liquefied, that the liquid first 
described by Sir David Brewster was 
found by spectral analysis to be car- 
bon dioxide. 


Gemological Observations 

Since the time of Brewster and his 
colleagues the study of carbon diox- 
ide inclusions has been continually 
carried out through the years. Utiliz- 
ing infrared absorption spectropho- 
tometry by passing an infrared beam 
through a thin parallel windowed 
plate of a gem, mineral researchers 
have identified five separate forms in 
which carbon dioxide may occur in 
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inclusions. Three of these forms are 
found in solution with water. They 
are CO32, HCO3!, and H2COs, the 
other two forms being gaseous and 
liquid COz. 

It is these last two forms, the gas- 
eous and liquid carbon dioxide, that 
are of primary interest to the gemolo- 
gist. 

Liquid carbon dioxide has a criti- 
cal temperature of 31.2°C (88.2°F) 
minus two or three °C if the CO2 is 
not pure, as contaminants will de- 
press the critical temperature. 

The critical temperature is the 
highest temperature at which a gas 
can be pressure liquefied regardless 
of the amount of pressure applied to 
the system. The normal human body 
heat of 98.6° F is higher than carbon 
dioxide’s critical temperature. In the 
course of routine gemological test- 
ing, if the standard technique of ex- 
amination of the gem with the 
unaided eye is carried out, by the time 
the stone is examined under the 
microscope the temperature is usu- 
ally above the critical temperature 
and the CO: liquid phase is now a 
gas. 

Carbon dioxide also has a great 
sensitivity to infrared wavelengths 
that can produce localized heating 
and gasification of the liquid COz2 in 
the inclusion even though the surface 
of the specimen remains below the 
critical temperature. 

The amount of infrared present in 
normal incandescent illumination is 
quite adequate in locally gasifying 
the liquid COz inclusions. So if a pen 
light or other such source is used in 
the unaided eye examination, the 
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gemologist is almost sure to miss 
seeing the liquid phase. 

This problem can be avoided by 
going directly from the stone paper to 
the microscope utilizing a pair of cool 
tweezers to handle the gem. 

As the gem is gently warmed by the 
microscope illuminator the observer 
can watch as the critical temperature 
is slowly passed and the liquid CO2 
turns to a gas. 

During the transformation of li- 
quid to gas, the gas bubble might 
shrink and disappear, grow larger 
and then fade out, or the meniscus 
between the gas and liquid might 
appear to just fade out and some- 
times flatten without changing size. 

These changes are controlled by 
the degree of fill (critical density) of 
the fluid at the time of original for- 
mation of the inclusion in the crystal. 

When the inclusion cavity is first 
filled during growth, it is under the 
influence of the temperature and 
pressure present at the time of filling 
and sealing of the cavity. These prop- 
erties dictate a specific set of condi- 
tions for that inclusion. 

As the inclusion cools from its 
temperature of formation it passes 
below the critical temperature and 
liquid CO2 forms under the influence 
of the internal pressure. As the inclu- 
sion is reheated, during the last few 
degrees before the critical tempera- 
ture is reached, gross changes in the 
density of the liquid and gas phases 
take place. 

If the density of the CO2 is greater 
than the true critical density (degree 
of fill), then the gas bubble will shrink 
and fade as the critical temperature is 
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CARBON DIOXIDE IN GEMSTONES 

The following seven (7) pairs of photomicrographs illustrate liquid and 
gaseous carbon dioxide (COz) inclusions in (1) aquamarine, beryl, (2) 
smoky quartz, (3) sapphire, corundum, (4) topaz, (5) spodumene, (6) 
chrysobery! and (7) tourmaline. Those photographs on the left were 
taken below the critical temperature of 31.2°C and those on the right 
were taken above the critical temperature after the disappearance of 
the CO: liquid phase. Water is a common accompanying immiscible 
liquid with the CO2z. Water is present with the CO: in the spodumene, 
chrysobery! and tourmaline. Magnification range 25X to 70X 


Figure 1. Bery!. 


Figure 3. Corundum. 
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Figure 4 Topaz. 


Figure 7. Tourmaline. 
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reached. If the density is less, then the 
gas bubble will expand to fill the 
negative crystal as the meniscus fades. 
If the true critical density and the 
density of the COz inclusion at the 
critical temperature are essentially 
the same, then there will be no ob- 
vious change in the size of the gas 
bubble and the meniscus will fade 
out. 

Carbon dioxide fluid inclusions 
are under extremely high pressure 
even at room temperature. At the 
critical temperature of 31.2°C, liquid 
and gaseous carbon dioxide fluid in- 
clusions are exerting an outward 
pressure of over 1,000 pounds per 
square inch, and on heating above 
the critical temperature this pressure 
increases readily. 

Without the aid of a compensating 
external pressure, CO2 inclusions 
will commonly rupture long before 
the original filling temperature is 
reached. 


CO.zand The Jeweler 

For many years now carbon diox- 
ide fluid inclusions have intrigued 
countless numbers of gemologists. 
The gasification of the liquid phase as 
the critical temperature is passed has 
always been a source of fascination. 
In view of the internal pressures 
generated by carbon dioxide inclu- 
sions the manufacturing jeweler 
should be on guard as well. Carbon 
dioxide high pressure blowouts, the 
explosive mechanism behind many a 
fractured gem, may be one of the 
major microscopic features in detect- 
ing heat treated rubies and sapphires 
from Sri Lanka. 
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Another key to natural formation, 
liquid carbon dioxide inclusions are 
both interesting to observe and im- 
portant to be aware of. In the micro- 
scopic examination of gemstones 
containing liquid inclusions a point 
should always be made to study the 
gems below 88°F because you-never 
know what you're missing! 
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Developments and Highlights 
at GIA ’s Lab 


in Los Angeles 


By ROBERT E. KANE 


Unexpected Absorption Spectrum 
in Natural Emeralds 

A number of years ago Gilson 
introduced a new type of synthetic 
emerald, known to many gemologists 
as the Gilson type III. This type of 
synthetic emerald has since been re- 
portedly discontinued; they are still, 
however, seen occasionally in GIA’s 
Gem Trade Laboratories. Synthetic 
emeralds of this type have a bluish- 
green color and properties that are 
somewhat comparable to the proper- 
ties of natural emeralds. The refrac- 
tive indices are approximately 1.571 - 
1.579, the S.G. from 2.68 to 2.69, and 
there is no ultraviolet fluorescence. 
The absence of fluorescence was ac- 
complished by the addition of iron 
oxide, which in turn resulted in an 
absorption line at 4270 A. Until 
recently it was believed that this 
absorption line. or anything resem- 
bling it was not present in natural 
emeralds. We have seen, however, 
several emeralds of fine color (a few 
of them bluish-green) that have all 
exhibited absorption in the general 
area of 4270 A. This absorption has 
been relatively faint and in some 
cases difficult to distinguish from the 
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shaded absorption in the blue and 
violet regions of the visible spectrum. 
Detailed observation revealed a broad 
weak band from approximately 4250 
A extending to approximately 4305 
A, with suggestion of a slightly 
stronger absorption at 4305 A. Fig- 
ure 1 shows this absorption spectrum. 

The few emeralds that we have 
examined that exhibited this absorp- 
tion have had refractive indices that 
have been rather high, ranging from 
approximately 1.583 -1.590 to 1.589 - 
1.596, much higher than any known 
synthetic emeralds. The S.G. has 
been variable, but in the approximate 
area of 2.77. One of the stones ex- 
amined was inert to both long and 
short-wave ultraviolet light and the 
others exhibited a very weak orangy- 
red fluorescence to long-wave ultra- 
violet light, as would be expected 
with natural emeralds of such fine 
color. 

In comparison with most natural 
emeralds these stones have all been 
relatively free from inclusions. Of the 
inclusions that were seen nothing 
unexpected was noted; they contained 
inclusions such as two-phase, three- 
phase, biotite mica, fine needles, li- 
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quid inclusions, etc. Several of the 
emeralds that contained three-phase 
inclusions were reportedly of African 
origin. At the time this is being 
written further observation and a 
more detailed study is being under- 
taken in order to fully document this 
absorption spectrum and the proper- 
ties of these natural emeralds. 


Seldom Seen Absorption Spectra 
in Diamonds 

In the determination of origin of 
color in most colored diamonds, the 
use of the spectroscope is invaluable. 
This determination is usually very 
routine and we rarely find any new or 
unexpected absorption. In the past 
year however, we have seen several 
yellow-brown diamonds of natural 
color that have all exhibited a faint 
absorption line at approximately 
5601A. When this absorption line 
was first seen it was somewhat unex- 
pected; however, it now seems to be 
characteristic of natural color dia- 
monds with a “dirty” yellow-brown 
color. All of these diamonds have 
exhibited an orange fluorescence. 

Another unusual absorption pat- 
tern was seen in a fancy grey diamond 
of natural color weighing slightly 
over 4 carats. This diamond was the 


same stone that was seen a number of 
years ago in our New York Labora- 
tory and was mentioned in the Fall, 
1969, issue of Gems and Gemology. 
This diamond exhibited the unex- 
pected absorption pattern seen in 
Figure 2. This stone had a moderate 
absorption line at approximately 
5510A. This absorption spectrum was 
so unique, that we felt it was worthy 
of mentioning again. Another unus- 
ual feature that this diamond exhib- 
ited was its reaction to long-wave 
ultraviolet light; a very strong blue 
color with zones of yellow. Under 
short-wave ultraviolet light, a similar 
but weaker reaction was seen. This 
zoned fluorescence is shown in Fig- 
ures 3 and 4, photographed under 
long-wave ultraviolet light. 


Mobile Bubble in A Three-Phase 
Emerald Inclusion 

Gemologists are very familiar with 
three-phase inclusions in Colombian 
emeralds, the typical flattened void 
having a jagged outline containing a 
halite crystal and a gaseous bubble 
enclosed in a saline water solution 
(Figure 5). A three-phase inclusion of 
a type that is less familiar to some 
gemologists is shown in Figure 6. In 
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this inclusion, instead of the typically 
flattened void there is a larger negative 
crystal with a very “three-dimensional” 
appearance. Mineralogists are famil- 
iar with mobile bubbles that often 
occur in quartz and fluorite crystals. 
These mobile inclusions are some- 
times seen by gemologists in faceted 
quartz and fluorite, however, it is 
rare. An even less common occurrence 
is to see mobile bubbles in faceted 
emeralds. 

Emeralds with mobile inclusions 
contain larger negative crystals, such 
as the one seen in Figure 6. These 
chambers are large enough to enable 
the bubble to move when subjected to 
slightly elevated temperatures. Seen 
in Figures 6 and 7 is an excellent 
example of this type of three-phase 
inclusion. Figure 6 shows the emer- 
ald at room temperature; the bubble 
is stationary and very close to the 
halite crystal. After several minutes 
in the microscope the heat generated 
from the light source has caused the 
bubble to move with moderate speed 
to the right of the chamber (Figure 7). 
The bubble remained in this position 
until the stone was allowed to cool at 
which point it returned to its original 
position (Figure 6). 


Mobile Three-Phase Inclusion 

in A Sapphire 

Mobile bubbles are sometimes seen 
in natural blue sapphires. Also seen 
are mobile solids which in conjunction 
with the mobile liquid and gaseous 
bubbles create interesting mobile 
three-phase inclusions. These inclu- 
sions can easily be overlooked by a 
gemologist. In the microscopic ex- 
amination of a gemstone’s interior to 
determine the natural or synthetic 
origin of the stone, a negative crystal 
such as the one seen in Figure 8 may 
be mistaken for an included crystal. 
If, during the crystal’s formation, the 
walls of the negative crystal take on 
the externa! shape of the host crystal, 
as is often the case, it will resemble a 
solid crystal inclusion. 

The knowledge that these negative 
crystals may be present gives the 
gemologist, with the correct illumi- 
nation and viewing angle, the possi- 
bility of discovering fascinating and 
complex mobile inclusions. The 2 
carat natural blue sapphire shown in 
Figures 8 through 13 contains an 
excellent example of this type of 
inclusion. This stone has a large 
negative crystal which contains both 
liquid and gaseous carbon dioxide 
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Figure 3. 


Figure 5 


and a hematite platelet. At room 
temperature the almost spherical hi- 
quid carbon dioxide bubble occupies 
an area which is approximately 0.4 
mm. long in the negative void which 
is approximately |.2 mm. in length 
Figure 9 shows the bubble in the 
center right portion of the negative 
crystal, The very slightest movement 
sends the bubble lightly bouncing off 
the walls of the void, Within just a 
few seconds, the heat generated by a 
30 watt light bulb in the dark-field 
microscope stage causes the extremely 
sensitive liquid carbon dioxide bub- 
ble to violently boiland vaporize ata 
rapid rate. Figure /0 shows the bub- 
ble as it rapidly shrinks. Within a 
time lapse of less than ten seconds, 
the bubble has completely vaporized 
and disappeared from view (Figure 
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Figure 4. 


Figure 7 


11). Removing the stone from the 
microscope stage and allowing it to 
cool, enables the liquid carbon diox- 
ide bubble to return to its original 
position seen in Figure 9 

lilting the stone slightly causes the 
hematite platelet to move from the 
opposite side of the void, The hema- 
tite platelet is the dark material in the 
center of the void seen in Figure 12. 
Figure [3 shows the hematite resting 
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Figure 8. 


Figure 12. 


on top of the liquid carbon dioxide 
bubble, After several seconds in the 
microscope stage. the bubble starts to 
boil. The movement of the bubble 
causes the hematite platelet to bounce 
up and down until the bubble has 
completely vaporized, at which point 
the hematite falls to the other side of 
the void. 
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Figure 13. 


Fluids in two and three-phase 
inclusions, such as the one described 
here and illustrated in Figures 8 
through 13, can be extremely sensi- 
tive to heat, Gemstones that contain 
inclusions of this type may be severely 
damaged when exposed to heat, whe- 
ther it be the low temperature that is 
generated by the light bulb in a 
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microscope stage, the heat that a 
stone may encounter during the cut- 
ting and polishing processes, or the 
heat from a jeweler’s torch. For more 
information on this subject, refer to 
“FLUID INCLUSIONS; Hidden 
Trouble for the Jeweler and Lapidary” 
by John I. Koivula, published in the 
Spring, 1980 issue of Gem and 
Gemology. 


Epigenetic Stains in Diamonds 

During the lengthy transportation 
of diamond crystals from tremendous 
depths within the earth, a diamond 
crystal often undergoes excessive tem- 
perature and pressure changes. There- 
fore the crystal has not always 
reached its full development at the 
same time the crystal stops growing. 
Cleavages and fractures may occur 
during the transportation of the crys- 
tal. Cleavages and fractures that 
reach the surface of a faceted diamond 
are often weak and sometimes dan- 
gerous areas. These cleavages and 
fractures, however, do not always 
remain free from foreign substances. 
They will sometimes be filled with 
xeno-physical liquids in which min- 
eral substances enter the crystal anda 
type of healing often takes place 
upon the crystallization of these min- 
eral substances. This epigenetic (tak- 
ing place after the crystal stops 
growing) pseudo-healing often times 
produces interesting and artistic pat- 
terns in the form of inclusions. 
Occasionally the diamonds we see in 
the laboratory contain inclusions of 
this type. These “healed fractures” do 
not usually threaten the durability of 
the diamond, but they often lower the 
clarity grade because of the undesir- 
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able discoloration. The discoloration 
may in some situatiorfis impart more 
body color to the diamond which 
lowers the color grade also. Not only 
do these inclusions typically exhibit a 
brownish, reddish, or orange discolor- 
ation, but they also often have an 
opaque and dull whitish appearance. 
Figures 14 through 19 show exam- 
ples of this type of inclusion. In all of 
these diamonds the inclusions origi- 
nate at the surface of the stone. 

Figure 14 shows a diamond macle 
complete with trigons, included in a 
round brilliant diamond. The darker 
area in the upper left of the inclusion 
is a feather that breaks the surface of 
the pavilion. It was at this point that a 
liquid was allowed to enter the interior 
of the diamond. 

Figure 15 shows the typical dull 
whitish appearance that these inclu- 
sions often exhibit. Discoloration 
took place only in a few areas at the 
edge of the inclusion. Also at the 
edges are needles that radiate outward 
at various angles. Figures 16 through 
19 show four inclusions that contain 
not only discoloration and a dull 
whitish appearance in some areas but 
also exhibit the typical crystallization 
of mineral substances that take ona 
somewhat dendritic appearance. 


Reference: Giibelin E.. INTERNAL WORLD 
OF GEMSTONES 1974, page 67 


Clouds in Diamonds 
Occasionally we see very symmetri- 
cal “envelope” clouds in diamonds 
(Figure 20). These clouds are usually 
composed of four extremely thin 
sides and always originate at the table 
of the diamond. The areas inside of 
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Figure 32. 


these clouds are usually free from 
visible inclusions. Clouds of this type 
are presumably one half of an eight 
sided cloud; the remaining half being 
in another faceted diamond cut from 
the same crystal. When a diamond 
containing a cloud of this type is 
examined from the pavilion it is 
readily apparent that “voids” have 
created different patterns on each of 
the four sides of the cloud. These 
areas aré devoid of a dense concen- 
tration of visible inclusions and can 
be arranged either in a very symme- 
trical or in an irregular pattern, Fig- 
ure 2/ shows the pavilion view of one 
side of an “envelope” cloud. This 
pattern is somewhat reminescent of 
the Maltese-cross clouds that we oc- 
casionally see such as the one shown 
in Figure 22. This cloud ts the same 
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Figure 31 


one mentioned in the fall, 1979, issue 
of Gems & Gemology. The differ- 
ence between these two types of clouds 
is that the pattern in Figure 2/ is 
formed by six areas that are relatively 
devoid of inclusions except fora fine 
line intersecting each “void.” The 
Maltese-cross clouds always have 
four sides and are composed of a very 
thin cloud, 

Another type of cloud occasionally 
seen in the laboratory is one half of a 
well-formed and symmetrical octahe- 
dral cloud. These clouds are similar 
to the “envelope” clouds in the fact 
that they are also composed of ex- 
tremely thin walls and often have 
different patterns on each of the four 
sides, These clouds always originate 
at the table of the diamond. Figure 23 
shows one half of an octahedral 
cloud being viewed from the table of 
a round brilliant diamond. In this 
photomicrograph the facet reflections 
make it difficult to see the composi- 
tion of the cloud. Figure 24 is a 
pavilion view and shows the compo- 
sition more clearly, In a few of these 
diamonds octahedra! graining (often 
referred to as “cubic” graining and 
frequently seen in a square outline in 
the crown of a four-point round 
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brilliant) was present and was par- 
allel to the walls of the octahedral 
clouds. This graining and the orienta- 
tion of the clouds indicate that the 
sides of the clouds were parallel to 
octahedral faces and that their host 
diamonds are four point brilliants. 
Figure 24 shows the distinctive 
formation of triangular patterns so 
typical of diamond octahedra. 

Figure 25 shows a partial crown 
view of another half-octahedral cloud. 
On one of the sides of this cloud a 
very distinctive triangular formation 
of “voids” was seen. Figure 26 is a 
pavilion view of this formation. Fig- 
ure 27 is a pavilion view of another 
half-octahedral cloud and shows how 
dramatically these patterns can differ 
from one cloud to another. 


A Surprised Jeweler 

The fact that diamond is the hard- 
est substance known to man and 
among the toughest of gemstones, 
often leads a jeweler to overlook the 
reality that in certain situations dia- 
monds can and do break very easily 
because of diamond’s easy cleavage. 
The diamond weighing approximately 
1.00 carat, shown in Figures 28 
through 31, is an excellent example 
of this. As a jeweler was working ona 
piece of jewelry an unfortunate event 
took place. Not knowing the exact 
circumstances it is difficult to state 
the precise cause. A very probable 
explanation would be that there was 
an inherent feather present in the 
area indicated by the arrow in Figure 
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28, so that a sharp blow or prolonged 
pressure at that location caused the 
diamond to break in half. A more 
complete understanding of diamond’s 
properties and a quick examination 
with a loupe or microscope might 
have saved this jeweler from consid- 
erable expense and embarrassment. 


Variety in Tourmaline 

Tourmaline crystals are found ina 
wide variety of colors and when more - 
than one color occurs in the same 
crystal, attractive bi-color or tri- 
color (also referred to as parti-color) 
stones can be fashioned . We recently 
had an opportunity to view an excep- 
tional 11 carat tri-color tourmaline. 
We felt this particular stone, shown 
in Figure 32, was worthy of mention 
since it was remarkably free of inclu- 
sions and it illustrates a good depth 
of color as well as good distribution 
of its three color divisions: pink, 
colorless and greenish-blue. The 
color combinations in parti-colored 
tourmalines can vary and the divisions 
of color zones may be sharply defined 
or may gradually blend as in the one 
described here. : 
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Inclusions in Andalusite — 
A Comparison of Localities 


By JOHN I. KOIVULA 
Mineralogist - Senior Research Gemologist 
Gemological Institute of America 
Santa Monica, California 


Through the microscope the pleo- 
chroic world of andalusite is a sym- 
phony of color. The facets mirror 
hues of olive green, orange and 
reddish brown while a myriad of 
unknown inclusions. .appear  sus- 
pended in their reflective rays. 

When studying the interiors of gem 
andalusites the mysteries of its inclu- 
sion world begin to unfold and we 
learn that andalusite like other gem 
materials reflects its birth and life 
through its internal paragenesis. 

Born in the heat and pressure of 
contact metamorphism, andalusite is 
the product of interaction between 
granitic or pegmatitic intrusives as 
they: penetrate argillaceous or mica 
schists, clay slates, or gneisses. Alu- 
mina and silica are abundant in this 
environment and when the proper 
temperature and pressure for growth 
are present andalusite crystallizes. 
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During the process of crystalliza- 
tion small guest crystals of foreign 
minerals may contaminate the other- 
wise orderly formation of andalusite. 
In addition, droplets of liquid, some 
of which are pressure liquefied gases, 
may adhere to the growing surface 
and be included. These guest minerals 
and primary liquid droplets make up 
the initial phase of andalusite’s inner 
world. 

As with other gem minerals, the 
growth of andalusite is not always a 
calm and orderly process. Crystals 
can become cracked during growth 
or at any time after they have ceased 
to grow. These fractures will be filled 
with whatever is surrounding the 
crystal at the time of breakage. Ifa 
healing solution enters the break and 
the environment is one of growth 
then the fracture will start to repair 
itself. If however the break is invaded 
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Inclusions In Brazilian Andalusite 


1. Limonite lining in an epigenetic frac- 
ture. 35%, 


3. Aball-like cluster of rutile needles. 25X. 


by a foreign solution and regrowth ts 
not possible then an epigenetic dry 
crack lined with other mineral com- 
pounds is formed as the solution 
evaporates, 


Solids Found in Andalusite 

Brazilian andalusites are noted for 
their stalks of rutile and euhedral 
crystals of apatite, Rutile formed 
syngenetically with the andalusite may 
take the form of ultra-fine curving 
needles, stiff straight log-like ran- 
domly oriented yellow crystals, and 
more rarely dense thick radial crystal 
masses, Apatite crystals, also of synge- 
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4. A booklet of biotite mica. 30X 


netic origin, are often found tn close 
proximity to the rutile. It is not 
uncommon to find apatities that have 
grown around acicular crystals of 
rutile giving the effect of having been 
pierced or punctured. The apatite 
crystals commonly show sharp, well 
defined faces, but the overall shapes 
of the crystals are often distorted, 

Indicating growth in a mica schist, 
protogenetic booklets of brown bio- 
tite are also occasionally found with 
the rutile and apatite. 

Sri Lankan andalusites will often 
contain growth tubes that run parallel 
to the C axis of the host. These 
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Inclusions In Sri Lankan Andalusite 


7. Andalusite in andalusite under polar- 
ized light. 30X 


hollow tubes will regularly contain 
yellow to orange epigenetic fillings of 
iron stained foreign matter, In addi- 
tion to growth tubes these gems may 
play host to protogenetic crystals of 
quartz. These quartz guests are very 
tiny colorless blebs showing traces ol 
their crystal form. They appear to be 
somewhat resorbed or corroded 
Andalusites from all localities can 
contain limonite as an epigenetic 
fracture filling. The hydrous ferrugi- 
nous Oxides transported by xeno- 
physical solutions invade the open 
fractures decorating them with natu- 
ral art in tones of yellow and orange 
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6 Secondary healing fracture. 35% 


“ 


5. Limonite stained growth tubes. 50X 


Fluid Inclusions 

Whether they are of primary or 
secondary origin, the first thing the 
gemologist notices aboutandalusite’s 
fluid inclusions are their currous lack 
of discernible gas bubbles. The fluids 
that fill the negative crystals are im- 
miscible mixtures of an aqueous brine 
(H:O + salts), liquid carbon dioxide 
(CO:) and occasionally nitrogen 
{N2) 

The fluid inclusions in andalusite 
are commonly two-phase in nature 
They consist of two or three immisci- 
ble liquids often together with various 
solids that have crystallized from the 
fluids as they cooled, 
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These two-phase inclusions in 
andalusite are commonly found filling 
the individual negative crystal healing 
islands that together make up the 
intricate secondary syngenetic. par- 
tially healed fractures intrinsic to 
andalusites from all localities. More 
rarely they can be found filling much 
larger primary cavities. 
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An Examination of Red Beryl 


By FRANK MILEY 
Graduate Gemologist 
Los Alamos, New Mexico 


Introduction 


Red beryl is a gem that has recently 
been coming into prominence. Where 
does it come from? How much is 
available? What does it look like? 
How can it be identified? Recent 
acquisition of a faceted gem prompted 
these questions. After researching 
available literature and finding very 
little gemological information, it be- 
came obvious that some personal re- 
search was to be done on as much red 
beryl as could be examined. 


Sources 

Red beryl is only found in three 
locations in the United States. No 
other sources have been reported. It 
occurs in the Thomas and Wah-Wah 
Mountain ranges in Utah! and inthe 
Black Range in New Mexico?. All 
crystals are small; the largest crystals 
are found in Utah. The Utah material 
provides faceted gemstones that are 
generally less than .5 ct.; common 
sizes usually range from .| ct. to .4ct. 
Nearly all faceted gems exhibit a high 
degree of internal fractures and inclu- 
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sions. The largest faceted red beryl 
that has been reported? is 2.93 ct. 
The author has not had the oppor- 
tunity to see or examine this rare 
gemstone. 

In some literature red bery] is listed 
as bixbite. If you should do a litera- 
ture survey, you should be aware of 
both names. In this article it is re- 
ferred to as red beryl. 


Properties 

Several faceted specimens of the 
Utah material were examined for this 
report. New Mexico material was on 
display* as crystal specimens; it was 
much too small to be faceted. This 
material was not available for micro- 
scopic examination. It was noted 
however, that the tone and hue were 
very close to that of the Thomas 
Mountain material. The Utah mater- 
ial exhibited differences in transpar- 
ency, tone, hue, and intensity. They 
are listed as “T” Thomas Mountains, 
and “W” Wah-Wah Mountains. The 
information obtained from examin- 
ing the Utah materials is listed as 
follows: 
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Description: 


Crystal character: 
Fracture: 
Specific gravity (a): 


Characteristic inclusions (»): 


Transparency: 

Luster: 

Refractive index «: 
Birefringence: 

Optic character (a): 
Pleochroism: 
Ultraviolet fluorescence: 
Color filter: 

Absorption spectra ¢): 


“T” Translucent, dark orangy-red of medium 
intensity. 

“W” Semitransparent, medium red of high 
intensity, see Figure 1. 

Hexagonal. 

Conchoidal. 

2.65 

Fingerprint pattern. 

Semitransparent to translucent. 

Polish is vitreous. Fracture is vitreous. 
1.561(+.001) — 1.569(+.001) 

.008 

Uniaxial. 

Purplish-red and orangy-red. 

Inert to both wavelengths. 

No reaction. 

No diagnostic spectra. 


(a) 


(b 


ue 


The value of 2.65 was deter- 
mined by using heavy liquids. 
The gemstone tested floated ina 
liquid of 2.67 specific gravity and 
sank in a liquid of 2.62 specific 
gravity. The heavy liquid method 
was used because there is a possi- 
bility for a great variation in 
determining the specific gravity 
on small specimens. The exam- 
ined specimens were all small, 
consequently, as a secondary 
method of determination, three 
faceted gems were used simultan- 
eously to determine the specific 
gravity by the immersion method. 
The combined weight of the three 
faceted gems was .52 ct., and the 
specific gravity as determined by 
this method was 2.67. The pub- 
lished value5 for red and violet 
beryl lists the specific gravity 
range to be 2.77 to 2.87. 

Red beryl] was highly included 
with secondary inclusions con- 
sisting of single phase, gas filled, 
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(c) 


fingerprint patterns, see Figure 
2. It also contains bizarre shaped 
healing voids. Both of these types 
of inclusions were in planes or 
curved surfaces. There were more 
fingerprint patterns present than 
the planes of healing voids. The 
fingerprint patterns in red beryl 
have been characteristic. At 20X, 
straight sided and round inclu- 
sions were intermixed. At 60X, 
the straight sided inclusions were 
pointed and the round inclusions 
appeared to have short straight 
sides. At 125X, much smaller 
inclusions began to appear in 
between the inclusions described 
at 60X. 

When magnified, all faceted 
gemstones had one or more in- 
ternal fractures that extended to 
the girdle. 

No other inclusions were noted 
in all specimens examined up to 
125X. 

A Duplex I] Refractometer 
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Figure 1. A.20 ct. red bery! from Wah-Wah 
mountains 


(d) 


was used with Monochromatic 
Yellow Light to determine the 
refractive index of each gem- 
stone. The published value for 
red and violet bery! lists the 
refractive index range at 1.585 
(+.006) — 1.594(+.006). Since 
there was a difference between 
published and experimental data. 
high and low standards were 
used to check the instrument. 
The reading obtained for sap- 
phire was 1.762 — 1.770 and the 
reading for quartz was 1.544, 

A series of readings were ob- 
tained by rotating each gemstone 
on the hemisphere of the refrac- 
tometer, Readings were obtained 
at 0, 45, 90, and 135 degree 
positions and each was plotted 
on a chart. This was done to 
determine the birefringence, 

The uniaxial interference fig- 
ure was obtained using the Hlumi- 
nator Polariscope set in the cross 
polaroids position. The magnifier 
from the refractometer was in- 
yerted and placed on top of the 
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Figure 2. Fingerprint Inclusions at 36X, 
dark field 


{e) 


analyzer and a small glass sphere 
was in contact with the speci- 
mens. This arrangement showed 
the gems to have a sharp uniaxial 
interference figure. 

The published value’ for beryl 
is uniaxial negative. 

The number 808 Spectroscope 
Unit was used to check the gem- 
stones for the spectroscopic anal- 
ysis. No diagnostic data was ab- 
tained from the use of this instru- 
ment. The red color was reported + 
to be caused from the presence of 
manganese (Mn‘“*); this has been 
determined by microprobe anal- 
ysis. The absorption spectra tests 
performed on the red beryl speci- 
mens that were examined did not 
indicate any diagnostic absorption. 


Photographs 


Figure / isa photograph of a4.78 x 
3.05 mm emerald cut, .20 ct. red beryl 
from the Wah-Wah Mountains. Fig- 
ure 2 is a photograph of the same .20 
ct. red beryl, using dark field lighting 
at 36X. 
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Conclusion 

If faceting grade red beryl becomes 
more plentiful it should become a 
popular gemstone. The red hue of the 
Wah-Wah Mountain material resem- 
bles ruby and ruby red spinel. The red 
hue of the Thomas Mountain and 
Black Range material is slightly darker 
and resembles cuprite. Red beryl is 
highly included and contains internal 
fractures, consequently, the durabil- 
ity should be comparable to highly 
included emerald and should be used 
in protective type mountings. 
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() 


(2) 


(3) 


(4) 


(5) 
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GEMOLOGICAL NOTES 


Gibelin Identifies 
Apatite in Taaffeite 


During his recent research on the 
rare gem mineral taaffeite, Dr. Ed- 
ward Giibelin made note of a very 
slightly rounded but euhedral pris- 
matic erystal included in one of the 
Taalfeites he was studying. The crys- 
tal was identified as apatite and re- 
corded on film by Dr. Giibelin who 
gave permission to publish the pho- 
tograph (Figure /). 

JK 


Figure 1. 


More News On 
Citrine-Amethyst Quartz 


By JOHN I, KOIVULA 

In the Summer 1980 issue of Gems 
and Gemology an article by this 
writer was printed entitled “Citrine- 
Amethyst Quartz— A Gemologically 
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New Material.” In that article the 
following paragraph appeared: 

“ft should be noted that although 
the low level natural radiation in 
the earth could surely produce the 
amethyst coloration overa period 
of years, the same result could be 
achieved by artificial sources of 
irradiation, and at the present time 
there would be no way to tell the 
difference.” 

Since that time Kurt Nassau, Ph.D., 
of Bell Laboratories, has taken the 
project under his wing. With Brazilian 
material supplied by this writer and 
the GIA, he has been able to produce 
sectorally color zoned citrine-amethyst 
quartz from color zoned amethyst. A 
detailed report on the theory, method 
and results of Dr. Nassau’s ¢xperi- 
mentation will appear, illustrated in 
color, in the premier issue of the new 
Gems and Gemology in Spring, 198] 

This writer has also just recently 
examined several other color zoned 
amethyst cross sections from Mexico, 
Canada, Brazil and the United States. 
Most of these were rather small, but 
two large, half-inch thick slabs sev- 
eral inches in diameter from a locality 
in the state of Arizona were sent to 
GIA for examination by Mr. Donald 
Campbell of Campbell Lapidary in 
Lakewood, Colorado. In view of Dr 
Nassau's findings it seems that even 
large like Mr. Campbell's 
might be potential subjects 
treatment, 


pieces 


for 
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Observations on an 
Imperfect (2) |. Diamond 


By JOHN I. KOIVULA 


A large round brilliant cut diamond 
that was recently graded by the Santa 
Monica Gem Trade Laboratory was 
assigned an [1 clarity. By all diamond 
grading rules the imperfect grade was 
justified, and yet the laboratory 
gemologists that graded this gem 
thought that it was both rare and 
beautiful. The inclusion that set the 
grade was a perfectly shaped and 
centered octhedral cloud (see Figure 
2). To call this type of natural perfec- 
tion imperfect seems almost cruel. 
The laboratory gemologist sees far 
more internally flawless diamond than 
he does gems like the one captured in 
Figure 2. 

It seems difficult to imagine that 
two diamonds could be considered 
equal in clarity if one contained num- 
erous cleavages and fractures that 
seriously affected its structural integ- 
rity and durability, while the other 
played host to a bit of natural perfec- 
tion like an octahedral phantom 
cloud. Both gems appear the same on 
paper, but through the microscope 
they are worlds apart. 


Brief Notes On Chatham 
Flux Sapphires 
By JOHN I. KOIVULA 


For several years Chatham Indus- 
tries has been experimenting with the 
growth of flux melt blue sapphires. 
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Their early products were very heavily 
included and not useful for faceted 
gems. Just recently, five oval faceted 
synthetic blue flux sapphires in the 
two carat range were examined. These 
sapphires were a dark blue color and 
strong color zoning was viewed in 
two of the five stones. The zoning 
went from near colorless to deep blue 
and was confined to definite straight- 
sided angular patches that reflected 
the growth and structure of the origi- 
nal crystal (see Figure 3). Platinum 
flakes and splinters looking like sub- 
metallic to metallic included crystals 
were also observed (see Figure 4). 
The commonest inclusions noted 
were residual flux. All five of the 
gems examined exhibited flux inclu- 
sions that took the form of white 
colored, thick veined, fingerprint 
patterned curving layers (Figure 5), 
whitish curving and flowing smoke- 
like clouds (Figure 6) or a combina- 
tion of both forms as in Figure 7. 

The values obtained for the speci- 
fic gravity of these synthetics ranged 
from 3.98 to 4.06. The presence of 
platinum as an inclusion will surely 
affect the specific gravity on the high 
end. 

The refractive index of the five 
stones seemed to be quite steady at 
1.763-1.772 with a corresponding 
birefringence of 0.009. 

Spectroscopic examination of the 
five sapphires showed a very vague 
band centered at 451.5 nm. in the 
blue. This absorption band was quite 
vague and could not be considered as 
diagnostic. The absorption spectrum 
was confirmed by Stephen C. Hofer 
of GIA’s Research Department who 
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Figure 6, 


ran one of the gems on GIA's Carl 
Zeiss PMQ3 Spectrophotometer, 

The X-ray fluorescence of the five 
Chatham flux sapphires tested ranged 
from a pale white through a faint 
bluish-white to a yellowish-white. 
There was no phosphorescence ob- 
served after X-ray excitation, 

Under the short wave ultraviolet 
lamp a dull brownish white fluores- 
cence was observed while exposure to 
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Figure 7 


long wave ultraviolet light produced 
4a moderate whitish yellow glow. Dur- 
ing exposure to both long and short 
wave illumination two of the synthe- 
tic sapphires showed distinct patches 
of bright yellow fluorescence, Under 
the microscope no inclusion centers 
for the fluorescence were observed. 
and the areas that fuoresced bright 
yellow were not bordered by any 
optically detectable irregularities. 
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The new Gems & Gemology 
Is Coming This Spring 


Crp 
Gemse,Gemo 


The joumal.of the Gemological Institute of America 


Watch For the Premier Issue 
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The New 


GEMS & GEMOLOGY 
Suggestions for Authors 


The following guidelines were pre- 
pared both to introduce you to the new 
GEMS & GEMOLOGY and to let you 
know how we would like a manuscript 
submitted for publication to look. No 
manuscript will be rejected because it 
does not follow these guidelines pre- 
cisely, but a well-prepared manuscript 
helps reviewer, editor, and reader ap- 
preciate the article that much more. 
Please feel free to contact the Editorial 
Office for assistance at any stage in the 
development of your paper, whether 
to confirm the appropriateness of a 
topic, to help organize the presenta- 
tion, or to augment the text with 
photographs from the extensive files 
at GIA. We look forward to hearing 
from you. 


Introduction 


GEMS & GEMOLOGY is an inter- 
national publication of original con- 
tributions concerning the study of 
gemstones and research in gemology 
and related fields. Topics covered in- 
clude (but are not limited to) colored 
stones, diamonds, gem instruments, 
gem localities, gem substitutes (syn- 
thetics), gemstones for the collector, 
and jewelry arts. Manuscripts may be 
submitted as: 
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Original Contributions — full-length 
articles describing previously unpub- 
lished studies and laboratory or field 
research. Such articles should be no 
longer than 6,000 words (24 double- 
space, typewritten pages) plus tables 
and illustrations. 

Gemology in Review — comprehen- 
sive reviews of topics in the field. A 
maximum of 8,000 words (32 double- 
spaced, typewritten pages) is recom- 
mended. 

Notes & New Techniques — brief 
preliminary communications of recent 
discoveries or developments in gem- 
ology and related fields (e.g., new 
instruments and instrumentation 
techniques, gem minerals for the col- 
lector, and lapidary techniques or new 
uses for old techniques). Articles for 
this section should be approximately 
1,000-3,000 words (4-12 double- 
spaced, typewritten pages). 

GEMS & GEMOLOGY also in- 
cludes the following regular sections: 
Lab Notes (reports of interesting or 
unusual gemstones, inclusions, or jew- 
elry encountered in the Gem Trade 
Laboratories), Book Reviews (as soli- 
cited by the Book Review Editor; 
publishers should send one copy of 
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each book they wish to have reviewed 
to the Editorial Office), Gemological 
Abstracts (summaries of important 
articles published recently in the 
gemology literature), and Gem News 
(current events and upcoming acti- 
vities in the field; please keep our 
readers informed of meetings and 
other activities in your area of the 
country or the world by sending 
notices to the Editorial Office at least 
three months before the desired publi- 
cation date). 
Manuscript Preparation 

All material, including tables, le- 
gends, and references, should be typed 
double spaced on 8% x 11” (1 x 
28cm) sheets with 114” (3.8 cm) mar- 
gins. Please identify the authors on the 
title page only, not in the body of the 
manuscript or the figures, so that 
author anonymity may be maintained 
with reviewers (the title page is re- 
moved before the manuscript is sent 
out for review).The various compo- 
nents of the manuscript should be 
prepared and arranged as follows: 


Title page. Page | should provide: (a) 
the article title; (b) the full name of 
each author (first name, middle initial, 
surname), with his or her highest 
degree and affiliation (the institution, 
city, and state or country where he/ 
she was working when the article was 
prepared); (c) acknowledgments of 
persons who helped prepare the re- 
port, where appropriate; and (d) five 
key words that we can use to index the 
article at the end of the year. 


Abstract. Page 2 should repeat the 
title of. the article followed by an 
abstract. The abstract (no more than 
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150 words for a feature article, 75 
words for a note) should: state the 
purpose of the article, what was done, 
and the main conclusions. 

Text. Papers should follow a clear 
outline with appropriate heads. For 
example, for a research paper. the 
headings might be: Introduction, Pre- 
vious Studies, Methods, Results, Dis- 
cussion, Conclusion, and Implications. 
Other heads and subheads should be 
used as the subject matter warrants. 
Also, when writing your article, please 
try to avoid jargon, to spell out all 
nonstandard abbreviations the first 
time they are mentioned, and present 
your material as clearly and concisely 
as possible. 

For general style (grammar, etc.) 
and additional information on pre- 
paring a manuscript for publication, 
A Manual of Style (The University of 
Chicago Press, Chicago) and The Ele- 
ments of Style (by Strunk and White, 
MacMillan Publishing Co., New 
York) are recommended. 

References. References should be 
used for any information that is taken 
directly from another publication, to 
document ideas and facts attributed 
to—or facts discovered by—another 
writer, and to refer the reader to other 
sources for additional information on 
a particular subject. Please cite ref- 
erences in the text by the last name of 
the author(s) and the year of publica- 
tion—plus the specific page referred 
to, if appropriate—in parentheses 
(e.g., Liddicoat and Copeland, 1967, 
p. 10). The references listed at the end 
of the paper should be typed double 
spaced in alphabetical order by the 
last name of the senior author. Please 
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list only those references actually cited 
in the text (or tables or figures). 


Include the following information, 
in the order given here, for each 
reference: (a) all author names (sur- 
names followed by initials); (b) the 
year of publication, in parentheses; (c) 
for a journal, the full title of the article 
or, for a book, the full title of the book 
cited; and (d) for a journal, the full 
title of the journal plus volume num- 
ber and inélusive page numbers of the 
article cited or, for a book, the pub- 
lisher of the book and the city of 
publication. Sample references are as 
follows: 


Darragh PJ, Sanders JV (1976) Opals. 
Scientific American, 234:84-95. 


Heinrich KFJ (1968) Common Sour- 
ces of error in electron probe 
microanalysis. In J Newkirk et al., 
Eds., Advances in X-ray Analysis, 
pp. 40-45. Plenum Press, New York. 

Liddicoat RTL Jr., Copeland LL 
(1967) The Jewelers’ Manual, 2nd 
ed. Gemological Institute of 
America, Santa Monica, CA. 

Tables. Tables can be very useful in 

presenting a large amount of detail in 

a relatively small space, and should be 

considered whenever the bulk of in- 

formation to be conveyed in a section 
threatens to overwhelm the text. 


Type each table double spaced ona 
separate sheet. If the table must ex- 
ceed one typewritten page, please 
duplicate all headings on the second 
sheet. Number tables in the order in 
which they are cited in the text. Every 
table should have a title; every column 
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(including the left-hand column) 
should have a heading. Please make 
sure terms and figures used in the table 
are consistent with those used in the 
body of the text. 


Figures. Please have line figures 
(graphs, charts, etc.) professionally 
drawn and photographed. High- 
contrast, glossy, black-and-white 
prints are preferred. 


Submit black-and-white photo- 
graphs and photomicrographs in the 
final desired size if possible. Where 
appropriate, please use a’ bar or other 
scale marker on the photo, not out- 
side it, rather than a magnification 
factor in the legend. 

Use a label on the back of each 
figure to indicate the article’s title (or a 
shortened version thereof) and the top 
of the figure. Do not trim, mount 
(unless one figure is composed of two 
or more separate photos), clip, or 
staple illustrations. 

Color photographs will be consid- 
ered for publication. Please include 
three sets of color prints or slides with 
the manuscript package submitted for 
publication consideration. 

All figure legends should be typed 
double spaced on a separate page. 
Clearly explain any symbols, arrows, 
numbers, or abbreviations used in the 
illustration. 


Manuscript Submission 

Please send three copies of each manu- 
script (and three sets of figures and 
labels) as well as material for all 
sections to the Editorial Office, in care 
of: 
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Alice S. Keller, Managing Editor 
GEMS & GEMOLOGY 

1660 Stewart Street 

Santa Monica, CA 90404 


Only manuscripts that have not ap- 
peared elsewhere in any but abstract 
form and are not under review else- 
where will be considered for publica- 
tion. No payment is made for articles 
published in G&G. 

Review Process 

Manuscripts are examined by the Edi- 
tor, one of the Associate Editors, and 
at least two reviewers. The authors 


will remain anonymous to the review- 
ers. Decisions of the Editor are final. 
All material accepted for publication 
is subject to copyediting; authors will 
receive galley proofs for review and 
are held fully responsible for the con- 
tent of their articles. 2 


Reprints 

Authors of all articles appearing in 
G&G will receive 50 free reprints 
approximately one month following 
publication. Additional reprints may 
be ordered directly from the Editorial 
Office. 


— 


New Price Structure for Gems & Gemology 


Effective November 1, 1980, the 
Gemological Institute of America is 
changing the price structure for its 
quarterly Journal, Gems & 
Gemology, as follows: 
$16.50 (U.S.) 
$20.50 (foreign) 
Three years = $45.00 (U.S.) 

$55.00 (foreign) 


Special rates for students actively 
involved in a GIA program: 
One year =$12.00 (U.S.) 

$16.00 (foreign) 


One year = 
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These increases are being made to 
reflect the major redesign of the Jour- 
nal—expansion to an 814 x 11” for- 
mat, approximately 64 pages, with the 
regular use of color and the addition 
of several special sections. These 
changes will appear in the Spring 1981 
issue. 
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AN INTRODUCTION TO THE 
NEW GEMS & GEMOLOGY 


RICHARD T. LIDDICOAT, Jr. Editor-in-Chief 


C ommencing with this, the first issue of the 17th volume of Gems # Gemology, the 
quarterly publication of the Gemological Institute of America has a new look, new size, 
and a commitment to become the most comprehensive periodical in the field of gemology. 
It seems fitting that this dramatic change will be effected during the 50th anniversary cele- 
bration of the founding of GIA by Robert M. Shipley in 1931. 


Since its inception in 1934, Gems # Gemology traditionally has followed a 6" x 9” format 
and almost always in 32 pages. Over the years, color has been used only sparingly. 


During these years, however, the jewelry industry has expanded rapidly and become increas- 
ingly sophisticated and well-educated. GIA is acutely aware of the greater need and desire of 
this industry and others involved in the field to be well-informed about new materials, new 
techniques, and other developments in gemology. 


With the new Gems @& Gemology, we have increased the size of the journal almost four-fold— 
to 8%" x 11”, with a minimum of 64 pages per issue. Recognizing the integral role that color 
plays in dealing with gem materials, we have used color photographs throughout where pos- 
sible. Perhaps most important, to help ensure the accuracy and usefulness of the papers pub- 
lished we have called upon many of the prominent figures in the gemological community to 
serve on the journal's Editorial Review Board. All manuscripts submitted to Gems & Gem- 
ology now are reviewed by at least two members of the board in addition to the associate 
editors, Peter Keller and Vince Manson, and me. Only the meaningful articles will be published. 


Other editorial innovations have been made to increase the usefulness of this quarterly pub- 
lication. With news from Robert Crowningshield, Karin Hurwit, and Robert Kane, section 
editor Chuck Fryer has expanded and reorganized the Lab Notes column. GIA librarian Dona 
Dirlam, with the help of her large review board, has designed the Gemological Abstracts sec- 
tion to serve as the most comprehensive review available of articles relating to gemology. In 
addition to English publications, magazines in German, French, Spanish, Portuguese, and Jap- 
anese will be screened and abstracted on a regular basis. John Koivula will continue to provide 
a similar service for books in the field, and Stephanie Dillon will strive to present the latest 
information on current happenings in the gem world. 

As the journal of the Gemological Institute of America, Gems & Gemology will cover not 
only topics directly related to gems, but also those concerning jewelry arts, including design 
and manufacturing, as well as subjects related to the management of jewelry enterprises. 
Authors seeking publication of papers on any subject matter in the fields outlined above are 
encouraged to submit manuscripts to Gems & Gemology. Letters on articles published in the 
journal and other topics important to the industry also are welcome. 


It is the intention of the staff of Gems # Gemology to provide gemologists and gem enthu- 
siasts everywhere with the latest developments and most comprehensive coverage in the field. 
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ZABARGAD: 


THE ANCIENT PERIDOT ISLAND 


IN THE RED SEA 


By Edward Gtibelin 


Reflecting on his 1980 visit to Zabargad, 
the author provides an update on this 
relatively unknown island and the 
beautiful peridots for which it has gained 
fame. He complements his discussion of 
the geology of Zabargad, the peridot 
occurrences, the mining techniques, and 
the characteristics of the gemstone with a 
look at the ancient history of the island 
and the etymological changes 
surrounding the stone’s current name, 
peridot. Although somewhat low on the 
hardness scale, this magnificent gemstone 
has regained popular appreciation, and the 
crystals from Zabargad are still among the 
finest in the world. 


ABOUT THE AUTHOR 


Dr. Gdbelin is a gemologist and honorary 
professor at the University of Stellenbosch, 
Switzerland. 
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Fallbrook, California, who arranged the excursion 
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2 Zabargad 


Cpe is the oldest and longest-known source 
of gem peridots (fig. 1]; yet the island, just as 
much as the gemstone it hoarded, has slid repeatedly into 
oblivion, only to be rediscovered over and over again and 
forgotten once more. The author visited this tiny island 
in the Red Sea in March of 1980. Located about 60 miles 
southeast of the Ras Bands peninsula, at 23° 36’ 16" N 
and 36° 11’ 42” E (fig, 2), it is situated 16 km north of the 
Tropic of Cancer. Zabargad is only 3.2 km long and 2.4 
km wide, covering an area of 4.5 km2. There is hardly 
any life on the island and no fresh water at all; one may 
justly describe it as a ‘desert island.” In fact, apart from 
low-growing shrubs, several giant turtles, and a few birds 
such as wagtails, ospreys, and gulls, practically no flora 
or fauna exist on Zabargad. The highest ground is the so- 
called Peridot Hill (235 m above sea level}, which to- 
gether with some smaller hills {135 m above sea level) 
forms the most impressive sight that the island offers the 
approaching seafarer (fig. 3). Despite the lack of vegeta- 
tion, the island is at its most beautiful when the yellow 
to dark brown tones of the various rocks and dump-heaps 
before the many pits brighten in the light of the morning 
sun, The adventurer with any imagination at all cannot 
avoid letting the pageant of history unfold (see box). 


REGIONAL GEOLOGY 


The occurrence of peridot on Zabargad is intimately 
related to the regional geology and the tectonic processes 
that on a larger scale were responsible for the formation 
of the Red Sea itself. As an extension of the East African 
Rift Valley and part of the global rift system, the Red Sea 
is a geologically young feature that evolved in the Ter- 
tiary period of geologic time, 65 to 13 million years ago. 

The rocks seen on the island represent the results of 
magmatic activity with associated metamorphism of 
preexisting sediments and were all exposed through tec- 
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tonic uplift and erosion. Mafic igneous rocks 
(Badgley, 1965], which represent the bulk of the 
island, are of deep-seated origin. They are notable 
for their low silica content and consist primarily 
of lherzolites, characterized by abundant olivine, 
pyroxene, and amphibole. The metamorphic 
rocks, in turn, consist of serpentinites, granu- 
lites, schists, and slates. The alluvial sediments 
and an extensive gypsum deposit are of more 
recent origin. 

The topography of the island reflects its tec- 
tonic history. The terrain is extremely irregular, 
the coastline consisting of fractured escarpment 
terraces. Numerous coral banks and reefs occur 
in the surrounding waters. 


Zabargad 


Figure 1. Faceted peridot 
from Zabargad, 284.85 
carats (property of Messrs. 
A. Ruppenthal, Idar- 
Oberstein, Germany). 


THE PERIDOT 


OCCURRENCES 
No detailed documentation of the peridot occur- 
rences on Zabargad has been made. An inter- 
esting review of available information is provided 
by Wilson (1976). 

It seems likely that peridots were once found 
on several parts of the island—in fact, almost 
everywhere the peridotites outcrop. The finest 
and largest gem crystals, it is believed, occurred 
in such quantitites on the eastern slopes of Per- 
idot Hill that mining was worthwhile. Here they 
appear to have been recovered in vein-like areas 
of the serpentinized peridotite. The tiny veins 
run in all directions so that in places they form 
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Figure 2. Geologic map of the island of Zabargad. Inset shows the relationship of the 


island to the Egyptian mainland. 


an actual stockwork that occupies an oval region 
of considerable extent. 

The peridot crystals must originally have fol: 
lowed and lined open cracks and fissures, inas- 
much as they were probably formed on the walls 
of fractures. As a result of tectonic movements, 
they were later broken from their original sites 
and included among the rubble of the cracks. In 
this author’s view, however, this theory is only 
valid if the transformation of the peridotite into 
serpentinite occurred metasomatically and before 
or during the formation of the peridot crystals; 
otherwise they too would have undergone serpen- 
tinization. Since the crystals are absolutely fresh 
and well preserved, or at the most very slightly 
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etched, they must have developed at the same 
time or at a later stage. However, unless and until 
the island is investigated in its entirety miner- 
alogically and petrographically, such ideas must 
remain speculations. 

Shortly before the visit of the author and his 
companion, a joint American-Austrian expedi- 
tion consisting of curators from the Vienna 
Museum of Natural History and the American 
Museum of Natural History in cooperation with 
the Egyptian Geological Survey, and with the 
help of the El Nasr Phosphate Company, spent 
several days on the island. It is to be hoped that 
new and valid knowledge can be expected from 
these investigators. At the old sieving places (fig. 
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Figure 3. View of Peridot Hill, the highest point on the island (235 m above sea level), as 


seen from the northeast. Note the dump-heaps at the foot of the hill. 


dump-heaps in the background on the eastern 
slope of Peridot Hill. 


4), in the prematurely abandoned sieve-heaps, 
and among the waste of the mines, the author 
and his companion found over a hundred fresh, 
transparent, well-preserved, in part broken but 
certainly cutable peridot crystals pale yellowish 
green to deep olive green in color. Conspicuous 
samples of the macroscopic paragenesis of these 
peridot crystals were green garnierite and fresh 
whitish to weathered grey cancrinite. The peridot 
crystals, pseudohexagonal after b(010) in form, 
were between 5 and 15 mm along the a-axis. For- 


Zabargad 


merly, however, one could find peridot crystals 
up to 10 cm long, although those 2—4 cm in 
length were much more abundant. The Geolog- 
ical Museum in London owns a splendid step-cut 
peridot of 146 ct., while the largest known cut 
peridot weighs 310 ct. and is exhibited at the 
Smithsonian Institution in Washington, DC. Both 
of these magnificent samples came originally 
from the island of Zabargad. 


MINING 

The original mining methods consisted of prim- 
itive manual digging, whereby each individual 
vein was excavated (fig. 5}. The miners worked 


Figure 5, Low tunnel dug into metamorphic 
rock to reach the deeper mafic rock (note the 
white bands of magnesite). 
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FROM “TOPAZOS” TO PERIDOT: 
ZABARGAD AND ITS GEM SHARE A PLACE 
IN HISTORY, LANGUAGE, AND LORE 


Topazios is the name used by Greek author Alexander Polyhistor to refer to an island on 
which gemstones are found whose color “resembles that of fresh oil.” The great naturalist 
of ancient times, Pliny the Elder (23-79 A.D.}, mentions the island ‘Topazios” in his work 
Naturalis Historia. He refers specifically to King Juba II of Mauretania (25 B.C.-23 A.D.) 
who reportedly states in his writings that this legendary island in the Red Sea was first 
explored during the reign of Queen Berenice (340-279 B.C.). Pliny also refers to another 
report that pirates driven by adverse winds landed on an island in the Red Sea called Chytis 
or Cytis. Being in a famished condition, they sought herbs and roots in the ground and 
thereby found the first ‘topazos.” Other names attributed to the island in ancient times 
include Island of Death (Nekron) and Ophiodes {snake island,” reported by Agatharchides 
of Knidos, 181-146 B.C.}. Not until the time of the Crusades did this mystery-bound scrap 
of land receive the name by which it is still mistakenly known in the West, St. John’s 
Island, and finally, Zabargad. 


For Pliny the Elder, topazos was a jewel that mainly occurs in green but may also be yellow. 
Probably there is some confusion here with chrysolite, ‘‘chrysolithos,’’ which was also 
known in ancient times (Ezekiel 10, 9). During the period, chrysos meant golden, that is, 
yellow. Not until much later did the word experience an etymological change as the prefix 
chryso- entered common usage to describe a green stone (see chrysoberyl, chrysoprase, 
chrysopal, chrysocolla, chrysolite, etc.). 


When in the early 18th century the name topaz was finally affixed to the fluorine-bearing 
aluminum silicate that currently holds this title, a new name was needed for the green 
gemstone from Zabargad. In 1790, the sometime mineralogist A. G. Werner named the 
mineral olivine because of its typical olive-green color. In the same year, he published a 
description of chrysolite in Bergmanns Journal 3, stating that it was a mineral in its own 
right. A few years later, M. H. Klaproth was able to prove that olivine and chrysolite belong 
to the same family of minerals. Although chrysolite was used by German and American 
mineralogists for over 100 years, this term has left general usage and is no longer accepted 
in English nomenclature for the gemstone. The English adopted Werner’s name olivine, 
while the French gave preference to the new name peridot, which is derived from the Ara- 
bian word faridat, meaning gem. The latter is generally used today to refer to the gemstone, 
whereas the true name of the mineral is olivine (see Ball, 1950, Ltischen, 1979, and Mitchel, 
1979, for further information on the various names}. 


Archaeological excavations in Alexandria have apparently unearthed valuable peridots. 
Faceted samples, which could only have come from Zabargad, have also been discovered 
in ancient Greece. In all probability, the fabulous stone that once adorned King Ezekiel 
from Tyrus (about 586 B.C.; Ezekiel 28, 13] was a peridot from Zabargad. Where so much 
treasure and beauty were to be found, the authorities kept a wary eye. Diodorus Siculus 
writes in the first century before Christ: ‘The Egyptians kept the island under constant 
watch, and anyone who tried to approach the treasure island without permission—let 
alone to attempt to land and steal the peridots—was threatened with death.” Thus, this 
island in the Red Sea became one of the most closely guarded regions of the ancient world, 
and its treasure was held secret for centuries, virtually hidden from the Western world 
from biblical times until the onset of the baroque period in the 17th century. 
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downwards until the vein, usually at a shallow 
depth, became sterile or contracted. However, the 
peridots were not found where they had crystal- 
lized. They were always loosely attached to the 
walls of the veinlets and could easily be removed 
from their position. Wilson (1976) noted that he 
knew of no peridot crystal that he could in good 
conscience claim was found directly grown on its 
mother-rock. However, the author of this present 
article was so lucky as to find a piece of matrix 
about the size of a child’s fist with a fully grown, 
well-developed peridot crystal attached (fig. 6). 

During the years before World War I, from 
about 1906 onwards, the island of Zabargad was 
generally known as the source of peridot, and 
mining rights were monopolized by the Khedive, 
the Turkish viceroy in Egypt. Within a four-year 
period, more than $2 million in peridot (present 
day value} was found and sent to France for cut- 
ting. The chief problem on the island then, as 
now, was the lack of fresh drinking water for the 
miners. The mining company overcame this dif- 
ficulty by erecting a large gasoline-powered water 
condenser {of which a few rusty parts_are still 
lying around today). In 1922 the Egyptian govern- 
ment gave the mining rights to the Red Sea 
Mining Company. In the years that followed, 
until the outbreak of World War II, this company 
brought out a considerable amount of peridot. In 
1958, the deposits were nationalized by Egyptian 
President G. A. Nasser. 


Zabargad 


Figure 6. Peridot crystal on 
its original matrix, self- 
collected by the author. 
The crystal is approxi- 
mately 1.2 cm x 1.1 cm. 


DESCRIPTION AND 
PROPERTIES 


Gem peridot lies compositionally between the 
end members forsterite (Mg.SiO,) and fayalite 
{Fe,SiO,) of the olivine isomorphous series (Mg, 
Fe}),[SiO,], in which the two divalent cations 
Mg and Fe can replace each other diadochally. 
The peridots from Zabargad contain 8%—10% 
FeO (FeO + MgO amount to approximately 64%; 
Wilson, 1976). The crystals are elongated along 
the a-axis so that the brachy pinacoid b(010), 
which is markedly striated vertically to the 
c-axis, forms the largest face. The gradations in 
color of this summer-green gemstone (the birth- 
stone for August), as well as the variations in its 
other physical properties, are caused by the iron 
content (see Troeger, 1956, p. 54) and other com- 
ponents. The color tones of the finest qualities 
correspond with the DIN color chart 6164, page 
24, colors 24:6:2;24:6:3 to 24:6:4 of the color 
norms X,34.2; Y.43.7; Z.10.2 or K,.23.0; Y,29.4; 
Z.6.9 or X.15.2; Y¥,.19.5, and Z,.4.6. Refractive 
indices vary little, from 1.650 to 1.654 for na and 
between 1.686 and 1.690 for ny, with a constant 
value for nf only a little below the middle of the 
two extreme readings. The high birefringence 
remains constant at 0.036, as does the density 
(3.34) which is only 0.01 above that of pure meth- 
ylene iodide, in which liquid peridot remains sus- 
pended or sinks slowly. Pleochroism is weak but 
perceptible as pale green along a, green along £, 
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and light green along y. The absorption spectrum 
reveals the iron content by means of three char- 
acteristically placed bands in the blue to blue- 
green region at 453, 473, and 493 nm. 
Diagnostically important are the rounded 
plate-like and wafer-thin healing seams or 
residual drops, in the approximate center of which 
a black grain of chromite is situated. Their 
appearance may be likened to that of a water-lily 
leaf, and they are consequently termed “lily pads.”’ 


CONCLUSION 

Since mining on Zabargad has failed to remain 
lucrative, other sources have filled the demand 
for peridot. Relatively great numbers of large, at- 
tractive peridots from Kyaukpon, above Mogok 
in Burma are still reaching the market. Today’s 
second largest supplier of cutable gem peridots is 
near San Carlos, in Arizona, followed up by a de- 
posit at S6ndmére in Norway, which produces 
peridots that are slightly lighter in color and very 
brilliant when faceted. In addition, some small 
fragments of peridot are said to come from Hawaii. 


8 Zabargad 


Despite its somewhat low hardness of 642-7 
(lying just below the critical border of gemstone 
hardness, 7}, this magnificent gemstone with its 
agreeable sparkle and its glimmer like damp moss 
in the evening sunlight, has today once more 
gained appreciation and popularity. 
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CUBIC ZIRCONIA: 


AN UPDATE 


By Kurt Nassau 


Soon after it was first marketed in 1976, 
colorless cubic zirconia became the 
dominant diamond imitation, with 
current production of approximately 60 
million carats per year. Although cubic 
zirconia was discovered as a natural 
mineral in 1937, crystals usable for 
faceting were first produced in 1969 and 
it was not until a practical skull-melting 
technique was developed in the USSR in 
1972 that commercial production became 
feasible. This article reviews the skull- 
melting technique used to produce cubic 
zirconia and examines the current status 
of this diamond simulant with regard to 
quality, production, and market. The 
patent situation is discussed, as well as 
prospects for new diamond imitations 
and the recent surge of interest in colored 
cubic zirconia. Also included is an 
Appendix summarizing the technical and 
gemological data for cubic zirconia and 
its distinguishing characteristics. 
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Cubic Zirconia 


ubic zirconia was discovered as a natural mineral in 

1937, when two German mineralogists, von Stack- 
elberg and Chudoba (1937]}, were examining a highly 
metamict zircon given to them by B. W. Anderson. The 
zircon contained some tiny crystals which they identified 
by X-ray diffraction as the cubic form of zirconium oxide 
{or zirconia], a compound known as baddeleyite when in 
the monoclinic form. So little did von Stackelberg and 
Chudoba think of this discovery that they did not even 
assign a name to the new mineral. Asa result, itis known 
to this day by its scientific name, cubic zirconia, and the 
prefix synthetic, although proper, is not usually included. 

This same material had already been used for many 
years aS a ceramic composition for high-temperature in- 
dustrial and scientific purposes; because of an exception- 
ally high melting point, “stabilized zirconia’ ceramics 
can be used at temperatures up to 2540°C (4604°F] and are 
very resistant to most chemical substances. Such stabi- 
lized zireonia typically consists of 96% ZrO, {zirconia} 
and 4% CaO (lime], although MgO (magnesia) or Y,O; 
{yttria] also can be used in place of the CaO. Further dis- 
cussion of the early work on this material is given in 
Nassau (1977). 

Whenever the powder or ceramic form of a substance 
has interesting properties, scientists usually attempt to 
grow large crystals; this permits a more precise study of 
a broader range of properties and often leads to additional 
uses. In the case of cubic zirconia, crystal growth proved 
most difficult in view of the material’s exceptionally high 
melting point. Pure ZrO, melts at about 2750°C (4982°F}, 
but at a somewhat lower temperature when stabilizers 
are added. Flux growth was tried (Nassau, 1977, 1980a), 
but it produced either monoclinic baddeleyite or a tetrag- 
onal form. On heating, the former is transformed from 
monoclinic to tetragonal at about 1100°C (2012°F}, and 
from tetragonal to cubic at about 2000°C (3632°F). Un- 
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Figure 1. A large skull-melting apparatus being operated by George Bramhall. Courtesy of 
the Ceres Corp., Waltham, MA. 


fortunately, these changes reverse on cooling and 
the starting material forms once again. The ad- 
dition of stabilizers such as CaO, MgO, or Y.O, 
prevents these transformations on cooling: cubic 
zirconia then remains the stable form down to 
room temperature. Details of the different forms 
of zirconia are given in the Appendix. 

Crystals of cubic zirconia in a usable size were 
finally reported in 1969 by Roulin, Vitter, and 
Déportes of France. They used a difficult form 


10.) Cubic Zirconia 


of melting the material without a crucible to ob- 
tain crystals more than 15 mm (0.6 inch] long, of 
composition 87.5% ZrO,, 12.5% Y.O3. Only a few 
properties of the crystals appear to have been 
measured at that time, however, and the potential 
remained unrecognized. A somewhat modified 
and greatly enlarged form of this apparatus was 
used by Aleksandrov, Osiko, Prokhorov, and Ta- 
tarintsev at the Lebedev Physical Institute of the 
USSR Academy of Sciences in Moscow (1973). 
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Their technique, called “skull melting,” is de- 
scribed in detail in the next section. Crystals one 
inch (2.5 cm] and larger in diameter can be grown 
with a modern embodiment of this arrangement 
(fig. 1} without excessive difficulty. The impetus 
for this work had been the hope—unfulfilled—of 
finding improved materials for laser or opto-elec- 
tronic uses, but measurements of the crystals 
showed a material that was hard, colorless, and 
with optical properties that approximate the bril- 
liance and fire of diamond better than any pre- 
vious diamond imitation. 

With its introduction into the gem trade late 
in 1976, cubic zirconia as a diamond imitation 
immediately created a huge demand as well as 
considerable anxiety. As with the introduction 
of every diamond imitation before it (Nassau, 
1980a}, some jewelers who did not know how to 
recognize the new material were unable to pro- 
tect themselves. Nevertheless, examination tech- 
niques have now been adapted to readily distin- 
guish cubic zirconia from diamond, and new 
instruments have appeared to assist the gemolo- 
gist-jeweler in this task, as outlined in the 
Appendix. 

As with YAG (yttrium aluminum garnet], 
which was overproduced and peaked about 1972 
(Nassau, 1980a}, we are now Seeing a rapid rise in 
the production of cubic zirconia accompanied by 
a rapid fall in the price. This supply-and-demand 
movement, together with the recent introduction 
of colored forms of cubic zirconia and the curious 
patent situation, is also discussed in the following 
sections. 


THE SKULL-MELTING TECHNIQUE 
FOR GROWING CUBIC ZIRCONIA 


The technique of crystal growth by solidification 
from the melt in a container is one of the easiest 
and least costly ways of obtaining large crystals. 
When, however, a material has as high a melting 
point and is as reactive as cubic zirconia, no con- 
tainer can be found to hold the melt, and a “self- 
contained melt,” “cold crucible,” or “autocruci- 
ble’ arrangement must be used. The technique 
described here was patented by Joseph F. Wenckus 
and coworkers {1977}, now one of the major man- 
ufacturers of cubic zirconia as the Ceres Corpo- 
ration, Waltham, MA. 

The apparatus shown in figures 2. and 3 con- 
sists of a cup-like arrangement made up of a circle 
of copper fingers, water-cooled by complicated in- 
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Figure 2. Schematic of one form of skull-melting 
apparatus; only some of the fingers 
are shown. 


Figure 3. The split halves of a small skull- 
melting apparatus. 
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ternal plumbing. There are small gaps between 
the fingers. Surrounding this apparatus is a water- 
cooled copper coil activated by a radio-frequency 
generator, typically operated at a frequency of 4 
MHz and at power levels as high as 100 kW. 

The small gaps between the metal fingers en- 
able the radio-frequency energy to pass into the 
cup, which is initially filled with zirconia powder 
mixed with the required stabilizer. The powder 
is an electrical insulator at room temperature; it 
will not begin to heat until after the addition of 
some pieces of zirconium metal, which are then 
rapidly heated by the radio-frequency field. As the 
zirconia adjacent to the zirconium metal heats 
up, it also begins to conduct electricity and melts 
in a matter of minutes. The zirconium metal 
reacts with the oxygen in the air to produce more 
zirconia. 

All the zirconia soon melts, except for a rela- 
tively thin sintered shell or skin that remains 
solid because it is cooled and prevented from 
melting by contact with the water-cooled fingers. 
In this way the molten zirconia is contained 
within a jacket of its own powder, which also pre- 
vents contamination from the metal. More zir- 
conia, again containing the required stabilizer, is 
added to the molten material to fill the skull to 
the desired level. A porous crust forms over the 
top of the melt, as shown in section A of figure 
4, and helps to reduce heat loss. The contents are 
kept molten for some hours to ensure uniformity, 
as well as to permit the vaporization of some im- 
purities. The cup is then lowered very slowly out 
of the heating coil, typically over a 12-hour pe- 
riod. Useful crystal growth begins at the bottom 
of the melt. As can be seen in section B of figure 
4, crystals nucleate and form parallel columns 
near the bottom and grow upwards. They con- 
tinue to grow until the whole melt has solidified, 
as in section C, whereupon the power is shut off. 

The growth process under way is shown in fig- 
ure I, and half of a “skull’—the solidified crys- 
tals with the surrounding crust—is shown in fig- 
ure 5. A “dopant,” a purposely added impurity, 
had been used to produce yellow cubic zirconia 
in this growth run. Light tapping will separate the 
crystal columns, which appear as in figure 6. An- 
nealing, typically at 1400°C (2552°F}, in air or in 
oxygen may be used at times to remove residual 
strain to remove any discoloration resulting from 
a slight oxygen loss, or to adjust the valence states 
of impurities. 
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Figure 4. The process of solidification during 
skull-melting crystal growth. A = formation of 
a porous crust over the top of the melt, B = 
early growth of parallel columns of crystal 
nucleate, and G = final stage, with the entire 
melt solidified by the crystal growth. 
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Figure 5. Half of a large skull of yellow cubic 
zirconia crystals grown using the technique 
described in figure 4. Courtesy of the Ceres 
Corp., Waltham, MA. 


At first, a skull 3 inches (7.5 cm) in diameter 
was considered the state of the art for cubic zir- 
conia crystals, but today skulls 12 inches (30 cm] 
in diameter and weighing 150 lbs. (68 kg], such as 
the one shown in part in figure 5, are produced. 
These yield about 100 Ibs. (45.5 kg or 227,000 car- 
ats} of usable rough. Individual crystals are well 
over one inch (2.5 cm] wide and several inches 
long; stones several hundred carats in weight have 
been faceted. The economy of large-scale produc- 
tion is significant, although the rather high cost 
of the high-purity starting material is not much 
affected by such a scale-up. 


Figure 6, Columnar crystals of cubic zirconia 
one inch (2.5 cm) across. 
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THE CURRENT STATUS OF 

COLORLESS CUBIC ZIRCONIA 

Starting from a small amount in 1976, within just 
four years production has grown to an estimated 
13 tons (12,000 kg or 60 million carats) of cubic 
zirconia per year at the end of 1980. Correspond- 
ing to the figures for rough material, the annual 
production of faceted material is estimated at 
about 3 tons (2700 kg or 13.5 million carats} per 
year. During this same time period, the wholesale 
price per faceted carat has fallen from an initial 
US $40 or more to US $4 or less, varying of course 
with the quality of the material and the faceting, 
as well as with size, shape, and quantity. 

It is interesting to compare the production 
data for cubic zirconia with the data for synthet- 
ics previously used as diamond imitations, as 
shown in table 1. Annual production of cubic zir- 
conia has already well surpassed the YAG peak 
of 1972 which, it must be remembered, repre- 
sented overproduction, was more than the market 
could absorb, and resulted in the discontinuation 
of production by a number of manufacturers. A 
reasonable guess would be that the equivalent 
stage for cubic zirconia is close at hand. A factor 
that may prevent this from happening is the ap- 
parent opening up in recent months of the Euro- 
pean market, where previous diamond imitations 
never achieved significant popularity. 

Many jewelry retailers at first showed a strong 
resistance to handling cubic zirconia, but expe- 
rience has now demonstrated that the simulant 
has had no significant effect on diamond sales, 
occupying instead a separate niche in the jew- 
eler’s range of goods. The available data for 1977 
permitted an estimate of the retail value of all 
diamond imitations sold in the United States of 
about $20 million, compared to about $2000 mil- 
lion for diamonds (Nassau, 1980a]. Although by 
now the sales figure for diamond imitations has 
grown significantly, so has the figure for dia- 
monds, and the 1% ratio of diamond-imitation 
sales to diamond sales has probably increased 
only a little. 

Major manufacturers of cubic zirconia in the 
U.S. include the Ceres Corporation of Waltham, 
MA (marketing through MSB Industries of New 
York City}; ICT Corporation of Shelby, MI; Singh 
Industries of Randolph, NJ; the Lambda/Airtron 
Division of Litton Systems of Morris Plains, NJ; 
and Commercial Crystal Laboratories of South 
Amboy, NJ. Outside the U.S. there is production 
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TABLE 1. The historical sequence of synthetics used as diamond imitations. 


Year of Peak annual 
initial production of rough 

Synthetic use (in carats) Year of peak 
Sapphire After 1905 2 4 
Spinel About 1920 ? ? 
Rutile 1948 750,000 1955 
Strontium titanate 1955 1,500,000 1968 
YAG 1968 40,000,0002 19728 
GGG 1975 Small 1976 
Cubic zirconia 1976 60,000,000° 


1980-1981° 


*Premature peak Gue to overproduction. 
’May still be increasing. 


in Moscow, USSR (marketed in the U.S. through 
Clayhill Resources of New York City}; at V. 
Djévahirdjian S.A. of Monthey, Switzerland (at 
first erroneously reported as using flux-growth 
[Nassau, 1976]]; as well as recent production in 
Taiwan and undoubtedly elsewhere. The rough 
material is faceted all over the world, but until 
recently almost all has been used in the U.S. De- 
spite the great improvement of cubic zirconia 
over YAG (in brilliance) and over strontium ti- 
tanate (in hardness), both of these other simulants 
continue to be manufactured and sold, albeit on 
a considerably smaller scale. 

Claims are sometimes made that one manu- 
facturer’s cubic zirconia is better than another’s, 
for example, in respect to turning dark in normal 
use. Although some bad batches were undoubt- 
edly produced in the early days, currently there 
is no significant difference in the behavior of the 
high-grade material produced by the various man- 
ufacturers. Similarly, inclusions are virtually ab- 
sent in top-grade material. 

Names used for marketing cubic zirconia 
include: 


CZ Diamonique III 
Cerene Diamonite or 
Cubic Z Diamondite 
Cubic Zirconia Djevalite 
Cubic Zirconia II Fianite 
Cubic Zirconium Phianite or 
Cubic Zirconium Phyanite 
Oxide or Dioxide Shelby 
Diamon-Z Singh Kohinoor 
Diamond-QU Zirconia 
Diamonair I Zirconium 
Diamonesque Zirconium Yttrium 
Diconia Oxide 
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Some of these names are registered trade- 
marks, others are not. It is important to note that, 
by themselves, zirconium and cubic zirconium 
are misnomers, since they would refer to zircon- 
ium metal! Also, some sellers are using the end- 
ing ““—Z” with other terms, possibly to imply 
cubic zirconia when this may not, in fact, be the 
material at hand. 

The stabilizer used in cubic zirconia is usually 
YO, although CaO has also been used. The phase 
diagrams indicate that up to 65 weight percent 
Y20, or up to 14 weight percent CaO could be 
used in cubic zirconia. Too much stabilizer 
results in a softer and less brilliant product, how- 
ever, and amounts much smaller than those in- 
dicated in the phase diagrams are used for the 
commercial product, as described in the Appendix. 

Now that large crystals of cubic zirconia are 
readily available at a relatively low cost, scien- 
tists are once again studying the material for pos- 
sible technological uses, thus coming full circle 
to the original purpose for growing the crystals! 

Cubic hafnia—hafnium oxide (HfO,) stabi- 
lized with Y,0,;—has also been described in the 
cubic zirconia patents. This has about the same 
refractive index as cubic zirconia, but with an 
even higher specific gravity. Since hafnia is much 
more expensive than zirconia, cubic hafnia is not 
likely to be used as a diamond imitation. 


THE CUBIC ZIRCONIA PATENTS 

In December 1972, the USSR group of V. I. Alek- 
sandrov and coworkers applied for patents in the 
U.S. and other countries, the relevant claim being 
cubic zirconia stabilized with 10% to 30% ytt- 
rium oxide. British patent 1,373,888 was pub- 
lished on November 13, 1974, and German patent 
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2,261,851 appeared on July 11, 1974. The U.S. pa- 
tent application was abandoned and then refiled 
in March 1977, was again abandoned and then re- 
filed in January 1978; it issued on May 8, 1979, 
as U.S. patent 4,153,469. 

Meanwhile, additional patents had been ap- 
plied for in January 1975, leading to British patent 
1,491,362, published on November 9, 1975, and 
German patent 2,501,800, published on July 22, 
1976, The relevant claim in these patents was cu- 
bic zirconia stabilized with 5% to 10% yttrium 
oxide. Such a claim may also have been involved 
in one of the U.S. refilings; if so, it was apparently 
not allowed. It should be noted that the items 
being patented are the chemical composition of 
cubic zirconia crystals, not the growth technique. 

After the issuance of the U.S. patent in 1979, 
some retailers hesitated to purchase domestically 
produced material. At least one U.S. producer (the 
Ceres Corp.) guaranteed its customers that it 
would defend them in any suits that might arise 
from this patent. A suit based on this patent has, 
in fact, been filed; as of this writing it is still un- 
decided. It should be noted that most cubic zir- 
conia produced in the U.S. is believed to be made 
with somewhat less than the 10% minimum 
claimed in the patent. Even if this argument were 
rejected, there is the fact that the patent contains 
no mention of the cubic zirconia stabilized with 
12.5% Y.O 3 reported in 1969 (Roulin et al.) and 
shown in large crystal form in a French film made 
at that time; this would seem to imply that a 
court test of the validity of the patent might well 
result in an invalidation. 


COLORED CUBIC ZIRCONIA 


Aleksandrov and coworkers gave details on the 
manufacture of colored cubic zirconia in their 
1972 patent application. Until recently, however, 
most manufacturers have concentrated on keep- 
ing color out of their crystals, since even trace 
amounts of impurities such as iron can produce 
a yellow hue, undesirable in a diamond imitation. 
Some experimentation persisted, though, partic- 
ularly to find good ruby red and emerald green 
colors, neither of which seems to have been 
achieved thus far. Along the way, significant 
amounts of yellow and other colored material ac- 
cumulated. Some was faceted by amateurs for the 
fun of it and was found to be very attractive. 

A major breakthrough in the market for col- 
ored cubic zirconia was apparent at the 1979 Tuc- 
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son (Arizona) Gem and Mineral Show, where all 
available colored cubic zirconia rough was quickly 
bought up by amateur as well as professional cut- 
ters. The attractiveness of the colors lies in their 
coupling with a high refractive index and disper- 
sion, and can be seen to some extent in figure 7. 
The optical constants of most colored gem- 
stones—ruby, sapphire, emerald, amethyst, ci- 
trine, topaz, etc.—have relatively low values, and 
their attractiveness resides predominantly in the 
color. With colored cubic zirconia, however, there 
is considerable brilliance, or “‘life,’’ in addition to 
the color; this liveliness can be transmitted only 
poorly in even the best photograph. 

A listing of the colors produced by specific do- 
pants (purposely added impurities} is given in 
table 2, and the dopant compounds used to pro- 
duce desired colors appear in table 3. The nature 
of the color can change with the concentration of 
the dopant as well as with its oxidation state, and 
combinations of dopants are used to obtain de- 
sired shades. Just some of the colors produced by 
one manufacturer are shown in figures 7 and 8. 
The manner in which allochromatic transition 
metal impurities produce colors is described else- 
where (Nassau, 1974-75, 1980a, and 1980b). 

The most frequently used colors at present are 
{1} the amethyst to lavender to lilac range, (2) the 
yellow (canary} to orange to reddish-brown range, 
and (3) pink. Colored cubic zirconia produces fac- 
eted stones that are much more “lively” than the 
analogous amethyst or purple sapphire for the 
first color group and citrine, padparadsha sap- 
phire, imperial topaz, or garnet for the second. 
Prices for colored rough are somewhat higher than 
for the colorless. At present, these colored stones 
seem to be used primarily for fad-type medium- 
priced fashion jewelry. The quantity of colored 
cubic zirconia produced is still quite small but is 
increasing rapidly and may soon represent a sig- 
nificant portion of the market. Attractive intense 
greens, blues, and reds have not been produced 
thus far. 

Were it not for the relative rarity of colored 
diamonds and the fact that most people are not 
familiar with them, these colored cubic zirconias 
would provide excellent imitations for naturally 
occurring canary, pink, blue, and green diamond. 
Jewelers should indeed be aware that, with the 
correct shade and intensity of color, these cubic 
zirconias could easily be mistaken for colored 
diamonds. 
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Figure 7. Faceted cubic 
zirconias; the largest is 9 
mm across. Courtesy of the 
Ceres Corp., Waltham, MA, 
and MSB Industries, New 
York, NY. 


TABLE 2. Colors produced by specific dopants added 
to cubic zirconia.? 


TABLE 3. Dopants used in cubic zirconia to give 
desired colors. 


Dopant Symbol Color Color range Dopants used 

Cerium Ce Yellow-orange-red Yellow-orange-red CeO,, Ce,0, 

Chromium Cr Olive Yellow-amber-brown CuO, Fe.O 3, NiO, Pr,O;, TiO. 
Cobalt Co Lilac Pink Er,O3, EusOz, Ho,0, 

Copper Cu Yellow Green-olive Cr2Ox, Tm203, V205 

Erbium Er Pink Lilac-violet Co,03, MnOz, Nd,O, 

Europium Eu Pink 

Holmium Ho Pink 

ee te Lae PROSPECTS FOR THE FUTURE 

Manganese Mn Brown-violet : 

Neodymium Nd Lilac In chapter | and the epilogue of my book (Nassau, 
Nickel Ni Yellow-brown 1980a}, there is an extensive discussion of the 
Praseodymium Pr Amber sources of new synthetics as well as of the way 
Thulium Im Green in which these sources have been changing over 
Titanium Ti Yellow-brown pps 

Vanadium Vv Green the years. Today, only the most difficult of the 


"Typically at the few tenths of a percent level; the color 
achieved may depend on the oxidation state of the 
dopant. 
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syntheses have not yet been achieved and, as crys- 
tal growth techniques have become ever more 
sophisticated, the search for new crystals has be- 
come more costly and time consuming. 
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It is, therefore, hardly a coincidence that the 
most recent diamond imitations—YAG, GGG 
(gadolinium gallium garnet}, and cubic zirconia— 
all originated as spin-offs from technological re- 
search. The use of YAG as a laser material is well 
known, GGG was developed as a substrate for 
magnetic bubble memories, and cubic zirconia 
was studied as a possible laser or opto-electronic 
material. Is it then likely that this source will 
produce another material that might provide a 
diamond imitation that is superior to cubic zir- 
conia? 

I believe the answer to this question is yes, but 
a qualified yes. Although such a material will 
undoubtedly appear sooner or later, it must be re- 
alized that technological research for new mate- 
rials has slowed significantly. In part, this is 
because present needs have been largely filled and 
the areas left to be explored are becoming smaller; 
in part, it is because existing materials are being 
studied intensively so as to utilize their poten- 
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Figure 8. Colored cubic 
zirconia rough; the largest 
piece is 2.5 inches (6.5 cm) 
Jong. Courtesy of the Ceres 
Corp., Waltham, MA. 


tials more fully. So it may not be all that soon 
that a potential successor to cubic zirconia will 
arrive. 

Further qualifications arise from two factors. 
First, the optical constants of cubic zirconia are 
sufficiently close to diamond in a material of ad- 
equate hardness and wearability that a large im- 
provement cannot be expected. This was hardly 
true of any of the previous diamond imitations. 
Second, the cost involved in developing and mar- 
keting a new synthetic or imitation is never small 
and, given the existence of a highly satisfactory 
material in the marketplace, may not be justifi- 
able in terms of the potential returns. (One may 
note the difficulty synthetic flux-grown rubies 
have had in achieving market penetration in com- 
petition with the Verneuil-grown product; they 
recently came close to success by posing as nat- 
ural rubies with forged GIA certificates!) All in 
all, it would seem that cubic zirconia is likely to 
be with us for quite some time. 
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APPENDIX: TECHNICAL AND 
GEMOLOGICAL DATA 
AND IDENTIFICATION 


Composition. Typically zirconia (zirconium [di]oxide, 
ZrO.) containing about 10 mol. percent yttria (yttrium 
oxide, Y,O,) or 15 mol. percent lime (calcium oxide, 
CaQ)}. Zirconia can exist in several polymorphic struc- 
tures, as listed in table 4. 


Structure. Same as that of fluorite, CaF,, with Zr in 
place of Ca and O in place of F. This structure, shown 
in figure 9, consists of a simple cubic arrangement of 
oxygens with every other cube occupied by a Zr. Each 
O is surrounded by four Zr, each Zr by eight O. When 
ZrO, is stabilized with either Y,O, or CaO, there are 
fewer than two oxygens per metal atom, and some oxy- 
gens are missing: one O for every two Y or one O for 
every Ca, as is implied in the typical formulations 
ZYp,90 0,101.95 ANd Zro,25Cao,13O1,35. Some Zr and some 
dopants may have only seven or six O around them in- 
stead of the usual eight; this changes the crystal field 
and, accordingly, the color (Nassau, 1974-75, 1980a, 
1980b). 


Crystal Symmetry. Cubic; class, 4/m32/m; space group, 
Fm3m. 


Optical Properties. Refractive index, 2.15 to 2.18; no 
birefringence, singly refracting; dispersion, 0.058 to 
0.066. 


Mechanical Properties. Hardness, 8.0 to 8.5 (a slight 
anisotropy in hardness appears to be present; this is 
possible even in the cubic system and also occurs in 
diamond); specific gravity, 5.6 to 6.0; no cleavage; con- 
choidal to uneven fracture; somewhat brittle; good 
wearability. 


Inclusions. Small particles (Nassau, 1976, 1977, and 
1980a; Liddicoat and Koivula, 1978), gas bubbles (Nas- 
sau, 1976], and a curious striated appearance (Nassau, 
1976, 1977, and 1980a) can sometimes be seen but are 
absent in good-quality material. 


Effect of Exposure to Ultraviolet and Other Irradia- 
tions. Variable fluorescence, may be completely ab- 
sent; often turns brown, depending on quality, nature, 
and length of irradiation. Good-quality material will 
again fade to colorless when placed in sunlight for a few 
hours and will not darken in sunlight, that is, “solarize.” 


AT EACH CORNER: O 


Figure 9. The crystal structure of cubic zirconia. 


TABLE 4. The polymorphs of zirconium oxide. 


Temperature Unit cell Specific 
Structure range (°C) parameters (A) gravity 
Monoclinic P2,/c Up to 1100 a=5.15, b=5.21 5.83 

c = 5.31, B= 99°23’ 

Tetragonal P4,/nmc 1100 to 2000 a=3.64, c = 5.27 5.86 
Hexagonal (?) About 1900 a = 3.60, c = 5.90 (5.88) 6.13 
Cubic® Fm3m 2300 to 2750 a = 5.26 5.64 
Cubic®e Fm3m Up to melting a=5.12 6.00 
Cubic4 Fm3m Up to melting a =5.12 to 5.16 5.60 to 6.00 


aThe exact temperatures depend on the impurities present and the amounts thereof. 
>The unstabilized high-temperature form of pure ZrO. 
°The natural stabilized material of von Stackelberg and Chudoba (1937). 


‘The synthetic stabilized material. 
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Distinction from Diamond, Several articles in this 
journal have dealt with various aspects of this problem 
{Liddicoat and Koivula, 1978; Nassau, 1978—79a, 1978— 
79b, 1981; Nassau and Schonhorn, 1977-78; Shaw, 
1978]. The distinction is obvious to the trained, aware 
eye. In a loose stone, the high specific gravity is readily 
apparent. Flatness of faces and sharpness of edges are 
not foolproof criteria, and girdles apparently showing 
“naturals” have been observed on cubic zirconia (Lid- 
dicoat and Koivula, 1978; Nassau, 1978—79b). The 
uniquely high thermal conductivity of diamond pro- 
vides an unambiguous identification of diamond when 
a well-compensated instrument such as the Ceres Dia- 
mond Probe (Nassau, 1978—79a] is used, but some care 
is required with a simpler instrument such as the 
pocket-sized Ceres Czeckmate. A comprehensive test 
of such instruments, including the GEM Diamond 
Master is under way (Nassau, to be published}. The 
breath test is a zero-cost version of the thermal con- 
ductivity test but requires comparison stones (Nassau, 
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A SIMPLE APPROACH TO 
DETECTING DIAMOND SIMULANTS 


By Jill Hobbs 


This article offers a step-by-step approach 
to the identification of the most 
problematic diamond simulants. The 
optical and physical properties of 
diamond are contrasted to those of 
colorless strontium titanate, synthetic 
cubic zirconia, gadolinium gallium 
garnet, and yttrium aluminum garnet. If 
the testing methods discussed in this 
article are used, none of the above 
materials should be mistaken for 
diamond. 
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iamond simulants need not frighten the gem iden- 
D tifier. Quick methods of identification are available, 
with many clues requiring only a trained eye. Although 
certain clues when used alone cannot establish the iden- 
tity of the stone, often two or three of these clues con- 
sidered together will lead to the identification of the gem 
material. Even if the clues available are insufficient for 
positive identification of the material at hand, other tests 
have been developed that at least prove whether or not 
the stone in question is a diamond, 

The intent of this article is to provide a step-by-step 
approach to the identification of colorless diamond sim- 
ulants. The methods and techniques described are not 
new, but they have been arranged in such a way here to 
present a relatively simple, systematic approach to dia- 
mond identification. Basically, the approach involves the 
following: 


1. Train your eyes to recognize as many visual char- 
acteristics of simulants as possible. A ‘trained eye” 
may spot a possible simulant without the use of 
laboratory equipment. 


2. Know and use basic tests to identify the type of 
diamond simulant. Even though your primary con- 
cern is probably not to name the simulant, it is 
helpful to be able to provide your customer with 
such information. 


3. Stay abreast of the development of new instru- 
ments that identify loose or mounted diamonds. 
While in most cases such devices do not identify 
the type of simulant, they are very helpful at the 
repair or take-in counter, where employees may 
not have the training to recognize diamond simu- 
lants by their visual characteristics or with the 
basic tests. 
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Of all the techniques available for diamond 
separations, perhaps the most important is the 
trained eye. If a machine fails, or if you cannot 
perform other verifying tests, your eyes may alert 
you to a possible simulant. The training requires 
a great deal of practice and continual updating, 
but visual examination can be performed any- 
where, anytime. 

This article focuses on the identification of 
the four diamond simulants that cause the most 
confusion for the jeweler: (1) strontium titanate, 
(2) synthetic cubic zirconia (CZ), (3) gadolinium 
gallium garnet (GGG), and (4) yttrium aluminum 
garnet (YAG}. All of these stones share two prop- 
erties with diamond: each is over the limits of the 
conventional refractometer, and each is singly re- 
fractive in optic character. The properties of dia- 
mond and these four diamond simulants are listed 
in property chart A. The stones are listed in order 
from highest to lowest refractive index. The prop- 
erties of these materials are arranged from left to 
right in the order in which they are presented in 
this discussion. 

Other significant materials that have been 
mistaken for diamond are listed in property chart 
B. They are: synthetic rutile, zircon, synthetic 
sapphire/synthetic corundum, synthetic spinel, 
glass, and assembled stones. For convenience, 
these stones and their properties are arranged the 
same as chart A. All these materials are more 
easily identified than those in chart A because 
they either have refractive indices within the 
range of the conventional refractometer or they 
are doubly refractive. Chart B is, then, supple- 
mental information. The following article as- 
sumes that the reader is familiar with the prop- 
erties of the materials listed on chart B, and does 
not have difficulty identifying them. For more 
information on these stones, refer to the newly 
revised GIA Diamond Assignment number 36. 


VISUAL CHARACTERISTICS 
THAT SEPARATE DIAMOND 
FROM DIAMOND SIMULANTS 


As yet, no diamond simulant has been developed 
that fully duplicates the appearance of a diamond. 
A diamond has unique optical and physical prop- 
erties that make its appearance distinctive. 

The four diamond simulants that cause the 
most confusion for the jeweler—CZ, GGG, stron- 
tium titanate, and YAG—have many visual traits 
that are unlike those of diamond. The different 


Detecting Diamond Simulants 


visual characteristics reflect differences in the op- 
tical and physical properties of the various 
materials. 


The “Read-Through” Effect. The visual trait that 
is often noticed first in round-brilliant-cut stones 
is the read-through effect. When the various dia- 
mond simulants are tilted or placed table-down 
on paper, each one “reads through” differently; 
that is, each simulant allows a different amount 
of light to be transmitted through the stone at 
different angles. This trait is related to the stone’s 
refractive index, critical angle, and proportioning. 

Fancy shapes (e.g., marquise, oval, pear) usu- 
ally read through to some extent regardless of the 
material involved (the proportioning of fancy cuts 
allows for greater light transmission). Properly 
cut in a round-brilliant shape, however, diamond 
and strontium titanate will generally not read 
through, while CZ, YAG, and GGG will. When 
the stones are placed in order of ascending re- 
fractive indices, the succession is as follows: YAG, 
GGG, CZ, strontium titanate, and diamond. YAG 
has the lowest refractive index and diamond the 
highest. (An easy way to remember the order is 
by associating the first letter of each of the stones 
with this phrase: You Go Crazy Staring at Dia- 
monds]. If a diamond and the above four diamond 
simulants are cut to approximately the same size 
and proportion, the stones with the lowest re- 
fractive indices can be read through most easily. 

If the stones are placed table-up in a tray, the 
read-through effect is apparent when the stones 
are tilted. In figure 1, this effect is seen where an 
orange paper has been placed in back of the stones 
to make the effect more visible. Note that the 
otange paper can easily be seen through YAG, but 
not through diamond. At different angles, the 
“read-through” character of each stone varies. 
However, only when the tray is tilted to the angle 
where the stones almost spill will diamond trans- 
mit the orange of the paper. And, at that point, 
the amount of orange that can be seen through 
the diamond is still less than for any of the other 
materials. Again, the amount of orange seen in 
each of the five stones gradually increases in re- 
lation to the refractive index of each. 

The read-through effect can be particularly 
helpful when examining a parcel of round-bril- 
liant-cut diamonds. Simply line the stones table- 
up, and then tilt the paper away from you. The 
lining or cotton inside the parcel paper should il- 
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This technique is meaningful only with round-brillant-cut stones. 


‘Iw = long-wave ultraviolet light; sw = short-wave ultraviolet light. 


PROPERTY CHART A 
DIAMOND AND COLORLESS SIMULANTS 


Color on 
Pavilion 


Orange or 
blue ona 
few facets 


Spectral 
colors, 
widespread 


Orange 
over most 
of pavilion 


None, or 
orange 
over most 
of pavilion 


None, or 
blue over 
most of 
pavilion 


Hardness 


Reflection 
Pattern 


External/ internal Specific 
Characteristics Gravity 


Bearding, natural 
with trigons, 
grainings, 
cleavage, 
included crystal 


Gas bubbles 


Negative 
crystals, lined or 
partially lined 
with zirconium 
oxide powder 


Gas bubbles, 
metallic platelets 


Gas bubbles 


Typical 
Fiuorescence? 


Weak to strong 
blue (lw and 
sw); may 
fluoresce any 
color 


Generally inert 


None to weak- 
moderate orange 
(lw); none to weak- 
moderate yellow, 
or greenish yellow 
(sw) 


None to moderate 
orange (Iw); 
moderate to 
strong orange to 
pinkish orange 
(sw) 


None to 
moderate 
orange (Iw), 
none to weak 
orange (sw) 
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2.616-2.903° 
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property) 


Moderate 


Synthetic 
sapphire 
Synthetic 
corundum 


1.762-1.770° Very strong 


Synthetic 


spinel Very strong 


1.48-1.70 
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PROPERTY CHART B 
COLORLESS DIAMOND SIMULANTS 


Color on 


Dispersion Pavilion 


Various 
spectral 
colors 
widespread 


Blue over 
most of 
pavilion; 
may exhibit 
orange 


Blue over 
most of 
pavilion 


Blue over 
most of 
pavilion 


0.009- 
0.098 
(usually 
about 
0.037) 


Variable 


Variable; possibly 
different on crown and 
pavilion 


@This technique is meaningful only with round-brilliant-cut stones. 


"Iw = long-wave ultraviolet light; sw = short-wave ultraviolet light. 


Hardness 


Variable 


Externai/ Internal Specific 
Characteristics Gravity 


Reflection 
Pattern 


Gas bubbles 


Liquid in two- 
phase or 
fingerprint 
pattern 


Gas bubbles, 
possibly in 
thread-like 
pattern 


Gas bubbles 


Gas bubbles, 
concave facets, 
mold marks, 
flow lines, 
orange-peel 
effect 


Separation 
plane; gas 
bubbles near 
cement, crazing 
in cement; 
variable 
inclusions 


Variable Variable 


°Doubly refractive. 


Typical 
Fluorescence’ 


Generally inert 


None to weak 
yellow (lw & sw) 


None to weak 
bluish white (sw) 


Moderate to 
strong bluish 
white (sw) 


Variable colors 
(Iw & sw); often 
white overtones 


Variable 


Figure 1. Diamond and its 
simulants will have different 
degrees of transparency, or read- 
through effect, if all are well- 
proportioned round brilliants. 
The lower the refractive index of 
the stone, the more obvious the 
read through is. Also, the greater 
the tilt, the clearer the read 
through is. Order from left to 
right (high to low R.I.}: diamond, 
strontium titanate, CZ, 

GGG, YAG. 


Figure 2, The read-through effect is seen on 
well-proportioned round brilliants when they 
are tilted on a light background, such as a stone 
cloth. Order from right to left: diamond, 
strontium titanate, CZ, GGG, YAG. 


luminate the effect. Also, the stones do not have 
to be specially aligned before the results are vis- 
ible. When a loose stone is placed in a stone cloth, 
the same results are evident. As you tilt or rock 
the stone inside the cloth, the degree of read 
through becomes evident (fig. 2). 

The read-through effect can also be seen when 
the stones are placed table-down over a busi- 
ness card (fig. 3). With YAG, the letters of the 
business card are easily seen through the stone; 
the letters appear a bit magnified and slightly 
rounded, but they are still very readable. As the 
refractive index of the material increases, read 
through becomes progressively more difficult. 
Through GGG, the letters appear twisted; through 
CZ, they are almost indistinguishable. However, 
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even a small amount of read through may aid in 
identification because diamond and strontium ti- 
tanate do not read through in this position. (Syn- 
thetic rutile will also not read through, but it is 
easily identified on the basis of its other visual 
characteristics, as per property chart B). 

In short, the read-through effect is a quick 
“indication” test, that is, a test that does not 
prove, but leads to, the identity of the material. 
It can be performed with simple aids such as a 
stone cloth, a business card, or parcel paper. The 
results are consistent provided that all the 
stones are well-proportioned round brilliants. 
YAG, GGG, and CZ will wash out or read through, 
while diamond and strontium titanate will not. 


? 


(213) 829-299] 


Figure 3. The read-through effect is also noted 
when round-brilliant-cut stones are placed 
table-down over a printed page. Order from left 
to right; diamond, strontium titanate, CZ, 
GGG, YAG. 
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Figure 4. Spectral colors seen 
as a result of dispersion. 
Magnified 10x. 


To obtain meaningful results, the tester should 
have comparison stones, or have sufficient expe- 
rience with diamond simulants to recognize the 
different degrees of read through of the various 
stones. 


Dispersion and the Monochromatic Flash. If the 
stone is a properly cut round brilliant and has no 
read-through effect, it is most likely diamond or 
strontium titanate. At this point, the difference 
in the dispersion values of the two stones will 
easily separate them. 

Dispersion is the ability of a substance to cause 
light to divide into its spectral colors. For exam- 
ple, when light is transmitted through a prism, a 
series of colors—red, orange, yellow, green, blue, 
indigo, and violet are seen, as illustrated in fig- 
ure 4. Angular pieces of glass that hang in a chan- 
delier often display dispersion. A cut stone has 
the same ability to break up light into these colors, 
although the distinctness of the colors that em- 
anate varies with the material. 

Studies have determined the amount of dis- 
persion in each of the diamond simulants (see 
property chart A}. How do the numerical values 
relate to the visual effect? The visual approxi- 
mation of dispersion takes more time to master 
than does read through; however, once mastered, 
it can help to build a case for the identity of the 
material. The best way to judge dispersion is to 
reflect light off the surface of the stone and look 
closely at the crown and bezel facets. 
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With regard to the two materials that do not 
show read through, the dispersion of strontium 
titanate (0.190) is over four times that of diamond 
(0.044)—a difference not easily overlooked. Stron- 
tium titanate is literally “on fire,” while diamond 
displays a moderate amount of spectral colors. 

Of the three diamond simulants that do dis- 
play read through—YAG, GGG, and CZ—none 
has the dispersion of strontium titanate. YAG has 
the lowest dispersion value (0.028) and the spec- 
tral colors are hardly visible. In appearance it al- 
most resembles a low-lead-content glass; the lack 
of dispersion and extreme read through make YAG 
a lifeless simulant. GGG does not appear to have 
much dispersion. Its value (long thought to be 
0.038, but recently verified as 0.045; Nassau, 1980, 
p. 148) is very close to that of diamond, yet the 
spectral colors do not seem as prominent. CZ, 
however, has a good deal more dispersion than 
diamond. The spectral colors are always evident, 
but the amount of dispersion is such that the 
stone is not always distinguishable from diamond 
(0.060 vs. 0.044} on this basis alone. In the event 
that there continues to be some uncertainty, the 
stone could be examined for a monochromatic 
color on its pavilion, as explained below. 

On many of the gem simulants, one spectral 
color predominates on the back (pavilion) of the 
cut stone, creating an umbrella effect. The color 
is the result of dispersion, and the breadth of its 
circumference is the key to its usefulness as a 
visual aid. The monochromatic sheen can be seen 
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Figure 5. Dispersion: orange commonly covers a 
large area on the pavilion of CZ. Magnified 
10x, 


in reflected or transmitted light. The unaided eye 
might notice the color as light is reflected off the 
pavilion of the gemstone. Under a microscope, it 
is easily seen with dark-field illumination, that 
is, light directed at the gem from the side. Posi- 
tion the stone table-down, and gently tilt it in 
different directions. 

Colorless cubic zirconia generally exhibits an 
orange flash over most of its pavilion surface 
(fig. 5]. At times, the color seems restricted to 
one-half of the pavilion until the stone is gently 
rocked, in which case the orange usually extends 
over the other half as well. This orange effect is 
prevalent on most cuts of cubic zirconia. GGG 
may also exhibit an orange-flash effect, but gen- 
erally the orange is not as extensive. 

YAG often shows a blue color on one-half of 
its pavilion surface (fig. 6). The results are not as 
consistent as with cubic zirconia, but they may 
still aid in identification. (The only other dia- 
mond simulants to exhibit the blue effect are 
within the limits of the refractometer, i.e., syn- 
thetic sapphire and synthetic spinel.} 

Diamond usually does not display a mono- 
chromatic color over most of its pavilion surface. 
It may show blue or orange, but in most cases 
these colors extend only across one or two facets 
(fig. 7). Thus, the significance of the monochro- 
matic effect lies not only with the color present, 
but with the breadth of the color on the pavilion 
surface as well. 

In the identification process thus far, the dia- 
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Figure 6. Dispersion: blue often covers a large 
area on the pavilion of YAG. Magnified 10x. 


Figure 7. Dispersion: orange and blue extend 
over only a few facets of diamond. Magnified 
10x. 


mond simulants have been examined for read 
through and the effects of dispersion. These vis- 
ual traits can be seen in a glance. Just a quick look 
and turn of the stone can yield a great deal of in- 
formation to a trained observer. However, since 
these characteristics do not prove the identity of 
the material, a loupe is useful as we proceed to 
the next steps of identification. 


Facet Junctions. When a stone is examined using 
a loupe, one of the first external characteristics 
worth noting is the sharpness of the facet junc- 
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Figure 8. The facet junctions of diamond usually 
appear sharp and well defined because of the 
stone’s exteme hardness. Magnified 30x. 


tions. Because of diamond’s extreme hardness 
(10 on the Moh’s scale}, its facet junctions are 
usually sharp and precise (fig. 8), whereas stones 
under 7 on the Moh’s scale (e.g., GGG at 6% and 
strontium titanate at 5—6] have a tendency to- 
ward rounded facet junctions (see figure 9]. Dia- 
mond’s facet junctions may become abraded over 
time, but they will not appear rounded. 

Because of its relative softness, strontium ti- 
tanate usually has heavily abraded facet junctions 
as well. CZ and YAG, on the other hand, have 
hardness values over 8, so their facet junctions 
appear relatively well defined. Again, though, 
CZ can be separated from diamond by the 
orange-flash effect, and YAG’s lackluster appear- 
ance makes it distinctive. The roundness or sharp- 
ness of facet junctions is best seen in reflected 
light. 


Girdle Area. Next, a trained eye might glean infor- 
mation from the girdle area, provided that it is 
not faceted. The girdle of a diamond appears mat 
and waxy after bruting. As illustrated in figure 10, 
it is not dull, like ground glass, but has the shiny 
appearance of wax (Bruton, 1973, p. 341). The gir- 
dles of most diamond simulants are polished. 
However, if they are not, the girdle appears quite 
dull, similar to that of unpolished glass. The gir- 
dles of simulants may look frosty, but never waxy. 
The girdle surface has neither the fine-grained 
look of a carefully turned diamond nor the poorer, 
coarser look of a diamond subjected to rapid brut- 
ing. In addition, sometimes the girdle of a dia- 
mond is “bearded,’”’ that is, marked by hairline 
feathers that extend into the stone (fig. 11). The 
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Figure 9. GGG often has rounded facet 
junctions because it has a hardness of only 6%. 
Magnified 40x. 


Figure 10. The girdle of a diamond often has a 
mat, waxy appearance. Magnified 40x. 


Figure 11. The girdle of a diamond may show 
bearding, or hairline feathers that extend into 
the stone. Magnified 30x. 
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Figure 12. A natural, or part of the original 
crystal surface, is often found on or near the 
girdle of a diamond. Magnified 35x. 


feathers are actually tiny fractures caused by rapid 
bruting. If seen, bearding signifies a diamond. 

A natural is a part of the original crystal sur- 
face and is often seen on or near the girdle. Its 
unique luster distinguishes it from the rest of an 
unpolished girdle (fig. 12). To the experienced 
eye, a natural, too, signifies a diamond. 

Growth markings may confirm the process 
under which the crystal grew and verify that the 
stone is, in fact, a diamond. Several growth mark- 
ings are characteristic of diamond. Trigons, or tri- 
angular etch marks, may be seen on a natural, 
parallel to an octahedral face (fig. 13). Lines, or 
parallel grooves, are seen on those naturals that 
originate from a dodecahedral face; while square 
or rectangular depressions indicate a cube face. 

Attempts have been made to duplicate these 
natural markings, but thus far the results have 
not been realistic. For example, attempts have 
been made to duplicate the appearance of trigons 
by marking triangles on the girdle of diamond 
simulants; instead of having the layered appear- 
ance of natural etch marks, however, the simu- 
lated markings appear to lie in one plane. 


Inclusions. After the external characteristics of 
the material have been noted, the next step in 
identification is to examine the interior under 
magnification. 
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Figure 13. Trigons are growth markings that are 
often found on a natural and, to the experienced 
observer, prove diamond. Magnified 40x. 


The chief reason for using a loupe is to find 
inclusions, which may prove whether or not the 
stone is man-made. With the emphasis on dia- 
mond certification today, most of us are acutely 
aware of the typical inclusions of diamond, such 
as cleavages, fractures, knots, and included crys- 
tals. While inclusions do not increase the value 
of a diamond, they can be extremely valuable in 
identifying one. 

Most of the diamond simulants in the mar- 
ketplace today are flawless, since manufacturers 
have perfected the techniques of crystal growth. 
If inclusions are seen, they are generally tiny 
white or highly reflective dots composed of var- 
ious materials. In YAG, GGG, and strontium ti- 
tanate, the tiny dots are usually gas bubbles, in 
which case high magnification may be needed to 
resolve them. In cubic zirconia, the whitish in- 
clusions are small negative crystals that are lined, 
or partially lined, with a white powder that is 
probably unmelted zirconia oxide (Liddicoat and 
Koivula, 1978, p. 58]. They may appear singly, or 
in rows. The only other significant inclusions 
found in diamond simulants are the triangular or 
hexagonal platelets seen in GGG. 

Thus, if the material has inclusions typical 
only of natural stones, there is no doubt about the 
stone’s identity. If tiny, round, high-relief inclu- 
sions are seen, the stone is probably man-made. 


GEMS & GEMOLOGY Spring 1981 


Figure 14. If visible, polishing marks on a 
diamond travel in different directions on 
adjoining facets because of the stone’s 
directional hardness. Magnified 20x. 


If the material has no inclusions, other tests can 
render the necessary proof. 


Polishing Marks. When examining the stone for 
inclusions, polishing marks might be noted. Pol- 
ishing marks are a series of close, parallel lines on 
the surface of a facet. 

Polishing marks are not always seen on dia- 
mond because its hardness allows for an excellent 
polish. If seen, the polishing marks will travel in 
different directions on adjoining facets [fig. 14). 
Because of diamond's directional hardness, facets 
are polished in the direction of the dodecahedral 
faces. 

By contrast, the polishing marks on a diamond 
simulant will usually travel in approximately the 
same direction on adjoining facets. The uniform 
lines indicate a softer material and represent a 
mechanized process in which the concern of the 
producers is primarily mass production (fig. 15). 


Grain Lines. Straight, parallel lines that might be 
confused with polishing lines may be the result 
of graining (fig. 16). Grain lines appear in the di- 
rection of twinning, or gliding, and are character- 
istic of diamond. The lines are usually seen on 
the surface, but they may also be internal. In ad- 
dition, graining may take on various shapes (Kane, 
1980). Regardless of the form, graining proves the 
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Figure 15, Polishing marks on diamond 
simulants usually travel in approximately 
the same direction on adjoining facets. 
Magnified 20x, 


Figure 16. An experienced eye may see grain 
lines on diamond, which verifies the stone’s 
natural origin. Magnified 35 x. 


natural origin of the gem material, since only a 
natural gemstone could exhibit such markings. 


BASIC TESTS TO IDENTIFY THE 
TYPE OF DIAMOND SIMULANT 
If the stone has no distinguishing visual charac- 
teristics and positive proof is still wanting, then 
several tests can be performed to verify the type 
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of diamond simulant. The most important in- 
volve specific gravity determinations and special 
immersion techniques. 


Specific Gravity Determinations. Specific gravity 
is defined as the ratio of the density of one sub- 
stance to the density of another substance which 
is used as a standard when both densities are ob- 
tained by weighing the substances in air. The de- 
termination of specific gravity is extremely help- 
ful since diamond has a much lower value than 
any diamond simulant on property chart A. Spe- 
cific gravity is estimated by heft, or by the use of 
heavy liquids. Precise measurements are obtained 
on a hydrostatic balance. 

Skilled gem identifiers can gauge the density 
of CZ and GGG in their hands, since GGG’s den- 
sity is twice that of diamond and CZ’s density is 
over one-and-one-half times greater than that of 
diamond. The diamond simulants that feel clos- 
est in density to diamond—YAG and possibly 
strontium titanate—can be distinguished on the 
basis of the visual characteristics described above. 

Heavy liquids can also help approximate spe- 
cific gravity. Simply drop the stone in question in 
methylene iodide {density of 3.32) and note the 
rate at which the stone sinks. Diamond will sink 
much more slowly than any of its simulants. It 
appears to float to the bottom, while the diamond 
simulants plummet. If a known diamond is not 
available, the rate of sinking can be compared 
using a synthetic corundum (specific gravity of 
4,00]. All the diamond simulants in property chart 
A will sink faster than synthetic corundum. The 
use of methylene iodide will at least prove 
whether a stone is a diamond. A set of compari- 
son stones can be used to help identify the spe- 
cific diamond simulant. 

An accurate specific-gravity measurement can 
be accomplished by a direct weighing method in 
which the stone is weighed first in air and then 
in water to determine the weight lost in water. 
The specific gravity is found by dividing the ma- 
terial’s weight in air by the loss of weight in 
water. The stones can be weighed on a diamond 
balance that has been adapted for hydrostatic 
measurements. The results prove the identity of 
the material, although the measurements are not 
as accurate for stones under one carat. 


Relationship of Specific Gravity to Size. The 
higher the specific gravity of a stone, the smaller 
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TABLE 1. Relationship of specific gravity to size 
in diamond and cubic zirconia. 


Diameter 


Carat weight 


Diamond Cubic Zirconia 
1 6.5 mm 5.5 mm 
2 8.2 mm 7.0mm 
5 11.4 mm 9.5 mm 


the stone is per carat, and vice versa. Thus, since 
diamond has a lower specific gravity than its sim- 
ulants, the diamond simulants will all be smaller, 
per carat, than diamond. 

When the stones in question are round bril- 
liants, the relationship can be charted as shown 
in table 1. Two variables are needed for each 
stone: the diameter and the weight. When a dia- 
mond and a diamond simulant weigh the same, 
each will possess a different diameter; conversely, 
a diamond and a diamond simulant with the same 
diameter will not weigh the same. The figures 
may not work perfectly, but they will point to the 
identity of the material. 


Immersion Techniques. B. W. Anderson has 
guided gemologists to a new technique for iden- 
tifying diamond simulants. Initially, he discov- 
ered that diamond simulants have different de- 
grees of visibility when placed table-down in im- 
mersion liquid. Stones with refractive indices 
greater than that of the liquid appear to have dark 
borders around the girdle and light facet edges, 
while stones with refractive indices lower than 
that of the liquid have light borders around the 
girdle and dark facet junctions. These differences 
in relief are best seen when the cut stones are 
immersed in 3.32 liquid table-down in a glass- 
bottomed cell that is strain-free. The cell should 
be slightly above its resting surface with light 
placed directly over the stones. 

Interestingly, not only do the majority of the 
diamond simulants have dark borders when im- 
mersed in heavy liquid, but as their refractive in- 
dices increase, the width and darkness of the ring 
around the girdle also appear.to increase. Thus, 
as mentioned earlier, if the diamond simulants 
were aligned according to refractive index, YAG 
would have the lowest relief, since its refractive 
index is closest to that of the liquid, with GGG, 
CZ, strontium titanate, and diamond (in that or- 
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der) demonstrating increasing levels of relief (see 
fig. 17). 

Since relief in itself usually will not lead to 
the specific identity of the gem material, a new 
application of the Anderson principle has been 
developed to provide this information. The tech- 
nique is the same, that is, the stones are im- 
mersed in a glass cell and a light is placed over- 
head. However, the stones are viewed from the 
side instead of from directly overhead. Viewed at 
a 45° angle from the resting surface, different 
stones will exhibit different reflection patterns 
(fig. 18). While viewing contact photographs of 
immersed stones, Anderson noted the differing 
reflections, but he did not specifically apply the 
principle to the identification of diamond simu- 
lants (Anderson, 1971, p. 35]. Careful study has 
shown, however, that when two or more diamond 
simulants of the same cut are compared, each has 
a unique reflection pattern. Round brilliants with 
good proportions seem to provide the best results. 

The reflection patterns of diamond and stron- 
tium titanate are similar in that they both exhibit 
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Figure 17, The higher the refractive 
index of the stone, the more distinct 
the stone is when immersed in 
methylene iodide and the darker 
and wider the shadow around the 
girdle is, Left to right (high to low 
R.I.): diamond, strontium titanate, 
CZ, GGG, YAG. 


Figure 18. When light is placed over 
stones immersed in methylene 
iodide, each stone shows a different 
reflection pattern. Top row {left to 
right}; diamond, Strontium titanate. 
Bottom row: CZ, GGG, YAG, 


bright rays that radiate from the middle of the 
stone and extend beyond the girdle outline. How- 
ever, the rays in strontium titanate show spectral 
colors as a result of the material’s great dispersion 
and usually extend a bit farther than those of 
diamond, 

CZ has a dark area round the girdle, but it is 
not circularly defined. The middle of its pattern 
is bright like that of GGG, but contains distinc- 
tive sharp, star-like images that extend halfway 
into the dark area. The reflection pattern of GGG 
is doughnut-like, with a thick, dark girdle border 
and a bright interior in which the facet edges are 
light but somewhat rounded and blurry. The re- 
flection pattern of YAG is characterized by a com- 
paratively thin, dark girdle border and bright facet 
edges. 

In most instances, the reflection pattern will 
identify the diamond simulant. Since GGG and 
zircon have similar patterns, the optic character 
of the stone should be checked before it is im- 
mersed. In addition, the patterns may be affected 
by the distance between the light source and the 
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stone as well as by the distance between the cell 
and its resting place. If a penlight is used to create 
the pattern, the optimum distance between the 
light source and the stone is approximately three- 
quarters of an inch, and between the cell and its 
resting place is approximately one-quarter of an 
inch. 

Lately, we have noticed that these reflection 
patterns can be revealed without immersing the 
stone. The ramifications of this technique are 
being studied to see if it can be applied to mounted 
goods. 


Fluorescence. Fluorescence is useful only as a 
supplemental test in gem identification, since the 
fluorescence of the diamond simulants is not very 
constant. It may be helpful, though, to note 
whether the fluorescent reaction is stronger un- 
der long-wave or short-wave ultraviolet light. 
Diamond generally fluoresces stronger under long 
wave than under short wave, while most simu- 
lants fluoresce stronger under short wave. 

The characteristic fluorescence of diamond is 
weak to strong blue under long- or short-wave 
ultraviolet light. However, it may be inert or flu- 
oresce a variety of other colors. 

GGG’s typical fluorescence is a moderate to 
strong orange (or pinkish orange) under short-wave 
ultraviolet light. The fluorescence is generally 
constant, although some stones have been inert. 

The fluorescence of CZ is variable. When the 
material first appeared on the market, the typical 
fluorescence was orange under long-wave ul- 
traviolet light and yellow or greenish yellow un- 
der short-wave ultraviolet light. It has since been 
shown that CZ may be inert or may fluoresce a 
number of other colors. 

YAG and strontium titanate are usually inert, 
although YAG has been known to fluoresce a 
weak orange. Because of its inconsistency, fluo- 
rescence should be used only in conjunction with 
other tests. Chemical impurities, foreign mate- 
rials, and strain may alter the typical fluorescence 
of a stone. 


INSTRUMENTS THAT SEPARATE 

DIAMOND FROM DIAMOND SIMULANTS 
IN MOUNTED GOODS 

If the gemstone is mounted, or if a person has not 
been trained to use the above tests, instruments 
are available to separate diamond from its 
simulants. The results do not identify the simu- 
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lant, but they are very useful at the repair or take- 
in counter to determine whether or not the stone 
in question is a simulant. The two most conclu- 
sive instruments are the GEM Diamond Pen (Gem 
Instruments Corp., Santa Monica, CA] and the 
diamond probe. 


GEM Diamond Pen. The GEM Diamond Pen 
effectively separates diamond from the above sim- 
ulants on the basis of diamond’s unique surface 
tension. Surface tension refers to the ease with 
which a loose diamond can be picked up by a 
damp finger; most simulants do not possess this 
property. 

The effects of surface tension are illustrated by 
placing a small drop of liquid on the surfaces of 
a diamond and a diamond simulant simultane- 
ously. The liquid spreads on the surface of the 
diamond, while it beads on the surface of the sim- 
ulant. The GEM Diamond Pen uses a nondrying 
colored liquid to demonstrate the property quickly 
and easily. 

To ensure an accurate test, the stone’s surface 
should be well polished and clean. Hold the pen 
perpendicular to the testing surface. In a quick 
even stroke, run the tip of the pen across the sur- 
face. In this position, the pen will allow only a 
metered amount of liquid to flow. A common 
mistake is to hold the instrument in the same 
position as a writing pen, in which case too much 
liquid is deposited on the surface. 

Magnification may be needed to examine the 
drop of liquid. The reaction may be affected by 
abrasions or coatings on the surface, which can 
be removed by a polishing compound included in 
the GEM Diamond Pen kit. In addition, a dia- 
mond doublet would fool the pen unless surfaces 
on both the crown and pavilion were checked. 
However, the test can be performed on both loose 
and mounted goods and, if used properly, provides 
positive proof of diamond. 


Diamond Probe. The diamond probe yields the 
fastest, most consistent results as to whether the 
material is diamond. Unlike the Diamond Pen, it 
is based on a bulk property that is not subject to 
miscalculations. The probe measures the thermal 
conductivity of diamond. Diamond’s ability to 
conduct heat is greater than that of any known 
simulant, as evidenced by the fact that diamonds 
are colder to the touch than any simulant and 
become warm more quickly when worn. Simi- 
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larly, moist breath evaporates much more quickly 
on a diamond. 

A typical thermal conductivity unit consists 
of a small box with a pen-like probe attached to 
the unit by a cord. The only requirements for the 
use of the unit is that the stone be at room tem- 
perature and that the probe pen be held perpen- 
dicular to the testing surface. Position the pen, 
push lightly, and note the reaction. If the tip of 
the probe touches a diamond, the needle on the 
scale points to “diamond”; if it touches a dia- 
mond simulant, the needle points to the ‘’simu- 
lant” area. 

The diamond probe cannot distinguish among 
all diamond simulants because they do not all 
differ significantly in their ability to conduct heat. 
Some of the recently marketed probes have indi- 
cator marks for the important simulants; how- 
ever, YAG and GGG are generally too close to 
separate. 

If the machine is working properly, it is im- 
possible to mistake diamond. To ensure that the 
machine is operating properly, press the tip of the 
probe against one of the check areas, or compare 
reactions with known stones. Thin coatings on 
the stone’s surface should not affect the readings. 
Only a diamond doublet can confuse the ma- 
chine. The results have been found to be accurate 
for both loose and mounted stones. 


CONCLUSION 


There is no good reason to misidentify a diamond. 
Visual characteristics alone should reveal a sim- 
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ulant, and they may lead to the precise identity 
of the material at hand. If the visual character- 
istics are not satisfactory, an estimate of specific 
gravity coupled with the visual traits will often 
separate diamond from its imitators. 

If a specific identification is needed, hydro- 
static measurements can provide the proof, or the 
B. W. Anderson reflection technique will identify 
simulants that are cut to certain proportions. 

Last, the Diamond Pen and diamond probe 
conclusively identify a loose or mounted dia- 
mond. Even if the visual characteristics are ob- 
structed, and the stones cannot be weighed or 
immersed, these instruments will reassure the 
gem identifier. At present, no diamond simulant 
duplicates the optical and physical properties of 
diamond. Until synthetic diamond is manufac- 
tured for commercial use, if ever, diamond should 
pose no problem in identification. 


REFERENCES 


Anderson BW (1971) Gem Testing, 8th ed. Butterworth & Co., 
London, England. 

Bruton E (1973) Diamonds, 2nd ed. Chilton Book Co., Radnor, 
PA, 

Kane R (1980} The elusive nature of graining in gem quality 
diamonds. Gems & Gemology, Vol. 16, pp. 294-314. 

Liddicoat RT Jr. and Koivula JI (1978) Synthetic cubic stabi- 
lized zirconia. Gems & Gemology, Vol. 16, p. 58. 

Nassau K {1980} The optical constants of G.G.G. journal of 
Gemmology, Vol. 17, p. 148. 


GEMS & GEMOLOGY Spring 1981 33 


NOTES 


-AND- 


NEW TECHNIQUES 


\ 


\ 


THE HIDDEN BEAUTY OF AMBER: 
NEW LIGHT ON AN OLD SUBJECT 


By John I. Koivula 


While many aspects of the nature of amber and its 
organic inclusions have been reported in the 
literature, virtually nothing has been recorded about 
the inorganic—mineral, liquid, and gas—inclusions 
“hidden” amid the better-documented life forms. 
This article takes a microscopic look at the gas 
bubbles and crystal forms that also belong to 
amber’s inner world. With the use of polarized light, 
the author also documents strain centers in the 
amber, including movements made millions of years 
ago by animals trapped in the resin. 


The gemological literature is filled with a wealth 
of information on amber and its inclusions. Seem- 
ingly countless and exhaustive studies on the 
subject have been carried out by well-qualified, 
highly skilled paleozoologists, paleobotanists, and 
gemologists. Their keen observations have led to 
the identification of thousands of varieties of flora 
and fauna as inclusions in amber, and more will 
undoubtedly be discovered as the search contin- 
ues. Through the application of infrared spectro- 
photometry and other sophisticated instrumen- 
tation (Langenheim, 1964}, the very origins of the 
amber resin itself are now being studied. 
Consequently, when we scan the available lit- 
erature, it seems that there is very little that re- 
mains to be written on the subject of amber. But, 
to the close and careful observer, amid the often- 
noted inclusions of flowers and insects a world of 
hidden beauty unfolds, a microscopic world never 
before reported in the gemology literature. 
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This journey into amber’s hidden microscopic 
world begins with a simple spherical void, a bub- 
ble. Anyone who has studied amber under the 
microscope has seen bubbles suspended in its 
golden depths. But the microscopist’s eye is usu- 
ally drawn away from any bubbles present to the 
more Captivating inclusions of flora and fauna. In 
fact, if a piece of amber does not contain insects 
or other fossilized life forms, it is seldom given 
a second glance with the microscope. This sin- 
gular fixation on life forms has kept an intriguing 
portion of amber’s inclusion world from the gem- 
ological community. 

At first glance, except for minor differences in 
shape, the bubbles found in amber appear to be 
essentially the same. However, careful study un- 
der the microscope reveals that many have unique 
characteristics. Figure 1 shows a gas bubble dis- 
torted by the flow of the resin before it solidified. 
The bubble plays host to a transparent euhedral 
crystal of an unknown solid, possibly quartz 
(Flamini et al., 1975}. Figure 2 shows a group of 
white crystals that appear to adhere to the lower- 
front inner surface of this somewhat spherical 
bubble. The crystal group subsequently moved to 
the inner-back surface of the bubble, revealing it- 
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Figure 1. Distorted by the flowing motion of its 
amber host, this bubble is unique in that it 
contains a well-formed crystal, possibly quartz. 
Magnified 65x, dark-field illumination. 


self as a mobile solid. The photomicrograph of a 
bubble in figure 3 illustrates a three-phase inclu- 
sion in amber. The solid phase consists of tiny 
brownish-red pollen grains. The largest of these 
appear to be attached to the inner surface of the 
bubble, while the smaller grains move around in- 
side the bubble chamber, propelled by heat-con- 
vection currents and water vapor. The liquid phase 
is a droplet of ancient rain or dew. It can be seen 
easily in various stages of condensation on the 
inner surface of the gas bubble, the third phase. 


Figure 2. This gas bubble contains a group of 
whitish crystals that appears to be sticking to 
the bubble’s lower front surface but revealed 
itself as a mobile solid. Magnified 40x, oblique 
iljumination., 
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It is an established fact that the physical bod- 
ies of all animal life are composed primarily of 
water. When insects or other fauna are trapped in 
amber, their internal organs deteriorate, leaving 
behind the fossilized exoskeleton. Transparent, 
gem-quality amber is not porous, so any organic 


a a bs . 
Figure 3. The solid phase of this three-phase 
inclusion in amber consists of microscopic 
pollen grains, some of which stick to the inner 
surface of the void while others fly around. The 
liquid phase, seen here in various stages of 
condensation on the inner surface of the gas 
bubble, is possibly a droplet of ancient rain or 
dew. Magnified 40x, dark-field illumination. 


body fluids trapped within the insect’s remains 
are left behind in the exoskeletal void. If the exo- 
skeletal shell is thin enough to allow the passage 
of light, then a small mobile gas bubble often can 
be observed rolling about inside the fauna host. 
In figure 4, we see one of these mobile bubbles 
trapped in the abdomen of an ant. Occasionally, 
small fragments of the exoskeleton will float with 
the bubble, creating a three-phase inclusion. 

The application of polarized light to the study 
of amber reveals further heretofore hidden details. 
The spherical voids shown in the first photo in 
figure 5 house two-phase, liquid and gas, inclu- 
sions with a mobile gas phase in each. Under po- 
larized light, framed by bright interference colors, 
these inclusions show themselves as strain cen- 
ters in the amber. A close-up of a strain-center 
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Figure 4. The internal organs of this ant in 
amber have deteriorated, and only the body 
fluids remain in the exoskeleton. A bubble of 
abdominal gas can be seen floating about. 
Magnified 30x, dark-field illumination. 


liquid-and-gas two-phase inclusion shows tiny 
liquid droplets that have condensed in the gas 
phase as a result of temperature-change and va- 
por-pressure alteration. 


Figure 5. The bubbles in the top 
photomicrograph house two-phase, liquid and 
gas, inclusions with mobile gas phases. Under 
polarized light, these inclusions show 
themselves to be strain centers in the amber. 
Magnified 35 x, Higher magnification reveals 
tiny liquid droplets that have condensed in the 
gas phase as a result of vapor-pressure 
alteration. Magnified 60x. 
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Figure 6, The death dance of three tiny bees. 
The final life movements of arthropods are 
often traced in amber, but only under polarized 
light do these final death throes become visible 
as vivid strain colors. Magnified 10x. 


Polarized light may also disclose “hidden” de- 
tails in amber’s fauna inclusions that often re- 
main invisible when other methods of illumina- 
tion, such as dark field, are used. If insects or 
other fauna are trapped alive by the resin, their 
final life movements—as they attempted to es- 
cape—are visible under polarized light in the form 
of vivid strain colors surrounding their bodies and 
legs. Figure 6 illustrates the death dance of three 
small bees. 

A case of not seeing the forest for the trees. It 
is obvious that there is more to amber than has 
previously met the gemologist’s eye. These newly 
recorded facts only add to the unique nature of 
amber as a gem material. 
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ARTIFICIALLY INDUCED COLOR IN 


AMETHYST-CITRINE QUARTZ 
By Kurt Nassau 


Adjacent amethyst and citrine colors in the same 
crystal of quartz have been reported from South Amer- 
ica, although there appears to be uncertainty as to the 
exact locality of origin. Such material has also been 
produced by synthesis. Several previous studies on the 
impurities contained in natural and synthetic quartz 
and the effects of irradiation and heating, as well as 
new heating and Irradiation experiments with the cur- 
rent natural amethyst-citrine quartz and with ame- 
thyst, are described. It is concluded that there are pres- 
ently no known tests to distinguish natural bicolor 
material that was heated or irradiated (or both) in na- 
ture from natural amethyst heated or irradiated (or 
both} by man or from the equivalent synthetic material. 


A new and rather unusual gem material has been 
reported recently, namely, the occurrence of 
citrine and amethyst colors side by side in the 
same crystal of quartz. Brief descriptions have 
been given by Hehar (1980), Koivula {1980}, and 
Vargas and Vargas (1980). The locality was origi- 
nally reported as being in the Rio Grande do Sul 
mining area of Brazil, close to the Uruguay border, 
or in northern Uruguay itself; subsequently it has 
been reported to be in Bolivia (G. Vargas and J. 
Koivula, personal communications]. The names 
amethyst-citrine quartz, citrine-amethyst quartz, 
ametrine, trystine, and golden amethyst have 
been used for this material. The first of these is 
a clear and descriptive designation and will be 
used below. The well-cut stone shown in figure 
1 clearly displays both colors. 

Usually, a gemstone material is synthesized 
after naturally occurring material provides the 
stimulus for duplication attempts. In this instance, 
however, the author has had a piece of synthetic 
amethyst-citrine quartz in his possession for sev- 
eral years without realizing its significance! This 
unusual specimen is shown in figure 2, where the 
purple amethyst and yellow citrine colors can be 
clearly seen. 

A general description of the growth of syn- 
thetic quartz has been given by the author 
(Nassau, 1980a and 1980b). The causes of color in 
quartz have been reviewed by Nassau and Pres- 
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Figure 1. Natural amethyst-citrine quartz, 108.5 
carats (from the Los Angeles County Museum of 
Natural History collection). 


cott {1977}. Briefly, citrine and amethyst are 
caused by the incorporation into quartz of dif- 
ferent types of iron; amethyst also involves irra- 
diation. The amounts of the two types of iron 
present in a quartz crystal depend on the growth 
direction and on other growth factors, but either 
type may be present by itself or they may both be 
present in variable ratios. It has long been known 
that the depths of the colors do not correlate with 
the analyzed iron concentration; this is a result of 
the presence of a third type of iron, which is not 
color producing. 

Many scientific studies have also been con- 
ducted over the years on the impurities contained 
in natural and synthetic quartz, together with the 
effects of irradiation and heating (Cox, 1977; 
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Figure 2. Synthetic amethyst-citrine quartz crystal, 
3m long (author's collection). 


Cohen and Hassan, 1974; Hassan, 1972; Cohen, 
1975; Lehmann, 1975; and Nassau and Prescott, 
1977 and 1978). These studies, as well as some 
current experiments, suggest that several possi- 
bilities exist as to the origin of any specific piece 
of amethyst-citrine quartz. 


NATURAL AMETHYST-CITRINE QUARTZ 


In their reports, Hehar (1980), Vargas and Vargas 
(1980), and Koivula (1980) note six alternating 
regions, three each of amethyst and citrine, which 
clearly correspond to the major-rhombohedron 
growth regions of typical amethyst and the minor- 
rhombohedron growth regions of typical citrine. 
There are three significantly different ways in 
which such naturally occurring amethyst-citrine 
quartz could have been formed. First, it is possi- 
ble that the quartz simply grew under such con- 
ditions that the amethyst-forming iron was in- 
corporated under the major-rhombohedron faces, 
while only citrine-forming iron entered under the 
minor-rhombohedron faces (some may, of course, 
be present under the majors as well}. Natural ir- 
radiation would then produce this end product. 

There are, however, important alternative 
possibilities involving different mechanisms. In 
the second suggested mechanism, both ame- 
thyst-producing iron and citrine-producing iron 
are present in all sectors of the quartz, and the 
naturally occurring irradiation has produced an 
amethyst color in all sectors. According to the 
second scheme, the quartz next would have passed 
through a heating stage that bleached the minor- 
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rhombohedron amethyst to leave citrine, but 
which did not bleach the major-rhombohedron 
amethyst material. According to the third scheme, 
heating could have affected the material in such 
a way that a subsequent irradiation might have 
colored only some parts, thus producing the 
observed end product. 

According to these alternative schemes, the 
important difference is not in the quantities of 
iron occupying the different sites, (although some 
such differences may be present], but in the 
behavior of the material with respect to heating. 
The determining factor is either the temperature 
at which the amethysts bleach (i.e., at which the 
color centers are destroyed) or the temperature of 
heat treatment after which the citrine can no 
longer be converted to amethyst. Such differences 
(e.g., in the bleaching temperatures) do occur in 
quartz (Nassau and Prescott, 1977], and sectored 
variation in properties has also been noted in 
conjunction with the pleochroic anisotropy in 
smoky quartz color centers (Nassau and Prescott, 
1978) and in amethyst {Cox, 1977]. There are two 
questions that arise should one of these schemes 
apply: (1) Was the heating or irradiation (or both) 
a naturally occurring event or was it performed 
by man? and (2) Is this property unique to the 
locality or will amethyst from other localities 
produce the same result if suitably treated? 


HEATING AND IRRADIATION 
EXPERIMENTS 

Specimens of the natural amethyst-citrine cur- 
rently in the trade were made available to the au- 
thor by the very kind cooperation of G. Vargas 
and by J. I. Koivula and D. V. Manson of the GIA. 

Parts of two specimens were irradiated in a 
cobalt-60 gamma-ray cell to a dose of at least 
1,000,000 rads. As a result, portions of some of 
the amethyst and citrine regions acquired an ad- 
ditional weak smoky tint. Heating to 350°C re- 
moved this tint and restored the specimens to 
their original] state. 

Parts of two different specimens were next 
heated in air in a furnace for two-hour periods 
first at 250°C and then at successively higher 
temperatures at intervals of 50°C. The amethyst 
sectors became yellow after the two hours at the 
400°C step; the citrine regions were not affected 
by this heat treatment. A subsequent irradiation 
followed by heating to 350°C to remove smoki- 
ness restored the original amethyst-citrine colors. 
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In order to obtain comparison data, experi- 
ments were also performed on two specimens of 
sectored amethyst from Minas Gerais, Brazil, 
which were also obtained from the Gemological 
Institute of America. These specimens exhibited 
alternating sectors of dark (major rhombohedron] 
and pale (minor rhombohedron) amethyst. Dupli- 
cation of the first irradiation experiment above 
gave essentially the same results: smoky purple 
and pale smoky purple, with the smoky compo- 
nent removed and the original state restored upon 
heating to 350°C. 

Heating the sectored amethyst to successively 
higher temperatures, however, produced an unex- 
pected result: the dark purple sectors became 
somewhat lighter but the pale purple sectors 
turned yellow at 400°C. To the eye, this material 
now had exactly the same appearance as the 
amethyst-citrine. Subsequent irradiation and 
heating to 350°C restored the original all- 
amethyst state. This process corresponds to the 
second mechanism discussed above, but the end 
product is unlike the current amethyst-citrine, 
which did not convert to all-amethyst even after 
20 megarads of cobalt-60 gamma rays. 

Heating of these same sectored-amethyst sec- 
tions to the slightly higher temperature of 450°C 
bleached ali the amethyst sectors to yellow. A 
subsequent irradiation followed by heating to 
350°C reproduced not only the appearance of the 
current amethyst-citrine, but also its behavior 
with respect to heating and irradiation: it could 
no longer be returned to all-amethyst. A spec- 
imen of this treatment-produced amethyst-citrine 
{see figure 3) has been returned to the Gemolog- 
ical Institute of America for archival purposes. 

Iron analyses were not performed because such 
analyses cannot distinguish among the three 
types of iron but only give the total iron present; 
this total has not provided useful information in 
previous studies. 


DISCUSSION 


The above experiments show that the amethyst- 
citrine combination in quartz can be obtained by 
heat-treating sectored amethyst from Minas Ger- 
ais, Brazil, in either one of two ways: {1) a medium 
heating step produces the change, but this can be 
reversed by irradiation; (2) a more intense heating 
followed by irradiation and a second, gentle heat- 
ing also produces the change, but the product can 
no longer be returned to all-amethyst. 


Notes and New Techniques 


Figure 3. Amethyst-citrine quartz produced by 
heating and irradiating sectored amethyst from 
Brazil; 12 mm across. 


Since the sectored amethysts tested were 
merely randomly chosen, it is likely that much 
such material from a variety of sources can be 
treated to produce amethyst-citrine, including 
man-made quartz. There are no known tests to 
distinguish the origin of color of natura! material 
that was heated/irradiated in nature from natural 
amethyst heated/irradiated by man or from the 
equivalent synthetic material. 
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A NOTE FROM THE EDITOR 


This is the first Gem Trade Lab 
Notes column under the new for- 
mat of Gems & Gemology. Al- 
though the general style of the for- 
mer columns will be retained, a few 
improvements have been made, in- 
cluding the use of more color photos. 

Previously, there were separate 
columns for the New York, Los An- 
geles, and Santa Monica branch 
labs. It will be my job to combine 
the information supplied by each 
branch into one column. The New 
York correspondent will continue to 
be Bob Crowningshield, vice presi- 
dent of GIA and director of the col- 
ored stone section of the Gem Trade 
Lab. Bob Kane will keep the data 
from Los Angeles coming in, while 
Karin N. Hurwit supplies the items 
of interest from Santa Monica. 

Perhaps the most important long- 
range improvement is the arrange- 
ment of the material in alpha- 
betical order, by variety. Such an 
arrangement makes it easier to pro- 
vide an annual index of the stones 
coming into the labs and aids the 
reader in his or her search for more 
information on particular stones. 

Please note that all magnifica- 
tions given refer to the power of the 
microscope at which the photo- 
graph was taken, not necessarily the 
final magnification of the printed 
image. 


AQUAMARINE 


Trapiche Aquamarine? 


An unusual stone came into the New 
York lab for identification. Figure | 
illustrates the green-blue melon-cut 
drop that appeared at first to be 
merely a drilled aquamarine bead. In 
reality, this stone has been cut from 
a trapiche-like crystal with six 
separations (apparently carbona- 
ceous} and a clear central hexagonal 
area, as shown in figure 2. Although 
the stone displayed evidence of 
chromium in its absorption spec- 
trum, its color was unlike that of 
any trapiche emerald crystals we 
have seen. However, the chalced- 
ony-like translucency and the black 
inclusions seen in figure 2 do resem- 
ble characteristics common to tra- 
piche emerald. 


Figure 2. End view of the 
melon-cut aquamarine in 
figure 1. Magnified 10x. 


DIAMONDS 


Cyclotron-Treated Diamonds 


Diamonds were first treated in a cy- 
clotron to produce color nearly 40 
years ago. A color then seen some- 
what frequently in treated dia- 
monds, but seldom seen today, is a 
pleasing orange-brown. However, 
cyclotron treatment, which imparts 
a shallow penetration of color, is 
an expensive and troublesome pro- 
cess. For these reasons, other meth- 
ods of artificially inducing color 
in diamonds have been developed, 
including atomic-pile treatment. 
Atomic-pile treatment penetrates 


Figure 1. Melon-cut aqua- 
marine, approximately 35 cts. 


©1981 Gemological Institute of America the diamond completely, resulting 
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Figure 3. Cyclotron-treated diamond. Left = crown facets viewed through the pavilion, 
magnified 40x, Center = culet area viewed through the table, magnified 30x. Right = 
culet area and brown graining, magnified 12x. 


in even color throughout the stone. 
This process has largely replaced 
cyclotron treatment, and we seldom 
see cyclotron-treated diamonds in 
the laboratory today. 

Several months ago, however, a 
cyclotron-treated diamond was sub- 
mitted to the Los Angeles lab for 
determination of the origin of color. 
Since the color penetration was 
shallow, this particular diamond did 
not exhibit the usual absorption 
spectrum with the typical 5920 A 
line. 

The fact that the color is shallow 
and confined to a layer near the sur- 
face makes cyclotron treatment eas- 
ily detectable when the stone is ex- 
amined under magnification. As seen 
in the three sections of figure 3, this 
diamond displayed a surface layer of 
intense color paralleling the edges of 
facets on the crown and around the 
culet that is very typical of cyclo- 
tron-treatment. The first photo in 
figure 3 shows crown facets viewed 
from the pavilion. The area around 
the culet is seen in figure 3 center 
as viewed through the table. The fi- 
nal pose in figure 3 shows, at lower 
magnification, the treatment-layer 
zone at the culet, as well as brown 
graining. 

It should be noted that natural- 
color diamonds frequently display 
brown graining. Light brown dia- 
monds with brown graining are 
sometimes treated to darken their 
color and thus improve their ap- 
pearance, the graining, of course, is 
still present. 

A dark blue-green diamond ex- 
amined in both California and New 
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York appeared watery when viewed 
from the side, which suggested that 
it was surface treated. However, it 
did not show the umbrella around 
the culet or dark penetration zone 
around the table and star facets 
which are typical of such treatment. 
Finally, with immersion and later in 
air we were able to determine that 
the stone was treated on one side of 
the pavilion only, where a grid-like 
penetration zone appeared when the 
diamond was viewed through the 
upper girdle and bezel facets (see fig- 
ure 4), We have heard that in the 
early days of cyclotron treatment if 
a stone fell from its fire-resistant 
holder, operating procedures did not 
allow stopping the equipment to 
right it. It is rumored that just such 
an accident led to the discovery that 
overexposed dark green stones could 
be heated to turn them brown, 
orange, or yellow. 


Figure 4. Grid-like color 
zoning in a cyclotron-treated 
diamond. Magnified 40x. 
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Figure 5. Radiation stains on a 
natural of a near-colorless 
diamond (see arrows}. 
Magnified 45 x. 


Natural Radiation Stains 


Radiation stains on diamond natu- 
rals are often associated with green 
stones, but they can occur on dia- 
monds of any color. In the Fall 1979 
issue of Gems e& Gemology, we 
mentioned a G-color round brilliant 
with radiation stains on both of the 
two naturals. Since that time, we 
have seen several diamonds, not 
green, that had this feature. Figure 
5 shows a near-colorless diamond 
with two such small brown stains 
on a natural. Another diamond, of 
M to N range in color, was also ob- 
served to have a stain on a natural. 
Directly across from the natural 
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Figure 6. Radiation stain in a diamond natural. 


Magnified 50x. 


there was a stain remaining in the 
bruted girdle where the rough dia- 
mond skin had been removed. The 
stain in the natural is intense in 
color and penetrates deep into the 
stone (see figure 6). 


Inclusions 

The cover of the Spring 1952 issue 
of Gems & Gemology featured a 
windowed diamond crystal with a 
beautiful flower-like inclusion that 
shows both petals and sepals. This 
year we were shown a similarly 


Figure 8. Irregular tube-like 
inclusions in @ diamond. 
Magnified 18x. 
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Figure 7. Flower-like inclusion in a diamond. 
Magnified 15x. 


Figure 9. A uniquely glassy diamond natural, 


Magnified 35x. 


windowed crystal with a flower-like 
inclusion that has a brown tubule 
which looks ever so much like a 
stem or the stick for a pinwheel (see 
figure 7}, 

We are at a loss to explain the 
unusual inclusions in the round- 
brilliant cut diamond shown in fig- 
ure 8. On examination under the 
microscope, they appeared to be 
hollow tubules, some brown or filled 
with a brown material. 


An Unusual Natural 

The unique natural on a diamond 
brought into the Santa Monica lab 
warrants a description. The surface 


of this natural was very smooth and 
glass-like (see figure 9], almost as if 
it had melted! There was absolutely 
no evidence of any growth or etch 
marks on the surface of the natural. 
No one in the Gem Trade Lab re- 
members ever before seeing a dia- 
mond natural with this appearance. 


Notes on Diamond Cutting 


We admire the cutter of the orange 
cube diamond seen recently in New 
York {see figure 10). Gem-quality 
cube-shaped diamond crystals are 
almost unknown, so in retaining the 
cube shape with very symmetrical 
beveling of the edges the cutter has 
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Figure 10. Cube-cut diamond, 
1.13 cts. 


captured the stone’s beauty and 
rarity. 

Rare outside museums or royal 
collections are Peruzzi-cut dia- 
monds. We were privileged to re- 
ceive for grading and photographing 
such a stone weighing more than 
2.00 cts. (see figure 11}. Presumably 
this style of cutting, detailed in fig- 
ure 12, was first employed by a 
Venetian cutter in the 17th century, 
and it led to the old-mine cut, the 
old-European cut, and finally the 
modern brilliant. The stone we 
graded had no culet, had a table per- 
centage of 46, and showed a depth 
percentage of 97.9. 


II, or Not II, 

Type I diamonds are opaque to short- 
wave ultraviolet (UV) light, while 
type II are transparent. Type II, dia- 
monds are not electroconductive, but 
type Ilp are. Normally we check for 


Figure 11. Top view of 
a Peruzzi-cut diamond, 
2.00 cts. 


Peruzzi cut. 


Figure 12. Diagram of the 
Peruzzi cut. (Diagram courtesy 
of Robert A. P. Gaal, Diamond 
Dictionary, 2nd ed, 
Gemological Institute of 
America, Santa Monica, CA, 
1977.) 


a type Il diamond in the darkroom, 
using short-wave ultraviolet light 
and a piece of scheelite placed be- 
hind a porthole. Only UV light that 
has passed through the stone can 
affect the scheelite. If the scheelite 
glows, we test the stone further for 
electroconductivity to determine 
whether it is type IIly. Of course, 
there is no permanent record of these 
UV transparency tests. To obtain a 
permanent record, place the stones 
table down on the emulsion side of 
photographic paper and expose them 
for a very short time (two seconds} 


Figure 13, Ultraviolet transparency of a type I marquise compared 
to a type Il pear-shaped diamond. 
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with the ultraviolet lamp perhaps a 
foot away. Figure 13 shows the 
transparency difference between a 
type I yellowish marquise anda type 
II, pear-shaped diamond. 


EMERALD 


An emerald sent to Santa Monica for 
identification showed quite unusual 
structural characteristics. First, we 
were surprised to see a significant 
difference in transparency when the 
stone was viewed from different an- 
gles. As we looked at the stone 
through the table, the emerald was 
almost transparent; yet when we 
looked sideways at the pavilion fac- 
ets, the stone was only translucent, 
having the appearance of dyed green 
chalcedony. Magnification of this 
stone revealed a peculiar structure: 
straight, colored growth lines were 
crossed by lightly curved, wave-like 
bands {see figure 14). The stone was 
of natural origin, possibly cut from 
a trapiche-type crystal. 
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lines in'an emerald. Magnified 
63%. 


The New York lab encountered 
a synthetic emerald, reportedly of 
Russian manufacture, with a refrac- 
tive index of 1.560—1.563 and a low 
specific gravity. The stone trans- 
mitted red on the spectroscope light 
but showed only weak long-wave 
ultraviolet fluorescence. The stone 
had fairly typical flux fingerprints 
and even contained a platinum crys- 
tal in the girdle. What was partic- 
ularly unusual was the presence of 
long needles, which we have always 
felt indicated natural origin. Nearly 
as disturbing was the discovery of 
a cavity filled with yellow liquid in 
this otherwise obviously synthetic 
emerald (see figure 15}. Elsewhere 
in the stone, the ‘Venetian blind” 
banding that is typical of a synthetic 
was visible (fig. 16). 


MALACHITE 


A malachite carving of an oriental 
lady holding a flower basket was sent 
to the laboratory for a damage re- 
port. Part of the flower basket and 
the right hand of the lady had been 
broken off, leaving a surface remark- 
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Figure 15. Yellow inclusion in 
a synthetic emerald. 
Magnified 25x. 


ably like a cleavage that astonished 
us (see figure 17), Although mala- 
chite has one perfect cleavage direc- 
tion, massive material usually does 
not show it. What had happened? 
This particular piece of malachite 
apparently was formed by the pro- 
cess of sedimentation. When the 
carving was damaged, the separation 


Figure 16. “Venetian blind” 
banding in synthetic emerald. 
Magnified 10X. 


occurred between bedding planes in 
the stone and produced a flat, 
smooth break. 


PEARLS, Cultured 


The Santa Monica lab had the op- 
portunity to examine a necklace 


Figure 17. Damaged malachite carving showing separation 
between bedding planes; 2.5 cm x 7.5 cm x 10.5 cm high. 
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consisting of bluish-gray cultured 
pearls with one “oddball” in the 
strand. The layered structure of shell 
was apparent in this single bead (see 
figure 18}. Notice also the concen- 
tration of dye at the drill hole. It 
would seem that at one time this 
pearl was crushed or received a blow 
that caused the nacreous outer layer 
to fall off, exposing the nucleus. 

A “faith-shaker”’ was a pair of 
earrings set with a bronzy-black, 
drop-shaped pearl and a similarly 
shaped white pearl. Both were cul- 
tured. However, the black pearl 
fluoresced reddish brown—much 
stronger than any known Tahiti 
black cultured pearl we have seen. 
The history of the earrings pre- 
cluded the possibility that the black 
pearl could have been cultured in 
Tahiti waters. Incidentally, it is re- 
ported that a much wider range of 
hues has been produced in the cur- 
rent harvest there, so we may see 
colors other than the usual black, 
dark gray, and light gray. 

Figure 19 illustrates a necklace 
set with bronzy-colored dyed cul- 
tured pearls. The shapes too are 
unusual, 


Figure 18. Shell nucleus of a 
cultured peatl. Magnified 10x. 
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Figure 19. Necklace of unusual bronze-colored dyed cultured 


pearls. 


RUBY 


Synthetic stones examined in the 
New York laboratory recently have 
been cause for alarm. The first was 
a flux-grown synthetic ruby report- 
edly of recent Chatham manufac- 
ture. It weighed more than 5 cts. and 
had fine flux fingerprints fairly well 
distributed with only one area of 
typical coarse flux. The alarming 
characteristic was angular, silk-like 
banding visible to the unaided eye 
(see figure 20]. Individual needles 
could not be discerned; rather, we 
observed precisely the effect we have 
seen when a Burma star ruby has 
been heat treated and the rutile 
needles are not quite absorbed. 
Mounted, it could readily be mis- 
identified, since the silk-like bands 
are not expected in synthetic stones. 
The stone was highly fluorescent and 
was obviously not cut in the Orient. 
Whether this stone indicates a 
change in the Chatham product or 
a one-time “fluke” has not been 
established. 

We have mentioned previously 
the process whereby ordinary syn- 
thetic blue sapphires are heated in 
crucibles with an unknown liquid 
that is then incorporated within in- 
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Figure 20. Angular banding in 
a flux-grown synthetic ruby. 
Magnified 30x. 


duced fractures to produce very 
believable fingerprint inclusions. It 
was therefore more expected than 
alarming to receive for identifica- 
tion a synthetic Verneuil ruby 
showing both curved striae and “fin- 
gerprints” (see figure 21). 
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Figure 21. Curved striae and 
“fingerprint” inclusions in 
synthetic ruby. Magnified 30x. 


SAPPHIRES 


Induced Surface Coloration 
of Natural Sapphires 


The shortage of Sri Lankan sapphire 
rough suitable for heat treatment in 
Bangkok has evidently led to the use 
of cut stones that are heated after 
packing in chemicals to diffuse color 
into the surface. The method re- 
portedly is a variation of the one 
outlined in U.S. Patent 3,897,529, 
issued to Union Carbide Corp. in 
1975. We first encountered such 
stones a year ago in the form of an 
orange sapphire, reported in the Fall 
1979 issue of Gems w Gemology. 
Since then we have seen a number 
of parcels containing variously col- 
ored treated stones. 
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Under short-wave ultraviolet 
light, most of the stones treated by 
induced surface coloration show a 
patchy fluorescence where the dif- 
fused color was removed when re- 
polished, However, a stone sent to 
New York by the Los Angeles lab 
did not fluoresce. When the stone 
was immersed, all facets showed 
color except the girdle, which had 
been repolished and all diffused color 
removed (see figure 22). 


Figure 22. Loss of color in the 
repolished girdle of a color- 
treated sapphire. Magnified 
10x. 


Figure 23. Star spinels. 
Magnified 10x. 


SPINEL 


It is not often that one has the op- 
portunity to see a star spinel, Imag- 
ine our surprise when two of them 
arrived at the Santa Monica lab at 
the same time. We were especially 
pleased when it was apparent that 
one of the stones showed a four-ray 
star, while the other star had six legs 
(see figure 23}. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Additional and corraborative data on violet gem sca- 
polite probably from Eastern Africa. B. Jackson, 
Journal of Gemmology, Vol. 17, No. 4, 1980, 
pp. 235-238. 

The author describes a violet gem scapolite, probably 

from Kenya, that has unusually low refractive indices 

(1.536-—1.541) and density (specific gravity of 2.65}, and 

has the highest sodium content recorded thus far in 

natural scapolite. All the samples exhibited strong di- 

chroism: violet when viewed parallel to the c-axis and 

colorless when viewed perpendicular to the c-axis. This 
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orientation may be verified if the stone contains straight, 
tube-like inclusions that align themselves parallel to 
the c-axis. All the stones examined contained these in- 
clusions, which sometimes broaden out, resembling 
cleavages. Given the similarities in color and in optical 
and physical properties, this materia! may be confused 
with amethyst. The two stones can be distinguished, 
however, on the basis of optic sign {scapolite, negative 
vs. amethyst, positive]. RSS 


The alexandrite effect in minerals: chrysoberyl, garnet, 
corundum, fluorite. K. Schmetzer, H. Bank, E. 
Gubelin, Neues Jahrbuch ftir Mineralogie 
Abhundlangen, Vol. 138, No. 2, 1980, pp. 147-164. 

As Schmetzer, Bank, and Gtibelin state in the abstract, 

the purpose of their study is to determine the condi- 

tions required for change of color in various minerals. 

Following a helpful review of the literature on color- 

change materials, the experimental details of the ab- 

sorption spectra and chemical analyses are presented 
in this comparison of the spectroscopy and chemistry 
of alexandrite and alexandrite-like minerals. 

Most of the paper is devoted to analyzing the results 
of these experiments for alexandrite and those garnets, 
corundums, and fluorites that exhibit change of color. 
Specifically, the authors discuss how the elements 
present and the location of ions in the crystal structure 
relate to the absorption spectra and therefore to color. 
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Lastly, the authors hypothesize from their investi- 
gation that four features are characteristic of the ab- 
sorption spectra of color-change minerals. The first is 
spectral transparency from 15,000 cm™! to 16,000 cm™ 
(red area). The second is a strong absorption maximum 
between 17,300 cm™ and 17,800 cm7! (yellow area}. 
Then another absorption maximum exists between 
19,700 cm~! and 21,000 cm™'! (green to blue area). Fi- 
nally, there is a continuous increase in absorption from 
21,000 cm to the limit of the visible area with- 
out additional minima. The authors note further that 
crystals green in daylight generally change to red in 
artificial light while bluish-green crystals change to 
reddish-violet. Figures and tables of the spectral and 
colorimetric data are included as well as a substantial 
list of references. DMD 


Alexandrite-like natural spinel from Sri Lanka. K. 
Schmetzer and E. Gtbelin, Neues Jahrbuch fiir 
Mineralogie Monatshefte, Vol. 9, 1980, pp. 428— 
432. 

In a continuation of their articles on alexandrite-like 
minerals, Schmetzer and Glibelin report on the inves- 
tigation of a 1.87-carat spinel that shows a “remarkable 
change of colour from violet in daylight to reddish vi- 
olet in artificial light.” Through an analytic and spec- 
troscopic investigation, the authors hoped to verify the 
four features they have postulated as being character- 
istic of alexandrite-like materials: transmission in the 
red area of the spectrum, an absorption maximum in 
the yellow region, transmission in the blue-green, and 
an increase in absorption from the blue to the ultra- 
violet end of the spectrum. 

In addition to the normal amounts of Al,Oy; (alu- 
minum oxide) and MgO [magnesium oxide}, the micro- 
probe analysis indicated the presence of FeO (iron 
oxide), Cr,O; (chromic oxide], and VO, (vanadium 
trioxide]. The position of the maxima and minima 
bands in this spinel are different from a typical blue 
spinel. The authors suggest that the overlapping of the 
absorption bands of Fe*? {iron} by the spectra of 
Cr’ (chromium) and V*? (vanadium} produced this 
displacement. 

A diagram is also given which plots chromacity co- 
ordinates for daylight and artificial light. The authors 
conclude that this change-of-color spinel does exhibit 
the four common spectral features. DMD 


Amber—the New World’s fossil gold. G. O. Poinar, Jr., 
and F. Agudelo, Américas, Vol. 32, No. 10, 1980, 
pp. 31-41, 
After a brief introduction that mentions the classic am- 
ber Jocality of the Baltic Coast and brushes on amber’s 
ancient uses and lore, this article discusses in some 
detail the fossil resin deposits found in the Americas. 
It focuses on the amber deposits of the Dominican Re- 
public and Chiapas, Mexico, with additional informa- 
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tion on the Canadian amber found at Cedar Lake in 
Manitoba and the Alaskan amber found along the Ketic 
River near Point Barrow. 

The view that the source of all amber was resin from 
a particular species of pine is disputed in a short section 
on the botanical origins of amber. With the use of in- 
frared spectrophotometry, the spectra of amber from 
various localities were compared with those of modern 
resins. The authors point out the information that may 
be gained from the insects and other arthropods, as well 
as the microorganisms such as nematodes and fungi, 
that have been discovered in amber. The article con- 
cludes with a warning to be on guard against amber 
substitutes. JIK 


The causes of color. K. Nassau, Scientific American, 
Vol. 243, No. 4, 1980, pp. 124-154. 


In this article, Kurt Nassau gives a rather compre- 
hensive summary of five general color-causing me- 
chanisms that he has subdivided into 14 specific 
categories. Within this framework, he discusses a wide 
variety of color phenomena, ranging from the vibrant 
red of a ruby to the multi-hued iridescence of a com- 
mon oil slick. The interaction of light with electrons 
is the unifying theme behind almost all causes of color. 

The opening sections of the article relate the energy 
hierarchy of light to the absorption and emission of ra- 
diation by the atomic electrons. Nassau’s treatment of 
the crystal field, molecular orbital, band structure, and 
physical optical theories contains many interesting ex- 
amples from the gem and mineral kingdoms. Several 
large diagrams, plus a few color photographs, supple- 
ment the verbal explanations. 

Some of the parameters, such as electron volts and 
the spectroscopic notations, will seem bewildering to 
the nonscientist, but a ful] understanding of those de- 
tails is not necessary for grasping the main ideas. Any- 
one interested in an in-depth treatment of the origins 
of color should not miss this excellent article. BFE 


Connoisseurship in emeralds. B. Zucker, Connoisseur, 
Vol. 204, No. 819, 1980, pp. 52—58. 

Benjamin Zucker begins with a short summary of the 
history and lore of emeralds, from their limited use by 
the Egyptians and Romans to the discovery by the 
Spanish of the vast resources held by the Incas in South 
America. He then comments on the rarity of emeralds, 
which he feels is related to their unique chemical com- 
position, According to the author, the finest color of 
emerald is “old-mine” green, a term that is supposedly 
derived from the color of the stones that were first sent 
back to Europe by the conquistadors. It is a color he 
describes as a ‘deep, intense, velvety, almost blackish 
shade of green.” 

The color, commercial potential, and characteristic 
inclusions for emeralds from the major world sources 
are presented. According to Mr, Zucker, no source cur- 
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rently compares with Colombia. Sandawana emeralds 
(Zimbabwe] are often small and have a less intense 
green, Zambian stones are blackish and often highly 
included, while Brazilian stones are frequently cracked 
and oiled. Twenty-one colored photographs present 
typical emeralds from the various localities as well as 
illustrate inclusions found in natura] and synthetic 
stones. 

Although this article is not complete from a gem- 
ologist’s point of view, it is a very good introduction 
to emeralds and could be useful to the gem 
salesperson. RSS 


Estudio del material de interés gemoldgico ‘angel stone’ 
(A study of a material of gemological interest—an- 
gel stone}. J. M. Nogués Carulla, C. de la Fuente 
Cullell, L. M. Roberdeau, and J. M. Bosch Figueroa, 
Gemologia, Vol. 11, No. 41 and 42, 1979, pp. 17— 
29, 

“Angel stone” has been considered attractive and du- 
rable enough for use in jewelry. The authors report on 
a gemological study of the material. Angel stone is 
microcrystalline, opaque, and pale pink. Its major con- 
stituent is the mineral palygorskite, impregnated by 
amorphous silica. The pink hue derives from man- 
ganese in the palygorskite (which can also be grayish, 
yellowish, or whitish]. The sample tested was crypto- 
crystalline, with no directions or fracture planes. There 
were no cleavage surfaces or splinters; the fracture was 
conchoidal. 

The study included X-ray diffraction, X-ray fluores- 
cence, thermal analysis, examination under the elec- 
tron microscope, and hydrostatic weighing. Hardness 
tests were performed with a photomicroscope. It was 
concluded that the impregnation of the palygorskite 
added appreciably to the hardness of angel stone (4.5, 
as contrasted to palygorskite’s 2.0~2.5]} as well as to its 
compaction, rendering it usable as gem material. 

For further information on palygorskite, see Christ 
et al., “Palygorskite: New X-ray Data,” The American 
Mineralogist, Vol. 54, Nos. 1 and 2, 1969, pp. 198— 
205. SLD 


Explanations of the absorption spectra of natural and 
synthetic Fe- and Ti-containing corundums. K. 
Schmetzer and H. Bank, Neues Jahrbuch fir Mi- 
neralogie Abhundlangen, Vol. 139, No. 2, 1980, pp. 
216-225, 

Schmetzer and Bank examined the effects of heat treat- 

ment on the absorption spectra of 154 natural sapphire 

crystals from corundum localities in 10 different coun- 
tries. Using three different spectrophotometers to mea- 
sure absorption spectra, the authors studied the alter- 
ations of the absorption spectra and then drew 
conclusions about the mechanisms and valence of the 
color-causing transition ions. 

While all sapphires show certain absorption bands, 
they can be divided into two groups based on their 
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infra-red spectra and behavior following heat treat- 
ment, which reflects initial growing conditions. Three 
figures and four tables summarize the results for the 
two groups before and after heating. The extensive bib- 
liography will also be helpful to the reader. DMD 


Green opal from Gabanintha Western Australia. R. A. 
Ball, Australian Journal of Gemmology, Vol. 1, 
No. 3, 1980, pp. 5-7. 

Ball reports the occurrence of bright “emerald” green 

opal at Gabanintha, the principal copper center of the 

Murchison Goldfield. Noting that the opal is found in 

quartz associated with copper minerals, Ball suggests 

that the opal results when olivine that has been con- 
verted to serpentine is altered to magnesite and opal 
through the agency of carbonated water. He concludes 
that the green color results when opal absorbs copper. 

Five photographs are included in the article. It is 
difficult to appreciate the two hand-specimen photo- 
graphs because they are in black and white, not color. 

Ball used three scanning electron micrographs to sug- 

gest that the opal is actually in a transition stage 

between opal and agate, as evidenced by the “distinct 
agate type banding” shown in the photomicrographs. 

In the summary, he cites Cassedanne and Cassedanne’s 

(1975) account of the occurrence of green opal in Brazil 

and questions whether a parallel exists between the 

two, iron causing the color in Brazil and copper causing 

the color in Australia. DMD 


Irradiation-induced colors in gemstones. K. Nassau, 
Lapidary Journal, Vol. 34, No. 8, 1980, pp. 1688— 
1706. 

Dr. Nassau begins by citing the increased availability 
of irradiation facilities as the primary reason for the 
trend in artificial color change of this type. He then 
provides a thorough and understandable explanation of 
the sources of irradiation, including visible light, ultra- 
violet light, X-rays, and gamma rays. The discussion 
also details where each source of irradiation is to be 
found and how samples are treated. In general, the low- 
energy rays (X-rays) and those particles that are nega- 
tively and positively charged penetrate poorly and sub- 
sequently color only the surface layer. More active 
gamma rays and neutrons penetrate very well, produc- 
ing uniform coloration. As long as the irradiation used 
is energetic enough to cause the intended color change, 
the nature of the source is unimportant. A table sum- 
marizing the types of irradiation used to effect color 
change is supplied. 

A color change induced by irradiation is, in most 
cases, due to the formation of a color center. Once a 
color center has been bleached, it may usually be re- 
turned to its original hue by further irradiation. If, 
however, the sample was overheated during bleaching, 
re-creation of the irradiated color is impossible. For ex- 
ample, amethyst that has been heated to citrine may 
be returned by irradiation to its original color provided 
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the temperature used has not been too great. The sta- 
bility of a color center to light exposure—i.e., the re- 
sistance to fading—is the basis for three groups of 
irradiation-produced color effects. A fourth irradiation 
effect, one that does not involve color centers, is also 
described. The irradiation and bleaching behavior for 
topaz, tourmaline, beryl, kunzite, and quartz is sum- 
marized in a second table. 

The article represents a well-organized, up-to-date 
work on irradiation sources, color-center stability, and 
how irradiation may be identified. It incorporates sev- 
eral aspects of the large body of research on color and 
treatment already credited to Dr. Nassau. PCS 


Ivory—popular but prone to many imitations, G. Brown, 
Jeweller Watchmaker & Giftware, Vol. 65, No. 1, 
1980, pp. 22-23. 

Australia has not yet invoked trade embargoes on carved 

ivory, which is very popular there. Its popularity has 

naturally resulted in sometimes successful efforts to 
unload imitations on retail jewelers; this article tells 
how to detect such imitations by visual inspection, hot 
point, and microscopic examination of thin peelings. 

Eleven photographs serve to clarify the text. These per- 

mit comparison of the “engine-turned” effect of ele- 

phant ivory with the surfaces of other animal ivories 
as well as with those of vegetable ivory and plastic. 
FS 


Letter from Europe. B. Sullivan, Mineralogical Record, 
Vol. 11, No. 5, 1980, p. 315. 
Nicely formed crystals of pale blue aquamarine are de- 
scribed as coming from near the town of Kunar in the 
province of Kunar in northeast Afghanistan. The crys- 
tals range from one to five inches long and are ex- 
tremely gemmy, as illustrated by the photograph 
included, yielding 60%—70% facet rough. Sullivan 
reports on two interesting examples: one is nearly five 
inches long and has a three-fourths inch morganite 
crystal attached at the base, the other has a movable 
water bubble rarely seen in aquamarine. The mine is 
now reported to be inactive because of the present po- 
litical situation in Afghanistan. SFM 


Notes on the properties and inclusions of garnets from 
Lapland, Finland. S. Hornytzkyj and K. T. Korho- 
nen, Journal of Gemmology, Vol. 17, No. 3, 1980, 
pp. 153-164. 

This article describes the red, gem-quality garnet found 

in northern Finland. It begins with a discussion of the 

geology of the area where this mineral is found, the 
authors have included two full-page maps. The article 
also covers the physical and optical properties, chem- 
ical composition, and inclusions of these garnets. The 
section on inclusions is illustrated with 11 photographs 
of the most common inclusions seen in this material. 

In all, 157 faceted garnets were studied. Two colors 
were dominant: brownish red and greyish rose. The 
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average weight was 0.57 ct. The refractive index of this 
material ranged from 1.764 to 1.792. The specific grav- 
ity ranged from 3.92 to 4.17. The authors concluded 
that the six types of crystal inclusions noted in these 
garnets were probably rutile, zircon, monazite, actin- 
olite, apatite, and ilmenite. ET 


Nuggets of island sun. H. E. Rice and P. C. Rice, 

Américas, Vol, 32, No. 10, 1980, pp. 37-41. 
This short article offers a brief overview of the budding 
amber industry in the Dominican Republic. It describes 
the shops where amber can be purchased and mentions 
the methods used by local craftsmen to fashion raw 
amber into polished gems and jewelry. The authors 
continue with a general description of some types of 
amber found in the Dominican Republic and of mining 
methods used to recover the amber. It is interesting to 
note that although the Dominican Republic deposits 
are considered to be recent discoveries, large-scale min- 
ing was begun in 1949 and the first school for polishing 
amber was established early in the 1950s. 

The article concludes with a summary of how am- 
ber was formed and some mention of its inclusions. 

JIK 


Royal lavulite discovered. B. Jones, Rock &) Gem, Vol. 
11, No. 1, 1981, pp. 56-59. 

“Royal lavulite’’ is described as a “totally new gem- 

stone that looks like a grape popsicle.” More compact 

than the purple charoite from Russia, lavulite has 

deeper, richer purple tones and is capable of taking an 

almost mirror-like polish. : 

Its exact chemical composition is not yet known, 
but it is reported to be the mineral leucophoenicite, 
which has been found in reddish to pink masses at 
Franklin, New Jersey, and in other metamorphic man- 
ganese deposits. The name royal lavulite was coined 
to describe its “superb lavender” color; however, this 
term may not be in general use. 

Lavulite comes from Africa, where it was found dur- 
ing operations at a manganese mine. Unfortunately, 
because the mining there is done by blasting, much of 
the lavulite is cracked and broken into smaller pieces. 
These smaller pieces, however, are often completely 
solid and up to two inches across. The author describes 
this material as a solid, opaque mixture of at least two 
minerals: (1] a very dense black material and (2) the 
royal lavulite itself. A second type of lavulite occurs as 
lightly banded masses, similar to malachite. 

Lavulite is compact, easy to handle, and has a hard- 
ness of about 6 on Mohs scale. It is easily worked with 
diamond or Carborundum wheels and takes a brilliant 
polish. ET 


Tourmaline—liddicoatite. J. Wentling, Lapidary Jour- 
nal, Vol. 34, No. 9, 1980, p. 1918. 

Jerry Wentling’s enthusiasm for tourmaline led him to 

a type that is currently found only in certain areas of 
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Madagascar. Named liddicoatite after GIA’s well-known 
president, this type of tourmaline is found to have an 
unusually high calcium content. Wentling discusses 
briefly the locations where liddicoatite has been found, 
and describes the unusual color zoning that makes this 
type of tourmaline fascinating. NPK 


DIAMONDS 


Battle lines form on lasering disclosure. H. Huffer, Jew- 
elers’ Circular-Keystone, Vol. 151, No. 10, 1980, 
pp. 42-44 
Associate Editor Helene Huffer reports on jewelry in- 
dustry reactions to the most recent position taken by 
the Jeweler’s Vigilance Committee (JVC) on disclosure 
of laser drilling in diamonds. As proposed in the ‘/Dia- 
mond and Gemstone” sections prepared for the Federal 
Trade Commission as part of the revised Trade Practice 
Guidelines, lasering need not be disclosed. JVC Dia- 
mond Committee Cochairman Leo Kaplan stated that 
because Indians and Israelis are now lasering mélée, it 
would be ‘‘too cumbersome” to check each stone. 
Huffer interviewed other important leaders in the 
jewelry industry, including Sydney DeYoung of J.&S.S. 
DeYoung, GIA’s G. Robert Crowningshield, and Robert 
Mason of J. C. Keppie Co. The impact on the diamond’s 
worth is a key issue. On the one hand, lasering often 
improves the clarity of a stone, increasing its value 
hundreds of dollars while the lasering itself costs only 
$25 to $35; on the other hand, the fact that a diamond 
has been lasered could make the stone undesirable to 
some and in most cases reduces its value about 10% 
from that of a similar stone that hasn’t been lasered. 
Is it ethical not to tell the buyer a stone has been la- 
sered? The controversy over this issue will continue. 
RIS 
Editor’s Note: The December 1980 issue of [CK 
reported that the Jeweler’s Vigilance Committee has 
reversed its position, and now recommends that laser- 
ing be disclosed. 


The diamond market: a new concentration of power. 
M. Gilbert, jewelers’ Circular-Keystone, Vol. 151, 
No. 9, 1980, pp. 79~90. 

Industry Projects Editor Mitchell Gilbert describes in 

detail new efforts by DeBeers to concentrate power in 

the diamond market. Every member of the jewelry 
trade will be affected by the dramatic changes occur- 
ring at all levels, from sales and distribution to mining. 

A review of the reasons why the cost of rough dia- 
monds is escalating gives insight into the five ways 

DeBeers obtains 85% of the world’s rough production. 

Three key considerations are upgrading living stan- 

dards for its black African workers, prolonging the life 

of its mines, and establishing policies that enable it to 
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do business with any government regardless of the pol- 
itics of that government. 

However, the buying of diamonds for investment 
purposes and the selling practices of the Soviet Union 
(which accounts for 20% of world production} are caus- 
ing DeBeers to take additional steps to “restore order 
to the diamond world.” To circumvent the impact that 
investor disenchantment could have on market stabil- 
ity, DeBeers is striving for greater concentration of 
power, which clearly includes cutting and polishing as 
well as advertising and sales. Technological develop- 
ments supported by DeBeers in sawing, cleaving, brut- 
ing, and polishing have generated the greatest amount 
of negative response from some of the traditional dia- 
mond leaders. Similarly, they question the direction 
DeBeers is taking through its subsidaries and “coop- 
erative, efficient companies” in the distribution and 
sale of polished diamonds. Clearly, the greatest impact 
of this will be on the smaller business people, whether 
cutters, middle-level dealers, or independent jewelers. 

RIS 


Some very important but little known historic dia- 
monds, E. B. Tiffany, Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 29, No. 1 and 
2, 1980, pp. 71-78. 

My. Tiffany briefly outlines several of history’s most 

famous diamonds, and compares them with some ob- 

scure yet noteworthy stones. Citing diamonds from 
such places as Iran, the Soviet Union, and India, Tiffany 
suggests that many of these unknowns” have been 
hidden away in private collections or discovered too 
recently to gain public notoriety. Sixteen pictures of 
stones from the Iranian Crown Jewels and the Soviet 

Diamond Fund are included together with descriptions 

of their color and weight. NPK 


A visit to a diamond mine, I and II. H. Hurst, Modern 
Jeweler, Vol. 79, No. 9, 1980, pp. 10-59 and No. 
10, 1980, pp. 16-48. 
For those who have never visited an actual diamond 
mine, this brief but interesting “tour” in Kimberley, 
South Africa, makes enjoyable reading. The color pho- 
tos included in the article give one a glimpse of the 
modern technology now used in these operations, 
somewhat resembling the mining of coal, copper, or 
limestone. Hurst also describes the Pan Plant, where 
the crushed blueground is processed. It is noteworthy 
that X-ray sorters, which use the natural fluorescence 
of diamonds, are part of the recovery. We are reminded 
of the mystique, wonders, and hopes of diamond min- 
ing by the story of how the finder of a 616-carat dia- 
mond received $20,000 plus a new house from DeBeers 
as a reward and incentive to find more like that one— 
it should happen to all of us! GR 
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GEM INSTRUMENTS AND TECHNIQUES 


Application of multi-purpose spectrophotometer and 
X-ray fluorescence analysis to distinguish natural 
and synthetic alexandrites (in Japanese). N. Hori- 
uchi, Journal of the Gemmological Society of Ja- 
pan, Vol. 6, No. 3, 1979, pp. 77—80. 

Inviting reader comments and contribution to his con- 
tinuing research, author Nobuo Horiuchi of the Central 
Gem Laboratory, Ueno, Taito-ku, Tokyo, contends that 
with the emergence of sophisticated synthetics and 
new natural gem sources, the multipurpose spectro- 
photometer together with X-ray fluorescence analysis 
can offer a new means of distinguishing alexandrite 
(chrysoberyl} originating in different localities (Many- 
ara, Tanzania; Bahia, Brazil; Tokowaya, Russia) from 
its synthetic counterparts (flux alexandrite from both 
Kyoto Ceramic Co. and Creative Crystal Co.) Horiuchi 
does not comment extensively on K. Nassau’s Czo- 
chralski alexandrite, although its properties are pre- 
sented in chart form along with those of the stones 
listed above. The author details the physical and opti- 
cal properties of the natural and the synthetic alexan- 
drites to facilitate comparison and to emphasize the 
need for a spectrophotometer and X-ray fluorescence 
analysis in identification. 

With the multipurpose spectrophotometer, pat- 
terns between 400 and 700 nm are the same for the 
natural (Bahia and Manyara} alexandrite and the syn- 
thetics produced by Kyoto Ceramics and Creative 
Crystals. A graph illustrates the unique differences 
below 400 nm, however. Kyocera alexandrite has 
considerable absorption in this area, while Creative al- 
exandrite reaches a small peak at 385 nm; 355 nm is 
its actual peak marked by a sharp decline. This absorp- 
tion pattern, similar to that found in the natural stone, 
results from the material’s iron content. The unique 
absorption {at 685 nm, with a dale at 420 nm] in Ky- 
ocera alexandrite is due to its chrome content and the 
absence of iron. 

In the X-ray fluorescence analysis, the stones on the 
chart were tested for chrome, iron, gallium, germa- 
nium, and platinum. Chrome was found in natural al- 
exandrite but not in large amounts in the synthetics. 
Iron was found in all but the Kyocera alexandrite. In 
the Creative Crystal stone, iron had a very high peak, 
approximately 1.5 times higher than in the natural. 
Platinum was found in the Kyocera product because of 
the crucible used in its creation. The procedures de- 
tected gallium only in the naturals and germanium 
only in the Russian natural material. ALS 


Computer-aided gem identification. P. Read, journal! of 
Gemmology, Vol. 17, No. 4, 1980, pp. 239-249. 
Peter Read has designed table-top computer programs 
for a CRT (TV-type} read-out to aid in gem identifica- 
tion. To facilitate use of this time-saver, Read has cho- 
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sen to program in tables of selected gemstones by as- 
cending refractive indices, by alphabetical listings, and 
by individual “gem profiles” which list major identi- 
fying characteristics of the gemstone. When informa- 
tion on an unknown is put in, all possibilities in the 
computer’s memory within a given range are suggested. 

The author also discusses other types of programs 
that can be modified to suit a particular need. These 
programs appear to be very easy to read and implement. 
Stating that the programs were initially used as teach- 
ing aides, Read also suggests that this computer can be 
a valuable sales tool for retailers. NPK 


Etude par spectroscopie raman d’inclusions dans les 
diamants, saphirs et emeraudes/1 (Study of inclu- 
sions in diamonds, sapphires, and emeralds by Ra- 
man spectroscopy—part 1}. M. L. Dele-Dubois, P. 
Dhamelincourt, and H. J. Schubnel, Revue de 
Gemmologie a.f.g., No. 63, 1980, pp. 11-14. 

This is the first of a two-part article on the use of Ra- 
man spectroscopy, which permits the simultaneous 
identification of both the host material and its inclu- 
sions. Because it is noninvasive and not destructive, 
this technique is well suited for studying gems with 
the exception of materials that are opaque to the wave- 
lengths of the excited photons. 

With this technique, a stream of laser-generated 
photons penetrates the specimen, and a study of the 
Raman spectrum locates and identifies the different 
atomic constituents present therein. The beam is se- 
lected according to the inclusion in order to excite as 
little fluorescence as possible. 

Examination of some South African diamonds iden- 
tified inclusions of chrome spinel, peridot, hematite, 
graphite, and pyrope. A violet sapphire from Colombia 
contained a calcite crystal and a zircon with a tiny 
apatite crystal. The text is clearly illustrated with graphs 
of the spectra and some inclusion photographs. An ex- 
cellent list of references follows the article. CKG 


A phosphoroscope. R. M. Yu and D. Healey, Journal of 
Gemmology, Vol. 17, No. 4, 1980, pp. 250-258. 


In this article, the authors explain the use of ultraviolet 
absorption in gem identification. The phosphoroscope 
allows direct observation without need of film, al- 
though film can be used if a permanent record is desired. 

The specimen is placed in a simple wooden box atop 
a black cloth covering phosphorescent paper. An ultra- 
violet light (short wave} is directed on the stone and a 
mirror below the paper allows one to view the results 
through a port. In the section on observations, a rigid 
mathematical presentation is given to explain the cause 
of the dark rim seen around the edges of the stone. The 
type of film recommended and its use are briefly 
described. 

Three figures are used to compare the results of test- 
ing synthetic and natural rubies, sapphires, and emer- 
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alds. The absorptive effect of iron in each material is 
discussed. Chuck Fryer 


GEM LOCALITIES 


The Cruzeiro mine: past and present. J. P. Cassedanne, 
J. O. Cassedanne, and D. A. Sauer, Mineralogical 
Record, Vol. 11, No. 6, 1980, pp. 363-370. 

The Cruzeiro pegmatite mine, located northwest of 

Governador Valadares in Minas Gerais, Brazil, is one 

of the most famous gem pegmatite mines in the world. 

First worked for strategic mica during World War II, it 

has since become famous for its outstanding gem tour- 

malines, which are usually pink or green and may be 
quite large. This article is the most comprehensive to 
date on the Cruzeiro mine. The authors present a de- 
tailed description of the local geology and mineralogy 
of the deposit, with photographs and geologic maps. 

The deposit consists of three elongated, subparallel 
pegmatite lenses, frequently only a few meters in width. 
The main wallrock is a white-to-light buff, medium- 
grained quartzite. The gem pockets appear to be local- 
ized where the pegmatites widen and are most differ- 
entiated. These widenings are frequently controlled by 
local arches in the hanging wall. 

Currently, the mining operations are supported by 
independent miners working on the mica in leased 
areas of the deposit. However, the search for gem tour- 
maline continues. Peter Keller 


First Discovery of Ruby in Australia. D. H. McColl and 
R. G. Warren, Mineralogical Record, Vol. 11, No. 6, 
1980, pp. 371-375, 

The first significant discovery of commercial rmby was 

made in the Harts Range of the Northern Territory of 

Australia in 1978. The ruby occurs as well-formed, 

hexagonal tabular crystals up to 5 cm in diameter and 

lcm thick in a distinctive layer of greenish gneiss 
within the Riddock amphibolite. It is thought that the 
amphibolite formed from a terra rossa soil profile on 

a limestone contaminated with pyroclastics and inter- 

laminated with lavas and tuffs. 

To date, very little material of faceting quality has 
been found. The Australian rubies do, however, cut 
pleasing cabochons. No asteriated materia] has been 
noted, The deposit appears to be extensive, with pros- 
pects good for more ruby from the Harts Range 
area. Peter Keller 


New emerald mine in Itabira {in Japanese). Y. Shono, 
Gemmological Review, Vol. 2, No. 2, 1980, pp. 8- 
10. 
With a map, some photographs, and a text based on 
personal observations, Yoshihiro Shono, a gemstone 
importer-exporter, introduces the reader to the first 
significant commercial-quality emerald source in the 
Minas Gerais region of Brazil. The new emerald site, 
Itabira, historically has received recognition for its 
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aquamarine deposits, the supply of which has de- 
creased in recent years. While the Bahia region, north 
of Itabira, has recorded emerald finds, no one ever an- 
ticipated an emerald occurrence in Minas Gerais. The 
search began in 1978, with the first significant discov- 
ery made in 1979. 

According to Shono, who visited the mine, the 
quality of the Itabira emeralds is not inferior to the 
Colombian stones and is far superior to those found in 
Bahia. Both the color and tone are good; crystals as 
large as one kilo have been uncovered. Compared to 
the Bahia stones, the Itabira crystals have few cracks. 
Tubular inclusions are characteristic. 

Manual mining is being conducted on 200-250 m? 
sections that are further broken down into 10 m? areas 
to which five to eight miners and one supervisor are 
assigned. Profits from the weekly sale of emeralds are 
allocated on a 20/80 ratio between owner and miners, 
respectively. In the near future, mechanized mining 
techniques will be used. ALS 


Opal in Piaui State, Brazil. E. A. Jobbins, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 29, 
No. | and 2, 1980, pp. 40-54. 

Geologist Jobbins describes three opal-bearing areas in 
the northern half of Piaui State, pinpointing sites pre- 
viously known but unsubstantiated, Four types of opal 
deposits, each with unique mining operations, occur in 
the Pedro JI, Castelo do Piaui, and Varzea Grande Jo- 
calities, but only Pedro II is economically significant. 
Jobbins focuses on the Pedro II area, describing first its 
geology and then the individual occurrences of precious 
opal and how they are mined. These are located on a 
map that includes the rivers, a major agent in the dis- 
tribution of alluvial opals, as well as the quartz-dolerite 
dykes that functioned as feeders for quartz-dolerite 
sills. The author suggests that the decomposition of 
these sills, in providing the necessary silica, is one of 
five factors that may be involved in precious-opal for- 
mation at Pedro II. He also notes that while the phys- 
ical characteristics of the precious opal differ consid- 
erably from one deposit to the next in the Pedro II area, 
the overall quality is such that there is great similarity 
with some of the Australian opals. 

In contrast, there are no reports of precious opal in 
the Varzea Grande or Castclo do Piaui areas, although 
common opal ranging in color from clear to milky to 
reddish orange has been found. These areas could be 
explored further, but Jobbins concludes that the Boi 
Morto region of Pedro II is most favorable for locating 
new deposits. DMD 


JEWELRY ARTS 

Gold as art. B. Cartlidge, Aurum, Vol. 80, No. 3, 1980, 
pp. 4-7. 

The author, a jewelry designer and freeman of the Wor- 

shipful Company of Goldsmiths, begins by summariz- 
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ing what an extraordinary metal gold is and how its 
unique qualities have affected events throughout his- 
tory. The imagery and symbolism surrounding the 
metal itself permeate language and transcend culture. 
Its stability as a metal lends toward hoarding, wor- 
shipping, and the passing of personal objects from gen- 
eration to generation. 

Gold is fashioned by means of a great variety of 
techniques and is combined with various metals to 
produce a broad range of colored alloys. The experience 
of working with gold can be frustrating to all but the 
most dedicated artist. Once mastered, though, it offers 
access to a very personal form of expression. The au- 
thor lists well-known artists from around the world 
and describes the techniques and styles of a few. In- 
dustrial processes have made gold jewelry more avail- 
able to more people but commercial production has not 
kept pace with contemporary design. This is due par- 
tially to the trends that commercial designers follow 
and partly to the concerns of manufacturers. This ar- 
ticle offers much to the salesperson and artist alike. 

RSS 


Inlay techniques used in netsuke. F. Yano, Arts of Asia, 
Vol. 10, No. 5, 1980, p. 155. 
This article defines and describes inlay techniques 
used in netsuke, beginning with the origin of inlay in 
netsuke and some of the schools that have used this 
technique. While some authorities believe inlay de- 
veloped as early as the 16th century, others think it 
originated in the 18th century. Mr. Yano defines inlay 
as ‘the technique of combining or filling in different 
materials to express one’s art.” 

The article features a photograph of Akihide 
Kawahara, who is described as the only living artist in 
Japan who has mastered both inlay and carving tech- 
niques. There are also six photographs showing the 
development and finished version of his kappa (water 
imp) netsuke, which is made of wood inlaid with tor- 
toise shell. 

In discussing the evaluation of inlay techniques, the 
author explains that the joining of the two materials 
is most important: there should be no space between 
them. Even if the inlay fits perfectly at the sides, there 
may still be a space at the bottom. Older Japanese deal- 
ers detect this by tapping the work with an ivory chop- 
stick; if it sounds hollow, they know there is a gap at 
the bottom. The quality of the fit not only determines 
the value of the netsuke but also affects the durability 
of the piece. ET 


RETAILING 


Promoting and merchandising coloured stones. J. Sab- 
bagh, Journal of Gemmology, Vol. 17, No. 3, 1980, 
pp. 165-180. 

Mr. Sabbagh discusses the merchandising of colored 

stones and covers inventory, point-of-sale merchandis- 
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ing, and sales techniques. The author shows himself 
to be a practical gemologist by suggesting ways to 
avoid sales-killing expressions such as “flaw,” “cheap,” 
and “cheaper.” He discusses the term semi-precious, 
advising that it be discarded. This article also covers 
such topics as display, lighting, birthstones, skillful 
price tagging, and other sales techniques. Throughout 
the article, Mr. Sabbagh instructs gemologists to use 
their gemological knowledge to achieve sales priorities. 

ET 


SYNTHETICS AND SIMULANTS 


Nuevas técnicas de observacién de la luminiscencia en 
diamantes y en algunos de sus substitutos (New 
techniques for observing luminescence in dia- 
monds and in some of their substitutes}. J. M. 
Bosch Figueroa, L. M. Roberdeau, Gemologia, Vol. 
11, No. 43 and 44, 1979, pp. 7-12. 

To compare and contrast diamonds and their substi- 
tutes, the writers devised an apparatus to expose stones 
to long-wave fluorescence (3650 A) and recorded the 
results. The specimens selected were cut stones that 
exhibited phosphorescence—Cape diamonds, brown 
diamonds, and colorless gem materials used as dia- 
mond substitutes. The diamond substitutes emitted 
phosphorescence strong enough to expose photographic 
plates. The stones were exposed to the fluorescence for 
three minutes, first at 20°—25°C, then at 300°C. 

Of the Cape-series diamonds, those with sharp blue 
phosphorescence showed more intense color at the 
higher temperature; those that showed blue with whit- 
ish opalescence became yellowish at 20°-25°C and in- 
tensely blue as the temperature approached 300°. The 
brown-series stones showed indefinite yellow and were 
lightly opalescent at 20°-25° C, with the color more 
intense at 300°. Corundum and synthetic spinels were 
dark red at the lower temperatures, becoming orangey 
red as the temperature increased. YAG and GGG were 
orangish at 20°-25°, turning reddish with increased 
temperature. 

The findings lay the groundwork for the application 
of ultraviolet light to the further study of colored dia- 
monds, natural and treated, as well as other gemstones. 

SLD 


The optical constants of G.G.G. K. Nassau, Journal of 
Gemmology, Vol. 17, No. 3, 1980, p. 148. 

In this short article, Dr. Nassau gives refractive index 

(1.970) and dispersion (0.045) values for G.G.G. based 

on recent precision measurements by Dr. D. L. Wood 

of the Bell Telephone Laboratories. ET 


Synthesis of emerald and other colour-varieties of beryl 
minerals (in Japanese}. I. Yagi and N. Adachi, Jour- 
nal of the Gemmological Society of Japan, Vol. 6, 
No. 3, 1979, pp. 67-72. 

Different from both the flux and hydrothermal meth- 

ods of emerald synthesis, the newly developed gas— 
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solid reaction method described by authors Isao Yagi 
and Naosuke Adachi produces crystals that closely ap- 
proximate their natural counterparts in both physical 
and optical properties. 

The explanation of the process is purposely brief 
and vague because the patent is pending. Oxygen and 
fluorine gas react with crystalline or amorphous BeO 
{beryllium oxide}, Al,O, (aluminum oxide}, SiO, (sili- 
con dioxide), and doping chemicals in a platinum tube 
at very high temperatures. Then, at lower temperatures, 
crystallization occurs on seed crystals of natural beryl. 
To form a 1-cm crystal, this process, which takes 20- 
40 days, is repeated two or three times at temperatures 
of 800°-1000°C and gas pressure of one atmosphere. 

The rate of crystallization depends on the doping 
agent used. By taking advantage of the differing rates 
of formation under controlled conditions, crystal grow- 
ers can create beautiful multicolored beryl, including 
a watermelon variety. 

Beryls produced by the gas—solid reaction method 
may be used to simulate a wide variety of gemstones, 
including morganite, aquamarine, almandine garnet, 
blue spinel, amethyst, jade, peridot, turquoise, ama- 
zonite, rubellite, rose quartz, and others. The ASIC 
(synthetic) emerald closely resembles the natural in 
appearance and properties and is discussed most com- 
pletely in the article. 

In addition to photographs, the authors provide 
charts of optical] and physical properties for various 
doping materials. The exact doping agents for the ASIC 
emerald are not given, but its characteristics are as fol- 
lows: color, green; Munsell color standard, 5G %4; di- 
chroism, strong blue green to yellow green; spectrum, 
absorption above 7000 A and at 6900 A, weak at 5900 
A and below 4200 A; fluorescence, light red under both 
long- and short-wave ultraviolet light; average refrac- 
tive index, 1.570; specific gravity, 2.67. X-ray diffrac- 
tion patterns are also noted for the ASIC emerald and 
for other doping agents. 

While the authors claim success, they also ac- 
knowledge the need to improve the technique, espe- 
cially with respect to speed and the transparency of the 
end product. ALS 


Synthetic amethyst: its history, methods of growing, 
morphology and peculiar features. V. S. Balitsky, 
Zeitschrift der Deutschen Gemmologischen Ge- 
sellschaft, Vol. 29, No. 1 and 2, 1980, pp. 5-15. 

Balitsky discusses the evolution of the basic methods 

of growing synthetic amethyst while highlighting their 

characteristics and their differences. The first method 
used the hydrothermal -process with a strong alkali- 
aqueous solution as a solvent. Iron is incorporated as 
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a structural inclusion which produces the amethyst 
color when irradiated. The smoky coloring, which de- 
valuates the stones, can be held to a minimum by us- 
ing charge quartz of high purity or adding oxidizers 
such as lithium nitrite. Crystals grown by this method 
usually have a flattish shape with hillocks composed 
of Brazilian twins on the positive rhombohedral faces 
and dophinean {sic} twins on the negative rhombo- 
hedral faces. 

The second method of growing synthetic amethyst 
crystals also used the hydrothermal! process but with 
aqueous solutions of ammonium fluoride as the sol- 
vent. With this solvent, the aluminum-alkaline cen- 
ters of smoky coloring are eliminated. For crystals of 
the best color throughout the growth layer, alkaline 
metal ions such as those of lithium are added. This 
protects the amethyst color centers from thermal de- 
struction while in the autoclave. The external mor- 
phology differs from that of the material produced by 
the first method in that it has growth pyramids instead 
of twins on the crystal surfaces. 

The spectra of the synthetic amethysts have the 
same approximate absorption bands as natural ame- 
thyst, although the alkaline-produced stones match 
the spectra of the natural material more closely than 
do the fluoride-produced stones. As helpful as the text, 
nine figures, and bibliography are, the reader is advised 
that the article has been roughly translated and will 
require extra effort to read. GSH 


MISCELLANEOUS 


Les joyaux de la couronne de France 4 la veille de Ia 
revolution (The French crown jewels on the eve of 
the revolution). B. Morel, Revue de Gemmologie 
a.f.g., No. 63, 1980, pp. 2-8. 

The author begins with an account of how the jewels 

belonging to the French royalty were inventoried and 

appraisals made according to decrees of the National 

Assembly in May and June 1791, on the eve of the 

French Revolution. He explains how diamonds were 

evaluated during that period, and points out the dif- 

ferences between the old carat (0.205 g) and the metric 
carat (0.200 g) as well as interpreting currency equiv- 
alents in modern francs. 

The historic detail may be of interest, since some 
well-known stones are mentioned. However, the arti- 
cle is primarily a catalog of all the royal jewels: not 
only diamonds, but also unmounted pearls, rubies, to- 
pazes, and emeralds. It includes six well-captioned, 
black-and-white photographs and sketches and a short 
bibliography citing several catalog and_ historical 
references. CKG 
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GEM NEWS 


Stephanie Dillon, Editor 


AFGHANISTAN SITUATION 


Reports from a neutral observer are that Afghanistan’s 
gem-yielding districts, in mountainous terrain, have 
not fallen to the Russians. 

Sar-El-Sang, in the province of Badakhshan, is the 
prime source of lapis lazuli, and the Nurestan pegma- 
tite district produces beryls, tourmalines, and kunzite. 
Prior to the Russian incursion, about a ton of lapis was 
exported per year. Although mining has virtually halted, 
it appears that material continues to leave the country, 
thanks to the considerable reserves existing at the time 
of the invasion. 


DIAMONDS Ss 
Australia, Since 1978, exploration in Western Aus- 
tralia’s Kimberley region has been pursued by numerous 
groups on over 5,700 claims of 120 hectares (296.4 
acres} each. Samples from one of 28 kimberlite pipes 
in Ellendale Province have yielded approximately one 
carat per 22% tons of material, with close to 18,000 
stones taken thus far from the region. The largest piece 
of rough was 6.47 carats; the average weight was 10 
points. It is thought that these sources will produce a 
high percentage of gem-quality stones. 

More excitement has been generated over primarily 
industrial-quality finds near Lake Argyle, close to the 
Norther Territory border. Eight hundred carats of dia- 
monds per 100 tons of associated alluvial gravels have 
been recovered as far as 20 miles from the pipe itself. 
The pipe covers 111 acres at the surface, making it one 
of the world’s largest. More than 5,000 carats have been 
produced, with the largest stone weighing 7.03 carats. 
The treatment plant has been relocated here from 
Ellendale. It will have the capacity to process up to 
3,000,000 carats per year from the upper alluvial 
deposits. 


India, A countrywide exploration project was announced 
last April, following the geologic find of potentially 
workable deposits. 

India’s diamond-cutting shops number around 
20,000 and employ 300,000 cutters and polishers. In 
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addition, there are more than 1,500 registered exporters. 
Obtaining sufficient rough has been a problem: India’s 
sole mining operation at Panna supplies only 0.001% 
of the 18 million carats used annually, and the amount 
purchased from De Beers is less than satisfactory. 
Expanding domestic production to 100,000 carats a 
year is an industry goal. Also in process are plans to 
purchase rough directly from Ghana, the world’s fifth 
largest diamond producer. 


China. Last September, a year-long Sino-German trade 
agreement, whereby German training and technology 
are combined with Chinese labor and diamonds, cul- 
minated in the opening of Peking’s first diamond-cut- 
ting factory. The Peking Jewellery branch of China’s 
National Arts and Crafts and Industrial Products Com- 
pany received the key to the factory from V.K. Nara- 
simhan, of Frankfurt. The same day, the diamond- 
cutting school, established by the German company for 
50 students in January of 1980, was donated to the 
Chinese authorities. 

More diamond-cutting schools and factories are to 
be established. China reportedly plans to employ 
300,000 people in the cutting of diamonds by 1985. 

Diamonds are mined in Hunan province both from 
a huge source discovered in the 1960s and from a pipe 
recently found in Liaoning. Estimates are that 1.8 to 
2.8 million carats are being produced, with some Amer- 
ican advisers assisting in the renovation of the mines. 
The Chinese plan to market their diamond exports 
through Frankfurt rather than De Beers. 


U.S.A.The Wyoming Geological Survey is extending to 
a second year the completion of its report on diamond 
deposits in kimberlitic pipes and placer traps in the 
Laramie and Snowy ranges. Undertaken by the Mining 
and Mineral Resources Institute of the University of 
Wyoming for the U.S. Department of the Interior, the 
study has turned up two new kimberlites as a result of 
the stream-sediment samples collected last summer. 


U.S.S.R.—Record Stone. In December, the discovery of 
the largest diamond yet found in the Soviet Union was 
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reported. According to Tass, the Soviet news agency, 
it is egg-shaped, lemon-yellow, transparent, and weighs 
342.5 carats, 110 more than the previous record-holder, 
the Star of Yakutia. It was also found in the Yakutia 
region of northeastern Russia. 


RUBY ee 


While much of the material from Kenya is brownish 
and suitable only for cabochons, the gemstone belt 
from the Taiti Hills to the Tanzania border has been 
found to contain deposits of fine, Burmese-color rubies 
of up to one carat. No real mining activity has occurred 
as yet. 

A large ruby field in Australia’s Harts Range, north- 
east of Alice Springs in the Northern Territory, has 
yielded approximately 40,000 carats in cut stones in 
the past year and a half. Since most of the material is 
not of high quality, the find does not affect the current 
shortage of finer stones. 

A recently discovered ruby deposit in Mysore state, 
southern India, has produced stones of fine color but 
suitable only for spheres and cabochons. 

The Hunza Valley of northeastern Pakistan is a 30- 
square-mile area containing deposits of various gems, 
but it is particularly rich in ruby. From July 1977 to 
June 1978, 42.2 million carats of rubies were recovered 
there. A government corporation mines, cuts, polishes, 
and markets the stones. While much of the material is 
considered excessively flawed, some specimens that 
have appeared in the U.S. indicate that stones of excel- 
lent quality may be forthcoming. 


SAPPHIRES ie 


Kashmir, India, sapphire production, halted in recent 
years, may be resumed on the recommendation of the 
board of directors of state-owned Jammu and Kashmir 
Minerals Ltd. The plan to lease out the Paddar Sapphire 
Mines was made by the state in 1977. The leasehold of 
JKM is due to expire in 1982; a new lease order must 
be approved by the Indian government. Four firms are 
bidding for a 20-year lease, offering plans for mine 
development and establishment of a state gem-cutting 
and polishing industry. 

A sapphire deposit in North Queensland, Australia, 
has yielded stones of up to 10 carats. 


SRI LANKA LAPIDARY a 


The Greater Colombo Economic Commission of Sri 
Lanka has signed an agreement with a Monte Carlo 
gem and jewelry dealer to establish a gem-cutting 
enterprise in the coastal town of Kalutara, 16 miles 
south of Colombo. About 400 people will be employed 
on the five-acre site to work with locally available gem- 
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stones and imported diamonds, colored stones, gold, 
and silver, which will be marketed chiefly in Japan, 
North America, and Europe. 


TUCSON GEM AND 
MINERAL SHOW ACTIVITY EEE 


Aquamarine. Aquamarine from mountainous Boise 
County, Idaho, attracted considerable interest. Aquas 
have been mined in the area for about two years. Each 
pocket produces approximately a half-kilo of crystals. 
The rough has yielded cut stones of up to seven carats 
of excellent, medium color. 


Red Beryl. From a total production over the last year 
of 1,000 carats of red beryl from the Wah-Wah Moun- 
tains of Utah, about 500 carats were on display in 
Tucson. The majority of the yield has been stones of 
from 10 points to one-half carat, the largest fine-quality 
stones weighing about one and one-half carats. 


Synthetic Red Beryl. While its emeralds are showing 
fine color, Regency Created Emeralds Company, in its 
attempt to produce red beryl through the hydrothermal 
process using manganese as a coloring agent, has so far 
produced only pink beryl. 


Sugilite—A New Gem Material. ‘Royal lavulite,” 
referring to the sugilite accidentally discovered in last 
year’s roof collapse of a South African manganese mine, 
was prominent in Tucson. Of the probable three tons 
in the deposit, 360 kg are suitable for jewelry, about 18 
kg of which show extraordinary color—blue-purple to 
red-purple to magenta. 


Pink Fluorite. Of special interest to mineral collectors 
were samples of pink fluorite from a December find in 
Huanzala, Peru. About 500 matrix pieces with octa- 
hedral crystals were discovered. 

The color does not fade in sunlight, but rather 
intensifies after several days’ exposure. The crystals, 
unusual for their color as well as for their sharply 
octahedral shape (most fluorite is cubic}, are up to 40 
mm in size, some clear enough for faceting. The crys- 
tals show a rich pink color in daylight, with green cen- 
ters; under fluorescence and incandescence, the colors 
become dim. 


Topaz. Topaz was another stone in great abundance at 
the show. However, the recent closing of two Ouro 
Preto mines, combined with the approach of the rainy 
season (when mine activity generally slows or halts}, 
may soon be reflected in a topaz shortage. 
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EXHIBITS | 


Carnegie Institute’s Museum of 
Natural History—4400 Forbes Ave., 
Pittsburgh, PA 15213. Telephone: 
(412) 622-3269. 

The Hillman Hall of Gems opened 
in September 1980, and contains a 
collection of over 2500 gems and 
minerals. 


Denver Museum of Natural His- 
tory—City Park, Denver, CO 80205. 
Telephone: (303) 575-3923. 

A gem hall is under construction to 
be opened this fall. It will occupy an 
alcove off the museum’s new min- 
eral hall and will present all new 
donations and exhibits from the 
museum’s collection. There will be 
about ten displays of gems from 
around the world, including a 10,599- 
carat Brazilian topaz that was part 
of an artistic project created by Sal- 
vador Dali. A special collection of 
Colorado gemstones will include 
approximately 30 specimens. 
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Lizzadro Museum of Lapidary Art— 
220 Cottage Hill, Wilder Park, Elm- 
hurst, IL 60126. Telephone: (312) 
833-1616. 

The Lizzadro is a public museum 
displaying gems, minerals, and art 
objects made of gem materials; there 
is a large collection of carved jades 
and numerous mineral specimens. 
Earth science lectures are presented 
each Saturday afternoon at 2:00. On 
Sundays, there are gem-cutting 
demonstrations via closed circuit 
television. 


Los Angeles County Museum of 
Natural History—900 Exposition 
Blvd., Los Angeles, CA 90007. Tel- 
ephone: 744-3328. 

“Sweat of the Sun, Tears of the 
Moon” is the largest exhibit of Co- 
lombian gold artifacts and rough and 
cut emeralds ever to be exhibited 
outside of the Republic of Colum- 
bia. Opens July 4 and continues 
through September 6, 1981. 


ANNOUNCEMENTS 


The Adele Steacy Memorial Schol- 
arship is offered annually and is open 
to a resident of Brockville, Ontario, 
needing aid to study gemology. The 
scholarship provides up to $2,500 
for the recipient, who will seek em- 
ployment in the Canadian jewelry 
industry upon the completion of his 
studies, to attend GIA or its equiv- 
alent in Canada. Should no appli- 
cation be made by a Brockville res- 
ident, other residents of Ontario will 
be considered. Applications may be 
submitted to the Assistant Registrar 
(Student Awards}, Queen’s Univer- 
sity, Kingston, Ontario K7L 3N6, 
prior to July 1. 


At a meeting held February [2 in 
Tucson, Arizona, formation of a new 
organization, the American Gem 
Trade Association, Inc., was an- 
nounced. The object of AGTA is 

to promote the interests of colored 
stone dealers while establishing a 
code of ethics for the industry. In- 
formation can be obtained from 
Treasurer David Nassini, of Ameri- 
can-Ariana Trading Company, 2 
West 46th St., New York, NY 10036. 


Gems & Gemology welcomes news 
of exhibits and events of a gemolog- 
ical nature. Please contact Ste- 
phanie Dillon, Gemological Insti- 
tute of America, 1660 Stewart St., 
Santa Monica, 90404. Telephone: 
(213) 829-2991. 
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AMBER: 
THE GOLDEN GEM 


OF THE AGES 

By Patty C. Rice, 289 pp., illus., Van 
Nostrand Reinhold Co., New York, 
1980. $26.95 


As Dr. Rice indicates in her preface, 
the intent of this book is to en- 
lighten people on all aspects of am- 
ber, including its history, lore, sci- 
ence, and modern sources. After an 
introduction (part 1} that touches on 
amber both as a gemstone and as a 
fossil resin, the human aspects of 
amber are presented in part 2, be- 
ginning with its earliest occur- 
rences in the archaeological record. 
Of particular interest to some will 
be the description of the early trade 
routes in Europe as derived from 
finds of amber artifacts. Within this 
section, the organization of the am- 
ber guilds and the historical meth- 
ods of collecting amber are de- 
scribed, as are the amber centers of 
the USSR and Europe. Finally, no 
book on amber would be complete 
without the chapter on lore that 
follows. 

Part 3 comprises the largest sec- 
tion of the book, with four chapters 
on the more scientific aspects of the 
golden gem, from its physical prop- 
erties through the geologic theories 
of its origin and finally to a descrip- 
tion of the other natural resins that 
are similar to amber. The final sec- 
tion, “Commercial Aspects,” in- 
cludes a chapter on amber imita- 
tions and how to distinguish them; 
the chart of their characteristics will 
be helpful to the gemologist. 

A major asset of this book is the 
use of so much information from 
Eastern Europe and the Soviet 
Union. There are also references at 
the end of every chapter and an ex- 
tensive bibliography at the conclu- 
sion of the work. Many unusual 
specimens and jewelry pieces are 
included in the photographs, but one 
wishes that more care had been 
taken to show their uniqueness. An- 
other suggestion for subsequent edi- 
tions of the book would be to in- 
clude a table of illustrations. 

Amber: The Golden Gem of the 
Ages will be enjoyable and useful for 
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BOOK 
REVIEWS 


John I. Koivula, Editor 


the casual reader as well as for the 
gemologist interested in refining his 
or her knowledge of amber. 


DONA M. DIRLAM 
Santa Monica, California 


OPTICAL MINERALOGY 


The Nonopaque Minerals 

By Wm. Revell Phillips and Dana T. 
Griffen, 677 pp., illus., W. H. Free- 
man & Co., San Francisco, CA, 
1981. $39.95 


Wm. Revell Phillips’s earlier work, 
Mineral Optics: Principles and 
Techniques, has become a popular 
college-level text covering the basic 
principles of optical mineralogy. 
Missing from that book, however, 
are the tables of optical constants 
and mineral descriptions that are 
generally included in such texts. 
Phillips, together with Dana T. 
Griffen, conceived Optical Miner- 
alogy: The Nonopaque Minerals as 
a companion volume to provide the 
important optical data. From this 
original concept, however, grew 
their ambitious attempt to compile 
“a truly comprehensive summary of 
the optical properties of minerals.” 
In this attempt they have been re- 
markably successful. Their work 
ably replaces earlier, out-of-date 
standard references in the field. Al- 
though the book is intended pri- 
marily for mineralogists and pe- 
trologists, workers in related fields, 
including gemology, are likely to 
find it of value. 

The book is divided into two 
parts. The first 398 pages contain 
detailed descriptions of 159 of the 
more common rock-forming min- 
erals or mineral series. The descrip- 
tions are clear and concise. The op- 
tical data provided are complete for 
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most mineralogical applications. 
Additional] information provided in- 
cludes atomic structure, chemical 
composition, physical properties, 
crystal form, and occurrence. {lus- 
trations, where appropriate, show the 
atomic structure, the orientation of 
optical directions relative to crystal 
habit, the variation of optical prop- 
erties with composition, and the 
appearance of the mineral in thin 
section. Of particular value to re- 
searchers is the list of references that 
follows each description. 

Part Il consists of 267 pages in 
which the optical and physical 
properties of all nonopaque min- 
erals, including those described in 
part I, are summarized. The min- 
erals are grouped according to opti- 
cal character and are listed in order 
of increasing refractive index. This 
method of arrangement facilitates 
optical identification. It is part I 
that gives this book its singular im- 
portance, for nowhere else does such 
an up-to-date compilation exist. 

In its planning, arrangement, 
content, editing, and printing, this 
is a first-class publication. It is not 
without minor errors (i.e., mineral- 
ogy is misspelled in the first line of 
the preface}, but these are easily dis- 
regarded. This work should quickly 
be accepted as a standard reference 
by mineralogists and petrologists. 
As such, it is well worth its price of 
$39.95; however, this price may dis- 
courage its use as a supplementary 
college text. 

The book’s value as a gemolog- 
ical reference must be considered 
somewhat limited. Not all of the 
diagnostic optical properties used by 
gemologists are included (i.e., ab- 
sorption spectra, fluorescence), im- 
portant gem varieties are not 
stressed and in some cases are not 
even mentioned, and the terminol- 
ogy and explanations are not gem- 
ologically oriented. Nevertheless, 
for gemologists with mineralogy 
backgrounds, those working with 
unusual gemstones or rough gem 
materials, and those using miner- 
alogical techniques, this reference 
will prove particularly useful. 


ANTHONY R. KAMPF 
Los Angeles, California 
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COLOR IN GEMS: 


THE NEW TECHNOLOGIES 


By George R. Rossman 


Advances in technology have brought 
great advances in our ability to impart 
color to natural gemstones as well as to 
create synthetics. Simultaneously, 
technologies are also being developed to 
distinguish natural from artificial colors 
as well as natural from synthetic 
materials. This article discusses some of 
the work being done to enhance color in 
gemstones today and some of the 
techniques used by the laboratories at the 
California Institute of Technology to 
determine whether a color originates 
naturally or in the laboratory. Dyed jade, 
synthetic turquoise, heat-treated beryl 
and zircon, irradiated spodumene, and 
topaz that has been irradiated and heat 
treated to produce a pleasing blue color 
are some of the specific examples 
included. 
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ne of the most important attributes of a gem ma- 

terial is its color. For centuries, man has used a va- 
riety of technologies to enhance the color of natural gems 
and to produce materials that imitate natural stones. To- 
day, these technologies have grown in sophistication to 
the point that the gemologist faces formidable problems 
in identifying some of the products of these technologies. 
Concurrently, much scientific activity has been directed 
toward understanding the origin of color in minerals. So- 
phisticated instruments are being used in a number of 
laboratories to investigate color and other physical and 
chemical properties of minerals almost to the level of 
atomic resolution. 

This article will consider a number of case studies, 
drawn largely from the experience of the laboratories at 
the California Institute of Technology, which illustrate 
methods used to study color in gem minerals. The ex- 
amples presented have been chosen to show how the 
scientific study of the basic properties of minerals can 
provide useful gemological information for determining 
whether the color in a particular gem originates naturally 
or in the laboratory. Included in the discussion are jade, 
turquoise, beryl], zircon, spodumene, and topaz, as well as 
a variety of other materials that have also been the sub- 
jects of color experimentation. 


JADEITE 


The dominant constituent in this variety of jade is the 
mineral jadeite, a sodium aluminum silicate (NaAI]Si,Og}. 
Yet the properties of the sodium, aluminum, and silicate 
ions are such that they are incapable of imparting color 
to a mineral. If jadeite were chemically pure, it would be 
colorless. It is the impurities, the minor substituents, in 
the jade that bring about the color. The color of the light 
green jadeite in figure | results from the presence of a 
small amount of iron, which occurs in the 3+ oxidation 
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Figure 1, Left, green jadeite cabochon colored solely by iron 3+. Right, bright emerald 
green jadeite results from the substitution of chromium 3+ in the jadeite structure. 


state in substitution for aluminum. If chromium 
is the substituent, a dark, emerald green results 
{again, see figure 1). The chromium occurs in the 
3+ oxidation state in substitution for aluminum. 
There are other ways to make jade green, how- 
ever, as evidenced by the synthetically dyed stone 
in figure 2. Chemicals similar to those used for 
food coloration have been carefully tailored to re- 
produce desirable color in jade. 

The fact that any one of several sources may 
be responsible for the color in a stone raises the 
question of how to determine the origin—natural 
or synthetic—of that color. In the case of jadeite, 
we turn to the spectrophotometer to study the 
optical absorption spectrum of the stone. In our 
studies, we not only examine the visible spec- 
trum from 400 to 700 nm, but we also routinely 
measure the spectrum from about 250 nm in the 
ultraviolet range to 2500 nm in the infrared range. 
The types of spectra measured by the researcher 
contain broad absorption features that are often 
weak in intensity. These particular features are 
difficult to detect with the hand-held spectro- 
scopes that are often used in gemological testing, 
but they are readily observed in instruments that 
scan broad wavelength ranges and display the re- 
sults on chart paper. 

The absorption patterns produced by chro- 
mium, iron, and dye in jade are highly distinctive. 
Iron 3+ produces the pattern shown at the top of 
figure 3. It consists of two broad absorption bands 
of low intensity, near 850 nm and 620 nm, a sharp 
spike near 440 nm, and a narrow band near 380 
nm. Theoretically, this type of pattern will appear 
whenever iron 3+ occurs in a mineral in a site in 
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the lattice that has six oxygens surrounding 
the iron in the geometry of an octahedron. Chro- 
mium 3+ produces the pattern shown at the bot- 
tom of figure 3. There is a departure from the 
smooth curve—known as structure—in the 600-— 
700 nm region of this spectrum that is diagnostic 
of chromium. This is in contrast to the dyed sam- 
ple (the center pattern in figure 3), which has a 
broad absorption band in the same region as the 
chromium but lacks the detailed structure seen 
when Cr** is present and which is diagnostic. All 
the samples are approximately the same color 
because they all transmit light at about 520 nm. 
The intensity of the color, however, depends on 
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Figure 2. Jadeite that has been artificially dyed 
to produce a green color. 
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Figure 3. Comparison of the absorption spectra 
of jadeite colored by: top, iron; center, organic 
dye; bottom, chromium. The origin of color in 
jadeite can be readily determined from these 
spectra. Note that the sharp line near 440 nm 
in the dyed sample indicates that some iron is 
naturally present in this sample. 


the extent of absorption on either side of the 
transmission band at 520 nm. 


TURQUOISE 

Turquoise [CuAl],(PO,),{OH]g « 5H,O] is blue be- 
cause it contains copper as an essential constit- 
uent. Although other natural materials may be 
made to look like turquoise by the addition of an 
appropriate dye, it is easy to distinguish such 
materials from turquoise by their absorption 
spectra or X-ray diffraction patterns, or by chem- 
ical analysis. A more interesting challenge is the 
identification of synthetic turquoise. 

The manufacturer of the synthetic stone shown 
in figure 4 had so much confidence in his product 
that he advertised that there was no test known 
to science that could distinguish his synthetic 
material from natural turquoise. To meet this 
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Figure 4, Synthetic turquoise cabochon. 
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Figure 5. Infrared absorption spectra 
distinguish natural from synthetic turquoise. 
The synthetic product contains disordered, 
fine-grained material that produces the broad, 
poorly resolved pattern. 


challenge, we passed a beam of infrared radiation 
through a minute amount of the synthetic ma- 
terial (scraped from a sample} and then recorded 
the amount of infrared radiation absorbed over a 
broad range of wavelengths. We found that the 
absorption patterns obtained from natural tur- 
quoise differ significantly from those obtained 
from the synthetic turquoise (figure 5). The nat- 
ural turquoise is well crystallized; the atoms are 
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Figure 6. Examples of various colors of beryl. Iron in the beryl produces the yellow, green, 
and blue. Manganese produces various shades of red. 


arranged with a high degree of regularity within 
each crystallite. On the infrared absorption spec- 
trophotometer, a pattern of sharp absorption lines 
with abundant structure is produced as light en- 
tering the crystal causes the phosphate groups to 
vibrate within only a few well-defined frequen- 
cies. This means that only particular wavelengths 
of light will be absorbed. The absorption pattern 
of the synthetic turquoise tested has similar fea- 
tures, but in this case the lines are broad, ill de- 
fined, and poorly separated. This happens because 
synthetic turquoise contains a significant amount 
of a component with atoms that are poorly or- 
dered. This component is referred to as X-ray 
amorphous because it does not show up in the 
X-ray patterns commonly used for mineral iden- 
tification. Because the synthetic material con- 
tains crystalline turquoise in addition to the 
X-ray amorphous component, an X-ray of the syn- 
thetic produces a turquoise pattern. However, 
while X-rays cannot detect this difference con- 
veniently, the infrared absorption technique can 
make the distinction readily. 
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BERYL 

Another material that we have studied in detail 
is beryl (Goldman et al., 1978). Chemically, beryl 
is a beryllium aluminum silicate (Be,AI,SigQ,). 
Yet beryllium, aluminum, and silicate are all 
incapable of causing color. Like jade, if beryl were 
chemically pure, it would be colorless. Also like 
jade, impurities are responsible for the various 
colors of beryl. Unlike jade, though, with golden, 
yellow to yellow green, green, and blue beryls (fig- 
ure 6], only one element is responsible for the 
color. This element is iron. To understand how 
minor amounts of this one element cause such a 
range of colors, we must first determine: {1} where, 
in terms of the atomic structure of beryl, the iron 
is located; and (2) what the oxidation state of the 
iron is. Furthermore, we know that beryl is often 
treated in the field or in laboratories with a heat- 
treatment process that removes the yellow and 
the green components and leaves the crystal blue. 
We must also determine, then, how the heat 
treatment influences the iron in the beryl to bring 
about this type of color transformation. 
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To address these issues, we take a submicro- 
scopic look at the structure of beryl. Beryl is com- 
posed of three fundamental building blocks. First, 
there are atoms of beryllium surrounded by four 
oxygens which form units in the shape of a tetra- 
hedron. Next, atoms of silicon surrounded by four 
oxygens form units that are also in the shape of 
a tetrahedron. Finally, atoms of aluminum are 
surrounded by six oxygens arranged in the form 
of an octahedron. These three building blocks fit 
together in three-dimensional space to form beryl 
with the structure shown in figure 7. Iron could 
potentially reside in any one of these sites, or 
even inside the channels that are formed by the 
rings of silicon. Furthermore, the iron could be 
iron 2+ or it could be iron 3+. 

Through a variety of experiments we have 
found that iron in beryl exists primarily in the 
aluminum site. Whether the iron is present in the 
2+ or the 3+ oxidation state, however, it has al- 
most no effect on the color of the stone, at least 
not in the thicknesses that are common for fac- 
eted gems. One would have to have a very thick 
crystal to see the color brought about by iron in 
the aluminum site. Similarly, iron may reside to 
a small extent in the beryllium site in the 3+ ox- 
idation state, but this too will have no effect on 
the color of the material. 

The color seen in beryl (in the thicknesses 
usually encountered in faceted gems} is derived 
from relatively small amounts of iron situated in 
the channels formed by the silicate ions, which 
run parallel to the c-axis of the crystal. If the iron 
present in these channels is in the 2+ oxidation 
state, the color is blue; if the iron is in the 3+ 
oxidation state, the color is golden yellow. Mix- 
tures of golden-yellow iron 3+ and blue iron 2+ 
give rise to the intermediate shades of yellow 
green, green, blue green, etc. Heat treatment of 
aquamarine reduces the iron in the channel from 
the 3+ to the 2+ oxidation state to bring out the 
blue. 

Support for these conclusions was obtained 
via detailed study of the optical absorption spec- 
tra. The absorption pattern of a yellow beryl in 
figure 8 shows two traces, one a solid line and one 
a broken line, which represent the two orienta- 
tions of polarized light. The spectrum in the solid 
line was obtained with light polarized along the 
c-axis of the crystal; the spectrum illustrated by 
the broken line was measured with the light po- 
larized perpendicular to the c-axis. We can see 
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BERYL 


Figure 7. Structure of beryl built from three 
fundamental building blocks: (1) beryllium 
ions (lavender) and (2) silicon ions (yellow), 
both surrounded by four oxygen ions in 
tetrahedral geometry; and (3) aluminum ions 
surrounded by six oxygen ions in octahedral 
geometry (green). The silicon ions define rings 
that stack on each other to form channels in 
the structure. Iron (red dot) occurs in these 
channels and is the major contributor to the 
color in aquamarine. 


features that arise from iron 2+ in the channel at 
about 1000 nm, and features from iron 2+ in the 
aluminum site in the 800 to 1100 nm region. The 
iron in the aluminum site absorbs light only in 
the infrared portion of the spectrum and does not 
cause color. By studying the splitting among com- 
ponents in the spectrum, we learn about the size 
and distortions of the site in which the iron re- 
sides. From the intensity of absorption observed 
with the different polarizations of light, we learn 
about the orientation of the iron in the structure. 
From the wavelengths of absorption, we deter- 
mine the oxidation state of the iron. We can even 
see several sharp absorption lines caused by water 
in the channels. 


ZIRCON 


Zircon provides another example of color changes 
that can be brought about by heat treatment. Zir- 
con is a Zirconium silicate (ZrSiO,}. Zirconium is 
present in the 4+ oxidation state and, like sili- 
cate, is intrinsically incapable of causing color. 
When zircon is recovered from its host rock, the 
crystals are often brownish red (figure 9). With 
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heat treatment, however, the stones can be turned 
colorless, rusty yellow, or sometimes blue (figure 
10). The brownish red of untreated zircon results 
from the presence of small amounts of uranium 
and thorium in the crystal, natural substituents 
incorporated during growth. Because these ele- 
ments are radioactive, they undergo radioactive 
decay and emit gamma rays, alpha particles, and 
electrons which pass through the zircon. The 
gamma rays shooting through have enough en- 
ergy to dislodge electrons from ions inside 
the crystal (figure 11) and send them cascading 
through the stone, bouncing from atom to atom, 
until they gradually lose energy, slow down, and 
are finally trapped as defects inside the crystal, 
perhaps in sites where atoms are missing. Such 
a site is called an electron trap. Although much 
about electron traps remains a mystery, we do 
know that the electron is trapped at an energy 
level higher than normal, but cannot readily es- 
cape because it is in an energy well. From the 
study of advanced physics and quantum mechan- 
ics, we learn that a charged particle, like an elec- 
tron, trapped in a field of electrostatic charge—as 
when it is surrounded by oxygen atoms inside a 
crystal—may have the ability to absorb light and 
cause color. Electrons caught in these electron 
traps are responsible for the color in zircon and 
in many other minerals. 

Heat treatment of the stone provides the en- 
ergy required for the electron to overcome the 
barrier, leave the trap, and return to its normal 
position. If the stone contains only a single trap 
level, it will become colorless when heated. How- 
ever, zircon may have several trap levels; some of 


Figure 9. Zircon cut from rough material that 
has not been heat treated. 


Figure 10, Blue, heat-treated zircon. 
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Figure 11. Gamma rays cause radiation damage 
by ejecting electrons from atoms. 


these may impart the reddish color, others may 
contribute brown, while still others will produce 
blue. Each trap has its own characteristic energy 
barrier. When zircon is heat treated, the level of 
heat is controlled so that just enough energy is 
furnished to liberate the electrons from the red 
and brown traps, but not enough to liberate the 
electrons from the blue traps. 


SPODUMENE 


Radiation plays an important role in the colora- 
tion of many minerals. Natural processes are con- 
stantly at work providing low levels of radiation 
for long periods of time. It is now easy to subject 


Figure 12, Hiddenite crystal. The color is 
caused by chromium substituting for 
aluminum. Photo courtesy of Rock H. Currier. 
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minerals to high levels of radiation artificially for 
comparatively short periods of time to bring about 
color changes. Gem spodumene illustrates what - 
can be accomplished. 

Spodumene is a lithium aluminum silicate 
{LiA]Si,O,). Lithium, aluminum, and silicate are 
all intrinsically incapable of causing color. Spod- 
umene occurs in several colored varieties, in- 
cluding kunzite (lavendar to pink) and hiddenite 
(brilliant green). The color in kunzite results from 
the presence of manganese in substitution for 
aluminum, while hiddenite derives its color from 
chromium in the same substitution. Because of 
the far greater value of hiddenite (see figure 12), 
attempts have been made to transform the lav- 
endar of kunzite into the green of hiddenite by 
artificial means. If kunzite is placed in a chamber 
containing the radioactive isotope cobalt-60 and 
exposed to a large dose of gamma rays, a radiation 
damage effect ostensibly turns the lavendar into 
green. 

The resulting product is remarkably attractive 
(see figure 13); the color is also remarkably un- 
stable. The samples I tested bleached out after 
about three hours of exposure to sunlight, al- 
though other samples of the same material re- 
tained their color for many months when stored 
in darkness. There has been a moderate amount 
of investigation to understand the chemical na- 
ture of these transformations. In summary, the 
transformations apparently involve the oxidation 
state of the manganese. The manganese in kun- 
zite is present naturally as manganese 3+. When 
the stone is subjected to extreme doses of radia- 
tion, however, manganese 4+ is formed. Man- 
ganese 4+ is intrinsically unstable in spodumene, 
although it may have a lifetime of several months 


Figure 13. Kunzite before (pink) and after 
(green) irradiation with cobalt-60 gamma 
rays. 
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Figure 14. Comparison of a light natural brown 
and a dark irradiated brown topaz. Some 
natural brown topazes can be as dark as the 
irradiated stone pictured here. 


if kept in darkness. Once the irradiated material 
is heated or exposed to sunlight, the manganese 
4+ is completely lost and may revert to man- 
ganese 2+, which produces so little color that the 
stone usually appears colorless. The whole pro- 
cess can be cycled repeatedly. To my knowledge, 
no one has yet found a way to stabilize the radia- 
tion-induced green color in spodumene, although 
natural hiddenite is intrinsically color stable. Even 
though nature is constantly bombarding kunzite 
with low doses of radiation, the radiation damage 
does not accumulate fast enough to build up a 
large amount of manganese 4+. Manganese 4+ 
does occur in some Afghanistan kunzites, but its 


Figure 15. Blue topaz in 
which color has been 
produced by irradiation 
followed by heat treatment. 
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intrinsic instability is so great that it usually 
bleaches out spontaneously in the earth, before it 
has a chance to accumulate, or else is quickly 
bleached by sunlight. Although it is likely that 
much of the kunzite initially crystallized in na- 
ture with manganese 2+, over eons of geologic 
time the manganese 2+ appears to have been 
slowly converted into relatively stable man- 
ganese 3+ by natural irradiation. 


TOPAZ 


Topaz represents one of the great commercial 
success stories involving radiation technology ap- 
plied to gem minerals. Topaz is an aluminum sil- 
icate [Al,SiO,(F,OH).] which should be colorless 
if free of impurities. In nature, however, topaz 
generally occurs as yellow or yellow brown, pale 
blue, or colorless. Upon exposure to natural ra- 
diation, most topaz will turn cinnamon brown. 
This color, which has some value for gemstones, 
can be readily generated in the laboratory by ar- 
tificial irradiation as well. Figure 14 illustrates 
natural brown topaz and its irradiated counter- 
part. The artificially induced brown color is usu- 
ally unstable and will fade when the stone is ex- 
posed to sunlight, which is just as capable of 
supplying energy to electron traps as is heat. 

A more interesting case is provided by the blue 
topaz that results when irradiated brown topaz 
from some mines is carefully heated (figure 15). 
The blue material has gained much popularity as 
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a gemstone because of its pleasing color and the 
stability of the color. Even though blue topaz has 
received a great amount of study, we do not yet 
know the ultimate cause of its color. The fact that 
most properties of irradiated blue topaz are essen- 
tially the same as those of natural blue topaz has 
suggested the possibility that the natural color is 
itself a product of natural irradiation. 

Because the properties—chemistry, color, in- 
dices of refraction, etc.—of natural and irradiated 
blue topaz are almost identical, the gemologist is 
faced with the formidable task of distinguishing 
the natural from the irradiated material. After 
considerable investigation, we have developed one 
method that has been effective in the laboratory 
for making this distinction. It involves thermo- 
luminescence, that is, light caused by heat. 

When an irradiated topaz is heated, a small 
amount of light will be emitted at temperatures 
below those that cause incandescence. The emit- 
ted light represents the energy released by the 
trapped electrons as they return to their most sta- 
ble configuration. An accurate recording of the 
intensity of the emitted light as a function of the 
sample temperature constitutes the thermolu- 
minescence experiment, as illustrated in figure 
16. The details of the thermoluminescence curve 
vary from sample to sample depending on such 
variables as the trace chemical elements in the 
sample and the details of its radiation exposure 
(McDougall, 1968). 

The thermoluminescence behavior of a natu- 
ral blue topaz is compared to that of its irradiated 
counterpart in figure 17. The most obvious dif- 
ference, the broad emission region centered at 
about 250°C, is of no value in identifying artifi- 
cially irradiated topaz because its absence or pres- 
ence does not correlate with the blue color or the 
irradiation history of the stone. What we have 
found to be useful for making this distinction is 
the temperature at which the steep rise in emis- 
sion intensity occurs. With natural blue samples, 
the rise begins around 350°C; whereas for irradi- 
ated blue topaz, it begins at lower temperatures, 
typically at or below 300°C. 

This difference exists because in nature topaz 
is exposed to low levels of radiation over long pe- 
riods of time, whereas the artificially irradiated 
material is given massive doses of radiation in a 
short time. Electron traps that have low to mod- 
erate stability will decay spontaneously in nature 
because of the long time over which the natural 
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Figure 16. Schematic illustration of a 
thermoluminescence experiment in which the 
light emitted by a crystal is measured with a 
photomultiplier tube as a function of 
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Figure 17. Comparison of the 
thermoluminescence curves of natural and 
irradiated blue topaz. Only the high- 
temperature behavior is useful for distinction. 
The broad emission at 250°C is not present in 
all natural samples. 


irradiation occurs. These same traps will be oc- 
cupied in large numbers in the irradiated mate- 
rial. If, however, their lifetime is tens to hundreds 
of years they will not fade over the course of a 
single human lifetime. These moderately stable 
traps may not necessarily contribute to the color 
of the topaz, but they will contribute to the stone’s 
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thermoluminescence behavior at high temper- 
atures. 

At this time, the thermoluminescence method 
is not suitable for routine testing in the jeweler’s 
or gemologist’s lab because the extreme heat re- 
quired for the measurement bleaches the blue 
color. It is possible to scrape a small quantity of 
material from the edge of the stone to make the 
measurement; about 500 micrograms is ideal. 
Although a small amount of repolishing where 
the stone was sampled would remove the scrape 
marks, even this method is not suitable for rou- 
tine testing because of the time involved in sam- 
ple preparation. 


ADDITIONAL EXAMPLES OF 
RADIATION-INDUCED COLOR 
IN MINERALS 


Radiation plays a role in the coloration of many 
other minerals as well. For example, common 
salt, the mineral halite (NaCl}, is one of the sub- 
stances most often used in studies of radiation 
damage, An amber color develops when salt is 
exposed to gamma rays, and with a high enough 
dose the salt can be turned black. It is important 
to remember that salt, like all minerals, does not 
become radioactive when irradiated by X-rays or 
by the more energetic gamma rays. 

Fluorite is frequently colored by natural irra- 
diation. Rare earth elements such as cerium, sa- 
marium, and europium are often present in fluor- 
ite and respond to irradiation by producing specific 
colors. For example, radiation will reduce samar- 
ium from the 3+ to the 2+ oxidation state and 
impart green to the stone (Bill and Calas, 1978}. 
Striking color changes can also be brought about 
by laboratory irradiation (figure 18], although 
many stones treated in this manner have shown 
a tendency to fade in light. 

Smoky quartz (figure 19} results from the ap- 
plication of radiation to quartz, which contains 
aluminum as a minor impurity. Detailed studies 
have indicated that additional mechanisms also 
contribute to a smoky color in natural and syn- 
thetic samples (Nassau and Prescott, 1977}. Col- 
orless quartz crystals that have been irradiated to 
produce the smoky color have found commercial 
acceptance as mineral specimens and, in some 
markets, as gemstones. 

Amethyst (figure 20) results when quartz with 
minor amounts of iron is irradiated either in na- 
ture or artificially (Cox, 1977; Hassan, 1972). The 
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Figure 18. Fluorite before (colorless) and after 
irradiation. 


mechanism is believed to involve oxidation of the 
iron by radiation from the 3+ to the 4+ oxidation 
state. When amethyst is heat treated to form ci- 
trine, the iron is reduced back to the 3+ oxidation 
state (Nassau, 1981). 

A deep-blue variety of beryl known as Maxixe 
beryl (figure 21} also derives its color from irra- 
diation (Nassau et al., 1976]. This unstable color 
is thought to form as the result of radiation-in- 
duced chemical changes involving carbonate ions 
in the channels (Edgar and Vance, 1977}. If this 
color could be stabilized and produced in suffi- 
cient quantity, the stone would have great poten- 
tial as a gem material. 

What about rubies, emeralds, and sapphires? 
Radiation treatment does not play a role in their 
coloration, although heat treatment is being used 
to modify the color of the corundum gems. A 


Figure 19. Smoky quartz is a product of either 
natural or laboratory irradiation. 


GEMS & GEMOLOGY — Summer 1981 69 


Figure 20. Amethyst color is the 
result of the irradiation (natural or 
artificial) of quartz that contains 
low concentrations of iron. This is a 
natural amethyst specimen from 
Vera Cruz, Mexico. 


Figure 21. The deep blue of Maxixe beryl is the 
result of natural irradiation. The color is 
unstable. 


golden-yellow corundum can be produced with 
the use of radiation, but the color is too unstable 
to be anything other than a laboratory curiosity. 

Considerable scientific effort has been di- 
rected toward the study of color in diamond and 
its response to radiation (Davies, 1977}. Labora- 
tory irradiation of diamond can be used to bring 
about dramatic changes in color. For example, ir- 
radiation of a light- to medium-yellow diamond 
with gamma rays can produce a green stone (fig- 
ure 22), which is the result of trapped electrons. 
If a high-energy electron beam were used to irra- 
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diate the same diamond, it might turn blue in- 
stead (figure 23}. It has been hypothesized that the 
color difference between gamma-ray and electron 
irradiation may be the result of local heating of 
the stone which occurs with electron irradiation. 

Heat treatment itself can bring about further 
changes in the color of irradiated diamonds, usu- 
ally producing various shades of orange through 
yellow (figure 24). The best yellows that result 
from heat treatment can rival the best naturally 
occurring canary diamonds. However, the origin 
of the artificially induced color is completely dif- 
ferent from that of the natural. The latter results 
from high concentrations of nitrogen in the stone, 
while the former is a product of a variety of ra- 
diation damage centers. Both natural and irradi- 
ated yellow diamonds have a high degree of color 
stability. 


CONCLUDING THOUGHTS 


Several things should be evident from the discus- 
sion above: first, that the color of a gemstone may 
have one of several origins; second, that many 
sources of color that occur naturally can be either 
duplicated or enhanced in the laboratory; third, 
that our ability to determine the origin of color 
has increased rapidly as the technologies avail- 
able to the research gemologist grow in sophisti- 
cation; and fourth, that the technologies used in 
gem treatment are also rapidly increasing in so- 
phistication. As interest in colored gems contin- 
ues to expand, it is likely that identification of 
sources of color will gain even greater impor- 
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Figure 22. Diamond turned green by gamma- 
ray irradiation. 


tance. Particular attention will continue to be 
given to the distinction between artificially pro- 
duced and natural colors. Whether this distinc- 
tion should be a matter of concern is open to dis- 
cussion, particularly in the cases where natural 
colors are enhanced by artificial means. Ulti- 
mately, personal value judgments must be the 
deciding factor. Many forms of technological ma- 
nipulation of gem materials are totally accepted 
today, for example, heat treatment of aquama- 
rine, tanzanite, and zircon. Certainly, even grind- 
ing and polishing represent substantial, but ac- 
ceptable, technological manipulation of the rough 
gem stone. 

In any event, the study of color in minerals 
and gemstones provides us with a wealth of un- 
derstanding about the physical and chemical 
properties of these materials. Such studies also 
establish the scientific basis for technologies that 
will be used in the future for the characterization 
of gem materials, and for their manipulation. As 
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Figure 23, Diamond turned blue by electron- 
beam irradiation. 


Figure 24, Heat treatment of irradiated diamonds 
produces orange and yellow colors. 


the tools of the researcher grow in sophistication, 
the gemologist must continue to upgrade his or 
her technical sophistication to keep abreast of the 
technologies currently being used in both the 
manipulation and characterization of gem ma- 
terials. 
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SCANNING ELECTRON MICROSCOPY 


IN GEMOLOGY 


By Carol M. Stockton and D. Vincent Manson 


T his article examines both the principles 
behind the functioning of the scanning 
electron microscope—energy dispersive 
spectrometer system and its application 
to the chemical and structural analyses of 
gems. The examples presented describe 
the distinction of natural from treated 
opals, the relationships observed between 
a diamond and its kimberlite matrix, the 
identification of inclusions in ruby and 
taaffeite, the elemental mapping and 
chemical analysis of maw-sit-sit, and the 
study of chemical interrelationships 
between various types of garnets. 
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A important function of the Gemological Institute 
of America’s Department of Research is the appli- 
cation of modern, advanced methods of analysis to gem- 
ological questions that cannot be readily answered using 
the usual gemological tests. One of the principal tools in 
our search for more knowledge about gem materials is the 
scanning electron microscope—energy dispersive spec- 
trometer system (SEM-EDS; fig. 1]. Additional electronic 
components and a computer provide for automation 
within the SEM-EDS system and rapid execution of com- 
plex calculations with results displayed for interpretation 
by the research gemologist. 

The following discussion seeks to explain the basic 
principles on which the SEM-EDS system operates, ex- 
amines the advantages it holds for gemology, and reviews 
a few of the gemological problems to which it is currently 
being applied. 


THE SEM-EDS: HOW IT WORKS 


To understand the principles behind the SEM-EDS, a 
basic knowledge of atomic structure is helpful. Atoms are 


‘the smallest divisions of matter that retain the charac- 


teristics of the elements, but they are actually composed 
of yet smaller particles. A contemporary model of the 
atom portrays a central nucleus consisting of protons and 
neutrons (except hydrogen, which has only one proton in 
its nucleus], around which electrons are distributed in 
orbitals (fig. 2). An atom is usually referred to by its 
atomic number. This is simply the number of protons in 
the atom’s nucleus, which, unlike the number of neu- 
trons, is constant for each element. 

The scanning electron microscope works on the prin- 
ciple that a beam of electrons striking a sample results 
in the return of electrons from the sample. The varying 
intensity and distribution of these returning electrons 
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Figure 1, GIA’s scanning electron microscope—energy dispersive spectrometer system. 


| Figure 2. Diagrams of typical 
electron orbitals, one cut away to 
show the nucleus, Note that if the 
nucleus were shown.to proper scale 
with respect to the size of the 
orbital, it would be invisible in this 
drawing. 
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Figure 3. The scanning electron 
microscope: A = electron gun, 

B =column, C = electron detector, 
D = specimen chamber. The energy 
dispersive spectrometer: E = liquid 
nitrogen container, F = X-ray 
detector. 


reflect the specimen’s surface contours or com- 
positional features. Since our eyes cannot see 
electrons as they can see light, the invisible par- 
ticles must be “read’”’ by a detector and mapped 
on a television-like viewing screen, creating a 
likeness of the specimen’s surface. Also, since 
electrons have much shorter wavelengths than 
visible light has, they reveal features in greater 
detail at higher magnifications and with greater 
depth of field than is possible with a conventional 
light microscope. Magnifications as high as 
200,000 are possible under optimum conditions 
with GIA’s SEM, although images up to 20,000x 
are most applicable to gemology. 

The electron beam is produced by a tungsten 
filament heated to approximately 3400°C, at 
which temperature a stream of electrons is pro- 
duced and focused in an electrical field, such as 
25,000 volts. It is further focused and directed at 
the target by means of a set of magnetic lenses 
housed in an area of the SEM called the column 
(fig. 3). One may change levels of magnification 
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and focus the beam by electronic adjustment of 
the magnetic lenses in the column. 

Unlike the light microscope, the SEM-EDS 
cannot see into the interior of a specimen. When 
the electron beam strikes the target, the beam 
electrons interact with atoms near the surface of 
the sample. Among the resulting effects, those 
that interest us here are secondary electrons, 
backscattered electrons and characteristic X-rays, 
as explained below. 


Secondary Electrons. Some electrons in the sur- 
face layers of the sample are knocked out of their 
orbitals by the electron beam. Those with enough 
energy to escape the specimen’s surface are called 
secondary electrons. The number of secondary 
electrons produced varies with the surface con- 
tours of the specimen. A detector monitors these 
electrons and provides signals to a television-like 
screen, on which an image is formed using white, 
black and shades of grey, much like a conven- 
tional black-and-white photograph. 


GEMS & GEMOLOGY Summer 1981 
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Figure 4. An electron (e} from the beam strikes an atom in a sample (A), exciting the 
atom to change to a state of higher energy (B) and then return to its original state (C), 


emitting an X-ray photon (p) as it does so. 


Backscattered Electrons. These are beam elec- 
trons that bounce off the atomic particles of the 
specimen and “backscatter” from the sample sur- 
face. From these, a map of the elements present 
in a flat, polished surface of the sample can be 
produced in which the light-to-dark tones of the 
image express in a relative sense the atomic ele- 
ments present, with the higher-atomic-number 
elements appearing lighter. One can thus see the 
distribution of elements in a specimen that has 
zoning or more than one mineral present. The 
detector used to collect secondary electrons serves 
the same function with regard to backscattered 
electrons. 


Characteristic X-Rays. The third significant ef- 
fect caused by the beam electrons is the produc- 
tion of characteristic X-rays. Explanation of this 
phenomenon once more requires reference to 
atomic behavior. The electrons surrounding a nu- 
cleus normally remain in specific orbitals, each 
of which has a distinct energy level. The differ- 
ences between these energy levels are limited to 
discrete amounts, or guanta, which are unique 
to a given element. The appropriate form of en- 
ergy input from an external source, such as an 
electron beam, causes some electrons to jump 
temporarily to a higher level. As the electrons re- 
turn to their original levels, excess energy is re- 
leased in quanta in the form of X-ray photons 
having energies (also expressed as equivalent 
wavelengths) characteristic of the element that 
produced them (fig. 4). These characteristic X- 
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rays can be counted by a special detector inside 
the specimen chamber and then sorted electron- 
ically for display in graphic form, according to 
energy level and intensity, on a viewing screen 
(fig. 5). For simple identification of the elements 
present in a sample, this procedure is usually suf- 
ficient; computer programs are available to pro- 
vide statistical information about the chemical 
composition of the sample using this type of data 
(fig. 6). 

In the case where one wishes to obtain more 
precise results, the process of determining how 
much of each element is present in a sample be- 
comes more complex, even though the method of 
data collection is much the same. Basically, ma- 
terial of unknown composition is compared sta- 
tistically with standards of known chemistry. 
Complex calculations are now rapidly performed 
by computer programs that quantitatively deter- 
mine the composition of a sample when supplied 
with all the necessary information. 

It should be mentioned that there is another, 
more expensive instrument designed primarily to 
perform quantitative X-ray chemical analysis in 
a manner similar to that of the SEM-EDS. This is 
the electron probe microanalyzer (EPMA), com- 
monly known as the “microprobe” (Dunn, 1977). 
High-power magnification using secondary and 
backscattered electrons is not available on a mi- 
croprobe, although it has other features that the 
scanning electron microscope does not, making 
the two types of instrumentation complementary 
to one another. 
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Figure 5, Graphic display of the X-ray chemical 
spectrum of.a garnet. 


APPLICATIONS 

Electron microscopy and X-ray chemical analysis 
have been used increasingly in gemology and 
mineralogy over the last 15 years. Among nu- 
merous such studies, some articles illustrating 
this use include Reid, Frazer, and Fujita, 1969; 
Wilson, 1972; Gtibelin and Weibel, 1975; and 
Clark et al., 1980. However, GIA’s research lab- 
oratory has the first SEM-EDS system devoted to 
the study of all types of gem materials. The choice 
of this type of instrumentation was based on a 
careful evaluation of its usefulness to gemological 
research. 

In most instances, the SEM-EDS system can 
perform chemical and textural analyses on gem- 
ological specimens without, for all practical pur- 
poses, damage to or alteration of the gems. It is 
this nondestructive quality of the SEM-EDS that 
makes it an ideal analytical tool for gem research. 
Although preparation of the gems for analysis 
does require the application of thin, electrically 
conductive coatings, these are easily removed 
without affecting the sample. The most impor- 
tant requirement for chemical analysis, a highly 
polished flat surface, is readily available with fac- 
eted gemstones, so no further preparation of the 
area to be analyzed is necessary. 

It should be noted that analysis is restricted to 
a very small distance beneath the target surface, 
so interior features such as subsurface inclusions 
are outside the reach of the SEM-EDS. However, 
enough specimens are usually available with sur- 
facing inclusions that this limitation is seldom 
significant. 

The descriptive chemistry done with the EDS 
is perhaps the most important function of this 
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Figure 6. Computer printout of the basic 
chemical and related statistical data on the 
spectrum shown in figure 5. 


analytical system for the gemologist. A signifi- 
cant feature of this system is the comparative ra- 
pidity with which such analyses can be per- 
formed. Chemical analysis, which identifies the 
relative abundance of elements in a specimen, 
confirms gem species in cases where normal gem- 
ological tests are inadequate or cannot be made. 


Textural Analysis: Opals and Diamonds. One case 
in which secondary electron images from the SEM 
have served gemology is in distinguishing natural 
opals from plastic-impregnated ones (Manson, 
1978). The light etching of an opal’s surface with 
dilute hydrofluoric acid removes a layer of the 
silica spheres that make up the structure of opals, 
but does not affect the plastic sometimes used to 
stabilize and/or color treat them. If an opal has not 
been treated, all that is evident under the SEM’s 
scrutiny is the next layer of spheres (fig. 7). If it 
has been treated, however, a honeycomb of plas- 
tic material that has filled the spaces between the 
etched-out spheres remains behind (fig. 8}. 
Occasionally, problems arise concerning the 
questionable interrelationships of components in 
some specimens. One such instance involved a 
diamond seemingly embedded in kimberlite ma- 
trix. In order to determine whether the associa- 
tion was natural or manmade, the specimen was 
placed in the SEM and viewed under magnifica- 
tion. Examination showed that serpentine (iden- 
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untreated opal. Magnified 22,000 x. 


tified as such by X-ray chemical analysis] had 
crystallized around the diamond. This was espe- 
cially apparent where the structure of the mate- 
rial had “turned the corner” in its growth to fit 
around the angles of the diamond crystal (fig. 9}, 
clearly confirming that the relationship between 
‘the gem and its matrix was naturally occurring. 


Inclusions: Rubies and Taaffeite. Another use of 
the SEM-EDS in GIA’s research laboratory has 
been the identification of inclusions in rubies, as 


Figure 9. SEM secondary electron image of 
diamond surrounded by serpentine. 
Magnified 200x, 
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Figure 8, SEM secondary electron image of 
treated opal, Magnified 22,000x. 


part of an ongoing project to extend our knowl- 
edge of natural and synthetic materials. A speci- 
men containing needle-like inclusions was re- 
cently brought in for study. Secondary electron 
imaging enabled us to locate a needle that broke 
the surface, showing up as a somewhat oval, rough 
area on the ruby’s otherwise smooth surface (fig. 
10). EDS analysis confirmed that the substance in 
question was titanium oxide, known more com- 
monly as rutile, and in this case evidence of the 
ruby’s natural origin. 

A rare gem material, taaffeite (Liddicoat, 1967), 
presented another opportunity to study an inter- 
esting inclusion. The stone in question weighed 
2.71 ct. and had the violet color typical of most 
of the dozen or so specimens known. Close ex- 
amination revealed an exposed inclusion (fig. 11) 


Figure 10. Rutile inclusions in corundum. One 
of the needle-like inclusions (arrow) breaks the 
surface and was chemically analyzed by the 
EDS. Magnified 90x. 
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Figure 11. Photograph of taaffeite with 
inclusions, one of which is exposed at the 
surface (arrow) and was subjected to chemical 
analysis using the EDS. Magnified 100. 


which proved on analysis with the SEM-EDS to 
be chlorapatite. The documentation of such in- 
formation is pertinent to describing conditions 
under which this gem mineral may have been 
formed. 


Compositional Mapping and Identification: Maw- 
sit-sit. The mottled green, black, and white or- 
namental stone maw-sit-sit, from Mogok, Burma, 
was first described in detail by Gtibelin in 1964. 
The fine-grained intergrowth of minerals made it 
difficult to separate the pure individual phases by 
the methods of chemical analysis then in use. 
Now the use of all three basic modes of the SEM- 
EDS (secondary and backscattered electron im- 
aging and X-ray chemical analysis) has solved the 
problem of separation and supplied information 
leading to correct identification of the minerals 


present (Manson, 1979}. Secondary electron im- 
aging revealed the textures of the various mineral 
components (fig. 12a}. Backscattered electrons de- 
fined the distribution of the different minerals 
present (fig. 12b), confirming the areas that had 
been only suggested by the secondary electron 
images. Once the surface was mapped in this way, 
chemical analysis was applied to the regions where 
the minerals were most distinct. As a result of the 
information provided by the SEM-EDS, in con- 
junction with that supplied by X-ray powder dif- 
fraction, the “black” areas (appearing white in the 
backscattered electron photomicrograph) were 
identified as cosmochlore (also called ureyite; 
Embrey and Fuller, 1980), hitherto found only in 
meteorites (and actually very dark green}. The 
white areas (dark grey in the backscattered elec- 
tron image} were identified as natrolite, a fairly 
common terrestrial mineral. Intergrowth of the 
two minerals created the beautiful green color 
seen through most of the rock. 


Quantitative Chemistry: Garnet. With some gem 
species, wide ranges in composition cause diffi- 
culty in accurate identification. This is the case 
with members of mineral groups such as tour- 
maline, feldspar, and garnet. For example, the 
chemical formula of a garnet may be written as 
3AO0 *B,O3°3Si0,, in which A represents one or 
more of the chemical elements magnesium, cal- 
cium, iron, and manganese, while B represents 
one or more of the elements aluminum, iron, 
chromium, and vanadium. A useful concept here 
is that of the end member, which is defined as 
a theoretical composition having the above for- 
mula, where A and B each represents only one of 


Figure 12. Two SEM images of maw-sit-sit: § 

(A) secondary electron image in which the area } 
of purer cosmochlore shows up as a dark-grey 
patch covering the lower half of the 
photomicrograph, but the regions of — 
intergrowth in the upper half are unclear; and 
(B) backscattered electron image in which, like 
a negative, the dark cosmochlore appears white 
and the area above it is clearly resolved, the 
white natrolite appearing dark grey and the 
intergrowth (which normally appears green 

to the eye) showing up as light grey. 

Magnified 40x. 
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the elements from their respective groups. Spec- 
imens of pure end members such as pyrope, the 
magnesium aluminum garnet (83MgQ0O-Al.O,+ 
38iO,], rarely if ever occur in nature. Typically, 
an individual gem has an intermediate composi- 
tion {i.e., where A and/or B each represents more 
than one element) containing varying proportions 
of the ideal end members. The compositions 
among stones belonging to such a mineral group 
may show continuous gradations between two or 
more of the end members. On the other hand, the 
compositions may be distributed discontin- 
uously, forming clusters of chemically similar 
stones, In the latter case, individual stones may 
be assigned to appropriate clusters on the basis of 
their physical and optical properties, provided 
enough stones have been studied to adequately 
determine the variations in properties with re- 
spect to composition. 

At the present time, GIA’s research laboratory 
is using quantitative chemical analysis as part of 
a detailed study of the gem garnet group. New 
sources for gem garnets have provided large num- 
bers of specimens that cannot be described well 
by the traditional classifications, and in addition 
have drawn attention to some older problems of 
identification, or ‘where to draw the line” be- 
tween gem species and/or varieties. One new type 
of garnet appears to consist of varying mixtures 
of two garnet end members, pyrope and spessar- 
tine, with small quantities of grossular, alman- 
dine, and possibly andradite as well. With chem- 
ical analysis, we can determine if these new stones 
make up a well-defined cluster. At the same time, 
the entire gem garnet group will be reexamined 
and, if appropriate, recommendations made for 
redefinition of garnet nomenclature. Finally, we 
can determine the specific optical and physical 
properties that belong to each of these gem spe- 
cies and/or varieties and discover which of these 
values can be used by the gemologist for iden- 
tification. 


SUMMARY 


The contemporary gemologist is faced with ever- 
increasing problems in the identification and 
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description of gem materials. Gemology, like all 
sciences, has advanced beyond the point where 
any single person can know all there is about the 
subject. GIA’s research laboratory provides for the 
use of instrumentation such as the SEM-EDS in 
gemology to answer those questions that extend 
outside the scope of gemologists whose time and 
training must necessarily be focused elsewhere. 
The specific examples cited here of situations in 
which the SEM-EDS has been used are but a few 
of the areas that are being explored. Other types 
of instrumentation accessible to our researchers, 
either at our own facilities or through the coop- 
eration of other organizations, are used in con- 
junction with the SEM-EDS to pursue topics such 
as the distinction and identification of gem spe- 
cies and varieties, determination of the origins of 
color in gemstones {including diamonds), and 
identification of synthetic and altered gems, as 
well as other subjects of current concern to 
gemologists. 
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EMERALDS OF 
COLOMBIA 


By Peter C. Keller 


There has been more activity in emerald 
mining in Colombia in the last few years 
than at any other time in the four 
centuries since the Spanish first 
discovered the deposits. This article 
combines a comprehensive review of the 
literature on the history and geology of 
Colombian emeralds with the author’s 
own insights into the current marketing 
and mining of these stones. Of particular 
concern are the harsh methods now being 
used to extract the emeralds and the 
impact these methods will have on future 
production in Colombia. The past, 
however, has yielded many fabulous 
gems, the most famous of which are also 
described here and placed in historical 
perspective. 
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ew gemstones on the world market today provide the 
F aura of adventure and intrigue, wealth and beauty that 
is so intrinsic to emerald. The first records of emeralds 
worn as jewelry date from the early days of the Roman 
Empire, in reference to stones recovered from now long- 
lost Egyptian mines. They have been treasured as gems 
ever since. Although the Egyptian mines may have intro- 
duced emeralds to the Western world, historically the fin- 
est emeralds have come from deposits in Colombia. The 
checkered history of these mines began cruelly with the 
Spanish conquerors’ enslavement of local Indians to work 
the deposits, leading to the decimation of the native pop- 
ulation in just a few years. And as recently as the early 
1970s, Muzo—the major mine—was forced to close 
because of over 900 emerald-related murders in one year. 

Over the past half century, there have been numerous 
papers describing the status of the Colombian emerald 
mines, usually by recent visitors to the mining areas 
(MacFadden, 1934; Switzer, 1948; Copeland, 1950; An- 
derton, 1950 and 1965, Bancroft, 1971; and Tenhagen, 
1972). However, few, if any, of these papers have com- 
bined their observations (which were usually on a single 
mine} with a comprehensive review of the literature to 
provide a detailed account of the history and geology of 
the emerald deposits. Furthermore, in the past five years 
we hav S seen more activity in the Colombian mines than 
there has been since the Spanish first exploited them in 
the 16th century. The purpose of this paper is to combine 
a comprehensive review of the literature with an update 
on current mining and marketing activity, based on sev- 
eral recent trips to the area by the author. In addition, 
major emeralds originally mined in Colombia and now 


The 300-year-old Spanish Inquisition necklace contains 
15 emerald beads and more than 360 diamonds. 
Photograph by Harold and Erica Van Pelt. Courtesy of 
the National Museum of Natural History, Smithsonian 
Institute, Washington, DC. 
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Figure 1. Index map showing the location of the mines and other geographical features of 


the Muzo district, Boyacd, Colombia, 


housed throughout the world will be described, 
some for the first time. 


OVERVIEW 


There are two principal emerald-mining districts 
in Colombia today: Muzo and Chivor. The 360- 
km? Muzo district, at an elevation of about 600 
m, is located 105 km north of the capital city of 
Bogota in the valley of the Rio Itoco, a tributary 
of the Rio Minero. The main mines in the Muzo 
district include the Tequendama, Santa Barbara, 
El Chulo, Coscuez, and Perias Blancas (figure 1). 
The district is owned by the Colombian govern- 
ment and is currently being worked by several 
private mining companies operating under five- 
year leases (figure 2). 

The Chivor district, located about 75 km 
northeast of Bogota in the Almeida township of 
Boyaca, is part of the exceedingly rugged country 
where the Rio Rucio and Rio Sinai join to form 
the Rio Guavio (figure 3}. Feininger (1970) points 
out that the mine is at an elevation of about 2300 
m and that just 2 km to the east, in sight of the 
mine, the Rio Guavio, at an elevation of only 700 
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Figure 2. A view looking to the north over the 
Muzo mines. 


m, slices through a ridge that is even higher than 
the mine (figure 4}. In addition to the Chivor 
mine, the Chivor district includes the Buenavista 
mine, immediately to the south of Chivor, and 
the Las Vegas de San Juan mine, located 8 km to 
the southwest and commonly known as the 
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Figure 3, Index map showing the 
location and major mines and rivers 
of the Chivor district, Almeida, 
Boyacd, Colombia. 


Figure 4. A view looking 
east over the Chivor 
emerald mine, which is 
situated at an elevation of 
about 2300 m. 
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Gachala mine (Anderton, 1955}. The Chivor mine 
is the only privately owned emerald mine in Co- 
lombia. The Buenavista and Gachala mines op- 
erate aS concessions under a 1959 law, and their 
owners pay a 25% royalty to the Colombian gov- 
ernment (Colombian American Business, 1979}. 

There have been a number of studies on the 
geology of Muzo and, to a lesser extent, Chivor 
(see box). Our current knowledge of the geology 
tells us how the emeralds occur and where to di- 
rect future exploration. Thus far, however, a de- 
tailed study of the Eastern Cordillera has been in- 
hibited by rugged terrain and thick vegetation, 
which has also restricted exploration. 
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GEOLOGY OF MUZO AND CHIVOR 


The lower member at Muzo, the Cambiado, consists of highly folded, faulted, and fractured 
carbonaceous shales and thinly bedded limestones. The Cambiado is discordantly overlain by the 
Emerald Beds, the latter consisting of thinly bedded, weathered, yellowish-gray shales that have 
also been intensely folded and invaded by thin calcite veins. The Emerald Beds, as their name 
implies, contain localized concentrations of emeralds associated with calcite, dolomite, pyrite, 
quartz, and parisite. Locally, the Cambiado and Emerald Beds are separated by the Cama and the 
overlying Cenicero. The major difference between these two layers appears to be textural. The 
Cama consists of an agglomerate of relatively large calcite crystals, whereas the Cenicero, which is 
usually about a meter thick, consists of small calcite crystals along with pyrite in a carbonate 
ground mass. Barite has also been reported in the Cenicero (Oppenheim, 1948}. 


EARLY HISTORY 

Emeralds mined in Colombia have been used for 
trade and personal adornment throughout much 
of Middle and South America since pre-Colum- 
bian times. When the first Spaniards arrived in 
the New World in the early 16th century, emer- 
alds were being worshiped, were used in jewelry, 
and played an important role as sacrificial offer- 
ings in ceremonies such as the famous El Dorado 
ceremony on Lake Guatavita, located just north- 
east of Bogota (Bray, 1978}. Emeralds were being 
traded as far south as Peru and Chile and as far 
north as Mexico. According to Morello (1957), 
when Spanish conqueror Cortes met the Aztec 


The Colombian Andes consists of three subparallel ranges: the Western, or Cordillera Occidental, 
the Central, or Cordillera Central; and the Eastern, or Cordillera Oriental. According to Clements 
{1941}, the Western and Central ranges consist primarily of granites and are best known for their 
gold deposits (gold production}. The Eastern range, however, consists mostly of sedimentary units, 
principally limestones and shales with minor igneous and metamorphic rocks exposed only locally. 
Clements places a Paleozoic age on these crystalline rocks. 


The major emerald deposits are limited to the eastern (Chivor} and western (Muzo} margins of the 
Cordillera Oriental where Cretaceous sediments are well exposed. The geology of the Muzo district 
has been described by several authors, five of whom are outstanding: Pogue {1916}, Lleras {1929}, 
Scheibe (1933), Clements (1941}, and Oppenheim {1948}. These studies agree that emeralds are 
restricted to the Villeta formation of Lower Cretaceous age. The Villeta formation consists of a 
great thickness of intensely folded and fractured black carbonaceous shale and minor limestones. 
The black shale is so rich in carbon that it is impossible to handle without soiling one’s hands. 
The Lower Cretaceous age of the Villeta has been determined from the presence of fossil 
ammonites. The highly fractured shales have been invaded by numerous white calcite fracture- 
filling veins, and it is in these veins that the emeralds occur. Dolomite, quartz, pyrite, and the 
uncommon rare-earth calcium carbonate, parisite, are accessory minerals commonly found with 
emerald in these veins. Lleras {1929}, Scheibe (1933}, and Oppenheim (1948} noted albite as a 
common vein mineral at Muzo, but Clements (1941) did not observe albite, nor did this author. 


The Villeta formation was divided into two members by Lleras (1929), namely, the Cambiado and 
the overlying Emerald Beds. Locally, these two members are separated by two thin agglomeratic 
layers of calcite crystals designated the Cama and the Cenicero (Oppenheim, 1948}. 
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emperor Montezuma in Mexico in 1519, the lat- 
ter was bedecked with fine emeralds. Reportedly, 
Spanish conqueror Pizarro sent four chests of em- 
eralds from Peru to the King of Spain in 1533. 
These were all undoubtedly of Colombian origin 
(Ball, 1931). 

Chivor was the first operating emerald mine 
discovered by the Spaniards in their conquest of 
the New World. Gonzalo Jiménez de Quesada saw 
the first sign of emeralds in Colombia at Turq- 
mequé, Boyaca, in 1537 (Colombian American 
Business, 1979). Quesada sent Captain Pedro F. de 
Valenzuela to find the source. That same year, he 
located the well-developed Chibcha Indian mine 


The sedimentary rock units at Chivor are somewhat different from those described for Muzo. At 
Chivor, such units are almost entirely shales and argillites, with minor limestone and sandstone 
(Rainier, 1929]. The general geology and stratigraphy of this area are not as well known as at 
Muzo. The stratigraphic section at Chivor appears to consist primarily of at least 1000 m of 
conformable sediments. A good description of these sediments and the geology is found in Johnson 
(1961). Johnson indicates that the emerald zone at Chivor runs about 10 km east-west and about 5 
km north-south. Fossil ammonites, bivalves, and ferns indicate that the sediments of the district 
are of Cretaceous age. As at Muzo, these sediments are heavily faulted and folded. They are mostly 
shales and argillites with some blocks or floaters of carbonaceous limestone present near the top of 
the stratigraphic section. The most prominent unit is a poorly cemented yellowish shale which 
overlies a thick sequence of gray-blue shales and argillites. No emeralds have been reported from 
the yellowish shale cap. Most emeralds occur in a blue-gray argillite about midway through the 
section. Johnson (1961) suggests that the occurrence of emeralds at Chivor is structurally related, 
as if the emerald veins were concentrated along the axes of tight folds in the argillites. He states 
that, “If a vein is discovered traveling in the trough of a syncline, the production of stones may be 


immense.” 


Chivor emeralds are found mostly in veins, but in rare instances they may occur in cavities, as 
was the case with the famous Patricia emerald discussed elsewhere in this paper. The cavities, 
when present, are always associated with the veins. The veins run parallel to the bedding of the 
sediments, which suggests that separations between bedding laminae provided the avenues of least 
resistance for fissure-filling hydrothermal solutions that crystallized to form veins. Such veins 
occur up to 15 cm in thickness but rarely exceed 65 m in length. Emeralds commonly are found 
where two veins intersect. Johnson (1961) divided the veins into three mineralogical types: (1) 
pyrite, (2} albite, and (3) pyrite with albite. The mineralization is in sharp contrast to the emerald- 
bearing veins of Muzo, where the gem material occurs in white calcite or dolomite or both. It is 
stressed that there have been no reports of emeralds occurring in calcite or dolomite at Chivor; 


both quartz and pyrite are very common there. 


Three more-or-less parallel “iron bands,” consisting of pyrite and limonite, appear about 50 m 
apart from one another, interlaminated in the stratigraphic section at Chivor. These bands appear 
to control the distribution of emeralds to some extent. Emeralds are most prevalent below the 
lowest of the three iron bands or between the lowest and middle bands. Very few emeralds have 
ever been reported above the middle or upper iron bands. This suggests that these bands may have 
acted as impervious “dams” for the rising emerald-bearing solutions. 
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of Somondoco, later to be named Chivor after a 
nearby valley. Soon thereafter, the Spaniards were 
vigorously working the Chivor mine using local 
Indians as slave labor. 

Five years after the founding of Santisima 
Trinidad de los Muzos in 1559 (Wokittel, 1960], 
the Muzo and Caijma Indians’ mine was located 
some 7 km to the west on the Itoco Hill. Actual 
mining of the Muzo area by the Spaniards began 
in 1567, and initial production is said to have 
overshadowed production at Chivor (Feininger, 
1970). By the end of the 16th century, both Chivor 
and Muzo were being vigorously worked using 
Indian slave labor. In 1592, the first recorded grant 
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of Chivor was given to Francisco Maldonado de 
Mendoza by Antonio Gonzalez, president of the 
New Kingdom of Granada. By this time, however, 
the treatment of the Indian slaves was so inhu- 
mane that on September 22, 1593, President Gon- 
zalez issued a 39-article decree protecting the In- 
dians (Johnson, 1961}. This decree was soon 
followed in 1602 by several royal orders from 
Phillip III of Spain to enforce the law. By this 
time, however, the Indian population had already 
been decimated. As a consequence of this loss of 
cheap labor and the litigation that followed the 
royal orders, production of Colombian emeralds 
declined drastically. In 1650, the Muzo mines 
were declared royal property, and production fur- 
ther declined. By 1675, the Chivor mine had been 
abandoned; its location eventually became a mys- 
tery that endured for over 200 years. Muzo con- 
tinued to be worked sporadically throughout the 
17th, 18th, and 19th centuries (Barriga and Bar- 
riga, 1973) until the government declared it the 
National Emerald Domain in 1871 {Colombian 
American Business, 1979). When the mines at 
Muzo came under government control, produc- 
tion all but ceased and lawless disorder came to 
characterize the area. This situation has changed 
only very recently. 

Soon after Muzo was placed under govern- 
ment control, the Chivor mine was rediscovered 
on the basis of a description written almost 300 
years earlier. In 1888, Colombian mining engi- 
neer Don Francisco Restrepo found a manuscript 
dating back to the early 17th century in a Do- 
minican convent in Quito, Equador. This manu- 
script, written by Fray Martin de Aguado, de- 
scribed the location of the Chivor mine as the 
only place in the Andes where one could see 
through a pass in the mountains to the plains of 
the Orinoco. Restrepo’s search for the legendary 
mine ended successfully in 1896. Although legal 
problems with the government hampered Res- 
trepo’s early mining activities, his early 20th cen- 
tury partnership with German mining engineer 
Fritz Klein coincided with the lifting of some of 
these restrictions and promising production at 
the mine. When World War I broke out, however, 
Klein retumed to Germany for military service. 
Restrepo died at Chivor, and, with Germany’s 
loss of the war, Klein lost all rights to the mine 
as a result of alien property legislation. In 1919, 
Chivor was purchased by the Colombian Emerald 
Syndicate, Ltd., an American company. Since then 
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it has changed hands many times with varying 
degrees of success, and has been managed by such 
notable mining engineers as Peter W. Rainier (au- 
thor of Green Fire, 1942) and Willis Bronkie. The 
Chivor mines are currently in the hands of the 
Quintero family. 

In 1953, a new mine was discovered 8 km 
southwest of Chivor at Gachala, reportedly when 
a woodcutter’s mule uncovered an emerald-bear- 
ing rock (Anderton, 1955). Although the mine has 
produced only sporadically since 1953, in 1967 
an 858-ct. crystal, generally considered one of 
the finest in existence, was found there. The 5- 
cm hexagonal prism is known simply as the 
Gachala emerald and is housed in the Smithson- 
ian Institution (Trapp, 1969). 


RECENT HISTORY AND PRODUCTION 


Emerald mining under government control has 
been a questionable business proposition. In 1946, 
the government entrusted the management of the 
Muzo mines, including the power to regulate all 
mining and marketing of emeralds from that dis- 
trict, to the Banco de la Republica (Feininger, 
1970). However, illicit emerald mining and deal- 
ing continued to be widespread, with an esti- 
mated loss to the government of more than 28 
million pesos during the period 1946 to 1969, 
when the Bank relinquished control of the Muzo 
emeralds to the Empresa Colombiana de Minas 
{(ECOMINAS|}, the government’s mining agency. 
Still, the situation at Muzo worsened, to the point 
that in 1973 over 900 people were killed in feuds 
and the mines were forced to close. The mines 
stayed officially closed until 1977, when the gov- 


Figure 5. Active mining of emeralds at Muzo. 
Note the white calcite veins. 
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Figure 6. Looking eastward at guaqueros working in the Rio Itoco below the main mining 
operations at Muzo. 


ernment solicited bids for five-year leases on the 
Muzo mines, the Coscuez mine, and the Penas 
Blancas mine. After extensive negotiations, the 
Muzo lease was awarded to the Sociedad Minera 
Boyacense Ltda., the Coscuez lease went to Es- 
meraldas y Minas de Colombia, S.A. (ESMERA- 
COL), and the Perias Blancas lease went to the 
Quintero brothers, who also control the Chivor 
mine (Colombian American Business, 1979). 
Unfortunately, five-year leases encourage the 
lessees to mine the area as rapidly as possible, and 
their methods are not as conservative of resources 
as they should be (figure 5}. When the author vis- 
ited Muzo in 1979 and again in 1980, the main 
area was being worked harshly, using bulldozers 
and dynamite, a method not adopted in the past 
because of the fragility of the emeralds. After an 
area has been blasted, bulldozers scrape off the 
overburden until the white calcite veins are ex- 
posed. Then, teams are brought in to work each 
vein with pick and shovel. When emeralds are 
found, they are placed in a canvas bag for sorting 
by the mine lessees each evening. These sorted 
parcels are then sealed and taken to Bogota for 
further grading and subsequent marketing. 
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Because the main mine area is being stripped 
away so rapidly, a significant portion of the po- 
tential emerald production is lost to the gravels 
of the Rio Itoco, with the result that an estimated 
15,000 guaqueros (independent miners, directly 
translated as “treasure hunters”) mine the riv- 
erbed each day (figure 6]. These guaqueros usually 
work alone or in small groups, and they live en- 
tirely on what they find. They subsist in nearby 
rancheros on the flanks of the Itoco Valley, eating 
pigs, chickens, vegetables, and fruits that they 
raise or grow locally. Their lifestyle closely re- 
sembles that of the miners who joined the mid— 
19th century California Gold Rush. 

The terms of the government leases are very 
demanding. For example, over five years, ESMER- 
ACOL will pay ECOMINAS a total rent of 260 
million pesos (about US$6.53 million) plus 5% of 
the gross production at Coscuez. ESMERACOL 
started working Coscuez in March of 1978; by 
1979, five bulldozers were working the mine, and 
a force of 60 National Police patrolled the area to 
prevent poaching (Colombian American Busi- 
ness, 1975). The status at Muzo is very similar. 

Emerald production statistics for Colombia 
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during the 1970s, as reported by Baskin in the 
Minerals Yearbook (1979), provide some indica- 
tion of what has happened to emerald production 
since the leases were awarded. In 1973, total ex- 
ports of emeralds from Colombia were reported 
to be US$2 million. In 1978, these exports rose to 
US$40 million; and in the first seven months of 
1979, exports rose to US$75 million. If this trend 
continues, Colombia should derive far more rev- 
enue from emerald mining than ever in the past. 


MARKETING THE EMERALDS 

Presently, there are two distinct systems in Co- 
lombia for marketing emeralds: (1] the official 
marketing required by law of the private mining 
companies under leases from the government, 
and (2) the illicit marketing done by the gua- 
queros in the Rio Itoco and, to a lesser extent, at 
other mines. In the case of the private mining 
companies, the value of their production is deter- 
mined by the Controloria General de la Republica, 
representatives of ECOMINAS, and by the own- 
ers of the mining companies. The private mining 
companies then market their emeralds through 
whichever channels they choose. The amount of 
emerald mined and subsequent marketing by the 
guaqueros working in the Rio Itoco below the 
main mines at Muzo is much more secretive. 
When a guaquero finds an emerald, eager buyers 
are waiting on the dirt road next to the river. 
These esmeraideros, independent emerald dealers 
from Bogota, gather to buy whatever is found in 
the river, then take their goods to Bogota to be 
cut and subsequently traded on the sidewalks off 
Bogota’s Avenida Jiménez. On any given day, one 
can see emeralds of any quality and quantity being 
traded on Avenida Jiménez, ironically, within 
sight of the Banco de la Republica. 

It is, however, buyer beware when purchasing 
emeralds on the Avenida Jiménez. Recently, a 
number of very cleverly enhanced emeralds and 
“imitations” have been sold to the unwary. These 
include quartz crystals that have been cored, filled 
with green plastic, polished, and then glued into 
a plausible shale matrix; the discreet use of green 
ink to make moralla, or pale green emerald, ap- 
pear to be of a fine green color; as well as green 
glass and plastic imitations. 


IMPORTANT COLOMBIAN EMERALDS 


Even though emeralds have been mined in Co- 
lombia since pre-Columbian times, relatively few 
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very fine large examples are known today. Because 
of the extremely high value of faceted stones, fine 
large emerald crystals are particularly rare. The 
following is a brief discussion of what many would 
agree are some of the most important emeralds, 
both cut and uncut, produced by the Colombian 
mines. 

During the 17th century, large Colombian em- 
eralds were eagerly sought by the Mogul nobility 
of India. By way of Spain, a great many of the early 
Colombian stones found a ready market in India 
through well-established trade routes. One partic- 
ularly fine example of these emeralds is the “Mo- 
gul” (see cover), which is currently owned by 
private collector Allan Caplan. The Mogul em- 
erald measures 5 cm X 3.8 cm X 3.5 cm and 
weighs 217.8 cts. (Caplan, 1968]. The front of the 
stone is carved with the floral motif typical of the 
Mogul carvers; the back contains an Islamic prayer 
and includes the date 1695 A.D. The drilled stone 
was probably worn on an article of clothing, per- 
haps a turban. 

Many of these Colombian emeralds were taken 
from India in 1739 during the sacking of Delhi by 
the Persians, and now are part of the Crown Jew- 
els of Iran in Tehran. Meen (1969) examined over 
one thousand of these emeralds and reported that 
most were over 10 cts. and some exceeded 300 
cts. (Meen and Tushingham, 1968). Certainly this 
collection and the collection in the Topkapi Mu- 
seum in Istanbul, Turkey, must be considered the 
two largest collections of Colombian emeralds in 
the world. 

One of the most spectacular pieces of emerald 
jewelry on public display in the United States is 
the 300-year-old Spanish Inquisition necklace 
{see frontispiece}, which is in the Smithsonian In- 
stitution’s collection. This necklace was report- 
edly worn in the Spanish and, later, French courts. 
The drilled hexagonal and cylindrical beads that 
make up the necklace may very well have 
originally belonged to articles of pre-Columbian 
jewelry and were simply reset into this magnifi- 
cent piece. A 24mm xX 15 mm drilled emerald 
bead forms the focal point of the necklace; in 
addition, there are 14 smaller emerald beads av- 
eraging 16 mm Xx 7 mm. Dunn (1975) reports that 
the necklace also contains over 360 mine-cut dia- 
monds, 16 of which must be considered major 
gems themselves. It is interesting to note that 
these 16 large diamonds also have been drilled. 

Another spectacular Colombian emerald in 
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Figure 7, The 75-ct. Hooker emerald, now at 
the Smithsonian, is remarkably free of the 
inclusions normally associated with such large 
stones. Photo courtesy of the National Museum 
of Natural History, Smithsonian Institution, 
Washington, DC. 


the Smithsonian collection is the 75-ct. square- 
cut stone in the Hooker brooch (figure 7). This 
stone is particularly significant because it lacks 
the internal flaws that are so typical of large em- 
eralds (Desautels, 1979}. 

Fine, large emerald crystals are very rare in 
nature and, because of their inherent value as cut 


Figure 8, Reportedly the finest emerald crystal 
in the world is this 858-ct. specimen from the 
Vega de San Juan mine at Gachald, near 
Chivor. The specimen is part of the collection 
at the Smithsonian Institution. Photo by 
Rock H. Currier. 
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Figure 9. A very fine example of a Chivor 
emerald is the 632-ct. Patricia found in 
December 1920 and now housed in the 
American Museum of Natural History. Photo 
courtesy of the American Museum of Natural 
History, New York, NY. 


stones, rarely survive intact in the marketplace. 
There are, however, a few that are worth noting. 
Reputedly, the finest Colombian crystal in the 
world is not from Muzo or Chivor, but rather 
from the recently discovered Gachala mine (fig- 
ure 8}. This fine hexagonal prism weighs 858 cts. 
and is of unusually fine color and luster. It, too, 
is part of the gem collection at the Smithsonian 
Institution (Trapp, 1969). 

Several emerald crystals have acquired names 
through the years. The most famous, perhaps, is 
the 632-ct. Patricia emerald (figure 9), which was 
discovered by Justo Daza in December 1920 at the 
Chivor mine. The Patricia is the largest known 
emerald from Chivor and was sold early in 1921 
for US$60,000. It is interesting to note that Justo 
received a US$10 bonus for finding the crystal. 
According to Johnson (1961), the blast that un- 
covered the Patricia destroyed a pocket that, when 
examined, contained fragments of an emerald 
crystal that was probably even larger. The Patricia 
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Figure 10. Four of the five 
crystals housed in the 
basement vaults of the 
Banco de la Republica in 
Bogotd, Colombia. The 
largest crystal weighs 
1795.85 cts., the smallest 
220 cts. Photo by Van Pelt. 
Courtesy of the Natural 
History Museum of Los 
Angeles County, Los 
Angeles, CA, 


was donated to the American Museum of Natural 
History in the early 1950s. 

Another named crystal is the famous Devon- 
shire emerald, which was loaned to the British 
Museum of Natural History in 1936. The current 
whereabouts of the stone are unknown; the cu- 
rator of the museum’s gem collection recently 
verified that they have only a wax model. In 1936, 
the 1384-ct. Devonshire emerald was the largest 
known emerald from the Muzo mine. Reportedly, 
the Devonshire is so named because it was given 
by Pedro I, Emperor of Brazil, to the sixth Duke 
of Devonshire sometime after 1831, when Pedro 
I was forced to leave Brazil for Europe. The simple 
hexagonal prism is approximately 5 cm x 5 cm. 
It is pictured in Tremayne (1936). 

The size and importance of the Patricia and 
Devonshire emerald crystals is somewhat over- 
shadowed by the collection of unnamed crystals 
housed in the basement vaults of the Banco de la 
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Republica in Bogota. This collection consists of 
five crystals ranging in size from 220 cts. to 
1795.85 cts. (figure 10). The finest is an extraor- 
dinary 1759-ct. crystal with excellent color and 
crystal form (figure 11). All of the crystals are re- 
portedly from Muzo and were probably found be- 
tween 1947 and 1969, when the bank controlled 
the mines, although their history is not well doc- 
umented. These crystals are not on public display 
in Colombia. 

The largest known single emerald crystal from 
Colombia is the 7025-ct. Emilia crystal discov- 
ered in 1969. It is reportedly from the Las Cruces 
mine (near Gachala) and is owned by a private 
mining concern. It has been displayed at exposi- 
tions around the world, although its current 
whereabouts are unknown. 

There are undoubtedly many other major em- 
eralds in vaults around the world. I have simply 
presented here a description of some of the better- 
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known stones. With the increased mining activ- 
ity at Muzo, it is worth contemplating when the 
next major emerald will be found, and whether it 
will be preserved for the public to enjoy. 


CONCLUSION 


Since the Spanish first started mining emeralds 
in Colombia in the early 16th century, the two 
major deposits at Muzo and Chivor have had a 
checkered history. With the awarding of leases to 
private concerns in 1977 in the Muzo district, we 
are seeing what appears to be unprecedented em- 
erald production. At the same time, however, we 
are also seeing what could be considered reckless 
mining procedures with the use of dynamite and 
large numbers of bulldozers. Some reports suggest 
that these procedures may result in the depletion 
of the deposit in the very near future. This re- 
mains to be seen. 

Unfortunately, little detailed work has been 
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Figure 11. The finest 
specimen in the collection 
of the Banco de la 
Republica is this 1759-ct. 
crystal of exceptional color 
and form. Photo by Van 
Pelt. Courtesy of the 
Natural History Museum of 
Los Angeles County, Los 
Angeles, CA. 


done on the geology of the Colombian emerald 
deposits since the early part of this century. As 
a result, we have little feel for how extensive the 
deposits are and what reserves we may expect for 
the future. Because of the very rugged terrain and 
dense vegetation and overburden, exploration and 
mapping are difficult. It is conceivable that these 
deposits are widespread and that the reserves are 
actually quite large. Certainly, the presence of 
what we consider relatively small deposits such 
as Coscuez near Muzo and Gachald near Chivor 
suggests that the emerald-bearing units may be 
equally as widespread, and gives promise of a 
bright future for Colombian emeralds for some 
time to come. 
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NOTES 


-AND-. 


NEW TECHNIQUES 


A CUBIC ZIRCONIA REFRACTOMETER 


By C. S. Hurlbut, Jr. 


With the development by C. D. West of practical high- 
refractive-index liquids, the major barrier to extending 
the range and durability of the refractometer has been 
the need for an isotropic substance with an index of 
refraction higher than that of the glass commonly 
used, On the basis of the author's experiments with 
a cubic zirconia refractometer, CZ—with its relatively 
low cost, high refractive index, and hardness—shows 
great promise for meeting this need. 


Since the development of a direct-reading jew- 
eler’s refractometer by G. F. Herbert Smith (1907}, 
numerous changes have been incorporated into 
the design of such instruments. However, the 
basic principle on which they operate remains the 
same: that is, the refractive index (R.I.} of the 
gemstone is determined by means of the stone’s 
total reflection and critical angle. Light entering 
the instrument passes through a dense glass, im- 
pinges on the gemstone, and, at the critical angle, 
is totally reflected back through the glass. The 
dense, highly refractive glass may be in the form 
of a hemisphere, as in early models, or a hemi- 
cylinder or prism.The glass and the liquid that is 
interposed between it and the gemstone must 
both have a refractive index higher than that of 
the gemstone. Thus, these two items (but usually 
the liquid) set the upper limit to R.I. deter- 
minations. 

The liquid most commonly used today has a 
refractive index of about 1.81. While glass contin- 
ues to be the most common isotropic substance 
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used, some refractometers have been constructed 
using diamond, sphalerite, and, most recently, 
strontium titanate and cubic zirconia (CZ) in place 
of glass. The ready availability, high refractive in- 
dex, and hardness of cubic zirconia, together with 
other properties, suggest that it may be particu- 
larly well suited for use in the refractometer. 


REFRACTOMETERS WITH HIGH 
REFRACTIVE INDEX READINGS 


The two basic requirements for increasing the 
range of a refractometer are: (1) an isotropic sub- 
stance with an index of refraction higher than 
that of available glass, and (2) a liquid with a 
refractive index above that of commonly encoun- 
tered gemstones. When C. D. West (1936} devel- 
oped practical liquids in the refractive index range 
of 1.78-2.06, one of these problems was over- 
come. But what highly refractive, transparent, 
isotropic mineral could be used in place of glass? 
B. W. Anderson and C. J. Payne (1939} found two 
answers to this question: diamond and sphalerite 
(blende}. 


ABOUT THE AUTHOR 


Dr. Hurlbut is professor emeritus in the Department of 
Geological Sciences, Harvard University, Cambridge, MA. 


Acknowledgments: The author is greatly indebted to the Ceres 
Corporation, Waltham, MA, for supplying the cubic zirconia 
from which the hemicylinders were cut; and to the 
Gemological Institute of America for its continuing interest in 
this project and for furnishing the Duplex li refractometers for 
modification. 


©1981 Gemological Institute of America 


GEMS & GEMOLOGY Summer 1981 93 


Diamond, with its optical purity, high hard- 
ness, and high refractive index (2.417} was a log- 
ical candidate, but its cost seemed prohibitive. 
Anderson and Payne felt that sphalerite, with a 
refractive index of 2.37, might serve in spite of its 
low hardness (342-4). But clear crystals of sphal- 
erite large enough to be cut into hemispheres 
were difficult to find. Employing the principle 
suggested by Wollaston in 1802, however, Ander- 
son and Payne designed an instrument that uses 
a small, 60° prism of sphalerite. With it, and with 
West’s liquids as contact media, they obtained 
refractive index readings of over 2.00. Using the 
same principle, they then had constructed a dia- 
mond refractometer with a 2.505-carat prism cut 
from 6.632 carats of rough. Because of an inade- 
quate supply of sphalerite and the high cost of 
diamond, neither instrument has been widely 
used. However, Anderson and Payne’s successful 
design pointed the way for the use of a glass prism 
in the Rayner refractometer in the early 1940s. 

Forty years were to elapse before the devel- 
opment of another refractometer giving high re- 
fractive index readings: the Kriiss refractometer 
(Read 1980). This instrument uses a prism of 
strontium titanate (R.I. 2.41, hardness 5%), and 
its scale is calibrated from 1.75 to 2.21. The con- 
tact “liquid” is a paste (R.I. 2.22} that must be 
heated to 120°F (49°C) to become fluid enough to 
serve as a contact medium. The prism, therefore, 
is heated to keep the paste liquid while a mea- 
surement is being made. The high dispersion of 
strontium titanate (0.190) requires that a sodium 
light source be used. 


CUBIC ZIRCONIA REFRACTOMETER 


When cubic zirconia (CZ) became available in 
1976, it immediately suggested itself as a sub- 
stance to replace highly refractive glass and ex- 
tend the range of the refractometer. It has all the 
attributes of an ideal material: it is isotropic, has 
a high refractive index (2.16], has high hardness 
(842), and is optically clear and chemically inert. 
In comparison, the glass in common use has a re- 
fractive index of about 1.90 and a hardness of less 
than 5, is yellow, and reacts with liquids of R.L 
greater than 1.81. 

The GIA refractometer is designed around a 
glass hemicylinder with a 0.5-inch (1.3 cm) radius 
and a refractive index of 1.90. The greater amount 
of material required to cut a hemicylinder rather 
than a prism is more than offset by the simplicity 
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of the accompanying optical system. In 1978, a 
cubic zirconia hemicylinder of l1-cm radius was 
substituted for the glass of an old GIA Duplex re-’ 
fractometer, the instrument in which the mirror 
could be rotated to bring successively different 
parts of the scale into the field of view. The re- 
sults were most encouraging and refractive in- 
dices as great as 2.08 could be determined. A year 
later, a similar CZ hemicylinder was adapted to 
the GIA Duplex II refractometer. This instru- 
ment, with its fixed mirror, functioned equally as 
well and gave very satisfactory readings as high 
as 2.06. 

It must be noted that a change in either the 
refractive index or the radius of the hemicylinder 
necessitates a change in scale. The spacings be- 
tween calibrated intervals increase with increas- 
ing radius but decrease with increasing refractive 
index. Since the scale must be at the focal line of 
the hemicylinder, it is positioned differently for 
each set of conditions. Thus the adaptation of the 
1-cm-radius cubic zirconia to the GIA refractom- 
eters required not only a different scale but also 
changes in the radius of the scale holder and its 
position in the instrument. If a cubic zirconia 
hemicylinder were used with a focal length equal 
to that of the glass hemicylinder, however, these 
design changes could be avoided. This has been 
done in the most recent adaptation of CZ to the 
Duplex II refractometer. The scale is calibrated 
from 1.40 to 2.10, and readings can be obtained 
from 1.44 to 2.06. 


CONTACT LIQUIDS 

West's high-refractive-index liquids are mixtures 
of phosphorus, sulfur, and methylene iodide. They 
are difficult to use for they must be stored under 
water to prevent spontaneous combustion of the 
phosphorus. In common use today in mineralog- 
ical laboratories are liquids in the R.I. range of 
1.82—2.00 developed by Meyrowitz and Larsen 
(1951) and manufactured by Cargille Laboratories 
{Cedar Grove, NJ}. They have a yellow to brown 
color, are reasonably fluid, and are easy to handle. 
Cargille also supplies liquids in the R.I. range 
2.01—2.10, These contain selenium, which gives 
them a darker color and higher viscosity, thus 
requiring that the gemstone be pressed into the 
liquid to exclude all but a thin film. After a de- 
termination has been made, the liquid remaining 
on the hemicylinder and the gemstone can be re- 
moved easily with methylene iodide. All the Car- 
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gille liquids with refractive indices above 1.82 
must be used with caution for they are toxic and 
corrosive. However, the author has used them 
{usually 2.00) with the cubic zirconia refractom- 
eter for two years with no difficulties. Neverthe- 
less, unless it is suspected that the gemstone in 
question has a refractive index above 1.80, the 
1.81 liquid should be used. 


ADVANTAGES AND DISADVANTAGES 
OF THE CZ REFRACTOMETER 


The principal advantage of the CZ refractometer 
is that its range, 1.44—2.06, permits R.I. readings 
on all commonly encountered gems with the ex- 
ception of diamond. Of gem simulants, only 
strontium titanate, rutile, and, of course, cubic 
zirconia itself are beyond its reach. Of these, only 
the R.I. of cubic zirconia lies within the range of 
the Kriiss refractometer. In addition to broaden- 
ing the refractometer’s range, cubic zirconia has 
other desirable features. Because of its high hard- 
ness, CZ not only takes an excellent polish but 
retains it as well. As with any instrument, the 
cubic zirconia refractometer should be treated 
with respect; but because it is harder than most 
gemstones, CZ does not require the extreme cau- 
tion necessary with glass or strontium titanate to 
avoid scratching. Moreover, because CZ is chem- 
ically inert, its polished surface does not become 
clouded even if a liquid is left on it a long time. 

Among the disadvantages is the fact that the 
more highly refractive the hemicylinder of a re- 
fractometer is, the smaller the critical angle of a 
given R.L. reading will be. For example, the criti- 
cal angle of the 1.70 reading using glass (R.I. 1.90) 
is 63.47°, and using CZ (R.I. 2.16} it is 51.91°. The 
scale used with a glass hemicylinder is thus more 
open than the scale of the same radius used with 
a CZ hemicylinder. This makes interpolation be- 
tween calibrated marks, particularly in low R.1. 
readings, less accurate with CZ than with glass. 
Figure 1 compares the scale used with a glass 
hemicylinder in the Duplex II refractometer to 
the scale used when CZ replaces the glass. 

Cubic zirconia has a dispersion of 0.060, less 
than one-third that of strontium titanate. Never- 
theless, when CZ is used in a refractometer with 
white light, the dispersion gives rise to color 
fringes on the shadow edge. To obtain precise 
readings, a monochromatic light source, such as 
sodium light or the yellow light of the GIA utility 
lamp, should be used. 
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| C2 CRITICAL GLASS 
ANGLE 


R.I. 2.16 R.I. 1.90 


L 1 
Figure 1. The higher the R.I. of the hemicylinder, 
the smaller the critical angle for a given reading. 
This is shown by a comparison of the scale of the 


GIA Duplex I refractometer (glass} with the scale 
used when CZ replaces the glass. 


CONCLUSION 


In summary, it appears that cubic zirconia shows 
considerable promise as a substance to replace 
glass and extend the range of the refractometer 
when used with high-refractive-index liquids. The 
hardness of CZ, in particular, provides for less 
damage of the optical finish and thus better read- 
ings and fewer repairs. The commercial feasibility 
of a CZ refractometer is currently under study. 
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HORNBILL IVORY 
By Robert E. Kane 


A rare gem material is found in the skull of the hel- 
meted hornbill, an exotic bird native to Southeast 
Asia. This yellowish-white material with its unique, 
vibrant, brownish-red coating has been valued for 
carvings by the Chinese and other Asian societies for 
many centuries and has recently captivated Western 
collectors as well. The author reviews the nature of 
this material and some of the forms into which it has 
been fashioned, as well as means of identifying horn- 
bill ivory from other Ivories and from imitations. 


Figure 1. An exquisitely carved hornbill ivory 
snuff bottle measuring approximately 70 mm 
high by 44 mm wide by 15 mm thick. This 
bottle is reportedly over 300 years old and is of 
Chinese origin. The Chinese call this highly 
regarded material ho-ting, the Chinese version 
of the Malaysian word gading, which means 
ivory. 
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The world of gems includes numerous minerals 
and some organic materials. Among the organic 
materials, one of the rarest and most unusual is 
a substance known as hombill ivory. Figure 1 
shows an exquisitely carved hornbill ivory snuff 
bottle that was recently brought into the Los An- 
geles office of the GIA Gem Trade Laboratory. 

Hornbill ivory is not a true ivory. Ivory—or, 
more correctly, dentine —is a substance that 
comprises teeth or teeth modifications such as 
the tusks of mammals (Webster, 1975). The ma- 
terial used for hornbill ivory carvings is cut from 
the casque (the large protuberance covering a por- 
tion of the head and bill) of the helmeted hornbill. 
These unusual birds grow to about five feet in 
length and have large heads and bills. They live 
in tall trees in the jungles of Southeast Asia and 
range from Tenasserim southward over the Malay 
Peninsula to Borneo and Sumatra (Lint, 1972). 

The hornbill family of birds consists of many 
species; the helmeted hombill, Rhinoplax vigil, 
is the only species that possesses ivory suitable 
for ornamental carving. The helmeted hornbill is 
unique in that it is the only species that has a 
solid casque; all other large hornbill casques are 
light and spongy inside (Lint, 1972). The casque 
of the helmeted hornbill is primarily a solid yel- 
lowish-white to whitish-yellow material with a 
very thin outer covering that is an intense brown- 
ish red. 

Hornbill casques have been carved for many 
centuries. Carvings over 2,000 years old have been 
found in Borneo, and Chinese carvings have been 
traced back to the Tang Dynasty (618-907 A.D.] 
The Chinese had a high regard for this material 
and have called it ‘‘golded jade’ (Munsuri, 1973). 
In addition to snuff bottles, hornbill ivory has 
been carved into such items as rings, bracelets, 
spoons, and belt buckles. In some cases, the en- 
tire skull has been kept intact and portions of the 
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Figure 3. The structure of hornbill ivory is 
characterized by slightly curved parallel 
banding that is often interspersed with lighter 
yellowish-white bands. 


casque intricately carved. These skulls are often 
highly valued art objects (see figure 2). 

Because the helmeted hornbill is an endan- 
gered species, the importation of recent carvings 
of helmeted hornbill ivory into the United States 
is illegal and has been for many years. Antique 
carvings, however, may still be imported legally 
into the U.S. 

Hornbill ivory has a hardness of approxi- 
mately 2.5, a specific gravity of approximately 
1.28, and a refractive index of approximately 1.55. 
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Figure 2, For centuries 
carvings made from 
hornbill ivory have been 
considered highly prized art 
objects by the Chinese. 
Occasionally they kept the 
entire skull of the helmeted 
hornbill intact and 
intricately carved the front 
portion of the casque. Photo 
© 1976 Zoological Society of 
San Diego, Inc. 


It exhibits a fluorescence that may range from 
greenish white to bluish white under ultraviolet 
light, and it has no reaction to hydrochloric acid. 
The hot-point reaction is a smell similar to that 
of burnt hair. Since hormbill ivory is comparable 
in some of its other properties to other types of 
ivory, the easiest way to identify hornbill ivory 
is to rely on its visual appearance, both to the 
unaided eye and through the microscope. In char- 
acteristic structure and appearance (see figure 3], 
it differs from other ivories. 

As with any substance of value, clever imita- 
tions are sometimes seen. In some instances where 
the hornbill casque lacks the reddish-brown coat- 
ing, this material is often applied artifically or im- 
itated by plastic. Also seen are elephant ivory and 
deer antler carvings with areas or red plastic ar- 
tificially applied. All of these imitations are easily 
detected by microscopic examination. 
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THE CHROMIUM CONTENT OF LECHLEITNER 
SYNTHETIC EMERALD OVERGROWTH 


By K. Schmetzer, H. Bank, and V. Stdahle 


The refractive indices of the synthetic overgrowth on 
the beryl seeds of Lechleitner synthetic emeralds show 
a linear correlation with the chromium content of the 
coating. In a sample with refractive indices of n,=1.580, 
ne=1.572, a Cr,O,content of 3.99% was found; a stone 
with n,=1.610, ne=1.601 contained 10.01% Cr.O,. Very 
broad, faint shadow edges on the refractometer in one 
sample were caused by an inhomogeneous distribu- 
tion of Cr,O,—between 7.64% and 13.20% —in the 
synthetic emerald overgrowth. From these experi- 
ments, it is evident that the higher the chromium con- 
tent in the overgrowth, the darker the coating (and, 
therefore, the overall appearance of the stone) will be. 


The synthetic emerald first produced by J. Lech- 
leitner of Innsbruck, Austria, in 1959 consists of 
colorless or light pink natural beryl that is coated 
on all facets with a thin layer of synthetic emer- 
ald (figure 1). Details of the experimental condi- 
tions used to grow a layer of synthetic emerald 
approximately 0.5 mm thick on the beryl seeds 
have not been published, but inclusions in the 
overgrowth indicate that a hydrothermal method 
is probable. After the stones have been coated, 
they are repolished for greater brilliance. 

Several studies on the optical properties of 
Lechleitner synthetic emerald have been pub- 
lished; the data are summarized in table 1. It is 
presumed that the variations in the refractive in- 
dices reported in these different studies are due 
to the variable chromium content in the syn- 
thetic emerald substance that forms an over- 
growth on the natural seed (Flanigen et al., 1965). 
Until now, however, no analytic investigations of 
the chromium content in the overgrowth have 
been published. In general, the refractive indices 
of the synthetic emeralds produced by Lechleit- 
ner are higher than those of other synthetic em- 
eralds. In some instances, they are also higher 
than those of natural emeralds, which usually 
contain less than one percent Cr,Q,. Therefore, 
one would expect the Lechleitner synthetic em- 
eralds to contain more chromium substituting for 
Al** in the beryl lattice than is observed in nat- 
ural stones. 
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Figure 1, Two Lechleitner synthetic emeralds. 
The larger stone weighs approximately 2.5 cts. 
The smaller stone is cut in cross-section to 
reveal the deep green overgrowth. Photo by 
Tino Hammid, Gem Media. 


In addition, while testing a parcel of Lechleit- 
ner synthetic emeralds on the refractometer, one 
of the authors observed several distinct shadow 
edges for both refractive indices n, and nm, a phe- 
nomenon that has already been described for heat- 
treated tourmalines (Mitchell, 1967; Schiffmann, 
1972; Bank, 1975}. Other Lechleitner synthetic 
emeralds, in spite of their well-polished tables, 
showed only faint and broad shadow edges for n, 
and n,; this implies that both refractive indices 
may vary over a considerable range as measured 
in the table of a single stone. We think that this 
situation is caused by a variation in the chemical 
composition, especially the chromium content, 
of the overgrowth on the table. The aim of this 
investigation was to clarify these observations. 


DETAILS OF THE EXPERIMENT 


For the investigation, seven Lechleitner synthetic 
emeralds were selected from a total of 270 sam- 
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TABLE 1. Studies on the optical properties of Lechleitner synthetic emeralds. 


Optical properties 


Birefringence 


Study No Ne 

Schlossmacher, 1960 1.581 1575 0.006 
Holmes and Crowningshield, 1960 1.581 1.575 0.006 
GUubelin, 1961 1.578-1.590 1.571-1.583 0.007 
Flanigen et al., 1965 1.582-1.597 1.577-1.587 0.005-0.010 
Bank, 1976 1.583-—1.605 1.577-1.599 0,005--0.009 
Bank and Zwetkoff, 1979 1.578-1.598 1.570-1.591 0,007—0.008 


ples on the basis of sharp refractive index shad- 
ows in the range of n,=1,571, 021,566 and 
n,=1.610, n.=1.601. One additional sample 
showed only faint broad shadow edges on the re- 
fractometer. For each stone, the synthetic emer- 
ald overgrowth on the table of a natural beryl seed 
(figure 2) was analyzed for chromium using 
an electron microprobe. Table 2 presents the op- 
tical data and chromium content for each stone. 
The samples were also tested for the presence of 
other elements with an atomic number greater 
than 11 that are not essential constituents of 
beryl. An absorption spectrum was recorded for 
the Lechleitner synthetic emerald with the high- 
est refractive indices and chromium content. We 
then used a diamond hardness point to remove a 
small amount of the overgrowth from the table 
of this sample to produce an X-ray powder dif- 
fraction pattern. 


RESULTS 


The absorption spectrum of sample 7 corresponds 
to the spectra of natural emeralds from different 
localities. The X-ray powder diffraction pattern of 
sample 7 is identical to that of patterns for both 
natural and synthetic emeralds and for other ber- 
yls. These two tests showed that the green sub- 
stance on the table facet consists of beryl in which 
Cr** replaces Al** in the crystal structure. There- 
fore, the substance is emerald. These data con- 
firm the results of Holmes and Crowningshield 
{1960}, Gtibelin (1961), and Flanigen et al. (1965). 
The microprobe investigation of sample 8 re- 
vealed a strongly inhomogeneous distribution of 
chromium on the table facet. This variation in 
Cr,O; content between 7.64% and 13.20% ex- 
plains the variation in the refractive indices of the 
Lechleitner synthetic emerald and the resulting 
broad, faint shadow edges observed for this sam- 
ple on the refractometer. 
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Figure 2. Lechleitner synthetic emerald viewed 
through the pavillion to reveal the chromium- 
rich overgrowth on the table facet. Photo by 
Tino Hammid, Gem Media. 


No chromium was detected on the table of 
sample 1. The green color apparently resulted 
from the synthetic emerald substance coating the 
bottom facets, The refractive indices measured on 
the table of sample 1 were the same as those of 
the colorless beryl seed (n,=1.571, n.=1.566). It 
appears that the overgrowth was removed when 
the table was repolished at the conclusion of the 
treatment process. On the bottom facets, values 
of n,=1.590, ne=1.582 were obtained, which are 
comparable to the data for other Lechleitner syn- 
thetic emeralds. 

Unfortunately, we do not know the precise 
experimental conditions under which a crystal- 
line phase with beryl] structure that contains up 
to 13.20% Cr.O, replacing Al,O; in the beryl lat- 


tice is formed. 


CONCLUSIONS 


It is evident from these experiments that the in- 
tense green of the Lechleitner synthetic emerald 
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TABLE 2. Refractive indices and chromium content of Lechleitner synthetic emeralds. 


Refractive index 


Cr,O3 
Sample No Ne Mean (in weight %) 
1 1.571 1.566 1.5685 — 
2 1.580 1.572 1.576 3.99 
3 1.582 1.575 1.5785 4.25 
4 1.586 1.580 1.583 5.76 
5 1.590 1.583 1.5865 6.09 
6 1.600 1.590 1.595 L539 
7 1.610 1.601 1.6055 10.01 
8 Broad shadow edges for Scanning profile across the table: 


Np ANd Ne 


7.64, 8.23, 9.12, 10.09, 9.87, 
11.28, 12.92, 13.18, 13.20, 12.25, 
11.62, 10.82 


is the result of the extremely high chromium con- 
tent in the synthetic emerald that coats the col- 
orless beryl seeds. By minimizing the thickness 
of the overgrowth and the time required for crys- 
tallization, the producers of the Lechleitner syn- 
thetic emeralds can offer these stones at a reason- 
able price. A totally synthetic piece with a 
comparable high chromium content would cer- 
tainly be too dark for jewelry and, therefore, un- 
usable. The chromium content of Linde synthetic 
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A NOTE FROM THE EDITOR 


Deadlines being what they are, it is 
necessary for me to turn in this col- 
umn for the second issue of Gems 
& Gemology in the new format be- 
fore the first issue comes off the 
press. Regrettably, there has been 
no opportunity to receive any feed- 
back from our readers. I would wel- 
come comments from you so that I 
can continually strive to keep this 
column as informative as possible. 

In the last issue, heat-treated 
sapphires were mentioned. In ad- 
dition to seeing more of these, the 
New York lab encountered a num- 
ber of hydrothermal synthetic em- 
eralds, as mentioned later in this 
column, 


DIAMONDS 


Colored Diamond Anomalies 


The mossy patches on all surfaces 
of a green diamond seen in New 
York suggested strongly that the 
color was due to immersion of the 
stone in a radium bromide solution. 
When tested with a scintillometer 
or placed overnight on an X-ray film, 
however, the stone showed no ra- 
dioactivity. This contrasts markedly 
with a similar “mossy-surfaced” 
diamond that completely fogged the 
film after a 15-minute exposure. 
Since the half-life of radium break- 
down products is 32 years, we sus- 
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Figure 1, Olivine inclusions in 
diamond, dark-field 
illumination. Magnified 30x. 


pect that this nonradioactive stone 
must have been treated in some 
other manner. 


Olivine in Diamond 


Of the many inclusions that are 
sometimes present in diamond, oli- 
vine is among the most common. 
The transparent green, gem variety 
of olivine is known as peridot. In 
diamond, olivine occurs as transpar- 
ent crystallites that appear almost 
colorless and rarely have a green tint. 
This lack of green coloration is due 
as much to the small size of the in- 
clusion as it is to its composition. 
When olivine inclusions occur in 
diamond, they are composed of ap- 
proximately 94% forsterite (the near- 
colorless, magnesium-rich olivine}, 
with only about 6% fayalite (the 
green, iron-rich olivine}. Figure 1 
shows these inclusions as they ap- 
pear under dark-field illumination. 
Figure 2 shows the distinct and vivid 
interference colors revealed by po- 
larized light. 
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Figure 2. Same inclusions as in 
figure 1, but with polarized 
light. Magnified 40x. 


EMERALDS 


A New Source of Synthetic 
Emeralds? 


A lot of a dozen or more synthetic 


‘emeralds was seen recently in the 


New York trade. Because of their 
“cut in Colombia look,” these syn- 
thetics were accepted by several 
dealers as natural stones. Low re- 
fractive indices, low birefringence, 
and color-filter reaction proved their 
synthetic origin, but their inclu- 
sions were unusual for a synthetic 
stone. In at least one of the stones 
examined, there appeared to be a 
light-colored seed crystal zone with 
spicules oriented at an angle to it, 
reminiscent of Linde hydrothermal 
synthetic emeralds. Unlike the Linde 
stones, however, no phenakite crys- 
tals were found at the head of the 
spicules, a combination that some- 
times gives these diagnostic inclu- 
sions the appearance of nails. Figure 
3 shows the spicules with the “nail 
head” as seen in the old Linde syn- 
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thetic emeralds. Perhaps this lot of 
stones represents a new source of 
synthetic emeralds or a variation of 
the Linde process, the patent for 
which is now owned by Regency. 


“Manufactured” Emerald 
Specimens 


Figure 4 illustrates a handsome em- 
erald-in-matrix specimen recently 
offered for sale in the trade. The 
emerald crystal was proved to be 
natural without question, and there 
was originally little doubt in our 
minds that it was a bona fide spec- 
imen. One slight question was 
raised, however, by the relatively 
reasonable price being asked. We 
have now been informed that the 
specimen is a fake and one of some 
two dozen similar specimens man- 
ufactured by a clever artist. Only 
when a bit of the white “matrix” 
near the crystal of another specimen 
was placed on the end of a knife 
blade and heated was the presence 
of a binding plastic proved. We are 


Figure 4, “Manufactured” emerald-in-matrix specimen. The 
emerald crystal measures approximately 2 cm in diameter. 


told that one buyer was so con- 
cerned that the specimen he had 


Figure 3. Spicule inclusions in Linde synthetic emerald. 
Magnified 63x. 
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purchased was not real that he broke 
it out of the matrix, thus exposing 
a bed of epoxy. This drastic method 
had been suggested by the innocent 
seller, who had offered to refund the 
buyer’s purchase price if the speci- 
men was not genuine. 


JADE SUBSTITUTE 


A variegated light- and dark-green 
snuff bottle with a yellow metal top 
was submitted to the Santa Monica 
lab for identification (see figure 5). 
Visual examination of the surface 
and especially the appearance of the 
green mottling in a curved flow line 
indicated that this bottle was made 
from a material different from what 
we usually encounter as a snuff bot- 
tle. The refractive index was 1.57. 
Under magnification, the material’s 
structure did not appear to be that 
of a mineral, thus suggesting either 
glass or plastic as possibilities. A 
hardness test—in our case per- 
formed inside the neck of the bottle 
with the pin of the brushprobe so it 
would not be seen—revealed that 
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Figure 5. Plastic snuff bottle, 
approximately 7.5 cm high. 


the material was very soft. We could 
then conclude that this bottle was 
made out of plastic, for jade a rare 
substitute indeed. 


LAPIS LAZULI 


Dyed and Wax-Treated 

Lapis Lazuli 

The laboratory is often asked to de- 
termine whether or not articles of 
lapis lazuli have been treated. The 
evidence of treatment most com- 
monly seen is a blue dye in fractures 
and in some porous areas. Another 
type of treatment that has been 
known for many years, but is sel- 
dom seen in the laboratory, is a wax 
coating on the surface of the lapis 
lazuli. The usual purpose for dying 
lapis is to impart color to whitish 
areas. Waxing may be done to hide 
the dye by preventing it from stain- 
ing stone papers or clothing, or to 
conceal a poor polish. 


Lab Notes 


Several months ago, a lapis-la- 
zuli round-bead necklace was sent 
to the Los Angeles lab for identifi- 
cation. To the unaided eye, this 
necklace had an obviously dyed ap- 
pearance. Specifically, there was an 
uneven distribution of intense blue 
and purple coloration. The beads 
were tested for dye in the usual 
manner, by lightly rubbing the ma- 
terial in an inconspicuous area with 
a cotton swab that had been im- 
mersed in acetone. Dyed lapis with 
as intense a color as these beads had 
should have produced a very notice- 
able blue stain on the cotton swab. 
These beads, however, did not pro- 
duce any blue stain when the usual 
amount of pressure was applied. 
With vigorous rubbing, however, a 
very small amount of blue appeared 
on the cotton swab. Microscopic ex- 
amination provided the answer: a 
wax coating was easily detected by 
its unevenness and its inability to 
permeate the stone in certain areas 
where calcite and pyrite were pres- 
ent. The wax coating was easily re- 
moved with a probe (see figure 6). 
When the bead was retested with 
acetone, the dye was easily detected 
in the area where the wax had been 
removed. 


OPAL 


Porous Opal 


An unusual opal was brought to the 
Los Angeles lab by a recent GIA 
graduate. When this opal was im- 
mersed in water, its body color 
changed from the light brownish 
white that it was normally to an in- 
tense brown. This stone is similar 
in appearance to an opal seen in the 
New York lab and mentioned in the 
Summer 1967 issue of Gems @& 
Gemology. The opal seen in the New 
York lab would lose all of its play of 
color and several prominent frac- 
tures would appear when the stone 
was placed in contact with mois- 
ture. The stone examined in Los 
Angeles was different in that al- 
though it became very dark when 
immersed in water, it retained its 
play of color. The first photo in fig- 
ure 7 shows this opal as it appeared 
before it was placed in contact with 
water; the second photo shows the 
stone immediately after it was im- 
mersed. Returned to air for only a 
few minutes, the stone would revert 
to its original color. 

This stone changes color when 
it is immersed in water because it 
is very porous. We do not know of 


Figure 6. Brush probe reveals wax coating on treated lapis lazuli. 
Magnified 10x. 
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Figure 7, Left photo shows opal, prob 
samme stone partially wet. 


any trade or “variety”’ name for this 
type of opal, but it is probably from 
the Jalisco mining district in Mex- 
ico. Because of its porosity, this is 
the kind of opal used for smoke 
treatment to produce a black-opal 
appearance, 


PEARLS 


Cultured Blister Pearls 


In New York City, we recently had 
the opportunity to study and report 
on a new product that we have ten- 
tatively called cultured blister pearls. 
In appearance they look like large 
South Sea % cultured pearls (figure 
8). However, a mother-of-pearl in- 
sert can be seen at the base. An 
X-radiograph of the material showed 
that the mother-of-pearl nucleus 
measured nearly 14mm ina 16mm 
“yearl,”’ with a very tight formation 
of nacre over the bead. A conchiolin 
ring around the bead was difficult to 
discern in the radiograph. These 
specimens later helped us determine 
the identity of a pearl set in a closed- 
back setting in a ring (figure 9], with 
only a bit of the worked area near 
the base visible. It could have been 
mistaken for a regular pearl, but 
never for a ‘Mabe,” which is an as- 
sembled cultured blister pearl. 

In recent years, the term blister 
has been used to suggest a hollow 
cultured pearl, whereas before cul- 


104 Lab Notes 


Figure 8, Cultured blister pearls. 


tured pearls were known it referred 
to any pearl formed on the shell re- 
gardless of whether it was solid or 
hollow. In calling these items cul- 
tured blister pearls, we are using the 
term in its original sense. 


Damaged Natural Pearls 


Recently, the Santa Monica lab re- 
ceived a number of gray-to-black 
cracked and damaged beads ranging 
in diameter from approximately 
7mm to 1 mm. According to the 
jeweler, the owner of these beads 
claimed that they were pearls chat 
had been damaged in a fire. For in- 
surance purposes, their original 
identity needed to be established. 


Figure 9. Ring set with 
a cultured blister 
pearl. 
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Sampling through the assortment, 
we found evidence of orient on some 
of the least damaged beads. This led 
us to believe that the beads indeed 
were pearls. An X-radiograph was 
taken to reveal their internal struc- 
ture, which proved that the beads 
were natural pearls. 


RUBY 


A natural ruby that was recently sent 
to our Los Angeles lab for identifi- 
cation contained a rather strikingly 
beautiful inclusion. While we were 
examining this ruby under the mi- 
croscope using dark-field illumina- 
tion, we noted the inclusion shown 
in figure 10. Knowing the nature of 
this type of “thin-film” inclusion, 
we switched off the dark-field illu- 
mination and employed vertical il- 
lumination. The result was the mul- 
ticolored inclusion shown in figure 
11. Thin-film inclusions are not un- 
common in many minerals; they ap- 
pear in the form of ultrathin films 
(commonly 100 nm or less in thick- 
ness} composed of solids, liquids, 
gases, or any combination thereof. 

A gemologist who knows how to 
recognize a thin-film inclusion and 
how to correctly illuminate it will 
not only discover a pleasing pattern, 
but may also learn something more 
about the stone that would nor- 
mally have been overlooked. 


SUGILITE 


A small, thin slab of a new material 
from Africa was sent to Santa Mon- 
ica for identification. Figure 12 
shows the beautiful purple color and 
delicate bandings of this stone. In its 
relatively brief history, this material 
has been tentatively identified by 
several different sources as sogdi- 
anite, sugilite, and even leuco- 
phoenicite. Extensive testing on the 
sample we received, including X-ray 
diffraction and chemical analysis, 
proved it to be manganoan sugilite. 
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Figure 10. Thin-film inclusion 
in natural ruby, dark-field 
illumination. Magnified 25x. 


Figure 11. Same inclusion as 
in figure 10, but with vertical 
illumination. Magnified 50x. 


ELL 
Figure 12. Banding in sugilite. Magnified 15x. 


Table 1 compares the refractive in- 
dices and specific gravities of the 


sample we received with those of 
the three minerals named. Table 2 


TABLE 1. Refractive indices and specific gravities of 


sugilite, sogdianite, leucophoenicite, and the GTL 
sample. 

Material Refractive index Specific gravity 
Sugilite 1.607-1.610 2.74 
Sogdianite 1.606—1.608 2.82-2.90 
Leucophoenicite 1.75-1.78 3.85 
Sample 1.60? 2.75 


3Hazy due to poor polish. 
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compares the eight strongest lines 
in the diffraction patterns for the 
four minerals. 

Analysis by the energy disper- 
sive system of the electron micro- 
scope in the GIA research depart- 
ment confirmed the presence of 
manganese in addition to potas- 
sium, sodium, iron, and silicon, all 
essential elements in sugilite. Zir- 
conium is an essential element in 
sogdianite, and no zirconium was 
present in the sample tested. Leu- 
cophoenicite is a relatively simple 
manganese silicate hydroxide and 
would not have all these other ele- 
ments. 

The color of sugilite does change 
with the type of lighting. It is a 


bluish purple in daylight and a 
pleasing reddish purple under incan- 
descent light. The diagnostic ab- 
sorption spectrum as seen through 
a thin edge is shown in figure 13. 


UNCLASSIFIED ODDITIES 


A rather attractive polished slab 
came into the Santa Monica Lab for 
identification. The material con- 
sisted of small (1 to 2 mm) trans- 
parent to transluscent pink and green 
granules interspersed with larger 
areas of blue (see figure 14}. The re- 
fractometer revealed that the pink- 
to-red material was corundum, the 
green was tourmaline, and the blue, 


TABLE 2. d spacing and relative intensity (1) of the eight strongest lines in 
the diffraction patterns for the GTL sample, sugilite, sogdianite, and 


leucophoenicite. 


Sugilite 


Sample Sogdianite Leucophoenicite 

d I d | d | d 
4.35 10 432 10 3.20 10 1.81 10 
3.20 9 3.19 8 2.90 10 2.88 9 
2.89 8.5 4.06 6 4.09 9 2.68 8 
4,07 8 2.88 5 1.84 8 4.36 5 
3.51 5 3.50 3 1.33 8 3.61 5 
2.505 5 2.50 2 1,52 7 2.37 5 
7.00 3 6.98 1 4.51 6 2.62 4 
1.99 3 3.68 1 3.52 5 2.44 4 
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Figure 13. Drawing of absorption spectrum of sugilite. 
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Figure 14, Slab containing a 
mixture of pink corundum, 
green tourmaline, and blue 
kyanite. Magnified 20x. 


kyanite. The hexagonal zoning in 
the corundum, together with the 
constant maximum birefringence 
readings of both the corundum and 
the tourmaline, indicates that these 
two constituents had grown so that 
their respective c-axes were parallel 
to each other and perpendicular to 
the polished face of the slab. The 
last time we encountered a similar 
material in our lab was in 1975. 
However, that particular sample did 
not have the kyanite present. 
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Editorial Korum 


OUR READERS REVIEW 
THE NEW G&G 


What a magnificent issue the G&G turned out to be! 
I cannot think of any aspect which can be improved. 
The color reproduction is superb, the articles are ex- 
cellent, and the whole lay-out conveys just that image 
of the one and only GIA. 

Truly a “Gem”! 


Kurt Nassau, Ph.D. 
Bell Laboratories 
Murray Hill, NJ 


I think the new Gems & Gemology is simply beautiful! 
Congratulations on a magnificent job. 
I would like to enter two subscriptions... . 


Donald E. Petersen 
Ford Motor Company 
Dearborn, MI 


I was very pleased to receive the first issue of your 
“New Look” journal. It certainly is first class with ex- 
cellent colour reproductions and I wish you every suc- 
cess with this publication in the future. 


H. Wheeler, Secretary 

Gemmological Association of 
Great Britain 

London, England 


The traditional issues of this quarterly publication were 
very educational, but I feel that so much more can be 
learned by jewelers with the aid of the color photo- 
graphs. The old saying is so relevant here, ‘a picture 
is worth a thousand words.”’ Thank you for a very cur- 
rent, interesting, and educational publication. 


Thomas A. Cleves 

Cleves & Lonneman, Registered 
Jewelers 

Bellevue, KY 


Congratulations on the really superb professional ap- 
proach in every one of the articles published in this is- 


Editorial Forum 


sue. As a reader of all gemological publications, | must 
honestly say that Gems e& Gemology is the first that 
I have read in years that gives such readable, in-depth 
study on the subjects covered. Keep up the good work. 


Henry T. Levi, C.). 
Levi Jewlers 
Nanticoke, PA 


I felt I must write you a line to congratulate you and 
your fine organization on the magnificent first issue of 
the new format Gems & Gemology. I must admit that 
when I first heard that this was coming I felt regret at 
the passing of the old familiar form of the journal, 
which has been a good friend for years, but improve- 
ment was due. 

After reading this first issue, I feel despair in ever 
keeping pace with our galloping science. Who would 
have expected, after all those years, that major finds of 
diamonds would be made in Australia and in China. 
And how supermen like Edward [Gtibelin] and Kurt 
Nassau find time and energy to pour out such riches of 
information accompanied by fine colour pictures passes 
my comprehension. 


Basil W. Anderson 
Devon, England 


The new Gems & Gemology is truly magnificent. It is 
certainly the “National Geo” of gemology. 


E. A. “Ted” Brockie, C.G. 
Fort Frances, Ontario, Canada 


Bravo!! 


Wayne and Dona Leicht 
Kristalle 
Laguna Beach, CA 


We are grateful for the time so many of our readers 
have taken to comment on the new Gems & Gemol- 
ogy, and regret that we could not include all of your 
letters in our limited space. Thank you for your con- 
fidence and support. —Editor 
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DIAMOND PROBE® 


“® Simple Approach to Detecting Diamond Simu- 
lants” (Spring 1981), by Jill Hobbs, is a very informative 
article. However, I am most disturbed by the flagrant 
use of the term ‘‘diamond probe.’’ Please be advised 
that Diamond Probe® is a registered trademark (sce 
Registration No, 1,150,283 dated April 7, 1981} which 
refers specifically to the thermal conductivity gem 
identification instrument manufactured by Ceres Elec- 
tronics Corporation. 

While we are flattered that the author feels that our 
tradename has entered the realm of common usage 
(like xerox, kleenex, and formica), I would expect that 
the Editors and Editorial Board should have known 
better. 


Joseph F. Wenckus, President 
Ceres Electronics Corporation 
Waltham, MA 


Our thanks to Mr. Wenckus for bringing this item 
to our attention. In defense of the journal’s editorial 
staff and those members of the editorial board who 
reviewed this article, we wish to point out that this 
issue of the journal was at the printer on the day the 
Diamond Probe trademark was issued; the article {in 
manuscript form) went through the review procéss 
some three months earlier. We are, however, sensitive 
to Mr. Wenckus’s concern and will certainly honor the 
Ceres trademark on all future issues of Gems & Gem- 
ology. —Editor 


THE COLOR STABILITY OF BLUE TOPAZ 


Recently there have been some misstatements in the 
press regarding the color stability of blue topaz. Since 
any solid can be destroyed under extreme conditions, 
we need to realize that all durability standards are rel- 
ative. In the jewelery trade we need standards based on 
the success and failure of materials in the hands of the 
public and the trade, yet at this time there are no sys- 
tematic standards for the color stability of gemstones. 
Preliminary studies have been made and published by 
Kurt Nassau, and the GIA is conducting experiments 
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in the hope of developing standards for the trade. The 
development of these standards is not a simple matter. 
The requirements of the public must be weighed against 
the properties of real materials, and the standards and 
tests must be severe enough to protect the public while 
not condemning suitable materials. 

While there has been some controversy about the 
color stability of blue topaz, actual cases of stones 
being returned to the seller because of fading have not 
been reported by the trade. Treated blue topaz is not an 
especially new material, it has been on the market for 
over twelve years, and we do have a good sample to 
draw experience from. 

Experts now consider blue topaz to be a completely 
satisfactory gem material, with color stability better 
than most well-known gem materials. For example, the 
GIA considers treated blue topaz to be suitable for use 
as a reference color sample included with their color 
grading instrument. Treated blue topaz makes an un- 
usually good color standard because all unstable colors 
are removed in the process of developing the blue color. 
The material is first irradiated, which develops a 
brownish color; the brownish color is then changed 
to blue with a heat treatment. The heat treatment re- 
moves all unstable colors. For this reason we can be 
sure that every treated blue topaz is color stable under 
all normal conditions for gemstone usage. 


Joe Borden 
San Diego, CA 


oo000 


We are pleased to report that the first issue of GWG in 
the new format has created an overwhelming influx of 
new subscriptions. We are delighted at the response 
and wish to give credit to some of the people who have 
helped process the vast amounts of paperwork in- 
volved: William F, Bender, Randee L. Bender, Carol 
S. Kay, Diane |. Jett, and Judie L. Ervin, as well as 
the many others who have pitched in along the way. 
Special thanks go to our new subscriptions manager, 
Janet M. Fryer. —Editor 
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COLORED STONES AND 
ORGANIC MATERIALS 


Additional data on sugilite. A. M. Clark, E. E. Fejer, 
A. G. Couper, G. S. Bearne, and V. K. Din, Miner- 
alogical Magazine, Vol, 43, 1980, pp. 947-949. 

The authors record a third occurrence of manganoan 

sugilite, in India. Chemical and X-ray data are com- 

pared for the material from this locality with the Af 
rican material and the Japanese sugilite originally de- 
scribed. The refractive indices determined for the Indian 
material were w 1.595, € 1.590. This compared with @ 


This section is designed to provide as complete a record 
as possible of the recent literature on gems and 
gemology. Articles are selected for abstracting solely at 
the discretion of the section editor and her reviewers, 
and space limitations may require that we include only 
those articles that will be of greatest interest to our 
readership. 


Inquiries for reprints of articles abstracted must be 
addressed to the author or publisher of the original 
material. 
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1.610 and € 1.606 for the African sugilite. Dichroism, 
if present at all, is very weak. 

Chemical analyses were determined by electron 
probe, supplemented by atomic absorption determina- 
tion for lithium and wet chemical analysis for iron and 
manganese. The similarities in the results for the three 
localities are easily seen in the table given. Further- 
more, the absence of zirconium and titanium confirms 
that the material is not sogdianite, with which it has 
been confused in the past. X-ray powder patterns of the 
three specimens match very closely. Unit-cell dimen- 
sions are also in close agreement. Chuck Fryer 


Additional information on charoite. A. Kraeff, R. P: E. 
Poorter, R. D. Schuiling, Neues Jahrbuch ftir Mr- 
neralogie Monatshefte, No. 11, 1980, pp. 498-500. 

The authors have compiled data on charoite, the 

fibrous purple mineral that is used for ornamental pur- 

poses. This material occurs in a metasomatically al- 
tered zone in carbonate rocks with accessory minerals 
of quartz, aegirine, microcline, and tinaksite. The re- 

fractive indices are quoted as @ 1.550, 6 1.553, and y 

1.554; the stone has a 2V angle of 30°. With the micro- 


probe, the following possible formula was derived: 


(Ca,Na}, (K,Sr,Ba}, SiQo.(OH,F}, xH,0. 

The major X-ray lines and their intensities were re- 
ported to be 12.35 (6], 3.35 [5], 3.20 (10), 3.12 (8), 3.08 
(6), and 1.79 (10). The X-ray lines were obtained using 
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CuK alpha radiation; the intensities were determined 
by means of visual estimates. GSH 


The colour of natural corundum. K. Schmetzer and H. 
Bank, Neues Jahrbuch ftir Mineralogie Monat- 
shefte, No. 2, 1981, pp. 59-68, 

Schmetzer and Bank summarize the results of several 

investigations into the causes of color in corundum, 

Almost all the colors described result from metallic ion 

impurities. The overlapping of absorption bands caused 

by several trace elements results in combinations of 
hues such as bluish green and reddish violet. A sche- 
matic diagram, in conjunction with a table, illustrates 
the relations between the colors and their alleged causes. 

Some of the terminology, such as spin-allowed and 

spin-forbidden transitions, assumes some familiarity 

with the jargon of quantum mechanics. 

The authors repudiate a previous interpretation by 
Harder concerning the influence of vanadium on the 
color of violet sapphires. In Schmetzer and Bank’s in- 
terpretation, vanadium acts to intensify the red in some 
rubies. A combination of lattice defects and chromium 
impurities is identified as the coloring agent of the Sri 
Lankan padparadscha sapphires. The schematic dia- 
gram, which is labeled a general survey of corundum 
colors, shows Tit (titanium) to be responsible for the 
so-called rose-colored sapphires. Since this assignment 
is based on the analysis of only one specimen, however, 
the reader should be hesitant to view this article as the 
final word on the cause of color in rose-colored sap- 
phires specifically, or corundum in general. BFE 


The fluorescence of benitoite. R. K. Mitchell, Journal 
of Gemmology, Vol. 17, No. 3, 1980, p. 149. 
Mr. Mitchell describes the fluorescence possible for 
benitoite. When he examined a quantity of benitoite 
rough ranging from colorless to blue, he found that the 
strength of the fluorescence was proportional to the 
depth of color. The colorless and nearly colorless ma- 
terial fluoresced a dull red to long-wave ultraviolet 
(UV) light. The deeper blue the material was, the weaker 
the fluorescence was. When he tested dark-blue, fac- 
eted stones, there was no fluorescence to long-wave UV 
light. All the stones, however, fluoresced light blue 
under short-wave UV light. ET 


Idocrase from the Kozani area (northern Greece), E. S. 
Sapountzis and C. Katagis, Neues Jahrbuch ftir 
Mineralogie Monatshefte, No. 10, 1980, pp. 461— 
468. 

This article reports the results of a study of idocrase 

crystals from Rodiani village in northern Greece. These 

free-growing euhedral crystals may form up to 3 mm 

in length and are green to greenish yellow. The specific 

gravity is 3.38 and the hardness is 6~6'%. 

The main body of the article is divided into two sec- 
tions: optical and chemical data, and X-ray data. In ad- 
dition to its discussion of the refractive indices, bire- 
fringence, and other optical properties of idocrase, the 
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section on optical and chemical data contains a chart 
summarizing the chemical composition of the stone 
based on electron-probe analysis of crystals from Ro- 
diani village. Interestingly, idocrase is such a complex 
silicate that its chemical formula has not been fully 
established. The authors summarize the different pos- 
sibilities as they present their results. In addition, 
X-ray data obtained with a single-crystal diffractometer 
confirm known ‘similarities between the lattice struc- 
tures of idocrase and grossularite. 

This well-researched technical article also discusses 
other idocrase studies and provides a useful list of 
references. RSS 


Jade (part 1). R. A. Ball, Australian Journal of Gem- 
mology, Vol. 1, No. 4, 1980, pp. 4-9. 


This is a small, informal presentation of facts, hy- 
potheses, and speculations gleaned from various pres- 
ent-day authors. lt contains no new information, but 
the bibliography is useful. The five black-and-white 
photographs of carved birds are uncaptioned and are 
only marginally related to the text. 

Bell begins with a few broad comments about the 
use of jade in various cultures. Areas covered include 
China, North and Central America, New Zealand, and 
Japan. He also provides tables of the Chinese dynasties 
and color terms for Chinese jade, which may be helpful 
reference tools. 

In his discussion, he alludes to several persistent 
questions, such as native sources for jade in China and 
the possible connection between Chinese and Central 
American cultures. MLR 


Natural and radiation-induced colouration of smoky 
quartz. R. A. Powell, Australian Journal of Gem- 
mology, Vol. 1, No. 3, 1980, pp. 12-15. 

This paper is a summary of past and present theories 

on the causes of color in smoky quartz. The early the- 

ories of color induced by the presence of a hydrocarbon 
material or organic matter in the quartz are given. The 
research done in the early 1900s using radium salts to 
change rock crystal quartz into smoky quartz is also 
cited. The modern technique of electron spin resonance 
measurement is noted with regard to its application to 
the problem of smoky quartz coloration. These theories 
are further documented in the 28 references at the end 
of the article. Unfortunately, several typographical er- 
rors make this section of the text somewhat difficult 
to understand. The term impaired electron is used in- 
stead of unpaired, hi* is given as a chemical symbol for 
lithium ion (Li*} and It* is used to indicate the hydro- 

gen ion (H*}. 

The author’s research is discussed complete with a 
detailed chemical analysis of the trace impurities found 
in three samples of rock crystal. These samples were 
then subjected to a source of gamma radiation and mea- 
sured by a spectrometer. Because the resulting absorp- 
tion bands agree with those found in natural smoky 
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quartz, Powell concludes that the color is related to 
aluminum substituting for silicon. Finally, he suggests 
that for much of the smoky quartz the color was pro- 
duced by underground radioactivity acting on rock- 
crystal deposits. IK 


Note sur andalusite gemme de la Chapada Diamantina 
(Note on the gem andalusite of Chapada Diaman- 
tine). J. P. Cassedanne and J. O. Cassedanne, Revue 
de Gemmologie a.f.g, No. 63, 1980, pp. 15-17. 


This article focuses on the geology, geography, and 
mineralogy of two localities in the state of Bahia, Bra- 
zil, where small waterwom pebbles of green andalusite 
are recovered from alluvium. The authors suggest that 
the andalusite has weathered from the rhyolite por- 
phyries. 

The material itself varies from yellow green to per- 
idot green and has strong yellowish-green to rosy-orange 
pleochroism. Its indices of refraction are 1.638—1.649 
(birefringence, 0.011) and the principal inclusions ob- 
served are small hematite flakes. It is inert to ultravi- 
olet light and does not react under the chelsea filter. In 
conclusion, the indices, spectrum, and X-ray diffrac- 
tion pattern of this material are consistent with classic 
properties of andalusite. CKG 


Royal lavulite update. B. Jones, Rock & Gem, Vol. 11, 
No. 2, 1981, pp. 24 and 51. 

Bob Jones has updated his previous article on ‘royal 
lavulite,”’ which was published in the January 1981 is- 
sue of Rock & Gem {and abstracted in the Spring 1981 
issue of Gems & Gemology). He states that the mate- 
rial now on the market was first discovered about 1973 
at the Wessels mine in the Kalahari manganese field of 
the Republic of South Africa. The material was exposed 
when an incline collapsed. Since this is the only ma- 
terial found to date, and it was not within the actual 
ore body, the chances of obtaining more material dur- 
ing future mining operations are not good. 

Mineral dealer Prosper Williams obtained some 
material on a trip to South Africa and sent a sample to 
Peter Dunn of the Smithsonian Institute. Dunn, Joseph 
Brummer, and Howard Belsky determined that this 
material was sugilite and published their findings in 
the Canadian Mineralogist, Vol. 18, 1980, pp. 31- 
39. GSH 


That’s only garnet? |. H. Cornwall, Lapidary Journal, 
Vol. 34, No. 10, 1981, pp. 2114-2163. 
This 16-page article, which is accompanied by 44 pho- 
tographs of rough and faceted material, inclusions, and 
mining, provides a general review of the garnet group 
as well as specific information on the garnets of the 
Adirondack region. Theories of garnet formation, based 
on the Adirondack deposits, are set forth with specific 
examples and locations. The major gem garnet species 
and varieties are touched on, including tsavorite and 
“malaya,” with mention of their physical and optical 
properties as well as some localities. As is appropriate 
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could “break iron, 


for the journal of publication, methods of cutting and 
polishing especially applicable to garnets are covered. 
Most uniquely, Mr. Cornwall draws on his personal 
experiences and knowledge of garnets and mining in 
the Adirondack area to provide interesting accounts of 
the lore and history of the region’s garnet deposits. 
CMS 


DIAMONDS 


Connoisseurship in coloured diamonds. B. Zucker, 

Connoisseur, Vol. 205, No. 826, 1980, pp. 252-259. 
Reflecting on his many years as a colored-diamond con- 
noisseur, the author provides an updated account of 
one of nature’s rare and beautiful oddities. This appre- 
ciation for colored diamonds is skillfully explained 
with detailed historical accounts from Jean Baptiste 
Tavernier’s travels to India in 1661. At that time, the 
Golconda mines of India produced the finest blues and 
pinks, among which the most notable include the Hope 
and Darya-i-Nur diamonds. 

The variety of color in diamonds is discussed using 
subjective color descriptions and supported by some 
excellent photographs. Assessment of the slight nu- 
ances of color aid the connoisseur in better understand- 
ing color appearance in diamond. 

A 7-ct. pink diamond reportedly sold for $123,000, 
and a 3-ct. blue diamond for $100,000, in recent auc- 
tions. Mention is also made of the color appearance of 
a “chameleon diamond.” Distinctions between natural 
and treated diamonds are also discussed. 

While there are some inaccuracies in the author’s 
conclusions about the causes of color, this article pro- 
vides the reader with a good historica} and descriptive 
account of colored diamonds. Stephen C. Hofer 


Connoisseurship in white diamonds. B. Zucker, Con- 

noisseur, Vol. 206, No. 830, 1981, pp. 300-305. 
This article examines the development of the white 
diamond as an important gemstone throughout history. 
From a description of the perfect diamond written in 
sixth-century India, to present-day quality analysis and 
certification according to standards established by the 
G.LA., Zucker shows how perceptions of diamond have 
developed and changed as cultures advanced techno- 
logically and new sources of rough appeared. 

In India, diamonds were appreciated for their clarity, 
purity, and dispersion. Because these properties coin- 
cided with religious symbolism, only the Brahmins, or 
members of the highest caste, were allowed to possess 
pure, colorless diamonds. Yellow stones and bort were 
relegated to the lower castes. 

Romans admired diwmonds for the hardness that 
” and the Chinese employed them 
chiefly as engraving tools. In medieval times, diamonds 
were used primarily as accents for other gems, until it 
was discovered in the 14th century that diamonds could 
be faceted by grinding down the points of octahedral 
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rough. With this development revealing the inherent 
beauty of the stone, diamond rose in popularity and 
value. Ultimately, in the 1900s, Tolkowsky’s mathe- 
matical formula for perfect proportions in a round bril- 
liant cut transformed diamond from a found object of 
mystic symbolism to a product of precise, scientific 
technology. 

The author goes on to show how each new source 
of rough brought diamond further into the limelight. 
With diamond’s popularity and demand ever increas- 
ing, a precise standard for the analysis of diamonds be- 
came logical and necessary. Zucker then outlines in 
detail the method of color and clarity grading developed 
by the G.LA., and discusses the impact of computerized 
reports on future connoisseurship of diamonds. His 
hope is that people will continue to appreciate dia- 
monds for their beauty and rarity and will not value 
them solely for the piece of paper that certifies their 
quality. EBM 


Determining the amount of nitrogen in natural dia- 
mond. G. Davies, Industrial Diamond Review, 
December, 1980, pp. 466-469. 


This article begins with a very informative summary 
of the effects of nitrogen on the properties of diamond. 
Nitrogen is the dominant impurity found in natural 
diamonds, readily entering the lattice during growth. 
High temperatures may cause some nitrogen atoms to 
move around in the diamond, altering the configura- 
tion of the nitrogen forms and thus having a profound 
influence on the properties of the stone. The dominant 
forms “A” (a pair of nitrogen atoms) and “B” (unknown 
structure) are believed to contain most of the nitrogen. 
Detailed absorption plots are recorded to show the rel- 
ative strength of these features. 

Methods of calculating the concentration of nitro- 
gen in a natural diamond by means of infrared absorp- 
tion analysis are discussed in detail and illustrated with 
graphs based on data from 44 diamonds studied. Once 
the forms and amount of nitrogen in a diamond have 
been determined, a number of conclusions may be 
drawn about such items as the geological history of the 
original deposit and any subsequent natural or man- 
induced temperature treatment of the stone. 

Stephen C. Hofer 


Diamonds from the Kalahari. R. Hoppe, Engineering 
and Mining Journal, Vol. 181, No. 5, 1980, pp. 64— 
69, 
The diamond pipe at Orapa, also known as AKI, in the 
Kalahari Desert is the second largest in the world. 
Orapa currently produces 15,000 carats per day, of which 
about 2,300 carats, or 15%, are gem quality. About 40% 
of the stones produced at the nearby Letlhakane mine 
also are gem quality. These two mines are among 
DeBeers’s most important diamond operations. The re- 
covered gems are sorted and valued in Gaberone by the 
Botswana Diamond Valuing Company before sale. 
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Hoppe also discusses the discovery of the pipe, the 
development of the community of Orapa, and the min- 
ing procedures employed. An extensive and interesting 
discussion of recovery methods is illustrated by four 
detailed flowchart diagrams. ERL 


Spectroscopic investigation of a canary yellow dia- 
mond. A. T. Collins, journal of Gemmology, Vol. 17, 
No. 4, 1980, pp. 213-222. 

Diamond is unique among all gemstones with regard 
to the detailed inquiries that have been made into its 
origin, properties, and significance to the industry. Sur- 
prisingly, however, one of the principal results of all 
this research has been to identify how much remains 
to be discovered. In reporting some detailed studies on 
the absorption and fluorescence spectra of a single ca- 
nary yellow diamond, Collins epitomizes the kind of 
basic and somewhat esoteric research being carried on 
in a few universities and research laboratories. It is this 
kind of research, though, that provides fresh under- 
standing of phenomena periodically encountered by 
jeweler-gemologists. Here he reports specifically on 
numerous sharp lines observed in the luminescence 
spectra of a canary yellow diamond cooled to 77°K. He 
also describes how the color of such a stone is ac- 
counted for by a broad absorption in the blue portion 
of the visible spectrum. This is typical of the absorp- 
tion associated with the presence of isolated substitu- 
tional nitrogen atoms in the diamond lattice and is 

characteristic of type 1B diamonds. 
D. Vincent Manson 


GEM INSTRUMENTS AND TECHNIQUES 


Analysis of a simple gem-testing phenomenon. T. C. 
Wong, journal of Gemmology, Vol. 17, No. 5, 1981, 
pp. 324-333. 
Mr. Wong offers an interesting approach to distinguish- 
ing diamond from cubic zirconia. The analysis is based 
on a “dot ring” technique. When certain round-bril- 
liant-cut stones are placed table down over a small hole 
that has been cut into a white piece of paper, several 
dots or a ring of dots corresponding to the reflection of 
the hole will be seen provided that there is adequate 
overhead lighting. If properly proportioned, CZ will 
show the ‘‘dot ring,’ while diamond will not. 

Wong also suggests that, the technique could be use- 
ful in the separation of other singly refractive diamond 
simulants that are over the limits of the conventional 
refractometer. If cut as properly proportioned round 
brilliants, strontium titanate will not exhibit a “dot 
ring” while YAG will. (Note: This technique is similar 
in theory to the read-through effect of many diamond 
simulants; that is, when some round-brilliant-cut stones 
are placed table-down over a colored background, the 
background is visible to different degrees for each type 
of stone depending on the cut and critical angle of the 
material} 
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A good portion of the article is devoted to explaining 
the optical theory involved in this method. In essence, 
the ring is directly related to the critical angle of the 
stone and its pavilion angle. The higher the refractive 
index of a material is, the smaller its critical angle will 
be and the more likely it is to be ‘ring negative” (show 
no ring}. However, the pavilion angle cannot deviate 
too much from ideal or a high-refractive-index material 
such as diamond will be ring positive instead of ring 
negative. The reverse is true of ring-positive materials. 
Two charts illustrate the relationship for spinel, YAG, 
cubic zirconia, strontium titanate, and diamond be- 
tween the critical refractive index and the correspond- 
ing pavilion angles necessary to be dot positive or neg- 
ative. In short, the technique is useful only if the lim- 
itations are understood, ]MH 


Battery-powered light sources for hand lenses. G. Brown 
and J. Snow, Australian Gemmologist, Vol. 14, 
No. 4, 1981, pp. 73-75. 
The article evaluates two battery-powered light sources 
for use with the 10x loupe: the Bausch and Lomb 10x 
Hluminating Coddington Magnifier and the GEM pen- 
light. The Bausch and Lomb light source is only par- 
tially corrected for distortion and for spherical and 
chromatic aberration. Its resolution is not on par with 
achromatic triplets. Its only advantage seems to be its 
built-in light source. The article continues to describe 
various other weaknesses of the instrument, both 
structural and optical. The authors conclude their eval- 
uation with the comment that it has “limited useful- 
ness as a gemological instrument.” 

The penlight produced by the GEM Instrument Cor- 
poration has an intense, cool, focused light and a va- 
riety of gemological uses which the article lists. The 
major criticism is the location of the clip that operates 
the light source. A device for viewing mounted stones 
was suggested. The summary states that although the 
GEM penlight is a useful tool, “its range of usefulness” 
could be furthered by new design development. 

Dianne Eash 


Fibre optics make life bright, and Fibre optic uses for 
the laboratory. D. A. Hill and R. Huddlestone, Re- 
tatl Jeweller, Vol. 19, Nos. 472 and 473, 1980, 
pp. 8-9 and 6—7, respectively. 

Hill and Huddlestone briefly sketch the recent appli- 

cation of fiber optics to gemology. The light sources 

suitable for a fiber optics system and some of the op- 
tical, thermal, and mechanical properties of the fibers 
themselves are the topics of the first article. The rec- 
ommended lighting system, which includes a 150-watt 
quartz halogen bulb, a heat filter, and an iris dia- 
phragm, provides the cool, yet intense, illumination 
desired for gemstone analysis. 

The properties of the actual fibers are given super- 
ficial treatment. The line drawing included to illustrate 
the light path in the fiber confuses the reader with its 
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apparent violations of the law of reflection. A plot of 
transmission percentages versus wavelengths is shown 
for different lengths of glass filters. 

In the second article, the authors explain some spe- 
cific uses of fiber optics in gemology. One simple ap- 
plication involves fastening the fiber to a loupe with 
a temporary adhesive. Adaptations of fiber optics to 
spectroscopy are also discussed. The authors even sug- 
gest some applications to pearl endoscopy. Various fil- 
ters suitable for the quartz halogen source extend the 
capability of this lighting technique. Great versatility 
is the appealing feature of fiber optics. At the conclu- 
sion of the article, Hill and Huddlestone list the basic 
accessories for a fiber optics system. BFE 


Raman spectra of light-coupling prism and gemstone 
materials. J, E. Griffiths and K. Nassau, Applied 
Spectroscopy, Vol. 34, No. 4, 1980, pp. 395-399. 

This paper is primarily concerned with the suitability 

of certain gemstone materials for use as light-coupling 

prisms for examination of the Raman spectra of thin 
films. Esoteric as this may be, of interest to the gem- 
ologist is the documentation of the characteristic Ra- 
man spectra of diamond, cubic zirconia, GGG, YAG, 
strontium titanate, rutile, sapphire, spinel, quartz, sil- 
icon carbide, emerald, aquamarine, yttralox, topaz, and 

a diamond-—cubic zirconia doublet. 

The sophisticated equipment used is unlikely to be 
available to the average gemologist. Nevertheless, the 
recorded spectra are quite distinct for all the different 
gemstone species examined. Further, the results sug- 
gest a means of distinguishing between some synthetic 
species and their natural counterparts: for example, 
Chatham and Linde emeralds versus natural beryls. 
The marked difference between the spectra recorded for 
diamond and those recorded for the diamond substi- 
tutes tested is particularly noteworthy. 

Study of a wider range of samples would serve to 
verify how representative the recorded spectra are and 
would perhaps clarify whether the results are signifi- 
cantly influenced by sample orientation. 

D. Vincent Manson 


GEM LOCALITIES 


Blue jade discovered in California. G. I. Hemrich, Gems 
and Minerals, No. 520, 1981, pp. 16, 18, 20. 


Blue nephrite jade has been found in southern Monte- 
rey County, California. The jade is described as dark 
blue with, in some materials, streaks of brown or green. 
The jade may also be dendritic, because the intensity 
of color and translucency varies with thickness; the 
best appearance occurs when the stone is cut from 1/16” 
to ¥%" thick. The deposit, the size of which is as yet 
undetermined, is operated as the Hobbit Blue Jade mine 
by owner Gary Ozuna of Big Sur, California. Hemrich, 
author of Handbook of Jade, concludes that because of 
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the rarity of “blue” jadeite or nephrite, this may be one 
of the major jade discoveries in California. GSH 


Minerals of the Wausau Pluton. A. Falster, Mineral- 
ogical Record, Vol. 12, No. 2, 1981, pp. 93-97. 


Mr. Falster describes a pegmatite area near Rib Moun- 
tain in Marathon County, Wisconsin, that has yielded 
at least 44 different mineral species. A brief history and 
a description of the geology of the area are given, fol- 
lowed by a list of the species that have been identified 
thus far. Although gem-quality material is apparently 
rare, the list includes beryl, found as gemmy aquama- 
rine crystals reaching 1.2 cm in length; phenakite, 
found as colorless, yellow, purple, or pale pink crystals 
reaching 3 cm; and amazonite, found rarely as fine 
crystals that average 2 cm but have been encountered 
as large as 29 cm, 

Falster indicates that this area, the Wausau Pluton, 
has good potential for producing more minerals, but 
adds that the dense forests and swamps covering the 
region make prospecting difficult. SFM 


Notes on New Hampshire gem pockets. B. M. Shaub, 
Gems and Minerals, No. 520, 1981, pp. 44-47, 
58-59. 

Mr. Shaub theorizes that the gem crystals found in the 

pegmatites near Conway, New Hampshire, were bro- 

ken and tumbled by a natural, mechanical type of 
weathering. This is in contrast to other explanations 
that have been offered for the state of these crystals 
when found, such as explosions caused by steam build- 
up in the gem pocket or a natural nuclear explosion. 

According to Mr. Shaub’s theory, after the final 
crystallization of the gems in pegmatite, water vapor 
above the critical temperature would occupy the pores 
between mineral grains and in the gem pockets. As var- 
ious sections of the pegmatite cooled at different rates, 
part of the vapor would be super cooled and would cre- 
ate an unstable system. As this vapor condensed, the 
sudden release of thermal energy would break the gem 
crystals within the chamber. 

In substantiating his theory, the author compares 
and contrasts New Hampshire pegmatites with the 
Dunton, Black Mountain, and Mount Mica [Paris] peg- 
matites in Maine. He concludes that this type of re- 
action does not happen in pegmatites where hydrous 
minerals such as mica occur. GSH 


The Urubu pegmatite and vicinity. J. and J. Casse- 
danne, Mineralogical Record, Vol. 12, No. 2, 1981, 
pp. 73-77. 
This area in the northeastern corner of Minas Gerais, 
Brazil, has been known for many years as a large pro- 
ducer of commercial minerals as well as gemstones. 
This article gives a good description of the geology of 
the area and its location and access. Petalite, occurring 
as flawless transparent fragments up to 10 cm long, is 
listed among the important minerals of the area, as is 
spodumene, which is abundant but very rarely trans- 
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parent. The Urubu pegmatite itself has produced light 
green elbaite crystals near the entrance to the quarry. 
These are described as very characteristic: “bottle- 
green” to “apple-green” with a rubellite core, showing 
a darker color toward the termination. Some green and, 
very occasionally, pink gem elbaites have been found 
in the northwest end of the quarry. Beryl, petalite, and 
amblygonite are also mentioned, but only as industrial- 
quality material. SEM 


JEWELRY ARTS 


Antiques: old Chinese ornamental carvings. E. Domi- 
nik, Architectural Digest, Vol. 38, No. 2, 1981, pp. 
64-69. 


The Chinese have always placed jade above any other 
natural material. As eloquently explained by Mr. Dom- 
inik, jade, called yu in Chinese, is intimately entwined 
with this very old culture. As far back as 6 B.C. Con- 
fucius, and later the Taoist, ascribed qualities to this 
stone that transcended jade’s physical properties— 
which are admirable in their own right. 

Two minerals are generally designated as jade: 
nephrite, the traditional variety; and jadeite, the newer, 
more jewel-like material. Neither is actually carved, 
but both are ground and polished by abrasives using 
centuries-old methods. The craftsman studies the rough 
material with great respect to determine the design 
best suited for each individual piece. Chalcedony and 
lapis lazuli are also mentioned as often-carved materials. 

To match the short but passionate text a series of 
fine photographs of excellent carvings, obviously cho- 
sen with care, are included. Mr. Dominik has suc- 
ceeded in producing an enticing introduction for the 
beginning student or collector. Fred Gray 


Immortal jade and the Brundage bequest. T. Albright, 
Museum, Vol. 2, No. 1, 1981, pp. 74-77. 


Mr. Albright begins with an introduction to San Fran- 
cisco’s Asian Art Museum, follows with a short biog- 
raphy of Avery Brundage, and then proceeds to provide 
a broad outline of the formation of the Brundage col- 
lection and the development of the museum to house 
that collection. Museum director Rene-Yvon Lefebvre 
d’Argencé’s recollections about organizing the collec- 
tion and working with Brundage give some interesting 
glimpses into the exotic world of the big-time collector. 

The actual discussion of the largest jade collection 
in the U.S. is short. Twelve thousand pieces “span the 
entire history of Chinese jade carving,” with heavy em- 
phasis on the Ming and Ching periods. A special feature 
of the collection is its inclusion of animal sculpture 
from every period of Chinese art. Mr. Albright also 
mentions other groups in the Brundage collection— 
bronzes, ceramics, and paintings from a number of 
Asian countries—and then concludes with brief com- 
ments about the museum’s current problems and pros- 
pects. Three color photographs of jade objects illustrate 
the article. MLR 
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The imperial Ju-I sceptres. L. Liang-yu (translated by 
M. Man-li Loh), Arts of Asia, Vol. 10, No. 5, 1980, 
pp. 124-127. 


The history and development of the Ju-I sceptre are 
briefly described in this article. Unlike other art ob- 
jects, the shapes of which were determined by function, 
the Ju-I sceptre was adapted to meet symbolic purposes. 

The author divides the sceptre’s history into three 
phases. The first stage begins in the dawn of Chinese 
history, when authority was symbolized by the stone 
axe. During the second stage, the stone axe gradually 
fell into disuse. It remained a symbol of royalty, how- 
ever, and stone tablets carved in the shape of axes were 
used as pledges when titles were bestowed on officials. 
Gradually, it became an established custom for officials 
to carry jade tablets while in audience with the em- 
peror. In the third and final stage, the Ju-I developed 
into its present form. The author suggests that it was 
gradually adapted to imitate the shape of the lingchih, 
the sacred fungus of immortality. Since these sceptres 
were given as gifts on happy occasions, the decorative 
patterns on them carry good wishes and auspicious 
meanings. 

The article is well illustrated with two full pages of 
color photographs showing the variety of materials 
from which these sceptres are fashioned. These include 
nephrite and jadeite as well as the colored stones and 
pearls with which the sceptres are often inlaid. ET 


“La donna idolo” (The woman idol). 18 Karati, Vol. 10, 
No. 49, 1980-81, pp. 73-77. 
As the author says, “An Indian woman... can no more 
be separated from them (jewels} than .. . from the spirit 
of India.” Indian women wear garlands of flowers 
threaded on fine chains of gold or silver, they crown 
their middle teeth with gold, they wear gems on their 
foreheads as well as rings {on fingers and toes}, brace- 
lets, anklets, necklaces, tiaras, navel ornaments, and 
nose studs. Jewelry, taking its design from architectural 
as well as natural forms, signals a woman’s caste and 
marital status, in addition to her financial standing. 
The article describes some of the traditional types 
of jewelry worn in India and provides six excellent 
color photos of women wearing jewelry in the styles of 
some Indian states. SLD 


Master jewelers: Twentieth century artists. R. Slivka, 

Architectural Digest, Vol. 38, 1981, pp. 104-109. 
The founder of Quarterly Craft International, Rose 
Slivka, introduces the reader to the jewelry of notable 
artists of the 20th century. The author first reviews the 
function of jewelry from prehistoric to modern times, 
arguing that jewelry represents a “quest for self visi- 
bility: ourselves seeing ourselves.’’ She also refers to 
the long tradition of artists of other media making jew- 
elry, including Renaissance masters Ghiberti, Botti- 
celli, and Brunelleschi. 

Slivka then turns to the 20th century, describing it 
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as a revolutionary and exciting period in the history of 
jewelry. Eight color photographs of jewelry by Alex- 
ander Calder, Giorgio de Chirico, Louise Nevelson, Sal- 
vador Dali, Roy Lichtenstein, Georges Braque, Pablo 
Picasso, and Erte complement the text. She briefly de- 
scribes the style of each artist and how this style is re- 
flected in his or her jewelry. Slivka concludes that the 
ancient power of jewelry as adornment and protection 
has a new dimension in today’s economic and social 
context. DMD 


SYNTHETICS AND SIMULANTS 


Characteristics of synthetic hydrothermal emeralds 
from USA and USSR (in Japanese}, H. Takubo, 
Journal of the Gemmological! Society of Japan, Vol. 
6, No. 4, 1979, pp. 3-18. 


Complete with an abstract in English detailing the 
properties of the stones tested and the conclusions of 
the study, this article presents a comprehensive com- 
parison of the synthetic hydrothermal emeralds pro- 
duced in the U.S.A. with those produced in the U.S.S.R. 
The author also includes frequent references to the 
flux-grown synthetics and the natural emerald coun- 
terparts. Takubo's well-organized, highly technical, and 
scientifically documented presentation includes charts 
that record the exact size and properties of the stones 
examined, diagrams of internal and external character- 
istics, and 32 photographs. The sequence of these pho- 
tographs permits a visual comparison of the character- 
istic differences between the rough and cut material 
produced in the U.S.A. (Linde and Regency) and their 
Russian counterparts. Emphasis is placed on the types 
of optical strain, microtextures, and cracks. X-ray anal- 
ysis did not produce any definitive results with regard 
to identifying the stones. 

Takubo maintains that many of the differences be- 
tween the U.S.A. and U.S.S.R. synthetic hydrothermal 
emeralds result from the conditions of formation. He 
speculates on the temperatures and pressures used and 
on the influence that these factors have on the crystal 
faces and inclusions. 

The author concludes that the synthetic hydro- 
thermal emeralds produced in the U.S.S.R. most closely 
resemble the natural stone and that only internal char- 
acteristics distinguish the two. These characteristics 
include the texture, cracks, zonal structure, and two- 
phase inclusions. He states that there is a 90% simi- 
larity between the Russian hydrothermal product and 
the natural counterpart, an 80% similarity between the 
American hydrothermal emerald and the natural, and 
a 40%—60% similarity between the flux-grown emer- 
ald and the natural stone. The chart at the conclusion 
of Takubo’s article facilitates comparison by summa- 
rizing all the characteristics of the U.S.S.R. hydro- 
thermal, U.S.A. hydrothermal, flux-grown, and natural 
stones. ALS 
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Czochralski growth of single-crystal fayalite under 
controlled oxygen fugacity conditions. C. B. Finch, 
G. W. Clark, and O. C. Kopp, American Mineral- 
ogist, Vol. 65, No. 3 and 4, 1980, pp. 381-389. 
The production of synthetic fayalite should be of in- 
terest to all gemologists, inasmuch as fayalite is the 
iron-rich end member of the olivine series to which the 
gem peridot also belongs. The single-crystal boules are 
up to 1 cm in diameter and 4 cm in length. They are 
nearly opaque and of a brownish-black color. Magnetite 
crystals and clusters formed by the reaction of excess 
iron with oxygen are the most common inclusions ob- 
served. The synthetic fayalites are grown in inductively 
heated platinum crucibles which contain the iron sil- 
icate melt; the Czochralski pulling method is used to 
form the boules. JIK 


Internal textures and growth conditions of flux-grown 
emeralds from USSR (in Japanese). H. Takubo, Y. 
Kitamura, Y. Nakazumi, and M. Koizumi, Journal 
of the Gemmological Society of Japan, Vol. 6, No. 
1 and 2, 1979, pp. 22-28. 

The authors analyze flux-grown emeralds from the 
U.S.S.R. and speculate on the conditions of formation. 
The many inclusions and flaws in the Russian stones 
can be understood only by an examination of the crit- 
ical periods of growth, namely the initial and advanced 
stages. Compared to the 30% —40% usage rate for syn- 
thetic emeralds grown elsewhere, only 20%—25% of 
the U.S.S.R.—created crystals can be considered gem 
material. 

All the internal characteristics of the Soviet mate- 
rial indicate rapid growth under high temperatures and 
high pressure. Sixteen photographs, which magnify the 
internal characteristics, emphasize the weak mosaic 
structure, the negative crystals, and the flux inclusions. 
In the late stage of development, veil-like secondary 
inclusions penetrate the mosaic structure, which was 
formed by rapid growth at the bottom of the crucible. 
Unusual silk-like inclusions, similar to silk inclusions 
found in some star rubies, suggest the possible creation 
of chatoyant emerald. Less clear than their Chatham 
counterparts, the Russian stones resemble more closely 
the product of the Japanese K Company. The heavy 
flux, composed of V,O, (vanadium oxide}, darkens the 
stones. 

The Soviet flux stones are probably grown in a cru- 
cible approximately 7-10 cm wide and 10-15 cm high, 
with initial temperatures of over 1100°C. The many 
cracks and external blemishes are due to the high tem- 
peratures used in the advanced stage when cooling oc- 
curs, probably around 900°C as opposed to the usual 
temperatures of 750°—800°C. Included crystals indicate 
that in the course of the slow cooling process, the cru- 
cible is turned and stirring techniques are used to ac- 
celerate growth. ALS 
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MISCELLANEOUS 


Gold Mines and Gold Mining. Mineralogy, Inc., Gold- 
smith, Vol. 158, No. 6, 1981, pp. 83-84, 88. 
This article contains some basic information on gold: 
its specific gravity, hardness, melting point, etc. Gold 
production is discussed, along with information on 
types of gold deposits and how each type is mined. 
Also included in this issue of Goldsmith are nine 
other articles on gold, covering such topics as the Lon- 
don fixing of gold prices, gold bullion vs. coins, and 
other investment-related subjects. FSS 


Interview: Allan Caplan, Mineralogical Record, Vol. 
11, No. 6, 1980, pp. 351-360. 
This is an interesting and informative interview with 
Alan Caplan, a gem dealer who was the first to import 
museum-quality mineral specimens to the United States 
from Brazil. Included in the specimens that Mr. Caplan 
brought to the United States are some of the largest and 
finest gem topaz, aquamarine, and chrysoberyl crystals 
on display in our most important museums. Some of 
these are pictured in the 16 photographs accompanying 
the article. The interview gives the reader a rare insight 
into the world of Brazilian gem mining in the 1930s 
and ‘40s through the eyes of a pioneer in the Brazilian 
gem and mineral market. Peter Keller 


Metamorphic processes in gemstone formation. A. F. 
Wilson, Australian Gemmologist, Vol. 14, No. 4, 
1981, pp. 57-63. 

Allan F. Wilson, of the Department of Geology and 

Mineralogy at the University of Queensland, reviews 

the conditions under which various metamorphic gem- 

stones formed and then illustrates his discussion with 
chemical, compositional, and pressure-temperature 
diagrams. Exsolution and the diagnostic features it pro- 
duces (such as chatoyancy, asterism, and adulares- 
cence} are related to the metamorphic process. In ad- 
dition to citing numerous Australian gem localities, 
the author describes the Barton garnet deposit at Gore 
Mountain in New York State in considerable detail to 
illustrate the growth of large crystals in metamorphic 
rocks. Dr. Wilson concludes this interesting article 
with a discussion of metasomatism, i.e., the intro- 
duction of new elements into the metamorphic 
process. GSH 


The quest for quartz. S. B. N. Cooper, Journal of Gem- 
mology, Vol. 17, No. 3, 1980, pp. 150-152. 


Nikon Cooper discusses the origin of the word quartz. 
He traces a number of possible origins and in the pro- 
cess introduces the reader to several of the earliest sci- 
entific works on minerals, He documents the hypoth- 
esis that the word guartz is derived from quarzum, 
which is a latinized version of kwardy. Kwardy is a 
west Slav word originally meaning hard. It was used by 
miners in 14th-century Bohemia to describe massive 
quartz found in hard-rock mining. ET 
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GEM NEWS 


Stephanie Dillon, Editor 


AGS CONCLAVE /8] De 
The American Gem Society’s 47th annual conclave 
was held at Chicago’s Marriott Hotel April 24—28. Its 
theme, “Gemology: The Total Concept,” was intro- 
duced in a speech by Michael Allbritton, GIA’s super- 
visor of one-week gemology classes. 

At this year’s meeting, Arnold Bockstruck, C.G., 
was elected president of the jewelers’ organization for 
a tenure of two years. 

The convention featured many laboratory work- 
shops, organized by GIA staff and AGS members, which 
afforded opportunities for the practical application of 
gemology. Highlighted were several chief concerns of 
jewelers: appraisals, the detection of synthetics and im- 
itations, grading mounted diamonds, handling repairs, 
and the place of gem knowledge in selling. 

The conclave was attended by approximately 1300 
AGS members and their families. Of this total nearly 
700 are registered jewelers. 

An announcement from the AGS board of directors 
that next year’s conclave may be declared open to non- 
members was a source of discussion among attendees. 
The directors have yet to agree on guidelines for such a 
move. 


ARGENTINE RHODOCHROSITE EE 
A joint Japanese-Argentinian mining venture is cur- 
rently rehabilitating the Capillitas rhodochrosite mines 
of Catamarca, Argentina. The intention is to use elec- 
trolytic methods to process the ore, which is rich in 
gold, silver, and copper, and then to continue to mine 
the rhodochrosite. 

Capillitas was mined first by the Incas for gold and 
later by the Spaniards for copper. In the early 1900s, 
both English and French concerns operated the mine. 
Although the Incas discovered the rhodochrosite and 
adopted it into use and legend, it was not until 1937 
that the mine was worked exclusively for rhodochro- 
site, by Dr. Franz Mansfeld. In 1942, the military gov- 
ernment assumed control over the mine and rhodo- 
chrosite production was halted; it was resumed in 195}. 

The deposit lies in arid, mountainous terrain at an 
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altitude of 3,000 m above sea level. The mine has ap- 
proximately 66 km of tunnels running on several levels 
with numerous entrances. 

From estimates based on earlier production, the 
mine is expected to yield 200 to 300 tons of rhodo- 
chrosite annually. 


AUSTRALIAN DEVELOPMENTS Es 


View toward Gem Cutting. A diamond-mining con- 
cern, with the cooperation of the Australian govern- 
ment, is studying the possibility of establishing a 
gem-cutting industry in Perth, the capital of Western 
Australia. Presently, all gemstones are taken out of the 
country for cutting in Germany or Thailand. 


Diamond. Diamond mining in the Kimberly region of 
Western Australia recently produced an 11-ct. crystal. 
Fancies have also been discovered in the Ashton Joint- 
Venture fields, notably some attractive pink stones. 


Emerald. The Aga Khan mine, in the state of Western 
Australia, has been worked intermittently since 1906, 
yielding emeralds as a by-product of ores. The quantity 
of emeralds taken out has never been revealed. 

Currently, an examination of the emerald-bearing 
rock is under way. Host rock is known to extend at 
least 1.6 km beyond the present workings. Both open- 
cut and underground methods are being used to remove 
the ore and the emeralds. 

Most of the emeralds are small, the largest crystal 
yet found being 9.6 cts. The material is comparatively 
clear. In the past it has been sent to Germany for cut- 
ting, but current production is being stockpiled, along 
with the scheelite also produced from the mine, await- 
ing a decision on the establishment of local cutting 
facilities. 


Sapphire. Up to 40 separate companies are currently 
mining sapphires in the 30 square miles of known re- 
serves in Central Queensland. The chief product is yel- 
low sapphires, generally found in 3- to 10-ct. sizes. The 
largest piece of translucent rough discovered thus far is 
2,000 cts. 
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U.S. PERIDOT 


One of the most important sources of jewelry-sized per-: 


idot in the world today is the San Carlos Apache res- 
ervation, east of Phoenix, Arizona. 

The source is a mesa, Measuring approximately 2.5 
km Xx 4 km, which resulted when a volcanic eruption 
produced a basalt flow. It is estimated that peridot may 
comprise 40% to 50% of the entire structure. The ma- 
terial has formed in pods of basalt, coating the basalt 
with stones that may be as small as grains of sand or 
as large as good-sized pebbles. The Indians separate and 
sell the peridot, which is exported throughout the world 
and frequently marketed as the product of other regions. 

A comprehensive report on this locality is slated to 
appear in an upcoming issue of Gems #&) Gemology. 


ZAIRE BREAKS WITH DEBEERS 


With the sale this spring of 620,000 cts. of diamonds 
to three independent European dealers, the government 
of Zaire marked the end of its 14-year exclusive mar- 
keting arrangement with DeBeers Consolidated Mines 
Ltd. 

The sale, announced by Sozacom, Zaire’s mineral- 
marketing agency, accounts for about 10% of this year’s 
anticipated production at Miba (Societé Miniére de 
Bakwanga}, the country’s main diamond mine. 

The change is not expected to have a major effect 
on the world diamond market. Over 95% of Zaire’s 
production is industrial quality; this output represents 
approximately 30% of the world supply of industrial 
diamonds. 


EXHIBITS 


Los Angeles County Museum of 
Natural History—900 Exposition 
Bivd., Los Angeles, CA 90007. Tel- 
ephone: (213) 744-3328. 

“Sweat of the Sun, Tears of the 
Moon” is the largest exhibit of Co- 
lombian gold artifacts and rough and 
cut emeralds ever to be exhibited 
outside of the Republic of Colom- 
bia. Opened July 4 and continues 
through September 6, 1981. 


Smithsonian Institution/National 
Museum of Man—1000 Jefferson 
Dr., SW, Washington, DC 20560. 
Telephone: (202) 357-1304. The ex- 
hibit “5000 Years of Korean Art” 
comprises 345 treasures from Ko- 
rean national museums, universi- 
ties, and private collections. Over 
30 gold artifacts from the Three 
Kingdom Period (Ist c. B.C.—7th c. 
A.D.) exemplify advanced skills in 
metalwork. The pieces, including 
three spectacular crowns as well as 
pendants and earrings, are set with 
jade and other gemstones. The show 
inaugurates the Thomas M. Evans 
Gallery for special exhibits. Runs 
July 15 through September 30, 1981. 


American Museum of Natural His- 
tory—Central Park West & 79th St., 
New York, NY 10024. Telephone: 

(212) 873-1300. 


The Gardner D. Stout Hall of Asian 


118 


Gem News 


Peoples, opened last October, in- 
cludes rubies, sapphires, and jade- 
ites in an exhibit of the dress, carv- 
ings, and historic gem trade of Asia. 
In the near future, the Guggenheim 
Hall of Minerals will feature a dis- 
play of gem materials from San 
Diego County, California. 


ANNOUNCEMENTS 


Winner of the 1981 Schuetz Memo- 
rial Fund Jewelry Design Contest is 
Sara A. Hitt of Palo Alto, California. 
Her design is for a pair of gold cuf- 
flinks set with triangle-cut black 
onyx. 


The Schuetz scholarship, awarded 
annually for a distinguished design 
in men’s jewelry, provides $500 to 
pursue jewelry-related study at an 
institution of the winner’s choice. 
Ms. Hitt intends to use her award 
to continue home study courses 
through GIA, 


A scholarship to study at CFH (the 
Jewelers’ International Institute of 
Marketing and Management} in 
Lausanne, Switzerland, from Feb- 
ruary 8 to June 4, 1982, is being of- 
fered by GIA. The program is a com- 
prehensive course on watch and 
jewelry shop management, com- 
prising eight weeks of product 
knowledge and selling (which in- 
cludes the study of diamonds, col- 
ored stones, gold, jewelry and 


watches; window display; and sell- 
ing techniques) and eight weeks of 
shop management (which covers 
marketing, shop outfitting, secu- 
rity, personnel management, and all 
aspects of business finance}. 

The scholarship, for 2400 Swiss 
francs, covers half the price of the 
course, textbooks, working docu- 
ments, and teaching materials, plus 
a number of field trips. Deadline for 
application to GIA is September 20, 
1981. 


The Broer Scholarship for resident 
GIA students has been announced 
by Richard T. Liddicoat, Jr., presi- 
dent of GIA. The program is named 
in honor of the late Carleton G.. 
Broer, a long-time member of GIA’s 
board of governors and its vice- 
chairman at the time of his passing. 
Broer was president of the Broer- 
Freeman Company, a retail firm in 
Toledo, Ohio. He served as vice- 
president of the Retail Jewelers of 
America, director of the Ohio Retail 
Jewelers Association, and was twice 
president of the American Gem So- 
ciety. He was the first recipient of 
the society's Robert M. Shipley 
Award, in 1969. 


Gems & Gemology welcomes news 
of exhibits and events of a gemolog- 
ical nature. Please contact Ste- 
phanie Dillon, Gemological Insti- 
tute of America, 1660 Stewart St., 
Santa Monica, 90404. Telephone: 
(213) 829-2991. 
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Suggestions for 


Authors 


The following guidelines were pre- 
pared both to introduce you to Gems 
e) Gemology and to let you know 
how we would like a manuscript 
prepared for publication. No manu- 
script will be rejected because it does 
not follow these guidelines pre- 
cisely, but a well-prepared manu- 
script helps reviewer, editor, and 
reader appreciate the article that 
much more. Please feel free to con- 
tact the Editorial Office for assis- 
tance at any stage in the develop- 
ment of your paper, whether to 
confirm the appropriateness of a 
topic, to help organize the presen- 
tation, or to augment the text with 
photographs from the extensive files 
at GIA. We look forward to hearing 
from you. 


INTRODUCTION 


Gems & Gemology is an interna- 
tional publication of original contri- 
butions concerning the study of 
gemstones and research in gemology 
and related fields. Topics covered 
include (but are not limited to] col- 
ored stones, diamonds, gem instru- 
ments, gem localities, gem substi- 
tutes (synthetics), gemstones for the 
collector, jewelry arts, and retail 
management. Manuscripts may be 
submitted as: 

Original Contributions—full-length 
articles describing previously un- 
published studies and laboratory or 
field research. Such articles should 
be no longer than 6,000 words (24 
double-spaced, typewritten pages} 
plus tables and illustrations. 
Gemology in Review—comprcehen- 
sive reviews of topics in the field. A 
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maximum of 8,000 words (32 dou- 
ble-spaced, typewritten pages} is 
recommended. 

Notes & New Techniques—brief 
preliminary communications of re- 
cent discoveries or developments in 
gemology and related fields (e.g., new 
instruments and instrumentation 
techniques, gem minerals for the 
collector, and lapidary techniques or 
new uses for old techniques}. Arti- 
cles for this section should be ap- 
proximately 1,000-—3,000 words 
{4-12 double-spaced, typewritten 
pages). 

Gems & Gemology also includes the 
following regular sections: Lab 
Notes (reports of interesting or un- 
usual gemstones, inclusions, or jew- 
elry encountered in the Gem Trade 
Laboratories}, Book Reviews (as so- 
licited by the Book Review Editor; 
publishers should send one copy of 
each book they wish to have re- 
viewed to the Editorial Office}, 
Gemological Abstracts (summaries 
of important articles published re- 
cently in the gemology literature], 
and Gem News (current events in 


the field). 
MANUSCRIPT PREPARATION 


All material, including tables, leg- 
ends, and references, should be typed 
double spaced on 8% X 11” (21 x 28 
cm) sheets with 1%” (3.8 cm} mar- 
gins. Please identify the authors on 
the title page only, not in the body 
of the manuscript or the figures, so 
that author anonymity may be 
maintained with reviewers {the title 
page is removed before the manu- 
script is sent out for review}. The 
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various components of the manu- 
script should be prepared and ar- 
ranged as follows: 

Title page. Page | should provide: 
(a) the article title; (b} the full name 
of each author (first name, middle 
initial, surname), with his or her af- 
filiation (the institution, city, and 
state or country where he/she was 
working when the article was pre- 
pared); {c) acknowledgments of per- 
sons who helped prepare the report 
or did the photography, where ap- 
propriate; and (d] five key words that 
we can use to index the article at the 
end of the year. 

Abstract. Page 2 should repeat the 
title of the article followed by an 
abstract. The abstract {approxi- 
mately 150 words for a feature arti- 
cle, 75 words for a note) should state 
the purpose of the article, what was 
done, and the main conclusions. 
Text. Papers should follow a clear 
outline with appropriate heads. For 
example, for a research paper, the 
headings might be: Introduction, 
Previous Studies, Methods, Results, 
Discussion, Conclusion, and Impli- 
cations. Other heads and subheads 
should be used as the subject matter 
warrants. Also, when writing your 
article, please try to avoid jargon, to 
spell out all nonstandard abbrevia- 
tions the first time they are men- 
tioned, and to present your material 
as clearly and concisely as possible. 
For general style (grammar, etc.) and 
additional information on preparing 
a manuscript for publication, A 
Manual of Style (The University of 
Chicago Press, Chicago] is 
recommended. 
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References. References should be 
used for any information that is 
taken directly from another publi- 
cation, to document ideas and facts 
attributed to—or facts discovered 
by—another writer, and to refer the 
reader to other sources for addi- 
tional information on a particular 
subject. Please cite references in the 
text by the last name of the author(s} 
and the year of publication—plus 
the specific page referred to, if ap- 
propriate—in parentheses (e.g., Lid- 
dicoat and Copeland, 1967, p. 10). 
The references listed at the end of 
the paper should be typed double 
spaced in alphabetical order by the 
last name of the senior author. Please 
list only those references actually 
cited in the text (or in the tables or 
figures). 

Include the following information, 

in the order given here, for each ref- 

erence: (a) all author names (sur- 
names followed by initials); (b) the 
year of publication, in parentheses; 

(c} for a journal, the full title of the 

article or, for a book, the full title of 

the book cited; and (d} for a journal, 
the full title of the journal plus vol- 
ume number and inclusive page 

numbers of the article cited or, for 

a book, the publisher of the book 

and the city of publication. Sample 

references are as follows: 

Daragh P.J., Sanders J.V. {1976} 
Opals. Scientific American, Vol. 
234, pp. 84-95. 

Heinrich K.F.J. (1968) Common 
sources of error in electron probe 
microanalysis. In J. Newkirk et 
al., Eds., Advances in X-ray 
Analysis, Plenum Press, New 
York, pp. 40-45. 

Liddicoat R.T. Jr., Copeland L.L. 
(1967) The Jewelers’ Manual, 2nd 
ed. Gemological Institute of 
America, Santa Monica, CA. 

Tables. Tables can be very useful in 

presenting a large amount of detail 

in a relatively small space, and 
should be considered whenever the 
bulk of information to be conveyed 
in a section threatens to overwhelm 
the text. 


Type each table double spaced on a 
separate sheet. If the table must ex- 
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ceed one typewritten page, please 
duplicate all headings on the second 
sheet. Number tables in the order in 
which they are cited in the text. Ev- 
ery table should have a title; every 
column {including the left-hand col- 
umn) should have a heading. Please 
make sure terms and figures used in 
the table are consistent with those 
used in the body of the text. 


Figures. Please have line figures 
(graphs, charts, etc.} professionally 
drawn and photographed. High-con- 
trast, glossy, black-and-white prints 
are preferred. 

Submit black-and-white photo- 
graphs and photomicrographs in the 
final desired size if possible. Where 
appropriate, please use a bar or other 
scale marker on the photo, not out- 
side it. 

Use a label on the back of each fig- 
ure to indicate the article’s title (or 
a shortened version thereof) and the 
top of the figure. Do not trim, mount 
(unless one figure is composed of 
two or more separate photos}, clip, 
or staple illustrations. 

Color photographs will be consid- 
ered for publication. Please include 
three sets of color prints with the 
manuscript package submitted for 
publication consideration, retaining 
the color transparency until a final 
publication decision is made. 

All figure legends should be typed 
double spaced on a separate page. 
Clearly explain any symbols, ar- 
rows, numbers, or abbreviations used 
in the illustration. Where a magni- 
fication is appropriate and is not in- 
serted on the photo, please include 
it in the legend. 


MANUSCRIPT SUBMISSION 


Please send three copies of each 
manuscript (and three sets of figures 
and labels} as well as material for all 
sections to the Editorial Office, in 
care of: 

Alice S. Keller, Managing Editor 

Gems & Gemology 

1660 Stewart Street 

Santa Monica, CA 90404 


In view of U.S. copyright law, we 
must ask that each submitted man- 


uscript be accompanied by the fol- 
lowing statement, signed by all au- 
thors of the work: ‘Upon publication 
of (title) in Gems @ Gemology, | 
(we) transfer to the Gemological In- 
stitute of America all rights, titles, 
and interest to the work, including 
copyright, together with full right 
and authority to claim worldwide 
copyright for the work as published 
in this journal. As author(s}, I (we} 
retain the right to excerpt (up to 250 
words] and reprint the material on 
request to the Gemological Institute 
of America, to make copies of the 
work for use in classroom teaching 
or for internal distribution within 
my (our} place of employment, to 
use—after publication—all or part 
of this material in a book I (we} have 
authored, to present this material 
orally at any function, and to veto 
or approve permission granted by the 
Gemological Institute of America to 
a third party to republish all or a 
substantial part of the article. I (we] 
also retain all proprietary rights other 
than copyright (such as patent 
rights}. I (we} agree that all copies of 
the article made within these terms 
will include notice of the copyright 
of the Gemological Institute of 
America. This transfer ‘of rights is 
made in view of the Gemological In- 
stitute of America’s efforts in re- 
viewing, editing, and publishing this 
material. 

As author(s], I (we] also warrant 
that this article is my {our) original 
work. This article has been submit- 
ted in English to this journal only 
and has not been published 
elsewhere.” 

No payment is made for articles 
published in Gems &) Gemology. 


REVIEW PROCESS 


Manuscripts are examined by the 
Editor, one of the Associate Editors, 
and at least two reviewers. The au- 
thors will remain anonymous to the 
reviewers. Decisions of the Editor 
are final. All material accepted for 
publication is subject to copyedit- 
ing; authors will receive galley proofs 
for review and are held fully respon- 
sible for the content of their articles. 
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HEAT TREATING 
RUBY AND SAPPHIRE: 
TECHNICAL ASPECTS 


By Kurt Nassau 


Ruby and sapphire of natural or synthetic 
origin can be heat treated to improve 
asterism; to remove asterism or silk; to 
improve, add, or remove color; and even 
to alter imperfections. At least nine 
distinct processes can be identified, 
although several may occur 
simultaneously. Some of these treatment 
methods correspond to natural processes 
and may not leave any evidence of their 
use; others do not correspond to natural 
processes and are readily identifiable. 


ABOUT THE AUTHOR 


Dr, Nassau is a research scientist residing in 
Bernardsville, NJ. He does not wish to be 
contacted on any aspecil of this article. 
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and to Robert E. Kane, of the GIA Gem Trade 
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illustrations and writing the figure legends. 
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[2 recent months, a variety of heat-treated sapphires 
and rubies with gemological characteristics different 
from any previously seen have appeared on the market. 
Contradictory rumors abound regarding the different 
manners and methods of treatment. 

Examples of heat treatment methods that have been 
used to improve the appearance of gemstones include the 
conversion of green aquamarine to blue; the “pinking” of 
brown chromium-containing topaz; the “crackling” of 
quartz; the reddening of yellow agate, carnelian, and 
tiger’s-eye; the development of the blue color of tanzan- 
ite; and the conversion of amethyst to citrine or to 
“greened amethyst.’”’ Such processes may be termed heat- 
ing, burning, annealing, firing, high-temperature soaking, 
and so on. The use of these types of heat treatment is 
usually not specified. 

The reaction of synthetic corundum (Nassau, 1980a) 
to various types of heat treatment has been studied widely, 
and the results are equally applicable to the natural ma- 
terial. Although most of the treatment methods described 
here have been known for some time, their use to im- 
prove rubies and sapphires has become widespread only 
recently. 

The important parameters in any type of heat treat- 
ment are: 


1. The temperature-time relationship 
2. The oxidation-reduction conditions 


3. The presence of chemical substances that can in- 
teract with the gemstone 


Heat treatment of corundum can affect the presence of 
milkiness and asterism, the color, and even the internal 
structure (inclusions as well} of the material. A number 
of separate processes have been distinguished, although 
several may be performed simultaneously. The exact 
temperature, duration of treatment, and chemicals used 
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for each process will depend on the specific ma- 
terial being heated; considerable variation must 
be expected with corundum from different lo- 
calities. 

Nine possible treatment modes are summa- 
rized in table 1 and examined in turn below. Iden- 
tifying characteristics of such treatment methods 
have been discussed in detail by Crowningshield 
and Nassau (1981); therefore, they will be touched 
on here only briefly. 

It should be noted that no consensus has yet 
been reached as to whether any of these types of 
treatment need to be disclosed to the buyer. The 
parallel is sometimes drawn that since heat treat- 
ment is not customarily disclosed with other 
gemstones, such as heated blue aquamarine, why 
should such disclosure be necessary with sap- 
phires and ruby? There may be validity in viewing 
some types of treatment in this way, especially 
those that mimic natural processes (as is the case 
with aquamarine}. However, other treatment 
methods—diffusion in particular—do not have 
any parallel in nature. The results of diffusion 
treatment, for example, are readily recognized, 
and remind one more of Lechleitner synthetic 
emerald overgrowth on a natural beryl than of 
heated aquamarine. 


PROCESS 1: 
DEVELOPMENT OF 
POTENTIAL ASTERISM 
Some natural sapphire and ruby, as well as some 
synthetic material intended for star use, contains 
a significant amount of titanium oxide. If such 
corundum cools fairly rapidly from its growth 
conditions, the material remains clear; the tita- 
nium oxide is in “solid solution” in the form of 
Ti,O; (titanium sesquioxide) replacing some of 
the Al,O; (aluminum oxide}. 

If such material, which typically contains only 
a few tenths of a percent titanium oxide, is held 
at between 1100°C and 1500°C for some time 
(say, 1300°C for 24 hours], particularly under 
mildly oxidizing conditions, the Ti,Q; converts 
to TiO, {titanium dioxide) as follows: 


DT GO. On: “ATION (1) 


In most cases, the TiO, will then form needles of 
rutile within the corundum and thus produce as- 
terism. This process, which was patented for Linde 
Air Products Company by Burdick and Glenn 
(1949), is used to create all synthetic stars in co- 
rundum (Nassau, 1980a], and the analogous pro- 
cess also occurs in nature. In fact, if a piece of 


TABLE 1. Heat treatment processes used on sapphires and rubies. 


Treatment Specific 
group process? Result 
Heating only 1. Moderate temperature Develops potential asterism 
(1300°C) 
2. High temperature Removes silk and asterism 
(1600°C), rapid cooling 
3. Reductive heating Develops potential blue color 
(1600°C) 
4. Oxidative heating Diminishes blue color 
(1600°C) 
5. Extended heating Diminishes Verneuil banding 
(1800°C) and strain 
Heating under unknown 6. ? Introduces fingerprint 
conditions inclusions® 


Diffusion of impurities into 7. Add TiO, 


the material (extended 8. Add TiO. and/or Fe,O, 
heating at 1800°C) 9. Add Cr.03, NiO, etc. 


Produces asterism> 
Produces blue color> 
Produces other colors® 


aTreatments 7 through 4 correspond to processes that also occur in nature; treatments 5 
and 6 are used on synthetic material; treatments 7 through 9 do not correspond to natural 
processes. The temperatures given are representative only and will depend on the nature of 


the material and the length of time they are used. 


Effect is limited to a region near the surface. 
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Figure 1. Left, milky white “geuda’”’ corundum 
from Sri Lanka; photograph by Tino Hammid. 
Right, intense blue color induced in Sri Lanka 
“geuda” by the heating method described in 
process 3; photograph by Michael Havstad. 


natural corundum contains sufficient titanium 
oxide but was not heated sufficiently in nature to 
develop a good star, perhaps showing only fine 
“sill,’’ asterism can be developed by means of 
such heat treatment. Thus far, however, this pro- 
cess appears to have been used on natural corun- 
dum on an experimental basis only. 

If rutile needles in natural corundum are too 
coarse to provide a good star, process 2 can be 
used to return the titanium oxide to solid solu- 
tion by the reverse of equation (1), and process 1 
can be used subsequently to form star-causing 
needles as described above. The heating condi- 
tions of process 1 are relatively mild and often 
leave no evidence by which this treatment may 
be recognized with certainty. 

It should be noted that the Al,O,—TiO, phase 
diagrams of Lang et al. (1952) and Lejus et al. 
{1966] show an intermediate compound Al,TiO;, 
and that this and other compounds have been sug- 
gested as representing the needles (e.g., Phillips 
et al., 1976). However, detailed examinations 
always have pointed to the rutile form of tita- 
nium oxide as the principal component of the 
needles (e.g., Nassau, 1968; Phillips et al., 1980). 
Neither of the phase diagrams cited considers the 
solid solubility of TiO, or Ti,O; in Al,O;, which 
must, on theoretical grounds, be present (see also, 
for example, Bratton, 1971). 


PROCESS 2: 

REMOVAL OF SILK OR ASTERISM 

If corundum containing silk or asterism caused by 
rutile needles is heated to a sufficiently high tem- 
perature, typically between 1500°C and 1700°C, 
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the rutile will dissolve in the corundum by the 
reverse of process 1: 


4TiO, > 2Ti,O,; + O, (2) 


When all the silk has disappeared, the corundum 
is cooled fairly rapidly, perhaps 30° per minute 
(Falkenberg, 1978}, so that rutile needles do not 
re-form as in process 1. Asterism may be removed 
in a similar manner. 

The suggestion by Sasaki (1980] that this form 
of heat treatment might be conducted success- 
fully at 1000°F (538°C) implies a temperature that 
is as unreasonably low as the 4000°C reported by 
Tombs (1980) is unreasonably high {it is above the 
melting point!}. Tombs also proposes that the silk 
may originate from substances other than tita- 
nium oxide, for example, from a-corundum pre- 
sent in B-corundum. But ordinary corundum is 
a-corundum. Such unsupported suggestions must 
be discounted unless and until concrete evidence 
becomes available. Nevertheless, it is possible 
that heat treatment may cause other inclusions 
or defects to disappear by a process of solid so- 
lution similar to that involving titanium oxide. 
Oughton (1971} quotes another unusual sugges- 
tion, namely that liquid may be used to fill the 
hollow tubes that cause silk, with the effect wear- 
ing off after about 12 months. This might work 
if only there were hollow tubes! 

Process 2 appears to be used widely on silky 
Australian sapphire and on milky white to pale 
blue “geuda” corundum from Sri Lanka, which is 
turned blue by the simultaneous use of process 3 
(see figure 1). Gunaratne (1981) refers to this pro- 
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cess, but most of his discussion of the genetic 
history of geuda material and of the treatment 
used must be taken as purely speculative, since 
it is in great part inconsistent with known data. 
Cloudy Burma rubies, too, are said to be improved 
in this way, with the color also benefiting from 
the removal of the silk. 

In many cases, this form of heat treatment 
may be identified by a dull, chalky green fluores- 
cence and the absence of an iron line at 4500 A 
in blue sapphire, and by internal stress fractures 
(figures 2 and 3}. Pockmarked facets and abnormal 
girdles (figure 4) may also be seen if the stone has 


Figure 3. Left, phlogopite 
mica in a pink sapphire 
from Sri Lanka, Right, the 
same stone after heating to 
approximately 1000°C | 
produced stress fractures 
surrounding the inclusions. 
Magnified 55x. Heat 
treatment and 
photomicrographs by | 

John I, Koivula. | 
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Figure 2. The stress fractures 
surrounding inclusions in this 
ruby were produced by a heat 
treatment method similar to 
the one discussed in process 2. 
Magnified 27 x. Photomicro- 
graph by Robert E. Kane. 


not been properly repolished (Crowningshield and 
Nassau, 1981}. However, none of these character- 
istics may be present in a given treated stone, or 
some may be present in stones that have not been 
treated. 


PROCESS 3: 

DEVELOPMENT OF COLOR IN A 

STONE WITH A POTENTIAL FOR BLUE 

The color in blue sapphire is explained by a 
“charge transfer” process (Nassau, 1980a, 1980b). 
This is widely accepted to originate from the iron- 
titanium combination (Townsend, 1968, Leh- 
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Figure 4. “Double girdle,’”’ where part of the 
original girdle was missed during repolishing. 
This indicates how the surface of a stone may 
become pockmarked during a high-temperature 
treatment. Magnified 25 x. Photomicrograph by 
Robert E. Kane. 


mann and Harder, 1970; Ferguson and Fielding, 
1972; Eigenmann et al., 1972; Schmetzer and 
Bank, 1980). Recently, iron—iron charge transfer 
has been suggested as an alternative (Nikolskaya 
et al., 1978), though it is highly improbable; ti- 
tanium is still essential, since the blue color never 
develops without it. Therefore, the process in- 
volved in these charge transfers is either 


Fe?+ + Tit SS Fe3* + Ti8* (3) 
or 


Pept at Fe, Ti = Beg? Fey? Ti (4) 


where a and b refer to different sites in the crys- 
tal. In each instance, a single electron is trans- 
ferred from one atom to another atom and back 
again. 

It is important to note that both processes re- 
quire that some of the iron be in the divalent fer- 
rous, Fe?*, state. Also, sufficient quantities of iron 
and titanium must be present in the original stone 
to produce a deep blue. 

A sapphire that contains adequate amounts of 
iron and titanium oxides but is too highly oxi- 
dized, so that not enough ferrous iron is present, 
may be pale blue, green, yellow, or colorless in its 
original state. Such material may be heated in a 
strongly reducing environment to convert some 
Fe** to Fe?t, as follows: 


FeO; +H, — 2FeO + H,O (5) 
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or Fe,0, + CO —- 2FeO + CO, (6) 


This change can be achieved by an extended heat- 
ing of the stone in a hydrogen atmosphere for 
equation (5} or by packing the material in char- 
coal, graphite, or another substance that produces 
carbon (such as mineral oil, sugar, and the like], 
so that combustion with only a small amount of 
air produces carbon monoxide 


SOO, es OCOD (7) 


which then participates in equation (6). 

The maximum color possible given the iron 
and titanium content of the stone can be achieved 
via equation {5) or (6). With sufficiently extended 
heating (hours to days?) at a high enough temper- 
ature (perhaps 1500°C to 1700°C), the reduction 
will penetrate throughout the stone and produce 
a uniform color (aside from any inherent banding 
due to uneven distribution of impurities}. The re- 
ductive heatings of Schmetzer and Bank (1980) 
did not show this type of reaction, undoubtedly 
because the temperatures employed were too low 
{they heated in the hydrogen atmosphere at 
1000°C and in the carbon monoxide environment 
at 1200°C). Eigenmann and Gunthard (1972) were 
successful with hydrogen at 1600°C. 

As in the case of process 2, this treatment 
method appears to be used commonly on silky 
Australian sapphire and on milky white to pale 
blue corundum from Sri Lanka. Possible identi- 
fying characteristics include chalky green fluo- 
rescence, no iron line at 4500 A, internal stress 
fractures (figure 5], pockmarked facets and/or ab- 
normal girdles, and blotchy color banding or zon- 
ing within the stone.. This treatment can be 
reversed by means of process 4. 


PROCESS 4: 

LIGHTENING OF BLUE SAPPHIRE 

If blue sapphire is heated for an extended period 
(hours to a day or so} in an oxidizing atmosphere 
(air or pure oxygen}, all of the iron may be con- 
verted gradually to Fe": 


4FeO + O, —> 2Fe,O, (8) 


The result is the slow removal of one of the es- 
sential coloring ingredients, Fe’*, on the left side 
of equations 3 and 4, thus lightening the blue 
color. If the process is continued long enough, a 
virtually colorless stone may result. This treat- 
ment has been described by Jobbins (1971), Eigen- 
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mann and Gunthard (1972), Harder (1980}, and 
Schmetzer and Bank (1980). If an underlying yel- 
low is also present, the final color may be green 
or yellow; a purple sapphire that also contains 
some chromium could lose the blue color entirely 
and end up as ruby (the oxidation has no effect on 
the red chromium coloration); and so on. Tem- 
peratures in the 1000°C to 1700°C range may be 
used, and this treatment can be reversed by using 
process 3; identifying characteristics are similar 
to those for process 3 (figure 6). 


Figure 6. Left, fluid 
inclusion, probably carbon 
dioxide (CO,), in a sapphire 
from Sri Lanka. Right, the 
same stone after heating to 
approximately 1000°C in 
air resulted in the 

almost total dissipation of 
color and the appearance of 
a large stress fracture 
around the inclusion. 
Magnified 45x. Heat 
treatment and 
photomicrographs by 

John I. Koivula. 
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Figure 5, The stress fractures in 
this sapphire from Sri Lanka 
resulted from a heat treatment 
method like the one described 
in process 3. Photomicrograph 
by Robert E. Kane. 


Process 4 is used to lighten dark blue, “inky” 
Australian sapphires {Gunaratne, 1981], some- 
times producing a pronounced green dichroic di- 
rection in the stone. Undoubtedly, it has also 
been applied extensively to purplish and brown- 
ish Thai rubies, which were so common at one 
time but now are seldom seen {Crowningshield 
and Nassau, 1981). This process as used in Sri 
Lanka has been described by Gunaratne (1981); 
the reported difficulties in obtaining consistent 
results probably derive from the use of charcoal, 
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which can lead to reduction rather than the de- 
sired oxidation if not performed carefully. 


PROCESS 5: 
DIMINISHING VERNEUIL 
BANDING AND STRAIN 


Extended heatings (for many days} at sufficiently 
high temperatures (1600°C and up}, such as those 
associated with many of the processes discussed 
here, will result in a reduction of strain and will 
permit some smoothing of color irregularities. 
The curved striations typical of Verneuil-grown 
synthetic corundum originate from irregularities 
in the growth process; their main feature is a var- 
iation in the concentration of the impurities 
(Nassau, 1980a}. Heating for an extended period 
permits a very slow diffusion to even out some of 
this variation, with the degree of improvement 
depending on the duration of the heating process. 

This lengthy, high-temperature process is said 
to be performed in Bangkok on synthetic Verneuil 
blue sapphire. When used in conjunction with 
process 6 (below}, it results in improved color and 
less prominent curved growth lines. It is also 
more difficult to observe a positive Plato test in 
stones treated in this manner {Crowningshield 
and Nassau, 1981}. A similar procedure should be 
possible in ruby and other colored corundum. The 
small gas bubbles associated with the Verneuil 
technique probably cannot be removed in this 
manner. 


PROCESS 6: 
INTRODUCING FINGERPRINT 
INCLUSIONS 


As reported by Crowningshield and Nassau (198 1], 
some samples of “heat-treated natural blue sap- 
phire” obtained from Bangkok turned out to be 
Vemeuil synthetic sapphire with induced finger- 
print inclusions. Both Verneuil synthetic ruby 
and pink sapphire showing fingerprints were also 
reported by Crowningshield (1980). Judging from 
the characteristics of these stones, it is clear that 
an extended heat treatment similar to that of pro- 
cess 5 was involved. 

At present, nothing definite is known about 
the treatment used with synthetic stones to mimic 
the fingerprint inclusions of their natural coun- 
terparts. The simultaneous occurrence of finger- 
prints, curved but weakened Verneuil banding, 
and occasional gas bubbles is clear evidence of 
such a treatment. According to some unsubstan- 
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tiated reports, a flux-type chemical such as so- 
dium carbonate or borax may assist in this pro- 
cess. It should be noted that the formation of 
inclusions seems to be limited to a region close 
to the surface of the stone. 


THE DIFFUSION MECHANISM 

Diffusion in solids is a mechanism by which at- 
oms may be moved from one region to another. 
The amount of movement increases with both 
the temperature and the length of the heating. 
Atoms of oxygen or hydrogen can move very rap- 
idly in corundum, which explains why the effects 
of processes 3 and 4 will penetrate fully through- 
out a stone in as little as a few hours in some 
cases {and no more than a day or so in others). 
The formation or removal of the rutile needles of 
silk and asterism in titanium-containing corun- 
dum is also diffusion controlled. Although tita- 
nium diffuses very slowly, the distances involved 
are so small, only a few micrometers, that pro- 
cesses 1 and 2 as well require only a day or so to 
be effective. The banding in Verneuil-grown co- 
rundum is much coarser; this explains why ex- 
tremely long heating would be required for the 
near-total removal of the banding by process 5, 
which involves the movement of the slowly dif- 
fusing color-causing transition metals such as 
chromium, iron, titanium, and nickel. It is not 
known if a total removal of the banding is pos- 
sible, since other factors (the dislocation struc- 
ture, for example} may prevent this from oc- 
curring. 

The movement of color- and star-forming at- 
oms into and within corundum is a very slow pro- 
cess; as a result, the effects of processes 7, 8, and 
9, discussed below, are limited to a relatively thin 
skin on and just below the surface, typically to a 
depth of a few tenths of a millimeter. Very high 
temperatures must be used to obtain significant 
penetration in a reasonable time, since the fuel 
costs for these forms of heat treatment are con- 
siderable. As a consequence of the high temper- 
atures required and the thin film that results, 
these treatment methods cannot be performed on 
rough material but must be applied to a preform 
or a cut stone; even so, only the lightest of pol- 
ishing (or repolishing, since the surface is rough- 


‘ened by the treatment) can be used or the affected 


skin will be completely removed. 
It is the localization of the effect of these treat- 
ment methods just below the surface of the stone, 
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Figure 7. A diffusion-treated sapphire (left) lies 
next to a sapphire treated by a method like the 
one described in process 3 (right), both 
immersed in methylene iodide, Immersion 
reveals that the diffusion-treated stone has 
much greater relief, as exemplified by a blue 
outlining of facet junctions. The stone on the 
right has low relief and does not show any facet 
junctions except near the girdle where some 
areas are Slightly abraded. Magnified 10x. 
Photomicrograph by Robert E. Kane. 


the restrictions on polishing, and the high tem- 
peratures required that provide the clues to iden- 
tifying that these processes have been used. View- 
ing such stones while they are immersed in 
methylene iodide reveals both the localized effect 
and a blotchiness from the combination of un- 
even diffusion and light repolishing (figures 7 and 
8}. Other signs are stress fractures, pockmarked 
faces, and abnormal girdles as discussed under 
processes 2, 3, and 4, and shown in figures 2 


Figure 9. ‘“Bleeding’’ of color around cavities 
and fractures in a diffusion-treated sapphire. 
Magnified 15x. Photomicrograph by 

Robert E. Kane. 
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Figure 8. Diffusion-treated sapphire immersed 
in methylene iodide. Note the chip on the center 
right of the stone, which reveals the color of the 
untreated portion (both the blue color and the 
color in the chip area are much lighter than they 
would appear without immersion and under 
normal lighting conditions). Magnified 10x. 
Photomicrograph by John I. Koivula. 


through 6 above, as well as a “bleeding” of color 
around pits and fractures (figure 9}, as described 
by Crowningshield and Nassau (1981). 


PROCESS 7: 

ADDING ASTERISM BY DIFFUSION 

If the corundum does not contain any titanium 
oxide, or at least not enough to form good aster- 
ism, it is possible to diffuse some into the gem- 
stone in the form of a thin layer at and just below 
the surface. This process was first described in a 
U.S. patent by Eversole and Burdick {1954}, in- 
tended for the manufacture or improvement of 
synthetic Verneuil stars; a similar description ap- 
peared later in a patent by Carr and Nisevich 
(1975). Both patents were assigned to the Union 
Carbide (and Carbon) Corporation (Linde). Typi- 
cally, to produce the desired effect, a slurry of 
aluminum titanate in water is painted onto the 
stone and then fired at about 1750°C for several 
days. The stone is cooled and a subsequent heat 
treatment, as in process 1, develops the asterism. 
The depth of penetration may be only one tenth 
of one millimeter. 

Natural sapphires with added asterism, as well 
as those with added color from process 8, have 
been described by Crowningshield and Nassau 
{1981}. The process appears to be applied primar- 
ily to fractured material that is unsuitable for fac- 
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Figure 10. Immersion in methylene iodide 
reveals the localization and blotchiness of 
diffusion caused by the combination of uneven 
diffusion and heavy repolishing (which 
uncovered the color of the untreated portion) of 
an orange-red diffused sapphire. Magnified 8 x. 
Photomicrograph by John I. Koivula. 


eting; it can be recognized in stones by the un- 
naturally sharp stars caused by very fine rutile 
needles, by uneven color, by “bleeding” of the 
color at pits and fractures, and by other evidence 
of high-temperature treatment such as stress frac- 
tures and pockmarked surfaces. 


PROCESS 8: 

ADDING BLUE BY DIFFUSION 

If insufficient iron oxide or titanium oxide is pre- 
sent in a colorless, yellow, green, or pale blue sap- 
phire, it is possible to add either or both of the 
missing ingredients by diffusion. A reducing at- 
mosphere as in process 3 is required, or a separate 
reductive heating step must follow oxidative dif- 
fusion. This type of diffusion is extremely slow, 
so that even with extended heating the penetra- 
tion will be shallow. The result is a relatively thin 
skin of dark blue. This process was described in 
detail by Carr and Nisevich (Linde patent} in 1975 
for the combination with process 7, and subse- 
quently as a separate process (Carr and Nisevich, 
1976, 1977). It appears to be in wide use (Crown- 
ingshield, 1980; Fryer, 1981), both on faceted 
stones and on cabochons. Identification includes 
immersion in methylene iodide as well as the 
other clues described above for process 7. 

When Linde stopped producing synthetic gems 
about 1975, these U.S. patents were assigned to 
the Astrid Corporation Ltd. of Hong Kong, a firm 
set up to take over Linde’s star corundum stock. 
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Accordingly, it would appear that any corundum 
diffusion treatment in this country (or the im- 
portation of such stones from abroad} could be 
performed legally only by Astrid or with their ex- 
press permission. 


PROCESS 9: 
ADDING COLORS OTHER THAN 
BLUE BY DIFFUSION 


Just as diffusion of iron and titanium oxide can 
produce a blue skin, so can other color-causing 
impurities also be diffused, again as described by 
Carr and Nisevich (1975, 1976, 1977). Thus, the 
diffusion of chromium produces a red skin, nickel 
gives yellow, chromium plus nickel creates the 
pinkish orange “padparadscha,” and so on; the 
colors that will be produced by the diffusion of 
different substances are well known from sap- 
phire synthesis (Nassau, 1980a). Orange-red dif- 
fused stones (figure 10) were examined in detail 
by Crowningshield in 1979. There may be prob- 
lems associated with oxidation/reduction condi- 
tions if variable valence ions such as iron are in- 
volved; the identifying characteristics are the same 
as those given for processes 7 and 8. 

The colors produced by these diffusion pro- 
cesses are just as stable as the natural and syn- 
thetic colors produced by the same impurities. 
This contrasts with the yellow to orange color 
produced by irradiating sapphire, which is unsta- 
ble and will fade on exposure to light. 


COMBINATION TREATMENTS 


As suggested above, several of these processes can 
be combined. Removal of silk and intensification 
of color can be achieved in a pale sapphire by 
heating the stone in a reducing atmosphere and 
then cooling it rapidly, in a combination of pro- 
cesses 2 and 3. The removal of silk will produce 
an improvement in color even in the absence of 
any other changes, since scattered white light no 
longer dilutes the color. Among the chemicals 
employed in this process as used on milky white 
to pale blue “’geuda” Sri Lanka sapphires are a red 
liquid reported by Crowningshield (1980] and since 
shown to be mineral oil (its role is described un- 
der process 3), the soda (sodium [bi-]carbonate?) 
reported by Harder (1980) which is said to prevent 
cracking of the stone and possibly to remove some 
iron preferentially (?}, and the ‘thick coating of 
local paste” used in oil, gas, or electric furnaces 
as mentioned by Gunaratne (1981). 
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Diffusion of iron and titanium oxides and a 
simultaneous reduction (as in process 3} can be 
performed, according to Carr and Nisevich (1975, 
1976, 1977), by embedding pale or nonuniform 
star sapphire in a mixture of 0.25 weight percent 
ferric oxide and 13 weight percent titanium oxide, 
with the balance being aluminum oxide, and 
heating the material in a reducing atmosphere at 
1750°C for 30 hours to produce a uniform-ap- 
pearing dark blue sapphire; this is a combination 
of processes 2, 3, and 8. The dominant effect is, 
however, limited to a thin skin at the surface of 
the stone. 


DISCUSSION AND SUMMARY 


Silk, asterism, various colors, and even imperfec- 
tions in ruby and sapphire can be intensified or 
diminished by appropriate heat and diffusion 
treatments, as summarized in table 1. One must 
sympathize with the gemologist in his attempt to 
establish whether any of these many treatment 
methods have been used on a given ruby or 
sapphire. 

Processes 1 through 4 can intensify or remove 
silk, asterism, or the blue color of sapphire. These 
processes involve heating in oxidizing or reducing 
environments only and mimic processes that oc- 
cur in nature. The development of potential as- 
terism by heat treatment, for example, is suc- 
cessful only if this step was omitted in nature. It 
is this parallel behavior that renders ineffective 
most tests commonly used to establish whether 
a stone has been heat treated by man. Oughton 
{1971} cites one such test (of which he himself 
states that “the wisdom .. . is doubtful”) in which 
the least valuable stone from a parcel is heated to 
observe the behavior. Unfortunately, even this 
rather risky procedure gives no definite answer in 
view of the many different types of heat treat- 
ment that could have been used previously, the 
analogous variety of ways in which the test could 
be performed, as well as the possibility of varia- 
tion within the parcel. In the absence of reliable 
tests to identify such treated material, the report 
and disclosure situation is not clear-cut. 

Processes 5 and 6 are used on synthetic ma- 
terial only, so the question of identification is 
most important but that of disclosure of treat- 
ment becomes irrelevant. 

The diffusion processes 7, 8 and 9 do not have 
a parallel in nature and their use can be identified. 
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Accordingly, it would seem that disclosure of 
color or stars synthetically enhanced by diffusion 
is essential. 

Finally, it must again be emphasized that the 
reaction of a material to a given treatment method 
may produce a variety of results, depending on 
the exact composition of the stone as well as on 
its previous treatment history, both in nature and 
by man. 
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PHOTOGRAPHING 


INCLUSIONS 


By John I. Koivula 


Although the general principles of 
photomicrography are easily learned and 
applied, high-quality photomicrography is 
an art that is mastered only with time 
and great patience. The microscope must 
be kept scrupulously clean, and the 
effects of light on the subject inclusion 
must be fully understood in order to 
determine what method(s) of 
ilumination will yield the most useful 
photographic image. Specialized 
techniques that can save film and time, 
while producing top-quality 
photomicrographs, are usually learned 
only through long hours of experience. 
This article discusses some of these 
techniques, such as the importance of a 
properly prepared microscope and 
photographic subject, as well as the 
control of vibrations and exposure time. 
In addition, the various methods of 
illumination that are adaptable to a 
standard binocular gemological 
microscope are introduced. 
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hotomicrography of inclusions in gems requires the 

combined techniques of gemological microscopy, 
photomicrography, and the various specialized methods 
of illumination that aid in capturing images of a gem’s 
interior on film. It is a simple matter to load film and 
place a camera body with a microscope adapter over a 
microscope eye piece, put a gem in the microscope’s gem 
holder, focus on the inclusions within, and start snapping 
pictures one after the other by pushing the button on the 
cable release. These, however, are only the first small 
steps toward good photomicrography. 

A sound working knowledge of inclusions in gems and 
how they react to various forms of illumination is vitally 
important. This knowledge is the first major step toward 
outstanding photomicrography. Along this road of learn- 
ing there are a number of stumbling blocks. How should 
exposure time be controlled? What about long exposures? 
How can vibration be reduced? What illumination tech- 
niques are available and how can they best be used? And 
so on. 

It is my intent in this article to introduce some im- 
portant considerations for photographing inclusions 
through a microscope and to help remove many of these 
stumbling blocks for the interested gemologist. This ar- 
ticle does not attempt to reiterate the “how to” of pho- 
tomicrography, which has been presented in numerous 
other articles (some excellent references, for example, are 
Gander, 1969, Lawson, 1960; Loveland, 1970; Webster, 
1966; and Eastman Kodak Co., 1974). Rather, it reports 
the specific application of these techniques to, and in 
many cases their refinement for, photographing inclusions. 


WHY PHOTOMICROGRAPHY? 


Not only are inclusion photographs often quite beautiful, 
but they can be highly informative as well. Properly iden- 
tified and catalogued, photomicrographs can serve as a 
visual reference library that greatly aids the gemologist 
both in the routine identification of gemstones and in the 
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determination of their origins, especially whether 
natural or synthetic. It is neither economical nor 
feasible for one individual to own every gem with 
interesting inclusions that has ever been encoun- 
tered, and it is impossible to remember the inter- 
nal characteristics of every major gem species. 
With photomicrographs, however, important in- 
clusion characteristics are always available for 
quick reference. 

Photomicrography also affords the jeweler- 
gemologist a permanent record of the internal 
characteristics of a specific gemstone. Inasmuch 
as no two inclusion images are ever exactly alike, 
the jeweler-gemologist, aided by photomicro- 
graphs, can identify beyond reasonable doubt a 
specific previously photographed stone. Even if a 
gem is recut, as long as the inclusions are deep 
within the stone rather than right on the surface, 
the stone can be identified through previous 
photomicrographs. 


GETTING A CLEAN START 


A good microscope should be treated as you would 
treat any precision instrument. When not in use, 
it should always be covered. Never smoke around 
optical equipment, and avoid eating while taking 
photomicrographs. Although these precautions 
should slow the process, oculars, objectives, and 
phototube lenses will eventually become dirty. 
Accordingly, when lens cleaning is needed, a can 
of compressed air should be used first to blow off 
all loose dirt particles. Then a soft camel’s hair 
brush can be employed to lightly loosen any stub- 
born dust so that another dose of compressed air 
will blow it away. Oily or greasy smudges can be 
cleaned with either distilled water (easily pro- 
duced by breathing on the lens surface) or any of 
the standard quick-evaporating lens cleaners and 
a lint-free lens tissue. Never dry-wipe a lens, as 
this will damage the coating and almost always 
guarantees a scratched surface. Dirty lenses pro- 
duce fuzzy, blurred photomicrographs, making it 
virtually impossible to obtain a critical focus on 
the subject. 

A clean photographic subject is almost as im- 
portant as clean lenses on the microscope. Tiny 
dust particles appear as bright hot spots on the 
developed film, and oily smudges and fingerprints 
will distort the view of the gem’s inclusions. If 
the subject is very oily, a standard lens cleaner 
and lens tissue can be used to clean the surface. 
Normally, though, just wiping the stone off with 
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a clean, lint-free gem cloth is sufficient. Canned 
air, a blower brush, and a fine-point needle probe 
can be used to remove small dust particles that 
are attracted to the surface after the initial clean- 
ing. A useful collection of items for the routine 
cleaning of microscope lenses and subjects, as 
shown in figure 1, should be kept close at hand. 

Pyroelectric species such as tourmaline are 
often troublesome dust gatherers when they are 
slightly warmed by the microscope illuminators 
commonly used. Therefore, a cool, fiber-optic light 
source is recommended for the illumination of 
such materials. 


THE TIME FACTOR 


Many gemologists rush their preparation for a 
photomicrograph, and a poor end product almost 
invariably results. The beginner in a hurry will 
end up with a far higher incidence of failure than 
of success. Speed will come only with experience. 
Whenever possible, as much time as is necessary 
should be invested to clean the subject thor- 
oughly and adjust the lighting to adequately il- 
luminate the desired features. A few extra mo- 
ments taken in the initial set up will not only 
save film, but will also eliminate the necessity of 
a reshoot in most cases. It should be remembered 
that the number of mistakes made increases as 
the time spent decreases, so if you want good in- 
clusion photomicrographs, be prepared to spend 
the time. 


Figure 1, A collection of items useful in cleaning 
microscope and gem alike. These are, from left 
to right: lens paper, lint-free gem cloth, lens 
cleaner (two brands displayed here), needle 
probe, small camel’s hair brush, can of 
compressed air, and camel’s hair blower brush. 


— 
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CONTROLLING VIBRATIONS 


Common vibration is often responsible for many 
a ruined photomicrograph. As exposure time and 
magnification increase, vibration problems also 
increase. The problem is how to isolate the pho- 
tomicrographic unit from unavoidable room vi- 
brations during the entire exposure cycle. Optical 
isolation benches and air flotation tables have 
been designed for this specific purpose, but their 
costs are prohibitive for most photomicrogra- 
phers. Making your own vibration control stage 
is the logical alternative, and this is easily done. 

Start with a hard, thick-surfaced, sturdy table 
as a primary base. Place a rubber cushion (such as 
a typewriter pad) on the table. Then put a %4- to 
¥2-inch-thick steel plate on the rubber cushion. 
Next, position another rubber cushion over the 
steel plate. On this cushion, place a 1- to 3-inch- 
thick granite (or similar rock) slab. Flat, pre- 
shaped, and finished rock slabs can be obtained 
from a local stone mason. The photomicrographic 
unit will rest on the rock slab. The rubber cush- 
ions effectively eliminate short, sharp vibrations 
while the table top, steel plate, and rock slab re- 
duce rolling vibrations of longer wavelengths. This 
method eliminates vibrations for virtually all 
magnifications less than about 150~. 

Even when an anti-vibration base is used, care 


must be taken to avoid touching the microscope 
itself, the table, or any miscellaneous equipment 
on the table during the actual exposure. 


EXPOSURE TIME 


Long exposure times are one of the inclusion pho- 
tomicrographer’s worst enemies because of the 
potential for color shifts in the film and vibration 
problems. The speed of the film used and the 
amount of light reaching the film dictate the 
length of exposure. In attempting to reduce ex- 
posure time, usually it is better to apply addi- 
tional light to the subject than to use a faster film. 
In general, the higher the film speed is, the greater 
the graininess of the film will be. If the recorded 
image is to be enlarged, this should be considered. 
Also, as the film speed increases, the quality of 
the colors obtained decreases. There is an obvious 
difference in color saturation and richness be- 
tween photographs taken with 50 ASA film and 
those taken with high-speed 400 ASA film. 


ILLUMINATION TECHNIQUES 


Dark-field Illumination. Through the micro- 
scope, the routine observation and photography 
of inclusions in gem materials is greatly aided by 
the use of dark-field illumination. In the dark- 
field technique, the direct transmission of light 


Figure 2. In dark-field illumination, 
the direct transmission of light from 
below the stone is blocked so that 
only indirect side light reflected from 
below reaches the subject. 
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Figure 3. Reminiscent of the Pailin, Cambodia, 
urano-pyrochiors, these two tiny, intergrown, 
orange-red garnets, surrounded by a residual 
liquid halo, seem to streak through their Thai 
sapphire host. The “comet tail’ is the result 

of directional growth disturbance caused by 
the garnets. Dark-field illumination, 
magnified 45 x. 


from below through the inclusion host is blocked 
by a dark-colored (preferably black}, opaque light- 
shield. The only light to reach the subject is in- 
direct side light reflected from below around the 
sides of the opaque light shield by a hemispheri- 
cal or circular mirror-like reflector (figure 2). 
With this technique, only light that is scat- 
tered or reflected by the inclusions enters the 
microscope objectives and passes to the film plane. 
The inclusion subjects are seen very brightly 
against a dark background. Even tiny inclusions 
stand out in high relief, and a tremendous amount 
of detail may be photographed. Dark-field lighting 
is most applicable to the study of included crys- 
tals (figures 3 and 4], some small fluid inclusions, 
healing fractures (figure 5}, and cleavages. 
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Figure 4. Often mistaken for rutile, this 
latticework of boehmite, AlO(OH), in an 
African sapphire is the result of stress along 
repeated twin junctions. Dark-field 
illumination, magnified 60x, 


Figure 5. The descriptive term fingerprint 
readily applies to partially healed fractures such 
as this one in rock crystal quartz from Brazil. 
Dark-field illumination, magnified 50x. 


For dark-field photomicrography, the subject 
must be very clean, since dust on the surface of 
the host readily stands out as tiny hot spots, 
while grease and finger smudges become highly 
visible surface swirls that tend to dim or fog the 
internal features. 


Polarized Light. Polarized light microscopy is often 
thought of as a mineralogist’s tool and has long 
been neglected by gemologists. Any gemological 
microscope with transmitted light capabilities can 
be easily converted, temporarily, to a polarizing 
microscope. Two polaroid plates are the only re- 
quirement. One polaroid, called the polarizer, is 
placed over the transmitted light port under the 
gem subject. The other polaroid, called the ana- 
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lyzer, is placed over the gem subject in front of 
the microscope objective (as shown in figure 6). 
Normally, the analyzer is rotated and the polar- 
izer remains fixed, but in this set-up both can be 
rotated. In routine examinations, unprotected 
plastic sheet polaroids with their fine scratches 
and slightly warped surfaces are adequate, but for 
photomicrography camera-type polaroid filters of 
good optical quality are needed. 

In color and variety, the world of polarized 
light microscopy can be both startling and beau- 
tiful, especially if one is using this technique for 
the first time. Internal strain around included 
crystals, crystal-intergrowth induced strain, and 
twinning (as illustrated in figures 7, 8, and 9} all 
become visible under polarized light. Included 
crystals of very low relief, if doubly refractive, 
will stand out readily when polarized light is used 
and optic figures in gems can be located and pho- 
tographed. If the polarizer is removed, the pho- 
tographer can easily capture an inclusion in a 
strongly birefringent gem, such as peridot or zir- 
con, by rotating the analyzer and clearing the 
otherwise strongly doubled image. 

In polarized-light photomicrography, light lev- 
els are usually low and exposure times are cor- 
respondingly long; if vibrations are controlled, 
though, the photographic results can be quite 
spectacular. 


Figure 7. Under polarized light, a crystal of 
apatite included in an almandine garnet from 
Sri Lanka shows the strain it is causing in its 
host. Magnified 70x. 


Figure 6. Polarized light microscopy 
requires the addition of only two 
polaroid plates, the polaroid polarizer 
and the polaroid analyzer, to convert 
a gemological microscope with 
transmitted light capabilities to a 
polarizing microscope. 
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Figure 8. This brightly colored pattern is produced by the effect of polarized light on a 
twinned orthoclase feldspar from Itrongahy, Madagascar. Magnified 50x. 


Figure 9, These seven gas bubbles in a 
piece of amber from the Dominican 
Republic reveal themselves to be strain 
centers under polarized light. 
Magnified 30x. 
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Figure 10. To produce transmitted out 


light, the dark-field light shield is 
removed and light is allowed to pass 
from directly below the gem, through 
the stone itself, upward into the 
microscope system. 
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Transmitted Light. Transmitted light is produced 
by removing the dark-field light shield and allow- 
ing the passage of light from directly below the 
gem, through the gem itself, upward into the mi- 
croscope system (see figure 10). A great deal of the 
detail normally seen with dark-field illumination 
is lost in transmitted light. Darkly colored or 
opaque included crystals and fine growth features 
are virtually washed out. Large fluid inclusions 
such as those shown in figure 11, however, are 
very easily examined in transmitted light. Details 
in these fluid chambers that were invisible under 
dark-field conditions stand out readily in a beam 
of transmitted light. Color zoning is also easily 
observed and photographed. 

When transmitted light is used, exposure times 
are at their shortest. Small dust particles on the 
surface of the host gem are no problem, since the 
quantity of direct bright light washing around 
them tends to cancel their ability to interfere 
with light transmission. 


Oblique Illumination. Between the 0° angle of 
horizontal lighting and the 90° angle of vertical 
illumination lies a range of angles that is known 
as the arc of oblique illumination (see figure 12). 

Oblique illumination is seldom used in gem- 
ology except in the examination of opaque ma- 
terials; when it is applied to transparent gems, 
however, the results can be both beautiful and 
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fascinating. Behaving like thin films, fractures 
and ultra-thin liquid fingerprints (such as those 
shown in figures 13, 14, and 15) spring to life, dec- 


Figure 11. This secondary healing plane of tiny 
negative crystal fluid inclusions in a spessartine 
garnet from Virginia is well detailed by 
transmitted light. Magnified 75 x. 
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Figure 12. Oblique illumination 
involves the transmission of light 
from an outside source along the 
range of angles between the 0° angle 
of horizontal lighting and the 90° 
angle of vertical illumination. 


Figure 13, This conchoidal fracture in a Brazilian beryl shows its every detail in vividly 
reflected colors. Oblique illumination, magnified 55x. 
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Figure 14. This partially healed pseudo- 
secondary fracture was photographed in a high 
zircon from Sri Lanka. The color-reflecting veins 
are areas of separation, while the black 
represents areas that have healed. Oblique 
illumination, magnified 40x. 


orated by vibrant interference colors. Interfaces 
surrounding included crystals show details of 
growth on the crystals that otherwise elude ob- 
servation. Reflecting facets return the oblique light 
rays to the observer’s eye, seemingly magnifying 
their intensity and the richness of color. 

A variety of lighting sources can be used for 
oblique illumination. One of the most efficient is 
a fiber optic illuminator, such as the one shown 
in figure 16. 

Oblique illumination may also be used in 
combination with other methods of illumination, 


Figure 16. A fiber optic illuminator, such as the 
one shown here, is an excellent source of 
oblique lighting. It can also be used to direct 
additional light where it is most needed, 
effectively reducing the exposure time in most 
Cases. 
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Figure 15. This cleavage in a fluorite from 
Colombia shows only small areas of 
nonseparation or healing (i.e., very little black). 
Oblique illumination, magnified 85x. 


such as dark-field or polarized lighting, to add 
color highlights and additional light where needed, 
thus revealing more detail, adding desirable re- 
flections, and reducing the exposure time re- 
quired. Figures 17, 18, and 19 illustrate the results 
that may be obtained when oblique illumination 
is used with another lighting source. 


Ultraviolet Illumination. The use of ultraviolet 
light in photomicrography and inclusion research 


Figure 17. Under combined polarized and 
oblique illumination, these garnets in a 
diamond from Africa show the strain produced 
in the host gem as a direct result of their 
presence. Magnified 40x. 
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is somewhat limited. If the host gem material, 
such as quartz or flourite, is transparent to ultra- 
violet wavelengths, then certain included organic 
fluids (such as those in figure 20} and fluorescing 
solids will be seen to glow under the influence of 
the ultraviolet illumination. The low light levels 
of ultraviolet photomicrography often require ex- 
cessively long exposure times, so slight vibrations 
in the equipment may become a problem. 


WHY NOT IMMERSION? 

Immersion techniques have their place in gem- 
ology; but not, at least in this writer’s opinion, in 
photomicrography. A general rule of thumb is 


Figure 18. As nucleating growth from their 
apatite centers, these stars of rutile in a red 
African garnet stand suspended above a plane 
of facet junctions. Dark-field and oblique 
illumination, magnified 30x. 
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Figure 19, Under combined transmitted and 
oblique illumination, these negative crystals 
show not only their detailed form but also the 
amethystine coloration of their Brazilian quartz 
host. Magnified 70x. 


that the more lenses and other optically dense 
media that lie between the film plane and the 
subject, the lower the image quality will be. The 
common immersion liquids are dense, poisonous 
organic compounds that are typically colored. 
They generally are difficult to work with and sen- 
sitive to the bright lights that are needed for in- 
clusion photography. Their colors tend to darken 


Figure 20. Under long-wave ultraviolet 
illumination these spherical voids, filled with 
liquid petroleum—a solid tar-like substance— 
and a bubble of methane gas, cause the interior 
of their Illinois fluorite host to glow. 
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after only short exposure to these lights. In ad- 
dition, they must be filtered continually to re- 
move the microscopic dust particles that readily 
contaminate them. If they are not filtered, the 
suspended dirt will appear through the micyro- 
scope as a milkiness composed of hundreds, or 
even thousands, of “floaters” in continuous mo- 
tion, some in focus and some just out. The con- 
vection currents in these dense liquids are often 
seen as heat wave—like swirls that can distort a 
photographed image, especially if the exposure 
time is long. 

Although, to the beginner, facet reflections are 
often very irritating and seemingly uncontrolla- 
ble, with experience the photomicrographer will 
find that these reflections can become welcome 
sources of additional lighting and can add both 
color and desirable highlights to photomicro- 
graphs. It is important to work with the light by 
manipulating both the gem being photographed 
and the source(s} of illumination. The use of im- 
mersion to control facet reflections, although 
somewhat tempting to the novice, only adds an 
additional thickness of optically dense material 
between the subject and the film, thus reducing 
the quality of the image. 


PHOTOGRAPHING SCRATCHED GEMS 

AND ROUGH CRYSTALS 

Occasionally a gem is encountered with unique 
internal patterns that beg to be photographed, but 
the surface of the stone is so badly scratched that 
obtaining a clear image is virtually impossible. In 
such situations, a modified immersion technique 
can work very effectively. This technique em- 
ploys a small droplet of an index of refraction 
liquid, such as a Cargille liquid, with a refractive 
index very close to that of the gem being photo- 
graphed. The droplet is placed on the scratched 
stone and, as it wets the gem’s surface, all of the 
abrasions seem to disappear, effectively eliminat- 
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ing the image obstructions and allowing a clear 
view of the gem’s interior. 

This technique has several advantages over to- 
tal immersion. The liquid layer is very thin, so 
the effects of liquid color and density currents on 
image quality are negated. So little liquid is used 
that clean-up is very easy, and the strong odors 
that are so prevalent during total immersion are 
practically nonexistent. In addition, back reflect- 
ing facets can still be used to highlight the inclu- 
sion. This method is especially useful on soft, eas- 
ily scratched gem materials such as amber. 

This technique is also very helpful when 
studying the interiors of natural crystals through 
their rough crystal faces or waterworn surfaces. 
And it can be a tremendous aid in locating optic 
figures in anisotropic gemstones without having 
to resort to total immersion. 


CONCLUSION 


Inclusion photomicrography is a gemological skill 
that is well worth mastering. The knowledge nec- 
essary to obtain high-quality photomicrographs 
goes far beyond the mere mechanics of the mar- 
riage of microscope to camera, and into the nature 
and very origins of the inclusions themselves. 

Photomicrography adds yet another dimen- 
sion to gemological microscopy and further aids 
the gemologist in recording and identifying stones 
and in appreciating the complex nature and strik- 
ing beauty of inclusions in gems. 
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CRYOGENICS, AN AID 
TO GEMSTONE TESTING 


By Stephen C. Hofer and D. Vincent Manson 


Cooling of gemstones to low 
temperatures provides for enhanced detail 
in the absorption spectra. This article 
identifies some simple techniques for 
cooling gems that are available to the 
jeweler-gemologist and offers a detailed 
description of the procedures used in the 
research laboratory for automatic 
recording of spectra at low temperatures. 
Examples of the differences observed 
between spectra recorded on stones held 
at room temperature and those recorded 
for the same stones at significantly lower 
temperatures are presented for diamond, 
emerald, and synthetic alexandrite. 
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Cryogenics 


he ability to measure the detailed transmission or 

absorption spectra of gemstones in the ultraviolet, 
visible, and infrared portions of the electromagnetic spec- 
trum is a necessity for the modern gemological research 
laboratory. Accurate data on the occurrence of absorption 
lines can be invaluable in the identification of some gem- 
stones. When used by the informed gemologist, spectra 
can also aid in distinguishing natural from synthetic, 
treated, or imitation gemstones as well as in determining 
the cause of the color in certain gemstones (Liddicoat, 
1977). 

In recent years, technological advances in spectros- 
copy have provided the gemologist with new and inter- 
esting possibilities. The specially designed optical spec- 
troscopy equipment assembled in the Department of 
Research of the Gemological Institute of America has 
proved invaluable in applying some of these advances, 
enabling the research gemologist to record, file, photo- 
graph, display, manipulate, and store spectral data for 
comparison in future identifications. 


Recently the application of cryogenics (i.e., the use of 
very low temperatures} to the system has played an im- 
portant role in extending the usefulness of spectroscopy 
in gem testing. The chapter on atomic motion in Holden 
(1965) describes the phenomenon whereby the thermal 
vibrations of atoms modify the transmission character- 
istics of light passing through a material. Essentially, 
atomic vibrations in the crystalline lattice “diffuse” the 
energies at which absorption occurs and make the ab- 
sorption lines broad and elusive at room temperature. 
Cooling the gems to low temperatures enhances the de- 
tail with which the absorption lines appear by slowing 
down the atomic vibrations in the crystalline lattice. 

This article discusses some techniques of cooling 
gemstones that are accessible to the jeweler-gemologist 
who is familiar with a hand spectroscope, as well as 
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methods and equipment used in the more sophis- 
ticated research laboratory. To illustrate the use- 
fulness of cryogenics in gemology, details of 
spectra recorded for diamond, emerald, and syn- 
thetic alexandrite are also given. 


LOW-TEMPERATURE SPECTROSCOPY 
FOR THE JEWELER-GEMOLOGIST 


There are several methods by which gems can be 
cooled to provide enhanced spectra for the gem- 
ologist using a hand spectroscope unit. Spectro- 
scope units that provide a gemstone holder are 
preferred, since the holder minimizes the need for 
handling and thus prematurely warming the cold 
specimen. If the unit does not have a built-in heat 
filter, one should be added to protect the gem- 
stone from lamp heat. 

One useful cooling agent is refrigerant gas, 
which is commercially available in disposable 
cans. Refrigerant aerosol products are marketed 
under a variety of names (e.g., Quik-Freeze MS- 
240, manufactured by Miller-Stephenson Chem- 
ical Co.}; all provide effective cooling of gem- 
stones to temperatures of approximately —45°C/ 
—50°F. Such temperatures are usually recorded in 
the scientific literature on the Kelvin scale. See 
table 1 for temperature conversions between 
Fahrenheit, Celsius, and Kelvin. 

An alternative coolant might be ice or, pref- 
erably, “dry ice” (solid carbon dioxide). A less sat- 
isfactory cooling method, but one that is still of 
value with some stones, is to leave the stone in 
a pair of tweezers in a food freezer for a short pe- 
riod of time {approximately 15 minutes) before 
examining it with the spectroscope. 

With some practice, in most cases the gem- 
ologist will be able to see a sharpening of spectral 
lines on the cooled stone, and thus will observe 
more detailed spectra. Additional information on 
other spectroscopic techniques for improving 
spectral observations can be found in Webster 
(1975). An excellent series of articles on tech- 
niques useful to the spectroscopist have been 
published by Anderson (1953}. 

While there are some advantages to be gained 
with the methods of cooling described above, they 
are not entirely satisfactory. First, the gem will 
absorb heat rapidly from the surrounding air, so 
spectral examinations must be done quickly to 
ensure the most satisfactory results. Second, some 
gemstones, because of inclusions present, are sus- 
ceptible to damage when subjected to abrupt tem- 
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TABLE 1. Temperature conversions for degrees 
Fahrenheit, degrees Celsius, and Kelvin units. 


Degrees Fahrenheit (°F) 9/5 (°C) + 32 
Degrees Celsius? (°C) 5/9 (°F — 32) 
°C + 273.16 


Kelvin (K) 


oi il 


aPreviously Centigrade. 


perature changes (Koivula, 1980). Great care 
should be taken not to ‘thermally shock” the 
stone. We recommend that cooling with refriger- 
ant gas or dry ice be avoided when testing highly 
included gems. 


LOW-TEMPERATURE SPECTROSCOPY 
WITH LIQUID NITROGEN 


In order to cool gems gradually and observe spec- 


tra at cryogenic temperatures on a routine basis, 
the GIA research department recently con- 
structed an optical bench spectroscopy unit sim- 
ilar to the one described by Scarratt (1976). This 
design for an apparatus to lower the temperature 
of gems during a spectroscopic examination was 
proposed by Dr. A. T. Collins of King’s College, 
London, for use in the London Chamber of Com- 
merce Gem Testing Laboratory. 

While the optical bench arrangement does not 
readily provide a permanent record of the ob- 
served spectrum, it is very practical and relatively 
inexpensive compared to the more sophisticated 
equipment used in the research laboratory. By 
boiling off liquid nitrogen (available from sup- 
pliers of industrial gases} and passing the vapor 
through a tube protected by an evacuated annular 
sleeve (see figure 1), the gemologist can easily 
achieve a temperature of 120 K and maintain it 
for an extended testing period relative to the ab- 
breviated period available with the previously 
mentioned cooling methods. The windows in the 
tube are made of silica glass to extend the light 
transmission into the ultraviolet and near in- 
frared regions of the spectrum. 

A unique feature of the GIA system results 
from the design of the tube system to enable the 
testing of as many as seven stones during a single 
cooling cycle. The mounting plate has apertures 
to accommodate gemstones of various sizes, and 
is connected to a rod for positioning the gem in 
the focused light beam. This metal rod also serves 
as a thermocouple probe which provides for a dis- 
play of the gemstone’s temperature. The light 
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Figure 1. Diagram of a glass tube with evacuated annular sleeve and mounting plate for 


use with liquid nitrogen on an optical bench. 


beam, after it passes through the cooled gem, is 
collimated and focused with lenses onto the slit 
of a direct-vision spectroscope for analysis. Cool- 
ing the gem for spectral analysis by this system 
has proved useful in the lab and provides a dra- 
matic view of the sharpening effect that cooling 
has on spectra. For more detailed analysis of gem 
spectra, a recording capability is desirable. 


THE RECORDING SPECTROPHOTOMETER 


The Zeiss PMQ; spectrophotometer used at GIA 
is suitable for studying the absorption of radiation 
by gemstones in the ultraviolet, visible, and near 
infrared regions of the electromagnetic spectrum 
from 2000 A (angstroms) to 25,000 A. The essen- 
tial equipment to complete such a spectrophoto- 
metry system includes a light source, a mono- 
chromator, a sample compartment, a detector, 
and recording devices (figure 2}. The monochro- 
mator is used to select the electromagnetic radia- 
tion of a single frequency from a beam of radia- 
tion that covers a wide range. The Zeiss PMQ; 
single-beam monochromator is equipped with an 
automatic wavelength drive assembly, which 
makes a spectral scan between any two wave- 
lengths in the ultraviolet, visible, and near in- 
frared regions possible. 

The wavelength drive is equipped with a re- 
mote-control start/stop switch operated by a com- 
puter that is programmed to record an absorption 
spectrum and store it in computer memory au- 
tomatically. As many as 150 different spectra 
may be stored on one “floppy” data disc. Later 
comparison and manipulation of the stored spec- 
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tra is possible with display of the spectral trans- 
mission curve on a cathode ray tube screen or on 
a chart recorder. These displays enable the oper- 
ator to assess the character of the spectral scan 
rapidly and to measure the wavelength of the ab- 
sorption bands precisely. 

The absorption lines and bands may be mea- 
sured directly at the wavelength at which they 
occur (in angstroms) or may be converted into 
units of electron volts that correspond to the en- 
ergy associated with that wavelength, wavenum- 
bers, or into any other desired unit (Nassau, 1976). 

With the addition of the custom-designed cry- 
ogenic system to the spectrophotometer, trans- 
mission spectra may be collected on faceted gem- 
stones held at temperatures as low as 50 K. The 
Air Products and Chemicals Corporation model 
CS-1003 cryogenic compressor is a closed-cycle 
cooling system with a cooling range to 40 K 
(233°C). The unit consists of a compressor mod- 
ule that is connected to a high-pressure valve as- 
sembly which provides a flow of research-grade 
helium to the ‘cold tip,” a displacer/expander 
cooling assembly. The system gives fast (less than 
30 minutes} cool down and temperature stability 
at 40 K. The ease of operation and small size of 
the CS-1003 make it suitable for use with the 
Zeiss PMQ; spectrophotometer. 

To control the transfer of convective heat and 
to provide a moisture-free environment for the 
stone, a high-vacuum sample cell was fabricated. 
The cell has optically flat silica glass windows for 
transmission of the light beam. With this appa- 
ratus, a vacuum of 1 x 107 torr is maintained for 
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1. vacuum pump 


. displacer/expander 
cold tip 


. detector 


. sample compartment 
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. CS-1003 cryogenic compressor 


high-pressure valve assembly 


. sample cell vacuum shroud 


. Zeiss PMQ3 monochromator 


10. automatic wavelength drive 

11. lamp 

12. digital temperature controller/indicator 
13. photomultiplier indicator 

14. tungsten lamp power supply 

15. mercury vapor lamp power supply 


16. computer system 


17. remote control start/stop switch 


18. recording devices 


Figure 2, Schematic diagram of the automatic recording spectrophotometer and cryogenic 


system used at the Gemological Institute of America. 


extended periods during a cryogenic spectroscopic 
examination. 

Collecting the scattered transmittal light sig- 
nal that results when the collimated light beam 
is passed through a small faceted gemstone poses 
a problem that has also been solved with this sys- 
tem. A set of truncated parabolic reflectors with 
known focal lengths are positioned back to back 
with the gemstone at the common focal point. 
This allows examination of gems of any shape 
from 0.5 mm to a maximum of approximately 20 
mm in any dimension (figure 3]. 

With the addition of an ADP-B temperature 
indicator/controller, the system can monitor the 
temperature of samples to a stability of +1 K over 
a range of 40 K to 300 K. The cool-down time is 
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less than 30 minutes, and the addition of a heater 
circuit at the tip enables the rapid return of the 
cold head to room temperature. Two iron-doped 
gold vs. Chromel thermocouples are connected to 
the temperature indicator/controller, one for the 
cold tip and the second for the sample mount to 
determine the temperature gradient, if any, be- 
tween the cold head and the actual sample. 

The present arrangement of a single-stone 
sample cell has proved invaluable to linking the 
cryogenic capability with gemstone spectroscopy 
in the research laboratory. To extend these ca- 
pabilities, a new sample cell has now been de- 
signed with a vacuum shroud that will accom- 
modate up to five samples for examination during 
a one-hour cool-down period. 
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vacuum shroud 


silica glass window 


truncated parabolic reflectors 


silica glass window 


Figure 3. Schematic diagram illustrating the use of truncated parabolic reflectors in a 


cryogenic sample compartment. 


EXAMPLES OF 
CRYOGENIC SPECTROSCOPY 


Three examples of how the spectral absorption 
lines observed in gemstones cooled to very low 
temperatures can show more detail than those 
observed in the same stones at room temperature 
are presented here. Two visible-region spectra 
were recorded for an irradiated diamond, an em- 
erald, and a synthetic alexandrite for the wave- 
length range from 4000 A to 8000 A, as shown in 
figure 4. In each section of this figure, the upper 
spectrum plot is recorded at room temperature, 
the lower at 55 K (—218°C], on the Zeiss PMQ, 
spectrophotometer. The absorption ‘lines’ ap- 
pear here as sharp depressions in the continuous 
transmission curve. In figure 5, the same spectra 
are shown as they would be observed on the hand 
spectroscope used by most gemologists. 


Diamond. Some of the principal features of the 
optical absorption spectra of an irradiated dia- 
mond are displayed in section A of figure 4. A 
natural diamond containing nitrogen impurities 
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(evident from the line at 4155 A} has been irra- 
diated and heat treated to enhance its color. The 
key to the history of this stone was found through 
spectral examination at a very low temperature. 
The 4960 A/5040 A pair is barely discernible at 
room temperature (upper plot}, and the 5920 A 
line is questionable because of its elusive nature. 
On the spectral absorption plot produced when 
the stone was cooled to 55 K, the enhancement 
of the 5920 A and other absorption lines proves 
the irradiation history of this stone. 


Emerald. Cooling of an emerald, as represented in 
section B of figure 4, provides the spectroscopist 
with a classic representation of the absorption 
pattern of emeralds. The sharp line at 4770 A, 
which is not often seen in light-colored emeralds, 
is clearly evident at 55 K. The general appearance 
of the chromium lines in the red area improved 
after cooling. There are three main lines, at 6352 
A, 6593 A, and 6830 A; under close inspection, 
the 6830 A line is seen to be a doublet of lines at 
6802 A and 6843 A. 
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A. Diamond 
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B. Emerald 


7 \ 
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C. Synthetic Alexandrite 


6000 


7000 8000 


Figure 4, Visible-light spectral transmission curves 
for (A) diamond, {B) emerald, and (C) synthetic 
alexandrite, as documented by the automatic 
recording spectrophotometer at room temperature 
(upper curve) and at 55 K (lower curve). 
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A. Diamond 
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Figure 5. Drawings of absorption spectra for 

{A} diamond, (B) emerald, and (C) synthetic 
alexandrite, as observed on a direct-vision 
spectroscope before fat room temperature) and 
after the stones were cooled with liquid nitrogen. 
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Synthetic Alexandrite. Part C of figure 4 shows 
the spectra recorded for a synthetic, flux-grown 
alexandrite. Cooling to 55 K provided for a most 
interesting enhancement of the spectrum seen at 
room temperature. A fine structure of absorption 
lines extends from the 6830 A line toward the 
green, and the two weak absorption lines in the 
blue region at room temperature resolve into four 
lines with separate energies at 55 K. 


CONCLUSION 


Cooling of gemstones to low temperatures during 
spectroscopic examination provides for enhanced 
detail in the spectra observed. The jeweler-gem- 
ologist who uses the simple methods for cooling 
gems described here will, with a little practice, 
find that he or she can obtain better spectral in- 
formation on many gemstone species. The spec- 
troscopist is advised, however, to exercise caution 
to avoid thermal shock and possible damage to 
the gemstones. 

The use of more sophisticated equipment al- 
lows for the controlled and gradual change of tem- 


perature, which greatly reduces the danger of 
damage and provides for longer observation at low 
temperatures. Results obtained on the automatic 
recording instrumentation used in the GIA re- 
search laboratory have demonstrated the advan- 
tages of using cryogenic temperatures in the spec- 
troscopic observation of gemstones. 
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REVOLUTION IN DIAMOND CUTTING: 
LASER SAWING OF DIAMOND CRYSTALS 


By David M. Baker 


Laser sawing of diamonds is beginning to 
revolutionize the diamond-cutting industry. Not only 
does the laser saw offer savings in time and money, 
but it also enables the cutting of material virtually 
unworkable by conventional methods and makes 
available an almost limitless assortment of fancy 
shapes. This article describes the components and 
operation of the laser saw, as well as the situations 
in which it has proved most useful. 


The modern technology of the laser (/ight am- 
plification by the stimulated emission of radia- 
tion) has penetrated the ancient art of diamond 
cutting. The use of lasers represents one of the 
greatest technological advances for the diamond 
cutter since the advent of the conventional dia- 
mond saw in the 1930s. In the hands of a com- 
petent operator, the laser saw can save time and 
money, and can greatly reduce the risk associated 
with conventional cutting methods. 

The art of laser sawing is, for the most part, 
a well-kept secret. Although the manufacturers 
of laser diamond-cutting equipment are careful 
about releasing statistics on the number of units 
currently in use in the diamond industry, unof- 
ficial sources estimate that there are approxi- 
mately 15 units in the U.S. and a total of 50 units 
in operation worldwide. In many cases, diamond 
cutters with adjacent offices are not aware that 
their neighbors have laser facilities. 

On the basis of information gathered from 
sources in the diamond-cutting industry and re- 
searchers involved with laser technology, this 
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article describes the laser saw and explains how 
it is used to cut diamonds. The article also dis- 
cusses those situations in which the laser saw has 
proved to be invaluable. 


THE LASER SAW 


The components of the laser saw are illustrated 
in figure 1. On the right, a large cabinet houses 
a power amplifier for the laser’s flash lamps. These 
lamps surround the neodymium-doped yttrium 
aluminum garnet (Nd:YAG} rod, which is en- 
closed in the smaller metal cabinet that appears 
in the center of figure 1. Located off to the left 
outside the first figure are the focusing lens, the 
x-y platform on which the stone is mounted for 
passage through the laser beam, and a microscope 
and television monitor, both of which are used to 
observe the progress of the laser through the stone 
(see figure 2), 

The laser beam is created as light from the 
flash lamp excites the neodymium atoms in the 
YAG crystal host, causing them to give off laser 


ABOUT THE AUTHOR 


Mr. Baker is director of Cintrem, Lid., diamond cutters and 
jewelry manufacturers, Columbus, OH. 


Acknowledgments: The author thanks the following individuals 
for their help in preparing this article: Jerry Ehrenwald, Laser 
Sawing Services, New York, NY; Dr. Casperson, Electronic 
Sciences, Quantum Laser Research, the University of 
California, Los Angeles, and Roy Doxstader and Robert 
Schricker, Control Laser-Holobeam, Orlando, FL. 


©1981 Gemological Institute of America 


GEMS & GEMOLOGY Fall 1981 


Figure 1. The laser saw unit consists of a large 
cabinet that houses the power amplifier for the 
flash lamps (on the right), a smaller cabinet 
that encloses the laser rod (center), and an x-y 
platform computer (off to the left). 


\ 


Figure 2. To complete the laser saw unit, this 
figure shows the x-y platform, the focusing 
lens, and the microscope and television 
monitor used to observe the progress of the 
laser through the stone. 


light. This light is emitted from the rod as a par- 
allel beam of a single color. (Actually, the light is 
invisible, with a wavelength of 10,640 A in the 
near infrared region of the spectrum.} A procedure 
known as Q-switching is used in most diamond- 
cutting laser saws to increase the intensity of the 
light beam. 

The beam that is emitted from the rod is 1.5 
mm in diameter; it subsequently passes through 
a lens system that increases the diameter to 12 
mm. A special mirror reflects the infrared laser 
light at 90° while allowing the visible light to 
pass, The reflected light then passes through an- 
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other lens system that focuses the beam down to 
a spot 25 microns in diameter on the diamond to 
be cut. 

In contrast to conventional cutting methods, 
in which the saw as well as the stone being cut 
move, the beam in laser sawing remains station- 
ary; the cutter needs only to focus further into the 
stone as the sawing progresses. The diamond is 
mounted in a dop similar to those used in con- 
ventional cutting, and then placed on the x-y plat- 
form. The desired cut is preprogrammed into a 
computer linked to the platform; the platform 
then moves the diamond through the beam in a 
back-and-forth motion precisely as determined by 
the system operator. 

Once the beam reaches the stone and the plat- 
form begins to move, the sawing starts. At the 
point where the laser beam strikes the diamond, 
the temperature is extremely high. As a result, 
the diamond’s molecular structure at this point 
is converted to graphite on one pass of the beam, 
with the graphite build-up evaporated or ‘burned 
off” on the retum pass. It is known that, in air, 
diamond combustion occurs at 690°C to 875°C. 
Inquiries made to determine the beam tempera- 
ture at the point of laser contact remain unan- 
swered, 

The width of the cut produced is directly re- 
lated to the size of the crystal being cut, as a con- 
sequence of the V-shaped nature of the beam. 
Weight loss, approximately 5%—7%, is slightly 
greater than when a stone is cut by conventional 
means, and depends on such variables as the size 
of the crystal and the expertise of the cutter. A 
representative cutting time would be approxi- 
mately eight hours for a 10-ct. crystal. 

Once the crystal has been completely sawed, 
the stone looks brackish and opaque. Cleaning by 
one of several recommended procedures returns 
the stone to its precut appearance. The saw plane 
(figure 3) shows minute parallel striations as a re- 
sult of the movement of the platform. 


WHY CUT WITH LASER? 


Many diamonds with distorted growth, such as 
graining or twinning, are virtually impossible to 
cut by conventional means because of the changes 
in cleavage and sawing planes they contain. One 
diamond cutter recently presented a piece of dis- 
torted rough in excess of 20 cts. that had been in 
his possession for over 15 years. It had been care- 
fully sawed and cleaved four or five times over 
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Figure 3. Striated appearance of the laser saw 
plane. 


the years in an attempt to unlock the key to its 
structure that would allow production of the fin- 
est, largest stone possible. A stone such as this 
can now be sawed by laser without regard for the 
grain. 

The laser saw can also be of help in those sit- 
uations where the material has included crystals 
of diamond along the plane selected for sawing. 
Given our knowledge that diamond has conven- 
tional primary sawing directions parallel to the 
theoretical cube faces and secondary sawing di- 
rections parallel to the theoretical dodecahedral 
faces, and that the crystallographic orientation of 
the included crystals of diamond is random to the 
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host crystal in most instances, it is evident that 
the different sawing planes make conventional 
sawing next to impossible. A diamond cutter 
using conventional equipment does not “saw” 
through an included crystal of diamond, he “wor- 
ries” through it. The vibrations produced when 
the blade reaches the included crystal can cause 
the crystal to shatter. Even if the stone does not 
shatter, the cutting time may easily be twice or 
three times that of a normal stone, extending into 
many days or even weeks. With laser technology, 
this problem is tackled easily and efficiently in a 
matter of hours. 

Other applications of the laser saw include the 
ability to produce many of the new fancy shapes 
on the market today—horseheads, oil wells, stars, 
butterflies, initials, and the like. In addition, there 
are many industrial applications for laser-cut dia- 
monds: wire dies, surgical instruments, heat sinks, 
and many others for the electronics and aerospace 
industries. The potential for unusual cuts is lim- 
itless with this method, although it is still some- 
what of a mystery how some of these special cuts 
are polished. The techniques used have remained 
firm trade secrets. 

There are several manufacturers of laser saw- 
ing equipment in the U.S. and abroad. Many will 
provide the buyer with the training needed to be- 
come a competent laser saw operator. At this 
writing, an initial investment of approximately 
US$75,000 for the laser equipment is required be- 
fore the first stone is cut. However, lasering ser- 
vices are available on a contract basis. 
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RUBY IN DIAMOND 
By Henry O. A. Meyer and Edward Gubelin 


The first substantiated identification of corundum 
(var. ruby) occurring as an inclusion in natural 
diamond is presented. The ruby is assigned to the 
eclogitic suite of inclusions in diamond, and the 
implications of its occurrence are discussed in 
relation to the genesis of “‘eclogitic”’ diamonds. It is 
concluded that diamond crystallizes from a melt 
over a long period of time with possible fluctuations 
in ambient temperature and geochemical 
environment. 


Inclusions in gemstones can be fascinating for 
scientist and layman alike. Scientifically, they aid 
in deciphering the genesis of the mineral; gemo- 
logically, they are often distinctive and aid in 
identifying the host stone (Gtibelin, 1953, 1974). 

In 1645, John Evelyn, a diarist, reported seeing 
a “faire Rubie” inside a diamond that belonged to 
a Venetian nobleman (DeBeer, 1955}. This iden- 
tification, although historically interesting as one 
of the first recorded observations of a mineral in- 
cluded in a gemstone, has usually been consid- 
ered incorrect. Harris (1968) suggested that the 
inclusion to which Evelyn referred was probably 
a gamet, since garnets have now long been recog- 
nized as inclusions in diamonds (see Futergend- 
ler, 1950, and Futergendler and Frank-Kament- 
sky, 1961). Early in 1967, Meyer {1967} used the 
electron microprobe to obtain the first chemical 
analyses of mineral inclusions in diamond and 
discovered that two chemically distinct types of 
garnet were present. One type consists primarily 
of magnesium- and chromium-rich, calcium-poor 
pyropes; whereas the second type is calcium and 
iron rich, and has virtually no chromium. This 
latter group of garnets is made up of almandine 
pyropes; its members are orange-red, whereas the 
chromium-rich garnets (chrome-pyropes*, Meyer, 
1968} of the first group are claret colored. Similar 
results were obtained by later studies (e.g., So- 
bolev and Lavrent’yev, 1969; Prinz et al., 1975, 
Meyer and Svisero, 1975). 


“Asterisk denotes terms defined in the glossary included 
with this article, 
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It was also observed during the early micro- 
probe analyses conducted by Meyer and Boyd 
(1968, 1969, 1972), and described by Sobolev (1974) 
and by Prinz et al. (1975), that not only did the 
garnets comprise two distinct groups, but most 
inclusions in diamond could be assigned to one 
of two suites as well: the ultramafic’ or the eclo- 
gitic*. The members of these suites are listed in 
table 1. Reviews of the minerals in these suites 
are to be found in Meyer and Tsai {1976], Gtibelin 
et al. (1978), and Harris and Gurney (1979]. It 
should be noted that ruby does not appear on 
either list of inclusions in table 1. 


RUBY INCLUSION IN DIAMOND 


During endeavors to find diamonds with unusual, 
colored mineral inclusions, one of the authors re- 
ceived two diamonds of unknown origin with red 
crystal inclusions that, on the basis of previous 
knowledge, were first tentatively identified as 
chrome-pyrope garnets with a low Cr,O3 content. 
However, the difference in hue between the two 
inclusions, one of which was claret red while the 
other was a typical “ruby” red, was so great that 
additional research was pursued. 

The claret-red inclusion, which we freed from 
its host diamond by breaking the latter, proved on 
analysis to be a chrome-rich pyrope garnet indeed. 
However, analysis with the electron microprobe 
showed that the other inclusion, which was ex- 
posed at the surface of one crown face of the 0.06- 
ct. brilliant-cut diamond (see figure 1}, showed 
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TABLE 1. Minerals of the ultramafic and eclogitic inclusion suites. 


Suite Mineral Chemical composition® 
Ultramafic Olivine (Mg,Fe).SiO, 
Enstatite (Mg,Fe).Si.0, 
Diopside (Ca,Mg,Fe).Si.05, 
Cr-pyrope garnet (Mg,Fe,Ca),(Al, Cr) 2Si3012 
Mg-chromite (Mg,Fe),(Cr,Al),O4 
Mg-ilmenite a Mg),TiOg 
Phlogopite K(Mg,Fe)eSigAl2O20(OH)a 
Sulfides Fe7S,; CuFeS,; (Fe,Ni)oSe 
Eclogitic Almandine-pyrope garnet (Fe,Mg,Ca),Al,Sis012 
“Omphacitic” clinopyroxene (Ca,Mg,Fe,Na),(Si,Al)2O5. 
Coesite High-pressure form of SiOz, quartz 
Rutile TiO, 
Kyanite Al,SiOs 
Fe-chromite (Fe,Mg).(Cr,Al),O, 
Biotite Ko(Fe,Mg)«(Al, Ti)aSigAlzO29(OH), 
Sulfides Fe,S,; CuFeS,; (Fe,Ni)oSs 


"The order of the elements indicates the order of importance. Thus, in olivine, Mg ts more 


important than Fe. 


that it was in fact corundum (var. ruby). The an- 
alytical data for this inclusion, together with the 
data for a gem ruby from Burma, are presented in 
table 2. 

Single-crystal X-ray diffraction studies further 
substantiated this identification of ruby as an in- 
clusion in diamond. The diffraction pattern of the 
inclusion was identical to that of a reference ruby 


or corundum, Cell dimensions were a, = 4.76 A, 
Cy = 13.22 A, compared to 4.758 A and 12.991 A, 
respectively, for a synthetic corundum. 

From the X-ray photographs it was observed 
that the crystal orientation of the ruby did not 
line up precisely with that of the host diamond 
as it would in an epitaxial relationship. However, 
several crystallographic zones in the diamond were 


GLOSSARY OF SPECIAL TERMS 


Chrome-pyrope 

A garnet that is composed mostly of pyrope 
(Mg;Al,S$i,0,.) in which some of the Al is re- 
placed by Cr. The end member with no Al and all 
Cr (Mg;Cr.Si,O,,) is referred to as knorringite. 


Eclogite 

A rock consisting predominantly of two min- 
erals: a reddish iron-magnesium-calcium garnet 
and a pale green sodium-calcium rich pyroxene 
referred to as omphacite. Eclogites are believed 
to occur at depths in the earth, but they are not 
as common as the ultramafic rocks. 


Grospydite 
A rock consisting of the minerals grossular gar- 
net, pyroxene, and disthene (kyanite). 
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Ultramafic 

A term used to describe minerals that have a low 
silica content but are usually rich in magnesium, 
iron, and possibly alumina. Rocks in which these 
minerals occur (ultramafic rocks) are thought to 
be common in the upper mantle of the earth, i.e., 
deeper than 35 km. Peridotite, consisting of about 
90% olivine, is a good example of an ultramafic 
rock. 


Xenolith 

A fragment of rock that is foreign to its host rock. 
Thus, in kimberlite one often finds fragments of 
rocks from the deeper parts of the earth that are 
chemically and mineralogically unrelated to 
kimberlite and were incorporated into the host 
kimberlite during its ascent from a depth of about 
150 km. 
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Figure 1. Ruby crystal included in a 0.06-ct. 
brilliant-cut diamond. 


close to those of the inclusion, and possibly at the 
high temperatures and pressure in which the ruby- 
diamond couple formed, the crystallographic ori- 
entation of the two minerals was better. The in- 
clusion is somewhat elongated and has rounded 
faces; the elongation may be subparallel to the 
c-crystallographic direction. 

The small size of the ruby inclusion and the 
fact that it is partly contained in its host stone 
made determination of the ultraviolet fluores- 
cence and absorption spectrum difficult. Never- 
theless, in spite of the yellowish fluorescence dis- 
played by the host diamond, a faint reddish 
fluorescence was obvious from the inclusion. Fur- 
thermore, a very faint absorption line was per- 
ceived at 6600 A, and a slightly stronger one at 
6935 A. Admittedly, the absorption data are sub- 
ject to some error, but they are compatible with 
the microprobe and X-ray determinations that the 
inclusion is a ruby. 


DISCUSSION 


This is the first substantiated identification of 
corundum ({var. ruby] as an inclusion in natural 
diamond. The occurrence of this mineral as an 
inclusion is not unexpected, since both ruby and 
sapphire have been reported in South African 
kimberlite (Harger, 1911}, and corundum-bearing 
eclogite and grospydite* xenoliths* have been 
found in kimberlites in Siberia and Africa (So- 
bolev, 1964; Sobolev and Kuznetsova, 1965; Rick- 
wood et al., 1968}. More recently, Sobolev (1974) 
reported a diamond-bearing corundum eclogite 
from the Mir kimberlite pipe. Curiously, the co- 
rundum in this Mir eclogite is bluish, whereas 
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that in non-diamondiferous eclogite from the Ob- 
nazhennaya kimberlite is violet-pink. The pink- 
ish color is due to the presence of chromium, as 
is the case of the corundum inclusion reported 
here (table 2). 

We have, therefore, assigned this ruby to the 
eclogitic suite of mineral inclusions in diamond. 
Interestingly, it is usual for the inclusions in the 
ultramafic group to show enrichment in chro- 
mium, this ruby is the first member of the eclo- 
gitic suite to have this feature. The fact that ruby 
has not previously been recognized in diamond is 
probably a consequence of its rarity as an inclu- 
sion. Evidence for this rarity is perhaps indicated 
by the rareness with which corundum eclogites 
occur in kimberlite. 

If we confine the discussion to diamonds for 
which genesis is associated with the chemical en- 
vironment in which eclogites are formed, the fol- 
lowing conclusions are suggested. 

First, the generally monomineralic nature of 
the inclusions, their lack of impurities and chem- 
ical zoning, and their smallness (usually less than 
400 wm} suggest that the diamonds crystallized 
from a melt. 

Second, the similarity in chemical composi- 
tion of garnet and pyroxene inclusions with those 
of the host eclogite in which the diamond is 
embedded (Sobolev et al., 1972) suggests growth 
equivalent in time at least to that of the major 
mineral phases {garnet and pyroxene) in the 
eclogite. 

Third, the zonal stratigraphy revealed by etch- 
ing diamond, as well as the marked variation in 


TABLE 2. Analysis of corundum (var. ruby) inclusion in 
diamond compared to a ruby from Burma. 


% present in the % present in the 


Oxide inclusion in diamond Burmese ruby 
SiOz 0.29 0.18 
TiOg 0.09 0.00 
Al,O3 97.4 99.3 
Cr03 1.30 0.96 
FeO 0.22 0.00 
MgO 0.13 0.02 
CaO 0.02 0.02 
MnO 0.02 0.04 
NiO 0.01 0.01 
Na,O 0.04 0,00 
KO __0.00 0.01 
Total 99.5 100.5 
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chemistry and morphology of diamond, suggest 
that throughout its growth period diamond has 
been subjected to fluctuating geochemical con- 
ditions or to changes in pressure and temperature. 
A combination of temperature and chemical vari- 
ations is most likely. 

Finally, the presence of ruby, kyanite, coesite, 
rutile, and other relatively rare or minor minerals 
as inclusions in diamond is evidence that the 
“eclogitic diamonds’’ must have formed in a va- 
riety of geochemically distinct, but similar, en- 
vironments. For example, coesite-bearing dia- 
monds (and coesite eclogites) obviously formed in 
a relatively silica saturated environment com- 
pared to the alumina-rich environment that would 
give rise to corundum eclogites (or ruby-bearing 
diamonds). 

Much information has been obtained during 
the last several years regarding the chemical char- 
acteristics of inclusions in diamond. Unfortu- 
nately, much more information is lacking due to 
the minute nature of the inclusions and the re- 
luctance with which they and the host diamond 
give up their secrets. Science will never really 
know whether Evelyn saw a ruby or a garnet in 
the Venetian nobleman’s diamond; it will re- 
main, like diamond, an enigma. 
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THE ANDRADITES OF 


SAN BENITO COUNTY, CALIFORNIA 


By Tedd Payne 


Discoveries in 1949 of andradite garnet in San Benito 
County, California, led to the formation in 1978 of a 
partnership to mine, cut, and market gem-quality an- 
dradite. These andradites are found in situ in serpen- 
tine outcrops and also in dry alluvial deposits. SEM 
microprobe analysis and X-ray powder diffraction show 
the chemistry and unit cell, respectively, to be nearly 
pure andradite. Cut stones and mineral specimens are 
produced in green, yellow, brown, and in combina- 
tions of these colors. Cut stones are generally under 
three carats and some are chatoyant. This is believed 
to be the only reported source of chatoyant garnet. 


In 1949, Gemologist William Culver found a few 
water-worn andradite pebbles in a streambed in 
San Benito County, California. These first pieces 
were green and yellowish brown; some of the lat- 
ter were chatoyant. In 1952, Bob and Ruth Getz 
found small amounts of rich, ‘““‘emerald-green”’ 
and yellow-brown andradite in another nearby 
stream. The next few years brought no new dis- 
covery of deposits, but Culver sent earlier mate- 
rial to such gemological notables as Basil Ander- 
son, Count Taaffe, and Richard Liddicoat for 
examination. 

In 1978, Phil Maddox discovered a small in- 
situ deposit of andradite which later acquired the 
name greenfire because of its green color and high 
dispersion. In July of the next year, Maddox dis- 
covered a new deposit of this material. These 
small, pale, yellowish-green crystals were found 
in veins and proved to be suitable for faceting as 
well as for mineral specimens. That same year, 
Maddox, Culver, Dick Quackenbush, and Steve 
Bouch formed a partnership called Greenfire 
Mining. 

Since July of 1979, numerous other in-situ and 
dry alluvial deposits have been found. The claims, 
10 in all at this writing, are surrounded by private 
property and the partners do not want the loca- 
tion made public. These andradites commonly 
occur in situ as vein deposits in crevices and frac- 
tures in serpentine and as dry alluvial deposits at 
and near the surface, often downslope from ser- 
pentine outcrops. Other metamorphic minerals 
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found in the area include grossularite garnet (some 
of which is a gem-quality yellow brown}, ido- 
crase, diopside, chlorite, calcite, magnetite, and 
chromite. 


CHEMISTRY 


The “ideal” composition for pure andradite is 
CajFe,Si3;O,., but varying amounts of manganese, 
magnesium, and iron may substitute for the cal- 
cium; chromium, vanadium, and aluminum may 
substitute for the iron; and some titanium may 
substitute for the silicon or iron or both. It is ex- 
actly this game of “musical elements” (known in 
geologic circles as isomorphous replacement} 
which leads to the fascinating diversity of the gar- 
nets in general as well as to the difficulty en- 
countered in classifying many of the various 
garnets. 

Two representative pieces, one green (a de- 
mantoid) and one brown {a golden cat’s-eye}, were 
examined by means of a scanning electron micro- 
scope (SEM) with microprobe analysis. The chem- 
ical compositions obtained for each are given in 
table 1. X-ray powder diffraction analysis gave the 
following cubic unit-cell dimensions for the above 
samples: demantoid, a=12.057 A; golden cat’s- 
eye, a=12.053 A. 


DESCRIPTION OF THE MATERIAL 
AND ITS IDENTIFYING PROPERTIES 


The rough material recovered thus far has yielded 
faceted (transparent to translucent) stones aver- 
aging 20 points to one carat and cabochons (trans- 
lucent to opaque) averaging one-half to three car- 
ats. The basic colors and transparencies of this 
material are summarized in table 2. In conjunc- 
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tion with this table, figures 1 and 2 illustrate the 
emerald-green andradite and green-brown “‘topa- 
zolite,”’ respectively, found in San Benito County. 
Figure 3 presents some of the cat’s-eye cabochons 
formed from the chatoyant material. 


material may be found as worn crystals, broken 
pieces, or rounded pebbles. 

A variety of these andradites were tested for. 
the usual gemological properties. The refractive 
index ranges from approximately 1.851 for the 


Andradite found in situ often occurs as well- 
formed rhombic dodecahedral crystals. Alluvial 


greenfire material to 1.888 for the darker green 
(demantoid} stones, with the brownish andradite 
giving intermediate indices. The specific gravity 
ranges between 3.77 and 3.85, with no observed 
relation to color. Common inclusions are “fin- 
gerprints,” included crystals, and coarse, needle- 


TABLE 1. Composition of two andradite samples 
showing weight percentages of the metallic elements 
expressed as oxides.4 


Demantoid 


‘Goided cat's-eye Figure 1, Green (demantoid) andradite rough 

Oxide (weight %) (weight %) from San Benito County, California. 
CaO 33.09 33,30 
MnO 0.01 0.09 
MgO 0.03 0.27 
FeO ail = 
Fe,O3 29.75 28.37 
CrzO3 0.97 0.30 
VO 0.04 0.02 
AlO3 0.06 0.44 
SiOz 36.03 36.88 
TiO, 0.02 _ 0.33 

100% 100% 


aThe figures have been adjusted slightly to total 100. 
’None detected. 


TABLE 2. Color description, size, and relative abundance of the faceted and cabochon 
andradites from San Benito County, California. 


Relative abundance 


Usual (% cutable material 

Cut and transparency Color size found thus far)? 
Faceted stones, Emerald green, medium To % ct. 5 
transparent to to dark (demantoia) 
translucent Orange-brown, yellow- To % ct. 28 

brown, green-brown 

(all “topazolite’) 

Yellow To % ct. 2 

Yellow-green, pale, To 1 ct. 35 

“greenfire” 
Cabochons, Emerald green, medium To 1 ct. 5 
translucent to opaque to dark (very rarely 

chatoyant) 

Banded green To 3 cts. 5 

Yellowish brown, To 3 cts. 20 

“golden cat’s-eye” 

Black (metanite) Crystals N/A 

to 1 ct. 


@Rough estimates. 
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Figure 2. Orange-brown (“topazolite”’} andradite 


rough from San Benito County, California, 


Figure 4. Color-zoned piece of 
andradite rough from San Benito 
County, California. 


Figure 3. Cat’s eye andradite cabochons from 
San Benito County, California. 


TABLE 3. Properties of the samples of greenfire, golden cat’s-eye, and demantoid types of andradite found in San 


Benito County, California. 
Type of Ultraviolet 
andradite Color Ral? 3.G)° Inclusions Chelsea filter fluorescence 
Greentire Pale, 1.855 3.77 “Feathers” forming Pale orange Inert® 
semitransparent “rhombic corners,” 
yellow-green strings or clusters 
of round, white 
inclusions, coarse 
whitish needles 
Golden Translucent 1.877 3.81 Silky or fibrous Brownish orange Inert® 
cat’s-eye? yellowish brown, 
resembles tiger's- 
eye quartz 
Demantoid? — Translucent, 1.882 3.81 “Fingerprints,” Orange-red Inert? 


medium to dark 
green 


included crystals, 
coarse, needle-like 
to fine silk 
inclusions 


Refractive index (all the sample stones are singly refractive). 


’Specilic gravity. 


¢Both long and short wave. 
4Same samples as in table 7. 
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Figure 5. Color spectra for the ‘“‘greenfire” (top), 
demantoid (center), and golden cat’s-eye 
(bottom) andradites found in San Benito 
County, California. 
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like to fine silk inclusions. Some material shows 
color zoning, typically a green spot in the center 
of the crystal (see figure 4). 

Table 3 presents the properties for three rep- 
resentative andradite samples, including the 
golden cat’s-eye and demantoid types described 
above. The relevant spectra for these three sam- 
ples appear in figure 5. 


CONCLUSION 


The San Benito County, California, deposit is 
unique both because it represents a new source 
of gem-quality andradite and because it is the 
only reported source of chatoyant garnet. The 
golden cat’s-eyes, small demantoids, and espe- 
cially the very rare cat’s-eye demantoids make 
these deposits of keen interest to scientist and 
gemstone enthusiast alike. 
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A NOTE FROM THE EDITOR 
Like grapes and trouble, certain 
gemstones often come in bunches. 
For example, at one time for a pe- 
riod of several days, a large propor- 
tion of the stones coming in for 
identification will be emeralds. At 
another time, perhaps rubies or syn- 
thetic sapphires will predominate. 
Our latest “bunch of grapes” is a 
variety of ivory carvings, some of 
which will be seen in this section. 
Also featured are several photo- 
micrographs of inclusions in Chat- 
ham synthetic ruby. Because of the 
angles required to photograph these 
inclusions, the color is not a true 
representation of the face-up color 
of the stones. 


DIAMOND 


Concave Facets 


The Los Angeles laboratory recently 
received for identification a ring set 
with a synthetic sapphire center 
stone and two triangular-cut dia- 
mond side stones. The two dia- 
monds had an extremely unusual 
feature: they both had three concave 
facets on their crowns. The staff at 
the laboratory had never before seen 
a diamond cut in this manner. We 
have, however, heard that in the 
early 1900s there was a US. patent 
issued for the invention of a cut that 
was similar to a brilliant but with 
a concave table and numerous con- 
cave facets on the crown. The con- 
cave facets were formed by polish- 
ing with diamond dust, oil, and a 
suitably shaped tool. 
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Figure 1. Concave facets on 
diamond. Magnified 17 x. 


EMERALD 


A beautiful combination pin and 
pendant (see figure 4) was submitted 
to the Santa Monica lab for identi- 
fication of the center stone. This 
stone proved to be a slice from an 
emerald crystal and measured 9.1 
mm thick x 50.8 mm long x 40.35 
mm wide. The emerald was carved 
on both sides in a low, bas relief 
floral design. This was certainly an 
innovative way to use a relatively 
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Figure 2. Diagrams of crown (left) and pavilion (center) facet 
arrangements on concave faceted diamond. Diagram on right shows 


crown viewed from an oblique angle. 


Figure 1 shows one of the side 
diamonds with the table and an up- 
per step facet in total reflection, so 
that the concave facets appear dark. 
The first two diagrams in figure 2 
show the crown and pavilion facet 
arrangements, respectively. In the 
last diagram of figure 2, the crown 
is viewed from an oblique angle, thus 
making the curvature of the facet 
between A and B very apparent. The 
diagram in figure 3 shows a three- 
dimensional view of this very un- 
usual cut. 
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Figure 3. Three-dimensional 
view of concave faceted 
diamond. 
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Figure 4. Brooch with carved 
slice from emerald crystal as 
center stone. Emerald 
measures 9.1 mm xX 

50.8 mm x 40.35 mm. 


thin section of a crystal for personal 
adornment. 


IVORY 


A client submitted two items to the 
Santa Monica lab for identification. 
The first was an intricately carved 
section of elephant tusk, measuring 
approximately 9.2 cm x 3.5 cm x 
20.7 cm high. Figure 5 shows the 
front view of the tusk. 


Figure 5. Front view of carved 
elephant tusk that measures 
9.2cm xX 3.8cm x 20.7 cm. 


162 


Lab Notes 


The other item was an exam- 
ple of the ivory carver’s art that is 
frequently seen in the trade. The 
outer orb was pierced and carved 
with a dragon design. Inside this 
sphere were five movable, concen- 
tric, pierced spheres. Figure 6 shows 
the inner spheres visible through one 
of the larger aperatures in the outer 
orb. The entire piece stands 8.5 cm 
high, including the carved monkey 
and cylinder base; the outer sphere 
is 4.1 cm in diameter. The monkey 
and cylinder were threaded and could 
be unscrewed from the orb. 

A magnificent ivory carving of 
two horses richly caparisoned with 
rubies, emeralds, sapphires, and 
other gems was brought into Santa 
Monica to determine if there was 
any evidence of dye in the rubies or 
sapphires. We were happy to report 
that there was no evidence of dye in 
the stones we tested. The carving, 
seen in figure 7, measures 11.7 cm 
x 4.9 cm X 17.8 cm high. 


Figure 6. Ivory carving with 
five movable spheres 
contained in the large outer 
sphere. Piece stands 8.5 cm 
high; the outer sphere ts 4.1 cm 
in diameter. 


NEPHRITE 


The Santa Monica staff recently had 
the opportunity to examine a most . 
unusual clock (figure 8}, which con- 
sisted of a transparent brown face 
and back (probably smoky quartz) 
that measured about 11 cm in di- 
ameter, enclosing white metal hands 
set with what appeared to be dia- 
monds. The numerals were enam- 
eled on metal, which was set with 
near-colorless stones all around the 
perimeter of the face. The clock was 
mounted on a carved nephrite duck 
that measured approximately 17.3 
em X 5.0 cm X 19.5 cm high, in- 
cluding the yellow metal and black 
stone base. The nephrite carving, the 
only part of the piece that was iden- 
tified, was set with what appeared 
to be rubies. It is truly an interesting 
piece, reminiscent of Fabergé. 


OPAL 


Black Opal 


A 2.93-ct. pear-shaped black opal was 
submitted to the Los Angeles labo- 
ratory for identification. In the ex- 
amination of opal, the various types 
of treatment are always considered. 
This stone had been subjected to a 
type of treatment that was slightly 
different from what is usually en- 
countered with opal. 

When viewed with the unaided 
eye, an area that appeared to be nat- 
ural matrix was seen on the bottom 
of the cabochon. Closer examina- 
tion with the microscope revealed 
this area to be soft, with a waxy lus- 
ter, and to have several hemispher- 
ical cavities, probably formed by 
air bubbles (see figure 9}. Suspecting 
that this material was an applied, 
wax-type substance, and wanting to 
avoid damaging the area, we scraped 
off a very small amount with a razor 
blade for testing with the hot point. 
A low temperature setting of 20 on 
the GEM Thermal Reaction Tester 
was all that was necessary to cause 
this substance to flow easily and thus 
prove our suspicions. The waxy sub- 
stance was used to fill a large cavity 
on the bottom of the cabochon, thus 
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Figure 7. Gem-encrusted ivory statue which measures 11.7 cm x 
4.9cm xX 17.8 cm high, 


improving the overall appearance of 
the stone. The rest of the opal proved 
to be untreated. 


PEARLS 


“Mabe” Pearls 


Figure 10 shows what appears to be 
a large, 17-mm pearl with a yellow 
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metal band that serves as a mount- 
ing for the chain. Examination 
under the microscope revealed a 
worked area on one side of the metal 
band, suggesting that the piece ac- 
tually consists of two “mabe” pearls 
placed back to back. X-ray photog- 
raphy proved this to be the case. 
Using “mabe” pearls to simulate a 
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single large pearl would seem to be 
a very clever deception. 


RUBY 


Synthetic Ruby 

In the Spring 1981 issue of Gems 
# Gemology, we mentioned a flux- 
grown synthetic ruby that was ex- 
amined in our New York laboratory 
and reportedly of recent Chatham 
manufacture. Since that time, we 
have had the opportunity to exam- 
ine five of the newer Chatham syn- 
thetic rubies. Each stone weighed 
approximately one carat; the five 
ranged in color from a purplish red 


Figure 8, Decorator clock 
mounted on a carved nephrite 
duck; 17.6cm x 5.0cm x 
19.5 cm high. 


to an intense red that had only the 
slightest tint of purple. 
Examination under the micro- 
scope showed that three of the stones 
contained residual unmelted flux 
that is typical of flux-grown syn- 
thetics. Several forms of flux inclu- 
sions were noted. Among them were 
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small, somewhat rounded droplets 
arranged in flat “fingerprint” pat- 
terns (see figure 11] and both mod- 
erately coarse and fine irregular 
channels of flux in the form of wispy 
veils (figure 12}. The flux in these 
stones was less coarse than that 
usually associated with this type of 
synthesis. We also observed the ap- 
pearance of both of these forms of 
flux simultaneously in one area. 
Some of the inclusions exhibited the 
high-relief, opaque, whitish appear- 
ance typical of flux inclusions, while 
other areas were of low relief and 
much more transparent. An inter- 
esting feature noted in one of the 
stones was the presence of blue areas 
confined to small sections of the flux 
inclusions. 

One of the stones examined con- 
tained a fairly large group of various 


Figure 9. Hemispherical 
depressions in the waxy filling 
of a cavity on the back of a 
natural black opal. 

Magnified 20x, 


Figure 10. ““Mabe’’ pearls 
placed back to back to 
simulate a single large pearl. 
Magnified 1.5x. 
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Figure 11. “Fingerprints” of 
flux in a Chatham synthetic 
ruby. Magnified 27 x. 


Figure 12. Moderately coarse 
and fine irregular channels of 
flux forming wispy veils in a 
Chatham synthetic ruby. 
Magnified 33 x. 


inclusions, some of which were thin, 
hexagonal platinum flakes, ranging 
in form from very symmetrical to 
irregular. These platinum inclu- 
sions should not be confused with 
hematite platelets that may occur in 
some African rubies and have re- 
portedly been seen in some rubies 
from Sri Lanka. When hematite oc- 
curs in natural rubies, it is usually 
seen as ultra-thin, submetallic plate- 
lets that may be nearly transparent 
(see figure 13}. In addition, hematite 
will sometimes exhibit a reddish ap- 
pearance and will be flat in contrast 
to the metallic and often curved na- 
ture of the platinum flakes. 

These hexagonal platinum flakes 
were interspersed with other ran- 
domly oriented inclusions in the 
form of small, thin, flat needles and 
numerous nondescript, minute, pin- 
point-like inclusions (see figure 14}. 
Another feature that was noted, and 


Figure 13, Ultra-thin hematite 
platelets in an African ruby. 
Magnified 63 x. 


Figure 14. Hexagonal flakes 
and needles of platinum in a 
Chatham synthetic ruby. (It is 
important to note that because 
of the special illumination that 
was required to photograph 
these inclusions, the color of 
the platinum is not illustrated 
accurately; its true appearance 
is a Shiny metallic color.) 
Magnified 69x. 


may be particularly confusing to 
some gemologists, was the presence 
of small, angular, transparent, near- 
colorless crystals (see figure 15). 
Twinning and growth lines were 
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Figure 15. Angular crystals 
with slightly rounded corners 
in a Chatham synthetic ruby. 
Magnified 54x. 


also noted in several of these syn- 
thetic rubies, varying in appearance 
and nature from straight, parallel 
layers that did not extend into the 
stone to planes that extended com- 
pletely through the stone and bore 
a remarkable resemblance to’ the 
laminated twinning that is often 
seen in natural rubies. Angular 
growth lines confined to one area 
were also noted (see figure 16}. A 
few of these synthetic rubies con- 
tained growth lines that not only in- 
tersected, but also bent back and 
forth at various angles (see figure 
17). Also observed in one of the 
stones was color zoning that resem- 
bled the “treacle” effect seen in some 
Burmese rubies. All five synthetic 
rubies were very slightly to slightly 
included and none was heavily in- 
cluded. 

The refractive indices of the five 
synthetic: rubies were quite con- 
stant, at 1.762-1.770 with a bire- 
fringence of 0.008. The specific 
gravities of four of the stones ranged 
from 3.99 to 4.00. The presence of 
platinum inclusions in one of the 
five stones affected the specific 
gravity of that stone slightly, raising 
it to 4.03. 

Examination through the GEM 
Spectroscope revealed the expected 
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Figure 16, Angular growth 
lines extending completely 
through a Chatham synthetic 
ruby. Magnified 38 x. 


ruby spectrum, with a very strong 
fluorescent line slightly above 6900 
A; there were actually two lines near 
6928 A and 6942 A that were so 
closely spaced as to appear to be one 
line. 

Exposure to long-wave ultravi- 
olet light revealed a consistent, very 
strong red fluorescence, while under 
short-wave ultraviolet light the 
stones exhibited a fluorescence that 
ranged from faint to moderate red. 
The X-ray fluorescence of the five 
synthetics ranged from a weak to a 
moderate red. 


Figure 17. Straight, angular, 
and intersecting growth lines 
in a Chatham synthetic ruby. 
Magnified 39x, 


SAPPHIRE 
Parti-Colored Sapphire 


Color zoning is commonly encoun- 
tered in corundum, but more often 
than not strong zoning has a nega- 
tive effect on the beauty of the cut 
stone. Recently, however, an attrac- 
tive parti-colored sapphire, weigh- 
ing 30.74 cts., was brought to the 
Los Angeles laboratory for identifi- 
cation (see figure 18). 

This sapphire had an orange area 
in the center of the stone that grad- 
ually blended to purple, with a pink- 


Figure 18. Parti-colored sapphire, 30.74 cts. 
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Figure 19. Parti-colored sapphire pictured in 
figure 18 as it appears when exposed to Iong- 
wave ultraviolet light. 


ish-purple color resulting between 
the orange and purple sections. The 
zoning was very distinct and posi- 
tioned in such a way as to create an 
attractive stone. 

When the stone was exposed to 
long-wave ultraviolet light, there 
was a weak orange fluorescence 
overall with a much stronger orange 
fluorescence in the center (see figure 
19), The central zoned area that flu- 
oresced the strongest seemed to cor- 
respond with the orange in the cen- 
ter of the stone. 


SILLIMANITE 


A 1,99-ct. slightly brownish-yellow 
chatoyant cabochon (seen in figure 
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20) came into Santa Monica for 
identification. The color was very 
similar to that of cat’s-eye apatite. 
However, the absorption spectrum 
showed a 4400 A line rather than 
the lines near 5800 A that are char- 
acteristic of apatite. The spot method 
revealed a refractive index of ap- 
proximately 1.66. The movement of 
the spot when a polaroid plate was 
rotated over the refractometer sug- 
gested a birefringence of 0.015 to 
0.020. The specific gravity appeared 
to be slightly higher than that of 
apatite. The results of the testing 
showed the stone to be cat’s-eye sil- 
limanite, also known as fibrolite. 
Because of the unusual yellow color, 
which none of us remembered hav- 


Figure 20. Cat’s-eye sillimanite, 1.99 cts. 


ing seen before in sillimanite, a tiny 
bit of powder was scraped from the 
unpolished back and the identity of 
the stone confirmed with X-ray dif- 
fraction. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Beryl. Australian Journal of Gemmology, Vol. 1, No. 
9, 1981, pp. 4-10. 
Although titled ‘Beryl,’ most of this article deals al- 
most exclusively with emerald. An extensive history 
of the uses of emerald and emerald deposits—from the 
ancient sources in Egypt to the well-known deposits of 
Colombia to the relatively obscure deposits of Nor- 
way—is given. Many interesting facts are also men- 
tioned, such as the story of a specimen that was pre- 
sented to Cortes by Montezuma upon the conquistador’s 


This section is designed to provide as complete a record 
as possible of the recent literature on gems and 
gemology. Articles are selected for abstracting solely at 
the discretion of the section editor and her reviewers, 
and space limitations may require that we include only 
those articles that will be of greatest interest to our 
readership, 


inquiries for reprints of articles abstracted must be 
addressed to the author or publisher of the original 
material. 


The reviewer of each article is identified by his or her 
initials at the end of each abstract. Guest reviewers are 
identified by their full names. 
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landing in 1520 near what is now Veracruz, Mexico. 
The specimen was a large piece of limestone embedded 
with 10 deep green emerald crystals from one to two 
inches long. It was taken to Europe where it changed 
hands several times before it was housed in a museum 
in Vienna in 1900. The specimen was subsequently 
stored in the Salzburg salt mines to escape the Nazis 
and then hidden beneath a pile of rubble in a bombed- 
out room during the Russian occupation. Amazingly, 
the piece survived and is on display in the Vienna Mu- 
seum today. 

In a summary of the physical properties of emerald, 
inclusions typical of different localities are mentioned, 
such as pyrite in Chivor stones and bamboo-like blades 
of actinolite in stones from the Ural mountains. The 
article concludes with a brief description of fake em- 
eralds, doublets, glass imitations, natural stones that 
resemble emerald, and synthetics. SFM 


Des individus remarquables en voie de disparition 
(Natural masterpieces in peril). Revue de Gem- 
mologie a.f.g., No. 66, 1981, pp. 11-14. 

“Among the treasures of the mineral kingdom, giant 

crystals are being systematically destroyed and are des- 

tined to disappear irretrievably from the face of the 

Earth.” This article is illustrated with startling photos 

of crystals ranging from 250 to 4000 kg. The size of 

these enormous crystals, which may measure 3 m or 
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more in length, makes them a nuisance to construction 
and excavating concerns, which regularly break them 
up. No museum has ever had an exhibit of these giants. 

The National Museum of Natural History in Paris 
and a few specialists have formed “Operation Giant 
Crystals” to attract the attention of the public and the 
scientific community to this problem and to acquire 
and install a collection of giant crystals in the Museum 
of Natural History. Among the species and/or varieties 
represented in giant form are beryl, topaz, mica, ama- 
zonite, orthoclase, and quartz. The sources of these 
giants are the ever-shrinking number of unexploited 
pegmatites, notably in Minas Gerais, Brazil. Most of 
the crystals that have been saved are in private hands 
and are unavailable to the public at large. 

Those interested in helping with this project are 
asked to contact Operation Crystal Giants, 57 rue Cu- 
vier, 75005 Paris, France. Michel Roussel-Dupre 


‘Geuda sapphires’— their colouring elements and their 
reaction to heat. H. Gunaratne, Journal of Gem- 
mology, Vol. 17, No. 5, 1981, pp. 292-300. 


Recently, the term gewda has been used exclusively to 
describe milky sapphires from Australia that are being 
heat treated to improve their color. Actually, geuda re- 
fers to any milky-white opaline character seen within 
and even outside a gemstone which is caused by a net- 
work of inclusions. In corundum, geuda results from 
excessive titanium which may exist as rutile inclu- 
sions in the stone. 

The author describes the type of geuda stone that 
is most suitable for heat treatment. Such stones have 
been called diesel geuda: they have a faint blue tint, a 
milky-white sheen, and look like honey in direct light, 
thus resembling a film of diesel oil. It is essential that 
the stone be free of flaws and fissures, and that it have 
only a small number of inclusions other than geuda. 

Gunaratne argues that syngenetic rutile (that which 
formed at or about the same time as the host) is char- 
acteristic of those corundums that react most favorably 
to heat treatment. He theorizes that the growing crys- 
tal of corundum incorporated liquid rich in titanium 
and, as temperatures dropped, this liquid crystallized 
into microscopic rutile inclusions. During subsequent 
heating, the titanium ions realign and function as col- 
oring agents, imparting color to the corundum. Unfor- 
tunately, the author’s explanation of the role of iron 
and titanium in producing color is incomplete. 

A brief description of the three techniques com- 
monly used in Sri Lanka to treat geuda stones follows. 
Basically, these involve prolonged heating of stones 
that have been coated with a thick paste in a gas, die- 
selene, or electric furnace. After a short discussion on 
heating parti-colored blue sapphires and pale yellow 
geuda stones, the author lists eight characteristics of 
geuda stones that have been successfully heat treated. 
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He concludes by stressing the need for further anal- 
ysis to explain the nature of the change that occurs 
during treatment and to devise nondestructive tests for 
separating heat-treated corundum from its untreated 
counterpart. Stephen C. Hofer 


Jade, part two, a brief review: occurrence and structure. 
R. A. Ball, Australian Journal of Gemmology, Vol. 
1, No. 7, 1980, pp. 10-14. 
Following a review of the properties of nephrite and 
jadeite, Ball discusses the geology of the nephrite de- 
posits in Australia. In New South Wales, the nephrite 
occurs in ultramafic rocks, while in South Australia it 
is associated with metamorphic rocks that were later 
recrystallized. The author states that there are no known 
economically important occurrences of jadeite in Aus- 
tralia. This discussion is followed by a description of 
jadeite from Burma, Japan, and Guatemala and of 
nephrite from British Columbia, New Zealand, and the 
Philippines. 

The remainder of the article reports on a study of 
fracture surfaces in both minerals. Jadeite features tri- 
angular cleavage fractures, while nephrite has fibers 
and bundles extending from the surface. Thirteen scan- 
ning electron micrographs, including five of jade sub- 
stitutes, illustrate these features. A helpful bibliog- 
raphy is included. DMD 


‘Korite’—fossil ammonite shell from Alberta, Canada. 
W. Wight, Journal of Gemmology, Vol. 17, No. 6, 
1981, pp. 406-415. 

Korite is the latest name given to the commercially 

marketed fossil ammonite from Alberta, Canada. Other 

fossil ammonites from Alberta have been marketed 
under the names ammolite and calcentine. These fossil 
ammonites are of the class Cephalopoda, subclass Am- 
monoidea, and species Placenticeras meeki. They are 
about 71 million years old. Average diameter is about 

20-25 cm, and shell thickness is usually less than 

6mm, ‘ 

The gem material is actually the nacreous layer of 
the ammonite shell, which usually shows a red and 
green iridescence. The nacre is primarily composed of 
the mineral aragonite. The average R.I. was noted to be 
a 1,520 and y 1.670, with a birefringence of 0.150. The 
specific gravity was 2.80+0.01, and the hardness was 
4 on the Mohs scale. Because of its low durability, 
this gem material is usually fashioned into cabochon 
triplets, with a quartz cap and natural shale as a 
backing. GSH 


Malachit-azurit (Malachite-azurite}. S. Koritnig, der 
Aufschluss, Vol. 32, No. 1, 1981, pp. 1-5. 


Mr. Koritnig discusses the formation of malachite, 
Cu,[{OH},CO,], and azurite, Cus[{OH],{COs).], and com- 
pares these two substances from the standpoints of fre- 
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quency of occurrence, formation of pseudomorphs, and 
crystal size. 

These conspicuously colored minerals—deep green 
malachite and deep blue azurite—are formed by the 
weathering of copper sulfides with water that contains 
oxygen and carbon dioxide. They differ chemically only 
in their ratios of Cu:OH:CO,, but they have several 
physical differences in addition to color. For example, 
malachite is much more common than azurite (though 
occasionally the minerals occur next to each other in 
the same locality). Also, malachite often replaces azur- 
ite and forms pseudomorphs, but rarely are pseudo- 
morphs of azurite after malachite found. Lastly, azurite 
is found as single crystals, sometimes of good size, 
while malachite generally occurs in clusters of small 
crystals. 

The chemical formulas of these two minerals are 
easily compared by reducing both to ratios with only 
one copper molecule: malachite, Cu,{OH)},(COs}o,;, and 
azurite, Cu,(OH}o,57{COs}o.g¢7. This shows that azurite is 
richer in CO, and malachite in OH. Because water is 
always present in sufficient quantity during formation, 
the author surmises that it is the CO, content that de- 
termines whether the mineral formed is azurite or 
malachite. 

Results are given from two experiments which show 
that at certain concentrations (0.5% volume} of CO, 
and H,CO,, both minerals form at the same time. If the 
H,CO, content is increased, more azurite is formed; if 
it is decreased, more malachite is formed. The latter 
case is much more common in nature; hence, more 
malachite than azurite is found. 

The author also explains the cause of pseudomorphs 
of malachite after azurite. When the solution is such 
that both minerals may form, a change occurs where 
the concentration of HCO; falls short of the necessary 
amount; the azurite then becomes unstable and is 
changed into malachite. A factor facilitating the 
malachite pseudomorph after azurite is the difference 
in specific gravity between the two minerals. The spe- 
cific gravity of pure azurite is 3.83, and that of malach- 
ite is 4.00; therefore, malachite requires less room to 
form. 

Koritnig concludes with a brief comment on crys- 
tallization. When crystals begin to form out of a solu- 
tion, nuclei are present. Some solutions have numerous 
nuclei, while other solutions have only a few. When 
the solution has numerous nuclei, like the malachite 
solution, many small crystals form. When the solution 
has few nuclei, like azurite, a few large crystals form. 
It is not known why some solutions have many, and 
other solutions have few, nuclei. Barbara Taylor 


Observations on some scapolites of central Tanzania. 
G. Graziani and E. Gtibelin, Journal of Gemmol- 
ogy, Vol. 17, No. 6, 1981, pp. 395-405. 


Inclusions are a major interest in today’s gemological 
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research. Although intrigued by the chatoyancy, aster- 
ism, and high birefringence of East African scapolites, 
Graziani and Gtibelin focus their investigation on un- 
usual prismatic channels and their crystal fillings in 
yellow and colorless scapolites from Umba, Tanzania. 
Following a review of recent literature on scapolite, the 
authors describe in detail the procedures and equip- 
ment used to test these samples. Tables summarize the 
X-ray data, optical properties, and microscope analyses. 
Based on the chemical composition determined, the 
authors conclude that these scapolites are mizzonites, 
two intermediate sodic-calcic end members of the mar- 
ialite-meionite solid-solution series. 

The authors examined closely two types of inclu- 
sions: corroded growth tubes that have been filled with 
red and yellow scales, and thin, black pseudohexagonal 
plates. The electron microprobe results agree with pre- 
vious reports that the fillings are iron oxides or hy- 
droxides. On the basis of the percentages of iron, sul- 
phur, and copper determined in the plates, the authors 
conclude that these are cupriferous pyrrhotite. 

From these results, the authors attempt to recon- 
struct the physical and chemical history of the speci- 
mens. Originally, the growth tubes were filled with 
iron-rich fluids that formed lepidocrocite, an iron-rich 
hydroxide. With changing conditions, the lepidocrocite 
hydrated into the iron oxides hematite or maghemite. 
When temperatures were between 350°C and 500°C, 
maghemite would form; when temperatures rose to 
greater than 500°C, hematite would form. That these 
variations occurred rapidly is verified by the fractures 
and healed fractures in the stone. DMD 


On monazite inclusions. S. Hornytzkyj, Journal of 
Gemmology, Vol. 17, No. 6, 1981, pp. 373-380. 


Armed with the knowledge that nonopaque, nonme- 
tamict monazite (Ce,La,Pr,Nd,Y,Th)PO, appears green 
under the unfiltered light of a medium-pressure mer- 
cury vapor lamp, Hornytzkyj designed an experiment 
to test whether monazite inclusions in gemstones could 
be identified the way crystals and loose grains are. 
Since this change of color is due to the presence of rare- 
earth metals, especially neodymium, the spectroscope 
can also identify this gem. Hornytzkyj examined ap- 
proximately 3,000 specimens of rough and cut gem- 
stone material and chose 36 for further study with the 
quartz-mercury lamp, the Rayner prism spectroscope, 
and the Wild microscope at 100x magnification. 

The author describes the results of these tests on 
the inclusions found in topaz from Nigeria and Mada- 
gascar, in garnet from India, Sri Lanka, Australia, and 
Finland, and in kyanite from Zimbabwe (Rhodesia). 
The article also presents six photographs of inclusions, 
a reproduction of monazite absorption spectra, and the 
four main spectral radiation lines of the mercury vapor 
lamp. 

Hornytzkyj concludes that it is probable, from the 


GEMS & GEMOLOGY Fall 1981 169 


results of this study, that the inclusions discussed were 
monazite. Both methods (change of color and spectro- 
scope} can be used to identify this mineral, provided 
that the host material will transmit the proper radia- 
tion wavelengths, that the inclusions are of a sufficient 
size, and that the lighter rare-earth metals, neodymium 
particularly, are present in correct proportions. 

JPG 


The peerless pearl. N. T. Birmingham, Town & Coun- 
try, Vol. 135, No. 5014, 1981, pp. 147-151, 196— 
198. 

This article offers a good introduction to pearls. Prob- 
ably written as a result of the recent resurgence of in- 
terest in pearls, the article briefly covers pearls in fash- 
ion and how sales have soared. Lore is discussed, with 
tales of the passion Europeans have for pearls. The au- 
thor also reviews different varieties of pearls and their 
sources. Twenty color photographs illustrate different 
styles of jewelry that use these various forms. 

For years, obtaining natural pearls was a treacherous 
business. Then, at the end of the 19th century, Kokichi 
Mikimoto developed a method of culturing pearls and 
revolutionized the industry. The article explains how 
culturing is done today in Japan's Ago Bay. 

Birmingham concludes the article with a discussion 
on how to care for pearls. She emphasizes why proper 
stringing of the pearls is so important, as is guarding 
against the effects of chemicals and acids. 

Diane Saito 


Strukturverfeinerung von Liddicoatit (Structural re- 
finement of liddicoatite). V. B. Nuber and K. 
Schmetzer, Neues Jahrbuch ftir Mineralogie Mon- 
atshefte, No. 5, 1981, pp. 215-219. 

The general formula for tourmaline is XY3;Z,[(O,OH,F}, 
(BOs}, SigQ,9]. Liddicoatite is a member of this complex 
group, with an ideal formula of Ca({Li,Al),Al,[{O,OH,F}, 
(BOs}s SigQ,g]. When Nat (sodium) takes the place of 
Cat? (calcium}, the result is elbaite; thus, liddicoatite 
is the Ca analogue of elbaite. It has been surmised also 
that there exists an unbroken compositional range be- 
tween liddicoatite and elbaite with only slight struc- 
tural differences. This study sought to verify these two 
assumptions. 

A green fragment purported to be liddicoatite from 
Madagascar was extensively examined by the authors. 
Chemical analysis showed that it contained 65% lid- 
dicoatite composition. Selected interatomic distances 
were measured and showed values very close to those 
of liddicoatite. This information is presented in one of 
two tables; the other contains the atomic coordinates 
and thermal parameters. A Syntex R-3 diffractometer 
yielded an R value of 3.3%. It was found that the di- 
trigonal Si,O,, rings were less distorted in liddicoatite 
than in elbaite because the Ca*? which occupies the X 
position in liddicoatite is smaller than the Nat of el- 
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baite. Also, the Si,OQ,, rings of liddicoatite form a nearly 
ideal hexagonal ring. 

Analysis of the data shows the obvious similarities 
of the two structures and, as anticipated, supports the 
theory that there exists between elbaite and liddicoat- 
ite a continuous solid-solution series. 

Barbara Taylor 


Ten gems: mystery, history and sales facts. Jewelers’ 

Circular Keystone, Vol. 152, No. 4, 1981, pp. 80- 

88. 
This well-organized, highly readable, and informative 
article is part of the April issue’s “AGS special report: 
Profit Now from Colored Stones.’ Clearly illustrated 
with excellent color photographs, the article describes 
tanzanite, tourmaline, spinel, peridot, topaz, kunzite, 
sapphire, aquamarine, garnet, and amethyst. For each 
gem, a brief history and some mythology is followed 
by a list of the stone’s properties, including its dura- 
bility, and a description of suitable cleaning methods, 
with cautions against techniques that might cause 
damage. For example, under tanzanite we read, “A soft 
brush with lukewarm water and mild detergent is rec- 
ommended. Ultrasonics are absolutely forbidden: The 
stone will fracture.” And for topaz, the article advises, 
“Topaz reacts fairly well to an ultrasonic cleaner. 
Steaming and boiling should be avoided.” For garnet, 
sapphire, topaz, spinel, and tourmaline, all of which 
vary greatly in monetary value depending on factors 
such as clarity and color, information on the wholesale 
price range is also given. This is one of the most useful 
and enjoyable articles to appear in a trade journal in 
some years. FS 


DIAMONDS 


Diamond: the claims of Henri Moissan. B. Anderson, 

Retail Jeweller, Vol. 20, No. 493, 1981, pp. 3, 22. 
In a continuation of his series on the history of research 
into synthetic diamonds, Anderson focuses on Henri 
Moissan, the Nobel Prize—winning scientist who is fa- 
mous for his isolation of the gaseous element fluorine. 
In 1872, Moissan joined the Museum of Natural His- 
tory in Paris to study under Edmond Fremy; Verneuil, 
who created synthetic rubies, the first man-made gem- 
stones, became an assistant there as well. Undoubtedly 
influenced by the discovery of diamonds in meteorites, 
Moissan designed an electric furnace in which he at- 
tempted to synthesize this gem. The procedure in- 
volved placing iron and sugar carbon in a graphite cru- 
cible that was heated to approximately 3000°C, cooled 
suddenly, and then chemically treated. Of 12 success- 
ful runs, 4 produced residues of a total of 20 small dia- 
mond crystals after the acid treatment. Anderson de- 
scribes these results as well as efforts by other scientists 
to duplicate Moissan’s work. 
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Anderson goes on to question the popular story at- 
tributed to Moissan’s widow that one of Moissan’s as- 
sistants salted the results with natural diamond frag- 
ments to “please the old man.” On the contrary, 
Moissan would have detected the substitution; he died 
of complications resulting from fluorine and carbon 
monoxide poisoning at 55, more than 10 years after his 
initial experiments on diamonds. This is a fascinating 
look at the life of a respected scientist. DMD 


The famous Golconda d’Or diamond. Australian Jour- 

nal of Gemmology, Vol. 1, No. 7, 1980, pp. 5-6. 
The Golconda d’Or, a famous diamond from India’s 
Golconda mines, is a golden, flawless, perfectly pro- 
portioned emerald-cut diamond that currently weighs 
95.40 cts. Its known history dates back to 1739, when 
it was seized in a looting of Delhi by Nadir Shah, the 
Persian invader. Its subsequent travels are unclear until 
the 1800s, when the Golconda d’Or became part of the 
Crown Jewels of Turkey. 

In 1876 a repressive ruler, Abdul Hamid II, came to 
power in Turkey. A secret society, the ‘Young Turks,” 
plotted to depose him, eventually gaining control over 
the army. In 1908, they seized the throne and the 
_ Crown Jewels, which included the Golconda d’Or. 

In 1909 the first president of the Turkish Republic, 
Mustapha Kemal, sold the Golconda d’Or to a wealthy 
Turkish family, with whom it remained until 1962 
when Dunkings the Jewellers, of Melbourne, Australia, 
purchased the stone. Peter G. Hess 


Editor’s Note: As reported in an Australian news- 
paper on October 20, 1980, the Golconda d’Or was 
stolen while on exhibit at the Sydney Lower Town 
Hall in Australia, Valued at $2 million, the famous 
stone was removed as 80 people milled around the 
hall. 


New data on the composition of inclusions in diamond. 

A. I, Botkunov, V. V. Koval’skiy, K. N. Nikishov, 

V. F. Makhotko, G. P. Bulanova, Doklady Akade- 

mii Nauk SSSR, Vol. 240, 1980, pp. 187-190. 
The authors systematically inspected included dia- 
monds from the Mir and the Internatsional’naya dia- 
mond pipes in the U.S.S.R. under a binocular micro- 
scope, selecting garnet, rutile, and chromite inclusions 
for detailed chemical analysis. The inclusions, some as 
small as 0.5 mm, were extracted from their diamond 
hosts and then, along with selected natural mineral 
standards, were examined by means of the electron 
microprobe. 

The data obtained were compared to other pub- 
lished information. The results showed that the 
chromite inclusions contained from 5.6% to 6.8% alu- 
minum oxide, which placed them in the high alumina 
area of the composition field. The rutile analyzed 
showed a slight enrichment in iron. The garnets were 
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divided into two groups: {1} those showing a high Cr,O; 
{chromium oxide) and a low CaO (calcium oxide} con- 
tent, and (2) those showing an average Cr,O; and a high 
CaO content. The authors conclude that the garnet in- 
clusions had a wider compositional range than was ex- 
pected based on earlier reports. JIK 


Recent research—the diamond geologists’ tale. J. W. 
Harris, Industrial Diamond Review, December 
1980, pp. 470-477. 


Harris presents a major review of recent research on 
diamonds, nodules, and kimberlite, the matrix rock of 
diamonds. He draws conclusions about the origins of 
upper-mantle materials and their interrelationships. 

Prior to 1975, a number of authors had written 
about diamonds from various localities. Then Harris, 
J.B. Hawthorne, M. M. Oosterveld, and E. Wehmeyer 
presented a diamond classification system which quan- 
tified characteristics such as crystal form, inclusions, 
color, transparency, and surface features, thus estab- 
lishing a framework for future research. 

Recent articles have been able to dispute previously 
held theories about sources of alluvial diamonds in 
Africa. However, not all of the research focuses on 
South Africa: McCallum has studied the pipes on the 
Colorado-Wyoming border, and Mendelssohn et al. have 
examined cathodoluminescence in diamonds from Cen- 
tral African Republic and Brazil. 

Another major area reviewed involves inclusion re- 
search. Inclusions in diamond are divided into either 
peridotitic or eclogitic groups on the basis of the xen- 
oliths (inclusions of preexisting rock in another, usu- 
ally igneous, rock) found in the kimberlites. Peridotites 
are rocks composed of olivine and enstatite and usually 
some diopside and garnet; eclogites are rocks consist- 
ing of garnet and omphacite. Although both types of 
inclusions are never found in the same diamond, both 
can be found in separate diamonds from a single kim- 
berlite. Therefore, there are at least two major environ- 
ments in which diamonds can grow. 

Knowledge about the chemistry of the included 
minerals can also be used to estimate the physical con- 
ditions in the upper mantle where the diamonds crys- 
tallized. Relationships between temperature and pres- 
sure can be derived from considering changes in the 
chemistry of these minerals. Harris includes one table 
of temperatures and pressures for peridotitic inclusion 
suites from different localities and another for eclogitic 
inclusions. He reports that the lead-isotope character- 
istics of sulphide inclusions are very useful in deter- 
mining when the diamond formed. 

Harris also reviews how information is obtained 
about the chemical environments in which diamond 
forms, Once again, inclusions are a major focus of re- 
search. Here, Harris summarizes recent conclusions: 
eclogites and eclogitic diamonds are products of melt- 
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ing events in the upper mantle that are separate from 
and probably previous to the melting events that give 
rise to peridotitic diamonds and kimberlites. 

Although studies on kimberlites have been ne- 
glected for the most part, Harris references those min- 
eralogical investigations that have been carried out. 

A considerable amount of technical information is 
presented in this article; yet the reader need not be 
versed in mineralogy or geochemistry to understand it. 
Harris defines much of the technical vocabulary and 
summarizes the research techniques. An additional 
contribution is the extensive bibliography of 55 cita- 
tions. Ray Page 


Research into green diamonds. F. A. Raal and D. N. 
Robinson, Diamond News & SA Jeweller, Vol. 44, 
No. 6, 1981, pp. 47-48, 51, 52. 
Dr. Raal and Dr. Robinson discuss the results of a study 
of 40 diamonds that were recovered from the Witwa- 
tersrand gold mines in South Africa and are now mu- 
seum pieces. They are all rough stones, varying in color 
from a very light to a dark, almost black, green. That 
the color is confined to the surface was verified when 
small windows were polished on four of the stones. 
When these diamonds are heated in the dark at 400°C 
for a few minutes, they lose their green color and be- 
come yellow. If they are then exposed to sunlight, they 
rapidly revert back to green. Using a qualitative study 
of the infrared absorption spectra and optical spectra 
recorded at different temperatures, Raal and Robinson 
conclude that these stones are the type la variety (which 
contain substitutional nitrogen in platelet configura- 
tion), and that their color and chameleon behavior are 
the result of natural irradiation and heating to a tem- 
perature that does not exceed 500°C. This theory is 
substantiated by the chameleon behavior of diamonds 
irradiated in the laboratory. 

Buried in the conglomerates of the Witwatersrand 
Supergroup in association with gold and uranium, these 
diamonds were recovered by older gold recovery pro- 
cesses. Unfortunately, the techniques used today crush 
all the conglomerate, destroying any diamonds that 
might be present. ET 


GEM INSTRUMENTS AND TECHNIQUES 


Etude des turquoises au microscope électronique 4 ba- 
layage (Study of turquoise by scanning electron 
microscope}. M. Hoyos, J. Casas, J. Medina, Revue 
de Gemmologie a.f.g., Vol. 65, 1980, pp. 12~—15. 

This study reports how the use of the scanning electron 

microscope (SEM) allows examination in detail of the 

surface characteristics of turquoise. The purpose of the 
work was to establish the main differences between 
turquoise, treated turquoise, and turquoise simulants. 

The samples, which were first identified as turquoise 

by X-ray diffraction, were found upon examination with 
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the SEM to differ in texture according to the crystalline 
structure and the size of the grain. Natural turquoise 
has large, elongated crystals that are partially oriented; 
some crystals exhibit a triclinic habit. Gibbsite, which 
had been previously identified as turquoise, was the 
simulant examined. Its structure consists of smaller 
crystals, all with a definite orientation, that have been 
cemented by a mixture of phosphate and copper sulfate. 
Another sample has spherical particles composed of 
chlorine and copper sulfate, which indicates chemical 
treatment. Ten micrographs at magnifications from 
2500 to 10,000 help illustrate the article. A bibliog- 
raphy provides references for the interested reader. 
Anne Latrille 


Photonics: an innovation in gemmology. M. Gross- 
mann, P. D. Meyer, P. Meyrueis, E. Bres, Diamant, 
No. 244, 1980/81, pp. 45, 46, 48, 50. 
In the first article of a series, the authors introduce the 
subject of photonics. Reviewing recent progress in 
physics and touching on lasers, holography, and fiber 
optics, they define photonics as the range of new tech- 
nologies that use light to measure, transmit, transform, 
or record. 

According to Grossmann et al., gemology is going 
to be revolutionized by photonics. Here the emphasis 
is on the commercial aspects of gemology, namely the 
certification of diamonds. To date, the evaluation of 
diamonds is done mainly by human, subjective criteria. 
Cut and clarity are still analyzed with a 10x loupe and 
color with comparison stones. The authors argue that 
the new methods, which analyze the interaction of 
light and given materials, can remove this subjec- 
tivity. Dianne Eash 


GEM LOCALITIES 


Diamond diggers in Namibia sift ocean sands for gem- 
stones. T. S. Green, Smithsonian, Vol. 12, No. 2, 
1981, pp. 49-56. 

In this article, which is adapted from his book The 

World of Diamonds, Timothy Green discusses the im- 

portance of South Africa in the diamond world from 

the turn of the century to the present, with a specific 
focus on diamond mining in the southwest African 
country of Namibia. DeBeers Consolidated Diamond 

Mines (CDM) has converted the west coast of Namibia 

into a rich alluvial mining region that now has an an- 

nual gem production of 1.6 million carats. 

For centuries, diamonds have been washing down 
the Orange river from the interior of the continent. 
When they reached the sea, some were deposited at the 
river’s mouth, but by far the richest deposits were laid 
down in marine terraces 60 miles north of the Orange 
estuary on Namibia’s coastline. These terraces are now 
being mined in a unique way. Large bulldozers and 
earth-movers strip the sand away layer by layer. After 
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the diamonds have been sifted out, the sand is then 
dumped at the ocean’s edge to form huge dykes and 
permit the exploration of more marine terraces. 

Even as the mining goes on, the Namibians are 
struggling for their real freedom from South Africa, 
which refuses to acknowledge the U.N. resolution of 
1966 granting Namibia independence. Many of the 
Ovambo tribesmen who form the major part of the la- 
bor force attempt to smuggle diamonds out of the high- 
security mine area to help finance the South West Af- 
rica Peoples Organization, the foremost group fighting 
the undeclared war for liberation. 

The undercurrent of political struggle that moves 
within the steady work flow makes an interesting 
counterpoint to the actual mining. One gets the feel- 
ing that even as the sands are being shifted, so is the 
power over the diamond mining. And even as these 
changes take place, CDM continues to harvest Nami- 
bia’s shores for its rich crop of gems. EBM 


Gemstones found in the Jabal al Has4wnah and Jabal 
as Sawda Mountains, Libya. T. Mrazek, Zeitschrift 
der Deutschen Gemmologischen Gesellschaft, Vol. 
29, No. 3 and 4, 1980, pp. 135-148. 

The author prefaces his article with a discussion of the 

geology and mineralogy of the Jabal al Hasawnah and 

Al Washkah region, Libya. Two geologic maps and a 

stratigraphic column of the region’s Paleozoic-Tertiary 

sediments and volcanic rocks are included. 

Mrdazek classifies the region's gems into (1) gem- 
stones of basalts and those related to contact with ba- 
salt bodies {olivine, chalcedony, porcellanite]; and (2} 
gemstones of sedimentary origins, both from marine 
sediments (cherts, chalcedony, agate, aragonite) and 
from freshwater sediments (lacustrine silicites)}. 

Since the quartz geodes and aragonite specimens 
present are of interest only to collectors, and the oli- 
vine is not considered suitable for cutting, Mrazek con- 
cludes that the cherts represent the most exploitable 
gem resource yet tested in the area. [PG 


Mineral resources of the Wide Bay—Burnett region. 
Geological Survey of Queensland, Queensland 
Government Mining Journal, Vol. 82, No. 954, 
1981, pp. 153-178. 

The Geological Survey of Queensland did a general re- 

source investigation of this region in southeast 

Queensland, Australia. In the process the geologic his- 

tory of the region was established, and the individual 

structural units are described in the text. In addition 
to the gold, copper, and heavy mineral sands that have 
been economically important to the area, there have 

been occurrences of many other minerals, including a 

variety of gemstones. 

Rich deposits of alluvial gold were discovered in 

Gympie in 1867 and had a major influence on the early 

history of Queensland. Reef mining began later and 
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continued into the 1900s. A list of the gold fields and 
a mineral locality map document these deposits as well 
as those of other minerals. 

Although none of the gemstones found in this area 
has proved economically significant, an extensive list 
of their locations and types is included. Topaz, tour- 
maline, opal, beryl, rhodochrosite, amethyst, spinel, 
and zircon are just a few examples. The agate and gar- 
net deposits require mining leases from the govern- 
ment. No production statistics are given. An extensive 
bibliography concludes the article. DMD 


Source rocks of gem minerals: a case study from Sri 
Lanka. K. Dahanayake and A. P. Ranasinghe, Mi- 
neralium Deposita, Vol. 16, 1981, pp. 103-111. 

In this paper examining Sri Lanka's traditional gem 

mining district, Dahanayake and Ranasinghe begin by 

summarizing the geology as illustrated by two geologic 
maps. The island is dominated by Precambrian meta- 
morphic rocks which have been divided into the High- 
land Group, the Southwestern Group, and the Vijayan 
complex. Reports of occurrences of corundum in the 


‘Highland Group are then reviewed. 


The authors sampled two river valleys in the Wed- 
dagala areas of Ratnapura. In these Highland deposits, 
the major rock types are granulites, garnetiferous 
gneisses, and amphibolites. The underlying rocks of the 
Kaswatta drainage basin are for the most part garneti- 
ferous gneisses; those in the Delgoda basin are primar- 
ily granulites. 

The data derived from the separation and subse- 
quent identification of the minerals in these two areas 
are presented in tables of heavy minerals and summa- 
rized in two graphs of the distribution of beryl, corun- 
dum, spinel, topaz, tourmaline, and zircon, While the 
gneisses contain more spinel, tourmaline, and musco- 
vite, the granulites are richer in beryl, topaz, and co- 
rundum, which the authors relate to increasing pres- 
sure-temperature (PT) conditions. The authors conclude 
that since the PT factors of the granulite facies were 
more favorable for gem deposits, this area warrants fur- 
ther exploration. DMD 


Sphene, Sri Lanka’s newest gemstone. P. C. Zwaan and 
C. E. S. Arps, Scripta Geologica, No. 58, 1981, pp. 
I-11. 

Zwaan and Arps are excited about the potential for cut- 

able gem-quality sphene from southern Sri Lanka. This 

represents an addition to the previously reported sphene 
localities in Brazil, California, and Switzerland. Five 
samples of sphene from Sri Lanka and three from Brazil 
were investigated for refractive index and specific grav- 
ity, and were tested by electron microprobe and 

X-ray diffraction. 

Strong pleochroism was observed as well as strong 
birefringence, which was indicated by the noticeable 
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doubling of back facets when the stones were viewed 
through a microscope. The strength of the didymium 
absorption spectra was directly related to color inten- 
sity, which results from the presence of rare-earth ele- 
ments neodymium and praseodymium. 

The authors report the presence of inclusions of liq- 
uid feathers and healed fractures. Although apatite 
crystals are hypothesized in one of the Brazilian stones, 
on the whole none of the physical or optical properties 
of the various samples allowed differentiation of the 
sphenes based on origin. Zwaan and Arps anticipate 
that future analyses on trace elements in rough speci- 
mens may produce the data necessary for such a dif- 
ferentiation as more material comes out of this site. 

GSH 


Western Australian chrysoprase: its history, occur- 
rences, and value. C. Boesworth and H. Boesworth, 
Australian Lapidary Magazine, Vol. 17, No. 8, 1981, 
pp. 17-19. 

Gem chrysoprase is the most prized variety of chalce- 

dony. The finest gem grades ever known have been pro- 

duced in Western Australia. 

Although chrysoprase has been carved into cameos 
and intaglios since the height of the Roman empire, its 
early source is unknown. Silesia was a known Euro- 
pean source for chrysoprase as early as the 1730s, and 
the Ural Mountains have produced a small amount. 
The 1880s saw the discovery of chrysoprase in Califor- 
nia and western Oregon, and still later it was mined in 
Brazil. A green variety of chalcedony has been found in 
Zimbabwe {Rhodesia}, but this material turns red under 
the chelsea filter and should not be referred to as chry- 
soprase. None of these sources is considered as impor- 
tant as the mines in Western Australia. 

The mine near Wingelina in the Warburton Range 
in Western Australia became the world’s largest pro- 
ducer of chrysoprase between its discovery in 1965-66 
and its close in 1973. It is estimated that approximately 
400,000 kilos of chrysoprase and up to 100 tons of “ci- 
tron chrysoprase,” along with a substantial amount of 
moss agate, were removed from this mine. This ma- 
terial was suitable for carving into snuff bottle tops, 
ashtrays, and the like, but was not considered gem 
grade because most of it was highly included and of 
uneven color. Some of the material even faded in direct 
sunlight because of its halide content. The quality of 
the material, coupled with the expense of mining and 
sorting, made this mine an unsuccessful venture. 

In 1969, a nodular variety of chrysoprase was dis- 
covered at Yandramindra, Western Australia. This ma- 
terial, which is of excellent color and quality, is said 
to surpass chrysoprase found elsewhere at any time. 
Exceptional grades have commanded prices of $600 per 
kilo. Financial problems forced the closing of this mine 
in spite of the high price commanded by, and world- 
wide demand for, its production. 
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Late in 1979, another gem-grade nodular chryso- 
prase deposit was discovered. This material is very sim- 
ilar to that of the Yandramindra nodules. This most 
recent find is located in the Kalgoorlie area of Western 
Australia and has already produced two extraordinary 
specimens weighing 700 kilos and 1470 kilos, respec- 
tively. These are the largest nodules of gem chrysoprase 
on record; they are scheduled for exhibition in the near 
future. CKG 


The Yogo sapphire, Montana’s elusive treasure. H. M. 
Willard, Lapidary Journal, Vol. 35, No. 4, 1981, pp. 
868-872. 

Helen Willard provides a most colorful account of the 

history surrounding the Yogo sapphire mines in Mon- 

tana. The discovery of sapphire in this region, the min- 
ing methods used, changes in ownership of the mines, 
and descriptive accounts of the successes and failures 
of the mining operations are discussed. In addition, 
geographical maps of the mining area plus pictures of 
jewelry set with Yogo sapphires are included. Ms. Wil- 
lard also briefly discusses the qualities of Yogo sap- 
phires that make them so desirable, and summarizes 
the current outlook for this mining area. NPK 


JEWELRY ARTS 

Anne Hull Grundy: champagne, bananas, pigeons and 
jewels. V. Becker, Antiques World, Vol. 3, No. 6, 
1981, pp. 34-41. 

There is an enormous collection of antique jewelry at 

London’s British Museum of Natural History. In this 

article, Vivienne Becker, author of Antique and 20th 

Century Jewellery: A Guide for Collections, tells us 

about the collection’s eccentric donor, Anne Hull 

Grundy, and her antique jewelry. 

Through this article, we are introduced to this lover 
of antique jewelry who has donated or supplemented 
collections to 60 museums throughout Britain, each 
assemblage suited to that particular location. Mrs. Hull 
Grundy, who does all business from her bed, hates dia- 
monds and “lumps” of precious gemstones. She is in- 
stead concerned with the craftsmanship characteristic 
of each age. 

Twelve hundred pieces from Mrs. Hull Grundy’s 
private collection are currently on display in London's 
British Museum, Much of the collection covers the pe- 
riod from 1700 to 1930, with an emphasis on 18th- and 
19th-century pieces. Her relish for jewelry made from 
inexpensive materials such as tortoise shell, jet, steel, 
seed pearls, mother-of-pearl, and ivory is apparent. As 
Becker states about the collection, ‘‘Its great strength 
lies in the fact that it traces popular jewels, those that 
reflect the atmosphere, customs, and beliefs of the age 
as well as documents the changing role of both the 
craftsmen who produced the jewels and the women 
who wore them.” 
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The author then focuses on different aspects of the 
collection, commenting on particular groups such as 
cameos or on a particular piece such as an art nouveau 
brooch called “The Kiss.” These are accompanied by 
photographs, including one of the extraordinary Anne 
Hull Grundy. Diane Saito 


Basic metallurgy for goldsmiths—VI. M. Grimwade, 
Aurum, Vol. 81, No. 5, 1981, pp. 39-45. 


In the sixth of a series of articles on basic metallurgy 
for goldsmiths, Grimwade focuses on the mechanical 
properties of metals and alloys and the methods used 
to measure these properties. A number of the topics, 
such as tensile strength, ductility, and sheet formabil- 
ity, will be of interest only to the metallurgist. How- 
ever, a major part of the article is devoted to hardness, 
which is an important concern to gemologists as well. 

Methods to measure hardness similar to those used 
for diamonds are included here. All three—the Vickers, 
Brinell, and Rockwell tests—determine the material’s 
resistance to penetration by a standard indenter, thus 
giving a more precise value than the Mohs scratch test. 
The author elaborates on the Vickers test because it 
utilizes a smaller indenter and can be used on a wider 
range of materials, from very soft metals such as gold 
to hard stones such as diamonds. 

Photographs of equipment, diagrams of how the 
tests work, and graphs of the results are useful addi- 
tions to the article. RSS 


Gold made to measure. The International Gold Corp. 
Ltd. and T. Green, Hong Kong Jewellery, Vol. 1, 
1981. 


In the Middle East, wealth is not deposited in savings 
accounts but worn in the form of gold jewelry, which 
is usually 21 karat but never less than 18 karat. Unlike 
most stores in the U.S., a single jewelry shop in the 
Middle East may display 20 kilos or more of gold. The 
main reason for buying gold jewelry is as a form of 
savings. 

In the past, Beirut (Lebanon}, Damascus (Syria], and 
Aleppo (Syria) have been the great gold manufacturing 
centers of this region. However, as a result of recent 
wars, many smaller and more regional shops have ap- 
peared. Along with the continued growth of domestic 
manufacture, wholesale importation of jewelry from 
Italy has also mushroomed. Over 300 tons of gold are 
made into jewelry and coins annually, with another 
100 tons of jewelry being imported. 

Distinct cultural attitudes are connected to the ac- 
quisition of gold, which the author terms hoarding in 
this region. In prosperous times, profits are not put in 
bank accounts but rather used to purchase gold. Family 
members working outside these countries send their 
wages home to buy gold. Dowries for daughters must 
include large amounts of gold ornaments. 
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In less prosperous times, the reverse happens and 
much gold is sold back to the dealers. In 1973/74, 150 
tons of gold jewelry was melted down and sold in the 
London and Zurich gold markets. Therefore, there is no 
place where the ups and downs of the gold market are 
felt more immediately and drastically than in the Mid- 
dle East. The author concludes that unlike Europe, 
America, and Japan where “adornment jewelry” is pur- 
chased, the Middle East buys ‘investment jewelry.” 

RSS 


Gold wire in antiquity. A. Oddy, Aurum, No. 5, 1981, 
pp. 8-12. 


Today gold wire is made by drawing rods through a 
draw plate, a steel plate with holes of decreasing size. 
In the infancy of gold working, however, gold wire had 
to be hammered into thin rods or sheets. This was fol- 
lowed in time by ‘block twisting,’ ‘strip twisting,’ and 
swaging; the latter method is still used today. Oddy 
points out that development in gold wire making has 
not always followed a simple chronological sequence; 
some examples of ancient jewelry have gold wires that 
were made by a combination of techniques. 

In comparing gold wire produced in pre-Columbian 
South America with that produced in ancient Europe, 
Oddy found that hammering was common to both. 
However, although twisting and rolling were practiced 
in Europe in early times, these techniques were not 
common in South America. Conversely, the casting of 
free-standing wire as filigree was done in South Amer- 
ica but not in Europe. Oddy closes with the comment 
that the study of ancient wire making is still in its in- 
fancy. The material that has been closely studied, how- 
ever, attests to the skill and ingenuity of the ancient 
goldsmith. Also, these studies have helped expose for- 
geries of early pieces because the techniques used were 
modern. . 

The author, who works in the Research Laboratory 
at the British Museum of Natural History, has included 
seven photographs of jewelry from various antiquity 
departments in the British Museum. In addition, two 
diagrams of the stages involved in making different 
wires and an interesting scanning electron micrograph 
of a wire in a necklace produced in early Rome are pre- 
sented. Christina Lopez 


An introduction to hard fired enameling. J. Pettit, 
American Jewelry Manufacturer, Vol. 24, No. 4, 
1981, pp. 86-95. 

Joseph Pettit, enamelist and enamel room foreman, of- 

fers an interesting condensation of an extremely com- 

plex art form. After a brief introduction to the history 
and state of the art of enameling, he examines the basic 
types of enamel and some of the enameling methods. 

He also presents a definition of enamel and discusses 

its production and physical qualities. 
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The author’s description of metals usable for enam- 
eling and the methods of preparation are somewhat 
more comprehensive. Application techniques, such as 
sifting and wet charging or wet inlay, are described in 
clear detail. Firing, with its attendant relationship to 
metals, firing temperatures, and finishing processes 
conclude the article. 

As the cover statement to the article promises, Pet- 
tit does offer ‘the beginner the basics in terminology, 
types of enameling and techniques,” but they are in- 
deed basic. This introduction may well serve, however, 
as an incentive to the beginner to seek out more com- 
prehensive information, or it may even induce some- 
one with a passing interest to become a beginner. 

Archie V. Curtis 


Jewelry making Italian style. N. B. Winkler, Jewelers’ 
Circular-Keystone, Vol. 152, No. 5, 1981, pp. 94— 
98. 

The author reports his observations of the Italian jew- 

elry industry, made while touring factories ranging in 

size from a two-man facility to one with 1200 workers. 

Winkler’s first impression is the wide range of col- 
ored stones and substitutes used in Italy as contrasted 
with American jewelry. Turquoise, chrysoprase, onyx, 
and hematite are featured in novel settings and cuts, 
sometimes set off by thin gold “walls,”” sometimes by 
rows of diamonds. Next, he mentions the frequent use 
of stainless steel, which may be darkened and arranged 
with gold for contrast. 

The primary quality he notes in contemporary Ital- 
ian jewelry is its light weight. Many designs make use 
of openwork patterns. A great deal of the jewelry is 
hollow: items are made with base-metal cores and cov- 
ered with karat gold; acid baths dissolve the cores, leav- 
ing the very light gold pieces. 

Winkler also visited a school for jewelers, where 
students are enrolled at the age of 15. In addition to the 
jewelry-making apprenticeship, the students follow a 
full academic curriculum. The laboratory work is re- 
ported to be of high quality. 

The article includes a description of one factory that 
produces silver flatware and of another where silver- 
smiths produce chandeliers, floor lamps, and numerous 
other very large pieces, carrying out practically all pro- 
cesses manually. This work is in sharp contrast to that 
of the largest factory, where all kinds of jewelry are 
produced in a highly mechanized setting. Here, chain 
and hollow chain are produced; both centrifugal and 
vacuum casting methods are used. Still, in part of the 
factory, hand-made jewelry is also fashioned. 

The photographs include suites of Italian jewelry, 
craftspeople putting enamel on jewelry in one factory 
and assembling link bracelets in another, as well as 
machines that make chains and others that turn cast 
gold into sheets. SLD 
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The jewels of the twenties. 78 Karati, No. 51, 1981, 
pp. 76-81. 


This short account of jewelry from the 1920s features 
bracelets, necklaces, rings, and earrings signed by Van 
Cleef & Arpels and Cartier. While many would con- 
sider the pieces too elaborate for today’s fashions, the 
continuing desire to own these creations is illustrated 
by the prices they brought at recent auctions. This re- 
flects not only a nostalgia for that time period but also 
an acknowledgment of the quality of craftsmanship in- 
volved. Their further value as international currency 
is said to have been reinforced by the wealthy Russians 
who fled the Soviet Union following the revolution. 
The article includes photographs of five suites of jew- 
elry with a description of the stones and the prices paid 
at auction. DMD 


More mythological animals in netsuke. P. Schneider, 
Arts of Asia, Vol. 10, No. 6, 1980, pp. 126-132. 


This article is the second in a series on mythological 
animals in netsuke, the carved object attached to the 
end of the Kimono cord which functions as a toggle. 
The first article appeared in the March-April 1976 issue 
of Arts of Asia. This installment covers the dragon, the 
shojo (the smiling ones), the namazu (the earthquake 
fish), the ho (a fabulous bird that comes down from the 
heavens only once in a thousand years}, the kitsure (the 
fox}, the tanuki (the badger), the neko {the cat}, and the 
hare (the rabbit in the moon]. It answers such questions 
as: What is a kirin? An animal that is half cow, half 
dragon. Who are the shojo, and why are they always 
smiling? They are neither animal nor man; but are 
happy, harmless beings who are very fond of sake and 
almost always drunk (which explains why they are 
always smiling). The article also explains how earth- 
quakes are.caused by the fabulous earthquake fish, the 
namazu, a huge subterranean catfish whose body is 
hidden under the greater part of Japan with its head 
under the province of Hitachi. From time to time, the 
namazu grows restless and wiggles now its tail, now its 
head, causing the earthquakes so common in Japan. 
“More Mythological Animals in Netsuke” is a well- 
illustrated collection of Japanese folk tales that is en- 
gagingly written and will interest students of netsuke 
or Japanese culture, or those who just enjoy a good 
story. ET 


Netsuke and the Soken Kisho. M. Mikoshiba and R. 
Bushell, Arts of Asia, Vol. 10, No. 6, 1980, pp. 103- 
117. 

For those interested in netsuke, this article is a rare 

find. It is based on quotations and illustrations taken 

from the Soken Kisho, “An Appreciation of Superior 

Sword Furnishings,” the first book to mention netsuke. 

Written by Inaba Tsuryu in 1781, the book is devoted 

to the fittings of the Japanese sword; however, the sev- 
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enth and final volume deals with ojime, the slide bead, 
and netsuke. This earliest source of information on 
netsuke lists netsuke-shi (netsuke artists and carvers} 
who were active before 1781 and illustrates netsukes 
popular at that time. 

In the introduction, the authors touch on the de- 
velopment of netsuke carving and then provide a brief 
analysis of the 55 carvers listed in the Soken Kisho. For 
convenience, the carvers are numbered in parentheses 
according to the sequence in which they appear in the 
book, although Inaba did not number them. The intro- 
duction also covers some of the difficulties of translat- 
ing and interpreting this text. 

The main body of the article is a translation and 
adaptation of the part of volume 7 of the Soken Kisho 
that deals with netsuke. All information and observa- 
tions not written by Inaba are set in italics within 
brackets. Ueda Reikichi, author of Shums no Netsuke 
(Netsuke as a Hobby), is a major source of additional 


information. His book, published 150 years after the. 


Soken Kisho, was the second manuscript to be printed 
on netsuke. 

Care and planning are evident in the selection of 
illustrations for this article; the authors paired photo- 
graphs of drawings from the Soken Kisho with actual 
netsuke of identical or similar models. The result is 
something like a beginning textbook. Carefully re- 
searched, well written, and beautifully illustrated, this 
article is a must for the student of netsuke. ET 


RETAILING 


An armchair exploration of the auction house mys- 
tique. J. M. Daviee, G. Knight, K. C. Marshall, 
N. M. Perlmutter, M. H. Sussmann, K. Tulenko, 
Art Voices, Vol. 4, No. 2, 1981, pp. 13-21. 


Sooner or later every jeweler is asked to appraise or as- 
sist in the disposal of collectibles. Some of these col- 
lectibles will be in the form of jewelry, but in many 
cases they will include such items as paintings, pho- 
tographs, pieces of sculpture, lamps, and even signa- 
tures of famous people. How can a jeweler appraise 
these infrequently encountered items, and how can he 
find a buyer for them? 

Representatives from nine different auction houses 
present guidelines to the “ins and outs” of disposing of 
collectibles. Each describes the fees involved in esti- 
mating values and the commissions charged for auc- 
tioning items. Also discussed are how items are sent 
to the individual houses for appraisal and auction, se- 
curity precautions, and how the collectibles are cate- 
gorized and eventually sold. This is an interesting and 
informative article that should be read by anyone who 
is ever confronted with a situation involving collecti- 
bles of any sort. NPK 


Gemological Abstracts 


The business of jewelry: marketing analysis of a retail 
jewelry shop. M. Farmer and A. Montrose, Metal- 
smith, Vol. 1, No. 3, 1981, pp. 53-58. 


This article analyzes a small retail store that sells mer- 
chandise manufactured on the premises. It addresses 
the problems of marketing and pricing and recognizes 
that there is a scarcity of information on the market 
base, demographics, and financial history of the store. 
Farmer and Montrose detail one method of arriving at 
prices for this type of operation and suggest a formula 
that the store owner may use to determine thc best 
merchandise mix. The importance of working with 
professionals through universities and the Small Busi- 
ness Administration is pointed out, especially the low 
cost of such help. H. David Morrow 


SYNTHETICS AND SIMULANTS 


Diamond and its imitations. E. Gtibelin, Diamant, No. 
248, 1981, pp. 35-40. 


Ever since the discovery of diamond, people have tried 
to manufacture imitations of this stone. The develop- 
ment of polishing techniques in the 14th century per- 
mitted the manufacture of diamond imitations. Since 
then, the ever-growing challenge of detecting imita- 
tions has presented itself to everyone interested in 
diamonds. 

Knowledge of the internal and external character- 
istics of diamond can help the gemologist distinguish 
the natural stone from its imitations. Many of these 
characteristics can be seen with the aid of a loupe, in- 
cluding the sharp facets, flat faces, and precision pol- 
ishing. A diamond’s rough girdle, with its naturals and 
bearding, knots, growth marks, and water-repellent 
quality, also helps distinguish it from its substitutes. 
Internal characteristics peculiar to diamond include a 
variety of mineral inclusions, cleavage cracks, fissures, 
and structural and growth irregularities. In many cases, 
a knowledge of these characteristics will enable the 
gemologist to separate diamond from its imitations 
without sophisticated instruments or laboratory fa- 
cilities. 

Laboratory techniques for distinguishing diamonds 
use various instruments with which characteristic 
properties can be determined. Among the more re- 
cently developed instruments are the Riplus Refrac- 
tometer, which reads refractive indices up to 2.21, and 
the Ceres Diamond Probe, which detects thermal con- 
ductivity—that of diamond being 20 to 300 times 
greater than that of its substitutes. Transparency to 
X-ray, fluorescence and subsequent phosphorescence 
under UV light, absorption spectra, and electrical con- 
ductivity (of natural blue diamond) are other means of 
identifying diamond. In addition, several reflectivity 
meters, which indicate the reflective capacity of dia- 
mond, are available. 
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Gtibelin concludes by predicting that even if other 
diamond imitations appear in the future, our growing 
experience with practical methods and instrumenta- 
tion will provide the means to recognize diamond by 
its unique properties. This article appears in English, 
Dutch, and French, side by side. CKG 

Editor’s Note: A similar form of this article, writ- 
ten in German by Dr. Gtibelin, appeared in the De- 
cember 1980 issue of Journal Suisse de Bijouterie et 
d’Horologerie. Twenty-six color photographs illustrate 
the characteristics discussed. In addition, three tables 
document the properties of diamond and some of its 
substitutes. 


An investigation of synthetic turquoise and the tur- 
quoise substitute of Gilson. K. Schmetzer and H. 
Bank, Journal of Gemmology, Vol. 17, No. 6, 1981, 
pp. 386-389. 

The various efforts to duplicate turquoise have resulted 
in a variety of material. Pierre Gilson, Sr., the French 
producer of synthetic and imitation stones, has offered 
one material labeled synthetic turquoise and another 
called Gilson substitute. Schmetzer and Bank tested 
three samples of the synthetic turquoise, one Gilson 
substitute, and a natural Nevada turquoise with the aid 
of an X-ray powder diffractometer and a scanning elec- 
tron microscope {SEM}. 

In the three ‘synthetic turquoise” samples, several 
additive lines in the X-ray powder diagrams are present. 
These do not belong to turquoise but rather to “one or 
more other crystalline phases,” which leads the au- 
thors to conclude that the term synthetic turquoise 
does not designate the composition of the material and 
should not be used. 

Tests on the Gilson substitute showed that the ma- 
jor element is calcium with traces of silicon, phospho- 
rous, sulfur, and iron. The authors conclude that this 
material is a mixture of calcite and other crystalline 
phases. [PG 


MISCELLANEOUS 


History of placer mining for gold in California. C. V. 
Averill, California Geology, Vol. 34, No. 7, 1981, 
pp. 150-151. 

Recent price fluctuations in the gold market have gen- 

erated a renewed interest in mining processes. The ear- 

liest techniques used in California took advantage of 

the high specific gravity of this metal, beginning with 
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the concentration of gold in crevices followed by pan- 
ning for gold. 

The next technique developed involved cradles and 
sluice boxes to wash the gravel in which gold was 
thought to occur. Since this method requires a high 
concentration of gold to be productive, it had declined 
by 1860. In the meantime, the hydraulic method, 
whereby jets of water are forced against banks of gravel, 
had been developed. When angry agricultural interests 
were able to bring an injunction against this method 
in 1883, placer mining slowed to a very low level and 
was replaced by lode mining of quartz veins. Again, a 
technological development, the connected bucket 
dredger, resulted in greater production levels from 1900 
on into the 20th century. 

The impact of inflation following World War I coun- 
teracted the rising trend of gold production, even after 
the price of gold was increased to $35 per fine ounce 
in the early 1930s. In 1942, activities by the War Pro- 


' duction Board brought a halt to lode gold mining. Later, 


when mining resumed, much damage from flooding 
and cave-ins was found in the old tunnels. DMD 


Source of Mother Lode gold. R. Smith, California Ge- 
ology, Vol. 34, No. 5, 1981, pp. 99-103. 


The author hypothesizes the relationship of the Mother 
Lode gold-quartz veins to the Foothill copper-zinc belt 
of sulfides in the central part of the Sierra Nevada 
Mountains in California. One of the difficulties with 
previous theories was explaining why the quartz veins 
were a mile or more long while the gold-bearing part 
was shorter and, in fact, about the same length as the 
massive sulfide deposit. 

Smith describes the conditions under which the 
gold-quartz veins were deposited by hydrothermal so- 
lutions composed of meteoritic water. Apparently the 
quartz was leached from wallrock of metasedimentary 
and metavolcanic origin. At high pressures, but low 
temperatures, the silica was deposited upward in a se- 
ries of quartz veins. Later, and as temperatures rose, 
zinc, lead, copper, silver, and gold—derived from vol- 
canic sulfide deposits in preexisting rock—were depos- 
ited, the most soluble first. Finally, only gold, which 
can replace all the others, was left in the deep parts of 
the veins. 

This theory views the sulfide deposits as much more 
extensive than previously thought. They had to have 
been more deeply buried, and more abundant and wide- 
spread, to account for the amount of gold that has come 
from the Mother Lode deposit. RSS 
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THE WORLD 


OF DIAMONDS 

By Timothy Green, 300 pp., William 
Morrow & Co., New York, 19817. 
US$12.95 


This nontechnical book written for 
consumers actually belongs.on the 
jeweler’s bookshelf. Told from a 
journalist’s point of view, it de- 
scribes in detail the intimate work- 
ings of the diamond industry from 
the miner to the Madison Avenue 
persuader who entices lovers to buy 
the cut stones. In an entertaining 
fashion, Green has captured the ex- 
citement of dealing in diamonds and 
conveyed it to the reader. 

The book is divided into four 
parts, beginning with “The Dia- 
mond in History.” Although this is 
a much-told story, Green’s brief ac- 
count of the discovery of diamonds 
in Africa and the formation of the 
diamond monopoly is fresh and 
enlightening. 

Part II—"The Miners,” describes 
the prospecting for and mining of 
diamonds in detail. This section is 
one of the best narratives on the 
sources of diamonds and methods of 
recovering them. Although very de- 
tailed, it is not boring. The chapter 
on the Soviet Union is especially 
interesting. 

Part III—“The Salesmen,” begins 
with a thorough report of the orga- 
nization and function of the Central 
Selling Organization and weaves its 
way through the diamond world of 
high finance, world economics, po- 
litical intrigue, and smuggling. The 
fascinating story of the founding of 
the diamond industry in Israel alone 
makes the book worth reading. 

Part IV—"The Buyers,” is di- 
vided into three chapters. The first 
chapter is the story of DeBeers’s 
long-running advertising campaign, 
its successes and disappointments. 
The second chapter describes the in- 
vestment boom. Green’s descrip- 
tion and analysis of the diamond 
investment market is factual, and 
every potential investor should read 
this revealing chapter. The final 
chapter is a brief account of the use 
of diamonds in industry, from bread- 
and-butter applications to the exotic 
job of a delicate surgeon’s scalpel for 


Book Reviews 


BOOK 
REVIEWS 


John I. Koivula, Editor 


eye surgery. It is a fitting ending to 
a very thorough book. 

Anyone in the diamond industry 
will enjoy this book. The author’s 
many amusing anecdotes and en- 
lightening analogies will be quoted 
by diamond salespeople for years. 
This authoritative and factual book 
lives up to its billing as the inside 
story of diamonds. It is well orga- 
nized, with good footnotes and an 
excellent index. 


DENNIS FOLTZ 
Santa Monica, California 


GEMSTONE AND 


MINERAL DATA BOOK 

By John Sinkankas, 352 pp., Van 
Nostrand Reinhold Co., New York, 
1981 paperback edition after the 
1972 first edition. US$6.95 


This book, subtitled “a compilation 
of data, recipes, formulas and in- 
structions for the mineralogist, gem- 
ologist, lapidary, jeweler, craftsman 
and collector,” is the gourmet cook- 
book of gems and minerals. There 
are no illustrations, and you wouldn’t 
want to read it for pleasure, but you 
wouldn’t want to be without it 
either. 

There are twelve parts, each of 
which contains numerous listings of 
otherwise hard-to-find data. Among 
the subjects covered are weights, 
mathematical formulas, chemicals, 
cleaning methods, lapidary tech- 
niques, precious metals, coloring 
methods, physical properties, and 
optical data. The book is easy to use 
because of the detailed table of con- 
tents and index. 

John Sinkankas, a life-long min- 
eralogist and gemologist, is an un- 
questioned authority in the field of 
gems and minerals, John has suc- 
ceeded in this book as he has in his 
many other publications to deliver 
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a phenomenal amount of important 
data in a manner that is both un- 
derstandable and useful to amateur 
and professional alike. 


JOSEPH O. GILL 
San Francisco, California 


RUBY AND SAPPHIRE 
Edited by L. M. Belyaev, 443 pp., il- 
lus., Amerind Publishing Co., New 
Delhi, India, 1980. Available from 
the U.S. Department of Commerce, 
National Technical Information Ser- 
vice, Springfield, VA 22161, as Doc- 
ument TT-52020. US$32.00 


This volume is a translation, pub- 
lished in India for the U.S. National 
Bureau of Standards, of a U.S.S.R. 
volume first published in 1974 and 
subsequently revised in 1978. It deals 
primarily with the technological and 
scientific aspects of ruby production 
for laser use. 

Upward of 30 authors have con- 
tributed 56 sections, which are or- 
ganized into seven chapters. The 
level of treatment is very uneven, 
ranging from detailed research re- 
ports via equipment design data to 
almost unreferenced summaries (flux 
growth appears to have but a single 
reference, to the year 1963}. 

The translation is competent, but 
inaccurate statements appear occa- 
sionally, undoubtedly the result of 
literal translation. The quality of the 
paper stock used and the photo- 
graphic reproductions is reasonable 
only when judged by the low price 
(by today’s standards} of less than 7¢ 
per page for the book. 

The most serious drawback is the 
absence of an index, a severe defect 
in a volume such as this with large 
amounts of poorly organized mate- 
rial. There are 719 references at the 
end of the book which are compiled 
by chapters. Referencing is solid to 
1970 and patchy to 1975. 

The gemologist will find little of 
interest in this book. The dedicated 
bibliophile will, of course, wish to 
own a copy, and will find that it of- 
fers an interesting picture of Rus- 
sian technology as well as many 
Russian references not easily found 
elsewhere. 


KURT NASSAU 
Murray Hill, New Jersey 
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DIAMONDS 
Angola. Angolan production of industrial and gem dia- 
monds for 1980 represents the highest output since the 
country gained its independence in 1975. The total of 
approximately 1.5 million carats contrasts with 840,000 
carats for 1979 and 650,000 carats for 1978; although 
in 1973, prior to independence, Angola’s Diamang mines 
produced 2.12 million carats, 8% of the world produc- 
tion. Civil war interrupted production in 1975, when 
the total had been expected to reach 3.5 million carats. 

Seventy-seven percent of the shares in the Diamang 
mines are held by the Angolan government, which as- 
sumed control of the Portuguese holdings. British, South 
African, U.S., Belgian, and Swiss interests in the mines 
were unaffected. 


Australia. The Ashton Joint Venture expects its large 
plant in Argyle, Western Australia, to begin operation 
some time in 1985. Once in operation, the plant is ex- 
pected to employ 500 people (the current work force is 
225) and to produce 20 to 25 million carats of diamonds 
a year from five million tons of ore. This amount rep- 
resents a considerable percentage of world production, 
which in 1980 totaled 50 million carats. It is estimated 
that perhaps only 10% of the Ashton product will be 
stones of gem quality. 


Botswana. The large new Jwaneng mine is expected to 
begin operation in 1982 and to produce 6 million carats 
per year by 1985, which will bring Botswana’s total an- 
nual production to 10 million carats. The government 
of Botswana plans to establish a pilot diamond-cutting 
and polishing plant at Gabarone in cooperation with 
the Antwerp cutting firm of Mabrodiam. There will be 
an initial staff of 50 employees, with an anticipated 
expansion to 500. 


Lesotho. The second phase of a joint Canadian/Lesotho 
diamond mining project, begun in 1978, will be Can- 
ada’s grant of C$882,000 toward developing a cooper- 
ative for Lesotho diamond miners in the Maluti Moun- 
tains. The Canadian International Development Agency 
is providing a mining advisor, training, and mining 
equipment; the agency is also covering operating and 
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maintenance costs. Twenty-five percent of the equity 
in the mining company is held by Lesotho, a small 
country in southern Africa. After amortization of the 
capital investment, 62.5% of the profits will accrue to 
the Lesotho government through taxes and dividends. 


U.S.A. Increased tourism and pressure from commer- 
cial mining companies have followed the discovery on 
June 23 of an 8.82-ct. diamond at Crater of Diamonds 
State Park, Murfreesboro, Arkansas. Nearly 4,000 gem- 
stones have been found at the site since it became a 
park in 1972. The stone discovered this year is the sec- 
ond largest on record; the first is a 16.37-ct. stone found 
in 1975. Anaconda Company and Superior Oil Com- 
pany have joined other companies that have been pur- 
chasing mining rights from landowners near the park 
and propose to evaluate the commercial potential of 
the crater and the surrounding area. 


U.S.S.R. A new diamond mine is under development 
in the Yakut area of Russia. Two shafts—one for ex- 
traction and one for ventilation—are already being ex- 
cavated, and will reach a depth of almost 1,000 m. 


PAKISTAN ENTERS THE GEM SCENE ES 
Editor's Note: We are greatly indebted to Dr. Edward 
Gtibelin for this report on current gemstone activity 
in Pakistan, where he traveled this past spring. 


In recent years, with the discovery of large deposits 
of emerald in the valley of Swat and of ruby in the rug- 
ged Hunza Valley, Pakistan has become both producer 
and potential marketer of these stones, Pakistan is 
now producing a variety of gemstones, which mainly 
include emerald, ruby, spinel, topaz, aquamarine, 
chrome diopside, kunzite, garnet, chrome-tourmaline, 
and quartz; there are also ornamental stones such as 
agate, chalcedony, jasper, sodalite, serpentine, tur- 
quoise, and nephrite. 


Emerald. Some of the finest emeralds in Pakistan come 
from the valley of Swat, in the foothills of the Hindu- 
kush range. The Gemstone Corporation of Pakistan, 
founded in February 1979, has resumed operation of the 
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emerald mines near Mingora, which produced about 
410,000 carats in 15 years. All the mines—one large 
and two smaller ones—are being operated at the mo- 
ment, and the emeralds excavated have become well 
known for their brilliant, medium-to-deep green color 
as well as for their unique transparency, comparable to 
the finest specimens from Muzo, Colombia. The stones 
are small, with cut gems averaging less than one carat, 
although a few larger stones have been found. Faceting 
of the stones presently lacks precision, but the corpo- 
ration is aware of this deficiency and is introducing at 
least one automatic cutting machine as well as training 
a staff of lapidaries. 


Ruby. Rubies that range in color from pigeon’s-blood 
to pale red are found in abundance below the Karako- 
ram Mountains in the Hunza Valley. These deposits are 
presently mined on a small scale, but expansion is an- 
ticipated. In this region, mica schists are frequently 
traversed by relatively broad banks of crystalline mar- 
ble in which ruby, spinel, and chrome diopside are 
found. Hunza Valley rubies occur in very large sizes— 
some up to 40 mm in length. However, the majority of 
the stones are turbid, that is, marred by various inclu- 
sions and cracks, and many display large white patches 
of calcite. While the area has not yet produced trans- 
parent stones for faceting, the best-quality material 
lends itself very well to cabochons. The principal fea- 
ture of the Hunza rubies is their color, which in nu- 
merous specimens is identical to that of the finest Bur- 
mese rubies. Those emerald and ruby crystals that are 
not suitable for cutting but are extracted on matrix are 
often attractive to collectors as mineral specimens. It 
may be expected that the quantity and quality of both 
emeralds and rubies will increase as prospecting and 
mining techniques in the area improve. 


Spinel. Well-shaped crystals of spinel in a variety of 
colors—bluish pink to deep red, violet-blue, and pur- 
ple-red to almost black—have been found associated 
with rubies in the Hunza Valley. Because of their clean 
crystal shapes, they are used primarily for mineral 
specimens on matrix. 


Topaz. Topaz crystals of rare natural pink color (not 
treated, as those from Brazil are) were mined a couple 
of years ago at Katlang in the Mardan area, about 75 
km northeast of Peshawar. That deposit may now be 
exhausted; demand for the stone has depleted the avail- 
able supply. 


Aquamarine. Large, clear, colorless goshenite crystals 
and light blue aquamarine crystals are found in great 
quantity beneath the famous K-2 peak—the second 
highest in the world—of the Karakoram range above 
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Dassu in the area of Skardu. Close inspection of some 
crystals reveals that many specimens offered for sale 
have been fraudulently misrepresented: for example, 
some crystals were found to be sawed, with termina- 
tions artificially formed by grinding and polishing the 
stones. A note in an American journal recently men- 
tioned a new source of aquamarines in the Haramosh 
Valley; however, there is no such valley and the Har- 
amosh Mountain does not house aquamarine. Apart 
from quartz of inferior quality and a few odd goshenite 
crystals, the Haramosh Mountain does not appear to 
produce any desirable gemstones. The pegmatites in 
which the quartz and goshenite occur are covered by 
snow most of the year. 


Chrome Diopside. Locally known as “Hunzanite,” large 
emerald-green crystals of chrome diopside frequently 
are found associated with rubies in the Hunza Valley. 
Some of the more turbid specimens yield a cat’s-eye 
effect when cut as cabochons. 


Kunzite. Large, clear crystals of kunzite of cyclamen 
hue are commonly found in Chitral Province. 


Garnet. Pyrope garnet is commonly found near Dir, in 
the Swat Valley in Chitral Province, and in the valley 
of Baltistan. It is quite abundant in the goldsmith and 
jewelry shops of northern Pakistan. Whether deman- 
toid garnet is really found in the emerald-bearing belt 
in Swat, as is claimed in some gem booklets, is most 
uncertain, 


Chrome Tourmaline. Chrome tourmaline has been ob- 
served to occur in calcareous rocks near Alpurai in the 
Swat Valley, but samples have proved too small for use 
as gemstones. 


Quartz. Large, clear, and transparent quartz crystals 
(rock crystal and smoky quartz) occur in quantity near 
Dir, in Chitral Province, in the Gilgit area, and in the 
valley of Baltistan. 


Ornamental Gems. Agate, chalcedony, and jasper also 
occur widely at several different localities in Pakistan. 
In the southeast corner of Swat Province, sodalite has 
been found. Other ornamental gems found in Pakistan 
include serpentine, green turquoise, olive green neph- 
rite, and large deposits of chalcedony of fine luster and 
hardness in brown, chocolate brown, green, and bluish 
hues. Such stones, sometimes in the form of carved 
ornaments, may be encountered in shops all over the 
country. Lapis lazuli, tourmalines, and emeralds from 
Afghanistan are sold in large and small quantities by 
dealers in Pakistan. Synthetic stones and imitations are 
also in abundance. 
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EXHIBITS 


American Museum of Natural His- 
tory—Central Park West & 79th St., 
New York, NY 10024. Telephone 
(212) 873-1300. 

“Through the Looking Glass: His- 
tory of Microscopes” is an exhibi- 
tion organized by the American 
Museum and the New York Micro- 
scopical Society which shows the 
development of the microscope 
“from an amazing curiosity to an 
important scientific tool.’’ Numer- 
ous modern optical microscopes and 
the scanning electron microscope are 
subjects of the display, which uses 
enlarged photographs and video- 


tapes, as well as the instruments, to 
tell the story. Opened September 30 
and runs through December 30, 
1981, in the museum’s Akeley 
Gallery. 


Arizona-Sonora Desert Museum— 
Route 9, Box 900, Tucson, Arizona 
85704. Telephone (602) 883-1380. 
The museum adds to its presenta- 
tion of the origins and development 
of the American Southwest with a 
new main exhibit gallery, mineral 
hall, replica of an underground mine 
showing four mineral pockets, and 
terrace with amphitheater. The main 
gallery contains a number of ex- 


hibits depicting the history of the 
earth through dramatically pre- 
sented films, sound effects, and nat- 
ural settings which include live 
plants and animals. On display in 
the mineral hall are regional min- 
erals, some in specimens viewed 
through microscopes, cut gem- 
stones, and jewelry. The technology 
and equipment for dramatizing the 
various exhibits were developed only 
recently; in several instances, they 
are used here for the first time. Ded- 
ication ceremonies will be held De- 
cember 10; the new exhibits will be 
open to the public December 11. 


ANNOUNCEMENTS 


Sri Lanka’s First International Col- 
oured Gem Stones Conference and 
Gem and Jewellery Exhibition will 
be held in Colombo February [-2, 
1982, at the Bandaranaike Memorial 
International Conference Hall. The 
conference theme is “Why Coloured 
Gem Stones?” Dr, Edward Gtibelin 
will speak on the first day; there 
will also be talks by other gemolo- 
gists, jewelers, and gem dealers as 
well as panel discussions. Further 
information may be obtained from 
Conventions (Colombo} Limited, 
P.O. Box 94, Colombo 1, Sri Lanka. 
Telex: 21124 MAKINON CE. 


Preparations are under way for the 
first International Gemological 
Symposium, to be held in Los An- 
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geles February 12—15, 1982. GIA will 
host the event at the Century Plaza 
Hotel, where there will be presen- 
tations by over 60 speakers from the 
international gemological commu- 
nity. Also planned are an open house 
at GIA anda ball at the L.A. County 
Museum of Natural History, which 
houses over 2,000 mineral speci- 
mens and the Hixon Collection of 
cut gemstones. Information is avail- 
able by writing to Elizabeth E. 
Knowlton, Symposium Coordina- 
tor, GIA, 1660 Stewart St., Santa 
Monica, CA 90404. Telephone: (213) 
829-299] 


The annual commodity meeting of 
the Institution of Mining and Me- 
tallurgy will be held Thursday, De- 
cember 3, 1981, at the Goldsmiths’ 
Hall, London. Entitled “Gem- 
stones,”’ the meeting will cover ex- 


ploration, production, and market- 
ing of natural gemstones, as well as 
production of synthetics and prob- 
lems of their identification. Speak- 
ers will include representatives from 
the Anglo-American Corporation of 
South Africa, the Diamond Trading 
Company of London, CRA Explora- 
tion of Western Australia, and Rio 
Tinto Mining of Zimbabwe. Infor- 
mation on papers to be presented 
and displays, as well as registration 
forms, is available from the Confer- 
ence Office, Institution of Mining 
and Metallurgy, 44 Portland Place, 
London W1, England. Telephone: 01- 
580 3802, telex: 261410. 
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THE NEW GEMS & GEMOLOGY 
IS ONE YEAR OLD 


RICHARD T. LIDDICOAT, Jr. Editor-in-Chief 


ith this issue Gems #& Gemology, now in its 48th year as the quarterly journal of the 

Gemological Institute of America, completes its first year in the new size and format. 
The response to the new look has been very exciting. Not only has the journal enjoyed an 
almost 500% increase in subscribers, but the quality and quantity of the papers and other 
items submitted have grown significantly as well. Much of the credit for the transformation 
in appearance and quality of production goes to our managing editor, Alice Keller. The mem- 
bers of our Editorial Review Board also have proved invaluable in ensuring the accuracy and 
usefulness of the articles published. In addition to those individuals listed on the masthead, 
Brian Mason (of the National Museum of Natural History), Marty Prinz (of the American 
Museum of Natural History], Ed Wilson (of the Los Angeles County Museum of Natural His- 
tory}, and Wendell Wilson (of the Mineralogical Record) were kind enough to provide outside 
reviews on specific papers. The Gemological Abstracts, Gem Trade Lab Notes, and other reg- 
ular features of the journal have benefited both from the strong editorial leadership of the 
section editors and from the contributions of their editorial staffs, most of whom also carry 
full-time responsibilities at GIA or in the GIA Gem Trade Laboratory, Inc. 


Of singular importance to the success of any journal, however, are the authors of the articles 
that form the core of the publication. We have been fortunate to receive the contributions of 
established and new authors alike. We thank these authors for their support and continue to 
welcome contributions from the international gemological community. As the journal of the 
Gemological Institute of America, Gems &) Gemology invites articles in jewelry manufac- 
turing, retailing, and other aspects of the field in addition to the science of gems. 


Plans are already well underway for the next four issues, with items of special value to those 
readers interested in jade, the latest developments in synthetic corundum, and the cultivation 
of the new 3/4 cultured blister pearls, among many other topics. We feel confident in prom- 
ising a second year that will be even more exciting, more informative, and more beautiful 
than the first. 
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LAPIS-LAZULI FROM SAR-E-SANG, 
BADAKHSHAN, AFGHANISTAN 


By Jean Wyart, Pierre Bariand, and Jean Filippi 


Translated by Carol Stockton 


The lapis-lazuli deposits at Sar-e-Sang in 
Badakhshan, Afghanistan, have provided 
the raw material for objects fashioned of 
this stone since the earliest civilizations. 
The mine, which lies in the Hindu-Kush 
mountains, is difficult to reach and, 
because of climatic conditions, is opened 
only a few months during the summer. 
The lapis is found in veins in which 
calcite and dolomite are intimately 
associated with silicates such as diopside, 
scapolite, and forsterite. Pyrite is always 
present; the pure blue mineral is lazurite. 
The color of the lapis-lazuli varies 
according to the amount of the various 
impurities contained therein. Well-formed 
crystals of lazurite with the dominant 
{110} shape are rarely found. This article 
examines the crystallographic properties 
of lapis-lazuli, the site of Sar-e-Sang and 
the lapis-lazuli deposits there, and offers 
an explanation for the genesis of the 
material. 


ABOUT THE AUTHORS 


Mr. Wyart and Mr. Bariand are associated with 
the Laboratoire de Minéralogie-Cristaliographie, 
Université de Paris VI, France; Mr. Filippi is 
associated with the Laboratoire de Chimie, Ecole 
Centrale, Paris, France. 


The authors are very grateful to M. Said Hachem 
Mirzad and his collaborators for their help in 
enabling the visits to Sar-e-Sang that formed the 
basis of this article. 


An earlier version of this article was published in 
French in the Revue de Géographie Physique et 
de Géologie Dynamique, 2. Serie, Vol. 14, No. 4, 
1972, pp. 443-448, 


©1982 Gemological Institute of America 


184 Lapis-lazuli from Sar-e-Sang 


apis-lazuli is an ornamental stone (figure 1} that has 

been found in the artifacts of some of the oldest 
known civilizations. Necklaces of this material have been 
discovered in the neolithic tombs of Mauretania and the 
Caucasus. The appearance of lapis during archeological 
excavations in Mesopotamia marks the evolution, eco- 
nomically and artistically, of societies that flourished 
thousands of years ago in the region of Sumer. 

In a well-documented work, Georgina Herrmann (1968) 
speculated on the possible origins of the mineral and con- 
cluded that it came from the mines of Badakhshan, in 
what is now Afghanistan. Mesopotomia was the com- 
mercial center for this treasured material, transformed by 
its artists into objects of luxury. Thus, more than 4,000 
years ago, commercial relations were established between 
ancient Iraq and Afghanistan, more than 2500 km to the 
east. Importation of the blue stone was particularly im- 
portant at the beginning of the 3rd Dynasty, which marked 
the apogee of the civilization of Ur, because of the various 
uses to which the material was put. In the royal cemetery 
of Ur, excavations revealed fantastic objects fashioned | 
from lapis-lazuli—cylinder seals, necklaces, and statu- 
ettes of animals and persons—which testify to the high 
degree of sophistication attained in sculpture and gem 
engraving. The abundance of objects of lapis-lazuli in the 
tombs suggests that this blue stone already possessed a 
ritualistic value, much as is seen today throughout Iran 
and the Orient. From Iraq, lapis-lazuli was exported to 
Egypt during the predynastic period as well as all early 
dynasties. In Egypt, however, objects formed from lapis- 
lazuli have been found only in the tombs of the wealthi- 
est persons. Oriental people, the Hebrews, the Babyloni- 
ans, and the Assyrians also used this azure stone for 
ornamentation in the earliest days of their civilizations. 

The word Jazurium appeared in the sixth century. It 
is borrowed from the Arab lazaward, which was taken in 
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turn from the Persian Jajevard and from which 
came the word Jazul, then azur. As early as the 
fifth century, the mineral was introduced in Eu- 
rope under the name ultramarinum, which be- 
came ultramarine. Ultramarine served as the most 
valuable blue pigment and was used by all the 
great painters until the discovery by J. B. Guimet 
in 1826 of a method of synthesis that allowed in- 
dustry to prepare enormous quantities of blue pig- 
ment at a low price. 

In fact, many lapis substitutes have appeared 
through the years. These include glass, synthetic 
spinel, dyed jasper, and the mixture of pyrite frag- 
ments with plastic rich in lapis powder. Most 
recently, Gilson has produced imitation lapis- 
lazuli—with and without pyrite—that is quite 
attractive. 


THE LAPIS-LAZULI DEPOSITS 


Apart from those in Badakhshan, a few deposits 
have been found and occasionally exploited in the 
U.S.S.R. A deposit situated in the Lake Baikal re- 
gion (Hogarth, 1970) produces a stone of mediocre 
quality, but it is too far from Mesopotamia to 
have been sent there. In 1930, one Russian 
expedition discovered some lapis-lazuli in the 
mountains of the Pamir, in a region of very dif- 
ficult access (Webster, 1962). This deposit has 
been mined primarily for phlogopite, although 
medium-grade lapis-lazuli has been recovered as 
well (Hogarth, 1970}. 
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Figure 1, Three-centimeter- 
long talisman of lazurite 
with gold writing that was 
fashioned in Afghanistan in 
the 19th century. Property 
of the Paris School of 
Mines, Paris, France. 
Photograph ©1981 Nelly 
Bariand. 


Little lapis has been found elsewhere in the 
world. Deposits are known in Chile and Burma, 
but the quality of these materials is at best me- 
diocre. Lapis-lazuli is also found in San Bernar- 
dino County, California, but the original beds 
were only a few millimeters wide (Rogers, 1938). 
Thicker veins have been uncovered and the ma- 
terial has been marketed in the U.S. recently, but 
the quality is such that it is of mineralogical 
rather than gemological interest. The reader is re- 
ferred to Sinkankas (1976) for descriptions of this 
and other North American lapis-lazuli deposits. 

The mines of Badakhshan, therefore, are not 
only among the oldest in the world, but they may 
also be the most productive and they have his- 
torically produced most of the finest-quality ma- 
terial. In addition, because of their location, their 
mode of exploitation has changed but little over 
the centuries. 

Lapis-lazuli is usually massive and more or 
less impure. Rather than a single mineral, it is a 
rock—a mixture of minerals—that varies greatly 
in composition and color (figure 2). From the 
physico-chemical point of view, the blue constit- 
uent is the mineral lazurite. This mineral has 
been the object of much study, particularly with 
regard to its color. To resolve the questions that 
have arisen, one must use a sample as homoge- 
neous as possible, such as well-formed crystals. 
But such crystals are rare, because the miners 
look only for blocks of the blue stone to be carved 
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and polished for jewelry or as objets d’art. It was 
in search of homogeneous crystals that we un- 
dertook expeditions to Badakhshan in 1964, 1967, 
and 1971, The results of our study of the material 
found are discussed below, as are the site at Sar- 
e-Sang, the mining methods used, and the possi- 
ble origin and current economic situation of the 
Afghan stone. 


THE CRYSTAL CHEMISTRY AND 
PROPERTIES OF LAZURITE 


Lazurite belongs to the sodalite group, which are 
cubic tecto-silicates characterized by the same 
three-dimensional structure, with the anion Al,Si, 
O., as the framework motif. The unit cell is 9.0 
+ 0.1 A. The sodalite group forms a solid-solution 
series of which the principal end members are 
sodalite {Na,A],Si,Q.,Cl,], nosean (Na,A1,SigQo, 
SO,), and hatiyne ([Na,Ca]s4Al,SigQ241SO,,S]2.1). 
Lazurite is a hatiyne rich in sulfur; its ideal 
composition is NasgA1,SigQ.,Sx, with X ranging 
from 1 to 4. 

The atomic structure of this species was es- 
tablished by Jaeger (1930), and then refined by 
Pauling {1930}, Barth (1932), Machatschki (1933 
and 1934), and Saafeld (1961). The SiO, and AlO, 
tetrahedra are linked at their four apexes to form 
six rings of four tetrahedra parallel to the cube 
faces and eight rings of six tetrahedra parallel to 
the faces of the regular octahedron. This alumi- 
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Figure 2. Lazurite slab from 
Sar-e-Sang, Badakhshan, 
Afghanistan, 14 cm. 
Photograph ©1981 Nelly 
Bariand. 


nosilicate structure, common to all the minerals 
of the group, consists of cuboctahedral frame- 
works (“cages’”’| in which the large central cavi- 
ties are occupied by the cations Na and Ca, and 
by anions such as Cl, SO,, and S. This very open 
atomic structure confers on these silicates the 
properties of permutites (commonly called ‘zeo- 
lites,’ or compounds used as water softeners 
because of their ability to remove “hard” ions 
from water}. They need only be placed in salt so- 
lutions of the cations K, Li, Rb, Cs, Ag, Tl, Mg, 
Ca, Sr, Ba, Zn, or Hg at 100°C for the sodium in 
them to be replaced by the cations named, with 
resultant color modification. For example, cal- 
cium or zinc replacements result in almost col- 
orless material, while material containing lith- 
ium and thallium is very dark. 

Atoms of sodium and sulfur are found in the 
large openings in the frameworks, and it is as- 
sumed that the atoms of sulfur move into cavities 
to form rather unstable radicals such as Na&S,, 
NaS;, and NaS,. The dissociation of these radicals 
could then liberate the active S atoms that are 
responsible for the coloration. Chemical analyses 
indicate that the greater the percentage of sulfur 
in the mineral, the deeper the blue. If sulfur is 
replaced by selenium, the color becomes blood 
red. Thus the blue color, which usually increases 
the value of the material as it becomes darker, 
depends above all on sulfur content as well as on 
the amount of calcium present. 
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Figure 3. Map of the routes from Kabul to the 
lapis-lazuli deposits at Sar-e-Sang, Badakhshan, 
Afghanistan. 


THE SITE OF SAR-E-SANG 


Sar-e-Sang is located in Badakhshan, in the north- 
east of Afghanistan. It lies in the center of the 
Hindu-Kush massif, along the right bank of the 
Kokcha River, which cuts from north to south 
an anticline with summits reaching 3500 m to 
5500 m. The Kokcha results from the confluence 
of the Anjuman and Munjan rivers, and empties 
into the Amu Dar’ya (the Oxus River of the an- 
cients}, which demarcates the border with the 
U.S.S.R. to the north. 

This region in Badakhshan was mentioned in 
Chinese writings as early as the sixth century. 
From the village of Jarm, situated about 150 km 
north of the mines, a commercial route following 
the corridor of Wakhan leads to Tibet; it connects 
China with the valley of the Amu Dar’ya and the 
city of Bokhara. Thus, lapis-lazuli has been used 
by the Chinese since antiquity. 

Marco Polo visited this region of Afghanistan 
in the 13th century and spoke of a “mountain 
where the finest azure in the world is found,” al- 
though he never saw it himself. More recently, 
the English East India Company lieutenant John 
Wood (1811-1871) furnished a detailed and pic- 
turesque description of an expedition (1836-1838) 
to the source of the Oxus River in a book pub- 
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Figure 4. The small valley of Sar-e-Sang. Note 
the white rocks at the base of this photograph, 
which are the mine dumps. 


lished in 1841. He was the first European to visit 
the mines and recounted the difficulty of access, 
the methods of exploitation, and the insecurity 
for residents and visitors alike. In 1933, French 
Archeologist J. Barthoux described the lapis-lazuli 
and “balas” rubies of the Afghan cipolins,* and 
in 1935 K. Brueckl published a study of the mines 
in the valleys of the Panjchir and Kokcha rivers. 
In recent years, several members of the French 
geologic mission in Afghanistan—A. F. de Lap- 
parent, P. Bariand, and J. Blaise (1965) and P. Bor- 
det and A. Boutiére (1968)—have furnished inter- 
esting information on the region. One Russian 
mission of five geologists, in the course of two 
expeditions during the summers of 1963 and 1964, 
completed a detailed geologic and economic min- 
eralogical study of the Sar-e-Sang region. 

Two routes connect Kabul to Sar-e-Sang (fig- 
ure 3). The shorter route, from the point of view 
of distance, is to travel by jeep from Charikar, 
up the valley of the Panjchir, to Dasht-i-Rawat 
{around 160 km], and then to go the final 135 km 
to the mine on foot or by horse via Anjuman Pass 
{figure 4). Undoubtedly, a trail will eventually 
permit crossing this route entirely by jeep. Cur- 
rently, the fastest route, which still takes at least 
four days, begins with a magnificent drive to Qon- 
duz through Salang Pass. From this city, the trav- 
eler must follow a difficult road through Khana- 
bad, Talogan, Feyzabad, and Jarm that terminates 


‘A cipolin is a marble charged with mica, usually of 
the variety phlogopite and forming a transition 
between marbles and micas-schists, two rocks that 
are often associated (as defined by Kemp in C. M. 
Rice, 1951, pp. 75-76). 
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3 or 4 km beyond the village of Hazrat-Said, a dis- 
tance of about 750 km from Kabul. A long jour- 
ney, with horses or donkeys, is then required to 
climb the 40 km of narrow and rough trail that 
follows the gorges of the Kokcha (figure 5). 
These two routes are accessible only between 
June and November. The climatic conditions are 
such that the royal mine of Sar-e-Sang is exploited 
at most only five months a year. The camp is lo- 
cated on the right bank of the Kokcha River, at 
an altitude of 2500 m, near the junction of the 
river with the stream of Sar-e-Sang. The mine 
workings, situated between 2700 m and 3400 m, 
are difficult to reach. The blocks of lapis-lazuli 
are brought back to the camp on the backs of men 
and then transported by donkey to Hazrat-Said. 


DESCRIPTION OF THE DEPOSITS 


The Sar-e-Sang complex consists of strongly meta- 
morphosed rocks, with gneisses, cipolins, skarns, 
crystalline schists, amphibolites, veins of leuco- 
cratic granites, and dykes of pyroxenite and horn- 
blendite which are found in enormous blocks in 
the streambed. 

The mountain, which is nearly vertical in 
slope, is composed of cipolins up to 400 m thick 
overlying gneiss. Standing out from the white 
marbles of the cipolins is a gray band, about 
40 m wide, consisting of skarns in which the lapis- 
lazuli occurs. The skarns form beds and lenses, 
generally 1- to 2-m—and occasionally 4-m—thick, 
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Figure 5. The route through 
the Kokcha valley, 25 miles 
before Sar-e-Sang. 


which usually extend laterally for 20 to 100 m, 
rarely more than 400 m. The exploitable zones 
consist of calcite and dolomite associated with 
forsterite, diopside, and scapolite, often accom- 
panied by phlogopite, sometimes in well-formed 
crystals up to 2 cm. The blue lazurite is almost 
always associated with pyrite. 

The steep footpath that leads to the main mine 
(figure 6) ends at a small platform, about 2 m x 
2m, at the entrance of a vast cavern that still 
shows traces of black smoke from ancient mining 
operations and from which lead the exploited gal- 


Figure 6, Access to the mine at Sar-e-Sang. 
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Figure 7. A block of lazurite in the mine dumps 
at Sar-e-Sang. 


leries. The rock is very hard; to break it up, early 
miners used great wood fires to fracture the lime- 
stone. Now dynamite charges are used. The lenses 
of lapis-lazuli detached from the rock are masses 
of many kilograms, although they rarely exceed 
100 kg. Those less than 10 kg are relatively ho- 
mogeneous (figure 7). The zonal structure of the 
most important lenses recalls their sedimentary 
origins and the action of metamorphism, because 
the centers of the larger grains consist of a com- 
posite of plagioclase, diopside, calcite, and lazur- 
ite, which is surrounded by zones of fine, dark 
blue grains of lazurite, diopside, and scapolite, 
with a marginal zone of calcite, diopside, forster- 
ite, and pyrite. 

The blocks of rock lacking color are thrown 
from the platform to the dump 300 m below, in 
the Sar-e-Sang streambed. It is in such pieces of 
cipolin that one must look for well-crystallized 
lazurite. Single crystals may reach 5 cm in di- 
ameter (figure 8}, with the dominant form being 
the rhombic dodecahedron {110}, sometimes ac- 
companied by faces of {100} and {110}. A speci- 
men of the mineral afghanite, a species of the can- 
crinite group, was collected from the region by P. 
Bariand during an earlier expedition (Bariand, 
Cesbron, and Giraud, 1968). 


NOTES ON THE ORIGIN 

OF LAPIS-LAZULI 

The regional petrology was described by Blaise 
and Cesbron in 1966. However, they relied on a 
detailed study made by Korzhinskij in 1947 re- 
garding the formation of lazurite from the Pre- 
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baikal deposits in the U.S.S.R., which present 
poor analogies to those of Afghanistan. The fol- 
lowing notes are based primarily on our study of 
the Sar-e-Sang deposits. 

The presence of almandine garnet, sillimanite, 
and kyanite in the schists and gneisses of Sar-e- 
Sang indicates a regional metamorphism involv- 
ing high temperatures and pressures, a conclusion 
that is shared by all the geologists who have vis- 
ited the region. The well-formed single crystals 
of lazurite, with isometric development of faces 
of {110}, are formed during metamorphism in a 
plastic environment in which fluids circulate 
freely. The original pelitic sediments, and thus 
the important bed of shale and limestone that 
overlies them, contained a certain amount of salt 
water, which with the rise in temperature and 
pressure during metamorphism transformed the 
shale into gneiss or granite (Wyart and Sabatier, 
1959), and the limestone into cipolin. 

Granitization liberates those solutions whose 
circulation is facilitated by the tectonic dislo- 


Figure 8, A 5-cm lazurite crystal from Sar-e- 
Sang, Badakhshan, Afghanistan. Photograph 
©1981 Nelly Bariand., 
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cations. The kaolin of the shale possesses the 
chemical composition Al,Si,O,9{OH]s, which ap- 
proaches the proportions of silica and aluminum 
in the minerals of the sodalite group. Solutions 
containing sodium chloride, which are active at 
relatively low temperatures (on the order of 400°C) 
as shown by the hydrothermal synthesis of these 
minerals in the laboratory, readily transform the 
kaolin into feldspars. However, it is only at higher 
temperatures that the more or less dolomitic 
limestones are metamorphosed into cipolins in- 
timately associated with silicates such as diop- 
side and forsterite. These solutions are strongly 
sulfurous, as is indicated by the consistent pres- 
ence of pyrite and the presence, less frequently, 
of sulfides such as galena and molybdenite. It is 
the presence of sulfur that favors the crystalliza- 
tion of lazurite rather than sodalite, which is 
found only rarely in these veins. Chlorine, pres- 
ent in the original sediments as sodium chloride, 
is found in the apatite which always appears, as- 
sociated with calcite. 


THE COMMERCIAL EXPLOITATION OF 
LAPIS-LAZULI FROM SAR-E-SANG 
Transport of the material from the mine at Sar-e- 
Sang, via Jarm and Feyzabad, to Kabul requires at 
least nine days. Prior to the occupation of Af- 
ghanistan by the Russians in late 1979, approxi- 
mately one ton of lapis-lazuli was extracted an- 
nually. About 200 kg of this material was sold to 
Afghan lapidaries, and the rest was exported. Sort- 
ing by the Ministry of Mines separated the ma- 
terial into five categories, with the highest cate- 
gory priced three times that of the lowest. The 
first category, comprising about 2% of produc- 
tion, included massive blocks of deep blue color, 
without inclusions or fissures; the second cate- 
gory, or 14% of production, included smaller 
pieces, not more than 5 cm, with the same char- 
acteristics as the first group. These two categories 
were destined for jewelry. The other categories, 
which varied from dark blue to light blue, with 
veins of calcite and with varying proportions of 
pyrite, were used to make ornamental objects. 
Reports from Afghanistan since the Russian 
occupation indicate that at the time of publica- 
tion this mountainous area had not been taken 
over by the Russians and remained under the con- 
trol of Afghan nationalists. However, it appears 
that the mines have not been worked during this 
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period. Therefore, it is likely that current legal 
exports are from old stock. It should be noted that 
operations to smuggle the material across the bor- 
der with Pakistan continue now as they have for 
years past. 
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GEM GARNETS IN THE 
RED-TO-VIOLET COLOR RANGE 


By D. Vincent Manson and Carol M. Stockton 


The gemological classification of garnets 
has been thrown into question with the 
appearance on the market of new types of 
garnets that do not fit into the traditional 
system of description. The question of 
what criteria should be used to classify 
both old and new types of garnets is 
approached in this article through the 
study of 96 red-to-violet gem garnets. 
While the color of gem garnets is of 
paramount importance, color being both 
their most obvious feature as well as 
their principal claim to beauty, this 
article shows that the characteristic of 
color appears to have little correlation 
with variations in bulk (not trace) 
composition or physical properties. 
Analysis of the gemological properties, 
chemical composition, and CIE color 
coordinates of the stones studied led to 
the more specific definition of the widely 
accepted terms pyrope, almandine, and 
rhodolite for meaningful gemological 
classification. This article represents the 
first in a series of studies aimed at 
developing an effective terminology for 
the characterization of gem garnets. 
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Red-to- Violet Gem Garnets 


he garnet group of minerals encompasses both com- 

plex variations in chemical composition and a wide 
range of physical and optical properties among its mem- 
bers. As a result, the garnets have been subjected to 
various classification schemes by mineralogists and gem- 
ologists over the years. While the mineralogist usually 
has the instrumentation available to perform detailed 
chemical analyses, the gemologist is limited, for prac- 
tical purposes, to a few basic tests that measure optical 
and physical properties of gemstones and that may or may 
not accurately reflect the bulk chemical composition of 
a complex material such as garnet. An effective gemolog- 
ical classification is one that enables the gemologist to 
employ readily available tests to reflect the differences in 
appearance and the chemical interrelationships that exist 
in a group such as garnets. For this reason, we have un- 
dertaken a review of all the gem garnets, with special at- 
tention to the needs and restrictions of the gemologist, 
in order to provide a viable gemological classification of 
this group. As the first in a series, this article looks par- 
ticularly at garnets in the general hue range of red to vi- 
olet (excluding those stones that are obviously orangish 
red), including for the most part those gem specimens 
whose chemical compositions consist primarily of com- 
binations of pyrope and almandine (see figure 1). We se- 
lected this fairly familiar area in order to show that even 
the well-documented types of garnets still have problems 
that need to be addressed. In addition, this gives us an 
opportunity to introduce the methods of analysis that 
will be used throughout our ongoing study of garnets. 

A representative example of a mineralogical classifi- 
cation of garnets is the hierarchical terminology given in 
Deer, Howie, and Zussman (1963), which includes group 
(garnet), series (pyralspite and ugrandite), and species (py- 
rope, almandine, etc.}. Many of these terms, such as 
pyralspite, are still in use even though more recent de- 
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Figure 1, Examples of 
garnets in the red-to-violet 
color range used in this 
study. 


scriptions of the compositions of garnets (Meagher, 
1980) have contradicted the premises on which 
the terms were originally based (Winchell and 
Winchell, 1933). In agreement with most of the 
relevant literature, however, Deer, Howie, and 
Zussman list six species as being of major impor- 
tance: pyrope, almandine, spessartine, uvarovite, 
grossular, and andradite. Another classification 
refers to these same terms as subspecies of the 
group garnet (Hurlbut and Switzer, 1979). To some 
extent, this may be due to a difference in inter- 
pretation by mineralogists of the meaning of the 
term species with regard to the members of a 
mineral group. Some equate species with a chem- 
ically pure end member (discussed later in this 
article], while for others it refers to a range of 
chemical variations. Hurlbut and Switzer, in fact, 
mention that the subspecies names are applied 
more loosely and cite an example in which ‘for 
convenience, gems near the end of the almandine- 
pyrope solid solution series are called alman- 
dine,” but nowhere could we find that such a 
stone is specifically referred to as a member of the 
species almandine. Because of the influence of 
color on the appreciation of gemstones, an addi- 
tional vital requirement of a complete gemologi- 
cal classification goes beyond the identification 
of species or bulk chemical composition to the 
definition of varieties. An excellent example is 
the invaluable distinction of ruby from pink sap- 
phire, let alone from other corundums; all are of 
the same species and bulk chemical composition, 
but the types and quantities of trace elements 
present make a difference in color. Garnets do 
have an assortment of varietal names such as 
rhodolite, hessonite, and the like, but these are 
not rigorously defined and so lead to further 
confusion, 

Gamets of the red-to-violet color range gen- 
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erally associated with the pyrope-almandine 
series reflect the problems associated with gem 
garnets in general. The importance of color in 
gems has led to the association by gemologists of 
very particular colors with the various types of 
garnets: any deep, pure red garnet is usually re- 
garded as pyrope, any violetish-red garnet has 
been automatically assumed to be rhodolite, and 
so on, Such assumptions are not necessarily valid. 
What is a pyrope, an almandine, a rhodolite? What 
criteria enable us to delimit the ranges of their 
properties? How well do the commonly employed 
gemological tests (refractive index, specific grav- 
ity, and absorption spectrum) enable us to define 
and identify species and varieties? To what extent 
is the chemical composition of a garnet relevant 
to the gemologist? Are there natural breaks in the 
chemical continuum that we might use to advan- 
tage in defining these gem garnet species and va- 
rieties? What do we do with garnets that do not 
fit the currently defined categories? To what ex- 
tent do we need definable nomenclature and how 
rigorous should the classifications be? How should 
color enter into these definitions? 


THE GEMOLOGICAL PROPERTIES OF 
THE PYROPE-ALMANDINE SERIES 


According to traditional gemological usage, this 
series includes three loosely defined types of gar- 
nets: pyrope, almandine, and rhodolite. Pyrope 
has been characterized as a dark to very dark pure 
red magnesium-aluminum garnet with a refrac- 
tive index of approximately 1.74, a specific grav- 
ity of about 3.78, and no characteristic spectrum; 
almandine is described as a medium to very dark 
brownish-red iron-aluminum garnet with a re- 
fractive index around 1.79, a specific gravity of 
about 4.05, and a characteristic spectrum with 
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bands at 4360, 4700, 5050, 5270, 5760, and 6180 
A. Rhodolite lies between pyrope and almandine 
and has been less well characterized. The original 
description by Hidden and Pratt (1898) of rhodo- 
lite from North Carolina states that “the pre- 
dominant color is a pale rosy tint inclining to pur- 
ple...” and that “the ratio of MgO to FeO is 
almost exactly 2:1... .’’ The refractive index and 
specific gravity are, respectively, about 1.76 and 
3.84, but their upper and lower limits are in ques- 
tion. The spectrum is essentially the same as that 
for almandine. It should be noted that there are 
other pyrope-almandine garnets in the same range 
of chemical, optical, and physical properties as 
rhodolite, but they do not fit the color description 
for this type of garnet. 


THE CHEMISTRY OF GARNETS 


A garnet can be composed of four or more chem- 
ical elements, represented by the formula 
X3Y.Z;012, where X, Y, and Z each signifies one 
or more elements. X may include one or more of 
the elements calcium (Ca], manganese (Mn]), mag- 
nesium {Mg}, or iron (Fe); Y may be aluminum 
(Al), iron, titanium (Ti), vanadium [V], and/or 
chromium (Cr); and Z may be silicon (Si), iron, 
titanium, and/or aluminum. Those types of gar- 
nets that contain only the minimum four ele- 
ments [i.e., one element for each of X, Y, and Z, 
plus oxygen) are referred to as ‘‘end members.” 

Theoretically, then, there is a possible total of 
60 end members, involving the above-mentioned 
elements, for the garnet group. Some of these, 
however, may not exist for chemical or geologic 
reasons that we will not go into here. Others are 
so rare as to be insignificant to the gemologist. In 
this study, nine are examined, of which only five 
are abundant among gem garnets (table 1). Indi- 
vidual garnets are composed of two or more of 
these end members; stones that consist of one 
end member only are exceedingly rare in nature, 
although occasional specimens do exist in which 
a single end member is responsible for more than 
95% of the composition. 

There are two essential reasons for using the 
concept of end members to discuss the composi- 
tion of individual garnets. First, it provides a prac- 
tical procedure for correlating the relationships 
between physical properties and chemical com- 
position. Second, it enables us to relate results 
obtained in this study with similar chemical anal- 
yses that have been published previously. Our 
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calculation of end members is based on the 
method formulated by Rickwood (1968), but we 
have changed the sequence of calculation slightly 
to better account for the nature of gem garnets, 
in particular by using as much of the Ti and the 
Fe*+ as possible. The macroanalytical techniques 
used for most of the analyses in Rickwood’s ar- 
ticle, principally wet chemical analysis, together 
with the fact that the non-gem garnets generally 
employed in prior studies were usually more in- 
cluded than the gem-quality garnets used here, 
required allowance for the presence of rutile, 
magnetite, and ilmenite as impurities. Such in- 
clusions did not need to be considered in the 
chemical analysis of the gem-quality, relatively 
inclusion-free garnets used here, especially inso- 
far as microprobe analysis permits selection of a 
microscopic inclusion-free area for testing (Dunn, 
1977). In addition, we have calculated uvarovite 
before knorringite, in accordance with more re- 
cent findings by Sobolev et al. (1973) with regard 
to the existence of a pyrope-uvarovite series. In 
some of the calculations, Si, Al, and Fe?* are pres- 
ent in excess of the amounts needed to satisfy the 
garnet formula. If there is any significance to the 
presence of these residuals beyond that of simple 
analytical error, it would not be surprising, since 
the geological environment and the processes in- 
volved in the formation of garnets suggest that 
these would be the most likely impurities pres- 
ent. Our scheme is further supported by the high 
percentage of cations accounted for by end mem- 
bers in the 96 stones studied: always over 97% 
and usually over 99% (see figure 2). 


TABLE 1. Garnet end members. 


Chemical 
formula Name Reference 
Ca,TisFe?*+O,. Schorlomite Ito and Frondel, 
1967 
Ca,Fe3tSi,0,. Andradite Deer et al., 1962 
Mn3V2Si,0 y2 (Yamatoite)? Fleischer, 1965 
Ca3Cr,Siz0 42 Uvarovite Deer et al., 1962 
MgsCr2Si30 12 Knorringite Nixon and Hornung, 
1968 
Mg,Al,Si30 42 Pyrope Deer et al., 1962 
Mn, AlaSi,0 42 Spessartine Deer et al., 1962 
Ca,Al2Siz042 Grossular Deer et al., 1962 
Fest Al SizO4. Almandine Deer et al., 1962 


aThe vanadium analog of spessartine. 
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Figure 2. Histogram illustrating the percentages 
of oxides in the 96 garnets that are accounted 
for by nine end members. 


It is important to remember that the garnet 
end member is merely a convenient theoretical 
concept for discussing the chemical make-up of 
this gem group. Garnets, even as end members, 
do not consist of discrete molecular units; the 
atoms of a garnet are combined in a continuous, 
three-dimensional framework (figure 3). 

End members, then, were calculated for this 
study in the sequence shown in table 1, beginning 
with schorlomite. The calculation required two 
basic steps. Because the microprobe cannot de- 
termine to what oxidation state or states an ele- 
ment belongs, and because certain elements can 
occur in more than one oxidation state in garnet, 
one must first calculate the distribution of Al to 
the Y and Z sites, Fe to the X, Y, and Z sites, and 
Ti to the Y and Z sites according to the require- 
ments of garnet stoichiometry. Any Al, Ti, and Fe 
allotted to the Z site are added to SiO, and treated 
as such in the absence of evidence to support pref- 
erence for them by any particular end members. 
From the resulting oxide proportions, end mem- 
bers are then derived on the basis of stoichiome- 
try. Inasmuch as Rickwood has discussed this 
procedure in depth, we need not go into it any 
further. 
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Figure 3. A portion of the garnet crystal 

structure. The large open circles represent 

oxygens, the smaller ones the Y cations, the 

solid circles the Z cations, and the hatched 

ones the X cations. (From Novak and Gibbs, 1971). 


DATA COLLECTION 


We selected specimen stones for the study on the 
basis of color, the most obvious criterion and, 
consciously or unconsciously, the test undoubt- 
edly used most by gemologists in identifying 
variety. Thus, all the stones in the study are pre- 
dominantly red to violet, but they vary widely in 
brightness and saturation of color. 

The data collected for each stone are of three 
types: physical and optical (specific gravity and 
refractive index], spectral (11 absorption bands 
and two color coordinates), and chemical {nine 
end members), totalling 24 variables for 96 garnets. 

The instruments used in data collection in- 
cluded a GEM Duplex II refractometer and, for 
stones with refractive indices over 1.790, a pro- 
totype Duplex II with cubic zirconia hemisphere 
(Hurlbut, 1981). Specific gravities were obtained 
by means of the hydrostatic method with a self- 
taring balance. Spectra were obtained by two 
methods: (1) visually using a hand spectroscope, 
and (2} by the use of an automatic recording 
spectrophotometer (Hofer and Manson, 1981), 
which graphically displays the spectra and stores 
them on a magnetic disc. Color measurement was 
obtained using a GEM ColorMaster, and the read- 
ings were then converted to CIE {Commission 
Internationale de \’Eclairage} coordinates via a 
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computer program developed by one of the au- 
thors. Garnet compositions were determined on 
the MAC microprobe at the California Institute 
of Technology using the Ultimate correction pro- 
gram (Chodos et al., 1973). In addition, unit-cell 
measurements were obtained for selected speci- 
mens by the powder diffraction method with a 
Philips Debye-Scherrer camera. 


DISCUSSION OF DATA 


Physical and Optical Data. A plot of the refractive 
indices versus the specific gravities for these 96 
stones (figure 4) shows a more or less continuous 
linear relationship extending from the coordi- 
nates for the end member pyrope to those for the 
end member almandine. Departures from this line 
are probably due to the effects of end member 
components other than pyrope and almandine in 
the individual garnet specimens, as well as to a 
certain amount of measurement error. 


Figure 4. Refractive index plotted against 
specific gravity for the 96 garnets studied. 
Points for the ideal end members pyrope and 
almandine are also shown. 
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Unit-cell measurements were determined for 
about half the garnets in the study. A brief ex- 
amination of their relationships with the other 
properties we measured revealed more complex 
interrelationships than we felt could be dealt with 
in this article alone, and so they will be discussed 
separately in a later article that will also include 
similar data for other types of garnets. 


Spectral Data. The spectra obtained with the re- 
cording spectrophotometer showed 11 consistent 
bands (figure 5), which we refer to as A through 
I, I,, and I, (centered approximately at wave- 
lengths of 4270, 4380, 4610, 4730, 5035, 5230, 
5710, 6090, 6920 and, within the last broad band, 
6750 and 6870 A}. We devised a simplified ap- 
proach to expressing the relative strengths of these 
bands in which we rated each band according to 
the spectrophotometer graphs on a scale of zero 
(not visible} to five (very strong]. There appears to 
be a relationship between the darkness of a stone 
and the number of bands visible, as might be ex- 
pected based on the ability to transmit light: the 
darker the stone, the fewer bands visible, espe- 
cially in the shorter wavelengths. With few ex- 
ceptions, bands E through I were always visible 


Figure 5. Representative spectral curves 
showing the absorption bands as observed in 
the 96 garnets with the spectrophotometer. 
Approximate wavelength equivalents are: 

A = 4270, B = 4380, C = 4610, D = 4730, 

E = 5035, F = 5230, G = 5710, H = 6090, 

I = 6920 and, within the last broad band, 

I, = 6750 and I, = 6870 A. 
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Figure 6. Points for the 96 
garnets plotted on the 
pyrope versus almandine 
versus spessartine ternary 
diagram. 


Pyrope 


Spessartine 


Almandine 


with the spectrophotometer; bands E through G 
could always be seen with the hand spectroscope 
as well. Bands B and D always appeared to be very 
weak, even with the more sensitive spectropho- 
tometer. The former never appeared in the hand 
spectroscope, and the latter was seen only rarely, 
even though the spectrophotometer indicated that 
one or both bands were present. 

A distinctly different curve was visible with 
both the spectrophotometer and the spectroscope 
for four very dark red stones. All four clearly 
showed the I, and I, bands, in three cases to the 
exclusion of all other absorption bands while the 
fourth did exhibit a very faint E band. 


Chemical Composition. The interrelationships 
among end members can be portrayed, three end 
members at a time, by means of ternary diagrams. 
(An explanation of ternary diagrams is provided 
in the Appendix.) We plotted diagrams for various 
combinations of the five major end members and 
selected two that best exhibited the general pat- 
terns that appeared (the first illustrated in figures 
6 and 7, the second in figure 8). The first ternary 
involves pyrope, almandine, and spessartine, as 
these three end members together comprise the 
largest portion of the composition of most of the 
garnets in the study. The second ternary was se- 
lected from a number of other diagrams illustrat- 
ing various combinations of end members because 
it showed the most distinctive pattern. The end 
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members included are pyrope (on an average, the 
single most abundant end member), spessartine, 
and the sum of grossular and andradite. 

Figure 6 (pyrope, almandine, and spessartine} 
displays a distinct trend among those garnets that 
contain 34% to 72%* pyrope, 28% to 66% al- 
mandine, and 0% to 4% spessartine. The trend 
illustrates a tendency for spessartine to increase 
slightly as the amount of almandine increases, 
probably because Mn easily substitutes for Fe?* 
due to their similarity in atomic size and struc- 
ture. It is this group that contains the greatest 
number of garnets in the study. Two garnets, both 
containing approximately 78% almandine and 
22% pyrope, also may belong to this group, but 
they are notably higher in almandine content 
than the main group. Also in line with the prin- 
cipal trend are four garnets that are considerably 
higher in pyrope (around 80%} but that, in terms 
of oxide percentages, exhibit 1.7% to 2.0% Cr.O; 
which translates to about 6.0% uvarovite. These 
are the same garnets previously noted as showing 
only the I, and I, absorption bands; this appar- 
ently reflects the large quantities of chromium 
they contain, since these stones are also the only 


*These values as well as the other percentages in this 
paragraph refer to the amounts recalculated for 
plotting of the end members on the ternary diagram 
in figure 6. 
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Figure 7, Pyrope versus almandine versus spessartine ternary diagram with garnets placed 
on their respective coordinates. It is obvious that color is not a function of chemistry 


with regard to these three end members. 


garnets in the study that contain more than 1.0% 


of this oxide. 

Another group of 11 garnets may be distin- 
guished by the greater amounts of spessartine 
present, from 4% to 10%. Two other stones con- 
tinue this trend toward even higher spessartine 
content. They are composed of (respectively): py- 
rope, 62% and 55.5%; almandine, 25% and 32%; 
and spessartine, 13% and 12.5%. In addition, 
seven garnets that each contain more than 17% 
spessartine do not belong to any group identifia- 
ble in this study. However, the colors of these 
stones and, in most cases, their readily observable 
physical and optical properties might otherwise 
place them among the group of gemstones tradi- 
tionally recognized by gemologists as the pyrope- 
almandine garnets. Figure 7 displays 63 of the 96 
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stones in the study, a representative sample of the 
colors of these garnets, placed table down on the 
pyrope-almandine-spessartine ternary in their re- 
spective positions and photographed to illustrate 
the distribution of color. This dramatically shows 
the apparently random variation in hue associ- 
ated with these major chemical components of 
the red-to-violet garnets. 

The most obvious feature of the second ter- 
nary {figure 8: pyrope, spessartine, and grossular 
+ andradite} is that the stones that fall along the 
line between pyrope and grossular + andradite 
clearly fall into two groups: {1} 2% to 12%** gros- 


**Values expressed in this paragraph refer to 
amounts recalculated for plotting in figure 8. 
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Figure 8, The 96 garnets 
plotted on the pyrope 


versus spessartine versus 
grossular + andradite | Pyrope 
ternary diagram. 


sular + andradite, and 86% to 98% pyrope; and 
(2) 17% to 25% grossular + andradite, and 74% 
to 82% pyrope. Stones in both groups have roughly 
less than 4% spessartine. One stone that has 15% 
grossular + andradite lies between the two groups 
and suggests that the gap may simply be due to 
sampling bias. On this diagram, the higher-spes- 
sartine-content stones appear to have about 4.5% 
to 25% spessartine. Two of these contain more 
than 15% grossular + andradite, as in the second 
group mentioned above, while the rest have less 
than 12% grossular + andradite, as in the first 
group above. However, there are not enough stones 
in this region to draw any conclusions about the 
significance of such a split among the higher- 
spessartine-content stones. There are two stones 
with a still higher spessartine content of about 
49.5% and 51% and with, respectively, 35% and 
39.5% pyrope and 15.5% and 9.5% grossular + 
andradite. The two stones containing no pyrope 
appear here as containing 98% and 99% spessar- 
tine since almandine has been excluded. 


Color. The color of each garnet in the study was 
described in terms of GEM ColorMaster nota- 
tions that were then converted to the CIE system 
of color measurement, so called after the Com- 
mission Internationale de 1’Eclairage, an interna- 
tional committee devoted to the study of the 
behavior of light and color. CIE is supported by 
many organizations and is the most widely rec- 
ognized authority in the field, attempting to con- 
solidate the immense quantity of research done 
in the area of light and color into standardized and 
internationally acceptable systems of description. 

While the CIE system is described fully else- 
where (Wright, 1969}, as well as with particular 
reference to gemology and the GEM ColorMaster 
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Grossular + Andradite 


Spessartine 


(Manson, in preparation], a brief explanation of 
the chromaticity diagram integral to this system 
is warranted here. A set of coordinates was de- 
veloped to express the relationship among all 
colors from the most saturated hues to white 
light (or neutral gray) on the basis of a ‘‘standard 
observer’s”’ response to various color stimuli (the 
average of observations of a large number of peo- 
ple). The chromatic portions of these measure- 
ments were plotted on an x-y coordinate graph to 
produce the chromaticity diagram (figure 9}, stan- 
dardized in 1931. This diagram consists of a 


Figure 9. The CIE chromaticity diagram, with 
points for white light (X) and selected 
wavelengths. The shaded area indicates the 
portion of the diagram reproduced in figure 10. 
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Figure 10. The red-to-violet region of the CIE chromaticity diagram with the 96 garnets 
positioned according to their x-y coordinates. Hues range from violet at the lower left, 
through red at the lower right, into orangish red at the upper right. Pale colors appear in 


the upper left, near the coordinates for white light. 


skewed parabolic curve along which lie the sat- 
urated hues and in the approximate center of 
which is the location of the white light 
coordinates. 

Thus, any hue and saturation can be repre- 
sented by a set of x-y coordinates and plotted as 
a point along or within the chromaticity curve— 
going from violet and blue at the extreme lower 
left, through green at the top of the curve, to red 
at the extreme lower right. In the region defined 
by the straight line that connects the two ends of 
the curve lie the nonspectral hues, from violet 
through purple to red. Spectrophotometric mea- 
surements have enabled us to correlate the coor- 
dinates of the saturated hues with their respective 
dominant wavelengths, as shown in the diagram 
in figure 9. Along any radial line drawn between 
white light and a saturated hue lie colors of in- 
creasing saturation as one approaches the curve, 
but that are of the same hue and dominant wave- 
length. For example, on such a line between white 
light and the coordinate point for red at 7000 A, 
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the color near white light would be pale pink, in- 
creasing to deep red as the line approached the 
chromaticity curve, but any point along the line 
would have the dominant wavelength 7000 A. 
Color notations for the garnet specimens were 
obtained with a GEM ColorMaster and were then 
converted mathematically to x and y CIE coor- 
dinates. The color notations used represent av- 
erages of readings obtained on the ColorMaster by 
three trained observers. The ColorMaster proved 
to be extremely useful as a simple and efficient 
means of obtaining measurements that could be 
converted to CIE coordinates, of which there is 
only one set for any given color. Once converted, 
the CIE coordinates were plotted on a chroma- 
ticity diagram (figure 10}, as well as employed in 
the factor analysis described later in this article. 


DISCUSSION OF ERROR 

While we feel confident that the results obtained 
in this study are significant, we must also point 
out that no scientific research is without uncer- 
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tainties. Sources of error do exist in the operation, 
function, and mathematics of microprobe analy- 
sis; in the possible chemical inhomogeneity of 
some of the stones tested; in the coating and 
mounting of gem specimens for chemical analy- 
sis; and in simple human error in measuring the 
physical and optical properties. However, we feel 
that the error factors in this study are minor and 
do not significantly affect our conclusions. 

As a measure of the error associated with the 
microprobe, we examined the extent to which 
sample compositions expressed by microprobe 
chemical analyses deviate from the actual com- 
position of a given stone. This variability is caused 
by slight irregularities in operating conditions 
such as the preparation of the specimen, the po- 
sition of the specimen relative to the electron 
beam, electronic fluctuations in the microprobe, 
mathematical and statistical error in the inter- 
pretation of microprobe data, and the like. 
A sample of the McGetchin standard garnet 
(McGetchin, 1968) at the California Institute of 
Technology was analyzed at intervals over the 
same span of time that the 96 garnet specimen 
analyses were performed for this study, and 27 
control analyses with total weight percentages 
between 99% and 101% were obtained. To pro- 
vide an idea of the amount of error that could ex- 
ist in our microprobe analyses, we compared the 
various results for the control garnet, which pro- 
duced the averages and standard deviations from 
the original weight percentages shown in table 2. 

Deviation from the average varies from case 
to case depending on the amount of any given 
oxide present in a specimen; the greater the 
amount of an oxide present, the smaller the rel- 
ative variability due to the greater sensitivity of 


TABLE 2. Measurement of error. 


Average Standard 
Oxide weight % Range deviation 
SiO, 41.93 40.73-42.80 0.54 
TiO, 0.16 0.10- 0.20 0.03 
Al,O3 22.41 21.67-22.92 0.34 
V2053 0.03 O- 0.09 0.03 
Cr,03 1.37 1,.28- 1.45 0.04 
MgO 20.00 19.49-20,39 0.26 
CaO 4.58 4.42- 4.77 0.18 
MnO 0.37 0.27- 0.44 0.05 
FeO 9.18 8.56-10.23 0,32 
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the microprobe as the amount of-any element 
present increases. 


STATISTICAL ANALYSIS 


The final analytical method used was a mathe- 
matical procedure known as factor analysis (ex- 
plained in Manson, 1967}. This is a sophisticated 
method of data reduction designed to look si- 
multaneously at the interrelationships among 
large numbers of variables measured on many 
samples. The nature of physical space limits us 
graphically to three or, by means of models, four 
dimensions in dealing with variables. Factor anal- 
ysis, especially with the aid of a computer, ena- 
bles us to handle as many dimensions at once as 
we wish, in this case 24. However, routinely de- 
scribing any given garnet by 24 properties would 
be entirely too cumbersome and might involve 
some variables that were completely or partly re- 
dundant. For example, if refractive index and spe- 
cific gravity were so perfectly correlated that 
knowing one would allow you to exactly predict 
the other, then there would be no need to obtain 
both of these properties in testing for the identity 
of a stone. Essentially, the factor analysis checks 
for such correlations, though the relationships are 
usually more subtle than in the above example. 

This procedure provides us with a set of new 
variables, or “factors,” that are composites of the 
relevant original data variables. The factor anal- 
ysis tells us how much of the variability among 
the specimens can be accounted for by each factor 
and rates the factors accordingly. Thus, the first 
five factors might account for 85% of this varia- 
bility, the first eight for 90%, the first 10 for 92%, 
and so on. It is up to the investigator at this point 
to decide what amount of variability adequately 
describes the situation at hand, extract the min- 
imum number of factors that provide this opti- 
mum amount of information about the samples, 
and then interpret the factors in terms of the orig- 
inal variables. 

In this case, the factor analysis provided us 
with seven factors, as described below, which ac- 
count for more than 90% of the overall variability 
in the garnets examined. The original 24 variables 
are represented by, or “load” onto, the factors as 
shown in table 3, in which the factors are ar- 
ranged from the most variability accounted for 
(factor 1) to the least {factor 7). The factor analysis 
also describes the percentage of variability in each 
stone as accounted for by each individual factor. 
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Factors 1 and 2 generally describe the collec- 
tion of 97 garnets as a whole, that is, by the end 
members pyrope and almandine and, to a lesser 
extent, by andradite and grossular. Factor 3 ac- 
counts for stones that are high in uvarovite con- 
tent. The fourth factor represents garnets that 
contain yamatoite, which correlates positively 
with pyrope and negatively with almandine. (It 
must be noted, however, that the quantities of 
yamatoite on which this correlation is based are 
very small, less than 0.85%.) Similarly, schorlo- 
mite forms the basis for factor 5, correlating with 
grossular. Factor 6 represents spessartine, which 
correlates negatively with andradite and pyrope; 
the negative correlation with pyrope was already 
evident in the trend seen in figure 6. The final fac- 
tor correlates knorringite positively with andra- 
dite and negatively with grossular, but again it 


TABLE 3. Factor loadings. 


Factors 
Variables 1 2 3 4 5 6 7 
End Member 
Almandine +++ == 
Pyrope +++ 4 + ++ + -- 
Spessartine +++ 
Grossular ++ — +++ -- 
Andradite ++ = + = aS ++ 
Schorlomite +++ 
Uvarovite +++ 
Knorringite +++ 
Yamatoite +++ 
Physical 
Properties 
RI. +++ 
S.G. ++ ae - 
Color +++ 
Spectral 
Bands 
A +++ 
B - +++ —- ++ 
Cc +++ + 
D +++ -- Oe 
E + +++ ++ = 
F + +++ ++ 0° - 
G ++ ++ eke = 
H ++ +44 -- 
| +++ + -—- 
l, +++ 
le +++ 


+++ strong positive correlation 
++ moderate positive correlation 
+ weak positive correlation 
—-—-— strong negative correlation 
—— moderate negative correlation 
- weak negative correlation 


Red-to-Violet Gem Gamets 


must be kept in mind that the knorringite only 
occurs in small quantities. 

Table 3 also illustrates how the physical, op- 
tical, and spectral properties relate to the various 
end members. However, caution must be used in 
interpreting these relationships, since differing 
scales of measurement that were used have 
varying effects on the mathematics of factor anal- 
ysis. Generally, the patterns that emerged from 
this statistical analysis confirm the ideas we had 
formed along the course of the project, but subtle 
interrelationships also appeared that might prove 
more important as further detailed investigation 
is conducted in the future. 

Because of the strong relationship indicated by 
the factor analysis between refractive index, spe- 
cific gravity, and the pyrope and almandine con- 
stituents of the red-to-violet garnets, we reex- 
amined the graph of refractive index versus 
specific gravity (figure 4) and at the same time 
distinguished between high pyrope content, high 
almandine content, and approximately equal con- 
tent of pyrope and almandine for each stone in 
the study (figure 11). It can be seen that, for the 
most part, a refractive index of less than 1.752 in 
conjunction with a specific gravity of less than 
3.86 represents garnets that contain more pyrope 
than almandine. A refractive index of more than 
1.779 with a specific gravity over 4.00 indicates 
gamets that have more almandine than pyrope. 
Approximately equal portions of pyrope and al- 
mandine (1.5:1 to 1:1.5) yield a range of refractive 
index over 1.751 and up to 1.774, with a range of 
specific gravity of more than 3.81 and up to 3.99. 
There is a continuation from the range of the high 
pyrope properties to that of properties for the 
stones having approximately a 1:1 ratio of pyrope 
to almandine; in fact, a small area of overlap can 
be seen in figure 11. Other exceptions to the 
ranges described with respect to composition are 
also visible in figure 11. Three high-pyrope stones 
lie well within the range for those stones usually 
having a 1:1 ratio of pyrope to almandine, and 
another stone with a 1:1 ratio lies within the 
range for high-pyrope garnets. Two of these stones 
contain more spessartine than either pyrope or 
almandine, which might explain this anomaly, 
but the other two garnets are definitely members 
of the pyrope-almandine series that contain more 
pyrope than almandine. Thus far we have been 


unable to determine what causes their properties 
to be so high. 
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Figure 11, The graph of refractive index versus specific gravity, color coded to indicate the 
ratio of pyrope to almandine for each of the 96 garnets. Red indicates a pyrope:almandine 
ratio of greater than 1.5:1, black indicates an approximately 1:1 ratio (1.5:1 to 1:1.5), and 
blue denotes a ratio of less than 1:1.5. 
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CONCLUSIONS 


In practical terms, the gemologist is essentially 
limited to the use of three tests in the identifi- 
cation of garnets: refractive index, specific grav- 
ity, and absorption spectrum. For the red-to-violet 
garnets, this study shows that these three deter- 
minations do provide certain indications of the 
composition of the stones studied. In one case, 
that of chrome pyrope, we can use the spectro- 
scope to observe obsorption bands that are char- 
acteristic of the high Cr.O; content of these gar- 
nets. In addition, refractive index and specific 
gravity together give us a reasonably reliable in- 
dication of the ratio of pyrope to almandine for 
any specific stone. Anomalies between the two 
properties may indicate the presence of signifi- 
cant amounts of end members other than pyrope 
and almandine, especially spessartine. More often, 
though, stones that contain large amounts of other 
end members have a relationship between refrac- 
tive index and specific gravity that still falls within 
the trend shown by the pyrope-almandine series, 
as one can see in figure 11. Generally, however, 
we can define ranges of refractive index and spe- 
cific gravity that, taken together, indicate whether 
pyrope or almandine predominates in any given 
specimen. 

To avoid proliferation of names, and for con- 
venience, we support using the name of the end 
member that predominates. In the less rigorous 
application of these terms, we can label stones in 
the red-to-violet color range as being pyrope if the 
refractive index and specific gravity indicate that 
there is more pyrope than almandine present (R.I. 
below 1.752 and S.G. less than 3.86}, or as alman- 
dine if these properties indicate that this end 
member predominates {R.I. above 1.799 and S.G. 
more than 4.00). In the case of red-to-violet stones 
having approximately a 1:1 ratio of these two end 
members (R.I. between 1.751 and 1.774 and S.G. 
between 3.81 and 3.99}, we recommend that the 
term pyrope-almandine be applied. Rhodolite, ac- 
cording to the original definition of the variety, 
falls within the region to which we would also 
apply the term pyrope. 

The spectral data support the existence of a 
general absorption spectrum associated with gar- 
nets in this color range, but there is no clear as- 
sociation between a particular spectrum and any 
individual end member, including almandine. 
With the exception of the chrome bands I, and I., 
the variations that can be observed are of ques- 
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tionable usefulness within this color range. Some 
bands appear to be affected by various end mem- 
bers, as indicated by the factor analysis (see table 
3}, but combinations of such end members may 
cancel out or enhance these effects in such a way 
as to conceal any correlations. In addition, the 
general absorption of light associated with stones 
of deeper color masks many of the bands in the 
shorter wavelengths. 

The relationship between color and bulk 
chemistry for the garnets in this color range seems 
to be, as can be seen from figure 7, entirely ran- 
dom. This is not surprising, as garnet has long 
been recognized as allochromatic. The presence 
of trace elements or ions not readily measurable 
by the microprobe is undoubtedly responsible for 
some or all of these variations in color. The quan- 
tities in which these trace elements are present, 
however, apparently are not sufficient to affect 
refractive index or specific gravity (both of which 
reflect bulk chemical composition). Thus, the 
common gemological tendency to associate color 
with a particular type of garnet such as pyrope or 
almandine is likely to be misleading if one is in- 
terested in an indication of chemical composition 
within the red-to-violet color range of garnets. 
Because of the importance of color in the appre- 
ciation of gem garnets and based on the results of 
this study, however, the color criterion must be 
an important consideration in any gemological 
classification of garnets. The precise role of color 
in the classification of all gem garnets, as well as 
the roles of the other properties examined in this 
study, must remain unresolved until we have 
completed the examination of garnets in the other 
ranges of color and chemical composition. 
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APPENDIX: TERNARY DIAGRAMS 


The graphic illustration of the relationship between 
three components is complicated by the difficulty of 
visualizing three dimensions on paper (which is two- 
dimensional}. A ternary diagram achieves this illustra- 
tion by the use of an equilateral triangle scaled from 
0% to 100% in each of its three directions (see diagram 
at right). Each point of the triangle represents 100% of 
its respective component {e.g., A, B, or C in this dia- 
gram}, while the side opposite represents 0% of that 
component (e.g., the line between points B and C rep- 
resents 0% of A}. In order for a specimen to be repre- 
sented as a single point on this diagram, A + B + C 
must total 100%. If a specimen is made up 80% of com- 
ponents A, B, and C, and 20% of other components, but 
one only wishes to examine the relationships between 
A, B, and C, this can be done by recalculating A, B, and 
C to add up to 100%. For example, sample X contains 
24% A, 40% B, and 16% C. Dividing A, B, and C each 
by their total (80%} and multiplying by 100% yields 
recalculated amounts for A, B, and C equalling, respec- 
tively, 30%, 50%, and 20%, which now total 100% and 
can be plotted on a ternary diagram. So, to locate the 
point for X, read the percentage scale for each compo- 
nent in the appropriate direction (bottom to top for A, 


upper right side to lower left corner for B, and upper 
left side to lower right corner for C). Likewise, the per- 
centages of components represented by points Y and Z 
can also be read: Y consists of 10% A, 20% B, and 70% 
C; while Z has 60% A, 10% B, and 30% C.° 
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SAN CARLOS PERIDOT 


By John I. Koivula 


Each year basalt-topped Peridot Mesa, on 
the San Carlos Apache Reservation, is a 
major source for thousands of carats of 
gem-quality peridot in sizes suitable for 
use In modern jewelry. Marketed 
throughout the world, San Carlos 
material is often confused with, and sold 
as, peridot from Jocalities that are better 
known and documented, Peridot Mesa 
resulted from a single volcanic eruption 
and basalt flow over an already existing 
conglomerate base; it is thought to be of 
late Tertiary or Quartenary age. The 
peridot is found in irregularly shaped 
nodules within the basalt. The 
gemological properties and color range of 
these Arizona gems suggest an olivine 
that is rich in the magnesium forsterite 
end member. Inclusions documented are 
chromite, chromian spine], negative 
crystals, “lily pad’’ cleavages, glass blebs, 
chrome diopside, biotite, and smoke-like 
veiling. 
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San Carlos Peridot 


F or over a century, the San Carlos Apache Reservation 
in Gila County, Arizona, has been a major source of 
gem-quality olivine (peridot) in sizes that are very suit- 
able for jewelry (figure 1). Yet very little has been pub- 
lished about the principal germ locality on the reservation, 
Peridot Mesa, or the peridot that is mined there by the 
Apache Indians, who have exclusive rights to the deposit. 
Through the kind permission of the Apache Nation Tribal 
Council, however, the author was permitted to examine 
the deposit and collect the specimens that served as the 
basis for this report. The observations about the area and 
the results of gemological tests reported in this article 
were derived from a series of experiments performed by 
the author on gem-quality olivine collected at Peridot 
Mesa. 


HISTORY OF THE DEPOSIT 


Many years before the Peridot Mesa deposit was recog- 
nized by the international trade as a gem source (Kunz, 
1904), the area was mined by the Apache Indians and the 
stones were used exclusively among tribal members 
(Kunz, 1882, 1892). From 1904 to 1909, however, mining 
was carried out at an almost feverish pace, and soon the 
market was choked with an excess of available gems. 
This tended to reduce prices and hold them down, while 
decreasing buyer interest in the stone (Sterrett, 1909). 
Consequently, mining activity declined rapidly and 
for many years was almost nonexistent. Gems continued 
to trickle from the reservation to a worldwide market, but 
much of this material had been extracted some years pre- 
viously. In spite of its tremendous potential, the deposit 
has been worked only sporadically by the Indian residents 
during the last 72 years. Even today, mining of the peridot 
is done only intermittently by any of a number of Apache 
families who claim sections of the mesa as their own, 
although by Indian law all members of the tribe are al- 
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Figure 1. This 34.65-ct. peridot is 
one of the largest fine Arizona 
stones in existence. It is 
complimented by two 3.74-ct. 
peridots that are more typical in 
size of the stones found on the San 
Carlos Apache Reservation. This 
necklace, which was designed by 
Aldo Cipullo, is part of the 
American Gemstone Jewelry 
Collection of the American Gem 
Society. Photograph © 1978 Harold 
and Erica Van Pelt — 
Photographers, Los Angeles, CA. 


lowed to mine. Only when the weather is suitable 
and the single access road to and from the mesa 
is passable will one or more of these families be 
found working their mines. 

No records of any kind are kept concerning the 
amount of peridot mined each year from Peridot 
Mesa. The majority of the material is sold through 
the Apache Nations Peridot Enterprise, the Peri- 
dot Trading Post on the reservation, and another 
trading post just off the reservation between Globe 
and San Carlos. The material is sold directly to 
private individuals, wholesalers, and retailers 
alike. Little is known about any other peridot de- 
posits in the area, and Peridot Mesa is the only 
one that is worked. 


THE LOCATION 


The San Carlos Apache Reservation is located in 
east central Arizona (see figure 2; Bromfield and 
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Shride, 1956}. Globe, the nearest major city off 
the reservation, lies approximately 18 miles (28.8 
km) due west of Peridot Mesa. San Carlos, the 
main reservation town and local Bureau of Indian 
Affairs headquarters, lies 2.5 miles (4 km) north- 
east of the mesa. 

Peridot Mesa and its surroundings are in a des- 
ert environment that supports various cacti and 
low-growing bushes and shrubs. The mesa rises 
above the lower desert by as much as 90 m and, 
like other mesas on the reservation, is easily vis- 
ible, breaking the horizon of the otherwise flat 
terrain. 

The two-lane road from San Carlos to the base 
of the mesa is paved blacktop. From the base, a 
bulldozed dirt road snakes up the side of the 
mesa. There is only one main dirt road across the 
surface of the mesa, with many forks branching 
from it to the various mining sites. 
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MINING METHODS 


Peridot Mesa is dotted with numerous small open 
pit mines that break the uniformity of the essen- 
tially level mesa surface like so many small cra- 
ters. Although the basalt is tough and does not 
yield readily to hand tools, blasting is done spar- 
ingly and only when absolutely necessary because 
explosive shocks can easily shatter the rocks and 
scatter the friable peridot in the nodules. A light 
bulldozer is sometimes used to work freshly 
blasted areas, remove top soil, and maintain or 
build roads; otherwise, no heavy equipment is 
employed and the vast majority of the mining is 
done almost entirely by hand. The most com- 
monly used hand tools are large, long, heavy-stock 
picks and pry bars, smaller splitting chisels and 
wedges, various heavy-weight hammers (like the 
large-head Nevada-type long striking hammers), 
long- and short-handled shovels, hand rakes, and 
a variety of sizing sieves. 

In working the basalt, the miners take advan- 
tage of any naturally occurring fractures or pits in 
the rock. Chisels and sledge hammers are used 
first to widen any existing separations in the rock 
or to create new ones (figure 3]. Once a fracture 
or series of fractures is started in the basalt, wedges 


Figure 2. San Carlos location map. (Adopted 
from Basso, 1977.) 
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Figure 3, An Apache miner uses a chisel and 
sledge hammer to work a hand-dug peridot pit 
in the hard basalt. 


and long, heavy-weight pry bars are used (figure 
4) together with the chisels and hammers to break 
the basalt into small chunks. In this way, the per- 
idot nodules are freed from the host rock. 

Once the rock is broken down and the peridot 
nodules are freed, the chunks of peridot with their 
rock matrix are shoveled into first a one-half-inch 
and then a one-fourth-inch mesh sizing sieve (fig- 
ure 5). The material left in the sieve is then hand- 
sorted and the loose matrix and undesirable min- 
erals are quickly discarded. Exceptionally large or 
fine peridot grains are put aside to be sold indi- 
vidually. Once sieved for size, the mine-run per- 
idot is stored in some type of sturdy container, 
usually a bucket or small tin can (figure 6). 

Some of the rock faces being worked for peri- 
dot appeared dangerous inasmuch as the basalt 
was loose and broken and certain faces had been 
undercut with shallow tunnels. None of the 
workers in these areas was wearing any head pro- 
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Figure 4. Tools used to break the fractured 
basalt into small chunks. 


Figure 5. The freed chunks of peridot on matrix. 
are shoveled into a sizing seive. 


tection. In addition, very few of the miners ob- 
served on the mesa were wearing any type of eye 
protection, which is extremely important when 
hammering rock with chisels. Nevertheless, any- 
one who has ever worked basalt can surely appre- 
ciate the efforts of the Apache peridot miner. 


GEOLOGY OF PERIDOT MESA 


The basalt capping the mesa is a vesicular, fine- 
grained, hard rock that is dark gray to black on 
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Figure 6. Mine-run San Carlos peridot. 


fresh surfaces. It appears to have been extruded as 
the result of a single volcanic event. It extends 
approximately three and one-half miles (5.6 km} 
in a northeast direction and about two and three- 
fourths miles (4.4 km) along a northwest-south- 
east axis. The cone that produced the flow lies 
at the far southwestern end of the mesa (Lausen, 
1927; see figure 7). The basalt ranges in thickness 
from 3 m near the cone vent to over 30 m where 
the flow filled natural depressions in the under- 
lying Gila conglomerate, a flat horizontal to 
slightly folded sedimentary structure of early 
Pleistocene age. Thicker portions of the flow show 
rudimentary columnar structure, while thinner 
areas nearer the cone display a somewhat platy 
and/or concentric structure that developed in the 
flow during cooling and consolidation. The ba- 
salt is thought to be of late Tertiary or Quarter- 
nary age (Bromfield and Shride, 1956). Exposed 
contacts between the basalt and underlying sed- 
imentary rocks show a definite baked or heat- 
altered zone. 

Two theories have been proposed for the 
origins of the vesicles in the basalt: (1) gas (carbon 
dioxide?} expansion caused by heat and diminish- 
ing pressure as the lava rose in the cone throat 
and poured out on the ground, and/or (2) water 
vapor expansion if the surface of the ground was 
wet when the flow emplaced. 

The vesicles range in size from microscopic 
(the most common] to several centimeters in their 
longest dimension; they are spherical to sub- 
spherical or ovoid in shape, with some stretched 
into elongated tubes by the flow of the fluid lava. 
In general, the vesicles are larger as they near the 
surface of the flow. 

Under the petrographic microscope, the rock 
proved to be a typical olivine basalt {(Lausen, 1927). 
Plagioclase feldspar (labradorite) is present as 
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Figure 7. Generalized geological map of Peridot 
Mesa and vicinity, including the location of the 
basalt outcrops. (Adopted from Lausen, 1972.) 


slender laths, along with olivine and augite in 
subhedral to anhedral grains. In addition, mag- 
netite, apatite, analcime, diopside, chromite, bio- 
tite, and hornblende have been identified as ac- 
cessories. Small blebs of volcanic glass of a dark 
brown to black translucent to nearly opaque 
transparency also occur in the basalt. 


OCCURRENCE OF THE PERIDOT 
NODULES AND THEIR ORIGIN 


Peridot occurs as spherical, ovoid, semi-angular 
included masses in the vesicular basalt (see figure 
8). Such masses range in size from 1 cm or less to 
30 cm or more in longest dimension. In the rich- 
est mining areas, the nodules may be found within 
a few centimeters of one another throughout large 
volumes of the basalt (again, see figure 8]; else- 
where they may occur as isolated units, separated 
from one another by a meter or more of barren 
rock. The masses are composed chiefly of granu- 
lar olivine with most of the peridot crystals no 
larger than a grain of sand; even the largest are 
scarcely over a few cubic centimeters in volume 
(see figure 9). The nodules closely resemble peri- 
dotite in composition and texture and, therefore, 
may represent fragments torn at depth from a per- 
idotite rock mass through which the basaltic lava 
was forced. The random distribution of the nod- 
ules in the basalt tends to support this theory 
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Figure 8. Basalt face showing typical olivine 
nodules, The largest is over 25 cm in longest 
dimension. 


(Sterrett, 1909, Lausen, 1927). A thin shell of 
spongy basalt containing hornblende and augite 
envelopes each of the peridot nodules; this may 
represent a thermal reaction zone that formed as 
a result of limited magmatic differentiation, 
chernical alteration, and fractional crystallization 
within the boundaries of the alteration zone. 


DESCRIPTION AND GEMOLOGICAL 
PROPERTIES OF SAN CARLOS PERIDOT 


The mode of formation of the olivine nodules pre- 
cludes the existence of extremely large single 
crystals and solid masses such as those from 
Burma and the classic locality of St. John’s Island 
(Zabargad) in the Red Sea. Faceted San Carlos 
gems typically are small in size; the average 
weight is between one-half and three carats. Gems 
over three carats are somewhat rare, and stones 
over five carats should be considered collectors’ 
pieces. 

In color, the peridot ranges from a very dark 
brown to brownish green to a very pleasing bright 
lime green from which lively, attractive gems are 
cut (figure 10}. The darker gems are higher in iron 
content than their lighter counterparts. A chem- 
ical analysis of San Carlos peridot (Anthony, Wil- 
liams, and Bideaux, 1977} by $.S. Goldich (USNM 
86128] showed 49.78% MgO, 40.90% SiOz, 8.24% 
FeO, 0.59% Fe,Os, 0.30% NiO, 0.22% Al,Os, 
0.12% MnO, and minor traces of TiO,, CaO, 
Cr,O3, and H,O. John Sinkankas (1976) reported 
analytical percentage ranges of 48.34 to 49.49 
MgO, 41.11 to 41.96 SiO», 8.67 to 10.37 FeO, 0.09 
to 0.18 MnO, 0.09 to 0.16 CaO, 0.03 to 0.06— 
Cr.Os, and 0.01 to 0.02 TiO,. The 0.30% NiO re- 
ported by Anthony, Williams, and Bideaux, as 
compared to the absence of this chemical in the 
Sinkankas analysis, suggests that in some cases 
nickel might play a part in the coloration of 
peridot. 

Tests performed by the author on the 12 sam- 
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Figure 9. San Carlos peridot in 
vesicular basalt matrix, 18 cm 
in longest dimension. | 


ple stones pictured in figure 10 indicate that both 
refractive index and specific gravity vary slightly 
with color depending on the percentage of iron 
present. Refractive indices of the test gems were 
obtained using a GEM Duplex II refractometer 
and a sodium light source. The lightest colored 
gem was biaxial positive with a refractive index 
of 1.649 alpha, 1.665 beta, and 1.686 gamma, and 
a corresponding birefringence of 0.037. The dark- 
est specimen was biaxial positive with a refrac- 
tive index of 1.653 alpha, 1.671 beta, and 1.691 
gamma, and a birefringence of 0.038. 

From these numbers, it is apparent that not 
only does the refractive index increase with a 
darkening of color and a rising iron content, but 
the beta {intermediate} index also shifts numeri- 
cally away from the alpha index toward the 
gamma index. This movement of the beta index 
suggests that if enough iron substitutes for mag- 
nesium in the structure, not only will the refrac- 
tive index increase substantially, but the material 
will also become biaxial negative in optic char- 
acter, as the iron-rich end member fayalite proves. 

Specific gravity, as well, varied with color. 
Through the use of a specially modified Arbor 306 
electronic balance, a specific gravity range of 3.28 
to 3.38 was established for the test stones, with 
lighter colored gems tending to cluster toward the 
lower numerical value while darker stones showed 
higher specific gravities. However, chromite, wit!: 
a specific gravity of approximately 4.80 (and pos- 
sibly magnesiochromite, with a specific gravity 
of 4.20), is commonly present as an inclusion in 
peridot, frequently in abundance. Its presence as 
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an inclusion in any significant amount will pro- 
duce a higher than normal specific gravity for the 
stone. In fact, the highest reading, 3.38, was ob- 
tained from a light green gem that contained nu- 
merous chromite octahedra. 

On the GEM spectroscope unit, the visible 
light absorption spectrum observed in both the 
light and dark San Carlos gems was determined 
to be typical of peridots in general and to match 
lines already observed and recorded in the gem- 
ological literature, namely, at 4520, 4730, 4880, 
4960, and 6400 A. The 4880 A and 4960 A lines 
together usually appear as a single broad band. 
Using GIA’s Zeiss PMQ; spectrophotometer, Ste- 
phen C. Hofer of GIA’s Research Laboratory con- 
firmed the spectrum and showed that the 4880 A 
and 4960 A lines were in fact separate absorption 
points in the spectrum. A weak, smudged line at 
5200 A seen in the darkest gems did not appear 
in the spectrophotometric scan. 


INCLUSIONS IN SAN CARLOS PERIDOT 


The inclusions found in San Carlos peridot are 
limited in variety. When present, though, they are 
usually quite interesting and often gemologically 
diagnostic. Thus far, the following inclusions have 
been identified: chromite and chromian spinel, 
negative crystals, “lily pad” cleavages, glass blebs, 
chrome diopside, biotite, and smoke-like veiling. 


Chromite and Chromian Spinel. The most com- 
mon inclusions are dark reddish-brown to black 
euhedral to subhedral octahedrons of chromite 
(FeCr,O,) or chromian spinel [{Mg,Fe}(Cr,Al),O,]. 
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Carol Stockton of GIA’s Research Laboratory used 
the scanning electron microscope—energy disper- 
sive spectrometer to perform chemical analyses 
on two randomly selected inclusions and found 
both to be chrome-rich spinel phases, possibly 
chromite (and referred to in this article as chro- 
mite}. Dunn (1974) identified other similar inclu- 
sions as a close cousin to chromite: chromian 
spinel (magnesiochromite). Although no chro- 
mian spinels were identified in this study, it seems 
chemically possible for chromite and chromian 
spinel both to be present as inclusions in a single 
Peridot Mesa peridot. In the stones examined for 
this study, the chromites were randomly distrib- 


Figure 11. A grouping of octahedral chromite 
inclusions. Dark-field illumination, 
magnified 40 x. 


| Figure 10. This selection of 
| 12 cut gems, averaging 2.5 
cts. each, illustrates the 
color range common to San 
' Carlos peridot. The rough 
| that produced these cut 

| stones was collected from 
_ the road bed on the mesa 

' in less than 30 minutes. 


uted as single crystals or as small groups of crys- 
tals and were almost always associated with 
tension fractures that resulted from the expan- 
sion of the chromite crystals against their host 
(see figure 11). 

Negative Crystals. Negative crystals, as sgescnted 
by Eppler (1966), were very abundant in the San 
Carlos peridots (see figure 12). Under magnifica- 
tion, with liquid nitrogen used as a cooling agent, 
condensation and freezing of the fluid gas com- 
ponents in the negative crystals were observed by 
the duthor. Although no actual analyses were per- 
formed on the contents of the negative crystals, 


Figure 12. Negative crystals in San Carlos 
peridot. Oblique and transmitted light, 
magnified 100 x, 
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the author theorizes that the primary component 
might be carbon dioxide (CO,], as identified in 
similar negative crystals by Roedder (1965,1976) 
in experiments that he performed on peridots 
from a number of localities. 


“Lily Pad’ Cleavages. The lily pad—like, disc- 
shaped inclusions commonly associated with per- 
idot are abundant in Peridot Mesa gems (see 
figure 13}. “Lily pads” in San Carlos peridots are 
all oriented along one of two directions of imper- 
fect cleavage: the planes designated [010], the 
most common orientation for the lily pads, and 
[100]. These cleavages result from the rupturing 
of a negative crystal and appear as circular to oval- 
shaped discs surrounding a transparent to whitish 
negative crystal that may appear dark or even 
black under certain lighting conditions. It is hy- 
pothesized that rupturing of the negative crystals 


Figure 13. Typical San Carlos “lily-pad”’ 
inclusion with central negative crystal and 
surrounding cleavage disc. Dark-field 
illumination, magnified 45 x. 


is the result of heat and diminishing pressure as 
the peridot is brought to the surface by the basalt. 
As pressure falls off and the peridot is continually 
heated by the molten basalt, fluids (possibly CO,} 
that filled the negative crystals at a much greater 
pressure push outwardly against their peridot host 
until the pressure is released through the forma- 
tion of a cleavage around the negative crystal. 
When viewed in reflected light, as in figure 14, 
the details of the cleavage surface and any sub- 


212 = San Carlos Peridot 


Figure 14, “Lily-pad” inclusion as viewed 
under reflected light, “thin film’’ conditions. 
Oblique illumination, magnified 70x. 


sequent healing that may have taken place are 
easily studied. 


Glass Blebs. The peridots from Peridot Mesa con- 
tain numerous tiny glass blebs that are very sim- 
ilar in appearance to those described by Roedder 
(1965, 1976] and Gtibelin (1974, pp. 168-169) in 
Hawaiian peridots. Microscopic examination of 
the glass inclusions shows that they often contain 
one or more shrinkage gas bubbles (see figure 15). 


Figure 15. Blebs of natural glass in San Carlos 
peridot often contain one or more gas bubbles. 
Transmitted light, magnified 150, 
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Movement of the gas bubbles in the glass beads 
was brought about by carefully heating the peri- 
dot host to a temperature between 800° and 900° 
C. At these temperatures, the glass beads melt 
and the gas bubbles are free to move. Such heat- 
ing, however, often results in the explosive rup- 
turing of these fluid inclusions. Cooling experi- 
ments performed on the gas bubbles, with liquid 
nitrogen as the cooling agent, indicate that the 
gas filling the bubbles may be carbon dioxide. 
When cut through during lapidary treatment, 
some of the glass inclusions show themselves to 
be underdeveloped negative crystals lined with 
only a very thin shell of glass. 


Chrome Diopside. Included crystals of chrome 
diopside can easily pass unnoticed in a micro- 
scopic examination of San Carlos peridot unless 
they are somewhat large, because they show vir- 
tually no interfacing and their color (see figure 16] 
and refractive index are very near those of peridot 
(Koivula, 1980). In polarized light, however, they 
are readily revealed as rounded subhedral to an- 
hedral protogenetic included crystals. Thus far 
these crystals have not been reported in peridot 
from any other locality and may, therefore, be 
diagnostic of the San Carlos material. 


Biotite. As described by Gtibelin (1974), biotite 
mica is a rare inclusion in San Carlos peridot. 
Only one small, euhedral, flat, brown, translu- 
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Figure 16. The deep green of this protogenetic 
crystal of chrome diopside contrasts with the 
lighter green of its peridot host. Transmitted 
light, magnified 50 x. 


cent, tabular crystal was noted by the author dur- 
ing this study. 


Smoke-Like Veiling. Never before described or 
photographed, and yet very common in San Car- 
los peridot, the smoke-like veiling shown in fig- 
ure 17 at first appears to be a simple form of heal- 
ing fracture. However, it should be noted that no 
individual healing tubes or the tiny negative crys- 


Figure 17. Characteristic of 
peridot from the San Carlos 
locality, this smoke-like 
veiling is possibly the result 
of solid-solution unmixing 
or decorated dislocations. 
Dark-field illumination, 
magnified 60 x. 
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tals that are commonly associated with healing 
fractures can be microscopically resolved in any 
of the smoke-like wisps. In addition, the veiling 
never follows the two cleavage directions in per- 
idot, as would be expected if this were, in fact, a 
fracturing phenomenon in a mineral that had 
cleavage (witness the formation of lily pads). 

It is, therefore, this author’s opinon that this 
is not a healed-fracture phenomenon, but it is 
possibly the result of a solid-solution unmixing 
that occurs as the peridot is brought to the surface 
and cools in the basalt. Other possibilities would 
be olivine dislocation decoration as described by 
Kohlstedt et al. (1976), who picture inclusions 
somewhat similar to that shown in figure 17, or 
a combination of solid-solution unmixing and 
decorated dislocations. 

It should be noted that the image in figure 17, 
which was selected because it is so highly pho- 
togenic, is an exceptionally sharp example of 
smoke-like veiling in peridot. In general, the ef- 
fect is much more ghost-like, with the wisps so 
fine and sometimes so concentrated as to fill the 
entire host peridot completely, rendering it 
slightly milky. 


CONCLUSIONS 


Peridot mining on the San Carlos Apache Reser- 
vation is an erratic affair, with most of the work 
done by hand by the Indians who hold the rights 
to the deposits. Once the peridot is freed from its 
basalt host, it is sorted and marketed locally to 
wholesale and retail customers alike. While few, 
if any, formal production records have been kept, 
the author viewed thousands of carats of gem- 
quality material during his visit. 

The gemological properties obtained from 12 
test gemstones of San Carlos peridot are almost 
classic textbook values. With the exception of 
chrome diopside, which seems to be a diagnostic 
inclusion in San Carlos material, and the smoke- 
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like veiling shown in figure 17, all other inclu- 
sions noted in this paper have been documented 
in peridot from other localities. This suggests a 
very similar paragenesis between peridot from 
San Carlos and that from other mining areas. 
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NOTES 


“AND: 


NEW TECHNIQUES 


IRRADIATED TOPAZ AND RADIOACTIVITY 


By Robert Crowningshield 


A parcel of 100 stones of deep blue irradiated topaz, 
imported from Brazil, was found to be radioactive at 
a level somewhat higher than typical background 
activity. Analysis indicates that the material had 
been treated by neutrons in a nuclear reactor. Most 
irradiated topaz in the trade is not radioactive. 
Nevertheless, routine testing for radioactivity in 
topaz, beryl, green diamonds, red tourmaline, and 
possibly all gemstones may be advisable for the 
protection of the jeweler. 


Large quantities of colorless topaz are currently 
being treated by gamma irradiation to turn them 
blue, a process that does not produce radioactivity 
in the stone (Nassau, 1980). The resulting color 
is a medium deep blue that is significantly darker 
than that of most natural blue topaz. A consid- 
erably darker color does result in rare instances 
(M. Welt, personal communication, 1981); this 
blue color is produced by a treatment (nature un- 
known] that is purportedly used on colorless to- 
paz that will not turn blue with gamma rays (M. 
Welt, personal communication, 1981). 
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Notes and New Techniques 


Dr. M. Welt of Radiation Technology, Rock- 
away Township, NJ, was shown a parcel of about 
100 unusually deep blue topaz gemstones that 
had recently been imported from Brazil. Upon 
testing, he found them to be radioactive. Two of 
these stones were further examined by the author 
and Dr. K. Nassau of Bernardsville, NJ, and are 
described below. Subsequently, Dr. Welt tested 
lighter blue topaz that also proved to be radioac- 
tive. Representative samples of light and dark ir- 
radiated stones and a larger, even lighter natural 
blue topaz are shown in figure 1. 


EXAMINATION 


The two stones, 8 cts. and 10 cts. in size, were 
exceptionally dark, fine-quality blue topaz. Gem- 
ological testing revealed a typical natural topaz: 
with two-phase inclusions typical of topaz, re- 
fractive index of 1.61—1.62, birefringence about 
0.009, biaxial—doubly refractive, specific gravity 
of 3.57, no features observed in the spectroscope, 
and greenish fluorescence (long-wave, very faint; 
short-wave, barely detectable). 

The 10-ct. stone showed about 0.2 milliroent- 
gens per hour (mr/hr|* when tested in contact 
with a Geiger counter survey meter, while the 
parcel of about 100 stones shown to Dr. Welt 


‘The Roentgen, rad, rem, and rep are units used for 
radiation dose and differ only slightly in value. 
Microcuries (uc) are units that measure the quantity 
of radioactive material. 
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Figure 1. Three 
representative samples of 
blue topaz. The two smaller 
stones on the left have both 
been irradiated to enhance 
color. The larger, lighter 
blue stone on the right has 
not been treated. 
Photograph by Tino 
Hammid. 


measured at 12 mr/hr. Gamma-ray spectroscopic 
examination {K. Nassau, personal observation, 
1981} showed the presence of the following 
amounts of radioactive elements: 


scandium-46: 0.1 wcuries (half-life 84 days} 
tantalum-182: 0.002 uwcuries (115 days) 
manganese-54: 0.002 ucuries (303 days) 
iron-59: 0.001 ycuries (45 days) 


These radioactive elements were probably pro- 
duced from neutron exposure in a nuclear reactor 
by neutron reactions with scandium, tantalum, 
iron, and cobalt, respectively. It should be noted 
that the radioactivity from the major emitter, 
scandium-46, is quite penetrating, consisting of 
gamma rays with the relatively high energy of 
889,000 and 1,120,000 electron volts. 


DISCUSSION 


A number of important points arise from these 
findings. 

First, the nature of the radioactivity indicates 
that the stones were exposed to neutrons in a nu- 
clear reactor. The importer stated that he had ob- 
tained several hundred of these stones some 
months previously in Brazil. Given the half-lives 
of the radioactive elements involved, it is obvious 
that the stones had been even more radioactive 
then; the dealer may have received an undesirable 
dose of radioactivity himself while carrying them 
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about for some weeks. It is also evident that the 
stones were imported without the required radio- 
active materials import license (issued by the 
Nuclear Regulatory Agency). 

Second, a spokesperson for the Nuclear Reg- 
ulatory Agency stated that, for relatively low lev- 
els of activity such as might be associated with 
a single stone, there are no appropriate standards. 
This person added, however, the personal obser- 
vation that the 0.2 mr/hr intensity of the 10-ct. 
stone definitely would be “not desirable” for ex- 
tended personal wear. 

Third, a survey conducted by Dr. M. Welt, Dr. 
K. Nassau, Mr. §. Church (of Church & Company, 
Bloomfield, NJ}, and others of a wide variety of 
blue topaz, including several lots of the dark blue 
material, indicates that none of these others con- 
tained detectable radioactivity above the usual 
background reading of 0.02—0.05 mr/hr. Accord- 
ingly, it is not at present possible to determine 
the extent of the problem. 

Fourth, radioactivity has been reported in a 
number of other gemstones, such as some of the 
Maxixe-type blue beryls (Nassau, 1973) and the 
occasional old radium-exposed green diamonds 
({Liddicoat, 1981). Testing in the Gem Trade Lab- 
oratory has shown that some of the latter are ex- 
tremely high in radiation emission, darkening 
photographic film in just a few minutes. In ad- 
dition, people are experimenting with irradiation 
on a wide variety of gem materials, for example, 
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to turn pale tourmaline dark red (Nassau, 1974). 
Tests show that some of these materials may also 
be radioactive. It should be noted that even if the 
color fades or is removed by heat treatment, the 
radioactivity still remains. 

The specific type and intensity of the radio- 
activity will depend on impurities present in the 
gemstone as well as on the time of exposure in 
the nuclear reactor. All radioactive material slowly 
loses its activity, the time being dependent on the 
half-lives of the active elements involved. 

Fifth, for the protection of his staff and himself 
personally, as well as for liability protection with 
respect to his.customers, the jeweler (particularly 
one who handles large parcels of any particular 


type of gemstone} may wish to obtain a Geiger 
counter survey meter and check all parcels of 
stones. A similar test should probably be per- 
formed routinely on all stones examined in test- 
ing laboratories. 
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NONFADING MAXIXE-TYPE BERYL? 


By K. Nassau and B. E. Prescott 


It is sometimes stated that there exists some 
Maxixe-type deep blue beryl (occasionally misnamed 
“aquamarine”) that does not fade. All specimens 
ever reported in the literature did fade, typically 

to almost colorless in one to two weeks in bright 
sunlight or over a somewhat longer period under less 
intense illumination. A “nonfading”’ specimen re- 
cently examined proved to be typical fading Maxixe- 
type beryl. A possible reason why such a stone might 
give the impression that it is nonfading is discussed. 
With the exception of some brown topaz and some 
kunzite, no significant gemstone material fades on 
the same time scale as does Maxixe-type beryl. 


Several years ago there appeared on the gemology 
scene a deep blue beryl! that had unusual proper- 
ties. Specifically, the material was at first desig- 
nated aquamarine; but the dichroism of the stone 
differed from that of aquamarine. It was soon 
shown that the color faded upon exposure of the 
material to heat or to light. A detailed study (Nas- 
sau and Wood, 1973a and 1973b; Nassau et al., 
1976] demonstrated that an irradiation-induced 
color center produced the color and that this ma- 
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terial was closely related to, but not identical 
with, the naturally occurring deep blue beryl found 
in 1917 in the Maxixe mine in the Piaui area of 
northeastern Minas Gerais, Brazil, which also 
faded. The new material was designated ‘““Maxixe- 
type beryl” to distinguish it from the original, 
natural ’Maxixe beryl.’ Although the stones ap- 
pear to fade at the same rate, the color centers in 
these two materials have been shown to be slightly 
different (Anderson, 1979). 

Statements are occasionally made that spe- 
cific specimens of Maxixe-type beryl! do not fade. 
All such material studied in detail and reported 
in the literature has been found to fade (e.g., Nas- 
sau and Wood, 1973a and 1973b; Crowningshield, 
1973; Schmetzer et al., 1974; Nassau et al., 1976; 
and Anderson, 1979]. One such purportedly non- 
fading specimen recently became available to the 
authors; it was examined to establish if it did fade 
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Figure 1. Three Maxixe- 
type beryls: left—the 
subject specimen as 
received; center—the 
specimen after being 
subject to light and heat 
(corresponding to curve C 
of figure 2); right—a 
typical, near-saturated dark 
blue specimen. 


and, if so, why the claim that it did not would 
have been made. 


THE EXPERIMENT 


A 2-cm fragment of blue beryl was obtained with 
the kind cooperation of Dr. J. Keane of KMC Inc. 
(Bedford, MA}. The specimen was reported to 
originate from a New England locality, although 
the exact site was unknown. It had been irradi- 
ated some years ago and purportedly had main- 
tained its color during this time while lying on a 
desk. 

Examination showed a typical Maxixe-type 
beryl, but of a much paler blue than the intense 
color that usually results from irradiation to sat- 
uration, as seen in figure 1. A slice cut from the 
specimen was polished and the polarized spectra 
were measured in a Cary Model 14 spectropho- 
tometer at room temperature. The result was an 
absorption spectrum typical of a Maxixe-type 
beryl, with the blue-causing absorption bands in 
the ordinary ray (Nassau and Wood, 1973a and 
1973b; Nassau et al., 1976}, as at A in figure 2. 

This specimen was exposed for 100 hours (at 
a distance of 10 cm) to the focused light from a 
25-watt microscope lamp equipped with a blue 
filter in an environment that was air-conditioned 
in such a way that no heat was experienced by 
the beryl. As can be seen from the much-reduced 
absorption in curve B of figure 2, this treatment 
produced a drastic bleaching. Heating in an oven 
at 200°C overnight removed all the remaining 
color, as shown in curve C of figure 2, and also in 
figure 1. 
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Figure 2. Absorption spectra plotted for the 
Maxixe-type beryl studied: curve A—as 
received; curve B—after 100 hours under a 25- 
watt microscope lamp; curve C—after heating 
at 200°C overnight (ordinary ray spectrum only 
shown here). 
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DISCUSSION 


The specimen proved to be an “ordinary,” fading 
Maxixe-type beryl and had undoubtedly faded sig- 
nificantly since it was irradiated. The question 
remained, though, why it had been thought to be 
nonfading. 

A possible answer was obtained by means of 
some light-intensity observations taken with a 
photographic exposure meter. From a series of 
measurements recorded during a sunny day (late 
June in New Jersey] and from a sampling of desks, 
ranging from brightly lit by a large window to the 
more usual interior desks lit by incandescent or 
fluorescent lamps, it was found that the average 
desk illumination was about one hundredth the 
average outdoor illumination. Accordingly, a 
Maxixe-type beryl that faded in one week in the 
sun to less than one half its original color would 
reach the equivalent stage in 100 times as long a 
period on a typical desk, that is, in two years. 

A series of factors may slow the fading even 
more: the illumination at some desks is lower 
than at others; the stone may lie face down, so 
that what light there is does not enter as effec- 
tively as occurred in a purposely face-up posi- 
tioned fade test; papers can inadvertently cover 
the specimen part of the time; and there is some 
small variability among Maxixe-type beryls that 
otherwise appear to be identical, as has been re- 
ported (Nassau et al., 1976). 

The “nonfading” specimen examined in this 
report had not lost all of its color over several 
years on a desk. Clearly, though, it had lost some 
color, but the loss had been so slow and gradual 
that it was not evident to the eye in the absence 
of a color reference sample. 

A survey was made among various gem au- 
thorities for other gemstone materials that might 
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fall into a similar fading category. Only three 
were candidates. Of these, amethyst was elimi- 
nated since reports of fading could not be sub- 
stantiated where a high probability of exposure to 
heat was not also present. There remained brown 
topaz from a few localities (such as some in Mex- 
ico and in Utah) which fades rapidly, and also 
some kunzite. Apart from these, all other accept- 
able gemstones do not fade even after many dec- 
ades under bright spotlights in museum and store 
displays. 

It may be concluded that no authentic in- 
stance of nonfading Maxixe-type beryl has been 
proved, Although fading may be delayed by ex- 
posure to only low levels of light and can be 
halted completely in the absence of light, there 
is a major qualitative difference between this ma- 
terial and nonfading gemstones acceptable to the 
trade. 
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THE CUTTING PROPERTIES OF KUNZITE 


By John L, Ramsey 


In the process of cutting kunzite, a lapidary comes 
face-to-face with problem properties that sometimes 
remain hidden from the jeweler. By way of ex- 
amining these problems, we present the example of 
a one-kilo kunzite crystal being cut. The cutting 
problems shown give ample warning to the jeweler 
to take care in working with kunzite and dem- 
onstrate the necessity of cautioning customers to 
avoid shocking the stone when they wear it in 
jewelry. 


The difficulties inherent in faceting kunzite are 
legendary to the lapidary. Yet the special cutting 
problems of this stone also provide an important 
perspective for the jeweler. The cutting process 
reveals all of the stone’s intrinsic mineralogical 
problems to anyone who works with it, whether 
cutter or jeweler. Knowledge of these problems 
also aids the person marketing the stone, both in 
conveying the specialness of the faceted gem and 
in advising customers of the proper care that it re- 
quires. 

To explain the various problems presented by 
kunzite, this article describes the cutting of an 
extremely large kunzite crystal. In some ways, 
the size of the crystal magnifies the problems and 
renders them examinable in a manner that allows 
us to generalize to all kunzites. 

It should first be mentioned that the avail- 
ability of a one-kilo, essentially clean kunzite 
crystal from Brazil in today’s marketplace is in 
itself a phenomenon. Certainly, a number of fine 
crystals from Brazil were available in the late 
1950s and early 1960s, but these disappeared from 
the market some time ago. Afghanistan produces 
kunzite, but nothing of the size and quality of the 
crystal described. This particular crystal, which 
was virtually unflawed and of superb color (figure 
1), had been held in a European collection for 25 
years before its release to the author. 
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THE PROBLEMS OF PERFECT CLEAVAGE 
AND RESISTANCE TO ABRASION 


Kunzite is a variety of spodumene, a lithium alu- 
minum silicate (see box). Those readers who are 
familiar with either cutting or mounting stones 
in jewelry are aware of the problems that spodu- 
mene, in this case kunzite, invariably poses. For 
those unfamiliar, it is important to note that kun- 
zite has two distinct cleavages. Perfect cleavage 
in a stone means that splitting, when it occurs, 
tends to produce plane surfaces. Cleavage in two 
directions means that the splitting can occur in 
a plane along either of two directions in the crys- 
tal. The property of cleavage, while not desirable 
in a gemstone, does not in and of itself mean trou- 
ble. For instance, diamond tends to cleave but 
splits with such difficulty that diamonds are cut, 
mounted, and worn with little trepidation. In 
contrast, the abrasive process used in sawing and 
faceting represents a danger with kunzite. The 
separation in kunzite happens very easily, espe- 
cially if the stone is ground against the direction 
of cleavage, and it may simply fall apart during 
faceting. : 

To compound the problem, kunzite has an un- 
usual resistance to abrasion. While the hardness 
of spodumene is 6% to 7, it grinds with more dif- 
ficulty than corundum which, at 9, is exceeded in 
hardness only by diamond. The resistance no 
doubt comes from the crystal structure, which is 
also responsible for the problems with cleavage. 
The combination of these two problems in one 
gem material forces the cutter to delicately bal- 
ance two factors: (1) a stone that resists abrasion 
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Figure 1. The one-kilo 
| kunzite before cutting. 
The dimensions were 
150 cm x 5.1 cm x 
4.9cm. Photograph 
©1981 Laura Ramsey. 
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PROPERTIES OF SPODUMENE 


SPECIES: spodumene (lithium aluminum 

silicate} 
Varieties: kunzite (lavender, pink, 

amethystine purple} 

hiddenite (green} 

triphane (colorless to yellow) 
Problem inclusions: tubular inclusions 

rutile 
open cleavages 
JEWELRY PROPERTIES 
Hardness: 612-7 
Cleavage: perfect, two directions 
Fractures: subconchoidal, frays easily 
Steam cleaning: extremely sensitive; use other 
method 
OPTICAL PROPERTIES 
Refractive index: 1.660 (+ 0.005) to 
1.676 (£0,005) 

Birefringence: 0.016, medium 
Pleochroism: trichroic—light to deep colors 
Dispersion: 0.017, medium 
Specific gravity: 3.18 (+0.03) 


must be given a fair amount of physical pressure 
against the diamond cutting wheel or it will not 
cut, and (2) a stone that will split easily in two 
directions may separate if too much pressure is 
placed against the lap. 

In addition, the propensity of kunzite to fall 
apart during cutting tends to be aggravated by the 
fact that resistance to abrasion varies with respect 
to the different axes of the crystal. Since dopping 
is not an exact process, the cutter cannot deter- 
mine precisely whether grinding will be only 
mildly difficult or extremely difficult. Kunzite 
never grinds easily. One positive point, though, 
is that kunzite is perhaps one of the easiest stones 
to polish. 


HOW LARGE A STONE TO CUT? 


With these factors in mind, the next step was to 
determine the optimum size of the finished ma- 
terial. The rule of thumb in cutting is usually to 
produce the largest gem possible from each piece 
of rough regardless of the species. This is done 
because large stones are relatively rare. For every 
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one-carat diamond there are hundreds or thou- 
sands of 10 pointers, and so on through most of 
the known gem species. 

Upon evaluating this kunzite, we saw that we 
had three cutting options: (1) one 1,500-ct. stone, 
(2) many smaller gems, or (3) several extremely 
large gems, 

Cutting a 1,500-ct. stone was a temptation, 
since at that size it would have been one of the 
largest spodumenes ever faceted (see Sinkankas, 
1959, for a description of the cutting of an 1,800- 
ct. green spodumene}. Kunzite is distinctly tri- 
chroic, however, and the best color is seen par- 
allel to the c-axis of the crystal, which is invari- 
ably also the narrow axis. While trichroism in 
kunzite varies from crystal to crystal, in this case 
the exceptionally high trichroism of the stone vir- 
tually dictated the cutting orientation: the table(s) 
had to lay perpendicular to the c-axis. The choice 
of cutting a single 1,500-ct. stone was, therefore, 
ruled out because of the poor color orientation 
that would have resulted. 

Following the premise that in any gem the 
size/quality ratio is of paramount importance, we 
also ruled out the second alternative, that of cut- 
ting the crystal into many small stones {although 
we were assured by many gem dealers that there 
is a ready market for these smaller gems). Instead, 
we chose as our model the 800-plus-carat kunzite 
housed in the Smithsonian Institution, Washing- 
ton, DC, which is one of the few large spodu- 
menes of the variety kunzite with exceptional 
color and clarity. 

From the point of view of aesthetics, there was 
only one choice. Not only did the trichroism of 
this crystal dictate the cutting preference, but the 
opportunity to cut some genuinely fine, large 
kunzite gems, and thus add to the other large 
stones already in existence, also prompted the se- 
lection of the third option. 


CUTTING THE CRYSTAL 

Tom Carleton, of Menasha, Wisconsin, agreed to 
do the cutting under the author’s supervision. At 
this point, we looked to the existing literature for 
tips on cutting spodumene, but found little help- 
ful information. The article by Sinkankas referred 
to earlier discusses some basic techniques, but 
new technology has contributed much to the field 
in the two decades since that article appeared. For 
example, whereas Sinkankas had to charge his 
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own cutting laps, we had precharged, bonded and 
plated diamond laps. Then, too, there is some 
published information with which we disagree on 
the basis of previous experience cutting smaller 
spodumenes. In their book, Faceting for Ama- 
teurs, Glenn and Marth Vargas state that “the 
table should be oriented 80 or 100 degrees away 
from [the long axis of the crystal].”” Although we 
have the utmost respect for the Vargas’s and their 
book, use the book continually as a reference, and 
recommend it to every faceter we train, practical 
experience has shown this particular prescription 
to be unnecessary. For cutting procedures we had 
to rely primarily on our own experience and 
knowledge. 

The next step was to calculate the largest fine- 
quality stone that could be realized from this 
crystal. In this case, the goal was to exceed the 
560-ct. kunzite the author had cut the previous 
year. Given the dimensions and the weight of this 
first stone, we felt that we could predict the prob- 
able weight of a second stone of the same species. 
The two stones would be different in shape and 
the new stone was to be cut with different angles, 
sO an exact comparison was impossible; yet the 
possible length x width x depth of the new stone 
correlated to the dimensions of the first such that 
a 700-ct. stone was deemed possible. Using these 
crude mathematical calculations, we marked a 
line on the crystal with a diamond scribe. That 
line was the place to begin sawing. 

The initial sawing was done by the author (fig- 
ure 2) because of his greater experience with kun- 
zite. A Raytech saw was used, with Johnson Broth- 
ers blades. As a precaution against shocking the 
stone, the decision was made to change the saw 
blades at an extremely high frequency, two per 
cut. Because kunzite resists abrasion, it ruins any 
diamond tool, including saws. It seemed logical 
that a dull blade would generate a great deal of 
heat and possibly ruin the crystal (subsequent ex- 
periments with inferior material proved this 
point). The first saw cut was made starting at 3:00 
p.m. (figure 3). Two hours and thirty-three min- 
utes later we had a crystal section that weighed 
1,298 cts. Nearly 40 minutes of this time was de- 
voted to cooling down either the cutting oil or the 
crystal. We changed saw blades twice during that 
period. 

Two and one-half hours to make a single saw 
cut is a very long time and demonstrates the 
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Figure 2, The author examines the crystal 
during the sawing process. 


amount of care required for this material. Sawing 
a quartz crystal of equivalent dimensions would 
take about five minutes. 

The next step in the process was to dop the 
1,298-ct. piece for faceting. Dopping involves at- 
taching a stone for cutting to a dop stick—a metal 
rod that is inserted into the faceting machine. In 
this way the faceting machine holds the stone 
during cutting and permits very accurate grinding 
(abrading]. In most faceting, the material holding 
the stone to the dop stick is a type of sealing wax, 
heated along with the stone to form the bond. In 
the case of extremely large stones, however, the 
danger of thermal (heat) shock is great because of 
the temperature difference between the outside 
of the stone, where heat is applied, and the inte- 
rior of the stone, which starts out at room tem- 
perature. This is why steam cleaning is not rec- 
ommended for jewelry containing kunzite. The 
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Figure 3. The crystal as it appeared moments 
after the first cut. 


greater the size of a stone, the greater the prob- 
lem. To avoid heat shock, epoxy was used to bond 
the rough stone to the dop stick. 

One of the main concerns was whether or not 
the 1,298-ct. piece of rough would yield a finished 
stone of 700 cts. We calculated that our recovery 
rate had to be 54%, a little on the high side. Yet 
both the shape and cleanliness of the rough crys- 
tal were good, and the cutter had already proved 
that he was capable of a good recovery rate. 

Another concern was the ability to maintain 
cutter concentration on the project (see figure 4). 
The demands of this kunzite—the slow grinding 
process when working across the end of the crys- 
tal, the possibility of splitting, and the high value 
of the stone—made the job very tedious. Yet a 
slow, tedious procedure must be observed to avoid 
fracturing or cleaving the stone. Jewelers face 
similar problems with kunzite during the mount- 
ing of a finished stone. 

The grinding process that the cutter started 
with is called rough cutting, which is done with 
a coarse-grit diamond wheel. Normally a stone of 
this size would be ground with a grit of 180. 
Given the delicate nature of kunzite, however, a 
grit half that coarse, 360, was used. The rough 
cutting of the pavilion took three days. By way of 
contrast, the entire faceting process for a 20-ct. 
tourmaline, aquamarine, or garnet would nor- 
mally take only a few hours. The faceting ma- 
chine used for the kunzite was a second-genera- 
tion design by Bryant Harris of Fallbrook, 
California. 

Fortunately, the grinding process, which was 
potentially the most dangerous portion of the 
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work (i.e., when splitting was most likely to oc- 
cur), went well. The next steps, fine grinding and 
polishing, were unlikely to cause cleavage prob- 
lems and went faster than the rough grinding. 
When the rough grinding was completed, we felt 
confident that the stone would hold together for 
the entire process, and it did. After 14 days, Car- 
leton finished the first stone—703.5 cts. (see fig- 
ure 5). We had reached our goal and were accurate 
in our calculations to within 0.49% or 49/1,000. 
More realistically, we were lucky within 99.999%. 

The remaining stones went smoothly and more 
quickly. These stones weighed 725 cts., 514 cts., 
and 145 cts. respectively (see figure 6). The one- 
kilo Brazilian crystal had yielded four beautiful 
stones totaling 2,087 cts. Not only were the fin- 
ished gems large but, as can be seen from the pho- 
tographs, they were also of the finest possible 
color for kunzite. 


Figure 4, Carleton faceting the kunzite. This 
custom-made faceting machine, a second- 
generation design by Bryant Harris of 
Fallbrook, California, is big enough to cut the 
world’s largest faceted stone. 
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Figure 5. The first gem 
faceted from the crystal, 
703.5 cts. The second stone 
is in progress, and the third 
still shows its crystalline 
origins. Photograph ©1981 
Laura Ramsey. 


CONCLUSION 


The care shown in working this crystal into fin- 
ished gems emphasizes the need for care that 
everyone must show kunzite. The jeweler must 
exercise caution in the choice of a protective 
mounting and in the mounting process. Proper 
admonition to purchasers to avoid shock to the 
stone is also advised. Only when jewelers and 
their customers are adequately educated in the 
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Figure 6. The final three 
kunzites: 725, 514, and 
145 cts., respectively. 


Pi, , Photograph ©1981 Laura 
jae | Ramsey. 


properties of all colored stones will the market be 
able to fully utilize and appreciate these gems. 
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A CORAL SUBSTITUTE, 
DYED MARBLE 


The Santa Monica laboratory re- 
cently encountered some loose drilled 
beads that looked like reddish-orange 
coral to the unaided eye. A micro- 
spot hydrochloric acid test revealed 
effervescence, a typical carbonate 
reaction. High birefringence by the 
spot method was also indicative of 
a carbonate. Under the microscope, 
however, the structure associated 
with coral was not seen. Instead, the 
material had the somewhat granu- 
lar, almost sugary, texture indica- 
tive of marble. In addition, surface 
fractures could be seen to contain 
concentrations of a reddish-orange 
dye (see figure I). 

If a gemologist were to examine 
this type of material without check- 
ing structure and allow the color 
and birefringence to influence his 
judgment, he could easily mistake 
these dyed marble beads for true 
reddish-orange coral. 


DIAMOND 


Angular Grooves on Diamond 

While visiting Japan, a New York 
dealer acquired a diamond that 
showed very unusual features. As 
can be seen in figure 2, small marks 
extend from the girdle up across two 
upper girdle facets into a bezel facet. 
They outline the shape of an angle. 
This same outline was found in dif- 
ferent places in the crown area. The 
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Figure 1. Concentrations of 
dye in a marble bead. 
Magnified 6x. 


Santa Monica laboratory had not 
previously seen a diamond with 
these characteristics. We still have 
no explanation for how these grooves 
might have occurred. Perhaps one of 
our readers can solve this mystery. 


Figure 2. Unusual marks on a 
diamond. Magnified 16x. 


Burned Diamond 


Burned diamonds are occasionally 
submitted to the laboratory for the 
purpose of estimating fire damage 
and the approximate weight loss to 
be anticipated in recutting. Some- 


times these stones have suffered no 
permanent damage. Most diamonds 
that are mounted in jewelry and 
worn frequently accumulate foreign 
substances such as oils and soaps, 
particularly on pavilion surfaces. 
When they are placed in contact with 
high heat, such as that which would 
be encountered in a fire or in retip- 
ping a prong, the foreign substances 
often become charred. While this 
charred residue is usually difficult 
to remove, in many cases boiling the 
stone in an acid bath will clean the 
offensive coating. 

Other diamonds may be dam- 
aged more severely and may have 
suffered surface erosion as a result 
of oxidation. These stones require 
repolishing to repair the damage. 
Recently submitted to the Los An- 


Figure 3. Badly burned 
diamond. Magnified 18x. 


geles laboratory was a yellow pear- 
shaped diamond that was reportedly 
burned in a house fire (see figure 3}. 
This stone was burned so severely 
that none of the facets remained and 
large cavities appeared on both the 
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crown and pavilion surfaces. Since 
the color of this diamond proved to 
have resulted from artificial irradia- 
tion, the client decided not to have 
the stone recut. 


“Chameleon” Diamond 


Some of the rarest fancy color dia- 
monds are the medium dark, yellow- 
ish- to grayish-green stones known 
as “chameleon” diamonds because 
they will temporarily change color 
and become yellow after a period in 
darkness. They will also turn yellow 
when heated mildly. Most return to 
their green color after only a short 
exposure to light. All such stones 
that we have encountered may be 
recognized by the strong yellow 
fluorescence and phosphorescence. 
Diamond polishers recognize them 
by the intense red glow they emit 
while on the wheel. 

Recently, in our New York labo- 
ratory, we encountered two very pale 
grayish-green stones that we were 
about to dismiss with the state- 
ment, ‘Color origin undetermined,” 
when the yellow phosphorescence 
was noted. Ona hunch, we checked 
the color before and after mild heat- 
ing in an alcohol flame. As we sus- 
pected, when the stone was heated 
all traces of green disappeared, leav- 
ing a pleasant light yellow color. The 
green returned after about five min- 
utes in the Diamondlite. 

By coincidence, the next day we 
received two slightly darker grayish- 
green “chameleons.” According to 
the cutter, both came from the same 
rough and glowed red while on the 
wheel. 

The greatest coincidence oc- 
curred later that day when we re- 
ceived a pear-shaped, typical dark 
gray-green stone that turned to an 
intense orange-yellow when heated. 
It too returned to green after about 
five minutes in the Diamondlite. A 
faint absorption line at about 4190 
A could be seen in the hand spec- 
troscope—one of two absorption 
peaks in the area that were observed 
more readily with the recording 
spectrophotometer. 
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Green Diamonds 


Occasionally, we encounter other 
pale green diamonds with green or 
brown spots on their naturals or 
faceted girdles (figure 4). This sug- 
gests—but does not prove—that the 
stones have been exposed to natural 
irradiation, which often produces 
green-skinned and brown-skinned 
rough crystals (see figure 5). 


Figure 4. Brown spots on the 
faceted girdle of a diarnond. 
Magnified 20x, 


Other pale bluish-green dia- 
monds seen recently in the New 
York laboratory were determined 
to be type II, stones, which are 
transparent to short-wave ultraviolet 
light. The dark-centered stone on 
the left in figure 6, a short-wave 
transparency test photo, is type I,; 
the other stone is type I. Although 
the color could be due to irradiation, 
type II, crystals that have this color 
naturally have been recorded. The 
questions arise: Can the color green 
in diamonds ever be due to factors 
other than irradiation, either natural 
or man induced? What caused the 
color of such famous green dia- 
monds as The Dresden Green? 

Figure 7 illustrates a dark green 
round brilliant with mossy color 
patches over the entire surface. Such 
an appearance immediately suggests 
radium treatment. However, the 
stone neither reacted to the scintil- 
lometer (Geiger counter} nor “took 
its own picture” from radioactivity 


Figure 5. Green skin on a 
naturally irradiated rough 
diamond crystal. Magni- 
fied 15x. 


Figure 6. Short-wave 
ultraviolet transparency test of 
type Il, (left) and type I (right) 
diamonds. 
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Figure 7. Mossy color patches 
on what appears to be a 
treated green diamond. 
Magnified 15x. 


when placed on a film overnight. 
Every indication points to a treated 
stone, but we do not know what 
treatment method was used. 


EMERALD 


Emerald Substitute, Dyed Beryl 

A cabochon set in a yellow metal 
mounting was recently submitted 
to the Santa Monica laboratory. for 
identification. Testing proved it to 
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Figure 8. Dyed beryl cabochon 
in a ring. Magnified 6x. 


be a whitish beryl that had been par- 
tially dyed green to resemble an em- 
erald (see figure 8}. We often see pale 
emeralds dyed to improve their ap- 
pearance, but this stone was an ex- 
ample of complete color alteration 
from white to green through dying. 

A similar situation occurred when 
a lot, consisting of transparent green 
emerald-cut stones ranging in size 
from one to two carats, was brought 
to the Los Angeles laboratory. The 
client explained that these stones 
had been stored in a gem paper for 
several years and had lost a signifi- 
cant amount of their green color. 
Three of the stones were selected 
from the lot for identification. Two 
of these proved to be emeralds oiled 
in the manner that seems to be typ- 
ical. These two stones apparently 
lost some oil over the years so that 
the color subsequently appeared 
lighter. 

When the third stone was viewed 
with the unaided eye in overhead 
lighting, it appeared to be a me- 
dium-dark green with just a few 


Figure 9, Dyed beryl as seen 
with normal, dark-field 
illumination. Magnified 10x. 
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near-colorless areas. Figure 9 shows 
how this stone appeared in dark-field 
illumination. When the stone was 
placed on translucent white plastic 
over transmitted light, however, it 
proved to be a near-colorless beryl 
with green and minor amounts of 
yellow dye present in numerous sur- 
face fractures (see figure 10}. The 
client stated that this stone had lost 
more color than the rest of the stones 
in the lot. 

The use of translucent white 
plastic over an intense light source, 
as in this case, and examination of 
the stone under a microscope using 
transmitted light are the easiest ways 
of detecting this type of treatment. 
The former technique, in particular, 
is an excellent, simple alternative to 
immersing the stone in a heavy liq- 
uid, which carries the risk of remov- 
ing dye, oil, cement, and the like. 


A Remarkable Three-Phase 
Inclusion 


The Santa Monica laboratory had 
the welcome opportunity to exam- 
ine a Colombian emerald crystal that 
played host to one of the largest 
three-phase inclusions ever encoun- 
tered. The crystal measured approx- 
imately 22.8 mm in length by 11.3 
mm in largest diameter and weighed 
24.07 cts. 

The fluid inclusion in the crystal 
was easily visible to the unaided eye. 
The gas bubble measured approxi- 
mately 5.0 mm in its longest dimen- 
sion, and as the crystal was tilted it 


Figure 10. Dye concentration 
visible in the stone shown in 
figure 9 when viewed over 
diffused transmitted light. 
Magnified 10x. 


moved back and forth quite readily 
in its liquid-filled chamber. Note the 
position change of the gas bubble 
in figures 11 and 12. Also trapped 
within the inclusion, suspended in 
the liquid phase and adhering to 
the surface of the gas bubbles, were 
a countless number of tiny white 
crystals that appeared to be calcite. 
A black opaque material thought to 
be shale and metallic, brass-colored 
crystals of pyrite were also present. 


Figure 11. Large bubble in a 
three-phase inclusion in 
emerald. Magnified 6x. 


Figure 12. Movement of the 
bubble in emerald from the 
position shown in figure 11. 
Magnified 6x. 


PEARLS 


Natural Pearls Worn Out 

The natural pearl necklace in figure 
13 was more worn than any previ- 
ously seen in the New York labo- 
ratory. Many of the small pearls that 
undoubtedly touched the wearer’s 
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Figure 13. A pearl necklace 
showing extreme wear. 
Magnified 10. 


neck were cither gone entirely or re- 
duced to fragments. The one held by 
the stoneholder in this photo could 
be passed over all the knots in its 
area. The mystery is that the string 
still appeared to be relatively strong. 
Although such damage is not a com- 
mon occurrence, people with an acid 
skin condition should be cautioned 
not to wear pearls constantly against 
the skin or should be advised to rinse 
them in water after wearing. 
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Pearl Simulant 


Figure 14 illustrates a not-unattrac- 
tive rope necklace of mother-of-pearl 
beads with a lacquer coating that 
was seen in New York. We could 
not substantiate the client’s claim 
that these are very thin-nacre (“im- 
mature’) cultured pearls with a 
nearly clear lacquer as a protective 
coating. When a commercial finger- 
nail polish remover dissolved the 
lacquer on a small spot near the drill 
hole of one bead, we could see no 
evidence of nacre. 


Figure 15. Dyed “crackled” green quartz, 0.96 ct. 
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Figure 14. A rope necklace of 7¥2-mm mother-of-pearl beads. 
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QUARTZ 


Dyed “Crackled” Quartz 


The Los Angeles laboratory recently 
received for identification one in- 
tense green, emerald-cut stone and 
one bright red, oval, modified-bril- 
liant-cut stone. To the unaided eye, 
these stones had an obvious ‘‘crack- 
led” appearance (figure 15). Magni- 
fication revealed dense concentra- 
tions of dye in intertwined surface 
fractures that extended deep into the 
stone (figure 16). When examined in 
the polariscope, in conjunction with 
a condensing lens, both stones ex- 
hibited bull’s-eye uniaxial interfer- 
ence figures, thus proving that they 
are quartz. The “crackling” (by 
heating] and subsequent dying of 
colorless and near-colorless quartz 


Figure 16. Dyed “crackled” 
red quartz. Magnified 38 x. 
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Figure 17, An 8.70-ct, bluish- 
gray star quartz cabochon. 


has been practiced for many years 
and is usually intended to imitate 
gemstones other than quartz. In the 
early 1940s, dyed green ‘crackled’ 
quartz was represented on the mar- 
ket as “Indian emerald.” 

It has been quite a while since 
dyed “crackled” quartz was last seen 
in this laboratory. These two stones 
serve as a reminder of the many 
treatments and imitations that have 
been known for many years, but may 
seldom be encountered today. 


Star Quartz 

The 8.70-ct. light bluish-gray star 
quartz seen in figure 17 was recently 
sent to the Los Angeles laboratory. 
The phenomenon of asterism in 
quartz is usually associated with rose 


quartz. Asteriated rose quartz often 
exhibits a weak star and is fre- 
quently backed with a foil mirror to 
improve and accentuate the aster- 
ism. Colored foil backings are also 
used to imitate star corundum. Some 
star quartz, and particularly the very 
light gray and bluish-gray quartz 
from Brazil, exhibits a fairly strong 
asterism when cut en cabochon, like 
the stone illustrated here which is 
presumably from Brazil. 

Asterism in star quartz appears 
to be confined almost entirely to the 
surface of the stone, rather than em- 
anating from the interior as is the 
case with star rubies and sapphires. 
Most star quartz contains micro- 
scopic needles of rutile oriented in 
definite crystal directions. These ru- 
tile needles produce asterism when 
the cabochon is viewed with the 
light coming through the optic axis 
direction, called diasterism, or with 
a strong overhead reflected light, 
called epiasterism. 


SAPPHIRE 


Heat-Treated Yellow-Orange 
Sapphires 

The latest suspect encountered in 
New York in the ongoing battle to 
detect corundum treatment meth- 
ods is a lot of unusually bright, yel- 
low-orange natural sapphires that 
show no iron absorption in the hand 


Figure 18. Multiplane girdle, 
thought to be typical of 
treated sapphire. Magnified 12x, 


spectroscope and only a weak red 
fluorescence in long-wave ultravi- 
olet light, both clues that indicate 
unnatural color. Inspection of more 
than 50 stones that were almost 
identical in color showed evidence 
of high-temperature treatment. Sev- 
eral had internal stress fractures, and 
many showed surfaces that had not 
been completely repolished. Most 
showed multiplane girdles (figure 18]. 
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BACK ISSUES OF GEMS & GEMOLOGY ARE NOW AVAILABLE 


First published in 1934, GEMS & GEMOLOGY 
is an important repository of information on 
developments in gemology over the last five 
decades. Many of the issues published quarterly 
since that first 1934 issue through the last issue 
under the old format, Winter 1980, are now 
available for purchase at the following rates: 


1-3 issues $4,00 each 
4-11 issues $3.50 each 
12+ issues $3.00 each 


Copies of the first three issues published under 
the new format— Spring, Summer and Fall of 


1981 — are also available for $5.00 each. 


230 Lab Notes 


All rates include postage and handling for 
orders sent to addresses within the U.S. Post- 
age will be added for orders sent elsewhere. 


To place your order and determine the 
availability of specific issues, please contact 
GEMS & GEMOLOGY Librarian Linda Pierson at 
the Gemological Institute of America, 

1660 Stewart St, Santa Monica, CA 90404. 
Telephone: (213) 829-2991, ext. 201. 


NOTE: For some issues, only a few copies 
remain, so serious collectors are advised to get 
their orders in as quickly as possible. 
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Editorial Korum 


AN AUSTRALIAN COLLEAGUE 
CLARIFIES OUR REPORT ON 
AUSTRALIAN SAPPHIRE 


I congratulate you on your new editions of Gems @ 
Gemology. It is a fine, well-presented journal. I was, 
however, amazed at comments contained in the col- 
umn, Gem News—Sapphire, Volume 17, Summer 1981. 

It appears that the information received in the States 
concerning Australian sapphire is very sketchy, and I 
would like to draw your attention to a few facts. 

Queensland sapphire fields were first started in 1892. 
During the last fifteen years there have been at least 40 
mining operations being carried out, some of which 
have processed up to one thousand cubic yards a day. 

The main product is blue sapphire, not yellow, gold 
or green. However, due to the fact that particularly fine 
stones in these [latter] colours are produced there, 
Queensland has gained a reputation for them. Almost 
all the production of blue stone is exported in the rough 
state to Thailand for treatment and cutting. 

The sapphire fields in New South Wales, some 500 
miles to the south of the Queensland fields, have also 
been producing sapphire from large-scale alluvial min- 
ing for the past fifteen years. The stone is similar to 
Queensland material but generally considered to be of 
an overall better quality. 

Thailand, up until the advent of large-volume sales 
of Ceylon stone there during the last three years, was 
selling Australian sapphire as Thai, and Australian sap- 
phire made up about 80% by volume of all stone ex- 
ported from Thailand. Even now it accounts for the 
greater majority of stone exported from that country, 
certainly in terms of carats and possibly total value. 


Editorial Forum 


I feel it is about time Australia is recognized in gem- 
mological circles for what it is, i.e., one of the biggest 
producers of sapphire in the world. Also I would like 
to destroy the common misconception that Australia 
only produces dark greeny-blue stone of inferior qual- 
ity, or green or yellow stone. 


T. S. Coldham, B.A., F.G.A.A. 
Sapphex Pty. Ltd. 
Sydney, Australia 


We thank Mr. Coldham for his comments and are 
pleased to report that he has agreed to prepare a more 
extensive article on this subject for a future issue of 
the journal,—Editor 


A TRIBUTE TO 
LEW KUHN, 
THE TEACHER 


Your tribute to Lewis Kuhn in the Summer 1981 issue 
of Gems & Gemology was indeed fitting and appropri- 
ate. | only regret its necessity. 

I was one of the GIA resident students that Lew in- 
vited to his office and shared his time and knowledge 
with. One could not escape his concern and devotion 
to the industry and its students. His ability to speak 
and teach has touched many a gemologist. I’m glad I 
was one, 


William C. Sites 
Sites Jewelers 
Clarksville, TN 
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Amber mining in the Dominican Republic. P. C. Rice, 
Rocks & Minerals, Vol. 56, No. 4, 1981, pp. 145- 
152. 

Over the last 30 years, amber from the Dominican Re- 

public has become increasingly known and sought after. 

This relatively new source now rivals the traditional 

mining localities of the Baltic region. 

The current Dominican production comes from sec- 
ondary deposits that do not allow us to formulate an 
accurate date of origin, although the Lower Miocene 


This section is designed to provide as complete a record 
as possible of the recent literature on gems and 
gemology. Articles are selected for abstracting solely at 
the discretion of the section editor and her reviewers, 
and space limitations may require that we include only 
those articles that will be of greatest interest to our 
readership. 


Inquiries for reprints of articles abstracted must be 
addressed to the author or publisher of the original 
material, 


The reviewer of each article is identified by his or her 
initials at the end of each abstract. Guest reviewers are 
identified by their full names. ° 
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age has been suggested, as has the Cretaceous age. 
These deposits are yielding several colors of amber, in- 
cluding red, yellow, and a unique blue fluorescent va- 
riety from various sites. Using picks and shovels, the 
miners dig small holes and tunnels in the soft sedi- 
mentary rock to reach the amber-bearing strata. 

Like the author’s book Amber: The Golden Gem of 
the Ages, this article is articulate and well illustrated. 
An in-depth geological study, personal communica- 
tions with knowledgeable people, and visits to the ac- 
tual mines have nicely augmented Ms. Rice’s research 
on amber. Frederick L. Gray 


Garnets from Umba Valley, Tanzania—members of 
the solid solution series pyrope-spessartine. 
K. Schmetzer and H. Bank, Neues Jahrbuch fur 
Mineralogie Monatshefte, No. 8, 1981, pp. 349- 
354. 


Drs. Schmetzer and Bank describe six garnets repre- 
sented to be “Malaya” garnets from the Umba Valley 
in Tanzania. Complete chemical and physical data are 
provided for the stones studied, which are also de- 
scribed in terms of four end members: grossular, py- 
rope, spessartine, and almandine. The described color 
range of the six specimens ranges through rose, rose- 
red, wine red, and reddish brown. In addition, the au- 
thors present a fairly comprehensive review of the ex- 
isting literature on this type of East African garnet. 
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The conclusion drawn is that, as the six garnets ex- 
amined support the idea of solid solutions existing 
among the end members pyrope, spessartine, and al- 
mandine, these stones need no new name and, in the 
authors’ opinion, can be referred to by the subgroup 
term pyralspite. They also conclude that only chemical 
and/or spectroscopic investigation can reveal whether 
any single specimen belongs to the pyrope-almandine 
or pyrope-spessartine series. CMS 


Golden yellow tourmaline of gem quality from Kenya. 
H. Hanni, E. Frank, G. Bosshart, Journal of Gem- 
mology, Vol. 17, No. 7, 1981, pp. 437-442. 

The authors investigated the chemical composition 

and optical characteristics of golden-yellow tourma- 

lines from the Voi-Taveta area of Kenya. Previous ar- 
ticles have focused on stones from Brazil, Burma, and 

Sri Lanka; with attractive stones coming out of East 

Africa, however, this research is very timely. 

The microprobe was used on four stones to deter- 
mine chemical composition. The results are presented 
in a table that includes several point analyses for each 
crystal, indicating the variation that can exist within 
one crystal. The authors conclude that these compo- 
sitions fall within the range of the ideal formula and 
that the stones are magnesium-aluminum tourmalines 
of the dravite-uvite series. They note a tendency to- 
ward deficiency of Mg{Na,Ca}, with a corresponding 
excess of aluminum that suggests additional substitu- 
tion of aluminum for these elements. Since the micro- 
probe recorded the presence of only one transition 
element, titanium, the authors argue that the intensity 
of the yellow color is due to different percentages of 
titanium oxide. When the authors analyzed the thin 
rim of green that occurs in some of these crystals, a 
greater concentration of iron was observed. The ab- 
sence of tsilaisite or elbaite components corroborates 
previous reports which concluded that no solid solu- 
tion exists between dravite and elbaite. 

The X-ray powder diffraction diagrams also sub- 
stantiate previous research, and testing on a Topcon re- 
fractometer produced the acceptable refractive index 
values. The inclusions cited were negative crystals par- 
allel to the c-axis, flat healing fractures of long and 
short drops of residual liquid, and curved growth tubes 
or trichites. 

The authors conclude with a short discussion of re- 
sults observed from a spectrophotometer, noting in par- 
ticular that a wide absorption band occurs at 4400 A 
on the spectrum. This is probably caused by titanium 
and thus confirms the microprobe data. DMD 


Growth structure in Ceylon zircon. T. G. Sahama, Bul- 
letin de Minéralogie, Vol. 104, No. 2—3, 1981, pp. 
89-94. 

This report describes a detailed study of the growth 

structure of alluvial zircon crystals from the Ratnapura 
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area of Sri Lanka. The 15 crystals examined ranged 
from the strongly metamict, which are frequently 
brown, to the nearly ordered ones, which are often yel- 
low. Although the concentric structure evident in many 
of these stones has been described in the literature, it 
had not been studied previously. The author argues 
that evidence does not exist to call this structure zon- 
ing, rather it should be termed banding. He then clas- 
sifies the bands as being of three types: (1} fine, (2} 
coarse, and (3) high birefringent or high density. The 
fine, microscopic banding may originate from rhythmic 
fluctuations in the rate of crystallization. The coarse 
banding is visible to the unaided eye and may be ho- 
mogeneous or may consist of a group of fine bands. 
The density of some of the crystals tested tended to 
decrease from the core to the outer edges, while other 
crystals showed a directly opposite trend. Chemical 
analysis showed that the uranium content varied reg- 
ularly with the degree of density, giving rise to the 
conclusion that variations in the degree of radiation 
damage caused by the uranium are mainly responsible 
for the visible growth banding. SFM 


New data for jeremejevite. E. Foord, R. Erd, G. Hunt, 
Canadian Mineralogist, Vol. 19, No. 2, 1981, pp. 
303-310. 


Jeremejevite (Al,B,O,;[F,OH] 3} is an extremely rare gem 
material found only on Mt. Soktuj, Transbaikal, East 
Siberia, U.S.S.R., and at Cape Cross, Swakopmund, 
Namibia (South West Africa}. Foord et al. have studied 
material from both localities and compared these stones 
with a synthetic (OH)-jeremejevite. Natural material 
from both localities shows anomalous optical proper- 
ties related to growth-sector zoning. The Mt. Soktuj 
crystals have a core of biaxial material with a uniaxial 
rim; the Cape Cross jeremejevite exhibits the opposite, 
having a small uniaxial core and a biaxial rim. The Mt. 
Soktuj crystals are colorless, while the Cape Cross ma- 
terial is cornflower blue in varying intensities depend- 
ing on its composition. 

The electron microprobe revealed minor amounts 
of OH (hydroxyl) and major amounts of F (fluorine) in 
the natural samples. The presence of fluorine has not 
been previously recorded; its recognition here is fun- 
damental to establishing a standard chemical compo- 
sition for jeremejevite. 

The authors’ interpretations of mid-infra-red spectra 
support the presence of aluminum, boron, hydroxyl, 
and fluorine in the natural jeremejevite. Unit-cell data 
and optical constants are tabulated for Mt. Soktuj, Cape 
Cross, and synthetic (OH)-end member jeremejevite 
along with calculated densities for the respective 
samples. 

The authors state that the widely disputed optical 
properties concerning variation in 2V angle, the rela- 
tionship of optical properties to growth features, and 
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the origin of anomalous optics will be treated in a sub- 
sequent paper. Stephen C. Hofer 


An unusual pleochroism in Zambian emeralds. 
K. Schmetzer and H. Bank, Journal of Gemmology, 
Vol. 17, No. 7, 1981, pp. 443-446. 

African gemstones are generating much interest as re- 

search topics because the properties they exhibit are 

different from those of stones from more traditional 
localities. One such case is that of Zambian emeralds. 

Although the Miku and Kafubu emerald deposits of 

Zambia have been known since 1931, they have been 

commercially important only since 1977. Not only do 

these stones have unusually high refractive indices of 
ny 1.589-1.590 and n, 1.580—1.581, but some also look 
blue to bluish green and have a blue pleochroic color 
when viewed parallel to the c-axis and a yellowish 
green when viewed perpendicular to the c-axis. To de- 
termine the causes of this unique coloration and dis- 
tinctive pleochroism, the authors performed electron 
microprobe analyses and plotted absorption spectra on 
emeralds from the Kwale District of Kenya and the 

Lake Manyara area of Tanzania, as well as from the 

Miku deposits of Zambia. 

The microprobe analyses of the samples studied re- 
vealed that in addition to chromium and vanadium as 
trace elements, they also contained iron. While the 
samples from Kenya and Tanzania had less than 0.50% 
iron, the Zambian emeralds had 0.73%. The Zambian 
samples also had unique absorption spectra: they ex- 
hibited not only the expected chromium bands of em- 
erald, but also the iron bands found in aquamarine. The 
authors conclude that the bluish-green pleochroic em- 
eralds from Zambia owe their unusual color and spec- 
tra to the combination of an emerald component and 
an aquamarine component in the same crystal. Since 
the aquamarine component is most influential parallel 
to the c-axis and the emerald component is most influ- 
ential perpendicular to the c-axis, the stones appear 
blue when viewed parallel to the c-axis and yellow- 
green when viewed perpendicular to the c-axis. 

Peter C. Keller 


DIAMONDS 


Diamond production in Guyana. R. J. Lee, Journal of 

Gemmology, Vol. 17, No. 7, 1981, pp. 465-479. 
This article covers the major aspects of diamond min- 
ing and gives a brief overview of the history of the dia- 
mond industry in the tiny South American country of 
Guyana. 

No primary deposits have ever been discovered in 
Guyana, although one or two academic geologists con- 
tinue to search for diamondiferous pipes. The author 
discusses Guyana’s alluvial deposits, dividing them 
into four groups: {1} the high alluvials or hill deposits, 
(2) terrace deposits between the hill deposits and river 


234 Gemological Abstracts 


channels, (3) river-flat deposits, and (4} deposits in a 
plateau that is located to the west of Guyana about 
1,000 m above sea level. 

Since gold and diamond mining are often linked to- 
gether, they are both discussed in the section on history 
of production. In the 1880s, as a result of a crisis in the 
sugar industry, many laborers packed what they owned 
and moved into the bush in search of diamonds and 
gold. Since they arrived at the deposits without food or 
equipment and had to obtain credit, or ‘knock’, for the 
salt port that is the basis of a bush diet, the name pork- 
knocker was coined and is still used today for ‘“Those 
small bands of men with little money and much faith.” 
Even today miners must obtain credit from bush trad- 
ers who supply food, liquor, and equipment in ex- 
change for diamonds. 

Lee also discusses the methods used to work the 
deposits, and provides photographs and diagrams of the 
sites and equipment. 

This is an interesting and informative article about 
an industry that is unfortunately in decline in this 
country. The author cites one hope when he describes 
finding six pieces of deep-blue sapphire in one sieve. He 
closes with the suggestion that perhaps soon we will 
see Guyana sapphires on the market as well as the oc- 
casional Guyana diamond. ET 


Etude de la coloration de quelques diamants du muséum 
national d’histoire naturelle (Study of the colora- 
tion of some diamonds from the National Museum 
of Natural History). J. F. Cottrant and G. Calas, 
Revue de Gemmologie, a.f.g., No. 67, June, 1981. 

Messrs. Cottrant and Calas obtained an unspecified 

number of colored diamonds from the French National 

Museum of Natural History and performed spectro- 

photometry on them using a Cary 17D spectrophoto- 

meter. The diamonds were rough octahedra of the colors 
yellow, orange, green, and pink. 

The authors provide a graph of the spectra for these 
stones, using both wavelength and energy parameters. 
The spectra are labeled and broken down into “sys- 
tems,” which are shown to be consistent with and di- 
agnostic of not only the color of the diamonds but also 
the diamonds themselves. 

Cottrant and Calas conclude that spectra are valu- 
able in determining the nature of impurities and color 
in diamonds. They state that further tests into the flu- 
orescence and electromagnetic properties of diamonds 
are progressing. Michel Roussel-Dupré 


First diamond finds in Alpine-type ultramafic rocks of 
the northeastern USSR. N. A. Shilo, F. V. Kamin- 
skiy, S. A. Palandzhyan, S. M. Til’man, L. A. 
Tkachenko, L. D. Lavrova, K. A. Shepeleva. Dok- 
lady Akademii Nauk SSSR, Vol. 241, No. 1, 1980, 
pp. 179-182. 


On the basis of recent thermodynamic research, sci- 
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entists have argued that the pressures and temperatures 
at which Alpine-type ultramafic rocks crystallized were 
very high, with some approaching the range necessary 
to form diamond. In particular, such conditions were 
calculated by Kaminskiy and V. I. Vaganov for some 
ultramafic plutons in the Koryak Mountains of the 
ULS.S.R. 

Peridotite samples from various plutons in this area 
were analyzed by a thermochemical decomposition 
method, whereby the samples are fused with alkalies 
and decomposed in acids. Diamonds were found in two 
samples, confirming earlier predictions. The diamonds 
recovered were small, colorless fragments measuring 
0.375 mm X 0.15 mm and 0.2 mm x 0.125 mm, re- 
spectively. X-ray diffraction analysis verified the iden- 
tification. Both stones showed a yellow-green ultravi- 
olet fluorescence, which would be unusual for 
kimberlite diamonds. The photoluminescence spec- 
trum showed lines at 415.2 nm, 496 nm, and 503 nm. 

The authors conclude that the discovery of dia- 
monds in the Alpine-type ultramafic rocks is of great 
scientific importance, and that detailed study of differ- 
ent types of these rocks will result in new diamond 
finds. SEM 


The ice layer in Uranus and Neptune—diamonds in the 
sky? M. Ross, Nature, Vol. 292, No. 5822, 1981, 
pp. 435-436. 
Current U.S. space exploration efforts have led to some 
startling speculations. Marvin Ross, of the University 
of California, Lawrence Livermore National Laboratory 
in Livermore, California, conjectures from recent shock- 
wave experiments that there may be diamonds on the 
planets Uranus and Neptune. He theorizes that be- 
tween the inner rocky core and an outer hydrogen- 
helium layer of each planet is a layer of “ice’’ composed 
in part of methane. Shock heating would cause the sep- 
aration of the hydrogen and carbon atoms of which 
methane is composed, thereby freeing the carbon which 
under tremendous heat and pressure could form 
diamond. 

The author illustrates this theory with two dia- 
grams. The first is a plot of temperature and pressure 
data for water, ammonia, and methane as predicted for 
the ice layer of Uranus and Neptune. The second is the 
Grover phase diagram for diamond, with the first plot 
superimposed. This short article, although thought 
provoking, lacks the background material needed for it 
to be meaningful to the average reader. 

Frederick L. Gray 


Scientist forecast Siberian diamond finds. N. Y. So- 
bolev, Diamond News and S.A. Jeweller, Vol. 44, 
No. 8, 1981, pp. 51, 53, 55, 57. 

In 1829 the first diamonds on Russian territory were 

found in alluvial deposits in the Urals. Although ad- 
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ditional alluvial deposits have been located since then, 
no kimberlite sources for these deposits have been 
found. In 1954 Geologist Larisa Popugayeva discovered 
the first kimberlite pipe, not in the Urals but in the 
Yakutia area of Siberia. Interestingly, the discovery of 
this and subsequent pipes was predicted by Vladimir 
Sobolev in the late 1930s. 

Sobolev stated that diamond-bearing pipes would be 
found not in the Urals but in the northern part of the 
Siberian platform. He based that prediction on infor- 
mation gleaned from laboratory and on-site geological 
studies performed in the harsh Siberian environment, 
and from published information on South African dia- 
mond deposits. His prediction held. The 1954 discov- 
ery, named Zarnitsa, was followed in 1955 by the lo- 
cation of the “Mir” pipe, largest of all the Russian 
pipes, and then others. Author Sobolev provides a rare 
and fascinating glimpse into Soviet scientific 
history. Frederick L. Gray 


GEM INSTRUMENTS AND TECHNIQUES 


Defectos reticulares y color en las gemas (Structural 
defects and color in gems]. J. Solans Huguet and 
M. V. Domenech, Gemologia, Vol. 13, No. 47-48, 
1980 , pp. 9-22. 
In an earlier work in Gemologéa (J. Solans Huguet, 
1974), studies investigating the causes of color in gem- 
ological materials were discussed. The causes deter- 
mined fell into two large groups: those related to the 
chemical composition of the crystals themselves, and 
those linked to defects in the crystalline structure. In 
this article, the authors maintain that in two thirds of 
gemological materials, color is caused by three types 
of defects: (1) holes in the atomic structure caused by 
missing anions or cations, (2) interstitial atoms occu- 
pying positions where normally there are no atoms, and 
(3} substitutional atoms—that is, atoms in the lattice 
that differ from those that form the structure. Minerals 
with this last type of defect exist in solid-solution se- 
ries, where gradual replacement can occur between dis- 
tinct end members. Occasionally, substitutional atoms 
belong to the same chemical species as those that form 
the structure, but are in valences distinct from the 
usual number. 

One can determine if the color in a given gemstone 
is due to structural defects by observing whether heat 
treatment causes change in color; if such is the case, 
the color of the material in question must have been 
due to a color center. Excepted are cases involving sub- 
stitutional atoms with electrons of the sublevels d 
or f. 

Amazonite, topaz, diamond, fluorite, quartz, lapis- 
lazuli, sodalite, tugtupite, and hackmanite are dis- 
cussed. The authors point to the need to use not only 
spectroscopy, but spectrophotometry as well, to derive 
conclusions. A short bibliography is provided. SLD 
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Demise of the Beilby-Bowden theory of polishing. P. J. 
Crowcroft, Journal of Gemmology, Vol. 17, No. 7, 
1981, pp. 459-465. 

In this article, Dr. Crowcroft lays to rest a favorite piece 

of gemological esoterica: the Beilby-Bowden theory of 

polishing. First proposed by G. T. Beilby in 1901, the 
theory held that a polish can be produced on a material 
if enough heat is generated to melt a thin layer of the 
material and create an amorphous, glass-like shiny sur- 
face. Crowcroft states that the theory received some 
apparent support from experiments in the 1930s; by the 
1950s, however, it had been ‘completely superseded.” 

Despite this (Crowcroft continues), modern gemologi- 

cal literature contains no mention of the debunking, 

but stops with discussion of the experiments done in 
the 1930s. 

Croweroft reports that in the 1950s Dr. L. E. Sam- 
uels repeated Beilby’s experiments with metals, sup- 
plementing them with electron diffraction studies. 
Samuels concluded that in metal polishing the abrasive 
particles act “in a similar manner to a planing tool. 
Material is removed and scratches are produced, the 
better the polish/the finer the scratches.” In the early 
1960s, Dr. D. C. Cornish and coworkers studied glass 
polishing under various conditions, They found that 
polishing was actually a process of removing material 
from a strain layer created during initial cutting and 
grinding operations: “To achieve a good finish it is im- 
perative that the surface be lowered beyond this strain 
region.” Cornish et al. concluded that the rate of ma- 
terial removal depended on the pressure used, the speed 
of the machine, the chemical activity of the polishing 
compound, and the chemical composition of the glass, 
stating: “A chemical mechanism of polishing was pro- 
posed which involved the absorption of hydrated silica 
from the glass by the polishing powder following the 
disruption of the surface Si-O-Si bonds.” The rate of 
removal was found to be “temperature-independent.”’ 

Crowcroft also makes passing mention of some fac- 
tors that would affect an alternative interpretation of 
the experimental evidence originally cited in support 
of the Beilby-Bowden theory. About modern research, 
Crowcroft says: ‘The use of glass and ceramics for heat 
shields, missiles, and electronics has ensured contin- 
uing research into the nature of non-metallic surfaces 
after abrasion and polishing.” He then recommends 
The Science of Ceramic Machining and Surface Grind- 
ing I (which can be obtained from the U.S. Govern- 
ment Printing Office} as a good survey of present 
research; among other topics, it covers the polishing of 
sapphire by superheated steam. While admitting the 
lack of a comprehensive theory of gem polishing—one 
that includes techniques such as tumbling and polish- 
ing cabochons with leather—Crowcroft concludes that: 
“Polishing... involves the removal of material to be- 
low the damaged and deformed layers of material re- 
sulting from the prior pre-polishing operations.” The 
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article is complemented by a 22-entry bibliography 
which traces the evolution of the discussion. R.IP. 
MLR 


A fibre-optic reflectivity meter. P. Read, Journal of 
Gemmology, Vol. 17, No. 7, 1981, pp. 454-458. 


Mr. Read discusses the operating principals and capa- 
bilities of a new reflectivity meter developed by U. A. 
Aldinger of Stuttgart, West Germany. The instrument 
sends a pulse of infrared radiation along a fiber-optic 
light guide that is tipped with a test probe 1 mm in 
diameter. At the tip, a tiny lens 1 mm in focal length 
concentrates the beam. When the tip is brought at right 
angles to the gem’s surface, the reflected radiation is 
collected by the detector portion of the probe. As the 
reflected energy reaches a maximum, a memory Circuit 
in the unit latches onto the value and feeds the corre- 
sponding electrical impulse to a needle scale. 

The smallness of the tip allegedly permits the test- 
ing of cabochons and deeply recessed set stones. How- 
ever, closely set small stones may give anomolous high 
readings as a consequence of the high reflectivity of the 
surrounding metal. The main precautions to be taken 
in using this instrument are a clean, relatively scratch- 
free stone surface and a perpendicular contact between 
the probe and the surface. Also, the instrument’s scale 
shows general ranges for various gemstones (names in 
German); the numbers on the scale that do not corre- 
spond to the refractive indices of the respective gem- 
stones are evidently arbitrary units. The cost of the 
unit was not Stated. BFE 


Some fallacies of gemmology. R. K. Mitchell, Journal 
of Gemmology, Vol. 17, No. 7, 1981, pp. 446—450. 


Keith Mitchell attempts to debunk some misconcep- 
tions in gemology. He reviews information on the dia- 
mond pen, breath test, dichroscope, and Chelsea filter. 
Unfortunately, he is inconsistent about citing refer- 
ences and evidence. 

He begins with the diamond pen test, pointing out 
that the term surface tension is a property of liquids 
and not of solid crystals, and thus it cannot be used to 
explain the diamond pen test. He suggests that the test 
is founded instead on diamond's affinity for hydrocar- 
bons, since the ink used is based on a glycol. 

Mitchell goes on to discuss problems with the breath 
test. When he attempted a controlled experiment, 
standardizing the initial temperature of a number of 
stones by placing them in a refrigerator before testing 
and then controlling the environmental temperature 
during testing as closely as possible, he found that 
either the stones demisted at roughly the same rate or 
in those cases where there were differences they were 
not necessarily repeatable. He concludes that the breath 
test is valuable as a way of masking the internal char- 
acteristics of a diamond so that its color can be as- 
sessed, but that as a separation technique it is “at best 
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hit or miss and at worst a bit of gemmological flum- 
mery we can well do without.” 

He next comments on the dismissal by some au- 
thors (he doesn’t say who} of the dichroscope and the 
Chelsea filter. His defense of the dichroscope is strong, 
but his discussion of the Chelsea filter amounts to an 
unsupported assertion that “the Chelsea filter is still 
a powerful tool in gem identification and should not be 
dismissed out of hand.” 

In his conclusion, Mitchell refutes the notion that 
the dichroism of tourmaline consists of only light and 
dark of one color. In looking at more than 80 tourma- 
lines, he discovered a stone that showed yellow-brown 
in one direction and bright green at right angles to it. 
Another stone appeared almost black when examined 
normally but showed dichroic colors of “deep tour- 
maline green” and ‘‘deep garnet red”’ when viewed un- 
der the dichroscope. He describes the stones, but offers 
no explanation for their unusual dichroism. ET 


GEM LOCALITIES 


Colourless grossular and green vesuvianite gems from 
the Jeffrey Mine, Asbestos, Québec. W. Wight, and 
J. D. Grice, Canadian Gemmologist, Vol. 3, No. 2, 
pp. 2-6. 
The authors, who are both connected with the Na- 
tional Museum of Natural Sciences in Ottawa, On- 
tario, Canada, describe the first faceted specimens of 
colorless grossular and green vesuvianite from the Jef- 
frey Mine at Asbestos, Québec. The properties that 
they report for these stones fit well with those observed 
in similar stones from other locations. Although the 
authors do not provide quantitative analyses for the 
stones examined with the article, they do refer to the 
compositions of the materials, 

The authors also give a very useful review of the 
other color varieties of grossular and vesuvianite from 
the Jeffrey Mine. However, the brevity of this article 
provides just enough information to whet one’s appe- 
tite. Given the quality and increasing quantities of the 
gem materials, especially grossular, coming from this 
locality, itis hoped that the authors will publish a more 
in-depth study of the museum’s collection of Jeffrey 
gems in the near future. CMS 


How to find mineral and gemstone deposits. J. R. 
Mitchell, Gems and Minerals, No. 522, 1981, pp. 
32-39. 

This article provides general information that is helpful 

in the search for mineral deposits. The collector should 

begin by noting the geologic setting of known collect- 
ing sites, since minerals tend to occur in similar set- 
tings worldwide. Also, searching near known sites and 
downstream from such sites in rivers and washes may 
turn up specimens or new deposits. After reviewing the 
three types of rocks (igneous, sedimentary, and meta- 
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morphic}, the author discusses pegmatites in detail, 
describing their origin and keys to their identification. 

In the field, the reader is advised to observe differ- 
ences in the terrain, because highly mineralized zones 
in igneous rocks are subject to rapid decomposition. 
Such decomposition often shows itself as rounded hills 
with a reddish soil that can support plant life more eas- 
ily than the surrounding terrain. 

Openings formed as a result of folding and uplifting 
or along planes in sedimentary rocks are good places to 
look for hydrothermal deposits. Since hot water will 
dissolve limestone, this environment also offers good 
possibilities for mineralized zones. 

Contact metamorphic deposits are usually easy to 
see since two distinct rock types are adjacent to one 
another. Marbles and schists are also metamorphic 
rocks that often contain interesting minerals and gems. 

In his conclusion, Mitchell reviews the formation 
of some specific minerals and notes localities where 
they might be found. GSH 


JEWELRY ARTS 


African gold—extravaganza with a message. Jewelers’ 
Circular Keystone, Vol. 152, No. 6, 1981, pp. 148— 
152. 

Africa—the very name of this beautiful continent in- 

spires new and different ideas in jewelry. Many of these 

ideas were revealed by Intergold at the New York Jew- 
elers of America show in July, in a presentation entitled 

“African Gold.” 

The designs are flamboyant works of art that mix 
gold with porcupine quills, giraffe and elephant hair, 
wildebeest tails, shells, ivory, wood, and beads. The 
jewelry pieces have been coordinated with costumes 
that reflect ethnic African traditions. Flamboyant as 
the costuming may be, Intergold seeks to inspire de- 
signers with new ideas rather than set new fashion 
trends. 

Don MacKay-Coghill, who is chief executive of In- 
tergold’s worldwide offices, states that the marriage of 
gold and these other natural materials will offer the 
consumer a less-expensive alternative in jewelry. In 
these inflationary times, this concept is important. As 
the article states, however, the public’s reaction will 
be the true test of whether the ideas are a success. 

Lillian C. Hensel 


Gilding through the ages. A. Oddy, Gold Bulletin, 
Vol. 14, No. 2, 1981, pp. 75-79. 
The art of gilding, or applying a layer of gold to the sur- 
face of another metal, goes back at least as far as 3000 
B.C., as documented by the discovery in Syria of silver 
nails with gilded heads. Andrew Oddy takes us through 
the ages with an account of the different methods used 
in the gilding process, beginning with mechanical gild- 
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ing where the foil was folded over the edges of the ob- 
ject. Around 2000 B.C., when methods for purifying 
gold developed, it became possible to hammer gold thin 
enough to produce leaf. Since gold leaf is not strong 
enough to support its own mass, new techniques then 
had to be devised for attaching the leaf. 

This description of a fascinating process is rich with 
information gleaned from artifacts as well as from his- 
torical writings. As in his previous articles, Oddy in- 
cludes an extensive bibliography. NPK 


The long history of lost wax casting. L. Hunt, Gold 
Bulletin, Vol. 13, No. 2, 1980, pp. 63-79. 


Hunt traces the history of lost wax and investment 
casting from its earliest appearance sometime around 
4,000 B.C. in the Middle East up to the present day. As 
one would expect, a subject this vast has to be some- 
what abbreviated, but the article is amply footnoted 
and an extensive bibliography is included for further 
reference. 

The author touches upon the various techniques 
exhibited by each culture and speculates about the pos- 
sible influence each had on the others. Hollow casting, 
indirect casting, and carved molds for wax models are 
also discussed, as is the more recent development of 
rubber molds for mass production. EBM 


Okimono and netsuke: made in Hong Kong! S. Mark- 
breiter, Arts of Asia, Vol. 11, No. 1, 1981, pp. 137- 
141. 

Ironically, Hong Kong has a thriving Japanese netsuke 

carving industry. The demand in Hong Kong for net- 

suke began about 10 years ago. In recent years the in- 
dustry has grown, gearing itself to the tourist trade. 

This article describes the background and business of 

one master carver, Mr. Suen. He was trained as a 

Chinese carver in the northern or Peking style, and for 

years he carved traditional Chinese ivories. In 1976, he 

started his netsuke factory. It was difficult to learn the 

Japanese style of carving; he had few opportunities to 

examine fine true netsuke and had to rely on illustra- 

tions in books and magazines. When he and his wife 
visited Japan, the Japanese carvers, aware that he was 

a Chinese carver from Hong Kong, were careful to pre- 

serve their own secrets. 

Today Mr. Suen has 10 young craftsmen-apprentices 
in his shop. The first part of netsuke making, the initial 
blocking of the piece, is done by his inexperienced ap- 
prentices. He and his most experienced workers do the 
more detailed second part. The article explains, with 
the use of photographs, the 15-part process Mr. Suen 
uses to produce his netsuke; however, to preserve Mr. 
Suen’s trade secrets, the author does not discuss or pho- 
tograph the second stage of the work, which Suen calls 
the ‘making of the rough.” The author does, however, 
illustrate the other stages, including polishing, paint- 
ing, and aging (in a smoke box). ET 
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Opportunities ahead for platinum. Executive Jeweler, 
Vol. 1, No. 4, 1981, pp. 163-164. 

Many people are not aware of the advantages of using 
platinum for jewelry. For example, platinum is a very 
hard and durable metal; jewelry craftspeople do not 
have to worry that it will bend or break as easily as gold 
does. It is also more desirable for use in expensive jew- 
elry because platinum will hold large stones more se- 
curely than other metals. 

In this article, a few jewelers recount their sales ex- 
periences with platinum. Now that platinum is com- 
petitive with gold in price, it may be more viable to the 
prospective customer. 

Johnson Matthey, Inc., a worldwide fabricator and 
distributor of platinum metals, has just announced 
their Fifth Annual Platinum Jewelry Design Competi- 
tion for rings, jewelry with gemstones, and jewelry 
without gemstones. In addition, Johnson Matthey, Inc., 
has implemented a one-million-dollar promotional 
campaign to educate the public about the desirable as- 
pects of platinum. Lillian C. Hensel 


Rhinebeck: jewelry artists at work. E. Lauré, Jewelers’ 
Circular Keystone, Vol. 152, No. 9, 1981, pp. 94— 
97. 
Each year one of the fall issues of Jewelers’ Circular- 
Keystone features the Northeast Craft Fair, held in June 
in Rhinebeck, New York. As one of the major craft 
shows of the country, it is limited to about 500 artists 
who must compete for the honor of participating. 
While 1980 was the year of cloissoné, this year’s 
show will be remembered for the use of titanium and 
tantalum, space-age metals that produce vibrant col- 
ored pieces when heat treated. Lauré characterizes the 
show as containing many well-designed, well-crafted 
items of jewelry fashioned by a variety of new artists. 
She goes on to discuss a number of the artisans, de- 
scribing their backgrounds and their work. The eight 
color photographs of jewelry that accompany the arti- 
cle illustrate why this is considered such a significant 
craft event. DMD 


She designs jewelry that may save a life! Executive 
Jeweler, Vol. 1. No. 4, 1981, p. 81. 
Mary Ann Scherr, chairperson of the Metals, Fibers, 
Clay, and Glass Department at Parsons School of De- 
sign in New York City, has developed a unique concept 
in jewelry design. She creates jewelry to assist with 
certain medical problems. Her designs include a post- 
tracheotomy necklace to aid the emotional recovery of 
tracheotomy patients, pulse-monitoring bracelets, and 
necklaces that carry a hearing aid battery. After her 
own thumb was severed, she designed a “‘thumble:” a 
protective device made of gold or silver that slips over 
the finger to protect it following surgery. In collabo- 
ration with a doctor, she has designed a posture belt 
that signals the wearer to hold in his/her stomach and 
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a no-nod alarm monitor that warns a driver when his/ 
her head nods. She also makes metal whiplash collars 
that resemble African jewelry. The possibilities seem 
endless. Lillian C. Hensel 


Stone flower blossoms. L. Butorina, Australian Lapi- 
dary Journal, Vol. 17, No. 9, 1981, pp. 19-24. 


The stone carvings from the Soviet Union are famous 
worldwide. The name of one carving factory, Yekater- 
inburg, is often associated with major museum pieces 
as well as with items sold in the trade. Butorina gives 
us a glimpse into the history of this 254-year-old fac- 
tory. Now called Russkiye Samotsvety, it is located in 
Sverdlovsky in the Ural Mountains, where carving ma- 
terial is abundant. Two hundred different types of jas- 
per alone have been found in this region. Five photo- 
graphs illustrate carvings made from jasper as well as 
those fashioned from other materials such as rhodon- 
ite, obsidian, and corundum. 

Originally, the primary function of the factory was 
to fill orders for the imperial court under strict speci- 
fications of design and material. One of the key differ- 
ences for the carvers today is that they have flexibility 
in designing and making their pieces. Another key dif- 
ference is that machines augment that hand work; for 
example, diamond saws may be used to preform the 
pieces. However, the tradition of beautiful hand work 
continues, as each piece is carved and finished in- 
dividually. DMD 


Tibetan jewelry: a lost art. V. Reynolds, American 
Craft, Vol. 41, No. 5, 1981, pp. 30-35. 

This article describes in detail the clothes and jewelry 
wom by Tibetans, examples of which were recently 
exhibited at the Newark Museum in New Jersey. Ti- 
betan men and women traditionally wore clothing that 
identified their specific region as well as their social 
and financial status. These customs of adornment have 
been documented as early as the seventh century, A.D., 
and may date back even further. 

The jewelry described is primarily composed of gold, 
silver, copper, and brass set with turquoise, coral, pearls, 
amber, and agate—as well as beads made of glass or 
plastic. In fact, there have been periods in the 19th and 
20th centuries when glass and plastic were considered 
valuable in their own right both because they are sub- 
stances that were technically unknown to the Tibetans 
and because of their flawless appearance and their colors, 
which may be brighter than natural stones. In fact, gold 
and silver were often coated with an orange lacquer 
wash to satisfy the vivid sense of color of the Tibetans. 

The jewelry worn by Tibetan men usually included 
heavy cast gold or silver earrings set with turquoise, 
finger rings, charm boxes on bead necklaces, medal- 
lions, and hat finials. Rank was often denoted by the 
amount of jewelry and whether gold, silver, or copper 
was used. 
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Women wore large, elaborate headdresses that in- 
corporated their own hair and that were adorned with 
coins and ornaments representing their wealth and 
rank. They also wore ear ornaments, charm boxes, and 
milk-pail hooks. These elaborate headdresses and other 
pieces of jewelry were part of everyday dress, judging 
from photos showing women milking, riding, and har- 
vesting while wearing such items. 

Since the abolishment of traditional Tibetan society 
and religion following the takeover of Tibet by China 
in the 1950s, these modes of dress and omamentation 
have virtually disappeared. EBM 


Totally tantalizing: new jewelry of titanium or tan- 
talum. Executive Jeweler, Vol. 1, No. 4, 1981, 
p. 65, 
Titanium and tantalum, metals that have heretofore 
been used primarily in the aircraft and space industries, 
are becoming popular materials for jewelry. Both are 
extremely hard and light. The key attraction, however, 
is that they can be changed from their natural drab gray 
to intense iridescent colors. Heating different areas of 
either metal with a torch or with high voltage will pro- 
duce different colors and combinations of colors de- 
pending on the temperature used. Although these vi- 
brant colors affect the surface of the material only and 
can be scratched off with a sharp point, they will last 
if the jewelry is worn carefully. 

Because both metals cost about the same as silver, 
the finished pieces are unique and inexpensive, creat- 
ing a new, futuristic look in jewelry. 

Lillian C. Hensel 


RETAILING 


Brilliant company: New York’s resplendent jewelers. 
N. T. Gardiner, Town and Country, Vol. 135, No. 
5017, 1981, pp. 188-199. 

The “who’s who” in fashionable jewelers are photo- 

graphed displaying some of today’s finest jewelry cre- 

ations. Diamond to tanzanite, emerald to amethyst, 
and ruby to pear! are all shown off in elaborate suites 
of jewelry on some of the major jewelry people in New 

York. Included are M. Claude Arpels, president of Van 

Cleef and Arpels in New York; Ralph Destino, presi- 

dent of Cartier, U.S.A.; Henry Platt, vice-chairperson 

of Tiffany & Co.; Designer David Webb; Dominique 

Gérard, president of the M. Gérard Joalliers store in 

New York, Nicola Bulgari, director of the Bulgari store 

in New York; Count Enrico Carimati di Carimate, 

president and chief designer of Carimati Jewelers; and 

Ronald Winston, president and chairperson of the board 

of directors of Harry Winston, Inc. 

Gardiner comments on the influence that these jew- 
elers have on the culture of the city as well as on jew- 
elry. The article is both interesting and well 
presented. NPK 
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SYNTHETICS AND SIMULANTS 


Natural and synthetic gem materials, a comparison. 
I. Sunagawa, Bulletin de Minéralogie, Vol. 104, No. 
2-3, 1981, pp. 128-132, 
Emphasizing that the solid-liquid interface is the only 
place where crystal growth occurs, Ichiro Sunagawa 
compares natural and synthetic crystals, specifically 
their growth conditions and how their properties are 
affected by differences in growth mechanisms. Syn- 
thetic and natural diamond and emerald crystals are 
used to illustrate the discussion, 

Natural crystallization can be regarded as growth 
from solution phases exclusively; this is in contrast to 
synthetic growth, which can be accomplished from 
either melt or solution phases. Melt products should 
be easily identifiable because of their rough solid-liquid 
interface growth and the resulting characteristics, such 
as curved growth or curved color banding. Solution- 
phase crystals may not be detected as easily. The dif- 
ferences in the chemistry of solutions in solution phases, 
however, result in differences that can be reflected on 
surface microtopographs;, the article provides compar- 
ison photographs of both natural and synthetic emerald 
and diamond crystal faces. Internal morphology, re- 
vealed by X-ray studies, can also reveal differences but 
only for the properties affected by crystal growth. 

ALS 


Synthetische rubine mit edelsteinqualitat, isometri- 
schem habitus und hoher zahl unbeschadigter 
kristallflachen (Synthetic ruby with gemstone 
quality, isometric habit, and a high number of un- 
damaged crystal faces). P. O. Knischka and E. 
Gtibelin, Zeitschrift der Deutschen Gemmolo- 
gischen Gesellschaft, Vol. 29, No. 3/4, 1980, pp. 
155-189. 


In a comprehensive and highly technical article, the 
authors describe a synthetic ruby that is made by a pro- 
cess described as “gradient technique.’”’ Although the 
authors do not include details of this process, they do 
state that it involves supercooling and supersaturation. 
The resulting crystals show bright, even growth faces 
that have mineralogical indices with many numbers as 
well as combinations that have not been seen before. 
The trademark for this synthetic is made from a com- 
bination of Paul Knischka’s initials with the P reversed. 
For the purposes of this abstract, we will refer to this 
material as synthetic P-K ruby. 

Diagrams of known corundum forms showing 8-, 
14-, and 20-sided crystals are given. Synthetic P-K ruby 
shows at least five different mineralogical indices, and 
diagrams demonstrate crystals of 32 and 38 faces. There 
are apparently at least five different types of this syn- 
thetic. The possible forms of some are given. (One 
group has so much iron in the lattice that the ultravi- 
olet reaction is nearly the same as that of natural ruby.]} 
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Six full-color photographs of crystals and crystal 
groups that have 32 faces with typical forms are shown. 
Inasmuch as all six have different height-to-depth ra- 
tios, the explanation that the habit of corundum is due 
not only to the corundum structure but also to factors 
of its growth environment is endorsed. 

As with all synthetic processes, the crystals grown 
by the “gradient technique” involve supersaturation. 
This occurs in one of three ways: (1) through sudden 
lowering of temperature, (2) through inherent chemical 
processes, or (3) through evaporation. 

Comparative experiments on ruby, synthetic ruby 
by Verneuil, and synthetic P-K ruby types 0, 1, 2, and 
3 were performed. X-ray spectral analysis yielded the 
following information: (1) the iron content of natural 
ruby can be as high as five times that of the synthetics; 
(2) the chromium content of natural ruby is unmistak- 
ably lower than that of synthetics; (3) a measurable 
content of titanium was found in all three materials, 
(4) silica was noticeable in natural ruby and in syn- 
thetic P-K ruby but was missing in the Verneuil prod- 
uct. This experiment indicated that in the future it may 
be possible to separate natural rubies from synthetic 
rubies by determining the trace elements that the ma- 
terial in question contains. Evidence of trace elements 
was also obtained through atomic absorption spectro- 
photometry. {It is unfortunate that in order for the 
above experiments to be performed the samples were 
pulverized.} 

Gemological tests were carried out on the P-K ruby 
with the following results: in color and appearance this 
material is very similar to the natural, although the 
fine Burmese color has not been achieved and the syn- 
thetic appears more violet. Dichroism, refractive index, 
and birefringence are the same for both this synthetic 
and natural ruby. The specific gravity is approximately 
3.97, though clusters may yield a lower value of about 
3.94. Most of the spectrum of the synthetic shows the 
same absorptions and maximum transmissions as the 
natural, but differences exist in transparency in the 
near-ultraviolet area. (The statement was made that it 
would be dangerous to rely on this evidence for sepa- 
rations.} In the area of fluorescence, a possible differ- 
ence exists because the natural ruby has more iron. The 
synthetic glows scarlet red under long- and short-wave 
ultraviolet light, and shows a weak phosphorescence 
for approximately seven seconds. It is in the area of in- 
clusions that valuable indications of identity can be 
found. The P-K ruby appears to be cloudy but upon 
close examination many folded inclusions, color streaks, 
liquid feathers, two-phase inclusions, black platelets, 
and negative crystals can be seen. The liquid feather 
inclusions are much like those in hydrothermal syn- 
thetic ruby from Chatham and are difficult to distin- 
guish from those in natural ruby. The platinum hex- 
agonal platelets that are sometimes seen in synthetics 
but never in naturals are very valuable in making a sep- 
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aration. Under high magnification, it can be seen that 
the gas bubbles visible under low power are actually 
the gas phase of the two-phase inclusions. These pe- 
culiar two-phase inclusions are a clear indication of the 
P-K synthetic ruby. Barbara Taylor 


MISCELLANEOUS 


Contact metamorphics, part I. B. Jones, Rock and Gem, 
Vol. 11, No. 11, 1981, pp. 34-40. 

Heat is the major requirement for contact metamor- 
phism and normally is the result of an intruding magma. 
Since a magma may take millions of years to cool, a 
series of alteration zones are produced. Close to the 
magma, there is more heat and, therefore, more alter- 
ation so that a different set of minerals forms there 
than in zones farther away. With this type of alteration, 
impure calcium carbonate rocks or argillaceous shales 
form the most productive deposits. 

Bob Jones begins his discussion of individual meta- 
morphic minerals with the amphibole and pyroxene 
groups. Pyroxenes are single chains of silicon and oxy- 
gen tetrahedrons held together by magnesium or iron 
ions. Amphiboles are double-chain silicates that are 
also held together by magnesium or iron ions. In these 
groups, the metallic ions may vary in proportion with 
each other or may exchange for other metallic ions, 
thus creating many complex minerals. Visually, am- 
phiboles tend to form long needles with a diamond- 
shaped cross section, while pyroxenes form stubbier 
equidimensional crystals. Jones concludes part I with 
a review of specific minerals from these two groups, 
including hornblende, epidote, vesuvianite, pectolite, 
prehnite, and diopside. GSH 


Mineral fakes. P. J. Dunn, R. E. Bentley, W. E. Wilson, 
Mineralogical Record, Vol. 12, No. 4, 1981, pp. 
197-219, 

In an extensive article on faked mineral specimens and 

their detection, the authors define a fake as “an object 

represented as a natural mineral specimen but having 
one or more falsified characteristics of synthesized 
parts.” Falsified characteristics may include attach- 
ments, color, luster, clarity, shape, faces, or surface 
composition. The oldest fake the authors found dates 
from 1724. Entitled “Moor with tray of emeralds,” it 
is a statue of a man holding a specimen of emeralds in 
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matrix. The emeralds have been implanted in holes 
carved into the matrix. The specimen itself appeared 
much earlier than the statue, and has been traced to 
around the early 1500s when it was apparently pre- 
sented to King Charles I of Spain. This historical review 
describes other fascinating accounts of fakes. 

Turning to recent efforts at fakery, the authors 
examine in detail eight different types, the minerals 
involved, and methods of detection. One particularly 
interesting fake is produced in chalcedony or chryso- 
prase by immersing a slab in aqueous copper solution 
and shooting a laser beam through the center. This 
causes the copper to crystallize into a “bloom” or flower 
within the structure of the slab. 

In the detection section, the authors begin by re- 
minding the reader that the most effective methad is 
careful visual examination aided by 5-15x magnifi- 
cation. They then discuss techniques for detecting the 
different types of fraud, such as checking for glue in 
ultraviolet light because most glue fluoresces. Lastly, 
the authors warn that faked specimens are abundant 
and should be watched for by the collector. SEM 


The occurrence of gold in the gem beds of Sri Lanka. 
C. B. Dissanayake and S. W. Nawaratne, Economic 
Geology, Vol. 76, No. 3, 1981, pp. 733-738. 

The authors report on the significance of small flakes 

of gold found in association with alluvial gem materials 

near the Ratnapura district in Sri Lanka. Nine tenths 
of Sri Lanka is said to be composed of Precambrian 
metamorphic rocks, which are subdivided into the 

Highland Group, the Vijayan Complex, and the South- 

west Group, each having specific mineral assemblages. 

The authors relate the complex metamorphic environ- 

ments of the Highland and Southwest Groups and the 

volcano-sedimentary components of the terrain, sug- 
gesting this environment as a possible source for the 
gold. 

Two geologic maps illustrate the detailed geology 
of Sri Lanka and the sampling area in the southeastern 
part of Ratnapura. Geologic cross sections of the gold- 
bearing gem pits in a stream bed in the Ratnapura 
region are also included, each with sedimentation fea- 
tures that are characteristic of several cycles of depo- 
sition. Gold, occurring as dust or flakes, is found mixed 
with these gravel deposits. Associated minerals include 
pyrite, ilmenite, garnet, monazite, magnetite, rutile, 
and quartz. Stephen C. Hofer 
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EMERALD AND 


OTHER BERYLS 

By John Sinkankas, 704 pp., illus., 
Chilton Book Co., Radnor, Pennsyl- 
vania, 1981. US$37.50* 


In the preface to this impressive 
work, Captain Sinkankas states that 
the inspiration for Emerald and 
Other Beryls was Joseph E. Pogue’s 
classic book on turquoise, and that 
the objective of this newest of his 
publications is the same as Pogue’s: 
that is, to “arouse a greater interest 
in a fascinating field—that con- 
cerned with precious stones and their 
relation to mankind.” Certainly, 
Sinkankas has accomplished this. 
Emerald and Other Beryls is one of 
those rare books that, when pub- 
lished, generates such excitement 
that it is destined to be an “instant 
classic.” It is very difficult to imag- 
ine a more definitive or exhaustive 
work on any subject. Suffice it to say 
that the book represents 15 years of 
research, 

Emerald and Other Beryls is 
broadly divided into three parts: 
“History and Lore,”’ “Chemical and 
Physical Properties,” and ‘Beryl Lo- 
calities,”” Part I covers a wide range 
of subjects. It starts with the use of 
beryl in ancient Egypt and proceeds 
through its early use in the Ameri- 
cas. Next, Sinkankas reviews the 
subject of beryl from the standpoint 
of the early literature, describing 
references to this gem material by 
such authors as Agricola, DeBoodt, 
and Hatiy. “Beryl in Magic, Mys- 
tery, and Medicine” is discussed 
next, starting again with early Egyp- 
tian lore and then examining the 
occult properties of this material, 
including its effects on personal 
traits, love and marriage, and even 
business transactions. Sinkankas 
also delves into the therapeutic uses 
of beryl—including its prescription 
in various cultures as a cure for such 
problems as eye disease, epilepsy, 
fever, complications of pregnancy, 
and digestive-tract ailments. In this 
first part of the book, Sinkankas also 
talks about the biblical references to 
beryl, beryl as a birthstone, and em- 
eralds in fable. He concludes the 
section by discussing the engraving 
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BOOK 
REVIEWS 


Robert Effler, Editor 


of beryl and describing some of the 
most important specimens of en- 
graved beryl found in major collec- 
tions around the world. He lists these 
collections by country. 

Part II addresses the scientific as- 
pects of the beryl family. It dis- 
cusses in great detail such topics as 
the crystal structure and chemical 
composition of beryl, its physical 
and optical properties, crystallogra- 
phy, color, and luminescence. There 
is a particularly interesting section 
on artificial and synthetic beryl, and 
inclusions found in beryl. Part II of 
the book also includes a discussion 
of the cutting and polishing of beryl, 
and closes with a section on the var- 
ious types of deposits in which beryl 
is found. Sinkankas divides these 
deposits into volcanic, early mag- 
matic, late magmatic, metamorphic- 
hydrothermal, hydrothermal, and 
sedimentary. 

This general discussion of depos- 
its forms a firm basis for part III of 
the book, “The Beryl Localities,” 
This third, and by far largest, section 
of the book comprises at least half 
of the total work. It is the section 
that will have the greatest appeal 
and use for the collector and mu- 
seum curator. Sinkankas describes 
all known sources of all types of 
beryl from ores, to specimens for the 
collector, to gem deposits, The lo- 
cality section is an easy-to-use ref- 
erence because the localities are ar- 
ranged by country in alphabetical 
order. References to the literature 
on a given deposit are also included 
at the end of the discussion of each 
country. What makes this discus- 
sion of bery] localities unique and of 
even greater importance is Sinkan- 
kas’s practice of placing particular 
emphasis on those localities about 
which information is difficult to ob- 


tain or little has been published in 
the past. The well-known deposits 
are covered, but not in as exhaustive 
a manner as one would expect given 
the detail of the rest of the book. 
These descriptions are left to exist- 
ing literature. The information that 
Sinkankas has amassed on bery! lo- 
calities is virtually unprecedented. 
For example, how many readers are 
aware of the two-inch bluish-green 
beryl crystals from Commonwealth 
Bay, Adelic Land, Antarctica? This 
locality information is beautifully 
supplemented with maps, photo- 
graphs, and sketches of the occur- 
rences. 

One of the most important as- 
pects of any book from the perspec- 
tive of the researcher is its bibliog- 
raphy. In the case of Emerald and 
Other Beryls, the bibliography is an- 
other indication of just how exhaus- 
tive the research was and how much 
a labor of love this book has been for 
John Sinkankas: over 700 references 
to beryl are presented. In addition, 
Sinkankas includes an appendix of 
beryl] nomenclature, listing over 500 
names for beryl that he encountered 
during his research. 

Emerald and Other Beryls is the 
ultimate reference on beryl and is a 
definite must for the library of any- 
one interested in gems. 


PETER C. KELLER 
Santa Monica, California 


LAPIDARY CARVING FOR 


CREATIVE JEWELRY 

By Henry Hunt, 144 pp., illus., Des- 
ert Press, Bouse, Arizona, 1981. 
US$12.95* 


For the gem enthusiast or lapidary 
desiring a good introduction to gem- 
stone carving techniques, this book 
is indeed a welcome addition to 
publications on the craft. The au- 
thor describes all the equipment 
needed to carve and then thoroughly 
explains the uses of all items. He 
even describes the making of wheels, 
points, and the like, which is not an 


* This book is available for purchase at 
the GIA Bookstore, 1735 Stewart St., 
Santa Monica, CA 90404. 
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uncommon practice for those who 
carve. Although suppliers have ex- 
cellent assortments of wheels and 
polishing points, many advanced 
carvers make what they need for a 
particular job. 

The book deals primarily with 
the carving of transparent gem ma- 
terials. The author thoroughly ex- 
plains how to work each stone, such 
as amethyst, citrine, peridot, beryl, 
and even some synthetics, each in 
a separate chapter. Hunt has pur- 
sued a rather different end product 
than most carvers. Much of his work 
has been directed toward bringing 
out the optical effects possible from 
the particular gem material. Such 
effects as internal reflections, re- 
fraction within curved polished sur- 
faces, changes of color due to thick- 


ening or thinning areas within the 
carved object, and the like, are pur- 
sued in order to utilize the material 
to what the author perceives to be 
its greatest potential beauty. For 
example, from chapter 1, “Optical 
Qualities of Transparent Stones,” we 
note: “you cannot see through the 
stone. Light is reflected internally 
back and forth, with the result that 
the carving scintillates as it moves 
around, The light seems to come 
from within the stone.” And, fur- 
ther along, we read: ‘The optical 
qualities of the stone become part of 
the aesthetics of the carving. The 
surface form and the color of the 
carving is not the end of the story. 
What happens to the light inside the 
stone, how it defines the shape, be- 
comes equally important.” 


The objects carved by the author 
certainly have interest value, but 
they may not be aesthetically ex- 
citing for everyone. Many black-and- 
white pictures appear throughout the 
book. 

Ideally, carving is the ultimate 
expression of the art of working 
gemstones. When one can combine 
proper techniques of working the 
gemstone to its greatest potential 
beauty with artistic and creative tal- 
ent, to execute a meaningful, wor- 
thy object that will delight all who 
may see it, then he or she has ar- 
rived at a plateau deserving of much 
recognition. This book will cer- 
tainly help the lapidary along that 
path, 


BILL KERR 
Santa Monica, California 


DIAMONDS: 


Diamonds: From Birth to 
Eternity was painstakingly 
researched over a five year 
period by renowned dia- 
mond authority Arthur 
Norman Wilson. The former 
head of public relations for 


and the Anglo American 
Corporation, Wilson traveled 
the world interviewing the 
diamond industry’s major 
figures and gathering infor- 
mation for this volume. 


It is the most comprehensive 
work on the origin of 
diamond ever assembled. 


DeBeers Consolidated Mines: 


FROM BIRTH TO ETERNITY 


For further information, contact: Dianne Eash, Gemological Institute of America, 
1660 Stewart Street, Santa Monica, CA 90404; (213) 829-2991, Extension 298. 


A fine example of the book- 
maker’s art, each copy of 
this limited edition is hand- 
bound in rich leather with 
hand-marbled endpapers 
and 20K gold stamping. 
Each book is numbered and 
features 30 tipped-in color 
prints and over 150 black 
and white photographs as 
well as numerous maps and 
graphs in its 500 pages of 
highest quality paper. 


It is a collector’s edition of 
enduring value. Only 500 
copies will be printed. Price 
is $375. 


Book Reviews 
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GEM NEWS 


Stephanie Dillon, Editor 


EXHIBITS 


The Wernher Collection—Luton 
Hoo, Luton, Bedfordshire LU13TQ, 
England. Telephone: (0582) 22955. 
Luton Hoo is a country house open 
to the public. The collection in- 
cludes Renaissance jewels and 

a large group of Carl Faberge’s 
works. The collection is open from 
April 3 to October 10. 


National Museum of History— 49 
Nan Hai Road, Taipei, Taiwan. 
Telephone: (2) 361-0278. 

This museum of Chinese history 
and art has an extensive collection 
of jade from the Shang, Chou, 
Chin, and Han dynasties to the 
present. “Chinese Jade in 4,000 


Years” is an event for which many 
collectors have lent their jade to 
augment the museum’s collection. 
The exhibit, to be held in spring 
1982, will give a comprehensive 
view of Chinese jade. 


Heimatmuseum—6580 Idar- 
Oberstein 1, Hauptstrasse 436, 
West Germany. Telephone: 06781- 
24619. 

The Heimatmuseum houses crystal 
specimens from around the world, 
as well as cut gems and a collec- 
tion of antique and modern jew- 
elry. Bowls, figures, and cameos are 
displayed in a special exhibit on 
the carver’s art. There is an old 
agate-grinding mill with water 
wheel as well as an old-fashioned 


goldsmith’s workshop. There is 
also a darkroom with fluorescent 
minerals displayed under ultra- 
violet light. The museum is open 
to the public year round. 


Museu de Minerais e Rochas do 
DNPM—Av. Pasteur 404, Praia 
Vermelha, 222.91 Rio de Janeiro, 
Brazil. 


The museum’s permanent collec- 
tion comprises various pieces of 
ornamental stone and 300 cut 
specimens of quartz, topaz, tour- 
maline, beryl, spodumene, and 
several nonsilicates. The museum 
is open to the public Monday 
through Friday all year. 


ANNOUNCEMENTS 


The 28th Annual Tucson Gem & 
Mineral Show will be held 
February 12—14 in the Tucson 
Community Center, 260 South 
Church, Downtown Tucson, 
Arizona. The show will feature 
lectures and programs by curators, 
mineralogists, and hobbyists, as 
well as competitive exhibits, in- 
cluding a best-of-species competi- 
tion in malachite. There will be 
more then 120 cases of special 
exhibits containing mineral speci- 
mens from museums and private 
collections throughout the world. 
Annual meetings will be held by 
Friends of Mineralogy, the Mineral 
Museums’ Advisory Council, and 
Species Collectors; also con- 
vening will be the Neal Yedlin 
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Memorial Micromount Symposium. 
Information: Tucson Gem & 
Mineral Show Committee, P.O. 
Box 42543, Tucson, Arizona 85733. 


The 1982 American Gem Society 
Conclave meets at the Fairmont 
Hotel in New Orleans, Louisiana, 
April 23-27. Numerous AGS and 
GIA personnel will lead the activ- 
ities of the five-day program, 
which carries the theme, “Your 
AGS Image: the Formula for 
Success.” After beginning with a 
day of workshops, the agenda 
continues with the theme session, 
the Shipley luncheon, the Intergold 
luncheon, an evening program on 
diamonds, young people’s and 
spouses’ sessions, and three days of 
concurrent laboratories, seminars, 
and conference groups in the areas 
of gemology and sales promotion. 


For further information, contact: 
American Gem Society, 2960 
Wilshire Boulevard, Los Angeles, 
California 90010. 


The National Association of 
Jewelry Appraisers, newly formed, 
is conducting a membership drive. 
Dedicated to maintaining profes- 
sional standards and education in 
jewelry appraisal, the association 
plans to publish a monthly news- 
letter and an annual membership 
directory. Richard E. Baron is 
executive director of the organ- 
ization. Information: National 
Association of Jewelry Appraisers, 
7414 East Camelback Road, Scotts- 
dale, Arizona 85251; telephone: 
(602) 941-8088. 
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Editorial 


THE GEMS & GEMOLOGY 
MOST VALUABLE ARTICLE AWARD 


RICHARD T. LIDDICOAT, Jr. Editor-in-Chief 


he response to the ballot included with the Winter 1981 subscriber copies of Gems 

&) Gemology was very gratifying. Almost 500 people took the time to review their 
1981 issues of the journal and register their votes for the three articles they found most 
interesting and potentially useful, that is, of the greatest value to their pursuits in gem- 
ology. It is a credit to the authors that the voting was so competitive: all articles received 
several votes, and a number of people returned their ballots with no votes and the ex- 
planatory note that they felt that it was impossible to choose only three articles from 
the many excellent papers available. 


Three articles did, however, receive a greater proportion of the votes cast—and the spe- 
cial recognition of our subscribers. I am pleased to announce that the winners of the first 
annual GIA Award for the most valuable article published in Gems #& Gemology are, in 
order from first through third in the balloting: 


e Jill M. Hobbs, for the article ‘“A Simple Approach to 
Detecting Diamond Simulants” (Spring 1981) 


e Kurt Nassau, for the article “Heat Treating Ruby and 
Sapphire: Technical Aspects” (Fall 1981) 


e Peter C. Keller, for the article “Emeralds of Colombia” 
{Summer 1981) 


In honor of their achievements, Ms. Hobbs, Dr. Nassau, and Dr. Keller will receive cer- 
tificates and cash awards of $500, $300, and $100, respectively. We on the editorial staff 
know the many weekends and evenings that all three authors devoted to their articles, 
and congratulate them on the success of their efforts. Brief biographies of the authors 
appear on the following page. 


At this time, I would like to thank those of you who participated in the balloting and 
especially those who took the time to include comments. We appreciate the overwhelm- 
ing vote of support for the new Gems #& Gemology. Your specific suggestions and con- 
cerns are being taken into consideration (including those of the gentleman who asked 
that we please not change anything). For the time being, we will continue to strive to 
publish a wide variety of articles and items in our regular sections to appeal to the broad 
range of interests of our readers. 
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THE WINNERS 


JILL M. HOBBS 


Before assuming her present position as assistant manager 
of GIA’s Home Study Department, Jill Hobbs taught 
Colored Stones/Gem Identification for four years in the 
GIA Resident Program. Ms. Hobbs is a popular lecturer in 
gemology, and her articles have appeared in several trade 
publications. Gem identification is a special interest of 
hers, as evidenced both by the award-winning article on 
diamond simulants and the article on identifying jade and 
its simulants that appears in this issue of Gems & 
Gemology. 


Ms. Hobbs is a native of Washington State. She is a 
graduate gemologist and received her B.A. from the 
University of California at Los Angeles. 


KURT NASSAU 


Dr. Nassau’s work at the Materials Laboratory of Bell 
Telephone Laboratories includes active involvement in 
research on crystal growth and chemistry research of laser 
materials, semiconductors, and the like. Currently, Dr. 
Nassau is studying quenched and conventional glasses and 
crystals for electronic and fiber optic applications. In 
addition to being a prolific writer (he has authored one 
book, three book chapters, and over 250 articles), he 
belongs to several professional societies and serves on the 
board of governors of GIA. 


Dr. Nassau was born in Austria. He received his B.Sc. from 
the University of Bristol, England, and his Ph.D. in 
physical chemistry from the University of Pittsburgh, 
Pennsylvania. 


PETER C. KELLER 


Dr. Keller joined GIA as director of education in August of 
1980, after serving four years as curator of mineralogy and 
geology at the Los Angeles County Museum of Natural 
History. He complements his responsibilities for the 
various educational programs at GIA with membership in 
several professional societies, an adjunct professorship in 
geology at the University of Southern California, and 
membership on the board of trustees of the Los Angeles 
County Museum of Natural History. He has written 
several articles and served as associate producer on the 
movie “Gems of the Americas.” 


A native of Allentown, Pennsylvania, Dr. Keller received 
his B.A. from George Washington University in 
Washington, DC, and his M.A. and Ph.D. in mineralogy 
from The University of Texas at Austin. 
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THE JADE ENIGMA 


By Jill M. Hobbs 


Jade is one of the most misunderstood 
gemstones. It is actually two separate 
materials: jadeite and nephrite. Together, 
these materials have more simulants than 
most other gems. Thus, it is important to 
know the various simulants, and to 
understand how to separate them from 
jade. This article examines the key 
identifying properties of green jade 
(iadeite and nephrite) and contrasts them 
with the properties of the 10 most 
common green jade simulants. Simple 
visual techniques are emphasized as well 
as the appropriate gemological tests. 


ABOUT THE AUTHOR 


Ms. Hobbs is a gemologist and assistant 
manager of the Home Study Department, 
Gemological Institute of America, Santa 
Monica, CA, 


Acknowledgments: The author is indebted to 
Chuck Fryer for his invaluable advice and 
information, and to Peter Keller for his help in the 
research and direction of this article. Special 
thanks also go to Susan Kingsbury for the line 
drawings and to Evelyn Tucker for the design of 
these drawings. The photographs in figures 4, 5, 
6, 8, 9, 10, 11, 12, and 14 were provided by Tino 
Hammid of GIA Gem Media. Other photo credits 
appear with the individual figures. 
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The Jade Enigma 


L is easy to understand why jade has been considered 
a “piece of heaven” for centuries. The rich color and 
soft texture of fine jade have made it a favorite of gem 
connoisseurs everywhere. It is also easy to understand 
why many materials have been represented as jade. It is 
curious, however, that the names for jade are still a sub- 
ject of controversy and that so much misinformation, 
myth, and superstition surrounds this gem, especially the 
treasured green material (see figure 1). 

This article will try to remove some of the confusion 
that often accompanies the purchase of jade jewelry or 
carvings. By introducing the common trade names and 
misnomers for green jade and its simulants, and by ex- 
plaining how these materials can be separated from one 
another, the following text will serve as a guide to the 
gemology of jade. 


WHAT IS JADE? 


Civilizations of all ages have prized this material. In his 
widely read book on jade, Gump (1962) captures the spell 
of this gemstone: 


The Central Asians placed a huge slab of jade before the 
tomb of Tamerlane to make it inviolate. The pre-Colum- 
bians made sacrificial knives from it, Aladdin expressed 
wonder at the fabulous trees of the jade in the under- 
ground cavern. The Russians carved a whole sarcopha- 
gus, for Czar Alexander II, of jade. In both New Zealand 
and New Calcedonia a jade mere or war club was the 
chief’s symbol of authority. Fathers in the Loyalty Is- 
lands once bartered their daughters for jade. China built 
a civilization around the stone. 


All races and ages that encountered jade valued it. Pre- 
historic civilizations recognized jade for its toughness. In 
China, in the Swiss Lake area in Europe, and in Central 
America (especially Guatemala and Mexico], prehistoric 
cultures used jade for functional articles. In the Swiss 
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Figure 1, An attractive example of 
green jadeite used in jewelry (the 
jadeite measures 6.3 X 5.6 x 0.4 
cm). A wide variety of simulants 
attempt to duplicate the unique 
beauty and appearance of jadeite., It 
is enigmatic that although jadeite 
(and nephrite, which is also known 
as jade) have been worked and 
admired by many civilizations, the 
true nature of the material is still 
misunderstood, and its simulants 
are often misidentified as the 
original, Brooch courtesy of 
Mason-Kay, Inc. 


Lake area in particular, archaeologists have doc- 
umented that early dwellers used jade for axe 
heads, scrapers, and instruments of war; they 
eventually treasured it for aesthetic and symbolic 
value as well (Foshag, 1957). 

Curiously, the scientific nature of jade was not 
fully understood until the 19th century, when 
Professor A. Damour proved that the gemstone 
that is commonly called jade is actually two sep- 
arate and distinct materials: jadeite and nephrite. 
The former is usually the more valued of the two 
for jewelry and carvings, because fine-quality 
jadeite is an intense medium green, whereas even 
the best nephrite tends to be a darker, more black- 
ish green. Interestingly, the distinction was made 
in another culture long before Damour published 
his scientific findings. When the intense-green 
jadeite began to enter China from Burma in the 
middle of the 18th century, the Chinese called it 
fei-ts’ui instead of yu, which had been the stan- 
dard name for jade (Hardinge, 1953]. In addition, 
while most early writings purportedly described 
nephrite, a few of them were said to describe ma- 
terial that would fall under the modern mineral- 
ogical classification of jadeite (Foshag, 1957}. 

Although A. G. Werner, in 1788, was the first 
to apply the mineralogical name nephrite, Dam- 


4 The Jade Enigma 


ace 


our was the first to determine the chemical com- 
position of this material. In his 1846 publication, 
Damour established that nephrite is a compact 
variety of the amphibole minerals tremolite and 
actinolite. Then, in 1863, Damour reported the 
very important discovery that jadeite is a separate 
and distinct species. A member of the pyroxene 
group of minerals, jadeite is very different from 
nephrite in both chemistry and internal structure 
{see box]. Thus, it has different properties and a 
different appearance. 

These findings revolutionized jade nomencla- 
ture, and they should have simplified the identi- 
fication, evaluation, and marketing of jadeite and 
nephrite. Yet jade remains an enigma to most 
buyers. The tradition of myth and misinforma- 
tion continues today. In addition to the accepted 
trade names for jade (see table 1], many mislead- 
ing terms such as ‘Mexican jade,”’ “Japanese jade,” 
“Jasper jade,”’ and “Transvaal jade” are used to 
market gem materials other than jadeite and 
nephrite (table 2}. With so many materials touted 
as jade, the buyer must be aware of the names of 
these simulants as well as their key identifying 
characteristics. 

This article examines both the identification 
of jadeite or nephrite and the separation of these 
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THE QUESTION 
OF JADE 
NOMENCLATURE 


The term jade encompasses two tough, compact, 
fine-grained materials: jadeite and nephrite. The 
definition of these two materials is difficult, at 
best. 

Strictly speaking, jadeite is a distinct mono- 
clinic mineral belonging to the pyroxene group 
and having an ideal chemical composition of 
NaAl(SiO,).. However, jadeite may be an in- 
timate intergrowth of jadeite with at least 
one of two closely related pyroxenes: acmite 
[NaFe(SiOs}.], or diopside [CaMg{SiOs},]. The three 
minerals can form a continuous isomorphic sub- 
stitution series. The variations in the properties 
of jadeite are therefore dependent on the propor- 
tions of each pyroxene present. 

If enough diopside is present that the mate- 
rial’s chemical composition is intermediate be- 
tween diopside and jadeite, the material is some- 
times called diopside-jadeite. The optical and 


physical properties of this material are normally. 


so close to those of pure jadeite that a distinction 
is impractical. However, if the material’s chem- 
ical composition is intermediate between acmite 
and jadeite—or acmite, diopside, and jadeite—its 
properties and appearance are distinct from pure 
jadeite and it is commonly known as chloromel- 
anite. This material is typically blackish green to 
nearly black; the presence of a significant amount 
of iron produces a slightly higher refractive index 
and specific gravity as well. 

The definition of nephrite is even more con- 
troversial. Mineralogy texts have traditionally 
listed nephrite as a variety of actinolite, a mono- 
clinic member of the amphibole group. As in 
the case of jadeite, however, actinolite is very 
closely related chemically and structurally to 
other members of its group. Actinolite [Ca(Mg,Fe}, 
(SiOg},] is so closely related to tremolite [CaMg, 
(SiO,),] that their optical and physical properties 
may be indistinguishable. The magnesium in 
tremolite is commonly replaced by iron, and the 
two minerals do, in fact, grade into one another. 
The color of the material, however, indicates the 
amount of iron present: the iron in actinolite im- 
‘parts a green to grayish-green color, whereas the 
iron-poor tremolite is normally white to gray. 


The fact that nephrite is, in reality, a variety of — 


two mineral species recently led the Interna- 
tional Mineralogical Association (I.M.A.) to dis- 
credit nephrite as a valid mineralogical variety. 


In defining both jadeite and nephrite, texture -_ 


is as important as mineralogical composition. 


The material must be tough, compact, and fine- 
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Note how different this late-19th century 
jadeite vase is from the jadeite illustrated in 
figure 1. This difference in appearance reflects 
variations in chemical make-up. Such 
variations in materials classified both 
mineralogically and gemologically as jadeite 
contribute greatly to the nomenclature 
problem. Vase courtesy of Crystalite Corp. 
Photo ©1981 Harold e& Erica Van Pelt. 


grained, In the case of nephrite, it must also con- 
sist of interlocking fibers. If the fibers are not in- 
terlocking, but simply parallel or subparallel, the 
material lacks the necessary toughness and there- 
fore cannot be considered nephrite. This author 
defines jade as any member of the pyroxene or 


amphibole group that possesses the necessary _ | 


textural characteristics to impart toughness, as 
well as the commonly accepted refractive index 
and specific gravity of jadeite or nephrite. 
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TABLE 1. Common trade names for green jade. 


TABLE 2. Misleading terms for jade simulants. 


Type Standard 
of jade Trade name color/appearance 
Jadeite Apple Intense, medium yellowish 


green. 


Chicken or lron oxidized causing a 
Tomb yellowish or brown color. 

Emerald Intense, medium green 

Gem resembling fine emerald. 

Imperial Considered by most to be 

top quality. 

Kingfisher Intense, medium green. 
(Chinese The Chinese named the 
word, material after the brilliant 
fei-ts’ul) green plumage of the bird 

by the same name. 

Moss in the White jadeite with green 
Snow streaks that are called 

streamers. 

Yunan or Intense, medium green, 
Yunnan nearly opaque. When cut 


in thin sections, it appears 
translucent. 


In reference to the use of 
jade as a tool. 


Nephrite Axe’ 


B.C. jade Dark green to blackish 

Canadian green. 

Kidney? In reference to the belief 
that jade would cure 
kidney trouble if worn. 

Maori stone Dark green material from 
New Zealand, often 
carved into items of 
adornment; mainly 
prehistoric. 

New Zealand Medium to dark grayish 

New Zealand green. 

greenstone 

Spinach jade 

Siberian Medium green, fine 
quality. 

Taiwanese Medium green, fine 
quality. 


aThis name is now obsolete. 


two forms of jade from their 10 most common 
simulants (see table 3 for a list of other materials 
occasionally used to simulate jade}. For the pur- 
poses of this article, jadeite and nephrite will be 
cited individually when appropriate and together 
under the term jade when the discussion applies 
to both. 


THE IDENTIFICATION OF GREEN JADE 
With practice and an understanding of the tech- 
niques involved, jadeite and nephrite can be read- 
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Simulant Misleading term 
Calcite Oriental alabaster (trade 
name) 

dyed “Mexican jade” 
Chalcedony 

Chrysoprase “Queensland jade” 

dyed jasper "Swiss jade” 

Jasper “Jasper jade” 

“Oregon jade” 

Glass (partially devitrified) ‘'Metajade” 


also known as Imori or 


limori stone 
|docrase “Vesuvianite jade” 
Californite “American jade” 
“California jade” 
Malachite “Silver Peak jadeite” 


Microcline, amazonite “Amazon jade” 


“Colorado jade” 


Pectolite “Alaska jade” 
“Pectolite jade" 

Prehnite “Japanese jade” 

Pseudophite "“Styrian jade” 

Quartz 

Aventurine “Regal jade” 

“Indian jade” 
“Imperial yu” 

Serpentine (Antigorite) “Korean jade” 


Bowenite “Soochow jade” (may also 
refer to talc) 

“New jade” 

Verd-antique Verdite (trade name) 


(mixed with marble) 


Talc “Fukien jade” 
also known as steatite = ‘‘Honan jade” 
or “soapstone” “Manchurian jade” 
“Shanghai jade” 


“Transvaal jade” 
“South African jade” 
“Garnet jade” 
“White jade” 


TI grossularite 


ily separated both from each other and from their 
simulants. The best method is first to look at the 
material, since your eyes can reveal a great deal 
about a gemstone’s composition and properties, 
and then to perform those gemological tests that 
will effectively lead to an identification. 

Visual examination of a jade-appearing mate- 
rial may yield significant identifying clues such 
as texture, surface luster, and fracture, as well as 
characteristic inclusions, evidence of dye, the 
presence of phenomena, and possibly other dis- 
tinguishing characteristics. All these visual char- 
acteristics contribute to the typical appearance of 
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a gemstone, thus allowing the gemologist with 
a well-trained eye to limit the range of possibili- 
ties quickly after an initial examination of the 
material. 

But even experts support the suppositions they 
make after a visual examination with standard 
gemological tests. The two tests that provide the 
most diagnostic results are those that use the re- 
fractometer and the spectroscope. Specific gravity 
determinations and hardness points may also pro- 
vide useful supplemental data. 

The rare cases that require additional instru- 
mentation usually involve mixtures of materials 
or materials that contain impurities. If green jade 
and its simulants mix with other minerals such 
that their appearance and properties deviate no- 
ticeably from normal, an identification often can 
be obtained by X-ray diffraction. 

The recommended approach to the identifi- 
cation of jade is summarized in the property chart. 
After jadeite and nephrite, the 10 most prob- 
lematic green jade simulants are listed from top 
to bottom in order of descending refractive index. 
From left to right, the properties are arranged ac- 
cording to the steps to be followed in the sug- 
gested approach; that is, visual characteristics are 
listed first, followed by properties that are deter- 
mined by standard gemological tests. Distinctive 
absorption patterns are illustrated separately, in 
the section on spectroscopy. 


VISUAL CHARACTERISTICS 


Toa discerning eye, jade is different in appearance 
from its simulants. The ancient Chinese philos- 
opher Confucius (551-479 B.C.) recognized the 
unique visual traits of jade when he likened them 
to worldly virtues: 


Its polish and brilliancy represent the white of 
purity, its perfect compactness and extreme 
hardness represent the sureness of intelligence; 
its angles, which do not cut, although they seem 
sharp, represent justice; the pure and prolonged 
sound which it gives forth when one strikes it 
represents music. Its color represents loyalty; 
its interior flaws, always showing themselves 
through the transparency, call to mind sincer- 
ity; its iridescent brightness represents heaven. .. . 


The alluring appearance of fine jade is created 
by certain optical and physical properties, some 
of which can be detected by an experienced eye. 
The visual factors that contribute to jade’s unique 
appearance are the stone’s texture, surface luster, 
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TABLE 3. Other jade simulants. 


Aragonite (may be dyed) 

Agalmatolite (pagodite), also known as pagoda stone 

Beryl, green nontransparent 

Fluorite 

Malachite 

Maw-sit-sit (mixture of ureyite and natrolite, and possibly 
albite) 

Microcline, amazonite 

Opal, prase 

Pinite 

Pectolite 

Plastic 

Pseudophite (chlorite group) 

Pyrophyllite 

Serpentine mixed with zoisite 

Sillimanite (fibrolite) 

Smaragdite (near actinolite in composition) 

Smithsonite, also known as bonamite 


fracture surface, inclusions, and distinctive sur- 
face features. While the net visual effect is not 
enough to identify the gem material conclusively, 
it renders clues that are invaluable in the identi- 
fication process. 


Texture. This relates to the “perfect compact- 
ness” of jade noted by Confucius. It is that quality 
of jade which makes it the toughest of gem ma- 
terials. The toughness of a gem material is not the 
same as its hardness: toughness is the resistance 
to breaking, chipping, or cracking, while hardness 
is the resistance to scratching or abrading. 

Toughness helps to explain why, when a ma- 
jor earthquake struck Southern California re- 
cently and shook various art objects off the shelves 
of a store in Santa Barbara, most of the jade pieces 
did not break {GIA, 1980). Jade is not an ex- 
tremely hard material: jadeite is listed as 642-7 
on the Mohs scale of hardness and nephrite as 6— 
642. The toughness of jade, however, is unsur- 
passed, and of the two jades, nephrite is some- 
what tougher. Prehistoric peoples recognized this 
attribute of nephrite as evidenced by its use in 
early tools and functional implements. 

The toughness of a material is related to its 
internal structure, which is different for nephrite 
and jadeite. The internal structure, in turn, is 
often reflected in the texture of the stone. Thus, 
by looking at texture, the difference between jade- 
ite and nephrite—and between these stones and 
their simulants—may become apparent. 
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PROPERTY CHART: GREEN JADE AND SIMULANTS 


Visual Characteristics 


Gemological Properties 


— 


Other 
Surface Fracture Distinguishing Refractive Specific 
Gem Material Texture Luster Surface inclusions/Dye Features Index Gravity Hardness 
Jadeite Interlocking — Vitreous-greasy Granular, May be dyed Grainy, or dimpled 1.660-1.6807 + 0.10 3.34 +0.11° 6%2-7 
granular possibly surface; color Spot: 1.66 
structure splintery mottling 
Nephrite Interwoven Greasy-vitreous Splintery, May have black Chatoyancy 1.606-1.632? 2.95 + 0.05 6-6/2 
(Actinolite/tremolite) fibrous possibly inclusions (chromite, Spot: 1.61-1.62 
structure granular diopside), may show 
brown iron oxidation; 
rarely dyed 
Tl Grossularite Not apparent Vitreous Conchoidal Usually dotted with 1.720-1.730° 3.47 + 0.03 7 
black inclusions Spot: 1.72 — 0.32° 
(magnetite, chromite) 
Idocrase Not apparent Vitreous, possibly Uneven to 1.713-1.718 3.40 + 0.10 6% 
Californite resinous subconchoidal Spot: 1.71 
Zoisite May appear Vitreous Uneven to Often variegated 1.691-1.704? 2.95-3.40 6%2-7 
Saussurite somewhat subconchoidai colors Spot: 1.68-1.71 
fibrous (1.52-1.57)4 2.60-2.754 
Prehnite Vitreous-waxy Uneven to Usually pale 1.616-1.649" 2.88 + 0.06 6-62 
conchoidal yellowish green Spot: 1.63 
Bire blink: 0.020-0.033 
Serpentine (Antigorite) May appear Subresinous, Splintery to May have black, Color mottling may 1.560-1.570 (-0.07)* 2.57 + 0.06 22-4 
Bowenite somewhat greasy, pearly, conchoidal chromite inclusions, be present Spot: 1.56 5-6 
fibrous resinous, waxy may be dyed 
Talc May appear Pearly-greasy Uneven May be dyed Soapy feeling 1.540-1.5908 2.75 + 0.05 1-22 
Steatite or somewhat Spot: 1.55 — 0.20 
“Soapstone” fibrous 
Quartz Appears Vitreous Conchoidal Chromium rica Aventurescence 1.544-1.553? 2.66 + 0.01 7 
Aventurine crystalline platelets (fuchsite) Spot: 1.54, 1.55 
Dyed May have dye in 
fractures 
Chalcedony Not apparent Vitreous-greasy Conchoidai May be dyed Even color 1.535-1.5398 2.60 + 0.05 7 
Chrysoprase Spot: 1.53 
“Metajade” Glass Not apparent Vitreous Uneven to Fern-like structure, Warm to touch 1.510 2.65 5%-6 
splintery to gas bubbles 
conchoidal 
Calcite Appears Vitreous Uneven to May be dyed Cleavage may be —- 1.486-1.658? 2.70 + 0.01 3 
crystalline splintery noted (3 distinct Bire blink: 0.172 


directions) 


4 Doubly refractive. 
increase due to diopside and acmite impurities, e.g., chloromelanite. 


“Hydrogrossular as low as 1.690. 
*Two different readings possible. 


Figure 2. A thin section of jadeite shows many 
interlocking granular crystals. Magnified 100 x. 
Photograph courtesy of the Smithsonian 
Institution, NMNH 94303. 


Jadeite and nephrite are aggregates, that is, 
they are made up of a number of individual crys- 
tals. Aggregates are usually distinguished by the 
size of the individual crystals, but in the case of 
jadeite and nephrite it is the nature of the indi- 
vidual components that is distinctive. Magnifi- 
cation of a thin section from each of the materials 
provides a dramatic comparison: in jadeite (figure 
2), the crystals appear as separate entities even 
though they are intergrown; whereas in nephrite 
(figure 3}, the crystals take on a rope-like, fibrous 
appearance and seem to be inextricably woven 
together. This difference in structure is reflected 
in the visual appearance of the two materials: 
jadeite normally looks granular while nephrite 
looks fibrous. 

None of the jade simulants has the tightly 
bound structure of either jadeite or nephrite, al- 
though aventurine quartz and calcite often appear 
to have the same degree of crystallinity as jadeite. 
None of the common jade simulants possesses a 
texture similar to that of nephrite; nephrite’s in- 
terwoven structure qualifies it for a unique rating 
of exceptional toughness. Of all the jade simu- 
lants, saussurite, talc (also called steatite}, and a 
few types of serpentine may appear fibrous. 


Surface Luster. When Confucius notes that jade’s 
“polish and brilliancy represent the whole of its 
purity,” he touches on the significance of the 
stone’s surface appearance, especially its ability 
to take a high polish. Luster is the appearance of 
a material’s surface in reflected light, as deter- 
mined by the quality and quantity of light re- 
flected. For example, a beam of sunlight will show 
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Figure 3. A thin section of nephrite shows 
interwoven, fibrous crystals. Magnified 100%. 
Photograph courtesy of the Smithsonian 
Institution, NMNH R6775. 


a much sharper reflection off a freshly waxed car 
than off a car in need of wax. In order to evaluate 
luster on a polished gemstone surface, simply 
note the sharpness of the image that the light 
source creates and the brightness of the area sur- 
rounding that image. 

The refractive index of the stone and the qual- 
ity of its surface (which is determined by the pol- 
ish) are the two main factors that affect how 
much light is reflected. Texture may also affect 
luster. In the case of jade, it is almost impossible 
to achieve an optically flat, planar surface upon 
polishing because the random orientation of mi- 
nute crystals causes undercutting during the 
sanding operation. As a result, the quality of light 
reflected from the surface is affected, so that the 
surface of most polished jadeite and nephrite has 
a slightly “greasy” luster. Because of its structure, 
polished dark-green nephrite usually has a greas- 
ier appearance than jadeite. Even the best-pol- 
ished nephrite often looks as though someone left 
fingerprints on it, or smudged its shine. As evi- 
denced in figure 4, the reflection of the light 
source is dim, and the area surrounding the re- 
flection is blurry. 

The luster of a gemstone often varies from one 
sample to the next, and there are no sharp divi- 
sions between types of luster. Yet, the jade sim- 
ulants can be grouped into basic luster categories. 
Aventurine quartz, glass, and calcite are, like some 
jadeite, usually vitreous (the most common type 
of luster on transparent gemstones, like the sur- 
face of most window glass in reflected light; see 
figure 5). These materials reflect much of the 
light off their surfaces. 
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Figure 4. Nephrite usually exhibits a greasy 
surface luster. 


The surface luster of grossularite, chalcedony 
(cryptocrystalline quartz}, saussurite, idocrase, 
prehnite, and serpentine may range from vitreous 
to greasy, but usually it lies somewhere in be- 
tween. Talc generally has the poorest luster of all. 
At best it is greasy; but because of talc’s extreme 
softness and inability to take a good polish, it is 
usually waxy or pearly. 


Fracture Surface. A break in any direction other 
than along a cleavage plane is called a fracture, 
and the surface of that break differs in appearance 
depending on the nature of the material. Crystal- 
line aggregates such as jadeite and nephrite may 
show the same type of fracture, but usually they 
differ. A granular fracture is characteristic of jade- 
ite (figure 6}. The surface of a granular fracture 
looks like that of a lump of sugar; that is, it shows 
the fine, individual crystals of the material. 

Jade, though, may also exhibit a splintery frac- 
ture, which looks like the surface of a broken 
piece of wood. The splintery, or fibrous, appear- 
ance of a fracture is most often seen on nephrite, 
reflecting its fibrous structure. A splintery frac- 
ture is characteristic not only of jade, but also of 
common jade substitutes such as serpentine, 
“metajade” glass, and calcite. 

A conchoidal fracture may be as helpful as a 
granular fracture when separating jade from its 
substitutes. A conchoidal fracture has curved 
ridges similar to the outside markings on a shell 
{again, see figure 6). While a granular fracture may 
suggest jade, a conchoidal fracture usually sug- 
gests a jade simulant. As indicated in the property 
chart, many jade simulants show conchoidal frac- 
tures on a broken surface. 
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Figure 5. Jadeite usually exhibits a vitreous 
surface luster. 


Several of the jade substitutes exhibit an un- 
even fracture surface, that is, a break that does 
not have any regular pattern although it often ap- 
pears jagged. Because it is nondescript and may 
be seen in many of the jade simulants {and possi- 
bly jade), an uneven fracture is not as helpful in 
jade identification as a granular or a conchoidal 
fracture. 


Figure 6. A granular fracture on a broken 
surface is often characteristic of jade (in this 
case nephrite, illustrated on the left). Many 
jade simulants (such as dyed chalcedony, 
illustrated here on the right) show a conchoidal 
fracture on a broken surface. 
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Figure 7. Black inclusions, such as the chromite 
in serpentine shown here, may suggest that the 
stone is a jade simulant. 


Inclusions/Dye. Jade and its substitutes often con- 
tain the same types of inclusions. When com- 
bined with the color and typical appearance of the 
stone, though, the inclusions may aid in the iden- 
tification of the material. For example, grossular- 
ite and serpentine (figure 7}, as well as nephrite, 
often contain black chromite inclusions. Yet, if 
the chromite inclusions are scattered throughout 
a medium bluish-green, semitranslucent to opaque 
material, the gemologist suspects grossularite (or 
hydrogrossular, i.e., grossularite with a high water 
content). The types of nephrite and serpentine 
that most often contain chromite are generally a 
darker green (Bergsten, 1964). Do not assume, 
however, that all black inclusions are chromite; 
often, they are magnetite or diopside. 

Some inclusions in jade simulants can serve 
to identify the material. Round green platelets 
that are so densely packed that they give the gem- 
stone color strongly suggest aventurine quartz. 
The platelets are fuchsite, a green chromium mica, 
and prove that the material is not jade. These 
disc-like inclusions, pictured in figure 8, can be 


Figure 8. Green chromium mica (fuchsite) 
inclusions, as shown in these 8-mm beads, 
suggest aventurine quartz. 
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Figure 9, “Metajade” glass often shows a fern- 
leaf pattern under magnification. Here, 
magnified 5x, 


detected with the unaided eye if the material is 
examined under good lighting. 

“Metajade” glass, also called Imori or limori 
stone, is an excellent imitation that is made by 
Iimori Laboratory in Japan. This material can be 
detected by its inclusions as well as by its other 
optical and physical properties. Because the ma- 
terial is partially crystallized, it exhibits a fern- 
leaf pattern that is easily seen under magnifica- 
tion, as illustrated in figure 9 (Crowningshield, 
1973}. Patterns such as these, which are the result 
of devitrification (the partial change from an 
amorphous to a crystalline structure), suggest 
glass. Gas bubbles may also be present. 

Dyed green quartzite can also be mistaken for 
jadeite. Green dye hides the ‘‘non-gemmy” qual- 
ity of this massive, metamorphosed sandstone, 
and may provide a believable jadeite color. The 
dye can be detected under magnification in the 
form of heavy concentrations of color in the breaks 
or fractures that usually occur throughout the 
stone {figure 10). 

Green organic dyes have also been used to im- 


Figure 10. Green dye is evident in the fractures, 
or cracks, of these 8-mm quartz beads. 
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Figure 11, Actinolite, a major constituent of 
nephrite, often exhibits chatoyancy. Stone (9.4 
x §.9 mm) courtesy of Robert E. Kane. 


part color to jadeite, serpentine, calcite, talc, and— 
in rare instances—nephrite (Liddicoat, 1965). The 
ease with which the dye is detected depends on 
the nature of the material and the dye used. In the 
case of jadeite, the granular structure of the stone 
may cause the uneven distribution of the dye and 
thus a heavier concentration in some areas. Con- 
centrations of dye may be detected under the mi- 
croscope, but the gemologist must be careful not 
to confuse this characteristic with the color mot- 
tling of untreated jadeite. Positive proof of green 
dye in jadeite and serpentine can be determined 
with the spectroscope, which will be discussed 
later. Magnification is usually sufficient to detect 
dye in calcite and talc. 


Other Distinguishing Features. As previously 
noted under surface luster, the structure of jadeite 
may cause undercutting during the sanding pro- 
cess, which results in a grainy or dimpled surface 
appearance, This dimpled surface, the result of 
minute, randomly oriented crystals, is not found 
in the common jade simulants. 

Phenomena, or unusual optical effects, may 
also help in the identification of a jadeite simu- 
lant. The fuchsite inclusions in aventurine quartz 
set up a glittery effect as the stone is turned 
in light. Aventurine quartz is the only jadeite 
simulant that exhibits this effect, known as 
aventurescence. 
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A chatoyant material known as ‘‘cat’s-eye 
nephrite” surfaces occasionally in the jewelry 
trade. It belongs to the tremolite-actinolite series 
of amphiboles, of which nephrite is a variety. The 
chatoyancy is due ‘to the fibrous structure and 
to the preferred orientation of tremolite fibers” 
(Tan et al., 1978}. Therefore, it has been suggested 
by some (see Anderson, 1980} that the material 
should be called “cat’s-eye tremolite.” Yet, the 
material is more apt to be actinolite than trem- 
olite (figure 11]. Using X-ray diffraction, Fryer 
confirmed that a sample of the cat’s-eye nephrite 
was in fact cat’s-eye actinolite (Crowningshield, 
1972}. In any event, either tremolite or actinolite 
cat’s-eye is more appropriate than ‘‘cat’s-eye 
nephrite,”’ because the chatoyancy is due to the 
reflection of light off parallel fibers, and by defi- 
nition nephrite consists of randomly oriented, in- 
terlocking fibers. Regardless of the nomenclature 
question, chatoyancy is important in identifica- 
tion because it is most common in the tremolite- 
actinolite series and is rarely seen in the jade 
simulants. 

A tme jade aficionado may develop a sense for 
the feel of jade. In an article on the “Art of Feeling 
Jade” (1961), it was stated that jade fishers of Kho- 
tan, who wade the rivers in search of jade, find it 
by the touch of the foot. Also, Chu Hsi, the last 
Empress Dowager of China, was said to have 
trained her fingers to recognize jade and some of 
its different quality grades. The family of Richard 
Gump, a renowned jade dealer, claim that he was 
able to identify jade by feel after losing his eye- 
sight in later years. In addition, when jadeite was 
first introduced into China, the Chinese appar- 
ently knew “it wasn’t the same (as nephrite) as 
soon as they handled it, it didn’t feel the same” 
(Gump, 1962). 

Identification of jade by feel is extremely dif- 
ficult. In centuries past, there were not as many 
recognized jade simulants, or methods to distin- 
guish jadeite from nephrite. The feel of jade, 
therefore, is best left as a questionable means of 
detection. 

While we are on the subject of tactile sensa- 
tions, it is interesting to note that glass and plas- 
tic are warm to the touch, while crystalline ma- 
terials are cold. Thus, all jade and jade simulants 
other than glass and plastic should feel cold to the 
touch initially. Also, tale can be easily identified 
by its slippery, or soapy, feel. It is often called 
“soapstone” for this reason. 
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In short, a visual examination of a gem ma- 
terial can limit the field of possibilities. It can 
help to separate nephrite and jadeite. Gump (1962) 
attempts to pinpoint the difference in the appear- 
ance of most green nephrite and jadeite: 


For the brightness and clarity of jadeite’s tones 
contrast sharply with the soapy, almost aged- 
looking hues of most pieces of nephrite. Jadeite 
comes closer to being, and sometimes is, trans- 
lucent, In general, one might say that the colors 
of jadeite turn toward vividness and translu- 
cency, while the hues of nephrite are greasier, 
denser, and heavier. 


Visual characteristics can provide some valu- 
able indications to the identification of jadeite 
and nephrite, but they usually lead only to sup- 
positions that should be backed by positive gem- 
ological tests. Several key tests in the separation 
of jadeite from nephrite and the two jade mate- 
rials from their simulants are described below. 


GEMOLOGICAL TESTS 


Standard tests used to verify the identity of jade- 
appearing materials include refractive index read- 
ings, specific gravity determinations, and spectro- 
scopic analysis. Less frequently, careful hardness 
tests are conducted. Sophisticated laboratories 
may also use X-ray diffraction to analyze jade- 
appearing specimens. 


Refractive Index Readings. The refractometer is 
one of the most helpful instruments in the sepa- 
ration of jade from its simulants. Almost all of 
the jade simulants have refractive indices well 
above or below that of jadeite and nephrite. The 
only difficulty lies in using the refractometer on 
the surface that is usually accessible. 

Normally, that is, with faceted gemstones, a 
flat facet of the stone in question is placed di- 
rectly on the refractometer hemicylinder with a 
small amount of liquid. Since jadeite, nephrite, 
and their simulants are generally cut with rounded 
or curved surfaces, a “spot” or “distant vision 
method” must be used to read the refractive in- 
dex. The spot technique requires that a portion of 
the curved surface be placed or held, on the re- 
fractometer with a small drop of liquid, the size 
of which is reduced until the image that is seen 
without the eyepiece magnifier is only two or 
three scale increments. By reducing the stone’s 
image to a very small spot, the gemologist can 
obtain a meaningful refractive index that should 
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Figure 12. Dyed calcite such as this may look 
like jadeite, and its refractive index may be 
confused with that of jadeite. The birefringence 
blink technique is suggested for this material. 


serve to separate jade from most of its simulants. 
(Note: in taking a spot reading, it is only possible 
to judge the refractive index accurately to the 
hundredths place, e.g.,1.66.} 

Using the spot technique and a little ingenu- 
ity, one of the GIA lab experts was able to take 
a refractive index reading on a large jade carving. 
An associate held a light source to the refractom- 
eter porthole as the gemologist held the refrac- 
tometer hemicylinder on the gemstone surface 
rather than the gemstone on the hemicylinder. 

Jadeite and nephrite are easily separated from 
one another by their refractive indices. Although 
both are doubly refractive, it is rare to see the full 
spread of refractive indices listed on the property 
chart because both are crystalline aggregates. Also, 
only one refractive index is easily resolved with 
the spot technique. The refractive index obtained, 
however, is usually sufficient to distinguish the 
two materials, since jadeite’s reading tends to be 
around 1.66 and nephrite’s is around 1.61. 

The jade simulants can be divided into three 
groups on the basis of refractive index: (1} those 
with refractive indices higher than that of jade, 
(2) those with refractive indices lower than that 
of jade, and (3) those with refractive indices that 
could be confused with jade (see figure 12). 

Grossularite, idocrase, and saussurite have re- 
fractive indices that are usually higher than that 
of jadeite. Saussurite’s refractive index (R.I.) may 
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Figure 13, The birefringence 
blink technique involves 
rotating a polaroid plate in 
front of the refractometer 
(magnifier removed). If the 
stone is placed in the 
approximate direction of 
maximum birefringence, 
the R.I. shadow will jump 
within the spot image. 
Birefringence is estimated 
as the amount of 
movement seen. As 
illustrated in the two 
circular diagrams, prehnite 
will show a maximum 
birefringence of 0.030 as the 
polaroid plate is turned. U 


U 


vary because it is a rock. If it mixes with feldspar 
or serpentine, its R.I. may be as low as 1.55; more 
often, saussurite shows a much higher R.I., around 
1.68—1.70, due to the presence of idocrase or zois- 
ite. Such a reading is too high for pure jadeite, but 
could indicate chloromelanite, which is a very 
dark green to almost opaque type of jadeite (again, 
see box]. Saussurite can be separated from chlo- 
romelanite by spectroscopic analysis, X-ray dif- 
fraction, or possibly the presence in saussurite of 
two widely different refractive indices (which re- 
flects the presence of different minerals). 

Most jade simulants fall into the second cat- 
egory, that is, materials that have lower refractive 
indices than jadeite or nephrite. Quartz, chalce- 
dony (cryptocrystalline quartz], serpentine, talc, 
and most types of glass or plastic used as simu- 
lants can be easily separated from jadeite with the 
use of the refractometer. 

Using the regular spot refractive index tech- 
nique, the gemologist might mistake calcite and 
prehnite for jade. Both of these materials can, 
however, be identified by employing the “bire- 
fringence blink” technique. Birefringence is a 
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measurement of the difference between two re- 
fractive indices in a doubly refractive material. 
Although jadeite and nephrite are doubly refrac- 
tive, they rarely show any birefringence; whereas 
prehnite may show a birefringence of 0.020 to 
0.033, and calcite one of 0.172. The birefringence 
blink technique uses the standard spot-reading 
procedure, which requires white light and no 
magnification. A slightly larger amount of liquid 
may be needed. Rotate a polaroid plate in front of 
the refractometer eyepiece and note the extent to 
which the shadowed lines (which represent re- 
fractive index} jump inside the spot, or stone im- 
age (figure 13). Provided that the stone is lying in 
the direction of the greatest birefringence, there 
is a slight but noticeable shadow movement in 
prehnite, and in calcite shadows appear to leap 
between the different refractive indices and may 
even blink from red to green. 


Specific Gravity Determinations. Specific gravity 
(S.G.) determinations are not as conclusive as re- 
fractive index readings because (1) many of the 
jade simulants have specific gravities close to 
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those of jadeite and nephrite, and {2} the mea- 
surements are not constant in most of the jade 
simulants because they often mix with other 
minerals. Specific gravity is defined as the ratio 
of the weight of a substance to the weight of an 
equal volume of water at 4°C. Specific gravity can 
be estimated by the use of heavy liquids, and pre- 
cise measurements are obtained on a hydrostatic 
balance. 

The specific gravity liquid that is most useful 
in separating jadeite from nephrite and from most 
other jade simulants is methylene iodide (3.32 liq- 
uid). When nephrite or most jade simulants are 
immersed just slightly under the surface of the 
liquid, they will bob to the top, while jadeite will 
remain suspended or sink very slowly to the 
bottom. 

For large pieces, an accurate specific-gravity 
measurement can be obtained on a balance that 
has been adapted for hydrostatic measurements. 
The material is weighed first in air and then in 
water to determine the weight lost in water. The 
specific gravity is found by dividing the material’s 
weight in air by the loss of weight in water. 

On property charts, the specific gravity of jade- 
ite is usually listed near 3.34, although it may 
vary depending on the presence of impurities. 
Chloromelanite may have a specific gravity as 
high as 3.45, and a rock-like form of jadeite that 
has a high albite content may be as low as 2.90 
(Foshag, 1957). If we take this range into account, 
nephrite and three of the common jade simulants 
have S.G. values that could be confused with jade- 
ite: grossularite, zoisite, and idocrase. However, 
all of these gemstones could be identified by their 
refractive index readings. All the other common 
jade simulants have S.G. values far lower than 
that of jadeite. 

The specific gravity of nephrite usually ranges 
between 2.90 and 3.00. Nine of the 10 jade sim- 
ulants discussed here have specific gravity values 
that are significantly different from nephrite: those 
of grossularite, zoisite, and idocrase are normally 
higher, and those of quartz, chalcedony, “meta- 
jade” glass, bowenite, talc, and calcite are nor- 
mally lower. Only prehnite could be confused 
with nephrite on the basis of specific gravity, in 
which case the refractometer would make the 
distinction. 

In short, specific gravity should be used as a 
supplemental test in the separation of jade from 
jade simulants. Jadeite, and many jade-like ma- 
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terials, may contain impurities that will cause 
the specific gravity to vary. Also, specific-gravity 
determinations can be helpful only if the results 
are noticeably higher or lower than that of jadeite 
or nephrite. Two other tests provide more con- 
sistent results: refractive index readings (as dis- 
cussed above) will positively identify jadeite and 
nephrite, and spectroscopic analysis (as described 
below] can provide conclusive proof of jadeite. 


Spectroscopic Analysis. The spectroscope may 
provide positive identification of jadeite, al- 
though it is not helpful with nephrite (which 
usually does not show absorption lines in the 
spectroscope). Jadeite and some of its simulants 
show absorption that correlates with the presence 
of certain coloring agents, so their absorption pat- 
terns are distinctive. For example, pure jadeite is 
white; the various colors in which jadeite appears 
are due to the presence of such impurities as iron, 
manganese, and/or chromium. Green jadeite owes 
its coloration primarily to chromium, even though 
some iron may also be present. The higher the 
chromium content in jadeite, the stronger and 
more distinct the absorption pattern is in the red 
part of the spectrum. Some of the jade simulants 
also have characteristic absorption patterns that, 
when used in conjunction with refractive index 
readings, definitely identify these materials {fig- 
ure 14). 

The spectroscope is helpful in that both cut 
and rough, as well as mounted or loose, materials 
can be tested. In order to assure accurate results, 
the maximum amount of light must be sent 
through the material, and the slit of the spectro- 
scope must be adjusted correctly. Since jadeite 
and its simulants are normally translucent to 
opaque, the transmitted light that passes through 
the material may not be sufficient for the absorp- 
tion pattern to be seen by the spectroscope. Re- 
flected light will usually resolve the absorption 
lines on a more opaque material. When using re- 
flected light, make sure that the spectroscope 
picks up the maximum amount of light reflected 
from the stone (figure 15). 

To achieve optimum results, the slit of the 
spectroscope must be opened the correct amount. 
Specifically, the more light absorbed by the stone, 
the more the slit must be opened to pick up ab- 
sorption lines. However, the slit should not be 
opened beyond the first point at which the ab- 
sorption pattern is seen or else too much light 
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Figure 14, Green jadeite and some of its 
simulants have identifying absorption patterns. 
Water-color spectra by Misha Merrill. 


will enter and the lines will not appear distinctly. 
Special attention must also be paid to the position 
of the drawtube to obtain proper color resolution 
(see the caption to figure 15}. 

Two color areas of the spectrum are particu- 
larly important to the identification of jadeite: 
the violet and the red. In the violet end of the 
spectrum, jadeite often shows a line around 4370 

that appears in only one of its simulants (again, 
see figure 14]. It is most easily seen in jadeite that 
is pale green; in darker green material, the line 
may be obscured by general absorption in the vi- 
olet-blue area. If difficulties are encountered, An- 
derson (1980) suggests that a flask of copper sul- 
phate be placed in front of the light source in 
order to eliminate the glare from the red and yel- 
low sections of the spectrum. Prehnite is the only 
gemstone that may show an absorption line in the 
same area (4380 A). Green jadeite, however, nor- 
mally has additional lines in the red that prehnite 
does not have. 
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A band seen near 4640 A in the blue area of 
the spectrum signifies idocrase (or hydrogrossu- 
lar, which is a type of grossularite that grades into 
idocrase}. Broad absorption in the violet-blue re- 
gion that cuts off in the area between 4800 and 
5200 A indicates serpentine. Bowenite, the hard- 
est variety of serpentine, may even show a line 
around 5000 A (Liddicoat, 1981). If idocrase or 
zoisite is present in saussurite, this material may 
show a line around 4600 A. 

The red area of the spectroscope is also im- 
portant in the identification of jadeite. Spectral 
absorption in the red may indicate dye in jade, 
serpentine, or chalcedony; may signal a triplet; or 
may indicate the presence of chromium, a pri- 
mary coloring agent in some green gem materials. 

Medium-green jadeite characteristically shows 
three distinct bands in the red, near 6300, 6600, 
and 6900 A (Anderson, 1980). These bands usu- 
ally have absorption shading in between them, 
and the shading darkens near 7000 A. Lighter 
tones of green jadeite usually will not exhibit all 
three lines; instead, they will exhibit one or two 
lines (usually 6600 and 6900 A} and dark shading 
near 7000 A. 

Dyed green chalcedony, and rare chrome- 
colored chalcedony, may exhibit somewhat sim- 
ilar narrow bands in the red, but there is no subtle 
shading between the bands as in jadeite. Refrac- 
tive index will also suffice to separate these 
materials. 

A piece of “metajade” glass was tested by the 
GIA Gem Trade Laboratory and found to have a 
spectrum ‘identical to that of a naturally colored 
green jadeite” (Liddicoat, 1975}. Most pieces of 
“metajade” do not show this spectrum and are 
easily identified by their visual characteristics, 
refractive index, and specific gravity; the latter 
two values are considerably lower for ““metajade”’ 
glass than for jadeite. 

A broad band in the red, extending from ap- 
proximately 6300 to 6700 A, is proof of dye in 
green jadeite. The novice spectroscopist often 
cannot tell the difference between the broad dye 
band and the shaded bands of untreated jadeite. 
However, if the spectra are compared side by side, 
it is apparent that a light area exists between the 
high numeric edge of the dye band and 7000 A. 
In an untreated piece of green jadeite, the im- 
mediate area near 7000 A is quite dark. 

The broad band in the red area also proves dye 
in serpentine, once the material has been identi- 
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Figure 15. Reflected light is most often used to resolve absorption lines on translucent-to- 
opaque materials such as jade and its simulants. The spectroscope and light source 
should be positioned so that the maximum amount of light reflected from the specimen 
is seen by the spectroscope. The slit and drawtube of the spectroscope must then be 
adjusted properly in order to obtain the most distinct absorption lines. The slit should 
not be opened beyond the first point at which the absorption pattern is seen. When 
looking for absorption in the violet region, push the drawtube up until the lines are in 
focus; for absorption in the red region, pull the drawtube down until the lines are 
distinct. In general, follow the drawtube role, Blue (violet)—Up, Red—Down, perhaps best 


remembered by the acronym BURD. 


fied by refractive index. The band appears in green 
jadeite triplets as well, because of the dye in the 
cement layer. 

Many gem materials that are colored by chro- 
mium show absorption lines in the red area of the 
spectrum. Aventurine quartz may show lines in 
the red because of the presence of chrome mica. 
Even though aventurine’s lines, near 6500 and 
6800 A, are close to that of jadeite, the overall 
absorption pattern is different. Like other jade 
simulants that show lines in the red, aventurine 
quartz can be verified by refractive index and spe- 
cific gravity. Characteristic inclusions, as dis- 
cussed above, are also helpful in the identification 
of this material. 

In short, the spectroscope is a key test in the 
identification of jadeite. It can provide quick, pos- 
itive proof of green jadeite, dyed green jadeite, and 
many green jade simulants if the spectroscope re- 
sults are analyzed in conjunction with refractive 
index readings. 
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Hardness Tests. Hardness tests are rarely used in 
gemology because, if improperly done, they can 
easily mar or even break a gem material. More- 
over, other gemological tests are just as quick and 
are usually more useful in identification. Al- 
though hardness tests should never be performed 
on transparent gemstones, the tests may have 
some application in the case of a translucent to 
opaque material such as jade. 

Hardness is the ability of one material to 
scratch another. The hardness of gem materials 
is rated from 1 to 10 on a scale developed by Mohs 
{it is a relative scale in that the numbers do not 
represent equal increments of hardness}. A set of 
hardness points is most commonly used for this 
test. Each of the small metal tubes in the set 
usually holds a piece of a mineral of known hard- 
ness that has been ground to a point and cen- 
tered into one end of the tube. Common min- 
erals include diamond, synthetic corundum, topaz, 
quartz, and feldspar. 
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The material should be observed under the 
microscope while a hardness point is drawn firmly 
across an extremely small, inconspicuous area. 
Then, the test surface should be wiped and ex- 
amined to see whether the point has powdered 
itself or actually scratched the test surface. Always 
start with a low hardness point and then try in- 
creasingly harder points until a scratch is made. 

Jadeite cannot be separated from nephrite us- 
ing this test because their relative hardness val- 
ues are too close. Hardness tests would only help 
separate materials that have a hardness value that 
is significantly lower than jade, such as serpen- 
tine, calcite, and talc. The other common simu- 
lants are of the same hardness as, or slightly 
harder than, jade. Although most serpentine is 
between 2% and 4 on the hardness scale, the va- 
riety bowenite may have a hardness value as high 
as 6. Because the hardness of jade is between 6 
and 7, bowenite cannot be separated from jade on 
the basis of a hardness test. 

Calcite has a hardness of 3 on the Mohs scale, 
which makes it easy to distinguish from jade. 
However, other gemological tests, such as for 
birefringence, are recommended in the identifi- 
cation of calcite. 

Perhaps the best application of the hardness 
test lies with the identification of talc. Since talc 
has a hardness of 1-22, even a fingernail {which 
has a hardness of 2% or lower) will cut into it. Its 
low hardness may also be evidenced by a low lus- 
ter and by surface scratches resulting from wear 
or contact with other materials. 

When using hardness points to separate jade- 
ite from its simulants, you should remember that 
many jade-like materials contain impurities that 
have hardness values different from the main 
mass. Therefore, it is advisable to avoid testing 
areas that differ in color or texture from the basic 
material. 

In short, hardness tests will determine that a 
gem material is too soft to be jadeite. They will 
not identify the material, and the results help in 
the detection of only a few jade simulants. 


X-ray Diffraction. The most precise test in jade 
identification involves X-ray diffraction by the 
powder method. Not only can this test identify 
most crystalline materials, but it can also detect 
variations in their mineralogical compositions. 
Unfortunately, X-ray diffraction is feasible only 
for sophisticated laboratories. It takes more time 
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Figure 16. An X-ray diffraction pattern will 
identify jadeite from nephrite and both from 
their simulants. Top, jadeite; bottom, nephrite. 


than other gemological procedures, requires costly 
equipment, and a skilled laboratory technician 
must set up the test and interpret the results. 

The powder method works best in gemstone 
analysis because only a small amount of material 
is required. Chuck Fryer (personal communica- 
tion} has devised a technique in which a very 
minute scraping from the girdle is sufficient for 
the test. The crystalline particles can be picked 
up and cemented to a very fine glass spindle. The 
spindle is mounted in the center of a cylindrical 
camera that has a small hole that will allow X- 
rays to pass through to the material. A filmstrip 
fits snugly around the inside wall, and when X- 
rays strike the material, the atomic planes of that 
material show up by reflection of the X-rays as a 
certain diffraction pattern that is recorded on the 
filmstrip (figure 16]. The diffraction pattern on 
the filmstrip appears as curved lines, the spac- 
ing and intensity of which are characteristic 
for the specific crystalline substance (Hurlbut 
and Switzer, 1979). By applying mathematical 
formulas, or by comparing the filmstrip patterns 
against standard patterns of known materials, 
most gem materials can be positively identified. 
This is true for jade and jade simulants as well as 
for any other single-crystal mineral. 


CONCLUSION 

Much of the enigma surrounding the identifica- 
tion of jade is based on the long-time propagation 
of misnomers, misinformation, and tenuous no- 
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menclature. This confusion can be greatly re- 
duced if the correct information is circulated 
among buyers and sellers alike. 

Visual characteristics provide the first indi- 
cation that a gem material may or may not be 
jade. The granular texture of jadeite and the fi- 
brous texture of nephrite are often distinctive, 
just as the surface luster of these materials may 
be. A granular fracture, too, indicates a crystalline 
aggregate such as jadeite. Certain other features, 
such as a dimpled surface, may also suggest the 
unique structure of jadeite. 

Since visual characteristics are rarely suffi- 
cient proof, assumptions made from visual in- 
spection need to be supported by appropriate 


gemological tests. Refractive index readings and 
absorption spectra lines provide the most accu- 
rate information. Specific gravity measurements 
and hardness tests should be considered as sup- 
plemental data. If any problems arise in the test- 
ing of jadeite, nephrite, or any of the jade simu- 
lants, the material can be sent to a laboratory for 
X-ray diffraction analysis. 

Thus, the identification of jade requires an 
awareness of its appearance, skill in instrumen- 
tation, and sound deductive reasoning. The no- 
menclature may change in the future as these 
minerals are more clearly defined and separated, 
but good gem identification skills will always be 
needed to separate jade from its simulants. 
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JADE FORMS FROM 


ANCIENT CHINA 


By Evelyn Tucker 


The attraction of jade is two-fold: the 
nature of the material and the way it is 
used. The color, texture, and feel of jade 
are easily appreciated, but the symbolism 
of the motifs in which it is carved is an 
enigma to many of the stone’s admirers, 
This article briefly examines some of the 
symbols used in jade carved in China, 
including an introduction to the religions 
on which much of this symbolism is 
based. By mastering these basic symbols 
and the philosophy behind them, 
collector and seller alike can gain greater 
understanding of the cultural and 
philosophical meaning of the art involved 
in a particular piece. 
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ade has delighted the senses since it was first discov- 

ered. Like the early admirers of jade, today’s collector 
is initially attracted to the appearance and feel of the 
stone; he is drawn to its color and texture, its smoothness 
and soft appearance. Soon, however, this attraction broad- 
ens into an interest in the material itself, in its history 
and uses. 

Anthropologists and historians hypothesize that early 
people valued jade because they could, though slowly and 
laboriously, shape it into implements that were stronger 
and more durable than anything man had before he learned 
to forge metals (Hansford, 1968}. Of all the stones that 
can be worked to suit the needs of man, jade is the most 
intractable. The same toughness that made jade imple- 
ments so durable also made them difficult to fashion. As 
a result, early people simply ground their jade into con- 
venient shapes. Later artisans maintained this tradition 
by following the contours of jade pebbles and boulders 
even when carving articles of great intricacy and sophis- 
tication (figure 1). 

Although it is by no means common, jade is found in 
a number of areas of the world {most notably North and 
South America and Asia}, and has been used and valued 
by a number of civilizations. The Chinese, however, per- 
fected jade carving to a level unmatched by any other cul- 
ture. Jade has played an integral role in their traditions 
since the beginning of recorded history (Whitlock and 
Ehrmann, 1949). No other gemstone is as closely tied to 
a major culture, as intricately interwoven with an aes- 
thetic tradition. Although many people have wondered 
why jade so captivated the Chinese, no one has ever con- 
clusively resolved this question. Perhaps part of the an- 
swer is that jade is well suited to the philosophies and 
religions of China; it seems to fit the Chinese cultural 
temperament. 
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THE PHILOSOPHICAL AND 


RELIGIOUS FOUNDATIONS 

OF CHINESE ART 

Chinese philosophy, religion, and art are so closely 
interwoven that an appreciation of Chinese art 
requires at least a cursory examination of the phi- 
losophy and religions of this nation. 

This survey covers only the three major reli- 
gious and philosophical movements of ancient 
China. It is understood that any attempt to con- 
dense the art of a culture as ancient and sophis- 
ticated as that of China in a short essay only il- 
lustrates Western man’s ethnocentricity. This 
overview, however, provides a few brush strokes 
of background for the discussion of motifs used 
in jade carvings from China. 


The World View of Eastern Thought. Compari- 
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Figure 1. In planning and executing 
this piece, the artist used the outer 
“rind” and original contours of the 
watet-worn pebble to produce a work 
of subtlety and sophistication. Jades 
seldom have dates on them, but this 
one has an inscription crediting it with 
“having spent a thousand autumns in 
the Khotan river,” which is followed 
by the date 1785 A.D., the imperial 
signature, and one of Emperor Chien- 
lung’s seals (d’Argencé, 1972). 
Nephrite, Ch’ing dynasty (18th century 
A.D.), Chien-lung period, H. 5%. in. 
Courtesy of the Asian Art Museu of 
San Francisco, The Avery Brundage 
Collection. 


sons reveal that art from the Eastern hemisphere 
differs greatly from art of the Western hemi- 
sphere. Differences in religion and symbolism 
come to mind, yet there is a more subtle and per- 
vasive difference frequently overlooked or unap- 
preciated by the Western intellect: in the culture, 
art, and philosophy of the West, man is at the cen- 
ter; in the East, man is one small part of a much 
greater whole. 

Early Western man viewed the world from his 
perspective only: the earth was flat and the center 
of the universe. He even modeled his gods after 
himself. In his self-importance, he saw nature as 
his adversary and constantly sought to conquer it 


through brute force and strength of will. 


The oriental approach is exactly the opposite. 
Especially in China, with its long history of Taoist 
teachings (as discussed below}, man sought to em- 
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ulate nature by observing its ways and following 
its example. As a result, no other culture is as suc- 
cessful in capturing the spirit of nature in its art 
(figure 2). 

And what was man’s place in the oriental 
scheme of things? Richard Gump (1962) suggests 
that you can answer this question by looking 
closely at a Chinese painting: “Where is man? 
There, that tiny figure sitting on that small bridge, 
in the midst of that vast landscape which repre- 
sents the universe.”’ This world view is incorpo- 
rated in some way into all three of the major 
religions of China: Taoism, Buddhism, and 
Confucianism. 


Taoism. Taoism (pronounced “dow-ism’’| is the 
oldest extant religion in China. It is an ancient 
form of nature worship. Tao in Chinese means 
“the way,” “the road.” Taoism is a way of intu- 
ition, of creativity, of searching for harmony with 
the forces of nature. Its most famous teacher, Lao 
Tzu, is thought to have lived about 500 years be- 
fore Christ. The Tao te Ching, a book of enig- 
matic poetry still studied by Taoist scholars to- 
day, is attributed to him. 

With time, Taoism developed in a new direc- 
tion. The older nature deities were overshadowed 
by a host of new divinities—spirits, ghosts, de- 
mons, and immortals—some of them borrowed 
from the new faith, Buddhism. All were eventu- 
ally incorporated into a kind of folk religion tinged 
with magic. 

Taoism was a primary force in the develop- 
ment of art in China. On one level, craftsmen and 
artists, using materials provided by nature, were 
often more successful working through intuition 
and experience rather than through rational anal- 
ysis. On another level, scholars found their deep- 
est insights in Taoist perceptions of nature and 
the nature of creativity. The search for an under- 
standing of nature, and for a way of becoming part 
of the greater whole, a way of uniting with Tao, 
is the foundation of the Chinese artistic tradition. 


Buddhism. Buddhism came to China from India 
at about the time of Christ. Initially it had little 
impact on Chinese culture, but by the second or 
third century A.D., it had reached its first peak of 
popularity. Buddhism has been a significant force 
in Chinese culture ever since (Willetts, 1958). 
The historical Buddha was born in the sixth 
century B.C., probably in the region of India that 
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is now Nepal. He was an Indian prince who left 
a life of wealth and ease to travel, meditate, and 
search for the causes of suffering. He taught what 
has come to be known as the middle way—nei- 
ther the pursuit of desires and pleasure, nor the 
pursuit of pain and hardship. Gradually Buddhism 
evolved into a religion based on the premise that 
life is suffering which ends only in death, and that 
all life is caught up in an endless chain of rein- 
carnation, traveling from birth through life, death, 
rebirth, and so on. This cycle continues until one 
reaches Nirvana, which has been described var- 
iously as the extinction of all desires, the knowl- 
edge of supreme reality, the state of perfect 
blessedness. 

Over time Buddhism was adopted and adapted 
by the Chinese. And Buddhist subjects were 
wrought in a characteristically Chinese style. 
Thus we see Buddha, or any of a number of other 
Buddhist figures, in Chinese dress, adopting 
Chinese poses, and surrounded by Chinese land- 
scapes. 


Confucianism. Confucius, a Chinese scholar and 
teacher, was also born in the sixth century B.C. 
Although he was a contemporary of Lao Tzu, his 
teachings differed radically from those of Taoism. 
He believed that cultivated men, trained in ethics 
and aesthetics, were the best hope for a stable 
government. He taught that respect for one’s el- 
ders, for the wisdom of early rulers, and for ritual 
observance would promote the welfare of human- 
ity. These ancient Chinese teachings, which he 
and his disciples codified and collected into sev- 
eral volumes, have been a shaping force in Chinese 
culture for 2,500 years. 

Confucius’s tolerant, scholarly, well-mannered 
approach to life exercised a profound influence on 
Chinese art. His philosophy of the Golden Mean, 
developed in his work the Chung Yung, or Doc- 


Figure 2. This carving is an outstanding 
example of the Chinese use of color and 
symbolism in jade. The peach is a symbol of 
immortality; the bats denote happiness; the 
butterflies, immortality; and the silkworm, 
industriousness. Jadeite, 19th century, 47% in. 
by 4 in. Courtesy of the Crystalite Corporation. 
Photograph © 1981 Harold & Erica Van Pelt— 
Photographers, Los Angeles, CA. 
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Figure 3. Two t’ao t’iehs (monster masks) 
appear on the front of this covered urn. Both 
masks are split by the ridge running down the 
front of the piece. The upper mask is highly 
stylized, so that only the eyes are easily 
recognizable. The lower t’ao t’ieh is more 
conventional: its eyes, eyebrows, and flaring 
nostrils are clear. Nephrite, late 19th century, 
H. 13% in. Courtesy of the Los Angeles County 
Museum of Natural History. Photograph by 
Tino Hammid, GIA Gem Media. 


trine of the Mean, advocated a love of learning 
and knowledge so that one might become a “‘su- 
perior man.’ Moderation in everything was cen- 
tral to his philosophy. The Chinese artist fol- 
lowed the doctrine of the mean. The philosophy 
of neither too much nor too little led him to seek 
a perfect balance in his use of detail, proportions, 
textures, and colors. 

Confucianism also affected Chinese art by fos- 
tering an appreciation of the culture’s ancestral 
heritage. Because Confucius and his followers 
taught respect for one’s elders, for tradition, and 
for the wisdom of the ancestors, many early ar- 
tistic motifs were used long after their original 
meanings were lost. In some instances, these are 
among the most pervasive forms in Chinese art. 
The t’ao t’ieh is one such form. 
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T’AO TIEH 

Of all the emblems ever used in Chinese art, the 
most constant in form and most widely used is 
a compound, mask-like design known as the t’ao 
t’ieh (figure 3). It is both one of the oldest and one 
of the least understood of the ancient motifs (Nott, 
1947], 

We do know that Sung dynasty (960-1279 
A.D.] art critics labeled this already ancient em- 
blem the t’ao t’ieh, or “glutton,” inferring that it 
was orginally meant as a symbol of greed or lust 
and used as a warming against these vices. Their 
theory, however, is no longer taken seriously as 
an explanation for the origin of the t’ao t’ieh. For 
one thing, it is inconceivable that the Chinese 
would have insulted their ancestors, their minor 
deities, or their guests at official banquets by 
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warning them against eating or drinking too much 
(Burling and Burling, 1953). 

Described as a “gluttonous ogre with a fang 
projecting on each side,” the mask might be a rep- 
resentation of “the all-devouring storm god of the 
Chinese, with a background of clouds” (Laufer, 
1946), Laufer supports this theory with his obser- 
vation that "the t’ao t’ieh always appears on a 
background of meanders emblematic of atmo- 
spheric phenomena. . . .”” However, he also cites 
another expert (Hirth), who proposes that the early 
t’ao t’‘ieh was based on the features of the Tibetan 
mastiff. This is possible since the Chinese do- 
mesticated the dog in ancient times and held it 
in high esteem. 

The t’ao t’ieh has also been identified as a 
dragon, but Pope-Hennessey {1923} points out that 
since the t’ao t’‘ieh and the dragon sometimes ap- 
pear side by side on the same object, this expla- 
nation is unlikely. Instead, she suggests that the 
t’ao t‘ieh was derived from the face of a tiger. This 
theory is more plausible than most, since the ti- 
ger is an ancient and ominous figure in Chinese 
art. It is also consistent with the appearance of 
the t’ao t’‘ieh and dragon on the same carving, 
since Chinese mythology has traditionally grouped 
the tiger and the dragon together. The tiger sym- 
bolizes the West and autumn; and the dragon, the 
East and spring. The winds were said to follow 
the tiger; and the rains, the dragon (Nott, 1947). 
It has also been suggested that the t’ao t’ieh is a 
diagram which ancient Chinese healers used when 
diagnosing and discussing pain with their pa- 
tients (Nott, 1947}. 

Because of its antiquity, the t’ao t’ieh is prob- 
ably Taoist in origin. Since it can be made up of 
any collection of natural forms grouped symmet- 
rically to suggest a mask, it is perfectly suited to 
the Taoist perception of patterns within patterns 
in nature and the universe. As such, it is a won- 
derfully versatile decorative device whose long 
life stems, at least in part, from its ability to be 
modified and used in a variety of ways without 
becoming repetitious. It can be strong, bold, and 
dominant, or faintly and delicately suggested. To- 
day, the t’ao t’ieh is used as an emblem of cultural 
origin, an elegant testimony to an ancient aes- 
thetic heritage. 


THE PI 


Although much has been written, little is under- 
stood about the origin and meaning of the pi (pro- 
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nounced “bee”), a flat, circular disk with a hole 
in the center. Early forms were plain and roughly 
finished, As the art of carving progressed, how- 
ever, the pi was first covered with relief designs, 
and later carved as ornate, highly stylized sculp- 
ture (figure 4]. 

Undoubtedly Taoist in origin, the pi has been 
used in ritual worship since the beginning of re- 
corded history. In writing about the pi, jade au- 
thorities have suggested that it stood for every- 
thing from a musical instrument to the flywheel 
of a drill (Willetts, 1958]. The most popularly ac- 
cepted interpretation, however, is that the pi rep- 
resents heaven. The Book of Rites (Chou dynasty, 
1122-256 B.C.) lists it as the first of the six ritual 
jades: “With a sky-blue pi, worship is paid to 
Heaven.” 

Gump proposes that the pi stands for, among 
other things, the sun disk, or the sun shining 
through the vault of heaven, or heaven itself. As 
he suggests, we have only to put ourselves in the 
place of the early Chinese looking up into the sky 
to understand this explanation. That the ancient 
graph for sun was written as @ further corrobo- 
rates this theory (Willetts, 1958}. Whatever its 
origin, for thousands of years the pi has been used 
as a symbol of heaven and is so used today. 


THE DRAGON 


Created in ancient Babylonia, mankind’s most 
pervasive mythical invention moved, both liter- 
ally and figuratively, in opposite directions, to- 
ward the West to become a symbol of evil, and 
toward the East to become a symbol of benefi- 
cence. Today it is known the world over as the 
dragon (Leach and Fried, 1972). 

Actually, as is the case with other ancient 
symbols, the true origin of the dragon is open to 
conjecture. That it is mankind’s most common 
mythical animal, one that is found in almost all 
cultures, has produced endless rounds of specu- 
lation and little agreement among authorities. 
Perhaps it is a Jungian archetype, an element of 
the subconscious common to all men regardless 
of culture. Or perhaps, as suggested above, it had 
one birthplace in mythology and spread as travel 
and trade increased throughout the world. A com- 
bination of these two theories probably explains 
the dragon’s pervasiveness. Even if it had one 
birthplace, the dragon myth could hardly have 
spread and taken hold unless it satisfied some 
basic need in the human psyche. 
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Figure 4. Nine lithe, almost cat-like, ch’ih dragons scamper around and through this pi. 

The lack of scales and claws, the sinewy body, and the playful stance characterize this type of 
dragon. Nephrite, late medieval or early Ming period (14th-16th century A.D.), Diam. 5% in. 
Courtesy of the Asian Art Museum of San Francisco, The Avery Brundage Collection. 


Less esoteric scholars remind us of the exis- 
tence of prehistoric dinosaur bones and suggest 
that there is an obvious connection between early 
dragon myths and the discovery of the first of 
these bones (Leach and Fried, 1972}. Such discov- 
eries may or may not have produced the dragon 
myth, but they undoubtedly contributed to its 
proliferation. 

In discussing the origin and development of 
the dragon myth in China, scholars frequently 
mention the snake worship of India, citing the 
Indian influence on Chinese culture, most nota- 
bly the influx of Buddhism at about the time of 
Christ. According to Nott {1947}, in Chinese 
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translations of Buddhist writings the Indian term 
naga {"“snake’’) is frequently rendered Jung 
(“dragon”). However, the dragon existed before 
Buddhism came to China and probably before 
Buddhism began; thus, while snake worship might 
have influenced the development of the dragon 
myth, it is unlikely to have been its source. 

There are many different kinds of dragons in 
Chinese mythology. All are benevolent creatures 
associated with nature and the elements. They 
control the wind and, more importantly, the rain 
that nourishes the crops. 

The least fearsome are the chi’ih, or imma- 
ture, dragons. These are usually portrayed as 
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Figure 5, A fire-breathing dragon is carved in high relief on this vessel. Jadeite, late 19th century (2), H. 5 in. 
Courtesy of the Crystalite Corporation. Photograph © 1981 Harold & Erica Van Pelt—Photographers. 


clinging, lizard-like, or in some instances almost 
cat-like, reptiles with clawless feet and a split tail 
(again, see figure 4}. The chi’ih dragon is partic- 
ularly beneficial, said to have guardianship over 
mortals (Nott, 1947). 

Water dragons are characterized by sinewy, 
fish-like bodies, also with long split tails. In 
Chinese mythology, they have dominion over the 
oceans and rivers (Nott, 1947}. It has been sug- 
gested that the dragon was modeled after the al- 
ligator (Gump, 1962}; the scales on the water 
dragon support this theory. 

Regardless of its origin, the development of 
the dragon myth in China was remarkable. In no 
other culture do we find the profusion of types 
and styles of dragons (figure 5), and nowhere is 
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the dragon as important as it is to the Chinese. 
Because this myth has existed for such a long 
time and is so closely associated with nature and 
the elements, the dragon of Chinese mythology 
is probably Taoist in origin. 


THE FO DOG 


Although in its conventional form it resembles a 
pekingese more than anything else, the dog of Fo 
is actually a Buddhist lion (figure 6}. Since fo dogs 
(pronounced “foo,” as in “food’’} came to China 
with Buddhism, they are not seen in Chinese art 
earlier than the Han dynasty {207 B.C.-220 A.D.). 

In Buddhism, the lion is the defender of the 
law and the guardian of sacred buildings. Far from 
being intimidating, fo dogs are usually portrayed 
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Figure 6. Two elaborate antlered 
dragons hold loose rings on the side, 
and a fo dog snarls from the top of 
this incense burner. A low-relief 
free-form carving decorates the 
front. Nephrite, Date (%), H. 6-7110 
in, Courtesy Los Angeles County 
Museum of Natural History. 
Photograph by Tino Hammid, 

GIA Gem Media. 


as small, playful lions and are frequently shown 
with a brocaded ball that represents the Jewel of 
the Law. In their capacity as guardians, they are 
often placed at the entrances of buildings or on 
the corners of roofs. Fo dogs may be standing or 
sitting, with their heads up or elegantly curved 
back, jaws open, and manes and brows repre- 
sented by spirals. 


JADE MOUNTAINS 
The largest and most famous jade mountains were 
carved during the reign of Ch’ien-lung; who ruled 
China from 1736 to 1795. The empire was secure 
under Ch’ien-lung; trade flourished, the economy 
was strong, China was wealthy. Not only was 
Ch’ien-lung an able statesman and ruler, he was 
also a creative thinker and a patron of all artistic 
endeavors. His reign was an age of creative free- 
dom and artistic accomplishment. 

During the reign of Ch’ien-lung, jade carving 
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reached “an apex of perfection and refinement 
never touched before or since” (Burwell, 1948}, as 
figures 1 and 3 illustrate. In a field where agree- 
ment among authorities is conspicuously absent, 
all are unanimous that as a group Ch’ien-lung 
jades are the finest jade carvings ever produced. 
Consequently, there is a tendency to label all fine 
jade carvings as Ch’ien-lung even though they 
may have been produced before or after that 
period. 

Jade mountains are mentioned in Chinese lit- 
erature as early as the Yuan dynasty {1260-1368 
A.D.,}. According to d’Argencé (1972), though, none 
has been dated with any certainty prior to the 
Ch’ing dynasty (1644-1912 A.D). 

Religious motifs predominate in jade carvings, 
and throughout most of China’s history carvers 
freely chose the religious themes they used. As a 
result, different pieces from one workshop might 
be inspired by any of China’s religions. Most jade 
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Figure 7, Although highly ornate, the trees and clouds on this jade mountain harmonize 
with the contours of the original stone and illustrate the oriental desire to emulate 
nature. The lone human figure symbolizes man’s place in the overall scheme of the 
universe. Nephrite, date (i), W. 24 in. Courtesy of the Crystalite Corporation. Photograph 
© 1981 Harold & Erica Van Pelt—Photographers, Los Angeles, CA. 


mountains are naturalistic renderings of scenes 
from Buddhism, Confucianism, or Taoism. The 
Taoist love of nature is, however, an underlying 
theme in all jade mountains regardless of their 
overt subject matter (figure 7). Jade mountains 
embody the Chinese respect for nature and the 
Taoist desire to seek refuge in the tranquility of 
the country. 
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THREE TAOIST SYMBOLS: 
THE BAT, THE BUTTERELY, 
AND THE PEACH 


The Taoist love of nature and the Chinese love 
of symbols combined to transform a number of 
unlikely animals and plants into auspicious em- 
blems used in small carvings or as decorative 
motifs on larger pieces. 
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Figure 8. Five bats 
symbolize happiness and 
the five blessings: old age, 
health, wealth, love of 
virtue, and a natural death. 
The two larger and three 
smaller bats might also 
represent the family and 
a wish for domestic 
happiness. Nephrite, late 
Ming-—early Ch’ing period 
(17th century A.D.), W. 4 
in. Courtesy of the Asian 
Art Museum of San 
Francisco, The Avery 
Brundage Collection. 


In most countries, the bat is maligned and un- 
loved, but in China it is a symbol of happiness 
and long life. The Chinese are renowned punsters, 
and at times their puns have become well-estab- 
lished symbols and art motifs (d’Argencé, 1972). 
This is the case with the bat; its use to signify 
happiness was not derived from the natural char- 
acteristics of the little marauder but from the 
Chinese word for happiness, fu-i, which when 
pronounced with a slightly different emphasis de- 
notes a bat. When depicted in groups of five, the 
bat symbolizes the five happinesses or blessings: 
old age, health, wealth, love of virtue, and a nat- 
ural death (see figure 8 and refer back to figure 2). 

The Chinese wedding ceremony includes the 
prescription that the bride and bridegroom each 
drink three cups of wine in succession (Nott, 
1962]. The vessels used in the ceremony are fre- 
quently decorated with such auspicious symbols 
as bats, butterflies, and peaches. In this instance, 
the bat is associated with matrimony; it is a com- 
mon motif on wedding presents and symbolizes 
the wish for a long and happy marriage. 
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The butterfly is a symbol of immortality (again, 
see figure 2}. In ancient times, jade butterflies 
were buried with the dead in the hope that the 
deceased would awaken to an afterlife in the same 
way that a butterfly emerges from its cocoon after 
a period of dormancy (Nott, 1962). Gradually the 
butterfly has evolved into a symbol of longevity. 
When used in pairs, butterflies symbolize happi- 
ness in marriage. 

The peach, another symbol of immortality 
(figure 2}, has origins that are even more obscure. 
According to early Taoist mythology, the peach 
was a talisman in the quest for everlasting life. 
Legend has it that Ho Hsien Ku, the only female 
of the eight Taoist immortals, ate one of the 
peaches of immortality and so achieved eternal 
bliss (Nott, 1962). Other religious figures are also 
frequently depicted holding or carrying peaches. 

Unlike many other cultures, the Chinese were 
remarkably tolerant of religious differences. While 
there was religious persecution from time to time, 
for the most part the three dominant religions of 
China co-existed peacefully, even borrowing sym- 
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Figure 9. Small, slightly flattened peaches are 
frequently carved for use as pendants. They 
symbolize the wish for a long and happy life. 
Jadeite, Modern, H. 2 in. Photograph by Tino 
Hammid, GIA Gem Media. 


bols from one another. For example, the Buddhist 
saint Kuan Yin is often depicted with the Taoist 
peach of immortality. Today, small, slightly flat- 
tened, almost heart-shaped peaches, carved singly 
or in bunches, are worn as pendants to symbolize 
the wish for a long and happy life (figure 9). 


JADE CARVING TODAY 


Jade carving is an ancient art. Not only were the 
Chinese carving jade before the fall of Troy (ap- 
proximately 1184 B.C.}, but they were also using 
some of the same motifs then that they use now. 
For example, some of the more comprehensive 
collections of early carvings contain examples of 
pi’s, t’ao t’iehs, and dragons from the late Shang 
(1766-1122, B.C.} and early Chou (1122-256 B.C.} 
dynasties. 
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Today, in an age characterized by space travel, 
micro chips, and computers, the Chinese are still 
carving jade. A large community of hardstone 
carvers following the Chinese tradition flourishes 
in Hong Kong. Smaller carving centers are scat- 
tered throughout the Far East. In the United States, 
some individual carvers are making names for 
themselves on both the East and West Coasts. 
The People’s Republic of China produces hard- 
stone carvings both for export and for their do- 
mestic market. Recent reports indicate that they 
are attempting to further revitalize their carving 
industry by offering tax incentives and other in- 
ducements to Hong Kong carvers who set up shops 
and teach in mainland China (Don Kay, personal 
communication), 

Modern tools and methods have changed the 
jade carver’s art. Carvings that once would have 
taken years can now be finished in weeks or 
months. The great potential for jade carving lies 
in blending the old and the new. A skilled and 
artistic carver who combines contemporary tools 
with the artistic heritage developed in China over 
the last 4,000 years can create a work of art to 
rival any produced in the history of jade carving. 
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SOME OBSERVATIONS ON 
THE TREATMENT OF 
LAVENDER JADEITE 


By John I. Koivula 


The separation of naturally colored 
lavender jadeite from color-treated 
material is a problem that has long 
plagued gemologists. One theory is that 
the dying agents being used are of an 
organic nature. If this is true, they should 
break down at elevated temperatures and 
lose their coloring ability. Naturally 
colored lavender jadeite, however, should 
retain its color and not bleach on heating. 
To investigate this theory, the author 
sawed 42 different specimens of lavender 
jadeite in half. One half of each specimen 
was heated while the other half was 
retained as a color control. Those stones 
that bleached on heating showed a strong 
orange fluorescence to long-wave 
ultraviolet radiation before heating and a 
moderate bluish-purple X-ray fluorescence 
both before and after heating. The control 
halves of those stones that retained their 
color when heated to as high as 1000°C 
fluoresced a very weak brownish red 
when exposed to long-wave ultraviolet 
radiation and a strong reddish purple to 
pink when exposed to X-ray radiation 
both before and after heating. 
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he problem of detecting color treatment or enhance- 

ment in lavender jadeite has plagued gemology for 
many years. Gemological laboratories receive a regular 
stream of rings, pendants, bracelets, and the like from 
various trade sources who ask that they determine 
whether the color is natural or treated. Thus far, the lab- 
oratories have had to respond that there are no known 
tests to detect color treatment in some lavender jades, so 
that the precise nature of the coloration in the gems in 
question must remain a mystery. 

To study color in lavender jadeite, the researcher must 
first establish whether the sample specimens are of treated 
or natural color. However, the lack of a method to sepa- 
rate treated from naturally colored lavender jadeite has 
made it virtually impossible to obtain the control sub- 
jects of known color origin that would be required to 
carry out an accurate study of the problem. 

One theory voiced repeatedly in the trade is that the 
dye(s} being used to enhance the color are organic in na- 
ture, at least one suspect being blueberry juice. If we as- 
sume that this theory has some merit and we apply the 
knowledge that organic compounds will break down at 
temperatures as low as 200°C to 300°C, it should be pos- 
sible to detect organic dye treatments simply by heating 
the subject. Although this would have to be considered 
a destructive test and, as such, could not be used as a rou- 
tine gemological procedure, it might be an effective 
method of obtaining study specimens of known colora- 
tion and thus could aid the search for other, nondestruc- 
tive, methods of identifying color treatment. 

In fact, during the routine identification of lavender 
jadeite over a period of several years, the author noted 
that some gems fluoresced bright orange when exposed 
to long-wave ultraviolet radiation while others did not. 
Intrigued by this variation in the long-wave fluorescence, 
the author tested 42 small specimens of lavender jadeite 
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from various sources. Of the original 42 samples, 
28 showed a strong orange fluorescence to long- 
wave ultraviolet radiation, while the remaining 
14 showed only a very weak brownish-red reac- 
tion to the long-wave lamp. A careful microscopic 
examination of all the test subjects revealed the 
existence of an unidentified coloring agent that 
could be seen concentrated in some of the tiny 
surface fractures of those jadeites that glowed 
orange to long-wave ultraviolet radiation (figure 
1), but not in any of the others. Heat treatment 
of these specimens offered the opportunity to 
confirm these observations regarding the identi- 
fication of the treated material. 


HEATING TO OBTAIN CONTROL SAMPLES 


To establish both control and study groups, the 
42 different samples of various shades and tones 


Figure 1. Dye concentrated in the tiny surface 
cracks of color-treated lavender jadeite. 
Oblique illumination, magnified 45 x. 
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Figure 2. The two color types of 
lavender jadeite noted by the author. 
The color-treated stone is on the left 
(GIA collection no, 3654), and the 
“natural” type with stable color is on 
the right (GIA collection no. 528). 


of lavender jadeite discussed above were sawed in 
half with a thin-bladed diamond trim saw. The 
saw was lubricated and cooled with distilled water 
rather than a cutting oil to avoid introducing any 
organic contaminants into the somewhat porous 
surfaces of the samples. The specimens were then 
washed in clean distilled water and allowed to dry 
at room temperature. They were subsequently 
sorted by color into two basic groups: {A} those 
that showed a pinkish-purple color, like the stone 
on the left in figure 2; and (B) those that showed 
a bluish-purple color, like the stone on the right 
in figure 2. Using a Blue M Electric Company Lab- 
Heat muffle furnace (manufactured in Blue Is- 
land, Illinois} with a temperature range of 0°C to 
1000°C, the author heated one sawed half of each 
of the 42 test specimens individually (for a total 
of 42 heating sessions} and retained the other half 
at room temperature as a control sample. 

The heating atmosphere was air, and the tem- 
perature for heating ranged from a low of 220°C 
to the furnace maximum of 1000°C. The heating 
time ran from 30 minutes to eight hours. (The 
variation in temperature and heating time re- 
sulted from initial efforts to determine the amount 
of time and heat required to bleach the dyed ma- 
terial.) All 28 of the jadeites in the pinkish-purple 
color group (figure 2, left] lost this color when 
subjected to temperatures ranging from 220°C to 
400°C for 30 minutes. The color that remained 
was a pale brownish to grayish white. This heat- 
induced color change is vividly illustrated in fig- 
ure 3, which shows a sliced cabochon with the 
control half on the left and the heated half on the 
right. 

No color change was detected in the 14 sub- 
jects in bluish-purple color group B after heating. 
The shortest run for this group was four hours and 
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Figure 3. An example of heat bleaching. The 
unheated control half is on the left, and the 
heat-bleached half of the same stone is on the 
right (GIA collection no. 3661). 


the longest was eight, at a miximum temperature 
of 1000°C. It was concluded that these stones had 
not been organically dyed. Once the subjects were 
divided by color and reaction to heat into the two 
basic groups, they were then subjected to the 
more useful and practical nondestructive gemo- 
logical tests of ultraviolet and X-ray fluorescence. 


ULTRAVIOLET FLUORESCENCE 


The 28 jadeites that had a pinkish-purple color 
before heating and lost their lavender color on 
heating showed a very interesting fluorescence to 
long-wave ultraviolet radiation. Before heating, 
the subjects exhibited a strong to very strong, 
bright orange fluorescence (figure 4]. After heat- 
ing, when the lavender color had been burned out, 
the strong orange fluorescence was gone as well, 
and the remaining fluorescence was a very weak 
brownish red. The short-wave fluorescence, both 
before and after heating, was a weak brownish 
orange to brownish red. The author studied the 
absorption spectrum of the strong orange long- 
wave fluorescence using a hand-held prism spec- 
troscope, and found that only the yellow-green, 
yellow, orange, and red were passed, and all of the 
violet-blue and green were absorbed. The method 
used to examine the fluorescence spectrum for 
this study was rather crude. Perhaps if ultraviolet 
spectrophotometry were done, the points of ab- 
sorption would be diagnostic of a particular or- 
ganic dye. 

Those 14 jadeites that showed a bluish-purple 
color initially and retained their color on heating 
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Figure 4. The strong orange long-wave 
fluorescence of a color-treated lavender jadeite 
(GIA collection no. 3654). 


showed a very weak brownish-red fluorescence to 
the long-wave and short-wave lamps both before 
and after heating. 


X-RAY FLUORESCENCE 


Using an X-ray fluorescence unit powered by 88 
kilovolts, the author subjected all of the test spec- 
imens to X-rays both before and after heating. 
Those jadeites that bleached when exposed to the 
heat showed a moderate bluish-purple X-ray flu- 
orescence both before and after heating (figure 5, 
left). The jadeites that retained their body color 
during heating showed a strong reddish purple to 
pink X-ray fluorescence (figure 5, right}. In this 


Figure 5, Artist’s rendition of the X-ray 
fluorescence of the two types of lavender 
jadeite discussed here. On the left is the bluish 
purple of the heat-bleaching, treated stone. On 
the right is the “natural” type, showing a 
reddish-purple to pink fluorescence color. 
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case, the absorption spectrum of the reddish-pur- 
ple to pink X-ray fluorescence color of the latter 
group was studied. This examination revealed a 
broad absorption band from 4900 A to 5300 A, a 
general overall haziness, and that the red was 
passed very strongly. 

If the two types of lavender jadeite are placed 
side by side in the X-ray chamber, the difference 
in fluorescence is quite evident and the two stones 
can be easily separated. However, the small size 
of the circular X-ray fluorescence chamber well, 
which measures only 30 mm in diameter on its 
floor and 30 mm in depth, makes it virtually im- 
possible to test large objects such as carvings by 
the X-ray fluorescence method. 


CONCLUSION 


Of the 42 specimens of lavender jadeite examined 
for this study, 28 bleached when exposed to heat 
in excess of 220°C for a maximum of 30 minutes. 
These same stones had a notable pinkish-purple 
color in their original state and fluoresced bright 
orange to long-wave ultraviolet radiation before 
they were exposed to the heat. All 28 stones also 
revealed dye in tiny cracks when examined under 
the microscope, and fluoresced a distinctive bluish 
purple when exposed to X-ray radiation. 

In contrast, the remained 14 specimens did 
not bleach when heated to extreme temperatures 
{as high as 1000°C} and for as long as eight hours. 
In addition, these stones showed a bluish-purple 


color and a weak, brownish-red fluorescence to 
long-wave ultraviolet radiation both before and 
after exposure to heat. No dye was apparent when 
they were viewed under the microscope, and they 
fluoresced a distinctive reddish purple to pink in 
the X-ray unit. Although it is not feasible to heat 
every specimen to determine whether it is dyed, 
the results reported here suggest that a lavender 
jadeite that fluoresces strong orange to long-wave 
ultraviolet radiation is dyed, presumably with an 
organic compound. This conclusion can be con- 
firmed if the orange-fluorescing stone reveals dye 
in its cracks when viewed under the microscope. 
If a stone with a color of unknown origin is ex- 
posed to X-ray fluorescence in conjunction with 
a lavender jadeite that is known to be dyed, and 
the unknown glows a distinct reddish purple to 
pink {as compared to the bluish purple of the 
treated stone}, this writer feels that the unknown 
stone is not organically treated and the color may 
be natural. 

At this time, we still have tackled only part 
of the problem, since it cannot be stated unequiv- 
ocally that a stone that does not respond as de- 
scribed to long-wave ultraviolet or X-ray radiation 
is untreated. An inorganic dye or some other pro- 
cess may still be involved. However, the use of a 
combination of ultraviolet radiation, X-ray fluo- 
rescence, and microscopy (see table 1} should en- 
able the gemologist to confirm that treatment has 
been used to enhance color in many cases. 


TABLE 1. A comparison of “natural” color and treated lavender jadeite. 


Type of Bleaches Reaction to Reaction to 
lavender jadeite with heat? ultraviolet radiation X-ray fluorescence Microscopy 
is 

“Natural” color No Long-wave, before and Strong reddish purple No evidence of color 
after heating: very to pink both before and concentration in 
weak brownish red after heating surface cracks 
Short-wave, before and 
after heating: very 
weak brownish red 

Treated (dyed) color Yes Long-wave, before Moderate bluish purple Evidence of color 


heating: strong to very 
strong orange 
Long-wave, after 
heating: very weak 
brownish red 
Short-wave, before and 
after heating: weak 
brownish orange to 
brownish red 


both before and after 
heating 


concentration (dye) 
visible in micro surface 
cracks 
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CULTURED 3/4 BLISTER PEARLS 
By Robert Crowningshield 


More information is now available on the cultured 
3/4 blister pearls that were recently introduced into 
the marketplace. Cultivated with both salt water 
and fresh-water nuclei, the material is attractive and 
durable. This article describes the method of 
culturing these “pearls” as well as the differences 
between this material and 3/4 South Sea cultured 
pearls or assembled cultured blister pearls (Mabe 
pearls), 


Gerald V. Rogers, the precious-stone specialist 
who introduced the cultured 3/4 blister pearls 
mentioned in the Summer 1981 issue of this jour- 
nal (p. 104) to the trade, has provided additional 
information on this material and given us the op- 
portunity to examine several hundred of these 
“pearls” in the New York Gem Trade Laboratory. 
The following description is based on the infor- 
mation given by Mr. Rogers and on the observa- 
tions of the author and his colleagues in the 
laboratory. 

The cultured 3/4 blister pearls are cultivated 
with both large salt-water nuclei and smaller fresh- 
water nuclei. They appear in a wide range of sub- 
tly attractive colors and various degrees of luster 
(figure 1], and average 8 mm (fresh water] to 15 mm 
{salt water) in size. Mr. Rogers describes these as 
cultured 3/4 pearls. Indeed, they do look like large, 
slightly baroque 3/4 South Sea cultured pearls. 
The difference is evident, though, in the exposed 
mother-of-pearl nucleus at the base of the blister 
pearl (figure 2), which reveals its formation on the 
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shell of its host. We also observed that the blister 
pearl had been worked (polished to preserve 
roundness) and not sawed as is the case with the 
3/4 South Sea cultured pearls. The line drawn on 
the stone in figure 3 marks the area from the wid- 
est part to the base where most cultured 3/4 blis- 
ter pearls are worked. 

According to Mr. Rogers, the large nuclei in 
the cultured 3/4 blister pearls are made of salt- 
water pearl shell (probably Pinctada maxima). 
There is usually very little conchiolin around the 
bead if it is salt water in origin, which suggests 
a compatibility not shown when the bead is of 
fresh-water pear! shell. 

The fisheries for this new material are in the 
Philippines. The product is the result of experi- 
ments forced on the fishery owner when his Jap- 
anese cultured-pearl technicians were recalled to 
Japan. Without these technicians, sac pearl cul- 
turing was not feasible. Experiments were con- 
ducted to find the location within the large shells 
in which the rejection rate would be minimal and 
nacre thickness acceptable after two years. That 
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Figure 2. A cultured 3/4 blister pearl. Note the 
exposed nucleus at the base. 


area within the shell has been found and has led 
to visible characteristics that are very useful in 
identifying this material when the mother-of-pearl 
is hidden by a setting (figure 4). Figure 5 shows a 
large cultured blister pearl with typical grooves 
that appear to merge near the girdle. This is seen 
in a high percentage of the new pearls, but rarely 
in a full cultured pearl. 

The differences between the cultured 3/4 blis- 
ter pearl and assembled cultured blister pearls 
(known as Mabe pearls) are easily detected. The 
X-radiograph of a 3/4 blister in figure 6 clearly 
shows the solid nucleus and relatively heavy na- 
cre of this product. The Mabe, on the other hand, 
has four parts (see figure 7): an egg-shell-thin na- 
cre, a bead of mother-of-pearl, a filler of some- 
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Figure 1, Cultured 3/4 blister 
. pearls appear in assorted hues, 
as illustrated here. 


Figure 3. This line delineates the area where 
most cultured 3/4 blister pearls are worked. 


Figure 4. A cultured 3/4 blister pearl set so that 
the nucleus is hidden. 


ake 
‘4° 4 


GEMS & GEMOLOGY Spring 1982 37 


Figure 5. These grooves, which appear to merge 
near the girdle, are typical of a cultured 3/4 blis- 
ter pearl. ; ‘ 
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Figure 6. X-radiograph of a cultured 3/4 blister 
pearl, a 


thing that looks like Canada balsam, and a base 
of mother-of-pearl. It may also have a colored lac- 
quer coating inside the dome. For the most part, 
Mabes are cultivated in Japan in a mollusc that 
is not used for culturing pearls and is known sci- 
entifically as Pteria penguin. They have also been 
cultivated in Pinctada maxima in Australia. The 
fragility of Mabe pearls, especially in rings, is 
known to most jewelers (figure 8}, This is because 
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Figure 7. This section of an assembled cultured 
blister pearl (called a Mabe} clearly shows the 
four parts of which this product is composed. 


Figure 8. A damaged Mabe peazl. 


the balsam-like filler offers little support to the 
nacre, a failing the solid nucleus of the cultured 
3/4 blister pearl should avoid. 

The resurgence of interest in pearls and cul- 
tured pearls, together with the increasing scarcity 
of fine cultured pearls, would appear to be happy 
circumstances to welcome into the trade this at- 
tractive and durable product, which is now read- 
ily available in the marketplace. 
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THE NATURAL FORMATION AND 


OCCURRENCE OF GREEN QUARTZ 


By Thomas R. Paradise 


Amethyst may develop into the more common 
citrine and rarer green quartz naturally under certain 
geologic conditions. On the California-Nevada 
border, just north of Reno, amethyst, citrine, and 
green quartz do occur together in clusters of crystals 
in detritus. These crystals, found lying loose in rocky 
and sandy rubble, appear to have eroded from 
cavities and vesicles in the inaccessible cliffs above. 
The quartz was deposited in these spaces by the 
slow accumulation of silica from migrating 
solutions. Low-grade radiation over a geologic time 
span was responsible for the alteration of the ferric 
and ferrous quartz into its amethystine color. 
Secondary, high-temperature, extruding volcanic 
bodies are believed to be responsible for the 
subsequent color change to citrine or green quartz. 


It has been known for some time that amethyst 
from specific locations may turn green rather than 
the expected, and more common, citrine-yellow 
when subjected to controlled induced heating. For 
the most part, gem-quality green quartz {also 
known in the industry as prasiolite or “greened 
amethyst’’) is produced by exposing amethyst to 
high temperatures for a specific period of time. 
Amethyst from the Montezuma area of Brazil is 
noted for its purple color alteration to green when 
subjected to these temperature conditions (Web- 
ster, 1978]. According to Nassau (1980}, exposure 
of amethyst to temperatures ranging from 140°C 
to 380°C for one hour is sufficient to artificially 
alter the purple to green or yellow. Although this 
induced heating develops the unusual green color 
in Brazilian amethyst, in very rare cases nature 
has supplied the required impurities, radiation, 
and high temperatures to create green quartz 
without man’s aid. 

In 1979, the author and two colleagues ex- 
amined one such occurrence on the Nevada-Cal- 
ifornia border, where ideal conditions have pro- 
duced amethyst, citrine, and green quartz (see fig- 
ure 1) in close proximity. An area of approximately 
3 km? was studied, with uncovered crystals rang- 
ing in size from 3 to 55 mm in length. Iron im- 
purities in the silicon dioxide in conjunction with 
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Figure 1. Amethyst (3.77 cts.), green quartz 
(4.99 cts.), and citrine (5.74 cts.) faceted from 
rough material found at the same location 
along the California-Nevada border. 
Photograph by Tino Hammid, GIA Gem Media. 


an optimal radiation dosage were required to pro- 
duce amethystine purple. Through subsequent 
heating and the resulting disruption of the purple 
color center, the characteristic yellow of citrine 
and the less common green quartz were produced. 


GEOLOGY OF THE AREA 


The quartzes were discovered in pebbly talus be- 
low steep basalt-andesite cliffs, approximately 
one-half kilometer to the east of Interstate High- 
way 395, 33 km (19 miles) north of Reno, Nevada. 
The amethyst, citrine, and green quartz speci- 
mens were found by the author in a detrital area 
that followed the base of the cliffs for approxi- 
mately 3 km and no farther from the cliff face 
than the highway. The quartz appeared as crystal 
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clusters, single crystals, and portions of crystals, 
with no quartz found in situ. Exploration of the 
area indicated that the quartz had formed in the 
inaccessible basalt-andesite cliffs. A large talus 
slope and alluvial fans extend from the base of the 
cliff to the roadway; here, within a few hundred 
meters of the cliff base, the detrital crystals were 
unearthed. The host rock material, which con- 
sisted primarily of basalt with andesite, is ac- 
tually metavolcanic. The prefix meta denotes a 
material that has been changed by subsequent 
events; in this case, the extruded material was 
later altered by further heating. This basalt-an- 
desite mass is filled with lenses of brecciated and 
pyroclastic material, as well as with the numer- 
ous vesicles and amygdules that are ideal for the 
secondary silica deposition required for the for- 
mation of quartz (Stinson, 1960). The origin of the 
host basalt-andesite dates back approximately 140 
million years (Jurassic period), coinciding with 
the early formation of the Sierran mountain core 
(Hill, 1975). 

The quartz was deposited after the cooling and 
microcrystallization of the basalt-andesite. Dur- 
ing the solidification of the lava (the basalt-an- 
desite in its fluid state), trapped gases slowly ac- 
cumulated and ascended, producing the vesicles, 
bubbles, and vug areas that are easily observed 
from the cliff base. As aqueous solutions migrated 
through the porous basaltic rock, they became 
enriched with soluble elements such as silica, 
which is soluble at very high temperatures or in 
an alkaline environment, that were slowly depos- 
ited from the saturated fluids onto the cavity 
walls (Sinkankas, 1959). Chalcedony, the crypto- 
crystalline variety of quartz, was deposited ini- 
tially. As the siliceous solutions became less sat- 
urated, slower, more controlled crystallization 
occurred, The larger crystals developed very grad- 
ually from the ferrous and ferric siliceous solu- 
tions deposited on the chalcedony, with sub- 
sequent lengthy low-grade radiation exposure 
providing the energy required for the formation 
of the amethyst color center (Nassau, 1980). Low- 
grade radiation is a common natural occurrence 
during times of volcanic activity. 

After the formation of the crystalline quartz 
and its alteration to amethyst, the area under- 
went a period of major metamorphism. Approxi- 
mately 30 million years ago (Oligocene epochl, 
the basalt-andesite was overlaid and bordered by 
a major volcanic extrusion of rhyolite (Bateman, 
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1960), which appears to have produced tempera- 
tures of sufficient degree and duration to force the 
radiation-induced amethyst color center into an 
unstable state, whereby the color was altered from 
amethystine purple to either the brownish yellow 
typical of citrine or the far less common green. 
The hot extrusion caused the underlying ba- 
salt material to alter in the areas closest to the 
rhyolite. The degree of such metamorphism is rel- 
ative to the degree of heat, so that the higher the 
temperature is, the greater the bleaching of the 
amethyst should be. If this theory is correct, it 
should then follow that the crystals discovered 
nearest the extruding rhyolite mass will exhibit 
the greatest incidence of conversion of amethyst 
to citrine and green quartz. In keeping with this 
hypothesis, we observed that the amethyst crys- 
tals found farthest from the zone of metamorph- 
ism were a deeper purple than those found closest 
to the contact zone (see figure 2). Similarly, the 
greatest concentration of green quartz was un- 
earthed nearest the rhyolite. Interestingly, we 
found little correlation between intensity of color 
and proximity to the rhyolite extrusion for the 
citrine. No variation in the transparency or flaw- 
lessness of any crystals was noted with location. 


COLORATION 


It is the iron impurity in silica that causes the 
purplish color of amethyst. According to Nassau 
(1980), “the iron merely provides the defect which 
permits the special amethyst color to occur.” This 
purple coloration is due to a hole color center in 
amethyst. The iron impurity substitution in the 
silica structure is required for the hole center to 
occur. The hole-type color center forms where an 
absent electron causes the color. Thus, the word 
hole describes this electron absence. 

Simply stated, the iron impurity in quartz 
causes amethyst color after the material is ex- 
posed to radiation. Heat destabilizes the color 
center and consequently produces citrine when 
ferric iron {Fe**) is present or green quartz when 
there is ferrous iron (Fe?*], as explained in Nassau 
{1980}. It is possible that the rhyolite extrusion 
provided the heat to produce these color alter- 
ations. 


GEMOLOGY OF THE 

GREEN QUARTZ 

The author examined approximately 45 speci- 
mens of amethyst, citrine, and green quartz. They 
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[ BASALT-ANDESITE 
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Figure 2. This map and the accompanying photographs illustrate representative discovery 
sites for the green quartz, citrine, light amethyst, and dark amethyst in relation to the 
host basalt and extruding rhyolite. The distribution of the discovery sites lends support 
to the hypothesis that the alteration in color of the amethyst to green quartz is directly 
related to the heat provided by the rhyolite extrusion. A = faceted green quartz, 4.99 cts.; 
B = faceted citrine (5.74 cts.) with rough; C = light green quartz rough (note that the 
green color is enhanced with faceting); D = faceted light amethyst (19.30 cts.) with 
rough; E = faceted dark amethyst (3.77 cts.) with rough. Photographs by Tino Hammid, 
GIA Gem Media. Map drawn by Susan Kingsbury, GIA Gem Media. 
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all exhibited the characteristic properties of 
quartz, with the green variety showing a weak 
iron spectrum absorption band centered at ap- 
proximately 4420 A, while both the citrine and 
amethyst from the same locale displayed consid- 
erably weaker {if any] iron absorption bands in the 
spectroscope. Slight color zoning and banding were 
observed in all the quartz specimens examined 
from this locality, with the amethyst showing the 
greatest zoning and the green quartz the least. 

The rough material found yielded one faceted 
round-brilliant-cut amethyst of deep color weigh- 
ing 3.77 cts., one round step-cut citrine of me- 
dium color weighing 5.74 cts., one round-bril- 
liant-cut green quartz weighing 4.99 cts., and two 
oval-faceted light amethysts weighing 19.30 and 
2.05 cts, each {all but the last are in figure 2). 
These stones were exceptionally large in compar- 
ison to the majority of the rough material, with 
the remaining material capable of yielding single- 
carat gems each for the most part. Again, the crys- 
tals were difficult to find, although some were 
found on the surface, others lay about two meters 
below. Many of the crystal clusters and fragments 
collected were heavily iron stained {a brownish 
translucent coating); they were subsequently 
treated in a warm oxalic acid bath to remove the 
film and divulge the actual color and clarity of the 
specimen. 
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CONCLUSION 


lron-enriched silica developed and crystallized in 
existing vesicles and vugs in a basalt-andesite 
body along the Nevada-California border. Low- 
grade radiation over a geologic period forced a 
hole color center to develop in the quartz and 
thereby gave it the purple color. We may then 
speculate that the secondary rhyolite extrusion 
and its tremendous accompanying heat caused 
the destabilization of the amethyst color and the 
subsequent development of the citrine and green- 
quartz coloration. 
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Editorial Korum 


HEAT TREATING CORUNDUM: 
4000°C TOO HIGH, 
AUSTRALIAN SAPPHIRES DISTINCT 


I was quite interested in reading Dr. Kurt Nassau’s ar- 
ticle on ‘Heat Treating Ruby and Sapphire: Technical 
Aspects” in Gems # Gemology, Fall 1981. However, 
I must complain about being misquoted in this article 
in regard to temperatures used in the treatment. 

The article quotes my saying that sapphires are 
treated at 4000°C, but on reading my original text J 
quoted the following: ‘In the early part of 1978 a num- 
ber of heat-treated Ceylon sapphires appeared on the 
market in Australia and toward the middle of the year 
there were reports in the local media (Sydney) on the 
treatment of these gems. These reports were either er- 
roneous by accident or design as the temperatures of 
treatment reported were 4000°C. As corundum has a 
maximum melting point of 2050°C, and indeed can 
range from 750°C to the latter temperature depending 
on impurities, these reports of 4000°C would probably 
have produced a corundum glass and vapor under nor- 
mal pressure conditions.”’ 

In all my papers on the subject I have suggested 
temperatures of 1200°C to 1700°C depending upon type 
of material and area of occurrence. In addition, electron 
microscope/microprobe analysis carried out by I. A. 
Mumme and myself has shown that there are two 
forms of ALO; present in Australian sapphires in their 
untreated state, but after treatment only the alpha form 
is present. Yes, it is true that the alpha and beta were 
reversed in the printing. 

It is also interesting to note that reducing condi- 
tions for Australian sapphire results in a lighter color 
being produced (in direct contrast to the Nassau article} 
and that there is a vast difference in required temper- 
atures and time of treatment between Glen Innes, In- 
verell, and Anakie material. 

This is borne out by practical results that may bear 
no relationship to a theoretical possibility. Considera- 
tion should also be given to the following factors of 
chemical difference between Inverell (NSW) and Cey- 
lon sapphires (results by Spark mass spectroscopy): 
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Ceylon sapphire Australian sapphire 


Element (ppm) (ppm) 
Ca 3,500 40 
Ti 550 2,000 
Fe 1,500 17,000 
Ga 95 1,000 
Na 650 60 
Mg 650 <300 


I do not know whether these results will clarify or con- 
fuse the issue, but I do know that oxidizing conditions 
with Australian sapphires do not normally produce sat- 
isfactory results and bombardment by gamma and neu- 
tron particles have no effect. 

There is obviously much work to be done on this 
subject before entirely predictable results can be 
obtained. 


G. A. Tombs 
Mansergh Pty., Ltd. 
Sydney, Australia 


Errata 


In the article ‘“Gem Garnets in the Red-to-Violet Color 
Range,” of the Winter 1981 issue, two corrections 
should be noted. In table 1, on page 193, the formula 
for schorlomite should read Ca,Fe?'Ti,O,,. In the second 
paragraph on page 203, under “Conclusions,” the re- 
fractive index above which almandine predominates 
should be 1.779. 

In the Lab Notes section of the Winter 1981 issue, 
figure 6 (page 227) was inadvertently printed in reverse. 
The dark-centered stone (type I,) is incorrectly shown 
on the right instead of on the left as it should be. It is 
correctly identified in the text. 

We regret any confusion that these errors may have 
caused our readers. 
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DIAMOND 


The diamond shown in figure 1, 
which was examined in the New 
York Gem Trade Lab, has an un- 
usual finish on the table. Although 
we have seen this effect before on a 
smaller facet, we are at a loss to 
explain it. The table does not have 
the whitish, burned appearance typ- 
ical of a repolished burned stone 
on which the table has been over- 
looked; nor are there any polishing 
lines to suggest burning during pol- 
ishing. 


EMERALD 


A True Treasure 

An intriguing emerald ring seen re- 
cently in the Santa Monica Gem 
Trade Lab was set with a very fine 
natural emerald, measuring approx- 
imately 6.4 mm Xx 6 mm, that ap- 
peared to be of Colombian origin. 
Half of the golden shank and a por- 
tion of the bezel were encrusted with 
a calcareous deposit, probably a type 
of coral, as illustrated in figure 2. X- 
rays done by another laboratory re- 
vealed that the largest encrusted area 
around the shank contains a button- 
shaped object. The ring was recently 
recovered off the coast of Panama by 
a salvage diver—treasure hunter from 
Norwalk, California. The ship that 
carried the ring was believed to have 
gone down in a storm in 1687. 


Fake Specimen 


Fake mineral specimens and fake 
gem minerals have been encoun- 
tered in greater numbers lately. Some 
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Figure 1, Irregular surface on 
the table of a diamond. 
Magnified 35 x, 


Figure 2. Emerald ring 
recovered from the ocean after 
approximately 300 years. The 
stone measures 6.4mm X 

6.0 mm. 


of these specimens are very cleverly 
crafted and would easily fool an in- 
experienced buyer. The Santa Mon- 
ica laboratory recently examined the 
fake “‘emerald’’ crystal pictured in 


figures 3 and 4, which measured 16° 


mm X 16 mm X 22 mm long and 
weighed 41.19 cts. 

Someone went to a great deal of 
trouble to deceive the potential 
buyer. A rough crystal of near-col- 
orless beryl was meticulously hol- 
lowed out, leaving a very thin shell. 
The hole was then plugged with an 
unidentified crystalline material; a 
green cement served as the adhesive 
and gave the piece the color of fine 
emerald. The end of the assemblage 
was then coated with a mixture of 
mica flakes and epoxy to give the 
illusion of a natural mica coating at 
the crystal’s original point of attach- 
ment to the matrix. The mica can 
be seen in figure 3, at the top right 
of the crystal, and is shown magni- 
fied six times in figure 5. Figure 6, 
taken at 25 times magnification, 
shows the thin, near-colorless skin, 
the green coloring inside, and a 
rather large bubble in the cement. 
Actually, the bubbles in the cement 
were the only indication of poor 
workmanship in the creation of this 
“emerald” crystal illusion, and they 
were the main clue to the skulldug- 
gery involved. 


Synthetic Green Beryl 

Reported from Australia 

I, Threadgold, M.Sc., Ph.D., and 
G. A. Tombs, F.G.A.A.—both of 
Sydney, Australia—have sent us the 
following information regarding some 
unusual green beryl that they ex- 
amined recently. Although a more 
detailed article is scheduled to ap- 
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Figure 3, Fake emerald crystal, 41.19 cts. 


Figure 4, Large bubble, 
plainly visible, in the emerald 
crystal illustrated in figure 3. 


pear in the Australian Gemmologist 
within the next few months, they 
felt that people throughout the world 
should be made aware of this ma- 
terial as soon as possible. 

Some cut beryl specimens, re- 
portedly from Australia, along with 
two rough crystals that were sup- 
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Figure 5. Mica flakes mixed 
into epoxy give a more natural 
appearance to the fake 
emerald crystal pictured in 
figures 3 and 4, Magnified 6x. 


Figure 6. Large bubble and 
near-colorless skin of the fake 


emerald crystal illustrated 
above. Magnified 25x, 
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posedly from the same source, were 
submitted for examination to the 
Gemmological Association of Aus- 
tralia, in Sydney. The finely pol- 
ished stones were highly transpar- 
ent, with few inclusions, and ranged 
in color from medium dark green to 
a paler yellowish green. 

The refractive index on the cut 
stones was.a little low, at 1.567 to 
1.572; the specific gravity was 2.67. 
The stones were inert to any ultra- 
violet radiation. One stone showed 
very weak chrome lines, as well as 
a faint line at approximately 4200-A 
(probably due to vanadium) in the 
absorption spectrum. 

An analysis of the chemistry of 
two of the cut specimens, the two 
crystals, and a natural Colombian 
emerald (for control) was conducted 
using an electron microprobe. Sig- 
nificant variations in chemistry 
existed between the rough crystals 
and the cut stones. The cut stones 
showed very little, if any, chro- 
mium, quite a bit of vanadium and 
chlorine, but no traces of iron, mag- 
nesium, or sodium. The rough crys- 
tals, on the other hand, had fair 
amounts of chromium, iron, mag- 
nesium, and sodium, with no vana- 
dium or chlorine. On the basis of the 
test results, Dr. Threadgold and Mr. 
Tombs believe that the crystals are 
natural emerald but that the cut 
stones, which were purported to be 
from the same source, are actually 
synthetic beryl, colored by vana- 
dium. The few inclusions present in 
the cut stones were of the flux type 
found in Kashan synthetic rubies. 
Editor’s Note: The cut stones de- 
scribed here would be considered 
synthetic emerald by American gem- 
ologists provided the color was dark 
enough. British and Australian gem- 
ologists, however, require chromium 
to be the coloring agent for the ma- 
terial to be described as natural or 
synthetic emerald. 


Unusual Inclusions 
in Synthetic Emerald 


A synthetic emerald submitted to 
the Los Angeles laboratory for iden- 
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tification contained a rather un- 
usual appearing inclusion (see figure 
7). The staff at the laboratory does 
not recall ever seeing an inclusion 
with a pattern quite like this one. 
The presence of typical flux veils in 
several areas and the low refractive 
indices of 1.561~1.564, low bire- 
fringence, and low specific gravity 
proved the stone to be synthetic. 

A characteristic that is often ob- 
served in synthetic emeralds is a red 
transmission when exposed to strong 
light. This phenomenon results from 
the high chromium content of the 
stone, which gives a visible red flu- 
orescence when excited by a strong 
light. As shown in figure 8, the stone 
discussed above was an extremely 
strong red transmitter. Some chro- 
mium-rich natural emeralds may 
transmit red, but rarely to the degree 
that this synthetic did. 

The Los Angeles laboratory viewed 
another synthetic emerald that was 


Figure 7. Unusual patterned 
inclusion in a synthetic 
emerald, Dark-field 
illumination, magnified 25 x. 


Figure 8. The stone pictured in 
figure 7 was also a strong red 
transmitter. Transmitted light, 
magnified 10x. 
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Figure 9. Yellow two-phase 
inclusions in the seed plate of 
a synthetic emerald. Dark- 
field illumination, 

magnified 70x. 


Figure 10. Seed plate in a 
synthetic emerald. Dark-field 
illumination, magnified 20x. 


unusual in that it had yellow two- 
phase inclusions randomly oriented 
among near-colorless two-phase in- 
clusions (see figure 9) throughout 
the near-colorless seed plate that 
pagsed entirely through the stone 
(see figure 10}. This synthetic also 
contained uniform parallel growth 
bands and typical flux veils, one of 
which intersected the near-colorless 
zone. The refractive indices, bire- 
fringence, and specific gravity were 
all low, as expected. 


OPAL 


A combination pin and pendant set 
with a beautiful light pink carving 
of a woman’s head was recently sub- 
mitted to the Los Angeles laboratory 
for identification (see figure 11}. 
The carving measured approximately 
33.2 mm x 26.4 mm. At first glance 
the material looked somewhat like 
coral, but subsequent testing proved 


it to be common opal, Microscopic 
examination revealed a structure with 
a slightly mottled appearance rather 
than the wavy parallel-fibrous struc- 
ture seen in coral. The unique de- 
sign of the piece was an attractive 
blend of metal and gemstone, with 
the metal around the carving fol- 
lowing the pattern of the curls in the 
woman’s hair. 


PEARLS, CULTURED 


Bob Crowningshield, our contribut- 
ing editor from New York, reports 
on procedures currently used to cul- 
tivate Biwa pearls, which he ob- 
served during a recent trip to the 
Orient. 

At Lake Biwa, in Japan, Mr. 
Crowningshield visited a completely 
artificial growing area that uses huge 
pond/tanks filled with artesian water 
rather than the lake itself, The mus- 
sels grow much faster in this envi- 
ronment than in the lake, and they 
deposit nacre almost all year. The 
mother mussels (Hyriopsis schle- 
geli) are about four years old and 10 
cm long when the deft operators 
make from [5 to 20 careful incisions 
in each mantle and tuck a piece of 


Figure 11. Carved opal 

(33.2 mm x 26.4 mm} 
mounted in a combination pin 
and pendant. 
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tissue into each cut. A variety of the 
genus Odonata (which itself is too 
fragile for use as a ‘mother’ usually 
serves as the source of the mantle 
tissue inserts, since it has such col- 
orful nacre. Only about 0.7 mm of 
the extreme outer edge of the man- 
tle is used for the tissue inserts. 

If all goes well, in about three 
years the animals will be carefully 
opened and the 30 to 40 cultured 
pearls squeezed out. At this point, 
the mother mussel is about 15 em 
long, with additional mantle tissue 
that can be used to accommodate 
another row of incisions and inserts. 
The animals are returned for a sec- 
ond crop to grow in the old “sacs” 
and a first crop in the new incisions. 
If the mantle tissue of one of the col- 
orful molluscs was used the first 
time, the second crop will also have 
that characteristic. Should the op- 
erator who makes the incision and 
inserts the tissue piece go through 
the mantle, the tissue may lodge on 
the shell and produce a blister or a 
row of blisters (figure 12). 

Not only can the farmer-opera- 
tors control the color somewhat, but 
they can also exercise some control 
over the shape of the cultured pearl. 
A long piece of tissue is used to pro- 
duce “sticks’’ and “doublets,” and 
two interlaced pieces will produce 
crosses. Mr. Crowningshield sus- 
pects that the fancy “dragons” are 
the result of serrated tissue inserts. 

Second (and, in rare instances, 
third] crops are progressively less 
spherical and less abundant when 
harvested. Both salt-water and fresh- 
water cultivators have made strides 
in propagating spat artificially. 

In Perth, West Australia, Mr. 
Crowningshield was given a “Broome 
pearl” (see figure 13) that is actually 
a blister cultivated in the shell of 
Pinctada maxima near the northern 
city of Broome. The cultivators use 
plastic of various colors as nuclei; a 
bright red nucleus, for instance, pro- 
duces an attractive red/pink blister. 
The X-radiograph in figure 14 shows 
the transparency to X-ray of the 
plastic nucleus in the ‘Broome 
pearl.” 


Gem Trade Lab Notes 


Figure 12. Fresh-water mussel shells, probably Hyriopsis schlegeli, © 


- 


used to culture pearls in Lake Biwa, Japan. In these cases the 
tissue inserts have lodged on the shell and produced blisters. 


Figure 13. A cultured blister 
pearl from Broome, Australia. 


Figure 15. Light yellow natural 
sapphire after heat treatment. 
It was reported to be subject 
to fading. Magnified 12 x. 
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Figure 14. X-radiograph of a 
cross-section of shell and 
“Broome” cultured blister 
pearl. 


Figure 16. Dark yellow natural 
sapphire after heat treatment, 
reportedly not subject to 
fading. Magnified 10x. 
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SAPPHIRE 


While in Sydney, Australia, Bob 
Crowningshield visited the.sapphire- 
cutting factory of Arrowatta Hold- 
ing Ltd. He was told there that vir- 
tually all the rough from certain 
mines is heated to lighten the color 
and diminish the green dichroic di- 
rection. Stones up to a carat in size 
are cut with automatic machinery 
and are quite beautifully done. 

During Mr. Crowningshield’s trip 
to the Orient, he received from the 
managing director of the Bangkok 
Gem Exchange a 2.5-ct. light yellow 
sapphire of a type produced seven or 
eight years ago by heating colorless 
sapphire (see figure 15}. Since this 
type was likely to fade, it was not 
sold. The stone illustrated in figure 
16 is a darker yellow sapphire of the 
type that is said to be produced by 
heating certain cloudy stones. The 
color is reported to be permanent, 
but it has not yet been tested in the 
GIA laboratory. 


SUGILITE 


In the Summer 1981 issue of Gems 
& Gemology, we mentioned a small, 
thin piece of manganoan sugilite that 
came into the laboratory for identi- 
fication. Since that time, all three 
divisions of the Gem Trade Labora- 
tory have had many cut examples of 
sugilite submitted for identification. 
The stones examined to date, both 
cabochon and faceted, have ranged 
in weight from approximately one 
to seven carats. 

This particular color of sugilite, 
which originates from the Hotazel 
area of South Africa, is relatively 
new to the gem market. It is being 
marketed under the trade names 
Royal Azel and Royal Lavulite. 

Figure 17 shows some jewelry 
fashioned from sugilite and some of 
the rough material. The three stones 
in figure 18 represent some of the 
cabochons seen in the Santa Monica 
lab to date, while figure 19 shows a 
sugilite carving that measures 7.6 
cm wide by 3.2 cm thick and 13.6 
cm high. 
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Figure 17. Jewelry fashioned from sugilite together with a piece of 
the rough material. 


Figure 18. Sugilite cabochons, average weight 5 cts. 
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Figure 19. Sugilite carving, 7.6 cm wide x 3.2 cm thick x 13.6 cm 
high. 


For more information on man- 
ganoan sugilite and its properties, 
see this section of the Summer 1981 
issue of Gems & Gemology, pages 
105 and 106. 


WORLD'S LARGEST TAAFFEITE? 


The Santa Monica laboratory re- 
cently issued an identification re- 
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port on what is perhaps the world’s 
largest taaffeite. The grayish-purple 
stone, pictured in figure 20, weighs 
10.13 cts. Numerous small inclu- 
sions were observed under the mi- 
croscope. One of the inclusions, 
shown in figure 21, appeared to be 
a negative crystal with a series of 
fingerprint-like, partially healed frac- 
tures radiating from it. Only a few 
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Figure 20. World’s largest 
taaffeite’ The stone weighs 
10.13 cts. 


Figure 21. Inclusions in 
taaffeite. Dark-field 
illumination, magnified 45 x. 


taaffeites are known to exist, and to 
the best of our knowledge this is the 
largest one that has been recorded to 
date. 


ACKNOWLEDGMENTS 


Bob Crowningshield in New York took the 
photographs in figures 1 and 14; and An- 
drew Quinlan, from the same laboratory, 
was responsible for figures 12, 13, 15, and 
16. In Santa Monica, Karin Hurwit photo- 
graphed the item in figure 2 and John Koi- 
vula furnished figures 5, 6, 20, and 27. 
Robert Kane, of the Los Angeles lab, sup- 
plied the photos in figures 7, 8, and 9. His 
colleague in Las Angeles, Shane McClure, 
provided figures 10 and 11. The items in 
figures 3, 17, 18, and 79 were photo- 
graphed by Tino Hammid, of GIA Gem 
Media. Tony Kampf, of the Los Angeles 
County Natural History Museum, supplied 
figure 4. 


Spring 1982 49 


GEMOLOGICAL ABSTRACTS 


Dona M. Dirlam, Editor 


REVIEW BOARD 


Stephanie L. Dillon 
GIA, Santa Monica 
Dianne M. Eash 

GIA, Santa Monica 
Bob F. Effler 

GIA, Santa Monica 
Caroline K. Goldberg 
GIA, Santa Monica 
Joseph P. Graf 

Gem Trade Lab, Inc., 
Los Angeles 

Fred L. Gray 

GIA, Santa Monica 
Gary S. Hill 

GIA, Santa Monica 
Jill M. Hobbs 

GIA, Santa Monica 


Karin N. Hurwit 
Gem Trade Lab, Inc., 
Santa Monica 
John {. Koivula 
GIA, Santa Monica 
Noel P. Krieger 
GIA, Santa Monica 
Ernest R. Lalonde 
GIA, Santa Monica 
Joyce C. Law 

GIA, Santa Monica 
Shane F. McClure 


Gem Trade Lab, Inc., Los Angeles 


Elise B. Misiorowski 
GIA, Santa Monica 


Michael P. Roach 
Andin International, New York 


Michael L. Ross 

GIA, Santa Monica 

Richard J. Saindon 

GIA, New York 

Andrea L. Saito 

GIA, Santa Monica 

Peter C. Schneirla 

GIA, New York 

Frances Smith 

Gem Trade Lab, Inc., Los Angeles 
R. Stephen Smith 

GIA, Santa Monica 

Carol M. Stockton 

GIA, Santa Monica 

Barbara M. Taylor 

Asian Institute of Gemmological 
Sciences, Los Angeles 


Steven C. Hofer 
GIA, Santa Monica 


Gary A. Roskin 


COLORED STONES AND 
ORGANIC MATERIALS 


The heat and diffusion treatment of natural and syn- 
thetic sapphires. R. Crowningshield and K. Nas- 
sau, Journal of Gemmology, Vol. 17, No. 8, 1981, 
pp. 528-541. 


In discussing the heat and diffusion treatment of nat- 
ural and synthetic sapphires, Mr. Crowningshield and 


This section is designed to provide as complete a record 
as possible of the recent literature on gems and 
gemology. Articles are selected for abstracting solely at 
the discretion of the section editor and her reviewers, 
and space limitations may require that we include only 
those articles that will be of greatest interest to our 
readership. 


Inquiries for reprints of articles abstracted must be 
addressed to the author or publisher of the original 
material. 


The reviewer of each article is identified by his or her 
initials at the end of each abstract. Guest reviewers are 
identified by their full names. 
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Gem Trade Lab, Inc., Los Angeles 


Evelyn Tucker 
GIA, Santa Monica 


Dr. Nassau reflect back on nearly 30 years of gem test- 
ing and relate this experience to identifying various 
types of heat and diffusion treatments that are cur- 
rently being practiced. They discuss numerous specific 
accounts of treatments that have been encountered in 
the GIA Gem Trade Laboratory. 

The authors first review the subject of heat treat- 
ment of corundum in the gemological literature, cor- 
recting several inaccuracies that have been reported. 
Information on the behavior of ruby and sapphire when 
subjected to heat treatment is available from the man- 
ufacture of the synthetic material as well as from other 
studies on natural material. On the basis of such in- 
formation, the authors list nine distinct treatment pro- 
cesses that are currently being used on corundum. Four 
of the treatments correspond to processes that also oc- 
cur in nature, two are used on synthetic material, and 
the remaining three treatments do not correspond to 
natural processes. The first six involve heating only; 
the latter three involve heating plus surface diffusion 
of impurities, such as TiO,, Fe,O 3, Cr,O3, NiO, and the 
like. A table lists the various types of treatment plus 
the results obtained from each treatment process. With 
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the aid of 16 color photographs, the authors outline the 
identification of these treatment processes. 
Robert E. Kane 


Die Eigenschaften der undurchsichtigen Schmuck- 
steine und deren gemmologische Bestimmung (The 
properties of opaque gemstones and their gemolog- 
ical identification). E. Gtibelin, Zeitschrift der 
deutschen gemmologischen gesellschaft, Vol. 30, 
No. 1, 1981, pp. 3-61. 


The entire issue of this journal is devoted to Dr. 
Gtibelin’s article on opaque gemstones and techniques 
for identifying them. In his introduction, the author 
points out that unlike most of their nonopaque coun- 
terparts, opaque gemstones and especially those that 
are carved cannot be readily identified with the aid of 
a refractometer and a microscope. Testing methods 
such as specific gravity, absorption, and fluorescence 
are discussed, as are potentially destructive techniques 
such as the hardness test, the streak test, and chemical 
reactions. When describing the latter techniques, Dr. 
Gtibelin provides a valuable reminder of how to per- 
form them properly in order to avoid damage. 

The greater part of the article consists of numerous 
tables of opaque gemstones, from agalmatholith to 
welmerite, grouped by color. For each category, Dr. 
Giubelin lists the properties of the gemstones and their 
occurrences, and provides special remarks. In addition, 
there are separate tables for groups such as cryptocrys- 
talline quartz; jade substitutes; serpentine minerals, 
and turquoise, its substitutes and imitations. This 
compilation of opaque gemstones is a welcome addi- 
tion to the field of gemology. KNH 


Korite from Alberta, Canada. P. D. Kraus, Lapidary 
Journal, Vol. 35, No. 10, 1982, pp. 1994, 1996. 


Korite, the aragonite portion of the fossilized ammon- 
ite Placenticeras, is a gem material that has been mar- 
keted in the past as ammolite and calcentine. It is 
mined commercially in two localities near Lethbridge 
in Southern Alberta, Canada. 

It is interesting to note that while aragonite will 
normally convert to calcite after approximately 10 mil- 
lion years, these korite deposits have been radiomet- 
rically dated at about 70 million years. It is probable 
that the overlying shale layer allowed mineralization 
of the fossil shells, thus preserving the fossils. 

This mineralization included small amounts {1% 
each] of iron and silica, and traces of titanium, copper, 
barium, and magnesium from the shale. The resulting 
material displays colors similar to those seen in fire 
agate as a result of the diffraction of light. 

Because of the rather soft and flaky nature of korite, 
95% of the commercially viable product is capped with 
synthetic spinel. The remainder is cut into completely 
natural stones. Korite Ltd. controls the production and 
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claims that the company buries all materials that are 
not deemed fit for cutting. RSS 


DIAMONDS 


The genesis of natural, coated diamond crystals (in 
Russian}. A. M. Asxabov and B. A. Mal’kov, Papers 
of the Soviet Academy of Sciences, Vol. 251, No. 
4, 1980, pp. 954-956, 

This investigation into the well-known phenomenon 
of yellow or greenish coatings on diamond crystals 
from the Soviet Union opens with a structural and 
chemical description of the jackets. High-density dis- 
locations lend a fibrous impression to the outer dia- 
mond surface, which differs sharply from the typically 
transparent octahedral crystal it covers. Micro-inclu- 
sions with a constant, higher silica content contribute 
to the jackets’ turbid appearance, while the character- 
istic tints result from increased nitrogen content. 

Asserting that early theories on the mechanism of 
their growth fail to explain features of the coatings re- 
vealed by X-ray diffraction studies, the authors present 
a detailed hypothesis based on a concentrated super- 
cooling of the original melt. The higher inclusion of 
admixtures into the growing crystal, formerly assumed 
to be a causal factor in the deformation of its faces, is 
described here as a result. Concentrated supercooling 
of the normal planar faces of the diamond octahedron 
leads to a chambered outer structure, with the accre- 
tion of impurities then occurring in the hollows. This 
accounts for the nature of the materials found in bor- 
ders between the finished fibers, and also corresponds 
to known processes of crystal regeneration. 

Having explained the process by which the jackets 
formed, the researchers approach the question of where 
and when the jackets took shape. Lack of repetition in 
the casings points to a single instance of formation; and 
despite extensive dissolution explained as oxidation 
occurring late in the kimberlite magma, earlier slip- 
pages can be identified. These carry through to the 
basic crystal and thus indicate that the formation of 
the coating preceded this plastic deformation in the 
already-consolidated mantlerock of eclogites and peri- 
dotites. Thus, the tinted jackets so typical of Russian 
crystals lend insight into the larger question of how 
diamond itself was formed. MPR 


High-temperature electroluminescence in diamond (in 

Russian). V. S. Tatarinov, Ju. S. Muxaéev, and 

I. A. Parfianovié, Physics and Technics of Semi- 

conductors, Vol. 13, No. 8, 1979, pp. 1642-1645. 
Scientists at the Zdanov University of Irkutsk, the So- 
viet Union, first review previous work on the subject 
of electroluminescence {EL} in diamond. They then de- 
scribe the discovery of a yellow-green electrolumines- 
cence in diamond crystals placed in a constant electric 
field of up to 6 kilovolts/em at temperatures ranging 
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from 300° to 750°C. This high-temperature electrolu- 
minescence (HEL) appeared in 12 of 600 natural spec- 
imens tested, as well as in one synthetic sample. 

As part of ongoing detailed studies of the solid-state 
physics of diamonds, the spectral, thermal, and elec- 
trical characteristics of a natural crystal were examined 
and related by the authors to the process of HEL at an 
atomic level. In conclusion the authors present argu- 
ments for correlating this phenomenon with an §2 
spectral center. They then suggest further applications 
of their studies, also describing an improved apparatus 
for applying voltage. MPR 


The Monastery Mine. J. Gurney, Indiaqua, Vol. 29, No. 
2, 1981, pp. 21-24. 

The Monastery Mine has been known to be a diamond- 
bearing kimberlite pipe since 1876, but past prelimi- 
nary investigations and some small-scale mining have 
always shown it to be unprofitable for large-scale pro- 
duction. Located in the Orange Free State in South Af- 
rica, the Monastery Mine was recently reopened for 
production using the most modern recovery methods. 

The decision by the Monex Company, and more re- 
cently the Gemex Company, to proceed with mining 
was not made easily. The pipe is small and most of the 
diamonds are of very poor quality. The redeeming fac- 
tor is a sprinkling of a few large stones of the very pure 
type Ia variety. The DeBeers’ Letseng-la-Terai mine in 
Lesotho parallels Monastery in its need to discover a 
few large, top-color diamonds to remain profitable. The 
next important decision at Monastery was how to 
achieve a balance in setting the size of the mechanical 
jaws that crush the kimberlite so that both the small 
and the large stones could be recovered. By setting the 
width of the jaws at 30 mm, a diamond of up to 220 
cts. can be liberated without risk; those larger may be 
crushed. FLG 


Rubidium-strontium dating of the Udachnaya kimber- 
lite pipe. M. Maslovskaya, S. Kostrovitskiy, V. Le- 
pin, T. Kolosnitsina, L. Pavlova, B. Vladimirov, 
S. Brandt, Doklady Akademii Nauk SSSR, Vol. 
242, No. 1, 1981, pp. 168-170. 

An interesting topic in diamond research is that of de- 

termining the age of kimberlite pipes. Maslovskaya et 

al. first briefly review other efforts undertaken to apply 
radiometric age techniques to this problem. In radio- 
metric dating, the age of the pipe is calculated by mea- 
suring the presence of a short-life radioactive element 

(such as carbon-14) or a long-life radioactive element 

plus its decay product (such as potassium4O/argon-40 

[K-Ar] or rubidium-87/strontium-87 [Rb-Sr]}. 

Both K-Ar and Rb-Sr age dating methods have been 
applied to kimberlite pipes with controversial results. 

In an effort to circumvent the difficulties encountered 
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by previous researchers, the authors chose two inde- 
pendent approaches in their use of Rb-Sr to date the 
Udachnaya pipe, the second largest Soviet pipe. One 
method dated the effect of kimberlite fluids on the host 
rocks, while the other dated the time of hydrothermal 
mineralization of quartz. 

Samples were collected from the contact zone of a 
kimberlite vein into the surrounding host dolomites 
and from a hydrothermal zone within the Udachnaya 
suite. Determinations were then made on the stron- 
tium and rubidium ratios in these samples. 

Isochrons (lines connecting rocks of the same age on 
the basis of radiometric ratios) were plotted from the 
data. The age for the kimberlite contact zone is 345 + 
30 million years and that for the quartz samples is 348 
+ 40 million years. These are in agreement with the 
age 350 + 15 million years that was previously reported. 

In addition to providing an age for this important 
pipe, the authors have demonstrated the success of 
both techniques, which can be applied to other age 
determinations. DMD 


GEM LOCALITIES 


Emeralds from Itabira, Minas Gerais, Brazil. F. M. Bas- 
tos, Lapidary Journal, Vol. 35, No. 6, 1981, pp. 
1842-1848. 

This article discusses in detail the new emerald deposit 

that was discovered in 1978 on the Belmont Farm at 

Oliveira Castro Station about 18 km southeast of Ita- 

bira, Minas Gerais, Brazil. Access to the area is gained 

by dirt road from Itabira. The mine is situated in the 

Rio do Peixe (Fish River) Valley and is located imme- 

diately adjacent to the tracks of the Vitoria-Minas rail- 

road, which services the famous iron mines at Itabira. 

The emeralds were first found by the station man- 
ager at Oliveira Castro during construction of a dam for 
the station’s water supply. The emerald crystal that the 
manager found was in a biotite schist matrix. He showed 
the crystal to the owner of the property who subse- 
quently formed Belmont Gemas Ltda. and started min- 
ing operations. The mine is an open pit; although it was 
initially worked by hand, the operation is now auto- 
mated, with mechanical shovels and bulldozers. 

The emeralds occur as perfect hexagonal prisms 
commonly 1.5 to 2.5 cm long. Crystals up to 6 cm have 
been reported, however. The emeralds characteristi- 
cally exhibit a light bluish-green color when viewed 
perpendicular to the c-axis. The crystals occur in bio- 
tite schist or as alluvium in a quartzite and schist 
gravel. 

Reports indicate that up to 40% of the emeralds re- 
covered are of cutting quality. Some of the stones stud- 
ied by the author are’ comparable to the finest quality 
material found at Muzo and Chivor in Colombia. 

Peter C. Keller 
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Garnets from Umba Valley, Tanzania: is there a ne- 
cessity for a new variety name? K. Schmetzer and 
H. Bank, Journal of Gemmology, Vol. 17, No. 8, 
1981, pp. 522—527. 
Drs. Schmetzer and Bank raise the question of whether 
the type of garnet that has recently been referred to as 
“malaya” really justifies the adoption of a new variety 
name. They compare samples of the material from 
Umba Valley, Tanzania, with other garnets of the 
pyrope-almandine-spessartine solid-solution _ series, 
giving special attention to the property determinations 
that are readily available to gemologists. They found 
that while some members of this series can be distin- 
guished from one another according to dominant end 
member of paired end-member series, pyrope-spessar- 
tine and pyrope-almandine specimens cannot always 
be separated by means of refractive index, specific grav- 
ity, and/or color. Spectroscopic determinations can be 
made, but these require considerable expertise as well 
as chemically analyzed standards for comparison; such 
tests are, therefore, not practical. 

In light of this inability to distinguish gemologically 
between two of the types of garnets encountered in the 
pyrope-almandine-spessartine series, the authors rec- 
ommend that all garnets from the Umba Valley be re- 
ferred to by the term pyralspite and modified as needed 
by prefixing a color term. However, this term seems to 
this reviewer to be too general and, in particular, does 
not account for the often significant contribution made 
by grossular to the composition of garnets of the 
pyrope-spessartine series. Nor do the authors consider 
the all-too-common case in which the gemologist has 
no way of determining the locality from which his or 
her material originated. CMS 


Modes of occurrence and provenance of gemstones of 
Sri Lanka. K. Dahanayake, Mineralium Deposita, 
Vol. 15, 1980, pp. 81-86. 

Summarizing a major study of gem mining in Sri Lanka, 

Dahanayake describes the major gem localities and hy- 

pothesizes about their origin. First, he gives an over- 

view of the geology of the island, which is underlain 
by Pre Cambrian rocks that can be divided into three 
parts: Highland, Vijayan, and Southwestern. The two 
gem areas near Elahera and Ratnapura lie within the 

Highland Group, and gem pits also occur in the South- 

western Group. Mining is done in the Vijayan Complex 

only around rivers draining from the other two groups. 
The author describes three types of gem pits: 

(1) eluvial, with blue sapphires and rubies found in 

coarse, unsorted gem-bearing sediments; (2) residual, 

with blue sapphires and rubies occurring in argilla- 
ceous sand over weathered gneisses and marbles; and 

(3) alluvial, with fancy sapphires, cat’s-eye chrysoberyls, 

and alexandrites in addition to the blue sapphires and 

rubies, contained in well-sorted sand and gravel sedi- 
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ments, A schematic cross-section illustrates the rela- 
tionship of the three types of pits to the geologic setting. 

The author concludes with a discussion of the source 
material for these deposits, examining in more detail 
the nature of these deposits. He describes how the peg- 
matites and the garnetiferous/cordierite gneisses and 
marble could be responsible for the development of 
gemstones in each of the three pits. DMD 


JEWELRY ARTS 


The ancient- craft of granulation. A re-assessment of 
established concepts. J. Wolters, Gold Bulletin, 
Vol. 14, No. 3, 1981, pp. 119-129. 

In his review of accepted concepts of the history of gold 

granulation, Mr. Wolters makes the following points: 

1. Granulation is a formal discipline within the art 
of the goldsmith; however, it is not a technique 
that is based on one specific joining process. 

2. In granulation, as in other jewelry techniques, 
both metallic and nonmetallic solders have been 
used, the latter predominating in antiquity. 

3. Granulation was never a “lost” art; it survived 
with continuity until far into the 19th century. 

4. The description of, or references to, joining tech- 
niques on which granulation is based can be 
found in numerous literary sources over a period 
of more than 2000 years. 

5. Modern attempts to establish by experiment the 
origins and characteristics of the technique have 
contributed little to our knowledge of it. They 
have usually ignored the technical features of 
ancient work, materials, and processes known in 
antiquity. 

The above points are substantiated by the author’s ex- 
tensively documented research, including a bibliog- 
raphy of 122 entries. The points made will be enlight- 
ening to the historian as well as to the practicing 
goldsmith-jeweler. This article is an abstract of a book 
by Mr. Wolters on the subject of granulation that is to 
be published soon. 

In this article he states that granulation with clearly 
recognizable traces of solder appeared first in Egypt as 
early as the Middle Kingdom, in Iran at the end of the 
Parthian period, in prehistoric northern and central Eu- 
rope, in Imperial Rome, in Byzantium, as well as in 
central and southern Europe from medieval time on- 
wards. He further states that the granulation work of 
all other cultures shows no remnant of solder alloys. 
He concludes with the statement that ‘none of the 
numerous attempts at experimental reconstruction of 
the historical granulation technique has taken ade- 
quate account of the above important considerations.” 

This reviewer is concerned, however, that in all of 
Mr. Wolters’s research he fails to credit the work done 
by H. A. P. Littledale in 1933, which was published in 
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1936 in The Scientific and Technical Factors of Pro- 
duction of Gold and Silverwork by the Worshipful 
Company of Goldsmiths. Mr. Littledale, in his re- 
search, came to essentially the same conclusions as Mr. 
Wolters. Mr. Wolters’s work would be more convincing 
if greater attention were paid to Mr. Littledale’s dis- 
coveries, inasmuch as Mr. Littledale did take into ac- 
count the technical features of ancient work and de- 
veloped a consistent theory based on his assessment of 
ancient technology. 

Professor Stanley Lechtzin 

Chairman, Metalsmithing Department 

Tyler School of Art 


Chinese jade. K. R. Tsiang, Arts of Asia, Vol. 11, No. 
5, 1981, pp. 77-83. 

In this article, Katherine Tsiang weaves a brief survey 
of Chinese jade around photographs of carvings from 
the Indianapolis Museum of Art. Her introduction traces 
the origin and use of the two jades, nephrite and jadeite, 
and follows with a discussion of developments in jade 
cutting. 

The main body of the article is devoted to jade ar- 
tifacts from the Shang dynasty to the present. It begins 
with early jade daggers and blades, and then covers the 
kuei, a ceremonial blade used in later centuries as an 
emblem of official rank. Other ceremonial and funerary 
jades such as plaques and body stoppers are discussed 
and illustrated. The author also examines the pi and 
the t’sung with the aid of photographs. Since the Chou 
dynasty, the pi has been regarded as a symbol of heaven 
and the t’sung, a symbol of the earth. 

The article concludes with two pages of color pho- 
tographs that cover jades from the Ch’ing dynasty to 
the present. ET 


Simulated materials in jewelry. R. K. Liu, Ornament, 
Vol. 4, No. 4, 1980, pp. 18-26. 

Although we often view efforts to duplicate gems and 
other jewelry materials as recent developments, sim- 
ulants have been an integral part of the history of jew- 
elry. As early as 3500 B.C., people used faience to im- 
itate turquoise. In the first section, Liu uses both early 
artifacts and recent jewelry items to describe how ac- 
curately people have tried to duplicate these objects, 
from exact copies to mere look-alikes. 

Then the author focuses on the detection of simu- 
lants, stating that one must know the object being cop- 
ied as well as the materials used to simulate it. Sepa- 
ration of the original from the imitation is often 
difficult, since countless clues must be considered. He 
emphasizes that one must examine carefully signs of 
age and wearing to see that aging has not been artifi- 
cially induced. 

Liu incorporates 38 fascinating photographs of jew- 
elry that contain teeth, beads, turquoise, lapis-lazuli, 
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coral, onyx, malachite, shell, agate, and jade, with their 
ingenious copies made of bone, shell, glass, ceramic 
materials, metal, and plastic. Those interested in these 
remarkable pieces will find the extensive bibliography 
helpful. NPK 


The utilization of diamond powder—optimum abra- 
sive for the lapidarist. B. A. Cooley and H. O. 
Juchem, Indiaqua, Vol. 29, No. 2, 1981, pp. 97~ 
103. 

In part one of a series, the authors describe the use of 

natural and man-made diamond abrasives to cut dia- 

mond and colored stones. They also comment on the 
development and use of cutting equipment. 

Diamond is used to cut diamond. Sawing diamond 
is accomplished with 4-inch bronze alloy blades, 0.05 
mm to 0.16 mm in thickness. The blades are dressed 
with 2.0- to 100-micron diamond powder. Sawing speeds 
vary from 4200 R.P.M. to 7000 R.P.M. The faces are cut 
and polished on diamond-charged laps. The diamond 
powder used to charge the laps is in a paste form, and 
varies in micron size depending on the cutter’s 
preference. 

In the sawing and cutting of colored stones, electro- 
plated or mechanically bonded diamond-charged saw 
blades, laps, and grinding wheels are often used. Dia- 
mond abrasives can increase productivity, improve cut- 
ting quality, and reduce cost. Even in countries with 
low labor costs, such as Thailand, the use of diamond 
abrasives is very common. 

Cooley and Juchem include 21 photographs which 
illustrate the preparation and use of equipment in cut- 
ting. Although the article is detailed in some parts it 
is vague in others, and the reader may be left with 
many unanswered questions. Dino DeGhionno 


RETAILING 


The carat weight. H. Tillander, Journal of Gemmology, 
Vol. 17, No. 8, 1981, pp. 619-623. 


The word carat has been used both with reference to 
the quality of gold and as a measurement of size or 
weight in other materials. The smallest unit of weight 
once used in England and on the European Continent 
north of the Alps was the grain, based on the weight 
of a local grain of wheat. By the 16th century, this was 
replaced in the European trade by the “carat grain,” 
which eventually became equivalent to one-fourth of 
a carat as we now know it. In many trade centers, the 
term carat referred to the bean of the carob tree; it be- 
came well established in the mid-17th century, al- 
though the exact weight varied somewhat. It was not 
until 1893 that Dr. G. F. Kunz suggested that the carat 
be incorporated into the metric system and be accepted 
as equal to 200 mg. Most countries legalized the metric 
carat as the unit for weighing gemstones just prior to 
World War I. Modern carat weights are now interna- 
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tionally written to two decimal places (e.g., 1.32), but 
a third decimal may be quoted in brackets to facilitate 
identification. ERL 


Gemstone and jewelry appraisal guide. W. D. Shoup, 
Lapidary Journal, Vol. 35, No. 7, 1981, pp. 1524— 
1535. 

Shoup reviews all aspects of appraising, from the take- 
in through cleaning, quality determinations, metal 
identification, and pricing. The information given is 
intended to help those with a basic gemological edu- 
cation gain insight into appraisal procedures and 
techniques. 

The author recommends that 10 steps be followed 
in doing an appraisal. First, determine the reason for 
the appraisal, which will affect the appraised value. For 
example, insurance appraisals are usually given at re- 
tail replacement value, while inheritance tax appraisals 
are normally figured at market value. Second, deter- 
mine which items are to be appraised. Some pieces are 
not worthy of the appraisal fee, and the customer should 
be informed that the cost of the appraisal might exceed 
the value of the item to be appraised. Also, frequently 
customers will bring in items that are beyond the ca- 
pabilities of the gemstone and jewelry appraiser, for 
example, artwork, figurines, and the like. Third, estab- 
lish charges and estimate time requirements for each 
job in advance. Fourth, photograph the items to be ap- 
praised. Fifth, examine, measure, and plot the major 
identifying characteristics of each piece and identify 
the potential hazards of working with the piece to the 
customer. Sixth, clean, assay, weigh, and measure the 
jewelry. (Different techniques for jewelry cleaning are 
explained in detail here. Metals testing and formulas 
for determining gram weight are also covered in this 
section.) Seventh, analyze the jewelry’s construction, 
the value of the item may vary depending on whether 
it was handmade, die struck, or cast. (An informative 
section on jewelry design and decoration is also in- 
cluded here.) Eighth, price the metal and labor. Ninth, 
analyze the gemstones. Tenth, price the gemstones. In- 
cluded with steps 9 and 10 are charts that explain the 
different pricing and grading techniques used by the 
author. 

Shoup has done an excellent job of summarizing a 
subject that is both vast and complicated. He has in- 
cluded a number of helpful hints, cautions, and key 
points to be aware of at each step. This article supplies 
assistance to the beginner and useful information to 
the veteran appraiser. Marcia Hucker 


The glory—and the nothing—of a name. M. E. Thomas, 

The Goldsmith, Vol. 160, No. 3, 1981, pp. 64-66. 
Royal Lavulite and Royal Azel are the commercial 
names given to the new material identified by various 
professional sources as manganoan sugilite, a purple 
mineral that lies between 5.5 and 6 on the Mohs hard- 
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ness scale, is dichroic, and has refractive indices of 
1.605 to 1.611. 

It is the royal purple color of sugilite in its trans- 
lucent, finest quality that inspired the trademarked 
names, although the author points out that an opaque, 
grey-purple, lower-quality stone and a semitranslucent, 
rose-purple, middle-grade stone are also marketed un- 
der these names. The sugilite controversy is such that 
both commercial parties—those marketing the stone 
as Royal Lavulite and those selling it as Royal Azel— 
claim to control the world’s supply and, consequently, 
to have more of the top-grade material. As a result, the 
author indicates, this relatively new gem is becoming 
engulfed in a confusion of commercial interests. 

Gemologists will find this account fascinating not 
only for the information about sugilite, but also for the 
description of what happens when a new deposit or 
new gem material is discovered. JCL 


Travels in China, P. Read, Canadian Jeweller, Vol. 102, 
No. 6, 1981, pp. 134, 135, 137. 


In this description of his recent trip to China, Mr. Read 
focuses on the jewelry trade in Peking, beginning with 
his visit to the main office of the China National Arts 
and Crafts Corporation. This corporation consists of six 
divisions: {1} a hardstone jewelry department that sells 
polished and carved tiger’s-eye, rose quartz, agate, tur- 
quoise, jade, and lapis-lazuli; (2) a gold jewelry depart- 
ment that sells 14K, 18K, and 24K gold jewelry set with 
gemstones; (3) a silver jewelry department that deals 
in gold-plated silver filigree ornaments and antique sil- 
ver jewelry; (4] a costume jewelry department that spe- 
cializes in enameled copper jewelry and enameled cloi- 
sonné horses; (5) a gems and pearls department that 
sells loose gemstones, and (6} a petit-point department 
that deals in handbags, eyeglass cases, and the like. 

Having read articles describing China’s deposits of 
diamonds, rubies, and sapphires, Mr. Read was eager to 
see examples and perhaps even visit the sources. He 
was disappointed, however, when the corporation's 
employees either professed to be unaware of such oc- 
currences or expressed the opinion that Chinese rubies 
and sapphires were small and of poor quality. Nor was 
he able to substantiate the reports of kimberlites in the 
south and west. He was also unable to see any of the 
Chinese diamond-cutting operation in Peking, because 
the factory is out-of-bounds to visitors. 

In a section entitled ‘Doing Business,” Mr. Read 
describes the difficulties he encountered dealing with 
a foreign language, interpreters, and foreign customs. 
He gives a few pieces of advice: the “pecking order” of 
a group is assumed from the order in which its mem- 
bers enter the room or are introduced; you should re- 
main standing until your host invites you to sit down; 
the drinking of green tea is a necessary business ritual, 
as are the formal “banquet” provided by the host and 
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the dinner given in return by the guests; expertise with 
chopsticks earns a bonus mark. 

The author concludes with his impression of China 
and Chinese gemology. He felt that the surprisingly 
basic questions asked after his talks illustrate the iso- 
lation of the Chinese from the mainstream of gemo- 
logical knowledge. But he feels that they are now eager 
to catch up with Western technology, and that they 
have traditional artistry and craftsmanship to offer in 
trade. ET 


SYNTHETICS AND SIMULANTS 


Characterization of crystals with gem application. 
M. O'Donoghue, Progress in Crystal Growth and 
Characterization, Vol. 3, 1981, pp. 193-209. 

In his introduction, O’Donoghue states that the pur- 

-pose of this article is to bridge the gap that exists be- 

tween gemologists and crystal-growth scientists. The 

gemologist is interested in separating natural from syn- 
thetic gemstones, while the crystal-growth scientist is 
attempting to produce material with particular prop- 
erties. In sections organized by the method of crystal 
growth, he reviews the historical development of the 
different processes and describes the mechanics of each. 

O'Donoghue emphasizes the separation of the nat- 
ural stone from the synthetic or the diamond from the 
diamond simulant, pointing out the varieties of inclu- 
sions found in each. Following the bibliography, he in- 
cludes 11 line drawings of the common types of iden- 

tifying inclusions. DMD 


Polymeric synthetic opal (in Japanese). A. Kose, Gem- 

mological Review, Vol. 3, No. 5, 1981, pp. 2—7. 
Noting the advances made in the creation of synthetic 
and substitute gemstones, Akira Kose, author and re- 
searcher in colloid chemistry at the Institute for Ap- 
plied Optics in Tokyo, explains that opal synthesis was 
first made possible in the 1960s. Man-made products 
can be divided into two groups: (1} those that have the 
same chemical composition as the natural, referred to 
as synthetics, and (2) those that duplicate natural beauty 
but have a different chemical structure, referred to as 
simulants. Kose’s highly technical article focuses on an 
analysis of the institute’s own polymeric opal simu- 
lant, which has the chemical composition of styrene- 
divinyl-methacrylate. 

The process involves combining styrene-divinyl 
benzene copolymer with polymethyl methacrylate. 
Through the stages of mixing the ingredients, emul- 
sion, and sedimentation, a closely packed structure of 
microspheres results. Sedimentation from the white, 
milky emulsion state takes up to one year, and provides 
an excellent case study for explaining crystallization 
and changes of matter. Dissatisfied with existing the- 
ories, Kose and his colleagues concentrated their search 
on new theories, which led to this process. 
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The final polymeric opal-like product closely re- 
sembles natural white opal with a beautiful play of 
color. The diameter of the microspheres is in the 2000- 
5000 A range, compared with the 2000-3000 A range 
for natural opal. Kose enumerates the other character- 
istics of this opal simulant, including specific gravity 
{1.19}, hardness (2.5}, refractive index {1.6—1.49}, ther- 
moconductivity (slight), and surface character (hydro- 
phobic). 

The polymeric simulant maintains its beauty better 
than natural or synthetic opal, since it contains no 
water and is more resistant to acids and alkalis. Soften- 
ing can occur beyond 130°C, but with cooling the stone 
returns to normal. 

Illustrations include one diagram depicting opal 
structure and four photographs taken at 1500 mag- 
nification that detail the crystallization process of the 
polymeric simulant. ALS 


Editor’s Note: Although the author has titled this 
article “Polymeric Synthetic Opal,” the chemical 
composition of this material places it in the simulant 
category. 


Report on coloured cubic zirconia. P. Read, Journal of 

Gemmology, Vol. 17, No. 8, 1981, pp. 602-605. 
The high luster and dispersion of colored cubic zirconia 
makes it an attractive and durable gem material, but 
these properties also prevent it from qualifying as an 
effective simulant of natural gems other than sphene 
and fancy-colored diamonds. 

Read examined seven colored Ceres crystals grown 
by the skull crucible process from which faceted stones 
were cut and also studied for their properties. The spe- 
cific gravity of these stones ranged from 5.95 to 6.06, 
although the range has been reported from 5.54 to 5.95. 
This deviation may be attributed to the stabilizer (Y,O,} 
employed in the Ceres product. Refractive index ranged 
from 2.09 to 2.18. Luster tested on a reflectivity meter 
was consistently lower than on colorless specimens, 
but thermal conductivity was virtually the same. 

Fluorescence to long-wave ultraviolet radiation var- 
ied, depending on the color of the crystal. The pink 
crystals fluoresced yellow-green, the orange crystal red, 
and the lilac a bright peridot green, while the other 
colors (red, green, brown, and purple} were inert. Short- 
wave ultraviolet radiation caused a faint green fluores- 
cence in the pink and lilac crystals, a pink fluorescence 
in the orange cyrstal, a pale green and pale brown in 
the green and brown crystals, with other colors being 
inert. No phosphorescence was displayed to either long- 
wave or short-wave ultraviolet radiation. 

Characteristic absorption spectra for the seven crys- 
tals are illustrated and indicate that rare-earth dopants 
were used in their manufacture. Prominent spectral 
lines were caused by the oxides of cerium in the orange 
and red varieties, and by the oxides of erbium and neo- 
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dymium in the pink and lilac crystals. The purple color 
may be due to ferrous oxides, while the olive-green and 
light brown shades might be due to the use of transition 
elements. Other manufacturers have employed oxides 
of terbium to produce various shades of green, and ox- 
ides of praseodymium to yield an amber color. Oxides 
of thallium and holmium have also been used. ERL 


Synthetic emeralds. G. Brown, Wahroongai News, Oc- 
tober 1981, pp. 15-19. 


This brief review addresses our current knowledge of 
the growth and detection of synthetic emerald. The 
first part of the article includes fairly detailed outlines 
for the growth of synthetic emeralds by molten-flux 
techniques, the flux-transport growth technique, and 
hydrothermal growth. These outlines are accompanied 
by informative diagrams showing the growth appara- 
tus. Following the discussion of synthetic emerald 
growth techniques, the author reviews the properties 
of natural emerald versus flux and hydrothermal syn- 
thetics. Because inclusions can be so important in the 
separation of natural stones from synthetics, the author 
outlines the types of inclusions that can be expected 
in both. The article then concludes with a comprehen- 
sive table for the identification of most known syn- 
thetic emeralds. However, no reference is made to syn- 
thetic emeralds from Japan or the U.S.S.R. 
Peter C. Keller 
Editor’s note: Abstracts of articles that discuss the 
hydrothermal and flux-grown emeralds from the So- 
viet Union as well as synthetic material from Japan 
appear in this section of the Summer 1981 issue of 
Gems & Gemology. 


MISCELLANEOUS 


Exposure in jewelry photography. American Jewelry 
Manufacturer, Vol. 29, No. 5, 1981, pp. 84-88. 
This article introduces the reader to the particular dif- 
ficulties associated with photographing jewelry. It 
specifically addresses the subject of making proper 

exposures. 

Many jewelry items commonly photographed are 
small, such as rings and brooches. In order to capture 
the detail of each piece, the camera needs to be brought 
in closer so that the image fills the picture area. Un- 
fortunately, as the photographer moves in closer to an 
object, its depth of focus—that is, those areas that are 
in sharp focus—diminishes. The depth of focus can be 
increased by closing the lens down to a smaller aper- 
ture, f-16 or f-22. However, a serious problem arises 
from closing the lens down: a longer time exposure is 
needed because less light reaches the film. The time 
exposures may vary from 1/60th of a second down to 
one second and require the use of a tripod. 

The last subject discussed is the use of hand-held 
meters versus the camera’s meter. Many studio pho- 
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tographers prefer a hand-held meter in the incident 
mode, which is pointed at the light source rather than 
the object. Alternatively, the photographer may want 
to use a Kodak 18% gray card placed at the object in 
conjunction with the camera’s built-in meter. Both 
methods give the same results—a properly exposed 
photograph. Mike Havstad 


The growing pains of gemmology. B. W. Anderson, 
Journal of Gemmology, Vol. 17, No. 8, 1981, pp. 
515-521, 


On the 50th anniversary of the Gemmological Asso- 
ciation of Great Britain, the author briefly reviews 
milestones in the history of gemology as well as draw- 
backs {e.g., the former variation in weight of the carat 
from country to country). Early books on gemstones 
and gemology were A. H. Church’s Precious Stones 
(1883}, G. F. Kunz’s Gems and Precious Stones of North 
America (1890), Max Bauer's Edelsteinkunde (1896), 
and G. F. Herbert Smith’s Gemstones {1912}. Another 
stimulus to the science was early lectures, including 
two in 1897 at the Royal Society of Arts by Professor 
Henry Miers (who 40 years later became president of 
the Gemmological Association). The production of 
Smith’s refractometer (first marketed in 1907} and the 
opening of a pearl and gem testing laboratory (Hatton 
Garden, 1925) were essential to the development of the 
science of gemology. 

Anderson points to the establishment of gemology 
‘Sn almost every civilized country” in 1931, with an 
organization in Germany, a laboratory in Paris, and 
GIA in the United States. The first ‘‘vehicle for the ex- 
change of gemmological information” was The Gem- 
mologist. Anderson concludes by mourning the end of 
that monthly, which left the gemological scene in 
1962, SLD 


The occult powers of gemstones. P. J. Abramson, Lap- 
idary Journal, Vol. 35, No. 8, 1981, pp. 1710-1714. 
In this well-written article, Abramson pairs popular 
gemstones with the powers that have been ascribed to 
them from the Middle Ages to the present. She cites 
stones that are purported to provide protection against 
general evils and others that supposedly ward off spe- 
cific evils: amber and star stones protect against the 
evils of witchcraft, ruby against infectious diseases, and 
garnet against skin diseases, while emeralds are said to 
prevent epileptic seizures. She also comments on the 
positive powers of stones such as sapphire, which is 
said to improve intelligence. Some gemstones require 
special use to release their powers: the wearer of a sap- 
phire must mb his or her tongue over the stone from 
time to time, and a ruby is most effective when embed- 
ded in the flesh. The author describes over 20 stones 
in this article, which is easily read and is a helpful ref- 
erence to ‘powers of gemstones” for the jeweler. 
DME 
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GEM NEWS 


Stephanie Dillon, Editor 


DIAMONDS 


Australia. Ashton Mining predicts a total annual pro- 
duction of approximately 20 million cts. by 1986, es- 
timating that about 2 million will come from alluvial 
deposits by late this year and the rest from the AKI 
kimberlite pipe at Argyle. Since it has been determined 
that the southern end of the pipe contains higher-qual- 
ity diamonds, fewer stones will be produced. An initial 
production plant will be required to process only 2.25 
million tons of material annually, rather than the orig- 
inally anticipated 5 million tons. 

Establishment of a local cutting and polishing in- 
dustry will depend on whether Ashton decides to mar- 
ket through De Beers or independently. 


Belgium. Because of the volume of cut diamonds being 
imported into Belgium from Russia, Belgian diamond 
workers in the “smalls” industry of Kempen fear for 
their survival. The proportion of cut diamonds im- 
ported from Russia jumped from15% in the 1977-1979 
period to 22% in the first half of 1980. Secretary of 
State for the Flemish Community Paul Akkermans has 
stated concern over the situation, but he has thus far 
ruled out the possibility of import restrictions as dam- 
aging to Antwerp’s reputation as world diamond trade 
capital. 

Illustrated in figure 1, against a Belgian postage 
stamp, is a sample of modern-day diamond carving, a 
faceted reproduction of the head of King Baudouin of 
Belgium. It was presented to the king by Belgian cutter 
Robert Meeus. The finished piece measures 10.77 mm 
x 5 mm x 1.90 mm and weighs 1.03 cts. It was cut 
from a 2.85-ct. rough crystal. 

Among Meeus’s other diamond carvings are replicas 
of the Eiffel Tower, the head of King Hassan II, and one 
of President de Gaulle, which is displayed in the 
Louvre. He has also worked on reproductions of Prince 
Charles and Princess Diana. Diamond cutters use flat 
crystals to produce any number of fancy shapes, in- 
cluding personalized examples such as this. 


Ghana. The Akwatia, Ghana’s only remaining produc- 
ing diamond mine, may be closed this May because of 
financial problems, Output has dropped to less than 
half of that produced in the mid ’70s, and production 
to date has been continued by an emergency loan to 
Ghana Consolidated Diamonds. GCD’s Managing Di- 
rector Harry Parker claims the company’s survival de- 
pends on more state aid (the government holds 55% 
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Figure 1. Diamond carving of King Baudouin of 
Belgium, 1.03 cts, by Robert Meeus. 


of the company) or a major devaluation of Ghana’s 
currency. 


Guinea. Australia’s Bridge Oil plans to invest $22 mil- 
lion over the next three years in machinery and equip- 
ment for diamond production in Guinea. The lease in- 
volves 23,000 km? of the Kissidougou Eanankor section, 
close to the Sierra Leone border. The deposits, chiefly 
alluvial, will be worked by the Guinean government 
(50% shareholder], Bridge (45%), and two other com- 
panies, one Swiss and one British (the remaining 5%). 


India. Indian diamantaires, concerned that the prolif- 
eration of automated cutting and polishing machines 
may deprive their industry of a portion of the rough 
traditionally provided by DeBeers, are seeking new 
sources for rough. Currently 40% of their material 
comes from DeBeers and 60% comes from Antwerp. 
The government’s Minerals and Metals Trade Corpo- 
ration has secured an agreement with Ghana and is 
pursuing new joint ventures with other African coun- 
tries to increase supplies. 


Israel. Following a slump, diamond processing in Israel 
appears to be reviving, with more than 30 new plants 
opened in recent months. 


South Africa. The Diamond Club of South Africa opened 
that country’s first bourse October 6 of last year. It is 
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expected to attract traders from other countries as well 
as raise domestic interest in diamonds. 


Sweden. Sunsvall, Sweden, is the location of the first 
diamond discovery in Europe, made last summer. Two 
diamonds, each approximately 0.3 mm in length, were 
found by representatives of the State Geological Re- 
search Institute just a few months after they began 
prospecting. 


Taiwan. Ochta Holdings, a South African company, is 
opening a diamond-cutting plant in the Republic of 
China which is expected to attain maximum polishing 
capacity of 10,000 cts. per month by 1984. The com- 
pany intends to process South African rough for the Far 
Eastern market. 


U.S.A. The General Electric Company announced in 
February a new method of creating invisible identifi- 
cation marks on diamonds. An ion implanter (a ma- 
chine ordinarily used to make microscopic electronic 
circuits] bombards a crystal with a stream of ions. 
These produce a change in the ability of the material 
to conduct electricity. A stencil is placed on the dia- 
mond before its bombardment, causing the desired pat- 
tern (e.g., a number) of electrical conductivity to form. 
Subsequently, the gem can be rubbed on cotton or silk 
to build up a charge of static electricity, then dusted 
with a special powder that clings to the spots of ion 
implantation, showing the identification mark. The 
powder can be wiped away. This technique, which GE 
will make available for licensing, could provide posi- 
tive and nondestructive identification of stones. 


U.S.S.R. Mine shafts being driven at Miniy in Yakutsk 
represent the first underground diamond operations in 
the U.S.S.R. Until this time, mining has been done by 
open-cast methods. The shafts are driven under Sibe- 
rian permafrost, where the galleries must be artificially 
frozen, since the earth would be too soft otherwise to 
support driven shafts. One shaft, from which a high 
yield is expected, will reach a depth of 1,000 m. 

To man the local polishing industry, four Russian 
schools—in Moscow, Kiev, Barnaul, and Gomel—are 
training diamond cutters. The one-year course includes 
crystallography, drawing, and the technology of work- 
ing with diamonds. The students work exclusively with 
diamonds, with processing losses reported at just 5% 
higher than those of experienced workers. 


COLORED STONES 

Aquamarine from Afghanistan. Dr. Edward Gtibelin 
has followed up his report on gems of Pakistan {see this 
section of the Fall 1981 issue of Gems #& Gemology} 
with a photograph of aquamarine with albite and mus- 
covite from Dassu in Baltistan, Pakistan (figure 2). 
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Figure 2. Aquamarine with albite and 
muscovite from Dassu, Baltistan, Afghanistan. 


Synthetic Amethyst. Synthetic amethyst offered to 
dealers as natural is currently causing concern in the 
jewelry industry. Material produced in Russia has been 
commercially available since 1970. Recently, the Jap- 
anese have also begun to produce and cut synthetic 
amethyst crystals. Although some specimens are rec- 
ognizable by “breadcrumb” inclusions, much of the 
material is indistinguishable from natural, especially 
in mounted goods. The GIA Gem Trade Laboratory, 
therefore, does not specify the origin—natural or syn- 
thetic—of amethyst on identification reports. 


Imitation Opal. Readers may be familiar with the syn- 
thetic opal first produced by Pierre Gilson in 1972, 
which has been marketed since 1974. Now we are in- 
debted to Dr. Edward Giibelin for the announcement, 
originally published in Moscow, that Siberian and Tad- 
shikian scientists have collaborated to produce syn- 
thetic opals in Isfaru, Tadshikistan. Another recent 
product is discussed in the Gemological Abstracts sec- 
tion of this issue of Gems @& Gemology. 


Israeli Emerald Industry. The largest emerald-polishing 
center is now Israel, where approximately 50% of the 
world’s production for 1981 was cut. Numerous inno- 
vative techniques have been patented by Israeli plants, 
and domestic educational institutions are cooperating 
in research and technological training in the field. Ben- 
Zion Harel, chairman of the Israel Emerald Cutters 
Association, formed last summer, estimates that 40% — 
50% of the emeralds sold by jewelers are processed and 
marketed by Israel. Pointing to the technology behind 
the rapid development of the industry, he predicts that 
within two years production quality will be standard- 
ized and loss minimized by the use of robots as cutters. 


Another Taaffeite. In 1981, a 4.02-ct. light mauve stone 
from the collection of a resident of Colombo, Sri Lanka, 


GEMS & GEMOLOGY _ Spring 1982 59 


was identified as taaffeite. The first such stone was dis- 
covered in 1945 by Count Taaffe of Ireland. David Di- 
kinas, of Los Angeles, who made the recent discovery, 
estimates that fewer than 30 of the stones are known 
to exist. 


New Pala Tourmaline Pockets. Four new pockets were 
revealed last fall at the Himalaya Mine in Mesa Grande, 
California. Bill Larson, owner of Pala Properties Inter- 
national, reopened the mine three years ago and di- 
rected exploration to reach previously undiscovered 
pegmatite. The pockets were located after 14 months 
and 715 feet of tunneling. Pink, green, and bi-colored 
material (figure 3) has been removed, including a num- 
ber of sizable mineral specimens; less than one per cent 
of the material is considered suitable for faceting. 


INTERNATIONAL GEMOLOGICAL SYMPOSIUM 


February 12—15 were the dates of the first International 
Gemological Symposium, held by GIA at the Century 
Plaza Hotel in Los Angeles in celebration of the Insti- 
tute’s 50th anniversary. The event was attended by 750 
people, representing 35 countries, and was, in the opin- 
ion of the participants, outstanding in both effective- 
ness and content. 

The 12 sessions featured 60 noted international 
gemologists, who examined production, mining, cul- 
turing, marketing, treatment, and many other aspects 
of gemology. The keynote address, “Diamonds Today 
and Tomorrow,” was delivered by G. L. S. Rothschild 
of I. Hennig & Company, Ltd., the largest brokerage 
firm for DeBeers’ Central Selling Organization. Formal 
sessions culminated in an audience participation pro- 
gram of questions and answers. 

In conjunction with the Symposium, the Los An- 
geles County Natural History Museum featured an ex- 
hibit of the Rainbow Gems Collection of 300 naturally 
colored fancy diamonds. 

Forty-two of the speakers’ presentations have been 
published in a proceedings volume. The talks have also 
been recorded on tape cassettes. The proceedings and 
tapes of this unique event are available from the GIA 
Bookstore, P.O. Box 2052, Santa Monica, California 
90406. Telephone: (213) 829-3126. 


TUCSON GEM AND MINERAL SHOW 

This year, for Tucson’s February show, 151 gem exhib- 
itors were stationed at the Marriott Hotel, while 88 
members of the year-old American Gem Trade Asso- 
ciation occupied booths at the Doubletree Inn. A half 
dozen other locations contained booths featuring fac- 
eting and cabochoning rough, mineral specimens, find- 
ings, and lapidary and jewelry manufacturing equip- 
ment. 


Beryl. Faceted aquamarines from Brazil and Afghani- 
stan were plentiful, as were aquamarine specimens 
from Idaho. 
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Figure 3. Himalaya tourmaline mine as seen 
with miners’ lamps. Photograph by Mike 
Havstad, GIA Gem Media. 


There were very fine emeralds from Pakistan and 
Afghanistan in addition to those from Colombia. A 
new feature was the presence of a quantity of African 
emeralds in large and calibrated cuts offered by dealers 
from Israel, 

Red beryl was present chiefly in mineral specimens, 
but some cut stones were available. 


Corundum. There were many fine cut Umba River 
(East Africa) corundums, usually in sizes of one carat 
and under. These were in all colors, both faceted and 
en cabochon, some showing a change of color {usually 
blue to violetish blue}. 

Medium-quality rubies from Pakistan were on 
display. 

Suddenly this year, there were trays full of the hith- 
erto very rare orange sapphires. Pink and yellow sap- 
phires were also in abundance. The presence of so 
many of these stones, reportedly from Burma and Cey- 
lon, suggests the possibility of a newly discovered source 
or, perhaps, that color treatment is becoming either 
more widespread or more sophisticated. 


Garnet. Orange garnets were plentiful, as were rhodo- 
lites, reportedly from Tanzania. 

A number of large cut tsavorites were displayed. 
These may have been from old stock, but a plentiful 
supply of tsavorites up to one carat in size is predicted 
by mine owners. 


Malachite. Malachite was on display in the mineral 
exhibit. There were many very fine stalactitic speci- 
mens of this mineral. 
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Pearl. Surprising to Tucson habitues was the quantity 
of pearls on display. In addition to strands: of fresh- 
water cultured pearls from China, there were some 
from Japan’s Lake Biwa and strands of 2- to 8-mm Jap- 
anese salt-water cultured akoyas (cultured over mother- 
of-pearl nuclei}. Individual natural pearls from Tennes- 
see were shown in sizes ranging from seed pearls of 2 
mm to stones of 20 to 30 mm. The colors displayed 
included white, gold, pink, lavender, purple, bronze, 
and black. There were a few South Seas naturally col- 
ored black cultured pearls and some of treated color. A 
fair amount of the Chinese fresh-water product shown 
appeared to be dyed. 


Peridot. Some fine peridots from Burma and from the 
San Carlos mine of Arizona were shown. 


Spinel. Spinels of all colors were plentiful, including a 
few 10-ct. and “ruby” red stones. 


Spodumene. Pink spodumene from Afghanistan was 
displayed primarily as rough material. There were also 
cut stones of Brazilian kunzite. 


Sugilite. The purple stone introduced at Tucson last 
year was shown in quantity, in rough form and en cab- 


ochon, with the more translucent material faceted. 
Trade names are Royal Lavulite and Royal Azel. 


Tanzanite. There were few fine tanzanites in evidence, 
and those available apparently came from old: stock, 
inasmuch as little material is being brought out of Tan- 
zania at present. 


Topaz. Topaz was abundant in light blue stones and in 
yellow to orange colors. Because of recent concem over 
some marketed topaz emitting radiation (see the article 
by Robert Crowningshield in the Winter 1981 issue of 
Gems & Gemology for further information on this sub- 
ject), a representative of the Nuclear Regulatory Com- 
mission examined numerous materials with a geiger 
counter. Dealers were universally cooperative in sub- 
mitting stock for testing. All material proved accept- 
able by commission standards. 


Tourmaline. Green tourmaline from Zambia was plen- 
tiful. There were a number of coppery earth colors in 
stones from Mozambique. There was also an unusually 
large quantity of fine colored rubellite, reportedly from. 
a Brazilian source discovered last November. Tour- 
maline mineral specimens from Nuristan, Afghanistan, 
were displayed, as were tourmaline carvings from Idar- 
Oberstein. 


ANNOUNCEMENTS 


The Canadian Gemmological Asso- 
ciation has announced that, in affil- 
iation with the Gemmological As- 
sociation of Great Britain, it has 
opened a course leading to a Di- 
ploma in Gemmology and Fellow- 
ship in the Canadian Gemmological 
Association. The course is available 
through correspondence and through 
evening classes held in Toronto. 
Registration for 1982 closes Septem- 
ber 30. For further information, write 
to: The Registrar, Canadian Gem- 
mological Association, Box 1106, 
Station “Q,” Toronto, Ontario 
MAT 2P2. 
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The Adiel Steacy Memorial Schol- 
atship is offered annually and is open 
to a resident of Brockville, Ontario, 
Canada, who needs aid to study 
gemology. The scholarship provides 
up to $2,500 for the recipient, who 
is expected to seek employment in 
the Canadian jewelry industry upon 
the completion of his studies, to at- 
tend GIA or its equivalent in Can- 
ada. Should no application be made 
by a Brockville resident, other resi- 
dents of Ontario will be considered. 
Applications may be submitted to 
the Assistant Registrar (Student 
Awards], Queen’s University, 
Kingston, Ontario K7L 3N6, prior to 
July 1. 
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The Henry H. Harteveldt, Jr. Schol- 
arship, to cover the cost of the Res- 
ident Course in Diamonds at GIA’s 
New York facility, is offered by the 
institute. It will be granted on the 
basis of financial need and the in- 
dividual’s desire to become a profes- 
sional jeweler. Deadline for appli- 
cation is August 15. Applications 
are available through the Scholar- 
ship Office, GIA, P.O. Box 2110, 
Santa Monica, CA 90406. 


Gems &# Gemology welcomes news 
of exhibits and events of a gemolog- 
ical nature. Please contact Ste- 
phanie Dillon, Gemological Insti- 
tute of America, 1660 Stewart St., 
Santa Monica, CA 90404. Tele- 
phone: (213} 829-2991. 
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| A SPECIAL THANKS 
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SRI LANKA: 


THE GEM ISLAND 


By Peter C. Zwaan 


Sri Lanka, formerly Ceylon, remains one 
of the single most important sources for 
fine gemstones. Especially notable are 
blue sapphire, pink sapphire or ruby, and 
yellow sapphire; alexandrite and cat’s-eye 
chrysoberyl; and almandite and hessonite 
garnet. Spinel, tourmaline, zircon, 
moonstone, and quartz are also relatively 
common; they share their country of 
origin with several rarer gemstones as 
well. Most of the gem-quality material is 
found in alluvial deposits throughout the 
island, which are mined by primitive 
methods. In many instances, the Sri 
Lankan origin of the gemstone can be 
determined by characteristic inclusions, 
several of which are also discussed in 
this article. 
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he gem riches of Sri Lanka have been legendary for 

centuries. One of the earliest descriptions is that of 
Nearchus, who in 334 B.C. mentioned an island not far 
from Persia where beautiful translucent gems had been 
found. Without a doubt, this island was the present Sri 
Lanka. Much later, at the beginning of the 16th century, 
Portuguese sailors discovered the island and returned to 
Europe with some of its gemstones; seamen from Holland 
did the same some hundred years later. 

Over the centuries, tens-——-probably hundreds—of 
thousands of carats of fine sapphire, ruby, chrysoberyl, 
spinel, and other familiar as well as unusual gemstones 
have been mined in Sri Lanka. Yet many questions con- 
tinue to surround the geology of the deposits, and mining 
methods remain, for the most part, very primitive. 

During the course of the author’s eight trips to Sri 
Lanka, he has traveled all over the country and inspected 
the major mining areas—beginning in 1958 with the his- 
torically important Ratnapura area and completing most 
recently, in February and November of 1981, a study of 
the newer Tissamaharama area. 

The author has drawn from his experiences and in- 
vestigations to provide this overview of the geology of Sri 
Lanka and its mining and cutting practices, as well as spe- 
cial features of the various gem materials found there. 
Also examined are inclusions characteristic of Sri Lankan 
gemstones and production figures for the area. 


GEOLOGY 


Sri Lanka is one of the most important localities for gem- 
stones in the world. Almost all of these gems, however, 
occur in alluvial deposits, and their original source re- 
mains unknown today. 

A geologic sketchmap (figure 1} shows that the island 
is almost entirely underlain by Precambrian rocks. These 
rocks can be divided into three groups based on their lith- 
ology, structure, and age, as described below. 
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Figure 1. Geological 
sketchmap of Sri Lanka, 
with the main gem- 
producing areas identified. 
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The oldest unit on the island is the Highland 
group, which contains rocks of the metamorphic 
granulite facies, such as hypersthene gneisses 
(charnockites}, sillimanite-garnet gneisses (khon- 
dalites), biotite-garnet gneisses, and marbles in 
which forsterite and spinel occur. Most of the 
gem deposits are located within this group. 

The second unit is the Vijayan complex. This 
unit is characterized by rocks of the almandite- 
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amphibolite facies, such as biotite-hornblende 
gneisses. 

The overlying Southwest group consists of 
rocks that belong to the cordierite-granulite 
facies. It contains both cordicrite gneisses and 
khondalites. 

Although most of these rocks, as well as nu- 
merous pegmatites found throughout the coun- 
try, contain gem materials, it is remarkable that 
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Figure 2. Gem pits in 
Meetiyagoda. 


few of the minerals found thus far in situ are of 
gem quality. Yet numerous alluvial deposits on 
the island contain pebbles of the same gem min- 
erals, many of which are of gem quality. There is 
no doubt that the latter originated in rocks not far 
from their present localities, but up to now the 
host rocks have not been found. 

It would be particularly interesting to estab- 
lish the original source of blue sapphire, the most 
important gemstone in Sri Lanka. The only known 
location of gem-quality blue sapphire in situ is in 
a pegmatite located near Kolonné in the Ratna- 
pura district, where the blue sapphire is found to- 
gether with diopside (Gunaratne, 1976}. The only 
other gemstones found in host rock are moon- 
stone, which occurs in Meetiyagoda, near Galle, 
and some almandite garnet, which occurs in sev- 
eral places throughout the island. 


GEM DEPOSITS 


As mentioned above, almost all of the gem-qual- 
ity minerals from Sri Lanka occur in alluvial de- 
posits; the main gem-bearing area is the Ratna- 
pura district in Sabaragamuwa Province, some 97 
km (60 miles) southeast of Colombo. The gems 
are concentrated in more-or-less horizontal layers 
at different depths in the alluvium, which con- 
sists primarily of sand and gravel. The most no- 
table localities are Ratnapura (the name means 
“city of gems’), Pelmadulla, Balangoda, and 
Rakwana. 

Similar deposits are found near Elahera in the 
Central Province, in particular in the valley of the 
Kaluganga River. Here, the gem minerals are not 
concentrated in specific levels, but are almost 
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uniformly distributed throughout in a laterite- 
rich deposit of sandy gravel and clay. 

Another gem deposit of interest is near Ok- 
kampitiya in the province of Uva. This deposit is 
very similar in appearance to those in the Rat- 
napura district. It is well known for its large pro- 
duction of hessonite gamet. 

About three years ago, gem-bearing deposits 
were discovered in the Tissamaharama area (also 
called the Kataragama area] in Southern Province. 
The major localities are Amarawewa, about 10 
km from Tissamaharama in the direction of Ka- 
taragama; and Kochipadana, about 5 km east of 
Kataragama. In this region, gem minerals occur 
in alluvial deposits at a depth of about 1 m. 

Although certain areas in Sri Lanka may be 
wetter than others, it is usually not difficult to 
visit the various gem-mining districts. The trav- 
eler is advised, however, to ask the assistance of 
the State Gem Corporation in arranging a guide, 
a necessity for every foreigner and particularly so 
for the first-time visitor. The author was cau- 
tioned to exercise some care when visiting the 
Elahera district, but his personal experience with 
the people there was very good. 


GEM MINING 


Gem mining in Sri Lanka is primitive. Usually, 
pits are dug to the depth of the gem-bearing gravel 
layer. Depending on the level of the groundwater, 
and on whether the area is wet or dry, some 
method of drainage is used. The pits are strength- 
ened with wooden bulwarks to avoid caving. The 
workers are protected from the sun by a thatched 
roof (figure 2). 
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It is not unusual for some of the deeper pits to 
extend a short tunnel from the bottom, although 
such a tunnel is dangerous, especially in wet areas 
like the Ratnapura district. In this area, pits vary 
in depth from 5 to 15 m. The gem rough is very 
rounded, which indicates either intensive rolling 
or long transport. 

In the Elahera area, the depth of the gem-bear- 
ing gravel ranges from about 3 to 9 m. Mining is 
less complicated than in the Ratnapura district 
because this part of Sri Lanka is very dry. Al- 
though the gem minerals in the laterite-rich de- 
posits are rounded only slightly, distinct, well- 
developed crystal faces are seldom seen. 

In the Tissamaharama area, not only is the 
material rounded only very little, but many spec- 
imens (in particular, corundum and tourmaline) 
have well-developed crystal faces (figure 3). It is 
apparent that these crystals have been trans- 
ported by nature a considerably shorter distance 
than gem minerals found elsewhere in Sri Lanka, 
which suggests that their original source is rela- 
tively close. 

In all of the gem deposits, the gem-bearing 
gravel, which is locally called i/lam, is placed in 
baskets that are usually hoisted up from the pit 
by means of a rope. Large quantities of this illam 
are heaped near the pit. 

To wash the gravel, the worker stands waist 
deep in muddy water, shaking and rotating a cone- 
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Figure 3, Corundum crystals from Kochipadana. 
For scale note that the crystal in the center at 
the bottom is 17 mm long and weighs 14.9 ct. 


shaped, plaited basket (figure 4). Recovery rates 
are thought to be quite high with this method. In 
a short time, most of the mud is washed away, 
and the larger pebbles, most often opaque or 
translucent, are picked out and thrown away. 
After further swirling, the washed gravel, which 
is locally called dullam, is examined for gem- 
quality material by the supervisor; in most cases, 
this is the owner of the mine. 


LAPIDARY TREATMENT 


Cutting is done by means of a wooden apparatus 
that has a horizontal axis and a vertical wheel at 


Figure 4. Washing of the 
‘Gam’ in Ratnapura. 
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Figure 5. Gem cutting in 
Ratnapura. 


one end. The axle can be rotated with a cord that 
is moved to and fro with one hand while the stone 
is pressed against the wheel with the other (figure 
5). Commonly, stones faceted in Sri Lanka are 
very irregular, as can be seen in figure 6, which 
represents a parcel of Sri Lankan gems. With the 
emphasis on cutting for size rather than sym- 
metry, much of the material is spoiled. For this 
reason, many stones cut in Sri Lanka are not suit- 
able for sale in other countries without recutting. 

Some years ago, machine cutting was intro- 
duced, mainly through the influence of the State 
Gem Corporation, and is now becoming very pop- 
ular. It is a significant move in the right direction. 


IMPORTANT GEMSTONES 


Without doubt, blue sapphire is the most impor- 
tant gemstone found in Sri Lanka (figure 7}. It is 


Figure 6. Gemstones cut in Sri Lanka. For scale, 
the green zircon at the top left weighs 9.04 ct. 
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important not only commercially, but also for its 
unique beauty, especially its fine color. Although 
blue sapphire is found in a number of places in Sri 
Lanka, the occurrence at Rakwana in the Ratna- 
pura district is particularly important, while the 
Tissamaharama area also promises to become a 
major source. A milky-white variety, suitable for 
treatment to obtain a fine blue color, is called 
“geuda” (Gunaratne, 1981}. 

The red corundum, or “Ceylon” ruby, is fairly 
common in most of the gem-bearing areas, but its 
color is never as saturated as that of the Burmese 
ruby. In fact, ruby from Sri Lanka tends to be pink 
rather than red. 

Sri Lanka is one of the few sources for yellow 
sapphires (figure 8). They occur primarily in Bal- 
angoda. These stones typically range in hue from 
very pale to dark yellow. Some orange stones are 
occasionally seen as well. Deep-orange corun- 
dum, with the ‘‘color of the sunrise,” is rare, and, 
therefore, highly prized. The name “padparad- 
scha” has been applied to these rare stones. 

Star corundum is common in Sri Lanka. Such 
stones occur in different colors, but bluish grey, 
pale violet, and milky white are most common. 
Star rubies and star sapphires of fine color are 
rare, but some important pieces have appeared 
(figure 9}. 

Another important Sri Lankan gem is chry- 
soberyl, especially the rare varieties alexandrite 
and cat’s-eye. Good qualities of both varieties are 
scarce, and hence highly prized. Most alexan- 
drites are rather clear and light green; their color 
range is moderate. The best cat’s-eyes have a 
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Figure 7. This 6.24-ct blue sapphire represents 
the fine color that comes from Sri Lanka. Photo 
by Tino Hammid. 


honey-brown color, a sharp whitish chatoyancy, 
and are truly fine gemstones. Yellow to brown 
chrysoberyls also occur in Sri Lanka. 

Among the garnets, two varieties are com- 
mon: (1) a member of the pyrope-almandite se- 
ries, and (2) the orange-brown grossular, known 
by its variety name hessonite. The pyrope- 
almandite garnet has the characteristic rose-red 
color of “rhodolite,” intermediate between py- 
rope and almandite, with a magnesium content 
that is higher than its iron content. Hessonite is 
mainly found in the southeastern part of the is- 
land, near Okkampitiya and Kataragama in 
particular. 

Spinel occurs in different colors, especially 
purplish red and dark greenish blue. Iron-rich, 
dark green spinel from Sri Lanka is called ceylon- 


Figure 8. Yellow sapphire from Sri Lanka, 
1.42 ct. Photo by Tino Hammid. 
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Figure 9. The 138.7-ct Rosser Reeves star ruby 
from Sri Lanka. Photo by Dane Penland, 
courtesy of the National Museum of 

Natural History, Smithsonian Institution, 
Washington, DC. 


ite or pleonast, while a zinc-rich, blue spinel with 
the name gahno-spinel is also a typical Sri Lankan 
gemstone. Over the last four years, interest in spi- 
nels has increased enormously. 

Although many colored gemstones in Sri Lanka 
are called tourmaline, this mineral seems to oc- 
cur here in brown only and, in fact, is much 
less common than generally thought. Most so- 
called tourmalines are zircons which occur in 
many colors, such as reddish brown, yellow- 
brown, light to dark green, and olive green. The 
“low-type” zircons all have a green color, which 
may be considered characteristic for zircons from 
Sri Lanka. 

Rather common are some guartz varieties such 
as rock crystal, amethyst, rose quartz, smoky 
quartz, and cat’s-eye quartz. Stars occur mainly 
in rose-colored and greyish material; the asterism 
is caused by included sillimanite (Woensdrecht et 
al., 1980). 

The island is one of the few sources of gem- 
quality moonstone (figure 10}. Stones with a fine 
blue sheen are now rare. Although the south- 
western part of Sri Lanka, especially Meetiya- 
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Figure 10. Cat’s-eye moonstone, about 12 ct, 
from Sri Lanka. The two rhodolite garnets are 
also from Sri Lanka. Ring courtesy of Fannie M. 
Mann. Photo by Tino Hammid. 


goda, is famous for this variety of feldspar, the 
mineral is also found in the Tissamaharama area. 

Yellowish and colorless varieties of topaz oc- 
cur in the Ratnapura district. In comparison with 
topaz from other countries, the Sri Lankan stones 
in general are not very attractive and, therefore, 
are less important. 


UNUSUAL GEMSTONES 


Unusual gems also occur in conjunction with the 
commercially important stones in several locali- 
ties. Some of these, in fact, have not been found 
outside Sri Lanka and may be considered ex- 
tremely rare. 

Andalusite is occasionally found in the Rat- 
napura district and may be discovered in parcels 
of cut ‘‘tourmalines” because its hardness is very 
similar to that of tourmaline and zircon (which, 
as mentioned above, also appears in such parcels}. 
Andalusite may be recognized by its extremely 
strong pleochroism in greenish-brown and _ red 
stones. 

Apatite is one of the principal minerals in a 
carbonatite from Eppawala, which lies about 65 
km northwest of Elahera. Brownish crystals up to 
about 1 m in length have been found, but they 
usually are not of gem quality. Some greenish to 
bluish-green apatites are found in Eheliyagoda 
and Balangoda; those found in the Ratnapura dis- 
trict are often of cutting quality. 
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In 1961, a new metamict mineral from Sri 
Lanka was mentioned in the literature for the 
first time (Gtibelin, 1961). It was named ekanite 
in honor of Mr. F. L. D. Ekanayake, a gemologist 
in Sri Lanka at that time. Ekanite turned out to 
be extremely rare, and cut stones are encountered 
only occasionally. Thus far, Sri Lanka is the only 
known source of this calcium-thorium silicate. 

Iolite (cordierite) is not an important jewelry 
gemstone, since its properties are very low, but 
it is an attractive stone for collectors. It is very 
common in the cordierite-gneisses that outcrop 
at many places throughout the island, but gem- 
quality material is found only in the Ratnapura 
district. It is usually called “water sapphire” by 
the local inhabitants. Its very strong dichroism 
may be observed with the naked eye; the yellow 
is characteristic and unknown in blue sapphire. 

Some years ago, kornerupine was regularly 
discovered in “tourmaline” parcels. Most often, 
the stone is green, but frequently some brown 
stones can be seen together with the green. About 
five years ago, cat’s-eye kornerupine came on the 
market in Sri Lanka (Korevaar and Zwaan, 1977). 
Today, these cat’s-eyes are considered common, 
although large stones are rare. They are said to 
originate in the Galle district, while the green 
stones without chatoyancy are from the Ratna- 
pura district and from Matale in Central Province. 

Sillimanite, or fibrolite, with a light blue color 
occasionally occurs in the Deniyaya district near 
Rakwana. A large gem-quality piece, recently 
found in Balangoda, is now in the collection of 
the State Gem Corporation. 

A rare gem mineral that occurs at different 
places in the Ratnapura district is sinhalite, a 
magnesium-aluminum borate. Its properties bear 
some resemblance to those of peridot, and, in fact, 
many brown “peridots” in old collections have 
been identified as sinhalites on close examina- 
tion, The material was described as a new mineral 
in 1952 (Claringbull and Hey, 1952}. The stone 
may vary from almost colorless through light yel- 
low to dark brown with increasing iron content. 

Although sphene (or titanite] was mentioned 
many years ago as a possible gemstone from Sri 
Lanka (Gtibelin, 1968}, only very recently was 
gem-quality sphene reported from the Tissama- 
harama area (Zwaan and Arps, 1980; Zwaan, 1981). 
Because of its high optical properties, sphene is 
very attractive; yellow and brown are the predom- 
inant colors in sphene from Sri Lanka. 
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A pale violet mineral, taaffeite, is found very 
rarely in parcels of spinel; it has similar properties 
but a distinct birefringence. Taaffeite was named 
in honor of its discoverer, Count Taaffe of Dublin, 
Treland (Anderson, 1952). Thus far, only about 10 
specimens have been reported; their exact source, 
somewhere in Sri Lanka, has not been identified. 

Other unusual gemstones are regularly seen, 
for instance, a pale green spodumene from the 
Tissamaharama area (Zwaan, 1982). It is very 
likely that other rare or remarkable gemstones 
will be found in view of the complex geology and 
mineralization of the island’s basement rocks. 


INCLUSIONS CHARACTERISTIC 
OF SRI LANKAN GEMS 


Examination by the author of the inclusions in 
different gemstones from Sri Lanka showed some 
of them to be characteristic of the locality, as de- 
scribed below. 

With regard to solid inclusions, needle-like ru- 
tile crystals are often seen in almandite garnet 
(figure 11), sapphire, and other gemstones. The 
needles are arranged in three directions, making 
angles of about 60° with each other; they usually 
are very long and run through the whole stone. 
These rutile inclusions often give a silky appear- 
ance to the stone, and they are responsible for as- 
terism in many varieties of corundum. 

Coarse-grained rutile also occurs in various 
garnets and may be present in cat’s-eye korneru- 
pine. Most often, the rutile has no distinct crystal 
faces, has a black color, and shows a high metallic 
luster. 


In 1964, the author examined large idi- 


Figure 11. Rutile crystals in almandite garnet 
from Sri Lanka. Polarized light, magnified 30x. 


omorphic crystals in a blue spinel from the Rat- 
napura district (figure 12) which were found to be 
apatite (Zwaan, 1965). Since then, apatite crys- 
tals, formerly thought to be quartz crystals, are 
now recognized in garnet, corundum, and spinel. 
They seem to be diagnostic of the Sri Lankan or- 
igin of these species. 

Inclusions of zircon crystals, surrounded by 
halos, are also very common in different gem- 
stones, especially in garnet and corundum. 

Hessonite garnets from Sri Lanka character- 
istically contain numerous, somewhat rounded 
crystal inclusions (figure 13} of both diopside and 
apatite. This occurrence is not strange because 
both are calcium minerals, as is hessonite garnet. 

Liquid inclusions, resembling thumbprints and 
often called liquid feathers, are characteristic in 


Figure 12. Apatite crystals in spinel from Sri 
Lanka. Polarized light, magnified 30x. 


Figure 13. Apatite and diopside crystals in 
hessonite garnet. Magnified 30x. 


Sri Lanka 
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Figure 14, Liquid feathers in sapphire from Sri 
Lanka. Magnified 30x. 


many gemstones from Sri Lanka, including the 
corundums (figure 14). 

Both these solid and liquid inclusions are of 
great importance when the origin of a gemstone 
has to be taken into consideration. From the au- 
thor’s investigations, they seem to be character- 
istic for Sri Lankan gemstones. 


PRODUCTION IN SRI LANKA 


As recently as the beginning of this century, little 
information was available on the amount and 
value of the gem material produced in Sri Lanka. 
Gem mining was thought to be limited to the 
Ratnapura district and the area near Galle. Not 
until 1923 was the discovery of good-quality ma- 
terial in Pelmadulla reported. But precise figures 
were impossible to obtain. 

Even today, reliable figures are not available 
because many private miners sell their stones il- 
legally to foreign buyers. During the author’s first 
visit, in 1958, he was told that the annual figures 
reported by the government represented only 
about 10% of the real production. To provide 
some idea of the quantities involved during this 
period, in his 1965-1966 Administration Report, 
the director of the Geological Survey of Ceylon 
stated that exports of all types of gemstones 
amounted to a little over 61,000 ct. These export 
figures were, however, only from customs returns. 

With the establishment of the State Gem Cor- 
poration (SGC} in the early 1970s (both to im- 
prove the country’s gem industry and to help curb 
the large-scale smuggling of gems}, the export fig- 
ures improved considerably. In 1971, before the 
SGC had taken control, total sales of 3.4 million 


70 Sri Lanka 


Rs (1982 exchange: approximately 8 rupees per 
U.S. dollar} were reported. By 1973, after the SGC 
had established itself, the figure had ballooned to 
152.9 million Rs, with a total production of 
478,000 ct of material. The most recent figure 
available to this author, for 1975, was 188.9 mil- 
lion Rs. in gem exports. One can only assume that. 
this number will continue to rise as the SGC fur- 
thers its efforts both to give some guidance to the 
gem industry and to search for new gem-bearing 
deposits. 


SUMMARY 


Sri Lanka is one of the most important sources in 
the world as far as the number of different gem- 
stones it produces is concerned. It is remarkable 
that no explanation can be given as to where these 
gem minerals were formed originally, because they 
are all found in alluvial deposits. 

The island consists almost entirely of Precam- 
brian rocks, which may be divided into three 
groups: the Highland group, the Vijayan complex, 
and the Southwest group. Although gem minerals 
occur in different rocks of these series, few are of 
gem quality. 

Historically, the most important gem-bearing 
area is the Ratnapura district in Sabaragamuwa 
Province. The gem minerals are concentrated in 
more-or-less horizontal levels at different depths 
in the alluvium. Similar deposits are found near 
Elahera, near Okkampitiya, and in the Tissama- 
harama area. 

Mining methods are still primitive, as are the 
ways of washing and cutting the material. Ma- 
chine cutting has been introduced, though, and 
significant improvements are anticipated. Very 
recently some machines were brought in to help 
with mining in the Balangoda area; in Pelmad- 
ulla, in particular, tunneling and river dredging 
for gems may be seen. Another mechanized min- 
ing project is going on in Samanalawewa at the 
moment. It may be expected that mining meth- 
ods will be modernized rapidly, resulting in an 
enormous increase in the annual production. 

Blue sapphire, ruby, yellow sapphire, and al- 
exandrite and cat’s-eye chrysoberyl are among the 
most important gemstones found in Sri Lanka. 
Also found in quantity are some garnets, spinel, 
and several varieties of quartz. A number of more 
unusual gemstones have also occurred in Sri 
Lanka. In fact, cat’s-eye kornerupine is now very 
common. 
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Typical inclusions in Sri Lankan gemstones 
are long, needle-shaped rutile crystals, arranged 
in three directions, that often cause a silky luster 
and are common in pyrope-almandite garnet and 
in corundum. Apatite crystals are often seen in 
garnet, corundum, and spinel, while zircon crys- 
tals surrounded by halos are also very common in 
gamet and corundum as well as in other Sri Lan- 
kan gems. Finally, liquid feathers are character- 
istic of many Sri Lankan gemstones. 

Although production figures are not always 
reliable, they seem to be rising significantly now 
that the State Gem Corporation is supervising the 
industry. The efforts of the State Gem Corpora- 
tion will undoubtedly result in the discovery of 
new gem-bearing deposits, as the country’s sup- 
ply of fine materials seems inexhaustable. 
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THE IDENTIFICATION OF 
ARTIFICIAL COLORATION 


IN DIAMOND 


By Kenneth V. G. Scarratt 


Since Robert Crowningshield’s discovery 
in the late 1950s that diamonds that have 
been artificially colored by irradiation 
and subsequent annealing could be 
identified by their characteristic 
absorption spectra {in particular, the 
band at 595 (592) nm, much more 
information has become available about 
the radiation-related bands seen in the 
visible spectra of diamonds. The 
introduction of cryogenics has made the 
observation by hand spectroscope or the 
recording by spectrophotometer of a 
diamond’s visible spectrum less 
troublesome. But it has also opened the 
eyes of the gernologist to the fact that 
virtually any band that can be artificially 
induced in the spectrum of diamond by 
irradiation and subsequent annealing can 
also occur naturally. This makes 
identification of the source of color in 
some diamonds, particularly fluorescent 
green and some yellow stones, very 


difficult, 
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D iamond combines a magnificent brilliance and du- 
rability with a wealth of differing colors, character- 
istics that make it unique among gemstones. Recently, 
diamonds with a definite body color have become very 
popular, so that the volume of work concerned with these 
stones over the past few years has increased out of all 
proportion at the Gem Testing Laboratory of London. If 
this can be taken as an indication of current trends, then 
at long last the gem-buying public is finding out not only 
that black diamond is not another term for coal, but also 
that it is possible for diamonds to occur in superb shades 
of yellow, green, brown, pink, and blue (figure 1) that 
often make other colored gemstones seem quite dull in 
comparison. 

It is hardly surprising, therefore, that as with other 
highly prized gemstones man has found it necessary to 
try to exert his influence on the poorer examples to “im- 
prove their quality,” a practice that many gem merchants 
and customers find unacceptable. And it follows that the 
trade has requested the advice of gemologists to distin- 
guish a natural from an artificially colored stone. Because 
of the great difficulties that can be involved, though, most 
gemologists have tended to leave the problem in the 
hands of the relatively few laboratories or individuals 
who have been able to specialize in the subject. 

In some cases, the trader can himself determine the 
origin of color in a diamond fairly quickly and simply. 
Two methods involving the application of a diamond 
merchant’s normal instrumentation are discussed below. 
In those more difficult cases where radiation treatment 
and subsequent annealing are involved, spectroscopy is 
the most useful technique. There are some cases, though, 
which will also be discussed below, in which even ab- 
sorption spectra enhanced by cryogenic spectroscopy may 
not be able to prove conclusively the origin of color in a 
diamond. 
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SOME SIMPLE METHODS OF 

DETERMINING WHETHER THE COLOR 

OF A DIAMOND IS NATURAL 

OR MAN INDUCED 

Virtually all diamond merchants possess some 
form of instrument to examine their stones at 
various magnifications—be it a hand lens or a 
microscope—and a source of ultraviolet radia- 
tion. With some experience, the merchant often 
can use the information gleaned from the stone 
with these instruments to determine whether the 
stone in question is naturally colored or has been 
treated. 

In many cases, colored diamonds have very 
distinctive internal features. For example, the 
color in many natural brown stones is zoned 
(Kane, 1980}, alternating between brown and col- 
orless (not unlike the zoning seen in some sap- 
phires). In other natural brown diamonds, the 
color zoning may appear to be angular. When 
some natural pink diamonds are examined with 
a lens, their color can be seen to be associated 
with the internal structure of the stone, which 
appears in the form of pink zoning on a colorless 
background (figure 2). 

Although cyclotron-treated stones often dis- 
play a form of zoning, natural zoning is usually 
associated with growth phenomena and, there- 
fore, is aligned with the original crystal form. ‘The 
zoning in a cyclotron-treated stone is associated 
with the shape of the cut stone; that is, it may 
appear as a color concentration at the culet, which 
looks something like an opened umbrella, or as 
a color concentration at the girdle (figure 3). 
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Figure 1, A suite of colored 
diamonds. The light pink (0.68 
ct) and light blue {0.56 ct) 
stones are naturally colored. 
The yellow, orange, and green 
stones have been treated to 
improve color, although yellow 
and orange hues similar to 
those shown here are known to 
occur naturally. Photo by 

Tino Hammid. 


When natural type Il; blue diamonds are 
bathed in short-wave ultraviolet radiation, they 
reveal characteristics that are distinctive of this 
type of diamond. Such stones either have a rela- 
tively weak fluorescence or are virtually inert, 
but they have a phosphorescence that is among 
the strongest observed in any type of diamond. 
They are also usually relatively clean internally 
and quite large. Very large pink diamonds are 
usually quite light in color and are type II stones, 
which allow short-wave ultraviolet radiation to 
pass, exposing any photographic paper on which 
such a stone may be placed. 


Figure 2. The color in some naturally pink 
stones can be seen to be associated with their 
internal structure. Here it reveals itself on a 
colorless background as thin pink lines crossing 
crown facets. Magnified approximately 80x. 
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In the majority of cases, though, the internal 
features of the stone and its reaction to radiation 
are inadequate for the conclusive determination 
of the source of color. This is particularly true 
with diamonds that have been irradiated and then 
annealed to enhance or change the natural color 
by methods other than cyclotron treatment. 


DETERMINING THE SOURCE OF 

COLOR IN DIAMONDS THAT 

HAVE BEEN IRRADIATED 

AND SUBSEQUENTLY ANNEALED 

Man first learned that he could influence the 
color of diamond at the beginning of this century, 
when it was discovered that a green color could 
be induced by intimately exposing the stone to 
radium (Webster, 1972). However, stones treated 
in this manner retained radioactivity at levels 
that were easily detectable with a Geiger counter 
(a test that continues to be of importance in the 
examination of green diamonds today). 

It was not until halfway through the century 
that it was discovered that a number of other 
forms of atomic bombardment could be used 
commercially to ‘treat’ diamonds and that after 
subsequent annealing the irradiated green stones 
would alter once again to yellow and brown. These 
resulting colors were found to be strong and, in 
the main, deep penetrating and stable. From this 
point on, the task of identifying the nature of 
color in diamond became in some cases very dif- 
ficult, because these irradiated stones do not re- 
tain any detectable radioactivity for a significant 
length of time, nor any other obvious indications 
of treatment. We were indeed fortunate that at 
this juncture Robert Crowningshield, director of 
gem identification of the GIA Gem Trade Labo- 
ratory in New York, came to the rescue of gem- 
ologists (Crowningshield, 1957). After observing 
the visible spectra of thousands of these irradiated 
and annealed diamonds, he determined the pres- 
ence of an absorption band at 595 (592)* nm in 
almost every instance. 

Since that time, determination of whether the 
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Figure 3. Zoning in a cyclotron-treated 
diamond appears as a concentration of color 
associated with the shape of facets of the 
cut stone. Left = color zoning paralleling the 
edges of the crown viewed through the 
pavilion, 40x. Right = color zoning 
paralleling the edge of the culet viewed 
through the table, 30x. Photos by 

Robert E. Kane. 


color in a particular diamond is due to a process 
of nature or to man’s intervention is usually based 
on the information obtained by the observation 
of that stone’s visible spectrum. Over the years, 
however, other factors have come to light which 
make detection by this manner in some colored 
diamonds extremely difficult. 


Spectrum Changes Induced by the Process of 
Irradiation and Annealing. A number of changes 
occur in the visible spectrum of a diamond during 
the process of irradiation and subsequent anneal- 
ing. Knowledge of these changes is essential to 
the understanding of the source of color in a given 
stone. 

Depending on the diamond and on the condi- 
tions of irradiation, during the initial irradiation 
process the stone usually turns some shade of 
green and a group of absorption bands are induced 
into the spectrum at varying strengths. These 
bands have been “numbered” by physicists and 
given the prefix GR (general radiation). The prin- 
cipal band and the one observed most often by 
gemologists is the GR1, at 741 nm (Clark and 
Walker, 1972). Upon annealing, at least two other 
absorption bands are induced. Typically, one of 
these is the sharp band at 595 nm. Also apparent 
may be either the band at 503 nm or the one at 
496 nm, and very often both are seen. Any natu- 
rally occurring absorption that was evident in the 
spectrum prior to irradiation, such as the band at 
415 nm, remains unaffected (figure 4). 

The relative strengths of the induced bands are 
affected by the annealing temperature (Collins, 
1978). As the temperature increases, the GR1 re- 
duces in strength until it disappears at around 
800°C. The 595 nm band increases to its maxi- 
mum at around 800°C, but above this tempera- 
ture the 595 weakens until it disappears at around 


*This sharp absorption band is observed between 592 
and 595 nm. The tradition in American gemology has 
been to refer to this feature as the 592 nm absorption 
center. 
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1000°C. The band at 503 nm, which has the great- 
est effect on the color of the irradiated diamond, 
remains comparatively unaffected at least until 
several hundred degrees beyond the position where 
the band at 595 nm “anneals out.” 

It follows then that it is possible to produce an 
irradiated diamond with a strong yellow color in 
which the only indication of radiation treatment 
may be the bands at 503 and 496 nm. Inasmuch 
as these two bands can and very often do occur 
naturally, identification of treatment in such 
stones may be very difficult. 

Another way in which the 595 nm band is 
temperature dependent is sometimes evident from 
its behavior when the spectrum is being exam- 
ined. If the stone is heated much above room tem- 
perature, very often the band will broaden and, if 
it is weak to start with, the band will become 
undetectable with the hand spectroscope until 
the stone has cooled. This has led gemologists to 
seek methods by which they can keep the stone 
cool while under examination (see, for example, 
Hofer and Manson, 1981). 


Low-Temperature Spectroscopy. The most suc- 
cessful cooling method to date entails the use of 
liquid nitrogen or the gas produced from it. The 
method used at the London Gem Testing Labo- 
ratory ensures a temperature in the region of 


Figure 4. Absorption spectrum recorded at 
about —160°C for a yellow diamond that has 
been irradiated and then annealed. The 503, 
496, and 415 nm lines have been labeled by 
physicists as H3, H4, and N3, respectively. The 
small peaks around 741 nm are part of the GR 
system. 
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—160°C for the period of examination. This tem- 
perature is reached gradually over approximately 
a quarter of an hour. The stone is first set in soft 
metal and then placed into a double-walled glass 
vessel. The space between the two walls is evac- 
uated in a manner similar to a thermos flask. The 
nitrogen gas is then allowed to pass through the 
vessel and thus cools the stone (figure 5). 

The size of the vessel used depends on the size 
of the stone. For the examination, the vessel is set 
in the center of an optical bench with the light 
source at one end and the spectroscope at the 
other. 

This system not only ensures that if the band 
at 595 nm is present, it will not disappear, but it 
also makes the band sharper and therefore easier 
to see when it is at its weakest, say, after the 
stone has been annealed to 900°C. In fact, this 
cooling of the stone sharpens all the radiation- 
related bands to such an extent that observation 
becomes quite easy. This point is brought home 
when one realizes that with the stone held at a 
low temperature it is possible to observe the GR 
system, with its main band at 741 nm, using the 
hand spectroscope (Scarratt, 1979). While this 
method of observation has in many respects made 
the task of color identification easier, it has also 
raised a number of other questions. Of particular 
importance is the discovery in some cooled nat- 


Figure 5. One of the glass vessels used to hold 
a colored diamond at about —160°C, at which 
temperature any absorption lines that may be 
present in the stone’s visible spectrum are seen 
at their sharpest. The stone is held in soft 
metal in the center; the nitrogen gas enters via 
an insulated pipe on the left, flows over the 
stone, and exhausts through the metal tube on 
the right. 
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ural stones of absorption bands formerly believed 
to appear only in artificially colored stones. 


NATURAL IRRADIATION IN 
COLORED DIAMONDS 
B. W. Anderson first noted the 595 nm absorption 
band in a colored diamond in 1943 (Crowning- 
shield, 1957). This was not in the spectrum of a 
treated stone but in that of a natural uncut brown 
stone from the Central African Republic (figure 
6). This stone was one of a pair given to Mr. An- 
derson. We have since been able to examine both 
diamonds at low temperatures, and found not 
only that the 595 nm band was present in the 
spectrum of both stones but also that the GR sys- 
tem was still present in the one that did not show 
the 595 nm band at room temperature. When it 
was determined that the color of these stones was 
confined to the surface (figure 7) and would, 
therefore, be removed with faceting, gemologists 
tended to ignore this natural occurrence of the 
595 nm line. However, these stones do give us 
some background information that is of great help 
in our understanding of colored diamonds. 
Specifically, the presence of the GR system 
tells us that the brown surface coloration in this 
pair is due to natural radiation. We also know that 
these stones have been subject to an annealing 
process, both because of the presence of the 503 


Figure 6. Absorption spectrum recorded at 
about —160°C for an uncut brown diamond 
from the Central African Republic, with color 
confined to the surface (see figure 7) because of 
natural radiation damage and annealing. The 
GR1 and 595 nm lines are clearly present. 
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Figure 7. Brown natural radiation “staining” on 
the surface of a diamond crystal from the 
Central African Republic. Magnified approx- 
imately 50x. 


and 595 nm bands and because of the brown 
rather than green coloration (Mendelssohn et al., 
1979). This information helped us a few years ago 
in our understanding of one particular faceted 
stone, with a fluorescent green body color. All 
naturally colored diamonds of this type reveal 
very similar spectra: that is, the presence of the 
503, probably the 496, and certainly the 415 nm 
bands. But when the spectrum of this stone was 
examined at —160°C (figure 8), the 595 nm line 
was also seen to be present. In fact, the spectrum 
was indistinguishable from that of a normal 


Figure 8. Absorption spectrum recorded at 
about —160°C for a naturally colored, 
fluorescent-green faceted diamond. The 
spectrum is indistinguishable from that of a 
normal treated yellow stone (see figure 4). 
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treated yellow stone, and yet we know from the 
stone’s history that the color must be natural. 

We know that the lines at 503 and 496 nm can 
be induced by the annealing of a stone that has 
been irradiated, so we should not have been too 
surprised at recording the 595 nm band in this 
type of stone. To our knowledge, though, it was 
the first time it had been seen in a natural faceted 
stone. 

At least this particular stone revealed evi- 
dence of natural radiation damage and annealing 
in the form of brown radiation stains on an uncut 
portion of the girdle (figure 9}, but the fact that 
the 595 nm band has been observed in this stone 
makes the identification of the origin of color in 
these fluorescent green stones very difficult. 

Of late, we have also been observing the GR 
system in the spectrum of very large, naturally 
colored, brown type II stones. Because of the in- 
creased popularity of colored diamonds, any dia- 
mond with a definite body color, almost regard- 
less of quality, is being sorted out as a possible 
fancy stone. As a result, in addition to the attrac- 
tive canary yellow stones that have been tradi- 
tionally sought after (figure 10], we are seeing 
many more type I, stones which, not many years 
ago, would have been rejected by the trade as un- 
desirable. Many of these stones are easily recog- 
nizable because of their characteristic large areas 
of cloud-type inclusions, and because their yellow 
body colors usually have some other component 
present, that is, green or brown. 

In the past, color identification in this type of 
stone presented no problem for the gemologist, 
because normally the true canary yellow (like any 
other natural type I; diamond] shows no sharp 
changes in transmission in the visible spectrum 


Figure 9. Natural radiation “staining” on an 
unpolished portion of the girdle of the stone 
referred to in figure 8. Magnified approx. 70x. 
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Figure 10. Naturally colored canary yellow 
diamond, 0.63 ct. Photo by Tino Hammid. 


at room temperature. The color is due to the grad- 
ual absorption of wavelengths that are shorter 
than 550 nm. 

The appearance in the lab of more of these 
stones and the advent of low-temperature spec- 
troscopy caused us considerable worry a year or 
so ago when, in addition to the normal gradual 
absorption of the shorter wavelengths, we noted 
at low temperatures the occurrence of the radia- 
tion-related peak at 637 nm and sometimes the 
503 nm band (figure 11). 


Figure 11. Absorption spectrum recorded at 
about —160°C for a naturally colored yellow 
type 1, diamond, showing the peaks at 637 and 
503 nm and the typical 1, type absorption of 
wavelengths shorter than 550 nm. 
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Researchers have found that the 637 nm band 
occurs primarily in diamonds that contain a high 
percentage of the nitrogen impurity in isolated 
substitutional form, that is, in type I, diamonds. 
It has been proved experimentally that irradiation 
and subsequent annealing induce the 637 nm band 
in synthetic type Iz diamonds, during which pro- 
cess the color of the stone is altered from its orig- 
inal yellow to pink (Davies, 1977). In fact, the 637 
nm band had previously been reported only in 
treated diamonds, particularly in treated pinks 
{Liddicoat, 1969}, and so the diagnostic value of 
this line when seen at low temperatures in yellow 
type Iz stones had to be determined. 

After recording the absorption curve in the 
nine stones of this type in which we had observed 
the 637 nm band, we noted that in each case the 
line was extremely weak, and it soon became ap- 
parent that the obvious cause of the body color 
was the gradual absorption of the shorter wave- 
lengths. This being a natural phenomenon, we 
decided that if these stones had been artificially 
subjected to radiation and annealing it could only 
have been in minimal amounts and as such had 
no effect on the color of the stone. In fact, our 
view was that this was yet another case of the 
natural occurrence of a radiation-related peak and 
that under these circumstances it should be re- 
ported accordingly. 


IN CONCLUSION 


I emphasize that the foregoing problems affect 
only a small percentage of colored diamonds. Cer- 
tainly, as discussed above, reliable methods for 
the detection of cyclotron-treated diamonds are 
now yeadily available to diamond merchant and 
laboratory gemologist alike. And in the ‘‘vast ma- 
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jority” of cases where a yellow diamond has been 
irradiated and annealed by man, it is virtually 
always possible to recognize this fact with the 
adept use of the hand spectroscope in conjunction 
with a cold light source. 

However, I can foresee a time when, at least 
with some of this small percentage of colored dia- 
monds, the methods currently available will not 
be adequate to determine whether the color is 
caused by man’s interference. It is likely that the 
problem of differentiating between irradiation by 
man and irradiation by nature will continue to 
arise and with even greater frequency. 
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HEAT TREATING CORUNDUM: 
THE BANGKOK OPERATION 


By Jack S. D. Abraham 


Following up on Nassau’s 1981 article on 
the technical aspects of heat treating ruby 
and sapphire, the author reports his 
personal observations of the actual heat 
treatment process in Bangkok. He 
discusses the potential effects that this 
process can have on a stone—both 
positive and negative—and emphasizes 
the importance of the natural make-up of 
the stone itself to the success of heat 
treatment. 
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Heat Treating in Bangkok 


Bangkok gem dealer buys a 10+-ct ruby for a six- 

figure sum and heats it hoping to improve its color 
and value. After one heating, the stone dulls and cannot 
be sold for half of its original price. But a few tries later 
the stone is so improved that a major European dealer 
buys it for almost five times the original amount— 
knowing that it has been heat treated. 

Another Thai dealer pays a large sum for a 600-ct piece 
of sapphire rough. He then cuts it into four sections and 
heats each. For the largest piece, which is over 100 ct, he 
receives 20% more than he paid for the entire original 
stone—again from a buyer who knows the stone is heated. 

A third dealer, however, heats a sapphire for which he 
has paid a six-figure sum but instead of enhancing the 
color, the treatment causes the stone to break into several 
pieces. It is now worth a fraction of its original price. 

Such incidents suggest that the heating of ruby and 
sapphire has become a fully accepted, if very risky, fact 
of life in the Far East. It is generally acknowledged in 
Bangkok that over 95% of the rubies and sapphires 
exported from the Far East have been subjected to heat 
treatment (figure 1). For a combination of reasons, 
including increased demand for corundum gems and the 
inadequacy of traditional sources, ruby and sapphire 
dealers worldwide are now dependent on heat treatment 
to generate meaningful market supplies. 

This surge in interest in the heat treatment of 
corundum has led to a number of articles discussing man- 
ners and methods of treatment as well as the detection 
of treated vs. nontreated sapphire by the gemologist 
(Nassau, 1981; Crowningshield and Nassau, 1981). To 
date, however, very little has been published regarding 
the actual treatment of these stones in Bangkok and 
relating some of the practical aspects of the treat- 
ment process. The purpose of this article is to fill this 
void. 
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Figure 1. This 80-ct blue 
sapphire from Sri Lanka 
and the five Thai rubies 
(averaging 3.2 ct each) 
that surround it are 
representative of the 
stones heat treated in 
Bangkok in recent years. 


In the course of three recent visits (the last of 
which was in Spring 1982), the author explored 
this subject with friends and associates in Bangkok 
who are connoisseurs of the art of heat treating 
corundum, a secret that is very well guarded. 
During these visits, the author was able to study 
several Bangkok treatment operations firsthand 
and had detailed discussions about the processes 
with several leading dealers. These experiences 
form the basis of this article and should serve to 
augment the previous, more detailed and tech- 
nical papers on the heat treatment of corundum 
cited above. It is important to note that Bangkok 
is not the only center for heat treating corundum, 
inasmuch as Sri Lanka, Australia, and Hong Kong 
have treatment operations as well. This article 
will deal only with the author’s observations in 
Bangkok, however, and only with those stones 
that are heated to duplicate processes that could 
occur in nature. 


THE OBJECTIVES OF 
HEAT TREATMENT 


There are historical references in the literature 
that discuss the heat treatment of corundum from 
a purely scientific point of view (Mawe, 1813; 
King, 1870; Bauer and Spencer, 1904; Church, 
1905). It is questionable, though, whether the 
treatment of sapphires was known to the com- 
mercial world prior to a few years ago, when gem 
dealers learned that they not only could enhance 
the existing color of some sapphires, but also 
could transform near-colorless sapphire with 
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inherent latent qualities into fine fancy-colored 
stones, including yellow and green as well as 
blue. More recently, they found that excessively 
dark blue material could be lightened through 
heat treatment. They also found that some rubies 
could be improved with heating. 

It soon became evident that heating could also 
result in cracked or shattered stones, or in the 
dulling of color or other damage. Furthermore, 
because color in a stone depends on the presence 
of trace amounts of certain elements (e.g., iron 
and titanium), the heating process will do abso- 
lutely nothing to improve color if these elements 
are absent from the original material. 

Often, the heating of sapphire induces as much 
as an 80% to 90% color change, from grayish 
white or milky to various shades of blue. But all 
types of sapphire, from chalk white to ink black, 
are sent to the ovens. The specific objectives of 
heat treatment vary according to the quality of 
the sapphire being treated and the country of its 
origin (Sri Lanka, Thailand, Cambodia, Burma, 
Kashmir, or Australia]. In general, it is easier to 
deepen the color of a stone than to lighten it. Spe- 
cifically, a 70% color change from light blue to 
deep blue is less difficult to attain than a 10% 
reduction in color in an overly dark blue stone. 
This fact explains why some light, near-colorless 
pieces of Sri Lankan rough may sell for several 
times more than most deep blue Australian rough. 
In fact, the most desirable whitish-blue Sri Lankan 
rough commands prices comparable to those paid 
for blue rough five years ago. But reducing color, 
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as in Australian stones, and darkening color, as 
in Sri Lankan stones, is not all that heating does. 
The process is often used to reduce and even elim- 
inate “silk and asterism” in Burmese sapphires 
and, at the same time, enhance their color 
(Nassau, 1981}. 

Likewise, for ruby, heating is done to elimi- 
nate silk, to reduce secondary colors, and to 
increase the purity of the primary red. A mere 5% 
increase in red can mask unappealing secondary 
colors by the same amount. And a decrease, say, 
in purple by just 5% can mean a dramatic increase 
in quality. 

It must be emphasized that the heat-treatment 
process described here is designed to duplicate 
heating processes that could occur in nature; it 
can only bring out latent inherent qualities in the 
stone. In the author’s experience, there has been 
no loss of color over time in heat-treated blue Sri 
Lankan sapphires and in rubies. This process 
should not be confused with diffusion treatment, 
which provides a colored synthetic coating to a 
natural stone (Nassau, 1981); this coating may be 
removed in polishing. The proposed Federal Trade 
Commission guides for the jewelry’industry (sub- 
mitted by the Jewelers Vigilance Committee on 
December 31, 1981} do not require disclosure of 
heat treatment if it is not detectable by a gemo- 
logical laboratory, as is the case with most heat- 
treated corundum. However, the use of a colored 
synthetic coating, as in diffusion treatment, must 
be made known to the buyer. Knowledgeable labs 
can readily detect diffusion treatment (again, see 
Nassau, 1981) and already disclose it on their gem 
identification reports. 


THE HEAT-TREATMENT OPERATION 

Heat treatment in Bangkok is becoming more 
sophisticated. The design of the ovens and kilns 
has improved and the use of natural gas, various 
petroleum derivatives, and in some cases elec- 
tricity allows these ovens and kilns to reach higher 
temperatures than the heat sources used in earlier 
ovens. For the most part, sapphires—which 
require oxygen to produce a color change—are 
treated in open-fire kilns using coal, natural gas, 
or petroleum derivatives. Rubies are likely to be 
treated in more sophisticated electric ovens. With 
the exception of the electric ovens used for rubies, 
there is still no thermostatic control. This means 
that the operators must keep close and constant 
watch during the entire treatment operation, par- 
ticularly since the successful heat treatment of 
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corundum can require temperatures close to the 
melting point of the gem. The fire kilns are usu- 
ally no more than oil drums that have been lined 
with bricks, clay, or concrete with a side door 
toward the bottom through which fuel is pumped 
{figure 2). The hollow center of the drum holds 
the crucible containing the gem rough. Loose 
bricks control the flow and direction of the fire 
to ensure that the crucible is totally engulfed in 
flame. In the case of charcoal-burning kilns, the 
crucible is surrounded by the charcoal itself. 
Prior to heat treatment, the gem rough is 
cleaned and any heavily cracked or included por- 
tions are removed by trimming. These cracks and 
internal imperfections can affect the durability of 
the stone during heating and can often lead to 
breakage. Many of the gems are actually pre- 
formed during the trimming process. Following 


Figure 2. The basic drum often used for heat 
treating corundum. The hole at the bottom 
may serve to accommodate the fuel source 
(e.g., gas or other petroleum derivatives) or as 
the access point to control the flames when 
charcoal or wood is used, Illustration by 
Susan Kingsbury. 
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Figure 3. In some instances, the stones are 
coated with a borax-based solution before they 
are placed in the smaller crucible, which is 
then inserted into the larger crucible for 
heating. In other instances, the stones are left 
untouched and the small crucible itself is 
sealed with a borax solution. Some operators 
use no solution at all. The stones on the left 
have been heated to maximum color and recut. 
Those in the center have been heated and 
await recutting. Corundum slated for heating 
or reheating appears on the right. 


cleaning and trimming, a few of the operators 
soak their stones in a borax-based solution (which 
varies according to the person who controls the 
operation} that is believed to form a “protective 
shell” on the stone to prevent damage (figure 3). 
The stones are then placed in ceramic crucibles 
and put into the kiln or oven, where they are 
heated up to 1600°C and maintained at that tem- 
perature for 24 hours or longer for sapphires and 
four to eight hours for rubies. Occasionally, higher 
temperatures are used, depending on the char- 
acter of the stones, the oven used, and the skill 
of the operator. When the heating process is com- 
pleted, the temperature is gradually reduced or 
the kiln is shut off and the gems left to cool 
slowly. This heating procedure may be repeated 
several times on a given stone until the stone 
attains what the operator feels is its best potential 
color and appearance; some stones are heated 
every time they change ownership. This, of course, 
can be very risky and improper heating may result 
in the shattering, cracking, dulling, overdarken- 
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Figure 4. These groups illustrate the various 
results of heat treatment. It is evident that 
many of these stones lack the natural elements 
needed to attain good color. Note especially the 
mass of melted corundum to the left of the 
large blue sapphire in the center row. 


ing, or even melting of a stone (figure 4). One can 
only imagine the great sums of money that are 
lost annually because dealers push their luck and 
their stones to the breaking point or misjudge 
color possibilities. 

The heat treatment of corundum is as much 
an art as a science. The practitioners of this art, 
in Bangkok at least, all follow different rules, pro- 
cedures, and formulas. These variations in tech- 
nology and technique often make the difference 
between success and failure. For this reason, 
details of successful procedures remain jealously 
guarded, the backbone of a fascinating industry. 
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NOT BS 


PIN 1 


NEW TECHNIQUES 


PINPOINT ILLUMINATION: 
A CONTROLLABLE SYSTEM OF 


LIGHTING FOR GEM MICROSCOPY 


By John I. Koivula 


Pinpoint illumination uses a highly flexible but 
extremely durable glass fiber-optic bundle that 
incorporates six easily interchangeable light wands 
‘of various shapes and cross-sectional thicknesses 
down to one millimeter in diameter. The wands are 
hand held and can be used to illuminate hard-to- 
reach areas in complex jewelry mountings. With the 
pinpoint illuminator, a gemstone can be examined 
from any angle; the light source is placed exactly 
where it is needed, minimizing glare and unwanted 
external or internal reflections. 


The pinpoint illuminator has its earliest roots in 
medicine, specifically microsurgery. The author 
adapted the lighting system first for use in min- 
eral microscopy, to examine the pits, seams, and 
vugs that occur in certain rocks for interesting 
mineral crystals. The hand-held illuminator, with 
its interchangeable light wands, enables the mi- 
croscopist to probe these rocks as far as 3 cm or 
more into very small openings and provides the 
light necessary to examine otherwise hidden crys- 
tals. When the author subsequently applied this 
lighting system to gems, he found that it was ex- 
tremely useful in revealing inclusions, examining 
mounted goods, and reviewing damaged stones. 
The illuminator can also be polarized to provide 
this special lighting effect in otherwise hard-to- 
reach areas, and offers greater control over thin 
films and other reflected light phenomena. 


Notes and New Techniques 


THE APPARATUS 

The pinpoint illuminator consists of a highly flex- 
ible, rubber-coated glass fiber bundle that is 175- 
cm (69 in.) long and approximately 2.5 mm in di- 
ameter; six separate, easily interchangeable light 
wands that slip onto one end of the fiber bundle, 
and an adapter that attaches to the other end for 
quick conversion of the standard fiber-optic light 
source shown in figure 1 into the pinpoint illu- 
minator illustrated in figure 2. 

The probe wands, the backbone of the pin- 
point system, are constructed of glass fibers with 
protective stainless steel shrouds and high-im- 
pact, heat-resistant, white plastic sleeves for easy 
attachment to the main fiber bundle. Each light 
wand is approximately 11.5 cm long. The inside 
diameter of the glass-fiber bundles varies from 3.0 
mm for the largest to 0.5 mm for the smallest. 
The thickest probe is 4.0 mm, and the thinnest 
is 1.0 mm, in outside diameter. 
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Figure 1. A standard bifurcated quartz-halogen, 
illuminated, fiber-optic light source. 


APPLICATIONS 


With the pinpoint illuminator, the gem micros- 
copist has at his fingertips a system of highly con- 
trollable illumination for practical application in 
gemology. The hand-held probes make it possible 
to put the light source exactly where it is most 
needed for a variety of different tasks (see table 1 
and discussion below}. 


Viewing Inclusions. With this lighting system, 
groups of gas bubbles such as those in figure 3 (or 
pinpoint-sized included crystals) are illuminated 
readily and efficiently. Larger included crystals 
(as in figure 4) can be examined from every angle, 
revealing surface-growth details not seen before 
that are free from the extraneous hot spots and 


TABLE 1. Possible applications for the pinpoint 
illuminator, 


Searching for tiny, otherwise invisible, inclusions such 
as bubbles 


Studying the surface details of included crystals to 
determine habit and possible identity 


In the close examination and study of fluid inclusions 


To illuminate gems in closed-back or intricate metal 
mountings 


Assessing the nature and extent of damage to 
gemstones 


As a maneuverable source of cool polarized light 


As an oblique illuminator to discover and study thin 
films 


As an additional highlighting source for dark-field, 
transmitted, and polarized light photomicrography 


As a source of illumination for detailed jewelry 
manufacturing 


As a watchmaker'’s light source 
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Figure 2, The quartz-halogen illuminator 
adapted for pinpoint illumination. 


glare produced by the more traditional light 
sources. Fluid inclusions can be studied quite 
handily by a point-source-transmitted light, al- 
lowing close scrutiny of their gaseous, liquid, or 
sometimes solid contents. 


Examining Mounted Goods. By placing one of the 
light wands at the edge of a stone set in a closed- 
back mounting, the entire interior of the gem is 
illuminated without any of the harsh reflections 
that make overhead sources of light virtually use- 
less for this task. Separation planes in assembled 
stones can be illuminated by simply placing a 
light probe at the edge of the plane at an angle 
slightly off parallel to the plane (figure 5). 


Reviewing Damaged Stones. Determining the na- 
ture and extent of damage to gemstones is yet an- 
other area where the controllable pinpoint illu- 
minator excels. Surface fractures, pits, chips, and 
abrasions can be carefully examined for draglines 
or percussion marks by placing the light source 
right on the damaged area at the proper angle for 
optimum viewing of the subject. 


Polarized Light. The illuminator can be polarized 
as well, and if an analyzer is placed in the usual 
position over the microscope objectives, then we 
have a pinpoint source of maneuverable, control- 
lable, polarized light that can be used in the same 
way a standard polarizing stage is used, but with 
added flexibility. The results of polarized pin- 
point illumination, shown in figure 6, look iden- 
tical to those achieved by conventional polarizing 
systems (Koivula, 1981}. The difference lies, again, 
in the greater flexibility of this system and the 
ability to illuminate areas that would otherwise 
remain hidden. 
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Figure 3.A flowing stream of gas 
bubbles in a blue synthetic glass 
illuminated from the side by 
pinpoint illumination. 


Magnified 60x. & 


Figure 4. An elongated included 
crystal of olivine in an orange- 
brown diamond. Note the lack of 
glare and extraneous reflections 
normally encountered in diamond 
photomicrographs. Pinpoint 
illumination, magnified 44x. 


Figure 5. A series of flattened 
bubbles in the cement plane of an 
assembled synthetic spinel triplet. 

The change of viewing angle 
through different facets is 
responsible for the change in 
appearance of the bubbles. Pinpoint 
illumination, magnified 50x. 
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Figure 6. An included crystal in a natural 
Burmese pink spinel is lit by polarized pinpoint 
illumination. The clarity of this photograph is 
startling considering the difficult angle of 
Ulumination and the degree of magnification, 
100x. 


Thin-Film Effect. Thin films, like the one shown 
in figure 7, and other reflected-light phenomena 
(Koivula, 1980 and 1981) are more easily discov- 
ered and studied with the pinpoint illuminator 
because of its maneuverability. The unit is used 
for oblique illumination in the same way as the 
bifurcated fiber optic illuminator shown in figure 
1 (Koivula, 1981). However, it is considerably 
more difficult to place the metal cable of the 
larger fiber optic illuminator in the precise posi- 
tion necessary to achieve an iridescent thin-film 
effect in a gemstone. 


LIMITATIONS 

Since the pinpoint illuminator is designed to be 
a hand-held instrument, it is not an ideal source 
of illumination for photomicrography unless one 
uses a modified bench stand such as a “jeweler’s 
third hand” to hold the illuminator in a stable 
position during the entire cycle of a photographic 
exposure. This was in fact done to obtain the pho- 
tomicrographs shown in figures 3 through 7. The 
main limitation of the pinpoint illuminator is 
that it is not completely portable. With a 175-cm 
reach, it can be used almost anywhere it is needed 
within the confines of a standard gemological lab- 
oratory, but use elsewhere depends on the avail- 
ability of an electrical power outlet. Also, the in- 
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Figure 7. The lace-like pattern of this healing 
fracture in a Thai ruby under dark-field 
conditions is given additional life in the form 
of a brightly colored thin film. The thin-film 
interference colors resulted from the 
application of the pinpoint illuminator in an 
oblique position. Magnified 45x. 


strument is not easily packed for long-distance 
travel. If the illuminator were freed from its power 
source and adapted for use in a portable gemolog- 
ical laboratory, this one limitation could be com- 
pletely overcome. 


CONCLUSION 


The pinpoint illumination system has applica- 
tions for the gem microscopist, the skilled man- 
ufacturing jeweler, and the master watchmaker. 
Anywhere a pinpoint source of cool, bright, con- 
trollable light is needed, the pinpoint illuminator 
can be useful. This author sees a broad acceptance 
of the pinpoint illuminator in the future of 
gemology.* 
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RADIOACTIVE IRRADIATED SPODUMENE 


By George R. Rossman and Yuanxun Qiu 


During routine testing, a parcel of spodumene 
imported from Brazil was found to be radioactive. 
Detailed analysis showed that individual stones 
had levels of gamma ray emission far above those 
acceptable for jewelry purposes. Gamma ray 
spectroscopy revealed that they had been irradiated 
with neutrons. The colors of these stones are simi- 
lar to those observed in citrine and have no coun- 
terpart in untreated spodumene, They range from 
brownish orange through orange to orange-yellow 
and greenish yellow. 


A parcel of approximately 3,000 carats of faceted 
stones purchased as citrine in Sao Paulo, Brazil, 
was brought for examination to the Los Angeles 
office of the GIA Gem Trade Laboratory after it 
was observed during recutting that one of the 
stones did not respond like quartz. At the labo- 
ratory, the parcel was found to contain approxi- 
mately 700 ct of spodumene; the remainder was 
citrine. The citrine-like color of the spodumene 
was unusual for that species, ranging from brown- 
ish orange through orange to brownish yellow and 
orange-yellow with an occasional greenish-yellow 
stone (figure 1). Additional testing with a Geiger 
counter revealed that the lot of spodumenes was 
radioactive. No radioactivity was detected in the 
citrine. Three representative spodumenes that 
showed readily detectable levels of radiation were 
removed from the parcel and forwarded to the lab- 
oratories of the California Institute of Technology 
for detailed analysis. They consisted of two em- 
erald-cut stones, one greenish yellow and one 
orange-yellow, weighing 5.97 and 2.90 ct, respec- 
tively, and one orange oval-cut stone weighing 
31.8 ct (again, see figure 1). 


RADIATION MEASUREMENTS 


All three stones indicate radioactivity when tested 
with a Geiger counter survey meter. The most 
radioactive stone, the greenish-yellow spodu- 
mene, registered 0.7 milliroentgens per hour, or 
420 counts per minute (cpm) when in contact 
with the detector. The large, orange stone had one 
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third the activity, while the orange-yellow stone 
had one tenth. 

The observed count rate varies among differ- 
ent Geiger counters because it is highly depen- 
dent on the volume and efficiency of the detector 
and the geometrical proximity of the detector to 
the stone. For example, the stone that gave 420 
cpm with a hand-held Geiger counter survey me- 
ter gave 6400 cpm with a more sensitive, large- 
volume, stationary Geiger counter. Because other 
types of laboratory radiation-detection instru- 
ments are even more sensitive than Geiger 
counters, detailed radiation measurements were 
performed with a 100-cubic-centimeter liquid ni- 
trogen—cooled germanium detector, and an 8-in.- 
diameter sodium iodide scintillation detector. 
With the germanium detector, the 5.97-ct stone 
registered 43,680 cpm, with the scintillation de- 
tector, the same stone registered 152,880 cpm. 
When the observed count is corrected for the ef- 
ficiency of the detector, the calculated true emis- 
sion rate of the stone becomes 870,000 cpm, com- 
ing from both beta and gamma radiation. 

Because the persistence of the radioactivity 
will depend on the half-lives of the radioactive 
species, and the penetration power of the radia- 
tion will depend on its energy, the identity of 
the radioactive elements was determined with a 
gamma ray spectrometer employing the germa- 
nium detector. 

The gamma ray spectrum of the greenish- 
yellow spodumene showed that the isotope scan- 
dium-46 (half-life: 84 days] is the primary cause 
of the radioactivity. Minor amounts of man- 
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ganese-54 (half-life: 303 days) and tin-113 (half- 
life: 115 days) were also observed. The activity 
from the smaller, orange-yellow spodumene came, 
in decreasing order, from manganese-54, tin-113, 
zinc-65 (244 days], iron-59 (45 days), antimony- 
125 (2.8 years}, antimony-124 (60 days}, and co- 
balt-60 (5.2 years). The large, orange spodumene 
contained manganese-54, tin-113, zinc-65, anti- 
mony-125, iron-59, and tantalum-182 (115 days}. 
All of these isotopes emit energetic, penetrating 
gamma rays. 

Although the radioactivity from the scan- 
dium-46 will largely decay within three years, the 
presence of the longer half-life isotopes ensures 
that these stones will be weakly radioactive for 
many years to come. The isotopes in these spo- 
dumenes and their half-lives indicate that the 
stories had been treated fairly recently with neu- 
trons in a nuclear reactor, apparently the same 
treatment given to the radioactive topaz de- 
scribed by Crowningshield (1981). 


COLOR 

When irradiated, the lavender variety of spodu- 
mene, kunzite, turns green, but the color is un- 
stable and fades rapidly in sunlight. Other vari- 
eties of spodumene show little or no response to 
gamma radiation, which is usually used for such 
treatment. Gamma irradiation does not leave re- 
sidual radioactivity. The orange color of the neu- 
tron-irradiated material is unusual and without 
natural counterpart in spodumene. It resembles 
the color of citrine. The absorption spectrum 
shows Fe?+ features in the infrared portion and an 
absorption edge beginning at 720 nm and rising 
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Figure 1. Samples of radioactive 
neutron-irradiated spodumene. The 
large orange stone at the top (31.8 
ct) was emitting about 249,000 
gamma rays per minute at the time 
of the photograph. The greenish- 
yellow emerald-cut stone directly 
below and to the right (5.97 ct) 
emitted 870,000 gamma rays per 
minute. The third stone discussed 
in this article, a 2.90-ct orange- 
yellow emerald-cut spodumene, is 
directly below and to the right of 
the greenish-yellow stone studied. 


steadily toward shorter wavelengths (figure 2). A 
narrow, barely visible Fe* absorption band su- 
perimposed at about 438 nm is the only other fea- 
ture observable. The initial test of the stability of 
this color to light produced no visually apparent 
fading after six hours’ exposure to direct sunlight. 
Under the same conditions, green spodumene 
would have faded completely. 


DETECTION 


Any spodumene with a citrine-like color should 
be tested for radioactivity. Large parcels of radio- 
active stones can be readily detected by Geiger 
counter survey meters, as can individual stones 
of comparatively high activity. However, casual 
investigation with a Geiger counter of a single 
stone of relatively low radioactivity may fail to 
detect its radioactivity. In conducting tests with 
a Geiger counter, it is necessary to hold the probe 
close to the stone and give the counter enough 
time to respond (several seconds}. In our tests, a 
flat, “pancake” style probe for the Geiger counter 
was more than twice as sensitive as the cylindri- 
cal probe because of the greater sensitivity of the 
flat probe to beta radiation, and its larger sensitive 
area. 

Because gamma radiation is highly penetrat- 
ing, it deposits very little energy over the thick- 
ness of a photographic film. In a test with an 
instant film, 20 hours’ exposure to the most ra- 
dioactive stone did not produce an autoradi- 
ograph. This contrasts with the response of the 
old radium-treated diamonds, which produced au- 
toradiographs rapidly (Hardy, 1949). They emitted 
alpha particles which had very limited penetra- 
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tion ability and thus deposited most of their en- 
ergy in the layer of film. Specially formulated do- 
simeter films with enhanced sensitivity to beta 
and gamma radiation exist, but they require spe- 
cial processing and are not available at photo- 
graphic supply companies. Given that an irradi- 
ated gemstone emitting gamma rays will not affect 
a film whereas an irradiated diamond emitting 
alpha rays would, the reader should not rely on 
this test as assurance of the safety of a stone. 


DISCUSSION 


An emission rate of nearly one million gamma 
rays per minute from a gemstone is undesirable 
and should be a matter of concern for both buyers 
and sellers. Although the levels of radiation are 
comparatively low, the use of these stones would 
represent a source of radiation to the body that is 
both unnecessary and avoidable. To put into per- 
spective the level of radiation that an individual 
stone represents, it is useful to compare the most 
intensely radioactive spodumene to natural back- 
ground levels of radiation. If the stone that emits 
0.7 milliroentgens per hour were worn in direct 
contact with the skin for 10 hours per day, 5 days 
per week, in about 24% weeks it would expose the 
wearer to an amount of radiation that would nor- 
mally be received in one year from natural sources 
such as cosmic rays and radiation from soil and 
air. If it were worn 24 hours per day, seven days 
a week, in one year the total dose absorbed by the 
body would be about 4.2 rem”. This is above the 
United States federal standard for radiation dose 
to the general population (0.5 rem per year) but 
below the federal standard for occupational ex- 
posure of workers (5 rem per year whole body 
dose, or 18.75 rem per quarter year for dose to the 
extremities such as fingers). A statement from the 
Nuclear Regulatory Commission to the effect that 
these stones would not be desirable for extended 
personal wear was reported by Crowningshield 
{1981}. 

While some investigators conclude that occa- 
sional exposure to such low doses does not con- 
stitute a significant health risk, others are of the 
opinion that even very low doses of radiation pre- 
sent a statistical risk of biological effects (Upton, 


“A source emitting 1 roentgen of gamma radiation 
will cause the body to absorb a dose of about 1 rem 
(a rem refers to the biological effects of the 
radiation), 
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Figure 2, Optical absorption spectrum of orange, 
irradiated spodumene taken with unpolarized light 
through a 1.2-cm path. 


1982). Even though the medical implications of 
such a stone are debatable and a matter of current 
controversy, it would be prudent to avoid the un- 
necessary exposure to radiation that these stones 
represent. This is particularly true for items de- 
signed to be worn on the chest or neck which 
could expose internal organs to radiation from the 
penetrating gamma rays. A dealer who unknow- 
ingly handles hundreds of radioactive stones at a 
time is faced with a much less desirable situation. 
The dose he receives would depend on many fac- 
tors, such as length of exposure and proximity of 
the stones to the body, but in a day it could reach 
the level that an individual with a single stone 
would reach in a year. Even though the authors 
understand that several efforts are being made by 
U.S. regulatory agencies and commercial inter- 
ests to stop the production of radioactive gem- 
stones, the importance of the reeommendation by 
Crowningshield (1981) that jewelers who handle 
large parcels of gemstones should check their 
stones with a Geiger counter is reinforced by the 
commercial availability of radioactive spodumene. 
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TUGTUPITE: A GEMSTONE 
FROM GREENLAND 


By Aage Jensen and Ole V. Petersen 


The red variety of the mineral tugtupite, a rare 
silicate closely related to sodalite, has been used as 
a gemstone since 1965. This article presents the 
history of the mineral and details of its mineralogy 
and gemology. A recently discovered light blue 
variety of tugtupite is also described. Thus far, 
tugtupite has been found in only two localities: (1) 
Lovozero, Kola Peninsula, U.S.S.R., where it occurs 
as very small grains; and (2) limaussaq, South 
Greenland, where it has been located at several 
places within the Ilimaussaq intrusion. Gem-quality 
tugtupite has come almost exclusively from one 
occurrence, a set of hydrothermal albite veins from 
the Kvanefjeld plateau in the northwestern corner of 
the Uimaussaq intrusion, 


The mineral that is now known as tugtupite was 
discovered in 1957 by Professor H. Sgrensen in 
the coastal cliffs of Tugtup agtakérfia on the north 
coast of the Tunugdliarfik ford, South Greenland. 
It was first mentioned under the provisional name 
“beryllium sodalite” in the reports of the Inter- 
national Geological Congress, Norden (Sgrensen, 
1960). 

Tugtup agtakérfia lies within the geologically 
famous Ilimaussaq alkaline intrusion. This 
approximately 150-km? nepheline syenite intru- 
sion is situated on both sides of the Tunugdliarfik 
fjord a few kilometers to the east of the town of 
Narssaq. Close to 200 different minerals have 
been described from this intrusion in the period 
from 1823 to the present. 

Coinciding with the presentation of this new 
mineral from South Greenland, a description of 
an apparently identical mineral called beryllo- 
sodalite was published by Semenov and Bykova 
(1960). The material they described came from 
the Lovozero intrusion of the Kola Peninsula, 
U.S.S.R. At this locality, the mineral is rather rare 
and has never been found in masses larger than 
3 mm. 

Additional data were published by Sgrensen 
{1963}. He concluded that the mineral was a new 
species and proposed the name tugtupite, which 
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is derived from the locality where the mineral 
was first found. In 1965, the Commission on New 
Minerals and Mineral Names of the International 
Mineralogical Association approved both the 
mineral and the name. 

Dang (1966) described the crystal structure of 
tugtupite. A detailed description of the crystal 
habit, the pseudocubic penetration trillings, and 
the numerous localities where tugtupite had been 
found from the time that it was first traced at 
Tugtup agtakérfia until 1971 (including the only 
one that has produced gem material of any sig- 
nificance] was presented by S¢grensen et al. (1971). 
Another type of twin, pseudotrigonal contact 
trillings, was subsequently described by Petersen 
(1978). ; 

The tugtupite from the type locality was 
described as white, but Sgrensen (1960) mentions 
that the color changes to light pink when the 


‘mineral is exposed to strong sunshine. In 1962, 


pink tugtupite was found at Kangerdluarssuk, 
South Greenland; but it was only when a deeper 
red tugtupite was found at Kvanefjeld, South 
Greenland, in 1965 that tugtupite attained gem- 
ological interest (figure 1). Thus far, the material 
used in jewelry has come almost exclusively from 
the locality at Kvanefjeld. Cabochons of red tug- 
tupite were introduced as a new gem material by 
the jewelry firm A. Dragsted of Copenhagen in 
1965, and presented at the Eleventh International 
Gemmological Conference in Barcelona in 1966. 
In the first years after its introduction tugtu- 
pite was mounted almost exclusively in gold. In 
recent years, however, silver mountings have also 
become common, as illustrated in figure 2. 
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Figure 1. Red tugtupite cabochon, 2.51 ct. 
Photo by Mike Havstad. 


MINERALOGY 


Most tugtupite is massive; only a few well- 
developed crystals of this rare mineral have been 
found, growing on walls of cavities in massive 
tugtupite. Such crystals are short, prismatic, and 
transparent, they are colorless or pale pink, and 
they range in size from 1 x 1 x 1 mm to3 x 2 
x 2 mm. Tugtupite belongs morphologically to 
the crystal class 42m: figure 3a shows a drawing 
of a slightly simplified idealized crystal; figure 3b 
illustrates an idealized contact trilling of tugtupite. 


Optical and Physical Properties. The color of “red” 
tugtupite varies from light pink to dark cyclamen 
red (figure 4). Red tugtupite is pleochroic, show- 
ing two different hues of dark red, one with a 
weak bluish tint and the other with a weak orange 
tint. 

The color of red tugtupite fades when the stone 
is kept in darkness but is regained when the stone 
is exposed to sunshine; the color is quickly re- 
stored when the stone is exposed to ultraviolet 
radiation. Red tugtupite has been used in jewelry 
since 1965. Some of the early customers have re- 
turned jewelry with faded tugtupite to the firm of 
A. Dragsted, where the problem was solved by 
exposing the stone to long-wave ultraviolet ra- 
diation for 15 minutes. No customer has had 
this treatment performed more than once (Ove 
Dragsted, personal communication). 

So far only the red tugtupite has been used in 
jewelry; the white variety has shown no potential 
as a gem. Recently, a light blue variety of tugtu- 
pite has been found at the Kvanefjeld plateau that 
might be of gemological value, but it is very scarce. 
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Figure 2, Tugtupite mounted in silver. 
This cabochon measures approximately 
30 x 15 mm. 


To the authors’ knowledge, fewer than 10 cabo- 
chons of blue tugtupite have been cut; five small 
cabochons {1—5 ct each) have been made in the 
polishing laboratory of the Institute of Mineral- 
ogy of the University of Copenhagen. Pleochro- 
ism has not been observed in the light blue 
material. 

Tugtupite has a vitreous luster. It has a hard- 
ness of 6% on the Mohs scale. There is a weak 
cleavage parallel to {101} and {110}. The fracture 
is-uneven. Tugtupite is generally rather opaque, 
but small amounts of red tugtupite have proved 
to be transparent enough to be faceted (again, see 
figure 4). 

Tugtupite is optically positive and is most 
often uniaxial, though axial angles as large as 10° 
have been observed. 


Figure 3. Drawings of (a) an idealized crystal of 
tugtupite and (b) an idealized contact trilling 
of tugtupite. 
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The refractive indices of tugtupite (which were 
determined by means of the \} — T variation 
method on pure material] are: for white tugtupite 
from the type locality at Tugtup agtakorfia, n. = 
ny, = 1.502 + 0.002, n, = ng = ng = 1.496 + 
0.001 (Sgrensen, 1960); and for the red tugtupite 
from the Kvanefjeld plateau, n. = ny = 1.499 + 
0.001, n, =n, = ng = 1.495 + 0.001 (Sgrensen 
et al., 1971). The values 1.495 and 1.499 are gen- 
erally obtained when polished bases of cabochons 
are measured on the refractometer. However, fac- 
eting-quality material yields slightly lower refrac- 
tive indices. Measured on the refractometer, pol- 
ished bases of the light blue cabochons give w = 
1.495 and € = 1.499, 

Sgrensen et al. (1971) gave the density of red 
tugtupite as 2.33 + 0.01 and the calculated den- 
sity as 2.35. Sixteen cabochons of red tugtupite in 
the possession of the Geological Museum vary in 
density between 2.27 and 2.44 due to porosity and 
the presence of minerals other than tugtupite in 
the cabochons. The five light blue cabochons vary 
in density between 2.33 and 2.36. 

The fluorescence of red tugtupite has been de- 
scribed by Dragsted (1970) as apricot colored when 
the stone is exposed to long-wave ultraviolet (U.V.} 
radiation and salmon red when exposed to short- 
wave U.V. radiation. Povarennykh et al. (1971) 
reported that red tugtupite fluoresced yellow- 
orange to long-wave U.V. radiation. Having 
investigated most of the red tugtupite in the pos- 


Figure 4. Upper row: four 
cabochons of dark red 
tugtupite. Middle row: two 
cabochons of light red tugtupite 
and three faceted dark red 
stones. Bottom row: two 
untreated cabochons of light 
blue tugtupite, two cabochons 
of light blue tugtupite that were 
exposed to ultraviolet radiation 
the day before the photo was 
taken, and one cabochon of 
light blue tugtupite that had 
been exposed to U.V. radiation 
two months before the photo 
was taken. For scale, the center 
stone In the bottom row 
measures approximately 

7mm X 10 mm, 
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session of the Geological Museum of the Univer- 
sity of Copenhagen (more than 100 specimens in 
total], the present authors prefer to describe the 
fluorescence of red tugtupite as dark cyclamen 
red with short-wave U.V. radiation and varying 
from cinnabar red to light cyclamen red with 
long-wave U.V. radiation. Light blue tugtupite 
fluoresces light orange-yellow to long-wave U.V. 
radiation and light carmine red to short-wave 
U.V. radiation, rather similar to some of the red 
tugtupite exposed to long-wave U.V. radiation. 
It is important to note that the exposure of 
light blue tugtupite to U.V. radiation must be of 
short duration (no more than 30 seconds}, or the 
light blue stone will turn light red. This light red 
color is not stable, but on fading it leaves a red- 
dish-blue hue that is less attractive than the orig- 
inal light-blue of the stone. The bottom row of 
figure 4 shows, from left to right, two unexposed 
light blue tugtupites, two light blue tugtupites 
that were exposed to ultraviolet radiation the day 
before the photo was taken, and one light blue 
tugtupite that was exposed to ultraviolet radia- 
tion two months before the photo was taken. 


Crystallography. According to Dang (1966), tug- 
tupite belongs to the tetragonal crystal system, 
with space group I4. The crystals display positive 
piezoelectric effect and lack a positive pyroelec- 
tric effect. The unit-cell parameters of tugtupite 
show insignificant variations. The unit-cell pa- 
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rameters of red tugtupite from the Kvanefjeld pla- 
teau are: a = 8.637 + 0.001 A, c = 8.870 + 0.002 
A (Sgrenson et al., 1971). 

The crystal structure of tugtupite is very 
closely related to that of sodalite. The formula for 
tugtupite is Na,Al,Be,SigO,4(C1,S)}., while that of 
sodalite is NagAl,Si,0.,Cl,. A comparison of the 
two reveals a substitution of BeSi for AJA] in the 
sodalite structure; this accounts satisfactorily for 
the lower symmetry of tugtupite. 


OCCURRENCE 

Since tugtupite was first discovered in 1957, in 
very sparse amounts, at Tugtup agtakértfia, it has 
been found in a rather large number of places all 
over the Iimaussaq intrusion. Thus far, though, 
only one site—in the northwesternmost part of 
the intrusion—has produced gem material of any 
significance. 

When this gem-quality material was first dis- 
covered in 1965, access to the locality included 
a rough ride by car from the town of Narssaq, 
along the Narssaq River, to the foot of the Kva- 
nefjeld plateau. From here, a half-hour walk, in- 
cluding a 300-m ascent along a well-marked path, 
brought one to the top of the scenic plateau in the 
immediate vicinity of the occurrence. Figure 5 
shows the view to the east from the occurrence. 
In 1979 the road was extended in connection with 
prospecting activity in a potential uranium de- 
posit. It now winds in narrow steep curves, close 
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Figure 5. View to the 
east from the tugtupite 
occurrence on the 
Kvanefjeld plateau. 


to the old path, up to less than 100 m from the 
top of the plateau. The entire occurrence covers 
an area no more than 25 x 5 m, with the tugtupite 
scattered in a set of highly irregular hydrothermal 
veins, up to 0.5 m wide, intersecting the augite 
syenite country rock. These veins are mainly 
composed of fine-grained albite; they may be 
zoned, with tugtupite concentrated in the central 
part, but tugtupite can also be found disseminated 
in the immediately surrounding syenite. The in- 
tense cyclamen red tugtupite occurs as angular 
patches up to as large as 10 cm across. Figure 6 
shows the major horizontal vein as it appeared in 
July 1968. 

Of the numerous other minerals found in the 
vein, the most important are aegirine, epistolite, 
sphalerite, pyrochlore, neptunite, and chkalovite. 


Figure 6. The major vein for gem-quality 
tugtupite, July 1968. 


GEMS & GEMOLOGY 


Summer 1982 93 


Substantial amounts of tugtupite were taken 
from this locality in the years immediately fol- 
lowing its discovery, and particularly large 
amounts of material were taken by the Geological 
Museum, Copenhagen, in 1969 and 1975. 


THE CURRENT 
STATUS OF 
GEM TUGTUPITE 


No private claims cover the occurrence of tug- 
tupite at the Ilf{maussaq intrusion. Prior to 1979, 
when home rule for Greenland was established, 
the area was under the jurisdiction of the Danish 
government, which held the rights to the ura- 
nium deposit inside of which tugtupite occurs. 
However, a special paragraph in the mining law 
gave residents of the area the right to use certain 
types of raw material, and intense juridical con- 
siderations were devoted to this subject with no 
definitive settlement. Today all rights, except for 
collecting under the auspices of the Geological 
Survey of Greenland for scientific purposes, belong 
to the community council of the town of Narssaq. 

Collecting and mining of tugtupite have been 
carried out by anyone able to get near the occur- 
rence. All types of mining methods have been 
used—picking chips with nothing but bare hands, 
using hammer and chisel, bringing in drilling 
equipment, and even dynamiting. Consequently, 
it is virtually impossible to estimate the amount 
of gem material that has been mined. Judging 
from the pieces of jewelry with tugtupite that can 
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be seen in Greenland and Denmark, we are deal- 
ing with relatively large amounts. 

More tugtupite, blue as well as red, occurs in 
the area, but right now the locality where gem- 
quality material has been found seems to be ex- 
hausted. However, renewed mining undoubtedly 
will unveil new veins with more gem tugtupite. 
Once the decision is made to start mining for 
uranium on the Kvanefjeld plateau, hitherto un- 
seen opportunities to find new occurrences will 
arise. 
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CARVING GEM-QUALITY OPAL 
By Theodore Grussing 


Gem-quality opal poses special problems for the 
carver that are not encountered when working with 
low-quality material. Herein the author uses three 
examples to explore these differences and the 
implications for success or failure in the final piece. 


Traditionally, opal carvings have been created 
from low-quality, commercial-grade opal that has 
little or no play of color and is relatively inexpen- 
sive. Consequently, neither orientation to maxi- 
mize the play of color nor weight loss is a source 
of concern. In the carving of low-grade opal, the 
primary objective is to display the artist’s skill, 
all other considerations are secondary. Indeed, 
some carvers prefer to work on low-grade opal 
because they feel that a substantial play of color 
tends to obscure the details of the carving, which 
is a hallmark of their skill. 

Opal dealers also have generally shied away 
from having their gem-quality rough carved. To 
begin with, gem-quality opal represents a very 
small percentage of all opal mined, and large pieces 
(generally 30 grams and up} are rare. The gem- 
stone market usually snaps these pieces up 
quickly because they yield large stones and 
matching sets of gemstones for jewelry. Few gem 
materials are as difficult to match stones in as 
opal because of the highly distinctive colors, 
which vary in intensity and pattern from stone to 
stone. The larger piece of gem rough will usually 
yield matching stones, and will frequently give a 
higher percentage of recovery than small pieces. 
By contrast, there is often no ready market for 
large pieces of low-grade opal, and carvings have 
been one of the best utilizations of this type of 
material. 

In recent years, a number of collectors have 
begun to seek gem-quality opal carvings in their 
desire to have a prized work of art that is also a 
fine gemstone. The carving of gem-quality opal, 
however, has special problems that are usually 
not encountered with the lower-quality material. 
Several of these are examined below together with 
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a description of three examples of success—and 
failure—in sculpting this material. 


KEY CONSIDERATIONS 
BEFORE CARVING BEGINS 


Once the decision has been reached to carve a 
large piece of gem-quality opal, several problems 
not normally associated with the carving of opal 
arise. First, the subject matter must be oriented 
in the materia] to maximize the play of color and 
yet not unduly detract from the detail of the 
carving. Second, the carving should be designed 
in such a way that it will retain the maximum 
amount of this valuable material. Selection of a 
highly skilled gem carver is also of paramount 
importance, particularly one with whom you can 
effectively communicate, given the seriousness of 
the project. The author has worked closely with 
carver Shan Gimn Wang on a number of pieces; 
Mr. Wang shared many of the details of carving 
opal described below. 


THE CARVING PROCESS 


In carving opal, most carvers, including Mr. Wang, 
employ a variety of sintered and plated diamond 
tools in a flex shaft or permanently mounted 
arbor to rough out the shape of the carving. The 
piece is kept cool with water, as overheating of 
opal at any stage can be disastrous given the risk 
of vaporizing the natural water content of the 
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Figure 1. One side of the Royal Peacocks. 
The carving weighs 504 ct and measures 
86 x 34 x 57 mm. Photo by Tino 
Hammid. 


material, causing it to crack or pop. After the 
carving has been roughed out, with particular 
attention paid to the orientation of the color in 
the subject matter, the carver begins the polishing 
process. Some carvers prefer to use diamond paste 
for the entire procedure; others use a variety of 
Cratex wheels and water for coolant, and then 
finish with a slurry of cerium oxide on felt and 
loose cloth wheels. Fine results may be obtained 
with either method, but more care must be taken 
when diamond paste is used, again because of the 
risk of overheating the material. Cerium oxide 
tends to erode detail in the carving, so not infre- 
quently the carver must go back and redo small 
detail areas when cerium oxide is used as the pol- 
ishing agent. 

Generally speaking, the greatest amount of 
time spent on a gem-opal carving is in prelim- 
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inary study of the material and in roughing out 
the carving. In the first instance, the carver must 
attempt to ‘read’ the rough material to deter- 
mine where the color bars go, whether the mate- 
rial is clean, and, if not, where faults and/or 
imperfections in the stone are located. After the 
stone has been charted, a subject must be chosen 
that will best fit the material, take optimum 
advantage of the play of color anticipated, and 
remove flawed areas. After an acceptable subject 
is sketched both on paper and on the opal rough, 
the diamond bits are used to begin the carving. As 
the stone is opened up, the carver must be pre- 
pared to alter design and orientation depending on 
what he actually finds inside. Once the actual 
carving is completed, the final step is simply a 
matter of polishing. In a carving like ‘The Royal 
Peacocks” (figure 1), fully 75% of the approxi- 
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Figure 2, Gem-quality opal rough from which 
the Royal Peacocks was carved. Photo by Tino 
Hammid. 


mately 100 hours that went into this piece was 
spent on charting the stone and roughing out the 
subject. 

The balance of this article will deal with three 
carvings: The Royal Peacocks, by Shan Gimn 
Wang, who carves for Lapidary International, Inc., 
of Anaheim, California; a black opal snuff bottle, 
by Hing Wa Lee of Whittier, California; and one 
that will be referred to here as the ‘‘Disaster,’’ by 
an unnamed but hopefully wiser carver. Each 
example illustrates a different aspect of carving 
gem opal. 


THE ROYAL PEACOCKS 

This very fine piece, shown in figure 1, weighs 
504 ct and measures 86 x 34 x 57 mm. The piece 
of rough from which it was created weighed 
slightly more than 700 ct and is shown in figure 
2. The opal was mined in 1978 by Paul “Gopher” 
Fraser and Ian “Gunna” Fraser from the Black 
Flag field in Coober Pedy, South Australia. The 
Black Flag field encompasses an area of approxi- 
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ese Metres Le kel EE he 
Figure 3. Design sketched on partially carved 
opal rough of the Royal Peacocks. Photo by 
Tino Hammid. 


mately 365 m x 914 m (400 yards x 1000 yards) 
and is bisected by the road to Adelaide. Until 
about 1972, the field was little more than an auto 
dump. Because of its close proximity to the city 
{about 1 km from the saloon) and its location 
along the major road into town, the city fathers 
had the area cleaned up. The rough that was even- 
tually transformed into the Royal Peacocks was 
found in a freak pocket at about the 1.25-m level 
on top of the Hard Band level (a layer composed 
of jasper and gypsum that is difficult to penetrate; 
the opal levels are generally below this layer]. 
The rough was purchased by the author in the 
summer of 1981 as a high-risk piece: although 
the opal showed numerous, potentially beautiful 
thick red bars, there were indications that the 
bars might be sandshot {i.e., granules of sand or 
dirt would be lodged in the silica gel of which opal 
is comprised}, No amount of “candling” with a 
strong light behind the stone helped, and the only 
way to know for sure was to cut into the material. 
Because of the doubt about the cleanliness of 
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the red bars, the author sold the piece to a friend 
who was willing to take the risk. Shortly there- 
after, the decision was made to carve the material. 

Shan Gimn Wang was commissioned to do the 
carving, through Lapidary International. After 
studying the opal for several weeks, Mr. Wang 
proposed several viable plans based on his knowIl- 
edge that the central area, as previously men- 
tioned, was comprised of numerous thick, straight 
red bars and the sides of the piece were potch 
(common opal, no play of color) with several 
undulating bars and swirls of intense blue and 
green in them. The idea that appeared most prom- 
ising was to use both outer sides in a heavy relief 
carving, and to cautiously expose the underlying 
red bars; if the finished carving was to reach its 
maximum potential, these bars would have to be 
exposed substantially and they would have to be 
good, clean material, not sandshot. Peacocks were 
selected as the subject matter of the relief carving. 
Mr. Wang determined that peacocks would give 
him the greatest artistic freedom to use the 
undulating color bars and, too, that the colors in 
this area of the opal were very similar to those 
found in the live birds. Also of great importance 
was the ability to adjust the positioning of the 
peacocks depending on the colors and their ori- 
entation. Figure 3 shows the design on the opal 
shortly after the rough carving process had been 
started. . 

Soon after work began, the choice was con- 
firmed, and it also became apparent that the red 
bars were clean, not sandshot. One major surprise 
was the uncovering of a thin, but extremely 
intense, lime-green color bar, which serves as the 
background for the peacock on the other side of 
this piece. 

This carving illustrates the extraordinary skill 
required in carving gem opal, an intertwining of 
the sculptor’s art and the very strong play of color 
of the stone. The weight retention was nearly 
72%. This carving is currently on loan to the Los 
Angeles County Museum of Natural History. 


BLACK-OPAL SNUFF BOTTLE 


Some time ago, a friend of the author purchased 
a snuff bottle of black opal that was so poorly 
carved and polished that almost no play of color 
was present on its face. There was, however, a 
strong, reasonably thick color bar of blue, green, 
and some red on the sides running under the face 
of the bottle. It did not appear that the bar had 
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been exposed, but it was obvious that the original 
carver had at least partially hollowed it out. Two 
questions arose: (1) Would there be sufficient 
thickness left when the piece was recarved to 
expose the color bar? and (2) Would the bar dis- 
play strong play of color? After examining the 
piece, skilled carver Hing Wa Lee reported that 
there was a reasonable possibility of salvaging it 
and exposing the beauty of the hidden color bar. 
The result of his reworking of this piece is pic- 
tured in figure 4. The color bar is now exposed 
and the bottle takes on new life: strong electric 
blues and greens roll across the surface, with 
some reds as well. It has been estimated that the 
value of the carving was increased by a factor of 
seven even with a weight loss of over 25%. This 
black-opal carving, weighing just over 100 ct, is 
currently on loan to the Los Angeles County 
Museum of Natural History. 


Figure 4. Black opal snuff bottle after being 
recarved, 100 ct. Photo by Tino Hammid. 
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Figure 5, Although the actual workmanship on 
this piece is good, the carver has eliminated 
the play of color and thus destroyed the impact 
of the opal, Photo by Tino Hammid. 


THE “DISASTER” 


The play of color in opal is the primary source of 
its value as a gem material; this factor is further 
refined into intensity of color, number of colors, 
which colors, color patterns, percentage of cov- 
erage in color, trueness of color, whether or not 
the color is directional, and so on, but in the end 
it all boils down to color. 

In the previous two examples, Messrs. Wang 
and Lee optimized the value of the opal entrusted 
to them by using their highly refined skills to 
work with the opal. This last example shows how 
a person, though skilled in the art of gem carving, 
proved inept in dealing with the play of color in 
fine opal and caused irreparable harm to a col- 
lector’s piece. 

The anonymous carver was given a fine piece 
of Olympic material (Olympic field, Coober Pedy, 
South Australia] to work with. The rough opal 
weighed approximately 800 ct and was a solid 
chunky piece with numerous strong color bars in 
it. It was anticipated that a magnificent carving 
would emerge, displaying strong and uniform play 
of color. The result was, literally, a disaster: the 
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Figure 6. In this opal carving, the carver has 
fully utilized the play of color in the stone to 
highlight the subject matter; 34 x 31 x 14 
mm, 130 ct. Photo by Tino Hammid. 


collector who owned the piece received a very 
fine carving, from the point of cleanliness and 
detail, but the stone had virtually no play of color. 
Indeed, it appeared that the carver had set out to 
destroy color wherever it surfaced and left it buried 
under potch wherever he was unable to drill it 
out. The weight loss of over 65% was greater than 
would have occurred if the stone had been cut 
into cabochons. The result (shown in figure 5} is 
a nicely carved piece of opal that shows very little 
play of color and is worth a fraction of what it 
could have been. Figure 6 illustrates the results 
in similar material when the carver (in this case, 
Mr, Wang) makes full utilization of the play of 
color. 


CONCLUSION 

The carving of gem-quality opal requires a highly 
skilled artisan who knows how to utilize the play 
of color in his art. In the final analysis, it is the 
play of color in opal that determines its value, and 
one who is skilled in bringing this color out and 
properly orienting it in his carving will greatly 
enhance the value of the finished piece. 
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TWO NOTABLE COLOR-CHANGE GARNETS 


By Carol M. Stockton 


Two garnets exhibiting unusually strong changes of 
color are discussed. Changes in color appearance are 
observed to occur not only between different light 
sources but also between reflected and transmitted 
Ulumination from the same light source, The 
gemological properties and chemical compositions 
of these two stones are noted and compared. 


In the course of the study on garnets currently 
being pursued by the GIA Department of Re- 
search, we have had the opportunity to examine 
many color-change garnets. Recently we were 
shown two exceptionally fine examples from East 
Africa that are worthy of special note. Both of 
these stones were in the form of water-worn peb- 
bles; stone A weighs 5.72 ct and stone B weighs 
3.50 ct and is one of the finest examples of alex- 
andrite-like garnet we have seen. Both stones show 
change in color from diffuse daylight or fluores- 
cent light to diffuse incandescent light. In addi- 
tion, both stones change color depending on 
whether the light is transmitted through the spec- 
imen or reflected from its interior surface, an ob- 
servation first made by D. V. Manson. Stone A 
changes from greenish-yellowish brown in trans- 
mitted fluorescent light (figure la, left} to pur- 
plish red in reflected fluorescent light (1b, left). In 
incandescent light, it changes from reddish orange 
in transmitted (1c, left] to red in reflected (1d, left) 
light. Stone B, with fluorescent illumination, is 
light bluish green in transmitted light (la, right} 
and purple in reflected light (1b, right}; in incan- 
descent light, it changes from light red in trans- 
mitted (1c, right) to purplish red in reflected (1d, 
right) light. 

It must be noted that the combination of the 
sensitivity of these stones to subtle changes in 
the wavelengths of lighting and the difficulty of 
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Figure 1. Color-change garnets A (left) and B 
(right) in transmitted fluorescent light (a), 
reflected fluorescent light (b), transmitted 
incandescent light (c), and reflected 
incandescent light (d). 


accurately reproducing color on photographic film 
resulted in some anomalies between the appear- 
ance of these stones in this article and their nat- 
ural appearance to the eye. 

The other properties of these stones are shown 
in table 1, and reveal some very interesting dif- 
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TABLE 1. Data for the two color-change garnets. 


Properties Stone A Stone B 
Gemological 
Refractive index 12773 1.763 
Specific gravity 3.98 3.89 
Spectra (nm) 
Absorption bands 504.5 505.5 
692.5 694.0 
aximum transmission 526.0 505.5 
676.0 683.0 — 
aximum absorption ~=— 450.0 450.0 
563.0 573.5 
Oxide composition (%) 
gO 2.25 9.03 
CaO 7.83 7.10 
nO 25.59 19.09 
FeO 5.12 3.06 
Al,O; 21.33 21.55 
V2.0; 0.15 0.38 
Cr,0, 0.23 0,66 
SiO, 38.04 39.80 
TiO; 0.20 0.07 
End-member composition (%) 
Schorlomite 0 0.16 
Andradite 0) 0.91 
Mn3V2Si30 12 0.55 1.38 
Uvarovite 0.71 2.07 
Pyrope 7.51, 30.11 
Spessartite 59.02 43.16 
Grossular 20.33 16.22 
Almandite 11.83 6.37 


ferences and similarities. Both stones have sig- 
nificant amounts of V,O, and Cr,O,, which trans- 
late to MnyV,Si30,.* and Ca3Cr.$i,O,. (uvarovite}, 
but stone B contains considerably more of these 
two components. Both garnets contain more spes- 
sartite than any other end member. Both also 
have unusually high amounts of grossular for 
stones that would otherwise be considered mem- 
bers of the subgroup pyralspite. However, the two 
garnets differ markedly in pyrope and almandite 
content. Stone A has more almandite than py- 
rope, but stone B has considerably more of the lat- 
ter. The lower refractive index and specific grav- 
ity obtained for stone B undoubtedly result from 
the high pyrope and lower spessartite and alman- 
dite contents of this sample. 

With the use of the hand spectroscope, we ob- 
served complete absorption at the short wave- 
length end of the spectrum up to about 445 nm, 


“Technically speaking, Mng3V,Sis0 y is not an end 
member, as it has never been observed to comprise 
more than 50% of any naturally occurring garnet, but 
for convenience of description we use it as though it 
were a garnet end-member composition. 
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Figure 2. Graphs of the absorption spectra of 
garnets A and B. 


as well as a definite thin band of absorption at 
about 690 nm, probably associated with the pres- 
ence of chromium. Stone A, but not stone B, also 
shows a strong absorption band at 500 nm. Use 
of the spectrophotometer enabled us to locate 
these bands more accurately {figure 2}. The gen- 
eral shape of both spectral curves resembles those 
observed elsewhere (Schmetzer et al., 1980). Max- 
imum absorption occurs in two areas: (1} extend- 
ing from about 450 nm to the short wavelength 
end of the visible spectrum; and (2) at around 560 
to 575 nm between two major regions of trans- 
mission, one centered around 500 to 530 nm and 
the other increasing in transmission from about 
670 nm to the long wavelength end of the visible 
spectrum. This pattern has been observed in the 
past with color-change garnets that were primar- 
ily pyropes in composition, whereas these two 
stones contain more spessartite than any other 
component. 

These unusual two stones will also be in- 
cluded in a thorough study of color-change gar- 
nets to be presented at a later date. 
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ALEXANDRITE 


An unusual feature was noted dur- 
ing the examination of an 8.12-ct 
natural alexandrite in our Los An- 
geles lab. When this stone was 
viewed with the microscope, the 
number 15 was seen, scratched on 
a pavilion facet (figure 1}. This ques- 
tionable method of marking is em- 
ployed by some private collectors, 
institutions, and even museums to 
catalogue their collections of gem- 
stones and carvings. Fortunately, it 
is rare that we in the laboratory see 
stones marked this way. Surely an 
accurate description, together with 
three measurements to the nearest 
hundredth of a millimeter and the 
weight to the nearest point, would 
serve to positively identify a stone. 
There is no need to damage it by 
such inscriptions. 


DIAMOND 


Gem testers must remember to look 
for evidence of cyclotron treatment 
in fancy-shaped stones, especially if 
the color of the stone does not ap- 
pear to be treated. For example, the 
yellow-green of the pear-shaped dia- 
mond seen in figure 2 is a color 
not normally expected of cyclotron 
treatment. All fancy orange-brown 
diamonds should routinely be ex- 
amined for evidence of top-only cy- 
clotron treatment since this color is 
frequently encountered in stones 
treated by this method. When the 
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Figure 1. Identifying numbers 
scratched on a pavilion facet 
of an alexandrite, Magnified 

25x. 


Figure 2. A cyclotron-treated 
diamond of unusual color. 
Magnified 10x. 


stone is viewed through the pavil- 
ion, this type of treatment shows up 
as a line of color just in from the 
table and star facet edges. In most 
cases, no spectroscopic evidence is 
present in these top-treated stones. 
If such a stone is mounted, partic- 
ularly in a gypsy setting, it is en- 
tirely possible to overlook the tell- 
tale evidence and pronounce the 
stone naturally colored in the ab- 
sence of an identifying absorption 
spectrum. 


It should come as no surprise to 
gemologists who have been keeping 
up with advances in diamond irra- 
diation and annealing to occasion- 
ally see treated brown or yellow 
stones that lack the 592 nm* ab- 
sorption line in the spectrum at or- 
dinary room temperature. 


EMERALD FAKES 


Some time ago a small lot of emer- 
alds was submitted to the Los An- 
geles laboratory for identification. 
Subsequent testing showed all but 
one of the stones to be natural em- 
eralds with minor amounts of oil 
present. The exception proved to be 
a natural bery] that was coated with 
a green substance that imparted 
most, if not all, of the color to the 
stone. 

This treatment was seen very 
easily under magnification when the 
gemologist looked through the stone 
and examined the opposite surface, 
as shown in figure 3. The areas where 
the coating has worn off reveal the 
near-colorless nature of the original 
stone, whereas the green areas in- 
dicate where the treatment. still 
remains. 


*In accordance with standard 
international practice, GIA has 
adopted the use of nanometers 
(nm) in place of angstrom units 
(A) for the measurement of 
wavelengths in the visible light 
region of the electromagnetic 
spectrum. Note that the 
conversion is 1 nm = 10 A, 
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Figure 3. Green coating on 
near-colorless beryl, imitating 
emerald. Magnified 36x. 


The green coating flaked off very 
easily with the pin end of the brush 
probe, and it melted when checked 
with a thermal reaction tester. When 
the stone was then tested with a 
cotton swab saturated with acetone, 
a very noticeable green stain ap- 
peared on the cotton swab. The in- 
dications are that the coating is some 
type of paint (like that used on glass} 
although similar results have been ob- 
tained with green cement or plastic. 

Several months after this cut 
stone was tested, we had the oppor- 
tunity to examine two rough beryl 
crystals (weighing 15.1 and 10.91 ct, 
respectively} that had been treated 
in a very similar manner (figure 4). 
On these crystals the green coating 
had been partially removed from the 
flat surfaces and was present mostly 
in surface fractures, cavities, and 
depressions. As with the cut stone 
described above, the coating flaked 
off with the brush probe, stained the 
acetone-soaked swab, and melted in 
response to a thermal reaction tester. 


GROSSULARITE GARNET 


We had nearly forgotten that trans- 
lucent grossularite garnet occurs in 
pink as well as green until a beau- 
tiful strand of the material, with al- 
ternating green and pink beads ap- 
proximately 9 mm in diameter, was 
submitted to the New York labora- 
tory for testing (figure 5). It had been 
offered to the client as “rare jade.” 


Lab Notes 


Figure 4. Beryl crystals treated in a manner similar to the stone 


ilustrated in figure 3. 


Figure 5. Strand of pink and green grossularite beads, each 
approximately 9 mm in diameter. 


JADEITE, Dangers of Heating 
during Jewelry Repair 


The Los Angeles laboratory received 
for identification a lady’s ring set 
with a 14.95 x 10.85 x 2.80 mm 
mottled white-and-green oval cabo- 
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chon center stone and several dia- 
mond side stones (see figure 6]. The 
client explained that the center stone 
had changed color, in this case from 
a relatively even medium green to 
predominantly white with splotches 
of green, while the ring was being 
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Figure 6. Loss of color in heat- 
damaged jadeite ring. Stone 
measures 14,95 x 10.85 x 2.80 
mm thick. 


repaired with a torch. Subsequent 
testing proved the stone to be nat- 
ural-colored jadeite. This accident 
could have been prevented if the 
jeweler had possessed a fuller un- 
derstanding of the effects of heat on 
jadeite. 

To circumvent unnecessary acci- 
dents such as these, a good rule of 
thumb to follow is never to heat any 
gemstone other than diamond and 
then only when the proper precau- 
tions have been taken, such as 
cleaning the diamond thoroughly 
and giving it a protective coating. 
Most diamonds that are in fre- 
quently worn jewelry accumulate 
foreign substances, such as oils and 
soaps, particularly on pavilion sur- 
faces. When they are subjected to 
high temperatures, such as would be 
encountered in retipping a prong, the 
foreign substances often become 
charred. These charred surfaces usu- 
ally have to be boiled in a sulfuric 
acid bath to be removed; in more 
severe cases, where the surface of 
the stone is oxidized, the diamond 
must be repolished. 


KORNERUPINE with 
Apatite Inclusions 


The Santa Monica laboratory ex- 
amined a 1.68-ct grayish-green, oval, 
mixed-cut kornerupine. The gem con- 
tained numerous slightly rounded, 
transparent, near colorless—appear- 
ing hexagonal prisms {see figure 7} 
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that looked very similar to the apa- 
tites often found as inclusions in al- 
mandite garnet. One of the larger 
crystals came to the surface of the 
gem’s pavilion; it was possible to 
scrape this inclusion and obtain 
enough powder to make a spindle 
for X-ray powder diffraction. The 
diffraction pattern showed that the 
inclusions were in fact apatite. 


OPAL 


Flow Structure in Opal 


A large, natural, transparent to semi- 
transparent, brownish-orange opal 
double cabochon brought to the 
Santa Monica laboratory for identi- 
fication proved to be quite interest- 
ing. The central portion of the opal 
contained a large, semitranslucent, 
white subspherical inclusion, which 
occupied approximately 50% of the 
entire volume of the opal. Trailing 
down the sides of the white inclu- 
sion were numerous smoke-like 
dark brown to black steamers, as 
shown in figure 8. The central white 
inclusion could possibly be cristo- 
balite, another form of silica, but no 
tests could be carried out to prove 
its nature. The smoky veiling could 
possibly be explained as remaining 
traces of the original flowing in the 
once-fluid silica. 

Oolitic Opal 

The Santa Monica laboratory re- 
cently tested a semitranslucent-to- 


Figure 7. Apatite crystals in 
kornerupine. Magnified 40x. 


Figure 8. Dark streamers in 
opal. Transmitted light, 
magnified 50x, 


opaque polished slab that showed a 
play of color and proved to be a rare 
variety of natural opal called oolitic 
opal. This type of opal shows an un- 
usual circular structural appearance 
under magnification, as illustrated 
in figure 9. Some people have put 
forth the hypothesis that it might be 
the result of opalization of a calcar- 


Figure 9. Oolitic opal structure. Magnified 25x. 
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eous ooze or an oolitic limestone. At 
first glance, oolitic opal can easily 
be mistaken for sugar-treated opal, 
but under magnification the distinc- 
tive circular structure will serve to 
identify it. Also observed in this gem 
were what appeared to be a number 
of opaque, white to brownish white, 
rhombohedral-shaped included crys- 
tals that appeared to have the exter- 
nal morphology of calcite or some 
similar carbonate. 


Opal Doublet 


A 6.12-ct baroque-shaped opal ca- 
bochon was submitted to the Los 
Angeles laboratory for identifica- 
tion. When the stone was viewed 
with the unaided eye, a very attrac- 
tive play of color was seen on the 
top of the stone and the typical iron- 
stone matrix was observed on the 
back, leading one to believe that it 
might be a boulder opal. 

Closer examination with the 
microscope revealed an assembled 
stone that had a thin brown layer 
with several very small patches 
showing play of color in the layer 
between the opal top and the matrix 
back. This layer was very soft and 
had several hemispherical cavities, 
probably formed by air bubbles (see 
figure 10). To minimize damage to 
the area, we scraped off a very small 
amount with a razor blade for test- 
ing with the thermal reaction tester. 
The substance melted easily when 
the hot point was applied, thus 
proving it to be some type of ce- 


Figure 10. Hemispherical 
cavities in the cement layer of 
an opal doublet. Magnified 
12x. 
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Figure 11. Shells approximately 38 to 52 mm long that contain 
blister pearls. 


ment, formulated to resemble the 
sronstone backing. 

Although somewhat infrequently, 
we have seen this type of assembled 
opal before. One interesting feature 
of this imitation ironstone cement 
is that it usually contains small 
patches showing play of color. This 
is apparently accomplished by add- 
ing very small pieces of crushed opal 
to the cement. 


PEARLS 


Mysterious Pearls in Shells 

The New York laboratory received 
for testing several small (38 to 52 
mm long} nacreous shells, of an un- 
known species, in which a pearl or 
blister pearl appeared near the ad- 
ductor muscle scar (figure 11}. The 
lab was unable to determine whether 
the “pearls’’ occurred naturally or 
were induced by man. X-ray photo- 
graphs indicated natural pearls. Many 
of the “pearls” in the shells were not 
completely attached to the shell, and 
one appeared to be cemented to the 
shell. The client could not provide 
any information about these mys- 
terious objects. 
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Unusual Natural Pearl 

A large (26 mm], undrilled, baroque- 
shaped pearl was brought into the 
Santa Monica laboratory for X-ray 
identification. For its size, the pearl 
was extremely light in weight and 
had a distinct, rather strong, dis- 
agreeable odor. X-radiography re- 
vealed that the pearl was natural 
and completely hollow, with only a 
very thin surface shell, approxi- 
mately 1-3 mm thick. The pearl ap- 
peared extremely delicate and would 
probably be difficult to set. The odor 
suggests that the irritant that caused 
the pearl was perhaps an organic 
fleshy material that did not appear 
on the X-ray but was in the process 
of decaying. 


RUBY, Synthetic Star 


GIA’s faceting instructor, Bill Kerr, 
had in his possession a boule of Ger- 
man-produced synthetic corundum. 
After rounding the larger end and 
polishing same, he noticed how the 
three rays crossed each other to form 
the expected 6-ray star and then ex- 
tended down the sides of the rough 
boule still attached. This inspired 
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the attempt to cut a cat’s-eye stone 
oriented 90° to the c-axis of the boule 
that created the 6.23-ct synthetic 
cat’s-eye ruby shown on the left in 
figure 12. On the right of this dou- 
ble-exposure photograph is the same 
stone viewed on the end and parallel 
to the c-axis, One-half of the star is 
now visible. 

Another section of the same 
boule (toward the bottom) that was 
later worked into a stone contained 
part of the transparent seed crystal 
with a shallow overgrowth of the 
asteriated material. This material 
when cut produced a weak star with 
an open center caused by the non- 
asteriated seed-crystal section, a 
very unusual stone indeed (see fig- 
ure 13). 


SAPPHIRE 


Dangers of Heating Sapphires 
during Jewelry Repair 
Several months ago a client sent to 
the Los Angeles laboratory a man’s 
ring set with an 11.20 x 9.10 x 7.08 
mm light yellow, oval, mixed-cut 
center stone and numerous diamond 
side stones. The client explained that 
during the resizing process the stone 
had changed color from a beautiful 
intense yellow to a light greenish 
yellow (see figure 14}. The client was 
very puzzled by this change of color 
due to heating and questioned whether 
the stone was in fact a natural yel- 
low sapphire. Testing, however, did 
prove it to be a natural sapphire. 
Unfortunately, we hear of cases 
like this quite often (see ‘Jadeite’’ 
above for another example). The fact 
that sapphires and many other gem- 
stones may lose or change color if 
heated, or even worse may fracture 
or break, is not fully understood by 
some jewelers and repairpeople. 
Occasionally, we see rubies or 
sapphires that have etched surfaces. 
These damaged surfaces occur when 
repair work is done on an article of 
jewelry without removing the co- 
rundum from the setting. Damage 
results from the stone coming into 
contact with the usual fluxes con- 
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Figure 12. Unusual cat’s-eye synthetic ruby, 6.23 ct. View on left 
shows the sharp eye on the top of the stone; view on right shows 
the end of this cabochon and half of the would-be star. 


Figure 13. Synthetic star ruby 
(4.22 ct) cut from a piece near 
the bottom of the boule from 
which the stone in figure 12 
was cut. Note that the rays of 
the star do not meet in the 
center of the stone. 


taining boron, in which corundum 
is soluble. Under high temperatures 
these fluxes, whether they are used 
as protective coatings or in pickling 
acids, become more active and may 
seriously attack and partly dissolve 
the surface of the stone. To prevent 
etched surfaces, the safest precau- 
tion is to remove the corundum be- 
fore the mounting is repaired or 
pickled. 


Figure 14. Heat alteration to 
greenish yellow in a natural 
yellow sapphire, 11.20 x 9.10 
x 7.08 mm. 


Natural Sapphire 

with Heat-Induced Star 

Figure 15 shows the first induced- 
star sapphire submitted to the New 
York lab since the Linde Air Prod- 
ucts Co. last submitted stones in 
1968. This stone was evidently a 
product of the Linde patent no. 
2,690,630 issued in 1954. Now that 
this patent and others are owned by 
a Hong Kong consortium, the in- 
duced-star sapphires are evidently 
going to become commercially avail- 
able once again. In May of 198], 
three such heat-induced star sap- 
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Figure 15. Heat-induced star 
in a 4-ct natural sapphire. 


phires were submitted to the Los 
Angeles lab. In addition to the in- 
duced star, these three stones had 
evidence of surface-induced color as 
well. 


Treated Synthetic Sapphire 


Recently encountered in the Santa 
Monica laboratory was a very well 
cut 14+-ct flame-fusion synthetic 
sapphire that had been heat treated 
by the diffusion process. The gem 
had the refractive index and optic 
character of corundum and showed 
a chalky yellowish-white short-wave 
ultraviolet fluorescence typical of 
synthetic sapphire. Under magnifi- 
cation, a few tiny gas bubbles could 
be resolved, and only by very careful 
manipulation of the stone could any 
of the curved color zoning typical 
of flame-fusion blue synthetic sap- 
phires be observed. Because the color 
zoning was so difficult to detect, the 
decision was made to immerse the 
stone in methylene iodide.. lmmer- 
sion showed that the stone had ob- 
viously been diffusion treated, in- 


Figure 16. Color zoning in a 
diffusion-treated synthetic 
sapphire. Magnified 6x. 
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asmuch as the two sides of the 
pavilion were blue and the two ends 
were essentially colorless by com- 
parison (figure 16). The entire crown 
of the stone appeared near colorless 
as well. Why someone would take 
the time to diffusion treat a syn- 
thetic sapphire is difficult to under- 
stand. Perhaps it was in with a group 
of stones that were being routinely 
treated and its synthetic nature was 
not known. Possibly, it was know- 
ingly treated to hide its very elusive 
curved color zoning in an attempt to 
represent it as a treated natural 
sapphire. 


SPINEL, Inclusions 


Pink spinels and red spinels have 
become much better known to the 
consumer and are being seen much 
more frequently in the trade both 
here and in the Orient. The New 
York lab has had the opportunity to 
examine several lots of stones total- 
ing hundreds of carats. Among the 
collections were two stones that had 
unique inclusions. Figure 17 illus- 
trates some root-like inclusions re- 
sembling those we have seen in an- 
other cubic mineral—diamond {see 
Gems @# Gemology, Fall 1974, p. 
332, and Fall 1979, p. 199). Figure 18 
shows a series of frosted-appearing 
“tennis balls,” which in reality are 
negative “crystals” that resemble the 
gas bubbles seen in slag glass. Figure 
19 illustrates some of the more nor- 
mal spinel inclusions, including oc- 
tahedrons, seen in a handsome red 
spinel. 


TOURMALINE, Cat’s-Eye 


Among the many gemstones sent to 
the Los Angeles laboratory for iden- 
tification, cat’s-eye tourmalines are 
sometimes seen. The most common 
colors are various shades of pink, 
red, green, and blue. In the majority 
of these stones, tubes or needle-like 
inclusions throughout the entire 


2,Stone give rise to chatoyancy when 
the stone is cut en cabochon. Figure 
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Figure 17, Unusual root-like 
inclusions in natural spinel, 
Dark-field illumination, 
magnified 20x. 


Figure 18. Negative ‘“‘crystals”’ 
in natural spinel. Dark-field 
illumination, magnified 30x, 


Figure 19. Common inclusions 
in natural spinel. Dark-field 
illumination, magnified 30x, 


20 shows an exceptional 258.08-ct 
green tourmaline with a sharp eye. 

Occasionally, we see cat’s-eye 
tourmalines in which the inclusions 
are concentrated at the bottom of 
the cabochon, thus imparting a 
greater clarity and transparency to 
the stone than is seen in stones with 
inclusions throughout. 
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Figure 20, Exceptional green 
cat’s-eye tourmaline, 
258.08 ct. 


Recently submitted to the Los 
Angeles laboratory were two cat’s- 
eye tourmalines that were slightly 
different from those that we usually 


Figure 21. Band of inclusions 
that does not completely cross 
the width of this 17,45-ct 
cat’s-eye tourmaline. 


encounter. Each of these stones had 
a band of needle-like inclusions that 
was positioned down the center of 
the stone. When these stones were 


examined with the unaided eye un- 
der a single light source and moved 
slightly, a strong chatoyant band was 
observed to move within the re- 
stricted width of its zone of inclu- 
sions. The areas on both sides of the 
band of needle-like inclusions were 
relatively free of inclusions. One of 
these stones, weighing 17.45 ct, is 
shown in figure 21. 
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GEMS & GEMOLOGY NOW AVAILABLE IN JAPANESE 


Translations of Gems & Gemology in Japanese may now be obtained from the Association of Japan Gem Trust. The trans- 
lations may be purchased as a one-year subscription or per issue, the latter either with the English version and full-color 
photographs or as the translation alone. The rate schedule is as follows, in Japanese yen: 


1981 volume year 
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Single issue (full-color version with translation) ¥ 2,500 

Translation only ¥ 1,800 
1982 volume year 

One year (4 full-color issues with translation) ¥ 13,000 

Single issue (full-color version with translation) ¥ 3,500 

Translation only ¥ 2,200 


For further information, please contact: Association of Japan Gem Trust 
3-19-4, Ueno 
Taito-ku, Tokyo, Japan 


telephone: (03) 835-7046 
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Editorial Korum 


MORE ON JADE NOMENCLATURE 


I think that Jill Hobbs’s article on ‘/The Jade Enigma” 
is perhaps the best of its kind yet written. Unfortu- 
nately, a common misconception was perpetuated in 
the piece on jade nomenclature on page 5. I quote: ‘’The 
color of the material, however, indicates the amount 
of iron present.” This is simply not true. The color in- 
dicates that some iron is present, but the depth of color 
is more a function of the oxidation state of the iron 
than the total amount. There are tremolites with a deep 
green, but they contain only small amounts of iron. 


John Sampson White 
Smithsonian Institution 
Washington, DC ° 


Actually both you and Hobbs have valid stances. From 
a Strictly academic viewpoint, Hobbs is correct in stat- 
ing that the amount of ferrous iron present is most re- 
sponsible for the green color of nephrite. As you know, 
tremolite and actinolite are amphiboles belonging to 
the tremolite-ferroactinolite series, with the general 
formula Ca,(Mg,Fe**); [Sig0 22] [OH,F|, This series 
varies in color from colorless-to-grey tremolite, to pale- 
to-dark green actinolite, to dark green to black fer- 
roactinolite with increasing ferrous tron replacing 
magnesium. However, other factors may also influ- 
ence the green color of nephrite, but are generally con- 
sidered of less importance than the total ferrous iron 
content. The iron-poor tremolite that you noted 1s one 
such example. It could be pigmented by an interaction 
between trace amounts of ferric iron with the ferrous 
iron present. Another alternative is that trace amounts 
of chromium are responsible for the green color. Ac- 
cording to George Rossman of Cal Tech, this is fairly 
common in nephrite. —Editor 


COMMENT ON 

“HEAT TREATING CORUNDUM” 

LETTER BY G. A. TOMBS 

Mr. Tombs is indeed justified in complaining about my 
misquoting him. In the original manuscript, I had writ- 
ten “the 4000°C reported to Tombs” (the citation also 
appeared in this form in a related article by R. Crown- 
ingshield and myself in Journal of Gemmology, Vol. 17, 
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1981, pp. 528-541}. Unfortunately, by the time it ap- 
peared in print (Gems e& Gemology, Vol. 17, 1981, pp. 
121-131), it had been inadvertently changed to “‘re- 
ported by Tombs,” erroneously implying that I thought 
that Tombs had accepted this statement. I regret this 
error and apologize to Mr. Tombs. 

Other matters raised by Tombs deserve brief com- 
ment. The reversal of his a and 6 alumina now makes 
much more sense, although it would be desirable for 
him to publish this evidence, if the needles are indeed 
B-corundum, then the very small quantities present 
would probably be impossible to detect by conven- 
tional X-ray powder diffraction, and the much more 
complex electron microscope results deserve public 
scrutiny. 

The differences in impurity content shown by Tombs 
are indeed interesting and probably significant. As stated 
in my Gems @& Gemology article, considerable varia- 
bility in the heat-treatment behavior of sapphire must 
be expected “depending on the exact composition of 
the stone as well as on its previous treatment history, 
both in nature and by man.” 

I have prepared an additional drawing to compli- 
ment my Gems #& Gemology article which summa- 
rizes the various results produced by titanium and/or 
iron in sapphire, including clear material and stars. 


K. Nassau 
Bernardsville, NJ 07924 


ADDITIVE PRESENT EFFECT PRODUCED 


COMBINATION 


AND PROCESSES USED SINGLE 


PRECIPITATE 
(PROCESS 1) 


TiO, is STP 
CRYSTALS 
psx , 
(PROCESS 2) 
TiO, | one 
IN SOLUTION 
GREEN 


———_——_» 
IN SOLUTION 
REOUCE OxIDIZE ' 
(PROCESS { ) {PROCESS 4} te YELLOW STAR 


Fe* ; 
———> yettow 


BLUE STAR 


He BLUE 
Tt GREEN STAR 


GEMS & GEMOLOGY = Summer 1982 —- 109 


GEMOLOGICAL ABSTRACTS 


Dona M. Dirlam, Editor 


REVIEW BOARD 


Stephanie L. Dillon 
GIA, Santa Monica 
Dianne M. Eash 

GIA, Santa Monica 
Joseph O. Gill 

Gill & Shortell Ltd., San Francisco 
Caroline K. Goldberg 
GIA, Santa Monica 
Joseph P. Graf 

Gem Trade Lab, Inc., 
Los Angeles 

Fred L. Gray 

GIA, Santa Monica 
Gary S. Hill 

GIA, Santa Monica 
Jill M. Hobbs 


Karin N. Hurwit 
Gem Trade Lab, Inc., 
Santa Monica 


John I. Koivula 
GIA, Santa Monica 


Noel P. Krieger 
GIA, Santa Monica 


Ernest R. Lalonde 
GIA, Santa Monica 


Joyce C. Law 
GIA, Santa Monica 


Shane F. McClure 
Gem Trade Lab, Inc., Los Angeles 


Elise B. Misiorowski 
GIA, Santa Monica 


Michael P. Roach 


Michael L. Ross 

GIA, Santa Monica 

Richard J. Saindon 

GIA, New York 

Andrea L. Saito 

GIA, Santa Monica 

Peter C. Schneirla 

GIA, New York 

Frances Smith 

Gem Trade Lab, Inc., Los Angeles 
R, Stephen Smith 

GIA, Santa Monica 

Carol M. Stockton 

GIA, Santa Monica 

Barbara J. Taylor 

Asian Institute of Gemmological 


GIA, Santa Monica 


Steven C. Hofer 


Gary A. Roskin 
GIA, Santa Monica 


Andin International, New York 


Gem Trade Lab, Inc., Los Angeles 


Sciences, Los Angeles 


Evelyn Tucker 
GIA, Santa Monica 


COLORED STONES AND 
ORGANIC MATERIALS 


African star coral, a new precious stylasterine coral 
from the Agulhas Bank, South Africa. H. S. 
Pienaar, Journal of Gemmology, Vol. 17, No. 8, 
1981, pp. 589-601. 


“Akori” coral was the local name given to the red, blue, 


This section is designed to provide as complete a record 
as possible of the recent literature on gems and 
gemology. Articles are selected for abstracting solely at 
the discretion of the section editor and her reviewers, 
and space limitations may require that we include only 
those articles that will be of greatest interest to our 
readership. 


inquiries for reprints of articles abstracted must be 
addressed to the author or publisher of the original 
material. 


The reviewer of each article is identified by his or her 
initials at the end of each abstract. Guest reviewers are 
identified by their full names. 
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and violet stylasterine coral, Allopara subviolacea, that 
was highly prized in Cameroon before the 18th cen- 
tury. In 1978 another stylasterine coral, Allopora no- 
bilis, appeared on the world market as African Star 
Coral. It is found on the Agulhas Bank, along the coast- 
line of South Africa, in red, pink, violet, and yellow- 
orange hues. The author focuses on the zoological 
description, taxonomic classification, methods of re- 
covery and treatment, and chemical and physical prop- 
erties of this material. He also discusses a gemological 
classification of corals. 

After harvesting, the coral trees are cleaned, dried, 
and sawed before they are ‘‘stabilized’’; that is, a mix- 
ture of methyl and butyl methacrylate monomers is 
infused into the open pores of the coral under vacuum 
impregnation and polymerized by benzoyl] peroxide into 
a tough co-polymer plastic. The pink coral is some- 
times bleached with peroxide to a whitish-pink product 
that resembles “angel’s skin.” In some cases, red dye 
is incorporated into the plastic monomer of the yellow- 
orange coral during the stabilizing process, which re- 
sults in a deep red product that duplicates “moro” 
coral. 
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Allopara nobilis is a calcium carbonate that crys- 
tallizes as platelets of orthorhombic aragonite with a 
small percentage of organic material. It ranges in hard- 
ness from 3 to 4 on the Mohs scale with an excellent 
toughness. Its natural fragility is eliminated by the 
methacrylate impregnation. There is no fluorescence 
to long-wave or short-wave ultraviolet radiation unless 
the material has been dyed to imitate “moro,” or ‘‘ox- 
blood,” coral, in which case the long-wave fluorescence 
is a brilliant scarlet. The refractive index is difficult to 
determine, with at best a vague spot reading at 1.65. A 
twinkling effect seen through a rotating polarizing fil- 
ter confirms the strong double refraction expected from 
aragonite. After impregnation, the specific gravity is 
2.41 + 0.08. The material reacts to acids. Thermal tests 
do not produce “sweating” on the surface, but a fruity 
aroma characteristic of plastic is apparent. Continued 
heat chars the surface. Microscopic examination of the 
surface reveals three diagnostic features: (a) parallel 
concentric growth banding; (b) white, star-like spots; 
and (c) white “comet-tails” that usually cut across the 
concentric growth banding. Pienaar concludes with a 
summary of the taxonomy of coral in an effort to elim- 
inate some of the existing confusion. ERL 


The Biwa pearl. G. Brown, Australian Gemmologist, 
Vol. 14, No. 7, 1981, pp. 153-157. 


This article presents a succinct history of the Biwa 
pearl, emphasizing the Japanese contribution to its de- 
velopment. The author reminds us that although these 
freshwater cultured pearls of differing shapes and colors 
were named for their first commercial production at 
Lake Biwa, Japan, Biwa pear] is a trade name used “to 
describe all fresh-water cultured pearls—irrespective of 
their country of origin.” 

In the 1930s, Fugita and Yoshida discovered the 
mantle-tissue implantation method of initiating pearl 
growth in mussels, which proved to be more efficient 
and less dangerous than the then-popular bead-nuclei 
method. Seiichiro Uda, the-‘‘father” of the Biwa pearl 
industry, subsequently capitalized on their discovery 
and made freshwater pearl cultivation commercially 
viable. However, success in marketing the Biwa pearl 
did not occur until 1961, when an American market 
established the “respectability” of the freshwater cul- 
tured pearl after the true nature of the Biwa pearl had 
been disclosed. 

Brown then describes current production in a step- 
by-step format that is a composite of how the Biwas are 
actually produced, since these facts are not readily 
revealed by Japanese sources. In addition to the author’s 
speculation as to the exact process of Biwa pearl 
production, the reader is told how to judge the ulti- 
mate quality of any Biwa pearl. Size, shape, color, and 
orient—the important factors—are explained and 
illustrated. JEL 
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Domestic cultured pearls on the way. H. Huffer, Jew- 
elers’ Circular Keystone, Vol. 152, No. 10, 1981, 
pp. 100-103. 


Japan may soon be faced with some competition from 
the U.S. in the freshwater cultured pearl market. John 
Latendresse is cultivating pearls in Tennessee, where 
the climate is much the same as the Lake Biwa area in 
Japan. Latendresse has gained experience in the field by 
supplying the Japanese with raw materials for the salt- 
water pearl-growing business for 27 years. He believes 
that he can compete with Japan because of the rising 
labor costs there versus relatively cheap labor in Ten- 
nessee. Also, Tennessee has an abundance of clean 
water while Japan is troubled by water pollution. His 
first harvest will be a token” one to assess how these 
pearls, which have been growing now for two years, are 
doing. He anticipates a broad range of colors, some 
round cultured pearls up to 20 mm, and some baroques 
that are even larger. RSS 


Geochimie et typomorphisme des aigues-marines 
zonées (Geochemistry and typomorphism of zoned 
aquamarines}. V. F. Barbanov, Bulletin de Minér- 
alogie, Vol. 103, 1980, pp. 79-87. 


Zoned aquamarine and other beryl! crystals from Cher- 
lovaya Gora, an area in the mountains north of Mon- 
golia, were studied using different physical and chem- 
ical techniques. Zoning is shown to be related to 
tectonic variations (that is, geological structural fea- 
tures, especially folding and faulting} during crystal 
growth; it is also useful as a typomorphic criterion for 
geochemical conditions of rare-metal vein formation. 

The resulting evidence reveals that vein crystals 
that formed under deep, more-or-less calm tectonic 
conditions have a brilliant yellow color and a homo- 
geneous structure. Vein crystals that formed under 
shallow, intense tectonic conditions were seen to have 
zonal properties and to vary in the quantity of impu- 
rities—such as iron, magnesium, calcium, lithium, so- 
dium, potassium, cesium, water, and scandium—they 
contained. 

There was evidence that the presence of iron oxide 
increased the refractive index of the aquamarine as well 
as caused the blue color. The presence of water, on the 
other hand, decreased both the R.1. and the intensity 
of the blue color. The author did not discuss the effect 
of water on the composition of the other colors of beryl. 

Barbanov further states that all the variations in 
properties and structure of the microimpurities in zoned 
beryl crystals are due to changes in the tectonic envi- 
ronment, crystallization conditions, and the alkalinity 
of the solution and its oxidizing properties. A bibliog- 
raphy containing 19 references is included, as well as 
numerous charts and graphs. 

Michel Roussel-Dupré 
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A mineralogical study of the Fengtien nephrite deposits 
of Hualien, Taiwan. L. P. Tan, C. W. Lee, C. C. 
Chen, P. L. Tien, P. C. Tsui, T. F. Yui, National 
Science Council Special Publication 1, Parts 1-4, 
1978. 


During a 1973 prospecting project in the Central Range 
of Taiwan, geologists located deposits of nephrite. 
Sponsored by the National Science Council of Taiwan, 
the authors wrote this special publication, which con- 
sists of four parts: (1) mineralogy of the nephrite, (2) 
trace elements and color, (3) minerals associated with 
the nephrite, and (4) related carbonate minerals. 

Part 1 (by L. P. Tan, C. W. Lee, and P. L. Tien} begins 
with a brief historical note and then follows with a de- 
scription of the geology of the region. Nephrite occurs 
along the hanging walls and footwalls of serpentinite 
sills, which are intercalcated in black schists or gra- 
phitic muscovite-quartz schists of the greenschist fa- 
cies. Two geologic maps locate the deposits. 

The authors emphasize the economic importance of 
the nephrite and associated minerals such as asbestos, 
bowenite, serpentinite, and talc. Approximately 1000 
metric tons of nephrite were produced annually from 
1973 to 1977. Useful information about the lapidary 
costs of nephrite and its role as a gem material are pre- 
sented in this section. It is refreshing to have geologists 
include such information. 

The authors then differentiate three varieties of Tai- 
wan nephrite into common, cat’s-eye, and waxy before 
beginning an extensive section on the chemistry and 
physical properties of each. While common nephrite is 
the most abundant, cat’s-eye nephrite—which occurs 
in greenish yellow, brown, or black—is the most in- 
teresting. The information on chemical composition, 
hardness, density, unit-cell constants, cleavage, frac- 
ture, and optical properties is presented in seven charts 
and graphs in this section. One interesting fact is that 
although nephrite is generally reported to have a hard- 
ness of 5 to 6.5 on the Mohs scale, the cat’s-eye 
nephrite of Taiwan may produce a Vicker’s hardness of 
1166, which is approximately 7+ on the Mohs scale. 

Tan et al. then report on the inclusions observed. 
Chromite is the most abundant, but grossular, serpen- 
tine, picotite, and chalcopyrite are also seen. The au- 
thors conclude this section with a discussion of the 
occurrence and possible genesis of the three varieties, 
stating that Taiwan nephrite formed after the ultra- 
mafic rock had been metasomatized into serpentinite. 
The 20 plates at the end of Part 1 include four photo- 
graphs of nephrite carvings and 16 photomicrographs 
of specimens referred to in the text. 

Part 2 (by L. P. Tan and P. C. Tsui) focuses on the 
trace elements and their role as coloring agents in ne- 
phrite. After analyzing the eight transition elements 
with a spectrograph, the authors measured 53 samples 
of nephrite with a spectrophotometer. Seven elements 
were present in amounts less than 0.2% of the total 
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composition (listed here in decreasing order): Co, Cr, 
Cu, Mn, Ni, Ti, and V; Fe averaged 3.0%. 

The authors then attempted to describe the color in 
numerical terms, first using the rock color chart of the 
Geological Society of America, and then presenting a 
green-yellow index developed by Tan based on the 
transmission peaks of nephrite in the spectrophotom- 
eter. These figures are accompanied by charts of the 
transmission spectra of the common nephrite and cat’s- 
eye nephrite from this locality. The author also inves- 
tigated the effect of heat on color. 

The authors conclude that the color of tremolitic 
nephrite may be related to Fe?*, Ni**, Cr+, Ti, and 
structural water, and to oxidation of Fe?*+ to Fe#+. The 
brilliant green color is due mainly to Cr and partly to 
Ni in Taiwan nephrite. Ni may cause a bluish-green 
tint, and Ti a brownish tint. 

Part 3 (by C. W. Lee, P. L. Tien, and T. F. Yui) re- 
ports on the microscopic, X-ray, thermogravimetric, 
cathodo-luminescent, and chemical investigation into 
the associated mineralogy of the Fengtien area. This 
study gives the occurrence and chemical composition 
for serpentine, pycnochlorite, and magnetite as found 
in serpentinite; diopside, garnet, vesuvianite, zoisite, 
and epidote as found in diopsidefels; and clinozoisite, 
sanidine, vein quartz, and tremolite as they occur in 
metasediments. X-ray diffraction data are provided in 
10 charts. Sixteen photographs and photomicrographs 
illustrate the specimens discussed. 

Last, in order to further our understanding of the 
emplacement conditions of the Fengtien area, part 4 
(by C. C. Chen) examines the occurrences of calcite, 
dolomite, aragonite, and magnesite in relation to 
nephrite. Chen proposes that the sources for the cal- 
cium carbonate were liquids existing in a cognate re- 
lation with preserpentinite ultrabasic magma, and fur- 
ther that stress played an important role in the 
formation and localization of the nephrite bodies. This 
is based on the fact that calcite veinlets are often as- 
sociated with asbestos, crystallizing in fractures (ten- 
sion caused], and that at least some calcites were found 
to be contemporaneous with tremolite development. 
Part 4 concludes with an extensive bibliography of 56 
citations and an index to the four parts and the illus- 
trations included. [PG 


Origine hydrothermale des olivines gemmes de Vile de 
Zabargad (St. John’s) Mer Rouge, par l'étude 
de leurs inclusions (Hydrothermal origin of gem- 
quality olivine from Zabargad (St. John’s} Island, 
Red Sea, by the study of its inclusions). R. Clocchi- 
atti, D. Massare, and C. Jehanno, Bulletin de 
Minéralogie, Vol. 104, 1981, pp.-354—360. 

On the basis of their examination of inclusions in gem- 

quality olivine from this locality, the authors state that 

these inclusions are characteristic of olivines that 
formed in peridotites and indicate the conditions of 
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their growth. From the chemical analysis of olivine 
from Assab, Eritrea, the authors hypothesize that they 
formed by processes other than hydrothermal because 
of the presence of carbonic fluids with high filling den- 
sity. These fluids, while present in the Zabargad oli- 
vines, had a much lower partial pressure of carbon 
dioxide; thus, the olivines are interpreted as being of 
hydrothermal origin. Hydrothermal processes are said 
to be associated with the tectonic and magmatic events 
that occurred in the first stages of the opening of the 
Red Sea. In addition to a detailed chemical analysis, 
Clocchiatti et al. include photographs of inclusions and 
an extensive bibliography. 

Michel Roussel-Dupré 


Turquoise crystals at Narooma, N.S.W. C. Price, Aus- 
tralian Gem & Treasure Hunter, No. 59, 1981, 
p. 43. 


Turquoise veins located on the southern coast of New 
South Wales have yielded something of a rarity in the 
mineral world: turquoise crystals. For the most part, 
the 10-mm- to 40-mm-thick veins, which resulted from 
the mobilization of sedimentary phosphates, contain 
an inferior blue-green turquoise closely associated with 
wavelite. When Price examined some of the material 
closely, however, he discovered the triclinic crystals, 
ranging from pale blue to pale green. The crystal groups, 
along with crystalline druses, stalagtite-like groups, 
and small bundles of parallel-growth crystals, are found 
in small cavities within the vein material and are best 
seen with magnification. RSS 


What’s the most spectacular gold and jewelled devo- 
tional crown on earth? N. Letson, Connoisseur, 
Vol. 209, No. 839, 1982, pp. 17-21. 


What happened to the Crown of the.Andes? Last seen 
publicly in 1963, this gold diadem weighing almost 13 
pounds (about 6 kg} and containing 1521 ct of emeralds, 
was reported to have been melted down and the em- 
eralds sold. After reviewing the history of this remark- 
able crown, Letson brings the story up to date. The 
crown was made in Popayan, a town high in the Co- 
lombian Andes that was settled in 1536 by Francisco 
Pizarro. There was a violent epidemic of smallpox in 
1590 in Colombia; the townspeople prepared to leave, 
but the priest convinced them to stay and pray to the 
Virgin Mary. When the pox missed this isolated moun- 
tain village, the people produced this magnificent crown 
in thanks. Work began in 1593 and the crown was com- 
pleted in 1599. In 1723 the crown was spared from an 
earthquake by being in the only church that was not 
destroyed. 

In 1933, after many legal problems, the crown was 
sold to Warren J. Piper, a Chicago gem dealer. Sotheby’s 
attempted to sell it in 1963, but the reserve price was 
not reached. The crown is now owned by a private col- 
lector in New York City who recognizes his responsi- 


Gemological Abstracts 


bility of ownership and is committed to keeping the 
crown intact. JOG 


DIAMONDS | 


Big stones offset low grade at Lesotho’s diamond mine. 
J. R. Chadwick, Indiaqua, Vol. 29, No. 2, 1981, pp. 
27-33. 

Although the recovery rate at Letseng-la-Terai is the 

lowest of all DeBeers’s mines (3.09 ct per 100 tons of 

ore in 1979}, this mine has remained profitable because 
of the high ratio of large gem-quality stones it has pro- 
duced. The eleventh largest diamond ever found, the 

Lesotho Brown, was discovered at Letseng-la-Terai in 

1967. In 1971, over 90% of the value of the production 

came from less than 10% of the material recovered. 

Located in the northeast part of Lesotho, a small 
mountainous country surrounded by the Republic of 

South Africa, this mine has had an unusual history of 

development. The Basotho people of Lesotho, certain 

that diamonds would be found, began active prospect- 
ing in the 1950s, but the Letseng pipe was not discov- 
ered until 1957. It has produced diamonds sporadically 
ever since, The harsh weather, with all four seasons 
possible in one day, and extreme isolation (the mine is 
located at 10,500 ft.) make this operation unique. 

Chadwick describes in detail the history of the mine 

and the mining operation. RSS 


Diamond beauty: the cutter’s magic. M. Ross, Jeweler’s 
Circular Keystone, Vol. 152, No. 9 (part Il}, 1981, 
pp. 76-83. 
Michael Ross traces the evolution of diamond cutting 
and its effect on the attractiveness of diamond in this 
article. Using a historical approach, Ross summarizes 
the predominant cutting philosophies, including the 
crude techniques employed in the Middle Ages, the 
more sophisticated theories of diamond cutting that 
appeared in the 18th century, and the “rapid sight” 
technique to evaluate cutting developed by GIA in the 
20th century. Ross then explains how two stones that 
are cut from the same quality rough can differ mark- 
edly in price and beauty. The article provides a suc- 
cinct, well-researched account of how a diamond’s pro- 
portions influence its beauty and salability. ]MH 


Famous diamonds of the world (X): the Lesotho Brown. 
I. Balfour, Indiaqua, Vol. 29, No. 2, 1981, pp. 123- 
125. 

The Lesotho Brown, at 601.25 ct, is the 11th largest 

gem-quality diamond in the world. It was discovered 

in 1967 in the country of Lesotho, in southern Africa, 
by independent miner Ernestine Ramaboa, who quietly 
slipped the gem into her pocket and departed shortly 
thereafter on a journey that eventually took her and her 
husband to New York for the ceremonious cleaving of 
the stone. They were paid the equivalent of US$216,360 
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for the gem by a Belgian stone dealer who subsequently 
sold it to Harry Winston for more than twice that 
amount. 

In addition to being a remarkable stone, the Lesotho 
Brown has had a major impact on mining in Lesotho. 
When the Basotho people returned to Lesotho after 
working in the Kimberley mines of South Africa, they 
began prospecting. This eventually led to the discovery 
of a huge kimberlite pipe in the Kao Valley. More pipes 
were located to the east at a point called Letseng-la- 
Terai. Mrs. Ramaboa’s discovery prompted the govern- 
ment to request that DeBeers do a systematic evalua- 
tion of this mountainous and isolated region. After 
years of intermittent mining because of the variable 
quality of the material, in 1977 DeBeers opened a mod- 
ern mine employing 900 people. Diamond mining in 
Lesotho, though still erratic, continues to be spurred 
by the occasional discovery of large, fine-quality stones, 
epitomized by the Lesotho Brown. RSS 


The platelet story. R. J. Caveney, Indiaqua, Vol. 30, 
No. 3, 1981, pp. 115-117. 

Following a review of early work on diamond types and 
classification, Caveney reports on current research into 
platelet defects in diamonds. Platelets, which are 
thought to be large aggregates of nitrogen atoms, occur 
only in type 1, diamonds. In the early studies, unusual 
reflections (called spikes} were observed in the X-ray 
patterns of some diamonds, and an absorption at 7.8 
microns in the infrared region led researchers to believe 
that there was some correlation between nitrogen and 
the platelets. As a result, Lang proposed a structural 
model for these platelets in 1964. Further study (by So- 
bolev et al.) found no direct correlation between X-ray 
spike intensity caused by the platelets and the 7.8- 
micron absorption caused by total nitrogen impurities. 

Recent developments, possible only with today’s 
advanced technology, have permitted further refine- 
ments of Lang’s model. Trevar Evans and coworkers 
were able to produce nitrogen platelets in synthetic 
diamonds. Using electron microscopy, Les Bursill and 
coworkers obtained images of platelet defects. As a re- 
sult of these two developments, Bursill has proposed 
a modification of the model. Caveney concludes with 
a drawing of the refined model in which there is a dou- 
ble layer of nitrogen atoms arranged in a zig-zag 
configuration. SCH 


Soviet assistance for Panna diamond mines. M. P. Sax- 
ena, Gem World, Vol. 9, No. 9, 1981, pp. 23-24. 


Unfortunately, only one short paragraph mentions the 
subject indicated in the title of this article. The article 
actually discusses a thermochemical method of pro- 
cessing diamond that was developed by Soviet scien- 
tists. This interesting phenomenon involves placing a 
transition metal—such as iron, cobalt, or nickel—in 
contact with diamond and heating the combination to 
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1000°C in a hydrogen atmosphere. The metal then in- 
teracts with the diamond in an unexplained way, and 
“sinks” into the stone. 

Experiments have included etching a drawing on a 
diamond and producing a square hole. One fanciful 
project produced a cogwheel-shaped hole in 29 hours, 
through an undisclosed thickness. This may prove an 
inexpensive means of shaping diamond, as it involves 
little more than the cost of the chemicals and heating. 

This incongruous article would have been of greater 
help if it had explored in detail the important news of 
Soviet assistance in the ancient Panna mines. Appar- 
ently Mr. Saxena felt differently. FLG 


What the Siberian diamonds tell us. N. V. Sobolev, [n- 
diaqua, Vol. 30, No. 3, 1981, pp. 11-18. 
In an article containing 18 photographs, of which eight 
are in color, Sobolev focuses on the information gained 
from studying mineral inclusions in Siberian dia- 
monds. Noting that the Siberian diamond pipes are 
much older than their South African counterparts, he 
begins with the commonly accepted assumption that 
the diamonds did not crystallize in the kimberlite but 
rather migrated into it. However, sometimes diamonds 
can be found in eclogite, the rock in which they did 
crystallize. Two color photographs illustrate this. 
Sobolev then turns to specific examples of minerals 
that are included in diamonds. He emphasizes that 
these minerals, from olivine to coesite, take on the 
morphology of the host diamond and often occur in 
some form of the cubic crystal class. He concludes by 
mentioning the 1981 find in the Mir pipe of a 342.5-ct 
diamond, now part of the collection of the U.S.S.R. 
Diamond Fund, which is “a lemon-yellow colour, the 
size of a hen’s egg and of irregular shape.” DMD 


GEM INSTRUMENTS AND TECHNIQUES 


The Culti Color Stone Checker, a test report. P. Read, 
Canadian Jeweller, Vol. 102, No. 7, 1981, pp. 26— 

27. 
The Culti Color Stone Checker, made by the Culti 
Company of Japan, uses three separate tests to identify 
alexandrites, emeralds, rubies, and sapphires. The first 
is a reflectivity test, the second uses long- and short- 
wave ultraviolet (U.V.) radiation to test for distinctive 
fluorescence, and the third uses the U.V. to test for the 
transmission of ultraviolet light. Read considers this 
last test the most interesting feature of the instrument. 
In the past, the practical application of U.V. transmis- 
sion has been restricted to either the time-consuming 
method of immersion contact photography or the use 
of a piece of expensive research equipment, the spec- 
trophotometer, to examine the absorption spectrum. 
The author then reports on his experience with the 
instrument in the separation of natural from synthetic 
alexandrites, emeralds, rubies, and sapphires. He con- 
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cludes that although the instrument was not 100% ac- 
curate, “it can provide valuable, corroborative evidence 
particularly with its U-V transmission feature.” 

RSS 


GEM LOCALITIES 


The gems and minerals of Mexico, parts I and II. K. M. 
and D. Castro, Gems and Minerals, No. 529, 1981, 
pp. 86-90; and No. 530, 1981, pp. 26-33. 
The authors present this two-part review as part of 
their effort to update the invaluable, but now out of 
print, book by the late Paul Willard Johnson, A Field 
Guide to the Gems and Minerals of Mexico. For those 
who have any interest in Mexican minerals, both the 
book and this update are essential reading. 

The first article discusses the famous Mexican “ag- 
ate belt,” which runs for 70 miles south of Villa Ahu- 
mada in Chihuahua. This belt includes such important 
deposits as Laguna, Coyamito, Gallego, and Mocte- 
zuma. Agate deposits in Durango and Sonora are also 
mentioned. The remainder of the article gives the reader 
a sampling of what the authors will publish in book 
form. They discuss localities, mostly in Baja, for tour- 
maline, turquoise, sphene, topaz, and many other im- 
portant minerals. 

The second article, in the December issue, includes 
more information on the minerals, but also expands 
into archaeology. Of greatest interest to the gemologist, 
however, is a fairly detailed account of the Mexican 
opal localities in the state of Queretaro. The authors 
describe the various mines, their history, ownership, 
and production. In addition to the opal discussion, the 
authors provide a very informative summary of Mex- 
ico’s amber deposits in the state of Chiapas. These in- 
clude the major mine at Simojovel, which is now ex- 
hausted. Peter C. Keller 


Pink octahedral fluorite from Peru. D. O. Belsher, Min- 
eralogical Record, Vol. 13, No. 1, 1982, pp. 29-30, 
38. 
Prior to the beginning of this decade, the best source 
for high-quality pink fluorite octahedrons was in the 
Swiss Alps. In November of 1980, however, extremely 
fine pink fluorite crystals were found at the Huanzala 
mine in Huanuco Province, Peru. The mine’s com- 
mercial production consists of copper, lead, and zinc 
ore. Although fluorite is a very common mineral at the 
mine, it usually appears in the form of crude light green 
crystals. The pink fluorite crystals occur in randomly 
distributed vugs in the sulphide ore body, and range 
from almost colorless to what the author describes as 
“hot pink,” with ill-defined grass-green zones com- 
monly found in the center. The crystals range in size 
from 1 cm to 3 cm, with the largest reaching 5 cm. 
Recent laboratory analysis has shown that the Pe- 
ruvian pink fluorite owes its color to traces of yttrium. 
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Earlier tests found the same impurity to be the cause 
of color in the Swiss material. Most reports claim the 
color to be stable, and all experimental efforts to fade 
the material have failed. SFM 


JEWELRY ARTS 


A carver and a collector of jade. J. C. Zeitner, Lapidary 
Journal, Vol. 35, No. 8, 1981, pp. 1602-1636. 

Mr. Hing Wa Lee of Whittier, California, is one of the 

few professional gem carvers in the United States. This 

article features his work and his personal collection of 

jade carvings, also touching on jade carving and the 

motifs used in Chinese art. 

Although Mr. Lee prefers jade to any other material, 
he uses a wide variety of gem materials in his work. 
Chinese carvers today, as in the past, use limestone, 
marble, amethyst, agate, rock crystal, coral, turquoise, 
carnelian, lapis-lazuli, amber, hematite, soapstone, ser- 
pentine, albite, ivory, bone, shell, and tortoise shell. In 
recent years, carvers in Hong Kong and China have be- 
gun using chrysoprase, aventurine, chrysocolla, mal- 
achite, azurite, sodalite, tourmaline, and opal. 

Although Mr. Lee was trained in the traditional 
methods of jade carving, he now uses modern equip- 
ment and methods. In the past, jade carvers used prim- 
itive but inventive methods that required years of chal- 
lenging work to finish a piece. Now Mr. Lee can 
complete several pieces a year. 

Most of this article is devoted to a description of Mr. 
Lee’s personal collection of carvings. Unfortunately, 
while the pieces are carefully described, the photo- 
graphs are much too small to do them justice. ET 


Chinese lacquer from Ytian, Ming, and Ch’ing. J. Wir- 

gin, Arts of Asia, Vol. 11, No. 6, 1981, pp. 106-112. 
Jan Wirgin describes and dates important pieces of 
Chinese lacquer in the Museum of Far Eastern Antiq- 
uities in Sweden. The collection was fairly limited un- 
til 1973, when the museum received a bequest from 
King Gustaf VI Adolf. 

The pieces discussed span the Yiian (1280-1368), 
Ming (1368~1644}, and Ch’ing (1644-1912) dynasties. 
Particular emphasis is given to the Ming dynasty, which 
is considered the golden age of lacquer. 

Ytian dynasty specimens all show considerable age; 
the relief carvings are cracked and have a tendency to 
detach from the background. Guri style lacquer, in 
which designs are carved in alternating layers of red 
and black onto a yellow base, is mentioned as charac- 
teristic of the 13th century, 

Dragons and phoenixes are typical motifs in Ming 
dynasty carvings. Also common are small boxes com- 
pletely covered with carved fruit or lychees. Carved 
landscapes that show figures and architecture in fine 
detail are frequently seen as well. These afford a good 
opportunity to study the costumes, hairstyles, and at- 
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titudes of the era, as well as the construction and in- 
terior design of the houses. In addition to the carved 
red cinnabar lacquer, a style of carving through lacquer 
layers of different colors was introduced and popular- 
ized in the mid to late 16th century. 

Unless inscribed, Chinese lacquer is usually diffi- 
cult to date precisely. There is disagreement among 
scholars about the origins of carved lacquer as well as 
when various techniques, such as inlaying mother-of- 
pearl shell, first appeared. On the basis of those pieces 
that have been inscribed, however, the author argues 
that the best examples are from the Ming and Ch’ing 
dynasties, with progressively more sophisticated de- 
signs developing with time. In the mid 16th century, 
a new technique of inlaying other materials along with 
mother-of-pearl was invented. Coral, jade, ivory, and 
other stones were used, sometimes combined with gold 
and silver foil. 

This article is well illustrated; each described piece 
is accompanied by a photo. The color photographs are 
especially effective in portraying the subtlety of colors 
in the inlaid pieces. EBM 


Etonnante orfévrerie Etrusque a propose de la collec- 
tion du Louvre nouvellement exposée (Amazing 
Etruscan goldwork in connection with a newly dis- 
played collection at the Louvre]. I. Faudet, Revue 
Francaise des Bijoutiers Horologers, No. 473, 1981, 
pp. 58-61. 

This article, an interesting and detailed account of the 

works of the Etruscan goldsmiths, discusses the recent 

opening of a room in the Louvre dedicated to Etruscan 
art. It describes specific pieces in this collection as well 
as items in other collections documenting the art of 
goldsmithing in the ancient Italian country of Etruria. 

Several well-captioned black-and-white photographs add 

to the appreciation of the text. 

The collection contains pieces excavated from the 
necropoli of Palestrina, Cerveteri, and Vetulonia (Italy}, 
as well as some from the Campana collection, which 
was acquired by Napoleon [II in 1861 and deposited in 
the Louvre. 

The most remarkable items in the collection are 
probably those local creations that appear to be influ- 
enced by the Greeks. The technique of the Etruscan 
artisans is not well understood in spite of many at- 
tempted imitations during the 19th century. Although 
their tools were simple, the workmanship is unbeliev- 
ably fine. There are examples in which geometric pat- 
terns of art are formed with wires and the designs are 
held together by diffusion welding. Granulation, the 
technique whereby tiny regular spheres are soldered 
onto plates, is accomplished with no visible trace of 
solder. The lightness of many of these pieces is 
impressive. 

Etruscan goldwork is usually divided into two 
phases. The first, dating from the seventh to the fifth 
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centuries B.C., is very rich in decorative and technical 
innovation and is characterized by the heavy use of 
granulation, filigree work, and the introduction of 
enameling under the influence of the Greeks. Subse- 
quent works, from the fourth to third centuries B.C., 
consist primarily of large gold leaves most often worked 
in repoussé, the technique of producing relief decora- 
tion on metal by punching and hammering from the 
reverse side, 

Among typical pieces are large clasps that were 
worn on the shoulder. These rectangular plaques were 
adorned with animals or sirens in linear arrangement. 
They were mounted on transverse rods and fashioned 
from two stamped pieces soldered in the middle. 

Bracelets of diverse styles were common during the 
seventh century B.C. Some were simple rings termi- 
nating in animal heads, but the most striking were 
made from bands of filigree openwork decorated with 
raised bumps, heads, or crescents. 

Necklaces with multiple pendants reflect the orig- 
inality and imagination of the artisans. The earliest 
were made of long rectangular plaques decorated with 
medallions. From the end of the seventh century B.C., 
collars were made with half-spherical pendants repre- 
senting rams’ or women’s heads. Later, hollow spheres 
alternated in patterns with oval beads, leaves, or masks. 
Collars with repoussé pendants of subjects such as de- 
ities, mythological creatures and events, and vegetables 
alternated with glass or amber beads. The bubble was 
one of the common Etruscan ornaments. This capsule- 
shaped hollow pendant was originally fashioned in 
bronze and probably contained some substance. 

Stick pins, some very elaborate, were common up 
to the fifth century B.C. The development of the brooch, 
usually elongated, with an ornate “face’’ was note- 
worthy. Etruscan artists created very luxurious brooches 
in gold and occasionally in silver. 

Rings did not share the same popularity. During the 
seventh and sixth centuries B.C., gold or gilded bronze 
rings with scroll-shaped surfaces appeared adorned with 
hunting or combat scenes and occasionally with inta- 
glios inspired by the Greeks. The fourth century B.C. 
brought some rare scarab rings, and during this period 
the “face of the ring” became larger and decorative flo- 
ral motifs began to appear. 

The wearing of earrings began in the sixth century 
B.C. In sharp contrast to the simple wire loop earrings 
worn by some, there were the more characteristic ear- 
rings in which the main part was a cylinder that was 
attached to the ear by a wire. The sixth century B.C. 
saw the tubular ring bearing the head of a woman, ram, 
or lion as popular motifs. Later earrings got larger and 
often had small rings or various-shaped ornaments 
hanging from them. Again, these items often showed 
the influence of Greek art. Later still, the cluster ear- 
ring emerged, composed of a center sphere augmented 
by an oval part decorated with bumps or with more 
complex arrangements of stamped heads or faces. 
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This article is written in narrative style and pro- 
vides no bibliography or references. CKG 


The gold treasures of the Western church. C. Oman, 
Optima, Vol. 30, No. 1, 1981, pp. 56-68. 


Oman reports on the interesting history of church trea- 
sures. He emphasizes that the number of pieces re- 
maining in museums, churches, or private collections 
does not accurately reflect their earlier popularity. These 
early examples of gold craftsmanship, often the finest 
works of a period, were highly vulnerable to thievery 
as well as to the destruction wrought by war and reli- 
gious intolerance. Another reason so few exist today is 
that because they were regarded as the capital of a 
church, in times of financial crisis many pieces were 
melted down. 

Brief histories are given for a number of the remain- 
ing examples of gem-encrusted chalices, book covers, 
crosses, and other reliquaries as they are traced to their 
present locations. As the 10 impressive photographs 
indicate, colored stones, pearls, and enamels were used 
frequently. Unfortunately, Oman has included little 
gemological information in his descriptions. RSS 


Good as gold. E. Lauré, American Craft, Vol. 14, No. 
6, 1981-82, pp. 8-11. ‘ 

Unconventionality is a major theme in the ‘Good as 
Gold: Alternative Materials in American Jewelry” ex- 
hibition, organized by the Smithsonian Institution 
Travelling Exhibition Service. The author argues that 
the restrictive price of gold and other traditional jew- 
elry materials has necessitated the trend toward using 
metals such as titanium, tantalum, and niobium. Other 
alternative materials used include textiles—from cot- 
ton and silk to acetate, rayon, and nylon—as well as 
bone, wire, and Plexiglass. 

Further elaboration of the main theme is demon- 
strated in the departure of jewelry from mere accessory 
to jewelry as “wearable art.’ The jeweler-artists com- 
bine not only alternative materials, but also alternative 
approaches to what is wearable and how different tech- 
niques such as metalworking, crocheting, and enam- 
eling can function together in the creation of a piece 
of jewelry. ICL 


A short history of the art of granulation. I. J. Wolters, 
Aurum, No. 6, 1981, pp. 8-14. 


Granulation, the process of bonding small granules of 
metal to a larger metal surface in an ornamental or fig- 
ured design, is an art form that reaches back into early 
antiquity. Since the concept that most people have of 
the technical and artistic aspects of granulation has 
been influenced almost exclusively by Greek and 
Etruscan jewelry, there is a tendency to overlook the 
fact that these are late expressions of a craft that was 
nearly 2000 years old when the first Etruscan pieces 
were produced. 
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With this in mind, Wolters takes us back those 2000 
years and, through the use of maps, gives us an ex- 
panding view of the art form as it spreads from its 
origins in ancient Mesopotamia throughout the Middle 
East, the greater Mediterranean area, and ultimately to 
the major centers of Europe and Asia. At the same time, 
with pertinent dates and locations, he carries us from 
early antiquity through classical antiquity, prehistoric 
Europe, and the various periods of the Middle Ages 
to modern times, concluding with a brief look at the 
present-day revival of the art form. 

The account is straightforward and interesting, with 
good illustrations (five photos and two maps}. In the 
following issue of Aurum, the author discusses the var- 
ious styles and techniques used in the past and then 
presents a select bibliography. Archie V. Curtis 


Touching precious metals. W. Walchli, Gold Bulletin, 
Vol. 14, No. 4, 1981, pp. 154-158. 

In this informative, well-organized article on testing 

metals, Walchli discusses the history, procedure, and 

accuracy of the touchstone test, one of the oldest meth- 

ods for determining metal content. 

The assayer can perform the touchstone test to: (1) 
identify precious metals used in alloy, (2} identify base 
metals used in alloy, {3} assay finished articles, {4} test 
samples before using finer analytical methods, or (5} 
obtain an indication of the thickness of a precious 
metal coating. 

This procedure is basically a comparative test: the 
object to be tested is rubbed evenly on a lightly oiled 
touchstone, and then a metal touch needle of known 
fineness and matching color is rubbed next to it. When 
an appropriate test acid solution is applied to both, the 
tester observes the rate and degree of the acid attack on 
the rubbings. If the acid does not behave the same—or 
virtually the same—on both rubbings, testing is con- 
tinued with other touch needles. 

Difficult gold alloys, as well as other metals such 
as platinum and silver, can be checked by this method. 
Walchli describes aspects of each. He concludes that 
this simple process will continue to be popular: it is 
reasonably accurate, fast, and requires a very tiny 
amount of test metal or alloy. Marcia Hucker 


SYNTHETICS AND SIMULANTS 


Japanese manmades. F. H. Pough, Lapidary Journal, 
Vol. 35, No. 10, 1982, pp. 2004, 2006, 2008. 
Pough reports on the research of Dr. Akira Kose, of the 
Japanese Institute for Applied Optics, and Dr. Sei Hach- 
isu, of Kyoiku University. Using spheres of polystyrene 
latex, they have produced an opal simulant. With the 
addition of sodium polyacrylate, the spheres flocculate 
into opalescent patches that can be stabilized by filling 
the voids between the spheres with polymethyl metha- 
crylate, which has a refractive index close to that of the 
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latex. Pough includes a chart comparing the properties 
of this simulant with those of Gilson synthetic opal 
and natural opal, as well as five color photographs of 
the opal simulant and one of synthetic quartz made in 
Japan. 

Pough then briefly describes this synthetic quartz, 
noting that the red-violet ‘‘amethyst’’ is superior in 
color to the material made in the U.S.S.R. He con- 
cludes by mentioning a number of other synthetics 
manufactured in Japan: emeralds, alexandrites, star co- 
rundum, and padparadscha sapphires. RSS 


MISCELLANEOUS 


Contact metamorphics, part II. B. Jones, Rock #@ Gem, 
Vol. 11, No. 12, 1981, pp. 56-76. 

Because of different temperature, pressure, or chemical 
environments, each contact metamorphic deposit is 
unique in the minerals it contains. However, certain 
minerals, such as grossularite and vesuvianite, that are 
common to many deposits almost always occur to- 
gether when a limestone body is altered to a marble. 
Thus, the presence of such minerals can aid in identi- 
fying the type of deposit. 

Many of the gem gravels of the Far East were pro- 
duced in part from metamorphosed limestone. Gems 
such as ruby, sapphire, and spinel have been recovered 
from these deposits for centuries. Another contact- 
metamorphosed limestone in Afghanistan produces the 
world’s finest lapis-lazuli. Jones focuses first on spinel, 
lapis-lazuli, and diopside, reviewing some of their more 
notable occurrences. He then turns to garnets. 

The garnets usually found in this type of deposit are 
grossularite and andradite. Since each contains calcium 
in its chemical make-up, a limestone environment is 
ideal for their formation. Other minerals the author 
describes are staurolite, scapolite, and tremolite. 

GSH 


Crystals, cornerstones of tomorrow’s technology. J. 

Walker, Museum, Vol. 2, No. 5, 1981, pp. 53-57. 
Electronic technology has increased tremendously since 
the advent of synthetically grown crystals. They are an 
essential part of transistors, one of the most important 
tools of the field. Integrated circuits are printed on thin 
wafers of synthetic silicon crystals. The size of the cir- 
cuits has decreased to the point that thousands of them 
can be printed on a single wafer. These wafers can then 
be cut in sections, called chips, that contain a single 
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circuit. Chips of this kind have made possible complex 
electronic instruments that are a fraction of the size of 
their predecessors. 

Through the use of microelectronics, it has become 
possible to put laboratories in orbit around the earth. 
The author describes a number of advantages of man- 
ufacturing crystals in orbit. Several major problems in- 
volved with growing crystals on earth, such as the pull 
of gravity or the minute vibrations that are always pres- 
ent in a terrestrial laboratory, would be eliminated. 
These factors cause imperfections in the growing crys- 
tals and make the growth of crystals of particularly sen- 
sitive compounds impossible. Orbiting laboratories not 
only will be able to grow more nearly perfect crystals, 
but they also will undoubtedly be able to grow crystals 
that have never been grown before. With the advent of 
new crystal materials, electronic technology may yet 
make even larger advances than it has in the past. It 
will be interesting to see what overlap these develop- 
ments will have on the production of synthetic gem 
materials. SFM 


The largest crystals. P. C. Rickwood, American Min- 
eralogist, Vol. 66, No. 9 and 10, 1981, pp. 885-907. 


The greater part of this article consists of a listing with 
accompanying explanations of the largest authenti- 
cated crystals in nine classes of minerals with 24 sep- 
arate categories. These crystals, for the most part, are 
not attractive or aesthetically pleasing, but they are in- 
teresting because of their size. There is theoretically no 
limit to the size that crystals can grow, so the list rep- 
resents the largest that have been found to date. 
Crystals mentioned include a 37.5-ton garnet; a 13- 
m-long, 65-ton spodumene; and a transparent perfect 
crystal of topaz from Minas Gerais, Brazil, that weighs 
300 kg and measures 80 x 60 x 60 cm. The topaz crys- 
tal is not the largest ever found, but it is unique because 
of its clarity and crystal form. The largest crystal of any. 
variety ever recorded is a beryl from Malagasy Republic 
that is 18 m long and 3.5 m in diameter, with an es- 
timated weight of 379,480 kg. The largest crystal of 
which there is photographic evidence is a spodumene 
from South Dakota that is 14.3 m (47 feet) long. The 
extensive bibliography included underscores the amount 
of research involved in compiling the list, which re- 
quired verifying previous reports in the literature as 
well as locating specimens in public and private 
collections. SEM 
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AN ILLUSTRATED 
DICTIONARY OF 


JEWELRY 

By Harold Newman, 334 pp., illus., 
Thames e Hudson, New York, New 
York, 1981. US$29,95* 


Gem scholars and those with only 
an embryonic interest in jewelry will 
enjoy this beautifully executed book. 
Containing over 2,500 “pearls of 
wisdom” with 685 illustrations, it 
would be a welcome addition to any 
library, and would collect neither 
dust nor cobwebs. 

Compiling any dictionary is ob- 
viously a monumental undertaking. 
Here, however, the author succeeds 
in creating enjoyable, informative, 
and succinct definitions. Mr. New- 
man has written two other illus- 
trated dictionaries (one on glass 
and the other on ceramics); he cer- 
tainly has-the magic touch with this 
format. 

The dictionary includes data con- 
cerning famous gems, cutting tech- 
niques, trade grades, jewelry-making 
materials and processes, designers, 
styles, methods of decoration, and 
the major gemstones used in jew- 
elry. Also included are brief bio- 
graphical notes on some outstand- 
ing firms and individuals, past and 
present. The author has employed 
cross-referencing extensively both to 
avoid repetition and to provide ideas 
for locating related subjects. 

The author also provides a su- 
perb display of illustrations that are 
by no means ordinary. Of the 685 
illustrations, 16 are in color and 37 
are line drawings. In addition, the 
craftsmanship is excellent, with well- 
printed glossy pages. An Ilustrated 
Dictionary of Jewelry is full of in- 
formation and is perfect for refer- 
ence or just browsing. Mr. Newman 
has put together a quality book. 


JAVEN STEIN MORELL 
Colored Stones Instructor, GIA 


Book Reviews 


BOOK 
REVIEWS 


Michael Ross, Editor 


PHOTOGRAPHICAL 
ATLAS OF DETRITAL 


MINERALS 

By Pierre Devismes, 203 pp., illus., 
Bureau de Recherches, B.P. 818, 45 
Orleans, France, 1978. US$89.00. 


This book is a marvelous pictorial 
essay, with 641 excellent color plates 
that vividly illustrate over 18 differ- 
ent microscopic alluvial minerals 
from localities all over the world. 
The minerals illustrated represent a 
nearly complete listing of the var- 
ious species that are likely to be en- 
countered when examining micro- 
alluvium from virtually any locality. 

The book is written in both French 
and English, which will surely broaden 
its audience. 

After a short forward and intro- 
duction, the author briefly describes 
the basic methodology of sample 
preparation and concentrate separa- 
tion and illustrates the apparatus 
used to take the photographs con- 
tained in the book. The major part 
of the book, presenting the color 
mineral photographs, immediately 
follows. J 

At first glance, there seems to be 
no obvious order to the minerals de- 
scribed. Neither a chemical nor an 
alphabetical system of classification 
was used. The author chose instead 
to classify and group the minerals 
according to the particular rock type 
with which they are commonly as- 
sociated. This classification system 
sometimes falls short, though; for 
example, chrysoberyl, which is known 
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to occur in pegmatites, is found 
nowhere near the other pegmatite 
minerals such as tourmaline or to- 
paz. Since certain minerals can grow 
in a variety of environments, it 
might have been better to use either 
the well-known Dana System of 
classification or a standard alpha- 
betical method, and to add a para- 
graph at the beginning of each min- 
eral section stating the various rock 
types and environments in which 
that particular mineral can crystal- 
lize. However, this minor drawback 
is adequately handled by the inclu- 
sion of an alphabetical index of min- 
erals in the back of the volume. 

Also included in the back of the 
book is a geographic index of the 
various localities represented by 
photographs of mineral detritus in 
the main section. 

This book is somewhat limited in 
its gemological applications because 
localities of major importance to the 
gemologist, like Sri Lanka, are not 
covered. However, all of the major 
and many of the minor gem species 
are represented, so the gemologist, 
who is accustomed to working with 
faceted gems, can get.a good educa- 
tion on how these materials look in 
their natural state. As stated by the 
author, this book is intended pri- 
marily for mineralogists and pros- 
pectors. But this reviewer recom- 
mends it for research and prospecting 
gemologists as well. Anyone who 
appreciates the beauty of nature's 
mineral treasures will surely enjoy 
this volume. 


JOHN IL. KOIVULA 
Senior Staff Gemologist 
GIA Gem Trade Laboratory, Inc. 


"This book is available for purchase at 
the GIA Bookstore, 1735 Stewart 
Street, Santa Monica, CA 90404. 
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GEM NEWS 


Stephanie Dillon, Editor 


DIAMONDS 


Australia. Subject to the final approval of Ashton Min- 
ing, Northern Mining, and the governments of Aus- 
tralia and the state of Western Australia, the Central 
Selling Organisation of DeBeers will market all of the 
gems and most of the industrial-quality diamonds of 
the Ashton Joint Venture. Gem-quality stones will 
probably comprise about 10% of the total production. 
DeBeers will handle 75% of the near-gem and indus- 
trial material, with the remaining 25% to be sold on 
the open market. 


Botswana. With the depressed market for diamonds, 
Botswana’s dependence on diamond sales (over 50% of 
export earnings and 30% to 35% of government reve- 
nues come from diamonds} has resulted in severe eco- 
nomic problems for the country. Even as the govern- 
ment increases the emphasis on coal export and 
discusses oil exploration, diamond production contin- 
ues at the two pipes in Orapa. A high proportion of the 
output from this area is industrial quality. Starting this 
year, Jwaneng, near Gabarone, will produce diamonds 
that for the most part are gem quality. Projected output 
for Botswana’s three mines exceeds South Africa’s en- 
tire production. Because of the drop in the diamond 
market, however, DeBeers has asked that Botswana 
stockpile its stones. DeBeers has a 50% share in the 
state mining company (Debswana] and markets the 
diamonds through the Central Selling Organisation. 


Ghana. Akwatia, the only producing mine in Ghana, 
continues operation through a US$15 million loan un- 
derwritten by the government. The mine has been op- 
erating since 1924, and its reserves are expected to be 
depleted in 1983. The government is currently studying 
a potentially substantial deposit in the Birim River Val- 
ley. A diamond cutting and polishing industry is also 
under consideration; Ghanaians are to be trained by 
Indian craftsmen. 


India, Diamond-bearing areas in Madhua Pradesh and 
Andhra Pradesh will be explored as part of a three-year 
government plan to increase domestic diamond sup- 
plies. New diamond deposits have been discovered in 
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the Trivandrum district, according to the Geological 
Survey of India. 


Israel. The Israeli government, in an effort to strengthen 
the diamond industry, has removed customs duty on 
polished diamonds of 0.02 to 1.00 ct and has lifted the 
import license requirement. 


Lesotho. The Letseng-la-Terai mine, operated by the 
Lesotho government and DeBeers Consolidated Mines, 
Ltd., is being closed because of the recession in the dia- 
mond market. The mine, which opened in the 1970s, 
was a major contributor to Lesotho’s economy, em- 
ploying nearly 800 people. Last year’s production to- 
taled 52,900 ct. 


Namibia. Production for 1982 at Consolidated Dia- 
mond Mines was reduced by 20%, owing to the closure 
of one of four treatment plants. 


South Africa. As it copes with a depressed market, 
DeBeers Consolidated Mines is closing the Koffiefon- 
tein mine and putting emphasis on Namaqualand, 
where smaller diamonds are produced. Koffiefontein 
produced 323,000 ct last year; DeBeers’s total output 
was 15.4 million ct. In March, DeBeers laid off 498 
workers (12% of its total labor force} at the Premier 
mine. Last year, the Premier’s output was 2 million ct. 
New mining activity initiated by the Octha Dia- 
mond Company is estimated to increase the company’s 
present production of 100,000 ct per year to approxi- 
mately 1 million ct by 1986. Company acquisitions in- 
clude mines in the Kimberley area, the Barkly West 
district, and the Free State. Prospecting has revealed 
substantial reserves, with industrial-quality diamonds 
comprising about 55% to 60% of the total. 


U.S.A. The Diamond Club West Coast, Inc., was offi- 
cially opened May 17. The previous week, the club had 
been invited, by unanimous vote, to join the World 
Federation of Bourses. There are 125 members in the 
West Coast Club, which is located at 606 South Olive 
St., Los Angeles, California 90014. 
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“Diamond and Jewelry Way” is the new name for 
New York City’s erstwhile 47th Street. Mayor Ed Koch 
presided at the renaming May 14 in sidewalk ceremo- 
nies that launched a six-day celebration, New York’s 
third salute to the fashion and beauty industries. 


Zaire. Declining production at the mines, combined 
with the effects of illegal mining and trading, has caused 
a substantial drop in the national production reported 
from Zaire—to 5.7 million ct in 1981 from 13.5 ct in 
1974. For 1982, a total of only 6 million ct is antici- 
pated. With alluvial deposits running out, an under- 
ground mining operation will be needed to tap the es- 
timated 150 million ct contained in kimberlite. The 
government, aided by three independent companies, 
intends to establish a cutting industry that will even- 
tually employ 700 workers. Cost of the plant is esti- 
mated at US$2 million. 


EMERALD Se 


Australia. Emeralds from the Aga Khan mine, in West- 
ern Australia, are currently being stockpiled. Approx- 
imately 11% of the production is gem quality; the larg- 
est crystal found to date is 9.6 ct. 


Brazil. In the state of Goids, an emerald deposit dis- 
covered within the last year yields stones with a color 
that is reported to be superior to that of other Brazilian 
emeralds. These new emeralds tend to have high re- 
fractive indices. A steady supply is anticipated. 


PEAR, ee 


Japan. Members of the Japanese pearl industry are very 
concerned about the possibility that the Chinese may 
take over processing of their own freshwater product 
and become rivals on the world market. To date, 
Chinese freshwater pearls are imported into Japan and 
processed there for export. 


TOPAZ AND PERIDOT JEWELRY SUITE 


Currently on display at GIA is the suite pictured in fig- 
ure 1, It contains approximately 88 ct of Brazilian topaz 
and 148 ct of almost perfectly matched peridots from 
the island of Zabargad in the Red Sea (see article, Gers 
@ Gemology, Spring 1981}. The largest cushion-cut 
stone in the necklace weighs approximately 26 ct. The 
topazes were originally orange to yellow-orange, but 
were rendered pink through heat treatment. They are 
set with 164 fully drilled natural seed pearls in 18-ct 
pink gold that has been plated over with high-karat 
yellow gold. 


Gem News 


Figure 1. Jewelry suite containing pink topazes, 
peridots, and seed pearls in gold. Below are 
two stamps that may provide clues to the 
origin of these pieces, Suite photo by Tino 
Hammid. Stamp photos by Michael Waitzman. 


An owl hallmark indicates French import in the 
year 1893. Another stamp (impressed twice} is a ram’s 
head; there is also the symbol of a swan, above which 
is an impression containing an umbrella shape sur- 
rounded by letters (again, see figure 1). Anyone who 
might be able to furnish further information about the 
suite on the basis of these stamps is invited to write to 
the address given at the end of this section. 
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ANNOUNCEMENTS 


Winner of the 1982 George A. 
Schuetz Memorial Fund Jewelry De- 
sign Contest is Judith M. Evans, of 
J.B. Hudson Jewelers, Minneapolis, 
Minnesota. The scholarship of $500 
was awarded for her original render- 
ing of a man’s ring featuring 18 dia- 
mond baguettes in a setting of 18- 
karat gold and platinum. 


The Schuetz scholarship is offered 
annually for a distinguished design 
in men’s jewelry and may be used 
for training in a jewelry-related sub- 
ject at any institute of the winner’s 
choosing. The 1983 Schuetz Me- 
morial Design Contest will be open 
in October of this year. Contest rules 
and applications will be available at 
that time from the Scholarship Of- 
fice, Gemological Institute of Amer- 
ica, 1660 Stewart St., Santa Monica, 
California 90404. 


The Association of Women Gemol- 
ogists, newly organized by Anna M. 
Miller of Pearland, Texas, and Elaine 
Baker of La Jolla, California, is con- 


Figure 2. Schuetz Contest winner. 


ducting a membership drive. The 
association is open to women who 
are gemologists, graduate gemolo- 
gists, certified gemologists, F.G.A.’s 
or the equivalent. The association 
plans to publish a membership di- 
rectory and monthly newsletter. At 
present, no dues are being collected. 
For further information, please con- 
tact: Anna M, Miller, P.O. Box 1179, 
Pearland, Texas 77581. 


Deutsches Edelstein und Mineral- 
ienmuseum Museum—6580 Idar- 
Oberstein 2, Mainzer Strasse 34. 
Telephone: (0681) 4821-4822. Re- 
opened in April 1982, the newly en- 
larged museum exhibits cut gem- 
stones and gem mineral specimens 
from all over the world. A recent 
addition is the unique collection of 
more than 2.00 carved pieces that 
demonstrate the evolution of the 
carving art over 6,000 years. A peg- 
matite gem pocket from Madagascar 
is also on display, with beryl and 
quartz crystals. Other exhibits fea- 
ture gem phenomena, pleochroism, 
inclusions, and discoveries of the 
20th century, The museum is open 
year round, except for Christmas. 


Gems & Gemology welcomes news 
of exhibits and events of a gemolog- 
ical nature. Please contact Ste- 
phanie Dillon, Gemological Insti- 
tute of America, 1660 Stewart St., 
Santa Monica, CA 90404. Tele- 
phone: (213) 829-2991. 


...Allbritton, Baron, Bridges, C. Chatham, T. Chatham, 
Crowningshield, Ehrenwald, Gilbert, Gill, Gleim, 
Gubelin, Hobbs, Hofer, Hori, Hucker, Kalokerinos, 
Kane, Kaplan, Keller, Koivula, Landrigan, Latendresse, 
Larson, Liddicoat, Manson, Meyer, Morrow, Nassau, 
Patterson, Rossman, Roedder, Rothschild, Sauer, 
Shire, Sinkankas, Stockton, Strong, Sweaney, Tiffany, 
Wheeler, Wilson, Yantzer, Zucker... 


...Diamonds — Origins & Sources, Colored Stones -- 
Properties, Synthetics & Stimulants - Growth & 
Properties, Pearls — Sources, Supplies & Properties, 
Diamonds -— Properties, Colored Stones—Sources & 
Marketing, General Gemology, Reports on Gems & 
Gem Occurrences, Diamonds — Marketing & Grading, 
Colored Stones—Sources & Supplies, Inclusions... 


International Gemological Symposium Proceedings Now Available 
Contact: GIA Bookstore « 1735 Stewart Street » PO Box 2052 - Santa Monica CA 90406 
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GEMSTONES OF PAKISTAN: 
EMERALD, RUBY, AND SPINEL 


By E. J. Gtibelin 


Only during the last few years have the 
gem riches of Pakistan become known 
to the rest of the world. This article 
reports on three gem materials currently 
being mined: emerald, corundum (most 
importantly, ruby), and spinel. Intensely 
colored emerald crystals occur in 
dolomitic talc schists in the Swat Valley. 
Unusually high optical properties and 
density serve to distinguish these 
emeralds from those found elsewhere. 
Numerous gas-liquid inclusions are also 
typical. In the Hunza Valley, specimen- 
and gem-quality crystals of corundum 
and spinel occur in beds of marble 
enclosed in gneisses and mica schists. 
The gemological properties of the 
Pakistan rubies and sapphires vary only 
slightly within normal limits. 


ABOUT THE AUTHOR 


Dr. GUbelin is a certified gemologist in Meggen, 
Switzerland, and honorary professor at the 
University of Stellenbosch, South Africa. 
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Gemstones of Pakistan 


he gem industry of Pakistan is still in its infancy and 

contributes less than 1% to the national product, 
with a total annual production reported in the late 1970s 
to be just over one million dollars. However, much prog- 
ress has been made recently, and the geology of the coun- 
try is now known and has been mapped in great detail. 
Whereas in 1948 only five resource minerals were known 
to exist in any quantity, today at least 16 minerals, in- 
cluding some gem materials, are known to occur in large 
reserves and are under production. Even the most cau- 
tious experts concede that with more intensive explora- 
tion the gem industry will improve greatly. 

A remarkable variety of gemstones occur in Pakistan; 
the most important are emerald from the Swat Valley 
(Northwest Frontier Province} and ruby and spinel from 
the Hunza Valley {northeast of the Swat area). Also no- 
table are pink topaz from Katlang near Mardan, a city 
north of Peshawar, and aquamarine from Dassu near 
Skardu, the capital of Baltistan Province. Sapphire, jade, 
quartz (including amethyst}, lapis lazuli, and some orna- 
mental stones have also been found. This report, how- 
ever, will focus on the emeralds, rubies, and spinels that 
occur in Pakistan, particularly the major deposits and ge- 
ology, current mining and cutting operations, and the 
properties of the Pakistan stones. Figure 1 provides a lo- 
cality map for this area; the reader is referred to Qasim 
and Khan Tahirkheli (1969} for a detailed geological map 
of the region. 


PART I 
THE SWAT VALLEY EMERALDS 


In 1958, goatherds found a few green crystals on the 
slopes of a hill north of Mingora and brought them to 
their reigning sovereign, Prince Miamgul Jahanzeb. Not 
recognizing the stones, the prince showed them to some 
visitors from Bombay, who promptly identified them as 
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Figure 1. Location map for the Swat Valley emerald deposits (green) and the Hunza Valley ruby and 
spinel deposits (red) in northern Pakistan. Map drawn by Peter Johnston. 


emeralds. At once the prince declared the hill for- 
bidden territory and engaged workmen to search 
the surface for more crystals. It is unlikely that 
the prince gained much wealth from these ama- 
teurish efforts, which continued until Pakistan 
abolished its feudal system in 1968. For the next 
several years, mining was placed under the charge 
of the Industrial Development Corporation of 
Pakistan. The latter then relinquished this re- 
sponsibility to the Mineral Development Corpo- 
ration of Pakistan, which operated the mines— 
still small in scope and with little professional 
guidance—for two more years. In February 1979, 
however, the Gemstone Corporation of Pakistan 
was formed and immediately began to reorganize 
mining according to modern principles, with 
professional engineers and geologists placed on 
the permanent staff. All of the mines currently 
are owned by the state. A special permit is re- 
quired to visit them. 

The deposits that have been prospected and 
worked to date lie in an emerald-bearing belt of 
rocks bordering the Swat Valley on the east, along 
the flanks of the Hindu Kush foothills. This belt 
stretches from the town of Mingora northeast 
through Charbagh, Makhad, Malam, Gujar Kili, 
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and Bazarkot to Bar Kotkai, for a distance of about 
32, km. The area is covered by a broad amphibol- 
itic green-schist outcrop that extends from the 
Afghanistan border in a northerly direction to the 
bend of the Indus River. 

Mines are now being worked near Mingora 
(Saidu] as well as near Gujar Kili and Makhad on 
both sides of the Shangla Pass. The first-named 
area, the largest of the three, is located about 1.5 
km north of Mingora (34°47'N, 72°22'E}. The 180 
acres that it covers are enclosed by barbed-wire 
fencing and controlled by seven watchtowers. 
Three large mines are being worked within the 
compound; figure 2 shows the view of Swat Val- 
ley from Mine 1. 


GEOLOGY 


The emerald-bearing rocks overlie a dark mica 
schist and are covered by a lighter, green chlorite- 
tremolite schist; the latter is further overlain by 
amphibolites along a tectonic shear zone (see fig- 
ure 3). The emerald-bearing formation consists of 
dolomitic talc schist that normally reaches a 
thickness of about 50 m. Strongly folded and frac- 
tured lenses of ultramafic and talc-carbonate rocks 
are intercalated in the shear zone. 
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Figure 3. Geology and location of mines in the 
well-guarded emerald-mining area to the north 
of Mingora. The map shows that the three 
separate mining complexes now under 
operation are situated within the dolomitic 
talc-schist belt, which itself is sporadically 
penetrated by serpentinites. 
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Figure 2. View across the 
Swat Valley from one of the 
dumps of emerald mine 

no. 1. The mountains in the 
background are the eastern 
foothills of the Hindu Kush 
Range. 


The green chlorite-tremolite schist grades into 
the talc schist beneath. The thickness of the talc 
schist has been affected by rock movements such 
that some portions are considerably thinner than 
others. An abrupt break is noted between this for- 
mation and the underlying dark mica schist, 
which consists primarily of a dark gray mica con- 
taining layers of quartz and some dark gray lime- 
stone. Farther below appear arenaceous, argilla- 
ceous, and calcareous sedimentary rocks, then 
older ultramafic dikes of amphibolites near the 
bottom, and, finally, a younger intrusion of gran- 
odiorite. This succession was named the Boner 
schistose group by early miners and has been ob- 
served everywhere in Swat, broadly domed by a 
coarse-grained granite intrusion. This doming was 
followed by severe thrusting, which resulted in 
the slicing and repetition of the deposits; at least 
four such episodes have been noted. In the region 
of the Mingora mines, the schists are almost 
vertical. 

Consequently, the tale schist that hosts the 
emerald is intruded by a series of serpentinized 
ultramafic dikes and, as a result of the thrusting, 
has been repeated at least four times. The upper- 
most slice seems barren of emeralds, presumably 
because it lacks the quartz veins that characterize 
the lower beds, interlinked with pockets of cal- 
cite. The quartz and calcite combination becomes 
more abundant in the lower portions. It is 
speculated by the author and Dr. M. Weibel, on 
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the basis of the author’s thin sections, that the 
quartz-calcite-beryl mineralization is hydrother- 
mal, originating from a granodiorite which ac- 
companies the talc schist along its entire pros- 
pected length. The chromium necessary for 
coloration of the emerald probably was incorpo- 
rated in these ascending solutions as they passed 
through the ultramafic rocks that have now been 
altered into serpentinites. 

Within the mineralized zones, emerald occurs 
in pockets that are associated with veins consist- 
ing of quartz, calcite, and talc. Emeralds found in 
the quartz are usually broken, but those embed- 
ded in the adjacent, softer, carbonate-talc schist 
are normally intact and euhedral. The carbonate 
in the schist is ankerite; this, because of its iron 
content, commonly alters to limonite, which fills 
relict rhombohedral cavities. 

In summary, the Swat Valley emerald depos- 
its represent a classic example of schist-type bery]- 
emerald mineralization in which the beryl and 
other minerals normally found in an acidic en- 
vironment have been hydrothermally derived from 
granitic rocks and deposited in host schists after 
passage through basic rocks which provide the 
chromium necessary to color the beryl. The role 
of strong tectonic movements in deforming rocks 
and opening passages for ascending hydrothermal 
solutions is evident. 


MINING 


Under the Gemstone Corporation of Pakistan, the 
mines are worked scientifically; each has on staff 
a geologist and a mining engineer who are re- 
sponsible for providing continuity and ensuring 
the success of the operation. With the improve- 
ments in mining practices that the Gemstone 
Corporation has brought about, the mines are 
now safer for the workers and promise to produce 
more and better emeralds. 

All mines are open pit (figure 4). The three in- 
dividual pits in the Mingora area, designated 
Mines I, 2, and 3, will eventually be joined as the 
terraces are extended laterally into a single ex- 
cavation covering the entire hillside. In the min- 
ing operation, barren rock is first removed by 
drilling and blasting; as the productive areas are 
reached, however, the emerald-bearing rock is 
dislodged with pneumatic picks to avoid unnec- 
essary breakage of crystals. 

The following serve as guides to the produc- 
tive areas in the Swat Valley: 
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Figure 4. Highest section of mining complex 
no. 1. At the top, the last portion of a terrace is 
being broken down. 


A. Broad, sheared zones, red-brown as a result of 
the leaching of ferruginous minerals, are con- 
ducive to emerald mineralization. Emeralds 
occur embedded in soft white lumps of talc, 
and quartz veins are always present (figure 5). 
The crystals are euhedral for the most part and 
possess a magnificent color (figure 6), but they 
are rarely larger than one carat. 


B. Intruded seams of quartz/dolomite/calcite, with 
or without pale green talc, occasionally con- 
tain emeralds. 


C. Contact zones between the talc schists and 
the mica schists, the serpentinite, and the pale 
green talc schist (which is harder and more 
compact in texture} also contain emerald crys- 
tals. It appears that cavities and cracks formed 
between these rock types by tectonic move- 
ments permitted the subsequent introduction 
of hydrothermal mineralized solutions. Quartz 
and ankerite are abundant in such zones. 


Disposal of waste rock remains a problem at 
the mines, the present system uses mine-carts 
that are loaded manually. If production is to be 
increased in the future, modern, mechanized 
equipment will be essential. 


EMERALD RECOVERY 
AND CUTTING 


The emerald-bearing rock is broken up with hand 
hammers, and the crystals are placed in small, 
padlocked boxes. These are sent to the sorting 
house, with the suitable rough then going to the 
lapidary shops that belong to the Gemstone Cor- 
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Figure 5. Miners working along a contact zone 
at the innermost section of a ditch. 


poration. According to quality, the stones are 
either cut into cabochons or faceted into ba- 
guettes, drops, squares, or brilliants. At a glance, 
the poorer-quality stones can scarcely be distin- 
guished from lesser-quality emeralds from other 
sources, but the best grades are remarkable for 
their lively, unblemished transparency and their 
deep green hue. The best Swat Valley stones eas- 
ily vie in this respect with fine-quality emeralds 
from Muzo, Colombia. 


PROPERTIES OF 

SWAT VALLEY EMERALDS 

Color. Using DIN color chart 6164, the best com- 
parative colors of the lighter and darker hues are: 
X, 15.5; Yo 25.7; Ze 14.0, resp. X, 16.2; Y, 25.1; Ze 
21.2. The author was shown a 60-ct lot of faceted 
stones of choice color from which he was able to 
sort out only 5 ct of inferior quality. The best 
were of good to excellent quality and outstanding 
in terms of transparency and vivid, saturated hue. 
The best Swat Valley stones were reminiscent of 
fine Muzo material, while the poorer-quality 
stones resembled more the lifeless, cloudy em- 
eralds of the Transvaal. The intensity of hue is 
believed to be due to the high content of chro- 
mium and iron. Crystals of over one carat are rel- 
atively rare, while those of two or more carats are 
considered extraordinary. 


Chemical Analysis. In view of the fact that the 
principal elements of natural emerald are known, 
only transition elements that may be responsible 
for coloration were analyzed by means of the elec- 
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en Ma F ll ir’ i 
Figure 6. Slightly bent and partly broken 
emerald crystals (the largest is 1.5 cm long) 
accompanied by schorl crystals in quartz. The 
yellowish brown part is dolomite (ankerite). 


tron microprobe. Table 1 compares the results for 
the Swat Valley emeralds with complete and par- 
tial analyses of emeralds from other sources. 
The quantities of trace elements may be sig- 
nificant in aiding identification of emeralds from 
specific deposits, and, as is evident from table 1, 
impressively large amounts of chromium and iron 
are present in the Swat Valley emeralds, whereas 
vanadium appears to be entirely absent. There 
seems little doubt that the chromium and iron are 
responsible not only for the color but also for the 
special physical properties, which are described 
below. The high iron content tends to subdue the 
fluorescence normally inherent to chromium, 
while the presence of typically large amounts of 
MgO (2.6% ] and Na,O (2.1%) is also noteworthy. 


Optical Properties and Density. Tests for density, 
transparency to short-wave ultraviolet radiation, 
luminescence, and behavior under various filters 
were conducted on a lot of 70 stones, with results 
tallying well with observations on preselected 
larger stones, of which seven were chosen for de- 
tailed testing. The latter ranged in weight from 
0.51 ct to 2.34 ct and were consistently outstand- 
ing in clarity and color. Birefringence was 0.007 
for all the stones, all showed distinct bluish green 
to yellowish green dichroism, all were inert to 
long-wave (365 nm} and short-wave (253.7 nm) 
radiation, and opaque under ultraviolet radiation. 
The minor variations in their properties are fur- 
nished in table 2. The fact that only minimal vari- 
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TABLE 1. Chemical analyses, given in weight percentages, of emeralds from various deposits. 


Zambia Zimbabwe Pakistan Brazil Colombia Mozambique Tanzania 

(Miku) (Sandawana) (Mingora) (Salininna) (Muzo) (Morrua) (Lake Manyara) 
Oxide 18 2b 3° 4¢ 5° ge 74 gt gt Qe te «12° 134 8144 815% «169 
SiO, 62.23 63.84 65.0 n.d.e 
Al,O3; 15.41 18.06 14.2 n.d, 
Cr; 033 O60 050 O66 <003 0.21 09 0.01 0.03 0.2411.20 13 012 0.03 0.44 0.10 
V.O3 n.d, n.d. ond. 0.00 <0.03 0.36 0.9 0.01 0.03 0.07 0.08 0.09 less than 10 pom 
Fe,O; 0.04 0.50 09 <0.03 031 08 0.01 0.03 1.30 1.40 140 0.31 036 086 0.50 
FeO 0.07 0.3 n.d. 
BeO 11.9 13.28 13.6 n.d. 
MnO 0.02 n.d. 
MgO 0.75 0.75 3.0 2.6 
CaO 0.31 0.0 
Na,O 263 2.03 2.0 24 1.15 0.05 059 062 O57 067 
K,O 2.89 0.05 n.d. 
Li,O 0.10 0.15 n.d. 0.06 0.028 0.026 0.032 0.032 
Cs,0 traces n.d. 0.20 0.265 0.23 016 0.23 
HeO+ 2.59 1.07 n.d. 19 05 
H,O- —0..06 n.d. 


*Analysis by Hickman (1972). 

>Analysis by Martin (1962). 

°Stones 3-6 and 10-12 were analyzed especially for the author by M. Weibel (Professor Doctor at the 
Federal Institute for Crystallography and Petrology, Zurich, Switzerland). 

“Stones 7-9 and 13-16 were analyzed especially for the author by E. Landais (Doctor at CCR Euratom, 
ispra, Italy). 

°n.d. = not determined; blank spaces mean zero weight percent in those stones analyzed especially for 
the author and are presumed to mean the same for the other analyses reported here. 

‘This value is evidently too low, because chromium is unevenly distributed. 


ations occur suggests that the mean values pro- 
vided below are diagnostic for emeralds from this 
source. 

Refractive indices were determined with so- 
dium light (589.3 nm) on a Rayner spinel-prism 
refractometer with an extended scale that per- 
mitted an exact reading to the third decimal place 
with an error of +0.0005. The seven stones men- 
tioned provided mean values of n. = 1.5905 and 
n,, = 1.5975, nq (biref.} = 0.007. The mean data on 
the 70 specimens are: n, = 1.588 and n, = 1.596. 
na{biref.) = 0.007. The birefringence proved to be 
remarkably consistent in value and at 0.007 is 
very high for emeralds of gem quality. 

Density was measured in ethylene dibromide 
using a hydrostatic balance. Values between 2.75 
and 2.78 were furnished, with a frequency mean 
of 2.777 g/icm’, 

A look at table 3, which compares the con- 
stants for Swat Valley emeralds with those re- 
ported for emeralds from other sources, confirms 
that the refractive index, birefringence, and den- 
sity of the Swat Valley stones are unusually high 
for emerald. Since these property values appear to 
be diagnostic, they should be useful for separating 
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these stones from other emeralds. However, the 
other optical properties provided in table 2 and 
discussed below are typical of emeralds from other 
deposits as well. 

The dichroism is distinct, yet not intense, 
and alternates between bluish green parallel to 
the c-axis and yellowish green parallel to the 
a-aXxes. 

On the whole, the absorption spectrum con- 
tains normal chromium absorption lines in the 
red region at 683, 680, 662, 646, and 637 nm, as 
well as expected iron absorption lines in the blue 
region at 477.4 and 472.5 nm (figure 7]. However, 
the unusually high iron content results in an ad- 
ditional absorption feature, namely, a band in the 
blue at 425-430 nm, with absorption maximum 
at 427 nm, which was first reported by Kane 
{1980/81} but with no mention of the provenance 
of the emerald. Since this absorption band was 
consistently present in the Swat Valley emeralds 
tested, it is a welcome additional means of dis- 
tinguishing these stones. 

Swat Valley emeralds glow light red to red un- 
der the Chelsea filter and glow red to orange in 
the Stokes fluoroscope (double filter method). 
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TABLE 2. Physical properties of Swat Valley emeralds. 


Stone Absorption® Stokes fluoroscope 
(ct) RJ. 8.G. (in nm) Chelsea filter (double filter) Inclusions 
0.51 1.598 2.75 683 d Distinct reddish Orange-red Healing cracks, liquid tubes, 
1.591 662 d to pinkish red liquid films, zoned banding 
646 d 
620-590 w 
425-430 d 
1.18 1.597 2.78 683 d Pinkish red to Orange-red to Two-phase inclusions, zoned 
1.590 662 d reddish bright red banding, step-like growth 
646 d lines, liquid droplets 
630-590 w 
425-430.5 s 
1.22 1.595 2.78 683 s Distinct pinkish Distinct reddish Hair-fine, partly hexagonal 
1.588 646 s red to reddish liquid films; jagged growth 
637s defects and two-phase 
662 s inclusions 
630-590 w 
425-430 d 
1.40 1.600 2.78 683 s Pinkish red to Reddish; distinct to Healing cracks with two-phase 
1.593 662 wk reddish; distinct strong inclusions; fine, oriented 
637 d to strong tubelets; color zones and 
630-590 w s zoned banding 
425-430.5 s 
1.60 1.597 2.76 683 s Distinct reddish Distinct reddish Very fine channels; two-phase 
1.590 680 wk inclusions in the basal plane 
662 d 
646-637 s 
625-590 
425-430.5 s 
1.87 1,595 2.77 683 s Distinct pinkish Weak to distinct Two-phase inclusions, jagged 
(cabochon) 680 d red to reddish reddish two-phase inclusions, step-like 
646 d growth edges 
637 d 
630-590 w 
425-430 d 
2.34 1.600 2.76 683 s Distinct reddish Distinct reddish Two-phase inclusions; color 
1.593 662 w to pinkish red banding and zoned structure, 
646 d step-like growth edges 
637 d 
625-590 w 
477.4 wk 
425-430.5 s 


4 Birefringence was 0.007 for all the stones; all showed distinct bluish green to yellowish green 
dichroism, all were inert to long-wave (365 nm) and short-wave (253.7 nm) ultraviolet radiation, and 
opaque to ultraviolet transparency. 

'd = distinct, w = wide, s = strong, wk = weak. 


They do not react to either short- or long-wave 
ultraviolet radiation, while short-wave ultravi- 
olet radiation (253 nm) is completely absorbed. 
The lack of luminescence and the short-wave ab- 
sorption is due to the high iron content. 


Inclusions. Inclusions in these emeralds present 


peculiarities that are primarily useful in enabling 
distinction of these stones from synthetic emer- 
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alds, but in many instances they also indicate 
source. 

To the unaided eye, the filamental inclusions 
in the Swat Valley emeralds studied seem similar 
to the “jardin” of natural emeralds, but the wavy 
liquid “‘feathers’’ somewhat resemble the wispy 
inclusions commonly associated with synthetic 
emeralds. Inexperienced persons could easily mis- 
interpret the entire inclusion scene in Pakistan 
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TABLE 3. Optical constants and densities of emeralds from various deposits.? 


No. of 

Country and deposit Ne Ne Biref. Density samples 
Australia 

Poona 1.572 1.578 0.005-0.007 2.693 3 
Brazil 
Bahia 

Anagé 1.576 1.584 0.008 2.80 i 

Brumado 1.573 1.579 0.005-0.006 2.682 3 

Carnaiba 1.583 1.588 0.006-0.007 2.72 3 

Salininha, Pilao Arcado 1.583 1.589 0.006 2.70 1 
Minas Gerais 

Unspecified localities 1.576 1.581 0.005-0.006 2.76 2 

572 1.578 0.006 2.705 6 

Itabira 1.580 1.589 0.009 2.725 4 
India 

Ajmer 1.585 1.595 0.007 2.735 10 
Colombia 

Burbar 4.569 1.576 0.007 2.704 1 

Chivor 1.570 1.579 0.005-0.006 2.688 12 

Muzo 1.570 1.580 0.005-0.006 2.698 11 
Mozambique 

Morrua (Melela) 1.585 1.593 0.008 2.73 8 
Norway 

Eidsvold 1.590 1.583 0.007 2.759 5 
Austria 

Habachtal 1.584 1.594 0.007 2.734 11 

(1.576) (1.582) (0.006) 

Pakistan 

Mingora 1.588 1.596 0.007 2.777 70 
Zambia 

Miku 1.582 1.589 0.007-0.008 2.738 8 

Kafubu (Bank, 1980) 1.592 1.602 0.010 2.77 1 
Zimbabwe 

Mayfield 1.584 1.590 0.006 2.72 2 

Sandawana 1.584 1.590 0.006 2.75 12 
Tanzania 

Lake Manyara 1.578 1.585 0.006 2.72 20 
Union of South Africa 

Gravelotte (Transvaal) 1.583 1.594 0.006-0.007 2.75 9 
USSR 

Takowaya (Ural, Sverdlovsk) 1.580 1.588 0.006-0.007 2.74 5 
U.S.A. 

North Carolina 1.588 0.007 2.73 j 


1.584 


aThese data have been specially checked by the author for this publication. They represent 


arithmetic medians of the examined specimens. 


emeralds and assume them to be synthetic. The 
microscope, however, reveals some surprises: fil- 
amental inclusions that have not been observed 
before in other natural emeralds (figure 8). 
Remarkable, yet bewildering, are those inclu- 
sions that are so familiar to the gemologist who 
has had experience with Colombian emeralds, es- 
pecially those from Muzo. Specifically, euhedrons 
of calcite and dolomite (figure 9} and jagged in- 
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clusions oriented parallel to the c-axis have been 
observed in the Pakistan stones. Here, as in Muzo, 
the jagged inclusions represent natural primary 
syngenetic growth defects which trapped part of 
the hydrothermal solution during crystal growth. 
If such solution is chemically pure, then upon 
condensation as a result of lowering temperature 
and pressure, these inclusions become two-phase, 
liquid and gas (figure 10). However, if the solution 
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Figure 7. Absorption curve of Pakistan emerald 
plotted by a Beckman spectral photometer at 
room temperature. Note the conspicuous 
amplitude between 425 and 430 nm. 


is not pure, perhaps saline, then a third phase may 
appear, a solid in the form of a minute crystal. 
Only one such three-phase inclusion was ob- 
served among the Pakistan emeralds examined. 
These jagged two- and three-phase inclusions are 
oriented parallel to the c-axis, but isolated fine, 
wispy two-phase inclusions also occur oriented in 
other directions. 

Fine growth tubes, also two-phase (figure 11], 
often arise from tiny crystalline obstacles. These 
tend to accumulate in the direction of the c-axis 
and sometimes form such dense masses that a 
cat’s-eye effect would result if the emerald were 
cut en cabochon. 

Considerably different in appearance are in- 
clusions that have settled into former cleavage 
planes parallel to the basal crystal planes or in 
_ fractures. One type forms very thin films, in part 
two-phase, the outlines of which are usually ir- 
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Figure 8. General view of characteristic 
inclusion suite of Pakistan emerald consisting 
mainly of primary and pseudosecondaty two- 
phase inclusions. Magnified 20x. 


Figure 9. Small group of well-shaped dolomite 
rthombohedra representing an essential element 
of the internal paragenesis of Pakistan emerald. 
Magnified 50x. 


Figure 10. Typical jagged, two-phase inclusions 
with prominent vapor bubbles form 

another peculiarity of Pakistan emeralds. 
Magnified 100*x. 


ot 
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Figure 11. Hair-fine primary growth tubes in 
parallel alignment to the c-axis of Pakistan 
emerald. Magnified 50x. 


Figure 13. Partially healed fracture with tell- 
tale pattern of pseudosecondary liquid 
inclusions. Magnified 40x. 


regular but occasionally form hexagonal contours 
(figure 12}. Slight differences in thickness give 
rise to various interference colors in which the 
gas libellae appear in complementary color to the 
enclosing liquid. 

Distinct from these film-like inclusions, which 
are absolutely diagnostic for beryl from several 
localities, are the drops of solution that remain in 
partly healed fractures and that usually form 
rounded, hose-like, elongated or amoeba-like two- 
phase inclusions with easily visible libellae. They 
form webs over flat planes parallel to the basal 
plane or follow irregularly curved surfaces (figure 
13} conforming to the course of former cracks. 
Directional forces during the healing of such 
cracks must have had an influence because, in- 
terestingly enough, the droplets show not only 
irregular, but also long drawn-out, hose-like forms 
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Figure 12, Ultra-thin liquid films displaying 
interference colors when illuminated vertically. 
Magnified 50x. 


Figure 14. Step-like growth marks constitute an 
additional “birthmark” of Pakistan emeralds. 
Magnified 40x. 


that closely parallel the three crystallographic di- 
rections. Despite this parallelism, they do not lie 
along former prism faces or follow the c-axis. 
They differ, too, in form and arrangement, from 
the jagged or tube-like growth defects of primary 
origin, but betray a striking similarity to the anal- 
ogous pseudo-secondary syngenetic liquid inclu- 
sions of the healing cracks in Colombian emer- 
alds. Certainly, the close resemblance of the 
inclusions in Pakistan emeralds to those in Co- 
lombian emeralds is obvious, and points to sim- 
ilarities in the hydrothermal growth environ- 
ment. In fact, the inclusion suites in Pakistan 
emeralds as a whole are unmistakably distinct 
from those in emeralds of pneumatolytic origin, 
formed by contact-metamorphic reactions be- 
tween granitic pegmatites and chromium-bearing 
metamorphic rocks. 
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In addition to the internal features just de- 
scribed, which are indeed true inclusions, zoned 
color-banding, similar to that seen in Gachala 
emeralds, and angular accretion steps (figure 14} 
are often observed. Occasionally, isolated guest 
minerals mark the sparse internal paragenesis, 
but these could not be identified either by X-ray 
or by electron microprobe analyses. 


PART II 
HUNZA VALLEY CORUNDUM 
AND SPINEL 


Corundum and spinel crystals, many of gem qual- 
ity, occur in marble outcropping along the flanks 
of the Karakoram Range, whose peaks tower above 
the valley in a remote far-north corner of Paki- 
stan. The highest peak over the Hunza Valley is 
Rakaposhi, at 7,800 m (25,551 ft} above sea level; 
the highest peak in the entire range is the famous 
K2, 8,600 m (28,253 ft] above sea level. Little is 
known about the discovery of this deposit, but it 
can be assumed that the local inhabitants, as well 
as the Mir who once governed the valley, must 
have been aware of these gemstones, which con- 
trast so strikingly with the pale marble that en- 
closes them. Until the construction of the Kara- 
koram Highway in the early 1970s, the valley was 
so isolated that neither the gemstones nor know!l- 


Figure 15. Lower part of the 
Hunza Valley, the source 
recently of many fine 
corundum and spinel 
crystals, in the far north 
corner of Pakistan. Note the 
terraced fields along the 
slopes. Mt. Rakaposhi, the 
highest mountain in the 
valley (25,551 ft), towers 
over all, 
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edge of their existence reached the outside. With 
the new highway, however, tourists began to visit 
the valley and bring out specimens of ruby. These 
were first examined and introduced to gemolo- 
gists by Okrusch et al. (1976). 

The marble outcrops are readily visible from 
the valley floor (figure 16) and easily accessible. 
They occur below the Mutschual and Shispar gla- 
ciers in the district around the villages of Altiabad 


Figure 16. View down the Hunza Valley, taken 
a few kilometers above Karimabad to show the 
light-colored marble beds intercalated in the 
metamorphic country rocks. 


Fall 1982-133 


GEMS & GEMOLOGY 


sea level 


~—-— Faults 


Figure 17. Geologic cross- 
section showing the 
intercalation of layers of 
dolomitic marbles within 
meta-sediments (garnet- 
bearing mica schists and 
biotite-plagioclase- 
gneisses) in the 
neighborhood of 
Karimabad. After a field 
sketch by A.H. Kazmi. L__ 
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and Karimabad, previously named Hunza and Bal- 
tit, respectively. Only some of the outcrops are 
presently exploited; the highest is along the 
southernmost tip of the Shispar glacier, another 
is on a steep mountainside above a large talus 
slope near Altiabad, and two others are on either 
side of the bridge behind Karimabad. One of the 
latter outcrops actually crosses the road, while 
the other is high above the right bank of the 
Hunza River in an almost vertical rock face. 


GEOLOGY 


According to Okrusch et al. (1976), the corun- 
dum-bearing marble forms massive, concordant 
intercalations usually 1-5 m thick (although some 
go up to 10 m) within garnetiferous mica schists 
and biotite-plagioclase gneisses. The schists are 
cut by discordant pegmatite and aplite dikes (fig- 
ure 17). The series of rocks belongs to the central 
crystalline zone of the northwestern Karakoram 
{Gansser, 1964) and is identical to Zone III of 
Schneider (1959}, namely, a variegated sequence 
of coarse-grained marbles, carbonate-garnet am- 
phibolites, garnet-biotite gneisses, and quartzites. 
To the north, this sequence is replaced, without 
sharp boundaries, by biotitic “old gneisses” which 
merge gradually into the central granite-grano- 
diorite core of the Karakoram (Zone IV). 

The emplacement of these syntectonic intru- 
sions and the simultaneous migmatization of the 
“old gneisses” took place, according to Schneider 
(1959), at the beginning of the Tertiary and was 
followed by strong tectonic movements of pre- 
dominantly vertical tendency. Not affected by 
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these deformations are discordant dikes of lam- 
prophyre and quartz trachyte as well as stocks of 
granite which cut through Zones III and IV. 

The coarse-grained marbles originally con- 
sisted of dolomitic calcite sediments metamor- 
phosed by numerous intrusions of granite, aplite, 
and pegmatite in the Eocene. Geologically, the 
deposits in the Hunza Valley are very similar to 
those in Burma. The gem-bearing marble is com- 
posed of small to large calcite crystals and is 
snow-white, grayish (bituminous}, or yellowish 
(sideritic). The gemstones found within the mar- 
ble are, according to Okrusch et al. (1976), the re- 
sult of a special metamorphic concentration pro- 
cess that took place at temperatures of about 
600°C and pressure of 7 kb. 

The mineralogy of the deposits is fairly sim- 
ple. The corundum occurs as fair- to well-formed 
crystals ranging from pale to deep blue, and from 
pink to a fine ruby red (figure 18). Accompanying 
the corundum are euhedrons of spinel, which are 
much less abundant here than in the Burma mar- 
ble. In some places, phlogopite occurs as single 
crystals or as nest-like concentrations of massed 
layers that are several millimeters thick. Other 
associates include amphibole, chlorite, margarite, 
and muscovite. Large crystals of pyrite also occur, 
but only in the marble on the right bank of the 
Hunza River; pyrite is entirely absent in the mar- 
ble of the opposite bank. A greenish, scaley min- 
eral that often forms the base between the ruby 
crystals and the enclosing marble, or sometimes 
enfolds lower parts of the ruby crystals, has been 
determined by X-ray analysis to be muscovite and 
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he 
Figure 18. Beautiful group of ruby crystals on 
white marble from Pakistan. Note the mauve- 


colored spinel on the left side behind the ruby. 
The largest crystal is 1 cm high. 


not fuchsite. It contains minute traces of chro- 
mium and vanadium. A detailed description of 
the mineral parageneses can be found in Okrusch 
et al. (1976, p. 74]. The appearance of the host 
rock is shown in the thin-section photomicro- 
graph of figure 19. 


MINING 


The gem-bearing marble is mined in a primitive 
fashion; the rock is broken up with hammers, 
hand picks, pneumatic drills, or dynamiting. In a 
few sites, branching adits have been started into 
the rock. The marble is then broken up into 
smaller pieces and the gemmy crystals separated, 
while those that are obviously unfit for cutting 
are often left in matrix and sold as mineral spec- 
imens, As is common in so many minerals, the 
smaller crystals tend to be sharper and multi- 
faced, while those that are larger display fewer 
faces and are generally less well formed. 


PROPERTIES OF 

HUNZA VALLEY CORUNDUM 

Color. Ruby is more common than corundum ex- 
hibiting blue or violet hues. Most of the red crys- 
tals are opaque to translucent, penetrated by nu- 
merous fractures, and often marred by large 
patches of calcite (a characteristic common in the 
material from Mogok as well). The best that can 
be done with such crystals is to cut them as ca- 
bochons. However, even these specimens may be 
remarkable for their pigeon-blood hue or for a 
gamut of tints that range from pale pink to the 
finest carmine. The best medium hue can be com- 
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Figure 19. Thin section of corundum-bearing 
marble. The strong interference colors represent 
ruby; the striped grains, calcite; the white 
grain partly enclosed by ruby, apatite; and the 
black spots are pyrite surrounded by ruby. 
Magnified 50x. 


pared with colors 9:5:3 and the corresponding val- 
ues of X, 22.5; Y, 13.5; and Z, 9.7 on DIN Color 
Chart 6164. 

Other hues that commonly occur can be com- 
pared as follows: pink sapphire (11:2:2 = X, 42.6; 
Y, 33.4; Z, 45.7), purple sapphire (11:4:4 = X, 
17.7; Y. 11.1; Z, 19.9], and violet sapphire (11:4:5 
= X, 11.6; Y, 7.3; Ze 13.0). 


Chemical Analysis. Because of the intense color 
of the rubies, a microprobe analysis of trace ele- 
ments was deemed advisable. The results are 
shown in table 4 along with comparative analyses 
of rubies from other sources. 

As can be seen, the rubies are relatively pure 
corundum with contents of 97.4% to 99% Al,Os. 
Their magnificent color is due to the variable Cr 
content, which ranges from 0.15% to 0.81%. 
Other transition elements detected are FeO 
{0.01% -0.35%}, MgO (0.023% -0.13%) and V.O; 
(0.02% -0.058% }, but these quantities are so small 
that they have no real influence on color. 


Optical Properties. With the Dialdex refractom- 
eter, the following mean values were established: 
n,. = 1.762 and n,, = 1.770. na(biref.} = 0.008. 

Similar values were found in other hues of co- 
rundum from the Hunza Valley and match fairly 
closely the values established for corundum from 
other sources. Important pairs of dichroic hues 
are given in table 5. 

The absorption spectrum is normal for corun- 
dum, with absorption lines noted at 694.2 nm and 
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SB EP ES BT A ETN 5 ge EE NN EE LE a SE ES ES 
TABLE 4. Chemical analyses, given in weight percentages, of rubies from various deposits. 


Hunza Burma Sri Lanka Thailand 
Oxide lke ae 3 4a 54 6 fe 8° ge 10° fate 
SiO. 0.29 0.137 0.542 
TiO, 0.03 0.0 0.02 
Al,O3 99.0 97.4 98.8 97.5 
Cr,0, 0.81 0.14-0.17 1530 0,945 1.81 0.07 0.1 0.02 0.10 0.2 0.6 
V2O4 0.02 0.032 0.058 0.002 
FeO, 0.03 0.01 0.015 0.025 0.03 0.04 0.01 0.07 0.1 0.35 
FeO 0.22 
MgO 0.0 0.13 0.023 0.023 
CaO 0.0 0.02 
MnO 0.02 
NiO 0.01 
Na,O 0.0 0.04 
K,0 0.0 


aStone 1 was analyzed especially for the author by M. Weibel (Professor Doctor at the Federal Institute of 
Crystallography and Petrology, Zurich, Switzerland). Blank spaces throughout the table are presumed to 


mean zero weight percent. 

>Analysis by Okrusch et al. (1976). 
°Analysis by Meyer and Gtibelin (1987). 
dAnalysis by Alexander (1948), 
*Analysis by Harder (1969). 


692.8 nm commonly as glowing emission lines, 
at 668 nm and 659 nm in the red region, and at 
476.5, 475, and 468.5 nm in the blue. In the pink, 
lilac, and violet varieties, the iron absorption lines 
are absent and the twin chromium absorption 
lines usually appear in the red end of the spec- 
trum as very fine emission lines. This shows that 
chromium, although present in lesser quantities, 
still acts as a coloring agent in the paler red and 
blue-tinted corundums. 

In terms of luminescence, the behavior is con- 
sistent with corundum from other localities; that 
is, the red and red-tinted (pink, lilac, and violet) 
varieties reveal different quantities of chromium 
by glowing red in varying strength when exposed 
to short-wave ultraviolet radiation. For example, 
ruby glows cyclamen-red at 253.7 nm and red at 
365 nm, while the lilac to violet varieties show 
a dull violet luminescence at 253.7 nm, and glow 
intense red at 365 nm. Phosphorescence was not 
found under ultraviolet or X-radiation. 


Density. There is little difference in density ac- 
cording to color variety; the value of clean ma- 
terial is 3.995 + 0.005 variation. As may be ex- 
pected, the margin of variation will increase with 
the amount of inclusions in the stone. 


Inclusions, The distinguishing features of Hunza 
Valley corundum lie not in their optical proper- 
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TABLE 5. Dichroism in corundum from the Hunza Valley. 


Parallel Perpendicular 
Variety toc toc 
Red corundum, Purplish red Orange-red 
ruby 
Pink sapphire Pale cyclamen- Pale yellow 
red 
Purple sapphire Purple Deep cyclamen- 
red 
Violet sapphire Purple Lilac 


ties and density but rather in their internal para- 
genesis. Most of the Hunza Valley rubies are tur- 
bid; internally they display numerous cracks, 
parting planes, polysynthetic twin-planes, and ir- 
regular swirl marks similar to those seen in Bur- 
mese specimens. Among the solid inclusions that 
have also been noted, however, are some that may 
be considered typical and distinctive for this 
locality. 

The most common solid inclusion is calcite 
(figure 20), which usually occurs as medium to 
large irregular masses that often occupy large areas 
of the host. They are sometimes so large that they 
can be readily recognized by the unaided eye. In 
some specimens, the calcite forms euhedral crys- _ 
tals in which the rhombohedral twinning is ap- 
parent. Dolomite, which is also seen, tends to 
form resorbed crystals. 
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Figure 20. Calcite crystal in a Hunza ruby. 
Magnified 50x. 


Phlogopite is only a little less abundant than 
calcite and appears as widely scattered to thickly 
massed concentrations of red-brown flakes (figure 
21). Margarite and chlorite are rarer, and can be 
distinguished from the phlogopite by appearance, 
the margarite forming feather-like inclusions 
while the chlorite is distinctly green. Pyrite, 
sometimes altered to goethite, may also be pres- 
ent as may be pyrrhotite, rutile, apatite, and spi- 
nel. All of these are recognizable because of being 
well-developed crystals (figure 22}. However, ru- 
tile “silk” was not found in any of the specimens 
examined, 


PROPERTIES OF 

HUNZA VALLEY SPINEL 

As in Burma, spinel accompanies the corundum, 
but the ratio of spinel to corundum is much 
smaller in Pakistan (1:10) than in Burma (5:1). 
However, the Hunza spinels, which occur in var- 
ious colors, surpass the corundum crystals in size; 
some measure 5 cm or more in diameter. Further- 
more, they are often beautifully euhedral (see fig- 
ure 2,3). 


Color. In many crystals, a high degree of clarity 
is noted, some being perfectly clear and suitable 
for faceting. Predominant colors are red, brownish 
red, plum-red, lilac, violet, and blue. Because the 
author was able to purchase only plum-red cut 
gems and to select other color varieties only in 
the form of crystals or as fragments, the following 
data were largely determined on the plum-red va- 
riety (figure 24). Data on the other color varieties, 
however, appear in Okrusch et al. {1976}. 

The color of the plum-red material is compa- 
rable to shades 10:2:4 to 10:2:5 on DIN Color 
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Figure 21. Flakes of phlogopite and an angular 
crystal of pyrite are indicative of rubies from 
the Hunza Valley. Magnified 20x. 


Figure 22. Distinctly shaped, hexagonal crystal 
of apatite in a Hunza Valley ruby. Magnified 
20x. 


Chart 6164, with corresponding values of: X, 19.8, 
12.8, and 12.9, Y, 15.4 and 10.1; Z, 16.7 and 10.9. 


Chemical Analysis. A pale red fragment and a 
plum-red cut gem were examined on the electron 
microprobe and found to contain the principal 
components Al,O; and MgO in normal propor- 
tions. As shown in table 6, trace elements are 
present in usual quantities, although the varia- 
tions in amount from one stone to the next lend 
themselves to some interesting conclusions about 
the influence of the specific trace elements on the 
color of the stone. 

For example, the reddish specimens are influ- 
enced in color by the presence of chromium or 
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Figure 23. Attractive group of red spinel 


crystals from the Hunza Valley on white 
calcite marble. The largest crystal is 1 cm high. 


chromium plus iron, while iron appears to be 
mainly responsible for the blue in no. 5. It is pos- 
sible that vanadium exerts some influence on 
color in the plum-red material, but unfortunately 
this element was not determined in specimens 3, 
4, and 5. 


Optical Properties. A Topcon refractometer was 
used to measure refractive indices, providing a 
range of values from 1.715 to 1.720, with a fre- 
quency mean of 1.716. 

Of the brightly glowing emission lines com- 
mon to spinel, only the strongest, at 685.5 nm, 
appeared in the plum-red spinel, as an ultra-fine 
line. When the stone was rotated, this line proved 
elusive, disappearing and reappearing alternately 


Figure 24. Two idiomorphic crystals of plum- 
colored spinel protrude from white calcite 
marble from the Hunza Valley. The larger 
crystal is 8 mm high. 


as emission line and absorption line according to 
the position of the facets in the light source. On 
the other hand, the pale red fragments produced 
three emission lines in the red region, at 685.5, 
684, and 675 nm. 

The pale red spinel glowed clear pink when 
exposed to either short-wave or long-wave ultra- 
violet radiation, but the plum-red specimen 
showed no reaction to short-wave ultraviolet ra- 
diation and glowed only a dull red to long-wave 
ultraviolet radiation. 


Density. Varying according to the refractive in- 
dices of the stone, measured values fell in the 
range 3.585 to 3.614, the mean being 3.599, 


TABLE 6. Chemical analyses, given in weight percentages, of spinels from 


the Hunza Valley. 


Plum-red Pale red Wine red Grayish red- — Cornflower 
spinel spinel spinel violet spinel — blue spinel 
Oxide 18 2a an 4e 5° 
Al,O3 72 72 71 72.18 72.04 
MgO 27 28 27.67 28.21 25.66 
Cr,03 0.10 0.25 0.41 0.09 0.19 
V2O3 0.25 0.4 n.d n.d. n.d 
FeO 0.7 0.15 0.39 0.48 1.88 
MnO <0.01 <0.01 0.02 <0.01 0.00 
TiO, <0.01 0.02 <0.01 <0.01 0.00 


aStones 1 and 2 were analyzed especially for the author by M. Weibel (Professor Doctor at 
the Federal Institute for Crystallography and Petrology, Ztirich, Switzerland). 
»Stones 3-5 were analyzed by Okrusch et al. (1976). 
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Figure 25. Strongly resorbed and etched 
fragment of dolomite characterizes the interior 
of a plum-colored spinel from the Hunza 
Valley. Magnified 35x. 


Inclusions. Spinel crystals of various colors were 
observed in thin section under the microscope. 
Large prismatic crystal inclusions of a green am- 
phibole were recognized, as were fine, needle-like 
rutile inclusions. The amphibole, which also ap- 
pears as a macroscopic companion to corundum, 
spinel, and pyrite, showed weak pleochroism and 
extinguished obliquely between crossed _polar- 
oids. The rutile, which consistently settled epi- 
taxially on the octahedron faces, distinguished 
itself by straight extinction. Growth and inter- 
growth of calcite and dolomite are also common 
and look exactly the same as in corundum. Sur- 
prisingly, the plum-red cut spinels of gem quality 
showed a totally distinct inclusion suite. Such 
stones were either absolutely clean or they con- 
tained idiomorphic euhedral or resorbed crystals 
of either dolomite (figure 25} or Ca-apatite, sim- 
ilar to those commonly observed in spinels from 
Sri Lanka (Zwaan, 1972; Gtibelin, 1973). 

Unlike Okrusch et al. {1976}, the author could 
not find tourmalines in the Hunza Valley. Apart 
from this, he collected some samples of an em- 
erald-green mineral described as chrome-diopside 
by the members of the Gemstone Corporation 
of Pakistan who accompanied him. However, a 
qualitative analysis with the electron microprobe 
showed this mineral to be pargasite. 


CONCLUSION 


While most of the larger specimens of emerald, 
ruby, and spinel described in this report are heav- 
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ily included and therefore suitable only for cutting 
as cabochons, the majority of the smaller speci- 
mens are devoid of inclusions visible to the naked 
eye and consequently lend themselves well to fac- 
eting. Many samples are of such high quality that 
the Swat Valley emeralds readily vie with the fin- 
est Muzo emeralds and the Hunza Valley rubies 
compare favorably with the best Burma rubies. 

Both the Hunza and Swat valleys qualify as 
areas of remarkable gem occurrences with con- 
siderable commercial potential. The current ef- 
forts of the Gemstone Corporation of Pakistan to 
provide continuity in the mining and marketing 
of this material offer great promise for the future 
importance of these localities. 
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THE GEMOLOGICAL PROPERTIES 
OF CHATHAM FLUX-GROWN 
SYNTHETIC ORANGE SAPPHIRE 
AND SYNTHETIC BLUE SAPPHIRE 


By Robert E. Kane 


Recent rumors in the trade and inquiries 
to the various offices of GIA’s Gem 
Trade Laboratory, {nc., concerning the 
commercial availability of faceted flux- 
grown synthetic blue sapphires prompted 
the writing of this article. Blue as well as 
orange flux-grown synthetic sapphires are 
now commercially available from 
Chatham Created Gems, Inc., in limited 
quantities as rough crystal groups and 
single crystals; they have not yet been 
marketed as faceted gems. In this article, 
the author examines the gemological 
properties of Chatham flux-grown 
synthetic orange sapphires and blue 
sapphires. 
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he synthesis of transparent corundum in virtually 

every color known to occur in natural corundum has 
been accomplished by the Verneuil technique (also known 
as the flame-fusion process) and successfully marketed 
since the early 1900s (Nassau, 1982). Synthetic ruby man- 
ufactured by other methods, including the flux process, 
has also been commercially available for many years 
now. The synthesis of flux-grown blue sapphire, however, 
was first accomplished only eight years ago, by Chatham 
Created Gems, Inc., and has not yet reached the same 
level of sophistication as flux-grown synthetic ruby. 
Because of problems with synthesis, flux-grown blue sap- 
phire to date has been marketed in the trade only on a 
small scale, in the form of rough crystal groups and single 
crystals. Flux-grown blue sapphires have not been sold 
as faceted gemstones by the Chatham firm (Thomas 
Chatham, personal communication, 1982), although a 
few stones reportedly have been cut by purchasers of the 
rough and may be seen, though very rarely, by the 
gemologist. 

Recently, Chatham was successful in synthesizing 
orange sapphire by the flux method. This material, too, 
is being sold only as crystal groups or as an occasional 
single crystal (Thomas Chatham, personal communica- 
tion, 1982}. Although we know of the synthesis of flux- 
grown orange sapphire, and other colors, by J. P. Remeika 
in the early 1960s (Nassau, personal communication, 
1982), these samples were grown for industrial use only. 

The purpose of this article is to present the gemolog- 
ical properties of the Chatham flux-grown synthetic 
orange and synthetic blue sapphires, as well as means of 
distinguishing these synthetics from their natural coun- 
terparts. The author’s intent is to provide the gemologist 
with the information necessary to conclusively identify 
flux-grown synthetic orange and synthetic blue sapphires 
should they become widely available commercially as cut 
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stones. The author conducted this study with 
31 Chatham flux-grown orange sapphire crystal 
groups and single crystals (ranging in weight from 
3 to 40 ct} and with 18 Chatham flux-grown blue 
sapphire crystal groups and single crystals (rang- 
ing in weight from 7 to 55 ct), several hundred 
flux-grown blue sapphire single crystals (weigh- 
ing from 1 to 2. ct each), and 11 faceted flux-grown 
blue sapphires (weighing from 0.37 to 2 ct each}. 
Sample material is illustrated in figure 1, includ- 
ing a Chatham flux orange sapphire faceted by 
Bill Kerr of GIA for this study. 


DIFFICULTIES OF SYNTHESIZING 
FLUX-GROWN ORANGE SAPPHIRE 

AND BLUE SAPPHIRE 

Even though Chatham has not perfected the syn- 
thesis of blue sapphire by the flux method after 
nearly eight years of working on this project, they 
have had much greater success with the synthetic 
blue sapphire than they did with flux-grown ruby 
in the early years of its synthesis (Thomas 
Chatham, personal communication, 1982). Sev- 
eral different manufacturers have commercially 
synthesized ruby by the flux technique since the 
late 1950s; however, many years of experimen- 
tation were required to bring synthetic flux mby 
to the state that we know it today. 

The major difficulties encountered in the 
manufacture of the orange and blue varieties of 
flux-grown synthetic corundum derive from the 
fact that addition of slight amounts of the color- 
ing agent impurities needed to create such colors 
causes disturbances in crystal growth. Each vari- 
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Figure 1. Exceptional 
examples of Chatham 

| flux-grown synthetic 
orange sapphire (rough 
crystal group, 39.86 ct; 
faceted stone, 1.32 ct) and 
flux-grown synthetic blue 
sapphire (rough crystal 
group, 11.59 ct; faceted 
stone, 0.39 ct). 


ety has a unique set of problems. For example, the 
addition of iron and titanium to grow blue sap- 
phire by the flux method causes extreme color 
zoning. Chatham states that they have attempted 
to alleviate color zoning by trying to control the 
speed and direction of crystal growth, which is 
directly related to the clarity of the material. This 
often results in many of the crystals being heavily 
included. At this time, Chatham has not solved 
all of the problems with the synthesis of flux blue 
sapphire. They currently are concentrating their 
efforts on eliminating the disruptions in the crys- 
tal structure to improve clarity. 

Chatham states that they first synthesized 
orange sapphire by the flux method in 1981. As 
with the synthetic blue sapphire, Chatham pres- 
ently sells only limited quantities of the orange 
material and only as rough crystal groups. 


GEMOLOGICAL CHARACTERISTICS OF 
FLUX-GROWN SYNTHETIC ORANGE 
SAPPHIRE AND BLUE SAPPHIRE 

Even though Chatham has been experimenting 
with the flux growth of synthetic blue sapphire 
since 1974, very little descriptive information 
concerning this synthetic has been published in 
the gemological literature, with the exception of 
some brief observations presented by Scarratt 
(1977) and Koivula {1981a). The following discus- 
sion examines in detail the gemological charac- 
teristics of the Chatham flux-grown orange sap- 
phires and blue sapphires. These characteristics, 
many of which are the same for both colors, are 
summarized in table 1. 
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TABLE 1. The gemological properties of Chatham fiux-grown synthetic orange sapphires and synthetic blue sapphires. 


Chatham Luminescence 
flux-grown Refractive 
synthetic index and Long-wave U.V. — Short-wave ULV. Absorption Specific 
sapphire birefringence  Pleochroism radiation radiation X-rays spectrum gravity Inclusions 
Orange 1.762-1.770 Strong pink- Variable: intensity Intensity ranges Variable: in- Absorption 4.00 + 0.003? Various forms of 
0.008 orange and ranges from from very weak to tensity ranges lines at 475, flux; platinum; 
brownish strong to very weak: same flu: from strong to 476.5, 468.5, dense, white, cloud- 
yellow. strong; overall flu- orescent colors as very strong in 659.2, 668, like areas; 
orescent color long-wave. most cases, 692.8 and transparent crystals; 
ranges from or- with some 694.2 nm, and fractures; healed 
angy red through areas being in- broad absorp- fractures; color 
reddish orange to ert to very tion blocking zoning. 
yellowish orange, weak; overall out all of the 
with zones of fluorescent violet and 
chalky yellow. color ranges some of the 
from reddish blue, all of the 
orange to green and yel- 
orange, may low, and a 
exhibit zoned small area in 
areas of chalky the orange 
yellow. No portion of the 
phospho- visible spec- 
rescence. trum. Not 
diagnostic. 
Blue 1.762-1.770 Strong violet- Variable: uneven Variable: uneven Variable: un- Weak diffused 4.00 + 0.03? Various forms of 
0.008 ish blue and reaction, inert to reaction, inertto even reaction, band centered flux; platinum; 
greenish very strong; flu- strong. The fol- inert to mod- at 451.5 nm. dense, white, cloud- 
blue. orescent colors —_ lowing fluores- erate; overall Not diagnostic. like areas; 


patchy, ranging 


cent colors may 


fluorescent 


transparent crystais; 


from chalky be observed: color fairly fractures; healed 
greenish yellow to chalky greenish consistent fractures; various 
chalky reddish yellow, dull yel- chalky yellow- forms of color 
orange to yellow- lowish green, dull ish white. No zoning; thin, white- 
ish-brownish chalky greenish phospho- appearing needles. 
green to sulfur white, chalky red- rescence. 


yellow. 


dish orange, and 
strong yellow. 


aCrystal groups with applied ceramic glaze are often lower, near 3.85. Platinum inclusions in crystals without applied ceramic glaze may raise S.G. 


above 4.03. 


Visual Appearance. As the Chatham synthetic 
sapphire crystals are examined with the unaided 
eye, several observations can be made on both 
varieties. Color, transparency, and clarity are the 
most obvious properties noted, although other 
unusual characteristics also come to light. 

With regard to color, the overall hue of the 
flux-grown orange sapphires varies from orange to 
reddish orange in moderate to vivid saturation. 
Color zoning is often seen within the individual 
crystal groups and single crystals. There are areas 
of yellowish orange, orangy yellow, pinkish 
orange, and orangy pink. 

Strong color zoning is evident in nearly all of 
the flux-grown blue sapphire crystals. The zones 
range from near colorless through light blue and 
medium blue to extremely dark blue (almost 
black]. Many of the crystals have heavily included 
areas that appear white to the unaided eye. In 
some of the crystal groups, some small crystals 
will be nearly colorless and others will be zoned 
with areas that are near colorless or differing 
shades of blue. 

With regard to transparency and clarity, both 
the orange and the blue flux-grown synthetic sap- 
phires range from transparent to translucent, often 
within the same crystal. Some blue crystals were 
opaque. The translucency in both is due to the 
many areas that are heavily included. The opacity 
in the blue crystals results from the dark, almost 
black, color. The clarity to the unaided eye ranges 
from areas that appear to be free from inclusions 
(except color zoning} to areas that are very heavily 
included. 

Further examination with the unaided eye re- 
veals a transparent, near-colorless glossy coating 
on the backs of many of the crystal groups. This 
is most evident at crystal junctures, where the 
coating has accumulated. When a pen light is 
used for horizontal illumination, gas bubbles may 
be observed in the coating. 

Microscopic examination confirms the pres- 
ence of a coating and the occurrence of many 
spherical gas bubbles at some of the crystal junc- 
tions (figure 2). Chatham states that a liquid sil- 
ica-based ceramic glaze is applied to the backs of 
the crystal groups and the crystals fired in a kiln 
at 1000°C. This practice was started several years 
ago on some synthetic ruby crystal groups to 
strengthen those that were thin and fragile. 
Chatham now routinely applies a ceramic glaze 
to all of the synthetic orange and blue sapphire 
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Figure 2. Dense concentration of spherical gas 
bubbles in the silica-based ceramic glaze 
applied to the back of this Chatham flux- 
grown synthetic orange sapphire crystal group. 
Oblique illumination accentuates the 
termination of the glaze near the edge of the 
crystal group. Magnified 10x. 


and synthetic ruby crystal groups that they mar- 
ket. Chatham does not, however, put this ceramic 
glaze on single crystals (Thomas Chatham, per- 
sonal communication, 1982). 

Further examination with the microscope 
confirms that the ceramic glaze is found mostly 
on the backs of the crystal groups; occasionally, 
however, it is seen on the sides. The glaze often 
seeps between crystal faces and into surface frac- 
tures, where spherical and elongated flat gas bub- 
bles may form. These bubbles may look like in- 
clusions within the crystal, but they actually occur 
only between crystal faces or in fractures. In some 
of the thinner crystal groups, such gas bubbles in 
the back are visible from the front. The transpar- 
ent glossy coating appeared to be essentially the 
same on both the orange and the blue crystal 
groups, with the exception that some of the syn- 
thetic blue sapphire crystal groups had glazed 
areas with an opaque, white, burned appearance. 
This is in contrast to the relatively consistent, 
transparent, near-colorless appearance of the coat- 
ing on the synthetic orange crystal groups. 


Refractive Indices and Birefringence. Refractive 
indices were obtained using a GEM Duplex II re- 
fractometer in conjunction with a sodium light 
source. In preparation for testing, one of the flux- 
grown orange single crystals was faceted. This 
faceted stone and the faceted synthetic blue sap- 
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phires were determined to be uniaxial negative 
with a refractive index of w = 1.762 and € = 1.770, 
and a corresponding birefringence of 0.008. 


Pleochroism. A calcite dichroscope was used to 
determine this property. In the flux-grown orange 
sapphires, the dichroic effect was observed as 
strongly distinct colors of pink-orange and brown- 
ish yellow. The synthetic blue sapphires revealed 
dichroism in distinct colors of violetish blue and 
greenish blue. As would be expected, the dichroic 
colors of both the synthetic orange and synthetic 
blue sapphires varied depending on the color of 
the crystal and how much color zoning was pres- 
ent in the area being examined. 


Luminescence. Exposure to long-wave ultraviolet 
radiation of the 31 flux-grown synthetic orange 
sapphire crystals studied revealed variable fluo- 
rescence, from strong to very strong. The overall 
color of the fluorescence ranged from orangy red 
(almost pure red} through reddish orange to yel- 
lowish orange. All of the crystals had an opaque, 
dull appearance. Most of the crystals had zones 
of moderate to strong chalky yellow fluorescence. 
The crystals that were predominantly orange 
seemed to have more yellow fluorescent zoning 
than did the crystals with redder hues. 

The fluorescent chalky yellow zones were ob- 
served on both sides of the flux-grown orange sap- 
phire single crystals and crystal groups. The ce- 
ramic glaze on the crystal groups did not fluoresce 
and did not appear to affect the fluorescence in 
any way. These yellow zones were observed to 
range from being confined to one or two small 
areas to comprising almost 80% of the crystal. 

Exposure of the flux-grown orange sapphires 
to short-wave ultraviolet radiation revealed es- 
sentially the same variable fluorescent reaction. 
The zoning and color of the short-wave ultravi- 
olet fluorescence was the same as the long-wave 
fluorescence. The major difference was the inten- 
sity of the short-wave fluorescence, which ranged 
from very weak to weak. 

Exposure of the flux-grown orange sapphires 
to X-rays also revealed a variable fluorescence. 
The intensity ranged from strong to very strong 
in most cases, with a few crystal groups exhibit- 
ing strong to very strong fluorescence around the 
edges and inert to weak centers. The overall color 
of the X-ray fluorescence ranged from reddish 
orange to orange. Some of the crystal groups and 
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single crystals had zones of moderate chalky yel- 
low X-ray fluorescence that seemed to correspond 
to the chalky yellow zones of long-wave and short- 
wave ultraviolet fluorescence. No visible phos- 
phorescence was observed after X-ray excitation. 

Almost all of the flux-grown synthetic blue 
sapphires exhibited a very patchy, uneven reac- 
tion to long-wave ultraviolet radiation. Some areas 
were inert, while others ranged in intensity from 
very weak to very strong. 

In the material examined by the author, many 
of the extremely dark blue areas were inert; the 
moderately dark blue areas exhibited a very weak, 
dull, yellowish-brownish green; the medium-blue 
to near-colorless areas glowed a weak to strong 
greenish yellow; the colorless and heavily flux- 
included areas fluoresced the same greenish yel- 
low, but much more so than the other areas; some 
of the clean, near-colorless areas fluoresced a weak 
chalky reddish orange; and the whitish, burned 
(coated) areas fluoresced a very strong sulfur yel- 
low. Because of possible optical irregularities and 
unobserved inclusion centers, as well as the ob- 
struction of some areas within the crystal groups, 
these observations of corresponding areas of color 
and fluorescent reactions cannot be considered 
conclusive at this time, but may be viewed as 
good indications of the synthetic nature of the 
material. 

Exposure of the synthetic blue material to 
short-wave ultraviolet radiation also revealed a 
very patchy, uneven reaction. Some areas were 
inert, while others ranged in intensity from very 
weak to strong. The color of the fluorescence var- 
ied widely, with the following hues observed:. 
chalky greenish yellow; dull yellowish green; dull, 
chalky, greenish white; chalky reddish orange; 
strong yellow; and chalky whitish blue (observed 
in several small, near-colorless fragments). 

Exposure of the flux-grown synthetic blue sap- 
phires to X-rays also revealed a patchy reaction. 
Some areas were inert, and others ranged in in- 
tensity from very weak to moderate. The X-ray 
fluorescence was a fairly consistent chalky yel- 
lowish white. There was no visible phosphores- 
cence after exposure to X-rays. 

As Webster noted (1975}, some natural blue 
sapphires will change to a “dirty amber colour” 
when exposed to X-rays. This color change is not 
permanent; the original color returns after about 
3% hours’ exposure to sunlight or even much 
more rapidly when the stone is heated to a tem- 
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Figure 3, Drawings of absorption spectra for (A) 
Chatham flux-grown synthetic orange sapphire 

and (B) Chatham flux-grown synthetic ruby, as 
observed on a direct-vision spectroscope (in Ajat 
room temperature. 


perature of about 230°C. Scarratt (1977) reported 
that when a few Chatham flux-grown blue sap- 
phire crystals were exposed to X-rays, ‘the col- 
orless and some of the pale blue areas photocol- 
oured to varying depths of green or yellow, 
depending on the length of exposure.” He also in- 
dicated that the induced colors were not perma- 
nent. Unfortunately, neither Webster nor Scarratt 
stated the length of exposure time required for the 
X-rays to produce such a color change. The 
Chatham synthetic blue sapphires examined by 
the author displayed no change in color after ex- 
posure to X-rays for 5 to 10 seconds. 


Absorption Spectra. The visible light absorption 
spectra of the 31 synthetic orange sapphire crys- 
tals were examined with the GEM spectroscope 
unit. The observed spectra exhibited essentially 
the same transmission and absorption features as 
the diagnostic absorption spectrum described by 
Liddicoat (1981) for natural and synthetic ruby, 
purple sapphire, and dark “padparadscha”’ sap- 
phire. The absorption features, however, are much 
weaker in the Chatham product. Figure 3 illus- 
trates the absorption spectra for (A) Chatham flux- 
grown orange sapphire and (B) Chatham flux- 


grown ruby as observed in the GEM spectroscope | 


at room temperature. 

The characteristic spectrum for the Chatham 
flux-grown orange sapphire has two major trans- 
mission areas, one in the blue and one in the red. 
Within the blue transmission area are three sharp 
narrow lines: one at 468.5 nm and a very close 
doublet at 475 and 476.5 nm. The line at 475 nm 
is extremely faint and difficult to observe. In the 
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Figure 4, Visible-light spectral transmission 
curves for (A) Chatham flux-grown synthetic 
orange sapphire and {B) Chatham flux-grown 
synthetic ruby, as documented by the 
automatic recording spectrophotometer at 60 K. 


red portion of the visible spectrum is the typical 
chromium absorption that is often associated with 
corundum. There are very faint, narrow lines at 
659.2, nm and 668 nm, along with two stronger, 
yet narrow, lines very closely spaced at 692.8 nm 
and 694.2 nm. 

In addition to these areas, there is a broad ab- 
sorption blocking out all of the violet and some 
of the blue, all of the green and yellow, and a 
small area in the orange portion of the visible 
light spectrum. All of the synthetic orange sap- 
phires exhibited this absorption spectrum. The 
thicker specimens exhibited a stronger spectrum 
than did the thinner crystals. 

Using a modified Zeiss PMQ,; recording spec- 
trophotometer, Stephen Hofer, of GIA’s Depart- 
ment of Research, confirmed this absorption 
spectrum. Figure 4 shows the visible-light spec- 
tral transmission curves for the Chatham flux- 
grown orange sapphire (A} and the flux-grown 
ruby (B}, as documented by the automatic record- 
ing spectrophotoiacter. 

The absence or presence of this spectrum can- 
not be considered diagnostic at this time. Al- 
though orange sapphires are quite rare in nature, 
when they occur in the same color as their 
Chatham synthetic counterpart, they may exhibit 
an absorption spectrum very similar if not iden- 
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Figure 5. Drawings of absorption spectra for (A) 
Chatham flux-grown synthetic blue sapphire, 
(B) natural dark blue sapphire, and (C) 
Verneuil synthetic blue sapphire, as observed 
on a direct-vision spectroscope (in A) at room 
temperature. Absorption spectrum A may be 
observed in some natural medium blue 
sapphires, and absorption spectrum C may be 
observed in light blue unheated natural 
sapphires as well as in medium blue heat- 
treated natural sapphires, 


tical to the one that is characteristic of the 
Chatham product. 

However, they may also show distinct differ- 
ences. The natural color of orange sapphires is 
often attributed to a combination of iron and 
chromium, both of which are also found in the 
Chatham synthetic orange sapphire. If iron only 
appears in the spectrum, it may be observed in 
bands centered near 450, 460, and 470 nm (Lid- 
dicoat, 1981) that will not appear in the Chatham 
synthetic. Natural orange sapphires may also show 
chromium bands only, or perhaps no perceivable 
absorption features at all. These natural, un- 
heated sapphires are often brownish orange, yel- 
lowish orange, or orange, and not reddish orange. 
To complicate matters even further, an orange 
color that may be slightly different (often brown- 
ish orange or yellowish orange) from the color of 
the Chatham flux-grown sapphire may be pro- 
duced in natural sapphires by heat treatment or 
irradiation (Crowningshield and Nassau, 1981). 
These treated stones often will exhibit a feature- 
less visible-light absorption spectrum. 
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Figure 6. Visible-light spectral transmission 
curves for (A) Chatham flux-grown synthetic 
blue sapphire, (B) natural dark blue sapphire, 
and (C) Verneuil synthetic blue sapphire, as 
documented by the automatic recording 
spectrophotometer at 60 K. Some natural 
medium blue sapphires exhibit the same 
visible-light spectral transmission curves as A, 
and some light blue unheated natural sapphires 
and medium blue heat-treated natural 
sapphires may exhibit a lack of absorption 
features as in C; the curve, however, may vary. 


Spectrographic examination of the visible-light 
spectra of the Chatham flux-grown blue sapphires 
also was performed with the GEM spectroscope 
unit. Most of the stones showed a very faint dif- 
fused band slightly above 450 nm. The band was 
quite vague and difficult to see in many of the 
stones. Figure 5 compares the absorption spectra 
for {A} Chatham synthetic blue sapphire, ({B} nat- 
ural dark blue sapphire, and (C} Verneuil syn- 
thetic blue sapphire, as observed on the GEM 
spectroscope unit at room temperature. Again us- 
ing the modified Zeiss PMQ; recording spectro- 
photometer, Hofer confirmed the presence of this 
absorption band and showed it to be centered at 
451.5 nm (figure 6). 

The presence or absence of the 450 nm band 
can no longer be considered diagnostic in and of 
itself. For many years it was accepted that vir- 
tually all natural blue sapphires exhibit an ab- 
sorption band centered at 450 nm that might be 
accompanied by two additional weaker bands 
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centered near 460 and 470 nm {Anderson and 
Payne, 1955). However, the absorption bands in 
the blue portion of the visible spectrum in natural 
blue sapphire are due to iron in the ferric state; 
these bands decrease considerably in intensity 
with the decrease in iron content (Webster, 1975). 
Accordingly, there are natural sapphires that owe 
their color to titanium and iron that will not 
show any 450 nm band when examined with a 
standard hand-held type of spectroscope. There 
are also heat-treated blue natural sapphires, quite 
prevalent in today’s market (Abraham, 1982), that 
will not exhibit the 450 nm band (Crowning- 
shield and Nassau, 1981; Nassau, 1981). 

However, the combination of the 450, 460, 
and 470 nm bands, commonly known as the 450 
complex (Webster, 1975), has not been observed 
in any synthetic blue sapphires as of yet and can 
still be considered diagnostic of natural blue 
sapphires. 


Specific Gravity. The specific gravity values for 
both the orange and the blue flux-grown synthetic 
sapphires were determined by means of the hy- 
drostatic technique, using a Voland diamond bal- 
ance along with the necessary specific gravity at- 
tachments. As would be expected, the applied 
ceramic glaze affected the specific gravity values. 
The lower specific gravity of the ceramic glaze, 
which was determined to be 3.088*, lowered the 
values of some of the glazed crystals from the ex- 
pected values for corundum. The specific gravity 
of the flux-grown orange crystals with the applied 
ceramic glaze varied considerably, from 3.865 to 
3.994. Several single crystals of flux-grown orange 
sapphire, which did not have the applied ceramic 
glaze, showed minor variations in density be- 
tween 3.986 and 4.032 (within the accepted val- 
ues for corundum]. 

The synthetic blue sapphire crystal groups that 
had the applied glaze ranged in value from 3.848 
to 3.987, Faceted material and single crystals that 
did not have the applied glaze showed minor vari- 
ations in density from 3.974 to 4.055. Platinum 
inclusions may increase slightly the specific grav- 
ity of flux-grown synthetic corundum. 


‘The presence of a large number of gas bubbles in the glaze 
will undoubtedly lower the specific gravity of this 
material. 
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Inclusions. As with essentially all other synthetic 
corundum, especially synthetic ruby, the most 
important means of identifying flux-grown syn- 
thetic orange sapphires and blue sapphires is their 
characteristic inclusions. Microscopic examina- 
tion of the Chatham synthetic orange and syn- 
thetic blue sapphire crystals and faceted synthetic 
blue sapphires revealed a wide variety of inclu- 
sions. Most of these can be considered diagnostic 
of synthesis. However, some of the inclusions in 
the flux-grown blue sapphire—for example, very 
thin, white-appearing needles and straight and 
“hexagonal” color banding—could be quite con- 
fusing if used as the sole source of identification. 
If all of the inclusions observed, however, are 
carefully examined and considered in the identi- 
fication, the Chatham flux-grown orange sap- 
phires and blue sapphires should not present any 
great problems for the gemologist. 

Many easily identifiable and diagnostic inclu- 
sions are characteristically found in the orange 
and blue Chatham synthetic sapphires. To date, 
the following inclusions have been observed in 
both: various forms of flux; platinum; dense, 
white, cloud-like areas; transparent crystals, frac- 
tures; healed fractures; and color zoning. Ob- 
served in the synthetic blue sapphire and not in 
the synthetic orange sapphire were thin, white- 
appearing needles. 


Flux. Residual, unmelted flux typical of flux- 
grown synthetics was prevalent tn nearly all of 
the Chatham flux-grown orange and blue sap- 
phires examined. Several forms were observed. 
“Fingerprints” of flux that ranged from transpar- 
ent and near colorless to opaque and white were 
seen in tightly arranged, thin, mesh-like patterns 
and loosely arranged, wide, flat, mesh-like pat- 
terns that frequently intersected one another (fig- 
ure 7}. The opaque, white “fingerprints’’ were 
usually observed in very high relief (figure 8). The 
transparent and near-colorless patterns were often 
observed in very low relief and may be more vis- 
ible at certain viewing angles and lighting con- 
ditions than at others. 

Most characteristic of the flux inclusions were 
white, wispy veils (figure 9), usually very fine in 
texture though occasionally moderately thick, that 
were seen in high relief. In many of the flux- 
grown blue sapphire crystals, the wispy veils were 
in such densely concentrated areas that they ap- 
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Figure 7. Transparent and nearly colorless, 
wide, mesh-like patterns of flux intersected by 
tightly arranged white “fingerprints” of flix in 
a Chatham flux-grown synthetic orange 
sapphire. Magnified 30x. 


Figure 8. ‘Fingerprint’ of white flux observed 
in high relief with straight-sided, angular, 
cloudy white zoning in a Chatham flux-grown 
blue sapphire. Magnified 25x. 


peared very white to the unaided eye. Opaque 
white veils that are not wispy in appearance, but 
are somewhat flat and curved, also were observed 
in both the synthetic orange and synthetic blue 
sapphires. They ranged from fine to moderate in 
texture. What has not been observed in any of the 
flux-grown orange and flux-grown blue sapphires 
are flux veils or “fingerprint” patterns that are as 
thick and globular as the very coarse flux “‘fin- 
gerprints” often thought to be typical of this type 
of synthesis and characteristically seen in some 
Kashan and Chatham synthetic rubies. 

Another type of flux that was observed, al- 
though not as frequently as the ones discussed 
above, occurred as opaque globules that ranged 
from white to yellowish brown and from small to 
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Figure 9. White, wispy veils of flux, fine in 
texture, betray the synthetic origin of this 
Chatham flux-grown blue sapphire. Note the 
thin, white-appearing needle in the upper left 
of this photomicrograph. Magnified 15x. 


extremely large (see figure 10]. They were pres- 
ent as nondescript droplets or in somewhat an- 
gular forms with rounded corners. This type of 
inclusion was found to be more prevalent in the 
blue than in the orange material. 


Platinum. Perhaps as characteristic as the several 
forms of flux inclusions is the presence of plati- 
num. Chatham claims, as do other manufacturers 
of synthetic gemstones (Knischka and Gtibelin, 
1980) that they can control the formation of me- 
tallic inclusions during the growth process. The 
ability to repress or completely eliminate metal- 
lic inclusions is supported by the fact that many 
synthetics contain very few if any of these inclu- 
sions. For example, the Kashan synthetic rubies 
and pink sapphires contain virtually no platinum 
inclusions, although platinum inclusions were 
reported in some of the early material. However, 
platinum inclusions were quite prevalent in all 31 
of the Chatham flux-grown orange sapphire crys- 
tals and in most of the Chatham flux-grown blue 
sapphire crystals and faceted stones that were ex- 
amined. They are extremely diagnostic when 
present. Carol Stockton, of GIA’s Department of 
Research, used the scanning electron micro- 
scope—energy dispersive spectrometer (SEM-EDS} 
system to perform chemical analyses on ran- 
domly selected metallic inclusions in both the 
Chatham flux-grown orange and flux-grown blue 
sapphire, and confirmed their identity as platinum. 

Platinum inclusions may result from the flux 
process. For a substance to occur as an inclusion, 
the constituents of the inclusion must be present 
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Figure 10. Opaque white globules of flix in a 
Chatham flux-grown synthetic orange sapphire. 
Magnified 20x. , 


in the growth environment. With this type of syn- 
thesis, crystals are grown in a metallic, often plat- 
inum, crucible. Under the conditions necessary 
for flux growth, everything in the growth envi- 
ronment will go into solution, at least to some 
extent. Among the noble metals, platinum is 
probably the most nearly immune to this; under 
certain conditions, however, some of the plati- 
num will go into the solution and may become 
part of the growing crystal. 

In the Chatham synthetic orange sapphire and 
blue sapphire crystals, the platinum inclusions 
were observed to occur in several different forms: 
large, irregular flakes that ranged from thin to 
very thick, thin hexagonal and triangular plate- 
lets that occurred frequently in very symmetrical 
forms but sometimes in distorted forms, spikes, 
splinters, and small thin flat needles, as well as 
in other geometric and nondescript forms. These 
platinum inclusions range from very small to 
quite large (see figures 11 and 12). 

Despite the diversity of forms in which the 
platinum occurs, this metallic inclusion provides 
the gemologist with a diagnostic and easily iden- 
tifiable characteristic. Platinum inclusions occur 
only in synthetic gem materials and never in nat- 
ural gemstones. When platinum occurs as an in- 
clusion it is always opaque and may be black or 
shiny and metallic appearing (again, see figures 11 
and 12}, Differences in illumination and viewing 
angle often change the appearance from a shiny 
platinum color to black or vice versa. 

In most of the synthetic orange sapphire crys- 
tals examined, the platinum inclusions were ran- 
domly oriented throughout, with the addition of 
a distinct “phantom” layer of growth near the 
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Figure 11. Very thin flakes of platinum 
included in a Chatham flux-grown synthetic 
orange sapphire. The platinum appears black 
because of the ultra-thin nature of the flakes 
and the lighting conditions. Slight changes in 
illumination often reveal the shiny metallic 
appearance usually associated with platinum, 
Magnified 60x. 


Figure 12. The shiny metallic appearance of 
platinum is very evident in this large, thick, 
angular platinum inclusion in a Chatham flux- 
grown synthetic blue sapphire. Magnified 35 x. 
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Figure 13. This cloud-like area in a Chatham 
flux-grown synthetic orange sapphire is 
composed of a dense concentration of minute, 
white, dust-like particles in association with 
larger forms of flux and bordered by pink color 
zoning. Magnified 30x. 


outer edges of many of the crystals. This layer of 
growth is seen easily with overhead illumination, 
and the boundaries of the growth layer are also 
readily apparent. Within this growth zone there 
is an excessive amount of platinum, much greater 
than is found anywhere else in the crystals. This 
would indicate a change in environment toward 
the end of the growth process. Although these 
thin growth zones would probably be cut away 
during faceting, this interesting characteristic was 
observed in many of the flux-grown orange sap- 
phire crystals studied. 

Such a layer of growth was also observed in 
some of the flux-grown blue sapphire crystals 
studied, but only very rarely; this, too, would 
probably be removed in faceting. The main dif- 
ference between the platinum inclusions in the 
flux-grown orange sapphires and those in the flux- 
grown blue sapphires is that the platinum in the 
synthetic orange sapphires examined was found 
to be relatively consistent in abundance in all of 
the crystals, whereas it varied considerably in the 
flux-grown blue sapphires studied. Specifically, 
some of the synthetic blue sapphires had virtually 
no platinum inclusions, others had only several 
extremely large platinum inclusions, and still 
others were moderately to very heavily included 
with platinum. 


Dense, Cloud-Like Areas, Many of the Chatham 


synthetic crystals, both orange and blue, studied 
contained randomly oriented areas of very dense 
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Figure 14. Transparent included crystal and 
ultra-thin flakes of platinum in a Chatham 
flux-grown synthetic orange sapphire. 
Magnified 70x. 


white clouds composed of minute, dust-like par- 
ticles. The nature of the clouds was not resolvable 
at 120 magnification. Other inclusions, such as 
very small particles of platinum and globules of 
flux, were sometimes randomly oriented within 
these cloud-like areas (figure 13). The clouds in 
the Chatham flux-grown orange and blue sap- 
phires are quite reminiscent of clouds observed in 
many natural blue sapphires, some Burmese ru- 
bies, some Chatham synthetic rubies, and some 
of the Knischka synthetic rubies (Knischka and 
Gtibelin, 1980}, as well as in other gemstones. 


Transparent Crystals. Included in many of the 
synthetic orange sapphire crystals were transpar- 
ent, near-colorless, “ghost-like” crystals, many of 
which were very small, typically ranging in length 
from 0.025 mm to 0.10 mm, although some were 
much larger. Because of their very low relief, 
these small crystals often were very difficult to 
see with dark-field illumination and became eas- 
ily visible only under certain lighting conditions, 
such as fiber-optic illumination, and with certain 
viewing angles. Consequently, these crystals are 
very difficult to photograph. Figure 14, however, 
does show one crystal that had a higher relief and 
a slightly different nature. 

In some of the synthetic blue sapphires, trans- 
parent, near-colorless crystals were also observed. 
Some of the crystals are very similar to those ob- 
served in many of the flux-grown orange sap- 
phires, in that they are low in relief and have a 
“ghost-like’”’ nature. More commonly they are 
seen in a higher relief and are readily apparent. 
Some are hexagonal tabular crystals with very an- 
gular faces and easily visible straight and angular 
growth striations on several crystal faces (figure 
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Figure 15. A cluster of transparent, colorless 
hexagonal tabular crystals included in a 
Chatham flux-grown synthetic blue sapphire. 
Magnified 35 x. 


15}. The crystals are observed to occur singly, in 
groups of several, or in clusters of a dozen or 
more. 

The transparent crystals observed in both the 
synthetic orange and synthetic blue sapphires are 
very similar in nature, but not in shape, to trans- 
parent, near-colorless crystals seen in some 
Chatham flux-grown rubies (Kane, 1981). The 
crystals in both the orange and the blue Chatham 
synthetic sapphires are often tabular with rounded 
comers, although the crystals in the Chatham 
synthetic blue sapphires may be hexagonal and 
tabular with very sharp angular corners. In con- 
trast, the crystals observed in some Chatham syn- 
thetic rubies are angular and not tabular, with 
rounded corners. 

One of the transparent crystals included in the 
Chatham flux-grown blue sapphire shown in fig- 
ure 15 reached the surface. X-ray diffraction anal- 
ysis, performed by GIA’s Chuck Fryer, revealed 
a pattern almost identical to that of chrysobery! 
{BeAl,O,}. The lines in the pattern were the same 
as for chrysoberyl; however, the spacing was 
slightly different. Chatham states that when ex- 
perimenting with the synthetic blue sapphires, 
they would often add many different elements 
and combinations of elements to the basic alu- 
minum oxide formula (Al,O,]. These synthetic 
blue sapphires were part of a group to which they 
had added heavy concentrations of beryllium, 
which explains the presence of these inclusions. 
At the time this article is being written, further 
research is being undertaken to identify the 
small “ghost-like” crystals mentioned above. 


Fractures. Several fractures and healed fractures 
were observed in the Chatham synthetic orange 
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Figure 16. Yellow, orange, and pink irregular 
zoning borders a thick platinum inclusion in a 
Chatham flux-grown synthetic orange sapphire. 
Magnified 20x. 


sapphire and blue sapphire crystals. They cannot, 
however, be considered diagnostic of synthesis, 
since they are similar in appearance to those seen 
in natural sapphire. Many of these fractures and 
healed fractures were iridescent and reflective at 
certain viewing angles when examined with either 
dark-field or oblique illumination. 

In addition to those fractures observed within 
many of the flux-grown blue sapphire crystals and 
faceted stones, many fractures were found to oc- 
cur between the crystals within a group. Many of 
these fractures were also very iridescent. The 
presence of these fractures between crystals, and 
the fact that crystal groups without a ceramic 
glaze were fragile and broke easily, indicates a 
poor cohesion. 


Color Zoning. Color zoning of pink, orange, and 
yellow was observed in many of the crystal groups 
and single crystals of the flux-grown synthetic 
orange sapphires. Zoning occurred both confined 
to individual crystals within a group and in large 
sections of the crystal group. The same type of 
zoning may also be seen in single crystals. This 
color zoning may be straight or irregular, it does 
not appear to have a definite repetitious pattern 
(see figure 16). 

Color zoning was also quite prevalent in nearly 
all of the Chatham flux-grown blue sapphire crys- 
tals and faceted stones that were examined. The 
color zoning was observed in a number of differ- 
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Figure 17. Straight-sided ‘hexagonal’ zoning, 
colorless and blue, reflects the original growth 
and structure of this Chatham flux-grown 
synthetic blue sapphire. Magnified 35 x. 


ent forms, some of which may be confusing to the 
gemologist. The zoning ranged from colorless to 
extremely dark blue. The following forms were 
noted: straight parallel zoning, straight-sided an- 
gular patches (figure 17], dark blue zoning ar- 
ranged in “hexagonal” patterns with two to five 
sides (the sixth side of the hexagonal pattern was 
probably present in one crystal that was exam- 
ined, but was obscured from view by an adjacent 
crystal}, straight and ‘hexagonal’ parallel cloudy 
white zoning (figure 18 and, again, figure 8}, and 
irregular curved dark blue areas. 

Some of the color-zoned areas reflected the 
growth and structure of the synthetic host crys- 
tal, while others appeared to be randomly ori- 
ented. Most of the zoning was easily visible with 
dark-field illumination. These zoned areas were 
even more readily apparent with the use of dif- 
fused illumination. A very simple method of ob- 
taining diffused lighting is to place a piece of 
white tissue paper or a thin sheet of translucent 
white plastic between the stone and the light 
source, which can be dark-field or transmitted il- 
lumination. Diffused lighting also reveals areas 
of zoning that are not visible with dark-field il- 
lumination. Figure 19 shows the effect produced 
when flux-grown synthetic orange sapphire and 
blue sapphire are immersed in methylene iodide 
and viewed over diffused illumination. 


Thin, White-Appearing Needles. Observed in 
some of the synthetic blue sapphires and not in 
the flux-grown orange sapphires, were extremely 
thin, white-appearing needles (figure 20}. They 
may be somewhat short or very long, extending 
through most of the stone. They are usually ob- 
served singly or in groups of just a few, and were 
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Figure 18. Straight and “hexagonal” parallel, 
cloudy white zoning in a Chatham flux-grown 
synthetic blue sapphire. Note the needle-like 
appearance of this zoning confined to one area 
in the upper center portion of this 
photomicrograph. Magnified 20x. 


not seen to intersect as they often do in natural 
blue sapphires. They could, however, very rarely 
intersect one another. Most likely, they would 
not be observed in the quantity that is often seen 
in natural blue sapphires. 

These needles were observed not only alone 
but also as a gradual extension of platinum spikes 
and splinters. Even though the appearance of the 
needles was not reminiscent of platinum, the 
gradual extension off other platinum inclusions 
suggested that they were in fact platinum. One of 
the faceted synthetic blue sapphires contained an 
extremely thin, white-appearing needle that broke 
the surface. Chemical analysis performed by 
George Rossman and Randy Heuser, at the Cali- 
fornia Institute of Technology, on an SEM-EDS 
system confirmed that the needle was platinum. 

Extremely thin, parallel, white-appearing 
needles were also observed in close association 
with the cloudy white zoning (again, see figure 
18). Needles found in this form do not appear to 
be related to platinum inclusions. 


CONCLUDING THOUGHTS 


As with most other synthetic corundum, the 
gemological properties of the Chatham flux-grown 
synthetic orange and synthetic blue sapphires 
overlap with the properties of their natural coun- 
terparts, with the exception of inclusions. Thus, 
microscopic examination can provide the defini- 
tive means of identification. Among the many in- 
clusions that are often observed, various forms of 
flux and platinum provide the gemologist with 
the most easily identifiable and diagnostic char- 
acteristics as proof of synthesis. Some inclusions, 
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Figure 19. Immersion in methylene iodide and 
diffused illumination accentuate the 
“hexagonal” straight and irregular color zoning 
in a faceted Chatham flux-grown synthetic 
orange sapphire and four faceted stones and 
one rough crystal of Chatham flux-grown 
synthetic blue sapphire (ranging in weight from 
0.39 ct to 1.80 ct). 


such as straight and angular color zoning and 
thin, white-appearing needles could prove quite 
confusing if the gemologist were not aware of 
their possible presence. 

It is difficult to determine when and if the 
Chatham flux-grown synthetic orange and syn- 
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Figure 20. Thin, white-appearing needle of 
platinum in a Chatham flux-grown synthetic 
blue sapphire. Such thin platinum needles may 
be observed in straight or curved forms. 
Magnified 35x. 
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A REPORT ON THE NEW WATERMEYER 


SPLIT-FACET DIAMOND CUTS 
By William C. Kerr 


Basil Watermeyer has introduced a new technique 
in diamond cutting that virtually eliminates the 
“bow-tie” effect commonly seen in the standard 
oval, marquise, and pendeloque cuts. It has also 
been adapted to the Barion emerald cut to provide 
even greater fountaining of light. The author 
describes these cuts and his experience with them 
using cubic zirconia. He also discusses their 
applicability to colored stones. 


In November 1981, Basil Watermeyer, of Johan- 
nesburg, South Africa, sent GIA a report on his 
latest work on diamond cuts, in which he de- 
scribed his efforts both to eliminate the “‘bow-tie”’ 
effect commonly seen in the oval and marquise 
cuts, and to improve brilliance and dispersion in 
these and other cuts. Using cubic zirconia, the 
optical properties of which make the material a 
very suitable diamond simulant, this cutter fash- 
ioned stones very similar to the drawings sup- 
plied by Mr. Watermeyer and subsequently pub- 
lished in the second edition of his book, Diamond 
Cutting {1982}. The results showed that these 
new cuts come closer than any of their predeces- 
sors to attaining the goals stated above. 

The cuts described in Mr. Watermeyer’s report 
were obtained using his new “‘split-facet’’ tech- 
nique. On the oval and marquise cuts, the usual 
large center facet has been split into, or replaced 
by, two facets, so the pattern has a 10-fold sym- 
metry rather than the usual eight-fold symmetry. 
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On the pendeloque, extra facets have been added 
near the point. Mr. Watermeyer has also modified 
the longer versions of the Barion emerald cut, 
with the split-facet technique applied to the pa- 
vilion of the stone. 

Because the drawings provided contained no 
specific elevation angles and rotational place- 
ments to suit the crown and pavilion views given, 
the author determined the missing data on the 
basis of his own experience. The changes in de- 
sign represented by Mr. Watermeyer’s cuts, though 
dramatic in what they accomplish, are not so for- 
eign from standard patterns that an experienced 
cutter cannot determine the additional details 
and reproduce them adequately. 

Perhaps it should be pointed out that any cut 
used for diamond can be adapted to other gem-’ 
stone materials with different optical properties 
simply by choosing a set of angles that makes the 
best use of the optical properties of that material. 
Consequently, these new cuts should be appli- 
cable to, and equally successful in, most colored 
gemstones even though their optical properties 
are lower than those of diamond. 

The purposes of this article are: (1} to briefly 
discuss the ‘‘bow-tie” effect and suggest changes 
a gem cutter can make to minimize this undesir- 
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able condition, (2) to present drawings of Mr. Wa- 
termeyer’s cuts and explain how they differ from 
the usual standard cuts, and (3) to show photos of 
stones (cubic zirconia) fashioned from Mr. Water- 
meyer’s drawings for the reader’s evaluation. 


THE “BOW-TIE” EFFECT 

The eye perceives the “bow-tie” in an oval or 
marquise cut {diamond or colored stone} as a re- 
flection of light in the midsection of the stone 
that differs greatly from smaller reflections seen 
toward the ends of the stone. Whenever the length 
of a stone is appreciably greater than its width, 
this unequal internal distribution of light occurs. 
The gem cutter’s task is to find a pattern of facets 
to fit the shape or outline of the stone and to cre- 
ate a pattern of reflections that is uniform 
throughout. Brilliance must have the same inten- 
sity level, and the size of the reflections should 
blend smoothly with the shape of the stone. 

An infinite number of light rays fall on the 
crown of a faceted stone, from as many directions, 
at any given time. To most of us it is a matter of 
conjecture as to what percentage of these rays are 
taken into the stone, distributed well, and then 
returned to the eye of the observer. “Clocking” 
the crown facets, and more particularly those on 
the pavilion parallel to the long direction of a fac- 
eted stone, creates a problem. The word clocking 
refers to the rotational placement of the facets 
about a circle, or as the clock hands move around 
the dial. Light rays entering are bounced back and 
forth across this narrow dimension. They either 
return through the midsection of the crown or 
leak through the same area of the pavilion. When 
these center facets are larger {and they invari- 
ably are) than those toward the ends, the oh-so- 
ubiquitious ‘‘bow-tie” confronts the observer. 


To correct or diminish the “bow-tie” effect, 
suppose the cutter avoids any parallelism of fac- 
ets near the stone’s midsection and clocks the fac- 
ets in a more gradual curving pattern in the center 
part of the stone. The standard marquise cut usu- 
ally has wide center facets of much greater sur- 
face area than those closer to the ends. By replac- 
ing the two wide center facets, which are directly 
opposite each other, with perhaps eight or more 
“fanned out” facets near the middle of the stone, 
we find that the light is now better distributed 
and directed toward the ends rather than concen- 
trated or trapped near the center. This approach 
produces a more attractive stone without the 
problems inherent in the more standard patterns. 
The Watermeyer cuts successfully follow these 
principles to both diminish the “bow-tie” effect 
and increase the brilliance of the stone. 


THE SPLIT-FACET OVAL CUT 


In discussing the “bow-tie” effect common to the 
standard oval-cut stone, Mr. Watermeyer has 
stated (personal communication, 1982) that elim- 
ination of the “bow-tie’’ was actually achieved 
about 30 years ago, but that diamond cutters per- 
sisted in leaving broad ‘‘base’’ curve facets that 
again introduced it. 

Mr. Watermeyer’s drawings of his split-facet 
oval are reproduced in figure 1. In these drawings, 
no main bezel facets (only two star facets) parallel 
the long axis of the oval. Thus, no trapped side- 
to-side reflections occur. The split-facet oval has 
10 main bezel facets, whereas the standard oval 
cut has eight. The pavilion view shows eight 
main facets clocked to align with eight main fac- 
ets on the crown, but the usual two pavilion end 
main facets have been replaced with two sets of 
four girdle-like facets. The side or profile view, in 


Crown Pavilion 
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Figure 1. The Watermeyer 
split-facet oval cut (total 
number of facets = 70, 
including culet). Drawings 
©1981 by Basil 
Watermeyer. 


Side 
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addition to picturing how the pavilion aligns with 
the crown, shows that the six center girdle facets 
do not reach the actual culet ridge on the split- 
facet oval as they do on the standard oval. Last, 
four of the eight pavilion main facets are larger 
than the others. 

Figure 2, shows cubic zirconia fashioned in the 
standard oval cut {left} and in the Watermeyer 
split-facet oval cut (right]. The “bow-tie” effect so 
apparent in the first stone is virtually absent in 
the second. It should be noted that a longer oval 
is much less efficient in using the light that falls 
on it than one that more nearly approaches the 
round brilliant shape. The Watermeyer oval cut 
is particularly effective with the more difficult 
elongated stones. 


THE SPLIT-FACET MARQUISE CUT 


The marquise cut is essentially an oval shape 
with pointed ends. The cutter knows that irreg- 
ular shapes with sharp corners usually turn out 
to be less efficient, and more light is lost than in 


Figure 4. Left = standard 
marquise cut in cubic 
zirconia, 7.51 ct; right = 
Watermeyer split-facet 
marquise cut in cubic 
zirconia, 7.74 ct. Photo by 
Tino Hammid. 
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Figure 2. Left = standard oval 
cut in cubic zirconia, 10.44 ct 
(note the “bow-tie” effect); 
right = Watermeyer split-facet 
oval cut in cubic zirconia, 
11.34 ct. Photo by Tino 
Hammid. 


those patterns that have more symmetry. Two 
views by Mr. Watermeyer of the split-facet mar- 
quise cut appear in figure 3. The crown view again 
shows a 10 main or bezel facet pattern with no 
parallelism of facets except for the two center 
stars. Pavilion facets match (align with) crown 
facets except at the ends. Notice that the pavilion 
main facets near the center of the cut are smaller 


Pavilion 


Figure 3, The Watermeyer split-facet marquise 
cut (total number of facets = 70 including 
culet}). Drawings ©1981 by Basil Watermeyer. 
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THE SPLIT-FACET MARQUISE-96 INDEX 
(Ratio length to width, 2.1:1) 


Crown 


Cut 4 facets at 36° elevation index 2, 94, 46, and 50. 
Cut 4 facets at 35° index 7, 89, 41, and 55. 

Cut 2 ends at 25° index 24 and 72. 

Cut 6 stars at 30° index 96, 48, 5, 91, 43, and 53. 

Cut 4 stars at 20° index 12, 84, 36, and 60. 

Cut 20 crown girdle facets as index locations indicate 
on drawing. (Elevation angles may vary from those 
shown.) 


Polishing order: from table toward girdle. 


Onkhwonws 


Pavilion 


1. Cut 4 facets at elevation angle of 41° at middle of 

pavilion index 2, 94, 46, and 50. 

Cut 4 facets at 39%° elevation index 7, 89, 41, and 55. 

. Cut 4 facets at 36%° index 9, 87, 39, and 57. 

Cut 4 facets at 31° index 15, 81, 33, and 63. 

. Cut 4 girdle facets at approximately 42° index 1, 95, 47, 

and 49. 

6. Cut 4 girdle facets at approximately 41° index 3, 93, 45, 
and 51. 

7. Cut 4 girdle facets at 39° elevation index at 6, 90, 42, 
and 54. 

Polishing order: from culet toward girdle. 

(Polish girdle on wood lap) 


ORwny 


Figure 5. Planned program for cutting cubic zirconia to the Watermeyer 


split-facet marquise design. 


in area than those farther out. This results in bet- 
ter distribution of light and in greater uniformity 
in the size of the pavilion reflections. The pho- 
tograph in figure 4 shows the far superior split- 
facet marquise cut on the right. Again, the ‘‘bow- 
tie’ effect is easily seen in the standard marquise 
on the left. 

Figure 5 presents a working drawing for cut- 
ting the Watermeyer split-facet marquise with a 
96-index gear wheel on a modern faceting ma- 
chine. Angles of elevation are marked on the ap- 
propriate facets, and “clocking’’ index numbers 
indicate the relative rotational placement of the 
facets. This illustration represents this cutter’s 
interpretation of the drawings reproduced in fig- 
ure 3. It was developed while actually cutting the 
Watermeyer marquise shown in figure 4. The an- 
gles given are for cubic zirconia. This cutter sees 
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no reason why Watermeyer’s split-facet tech- 
nique cannot be used on many of the colored 
stones by changing the angles for the crown and 
pavilion facets to suit the lower refractive indexes 
of such stones. 


THE SPLIT-FACET 

PENDELOQUE (PEAR) CUT 

Figure 6 details the 10 main (bezel) facet design 
of Mr. Watermeyer’s split-facet pendeloque. As 
most cutters are aware, the standard pear or 
pendeloque usually has an eight-fold symmetry. 
One familiar with these shapes will note two ex- 
tra main facets near the sharp point on the Wa- 
termeyer cut. Like the marquise, the pendeloque 
presents the cutter with a great challenge: to 
maintain uniform brilliance throughout the stone. 
Basil Watermeyer’s design for this shape fully 
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Figure 6. The Watermeyer split-facet 
pendeloque cut. The same techniques used on 
the marquise can be adapted to the 
pendeloque, The increased scintillation is most 
apparent in long shapes. (Total number of 
facets = 71, including culet.) Drawings ©1981 
by Basil Watermeyer. 


meets this challenge. Note from the drawing of 
the crown in figure 6 that the main facet on the 
point is very small and there is no pavilion facet 
directly opposite it. Mr. Watermeyer’s pende- 
loque pattern cut in cubic zirconia is shown in 
figure 7. 


THE SPLIT-FACET TECHNIQUE 
APPLIED TO THE 
BARION EMERALD CUT 


The Barion emerald cut, also developed by Mr. 
Watermeyer, has straight sides with the pavilion 
break facet (the one nearest the girdle} called the 
“half-moon.” The triangular, or “round bril- 
liant’”—like, facets extending to the culet meet 


Figure 7. The Watermeyer split-facet 
pendeloque cut in cubic zirconia, 10.85 ct. 
Photo by Tino Hammid. 


this pavilion break facet near the girdle, thus 
maintaining the straight-line shape. All versions 
of the Barion emerald cut have a three-step crown 
combined with this unique pattern of triangular 
facets on the pavilion. Mr. Watermeyer has ap- 
plied the split-facet technique to the pavilion of 
the medium-length emerald shape as shown in 
figure 8. Only two extra facets are added. On the 
long emerald shape, point corner halves of the 
standard cut are inserted to maintain a symmet- 
rically balanced faceting sequence. For the extra- 
long shape, a second wing is introduced to main- 
tain a continuous flow of scintillation as well as 
a balanced faceting sequence. 

The extreme closeness (with regard to rota- 
tional placement) of facets to adjacent facets on 
the pavilion, plus the fractional elevation angle 
changes from the center of the stone toward the 
ends, of these same facets, are responsible for the 


LESS, ZS 


Pavilion mains Complete pavilion— side view 


Figure 8. The Barion 
emerald cut (here, for a 
medium-length stone), 
with the split-facet 
technique applied. The 
proportions recommended 
by Mr. Watermeyer for a 
medium-length stone are 
lengthiwidth = 18%160%. 
Crown (not shown) is a 
standard 3-step pattern 
common to all emerald 
cuts. Drawings ©1981 by 
Basil Watermeyer. 


Pavilion bottom view 
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Figure 9, Barion emerald cut in cubic zirconia, 
18.79 ct. Photo by Tino Hammid. 


lively “fountaining” of light that Mr. Watermeyer 
has achieved (figure 9). To the experienced cutter, 
this statement concerning the pavilion facets is 
a revelation of some magnitude regarding faceting 
techniques. The gem enthusiast who is not a cut- 
ter should have little difficulty recognizing the 


superior ‘life’ this stone displays. It should be 
noted, though, that because the facets are so close 
to one another both in elevation and in clocking, 
the pavilion of the Barion emerald is very difficult 
to cut. 


CONCLUSION 

Mr, Watermeyer’s new split-facet technique rep- 
resents an important breakthrough not only in 
diamond cutting but also in the cutting of the so- 
called colored stones. Harder stones (8 and above 
on the Mohs scale} such as corundum, spinel, to- 
paz, and even beryl! should easily adapt to these 
designs. Harder polishing laps, such as the ce- 
ramic lap, used in conjunction with one-quarter 
micron diamond abrasives, should produce excep- 
tionally beautiful colored stones in these fasci- 
nating new designs. 
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SHADOWING: A NEW METHOD OF IMAGE 
ENHANCEMENT FOR GEMOLOGICAL MICROSCOPY 


By John I. Koivula 


The shadowing technique employs an opaque, black, 
nonreflecting light shield that is inserted gradually 
into the transmitted light path of a gemological 
microscope between the subject and the light source. 
Shadowing takes advantage of even very slight 
differences in refractive index between a gemstone 
host and its inclusions, casting shadows in certain 
areas of an inclusion scene and passing light to the 
microscope objectives in other areas of the image. 
Thus, shadowing produces a three-dimensionality 
that seems to lift the inclusion from its 
surroundings, revealing it in vivid contrast against 
the now-subdued background of the host. This 
increase in contrast adds much greater detail to 
growth zones, included crystals, color zones, and the 
like, thus greatly aiding the gemologist in his work 
with the microscope. 


Shadowing was developed through a desire to 
study more closely the apparently “‘straight’’ and 
“angular” growth and color zones that often occur 
in flux-grown synthetic rubies. The theory is that 
if these synthetic rubies were grown in a low- 
pressure, flux-type environment, the apparently 
straight and sharply angular color zoning seen 
under normal dark-field and transmitted light 
conditions might reveal slight, very subtle growth 
undulations on their otherwise overall straight 
surfaces. Such growth undulations would prove 
that the host rubies were synthetic. Although the 
absence of such growth undulations does not nec- 
essarily prove that the ruby is natural (some flux 
synthetics can show color-growth zoning that 
appears to be perfectly straight), if color zone 
undulations are present, the ruby is synthetic. 
Microscope techniques used outside the realm 
of gemology, such as modulation contrast, phase 
contrast, and interference contrast (McCrone and 
Delly, 1973; McCrone et al., 1979} employ inter- 
ference rings, slits, and the like to increase image 
contrast. However, these various systems, as they 
currently exist and are often used in the biological 
sciences and petrography, are not practical for 
gemological application. The cost of such equip- 
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ment is very high, and the systems are designed 
to be used on prepared biological slides and thin 
sections, where depth of field and working dis- 
tance are not important factors, and where mag- 
nification ranges much higher than those re- 
quired in gemology are commonly used. 

Gtibelin (1957) was successful in adopting 
phase-contrast microscopy to gemology, but, 
again, the equipment is expensive. The problem 
that persisted was how to obtain the desired effect 
of enhanced contrast while retaining the depth of 
field and long working distance of the gemologi- 
cal microscope without a great expense. 

With some experimentation, the author found 
the key to the solution in the other, even more 
expensive contrast-enhancement systems. They 
all incorporate slits, rings, beam splitters, and the 
like that are built into what is known as a sub- 
stage condenser. The condenser fits between the 
light source and the subject, and interferes with 
the direct passage of light to the subject itself. 
The main body of the condenser is merely a hous- 
ing for the convenient control of the phase rings, 
variable slits, and the like. Remove the housing, 
and we have certainly cut the cost of such a sys- 
tem. Keeping in mind only the principle of light- 
path interference, the author in a sense stripped 
away the condenser housing and started to exper- 
iment with an array of various shapes and sizes 
of opaque, flat, black light shields (see fig- 
ure 1). 


THE TECHNIQUE 
The first opaque light shield used was a6 x 2-cm 
rectangular piece of flat, black, 16-gauge steel 


sheet {again, see figure 1); next was the movable 
black dark-field light shield, and then the iris dia- 
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Figure 1. Three opaque light shields used to 

develop the author’s shadowing technique. The 
crescent-shaped shield provided the best contrast 
enhancement and control of directionality. 


phragm of the Gemolite microscope (Gem Instru- 
ments, Santa Monica, CA}. All increased contrast 
in the inclusion subject to a similar, limited ex- 
tent. At low magnification, 10x to 20x, the area 
of enhancement was quite small, approximately 
10% or less of the entire field of view. With 
higher magnification, the contrast-enhanced area 
increased proportionately. 

The principle behind the light shield is rela- 
tively simple. As the edge of the opaque light 
shield is slowly inserted into the light path, it in- 
terferes with the direct upward passage of light, 
causing it to be diffracted and scattered at the 
edge. This fanning out of the light (see figure 2] 
literally causes a transmission of light in certain 
portions of the inclusion subject while other areas 
appear to be darkened or shadowed, greatly in- 
creasing contrast in and around the inclusion. 
Theoretically, any inclusion that has a refractive 
index different from that of its host can be shad- 
owed. However, facets and facet junctions, which 
often act as mirrors or prisms, can and do greatly 
reduce the effect of shadowing. 

At the interface of the inclusion and its 
host, in the presence of shadow-scattered light, 
two things take place to produce the contrast- 
enhanced image that we see. The scattered light 
travels through the host unimpaired until it con- 
tacts an inclusion of different optical density. Por- 
tions of the light are then reflected away from the 
microscope objective and the observer’s eyes, 
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Figure 2. An exaggerated diagram showing the 
back-scattering of light as the opaque light 
shield is gradually inserted into the 
transmitted light path. 


causing those areas that reflected the light to ap- 
pear dark. Conversely, areas that allowed the light 
to be transmitted into and refracted through the 
subject to the observer’s eyes appear light. This 
effect, as illustrated in figure 3, gives rise to the 


Figure 3. Simplified theoretical situation 
illustrating the effect of both reflection and 
refraction transmission of the back-scattered 
light as it contacts an included crystal with a 
refractive index different from that of its host. 
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increased contrast we observe with the shadow- 
ing technique. 


DIRECTIONALITY 
AND ITS CONTROL 


When color or growth zones, as in flux-grown 
synthetic rubies, are the object of study, a prob- 
lem of directionality arises, particularly if the 
zones are in essentially parallel straight lines. The 
author noted that as the opaque edge of the light 
shield was inserted in the light path, little or no 
shadowing took place if the color zones ran per- 
pendicular to the edge of the light shield. If, how- 
ever, the color zones ran parallel to the edge of 
the shield, then maximum shadowing took place. 

This problem of directionality was overcome 
somewhat by varying the shape and size of the 
opaque light shield used. A curved arc, measuring 
only about 1 cm in diameter (see figure 1), proved 
quite effective in reducing directionality and in- 
creasing contrast. A 1 x 1-cm? section cut from 
an old screen door (again, see figure 1) also proved 
effective in reducing directionality, but the shad- 
owing effect and resulting increase in contrast 
was somewhat subdued. The curved arc, because 
it is not as directionally dependent and therefore 
is easier to control, worked equally well on inclu- 
sions such as crystals and on zoning. 


SETTING UP 
FOR SHADOWING 


With a standard gemological microscope such as 
the Gemolite, shadowing can be achieved in the 
following manner. The iris diaphragm of the mi- 
croscope is first opened and the dark-field stop 
(light shield) is rotated out to produce a trans- 
mitted light mode in the microscope. The subject 
to be studied is placed in a stone holder or similar 
device and oriented so that light is being trans- 
mitted through the area of the gemstone that will 
be shadowed. Then the area of study is brought 
into sharp focus. Next the shadowing device is 
very slowly brought into the transmitted light 
path while the user looks at the image through 
the microscope. The shadowing shield can be in- 
serted into the light path at any point between 
the light source and the subject. The author has 
placed the shadowing shield in the well of the 
microscope directly on top of the transmitted 
light diffuser and moved it with a pair of tweez- 
ers. He has also placed the shield on a glass slide 
directly below the subject, almost touching it, 
with equally good results. 
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As the shield is inserted, a dark shadow edge 
will begin to appear at the edge of the micro- 
scope’s field of view. This is the out-of-focus im- 
age of the shadowing shield as it begins to emerge 
into the field of view. As it gets nearer the inclu- 
sion subject the shadowing will begin to take 
place until, at a particular point, the inclusion 
seems to almost instantly become three-dimen- 
sional, as if it were lifted from the host and placed 
on its surface. For the beginner, in the initial 
stages of experimentation with shadowing, the 
author suggests that perhaps the fixed-position 
dark-field light stop and/or the built-in iris dia- 
phragm of a microscope like the Gemolite will be 
much easier to control than free-moving light 
shields such as those illustrated in figure 1. 

With the iris diaphragm, simply stopping it 
down below the subject and partially blocking the 
transmitted light will produce a somewhat lim- 
ited shadowing effect. The built-in dark-field light 
stop shield can also be used for shadowing either 
by itself or in combination with the iris dia- 
phragm simply by rotating it gradually into the 
transmitted light path, producing a dark-field il- 
lumination/transmitted light combination. The 
limitation of both the built-in iris diaphragm and 
the dark-field stop, however, lies in the fact that 
they are actual parts of the microscope and can- 
not be moved about freely to find the optimum 
direction for shadowing. 

The two critical steps in setting up for shad- 
owing are (1) proper initial orientation of the sub- 
ject, so that light is transmitted through the area 
to be shadowed; and (2} the slow, careful insertion 
of the light shield into the light path below the 
subject while observing the effect through the 
microscope. 


RESULTS 


In the opinion of the author, the image enhance- 
ment provided by the shadowing technique far 
outweighs the difficulties encountered in the dis- 
covery and early development of the method. In 
the initial study done on color and growth zones 
in flux-grown synthetic rubies, the obvious dif- 
ference between the shadowed image and the un- 
shadowed image, as illustrated in figure 4, was 
amazing. Slight growth undulations in the other- 
wise straight color zones became quite apparent 
in the shadowed view on the right. Without shad- 
owing, as on the left, these same features were 
invisible. 
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Figure 4. The growth undulations and slight curving seen in the shadowed color zones of 


this flux-grown ruby on the right are not seen in the unshadowed image shown on the 


left. Magnified 60x, 


The author next experimented with transpar- 
ent included crystals, and found that shadowing 
worked equally as well. He also determined that 
the shadowed image of most included crystals 
could be further enhanced by the use of shadowed 
polarized light. The three views in figure 5 vividly 
illustrate the transition from the unshadowed 
transmitted light image (far left) through the 
shadowed transmitted light image (center) to the 
shadowed polarized light image (far right) of these 
muscovite mica crystals included in beryl. 

Other gemstones studied by the shadowing 
technique also responded favorably. For example, 


swirl marks (schlieren), an important character- 
istic of glass (figure 6], can be greatly enhanced by 
shadowing, as can curved striae, the hallmark of 
flame-fusion synthetic rubies (figure 7). 


CONCLUSION 


Shadowing increases contrast in an inclusion 
scene with no-visible loss of resolution, so the 
quality of the image is greatly enhanced. When 
viewing a crisper, sharper, more detailed image, 
the gemologist is less likely to overlook impor- 
tant internal features in a gemstone. Growth and 
color zones in both natural and synthetic gems 


Figure 5. These muscovite mica crystals included in a Brazilian colorless beryl] illustrate 
the effective use of shadowing on transparent included crystals. The view on the left 
shows the crystals as they appear in transmitted light without shadowing; the center 
photo shows the same inclusion shadowed. The view on the right shows the crystals 
illuminated by polarized light in combination with shadowing. Note the great amount of 
detail revealed in the two shadowed views. Magnified 80x. 
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Figure 6. Swirl marks 
(schlieren) in a green glass 
appear in sharp contrast 
under shadowing 
conditions. Magnified 50x. 


Figure 7. Curved striae, an important internal 
feature found in synthetic flame-fusion 
corundum, also respond to the shadowing 
technique. Here they are shown with typical 
gas bubbles as well. Magnified 100x. 


are more readily studied, curved striae in flame- 
fusion rubies and sapphires will often take on a 
bold, three-dimensional appearance, and included 
crystals of all different types will look as if they 
have been taken from their host and laid on its 
surface. 

Shadowing is a micro-technique that is both 
difficult to master and of admittedly limited ap- 
plication. Learning to use the shadowing tech- 
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nique takes both time and a great deal of patience. 
It requires a gemologist who not only is a skilled 
microscopist but who also has a sound knowledge 
of both light interference and reflection and re- 
fraction for the initial set-up of the host and in- 
clusion subject. 

In spite of these drawbacks, the technique of 
shadowing adds yet another new dimension to 
gemological microscopy and further increases the 
flexibility and available methodology, to the gem- 
ologist, of the standard gemological microscope. 
For those gemologists who wish to increase the 
contrast of an inclusion or study in greater detail 
otherwise vague and ill-defined internal images 
while, at the same time, expanding their own 
abilities with the microscope, the shadowing 
technique will undoubtedly prove useful. 
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NEW SYNTHETIC RUBIES MADE BY 


PROFESSOR P. O. KNISCHKA 
By E. J. Gtibelin 


A new synthetic ruby, developed by Professor 

P, O. Knischka using a method of gradient technique 
(not yet disclosed) through supercooling and 
saturation, has distinct crystallographic and 
gemological characteristics. Particularly notable are 
the great number of faces on the finished crystals 
and the identifying inclusions. 


Professor Paul Otto Knischka, an Austrian en- 
gineer, has been successfully producing synthetic 
rubies by a new method that he invented. This 
material is distinctive from other synthetic rubies 
in various features such as crystal forms, optical 
properties, and inclusions. 

Although it is known that these new synthetic 
rubies are grown from a melt, Professor Knischka 
thus far has revealed only that they are crystal- 
lized synthetically by an as yet undisclosed 
method of gradient technique through supercool- 
ing and supersaturation. The finished crystals 
(figure 1) display flat brilliant growth faces with 
mineralogically significant indices. The great 
number of faces has heretofore not been observed. 
In addition, the elementary nuclei can be grown 
to macroscopic mono-crystals, twins, or multiple 
complexes, as well as clusters. 

The crystallographic and gemological charac- 
teristics discussed below were determined by 
careful study by the author in his private labora- 
tory, and through consultation with Professor 
Knischka. The reader is referred to a prior publi- 
cation (Knischka and Gtibelin, 1980) for infor- 
mation on the other properties of this material. 
The product, which is not yet commercially 
available, will eventually be marketed under the 
trademark K(Paul Knischka’s initials with the 
“P” inverted). 


CRYSTALLOGRAPHY 


One of the most interesting features of these new 
synthetic rubies is the pseudocubic habit that 
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Figure 1, “Knischka”’ synthetic ruby crystal 
cluster, 10 mm. 


some of the crystals adopt, although not all ex- 
hibit an isometric habit. Those that do normally 
show six forms: c {0001}, r (1011), ¢ (1019), d 
(0112), y (0115), and n (2243), repeated several 
times. 

These are forms that also occur in natural co- 
rundum, yet natural ruby seldom possesses more 
than 20 faces, whereas these new rubies by Pro- 
fessor Knischka develop a great number of crystal 
faces, some of which are extremely rare. In more 
recent productions the number of faces reached 
38 (figure 2} and even 42 on one mono-crystal. 
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Figure 2. Isometric synthetic ruby by Professor 
Knischka, with 38 faces. HIW quotient = 0.47. 
Top = lateral view; bottom = overhead view. 


GEMOLOGICAL CHARACTERISTICS 

The new synthetic rubies call for increased care 
on the part of the gemologist. In order to gain a 
proper account of this significance, a thorough 
examination was carried out with several cutta- 
ble crystals whose smooth crystal faces allowed 
comprehensive gemological tests, as well as with 
some cut samples. 


Appearance. It is as difficult to see a difference in 
the appearance of this stone compared to natural 
ruby from various locations as it is to see a dif- 
ference. compared to synthetic rubies grown by 
other methods. The difference is greatest at first 
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Figure 3. Absorption spectrum {200-800 nm) of 
a ‘‘Knischka” synthetic ruby. 


sight between these and Burma rubies, whose lux- 
urious pigeon-blood red was not duplicated in the 
“Knischka” synthetic product examined. The red 
color of Professor Knischka’s synthetic ruby shows 
a Clear violet tinge, and the best materia] varies 
on the color samples of the DIN color chart 6164 
from 10:7:3 for the redder to 10,5:6,5:4 for the 
violet-tinged samples. 


Spectrophotometric Examinations. The spectral 
curve for this material, illustrated in figure 3, cor- 
responds in all stages with the normal and famil- 
iar curve of natural as well as synthetic rubies 
between 400 and 750 nm. However, the particular 
character of the maximum transmission between 
250 and 400 nm is indicative that the examined 
ruby was synthetic. 

The observed color range also corresponds to 
the absorption spectrum observed in the optical 
spectroscope, which embraces all the transmis- 
sion maxima known for ruby in the blue and red 
regions, together with accompanying chromium 
lines at 659.2, 668.0, 692.8, and 694.2 nm as well 
as the absorption maxima at 550 and 410 and 
from 270 nm downwards (again, see figure 3). 

A third transmission maximum at the short- 
wave end of this graph, at 345 nm, is rare with 
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Figure 4. Integral picture of the interior of 
a cut synthetic % ruby with cloudy veils, 
Magnified 10x. 


natural rubies but common with synthetic rubies. 
It would, however, be inadvisable to rely com- 
pletely on this transmission maximum in the ul- 
traviolet region. 


Dichroism. This property is very strongly defined, 
with the twin colors purple-red and orange-red, 
but it does not help differentiate this synthetic 
from natural ruby. 


Luminescence. When exposed to short- and long- 
wave ultraviolet radiation as well as to X-radia- 
tion and the “crossed filter’’ method applied for 
tests of the property, the “Knischka” synthetic 
rubies glowed clearly to strongly carmine red. 
After exposure to X-rays, a weak afterglow of 
phosphorescence was observed, lasting about 
seven seconds. This might help differentiate the 
stone from natural ruby, and is a consequence of 
the fact that natural ruby contains more iron than 
its synthetic counterparts. 


Refraction and Double-Refraction. Neither the 
refractive indices nor the birefringence of this 
synthetic show diagnostically important values 
or anomalies; that is, they show exactly the same 
constants as are known for natural ruby: n. = 
1.760— 1.761, n.,= 1.768-1.769, n. — n,, = —0.008. 


Specific Gravity. The synthetic material shows 
minor variations in density between 3.971 and 
3.981, and can be stated as having an average 
value of 3.976 + 0.001 g/cm. 


Inclusions. To the unaided eye, there is nothing 
to be seen inside the material that might give def- 
inite and immediate proof of synthesis. Yet the 
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Figure 5, Net-like moisture-banners (healing 
fissures) which are usually discernible from 
similar inclusions in natural ruby by their 
typical pattern. Magnified 25x. 


interiors of several samples showed a broad, phan- 
tom-like cloud that varied in size from one sam- 
ple to the next and was reminiscent of the dust- 
like clouds in Burmese rubies (figure 4). Viewed 
with a pocket lens—or, even better, under the 
microscope—the inclusion scene is revealed in 
considerable detail, with swirls of color, liquid 
feathers, negative crystals, black platelets, and 
two-phase inclusions. 

The nature of the turbid clouds could not be 
determined even with the strongest magnifica- 
tion. The liquid feathers, with their irregular 
course and net-like pattern (figure 5) are remark- 
ably similar to those in the synthetic rubies by 
Chatham and are sometimes difficult to distin- 
guish from the fluid inclusions in natural ruby. 
The negative crystals (figure 6) unmistakably fol- 
low the characteristic crystal habit of rubies grown 
by this method. They perch, usually alone or in 
small groups, on the ends of long crystalline tubes, 
and they can be considered identifying features. 

Equally characteristic are the small, distorted, 
hexagonal platelets of platinum or silver that can 
be observed now and then in synthetic stones but 
are never seen in natural gemstones. However, 
the manufacturer of the “Knischka” product states 
that he can now repress the formation of such 
platelets during the growth process. 

The comparatively large gas bubbles, already 
visible under low magnification, prove under 
higher magnification to be the gaseous part of 
two-phase inclusions, whose contours within the 
ruby are astonishingly fine, almost to the point 
of invisibility (figures 7 and 8]. These inclusions, 
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Figure 6, These negative crystals follow the 
trigonal-dipyramidal habit of the host crystal, 
terminating crystalline rods. Magnified 25 x. 


which sometimes appear as negative crystals and 
sometimes as irregular shapes, must contain a 
highly refractive substance, the chemical prop- 
erties of which could only be determined by mass 
spectroscopy or by the manufacturer’s disclosure 
of the process he has developed. This knowledge, 
though, is of little importance in the recognition 
of these synthetic rubies or in their distinction 
from either natural or other synthetic rubies. 
However, the distinctive two-phase inclusions in 
the interior scene of these synthetic rubies are a 
novelty and can be regarded as an identifying 
characteristic of Professor Knischka’s synthetic 
rubies. 

Although the inclusion assemblage of the syn- 
thetic rubies is similar to the internal world of 
natural rubies, particularly those from Burma, 
under strong magnification it differs very clearly 
from that of its natural counterpart. In the same 
way, these synthetic rubies differ from all other 
synthetic rubies in the exemplary singularity of 
their inclusions, and therein lies the challenge to 
greater care and attention mentioned above. 


SUMMARY AND OUTLOOK 


These synthetic rubies were grown according to 
a method as yet undisclosed. Nevertheless, they 
have characteristics that closely correspond to 
those of natural rubies as opposed to the curved 
layers of inclusions seen in synthetic Verneuil ru- 
bies influenced by the boule. Only by careful doc- 
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Figure 7. Two-phase inclusion with a large 
bubble and barely visible form. With a pocket 
lens or other weak magnification, one would 
see only the gas bubble. Magnified 64 x. 


phase inclusions with large gas bubbles and 
partly crystalline forms. Magnified 64x, 


umentation of all the properties and meticulous 
attention to the detailed characters of the inclu- 
sions can one hope to ascertain the synthetic or- 
igin of this new product. 
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CHALCEDONY, Repaired Cameo 


Recently brought to the Los Angeles 
laboratory for identification was a 
beautiful cameo, measuring 20.5 x 
31.6 mm, set in a yellow and white 
metal antique brooch, with three 
pearls and numerous diamonds (fig- 
ure 1}. The brooch was represented 
as being an original Fabergé piece. 
The cameo had at one time been 
broken in the upper right corner; the 
broken portion was reattached with 
a plastic-type cement of the same 
color as the cameo. The repaired 
portion looked very good to the un- 
aided eye and almost restored the 
cameo to its original appearance. 


DIAMOND 


Fake Crystal 


The Los Angeles laboratory recently 
received the rough specimen shown 
in figure 2. The client explained that 
the stone was one of a parcel of about 
30 rough diamonds that weighed a 
total of approximately 60 ct. When 
one of the client’s cutters was plac- 
ing flats on the crystals in prepara- 
tion for sawing, he came to a piece 
that did not respond to the lap as 
diamond would be expected to. This 
one was much softer, and thus cut 
very rapidly. Suspecting it to be a 
diamond substitute, the client brought 
the crystal to us for identification. 
Subsequent testing proved it to be 
cubic zirconia, fashioned into a 
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Figure 1. Brooch set with a 
20.5 X 31.6 mm cameo that 
was damaged and 
subsequently repaired. 


Figure 2. Cubic zirconia 
fashioned to simulate a rough 
diamond crystal, 2.68 ct. 


2.68-ct slightly distorted octahedral 
shape with the surface roughened, 
possibly sandblasted or tumbled, 
to resemble the skin of a rough 
diamond. 


Rare Inclusion in Diamond 
All three labs had the opportunity 
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to examine a 0.47-ct round bril- 
liant—cut diamond with a color- 
change garnet crystal inclusion that 
reached the table of the stone. Fig- 
ure 3 shows the red color of the gar- 
net in the tungsten lamp lighting of 
the microscope. Figure 4 shows the 
purplish blue color of the inclusion 
in fluorescent lighting, approximat- 
ing daylight. This type of garnet in- 
clusion has been noted in Russian 
literature, though the source of the 
stone examined in our lab is not 
known. 


EMERALD 


Cat’s-eye Emerald 


Fine cat’s-eye emerald is an attrac- 
tive rarity. Two such stones, weigh- 
ing slightly over 5 ct each, were 
brought into the New York labora- 
tory recently. They were almost a 
pair, and each had an eye as good as 
any we have ever seen in this rare 
material (figure 5). 


Manufactured Emerald Specimens 


Mineral specimen fakes have been 
previously described in this publi- 
cation and elsewhere in the gemo- 
logical literature. One of the oldest 
fakes reported is a specimen that is 
part of a sculpture entitled ‘“Moor 
with Tray of Emeralds,”” which dates 
back to around 1724. The emerald- 
in-matrix specimen in this statue 
was traced back to 1581. The spec- 
imen consists of 16 emerald crys- 
tals, which appear to be of Colom- 
bian origin, all manually embedded 


Fall 1982, 169 


Figure 3. Color-change garnet 
inclusion in diamond 

under incandescent light. 
Magnified 30x. 


into crude holes carved into the ma- 
trix. Similar types of ‘manufac- 
tured’’ mineral specimens are re- 
portedly quite prevalent in today’s 
market, especially in Bogota, Co- 
lombia. 

Often, these fakes are made by 
carving a depression in a suitable 
piece of matrix and then attaching 
the emerald crystal or crystals with 
an epoxy cement that may or may 
not be mixed with powdered matrix 
or related mineral matter. Some of 
the recent fakes are quite clever and 
may not be detectable to the un- 
aided eye, often requiring very care- 
ful examination with a microscope 
in conjunction with a hot point. We 
recently had the opportunity to ex- 
amine several of these fakes in the 
Los Angeles laboratory; two of them 
are shown in figures 6 and 7. 

One very successful technique 
used in identifying these fakes is to 
remove a small amount of the sus- 
pected cement around the base of 
the crystal with a razor blade. Ce- 
ment is usually much softer than 
matrix and may be a different color 
if it has not been mixed with a pow- 
dered matrix. The material on the 
razor blade is then tested with a hot 
point to see if it melts or gives off 
an odor, both indications that the 
substance is a cement. 

The use of ultraviolet light may 
also be helpful. Most epoxies and 
glues fluoresce to either long-wave 
or short-wave ultraviolet radiation 
(or both, stronger to long-wave}. 
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Figure 4, Color-change garnet 


inclusion in diamond 
under fluorescent light. 
Magnified 30x. 


Figure 5. Cat’s-eye emerald, 
approximately 5 ct. 


Another slightly different ‘‘“man- 
ufactured” mineral specimen is shown 
in figure 8. This one was particu- 
larly intriguing: it was composed of 
many crystals and fragments (both 
opaque and transparent) of emerald 
and green beryl ranging from less 
than I mm to 27 mm in length, to- 
gether with many fragments and 
crystals of pyrite along with a few 
other sparsely placed minerals. All 
were glued with an excessive amount 
of epoxy onto a base of undeter- 
mined composition. The coating of 
crystals varied in thickness from 
approximately 2 mm to 10 mm; in 
a few small areas there was no coat- 
ing and the exposed base was quite 
visible. Also intermixed with the 
applied crystals and epoxy were 
many gas bubbles and fibers that 
were perhaps from a brush used to 
apply the epoxy. 


Synthetic Emerald 


The New York laboratory recently 
received two examples of a new 
French synthetic emerald that is 
being introduced with the trade 
name Lennix. The properties of this 
material are typical of flux-grown 
synthetic emeralds, that is, low re- 
fractive index, low specific gravity, 
and strong red ultraviolet fluores- 
cence. Under magnification, how- 


Figure 6. Emerald crystal glued on matrix. Crystal measures 5.05 x 


8.30 mm, 
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Figure 7. Emerald crystal recessed into a matrix specimen 
containing numerous naturally occurring smaller beryl crystals. 


Crystal measures 13.9 20.6 mm, 


ever, we noticed several fairly large, 
black, opaque, irregular, unidenti- 
fied inclusions (figure 9} in addition 
to the flux fingerprints commonly 
seen in synthetic emeralds grown by 
the flux method. 


IOLITE, An Unusual 

Cat’s-eye 

The staff at the Santa Monica labo- 
ratory had the opportunity to ex- 
amine an attractive, translucent, 
grayish blue oval iolite cabochon 


Figure 8, Specimen manufactured out of beryl and pyrite cemented 


on a base, 78 x 69 x 39 mm. 
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Figure 9, Unidentified opaque 
black inclusions in synthetic 
emerald. Magnified 20x. 


with a fairly diffuse eye. The 13.91- 
ct stone reportedly came from India. 
Iolite, our gemologist readers will re- 
call, is also known as cordierite after 
the French geologist Cordier, or as 
dichroite on the basis of its pro- 
nounced pleochroism. The proper- 
ties of this stone were determined 
as follows: refractive index (spot 
method) 1.54, with weak birefrin- 
gence; specific gravity, estimated 
with heavy liquids, approximately 
2.56. A rather faint biaxial figure 
could be resolved in the polariscope. 

Under magnification, the stone 
showed primarily fine, long, paral- 
lel, needle-like inclusions which 
produced the cat’s-eye effect. Unfor- 
tunately, the identity of these inclu- 
sions could not be determined dur- 
ing the short period of time the 
cabochon was in the laboratory. 

As is to be expected, the absorp- 
tion spectrum of iolite, which is due 
to its Fe content, varies with the di- 
rection the light passes through the 
stone. Therefore, two faint lines 
centered at 490 nm and 590 nm were 
visible only when the stone was 
viewed through the long axis. 


JADE IMITATION 


Submitted to the Los Angeles labo- 
ratory for identification was a trans- 
lucent green hololith measuring ap- 
proximately 8.69 mm in outside 
diameter by 1.53 mm thick (see fig- 
ure 10). To the unaided eye, and even 
under magnification, this stone bore 
a remarkable resemblance to jadeite. 


Fall 1982 171 


Figure 10. Glass hololith that 
imitates jadeite. The piece 
measures approximately 8.69 
x 1.53 mm. 


Testing, however, proved that it was 
not. A refractive index of approxi- 
mately 1.62 was obtained using the 
spot method. The specific gravity 
was found to be 3.38 by the hydro- 
static method. No absorption spec- 
trum was observed other than a 
lightly shaded area in the blue and 
far red regions of the visible spec- 
trum. 

The stone was sent to our Santa 
Monica laboratory where a minute 
amount of powder was scraped from 
it for X-ray diffraction. The diffrac- 
tion pattern revealed an amorphous 
structure indicative of glass. In ap- 
pearance, this is certainly one of the 
most realistic jade imitations we 
have encountered. 


LAPIS LAZULI IMITATION 


Submitted to the Los Angeles lab- 
oratory for identification was an 
opaque, dark blue, 11.9-mm round 
drilled bead (figure 11). The client 
explained that the bead was from 
one of many necklaces that he had 
purchased as lapis lazuli. 

When we tested this bead for dye 
with an acetone-soaked cotton swab, 
no stain was produced; however, 
when a solution of 10% hydrochlo- 
ric acid was used, a very dark blue 
stain was observed on the cotton. 
Although the material effervesced 
to the acid, there was no hydrogen 
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sulfide (rotten egg) odor, leading us 
to suspect that the bead was a dyed 
substance other than lapis lazuli. 
Since we were unable to obtain a 
spot refractive index due to the very 
poor polish of the material, we asked 
the client to have the bead repol- 
ished. We were then furnished with 
one half of the bead with a polished 
flat (figure 12}, and it was quite ob- 
vious that our suspicions were cor- 
rect. With further testing, the bead 
was identified as dyed marble. X-ray 
diffraction confirmed that the ma- 
terial had a calcite pattern. 


Figure 11, Imitation lapis 
bead, actually dyed marble, 
11.9 mm. 


PINK OPAL, a Rare Bird Indeed 


The Santa Monica lab received for 
identification a variegated light pink 
and gray carved and assembled bird 
with brown beak and white metal 
feet (see figure 13). According to the 
owner of the piece, the material from 
which the bird had been carved was 
represented to be opal. Visual ex- 
amination indicated that only very 
limited gemological tests could be 
performed. The textured surface of 
the opaque bird together with a lack 
of polish did not allow us to obtain 
a refractive index or any other op- 
tical properties. Because of the size 
of the carving and the fact that it 
had been assembled with metal legs, 
the specific gravity could not be de- 


termined either. Under the spectro- 
scope, the material did not show 
any absorption lines and there was 
no reaction to ultraviolet light. It 
became obvious that the material 
could only be identified by means of 
X-ray diffraction. Therefore, a mi- 
nute scraping was taking from the 
body of the bird for the analysis. The 
diffraction pattern revealed weak 
lines for palygorskite and cristobal- 
ite, superimposed on a strong amor- 
phous pattern suggesting opal. The 
palygorskite is a clay mineral fre- 
quently encountered in this type of 


Figure 12. Cross-section of 
bead in figure 11 shows depth 
of dye penetration. 


pink opal. When pink opal of this 
nature first appeared on the market 
in the mid-1970s, palygorskite was 


Figure 13. Pink opal carving, 
12 x 10.2 x 5.7 cm high. 
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identified by means of X-ray diffrac- 
tion to be present as well. 


Conch “PEARL” 


The Santa Monica laboratory re- 
cently identified a beautiful, oval- 
shaped, purplish pink calcareous con- 
cretion measuring approximately 
7.15-8.20 mm in diameter by 9.60 
mm long. Figure 14 shows this 
attractive little “gem,’’ commonly 
called a conch ‘‘pearl,” which was 
found in the Caribbean area. The 
flame-like structure on the surface 
of this bead is characteristic of a 
conch “pearl’ and serves to iden- 
tify it. 


SAPPHIRE, Diffusion Colored 


The first reaction we had to a group 
of 21 quite “clean’”’ blue cabochon 
natural sapphires received in our 
New York lab was: “Something is 
suspicious. Why didn’t the cutter 
facet them?” Sure enough, under 
immersion the color proved to be 
surface induced, or as we state on 
reports: ‘Natural sapphire with color 
synthetically enhanced by a surface 
diffusion process.” We are definitely 
against saying ‘Natural sapphire, 
treated color,’’ because it is not the 


Figure 15. Girdle edge of 
a diffusion-treated blue 


natural sapphire cabochon. 
Magnified 10x. : 


same as, nor as durable as, plain heat 
treatment. The evidence of surface 
diffusion of blue natural sapphire 
cabochons is best seen at the girdle 
edge {figure 15). 


SPINEL? 


An opaque, apparently black, oval 
faceted stone weighing 15 ct arrived 
in our New York lab with a note 
stating that it was cut from a por- 
tion of a Mexican meteorite named 
“The Black Ruby.” A vague refrac- 
tive index could be seen at approx- 
imately 1.77. Figure 16 shows a 
poorly polished brecciated table, 
which accounted for the hazy R.L 
reading. Also as shown in the photo, 


Figure 14. Conch “pearl” measuring 7.15—8.20 mm in diameter by 
9.60 mm long. Note the characteristic flame-like structure. 
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Figure 16. Table of a black 
spinel? Note the metallic veins 
in this 15x magnification. 


Figure 17. Strong side light on 
stone in figure 16 shows true 
color. Magnified 10x, 


seams of a bright metallic substance 
criss-crossed the table, although the 
stone was not attracted to a magnet. 
A specific gravity of 3.83 was found, 
so corundum was ruled out. 

With strong side lighting from a 
pair of fiber optic probes, an entirely 
different stone appeared (figure 17}. 
The stone now seemed semi-opaque 
with brown zones outlined by the 
metallic seams. Unfortunately, we 
were not permitted to secure pow- 
der for an X-ray diffraction to sub- 
stantiate our tentative identifica- 
tion that the stone is probably not 
meteoritic, but rather is a variety of 
spinel. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Connoisseurship in pearls. B. Zucker, Connoisseur, Vol. 
208, No. 837, 1982, pp. 194-197. 


Benjamin Zucker briefly discusses some historical pearl 
events, the beauty of natural pearls, and the birth of 
cultured pearls. He begins with an account of “the 
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most beautiful pearl object in the world”: a ten-foot by 
six-foot pearl rug in the palace of Baroda, India. It is 
made entirely of very well matched pearls that have 
been woven together, with diamonds sewn into the tas- 
sels. He presents this within the context of the history 
of natural pear! production, reminding us that a natural 
pearl is a unique gem in that it is found in its completed 
state. The finest natural pearls are perfectly round, 
whitish or slightly whitish pink, with fine luster, shiny 
orient, and good size. Pearls over 10 mm are excep- 
tionally rare. Quality, however, is more important than 
size. 

In the early 20th century, wealthy women wore 
pearl necklaces that would have been worth millions 
of dollars at today’s prices. In 1930, however, the sky- 
high prices of natural pearls dropped, brought down by 
the failing economy and the appearance of cultured 
pearls on the market. At this point, distinguishing be- 
tween natural and cultured pearls became an important 
scientific problem. 

K. Mikimoto was a pioneer in the pearl-culturing 
trade. The author suggests that his particular expertise 
was in marketing these pearls. Zucker touches on the 
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Japanese method of culturing pearls, in addition to the 
standards these pearls must meet. It is interesting to 
note that the Japanese Chamber of Commerce insists 
on the destruction of poor-quality pearls. 

Kerry Werner 


Historic Blue John and other flourites. R. P. Mac Fall, 
Lapidary Journal, Vol. 35, No. 10, 1982, pp. 1998— 
2016. 

Beginning with a brief history of Castleton, England, 

Mac Fall describes the lead-zinc mines of the region, 

which are famous for the occurrence of a rare form of 

fluorite dubbed ‘Blue John.” After speculating on the 
derivation of the term Blue John, Mac Fall describes the 
formation of this fluorite and theorizes about the cause 

of its color. , 

The author then traces this bluish variety of fluorite 
from its original site through the mining process and 
the steps taken to work it into articles of decoration 
and jewelry. Also discussed are the many uses of fluo- 
rite in industry and the many production sites in the 
U.S. and other countries, including the history of some 
of the more important locations. RSS 


Recent observations on an apparently new internal par- 
agenesis of beryl. E. J. Gtibelin, Journal of Gem- 
mology, Vol. 17, No. 8, 1982, pp. 545-554. 

Dr. Gtibelin has observed some interesting inclusions 
in beryls from such localities as Afghanistan, Brazil, 
Kenya, and Switzerland that had never been reported 
before. Beryls from each of these occurrences had at 
least one guest mineral in common. In a colorless beryl! 
from Brazil, the association of muscovite, phlogopite, 
and niobite was observed. Another beryl from Brazil 
added a manganese-apatite to this association. 

An aquamarine from Afghanistan showed a spes- 
sartite garnet inclusion with muscovite. An aquamar- 
ine from Kenya had inclusions of albite, spessartite, 
phlogopite, gahnite, niobite, and tourmaline. 

Gtibelin demonstrates the value of inclusions for 
determining the origin of gemstones. Niobite is of ut- 
most importance in understanding the paragenesis of 
the inclusions in the beryls discussed here. The envi- 
ronment of niobite is a manganese (Mn)-rich granitic 
pegmatite with albite and lithium minerals. This al- 
lows a Mn garnet (spessartite) and Mn-rich apatite to 
occur in the same host crystal. GSH 


Of taaffeite, painite, charoite, etc. E. Tucker, jewelers’ 
Circular Keystone, Vol. 152, No. 9 (Part Ij, 1981, 
pp. 92-98. 

Evelyn Tucker describes the most important gemolog- 

ical finds of the last 40 years in this article. With en- 

gaging prose, Ms. Tucker traces the natural colored 

stones discovered since 1942, describing their appear- 

ance, interesting facts about their discovery, and their 
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place in gemology. Her carefully referenced discussion 
includes the popular tsavorite garnet and tanzanite as 
well as rarer specimens such as liddicoatite, red beryl, 
and maw-sit-sit. By capsulizing important gemological 
information, Tucker’s article provides a handy refer- 
ence to developments during this period. |MH 


Taprobanite, a new mineral of the taaffeite group. R. 
Moor, W. F. Oberholzer, and E. Gtibelin, Schweiz- 
erische Mineralogische und Petrographische Mit- 
teilungen, Vol. 61, No. 1, 1981, pp. 13-21. 

Both the title and the content of this article are some- 
what misleading because they suggest that the rare 
gemstone referred to as “‘taprobanite” (BeMg,A1,O,g) is 
a valid new mineral species distinct from taafeite. While 
the species status of “taprobanite” was initially sanc- 
tioned by the International Mineralogical Association 
Commission on New Minerals and Minera] Names, on 
the basis of more recent data the commission has since 
ruled that both “taprobanite” and taaffeite belong to 
the same species, and that only the original name taaf- 
feite should be retained for this mineral. Nevertheless, 
this article presents new and valuable mineralogic data 
on one apparent compositional variety of this very un- 
usual mineral species. 

These investigators examined a 204-mg stone cut 
from a single, hexagonal-prismatic crystal from an un- 
known locality in Sri Lanka. Their data further confirm 
the recognized close relationship between taaffeite and 
spinel. X-ray study of their specimen showed the min- 
eral to be hexagonal, in space group P6,mc, a=5.684 A, 
c= 18.332 A, Z=2. The strongest X-ray diffraction lines 
(39 given) are 2.415 {100} (114}, 2.595 (60] (106], 2.043 
(60) (205}, 4.58 (50} (004), 1.469 (50) (2,0,10}, and 1.421 
(50) (220), which is consistent with X-ray data reported 
earlier. In addition, these investigators present a re- 
finement of the crystal model of their material: a struc- 
ture that consists of a close-packed framework of oxy- 
gen atoms arranged in a distinct, eight-layered, stacking 
sequence. Aluminum atoms fill half of the octahedral 
sites in this framework, whereas both beryllium (Bel, 
and magnesium (Mg) atoms occur in the tetrahedral 
sites. They suggest that the closely related crystal 
structures of taaffeite (and its varieties) and spinel can 
be described in terms of different stacking sequences 
of oxygen atoms and by variations in the relative oc- 
cupancy of sites in the oxygen framework by metal 
atoms. 

The specimen examined has a hardness of approxi- 
mately 8, apparently lacks cleavage, and has a con- 
choidal fracture. Its density is 3.588 g/cm (calc.) and 
3.605 g/cm (meas.}. It is optically uniaxial negative and 
is pleochroic—e=1.717 {yellow rose} and w=1.721 (car- 
mine red]. The unusual bright red color of this stone 
has not been reported previously for taaffeite. 

On the basis of analysis by electron microprobe and 
atomic absorption spectroscopy methods, the tabulated 
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chemical data, and a calculated chemical formula, the 
authors suggest that the Be:Mg ratio in their specimen 
is 1:3., which is quite different from the compositional 
data for the taaffeite originally described, where the 
Be:Mg ratio is 1:1. Thus, one can infer that the chem- 
ical composition of taaffeite may extend over a variable 
range (in terms of Be and Mg) intermediate between 
spinel and chrysoberyl. Further confirmation of this 
feature must await recognition and examination of ad- 
ditional crystals of this rare gem material. 

James Shigley 


DIAMONDS 


Color centres in diamond. A. T. Collins, Journal of 
Gemmology, Vol. 18, No. 1, 1982, pp. 37-75. 


Color centers in diamond are characterized as point 
defects in the diamond lattice which give rise to optical 
absorption in the visible spectral region. Dr. Collins 
presents a comprehensive study of the various color 
centers that can occur in colored diamonds. Much of 
the early work on colored diamonds was pioneered by 
B. W. Anderson using the hand spectroscope; today, 
however, modern research involves the use of the 
spectrophotometer. 

In a detailed and well-indexed article, Dr. Collins 
proceeds to describe the various absorption systems in 
diamond. He emphasizes the inaccuracy of transmis- 
sion spectra {hand spectroscope} and stresses the ab- 
sorption measurement as an accurate means of deter- 
mining the absorption coefficient, that is, how strongly 
a diamond is absorbing at a particular wavelength. This 
is a determining factor in deciding whether the dia- 
mond has been artificially colored. A brief explanation 
of the instrumentation and optical system used by the 
author first acquaints the reader with the intricacies of 
recording and evaluating spectral data. Dr. Collins then 
discusses systematically the various types of diamonds 
and their respective absorption features, beginning with 
a section on pure diamond and the properties associ- 
ated with this unique structure of carbon atoms, before 
turning to impurity-induced color centers and vibronic 
color centers. 

The two major color-causing impurities in diamond 
are nitrogen (which produces yellow) and boron (which 
produces blue}. The author presents schematic dia- 
grams representing the electron bonds between such 
atoms in the diamond lattice to help the gemologist 
better understand the nature of these particular color 
centers. Other absorption features seen in the visible 
range in diamond are labeled vibronic centers. These 
are absorption and luminescence bands that arise when 
the electron in an optical center is excited {i.e., given 
energy) and at the same time vibrational energy is 
transferred to the crystal lattice. Using the clever anal- 
ogy of a snooker table and a selected arrangement of 


176 Gemological Abstracts 


balls, the author explains the process of the transfer of 
electronic energy within a crystalline lattice. The 
transfer of energy from a ground state to an “excited 
state” corresponds to the electronic transition (absorp- 
tion} at a color center in a crystal. 

Noting the effects of temperature, the author dis- 
cusses the important vibronic bands individually, con- 
cluding with information on the irradiation methods 
used to alter color in diamonds and the various color 
varieties of natural and artificially colored diamonds. 
Among the sections covered are natural pink and mauve 
diamonds, treated pink diamonds, natural green dia- 
monds, brown diamonds, and miscellaneous absorp- 
tion lines observed in diamonds. 

In the summary, Dr. Collins presents some of his 
thoughts concerning the future of diamond testing, 
noting that there are still instances where modern sci- 
ence cannot determine with certainty from the spec- 
troscopic tests whether certain diamonds are treated or 
natural. This article is a valuable contribution to the 
science of gemology and is a must for anyone interested 
in diamonds and their properties. SCH 


Famous diamonds of the world (XI): the Regent dia- 
mond. I. Balfour, Indiagua, Vol. 30, No. 3, 1981, 
pp. 119-125. 

The most important item in the French crown jewels, 

the Regent diamond, has played a prominent role in the 

intrigues of French politics. With one of the most fas- 

cinating histories of any of the famous diamonds, it is 

also one of the last large diamonds found in India. 

The Regent diamond was discovered in 1701 in the 
Partial deposits on the lower Kistna River in India. The 
410-ct rough stone was reportedly found by a slave who 
smuggled it out of the mine by concealing it in a leg 
wound. The slave was soon deceived by an English ship 
captain, and the stone was eventually sold to Thomas 
Pitt, the president of Fort Madras. The new owner had 
the stone cut to a cushion shape with a weight of 140.5" 
ct {it is reported to be the best cut of the older famous 
stones}. The Pitt diamond, as it was then called, did not 
give the owner piece of mind; after several attempts to 
dispose of it, he sold the diamond to the regent of 
France, the Duke of Orleans. Now with a new name, 
the Regent diamond passed first to Louis XV and then 
to Louis XVI, whose queen, Marie Antoinette, had it 
reset often. Following the French Revolution, the Re- 
gent was stolen from the treasury along with the 
“Sancy,” the “Blue Diamond,” and other treasures. _ 
Recovered a year later in a Paris attic, the Regent was 
used as collateral by the new republic in a number of 
complicated financial transactions. 

Napoleon put the diamond to more personal use by 
mounting it in the hilt of his court sword. Following 
the death of Napoleon and a brief stint out of the coun- 
try, the Regent was returned to the Crown, fortunately, 
it was not included among the many other pieces of the 
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crown jewels that were sold in 1887. It can now be 
found in the Galerie d’Apollon of the Louvre. 

Ian Balfour has retold an intriguing tale that should 
engage everyone. Fifteen illustrations, including a re- 
cent photograph of the Regent, accompany the text. 

FLG 


Migrating nitrogen atoms in diamond. G. Davies, Na- 

ture, Vol. 292, No. 5821, 1981, pp. 288-289. 
The author summarizes the current knowledge con- 
cerning the migration of nitrogen impurities in dia- 
mond by citing key experiments and observations 
of leading diamond researchers. Aggregation experi- 
ments provide a tool for studying the geology and 
physics of diamond. Most gem-quality diamonds con- 
tain impurities of nitrogen, typically about one nitro- 
gen atom per 1,000 carbon atoms. Nitrogen atoms can 
occur as isolated atoms each replacing a carbon atom 
(the simplest form], or as groups or clusters of nitrogen 
atoms referred to as aggregates. 

Experiments have shown that in high-temperature 
treatments of natural and synthetic diamond, the iso- 
lated nitrogen will migrate first to form pairs and then 
to form even larger aggregates. The longer the diamond 
is held at high temperatures, the farther the aggregation 
proceeds. This has led diamond researchers to theorize 
that the state of aggregation in any diamond gives some 
idea of the length of time it has been heated. 

Davies also mentions how each form of nitrogen 
atoms—isolated, pairs, and triangles—is responsible 
for the specific absorption of electromagnetic energies. 
This absorption, if in the range of visible light, will af- 
fect the body color of the diamond. 

Larger defects, called platelets, seen in some dia- 
monds are also mentioned by Davies. Future experi- 
mentation to determine the correlation between nitro- 
gen concentration and the number of platelets is 
forthcoming in the 1980s. Key experiments to deter- 
mine the thermodynamics of the migration and aggre- 
gation of nitrogen atoms along with accurate calibra- 
tions could establish more about the role of nitrogen 
in diamond. SCH 


Mineral inclusions in zircon from the “Mir” kimberlite 
pipe (in Russian). A. I. Botkunov, V. K. Garanin, G. 
P. Kudrjavceva, and M. S. Perminova, Papers of the 
Soviet Academy of Sciences, Vol. 251, No. 5, 1980, 
pp. 1233-1236. 
“Zircon is a rare mineral, but one constantly encoun- 
tered in many of the kimberlite pipes of Yakutia.”” The 
authors of this article continue by describing their sur- 
vey of numerous zircon nodules from fracture concen- 
trates at the Soviet Union’s most famous diamond-pro- 
ducing kimberlite pipe, the Mir, in north central Siberia. 
Using optical and electron microscopy, as well as com- 
puterized electron-probe instrumentation, the team 
completed detailed studies of both the morphology and 
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the chemical content of various solid inclusions noted 
in the zircons. 

Three major types of inclusions are discussed. Crys- 
tals of chrome-spinellide, which occur as distorted oc- 
tahedrons up to 3 mm, are described as high in tita- 
nium but comparatively low in aluminum oxide. Sulfide 
inclusions, distinguished by admixtures of nickel, iron, 
and copper, form hexagonal shapes up to 2 mm. Small 
discs or ellipsoids of calcite reveal slight traces of 
magnesium. 

Detailed analyses, tables, and four photographs sup- 
port the researchers’ conclusion that the crystals of 
chrome-spinellide and sulfide in the zircon formed be- 
fore the host material, whereas the calcite inclusions 
are syngenetic and crystallized out of the kimberlite 
magma during its ascent. A thorough bibliography is 
included. MPR 


GEM INSTRUMENTS AND TECHNIQUES 


GE develops process to brand codes in diamonds. S. 

Goldman, National Jeweler, Vol. 26, No. 9, 1982, 

pp. 41-42. 
Two employees of General Electric in Schenectady, 
New York, have developed a way to brand diamonds 
with the use of an ion implanter. Robert C. DeVries 
and Roy E. Tuft have recently received a patent on the 
process, in which a beam of charged ions penetrates the 
surface of the diamond. These ions create an area on 
the surface with an electrical conductivity distinct from 
the rest of the stone. A mask with an individualized 
symbol may be used to create a specific pattern. The 
image can then be revealed by giving the diamond an 
electrostatic charge (e.g., rubbing it with a piece of silk 
or cotton) and subsequently dusting it with a special 
powder. The powder adheres only to the charged re- 
gion, thus exposing the branded pattern. Although this 
new concept is an excellent way of identifying a dia- 
mond without damaging the stone, it is expensive and 
not without problems. The ion-implanter ranges in 
cost from $300,000 to $600,000, and the image can be 
removed by recutting or repolishing the stone. LCH 


GEM LOCALITIES 


Amethyst from the Thunder Bay region, Ontario. D. G. 
Elliott, Mineralogical Record, Vol. 13, No. 2, 1982, 
pp. 67-70. 
Although amethyst has been collected in the Thunder 
Bay region of Ontario, Canada, since the 1880s, the 
most recent burst of activity began in 1967 with the 
opening of the Thunder Bay amethyst mine. The area 
is approximately 56 km northeast of the city of Thun- 
der Bay; the majority of specimen collecting and min- 
ing is confined to a section that measures 40 x 196 km. 
The amethyst-bearing veins, from 7 mm to 1.2 m wide, 
occur in vugs that usually range up to 3 m long. An 
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exceptionally large vug (1.8 x 3 x 5 m} discovered in 
1968 produced a crystal 38 cm long, while the largest 
crystal found in the region to date measures 61 cm. 

Ranging from near colorless to dark purple, the 
amethyst is commonly color zoned parallel to the ter- 
minal rhombohedrons, with the crystals occurring pri- 
marily in aggregates that usually display only the ter- 
minations. Small hexagonal prism faces can often be 
seen, but they are always poorly developed. Iron-oxide 
inclusions are very common, as are red inclusions that 
are presumed to be hematite. Although only a small 
percentage of the material is gem quality, many of the 
large crystals found in the Dzuba mine {another ame- 
thyst source} have areas of facet-grade material. It is 
interesting to note that on heating, the Thunder Bay 
amethyst turns colorless to pale brownish white, in 
contrast to the Brazilian material which turns bright 
yellow to yellow-orange. 

In a brief description of the geology of the area, El- 
liott theorizes how amethyst was deposited. In addition 
to a short bibliography, he incorporates three maps and 
six photographs of specimens, localities, and typical 
inclusions. SFM 


Burma. V. Kumar, J/eweler/Lapidary Business, Vol. 6, 
No. 2, 1982, pp. 28-30. 

Recent articles on Burma, a country that has been 
known for centuries as a source of some of the world’s 
finest gems, are rare. Kumar begins this update by 
describing the production and marketing of gems by 
the government-controlled gem corporation, Maymyo, 
which handles all gem sales through annual auctions. 
The author then gives his view of the history of the 
“Burmese Way to Socialism,” concluding that the 
“production of everything including gems has de- 
clined.’”’ He cites jade as an example: in the 1950s an- 
nual production was 54 tons, by the 1960s it had de- 
clined to 35 tons, and in the 1970s production was 
down to 1 ton. Smuggling is prevalent, and many gem- 
stones leave the country illegally on elephant caravans 
that travel through the jungle. 

Kumar concludes with a description of important 
Burmese gemstones. The world-renowned Burmese ru- 
bies have been found in three localities, the primary 
source being 90 miles (144 km] northeast of Mandalay 
near the city of Mogok (visitors are prohibited from 
entering this area]. There is another locality in the Sag- 
yin Hills about 10 miles (16 km) northeast of Manda- 
lay, and a third near Pegu that was exhausted some 
time ago. Sapphires are found less frequently in the 
same localities as rubies, along with spinels of various 
colors. 

The world’s primary source of fine jadeite is in 
northern Burma, not far from the Chinese province of 
Yunnan, near the town of Mogaung. Peridot is also 
found in the gem-rich Mogok area; some of the stones 
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from this region have been exceptionally large, yielding 
cut gems over 200 ct. 

Pearls are found in the Bay of Bengal off the south- 
ern end of Burma, with the nearest city being Mergui. 
Pollution of Japanese waters has helped create a short- 
age of pearls, thus making Burmese pearls more signif- 
icant in the world market. 

Topaz, zircon, chrysoberyl, tourmaline, and other 
gemstones are commonly found in the gravels of Burma. 
Although the government has recently loosened its 
hold on commerce and industry somewhat, it will un- 
doubtedly maintain firm control of gem mining and 
marketing. Consequently, the gem production of this 
country will probably remain static for some time. 

SEM 


The Pailin ruby and sapphire gemfield, Cambodia. E. 
A. Jobbins and J. P. Berrangé, Journal of Gemmol- 
ogy, Vol. 17, No. 8, 1981, pp. 555-567. 


This article is based on the authors’ visit to the Pailin 
gemfield in western Cambodia and their subsequent 
laboratory work. In the first section, they discuss the 
geology of the area: the gem deposits are located in ba- 
salt bodies that were intruded into fault zones during 
the Himalayan orogeny of Tertiary times. A thin-sec- 
tion study of these basalt bodies shows them to be por- 
phyritic with a groundmass of analcime and feldspar 
and phenocrysts of augite, olivine, and feldspar. Since 
very few gem minerals were found in the primary rock, 
Jobbins and Berrangé conclude that there was sparse 
distribution in these rocks, with later concentration 
the result of weathering and erosion, notably by rivers. 
Additional work has led the authors to theorize that 
minerals such as corundum, clinopyroxene, garnet, and 
spinel were originally formed at a great depth by met- 
amorphism and/or metasomatism and then intruded 
rapidly with the basic magmas at a later date. 

In an interesting section on the gem minerals of this 
region, the authors point out the virtual absence of col- 
orless, yellow, and green corundum, and describe the 
color range found in the rubies. A detailed map locates 
the numerous occurrences in this region. The last two 
sections report on the various methods of working the 
deposits as well as the marketing and cutting of the 
gemstones. The article concludes with the comment 
that a substantial proportion of the stones produced in 
Cambodia were being heat treated and cut in Pailin and 
Bangkok. GSH 


The resplendent isle. E. J. Kahn, Jr., GEO, Vol. 4, 
No. 2, 1982, pp. 18-27, 114, 115. 

This article is a beautifully illustrated source of general 

information about the“island nation of Sri Lanka. Un- 

fortunately, the author mentions Sri Lanka’s gem in- 

dustry only briefly before turning to some of the coun- 

try’s other industries (tourism and agriculture}. He also 
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presents an overview of Sri Lanka’s history, current 
government, and contemporary social problems. This 
article would be of interest to anyone seeking general 
information about this country or planning to visit 
it. ET 


Thunder egg deposits of the Wycarbah district, Central 
Queensland. J. R. Kay, Queensland Government 
Mining Journal, Vol. 82, No. 969, 1981, pp. 566— 
579. 

This article details the gem deposits at the Mount Hay 

Gemstone Tourist Park southwest of Rockhampton, 

Queensland, Australia. The material mined from these 

deposits is given the name thunder egg, a term first 

assigned by the American Indians to the small geode- 
like bodies of chalcedony or opal that weathered out of 
the welded tuff of central Oregon. 

The author hypothesizes that the formation of the 
thunder eggs begins with a very viscous acid lava con- 
taining microscopic features such as gas bubbles, in- 
clusions, or phenocrysts, which act as nuclei from which 
crystallization occurs outward in all directions. When 
the sphere reaches maximum size, a layer of amor- 
phous material forms and prevents further growth 
except by distention. If the lava contains a high pro- 
portion of volatile content, the spheruloids become 
distended and hollow, thus allowing the still-fluid 
magma to enter and fill, or partially fill, the cavity. 
This process is illustrated by a series of drawings. 

After solidification of the magma, mineral-bearing 
fluids deposit minerals such as quartz, chalcedony, or 
calcite. The final step, deep weathering, enables the 
easy removal of the spheruloids from the host rhyolite. 

In addition to this extensive explanation of the for- 
mation of thunder eggs, the author presents the geo- 
logic setting of the area and describes the deposit. 

GSH 


JEWELRY ARTS 


Bob C. Stevens’ collection of Chinese snuff bottles. 
R. Kleiner, Arts of Asia, Vol. 12, No. 1, 1982, 
pp. 61-64. 


This article features part of the snuff bottle collection 
of the late Bob C. Stevens, author of The Collector’s 
Book of Snuff Bottles. Color photographs of 15 unusual 
snuff bottles from the Stevens collection illustrate the 
article. Each bottle is unique; some are outstanding 
examples of a particular period, some illustrate an ar- 
tistic technique, and others are noteworthy because 
they are made of unusual or rare materials. 

Figure 10, a carved coral bottle, is unique because 
of its age. Although most snuff bottles made of gem 
materials {such as coral, turquoise, malachite, and 
aquamarine} were manufactured in the late 19th or 
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early 20th century, this bottle is attributed to the 18th 
century on the basis of quality, style, and the color of 
the material. 

Figures 5 and 6 are of the finest quality overlay glass. 
The small size of the snuff bottle made it an ideal me- 
dium for this type of glass. Figure 6, a striking bottle 
modeled in the form of a cabbage, illustrates the tech- 
nical skill and imaginative use of material possible 
with an overlay glass. 

Stevens was particularly interested in snuff bottles 
made from unusual materials. The examples pictured 
here are of bronze, glass, nephrite, jadeite, agate, coral, 
fossiliferous limestone, amber, pottery, and even mam- 
moth tooth, 

This interesting and informative article with its ex- 
cellent photographs appears in an issue of Arts of Asia 
that emphasizes snuff bottles in the advertisements as 
well as in four other articles. ET 


Optical qualities of carved gemstones. H. Hunt, Met- 
alsmith, Vol. 1, No. 4, 1981, pp. 38-41. 

This is the first of a three-part series focusing on the 
unique way that carved stones affect light. This first 
article is primarily a statement of the author’s strong 
opinions about the visual aesthetics of carved gem- 
stones. Since the carved form is Mr. Hunt’s speciality, 
his bias is understandable. However, his assertion that 
“there is virtually no way a faceted stone can be sat- 
isfactorily integrated into a design” will certainly 
alienate most jewelry designers and stone faceters. 
Dogmatism of that sort invites vigorous protest. 

The description of the optical effects relates the 
material and the particular carving form to the result- 
ing play of light and color. Mr. Hunt explains how 
planned thickness variations and surface texturing de- 
velop these effects. Several black-and-white photos give 
at least a partial illustration of the principles. The dis- 
cussion of the optics is handled in a loose, nontechnical 
manner. BFE 


Optical qualities of carved gemstones: basic tools and 
techniques. H. Hunt, Metalsmith, Vol. 2, No. 1, 
1981/82, pp. 19-22. 


In the introductory section of part two of this series on 
carved gemstones and light, the author points out how 
innovations from the industrial sector, along with the 
development of diamond abrasives and the increased 
knowledge of crystal optics, have created new possi- 
bilities for the lapidary arts. The bulk of the article 
summarizes the tools and techniques used in the three 
basic stages of carving: sawing, grinding, and smoothing. 

Sawing blocks out the general form of the carving. 
For most sawing jobs, Mr. Hunt recommends the sili- 
con carbide separating discs used by jewelers. A small 
diamond saw may be handy for delicate materials, un- 
usual cuts, and increased speed. 
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The grinding phase firms up the elements of the 
design. For lapidary work, the abrasives in the grinding 
wheel should be bonded by a relatively soft agent. The 
author recommends the Mizzy wheel. He also men- 
tions the unsuitability of wheels designed to grind 
metal. Diamond points are used for the final grinding 
and detailing. 

Smoothing, which precedes the final polishing, is 
the most tedious stage, but it is especially important 
for the proper execution of transparent carvings. A se- 
quence of diamond grits embedded in certain woods or 
plastics reduces the scratch pattern from coarse to su- 
perfine. Various grades of silicon carbide sandpaper on 
boards and rods are also mentioned as suitable for 
smoothing opal, quartz, and moonstone carvings. 

Toward the end of the article, Mr. Hunt emphasizes 
the importance of mastering the basic techniques be- 
fore moving on to fancy tools and methods. Also, he 
briefly mentions the different responses of various gem 
materials to the three stages of carving, including 14 
photographs to illustrate the tools and their uses. 

BFE 
Optical qualities of carved gemstones: carving charac- 
teristics. H. Hunt, Metalsmith, Vol. 2, No. 2, 1982, 
pp. 14-17. 
In the final installment in this series of articles on 
carved gemstones and light, the author describes how 
specific gem materials cause certain effects in carved 
forms. To demonstrate a relationship between color 
and form, the author explains how abstract forms that 
are adapted to the pencil-shaped tourmaline crystals 
exploit the strong dichroism of the stone. In fact, all 
the illustrations of carvings throughout this whole se- 
ries of articles portray abstract or geometric forms rather 
than pictorial forms like flowers and birds. 

Other stones that Mr. Hunt discusses include aqua- 
marine, almandite, peridot, topaz, and the varieties of 
quartz. He mentions the specific advantages and draw- 
backs one may encounter in these materials during the 
carving stages. The closing section of the article ex- 
plores some of the carving possibilities for synthetic 
materials. 

There are some errors in terminology that may be 
confusing. Concerning the heat treatment of aquama- 
rine, for example, the author refers to a “blue of about 
the same hue as the original green.” Perhaps he meant 
to say tone instead of hue? In another instance, alman- 
dite is classified as a variety of garnet. He also refers to 
“veils of tiny bubbles” in topaz. Maybe this should 
translate to “patterns of two-phase inclusions’? These 
gemological slip-ups aside, one can still acquire from 
these articles a heightened awareness of the creative 
potential in the carved form. BFE 


Thai mother-of-pearl. S. Fraser-Lu and S. Krug, Arts of . 


Asia, Vol. 12, No. 1, 1982, pp. 107-113. 
This article reviews an exhibit of mother-of-pearl inlaid 
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objects on view last year at the National Museum in 
Bangkok, Thailand. The exhibit showcased approxi- 
mately 200 objects, most of which were fashioned dur- 
ing the 19th century, when the art of mother-of-pearl 
inlay was at its height. It was popular in Thailand at 
that time to decorate doors, windows, and furniture 
with inlaid mother-of-pearl, as well as many different 
containers for household and ceremonial use. These 
latter vessels were constructed of rattan or wood cov- 
ered with a thick layer of lacquer and then inlaid with 
hoi fai, or flaming mother-of-pearl, a variety of shell 
that has a deep luster of pink and green reminiscent of 
fire opal. 

The lavish designs of the inlay follow traditional 
Thai ornamental motifs, incorporating foliage, animals 
both real and imaginary, and various deities intermin- 
gled in complicated patterns. A Chinese influence can 
occasionally be detected in some of the subtler designs 
and in scenic panoramas. 

The use of mother-of-pearl to give a feeling of depth 
and dimension by the subtle arrangement of the shell 
can be seen in the 16 photographs included. The artis- 
ans also cleverly incised the mother-of-pearl to form 
facial expressions. The screens and panels were the 
highlight of the show and represented the art of mother- 
of-pearl inlay at its finest. Elise B. Misorowski 


The utilization of diamond powder—optimum abra- 
sive for the lapidarist. B. A. Cooley and H. O. 
Juchem, Indiaqua, Vol. 30, No. 3, 1981, pp. 105— 
108. 

In part 2 of a series of articles, the authors investigate 
the use of diamond abrasives in a country with high 
labor costs; Idar-Oberstein, Germany, one of the largest 
colored-stone cutting centers in the world, is the ex- 
ample presented. In addition to faceted stones, Idar- 
Oberstein produces a wide range of artistic articles 
fashioned from ornamental materials such as chalce- 
dony, marble, lapis lazuli, jade, and the like. Here, the 
development of specialized cutting equipment, notably 
equipment that uses diamond abrasives, has increased 
production by decreasing cutting time, thus making 
mass production possible. 

Diamond-impregnated saw blades are used to saw 
the gem materials. These blades have a good tool life, 
give straight, smooth cuts, and may be used to slice 
very thin slabs of gem material. Many of the saws being 
used are fully or partially automated. 

Cabbing, carving, or cutting can also be accom- 
plished on a variety of diamond-impregnated tools, 
which include grinding wheels, core drills, carving tips, 
and flat or curved laps. Polishing is the only process 
that does not normally use diamond abrasives. The 
long tool life of diamond abrasives has increased the 
use of automated cutting equipment. Automatic cab- 
bing and faceting machines are very accurate and highly 
efficient, and they may cut up to 50 stones simul- 
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taneously. Twenty-eight photographs document the 
equipment and techniques used. 

In Idar-Oberstein, diamond abrasives are not only 
practical for cutting hard gem materials, but they have 
also proved economical as an abrasive for all gem ma- 
terials. Dino DeGhionno 


JEWELRY TRADE 


Mike Rapaport: prophet or pariah? J. Thompson, /ew- 
elers’ Circular Keystone, Vol. 153, No. 3, 1982, pp. 
52-53. 


Mike Rapaport, who publishes the weekly Rapaport 
Diamond Report, has become a very controversial fig- 
ure on 47th Street. He began publishing his weekly 
price lists in August 1978, when he saw the need for 
demand price information. The data are compiled from 
many sources, including brokers from the New York 
diamond market, fed into a computer, and then ana- 
lyzed by Rapaport. While he readily states that the 
price lists are merely “our opinion of the diamond mar- 
ket,” some diamond dealers have accused him of influ- 
encing prices. It is true that people in the trade have 
used the Rapaport lists to guide their buying and sell- 
ing. As a response to the furor caused by his lists, the 
Diamond Dealers Club (DDC} has now begun to issue 
its own price lists. Perhaps different viewpoints gained 
from the use of other price lists will aid dealers in draw- 
ing their own conclusions about what is going on in 
the trade. LCH 


SYNTHETICS AND SIMULANTS 


Erkennungsmerkmale der neuen synthetischen Rubine 
{Identifying characteristics of the new synthetic 
rubies}. E. Gtibelin, Goldschmiede Zeitung, No. 5, 
1981, pp. 53-59. 

Focusing on the synthetic rubies made by Kashan, 

Chatham, and Knischka, Dr. Giibelin describes how 

these ‘‘new synthetics” (manufactured within the last 

14 years) can be separated from their natural counter- 

part. He explains that the old rules for determining nat- 

ural versus synthetic rubies no longer apply and sug- 
gests methods of separation based on color, inclusions, 
reaction to ultraviolet radiation, and absorption spectra. 

The emphasis is clearly on inclusions, with 41 fine 
colored photographs demonstrating typical and confus- 
ing inclusions found in synthetic rubies (37 Kashans 
and 4 Chathams}. Describing them as ‘‘feathers,’”’ 

“veils,” and “net or lace-like fingerprints,’”’ he reports 

that these inclusions have been identified as kryolith 
(Na, AIF.) by X-ray analysis. 
Other highlights of the inclusions section are: 

1. Fine, “cloud-like” or “hair needle” inclusions are 
among the most difficult to find and recognize. Some 
look like rutile needles, but thus far they have been 
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too small to permit analysis. These inclusions are 
seen best in dark-colored stones; fiber-optic lighting 
is essential. 

2. Fine, well-formed needles of varying lengths appear 
in the synthetics singly or in groups, and may occur 
in one or several directions in a plane. This occur- 
rence was formerly used as proof of natural origin! 


3. The straight {and sometimes bent) parallel growth 
striations cause the most confusion in the products 
of Kashan, because they disappear with the slightest 
movement of either the microscope or the stone. 
They resemble the curved striae in the Verneuil syn- 
thetics and are easily separated from the lamellar 
twinning of the natural stones, because the twin- 
ning planes extend deep into the stone while the 
synthetic growth striations disappear with the rais- 
ing and lowering of the microscope tube. 


4, Knischka rubies, not yet available on the market, 
show clouds of rutile-like needles, negative crystals, 
two-phase inclusions, and three- to six-sided metal- 
lic platelets of silver or platinum. 

The author also notes that light red and rose-red 
stones (which contain titanium) fluoresce more strongly 
when exposed to ultraviolet radiation than the darker 
red stones. X-ray fluorescence varies from strong to 
very strong red and shows some phosphorescence. The 
phosphorescence, although noticeable, lasts only 3 to 
5 seconds; while not intense, it does indicate synthetic 
origin. 

A difference between the synthetic rubies and the 
natural stones is spectral transmission in the blue re- 
gion between 465 nm and 478 nm. This characteristic, 
though not alike in all synthetics, is visible with the 
gemological spectroscope. In addition, the spectropho- 
tometer shows transmission between 250 nm and 400 
nm with a maximum at 335 nm. BJTIKNH 


Synthetics: in the beginning, there were “reconstructed 
rubies.” E. Tucker, Jewelers’ Circular Keystone, 
Vol. 152, No. 9 (Part II}, 1981, pp. 84-90. 


In this article, Ms. Tucker traces the development of 
man-made gem materials (primarily synthetic} from 
the myth of reconstructed rubies to the manufacture 
of synthetic cubic zirconia. Synthetic growth is cate- 
gorized by decades from the 1930s through the 1970s, 
with the exception of diamond simulants, which are 
discussed in a separate section. Tucker’s survey of syn- 
thetics demonstrates the advances in technology and 
the increased sophistication of methods and materials 
used to simulate natural gemstones. Colored graphics 
in the article illustrate the changing methods used to 
manufacture synthetic gemstones. By placing synthetic 
development into a historical framework, Tucker pro- 
vides a neat summation of man’s attempt to synthesize 
natural gemstones. [MH 
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GEM AND JEWELRY 


FACT SHEETS 

Edited by Gloria Giunta Ross, 38 
pp. with quarterly supplements, 
American Gem Society, 2960 Wil- 
Shire Blvd., Los Angeles, CA 90010, 
1981. US$25.00 AGS member, 
US$35.00 nonmember’ 


This is an attractive and informative 
book for the jeweler who may or 
may not be a gemologist. 

The book is printed in red and 
black on heavy gray paper. The loose- 
leaf three-ring binder has card-stock 
index dividers for ready reference. 
Individual stones are discussed sep- 
arately on easily removable pages; 
this is especially helpful when pre- 
paring a lecture or an in-store sales 
meeting. While referred to as a book, 
the work really is the beginning vol- 
ume of a service, since updated 
material will be added quarterly to 
keep subscribers current on devel- 
opments in the marketplace. 

Basic gemological information is 
given on 26 of the most commer- 
cially popular gem materials. The 
information includes sources, mar- 
ket, substitutes, synthetics, history 
and legends, and, most importantly, 
precautions that should be observed 
when handling or cleaning the gem. 
Listings of the various treatments to 
which gems may be subjected should 
provide a handy reminder that such 
practices are quite common today. 

Metal-testing techniques are ex- 
plained in a two-page section. The 
Tables and Charts section includes 
birthstones, wedding anniversaries, 
the relative hardness of commonly 
encountered gem materials and 
metals, weights and measurements, 
diamond simulants and their com- 
mon trade names, ring sizes and their 
equivalents in other countries, and 
the formulas for estimating weights 
of round and fancy-shape gemstones. 

Although the book contains no 
new information, it does consoli- 
date often-needed information in a 
convenient form. The book is well 
suited to people who have little or 
no gemological training but who 
need enough product knowledge to 
make effective sales presentations. 
It could also serve as a quick re- 
fresher for gemologists. A particu- 
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Book Reviews 


BOOK 
REVIEWS 


Michael Ross, Editor 


larly interesting feature of the book 
is that it does not include informa- 
tion about gem identification or sep- 
arations; this seems to be a wise ed- 
itorial decision, since nongemolo- 
gists sometimes get themselves into 
trouble with testing information. 
Essentially, the book presents basic, 
general production knowledge to be 
used in retail selling. 

Whether the service is worth 
the subscription price will depend 
largely on the quarterly supple- 
ments. The first two supplements 
have been received by the reviewer. 
They contain up-to-date informa- 
tion condensed from numerous trade 
sources and publications, and cover 
a wide range of subjects, including 
current market conditions, price 
trends, sales tips, fashion modes, and 
the treatment and detection of treat- 
ment in gem materials. Most arti- 
cles that are condensed from other 
publications are referenced, giving 
the name and date of the publication 
so that further information can be 
located easily. 

The editor, Gloria Giunta Ross, 
a graduate gemologist, has been as- 
sociated with AGS since 1975 and 
has written many of their consumer 
information brochures and other 
jewelry education materials. 


J. B. STREETER 
Special Advisor, GIA 


THE CAMBRIDGE 
ENCYCLOPEDIA 

OF EARTH SCIENCES 
Edited by David G. Smith, 496 pp., 
illus., Crown Publishers, New York, 
NY, 1982. US$35.00* 


Editor David G. Smith presents in 
a single volume a logically laid out, 
general review of the major subjects 
of earth science investigation. 


The book is divided into six main 
parts: The Earth Sciences in Per- 
spective, Physics and Chemistry of 
the Earth, Crustal Processes and 
Evolution, Surface Processes and 
Environments, Evaluation of Earth 
Resources and Hazards, and Extra- 
terrestrial Geology. Each of these 
sections is in turn subdivided into 
one or more chapters, for a total of 
27 chapters. The text is comple- 
mented by an excellent glossary and 
a list of additional reading that is 
broken down by chapters. A thor- 
ough alphabetical index completes 
the volume and puts specific sub- 
jects at the fingertips of the reader. 
The book is beautifully illustrated, 
with over 500 first-rate color and 
black-and-white photographs, tables, 
line drawings, and maps that serve 
to further elucidate the various geo- 
logic principles described in the text. 

The volume also contains a great 
deal of up-to-date information, such 
as the volcanic eruption of Mt. Saint 
Helens in western Washington state 
and current information on the sub- 
ject of plate tectonics. 

In spite of the book’s high quality 
and precisely conveyed information, 
it must be considered of limited 
value as a gemological reference. In 
the text, virtually no information is 
given on specific gemological topics 
and, with the exception of one pol- 
ished section of Baltic amber con- 
taining a fly, no fashioned gem ma- 
terials are illustrated. 

With its easily understood text 
and the high quality of the illustra- 
tions, however, this book is an ex- 
cellent source of readily available 
information for both the amateur 
and professional earth scientist. In 
addition, gemologists, with or with- 
out a strong background in earth sci- 
ence, who desire to learn more about 
the geological processes that pro- 
duce gems will enjoy and benefit 
from reading The Cambridge Ency- 
clopedia of Earth Sciences. 


JOHN I. KOIVULA 

Senior Staff Gemologist 

GIA Gem Trade Laboratory, Inc. 
Santa Monica 


*This book is available for purchase at 
the GIA Bookstore, 1735 Stewart Street, 
Santa Monica, CA 90404, 
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DIAMONDS Se 


Belgium/Sri Lanka. The Belgian Administration for 
Development Corporation is joining with the govern- 
ment of Sri Lanka to establish a diamond cutting and 
polishing operation in Sri Lanka. Belgium plans to ar- 
range for the import and export of the stones and will 
provide equipment and technical knowledge. Sri Lanka’s 
contribution will be the land, labor, and plant for the 
joint venture. The product will be traded through a new 
sales center to be opened in Antwerp. 


COLORED STONES Es 


Brazil. Jack Lowell, of the Colorado Gem and Mineral 
Company, reports that some good-quality cat’s-eye em- 
eralds are being found in the region of Itabira, Minas 
Gerais, Brazil. Also noteworthy are some very fine 
greenish blue tourmalines that are being produced near 
Taquaral, Minas Gerais, as well as the recent mining 
of some fine, cutting-quality brazilianite. 


Pakistan. Dr. Edward Gtibelin has provided some ad- 
ditional notes regarding his contribution “Pakistan En- 
ters the Gem Scene” (Gems #& Gemology, Fall 1981, 
pp. 180-181}. Information he originally received on the 
Haramosh Valley was ambiguous: the valley does exist, 
and deposits of aquamarine are currently being mined 
there as well as on Haramosh Mountain. 

In addition, the bright green material known locally 
as “hunzanite” and originally reported to be chrome 
diopside has been subjected to quantitative and quali- 
tative analysis by means of the electron microprobe. 
These analyses (performed by Mr. R. Gubser with the 


consultation of Professor M. Weibel], in conjunction 
with gemological examination of the stone, proved that 
the material was actually the iron-poor amphibole par- 
gasite. This “emerald’’-green pargasite occurs in the 
limestone marbles of the Hunza Valley as an accessory 
mineral in paragenesis with ruby, spinel, pyrite, and 
phlogopite. This material is very brittle and does not 
lend itself to faceting, 


Ruby. A new mine in Kenya is producing cabochons of 
fine color, described as approximating that of Burmese 
stones; these were first presented at this year’s Basel 
fair. 

Inasmuch as Mogok, Burma, is currently producing 
very few rubies, Thailand is now considered the world’s 
primary source. Alluvial deposits at Bo Rai and Na 
Wong produce stones of fine quality from depths of 5 
to 12 m. Rubies from Bo Rai are commonly of pigeon’s 
blood color, while Na Wong produces deep red-orange 
stones. Other deposits in Chanthaburi Province pro- 
duce lower-quality rubies. Bangkok sources estimate 
that the ruby deposits will be exhausted within 10 to 
15 years. 

Dr. Peter Keller, GIA’s director of education, re- 
cently returned from a trip to Thailand and other gem 
centers around the world. He reports that in spite of 
political upheavals in Cambodia, numerous miners 
cross the border daily from Thailand to mine the Cam- 
bodian ruby deposits. The majority of the stones are 
taken back through Bo Rai. Dr. Keller confirmed that 
the heat treatment of corundum is practiced routinely 
in Thailand, primarily in Chanthaburi and Bangkok. 


ANNOUNCEMENTS 


The Walters Art Gallery—600 North 
Charles Street, Baltimore, Maryland 
21201. Telephone: (301) 547-9000. 
“Epypt’'s Golden Age: the Art of Liv- 
ing in the New Kingdom” will be on 
display from October 27, 1982 
through January 2, 1983, featuring 
more than 400 objects used by Egyp- 
tian people from 1558-1085 B.C. In 
the exhibit are jewelry, carved and 


Gem News 


decorated tools and furniture, con- 
tainers, cosmetic accessories, and 
household ornaments. The jewelry 
includes beads, pendants, earrings, 
and rings of gold, silver, turquoise, 
agate, garnet, lapis lazuli, glass, and 
faience. 


“Connoisseurship of Gems,” a four- 
day lecture series, will be held at the 
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Smithsonian Institution, Washing- 
ton, D.C., November 7-11, 1982. 
Presented by internationally noted 
gem expert Benjamin Zucker, the 
program will include the assess- 
ment of gem quality, the history of 
gem collecting, and examination of 
the commercial gem market for in- 
vestment purposes. In addition to 
Mr. Zucker’s many slide illustra- 
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tions, those attending will also learn 
from seeing the famous pieces in the 
Smithsonian collection. Reserva- 
tions can be made through the Se- 
lected Studies Program, Smithson- 
ian Institution—Washington, D.C. 
20560, Telephone: (202) 357-2475. 


The Tucson Gem & Mineral Soci- 
ety’s 29th Annual Show will be held 
February 10-13 at the Tucson Com- 
munity Center, 260 South Church 
Avenue, Tucson. The featured min- 
eral will be cerussite. Educational 
programs and displays will bring to- 
gether gem and mineral materials 


from all over the world. A gem iden- 
tification booth will be supervised 
by a gemologist. Further informa- 
tion is available from the Tucson 
Gem & Mineral Show Committee, 
P.O. Box 42543, Tucson, Arizona 
85733. . 


The American Gem Trade Associa- 
tion Fair and Conclave will be held 
February 5-10 at the Doubletree Ho- 
tel, 445 South Alvernon Way, Tuc- 
son, Arizona 85711. “Put a little 
color in your life’’ is the theme of 
the association’s second annual 
show, featuring natural, colored 


gemstones. There will be seminars, 
social events, and a business meet- 
ing of the association. Further infor- 
mation may be obtained by contact- 
ing Chairwoman Maureen Jones, 
{213} 990-2411, or Manager Don El- 
wood, (213} 703-8671. 


Gems # Gemology welcomes news 
of exhibits and events of a gemolog- 
ical nature. Please contact Ste- 
phanie Dillon, Gemological Insti- 
tute of America, 1660 Stewart St. 
Santa Monica, CA 90404. Tele- 
phone: (213] 829-2991. 


1981 volume year 


1982 volume year 
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One year (4 full-color issues with translation) 
Single issue (full-color version with translation) 
Translation only 


One year (4 full-color issues with translation) 
Single issue (full-color version with translation) 
Translation only 


For further information, please contact: 


Association of Japan Gem Trust 
3-19-4, Ueno 

Taito-ku, Tokyo, Japan 
telephone: (03) 835-7046 
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GEMS & GEMOLOGY NOW AVAILABLE IN JAPANESE 


Translations of Gems & Gemology in Japanese may now be obtained from the Association of Japan Gem Trust. The trans- 
lations may be purchased as a one-year subscription or per issue, the latter either with the English version and full-color 
photographs or as the translation alone. The rate schedule is as follows, in Japanese yen: 
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Editorial 


IN TRIBUTE TO 
ROBERT M. SHIPLEY, JR. 


R obert M. Shipley, Jr., the elder son of the founder of the Gemological Institute 
of America, passed away on September 10 after a long illness. He was 69 years 
old. Bob Jr., as he was known to many of his friends in the gemological field, was 
a great asset to his father in the early days of GIA. He came west from Wichita to 
join his father in 1933, and his expertise in the laboratory field and in the devel- 
opment of instrumentation for gemologists quickly became apparent. The younger 
Shipley soon became Director of the GIA Laboratory and was instrumental in es- 
tablishing its reputation across the nation. 


In many respects, Robert Shipley, Jr., was a genius in instrumentation. Prior to his 
efforts, gemologists were largely dependent on instrumentation from the mineral- 


. ogical field. Shipley decided that dark-field illumination would be of great benefit 
. for examining the interior of gemstones and that low-power stereoscopic magnifi- 


cation would be a boon to the gemologist. In 1937, he applied for a patent on the 
combination of binocular magnification with dark-field illumination for the ex- 


‘amination of gemstones; the patent was granted in 1938. The stoneholder that he 


developed for that early DiamondScope is still in use today, almost unchanged from 
the original design. 


When Edwin Land developed Polaroid, Shipley immediately saw the advantages 
over the expensive and small Nicol prisms and made, with Raoul Francouer, a 
French tool and dye maker, the first gem polariscope. Other instruments Shipley 
developed include the original optical colorimeter, an electronic colorimeter, a uni- 
versal motion immersion stage, a vertical equivalent of the endoscope for testing 
drilled pearls, an analyzing refractometer, a pocket refractometer, and a gemological 
polarizing microscope. 


Shipley also assisted his father in the preparation of GIA’s Home Study courses, 
particularly the course on advanced gemology. He taught many classes and acted 
for a number of years as Director of Education as well as Research. 


An officer in the Air Force reserve, Shipley was called to active duty in 1941. He 
served in the U.S. and England during World War II and was given a medical dis- 
charge in 1944. After World War II, he founded an instrument manufacturing com- 
pany, which was sold to GIA around 1951. He then moved to Cloverdale, California, 
north of San Francisco, where he continued his inventive ways with a research lab- 
oratory. He developed tree shakers for the fruit industry of northern California and 
also equipment to pick up the fruit after it had fallen. He subsequently sold the 
research laboratory to a large midwestern manufacturing firm. 


Robert Shipley, Jr., is survived by his wife Mary and two sons. 
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THE CHANTHABURI-TRAT 
GEM FIELD, THAILAND 


By Peter C. Keller 


With the recent drastic decline in 
production from the classic ruby mines of 
Burma, Thailand has become the world’s 
major source of gem ruby. The majority 
of the ruby production, as well as some 
significant sapphire production, comes 
from the provinces of Chanthaburi and 
Trat in southeastern Thailand. This 
article reviews the geology of these 
alluvial deposits and describes the wide 
range of methods used to mine the 
corundum. Gemologically, the Thai 
rubies are distinguished by their violet 
overtone, inhibited fluorescence, and 
characteristic inclusions. Also discussed 
is the heat treatment of corundum to 
enhance color, which has become a major 
industry in Chanthaburi. The newest 
product, “golden” sapphire, is examined, 
including the apparent stability of the 
color produced and clues to the detection 
of the heat treatment. 


ABOUT THE AUTHOR 


Dr. Keller is director of education at the 
Gemological Institute of America, Santa Monica, 
California. 


Acknowledgments: The author wishes to 
thank the many people who contributed to 
this article in a variety of ways. John Koivula 
and Chuck Fryer helped identify many of the 
inclusions. The trip into the mining region 
would have been very difficult if not for the 
generous office of Henry Ho, of the AIGS in 
Bangkok, and the two knowledgable guides, 
Narong Saeovi and Dick Hughes. Special thanks 
also go to Dr. George Rossman of the 
California Institute of Technology for 

sharing his insights into the heat 

treatment of corundum. This study was made 
possible by a grant from the Western 
Foundation of Vertebrate Zoology. 
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186 — Chanthaburi-Trat, Thailand 


hailand has been a world supplier of gem ruby and 

sapphire since the latter part of the 19th century, 
although the deposits were not thought to be as impor- 
tant as those of neighboring Burma. In 1963, however, the 
Burmese deposits were nationalized, and supplies of fine 
gems from these mines declined rapidly. The fact that so 
little is produced in Burma today has catapulted the Thai 
deposits into importance. An estimated 70% of the world’s 
high-quality gem rubies come from Thailand. Of these, 
85% to 90% come from the Chanthaburi-Trat district 
alone (Aranyakanon and Vichit, 1979). While the overall 
quality of these rubies is not as high as those found in 
Burma, exceptional stones are seen (figure 1). 

The gem deposits of the Chanthaburi-Trat (formerly 
Krat) area are entirely alluvial, having eroded out of deeply 
weathered basalt flows. The region can, however, be di- 
vided into two mining districts based on the type of co- 
rundum produced. The first lies to the west, near the 
town of Chanthaburi (figure 2) and in the Chanthaburi 
Province. It includes the famous Khao Ploi Waen and 
Bang Kha Cha mining areas, known for their production 
of blue, blue-green, and yellow sapphires as well as black 
star sapphires. The second district, approximately 45 km 
to the east of Chanthaburi, in Trat Province, is the cur- 
rently very active Bo Rai/Bo Waen mining area known for 
its significant production of ruby. In fact, Bo Rai/Bo Waen, 
together with the Pailin area 27 km to the northeast in 
Kampuchea (formerly Cambodia), comprises the most 
important ruby-producing area in the world today. Oc- 
casionally, green sapphires and color-change sapphires 
occur in this district as well. 

In 1980, an estimated 39.4 million carats of ruby and 
sapphire were mined in the Chanthaburi-Trat area by an 
estimated work force of 20,000 miners (Stamm, 1981). It 
is difficult to translate this production figure into official 
export figures because the latter do not include tourist 
purchases that do not have to be declared at customs or 
smuggled material. In addition, the tremendous amount 
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of corundum from elsewhere, particularly Sri 
Lanka and Australia, that is brought to Thailand 
for heat treatment and thus sold in the gem mar- 


kets of Bangkok undoubtedly has a major effect- 


on any export statistics. The actual production 
and export figures are probably much greater than 
those estimated by the Department of Customs 
and the Department of Business Economics. It is 
very significant, however, that these figures have 
more than doubled since 1973 (Stamm, 1981). 
Considering the importance of the Thai de- 
posits, surprisingly little has been written about 
them. Bauer {1904} provides one of the best early 
descriptions and includes a detailed map of the 
deposits. Most of the relatively recent work done 
by the Geological Survey of Thailand has been 
published in Thai journals which are, for the most 
part, difficult to obtain in the United States. An 
excellent general study of the gem deposits of 
Thailand was done by Aranyakanon and Vichit 
(1979). This report included details on the Chan- 
thaburi-Trat area. Charaljavanaphet (1951) did one 
of the earliest geological reports on the Bo Rai 
area. One of the most important geological stud- 
ies of the corundum-related basalts in Thailand 
was by Vichit et al. (1978). Berrangé and Jobbins 
(1976) did a superbly detailed study of the gem 
deposits at Pailin, Cambodia, in which they in- 
cluded many references to the deposits in the 
Chanthaburi-Trat area. A summary of this work 
was recently published by Jobbins and Berrangé 
(1981). There have also been several articles by 


Chanthaburi-Trat, Thailand 


Figure 1. Two fine Thai 
rubies, 3.41 and 3.04 ct. 
Photo courtesy of Jack 
Abraham, Precious Gem 
Resources, Inc., 

New York, NY. 


visitors to the area, most notably Moreau (1976}, 
Chang (1969), and Pavitt (1973, 1976}. 

None of these papers, however, has put all the 
aspects of geology, mining methods, production, 
and gemological characteristics together into a 
single, comprehensive report. The purpose of this 
article is to fill this void, as well as to present an 
update on current activities in the Chanthaburi- 
Trat area, including the heat treatment of corun- 
dum, based on observations made by the author 
on a visit to the area in June 1982. 


LOCATION AND ACCESS 


The Chanthaburi-Trat mining district is located 
in southeast Thailand, approximately 330 km east- 
southeast of the capital city of Bangkok. The dis- 
trict extends from approximately 102°00’ to 
103°00' west longitude and 12°00’ north latitude 
to 13°00’ north latitude. The district is contig- 
uous with the very productive Pailin ruby and 
sapphire gem field, 27 km northeast of Bo Rai in 
Kampuchea {Cambodia}. 

Access to Chanthaburi is quite easy now com- 
pared to the late 19th century, when, according 
to Bauer {1904}, a 20-hour journey by steamer 
from Bangkok was required. The new highway 
has shortened the trip from Bangkok to Chantha- 
buri to three hours. Bo Rai is about an additional 
45 km from Chanthaburi eastward via highway 
no. 3157. Currently, there are more than 20 active 
mining operations in the district, ranging from 
hand operations to highly mechanized ones. 
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HISTORY 

Gem mining in the Chanthaburi-Trat area was 
first reported at Khao Ploi Waen, also known as 
“Pagoda Hill” or the ‘‘Hill of Gems,” in 1850. 
Khao Ploi Waen is about 8 km southwest of 
Chanthaburi, near the village of Bang Kha Cha. 
In 1850, the Shans and Burmese were mining sap- 
phires here (Pavitt, 1973). According to Bauer 
(1904), a missionary report dated 1859 stated that 
it was possible to collect a handful of rubies from 
the ‘Hill of Gems” in half an hour. Interestingly, 
the pagoda that Bauer cites still stands. 

Bauer (1904) described the state of the ruby 
and sapphire deposits in the Trat Province (then 
known as Krat} in the 1870s and 1880s. He di- 
vided the district into two groups, roughly 50 km 
apart: Bo Nawang, an area of about 40 square ki- 
lometers; and Bo Channa, 50 km to the northeast 
and a little over one square kilometer in extent. 
Bauer noted that the mines at Bo Nawang were 
small, typically pits one meter deep, and sunk in 
coarse yellow-brown sand overlying a bed of clay. 
The rubies occurred at the base of the sand unit 
in a layer 15-25 cm thick. These mines have been 
worked since about 1875. 

In 1895, an English company, The Sapphires 
and Rubies of Siam, Ltd., obtained the rights to 
mine in what was then Siam. This company was 
an extension of E. W. Streeter, a famous London 
jeweler with a Burmese gem-mining operation 
known as Burma Ruby Mines Ltd. The company 
was not successful in the Chanthaburi-Trat area 
(Bauer, 1904). 

At Bo Channa, the mines were vertical shafts 
extending to a depth of 7 to 8 m until they reached 
a gem gravel 15-60 cm thick. The Bo Channa 
mines have been worked since about 1885. Both 
Bo Channa and Bo Nawang were worked by the 
Burmese. Bauer estimated that about 1250 miners 
worked the two areas at the time. 

Since the introduction of the Siam Mining Act 
in 1919, all gem mining has been limited to Thai 
nationals. Today, about 2,000 people mine in the 
Khao Ploi Waen-Bang Kha Cha area, and at least 
20,000 people work between Bo Rai, Bo Waen, 
Nong Bon, and the deposits at Pailin in Kam- 
puchea. Interviews at Bo Rai revealed that at least 
1,000 miners from the area cross into Kampuchea 
every day. 


GEOLOGY 


Because of the deep chemical weathering and sub- 
sequent rapid erosion that is typically associated 
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with tropical climates, the corundum deposits of 
the Chanthaburi-Trat district occur exclusively 
in alluvial, eluvial, or residual lateritic soil de- 
posits derived from underlying basalt flows. The 
gems have long been thought to have been de- 
rived from these basalts, although reports of in- 
situ occurrences are rare (Vichit et al., 1978). 

While the precise age of the basalts has not yet 
been determined, they are thought to be relatively 
young; estimates range from Tertiary to Pleisto- 
cene (Leon Silver, personal communication, 1982). 
According to Jobbins and Berrangé (1981), the 
closely related Pailin basalts have been radi- 
ometrically determined to be 1.4 to 2.14 million 
years old. This places the basalts in Upper Pli- 
ocene to Lower Pleistocene age. They have been 
informally designated the Chanthaburi-Trat ba- 
salts by Vichit et al. (1978). These flows uncon- 
formably overlie the Devonian-age Kanchanaburi 
formation, which consists of phyllites and quartz- 
ites, and the Jurassic/Triassic Phu Kradung vol- 
canic siltstones, sandstones, and conglomerates 
(Javanaphet, 1969). These units are undoubtedly 
comparable to the Devonian-age O Smoet for- 
mation and Triassic-age Tadeth Group that Ber- 
rangé and Jobbins (1976) discuss in their compre- 
hensive study of the Pailin gem field. Other 
noteworthy geologic units in the region include 
granites and granodiorites of possible Cretaceous 
age and the Triassic-age Khao Sa-Bab granite 
which outcrops just east of Chanthaburi (again, 
see figure 2). 

Outcrops of the Chanthaburi-Trat basalt are 
rare. The only notable outcrops are at Khao Ploi 
Waen and Khao Wao. At Khao Ploi Waen, the unit 
occurs as a dark, fine-grained to glassy vesicular 
basalt; the hill itself is thought to be a volcanic 
plug and is possibly a source for the gem-bearing 
basalt flows in the area (Taylor and Buravas, 1951). 
The plug at Khao Ploi Waen yields blue, green, 
and yellow sapphires as well as black star sap- 
phires. Rubies are rare at this locality. 

Invariably, the gem deposits are associated 
with basalt flows or at least remnant flows. The 
flow at Chanthaburi is only about 35 square ki- 
lometers. The basalts in the Bo Rai area are much 
more extensive. As expected, the basalt flows par- 
allel to the gem deposits, trending in a north- 
south direction. The flow in the Bo Rai area is 
about 27 km by 4 km. This roughly delineates the 
Bo Rai mining district, which Vichit et al. (1978) 
estimate to consist of about 23 gem localities. Bo 
Rai produces ruby almost exclusively. 
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Figure 2. Geologic 
sketchmap of the 
Chanthaburi-Trat area, 
showing major ruby and 
sapphire mines. Modified 
from Vichit et al. (1978) 
and Javanaphet (1969). 


From a petrographic point of view, the Chan- 
thaburi-Trat basalts are fine-grained, olivine-bear- 
ing alkaline basalts; they have been called “ba- 
sanitoids” by Vichit et al. (1978} and “basanites” 
by Berrangé and Jobbins (1976). These basalts lo- 
cally contain spinel-rich lherzolite nodules, which 
may, in fact, be the ultimate source for the co- 
rundum. Lherzolite nodules are thought to form 
in the upper mantle of the earth, at depths of 
about 50 km, and may be unrelated to the mag- 
mas that brought them to the surface. The basalts 
contain augite, pyrope garnet, calcic plagioclase, 
zircon, spinel, and magnetite. The magnetite has 
been reported as megacrysts up to 6 cm in di- 
ameter. Spinel, which along with olivine and en- 
statite is typical of lherzolite, is locally abundant 
but rarely of gem quality. 

The structural and historical geology of the 
Chanthaburi-Trat area is essentially identical to 
that outlined by Jobbins and Berrangé (1981) for 
the Pailin area of what is now Kampuchea, which 
could easily be considered part of the Chantha- 
buri-Trat district. Jobbins and Berrangé note that 
during the Himalayan orogeny of early to middle 
Tertiary times, the region, which is largely un- 
derlain by Jurassic-Triassic sandstones and De- 
vonian phyllites, was uplifted and intruded by 
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granites and granodiorites as represented by the 
Khao Sa-Bob granite. During the final stages of 
this orogenic episode, the area was also intruded 
by basaltic dikes which spilled onto the earth’s 
surface in the form of extensive basaltic lava flows. 
Some volcanic features, such as the volcanic plug 
now exposed as a remnant at Khao Ploi Waen, 
were also formed at this time. Since this period 
of mountain building and volcanic activity, the 
area has been geologically quiet and the surface 
has been exposed to intense weathering and ero- 
sion as a consequence of the harsh tropical cli- 
mate. Deep residual soil horizons formed over the 
basalts which, locally, have been eroded and re- 
deposited to form the secondary gem deposits of 
the region. Because corundum is durable and 
heavy, it is an ideal mineral for concentration in 
these alluvial or eluvial deposits. 

The gem deposits in the Chanthaburi-Trat area 
vary greatly in thickness, depending on the to- 
pography of the area and the bedrock. In the 
Chanthaburi area, sapphires are found on the sur- 
face at Khao Ploi Waen, and at a depth of 3-8 m 
in the area adjoining the hill and at Bang Kha Cha. 
In the relatively flat Bo Rai area, the gem gravel 
is at a depth of at least 4-10 m and varies in thick- 
ness from 0.3 m to 1 m. At Bo Rai, the ruby is 
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Figure 3, Primitive washing of gem gravels at 
Chanthaburi-Trat area. 


Figure 4. At Bo Rai, gem 
gravels are washed by high- 
pressure water cannons and 

transported up a pipe (seen 
to the right in photo) to a 
long sluice. 
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associated with black spinel, olivine, and, in rare 
instances, blue, green, or color-change sapphires. 


MINING METHODS 


The methods used to mine ruby and sapphire in 
the Chanthaburi area reflect all levels of techno- 
logical sophistication, from the simple rattan bas- 
ket to the most advanced bulldozer. The mining 
in the Khao Ploi Waen area is typical of Thai- 
land’s most primitive extraction methods. Inde- 
pendent miners lease land from the local owners. 
A vertical shaft about 1 m in diameter is then dug 
to a depth of about 10 m, where the gem gravels 
are usually intersected. No ladder is used; the 
miner simply digs footholes into the side of the 
shaft. The soil is lifted to the surface using a large 
bamboo crane and rattan baskets. When the gem 
gravels are encountered, they are washed in arti- 
ficial pools and sorted by hand in round rattan 
sieves (figure 3). According to Pavitt (1973), about 
2,000 people work using these simple methods in 
the Khao Ploi Waen area alone. 

Just to the south of Khao Ploi Waen, at Bang 
Kha Cha, which is famous for its black star sap- 
phires and blue and green sapphires, a different 
style of mining is found. Here, the sapphires are 
recovered from the muddy tidal flats of the Gulf 
of Siam, which is located about 5 km to the south. 
The gem miners take boats out into the flats at 
low tide and fill them with the gem-bearing mud. 
They then take the mud to shore where it is 
washed with the standard rattan sieves. There are 
more sophisticated operations at Bang Kha Cha, 
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but the most technologically advanced mining 
can be seen at Bo Rai, the ruby mines located on 
the border of Kampuchea, where claims are gen- 
erally about 1620 meters square, and the land- 
scape is dotted with bulldozers and sophisticated 
washing equipment. 

Large-scale mechanized mining was formally 
banned in Thailand in 1980 in response to pres- 
sure from farmers who claimed that the mining 
was destroying the topsoil. Even so, the majority 
of the ruby mining operations observed during the 
author’s recent visit to Bo Rai used bulldozers to 
remove the overburden and high-pressure water 
cannons to wash the gem gravel that is then 
pumped into sluices from which the ruby is re- 
covered (figures 4 and 5]. According to Stamm 
(1981), “special” permits that allow mechanized 
mining are issued for 2500 baht (US$125) per 
month. In addition to the bulldozers and water 
cannons, the latest mechanical treatment in- 
cludes a jig or ‘‘willoughby” table washer to con- 
centrate the corundum at the end of the long 
sluice (figure 6}. lt is interesting to note that most 
of these so-called new mining methods at Bo Rai 
have been borrowed from the basic principles of 
alluvial tin mining used at Phukat, on the south- 
ern extension of Thailand. 

Not all of the ruby mining in the Bo Rai area 
is mechanized; here, too, some is done by “‘pit- 
miners” using only the traditional rattan sieve. 
These pitminers may work in small groups or on 
a few square meters of leased land. They com- 
monly pay the government or landowner about 
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500 baht (US$25} per month and are permitted to 
keep what they recover. Other small miners search 
the already-worked tailings of the large, mecha- 
nized operations (figure 7). Usually these small 
miners are successful enough to support them- 
selves and their families. The author noted sev- 
eral of them sorting and selling their ruby pro- 
duction in front of their homes (figure 8). 


CHARACTERISTICS OF THAI 
RUBY AND SAPPHIRE 


The rubies taken from the basalt fields of south- 
eastern Thailand can generally be distinguished 
by their color and unique inclusions from those 
derived from the crystalline limestone terrain of 
Burma or from the graphite gneisses of East Af- 
rica. Gtibelin (1940, 1971} has done detailed stud- 
ies of inclusions that he found to be typical of 
Thai rubies. He observed the most common in- 
clusions to be subhexagonal to rounded opaque 
metallic grains of pyrrhotite (Fe,_xS}; yellowish 
hexagonal platelets of apatite, (Ca;(PO.)s 
(OH,F,Cl); and reddish brown almandite garnets, 
Fe;Al,(SiO,|,. These inclusions were commonly 
surrounded by circular feathers (figure 9} and 
characteristic polysynthetic twinning planes (fig- 
ure 10}. 

A parcel of over 500 rough rubies obtained by 
the author from mines in the Bo Rai area were 
examined for characteristic inclusions and any 
other distinguishing features. The parcel con- 
sisted of well-rounded fragments, generally under 
5 mm, which exhibited color variations from 


| Figure 5, After the gem gravels exit 
the pipe, they are run over a Jong 

2 sluice. The heavier corundum 
concentrate collects in a jig at 

the end. 
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Figure 6. A jig or “willoughby” table washer, a 
device borrowed from the Phukat tin mines on 
the southern extension of Thailand, is very 
effective at concentrating ruby. 


strongly violet to a classic “pigeon blood’ red. 
Grains over a centimeter were rare. The refractive 
index (1.766—1.774) and specific gravity (3.97- 
4,05} of ruby do not differ with locality. The high 
iron content of the Thai rubies does influence 
their behavior when exposed to ultraviolet radia- 
tion, in that their fluorescence is inhibited sig- 
nificantly. The parcel examined exhibited the very 
weak fluorescence that would be expected for 
Thai rubies. 

By far the most common inclusion in the par- 
cel of rubies studied was subhedral to anhedral 
pyrrhotite (figure 11). These pyrrhotite inclusions 
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were commonly altered to a black submetallic 
material (figure 12) that X-ray diffraction analysis 
by Chuck Fryer of GIA revealed to be goethite, 
FeO(OH). It is not surprising to see pyrrhotite in- 
clusions in rubies from a basaltic terrain, since 
basalts are unusually high in iron. Furthermore, 
according to Carmichael et al. (1974), pyrrhotite 
appears to be the dominant primary sulfide in ba- 
saltic rocks. 

In all the samples studied, no inclusions of 
almandite garnet or rutile were observed. Yellow- 
ish anhedral hexagonal platelets of translucent 
apatite were noted, although these were consid- 
ered quite rare. A high percentage of the stones 
studied were totally free of diagnostic mineral in- 
clusions, however; the most characteristic fea- 
tures in these stones were secondary stains of iron 
oxide that appeared in almost all fractures (again, 
see figure 11). Given the iron-rich nature of the 
presumed host basalt, as discussed above, this 
abundance of iron is to be expected. Typically, the 
brownish to purplish overtones of the rubies, and 
their weak fluorescence when exposed to short- 
wave ultraviolet and X-radiation, has been attrib- 
uted to the characteristically high concentrations 
of iron found in the Thai rubies. 

Sapphires recovered from the Khao Ploi Waen 
and Bang Kha Cha areas outside of Chanthaburi 
are quite different morphologically from the 
formless Bo Rai rubies. These sapphires show 
signs of transport, in that they occur as well- 
rounded hexagonal prisms. I would suggest, how- 
ever, that the sapphires have not traveled as far 


Figure 7, Independent miners 
often work the tailings of the 
more sophisticated operations 
in hopes of recovering any 
overlooked ruby. This photo 
was taken at Bo Rai. 
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Figure 8. Independent miners sorting rough rubies at Bo Rai. Note the bottle of “ruby 
oil,” essentially a coloring agent, which is sometimes used to temporarily enhance the 


appearance of the gem rough. 


as the rubies, which rarely exhibit any of their 
original hexagonal morphology. The sapphires are 
generally green, blue, yellow, or black—the black 
commonly exhibiting asterism. They range in di- 
ameter from less than a millimeter up to 10 cm. 
The average size observed was 3-6 mm. Large, 
hexagonal blue-green sapphire specimens up to 


Figure 9. Typical inclusions in Thai ruby are 
these circular features surrounding pyrrhotite. 
Magnified 60x. Photo by John Koivula. 


1720 ct have been reported from the Bang Kha 
Cha area (Pavitt, 1973). No gem-quality stones of 
this size have ever been reported, however. 


HEAT TREATING “GOLDEN” SAPPHIRES 


It is almost impossible to discuss the increased 
availability of fine ruby and sapphire from Chan- 


Figure 10. Polysynthetic twinning, here 
observed under crossed polarizers, is commonly 
seen in Thai rubies. Magnified 25 x. Photo by 
John Koivula. 
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Figure 11. Typical subhedral inclusions of 
semialtered pyrrhotite in a Bo Rai ruby. Note 
the characteristic iron stains also. Magnified 
50x. Photo by John Koivula. 


thaburi without considering as well the now- 
common use of heat treatment in that area. The 
heat treatment of corundum has developed into 
a major industry in Thailand, primarily in Bang- 
kok and Chanthaburi. Estimates of the number 
of heat-treatment facilities run from the hundreds 
to the thousands. These facilities treat not only 
the local production, but large quantities of ma- 
terial from Sri Lanka, Australia, Kampuchea, and 
Burma as well. Nassau (1981) and Crowning- 
shield and Nassau (1981) examined the technical 
aspects of heat treatment and its detection in 
ruby and sapphire in quite some detail. They lim- 
ited themselves to those questions relating to en- 
hancing asterism or improving the color of ruby 
and blue sapphire, however. Abraham (1982) dis- 
cussed some of the practical aspects of this grow- 
ing industry in Bangkok, but again limited his 
article to the commercially important blue sap- 
phires, rubies, and sapphires exhibiting asterism. 

On a recent visit to Chanthaburi, the author 
had the opportunity to interview Mr. Sammuang 
Koewvan and Mr. Jonk Chinudompong, two of 
the leading treaters. They were very cooperative 
and helpful, and essentially confirmed what Abra- 
ham (1982) presented in his recent article. The 
author was, however, especially interested in the 
relatively large amount of high-quality brownish 
to orangy yellow—referred to here as golden— 
sapphire that they were generating, largely from 
Sri Lankan rough (figure 13). (While significant 
quantities of blue sapphires have been heat treated 
for at least the last 10 to 15 years, and rubies for 
the last three to five years, the heat treatment of 
golden sapphires on a large scale appears to be rel- 
atively new.} To date, very little has appeared in 
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Figure 12. Large goethite inclusion found in an 
alteration product of pyrrhotite. Magnified 50x. 
Photo by John Koivula. 


the literature concerning these stones. Crowning- 
shield (1982} reported that light yellow stones 
were produced by heat treating colorless sapphire 
seven or eight years ago, but that these were sub- 
ject to fading. These stones were not the same as 
the orangy yellow ones observed in this study, 
which definitely did not fade on prolonged expo- 
sure {over several months} to light. 

There was a great-deal of concern on the part 
of the gem dealers in Thailand about these sap- 
phires because such a golden color may also be 
produced by irradiation, and the irradiated stones 
have been found to fade rapidly when exposed to 
heat or ultraviolet radiation. Because of this con- 
cern, dealers routinely place a suspect stone un- 
der a flame for one minute. If the stone has been 
irradiated, it will fade. If, however, the sapphire 
has been heat treated, it will temporarily darken 
and, upon cooling, return to its golden color. (In 
a recent personal communication, Robert Crown- 
ingshield noted that the GIA Gem Trade Lab in 
New York prefers to place a suspect stone in sun- 
light for approximately four hours, since natural 
yellow sapphires from Sri Lanka may temporarily 
fade at a fairly low temperature.) In a paper by 
Lehmann and Harder (1970), it was pointed out 
that the yellow color in sapphire was generally 
due to trivalent iron impurities. There were, how- 
ever, some yellow sapphires that owed their color 
to “irradiation color centers.”” The authors noted 
that these sapphires “bleach completely within 
a few days even in the dark.” 

The actual heat-treatment process for these 
golden sapphires appears to be quite simple. Most 
of the sapphires treated are colorless stones from 
Sri Lanka. These sapphires are typically very clean 
and free from the “silk” or rutile that provides the 
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Figure 13. A parcel of 
faceted golden sapphires 
after heat treatment, The 

largest stones are about 
10 ct. 


titanium which, in conjunction with divalent iron, 
is responsible for a sapphire’s blue color (Nassau, 
1981). Any highly included or flawed portions of 
the rough sapphire are trimmed prior to treat- 
ment. The material is heated in an open crucible, 
that is, in an oxidizing environment, in an oven 
similar to:that described by Abraham (1982) for 
blue sapphires. The divalent iron is converted to 
trivalent iron following the simple equation of- 
fered by Nassau (1981): 


4 FeO + O, > 2 Fe,O, 


This conversion results in a yellow sapphire (Leh- 
mann and Harder, 1970). Specifically, to produce 
this change, the colorless sapphires are heated for 
about 12 hours at 1000°C to 1700°C in two cru- 
cibles, one placed inside the other (figure 14}. The 
corroded surface of the treated rough suggests 
that the temperatures are at the high end of this 
estimate. The variation in color is dramatic, some 
stones remaining colorless while others become 
a dark, rich golden color. The treaters interviewed 
were very adamant that no chemicals are used in 
the crucible with the sapphire. Theoretically, no 
chemicals are necessary for the conversion of di- 
valent to trivalent iron. The treated rough does 
show signs of very localized partial melting, this 
is possibly due to a spattering of the borax in 
which the corundum-bearing crucible is packed 
during the heating process. (The borax would be 
an excellent flux to promote melting in the co- 
rundum, as it is in the diffusion treatment of this 
material.] 


Chanthaburi-Trat, Thailand 


Figure 14, Heat-treated golden sapphires with 
the pair of crucibles used in heating. 
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The actual mechanism for the appearance of 
the golden yellow color in the sapphire is open to 
speculation until the extensive research required 
to provide a conclusive answer can be completed. 
According to George Rossman, of the California 
Institute of Technology (personal communica- 
tion, 1982), trivalent iron alone will produce a 
pale yellow color, but cannot be called upon for 
the rich golden color observed in many of the 
treated stones seen in Chanthaburi (figure 13). 
Rossman suggests that perhaps we are seeing in- 
cipient exsolution of the trivalent iron as sub- 
microscopic iron oxides in the corundum lattice. 
This mechanism would be very similar to the 
exsolution of hematite in plagioclase feldspar giv- 
ing rise to the golden color of sunstone. In the 
case of plagioclase, the hematite may become 
coarse enough to result in aventurescence. This 
phenomenon has not been observed in sapphire, 
although the process is not unlike the exsolution 
of titanium oxides (rutile) in corundum to pro- 
duce the familiar “silk” inclusions. As noted 
above, however, detailed research will be needed 
to answer this question for certain. 

With regard to the identification of heat treat- 
ment in these stones, the GIA Gem Trade Lab is 
of the opinion that once irradiation (fade test) has 
been eliminated, the source of color in brownish 
to orangy yellow sapphire may be ascribed to heat 
treatment on the basis of the rare and somewhat 
unnatural nature of this hue. Additional clues to 
heat treatment are the absence of an iron line at 
4500 A in the spectroscope, subdued fluores- 
cence, internal stress fractures, pockmarked fac- 
ets, and abnormal girdles* (Robert Crowning- 
shield, personal communication, 1982). 


CONCLUSION 


With the decline in production from the Mogok 
area of Burma, the Chanthaburi-Trat area of Thai- 
land has become of world importance as a source 
of rubies and sapphires. Furthermore, the increas- 
ingly sophisticated methods of heat treatment 
stemming from the Chanthaburi area have not 
only increased the supply of fine-colored rubies 
and blue sapphires substantially, but have also 
introduced relatively large amounts of previously 
rare “golden” sapphire of fine color. Greater tech- 


* Editor's note: These latter two characteristics are 
discussed and illustrated (figures 13 and 14) in the 
Gem Trade Lab Notes section of this issue. 
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nological sophistication has also been applied to 
the actual mining of the corundum to increase 
the supply of rough to the market. Reduced mil- 
itary activity in the adjacent gem fields in Kam- 
puchea (Cambodia} in recent months suggests a 
return to importance of this area as well, contrib- 
uting to the overall gem potential of the region. 
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GEMSTONES WITH 
ALEXANDRITE EFFECT 


By E. Gtibelin and K. Schmetzer 


The term alexandrite effect refers to the 
apparent change of color in certain 
minerals from blue-green or greenish 
violet in daylight to red or reddish violet 
in incandescent light. This effect was 
discovered in chrome-bearing chrysoberyl 
from the Ural Mountains as early as the 
beginning of the 19th century. In more 
recent times, it has also been observed in 
certain varieties of garnet, corundum, 
spinel, kyanite, fluorite, and monazite. It 
has been determined that the absorption’ 
spectrum of all alexandrite-like minerals 
is characterized by transmission maxima 
in the blue-green and red regions and by 
a transmission minimum in the yellow 
region. The color of minerals with two 
such regions of transmission is 
determined in daylight (richer in blue 
and green) by the position of the 
transmission maxima and in 
incandescent light (richer in red) by the 
ratio of transmission in the red and 
transmission in the blue-violet sections of 
the visible spectrum. 
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Gemstones with Alexandrite Effect 


he alexandrite effect was observed for the first time 

in 1830, in a chromium-bearing variety of chryso- 
beryl from the emerald mines on the eastern slopes of the 
Ural Mountains. The new gem was named by the Swed- 
ish explorer Nils Nordenskidld in 1838 (Koksharov, 1861}, 
in honor of then-Tsarevitch Alexander Nikolayevitch, 
the future Tsar Alexander II (1818-1881}. The alexandrite, 
famous for its conspicuous change of color—green in day- 
light and red in incandescent light—soon enjoyed great 
popularity as well. This gem was appreciated not only for 
its curious color change, which has only very recently 
been explained (Carstens, 1973; Hassan et al., 1974; 
Gtibelin, 1976 a and b; and Schmetzer et al., 1980 a and 
b) but also because red and green were the colors of the 
tsarist army; thus the alexandrite was considered by many 
to be the national gem of tsarist Russia. 

Most of the alexandrites found on the gem market to- 
day originate from deposits in Sri Lanka and those re- 
cently discovered in Zimbabwe, Brazil, and Tanzania. 
The Brazilian specimens usually display only a weak 
change of color, while those from Tanzania and Zim- 
babwe demonstrate a striking alteration from dark green 
and blue-green to pure or violetish red. Sri Lanka has been 
and still is the most important producer of alexandrite. 
The colors seen in the Sri Lankan specimens (brownish 
green in daylight and olive-tinged red in incandescent 
light} are more subtle than those commonly observed in 
their Russian counterparts (blue-green and deep red}, and 
the change of color is less pronounced. Figure 1 illustrates 
the color change in a fine Sri Lankan alexandrite. 

White et al. (1967) introduced the term alexandrite 
effect to the literature and identified that it was not just 
restricted to alexandrite, although alexandrite-like sap- 
phire has been known to exist since at least the 1950s 
(the American Museum of Natural History in New York 
placed such a sapphire on display in 1960}. A few garnets 
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Figure 1. Color change visible in an 8.07-ct alexandrite from Sri Lanka, from natural or 
fluorescent light (left) to incandescent light (right). Stone courtesy of the Los Angeles 
County Museum of Natural History. Photo by Tino Hammid. 


from the gemiferous Sri Lankan district of Rat- 
napura displaying a very similar change of color 
came onto the market in the 1960s (the senior 
author acquired his first specimen, 5 ct, in 1968). 
Subsequently, alexandrite-like garnets were found 
in the Umba Valley of Tanzania as well as in Bo- 
hemia, Norway, and Yakutia. They were either 
chrome-rich pyropes or, more commonly, vana- 
dium and/or chrome-bearing spessartite-rich py- 
ropes (Amthauer, 1976; Schmetzer and Otte- 
mann, 1979). 

Although well-informed gemologists have 
known for some time that an alexandrite effect 
may be produced in synthetic corundum by add- 
ing 20% chromium oxide or traces of vanadium 
oxide (Barks et al., 1965), natural corundum from 
Thailand and Colombia displaying a similar ef- 
fect has only recently been described in detail 
(Schmetzer et al., 1980]. These gems contain V,Os, 
Fe,O;, and TiO, in addition to Cr,O,. A few ex- 
amples of natural spinel from Sri Lanka showing 
a change of color from bluish violet in daylight to 
red-violet in incandescent light have also appeared 
on the market. The one such crystal examined 
by the authors contains approximately 2% FeO 
as well as small amounts of Cr,0, and VO; 
(Schmetzer and Gtibelin, 1980}. To complete this 
record, it may be mentioned that an alexandrite- 
like fluorite, from Cherbadung in Switzerland, 
was studied by H. A. Stalder (1978], an alexan- 
drite-like kyanite from East Africa was described 
by Bosshart et al. (1982), and an unusual alexan- 
drite-like monazite from North Carolina was de- 
scribed by Bernstein (1982). 

The following discussion reviews the current 
knowledge on gemstones with the alexandrite ef- 
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fect and seeks to describe a common denominator 
for this unusual phenomenon. In our search for 
such a factor, we focused away from the question 
of how the eye perceives color (an important is- 
sue, but beyond the scope of this study) and con- 
centrated on the conditions—the chemistry of 
the stone and how certain elements interact 
within a particular crystal to produce a charac- 
teristic spectrum—that produce the color the eye 
observes. 


ALEXANDRITE 


In the geochemical cycle, it is extremely uncom- 
mon that the structural component beryilium on 
one side and chromium as a coloring agent on the 
other should combine to form a crystal (Gtibelin, 
1976 a and b}). The chromium-bearing variety of 
chrysoberyl (BeAl,O,) is thus a very rare gem- 
stone. The petrology and paragenesis of alexan- 
drite have been described by Bank and Gtibelin 
(1976) as well as by Leithner (1980). 

In alexandrite, part of the aluminum is sub- 
stituted by chromium (Cr**). However, the chro- 
mium content varies within relatively broad 
limits depending on the occurrence. To date, 
the smallest trace of chromium, 0.03% Cr Os, 
has been determined in samples from Tanzania, 
whereas a concentration between 0.30% and 0.73% 
was found in Brazilian alexandrites (Schmetzer, 
1978), The chromium ions produce the typical 
color and color change of alexandrite, whereas 
chrysoberyl normally owes its range of hues to 
traces of iron. Since Cr** has a slightly larger ion 
radius (0.63 A} than Al?* (0.51 Aj, it naturally pre- 
fers the more spacious of the two available alu- 
minum lattice sites (Al,)} within the chrysoberyl 
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structure; yet some Cr** ions are nevertheless in- 
corporated into the second and narrower alumi- 
num sites (Al,}. It will be shown that not only the 
amount of chromium in the chrysobery! lattice, 
but also the distribution of the chromium ions 
between these two aluminum sites, as reflected 
in the spectrum, is responsible for the character- 
istic color change and especially for its intensity. 

The spectrum for alexandrite (figure 2a] shows 
a transmission maximum at about 490 nm (i.e., 
in the blue to blue-green region}, an absorption 
maximum at 570 nm (i.e., in the yellow region}, 
and a second transmission maximum after about 
600 nm in the red region and beyond in the ad- 
jacent infrared. This spectrum is primarily depen- 
dent on the presence of the Cr** ions, which oc- 
cupy 65% to 80% of the Al, lattice sites (Solntsev 
et al., 1977; Matrosov et al., 1978]. The presence 
of the Cr** ions in Al, sites effects the widening 
and eventual displacement of this absorption 
maximum, yet the corresponding Cr** bands re- 
main weaker than the bands for the Cr°* in Al, 
sites. The ratio of the Cr** ions in these two Al 
sites varies from crystal to crystal, and thus ex- 
plains the variance in hue and infensity of the 
color change observed in different specimens from 
daylight to incandescent light. 

The transmission of alexandrite for visible light 
is high in the blue-green as well as in the red re- 
gion of the spectrum. In daylight, in which the 
blue short-wave components predominate {figure 
3), green to blue-green results. This effect is am- 
plified by the optimal sensitivity of the human 
eye for green light. In incandescent light, how- 
ever, in which the long-wave spectral compo- 
nents predominate, the human eye perceives a red 
hue because of the transmission in the spectral 
section of minimal red absorption. The iron ion 
does not directly contribute to the alexandrite ef- 
fect, although it enhances the brownish cast of 
certain alexandrites from Sri Lanka. 


GARNETS WITH 

ALEXANDRITE EFFECT 

Crowningshield (1970) was the first author to 
mention this new type of garnet. Garnets belong 
to the group of neso-silicates with the general for- 
mula X3*Y3*[SiO,],, which indicates that the sil- 
icate anion is combined with a divalent metal ion 
X and a trivalent metal ion Y. The alexandrite 
effect is displayed only by some pyrope garnets 
(Mg;Al, [SiO,]3} and some mixed crystals between 
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the end members of the isomorphous series of 
pyrope-spessartite garnets (spessartite: Mn Al, 
[SiO,]3}. The color change of chromium-rich py- 
ropes is from bluish green in daylight to wine red 
or reddish violet in incandescent light. 
According to Yeremenko and Polkanov (1972], 
the alexandrite effect occurs in all pyropes that 
contain 4% or more Cr,O3. The absorption max- 
imum of pyropes with a lower chromium content 
lies in the green to yellowish green region of the 


Figure 2. Absorption curves of gemstones with 
alexandrite effect; (a) alexandrite (from Lake 
Manyara, Tanzania); (b) Mn-rich pyrope (from 
Ratnapura, Sri Lanka); (c) corundum (in this 
instance, from Colombia, although similar 
sapphires may be found in Thailand); (d) spinel 
(from Ratnapura district, Sri Lanka); and (e) 
fluorite (from Cherbadung, Switzerland), The 
absorption spectra for all of these stones have 
transmission maxima in the red and blue-green 
regions and an absorption maximum in the 
yellow region in common. 
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spectrum; hence, such pyropes appear red to bluish 
red in both natural and incandescent light. A 
greater amount of inherent chromium displaces 
the transmission from the blue-violet to the blue- 
green spectral region. Consequently, such garnets 
transmit the red rays of incandescent light (figure 
2b). These circumstances are responsible for the 
alexandrite effect (Amthauer, 1976, Schmetzer 
and Ottemann, 1979}. 

Spessartite-rich pyropes from Tanzania, on the 
other hand, in which a larger portion of Mg is re- 
placed by Mn, require only small amounts of 
vanadium or chromium (or both) to evoke an al- 
exandrite effect (Gtibelin, 1968; Schmetzer et al., 
1980). The absorption spectrum for these types of 
garnets is characterized by a sharp maximum be- 
tween 560 and 576 nm. The transmission occurs, 
just as with alexandrite, in the blue-green and red 
regions of the spectrum. Considerable differences 
in the coloration of individual garnets may be 
noted, caused by the situation of the absorption 
minimum in the blue-green region and a maxi- 
mum in the yellow region of the spectrum. The 
iron content of the particular crystal is primarily 
responsible for this condition, inasmuch as some 
bands of Fe?* are situated between 454 and 526 
nm in the domain of the blue-green absorption 
minimum (figure 2b). The alexandrite effect oc- 


Figure 3. Spectral composition of (a) daylight 
(with the sun 65° above the horizon), and (b) 
artificial light (50 W incandescent lamp). The 
different-intensity maxima (for daylight in the 
blue-green and for artificial light in the red 
spectral region) are very conspicuous. 
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curs in iron-rich pyropes with no spessartite mol- 
ecules when they contain relatively high contents 
of chromium (e.g., 8% or more Cr,O,}. 

With regard to the absorption spectra for these 
stones, the chromium and vanadium ions behave 
similarly in all garnets. For instance, in Mn-rich 
crystals, the specific absorption is partially su- 
perimposed by Mn?+ bands; they appear between 
408 and 422 nm. In the garnet crystal lattice, the 
Cr®* ions {as well as the V** ions] substitute for 
some of the AI®+, while Mn?* replaces Mg?*. Fur- 
ther details concerning the interpretation of the 
spectra of alexandrite-like garnets may be con- 
sulted in the articles by Amthauer (1976) and 
Schmetzer and Ottemann (1979). The article by 
Stockton (1982} illustrates some interesting color- 
change garnets from East Africa. 


CORUNDUM WITH 

ALEXANDRITE EFFECT 

Corundum is crystallized alumina (@—Al,O,)}. 
Pure corundum is colorless; the partial replace- 
ment of Al?*+ by one or another of the transition 
elements will introduce a wide variety of colors. 
Corundum forms a continuous isomorphous se- 
ries of mixed crystals with chromium oxide, 
{Al,_.Cr,],03. Small amounts of chromium im- 
part a red color; greater amounts impart green. 
Thus, a 20% Cr,O; content renders corundum 
green in daylight and pink in incandescent light. 
The absorption maxima of synthetic alexandrite- 
like corundum lie at 415 and 568 nm. The spec- 
trum of vanadium-bearing synthetic corundum is 


~ also conspicuous by two strong absorption max- 


ima at 571 and 398 nm. The stones are gray-green 
in daylight and amethyst-like reddish violet in 
artificial light. 

Natural corundum with alexandrite effect (fig- 
ure 2c) develops transmission maxima at 633 nm 
(red) and 483 (blue-green). The alexandrite effect 
thus materializes the same as in alexandrite it- 
self. Alexandrite-like sapphire from Thailand, 
which has less chromium, displays only a weak 
change of color; while the blue sapphire from the 
Umba Valley, which turns violetish red under in- 
candescent light, possesses a greater amount of 
chromium and hence shows a stronger color 
change. This suggests that the intensity of the 
color change depends on the concentration of the 
transition-element atoms present (Schmetzer et 
al., 1980]. Figure 4 illustrates the color change in 
a blue sapphire with alexandrite effect. 
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Figure 4. Color change evident in a 9.54-ct sapphire, purportedly from Sri Lanka, from 
natural or fluorescent light (left) to incandescent light (right). Stone courtesy of the Los 
Angeles County Museum of Natural History. Photo by Tino Hammid. 


SPINEL WITH 
ALEXANDRITE EFFECT 


Spinel is a combination of a divalent cation, typ- 
ically magnesium in gem spinels, with alumina 
(MgAl,O,). Characterized by a dense cubic stack- 
ing of oxygen atoms, the tetrahedral interstices 
between the oxygens are filled in with bivalent 
metal ions (e.g., Mg?*, Fe?*}, while trivalent ions 
(Cr3+, V8+,.Al*) find their places in the octahedral 
coordinated lattice points. 

The only alexandrite-like spinel described so 
far (Schmetzer and Gtibelin, 1980) has a color 
change from violet-blue in daylight to red-violet 
in artificial light. This unusual spinel, which orig- 
inated in Sri Lanka, contains 2.27% FeO as well 
as lesser concentrations of Cr,O (0.06%) and V,O; 
(0.03%), Transmission maxima of equivalent in- 
tensities are observed at 490 and 440 nm; absorp- 
tion maxima are at 571 and 633 nm (figure 2d). In 
contrast to the more typical blue spinel, which is 
rich in iron (without traces of Cr and V), the chro- 
mium and vanadium ions in the alexandrite-like 
variety strengthen the intensity of the absorption 
maximum at 571 nm, while the transmission 
maximum in the blue region is simultaneously 
weakened by the same ions. This means that the 
spectrum displays transmission in the blue-violet 
and red regions with an absorption maximum in 
the yellow regions, thus producing the alexan- 
drite effect. 


KYANITE WITH 
ALEXANDRITE EFFECT 


Kyanite (Al,SiO;), which occurs in various shades 
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of blue and green, has become a highly appreci- 
ated collector’s gem. 

In their publication, White and White (1967] 
claimed that titanium was solely responsible for 
the typical blue color of kyanite. More recently, 
Bosshart et al. (1982) stated that “the chromofore 
pairs Fe + (Ti) and Cr + Fe produce the various 
blue colorations of kyanites rather than titanium 
traces” (see Schmetzer, 1978). Among the four 
kyanites examined by Bosshart and his colleagues 
was one greenish blue specimen that turned pur- 
ple under incandescent light and was found to 
have an exceptionally high precentage of chro- 
mium (Cr,O,, 0.50%] coupled with a low iron 
content {Fe,O,, 0.35%) and a very small amount 
of titanium (TiQ,, 0.04%). 

In general, the absorption spectrum of the 
color-changing kyanite was similar in character 
to the spectra of all other minerals with an alex- 
andrite effect examined thus far, in that the trans- 
mission maxima in the near ultraviolet (at 345 
nm) and blue-green (at 488 nm} regions are com- 
bined with strong absorption in the violet (at 
about 410 nm) and in the green-yellow to red re- 
gion (from 560 to about 650 nm}. However, the 
decisive absorption of the a-ray, with transmis- 
sion peaks at 345 and 488 nm and absorption 
maxima at 417 and 578 nm, is (according to 
Bosshart et al., 1982) governed totally by the chro- 
mium content, which imparts the a-ray with all 
four properties for releasing the color change. The 
B- and y-rays do not directly participate in the 
color change, although their influence on the ab- 
sorption enhances its general appearance. Thus, 
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in this rare gem, the conditions leading to an al- 
exandrite effect are fulfilled by the particular 
spectral features generated by the chromium and 
assisted by the iron content, in that the a-ray 
mainly transmits the red rays of the incandescent 
light, whereas the 8- and y-rays transmit the strong 
greenish blue rays of daylight. 


FLUORITE WITH ALEXANDRITE EFFECT 


The gemstones with alexandrite effect described 
thus far are all oxides or silicates in which color- 
ation and color effects are caused by ubiquitous 
ions such as Cr’* and V** as well as Fe?* and Fe**. 
The alexandrite-like fluorite cannot be fitted into 
this scheme because it is a calcium fluoride, oc- 
curring in nature as violet, blue, green, yellow, 
orange, red, pink, and colorless crystals, depend- 
ing on the incorporated ion. The coloration of var- 
ious fluorites was investigated by Bill and Calas 
(1978). 

Stalder et al. (1978)} referred to alexandrite-like 
fluorite from Cherbadung (VS, Switzerland]. The 
absorption spectrum for this stone is similar to 
that of all other minerals with an alexandrite ef- 
fect identified thus far; yet in the case of fluorite 
the alexandrite effect is caused by a superimpo- 
sition of the bands projected onto one another by 
the ions of rare-earth elements such as yttrium 
(Y3*}, cerium (Ce?*}, and samarium {Sm**). As il- 
lustrated in figure 2e, the absorption maximum 
in the visible sector of the spectrum is situated 
at 578 nm and the absorption minimum occurs 
at 495 nm (Schmetzer et al., 1980). The fluorite 
illustrated in figure 5 shows a distinct change 
from blue in natural light to lavender in incan- 
descent light. 


MONAZITE WITH 
ALEXANDRITE EFFECT 


The cerium-phosphide monazite, CePO,, is not 
usually considered a gemstone, although this 
mineral may be found among the oddities of some 
gem collections; yet it confirms that many other 
minerals—especially the chromium-, iron- and 
titanium-bearing ones—could theoretically dis- 
play an alexandrite effect. According to Bernstein 
(1982), yellow-orange crystals of monazite from 
Montgomery County, North Carolina, appeared 
reddish orange under incandescent light and pale 
green under fluorescent light. These differing 
colors were found to be caused by the rare-earth 
element neodymium and the particular arrange- 
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ment of narrow absorption bands centered at about 
800, 745, 580, 525, and 515 nm, with a cut-off 
below approximately 480 nm. The close coinci- 
dence of these bands, due to Nd**, and the trans- 
mission gaps between them create absorption fea- 
tures that are consistent with those observed in 
the aforementioned gems. The eye perceives dif- 
ferent hues in response to changes in the wave- 
length compositions of different light sources; the 
narrow absorption bands of the monazite prove to 
be sufficient to generate the color change. 


DISCUSSION AND SUMMARY 


In reducing these observations to a common de- 
nominator, we wish to emphasize that the cause 
of the alexandrite effect shared by all of these 
stones lies not in the crystal structure or in the 
chemistry of the coloring agents, but rather in an 
equivalent correspondence of the position of the 
absorption maxima and minima in the visible re- 
gion of the spectrum. Alexandrite and the alex- 
andrite-like varieties of garnet, corundum, spinel, 
kyanite, and fluorite demonstrate a strong trans- 
mission as much in the blue-green to violet as in 
the red region of the visible spectrum. In addition, 
a strong absorption occurs in the yellow region, 
where it culminates in a pronounced maximum. 
Starting with 476 nm (blue region], the absorption 
increases gradually until it reaches the long-wave 
end of the visible spectrum in the red region 
(Schmetzer et al., 1980). Alexandrite-like spinel 
presents an exception to this general rule, devel- 
oping three regions of strong transmission, in the 
red, blue-green, and violet. Consequently, the 
color change in this stone is from violet-blue (not 
blue or green) to red-violet. 

The color of each mineral depends on a super- 
imposition of the light components of all spectral 
regions not absorbed by the mineral. In minerals 
with an alexandrite effect, the occurrence of the 
absorption minimum in the green, bluish green, 
or blue region (i.e., between 560 and 480 nm} is 
decisive for their color in daylight because the red 
component of daylight is not strong (figure 3a] 
and, as mentioned before, the sensitivity of the 
human eye is greatest for green light. On the 
other hand, in incandescent light, which has a 
weaker blue and stronger red component (figure 
3b}, the transmission in the red region, from about 
600 nm to the end of the visible spectrum, exerts 
a dominant influence on the resulting color. 

The intensity of the color change and the hues 
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Figure 5. Color change apparent in a 28.55-ct fluorite from England, from natural or 
fluorescent light (left) to incandescent light (right). Photo by Tino Hammid. 


observed in daylight and incandescent light in 
minerals with alexandrite effect depends on the 
particular position of the transmission and ab- 
sorption regions as well as on their relative in- 
tensities. These in turn are dependent on the very 
complex absorption spectra, which themselves 
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GEM-QUALITY 


GROSSULAR GARNETS 


By D. Vincent Manson and Carol M. Stockton 


The gemological classification and 
identification of gem grossular garnets is 
examined through the study of 105 gem- 
quality grossulars. These specimens were 
measured for refractive index, specific 
gravity, absorption spectrum, color, and 
chemical composition, From these data, 
the authors were able to reexamine the 
ranges of physical and optical properties 
that are characteristic of the gem species 
grossular. In addition, they discuss the 
problems encountered in defining the two 
gem varieties of grossular, tsavorite and 
hessonite. 
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rossular garnet occurs in a diversity of colors, in- 
G cluding tones of orange, yellow, and green. Until 
recently, this garnet species encountered little popularity 
as a gemstone, and then only in its brownish orange va- 
riety hessonite. About 10 years ago, however, a large de- 
posit of vivid green grossular was discovered in east 
Africa (Bridges, 1974). Popularization of this material 
followed the coining of the trade name ‘‘tsavorite” (now 
accepted as a variety by mineralogists), and grossular 
emerged as a significant gem species. More recently, an- 
other new east African garnet, tagged with the trade name 
“malaya” and easily confused with hessonite, has brought 
new attention to bear on grossular (Stockton and Manson, 
1982). 

Hessonite and tsavorite illustrate the inconsistency 
that surrounds the definition of many gem varieties. 
Hessonite is the name traditionally applied to the yel- 
low, orange, or brown transparent variety of grossular. 
However, color descriptions of hessonite are varied and 
vague: “cinnamon-colored” and ‘‘yellow” (Dana, 1911), 
“yellowish and brownish red” (Deer et al. 1963), ‘“brown- 
ish-yellow, through a brownish-orange to aurora-red” 
(Webster, 1975}, “orange-brown” (Anderson, 1959}, “light 
yellow to dark yellow shades” (Arbuniés-Andreu, 1975), 
“yellow-brown to orangy-brown” (Shipley, 1974], “‘or- 
angy-yellow to orangy-brown” (Liddicoat, 1981}. In addi- 
tion to the lack of agreement we encountered on the pre- 
cise range of hues associated with this variety, nowhere 
could we find mention of the saturation of color to which 
these various hues referred. 

The original description of tsavorite as being similar 
in color to emerald (Bridges, 1974) is also rather vague. At 
what point does green grossular have sufficient depth and 
intensity of color to be considered tsavorite? This is much 
the same as the familiar question, At what stage does 
green beryl become emerald? The net result of this lack 
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Figure 1, This selection of stones used in the grossular portion of the garnet study 
illustrates the range of colors examined. 


of agreement with regard to the colors of the gem 
varieties of grossular is confusion among gemol- 
ogists, understandably, as to the correct applica- 
tions of these varietal terms. 

The final goal of our study and review of gar- 
nets (Manson and Stockton, 1981; Stockton and 
Manson, 1982) is to provide clear, functional def- 
initions of all the gem species and gem varieties 
of the garnet group. The size of this problem re- 
quired that we divide the subject into a series of 
descriptive papers to be followed by a concluding 
article that proposes a cohesive gemological clas- 
sification of the garnets on the basis of the data 
gathered. This study of the transparent grossular 
garnets continues the garnet project. Inasmuch as 
grossular has been well documented both miner- 
alogically and gemologically, this portion of our 
study serves primarily to confirm previous work 
on the grossulars and to supply data (such as color 
description} not provided in earlier reports. 


DATA COLLECTION 

Stones were selected for study on the basis of gem 
quality, transparency, and colors that are typi- 
cally associated with grossular. Chemical analy- 
ses from a previous study (Stockton and Manson, 
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1982) confirmed the identity of stones that might 
visually be mistaken for some other type of gar- 
net. The resulting collection contained 105 spec- 
imens ranging from colorless through pale to in- 
tense hues of yellow, green, and orange (figure 1). 
Although orange grossulars were examined as part 
of the paper just cited, we included them here as 
well in order to compare all colors of grossular. 
Not included in this study are the massive, trans- 
lucent materials (including pink and green) that 
in many cases actually belong to the separate spe- 
cies hydrogrossular (Deer et al., 1963). There have 
been cases of translucent grossular reported (Bank, 
1980}, but this material is ornamental rather than 
gem quality. 

Refractive index, specific gravity, spectrum, 
color, and chemical composition were deter- 
mined for the 105 garnets selected. The instru- 
ments and methods used to obtain these data 
were described fully in a previous article in this 
journal (Manson and Stockton, 1981). The data 
gathered on the 105 gem garnets used in this 
study will be published at a later date, upon com- 
pletion of the entire GIA garnet project, and are 
summarized below. Specific data will be provided 
on request to the authors. 
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DISCUSSION OF DATA 


Physical and Optical Data. Comparison of the 
ranges we obtained for refractive index and spe- 
cific gravity with the values quoted by three other 
gemological references (table 1} reveals that the 
ranges we found in our 105 samples are somewhat 
broader than one might presume on the basis of 
the gemological literature. A graph of the rela- 
tionship between refractive index and specific 
gravity among our 105 specimens (figure 2} sug- 
gests that, of the nongrossular components pres- 
ent, andradite appears to have the strongest effect 
on the departure of these properties from the val- 
ues for pure grossular: 1.731 (McConnell, 1964) 
and 3.594 (Skinner, 1956}, respectively. However, 
the scattering of points to either side of the gros- 
sular-andradite trend suggests that other influ- 
ences, such as other end-member components, 
are present, as one might expect (Ford, 1915; 
Fleischer, 1937}. 

Comparison of our data with references in the 
mineralogy literature sometimes reveals discrep- 
ancies that result from the particular nature of 
our samples. Gem specimens are relatively inclu- 
sion-free, transparent, single crystals, while mi- 
neralogical specimens are frequently fractured and 
included such that they are not transparent even 
as single crystals. For example, data cited by Ford 
(1915) resulted in a low estimate of the specific 
gravity of pure grossular (3.530 rather than the 
3.594 found by Skinner in 1956}. It is recognized 
now that, as stated by Deer et al. (1963, p. 81), 
“garnets commonly have small inclusions of 
quartz or other minerals which cause the com- 
posite grain to have a low specific gravity.”” In 
fact, their data reflect this bias when compared 
with our results. 


Absorption Spectra. We observed two basic shapes 
of spectral curves for grossular garnets on the re- 
cording spectrophotometer. Green stones exhib- 


TABLE 1. Refractive index and specific gravity ranges 
for grossular garnets. 


Reference Refractive index Specific gravity 
Shipley (1974) 1.74 -1.75 3.57-3.73 
Webster (1975) 1.742-1.748 approx. 3.65 
Liddicoat (1981) approx. 1.735 approx. 3.61 
Manson and 1.731-1.754 3.57-3.67 


Stockton (present study) 
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ited two broad regions of absorption and two of 
transmission (figure 3]. Absorption occurs from 
the short wavelength end of the visible region to 
about 460 nm and again ina broad region centered 
around approximately 603.5 nm and varying in 
width. However, these broad bands or regions of 
absorption can be discerned with the hand spec- 
troscope only rarely, in some dark green stones. 
Transmission is centered around 525 to 550 nm 
in the green region, as might be expected, and in 
the far red around 700 to 735 nm. This is virtually 
identical to the spectra observed by Gtibelin and 
Weibel (1975) and by Amthauer (1975) for similar 
grossulars. 

The second type of spectral curve, associated 
with colorless, yellow, and orange stones, shows 
gradually increasing transmission from the short 
wavelength region to maximum transmission in 


Figure 2. Refractive index plotted against 
specific gravity for the 105 grossulars studied. 
The coordinate point for the ideal end member 
grossular is also shown (X). 
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RELATIVE TRANSMISSION 


Figure 3. Representative spectral curve of a 
green grossular as observed with the 
spectrophotometer. 


the yellow-to-orange region, depending on the 
color of the stone, followed by a rapid decrease in 
transmission to the end of the long wavelength 
region of the visible spectrum (figure 4). Most of 
the stones examined showed no sharp absorption 
bands, but a few showed a faint band around 434 
nm that is probably due to Fe3* (Amthauer, 1975, 
Slack and Chrenko, 1971). One light orange stone 
also had very faint bands at 418.5, 489.5, 503.5, 
and 529.5 nm that to our knowledge have not 
been observed elsewhere in grossular. This stone, 
however, is the most heavily included one in our 
collection, and these absorption bands may be re- 
lated to the inclusions that pervade the specimen. 
In any case, none of these bands is strong enough 
to be seen with the hand spectroscope, so they 
are purely of academic interest to most jeweler- 
gemologists. 


Chemistry. It has long been considered that gros- 
sular is chemically continuous with andradite 
and uvarovite and forms a subgroup with them 
{Winchell and Winchell, 1951). While the amount 
of andradite in the 105 gems we analyzed ranged 
from approximately 0 to 19%, the most uvarovite 
we encountered was 1.5%. In fact, no single end- 
member component other than andradite ex- 
ceeded 7% in any of the gem grossulars we ana- 
lyzed (table 2). The relative quantities of grossular 
and andradite compared to all the remaining com- 
ponents can be observed in the ternary diagram 
of these three divisions (figure 5}. 

Although examples of stones containing less 
than 75% and more than 20% grossular have been 
cited (e.g., Deer et al., 1963}, we personally have 
observed no gem-quality stones in that range. 
Grossular appears to be chemically less inclined 
to mix with other end-member components to 
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Figure 4, Representative spectral curve of a 
yellow-orange grossular as observed with the 
spectrophotometer. 


produce large single crystals of gem quality, so 
grossulars of gem quality are generally very high 
in grossular content. The net result is that, chem- 
ically, grossular is easy to isolate and identify as 
a gem species. 


Color and Chemistry. CIE color coordinates for 
the 105 grossulars were derived from ColorMaster 
notations (Manson and Stockton, 1981) and plot- 
ted in a chromaticity diagram (figure 6]. The stones 
themselves were then placed on their respective 
coordinate points and photographed to show the 
complete range of colors for these gem grossulars 
(figure 7}. This also illustrates, coincidentally, the 
quality of color description we have been able to 
obtain using the ColorMaster. 

Pure grossular is colorless. Departing from this 
pure (and rarely seen) grossular are two distinct 
color trends that are evident on the chromaticity 
diagram (again, see figure 6). One of these pro- 
ceeds through yellow-green to a pure, vivid green 
at one extreme, and the other proceeds through 


TABLE 2. Weight percentage ranges of garnet end 
members calculated for the 105 grossulars studied. 


Formula End member Weight % 
Ca,Tiz+(Fe*,Si),0,;2  Schorlomite 0.02- 2.14 
Ca,Fe,Si,0;. Andradite QO -19.07 
MngV2Si3042 O - 3.05 
CagV2Si3012 Goldmanite Oo - 691 
Ca,Cr,Si,012 Uvarovite O - 1.51 
Mg3CreSigO12 Knorringite 0) 
Mg3AleSis042 Pyrope O - 2.19 
MngAloSigQ12 Spessartine QO - 3.15 
CasAlpSiz0 12 Grossular 77.71 -97.91 
Fe3Al,Si3042 Almandine O - 3.35 
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Figure 5. Points for the 
108 grossulars plotted on 
a ternary diagram that 
displays the relationship 
between grossular, 
andradite, and the sum of 
the remaining end- 
member components. 
Grossular is clearly the 
dominant component 
among these garnets, 


ANDRADITE 


yellow and orange to a vivid red-orange at the 
other extreme. As the hue changes toward one of 
the extremes, the saturation increases, Each trend 
can be roughly represented by a curved line (figure 
8). The change in color, corresponding to the 
changes in both hue and saturation, can then be 
measured as a percentage of the distance along 
the respective trend line. 

To determine the relationships among the nine 
oxides present in these garnets, we used the sta- 
tistical method of factor analysis as described ear- 
lier by Manson and Stockton (1981). This analysis 
of the oxide components for al] 105 grossulars re- 
vealed the three important clusterings presented 
in table 3. (We used the original oxide figures 
from our microprobe analyses in order to avoid 
any bias that might have been introduced in our 
calculation of end members.| Factor 1 interprets 
as the basic grossular component, which is al- 
most invariably accompanied by small amounts 
of pyrope (less than 2.20%}, spessartine (less than 
3.15%), and schorlomite (less than 2.15%}. Factor 
2 expresses the correlation between vanadium 
(V,O;] and chromium (CrO,) end-member com- 
ponents, and factor 3 is essentially an iron com- 
ponent that appears principally as Fe,O,, or 
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Figure 6. The CIE chromaticity diagram with 
an indication of the region reproduced in figure 
7. X indicates the coordinates for colorless or 
neutral grey. 
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Figure 7. The green-through-orange region of the CIE chromaticity diagram with the 105 


garnets positioned according to their x-y coordinates. 
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Figure 8, The green-through-orange 
region of the CIE chromaticity 
diagram with the color trend lines 
used to approximate changes in 
color of the 105 grossulars. 
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andradite. Factors 2 and 3 become especially 
significant when we compare the oxides that they 
represent with the two color trends in grossulars. 

Specifically, the measure of color change de- 
scribed above can be plotted against the quan- 
tities of the color-related oxides as identified by 
our factor analysis. Figure 9 shows that there is 
a direct relationship between the amount of V,O, 
in a stone and increasing green, but there is no 
correlation between V,O; and yellow and orange 
grossulars. Cr,O, (figure 10} behaves remarkably 
like V,O;, although in smaller quantities (only 
two stones with more than 30% green contained 
no chromium}. This suggests that generally the 
V,O3:Cr,O, ratio in green grossulars is consider- 
ably greater than 1:1 but that both vanadium and 
chromium are usually responsible for the green 
in grossular garnets. A similar relationship be- 
tween V** and Cr+ has been observed by Switzer 
(1974) and by Amthauer (1975). An exception to 
this relationship between vanadium, chromium, 
and green coloration apparently exists in grossu- 
lars that are colored principally or solely by Cr.Q 
(Amthauer, 1976, Wight and Grice, 1982}. We 
have not yet had the opportunity to examine any 
such material and so have no idea how the green 
of these stones compares to that of the gems in 
our study. 

By examining how the quantities of FeO and 
Fe,O; calculated by our end-member program be- 
have with respect to changes in color, we can in- 


TABLE 3. Factor analysis of the oxides present in the 
105 garnets studied. 


Factors 

Oxide = 

1 2 3 
SiOz +++ + 
TiO, +++ - - 
Al,O3 +++ 
V,03 +++ 
Cr,03 +++ 
MgO +++ + -—- 
CaO +++ + 
MnO ++ ++ 
FeO +h 


+++ strong positive correlation 
++ moderate positive correlation 
+ weak positive correlation 

—— moderate negative correlation 
- weak negative correlation 
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% OF GREEN TREND 


% OF YELLOW/ORANGE TREND 


Figure 9. A comparison of the weight 
percentages of V,O,in the 105 garnets with 
their respective positions along the color trend 
lines illustrated in figure 8. V,O, shows a 
definite increase with respect to increasing 
green trend. 
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Figure 10. Weight percentage of Cr,O, 
compared with changes along the color trend 
lines. Cr,O; increases with the green trend here 
in much the same way as VO, does in figure 

8. (Caution must be taken to consider the 
different scales along the x-axis in figures 9-12.) 
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fer in which valence state (Fe?+ or Fe**)" iron is 
affecting color in grossulars. Figure 11 shows that 
the amount of Fe,O, clearly increases with the 
change of color through yellow and orange to red- 
orange and decreases as green increases. While 
FeO is conspicuously absent from the green gros- 
sulars (figure 12), its role in the color of yellow 
and orange grossulars remains ambiguous. In or- 
der to resolve this question, determination of the 
valence states of iron in yellow and orange gros- 
sulars by means more accurate than stoichiomet- 
ric calculation is required. In fact, numerous such 
studies have been performed on the roles of Fe?+ 
and Fe?* in grossular (e.g., Amthauer, 1975; Man- 
ning, 1972 and 1973}. These have supported the 
relationship we found between yellow and orange 
grossular and Fe3*. A study by Manning and 
Tricker (1977) confirmed the role of Fe3* in this 
context. 


CONCLUSIONS 


The gem species grossular presents few problems 
in description or identification. All of the gems 
we examined in this study contain more than 
70% of the component Ca;Al1,Si;0,2, considerably 
more than the 50% required to assign them to a 
gem species. Mineralogical evidence based on non- 
gem-quality material has shown that there is in- 
deed a continuous chemical series between gros- 
sular, andradite, and uvarovite, but the grossulars 
examined in this study suggest that there is a gap 
in this series with regard to gem-quality grossular 
garnets. Until we receive evidence to the con- 
trary, then, we can regard gem grossulars as dis- 
crete with respect to any other gem garnet spe- 
cies. Gem grossulars have been observed in this 
study to possess refractive indices from 1.731 to 
1.754 and specific gravities of 3.57 to 3.67. The 
hand spectroscope revealed no characteristic ab- 
sorption bands for the 105 grossulars examined, 
in support of past observations. 

Considering the effect that the application of 
varietal names has on the appreciation of gem- 
stones, the precise definition of gem varieties is 
of some importance. The two gem varieties of 
grossular, hessonite and tsavorite, lack such def- 


* Fe2* is the valence state of iron in FeO; Fe** is the 
valence state of iron in Fe,O; 
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Figure 12. Weight percentage of FeO as 
determined by the end-member calculations 
compared with changes along the color trend 
lines. While FeO is present only in some stones 
located along the yellowlorange color trend 
line, no clear-cut correlation can be observed 
between changing yellowlorange color and the 
amount of FeO present. 


Figure 11. Weight percentage of Fe,Ox as 
determined by the end-member calculations 
compared to changes along the color trend 
lines for the 105 grossulars. Fe,O, increases 
with the increase along the yellowlorange 
trend line. 
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inition, as do most varieties in gemology. In the 
case of grossular, we have been able to observe a 
correlation between color and certain chemical 
elements that strongly supports the use of vari- 
etal distinctions. However, as with red and violet 
garnets, including rhodolite, the causes of color 
are not always so readily determined. Before we 
can define any varieties of garnets, therefore, we 
must review all the variables related to the vari- 
etal classification of gem garnets in order to for- 
mulate general rules that can be applied uni- 
formly across the group. The concluding paper of 
the garnet project will include our recommenda- 
tions for the precise definition of the gem vari- 
eties hessonite and tsavorite. 
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ARTISTRY IN ROCK CRYSTAL: 
THE VAN PELT COLLECTION 


By John Sinkankas 


Harold and Erica Van Pelt of Los Angeles are known 
worldwide for their superb color photography of 
gems and minerals, A well-kept secret, however, has 
been their remarkable proficiency in the lapidary 
arts, specifically in the production in traditional 
styles of many important rock crystal objects, 
including candlesticks, vases, paperweights, and 
polished quartz crystals containing various mineral 
inclusions. Agate, amethyst, and other gemstones are 
also employed. For the most part, the machinery 
used to create these objects was designed or 
modified by the Van Pelts themselves and includes 
devices for sawing, grinding, and polishing. A step- 
by-step procedure for making a hollow ostrich egg, 
completely covered by triangular facets, is explained. 


The purest form of quartz, known as rock crystal, 
is one of the most abundant and widely distrib- 
uted of all minerals. Relatively few places, how- 
ever, provide clear crystals large enough for 
lapidary work of the scale covered in this article; 
currently, Brazil is the primary source of large 
pieces of gem quality. This fascinating substance 
was used by the ancient Egyptians, Chinese, Jap- 
anese, and by many cultures around the Mediter- 
ranean. Marvelous carvings were made from it by 
pre-Columbian Indians of the Americas. 

In later years, large crystals found in the Alps 
enabled Renaissance lapidaries such as the cele- 
brated Miseroni family of Florence (late 16th cen- 
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tury-17th century) to create outstanding works of 
art as urns, vases, bowls, cups, and figurines. These 
were often engraved with scenes and figures in 
shallow relief. Many were complemented by pre- 
cious-metal attachments and joints on which were 
expended the best efforts of master enamelists 
and jewelers (Michel, 1960). Examples of such 
masterpieces can be seen in most major art 
museums, notably the Metropolitan Museum in 
New York, the Victoria and Albert in London, the 
Green Vaults in Dresden, and the Residenz in 
Munich (Strohmer, 1947; Rossi, 1954; Morassi, 
1963; Menzhausen, 1968}. 

Because of the enormous amount of labor 
required to work rock crystal, fewer objects were 
made from it as subsidies from European royal 
houses gradually fell away. Despite the avail- 
ability of suitable rough, only the Chinese con- 
tinued to produce large carvings into modern 
times, although smaller objects of rock crystal— 
such as spheres, seals, figurines, and the like— 
were made by the artisans of the Urals in Russia, 
the famous carvers of Idar-Oberstein in Germany, 
and elsewhere in the Orient and in Europe. 
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Figure 1. The Van Pelt quartz egg measures 5 in. (12.7 cm) high x 3 in. (7.6 cm) in 
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diameter. The top has 176 facets, and the bottom 240. The walls of this hollow egg are 
3 mm thick. Photo © 1982 Harold and Erica Van Pelt, Los Angeles, CA. 


In part, the decline in carving large objects 
from rock crystal may be attributed to the appear- 
ance of high-quality glass, a much softer and far 
more easily worked material. Much of the initial 
shaping labor required to “rough out” a rock 
crystal urn, for example, is completely eliminated 
in glass manufacture, where the approximate 
shape of the finished object can be obtained 
directly from molten glass. Furthermore, after 
suitable surface treatment, such as engraving or 
grooving, a finished object in colorless glass is 
scarcely distinguishable by the casual glance from 
its more precious counterpart in rock crystal. 

Thus it is news indeed to find a resurgence of 
traditional rock crystal lapidary work taking place 
in a modest workshop in Los Angeles by the team 
of professional photographers, Harold and Erica 
Van Pelt. Both are known worldwide for their 
skill in realistically and artistically portraying 
gems and minerals, as seen on the pages and 


Notes and New Techniques 


covers of Gems # Gemology and many other 
journals and books. This article examines the 
origins of the Van Pelts’ interest in carving and 
faceting gemstones, and, specifically, the tech- 
niques they use to create fine, large objects such 
as the hollow egg in figure 1 from rock crystal. 


FROM PHOTOGRAPHERS 
TO LAPIDARIES 


The Van Pelts’ interest in minerals and gems was 
aroused in the late 1960s, when they were first 
persuaded to try their hands at photographing 
mineral specimens. Years of experience in the 
photography of art objects of all kinds, including 
sculptures, which are notoriously difficult to pho- 
tograph well, aided their early success in depicting 
mineral specimens and faceted stones. 

This interest in minerals led to the accumu- 
lation of specimens for themselves, and eventu- 
ally the desire to create from gem materials 
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Figure 2. The procedure used to fashion the 
faceted hollow quartz egg. (A) The sawed block 
of rock crystal with cross-section profile 
marked and dop attached with epoxy. Note the 
cardboard strips, which raise the dop enough to 
permit ingress of a hacksaw blade when later 
transfer takes place. (B) The rock crystal block 
is mounted in a rotatable tool for sawing off 
strips to achieve an approximate cylindrical 
profile, The index gear at left allows rotation 
by an equal number of degrees for each cut 
made by the diamond blade at right. (C) After 
the initial sawing, the rough profile is ground 
in by hand against the diamond-charged 
Crystalite turbine wheel shown at right. (D) 
Accurate profiling is accomplished using a 
Crystalite grinding wheel, Ys in. x 4 in, radius 
(foreground}, adjusted to the profile template 
shown in the background. (E) The marks left 
by the profiling operation are ground out using 
an 8 in. Crystalite 220-mesh diamond wheel. 
Great care must be taken not to overgrind. 

This step establishes the basic reference surface 
for faceting. (F) The facets are ground using 

a large, home-designed machine with a 
Crystalite 8 in,, 100-mesh diamond digc. The 
diagrams on the wall show the positions and 
inclinations of the facets, which gradually 
decrease in size toward the tip of the egg. (G) 
The facets are prepolished on a wood lap, using 
Crystalite 15-micron diamond compound with 
Crystalube for lubricant. (H) The stone is 
turned around using the lathe to provide 
alignment. The old dop is on the right and the 
new dop is on the left. (I) The old dop has now 
been removed, and the first drilling with a 
Crystalite % in. core drill is in progress (note 
the oil-coolant feed pipe). The narrow core is 
knocked out later to leave a cylindrical recess. 
This step is followed by two other core 
drillings, each of larger diameter. (J) The rough 
interior is now cut by the use of a suitable 
diamond wheel attached to the post at right, 
while the egg itself is slowly rotated at the left. 
(K) The interlocking rim recess is machined 
before the egg is removed from the lathe. A 
series of felt wheels charged with cerium oxide 
provide the final polish. 
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something that would be artistically satisfying 
yet different from the usual projects undertaken 
by beginning lapidaries. Their experience in the 
art world suggested a revival of the art of carving 
large objects from rock crystal and other hard and 
compact gem materials. Using Gem Cutting {Sin- 
kankas, 1962} as a guide, they made or modified 
as necessary the machinery needed to solve the 
problems of rapid, safe removal of unwanted 
material and at the same time insure geometrical 
accuracy in the finished work. Among their mod- 
ifications and alterations are a slab saw for 
blocking out rough, fitted with clamps and adjust- 
ment devices to hold the stone at preset angles; 
a smaller “trim saw” with a unique raising plat- 
form to regulate depth of cut; an arbor with 
grinding wheel attachments and special elongated 
shaft extensions to hold grinding, smoothing, and 
polishing wheels and points; a drill press for coring 
and hollowing; a lathe for turning round sections, 
a lap for flattening large plane areas; and a very 
large, strong, faceting head to apply facets to large 
objects. ‘ 

One of the most intriguing rock crystal objects 
made by the Van Pelts is the ostrich egg in two 
halves shown in figure 1 and on the cover of this 
issue. Each of the halves is accurately faceted to 
provide exterior surfaces entirely covered by small, 
polished triangles. The smoothly rounded interior 
is hollowed out to very thin walls, and the halves 
interlock by means of machined recesses along 
their rims. It is truly a masterpiece of design and 
creativity. The closed egg is 5 in. (13 cm) tall and 
3 in. {7.7 cm} wide, and the walls are about 3 mm 
thick. The procedure for making the egg is briefly 
explained below to show the lapidary problems 
involved and how they were solved. 


FASHIONING THE HOLLOW EGG 


The first step was to saw an almost flawless piece 
of rock crystal in half, one half for each half of the 
egg. One of the halves was then attached with 
epoxy to the dop shown in figure 2A. Three spacer 
strips of cardboard were used to raise the quartz 
slightly above the dop to allow ingress of a 
hacksaw blade for later removal of the dop. The 
dopped block was then inserted into the special 
device shown in figure 2B; this, in turn, was 
locked into the feed carriage of the slabbing saw 
to make the cuts shown in the photograph. After 
each cut, the block was rotated a like number of 
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degrees to a new position to achieve a rough cir- 
cular outline. 

In the next step, the quartz block was held 
against a diamond-charged wheel, shown in the 
background of figure 2C, until the desired shape 
was achieved. Then, as shown in figure 2D, the 
block was slowly rotated in the lathe head at the 
left while being ground with the round-nose dia- 
mond wheel in the foreground. The in-movement 
of the grinding wheel was regulated by the tem- 
plate in the background to insure an accurate pro- 
file. Another hand-grinding operation followed to 
remove the excess material between the grooves, 
as shown in figure 2E, and to establish the final 
surface for faceting. 

The dopped stone was next inserted into the 
faceting machine in figure 2F for cutting the 
numerous facets according to the plans seen here 
on the wall charts, which detail the steps, the 
angles between them, and the peripheral arrange- 
ment of the facets. After cutting, the facets were 
polished on the wood lap shown in figure 2G. The 
stone was now ready for turn-around and _ hol- 
lowing. 

Figure 2H shows the redopping procedure, in 
which the lathe itself was used as an accurate 
axial alignment tool. The new dop at the left is 
a tube of metal which was bonded to the stone 
with epoxy. The tube has teeth cut into its edge 
which allows the epoxy solvent better access when 
the dop must be removed from the stone. Alter- 
nate teeth are covered with tape to prevent direct 
and possibly damaging contact of tube and stone. 
The first dop, on the right, was removed and the 
egg-half positioned for the initial hollowing oper- 
ation, as shown in figure 2I. Here a hollow dia- 
mond-charged drill was used to cut a core to 
suitable depth, with care being taken to insure 
that the cut was not made too deep. The slender 
core was then knocked out and a large core drill 
substituted to remove further material; the pro- 
cess was subsequently repeated once more using 
a still larger core drill. 

The roughly hollowed recess was then ground 
smooth with a diamond wheel set off-center as 
shown in figure 2J, again using an internal tem- 
plate, visible here in the background on the right. 
This template helps the cutter maintain uniform 
thickness and parallelism of the curved walls. 
Because of the limited availability of grinding 
wheels that could accommodate the gradually 
changing curvature of the inside, it was necessary 
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to hand-finish the interior as shown in figure 2K. 
For this step, a resilient drum, covered by dia- 
mond-coated cloth, was brought into play. Other 
drums of different shapes were used to methodi- 
cally smooth the interior and were followed by 
polishing wheels made of felt and charged with 
a slurry of cerium oxide. Note also in figure 2K 
that the interlocking rim previously mentioned 
has been machined in place; it was later smoothed 
and then fitted with a metal, gold-plated rim 
cemented in place with epoxy resin. 

If all of this seems difficult and tedious, be 
assured that it is. As each thin-walled creation 
neared completion, the mechanical problems were 
further burdened by the constant dread that one 
slip would ruin the work and nullify hours and 
hours of labor. A decided advantage of hand- 
holding the object during the last stages of 
smoothing and polishing is that build-up of exces- 
sive and possibly damaging heat can be detected 
and counteracted quickly. 


SOME NOTES ON OTHER 

VAN PELT PIECES 

A few words of explanation are in order in con- 
nection with other objects made by the Van Pelts, 
such as those shown in figures 3 and 4. As a 
matter of convenience and safety, it is often better 
to make vases and urns from several sections of 
quartz, with the faceted or fluted sections mated 
by peg-and-socket joints machined into the pieces 
themselves and finally cemented with colorless 
epoxy. Joints of this kind may be covered with 
gold bands as shown in the slender vases of figure 
3, where the separate segments have been indi- 
vidually faceted. On the other hand, the goblet 
shown in figure 4 has had its smoothly curved 
flutes cut into the rock crystal by hand. For the 
most part, the Van Pelts now do their own metal- 
work, gem setting, and plating. Other objects made 
by the Van Pelts include spoons fashioned from 
colorful Uruguyan agate, a series of paperweights 


Figure 3. Rock crystal vases measuring 10%. in. 
(26.6 cm) high x 3 in. (7.6 cm) in diameter at 
the top and 3% in. (8.8 cm) in diameter at the 

base. Each vase has six sides and 96 facets. The 

tops of the covers are made of pink tourmaline 
and green tourmaline, respectively. Photo 

© 1982 Harold and Erica Van Pelt, 

Los Angeles, CA. 
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Figure 4. Rock crystal vase 
measuring 4¥2 in. (11.4 cm) high 
x 3% in. (8 cm) in diameter. 
There are 24 flutes on the body 
and the base. The natural quartz 
crystal in the background, from 
Arkansas, is representative of the 
material used for fine pieces such 
as this. Photo © 1982 Harold and 
Erica Van Pelt, Los Angeles, CA. 


made from rock crystal, agate and petrified wood, 
also pill boxes and other types of small containers. 

While the production of these objects is a 
severe test of patience and skill, the Van Pelts are 
emphatic in pointing out that the greatest initial 
difficulty is in finding suitable rough. Large masses 
of rock crystal and some other gem materials are 
available, to be sure, but careful examination 
usually shows that most are unsatisfactory, con- 
taining either too many flaws in critical areas, or, 
far worse, fractures that could lead to disintegra- 


tion before a piece is finished. The scarcity of 
large rough insures that few rock crystal master- 
pieces will ever be made. The Van Pelt creations, 
none of which has ever been sold, are unique in 
today’s lapidary community. 


Editor’s Note: The hollow quartz egg is currently on display 
at the GIA headquarters in Santa Monica, California. The 
vases shown here will, together with other pieces fashioned 
by the Van Pelts, be on display at the Tucson Gem and 
Mineral Show, February 10-13, 1983. 
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GEM-QUALITY FRIEDELITE 


FROM THE KALAHARI MANGANESE FIELD 


NEAR KURUMAN, SOUTH AFRICA 


By Herbert S. Pienaar 


Gem-quality friedelite was discovered by chance 
during shaft-sinking operations in a new, deep 
manganese mine near Kuruman. This article reports 
on the general geology and mineralization of the 
friedelite, speculates on the age and origin of the 
deposit, and describes the gemological properties of 
this material. 


The comparatively rare mineral friedelite was 
first reported in 1876 by Bertrand. This occur- 
rence was in the manganese mine at Adervielle, 
in the Vallée du Luron of the Hautes Pyrénées, 
France. The mineral was named in honor of 
Charles Friedel, the French chemist and miner- 
alogist. 

Since then, friedelite has been recorded as oc- 
curring sporadically in other manganese silicate 
deposits worldwide, including the Hartig mine 
near Pajsberg, Sweden (Lindstré6m, 1891); the Sj 
mine near Orebro, Sweden (Ingelstrém, 1891); the 
mines near Veitsch, Austria (Hoffmann and Sla- 
vik, 1909]; the Buckwheat mine and Parker shaft, 
Franklin Furnace, Sussex County, New Jersey 
{Palache, 1910}; the Taylor mine, Franklin Fur- 
nace, and the mines at Sterling Hill, Sussex 
County, New Jersey (Palache, 1935}; the Fe-Mn 
deposits at Dshumart and Kamya, Central Ka- 
zahkstan, U.S.S.R. (Kuyapova, 1960); and the de- 
posits of the Atasui region of Central Kazahkstan 
(Kuyapova, 1968}. 

It appears that only the occurrences at Frank- 
lin Furnace and Sterling Hill have produced gem- 
quality friedelite (Sinkankas, 1959; Sinkankas, 
1962; Arem, 1977; Webster, 1978}. The suitability 
of this comparatively rare mineral for gem cutting 
has been mentioned by Sinkankas (1968), Vargas 
{1969}, and Vargas (1979). 

In November 1980, a little more than 100 
years after its original discovery, a new occur- 
rence of gem-quality friedelite was discovered, at 
the Kalahari manganese field in the Republic of 
South Africa. A brief description of the mineral- 
ization of this rare gem material and the circum- 
stances that led to its discovery is presented here. 
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MINERALIZATION 

The friedelite was found during shaft-sinking op- 
erations at the Middelplaats mine in the Kalahari 
manganese field, near Kuruman, northern Cape 
Province, Republic of South Africa (figure 1). It is 
associated with the lower manganese ore zone in- 
dicated in figure 2. The ore itself is a fine-grained 
mudstone into which the ore mineral, braunite, 
is incorporated in a highly disseminated state 
(Middelplaats Manganese Ltd., 1981). 

Koekemoer, a mineral dealer, relying on infor- 
mation supplied by the miners who removed the 
friedelite from the shaft, originally placed the oc- 
currence in the upper portion of the 25-m-thick 
ore zone at a depth of about 395 m below the sur- 
face and a distance of about 75 m from the main 
shaft (personal communication, 1981}. Subse- 
quent follow-up investigations by Zaayman, the 
resident mine geologist, placed the friedelite lo- 
cality at the base of the lower ore body near the 
old ventilation shaft. Unfortunately, the precise 
underground position could not be determined, 
inasmuch as that portion of the mine, once it was 
worked out, had been converted into mainte- 
nance workshops and all the rock faces covered 
by “shotcrete,”” a cement aggregate applied at high 
pressure. Nevertheless, small fragments of frie- 
delite were subsequently found in this vicinity 
(Zaayman, personal communication, 1982). 

On the basis of information received from the 
miners, it is estimated that originally two to three 
tons of low-grade manganese ore were collected, 
from which about 100 kg of friedelite (then 
thought to be a variety of rhodochrosite) and gan- 
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Figure 1. Locality map of 
mines in the Kalahari 
manganese field, Republic 
of South Africa. 


gue were later separated. According to the miners, 
the friedelite occurred in three discrete, near-hor- 
izontal veins within the low-grade manganiferous 
ironstone. As seen in large hand specimens, two 
of these ‘‘veins” have a thickness of about 10 mm 
and contain the pure cryptocrystalline friedelite,; 
the third is about 35 mm thick and is criss-crossed 
by veinlets of carbonate-rich minerals, which give 
it a composite, matrix-like appearance. 


Figure 2. Generalized section through the 
Middelplaats manganese mine, modified after 
Middelplaats Manganese Ltd. Report (1981). 
Vertical scale exaggerated. 


Friedelite mineralization x 


A 
Kalahari formation: mud, calcrete and sand (0-60 m.y.) 


Dwyka tillite (300 m.y.) 


Mooidraai member: dolomitic limestone 
Hotazel member: banded ironstone with two manganese ore horizons 
Ongeluk member: lavas and agglomerates (2220 m.y.) 


Basic dyke intrusion (1750 m.y.) 
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The friedelite mineralization tends to fol- 
low the general bedding of the sediments, with a 
slight cross-cutting relationship in places. Con- 
sequently, the origin of the friedelite occurrence 
is not clear. It could be metasomatic and associ- 
ated with the nearby 1750-m.y.-old basic dykes, 
or it could be the metamorphic product of a dis- 
crete layer within the original banded ironstone 
formation. It is, however, definitely younger than 
the 2220-m.y.-old Ongeluk volcanic rocks onto 
which the banded ironstone formation was 
deposited. 


GENERAL GEMOLOGICAL DESCRIPTION 


Two forms of gem-quality friedelite have been 
found. The one is evenly colored and translucent, 
and has a rose red to carmine red appearance (fig- 
ure 3}, The other form is also predominantly rose 
red to carmine red, but it is streaked by pink and 
white veinlets of rhodochrosite and other carbon- 
ate minerals. It is referred to here as matrix frie- 
delite (figure 4). 

Ideally, the chemical composition of friedelite 
is MngSigO,;(OH, Cl) ,o. However, according to the 
accompanying electron probe analysis by D. H. 
Cornell of the Department of Geology, University 
of Stellenbosch, the friedelite from this occur- 
rence has some of the manganese replaced iso- 
morphously by iron and magnesium (table 1). 

Thus far, no discrete crystals have been found 
in this locality. All the material examined was 
cryptocrystalline and optically anisotropic; it pro- 
duced a typical aggregate reaction when exam- 
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ined under crossed polarizing filters. However, 
the X-ray diffraction powder pattern for this ma- 
terial agrees well with that published by Frondel 
and Bauer (1953) for friedelite and which they 
placed in the trigonal crystallographic system. 

Refractive index determinations using immer- 
sion techniques gave values of w = 1.657 and e = 
1.630. However, measurements made on a stan- 
dard gemological refractometer result in a general 
single value of 1.64. Moreover, some gems do dis- 
play ‘form: birefringence”’ (Webster, 1978, p. 189) 
and show two distinct shadow edges, which can 
be separated in the usual way by a polarizing fil- 
ter. The “form birefringence” values determined 
on 10 examples with flat facets varied from 0.005 
to 0.020, usually symmetrically placed around 
the mean value of 1.64. 

An examination of oriented petrographic thin 
sections revealed that the friedelite crystallites 
are spindle-shaped, with their long axes more-or- 
less coinciding with the crystallographic c-axis. 
The vein-like infill is such that the spindles tend 
to be oriented preferentially at right angles to the 
plane of the bedding of the rock in which the frie- 
delite occurs. Refractive index measurements 
made on polished sections oriented first parallel 
and then perpendicular to the plane containing 
the ‘vein’ gave values of 1.64 and 1.63-—1.65 
respectively. 

The luster on freshly broken surfaces is waxy 
to dull. On polished surfaces, however, it is vit- 
reous. Polished cabochons are translucent to 
semitranslucent. 

None of the samples of friedelite examined 
displayed fluorescence when exposed to long-wave 
ultraviolet (365 nm], short-wave ultraviolet (254 
nm}, or X-rays. 

On the hand spectroscope, the absorption 
spectrum shows a clear absorption band from 535 
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Figure 3, Cryptocrystalline 
friedelite cabochons, 16 xX 
10.1 mm (5.42 ct) and 10.4 
x 8.8 mm (3,83 ct). Photo 
by Tino Hammid. 


to 595 nm, with a general absorption from 400 to 
480 nm. This absorption pattern is persistent and 
was observed in all specimens tested. Further- 
more, as may be concluded from its absorption 
spectrum, friedelite has a vivid red appearance 
when observed through a Chelsea dichroic filter. 

Other physical properties include hardness, 
which falls between 4% and 5 on the Mohs scale; 
relative density for the pure material, which is 
3.066 + 0.003, with a slight increase up to 3.11 
for matrix samples; fracture, which is even to 
semigranular; structure, which is massive; and 
toughness, which may be regarded as fair to good. 

Although most of the examples of massive 
friedelite examined were free of any characteristic 
inclusions, some did show small white blebs of 
carbonate mineralization. 


DISCUSSION 


Friedelite, schallerite, and pyrosmalite form a 
group of minerals collectively referred to as the 
pyrosmalite group, with the general formula 
(Mn, Fe},Sis;O,;(OH, Cl),o. Although these minerals 
are known to occur at times as single crystals, it 
is mainly the massive forms of friedelite that 
have been used for gem cutting. 

Palache (1935) mentions a number of color va- 
rieties of friedelite occurring in the Franklin and 
Sterling Hill areas. These include the compact 
forms tinted brownish red, through the flesh-col- 
ored shades, to a “lively pink.” By comparison, 
the friedelite from Middelplaats displays very lit- 
tle color variation and its reddish appearance is 
its main attraction. The Kazahkstan cryptocrys- 
talline forms of friedelite described by Kuyapova 
in 1960 are reddish brown or a light somewhat 
greenish brown. 

The cause of the color cannot be explained 
with any certainty. In broad terms, it may be as- 
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Figure 4. Matrix friedelite cabochon 
(28 x 14 mm). 


sumed that friedelite is an idiochromatic mineral 
with compositional manganese as the principal 
colorant. Since the ferroan-friedelite described by 
Kuyapova (1968) is dark brown with an iron con- 
tent of about 10% (reported as an oxide), and the 
pink friedelite described by Palache (1935) has a 
low iron content (+0.7% oxide}, the lightness or 
darkness of the tonal quality of the reddish color 
could very well be associated with the amount of 
iron that has isomorphously replaced the man- 
ganese. It should be pointed out, however, that 
the pink friedelite is also described as being a low- 
chlorine friedelite and its unusual pink color could 
also be associated with the low chlorine content 
(+0.25%] reported by Palache in 1935. 

The comparative rarity of friedelite is empha- 
sized if one considers that this occurrence is the 
first to be reported in the Kalahari manganese 
field (which extends for about 500 km2?; see figure 
2), that manganese ore has been mined in a num- 
ber of mines during the past 25 years, that the 
present discovery is limited to the originally re- 
covered 100 kg of friedelite and gangue, that the 
geologist at Middelplaats mine had great diffi- 
culty in relocating the mineralization and could 
only find tiny fragments of friedelite, that the 
method of underground mining at depths of 250 
m and more is highly mechanized thereby mini- 
mizing in-situ discoveries, and that the friedelite 
mineralization did not occur in the present ore 
horizons. 

To date, friedelite has been encountered as a 
gem only rarely, while neither schallerite nor py- 
rosmalite has ever been recorded as such. It is 
quite possible that these minerals do exist as 
gems, but because of their similarity in appear- 
ance and durability to reddish brown varieties of 
bowenite serpentine, they were misidentified as 
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TABLE 1. Electron microprobe analysis (in wt. %) of 
friedelite from the Kalahari manganese field. 


SiO, 35.82 
Al,O, 0.06 
MgO 1.43 
FeO 1.29 
MnO 52.33 
CaO — 
TiO, — 
K,O ana 
Na,O 0.04 
Cl 3.59 
94.56 
O-Cl - 081 
93.75 
H,O+ 6.25 


(by difference) 


such. They do, however, display slightly higher 
values for their physical and optical properties. 
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TOURMALINE AS AN INCLUSION 


IN ZAMBIAN EMERALDS 
By John I. Koivula 


This article reports the identification of tourmaline 
crystals as inclusions in emeralds from Zambia, in 
south-central Africa. To understand the paragenesis 
responsible for this unusual association, the geology 
of the area is reviewed. The gemological properties of 
these emeralds are also noted. 


To date, a variety of interesting mineral inclu- 
sions have been reported in the emeralds from the 
deposits at Miku-Kafubu, in Zambia (Sinkankas, 
1981}. These include the micas biotite and phlo- 
gopite, rutile, and apatite. Recently, the author 
had the opportunity to study three rough emer- 
alds and one faceted stone from this locality with 
inclusions that appeared to be tourmaline, a min- 
eral that has been reported as inclusions in em- 
eralds from the Urals in the Soviet Union and 
from the Habachtal mine in Austria (Sinkankas, 
1981; Gtibelin, 1974) but has not previously been 
noted as occurring in Zambian emeralds. 

If the inclusions the author observed are in 
fact tourmaline, then a new paragenetic relation- 
ship could be established and a new species added 
to the list of known inclusions in Zambian em- 
eralds. To this end, the geology of the area is re- 
viewed and the inclusions themselves described 
in detail. Also, the gemological properties of these 
stones are compared to those previously reported 
for Zambian emeralds. 


GENERAL GEOLOGY 
OF THE ZAMBIAN 
EMERALD AREA 


The main emerald-producing area in Zambia 
comprises two deposits, Miku and Kafubu, which 
lie within a few kilometers of each other. This 
emerald field is located in the Kitwe district of 
northern Zambia, approximately 32 km south- 
west of Kitwe and 40 km west-northwest of Luan- 
shya, near the entrance of the Miku River into the 
Kafubu River (Bank, 1974). Both Miku and Kafubu 
produce excellent, gem-quality emeralds; some 
crystals weigh well over 100 ct. 
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The two deposits are geologically similar. The 
emeralds are found in biotite-phlogopite schists 
in which dark brown to black tourmaline also 
occurs. Other rocks intimately associated with 
the emerald- and tourmaline-bearing mica schists 
are talc-magnetite schists and quartz-amphibo- 
lite-chlorite schists with secondary quartz veining 
(Bank, 1974; Sinkankas, 1981). It is thought that 
the chromium necessary to provide the trace- 
elemental coloration of the emerald was derived 
from magnetite in the talc-magnetite schists, as 
the magnetite in these rocks has been shown to 
contain a small percentage of chromium (Bank, 
1974). 


TOURMALINE AS AN INCLUSION 


Because tourmaline is found throughout the schist 
host rock in direct association with the emeralds, 
it is not surprising to find tourmaline crystals as 
inclusions in the emeralds. The inclusions ob- 
served in the four specimens studied by the au- 
thor are prismatic and, as is typical of tourma- 
lines, striated parallel to the c-axis (see figure 1). 
They are transparent dark orangy brown in a 
strong transmitted light or on very thin edges, but 
generally they appear black and opaque. They oc- 
cur up to 10 mm in length and 2 mm in diameter. 
Many are easily seen with the naked eye. 
Surrounding the tourmalines are numerous 
tiny, whitish-appearing tension fractures that ex- 
tend into the host emerald. Some of these, as il- 
lustrated in figure 1, are decorated with brownish 
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Figure 1. A black-appearing crystal of dravite 
tourmaline in a Zambian emerald is decorated 
by numerous small tension fractures, some 

of which are stained by limonite. This 
photomicrograph was taken using a 
combination of low-intensity transmitted light 
and oblique illumination, magnified 20x. 


orange limonite. In cross section, as in figure 2, 
the tourmalines display typical trigonal or trian- 
gular outlines. No crystallographically dictated 
alignment was noted between the tourmaline in- 
clusions and their host. 

Noted gemologist Chuck Fryer scraped one of 
the inclusions that reached the surface and ob- 
tained enough powder for X-ray diffraction anal- 
ysis. The inclusion was found to correspond to 
tourmaline in the schorl-dravite series, schorl 
having the chemical composition Na{Fe,Mn};A1,B; 
Si,Q.,(OH,F), and dravite, NaMg,Al,B,Si,O.{OH, F},. 
The diffraction pattern obtained matched dravite 
more closely than schorl, but a detailed chemical 
analysis would be necessary to conclusively place 
these tourmalines in their proper position in the 
schorl-dravite series. 
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Figure 2. Cross-sectional view of one of the 
dravite tourmaline inclusions breaking the 
surface of a rough crystal of Zambian emerald, 
Oblique illumination, magnified 50x. 


GEMOLOGICAL PROPERTIES 


One faceted and three rough emeralds were ex- 
amined. The faceted stone was an emerald cut 
that weighed 0.91 ct, and the largest rough crystal 
section weighed 3.48 ct. The emeralds varied in 
color from a bluish green of medium intensity to 
a dark, intense bluish green. 

Using the GEM ColorMaster, the color of the 
0.91-ct faceted stone was dialed in as 00 red, 43 
green, and 22 blue using the E modifier. This read- 
ing calculated as 0.230 x, 0.586 y, and 5.72 z for 
the coordinates on the CIE color chart, giving a 
very slight bluish green by CIE standards. 

Refractive index and optic character were de- 
termined using a Duplex II refractometer and a 
sodium vapor light source. Refractive indices of 
€ = 1.581 and w = 1.588 were noted, which gives 
an optic character and sign of uniaxial negative 
and a birefringence of 0.007. 

The emeralds were studied for their visible 
light absorption characteristics using a Beck 
wavelength prism spectroscope and the GEM 
spectroscope unit. In the direction of the ordinary 
ray, parallel to the c-axis, sharp absorption lines 
could be seen at approximately 479 nm, 610 nm, 
638 nm, and 670 nm, with a single, somewhat 
thicker band at approximately 682 nm. 

A general absorption band was also noted be- 
tween 580 nm and 610 nm. At 90° from the c-axis, 
only four distinct absorption lines were observed: 
638 nm, 650 nm, 670 nm, and 690 nm. All of the 
absorption points in these emeralds can be cor- 
related to known chromium absorption peaks 
(Sinkankas, 1981). 
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The emeralds showed no reaction to long- 
wave or short-wave ultraviolet radiation, or to 
X-radiation. 

The specific gravity was hydrostatically deter- 
mined for two of the emerald specimens. One 
specimen, devoid of tourmaline and containing 
only a small number of mica platelets, showed an 
average specific gravity reading of 2.71. The sec- 
ond specimen, shot through with numerous tour- 
maline crystals as well as with mica and other 
assorted inclusions, revealed a specific gravity of 
2.82. This higher S.G. could be due in part to the 
presence of the schorl-dravite tourmaline, which 
has a specific gravity (3.03-3.25) that is much 
higher than that of emerald. The gemological 
properties obtained by the author for refractive 
index and specific gravity (on the less included 
stone} were in close agreement with those pub- 
lished by Bank (1974) for emeralds from Miku, 
Zambia. 


CONCLUSION 


Although tourmaline has been reported as inclu- 
sions in-emeralds from the Ural Mountains in the 
Soviet Union and from the Habachtal emerald 
mine in Austria, this is the first report of such 
inclusions in African emeralds. Since emerald has 
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not yet been found included in Zambian tour- 
malines, it can be inferred that the emeralds may 
be geologically younger than the tourmalines. 

In reviewing the suite of inclusions now known 
to occur in Zambian emeralds, we find striking 
similarities to inclusions in emeralds from other 
schist-type deposits. In fact, the emeralds from 
the mica schist in Habachtal, Austria (Gtibelin, 
1956, 1974}, are known to play host to all of the 
minerals so far found as inclusions in Zambian 
emeralds. Such comparable parageneses support 
the view that schist-type emeralds all undergo 
similar stages of genesis. 


Editor’s note: An attractive example of a faceted 
Zambian emerald is illustrated in the Gem Trade 
Lab Notes section of this issue. 
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GEMS & GEMOLOGY MOST VALUABLE ARTICLE AWARD 


This issue marks the end of the 1982 
volume year of Gems & Gemology. Once 
again, we are asking you—our readers— 
to select the three articles that you found 
most interesting and potentially useful. By 
participating in this ballot, you not only help 
us acknowledge the time and effort that these 
authors have contributed to expanding the 
gemological literature, but you also give us a 
better idea of your needs and interests. 


Your ballot is located on the insert card 

inside this issue. Please choose three 

articles from 1982 and mark them in order of 
numerical preference: (1) first, (2) second, (3) 
third, Be sure to mark only three articles for 
the entire year. Additional comments 
concerning the journal are welcome in the 
space provided. After voting, simply detach 
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the postcard ballot and drop it in the mail 
{postage pre-paid if mailed in the U.S.), 
Ballots must be received by March 15, 1983 
to be included in the final tally. 


The winning articles will be announced in 
the Spring 1983 issue of Gems & Gemology, 
with cash awards of $500, $300, and $100, 
respectively, given to the authors of the three 
most valuable articles. 

Your participation is important to the 
vitality of the journal. So please take just a 
few minutes now to let us know how you feel, 
and help honor the authors whose work has 
educated and enlightened gemological readers 
around the world. 


Cabart Cetticoet 
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DIAMOND 


“Chameleon” Diamond 


Perhaps the most striking color 
change of a diamond is in the so- 
called chameleon. These diamonds 
were discussed, but not illustrated, 
in the Winter 1981 issue of Gems 
@ Gemology. It was noted at that 
time that these stones glow red 
while hot from being on the wheel, 
then on cooling appear to be fancy 
yellow before changing on exposure 
to light to the dull yellow or gray- 
green usually associated with cha- 
meleon diamonds. 

Figure 1 shows a particularly at- 
tractive dark yellow-green emerald- 
cut diamond seen recently in the 
New York lab. The stone displayed 
strong yellow fluorescence and phos- 
phorescence. Also observed were a 
weak pair of absorption lines at ap- 
proximately 4155 A and 4190 A in 
the spectroscope. Figure 2. shows the 
same stone while it is still warm 
from an alcohol flame. In this phase, 
it would be considered a fancy, in- 
tense orange-yellow. Unfortunately, 
few future owners will ever see this 
color, as the diamond returned in 
seconds to its “normal” green as 
soon as it was exposed to light. 


Crusader Diamond 


What’s new in diamond cutting? In 
New York, we had the opportunity 
to examine a seven-sided modified 
brilliant resembling a crusader’s 
shield, complete with a white cross 
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Figure 1. Normal color of this 
2.8-ct “chameleon” 
diamond. 


engraved on the table (figure 3). It 
appeared at first that the table was 
originally mechanically “frosted,” 
then repolished with four shallow 
facets designed to leave the cross as 
shown. However, the mechanical 
etch marks are at right angles to the 
two cross members, which suggests 
that the “frosting’’ may have been 
done later. 


Diamond Oddities 


Only rarely have we seen needle-like 
inclusions in diamonds, and even 
more rarely have we seen them in 
patches resembling those found in 
natural corundum. Figure 4 shows 
two long rows of needles as viewed 
through the crown of a round bril- 
liant that came into the New York 
lab. When viewed from the pavilion, 
the needles take on a more scat- 


Figure 2. The stone shown in 
figure 1 after heating and 
before exposure to light. 


Figure 3. Shield-shaped 
diamond with cross on the 
table. Magnified 10x. 


tered appearance, with brilliantly 
reflected spots along some of them. 

A naturally yellow fancy dia- 
mond that also came into the New 
York laboratory for a complete qual- 
ity analysis was puzzling to the 
graders because of what appeared to 
be the blackish outlines of all the 
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Figure 4. Needle-like 
inclusions in diamond. 
Magnified 30x. 


Figure 5. Unusual facet-edge 
appearance in yellow 
diamond, Magnified 20x. 


pavilion facets (figure 5). The best 
explanation we had for the appear- 
ance was that the pavilion had been 
lightly burned. With the dark yellow 
as contrast, the nonburned areas ap- 
peared blackish. It was odd that the 
effect was confined to the pavilion; 
one possible explanation is that the 
stone had been lightly burned all 
over and repolished only on the 
crown. 


Unusual Absorption Spectrum 
The spectroscope is invaluable in 


Figure 7. Natural 6-ct emerald from Zambia. 


determining the origin of color in 
most colored diamonds. This deter- 
mination is usually routine, and we 
see new or unexpected absorption 
spectra only infrequently. Recently, 
however, a bright yellow marquise- 
shaped diamond weighing approxi- 
mately 1.38 ct was sent to the Los 
Angeles laboratory. This stone ex- 
hibited an absorption spectrum al- 
most identical to that described for 
bright yellow diamonds of natural 
color on page 210 of the 11th edition 
of the Handbook of Gem Identifi- 
cation, by Richard T. Liddicoat, Jr. 
Upon careful examination of the 
spectrum, however, a very faint line 
was noted at 5920 A, which proved 


Figure 6. Absorption spectrum of treated bright yellow diamond. 
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that the stone had been treated (see 
figure 6). Even when the diamond 
was cooled with an aerosol refriger- 
ant gas, which often aids greatly in 
observing absorption spectra, the 
5920 A line was difficult to see. 

This stone exemplifies the fact 
that care must be taken when ex- 
amining the absorption spectra of 
diamonds. If a stone like this one 
were hastily examined, a gemologist 
might miss the very faint 5920 A 
line and therefore misinterpret the 
spectrum as being that of a natural 
yellow diamond. Note also that the 
long-wave ultraviolet fluorescence 
was a strong yellow, rather than the 
expected yellow-green. 


EMERALD 


Figure 7 illustrates a nearly flawless 
6-ct Zambian emerald that recently 
came into the New York lab. When 
examined with a hand spectroscope, 
the stone showed a distinct line at 
4270 A. This absorption line has 
heretofore been reported as being 
present in some natural emeralds of 
unknown origin (Kane, Gems & 
Gemology, Winter 1980-81} and in 
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some Pakistan stones (Gtibelin, Gems 
e) Gemology, Fall 1982), as well as 
in iron-rich Gilson synthetic emer- 
alds. The identifying features of this 
Zambian stone are its nearly inert 
reaction to ultraviolet radiation and 
its high refractive indices (1.585- 
1.592). Other stones from the same 
lot, but with inclusions, had similar 
properties. 


PARISITE 


A client submitted two earthy- 
looking hexagonal crystal fragments 
to the New York laboratory with the 
comment that they were very rare 
gems. The crystals resembled brown 
corundum with a highly developed 
basal parting, or cleavage. We ac- 
cepted them for identification only 
after determining that one had a 
natural face that appeared to be 
smooth and lustrous enough to al- 
low a refractive index reading. 

The test for refractive index was 
inconclusive, though the stone ap- 
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peared to be strongly birefringent, 
with readings of approximately 1.67- 
1.77. This suggested the possibility 
that the material might be a car- 
bonate. The hardness was approxi- 
mately 4% on the Mohs scale. Spe- 
cific gravity was 4.18. When we 
observed the crystals with a hand 
spectroscope, we were amazed to see 
many bands of the spectrum that 
would be associated with a rare-earth 
element. 

One of the many possibilities we 
considered on the basis of these 
properties was siderite, an iron car- 
bonate, but our samples of siderite 
are seMitransparent, greenish yel- 
low-brown cleavages, with a differ- 
ent absorption spectrum (figure 8} 
and refractive indices of approxi- 
mately 1.63 to above the scale {ac- 
tually, 1.873}. 

Before we were able to complete 
our tests, however, our client re- 
turned for her stones and told us 
they were parisite crystals that she 
had collected herself at the Muzo 
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Figure 8. Absorption spectrum for siderite. 


Figure 9, Absorption spectrum for parisite. 
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mine in Colombia. She said she just 
wanted to know if we could recog- 
nize a “gem” when we see one. With 
a hardness of only 4%, basal cleav- 
age, and a nondescript color and 
appearance, parisite seems a poor 
candidate for adding to the list of 
gemstones, though her crystals (one 
weighed in excess of 5 ct} are indeed 
rare. 

Gemologists are acquainted with 
parisite (named for J. I. Paris, first 
lessee of the Muzo mine after Col- 
ombia gained its independence in 
1819] as a yellowish, blade-like in- 
clusion in Muzo emeralds. In fact, 
their presence in an emerald is con- 
sidered proof that the stone came 
from the Muzo mine. Parisite is a 
fluocarbonate of the cerium metals 
(cerium, lanthanum, and the pair 
praseodymium and neodymium 
[usually called didymium]} that are 
collectively known as rare-earth ele- 
ments. It is, therefore, not surprising 
to see that parisite has a rare-earth 
spectrum. Robert Webster mentions 
seeing an emerald with a rare-earth 
spectrum that was later found to be 
due to the numerous parisite inclu- 
sions in the stone. Note, however, 
that the spectrum shown here in fig- 
ure 9 is somewhat different from the 
one shown in the Spring 1973 issue 
of Gems # Gemology, which was of 
a lighter-colored parisite inclusion 
in emerald. 


PEARLS, Plugged Natural Blister 


Since preparing the entry on cul- 
tured % blister pearls for the Spring 
1982 issue of Gems # Gemology, 


Figure 10. X-ray showing 
plug in a blister pearl. 
Actual size. 
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we at the New York lab have been 
more conscious of blister pearls than 
before. The X-radiograph of a large 
“pearl” in figure 10 shows that it is 
actually a natural blister pearl that 
has been plugged. The plug provides 
the material for the drill hole and 
the peg used to secure the pearl to 
its mounting. 


Star QUARTZ 


The 11.77-ct translucent, white, as- 
teriated, oval double cabochon shown 
in figure 11 was recently brought to 
the Los Angeles laboratory for iden- 
tification. When the stone was ex- 
amined in a polariscope, a “bulls- 
eye” uniaxial interference figure 
was obtained, thus proving it to be 
quartz. 

The phenomenon of asterism in 
quartz was discussed in some detail 
in the Winter 1981 issue of Gems 
« Gemology, on page 230. The un- 
usual feature about this stone, re- 
portedly from Sri Lanka, was the 
fact that the rutile needles that 
evoked the asterism were relatively 
large, and were even visible to the 
unaided eye. When examined with 
the microscope, the rutile needles 
were strikingly enhanced by inter- 
ference colors that changed as the 
stone was moved (see figure 12). The 
iridescence produced by the inter- 
ference of light with the rutile 
needles was easily visible to the un- 
aided eye as the stone was rotated 
under a single light source. 


SAPPHIRE, Heat Treated 


A natural sapphire of unusual color 
came into the New York lab for 
identification. The brilliant orange- 
yellow seemed unnatural, and the 
lack of fluorescence and absence of 
an iron line in the absorption spec- 
trum strongly suggested a heat-treated 
stone. The clincher, however, was 
an unpolished burned area near the 
multiplane girdle (figure 13}. 

Figure 14 shows yet another ex- 
ample of incomplete repolishing of 
a heat-treated orangy yellow natural 
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Figure 11. Star quartz, 11.77 ct. 


Figure 12. Rutile needles in 
the star quartz cabochon 
shown in figure 12. 
Magnified 30x. 


sapphire. It came from a lot of six 
stones, all of which clearly owed 
their color to heat treatment. 

One yellow sapphire from an- 
other lot of four stones recently seen 
in New York faded appreciably after 


Figure 13. The unpolished 
burn area near the girdle of 
this yellow sapphire reveals 
heat treatment. 
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exposure to south daylight for a day 
or so. Normally, we would assume 
that the color was due to irradiation 
and not to heat, but we recently 
heard that certain heat-treated yel- 
low natural sapphires may fade (Gems 
@ Gemology, Spring 1982, pp. 47 
and 48}. This has not yet been 
confirmed. 


SPINEL AND SAPPHIRE, 
Colored by Cobalt (?} 


One of the most unusual coinci- 
dences to occur in the New York 


Figure 14. Partly polished facet 
of a yellow heat-treated 
sapphire. Magnified 10x. 
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Figure 15. Red flashes in a 
dark blue spinel, 2.56 ct. 
Magnified 10x. 


laboratory in recent years was the 
receipt in one week of identification 
requests for two natural-appearing 
blue gemstones that seemed to be 
colored by cobalt. All gemologists 
have been taught that cobalt-colored 
blue stones do not occur in nature. 
It was therefore a distinct surprise 
to test a dark blue oval stone that 
exhibited red flashes (figure 15) sim- 
ilar to those seen in synthetic blue 


Figure 16, Rain-like inclusion 
in the spinel shown in figure 
15. Magnified 10x. 


spinel. The presence of included 
crystals and fingerprint inclusions 
suggested natural origin. However, 
the unnatural-appearing “rain” in- 
clusions {figure 16), normally asso- 
ciated with flux-grown materials, 
puzzled us. The refractive index of 
1.715 was normal for natural spinel. 
The stone appeared red under the 
color filter. In addition to the co- 
balt spectrum associated with syn- 


| —— viouer ——} vp |— sive ——t 64 creent voty 4 o + reo + 


4000 


5000 6000 7000 


Figure 17. Cobalt-like absorption spectrum in spinel. 


Figure 18, Unusual spectrum observed in a sapphire. 
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thetic spinel, the absorption spec- 
trum showed a weak iron line at 
approximately 4500 A (figure 17). 

A search of the literature turned 
up only one report of stones that fit 
this description. In an article in the 
July 1977 issue of the Journal of 
Gemmology, R. Keith Mitchell de- 
scribes three such spinels with these 
characteristics. In view of advances 
in the flux growth of synthetic crys- 
tals and in the heat diffusion of sur- 
face color in corundum, it would be 
hasty to conclude that these “new’’ 
blue spinels are in truth natural. The 
stone we had in the laboratory, with 
both crystals and “‘rain-like’”’ (flux?) 
inclusions, is suspicious. However, 
the only flux-grown cobalt-colored 
blue synthetic spinels we have seen, 
which were kindly furnished by Dr. 
Kurt Nassau, had no inclusions and 
the surfaces of the octahedra were 
crazed, which suggests difficulty in 
manufacturing. There was really no 
comparison to be made other than 
color, red flashes, refractive index, 
and color filter reaction. We did not 
detect iron in the absorption spec- 
trum of the flux-grown synthetic 
spinels provided by Dr. Nassau. 

Later that same week another 
client asked if we could identify a 
purple-blue stone in an Edwardian 
ring while his customer waited. This 
stone was clearly an unusual, but 
natural, purple-blue sapphire. The 
stone appeared red under the color 
filter and showed red flashes under 
a direct incandescent light. The ab- 
sorption spectrum (figure 18} was 
unlike any we had seen before in 
natural sapphire. It resembles the 
absorption spectrum of cobalt-col- 
ored synthetic blue spinel; the only 
differences are that the two long- 
wave bands toward the red end are 
approximately 200 A higher in the 
spectrum of this sapphire, and the 
shorter wave-length band toward the 
blue end becomes two bands offset 
200 A toward the shorter wave- 
length end of the spectrum. 

The fact that surface diffusion of 
titanium and iron as well as chro- 
mium has been successfully used to 
impart a “synthetic” color to natu- 
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ral corundum makes it a matter of 
conjecture as to the possibility that 
cobalt could be used for the same 
purpose. Possibly, cobalt may dif- 
fuse much more readily than the 
other elements so that more than 
just surface coloration would be the 
result. We must emphasize, how- 
ever, that we have not encountered 
any report of such cobalt diffusion, 
so this is merely conjecture at this 
time. 


Star SPINEL 


The New York lab also received for 
identification a very “clean” gray- 
purple six-ray star spinel (figure 19). 
The asterism was exceptionally sharp 
but showed the alternating six- and 
four-ray stars expected of asteriated 
spinel in different orientations (fig- 
ure 20}. 


UNCLASSIFIED ODDITIES 


The Gem Trade Laboratory in Santa 
Monica was recently asked to issue 
identification reports on two rather 
interesting man-made items. The 
first was a singly refractive, trans- 
parent, green, rectangular piece of 
rough material that had one of the 
most intricate internal patterns we 
have yet encountered. The pattern, 
as can be seen in figure 21, showed 
the isometric nature of the host. The 
refractive index was 1.39, and the 
specific gravity was approximately 
2.64. The material, which showed 
perfect cleavage in two directions, 
fluoresced a very strong yellow to 
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Figure 19. A 1.83-ct star spinel 
showing six rays. 


Figure 21. Isometric inclusion 
pattern seen in lithium 
fluoride. Magnified 25x, 


long-wave ultraviolet radiation and 
a strong greenish yellow to short- 
wave ultraviolet radiation. X-ray 
diffraction proved the material to be 
lithium fluoride, a slightly water- 
soluble chemical compound. There 
is no known natural counterpart. 
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Figure 20, Four- and six-ray 
stars visible in the star spinel 
shown in figure 19. 


The second item was a singly re- 
fractive, transparent, purplish blue, 
triangular piece of rough material 
that had no distinctive internal pat- 
terning. X-ray diffraction and chem- 
ical analysis by the electron micro- 
probe proved the material to be 
potassium chloride, a highly water- 
soluble substance. Because of the 
poor surface on the material, only a 
hazy refractive index was seen at 
approximately 1.49. There was no 
reaction to ultraviolet radiation. Po- 
tassium chloride does occur in na- 
ture as the mineral sylvite. 
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Editorial Korum 


DEBATE OVER 
LARGEST KNOWN FACETED 
TAAFFEITE CONTINUES 


1 notice that you marked the statement “WORLD'S 
LARGEST TAAFFEITE?” (Gem Trade Lab Notes, Spring 
1982, p. 49) with a question mark, and I appreciated 
your caution in this matter. Of the five taaffeites in my 
private collection, the largest weighs 11.24 ct. It is 
pink, has a faceted oval cut, and contains a yellowish 
brown inclusion of monazite. Even this taaffeite is not 
the largest in the world, as the largest known to me 
weighs 13.22 ct. It is flawless and has a pleasing mauve 
color. It is cut oval and faceted. This very rare and beau- 
tiful collector’s item is in the possession of Mr. R. Fon- 
seka in Colombo, Sri Lanka. 


E. Gtibelin 
Meggen, Switzerland. 


JEWELRY SUITE 
MARKINGS 


Regarding the markings you show and describe on the 
pink topaz, peridot, and seed pearl parure shown on 
page 121 of the Summer 1982 Gems # Gemology, I 
may be of some assistance. The owl marking you de- 
scribed applies to gold items which are being imported 
into France for which earlier French provenance cannot 
be absolutely guaranteed, or items which were proved 
to come from countries other than those which had 
been French colonies. In order for a jewellery item to 
be resold in France legally, it had to be marked with 
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this control mark. The swan marking you have pho- 
tographed is the corresponding control mark for items 
made of or partially made of silver. These two markings 
were in use from July 1, 1893, until 1970. It is therefore 
possible that the suite was imported into France any- 
time from 1893 to 1970. 

There would also appear to be a good possibility 
that some of the stone settings are actually made of 
silver and that this has been obscured by the later plat- 
ing process. 

The mark with the letters and umbrella is in all 
probability either an original maker’s mark or the mark 
of the firm which had the pieces for resale and therefore 
had the control marks put on. Of the two possibilities, 
the more likely would be that this is the later retailer’s 
or importer’s mark. The box shape and the fact that it 
is an applied plate lead me to believe that it was a 
French firm. The double struck marking of the ram ap- 
pears to be the gold guarantee mark of Paris 1819-1838, 
as per the Book of Old Silver by Seymour B. Wyler, 
page 336. 

By the design and style, it is certainly possible that 
the jewellery was made in France, 1819-1838, pur- 
chased by someone who moved out of the country, and 
many years later brought back into France for resale. 

For further reference on international precious met- 
als markings, I would suggest Poincons d’or et de Pla- 
tine and Poincons d’Argent by Tardy, 21 Rue des Bou- 
langers, Paris, S.E., which contain textual explanations 
of various French import and export marks as well as 
international guarantee marks. 


Debra Fraleigh, G.G. 
Fraleigh Jewellers & Gemmologists 
Toronto, Ontario, Canada 
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COLORED STONES AND 
ORGANIC MATERIALS 


The colors of sillimanite. GC. R. Rossman, E. S. Grew, 
W. A. Dollase, American Mineralogist, Vol. 67, 
No. 7-8, 1982, pp. 749-761. 

Sillimanite, Al,SiO,, occasionally seen as a faceted 

gemstone, is a common mineral constituent of alu- 

minum-rich rocks in metamorphic environments. While 
normally colorless, sillimanite is also known in three 
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and space limitations may require that we include only 
those articles that will be of greatest interest to our 
readership. 


Inquiries for reprints of articles abstracted must be 
addressed to the author or publisher of the original 
material. 


The reviewer of each article is identified by his or her 
initials at the end of each abstract. Guest reviewers are 
identified by their full names. 


“1983 Gemological Institute of America 


Gemological Abstracts 


colored varieties: yellow, brown, and, rarely, blue. As 
in various other gem minerals (e.g., corundum] that are 
colorless when free of impurities, these three colors in 
sillimanite are due to the presence of small amounts 
of trace elements such as iron, chromium, and tita- 
nium which substitute for aluminum. Crystal-struc- 
ture analysis has established that aluminum occurs in 
both six-fold (octahedral) and four-fold (tetrahedral) co- 
ordination with oxygen in sillimanite. The purpose of 
this investigation was to relate the observed colors and 
optical absorption spectra for sillimanites from a num- 
ber of localities with the pattern of trace-element sub- 
stitution for aluminum in these different crystallo- 
graphic sites. 

The authors conclude the article with a discussion 
of the relationship between the cooling history of a sil- 
limanite crystal in an igneous or metamorphic rock and 
the distribution and oxidation state of trace elements, 
such as iron substituting for aluminum, in the crystal 
structure. JES 


Cultured pearl experiment puts mussel in TN econ- 
omy. L. M. Henderson, Southern Jeweler, Vol. 58, 
No. 3, 1982, pp. 32-34. 


Within the next few years, John Latendresse plans to 
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make the biggest splash on the cultured pearl scene 
since the first importation to America of cultured pearls 
from Japan. His goal is to be the owner of the first 
productive cultured pearl farm in the United States. 
Latendresse, who has been in the pearl business for 
some 29 years, briefly discusses how his soon-to-be- 
producing pearl farms in Tennessee will help the local 
community’s ailing economy. 

By offering American cultured pearls to jewelers in 
this country, he also expects to make inroads into the 
fluorishing Japanese import market of freshwater cul- 
tured pearls. GAR 


Monazite from North Carolina having the alexandrite 
effect. R. Bernstein, American Mineralogist, Vol. 
67, No. 3—4, 1982, pp. 356-359. 
“Alexandrite effect,” the property of a crystalline ma- 
terial to change its apparent color when viewed under 
different lighting conditions, is commonly associated 
with alexandrite, a chromium-bearing chrysoberyl that 
appears green in sunlight or fluorescent light and red 
in incandescent or candle light. Other minerals known 
to display this effect are chromium- and vanadium- 
bearing corundum and garnet, yttrium-bearing fluorite, 
and spinel and diaspore. 

In this article, Bernstein describes the first docu- 
mented occurrence of such behavior in monazite 
(Ce,La,Nd,Th} (P,}, a common accessory constituent 
of igneous rocks but a rather unusual gemstone. The 
material examined in this study consists of a few small 
(I mm or less} euhedral crystals from a mineralized 
quartz vein in the Uwharrie National Forest, near Badin, 
Montgomery County, North Carolina. These crystals 
appear yellow-orange in daylight, reddish orange in in- 
candescent light, and light green in fluorescent light, 
but they do not fluoresce to short-wave or long-wave 
ultraviolet radiation nor are they pleochroic. Quanti- 
tative microprobe analysis revealed the presence of var- 
ious rare-earth elements (cerium, lanthanum, neodym- 
ium, samarium, praseodymium, gadolinium, yttrium}, 
but not elements such as iron, thorium and uranium, 
which are common constituents of monazite. Bern- 
stein suggests that the pastel colors caused by such 
rare-earth elements should be present in most mona- 
zite specimens but are usually masked by the normal 
dark color of this mineral, which results from the pres- 
ence of iron and from the thorium- and uranium-in- 
duced radiation damage to the crystal structure. 

This article demonstrates that color change under 
different lighting conditions is probably a more com- 
mon optical phenomenon than was once believed. Po- 
tentially, these color changes may be observed in a 
range of gem materials that contain rare-earth or tran- 
sition elements. One might suppose, therefore, that 
with a knowledge of the relative absorption spectra of 
these elements in different crystal-structure environ- 
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ments, it would be possible to predict the occurrence 
of the “alexandrite effect” in various minerals. JES 


Nature of color centers and EPR of a manganese-acti- 
vated beryl. V. P. Solntsev, E. I. Kharchenko, A. S. 
Lebedev, V, A. Klyakhin, and A. G. Il’in, Journal 
of Applied Spectroscopy, Vol. 34, No. 1, 1981, pp. 
111-115. 

In attempting to understand the causes of color and 

other optical absorption phenomena in gem materials, 

a scientist may use any of a number of spectroscopic 

techniques for examining absorption bands (energy 

transitions) over different portions of the electromag- 
netic spectrum. The technique employed by these in- 
vestigators in their study of red and pink beryl is that 
of electron paramagnetic resonance (or EPR, also known 
as electron spin resonance, ESR} spectroscopy. The 
method involves the measurement of absorption bands 

(and corresponding energies} in the microwave region 

of the spectrum (wavelength = 0.1 mm to 30 cm]. 

These particular bands arise in the spectra of certain 

atoms, such as those of the transition metals, that do 

not have each of the valence orbitals, or energy levels, 
filled by two electrons. In those orbitals that contain 
unpaired electrons, the electrons can undergo a tran- 

sition between energy levels by the absorption of mi- 

crowave radiation. 

As is the case with a number of gem minerals, the 
range of colors exhibited by beryl is caused by the pres- 
ence of trace amounts of different transition metals. It 
has been recognized for some time that the pink of 
morganite and the rose red of bixbite are due to the 
presence of manganese. However, there has been some 
uncertainty regarding both the valence state of man- 
ganese and the site it occupies in the beryl crystal 
structure. On the basis of their data, these investigators 
believe that the rose color in beryl is due to Mn*? sub- 
stituting for Al*. 

This article provides a good discussion of the causes 
of color in pink and red beryls. However, since man- 
ganese can exist in several valence states in beryl spec- 
imens, and additional transition metals can also be 
present, one should expect slight variations in absorp- 
tion spectra between different specimens. The article 
also illustrates the continuing problem of accounting 
for the various absorption bands in the complicated 
spectra of most gem materials. JES 


A U.S. review: chrysoberyl. M. I. Jacobson, Rocks and 
Minerals, Vol. 57, No. 2, 1982, pp. 49-57. 

Although chrysoberyl has been found in minor amounts 
in only a handful of localities in the United States, the 
author hopes that a review of the mineral, its geologic 
associations, and known localities might contribute to 
the discovery of other occurrences, 

Jacobson begins with a discussion of the varieties of 
chrysoberyl and the mineralogy of this species. He in- 


GEMS & GEMOLOGY Winter 1982 


cludes a map of the U.S. with the reported pegmatite 
localities plotted, of which 10 districts are known to 
have produced chrysoberyl. 

In the detailed description of the historical occur- 
rences of chrysoberyl, Jacobson presents such infor- 
mation as exact locations, types of crystals found, as- 
sociated minerals, dates of discovery, and names of 
discoverers. The first discovery of chrysoberyl in the 
U.S. was in 1810 at Haddam, Connecticut, where 3-in. 
crystals were found in a pegmatite vein in gneiss. 
Building projects have since made this site inaccessi- 
ble. In 1892, individual twinned crystals of green chry- 
soberyl up to 0.55 in. long were found in a quartz ma- 
trix in an excavation at 88th and Amsterdam Streets 
in New York City. This one find, however, was never 
repeated at that site. Other states in which chrysoberyl 
has occurred include Maine, New Hampshire, Colo- 
rado, South Dakota, Arizona, and Nevada. 

The author concludes with a discussion of mu- 
seums that have chrysobery! collections and a list of 
40 references. SFM 


Zur Erkennung diffusionsbehandelter Korunde (Rec- 
ognizing diffusion-treated corundum). H. A. Hanni, 
Zeitschrift der Deutschen Gemmologischen Ge- 
sellschaft, Vol. 31, No. 2, pp. 49-57. 

In a discussion of heat-treated corundim, Dr. Hanni 

describes the diffusion heat-treatment process. He nicely 

illustrates typical inclusions in, and distinguishing 
characteristics of, some blue Sri Lankan sapphires after 
heat diffusion treatment. 

In this process, small quantities of trace impurities, 
titanium oxide (TiO,) and/or iron oxide (Fe,O3}, are ac- 
tually added to the surface of the stones and then the 
stones are heated to temperatures of at least I700°C. 
The treatment produces a thin layer at the surface, 
with a depth of approximately 2 mm. 

Characteristic inclusions and surface features en- 
able the identification of sapphires in which some for- 
eign material has been added by diffusion treatment. 
With immersion in methylene iodide, the following 
characteristics may be seen: strongly colored facet 
junctions, differences in color from one facet to another 
as a result of unequal repolishing, and possibly a col- 
orless girdle area due to excessive repolishing. With the 
unaided eye, a dark rim around the girdle of the stone 
may be seen, as well as a “color hole” in the center of 
the stone and color concentration in surface pits and 
cracks. BJT 


DIAMONDS 


The Australian wild card is now DeBeers’ ace in the 
hole, part I. DeBeers and the Australian diamond 
connection, part II. E. Farrell, Goldsmith, Vol. 161, 
1982: No. 2, pp. 39-50; No. 3, pp. 57-61. 


There has been much speculation in the diamond in- 
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dustry about the new Australian diamond mine at Ar- 
gyle. Who will market the output? What effect will this 
new deposit have on the world market? Eileen Farrell 
attempts to answer these and other frequently asked 
questions in two consecutive articles. 

It now seems that some sort of agreement will be 
reached between the Ashton Joint Venture, the devel- 
opers of the mine, and DeBeers’s Central Selling Or- 
ganization. DeBeers will most likely distribute the 
majority of the diamonds, as they must to perpetuate 
their dominance of the market, but they will make sev- 
eral unprecedented concessions for this privilege. The 
Australians are firm in wanting a local cutting industry 
and in marketing part of the gem and near-gem pro- 
duction themselves. 

The Argyle pipe is expected to yield approximately 
35% of the world diamond production in quantity, but 
only about 4% by value, because of the low overall 
quality of the diamonds and their small size. If the val- 
uations of the initial samples are correct, and there has 
been some disagreement about these figures, the mar- 
ket should not be upset by this new influx of diamonds. 

Ms. Farrell’s articles, which make interesting read- 
ing, are well researched. FLG 


Diamond collecting in northern Colorado. D. S. Col- 
lins, Mineralogical Record, Vol. 13, No. 4, 1982, 
pp. 205-208. 
The occurrence of diamonds in kimberlite is usually 
associated with the classic areas of diamond production 
in Africa, but similar occurrences are known. Within 
the United States, for instance, the diamond locality 
near Murfreesboro, Arkansas, has been recognized since 
the carly 1900s. This article describes a recent discov- . 
ery of diamonds in the northern Front Range of the 
Wyoming-Colorado border, between Laramie and Fort 
Collins. 

As in other areas, the diamonds at this locality oc- 
cur in kimberlite, a type of olivine- and pyroxene-rich 
ultramafic igneous rock known as peridotite. Within 
this particular area of the Front Range, some 90 sepa- 
rate kimberlite bodies have been identified in Precam- 
brian granitic rocks. The kimberlite pipes were em- 
placed along several major fault zones. Fission-track 
dating of zircons recovered from the kimberlite gave an 
average value of 377 million years, which indicates a 
Devonian age for these diamond-bearing pipes. 

Since 1975, a small number of diamonds have been 
found in the weathered kimberlite at this locality. These 
stones average approximately 1 mm in diameter; the 
largest recorded diamond is a distorted octahedron 
weighing 0.06 ct. Some of these stones are of gem qual- 
ity. They may occur as crude crystals, or as rounded or 
broken fragments, white or pale yellow in color. 

The future prospect for diamond recovery from this 
area is not known at present. The author considers the 
area to be a potentially rich find on the basis of un- 


GEMS & GEMOLOGY Winter 1982 237 


published estimates of the diamond concentrations in 
this kimberlite. However, he gives no indication of 
plans for future development or geologic study beyond 
that associated with scientific research. JES 


The ever-rising tide of Russian diamonds. R. V. Hud- 
dlestone, PreciouStones Newsletter, Vol. 5, No. 6, 
1982, pp. 34-39 


The Siberian diamond production is perhaps the single 
most influentual factor in today’s nonregulated distri- 
bution of diamonds. Huddlestone offers an optimistic 
view of the effect of these stones on the world market. 
He begins with an historical account of the prediction 
and eventual discovery of kimberlite pipes in the Si- 
berian platform, the most notable being the Mir pipe 
in 1955. Today, over 450 pipes have been located. 

Mining in Siberia produced problems that had not 
been encountered in other localities. Temperature vari- 
ations of 120° from a low of —70°F required ingenious 
solutions for mining techniques, equipment, and peo- 
ple. In fact, in 1972 bonuses were paid to the estimated 
60,000 workers on the basis of how far north they 
worked. 

Huddlestone then turns to the issue of diamond pro- 
duction figures and marketing practices. Noting the 
difficulty of obtaining accurate statistics from the So- 
viet Union, he reports the generally accepted figures of 
10.5 million carats, or about 25% of the world’s annual 
production, of which 20% are gem quality. In 1972, 
Russia modified its contract with DeBeers and now 
markets some of its own stones. 

Acknowledging that the actions of the Russian gov- 
ernment are dictated by the country’s need for foreign 
currency, Huddlestone argues that the Soviet Union 
has marketed its stones in such an orderly fashion that 
“the ever rising tide of Russian diamonds should not, 
therefore, be viewed with such apprehension.” MWP 


Famous diamonds of the world (XII): the Colenso dia- 
mond. 1, Balfour, Indiaqua, Vol. 31, No. 1, 1982, 
pp. 133-137. 


The story behind the Colenso diamond is as unique as 
the 133.14-ct pale yellow octahedron itself. The con- 
troversy begins with its discovery and continues to the 
question of where it is today. Exactly when and where 
the stone was found is not known, although production 
statistics suggest that it came from the DeBeers mine. 
An 1896 magazine account reported that it was found 
in the pocket of a dead miner who had been buried in 
the collapse of an open-pit mine. 

From South Africa the Colenso went to England and 
was purchased by John Ruskin, writer and social critic, 
who donated it to the British Museum (Natural His- 
tory) in 1887. He attached two stipulations: {1} it could 
never be cut, because uncut jewels were “twenty times 
more interesting’; and (2) it must be exhibited with a 
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description naming it the Colenso diamond after his 
friend John Williams Colenso. Colenso, a noted math- 
ematician and first Anglican Bishop of Natal, had been 
embroiled in controversy which included his excom- 
munication for his enlightened views on African cus- 
toms and reinterpretation of theological matters. 
Balfour concludes with an account of the theft of 
the Colenso from the museum in April 1965. Not only 
has the octahedron never been recovered, but one won- 
ders if it has remained intact. MWP 


On isotopic fractionation of carbon in the solid-state 
synthesis of diamond (in Russian). I. N. Ivanov- 
skaja, S. F. Maxov, L. E. Sterenberg, A. R. Musin, 
and V. P. Filonenko, Geochemistry, Vol. 9, 1980, 
pp. 1415-1417. 

The principle of fractionation, the tendency for the 
number of particles in different atoms of the same ma- 
terial to vary as the material crystallizes, was used by 
researchers at the Institute of High-Pressure Physics in 
Moscow to help resolve the question of what kind of 
carbon serves as the source for different types of dia- 
mond. By measuring this isotopic number in diamonds 
they synthesized under controlled conditions, the au- 
thors hoped to discover what forms of carbon produce 
natural diamonds. 

Other scientists had already determined that very 
little fractionation occurs as diamond is created from 
mixtures of melted materials, while crystals synthe- 
sized from a gas tend toward heavier carbon. The writ- 
ers thus chose to concentrate on fractionation that oc- 
curs while diamond is produced in the solid state: from 
unmelted materials under extremely high temperature 
and pressure. The results would then give an idea how 
natural diamond formed under conditions of impact 
metamorphosis, the most interesting examples being 
those diamonds found in meteor craters from Arizona 
to Popigai in the USSR. 

The authors restricted their study to solid-state syn- 
thesis under both high static pressures and lower pres- 
sures with a special catalyst. Different types of carbo- 
naceous materials and carbon, including natural and 
synthetic graphite, were placed in a high-temperature 
chamber along with bismuth and certain platinum al- 
loys. Changes in the structure of bismuth at known 
pressures tell the researchers what pressures have been 
reached, while the platinum materials, which melt 
only with extreme heat, indicate the temperatures 
attained. 

Intense heat and pressure produced small crystals 
that, when cleaned by acid and checked with X-rays, 
proved to be diamond. The crystals were then placed 
in a special chamber with oxygen and burned. The rel- 
ative number of particles in the carbon atoms were 
then easily measured by a spectrometer reading of the 
resulting carbon dioxide. 

The ratios of different isotopes of carbon present 
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demonstrated the absence of any fractionation in either 
method of synthesis. The authors concluded that, as- 
suming diamond crystallizes in nature as it does in the 
lab, the wide variations in the number of atomic par- 
ticles with natural diamond must be caused by a wide 
range in the source materials, rather than by fraction- 
ation. The presence of a certain by-product (lonsdaleite} 
with the synthetic diamonds further allowed the writ- 
ers to postulate that the source of carbon for the me- 
teorite diamonds, which appear with the same mate- 
rial, must have been graphite rather than coal. 
Numerous references in both English and Russian, 
as well as general discussions of the latest synthesis 
techniques and descriptions of the experiments, make 
this article one of the most informative of recent Soviet 
papers. Similar investigations should prove invaluable 
if and when it becomes necessary for gemologists to 
develop methods of separating synthetic and natural 
gem-quality diamonds. MPR 


New type of diamond-bearing rock—garnet pyroxenite. 
A. I. Ponomarenko, Z. V. Spetsius, N. V. Sobolev, 
Doklady Akademii Nauk SSSR, Vol. 251, No. 2, 
1980, pp. 438-441. 


While studying plutonic xenoliths from the Udachnaya 
kimberlite pipe in the USSR, the authors discovered 
two occurrences of a hitherto unknowndiamond-bear- 
ing rock of extremely unusual composition. 

The most common types of diamond-bearing parent 
rocks previously known were bimineralic eclogites as- 
sociated with kyanite and corundum, and diamond- 
bearing ultramafics such as garnet-ilmenite peridotite 
and garnet peridotite without ilmenite. Samples of this 
new material are highly irregular in chemical compo- 
sition and growth features, suggesting to the authors 
that the pressure and temperature of crystallization 
vary from previously published data. The authors pre- 
sent data on the chemical composition of the minerals 
found in the diamond-bearing pyroxenite along with 
calculations of garnet and pyroxene end members. The 
authors conclude that the minerals in this high-alu- 
minum, low-chromium ultramafic rock formed under 
conditions of high pressure in the deepest zones of the 
upper mantle at depths of about 260 to 270 km. 

SCH 


Russians train cutters early. V. Yegorov, Diamond News 
and §. A. Jeweller, Vol. 45, No. 5, 1982, p. 53. 


In a rare article on the Russian diamond industry, Vik- 
tor Yegorov, director of a vocational school for diamond 
cutting in the Soviet Union, describes the one-year pro- 
gram, which is both theoretical and practical. Crystal- 
lography, origin, and physical and optical properties 
comprise the theory, which also includes the study of 
aesthetics. The students’ first cutting attempts are made 
on real diamonds. Yegorov points out that “their pro- 
cessing losses are only five percent higher than those 
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of experienced workers.” Perfect eyesight is required; 
it is only later that “special sight” (the ability to plan 
the cutting of a rough crystal} is recognized in the top 
graduates. The final exam includes the complete work- 
ing of a crystal, giving it all 57 facets. MWP 


GEM LOCALITIES 


An occurrence of gem-quality elbaite from Glenbuchat, 
Aberdeenshire, Scotland. B. Jackson, Journal of 
Gemmology, Vol. 18, No. 2, 1982, pp. 121—125. 


This brief article describes the first reported occurrence 
of gem-quality elbaite tourmaline in Scotland. The lo- 
cality is near the town of Glenbuchat in Aberdeenshire, 
where a sequence of metamorphic schists has been in- 
truded by pegmatite and aplite dikes of granitic com- 
position. In this area, only one pegmatite has so far pro- 
duced gem tourmaline. 

Elbaite crystals up to several centimeters in length 
{average 1 cm) have been found in limited quantity as- 
sociated with lepidolite, muscovite, and quartz within 
the inner zone of the pegmatite. These crystals exhibit 
a range of colors and are usually of gem quality. Some 
of the larger crystals, however, have central cores which 
contain abundant fractures and cavities, or are partly 
replaced by muscovite. 

The author presents some mineralogic data on both 
the schorl and the elbaite from this locality. Partial 
chemical analyses obtained with an electron micro- 
probe are consistent with other published data on tour- 
maline. Refractive index and specific gravity also agree 
with published data. 

To date, there is no indication that faceted stones 
have been cut from this elbaite. Further investigation 
will be necessary to determine the nature, extent, and 
gem-producing potential of these pegmatites. JES 


The Virgem da Lapa pegmatites. J. P. Cassedanne and 
J. Lowell, Mineralogical Record, Vol. 13, No. 1, 
1982, pp. 19-28. 

Cassedanne and Lowell call the Virgem da Lapa district 

“one of the finest localities in the world for well-crys- 

tallized minerals.” The pegmatite area is characterized 

by an abundance of gem minerals, including tourma- 
line, topaz, and beryl. 

Located in northeastern Minas Gerais, Brazil, the 
Virgem da Lapa pegmatites consist of three production 
centers: Limoerio, Xanda, and Toca da Onca. The 
physiography, geology, and mineralogy of the district 
are given together with a geologic sketch map and a 
map of the Xanda mine. Three color and numerous 
black-and-white photographs of crystal specimens are 
also included, as the authors discuss 18 of the minerals 
that occur here. Cassedanne and Lowell conclude that 
although the most accessible pockets have been ex- 
ploited and commercial mining is hindered by the ex- 
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pense, this area has great potential for future 
production. JPG 


INSTRUMENTS AND TECHNIQUES 


Colour it accurate. P. Read, Canadian Jeweller, Vol. 
103, No. 4, 1982, pp. 19-20. 

In his column, “Practical Gemmology,’’ Peter Read re- 
ports on Okuda’s new Diamond Color Checker model 
DC-530A. He prefaces his discussion with a brief his- 
tory of diamond color-grading devices, including the 
Shipley Colorimeter and the more recent Eickhorst 
Diamond-photometer. 

The new Okuda instrument claims to be able to 
grade with repeatable accuracy all diamonds in the yel- 
low range as well as brown and fluorescent stones. The 
DC-530A features an integrating sphere which collects 
the light reflected from the gem and effectively chan- 
nels the signal through a set of red and blue filters and 
then into two photometers. The light signal reaching 
the photodetectors is fed into an electronic device which 
computes the ratio and derives a color grade value that 
is measured on a meter calibrated directly to GIA color 
grades D thru L. “Manual” control knobs enable the 
operator to calibrate according to existing master stones 
which may be of high color or low color in a given 
stone. Two additional controls provide for corrections 
involving diamonds over one carat and serve to com- 
pensate for the shank color of mounted stones. 

Using six diamond and five cubic zirconia masters, 
Read found the instrument to be accurate within one- 
fourth of a grade on yellow diamonds in the J range and 
within one-half of a grade on diamonds in the D color 
range, but off by at least two grades on CZ. Certain 
precautions are necessary: notably, the diamond must 
be cleaned before testing, and the test platform on 
which the stone rests must be dust free. Read also sug- 
gests checking the instrument’s calibration frequently. 

Because data were not available on the DC-530A’s 
ability to grade fluorescent and brown stones, Mr. Read 
intends to address this question at a later date. SCH 


A contribution to the separability of natural and syn- 
thetic emeralds. H. A. Hanni, Journal of Gemmol- 
ogy, Vol. 18, No. 2, 1982, pp. 138-144. 

Reviewing the various methods of distinguishing nat- 

ural and synthetic emeralds, Dr. Hanni reminds us that 

physical constants such as refractive index, bire- 
fringence, and specific gravity may overlap and thus 
provide inconclusive results. The author then discusses 
the differences in the theoretical chemical composition 
of beryl, Gilson synthetic emerald, and Sandawana nat- 
ural emerald, noting that the Gilson product is actually 
closer to the theoretical formula while the Sandawana 
stone contains significant amounts of Na,O and MgO 

with minor amounts of FeO, MnO, and Cr, . 

To determine whether this variation in chemical 
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composition might be useful in separating natural and 
synthetic emeralds, Dr. Hanni tested 45 stones of dif- 
ferent origin and manufacture on the electron micro- 
probe and plotted the weight percent of Cr,Qs, FeO, 
MgO, and Na,O in each. He concludes that a concen- 
tration of Na,O and MgO greater than 1.0% is char- 
acteristic of natural emeralds, although he does note 
that in Colombian emeralds this can drop below 1%. 
New synthetic products and a greater number of nat- 
ural stones will have to be tested to determine the use- 
fulness of this technique. SCH 


The purification of bromoform. C. Washington, Journal 
of Gemmology, Vol. 18, No. 1, 1982, pp. 6-8. 
Washington describes a simple technique for purifying 
bromoform. Contaminated or discolored bromoform 
used as a heavy liquid for specific gravity determina- 
tions may be purified by placing a stoppered flask of 
the contaminated solution in a bucket of ice-water 
slurry. Bromoform will crystallize out at 8°C (its freez- 
ing point} within a couple of hours and when remelted 
will have approximately 98% purity and a density close 
to 2.85. Best results are obtained by inserting a ther- 
mometer into the bromoform to determine when the 
8°C level has been reached; further cooling may allow 
other impurities such as benzene (f.p., 5.5°C) and meth- 

ylene iodide (f.p., 6.1°C} to crystallize out as well. 
ERL 


JEWELRY ARTS 


Cellini, Fabergé and me. T. Hoving, Connoisseur, Vol. 
210, No. 842, 1982, pp. 82-91. 


“Me” is Jean Schlumberger, the 75-year-old creator of 
“splendid baubles’: a peridot-studded cucumber-shaped 
golden box, a foot-high clock of gold and lapis lazuli 
that resembles a turban, a 100-ct Kashmir sapphire— 
centered golden flower, bestrewn with emeralds and 
diamonds, growing out of a clay flower pot. Schlum- 
berger is not exaggerating when he likens himself to 
the other two great jewelers of the Western world, as 
the 20 astonishingly beautiful color photographs reveal. 

This article gives us a rare glimpse of riches both 
material and spiritual in this brief account of Schlum- 
berger’s life and art. “My goal was—and is—happi- 
ness,” he says, and “I try to make everything look as 
if it were growing.”’ Elsewhere, he speaks of a desire to 
“elevate... an art... which ought to be called some- 
thing more than ‘charming, elegant, ravishing, and 
chic,’ ”’ a desire it is plain he has fulfilled. FS 


Photography for metalsmiths. Part one: What’s wrong 
with this picture? L. F. Brown, Metalsmith, Vol. 1, 
No. 4, 1981, pp. 48—54. 

Drawing from his experiences in metalsmithing and 

jewelry design and as a professional darkroom techni- 

cian and photographer, Leslie Brown has created a mini- 
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course to help struggling metalsmiths produce tech- 
nically accurate photographs of small metallic objects. 
As the first in a series, this article focuses on the basic 
question: What are the characteristics of a quality pho- 
tograph and how does one attain them? Brown dis- 
cusses what film to use, how to operate the camera’s 
meter, and what other equipment is necessary. Al- 
though each of the subjects is covered well in relatively 
simple language, a useful appendix has been thought- 
fully provided for readers not familiar with photogra- 
phy terminology. Mike Havstad 


Pre-Columbian art of Costa Rica. B. Braun, Museum, 
Vol. 2, No. 6, 1982, pp. 51-55. 


The art exhibition ‘“Between Continents/Between Seas: 
Pre-Columbian Art of Costa Rica,” which is touring 
the U.S. in 1982 and 1983, is cohesively thematic in its 
examples of sculpture and jewelry that uniquely rep- 
resent the archaeological history of the cultures and 
regions inhabited by pre-Columbian civilizations. 
Unlike the dominant civilizations from Mesoamer- 
ica in the north and from the northern Andes in the 
south, no one great state or civilization seemed to es- 
tablish itself in Costa Rica. The article indicates, rather, 
that the spare environment resulted in chiefdom-like 
cultures, occupying three main regions: Guanacaste- 
Nicoya in ‘the north, the Central Highland-Atlantic 
Watershed in the east, and Diquis in the southwest. 
Indicative of the priorities of the chiefdom society 
are objects recovered from the grave sites of high-rank- 
ing officials. Frequently, these were “three-legged me- 
tates (or grinding stones}, elegant jade pendants known 
as axe gods, and hardstone clubs called maceheads.” 
Such objects symbolized the importance of land, its 
acquisition, defense, and labor, all of which were re- 
lated to power. These relics, which offer an interesting 
and beautiful view of early Costa Rican history, span 
a period from 500 B.C. to 1550 A.D. The exhibition 
shows a progression of archaeological finds that differ 
not only in meaning but also in content, as gold re- 
places stone and jade. Joyce Law 


RETAILING 


Cartier—two centuries of records. 18 Karati Interna- 
tional, Vol. 12, No. 57, 1982, pp. 70-79. 

In a brief history of La Maison Cartier, the author high- 
lights the generations involved in the firm’s manage- 
ment since the 1800s. The integration of colored stones 
with fashionable gold enameling was created and pop- 
ularized by Louis Frangois Cartier, a skilled craftsman 
who became popular with visiting aristocracy during 
the 1867 Paris Exhibition. Although Louis was ruined 
by the revolution in 1870, his son Alfred restored and 
strengthened the business. 

In 1898, Alfred and his sons established the present 
headquarters in Paris and opened a house in London. 
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In 1908, they opened the third Maison Cartier in New 
York. Alfred’s oldest son Louis proved the creative ge- 
nius of the family, and was responsible for reviving the 
clock-making tradition. 

World War II brought the death of Louis and a new 
management to the house. Robert Hocq was primarily 
responsible for putting the empire back together and 
continuing the old tradition. Hocq, together with his 
daughter Nathalie, has increased sales of expensive 
jewelry while giving a new emphasis to medium-priced 
pieces. 

This historical overview of Maison Cartier, with 27 
photographs of Cartier people as well as jewelery, leaves 
the reader asking for more. Unfortunately, it is not sup- 
plemented with references or a bibliography. ERH 


Employee screening. Part I, the promise and perils of 
polygraph. M. E. Thomas, Goldsmith, Vol. 161, 
No. 6, 1982, pp. 52-68. 
In the first of a series about employee screening pro- 
cesses, Ms. Thomas’s critical examination of polygraph 
testing demystifies the pretest and test procedures and 
enumerates polygraph limitations. The author ques- 
tions the validity and consistency of polygraph findings 
and their use in predicting future employee behavior. 
Opinions from academicians, the Civil Liberties Union, 
and jewelry trade employers and employees are pre- 
sented. 

Acknowledging increased polygraph use in the jew- 
elry industry for preemployment screening and for theft 
and loss situations, Thomas provides employers with 
guidelines for selecting a competent examiner and for 
evaluating the results. Consideration must be given to 
state law limiting and/or licensing the use of polygraph 
tests. Employers are cautioned that the polygraph may 
protect those who steal and can still pass the exam, and 
that there are possible legal repercussions of requiring 
polygraph testing for employment. 

The author witnessed an actual polygraph testing 
session which revealed techniques used to elicit ad- 
mission of wrongdoing from a respondent during the 
pretest interview. The most respected private polyg- 
raphers concur that 90% —95% of adverse reports given 
to employers are based on such admissions. Extremely 
important in the testing is the subject’s belief that the 
“lie-detector’’ system works and that the polygraph 
room should be regarded as a confessional. ALS 


SYNTHETICS AND SIMULANTS 


Growth of modified cat’s-eye gemstones (MgTiO; solid 
solutions) by the floating zone method (in Japa- 
nese}. I. Shindo, Journal of the Gemmological So- 
ciety of Japan, Vol. 7, No. 1, 1980, pp. 3-8. 

Shindo, from the National Institute for Research in 

Organic Materials, gives a preliminary report on a new 

man-made cat’s-eye material, The compound MgTiO; 
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was selected because, unlike other magnesium-tita- 
nium compounds, heating of this compound produces 
chatoyancy. In the experiment, MgTiO, crystals were 
floated through zones in a halogen lamp image furnace. 
The author contrasts this new method with that used 
for YAG, GGG, etc., where the material to be crystal- 
lized is placed in a crucible, liquefied, and then cooled 
slowly. Here, the solidification is unpredictable because 
of the difficulty of maintaining an atmosphere. On a 
graph, Shindo illustrates what can occur in this pro- 
cess. 

In the floating zone method, two shafts are used— 
the material rod positioned on the top and the seed rod 
on the bottom. Placed within a quartz tube, these rods 
are rotated in opposite directions. In the central region 
is the fluid stage, which is contained by surface tension 
only. A diagram illustrates the positioning of a halogen 
lamp external to the quartz tube, all of which is en- 
veloped by a mirrored furnace. Light and heat from the 
lamp are focused on the area where crystal solidifica- 
tion occurs. Necessary in this operation are a lens and 
a screen used to direct heat to the central part of the 
quartz tube. The shafts rotate at 30 rpm with growth 
measured at 2 mm/hr. When the crystals reach 50 mm, 
which takes about 24 hours, the power is turned off and 
the solution is cooled rapidly. A photograph of a boule 
and an explanatory diagram accompany this descrip- 
tion of the process. 

The experiment was repeated several times, with 
resulting boules ranging from 8 to 100 mm. Annealing 
the boules at 1300°C for 24 hours in an oxygen atmo- 
sphere induced transparency and a lighter color. Pic- 
tured are three boules in which the chatoyancy extends 
approximately 2—4 cm. X-ray analysis revealed that 
growth occurred mostly along the 1010 axis and 
chatoyancy along the 0001 plane. A cabochon is also 
pictured. ALS 


MISCELLANEOUS 


Characteristics of crystal growth in nature as seen from 
the morphology of mineral crystals. 1. Sunagawa, 
Bulletin de Minéralogie, Vol. 104, 1981, pp. 
81-87. 

Even a cursory examination of the natural crystals of 

zircon, topaz, beryl, quartz, and other gemstones quickly 

demonstrates that some minerals display a wide diver- 
sity of crystal forms, or habits. This variation in the 
geometrical shape of crystals is, in part, a result of min- 
eral formation taking place over a range of physical and 
chemical conditions in different geologic environments 
in the earth’s crust. In this review article, the author 
discusses some of the factors that influence the mor- 
phology of natural crystals and, in so doing, provides 
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a helpful introduction to the modern ideas on crystal 
growth. 

Sunagawa begins by stating that the essential fea- 
ture of natural crystallization is that crystal growth 
occurs from a ‘solution,’ in contrast to the growth of 
crystals in the laboratory, which may be accomplished 
by melt, vapor, or solid-state crystallization, as well. In 
solution growth, important factors affecting crystalli- 
zation include temperature, the composition of the so- 
lution and the crystallizing solid, the nature of the 
solid-solution interface, the degree of supersaturation 
of the dissolved phase in the solution, and additional 
thermodynamic considerations. 

Because of the great differences in conditions of 
crystal growth in nature versus those in the laboratory, 
the overall morphologies of crystals formed in these 
two environments are dissimilar. Sunagawa concludes 
his article with a brief discussion of some of these con- 
trasting features and their causes. JES 


The mineralogy of pegmatites. G. E. Brown, Jr., Amer- 
ican Mineralogist, Vol. 67, Nos. 1 and 2, 1982, pp. 
180-189. 


This article presents a selection of abstracts of papers 
presented at a conference on pegmatites held in con- 
junction with the 1981 Tucson Gem and Mineral Show. 
This conference, sponsored jointly by the Mineralogi- 
cal Society of America and Friends of Mineralogy, 
brought together mineralogists and pegmatite experts 
from the U.S. and several foreign countries. Of the 23 
papers presented during this two-day meeting, 17 con- 
sisted of descriptions of various pegmatite localities, 
while the remaining 6 covered more general topics on 
pegmatite features and genesis. Five of these were of a 
review nature and only the titles are included in this 
summary. 

Localities described included Llano County, Texas; 
Marathon County, Wisconsin, San Diego County, Cal- 
ifornia; Cleveland County, North Carolina; Dixon 
County, New Mexico; several localities in Colorado, 
Maricopa County, Arizona; Grafton County, New 
Hampshire; Oxford County, Maine; the Black Hills, 
South Dakota, and, in more general terms, the Soviet 
Union, Brazil, Canada, and Namibia. Additional pre- 
sentations were given on experimental crystallization 
studies of pegmatite genesis, light stable isotope geo- 
chemistry of pegmatities, the origin of color in peg- 
matite minerals, the phosphate mineralogy of pegma- 
tites, and the role of aqueous vapor in the crystallization 
history of a pegmatite magma. The abstracts presented 
at this meeting not only reflect the current level of 
knowledge of pegmatites, but also demonstrate the 
type of research work undertaken to better understand 
these fascinating igneous rocks. JES 
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BRAZIL: 


PARADISE OF GEMSTONES 
By Jules Roger Sauer, 136 pp., illus., 
published by J. R. Sauer, Rio de Ja- 
neiro, Brazil, 1982. US$20,00* 


Given the importance of Brazil’s ex- 
traordinary gem wealth in the inter- 
national marketplace, it is surpris- 
ing that until now no one book 
addressing the subject was available 
to the gemologist. Brazil: Paradise 
of Gemstones is an excellent begin- 
ning to the filling of this void. While 
the book does not go into great de- 
tail on each of the various gem spe- 
cies found in Brazil, it does give the 
reader an adequate introduction. In 
addition, the book is beautifully il- 
lustrated with superb photograpns 
by Harold and Erica Van Pelt. 

The text is divided by gem spe- 
cies. For each species, the author 
gives a brief gemological descrip- 
tion, including its possible color 
range, the derivation of its name, 
the causes of its color, and the like. 
Following this gemological back- 
ground, Sauer goes on to describe 
the major Brazilian deposits in which 
the material has been found, along 
with a brief history. This history 
may include detail on recent discov- 
eries, such as the 1977 find of un- 
precedentedly large and fine rubel- 
lite crystals near Conselheiro Pera 
in Minas Gerais. The only distrac- 
tion to the book, a minor one, is that 
the table of contents is in the rear; 
essentially doubling as a brief index. 

Brazil: Paradise of Gemstones 
will be an important introduction 
to the casual reader, and delightful 
reading for the gemologist, particu- 
larly as a reference for gem localities. 


PETER C. KELLER 
Director of Education, GIA 


THE JEWELLERY BOOK 

By Susan St. Maur and Norbert 
Streep, 198 pp., illus., published by 
St. Martins Press, New York, NY, 
1981, US$9.95 


Over 35,000 book titles were pub- 
lished in the United States last year. 
One would think that publishers 
would devote capital and energy to 
books of substance and veracity 
rather than fluff written by people 
posing as experts. Given the diffi- 


Book Reviews 


BOOK 
REVIEWS 


Michael Ross, Editor | 


culty some authors have in getting 
their work published, it is surprising 
to discover how easily pure drivel 
finds its way between hard covers. 

The English, with their flair for 
understatement, have always been 
able to get away with printing com- 
edy under the guise of serious ma- 
terial. The Jewellery Book is to the 
gem industry approximately what 
Mrs. Malaprop was to the educa- 
tional system of Great Britain. 

The Jewellery Book was suppos- 
edly written for the British layper- 
son to give him a better idea of the 
types of jewelry and a reason to buy 
jewelry. It is fiction laced with 

“enough facts to fool the layman... 

but for an authentic gemologist, it 
is fairly good comedy. Not Richard 
Brindsley Sheridan, you understand; 
more like Woody Allen’s surprising, 
off-the-wall humor. 

Because I am not a gemologist, I 
could read it much the same way a 
layman would. As a writer and for- 
mer jeweler, however, I am appalled 
at the amount of misinformation. 
The book was written with two 
viewpoints (one from each author??} 
that do not always coincide. On page 
29, the authors discuss the ‘‘miscon- 
ception... that the name on the 
box is as important as the piece of 
jewellry (sic) itself.” This would have 
been their chance to stress the value 
of a firm’s reputation for quality. In- 
stead they state, “... trendy names, 
and the equally trendy prices they 
charge, are a luxury few of us can 
afford.” Then, on page 57, after dis- 
cussing the relative merits of buying 
from larger or smaller stores, they 
say, ... jewellery prices don’t vary 
much from small shop to big shop.” 
Perhaps the English market is differ- 
ent, but most “trendy” stores in the 
United States are also larger firms, 
so the two statements appear to 
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conflict. Additionally, the early part 
of this book seems to support the 
purchase of quality over nonquality, 
but chapter 9 is titled ‘“Never Mind 
the Quality, Feel the Shine.”’ 

Some of the more humorous 
quotes are as follows: 

On diamond cutting: “The last 
stage in diamond cutting (and in the 
cutting of precious stones, too} is 
the actual cutting of the facets on 
the stone,” ‘First, the apprentice will 
be allowed to do a little harmless 
polishing. .. .” 

On gemstones: “Many natural 
stones—those which are dug out of 
the ground—are crystallised. What 
this means is that they start off as 
a piece of wood, or other reasonably 
solid object, and as time goes on get 
gradually churned down into the 
depths of the earth until they be- 
come fossils. But gemstones have 
gone a stage further than a fossil, 
crystallisation is the next process 
that occurs through intense heat and 


great pressure.... to think that the 


beautiful stone started life as a rot- 
ten chip of wood... .” 

“~., coral reefs have been fished 
out of existence all over the world. . . .”” 
“Many people become very worried 
when they feel they might have been 
sold a citrine rather than a topaz, or 
vice versa; but even though the 
stones are two different things, their 
values are not dissimilar... . either 
stone will represent the same sort of 
investment.” 

Cat’s eye and tiger’seye”... have 
roughly the same value.” “If you can 
still see the lines or stripes dis- 
tinctly marked whichever way you 
turn the ring, it’s a tiger’s eye.” 
“Semi-precious stones, especially the 
less expensive varieties like citrine 
and cat's eye, are not worth copying 
as the real thing doesn’t actually cost 
that much more.” 

Now Iam NOT a gemologist, but 
one of the authors claims to be. If I 
can see the absurdity of the above, 
why couldn't they? (One of my gem- 
ological colleagues said the infor- 
mation would rate a 35 on a GG 
exam.} Any jeweler-gemologist should 


‘This book is available for purchase at 
the GIA Bookstore, 1735 Stewart 
Street, Santa Monica, CA 90404. 
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be able to explain gemology to a cus- 
tomer better than this book does. 

If you need a laugh, or a good cry 
over the state of publishing these 
days, spend $9.95 on this book. 
You’d be better off, however, taking 
in a good movie and loading up on 
popcorn. 


H. DAVID MORROW 

Retail Jewelry Store 

Management Course Supervisor, 

GIA 

Editor's note: The credit page of The 

Jewellery Book states that Mr. Streep 

“qualified as a gemologist with the 

Gemological Institute of America.” 

GIA’s education records reveal no 
such qualification. 


BEYOND THE GLITTER 

By Gerald L. Wykoff, 203 pp., illus., 
published by Adamas, Washington, 
DC, 1982. US$17.95* 


In Beyond the Glitter, Gerald Wy- 
koff attempts to pack ‘Everything 
you need to know to buy, sell, care 
for, and wear gems and jewelry 
wisely” into 200 pages. ‘’You’’ means 
consumers. “Everything” includes 
history and lore, care, treatments, 
identification, metals testing, dia- 
mond and colored stone grading, and 
investments. 

Mr. Wykoff’s tone is generally 
candid and informal, but many of 
his statements create an image of 
the consumer and jeweler as adver- 
saries. The chapter on gem care is 
thorough and sound, although it con- 
tains some information that seems 
more suited to retail jewelry store 
employees than to consumers. The 
chapter on investments is straight- 
forward, and Mr. Wykoff makes some 
positive statements about treatments 
and synthetics. 

Unfortunately, the book has many 
weaknesses. Some are related to ed- 
iting and production; for example, 
the labels for the facet diagrams on 
page 36 are scrambled, and many of 
the photographs are blurred. There 
are also weaknesses in Mr. Wykoff’s 
gemology. These include references 
to bubbles in diamonds and silk in 
rubies intersecting at 140° angles. 
Picky stuff maybe—the kind people 
lose points for on the Diploma ex- 
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amination—but they are typical of 
the types of mistakes in information 
and interpretation that eventually 
lead Mr. Wykoff to recommend trans- 
parent, faceted rhodochrosite as a 
jewelry stone alternative to ruby. 
The book’s weakest aspect, how- 
ever, is the choice of information 
presented. In the chapter on metals, 
Mr. Wykoff details a technique for 
using nitric acid to test metal con- 
tent. In his discussion of cutting 
evaluation, one of the first features 
Mr. Wykoff tells us to look for is the 
alignment of upper and lower girdle 
facets. The fancy-shape section in- 
cludes the statement: ‘The point 
facets should only be about 3° shal- 
lower than the adjacent facets... .’’ 
And in the last chapter we are ad- 
vised to prepare clarity diagrams of 
our gems to provide positive iden- 
tification in case we should ever 
have to entrust them to a jeweler. 
Now, metals testing, cutting eval- 
uation, and plotting all have an ad- 
mitted place in a comprehensive 
discussion of gems and jewelry. But 
presenting specialized techniques, 
like GIA’s visual proportion grading 
system, is only going to give con- 
sumers a false sense of security—or 
worse. No matter how many cau- 
tions you include, it is still danger- 
ous to recommend that people go 
out and buy nitric acid to test their 
jewelry. It is unrealistic to expect 
people with no training in the use 
of magnifiers to critically evaluate 
facet alignment or to distinguish be- 
tween a 34° and a 31° facet angle. 
And my experience as a Diamond 
instructor almost makes me chuckle 
at the thought of clarity plots pre- 
pared by people with zero training, 
experience, or background—except 
that I know that some jeweler is 
going to be confronted with one of 
these plots, along with an accusa- 
tion of stone switching. 
Considering Mr. Wykoff’s appar- 
ent attitude toward retail jewelers, 
his factual inaccuracies, and his 
choice of material, I would say that 
this book which proposes to take 
consumers “beyond the glitter” might 
actually get them into trouble. 


MICHAEL ROSS 
Course Revision Supervisor, GIA 


OTHER BOOKS 
RECEIVED IN 1982 


Exploring the Earth and the Cosmos, 
Issac Asimov. Crown, 1982; 352 
pp., no illustrations; US$13.95. 
Nothing about gemology, but 
reading this exuberant book about 
the expansion of human knowl- 
edge and experience will make 
you sit back and marvel at the 
species to which you belong. 


Gem and Jewellery Year Book 1982, 
ed. V. Kala. Gem & Jewellery 
Information Centre of India 
(A-95, Journal House, Janta Col- 
ony, Jaipur 302004, India); 854 
pp; some black-and-white pho- 
tographs, line drawings, and 
maps; US$26.00 fairmail), or 
US$18.00* (seamail). The eighth 
edition of the compendium in- 
cludes information about the 
Indian gem and jewelry trade, 
gemological instruments and 
lapidary equipment and sup- 
pliers, Indian customs regula- 
tions, the international gem 
trade, foreign representatives in 
India and Indian representatives 
abroad, gem and jewelry orga- 
nizations, and taxation. It also 
includes a directory of Indian 
suppliers. 


Jewellery Today, Canadian Jewel- 
lers Association and Canadian 
Jewellers Institute, 1982; 359 pp.; 
5 color photographs, many black- 
and-white photographs, some 
line drawings; US$24.95.* The 
new text for CJI’s jewelry retail- 
ing course covers precious met- 
als, diamonds, colored stones, 
synthetics and imitations, pearls, 
jewelry manufacturing, rings, 
chains, flatware, holloware, ce- 
ramics, china, glassware, clocks, 
appraising, merchandising, in- 
ventory control, advertising, in- 
surance, and selling. Appendixes 
give information about CJA and 
CJI, Canadian precious metals 
marking regulations, and British 
hallmarks. 


A Pictorial Guide to Fossils, Gerard 


R. Case. Van Nostrand Rein- 
hold, 1982; 515 pp; US$29.95. 
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MINERALOGISTS ADOPT 

GEMOLOGICAL CONCERNS ag 
The quadrennial meeting of the International Miner- 
alogical Association took place in Varna, Bulgaria, this 
past September. A highlight of the meeting was the for- 
mation of a new Commission on Gem Materials, with 
Professor Hermann Bank selected as its leader. Rep- 
resenting 30 member nations, the commission will 
seek to achieve international accord on gemological 
nomenclature, to promote gemological research among 
mineralogists, and to encourage the exchange of infor- 
mation among scholars and laboratory personnel con- 
cerning synthetics and treatments. 


DIAMOND SOURCE 

ASSUMPTION ASSAILED [iS 
The Third International Kimberlite Conference was 
also held in September, in Clermont-Farrand, France. 
The substance of the four-day meeting consisted of re- 
ports on geological studies of kimberlites from around 
the world. Papers presented by two groups of scientists 
concerning host rock of the West Australian occur- 
rences, particularly Argyle Pipe AK-1, were of universal 
interest. These reported that the host material is not 
kimberlite, as scientists have assumed the source of all 
diamonds to be. Instead, it is composed of two rock 
types, kimberlitoid and lamprophyre. 


EXHIBITS 
Smithsonian Institution/Freer Gal- 
lery of Art—12th Street and Jeffer- 
son Drive, S.W., Washington, DC 
20560. Telephone: (202) 357-2627. 
“Chinese Art of the Warring States 
Period: Change and Continuity, 
480-222 B.C.” is a selection of 151 
examples of jade ornaments, lac- 
querware, bronze vessels, fittings, 
and other metalwork inlaid with in- 
tricate gold and silver designs. These 
are associated both with warfare and 
with the industrial sophistication 
and improved transportation sys- 
tems that were developed during this 


turbulent era. Opened October | and 
continues through February 15, 1983. 


Smithsonian Institution/Cooper- 
Hewitt Museum—2 East 91st Street, 
New York, NY 10028. Telephone: 
(212) 860-6898. “Fabergé: Jeweler to 
Royalty” consists of over 200 works 
by Peter Carl Fabergé, which are on 
loan from British collections, in- 
cluding that of Queen Elizabeth II. 
As part of the ‘Britain Salutes New 
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c 


York” celebration of 1983, this ex- 
hibit marks the first showing of the 
pieces in the United States. Pre- 
sented March 22 through July 10, 
1983. 


ANNOUNCEMENTS 


The Tucson Gem & Mineral Soci- 
ety’s 29th Annual Show will be held 
February 10-13 at the Tucson Com- 
munity Center, 260 South Church 
Avenue, Tucson, Arizona. The fea- 
tured mineral will be cerussite. Ed- 
ucational programs and displays will 
bring together gem and mineral ma- 
terials from all over the world. Spe- 
cial displays will include sculptured 
quartz, agate cameo bowls from Idar- 
Oberstein, an exhibit of a famous 
Colorado mining district, minerals 
from Mibladen, Morocco, and a 667- 
ct emerald crystal from the Muzo 
mine. The Mineralogical Record will 
hold silent auctions during the show, 
as well as its regular auction of the 
50 best contributions on February 
12. A joint symposium of Friends of 
Mineralogy and the Mineralogical 
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Society of America will be held in 
conjunction with the show February 
13 and 14. Further information is 
available from the Tucson Gem & 
Mineral Show Committee, P.O. Box 
42543, Tucson, AZ 85733. Please 
visit the GIA/Gems # Gemology 
booth while you’re there! 


The American Gem Trade Associa- 
tion Fair and Conclave will be held 
February 5-10 at the Doubletree Ho- 
tel, 445 South Alvernon Way, 
Tucson, AZ 85711. “Put a little color 
in your life” is the theme of the as- 
sociation’s second annual show, fea- 
turing natural, colored gemstones. 
There will be seminars, social 
events, and a business meeting of 
the association. Further information 
may be obtained by contacting 
Chairwoman Maureen Jones at (213} 
990-2411, or Manager Don Elwood 
at (213) 703-8671. 


The Accredited Gemologists Asso- 
ciation will hold an educational 
seminar February 10 and 11 at Palo 
Verde Plaza Holiday Inn, 4550 South 
Palo Verde Boulevard, Tucson, Ari- 
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zona. Speakers will address the as- 
sociation on such issues as color 

_ grading, appraisals, gemological in- 
struments, and synthetic stones. 
Further information may be ob- 
tained from Joseph W. Tenhagen, 
President, Accredited Gemologists 
Association, 36 N.E. First Street, 
Suite 419, Miami, FL 33132. Tele- 
phone: (305) 372-0872. 


The Israel Precious Stones & Dia- 

monds Exchange, together with the 
Israel Emerald Cutters Association, 
will host the International Precious 
Stones Congress, April 11-16, 1983, 
in Tel-Aviv, Israel. The program will 
include lectures, professional ses- 


sions, and panel discussions con- 
cerning gem mining, cutting, mar- 
keting, and other gemological issues. 
There will be exhibits of profes- 
sional publications and contempo- 
rary instrumentation, as well as lap- 
idary tours. The congress will be held 
at the Tel-Aviv Hilton. Information 
may be obtained from the Congress 
Committee, Israel Precious Stones 
& Diamonds Exchange, 1 Jabotinsky 
Street, Ramat-Gan 52520, Israel. 
Telephone: (03} 256112. Telex: 
341667 ATT PR STONES. “Israel 
Jewelry Week’ will be celebrated 
concurrently, from April 11-14, by 
over 100 exhibitors of jewelry at the 
Laromme Hotel in Jerusalem. 


Stamps honoring four gems of the 
Smithsonian collection may be is- 
sued as a block in 1984. Mrs. Lillian 
Turner, chairman of the stamp com- 
mittee for the American Federation 
of Mineralogical Societies, suggests 
that those who wish to promote the 
issuance send requests to: Postmas- 
ter, 475 L’Enfant Plaza, S.W., Wash- 
ington, DC 20260. 


Gems &#) Gemology welcomes news 
of exhibits and events of a gemolog- 
ical nature. Please contact Ste- 
phanie Dillon, Gemological Insti- 
tute of America, 1660 Stewart St., 
Santa Monica, CA 90404. Tele- 
phone: (213) 829-2991. 


Complete Your Gems & Gemology Collection Now 


A limited number of back issues of GEMS & 
GEMOLOCY are currently available from stock. 
To help you complete your reference library, 
we are offering the following sets at special 


prices: 


¢ A complete Four-issue Set of the 1981 
volume, the colorful premier of our larger, 
expanded format. Now priced at $30.00. 

¢ A Collector's Set of the more than 130 
back issues remaining for the period 


sets only 


surface mail. 


Summer 1981 (limited stock) 
Fall 1987 available in complete 1981 


All 1982 issues” 


All prices include book-rate postage to 
addresses inside the U.S. Postage to addresses 
outside the U.S. will be added; for these 
orders, please indicate whether you wish 
to have your copies shipped by air or 


“Discounts are available for orders of 10 or 


10.00 each 


6.00 each 


1934-1980. Priced at $350.00, this 


represents a savings of almost $50.00. more of any of these single issues. 


To order your sets or single issues, 
Supplies of these special sets are limited, please contact: 


and will be filled on an as-available basis. Sally Thomas, Librarian 


GEMS & GEMOLOGY 
1660 Stewart Street 


Single issues are priced as follows: 


a TORT. 4 By e x 
real 10 2 ae 2 ae cach Santa Monica, CA 90404 
4 to 17 issues 3.50 each Telephone: (213) 829-299 ; 
12+ issues 3.00 each CCP dOne TA ie rec veer! 
Spring & Winter 1981 5.00 each Please allow 4 to 6 weeks for delivery. 
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Index 


tO 
Volume 18 


Numbers 1-4 1982 


This index gives the first author [in parentheses) and first page of the article or Gem Trade 
Lab Notes (GTLN} section in which the indexed subject occurs. The reader is referred to 
the author index for the full title and the coauthors, where appropriate, of the articles cited. 


A 


Alexandrite effect, see Color 

change 
Andalusite 

from Sri Lanka (Zwaan) 62 
Apatite 

from Sri’ Lanka (Zwaan) 62 
Asterism 

in quartz (GTLN} 228 

in sapphire, as induced by heat 

(GTLN} 102 
in spinel (GTLN} 228 
in synthetic ruby (GTLN) 102 


Bangkok, Thailand 
heat treating corundum in 
(Abraham]} 79 
Beryl 
colored by vanadium {GTLN} 44 
Beryllium sodalite, see Tugtupite 
“Black Ruby,” see Spinel 
Book reviews 
Beyond the Glitter (Wykoff) 243 
Brazil: Paradise of Gemstones 
(Sauer) 243 
The Cambridge Encyclopedia of 
Earth Sciences (Smith, ed.} 182 
Gem and Jewelry Fact Sheets 
(Ross, ed.} 182 
An Illustrated Dictionary of 
Jewelry (Newman} 119 
The Jewellery Book (St. Maur 
and Streep} 243 
Photographical Atlas of Detrital 
Minerals (Devismes) 119 
Broome pearl, see Pearls, cultured 


Cc 


California 
amethyst, citrine, and green 


Index 


quartz from {Paradise} 39 
Cambodia, see Kampuchea 
Carving 

of jade, historical and 
contemporary (Tucker]} 20 
of opal (Grussing} 95 
Cat’s-eye, see Chatoyancy 
Ceylon, see Sri Lanka 
Ceylonite, see Spinel 
Chalcedony 
- cameo, good repair of (GTLN} 

169 

Chatham 
flux-grown synthetic sapphire 

(Kane} 140 

Chatoyancy 

in emerald (GTLN}) 169 

in iolite (GTLN) 169 

in tourmaline (GTLN} 102 
Change-of-color phenomenon, see 

Color change 
China 

jade forms from (Tucker} 20 
Chrysobery] 

alexandrite and cat’s-eye from Sri 

Lanka (Zwaan| 62 
Cobalt 

in natural gemstones (GTLN} 

228 

Color change 
in alexandrite, corundum, spinel, 
kyanite, fluorite, and monazite 

{Gtibelin] 197 

in garnet (Stockton) 100, 

(Gtibelin} 197 

garnet inclusion in diamond 
(GTLN} 169 
Color stability 
in heat-treated and irradiated 
“golden” yellow sapphire 
(Keller) 186 
in yellow sapphire (GTLN}) 228 
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Conch 

“pearl” (GTLN) 169 
Corundum, see Ruby and Sapphire 
Cristobalite 

in opal (GTLN} 169 


-Cryogenic cooling 


to enhance spectra in diamond 
(Scarratt) 72 
Cubic zirconia 
cutting of (Kerr) 154 
in shape of diamond crystal 
(GTLN]} 169 


Diamond 
burned (GTLN} 228 
color-change garnet inclusion in 
(GTLN} 169 
cyclotron treated (GTLN} 102 
with irregular finish on table 
(GTLN} 44 
Diamond, colored 
chameleon (GTLN] 228 
detection of natural from 
cyclotron treated (Scarratt} 72 
pink, blue, green, yellow, and 
brown (Scarratt} 72 
yellow, treated (GTLN} 228 
Diamond, cuts and cutting of 
Barion emerald cut (Kerr) 154 
modified brilliant (GTLN) 228 
Watermeyer split-facet cuts 
(Kerr) 154 
Diamond simulants 
cubic zirconia in shape of 
diamond crystal (GTLN) 169 
Diffusion treatment 
as a method of inducing color in 
sapphires (GTLN} 169 
of synthetic sapphires (GTLN} 
102 
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East Africa 
color-change garnets from 
(Stockton} 100 
Ekanite 
from Sri Lanka (Zwaan) 62 
Emerald 
chatoyancy in (GTLN) 169 
comparison of properties among 
stones from various localities 
(Giibelin} 123 
fakes (GTLN) 44, 102, 169 
from Pakistan mines—geology, 
mining, recovery, and cutting 
of (Gubelin} 123 
underwater archaeological 
discovery (GTLN} 44 
Zambian, with tourmaline 
inclusions (Koivula}) 225 
Zambian, with unusual spectrum 
(GTLN} 228 
Emerald, synthetic 
Lennix flux-grown (GTLN) 169 
with unusual inclusion (GTLN} 
44 


F 


Faceting 
of rock crystal (Sinkankas} 214 
in Sri Lanka (Zwaan) 62 
Watermeyer split-facet cuts 
(Kerr) 154 
Feldspar 
moonstone and cat’s-eye 
moonstone from Sri Lanka 
(Zwaan] 62 
Fibrolite, see Sillimanite 
Friedelite 
history, mineralization, and 
gemology of (Pienaar) 221 


G 
Gahnospinel, see Spinel 
Garnet 
color-change (Stockton) 100, 
(Gubelin} 197 
color-change, as inclusion in 
diamond (GTLN} 169 
pyrope-almandite (Zwaan) 62 
see also Grossular 
Greened amethyst, see Quartz 
Greenland 
tugtupite deposits in (Jensen) 90 
Grossular 
orange-brown from Sri Lanka 
(Zwaan] 62 
physical and optical properties of 
(Manson) 204 
pink and green (GTLN} 102 


Heat treatment 
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Index 


of lavender jadeite, to test for 
color enhancement (Koivula} 
32 

of ruby and sapphire {Abraham} 
79 


of sapphire to produce “golden” 
yellow (Keller) 186 
of yellow sapphire (GTLN} 44, 
228 
Hessonite, see Grossular 


Irradiation 
of diamond (GTLN} 102 
of diamond, natural and 
cyclotron treated (Scarratt) 72 
and radioactivity (Rossman} 87 
of spodumene by neutrons 
(Rossman) 87 
Inclusions 
apatite in kornerupine (GTLN} 
102 
in Chatham flux-grown orange 
and flux-grown blue sapphire 
(Kane} 140 
in diamond, color-change garnet 
(GTLN] 169 
in diamond, needles {GTLN} 228 
in emerald from Pakistan 
(Gtibelin) 123 
in jadeite, nephrite, and jade 
substitutes {Hobbs} 3 
in Knischka synthetic ruby 
(Giibelin) 165 
in Lennix flux-grown emerald 
(GTLN]} 169 
photography of (Koivula} 83 
in ruby from Pakistan (Gutbelin} 
123 
shadowing as a technique to 
enhance microscopic viewing 
of (Koivula} 160 
in spinel (GTLN) 102 
in spinel from Pakistan (Gubelin} 
123 
in Sri Lanka stones (Zwaan) 62 
in synthetic emerald (GTLN) 44 
in taaffeite (GTLN} 44 
in Thai ruby and sapphire 
(Keller) 186 
tourmaline in Zambian emerald 
(Koivula) 225 
Inscription of gemstones 
alexandrite [GTLN} 102 
Tolite 
chatoyancy in (GTLN} 169 
from Sri Lanka (Zwaan} 62 


J 
Jade 
carvings, symbolism in (Tucker} 
20 


history, nomenclature, trade 
names, properties, and 
identification of (Hobbs) 3 
see also Jadeite 


Jadeite 
damaged by heat during repair 
(GTLN} 102 


separation of natural and color- 
treated lavender (Koivula} 32 
see also Jade 
Jade substitutes 
green glass hololith (GTLN}) 169 
misnomers, properties, and 
separation of (Hobbs) 3 
Jewelry repair 
damage caused by heat (GTLN} 
102 


Kalahari, see South Africa 
Kampuchea {Cambodia} 
Pailin ruby field—geology of 
{Keller} 186 
Knischka synthetic ruby (Gubelin} 
165 
Komerupine 
with apatite inclusions (GTLN} 
102 
from: Sri Lanka (Zwaan) 62 


L 


Lapis-lazuli substitute 

dyed marble (GTLN) 169 
Lighting methods 

pinpoint illumination (Koivula} 

83 

shadowing {Koivula] 160 
Low-temperature spectroscopy, see 

Cryogenic cooling 


Microscopy 
pinpoint illumination with 
(Koivula) 83 
shadowing to enhance image 
(Koivula} 160 
Moonstone, see Feldspar 


Nephrite, see Jade 
Nomenclature 
discussion of jade, jadeite, and 
nephrite (Hobbs} 3 
of gem-quality grossular garnet 
(Manson) 204 


Oo 

Opal 
carving of (Grussing] 95 
common, carved (GTLN} 44 
doublet (GTLN} 102 
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flow structure in (GTLN} 102 
oolitic (GTLN} 102 
pink, carved (GTLN} 169 


P 


Pakistan (Swat and Hunza valleys} 
emerald, ruby, and spinel from 
(Gtibelin) 123 
Palygorskite 
in opal (GTLN}] 169 
Pargasite 
from Pakistan (Gtibelin) 123 
Parisite (GTLN} 228 
Pearls 
attached to shells (GTLN}) 102 
blister (GTLN} 228 
with odor (GTLN} 102 
Pearls, cultured 
Broome, cultured blister from 
Australia (GTLN} 44 
growth of Biwa (GTLN) 44 
Mabe {Crowningshield] 36 
separation of %4 cultured blister 
pearl and Mabe 
{Crowningshield) 36 
¥Ys cultured blister pearls 
(Crowningshield)} 36 
Pinpoint illuminator (Koivula) 83 
Pleonast, see Spinel 
Prasiolite, see Quartz 
Pyrope-almandite, see Garnet 


Qa 


Quartz 

amethyst, cat’s-eye, rock crystal, 
rose, and smoky from Sri 
Lanka (Zwaan) 62 

amethyst, citrine, and green from 
Nevada-California border— 
geology of area and cause of 
color {Paradise) 39 

rock crystal—as a material for 
lapidary arts (Sinkankas} 214 

star (GTLN} 228 


Radioactivity 
in neutron-irradiated spodumene 
(Rossman) 87 
Rock crystal, see Quartz 
Ruby 
from Chanthaburi-Trat, 
Thailand—history, geology, 
mining methods of, and 
inclusions in (Keller) 186 
heating treating of (Abraham) 79 
from Pakistan—geology, mining, 
properties of, and inclusions in 
(Gtibelin) 123 
Ruby, synthetic 
flux-grown, internal 
characteristics of (Koivula) 160 


Index 


Knischka (Gtibelin) 165 
star material from Germany 
(GTLN) 102 


Ss 


Sapphire 
blue, heat treatment of 
(Abraham) 79 
blue, pink, yellow, star, and 
geuda from Sri Lanka {Zwaan} 
62 
from Chanthaburi-Trat, 
Thailand—history, geology, 
mining methods of, inclusions 
in, and heat treatment of 
(Keller) 186 
cutting of, in Australia (GTLN} 
44 
damaged by heat during repair 
(GTLN} 102 
diffusion treatment of (GTLN} 
169, 228 
with heat-induced star (GTLN} 
102 
with unusual spectrum (GTLN] 
228 
yellow, heat treatment of 
(GTLN} 44, 228, (Keller) 186 
Ry : . 
Sapphire, synthetic 
Chatham flux-grown orange and 
flux-grown blue (Kane} 140 
' diffusion of (GTLN} 102 
Shadowing, see Lighting methods 
Sillimanite 
from Sri Lanka (Zwaan} 62 
Sinhalite 
from Sri Lanka (Zwaan) 62 
South Africa 
discovery of gem-quality 
friedelite in {Pienaar} 221 
Spectra 
of alexandrite and color-change 
corundum, spinel, kyanite, 
fluorite, and monazite 
{Gubelin) 197 
of chameleon diamond (GTLN} 
228 
of Chatham flux-grown orange 
and blue sapphire (Kane) 140 
of color-change garnet (Stockton) 
100, (Gtibelin) 197 
of colored diamonds (Scarratt} 72 
of diamond (GTLN)} 102 
of emerald (Gtibelin} 123 
of grossular garnet (Manson} 204 
of heat-treated “golden” yellow 
sapphire (Keller) 186 
of irradiated spodumene 
(Rossman} 87 
of jadeite, idocrase, serpentine, 
dyed-green jadeite, and 
chalcedony (Hobbs) 3 
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of Knischka synthetic ruby 
(Gtibelin} 165 
of iolite (GTLN}) 169 
of parisite (GTLN}) 228 
of quartz (Paradise] 39 
of treated yellow diamond 
(GTLN} 228 
of yellow sapphire (GTLN] 228 
of Zambian emerald (Koivula] 
2.25, (GTLN} 228 
Sphene 
from Sri Lanka (Zwaan) 62 
Spinel 
“Black Ruby” (GTLN] 169 
gahnospinel from Sri Lanka 
{Zwaan} 62 
inclusions in (GTLN} 102 
from Pakistan—properties of and 
inclusions in (Gtibelin) 123 
from Sri Lanka (Zwaan) 62 
star (GTLN}) 228 
with unusual color (GTLN} 228 
Spodumene 
green, from Sri Lanka (Zwaan) 62 
irradiation of {Rossman} 87 
Sri Lanka 
gems of (Zwaan) 62 


‘Sugilite (GTLN) 44 


T 


Taaffeite 
from Sri Lanka (Zwaan) 62 
world’s largest? (GTLN} 44 
Thailand 
Bangkok, heat treatment in 
(Abraham) 79 
Chanthaburi-Trat gem field 
(Keller} 186 
Topaz 
from Sri Lanka (Zwaan) 62 
Tourmaline 
cat’s-eye (GTLN} 102 
as inclusion in Zambian emerald 
(Koivula) 225 
from Sri Lanka (Zwaan] 62 
Tsavorite, see Grossular garnet 
Tugtupite 
Discovery, mineralogy, 
crystallography, and current 
status of {Jensen} 90 


U 


Unclassified oddities 
lithium fluoride (GTLN} 228 
potassium chloride (GTLN) 228 


Vv 
Van Pelt collection (Sinkankas) 214 


Zircon 
from Sri Lanka {Zwaan} 62 
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Editorial 


THE GEMS & GEMOLOGY 
MOST VALUABLE ARTICLE AWARD 


RICHARD T. LIDDICOAT, Jr. Editor-in-Chief 


nce again the ballots for the most valuable article in the 1982 issues of Gems & 

Gemology have been read and tabulated. We very much appreciate the time that 
our subscribers took to participate in the balloting. The comments on the ballots were 
particularly gratifying in their expressions of satisfaction with the journal. It is with great 
pleasure that I take this opportunity to compliment Alice Keller on her magnificent effort 
as managing editor of Gems & Gemology. 


The winning article for 1982 was ‘‘The Jade Enigma,” by Jill Hobbs, which appeared in 
the Spring issue. This is the second time that Ms. Hobbs has placed first in the balloting, 
and we congratulate her on her accomplishment. The next most appreciated article was 
Dr. Edward Gtibelin’s comprehensive discussion of ‘The Gemstones of Pakistan: Emerald, 
Ruby, and Spinel,” which appeared in the Fall issue. The article that placed third also 
appeared in the Fall issue: ‘“Gemological Properties of Chatham Flux-Grown Synthetic 
Orange Sapphire and Synthetic Blue Sapphire,” by Robert E. Kane. 


In recognition of their achievements, Ms. Hobbs, Dr. Gtibelin, and Mr. Kane will receive 
cash awards of $500, $300, and $100, respectively. Brief biographies of the authors appear 
on the following page. 


At this time, I would like to say a few words to thank our support staff of section editors, 
abstracters, and reviewers, whose continued commitment to—and willingness to work 
for—the excellence of Gems #& Gemology is invaluable. I also wish to acknowledge those 
people whose names do not appear on a masthead but who were willing to take the time 
during the past year to help with the review process that is the backbone of the journal: 
Joe Borden, Edward Dominik, Bill Kerr, Jean Langenheim, Joseph Leavitt, David Morrow, 
and Ray Page. 


One of the comments that we read most frequently on the ballots was the fine quality 
of the photographs published in the journal. We are fortunate that so many good photos 
are provided by the authors themselves, by gem photographer Tino Hammid, and by GIA 
staff photographer Mike Havstad. We wish to make special note that all of the cover 
photos for 1982 and many of the superb shots inside those issues were donated by the 
team of professional photographers, Harold and Erica Van Pelt. Our sincerest thanks for 
their invaluable contribution. 
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Ms. Hobbs is a native of Washington State. She is a 
graduate gemologist and received her B.A. from the 
University of California at Los Angeles. 


EDWARD J. GUBELIN 


One of the leading gemologists in the world, Dr. Gtibelin 
not only has developed his own gemological research 
laboratory, but also has published innumerable articles and 
given many lectures on all aspects of the field. He is 
particularly well known for his expertise in inclusions in 
gemstones; his book, The Internal World of Gemstones, is 
already a classic. In addition to his current research 
activities in Lucerne, Switzerland, Dr. Gtibelin is honorary 
professor at the University of Stellenbosch, South Africa. 


Dr. Gtibelin was born in Lucerne and completed his studies 
at the universities of Zurich and Vienna. He is both a 
certified gemologist and a fellow of the Gemmological 
Association of Great Britain. 


ROBERT E. KANE 


My. Kane is supervisor of the Gem Identification 
Department at the GIA Gem Trade Laboratory in Los 
Angeles. His research specialty is the separation of natural 
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extensively. He is also a contributing editor for the Gem 
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ART DECO: THE PERIOD, 


THE JEWELRY 


By J. Mark Ebert 


Although the Art Deco period extends 
roughly from 1910 to well into the 1930s, 
it was primarily a product of the 
“Roaring ’20s.” This was a wonderfully 
decadent era. It was an age of Prohibition 
and cocktail parties, of flappers and the 
Charleston, of racketeers and G-men, of 
nouveau riche and credit spending. These 
were merély some of the manifestations 
of the social turmoil that resulted from 
the extreme disillusionment that 
followed the ‘war to end all wars,” a 
violent reaction to and rejection of the 
strict Victorian ideals that had prevailed. 
Eat, drink, and be merry! The gospel 
according to Freud! Sexual revolution! 
Women were emancipated — 

voting, smoking, and drinking. The 
“modern” woman saw herself as 
sophisticated, worldly, even jaded, with 
brazenly short skirts, plunging necklines, 
short hair, and the “flagrant” use of 
rouge, lipstick, and other cosmetics. 
These, then, were the times that 
stimulated the Art Deco movement, the 
period and the jewelry. 


ABOUT THE AUTHOR 


Mr. Ebert is president of Ebert-Richter, inc., a 
Los Angeles —based buyer and supplier of 
diamonds and estate jewelry. 


Acknowledgments: The author thanks Richter's of 
Palm Beach and Richter’s of Nashville for the 
loan of a number of the pieces used to illustrate 
this article. Thanks are also given to Cartier, Inc., 
of New York City, who kindly allowed the use of 
several of the photographs from their book 
Retrospective Louis Cartier (1982). 
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Art Deco 


Att Deco is the term applied to the design movement 
that predominated in Europe and the United States 
in the 1920s and 1930s until the beginning of World War 
II. The earliest manifestations of Art Deco were seen 
around 1910, growing out of the Art Nouveau genre, but 
the movement established its momentum primarily dur- 
ing the years immediately following the First World War. 
Although Art Deco is commonly associated with the jew- 
elry designed and produced during this period, the move- 
ment itself was far reaching, embracing all types of art 
forms, everyday commodities, and even structures. 

This article examines Art Deco both in terms of the 
era in which the movement took hold and the distinctive 
jewelry that is so representative of this design style. The 
events that contributed to the development of Art Deco 
are discussed, as well as the characteristics of the fine 
jewelry produced during this period. Also important to 
any discussion of Art Deco are the materials used, the 
types of pieces popular at that time, and the designers 
who nurtured this innovative style. The movement itself 
virtually died with the outbreak of World War II, yet it 
is now undergoing a revival as one of the most unique 
episodes in the development of design in the 20th century. 


THE ORIGINS OF ART DECO 


The Art Deco movement drew inspiration from a variety 
of different sources (see box). However, the excitement 
generated by the early visits of Sergei Diaghilev’s Russian 
Ballet to Paris (the first of which was in 1909} is widely 
considered to have marked the beginning of the Art Deco 
style. Diaghilev’s production of “Scheherezade,”” which 
made its debut in 1910, is often cited as a major influence. 
The sets and costume designs were bold and exotic, using 
intensely vivid color combinations such as red and black, 
blue and green (Retrospective Louis Cartier, 1982), the 
flavor was distinctly Oriental—both exciting and inviting. 
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The enthusiasm with which these revolution- 
ary designs and color schemes were received had 
a significant impact on the decorative arts of the 
period. The influence and popularity of the Rus- 
sian Ballet continued to be strong well into the 
1920s. During this period, leading avant-garde art- 
ists of the day, such as Matisse and Picasso, were 
commissioned to work on the sets and costum- 
ing. Thus, the public was initiated, by way of the 
theater, into a number of important and serious 
art movements—expressionism, futurism, and 
cubism—all of which contributed to the devel- 
opment of the Art Deco style (McClinton, 1975). 

Also during this period, the opening of King 
Tutankhamen’s tomb (1922) produced an affinity 
for all things Egyptian. This influence was partic- 
ularly noticeable in the decorative arts, in archi- 
tecture, and in jewelry. Europe in the 1920s also 
saw a heightened interest in anything Negro: jazz 
music, American Negro dances, and African art 
were all in fashion. 

Concurrently, many artists and designers had, 
albeit begrudgingly, accepted the rapid spread of 
industrialization and mass production. Whereas 
the design movements of the late 19th and early 
20th centuries had been attempts to escape from 


this “industrial monster,’ the Art Deco move- 
ment was, in a sense, an attempt to form an al- 
liance between art and industry, man and ma- 
chine. For the first time, efforts were made to 
produce designs that could be adapted to mass 
production. In fact, the movement derives its 
name from the “Exposition des Arts Décoratifs et 
Industriels Modernes” (Exposition of Decorative 
Arts and Modern Manufacturers} held in Paris in 
1925. The artistic instigators of this uneasy alli- 
ance were successful beyond their dreams. Their 
designs were applied to everything from toasters 
to ocean liners, from architecture to ceramics, 
from graphics to bookbinding, from furniture to 
jewelry. That such a distinctive style could have 
had such universal application is one of the fas- 
cinating aspects of the Art Deco movement. 

The central theme of Art Deco was geometry, 
symmetry, and boldness of both design and color. 
Yet the movement was flexible enough to incor- 
porate the ancillary influences of Egyptian, Afri- 
can, American Indian, and Oriental art as well as 
accommodate itself to the functionalism of in- 
dustrial design. Both the spirit and affluence of 
the 1920s (Allen, 1931) allowed for the broad 
growth and development of this unique design 


A CHRONOLOGY OF EVENTS THAT INFLUENCED THE ART DECO MOVEMENT 


1760 
1837 Tiffany opens in New York City, the 
first major U.S.—based jewelry firm 
Victorian period (the reign of Queen 
Victoria of Great Britain) 


1837-1901 


1867 
1888 De Beers Consolidated Mines, Ltd. 
formed in South Africa 

Synthetic (flame fusion) corundum 
appears in the marketplace 

Art Nouveau period 

Edwardian period (the reign of King 
Edward VII of Great Britain) 

The Russian Ballet opens in Paris 

The first performance of 
"Scheherezade” by the Russian Ballet 
in Paris 

World War | 

Marcel Tolkowsky’s treatise on the 


1890s 


c.1890— 1910 
c.1901—1910 


1909 
1910 


1914-1918 
1919 


4 Art Deco 


Beginnings of the Industrial Revolution - 


Discovery of diamonds in South Africa 


ideal proportions of a modern brilliant 
cut diamond 

In the United States: women win the 
vote, Prohibition enacted, and 
cultured pearls appear on the market 
The Earl of Carnarvon opens King 
Tutankhamen’s tomb 

The Exposition des Arts Décoratifs et 
Industriels Modernes is held in Paris 
Josephine Baker electrifies Paris in 
“La Revue Négre” 

The U.S. Stock Market crashes 
Prohibition is repealed 

World War II 

The commemorative exhibition “Les 
Années '25” is held at the Musée des 
Arts Décoratifs in Paris 
“Retrospective Louis Cartier, 
Masterworks of Art Deco” exhibit 
opens in Los Angeles 


1929 
1933 
1939-1945 
1966 


1982 
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style. And in jewelry in particular, the newly em- 
boldened female of the postwar era (figure 1} wel- 
comed the radical designs and bold color combi- 
nations that Art Deco represented. 


CHARACTERISTICS OF 
ART DECO JEWELRY 


In fact, the art of jewelry design and jewelry mak- 
ing lent itself well to the philosophy and design 
ideals of the Art Deco movement. This becomes 
obvious when we study the general characteris- 
tics and specific motifs and color schemes of Art 
Deco jewelry. It is important to bear in mind, 
however, that not all jewelry that was produced 
in the 1920s and 1930s was of the Art Deco style, 
and that not all Art Deco jewelry has the same 
characteristics. In fact, some purists prefer to think 
of this period as encompassing two separate and 
distinct movements: Art Deco {c. 1909-1925] and 
Art Moderne, or Modernism (c. 1925—WWII). 
However, we shall treat the post—1925 influences 
as merely an ongoing development of an already 
existing style, rather than as a whole new move- 
ment: early Art Deco jewelry tends to be more 
graceful and feminine; later Art Deco jewelry is 
more austere and geometric. 


Art Deco 


Figure 1. The sophisticated lady 
in The Red Hat (Gordon 
Conway, 1929) embodies the 
sleek confidence of the 
emancipated female of the 1920s, 
the peak of the Art Deco 
movement. From the prints and 
drawings collection of the 
American Institute of Architects 
Foundation, Washington, DC. 


The motifs of Art Deco jewelry are quite di- 
verse. They range from the colorful “fruit salad” 
flower basket (figure 2) to the Egyptian scarab, 
from the ziggurat to the lightning bolt, from the 
Hollywood-style palm tree to the sleek grey- 
hound, from the Aztec pyramid (figure 3) to var- 
ious Oriental forms (figure 4). Although early Deco 
jewelry tends to favor the more formalized floral 
motifs, and the movement accommodated a wide 
variety of themes, the vast majority of the jewelry 
designs tend to be very geometric and symmet- 
rical, reflecting the influence of cubist geometry 
on the movement as a whole. 

Color is also important in characterizing Art 
Deco jewelry. The bold whiteness of platinum 
combined with diamond or crystal is a funda- 
mental scheme of Deco jewelry (figure 5). Infu- 
sions of color into this scheme were generally 
dramatic. Black and white was a favorite combi- 
nation: black onyx or black enameling with dia- 
mond or crystal or both (figure 6). The fruit salad 
motif represents a popular extreme of this predi- 
lection: several colored gemstones—usually ruby, 
sapphire, emerald, black onyx, and possibly tur- 
quoise or coral—often combined with diamonds. 
Clearly, Art Deco was not a subtle style. 
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Figure 2. This Cartier brooch (1927)—with 
carved and cabochon emeralds, rubies, and 
sapphires, as well as faceted diamonds — 
represents the “fruit salad” motif commonly 
used in Art Deco jewelry. Photo courtesy of 
Cartier, Inc., New York, NY. 


Early Art Deco jewelry was significantly influ- 
enced by the two design periods that immediately 
preceded it—Art Nouveau (the “radical chic’”’ de- 
sign movement of the turn of the century} and 


6 Art Deco 


Edwardian (the conservative design style that co- 
incided with the reign of King Edward of England, 
approximately 1901-1910). Early Art Deco jew- 
elry adopted some of the more austere character- 
istics of the highly stylized and graceful Art Nou- 
veau designs, but tended to formalize these mo- 
tifs (Battersby, 1969). The free-flowing curves and 
naturalistic floral motifs of Art Nouveau became 
the more precise curves of perfect circles and 
ovals and the very stark, formalized flower rep- 
resentations of Art Deco. Later Art Deco jewelry 
was, to some extent, a reaction against the soft 
natural lines, pastel colors, and floral excesses of 
the highly feminine Art Nouveau style. The pas- 
tels were replaced by vivid colors and bold color 
combinations. The soft natural lines were re- 
placed by harshly geometric and symmetrical 
motifs. Asymmetry and curvilinear designs were 
out; symmetry and rectilinear designs were in. 

The Edwardian design movement was not rad- 
ical like Art Nouveau or Art Deco; in fact, Ed- 
wardian jewelry was in the mainstream of con- 
servative fashion and formal attire in the early 
20th century. Art Deco, particularly early Deco, 
borrowed directly from some of the more popular 
motifs of Edwardian jewelry: the garland, the bas- 
ket of flowers, and the bow motif, to name a few. 
Edwardian jewelry influenced Art Deco jewelry 
in two other significant ways: (1) it provided the 
basis for the materials that would be used in Deco 
jewelry, and (2) it introduced the techniques with 
which these materials would be worked (Becker, 
1980). Edwardian jewelry was made primarily with 


Figure 3, The pyramid 
design on this jabot pin by 
Cartier (c. 1920) was a 
popular motif of Art Deco 
jewelry. The sapphire, 
black onyx, diamond, coral, 
and platinum used serve to 
illustrate the bold color 
combinations of the period. 
The pin measures 10.2 xX 
2.3 cm. Photo courtesy of 
Cartier, Inc., New 

York, NY. 
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diamonds and platinum—numerous small dia- 
monds mounted in an invisible setting of plati- 
num, using ‘‘knife wire” setting and millegrain- 
ing techniques with precise open-work designs. 
Art Deco jewelry designers used these materials 
and setting techniques as a starting point in their 
styles. 


MATERIALS USED IN 
ART DECO JEWELRY 


As mentioned above, the basic materials used in 
fine or precious Art Deco jewelry were platinum 
and diamonds. Platinum was favored for three 
main reasons: its great strength (thus enabling a 
gem to be securely set with a minimal amount of 
metal}, its lasting high luster (resistance to tar- 
nish} and its malleability {enabling the imple- 
mentation of designs with precise and intricate 
shapes and outlines}. White and even yellow gold 
were often used as more affordable alternatives 
during the Depression years of the 1930s. 

Diamond was the gemstone of the period, and 
it was used in a variety of ways. Large soli- 
taires were very much in vogue, aS were items 
made from numerous small diamond§. The “‘knife- 
wire” and millegrain setting techniques of the 
Edwardian period eventually gave way to pavé 
setting. Early in this period, Tolkowsky (1919) 
published his dissertation on the ‘proper’ propor- 
tions of a modern round brilliant-cut diamond, 
and, although most of the diamonds used in Deco 
jewelry were what are now considered “Old Eu- 
ropean” cuts, they were often “well cut” Old 
Europeans. Probably because of the cubist or 
geometric influence in the design of Art Deco 
jewelry, new cuts or shapes of diamonds were 
being discovered, implemented, and popularized: 
baguettes and emerald cuts, triangles and shield 
cuts, and pear and marquise shapes, to name a 
few. 

Colored gemstones also played an important 
role in Art Deco jewelry. The most popular of 
these were rubies, sapphires, and emeralds, al- 
though just about any and all colored gems were 
used (e.g., black onyx, rock crystal quartz, jade, 
turquoise, coral, and mother-of-pearl). When wom 
as center stones, these gems were usually of fine 
quality and faceted. As accent stones, colored 
gems appeared in the form of cabochons, carved 
leaves or calibré-cuts (again, see figure 2). 

The use of flame-fusion synthetic corundum 
(both synthetic ruby and synthetic sapphire) was 


Art Deco 


Figure 4. This minaudiére by Cartier (1924) 
demonstrates the era’s fascination with strong 
colors and Oriental motifs. Made from paneled 
wood and gold, this piece is encrusted with 
jewels and enamel work. It measures 12.1 Xx 6 
x 1.9 cm. Photo courtesy of Cartier, Inc., New 
York, NY. 


also widespread. We do not know whether such 
synthetics were originally used to deceive, to 
increase the ease in matching size or color, or 
perhaps simply because of the limited gem iden- 
tification techniques available at that time. 
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Figure 5. Bracelets were 
particularly popular during 
the Art Deco era. Typical is 

this wide flexible bracelet 
of diamond (approximately 
25 ct total weight) and 
platinum. Photo by Tino 
Hammid. Bracelet courtesy 
of Richter’s of Palm Beach. 


Frequently, however, an exquisite Art Deco piece 
will be found to contain synthetic accent stones. 

Pearls—both natural and cultured—played a 
prominent role in the jewelry of this period. Cul- 
tured pearls were first successfully marketed on 
a large scale during the 1920s and quickly became 
very fashionable. Pearls were used in a variety of 
ways: in chokers or long strands, as a contrast to 
colored gems (figure 7), to complement diamonds, 
and in the ever-popular sautoir. 

Enameling was also prominent in Art Deco 
jewelry, although it was much less popular than 
it was during the Art Nouveau period. Cloisonné 
was the most common type of enameling used, 
with red and black being the most popular colors 


Figure 6. The bold black- 
and-white color scheme 
favored by many Art Deco 
designers is evident in this 
platinum, diamond {about 
2 ct total weight), crystal, 
and black onyx bow pin. 
Photo by Tino Hammid. 
Pin courtesy of Richter’s of 
Nashville. 
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(again, see figure 4}. This use of enameling prob- 
ably resulted from the Oriental influence on Art 
Deco as well as the carryover from Art Nouveau. 

No discussion of the jewelry of the Art Deco 
period would be complete without making men- 
tion of costume jewelry. The famous French cou- 
turiére Coco Chanel is credited with making cos- 
tume jewelry not only acceptable, but also chic 
(Becker, 1980), The popularity of costume jewelry 
during the Art Deco period prompted a number 
of innovations in jewelry materials. For example, 
advancements made in the field of plastics, par- 
ticularly the use of bakelite plastic, were adapted 
to costume jewelry. Various types of imitation 
pearls also became popular. Other materials often 
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used in costume jewelry include aluminum, 
chrome, marcasite, glass, and rhinestone. It is in- 
teresting to note that for the most part during this 
period the public did not regard these costume 
jewels as cheap imitations, but rather as “frankly 
fake” ornaments: fun, daytime jewelry. When, in 
the 1930s, they began to be viewed dnd used 
merely as direct imitations, they quickly lost their 


popularity. 


Art Deco 


Figure 7. Pearls, 
diamonds, and emeralds 
provide a striking 
combination in this 
Oriental-motif necklace 

_ by Cartier (c. 1925). The 

_ hexagonal carved 

- emerald pendant weighs 
86.71 ct. Photo courtesy 
of Cartier, Inc., New 

» York, NY. 


POPULAR TYPES OF 

ART DECO JEWELRY 

The specific types of jewelry that are highly fa- 
vored or, conversely, assiduously shunned during 
a particular era often reflect the sentiments of 
that period. During the Art Deco era, gone were 
the cameos, chatelaines, tiaras, diadems, and many 
other pieces typical of the Victorian period that 
dominated the 19th century (Flower, 1951). The 
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Figure 8. A typical item of 
the Art Deco period is the 
double-clip brooch. This 
platinum, diamond 
(approximately 7 ct total 
weight), and blue sapphire 
brooch is a good example 
both of this type of jewelry 
and of the use of bold, 
contrasting colors. Note the 
symmetry of the brooch: 

if the piece were bisected 
horizontally or vertically, 
each half would be a mirror 
image of the other. Photo ere 
by Tino Hammid. Brooch 
courtesy of Richter's of 
Nashville. 
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liberated woman of the 1920s wanted no relics of 
the repressed Victorian female. The short hair 
styles popular during this period also signaled an 
abmipt end to ornate hair combs and large hat pins 
(Lesieutre, 1974). 

The plunging necklines of the 1920s lent 
themselves well to long pendants and other long 
necklaces. The sautoir, a long necklace made up 
of numerous strands of pearls or colored beads, 
and ending with one or two tassels, was particu- 
larly fashionable. The short hair styles, which ex- 
posed the ears, favored ornate earrings, often long, 
jeweled, and dangly. The short-sleeved or sleeve- 
less dresses paved the way for a flood of bracelets 
and a variety of bracelet styles. Bangle bracelets 
became very popular and often were even worn 
on the upper arms. Flexible platinum and dia- 
mond bracelets were also extremely fashionable 
(Arwas, 1980], with styles ranging from the thin, 
single straight row of diamonds in platinum to 
the wide (up to two inches, 5 cm} platinum and 
diamond styles that often contained more than 25 
et of diamonds (again, see figure 5). These plati- 
num and diamond bracelets were frequently ac- 
cented with colored gemstones. 

Perhaps the item of jewelry that is most typ- 
ical of this period is the double-clip brooch (figure 
8). The two identical clips could be attached to- 
gether and worn as a single brooch, but more fre- 
quently they were worn separately as decorative 
clips on the lapels or belt of a dress or on the ever- 
popular cloche hat. Also particularly popular dur- 
ing this period was the jabot pin (see figure 3). 

Wristwatches became increasingly fashion- 
able during the Art Deco era. Usually they were 
made in platinum and pavé set with diamonds 
and other accent stones or enameling {figure 9}. 


10 Art Deco 
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Also popular were long-chained pendant watches 
and lapel watches, suitably jewel encrusted. The 
French firm of Cartier is appropriately credited 
with the design and manufacture of some of the 
most exquisite time pieces of this period. 

As the cocktail party became the popular form 
of entertaining, so did the cocktail ring become 
a particularly fashionable piece of jewelry. Also 
during the 1920s, some normally mundane acces- 
sories became indispensable jewels for the woman 
of fashion. Articles such as compacts, minaudiéres 
(again, see figure 4}, cigarette cases, and cigarette 
holders were often elaborately jeweled symbols 
for the liberated woman of the era. 


IMPORTANT DESIGNERS OF 
ART DECO JEWELRY 


Although a great deal of Art Deco jewelry was 
mass produced, the finest jewels of this period 
were individually designed and hand crafted by 
some of the most famous jewelry houses and in- 
dependent designers of all time. A great number 
of these were found in Paris. It is generally be- 
lieved that the Art Deco movement originated in 
France and achieved its greatest creativity there, 
whereas the movement was popularized and the 
jewelry mass produced in the United States. René 
Lalique, who is known primarily for his Art Nou- 
veau jewelry and objets d’art, was also an impor- 
tant designer of Art Deco jewels. His designs were 
mainly of the early Art Deco style, and he worked 
primarily in colored transparent glass, rock crys- 
tal quartz, and enameling. Several other leading 
designers also managed to survive the transition 
from Art Nouveau to Art Deco. Henri Vever, Paul 
Brandt, and Georges Fouquet are among those 
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who made significant contributions to both of 
these major design movements. 

The list of important French designers and 
jewelry houses that were both innovative and pro- 
lific in the Art Deco style is too long to discuss 
each one in detail. Jean Fouquet (the son of 
Georges Fouquet}, Gérard Sandoz, Raymond 
Templier, Jean Després, Mauboussin (particularly 
in the early Deco motifs], Boucheron, Van Cleef 
& Arpels (a relatively young firm at the time}, 
Lacloche, Chaumet, and, as mentioned earlier, 
Louis Cartier (who specialized in clocks as well 
as the wristwatches he popularized] are but a few 
of the many important French names in Art Deco 
jewelry (Lesieutre, 1974). 

However, not all of the leading Art Deco jew- 
elers were French. Georg Jensen, a Danish silver- 
smith and sculptor, produced some very creative 
jewelry and silverware designs. He worked pri- 
marily in silver and less expensive gemstones, 
and his designs tend to reflect the early Deco 
style. There were also some important American 
jewelry houses, foremost among which was Tif- 
fany and Co. Tiffany produced some highly styl- 
ized Art'Deco jewelry as well as a number of 
clocks and objets d’art. Black, Starr and Frost as 
well as Marcus and Co. also made significant con- 
tributions'to the Art Deco style. 

Luckily for the collector or appreciator of the 
fine jewelry of the Art Deco period, many of the 
designers signed their pieces. However, it does 
not follow that a signed piece of Art Deco jewelry 
is necessarily fine and desirable and an unsigned 
piece less fine or less desirable. Often the con- 
verse is true. The finest of Art Deco jewelry com- 
bines the finest gemstones available, the best 
workmanship, and the most interesting designs. 


CONCLUSION 


With the onset of the Depression, both the de- 
mand for fine jewels and the creative spirit nec- 
essary to stimulate innovative designs in jewelry 
were significantly weakened. The outbreak of 
World War II—when by necessity function re- 
placed form—signaled an abrupt end to the Art 
Deco era, Although there was an attempt in the 
1940s to revive this creative spirit, it was short 
lived. To this day, there has been no design move- 
ment as all-pervasive, enduring, or creative as Art 
Deco. Yet interest in the Art Deco period essen- 
tially lay dormant until the 1960s, when its re- 
vival was highlighted by the commemorative ex- 
hibition ‘‘Les Années ’25” at the Musée des Arts 


Art Deco 


Figure 9. Wristwatches gained popularity 
during the Art Deco era; diamonds and 
platinum were typical decorations. Photo 
courtesy of Cartier, Inc., New York, NY. 


Décoratifs in Paris. Even today, the popular ap- 
peal of this distinctive art form is evident in the 
response to the ‘Retrospective Louis Cartier” ex- 
hibit of Art Deco jewelry and time pieces held in 
Los Angeles earlier this year. 
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THE CAPAO TOPAZ DEPOSIT, 
OURO PRETO, MINAS GERAIS, BRAZIL 


By Peter C. Keller 


For over 200 years, the only known 
source of imperial topaz has been a small 
mining district near Ouro Preto. One of 
the oldest and most productive mines in 
the district is the Capdo do Lana. This 
article examines the history of the Ouro 
Preto district as well as the geology of the 
area and occurrence of the topaz. Special 
attention is focused on the relatively 
sophisticated recovery methods used at 
the Capdo do Lana mine. Also discussed 
is the gemology of this most prized color 
variety of topaz. 
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f all the colored varieties of topaz, the most sought 

after is the deep, rich sherry to red topaz most com- 
monly known as “imperial” (figure 1). Imperial topaz 
comes from one small mining district just west of the 
colonial city of Ouro Preto, in Minas Gerais, Brazil 
(figure 2). 

Today there are at least a dozen topaz mines in the 
Ouro Preto area. The most important of these are the 
Vermelhao mine, on the outskirts of the city, and the Boa 
Vista, Jose Correa, and Capdo do Lana mines, near the 
village of Rodrigo Silva, about 15 km west of Ouro Preto. 

This article focuses on the Capao do Lana mine, both 
because it has been recognized as the first to produce im- 
perial topaz (Bastos, 1964} and because it has been one of 
the most prolific producers of this gem material. In ad- 
dition, for the last several years, the Capao do Lana has 
been one of the most mechanically sophisticated gem 
mines in Brazil. 

The author visited the mine on three occasions in 
1978 and 1979 in conjunction with his participation in a 
documentary film entitled Gems of the Americas, which 
was coproduced in 1980 by the Natural History Museum 
of Los Angeles County and the Gemological Institute of 
America. 


LOCATION AND ACCESS 


Ouro Preto is located about 285 airline kilometers north 
of Rio de Janeiro, in the Serra do Espinhaco mountain 
range in the southwest corner of the state of Minas Ge- 
rais, Brazil. Once the capital of Minas Gerais, it is only 
97 km by car from the modern-day capital, Belo Horizonte. 


Figure 1. Rough and cut imperial topaz from the Ouro 
Preto area, Minas Gerais, Brazil. The crystal (6 cm high) 
and cut stones (19.21 and 17.78 ct, respectively) are 
courtesy of Pala International, Fallbrook, CA. 

Photo © 1982 Harold & Erica Van Pelt —~ 

Photographers, Los Angeles. 
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Figure 2. A view over the 
colonial city of Ouro Preto, 
Minas Gerais, Brazil. 


Access to Ouro Preto from Belo Horizonte is 
very easy via BR-3, the modern highway that 
leads north from Rio de Janeiro. One takes BR-3 
about 33 km south from Belo Horizonte to the 
famous iron-mining town of Itabira. From Itabira, 
another unnumbered, but paved, highway leads 
southeast about 64 km to Ouro Preto. 

The Capdo do Lana mine is located near the 
village of Rodrigo Silva, about 15 km west of 
Ouro Preto (figure 3). Access from Rodrigo Silva 
may be very difficult in the rainy season, which 
usually lasts from December through May, be- 
cause of washouts of the dirt road. 


HISTORY AND PREVIOUS WORK 


The early history and production of topaz in the 
Ouro Preto area is known only through the early 
records of the Portuguese royal court. According 
to Rolff (1971), the earliest reference to the de- 
posits was in 1751, when “Brazilian rubies” were 
reported found near Vila Rica, the original name 
for Ouro Preto. Currently, Brazilian ruby is the 
name occasionally applied to topaz from this lo- 
cality that has taken on a red color as a result of 
heat treatment (which will be addressed later in 
this article). The official discovery of topaz in the 
Ouro Preto area is dated 1768, when the royal 
court in Lisbon marked the event with a splendid 
celebration (Rolff, 1971). 

Not long thereafter, mineralogists began vis- 
iting and studying the topaz deposits. In the early 
19th century, Mawe (1812) included the area in 
his pioneer travels of Brazil. Eschwege visited the 
deposits in 1811 and 1812, and published the first 
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scientific description in 1833. Other important 
19th century reports include von Spix and von 
Martius (1824) and Gorceix (1881). 

There has always been a great deal of interest 
in the mode of occurrence of the topaz. The first 
detailed account was by Derby (1901). Because of 
the highly decomposed nature of the rock in the 
region, he called his study one in “mud geology’”’— 
“an attempt to reconstruct from earthy materials 
the original rock types from which they were de- 
rived.” Derby observed that the topaz crystals 
were singly terminated and concluded that they 
originally grew in open cavities. 

By the beginning of the 20th century, the de- 
posits were no longer active; in fact, many thought 
that they had been exhausted (Bauer, 1904]. In 
1908, however, Atkinson reported that the old to- 
paz mines of Boa Vista and Saramenha in the 
Ouro Preto district had been reopened. At that 
time, at least some of the mining was in alluvial 
deposits, for Atkinson reported that the topaz oc- 
curred in a gravel bed at a depth of about 5.5 m. 

Bauer {1904} provided some of the only known 
early production figures for the area. He stated 
that at one time as much as 18 hundredweight 
{about 2,016 lbs, -or 916 kg) of topaz per year was 
mined near Ouro Preto, but the average annual 
production was only 7 to 8 hundredweight. He 
went on to note that the Boa Vista and Capao do 
Lana mines were the most productive in the re- 
gion, and that as many as 50 people were working 
in the mine at Capao. 

Production figures for the 20th century remain 
very spotty, as accurate records are still not kept. 
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GEOLOGY AND OCCURRENCE 

The mining district is situated in the Ouro Preto 
quadrangle of the Quadrilatero Ferrifero in south- 
em Minas Gerais; this region is best known as 
one of the great iron-producing areas of the world. 
The region was mapped and studied in detail by 
a joint Brazilian-American effort just after World 
War II; the findings were published by Johnson 
(1962) and Dorr (1969). 

All of the rocks in the region are strongly 
weathered, most to a depth of 50 m or more, thus 
producing thick lateritic horizons (Dorr, 1969). 
The region is underlain by granitic gneisses, gran- 
ites, and similar coarsely crystalline rocks, as 
well as by three series of metasedimentary rocks 
of Precambrian age with a minimum aggregate 
thickness of about 14,000 m (Dorr, 1969). 

The entire Ouro Preto quadrangle is underlain 
by rocks of the Precambrian metasediments be- 
longing to the Minas series. The Minas series con- 
sists principally of a sericitic phyllite heavily 
charged with fine hematite and a ferruginous 
quartzite. The Minas series was intruded about 
2700 million years ago by a granitic batholith that 
metamorphosed and domed and fractured the sed- 
iments; a second intrusion occurred about 1300 
million years ago. One or both of these intrusions 
was probably responsible for the fluorine-rich 
hydrothermal! solutions that invaded the rocks 
through fractures and gave rise to the distinctive 
topaz mineralization around Ouro Preto. 

The topaz mineralization is limited to a chain 
of hills that forms a belt 20 km x 6 km running 
east-west, just west of the city of Ouro Preto. This 
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Figure 3. The Capdo do 
Lana mine, near the village 
of Rodrigo Silva. This is one 
of the most mechanized 

“x. gem mines in Brazil. 


belt extends from the Saramenha mine, about 4 
km west of the city, to the Olaria mine, about 25 
km to the west of Ouro Preto. The majority of the 
mines are clustered in the central area of the belt 
between the villages of Dom Bosco and Rodrigo 
Silva. The hills may be part of a large anticline 
(Rolff, 1971). 

The topaz occurs in remnant hydrothermal 
quartz-potassium-feldspar veins in the highly de- 
composed country rock. The potassium feldspar 
is now totally altered to kaolinite. Other minerals 
found in the veins include euhedral quartz and 
euclase, and sub- to anhedral hematite and rutile. 

The origin of the imperial topaz has been a 
subject of speculation and debate for over a cen- 
tury. The question asked most is whether the 
crystals are of pegmatitic origin. Gorceix (1881) 
noted the association of topaz with quartz as an 
indication that the deposits were pegmatitic, and 
was later supported in this view by Boa Nova 
(1929). The main argument against a pegmatitic 
origin is the fact that the topaz occurs only in a 
narrow stratigraphic horizon within the Minas 
series. Pegmatite dikes normally cut across stra- 
tigraphic units. Johnson (1962), however, points 
out that pegmatitic solutions could have been lo- 
calized to one of the stratigraphic horizons by the 
differential competence of the beds during the 
emplacement of the dikes. 

The most recent research into the origin of the 
topaz was done by Olsen (1971). Olsen concluded 
that fluorine-rich solutions that invaded the Minas 
series during one of the early intrusive episodes 
actually replaced the phyllites and that the topaz 
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Figure 4. Large earth- 
moving equipment initially 
strips away the deeply 
weathered country rock, 
which Is now essentially a 
lateritic clay that contains 
remnant pockets of 
kaolinite and topaz. 


Figure 5. High-pressure water cannons put the 
topaz-bearing clay into solution so that the 
“heavies” can be separated from the lighter 
clays. The slurry is then washed down a 
concrete sluice to a concrete apron below. 
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formed as a result of the replacement of preexist- 
ing kaolinite. Geochemically, this theory is plau- 
sible, and Olsen presents chemical equations to 
substantiate his conclusion. Such a complex hy- 
pothesis is not necessary, though. If, as the earlier 
researchers thought, there were fluorine-rich peg- 
matite-like fluids invading the Minas series, fill- 
ing cracks formed when the rocks were domed by 
the granitic intrusions, quartz-feldspar veins with 
localized topaz pockets could have resulted. With 
the deep chemical weathering of all rock units in 
the region, the enclosed veins and pockets would 
also be weathered, leaving kaolinite and quartz 
“veins” in the lateritic clay soils and localized 
“nests” or pockets of topaz. These pockets of to- 
paz in what appear to be pegmatite-like veins are 
exactly what we observe at the Capao do Lana 
workings today. 


MINING METHODS AT 
CAPAO DO LANA 
The mining and recovery methods currently used 
at the Capdo mine are among the most sophisti- 
cated of any gem mine in Brazil. The method is 
essentially hydraulic, with high-pressure water 
cannons used to separate the topaz and other 
“heavies” from the tons of laterite clay matrix. 
The water is supplied by a large reservoir con- 
structed above the mine site. 

Initially, large bulldozers and other heavy 
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earth-moving equipment strip the deeply weath- 
ered country rock (figure 4] and deposit it, along 
with any remnant topaz-bearing vein material, 
into large dump trucks. These dump trucks then 
transport their cargo to a large, céncrete-lined 
washing pit. Here, over two tons of ore at a time 
are hit with a high-pressure water cannon. This 
action puts the entire load into a muddy solution 
which then runs down a long concrete sluice (fig- 
ure 5], through a sieve, onto a concrete apron. The 
muddy slurry runs off into a stream below. The 
topaz, quartz, hematite, and any other “heavies"’ 
are left on the concrete apron where they are 
washed again with another high-pressure water 
cannon (figure 6), The remaining “heavies” are 
then shoveled into a sieve box about 2 m in di- 
ameter where they are rinsed one last time before 
about half a dozen sorters come in with small in- 
struments to carefully pick through the remain- 
ing material for topaz (figure 7}. After the hand- 
sorting is completed, the topaz is placed in a bag 
and the remaining residue is washed into the 
stream below, where a number of independent 
miners, or garimpeiros, wait to rework the ma- 
terial with simple sieves and shovels in hopes of 
finding topaz that has been overlooked (figure 8). 

Each day approximately 900 tons of ore are 
processed, yielding an average of about 9 kg of to- 
paz, of which only a small percentage is gem qual- 
ity. The average yield at Capao is approximately 
50 ct of topaz per ton of ore mined. It is important 
to note that all mining ceases during the rainy 
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— Figure 6. Final washing of 


the “heavies’” before they 
. ys are sorted by hand. Photo 
Po by D. Vincent Manson. 


Figure 7. Hand sorting the residual “heavies” 
for topaz. 
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season, which generally lasts from December 
through May. 

Not all of the topaz is recovered using the 
highly sophisticated methods described above. 
Frequently, the bulldozers expose a kaolinite vein 
while scraping the surface. These veins are easily 
seen, as the pure white kaolinite contrasts with 
the dark, chocolate brown clay. It is the sole re- 
sponsibility of one of the oldest and most trusted 
miners to follow the bulldozers and, when a vein 
is exposed, carefully search for any topaz pockets 
using only a knife. Working very slowly and care- 
fully, he obtains yields that are often surprisingly 
large. These crystals also are usually in much bet- 
ter condition than the crystals subjected to the 
harsh treatment of the water cannon. Apparently, 
though, the high production that results from the 
mechanized mining compensates for the greater 
incidence of damage. 


THE IMPERIAL TOPAZ 

FROM OURO PRETO 

The topaz from the Ouro Preto district varies 
from pale yellow to a dark reddish sherry color 
(figure 9}. In rare instances, dark red crystals, re- 
ferred to in the early literature as “Brazilian ruby,” 
are observed in nature. These reddish stones are, 
however, commonly produced artificially by a 
heating process called “pinking”’ (Webster, 1975}. 
The pinking process involves the packing of yel- 
low topaz in an inert material such as magnesite, 
or even sand, and then slowly heating the stones 
to 450°--500°C. The yellow fades at these elevated 
temperatures, but as the stone cools, a pink to red 
hue appears. The color has been considered per- 
manent. In experiments at GIA, however, Dr. D. 
Vincent Manson has found that the color stability 
may be variable. Care must be taken not to apply 
too much heat, or to heat the topaz too rapidly, 


Figure 8. Garimpeiros work with simple sieves below the main mining operation at 
Capdo in hopes of recovering an overlooked topaz. Photo by D. Vincent Manson. 
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Figure 9, A representative sample of fine 
imperial topaz from Ouro Preto, 5.75—38.53 ct. 
Photo © 1982 Harold & Erica Van Pelt; . 
courtesy of Jules R. Sauer, Brazil: Paradise of 
Gemstones, Rio de Janeiro, 1982. 


to avoid fracture. It is interesting to note that a 
chromium absorption band on the spectroscope 
is usually not seen in a stone before it has under- 
gone the “pinking”’ process, but will be quite ap- 
parent in the same stone following the process 
(Webster, 1975). 

Recently, there has been a great deal of con- 
cern in the industry regarding artificial gamma 
irradiation of gemstones to induce color. Imperial 
topaz has been part of this concern. Nassau (1974) 
exposed 31 samples of pale to medium yellow to- 
paz to gamma irradiation for 5 to 30 minutes and 
found that while 14 of the 31 samples did not 
change significantly, 17 did acquire a distinct 
brownish overtone which when combined with 
the original yellow color yielded a rich “imperial 
color.” Nassau noted, however, that the irradia- 
tion-induced color was not stable and that the 
stones faded to their original color when heated 
gently at about 200°C for a few hours, or when 
exposed to daylight for one or two days. To pro- 
tect against such unstable stones, many dealers 
in Rio de Janeiro routinely place a sample from 
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Figure 10. Reputedly the largest imperial topaz 
crystal in existence today, this 27-cm long, 
5-cm wide crystal is part of the collection of 
the Los Angeles County Museum of Natural 
History. Photo by Larry Reynolds. 


a topaz parcel in a window for a day or two and 
then compare the exposed sample with the rest 
of the parcel before they buy it. 

Gemologically, the imperial topaz from the 
Ouro Preto area differs significantly from topaz 
derived from granitic pegmatities elsewhere. In 
addition to its distinctive color, the Ouro Preto 
topaz generally exhibits a lower specific gravity 
(3.53 versus 3.56) and a higher refractive index 
(1.63—1.64 versus 1.61—1.62) than the more com- 
mon topazes. According to Webster (1975), this is 
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Figure 11. A large (57.35 ct) imperial topaz 
from Ouro Preto. Stone courtesy of Geminas 
Ltda., Belo Horizonte, Brazil, Photo © 1983 
Harold @ Erica Van Pelt—Photographers, 
Los Angeles. 


due to a richness in hydroxyl in the Ouro Preto 
material versus a relatively high fluorine content 
for topaz from elsewhere. The topaz from Ouro 
Preto also shows a weak absorption doublet at 
about 6820 A. The Ouro Preto topaz commonly 
contains tube-like inclusions running the length 
of the c-axis of the crystal. 

Imperial topaz crystals vary greatly in size. 
Most commonly they are less than 2 cm in length, 
although very large crystals have been reported. 


Atkinson (1908) noted that there was a specimen 
in the museum in Rio de Janeiro that “was of 
beautiful color, transparency, and was absolutely 
flawless.” The specimen weighed nearly 2000 g. 
Rolff (1971) reported a crystal in the Mineral Mu- 
seum of the School of Mines in Ouro Preto that 
was 20 cm long and 10 cm in diameter. He also 
reported seeing a crystal in Rodrigo Silva that was 
30 cm long and 5 cm in diameter. The latter is 
probably the same crystal that is now housed in 
the gem collection of the Los Angeles County 
Museum of Natural History (figure 10). This crys- 
tal, considered the largest found in recent times, 
measures 27 cm X 5 cm and weighs approxi- 
mately 1800 g. 

Faceted imperial topaz of large size is exceed- 
ingly rare. The 129-ct stone at the Smithsonian 
Institution in Washington, DC, is one of the larg- 
est known. The American Museum of Natural 
History in New York has a red imperial topaz that 
weighs 71 ct. Figure 11 illustrates an attractive 
57.35-ct imperial topaz seen at the 1983 Tucson 
show. 


CONCLUSION 


Ouro Preto has been the only source of imperial 
topaz for over 200 years. Of the many mines that 
have been active during this period, Capado do 
Lana stands out, for both the quantity and quality 
of production. Because of the relatively high de- 
gree of sophistication of the mining methods used 
today at Capao, production of imperial topaz there 
has never been greater. The apparently large ex- 
tent of the deposit suggests that imperial topaz 
production has a very bright future. 
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HARRY WINSTON: 
A STORY TOLD IN DIAMONDS 


By Laurence S. Krashes 


In conjunction with the celebration of 
the 50th anniversary of Harry Winston, 
Inc., the author has investigated and 
updated many of the “named” diamonds 
handled by the late Harry Winston during 
his long career. Fourteen of the more 
interesting pieces are described here, 
some for the first time. 
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Harry Winston: Diamonds 


ifty years ago, the now-legendary Harry Winston 

founded the jewelry firm that bears his name today. 
The specialty of Harry Winston, Inc., is diamonds. But 
not just diamonds: Some of the most important diamonds 
in the history of gemology were cut, bought, or sold by 
Harry Winston. 

As part of our celebration of the firm’s 50th anniver- 
sary, we have gone through the files at Harry Winston, 
Inc., to update and expand the reports on those stones 
that originally appeared in the GIA Diamond Dictionary 
(Copeland, 1964), and to add material that has surfaced 
recently to the public record. The following account is 
provided to introduce the personage of Harry Winston and 
to bring up to date some of the “named” diamonds whose 
history now bears his imprint. 


HARRY WINSTON, 1896-1978 


Called by some the “king of diamonds” (Tupper, 1947) 
and by others ‘‘the Tavernier of the 20th century,” Harry 
Winston was indeed the most prominent diamond mer- 
chant of his time. Like the 17th-century French gem 
dealer and adventurer Tavernier, Mr. Winston traveled all 
over the world in search of the biggest and best in dia- 
monds and other fine gems. 

Born in New York, Harry Winston started in the jew- 
elry trade at the age of 15 in Los Angeles, where his father 
had moved for his health and had subsequently opened 
a jewelry store on Figueroa Street. A resourceful purveyor 
of gems even in his early years, Mr. Winston would carry 
his father’s wares from one saloon to the next, selling to 
newly affluent oil prospectors. 

' This resourcefulness became a hallmark of his busi- 
ness acumen when he returned to New York with his 
father. Still only in his late teens, Mr. Winston used the 
$2,000 he had saved while in California to set up a one- 
man firm, the Premier Diamond Company, in a small 
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office at 535 Fifth Avenue. Recognizing the dif- 
ficulties of breaking into the tightly controlled 
diamond market, he decided to look beyond the 
conventional sources of fine gems to the then un- 
conventional: estate jewelry. 

The key to the success of this venture was to 
establish good working relationships with the 
bankers in his area. Harry Winston got off to a 
shaky start, however. With a jaunty cap on his 
head, he arrived late at his first loan hearing. The 
bankers took the young man (only 5’1” tall) for a 
messenger boy, and he was ordered to return to 
his boss with the message that the man was to 
appear in person if he expected to get his money. 
Mr. Winston finally got the loan, but for several 
years thereafter he was accompanied to such 
meetings by a tall, white-haired, distinguished- 
looking gentleman, who handled the formalities 
while Mr. Winston quietly guided the transac- 
tions. 

Eventually, the bankers grew both to admire 
Mr. Winston’s knowledge of diamonds and trust 
his judgment, thus firmly establishing him in the 
banking community. Using the Social Register 
and Who’s Who, he proceeded to offer his services 
to the wealthy in the disposition of fine jewelry. 
Within five years after he opened his one-man 
company, Harry Winston was involved in trans- 
actions in which as much as a million dollars 
changed hands (Ross, 1954). 

Among the estates Harry Winston handled 
were Arabella Huntington (widow of the rail- 
road magnate Collis P. Huntington, and later of 
his nephew, H. E. Huntington}, Emma T. Gary 
(widow of the former chairman of the board at 
U.S. Steel, Judge Elbert T. Gary), Mrs. I. W. Killam 
{the wife of a Canadian financier, whose jewelry 
included the Briolette of India as well as the 
Crown of Charlemagne diamond), and socialite 
Evalyn Walsh McLean (owner of the Hope dia- 
mond and the Star of the East). 

Over the years, Mr. Winston also purchased 
and had cut some of the finest rough stones to 
emerge from the ground, including the Jonker, the 
Niarchos, the Winston, the Star of Independence, 
and the Star of Sierra Leone diamonds. His cus- 
tomers spanned royalty as well as leading busi- 
ness and professional figures the world over. And 
his love of beautiful jewels was such that he 
would go virtually anywhere to find them. 

With the death of Harry Winston in 1978, 
management of the company passed into the ca- 
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pable hands of his son, Ronald, who now oversees 
over a thousand employees in a dozen countries. 
The tradition on which the House of Winston was 
built continues. The ‘‘named’”’ diamonds that fol- 
low represent but a small portion of this tradition. 


THE ARCOTS 


These two pear-shaped diamonds, which origi- 
nally weighed a total of 57.35 ct, were first re- 
corded as having been given to Queen Charlotte 
of England in 1777 by the Nawab of Azim-ub- 
duala, ruler of Arcot, India. 

On Charlotte’s death in 1818, she specifically 
named the Arcot diamonds in her will, directing 
that they be sold for the benefit of her four sur- 
viving daughters. Purchased by Rundell, Bridges 
& Co., Crown Jewellers, the stones were held by 
that firm until 1927, when, as part of the sale of 
the company, they were offered at auction in Lon- 
don. The Duke of Westminster bought them for 
£11,000* and subsequently had them set in ear- 
rings for his duchess. 

In 1930, the Parisian jeweler Lacloche mounted 
the Arcots in the so-called family headpiece of the 
Westminsters, together with 1,421 smaller dia- 
monds and a 26.77-ct central round diamond. In 
June 1959, the third Duke of Westminster decided 
to sell the headpiece, including the Arcots, at 
Sotheby’s. In one of the largest single-item sales 
up to that time, ownership of the headpiece was 
transferred to Harry Winston for $308,000. Mr. 
Winston removed the two Arcot Diamonds and 
had them recut so that each would be flawless. 
The 33.70-ct pear shape was recut to 31.01 ct and 
sold as a ring in 1959; the 23.65-ct pear shape was 
recut to 18.85 ct and sold as a ring in 1960. 


THE BRIOLETTE OF INDIA 

This legendary 90.38-ct diamond (figure 1] may be 
the oldest on record, perhaps older than the Koh- 
i-Noor. Legend states that in the 12th century 
Eleanor of Aquitaine, the first Queen of France 
and later Queen of England, brought the stone to 
England. Her son, Richard the Lionhearted, is said 
to have taken it on the Third Crusade. Word of 
the stone next appeared in the 16th century, when 
Henry II of France gave it to his mistress, Diane 


‘Editor’s note: It is the policy of Gems & Gemology 
not to quote the current prices of gemstones. Prices 
on the named diamonds described here are included 
only as part of the historical record of these unique 
pieces. 
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Figure 1. The Briolette of India, a 90.38-ct stone 
that may be the oldest faceted diamond on record. 


de Poitiers. It can be seen in one of the many por- 
traits of her that were painted while she resided 
at Fontainebleau. 

After disappearing for four centuries, the stone 
surfaced again in 1950, when Harry Winston pur- 
chased it from an Indian maharaja. It was then 
sold to Mrs. I. W. Killam of Canada and later re- 
purchased by Mr. Winston following her death 
about 10 years later. The Briolette of India was 
sold again in Europe in 1971. 


THE BRUCE WINSTON 

HEART SHAPE 

In 1969, Harry Winston fashioned a 59.25-ct em- 
erald cut {figure 2} and five smaller diamonds 
from a piece of rough that weighed 205.70 ct. The 
large emerald cut was sold in 1970 and repur- 
chased by Harry Winston, Inc., in 1980. At that 
time, to improve the quality of the diamond, the 
firm had the stone recut to a unique heart shape 
of 40.97 ct (figure 3). It was sold that same year 
to a client in Europe. 


Harry Winston: Diamonds 


Figure 2. The original Bruce Winston diamond, 
a 59.25-ct emerald cut. 


THE DEAL 
SWEETENER 
In 1974, Harry Winston and Harry Oppenheimer, 
head of the DeBeers Consolidated Mines, Ltd., 
concluded an agreement whereby Harry Winston 
would purchase a lot of rough diamonds for 
$24,500,000. The transaction—the largest in- 
dividual sale of diamonds in history—took less 
than a minute. When Mr. Winston asked Mr. Op- 
penheimer, “How about a little something to 
sweeten the deal,’ Harry Oppenheimer pulled a 
180.80-ct rough diamond out of his pocket and 
rolled it across the table. Harry Winston picked 
the stone up, smiled, and said, simply, “Thanks.” 
This piece of rough was cut into five gem dia- 
monds. The largest was a D-flawless 45.31-ct em- 
erald cut, which was aptly christened “The Deal 
Sweetener.” The others were an emerald-cut dia- 
mond of 24.67 ct and three pear-shaped diamonds 
of 10.80 ct, 4.19 ct, and 1.45 ct, respectively. All 
of these stones were sold that same year to clients 
of the firm. 
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Figure 3. The Bruce Winston diamond recut to a 40.97-ct heart shape. 
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THE HOPE 


The 45.52-ct dark-blue Indian stone known as the 
Hope (figure 4) is undoubtedly one of the world’s 
most famous diamonds, with a history heavily 
veiled by superstition and tragedy. 

Jean Tavernier, the French adventurer and gem 
merchant, discovered the rough diamond {called, 
in its rough state, the Tavernier Blue and believed 
to have weighed about 112 ct) in southwest India 
in 1642. He subsequently brought the stone to 
France, where, Winston records indicate, King 
Louis XIV gave him a title and a fortune for it. 
But Tavernier’s son squandered the fortune, and 
legend has it that when the old man, at 80, re- 
turned to India in quest of new wealth, he was 
killed by wild dogs. 

Tavernier was only one of the many who leg- 
end claims handled the lovely blue gemstone and 
later suffered grave misfortunes. Louis XIV, who 
had a 69.03-ct stone cut from Tavernier’s blue 
rough, supposedly wore the diamond only once, 
and shortly thereafter died from smallpox. Louis 
XV never wore the Great Blue, as it was then 
called. He: did loan it to one of his mistresses, 
Countess DuBarry, who was beheaded in the 
French Revolution. It was passed down to Louis 
XVI and worm by his queen, Marie Antoinette; 
they, too, were both beheaded. Princess de Lam- 
balle, a friend of Marie Antoinette, also was said 
to have worn it; she was killed by a mob during 
the French Revolution. 

The diamond was stolen from the French 
Treasury in 1792. Recut to 45.52 ct, it turned up 
in London in 1830 and was purchased by Henry 
Philip Hope, a banker, for £18,000. Henry Hope 
died without marrying. The nephew to whom he 
left the stone in 1839 (Henry Thomas Hope} sub- 
sequently willed it to his grandson—the son of 
his daughter—on the condition that he adopt the 
official name of Hope. In 1894, the new Lord 
Hope married May Yohe, an American actress, 
who later had a glass model made of the large blue 
stone for a stage comeback, which proved unsuc- 
cessful. Lord Hope subsequently went bankrupt 
and his wife left him for another man. (May Yohe 
died in Boston in the 1940s, her only income at 
the time was a $16.50-a-week WPA job. She 
blamed the diamond for her bad luck.) In 1906, 
Lord Hope reportedly was forced to sell the Hope 
diamond to help pay off his debts. During the next 
few years, the Hope changed hands several times. 
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In 1908, the diamond was purchased by Sultan 
Abdul Hamid II of Turkey for $400,000. Legend 
continues that the dealer who handled the trans- 
action was thrown over a precipice while motor- 
ing with his wife and child, and all were killed. 
And that in Turkey, it was worn by Zobeida, the 
Sultan’s favorite, who later was executed by her 
master. 

In 1911, Pierre Cartier acquired the Hope in 
Paris and sold it for $154,000 to Edward B. Mc- 
Lean, then owner of the Washington Post, as a gift 
for his wife. Despite the diamond’s previous his- 
tory, Mrs. McLean laughed at the legend that had 
grown around it. She often wore the Hope at par- 
ties with her 94.80-ct pear-shaped diamond, the 
Star of the East. When she was not wearing these 


Figure 4. The legendary 45,52-ct Hope diamond 
was donated to the Smithsonian Institution by 
Harry Winston. Photo ©1981 Harold & Erica 
Van Pelt—Photographers, Los Angeles. 
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two superb stones, Mrs. McLean kept them in her 
favorite hiding place: the cushions of her sofa. 
Perhaps it is just coincidence that in the years 
after Mrs. McLean acquired the Hope, her son was 
killed in an automobile accident, her husband 
died, and her daughter, Mrs. Robert R. Reynolds, 
was the victim of an overdose of sleeping pills. 

Following Mrs. McLean’s death in 1947, Harry 
Winston purchased her entire jewelry collection. 
In 1958, he presented the Hope diamond to the 
Smithsonian Institution, Washington, DC, as a 
gift to the nation. 

Mr. Winston, it should be added, demon- 
strated little concern about the infamy that sur- 
rounded the Hope diamond and carried it with 
him across the Atlantic on several occasions. He 
especially enjoyed recounting the following story 
about his personal experience with the legend of 
the Hope: 


A few years ago I traveled to Lisbon with 
my wife. Since our two sons were quite young 
at the time, we decided to return home on sep- 
arate planes, as people with children often do. 
It was arranged that my wife would leave Lis- 
bon for New York on the Friday evening, and 
that I would take a plane on the following day. 
My wife’s plane took off on schedule, and 
landed at Santa Maria (in the Azores] for the 
usual refueling. There some slight engine 
trouble caused a delay of two or three hours. 
While waiting for repairs to be done, the pas- 
sengers chatted among themselves, and the 
fact that Mrs. Harry Winston was on the plane 
was soon known to all. One man went as far 
as to refuse to continue the journey and asked 
to be booked on the next plane. 

On the way to the airport the next day I 
was handed a cablegram from my wife an- 
nouncing her safe arrival. I hastily crammed 
it into my pocket with other papers. Climbing 
aboard the plane, I took a sedative and settled 
down, glad to notice that the adjacent seat was 
vacant and I could sleep in peace. Iawoke from 
a pleasant nap when we touched down at Santa 
Maria to refuel, and got out to stretch my legs 
for a while. 

When we reboarded the plane to take off 
for New York, I found that the seat that had 
been vacant was now occupied. Its occupant 
was bubbling over with a story about his es- 
cape from traveling on the same plane as the 
wife of the owner of the ‘Hope diamond.’ 

‘’m not superstitious,’ he said, ‘but why 
should I tempt fate? I decided then and there 
to change planes and here I am, safe and sound.’ 
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He talked animatedly for some time, but 
eventually grew quiet enough for me to drop 
off to sleep again. Then his voice broke in on 
my slumber: ‘I wonder if that plane arrived 
safely?’ 

I couldn’t resist it. I fished the cablegram 
from my pocket and handed it to him, saying 
nothing. He gazed dumbly at me, and didn’t 
open his mouth again that night. 


THE JONKER 


In January 1934, a 726-ct diamond was found in 
an alluvial deposit on the farm of Jacobus Jonker 
at Elandesfontein, near Pretoria, Republic of South 
Africa. The stone was of unusually fine color and 
purity. It was purchased by the Diamond Produc- 
ers Association for $315,000 and later sold to 
Harry Winston for a reported $700,000. A mar- 
quise and 11 emerald cuts were fashioned from it. 

The largest stone, called the Jonker diamond, 
was a 66-facet emerald cut that weighed 142.90 
ct; it was recut in 1937 to 125.65 ct with 58 fac- 
ets, to give it a more oblong outline. 

The Jonker was sold to Farouk while he was 
still King of Egypt. After he went into exile in 
1952, the location of the stone became a mystery 
until 1959, when rumors appeared that Queen 
Ratna of Nepal was wearing it. It has since been 
confirmed that the late Farouk did sell the great 
diamond to the little country in the Himalayas 
for a reputed $100,000. In 1974, the Jonker was 
sold in Hong Kong to an unidentified business- 
man for US$4,000,000. 

The next two largest stones were emerald cuts 
that weighed 41.30 ct and 30.70 ct, respectively. 
They were both sold in 1940. The 30.70-ct stone 
was repurchased by Mr. Winston in 1951 and sold 
again in 1952. 

The Maharaja of Kapurthala bought two of the 
smaller diamonds cut from this same piece of 
rough, and the other seven were purchased by pri- 
vate gem collectors. The smallest of the 11 stones 
cut from the original piece of Jonker rough was 
sold in October 1975, at the Sotheby Parke Bernet 
auction in New York, for $570,000. 


THE NIARCHOS 


A 426.50-ct diamond of exceptionally fine color 
was found in the Premier Mine, Republic of South 
Africa, in 1954. At the time, the late Sir Emest 
Oppenheimer (Chairman of De Beers Consoli- 
dated Mines, Ltd., the owner of the Premier Mine] 
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Figure 5. The Nur-ul-Ain tiara. The name, which means “Light of the Eye,” is derived 
from the central stone in the piece, an approximately 60-ct oval rose-pink diamond. 


Photo by Varouj Yazejian, Photo Vahe, Tehran. 


valued it at $300,000. In 1956, this piece of rough 
was sold to Harry Winston as part of an $8,400,000 
parcel. Mr. Winston had it cut into a 128.25-ct 
D-flawless pear-shaped diamond with 58 facets 
on the crown and pavilion and 86 facets around 
the girdle. In 1957, the large stone was purchased 
by Stavros S. Niarchos, Greek shipbuilder and in- 
dustrialist, for a reputed $2,000,000. A 40-ct em- 
erald cut and a 30-ct marquise were also obtained 
from the same rough. 


NUR-UL-AIN TIARA 


On the occasion of the marriage of his late 
Imperial Majesty Muhammad Reza Pahlavi 
Aryamihr Shahanshah and the Shanbanou Farah 
of Iran in 1958, several important pieces of jew- 
elry were created by Harry Winston. The Nur-ul- 
Ain tiara (figure 5) ranks among the finest pieces 
in the world. The name Nur-ul-Ain, which means 
“Light of the Eye,” refers to the central diamond 
of the tiara, an approximately 60-ct stone that is 
considered the largest oval rose-pink diamond in 
the world. 

The Nur-ul-Ain is thought to have been cut 
from the original Darya-i Nur (meaning “Sea of 
Light’’}. The Darya-i Nur, perhaps the most cel- 
ebrated stone of the Iranian Crown Jewels, is a 
crudely fashioned 176-ct rectangular pink dia- 
mond. Reportedly, the Nur-ul-Ain and Darya-i 
Nur, as we currently know them, were both fash- 
ioned from the same 300-ct faceted stone (known 
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historically as the Darya-i Nur} in 1934 (Meen 
and Tushingham; 1968). The original Darya-i Nur 
was said to have been in the possession of the first 
Mogul emperor of India. In 1739, Nadir Shah of 
Persia invaded India and sacked the capital of 
Delhi. The treasure of over 1,000 years of Indian 
history, including the Darya-i Nur, was then 
brought to Persia. 

The Nur-ul-Ain is mounted in platinum sur- 
rounded by yellow, pink, blue, and colorless dia- 
monds above a border of undulating baguettes. 
Among the many additional treasures in this tiara 
are a 10-ct yellow pear-shaped diamond directly 
above the Nur-ul-Ain, and a cushion-cut pink dia- 
mond of approximately 19 ct on the left top of 
the tiara. 


THE STAR OF THE EAST 


The Star of the East is believed to have been orig- 
inally the Ahmedabad, a 157.25-ct rough diamond 
purchased in India in the mid-17th century by 
Tavernier, the French gem merchant. He later had 
it cut to a 94.78-ct pear shape and reportedly dis- 
posed of it in Persia. It then resurfaced in the 19th 
century in the possession of Sultan Abdul Hamid 
II of Turkey, who also owned the Hope diamond. 
In 1908, the Star of the East was purchased by 
Mrs. Evalyn Walsh McLean, who later acquired 
the Hope as well. 

Harry Winston acquired the Star of the East 
from Mrs. McLean’s estate in 1949, and in 1951 
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Figure 6. The Star of Independence, a 75.52-ct 
D-flawless diamond fashioned in the spring of 
1976 from a 204,10-ct piece of rough. 


he sold it to King Farouk of Egypt for $1,000,000. 
At the time of Farouk’s overthrow (1952), the 
stone still had not been paid for. It took Mr. Win- 
ston several years of litigation to obtain access to 
a safe deposit box in Switzerland to reclaim the 
Star of the East. 

The stone was resold in 1969. In 1977, the 
owner asked Mr. Winston to remount the dia- 
mond to be worn as a pendant to a V-shaped dia- 
mond necklace. Two D-flawless pear-shaped dia- 
mond drops of 28 ct each can also be attached to 
the necklace. The Star of the East may be worn 
as a drop to a fabulous dog collar of 142, round 
diamonds, weighing a total of 173.78 ct, as well. 


THE STAR OF INDEPENDENCE 


In 1975, Harry Winston purchased an extraordi- 
nary piece of rough weighing 204.10 ct. The rough 
was cut into a 75.52-ct D-flawless, pear-shaped 
diamond (figure 6) in the spring of 1976. In honor 
of the American Bicentennial, it was named the 
Star of Independence. 
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Within 24 hours after the faceting was com- 
pleted, the diamond was sold for $4,000,000— 
making it the most expensive diamond sold up to 
that time. It was set as a pendant to a V-shaped 
necklace with 38 pear-shaped diamonds totaling 
29 ct and 35 round diamonds totaling 31.50 ct. 


THE STAR OF SIERRA LEONE 


This, the third largest rough diamond ever dis- 
covered, was found on February 14, 1972, at the 
separator plant of the Diminco Mine at Yengema, 
Sierra Leone. At 969.80 ct, it is the largest alluvial 
diamond ever discovered. Harry Winston pur- 
chased the “Star of Sierra Leone” in 1972. He cut 
it into 17 diamonds with a total weight of 238.48 
ct; 13 of the stones were flawless. Originally, the 
largest stone was a 143.20-ct emerald cut, which 
proved to be flawed. Mr. Winston felt he wanted 
something special, so he ordered it recut; the re- 
sult was a flawless 32.52-ct emerald cut. 

Six of the other flawless stones were used in 
the Star of Sierra Leone brooch. Arranged like the 
petals of a flower, there are five marquise dia- 
monds of 4.29 ct, 3.92 ct, 3.73 ct, 2.97 ct, and 2.86 
ct, and a pear shape of 3.25 ct. The brooch was 
sold in Europe in 1975. 

Ultimately, the largest stone recovered from 
the rough was a flawless pear shape of 53.96 ct. 
It sold in 1975 as the pendant to a V-shaped neck- 
lace that also contained 98 brilliants weighing a 
total of 40.83 ct. 


THE VARGAS 


With a rough weight of 726.60 ct, the Vargas qual- 
ifies as one of the largest diamonds ever found. It 
was discovered in 1938 in the San Antonio River, 
municipality of Coromandel, Minas Gerais, Bra- 
zil, by a native prospector and his partner, a farmer. 
It was named in honor of the then-president of 
Brazil, Getulio Vargas. The partners sold the stone 
to a broker for about $56,000, after which it 
changed hands several times. Harry Winston pur- 
chased the stone in 1939 for approximately 
$600,000. In 1941, he had it cut into 29 stones; all 
of the important ones were emerald cuts. 

The largest stone cut, which weighed 48.26 ct, 
is now known as the Vargas diamond. It was sold 
to Mrs. Robert Windfohr of Ft. Worth, Texas, in 
1944. The diamond was repurchased by Harry 
Winston in 1958, and recut to a flawless 44.17 ct. 
It was sold again in 1961. 
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Seven of the other emerald-cut diamonds— 
30.90 ct, 29.95 ct, 25.33 ct, 24.35 ct, 24.30 ct, 
23.10 ct, and 17.91 ct—were used in a fantastic 
diamond bracelet made in 1947 for an Indian ma- 
haraja. Two additional emerald-cut diamonds, 
weighing 22.91 ct (sold in 1946) and 19.43 ct (sold 
in 1944), were set as rings. In 1968, the 19.43-ct 
diamond was repurchased by Mr. Winston and 
recut to a flawless 19.24 ct. It was sold in 1970, 
repurchased in 1974, and sold again in 1976 to an 
American client. 


THE WEEKEND 


In 1965, Harry Winston fashioned a D-flawless 
marquise diamond of 20.63 ct. At first the stone 
was not looked upon with any special regard, as 
Mr. Winston was responsible for cutting over 100 
diamonds in the 20-ct range. Then late one Friday 
afternoon, several months after the stone was 
mounted as a ring, a customer well known to Mr. 
Winston arrived at our salon. The gentleman was 
accompanied by a beautiful, statuesque blond who 
clearly was not his wife. Without much fanfare, 
he selected the above-mentioned stone. 

Knowing the man could well affofd to pay, Mr. 
Winston gave him the stone on memo. Mr. Win- 
ston always delighted in relating how, the follow- 
ing Monday morning, the customer returned the 
diamond, saying: “Thank you, I had the most 
wonderful weekend of my life. I’ll make it up to 
you soon.” Hence, the Weekend diamond. 


Harry Winston: Diamonds 


The Weekend diamond was sold shortly there- 
after to a well-married American client. 


THE WINSTON 


A 154.50-ct colorless rough diamond was found 
in the Jagersfontein Mine, Republic of South Af- 
rica, in 1952. In 1953, Harry Winston purchased 
the rough in London for $230,800. It was subse- 
quently cut to a flawless 62.05-ct pear shape and 
sold to a “certain King of Saudi Arabia.” It was 
later returned to Mr. Winston who, in tum, resold 
it shortly thereafter to a private owner in Canada. 
At the death of the Canadian owner, the diamond 
was repurchased by Harry Winston. It was recut 
at that time due to a slight bruise to a D-flawless 
61.80 ct. Mr. Winston matched it with the 58.60- 
ct Louis XIV diamond and sold the two as a pair 
of earrings in 1964. In November 1981, they were 
auctioned in Geneva, Switzerland, with a final 
price of $7,300,000. 
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PADPARADSCHA: 
WHAT'S IN A NAME? 


By Robert Crowningshield 


For over 100 years, reference has been 
made to a unique sapphire, the color of a 
Jotus blossom, the padparadscha. Yet the 
precise hue represented by this rare stone 
has been a subject of discussion, and 
often controversy, ever since the term 
was first introduced. In an effort to 
establish some grounds for a common 
understanding, the author reviews the 
historical references to the padparadscha 
sapphire, examines the modern usage of 
the term, and states GIA’s current 
interpretation of the trade name 
padparadscha. 
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ome years ago the Gem Trade Laboratory in New 

York was asked to identify a natural, rather intense 
pinkish orange sapphire as ‘natural sapphire, variety pad- 
paradscha” and we obliged. After all, it seemed to fit the 
description for the term which appears in GIA’s own cor- 
respondence course, and we had seen such stones only 
rarely. 

Then one day about five years ago we were asked to 
call a dark brownish orange stone “variety padparadscha” 
at the insistence of a jeweler’s customer, who was buying 
it in an expensive ring. The jeweler, who had originally 
purchased the stone as an “African padparadscha,”’ lost 
the sale when the laboratory report merely stated ‘‘nat- 
ural brownish orange sapphire.’’ From this point on, we 
agreed that we would no longer use the term padparad- 
scha on our reports, especially since other definitions 
were found to be different from that given in GIA’s 
courses. 

The experience prompted us to do some research into 
the history, derivations, and general understanding of the 
term in the trade, The results of this investigation are 
summarized here, 


HISTORY 


Just how the romantic term padparadscha came about, 
when it was first used, and by whom is an interesting 
study in itself. Many have never questioned that the term 
was derived through the German language from padma- 
ragaya (padma = lotus, raga = color}, the yellow-pink 
Oriental lotus (nelumbo nucifera), which is illustrated in 
figure 1. However, some in-depth library research has 
come up with conflicting, but interesting, results. 

The earliest-reference to the term in gemological lit- 
erature is found in Keferstein (1849). On page 13 of Min- 
eralogia Polyglotta, under ‘Our Ruby,” he states that the 
term padmaraga in Sanscrit refers to lotus color or 
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rose red. On the next page, Keferstein notes that 
the term also appears in Bengali: padmaraga and 
padmaragmani, “mani” being the suffix for stone. 
It is interesting to note that this earliest descrip- 
tion of the padparadscha color is for some variant 
of red, probably toward pink, and not for orange, 
which seems to be a strictly modern develop- 
ment. (Holland [1898] also uses the term pad- 
maraga for the finest color ruby.} Embrey and 
Fuller (1980} state the following for the first ref- 
erences to the term, the ones most commonly 
cited. 


Padparadschah, A.K. Coomaraswamy, Ad- 
ministration Reports, Ceylon, for 1904, part 4 
Mineralogical Survey, 1905, p. E16 (Padmara- 
gaya}. M. Bauer, Edelsteinkunde Leipzig, 2nd 
Edit. 1909, p. 363 (patparachan). R. Brauns, 
Kunstliche Schmucksteine, Handworterbuch 
der Naturwissenschaften, 1913, vol. 8, p. 968 
(Padparadschah}. German corruptions (with 
other variations) of the Sinhalese padmara- 
gaya, from padma, lotus and raga, colour. A 
trade name for reddish-yellow gem corundum, 
now used more especially for the artificially 
produced material. ‘ 


Here we see at the turn of the century the deriva- 
tion of the term from the Sinhalese word pad- 
maragaya, again meaning lotus color, but now 
pertaining to a reddish yellow gem, rather than 
simply red. 

It is appropriate to note at this point that a 
healthy lotus blossom is, when about to open, a 
beautiful rosy red color. As the flower opens, one 
sees that the tips of each petal are pink shading 
into yellow, with the future seed pod in the center 
a bright yellow. Completely open flowers fade 
considerably so that the tips of each petal are pale 
pink shading into white. Possibly the early 
descriptions of lotus color vary because the 
blossoms vary. However, early descriptions do 
not mention orange, though reddish-yellow is 
mentioned. 

In 1909, Max Bauer, the dean of gemological 
writers, used the term patparachan for ‘‘reddish 
yellow’ gem corundum.* In his 1932 edition, by 
which time synthetic corundum of this color was 
plentiful, Bauer spells the term padparadscha, 
the spelling we continue to use today, and de- 
cribes it as ‘orange to reddish yellow.” 

The meaning of the term padparadscha 
continued to be a cause for confusion, however. 
An entry in G. F, Herbert Smith’s 1940 and earlier 
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Figure 1, The Oriental lotus (nelumbo nucifera) 
from which the term padparadscha was 
adopted. Photo © Miguel Rodriguez. 


editions of his text Gemstones illustrates this 
frustration: “Padparadschah, padparadscha or 
other corrupt form of the Sinhalese word, pad- 
maragaya {lotus-color}, has been introduced for 
the yellowish aurora-red gem material from Cey- 
lon, but has become more commonly used for the 
synthetic material of similar tint. There is no real 
need for this fantastic term, and it may be hoped 
that it will pass into disuse.” 

Unfortunately, Smith’s hope has not been re- 
alized. In recent years, possibly due to the influ- 
ence of gem investment houses, requests for the 
Gem Trade Laboratory to use the term on reports 
have increased. Perhaps if the synthetic sapphire 
had never been produced and if Sri Lanka (Ceylon) 
were still the only source of these very rare colors 
of sapphire, the term would not be the problem 
that it has become. With the discovery of fancy- 
colored sapphires in East Africa (figure 2}, espe- 
cially Tanzania, there has arisen the desire on the 
part of dealers to use the term as a variety of sap- 
phire because it is passingly familiar everywhere. 
Thus it seems that rather than eliminating pad- 
paradscha from the language, the trade is foster- 
ing its use. 


*Prior to 1909, Bauer along with most gemological 
writers followed the common practice of using the 
term Oriental, to indicate that a gem under 
discussion was in fact corundum, in conjunction 
with the name of a common stone or other material 
to indicate color. Thus his “Oriental amethyst” Is 
purple sapphire and “Oriental hyacinth” Is orange 
sapphire. 
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Figure 2, East African 
sapphires (3.96-6.54 ct) 
similar to those that have 
been referred to in the trade 
as “African padparadscha.”’ 
Photo by Tino Hammid. 


Had the term been used consistently only for 
reddish yellow natural gem sapphires (after first 
establishing what that color is!}, it might have 
graduated from being a trade name to a bona fide 
variety name alongside ruby, amethyst, emerald, 
and alexandrite. As we sce in table 1, however, 
later writers have attributed the name to a be- 
wildering description of colors. Significantly, the 
popular perception of the color as reddish yellow 
shifted dramatically when Kunz (1915) quoted 
Claremont’s 1913 description of what he calls 
padparasham: “It is a most rare and delicate 
orange-pink hue, the various specimens showing 
many different blendings of the pink and orange.” 


MODERN USAGE 
OF THE TERM 


In our own time, the red-orange and brown-orange 
to yellowish orange stones from Tanzania, as well 
as orange, orange-yellow, and orange-brown heat- 
treated or surface-diffused natural sapphires (see 
Nassau, 1981, p. 129}, have further complicated 
the nomenclature. Meanwhile, in addition to the 
flame-fusion synthetic material introduced by a 
number of manufacturers some years ago, Kyo- 
cera International, Inc., of Kyoto, Japan, is now 
marketing a nearly pure orange synthetic sap- 
phire (method of synthesis unknown} under the 
name ‘“Inamori grown padparadscha” (figure 3). 
Chatham Created Gems, Inc., has made and plans 
to offer a flux-grown orange-colored synthetic 
sapphire as ‘‘Created padparadscha” (illustrated 
in Kane, 1982, p. 141}. Similarly, it is probably 
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within the capability of others to manufacture 
orange to orange-red flux-grown synthetic stones. 
This would probably tempt the use of the term 
for marketing them. 

Some purists insist that the term must be re- 
served exclusively for Sri Lankan sapphires of a 
delicate pinkish orange color. Others, citing the 
definitions of some authors (again, see table 1} 
which state merely orange, or, in some cases, 
brownish orange, as well as orange-red, have up- 
set purists by merchandising fancy-colored sap- 
phires from East Africa under the term African 
padparadscha. 

Although the majority of definitions cited 
here mention orange as a requirement for using 
the term, the modifiers make it virtually impos- 
sible to visualize any one color as “right.” For in- 
stance, “light, bright orange,” ‘yellowish aurora- 
red,” “intense, medium slightly reddish orange,’’ 
and “somewhat brownish orange,” are a few of 
the variations. “Salmon pink” further muddies 
the water. Perhaps one reason for the wide range 
of descriptions is the extreme rarity of fine orange- 
toned stones from Sri Lanka, with the result that 
many authors have not had the chance to expe- 
rience a wide range of these stones or have based 
their observations on the rather more common, 
but still rare, synthetic stones. At one time the 
reason given for the scarcity of fine natural pad- 
paradscha sapphires was that they are so valued 
in the Orient {where saffron is a holy color in 
many places) that they never reach the West. It 
would appear, however, that just plain rarity may 
be the real reason. 
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TABLE 1. A chronological listing of the use of the term padparadscha in the available literature. 


Color Reference Color Reference 
1. Reddish yellow? Coomaraswamy, 1904 22. Orange? Gubelin, 1968 
(“padmaragaya’’) 23. Reddish to somewhat —Sinkankas, 1968 


2. Reddish yellow? 
3. Reddish yellow? 
(“padparadschah”) 

4. Rare and delicate 

orange-pink? 

Orange-yellow® 

6. Orange to reddish 
yellow? 

7. Light bright orange 2 

8. Salmon pink® 

9. Orange to orange-red 
with tints of brown? 

10. Yellowish aurora red 
(p, 222)¢ 
Peculiar reddish 
yellow (p. 143)" 

11. Orange? 

12. Peculiar orange-pink® 

13. Golden red (p. 103)¢ 

Orange (p. 252)¢ 

14. Rare orange? 

15. Tangerine colored? 

Orange to pinkish 

orange? 

16. Reddish yellow 

(p. 115) 

Orange (p. 124)? 

17. Reddish yellow’ 

18. Yellow-orange or 
tangerine (p. 357)? 
Orange-tangerine 
(p. 804) 

19. Orange? 

20, Orange? 


a 


21. Orange (p. 180) 
Peculiar brownish 
orange (p. 305) 


Bauer, 1909 
Brauns, 1913 


Kunz, 1915: after 
Claremont, 1913 


Michel, 1928 
Bauer, 1932 


Gravender, 1933 
Spencer, 1936 
Juergens, 1939 


Smith, 1940 


Kraus and Slawson, 1947 
Webster, 1947 
Pearl, 1948 


Foshag, 1950 
McNeil, 1950 


td 


Schlossmacher, 1954 


Weinstein, 1958 
Cavenago-Bignami 
Moneta, 1959 


Weber, 1959 
Baerwald and Mahoney, 
1960 


Anderson, 1964 


24. 


25. 


26. 


brownish-orange* 
Orangy yellow to 
orange? 

Orange (more orange 
than pink)? 

Orange? 


Parsons, 1969 
Feasey, 1970 


CIBJO, 1970 


27. Gorgeous orange’ Desautels, 1971 

28, Rare orange-red? Mason and Packer, 1973 

29. Subtle pink-orange*® Arem, 1973 

30. Intense orangy pink Bank, 1973 
(p. 33)? 

31. Light orangy yellow to Shipley, 1974 
yellow’ 

32. Slightly reddish Liddicoat, 1975 (and 
orange’ earlier editions) 

33. Orange’ Webster, 1975 

34. Touch of pink in its McNeil, 1976 
orange? (as opposed 
to Tanzanian stones 
so labeled) 

35. Pinkish orange? Anderson, 1976 

36. Orange pink? Schumann, 1977 

37. Yellow with totally Arem, 1977 
reflected tones of 
pink 

38. Rare orange-yellow to. Hurlbut and Switzer, 1979 
orange? 

39. Orange® Nassau, 1980 

40. Tangerine colored* Chernush, 1980 

41. Pinkish orange (“an Newman, 1981 
unnecessary term’”)° 

42. Intense, medium GIA Colored Stones 


slightly reddish 
orange* 


course, 1983 


aRefers to natural sapphires. 
>Refers to synthetic sapphires. 


“Refers to both natural and synthetic sapphires. 


IMPORTANT EXAMPLES OF 

STONES LABELED PADPARADSCHA 

A few collections of precious stones on public 
view have one or more sapphires that the cura- 
tors have labeled padparadscha. An 11.95-ct 
stone from the Hixon Collection at the Los An- 
geles County Museum of Natural History is la- 
beled “Pink padparadscha—a bi-colored  sap- 
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phire.” Another stone in this collection, weighing 
6.51-ct, is labeled ‘‘Padparadscha sapphire.” An- 
other stone nearby, of 16.36 ct, is called simply 
“Orange sapphire.” (All three of these stones are 
illustrated in the Spring 1977 issue of Gems & 
Gemology, pp. 270-271.) Not in the Hixon Col- 
lection but part of the museum’s general collec- 
tion is a rather flat pinkish orange sapphire in a 
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Figure 3. A synthetic sapphire marketed by 
Kyocera International, Inc., in Kyoto, Japan, as 
“Inamori grown padparadscha.”’ This stone 
weighs 1.05 ct. Photo by Tino Hammid. 


Figure 4, This approximately 14-ct stone, 
donated to the Los Angeles County Museum of 
Natural History in 1955 as a “padparadscha 
sapphire,”’ was only recently determined to be 
a Verneuil synthetic. Photo by Mike Havstad. 


ring which many people feel is “true” padparad- 
scha color (figure 4). However, while we were pre- 
paring a photo for this article the stone was de- 
termined to be a Verneuil synthetic. 

Figure 5 is the 100-ct orange sapphire in the 
Morgan Collection of gems at the American Mu- 
seum of Natural History in New York City. This 
stone is perhaps the largest and finest orange Sri 
Lankan sapphire on public display anywhere. It 
has been used locally in New York as the “master 
padparadscha” by some gem dealers and collec- 
tors. It is a superb stone—the outstanding gem in 
its display case featuring numerous other fancy- 
color sapphires. It is oval in shape with a mod- 
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Figure 5. The large orange sapphire (precise 
weight, 100.18 ct) in the Morgan Collection at 
the American Museum of Natural History in 
New York. Photo by Tino Hammid. 


erate “bow tie.” In the ‘bow tie” area the color 
appears yellowish orange, while the ends appear 
intense reddish orange. This Morgan sapphire was 
the standard that one collector used years ago as 
a guide in selecting a 40-ct stone that he consid- 
ered the ‘crown jewel” and most valuable stone 
in his collection. Unfortunately, when his estate 
was Critically examined, the stone was found to 
be synthetic. However, not every knowledgeable 
collector and dealer considers the Morgan stone 
to be a “true” padparadscha. One astute collector 
complained that it was too orange at the ends and 
yellow in the middle with none of the tantalizing 
pinkish orange he looks for. Figure 6 is a 30-ct 
pinkish orange natural sapphire that most quali- 
fied dealers and many observers at GIA and the 
GIA Gem Trade Lab have agreed satisfies their 
understanding of the term. 


CONCLUSION 


It has been suggested that the GIA, in cooperation 
with other trade and educational organizations, 
should make an effort to standardize the term 
padparadscha with the aim of establishing cri- 
teria by which a true variety of corundum could 
be established. 

Unfortunately, no tests that a gemologist can 
make are helpful. The stones from Sri Lanka that 
resemble the above-noted 30-ct stone fluoresce 
and have chromium absorption lines in the spec- 
trum but no iron lines. Similar pinkish/brownish 
orange stones from East Africa have an iron line 
and weak chromium lines but have very weak to 
no fluorescence. Clearly, no set of chemical or 
physical constants exists to make the determi- 
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Figure 6. This 30-ct pinkish orange sapphire 
was believed by many observers from both 
GIA and the trade to agree with their 
perception of the term padparadscha. Photo by 
Tino Hammid. : 


nation. One half-joking suggestion is that if we 
are convinced of the derivation of the term as 
coming from the Sinhalese words meaning lotus 
color, we could have a master lotus blossom—or 
two. (A dying blossom would further allow the 
brown shades of sapphires to qualify!} However, 
we have no evidence that an orange variety of lo- 
tus exists. 

In spite of the confusion in the literature re- 
garding the descriptions of the term, knowledge- 
able veterans of the gem trade are in better agree- 
ment than this article so far indicates. For 
instance, all dealers who were shown the slide 
reproduced in figure 6 agreed that it was an ex- 
cellent rendition of their understanding of the 
color of a padparadscha. All of those we spoke 
with who saw the spectacular 1126-ct pinkish 
orange sapphire crystal from Sri Lanka pictured 
in figure 7 also agreed that the color was aptly 
referred to as padparadscha. 

It is clear that the term padparadscha was ap- 
plied initially to fancy sapphires of a range of 
colors in stones found in what is now Sri Lanka. 
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Figure 7, The term padparadscha has also been 
applied—and many feel aptly—to this 1126-ct 
sapphire crystal found recently in the 
Ratnapura district of Sri Lanka. Photo © 1983 
Tino Hammid, 


If the term is to have merit today, it will have to 
be limited to those colors historically attributed 
to padparadscha and found as typical colors in Sri 
Lanka. It is GIA’s opinion that this color range 
should be limited to light to medium tones of 
pinkish orange to orange-pink hues. Lacking del- 
icacy, the dark brownish orange or even medium 
brownish orange tones of corundum from East 
Africa would not qualify under this definition. 
Deep orangy red sapphires, likewise, would not 
qualify as fitting the term padparadscha. 

This new description will replace that given 
in the current GIA Colored Stone course when it 
is next revised, Because of the subjectivity of the 
term, however, the GIA Gem Trade Laboratory, 
Inc., will continue its policy of not using pad- 
paradscha on identification reports, treating it 
in the same manner as the trade grades Kashmir 
sapphire and Siberian amethyst. 
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NEW TECHNIQUES 


A NEW CLASSIFICATION FOR RED-TO-VIOLET GARNETS 


By W. William Hanneman 


The recent article by Manson and Stockton on the 
classification of red-to-violet garnets should be 
welcomed by all gemologists. With this work, the 
Gemological Institute of America has opened the 
subject for review and revision. The following article 
presents an overall view of previous reg-to-violet 
garnet classification schemes and proposes a new 
one that is well within the capabilities of every 
gemologist. 


The major problem confronting gemologists with 
respect to garnets has been that of ‘‘not being able 
to see the forest for the trees.” The modem ten- 
dency in gemology is to make more and more 
measurements on more and more specimens. This 
accomplishes the characterization of more and 
more individual trees. Development of a useful 
classification scheme for garnets requires that we 
stand back, look at the entire forest, and decide 
what it is that we wish to accomplish with our 
classification. 

In regard to the red-to-violet garnets, the data 
reported by Manson and Stockton (1981) repre- 
sent a prodigious effort. A plot of their data relating 
refractive index (R.L) to specific gravity (S.G.} is 
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shown in figure 1. The data points represent the 
“trees.”” Now, let us look at the forest. 

The black line connecting the pyrope and 
almandine end members defines the positions 
we would expect for all pure garnets comprising 
the pyrope-almandine solid-solution series. Points 
lying off the line result from either experimental 
error or the presence of “other factors.” Specifi- 
cally, if we disregard analytical error, points lying 
above the line suggest the presence of a substance 
having a positive effect on R.I. and a lesser posi- 
tive or negative effect on S.G. In this case, the 
cause may be chromium and calcium substi- 
tuting for aluminum and magnesium, respec- 
tively. Points lying below the line suggest the 
presence of something that effectively lowers the 
RI. relative to the §.G. Such an effect could be 
produced by manganese substituting for iron or 
by the presence of inclusions. 

Because their statistical analysis indicated a 
high correlation for R.L, S.G., pyrope content, and 
almandine content, Manson and Stockton divided 
the red-to-violet garnet series into three groups: 
pyrope, pyrope-almandine, and almandine. The 
divisions between groups were arbitrarily set at 
ratios of 60% pyrope:40% almandine and 60% 
almandine:40% pyrope, as determined by micro- 
probe analyses. Data points in figure | are color 
coded to reflect this scheme. The lack of a clear 
boundary for pyrope, as well as the presence of 
several serious divergences, indicated that this 
approach was not completely successful. 

Be that as it may, Manson and Stockton devel- 
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Figure 1. Data reported by Manson and 
Stockton (1981) relating refractive index to 
specific gravity and color coded to indicate 
ratio of pyrope:almandine as determined by 
microprobe analyses. Red indicates a ratio 
greater than 1.5:1, black indicates a ratio 
between 1.5:1 and 1:1.5, and blue indicates a 
ratio less than 1.1.5. Lines labeled Anderson 
and Manson-Stockton define an area within 
which natural red-to-violet garnets have been 
described. Chrome pyrope values reported by 
B. W. Anderson (1942} and Manson and 
Stockton (1981) are designated by red squares. 


oped what they stated to be a “more specific def- 
inition of the widely accepted terms pyrope, 
almandine, and rhodolite for meaningful gemo- 
logical classification.” These authors proposed 
replacement of the term rhodolite as a garnet 
group by the term pyrope-almandine, and set RI. 
and §.G. limits as illustrated in figure 2. In order 
to evaluate this new definition, it is useful to 
reexamine their data (as reproduced in figure 1) 
and relate it to previous publications of B. W. 
Anderson (1942, 1980) and R. Webster (1975). 


COMPARISON OF THE B. W. ANDERSON 
AND MANSON-STOCKTON SCHEMES 


Two red lines have been drawn in figure 1. Effec- 
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Figure 2. Graphical representation of refractive 
index and specific gravity limits for pyrope, 
pyrope-almandine, and almandine garnets as 
proposed by Manson and Stockton. The 
lavender areas, although lying between the 
Anderson and Manson-Stockton lines, are 
undefined, Note overlap of areas. 


tively, they form the limits of the red-to-violet 
garnet forest. The lower line, labeled Manson- 
Stockton, can be considered a “base line.” All of 
the garnets studied by these workers lie above 
this line. The upper line, labeled Anderson, was 
derived from B. W. Anderson’s diagram of the 
pyrope-almandine series, which was reproduced 
by Webster (1975, p. 149]. This line can be con- 
sidered an expression of the upper limit of the red- 
to-violet garnets, as determined experimentally 
by Anderson. The fact that it does not coincide 
with the theoretical pyrope-almandine line indi- 
cates the influence of other factors in “real-world” 
garnets. 

For nearly 50 years, the Anderson scheme has 
been in use practically everywhere except in 
the United States. The scheme employs three 
divisions—pyrope, pyrope-almandine, and alman- 
dine—precisely those now advocated by Manson 
and Stockton. This author accepts without res- 
ervation the Manson-Stockton recommendation 
that the term rhodolite, as it has been used by 
U.S. gemologists, be replaced by the term pyrope- 
almandine. The question to be addressed here is 
whether the newly proposed Manson-Stockton 
scheme presents sufficient advantages to displace 
the B. W. Anderson scheme. 
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Figure 3. Graphical representation of refractive 
index and specific gravity limits for pyrope, 
pyrope-almandine, and almandine garnets as 
proposed by B. W. Anderson. The lavender 
areas, although lying between the Anderson 
and Manson-Stockton lines, are undefined. 


¢ 


It appears reasonably safe to postulate that 
almost all red-to-violet garnets likely to be 
encountered by a gemologist will have R.I.-S.G. 
coordinates somewhere between the Anderson 
and the Manson-Stockton lines. Therefore, the 
merits of any classification scheme ought to be 
related to how well that scheme covers all the 
possibilities. The R.IL and S.G. limits for the 
Anderson and Manson-Stockton schemes are 
graphically illustrated in figures 2 and 3. The lav- 
ender areas represent ‘possible’ R.I-S.G. coor- 
dinates that are not covered by the schemes and 
are potential sources of problems for gemologists. 
It is evident that neither scheme covers the entire 
range of possibilities. 

If it is accepted that the purpose of a classifi- 
cation scheme is to enable the gemologist to make 
a decision on the basis of his test results, the pres- 
ence of an undefined area or an area of overlap is 
undesirable inasmuch as it makes any such deci- 
sion impossible. The Anderson scheme (figure 3} 
could be improved by changing the arbitrary limits 
of S.G. from 3.95 to 4.00 for the pyrope-almandine 
mixture, and from 3.80 to 3.85 for pyrope. The 
Manson-Stockton scheme (figure 2) suffers from 
a gap in R.I. values between 1.774 and 1.779. In 
addition, there is an overlap in the pyrope and 
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Figure 4. Graphical representation of proposed 
scheme for the classification of the red-to-violet 
garnets on the basis of refractive index and 
visible spectrum. All colored areas lie between 
the Anderson and Manson-Stockton lines. 


pyrope-almandine ranges: ie., RI. = 1.751 to 
1.752, S.G. = 3.81 to 3.86. These deficiencies are 
unacceptable in light of the fact that the divisions 
are purely arbitrary, and there is no fundamental 
characteristic that dictates that there should be 
any divisions at all. 

Now, if neither of these schemes can be judged 
fully satisfactory, there is room for improvement. 
In the following paragraphs an alternative scheme 
is presented. 


BACKGROUND FOR PROPOSED 
GARNET CLASSIFICATION SCHEME 


If one’s concern is limited to only the red-to- 
violet garnets, the assumption can be made that 
the red color is due to the presence of iron and/or 
chromium. It is generally accepted that the iron 
is associated with the almandine end member and 
the chromium with the pyrope. Consequently, 
irrespective of their calcium or manganese con- 
tents, all red-to-violet garnets have traditionally 
been considered members of the pyrope-alman- 
dine series. 

The spectral characteristics of the red-to-violet 
gamets are well described in the Manson-Stockton 
article. However, since pure pyrope garnet is col- 
orless, it is the iron (almandine) that produces the 
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color and the spectrum that is the hallmark of the 
pyrope-almandine series. 

Spectral evidence also indicates that pyrope 
forms another series in which chromium substi- 
tutes for aluminum and produces a red color. 
Mineralogically speaking, one might call this a 
pyrope-knorringite series. However, gemologi- 
cally speaking, this series does not appear to be 
very extensive and this author proposes that its 
gem members be classified under the color variety 
chrome pyrope. This nomenclature is believed to 
be gemologically consistent with varieties such 
as chrome tourmaline and chrome diopside. With 
its intrinsic chromium content and unique 
absorption spectrum, chrome pyrope deserves 
recognition as a distinct variety and should not 
be buried in the pyrope-almandine series. 

Finally, the determination of physical con- 
stants should provide information on which to 
base a decision as to classification. Both R.I. and 
S.G. measurements reflect the same elements of 
composition. Anyone who has tried to identify 
gems by S.G. measurements is well aware of the 
difficulty of obtaining accurate results as well as 
the problems caused by inclusions. The R.I., how- 
ever, is determined more easily and precisely. 
Consequently, the scheme proposed here employs 
R.L. determinations only, without S.G. 


PROPOSED RED-TO-VIOLET 

GARNET CLASSIFICATION SCHEME 
Acceptance of the preceding ideas leads to the 
conclusion that the red-to-violet garnets could be 
classified into two categories: pyrope-almandine 
series and chrome-pyrope color variety. Insofar as 
neither the colorless pyrope nor the almandine 
end members are known as gems, it would be rea- 
sonable simply to call all the members of this 
series pyrope-almandine mixtures for the pur- 
poses of a gemological classification. They are all 
characterized by a typical almandine {iron} spec- 
trum. Tradition, however, militates against this, 
so the old divisions are retained. 

The proposed scheme is very simple. Chrome 
pyrope is characterized by its chromium spec- 
trum and by R.I. values below 1.750. Members of 
the pyrope-almandine series are characterized by 
their iron spectrum. Pyrope exhibits an R.I. of 
1.750 or less, while almandine exhibits an R.I. of 
1.780 or more. Specimens exhibiting interme- 
diate R.I. values are designated pyrope-alman- 
dine. The scheme is illustrated in figure 4. 
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In the final analysis, this scheme is little more 
than the B. W. Anderson scheme with the S.G. 
limits removed. The problem of differentiating 
chrome pyrope from red spinel has been fully cov- 
ered by Anderson (1980). 

The remaining problem is that of assigning a 
classification to those low R.I. (<1.750} garnets 
that show spectral bands due to both chromium 
and iron. The criterion for making this distinc- 
tion is based on the results of Manson and 
Stockton and is as follows: If the three iron 
absorption bands at 504, 523, and 571 nm can be 
observed with a hand spectroscope, the stone 
should be classified as pyrope; chrome pyrope 
will exhibit absorption bands at 675 and 687 nm, 
and will absorb virtually all light below 570 nm. 
If sufficient chromium is present to mask at least 
two of the iron bands, the stone should be clas- 
sified as a chrome pyrope. 


SUMMARY 


Because of gaps and overlaps, the Manson- 
Stockton scheme for red-to-violet garnets cannot 
be considered acceptable. A different interpreta- 
tion of their data leads to the B. W. Anderson 
scheme, which is already in use outside the United 
States. The S.G. limits of this scheme, however, 
are too narrow. Given the problems of deter- 
mining §.G. measurements, a simplified scheme 
based on R.I. and spectral considerations has been 
presented. The “official” recognition of the color 
variety chrome pyrope is recommended. 


EPILOGUE 


If any revisions to garnet classification schemes 
are to be accomplished, it is imperative that input 
be received from many sources and a consensus 
reached. In an attempt to encourage a dialogue on 
this subject, D. V. Manson and C. M. Stockton, 
whose work was discussed above, have been 
invited to comment on this paper. Their response 
follows. 
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A RESPONSE TO “A NEW CLASSIFICATION 


FOR RED TO VIOLET GARNETS” 


By D. Vincent Manson and Carol M. Stockton 


The comments by Dr. Hanneman on our initial 
garnet article (Gems # Gemology, Winter 1981) 
are appreciated. We would agree with his assess- 
ment that the article is a discussion of ‘‘trees,” 
since it was intended to be primarily a report on 
data obtained to date. Indeed, in the final sen- 
tence of our article, we stated that “the precise 
role of color in the classification of all gem gar- 
nets, as well as the roles of the other properties 
examined in this study, must remain unresolved 
until we have completed the examination of gar- 
nets in the other ranges of color and chemical 
composition.” Since, as Hanneman, points out, 
“the merits of any classification scheme ought to 
be related to how well that scheme covers all the 
possibilities,” we intend to reserve our conclu- 
sions as to the gemological classification of any 
and all garnets until we have examined samples 
of as many different types of gem garnets as we 
reasonably can. Only after an adequate sampling 
of “trees” can we stand back and consider the for- 
est as a whole. 

We would agree with Hanneman’s statement 
that ‘all red-to-violet garnets have traditionally 
been considered members of the pyrope-alman- 
dine series.”” However, we do not believe that 
such an idea should be accepted purely as an act 
of faith, without confirmatory evidence. (In fact, 
our article presented, among the other data, two 
red stones that each contained more spessartine 
than either pyrope or almandine; please refer back 
to our figure 11.) In any case, gem garnets have 
not previously been characterized in adequate de- 
tail from the gemological point of view. There- 
fore, we have been documenting properties of a 
large collection of gem garnets to determine 
whether and to what extent the data support or 
contradict traditional gemological and mineral- 
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ogical classification. While “deficiencies” in our 
data may present difficulties, they nonetheless 
represent observed facts and, unlike a scheme, 
cannot be changed at desire. Additional data may 
fill “gaps” in our data or may contradict current 
assumptions, but the ideas presented thus far are 
based on the information currently at hand. 

We would briefly like to point out that in our 
article we did not recommend discarding the term 
rhodolite nor did we equate it with the term 
pyrope-almandine. In fact, the only comment we 
ventured on this subject was that “rhodolite, ac- 
cording to the original definition of the variety, 
falls within the region to which we would also 
apply the term pyrope.”’ This original description 
and its reference were included in our article. 

The creation of a classification system re- 
quires an understanding of the nature and purpose 
of classification itself. Fundamentally, a classifi- 
cation is a means of describing as many relevant 
characteristics of a material as is both possible 
and practical. While various scientific techniques 
make it possible to observe and measure many 
gemstone properties, the availability of tests and 
instruments to the gemologist on a day-to-day 
basis places practical limitations on the useful- 
ness of this information. Deciding what is and is 
not relevant to gemology is ultimately a key is- 
sue. We are not yet convinced of the irrelevance 
of chemical composition among the garnets. 

Vital to any discussion of classification is the 
clear and unambiguous use of certain terms, 
including group, series, species, and end mem- 
ber. In our articles, we used these terms consis- 
tently according to their established mineralogic 
meaning. 

However, one term of particular importance 
to gemolgy is variety, a level of classification 
where the differing needs of gemology and min- 
eralogy require special attention. In our final ar- 
ticle on garnets, we will present a gem garnet 
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classification based on all the data we have gath- 
ered. The ideas expressed by Hanneman are not 
unreasonable if one wishes to devise a classifi- 
cation system for a portion of the garnet “forest,” 
such as the red-to-violet garnets. However, input 
from many sources will be essential to reach a 
consensus among gemologists on the issues in- 


volved in a valid classification system that covers 
all gem garnets. 


Editor’s Note: Dr. Hanneman has indicated his inten- 
tion to continue this discourse after the final classifi- 
cation article is published. 
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Gem Trade 


LAB NOTES 


ALEXANDRITE, Cat’s-Eye 


Recently brought to the Santa Mon- 
- ica laboratory for identification was 
the fine 4.02-ct cat’s-eye alexandrite 
illustrated in figure 1 as it appears 
when viewed with incandescent 
light. In addition to the very distinct 
change in color from red to blue- 
green {in natural or fluorescent light}, 
the transparency of this stone was 
exceptional as a result of the high 
clarity; the majority of the fine 
needles causing the chatoyancy were 
concentrated in a layer at the base 
of the cabochon. Another interest- 
ing feature of this stone was the 
bluish appearance of the eye when 
viewed in fluorescent illumination. 


DIAMOND 


Carved Diamond 


Very flat diamond crystals are a real 
problem for diamond cutters, who 
frequently must sacrifice consider- 
able weight to achieve anything ap- 
proximating proper proportions in a 
faceted stone or else must make an 
unsatisfactory shallow stone, a “‘fish- 
eye.” One innovative solution seen 
in the New York laboratory was a 
thin crystal that had been carved in 
the shape of a fish (figure 2). The 
natural surface characteristics of the 
crystal even resemble the scaly ap- 
pearance of a fish. One would as- 
sume that in the case of this 2.87-ct 
stone, the weight retention was 
excellent. 
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Figure 1. Cat’s-eye alexandrite 
as seen in incandescent light, 
4.02 ct. 


Figure 2. Carved fish-shaped 
diamond, The stone weighs 
2.87 ct and measures 18.38 

mm X 8.95 mm X 2.26 mm 
thick. 


Pink Diamonds 


Some time ago in New York, we 
heard of an attractive pink diamond 
that lost its color when the stone 
was boiled in acid. Later it was de- 


GEMS & GEMOLOGY 


EDITOR 

Chuck Fryer 

GIA, Santa Monica 
CONTRIBUTING EDITORS 


Robert Crowningshield 
Gem Trade Laboratory, New York 


Karin N. Hurwit 
Gem Trade Laboratory, Santa Monica 


Robert E. Kane 
Gem Trade Laboratory, Los Angeles 


termined that the stone had been 
“painted.” 

Recently, a round pink diamond 
weighing more than 3 ct (figure 3) 
was submitted to the New York lab- 
oratory for a full quality analysis. 
The stone showed strong blue fluo- 
rescence when exposed to long-wave 
ultraviolet radiation, so it was not 
surprising to see a distinct 4155 A 
“cape” line with the hand spectro- 
scope. When the stone was being 
graded for clarity, however, we re- 
alized that the color was in fact due 
to a coating—possibly an enamel. 
Using a technique developed years 
ago by Eunice Miles (whereby the 
stone is illuminated with both the 
fluorescent overhead light of the 
microscope and diffused transmit- 
ted light created by placing a white 
tissue over the light well under- 
neath], some of the pavilion facets 
showed dark marginal lines paral- 
leling the edges of the pavilion mains 
and a few “‘craters’’ where the coat- 
ing was rejected, probably due to 
dirt. At 63 magnification (figure 4}, 
the coating could be seen readily on 
the girdle. In all such cases, it is es- 
sential to examine the surface of the 
stone carefully to avoid overlooking 
the presence of a coating and inad- 
vertently pronouncing the color 
natural, 

Figure 5 shows a beautiful 3.31- 
ct “salmon” pink, heart-shaped dia- 
mond, brought into the New York 
lab, that the cutter says came off the 
wheel as intense a pink as he had 
ever seen. The owners were over- 
joyed when they saw the stone after 
it had been boiled out. When viewed 
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Figure 3, Pink diamond, 3 ct. 


through the table toward the shoul- 
ders of the stone, totally reflected 
areas were actually red. Within a 
few days, however, the red had dis- 
appeared and in its place was a more 
common brownish pink. Boiled in 
acid, the stone temporarily regained 
some of its exciting red color, only 
to lose it again in a few days. Later, 
the stone was heated to a much 
higher temperature in an alcohol 
flame; the red again returned, but 
only temporarily. 

We are told that this behavior is 
not unusual with yellow diamonds. 
Frequently stones appear intense 
yellow while hot from the wheel but 
assume a more normal color when 
finished and offered for sale. This is 
the first time such a color change in 
naturally colored pink stones has 
been reported to us. 

We are reminded of another pink 
diamond, a magnificent 16-ct pear 
shape, which turned an ordinary 
brown following exposure to long- 
and short-wave ultraviolet and then 
X-radiation in rapid succession. 
Gentle warming in the light well of 
a Gemolite for a few minutes re- 
stored the pink color. A series of 
small rough pink diamond crystals 
were later exposed in the same man- 
ner. Fewer than half of the 16 spec- 
imens responded to the irradiation 
and warming in the same way. 
Clearly, all pink diamonds do not 
respond alike to irradiation and sub- 
sequent warming. 
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Figure 4. Pink coating on 
girdle of diamond shown in 
figure 3. Magnified 63x. 


EMERALD 


Imitation Emerald 


Submitted to the Los Angeles labo- 
ratory for identification was the 
matched set of jewelry shown in fig- 
ure 6, which consists of a necklace, 
a pair of earrings, and a combination 
ring and pendant. The client ex- 
plained that when the combination 
ring and pendant was recently steam 
cleaned, the center stone lost a con- 
siderable amount of color. Subse- 
quent testing showed that all of the 
green stones were untreated natural 
emeralds with the exception of the 
center stone in the combination ring 
and pendant, which proved to be a 
natural beryl that was coated with 
a green substance that imparted 
most of the color to the stone. 

Examination of the treated stone 
under the microscope readily re- 
vealed a green coating in most of the 
surface fractures and cavities. The 
steam cleaning had apparently re- 
moved the green surface treatment 
from most of the stone, leaving small 
amounts only in these areas. 

When the stone was tested with 
a cotton swab saturated with ace- 
tone, a very noticeable green stain 
appeared on the swab. Also, the 
green coating could be flaked off very 
easily with a sharp point such as the 
pin end of a brush probe. In addition, 
the coating melted when a thermal 
reaction tester was used. 

This stone was treated in a man- 
ner very similar to that used on sev- 
eral stones seen recently in the lab- 


Figure 5. Pink heart-shaped 
diamond, 3.31 ct. 
Magnified 10x. 


oratory and reported in the Summer 
1982 issue of Gems @ Gemology, 
pages 102 and 103. Indications are 
that the treatment on this stone is 
some type of paint (perhaps a trans- 
parent glass paint}, although similar 
results have been obtained with 
green cement or plastic. 


Tubules in Emerald 


Recently encountered in the New 
York lab was a 1.57-ct flux-grown 
synthetic emerald that had all the 
properties of a flux-grown  syn- 
thetic—low refractive index and 
birefringence, low specific gravity, 
and red fluorescence to ultraviolet 
radiation—but atypical inclusions 
(figure 7). A few spicules somewhat 
resembling those seen in hydro- 
thermal synthetic emeralds, though 
without the crystal caps on the ends, 
were present, but some inclusions 
were darker and more tubular. By 
coincidence, we received for testing 
at the same time a_high-property 
natural emerald which also had sev- 
eral long tubules (see figure 8) as 
well as numerous needles with ran- 
dom orientation seen near the girdle. 


FLUORITE AND 
ROSE QUARTZ NECKLACE 


The New York laboratory received 
a necklace that was reminiscent of 
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Figure 6. The large stone (11.68 mm x 8.90 mm X 6.50 mm) in the 
combination ringipendant at the center of this suite is coated 
beryl; the other stones are natural emeralds. 


the pink and green grossularite gar- 
net strand pictured in the Summer 
1982 issue of Gems & Gemology. 
However, testing proved this one to 
consist of round pale green fluorite 
beads alternating with rose quartz 
beads (figure 9}. We were surprised 
that there was no damage or cleav- 
age evident in the fluorite beads. 
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GARNET AND GLASS 
DOUBLETS 

Figure 10 illustrates the first non- 
faceted garnet-and-glass doublets 
seen in our New York lab. They are 
buff-topped, green, heart-shaped 
stones with garnet cabochon tops 
and green glass pavilions set with a 
natural red spinel and diamond in a 
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pin to represent a ““sham’”-rock leaf. 
Buff top-cut stones have a cabochon 
crown and a faceted pavilion. 


OPAL 

Cat’s-Eye Opal 

Not too long ago, we examined in 
the New York laboratory a rough 
specimen of banded, translucent, 
brownish to green material that we 
tentatively identified as common 
opal, with no play of color. Later, we 
were allowed to examine and pho- 
tograph a 1.5-ct chatoyant orange- 
brown cabochon (figure 11], said to 
have been cut from a clear band of 
this material. Testing by X-ray dif- 
fraction in the Santa Monica lab es- 
tablished the presence of cristobal- 
ite. A cristobalite diffraction pattern 
superimposed on an amorphous 
background indicates that the ma- 


Figure 7. Tubules in a 
synthetic emerald, 
Magnified 30x, 


Figure 8. Tubules in a natural 
emerald. Magnified 37x. 
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Figure 9. Fluorite and rose quartz necklace. The beads are 


approximately 8 mm in diameter. 


Figure 10. Pin set with three 
buff-top garnet and glass 
doublets as well as a natural 
red spinel and a diamond. 
Magnified 10x. 


terial is opal. This is the first cat’s- 
eye opal of this type seen by the lab. 


Treated Opal 

A section of oolitic opal is shown on 
page 104 of the Summer 1982 issue 
of Gems # Gemology. It is very 
similar in appearance to a dyed 
(sugar-treated?) oolitic opal seen re- 
cently in New York. Each of the 
round dots of the oolitic structure 
had absorbed the black dye, as had 
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Figure 11. Cat’s-eye opal, 
approximately 1,5 ct. 


several fractures. Such stones must 
be examined very carefully before 
the color is pronounced natural. 


PALEONTOLOGICAL 
GEMOLOGY 


Aficionados of fossils will appreci- 
ate the perfection of the calcareous 
replacement of a trilobite, measur- 


ing approximately 32 mm X 38 mm, 
seen recently in the New York lab 
and shown here in figure 12. The 
fossil had been cleaned so carefully 
from its host rock that it could be 
definitely identified as the species 
Phacops rana. Mounted with care, 
it could be successfully worn in 
jewelry. 

Other examples of the gemolog- 
ical use of fossilized organisms in- 
clude amber, the multi-colored fos- 
silized ammonites found principally 
in the Province of Alberta {Canada}, 
petrified wood, and opal sometimes 
found replacing either animals or 
plants. 


PEARLS 


Cultured Button Pearls 

A 3%-inch (9 cm) long, antique- 
appearing bar pin set with what 
seemed to be nine variously colored 
button pearls and two old-style-cut 
pear-shaped diamonds proved to the 
New York lab that appearances alone 
can be deceiving. The pearls, which 
resembled the American freshwater 
pearls seen in abundance 35 years 
ago, fluoresced to X-rays. The X- 
radiographs, too, suggested that most 
of the pearls were of natural origin; 
however, several showed centers that 
we associate with tissue-nucleated 
cultured pearls. Figure 13 shows one 
of each type. 

Our client kindly volunteered to 
submit more than 100 half-drilled 
loose button pearls from which we 
were able to select buttons to match 
the colors of those on the bar pin 
(figure 14], X-rays of the loose pearls 
showed freshwater tissue-nucleated 
cultured origin. We have yet to learn 
by what process these symmetrical 
button pearls, with such flat un- 
worked bases (as shown by the pearls 
on the left side of figure 14), could 
be cultivated. 


Pearl Mysteries 

A hank of more than 30 strands of 
small, variously colored, very ba- 
roque pearls came into the New York 
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laboratory recently (see figure 15), 
They are unlike any we have ever 
seen here before. The darker-colored 
pearls fluoresced when exposed to 
long-wave ultraviolet radiation, sug- 
gesting natural color, saltwater ori- 
gin. Whether the pearls are natural 
sac pearls or, as their irregularity 
suggests, some form of blister pearl, 
is not known to us. The possibility 
that they are the result of some type 
of cultivation exists. We would wel- 
come information from our readers. 
Some months ago, at the New 
York laboratory, we were asked to 
identify a number of white button 
pearls set in a platinum and dia- 
mond necklace. X-ray fluorescence 
indicated freshwater origin and the 
appearance and X-radiograph of the 
pearls indicated that they were 
natural. When the buttons were 
removed from their settings and X- 
rayed, however, the faint but char- 
acteristic central voids of tissue- 
nucleated freshwater cultured pearls 
appeared on the radiograph. 


Figure 12. Fossilized trilobite, 
32 X 38 mm, suitable for 
mounting in jewelery. 


Figure 13. X-radiograph 
showing the structure 
associated with a natural 
pearl (left) and a tissue- 
nucleated cultured pear! (right). 
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Figure 14, Loose freshwater tissue-nucleated cultured pearls 
arranged to show the various colors and the flat, unworked drilled 


bases. 


Figure 15. A hank of small baroque pearls (largest is about 3 mm). 


This same group of button pearls, 
ranging up to 9.5 mm in diameter, 
is shown backside up in figure 16. 
Note that half of them have a pe- 
culiar, unnatural “balloon tire’ or 
“doughnut” appearance in contrast 
to the flat backs of the drill-hole side 
of the multicolored small buttons 
shown in figure 14, This, of course, 
could not be seen in the mounted 
pearls. Why there is a difference, we 
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do not know, since we do not know 
the method of cultivation of either 
type. 

The fact that we have only re- 
cently been shown such symmetri- 
cal freshwater tissue-nucleated but- 
ton shapes in quantity suggests that 
they are grown purposefully and are 
not, so to speak, accidental. On a 
short visit to pearl farms on Lake 
Biwa in Japan, the New York Lab 
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Figure 16. Drilled tissue- 
nucleated cultured button 
pearls viewed backside up. 


Notes editor saw nothing that would 
indicate a process for producing 
such consistently well-shaped buttons. 
Possibly they are of Chinese or Ten- 
nessee River origin. Again, we would 
welcome information from knowl- 
edgeable readers. 


QUARTZ, A Rare Cat’s-Eye 


A translucent, oval, brownish green , 
cat’s-eye cabochon set in a ring was 
received in the Santa Monica labo- 
ratory for identification and weight . 
estimation. Figure 17 shows this at- 
tractive stone, which closely resem- 
bled a fine cat’s-eye chrysobery], The 
refractive index, taken by the spot 
method, was 1.54 or 1.55 with 
weak birefringence. The optic figure 
could not be obtained because of the 
many parallel tube-like inclusions 
throughout the stone which caused 
the chatoyancy. There were no 


Figure 17, Cat’s-eye quartz 
ring, approximately 19 ct, 
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absorption lines visible in the spec- 
troscope, thus eliminating the pos- 
sibility of apatite. Nor did the stone 
show any reaction to ultraviolet 
radiation. 

The indications were that the 
material was quartz. Using X-ray 
diffraction methods, we were able to 
prove conclusively that the material 
was indeed quartz. This was cer- 
tainly one of the nicest quartz cat’s- 
eyes this laboratory has ever en- 
countered. The weight estimation 
formula suggested that the stone 
weighs approximately 19 ct. 


RUBY AND SYNTHETIC RUBY 
ASSEMBLED STONE 


Figure 18 shows the reflection from 
the cement joining the portions of 
a 2.5-ct, very thin, natural and syn- 
thetic ruby doublet submitted to our 
New York lab for identification. Had 


the separation plane been less ob- 


vious, the deception might have been 
more successful. Since most stones 
of this type consist of nonfluorescent 
Australian greenish to blue sapphire 
crowns cemented to strongly flu- 
orescent synthetic ruby pavilions, 
exposure to ultraviolet radiation is 
usually a quick means of detection. 
The top and bottom of this stone 
fluoresced almost equally. Inclu- 
sions in the natural section could be 
seen easily and the stone might have 
been accepted as natural without 
question if examined carelessly. 


SPINEL, with Color Change 


The Santa Monica lab had the op- 
portunity to examine a most un- 
usual natural spinel. The 12.45-ct 
oval mixed cut displayed a change 
of color from dark blue in daylight 
to purplish blue in incandescent light 
(figure 19}. The most remarkable 
characteristic was its absorption spec- 
trum. In addition to the usual iron 
lines, there were absorption bands 
centered at 5400 A, 5800A, and 
6300 A. These bands are generally 
present in the absorption spectrum 


Figure 18. Reflection from the 
separation plane of a ruby and 
synthetic ruby assembled 
stone, Magnified 10x. 


of a synthetic stone that owes its 
coloring to cobalt rather than iron. 


UNCLASSIFIED ODDITIES 


Back in the Summer 1971 issue of 
Gems &) Gemology, we published a 
picture of an unusual broken cabo- 
chon that proved to be opal. We said 
then that ‘we have never seen any- 
thing even closely resembling this 
material.” Several months ago, one 
of our Canadian readers with a long 
memory sent us an item she thought 
resembled the one in the photograph 
in that old back issue. 

The item shown in figure 20, as 
received in Santa Monica, appeared 


Figure 19. Color-change 
natural spinel, 12.45 ct, shown 
in incandescent light. 


ee 
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Figure 20. Broken concretion 
showing a bead-like core 
approximately 13 mm in 
diameter. 


to be a broken concretion of some 
sort Measuring approximately 13 mm 
in diameter. The thin outer covering 
was light beige in color, with a rough 
texture to it. The concentric layers 
inward were translucent and light 
brown in color, and surrounded the 
semitransparent, nearly spherical, 
bead-like core, Figure 2], taken at 
63x, shows the very finely striated 


Figure 21. Striated structure of 
the surface of the bead-like 
core shown in figure 20. 
Magnified 63x. 


structure of the surface of this inner 
bead. 

A hot-point test, judiciously ap- 
plied, evoked an odor of burning hair, 
indicating an organic origin. Our 
reader found the object in a can of 
tuna fish purchased as pet food. Al- 
though we know it is of organic or- 


igin, we have no idea what creature 
created it, or how it was formed. 
Those of us in the Santa Monica 
lab must confess, once again, that 
“we have never scen anything even 
closely resembling this material.” 


« « « 


Errata: On page 230 of the Winter 
1982 issue of Gems & Gemology, 
the absorption spectra for parisite 
and siderite were inadvertently re- 
versed in printing. The spectrum in 
figure 8 is actually parisite; that 
shown tn figure 9 is siderite. 
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COLORED STONES 


Asterism in Sri Lankan corundum. Th. G. Sahama, 
Schweizerische Mineralogische und Petrographische 
Mitteilungen, Vol. 62, 1982, pp. 15-20. 

The occurrence of asterism, or star effect, in some gem- 

quality corundum has been known since antiquity. 

This optical phenomenon is due to light reflecting from 

a precipitate of needle-like inclusions in a regular ar- 

rangement in the basal (0001) plane of the corundum 

host crystal. It has been recognized for some time that 


This section 1s designed to provide as complete a record 
as possible of the recent literature on gems and 
gemology. Articles are selected for abstracting solely at 
the aiscretion of the section editor and her reviewers. 
and space imitations may require that we include only 
those articles that will be of greatest interest lo our 
readership. 


Inquires for reprints of articles abstracted must be 
adaressed to the author or publisher of the original 
material 


The reviewer of each article is identified by his or her 
initials at the end of each abstract. Guest reviewers are 
identhed by their full names 


“1983 Gemological Institute of America 
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these inclusions are rutile (TiO,}, but their small size 
in most corundums has usually precluded detailed 
study. This article presents further data on the nature 
of these mitile needles as they occur in a heavily in- 
cluded bluish corundum crystal from the Elahera area 
of Sri Lanka. 

Two possible modes of origin have been suggested 
for these rutile needles in corundum: (1) exsolution of 
the rutile from a pre-existing corundum-rutile solid- 
solution phase with falling temperature, and (2) mutual 
crystallization of both corundum and rutile in a regular 
arrangement. The latter explanation may be appropri- 
ate for the heavily included crystal examined in this 
study, but the evidence is not wholly conclusive. 

JES 


Ferroaxinite—another new gem from Sri Lanka. H. A. 
Hanni and M. Gunawardene, Journal of Gemmol- 
ogy, Vol. 18, No. 1, 1982, pp. 20-27. 

The title of this article may be somewhat misleading 

because ferroaxinite is not a newly discovered gem- 

stone. What is new is its discovery in Sri Lanka. Ax- 
inite is a rather complex calcium aluminum borosili- 
cate in which the calcium is frequently partially 
replaced by iron, manganese, and magnesium. The rel- 
ative content of these elements can vary considerably. 
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Depending on which element is dominant, three end- 
member compositions can be described: ferroaxinite, 
manganaxinite, and magnesioaxinite. The ferroaxin- 
ite found in Sri Lanka has a very high iron content 
which could be responsible for its specific gravity ex- 
ceeding the recorded range for this material. The au- 
thors hypothesize that the source of this material is in 
the southern part of the island, most probably the Tis- 
samaharama district, where general conditions are con- 
ducive to the formation of axinite. 

The article includes three tables listing the mea- 
sured properties of the sample stones and three pho- 
tomicrographs of inclusions to illustrate the similarity 
of inclusions in Sri Lankan stones to those found in 
Brazilian material. These consist mainly of liquid 
feathers with two-phase fillings reminiscent of inclu- 
sions in tourmaline and topaz. SFM 


Hornbill ivory. G. Brown and A. J. Moule, Journal of 
Gemmology, Vol. 18, No. 1, 1982, pp. 8-19. 
Brown and Moule make an important contribution to 
the study of the organic substance known as hornbill 
ivory. Although the clear, concise description of horn- 
bill ivory, the derivations of its various names, and the 
short synopsis of its use are noteworthy, the chief con- 
tribution of the article is in the description of the ap- 

pearance of this material under the microscope. 

The authors examined blocks of hornbill in three 
directions: vertically along the long axis of the beak 
(longitudinal section}, vertically across the beak (cross 
section}, and horizontally. Six photographs illustrate 
their research, including the arrangement and appear- 
ance of pigment granules in the hornbill casque. Thus, 
this article provides data that are both interesting and 
valuable for identifying hornbill ivory. IMH 


Quality grading of jadeite. D. Healey and R. M. Yu, 

Lapidary Journal, Vol. 36, 1983, pp. 1670-1674. 
Drs. Healey and Yu discuss the factors involved in the 
quality analysis of green jadeite. Their discussion iden- 
tifies all key factors, but fails to place them into a sys- 
tematic grading scheme. The evaluation factors are: 
color, texture and transparency, clarity, and form and 
craftsmanship. 

The authors deal solely with green jadeite, colored 
by chromium. Using the Munsell Book of Color, they 
state that the most desirable green jadeite is 2.5G 
4.5/11. Color mottling is addressed only indirectly. 

Texture and transparency are grouped together next. 
However, the discussion concentrates on transparency, 
which is to be determined by texture, color, and per- 
fection. Healey and Yu chose incongruent terms for 
classifying jadeites of differing transparency. From best 
to worst, pieces would be categorized as glassy, icy, 
coarse fibrous, and chalky. To judge transparency, the 
authors recommend directing diffused white light onto 
a metal plate with holes in which a stone covers one 
hole and neutral density filters (selected to match the 
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amount of light transmitted by the stone) cover the 
other. 

The categories for clarity are flawless, nearly flaw- 
less, lightly included, moderately included, very in- 
cluded, and highly included. Unfortunately, the au- 
thors do not adequately describe what distinguishes 
one category from the next. For example, the color of 
inclusions as it affects clarity is only discussed for the 
flawless and nearly flawless categories. 

The form and craftsmanship section of the article 
depicts the most desirable cabochon form, but does not 
describe a system for evaluating the shape of cabo- 
chons. In short, the article presents only a discussion 
of, rather than a system for, the quality grading of green 
jadeite. JMH 


The ruby rush. I. A. Mumme, Australian Lapidary 

Magazine, October/November, 1981, pp. 13-18. 
In 1886, jewelers and mineralogists in Adelaide, Aus- 
tralia, incorrectly identified as rubies some red geni 
crystals discovered by David Lindsay on a surveying 
expedition near the Harts Mountain Range. From that 
moment, the great ruby rush was on. The news spread 
quickly, and before too long intense mining operations 
were being carried out. Bad news for all, though, came 
some months later from England: the red gemstones 
Lindsay had uncovered were not rubies, but garnets. 

In a fascinating, but brief, historic account of the 
Great Ruby Rush of 1886, I. A. Mumme lets us ex- 
amine those hard times as miners searched in vain for 
rubies only to find out later that the gemstones were 
garnets. Although no rubies were ever uncovered, min- 
ing in the area continued for some years as gold and 
other minerals were found, Even today, amateur gem 
hunters keep Adelaide jewelers busy identifying those 
famous red crystals. GAR 


Star quartz asterism caused by sillimanite. C. F. 
Woensdregt, M. Weibel, and R. Wessicken, 
Schweizerische Mineralogische und _ Petrogra- 
phische Mitteilungen, Vol. 60, 1980, pp. 129-132. 

The asterism or “star” effect that results from the scat- 

tering of light by tiny, needle-like inclusions is known 

in many gem minerals. Asteriated corundum provides, 
perhaps, the best example; here, the acicular inclusions 
have been shown to be the mineral rutile. In this ar- 
ticle, the authors report a new occurrence of asteriated 
quartz from Sri Lanka in which the needle inclusions 
were found, surprisingly, to be sillimanite (Al,SiO,). 

This translucent, white variety of star quartz is from 

the Niriella area near Ratnapura. The needle inclusions 

in this material are arranged parallel to the (0001) plane 
of quartz in three sets which intersect at a 60° angle. 

The identification of sillimanite was made by both 

qualitative X-ray fluorescence microanalysis and trans- 

mission electron microscopy methods. The sillimanite 
needles are elongate along their c crystallographic axis 

and average about 20 nm in thickness. In the (0001) 
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plane, the [001] direction of sillimanite is parallel to 
the [100] direction of quartz. The star quartz from this 
area occurs in sillimanite-bearing metamorphic rocks. 
The authors speculate that the quartz and sillimanite 
formed simultaneously during metamorphic recrystal- 
lization. JES 


Tsavorite. J. L. Ramsey, /eweler/Lapidary Business, 
May/June 1982, pp. 16-17, 46-48. 

Calling green grossular garnet, or tsavorite, the “gem 
for the 1980s,’ Ramsey begins by reviewing the brief 
history of this material since it was discovered in East 
Africa in the 1960s by geologist Campbell Bridges. He 
compares the excitement generated by this modern dis- 
covery to how people thousands of years ago must have 
felt about unearthing emeralds or rubies. 

Ramsey then discusses the political and logistical 
difficulties of mining in Kenya and Tanzania, before 
turning to a brief note on the geologic occurrence of 
this garnet. In a section on color, he states that the term 
tsavorite is reserved for a stone with a fine, saturated 
green hue. In the final section, Ramsey explains that 
tsavorite is both very easy and very difficult to cut: easy 
because it does not pose orientation problems in that 
it lacks cleavage and is monochroic, but difficult because 
of the fractures and “bubble veils” that can crack dur- 
ing faceting. . MKC 


DIAMONDS 


Deformation of country rock in the formation of kim- 
berlite pipes. B. M. Nikitin, International Geology 
Review, Vol. 24, No. 9, 1982, pp. 1057-1063. 

Diamond-bearing kimberlite pipes are generally be- 

lieved to form by some kind of explosive-injection 

mechanism in the earth’s crust. This article summa- 
rizes data on the country rock around kimberlite pipes 
to further elucidate this mode of origin. 

Kimberlite pipes have a roughly spherical outcrop 
cross section that gradually tapers with depth. These 
pipes have three generalized parts: an uppermost, flared 
opening; a funnel-shaped vent; and a lowermost feeder 
channel. Differences in the nature of the rock both 
within and around the pipe are evident with increasing 
depth. Specifically, deformation and fracturing of the 
country rock are most pronounced near the uppermost 
opening. Within the pipe, the extent of brecciation is 
also greatest near the opening. Each of these features 
is consistent with the model of pipe formation by a 
forceful, explosive emplacement of a gas-rich kimber- 
lite magma along zones of weakness in the earth’s 
crust. JES 


Diamonds of Kalimantan {in Japanese]. K. Maeda, Four 
Seasons of Jewelry, No. 39, 1981, pp. 72-76. 

In June 1981, the Akira Chikayama Gem Research In- 

stitute sponsored an eight-day inspection tour of the 

diamond-mining district in Kalimantan, an Indonesian 
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territory on Borneo Island. One of 11 staff members on 
the tour, Maeda describes the locality, transportation, 
mining methods, superstitions surrounding diamond 
mining, and the brokerage of goods. Six photographs 
and a map accompany his discussion. 

Diamond production started in Kalimantan around 
500 to 600 A.D. However, the most famous stone, the 
166.85-ct Tear of Queen Ratu Intan, was not discov- 
ered until 1965. The discovery of this diamond and, 
subsequently, of a 50.53-ct stone prompted the Indo- 
nesian government to finance a mining operation in 
Senpaka, in the central part of the island. These efforts 
proved unproductive, however, and the project was ter- 
minated in 1977, with digging confined to the southern 
part of the island. At present, the yearly volume at Kal- 
imantan is only 30,000-50,000 ct, which averages just 
1.5~2.5 ct per worker per year. Although they have only 
the primitive mining methods of digging and panning, 
workers are motivated by their dream of finding a stone 
the size of the Intan. 

The author reported that although the diamonds cut 
in Marutapura often require recutting, the quality of 
goods is better than he expected and the colored dia- 
monds in shades of yellow, violet, and brown are par- 
ticularly attractive. ALS 


Famous diamonds of the world (XIII): The “Wittels- 
bach” diamond. |. Balfour, Indiaqua, Vol. 32, No. 
2, 1982, pp. 135-137. 
Along with the Hope diamond, the Wittelsbach is one 
of the very few dark blue diamonds in existence. At 
35.50 ct, the Wittelsbach is smaller than its more fa- 
mous counterpart, the Hope (45.52 ct). Although both 
stones originated in India, they were cut from different 
pieces of rough. 

The Wittlesbach was first noted in history in 1664 
in the possession of Philip IV of Spain. The “Great Blue 
Diamond,” as it was then called, passed in 1722 into 
the ruling House of Bavaria, the Wittelsbachs, with the 
marriage of the Archduchess of Spain to Prince Charles 
Albert. The last Wittelsbach king to wear the diamond 
was Louis III, who abdicated in 1918. Christie’s of Lon- 
don attempted to auction the Wittelsbach in 1931, but 
the stone was withdrawn from the sale under myste- 
rious circumstances. Its subsequent whereabouts were 
not recorded until 1962, when Belgian diamond dealer 
Joseph Komkommer formed a consortium to purchase 
the diamond. It was then sold to a private collector in 
1964. 

Mr. Balfour has written a well-researched and in- 
teresting article. The illustrations that accompany 
the text are at times pertinent, and at other times 
irrelevant. FLG 


The transport and sorting of diamonds by fluvial and 
marine processes. D. G. Sutherland, Economic Ge- 
ology, Vol. 77, No. 7, 1982, pp. 1613-1620. 


Sutherland shows that alluvial diamond deposits are 
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amenable to systematic analysis and presents certain 
observations concerning this type of diamond occur- 
rence. 

The hardness, structural stability, and chemical in- 
ertness of diamond all suggest that once crystals are 
released from their primary source rock they should 
tend to persist in the sedimentary record and thus be 
subject to transport by fluvial and marine processes. 
Diamonds originating in rather restricted source areas 
can be transported and distributed across regions of 
tens of thousands of square kilometers. During trans- 
port, they suffer abrasion and breakage, which lead to 
the attrition of the larger crystals. From a study of dis- 
tribution patterns, the author demonstrates how dia- 
monds are sorted by size, shape, and quality during 
downstream transport. With greater transport there is 
a reduction in size and a complementary increase in 
quality in a diamond population as the poorer quality 
diamonds are destroyed. 

These observed effects are of considerable relevance 
to the diamond industry, because they allow predic- 
tions to be made that can serve as the basis of explo- 
ration for new diamond occurrences at primary sources 
as well as alluvial deposits. JES 


GEM LOCALITIES 


Gem quality gahnite from Nigeria. B. Jackson, Journal 

of Gemmology, Vol. 18, No. 4, 1982, pp. 265-276. 
Jackson describes a new locality for gem-quality gahn- 
ite (ZnAI,O,}, a species within the spinel mineral group. 
Octahedral crystals of cuttable size (up to 1 cm in di- 
ameter} occur in a complex pegmatite near the town of 
Jemaa, Nigeria. This material is moderately abundant 
at this locality, but the full extent of the pegmatite de- 
posit is not currently known. The author discusses the 
chemistry and properties of gahnite from this area. It 
is interesting to note that although no change of color 
was found in material exposed to X-rays, a distinct 
change from blue to green did occur when the material 
was heated in an oxidizing atmosphere above 1000°C 
for one hour. This change is interpreted as resulting 
from the oxidation of the small amount of iron present 
in the gahnite. 

A majority of the gahnite crystals are rich in inclu- 
sions; columbite, hematite, zircon, mica, and a trans- 
parent mineral thought to be beryl are among those 
identified thus far. Two-phase inclusions and other 
types of negative crystals are also abundant. Pho- 
tographs and further details of the inclusions are 
provided. JES 
On the treacherous trail to the rare ruby red. R. Nord- 

land, Asia, Vol. 5, No. 3, 1982, pp. 34-41, 54-55. 
Rod Nordland, the Asian correspondent for the Phila- 
delphia Inquirer, recounts his adventures in the noto- 
rious Golden Triangle. Members of an insurgent group 
known as the Shan State Army (SSA}, whose activities 
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straddle the Burma-Thailand border, guided the author 
through this extremely lawless region. At first hand, 
Nordland observed the scene at an SSA-controlled vil- 
lage where the insurgents levy “duty” on the gems and 
opium smuggled through their territory. After the stones 
are registered at the SSA customs hut, the smugglers 
cross the border into Thailand where the stones are 
sold in the presence of an SSA agent. He then escorts 
the seller back into Burma to pay the duty. 
Nordland’s description of the open-air gem markets 
and the gun-toting miners and dealers seems like a 
combination of the Oriental bazaar and the American 
Old West. The article’s gemological content is that of 
a layman writing for laymen. Eleven photos, nine of 
them in color, plus a map, illustrate this worthwhile 
article. BFE 


INSTRUMENTS AND TECHNIQUES 


Distinction of natural and synthetic rubies by ultravi- 
olet spectrophotometry. G. Bosshart, Journal of 
Gemmology, Vol. 18, No. 2, 1982, pp. 145-160. 


The author analyzed the absorption spectra of 94 nat- 
ural and 46 synthetic rubies using a spectrophotometer. 
The natural stones studied were from Burma, Sri Lanka, 
Kenya, Tanzania, Thailand, Pakistan, Cambodia, Bra- 
zil, and Australia; the synthetic stones were from pro- 
ductions by Verneuil, Chatham, Kashan, and Knischka 
processes. 

The author compares the spectra of the various sam- 
ples, focusing on the center position, width, and profile 
of the absorption minima in the ultraviolet (UV} re- 
gion. The distribution of these data is presented on a 
graph that separates into natural and synthetic rubies. 
The author concludes that since there is no overlap of 
the two populations, this is a valid method for sepa- 
rating rubies. Therefore, in instances where chemistry, 
fluorescence, inclusions, or other indicators are not 
conclusive, the author recommends a thorough UV 
investigation. SCH 


Energy dispersive X-ray spectrometry: A non-destruc- 
tive tool in gemmology. W. B. Stern and H. A. 
Hanni, Journal of Gemmology, Vol. 18, No. 4, 
1982, pp. 285-296. 

One of the most promising of the various new analyt- 

ical techniques being used to solve gemological prob- 

lems appears to be X-ray fluorescence spectroscopy 

{XRF}. A sample is exposed to a beam of primary X-rays, 

which results in each of the chemical elements in the 

sample giving off secondary X-rays, or “fluorescing.” 

These secondary X-rays can be described in terms either 

of their wavelengths or their energy, thus leading to 

two principally different spectroscopic applications. In 
conventional wavelength-dispersive (WDS} XRF, the 
secondary X-rays are scattered by wavelength by an ap- 
propriate medium (a crystal of some substance} and are 
detected sequentially by a movable goniometer. In en- 
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ergy-dispersive (EDS} XRF, the secondary X-rays are 
separated by a detector into distinct energy levels si- 
multaneously. Since the dispersing power of a detector 
in an EDS system is more limited than that of a WDS 
analyzing crystal, special computer programs are needed 
to refine the X-ray energy spectrum produced by the 
sample. 

XRF methods have great potential usefulness in 
gemology in that they provide a rapid and nondestruc- 
tive means of chemically analyzing gem materials. The 
inherent features of the EDS-XRF configuration would 
appear to make it the more applicable of the two sys- 
tems to gemology. The authors of this article demon- 
strate the value of this technique by illustrating the 
X-ray energy spectra of natural and synthetic ruby, 
emerald, and alexandrite, and also several samples of 
coral. They discuss how differences in the detected ele- 
ments in the samples give some indication of the 
provenance of these gem materials. They suggest that 
the XRF method will be employed on a widespread ba- 
sis in the future for gemstone identification. JES 


Optical absorption and electron spin resonance in blue 
and green natural beryl. A. R. Blak, S. Isotani, and 
S. Watanabe, Physics and Chemistry of Minerals, 
Vol. 8, 1982, pp. 161-166. ‘ 

Some green beryl is known to change to blue on heat- 

ing. The authors of this article report spectroscopic 

data on two gem beryls from Brazil. that display this 

color-change behavior. 

The crystal structure of beryl consists of silicate tet- 
rahedra in six-membered rings which are arranged to 
form long, open channels. These rings are further linked 
by Be?*+ and Al** ions. Impurity constituents can sub- 
stitute for these ions, can be located interstitially be- 
tween them, or can occur within the open channels. 
Water molecules occurring in the channels are oriented 
either perpendicular (type I} or parallel (type II} to the 
direction of a channel. Infrared spectra indicate that 
type I water is predominant in blue beryl, whereas type 
II water is found in green beryl. The green-to-blue color 
change noted during heating results from a reduction 
in valence state of the trace amounts of impurity iron. 

This article illustrates some of the methods of in- 
vestigation used and types of data that are needed to 
understand the causes of color in gem minerals and the 
behavior of these minerals in response to treatment 
processes. JES 


Thermoluminescence in elbaite, T. Calderén-Garcia 
and R. Coy-YU, Journal of Gemmology, Vol. 18, 
No. 3, 1982, pp. 217-221. 

Any material with a temperature above that of absolute 

zero (~273°C) radiates energy asa result of the thermal 

vibrations of its constituent atoms. At temperatures 
less than 550°C, this radiation of energy occurs chiefly 
as heat; whereas above this temperature, the material 
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becomes incandescent and radiates energy in the form 
of both heat and light. 

Luminescence is the general term used to describe 
an energy-release phenomenon taking place at temper- 
atures below 550°C, where a material absorbs one form 
of energy and then re-emits this energy in the form of 
visible light. A number of external sources for this ab- 
sorbed energy are recognized. In thermoluminescence, 
the emission of visible light is due to heating. This ar- 
ticle reports preliminary results from a study in which 
a single crystal of elbaite tourmaline was gradually 
heated from 50°C to 475°C. The authors present ther- 
moluminescence spectra as well as emission spectra for 
the sample taken before and after it was exposed to 
X-radiation, which presumably also produced some 
color change in the crystal. 

Unfortunately, the authors offer little in the way of 
explanation of these observed changes in either the 
thermoluminescence or emission spectrum of elbaite. 
They do indicate that further studies are in progress to 
understand this behavior. JES 


JEWELRY ARTS 


The Chester Beatty collection of Chinese carved rhi- 
noceros horn cups. J. Chapman, Arts of Asia, Vol. 
12, No. 3, 1982, pp. 73-83. 
On his death in 1968, Sir Alfred Chester Beatty left his 
collection of Oriental art, one of the finest ever assem- 
bled by a Western collector, to the people of Ireland. 
Chapman, who is the Far Eastern curator of the Beatty 
Library and Gallery of Oriental Art in Dublin, Ireland, 
describes one group, a unique collection of 200 rhinoc- 
eros horn cups. 

The author praises Beatty’s remarkable ability to 
select quality pieces as he discusses cups from the early 
12th to the late 19th centuries. Photographs of 28 carved 
horns (seven in color) are keyed to the text, illustrating 
the different forms as well as motifs used by the Chinese 
carvers. Chapman concludes by reminding us how rare 
these exquisite carvings are, even in good collections 
of Chinese decorative arts. KIW 


Editor's Note: Chapman has another article on an un- 
usual rhinoceros cup in the August 1982 issue of 
Connoisseur. 


Enamelling on gold: A historical perspective. D. Buck- 
ton, Gold Bulletin, Vol. 15, No. 3, 1982, pp. 101- 
109. 

For more than 3,500 years, gold has been the preferred 

base metal for enameling. Because of its properties and 

its compatibility with glass, gold does not require the 
special preparations needed with other metals. 

In this article, Buckton describes the three ways 
enamels are applied to metals, touching on how eco- 
nomics have shaped the historical development of 
enamel from a poor man’s substitute to a desirable dec- 
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orative element. While discussing the various tech- 
niques, their origin and execution, Buckton develops 
the historical aspect of his theme with dates and places 
of introduction and the subsequent diffusion of artistic 
influence. These events are not discussed chronologi- 
cally, however, and it takes concentration by the reader 
to put the picture into perspective. 

From this article, richly illustrated with photo- 
graphs of pieces from museums worldwide, the reader 
discovers that techniques have not changed greatly and 
that this art form is now and will be in the future “an 
attractive medium for artists and craftsmen.” 

Archie V. Curtis 


Netsuke: the wondrous toggle. S. O’Neill Dorn, Mu- 

seum, Vol. 3, No. 1, 1982, pp. 30, 32-33. 
Sylvia Dorn has packed a tremendous amount of in- 
formation about netsuke into this article. It is partic- 
ularly valuable to the collector because she traces the 
origin of the netsuke, its history as a collector’s item, 
and the successive increases in price since netsukes 
became popular. 

Although people have been collecting netsukes since 
they were invented, netsukes didn’t really catch on as 
an investment until the late 1960s. 

In the 1890s, the average cost of a netsuke was un- 
der one dollar. By the 1950s, most netsukes sold for less 
than a hundred dollars outside of Japan. Within the 
country, the netsuke still counted for little. Early last 
year, however, a collector paid a record auction price 
of $78,000 for a single piece. 

Dorn concludes with a discussion of the present 
production of netsuke and with some advice for today’s 
collector. She feels that those who seek what has be- 
come known as best—requiring a signature, rarity, sub- 
ject, and pedigree—are competing for comparatively 
few pieces. Yet there are countless numbers of inter- 
esting netsuke outside the mainstream market that 
offer exciting possibilities for collections based on new 
materials, subjects, and techniques. ET 


Piqué jewelry. V. Becker, Art & Antiques, Vol. 5, No. 
6, 1982, pp. 42—45. 

Piqué work was an exacting and difficult technique of 
inlaying gold or silver on tortoiseshell and ivory. Its 
application to jewelry developed, flourished, and dis- 
appeared in the Victorian era; according to the author, 
though, it is currently gaining 20th century admirers. 
While this may be true as regards piqué work as a col- 
lectible, the extreme difficulty of the technique makes 
it unlikely that there will ever be a revival of this 
charming minor art form. 

The author correctly gives credit to the definitive 
series of articles on piqué work written with authority 
and style by the passionate collector Major Herbert C. 
Dent and published in the Connoisseur in 1920. Since 
there is, sadly, nothing new on the subject, an element 
of repetition creeps into the present article to disap- 
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point the serious jewelry historian but not necessarily 
distract the general reader. Even though the handsome, 
if nonrepresentative, photographs do much to rescue 
the piece, the author presents what amounts to a re- 
write of her previous work on the subject, which ap- 
peared in Retail Jeweller in 1979. Her readers have 
come to expect something fresher from this prolific and 
exuberant writer. Neil Letson 


St. George triumphant. B. Livie, Connoisseur, Vol. 2.12, 
No. 850, 1982, pp. 67-70. 

This article focuses some long overdue attention on a 
historical objet d’art that is little known outside of 
Germany. The St. George reliquary in the treasure 
room of the Munich Residenz is a dazzling summation 
of late 16th-century goldsmithing, enameling, and lap- 
idary arts. Bruce Livie, a Munich gallery owner and art 
historian, devotes most of his article to the historical 
background of this piece. A full-page color photo, plus 
four small closeups of various details, supplement the 
verbal description. 

The gold equestrian figure of St. George slaying the 
dragon was commissioned by Duke Wilhelm V of Ba- 
varia in 1586, Supporting this figure and housing the 
alleged relic of the saint is an elaborate silver gilt base, 
which was commissioned by Wilhelm’s successor and 
finally completed in 1641. The figure and base stand 50 
cm (about 20 inches} high and are richly decorated with 
pearls, rubies, emeralds, diamonds, and enameling. 
Sections of the composition include the horse carved 
from brown and white chalcedony, and a rock crystal 
sword brandished by the armored figure of St. George. 
Of particular gemological interest is Livie’s brief in- 
ventory of the numerous gemstones used in this work. 

Readers fascinated by the human and historical ele- 
ments behind precious objects will find this article 
worthwhile. Mr. Livie shows how this reliquary re- 
flects the aesthetics of the German courts in the early 
baroque era as well as the religious and political fervor 
of that time. BFE 


Soul in jade. D. DeVoss, Connoisseur, Vol. 213, No. 
851, 1983, pp. 86-91. 

In publishing David DeVoss’s article on Thailand's 
priceless ‘Emerald Buddha,”’ Connoisseur presents what 
is probably the first photograph printed in the West of 
that country’s most sacred religious talisman. It is a 
2,000-year-old statue of Buddha, so venerated that only 
the reigning king may touch it, yet seen by thousands 
each day who come to worship at its golden shrine. 

Inaccurately termed “emerald,’’ the statue is ac- 
tually a water-smooth carving, 19 in. wide and 26 in. 
high (48 cm x 66 cm] of a “rare jade found only in Si- 
beria and along the China-Burma border.” Legend dates 
the strangely luminiscent figure to about 493 B.C., and 
its tumultuous history and awesome religious signifi- 
cance far outweigh its enormous intrinsic value. 

Last year the city of Bangkok and its hundreds of 
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Buddhist shrines and temples underwent a massive res- 
toration in connection with celebrations marking the 
bicentennial of the present royal dynasty. Central focus 
of the project was the $10 million refurbishing of the 
Grand Palace and the Royal Chapel which houses the 
“Emerald Buddha.” 

While the description of the statue itself leaves 
some technical gemological questions unanswered, the 
article and the dazzling photographs add significantly 
to a limited body of information on this unique jeweled 
object. Neil Letson 


RETAILING 


The care and maintenance of gems. F. C. Bonham, 
PreciouStones Newsletter, Vol. 5, No. 7, 1982, pp. 
14-17. 


Mr. Bonham provides simple, easy-to-follow guidelines 
to the basic care and maintenance of fine gems. He ar- 
gues that the value, as well as the beauty, of the stone 
may be maintained and enjoyed through intelligent 
care and wear. 

As a useful guide when cleaning stones, Mr. Bon- 
ham provides a gem maintenance chart. This guide in- 
cludes the Bonham Durability Scale, whereby the au- 
thor has assigned each stone an overall durability value 
based on the Mohs hardness scale ang a predetermined 
chemical stability value. Depending on a gem’s indi- 
vidual properties, stones with a “Bonham Durability” 
rating of 7.5 or higher may be washed in an ammonia 
solution. Less durable stones should be cleaned with 
warm water and a mild soap. 

Steam and ultrasonic cleaners should be used only 
by professional jewelers. Stones already damaged or 
with the potential for cleavage may be harmed further 
if such cleaners are used improperly. Also, the mount- 
ing should provide protection responsive to the gem’s 
individual nature. Fragile stones should sit low in the 
mounting in order to avoid blows from direct contact. 

Gems highlighted for additional consideration in- 
clude emeralds, opals, and pearls. Chemically sensitive 
gems and those with perfect cleavage also require extra 
protection, 

As a gemologist, Bonham stresses the importance 
of understanding a gem’s physical properties before 
proper care can be applied. The article outlines a basic 
common-sense approach to the maintenance of gems. 

ERH 


Employee screening. Part II, an industry under seige. 
M. E. Thomas, Goldsmith, Vol. 161, No. 7, 1982, 
pp. 27-29. 

This second of two articles on employee screening dis- 

cusses psychological stress evaluation (PSE) and paper- 

and-pencil honesty questionnaires. 

The working principle behind PSE involves the 
change in voice frequencies under psychological stress; 
in stressful periods, the autonomic nervous system, 
rather than the central nervous system, suppresses and 
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changes the pattern of tiny voice tremors, a phenom- 
enon that is recorded on the audio tape and can be de- 
tected when charted on paper by the PSE instrument. 

After comparing PSE and the polygraph tests, and 
then highlighting the conflict between the two indus- 
tries, the author concludes that the most important 
aspects of the polygraph are present in PSE, that is, the 
fear of facing the machine and the necessity of having 
a competent examiner. 

Thomas concludes with a discussion of the paper- 
and-pencil tests, which are less expensive than either 
the polygraph or PSE. She reports specifically on the 
working principles behind, as well as the effectiveness 
and rating systems of, two well-known written tests: 
the Stanton Survey and the Reid Report. ALS 


SYNTHETICS 


New frontiers in diamond synthesis. J. Collings, Op- 

tima, Vol. 30, No. 2, 1981, pp. 102-109. 
Although the title suggests an article on synthesis, this 
is actually a history of diamond use other than as a 
gemstone. Diamonds have served as engraving tools 
since 350 B.C. {India} and as cutting tools and abrasives 
for nephrite since slightly later (China}. Diamonds had 
these limited applications until modern times, when 
more sophisticated techniques were applied to the pro- 
duction of metal alloys, thus requiring the attributes 
of diamond to work them. Collings gives a fascinating 
account of the history of this interrelationship. In the 
1930s the industrial use of diamonds was further stim- 
ulated by armament production, which continued 
through World War I. 

In 1947 DeBeers, under the leadership of Sir Ernest 
Oppenheimer, established the Diamond Research Lab- 
oratory to study the physical properties of diamonds, 
investigate better retrieval methods, and develop new 
applications for diamond tools as well as support re- 
search at the university level. Allmana Svenska Elec- 
triska Aktiebolaget (ASEA] reported the first synthetic 
diamond production in 1953, and the General Electric 
Company announced a successful synthesis in 1955. As 
the demand for industrial diamonds grew, the number 
of natural diamonds was insufficient and large-scale 
production of synthetics resulted. DeBeers Industrial 
Diamond Division eventually obtained their own man- 
ufacturing facility (Debid], World demand is now esti- 
mated at 110 million carats annually; almost 90% of 
this is satisfied by synthetic products, largely produced 
by General Electric, Debid, and Eastern Bloc countries. 
Although there has been a steady 10% growth in de- 
mand annually, competition has resulted in extremely 
low selling prices for many of the easily produced par- 
ticles. New composite materials such as cubic boron 
nitride, amber boron nitride, syndite, and amborite are 
meeting present industrial needs. The possibility of 
developing similar desirable materials, not now essen- 
tial, is far from being fully explored. ERL 
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DIAMOND CUTTING, 


2nd Edition 

By Basil Watermeyer, 404 pp,, illus., 
published by Centaur, South Africa, 
1982. US$27.50" 


The second edition of Basil Water- 
meyer’s Diamond Cutting, like the 
first edition published in 1980, is a 
unique book. In all my reading on 
and about the diamond trade, there 
has always been an emphasis on the 
lore of the trade and a modicum of 
information on the actual process- 
ing of the stones. At best, a thor- 
oughly written, encyclopedic account 
of the diamond industry would have 
a short, usually very outdated chap- 
ter on design and cutting. Water- 
meyer’s book handily takes care of 
the lack of written material on this 
heretofore little understood and ex- 
otic profession. 

In his introduction, Mr. Water- 
meyer explains how diamond cut- 
ting has always been a secretive pro- 
cess, the skills being well-guarded 
secrets passed on begrudgingly from 
master to apprentice. This not only 
ensured the mystique of the cutter 
but also, more significantly, restricted 
any advances in technology. (Until 
very recently—and to some extent 
even today—-much diamond cutting 
was done in the same manner as it 
was accomplished in the Middle 
Ages.) Watermeyer and his well-or- 
ganized and thorough text represent 
a significant break in this tradition. 

The book covers every aspect of 
processing diamonds, from the iden- 
tification and classification of rough, 
to the detailed operation of auto- 
matic cutting machines and the 
fashioning of new, innovative cuts. 
The last subject is covered in excep- 
tional detail—probably due to the 
fact that the author invented the 
Barion cut. The subjects not cov- 
ered, for example, radiation bom- 
bardment to affect color, are few and 
relatively insignificant. 

In general, the various chapters, 
which are well illustrated with pho- 
tographs and detailed diagrams, will 
serve to enlighten people unfamiliar 
with cutting processes. Yet Water- 
meyer also goes into detail that will 
probably not be understood by, or of 
any use to, anyone who is not ac- 
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tually sitting at the cutting bench. 
It is at this point not just a basic 
primer but more a detailed manual, 
giving step-by-step instructions for 
every phase of cutting—from the 
decisions regarding what shape to 
cut, right down to the finer ad- 
vanced points of polishing. One ex- 
ample of this is Watermeyer’s ex- 
cellent advice that a small girdle 
facet be placed on an imperfection 
to protect the stone during the gir- 
dling process. 

Since the book is written by a 
cutter, the terminology throughout 
is that of the cutter, not of the gem- 
ologist, although the author does 
make an effort to list the various 
terms for a given subject. An ex- 
ample of this confusion in termi- 
nology is the author’s discussion on 
the swindling of a stone, referring to 
the improved weight recovery gained 
by undetectable deviation from a 
normal make. A student of GIA, 
however, uses the term swindling 
solely to indicate a diamond with a 
very spread table, which is actually 
only one of many ways to save 
weight—and not an undetectable 
one. 

To round out the book, there are 
a few final chapters on weights, the 
three Cs, and the world’s largest cut 
diamonds. A chapter on new devel- 
opments is an important addition to 
the second edition, especially as it 
covers new faceting techniques for 
fancy-shaped diamonds, But the most 
welcomed addition is an extensive 
index at the end of the volume. 

In summary, as much as I feel 
that the information covered in this 
esoteric book will benefit any stu- 
dent or participant in the diamond 
industry, it is best recommended to 
diamond cutters and others in the 
industry who are seriously inter- 
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ested in becoming as knowledgeable 
as possible in this field. 


GARY WEISSBROT 
M. Weissbrot & Son 
Los Angeles, CA 


JEWELRY ON DISPLAY, 


2nd Ed. 

By Mariann Coutchie, 87 pp., illus., 
published by Signs of the Times, 
Cincinnati, OH, 1982. US$16.95* 


Competition for consumers’ dollars 
and current economic conditions 
have made training an absolute must 
for the jewelry retailer and whole- 
saler alike. To excel in today’s com- 
petitive market, jewelers must be 
up-to-date on new simulants and 
treatments, but they should also 
extend their knowledge to include 
marketing and display. 

A very important and frequently 
neglected area of gemological train- 
ing is the jewelry store itself. Win- 
dow and counter displays can, by 
themselves, effectively market mer- 
chandise, and should be given top 
priority by the retailer. Even the 
most beautiful pieces will not sell 
unless they are presented to the cus- 
tomer in a pleasing manner. Yet it 
is surprising to note how many jew- 
elers and sales personnel have no 
formal training or experience in jew- 
elry display. 

MariAnn Coutchie is one of the 
country’s leaders in the art of store 
planning and jewelry display. Not 
only was she the author of GIA’s 
Jewelry Display Course, but she has 
also written her own book, Jewelry 
on Display. The second edition of 
the book includes updated infor- 
mation on lighting, planning, and 
display props; it is an excellent ref- 
erence guide and handbook which 
details types of composition, themes, 
and color coordination. Accentuated 
with more than 130 black-and-white 
photographs highlighting window 
ideas, window signs, and award- 
winning displays, the book contains 


‘This book is available for purchase at 
the GIA Bookstore, 1735 Stewart 
Street, Santa Monica, CA 90404. 
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87 pages of helpful hints and crea- 
tive suggestions. The presentation 
of the material is well balanced and 
flows gracefully from one topic to 
the next. 

Two areas of consideration not 
discussed at length in the book, 
however, deserve serious attention 
by the displayperson. First, security 
in windows and counters must be 
scrutinized, and second, precautions 
about placing light- or heat-sensi- 
tive materials in the window should 
be examined. The displayperson must 
not only be trained in artistic dis- 
play procedures, but should also have 
some concrete gemological knowl- 
edge as well. 

While this book may not give 
you all of the answers to the intri- 
cacies of window display, it cer- 
tainly is a valuable tool for the 
novice salesperson and experienced 
displayperson alike. 


NOEL KRIEGER 


Instructor, GIA : 


CLASSIC MINERAL 
LOCALITIES OF THE 
WORLD: ASIA AND 
AUSTRALIA 

By Philip Scalisi and David Cook, 
226 pp., illus., published by Van 
Nostrand Reinhold, New York, NY, 
1983. US$29.50* 


This is the first in a series of vol- 
umes describing the classic mineral 
localities of the world. It was writ- 
ten as a reference manual for anyone 
interested in gems or minerals: from 
the professional gemologist or min- 
eralogist to the amateur or hobbyist. 

The book is divided into two 
parts: the first includes Japan, China, 
Burma, Sri Lanka, India, Afghani- 
stan, Iran, and the U.S.S.R.; the sec- 
ond deals with Australia. For each 
locality there is a brief geographical 
description and a discussion of his- 
torical development, including dis- 
covery and subsequent mining, fa- 
mous specimens, and some gemstone 
lore. The geology of the deposits is 
briefly described, as is the charac- 
teristic crystallography of typical 
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specimens. Of special interest to 
those collecting mineral specimens 
from these localities are the crystal 
drawings found throughout the book. 
Most of these were taken from the 
Atlas der Krystallformen, by Victor 
Goldschmidt, which was published 
in nine volumes between 1913 and 
1923. The text is also well illus- 
trated with maps, black-and-white 
photographs, and drawings of loca- 
tions, and black-and-white and color 
plates of fine gem and mineral spec- 
imens. Most of the location photo- 
graphs were taken in the early 1900s, 
so their quality is sometimes poor. 
And although the old photographs 
evoke the classical nature of these 
localities, current photographs of the 
areas still being mined would make 
the text more useful. 

Since this is a text of classic lo- 
calities, many deposits are not cov- 
ered, and some readers may be dis- 


appointed that their favorites were - 


not included. A couple of examples 
of omissions are the ruby deposits 
of Thailand and Cambodia and the 
nephrite deposits of China. How- 
ever, there are enough gemstone de- 
posits described to warrant space for 
this book on every gemologist’s 
shelf. Among the most notable are 
Burma’s rubies and jadeite, Kash- 
mir’s sapphires, India’s diamonds, 
the gems of Sri Lanka and of the 
Ural Mountains (U.S.S.R.], and Aus- 
tralia’s opals. 

This book is a pleasure to read. 
It will be enjoyed by the casual reader 
as well as the researcher. We can 
look forward to the other volumes 
in this series. 


GARY HILL 
Resident Colored StonesiGem 
Identification Instructor, GIA 


GLASS ENGRAVING 

By Barbara Norman, 190 pp., illus., 
published by Arco, New York, NY, 
1981. US$25.00"* 


According to the introduction, Glass 
Engraving is intended as a guide to 
future glass-engraving hobbyists. The 
book begins with a brief overview of 


the history of glass engraving and 
continues with discussions of cur- 
rent methods of engraving, how to 
photograph and display engraved glass, 
and how to pack glass for safe trans- 
port. It concludes with a lengthy 
chapter describing the work of 30 or 
so modern-day glass engravers in 
the United Kingdom, United States, 
Canada, and Australia. 

Ostensibly a how-to-manual, the 
book falls well short of this mark. 
The discussions of how to choose 
glass to engrave, what tools to use, 
how to set up a work space, and es- 
pecially how to do diamond-point 
engraving, drill engraving, acid etch- 
ing, and gilding, are cursory and 
could serve only to whet the appe- 
tites of interested readers—certainly 
not to instruct them in actual tech- 
niques. In great contrast, the discus- 
sions of how to photograph, display, 
and transport glass are overly de- 
tailed, long, and tedious. 

The book is illustrated with 59 
black-and-white plates randomly 
grouped into three clumps, posi- 
tioned haphazardly in the text with 
no relation to specific topics being 
discussed. Individual plates are never 
explained by the author or specifi- 
cally referred to in the text. 

The chapter on contemporary glass 
engravers is irrelevant and pointless. 
The work of each craftsman is su- 
perficially described in a paragraph 
or two and generally not illustrated 
in the plates. And it seems doubtful 
that you will find an opportunity to 
view this handiwork firsthand, since 
most of these engravers live in re- 
mote hamlets scattered across the 
globe. 

There are four appendixes—de- 
signs (motifs) to trace, some sup- 
pliers of tools and equipment, where 
to see exhibits of engraved glass, and 
13 books for further reading—all 
sketchy, random, and incomplete. 

Gems & Gemology readers will 
find little in this book to enrich their 
lives. At best, a mild interest in glass 
engraving might be piqued. 


JENNIFER PORRO 
Los Angeles, CA 
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DIAMONDS 


DeBeers reports that world sales of diamond jewelry 
rose in 1982 to 33 million pieces from 32 million pieces 
in 1981, and Christmas sales of jewelry exceeded ex- 
pectations, 

Interest in medium- and higher-grade diamonds is 
picking up, and small polished diamonds are in short 
supply, according to Antwerp dealers. 

A new diamond imitation has been circulating dur- 
ing the past year. It is a doublet consisting of a diamond 
crown and a cubic zirconia pavilion, The difference in 
girdle textures is immediately evident in the case of 
loose stones. In the case of mounted stones, however, 
British gemologist Alan Hodgkinson suggests the fol- 
lowing tests: (1} look for a “picture frame” effect as the 
table facet is reflected off the junction plane; (2) hold 
a pin over the table—the pin will reflect from the table 
and from the junction plane as well; (3) use a fiber-optic 
light to pinpoint the reflection from the table and junc- 
tion plane (Retail Jeweller, June 3, 1982}. 


Australia, Anew company, Argyle Diamond Sales Ltd., 
will be marketing the 95% of Argyle diamonds pro- 
duced for Conzinc Riotinto Australia and Ashton Min- 
ing Ltd. Initial mining of alluvial diamonds is expected 
to produce 5 million carats annually until mid-1985, 
when operations will commence at Kimberlite pipe 
AK1. The pipe should produce 2.9 million tons of kim- 
berlite over a 20-year period, at a rate of 20 to 25 mil- 
lion carats per year (four to five tons of material), Min- 
ing in the area is foreseen for possibly 40 years. The 
deposit at Ellendale is not yet considered economically 
feasible. Four hundred and forty workers will work the 
mine. 

Exploration in Western Australia during the three 
months prior to September 30 yielded 139,000 ct of 
diamonds. One hundred and twenty-six thousand car- 
ats were produced from 50,000 tons of ore, the largest 
crystal weighing almost 12.2 ct. 


Belgium. Despite the recession, the import of dia- 
monds into Antwerp, chiefy rough, maintained through 
the first 10 months of 1982 a 6% increase over the com- 
parable period of 1981. 

Twenty percent of Antwerp’s 8,000-member dia- 
mond work force are unemployed, and a similar num- 
ber are only partially employed, according to industry 
figures. To increase the competitiveness of this cutting 
center, the Industrial Committee of the Diamond High 
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Council in Antwerp is conducting a retraining school. 
The aim is to teach techniques for additional cuts that 
are currently in demand in the world market. 


Botswana. “Orapa House,” Botswana’s new sorting 
headquarters, has been opened in Debswana, so that 
the nation’s growing diamond production can be sorted 
and priced within the country. Orapa, Letlhakane, and 
Jwaneng, Debswana’s mines, are expected to produce 
9.5 million carats of gem and industrial diamonds by 
1985. 


China. This past fall, the geological bureau of Shandong 
province recorded the discovery of a 96.94-ct diamond 
at the Chenjiafu diamond placer mine near Tancheng. 
Two other large diamonds were found in that area in 
1979 and 1981; they weighed 158.79 ct and 124.27 ct, 
respectively. In addition to these stones, numerous dia- 
monds of over 10 ct and large quantities of chrome-con- 
taining gem garnets were found in the same location. 
According to the bureau, a general survey of the area 
is being conducted to search for the as-yet-undiscov- 
ered primary deposit. 


Guinea. Production of diamonds and gold in the Baule 
Basin of Guinea is scheduled to start in early 1984. 
Aredor, a joint venture of the People’s Revolutionary 
Republic of Guinea (50% }, Bridge Oil of Australia {45%}, 
Industrial Diamond of London (2.5%), and Simonius 
Vischer of Switzerland (2.5%), is expected to process 
400,000 cubic meters of diamond-bearing gravels per 
year and to maintain that level of production for 14 
years. The rate of diamond recovery is estimated at 0.05 
ct per cubic meter. Up to 80% of the diamonds are 
purported to be of gem quality. 


Israel, Ramat-Gan’s net diamond exports for 1982, 
which had been predicted to reach $800 million, rose 
to $900 million before the year’s end. Exports to Hong 
Kong, the U.S., and Japan increased, while net imports 
(primarily of small stones} rose nearly 30%. 

As a result of a labor dispute in Israel’s diamond fac- 
tories, workers are receiving a 10.9% pay increase ret- 
roactive to September 1, 1982. The increase met the 
approval of the nation’s manufacturers, labor unions, 
and government. 


Japan. As of April 1, 1983, the 3.1% customs duty on 
polished diamonds has been abolished. Leading bene- 
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ficiaries of the action are Israel, Belgium, and India, 
which combined represent 73% of Japan’s annual pol- 
ished diamond imports. 

Diamond jewelry sales in Japan reached $3.2 billion 
in 1981, over five times the amount recorded for 1971. 
Figures for 1982 are expected to be on a level with 1981. 


Portugal. Illicit diamond traffic in Portugal is estimated 
at 1.5 million carats. The Angolan government, suffer- 
ing the loss of revenues from its Diamang mines, has 
requested help from Portugal in curbing the smuggling. 


Singapore. South Asia Diamond Company, the Singa- 
pore polishing plant organized in the Kallang Basin in- 
dustrial estates, completes its first year’s operation 
with an output of 1,250 to 1,500 ct per month. The 
company polishes diamonds with computerized ma- 
chines. The staff of 40 workers has been trained by cut- 
ters from Britain, Belgium, and Israel. 


South Africa. A diamond weighing 64.94 ct was re- 
covered in the latter part of 1982 at the Octha Mine 
near Sendelingsdrift on the Orange River. It has been 
speculated that the crystal would yield a round brilliant 
of at least 26 ct. The color of the rough is estimated at 
F or G and the clarity at flawless to VVSI. 


U.S.A, Visitors to the Crater of Diamonds State Park, 
Park County, Arkansas, found approximately 1,300 
diamonds—the majority of which are suitable only for 
industrial use or as mineral specimens—in 1982. The 
mining is considered a recreation; 68,000 people visited 
the park during the year. 


Venezuela. Venezuela’s annual output, down from 
800,000 to 750,000 ct in 1981, is expected to drop to 
less than 500,000 ct for 1982. Approximately 21% of 
the production is of gem quality. 


COLORED STONES 
Cat’s-eye Chrysoberyl. A large quantity of cat’s-eye 
chrysoberyl was discovered on a ranch in central Zim- 
babwe, close to the Sandawana emerald deposits. In- 
asmuch as most cat’s-eye material comes from second- 
ary deposits—decomposed pegmatites or alluvials—this 
discovery may lead to the actual source of the stones. 


Emeralds. Machinery made in the area of Ramat-Gan, 
Israel, is being used by the Israel Emerald Cutters As- 
sociation to produce large quantities of emeralds in cal- 
ibrated sizes. The new equipment improves cutting ef- 
ficiency while increasing the yield from rough stones. 

In 1982, three emerald deposits were discovered in 
Pakistan, at Charbagh, Makad, and Gujar Killi in Swat. 
The Gujar Killi emeralds will be mined by open-pit 
methods. Existing emerald mines at Mingora, Swat, 
will be modernized. Deposits of aquamarine and golden 
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topaz have been located in northern Pakistan. Topaz 
occurrences at Katlang, in the Mardan district, are cur- 
rently under study. 

The Santa Terezinha deposits in the Brazilian state 
of Goias, discovered within the past two years, may be 
mined only by native Brazilians, by order of the gov- 
ernment. To date, the largest reported clean stone is a 
60-ct crystal. 


Pearls. Japan’s export of cultured pearls decreased con- 
siderably during 1982; records for the first eight months 
show a 14% drop when compared with the same period 
for 1981]. 

Small Biwa and Keshi pearls are difficult to obtain, 
but medium-sized pearls are in sufficient supply. It is 
not presently known what quantities the spring Biwa 
harvest will yield. 

Chinese freshwater cultured pearls are plentiful. 


Quartz. An amethyst deposit has been discovered in 
the Brazilian state of Goias, 35 km from the Santa Ter- 
ezinha emerald mines. 

Demand for fine, large amethysts is reportedly 
strong. Supplies of commercial grades from Africa and 
South America are adequate (see the following section 
on “Tucson” for a description of amethysts from an- 
other new source in Brazil), although Zambian exports 
have been interrupted for political reasons. 

Fine citrines are also showing increased popularity; 
supplies in all sizes and grades are plentiful. 


Taaffeite. In December, the discovery of another taaf- 
feite was reported. The 2.41-ct specimen was included 
in a parcel of assorted rough purchased in Thailand. 
The stone is colorless, waterworn, and irregular in 
shape. The ordinary ray has an R.I. of 1.717, and the 
extraordinary, 1.720, with a birefringence of 0.004 and 
a specific gravity of 3.59. There are iron oxide stains in 
cracks, and the crystal contains small planes of liquid 
and crystal inclusions. Only about 50 specimens of 
taaffeite have been identified to date. 


Topaz, Radioactive Irradiated. The Brazilian govern- 
ment is investigating unauthorized irradiation of gem- 
stones at its two nuclear reactor facilities following the 
recent discovery that some irradiated topaz exhibited 
excessive levels of radioactivity. Stones irradiated by 
high-energy electron beams or by gamma radiation do 
not retain appreciable radioactivity and are quite safe 
for jewelry use. Stones that have been treated in atomic 
piles, however, are exposed to neutron radiation, which 
can cause lasting radioactivity. American gem dealers 
are concerned that Brazil may end all irradiation of 
stones to curtail the supply of irradiated topaz—in the 
interests of economics as much as of health. 


Tourmaline. The Himalaya Mine in Southern Califor- 
nia is continuing to produce pink, green, and bicolored 
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tourmalines. The crystals are generally one-half to two 
inches {1—5 cm] in length, although some are three 
inches (7.5 cm] or longer. A substantial proportion of 
the material is recovered as gem “pencils.” The average 
yield for one month is 100 to 200 pounds of all quali- 
ties. Approximately 80% is bead material, 10% fine 
bead, 8% cabochon, and 2% suitable for faceting. The 
largest stone cut from a Himalaya crystal thus far is a 
75-ct bicolor. 


Synthetics. The Ramaura Created Ruby, introduced 
this year at the February Tucson show, is being pro- 
duced and will soon be marketed in Southern Califor- 
nia. It has been manufactured in a range from dark red 
to lighter red with pink overtones, and in orangy to 
purplish hues. Flux grown, it displays characteristic 
flux inclusions, in addition to growth zoning and some 
color zoning. The manufacturer reports that the ma- 
terial will be doped to produce a characteristic fluores- 
cence. This synthetic will be discussed at length in an 
article currently being prepared for Gems & Gemology. 
In the experimental stage is a hydrothermal emerald 
with mid-range optical and physical properties. It is 
nonfluorescent and close to inclusion-free. 


TUCSON, 1983 as 


Initiated in 1955 by the Tucson Gem & Mineral Soci- 
ety, what began as a two-day show for eight small min- 
eral dealers has become a two-week event involving 
hundreds of dealers gathering from around the world 
to exhibit gems and mineral specimens in eight hotels 
in addition to the Tucson Community Center. There 
was more activity at Tucson in 1983 than has been seen 
there the past two years, and participants hoped the 
attitude presaged an improved business climate for 
jewelers and gem dealers in the months to come. 
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Figure 1. These star 
sapphires and cat’s-eye 
chrysoberyls are 
representative of some of 
the fine gems seen at the 
February 1983 Tucson gem 
and mineral show. Upper 
row, left to right: 70.26 ct, 
63.07 ct, 78.52 ct. Lower 
row: 12.08 ct, 17.08 ct. 
Photo © 1983 Tino 
Hammid. 


Sri Lankan rubies and sapphires were seen in abun- 
dance. In recent months, fancy-colored sapphires have 
been more readily available in the Far East, although 
blue stones, particularly in calibrated sizes, have been 
scarce in fine quality. 

Attracting a great deal of attention was a 1,126-ct 
pinkish orange sapphire crystal (illustrated on page 35 
of this issue] reported by its owner to have been re- 
cently removed from Ratnapura in January. It was ex- 
pected to yield a cut stone of at least 200 ct. The same 
concern displayed four translucent deep blue star sap- 
phires, in weights ranging from 70.26 to 87.06 ct, and 
several fine cat’s-eye chrysoberyls (see figure 1}. 

Yogo sapphires were also seen. These lighter and 
brighter blue sapphires, mined in Montana and pro- 
moted by a Denver-based firm, will be marketed in fin- 
ished jewelry pieces throughout the U.S., Europe, and 
Japan by the end of 1983. 

Spinels, especially in reds and pinks, have been 
plentiful in Bangkok, and were shown by numerous 
dealers. Topaz was in good supply, especially in rough 
form, and several faceted imperial topazes were on 
display. 

There was a great deal of tourmaline, including in- 
dicolites and rubellites. Rubellites from last year’s dis- 
covery in Ouro Fino (near the southern tip of Minas 
Gerais, Brazil) were displayed, including a 48.32-ct fac- 
eted oval-shaped stone. Approximately 85% of the fac- 
eted stones from the mine’s yield are smaller than 4 ct. 
There have been, however, a number of 9-ct stones; the 
oval stone, known as the Princess of Ouro Fino, is the 
largest yielded by the mine. The fine red material, of 
exceptional clarity, was found in two pockets, both of 
which are now depleted. 

Emeralds were plentiful. Two particularly large 
stones, one of 44.07 ct and the other of 47.30 ct, were 
shown by different companies. What is reported to be 
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Figure 2. This 667-ct Muzo emerald crystal (24 
in. high x 1% in, wide) was on display at the 
Tucson Community Center. Stone property of 
Allan Caplan, New York, NY. Photo © 1981 
Harold & Erica Van Pelt—Photographers, Los 
Angeles, CA, 


one of the finest emerald crystals known to exist today 
was on display at the Tucson Community Center {see 
figure 2]. The 667-ct deep-green crystal came from the 
Muzo mine in Colombia. 

In spite of repeated reports concerning the rarity of 
tanzanites and tsavorites, especially in substantial sizes, 


a number of both were shown. (The tanzanite mine is 
closed, and the Tanzanian military has halted mining 
of the dumps. However, the Tanzanian government is 
in the process of taking over the mine, and should be 
releasing more material in the near future. A number 
of Kenyan tsavorite mines have closed; the cost of pro- 
duction—gasoline for vehicles is a serious considera- 
tion—became prohibitive.]} 

A new find of aquamarine, displayed in rough form, 
came from Hunan, China. The crystals were less than 
10 cm in length, and of a medium blue reminiscent of 
Pakistan material. 

There were a number of fine Burmese peridots, in- 
cluding one of 77.5 ct. Another dealer had six stones 
of 40 ct each, all cut from the same crystal. 

A fine 14.74-ct alexandrite exhibited a color change 
from plum to olive green. There was also an intense 
green 4.35-ct faceted demantoid, which displayed an 
easily eye-visible horsetail inclusion under the table. 

Amethyst was seen in quantity. Fine-colored ame- 
thyst has been coming from Para State, Brazil, since 
last summer. The material is intense, with red over- 
tones, and is found in crystals of up to 40 ct. Many deal- 
ers were also displaying synthetic amethyst. 

Sugilite was abundant en cabochon and in carvings, 
as well as in a few faceted stones. 

A golden yellow fluorite of 1,031 ct was displayed 
in the main show at the Tucson Community Center. 
It is reported to be the world’s largest faceted eye-clean 
fluorite. 

Also on exhibit at the main show were some sizable 
crystals of spodumene and tourmaline from a pegma- 
tite discovery made a year ago in Nuristan, Afghani- 
stan. Morganite in feldspar, quartz in feldspar, and 
lepidolite mica were also found in the pegmatite. Ap- 
proximately 25% of the spodumene and tourmaline has 
been cut into stones. Some of the tourmaline was sent 
to China for carving. It is reported that the mine own- 
ers were able to smuggle the bulky material out of the 
country despite the Russian occupation. 


ANNOUNCEMENTS 


AGTA Design Contest 

The American Gem Trade Associa- 
tion has announced the first com- 
petition to promote the design of 
colored-stone jewelry. The contest 
is open to participants throughout 
the world from students to profes- 
sional jewelry designers. At least 
80% of the gems in the finished piece 
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submitted must be colored stones, 
and no more than 20% may be dia- 
monds. Awards will be made during 
the AGTA Fair and Conclave in 
Tucson, Arizona, February 1984. 
Rules and applications are available 
from the AGTA Spectrum Award 
Commission, P.O. Box 32086, Phoe- 
nix, AZ 85064. The deadline for en- 
tries is July 29, 1983. 


GASA 

The Gemmological Association of 
South Africa has been established in 
Johannesburg. The president is 
Arthur Thomas; Ian Campbell 
(founder of the Rhodesian Gemmo- 
logical Association} is secretary. 
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Editorial 


SYNTHETICS MANUFACTURERS: 
SOME HELP, SOME HINDER 


RICHARD T. LIDDICOAT, JR. Editor-in-Chief 


ver a period of time, the laboratories of the Gemological Institute of America have 

worked with a number of individuals and firms whose occupation is the synthesis 
of gem materials. The products of many of these manufacturers have been described in 
the pages of this journal. In the process we have found wide variations in attitude toward 
the consuming public, the jewelry industry, and gem testing laboratories. There are huge 
differences in the degree to which manufacturers cooperate in their efforts to help jew- 
elers and gemologists distinguish their products from natural counterparts. Some man- 
ufacturers provide information and samples before marketing a new product, some make 
continuing supplies available without charge, or at cost for use in instructional purposes; 
and a few go so far as to try to build some identifying characteristic into their manufac- 
tured gem materials. 


Unfortunately, there are others who are not only uncooperative in the avenues men- 
tioned, but seem to make every effort to make products that are indistinguishable from 
natural gemstones. 


It is one thing for a very well equipped scientific gemological laboratory to be able to 
distinguish natural from artificial materials, but it is something else for the average, 
relatively poorly equipped small jeweler to detect the artificial product. Synthetics cut 
by hand by native workers in the Orient often have a deceptively natural appearance that 
one limited to the use of a loupe or even a microscope, but without significant experi- 
ence, would find almost impossible to detect. 


It is our opinion that the manufacturer owes the consuming public, as well as the jewelry 
industry, a high degree of cooperation, and that he or she should make every effort to 
ensure that synthetic gem materials are as readily identifiable as it is in the realm of 
possibility for that manufacturer to accomplish. 


We commend those who do their best to assist. We condemn the approach of those who 
do their best to deceive. 
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KASHMIR SAPPHIRE 


By David Atkinson and Rustam Z. Kothavala 


The unique beauty of gem sapphires from 
Kashmir has brought fame to a locality 
about which little has been reported in 
recent years, After an initial burst of 
activity 100 years ago, the production of 
these gemstones has slowed to a trickle 
and the majority of the corundum from 
these mines today is of industrial grade. 
Despite evidence of other gem mineral 
occurrences in the area, difficult terrain 
and political factors have impeded their 
exploitation. This article, the result of an 
expedition to the deposits in 1981, 
chronicles the history of the Kashmir 
mines, describes the characteristics of the 
sapphires found there, and examines the 
outlook for the future of this area. 
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ince their discovery in 1881, the legendary sapphire 

deposits of Kashmir have acquired a reputation based 
on a mixture of fact and fantasy that is usually associated 
with the ancient gem mines of the world. Situated in the 
high Himalaya Mountains of northwest India and de- 
scribed in early reports as ‘the region beyond the snows,” 
the locality is so remote that to this day only a handful 
of trained geologists have visited the site. Consequently, 
little has been published on the deposits in recent years 
and even less on the stones mined there. Because out- 
siders were strictly forbidden to enter the Paddar region 
of Kashmir until 1979, Dr. Kothavala’s earlier efforts to 
visit the sapphire deposits were refused. In 1981, he in- 
vited Mr. Atkinson to join him in a renewed attempt to 
reach the mines. Until the authors’ visit during the sum- 
mer of 1981, the last known Westerner to inspect the site 
was R. V. Gaines in 1944. Accounts of that trip were pub- 
lished in 1946 and 1951 (Gaines). First reports, although 
informative and detailed, pertain only to the early years 
and lie scattered among the voluminous records of gov- 
ernment geologists during the days of the British raj. 
More recently, in 1961, the state government of Jammu 
and Kashmir undertook a detailed feasibility survey, but 
the results of this study remain confidential. One reason 
for the dwindling worldwide interest in these mines is 
the paucity of fine gems produced after 1908. Such scar- 
city would long ago have doomed the locality to insig- 
nificance were it not for the unique beauty of the few 
stones that still emerge. Similarly, the inaccessibility of 
the mines is tempered only by the awe-inspiring beauty 
of their surroundings. Even the 19th-century geologists 
felt compelled to devote entire paragraphs to describe car- 
pets of wildflowers and majestic scenery in their other- 
wise staid reports. 

Few gemologists would dispute that a fine Kashmir 
stone displays a character that sets it apart in a world rel- 
atively abundant in corundum gems (figure 1). Over the 
years, the term Kashmir has come to signify the most 
desirable and expensive of blue sapphires. The protracted 
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territorial dispute between India and Pakistan over 
the state of Kashmir, plus the outlawing of pri- 
vate trade in Kashmir sapphires since the early 
1880s by the maharajah, have conspired to sur- 
round the mining and trading of these stones with 
an aura of secrecy and suspicion. Add to that the 
extreme cultural isolation of the local people, 
whose small villages lie in narrow valleys among 
mountains that rise to more than 6,000 m (20,000 
ft}, and one has the necessary ingredients for a leg- 
end that compares with Shangri-La (figure 2). 

The purpose of this article is to set the partic- 
ular conditions pertaining to the area in perspec- 
tive. It seeks to chronicle the major developments 
at this occurrence in the 100 years since its dis- 
covery, review what little literature exists on the 
subject, and provide some insights into the very 
limited but continuing trade in Kashmir sap- 
phires today. In addition, a brief commentary on 
the geology of the area and a discussion of the 
gemological characteristics of Kashmir stones are 
provided. 


HISTORY | 

As early as 1882 (Mallett) and 1890 (La Touche], 
reports by government geologists to the Geolog- 
ical Survey of India concurred that the discovery 
of sapphires in a glacial cirque above the village 
of Sumjam, on the southwest slopes of the rugged 
Zanskar Range (figure 3), was the result of a land- 


Kashmir Sapphire 


Figure 1. This 6.7-ct sapphire from the Hixon 
Collection at the Los Angeles Museum of 
Natural History displays the distinctive velvety 
texture for which Kashmir stones are 
renowned. Photograph ©1978 Harold and Erica 
Van Pelt—Photographers, Los Angeles, CA. 


slide that took place some time in 1881 (see chro- 
nology in box). Minor quakes and avalanches are 
frequent in this geologically active region. It is 
clear from various letters and communications by 
missionaries and traders who lived in the area at 
the time that the local inhabitants had been aware 


Figure 2. Zanskari traders, 
crossing the high mountain 
passes, were first 
responsible for bringing 
the sapphires from Paddar 
to the attention of the 
outside world. Photo by 
Meher. 
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of several different corundum deposits (Mallett, 
1882; Shepard, 1883). Conversations with vil- 
lagers during the expedition in 1981 verified that 
opaque, grayish corundum crystals had been used 
as flints and as crude abrasive tools from very 
early times. The exposure in 1881 of a concen- 
trated pocket of gemmy blue crystals sparked 
enough local excitement to initiate exchanges 
with itinerant traders from the neighboring val- 
leys of Zanskar and Lahul. After crossing the 
Umasi-La Pass (5,290 m} in order to reach Sumjam, 
in the valley of Paddar, these merchants were at 
first skeptical and had to be cajoled into trading 
the nilam (‘blue stone’’) for salt on a weight for 
weight basis. Eventually, these stones found their 
way to larger commercial centers, usually in the 
company of more traditional and humble min- 
erals, notably borax and salt. It was in the mar- 
keting centers of Kulu and Simla (the summer 
capital of India] that the crystals were positively 
identified and their true value recognized. The 
news spread quickly. By the end of 1882, a syn- 
dicate of jewelers had paid the equivalent of 
US$90,000 for a lot of fine crystals (Mallett, 1882). 
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Figure 3, Map 
showing the location 
of the Kashmir 
sapphire deposit in 
Paddar and its 
relationship to the 
mining districts of the 
Hunza Valley and 
Badakhshan. Artwork 
by Christine Wilson. 


From these reports it can be inferred that the early 
production was quite abundant. 

By 1883, the maharajah of Kashmir had 
claimed his rightful ownership of the mines and 
declared all private trade in the stones a punish- 
able offense. Not surprisingly, the local Paddaris, 
disconnected from affairs of state, deeply resented 
the stationing of a contingent of the maharajah’s 
elite Dogra guards at the mine. This sentiment 
persists still in the valley, where the authors had 
the opportunity to talk with both the local vil- 
lagers and the police stationed at the mines, Until 
1887, various government officials were dis- 
patched to the mine to oversee the collection of 
sapphire on behalf of the state and to prevent 
rampant smuggling and raiding of the site, which 
later became known as the Old Mine (figure 4). 
Their efforts reaped enormous wealth for the state, 
and led to the fabled collection of crystals and 
gems held at the state treasury (some of which are 
described later in this article]. As dramatically as 
it had begun, production slowed to a trickle as the 
initial pocket of sapphire was worked out. In 
1887, the Kashmir Durbar acquired the services 
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CHRONOLOGY OF THE KASHMIR DEPOSITS 


1881 


A landslip exposes blue crystals embedded 
in altered pegmatites high on the north wall 
of the cirque. Local villagers begin trading 
for consumer goods, Tibetans from Zanskar 
trade salt for sapphires, weight for weight. 
Crystals begin to appear in Kulu, to the 
south. 


Crystals begin to appear in Simla, where 
syndicates of jewelers rush to buy them. 
About this time, the maharajah of Kashmir 
dispatches troops to guard the mine and 
prohibit dealing. 

Mining operations are in the hands of the 
maharajah’s army officers. Crystals up to 
12.5 cm long and 7.5 cm wide are dug from 
the site, which would later become known 
as the Old Mine. The finest large stones are 
recovered during this period. 


T. D. La Touche undertakes the first de- 
tailed survey of the deposits for the Geo- 
logical Survey of India in response to a re- 
quest for assistance by the Kashmir Durbar. 


‘He finds the initial pocket exhausted and 
‘turns his attention to the exploitation of 


placers, which lie below the scree and talus 


_on the valley floor. In the process, the last 


great sapphire, a 933-ct parti-colored stone, 
is found. 


La Touche’s ingenious attempt to create a 
fresh landslide to uncover new deposits fails. 
During the summer of 1888, 23,300 ct of 
sapphire are mined, but the material yields 
few stones over 10 ct. 


A 16-year lull in official operations. The 
flow of sapphires is restricted to illegal 
activities, 


The first mining by private interests is per- 
mitted. The maharajah of Kashmir grants 
a lease to the Kashmir Mining Company. 
The company’s mining engineer, C. M. P. 
Wright, after detailed analyses, reworks the 
earlier placer deposits and obtains many 
fine stones. 


An experimental trench is dug a few 
hundred meters to the southeast of the Old 
Mine. Although some corundum crystals 
are discovered, the potential value of what 
will later be known as the New Mines com- 
plex goes unnoticed. 


Difficulties of climate and conditions force 
Wright to abandon the project. 


The area is worked for a season by the state 
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mining and prospecting officer, Lala Joti 
Prashad. Only gray and semitranslucent co- 
rundum is found, confirming the popular 
belief that the source is depleted. 


Noted Himalayan geologist Pandit Labhu 
Ram Badyal undertakes a detailed mapping 
of the area, and announces the discovery of 
several occurrences of sapphire (some pink). 


A prospecting license is granted to Lala Ja- 
gan Nath, who reopens the trench begun by 
Wright in 1907. Over 60 kg of sapphire- 
bearing corundum are removed from these 
“New Mines” until the license is revoked 
in 1927 for undisclosed “irregularities.” 


Over 450 kg of rough corundum crystals are 
extracted from Lala Jagan Nath’s trench in 
15 days. 


Production of sapphire falls significantly, 
marking an end to the second phase of min- 
ing in Paddar. 


The lowest yields are reported during this 
period, undoubtedly a result of the outbreak 
of World War IL. 


R. V. Gaines visits the deposits, gaining ac- 
cess from the south. The first Western geol- 
ogist to visit the site in many years, he col- 
lects some specimens, which are later lost. 


Sporadic mining by private lessees. Al- 
though production is substantial, the stones 
are not as good as those found during the 
early years. 


The government of Kashmir mines the de- 
posits intermittently, mostly at an operat- 
ing loss, while maintaining exclusive con- 
trol of the mine. 


The Kashmir government’s assistant geol- 
ogist, P. L. Raina, compiles a detailed but 
confidential report on the Kashmir mines. 


The last public sale of rough sapphire to 
date takes place in Srinagar. 


Various agencies of the state and central 
governments, in turn, survey the deposits 
and formulate mining strategies, but no new 
developments occur. Most years, the pro- 
duction is not profitable. Helicopters are 
employed to transport the yield to process- 
ing centers further south. Few major stones 
appear in the government takings. 

Mining operations cease. The government 
once again considers negotiating a lease with 
closely scrutinized but independent operators. 
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Figure 4. Panorama of the cirque in which the sapphires were first found, showing (1) Rubellite Mine, 


4,650 m; (2) Old Mine, 4,500 m; (3) New Mines, 4,550 m; (4) burrows dug by early miners for shelter; 


of the Geological Survey of India’s deputy super- 
intendent, T. D. La Touche, to carry out the first 
detailed survey and estimate of future potential. 
La Touche’s results were presented in his land- 
mark report of 1890. Since then, only one com- 
prehensive survey has been published (Middle- 
miss, 1931). Later surveys, undertaken by various 
government agencies since India’s independence 
in 1947 and extending to the late 1970s, remain 
confidential. 

On the recommendations of La Touche, crude 
washing troughs were constructed, using lumber 
carried from hundreds of meters below the mine. 
However, his attempts to exploit the alluvial 
deposits already discovered on the floor of the 
cirque at the base of the Old Mine yielded only 


one spectacular stone, and the mine was aban- 
doned for 16 years until the government leased 
the prospect to private interests (Minerals Year- 
book, 1906). It is evident from the frequent change 
in lessees that followed that the combination of 
impossibly harsh mining conditions, constant 
raiding by unauthorized parties, and the lack of 
major crystals made mining less and less attrac- 
tive. Nevertheless, several interesting develop- 
ments during this period pointed the way to fu- 
ture potential for the mines. La Touche had 
reported finding loose blocks of corundum in ma- 
trix on the north slope behind the Old Mine, 
known as the “back slope” (see figure 5), but was 
unable to trace this material to its exact source. 
In addition, he postulated the existence of further 


Figure 5. Schematic cross section through the northeast wall of Kudi Valley shows 
pegmatite lenses distributed through the altered marble (actinolite-tremolite). Only those 
lenticles at the surface have been excavated. After Middlemiss, 1931. 
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(5} geologically important actinolite-tremolite body; (6) placers; and (7) typical pegmatite 
intrusion with large pegmatite boulder below. From photos by R. Kothavala. 


placer deposits beneath the floor of the cirque. To 
this day, no success has been reported in finding 
these deposits. In 1906, C. M. P. Wright, of the 
Kashmir Mining Company, lessee of the mine, 
reworked the earlier placer deposit with some 
success before abandoning the mines in 1908. On 
his departure, he did report several occurrences of 
new sapphire outcrops only a few hundred meters 
from the exhausted Old Mine. In his opinion, 
however,. they were of little significance (Mid- 
dlemiss, 1931). 

The failure of sporadic mining during the next 
decade to produce any exciting crystals seemed to 
confirm the belief that the sapphire workings at 
Sumjam had finally been depleted. Nevertheless, 
in 1924 the government commissioned a detailed 
mapping of the area, and several new sapphire 
outcrops were identified. In the years that fol- 
lowed, a second phase of mining was begun at the 
“New Mines” (again, see figure 4). The results, 
although not as spectacular as earlier, were most 
profitable for the private operators—so much so, 
it appears, that the government decided to take 
matters into its own hands once more. In 1927, 
for undisclosed “irregularities,” the mining lease 
was revoked and state mining laws were hastily 
revised (Middlemiss, 1931). A government-con- 
trolled mining project carried out that year yielded 
the largest seasonal production in the history of 
the area (see table 1). Proposals for a state gem- 
cutting operation were drawn up, and a revival of 
the sapphire industry seemed imminent. In 1928, 
however, an experimental batch of rough was cut 
in Delhi and the results analyzed. Of over 900 ct 
of finished stones, fewer than 20 pieces could be 
classed as excellent quality, only two as large as 


Kashmir Sapphire 


TABLE 1. Production (in kilograms) of rough corundum 
in Kashmir from 1888 to 1951.3 


Season From placers From New Mines 
1888 _ 19.0 — 
1907 12.1 51.3 
1908 3.0 27.8 
1926 — 64.2 
1927 — 455.2 
1928 — 40.1 
1933 _ 287.0 
1934 = 215.0 
1935 So 160.0 
1937 = 37.0 
1938 — <1.0 
1943 — 12.0 
1945 — 73.2 
1946 a3 122.1 
1949 — 211.1 
1950 — 28.1 
1951 _ 60.1 


aTable compiled from various sources (La Touche, 
1890; Holland, 1930; Middlemiss, 1931; Minerals 
Yearbook, 1935 ~— 1940; Coggin Brown, 1956). No exact 
details are available on what percentage of these mine 
runs were gem crystals, but alf of the sources quoted 
agree that this percentage declined steadily after 1908. 


6 ct and one of 10 ct (Middlemiss, 1931). 

The new material could not compare with the 
early stones. Tenders were therefore accepted once 
more from private parties, and scanty reports sug- 
gest that at least three different operators worked 
the mines until 1951. Despite large quantities of 
rough extracted (over one million carats in 1949, 
when 50 workers were employed full time during 
the season) only a minute quantity of “incom- 
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Figure 6. Large, well-formed but opaque 
corundum has been found at the foot of 
Hagshu glacier 15 km from the mines, but has 
never been traced to its exact source. This 
crystal measures § cm xX 3cm. Photo by 

Van Pelt. 


parable” stones emerged. With the final disman- 
tling of the maharajah’s political power in 1967, 
the last connections between the maharajah of 
Kashmir and the Paddar mines were broken. Ef- 
fective control of the mines now rests with the 
state government of Jammu and Kashmir. Over 
the past 30 years mining has been intermittent. 
In 1981 the mines were inactive, although at the 
time of writing negotiations are once again under 
way to lease the area to private interests. 


GEOLOGY 
The Zanskar Range occurs in an area of disconti- 
nuity in the Great Himalayan mountain range 
and is separated from the Karakoram and Hindu 
Kush ranges by the feature known as the Indus 
suture, through which the Indus River flows. Al- 
though very little is known about the crystalline 
rocks of Zanskar, the local formations bear many 
similarities to those of the Hunza Valley, 350 km 
to the north, which was recently described by 
Gubelin (1982). One important difference is the 
age of the metamorphics, which are Cambro- 
Silurian (Lydekker, 1883), as distinct from the 
younger Eocene rocks of the Karakoram Range 
(Gansser, 1964). 

The mineralogy of the Paddar deposit is rela- 
tively simple but appears to be unique among 
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known sapphire occurrences. Medium-grade 
metamorphic strata of coarse marble up to 30m 
thick, locally interbedded with biotite gneisses 
and schists, make up the steep ridge near the top 
of which the mines are located (again, see fig- 
ure 5}. These gneisses are alternately graphite and 
hornblende rich, and rather dramatic examples of 
metamorphic crystallization abound. Elsewhere, 
the gneisses are garnetiferous. One specimen col- 
lected from the floor of the cirque displays garnet 
crystals (weathered) of fine color up to 2.5cm 
across in biotite schist. At various places, the 
marble appears to have undergone local modifi- 
cation, forming lens-shaped bodies of actinolite 
and tremolite. These lenses consist of felted and 
radiating aggregate crystals that vary in color from 
an olive green to a bright mint green. The lenses 
range from approximately one meter to hundreds 
of meters long and 30 m thick. A huge actinolite/ 
tremolite “eye” is clearly visible, surrounded by 
marble, in the panorama of the cirque shown in 
figure 4. 

In many places along the mines ridge, the 
stratified beds are intruded by feldspar pegma- 
tites. Where these intrusions are quartz-free and 
surrounded by the actinolite-tremolite bodies, 
sapphires occur in the greatest concentration. The 
corundum crystals are found in lenticles or disc- 
shaped pockets of plagioclase feldspar which has 
been kaolinized. Although these pockets are usu- 
ally only approximately 1 m thick and 3 to 4m 
long, the sapphires ‘‘occur as thickly as plums in 
a pudding” (Middlemiss, 1931). Here and there at 
depth, the weathered china clay gives way to solid 
pegmatite, which required the use of dynamite in 
later years (see ‘Mines’ below). The lenticular 
intrusions appear to be quite pervasive and have 
been located on the slopes behind the mines ridge, 
where they show no signs of kaolinization. On 
this “back slope,” and in several other places as 
far as 14 km from the mine, blocks of pegmatite 
containing corundum (figure 6) have been found, 
though they rarely have been traced to their ac- 
tual source. Such blocks of “corundiferous gran- 
ite” (La Touche, 1890) suggest that further gem 
deposits may someday come to light. During the 
1981 expedition, a sample of pegmatite was found 
in which corundum crystals up to 2.5 cm in length 
form over 60% of the rock. This was collected on 
the floor of the cirque and almost certainly came 
from some point high on the mines ridge. At the 
extreme right of figure 4 can be seen an enormous 
block of pegmatite. 
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Several reports have been made of corundum 
crystals found in contact with the bordering 
graphite biotite gneisses, and it is in these in- 
stances that the pink sapphire crystals {rare in 
this locality) have been observed {(Middlemiss, 
1931}. Such a cluster of pink sapphire crystals is 
pictured in figure 7 next to a more typical blue 
crystal. References to rubies found in the Paddar 
district are few {e.g., Shepard, 1883). Although 
such occurrences are not unlikely, these reports 
remain unverified. 

Several associated pegmatite minerals have 
been recovered from the mines and surrounding 
areas. Most notable among these are rubellite up 
to 7.5 cm in length (found at a locality only 300 m 
from the Old Mine}, and green tourmaline up to 
2.5 cm in length and aquamarine up to 20 cm in 
length and 7.5 cm in diameter (found at various 
localities). Since none of these gem materials has 
been found in quantity, they have never been seen 
as potentially profitable. Rare examples of such 
crystals are pictured in figure 8. Other reported 
mineral occurrences include hambergite (Burton, 
1913), cookeite, prehnite, amblygonite, lazulite, 
amethyst (Mallett, 1905), black and brown tour- 
maline (Bauer, 1906}, kyanite associated with 
quartz (La Touche, 1890), and fluorite {Middle- 
miss, 1931}. Occurrences of spodumene and green 
euclase described by La Touche (1890) were later 
found to be amblygonite (Mallett, 1905) and tour- 
maline (Gaines, 1951), respectively. It has also 
been noted that the important actinolite/tremo- 
lite formation is a common feature of the regional 
geology (Middlemiss, 1931). The implications are 


Figure 8. Aquamarine and 
tourmaline have been found in 
Kudi Valley. The crystals 
pictured are from another 
locality only 8 km from the 
sapphire mines. An included 
crystal of black tourmaline can 
be seen within the aquamarine. 
Tourmaline inclusions have also 
been observed in Kashmir 
sapphires. The aquamarine 
crystal pictured here is 10cm x 
3.5 cm. Specimens courtesy of 
R. V. Gaines. Photo by Van Pelt. 
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Figure 7, Rare examples of crystals from 
Kashmir that have escaped cutting. The cluster 
of pink crystals with blue tips (2cm x 1 cm) is 
typical of material found close to biotite 
schists (specimen courtesy of R. V. Gaines). 
The pale blue crystal on the right (2.5 cm x 

1 cm) is typical of the material found in the 
alluvial placers. Photo by Van Pelt. 


clear: further deposits of sapphire and more com- 
mon pegmatite minerals are certain to exist in the 
area. Their discovery, however, may be delayed 
indefinitely by the treacherous terrain and long, 
harsh winters. 


THE MINES 
The mines are situated in the northeast wall 
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Figure 9. The 

Kudi police post 1s 

a small stone corral from 
which government guards 
control access to the mines. 
Photo by R. Kothavala. 


of a small glacial cirque known as Kudi Valley, 
approximately 1,000 m long and 400 m wide 
(33°26'40"N, 76°23'14"E}. On both sides, the strat- 
ified cliffs rise to a height of over 4,500 m near 
the level of perpetual snow. The floor of the val- 
ley, at 4,100 m, is covered with scree and talus of 
unknown depth. The only known placer deposit 
was found on the north side of this valley in a 
depression directly below the mines. Dominating 
the mouth of this hanging valley and giving it its 
name is Kudi (“rock” in the local dialect), an 
enormous monolith. Beneath an overhanging por- 
tion of this rock, the small corral-like enclosures 
that serve as the Kudi police post overlook the 
precipitous 1,000-m slope that is the only ap- 
proach to the mines {figure 9}. The nearest village 
is Sumjam, a dreary collection of seven huts 3.2 km 
to the east and about a thousand meters lower 
(figure 10). 

With no roof, often engulfed in clouds, a con- 
tingent of four policemen maintain a constant 
vigil of the mines under miserably harsh condi- 
tions. During years when the mines are operative, 
miners pitch camp nearby. The burrows dug into 
the cliffs by early laborers for shelter (La Touche, 
1890) are still visible today (again, see figure 4). 
Elsewhere in the valley are the ruins of former 
police shelters. The guard station near the top of 
the mines ridge, referred to by Gaines (1951) as 
the ‘black house,” has since bummed to the ground. 
As already observed, the local Paddaris harbor no 
great affection for the government police. Con- 
sequently, all of their supplies must be carried 
from the police post at Machel, 8 km away. Even 
to gather firewood, the guards must clamber down 
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over 600 m to the tree line, where a few scrubby 
birch trees have taken root on the barren slopes. 
Since the Paddaris refuse to work the deposits, all 
mining labor must be imported from neighboring 
districts. Access to the valley of Paddar is over 
tortuous tracks, rarely more than a meter wide. 
In many places, this trail crosses narrow bridges 
or is cut into sheer rock faces which drop away 
over 300 m to the roaring river below (figure 11). 

In 1981, because of official obstacles and an 
exceptionally rainy summer, it took eight stren- 
uous days to make the journey of some 110 km 
between Kishtwar and Sumjam. The route is dif- 
ficult and the mining season is short. The snows 
usually melt in late June and begin again in late 
September, but several seasons have been re- 
ported where mining was confined to 15 days or 
less (Middlemiss, 1931). Consequently, the high 
wages necessary to entice workers into these cir- 
cumstances further decrease the profitability of 
large-scale mining efforts. Under such conditions, 
it is littlke wonder that mining has been haphaz- 
ard. The most advanced techniques used to date 
have been those involving hand augers, blasting, 
and washing. 

Following is a list of mining areas in Kudi Val- 
ley; their locations can be seen in figure 4: 

Old Mine. An insignificant pit at 4,500m 
(14,775 ft} is all that remains of the small pocket 
that produced so many fine stones. The crystals 
were worked from the soft china clay by hand and 
using hand tools. Early reports likened the work 
to “digging for potatoes” (Mallett, 1882). The 
crystals typically were large and covered by a te- 
nacious coating of kaolin. After the stones were 
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cleaned, they were observed to be heavily zoned 
but with large gemmy portions. 

New Mines. Only a hundred or so meters away 
are a series of adits at 4,550 m. They are distrib- 
uted over a small area ‘about as large as the foun- 
dation of a small house” {Middlemiss, 1931). In 
recent times, much blasting has been done here. 
Typically, the percentage of gem corundum found 
in this deposit is lower than that taken from the 
Old Mine and the crystals are smaller (2.5—5 cm}. 
Rare occurrences of the pink sapphires mentioned 
earlier have been reported from these mines. The 
concentration of crystals is high, approximately 
20% of the pegmatite host. According to Mid- 
dlemiss, one shovelful typically would yield eight 
crystals. The adits are heavily barred and locked. 
The extent of the deposit is not known. 

Placers. By bringing water from a nearby spring 
to bear on one section of the valley floor, La 
Touche (1887-1889) and later Wright {1906-1908} 
were able to find some large stones. An expedi- 
tion dispatched from Srinagar in 1928 to look for 
new placer deposits returned empty-handed. Ap- 
parently misreading La Touche’s maps, the mining 
engineer dug for the placer deposits on the steep 
slopes rather than on the valley floor. Amazingly, 
no more is known today about the valley floor 
than when Wright left in 1908. This is undoubt- 
edly due to the difficulty of searching systemati- 
cally without machinery. Pits from abandoned 
placer workings were still visible in 1981. 

Rubellite Mine. Crystals of rubellite up to 
7.5¢m long have been reported from this mine, 
which lies approximately 275m from the Old 
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Figure 10. Sumjam, at an 
elevation of 3,100 m, Is the 
last outpost of civilization in 
Paddar, and consists of seven 
adobe huts housing five 
families. Photo by Meher. 


Figure 11. Access to the Kashmir mines 
requires traveling over more than 100 km of 
treacherous foot and pony trails. Narrow 
bridges such as this one, 300 m above a 
tributary of the Chenab River, are common. 
Photo by R. Kothavala. 
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Mine at 4,650 m (15,250 ft). However, they do not 
occur in any quantity, and the site is often cov- 
ered by snow and ice year round. Therefore, little 
is known about the extent of the deposit. 

Back Slope. The excavation of pegmatite out- 
croppings on the slope behind the mines has so 
far failed to reveal any major pockets. 


Some nearby localities are: 


Hagshu. Little has been said of the large co- 
rundum crystals found at the foot of the Hagshu 
glacier by La Touche in 1887. Although this lo- 
cality is only 15 km from Kudi Valley, the peg- 
matite vein has never been traced. It is believed 
to be somewhere in the inaccessible cliffs above. 
An example of the well-formed but opaque Hag- 
shu corundum appears in figure 6. 

Dangel. Only about 4 km southeast of Sumjam 
fragments of sapphire and aquamarine have been 
found on the slopes (Middlemiss, 1931}. These 
have been traced to a pegmatite vein in the cliffs 
at 3,350 m (11,000 ft}. Inasmuch as the fragments 
found here were small, the commercial prospects 
of this locality have not been explored. 

Machel, Chishote. Aquamarine has been found 
elsewhere in Paddar, near these two villages, 
which are 8km and 20 km, respectively, from 
Sumjam (Middlemiss, 1931). Again, little is known 
about these localities. 


GEMOLOGY OF THE 
KASHMIR SAPPHIRES 


Kashmir sapphires are, almost without exception, 
zoned. This distribution of color is usually asso- 
ciated with microscopic layers of liquid inclu- 
sions, which are responsible for the typical vel- 
vety luster known in the gem trade as ‘sleep’ (see 
figure 1}. An example of color zoning and the hazy 
effect produced by the accompanying tiny drop- 
lets of liquid can be seen in figure 12. 

One rather ingenious method of approximat- 
ing the Kashmir texture in a blue sapphire from 
another locality involves cutting the pavilion with 
a fine lap and leaving it unpolished, while polish- 
ing the crown and table in the normal manner. 
The rough pavilion is easily detected on close ex- 
amination. The blue of the finest Kashmir sap- 
phires, which is referred to in India as “peacock’s 
neck,” seems to lack the secondary modifiers of 
green and pink that are seen in so many other 
blue sapphires. Consequently, Kashmir stones 
have long been observed to maintain their vivid 
blue color under varied lighting conditions. Star 
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sapphires from Kashmir are reportedly of superb 
quality, but they are exceedingly rare (Hadford- 
Watkins, 1935). 


Gemological Properties. A study of the 6.70-ct 
Kashmir sapphire from the Hixon Collection at 
the Los Angeles County Museum of Natural His- 
tory (pictured in figure 1} showed the physical and 
optical constants to be quite normal for corun- 
dum: specific gravity, 4.03; refractive index, 
1.762—1.770; inert to ultraviolet radiation; a weak 
red fluorescence to X-radiation; spectrum show- 
ing a weak absorption line at 450 nm (Fe} and in 
the red (Cr). 


Inclusions. The reader is referred to Phukan’s ar- 
ticle (1966) for a comprehensive list of inclusions, 
with photographs, reported in a sample of nine 
Kashmir stones. By far the most common were 
the feather-like inclusions mentioned above. Flat 
films filled with a brown or yellowish liquid were 
also found to characterize Kashmir stones, and 
the fingerprint inclusions so common in Sri Lan- 
kan sapphires were observed in the Kashmir stones 
as well. Of particular significance are the opaque 
black prismatic crystals mentioned by Phukan. 
These would seem to confirm the early descrip- 
tions of cavities containing tourmaline prisms in- 
side some corundum crystals from Kashmir. The 
most unusual of the recorded cavities contained 
a small, transparent tourmaline prism, which was 
light brown with an indicolite termination (Mal- 
lett, 1882). The black inclusion in the aquamarine 
crystal of figure 8 is a doubly terminated and flat- 
tened crystal of tourmaline, the c-axis of which 
runs perpendicular to that of the host. The oc- 
currence of zircon crystals both with and without 
their usual accompanying strain halos are also of 
interest. Other solid inclusions observed, such as 
long, fine rutile needles and dust-like particles, 
are common to other localities as well. To sum- 
marize, the most widespread internal character- 
istics of Kashmir stones are zoning, liquid feath- 
ers, and flat brownish or yellowish liquid films. 


FAMOUS KASHMIR SAPPHIRES 


Compared to the Badakhshan mines of Afghan- 
istan, the Mogok mines of Burma, and the Panna 
mines of India, the Kashmir deposits are in their 
infancy. It is therefore not surprising that the 
whereabouts of few famous Kashmir stones are 
known. We must remember that the Paddar de- 
posits have produced major gems only very spo- 
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Figure 12, The zoning and hazy effect so 
common in Kashmir sapphires is seen in this 
photo of the Hixon sapphire. Magnified 20x. 
Photomicrograph by John Koivula. 


radically, during an era of declining British influ- 
ence in the Indian Empire. The rulers in the 
fiercely independent dominion of Kashmir were 
widely accepted as being above British law, and 
therefore immune from many of the tributary 
pressures usually incumbent on subjects of colo- 
nial empires. Those who wished to acquire re- 
markable Kashmir sapphires would most cer- 
tainly have to pay for them. The closely guarded 
collection of prize crystals and faceted stones 
housed in the toshakhana, or State Treasury, was 
seen only by a privileged few. Some of the more 
important pieces are described here. 

La Touche (1890] reports seeing several crys- 
tals about 12.5 x 7.5 cm (5 x 3 in.) that were blue 
and transparent in the center fading to colorless 
at the ends. Such crystals undoubtedly weighed 
thousands of carats. Of rough crystals, the largest 
and most impressive was a fragment almost 
spherical in shape and of a deep blue color, esti- 
mated to be “larger than a croquet ball.” Many 
cases of cut stones of fine color “superficially as 
large as florins” were also described (Middlemiss, 
1931). One can only surmise that such stones 
weighed over 20 ct. Several witnesses report large 
crystals in the possession of certain government 


officials in the 1880s (Mallett, 1882). Their- 


whereabouts are now unknown. In 1887, La 
Touche exposed a gemmy crystal weighing over 
930 ct. in the washings of the placers. Whether 
this was ever cut has not been recorded. Cer- 
tainly, the royal jewels of the maharajahs of Kash- 
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mir and Jaipur were known to contain breathtak- 
ing examples. This is presumably still the case. 
Over the years, as production of large stones 
dwindled, the disposition of new important stones 
became less and less public. The presentation in 
1934 by the Duke of Kent to Princess Marina of 
an engagement ring set with a large, square-cut 
Kashmir sapphire focused the attention of inter- 
national jewelers on these stones, which were al- 
ready in short supply (Hadford-Watkins, 1935]. 
Few examples of rough or faceted Kashmir sap- 
phires are on display in the major museums of the 
world. 

The following account serves to illustrate the 
current availability of Kashmir stones over 20 ct. 
In early 1980, a leading authority and supplier of 
gem sapphires in the United States was non- 
plussed to receive rather urgent requests from a 
dozen different sources for a fine cushion-cut 
Kashmir sapphire of 25 ct. After learning that the 
sapphire was intended as a gift at a certain royal 
wedding, the dealer redoubled his efforts to locate 
a suitable stone. Only two pieces could be lo- 
cated, one of which was patently unavailable. 
Notwithstanding the auspicious circumstances, 
negotiations for the other stone broke down and 
the order was never filled (R. Miller, 1982, per- 
sonal communication]. 


THE CURRENT SITUATION 


The mines are not operating at this time. Per- 
mission to work the site falls under the jurisdic- 
tion of the Directorate of Mining and Geology, 
Jammu and Kashmir government, and a police 
guard maintains a year-round vigil at or near the 
site. In the past, gems have been sold at infre- 
quent state government auctions. The most re- 
cent of these took place in Srinagar in 1969, where 
some 57,000 ct of gem rough were sold (Austra- 
lian Financial Review, 1969). Judging by the pro- 
ceeds of this sale (approximately US$20,000) the 
number of important pieces must have been low. 
Details of a previous sale in 1965 are not known. 

As a result of the rapid decline in official min- 
ing activity over the past 30 years, more and more 
of today’s trade in Kashmir sapphires is falling 
into the hands of the indigenous population {fig- 
ure 13}. The strict laws forbidding private trade 
in sapphires are a deterrent against any organized 
collecting or excavating. Nevertheless, every year 
a handful of fine stones found by shepherds on the 
hillsides make their way out of the Paddar Valley 
to be sold in Delhi. Probably because of the in- 
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Figure 13, Production of Kashmir sapphires on 
a commercial scale today is nonexistent. 
Nevertheless, every year a trickle of fine gems 
finds its way to the world markets through the 
hands of the local people. Photo by Meher. 
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pect that the appreciation and demand for fine 
Kashmirs will be maintained by their great rarity. 
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THE GEM DIAMONDMASTER 
AND THE THERMAL 
PROPERTIES OF GEMS 


By D. B. Hoover 


The GEM DiamondMaster is one of a 
number of thermal testing instruments 
introduced specifically to separate 
diamond from its simulants. Although 
originally reported to measure thermal 
conductivity, these instruments in fact 
measure the thermal inertia of the 
material being tested. This article 
explains thermal properties in general and 
thermal inertia in particular, and then 
describes the limitations and potential 
applications of thermal testing 
instruments such as the DiamondMaster. 
Included are suggestions for the use of the 
DiamondMaster to separate various 
colored stones. 
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The GEM DiamondMaster 


Ko of methods and instruments have been in- 
troduced recently to distinguish diamond from its 
simulants on the basis of the unique thermal properties 
of diamond (Nassau, 1978; Read, 1978, 1980; Goldsmid, 
1979; Goldsmid and Goldsmid, 1979, 1980; Thwaites et 
al., 1980; Hobbs, 1981). In particular, several thermal test- 
ing instruments—including the Ceres Diamond Probe®, 
the Kashan Diamond Detector, and the Rayner Diamond 
Tester—have been made available for this purpose. GEM 
Instruments Corporation is currently marketing the 
DiamondMaster®, a thermal testing instrument designed 
in Australia (Goldsmid, 1979) and manufactured by Pre- 
sidium Diamond PTE Ltd., Singapore. 

Most of these instruments are said to measure or com- 
pare thermal conductivity. This is not strictly true. The 
DiamondMaster and other similar instruments, with 
which the author is familiar, measure or compare ther- 
mal inertia (Hoover, 1982). Although this physical prop- 
erty is not commonly known by name, it is familiar to 
all gemologists as the cold feeling of crystals and many 
gems in contrast to the warmth of glass or plastic when 
touched by the finger or tongue (Webster, 1975, p. 387). 
This property has been known since at least the 16th 
century, and was mentioned as a qualitative test for 
gems by Agricola in 1546 (Sinkankas, 1981). By providing 
a semiquantitative measure of thermal inertia, the 
DiamondMaster has been found useful for distinguishing 
between several other gems in addition to diamond and 
its simulants. 

This article will examine the operation of the 
DiamondMaster as a specific example of a thermal probe 
and then provide a brief qualitative introduction to ther- 
mal properties so that the gemologist can appreciate the 
operating principles behind these new instruments, their 
limitations, and their broader applications. With re- 
gard to these broader applications, the use of the 
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Figure 1. The DiamondMaster®, a 
thermal testing instrument 
manufactured by Presidium 
Diamond PTE Ltd. and marketed by 
GEM Instruments Corporation. 


DiamondMaster to distinguish among gems other 
than diamond and its simulants is discussed. For 
this purpose, an extensive table of the thermal 
properties of gemstones, gem simulants, and 
metals used in jewelry is provided. It is believed 
that, as thermal testing instruments are im- 
proved, they will become important tools for gem 
identification. 

The DiamondMaster used for evaluation and 
testing while preparing this article is a standard 
production model purchased by the author for his 
own use. 


INSTRUMENT DESIGN 


The DiamondMaster (figure 1} is a very simple 
instrument; its basic construction has been de- 
scribed by Goldsmid and Goldsmid (1980) and 
Goldsmid (1979). It consists of four main sub- 
units: the probe, a power source, an amplifier, and 
an indicating meter. The amplifier and meter pro- 
vide a means for obtaining a reading from the 
probe and need no further discussion here. The 
power source provides voltage to operate the elec- 
tronics and to energize the heat source in the 
probe. Power is obtained either from 3-volt inter- 


78 |= The GEM DiamondMaster 


nal batteries, or from 110-volt lines. Operation 
with external power was found to result in sig- 
nificant line noise in the instrument reading, 
which was not present when batteries were used. 
It is assumed that the noise is due to insufficient 
filtering in the power supply. The use of batteries 
is recommended whenever discrimination be- 
tween gems other than diamonds is attempted. 

The heart of the unit is the probe, which con- 
tains a heat source and a temperature-difference 
sensor (figure 2}. The heat source is a 22-ohm re- 
sistor that receives about 2 volts from the power 
source, This gives a constant quantity of heat to 
the probe of 0.18 watts (0.043 calories/sec}. The 
temperature sensor is a 22-mm-long copper rod, 
0.4 mm in diameter, with constantan wires at- 
tached at either end. The copper-constantan junc- 
tions form a thermocouple, a common tempera- 
ture-measuring device. The different temperatures 
at the two junctions produce a voltage that is pro- 
portional to this temperature difference. This 
voltage, or temperature difference, is what is 
measured by the instrument. The heat source is 
placed about midway along the copper wire. All 
of these parts, except the tip, are contained within 
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the insulating probe housing, as shown in figure 
2. Thermal insulation provided by the probe hous- 
ing keeps the internal junction at an elevated 
temperature. When the probe is in use, heat flows 
down the copper rod into the gem being tested. 
The temperature at the tip junction is then ap- 
proximately the same as the surface temperature 
of the gem. 

When not in use, the probe tip is left in con- 
tact with air, which is a good insulator and thus 
has low thermal inertia. In still air, the tip rises 
to a temperature near that of the internal junction 
{about 65°C in the author’s instrument). The ex- 
act value is determined by the position of the heat 
source and heat loss through the pen body. In the 
author’s unit, the meter reads below zero with the 
tip in still air. This suggests that the probe tip, in 
this case, is hotter than the internal junction. If 
drafts are present in the room, heat is removed 
from the tip and a fluctuating and positive reading 
will be observed, as is easily noted by blowing on 
the tip. This points out the need, when using the 
instrument, to avoid areas with much air move- 
ment, such as modern air-conditioned offices. 

The DiamondMaster thus provides a constant 
heat source; part of this heat is conducted through 
the tip to the test gem. The instrument measures 
the temperature difference between the hot in- 
ternal junction and the surface temperature of the 
gem or other material being tested. Our question 
now is: What physical property is being mea- 
sured, or approximated, by the instrument? The 
answer requires some understanding of the ther- 
mal properties of solids, as discussed below. 


INTRODUCTION TO 
THERMAL PROPERTIES 


Heat energy can be transferred by three methods: 
conduction, convection, and radiation. In solids 
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Figure 2, Diagramatic 
sketch of the 
DiamondMaster probe, 
showing the principal 
components of the sensor. 


at room temperature, the principal means of heat 
transfer is by conduction. Consequently, in the 
following discussion, only conductive transfer will 
be considered. 

The purpose of this section is to try to give a 
qualitative idea of the four intrinsic thermal prop- 
erties that are important to an understanding of 
the operation and limitations of the new thermal 
probes. Those readers interested in a more tech- 
nical discussion, of thermal properties and the 
mathematical relationships between them are ad- 
vised to consult any standard college physics text. 
For more advanced treatment, the classic text is 
Carslaw and Jaeger (1959). 

The four intrinsic thermal properties of inter- 
est to us here are conductivity, diffusivity, iner- 
tia, and specific heat. The first three properties 
are not independent of one another. Given one of 
these properties plus the specific heat and density 
of a given solid, the other two can be calculated’. 
These calculations were made to obtain the val- 
ues of inertia and diffusivity given in table 1, 
because conductivity is the most commonly mea- 
sured of these properties. The mathematical re- 
lationships between these properties shows that 
a substance with high conductivity also will have 
high diffusivity and inertia, as can be seen in ta- 
ble 1. This may in part be the reason the probes 
are commonly thought to measure thermal con- 
ductivity. 

Thermal conductivity is familiar to most of us 
because of the recent interest in energy conser- 
vation in our homes. It is a constant that relates 
the quantity of heat-per-second passing through 


*k = Keep =K2 1 = VKep =KiVk K =kcp =IVk 
where K = conductivity, k = diffusivity, I = inertia, 
c = specific heat, and p = density. 


GEMS & GEMOLOGY — Summer 1983 79 


i 


TABLE 1. Thermal properties of gem materials, synthetics, and simulants as well as some metals at room 
temperature. 


Thermal Specific Thermal Thermal 
conductivity heat Density diffusivity inertia 
Material (cal/cm °C sec) (cal/gm°C) (gm/cm’) (cm?/sec)  (cal/cm? °C sec”) 
Gem Materials, Synthetics, and Simulants 
Diamond 1.6-4.8 0.12 3.52¢ 3.79-11.4 0.822~— 1.42 
Silicon carbide (synthetic) 0.2159 0.2* Betz 0.339 0.369 
Periclase (synthetic) 0.1104 0.2* 3.575° 0.154 0,281 
Corundum: c axis 0.08344 0.206 4.0° 0.101 0.262 
a axis 0.07729 0.206 4.0° 0.0937 0.252 
c axis 0.060° 0.206 4.0° 0.0728 0,222 
Topaz: a axis 0.0446 0.2" 3.53° 0.0632 0.177 
mean, Gunnison, Colorado 0.0269 0.2" 3.531 0.0381 0.138 
Pyrite: Colorado 0.0459 0.136 4915 0.0684 0.176 
Kyanite: c axis 0.0413? 0.201 3.66° 0.0562 0.174 
b axis 0.03964 0.201 3.66° 0.0539 0.171 
mean, Minas Gerais, Brazil 0.0338 0.201 3.102 0.0461 0.158 
Hematite: Itabira, Brazil 0.0270 0.169 5.143 0.0310 0.153 
Spinel: locality unknown 0.0281 0.216 3.63° 0.0358 0.148 
Madagascar 0.0227 0.216 3.633 0.0288 0.133 
Fluorite: locality unknown 0.0219 0.220 3.18° 0.0313 0.124 
Rosiclare, Illinois 0.0227 0.220 3.186 0.0324 0.126 
Sphalerite: Chihuahua, Mexico 0.0304 0.115 4.103 0.0646 0.120 
Sillimanite: Williamstown, Australia 0.0217 0.203 3.162 0.0339 0.118 
Andalusite: Minas Gerais, Brazil 0.0181 0.202 3.102 0.0289 0.107 
Pyrophyllite: North Carolina 0.0194 0.2* 2.829 0.0343 0.105 
Jadeite: Japan 0.0159 0.206 3.196 0.0242 0.102 
San Benito County, California 0.0110 0.206 3,350 0,0160 0.0873 
Gahnite: Colorado 0.0103 0.2* 4.163 0.0100 0.102 
Magnesite: Transvaal 0.0139 0,236 2.993 0.0198 0.0992 
Rutile: c axis 0.02314 0.189 4,2¢ 0.0291 0.135 
a axis 0.0132¢ 0.189 42° 0.0166 0.102 
mean, Virginia 0.0122 0.189 4.244 0.0153 0.0990 
Grossular: Connecticut 0.0135 0.196 3.617 0.0188 0.0979 
Chihuahua, Mexico 0.0134 0.196 3.548 0.0193 0.0967 
Crestmore, California 0.0124 0.196 3.318 0.0190 0.0898 
Quartz: c axis 0.02649 0.196 2.65° 0.0578 0.125 
c axis 0.0264° 0.196 2.65° 0.0509 0.117 
a axis 0.01409 0.196 2.65° 0.0270 0.0854 
a axis 0.0160° 0.196 2.65° 0.0308 0.0912 
mean, Jessieville, Arkansas 0.0184 0.196 2.647 0.0354 0.0978 
Spodumene: Maine 0.0135 0.2* 3.155 0.0214 0.0923 
Diopside: New York 0.0133 0.196 3.270 0.0208 0.0923 
Madagascar 0.00969 0.196 3.394 0.0146 0.0802 
Dolomite 0.0132 0.221 2.857 0.0209 0.0911 
Olivine (peridot, FogsFa,4) 0.0115 0.2" 3.469 0.0166 0.0893 
Elbaite: Keystone, South Dakota 0.0126 0.2* 3.134 0.0202 0.0889 
Talc: Quebec 0.0124 0,221 2.804 0.0200 0.0878 
Tremolite: Balmot, New York 0.0117 0.210 2.981 0.0186 0.0854 
Ontario, Canada 0.0112 0.210 3.008 0.0177 0.0839 
Amblygonite: South Dakota 0.0119 0.2* 3.025 0.0197 0.0850 
Zircon: Australia 0.0109 0.140 4,633 0.0167 0.0839 
Enstatite (EngsFS.): California 0.0105 0.2* 3.209 0.0334 0.0821 
Bronzite (EnzgF S22): Quebec 0.00994 0.2* 3.365 0.0148 0,0818 
Spessartine: Haddam, Connecticut 0.00811 0.2" 3.987 0.0102 0.0804 
Datolite: Patterson, New Jersey 0.0106 0.2* 2.996 0.0177 0.0798 
Anhydrite: Ontario, Canada 0.0114 0.187 2.978 0.0204 0.0796 
Almandine: Gore Mountain, New York 0.00791 0.2" 3.932 0.0101 0.0789 
Staurolite: Georgia 0.00828 0,2" 3.689 0.0112 0.0782 
Augite: Ontario 0.00913 0.2* 3.275 0.0140 0.0773 
Pyrope: Navajo Reservation, Arizona 0.00759 0.2" 3.746 0.0101 0.0754 
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TABLE 1. Thermal properties of gem materials, synthetics, and simulants as well as some metals at room 
temperature.* (Continued) 


Thermal Specific Thermal Thermal 
conductivity heat Density diffusivity inertia 
Material (calVcm °C sec) (cal/gm°C) (gm/cm%) (cm?/sec) (cal/cm? °C sec’) 
Andradite: Ontario, Canada 0.00738 0,2" 3.746 0.00984 0.0744 
Smithsonite: Kelly, New Mexico 0.00612 0.2* 4.362 0.00701 0.0731 
Beryl: c axis 0.01314 0.2* 2.70° 0.0243 0.0842 
a axis 0.01044 0.2* 2.70 0.0193 0.0750 
mean, Minas Gerais, Brazil 0.00953 0.2* 2.701 0.0176 0.0718 
Calcite: Chinuahua, Mexico 0.00858 0.218 2.721 0.0145 0.0713 
Axinite: Baja California 0.00767 0,2* 3.306 0.0116 0.0712 
Prehnite: Paterson, New Jersey 0.00854 0.2* 2.953 0.0145 0.0710 
Rhodochrosite: Argentina 0.00731 0.184 3.584 0.0111 0.0695 
Flint: Brownsville, Ohio 0.00886 0.2* 2.618 0.0169 0.0681 
Epidote: Calumet, Colorado 0.00627 0.2* 3.413 0.00919 0.0654 
Petalite: Rhodesia 0.00856 0.2* 2.391 0.0179 0.0640 
Clinozoisite: Baja California 0.00574 0.2" 3.360 0.00854 0.0621 
docrase: Chihuahua, Mexico 0.00576 0.2% 3.342 0.00863 0.0620 
Sphene: Ontario, Canada 0.00558 0.188 3.525 0.00845 0.0607 
olite: Madagascar 0.00650 0.2* 2.592 0.0126 0.0580 
Zoisite: Liksviken, Norway 0.00513 0.2% 3.267 0.00785 0.0579 
Aragonite: Somerset, England 0.00535 0.209 2.827 0.00906 0.0562 
Microcline: Amelia, Virginia 0.00621 0.194 2.556 0.0126 0.0554 
Ontario, Canada 0.00590 0.194 2.558 0.0119 0.0541 
Albite (Abgy An,): Amelia, Virginia 0.00553 0.202 2.606 0.0105 0.0540 
Serpentine (lizardite): Cornwall, England 0.00558 0.2" 2.601 0.0107 0.0539 
Orthoclase: Goodspring, Nevada 0.00553 0,2* 2.583 | 0.0107 0.0534 
Sodalite: Ontario, Canada 0.00600 0.2* 2.326 0.0129 0.0528 
Lepidolite: Dixon, New Mexico 0.00460 0.2* 2.844 0.00807 0.0512 
Anorthite (Ab,Ang.); Japan 0.00401 0.196 2.769 0.00737 0.0467 
Fluor-apatite: Ontario, Canada 0.00328 0.195 3.215 0.00522 0.0454 
Chior-apatite: Snarum, Norway 0.00331 0.195 3.152 0.00539 0.0451 
Labradorite (AbjsAnsa): Nain, Labrador 0.00365 0,2" 2.701 0.00676 0.0444 
Barite: Georgia 0.00319 0.113 4.411 0.00639 0.0399 
Apophyllite: Poona, India 0.00331 0.2" 2.364 0.00699 0.0396 
Leucite: Rome, ltaly 0.00274 O12 2.483 0.00551 0.0369 
Vitreous silica (General Electric) 0.00325 0.201 2.205 0.0074 0,0379 
Hyalite: Spruce Pine, North Carolina 0.00290 0.2* 2.080 0.0070 0.0347 
Glass: obsidian 0.003304 0.2* 2.4¢ 0.00688 0.0398 
ordinary flint (lead) 0.0018? 0.117¢ 3.59 0.00440 0.0272 
very heavy flint (lead) 0.00124 0.117* 4.5° 0.00228 0.0251 
Metals 
Copper 0.927 0.092 8.89 1.13 0.871 
Silver 100% 1.00 0.056 10.5 1.70 0.767 
Silver 69%, gold 31% (weight) 0.237 0.048* 12.3 0.401 0.374 
Silver 34%, gold 66% (weight) 0.152 0.040* 15.5 0.245 0.307 
Gold 100% 0.707 0.031 19.3 1.18 0.650 
Aluminum 0.485 0.214 27 0.839 0.529 
Platinum 0.166 0.032 21.4 0.242 0.337 


Platinum, 10% iridium 0.074 0.032* 21.6 0.107 0.226 


aUnless another reference is indicated by a superscript letter, the values for conductivity and density 
were taken from Horai, 1971; for specific heat, from Robie and Waldbaum, 1968. * = Assumed value; 
not found in the literature. 

>Burgemeister, 1978. 

‘Webster, 1975, 

IChemical Rubber Co., 1966. 

°Clark, 1966. 

‘Washburn, 1929. 
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a given thickness of material to the temperature 
difference across it. It is usually measured by 
steady-state experiments (Carslaw and Jaeger, 
1959, p. 25). Typically, this consists of passing a 
known rate of heat through a slab of known thick- 
ness, and measuring the resultant temperature 
difference. Thus, in the case of our homes, we can 
reduce the rate of heat escape by putting in better 
insulation (a material of lower thermal conduc- 
tivity) or by increasing the thickness of the 
insulation. 

In crystalline materials, thermal conductivity 
is a function of the direction that heat flows, 
directly analogous to the refractive index. In gen- 
eral, the thermal and optical symmetry will be 
the same (Washbum, 1929, p. 230}. Thus, non- 
isometric gems will have a conductivity depen- 
dent on the direction of heat flow during testing. 
The variation can be significant (Clark, 1966, p. 
466); quartz, for example, shows a variation of 
2:1. Unfortunately, the variation of conductivity 
with direction is known for relatively few gem 
species. 

Specific heat is the amount of heat required to 
raise one gram of a substance one degree Celsius. 
It can be thought of as a constant which gives the 
amount of heat that can be stored in a given mass 
by raising the temperature. For most gem species, 
the specific heat varies little from 0.2 cal/gm °C. 
It has little value in discriminating between gems. 

Thermal diffusivity is a parameter used to 
describe the velocity of heat flow in a substance. 
Consider what happens when a copper rod is 
heated on one end. Heat is conducted into the rod 
and starts to flow or diffuse along it. Some of the 
heat is used to raise the temperature of the rod; 
this is where the specific heat comes into play. 
The rest of the heat diffuses down the rod at a 
velocity characteristic of the material. The dif- 
fusivity specifies that velocity’. I have introduced 
this property because of its central importance to 
solutions of problems in heat flow and tempera- 
ture distribution in solids. We will return to this 
in discussing stone size limitations for probe 
measurements. 

Many readers may have noticed that a sterling 
silver spoon when used to stir hot coffee will get 


* The velocity is given by V = V4afk, where 
f = frequency and k = thermal diffusivity. 
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too hot to handle much faster than a stainless 
steel spoon. This is a direct result of the much 
greater diffusivity of silver. 

Thermal inertia is a property that measures 
how fast the surface temperature of a material can 
be changed by application of a given quantity of 
heat-per-second to the surface. If a material has 
high thermal inertia, then the surface tempera- 
ture will rise very slowly. The name comes from 
analogy to mechanical inertia. 

As mentioned above, the physical significance 
of thermal inertia is well known by gemologists 
who recognize the cold feeling of crystalline gems 
in contrast to glass or plastic. In this case, the fin- 
gers provide a source of heat that tries to raise the 
temperature of the material. If the material has 
high thermal inertia, the heat from the fingers 
cannot raise the surface temperature at a fast rate. 
The nerves in the finger tip sense this as a cold 
feeling that persists longer than for a substance 
such as glass or wood, which has low thermal 
inertia. The DiamondMaster works in exactly the 
same way except that it gives a more quantitative 
measurement. 

Although thermal inertia is not a well-known 
property, its measurement has important appli- 
cations in several areas. Geologists working in 
the field of remote sensing measure the variation 
of the surface temperature of the earth due to 
solar flux by means of airborne or satellite infrared 
photography. Through computer processing of 
these data, they are able to map variations in 
thermal inertia at the earth’s surface. These maps 
provide an important means of discriminating 
between rock types (Watson, 1975; Watson et al., 
1981; and Watson, 1982). The Ceres Diamond 
Probe operates in a similar manner, except that 
the heat source has a period of one second rather 
than the sun’s one day (Read, 1980; Hoover, 1982). 

In my article on the Ceres Diamond Probe 
(Hoover, 1982), the propagation of a thermal wave 
{ie., a single-frequency sinusoidally varying tem- 
perature wave) down a thin insulated rod was 
explained. The results show that thermal waves 
travel at very slow velocities and are rapidly 
attenuated. The thermal pulse applied to a gem 
by the DiamondMaster may be considered as made 
up of all frequencies. However, since the reading 
is taken after about one second at maximum scale, 
the predominant frequency will be near one hertz 
(cycle per second). Thus, the heat penetration and 
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volume of gem material measured will be about 
the same as is measured by the Ceres Probe. 

The depth of heat penetration into the gem 
and the limitations it imposes on measurement 
accuracy can be estimated by considering the case 
of a simple one-dimensional flow of heat down a 
thin rod of various material. For this case, and no 
matter what the material, the amplitude of the 
thermal wave is attenuated to 0.0019 of its surface 
value after traveling only one wavelength. 

At a frequency of one hertz, diamond has a 
velocity of 10 cm/sec and beryl, 0.47 cm/sec, giving 
corresponding wavelengths of 10 cm and 0.47 cm. 
If a rod of diamond or beryl, for example, were cut 
off at a half wavelength, 5 cm or 0.235 cm, then 
heat would be reflected back to the starting end, 
travelling a total distance of one wavelength. On 
return to the starting end, the thermal wave would 
have less than a 0.2% effect on the surface tem- 
perature. In effect, measurement of the tempera- 
ture on one end would not be able to distinguish 
if the rod is one wavelength long or infinite in 
length. However, if the rod or the stone being 
tested is,too small, sufficient heat will be reflected 
from rear and side facets so that the surface tem- 
perature will be greater than on a larger stone. 
This wil] give an incorrect value, making the 
stone appear to have too low a thermal inertia. 
The size problem is important in the quantitative 
measurement of colored stone melee and with 
most diamonds. If we wish to keep the size error 
under 5%, assuming a rod model as discussed 
above, the stone must have a minimum dimen- 
sion that is not less than one-quarter wavelength. 
Corundum gives a useful guide because it has the 
largest thermal inertia, next to diamond, a gem- 
ologist is apt to encounter. For corundum, this 
minimum dimension is 0.27 cm. For diamond, 
the corresponding depth is 2.5 cm, or about one 
inch! Clearly, most diamonds give too low a 
response on these instruments. I must add that 
the above are conservative estimates, because heat 
in a gem flows in three dimensions, giving 
increased attenuation over that predicted by the 
one-dimensional assumption. 

Thus the design of a particular thermal testing 
instrument, in particular the frequency of the 
thermal wave, determines the minimum size of 
stone on which accurate thermal inertia mea- 
surements can be obtained. This is not, however, 
the minimum size of stone that may be tested. 
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Knowing that melee diamonds, for example, will 
give too low a response, one can use known dia- 
mond melee to calibrate the instrument response 
as a function of size. The much greater thermal 
inertia of diamond over its simulants still permits 
easy differentiation even on very small stones. 
Loose melee may also be tested by placing the 
stones on a silver or copper plate, which effec- 
tively increases the apparent stone size, making 
it easier to distinguish diamond from its simu- 
lants. The Kashan Diamond Detector provides a 
special tip and plate for this purpose. Similarly, 
mounted diamonds benefit from the contact with 
the mounting, which provides an increase in 
apparent thermal inertia over a loose stone. One 
must, of course, be careful not to touch the 
mounting when testing because of the high 
thermal inertia of the metal. 


CATALOG OF THERMAL PROPERTIES 


It is hoped that the preceding discussion has given 
the reader a better understanding of how thermal 
probes operate, and a basis by which they may be 
used to discriminate between various gem mate- 
rials. In table 1, the author has collected ther- 
mal properties for a number of gem species and 
related materials. Thermal diffusivity and inertia 
were calculated from the other listed properties. 
Because of the relationship between the thermal 
properties, it should be apparent that for noniso- 
metric gems, diffusivity and inertia will vary with 
the direction of heat transfer in the same way 
conductivity varies. 

The majority of conductivity values are from 
Horai (1971), and were made on powdered sam- 
ples. Because of the random orientation of the 
grains, these are mean values of conductivity. As 
can be seen from the table, conductivities range 
from 0.002 cal/cem-sec-°C for glass to 4.8 for dia- 
mond, a range of over 2000:1. Thermal inertia, 
however, spans a range of about 50:1. The table 
is arranged in order of decreasing inertia, except 
where more than one value is given for a partic- 
ular gem. Conductivity follows in almost the same 
order. Note also that the order is quite distinct 
from an ordering of gems based on density or re- 
fractive index. This can be advantageous for test- 
ing, especially if more precise instruments are 
developed. Comparison of the relative response of 
the DiamondMaster, given in figure 3, with cor- 
responding values from table 1 shows that the in- 
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Figure 3. Graph provided with the Diamond- 
Master to show the measured response 
of the instrument for various gem materials. 


strument gives a reasonable measure of inertia 
rather than conductivity. 


DISCUSSION 


Caveats When Using the DiamondMaster. For 
gem testing the important question is: How does 
one use the instrument to assist in separating 
gems, and for what separations does it have prac- 
tical utility? Reasonable repeatability of measure- 
ments is of primary importance, and this is some- 
what of a problem with the DiamondMaster. 
Remember that the instrument was only in- 
tended to distinguish diamonds. Small variations 
in the surface of the probe tip and contact angle 
make exact reproducibility impossible. Practice 
and care in use, however, will give reasonable re- 
sults. If one then averages three or more readings, 
it should be possible to distinguish between the 
gems discussed below. Because of differences in 
each probe tip and in the setting of the calibration 
level on each instrument, known gems should 
always be used to establish the calibration of 
each instrument, and this should be checked 
periodically. 

If the probe tip has flat areas or is rough, the 
difficulty of obtaining good repeatability will be 
increased. This can result from wear on the soft 
copper tip. When this occurs on my Diamond- 
Master, I very carefully dress and polish the tip. 
A more durable tip of spherical form, so that the 
contact angle would not affect the measurements, 
would make the instrument much better for 
quantitative measurements. 
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Certain other factors should be kept in mind 
when using the instrument. The surface finish of 
the material being tested can affect the measure- 
ment by changing the contact area with the tip. 
In fact, similar devices have been used to measure 
surface roughness (Powell, 1957). Thus, care 
should be used in interpreting readings on badly 
scratched or chipped gems. Internal features also 
can give rise to changes in thermal inertia. Zircon 
is an excellent example because it is a metamict 
mineral, Destruction of the crystal lattice is as- 
sociated with a decrease in inertia. Thus, high 
zircon has a value near that of spinel, while some 
low zircons in the author’s collection approach 
glass in value. This very large range for zircon 
limits the value of thermal methods in testing for 
this gem. 

Gem species that form solid solutions, such as 
the garnet, plagioclase, and olivine groups, will 
show a change in inertia related to composition. 
The interesting point is that the thermal inertia 
is not a linear relation between end-member val- 
ues, but will show a minimum value at some in- 
termediate composition (Horai, 1971, p. 1299). As 
quantitative instruments that permit better re- 
producibility and increased precision of measure- 
ment are developed, this property may be partic- 
ularly helpful when used with refractive index 
measurements in distinguishing between various 
members of such groups. Gemtek Gemmological 
Instruments manufactures the Gemmologist, a 
thermal device reported to distinguish between 
many colored stones as well as diamond (Read, 
1983). To the author’s knowledge, this is the only 
instrument specifically designed to have the in- 
creased sensitivity for effective measurement of 
colored stones. 


Use of the Diamond Master for Gems Other than 
Diamond. On the basis of the preceding discus- 
sion, the author has investigated the use of the 
DiamondMaster to help distinguish between var- 
ious other gems. It was determined that while the 
instrument should not be used as the only test, 
it can be helpful as an ancillary test to confirm an 
identification. A careful observer should find the 
instrument useful in several determinations, as 
described below. 

The distinction between ruby, red spinel, and 
pyrope (figure 4] is readily made. For these gems, 
the inertias given in table 1 are 0.222, 0.133, and 
0.0754, respectively. Each differs from the other 
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Figure 4. These three stones, often 
indistinguishable by color, are 
easily separated on a thermal 
testing instrument like the 
DiamondMaster. In the author’s 
experiments, representative samples 
of pyrope, similar to the 1.36-ct 
stone on the left, showed 0% of full 
scale on his instrument; samples of 
red spinel, similar to the 0.68-ct 
stone in the center, registered 35% 
of full scale; and ruby, similar to 
the 1.16-ct stone on the right, 
registered 60% of full scale, a 
measure of the high thermal inertia 


by about a factor of 2, a difference that appears to 
be easily measured by the instrument. Represen- 
tative samples of these gems gave average read- 
ings of 60%, 35%, and 0% of full scale (remember 
that in air the meter reading is well below zero). 
The higher the thermal inertia of the stone is, the 
higher its reading on the scale will be. Similarly, 
sapphire, blue spinel, and benitoite also may be 
separated. Benitoite is not listed in table 1; how- 
ever, tests on several stones show it to have an 
inertia near that of pyrope. On these and the fol- 
lowing examples, the user should always keep in 
mind the discussion of the effect of size on mea- 
surements of materials of various thermal iner- 
tias. Known reference material is necessary for 
calibration of the instrument, and testing of very 
small stones should include reference stones of 
similar size. 

A glance at table 1 shows that topaz has a rel- 
atively large inertia of 0.138. One would infer that 
it, too, could be easily distinguished from aqua- 
marine, which has a value of 0.0718. This is the 
case, providing a simpler test for these gems than 
a refractometer. 

Quartz also has a fairly large inertia. This is 
useful in helping to distinguish it from some of 
the other, similar-appearing gems. Likewise fluor- 
ite, with an inertia of 0.126, often may be sepa- 
rated from gems with which it might be confused. 

In my experiments, I found that the Dia- 
mondMaster can be used to separate jadeite from 
nephrite, but that care is required. Jadeite gives 
a reading about 10% of full scale, while nephrite 
is near 0%. This is useful in testing carvings that 
are difficult to place on a refractometer. It is in- 
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of corundum. 


teresting to note that the values of inertia shown 
in table 1 for jadeite and some amphiboles would 
suggest that the differentiation could not be made, 
at least with the present instruments. Either the 
literature values cited here are not representative, 
or the listed amphiboles are not representative of 
nephrite. 

Lastly, it was found that sinhalite could be 
easily separated from peridot. Sinhalite is not 
listed in table 1, but readings with the 
DiamondMaster show that it has an inertia about 
the same as topaz and much greater than peridot. 

It is hoped that the preceding discussion will 
permit the practicing gemologist to make more 
effective use of these new thermal testing instru- 
ments. Unfortunately, at present, the state of 
knowledge of thermal properties of gem materials 
is quite limited. Advances in this knowledge for 
practical use in gem testing will probably first 
come through experience in the use of the instru- 
ments. Advances in the instrumentation, partic- 
ularly directed toward improvements in the pre- 
cision and reproducibility of readings, will also go 
far to making these devices important tools in 
gem testing. 
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OPAL FROM QUERETARO, MEXICO: 
OCCURRENCE AND INCLUSIONS 


By John I. Koivula, Chuck Fryer, and Peter C. Keller 


The Querétaro area, 200 km northwest of 
Mexico City, has been producing fine, 
unusually transparent opal with vivid red 
and green play of color for over 100 years. 
These opals occur largely in gas cavities 
in pink to brick-red, thinly bedded 
rhyolitic lava flows and are mined in 
open-pit quarries. After examining 
thousands of opals from this area, the 
authors selected 20 specimens containing 
excellent examples of both common and 
rare inclusions that seemed to represent 
the variety of inclusions found in gem- 
quality opals from this locality. The opals 
and their inclusions were then subjected 
to a battery of tests to ascertain their 
nature. These tests revealed both two- 
and three-phase inclusions and a variety 
of different mineral species. 
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Opal from Querétaro 


M exican opal has been known since the latter part 
of the 18th century, but the more familiar gem- 
quality material has been available to the world market 
only since the end of the last century. At times, the 
beauty of Mexican opal (figure 1) exceeds that found in 
opal from any of the world’s better-known deposits, such 
as Australia; yet its somewhat undeserved reputation for 
instability has prevented it from taking a major role in 
the modern jewelry trade (Sinkankas, 1959). The most 
important opal deposits in Mexico are in the state of 
Querétaro, although there are other significant deposits 
in the states of Chihuahua, San Luis Potosi, Guerrero, 
Hidalgo, Jalisco, and Michoacén. However, Querétaro is 
the center of opal mining and cutting in Mexico, and it 
is the predominantly reddish-orange fire opal from the 
Querétaro deposits that is addressed in this study of the 
locality and internal features of this material. 

Although most gemologists who have examined even 
a small number of opals from Querétaro with a micro- 
scope are familiar with at least two or three inclusions in 
this material, very few inclusions have as yet been con- 
clusively identified. In addition, with the exception of 
some brief general descriptions of inclusions in opal that 
are scattered throughout the literature, virtually nothing 
has been written on this subject. 

This article briefly describes the Querétaro deposits 
and the opal they have produced and, with this as back- 
ground, presents the results of a study of about 3,000 
opals from this locality that were examined for inclusions. 


LOCATION AND ACCESS 


The opal mining and cutting center of Querétaro is also 
the capital city of the state bearing the same name. 
Querétaro is located in central Mexico, on its high central 
plateau, approximately 200 km northwest of Mexico City. 
Access to the capital city is via Highway 57, a major toll 
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Figure 1. This 0.95-ct cabochon shows the 
reddish orange body color with red and green 
play of color that is typical of fine fire opal 
from Querétaro. Photo by Mike Havstad. 


road from Mexico City. The principal productive 
area today is in the vicinity of the Iris mine, 
which is reached by taking the toll road from the 
city of Querétaro approximately 30 km back to- 
ward Mexico City to Highway 120, and then trav- 
eling east on Highway 120 toward Cadereyta for 
about 6 km until the open-pit mines can be seen 
from the highway along a series of low ridges 
{Burton, 1981). 


HISTORY AND MINING 

According to Webster (1975], fire opal was used 
extensively by the Aztecs (1200-1519 A.D.) in 
some of their ceremonial objects. Sinkankas (1959} 
states that the opal was known to the Aztecs as 
vitzitziltecpatl, or “humming bird stone,” an al- 
lusion to the similarity of the opal to the irides- 
cent feathers of a humming bird. These early ac- 
counts of the Aztecs’ use of opal are somewhat 
substantiated by one of the most famous Mexican 
opals in the world: the Aztec Sun God opal. Once 
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part of the famous Hope collection {which also 
contained the Hope diamond}, it supposedly is of 
Aztec origin and was taken from a temple in the 
early 16th century (Kunz, 1907). After being sold 
from the Hope collection in 1886, this opal be- 
came part of the Tiffany gem collection of the 
Field Museum of Natural History, in Chicago, II- 
linois, where it still resides today. 

With the conquest of the Aztecs, the location 
of the Querétaro opal deposits remained a mys- 
tery for several hundred years. It was not until 
1855 that a servant of the Hacienda Esperanza re- 
discovered them (Ramirez, 1884], and it was an- 
other 15 years before Don José Marfa Siurob of 
Querétaro located the Santa Marfa Iris mine in 
Hacienda Esmeralda and began commercially 
working the opal deposits {Foshag, 1953). Bauer 
{1904} states that the gem was so common in the 
area that “specks of opal are often seen in the 
stones of buildings.” It is interesting to note that 
the Santa Maria Iris mine remains the most pro- 
ductive and famous of the Querétaro opal mines 
today. Since Don José’s initial commercial efforts 
at Hacienda Esmeralda, the region has experi- 
enced widespread development. Sinkankas (1976) 
notes that production from the Querétaro area 
reached an all-time high in 1969, a result of greatly 
increased demand from Europe and Japan. Sin- 
kankas lists eight mines, in addition to the fa- 
mous Iris mine, active in the Querétaro area. Per- 
haps the most notable of these is the Carbonera 
mine near Trinidad, not far from San Juan del Rio. 

All opal mining operations in the Querétaro 
area are very simple open-pit quarries, and the 
opal recovery methods have not changed signifi- 
cantly in the last 100 years (figure 2). These quar- 
ries may be quite large (figure 3}; Burton (1981) 
reported that the original Iris open-pit mine now 
has walls over 60 m high. Recovery initially in- 
volves the dynamiting of the opal-bearing rock 
from the quarry wall. The loose boulders are then 
stacked in a pile to be broken down by hand—into 
pieces 5 cm or less to improve recovery of gem- 
quality material—under strict supervision. The 
rough opal is then sorted and taken to the city of 
Querétaro where it is fashioned into cabochons. 
Because of the unusually high transparency of the 
material and the play of color, these cabochons 
are usually cut with a high dome rather than the 
flat ovals common to opals from other regions of 
the world (Foshag, 1953). 

The opal occurs in a series of thinly bedded 
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Figure 2. Using the same methods as their 
19th-century predecessors, miners remove 
material from the newly reopened Mina El] 
Buey. Mine owner Joaquin Ontiveros reported 
that Mina El Buey was last worked over 100 
years ago. 


rhyolite lava flows (Kunz, 1907}. Locally these 
pink to brick-red rhyolites exhibit an abundance 
of irregular to oval lithophysal (gas) cavities com- 
mon to rhyolitic lava flows. The opal occurs as a 
secondary filling in these cavities as well as in 
any other available spaces in the lava, including 
pumice fragments and fractures. The opal usually 
fills the cavities totally, but occasionally it is 
found as loose nodules in the open spaces. These 
loose nodules, which may be “as large as a hen’s 
egg,” are generally the highest quality material 
(Foshag, 1953). Figure 4 illustrates one of the fin- 
est matrix opal specimens found in Querétaro 
(Kunz, 1907). 


GEMOLOGY OF THE 

QUERETARO OPAL 

Opal from the Querétaro area typically has lower 
properties than the Australian material. The re- 
fractive index is usually around 1.42 to 1.43; the 
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Figure 3. View looking into the Mina La 
Simpdatica. This mine is typical of the simple 
open-pit quarries in Querétaro. 


specific gravity is approximately 2.00 + 0.05. 
Querétaro opal is often distinguished from other 
opal by its unusually high degree of transparency 
and by its particularly vivid red and green play of 
color. Although the cabochon is the most com- 
mon cutting style (again, see figure 1), the trans- 
parency of the Querétaro material occasionally 
allows it to be faceted (figure 5), a cutting style 
not generally considered for opal. A reddish orange 
body color is most commonly seen in fine opals 
from this area (responsible for the term fire opal), 
with predominantly green play of color that may 
be in broad spangles, small flecks, or even pinfire. 
Black opals have been reported (Mayers, 1947}, 
but they are probably the result of heat treatment 
(Sinkankas, 1959). 


GENESIS OF MEXICAN OPAL: 

MULTIPLE CYCLES OF GROWTH 

After carefully studying several Mexican opals 
with included acicular crystals, the authors noted 
that in almost all cases there seemed to be a shell 
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Figure 4. Fire opal in matrix. Called one of the 
finest specimens of its kind by Kunz (1907), 
this 7.5 x 6.5 cm nodule was taken from the 
Tris mine in Querétaro and is now part of the 
Harvard University Collection. 


of whitish to pale yellow material surrounding 
the needle-like crystals. This shell, or coating, 
often seemed to take on a somewhat bulbous, al- 
most botryoidal, appearance that at first was at- 
tributed to a flow structure around the included 
crystals. It was not until the authors examined a 
sample of rhyolite matrix rock that contained 
several partially open gas cavities lined with nu- 
merous acicular crystals coated with a near-col- 
orless transparent material (as shown in figure 6) 
that a full understanding of the nature of these 
coatings and their origins was learned. 

X-ray diffraction on the near-colorless coating 
material proved it to be opal. This led the authors 
to theorize that if the cavities containing these 
already-coated crystals were later filled entirely 
with opal, an inclusion pattern similar to the one 
illustrated in figure 7 could be easily explained as 
resulting from at least two cycles of growth. One 
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such coated crystal included in an opal was cut 
through so that it could be studied in cross sec- 
tion. The result, as seen in figure 8, is reminiscent 
of tree rings and shows that several stages of de- 
position took place during the initial coating of 
the needle-like crystal and prior to its inclusion 
in the larger body of the orange-colored opal host. 

It is not particularly surprising to have several 
cycles of deposition, similar to the tree-ring anal- 
ogy, because studies of chalcedony in rhyolitic 
flows in Chihuahua, Mexico, showed similar phe- 
nomena. Keller (1977) studied agate in the Sierra 
Gallego area of Chihuahua and found that the 
nodules formed at near-surface temperatures and 
that their characteristically banded structure was 
probably the result of many years of deposition of 
silica due to annual fluctuations in the local water 
table from the wet to dry seasons. It is possible 
that some of the opal in the Querétaro area formed 
under similar conditions. 

From the numerous layered and flow struc- 
tures in Mexican opals, it is concluded that the 
silica initially introduced into the host igneous 
rock was in a somewhat gelatinous plastic state. 
Flow structures are seldom as prominent and eas- 
ily observable as the one illustrated in figure 9 or 
the black streamers reported by Fryer et al. (1982). 
They are more often observed as faint, curving 
flow lines associated with included crystals or 
other pre-existing formations that tend to inter- 
fere with and/or block the flow of the opalizing 
gel. In a few rare cases, the flowing gel will ac- 
tually break or twist extremely thin acicular 
crystals. 


INCLUSIONS IN MEXICAN OPAL 


Over 3,000 opals from Querétaro were examined 
with the microscope. The opals were either tum- 
bled, polished, rough, or cut en cabochon. Many 
contained portions of their original rhyolite ma- 
trix. They ranged in hue from near colorless to 
pale yellow through orange to deep orange-brown, 
and the diaphaneity varied from transparent to 
translucent. The majority displayed at least some 
play of color. Those with some rhyolite matrix 
frequently proved the most exciting to the au- 
thors, as crystals of interest would be attached to 
the rhyolite and extend into the opal. Occasion- 
ally free-floating included crystals and crystal 
fragments were encountered in the opal. 

From the original mass of opals, 20 specimens 
were chosen because of the size of their inclu- 
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| Figure 5. Faceted fire opal, 3.10 ct. 
Photo by Mike Havstad. 


Figure 6, Acicular crystals coated with a near- 

colorless transparent material (found to be 

opal) inside partially open gas cavities. Figure 7. Opal-coated crystals included in opal. 
Magnified 6x. Magnified 45 x. 
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Figure 8. A cross section of a coated crystal (in 
this case, a partial limonite pseudomorph after 
hornblende) in Mexican opal. The rings 
indicate that several stages of deposition 
occurred during the initial coating of the 
needle-like crystal and prior to its inclusion in 
the opal host. Magnified 100x. 


Figure 9. Flow structure in Mexican opal. 
Magnified 15x, 


sions, the ease with which they might be ana- 
lyzed, their photogenic nature, and in some cases 
because of their rarity and uniqueness. The fol- 
lowing discussion reports the results of this in- 
vestigation, which led to the definitive identifi- 
cation of a number of the included minerals and 
the revelation of some heretofore unreported in- 
clusion phenomena in opals. 
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Figure 10, A three-phase inclusion in Mexican 
opal, Notice the tiny red solid phases attached 
to the surface of the void. Magnified 50x. 


Three-Phase Inclusions. When we observe an in- 
clusion that appears to be a negative crystal such 
as that illustrated in figure 10, one of the last 
gemstones to come to mind as a possible host is 
opal, because, by virtue of its amorphous nature, 
opal should not house negative crystals that con- 
tain the liquid, gas, and solid components of a 
three-phase fluid inclusion. Figure 10, however, 
illustrates just such a three-phase inclusion in a 
Mexican opal. The following explanation is of- 
fered for its existence. Perhaps during initial for- 
mation in its extrusive igneous host, the opal cap- 
tured and included a euhedral crystal, a carbonate 
such as calcite or dolomite. If the opal’s environ- 
ment and the natural water it contains in its 
structure turned somewhat acidic, the rhombo- 
hedral carbonate crystal could be dissolved, leav- 
ing behind a rhombohedron-shaped cavity that 
would now be filled with a portion of the dissolv- 
ing solution and an accompanying gas bubble. 
Any insoluble inclusions in the original carbon- 
ate crystal would be left behind as solids. 

In addition, if the dissolving solution brought 
chemically suspended impurities with it, these, 
too, could be deposited in the void left by disso- 
lution of the carbonate crystal in the opal host. 
Study of figure 10 immediately reveals the ob- 
vious liquid and gas phases present. A closer ex- 
amination reveals numerous tiny red solid phases 
attached to the surface of the void which dent the 
gas bubble where they are trapped between it and 
the walls of the cavity, proving that they are in- 
side the bubble with the liquid and gas phases. 
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Figure 11. This two-phase inclusion in Mexican 
opal consists of an acicular crystal of 
hornblende within a balloon-shaped void. 
Magnified 45 x. 


Two-Phase Inclusions. One of the opals studied 
contained an included acicular crystal of horn- 
blende within the teardrop void shown in figure 
11. It might be easily mistaken for an opal coating 
on a crystal such as the one shown in figure 7. 
The hornblende needle contained in the upper 
bulbous portion of the void was broken off and 
free to move about in the void, thus identifying 
it as a hollow space. 

A void of this nature might be formed when 
the opalizing gel fills cavities in the host rock that 
contain the hornblende needles. As the gel covers 
the needles, gas bubbles might attach to the horn- 
blende just as gas bubbles can be seen to coalesce 
on the surface of any object placed in a liquid such 
as water. The greater density of the gel would 
force the accumulating gas bubbles upward, form- 
ing a ballon-shaped tent around and over the end 
of the hornblende crystal. When the opal solidi- 
fied, the gas would be trapped in the balloon- 
shaped void it had formed in the opal. 


Hornblende. The crystal shown in figure 12 is 
typical of the black, needle-like crystals found in 
Mexican opals. It is also opaque and is of slightly 
distorted hexagonal cross section. Crystals of 
similar appearance that did not reach the surface 
of the opal host had rhombohedron-like termi- 
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Figure 12. Black, needle-like crystals are 
commonly seen in Mexican opal. This 
particular inclusion proved to be hornblende. 
Magnified 40x. 


nations. These properties and the nature of the 
host rock suggested that these inclusions might 
be hornblende. An X-ray diffraction powder pho- 
tograph of an exposed inclusion proved that the 
initial conclusion was correct. Note that the 
X-ray diffraction powder test caused no observ- 
able damage to either the hornblende inclusion or 
the host opal. 


Limonite Pseudomorphs after Hornblende. Many 
of the acicular crystals and crystal groups of hom- 
blende are completely, or at least partially, altered 
to limonite. Limonite is a general term used for 
hydrous ferric iron oxides such as goethite. Al- 
teration products composed of limonite have a 
rusty brownish to yellow color with an earthy 
appearance. During the alteration process, some 
of the hornblende crystals became quite cavern- 
ous on their terminations. An excellent example 
of partial pseudomorphic replacement of horn- 
blende by limonite is shown in figure 8. The cen- 
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Figure 13. Goethite inclusion in Mexican opal. 
Magnified 50x. 


tral core of this crystal is still fresh black horn- 
blende, while the outside has completely altered 
to limonite. Notice, too, that in the pseudomorph 
example, the external morphology of the original 
hornblende remains intact. 


Goethite. Another inclusion observed and studied 
was a columnar mass of an earthy, red-brown 
color showing a circular cross section and a con- 
centric radial structure (figure 13]. A tentative 
visual identification of this and many similar in- 
clusions suggested that the material was goethite, 
FeQ(OH), a common alteration product of iron- 
bearing minerals such as hematite, pyrite, and 
hornblende. 

As with the homblende, X-ray diffraction 
proved the visual identification to be correct: the 
inclusion is indeed goethite. 


Hematite. Intermixed and closely associated with 
goethite in Mexican opals is hematite. Close 
microscopic examination of goethite-containing 
areas in the opals will often reveal small amounts 
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Figure 14, Euhedral prismatic crystals 
terminated by rhombohedral faces. Testing 
proved these inclusions to be quartz. Polarized 
light. Magnified 50x. 


of a metallic-to-submetallic black material. An 
X-ray diffraction pattern (done for this study) 
showed that the black material is hematite. 
Scraping similar sections that reach the surface 
of the opals gives the characteristic browish red 
streak of hematite. Occasionally, single, tabular, 
somewhat distorted crystals are seen. 


Fluorite. A few very small, transparent, near- 
colorless cubes with octahedrally modified cor- 
ners were noticed by the authors. Polarized pin- 
point illumination showed no evidence of double 
refraction. The cubes were in direct association 
with hematite. Two of the cubes are perched on 
the edge of a single tabular hematite crystal. As 
this opal is in a private collection, no further test- 
ing could be carried out. However, the habit, 
transparency, and single refraction of these inclu- 
sions strongly suggest fluorite. 


Quartz. A small, tumble-polished sample of al- 
most-colorless Mexican opal contained numerous 
small, essentially colorless, euhedral prismatic 
crystals apparently terminated by rhombohedral 
faces. Under polarized light with a first-order red 
compensator, the inclusions, as illustrated in fig- 
ure 14, stood out vividly as doubly refractive sol- 
ids in the singly refractive host opal. A Becke line 
test showed that the refractive index of the inclu- 
sions was higher than that of the opal. In trans- 
mitted light, little relief could be seen between 
the opal and the inclusions, suggesting that the 
RI. of the inclusions was relatively close to that 
of the opal; but the double refraction of the in- 
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Figure 15. Cristobalite inclusion in Mexican 
opal. Magnified 110. 


clusions, their crystal habit, and their low relief 
suggested quartz. By grinding and polishing the 
specimen, we exposed one of the larger crystals. 
A stainless steel probe was used to extricate the 
crystal from the opal, and the crystal was then 
crushed. During crushing, no cleavage was ob- 
served. The randomly oriented fragments were 
then placed on a glass slide, and a small drop of 
clove oil, with a refractive index of approximately 
1.53, was placed over the fragments which were 
then spread out in a thin layer. The tiny frag- 
ments of the inclusion virtually disappeared in 
the clove oil. 

The Becke line test and the very low relief 
proved that the inclusion fragments were only 
slightly higher in refractive index than the clove 
oil. Under polarized light, the fragments again 
became readily visible. Using a tiny condensing 
lens, we checked the randomly oriented frag- 
ments for optic figures. One of the fragments dis- 
played a uniaxial ”bull’s-eye” optic figure that 
positively identified the inclusion as quartz. 


Cristobalite. Two opals—one a bright transparent 
orange and the other a near-colorless transparent 
specimen with attached rhyolite matrix—were 
found to contain translucent white crystal for- 
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Figure 16. X-ray diffraction analysis indicated 
that the dull, whitish, earthy masses 
illustrated here in association with an orangy 
brown prismatic crystal were kaolinite, a clay 
mineral. Magnified 40x. 


mations such as the one illustrated in figure 15. 
Since the largest of the inclusions was in the 
orange sample, we decided to sacrifice this spec- 
imen. The same microscopic method of study 
employed on the quartz was used, 

The intricate shape and platy nature of the in- 
clusion eliminated the possiblity of dislodging it 
from the opal host. A tiny cube containing the 
inclusion was cut from the opal and ground down 
on a diamond lap until it was about 2 mm in long- 
est dimension. The sample was then crushed and 
placed on a glass slide. With a polarizing micro- 
scope, the inclusion fragments, which proved to 
be doubly refractive, were easily separated from 
the singly refractive opal matrix. A drop of clove 
oil (again, R.I. of 1.53} was then placed over a few 
isolated inclusion fragments, and a Becke line test 
showed that the inclusion had a lower index of 
refraction than the clove oil. 

Next, a tiny drop of tetrachlorethane was 
placed over several of the inclusion fragments. 
The Becke line test showed that the inclusion 
fragments were very close to the refractive index, 
1.48, of tetrachlorethane. 

Cristobalite has refractive indices of 1.484— 
1.487 and is a known associate of opal in volcanic 
rocks such as rhyolite and trachyte. 


Kaolinite. Dull, earthy masses and cloud-like globs 
of a white to yellowish-brown to brown material 
were noted on the surfaces of, and included in, 
several of the Mexican opals used in this study. 
These masses and globs could be found clinging 
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to included crystals, as in figure 16, or in direct 
contact with the matrix rock in the opals that 
contained matrix material. These masses showed 
no distinctive microscopically recognizable fea- 
tures. 

The authors, therefore, depended entirely on 
X-ray diffraction for possible identification of these 
inclusions. Study of the X-ray diffraction pattern, 
obtained by scraping some of the whitish material 
from the surface of one of the opals, revealed that 
it was most probably kaolinite, a clay mineral. 


Pyrite. Only one sample of Mexican opal was ob- 
served by the authors to contain very tiny, brassy- 
yellow, opaque modified cubes and what appeared 
to be pyritohedrons of pyrite. As the opal em- 
bracing the pyrite{?} crystals was in a private col- 
lection and could not be fully tested, this identi- 
fication of pyrite in opal is only tentative. 


CONCLUSION 


The opal mines of Querétaro, Mexico, have been 
an important source of this unique gem material 
for over 100 years. The opal occurs in rhyolitic 
lava flows and is, for the most part, mined by 
hand just as it was in the 19th century. Even 
though the mining methods remain primitive, 
production is at an all-time high and the future 
in the world market appears bright. 

The inclusions found in opals from this local- 
ity reflect their volcanic provenance. This study 
has conclusively identified five different mineral 
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species and tentatively identified four more, none 
of which was previously recorded in the literature 
as an inclusion in opal. Rutile, commonly noted 
as an acicular inclusion in Mexican opal, was not 
encountered in this study. In all probability, the 
hornblende noted here was previously misiden- 
tified as rutile. In addition, a three-phase inclu- 
sion, a two-phase inclusion, flow structures, and 
multiple cycles of growth have also been de- 
scribed and their origins suggested. 
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THE NEWLY EXPANDED 


DEUTSCHES EDELSTEINMUSEUM 
OF IDAR-OBERSTEIN, GERMANY 


By Peter C. Keller 


With the opening of a new display area in 1982, this 
unique museum in the gem-cutting capital of Europe 
has not only doubled in size but has also established 
itself as one of the finest gemology exhibits in the 
world. THis‘article describes both the néw and old 
exhibit areas and discusses some of the organization 
and design techniques that have contributed to the 
success Of the Deutsches Edelsteinmuseum. 


In April 1982, the Deutsches Edelsteinmuseum 
(German Precious Stone Museum) of Idar-Ober- 
stein, Germany, opened a new, second-floor ex- 
hibit area to the public. In addition, some of the 
original first-floor exhibits have been updated. 
The museum is now one of the best of its kind in 
the world. 

The Deutsches Edelsteinmuseum is housed in 
the Diamant- und Edelsteinbérse which is the 
tallest building in Idar-Oberstein. The new ex- 
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hibit area was created both to accommodate the 
increasingly large volume of visitors and to ex- 
pand the scope of the museum. People from all 
over the world come to Idar-Oberstein to pur- 
chase gems, yet no other public museum in the 
area adequately addresses all the various aspects 
of this unique field. Although the old agate mines 
and polishing mills are popular attractions, at the 
Deutsches Edelsteinmuseum visitors and Idar’s 
gemological students have a chance to leam 
through seeing some of the finest examples of 
gems and gem workmanship available today. 


THE FIRST-FLOOR EXHIBITS 


Immediately upon entering the museum (see fig- 
ure 1 for a detailed scheme of the two floors of 
exhibits], the visitor encounters a collection 
{approximately 30 pieces) of large gemstones, in- 
cluding a 12,555-ct blue topaz from Brazil and an 
11,600-ct brilliant-cut rock crystal. According to 
Gerhard Becker, curator and a driving force in the 
museum", this display of “gemstone giants’’ is 
meant to attract the visitor into the museum and 
entice him to explore deeper into the world of 
gemstones. 


*Mr, Becker is chairman of the volunteer committee 
that is in charge of the museum. The other members 
of the committee, each of whom is a specialist in a 
particular aspect of gemology, include: K. Arnold, 
Prof, Dr. H. Bank, R. Droeschel, D. Hahn, R. Hahn, 
and E. ]. Petsch. 
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Figure 1, A floorplan of the Deutsches Edelsteinmuseum. The letters designate specific 
exhibit areas, as follows: A = the history of Idar-Oberstein’s gem industry and items 
carved from Idar-Oberstein’s own agate deposit; B = exhibits of both microscrystalline 
and macrocrystalline quartz varieties; C = unusually large faceted gems and fine 
carvings from Idar-Oberstein; D = the Glyptothek, an exhibit detailing the history of 
carving worldwide, with special emphasis on cameo carving in Idar; E = the systematic 
classification of gemstones along with particularly fine examples of amethyst and citrine; 
F = gemstones exhibiting asterism and chatoyancy; G = exhibits showing examples of 
all major gem species in both their rough and cut forms; H = ornamental gemstones as 
well as gemstones containing unusual inclusions; I = diamonds, both rough and cut; 

] = gemstones of the 20th century; K = synthetic gem materials; L = the gem vault, 
containing especially valuable gems that are on loan to the museum; M = rough and cut 


tourmaline and beryl. 


Originally, the entire museum was devoted to 
the art of gem cutting and carving as it developed 
in Idar-Oberstein over the centuries. The main 
first-floor exhibit area is still arranged chronolog- 
ically to show the evolution of the gem industry 
in Idar-Oberstein. To the left of the gemstone 
giants, one finds an exhibit explaining the origins 
and history of gem cutting in the area from 1375 
to the present. This exhibit is accompanied by 
numerous early books documenting Idar-Ober- 
stein’s development. 

With this history of gem cutting as a back- 
ground, the visitor is next introduced to the dis- 
tinctive agates found in the local Miocene-age 
basalt flows which gave birth to the gem industry 
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in Idar-Oberstein. These agates occur in a variety 
of colors but are predominantly brown and red. 
Beautiful specimens of amethyst have been 
recovered with the agates. These appear in the 
mining exhibits as well, for they also played a 
major role in the early development of Idar’s gem 
industry. 

By the end of the 19th century, however, the 
German craftsmen could no longer depend on the 
dwindling supply of agate from the local mines 
and began importing the stone from Brazil. It 
wasn’t long before they brought in amethyst, rose 
quartz, and many other varieties of quartz as well. 
They also started dyeing the grayish Brazilian ag- 
ate; first, they used black and red, and then they 
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slowly developed other colors such as greens and 
blues. The next exhibit shows both early and con- 
temporary workmanship using all the varieties of 
quartz imported from Brazil; items included are 
carved bowls and various animals (figure 2). 

In recognition of the role that agate and other 
varieties of quartz have played in stimulating and 
perpetuating the carving industry in Idar-Ober- 
stein, fully half of the first floor of the museum 
has been devoted to quartz and its many gem va- 
rieties. Particularly interesting among the early 
carvings are the subtle brown, black, and black- 
and-white agate beads that were fashioned in Idar- 
Oberstein and subsequently used by many Afri- 
can tribes as currency. Also impressive are the 
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Figure 2. This pair of rock 
crystal owls on a petrified 
wood base is typical of the 
contemporary animal 
carvings displayed in the 
museum. Each owl is 
approximately 8 cm high; 
the entire piece is 
approximately 18 cm. 


fine agate bowls with cameo-like carvings in 
their interiors, which may take up to a year to 
complete. 

Separate from the main theme of the exhibit 
area on the first floor, and almost a museum 
within a museum, is an exhibit on the evolution 
of gem carving worldwide over the last 6,000 
years. Called the Glyptothek, this unique display 
of carved gemstones contains approximately 250 
objects. The entire exhibit was either collected or 
manufactured by Idar-Oberstein’s foremost gem 
carver, Richard Hahn. If a piece was unobtainable, 
Hahn reproduced the carving in its original style. 
The exhibit beautifully illustrates the art of stone 
carving from early man, with his rough beads of 
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Figure 3, This fine Brazilian amethyst crystal is 
one of many “touch” specimens seen 
throughout the museum. 


quartz; through the ancient Egyptians, with their 
scarabs and seals; the Romans, with their cameos 
and intaglios; and finishing with early European 
carvings, including those of Idar-Oberstein. The 
exhibit is particularly strong in cameos. 

One of the more unusual aspects of the mu- 
seum is the large number of high-quality speci- 
mens that can be touched by the public. Enjoyed 
by adults and children alike, the dozens of “touch” 
specimens scattered throughout the museum in- 
clude a fine 1.2 x 0.6 m malachite slab from the 
USSR; a large, gemmy aquamarine crystal; a large 
sphere fashioned from lapis lazuli; and a superb 
amethyst crystal (figure 3). 

At the base of the stairs that lead to the new 
second-floor exhibit area is a reproduction of a 
pegmatite pocket found in Madagascar (figure 4). 
This unusually large pocket contains enormous 
aquamarine and quartz crystals. The walls of the 
pocket are studded with mica and quartz as well 
as feldspar, which makes for a most convincing 
reproduction. The pocket was conceived and con- 
structed by Gerhard Becker. 
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Figure 4, A two-meter-high reproduction of an 
aquamarine pegmatite pocket as found in 
Madagascar. 


THE SECOND-FLOOR EXHIBITS 


Mounted on the walls midway up the stairs to the 
new exhibit area are three large, dramatic pho- 
tographs from different localities showing the 
most important types of gem deposits: alluvial 
mining for corundum in Sri Lanka, pegmatite 
mining for beryl and tourmaline in Madagascar, 
and open-pit mining for tourmaline in Brazil. 
These photos are appropriate to introduce the 
theme of the new, second-floor exhibit area: gem- 
ology. Every effort has been made to present a 
broad, well-rounded lesson in the field in a dra- 
matic yet inviting atmosphere (figure 5}. The 
walls, as well as the display bases, are covered 
with a dark, chocolate-brown carpet. Track spot- 
lights also are used judiciously to give a feeling 
of warmth. 

The first exhibit encountered explains how 
gemstones can be classified according to their 
chemical composition: from diamonds, as native 
elements, through the many silicates. Following 
this exhibit, we find a case of birthstones (cabo- 
chons]; a display showing chatoyancy and aster- 
ism; and a presentation on inclusions in gems, 
such as rutilated quartz. 

Most of the remaining portions of the new ex- 
hibit area are devoted to the major gem species 
and feature both rough specimens and cut stones. 
For the most part, the examples included—espe- 
cially the rough crystals—are very fine. Particu- 
larly impressive are the large Brazilian gem crys- 
tals, including aquamarine, blue topaz, imperial 
topaz, kunzite, and tourmaline. The exhibit also 
contains some of the finest rough-and-cut tanzan- 
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ite in existence today. Certainly the new exhibit 
in Idar-Oberstein must be considered one of the 
most extensive rough-and cut gemstone exhibits 
in the world. 

The exhibit of phenomenal stones is also note- 
worthy. The stones show off their asterism and 
chatoyancy as well as any seen in major museums 
elsewhere (figure 6). The credit can be given to 
the unique lighting: the actual light source hangs 
from a long cord to within a few centimeters of 
the gem, so that a maximum amount of direct 
light hits the stone with minimal interference 
from ambient light. The exhibit itself contains 
some spectacular cat’s-eye tourmaline and apa- 
tite, a star rose-quartz sphere, and a very inter- 
esting necklace of cat’s-eye chrysoberyl beads. 

Also on the second floor is an exhibit that dis- 
plays virtually every important synthetic gem- 
stone known today, including the products of 
such major manufacturers as Chatham, Kashan, 
Gilson, and Lechleitner. I know of no other ex- 
hibit of synthetics anywhere that matches this in 
scope. 

Equally unique is the display of gemstones 
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Figure 5. The second-floor exhibit area stresses gemology in an atmosphere of elegance. 
Again, note the numerous “touch” specimens on the floor. 


new to the 20th century, in both their rough and 
cut forms. These include mineral species such as 
benitoite, sinhalite, brazilianite, ekanite, taaf- 
feite, charoite, and sugilite, as well as species that 


Figure 6. The fine exhibit on chatoyancy and 
asterism includes these cat’s-eye tourmalines 
and star rose quartzes. 
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were not known as cut stones prior to the 20th 
century, such as cuprite and labradorite. Also fea- 
tured are gems from localities that are new to the 
20th century, such as Indian aquamarine, Paki- 
stani topaz, Afghani tourmaline and kunzite, and 
Brazilian emerald. 

The highlight of the new second-floor exhibit 
is a walk-in vault containing some of the finest 
gems in the museum. The centerpiece in the 
vault is a 2-ct diamond, displayed with several 
smaller diamonds. Elsewhere, diamonds are dis- 
played in a unique manner on coal (figure 7). The 
cases along the far wall of the exhibit include ex- 
quisite tanzanites, emeralds, rubies, sapphires, 
imperial topaz, and some very fine cameos, one 
of which is of ancient Roman origin. 

According to Gerhard Becker, the vault was 
built for two purposes. First, it enables the mu- 
seum to present special exhibits from all over the 
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Figure 7. The new exhibit is 
particularly strong in 
diamonds, and the 
technique of displaying 
them on coal is but one 


“Seer example of the museum’s 
ree | innovativeness. 


world with the assurance of adequate security. 
Second, the concept of a vault serves to under- 
score the great value of the materials housed 
therein. 

The people of Idar-Oberstein can be justly 
proud. Their museum is indeed superb. I know of 
no other like it in Europe or, for that matter, any- 
where else in the world. The Deutsches Edel- 
steinmuseum is in a unique position to present 
the subject of gemology and gem carving in that 
it is backed enthusiastically by the huge gem in- 
dustry in Idar-Oberstein. Because of this gem in- 
dustry, Idar-Oberstein receives a steady flow of 
new gem materials from the world over; the var- 
ious companies select the best and most unusual 
from their inventories and loan it to the museum 
for display. This industrial backing guarantees 
that the museum will remain dynamic, con- 
stantly being changed and updated for the public. 
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PERIDOT FROM TANZANIA 


By Carol M. Stockton and D. Vincent Manson 


Peridot from a new locality, Tanzania, is described 
and compared with 13 other peridots from various 
localities in terms of color and chemical com- 
position. The Tanzanian specimen is lower in iron 
content than all but the Norwegian peridots and is 
very similar to material from Zabargad, Egypt. A 
gem-quality enstatite that came from the same area 
in East Africa and with which Tanzanian peridot 
has been confused is also described. 


In September 1982, Dr. Horst Krupp, of Idar- 
Oberstein, sent GIA’s Department of Research a 
sample of peridot for study. The stone was from 
a parcel that supposedly contained enstatite pur- 
chased from the Tanzanian State Gem Corpora- 
tion, the source of a previous lot of enstatite that 
Dr. Krupp had already cut and marketed. Material 
from the second parcel, however, exhibited no 
cleavage and, during preshaping, displayed hard- 
ness characteristics different from those noted in 
the first parcel of enstatite. Closer examination 
revealed refractive indices that corresponded more 
closely to those of peridot than enstatite. These 
stones reportedly came from alluvial gem depos- 
its in the vicinity of the Usambara Mountains in 
the Umba district near the Tanzania-Kenya bor- 
der. While peridot from East Africa has been briefly 
reported (Bridges, 1982), there has as yet been no 
detailed documentation of the material in the 
gemological literature. 


DESCRIPTION 


The rough material examined by Dr. Manson con- 
sists of slightly worn-looking or partly corroded 
crystals. The crystal surfaces are characterized by 
varying degrees of frosting typical of alluvial 
transport. Still in evidence, however, are surficial 
solution and etch features, which suggest that the 
material was not carried far. 

The 1.37-ct oval-cut stone now in GIA’s per- 
manent collection (GIA #13781) is exceptionally 
transparent and bright, with less yellow than is 
typical of most peridots. The refractive indices, 
measured from the table of the stone with a GEM 
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Duplex II refractometer and sodium light, approx- 
imate a = 1.650, B = 1.658, and y = 1.684, indi- 
cating a biaxial positive optic character. The 
specific gravity, measured hydrostatically, is ap- 
proximately 3.25. 


CHEMISTRY 


The Tanzanian peridot was analyzed using a MAC 
electron microprobe at an operating voltage of 15 
KeV and beam current of 0.05 wA. The standards 
used were periclase for MgO, kyanite for Al,Os, 
quartz for SiO,, wollastonite for CaO, rutile for 
TiO,, chromic oxide for Cr,O., almandine-spes- 
sartine garnet for MnO, fayalite for FeO, and nickel 
oxide for NiO. The data were corrected using the 
Ultimate correction program (Chodos et al., 1973). 

For purposes of comparison, we also selected 
and analyzed peridots from major known locali- 
ties: Egypt (Zabargad], Burma, Arizona, Norway, 
and Mexico (figure 1}. The chemical compositions 
of these stones and the Tanzanian material are 
listed in table 1. Recent gemological and miner- 
alogical literature on peridots from various local- 
ities provides additional information on compa- 
rable material (e.g., Burns, 1970; Wilson, 1976; 
Dunn, 1978; Gtibelin, 1981; Steele et al., 1981; 
and Koivula, 1981). 


RELATIONSHIP OF COLOR 

TO CHEMISTRY 

The colors of the Tanzanian and 13 other peridots 
were determined with the GEM ColorMaster 
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Figure 1. Seven of the 
peridots studied, 
representing the range 

of colors from various 
localities. These stones 

are (left to right) from: 
Tanzania, Burma, Burma, 
Arizona, Mexico, Egypt, and 
Norway. 


{again, see table 1) and converted to CEE color co- 
ordinates. Figure 2. shows the positions of the stones 
on the relevant portion of the CIE diagram, from 
which it is evident that the hue of the Tanzanian 
peridot is closer to that of the Norwegian and 
Zabargad material than to the hues of the other 
peridots. Since the stones from Tanzania, Nor- 


way, and Zabargad all contained less iron than the 
other peridots analyzed (see table 1}, our first as- 
sumption was that the color would correlate sim- 
ply with the amount of iron present. However, an 
examination of the stones when arranged accord- 
ing to Fe content (figure 3} indicates no such or- 
derly relationship. 


TABLE 1. Chemical composition (in weight %) and color of peridot specimens from various localities.* 


Egypt 
Chemical Tanzania (Zabargad) Burma Arizona 
composition 3 
and color (13781) (15) (16) (13034) (13035) (11447) (12430A) (12430B)  (12430C) 
Composition’ 
MgO 51,26 50.95 50.44 48.90 50.71 49.51 50.28 48.89 48,22 
SiO, 40.62 41.03 41.07 40.25 40.75 40.81 40.80 40.55 40.77 
CaO ne 0.03 0.04 7 7 - 0.09 0.11 0.06 
TiO, * * bd 5 * * * * * 
Cr,0, * * bd * * * * * * 
MnO 0.12 0.13 0.11 0.15 0.07 0,09 0.10 0.12 0.17 
FeO 7.74 7.95 8.14 10.16 8.58 10.06 8.25 9.73 9.68 
NiO 0.39 0.41 0.38 0.31 0,39 0.33 0.35 0.37 0,39 
Total 100.13 100.50 100.18 99.77 100.50 100.80 99.87 99.77 99.29 
Ratio 
Mg/Mg+Fe 0.922 0.920 0,917 0.896 0.913 0,898 0.916 0,900 0,899 
ColorMaster 
coordinates A-29/80/04 A-21/57/02 B-36/100/01 B-29/36/01 B-48/46/01 A-26/63/03 —¢ B-27/44/01 A-18/40/02 


CIE x and y 
coordinates 


0.399/0.501 0.406/0.515 0.422/0.540 0.505/0.451 0.542/0.427 0.414/0.494 


¢ —0.475/0.480 0.421/0.487 


"The GIA catalog number for each stone is indicated in parentheses. 


Error is less than +2 weight %, 
“Asterisk indicates less than 0.02 weight % throughout table. 
4Color coordinates for heat treated peridot: 


ColorMaster CIE 
Before heat treatment A-27/63/03 0.41 8/0.491 
After 12 hours at 700°C B-54/99/04 0.458/0.474 
After additional 12 hours at 750°C D-18/83/04 0.506/0.469 
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Figure 2. (A) CIE color graph; the 
shaded area is the region 
reproduced at right (B), on which 
coordinate points are plotted for the 
14 peridots examined. (Note the 
GIA catalog numbers for cross- 
referencing with table 1.) Points x 
and o represent, respectively, the 
coordinates for stone 12430A before 
heat treatment and after 12 hours at 
700°C. Enstatite 96B is also 
included on the diagram. 


015 


e 13781 
11447 
. 


% 
* 12430C 


°12430B 


°12430A 


Norway Mexico 

(13280) (11452) (11453) (12666) 
48.25 51.76 51.63 49.24 
40.56 41.18 41.19 40.79 
0.07 = * 0.07 
0.17 0.08 0.06 0.11 
11.18 6.95 6.94 9.22 
0.36 0.43 0.29 0.40 
100.59 100.40 100.11 99.83 
0.885 0.930 0.930 0.905 


C-28/100/00 A-38/96/07 = _A-37/97/08 B-26/50/02 


0.469/0.513 0.400/0.474 0.391/0.469 0.447/0.483 
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Next, we questioned whether the oxidation 
state of the iron present was affecting color. A 
study of diamond inclusions (Prinz et al., 1975) 
revealed that nearly colorless olivine inclusions 
oxidized to pale brown to red at the temperatures 
and times required to burn away the surrounding 
diamond (about 800°C for 6 to 24 hours). In order 
to confirm this effect, we selected for heat treat- 
ment one of the Arizona peridots already ana- 
lyzed (GIA #12430A; see table 1). Exposure to 
600°C for 4 hours yielded no visible effect, but 
after the stone had been subjected to a tempera- 
ture of approximately 700°C for 12 hours, it turned 
noticeably darker and browner. An additional 12 
hours of heating at 750°C produced the present 
color of the stone (figure 4}. This suggests that the 
oxidation state of iron in peridot has a marked 
influence on the color. Further study of valence 
states and site locations of iron by means such as 
Méssbauer spectroscopy will provide a better un- 
derstanding of the causes of color in peridots, but 
is beyond the scope of this article. It should be 
noted, though, that the times (several hours} and 
temperatures (over 500°C] required to oxidize per- 
idot sufficiently to cause a change in color do not 
represent a risk for the jeweler/gemologist in terms 
of the color stability of a stone during repairs, in 
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Figure 3. A selection from the peridots studied that clearly refutes the idea that the 
amount of iron alone accounts for the variety of color observed among peridots. These 
stones are arranged (left to right) from lowest to highest proportion MgiMg+Fe (i.e., from 
most to least FeO present). 


the cutting process, or during any kind of normal 
wear. 


GEMOLOGICAL SEPARATION OF 

PERIDOT FROM ENSTATITE 

We also examined an East African enstatite (GIA 
#96B) that we believe to be similar to the ones 
confused with the Tanzanian peridot. This stone 
at first appears to be quite like peridot (figure 5], 
and the refractive indices measured from the table 
of the stone—approximately a = 1.669, B = 
1.672, and y = 1.679 (biaxial positive}—lie in the 


Figure 4, The stone on the left is Arizona 
peridot GIA #12430A after heat treatment. Its 


original color was the same as that of the ranges of those for peridot, although the bire- 
peridot shown on the right in this photo. fringence of enstatite is considerably lower than 

that of peridot (approximately 0.010 as compared 
Figure 5. The stone on the left is an enstatite to 0.036). The spectra of peridot and enstatite, 
from East Africa (GIA #96B); the stone on the however, provide an easy means of distinguishing 


right is a peridot from Mexico (GIA #12666). 

Figure 6. Optical absorption spectra of (A) 
enstatite from East Africa (GIA #96B), and (B) 
peridot from Mexico (GIA #12666), 


5000 6000 ,7000 
Peder darted 
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the two stones. Although both have been thor- 
oughly documented (Liddicoat, 1980), the spectra 
for the enstatite and peridot shown in figure 5 are 
reproduced here (figure 6) for immediate reference. 

Chemical analysis of this same enstatite (see 
table 2; performed at the same time as the peridot 
analyses} revealed an MgO:FeO ratio similar to 
that of the Tanzanian peridot as well as a some- 
what high aluminum content for enstatite (Dunn, 
1975/76 and 1978; Schmetzer and Krupp, 1982). 
These compositional features are characteristic of 
enstatite formed in a high-temperature, high- 
pressure geologic environment in which peridot 
can also form (Deer et al., 1978). 


SUMMARY 


The dozen or so samples of cut peridot from Tan- 
zania that we have seen are all exceptionally at- 
tractive gems with transparency and color com- 
parable to that of material typical of Norway and 
to some of the stones from Zabargad. Although 
these East African peridots have been confused at 
times with enstatite, the characteristic spectra of 
the two materials provide an easy means of sep- 
aration. The quantity of peridot available from 
Tanzania is as yet unknown and will determine 
the significance of this material to the gem 
market. ° 
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TABLE 2. Chemical composition and color of the ensta- 
tite specimen from East Africa. 


Composition@ Weight % 
MgO 32.71 
Al,Og 7.10 
SiO, 53.93 
CaO 0.14 
TiO, 0.09 
Cr,0, 0.09 
MnO 1.12 
FeO 4,49 
Total 99.67 
ColorMaster 
coordinates B-26/50/01 
CIE x and y 
coordinates 0.457/0.498 


Error is less than +2 weight %. 
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INVESTIGATION OF A CAT’S-EYE 


SCAPOLITE FROM SRI LANKA 
By K. Schmetzer and H. Bank 


A cut gemstone with intense chatoyancy that 
originated from Sri Lanka was determined to be a 
member of the scapolite solid-solution series, Indices 
of refraction and unit-cell dimensions were found as 
w = 1.583, € = 1.553 and a = 12.169, ¢ = 7.569 A, 
respectively; a meionite content of 69% was 
established by microprobe analysis. The chatoyancy 
is caused by needle-like inclusions with an 
orientation parallel to the c-axis of the scapolite host 
crystal. Microprobe analysis of these needles showed 
them to be pyrrhotite. 


Natural scapolites are members of the solid- 
solution series marialite, Nagl(Cl,,SO,,CO,) | (Al 
SijO,)g], and meionite, Cag[(Cl,,SO,,CO,) | (Al, 
SizO,)g]. Scapolite crystals of gem quality occur 
colorless and in white, gray, yellow, pink, and 
violet. Cut gemstones are known from Burma, 
Brazil, Sri Lanka, Madagascar, Mozambique, 
Canada, Kenya, and Tanzania. Scapolites with 
chatoyancy, so-called cat’s-eye scapolites, are 
known from Burma, Sri Lanka, Madagascar, and 
Tanzania. In general, the cat’s-eye effect in this 
gem material is caused by needle- or rod-like 
inclusions running in a direction parallel to the 
optical axis of the tetragonal scapolite. These 
inclusions have been described in scapolites from 
Burma as rod-like cavities (Webster, 1975] or as 
needles of doubly refractive crystals (Eppler, 1973). 
In cat’s-eye scapolites from Sri Lanka, parallel 
fibers or channels have been mentioned (Gubelin, 
1968); samples from Madagascar contain hollow 
channels, liquid-filled channels, and needles of 
doubly refractive crystals {Eppler, 1958, 1973). 
The cat’s-eye effect in scapolites from Tanzania 
is due to reddish brown inclusions of iron oxides 
or hydroxides; Tanzanian scapolites with asterism 
caused by two sets of parallel inclusions are 
known but are very rare (Schmetzer et al., 1977). 
By careful investigation of the mineral inclusions 
of two Tanzanian scapolites (chatoyancy not 
mentioned], the different mineral phases filling 
numerous growth tubes were determined to be 
lepidocrocite and Fe,O; (maghemite or hematite]. 
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Furthermore, hexagonal plates up to 0.4 x 0.4 
mm in size with metallic luster were determined 
to be pyrrhotite in these samples (Graziani and 
Gtibelin, 1981). 

This article describes a scapolite crystal from 
Sri Lanka that was cut into a 1.68-ct cabochon 
{approximately 9 mm Xx 5 mm] with particularly 
intense chatoyancy (figure 1). The ray of light 
crossing the surface of the cabochon is relatively 
broad compared to the sharpness of rays in other 
gemstones with chatoyancy or asterism, such as 
the more familiar cat’s-eye chrysoberyls or aste- 
riated corundum. The physical and chemical 
properties of this cat’s-eye scapolite are pre- 
sented, and the cause of the distinctive chatoy- 
ancy in this stone is explained. 


PHYSICAL AND CHEMICAL PROPERTIES 


A small facet was cut and polished on the bottom 
of the cabochon in order to determine the refrac- 
tive indices. The crystal was optically uniaxial 
negative with w = 1.583(]), e€ = 1.553{1), A = 
0.030. Using common gemological determinative 
tables, we identified the stone as a member of the 
scapolite solid-solution series. This result was 
confirmed by the X-ray powder diffraction pattern 
of the sample (Debye-Scherrer camera, diameter 
114.6 mm, FeK,-radiation}. From the powder pat- 
tern, the unit-cell dimensions were calculated as 
a = 12.169(3}, c = 7.569(2) A, V = 1120.9 A’, 

Chemical data for the sample were deter- 
mined by microprobe analysis (ARL-SEMQ]. A 
meionite content of the scapolite was calculated 
as 69 wt% using the formula: 


% meionite = Ca/(Na+K+Ca} x 100 


The sulfate (SO,) content of the sample was 0.46 
wt%. 


ABOUT THE AUTHORS 
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Figure 1. A 1.68-ct cat’s-eye scapolite from Sri 
Lanka. Photo by E. Medenbach, Bochum. 


In the scapolite solid-solution series, the unit- 
cell dimension a as well as both refractive indices 
w and ¢ increase with the increasing meionite 
content of the sample, whereas the unit-cell 
dimension c remains more or less constant 
(Eugster et al., 1962; Deer et al., 1968; Troger, 
1971; Ulbrich, 1978), Comparing the physical data 
of the scapolite investigated here with the optical 
data and. unit-cell dimensions of scapolites with 
similar chemical compositions, as given in the 
literature, we found a good congruence of all 
values. The meionite content of approximately 
70%, as established by microprobe analysis, was 
confirmed. Several scapolites with a composition 
near 70% meionite have been described in the lit- 
erature (Ingamells and Gittins, 1967; Evans et al., 
1969; Ulbrich, 1973; Graziani and Lucchesi, 1982); 
though rarer, cut gem scapolites of similar com- 
position have also been mentioned in various 
articles (Krupp and Schmetzer, 1975; Dunn et al., 
1978, Graziani and Gtbelin, 1981; see also, Zwaan 
and Arps, 1980). 


THE CAUSE OF CHATOYANCY 


The chatoyancy in the scapolite described in this 
article is caused by needle- or rod-like inclusions 
preferentially oriented parallel to the optical axis 
of the scapolite host crystal. Some of the needles, 
however, are also observed in an orientation dif- 
ferent from this direction (as in figure 2}. Identi- 
fication of these needle-like inclusions was 
difficult because of their small size. Some of these 
inclusions ran in a direction perpendicular to the 
small facet that had been cut and polished for 
optical purposes; they were found to average 1 to 
2 «wm in diameter, with some even smaller. A 
qualitative microprobe analysis showed that the 
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— 2, Maddie bike inclusions of pyrrhotite in 
scapolite from Sri Lanka, Magnified 30 x. Photo- 
micrograph by Th. Lind, Heidelberg. 


needles contained only iron and sulfur as the 
main elements. Quantitative analysis, however, 
was difficult. Because of the small diameter of the 
needles, only a quantitative analysis of both the 
inclusions and the scapolite host crystal could be 
done by the microprobe. Analyzing those needles 
of maximum diameter, we found iron contents of 
22.4 to 31.8 wt%, and sulfur contents of 17.0 to 
22.0 wt%. The atomic proportions of both ele- 
ments calculated from these measurements, how- 
ever, were found to be constant within the normal 
limits of error by microprobe analysis. Therefore, 
these data are thought to be useful for the deter- 
mination of the inclusions. Ignoring the small 


analytical error caused by the 0.46% SO, content 


of the scapolite host crystal, we calculated the 
Fe/Fe+S atomic ratio to be in the range of 0.431 
to 0.454. These values correspond to the ratio of 
these elements in pyrrhotite, Fe,..S (Craig and 
Scott, 1974). The determination of pyrrhotite 
plates in scapolites of similar chemical compo- 
sition by Graziani and Gtibelin (1981) is in agree- 
ment with this finding. 

A distinct cat’s-eye effect is caused in a gem- 
stone cut with a curved surface {cabochon} by the 
scattering of light by parallel needle-like inclu- 
sions and the refractive effect of the surface of the 
cabochon (Weibel et al., 1980; Wtithrich and 
Weibel, 1981). Since some of the needle-like 
inclusions in this scapolite from Sri Lanka are 
oriented in directions other than parallel to the 
optical axis, a broad ray of light is formed on the 
cabochon’s surface; this ray is less sharp than 
those commonly seen in cat’s-eye chrysoberyls, 
in which only one distinct orientation of the 
needle-like inclusions is observed. 
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Editorial Korum 


“NEW” KUNZ MANUSCRIPT 


Enclosed is a copy of an original manuscript which I 
recently acquired. New “finds” of original Kunz 
material are rare and this one surfaced through a non- 
gemological source—I therefore believe it to be new to 
gemological literature. 

The inscription was located in a large and bulky 
“blank” book, being a collection of autographs, mono- 
graphs, and inscriptions collected over an estimated 
twenty years by a U.S. ambassador's wife. He appar- 
ently served in a variety of positions and, as his wife, 
the collector assembled a huge number of inscriptions, 
principally ‘from well-known political figures. The Kunz 
piece was the only one of gemological interest and prior 
to our discovery probably received little attention. 

The two thoughts expressed by Kunz are interest- 
ing, if not informative, remembering that they are nearly 
a century old. 

May I take one additional small bit of valuable 
space to express my thanks and appreciation for the 
excellence of Gems &) Gemology in its new format. I 
am sure my colleagues join me unanimously in appre- 
ciation of the high standards of gemological excellence, 
editorial ethic and photographic achievement apparent 
in every issue. 


Stuart J. Malkin 
Olde World Gemstones 
Sherman Oaks, California 


PEARL MYSTERY SOLVED 


The ‘Pearl Mysteries” in the Spring 1983 Lab Notes 
section of Gems & Gemology are undoubtedly the 
freshwater cultivated pearls coming out of China. They 
are the same kind we have been buying from the Pearl 
Branch of the China Arts and Crafts Corp. for the past 
four years. 

The small baroques are quite unusual and very lim- 
ited in quantity, and we can rarely find more than five 
or ten hanks at a time (ten 16” strands to the hank). 
The button pearls are delightful and we have done quite 
well by putting them into more elegant necklaces. The 
rice pearl shapes are much more prevalent and are 
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available in a range of sizes and finishes. The larger 
semi-round (or partially baroque} are the prettiest and 
do best on 32” fashion ropes combined with other stone 
beads. All of them are available in a range of colors. We 
cherry-pick the peach nectar colors as well as shades 
of lavender, cinnamon, and some with a golden hue. 

We visited the factory in Shanghai last year, where 
incidentally they were also cutting slabs of jade, as well 
as training a half-dozen apprentices in cutting dia- 
monds. There was no evidence of bleaching or tinting 
of the pearls as they were being sorted. The drilling was 
done in two manners. The women, for the most part, 
were using old-style bamboo baskets, wedging the pearl 
and bow-stringing the drill. The men were using Japa- 
nese-style horizontal drills that looked like lathes. 

Quantities have increased over the past four years, 
and we were even able to purchase a kilo of undrilled 
larger pearls, ranging in size from 6 to 10 mm, includ- 
ing quite a few exotic shapes and colors. 
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Frederick Fisher 
Treasures by Frederick Fisher 
Scottsdale, Arizona 
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DIAMOND 


Flights of Fancy 


From time to time we encounter ex- 
amples of some new creation or ar- 
tistic achievement that is the prod- 
uct of someone’s imagination. The 
“crusader” diamond illustrated in 
the Gem Trade Lab Notes column 
of the Winter 1982 issue of Gems 
@) Gemology and the fish-shaped 
diamond pictured in the Spring 1983 
column are examples of this. Occa- 
sionally we see inclusions in stones 


Figure 1. A flight of fancy. 
Magnified 25 x. 


Figure 2. Portrait in diamond. 
Magnified 53 x, 
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that stimulate our own imagination, 
resulting in what might be called 
flights of fancy. Most of our readers 
have heard of Jonathan Livingston 
Seagull and his wonderful flights. In 
figure 1, taken in our New York lab- 
oratory, he appears to be coming in 
for a landing. Imagination has cre- 
ated something beautiful out of a 
feather (please pardon the pun) in 
a diamond. Another diamond, also 
seen in New York, has a cloud-like 
inclusion that very closely resem- 
bles a portrait of the third president 
of the United States, Thomas Jeffer- 
son (figure 2). 


Painted Pink Diamond: 
The Big Switch 


During the presale viewing of gems 
and jewelry that were scheduled to 
be auctioned by Sotheby Parke Ber- 
net galleries in April 1983, an at- 
tractive 9.58-ct fancy pink, poten- 
tially flawless emerald-cut diamond 
(figure 3] was replaced by a 10.88-ct 
light yellow emerald cut that had 
been painted quite evenly with pink 
nail polish (figure 4}. The polish 
evidently did not prevent the dia- 
mond tester from giving a positive 
reaction for diamond when the stone 
was routinely checked prior to being 
returned to the display case. 

The New York GIA Gem Trade 
Laboratory issued a report in late 
1982 for the pink diamond. It mea- 
sured 13.80 x 10.88 x 7.10 mm. In 
May 1983, we issued a report for the 
substitute diamond. After the nail 
polish was removed, it was found to 
be approximately U to V range in 
color and VS2 in clarity. It measured 
14.84 x 11.83 x 7.32 mm. 


Figure 3. A 9.58-ct fancy pink 
diamond stolen from 
Sotheby’s in New York. 


Figure 4, A 10,88-ct yellow 
diamond coated with pink 
nail polish that was 
substituted for the stone in 
figure 3. The pink band seen 
in the pavilion facet is 
representative of the color 


face-up. 
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Sotheby’s pre-auction estimate 
for the pink stone was in excess of 
$500,000; the yellow substitute was 
valued by their appraisers at approx- 
imately $12,000—$15,000. 


Rose Cuts 


The rose cut originated in India over 
400 years ago and was introduced 
into Europe by the Venetians very 
early in the 16th century. The early 
rose cuts were often fashioned from 
cleavage fragments of diamonds hav- 
ing trisoctahedral or hexoctahedral 
faces, thus yielding very shallow 
stones with natural facets. Rose cuts 
have a flat base, which usually cor- 
responds to the plane of the origi- 
nal cleavage, and a shallow, dome- 
shaped crown covered with trian- 
gular facets terminating in a point 
at the center (see figure 5). 
Although rose cuts do come into 
the lab from time to time, only in- 
frequently do we see a large rose cut 
set over 4 concave metal base to 
simulate a heavier diamond. The ring 
shown in figure 6 was recently sub- 
mitted to.the Los Angeles laboratory 
for identification. The center dia- 
mond measures approximately 20 
mm in diameter. The depth and 
weight could not be measured because 
of the nature of the mounting, but 
the stone was visually estimated to 
be only 2 or 3 mm deep. On the basis 
of these dimensions, the weight of 
the stone was estimated to be ap- 
proximately 8-12 ct. A full-cut dia- 
mond of the same diameter would 
have weighed approximately 30 ct. 
The thin rose cut was set in a 
closed-back mounting, over an en- 
graved, concave metallic reflector 
that gave the illusion of a much 
larger diamond with greater depth 
and with pavilion facets. Between 
the stone and the reflector was a 
hollow space. Figure 7 illustrates the 
construction of this type of mount- 
ing; with a bottom view of the con- 
cave metal reflector (labeled A) on 
the left, and a top view— illustrating 
the stamped or engraved patterns 
that are intended to create an illu- 
sion of pavilion facets—on the right. 


Gem Trade Lab Notes 


g) 


Figure 5. Diagrams of the crown (left) and profile (right) of a rose- 
cut diamond. 


Figure 6, A rose-cut diamond, 
approximately 20 mm in 
diameter, set in a ring. 


Some time after examining this 
ring we received an antique combi- 
nation pin-pendant set with 24 rose- 
cut diamonds (see figure 8]. These 
diamonds had the typical flat base 


-but had much higher profiles than 


did the stone in the ring. Also, there 
was no engraved backing or hollow 
space behind the stones. 


Simulants 

In the past few months, the New 
York laboratory has received for dia- 
mond quality grading several bril- 
liants that have turned out to be 


Figure 7. Diagrams of bottom (left) and top (right) of the mounting 
illustrated in figure 6. A = the back of the metallic reflector. The 
stamped or engraved patterns on the front of the concave reflector 


are illustrated on the right. 
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Figure 8. Rose-cut diamonds set in a combination pin 

pendant. The center stone measures approximately 11.8 x 7.4 x 
2.5 mm; the other 23 stones range from approximately 1.5 mm in 
diameter x 0.8 mm deep to 6.5 xX 3.5 x 1.1 mm. 


cubic zirconia. Perhaps the most 
convincing one was a very light yel- 
low stone with obvious flaws (figure 
9). It weighed more than 11 ct while 
appearing to have the size of a dia- 
mond of 6.5 to 7 ct. It was excep- 
tionally well cut and polished, and 
with the ‘‘cape” color it must have 
been taken for a diamond many 
times before it became damaged. The 
staff surmised that the stone was 
probably damaged by heat during 
some repair work on its mounting. 
There is no question that cubic zir- 
conia is the most serious diamond 
imposter yet to reach the market. 


Treated Yellow Diamond 


The Los Angeles laboratory recently 
received a yellow round brilliant 
diamond weighing slightly over 2.5 
ct. The client explained that the dia- 
mond had an accompanying GIA Gem 
Trade Laboratory diamond grading 
report that stated the color grade 
as fancy light yellow, natural color. 
The client’s suspicions were aroused 
because the color of this diamond 
was obviously more intense than 
fancy light yellow and would have 
been graded as fancy intense yellow. 

The diamond and our grading re- 
port records were then examined. 
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Figure 9. A yellow cubic 
zirconia submitted for 
diamond grading. 
Magnified 15x. 


By comparing the measurements, 
weights, internal characteristics, and 
the like, we determined conclu- 
sively that this stone was the same 
diamond described on the report. 
Examination with the spectroscope, 
however, revealed that this diamond 
exhibited evidence of treatment in 
the form of a very strong line at 5920 
A, in addition to the moderate cape 
spectrum (lines at 4155, 4350, 4530, 
4660, and 4780 Aj. It was evident 
that this diamond had been treated 
to intensify the color after its origi- 
nal examination in the laboratory. 

Even though the 5920 A line was 
very easy to observe in this partic- 


ular stone, it serves as a reminder 
that treated yellow diamonds may 
exhibit a cape series in addition to 
a line at 5920 A (which may be easy 
or difficult to observe}. This dia- 
mond also exemplifies the fact that 
treatment or damage can occur after 
a stone is examined by a laboratory. 


EMERALD, Synthetic 


Examples of a new synthetic emer- 
ald reportedly being manufactured 
in the USSR were seen in both the 
New York and Los Angeles labs at 
about the same time. Al] four stones 
submitted had quite obvious whit- 
tish seed plates, and two were color 
banded. Figure 10 shows one stone 
in which the seed plate was parallel 
to the culet. Spike-like inclusions 
pointing to the plate originate in the 
near-colorless zone at the culet. The 
stone shown in figure 11 has zoning 
of a different sort, unrelated to the 
seed plate. All the stones exhibited 
unusual crystal-growth disturbance, 
as illustrated in the lighted area of 
figure 12. The appearance of the 
stones in the microscope suggests 


Figure 10. Colorless seed plate 
of a synthetic emerald 
immersed in methylene 
iodide. Magnified 63 x. 


Figure 11. Color zoning 
in a synthetic emerald. 
Magnified 63x. 
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Figure 12. Growth 
disturbances visible in a 
synthetic emerald at 15x. 


hydrothermal manufacture. However, 
unlike other hydrothermal synthetic 
emeralds with which we are famil- 
iar, these stones lack ultraviolet 
fluorescence and display very little 
red color with the color filter. The 
refractive indices average approxi- 
mately 1.572—1.580. The birefrin- 
gence, approximately 0.008, is high 
for any beryl, synthetic or natural. 
The specific gravity was determined 
to be slightly greater than 2.67. 


JADE, Dyed Blue Jadeite 


The Los Angeles laboratory was re- 
cently asked to identify the 8.98-ct 
translucent blue cabochon shown in 
figure 13. To the unaided eye, the 
interwoven structure typical of jade- 
ite was apparent. A refractive index 
obtained by the “spot’’ method re- 
vealed a value of 1.66. Spectroscopic 
analysis was performed, revealing a 
sharp line at 4370 A in the violet- 
blue region, and the characteristic 
dye band centered at 6500 A in the 
orange-red region of the visible spec- 
trum. This blue cabochon was there- 
fore identified as jadeite jade, treated 
color. As with other materials that 
are frequently dyed, or stained, jade- 
ite can be dyed virtually any color, 
but green is the one most commonly 
encountered. 


OPAL, Black and White 


A very unusual natural opal was 
brought to the Santa Monica labo- 
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ratory for identification. As shown 
in figure 14, this specimen consisted 
of an almost opaque black center 
area that was entirely surrounded by 
translucent, yellowish brown opal. 
The play of color was faint and def- 
initely confined to the outer, trans- 
lucent opal layer. Examination un- 
der the microscope revealed an 
irregular web-like structure visible 
only at the more translucent edge of 
the black center material and a bot- 
ryoidal flow structure surrounding 
the black area. 

The piece of rough material had 
one flat polished surface which gave 
a refractive index of 1.44; it mea- 
sured approximately 23 x 21 x 4 
mm. We were advised that this un- 
usual piece had been found in Light- 
ning Ridge, Australia. 


PEARLS 


Black Non-Nacreous 

Natural “Pearl” 

One would almost think he were 
looking at a polished baroque stone 
when observing an item that was 


Figure 13. An 8,98-ct dyed 
blue jadeite. 


sent in for identification to our New 
York lab. However, as the “stone” 


“ was turned in the light under mag- 


nification, a peculiar beaver fur—like 
appearance somewhat resembling 
the flame structure of a conch 
“pearl” was observed (figure 15). 


Figure 14, Unusual specimen of black and white opal, measuring 


approximately 23 x 21 x 4mm thick, 


GEMS & GEMOLOGY 


115 


Summer 1983 


Here and there were patches resem- 
bling clearings in a forest (figure 16). 
These took on an iridescent, almost 
opal-like quality when turned in the 
light. It was determined that the 
“pearl,” which weighed in excess of 
100 grams, was indeed a calcareous 
concretion with specific gravity the 
same as for natural pearls. We do 
not know what mollusc produced it. 


Early Mabe? 


Recently submitted to the New York 
laboratory for identification was a 
lattice-work pearl choker in which 
what appeared to be gold spacer bars 
were enameled white (figure 17}, The 
necklace consisted of 76 “pearls,” 
each approximately 8 mm in diam- 
eter, in four rows of 19 each. With 
a loupe, one could easily see that the 
“nearls’” were assembled and prob- 
ably mabes. The radiograph in figure 
18 shows a peculiar rectangular in- 
sert as well as the hemispherical 
center, the drill hole, and the peg. 
The “pearls” did not fluoresce to 
X-rays, but we would not expect 


Figure 15. Surface 
characteristics shown by an 
unusual calcareous concretion. 
Magnified 20x. 


Figure 16. “Bald’’ patch on the 
“pearl” illustrated in figure 15, 
taken at 45x. 
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Figure 17. Mabe pearl necklace. 


them to if saltwater shell had been 
used for the filler material. 

In our attempts to determine if 
these might have been produced 
by Japanese technicians before they 
were able to grow whole cultured 
pearls, we learned that as early as 
1890, up to 50,000 cultured blister 
pearls were being produced yearly. 
However, exactly how the blisters 
were prepared at that early time re- 
mains a mystery. 


QUARTZ, Green 


Submitted to the Los Angeles labo- 
ratory for identification was the 
9.19-ct green oval modified brilliant 
shown in figure 19. Microscopic 
examination revealed only a few 
cloudy areas of minute inclusions. 
The refractive indices were deter- 
mined to be 1.544 and 1.553. A 
bull’s-eye uniaxial interference fig- 
ure was observed when the stone 
was examined in convergent, polar- 
ized light, thus proving it to be 
quartz. 

Green quartz of this intensity has 
not been reported to occur in nature, 
but is known to be produced by the 


Figure 18. X-ray of one of the 
mabe pearls seen in figure 15. 


heat treatment of some amethyst. 
This material is sometimes referred 
to as “greened” amethyst. Although 
this stone was fairly devoid of inclu- 


Figure 19. A 9.19-ct ‘“greened”’ 
amethyst. 
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Figure 20. Two 1-ct taaffeites. 


sions, the ones that were present 
suggested natural origin. It should 
be noted, however, that this color 
could possibly be produced in syn- 
thetic quartz by the heat treatment 
of synthetic amethyst. 


SAPPHIRE, Color Restoration 


Recently in New York we were 
shown a ring containing a natural 
colorless sapphire that the client said 
was a pleasant Ceylon” yellow be- 
fore a recent repair job. Dr. Kurt 
Nassau had suggested that the client 
bring the ring to us for the purpose 
of exposing it to X-rays. On two oc- 
casions in the past, Dr. Nassau had 
restored the color to red tourmaline 
that, thought to be ruby, had lost it 
through overheating. In these two 
cases the color, apparently perma- 
nent, was restored by the use of 
gamma rays. 

To control our experiment with 
the colorless sapphire, we exposed 
the ring and another colorless sap- 
phire from our own collection. When 
the two stones reached a medium 
dark brownish yellow, we put them 
both in a sunny window for about 
four hours. When removed, our loose 
stone was again colorless, but the 
ring stone was now a pleasant yel- 
low, which the owner stated looked 
very much like her original stone. 
Evidently the natural color center is 
different from an induced center, 
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though heat can change them to col- 
orless in both cases. We anticipate 
that the restored color will be per- 
manent under normal conditions. 


TAAFFEITE 


Figure 20 illustrates two taaffeites, 
each weighing approximately 1 ct. 
Both stones were very “clean,” with 
the typical color of taaffeite, and 
were submitted by the same client 
to our New York lab. The census of 
this rare material would probably 
show that only 45 or 50 of these 
gemstones have been reported thus 
far. 


TURQUOISE, Imitation 


Within a short period of time at the 
Santa Monica laboratory, we have 
seen two quite different kinds of im- 
itation turquoise. One item was a 
drilled rondelle, measuring 8 mm in 
diameter by 3.3 mm thick, shown in 
figure 21. Note the uneven distri- 
bution of color and also the much 
lighter colored area around the drill 
hole. The material had a refractive 
index of approximately 1.58 or 1.59. 
The specific gravity, as determined 
by the hydrostatic method, was ap- 
proximately 2.35. There was no ab- 
sorption spectrum. The material was 
fairly soft; it could easily be scraped 
with a needle, thus exposing the un- 
derlying colorless material. An X-ray 
diffraction analysis of this material 
indicated that it was primarily gibbs- 
ite, a clay-like aluminum hydroxide, 
which had been dyed to simulate 
turquoise. 

The other item we identified as 
imitation turquoise was a block of 
rough material measuring approxi- 
mately 26 x 19 x 15 mm (figure 2.2}. 
The properties of this material were 
as follows: refractive index, 1.57; 
specific gravity (hydrostatic method}, 
2.2.7; no absorption spectrum. Again, 
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‘' 5 #2 
Figure 21. Drilled bead of 


imitation turquoise, 8 mm in 
diameter. 


Figure 22. A block of imitation 
turquoise measuring 26 X 19 
x 15 mm. 


X-ray diffraction analysis was per- 
formed. The resulting pattern indi- 
cated a mixture of several materials, 
the main constituents being silicon 
dioxide and zinc oxide. 
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The Cleveland Museum of Natural 
History—-Wade Oval, University 
Circle, Cleveland, OH 44106. Tele- 
phone: (216) 231-4600. “Facets of 
Fire,” the gem collection of the 
Cleveland Museum, comprises more 
than 1,000 specimens. It is now on 
display for the first time since 1958. 
There are additional temporary ex- 
hibits this summer: antique jewelry 
and watches will be displayed 
through July 31, and prerevolution- 
ary Russian enamels will be shown 
August 1-28. 


California Academy of Sciences— 

- Golden Gate Park, San Francisco, 
CA 94118. Telephone: (415) 221- 
5100. The “Rainbow Gem Collec- 
tion,” consisting of 300 fancy-col- 
ored polished diamonds, highlights 
an exhibit from Antwerp, Belgium. 
The stones weigh approximately one 
carat each and represent the spec- 
trum of colors in which diamonds 
are found. Also on display are spec- 
imens of diamond rough, tools used 
in diamond cutting, and a section of 
kimberlite host rock containing a 
20-ct rough diamond. The exhibit 
runs through October 17. 


Harvard University Mineralogical 
and Geological Museum—24 Ox- 
ford Street, Cambridge, MA 02138. 
Telephone: (617} 495-2356. More 
than 6,000 mineral specimens are 
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exhibited in the Mineralogical Mu- 
seum, the oldest university mineral 
collection in the United States. The 
1,000+ examples of gem material 
include carvings as well as faceted 
stones and cabochons. A 3,040-ct to- 
paz and rubellite crystals from Cal- 
ifornia pegmatites are among the 
featured displays. The Sidney Singer, 
Jr., collection of 38 faceted fluorites 
was acquired in 1982, and represents 
a variety of cutting styles as well as 
colors. In an adjacent gallery are 
hundreds of specimens of New En- 
gland minerals, including amethyst 
from Rhode Island and tourmaline 
from Maine. Exhibits on meteorite 
cave formations and volcanoes, with 
panoramic photo-murals of Mount 
St. Helens before and after the re- 
cent eruption, are displayed in the 
recently renovated Geological 
Museum. 


Winner of the 1983 George A. 
Schuetz Memorial Fund Jewelry De- 
sign Contest is Ms. Kyoko Kojima, 
of Tokyo, Japan. Ms. Kojima’s de- 
sign is for an 18K yellow-gold, plat- 
inum, and rose-gold man’s belt 
buckle, set with diamonds (figure 1). 
The Schuetz contest is administered 
annually by GIA. Ms. Kojima was 
awarded a $500 scholarship for jew- 
elry-related study at an institution 
of her choice. Information on the 
1984 Schuetz contest is available 


L 


Figure 1, Schuetz award- 
winning design by Kyoko 
Kojima. 


from The Scholarship Office, Gem- 
ological Institute of America, 1660 
Stewart Street, Santa Monica, CA 
90404. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Estudio mineralégico y gemoldgico de los olivinos de 
Yaiza (Lanzarote) (Mineralogical and gemological 
study of the olivines of Yaiza}. J. M. Bosch Figue- 
roa, C. de la Fuente Cullell, and M. Arbuniés An- 
dreu, Gemologia, Vol. 14, No. 49-50, 1981, pp. 
5-18. 

The volcanic island of Lanzarote, in the Canaries, 

underwent a series of eruptions between 1730 and 1736 


This section is designed to provide as complete a record 
as possible of the recent literature on gems and 
gemology. Articles are selected for abstracting solely at 
the discretion of the section editor and her reviewers, 
and space limitations may require that we include only 
those articles that will be of greatest interest to our 
readership. 


Inquiries for reprints of articles abstracted must be 
addressed to the author or publisher of the original 
material. 


The reviewer of each article is identified by his or her 
initials at the end of each abstract. Guest reviewers are 
identified by their full names. 
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which blanketed approximately one-quarter of the is- 
land’s surface. The material, primarily basalt, emerged 
in the locality now known as the Montarias de Fuego, 
or Timanfaya, and covered an area of more than 200 
square kilometers. Within the magmatic mass are 
embedded pyroclastic products, including volcanic 
bombs and aggregates of olivine crystals. A secondary 
type of olivine is found as coastal detritus, crystallized 
grains having been freed by the weathering away of en- 
casing rocks. 

Specimens from various parts of the island were 
studied. Those of greatest gemological interest were in 
the form of rounded crystals from the coastal fields. 
X-ray diffraction performed on crystals and associated 
rocks revealed the chief constituent to be forsterite 
(Mg.SiO,). The presence of chromite is evident in oc- 
tahedral inclusions. 

A good number of the olivines can be classified as 
peridot, not only for their transparency and green color, 
but also for their gemological properties: hardness, 6.05—- 
6.40; S.G., 3.341-3.364; RL, 1.650—-1.694, birefrin- 
gence, 0.035—0.038; optical sign, positive; absorption: 
widest band at 497 nm, narrower bands at 474 nm and 
455 nm. 

In addition to the mineralogical and gemological 
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data, there is also discussion of the use of the term 
chrysolite and the lore surrounding peridot. SLD 


Euclase from Santa do Encoberto, Minas Gerais, Brazil. 
G. Graziani and G. Guidi, American Mineralogist, 
Vol. 65, No. 1-2, 1980, pp. 183-187. 

Transparent crystals of the gem mineral euclase 

[BeAlSiO,{OH)] have recently been found in a beryl- 

tourmaline pegmatite near Santa do Encoberto, Sao Se- 

bastiao do Maranhao, Minas Gerais, Brazil. Graziani 
and Guidi, noting the high birefringence and unusual 
inclusions, decided to investigate the euclase. This ar- 
ticle describes the results of their study. The crystals, 
some several centimeters long, are well formed and ex- 
hibit a multitude of triangular etch pits on their prism 

faces. The mineral is biaxial (+], 2V = 60°, w = 1.651, 

B = 1.657, y = 1.675, and has a measured density of 

3.065(5} gicm3. Absorption bands occur at 4680 A and 

7050 A (doublet). Unit-cell parameters are: a = 4.771(3) 

A, b = 14.308(10} A, c = 4.631(4) A, 8 = 100.33(7}8, and 

V = 311(1) A’. Chemical analysis showed: SiO, = 

41.61%, Al,Os = 34.76%, FeO = 0.28%, BeO = 16.95%, 

and H,O = 5.95%. Trace elements detected in this 

material are Cu, Sn, Na, K, Pb, Ge, and F. Among the 
inclusions identified are apatite (hexagonal crystals), 
hematite (plates), rutile (needles), and zircon (rounded 
grains). A brief discussion is presented on the inferred 
conditions of euclase formation in this pegmatite. 

JES 


The heat treatment of some Norwegian aventurinized 
feldspars. P. A. Copley and P. Gay, Mineralogical 
Magazine, Vol. 45, No. 337, 1982, pp. 107-110. 

The variety of plagioclase feldspar known as aventurine 
is characterized by a fiery, reddish luster. This color is 
due to the reflection of light from small, disseminated 
mineral particles in the host feldspar. Chemical anal- 
ysis of these plate-like inclusions indicates that they 
represent an iron oxide phase such as hematite. Pre- 
vious work led to the belief that aventurine feldspar is 
formed by a compositional unmixing of an originally 
homogeneous solid solution of feldspar and hematite 
with falling temperature. This exsolution takes place 
in such a manner that thin hematite lamellae separate 
out along structural planes in the feldspar. The present 
article reports results from a survey investigation of the 
reaction to heat-treatment of 50 samples of aventurine 
feldspar. 

In agreement with earlier work, the authors found 
the behavior of these feldspars on heating to be highly 
erratic: there was noticeable variation even between 
crystals from the same locality. Nevertheless, they 
were able to recognize a general pattern in heating be- 
havior starting at 800°C. With increasing temperature 
up to 900°C, the inclusions begin to lighten progres- 
sively in color and disappear. This process of “homog- 
enization” is virtually complete by 1000°C, and the 
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sample melts near 1050°C. Recrystallization of this 
melt gives a feldspar aggregate with no visible repre- 
cipitated hematite inclusions. 

Because their attempts to recrystallize feldspars with 
distinct hematite inclusions proved unsuccessful, the 
authors concluded that the formation of hematite in- 
clusions by exsolution from an original Fe-rich feldspar 
seems unlikely. Rather, they favor the introduction of 
Fe-rich inclusions into “normal” feldspar from an ex- 
ternal source. Further work is needed to answer this 
question. JES 


Pehrmanite, a new beryllium mineral from Rosendal 

pegmatite, Kemié Island, southwestern Finland. 

E. A.J. Burke and W. J. Lustenhouwer, Canadian 

Mineralogist, Vol. 19, Part 2, 1981, pp. 311-314. 
This article describes the new beryllium-bearing min- 
eral pehrmanite [(Be,Zn,Mg}Fe?+Al,O,], which is found 
in a complex, internally zoned pegmatite near the vil- 
lage of Rosendal on Kemié Island in Finland. While it 
occurs only as tiny grains (up to 250 x 40 um) at this 
locality, this mineral would be of potential gemologic 
interest if larger crystals were found because it repre- 
sents the iron analogue of the rare gem material taaf- 
feite (BeMgA1,O,]. 

Pehrmanite is present in the wall zone of the Ro- 
sendal pegmatite along with quartz, plagioclase, silli- 
manite, muscovite, spessartine-almandine, and addi- 
tional accessory phases. It is closely associated with, 
and replaces, the mineral nigerite. It occurs as small, 
subhedral, hexagonal-tabular crystals which have a light 
green color, a vitreous luster, and no cleavage. The 
mineral is very brittle, and has a calculated hardness 
of 8-8% and a calculated density of 4.07 g/cm}. Pehr- 
manite is uniaxial negative and is weakly to distinctly 
dichroic, with w = pale green, and e = pale grayish 
brown. The mean refractive index, calculated from re- 
flectance data, is 1.79. 

Following a detailed description of this new min- 
eral, the authors conclude their article with a discus- 
sion of the origin of pehrmanite and the other Al-rich 
phases in the pegmatite. JES 


Topaz rhyolites—distribution, origin, and significance 
for exploration. D. M. Burt, M. F. Sheridan, J. V. 
Bikun, and E. H. Christiansen, Economic Geology, 
Vol. 77, No. 8, 1982, pp. 1818-1836. 


Besides granitic pegmatites, another important source 
of gem-quality topaz is a type of igneous rock known 
as rhyolite. Rhyolites are silica-rich, extrusive volcanic 
rocks composed of phenocrysts of quartz or alkali feld- 
spar in a glassy or finely crystalline groundmass. They 
often contain gas cavities, and in the case of topaz 
rhyolites, they have relatively high concentrations of 
elements such as F, Be, U, Sn, W, and Ti. Crystals of 
topaz and other gem minerals (e.g., red beryl and red to 
black Mn-Fe garnet) are found in these gas cavities. 
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This article presents summary data on the character- 
istic features of these rocks, and focuses on their oc- 
currence in the western United States and in Mexico. 
The tectonic setting and geochemistry of these topaz 
rhyolites suggests that they are extrusive equivalents 
of fluorine-rich granites. They originated from the 
partial melting of the continental crust followed by 
magmatic differentiation and crystallization. Topaz 
rhyolites represent only one of several genetically re- 
lated types of mineral deposits that form in a volcan- 
ogenic environment. JES 


Uber die gemmologische Bedeutung des Gallium- 
Nachweises in Korunden (Concerning the gemo- 
logical significance of the presence of gallium in 
corundum}. H. A. Hanni and W. B. Stem, Zeit- 
schrift der Deutschen Gemmologischen Gesell- 
schaft, Vol. 31, No. 4, 1982, pp. 255-260. 


It has become increasingly difficult to distinguish be- 
tween certain synthetic and natural gemstones. One 
potential source of valuable information is to identify 
the trace elements in a gemstone, since they reflect the 
environment of its formation. This article reports trace- 
element data on the rare element gallium in a suite of 
24 natural and eight synthetic corundums. Because of 
its atomic properties, gallium behaves chemically in a 
manner very similar to aluminum, and is concentrated 
in many aluminum-rich minerals in the earth’s crust. 
However, it would not be expected in synthetic alu- 
minum-rich materials grown in a chemically pure 
environment. These data on trace elements were 
collected using energy-dispersive X-ray fluorescence 
methods. According to the authors, all natural corun- 
dums in this suite contained gallium concentrations in 
excess of 200 p.p.m., whereas in various synthetic co- 
rundums (Verneuil, Chatham, Kashan, Knischka}, gal- 
lium could not be detected. This article demonstrates 
why trace-element analysis will become an important 
tool in future gemological research. JES 


DIAMONDS 


Kimberlites: their relation to mantle hotspots. S. T. 
Crough, W. J. Morgan, and R. B. Hargraves, Earth 
and Planetary Science Letters, Vol. 50, 1980, pp. 
260-274. 


The origin of kimberlite, the host rock of diamonds, 
continues to be a matter of geologic inquiry. Available 
evidence indicates that kimberlites crystallize from 
magmas that are produced by partial melting in the 
earth’s mantle at depths of 100 km or more. Using data 
for post-Triassic age kimberlites in North and South 
America and in Africa, the authors of this article sug- 
gest that the formation of many kimberlite magmas is 
related to “hotspot” activity in the mantle. Hotspots 
are areas in the upper mantle where there is a convec- 
tive upwelling of magmatic material. By reconstructing 
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the relative motions of these three continents during 
the past 150 million years, the authors found that the 
places where kimberlite magmas were intruded into 
the crust fall very close to mantle hotspot locations. 
This correlation appears to cast some doubt on the 
competing hypothesis of kimberlite occurrence, which 
relates kimberlites to deep zones of structural weak- 
ness in the crust. JES 


Maurice Tempelsman’s African connections. L. Kraar, 
Fortune, Vol. 106, No. 10, 1982, pp. 130-141. 


Kraar presents a fascinating glimpse of “one of Amer- 
ica’s most active diamond traders,” Maurice Tempels- 
man. He traces Tempelsman’s history from his begin- 
nings in his father’s New York diamond brokerage firm 
to his development of a multi-million-dollar company 
with diverse holdings that range from gem diamonds 
to industrial diamond equipment. 

The emphasis of this account is on Tempelsman’s 
skill at developing symbiotic working relationships 
with the leaders of Black African countries. His ability 
to couple his political expertise with his keen business 
sense is further illustrated in the discussion of his in- 
volvement in a number of projects. These include mar- 
keting diamonds’in Zaire, prospecting for gold in Sierra 
Leone, establishing a diamond cutting and _ polish- 
ing plant in Sierra Leone, and mining uranium in 
Gabon. DMD 


New data on the age of Yakutian kimberlites obtained 
by the uranium-lead method on zircons. G. L. 
Davis, N. V. Sobolev, and A. D. Khar’kiv, Doklady 
Akademiya Nauk, SSSR Geologiya, Vol. 254, No. 
1, 1982, pp. 53-57. 


Applying the uranium-lead method of determining ra- 
diometric dates, Davis, Sobolev and Khar’kiv have re- 
fined the ages of 19 kimberlite pipes as well as alluvial 
deposits in six districts of Yakutia, USSR. The authors 
begin by explaining how recent modifications of the 
technique permit age determinations of the zircons 
that occur in these kimberlites. 

From these new data the authors differentiate five 
stages of kimberlite volcanism in this area, reporting 
that as many as three stages occurred within one in- 
dividual district. This volcanic activity extended over 
300 million years, from the Ordovican period to the 
late Jurassic, The accuracy of these dates was verified 
by replicating the dates in other samples from the same 
deposit as well as by demonstrating the consistency of 
these dates with other geologic evidence such as stra- 
tigraphy and the fossil record. The authors conclude 
with a caution about another radiometric dating tech- 
nique, the fission track method. Noting the discrep- 
ancies between the two sets of dates, they recommend 
using the uranium-lead method whenever possible. 

DMD 
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Mineral rims on diamonds from kimberlites. A, I. Pon- 
omarenko and Z. V. Spetsius, International Geol- 
ogy Review, Vol. 24, No. 7, 1982, pp. 829-834. 

When found in kimberlite, diamond crystals some- 
times display a thin coating of other minerals resulting 
from secondary alteration. To better understand this 
alteration, the authors of this article carried out a min- 
eralogical study of the coatings on several hundred 
diamonds. 

The coatings ranged in thickness from tenths of a 
millimeter to about 2 mm. A variety of minerals were 
found comprising the coating material, the authors 
provide some compositional data on them. There is no 
indication that the diamond crystal itself participated 
in the alteration reactions that produced the coating. 

From their study, the authors conclude that the for- 
mation of a coating on diamonds often accompanies 
and is related to the formation of fractures and veinlets 
in the surrounding kimberlite during hydrothermal al- 
teration. These fractures allow for the movement of 
mineralizing solutions that deposit the coatings. Sim- 
ilar coatings found on other minerals in the kimberlite 
record the same alteration environment. 

This study provides further information on the na- 
ture of kimberlite during both its formation and sub- 
sequent alteration. JES 


The Southeast Asian strategy. J. Vollmer, Goldsmith, 
Vol. 162, No. 5, 1983, pp. 30-34, 70. 
There is currently a move by De Beers to create a major 
cutting industry in Southeast Asia, specifically, in 
Bangkok, Thailand, and in Kota Bharu, Malaysia. The 
immediate reason for this new diamond-cutting indus- 
try is to handle the large De Beers stockpile of small 
rough and the anticipated large production of small 
stones from Australia and Botswana. Boasting low la- 
bor costs, a long tradition of colored-stone cutting, and 
a growing local diamond market, Southeast Asia seems 
a logical place for a “fifth” major diamond-cutting cen- 
ter (following Israel, India, Antwerp, and Hong Kong}. 

The author goes beyond these immediate reasons 
and presents other motivations as well. The other cut- 
ting centers for melee are in Israel and India, both often 
troublesome to De Beers. Israel, where the larger and 
better of the small stones are cut, has had a difficult 
time balancing its high labor costs with the depressed 
prices for faceted diamonds. India is an insatiable buyer 
of the cheaper small stones, but because of low yield 
it cannot handle the better rough profitably. De Beers 
feels that Thailand and Malaysia could correct this im- 
balance of demand between the better and lower qual- 
ity melee. The increased competition would also sup- 
ply them with valuable leverage. 

The absence of any mention of the Soviet Union’s 
pivotal cutting role is an important omission. Ms. Voll- 
mer, nevertheless, has written an incisive article. Eight 
photographs accompany the text. FLG 
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GEM LOCALITIES 


Brazilian gemstones. R. Ribeiro Franco, Earth-Science 
Reviews, Vol. 17, 1981, pp. 207-219. 

This article gives a brief, but reasonably comprehen- 
sive, state-by-state review of Brazil’s role as one of the 
most important gemstone producers in the world to- 
day. The author begins by addressing the question of 
defining precious vs. semiprecious and, fortunately, 
chooses not to use either term. He also discusses the 
definition of “gemological province” as a region where 
great varieties of gems may be found, and lists eight 
such provinces, in Burma, Sri Lanka, Vietnam-Thai- 
land, Malagasy, California, Russia, India, and Brazil. 
Areas such as Colombia and Badakhshan, Afghanistan, 
are not considered gemological provinces because, ac- 
cording to the author, they produce only one gem spe- 
cies—emerald and lapis lazuli, respectively. 

Following these discussions, the author briefly de- 
scribes the diamond and colored stone sources in Brazil 
on a state-by-state basis. These include the agate de- 
posits of Rio Grande do Sul and the pegmatite deposits 
in Minas Gerais, Espirito Santo, Bahia, and Goias. The 
discussion of the diamond occurrences in Brazil in- 
cludes an interesting list of the 30 most important dia- 
monds found in Brazil, which range in weight from 
104.0 to 726.6 ct. 

There are several states mentioned that show little 
history of gemstone production but have great future 
potential. One such example is the emerald occurrence 
at Santa Terezinha, in Goias, which has flourished 
since the writing of this article in 1981. 

Peter C. Keller 


The Colorado Quartz Mine, Mariposa County, Califor- 
nia: A modern source of crystalized gold. A. R. 
Kampf and P. C. Keller, Mineralogical Record, 
Vol. 13, No. 6, 1982, pp. 347-354. 

The first record of the Colorado Quartz Mine is a patent 

filed on February 1, 1875, by John A. Bataille, a mer- 

chant in the town of Colorado, Mariposa County, Cal- 
ifornia. Since then the mine has changed ownership 
several times and is now the property of Colorado Gold, 

Inc., of Fallbrook, California. Kampf and Keller give a 

detailed account of the history of the mine and the oc- 

currence of the fine specimens it has produced. 
Located in the famous Mother Lode area of Califor- 
nia, the Colorado Quartz Mine occurs in black slates 
of the Briceburg formation, probably of late Jurassic 
age, that have been intruded by greenstone dikes, The 
gold is found in pockets at the contact between the 

quartz veins of the dike and the slate wall rock. A 

chemical analysis of the crystallized gold showed a con- 

tent of 93.3% gold and 6.7% silver. The general habit 

of the gold is octahedral and arborescent, which is il- 

lustrated in the photographs included in the 11 figures. 

This excellent article is one of eight in an issue de- 
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voted to gold. Highly recommended to anyone inter- 
ested in gold, the issue will undoubtedly become a clas- 
sic because of the information presented and the 
outstanding color photographs GSH 


Rare-metal pegmatites with precious stones and con- 
ditions of their formation (Hindu Kush). L. N. Ros- 
sovskiy, International Geology Review, Vol. 23, 
No. 11, 1981, pp. 1312-1320. 


In recent years, increasing amounts of gem material 
have come from granitic pegmatites in the Hindu Kush 
region of Afghanistan. In this article, Rossovskiy pre- 
sents a summary of the geologic occurrence, mineral- 
ogy, and gem production of the numerous pegmatites 
in this area, which have many similarities to the gem- 
pegmatite province of Southern California. Pegmatites 
in the Hindu Kush can vary greatly in size, shape, min- 
eralogy, and internal structure, and occur as elongate 
veins in both granitic massifs and associated meta- 
morphic rocks spread over a large area. Gem tourma- 
line, beryl {morganite, aquamarine}, and spodumene 
(kunzite} are found as large crystals in pocket-bearing 
microcline pegmatites. From field evidence, these gem 
pegmatites appear to have crystallized at rather shallow 
depths in the earth’s crust (3.5-6.5 km) and at rela- 
tively low temperatures (down to 200°C) in a geologi- 
cally stable environment. The Hindu Kush represents 
one of the major pegmatite regions of the world; the 
present article is a valuable source of geologic infor- 
mation on this area, which until recently had not been 
carefully studied. JES 


GEM INSTRUMENTS AND TECHNIQUES 


The influence of the internal structure of pearls on 
Lauégrams. H. A. Hanni, Journal of Gemmology, 
Vol. 18, No. 5, 1983, pp. 386—400. 

Two X-ray methods are used to examine pearls: direct 

radiography and the Laué technique of X-ray diffrac- 

tion. Although this article deals primarily with the 

Lauégrams produced by the Laué method, Hanni first 

reviews the features shown on a direct radiograph of a 

pearl. Then he turns to a detailed explanation of how 

the internal structure and the extemal shape of the 
pearl cause the various symmetry patterns observed on 
the Lauégrams of different pearls. 

Line drawings and scanning electron microphoto- 
graphs illustrate the arrangement of the aragonite layers 
that comprise a pearl’s structure. These photos show 
the differences between the “brick wall” appearance of 
a cultured pearl nucleus and the overlapping platelets 
on the surface of a pearl. 

Numerous Lauégrams illustrate the differences 
between the hexagonal symmetry of natural pearls and 
the two- or four-fold symmetry patterns of cultured 
pearls. Lauégrams also show the ambiguous patterns of 
abnormal pearls. 
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In conclusion, the author states that while a prop- 
erly interpreted Lauégram may indicate a pearl’s iden- 
tity, it is probably not the most appropriate means for 
general pearl testing. Chuck Fryer 


A method for measuring the infrared spectra of faceted 
gems such as natural and synthetic amethysts. 
T. Lind and K. Schmetzer, Journal of Gemmology, 
Vol. 18, No. 5, 1983, pp. 411—420. 


Techniques new to gemology continue to be intro- 
duced for the purpose of helping to identify and distin- 
guish certain natural and synthetic gemstones. Infrared 
spectroscopy is one such technique that deals with the 
absorption or transmission of radiation by a material 
in the infrared region of the electromagnetic spectrum 
(>7000 A). Radiation in this portion of the spectrum 
has frequencies that correspond to molecular or lattice 
vibrations in solids, and thus would indicate the pres- 
ence of substances such as water in a gem material. 
From the position and intensity of the absorption bands, 
one can draw conclusions regarding the composition of 
a material. 

As with other types of spectra, the recording of in- 
frared absorption bands for gemstones is greatly influ- 
enced by factors such as the shape and size of the sam- 
ples being tested. Using spectra from amethyst as an 
example, the authors of this article describe procedures 
for improving the recording of infrared spectra with the 
aid of a specially designed immersion cell. They illus- 
trate how the new synthetic amethyst of Russian origin 
can be differentiated from natural amethyst by its dis- 
tinctive infrared spectrum. JES 


Relacidn entre las proporciones de talla perfecta en es- 
tilo brillante del diamante (Comparison of propor- 
tions of brilliant cuts to ideal). A. Vilardell, Gem- 
ologia, Vol. 15, No. 51-52, 1981, pp. 25-34. 

The author discusses the use of data such as crown and 

pavilion angles and table depth percentages on five 

styles of brilliant-cut diamonds to construct a propor- 
tionscope. Diagrams of Johnson-Roesch, Tolkowsky, 

Tillander, Eppler, and Parker methods are provided. A 

graph of a properly cut diamond is based on these. The 

author illustrates the use of a simple mechanism for 
inserting a diamond into a slide projector for viewing 
against the image on the graph. SLD 


JEWELRY ARTS 


The ABC’s of brilliants. Town #& Country, Vol. 136, 
No. 5031, 1982, pp. 198-202. 
A is for aquamarine, B is for black pearl, C is for 
citrine .. . and so the staff of Town # Country presents 
a delightful collection of 26 color photographs by Cy 
Gross. Jewelry from the world’s leading jewelry design- 
ers is superimposed on the erotic Art Noveau alphabet 
created by artist-illustrator Erté in 1924. Unfortu- 
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nately, only two of the photographs are full page in 
size; the remaining 24 are condensed onto three pages. 
Thus, it is difficult to appreciate the beauty of the gem- 
stones featured in each piece. 

The short account that accompanies the photo- 
graphs mentions that the letters will be available from 
Harry Winston, Inc., as monograms. Following this ar- 
ticle is a two-page story on Erté as he celebrates his 
90th birthday. 

In case you were wondering, X is for xanthite, a yel- 
lowish brown idocrase from Amity, New York. DMD 


Jewellery and other decorative arts in Thailand. C. 
Chongkol, Arts of Asia, Vol. 12, No. 6, 1982, pp. 
82-91. 

The decorative arts in Thailand date back to the Bronze 

Age, beginning approximately 1500-500 B.C., when 

the Ban Chiang culture in northeast Thailand produced 

designs on bronze ornaments similar to those of the 

Dongson culture in North Vietnam. With the increased 

Indianization of southeast Asia in the early centuries 

A.D., gold and silver ornaments using gemstones (es- 

pecially rubies} contributed to the decorative arts. The 

kingdom of Sukhothai in the 13th century, followed by 
the Ayutthaya period (1350-1767), contributed objects 
that were unique and characteristically of Thai design. 

Thai jewelry can be characterized as having great 
detail, stylized motifs, and a wide range of colors pro- 
duced by the use of various gemstones and enamels. 
During the Bangkok period (since 1782}, traditional 
Thai jewelry with fine craftsmanship and sophisticated 
designs was executed principally for monarchs, aris- 
tocrats, and the wealthy. Today, traditional styles of 
jewelry are largely found as antiques and used at times 
of ceremonial importance or on special occasions. New 
jewelry pieces may often be reproductions of the tra- 
ditional styles. 

This Bangkok Bicentennial issue contains other ex- 
cellent, informative articles ranging from the ‘Sculp- 
ture of the Bangkok Period” to ‘Thai Votive Tables and 
Amulets.” Even the editorial about the Buddhist art of 
Wat Benchamabopit is notable and makes this special 
issue, with its beautiful illustrations, necessary reading 
for anyone interested in the art of Thailand. ERL 


Stylish but slightly shocking. V. Becker, Connoisseur, 
Vol. 213, No. 851, 1983, pp. 45-49. 

It is always encouraging to find a magazine with the 
international reputation of Connoisseur giving space to 
the work of younger craftsmen who can enjoy the ben- 
efit of the publicity during their most productive years. 

This article concerns the work of two London jew- 
elry designers—David Courts and Bill Hackett—whose 
jewelry designs have become increasingly well known 
in the trendy world of rock stars as well as in such tem- 
ples of conservatism as De Beers, Wartski, and the Vic- 
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toria & Albert Museum. One of their exotic bibelots 
has been purchased by the Headley-Whitney Museum, 
outstanding among American collections of jeweled 
objects. 

The designs of Courts and Hackett will not please 
everyone. They are not meant to. They are bizarre, 
often macabre, with a sinister quality even though 
(possibly because} much of the inspiration comes from 
nature. In the pieces illustrating the article, there is 
something that suggests René Lalique designing the 
personal jewels of a witch: a horse spewing diamonds 
from its nostrils, an amber saber-toothed tiger about to 
spring, a winged snake’s head carved in buffalo horn 
and set with diamonds and rubies, a snarling lion’s 
head ring with opal eyes, a frog skeleton in pure gold. 
Everything is dead, exhausted, or about to strike. These 
pieces are definitely not for the collector who wishes 
to be soothed or reassured by the ownership of precious 
jewels. 

They cannot fail, however, to interest anyone con- 
cerned with the meticulous execution of detail in the 
finest materials. And, as the author points out, they are 
more or less wearable. More important, they are ex- 
tremely salable. 

Whether these jewels are destined to be soon-for- 
gotten or style setters of the future remains to be seen. 
After all, Cartier’s Art Deco jewels were far from uni- 
versally popular even when they were the most fash- 
ionable. Whatever happens in the case of Courts and 
Hackett, such provocative designers deserve careful 
watching. Neil Letson 


The use of manipulation in Chinese rhinoceros horn 
cups. J. Chapman, Arts of Asia, Vol. 12, No. 4, 
1982, pp. 101-105. 

For over ten thousand years the carved rhinoceros horn 

has been a rare and treasured art form of the Chinese. 

Of the variety of articles shaped from the rhinoceros 

horn, the most numerous are the drinking cups. (The 

term cup is applied to any horn capable of containing 
liquid.) Chapman also discusses water droppers, bells, 
and rafts, 

Because of the curved, conical shape of horns, they 
cannot balance on their own. The technique for making 
a full-tipped horn stand upright is called “manipula- 
tion.” All of the types of manipulation described in this 
article require altering the shape of the cone. The an- 
cient Chinese cleverly split and/or bent the rhinoceros 
horns into their desired forms, which made it possible 
to stand the cup on the ground without the aid of a 
supporting stand. 

Rafts fashioned from the rhinoceros horn are rare. 
The side of the horn is shaped into the flat bottom, 
with the entire tip of the horn bent gently upwards to 
resemble the prow of a boat. All known rhinoceros- 
horn rafts are constructed so that Chang-ch’ien, the 
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ancient Chinese explorer, sits on the upper surface of 
the horn. 

Of the fifteen hundred rhinoceros-horn cups Chap- 
man has examined, only a small fraction are self-sup- 
porting, reshaped by the methods discussed in the ar- 
ticle. Chapman includes nine photographs to illustrate 
these unique pieces. KJW 


JEWELRY RETAILING 


The great jewellers in France. B. Janot, Diamant, No. 
252, September-October, 1981, pp. 29-36. 


Starting with the French Revolution at the close of the 
18th century, Janot discusses the rise of many impor- 
tant jewelry families in France. Dividing the time into 
six periods, he characterizes the popular jewelry, the 
major events in the jewelry trade, and the personalities 
in each group. Janot describes the dramatic change that 
occurred in such a relatively short time—from court 
jewelers who designed only for the aristocracy to in- 
dependent jewelers designing for those outside the ar- 
istocracy. This is an interesting look at the beginnings 
of renowned French jewelers, from Nitot and Froment- 
Meurice to Boucheron and Cartier. 

Noel P. Krieger 


The pioneer jewelry makers of New England. Executive 
Jeweler, Vol. 2, No. 6, 1982, pp. 43-46. 
In a rare look at the history of jewelry manufacturers 
in the New England region of the United States, the 
following 12 companies are featured: American Jewelry 
Chain, Armbrust Chain Company, Cheever, Tweedy 
& Co., A. T. Cross, Excell Manufacturing Co., A and 
Z Hayward Inc., Leach & Garner Company, LeStage 
Manufacturing Co., Marissa/Barrows, W. E. Richards 
Co., Howard H. Sweet & Son Inc., and Vennerbeck & 
Clase Company. Having immigrated from Europe, most 
of these pioneer jewelry makers founded companies at 
the turn of the century in Providence or Lincoln, Rhode 
Island, or in Attleboro, Massachusetts. Accompanying 
the short descriptions of each company are four black- 
and-white photographs of scenes from the early days of 
these manufacturers. DMD 


SYNTHETICS AND SIMULANTS 


Erkennungsmerkmale der neuen synthetischen Saphire 
(Identifying characteristics of the new synthetic 
sapphires}. E. Gtibelin, Goldschmiede Zeitung, Vol. 
80, No. 11, 1982, pp. 51-57. 

In this article, Dr. Gtibelin discusses the identifying 

characteristics of (a) the new Chatham synthetic blue 

sapphires, and (b} blue sapphires that have had their 
color enhanced by heat treatment or by a diffusion 
process. 

The author briefly describes the crystal habits and 
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the physical and optical properties of the rough and fac- 
eted material produced by Chatham. In the detailed 
description of the typical inclusions that follows, the 
reader is cautioned that some of the inclusions closely 
resemble those found in natural stones. Twenty-three 
color photomicrographs adequately illustrate this part 
of the article. The remaining 15 photomicrographs show 
the characteristics of color-enhanced blue sapphires, 
including altered crystal inclusions with tension cracks, 
pock-marked girdle surfaces, pronounced color zoning, 
and color concentrations in surface cracks. Gtibelin 
concludes this article with a list of 12 references. KNH 


MISCELLANEOUS 


Técnicas de crecimiento cristalino (Crystal-growing 
techniques}. J. M. Nogués Carulla, Gemologia, Vol. 

15, No. 51-52, 1981, pp. 5-24. 
The article first explains how crystals grow naturally 
in solution. It then lists the methods of synthetically 
producing crystals, first from vapor to solid, then liquid 
to solid, these methods being divided into those em- 
ploying a smelter and those proceeding from a solution. 
The processes described are: growth from vapor, 
Verneuil, Czochralski, Kyropoulos, Bridgman-Stock- 
barger, zonal growth, skull melt, growth from gel, hy- 

drothermal growth, and flux fusion. 
The explanations are accompanied by clear dia- 
grams. SLD 


Vug collecting. S. Frazier, Gems & Minerals, No. 537, 
1982, pp. 16-20. 

This article is divided into two parts. The first dis- 

cusses the various definitions of vugs, and the second 

describes their occurrence. A vug is a cavity in a rock 

generally lined by a mineral with a composition differ- 

ent from that of the surrounding rock. 

The author describes six basic occurrences of vugs. 
The first is the gem pockets in pegmatites where min- 
erals such as tourmaline, topaz, and kunzite may be 
found. The second is amygdules, almond-shaped gas 
holes formed in basalt lavas. Some of the world’s most 
beautiful agates and amethyst form in amygdules. The 
third is lithophysae, cavities with multiple concentric 
shells found in silica-rich volcanic rocks. Topaz and 
spessartine are examples of minerals formed in these 
vugs. The fourth type, vesicles, or gas cavities formed 
near the surface of lavas, are usually devoid of minerals 
but may contain beautiful microcrystals. Number five 
is the hydrothermal vein, where some of the finest clas- 
sic mineral specimens have been found. The sixth is 
the solution cavity, which may form in sedimentary 
rocks such as limestone, where quartz crystals are 
found, or in the oxidized zones around sulfide ore de- 
posits, where crystals such as malachite or azurite may 
be found. GSH 
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GEMS & GEMOLOGY is an inter- 
national publication of original con- 
tributions (not previously published 
in English} concerning the study of 
gemstones and research in gemology 
and related fields. Topics covered 
include (but are not limited to} col- 
ored stones, diamonds, gem instru- 
ments, gem localities, gem substi- 
tutes (synthetics], gemstones for the 
collector, jewelry arts, and retail 
management. Manuscripts may be 
submitted as: 

Original Contributions—full-length 
articles describing previously un- 
published studies and laboratory or 
field research. Such articles should 
be no longer than 6,000 words (24 
double-spaced, typewritten pages} 
plus tables and illustrations. 
Gemology in Review—comprehen- 
sive reviews of topics in the field. A 
maximum of 8,000 words (32 dou- 
ble-spaced, typewritten pages} is 
recommended. 

Notes & New Techniques—brief 
preliminary communications of re- 
cent discoveries or developments in 
gemology and related fields (e.g., new 
instruments and instrumentation 
techniques, gem minerals for the 
collector, and lapidary techniques or 
new uses for old techniques). Arti- 
cles for this section should be about 
1,000—3,000 words (4-12 double- 
spaced, typewritten pages}. 


MANUSCRIPT PREPARATION 


All material, including tables, leg- 
ends, and references, should be typed 
double spaced on 8% x 11” (21 x 28 
cm) sheets. The various components 
of the manuscript should be pre- 
pared and arranged as follows: 

Title page. Page 1 should provide: 
(a) the article title; (b} the full name 
of each author with his or her affil- 
iation (the institution, city, and state 
or country where he/she works); and 
(c} acknowledgments. 


Abstract. The abstract {approxi- 
mately 150 words for a feature arti- 
cle, 75 words for a note} should state 
the purpose of the article, what was 
done, and the main conclusions. 
Text. Papers should follow a clear 
outline with appropriate heads. For 
example, for a research paper, the 
headings might be: Introduction, 
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Suggestions for Authors 


Suggestions for 


Previous Studies, Methods, Results, 

Discussion, Conclusion. Other heads 

and subheads should be used as the 

subject warrants. For general style, 
see A Manual of Style (The Univer- 
sity of Chicago Press, Chicago]. 

References. References should be 

used for any information that is 

taken directly from another publi- 
cation, to document ideas and facts 
attributed to—or facts discovered 
by—another writer, and to refer the 
reader to other sources for addi- 
tional information on a particular 
subject. Please cite references in the 
text by the last name of the author(s} 
and the year of publication—plus 
the specific page referred to, if ap- 

propriate—in parentheses (e.g., Lid- 

dicoat and Copeland, 1967, p. 10}. 

The references listed at the end of 

the paper should be typed double 

spaced in alphabetical order by the 
last name of the senior author. Please 
list only those references actually 
cited in the text (or in the tables or 
figures). 

Include the following information, 

in the order given here, for each ref- 

erence: {a) all author names (sur- 
names followed by initials}; (b) the 
year of publication, in parentheses; 

(c) for a journal, the full title of the 

article or, for a book, the full title of 

the book cited; and (d} for a journal, 
the full title of the journal plus vol- 
ume number and inclusive page 

numbers of the article cited or, for 

a book, the publisher of the book 

and the city of publication. Sample 

references are as follows: 

Daragh P.J., Sanders J.V. (1976) 
Opals. Scientific American, Vol. 
234, pp. 84-95. 

Liddicoat R.T. Jr., Copeland L.L. 
(1967) The Jewelers’ Manual, 2nd 
ed. Gemological Institute of 
America, Santa Monica, CA. 

Tables, Tables can be very useful in 

presenting a large amount of detail 

in a relatively small space, and 


Authors 


should be considered whenever the 
bulk of information to be conveyed 
in a section threatens to overwhelm 
the text. 

Figures. Please have line figures 
(graphs, charts, etc.} professionally 
drawn and photographed. High-con- 
trast, glossy, black-and-white prints 
are preferred. 

Submit black-and-white photo- 
graphs and photomicrographs in the 
final desired size if possible. 

Color photographs—35 mm slides 
or 4 x 5 transparencies—are 
encouraged. 

All figure legends should be typed 
double spaced on a separate page. 
Where a magnification is appropri- 
ate and is not inserted on the photo, 
please include it in the legend. 


MANUSCRIPT SUBMISSION 


Please send three copies of each 
manuscript (and three sets of figures 
and labels) as well as material for all 
sections to the Editorial Office: 
Gems #& Gemology, 1660 Stewart 
Street, Santa Monica, CA 90404. 
In view of U.S. copyright law, a 
copyright release will be required on 
all articles published in Gems & 
Gemology. 


No payment is made for articles 
published in Gems e? Gemology. 
However, for each article the au- 
thors will receive 50 free copies of 
the issue in which their paper 
appeared. 


REVIEW PROCESS 


Manuscripts are examined by the 
Editor, one of the Associate Editors, 
and at least two reviewers. The au- 
thors will remain anonymous to the 
reviewers. Decisions of the Editor 
are final. All material accepted for 
publication is subject to copyedit- 
ing; authors will receive galley proofs 
for review and are held fully respon- 
sible for the content of their articles. 
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PRACTICAL 


GEMCUTTING 

By Nance and Ron Perry, 95 pp., il- 
lus., published by Arco Publishing, 
New York, NY, 1982. US$11.95* 


The subtitle, “A Guide to Shaping 
and Polishing Gemstones,” and 
comments in the introduction cor- 
rectly present this book as a con- 
densed but thorough description of 
all the various lapidary operations 
and techniques. It is primarily di- 
rected at the hobbyist or amateur 
lapidary. 

All types of lapidary equipment 
(none commercial} are pictured and 
described. Complete operating prin- 
ciples as well as instructions for us- 
ing all equipment are concisely but 
adequately presented. 

A strong feature of this book is 
the “How to Build Your Own Equip- 
ment or Tools” coverage given where 
applicable. However, all measure- 
ments are given only in metrics, 
which is very inconvenient to 
those of us who have not converted 
to this system (which includes most 
Americans}. 

There ‘is an appendix giving hard- 
ness, specific gravity, refractive in- 
dex, as well as a set of recommended 
crown and pavilion elevation angles 
for a great many gemstone mate- 
rials. A list of suppliers (gem and 
mineral shops} and an index con- 
clude the book. 

I highly recommend this book as 
a general guide to lapidary tech- 
niques. 

WILLIAM C. KERR 
Faceting Instructor, GIA 


THE LIZZADRO 


COLLECTION 

By Miriam Anderson Lytle, 124 pp., 
illus., published by John Racila As- 
soc., Chicago, IL, 1982. US$39,00* 


Congratulations to Miriam Lytle, 
John S. Lizzadro, and everyone in- 
volved in this project! This book is 
a fitting tribute to one of the finest 
collections of hardstone carvings in 
the U.S. After the preface by Paul 
Desautels and Ms. Lytle’s introduc- 
tion to the collection come pho- 
tographs and descriptions of more 
than 60 masterpieces of lapidary art. 
There are a wide variety of carv- 
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BOOK 
REVIEWS 


Michael Ross, Editor 


ings—from teapots, buckles, and 
doctors’ ladies to altar sets, stone 
chimes, and boulder carvings. Ma- 
terials include nephrite, jadeite, rock 
crystal, agate, and lapis lazuli. The 
well-written text covers history, 
symbolism and folklore, artistic use 
of the material, and the techniques 
used in carving. Many pieces are ex- 
ceptional—not only in design and 
execution, but also for the basic ma- 
terial. The blue jadeite pagoda cen- 
ser is a prime example. Sixty-nine 
color photographs show full views 
and close-ups of carving details. A 
historical table with maps, a pro- 
nunciation guide, glossaries of mo- 
tifs and gem materials, and a bibli- 
ography complete the work. 

This is one of the finest collec- 
tion books I have seen. The design 
and production are good; the text is 
enjoyable and educational; the pho- 
tography is beautiful; the pieces are 
spectacular. Bravo! 


MICHAEL ROSS 
Course Revision Supervisor, GIA 


JEWELRY CONCEPTS 


& TECHNOLOGY 

By Oppi Untracht, 888 pp., illus., 
published by Doubleday, Garden 
City, NY, 1982. US$60,00* 


In this book, Oppi Untracht dissects 
and examines the art of creating 
jewelry and attempts to inspire the 
reader to a higher level of artistic 
awareness. The author has exam- 
ined his subject thoroughly, and the 
results are impressive. 

One can quickly get an idea of 
the care taken in producing this book 
by noting the quality of the color 
photographs and half-tone prints. 
Each piece of jewelry shown seems 
to have a sense of drama, no matter 
how simple or how intricate the de- 
sign. Even the text type is of a style 


GEMS & GEMOLOGY 


that is easy on the eyes and pleasant 
to read. 

The organization of material has 
a simple logic to it. The first chapter 
deals with a short basic history of 
jewelry and provides conceptual in- 
formation about its relevance and 
importance. Chapter 2 describes the 
tools and equipment necessary for 
basic jewelry manufacture. The next 
15 chapters discuss various tech- 
niques used to create jewelry. Mr. 
Untracht examines the different 
styles used for each technique and 
explains when and why each may be 
applicable. The processes vary from 
the most basic, which may be used 
by beginners, to those used by the 
largest manufacturers. The language 
is clear and understandable, even to 
those with a limited jewelry back- 
ground, but the discussion is ad- 
vanced enough to benefit jewelers 
with many years of experience. The 
line drawings are simple and well 
executed. There is enough detail to 
get the message across, but there is 


_ no excess. Mr. Untracht displays the 


same spirit whether he is examining 
common processes such as sawing 
and filing, or such exotic mediums 
as hand knitting and crocheting wire 
jewelry. 

There is only one chapter that is 
a disappointment as far as depth of 
knowledge and credibility are con- 
cerned. Chapter 13, on ‘‘Stones and 
Their Setting,” contains much good 
setting information, but some of the 
gemological information is incor- 
rect, misleading, or incomplete. The 
explanation of color in gemstones 
assumes that all colored stones are 
allochromatic and fails to address 
coloring in idiochromatic stones. 
Refraction is described as “the abil- 
ity of a polished transparent mineral 
to bend or deflect light from the en- 
tering direction to a new direction 
when it strikes a second or subse- 
quent surface.” This statement 
seems confusing. Notably absent in 
a table of gemstone characteristics 
are ranges of refractive index on 
many doubly refractive stones, in- 
cluding some for which birefrin- 
gence is important in identification. 
The paragraphs dealing with syn- 
thetic stones are particularly weak. 
An example is the statement that 
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YAG has. four times the dispersion 
of diamond and, therefore, greater 
brilliance. 

The final two chapters are valu- 
able additions to Mr. Untracht’s epic 
work. The one contains tables of 
various useful information in one 
concise unit, and the other is a 
grouping of assorted jewelry-rclated 
glossaries. 

The purpose of this tome is not 
to help create gemologists. It is writ- 
ten as an aid to aspiring artisans and 
jewelry technicians, and as such it 
does an excellent job. Oppi Untracht 
has put together what may well be 
the most useful and informative 
book on the market dealing with 
jewelry concepts and techniques. 
The book is well worth the price 
whether you are looking for a good 
technical reference, a complete and 
readable instruction book, or a 
source of inspiration. 


JASEN KEIDAN 
Silverberg # Shaknis Jewelry Co. 
Encino, CA. 


VNR COLOR 
DICTIONARY OF 
MINERALS AND 


GEMSTONES 

By Michael O’Donoghue, 159 pp., 
illus., published by Van Nostrand 
Reinhold, New York, NY, 1982. 
US$12.95* 


This attractive paperback volume 
presents a compendium of essential 
data on minerals and gemstones at 
a very reasonable price. It provides 
a handy, informative reference on 
the nature, properties, and occur- 
rence of more than a thousand of the 
more important minerals. 

Following a brief introduction, 
the majority of the book consists of 
concise descriptions of individual 
minerals. These indexed mineral 
entries are arranged by chemistry 
{i.e., elements, sulfides, oxides, etc.], 
as in most mineralogy texts. Within 
these broad categories, mineral spe- 
cies are further grouped by their 
major constituent elements, or in 
some instances by mineral families 
(e.g., feldspars, garnets). 
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Individual mineral descriptions 
include the following data: mineral 
name, chemical composition, gen- 
eral properties (crystal system, habit, 
color, luster, twinning, cleavage, 
hardness, specific gravity], nature of 
occurrence, and a brief summary of 
localities that have produced out- 
standing specimens. Although nec- 
essarily abbreviated, these entries 
contain the key information of in- 
terest to most mineral or gem col- 
lectors. Wherever possible, mineral 
descriptions are accompanied by 
color photographs illustrating typi- 
cal modes of occurrence. Unfortu- 
nately, while most of these minerals 
appear to be hand specimens, bar 
scales to indicate the actual size of 
the specimens are not included 
within the photographs. Of partic- 
ular interest to the gemologist in 
these descriptive entries are the de- 
tails on how best to clean and pre- 
serve specimens and also the sum- 
mary information on the fashioning 
of particular minerals into faceted 
gemstones or cabochons. The final 
section of the book includes 10 min- 
eral identification tables, each or- 
ganized around a particular diagnos- 
tic characteristic (color, hardness, 
crystal form, refractive index, spe- 
cific gravity, etc.), and a summary 
bibliography of important reference 
works and scientific periodicals in 
geology, mineralogy, crystallogra- 
phy, and gemology. 

On the whole, this book would 
be a welcome addition to a miner- 
alogy or gemology library. The vol- 
ume is well laid out and casy to read 
in a large, 8%" x 11%” format. For 
the most part, the photographs pre- 
sent accurate color renditions of the 
minerals illustrated. Considering the 
low price, this book would appear to 
be an excellent bargain for a person 
who desires to know something of 
the properties and appearance of dif- 
ferent minerals. 


JAMES E. SHIGLEY 
Research Scientist, GIA 


Editor’s Note: The material in the 
VNR Color Dictionary of Minerals 
and Gemstones originally appeared 


in the Encyclopedia of Minerals and 
Gemstones (G. P. Putnam’s Sons, 
New York, 1976). 


ANTIQUE AND 
TWENTIETH 


CENTURY JEWELLERY 

By Vivienne Becker, 301 pp., illus., 
published by Van Nostrand Rein- 
hold Co., New York, NY, 1982 (pre- 
viously published by NAG Press in 
Great Britain in 1980). US$24,95* 


This is a fascinating study of both 
well-known and obscure 18th-, 19th-, 
and 20th-century jewelry styles and 
trends. The book is arranged by sub- 
ject rather than chronologically, and 
covers such diverse topics as coral 
jewelry, pique, mourning jewelry, 
stick pins, cameos, mosaics in jew- 
elry, Egyptian revival jewelry, signed 
jewelry of the 19th century, arts 
and crafts jewelry, and Edwardian 
jewelry. This arrangement provides 
quick and useful reference for the 
serious collector. In addition, the 
work is profusely illustrated—more 
than 250 black-and-white illustra- 
tions and a total of 55 color pho- 
tographs. 

Vivienne Becker is a leading au- 
thority on antique jewelry. Her ar- 
ticles on the subject appear regularly 
in such magazines as The Antique 
Collector, Retail Jeweller, Connois- 
seur, Antiques World, and Art wW 
Antiques. 

The book’s only shortcoming is 
the lack of a glossary. Ms. Becker 
mistakenly assumes that her readers 
are well versed in the vocabulary of 
antique jewelry and, in conse- 
quence, neglects to explain or define 
many key technical terms. Except 
for this failing, the work is an ex- 
cellent examination of unusual and 
important fashions and develop- 
ments in the history of jewelry. 

JENNIFER PORRO 


Freelance Writer 
Los Angeles, CA 


*This book is available for purchase at 
the GIA Bookstore, 1735 Stewart Street, 
Santa Monica, CA 90404 
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Editorial 


Carroll Chatham 
1914-1983 


ne of the pioneers of the man-made gem industry passed away recently. Carroll 
Chatham was a remarkable scientist and, for a portion of his early career, a contro- 
versial figure in the jewelry industry. 


As a boy, Chatham conducted chemistry experiments in his parents’ garage. He soon 
gained the reputation of being a ‘/mad scientist,’’ and was said to have come close to 
blowing up the neighborhood once or twice. He pursued his love of scientific experimen- 
tation throughout college, and in 1938 received his degree in chemistry from the 
California Institute of Technology. Upon graduating, he worked in industry for several 
years, and in 1946 he set up his own laboratory. Chatham realized one of his greatest 
dreams shortly thereafter when he became the first person to produce gem-quality syn- 
thetic emeralds on a commercial basis. It has been said that Chatham’s milestone break- 
through helped spur Pierre Gilson’s efforts in producing his own synthetic emerald. 


Chatham abhorred the widespread misuse of the term synthetic, particularly during the 
1940s when a proliferation of substitutes and imitations were incorrectly, and often 
misleadingly, labeled as synthetics. He felt that the public perceived the terms imitation, 
substitute, and synthetic as being synonomous, and he therefore marketed his new 
product as ‘’cultured emeralds.’’ When the Jewelers Vigilance Committee questioned 
the use of the term cultured as it applied to his product, along, controversial dispute over 
terminology resulted. The dispute was eventually brought before the Federal Trade 
Commission, which ultimately rejected Chatham’s use of the term. Chatham won the 
war, however, when the Commission ruled that the designation ‘‘Chatham Created” 
emerald was acceptable for his product. 


Chatham retired recently to let his son John operate the laboratory and manufacturing 
end of the business. His other son, Tom, now handles the marketing for Chatham 
Created Gems. Chatham’s health had worsened during the past few years, most of which 
was attributed to the effects of the beryllium compounds and toxic gases he was exposed 
to throughout his career. In spite of his failing health, he continued his activity in the 
trade, and was a speaker at GIA’s 50th Anniversary Gemological Symposium in 1982. 


Carroll Chatham was one of the truly remarkable men in the jewelry industry. He was a 
man of strong convictions, whose innovative intelligence and integrity contributed to 
the advancement of his field. He will be missed. 


Richard T. Liddicoat, Jr. 
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THE RAMAURA SYNTHETIC RUBY 


By Robert E. Kane 


A new synthetic ruby grown by a process 
involving high-temperature flux with 
spontaneous nucleation has been devel- 
oped. This new synthetic ruby is currently 
commercially available under the trade 
name Ramaura. The Ramaura synthetic 
exhibits some internal characteristics that 
are distinctly different from those ob- 
served previously in commercially avail- 
able synthetic rubies. Some of the Ra- 
maura synthetic rubies are readily 
identifiable, while others could present a 
serious cause for concern in the world’s 
ruby markets and cail for extreme care on 
the part of gemologists in the examination 
of rubies. In this article, the author exam- 
ines in detail the gemological properties 
of the Ramaura synthetic ruby and dis- 
cusses means of identifying this new syn- 
thetic. 


ABOUT THE AUTHOR 


Mr. Kane is research and gem identification supervi- 
sor of GIA's Gem Trade Laboratory, inc., Los Ange- 
les, California. 
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n 1877, Edmund Frémy and Charles Feil reported their 

discovery of a technique for crystallizing small, thin 
transparent rubies froma flux. With the introduction and 
successful marketing of Verneuil (flame-fusion) syn- 
thetic rubies in the early 1900s, however, there was little 
incentive to further develop other methods of synthesiz- 
ing ruby. It was not until the early 1960s, when the use of 
synthetic ruby crystals for laser research was initiated 
(Maiman, 1960}, that the study of the flux growth of ruby 
was vigorously resumed in an attempt to produce crystals 
possessing higher optical qualities than those found in 
the Verneuil product. 

One of the first modern flux methods of producing 
synthetic corundum was described by J. P. Remeika in 
U.S. Patent 3,075,831, recorded January 29, 1963. Since 
then, more than 30 different processes for the flux 
growth of corundum—each using slightly different con- 
ditions for growth and different fluxes—have been re- 
ported (Nassau, 1980). Many of these methods were in- 
tended specifically for industrial applications (such as for 
lasers, semi-conductors, etc.) and not for use as synthetic 
gemstones, 

Until recently there were only two major producers of 
flux-grown synthetic rubies that were commercially 
available for use as gemstones; Chatham Created Gems, 
Inc., of San Francisco, California, and Kashan, Inc., of 
Austin, Texas. A relatively new synthetic ruby developed 
by Professor P. O. Knischka of Styer, Austria (Knischka) 
and Gibelin, 1980; Giibelin, 1982) is now commercially 
available in the form of rough crystals (P. O. Knischka, 
personal communication, 1983). Kyocera International, 
Inc., of Kyoto, Japan, is also producing and marketing 
faceted synthetic rubies, under the trade name Inamori, 
but the method of synthesis has not yet been confirmed 
(it does not show characteristics of flux growth). Like- 
wise, synthetic rubies grown by the Verneuil method are 
still available on the market. 
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In early 1983, the availability of yet another 
flux-grown synthetic ruby intended specifically for 
use as synthetic gem material was announced by 
the Ramaura division of Overland Gems, Inc., of 
Los Angeles, California (figure 1). The distributor 
reports that this new synthetic ruby is being mar- 
keted under the trade name Ramaura, primarily in 
the form of faceted stones. The Ramaura firm also 
reports that they intend to market lower-grade 
(heavily included) rough material for fashioning 
into beads and cabochons, as well as single crystals 
and crystal clusters (Peter Flusser, personal com- 
munication, 1983). 

The Ramaura synthetic ruby was developed 
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Figure 1. Ramaura synthetic 
rubies: the 8.77-ct uncut 
specimen is a rare example 
of a large, nearly equidi- 
mensional rhombohedral 
crystal; the faceted stone 
weighs 3.67 ct. Photo °1983 
Tino Hammid, 


by a southern California chemist who has exten- 
sive experience in industrial crystal growth. 
Although specific details of the Ramaura process 
have not been disclosed, we do know that it in- 
volves a high-temperature flux method with 
spontaneous nucleation. 

The purpose of this article is to first examine 
the mode of synthesis of the Ramaura ruby and 
then present the gemological properties of the 
material, as well as means of distinguishing this 
synthetic ruby from its natural counterpart. The 
author conducted this study by careful examina- 
tion of 160 faceted Ramaura synthetic rubies of 
various shapes and cuts, which ranged in weight 
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from 0,15 to 7.98 ct, and 82 Ramaura synthetic 
ruby crystals, which ranged in weight from 0.21 
to 86.73 ct. 


SYNTHESIS OF THE 
RAMAURA SYNTHETIC RUBY 


One important difference in the current growth 
process of the Ramaura synthetic ruby from that 
of other commercially available flux-grown syn- 
thetic rubies is that seeds are not used. Specifi- 
cally, the Ramaura process allows spontaneous 
nucleation (also referred to as self-nucleation) of 
crystals as the flux melt cools slowly. 

For example, Chatham synthetic rubies are 
grown on seed crystals or seed plates (as reported 
by Thomas Chatham, personal communication, 
1983, and from the author’s study of rough mate- 
rials), which may be cither natural or synthetic 
corundum {synthetic ruby is commonly used at 
the present time}. The seeds are selectively cho- 
sen crystals or portions of crystals that are added 
to the flux-melt mixture, either suspended in the 
mixture itself or placed in one of a variety of 
positions within the crucible. The use of seeds 
enables better control over the growth rate as well 
as over the perfection and orientation of the crys- 
tals grown. The growth rate of the crystal is di- 
rectly proportional to the surface area of the seed. 
Since an individual crystal can result in any of 
several different proportions, the predisposition 
of the seed can also help modify the growth of the 
crystal to produce a somewhat predetermined 
shape and size. Consequently, the use of seeds 
gives the manufacturer greater control over the 
end result, that is, the ability to produce larger, 
cuttable crystals at a faster rate of growth and 
with proportions that yield faceted stones with 
desirable weight retention percentages. 

In contrast, spontaneous nucleation often 
produces crystals that grow in uncontrolled di- 
rections and yields several different crystal habits 
(which will be addressed later in this article). One 
important advantage of this type of growth, how- 
ever, is that the tabular crystals that are used most 
often for faceting material contain areas that are 
much less included than those synthetic rubies 
grown by flux methods that use seeds. Interest- 
ingly, Kashan has reported using spontaneous nu- 
cleation as well as seed crystals (Mallas, 1979}, 
although this may be a case where spontaneous 
nucleation has occurred in the same crucible 
where seeds have been used, which is common. 
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Because crystal growth by spontaneous nucle- 
ation is much less controllable, the process often 
results in crystal clusters that are too thin or 
rhombohedral crystals that are too small to be 
fashioned into gemstones, Also, the growth time 
for large cuttable crystals with spontaneous nu- 
cleation is often greater than it would be if seeds 
were employed. 


CRYSTAL MORPHOLOGY 


As a result of its unusual growth process, the 
Ramaura synthetic ruby exhibits several differ- 
ent forms. To facilitate the identification of syn- 
thetic ruby rough grown by the Ramaura method, 
a discussion of crystal morphology is provided 
here. The following morphology descriptions 
were prepared by Dr. Anthony R. Kampf, curator 
of mineralogy at the Los Angeles County Mu- 
seum of Natural History. 

Ramaura synthetic ruby crystals grow in three 
basic habits. In the first, nearly equidimensional 
crystals are found attached to the crucible walls. 
An idealized drawing of one such crystal is shown 
in two views in figure 2. An exceptional example 
of a Ramaura synthetic ruby crystal exhibiting 
this type of nearly equidimensional rhombohe- 
dral form is shown in figure 1. Only three crystal- 
lographic forms (sets of faces) have been observed 
on these crystals. The rhombohedral forms 
R(O112) and r{1011} are generally predominant, 
and the basal c(0001) form is subordinate. Crys- 
tals in this habit are remarkably perfect and inclu- 
sion-free, with the exception of textural growth 
features and color zoning; however, they seldom 
exceed 1 cm in maximum dimension. 

In the second habit, ruby crystals growing on 
the melt surface develop as clusters of very thin 
plates. The c(0001) form is universally predomi- 
nant and is bounded by a combination of r(0112)}, 
d(1012), and n(2243) forms. The plates typically 
range from 1 to 3cm indiameter and from 0.01 to 
0.30 cm in thickness. Flux is often trapped along 
the edges of the rapidly growing plates, resulting 
in lines of inclusions paralleling the bounding 
faces. One cluster that consisted of very thin, 
clean plates measured nearly 9 cm in length and 2 
cm in height. This crystal cluster also exhibited a 
very curved nature that reflected the curvature of 
the crucible. 

The crystals that lend themselves most to 
faceting, the third group, are similar in morphol- 
ogy to the plates described above, but attain sig- 
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R=(0172) 


e =(0001) r=(1011) 


Figure 2. An idealized drawing of the crystal 
morphology of a nearly equidimensional rhom- 
bohedral Ramaura synthetic ruby crystal. 
Drawing by Dr. Anthony R. Kampf. 


nificantly greater thickness. They may be up to 4 
cm across and are usually between 0.5 and 3.0cm 
thick (occasionally they occur thicker). These 
ruby crystals grow attached to the sides and bot- 
tom of the vessel and consequently may exhibit a 
slightly curved attachment surface. They usually 
contain some trapped flux, but very large areas 
are free of inclusions except for growth features 
and color zoning. 


Ramaura Synthetic Ruby 


GEMOLOGICAL CHARACTERISTICS 


The new Ramaura synthetic ruby exhibits many 
characteristics that are typical of flux-grown syn- 
thetic rubies, in addition to some that are dis- 
tinctly different from any observed thus far in 
other commercially available synthetic rubies, In 
some situations, the gemologist will have to care- 
fully examine several of the gemological proper- 
ties and meticulously study the frequently 
observed subtle internal characteristics to con- 
clusively identify this new synthetic ruby. The 
following discussion examines in detail the 
gemological characteristics of the Ramaura syn- 
thetic ruby. These characteristics are summa- 
rized in table 1. 


Visual Appearance. As the faceted Ramaura syn- 
thetic rubies are examined with the unaided eye, 
several features can be noted, in particular, color, 
transparency, and clarity. 

With regard to color, the Ramaura synthetic 
rubies examined by the author varied from nearly 
pure red, to slightly orangy red, to slightly pur- 
plish red and purple red; all varied in saturation 
from moderate to vivid. Also examined were 
faceted stones that exhibited slight to moderate 
saturations of light red secondary hues (thus, giv- 
ing a distinct pink appearance]. Figure 3 shows 
many of the hues that the Ramaura synthetic 
ruby may exhibit. As is the case with the Kashan 
synthetic rubies, the color range of the rubies 
synthesized by Ramaura overlaps to some degree 
with the wide range of colors produced in their 
natural counterparts from several different geo- 
graphical localities, 

Also very evident to the unaided eye in many 
of the faceted Ramaura synthetic rubies is an 
unusual degree of transparency. This is perhaps 
caused in part by the unique growth process. 
Since none of the growth is forced (as it is in 
techniques involving the use of seeds), fewer im- 
purity ions are trapped, so there are fewer dislo- 
cations or defects in the crystal lattice. The 
growth process also minimizes the inclusions 
that are visible to the unaided eye or observed 
under the gemological microscope. 

The clarity of the faceted Ramaura synthetic 
rubies, when examined with the unaided eye, 
varies from stones that appear to be completely 
free of inclusions to those that have areas of visi- 
ble flux inclusions and still others that exhibit 
only slight textural growth features and color 
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zoning. The growth features and color zoning are 
most easily observed when the faceted stone is 
tilted at an angle. 


Optic Axis Orientation. With the Ramaura syn- 
thetic ruby, the direction of optic axis orientation 
is variable. Since the synthetic growth process 
involves spontaneous nucleation, which pro- 
duces many different external crystal forms, the 
faceted stones can be cut with various orienta- 
tions to obtain the greatest weight retention. In 
the faceted stones examined by the author, the 
direction of the optic axis orientation varied 
greatly from stone to stone: in some it was paral- 
lel to the table, insome perpendicular to the table, 
and in others at various angles between these 
two. 

Some faceted synthetic rubies, such as many 
produced by the Verneuil process, are typically 
oriented with the optic axis nearly parallel to the 
table. Specifically, Verneuil boules often split 
lengthwise to ease internal strain (Barta, 1957}, 
which produces rough that yields the greatest 
weight retention when the table of the faceted 
stone ‘is’ oriented parallel to the length of the 
boule. With this orientation, the optic axis is 
usually only about 30° from parallel to the table 
(R. T. Liddicoat, Jr., personal communication, 
1983). It has been reported that natural ruby 
rough, in contrast, often yields the most attrac- 
tive color and the greatest weight retention when 


the optic axis is oriented perpendicular to the 
table (Liddicoat, 1977). 

The fact that any natural or synthetic ruby 
could be fashioned into a faceted stone with any 
one of several possible optic axis orientations 
means that the direction of this orientation 
should not be used as even a vague indicator of 
natural or synthetic origin. 


Refractive Indices and Birefringence. Refractive 
indices were determined using a GEM Duplex II 
refractometer in conjunction with a monochro- 
matic light source equivalent to sodium vapor. 
Testing revealed that most of the Ramaura syn- 
thetic rubies showed refractive indices of 
w=1.762 and e=1.770, while some of the ma- 
terial had values of m@=1.760 and e=1.768 (this 
variation is also observed in natural ruby}. These 
values give an optic character of uniaxial negative 
and a birefringence of 0.008. 


Pleochroism. A calcite dichroscope was used to 
examine this property. In the faceted Ramaura 
synthetic rubies examined by the author, the 
dichroic effect was observed as moderate to 
strong in various hues depending on the color of 
the stone being examined. Commonly observed 
was dichroism that ranged in various saturations 
of the following hues: reddish purple and pur- 
plish red parallel to the c-axis, and orangy pink 
(occasionally higher saturations of pink made the 


TABLE 1. The gemological properties of faceted Ramaura synthetic ruby. 


Luminescence?® 


Rl. = Absorption 
and Long-wave U.V. Short-wave ULV. Spectrum? 
biref. Pleochroism radiation radiation X-rays (4000 A-7000 A) S.G. Inclusions 
@=1.762 Moderate to _—_‘ Variable: intensity Intensity ranges from Variable: some Absorption lines 3.96-4.00 Various forms of residual 
6=1.770° strong. ranges from weak to strong; areas inert, others at 4750, 4765, unmelted flux that may 
and Reddish moderate to nearly the same range inintensity 4685, 6592, 6680, be angular or rounded 
@= 1,760 purple and extremely strong; fluorescent colors as _—_ from extremely 6928, and 6942 A; and white to 
e= 1.768" purplish red overall fluorescent long-wave reaction, weak to weak; broad absorption orange-yellow; flux 
0.008 parallel to the colorranges froma with the addition of fluorescent colors —_ blocking out alt of “fingerprints” that range 
c-axis. dull, chalky red to chaiky, slightly bluish range from dull, the violet and from flat to very wispy 
Orangy pink,  orangy red. Some white zones observed chalky red to some of the blue, (wispy veils), fine to 
orangy red, stones exhibit small ina few stones. No orangy red. No all of the green coarse, near colorless to 
and pinkish zones of chalky phosphorescence. phosphorescence. and yellow, anda white, and are seen in 
orange yellow. No small area in the low to high relief, and 
perpendicular phosphorescence. orange portion of numerous forms of 
to the c-axis. the visible growth features and color 
spectrum. Not zoning. "Comet tails” 
diagnostic. occasionally seen. 


4 Luminescence reactions listed are for faceted stones only and may change if the manufacturer changes the amount of type of dopant 


added to the flux-melt mixture. 


° The visible light absorption spectrum as observed through a normal “hand-held” type of gemological spectroscope. 


¢ This variation is also observed in natural ruby. 
a  ——————————===- 


} 


SN 
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hue orangy red] and pinkish orange perpendicu- 
lar to the c-axis (slight overtones of brown were 
also observed). 


Reaction to Ultraviolet Radiation. One interest- 
ing feature of the Ramaura is that the manufac- 
turer has attempted to produce a characteristic 
fluorescence in the material, with the intended 
purpose of rendering the Ramaura synthetic ruby 
easily identifiable when exposed to ultraviolet 
radiation. It is well known that fluorescence in a 
gemstone may be strongly influenced by the pres- 
ence of small amounts of trace-element impuri- 
ties within the gem material (Nassau, 1980). The 
manufacturer of the Ramaura synthetic ruby has 
attempted to cause a fluorescence shift with the 
addition of minute amounts (several parts per 
million} of a dopant to the initial flux-melt mix- 
ture. The dopant that is currently being used is 
reportedly a rare-earth element (the identity of 
which the manufacturer wishes to remain undis- 
closed at this time}, The dopant is absorbed in the 
growing crystal by replacing aluminum (A]] ions, 
causing the fluorescence in some areas of the 
rough material to shift toward orange-yellow 
when the synthetic ruby is exposed to ultraviolet 
radiation, 

It is important to note at the present time that 
the majority of the faceted stones the author has 
examined to date do not show evidence of this 
dopant in the form of a characteristic orange-yel- 
low fluorescence. In addition, electron micro- 
probe analysis and energy dispersive spectropho- 
tometry-X-ray fluorescence (EDS-XRF} analysis 
revealed no indication of the reportedly added 
dopant. If it is present, it is in concentrations 
below the detection limits of these very sensitive 


Ramaura Synthetic Ruby 


Figure 3. The Ramaura syn- 
thetic ruby is produced in 
several different hues, many 
of which are illustrated 
here (the stones range in 
weight from 0.50 to 2.00 ct). 
Photo by Michael Havstad. 


tests. The fluorescent reactions observed and the 
problems encountered in the doping process are 
discussed below. 


Luminescence: Rough Material. Exposure of the 
Ramaura synthetic ruby crystals to long-wave ul- 
traviolet radiation (3669 A) revealed variable flu- 
orescence reactions, ranging in intensity from 
moderate to very strong. The overall color of the 
fluorescence ranged from a dull, chalky red to an 
orangy red through slightly reddish orange 
(nearly pure orange) toa pure red that was similar 
in nature to the fluorescence often observed in 
Verneuil synthetic rubies. 

Most of the crystal clusters and tabular single 
crystals exhibited areas of fluorescent zoning that 
also varied in intensity from strong to very 
strong. The zoning ranged in color froma distinct 
sulfur yellow through a yellowish orange to a 
nearly pure orange. Although generally quite 
thin, these zoned areas also possessed a dull, 
chalky, translucent nature. The fluorescent zon- 
ing was most frequently observed in concen- 
trated, thin areas parallel to the external surfaces 
of the crystals (figure 4]. The dull, chalky fluores- 
cent zones were observed on nearly all of the 
surfaces of the crystal clusters and tabular single 
crystals [with the (0001) faces having a thicker 
concentration]. The only surfaces that consis- 
tently did not exhibit this fluorescent zoning 
were those that had grown attached to the cru- 
cible surfaces. 

The fluorescent zones (and their absence on 
surfaces that had been attached to the crucible} 
would indicate a change in the environment to- 
ward the end of the growth process. If the as- 
sumption that the chalky yellow and orangy yel- 
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Figure 4. The strong yellow long-wave fluores- 
cent zoning shown here paralleling the edges of 
this 56.14-ct Ramaura synthetic ruby crystal 
{the crystal surface in the foreground of the pho- 
tograph grew attached to the crucible, and thus 
is absent of this fluorescent zoning) is report- 
edly induced by the addition of trace amounts 
of a rare-earth dopant. Photo by Michael 
Havstad. 


low fluorescent zoning was caused by the 
addition of a rare-earth element is correct, the 
zoning is most probably caused by a dominating 
concentration of the dopant in the melt solution 
and the rapid rate of growth at the end of the 
growth process, 

Exposure of the Ramaura synthetic ruby crys- 
tals to short-wave (2.537 A) ultraviolet radiation 
revealed similar reactions to those observed with 
long-wave ultraviolet radiation, although one of 
the crystal clusters examined (which the manu- 
facturer reported had a greater amount of dopant 
than the material grown previously), behaved dif- 
ferently. In this cluster, the dull, chalky yellow 
fluorescence was predominant, quenching most 
of the orange-red fluorescence that had been seen 
under long-wave ultraviolet radiation, With this 
one exception, the major difference of the short- 
wave fluorescence as compared to the long-wave 
reaction was the intensity, which ranged from 
very weak to moderate in the former, 

Exposure of the Ramaura synthetic ruby crys- 
tals to X-rays also revealed a variable fluorescent 
reaction. Some areas were inert, while others 
ranged in intensity from very weak to weak. The 
color of the X-ray fluorescence ranged from 
patchy areas of dull chalky red to orangy red with 
a few smaller areas of dull, opaque chalky white 
and yellowish white. No visible phosphorescence 
was observed after exposure to X-rays for 10 sec- 
onds, 
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Luminescence: Faceted Stones. Exposure of the 
faceted Ramaura synthetic rubies to long-wave 
ultraviolet radiation (3660 A) revealed variable 
fluorescence, with the majority ranging in inten- 
sity from strong to extremely strong and a few 
exhibiting a moderate intensity. The overall color 
of the fluorescence in the faceted stones varied 
from dull chalky red to orangy red. Also seen ina 
few stones was an orange-red to pure red fluores- 
cence that was very similar in nature to that often 
observed in Verneuil synthetic rubies, in that it 
was very vibrant and transparent in contrast to 
the dull, chalky (translucent, nearly opaque) na- 
ture of the fluorescence observed in many flux- 
grown synthetic rubies. 

As would be expected, most of the thin yellow 
fluorescent zones were removed during the cut- 
ting process. Some of the faceted Ramaura syn- 
thetic rubies, however, exhibited small areas of 
dull, chalky yellow fluorescent zoning near the 
outer edges of the stone (frequently observed at 
the culet and girdle edges). There was not a sharp 
deliniation between the dull, chalky yellow fluo- 
rescent zones and the red to orangy red fluores- 
cence; rather a subtle blending of the two fluores- 
cent colors was most commonly observed. If the 
property of fluorescence is hastily examined, the 
chalky yellow fluorescent zones could be over- 
looked; if itis carefully examined, however, these 
zones are readily apparent and provide the gemol- 
ogist with a good indication of the synthetic ori- 
gin of the material. 

Exposure of the faceted Ramaura synthetic 
rubies to short-wave ultraviolet radiation (2537 
A) also revealed a variable fluorescence. The in- 
tensity ranged from weak to strong, with the ma- 
jority of the stones exhibiting a moderate inten- 
sity. The zoning and color of the short-wave 
fluorescence was similar to that of the long-wave 
fluorescence. The faceted stones exhibited a dull 
red to orangy red fluorescence. Of the few stones 
that exhibited a pure red fluorescence similar to 
that often observed in Verneuil synthetic rubies 
when exposed to long-wave ultraviolet radiation, 
only three showed the same overall reaction to 
short-wave ultraviolet radiation. The remainder 
in this group exhibited very easily visible zones of 
strong chalky, slightly bluish white zoning, con- 
fined cither to the table or to areas near the culet 
of the faceted stone. This fluorescent zoning also 
blended gradually into the overall red to orangy 
red areas. The same stones that exhibited the 
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chalky yellow zones when exposed to long-wave 
ultraviolet radiation also showed nearly the same 
reaction to short-wave ultraviolet. The major dif- 
ference was the intensity of the yellow zoning, 
which was stronger with short-wave than with 
long-wave. 

Exposure of the faceted Ramaura synthetic 
rubies to X-rays revealed an extremely weak to 
weak fluorescence, with a few stones exhibiting a 
fluorescence of moderate intensity. The color of 
the X-ray fluorescence ranged froma dull, chalky 
red to an orangy red. In some of the faceted mate- 
rial, the centers of the stones showed a nearly 
inert reaction to X-rays, with only the edges of 
crowns fluorescing very weakly. This was partic- 
ularly noticeable when the faceted stones were 
placed table down. The same reaction is also ob- 
served in many other synthetic rubies as well as in 
natural rubies. No visible phosphorescence was 
observed in the faceted stones after X-ray excita- 
tion for 10 seconds. 

Although at this time the reported addition of 
a dopant to produce a characteristic fluorescence 
in the Ramaura synthetic ruby cannot always be 
considered conclusive in identifying this new 
synthetic ruby, the distributor reports that the 
manufacturer is continuing experimentation in 
this area (Peter Flusser, personal communication, 
1983}. 

Several conclusions can presently be drawn 
from the reactions to ultraviolet radiation of the 
faceted Ramaura synthetic ruby: 


* The intensity of the overall fluorescence is am- 
biguous, in that it overlaps with the fluorescent 
reactions of some natural rubies, with the ex- 
ception that some natural rubies reveal an inert 
reaction, while all of the Ramaura synthetic 
rubies exhibited some degree of fluorescence. 


If the chalky yellow and chalky, slightly bluish 
white fluorescent zones are observed with long- 
wave and/or short-wave ultraviolet radiation, 
the gemologist has a very good indicator of the 
synthetic origin of the material. 


* Itisextremely important to note, however, that 
if the chalky fluorescent zoning is not present, 
because of its initial absence in the rough mate- 
rial or its removal during the cutting process, 
nothing conclusive concerning the synthetic or 
natural origin of the material in question can be 
determined on the basis of its luminescence. 


Ramaura Synthetic Ruby 


Transparency to Short-wave Ultraviolet Radia- 
tion. Synthetic ruby in general transmits ultravi- 
olet radiation more readily than does natural 
ruby. One method of determining the degree of 
transparency to short-wave ultraviolet radiation 
is to record it on photographic print paper. This 
method is often referred to as the short-wave 
ultraviolet transparency test. 

For this test, seven faceted Ramaura synthetic 
rubies were selected, two that reportedly were ° 
undoped and five that reportedly contained the 
added dopant. The latter five stones were chosen 
on the basis of their wide range of hues and vary- 
ing degrees of clarity. For comparison purposes, a 
selection of synthetic rubies of different manu- 
facture and several natural rubies from various 
geographical localities were also included. 

The subject stones were immersed table down 
in water over the emulsion side of a piece of 
contact-positive printing paper in a darkroom. 
The short-wave ultraviolet unit was positioned 
18 inches above the vessel and the paper was 
exposed for approximately one-half second. De- 
veloping and fixing were done in the usual man- 
ner. The results are shown in figure 5 (top 
row=natural rubies; bottom row = Ramaura syn- 
thetic rubies; middle row=synthetic rubies of 
various manufacturers}. At this point, it would 
appear that there is not sufficient difference in 
transparency between some natural stones and 
some synthetics to use this test as the only basis 
for identification. 


Spectral Examinations. The visible light absorp- 
tion spectra of several faceted Ramaura synthetic 
rubies were examined with a GEM spectroscope 
unit. The observed spectra appeared to be essen- 
tially the same as the absorption spectrum de- 
scribed by Liddicoat (1977) for natural and syn- 
thetic ruby, as shown in figure 6. For more 
detailed examinations, the previously mentioned 
group of seven Ramaura rubies (specifically cho- 
sen on the basis of whether or not they were 
doped and the range of hues and clarity repre- 
sented) were subjected to the following tests: (1) 
ultraviolet and visible light spectrophotometry, 
(2) infrared spectrophotometry, (3) fluorescence 
spectrophotometry, and (4) energy dispersive 
spectrophotometry—X-ray fluorescence (EDS- 
XRF) analysis. 


Ultraviolet and Visible Light Spectrophotome- 
try. Examination of the ultraviolet and visible 
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light absorption spectra of the seven faceted Ra- 
maura synthetic rubies was conducted on a Pye 
Unicam, SP8-100 UV-VIS spectrophotometer by 
G. Bosshart, laboratory director at the Swiss 
Foundation for the Research of Gemstones, 
Zurich, Switzerland (see figure 7}. 

A procedure has been described by Bosshart 
(1982) which evaluates the differential transmis- 
sion behavior in the ultraviolet region of natural 
and synthetic rubies. This method is a refined 
version of the short-wave ultraviolet trans- 
parency test discussed above (see figure 5}. 

Using this method to examine many natural 
rubies from various geographical localities and 
synthetic rubies of different manufacture, 
Bosshart was able to show many differences in 
ultraviolet transmission. The ‘‘population”’ dis- 


Figure 6. Drawing of absorption spectrum for 
Ramaura synthetic ruby, as observed ona 
direct-vision spectroscope (in angstroms) at 
room temperature. 
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Figure 5. The results of a 
short-wave ultraviolet 
transparency test performed 
ona carefully selected 
group of natural and syn- 
thetic rubies. Top row, nat- 
ural rubies (left to right): 

1, 2, and 3 are from South- 
east Asia; 4, 5, and 6 are 
from East Africa; and 7 is 
from Burma. Middle row, 
synthetic rubies (left to 
right): 1 and 2 are Kashan, 
3 is Knischka, 4 and 5 are 
Verneuil process (manu- 
facturer unknown), 6 is 
Inamori, and 7 is Chatham. 
Bottom row, Ramaura syn- 
thetic rubies (left to right). 
reportedly 1 and 2 are un- 
doped and 3 though 7 are 
doped with trace amounts 
of a rare-earth element. 


tribution of natural and synthetic rubies as deter- 
mined by Bosshart’s testing is reproduced in fig- 
ure 8. His testing of the seven selected Ramaura 
synthetic rubies revealed interesting results. Five 
of the seven fell within or near the natural popu- 
lation (depending on the optic axis orientation}; 
one stone fell barely within a synthetic popula- 
tion, while the other was near it. The latter two 
stones were both reportedly undoped. 


Infrared Spectrophotometry. B. Suhner, of Heri- 
sau, Switzerland, used a beam condenser to exam- 
ine the infrared spectra of three of the seven se- 
lected samples, All three stones absorbed heavily 
below 1500 cm™'. The only safe statement that 
can be made concerning the infrared examination 
is that the Ramaura synthetic rubies, like other 
natural and synthetic corundums, are free of H,O 
and OH. 


Fluorescence Spectrophotometry. The fluores- 
cence spectra were recorded on a Perkin-Elmer 
fluorescence spectrophotometer 650-10, also by 
B. Suhner, Although Suhner recorded extreme 
variability in the relative excitation-peak intensi- 
ties, qualitatively he found them to be identical: 
the spectra showed the same number of peaks in 
the same wavelength positions except for a band 
at 318 nm in one of the samples. The excitation 
peak at 268 nm, which has been observed in other 
synthetic rubies as well as in many natural rubies 
from Burma and Sri Lanka, but is absent in most 
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Figure 7. Polarized ultraviolet-visible absorption spectra of three faceted Ramaura synthetic rubies 
recorded at ambient temperature. Vibration o (of the ordinary ray) perpendicular to the optic axis 
(black), vibration e (of the extraordinary ray) parallel to the optic axis (blue). The absorption coeffi- 
cient is approximate. Profiles at +0,5 A (absorbance unit) level above absolute absorption minimum 
in the ultraviolet. Spectra particularities are as follows: (A) Peaks at approximately 405 nm and 550 
nm well off-scale due to high chromium dotation producing a dark red color. This 0.84-ct stone was 
reportedly undoped. (B) Low chromium dotation leading to a pale violetish red color. (Peak heights 
reduced by sample-related straylight influence, except for the e-peak at about 548 nm.) This 0.92-carat 
stone was reportedly doped. (C) Low chromium and iron dotation giving a slightly violetish red color. 
Note: The absorption maxima and minima below 460 nm are influenced by iron content alone. No 
straylight effects: proper peak height ratios for ruby. Also note that absorption in the blue region (480 
nm) is lower than in the ultraviolet (350 nm), contrary to stone A. This 0.94-carat stone was reportedly 
doped. Spectra and legend provided by G. Bosshart. 


ported rare-earth dopant were also not observed. 
Low-temperature fluorescence spectra may yield 
more specific information. 


other natural rubies (Bosshart, 1982), was not 
present in the Ramaura synthetic rubies that 
were examined. Any details related to the re- 


Figure 8. “Population” distribution 
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EDS-XRF Analysis. The seven selected Ramaura 
synthetic rubies were examined using EDS-XRF 
analysis by Dr. H. A. Hanni of the Swiss Founda- 
tion for the Research of Gemstones and Dr. W. B. 
Stern of the Geochemical Laboratories, Institute 
for Mineralogy and Petrography, Basel, Switzer- 
land. For a detailed description of this method of 
analysis, the reader is referred to Stern and Hanni 
(1982). The analyses revealed extremely variable 
results on the seven stones. Trace-element con- 
tents and concentrations varied considerably 
among the seven samples. 

In a recent paper (1982), Hanni and Stern re- 
ported on their investigation of gallium (Ga) as a 
trace element in a small selection of natural and 
synthetic corundums. All of the natural corun- 
dums contained Ga concentrations in excess of 
200 ppm. In the synthetic corundums examined 
in that study, Ga could not be detected. 

Their initial examinations of the seven Ra- 
maura synthetic rubies indicated the presence of 
Ga in concentrations near the detection limit of 
EDS-XRF analysis in six of the seven stones. The 
remaining stone showed greater concentrations 
of Ga. 

Because of the presence of Ga in the seven 
Ramaura synthetic rubies tested, the occurrence 
of this element in trace amounts should not be 
considered a conclusive indicator of natural ori- 
gin at this time. In fact, from the above discus- 
sion, it is evident that none of these spectral exam- 
ination techniques currently offers a definitive 
means of identifying the Ramaura synthetic ruby 
from its natural counterpart. 


Specific Gravity. The specific gravity values for 
the Ramaura synthetic ruby were determined by 
means of the hydrostatic technique, using a 
Voland diamond balance equipped with the nec- 
essary specific gravity attachments. The syn- 
thetic material showed slight variations in den- 
sity, from 3.96 to 4.00. 


Inclusions. With the exception of the lumines- 
cent reactions of a small percentage of the faceted 
stones tested by the author, all of the previously 
discussed gemological properties of the Ramaura 
synthetic ruby overlap to some extent with those 
of its natural counterpart. Therefore, at the pres- 
ent time the most important means of distin- 
guishing the new Ramaura synthetic ruby from 
natural ruby is provided by the presence of char- 
acteristic inclusions. 
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Because of controlled environments for crys- 
tal growth, synthetic rubies in general exhibit a 
somewhat limited variety of inclusions in con- 
trast to the seemingly limitless multiplicity of 
inclusions found in natural rubies. The current 
growth process of the Ramaura synthetic ruby 
produces material that contains an even narrower 
variety of internal characteristics than is fre- 
quently observed in other commercially available 
faceted flux-grown synthetic rubies, such as the 
Chatham and Kashan products. 

Despite the small number of basic inclusion 
types found in the Ramaura synthetic ruby, most 
of the internal characteristics can be considered 
diagnostic of synthesis to the experienced gemol- 
ogist. To date, the following types of inclusions 
have been commonly observed by the author in 
faceted pieces of Ramaura synthetic ruby: vari- 
ous forms of flux, fractures and healed fractures, 
and numerous forms of growth features and color 
zoning. In a small number of the stones exam- 
ined, ‘‘comet tail’’ inclusions were observed. 

Platinum was not observed as an inclusion in 
any of the 160 faceted Ramaura synthetic rubies 
examined. However, one very small, thin metal- 
lic flake, presumably platinum, was seen posi- 
tioned very near the surface of one of the Ra- 
maura crystals, Platinum crucibles reportedly are 
used in the Ramaura growth process. However, 
the type of flux currently used by the manufac- 
turer does not usually attack the platinum cru- 
cible (Peter Flusser, personal communication, 
1983}; thus, platinum does not commonly occur 
as an inclusion, and at this time it should not be 
considered as one that is characteristic of the 
Ramaura synthetic ruby. 

The faceted stones examined ranged from 
those with prominent and easily identifiable flux 
inclusions, color zoning, growth features, and 
fractures, to those that appeared to be flawless. 
The seemingly flawless stones, however, re- 
vealed distinctive subtle growth features when 
they were carefully examined with the gemologi- 
cal microscope. 


Flux. Typically observed in other flux-grown 
synthetic rubies are various forms of residual un- 
melted flux, which commonly range from trans- 
parent and near colorless to opaque and white. 
Many of the new Ramaura synthetic rubies also 
contain several forms of flux inclusions. These 
flux inclusions are distinctive from those ob- 
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Figure 9. A distinctive orange to yellow color 
characterizes many of the flux globules and 
flux-filled voids in Ramaura synthetic rubies. 
The crackled" appearance seen here is also 
quite typical of the Ramaura growth process. 
These flux inclusions can range from very 
rounded to very angular with straight, parallel 
steps. Dark-field and oblique illumination, 
magnified 35x. 


served in other flux rubies in that they frequently 
appear orange-yellow, although they may also 
range from'near colorless to white. 

The flux typically observed in the Ramaura 
synthetic rubies ranged in size from minute, non- 
descript particles to very large, ‘“drippy’’-appear- 
ing globules to primarily flux-filled negative 
crystals. These can be very angular with straight, 
parallel steps, or they may be very rounded in 
appearance (see figure 9). 

Although these flux inclusions are frequently 
orange-yellow, opaque, and seen in very high re- 
lief, they may also exhibit portions that range 
from near colorless to white and semitransparent 
to opaque, observed in low to very high relief with 
highly reflective surfaces (see figure 10). They ex- 
hibit several forms that may take on a “‘rib-like” 
arrangement or have a “rod-like’’ appearance and 
can also be either angular or rounded. They may 
be observed singularly, randomly interspersed 
among one another, or in somewhat parallel clus- 
ters or groups (see figure 11}. 

Many of the predominantly orange-yellow 
flux inclusions are observed as partially filled flux 
channels or voids. This type of inclusion forms 
when molten flux is trapped within the rapidly 
growing crystal and later crystallizes or partially 
crystallizes as the synthetic ruby crystal cools. 
This often results in a “crackled’’ appearance 
(again, see figures 9 and 11). These inclusions may 
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Figure 10. Flux-filled voids exhibiting portions 
that range from near colorless and highly reflec- 
tive through white to orange-yellow. Dark-field 
illumination, magnified 55x. 


Figure 11. Somewhat parallel groups of voids 
filled with orange-yellow flux. Some of these in- 
clusions exhibit a two-phase-like appearance; 
however, they are most probably solid in na- 
ture. Dark-field and oblique illumination, mag- 
nified 45x. 


also exhibit a two-phase-like appearance; how- 
ever, they are probably not, by definition, two- 
phase inclusions but, rather, are completely solid 
in nature (see figure 1 1). 

Also observed, though rarely, were flux-filled 
voids that ranged from mostly white to those with 
small portions of highly reflective, near-colorless 
areas. These were both rounded and angular in 
appearance and were interspersed among one an- 
other in groups or clusters. 

Some of the Ramaura synthetic rubies fre- 
quently revealed a residual unmelted flux in the 
form of “fingerprints” that ranged from transpar- 
ent to opaque, and near colorless to white, in low 
to high relief. None of the flux fingerprints was 
orange-yellow. These fingerprint patterns also 
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Figure 12. Healing fracture filled with white 
flux forming a flux fingerprint” composed of a 
combination of tiny, closely arranged droplets 
and more loosely arranged mesh-like patterns. 
Dark-field and oblique illumination, magni- 
fied 32x. 


varied from very tightly arranged drops or grains, 
which formed mesh-like patterns that remarkably 
duplicated the appearance of natural fingerprints, 
to loosely arranged, wide, flat mesh- or lace-like 
patterns that were easily identifiable as flux. 
These forms were also observed together in one 
fingerprint pattern (see figure 12). Both types of 
flux fingerprints were observed to range from flat 
to very curved forms, often referred to as wispy 
veils, that sometimes intersected in several planes 
(see figure 13) or radiated outward from a central 
point (see figure 14}. As with the previously dis- 
cussed orange-yellow flux inclusions, the individ- 
ual grains or drops that form the fingerprint pat- 
terns may give the appearance of minute 
two-phase-like inclusions, but it is probable that 
these, too, are completely solid. The orange-yel- 
low flux inclusions and the white flux fingerprints 
were occasionally seen in association with one 
another (see figure 15). 


Fractures. Many of the Ramaura synthetic ru- 
bies contained fractures and healed fractures, 
which were often iridescent and reflective at cer- 
tain viewing angles when examined with either 
dark-field or oblique illumination. Many of these 
fractures and healed fractures were also very sim- 
ilar in appearance to the epigenetic staining that 
is observed in many natural minerals, At the pres- 
ent time, these fractures cannot be considered 
diagnostic of synthesis, since they are often re- 
markably similar to those seen in natural rubies. 


Growth Features and Color Zoning. Observed in 


all the faceted Ramaura synthetic rubies exam- 
ined were various forms of growth features and 
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Figure 13. White, wispy veils, fine to moderate 
in texture, betray the synthetic origin of this 
Ramaura synthetic ruby. Dark-field and oblique 
illumination, magnified 40x. 


color zoning. The term growth feature is used 
here to refer to other irregularities in the internal 
appearance of the material that are not inclusions 
in the narrow sense of the word. They include 
optically detectable inhomogeneities such as 
twinning, parting, and structural defects, and 
growth phenomena such as “phantoms.” The 
growth features and color zoning were extremely 
variable in appearance. They were observed in 
one or a combination of the following forms: 
straight, parallel, and uniform, curved, angular; 
hexagonal, very swirled and irregular, resembling 
“phantom” or “scotch and water” graining in 
diamonds, or intersecting in various planes (see 
figures 16 through 26). Some of these growth 
features were reminiscent of those often ob- 
served in many Chatham (Fryer et al., 1981) and 
Kashan synthetic rubies (Kane, 1979; Gubelin, 
1983). The growth features and color zoning 
ranged from being very easily seen with the 
unaided eye to being difficult to locate under 
magnification even when several different light- 
ing techniques were used. Although many of the 
faceted stones (some as large as 5 ct) contained no 
flux inclusions or were such that the flux could be 
easily removed with recutting, they all contained 
some form of growth features or color zoning. In 
some stones, the growth features or color zoning 
were barely perceptible; in others they were 
easily seen throughout the entire stone. 

As is the case with most natural or synthetic 
materials, the nature of these growth features can 
be very elusive. When a faceted stone is held ina 
certain manner and is viewed at specific angles, 
the growth features may be very evident. At other 
positions and viewing angles, they may totally 
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disappear from view (see figure 16). Certain 
growth features may be seen only through the 
pavilion and not through the crown or vice versa; 
others may be readily apparent when the stone is 
held table to culet, but will not be seen at all when 
it is held girdle to girdle. 

Likewise, the appearance of an inclusion can 
be changed dramatically by employing different 
types of illumination. For routine examination, 
dark-field illumination usually provides the most 
effective means of lighting the interior of a gem- 
stone. However, the most effective for examin- 
ing color zones and growth features in synthetic 
and natural rubies are oblique, transmitted, and 
diffused illumination, as well as shadowing 
(often used in combination with one another or 
with dark-field). The reader is referred to Koivula 
(1981, 1982a, and 1982b) for a detailed discus- 
sion of oblique and transmitted illumination and 
the shadowing technique. Diffused illumination 
is produced by placing some type of diffuser (e.g., 
a tissue} over dark-field illumination or transmit- 
ted light. Similar to, but softer than, transmitted 
light, the results of diffused illumination approx- 
imate those obtained with immersion tech- 
niques, which are often far more troublesome. 

Because many Ramaura synthetic rubies ex- 
hibit only growth features and color zones, it is 
extremely important to be familiar with these 
inclusions and how to locate them. Although 
some features are similar to those observed in 
other flux-grown synthetic rubies, others will un- 
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Figure 14, White flux “fin- 
gerprints” radiating out- 
ward from a central point in 
a Ramaura synthetic ruby. 
Dark-field and oblique illu- 
mination, magnified 25~x. 


doubtedly be new to many gemologists. Among 
the potentially most confusing are the uniform, 
nearly straight parallel growth bands (see figures 
16 and 17) which can also be observed forming an 
angle (see figure 18}. These growth features are 


Figure 15, Orange-yellow flux globules inter- 
spersed among white, wispy flux “fingerprints” 
ina Ramaura synthetic ruby. Dark-field and 
oblique illumination, magnified 20x. 
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Figure 16, These two photomicrographs of a Ramaura synthetic ruby fully illustrate how dra- 
matically the appearance of some growth features can change with slight movements of the 
stone. On the left are seen prominently visible, nearly straight parallel growth bands, On the 
right, the stone has been tilted very slightly, causing nearly all of the growth features to disap- 
pear from view. Dark-field illumination, magnified 20x. 


easily distinguishable from the polysynthetic 
twin-lamellae that can occur in natural ruby; 
therefore, they are diagnostic of synthesis. The 
planes of the twin-lamellae, or laminated twin- 
ning, extend deep into the interior, often com- 
pletely through the natural ruby, in contrast to 
some of the synthetic growth bands which disap- 
pear from view when the microscope objective is 
raised or lowered. In this respect, the nearly 
straight, parallel growth bands react very compa- 
rably to the familiar curved striae that are typical 
of Verneuil synthetic rubies. This particular reac- 
tion and type of inclusion is also observed fre- 
quently in Kashan synthetic rubies (Giibelin, 
1983). 

Various types of angular growth zoning are 
also observed in the Ramaura synthetic ruby. 
They may be similar in nature to those growth 
features previously discussed or may extend deep 
into the stone and closely resemble laminated 
twinning (figure 19}. This angular zoning often 
seems confusing to gemologists,; however, it can 
be considered diagnostic of the Ramaura if the 
differences from natural growth features are un- 
derstood. 

Although angular zoning planes that do not 
intersect one another (V-shaped) are quite com- 
mon in some varieties of corundum, especially 
blue sapphire, they have not been observed by the 
author in natural transparent ruby. Only lami- 
nated twinning planes that intersect one another 
at an angle or rhombohedral twin lamination 
even approach this type of zoning. Strongly de- 
fined “hexagonal” or angular growth zoning that 
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does not intersect has thus far been observed only 
in natural rubies that are translucent or opaque; 
usually they are asteriated. 

The angular or “hexagonal” zoning in syn- 
thetic rubies may appear to meet in sharply de- 
fined angles or, more commonly, at slightly 
rounded or blurred junctions, depending on the 
viewing angle and type of illumination used. This 
characteristic provides the gemologist with an 
easily identifiable and diagnostic inclusion. 

Single, straight growth planes that extend 
deep into the interior of the stone are sometimes 
observed in the Ramaura synthetic ruby. If iso- 
lated, these growth planes are nearly indistin- 
guishable from laminated twinning in natural ru- 
bies. However, they are commonly associated 
with curved or irregular growth features, such as 
is shown in figure 20, and the synthetic origin of 
the stone is betrayed. 

Many other growth features and color zones 
that may be curved, swirled, and irregular are also 
characteristic of the Ramaura synthetic ruby (see 
figures 21 through 28). Very swirled and irregu- 
lar growth features resembling “phantom” grain- 
ing in diamonds or the ‘heat-wave”’ effect seen in 
many gemstones are shown in figure 21, These 
should not be confused with the very distinctive 
“treacle” color zoning seen in many natural 
Burmese rubies. 


“Comet Tails.’ Also observed in a few of the 
Ramaura synthetic rubies examined were fine, 
straight lines and V-shaped arrangements of 
stringers composed of minute, white, particles 
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(presumably undissolved flux). These features, 
often referred to as ‘comet tails,”’ also occur in 
other synthetic rubies, such as those produced by 
Kashan (Kane, 1979, referred to as ‘hairpins’ and 
“comets” in Giibelin, 1983), as well as in many 
natural gemstones and, very rarely, in natural 
rubies. In natural gemstones, they almost always 
are seen trailing behind an included crystal and 
are the result of directional growth disturbance 
caused by the included crystal. In synthetic ru- 
bies, comet tails are most commonly seen iso- 
lated, that is, not trailing behind an inclusion. In 
one of the Ramaura synthetic rubies, however, 
several comet tails were observed trailing a flux 
fingerprint. Because of their distinctive appear- 


Figure 17. This Ramaura synthetic ruby dis- 
played unusual growth features: at some view- 
ing angles the nearly straight, parallel growth 
bands appeared similar to the left view in figure 
16; at others, acomplete iridescence was exhib- 
ited; and at still others, as is shown here, both 
features were observed. In this view, the very 
slight differences in angle between facets causes 
the growth features to be iridescent in one and 
not in the others. Dark-field illumination, mag- 
nified 50x. 
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ance and the rare occurrence of this type of inclu- 
sion in natural rubies, comet tails provide an ex- 
cellent indication of synthesis in rubies. 

As is evident from the above discussion, in the 
separation of synthetic rubies from their natural 
counterpart it is of equal importance to examine 
the other side of the coin: the characteristics of 
natural rubies. Unlike the somewhat limited na- 
ture of inclusions found in synthetic rubies, natu- 
ral rubies provide a seemingly endless variety of 
inclusions. The more of these natural inclusions 
the gemologist is familiar with, the easier the 
identification of the material will be. 


CONCLUSION 


The new Ramaura synthetic ruby has many char- 
acteristics that closely correspond to those of nat- 
ural ruby. With the exception of the lumines- 
cence reactions of a small percentage of the 
faceted stones tested by the author and most of 
the internal characteristics, the gemological 
properties of the Ramaura synthetic ruby over- 
lap, at least to some extent, with those of its 
natural counterpart. Therefore, at this time the 
most important means of distinguishing the new 
Ramaura synthetic ruby from natural ruby is pro- 
vided by the inclusions present. To date, the fol- 
lowing types of inclusions have been commonly 


Figure 18. With the built-in iris diaphragm on 
the Gemolite microscope stage partially closed 
(over dark-field illumination) to create a shad- 
owing effect in this Ramaura synthetic ruby, 
several different forms of growth features be- 
come evident. Particularly notable is the 
straight growth band that forms an angle in the 
center of this photomicrograph. Magnified 30x. 
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Figure 19. V-shaped or “hexagonal 
growth band in association with 
curved growth features in a Ra- 
maura synthetic ruby. Dark-field il- 
lumination and shadowing, magni- 
fied 25x. 


Figure 22. This Ramaura synthetic ruby is host 
to several different forms of growth features and 
color zoning. Dark-field illumination and shad- 
owing, magnified 20x. 


Figure 20. The straight growth plane that ex- 
tends into the interior of this Ramaura syn- 
thetic ruby is intersected by a flux “fingerprint’’ 
and a small curved growth feature. Dark-field 
illumination, magnified 20x. 
Figure 23, Prominent color zoning is revealed in 
this Ramaura synthetic ruby by placing a dif- 
Figure 21. The shadowing technique accentu- fuser over dark-field illumination. Magni- 
ates the swirled and irregular growth features in fied 15x. 
this Ramaura synthetic ruby. Magnified 40x. 
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Figure 24. Several forms of color zoning and 
growth features extend deep within the interior 
of this Ramaura synthetic ruby. Dark-field, 
oblique illumination and shadowing. Magni- 
fied 40x. 


observed in the Ramaura synthetic ruby: various 
forms of flux, particularly distinctive orange-yel- 
low flux and white flux “‘fingerprints’’; in some 
stones, fractures and healed fractures; and nu- 
merous forms of growth features and color zon- 
ing. ‘Comet tail’ inclusions were observed in a 
few stones. The fractures and healed fractures 
should not be considered diagnostic, while the 
flux, growth features, color zones, and comet 
tails in many cases can provide the gemologist 
with conclusive proof of synthesis. 

Although some of the Ramaura synthetic ru- 
bies are readily identifiable, others may be par- 
ticularly difficult to distinguish from their nat- 
ural counterparts. If, however, the modestly 
equipped professional gemologist makes the ef- 
fort to thoroughly familiarize himself or herself 
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Figure 25, Curved and straight growth features 
associated with color zoning in a Ramaura syn- 
thetic ruby. Diffused and fiber-optic illumina- 

tion, magnified 30x, 


& | 


Figure 26. Diffused illumination accentuates 
different forms of color zoning and growth fea- 
tures in this Ramaura synthetic ruby. Magni- 
fied 15x. 


with the inclusions that are characteristic of this 
new synthetic ruby as well as with those typical 
of natural rubies, and employs meticulous study 
of even the most subtle internal characteristics, 
he or she should be able to identify this new 
material. Perhaps equally important is the ability 
to recognize problem stones (clean material that 
is questionable], and in these situations obtain a 
second opinion, whether it be from another expe- 
rienced gemologist or from a qualified indepen- 
dent gemological laboratory. 

In the event that entirely flawless material is 
encountered in the trade, sophisticated tech- 
niques such as neutron activation analysis (Fesq 
et al., 1973; D.V. Manson and J.E. Shigley, per- 
sonal communication) and energy dispersive 
spectrophotometry—X-ray fluorescence (EDS- 
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XRF) analysis (Hanni and Stern, 1982; Stern and 
Hanni, 1982} may be required. These and other 
techniques can reveal subtle variations in the 
trace-element content of the material that may 
help determine the specific growth environment. 

High-resolution spectrophotometric analysis 
of the ultraviolet (Bosshart, 1982], visible light, 
and infrared portions of the spectrum, in addi- 
tion to fluorescence spectra (Schwarz, 1977), are 
also currently being investigated to determine if 
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THE OIL TREATMENT OF EMERALDS 
IN BOGOTA, COLOMBIA 


By Ron Ringsrud 


It is well known in the trade that most 
emeralds on the market today are oiled. 
This article focuses on Colombian emer- 
alds and gives a detailed explanation of 
the oiling process as observed by the au- 
thor. Sophisticated laboratory procedures 
are compared with common “‘back porch" 
methods. The methods used often vary 
from parcel to parcel, and the success of 


the treatment depends in part on the expe- 


rience of the treater, although the process 
itself appears to be relatively permanent. 
Observations are also presented on meth- 
ods of detécting oiling as well as on the 
use of colored oils. 
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Oil Treatment of Emeralds 


he application of treatments and processes to enhance 

the beauty of gemstones is almost as old as the discov- 
ery and appreciation of gems themselves. Records of actual 
oiling of gem crystals go back as far as ancient Greece 
(Sinkankas, 1981}. The principle of oiling is simply that 
while air-filled fractures in gemstones are highly visible, a 
fracture filled with a transparent oil or some other suitable 
material will be much Jess apparent. While the oiling 
changes only the clarity characteristics of the gemstone, 
the color will naturally be intensified because of the fewer 
apparent flaws blocking the passage of light. Figure 1 
shows the change in both clarity and color in three lower- 
quality emeralds. 

Although it is common knowledge in the gem trade that 
Colombian and other emeralds are oiled, the process itself 
is not widely understood. This article will attempt to clar- 
ify some of the details of the oiling process as it occurs in 
Bogota. 

On a June 1983 visit to Bogota, Colombia, the author 
had the opportunity to interview several emerald treaters 
and visit two laboratories in which emeralds were treated 
by a process that involved the penetration of a colorless oil 
into the fractures of the stones. One of the laboratories 
visited represents the most common “back porch” treat- 
ment lab. The other, Bargar Gemological Laboratories, di- 
rected by gemologist Antonio Barriga del Diestro, is highly 
sophisticated and complete, providing not only emerald 
treatment but also cutting, cabbing, gemological quality 
reports, gem photography, and an attractive gem and min- 
eral display. 

While arranging the interviews, the author found that 
emerald treatment, rather than being a clandestine activ- 
ity or secret process, is quite freely disclosed. This open- 
ness was demonstrated when the author purchased rough 
emeralds in Chiquinquira in the Muzo district, When the 
seller discovered that the stones would be taken to the 
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United States, he not only stressed the impor- 
tance of careful cutting but also sincerely empha- 
sized proper acid treatment and oiling, implying 
that the emeralds were not “finished” until they 
had been treated. In Bogota as well, the largest 
treatment laboratory, Bargar Labs, posts a fixed 
pricing schedule for treatment of cut stones and 
also issues a disclaimer upon receipt of stones for 
treatment. The disclaimer outlines the possible 
risk to the stone from “the acids and other ele- 
ments used in the cleaning process... .”’ 

The treatment process, though performed dif- 
ferently from one person to the next, usually be- 
gins after the emeralds have been cut. The stones 
are treated either by the cutter or the dealer him- 
self, or they are sent out for treatment. The actual 
procedure, though, usually follows a basic five- 
step program of preliminary cleaning, acid treat- 
ment, acid removal, oiling, and final cleaning. 
Each of these steps is described in detail below. 
Also discussed is the permanence of the oiling 
treatment, detection, and the use of colored oil. 
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Figure 1. The top photo 
shows three lower-quality 
emeralds (0.94-1.85 ct) be- 
fore they were treated with 
colorless cedarwood oil. 
The photo below shows the 
same stones two weeks 
after oiling. The visibility 
of all the fractures has been 
reduced considerably by 
the oiling, thereby giving 
the appearance that the 
color has improved. On 
borderline stones, the pro- 
cess could help a green 
beryl grade up to emerald. 
Note the heavily fractured 
areas in the stone on the 
right and in the center 
stone. Approximately one 
month after oiling, the 
stones were placed in an ul- 
trasonic cleaning tub with 
warm cleaning solution for 
three minutes. Except for 
the one large fracture in the 
center stone, the effects of 
oiling proved stable. 


THE OIL TREATMENT PROCESS 

Cleaning. The most common set-up of a treat- 
ment lab in Bogota is similar to that in the house 
of Mr. Jorge Murcia, whose family has been in the 
emerald business for nearly two decades and who 
has personally been treating emeralds for eight 
years, Murcia begins the treatment process by 
cleaning the freshly cut stones, that is, putting 
them in a test tube with methyl alcohol or ethyl 
alcohol, bringing them toa boil, then letting them 
cool slowly (figure 2). They may be boiled and 
cooled up to three times. This first step is not 
always necessary (Barriga begins directly with the 
acid treatment), but Murcia explained that occa- 
sionally the emerald rough is oiled to facilitate its 
sale. Such oil in the fractures of the stone often 
reacts with the acid, leaving permanent brown 
stains inside the stone (which resemble the com- 
mon brownish iron stain inclusions found in 
some emeralds}. If Murcia is certain the rough 
was oiled before cutting, he leaves the stones in 
the alcohol overnight. One major cutter in 
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Figure 2, The alcohol used as fuel for the burner 
also serves as a solvent to clean the recently cut 
emeralds prior to treatment. 


Bogota’s emerald district suggests pretreatment 
cleaning in acetone. 


Acid Treatment. Tin oxide and chromic oxide 
that have built up in the fracture openings during 
cutting and polishing are removed during this 
and the next step of the process in order to allow 
for the penetration of the oil into the fractures. In 
this step, the stones are treated with a mixture of 
hydrochloric and nitric acids. Murcia uses a 2-to- 
1 mix of concentrated HCl to concentrated 
HNO; in a wide-mouthed pyrex test tube with a 
screw-on cap. This cap maintains pressure 
buildup within the test tube, which Murcia feels 
is beneficial to the penetration and cleaning ac- 
tion. Other treaters use rolled-up newspaper 
moistened with water as a stopper, which relieves 
the pressure very slowly but will not pop out asa 
cork or rubber stopper would. The Bargar Labs 
puts the stones in a vacuum test tube apparatus 
(figure 3) rather than under pressure, and leaves 
them overnight, heating but not boiling. Murcia 
leaves the stones in the acid overnight but does 
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Figure 3. Fumes from the acid treatment are 
drawn away by this apparatus at Bargar Gemo- 
logical Laboratories. The pump below draws a 
vacuum in the heated beakers. 


not heat them. The stones bubble slightly for 
about two hours as the acid reacts with impuri- 
ties, residual cutting compounds, and replaces 
any air left in the fractures. 

The pressure buildup in the test tube can be 
excessive, particularly if the acid is boiled; the 
treater should, therefore, relieve the pressure pe- 
riodically, taking care not to breathe the fumes. 
At this stage of the process, some treaters use an 
ultrasonic cleaning tub to help the acids penetrate 
the fractures (figure 4). However, both Barriga 
and Murcia feel that this is unnecessary. During 
these early steps, great care is taken with the sol- 
vents, which are flammable, and with the acids, 
which are extremely corrosive and dangerous. 


Acid Removal. The process continues with the 
cleaning of the acid from the stones. Generally, 
this is accomplished by boiling the emeralds or 
heating them slightly in alcohol, ethyl alcohol, 
acetone, or paint thinner. However, Barriga feels 
that water is the best substance for removing the 
acids. It is also safer because acid-wet stones 
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Figure 4, An ultrasonic cleaning 
tub is sometimes used to help the 
acid mixture penetrate and clean 

the emeralds. The cutting and 
polishing oxides left in the frac- 
ture openings would otherwise 
block the penetration of the oil. 


should not come into contact with solvents un- 
less they are first rinsed and dried. In his treat- 
ment lab, Barriga uses small beakers to hold the 
emeralds in a solution of water with detergent. 
The beaker is then put in an ultrasonic tub for 
half a minute and stirred slightly. After the 
beaker is removed, the stones are left to soak in 
the solution for several hours. The stones are 
then rinsed and dried. 


Oiling. The next step, oiling, is the one that prob- 
ably varies the most from person to person, 
Although there are reports that ‘3 in 1” oil, clove 
oil, mineral oil, and the like, have been used, the 
one most highly recommended in Bogota is the 
Merck brand cedarwood oil (refractive index, 
1,515) or Merck Canada balsam (R.1., 1.52). 
Although the refractive index of these two oils is 
below that of emerald (1.577-1.583], it is soclose 
that the oil appears invisible within the stone. 
The Merck Index (Merck, 1976}, a standard 
chemical reference book, describes Canada bal- 
sam as a transparent, slightly fluorescent liquid 
that upon exposure to air gradually solidifies to a 
solid, noncrystalline mass. It is used either alone 
or mixed with a small amount of cedarwood oil. 
Although the properties of Canada balsam are 
well known in Bogota, the cedarwood oil is still 
used the most, since the majority of fractures in 
emeralds need only a minute amount of oil to 
reduce their visibility and the cedarwood oil is 
much less expensive. 

Because the oils are quite thick, they must be 
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heated in order to penetrate the stone well. As 
with the acids, Bargar Labs places the emeralds in 
with the oil and creates a vacuum in the test tube 
with the equipment shown in figure 5. The 
stones are then heated, but not boiled, for several 
hours. Then, without vacuum, they are baked at 
83°C for four hours. Although boiling the oil is 
more common among independent treaters, 
Murcia prefers the less harsh treatment of 45 
minutes in a ‘‘bafo maria,” that is, placing the 
test tube in boiling water. The test tube is then 
immediately exposed to the heat of a 75 watt bulb 
overnight. To prevent burning, it is placed no 
closer than one or two inches above the bulb. A 
tight screw cap or stopper is used to maintain 
pressure. Low-quality or cabochon material may 
require several days over the light (figure 6). A 
less sophisticated method of producing a vacuum 
in a test tube involves the use of a rubber stopper 
placed beneath the screw-on cap. A syringe nee- 
dle is inserted several times through the stopper 
in order to draw the air out. If done correctly, this 
method creates such a high vacuum that the oil 
begins to boil at room temperature. The test tube 
is then placed in boiling water. 

In terms of immediately perceptible results, it 
seems that treatment with the oil and acid under 
slight pressure is essentially the same as treat- 
ment under vacuum. In terms of long-term re- 
sults, the vacuum method is probably the most 
thorough and long-lasting. This process is also 
faster and more suited to the high volume of 
emeralds that Bargar Labs treats on a day-to-day 
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Figure 5. In Bogota, Merck cedarwood oil is con- 
sidered to be most effective for emerald treat- 
ment. In this apparatus at the Bargar Gemologi- 
cal Laboratories, the emeralds are soaked in the 
oil and then heated ina vacuum. 


basis. The majority of dealers send their parcels 
of emeralds to Bargar Labs, an indication of the 
quality of the method of treatment performed 
there. The rest of the independent dealers, like 
Murcia, treat their stones themselves with varia- 
tions of the same basic process and with different 
levels of experience. 


Final Cleaning. The last step is to dry the emer- 
alds in a paper towel and polish them on a cloth. 
One dealer, Hernando Castro, says, “Rub them 
with a handkerchief until they pick up your own 
charm and they'll sell themselves.’’ One cutter 
recommends polishing the stones with Vaseline, 
especially if they were oiled in the thicker Canada 
balsam. Dealers in Chiquinquira sometimes 
carry stones around with them in Vaseline tins 
for just this reason. 
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The treaters, by virtue of their experience sub- 
jecting many emeralds to the rigors of treatment, 
become quite familiar with emeralds from differ- 
ent sources and their individual characteristics. 
For example, all of the emerald treaters with 
whom the author spoke concurred that Cosquez 
material is very sound and responds well to treat- 
ment. They report that it rarely breaks apart on 
the wheel or in the ultrasonic tub, and never dries 
out after oiling. 

Muzo material is generally considered less 
sound, but by no means fragile. Furthermore, 
emerald mined from different areas and veins of 
the Muzo mine respond differently to the treat- 
ment. For example, stones from the Puerto Ar- 
turo section of Muzo are favored by dealers be- 
cause they respond very well to treatment, 
whereas those from La Cristaleria have inner 
feathers that do not disappear even with oiling. 
Dark inclusions in stones from the Cincha area 
also do not respond to treatment. 


PERMANENCE. 
OF THE PROCESS 


The only time treatment is mentioned among 
wholesalers is if a particular parcel of emeralds 
has not been treated. Otherwise, on the low- and 
medium-quality commercial stones it is com- 
monly understood that the stones have probably 
been treated. Since emerald treatment primarily 
reduces the visibility of fractures that penetrate 
the stone from the surface, many fine-quality 
Colombian emeralds are not treated because of 
their higher clarity. 

Several dealers explained that the treatment is 
considered a common and acceptable practice 
since the majority of emeralds have such fine 
fractures that the oil seldom dries out or, at the 
very least, the natural oils of the wearer replace 
the oil in the stone. They maintain that the treat- 
ment only slightly enhances the natural beauty of 
these stones. When confronted with the fact that 
a small percentage of emeralds do dry out and 
have had their value misrepresented by the oil- 
ing, the dealers replied that the oiling should have 
been detected by the buyer, either from close 
inspection with a trained eye (see below for a 
discussion of detection of oiling), or from the 
suspiciously low price of the merchandise. As is 
the case with treated stones from other parts of 
the world, it is safest to deal with wholesalers 
who depend on repeat business for their contin- 
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Figure 6. The lightbulb of an ordinary table 
lamp provides heat for maintaining the oilata 
constant high temperature. 


ued success and who therefore do not willfully 
misrepresent stones. 

The use of Canada balsam versus cedarwood 
oil, the amount of heat, and other factors vary 
from parcel to parcel. In this same way, the per- 
manence of the treatment varies with the mate- 
rial and the experience of the treater. In actuality, 
the percentage of stones that do dry out is impos- 
sible to calculate. Probably the only means of 
determining the extent to which oiling has 
affected the appearance of the stone is to let the 
emerald sit overnight in warmed acetone. How- 
ever, this would be considered a ’’destructive” 
test on stones in which the oil would otherwise be 
stable (i.e., under conditions of normal wear). 
After drying, all fractures would be visible. Since 
the maximum drying occurs in the first month 
after oiling, one might simply determine how 
long the emerald has been in the jeweler’s or 
dealer’s inventory. 

One large-volume emerald purchaser in Bo- 
gota says that when he is in doubt he leaves the 
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stones on the windowsill or ina dry, airy place for 
about two weeks before deciding on the parcel. 
This is similar to the ‘fade test” used in the trade 
for testing the stability of irradiation-induced 
colors in gemstones, by which stones are placed 
in sunlight for a number of days to check for color 
change. 

The claims made by Barriga to the author that 
emeralds oiled by his process can withstand even 
an ultrasonic cleaning proved to be true in the 
case of the emeralds shown in figure 1. After 
three minutes in an ultrasonic cleaner, followed 
by several hours of drying under heat, there was 
no significant change in the clarity of the emer- 
alds with the exception of one particularly large 
fracture. 


DETECTION OF OILING 


The gemological literature states that some oils 
fluoresce a dull yellow under long-wave fluores- 
cent light. Stones oiled by the author with the 
Merck cedarwood oil did not fluoresce. How- 
ever, the emeralds oiled with the Merck Canada 
balsam fluoresced yellow in the oiled areas. 

The presence of fractures will interrupt the 
passage of light somewhat even with oiling. If the 
stone is less transparent than it seems it should 
be, sidelighting with a pinpoint illuminator may 
reveal dull indications of the oil-filled fractures. 
Since emeralds commonly have numerous subtle 
liquid-filled inclusions that could resemble oil- 
filled fractures, the investigation should be con- 
fined to fractures that reach the surface of the 
stone. If an oil with a refractive index signifi- 
cantly different from that of the stone was used, 
careful manipulation of the lighting while the 
stone is viewed under magnification will reveal 
an iridescent effect. If the oil has not penetrated 
completely, then gaps will be seen. Also, the care- 
ful use of the heat from a thermal reaction tester 
may cause a drop of oil to bead up on the surface 
of the stone from the fracture (Liddicoat, 1981}. 
A prominent emerald buyer in Bogota suggests 
holding the stone papers up to the light and look- 
ing for oil spots and signs of oil that may have 
seeped from the stones. 

In rough stones, the dealers smell the stone for 
the characteristic cedar smell of the oil. They pay 
close attention to the transparency of the stone. 
Also, any shale matrix on a stone that has been 
oiled will appear glossy black from the oil rather 
than the normal dull black. 
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Figure 7, The upper photo shows a typical air- 
filled fracture at 40 x magnification. The lower 
photo shows how a slight change in the angle of 
the stone to the light source causes the fracture 
to darken and appear as if it contained dye or 
colored oil, 


USE OF DYED OIL 
All dealers interviewed held that the introduc- 
tion of green dye into the oil for the purpose of 
deepening the color of light stones is an uncom- 
mon practice. One reason why the use of green oil 
may be thought to be more common is the reflec- 
tant nature of fractures. The air-filled spaces in 
the fractures will reflect light from many areas of 
the stone, thereby magnifying the color that gets 
reflected, This often gives fractures in emeralds a 
dark green appearance, and the common conclu- 
sion is that green stain or dye has been introduced 
(figure 7). Richard T. Liddicoat, Jr., commented on 
this phenomenon in the Summer 1964 issue of 
Gems #& Gemology: ‘These air-filled openings 
were acting as mirrors and were reflecting a zone of 
slightly more intense natural coloration, thus creat- 
ing the illusion that color was in the fracture.” 

A common method used to reveal dye concen- 
trations in emerald fractures is to place the stone on 
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translucent white plastic over an intense light 
source (Fryer et al., 1981). The diffused light will 
reveal any color concentrations. If color concentra- 
tions are found in the fractures, they should be 
investigated further at 10X magnification with 
transmitted light. It is important to turn the stone 
in every possible direction in order to determine if 
the color concentration is from reflection or dye. 
Generally, when the fractures are turned and light is 
allowed to pass at a straighter angle (within the 
critical angle of emerald), the fracture suddenly 
changes from dark green to colorless. Fractures that 
are perpendicular to the table of the stone and close 
to the crown will seldom achieve the necessary 
straight passage of light because of the refraction of 
light as it enters the crown. In this case, a conclusion 
can be reached on the stone on the basis of a survey 
of fractures in other areas of the emerald. If dyed oil 
is present, the fractures will seem slightly opaque 
and will remain green at any angle. 

The polishing compound most commonly 
used by cutters in Bogota is chromic oxide, which 
readily enters fractures or hollow tubular inclu- 
sions that reach the surface of gemstones and is 
difficult to remove (Sinkankas, 1972). If this ma- 
terial is tightly compacted, the acid treatment 
and cleaning process may not remove it, and it 
may be seen under magnification as dark gray- 
green forms going in from the surface (figure 8). 
These buildups of polishing compound, being 
dark, very localized, and confined to the larger 


Figure 8. The dark material filling the surface 
fracture in the center of the photomicrograph is 
actually residual chromic oxide from the 
polishing process. Normally, this is removed 
during acid treatment; if not, it may give the 
appearance of an attempt at dyeing. Mag- 

nified 60 x. 
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openings on the surface, should not be considered 
as attempts to color the stone. 


CONCLUSION 

Although the oil treatment has been explained 
here as a basic five-step process, the experience 
and skill of the treater still have much to do with 
the success and permanence of the treatment. 


While boiling and the use of an ultrasonic cleaner 
may seem harsh, the treaters have found that if 
the emerald survives the rigors of cutting, in most 
cases it can withstand the oil treatment process as 
well. While permanence will continue to be a 
problem in some oil-treated Colombian stones, 
better use of known testing methods and care in 
buying will lessen the risk. 
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A COMPUTER PROGRAM FOR 
GEM IDENTIFICATION 


By Peter G. Read 


Following a feasibility study of computer-aided gem 
testing, which resulted in a student-level gem identi- 
fication program, the author has developed a profes- 
sional version containing data on over 200 gem mate- 
rials and gem simulants. The program sections 
include Gem Identification (using test inputs for R.1. 
values, optic sign, S.G., etc.), Gem Data Tables (ar- 
ranged in alphabetical, R.L., and §.G. order},Gem 
Data Comparisons, Gem Data Pages, and Gem Calcu- 
lations (for determinations of S.G., reflectivity, criti- 
cal angle, and Brewster angle). This type of computer 
program provides rapid access to gem constants and 
characteristics, and can assist the less experienced 
gemologist by identifying unfamiliar or rare stones 
and indicating the various alternatives. 


The use of the computer as a convenient means 
of storing and retrieving data on gemstones is 
becoming more practical as the cost of the asso- 
ciated storage medium falls. At the 1980 Federal 
Conference of the Gemmological Association of 
Australia, a paper was read which proposed, 
among other things, the use of the computer as a 
library catalogue of mineral specimens for a uni- 
versity (Barrington, 1981). Another proposal has 
been to use the computer to suggest a sequence of 
identification tests for a particular gem species or 
variety (Minster, 1981, personal communica- 
tion). 

The author’s experiences in computer pro- 
gramming, gained while technical manager of the 
Diamond Trading Company in London, formed 
the basis of a feasibility study into the use of 
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personal computers as an aid to gem identifica- 
tion (Read, 1979). 

The two computer programs developed as a 
result of that study contained data on 80 gem 
materials, Although these programs proved the 
viability of the concept, they were sufficiently 
limited in scope to be of use mainly as a teaching 
aid to students of gemology (Read, 1980). 

One of the problems encountered was the 
need to tailor the program to fit the built-in mem- 
ory (typically 32K, i.ec., 32 kilobytes or 32,000 
letters or numbers of storage} of personal com- 
puters available at that time. Another drawback 
was the amount of time required to read the pro- 
grams into memory when a tape cassette was 
used as the storage medium (typically five min- 
utes for a 30K program}. 

These limitations were subsequently over- 
come by increasing the size of the computer 
memory to 52K, and by using three 54-inch 
315K floppy (magnetic) disks and a disk drive 
(magnetic disk reader) for program storage (fig- 
ure 1), The original gem data computer programs 
were subsequently combined and expanded to 
better exploit the facilities available with the disk 
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Figure 1, The author's Ex- 
idy Sorcerer computer in- 
stallation. To the left of the 
keyboard is a Micropolis 
disk-drive unit. To the right 
is one of the floppy {mag- 
netic) disks containing the 
computer program. 


operating system (a program the computer uses 
to operate the disk drives) and its associated Ex- 
tended Basic language.* 

The much faster data transfer rate inherent in 
the disk system made it possible to load a 30K 
program in five seconds, while the more sophisti- 
cated 21.5K version of the Basic computer lan- 
guage allowed additional sections of program to 
be read from the disk into the computer under the 
command of the program, thus greatly enlarging 
the effective size of the memory. 


PROGRAM STRUCTURE 


The resulting GEM DATA BANK computer pro- 
gram now contains information on over 200 gem 
materials, including rare gem minerals and col- 
lectors’ stones as well as gem simulants. The 
structure of the program consists of an introduc- 
tory section containing a selection ‘‘menu” and 
the five main sections, arranged as self-contained 
individual programs, to which the menu provides 
access (figure 2). The five sections are described 
below and illustrated in figures 3-14. 


1. Gem Identification. When this section has 
been selected, the computer requests that the 
user key in information on the gem’s refractive 


*Most new-generation personal computers have a minimum 
of 64K RAM (64,000 characters, random access memory). 
This program could be entered with only minor modifica- 
tions in any computer that has Basic and a disk drive for 
program storage. 
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index (R.I.) value(s}, optic sign (if doubly refrac- 
tive), and specific gravity (S.G.} value (figure 3}. A 
“search limit’’ tolerance, as explained below, 
must also be chosen and keyed in. If the R.J. or 
S.G. values are not known, these parts of the 
program can be bypassed by keying ina 9. 

If the gemstone is singly refractive, a O is in- 
put in response to the request for a second R.I. 
reading. However, if the gem is identified as bire- 
fringent, i.e., doubly refractive (D.R.}, ona polar- 
iscope, but a second R.I. value cannot be deter- 
mined, then a | is keyed in. Alternatively, if the 
stone shows a cryptocrystalline response on the 
polariscope, a 9 is keyed in. 

If readings are input for both the highest and 


Figure 2. After the master program is loaded 
into the computer from the disk, a choice of five 
separate program sections is displayed on the 
monitor screen. 


The GEM DATA BANK contains 
five separate programs. 


am Lonstan 

em Comparisons 
em Data Pages 
Gem Calculations 


j. S pasa yee ce 


3. 
4. 
a) 


Type in 1,2,3,4 or 3 for eee program 
(Then press SETURN key) 
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The GEM IDENTIFICATION program identifi 
gemstones from test data input i ehaune 


via the keyboard. 


First tupe in the gem’s R.I. value(s). 
Next type in optic sign, if relevant. 
Then type in the gem's $.G. value. 


TYPE IN R.T.Clowest value if D.R..9 if unknown, 19 for selector) 
) 


Figure 3. If the Gem Identification program is 
selected, the refractive index value(s), optic 
sign, and specific gravity of the stone under test 
are keyed in as requested by the computer. Vari- 
ous options are available at each step. 


lowest R.I. values fora doubly refractive gem, the 
computer then asks for the stone’s optic sign. 
This is coded as 1 for positive, 2 for negative, or 0 
for unknown. 

The next request is for the stone’s $.G. In 
addition to a measured value, this input can also 
be in the form of a number code (from 10 to 18}, 
which covers the range of heavy liquid tests for 
S.G. approximation (figure 4). 

Lastly, the computer program gives a choice of 
two “search limits” to allow for variations and 
inaccuracies in test measurements. Search limit 1 
compares the keyed-in data against the stored 
data and permits a possible mismatch of +0.005 
for R.I., +0.002 for birefringence (D.R.), and 
+0.02 forS.G. Search limit 2 allows for twice this 
amount of mismatch for R.I. and D.R., and three 
times this amount for S.G. For those stones with 
an R.I. above the 1.80 limit of the standard refrac- 
tometer, the mismatch tolerance for R.I. is auto- 
matically broadened to +0.1 when search limit 2 
is chosen, so as to allow for the errors associated 
with the “direct,” or ‘‘apparent depth,” method 
of determining refractive index using a micro- 
scope (for an explanation of this method, see 
Webster, 1975, pp. 365-367). When the more 
precise high R.I. readings from extended-range 
refractometers such as the Rayner diamond ver- 
sion or the Kriiss KR602, which uses a strontium 
titanate prism, are available, search limit 1 
should be chosen. 

Once the code for the search limit has been 
keyed in, the computer program commences its 
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task of comparing the input data with the stored 
gem constants. These constants consist of two 
lists of R.I. values, alist of D.R. values coded with 
the polarity of the optic sign, and two lists of S.G. 
values. The twin lists of R.I. and S.G. values en- 
able the maximum expected range of these con- 
stants to be specified for each gem material, thus 
allowing for the effects of impurities and the like 
associated with each gem. This feature of the 
program is particularly important to cover S.G. 
variations, and for R.I. values it only occasionally 
coincides with the actual birefringence. 

Although the speed of computing is fast, the 
enormous amount of data through which the 
computer must search during each identification 
may require several seconds to accomplish, inas- 
much as each individual list contains over 200 
values. To reduce the search time to a minimum, 
the computer first indexes down the D.R. list, 
selecting a O line if the input data indicate an 
isotropic material, a line containing a valid D.R. 
value if the input data indicate a birefringent 
gem, or a line containing a 9 for a cryptocrys- 
talline stone. If the input data contain two values 
for R.I. together with the optic sign information, 
the computer subtracts the lowest R.I. from the 
highest to arrive at the stone’s birefringence, and 
only then checks those D.R. values in its list that 
have the appropriate polarity. If no optic sign is 
input (code 0), then the computer checks both 
positive and negative D.R. entries in the list. 
Once a valid data line is found inthe D.R. list, the 
appropriate birefringence, R.I. range, and S.G. 
range in the stored lists are checked against the 
appropriate input data. If all items compare 
within the tolerances of the chosen search limit, 
the appropriate gem material is displayed on the 
monitor screen together with its optic sign, R.I. 
range, S.G. range, and an index number that can 
be used for further data retrieval (see program 
section 4). 

The computer then moves down the lists of 
constants until it either finds another correlation 
or reaches the end (figures 4-7). It is then ready 
for the next identification task, or for the selec- 
tion of another section of the program. If, how- 
ever, during a narrow search no gem material is 
identified, the following message is displayed: 
“For a narrow search, no match has been found 
with any gem held in memory. Try wide search 
limits.”’ If the wide search limits fail to identify 
the gem, the following message appears: ‘‘For 
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Figure 4. For the stone under test, inputs of 1.656 
and 1.667 have been keyed in for the R.I. values, 
a positive optic sign has been input, an S.G. code 
of 13 has been selected following tests in heavy 
liquids {i.e., stone sinks in 3.05, floats in 3.32), 
and a narrow search limit has been chosen. 


wide search limits, no match has been found with 
any gem held in memory. Check test results.” 

If the display indicates that more than one 
gem material matches the input data, the appro- 
priate gem index numbers can then be used to 
display pages of additional data on each of the 
selected gems (see section 4). While it is feasible 
to insert the more subjective gemstone qualities 
of color, transparency, luster and fluorescence as 
data inputs in this section (initially, color and 
transparency were included experimentally}, the 
resulting program is too large for normally avail- 
able computer memories. It was therefore con- 
sidered more practical to limit the diagnostic 
search to objective gem data, and then to make 


Figure 6. With the same input data as for figure 
5, but with the added information that the gem’s 
optic sign is negative, the computer eliminates 
peridot from its identification and displays only 
sinhalite. 
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Figure 5. R.I. inputs of 1.66 and 1.695, optic sign 
not known, S.G. code of 14 fover 3.32), and the 
selection of a wide search limit have resulted in 
the display of two possible identifications on 
the monitor screen. 


separate reference to the gem data pages when 
necessary. 

Apart from helping to identify a gem under 
test, this section of the program can also be used 
to display all gems having a specific R.I. or S.G. 
range, regardless of other parameters. The pro- 
gram’s flexibility also allows for other variations, 
such as the display of singly refractive, doubly 
refractive, or cryptocrystalline gems within spec- 
ified ranges of R.I. and/orS.G. 

The construction of this section of the pro- 
gram uses the standard Basic language DATA and 


Figure 7, R.L. inputs of 1.616 and 1.625, a positive 
optic sign, an S.G. code of 14 (sinks in 3.32), and 
a narrow search limit fall within the tolerance 
limits of both groups of topaz varieties. Note 
that the two input R.1.'s are both within the R.1. 
ranges, and the D.R. of 0.008 and 0.01 (not dis- 
played) match the input value within the 
+0,002 tolerance. 
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Figure 8. A range of stones with R.1.’s between 
1.43 and 1.54 are selected and displayed in order 
of rising R.1. Because of the number of stones 
within each selected range, the table is scrolled 
upwards slowly and can be halted at any desired 
point. 


READ statements'to store the gem constants and 
enable the program to sequentially check through 
the lists of constants. Gems are coded with an 
index number, and this number is used as a suffix 
to letter codes which identify the various con- 
stants [e.g., for aragonite, the 15th gem in the 
lists, M(15) and N(15) are the top and bottom R.I. 
range values, O(15) is the D.R. value, and P{15} 
and Q/[15) are the S.G. range values]. 

The program starts at index number | on each 
search, and first counts down the indexed list of 
D.R. values until it finds a figure that matches the 
input data. It then transfers across to the simi- 
larly index-numbered R.J. and S.G. constants, 
and checks to determine if the input values fall 
within the listed ranges of these figures. If all the 
data match for that particular index number, the 
number is used to extract and display the appro- 
priate gemstone name together with its con- 
stants, and the program then continues down the 
lists looking for additional correlations. 

Although the data-search function of the pro- 
gram may appear complicated, the programming 
techniques employed are standard. Much of the 
complexity of this section is, in fact, in the con- 
trol and management of the various input op- 
tions, which must be mutually compatible for all 
permutations of the data input and the program 
functions. 

The Gem Identification program is 24K long, 
and uses 30K of memory when running. The av- 
erage search time is 20 seconds, and the longest 
search time is 40 seconds. 
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Figure 9. Stones can also be displayed in order of 
rising S.G., as shown here, and in alphabetical 
order, 


2.Gem Constants. This section consists of a 
series of tables of gem constants which can be 
selected in alphabetical order of the gem, in order 
of rising R.I. value (figure 8), or in order of rising 
S.G. value {figure 9}. In each case the gem’s index 
number is displayed and can be used for further 
data retrieval in section 4. Because of the length 
of the tables, they are divided into alphabetical 
and numerical sections which can be selected and 
scrolled individually. The total length of this sec- 
tion of the program is 28K. 


3.Gem Comparisons. This facility enables the 
selection of single-line gem specifications from a 
self-contained (or printed) index list and their 
display adjacent to one another for comparison 
purposes (figure 10). This section of the program 
is 2.7K long. 


4. Gem Data Pages. This section enables individ- 
ual ‘‘pages’’ of data to be selected for over 200 
gem materials or gem simulants. These are listed 
both ina self-contained software” index andina 
printed index (table 1). 

Each page, or set of pages, commences with a 
single-line list of gem constants (R.1. range, D.R., 
dispersion, §.G. range, and hardness}. This is fol- 
lowed by the gem’s chemical composition, crystal 
system, and optical clarity. Other characteristics 
displayed include habit, color, pleochroism, 
cleavage, fluorescence, and absorption spectrum. 
The data pages also list the principal occurrences 
of gem-quality material and known varieties 
where appropriate (figures 11 and 12). 

The Gem Data Pages occupy a total of 780K of 
disk storage space (i.e., they are contained on two 
and one-half of the three floppy disks). Each Gem 
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Figure 10.A Gem Comparisons program 
enables single-line gem specifications to be 
displayed adjacent to one another so that their 
constants can be compared. 


Data Page entry occupies an average of 3.5K of 
formatted storage space, and is automatically ex- 
tracted from the appropriate disk by keying in the 
gem’s index number. The common “page rout- 
ing’ section of the program advises the user 
which disk to insert if the requested Gem Data 
Page is not contained on the disk currently in use. 


TABLE 1. Sample gem index numbers.* 


Index no. Name 
{ Actinolite 
2 Alabaster 
3 Almandine 
4 Amber 
5 Amblygonite 
6 Analcite 
7 Anatase 
8 Andalusite 
9 Andradite 
10 Anglesite 
14 Anhydrite 
12 Apatite 
13 Apophyllite 
14 Aquamarine 
15 Aragonite 
16 Augelite 
17 Axinite 
18 Azurite 
19 Bakelite 
20 Barite 
21 Barium titanate 
22 Basalt glass 
23 Bayldonite 


“Over 200 gems and gem simulants are included in the author's 
program. This small sample is presented to give the reader an idea 
of the variety of materials covered. 
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Figure 11. A Gem Data Pages program provides 
between one and three ‘‘pages" of information 
on each of over 200 gem materials. Selection of 
data on a specific gem is obtained by keying in 
the appropriate index number (see table 1). 


While it is recognized that this method of data 
storage involves appreciable program redun- 
dancy, it has the advantage of programming sim- 
plicity and flexibility. 


Figure 12, An example of a gem data display that 
occupies two “pages” on the monitor. 
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Figure 13. One of the selections available in 
the Gem Calculations program is the computa- 
tion of a gem's critical angle from its R.I. and 
the R.L. of the surrounding medium. In this 
example, diamond is shown as 24°, 


5. Gem Calculations. This section contains five 
formulas used in gemology. The first enables cal- 
culation of a gem’s S. G. from its in-air and in-wa- 
ter weighings. The second incorporates Fresnel’s 
simplified formula relating surface reflectivity to 
R.I. in a,chosen medium. The third is for deter- 
mining a gem’s critical angle (figure 13), and the 
fourth evaluates the Brewster angle of polariza- 
tion fora particular R.I. value (figure 14). Section 
5 of the program is the shortest; together with the 
program selector menu, it occupies 3.5K of stor- 
age space. , 


CONCLUSIONS 


The extra programming flexibility and speed of 
data transfer obtained by using floppy disks as 
the storage medium, together with an expanded 
computer memory, have enabled the develop- 
ment of a professional gem program for both 
identification and data reference purposes. 

The GEM DATA BANK program can be a 
useful aid and a time-saver when a difficult stone 
must be identified. Even after an identification 
has been made by conventional means, it can 
sometimes suggest a valid alternative identifica- 
tion. However, an installation similar to that 
used in the author’s laboratory can cost in the 
region of USS5,000, which may restrict its eco- 
nomic viability to the larger gem labs or to estab- 
lishments already possessing a compatible com- 
puter installation (e.g., for inventory control, 
etc.}. 

Personal computers such as the Tandy TRS-80 
Model 4 are now available with 64K to 128K of 
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Figure 14. Another computation available is the 
Brewster angle of polarization. The two results 
shown in this example are for fluorspar and 
diamond. 


built-in memory and self-contained twin disk 
drives. For the purpose of compatibility with 
smaller units, a program such as GEM DATA 
BANK can be slimmed down to fit the available 
memory by deleting some of the rare and collec- 
tors’ stones. Computer-language and disk- 
handling system compatibility is another barrier 
to the widespread use of a common gem data 
program. Although Basic has a universal lan- 
guage structure, small differences exist in the 
versions supplied by the various computer com- 
panies. These differences, however, can usually 
be resolved by referring to the published litera- 
ture (Lien, 1978). 

Taking these various factors into account, it 
would seem commercially feasible to develop a 
gem computer program that could run on exist- 
ing installations and provide a worthwhile addi- 
tion to gem identification techniques. In com- 
mon with all data systems, the accuracy of the 
stored information and its regular updating as 
new gem materials are discovered or created 
would be an essential ingredient of sucha project. 
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THE IDENTIFICATION OF TURQUOISE BY 


INFRARED SPECTROSCOPY AND 
X-RAY POWDER DIFFRACTION 


By Th. Lind, K. Schmetzer, and H. Bank 


A combination of infrared spectroscopy and X-ray 
powder diffraction methods is suggested for the iden- 
tification of natural, treated, and synthetic turquoise 
as well as imitation turquoise. Both techniques re- 
quire powdering only avery small quantity of the 
specimen (approximately 3 mg), which means mini- 
mal damage to the piece. New experimental results 
on treated turquoise and imitation turquoise are 
given. 


Turquoise has been subjected to various meth- 
ods of treatment in order to improve its value asa 
gem material, for example, enhance color or re- 
duce porosity, In addition, a number of turquoise 
imitations are found on the gemstone market. 
Although many of these are called turquoise 
(Galia, 1977}, at present, the so-called Gilson syn- 
thetic turquoise, which contains crystalline tur- 
quoise material as a component, is the only true 
synthetic available. The separation of natural, 
untreated turquoise from its treated counterpart, 
and the unequivocal identification of imitation 
or synthetic turquoise, is difficult with the rou- 
tine gemological methods generally used. How- 
ever, by applying techniques that are commonly 
used in mineralogy, e.g., X-ray powder diffraction 
methods and infrared spectroscopy, the gemolo- 
gist can obtain the data necessary to sufficiently 
characterize the material (Banerjee, 1972; 
Arnould and Poirot, 1975; Williams and Nassau, 
1976-1977; Schmetzer and Bank, 1980, 1981}. 


MATERIALS AND METHODS 


The recognition of treated turquoise by infrared 
spectroscopy was comprehensively described by 
Banerjee (1972). Since that time, the practice of 
treating natural turquoise, especially the so- 
called stabilization techniques, has increased dra- 
matically. Consequently, more and more samples 
have been submitted for investigation to deter- 
mine whether or not the material is, indeed, natu- 
ral turquoise, and, if so, whether it has been 
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treated in any manner. In an attempt to solve the 
questions posed by the gemstone industry, we 
initiated a systematic study of the turquoise and 
turquoise-like material available on the market 
in order both to develop criteria to characterize 
these products and to augment the information 
available in the literature. Asummary of the vari- 
ous methods of treating natural turquoise that 
are currently used is given in table 1. Two of the 
most common methods, paraffin treatment and 
plastic impregnation, were included in this 
study. 

In addition to the 30 specimens of unknown 
composition submitted by the industry for char- 
acterization, we investigated 15 samples of natu- 
ral turquoise from the United States (Arizona, 
Nevada}, Mexico, Iran, and China; 10 of plastic- 
and paraffin-impregnated turquoise; 4 of Gilson 
“synthetic turquoise’; and 5 of ‘‘reconstructed 
turquoise.’’ Figure 1 illustrates some of the dif- 
ferent types of stones examined for this study. 

X-ray powder diffraction and infrared spec- 
troscopy were used. For the X-ray investigations, 
powder photographs were prepared using the De- 
bye-Scherrer method. The infrared spectra were 
recorded on a Perkin Elmer 180 Infrared Spec- 
trometer using the KBr pressed-pellet technique. 
Both techniques mentioned require the powder- 
ing of a very small quantity of the specimen. 
Normally, Debye-Scherrer photographs can be 
taken with less than 1 mg of powdered material, 
for the preparation of a KBr pellet for infrared 
spectroscopy, 2 mg of the sample were used. 
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RESULTS 


The results of the systematic investigations are 
summarized in table 2 and discussed in detail 
below. 


Treated Turquoise. When plastic impregnation 
was first used, in the late 1960s, the so-called 
stabilized turquoises that resulted (which have 
nothing to do with the reconstructed turquoises 


Figure 1, Samples of the dif- 
ferent types of turquoise— 
natural, treated, synthetic, 
and imitation—studied by 
the authors. The center, 
heart-shaped cabochon is a 
Gilson synthetic, 2.10 ct. 
Clockwise, starting with the 
small stone to the left of the 
center specimen, the others 
are: paraffin impregnated, 
from Iran (1,38 ct); Gilson 
synthetic (4.91 ct); plastic 
impregnated, from Arizona 
(2.03 ct); natural, from Iran 
(2.79 ct); natural, from Ari- 
zona (4.50 ct); paraffin im- 
pregnated, from Arizona 
(1.79 ct); plastic-impreg- 
nated gibbsite (2.68 ct). 
Photo by Mike Havstad. 


described later in this article) were considered to 
be of relatively poor quality. At that time, pri- 
marily turquoise too porous for cutting was plas- 
tic-impregnated to improve the hardness of the 
specimen (see Banerjee, 1972; Galia, 1977}. Cur- 
rently, good-quality turquoise is also treated by 
plastic impregnation in order to improve the 
durability of the material, since natural turquoise 
is very sensitive to chemicals and has been known 


TABLE 1. Treatment procedures used on natural turquoise.* 


Other purposes 


Treatment Advantages/ 
Procedure substance Color change of treatment Penetration disadvantages 
Dyeing, Colored organic or inorganic — Light colors Surface 
varnishing compounds, mixed with become darker 
epoxy or other resin 
Paraffin Paraffin of different melting Light colors Impregnation 1-2 mm Very uniform colors 
treatment points become darker 
Stabilization Plastics (colorless or blue- Light colors Impregnation, restora- >4mm Colors vary; enables 
treatment dyed) with a polyester or become darker tion of natural colors, cutting of weath- 
(hardening polyacryl base improvement of dura- ered and porous 
by plastic bility for material of all material (chalk) 
impregnation) qualities 
Stabilization Inorganic mineral salts, e.g., Same as for stabiliza- 
treatment colloidal silica tion treatment by 
(hardening by plastic 


use of inorganic 
mineral salts) 


° For further details, see Galia (1977) and Gtibelin (1981). 


ey 
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to suffer damage from simple perspiration. At 
present, plastic impregnation (stabilization) is 
thought to be the best method of treating 
turquoise. 

The X-ray powder diffraction of stabilized 
turquoise shows additional diffraction lines 
which do not belong to turquoise. These addi- 
tional lines are also observed in the diffraction 
pattern of some specimens of Gilson synthetic 
turquoise. The d-values of these lines are identi- 
cal to those of the strongest lines of the mineral 
berlinite, the chemical formula of which is AlPO, 
(ASTM 10-423]. When we took several X-ray 
powder diffraction photographs of material from 
different areas of a single sample of stabilized 
turquoise, we observed that the intensity ratios 
of the berlinite lines varied compared with the 
intensities of the turquoise lines. In some cases, 
areas with great percentages of berlinite adjoined 
areas in which no berlinite was observed by the 
X-ray diffraction method. 

The formation of an AIPO, phase with cristo- 
balite structure after an exothermic reaction pro- 
duced by heating turquoise to 840°C was 
described by Manly (1950). The substance inves- 
tigated also showed some relicts of an earlier ber- 
linite structure. Banerjee (1972} described the 
formation of an amorphous phase in turquoise 
after heating it to 400°C. With further heating (to 
between 740° and 775°C}, an exothermic reac- 
tion identical to that described by Manly (1950), 
in which the AlPO, phase with cristobalite struc- 
ture is formed, was observed. To clarify whether 
the AIPO, phase causing the additional X-ray 
lines found in the diffraction pattern of plastic- 
impregnated turquoise might be formed by the 
stabilization procedure, we conducted heating 
experiments on natural, untreated turquoise 
(180°C for 24 hours and 250°C for 24 hours). The 
X-ray powder photographs of every area investi- 
gated in the treated samples showed the strongest 
diffraction lines of berlinite in addition to the 
turquoise lines. It appears from these experi- 
ments that the AlPO, phase with berlinite struc- 
ture forms at lower temperatures than those pre- 
viously described in the literature; that is, 
berlinite can also be formed in the stabilization 
treatment. The fact that lower temperatures and 
shorter heating periods are usually used in the 
plastic-impregnation procedure explains why 
berlinite forms in some areas of the stabilized 
turquoise and not in others. 
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In the infrared spectrum of the six plastic-im- 
pregnated turquoises investigated in this study, a 
strong infrared absorption band at 1725 cm7! 
was observed in addition to the characteristic 
absorption bands of turquoise in the area of the 
vibrations of the hydroxyl and phosphate groups. 
The absorption band between 1450 and 1500 
cm !, described by Banerjee (1972) in stabilized 
turquoise, was not found during our investiga- 
tions. The infrared spectrum of one sample of the 
plastic used for the stabilization procedure, 
which was made available to us, showed a very 
strong absorption band at 1725 cm™!. Additional 
strong absorption bands of the plastic are found 
in the spectral area of the turquoise bands; that is, 
in the infrared spectrum of treated turquoise a 
superposition of turquoise and the plastic ab- 
sorption bands is found. Only in the spectral area 
at 1725 cm7™!, in which no turquoise absorption 
band is observed, is the absorption of the plastic 
distinctly separated from the absorption of the 
turquoise. The absorption spectrum of the plastic 
used for the impregnation procedure is not iden- 
tical to the spectra reported by Banerjee (1972). 
The strongest absorption band in our plastic was 
found at 1725 cm™—!, but no absorption band was 
observed between 1450 and 1500 cm ‘. Our in- 
dustry sources have advised us that in the more 
than 10 years since Banerjee’s article was pub- 
lished, new types of plastic have been adopted for 
the stabilization of turquoise.* 

In the X-ray powder diffraction pattern of 
turquoise that has been paraffin impregnated (see 
table 1), the additional lines due to berlinite 
found in plastic-impregnated samples were also 
observed incidentally. Additional absorption 
bands in the infrared spectrum were not found 
when the KBr pressed-pellet method was used. 
This method of treatment is not limited to high- 
quality turquoise specimens as described by 
Galia (1977). Unfortunately, the use of this pro- 
cedure is not always identified when the material 
is sold. 


Synthetic Turquoise. At present, Gilson’s syn- 
thetic turquoise is the only synthetic product 
found on the market in which the powder pattern 


*The kind of plastic investigated in this study, which is com- 
monly used for the stabilization of turquoise, is known to 
the authors. We respect, however, our source's request that 
we keep this information confidential. 
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of crystalline turquoise is observed by X-ray in- 
vestigations (Williams and Nassau, 1976-1977; 
Schmetzer and Bank, 1980, 1981). In comparison 
to the turquoise pattern, however, in all of the 
samples of Gilson’s synthetic product that we 
investigated, we observed additional X-ray dif- 
fraction lines caused by one or more additional 
crystalline phases. In two of the samples, the 
diffraction lines of berlinite were also found. 
When the specimens were examined using spec- 
troscopy, we observed an absorption band at 
1725 cm! in two of them as well, in addition to 
the absorption bands characteristic for turquoise. 
This band indicates that the synthetic material 
has also been treated. 


Reconstructed and Imitation Turquoise. In addi- 
tion to systematic experiments with natural, 
treated, and synthetic turquoise, we also investi- 
gated imitation turquoises. We used samples sub- 
mitted to us by the trade to determine the compo- 
sition of the specimens (compare Banerjee, 1972; 
Williams and Nassau, 1976-1977; Galia, 1977; 
Gubelin, 1981). 

Dyed magnesite has been known for some 
years to be used as a turquoise substitute. Dyed 
calcite and dolomite were also observed recently. 
All three were found among the imitations exam- 
ined (interestingly, dyed howlite, another com- 
mon imitation, was not present among the sam- 
ples studied). X-ray diffraction investigations 
revealed that most of the specimens called ‘‘re- 
constructed turquoise” in the trade were free of 
any turquoise component. y-Al(OH])3 (as a min- 
eral, gibbsite) was the only crystalline phase 


found in these samples. In the infrared spectrum, 
the absorption at 1725 cm7!, known already 
from the plastic component of stabilized 
turquoise, was observed. According to Galia 
(1977), true reconstructed turquoise is produced 
from finely powdered and cleaned turquoise and 
has crystalline turquoise as the main component. 
The “reconstructed turquoise’ investigated in 
our laboratory, however, contained no turquoise; 
therefore, ‘‘reconstructed turquoise” is thought ° 
to be a misnomer for gibbsite that has been dyed 
and plastic-impregnated. 


CONCLUSION 


This investigation of natural and _ treated 
turquoise, of Gilson synthetic turquoise, and of 
various imitation turquoises suggests that most 
“turquoise” products found onthe market can be 
identified by a combination of X-ray powder 
diffraction and infrared spectroscopy. Only 
paraffin-impregnated turquoise could not be pos- 
itively identified by the two methods in all in- 
stances. Both methods require only very small 
amounts of powdered substance, which normally 
can be obtained from cut specimens without 
causing undue damage. We believe that, for the 
purpose of gemological nomenclature, the min- 
eral name turquoise should be restricted to natu- 
raland synthetic turquoise only. In samples with- 
out acomponent of crystalline turquoise, the use 
of the name turquoise without the supplement 
“imitation” or ‘‘simulant” is misleading. In our 
opinion, the fact that a specimen of natural 
turquoise has been treated, regardless of the 
method used, should be disclosed in the trade. 


TABLE 2. Results of X-ray powder diffraction and infrared spectroscopy tests on natural (untreated), treated, synthetic, and 


imitation turquoise. 


Sample 


X-ray powder diffraction pattern 


Infrared spectrum 


Turquoise, untreated 
Turquoise, plastic impregnated 
Turquoise, paraffin impregnated 
Gilson “synthetic turquoise” 


Turquoise 


Turquoise or turquoise + berlinite 
Turquoise or turquoise + berlinite 


Turquoise + several diffraction lines of an un- 
known phase or turquoise + several diffraction 


Turquoise 
Turquoise + absorption band at 1725 cm" 
Turquoise 


1 


Turquoise or turquoise + absorption band at 
1725 cm! 


lines of an unknown phase + berlinite 


Some “reconstructed turquoise’ Gibbsite 


specimens from the trade 
Different imitation turquoises* of 
the trade 


Magnesite, calcite, or dolomite 


Gibbsite + absorption band at 1725 cm! 


Not investigated 


“The X-ray powder diffraction patterns of other imitation turquoises were published by Williams and Nassau (1976-1977). 
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Editorial Korum 


DINOSAUR BONE AGATE 


Iam writing in response to the item about paleontolog- 
ical gemology in the Gem Trade Lab Notes section of 
the spring 1983 issue of Gems & Gemmology. All 
jewelry is valued because of its intrinsic beauty, and 
dinosaur bone agate can make a very lovely gem mate- 
rial. It is described by Arem in the Color Encyclopedia 
of Gems as a having “lovely brownish color and inter- 
esting pattern,” although it has been known to occur in 
many different colors. In his book Gems, Webster 
states that-the material can be found in Colorado, Utah 
and Wyoming—another American gem! In fact, it was 
Mr. Stuart’ Mace of Aspen, Colorado, who first intro- 
duced me to “bone.” 

The hard bone matrix is often darker compared to 
the other lighter agate that has replaced the bone mar- 
row in the fossil. You can see in the photo of the oval 
key ring (figure 1) that the black agate (bone matrix} is 
sparse and thin, indicating that the bone had started to 
decompose before it was covered with mud and later 
replaced by agate. Some pieces of bone are dark blue 
and translucent, with a lovely “spider web’’ pattern 
appearing when lighted from the back. The finest 
pieces I’ve ever seen have lightly colored agate bone 
marrow replacement, with a transparency similar to 
that of moss agate. 


James Lestock, G.G 
Paul J. Schmitt Jeweler 
Marco Island, Florida 


MALACHITE 
CRYSTALS? 


I would like to compliment Dona M. Dirlam, editor of 
the Gemological Abstracts section of Gems & Gemol- 
ogy, on the fine job she is doing on this department, 
which is both accurate and interesting from issue to 
issue. 

I would, however, like to take issue with a state- 


Editorial Forum 


Figure 1. Dinosaur bone agate (29 x 22 mm) set 
ina sterling key ring. Photo by Mike Havstad. 


ment made by Gary Hill in his abstract of S. Frazier's 
article on vug collecting that appeared in the Summer 
1983 issue of Gems & Gemology. The passage in ques- 
tion concerns”... oxidized zones... where crystals 
such as malachite or azurite may be formed.” I do not 
know of any instance where malachite crystals are 
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formed, except in the case of pseudomorphs of mala- 
chite after azurite (which many mineralogists do not 
yet consider a true pseudomorph). 

Again, thanks for an improved department. 


Maurice Weil, M.S.,G.G. 
M.K. Weil, Import and Wholesale 
Shreveport, Louisiana 


Mr. Weil is correct in emphasizing that malachite 
commonly occurs in a massive form. However, crys- 
tals have been reported: small crystals from Betzdorf 
and Horhausen, Germany, and acicular crystals from 
the Copper Queen mine near Bisbee, Arizona (see C, 
Palache et al., Dana’s System of Mineralogy, 7th Ed., 
Vol. II, pp. 252-256). 

For further discussion of pseudomorphs as well as 
crystallization, refer to the abstract of ‘‘Malachite-azur- 
ite” by S. Koritnig, der Aufschluss, Vol. 32, No. 1, 1981, 
pp. 1-5 (Gems & Gemology, Fall 1981, p. 168). In addi- 
tion, the cover photo of that issue of der Aufschluss is 
of acicular crystals of malachite from Tsumeb, South- 
west Africa. 

Weare delighted to receive correspondence regard- 
ing the abstracts and encourage our readers to send 
their comments.—Abstracts Editor 


UNUSUAL INCLUSION 
IN AMETHYST 


I am enclosing a photomicrograph of an inclusion I 
found in a l-ct amethyst (figure 2}. In your Summer 
1971 issue of Gems # Gemology, page 322, some 
similar inclusions are shown in a black and white 
photo, and your writer likened them to moon-shot 
vehicles, It is interesting to note that this was the only 
significant inclusion found in my amethyst. The 
specimen was cut in half in order to get a clear field of 
vision for the photo, In texture it resembles the cacox- 
enite inclusions shown on page 173 of Giibelin’s Inter- 
nal World of Gemstones. 

The photo was taken using an Eickhorst Tri-ocular 
GemMaster microscope unit, Olympus OM-1 SRL 
camera, on Kodachrome 64, Lighting was part trans- 
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Figure 2. Inclusion in amethyst, magnified 25x . 
Photomicrograph by A. de Goutiére. 


mitted light and highlighted with the new GEM pin- 
point illuminator. 
A. de Goutiére, G.G. 
de Goutiére Jewellers, Ltd. 
Victoria, BC, Canada 


ERRATA 


The painting titled The Red Hat (Gordon Conway, 
1929), which appeared on page 5 of the Spring 1983 
issue, is in private hands, not part of the collection of 
the American Institute of Architects as reported in the 
figure legend. 

The optical absorption spectra illustrated in figure 
6 of the article ‘‘Peridot from Tanzania” (Summer 
1983, p. 106) were inadvertently interchanged. Spec- 
trum A (bands at approximately 452, 470, 483, and 492 
nm] belongs to the peridot from Mexico and spectrum 
B (bands at about 500 and 536 nm], to the East African 
enstatite. 
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ALEXANDRITE 

A Large Cat’s-Eye 

The Santa Monica Gem Trade Labo- 
ratory had the opportunity to exam- 
ine another fine cat’s-eye alexan- 
drite from Sri Lanka. The large (17 
mm in diameter), round cabochon, 
which weighed 32.69 ct, had a pro- 
nounced change of color. 

Figure 1 shows the stone as it 
appeared under incandescent (left) 
and fluorescent (right) illumina- 
tion. For its’large size, the stone was 
remarkably. translucent. It showed 
few inclusions other than the long 
needles that caused the chatoyancy. 


AMBER, in Plastic 


A necklace of graduated barrel- 
shaped variegated yellow and 
brown beads (figure 2) came into the 
New York laboratory for identifica- 
tion. At first glance, it resembled 
the many amber necklaces we have 
tested over the years. However, this 
one proved different and new to us. 
The refractive index and fluores- 
cence, which varied from spot to 
spot on the same bead, did not agree 
with amber, which would have only 
one R.I. and one color of fluores- 
cence for the bead. The conclusion 
that the beads were actually com- 
posed of bits of amber embedded in 
plastic was confirmed by the acrid 
odor of the host material when 
tested with a hot point, as compared 
to the resinous odor of the embed- 
ded amber, and its appearance un- 
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Figure 1. A cat's-eye alexandrite, 17 mm in diameter (32.69 ct) under 
incandescent light (left) and fluorescent light (right). 


der magnification (figure 3]. We do 
not know if this is an isolated piece 


or if the material is destined for 
commercial use. 


Figure 2. A necklace of amber-in-plastic beads. 
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Figure 3. An amber-in-plastic 
bead at 10x magnification. 


DIAMOND 


Diamond Simulant 


Our New York laboratory encoun- 
tered what may be a new high in 
potential deception. Figure 4 is a 
photo of the culet area of a round 
brilliant-cut cubic zirconia, with a 
laser hole that reflects in several 
pavilion facets. At least one ap- 
praiser was fooled into thinking he 
was examining a diamond. 


Figure 4, Faceted cubic zirco- 
nia that has been laser drilled. 
Magnified 60 x. 


Mysterious Wear on 

a Diamond Ring 

Figure 5 shows a gold pavé diamond 
cluster ring submitted to the New 
York lab for identification of the 
stones. The client could not believe 
that diamonds could show so much 
wear. Not only did the center stone 
show obvious abrasions of the facet 
junctions (figure 6]—as severe as 
one would expect to see on zircon— 
but all of the smaller stones set com- 
pletely around the band showed 
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equally severe abrasion. It is not 
known under what conditions the 
ring was subjected to such severe 
wear. 


Painted Diamonds 


When a New York diamond dealer 
decided to repolish a fancy orange 
marquise because of a myriad of odd 
scratches on the pavilion, he was 
hardly prepared for the result: The 
stone lost all orange color and 
proved to be faint yellow. It was 
obviously a case of a stone that had 
been “painted’’—in this case, on 
the pavilion only. 

This experience prompted his 
supplier to examine other fancy- 
colored diamonds in stock. Figure 7 
shows an attractive yellow-green di- 
amond that exhibited the same pe- 
culiar scratches, again only on the 
pavilion, When the stone was exam- 
ined for irradiation stains on natu- 
rals, or for evidence of cyclotron 
treatment, nothing unusual was 
seen. However, the dealer decided 
to check to see if the stone was 
coated by attempting to break 
through the coating with a hard 
point. Figure 8 shows that his suspi- 
cions were correct; note the patchy 
area toward the narrow end of the 
facet where the coating was re- 
moved. Toward the girdle, the 
scratches in the coating are also visi- 
ble. When the stone was cleaned 
carefully and the entire surface ex- 
amined, one small “‘crater,’”’ or ring 
of color, was seen (as indicated by 
the arrow in figure 9). This was rem- 
iniscent of the craters in the coat- 
ings we used to see on near-colorless 
diamonds that had not been scrupu- 
lously cleaned before being coated 
with vitreous enamel to disguise the 
yellow. Because the color coatings 
we have seen recently also seem to 
be quite resistant, it is possible that 
they, too, are something like a vitre- 
ous enamel or achina glaze. 


DIASPORE, A Rare Gem Material 


Recently sent to the Los Angeles 
laboratory for identification was 


Figure 5. Pavé diamond ring in 
which the stones have been 
badly worn. 


Figure 6. Abraded facet junc- 
tions on a diamond from the 
ring shown in figure 5. Magni- 
fied 23x. 


the transparent, 1.24-ct, square 
step-cut gemstone illustrated in fig- 
ure 10, This stone showed a moder- 
ate color change from light greenish 
yellow in daylight to light pinkish 
yellow in incandescent light. 
Testing witha refractometer and 
a monochromatic filtered light 
source revealed that the stone was 
biaxial positive with a refractive in- 
dex of 1.702 for alpha, 1.722 for 
beta, and 1.750 for gamma, with a 
corresponding birefringence of 
0.048, Examination of the visible- 
light absorption spectrum revealed 
a weak band from approximately 
4500 Ato 4600 A. The specific grav- 
ity was determined by means of the 
hydrostatic technique to be 3.35 + 
0.03. Strong pleochroic colors of 
yellowish green, brownish yellow, 
and violetish brown were observed. 
Microscopic examination revealed 
a partial cleavage, several needles 
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Figure 7, A 1.06-ct pear-shaped 
“painted” green diamond. 
Magnified 16x. 


and growth tubes, and a couple of 
included crystals. 

The stone was then sent to our 
Santa Monica laboratory where a 
minute amount of powder was 
scraped from the girdle for X-ray 
diffraction, The results of the X-ray 
powder diffraction analysis con- 
firmed that the stone was diaspore. 

Diaspore is an aluminum hy- 
droxide with the chemical formula 


Figure 10. A 1.24-ct gem-qual- 
ity diaspore. 


Figure 8. The patchy area the 
hard point made in the coating 
of the diamond shown in fig- 
ure 7 proved it was ‘‘painted."' 
The scratches also evident 
here provided an important 
clue to the unnatural source of 
the color. 


ALO(OH},. It is commonly found as- 
sociated with corundum, possibly 
as an alteration product of the ox- 
ide. Diaspore occurs in numerous 
localities around the world, almost 
always as small crystals, with 
gemmy material being quite rare. 
Particularly notable, however, were 
crystals found at the emery mines in 
Chester, Massachusetts, which ap- 
parently were suitable for cutting. 
Gem-quality diaspore reportedly 
appeared very briefly on the market 
in Germany several years ago. The 
locality of the stone we examined is 
not known. Table 1 summarizes the 
properties of gem-quality diaspore. 


EMERALD 


Occasionally a stone will show pat- 
terns that provide proof of its 


TABLE 1. Properties of gem-quality diaspore. 


Dimorphous with boehmite 
Formula: Al O (OH) 

Crystal system: orthorhombic 
Fracture: conchoidal 

Cleavage: perfect one direction 
Specific gravity: 3.3-3.5 
Hardness: 62-7 


Optic character: biaxial positive 
Refractive indices: @ 1.702, B 1.722, y 1.750 
Birefringence: 0.048 


Pleochroism*: strong; yellowish green, brownish 
yellow, and violetish brown 


Fluorescence: weak yellow 
Spectrum®: weak band at 4500 A to 4600 A 


“Pleochroism for the stone tested; will vary depending on the color of the material. 


’One sample only tested. 
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Figure 9. The ring of concen- 
trated color at the point of the 
diamond illustrated in figures 
7 and 8 is similar to “craters” 
seen in the past on near-color- 
less diamonds that had been 
coated with vitreous enamel 
to disguise the yellow. Magni- 
fied 63x. 


growth process. Figure 11 shows an 
elongated helix that is the manifes- 
tation of the spiral growth that oc- 
‘curs in a natural emerald. The 


length of the helix parallels the c- 
axis of the crystal. 


> 


Figure 11. Spiral growth pat- 
tern ina natural emerald. 
Magnified 63x. 


JADE Substitute 


A white metal, closed-back ring that 
was bezel set with a translucent, 
mottled green and white, carved and 
pierced tablet was submitted to the 
Los Angeles laboratory for identi- 
fication (figure 12). The client ques- 
tioned whether the material was in 
fact jadeite or one of its substitutes. 
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29.4 x 21.4 mm. 


Examination with the unaided 
eye revealed a somewhat swirled 
coloration, an overall vitreous lus- 
ter, and several small conchoidal 
fractures. With the spot method, 
the refractive index was determined 
to be 1.57. Under magnification, 
the structure of the material was not 
that of a mineral, but rather was 
suggestive of glass or plastic. Using 
a fiber-optic illuminator for oblique 
illumination, we found the answer: 
several elongated gas bubbles were 
observed near the edge of the tablet. 
Testing with the thermal reaction 
tester provided no reaction, thus 
ruling out plastic as the identity of 
the material. It was then concluded 
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Figure 12. A glass imitation of jadeite. The ring measures 


nie 


that this tablet was glass, a common 
substitute for jade. 


LAPIS LAZULI, A New Imitation 


The Santa Monica Gem Trade Labo- 
ratory was asked to identify the 
opaque blue cabochon pictured in 
figure 13. Examination of the cabo- 
chon surface revealed pyrite inclu- 
sions, easily visible with the 
unaided eye, some in the shape of 
well-defined octahedra. Magnifica- 
tion showed the presence, in some 
areas, of some elongated, rounded 
dark blue grains (figure 14). There- 
fore, it was possible that the mate- 
rial could very well be lapis lazuli. 


However, further testing of the ma- 
terial did not verify our initial ob- 
servation. Because of a poor polish, 
we obtained only a vague R.J. spot 
reading of 1.58. The specific gravity 
was determined by hydrostatic 
weighing to be 2.23. There was no 
reaction to ultraviolet radiation. All 
of these properties are different 
from those of lapis lazuli. A small 
amount of hydrochloric acid ap- 
plied to the back of the cabochon 
caused slight effervescence; it also 
gave off an HS, or rotten egg, odor. 
A slightly discolored white spot re- 
mained on the surface that had been 
attacked by the acid. 

The characteristic appearance of 
the material reminded us of the type 
of imitation lapis lazuli that is pro- 
duced by P. Gilson. However, the 
refractive index and the specific 
gravity were slightly lower than 
have been reported for this type of 
imitation, When an X-ray diffrac- 
tion analysis of the material was 
performed, the pattern obtained 
indicated that the material con- 
tained calcite and hauyne. A com- 
parison of this diffraction pattern 
with that of Gilson’s imitation lapis 
lazuli showed no correlation be- 
tween the two materials. We con- 
cluded, therefore, that this imita- 
tion lapis lazuli was different from 
any we had encountered before. 


OPAL, Update on Gilson Synthetic 


The Santa Monica lab was shown 
three parcels containing numerous 


Figure 13. This 4.09-ct cabo- 
chon represents a new lapis 
lazuli imitation. 
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8- X 10-mm cabochons that were 
labeled ‘blue opals.’’ They were 
represented to be the latest syn- 
thetic black opals made by P. 
Gilson, 

Our first impression was that 
these stones (figure 15) had a much 
more natural appearance than the 
synthetic material we had seen be- 
fore. The play of color—predomi- 
nantly green and blue but also with 
some red—was less distinct, so the 
stones had a much softer look than 
the earlier material, which showed 
very sharply defined color areas. 

Under magnification, all of the 
cabochons examined showed nu- 
merous gas bubbles of various sizes. 
These bubbles were easier to see in 
the translucent material than in the 
more opaque stones. The reaction 
to ultraviolet radiation was diag- 
nostic: a strong, chalky, yellowish 
green to short-wave anda faint tono 
reaction to long-wave. No phospho- 
rescence was seen. All of the cabo- 
chons also, showed the cellular 
snakeskin or ‘chicken wire’ pat- 
tern that we have already found to 
be a distinctive characteristic of 
Gilson synthetic opals. 


PEARLS, Cultured Button 


We received a pretty, light pink, 
button-shaped pearl for identifica- 
tion. The pearl, which was un- 
drilled, had a very high luster. It 
measured approximately 4 X 5mm 
in diameter. At the center on the flat 
side we noticed a quite unusual 


Figure 14. Note the pyrite and 
dark blue grains in the imita- 

tion lapis shown in figure 13. 

Magnified 22 x. 
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Figure 15. New Gilson synthetic opals (8 x 10 mm each), 


structural characteristic. Figure 16 
shows a pattern similar to that seen 
in the cross section of a tree trunk. 
The pearl showed no fluores- 
cence to X-radiation. However, the 
X-radiograph revealed a fairly 
sma}l, round, mother-of-pearl bead 
center, proving that the pearl was 
cultured rather than natural. 


PINITE, A Massive Form 
of Muscovite 


Recently sent to the Los Angeles 
laboratory was an opaque, mottled, 
dark brown, light brown, and white 
carving that had a floral motif on 
one side and was inscribed with Ori- 
ental characters on the base and the 
other side (see figure 17}. Examina- 
tion with the unaided eye revealed 
an overall dull, waxy luster. A 
broken portion near the top of the 
carving showed a dull, waxy, granu- 
lar fracture. 

Given the relatively poor polish, 
a refractive index reading was dif- 
ficult to obtain, using the spot 
method, however, we found an ap- 
proximate value of 1.57. To deter- 
mine the approximate specific grav- 
ity of the material, we gently 
immersed the carving in bromo- 
form (which has a density of 2.89}. 
The carving ascended at a moderate 
rate; a specific gravity near 2.7 was 
estimated. A hardness test was care- 
fully performed on a partially con- 
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Figure 16. Unusual growth 
mark ona cultured button 
pearl, Magnified 30x. 


cealed, recessed fractured area; on 
the basis of the results, the stone’s 
hardness was estimated to be 
around 3 on the Mohs scale. 

Because we were able to perform 
very few routine gemological tests 
on this carving, a minute amount of 
powder was scraped from it for X- 
ray diffraction analysis. The results 
of the X-ray powder diffraction 
showed that it matched one of the 
patterns of muscovite mica. The 
carving was identified as pinite, a 
massive form of muscovite, Pinite 
is a general term used to describe a 
number of alteration products, 
which include muscovite. Pinite is 
essentially a hydrous silicate of alu- 
minum and potassium, correspond- 
ing closely to muscovite in compo- 
sition, and is generally regarded as 
its massive variety. It is usually im- 
pure from the admixture of clay and 
other substances. 
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Figure 17. This carving made from pinite, a massive form of mus- 


covite, measures 53.2 x 20.9 mm. 


Figure 18, Rounded facet junc- 
tions on a faceted tanzanite. 
Magnified 30x. 
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ZOISITE (TANZANITE), 
Rounded Facet Junctions 


Recently submitted to the Los Ange- 
les laboratory for identification was 
the 2.93-ct bluish purple oval mixed 
cut illustrated in figure 18. With sub- 
sequent testing the stone was identi- 
fied as zoisite, known in the trade as 
“tanzanite.” The somewhat unusual 
feature of the stone was the presence 
of very rounded facet junctions 
(again, see figure 18). 

Rounded facet junctions are typ- 


ical of, and usually associated with, 
molded stones, such as glass or plas- 
tic. Such facet junctions are often 
observed in these less expensive im- 
itations; they are formed by pres- 
sure as the molten material is 
molded to appear as if faceted (the 
more expensive glass imitations are 
often faceted after molding). 

Molded facet junctions are not 
nearly as sharp as the facet junctions 
on most materials that have been 
cut and polished. This tanzanite, 
however, exemplifies the fact that a 
faceted gemstone, like its molded 
imitation, may have rounded facet 
junctions. 

The presence of rounded facet 
junctions in faceted materials is 
often a result of poor polishing tech- 
niques, If excess pressure is applied 
to polishing laps that are soft and 
flexible, too much polishing pow- 
dercan build up near facet junctions 
between the surface of the stone and 
the lap, thus rounding the facet 
edges, This characteristic may also 
occur with stones that are fairly 
soft, such as fluorite, particularly if 
wax, pitch, or wood laps are used for 
polishing. Tanzanite is usually pol- 
ished on a hard tin lap with alu- 
minum oxide; sharp facet junctions 
may be obtained easily even though 
the hardness of zoisite is only 6-7. 

Rounded facet junctions may 
also occur when a stone is repol- 
ished with a polishing buff. This 
sometimes happens when a jeweler 
polishes a mounting, after reprong- 
ing or sizing, without removing the 
stone. 


ACKNOWLEDGMENTS 


The photos in figures 1, 13, and 15 were 
taken by Mike Havstad. Andrew Quinlan, 
from the New York laboratory, took figures 
2-9 and 11. John Koivula supplied figure 16. 
Shane McClure, from the Los Angeles labo- 
ratory, furnished figures 10, 12, and 17. Fig- 
ure 14 was taken by Chuck Fryer. Figure 18 
was furnished by Tino Hammid. 


©1983 Gemological Institute of America 


GEMS & GEMOLOGY Fall 1983 


GEMOLOGICAL ABSTRACTS 


Dona M. Dirlam, Editor 


REVIEW BOARD 


Bob F. Effler 

GIA, Santa Monica 

Joseph O. Gill 

Gill & Shortell Ltd., San Francisco 
Caroline K. Goldberg 

Santa Monica 

Fred L. Gray 

GIA, Santa Monica 

Gary S. Hill 

GIA, Santa Monica 


Jill M. Hobbs 

GIA, Santa Monica 

Steven C. Hofer 

Santa Monica 

Karin N. Hurwit 

Gem Trade Lab, Inc. 

Neil Letson 

Anniston, Alabama 

Shane F. McClure 

Gem Trade Lab, Inc., Los Angeles 


.Michael P. Roach 


Andin International, New York 


Gary A. Roskin 
Gem Trade Lab, inc., Las Angeles 
Andrea L. Saito 
GIA, Santa Monica 
James E. Shigley 
GIA, Santa Monica 
Frances Smith 
GIA, Santa Monica 
Carol M. Stockton 
GIA, Santa Monica 
Evelyn Tucker 
Anchorage, Alaska 


‘ 


COLORED STONES AND 
ORGANIC MATERIALS 


Application of lattice imagery to radiation damage inves- 
tigation in natural zircon. K. Yada, T. Tanji, and I. 
Sunagawa, Physics and Chemistry of Minerals, Vol. 
7, 1981, pp. 47-52. 


Some zircon occurs as dark-colored, opaque material 
that is unsuitable for faceting. Zircon frequently con- 
tains minor amounts of uranium and thorium. The ra- 
dioactive decay of these elements produces high-energy 
nuclear particles, the rapid movement of which acts to 
disrupt the zircon crystal structure. Whereas transparent 
zircon has been damaged only slightly by the transit of 
these particles, the opaque type has suffered extensive 
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ble of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section 
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The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. 


©1983 Gemological Institute of America 


Gemological Abstracts 


radiation damage and is referred to as being in a meta- 
mict state. 

In this study, the authors applied transmission elec- 
tron microscopy {TEM] to understand the mechanism of 
radiation damage in zircon. The TEM technique pro- 
vides high-resolution electron images of atomic posi- 
tions in a crystal structure. By examining various types 
of gem and nongem zircon, Yada and his colleagues were 
able to obtain images of fission tracks and other kinds of 
radiation damage in this material. They found that, with 
increasing radiation damage, the zircon crystal structure 
is progressively disrupted, leading to the eventual break- 
down of the material. Thus, even the treatment of 
opaque, mMetamict zircon cannot restore a gem-quality 
transparency. JES 


The genesis of an emerald from the Kitwe District, Zam- 
bia. G. Graziani, E. Giibelin, and S. Lucchesi, Neues 
Jahrbuch fiir Mineralogie Monatshefte, No. 4, 
1983, pp. 175-186. 


The authors present a mineralogical characterization of 
emerald from the Kitwe District in Zambia and specu- 
late about its origins. Optical, X-ray diffraction, and 
chemical data are included. Indices of refraction are 
w=1.586 and e=1.580, while the measured density is 
2.794 g/m3, Microprobe analyses indicate that emeralds 
from this area have a relatively high content of Fe and Mg 
but low content of Cr and alkalis. 

This material contains a number of different types of 
inclusions, several of which are illustrated in the article. 
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Specific mineral inclusions identified so far include ru- 
tile, quartz, muscovite, margarite, apatite, and 
chrysoberyl. Identification of these inclusions and of 
associated minerals in the metamorphic host rock in 
which the emerald occurs enabled the authors to estab- 
lish the conditions of emerald formation at this locality: 
at temperatures in the range of 430°C to 650°C and at 
pressures lower than 4 kilobars. JES 


DIAMONDS 


Apatite inclusions in natural diamond coat. A. R. Lang 
and J.C. Walmsley, Physics and Chemistry of Min- 
erals, Vol. 9, No. 1, 1983, pp. 6-8. 

Diamond crystals often exhibit a thin, light-colored, 

translucent coating of foreign material. Various minerals 

have been found in this coating. Using electron mi- 

croscopy, electron diffraction, and X-ray spectroscopy 

techniques, Lang and Walmsley investigated the nature 
of some tiny particles of submicrometer dimensions that 
are present in some of this diamond coating material. 

Several of these particles identified so far are the mineral 

apatite [Ca3(PO,4)}3(F,OH)], which has never before been 

confirmed in this type of occurrence. On the basis of 
their results, Lang and Walmsley expressed surprise at 
the present findings that while apatite is not infrequent 
among the minerals in diamond coatings, it is absent 
from the lists of inclusion minerals that have been re- 
ported in diamonds. JES 


Are these diamonds from Orapa or Brazil? J. Harris, 
Indiaqua, Vol. 32, No. 2, 1982, pp. 35-38. 

Harris presents an update on a classification system for 

grading diamond rough that was developed in 1970. 

The purpose is to be able to sort diamonds into cate- 

gories not only by shape and color, but also by the 

individual mine. 

The primary division of the rough diamonds in this 
system is by crystal shape. Ideal growing conditions 
produce octahedrons, whereas with lower tempera- 
tures cubes form. A super-saturated growth environ- 
ment encourages twinned crystals, such as macles, or 
crystal aggregates. By slicing and etching a dodecahe- 
dron, researchers have concluded that this crystal 
shape resulted from resorption and is not a growth 
form of diamond. 

The rough diamonds are also categorized into sec- 
ondary divisions: transparency, crystal angularity, 
crystal regularity, inclusions, color, surface features, 
ultraviolet fluorescence, and plastic deformation (de- 
formation of the shape without rupturing]. These fea- 
tures are very briefly described, some with statistics. 

Ten photographs accompany the text. Eight graphs 
summarizing the information compiled on individual 
mines are also included, but are difficult to read and 
interpret. Harris concludes by suggesting that one day 
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it may be possible to determine the origin of a particu- 
lar diamond. FLG 


Famous diamonds of the world (XIV): the “Williamson 
Pink” diamond. J. Balfour, Indiaqua, Vol. 33, No. 3, 
1982, pp. 125-128. 


In part 14 of this series on famous diamonds, Ian Balfour 
tells the story of the “Williamson Pink.” This intensely 
colored diamond is the most significant pink stone from 
the Williamson Diamond Mine in northern Tanzania, 
which is noted for both colorless and fancy-colored dia- 
monds. 

The Williamson Pink is important not only in its own 
right, but also because of the story of the founder of the 
mine, Dr. John Thorburn Williamson, whose biography 
Balfour summarizes. This enigmatic geologist discov- 
ered the Williamson Mine, at the time the largest known 
pipe in the world, in 1940. Discovered in 1947, the 
Williamson Pink weighed 54.5 ct in the rough. In the 
same year, Dr. Williamson presented the stone to Queen 
Elizabeth JI on the occasion of her wedding. The dia- 
mond was eventually fashioned into a fine round bril- 
liant weighing 23.60 ct, and in 1953 Cartier mounted it 
in the center of a flower spray brooch for the queen. 

The author has written a well-researched and inter- 
esting article. Eleven illustrations accompany the 
text. FLG 


Kimberlites—a petrologist’s best friend. S, L. Bolivar, 

Earth Science, Vol. 35, No. 3, 1982, pp. 15-18. 
Bolivar presents a very readable explanation of how the 
study of kimberlites aids the petrologist. He begins by 
elaborating on the title, stating that ‘‘not only are kim- 
berlites the primary source of terrestrial diamonds, but 
they also contain xenoliths (inclusions} believed to origi- 
nate in the upper mantle.” Thus, through kimberlites, 
we can study the materials and processes involved in the 
formation of minerals in the earth’s interior. 

Bolivar then focuses on kimberlites in the U.S., giving 
special attention to the diamonds found at Crater of the 
Diamonds State Park in Arkansas. Twelve kimberlite 
localities are marked on a U.S, map. The author also 
includes two diagrams: one is a profile of the Murfrees- 
boro, Arkansas, kimberlite; the other is a cross section of 
the kimberlite in Elliott County, Kentucky. 

Bolivar concludes with a brief discussion of the petro- 
graphic complexity of kimberlites, noting that a single 
thin-section may contain as many as 30 mineral 
phases, DMD 


Predicting the occurrence of diamondiferous kimberlites. 
F, R. Boyd, Indiaqua, Vol. 33, No. 3, 1982, pp. 
31-34, 

Noting that most kimberlites are not diamond-bearing, 

Boyd presents an interesting account of how geologists 

determine which kimberlites are likely to contain dia- 

monds. Through theoretical models, scientists have 
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established that diamonds form within a limited temper- 
ature and pressure range now called the diamond stabil- 
ity field, Other researchers discovered that mineral solid 
solutions reflect the temperatures and/or pressures at 
which they formed. Since these have been calibrated 
through laboratory experiments, it is now possible to use 
them to estimate the conditions at the time of a rock’s 
formation. For kimberlites, the indicator of pressure is a 
solid solution between two pyroxenes, the enstatite- 
diopside series. For temperature, the indicator is garnet. 

Geologists sample the kimberlite directly or search 
for nodules, rounded fragments of rock carried up by the 
erupting kimberlites. Once the minerals in these samples 
are compared to the calibrated values, geologists can 
determine whether a kimberlite formed within the dia- 
mond stability field. 

Boyd concludes by presenting graphs of data on nod- 
ules collected from four kimberlites: two that are dia- 
mond-bearing and two that are not. The graphs indicate 
that it is possible to predict the occurrence of diamonds. 
This information can help to justify further prospecting. 

DMD 


Spinel zonation in the De Beers kimberlite, South Africa: 
possible role of phlogopite. J. D. Pasteris, Canadian 
Mineralogist, Vol. 21, Pt. 1, 1983, pp. 41-58. 


Micas and ‘spinel-group minerals are common con- 
stituents in‘kimberlite from diamond-bearing pipes such 
as the De Beers pipe near Kimberley, South Africa. This 
pipe is known to comprise several distinct kimberlite 
intrusions which differ in terms of their mineralogic and 
petrographic features. In this study, Pasteris documents 
the compositional variations among spinels and the 
mica, phlogopite, to reveal possible genetic relationships 
among these several episodes of kimberlite intrusion. 
Spinel and phlogopite were found to differ systemati- 
cally in composition and texture within the root zone of 
the De Beers kimberlite. These compositional patterns 
are compatible with the hypothesis that the main type of 
kimberlite in the root zone represents successive intru- 
sions from a single, fractionating magma at depth. In 
addition, there may be a single trend defined by the 
compositions of spinels that precipitate during the nor- 
mal crystallization of kimberlite. If this is the case, it 
might be possible to place in sequential order the sepa- 
rate intrusions of kimberlite magma within a pipe, and 
to compare kimberlites from different districts with re- 
spect to their degree of fractionation. Studies such as this 
provide a better understanding of the geologic history of 
kimberlite pipes. JES 


GEM INSTRUMENTS AND TECHNIQUES 


Contributions to the study of the distinction of natural 
and synthetic emeralds. H. W. Schrader, Journal of 
Gemmology, Vol. 18, No. 6, 1983, pp. 530-543. 

Differences in physical properties (i.e., refractive index, 

specific gravity) or in types of inclusions have tradition- 


Gemological Abstracts 


ally been used to distinguish natural emeralds from their 
synthetic counterparts. However, the properties of the 
natural and synthetic stones may overlap, thus making 
distinction on this basis virtually impossible. In addi- 
tion, some synthetic emeralds are completely devoid of 
inclusions, and therefore may be confused with flawless 
stones that may occur in nature. New methods of identi- 
fication are needed. This article presents data on the 
trace elements in 44 natural and 14 synthetic emeralds 
from different occurrences and manufacturers. 
Chemical differences on the trace-element level re- 
flect the different conditions of origin of natural and 
synthetic gem materials, and thus may be of value in gem 
identification. The analytical methods used here to de- 
tect trace elements include neutron activation analysis 
and optical emission spectroscopy. Trace elements 
found to be indicative of a synthetic origin include 
molybdenum, rhodium, zinc, platinum, and tungsten, all 
of which are generally absent in natural emeralds. The 
presence of iron, scandium, potassium, sodium, rubid- 
ium, and cesium seems to suggest that the stone is natu- 
ral. There are also considerable variations in trace ele- 
ments for natural emeralds from different localities, 
which suggests the possibility of using these chemical 
impurities to identify the origin of a natural stone. For 
instance, Colombian emeralds have less iron than natu- 
ral emeralds from other localities. The author concludes 
by pointing out that slight differences in the green color 
of emeralds may be due to the presence of vanadium, 
manganese, nickel, and iron, each of which in conjunc- 
tion with chromium can influence the hue. This article 
illustrates the increasing need for sophisticated scientific 
techniques to solve some current problems in gem iden- 
tification. JES 


Effects of natural radioactivity on the thermolumines- 
cence of apatite crystals at Cerro del Mercado, Mex- 
ico. J. E. Vaz, Modern Geology, Vol. 7, 1980, pp. 
171-175. 


Thermoluminescence is the property of some substances 
whereby they emit visible light when heated to tempera- 
tures lower than those required for incandescence. This 
light is usually given off at specific temperatures as the 
material is slowly heated. Apatite is one of several miner- 
als that exhibit thermoluminescent behavior; it has a 
thermoluminescence peak at 450°C. In this article, the 
author reports results of a study of this property in gem 
apatite. Gamma irradiation of apatite from Cerro del 
Mercado both increases the brightness of the thermolu- 
minescence peak at 450°C and produces additional 
peaks near 230°C and 110°C. The brightness of these 
three peaks decays to the natural thermoluminescence 
level over a period estimated to be about two years. 
Apatite commonly contains trace amounts of uranium 
as an impurity constituent, and the radioactive decay of 
this uranium produces alpha particles. Vaz found that 
greater levels of alpha activity in an apatite sample tend 
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to reduce both the natural and gamma-induced thermo- 
luminescence response for material from Cerro del Mer- 
cado. JES 


Fluorine determination in topaz and relation between 
fluorine content and 2V value of topaz. H. Konno 
and M. Akizuki, Neues Jahrbuch fiir Mineralogie 
Monatshefte, No. 10, 1982, pp. 465-470. 


A number of gem minerals have physical properties that 
can vary over a prescribed range asa result of permissible 
differences in their chemical composition. In such in- 
stances, the composition of a given gemstone would lie 
somewhere between those of two or more idealized end 
members in a solid-solution series. The physical proper- 
ties of these gem minerals can often be correlated with 
their chemical composition, especially when the compo- 
sition varies between only two end members. This rela- 
tionship is particularly valuable where careful measure- 
ment of a physical property can provide information on 
the composition that could not easily be determined by 
readily available methods of chemical analysis. 
Unfortunately, such a direct relationship does not 
exist for most minerals because of their complex chem- 
istry. However, a simple relationship is present in some 
gem minerals such as topaz [Al,SiO,(F,OH)2], where 
much of the (OH)” can be replaced by F™~. Since the 
hydroxyl and fluorine contents in topaz can be estab- 
lished otherwise only by tedious methods of wet-chemi- 
cal analysis, measurement of some physical property as 
an alternative means to determine the fluorine content 
would be of great value. The authors of this article 
describe a relationship between the 2V value (the mea- 
sured acute angle between the optic axes in a biaxial 
mineral} and the fluorine content. From data for topaz 
samples from several localities, a graph is presented that 
shows how these two variables are related. JES 


Surface topography of gem crystals. R. F. Brightman, Aus- 
tralian Gemmologist, Vol. 14, No. 11, 1982, pp. 
301-304. 

The purpose of this article is to build up a photographic 
record of surface features on gem materials for identifi- 
cation purposes. The faces of gem crystals may exhibit 
any of a number of surface features such as striations, 
pits, or areas with a particular geometrical shape. A good 
example of these are the trigons that commonly occur at 
certain locations on the faces of natural diamond crys- 
tals. These surface features are either the direct result of 
crystal growth or the indirect result of some natural 
etching process. In both cases, their shape and orienta- 
tion are related to the crystallographic structure (or sym- 
metry) of the crystal, and hence they are often distinctive 
fora particular gem material. 

These features on gem crystals can be observed by 
means of special microscopic techniques. Because of 
slight differences in height among the various surfaces 
on a crystal face, a light beam reflected off the surface 
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suffers destructive interference. This produces bright 
interference colors that tend to better emphasize the 
shape of surface features. The author includes pho- 
tographs of typical surfaces of garnet, beryl, spodumene, 
and diamond. Although this technique has little value 
for examining faceted colored stones, on which the sur- 
face features have been removed during grinding and 
polishing, recognition of surface features may assist in 
the identification of small crystal fragments of gem ma- 
terials. However, it does not seem likely that this method 
will replace more traditional gem identification proce- 
dures such as refractive index or specific gravity mea- 
surements. JES 


The use of electron spin resonance spectroscopy to distin- 
guish synthetic from natural gemstones. G. J. Troup 
and D. R. Hutton, journal of Gemmology, Vol. 18, 
No. 5, 1983, pp. 421-431. 


Electron spin resonance (ESR) spectroscopy involves the 
examination of spectral features in the radiofrequency 
portion of the electromagnetic spectrum. Having stud- 
ied the gemological applications of this technique for a 
number of years, Drs. Troup and Hutton present some 
results of their investigations. 

Evidence gathered on samples of natural and syn- 
thetic golden sapphire, blue sapphire, emerald, and 
alexandrite at wavelengths around 3 cm reveals appar- 
ently characteristic differences between the man-made 
and natural materials studied. According to the authors, 
these distinctions arise from greater perfection of the 
crystal lattice in the synthetics, as well as different types 
of impurities that are characteristic of either the syn- 
thetic or the natural material. The results on golden 
sapphire and alexandrite appear to be fairly conclusive, 
involving both the number and the position of spectral 
bands around 3 cm in wavelength. Blue sapphire and 
emerald, however, are distinguished more by the size 
and shape of bands that generally appear in the same 
locations in both the natural and synthetic samples stud- 
ied, and would in many cases require interpretation by a 
trained and experienced ESR spectroscopist. Moreover, 
the variety of chemical and spectral characteristics of 
natural blue sapphire and emerald increase the possibil- 
ity of encountering natural material that provides spec- 
tral features too similar to those of the corresponding 
synthetic to be distinguished. Considerably more work 
is needed before conclusions can be reached, but so far 
the technique looks extremely promising. CMS 


GEM LOCALITIES 


Green fire from the Antarctic. J. E. Anderson and E. J. 
Zeller. Lapidary Journal, Vol. 37, No. 1, 1983, pp. 
84-86. 

Peridot, noticeable because of its contrast to the other- 

wise colorless Antarctic landscape, aroused the interest 

of geophysicists Dr. Edward Zeller and Dr. Gisela 
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Dreschhoff during a field research project based at Ross 
Island, Antarctica. In 1981, they collected specimens 
from Trachyte Hill near the north end of the island and 
sent them to the senior author of this article for research 
as part of a project evaluating the mineral resources of 
Antarctica. 

The physical and chemical properties of these speci- 
mens are consistent with those of peridot from other 
localities. Although a few of the samples collected merit 
faceting, none approaches finest quality peridot because 
the color is too yellow. Some pieces were sent to a 
faceter, who discovered veils containing liquid-filled 
cavities in the stones. Brown mica inclusions were com- 
mon. Other inclusions were seen, but they were either 
uncommon or too small to resolve at 10 x magnifica- 
tion. 

The article is illustrated with photographs of the ma- 
terial and its inclusions at 10x as well as an outline 
locality map of Antarctica. The geologic environment is 
reviewed, and there is a detailed description of the cut- 
ting and finishing techniques used. CKG 


The ruby mines of Burma. H. H. Keely, Gems, Vol. 14, 
Nos. 2-5, 1982, 14 pp. 


H. H. Keely is particularly well suited to write this four- 
part series on the ruby mines of Burma, for he was 
appointed by the government to manage the Mogok 
mines immediately after the British-owned Burma Ruby 
Mines Company went bankrupt in 1931. The series of- 
fers some .fascinating insights into the history, tradi- 
tions, and workings of the Mogok Stone Tract. While 
not as technical as the classic article by Martin Ehrmann 
published in the Spring 1957 issue of Gems e&) Gemol- 
ogy, it is a most welcome addition to the gemological 
literature since so little has been written on this classic 
locality. 

The first part is an introduction to rubies and the 
Mogok area. The article suffers somewhat in general 
gemological data, i.e., the author’s description of the 
characteristics of natural vs. synthetic stones. However, 
the glimpses into the Stone Tract’s history more than 
compensate. Also included in part 1 is a rare geological 
map of the deposits. 

The second part, entitled ‘“The Nga Mauk Ruby,’’ is 
devoted to the legend behind the discovery of this 14” x 
Ya" «x %” (3.1 x 1.2 x 1.9 cm) crystal that was subse- 
quently divided into two unequal pieces by the miners. 
The miners gave the larger piece to the king as dictated 
by law, and illegally kept the smaller piece to pay off 
their own debts. Reportedly, when the king learned of 
the deception he ordered the massacre of the entire vil- 
lage. After the king’s successor was overthrown in 1885, 
the stones disappeared from public record. 

Part 3, “Pigeon’s Blood Ruby,” presents an interest- 
ing account of the color grading of ruby according to 
various national preferences. This section also discusses 
the more recent history of the Burma mines, including 
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some information on the Burma Ruby Mines Company 
of London-based Edwin Streeter. 

The series concludes with an article on ‘Native Min- 
ing and Local Trade.” Here, the author discusses the 
geology and formation of ruby. Again, there are some 
technical problems, specifically with the geology. But 
these shortcomings are offset by the detailed descrip- 
tions of native mining techniques, as well as by Keely’s 
account of buying and selling practices in Burma. 

The series is well worth reading. Keely gives many 
rare insights that only one who has lived at the locality 
and managed the mines could offer. Peter C. Keller 


Ruby from the Sanbagawa metamorphic belt, in the 
Hodono Valley, Ehime Prefecture, Japan. T. Mi- 
nakawa and H. Momoi, Mineralogical Journal, Vol. 
11, No. 2, 1982, pp. 78-83. 

This article provides a preliminary report on a new dis- 

covery of transparent ruby corundum in Japan. This 

locality is in the valley of the Hodono, a tributary of the 

Dozan River, on the southern slope of Mt. Gongen, 

Uma-gun, Ehime Prefecture. This occurrence represents 

the third source for ruby corundum in Japan, and the 

only one known thus far to produce transparent material 
apparently of gem quality. 

A series of metamorphic rocks (peridotite, amphibo- 
lite, eclogite, schist} belonging to the Sanbagawa meta- 
morphic belt are found in the Hodono Valley and its 
immediate vicinity. The ruby corundum occurs in de- 
trital stream boulders of an amphibole-zoisite meta- 
morphic rock. Although this corundum-bearing rock 
has not yet been found in outcrop, these boulders are 
thought to be derived from the Irazu amphibolite which 
is exposed in the upper parts of the valley. The ruby 
corundum occurs as large euhedral crystals or subhedral 
granular masses to 5 cm in diameter. The color ranges 
from pale purplish pink to dark purplish red, with some 
crystals exhibiting color zoning. 

Although further geologic study is continuing in this 
area, the corundum-bearing amphibolite and other meta- 
morphic rocks appear to record the occurrence of more 
than one period of regional metamorphism under condi- 
tions of high temperature and pressure. However, defi- 
nite conclusions as to the origin of the ruby corundum 
await the discovery of an outcrop occurrence of the 
corundum-bearing rock. 

While there is no indication of the gemological poten- 
tial of this area, the size of the transparent crystals makes 
this discovery most interesting. JES 


JEWELRY ARTS 


Basic metallurgy for goldsmiths. M. F. Grimwade, Au- 
rum, Vol. 11, Nos. 1-8, 1980-1982, 45 pp. 
Understanding the nature of the noble metals that are 
used in the jewelry industry is necessary for a total “feel” 
of how they are going to react in their evolution from 
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raw material to finished product. In his eight-part series, 
Mr. Grimwade gives us a basic and practical approach to 
metallurgy, covering such topics as the behavior of al- 
loys, mechanical properties, cold working, and anneal- 
ing, to name just a few. This information can aid in 
recognizing difficulties with porosity, cracking, and brit- 
tleness; as well as other problems commonly encoun- 
tered at the bench. 

The text is well written and lavishly supported, witha 
total of 78 graphs, line illustrations, and photos. The 
entire series is being made available in five languages as a 
reprint; for further information, write Aurum Reprints, 
P.O. Box 351, CH - 1211, Geneva 3, Switzerland. 

Bud Boland 


Faberge: Marvels in miniature. D. Harris, Connoisseur, 
Vol. 213, No. 854, 1983, pp. 63-71, 


This article skims lightly over what has become a land- 
mark for Fabergé enthusiasts: the simultaneous exhibi- 
tion of the personal collection of Queen Elizabeth II, 
shown for the first time in America at New York’s 
Cooper-Hewitt Museum, and the nonofficial but more 
opulent show at A La Vieille Russie, a commercial 
gallery specializing in the finest production of Russian 
and other European jewelers and artisans. 

The author carefully avoids analyzing the taste of 
Queen Alexandra (consort of King Edward VII}, who 
collected the more than 200 items in the Cooper-Hewitt 
show. Instead, he explains that the collection, which 
consists mainly of functional domestic objects and small 
hardstone figures of pets and farm animals from the 
Royal estates, reflects the interests of one person—a 
sentimental lady who probably found chalcedony piglets 
and jade frogs more appealing than the real thing. 

The exhibition at A La Vieille Russie, with loans from 
major American collections, offers more of the grandeur 
Americans have come to associate with the name 
Fabergé—a remnant of Imperial Russia, a glimpse of the 
good life before the First World War. 

Harris correctly emphasizes Fabergé’s insistence on 
craftsmanship over ostentation and provides a brief his- 
tory of the firm from its beginning in St. Petersburg until 
the death of Fabergé in 1920. 

In its graphic design, the article displays a pleasing 
sense of the Fabergé era while remaining entirely con- 
temporary in its concept. It does not, however, offer 
much in the way of a critique of the exhibitions for those 
who did not have the opportunity to see them. In this 
respect the article is, in many ways, itself like a Faberge 
object—ravishingly beautiful, meticulously crafted, but 
of little intrinsic value. NL 


Forbidden treasures, G. Sereny, Connoisseur, Vol. 213, 
No. 853, 1983, pp. 84-93. 

When the deposed emperor of China was evicted by the 

provisional government in 1924, his Beijing palace, the 

“Forbidden City,” held millions of treasures which 
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scholars were then asked to catalog. In 1931, when Japan 
invaded Manchuria, 30 of these scholars were chosen to 
escort the treasures to safety. Eight of the original 30 
accompanied the part of the collection that went to Tai- 
wan. Among them were three men, Wu Yu-chang, Han 
Lih-wu, and Na Chih-liang, who here tell the story of 
their 16 years of travel through China with 19,550 cases 
of priceless carvings, paintings, jewels, bronzes, and 
porcelains. 

By truck, train, ship, raft, and ferry, storing their 
treasures in temples and in caves, stopping sometimes 
for years and sometimes only for days, they transported 
and cared for their precious cargo, ‘We had to save the 
treasures, but the parting from my wife and children 
brought me ten thousand shares of pain,” said one. 

When Japan was defeated, civil war began again. 
Three shiploads of the treasure were taken to Taiwan, 
where they are now displayed in the National Palace 
Museum, while the rest returned to Beijing. Honor 
bound by their promise to return the treasures, Wu, Han, 
and Na along with many in the Peoples’ Republic of 
China hope that the entire collection will one day be 
reunited in what is now Beijing’s Palace Museum. 

The article is well illustrated with seven photographs 
and a map, detailing a bit of art history hitherto hidden 
from us. FS 


Lapidary art of Jaipur. S. L. Mandawat, Arts of Asia, Vol. 
13, No. 1, 1983, pp. 142-146, 


Mandawat describes the history of lapidary art in the city 
of Jaipur, India. Jaipur was founded in 1727 by Sawai Jai 
Singh, who designed it to be a city of jewelers: The 
buildings were painted red in honor of the rmby, the main 
market center was named Jewellers’ Market, and the 
largest square was called Ruby Square. Singh invited 
renowned jewelers and lapidaries from Delhi to take up 
their trade in this new city, and offered them a great 
many incentives. Facilities were built for workers in all 
phases of the jewelry craft, including drillers, string mak- 
ers, enamellers, stone carvers, polishers, and mounters. 
Not only was financial assistance available from the state 
treasury, but the state also purchased manufactured 
goods to maintain prices. Jewelers were exempted from 
taxes, and their wages were sometimes revised and fixed 
by the state. 

As many other lapidary centers vanished, Jaipur be- 
came stronger. When the diamonds from Golconda were 
depleted, the lapidaries began to specialize in the cutting 
of emerald as well as other stones. Today, at peak level 
there are over forty thousand lapidaries in Jaipur, the 
largest work force of its kind in the world. GSH 


The peerless Verdura. N. Letson, Connoisseur, Vol. 213, 
No. 853, 1983, pp. 52-62. 

“Liz Whitney has, on her bin of manure, a clip designed 

by the Duke of Verdura,” wrote Cole Porter in Let's Face 

It, Porter, a close personal friend of Fulco Verdura’s, 
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himself owned cigarette boxes designed by the Duke, 
one for each of his shows. Diana Vreeland owns two gold 
stars he designed in the 1930s. Katherine Hepburn in 
Philadelphia Story and Chanel in real life both wore the 
Duke’s designs. 

An innovator both in the use of materials and in the 
selection of design motifs, Fulco was also noted for the 
mechanical perfection and durability of his pieces. 
Though he never skimped, his pieces were not exorbi- 
tantly priced. 

Color photographs show clearly what he meant by 
“mineralogy is not jewelry” and why he called solitaire 
diamonds “swimming pools.” Instructive and entertain- 
ing, this article teaches principles as well as history of 
good jewelry design. FS 


What has happened to Iran’s treasures? G. Norman, Con- 

noisseur, Vol. 213, No. 852, 1983, pp. 49-56. 
In this handsomely illustrated article that begins with 
the changing of rulers from the Shah of Iran to the 
Ayatollah Khomeini, Norman questions the fate of the 
many fine Iranian collections, from jewelry and rugs to 
paintings and antiques. Because little official informa- 
tion exists, their current status must be pieced together. 
The author presents an assortment of stories about the 
various public and private collections. 

In the course of his discussion, however, the author 
mistakenly states that an inventory of the jewel collec- 
tion was never written. It should be noted that in 1968, 
The Crown Jewels of Iran, a lavishly illustrated and 
well-researched book by V. B. Meen and A. D, Tushing- 
ham, was published in Toronto, Canada. 

Norman concludes by comparing the current situa- 
tion in Iran to that in the Soviet Union in the 1920s and 
1930s. Initially, the Russian crown jewels and other mu- 
seum treasures were treated with respect by the revolu- 
tionaries, but ultimately they were sold to generate rev- 
enue. Although this article is very general and raises far 
more questions than it answers, it makes us aware of 
how vulnerable national treasures are to political 
upheaval. JOG 


RETAILING 


Cartier: sovereign jeweler. N. Letson, Connoisseur, Vol. 
212, No. 849, 1982, pp. 83-91. 

Louis Cartier, ‘a jeweler by inheritance, a sensitive and 

inventive artist by instinct, and a consummate salesman 

by necessity,’’ joined his family’s firm in 1898. Under his 

leadership the name Cartier became symbolic of the best 

that money could buy. 

Louis and his assistant, Jeanne Toussaint (who took 
over the firm when Louis retired in 1932), were impor- 
tant influences on the rapidly changing styles from the 
Gay Nineties to the Roaring Twenties and beyond. They 
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introduced platinum settings, revived wrist watches, 
popularized baguette-cut diamonds, and above all clari- 
fied and eventually epitomized the clear, true colors and 
simplified geometry of Art Deco. The article chronicles 
the influence of world events and changing lifestyles 
that, together with Louis Cartier’s business genius, were 
responsible for the growth and expansion of the Cartier 
business. 

Fourteen handsome photographs show Cartier pieces 
from a collection that was recently on display at the Los 
Angeles County Art Museum. CKG/FS 


SYNTHETICS AND SIMULANTS 


Synthetic ruby made by Knischka. M. Gunawardene, 
Journal of Gemmology, Vol. 18, No. 5, 1983, pp. 
365-378. 


Although much of Gunawardene's article reiterates 
what has previously been reported on Knischka rubies, 
it does contain some significant new information. First 
the author focuses on the crystallography, discussing 
why this material has an unusually large number of 
crystal faces. As many as 44 have been observed. 

In a later section, he describes the results of his 
gemological investigation on 12 Knischka rubies. It is 
interesting to note that when exposed to ultraviolet 
radiation some of the Knischka rubies fluoresced red on 
the outer edges, but not in the center. According to 
Knischka, this unusual pattern of fluorescence, here 
noted for the first time, results from the presence of an 
iron-bearing natural ruby seed from India. That differ- 
ent types of seeds occur in Knischka rubies is illustrated 
in the four pages of photographs depicting residual flux, 
seed crystals, and two-phase inclusions. Unfortunately, 
most of the photomicrographs are so indistinct that the 
inclusions represented are very hard to discern. Finally, 
the list of references is helpful, as it is more extensive 
than the citations given in any of the other articles in 
English. SFM 


The recognition of the new synthetic mbies. E. J. 
Gubelin, Journal of Gemmology, Vol. 18, No. 6, 
1983, pp. 477-499. 

Dr. Gtibelin discusses the detection of Chatham, 

Kashan, and Knischka synthetic rubies in this article. 

According to Giibelin, the diagnostically important 

properties of these synthetics are: color, dichroism, be- 

havior under short-wave ultraviolet radiation, absorp- 
tion spectrum, and inclusions. 

The first four properties are briefly addressed. 
Gubelin notes that dark red Kashan synthetic mbies 
often show a subordinate tinge of brown to orange that is 
more intense than in the majority of Thai rubies, In 
addition, the dark red Kashan material with a brownish 
or orangy cast characteristically shows an orange hue in 
the direction of the extraordinary ray. Gitbelin mentions 
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that the luminescence of all these synthetics varies ac- 
cording to the color of the material and the wavelength 
of the radiation. Last, the spectrophotometer shows a 
distinctive absorption spectrum for synthetic rubies that 
the average gemological spectroscope cannot detect. In 
the ultraviolet end of the spectrum, the absorption curve 
shows a marked transmission gap of varying width be- 
tween 250 and 400 nm which reaches its maximum at 
335 nm. The shape of the transmission in the blue re- 
gion, between 465 and 478 nm, is also distinctive. 

The majority of the article discusses the inclusions in 
these three synthetics. Illustrated by 41 color pho- 
tographs, this section is quite informative. Giibelin 
states that the inclusions in the new synthetic rubies that 
are most confusing are the straight, parallel growth 
bands. Yet, they may be distinguished from twin-lamel- 
lae in natural ruby by use of the microscope. ‘/Whereas 
the planes of twin-lamellae can be followed deep into the 
interior of the gem, the synthetic growth bands disap- 
pear when raising or lowering the objective.” 

Giibelin concludes that the new synthetic mbies do 
not present identification problems for those gemologi- 
cal laboratories that have sophisticated equipment, but 
they could pose problems for the modestly equipped 
professional. ]MH 


TREATED STONES 


Treated gems: why not face the facts? H. Huffer, Jewel- 
ers’ Circular-Keystone, Vol. 154, No. 5, 1983, pp. 
33-47. 

As the title of this special report on gem treatment sug- 

gests, Huffer emphasizes that jewelers must recognize 

the problems surrounding gem treatment and learn to 
deal with them. She begins with a collection of facts, 
anecdotes, and opinions drawn from a survey conducted 
with 300 retail jewelers, 300 stone dealers, and 100 jew- 
elry manufacturers. In the next section, industry mem- 
bers discuss the issue of disclosure of treatments, which 
is followed by an overview of treatments with a brief 
review of bleaching, diffusion, heat, impregnation, irra- 
diation, staining and dyeing, and surface coating. 

The high point of the article is the inclusion of a 
reference chart of known treatments prepared by Dr. 
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Kurt Nassau and Robert Kane. Conspicuously absent 
from the chart, however, is information on the detection 
of many of the treatments. Joseph P. Graf 


What you must know: a primer on treatment ID. C. R. 
Beesley, Jewelers’ Circular-Keystone, Vol. 154, No. 
5, 1983, pp. 48-56. 
Mr. Beesley’s article in this special issue on treatment 
sums up published information on gem identification. 
His chief contribution lies in his systematic approach to 
the detection of treated corundum. In this section, Mr. 
Beesley carefully describes visual traits and fluorescence 
patterns that are characteristic of heat treated corundum. 
In addition, he explains standard immersion techniques 
used in the detection of surface diffusion—colored corun- 
dum. 

In the remainder of the article, the author focuses on 
other means of treatment: impregnation (oil and dye}, 
coatings, and irradiation. Unfortunately, this section is 
not as complete as the first. However, he does present 
procedures for the fade test, one approach for detecting 
certain types of irradiation. ]MH 


MISCELLANEOUS 


The Mikimoto special. S$. Takamura (ed.), Jewelry 
Styling, Vol. 6, 1983, pp. 1-168. 
Of interest to even non-Japanese readers, this special 
issue of Jewelry Styling commemorates the 90-year his- 
tory of the Mikimoto pearl industry. The text traces the 
industry’s development from the end of the Meiji Era 
(1908-1912) through five periods ending with the begin- 
ning of the Showa Era (192.7-1935}. The Mikimoto tra- 
dition is related to economic, political and social events 
as well as to changing social customs. The company 
catalogue, Pearls, first published after the opening of the 
Mikimoto Ginza store in 1901, has preserved chronolog- 
ically and artistically the many Mikimoto designs, not all 
of which incorporate pearls. A selection of these designs 
has been included here. The skill of Japanese craftsmen 
and the influence of Western fashion can be appreciated 
in 20 color photographs of exquisite jewelry pieces that 
also accompany the text. ALS 
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GEM NEWS 


Stephanie Dillon, Editor 


DIAMONDS Ei 


Australia. Following the setting of a buying sample by 
Argyle Diamond Sales, Ltd. and the Central Selling 
Organisation (CSO), the first commercial sale of Ar- 
gyle diamonds took place in Perth in April. Similar 
sales were expected to occur in Perth approximately 10 
times each year. The alluvial deposits of the Smoke and 
Limestone Creek areas at Argyle are presently produc- 
ing five million carats annually. Valuation at the first 
sights was $11 per carat, based on the classification of 
10% gem quality, 35% cheap gem, and 55% industrial 
quality. 


Belgium. In 1982, Belgium saw a 6.3% rise in exports 
of polished goods, a 2.9-million-carat increase over 
1981, Exports to the United States increased 16,1% (an 
82% overall rise in two years} and to Russia, 62%. 
Imports rose 14%. Part of the increase is explained by 
the abolition of import duties on polished goods in the 
U.S. and by De Beers’s aggressive publicity campaigns, 
in addition to the growing dependence of the U.S. on 
foreign markets. Belgian polished exports to Canada 
rose 55% and to Hong Kong 42.3% during the year. 
Imports from Russia of over 57.4 million carats of 
rough, polished (700,000 ct), industrial, and synthetic 
diamonds represented a 6% increase over 1981. As of 
this summer, a promised reduction in Russian imports 
had yet to be arranged between Moscow and Antwerp. 


Israel. Exports of polished diamonds for the first quar- 
ter of 1983 showed a 7.6% increase in value from the 
same period last year. Imports of rough for the first 
quarter rose by 50.9% over last year’s figures. Israel's 
diamond industry is relying more heavily on open- 
market sources, as demonstrated by a decrease in the 
Central Selling Organisation’s share of rough imports: 
a decline in dollars from 37.7% to 24.7% for the first 
quarter. 


Thailand. In 1982, Thailand’s six-year-old diamond- 
polishing industry exported approximately $10 million 
worth of diamonds. Leaders of the Thai gem industry, 
upon assurance from the CSO of availability of rough, 
propose to make Bangkok a major diamond-cutting 
center. Maintaining that there is an ample supply of 
experienced Thai gem cutters, Banjong Asavasangsidhi 
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(president of the Jewellers’ Association), Anant Salwala 
(president of the Gem and Jewelry Traders Associa- 
tion}, and W. K. Ho (chairman of the Asian Institute of 
Gemological Sciences) signed the plan calling for estab- 
lishment of a central organization to establish and 
Maintain a cottage industry in diamond cutting. This 
would be in addition to the two diamond-polishing 
facilities now operating in Bangkok, each of which em- 
ploys 250 cutters. 


United States. Several hundred small diamonds have 
been mined from a site along the boundary of Colorado 
and Wyoming by Cominco American, Ltd., a Canadian 
mining company. Last year, the company built a $2.5 
million processing plant at Fort Collins in expectation 
of further finds. Superior Minerals Company, a sub- 
sidiary of Superior Oil Company of Houston, has also 
explored the area and built a processing plant, the 
whereabouts of which are secret. Cominco is also 
prospecting around Iron Mountain, north of 
Cheyenne, Wyoming, as well as in Kansas and Michi- 
gan. North America’s only established diamond mine 
to date, at Murfreesboro, Arkansas, operated from 
1903 until 1919, 

New York’s three diamond industry associations— 
the Diamond Dealers Club, the Diamond Trade Asso- 
ciation, and the Diamond Manufacturers and Im- 
porters Association—have banded together to provide 
accurate information to diamond merchants. Their or- 
ganization, the American Diamond Industry Associa- 
tion, was formed to combat damaging media reports 
on the state of the industry. They have begun by invit- 
ing 47th Street retailers into cutting and importing 
concerns for a first-hand view of the trade. 

According to U.S. government estimates, at least 
2.5% of all Russian diamonds are consumed in the U.S. 
Although there are occasional purchases from Russian 
agencies in Europe, it is believed that distribution is 
largely through De Beers (marketer of most Russian 
rough}, since the 10% duty applied to Soviet goods 
discourages direct importation, 

General Electric Company's Special Materials De- 
partment has developed a new type of synthetic indus- 
trial diamond, a polycrystalline called Formset. It will 
replace monocrystalline diamond used to dress grind- 
ing wheels. The new synthetic is reported to lengthen 
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the life of the dresser while affording higher dressing 
efficiency and improving the grinding wheel’s effec- 
tiveness. 

The rise in natural diamond production, especially 
from Australia, is expected to affect synthetic diamond 
manufacture. In the years since General Electric intro- 
duced synthetic diamonds in 1956, production has 
steadily risen; last year, well over 100 million carats 
were produced. An additional factor in the anticipated 
slowdown in this area is the rapid increase in produc- 
tion costs for the synthetics. 


Zaire, For a minimum of two years, Zaire has agreed to 
return to the CSO system to market diamonds from 
Miba (Societé Miniére de Bakwanga}, the country’s 
main source. This contract voids the five-year agree- 
ment of 1981, which gave three diamond concerns 
{Industrial Diamond Company of the U.K., and Caddi 
and Glasol of Belgium) exclusive marketing rights. 
The African Economic Digest reports that Zaire will 
receive a fixed price for its stones, independent of 
free-market fluctuations. Miba produces approxi- 
mately 70% industrial and 30% small gem or near-gem 
stones. At the first sale under the new agreement in 
March, nearly 300,000 ct from the Miba mines went to 
De Beers for a total price of $2,608,425. Miba’s output 
represents half of the nation’s diamond product, the 
remainder is found in alluvial deposits by small 
prospectors, and much of this has been smuggled into 
the Congo to avoid Zaire’s high dollar-exchange rate. 
To discourage smuggling, government-authorized 
traders in Zaire’s capital, Kinshasa, will now be able to 
pay at the same exchange rate as the black market. 


COLORED STONES AND 

ORNAMENTAL MATERIALS EE 
Amethyst. Jack Lowell, of the Colorado Gem & Min- 
eral Company, Tempe, Arizona, reports on the recent 
amethyst find in Para, Minas Gerais, Brazil: ‘At one 
locality, there are large, weathered boulders of very 
dark to light, heavily zoned amethyst. Some crystal 
portions (now rounded boulders) weigh up to 20 
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Figure 1, Color range of 
idocrase (californite) now 
being distributed in large 
quantities. The average 
cabochon is approximately 
12 x 16mm. Photo by 
Mike Havstad. 


pounds, I have seen clean stones up to 100 ct of a very 
deep red-violet. Many of the deep-colored stones are 
heated in test tubes over an alcohol lamp to lighten the 
color. Another locality in Para is producing well- 
formed, sharp crystals with a light to medium color. 
The material has been found in more quantity than the 
other locality, but is not as special as the first, which 
seems to bea surface deposit.” 


Blue chalcedony. After a ten-year hiatus, the Namibian 
mine that provided uniformly colored blue chalcedony 
has resumed production. 


Coral. Asian coral, taken from depths greater than 
200 m, is being gathered in increasing quantity. The 
material is not of a uniform pink color, as is Midway 
coral; it is characterized by irregularities. Beads and 
cabochons of unusual shapes and in a broad range of 
colors will be readily available. 


Idocrase. A new source of californite promises an abun- 
dance of material for beads and cabochons. The stone 
ranges from a very pale opaque, creamy green to vari- 
ous shades of lime green to a deep, jade-like lime-olive 
green (figure 1). It is usually uniform in color, but is 
sometimes mottled with various shades of green or 
brownish gold. The material is cut in cabochons of up 
to 12 x 16 mm, on the average. It is distributed by 
Spectrum Commercial Lapidaries, Inc., of Boulder, 
Colorado. 


Malachite. More rigorous export regulations imposed 
by Zambia and Zaire have led to a reduction in the 
amount of malachite available on the market. 


SYNTHETICS Sis 
Cat’s-Eye Chrysoberyl. The first successful synthesis of 
cat’s-eye chrysobery] is claimed by laboratories of the 
Sumitomo Cement Company, Funabashi City, Japan. 
The company filed for worldwide patents on the mate- 
rial, produced from a mixture of beryllium oxide, alu- 
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minum oxide, and a chatoyancy-producing additive. A 
company representative reported that the mixture was 
heated to approximately 2000°C and maintained at 
that temperature in equipment made by modifying a 
commercial crystal growth apparatus. Cooling to room 
temperature, followed by a special heat treatment, 
completed the process. 


C-OX. Produced at the Lebedev Institute of Physics of 
the USSR Academy of Sciences in 1982, C-OX is a 


material similar in properties to cubic zirconia, 
although entirely different in composition. It is cubic 
in structure, with a Mohs hardness of 8, a specific 
gravity of 5.6 to 5.8, a refractive index of 2.0 to 2.1, 
disperson of 0.040, and a melting temperature of 
2.700°C. Supplied only as preforms and faceted stones, 
the material is produced in a wide range of colors, 
including intense green and blue not available in cubic 
zirconia. It is presently being distributed by C. Cerasi 
of Milan. 


ANNOUNCEMENTS 


A $20,000 reward has been offered 
for information leading to the re- 

turn of the following collection of 
23 gem crystals and mineral speci- 
mens stolen from Keith Proctor in 
Houston, Texas, on May 13, 1983. 


1. Aquamarine crystal (sky blue}, 
pointed termination, on host 
rock (3%4” x 1%") 

2. Aquamarine crystal (sky 
blue} on quartz and feldspar 
(2” long} 

. Emerald (1'%” high) on calcite 

. Emerald (2'4” high) on calcite 

. Large green beryl (3%” x1%”") 

. Lime green beryl, two parallel 
crystals (234"” x 114”) 

7. Green Russian beryl, two 
parallel crystals (3” x 1”), 
2.6 vertical faces and 
17 termination faces, very 
rare crystallography 

8. Yellowish green heliodor 
beryl (2%” x 14”) 

9. Sea green yellow beryl, 
pinacoid termination 
(414” x A") 

10, Diamond crystal, 29,23-ct 

octahedron 

11. Olive green chrysoberyl, 

V-shaped (2” long) 

12. Tanzanite (144” high) 

13, Tanzanite (1%” high} 

14. Silver crystals on calcite 

{approximately 3” x 2”) 
15. Dioptase on calcite (4” x 4”) 
16. Pink gem rose tourmaline 
crystals with green tips on 
pink cookite matrix (two 
crystals, longest is 3”} 


Noa Ww 
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17. Rubellite (244” x 14”) 

18. Emerald green tourmaline, 
two parallel crystals 
(3” x ”" 

19. Bicolor (blue and green) 
tourmaline (3%” x 44”) 

20. Gold crystals on 2” square 
piece of quartz 

21. Imperial topaz crystal 
{approximately 5%” long] 

22. Gold in limonite (1”} 

23, Twindle (twisted) quartz 
crystal on plastic stand 
(24%" x 2”) with Smithsonian 
Institution label and number 


Parties who believe they know the 
whereabouts of any of these 
specimens are asked to call the FBI 
in Houston at (713) 224-1511, or 
Keith Proctor at (303) 598-1233. 


The Asian Institute of Gemological 
Sciences will host a seminar 
November 9 and 10 in Bangkok, 
Thailand, on “Diamond (Natural 
and Synthetic] and Diamond Simu- 
lants.”’ Presenting the seminar, 
which consists of lectures and prac- 
tical sessions, are Roy V. Huddle- 
stone and Peter G. Read, who will 
cover the history, mining, cutting, 
and grading of diamonds and the 
evolution of diamond simulants. 
“Highlighting Rubies and Sap- 
phires”’ is the title of a seminar to 
be held November 24-26. Robert 
P. Weiser will direct the course, 
which includes the AIGS color- and 
quality-grading system, the inter- 
national market and wholesale 
pricing factors, synthetics and 
treatments of corundum, identifi- 


GEMS & GEMOLOGY 


cation techniques, and major 
sources, 


The American Gem Trade Associa- 
tion will hold its third annual meet- 
ing February 4-9 at the Doubletree 
Inn, 445 South Alvernon Way, 
Tucson, Arizona 85711. The theme 
of the show is “Add more color to 
your life.” Natural, colored gem- 
stones will again be featured, with 
seminars, social events, and a busi- 
ness meeting of the association to 
be held at the hotel. A highlight of 
the event will be the presentation 
of awards for the Spectrum compe- 
tition for the design of colored- 
stone jewelry. The deadline for en- 
tries has been extended to January 
5. Information on the fair may be 
obtained from AGTA Executive 
Director Stuart Woltz by calling 
(602) 279-7171. Applications for 
the design contest are available 
from Alex Bahtiarian, Chairman, 
AGTA Spectrum Award Commit- 
tee, P.O. Box 32086, Phoenix, AZ 
85064, 


The Tucson Gem and Mineral Soci- 
ety’s 30th Annual Show will be 
held February 9-12, 1984, at the 
Tucson Community Center, 260 
South Church Avenue, Tucson, 
Arizona. Tourmaline will be the 
featured mineral. There will be ex- 
hibits of gems, jewelry, lapidary, 
and fossils, as well as related in- 
struments, equipment, and publi- 
cations. The show will provide the 
background for the annual meeting 
of the Mineral Museums Advisory 
Council; the joint symposium of 
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Friends of Mineralogy, the Miner- 
alogical Society of America, and 
the Tucson Gem & Mineral Soci- 
ety; and the Neal Yedlin Memorial 
Micromount Symposium. Further 
information is available from Sue 
Angelon, Publicity Chairman, Tuc- 
son Gem & Mineral Show Com- 
mittee, P.O. Box 42543, Tucson, 
AZ 85733. 


EXHIBITS 


Cooper-Hewitt Museum—2 East 
91st Street, New York, NY 10028. 
Telephone: (212) 860-6868. ‘The 


Art of the European Goldsmith: Sil- 
ver from the Schroder Collection” 
is a traveling exhibit of about 95 
objects collected by an English fam- 
ily from the 1870s to the 1930s. 
This first U.S. showing runs from 
November 1-— January 22,1984. 


Smithsonian National Museum of 
Natural History/Thomas M. Evans 
Gallery— 10th Street and Constitu- 
tion Avenue, NW, Washington, 
DC 20560. Telephone: (202) 357- 
2.458, “Ban Chiang: Discovery of a 
Lost Bronze Age’”’ includes 200 
archaeological findings dated 4000 
to 200 B.C, from northeastern 


Thailand. Pottery, metalwork, ce- 
ramic animals, worked bone, 
weapons, and jewelry are exhibited 
for the first time from November 1 
through January 31, 1984. 


Smithsonian National Museum of 
African Art—318 A Street NE, 
Washington, DC 20002. Tele- 
phone: (202) 287-3490, Ext, 43. 
“African Islam: The Artistry and 
Character of Belief’’ demonstrates 
the influence of Islam on African 
life in an exhibit of sculpture (fig- 
ures, masks, etc.), jewelry, and ar- 
chitecture, November 30 through 
(tentative) mid-April, 1984. 


Gems for Your Holiday Bookshelf 


t To make a lasting impression this holiday season, 


ie why not give a book? A book is a timeless gift, and the 
5 GIA Bookstore offers the largest collection of books on 
q | gemology, mineralogy, jewelry arts, and their related 
: fields. 


Our special holiday catalog features a host of distinctive 
volumes, including these splendid “gems”: Arthur N. 
Wilson’s Diamonds: From Birth to Eternity (signed and 
numbered, collector’s limited edition), $215 (reduced 
from $375); Eduard J. Gtibelin’s Internal World of 
Gemstones (autographed), $125; and J.R. Sauer’s 
Brazil: Paradise of Gemstones—specially dis- 
counted for the holidays at $19.95. 


Write for our holiday catalog today! 


Visa and MasterCard accepted. U.S. orders 
placed on or before December 15 are guar- 
anteed to arrive before Christmas. 

GIA Bookstore 


1660 Stewart Street, Santa Monica, CA 90404 
> (213) 829-2991], ext. 282; (213) 829-3126 
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GEMS: THEIR SOURCES, 
DESCRIPTION, AND 
IDENTIFICATION, 4th ed. 
By R. Webster (as revised by B.W. 
Anderson), 1029 pp., illus., pub- 
lished by Butterworths, London, 
England, 1983. US$79.95* 


Since 1975, when the third edition 
of this book was published, a num- 
ber of significant gemological devel- 
opments have occurred. A few min- 
erals that were previously unknown 
in gem quality have made their gem- 
ological debuts, The diamond simu- 
lant cubic zirconia has proved very 
successful. New instruments have 
been developed for testing diamond 
simulants. New synthetics and sim- 
ulants of other materials have been 
produced and marketed. Obviously, 
a fourth edition of this book was 
needed. 

B. W. Anderson, who was wisely 
selected for the revision, has gen- 
erally done an excellent job of inte- 
grating the new information into the 
text. Also, the geographic names and 
current sources of gem materials 
have been updated. 

It is unfortunate that the publish- 
ers did not use the same care in pro- 
ducing the book that Webster and 
Anderson used in writing the mate- 
rial. The color photographs of jew- 
elry that appeared in the third edi- 
tion have been eliminated, resulting 
in a 2.5% reduction in the total num- 
ber of color pictures. The remaining 
eight pages of color have been 
lumped together and inserted, some- 
what incongruously, in the middle 
of the section on rocks, whereas they 
were distributed in their proper sec- 
tions in the previous edition. There 
are a number of typos and some irri- 
tating production details that should 
not have gotten past the editors. For 
example, the line drawing of zircon 
crystals on page 154 should have 
been centered; the photo in figure 
10.14 on page 223 has been reversed 
from the description in the caption; 
the last paragraph on page 371 deals 
with jeremejevite, not zoisite; the 
caption for figure 33.43 is incom- 
plete and incomprehensible. The 
most serious mistake is the omission 
of CZ and the other new materials 
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BOOK 
REVIEWS 


Michael Ross, Editor 


from the tables in the back of the 
book. Although the properties are 
given wherever they are described in 
the text, the data should have been 
included in the proper order in the 
tables of R.I., S.G., etc. 

On the plus side, the type seems 
to be easier to read, and several 
black-and-white photographs have 
been replaced with others that better 
illustrate the desired subject. In spite 
of its few shortcomings, the fourth 
edition is truly encyclopedic. It is 
the largest collection of up-to-date 
gemological |nowledge contained 
in any single volume. Any serious 
gemologist should have a copy avail- 
able for ready reference. 


C. W. FRYER 
Chief Gemologist, GIA 


THE GEMSTONE 


IDENTIFIER 

By Walter W. Greenbaum, 184 pp., 
illus., published by Arco Publish- 
ing, New York, NY, 1983, USS7.95* 


In this book, Walter W. Greenbaum 
skims the surface of gemology by 
highlighting some basic factors of 
gem identification. He overviews 
visual training, optical- and physi- 
cal-property testing, and common 
gems and their simulants. 

Mr. Greenbaum indicates that 
his intent is to provide easy-to-use 
methods of gem identification for 
quick reference and to “open the 
door slightly to some of the secrets 
of stone identification.” He as- 
sumes that both the jeweler and the 
layman will benefit from his work. 
He also hopes to stimulate some 
readers to pursue a more exhaustive 
study of gemology. But, despite his 
good intentions, this book leaves 
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much to be desired as a practical 
tool for gem identification. 

Many of Mr. Greenbaum’s state- 
ments are questionable at best; 
some are, unfortunately, wrong. For 
example, he states that a gem’s lus- 
ter is related only to refraction and 
transparency, and not to hardness. 
Mr. Greenbaum apparently does 
not consider that hardness directly 
relates to the quality of polish a gem 
will take {a major factor of luster} 
and that transparency has little or 
nothing to do with the quality and 
quantity of light reflected from a 
gem’s surface. He lists cleavage for 
synthetic spinel, among others. He 
also confuses birefringence with 
pleochroism, graining with polish- 
ing lines, and the value of a hardness 
test with that of the highly impor- 
tant refractometer in gem testing. 

Several of Mr. Greenbaum’s key 
separations are gemologically un- 
sound. For example, he suggests 
that fluorescence will separate 
jadeite and nephrite. He misidenti- 
fies the components of garnet and 
glass doublets—there is no cement 
layer. And, to separate lapis lazuli 
from sodalite, he recommends heat- 
ing the specimen to see if it loses 
color! 

Mr. Greenbaum’s color plates of 
gemstones are good; the black-and- 
white photos and line diagrams, 
however, could be improved. His 
section on assembled stones also 
needs clarification, as does his rea- 
soning for including a chapter on 
gem investment in a book on gem 
identification. 

Considering factors such as 
readability, organization, produc- 
tion quality, and price, it would be 
wrong to assume that Mr. Green- 
baum’s work does not achieve 
something for its intended audi- 
ence. It is not, however, a book that 
would illuminate the gemology li- 
brary of the average jeweler or gem 
enthusiast. 


BILL BOYAJIAN 


Resident Colored Stones/Gem 
Identification Supervisor, GIA 


*This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. 
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MINERALS OF 
BROKEN HILL 


Edited by Dr. H. K. Worner and 
R. W. Mitchell, 259 pp., illus., pub- 
lished by Australian Mining @ 
Smelting Ltd., Melbourne, Aus- 
tralia, 1982. USS42.50* 


Once in a great while, the gem and 
mineral community is blessed with 
a book that sets new standards of 
excellence. Such is the case with 
Minerals of Broken Hill, which 
deals with the classic mineral de- 
posit in far western New South 
Wales, Australia. The book was 
commissioned by Australian Min- 
ing & Smelting Ltd. to celebrate the 
100th anniversary of Broken Hill's 
discovery. It is dedicated to Sir Mau- 
rice Mawby, one of Broken Hill's 
best-known mining engineers. 

Minerals of Broken Hillis a rare 
combination of superbly researched 
technical information and stunning 
photography. There are 170 excel- 
lent color illustrations. More than a 
dozen experts on Broken Hill con- 
tributed to the volume, and the well- 
known scientist Dr. Howard Wor- 
ner planned and edited it. 

The first chapter discusses the 
discovery and history of Broken 
Hill. From here, there are three 
chapters dealing mostly with the 
complex geology of the deposit. 
With the history and geology as 
background, we read first about the 
minerals of the primary ore, then 
about those of the secondary ore. 
There are two chapters on the min- 
erals of the Consols Mine and the 
Mine Sequence and about the min- 
erals of the area in general. The 
main focus of the book is the de- 
tailed alphabetical description of 
approximately 300 mineral species 
and varieties found at Broken Hill. 
These descriptions are supple- 
mented with photography that ri- 
vals that of any mineral book I’ve 
ever seen, Some of the mineral spec- 
imens pictured are the finest of 
their kind. The book concludes 
with useful tables of mineral data, 
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including important references for 
each mineral found in the deposit. 

In the introduction, Dr. Worner- 
states that the objectives of Aus- 
tralian Mining & Smelting Ltd. in 
sponsoring the book were to estab- 
lish an authoritative and compre- 
hensive record of Broken Hill's 
mineralogy and to stimulate the in- 
terest of both amateur and profes- 
sional mineralogists. The company 
and Dr. Worner are to be congratu- 
lated for more than meeting this ob- 
jective, and thanked for providing 
the mineralogical community with 
one of its finest books. Perhaps this 
work will stimulate other mining 
companies to sponsor similar books 
on their deposits. We can certainly 
hope so. 


PETER C, KELLER 
Director of Education, GIA 


DIAMONDS AND 
DIAMOND GRADING 


By Godehard Lenzen (transl. by Pa- 
tricia B. Lapworth), 258 pp., illus., 
published by Butterworths, Lon- 
don, England, 1983; originally pub- 
lished in German as Diamanten- 
kunde, by Verlagsbuchhandlung 
Elisabeth Lenzen, Kirschweiler, 
1979, USS59.95* 


Originally written as a textbook for 
German training institutions, this 
book was to have been broadened in 
its appeal by the translator to 
achieve a progress report on dia- 
mond grading and international ac- 
cord on grading systems. The text 
begins with a review of basics such 
as diamond chemistry, structure, 
mining, and distribution, before di- 
gressing strangely into the areas of 
diamond synthesis and simulants. 
The largest sections concern the 
grading of a diamond forcolor, clar- 
ity, and cutting. Further digression 
follows in the form of a breezy des- 
cription of recutting and irradia- 
tion, A lengthy and narrowly de- 
fined (in Western terms) section on 
certificates, ‘expert opinions,’’ and 
evaluations brings the reader to the 


final chapter, which is concerned 
with the levels of German law. 

The organization of the material 
certainly leaves something to be de- 
sired, and a few chapters, as noted 
above, do not fit the book’s theme 
at all. Lenzen’s protracted prose is 
difficult to read, and one doubts 
that this is merely a problem of 
translation.The author seems ob- 
sessed with the rulings and caveats 
of various European gem commit- 
tees and documents—which are of 
little importance to the American 
market. The book contains only 
black-and-white photographs, in 
harmony with the colorless writing 
style and often gray explanations. 

For all of these deficiencies, 
there are some redeeming qualities. 
The author does a creditable job of 
explaining the functions of the dia- 
mond bourses. And he does the 
reader a real service in exploding 
the myth of “eliminating the mid- 
dleman” to save money in diamond 
purchases. This is accomplished by 
explaining the {vital) functions of 
these middlemen—functions that 
cost money and that will inevitably 
become part of the price, regardless 
of who performs them. Also to his 
credit is an accurate description of 
the theory of corrected weight used 
in diamond evaluation, a system 
“which emanated from the United 
States” (GIA). Since the proportion 
deductions suggested by GIA have 
been liberally altered in this book, 
the reader should be forewarned 
that the pricing outcome could well 
be different. Also, Lenzen’s under- 
standing of the GIA clarity term in- 
ternally flawless (IF), presented on 
page 104, misses the mark by a 
country kilometer. 

In summary, it appears to this 
reviewer that very few people who 
can read English will want to try it 
with this book, The major objection 
is not to what is said, but to the 
ponderous, Teutonic style of the 
work. The paper is smooth and the 
cover photo is pretty, however. 


JAMES R. LUCEY 
GIA instructor, Santa Monica 
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ENGRAVED GEMS: 
A HISTORICAL PERSPECTIVE 


By Fred L. Gray 


Such innocuous events as the creation of the 
pre-gummed envelope and the modern 
postal system contributed to the demise of 
the engraved gem seal, During the 


thousands of years that the seal served as 


man’s most important mark of identifica- 
tion, however, gem engraving reigned as one 
of his most significant art forms. This article 
traces the-history of engraved gems from 
primitive amulets through cylinder seals, 
scarabs, scaraboids, and ringstones, to the 
more recently introduced cameos. Also dis- 
cussed is the engraving process itself, how 
to evaluate an engraved gem, and more 
recent developments in the materials and 
methods used to engrave gems. 
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Engraved Gems 


or virtually thousands of years in the early days of 

Western civilization, the words gem and engraved 
gem were virtually synonymous. The earliest engraved 
gems evolved from amulets on which gods as well as 
everyday images such as animals were carved. As these 
carved charms came to symbolize the owner or wearer as 
an individual, they developed into seals with which he 
might mark his property or, as civilization became more 
sophisticated, he might use as tools in barter and trade. 
These seals became the personal mark, or “signature,” of 
their owners. As such, they were often worn on the cloth- 
ing of the bearer, attached to a thong around his wrist or 
neck or, in later years, mounted in a ring. With time, the 
ornamental value of the seal began to equal its utilitarian 
value. Eventually, a form of engraving gems for purely 
ornamental value emerged—and from the Hellenistic pe- 
riod of ancient Greece to the present, cameos have played 
an important role in the engraver’s art. 

The purpose of this article is to provide a historical 
overview of engraved gems, including an introduction to 
the different types as well as the techniques and materials 
used to produce them. Although particular attention is 
given to the early history of gem engraving, especially the 
role of seals, we will also take a brief look at the current 
status of engraved gems and important considerations in 
their evaluation. 


INTAGLIO AND CAMEO 


Gem engraving is a miniaturistic art form whereby designs 
are cut into or on the surface of a gem. The outstanding 
feature of this type of carving is the small scale of the art: 
gem engraving is done most often ona surface less than one 
inch (2.5 cm} in diameter. Also known as glyptic (from the 
Greek word glyptos, meaning carved) art, gem engraving is 
often distinguished by the great attention to detail ac- 
complished on such a small surface. 
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INTAGLIO 


Figure 1, The intaglio (used primarily for seals) 
and cameo are the oldest forms of 
engraved gems. 


For the most part, engraved gems can be di- 
vided into two distinct types: intaglio and cameo 
{see figure 1]. An intaglio is made by grinding away 
material below the surface of the gem, leaving an 
inverse image. Detail is achieved by varying the 
depth of the engraving. A cameo is the opposite of 
an intaglio: that is, the subject is sculpted above 
the surface of the gem, appearing in relief on stones 
usually of two or more different-colored layers. 
Most cameos utilize several layers of material to 
increase the definition of the carving. Another 
type of engraved gem occasionally encountered is 
the chevet (also called chevee or cuvette}, in which 
a raised figure rests in a background sunk below 
the surface. Because the chevet is a relatively 
modern development, it will not be discussed fur- 
ther here. 


THE ENGRAVING 
PROCESS 


The earliest gemstone engraving was accom- 
plished simply by drawing a piece of hard stone or 
metal against a softer material to produce grooves. 
The results may have been adequate, but the fin- 
ished pieces lacked subtlety in design and were 
often very crude. This simple technique was even- 
tually followed by the use of a drill to form crude 
round depressions. The earliest drill was a simple 
hand-held device driven by a bow that was moved 
back and forth (figure 2}. The drill shaft was made 
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of wood, to which a small piece of flint was at- 
tached as a bit (Sutherland, 1965; King, 1885}. The 
vertical drill, which was very difficult to hold 
steady, was eventually replaced by a horizontal 
version, which allowed better control of the work 
in progress by freeing the hands to manipulate 
the gem. 

Fine-grained rock (serpentine, soapstone, etc.) 
was often used for the earliest engraved seals be- 
cause of ease of carving (see cover). We do not 
know when metal points replaced the stone points 
on the drill (although King, 1882, suggests that it 
may have been as early as 2000 B.C.}, but we do 
know that metal points used in conjunction with 
emery or another hard powder (added as the drill 
revolved to do the actual abrading) enabled the 
cutting of harder materials such as jasper and car- 
nelian {again, see cover]. Varieties of chalcedony 
were overwhelmingly favored because of their 
availability, the predictability of their lapidary be- 
havior, and their great strength, which helped as- 
sure the carver that he would not break the piece 
before he was through (John Sinkankas, personal 
communication, 1983). 

When the early glyptic artists replaced their 
drill bits of stone with metal tools and cutting 
wheels, they had essentially the same equipment 
that engravers use today (Gerhard Becker, personal 
communication, 1983). For convenience and to in- 
crease the speed of the drill, contemporary 
craftsmen use machine instead of man power. An- 
other modern development is the replacement of 
emery by far faster-cutting diamond powder. 

The actual engraving process is exacting and 
laborious. Because of the small scale involved, it is 
one of the most difficult of the sculpting arts. For 
an intaglio, where the design is to be sunk below 
the top of the gem, the surface is usually given its 
final polish at the outset, and the design drawn on 
that surface. The engraving begins with larger 
cutting tools: wheels, and ball- and oval-shaped 
bits. In the later stages, tools as small as the head of 
a pin are used for the detail work. Lastly, the actual 
engraving may be polished or textured, depending 
on the detailing desired (Renton, 1896). 

It is interesting to note that magnification is 
not commonly used during the engraving process. 
The slurry of polishing compound obscures the 
carving in progress. The hands and cutting tools 
also make direct observation of the work difficult. 
The cutter must rely mainly on the feel of the 
carving to execute the design. To check his prog- 
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ress, however, the craftsman constantly presses 
the stone into clay and examines the design in 
positive with a loupe. We have little information 
to suggest that magnification of any form was used 
by ancient engravers, although a current theory 
holds that these early craftsmen commonly were 
myopic, thereby naturally possessing better vision 
at a close'range (Michael Stubin, personal com- 
munication, 1982). 


THE HISTORY OF 
ENGRAVED GEMS 


The Introduction of the Seal. The history of stone 
engraving is as old as organized societies, having 
originated when the first congregations of man 
developed socially and economically to a point 
where there was a need for sealing property. 
Worm-eaten wood pressed into clay was one of the 
earliest means, as the random pattern of these bits 
made each seal unique (King, 1885). 

The engraving of harder materials specifically 
to serve as individual seals was the next logical 
step. An important factor in this progression was 
that prehistoric man had used and worn crudely 
carved amulets, decorated with the animals and 
religous figures so central to his world. As the 
concept of personal property—and later those of 
trade, taxes, banking, and the like—required the 
use of a personal mark, the evolution of these amu- 
lets into seals was a natural development (Suther- 
land, 1965). For convenience, the seals were often 
worn on the owner’s clothing or at the neck or 
wrist. With time, their function became 
ornamental—as jewelry—as well as utilitarian and 
religious. The widespread acceptance of seals is 
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Figure 2. This Egyptian drawing 
shows an early technique for drilling 
holes in stone which involved the 
bow drill. The bow caused the drill bit 
to revolve, thereby boring a hole into 
the stone. Modern historians surmise 
that this same equipment was also 
probably used to engrave gems. 


undoubtedly due to the fact that they satisfied so 
many needs for newly civilized man. 

The earliest seals were probably introduced 
between 6500 and 6000 B.C. in the neolithic cities 
of Mesopotamia (Sutherland, 1965). These primi- 
tive seals are extremely varied in shape and ma- 
terial. Most were made from fired clay, but locally 
available soft stones were also used. Such seals 
were shaped into cones, rectangular tablets, 
bean-like forms, and the like: Vast numbers of 
these have been found, usually with religious mo- 
tifs or with simple geometric designs. 


Cylinder Seals and Scarabs. The first important 
group of engraved seals were the cylinder seals (see 
figure 3 and the cover], which made their appear- 
ance in the river valleys of southern Mesopotamia 
around 3300 B.C. (Wiseman, 1956), or approxi- 
mately the same time that writing was first em- 
ployed as a means of communication. Cylinder 
seals were used to sign documents, to seal goods 
for barter or tax purposes, and as trademarks on 
objects such as pottery. Their shapes made them 
ideally suited for rolling around the openings of 
jars, bottles, sacks, and other containers to dis- 
courage tampering. Locally obtained materials 
such as hematite, serpentine, jasper, and chalced- 
ony were most commonly used to make cylinder 
seals, but the highly prized lapis lazuli was occa- 
sionally obtained via trade (Wiseman, 1956). 

The Egyptians also used the cylinder seal, but 
they eventually created a seal that was both of 
greater religious significance and served their 
needs better: the scarab (figure 4). Whereas the 
cylinder was ideally suited for sealing large ob- 
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Figure 3. The cylinder seal represents the first important group of seals used by man. An inverse 
image was engraved on a cylindrical piece of stone so that it could be rolled out along wet clay, wax, or 
other impressionable substance to produce a positive image. This Assyrian cylinder seal, made 

of chalcedony, dates from approximately 2000 B.C. It measures 34 mm long x 17 mm in 

diameter. Like most cylinder seals, it has a hole going through the middie lengthwise 

to accommodate a string or thong for wearing by its owner. Photo ©1983 Harold 


and Erica Van Pelt. 


jects, the scarab was more appropriate for stamp- 
ing paper documents made from the papyrus in- 
digenous to Egypt. 

The scarab seal took its convex shape from the 
scarab beetle, which symbolized the sun god and 
eternity in ancient Egypt. On the flat bottom side, 
the artisan engraved hieroglyphic characters 
which served as the bearer’s mark (see the large 
white stone on the cover}. Most early scarab seals 
were made of soft materials such as faience, a 
glazed earthenware pottery. In later periods, hard 
stones such as carnelian, rock crystal, and ame- 
thyst were more often employed. According to Ball 
(1950), Egypt was the world’s greatest producer of 
gems from approximately 3200 to 200 B.C. 


The Classical Age: Scaraboid, Ringstone, and 
Cameo. Seals were produced and used most inten- 
sively during the classical period of ancient Greece 
and Rome (approximately 500 B.C. to 400 A.D.}. By 
this time, the role of engraved stone seals was 
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firmly established, virtually every important cul- 
ture had adopted them. Although most seals were 
very rudimentary, not infrequently they were en- 
graved with great technical skill. The classical ar- 
tisans of Greece and Rome carried engraving (now 
a distinct profession] to a level higher than ever 
seen previously. Their designs were imaginative, 
and their technical skills in working with hard 
stone equal to the demands of their creativity. 
Although the earlier cultures of the Minoans 
and Mycenaeans knew how to work the harder, 
more durable materials such as quartz and chal- 
cedony, the destruction of these cultures before 
1100 B.C. meant the demise of their technical 
knowledge as well. It was not until the seventh 
century B.C. that the Greeks learned from the 
Phoenicians how to use abrasives on hard stone. 
From these great “merchants of the Mediterra- 
nean” they also acquired the form of the scarab, 
which the Phoenicians had adopted previously 
from the Egyptians. To this basic shape they added 
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motifs inspired by both events and figures in their 
daily lives and by the many colorful legends sur- 
rounding the gods they worshipped, making their 
seals look distinctively Greek. 

As the Greeks gradually lost interest in the 
scarab, because it was not relevant to Greek reli- 
gious symbolism, a new form of seal—the scara- 
boid—appeared. It was also oval in outline, but the 
scarab back was replaced by a simple unor- 
namented dome (figure 5). The seal engraving was 
still placed on the flat bottom side which was worn 
toward the body. 

The scaraboid, like the Greek scarab, was 
made almost exclusively of chalcedony, a natural 
choice because of its durability, availability, and 
attractiveness. Another important advantage is 
that sealing wax does not stick to this crypto- 
crystalline mineral. The varieties carnelian and 
sard were used for the earlier scarabs because their 
darker color showed off the engraving ofthe beetle 
to great advantage. For the new scaraboid, lighter 
material was more often desired, particularly a 
beautiful blue variety that has more recently 
been given the French name “sapphirine” (Board- 
man, 1968). 

In the third century B.C., Alexander the Great 
expanded. the Greek empire into the gem-rich 
Eastern countries. The result was a flood of new 
gem materials into Greece and later into Rome. 
Garnets, amethyst, topaz, beryl, agates, and other 
stones were now also available for engraving 
(Boardman, 1968). Amethyst and garnet became 
particular favorites and were often used for the 
finer pieces. Interestingly, glass was also highly 
valued (Boardman and Vollenweider, 1978). 

The Hellenistic period, which spanned the 


Figure 4. The highly symbolic scarab beetle 
served as the model for the scarab seal that was 
commonly employed by the ancient Egyptians 
and was eventually adopted by other cultures. 
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years between the death of Alexander the Great 
(323 B.C.) and the conquest of Greece by the Ro- 
mans {146-39 B.C.], produced several important 
innovations with regard to the glyptic arts. The 
first of these was the evolution of the scaraboid 
into the ringstone. With the ringstone, the seal was 
mounted so that the engraving showed at all times 
and was fixed in its setting (figure 6}. The finger 
ring was soon widely adopted as the ideal mount- 
ing for personal signets. Equally important was the 
acquisition of the diamond point (i.c., minute 
splinters of crushed diamond mounted in an iron 
tool} from India (King, 1885). Possessing a hard, 
sharp edge, this tool was ideally suited to engrav- 
ing the fine lines needed to realistically represent 
hair and the delicate folds of clothing so admired 
by the objective eye of the Hellenistic Greeks and 
later the Romans (Richter, 1968). 

The Hellenistic period also marked the first 
appearance of the modern cameo. During and im- 
mediately following the reign of Alexander the 
Great, the practice of using a portrait as a seal was 
started. With the introduction of banded chal- 
cedonies, such as sardonyx, into Greece from its 
conquered territories, an engraving form that was 
distinctly suited to portraiture—the cameo— 
evolved. Cameos were usually composed of two 
layers, a light upper layer against a darker back- 
ground (figure 7), but complex pieces occasionally 
utilized as many as four layers of color. The earli- 
est documented example of a true cameo—the 
heads of Demetrius Soter and his wife Laodice 
(162-150 B.C.)— was carved in three layers of sar- 
donyx ona surface that measured only 1% x Linch 
(King, 1885}. Although the cameo had evolved 
from the scarab and scaraboid, which had impor- 
tant utilitarian functions, this form of engraving in 
relief was for decorative purposes only. Usually, 


Figure 5. The simple lines of the scaraboid seal 
were preferred by the ancient Greeks. 
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Figure 6. This Roman seal from the third century 
A.D. features the head of Jupiter engraved in jas- 
per. As was the popular style during this period, 

the seal was mounted in a brass ring. Photo and 
ring courtesy of Michael Stubin. 


cameos were set in jewelry, especially rings and 
pendants. 

The Roman conquerors greatly admired any- 
thing Greek, and engraved gems were no excep- 
tion. The earlier Italians, the Etruscans, used the 
Greek scarab almost exclusively for their seals 
(Boardman and Vollenweider, 1978). The later 
Romans replaced the scarab with the ringstone and 
the signet ring; they also adopted the cameo. AI- 
though they did not improve on these models, they 
did increase the variety of subjects. While they 
continued to use the Greek gods in their designs 
(figure 8}, the Romans added their own gods, along 
with such subjects as chariot races, erotic poses, 
whimsical animals, and many other imaginative 
creatures and scenes. 

The Romans not only were prolific producers 
of engraved gems, they were also enthusiastic col- 
lectors of the engraved gems of other cultures, 
particularly those of Greek origin. As they re- 
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Figure 7. A Roman cameo dating to the first cen- 
tury B.C. or the first century A.D. made from 
chalcedony (9 x 10 mm). The subject is an almost 
whimsical rendition of a gorgon. Note that the 
detail has been engraved into the white layer of 
the stone, with the darker layer serving as back- 
ground. Stone courtesy of Michael Stubin; photo 
by Mike Havstad. 


turned victorious from their military campaigns, 
the commanders would parade their spoils 
through the streets of Rome. These displays fueled 
an ostentation for jewelry. “Unless you are strewn 
with gems, don’t even hope to pass for a wealthy 
man,” wrote Manilius, a Roman poet (Ball, 1950). 
“Gems” and “engraved gems” were virtually 
synonymous, since the great majority of gems per- 
ceived to be of value were those that were en- 
graved. Many gems were placed in temples as offer- 
ings to the gods and as a display of the Romans’ 
wealth. Julius Caesar dedicated six cabinets of 
gems in the Temple of Venus Genetrix and Mar- 
cellus, thereby creating what some experts feel 
were the first public museums (Boardman, 1968b). 

The Mediterranean area is poor in gem de- 
posits. Much of the early material, which was 
mostly varieties of chalcedony, was picked up by 


_ itinerant peddlers traveling in the desert regions. 


Egypt was probably the best early source, drawing 
on their turquoise and, more rarely, their emerald 
and peridot deposits. But with the conquest of the 
Eastern territories, particularly India, by 
Alexander the Great and the later Roman military 
commanders, a great profusion of new species and 
varieties of gems arrived into the classical world. 
Although carnelian and sard continued to be used 
predominantly for engraved seals (1300 out of 2600 
classical gems in the British Museum are com- 
posed of these two varieties of chalcedony}, 
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almandine, rhodolite, and hessonite garnet, ame- 
thyst, rock crystal, sapphire, bloodstone, jasper, 
turquoise, and many other gem materials were 
also used for intaglios (see figure 9 and cover). 
Emerald from Egypt, Scythia, and possibly the 
Urals was much appreciated but only occasionally 
engraved because of its rarity and fragility. Never- 
theless, both Alexander the Great and Cleopatra 
favored emerald for their engraved portraits (Ball, 
1950). 


After the Fall of Rome. With the dismantling of the 
Roman empire, so ended the greatest era for the 
glyptic arts. By the close of the fifth century, gem 
engraving had virtually passed into extinction 
(Sutherland, 1965]. The Middle Ages contributed 
little; the few stones that were engraved were 
crudely cut with bold designs that lacked any sub- 
tlety. To satisfy the need for seals, ancient gems 
were often remounted in rings with the name of 
the bearer carved in the metal surrounding the 


Figure 8. A Roman intaglio of banded carnelian 
engraved to represent Athena, the Greek goddess 
of wisdom, holding a shield and spear. This 
ringstone (which measures 12 x 15 mm) was en- 
graved in the first century B.C. Photo and seal 
courtesy of Michael Stubin. 
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intaglio. For example, after Charlemagne was 
crowned heir to the Caesars by the Pope in 800 
A.D., he made the portrait of the pagan Emperor 
Marcus Aurelius Antoninus (88-217 A.D.) his 
seal. The pagan motifs were reinvested with new 
Christian symbolism, effectively sidestepping an 
obvious incongruity. Every veiled Roman lady be- 
came a Mary Magdalene in the eyes of the Chris- 
tian wearer; Jupiter was renamed St. John the 
Evangelist (Sutherland, 1965). 

The average citizen of Western Europe appar- 
ently knew and cared little about engraved gems as 
seals. Rather, the gems seemed to assume greatest 
significance for their purported magical and me- 
dicinal powers. For example, the figure of a man 
holding a palm branch in his hand, cut in jasper, 
was determined to render the wearer “powerful 
and acceptable to princes;’’ the engraving of a 
horse on any stone was indicated as a cure for 
lunacy; and a lion engraved in garnet would bring 
riches and honor. The wearer of an Aquarius 
carved in green turquoise was assured good luck in 
all buying and selling, ‘so that buyers shall seek 
him” (Sutherland, 1965}. King (1885) cites 42 such 
associations. In fact, a common belief during this 
period was that the stones were not carved by man, 
but rather were engraved by some force of nature: 
man could not have cut such hard material {Ander- 
son, 1981}. Although seals continued to be used 


Figure 9. This engraving of a sow has been made 
ona piece of green quartz, one of the more unusual 
gem materials used by the Romans. This 10 x 12.5 
mm piece has been dated to the latter half of the 
first century A.D. Photo and seal courtesy of 
Michael Stubin. 
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regularly, most of those newly fashioned were 
made from metal rather than stone. With the ex- 
ception of the few vestiges of Western civilization 
that remained to preserve knowledge of gem en- 
graving in some fashion—particularly Alexandria 
and Byzantium—the art almost vanished. 


A Renaissance. With the passage of time and the 
increasing civilization of Europe, especially the 
broadening of trade and barter, a renewed interest 
in engraved gems developed. By the 14th century, a 
revival of stone engraving was apparent, especially 
in Italy. Personal seals, displaying heraldic designs 
and Christian motifs in a Gothic style, predomi- 
nated. These were soon followed in the 15th cen- 
tury by gems engraved with classical subjects. A 
renewed interest in anything antique by such im- 
portant personages as the Medici increased the 
popularity of this art form (Morassi, 1964). During 
this age of personal patronage of art, artisans were 
encouraged by the various noble houses and to 
some extent the papacy (particularly Pope Paul II, 
1417-1471) to enhance their own skills and teach 
others. Cameos were especially popular during the 
15th and 16th centuries, since they were much 
more conducive to lavish display in jewelry and as 
objets d’art than the delicate intaglio. Also during 
the Renaissance period, with the influx of fine 
stones—rubies, emeralds, diamonds, and the 
like—the art of faceting gems to provide the bril- 
liance and life that made them highly attractive in 
their own right developed. Gradually, artisans 
began to specialize in either the glyptic arts or gem 
cutting (Sutherland, 1965). The concepts of gem 
and engraved gem were no longer inseparable. 

An important factor in the renewed popularity 
of cameos and other engraved gems throughout the 
16th and 17th centuries was the discovery of large 
deposits of carnelian and agate in the Idar- 
Oberstein region of Germany. In conjunction with 
these important deposits, the famous lapidary 
community of Idar-Oberstein was created and 
nurtured. 

Although the renaissance in the glyptic arts 
was based on classical designs, the ancient pieces 
themselves were not directly copied until the 18th 
century, during another resurgence of interest in 
all things classical. Napoleon Bonaparte was par- 
tially responsible for this neoclassical revival. He 
was especially fascinated by engraved gems and 
even founded a school for gem engraving. He ac- 
quired a great many important pieces as part of the 
plunder from his conquests. The Vatican was one 
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of the reluctant contributors to Napoleon’s col- 
lection, as this holy seat possessed an important 
collection based on an inheritance from King Louis 
XV of France (Hinks, 1975). Eventually, every 
self-styled intellectual, which included much of 
the royalty in Europe and others of note, shared 
Napoleon’s fascination with ancient engraved 
gems and sought to establish their own collec- 
tions. But there was just not enough supply to 
satisfy the demand. Fake antiques were created in 
great quantities to fill this gap. This prompted the 
observation by C.W. King (1860) that “For every 
antique gem of note, fully a dozen of its counter- 
feits are now in circulation, and often so close is 
the imitation as to throw doubt upon the authen- 
ticity of the original itself.” 

The downfall that resulted was inevitable. The 
leading character in this drama was Prince 
Poniatowski, who had inherited from his uncle, 
the last king of Poland, an important collection of 
154 antique engraved gems that he subsequently 
expanded to approximately three thousand pieces. 
Following the prince’s death in 1839, his collec- 
tion was auctioned by Sotheby’s in an event that 
drew buyers from all over the world. Shortly after 
the sale, however, word began to spread that most 
of these gems were not antique, but rather were 
contemporary pieces created by Italian craftsmen 
following antique designs. The embarrassed collec- 
tors who had purchased the gems suddenly felt 
themselves vulnerable, painfully aware of their 
general inability to safely tell the age of en- 
graved gems. 

In the wake of this scandal, the passion for 
collecting antique engraved gems almost died. To 
this day, interest in this specialized field remains 
at levels far below those of the 18th and 19th cen- 
turies, despite the increased expertise in dating 
such pieces. Even the utilitarian value of seals was 
diminished by the invention of the gum-sealed 
envelope and the development of the modern 
postal system during the 1800s. 

Although many important collectors left the 
field and engraved seals lost the status of a major 
art form, the rising middle class of the nineteenth 
century adopted engraved gems for a different 
purpose—in jewelry, particularly cameos. Several 
factors are responsible for the renewed popularity 
of cameos. Large deposits of agate were discovered 
in Brazil, which replaced the now-depleted Ger- 
man resources. This new agate was also well 
suited for dyeing by newly discovered or redisco- 
vered processes, thereby greatly increasing the 
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Figure 10. This 19th century chalcedony cameo (85 mm wide X 59 mm high) is an excellent 
example of the fine workmanship that could be found particularly early in this period. Like many 
of the pieces created during and after the Renaissance, this too carries a classical theme, “Death of 
Adonis.”’ Signed “Dreher,” from a private collection. Photo ©1983 Harold and Erica Van Pelt. 


supply of raw material available for engraving. Al- 
though skilled artists could be found throughout 
Europe, Idar-Oberstein became the center for this 
new production of brightly colored agate cameos. 

The rediscovery of shell, which was ideal for 
mass production because of the ease with which it 
could be carved and the predictability of the layer- 
ing, also increased the availability of cameos. Ital- 
ian artisans were already skilled at carving the 
local coral and lava, and their tools and techniques 
worked equally well on shell. Italy then as now 
became the center for carving cameos out of shell. 
The fact that England’s Queen Victoria was a great 
patron of shell cameos assured a steady demand for 
many years. 

But while many fine cameos were created (see 
figure 10), particularly during the earlier period of 
Victoria’s reign, the mass production stimulated 
by increased demand eventually led to poor 
workmanship. Less experienced craftsman were 
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often allowed to do most of the work on these 
cameos, the skilled artisan only adding the finish- 
ing touches. By the end of the 19th century, much 
of the interest in cameos had subsided as well. 


THE CURRENT STATUS 
OF ENGRAVED GEMS 


Engraved seals, while still popular in many Eastern 
nations, are little used in the modern Western 
world. However, interest in other forms of en- 
graved gems has been generated by a growing pool 
of skilled artisans, the introduction of more 
sophisticated techniques, and the extension of en- 
graving to larger objects and more unusual mat- 
terials. Idar-Oberstein, in particular, has led the 
way both in providing the in-depth training re- 
quired to master this difficult art form and in tak- 
ing the art form beyond the classical styles to ex- 
periment with new designs (figure 11). In an at- 
tempt to revive the area’s gem-cutting industry 
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after World War II, many of Idar-Oberstein’s 
carvers turned their attention to engraving large 
surfaces such as bowls, chalices, and plaques. 
While chalcedony remained the favored material 
for most of these pieces and the traditional cam- 
eos, other forms of quartz, tourmaline, and the like 
have been used as well to demonstrate the versatil- 
ity of the engraver’s art (figure 12). 

Recently, a challenge to the position of hand 
engraving has appeared—that of ultrasonic engrav- 
ing. Using ultrasonic drills, technicians can mass 
produce cameos and intaglios in hard stone such as 
chalcedony at a much faster rate than by the tradi- 
tional methods. Whereas a medium-size cameo 
may take up to a day to complete by hand, these 
new techniques can shorten the time needed to 
less than one hour, This is accomplished by con- 
structing a steel cameo in positive from a hand- 
carved cameo. From this steel positive numerous 
copper negatives are made; each copper negative 
has the ability to make one hard stone cameo by 
guiding the ultrasonic drills. The results are vir- 
tually identical to the original model (Manfred 
Wild, personal communication]. 


EVALUATING ENGRAVED STONES 

Evaluating gem engraving is very much like evalu- 
ating any art form. Foremost in criteria is the 
overall design. The observer should judge whether 
the subjects shown are in proportion to one an- 
other and to the small field of the gem. The skillful 
depiction of depth and dimension is another con- 
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Figure 11. Richard Hahn, 
one of the most important 
carvers in Idar-Oberstein to- 
day, represents the many 
skilled artisans who are cur- 
rently expanding the scope of 
gem engraving. 


sideration. Fine detailing and variation in surface 
finishes, such as a matte texture for clothing anda 
glossy finish for skin, create an illusion of depth 
that is almost three-dimensional. The piece 


Figure 12. Tourmaline is one of the newer mate- 
rials used for gem engraving. This scene was en- 
graved on the blue cap of a tourmaline crystal 
from the Queen Mine in California (note the natu- 
ral crystal edge). Cameo (7 cm x7 cm) courtesy 
of Gerhard Becker; photo ©1980 Harold and 
Erica Van Pelt. 
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should also be free of accidental tool marks, which 
detract from the central theme or figure {Sin- 
kankas, 1968}. 

While most intaglios are constructed from 
evenly colored stones, cameos are usually made 
from layered materials. The cameo artist painstak- 
ingly selects chalcedony with good contrast be- 
tween layers. This task is not an easy one, and 
takes up much of the time of the engraver. Cassis 
shell provides no such selection problem, as it is 
consistently banded with strongly contrasting 
layers. Whatever substance is used, the more 
layers incorporated into the design, the more 
complex the piece is and thus the more desirable it 
becomes. It is also axiomatic that the harder ma- 
terials are more difficult to carve, and so are more 
expensive to produce. Because of this, engraved 
beryl or corundum is highly prized. 

Today’s collector of engraved gems faces for- 
midable, but not unsurmountable, challenges. A 
cultivated eye is developed from a study of the 
literature relating to gem engraving and from a 
more than passive contact with actual pieces. The 
first requirement, that of reading about the sub- 
ject, is not'an easy one. As interest in this field goes 
in cycles, so does the volume of literature. The 
most complete studies of engraved gems were 
made in the 19th and early 20th centuries. Unfor- 
tunately, most of these suffer from much misin- 
formation, are written in German or French, and 
are now out of print. Fortunately, more contem- 
porary writers/scholars such as Boardman, Vol- 
lenweider, and Richter have made excellent, if 
sometime esoteric, studies in English. 

The most satisfying education, however, 
comes from actual observation. There are several 
excellent museum collections in the United States 
and Europe, including the Boston Museum of Fine 
Arts, the Metropolitan Museum of Art (in New 
York), the J. Paul Getty Museum (Malibu, Cali- 
fornia), the Oriental Institute (Philadelphia}, the 
Burton Y. Berry Collection at the Indiana Univer- 
sity Museum, the British Museum (London), and 
the Louvre and Bibliothéque Nationale {Paris}. Ex- 
cellent examples of more modern pieces can be 
found in the Deutsches Edelsteinmuseum in 
Idar-Oberstein, Germany. Dealers who specialize 
in estate jewelry also often have cameos and in- 
taglios of all periods. 


CONCLUSION 


The engraving of gems for use as seals, or as objects 
of adornment, is one of the oldest of man’s art 
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forms. Because of the hardness of most of the ma- 
terials used, many engraved gems have endured 
through thousands of years of recorded history, 
and survived as glimpses of civilizations of which 
few other tangible vestiges remain. Their lasting 
charm has kept interest in engraved gems alive 
through cultures down to our own. 
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GEM ANDRADITE GARNETS 


By Carol M. Stockton and D. Vincent Manson 


Andradite, the rarest of the five well- 
known gem garnet specieés, is examined 
and characterized with respect to refrac- 
tiveindex, specific gravity, absorption spec- 
trum, color, and chemical composition. 
These properties are measured and specifi- 
cally tabulated for 21 gem andradites (20 
green and one yellow). From the narrow 
ranges of refractive index (1.880 -1.883), 
specific gravity (3.80 —3.88), and chemical 
composition (less than 3% of components 
other than andradite in any of the speci- 
mens examined) that were observed, it is 
apparent that the gem-quality andradites 
are chemically distinct from other types of 
gem garnets and that these stones are easy 
to distinguish by means of color coupled 
with refractive index. 
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A: part of our continuing study of gem garnets, the 
species andradite should present few difficulties in 
characterization and identification. Three varieties have 
been recognized by gemologists: melanite, topazolite, and 
demantoid. Melanite, which is black, will not be discussed 
here because it is opaque and has historically, to our 
knowledge, been used as a gem only for mourning jewelry. 
Topazolite, a term that has been challenged as being too 
similar to that of the gem species topaz, is a greenish 
yellow to yellow-brown andradite that only occasionally 
occurs in crystals large enough to be faceted. Demantoid, 
the yellowish green to green variety (figure 1}, is the most 
important of the three for the jeweler-gemologist and is the 
principal focus of the study reported here. 

Pure andradite (Ca3Fe.Si3O 9} has a refractive index of 
1.886 (McConnell, 1964) and a specific gravity of 3.859 
(Skinner, 1956}. Gemological references cite ranges as nar- 
row as 1.888 to 1.889 for refractive index and 3.82 to 3.85 
for specific gravity (Webster, 1975) and as broad as 1.855 to 
1.895 and 3.81 to 3.87, respectively (Liddicoat, 1981). 
Demantoid has been observed to exhibit a visible light 
spectrum that has a very strong absorption band centered 
around 443 nm, which may appear as a cutoff, and, in the 
case of finer green stones, two bands around 622 nm and 
640 nm as well as a pair of bands between 693 and 701 nm 
(Anderson and Payne, 1955). Liddicoat {1981} and Webster 
(1975) both support these observations. Anderson and 
Payne attributed the 443 nm band to Fe* and the remain- 
ing four bands to Cr+. 

Two distinct characteristics of demantoid are usually 
used as visual indicators in identification. One is the very 
strong dispersion (0.057), which can be observed in almost 
any cut stone. The other is the frequent presence of “horse- 
tail’ inclusions (figure 2) of byssolite fibers (Gubelin, 
1974]. These inclusions are so unique and characteristic 
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that demantoid is frequently cut so as to position 
them directly beneath the table of a stone where 
they are unmistakably visible. 


DATA COLLECTION 


Because of the rarity of gem-quality andradites, we 
were able to compile a collection of only 21 sam- 
ples: one brownish yellow stone and 20 green ones, 
of which 10 were from a single parcel. We at- 
tempted to add variety by borrowing stones, but 
only one specimen (#L-1) among those available to 
us was of a type not already represented by stones 
from GIA’s reference collection. Moreover, re- 
liable information on the origins of gems is exceed- 
ingly scarce (as compared, for instance, to collect- 
ible mineral specimens}; among the stones studied 
here, only the locality of the brownish yellow 
specimen from California is known for certain. 

Each stone was measured for refractive index, 
specific gravity, absorption spectrum, color, and 
chemical composition. The instruments and 
techniques employed for data collection were the 
same as those used in the previous portions of the 
garnet study and described in detail in our initial 
paper in this series (Manson and Stockton, 1981). 
However, because the microprobe system we use 
for quantitative chemical analyses reports all iron 
as Fe*+ while the iron in andradites is present 
principally as Fe*+, mathematical conversion was 
necessary to correct the appropriate percentages. 
Any error in the determination of Fe**+ by the 
microprobe is compounded by this calculation, so 
we performed chemical analyses four times for 
each stone and averaged the results in an effort to 
increase the accuracy of the original figures. The 
data are summarized in table 1. 


DISCUSSION OF DATA 

Physical and Optical Properties. The ranges of re- 
fractive index and specific gravity that we obtained 
for our 2.1 andradites are quite narrow in compari- 
son to other types of garnets: 1.880—1.883 and 
3.80—-3.88, respectively. The refractive indices 
that we observed fall within the range cited by 
Liddicoat {1981} and below that of Webster {1975}, 
as discussed above. The specific gravities for our 
specimens define a somewhat broader range than 
those proposed by the aforementioned sources. 
The often highly included nature of even gem- 
quality andradite would be sufficient to account 
for considerable variability in this property. 
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Figure 1. Andradite garnet, gem variety 
demantoid (GIA no. L-1). 


Chemistry. It is evident from table 1 that there is 
very little variability in chemical composition 
among the andradites that we examined, espe- 
cially when compared to other types of garnets. 
Moreover, this lack of deviation is reflected in the 
very narrow ranges observed for refractive indices 
and specific gravities. Greater compositional vari- 
ation does occur in non-gem-quality andradites 
(Deer et al., 1963) to the extent that they appear to 
continuously grade into grossular. However, to our 
knowledge no gem-quality garnets with these in- 
termediate compositions have been observed. 
An examination of the totals in table 1 for 
oxide and end-member compositions reveals that 
our method of calculating garnet end members 
does not account for the oxides in andradites as 
well as it has for other types of garnets (Manson 
and Stockton, 1981}. Comparison of figure 3 with 


Figure 2, ‘“Horsetail’’-type inclusion in a 
demantoid andradite. Magnified 50x. 
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the histogram in our first article on garnets (figure 
2, op. cit.} will clearly confirm this difference. The 
deficiency appears to be in cations that occupy the 
octahedral site (represented by Y in the garnet for- 
mula X3Y,Z30)9} leaving an excess of cations for 
the dodecahedral (X) and tetrahedral (Z) sites, es- 
pecially calcium and silicon. This may be due to 
the possibility that andradite does not behave ac- 
cording to the ideal garnet formula employed by 
our end-member calculation scheme. Another 
likely explanation, especially evident in the large- 
scale conversion of FeO to Fe,O3 necessary for 
andradites, involves the presence of different oxi- 
dation states that cannot be distinguished with the 
microprobe (Huggins et al., 1977; Burns, 1981). In 
addition, there may be minor water content— 
fairly common in andradites (Deer et al., 1963)— 
that also cannot be detected with the microprobe. 
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Figure 3. Histogram illustrating the percentages 
of oxides in the 21 andradites that are accounted 
for by end members. 


It is interesting to note the low accountability that 
occurred with the one brownish yellow stone 
(#11648) that we examined. 


TABLE 1. Physical, optical, and chemical data for 21 andradites from various localities.# 


Ital 
Physical, optical, and y 
chemical properties (2491) (2952B) (13132) (6672C) (6672D) (13234) (13254) (6672A) (13163A) 
Refractive index 1.881 1.881 1.883 1.880 1.880 1.881 1.881 1.881 1.880 
Specific gravity 3.85 3.88 3.86 3.85 3.88 3.85 3.88 3.85 3.86 


ColorMaster coordinates A-18/34/01 


A-24/65/05 A-19/54/05  B-45/85/03  A-15/30/01 


B-36/72/02 B-46/100/05 A-25/65/05 A-17/52/03 


CIE x/y coordinates 


0.446/0.482 0.338/0.478 0.373/0.470 0.454/0.484 0.437/0.486 0.443/0.499 0.433/0.487 0.393/0.475 0.382/0.502 


GIA color terminology YG 3/4 yG 2/2 syG 2/2 YG 4/4 YG 3/3 YG 4/4 YG 3/3 yG 2/2 yG 3/3 
Oxide composition 
SiO> 35.33 35.83 35.70 35.39 35.27 35.61 35.47 35.43 35.59 
AloO3 0.10 0 0) 0) 0) 0) 0) 0 0 
Fes044 30.56 30.97 31.35 31.09 30.68 31.01 31.07 31.26 31.12 
Crp0 <0.05 <0.05 <0.05 <0,05 0.06 <0.05 <0.05 <0.05 0.10 
Tiz044 0.09 0,03 <0.02 0.05 0.09 <0.02 <0.02 <0.02 <0.02 
MgO 0.24 <0.05 <0.05 <0.05 0.07 0.12 0.11 0,07 0.07 
CaO 33.66 33.45 33.49 33.44 33.28 33.48 33.41 33.58 33.35 
MnO <0.05 <0.05 <0.05 <0,05 <0.05 <0.05 <0.05 <0.05 <0.05 
Total 100.08 100.43 100.71 100.12 99.50 100.34 100.18 100.45 100.30 
End-member composition® 
Schorlomite 0.36 0.14 <0.07 0.18 0.32 <0.07 <0.07 0.07 <0.07 
Andradite 97.24 98.56 99.67 98.93 97.71 98.58 98.79 99,46 98.93 
Uvarovite <0.16 <0.16 <0.16 <0.16 0.20 <0.16 <0.16 <0.16 0.33 
Total 97.76 98.83 99.90 98.23 98.25 98.81 99.02 99.69 99.33 
Spectral absorption 
bands (nm) 475 446 445 456 457 450 451 446 447 
565 574 571 567 571 571 573 573 574 
621 621 622 620 624 622 625 624 622 
738 738 — ~_ — - 740 740 740 


@The GIA catalogue number for each stone is indicated in parentheses. 
®Color terminology refers to “hue tone/saturation.”” The symbols are interpreted as follows: 


Hue: s = slightly Tone: 2 = very light Saturation: 2 = slightly grayish hue 
Oo = orangy 3 = light 3 = very slightly grayish hue 
y = yellowish 4 = medium light 4 = hue 
Y = yellow 
G = green 


204 


Gem Andradite Garnets 


GEMS & GEMOLOGY Winter 1983 


Another point of interest is that some of the 
stones apparently are not homogeneous in com- 
position, especially with regard to chromium. The 
Cr,O3 content of one stone was determined in four 
separate analyses to be 0.18, 0.26, 0.13, and 0.05 
weight percent. For comparison, the four analyses 
of another stone revealed 0.08, 0.06, 0.07, and 0.06 
weight percentages of CroO3. 


Color. The range of colors of gem andradite is fairly 
narrow and, with the exception of the rare and very 
desirable vivid green, is well represented by the 
stones we examined (figure 4). Consequently, the 
distribution of the color coordinates for these 
stones in the CIE color graph occupies a very small 
region (figure 5} in comparison to the broad color 
variability seen in most types of garnets. We did 
not observe color zoning in any of our stones, even 


in those with chemical analyses that suggested 
nonhomogeneous distribution of potentially color- 
influencing elements. Nor could we correlate the 
small amounts of Cr.O3 measured in these stones 
with variations in hue, since the quantities in 
many of the stones approached the limits of detec- 
tion of the microprobe. In most cases, therefore, 
our figures for chromium incorporate a relatively 
high level of uncertainty. 

Manganese and titanium have also been asso- 
ciated with color origin in andradites. The exact 
role of the latter has been the subject of consid- 
erable debate among mineralogists (Howie and 
Woolley, 1968; Moore and White, 1972; Manning 
and Harris, 1970; Huggins et al., 1977]. The low 
levels of titanium present in the stones we ana- 
lyzed could not be measured with sufficient accu- 
racy to contribute toward clarifying the signifi- 


San Benito 
USSR Co., Calif. Unknown 
(13163B) © (138163C) (13163D) (13163E) (13163F) (13163G) (13163H)  (13163I) (13163J) (13103) (11648) (L-1) 
1.880 1.880 1.881 1.881 1.880 1.882 1.882 1.881 1.883 1.880 1.881 1.881 
3.87 3.84 3.88 3.84 3.83 3.86 3.87 3.83 3.83 3.81 3.80 3.87 


4-20/50/03 A-17/50/02 A-18/52/04 A-19/58/04 A-20/57/05 A-17/52/02 A-20/57/03 A-21/52/04 A-24/65/05 A-28/64/05 B-83/96/01 A-18/56/02 
0.401/0.487 0.392/0.517 0.381/0.482 0.378/0.490 0.377/0.473 0.385/0.517 0.391/0.495 0.392/0.469 0.388/0.478 0.407/0.465 0.528/0.444 0.388/0.520 


YG3/3-yG3/3 yG3/2 syG3/3 syG3/2—s yG 3/4 yG3/3 -YG3/2 ss yG@2/2 YG2/2 -s0Y 3/4 yG 3/4 
35.46 35.66 35.53 35.51 35.63 35.62 35.87 35.72 35.72 35.27 35.56 35.40 
0 0 0 0 0 0 0 0 0 0 0 0 
30.74 30.93 30.87 31.13 30.83 31.02 31.22 31.10 31.08 31.14 30.52 30.99 
0.16 <0,05 0.18 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.07 
<0.02 0.04 0.03 <0.02 <0.02 0.03 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
<0.05 <0.05 0.06 <0.05 0.07 0.09 <0.05 <0.05 <0.05 <0.05 <0.05 0.09 
33.37 33.38 33.46 33.50 33.38 33.38 33.42 33.62 33.52 33.51 33.29 33,55 
<0.05 <0.05 —<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.07 <0.05 
99.85 100.16 100.18 100.31 100.03 400.24 400.68 100.61 100.49 100.09 99.56 100.17 
<0.07 0.14 0.14 <0.07 <0.07 0.11 <0.07 <0.07 <0.07 <0.07 <0.07 <0.07 
97.73 98.44 98.25 98.96 98.01 98.60 99.25 98.86 98.79 99.00 97.02 98.50 
0.53 <0.16 0.59 <0.16 <0.16 <0.16 <0.16 <0.16 <0.16 <0.16 <0.16 0.23 
98.33 98.74 98.95 99.19 98.24 98.87 99.48 99.09 99.02 99.90 99.23 98.80 
446 449 444 446 447 448 447 446 448 446 497 447 
576 = 572 573 572 573 573 573 570 572 = 571 
619 622 624 622 621 620 623 624 632 623 616 626 
740 a 737 7 738 738 743 738 3 740 738 a5 


°For a discussion of accuracy, see Appendix. Oxide figures are given as weight percentages. 

Al FeO and TiOs were converted to FeoQ3 and TisQ03 in accordance with the requirements of stoichiometry. 
®MngV 9 SigO72, Knorringite, spessarline, grossular, and almandine were also considered by our end-member 
calculation program, but were all eliminated in the process due to the absence of the necessary oxides. 
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cance of titanium in andradites, but the possible 
effect of this element must not be ruled out. The 
presence of manganese in andradites has been doc- 
umented in association with dark yellowish or 
reddish hues (Vermaas, 1952). Minor MnO content 
was detected in the one yellow-brown andradite 
that we analyzed, but this information is not suf- 
ficient to support any conclusions about the ef- 
fects of manganese on the color of andradites. 
Finally, the effects of different valence states 
and site occupancies of iron must be considered as 
a possible cause of color variation. There is evi- 
dence in the literature (Huggins et al., 1977; 
Schwartz et al., 1980; Burns, 1981) that iron, espe- 
cially in the presence of titanium as in garnets of 
the andradite-schorlomite series, can be present in 


Figure 4, A selection of 
stones from the collection of 
andradite garnets used in 
this study which illustrates 
the ranges of colors of the 
stones examined. (From left 
to right, GIA nos. 11648, 
2491, L-1, 13254, and 2952B.) 


both divalent and trivalent states and can occupy 
sites other than those normally associated with 
those states. While these studies do not yet corre- 
late such a distribution of iron with specific color 
effects, they do identify that absorption of visible 
light and associated variations in color result from 
such relationships (Marfunin, 1979, Burns, 1981). 


Spectrum. With the spectrophotometer, three ab- 
sorption bands could usually be discerned in the 
visible light range: at approximately 446 nm, 573 
nm, and 620 nm (figure 6). The latter two bands 
may overlap considerably and at times appear asa 
single broad absorption, especially in the yel- 
lowish green to yellow-brown stones. In this form, 
they are centered around 600 nm and are referred 


Figure 5. Left, the CIE chromaticity diagram with an indication of the region (shaded area) 
reproduced at right; x indicates the coordinates for colorless or neutral gray. Right, the 
yellow-green to yellow region of the CIE chromaticity diagram with positions for the 21 
andradites plotted according to their x-y color coordinates. 
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to in the mineralogical literature as associated 
with the presence of Fe*+ in the octahedral site 
(Slack and Chrenko, 1971; Moore and White, 
1972). These references assign the same signifi- 
cance to the 446 nm band. Only one source (Am- 
thauer, 1976) refers to a single band near 621 nm 
and attributes it to Cr°+, but no source has cited 
the 573 band separately. These bands may also 
reflect the presence of Cr?+, which appears in gros- 
sulars as bands around 427 nm and 611 nm (Am- 
thauer, 1976), but the overlap of such Cr*+ bands 
with those of Fe*+ in andradite would make it 
difficult to separate their respective influences on 
color. In addition, we observed a well-defined band 
in the near-infrared region, around 740 nm, in over 
half of the andradites. As yet, we have found no 
reference to this band in either the mineralogical 
or gemological literature, nor any correlation with 


Figure 6. Representative spectral curve of a 
demantoid (no. 131633) as observed with the 
spectrophotometer. Principal absorption and 
transmission features are labeled with their spe- 
cific wavelengths. All or most of these features 
were observed in all the demantoids examined. 


Relative transmission +» 


Figure 7. The same absorption spectrum illus- 
trated in figure 6 as it is seen with the hand spec- 
troscope. The absorption features in the blue reg- 
ion often appear as complete absorption below 
approximately 440 nm to 445 nm. 
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chemical composition in the stones in which it 
was observed. 

With the hand spectroscope, the absorption 
spectrum reveals a strong band at 430 to 445 nm, 
which at time appears as a cutoff at 445 nm, anda 
vague, broad band centered at approximately 590 
nm (figure 7). The latter, it should be noted, is not 
mentioned in the gemological sources we cited in 
the introduction to this article. We were unable to 
confirm the paired bands associated with rich 
green color and/or Cre+ mentioned by these same 
sources (Anderson and Payne, 1953-1957; see also 
those cited in the introduction to this article}, 
since they were not present in the spectra of any of 
the stones we examined, probably because none of 
our specimens were of the finest green color asso- 
ciated with demantoids. We would welcome the 
opportunity to examine such material if it were 
made available to us. 


CONCLUSIONS 


As in our previous studies on garnets, the defini- 
tion of varieties according to characteristic spectra 
and corresponding color-causing elements has 
proved to be complex. We were able to detect no 
correlation between color, spectral absorption 
bands, and the amount of Cr)O3 present in the 
stones we examined. However, we have no reason 
to question the existence of absorption bands 
associated with high Cr,O3 content in more in- 
tensely green demantoids. The influences of ti- 
tanium and manganese on the variability of color 
among gem andradites are still very questionable. 
While Fe?* in the octahedral site is responsible for 
the yellow-green color of most gem andradites, 
iron in other valence states and in other sites in the 
garnet structure may also contribute to variation. 

The high proportion of the andradite compo- 
nent in gem andradites provides ease in clearly 
defining the gem species associated with this end 
member of the garnet group. It is characterized by 
very little variability in chemical composition and 
in optical and physical properties in comparison 
with other types of garnets. Members of the gem 
andradite species can be easily distinguished by 
means of their high refractive index (1.880—1.883] 
in conjunction with color. No other type of gem 
garnet that has a refractive index over 1.80 occurs 
in green to yellow-brown hues. The precise defini- 
tion of the gem varieties of andradite will be dis- 
cussed in our concluding article on the gem gar- 
nets as a whole. 
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APPENDIX 


The accuracy of our chemical data is affected principally 
by the amount of chemical inhomogeneity in our sam- 
ples and by the variability and bias inherent in the tech- 
niques employed in chemical analysis. Aside from the 
problem of inhomogeneity, the accuracy of our micro- 
probe data can be assessed through an examination of 
the variation among selected analyses of a well-known 
standard material, the McGetchin garnet (McGetchin, 
1968}, which we analyze each time we place a set of 
specimens in the instrument. Table 2 provides ranges, 
averages, and standard deviations for 25 microprobe 
analyses of the McGetchin garnet collected over a two- 
year period in conjunction with the analyses of the 
specimens described in this article. 
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THE RUBIES OF BURMA: 
A REVIEW OF THE MOGOK 


STONE TRACT 


By Peter C. Keller 


For centuries, the Mogok Stone Tract of 
Burma has provided the world with its fin- 
est rubies. The mining district is situated 
about 700 km north of the capital city of 
Rangoon, with the rubies found principally 
in alluvial deposits weathering out of a 
crystalline limestone or marble. This article 
reviews the history of this famous locality, 
the geology of the area, and the mining 
methods that have predominated. Also 
covered is the gemology of these stones, in- 
cluding those inclusions that are character- 
istic of Burmese origin, and a discussion of 
famous rubies from Mogok. 
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The Rubies of Burma 


t is impossible to consider the ‘‘classic’” or historically 

most important gem deposits of the world without 
including the Mogok Stone Tract in Upper Burma. Mogok 
has been associated with the world’s finest rubies for over 
four centuries, but not until the British assumed control of 
Burma in 1886 was Mogok’s potential for producing beau- 
tiful, deep crimson (‘‘pigeon’s blood”) rubies truly realized 
(figure 1}. Although Mogok is known particularly for these 
fine rubies, quantities of fine sapphires, spinels, and 
peridot are also found in the Mogok Stone Tract. Sapphires 
are most abundant in the nearby Kathe, Kyatpyin, and 
Gwebin deposits; peridot is limited to the area of 
Bernardmyo some 10 km NNW of the village of Mogok. 
Also found in gem quality in the Mogok area are apatite, 
scapolite, moonstone, zircon, garnet, iolite, and amethyst. 

Historical records indicate that the Mogok Stone Tract 
has been worked since at least 1597 A.D., when the King of 
Burma secured the mines from the local Shan (Mongoloid) 
ruler, After the British annexation of Upper Burma in 1886, 
the mines were leased to a British firm, which organized 
Burma Ruby Mines, Ltd. Although the British firm used 
modern methods to work the mines, it found that their 
profitability was sporadic at best. Burma Ruby Mines 
worked the area until the early 1930s, when Mogok re- 
verted back to native mining and the methods used for 
hundreds of years before the arrival of the British. 

Today, little information comes out of Burma regard- 
ing the Mogok Stone Tract. Since 1962, when the com- 
munist regime took power and subsequently nationalized 
all industry including gem mining, no foreigner has been 
allowed to visit Mogok. During this period, supplies of 
rubies from Burma have diminished drastically. Although 
some stones are sold at annual auctions in Rangoon, 
the few quality stones that emerge are smuggled out 
through Thailand. 

The purpose of this article is to describe what is known 
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of this ‘premier’ ruby deposit. Because it is im- 
possible for foreigners to visit Mogok, the research 
for this article consists of a thorough review of the 
literature as well as interviews with people who 
had visited Mogok prior to 1962. The photos, 
which come from some of these same gem dealers, 
are particularly rare. The literature is rich in in- 
formation on Mogok, usually based on a visit to 
the area by some Western gem dealer. The first 
such report was that of Pierre d’Amato (1833), who 
described the local mining methods in the Mogok 
area. Since then many articles have been written, 
principally on the mining activities (Wynne, 1897; 
Morgan, 1904; Gordon, 1888; Scott, 1936). How- 
ever, since the 1965 article by Giibelin, who also 
produced a superb two-hour documentary film on 
the area, nothing of importance has been contrib- 
uted to the modern literature. 


LOCATION AND ACCESS 

The Mogok Stone Tract is located in the Kathe 
district of Upper Burma between latitudes 22° 
5045” N to 23° 5’15"” N and longitudes 96° 19’ E to 
96° 35’ E, or approximately 700 km north of the 
Burmese capital of Rangoon. Mogok (figure 2) is 
about 150 km NE of Mandalay, and is located at an 
elevation of about 1,200 m (4,000 feet). It is the 
major population center in the area, with 6,000 
inhabitants reported in 1960 (Meen, 1962). The 
tract is about 1,040 square kilometers in extent 
and includes the townships of Thabeikkyin and 
Mogok. 

The general area of the tract is very mountain- 
ous, forming the western borders of the Shan Pla- 
teau. Most of the mining takes place in the alluvia 
of floors and flanks of the Mogok, Kyatpyin, Kathe, 
and Luda valleys. Mogok Valley is the most impor- 
tant, consisting of a narrow alluvial plain, 5 km 
long running NE-SW, and about 1 km wide. 

All reports of travel to Mogok, when it was 
permitted, indicate that access to the mining area 
was very difficult. According to Ehrmann (1957), 
there were two principal travel alternatives. The 
first started with three days by train from Rangoon 
to Mandalay, followed by two days of boat travel 
up the Irrawaddy River to Thabeikkyin, where one 
could hire a car for the final 95 tortuous kilome- 
ters. The second, and far easier, means was a four- 
to six-hour flight from Rangoon to Momeik via 
Union of Burma Airways, and then about 40 km by 
jeep from Momeik to Mogok. 

Because the current Burmese government 
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limits foreign visitors to a 24-hour visa, any travel 
into the interior is virtually impossible. In addi- 
tion, the Mogok area is under military control and 
visits by foreigners are forbidden (Nordland, 1982). 


HISTORY AND PRODUCTION 


According to Webster (1975), the earliest historical 
record of Mogok shows that the mines were taken 
over by the King of Burma in 1597 from the local 
ruling Shan, in exchange for the town of Mong Mit 
(Momeik} some 40 km away. The descendants of 
the king worked the mines intermittently. In 
1780, King Bodawgyi operated the mines using 
slave labor. Shortly thereafter, the king placed con- 
trol of the Mogok mines in the hands of governors 
(So’s} who allowed mining on payment of a tax. 
Valuable stones remained the property of the king, 
however, with no compensation to the miner. This 
period was one of great oppression, and many 
miners left the region. The area never really re- 
covered, and by the 1870s conditions were so in- 
tolerable that King Thebaw began negotiating 
with outside companies to work the deposits. He 
eventually leased mining rights to the Burmah (sic} 
And Bombay Trading Company, but arbitrari- 
ly canceled their lease on the ruby mines in 1882 
{Mineral Resources, 1886). This action, along with 
certain provocations to the British-controlled 
lumber industry, led the British to invade Upper 
Burma in 1886 with an army of 30,000 men (Min- 
eral Resources, 1886). The British annexed Upper 
Burma to the colony of India that same year. In 
October 1887, the Upper Burma Ruby Regulations 
were promulgated, creating the so-called stone 
tracts.” In November of that year, the Mogok 
Stone Tract was established (Chhibber, 1934a and 
b}. In 1889, the British government, through the 
Secretary of State for India, awarded control of the 
Mogok mines to Edwin Streeter, the eminent Bond 
Street (London} jeweler, who organized Burma 
Ruby Mines, Ltd. The initial 1889 lease of the 
mining rights to the 10 x 20 mile(15 x 30 km) tract 
was for a seven-year period at an annual rent of 
£26,666 plus 16.66% of the net profits (Adams, 
1926). 

When Burma Ruby Mines, Ltd., moved into 
Mogok they faced severe difficulties, not the least 
of which was that they found the richest deposits 
to be under the village of Mogok itself. Before min- 
ing could begin, they had to move the entire village 
to its present location. In the years that followed, 
they also had to build roads, bridges, buildings, five 
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Figure 1. The eight unusually large rubies in this exquisite necklace well illustrate the 
“pigeon’s blood” color so distinctive of fine Burmese stones. The rubies total 66.51 ct, and are 
surrounded by 96.99 ct of diamonds, Photo by Herbert Giles; courtesy of Harry Winston, Inc. 
(Editor’s note added post-printing: We regret that given the limitations of the four-color 
process we could not accurately capture the deep color of the original stones.) 
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washing mills, and a 400-kw hydroelectric plant. 
In addition, the company was plagued by the age- 
old problem of miners “highgrading’” and smug- 
gling a large percentage of the gem production 
(Brown, 1933). The Indian government protected 
the local miners, stating that Burma Ruby Mines 
could not disturb established native miners in 
their work, nor remove them except by purchase of 
their claims. Otherwise, the British company held 
a monopoly on the mining rights of the Mogok 
Stone Tract (Adams, 1926; Calhoun, 1929). 

In 1896, the original seven-year lease was re- 
newed and extended for 14 years with a fixed rental 
fee of £13,333 plus 30% of the net profit per year. 
The mining of rubies in Mogok was at an all-time 
high. Five large washing mills processed 
thousands of tons of earth each day. The area even- 
tually became so prosperous that more mills were 
erected 12 km from Mogok, near Kyatpyin. All 
mining was open pit, using large hydraulic moni- 
tors, or “cannons,” under high pressure to wash 
the gem gravels through a series of sluice-boxes 
(Webster, 1975). 

The area prospered under the control of Burma 
Ruby Mines until 1908, when large numbers of 
synthetic rubies entered the world gem market. 
This caused immediate panic among ruby buyers 
worldwide, and sales of rubies declined dramati- 
cally. Although the Mogok operations continued 
all through World War I, in 1925 Burma Ruby 
Mines went into voluntary liquidation (Brown, 
1933). The company had six years remaining on its 
lease, however, and struggled on until 1931, when 
it surrendered the lease to the government 
{Halford-Watkins, 1932). 

Keely (1982), one of the managers of the mine, 
gives some additional insight into the decline of 
modern mining in the Mogok area. He points out 
that exceptionally heavy rainfall in 1929 caused 
severe flooding, which destroyed all of the electric 
pumps as well as the drainage tunnels used to keep 
the mines from being inundated. The large lake 
formed by the flooding still remains today (again, 
see figure 2). Several attempts were made to repair 
the flood damage, but with no success. Further- 
more, as the modern techniques were no longer 
considered economic, the native miners and their 
centuries-old mining methods took over Mogok 
once again. All lease restrictions with respect to 
applications for licenses were removed, and the 
government simply collected 10 rupees per month 
from each miner to cover the cost of a license that 
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the miner ‘was to wear on the seat of his pants” 
(Halford-Watkins, 1932). Native mining contin- 
ued actively except during the period May 1942 to 
March 1945, when the Japanese occupied Burma 
and the Mogok tract became part of the battle- 
ground of the 14th U.S. Army and the Japanese. 
After World War II, native mining prospered until 
the nationalization of the mines by the commu- 
nist regime in 1963. 

When the Burmese government nationalized 
all industries in 1963, it forbade all private busi- 
nesses, including gem mining and selling. Today, 
the diminished gem mining is monitored by the 
army, and gems can be sold legally only at the 
annual auction held in Rangoon by the Petrol and 
Mineral Development Corporation (PMDC}. 
These auctions have not been highly successful 
because of the generally poor quality of the stones 
offered. The total sales figures from the annual 
gem emporium, as published by the Minerals 
Yearbook, gives some idea of modern production. 
In 1969, the Fifth Annual Gem Emporium yielded 
$2,400,000. This figure rose dramatically in 1973 
to $5,800,000, the last year for which statistics are 
available, but it is important to note that this sum 
represents mostly income from sales of jade and 
pearls, with very few rubies having been offered. 

Early production records are difficult to find 
and are generally incomplete. According to Iyer 
{1953}, in a table of production statistics for the 
Burma Ruby Mines, Ltd., 1,300,000 ct of ruby were 
recovered during the period 1924-1939. As usual 
with gem production statistics, it is impossible 
to know how much additional material was 
recovered by highgraders and operators of 
private claims. 

According to Nordland (1982), the Mogok area 
is off-limits to foreigners, and closed even to Bur- 
mese without special permission. A division of 
Burmese troops now oversees the government- 
owned mines. 


GEOLOGY 


Several detailed accounts of the geology of the 
Mogok Stone Tract have been published. The ear- 
liest is the large and comprehensive work of Brown 
and Judd (1896), who conducted their study on 
behalf of the Burma Ruby Mines, Ltd., and the 
Secretary of State for India. La Touche, perhaps 
best known for his work on the Kashmir sapphire 
mines, included the Mogok area in his Memoir of 
the Northern Shan States (La Touche, 1913). Other 
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early geologic studies include Bleeck (1908), Fer- 
mor (1930, 1931, 1932, 1934, and 1935}, and Heron 
{1936 and 1937]. Chhibber (1934a) includes a de- 
scription of the gem gravels in his work on the 
geology of Burma. 

Systematic mapping of the Mogok Stone Tract 
on a scale of 4 inches = 1 mile was started in 1929 
and published by Brown (1933). Much more ex- 
tensive mapping, however, was continued by Iyer 
(1953). This work is by far the most complete on 
the Mogok area, and resulted in a superb map of the 
deposit (as adopted for figure 3}. 

As is the case with all tropical areas, the geo- 
logic mapping of Mogok was particularly difficult. 
Not only must the geologist contend with dense 
vegetation and numerous wild animals, but he 
must also study rocks that are covered with a thick 
mantle of soil and products of deep chemical 
weathering. In the Mogok area, annual rainfall is 
more than 360 cm (140 in.}. 

We do know that the geology of the Mogok 
area is very complex, consisting primarily of 
high-grade metamorphic schists and gneisses; 
granite intrusives, including gem-bearing pegma- 
tites; peridot-bearing ultramafic rocks; and, most 
importantly, ruby- and spinel-bearing meta- 
morphic marble. 

The rubies of Mogok are weathered from the 
marble of the area, which is in contact or in- 
terbedded with a complex series of highly folded 
gneissic rocks. Iyer (1953) identified 13 mappable 
rock units in the Mogok area. These, however, can 
be, and often are, grouped into (1) intrusive granitic 
rocks; (2) the Mogok gneiss, which consists of 
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Figure 2. A view of the town of 
Mogok from across the 
artificial lake that resulted 
from the flooding of the 
extensive works of the 

Burma Ruby Mines, Ltd. 


metamorphic schists and gneisses; (3) the Pleis- 
tocene and recent (Quaternary) alluvium; (4} ul- 
tramafic intrusives; and (5) marbles (again, see 
figure 3). 

The Mogok gneiss is the prevalent rock unit in 
the region. It consists of many types of metamor- 
phic rocks, including scapolite- and garnet-rich 
biotite gneisses, calc-granulites, quartzites, 
garnet-sillimanite—rich gneisses, and hornblende 
schists and gneisses. The Mogok gneiss makes up 
the eastern two-thirds of the area mapped by Clegg 
and Iyer (Iyer, 1953). The marbles, which are the 
host rocks of the rubies and spinels, are intimately 
interbedded with the Mogok gneiss. Rounded 
fragments of the Mogok gneiss are a major constit- 
uent of the gem gravels. Because of the heavy rain- 
fall and tropical climate of the region, the Mogok 
gneiss weathers very quickly to a reddish lateritic 
soil, leaving only rounded boulder remnants. 

The granitic intrusives in the Mogok area form 
most of the western third of the Stone Tract. On 
the detailed geologic map of Clegg and Iyer (Iyer, 
1953), they consist of the Kabaing granite, an 
augite and hornblende granite, a syenite, and a 
tourmaline granite. Pegmatites containing topaz, 
tourmaline, and aquamarine are also included in 
this map unit. Many small exposures of granitic 
rock have been included in the unclassified crys- 
tallines of the Mogok gneiss. 

Of the granitic intrusives mapped by Clegg and 
Iyer, the Kabaing granite is by far the most impor- 
tant and one of the largest rock units in the area. It 
is found in workings throughout the Mogok area, 
and much of the gravel encountered in the allu- 
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SCALE 


vium is undoubtedly derived from this granite. 
The Kabaing granite contains bands of marble and 
appears to be responsible for the contact metamor- 
phism that formed the gem rubies and spinels of 
the Mogok Stone Tract. 

The Kabaing granite contains numerous 
quartz and topaz-bearing pegmatites, with cassit- 
erite noted in abundance in certain of these bodies. 
Iyer (1953) states that two topaz crystals weighing 
about 5 kg each were kept in the office of the 
Burma Geologic Survey. Such gem minerals, along 
with large quartz crystals, were generally sold to 
Chinese traders for carving. 

Basic intrusives are very rare in the Mogok 
area, and are limited to gabbros and hornblende- 
pyroxene rocks, as well as to peridotites found as 
minor intrusive dikes and sills principally in the 
Bernardmyo area about 10 km north of Mogok. 
These rocks are of minor importance, except when 
they are the source of the spectacular Burmese gem 
peridot, which rivals that from Zabargad (St. John’s 
Island}, Egypt. The peridotite in the Bernardmyo 
area is a light-colored, granular rock composed al- 
most entirely of olivine with minor pyroxene and 
magnetite (Iyer, 1953}. In the peridot diggings, the 
rock is generally seen only as a series of loose, 
weathered boulders with serpentinization taking 
place along fracture surfaces. Also included as a 
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minor map unit along with the ultramafic intru- 
sives is a small outcrop of nepheline syenite about 
12 km west of Mogok. 

The marble is generally very coarsely crystal- 
lized and typically is pure white in color, although 
locally it may be tinged with yellow or pink. In 
addition to ruby and spinel, the marble contains 
diopside, phlogopite, forsterite, chondrodite, 
scapolite, sphene, garnet, and graphite. The mar- 
bles have been intruded by granitic rocks, and the 
effects of contact metamorphism are evidenced by 
the presence of feldspar and diopside in very 
coarse-grained portions where in contact with the 
granitic rocks. 

La Touche (1913) included the marbles as part 
of the Mogok gneiss; Iyer (1953} chose to place the 
marbles in the ‘“Mogok Series,” restricting the 
Mogok gneiss to gneisses and unclassified crystal- 
line rocks. These unclassified crystalline rocks 
consist of gneisses, granites, and quartz veins that, 
because of the thick soil horizon and dense jungle, 
could not be mapped as separate units. 

In the valleys and on the sides of the hills, the 
gem-bearing gravel layer rests on a soft, decom- 
posed rock of characteristic appearance. This 
gem-bearing bed consists for the most part of 
brown or yellow, more or less firm, clayey, and at 
times sandy material, known locally as byon 
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(Cecil, 1928). This layer, the residuum left by so- 
lution of the marble during weathering, contains 
ruby, sapphire, and other varieties of colored co- 
rundum, as well as spinel, quartz, tourmaline, 
feldspar grains, nodules of weathered pyrite, and 
other minerals of lesser importance. Rarely, a pure 
gem sand occurs, which consists almost entirely of 
minute, sparkling grains of ruby. The byon lies, as 
a rule, from 5 to 6 m below the surface of the valley 
floor, and is from 1 to 2 m in thickness, pinching 
off to nil. On the sides of the valley the beds of byon 
are as thick as 15 to 22. m. These are, of course, 
purely residual weathering deposits (Chhibber, 
1934a). 


MINING METHODS 


After the departure of the British and their modern 
mining techniques, native mining was Very active, 
with operations varying in size from single 
operators to mines employing two to three 
dozen workers. 

The indigenous mining methods used at 
Mogok have been described in great detail 
(Simpson, 1922; Adams, 1926; Halford-Watkins, 
1932, Iyer, 1953; Spaulding, 1956; Ehrmann, 1957; 
Meen, 1965; Gtibelin, 1965}. The three most 
common mining methods described by these au- 
thors include the twinlon (twin), the hmyadwin 
(hmyaw}, and the Joodwin (loo). 

A twinlon, usually constructed in the dry sea- 
son, consists of a small circular pit that in general 
is less than one meter in diameter. These pits are 
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commonly 6 to 12 m deep, although some as deep 
as 30 m have been reported {Halford-Watkins, 
1932). The pits are dug vertically until the gem 
gravel or byon is reached. The miners then dig 
laterally for about a 10- to 12-meter radius to re- 
move the gem-bearing gravel. The pits are illumi- 
nated by means of a mirror from above. Com- 
monly, three men are employed in a single twin- 
lon: two men dig while the third hauls up the earth 
using a long bamboo crane with a basket attached 
(figure 4}. This method is not unlike that employed 
at the Ban Kha Cha sapphire deposit near Chan- 
thaburi, Thailand (Keller, 1983). Occasionally, 
when water is a problem, a/ebin is constructed. A 
lebin consists of a square pit that is 1 to 2 m wide 
and reinforced with timber. Water is removed viaa 
native-constructed bamboo pump. The recovered 
gem gravels are then carefully washed and sorted 
on the surface. 

The second most common method of recover- 
ing gems at Mogok is by means of a quarry-like 
hmyadwin, or hmyaw. These open-pit mines are 
usually worked during the rainy season, since they 
employ hydraulic mining and require a great deal 
of water. A hmyadwin is dug into a hillside to a 
depth from 6 to 15 m. Hmyadwins are usually used 
continuously for 50 or 60 years because of their 
very complicated construction. They vary greatly 
in size, but the most complex is the kind that uses 
a series of channels to bring in water from great 
distances to wash the soil and gem gravels re- 
moved from open-pit mining on the hillside. The 


Figure 4. A twinlon, or circular 
pit, from which gem-bearing 
gravel is removed via the basket 
attached to the long bamboo 
crane shown here. 
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gravels and much lighter wastes are washed into 
flat circular stone pits, where the “heavies” are 
trapped in a series of sluices. The lighter wastes are 
washed into the valley below. During operation, 
large pebbles are picked out and discarded, and 
the sluices are periodically inspected for gems 
{figure 5). 

Deep chemical weathering in the limestone 
areas of Mogok produces typical karst topography, 
resulting in numerous underground caverns which 
may go for hundreds of meters and contain huge 
chambers lined with spectacular stalactites and 
stalagmites. Such caverns, called loodwins or loos, 
may also contain some of the richest gem gravels 
in the Mogok Stone Tract. Unfortunately, mining 
in these caverns is the most dangerous of the three 
methods. A miner must find his way through very 
narrow channels in the limestone, digging in every 
crevice for gem gravel which he puts in a basket 
dragged on his foot. When the basket is full, it is 
brought to the surface and the gravel is washed. 
Because of natural concentration in the loos, such 
gravel may contain up to 25% ruby (Chhibber, 
1934b}. However, it is not uncommon for a miner 
to get stuck in the rocks, or lost underground. 
Because of this danger, as well as the depletion of 
accessible loos, this method has been used only 

rarely in recent years. 
Figure 5, A recovery and washing plant for gem As is the practice in most of the gem-producing 
gravels near Mogok. areas of the world, once the miner finishes process- 
ing his gravel and abandons it, it is freely available 
to the small independent miner (figure 6}, who 
may reprocess it in the hope of finding overlooked 


Figure 6. As is the case in 

most gem-mining operations, 
the waste from the major mining 
operations is freely available to 
independent miners for sorting. 
In Burma, however, this sorting 
is limited to females, known 
locally as kanase. 
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Figure 7. Exsolution crystals of rutile in a 
Burmese ruby. Such dense clouds of short, 
flattened rutile needles are commonly observed 
in rubies from Burma. Oblique illumination, 
magnified 60 x. Photomicrograph by 

John Koivula. 


gem material. In the case of Mogok, however, only 
women are allowed to search for gems in such 
refuse. These women, called kanase, usually re- 
cover only enough from the debris to live on, but 
they have been known to recover large gems. 


GEMOLOGY OF THE 

BURMESE RUBY 

The physical and optical properties of the rubies 
from Mogok do not differ significantly from those 
listed for corundum from other sources. Anderson 
(1980) lists refractive indices for Burmese rubies of 
1.765 and 1.773, with a birefringence of 0.008 anda 
specific gravity range of 3.99 to 4.00. These rubies 
have particularly strong dichroism, with the two 
colors being pale yellowish red and deep red. The 
Burmese material is chrome-rich, which gives rise 
to strong fluorescence to ultraviolet radiation and 
a characteristic absorption spectrum, as well as to 
the “pigeon’s blood” color associated with Bur- 
mese stones. The absorption spectrum character- 
istically consists of a bright doublet in the red at 
6942 A and 6928 A, and weaker lines in the orange 
at 6680 A and 6592 A. 

Inclusions do tend to be of some use in distin- 
guishing Burmese rubies from those of other 
localities. According to Webster (1980), Burmese 
rubies exhibit short rutile needles, parallel to each 
of the three parallel faces of the hexagonal prism. 
These needles intersect at 60° and 120°, andlieina 
plane 90° from the c-axis of the crystal (figure 7}. In 
addition, Burmese rubies may contain included 
crystals of rutile, spinel, or biotite. Most character- 
istic of rubies found in Burma are inclusions of 


The Rubies of Burma 


Figure 8. This characteristic inclusion scene in a 
Burmese ruby shows “‘bloody”’ deep red and fine, 
short, acicular, dust-like crystals of rutile, as well 
as whitish and colorless calcites, all against a 
color-zoned field of variable intensity. Dark-field 
and oblique illumination. Magnified 50 x. 
Photomicrograph by John Koivula. 


calcite rhombs, an artifact of the marble host rock 
(figure 8). Both Koivula (personal communication) 
and Eppler (1976) have found negative crystals to 
be very common in Burma rubies (figure 9}, and 
Koivula has also noted sphalerite crystals. 


FAMOUS RUBIES FROM MOGOK 

Unlike diamond, emerald, and sapphire, fine, 
well-publicized faceted Burmese rubies are almost 
unknown. There are, in fact, few if any named 
rubies in the museums or royal treasuries of the 
world today. The gemological literature of the 


Figure 9. A primary negative crystal ina Burmese 
ruby. Such negative crystals, although some- 
what common, are often mistaken for solid 
inclusions and therefore go unrecognized and 
overlooked, Shadowing, magnified 65 x, Photo- 
micrograph by John Koivula. 
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20th century does note a handful of stones exceed- 
ing five carats, but with the exception of two—the 
43-ct Peace ruby and the approximately 40-ct 
Chhatrapati Manick (Clarke, 1933)—no others 
were significant enough to bear names, and even 
the whereabouts of the two named stones is 
unknown today. 

In 1875, owing to the impoverished condition 
of the ruling house of Burma, two spectacular ru- 
bies were placed on the market. After cutting, 
these stones weighed 32.35 and 38.55 ct. Seldom 
have two such remarkable and perfect rubies ap- 
peared on the European market simultaneously. 
These two stones brought £10,000 and £20,000, 
respectively. At the time, many regarded this inci- 
dent as only an indicator of the quality and size of 
the gems that the ruling houses of these Eastern 
empires must possess. Yet, when the British con- 


Figure 10. One of the finest Burmese ruby crystals 
ever placed on public display is this 196.1-ct 
etched crystal, which is now part of the 
permanent collection of the Los Angeles County 
Musum of Natural History. Photo ©1983 Harold 
and Erica Van Pelt. 
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quered and annexed Burma, they found little or no 
evidence of vast stores of corundum gems, al- 
though the possibility exists that all the royal 
gems were stolen during the conquest of the 
country, by both the Burmese and the English 
(Brown, 1934). 

Years later, in 1899, a 77-ct rough ruby was 
discovered by Burma Ruby Mines, Ltd. The most 
famous Burma ruby was found on Armistice Day, 
November 11, 1918. Two English mine supervi- 
sors spotted the stone on the washing pan and 
called for the mine’s general manager, who subse- 
quently named it the Peace ruby (Keely, 1982). The 
43-ct crystal reportedly was purchased by a 
wealthy Mogok stone merchant who cut it into a 
22-ct flawless stone. Unfortunately, its color tone 
was slightly dark and the cut gem sold for less than 
the dealer had paid for the crystal. Since the dis- 
covery of the Peace ruby, several stones of nearly 
30 ct have been found, although none has received 
a special name that has been carried into the 
literature. 

Today, fine Burmese rubies are almost nonex- 
istent in museum collections. The British 
Museum of Natural History at South Kensington 
displays the 167-ct Edwardes ruby crystal, which 
was given to that museum by John Ruskin in 1887 
(Spencer, 1934}. The crystal is not of faceting qual- 
ity, but must be considered one of the more impor- 
tant Burmese rubies surviving today. The Los An- 
geles County Museum of Natural History displays 


Figure 11. This 15.97-ct cushion-cut ruby from 
the Mogok Stone Tract is considered to be one of 
the finest Burmese rubies known today. Property 
of Alan Caplan, New York City. Photo by 
Morris Lane. 
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the 196.1-ct Hixon ruby. This highly etched crys- 
tal is of superb color and possesses unusually 
complete crystal form (figure 10). Alan Caplan, a 
New York gem dealer, has a magnificent 15.97-ct 
faceted Burma ruby that many believe is one of the 
finest rubies of its kind. It is exceptionally free of 
flaws and has the classic “pigeon’s blood” color 
(figure 11}. It was displayed recently at the Ameri- 
can Museum of Natural History in New York. 


CONCLUSION 


The Mogok Stone Tract is a classic example of the 
uncertainties inherent in the mining of colored 


gems. This deposit has been known to produce 
relatively large amounts of rubies of the finest 
quality. In addition, the geology of the area and the 
slowness of the relatively primitive mining 
methods suggest that the supply of Mogok rubies 
should be far from depleted. Yet fine Burma rubies 
are rarely encountered in today’s gem markets and 
the number of rubies offered at the annual gem 
emporium in Rangoon appear to have dwindled to 
insignificance because of the political uncertainty 
of that area of the world. It remains to be seen 
whether the true potential of the Mogok area will 
ever be realized. 
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INDUCED FINGERPRINTS 
By John I. Koivula 


Over the past few years, numerous Verneuil-type 
(flame fusion) synthetic sapphires and rubies with 
somewhat natural-appearing induced fingerprint in- 
clusions have surfaced in the trade. This article reports 
the results of a series of experiments conducted to 
explain the phenomenon of induced fingerprints and 
how they are produced in gemstones generally and in 
flame-fusion synthetic corundum specifically. 


Since 1980, the presence of somewhat natural- 
looking fingerprint inclusions in flame-fusion syn- 
thetic corundums has haunted the colored stone 
industry. After the first report in the literature 
{Crowningshield, 1980} of this new treatment, a 
number of treatment-related articles appeared in 
various gemological and jewelry trade publica- 
tions. These articles detailed most of the treat- 
ment processes, such as diffusion, used on rubies 
and sapphires, but they only briefly mentioned 
induced fingerprints. In two excellent articles on 
heat and diffusion treatment of natural and syn- 
thetic sapphires (Crowningshield and Nassau, 
1981; Nassau, 1981}, the mechanisms used to 
induce fingerprints are described as unknown. 
However, the statement by Nassau {1981} that 
“according to some unsubstantiated reports, a 
flux-type chemical such as sodium carbonate or 
borax may assist in this process” provided an im- 
portant clue to the production of induced finger- 
prints. Another important clue is given by C. R. 
Beesley (1983), who stated that “an outgrowth [of 
heating synthetic sapphire] was to induce frac- 
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tures from the surface of the material [synthetic 
sapphire], then force some material into the frac- 
tures which could be almost crystallized during 
heating. This gives the appearance of a natural 
fingerprint.’’ The statement concerning the frac- 
tures induced from the surface is significant (al- 
though the comment about some material being 
forced into the fractures which could be almost 
crystallized during heating, is confusing at best). 

To better understand and clarify the mystery 
surrounding ‘‘induced fingerprints,” the author 
performed a series of ‘‘before and after” heating 
experiments on flame-fusion rubies that were 
based on observations made on natural finger- 
prints and those found in flux and hydrothermally 
grown synthetic gemstones. The results of these 
experiments are reported below. 
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HOW DOES A FINGERPRINT 
INCLUSION FORM? 


The most important clue to understanding in- 
duced fingerprints lies in the very name we have 
given them. In both natural and synthetic gem- 
stones, fingerprint inclusions have been induced, 
that is, stimulated by internal and external forces 
acting on-the crystallized host material. The 
mechanism behind natural fingerprints is well 
documented in the literature (see, for example, 
Eppler, 1959, 1966; and Roedder, 1962, 1982). This 
knowledge of how the process occurs in nature is 
helpful to our understanding of the synthetic pro- 
duction of similar inclusions. 

When a crystal is fractured (figure 1}, the frac- 
ture instantly becomes a vacuum, drawing in 
whatever surrounds it to alleviate the negative 
pressure. Capillarity provides further impetus in 
drawing fluids into the break. If the crystal is even 
slightly soluble in the fluids surrounding it, repair 
of the fracture will begin immediately. The more 
kinetic energy, in the form of heat, supplied during 
the healing process, the faster the fracture will 
heal. Heat is (1) generated by sources outside the 
crystal, such as igneous or metamorphic activity 
or the heat generated by pressure commonly asso- 
ciated with burial at depth in the earth; and (2) 
released by the crystal itself, as it seeks to regain 
crystallographic equilibrium (upset by the in- 
crease in potential energy of the fracture zone cre- 
ated by the additional surface area exposed} and 
return to a lower energy state. 

Provided the fractured crystal is in a repair 
environment, as it starts to heal itself individual 
atoms or groups of atoms will leave an area of high 
energy on the fracture surface and redeposit on a 
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Figure 1, The fracture step in the pro- 
duction of fingerprint inclusions. The 
example shown here is a conchoidal frac- 
ture in a colorless beryl. Oblique illumi- 
nation, magnified 35 x. Drawing by Lisa 
Joko after Roedder, 1962. 


surface of lower energy, releasing their heat of 
crystallization in the process. Molecule by mole- 
cule this process continues. Material is dissolved 
from both the convex and flat portions of the frac- 
ture walls and redeposited in the concave areas, 
gradually trapping small volumes of the repair 
fluid. Trapping occurs between recrystallized 
walls, pillars, and columns that have formed, like 
the adjoining stalagmite and stalactite pillars in a 
cavern, between the opposing surfaces of the frac- 
ture. These fluid islands are often interconnected 
by a series of fine tubes termed communication 
tubes. So many of these communication tubes 
may be interconnected that a fishnet-like pattern 
results. This intermediate stage in the healing pro- 
cess is shown in figure 2. 

If healing continues, the communication 
tubes will gradually thin out in certain areas, gain 
volume in others, and eventually separate into 
numerous smaller fluid-filled cavities all lined up 
along the original path of the pre-existing com- 
munication tube. This process is called necking 
down. Necking down continues throughout the 
entire original fracture zone, as numerous smaller 
fluid inclusions are formed from a few larger ones. 
Ultimately we are left with a uniformly arranged 
grouping of small fluid-filled voids that occupy the 
same space as the original fracture. The resulting 
healed fracture has now taken on the appearance of 
a “fingerprint,” composed of numerous dots or 
islands. Each of the dots that so geometrically 
make up the total fingerprint is in fact a separate 
and distinct fluid inclusion, as portrayed in figure 
3. The process of forming a fingerprint inclusion in 
any crystalline material, synthetic or natural, 
should be the same. The environment of growth 
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and the fluids used to transport the atoms required 
to heal a fracture may be different, but the step- 
by-step process, as shown in figures | through 3, 
does not change. 


THE THEORY BEHIND THE 
FORMATION OF INDUCED FINGERPRINTS 
IN FLAME-FUSION SYNTHETICS 


All gemologists have studied fingerprint inclu- 
sions in natural gemstones, as well as in flux and 
hydrothermally grown synthetics. But gems syn- 
thetically grown from a melt by the Verneuil 
flame-fusion method or by the Czochralski 
crystal-pulling process are not products of envi- 
ronments that produce crystals with healed frac- 
tures. Yet synthetic corundums cut from Verneuil 
and Czochralski melt crystals containing induced 
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Figure 2. This aquamarine illustrates 
the intermediate, communication- 
tube-forming stage in the healing of frac- 
tures. Transmitted and oblique illumi- 
nation, magnified 60 x. Drawing by Lisa 
Joko after Roedder, 1962. 


fingerprints have been mistakenly purchased as 
the more expensive flux synthetic rubies, and even 
as natural rubies and sapphires. Quite often parcels 
of corundums will be found to contain some of 
these synthetics with induced fingerprints. How 
are fingerprint inclusions placed in such synthetic 
crystals? 

Corundum is corundum regardless of the envi- 
ronment in which it is grown. If we were to take a 
gem cut from a synthetic melt crystal and ther- 
mally shock it to produce fractures, then place it in 
a synthetic growth environment, such as a flux- 
growth bath, surrounded by a fluid in which the 
corundum is at least partially soluble, the induced 
fractures should, over a period of time, heal them- 
selves, turning into induced fingerprint inclu- 
sions. The following experiments were carried out 
to test this theory. 


Figure 3. A golden beryl demonstrates 
the third and final step in fingerprint 
formation. Now the communication 
tubes have necked down to form indi- 
vidual fluid inclusion islands, Transmit- 
ted light, magnified 100 x. Drawing by 
Lisa Joko after Roedder, 1962. 
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PRODUCTION OF 
INDUCED FINGERPRINTS 


Verneuil material (figure 4) was selected for testing 
because it was more readily available than the 
Czochralski pulled synthetic. A flat, windowlike 
configuration was chosen for the experimental 
synthetic rubies because of the ease with which 
they could be studied under the microscope. Three 
subjects were heated and then quench-crackled in 
cold water, resulting in badly fractured slabs. One 
of these is illustrated in figure 5. 

Each of the three fractured synthetic rubies 
was then designated for a separate experiment as 
follows: (1} fingerprints induced through flux heal- 
ing (the most important of the three experiments], 


A SIMPLE EXPERIMENT 
FOR INDUCING FINGERPRINT 
INCLUSIONS 


here is a simple experiment that anyone can 

do'to test the mechanism of fingerprint for- 
mation and actually observe the step-by-step re- 
pair process first hand. All that is needed is water, 
a good supply of a highly water-soluble salt such as 
alum or sodium chloride {common table salt}, at 
least one transparent single crystal of the chosen 
salt weighing 2 ct or more that you have studied 
carefully under the microscope before beginning 
the experiment, and a source of heat such as a 
kitchen stove. First, prepare a_ boiling 
supersaturated solution of the salt in water. Pour 
only the liquid portion off, leaving the excess un- 
dissolved salt behind. While keeping the solution 
very hot, supercool your test crystal(s) using a 
freezer, an alcohol and dry ice solution, or, if you 
have access to a cryogenically liquefied gas such as 
liquid nitrogen, use that. 

Once the crystal{s} are very cold and the solu- 
tion is hot, plunge the crystal(s) into the solution. 
This will cause the crystal(s] first to fracture in the 
growth-nutrient-rich salt solution and then to 
begin healing virtually immediately. Now allow 
the solution to cool gradually. At first some dis- 
solving of the crystal(s} surfaces may be noticed, 
but quickly the process will reverse itself and the 
crystal(s) will begin growing. Remove the crys- 
tal{s} from the solution periodically and study 
them under the microscope. Fingerprint inclu- 
sions will be observed forming where the fractures 
once were. 


— 


Notes and New Techniques 


Figure 4, A flame-fusion synthetic ruby boule 
similar to the material used in the experiments. 
Photo by Mike Havstad. 


(2) fingerprints induced by secondary fusion, and 
{3} induced chemical dendrites. 


Fingerprints Induced Through Flux Healing. After 
carefully documenting the appearance of the frac- 
tured synthetic rubies (again, see figure 5}, the au- 
thor mailed one of the stones to Thomas H. 
Chatham, president of Chatham Created Gems, in 
San Francisco. Mr. Chatham had volunteered to 
place this test subject in a flux-growth environ- 
ment in an attempt to heal the fractures. A plati- 
num wire affixed to the synthetic ruby slab pro- 
vided a convenient means of transporting the test 
subject into and out of the growth chamber. The 
regrowth time was 42 days (Chatham, personal 
communication, 1983). The result is shown in fig- 
ure 6. Note the remnants of the platinum wire at 
the base of the crystal. 

To prepare the regrown mass for study, the 
author first sawed off the two ends and then had 
them polished so the thickness of the overgrowth 
could be observed (figure 7}. Already it was appar- 
ent that fingerprints were present throughout the 
overgrown Verneuil subject. Next the crystal was 
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Figure 5. A quench-crackled synthetic ruby win- 
dow used for flux healing (14.2 x 12.0 x 3.0 mm). 
Photo by Mike Havstad. 


completely faceted and the induced fingerprints 
were studied. Although it was no longer possible to 
locate the exact configuration of fractures shown 
in figure 5, any number of induced fingerprints 
were available for photomicrography. One of these 
is shown in figure 8 together with the curved striae 
characteristic of the synthetic material. The au- 
thor also examined two other large Verneuil boule 
sections with flux ruby overgrowths prepared by 
Chatham Created Gems (figure 9}. These were 
found to contain numerous flux regrowth induced 
fingerprints as well. 


Inducing Fingerprints by Secondary Fusion. In the 
second experiment, to see if heat alone could in- 
duce pseudo-healing, one of the prefractured syn- 
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Figure 6. Verneuil synthetic ruby slab after flux 
regrowth for 42 days (20.7 x 16.8 x 7.6 mm). Note 
the platinum wire at the base. Photo by Mike 
Havstad. 


thetic rubies was placed on a charcoal block and a 
jeweler’s torch was used to melt and recrystallize 
it several times. Although the overall appearance 
of the melted mass was not an attractive sight, and 
on cooling numerous additional unwanted frac- 
tures appeared, a few somewhat fingerprint-like 
inclusions were observed. 


Induced Chemical Dendrites. The third and last 
experiment resulted from observations, by the au- 
thor, of a flame-fusion ruby that had fractures dec- 
orated by a crystalline chemical with a melting 
point just over 100°C. This low melting point 
made it possible to melt and recrystallize the con- 
tents of the fractures until a desirable, somewhat 


Figure 7. Cross-sectional view 
through the end of the experimental 
") synthetic ruby illustrated in figure 6. 
" Note the outline of the flux ruby layer 
over the flame-fusion core. Some fin- 


oat gerprints are visible even at this low 
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magnification. Oblique and trans- 
mitted light, magnified 5x. 
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Figure 8. Induced flux fingerprint produced 
through experimentation in a Verneuil flame- 
fusion synthetic ruby together with the character- 
istic curved striae. Shadowing, magnified 45 x. 


natural-appearing dendritic form was obtained. 

The low melting point of this unknown chem- 
ical suggested that it might be organic in nature. 
Although the author had access to two organic 
crystalline compounds with similarly low melting 
points, acetanilide (melting point, 114°C; boiling 
point, 304°C) and resorcinol (melting point, 
111°C; boiling point, 178°C} acetanilide was cho- 
sen for the experiment because of its greater melt- 
ing point to boiling point spread and, therefore, 
less crucial temperature control. 

The prefractured synthetic ruby was heated 
over a Bunsen burner to create a vacuum in the 
fractures through rarefaction. The heated ruby was 
then quenched in enough premelted acetanilide, 
contained in a test tube, to completely submerse 
the ruby. The acetanilide was allowed to crystal- 
lize and then was remelted and poured off. The 
ruby was cleaned and then studied under the 
microscope. One of the resulting patterns decorat- 
ing the fractures is reproduced in figure 10. 


WHO PRODUCES THESE SYNTHETICS 
WITH INDUCED FINGERPRINTS? 
On the basis of the author’s observations, it is 
likely that those synthetic rubies and sapphires 
that appear in the trade with induced fingerprint 
inclusions, such as the one shown in figure 11, are 
probably not healed in a well-controlled flux- 
growth furnace. Rather, they are probably the 
sometimes accidental result of clever but often 
crude heat treatments carried out, both in Thai- 
land and Sri Lanka, on synthetic rubies and various 
colors of synthetic sapphires in the attempt to 
dissipate the curved color and growth zoning. 
During heat treatment in these countries, it is 
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Figure 9. Two Verneuil flame-fusion ruby boule 
sections with a thin flux ruby overgrowth. Both of 
these samples contained numerous induced fin- 
gerprints. The largest sample is approximately 5 
cm long. Photo by Mike Havstad. 


Figure 10. Acetanilide chemical stain decorating 
a fracture plane in a Verneuil synthetic ruby. 
Dark-field and oblique illumination, magnified 80x. 


Winter 1983 225 


GEMS & GEMOLOGY 


Figure 11. Borax (%) induced finger- 
print in a flame-fusion synthetic sap- 
phire. Dark-field and oblique 
illumination, magnified 65 x. 


common practice to use borax or a borax-based 
solution, purportedly on the outside of the crucible 
holding the stones (Abraham, 1982). Any skilled 
bench jeweler or gemologist knows that corundum 
becomes soluble in borax at elevated tempera- 
tures. That is to say, borax acts as a flux to the 
corundum, it is an agent capable of promoting 
quick healing in any fractures—whether placed 
accidentally or on purpose—that may be present. 
The mechanism of fracture repair at work in these 
cases is the same three-step process described ear- 
lier for natural stones. 


IDENTIFYING GEMS WITH 
INDUCED FINGERPRINTS 


For some time gemologists have known that un- 
less one is very skilled in the study of inclusions, it 
is no longer possible to say a gemstone is natural 
merely because it contains fingerprint inclusions. 
Now, however, with the presence of induced fin- 
gerprints in Verneuil and Czochralski synthetic 
corundum, the question is not only whether the 
gem is natural or synthetic, but if it is synthetic, is 
it a more costly flux-grown synthetic or is it an 
upgraded flame-fusion or pulled synthetic with in- 
duced fingerprints? 

There is no question that recognizing induced 
fingerprint inclusions can be a problem. When fin- 
gerprint inclusions that reach the surface are the 
only immediately observable internal character- 
istics, be suspicious. Check the gem in question 
for color zoning both by diffused transmitted light 
and by immersion in methylene iodide. The pres- 
ence of curved color zoning together with finger- 
print inclusions would tell you that the finger- 
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prints have been induced into a synthetic stone. 
The presence of curved striae in conjunction with 
fingerprint inclusions in synthetic rubies and 
some synthetic sapphires is a sure sign that a 
flame-fusion gem has been doctored. Gas bubbles 
are another clue to the less expensive synthetics. 

With the above clues, treated synthetic rubies 
and sapphires grown by the Verneuil flame-fusion 
process are easily spotted. However, gems cut from 
Czochralski pulled crystals rarely have any rec- 
ognizable inclusions: quite often they are essen- 
tially flawless. Therefore, gems with fingerprint 
inclusions that are otherwise flawless should be 
treated with the highest suspicion. Straight or 
sharply angular growth and color zoning and rec- 
ognizable included crystals are important clues 
that a gem is not a melt-grown Verneuil or Czoc- 
hralski synthetic. 


CONCLUSION: 

WITH THOUGHTS TO THE FUTURE 

Of the three experiments conducted, experiment 
1, regrowth in a flux environment, performed at 
the Chatham laboratories in San Francisco, was by 
far the most successful. 

Although the introduction of organic chemical 
dendrites into pre-existing fractures proved both 
successful and interesting, the dendrites achieved 
in experiment 3 in no way resembled or could be 
mistaken for fingerprint inclusions. Problems 
could result, however, for gemologists who, in the 
past, have considered dendrites a sign of natural 
origin. The attempt to produce fingerprints 
through secondary fusion met with very little suc- 
cess. Although some inclusions were produced 
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that slightly resembled fingerprints, they were few 
and far between, and were always accompanied by 
numerous unrepaired fractures, areas containing 
large gas bubbles, and zones of translucent cloudy 
material. Or, in a few words, they were useless as 
gemstones. However, flux regrowth was, as ex- 
pected by the author, a complete success. All of the 
fractures showed fingerprint-healing patterns. 
Once the regrowth layer was removed, the remain- 
ing material, containing the induced fingerprints, 
could easily have been cut into gemstones. 

Possible future applications for this and simi- 
Jar techniques are interesting, to say the least. If 
the technology that exists to repair fractures today 
is further refined, we might someday encounter 
synthetically repaired natural gem materials. 

In his excellent book Gems Made By Man, 
Kurt Nassau shows before and after photographs of 
a Japan-law twin of quartz that was broken and 
subsequently successfully repaired synthetically 
by Giorgio Spezia... the year was 1908. In more 
recent work (Shelton and Orville, 1980), synthetic 
fingerprint inclusions were produced hydro- 
thermally in natural quartz. Imagine in the future 
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if we had the ability to hydrothermally repair a 
ruby, emerald, or sapphire that had been acciden- 
tally fractured during setting, repair, or cutting. 
Surely a fingerprint inclusion is infinitely more 
desirable—and infinitely more durable—than a 
fracture. 

In spite of the future potential for good, the 
logical application today of induced fingerprints is 
to upgrade less expensive Verneuil flame-fusion 
and Czochralski pulled synthetic corundums so 
that they may be sold to the unsuspecting trade 
either as more costly flux-grown synthetics or 
even as natural gems. 

Because of this, induced fingerprints, whether 
intentionally or accidentally produced, represent a 
type of treatment that must be disclosed. A treat- 
ment of this type should concern not only the 
gemologist and the jeweler, but also those in- 
volved in the flux growth of synthetic gems as 
well, because the presence of such a treated mate- 
rial on the market could seriously undermine the 
sale of their products. It is only through mutual 
cooperation between gemologists and crystal 
growers that such a problem can be dealt with. 
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COBALT GLASS AS A LAPIS LAZULI IMITATION 


By George Bosshart 


A necklace of round beads offered as “blue quartz from 
India” was analyzed by gemological and additional 
advanced techniques. The violet-blue ornamental 
material, which resembled fine-quality lapis lazuli, 
turned out to be a nontransparent cobalt glass, unlike 
any glass observed before as a gem substitute. The 
characteristic color irregularities of lapis (white in blue) 
had been imitated by white crystallites of low- 
cristobalite included in the deep blue glass. 


The gemological world is accustomed to seeing 
gemstones from new localities, as well as new or 
improved synthetic crystals. With this in mind, it 
is not surprising that novel gem imitations are also 
encountered. One recent example is ‘‘opalite,” a 
convincing yet inexpensive plastic imitation of 
white opal manufactured in Japan. This article de- 
scribes another gem substitute that recently ap- 
peared in the marketplace. 

Hearing of an “intense blue quartz from India” 
was intriguing enough to arouse the author’s sus- 
picion when a necklace of spherical opaque 
violet-blue 8-mm beads was submitted to the SSEF 
laboratory for identification. Because blue quartz 
in nature is normally gray-blue as a result of the 
presence of TiO, (Deer et al., 1975, p. 207) or tour- 
maline fibers (Stalder, 1967}, this particular iden- 
tification could be immediately rejected. Al- 
though synthetic cobalt-colored quartz exists, 
thus far it has been produced only in a transparent 
form. The beads of the necklace we examined re- 
sembled more closely a fine lapis lazuli, with the 
characteristic color irregularities of lapis, yet they 
displayed a tinge of violet exceeding that of top- 
quality lapis and they contained no pyrite grains. 
Accordingly, a series of gemological and other 
tests were conducted to determine the precise na- 
ture of this unusual material. 


RESULTS OF GEMOLOGICAL TESTING 

The properties compiled in table 1 clearly indicate 
that the material is not lapis lazuli or any other 
natural material, but rather a man-made cobalt- 
colored substance, apparently a glass. While the 
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Figure 1. Absorption spectrum of a cobalt glass 
imitating lapis lazuli recorded through a chip of 
approximately 1.44 mm thickness in the range of 
820 nm to 300 nm, at room temperature (Pye 
Unicam SP8-100 Spectrophotometer). 


refractive index of the tested material (1.508) does 
not differ markedly from that of lapis (approxi- 
mately 1.50), its specific gravity of 2.453 is 
significantly lower than the average for lapis (ap- 
proximately 2.80). The absorption spectrum (fig- 
ure 1) differs from that of a blue-filter glass only by 
its slightly stronger iron peaks and by a shift in the 
ultraviolet absorption edge from approximately 
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TABLE 1. Properties of a cobalt glass imitating lapis lazuli. 


Property Description 

Color Violetish blue of strong 
saturation 

DIN 6164 color indices? 15% . 6: 4 (hue, saturation, 
darkness) 


Degree of transparency Opaque to semitranslucent (in 
thin sections, translucent to 


transparent) 
Absorption (recorded at room Strong bands at 642, 592, 
temperature) 535 nm (cobalt); faint bands at 
490, 438, 378 nm (iron) 
Long-wave: extremely weak 
Short-wave: absent 
1.508 on a section (spot 
readings slightly lower) 
Isotropic (in thin sections: 
anomalous extinction) 


ULV. fluorescence 
Refractive index, nj 


Optical character 


Luster Vitreous (slightly silky sheen on 
inclusions) 
Apparent porosity Nonporous 


Specific gravity (4°C) 
Surface 
Surlace of fractures 


2.453 (one specimen) 
Smooth, spherically molded 


Conchoidal to almost flat, with 


fine structure 
Luster of fractures Waxy to vitreous 
Streak, scratch Both white 


Mohs hardness 
External characteristics 


Approximately 5¥2 

Regular circular shrinkages 
around drillholes, few subspher- 
ical depressions (molding 
marks?), and several filled 
angular cavities on 

bead surfaces 

White crystallites of micrometer 
size forming dendritic and large 
radiating to stellate patterns, in 
most cases surrounded by trans- 
parent blue areas and emanal- 
ing from a grainy center 
Reaction to heat None to thermal test tip 
Reaction to ferromagnetism None 

Reaction to diluted HCl! None 

Chemical elements Si; Ca, Ti, Mn, Fe, Co, Cu, Zn, As 
(as detected by energy- 
dispersive X-ray 

fluorescence) 


Internal characteristics 


4West German color chart system on the basis of C.LE. illuminants. 


2.90 nm to 320 nm (also the result of trace amounts 
of Fe}. It must be stressed that the peak positions 
and intensities visually observed with the spectro- 
scope partially deviate from the recorded spectro- 
meter data provided in figure 1. With the spectro- 
scope, the bands were seen to be centered at about 
660 nm {strong}, 585 nm (medium, narrow}, and 
530 nm (medium strong, very wide, asymmetric}. 
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Apart from the band at 490 nm (very weak}, no 
other faint iron bands, recorded by the spectrome- 
ter, were detected with the spectroscope. 

The photographs in figures 2 and 3, taken in 
reflected light, show bands and aggregates of white 
inclusions that are essentially of two types. One is 
a flat dendritic or fernlike array (similar to that in 
figure 9, “metajade,” of Hobbs, 1982). The other 
consists of planes in radiating to stellate patterns 
similar to coral septa, with the planes perpendicu- 
lar to the bead surface, indicating that the glass 
was annealed. In contrast to the macroscopic ap- 
pearance of the material, the inclusion patterns 
seen under magnification are completely different 
from the aggregates of small blue, white, and fre- 
quently metallic yellow grains commonly seen in 
lapis lazuli. In figure 3, shallow depressions on the 
spherically molded glass can be recognized, and are 
in part filled with a white, grainy material that 
evidently had never melted. However, true bub- 
bles or swirls were not detected, although the glass 
was observed with the microscope to be fairly 
transparent around the white inclusions. The in- 
clusions themselves ranged in size from a few 
micrometers for the tiny white grains that form 
the two types of aggregates to approximately 3mm 
for the longest septa and several millimeters for 
the ferns. 


CHEMICAL AND X-RAY 
DIFFRACTION DATA 


According to Bannister’s diagram for conventional 
glasses (Webster, 1975, p. 386}, a calcium or even a 
borosilicate glass could account for the refractive 
index and specific gravity determined, but no ref- 
erence to this particular lapis-imitation glass was 
found in the gemological literature (Crowning- 
shield, 1974; Farn, 1977; Schiffmann, 1976, 
Webster, 1975; and footnote below*; although 


*A very old, if not the oldest, artificial lapis-like material dates 
back to pre-Christian times, when Egyptians sintered calcite, 
quartz, malachite, and azurite to create a brilliant blue sub- 
stance that is now called “Egyptian blue.” In ancient Egypt 
this inaterial was used for scarabs, to ornament royal tombs, 
and, in powdered form, as a pigment and cosmetic. The chemi- 
cal composition of “Egyptian blue” is close to, and its crystal- 
line structure identical with, the mineral cuprorivaite, CaCu 
[SigO yo] (G. Bayer, personal communication). The production 
of this material was made particularly successful through the 
application of lead oxide or alkali fluxes. If less Ca and Cu, but 
more alkalis, were used, a well-mmelted transparent-to-opaque 
glass (colored by Cu alone, or by Cu, Co, and Fe) would result 
(Bayer and Wiedemann, 1976). 
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Figure 2. White bands and radiating septa of 
low-cristobalite in a devitrified, opaque cobalt- 
glass bead imitating lapis lazuli. Section through 
bead in reflected light; magnified 6 x (Wild 
M8/MPS55). 


Nassau, {1980}, reported a pyrite-lapis imitation 
made of another blue specialty glass that contains 
copper crystals, similar to a “goldstone”’). Chemi- 
cal data, nowadays readily available through 
nondestructive energy-dispersive X-ray fluores- 
cence (XRF-EDS; Stern and Hanni, 1982), were cer- 
tainly of interest in this case. Figure 4 exhibits no 
fewer than eight metallic element signals in addi- 
tion to the strong silicon peak. When the AgL 
series produced by the silver tube radiation was 


Figure 3. Dendritic and radiating patterns of 
white low-cristobalite exsolutions and essen- 
tially transparent blue areas in a cobalt-glass 
bead imitating lapis lazuli. Reflected light, mag- 
nified 13 x (Wild M8/MPS55). 


successfully masked by a filter, the intensity of the 
Si peak was greatly reduced and an additional peak 
due to potassium was resolved, providing for the 
identification of at least nine metal oxides ad- 


Figure 4. Unfiltered energy 


spectrum of a specialty cobalt 
glass imitating lapis lazuli; 
counting time 249 seconds 
(Tracor Northern 1710 X-ray 
Fluorescence Spectrometer). 


249 SEC 
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mixed to the SiO, glass. Although boron cannot be 
detected by XRF-EDS analysis, the fact that the 
beads examined had a Mohs hardness of less than 6 
(which is low for a borosilicate glass) would sug- 
gest that boron is not present in this material in 
significant amounts. 

X-ray diffraction (XRD) provided the net iden- 
tification of alpha-cristobalite. The X-ray film 
showed 12 sharp lines in appropriate identifying 
positions and relative intensities (JCPDS Powder 
Diffraction Data, 1974). The four strongest lines 
(with their estimated intensities indicated in pa- 
rentheses} were at 4.05 A (100), 3.14 A(10}, 2.84 A 
(10], and 2.48 A (20). Cristobalite is the only crys- 
talline phase found in the glass. The mineralogical 
literature (Deer et al., 1975, etc.) describes natural 
alpha-cristobalite as the metastable low- 
temperature polymorph of SiO,, with a tetragonal 
(pseudocubic) structure, a specific gravity of 
2.32—2.36, and refractive indices of 1.484 {e} and 
1.489 (o}. Low-cristobalite is known to exsolve 
from certain glass types through a devitrification 
process. The degree of order in the low-cristobalite 
lattice depends on its thermal genesis. 


CONCLUSION 


The cobalt glass described in this article is the best 
glass imitation of lapis lazuli that this author has 
seen to date {see also Webster, 1975, p. 221). Al- 
though lapis lazuli was immediately eliminated as 
a possible identification, the results of the investi- 
gation were unexpected because: 


* Glasses are not generally associated with 
opaque solids. 

« The macroscopic appearance of the glass was 
confusing. 

* No bubbles or swirls could be detected in the 
material studied. 


The most diagnostic gemological property (con- 
sidered along with the refractive index and specific 
gravity appropriate to a glass) is represented by 
cristobalite exsolution patterns seen under slight 
magnification. In this instance, the identification 
was secured beyond any doubt by the advanced 
techniques of speetrophotometry, XRF-EDS, and 
X-ray diffraction. 
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CORUNDUM, More on 
Heat Treatment 


We have been told that conservative 
gem traders in Sri Lanka have been 
reluctant to start heat treating their 
own “geuda’” corundum, fearful of 
the impact this would have on the 
market for blue and yellow sapphires 
mined on the island. However, the 
heat treatment activities of Thai op- 
erators using the “geuda” have al- 
ready placed the Sri Lankans in com- 
petition with themselves for these 
colored sapphires. A new gas oven 
from Japan that can be used with ei- 
ther a reducing flame (for blue sap- 
phires} or an oxidizing flame (for ru- 
bies and yellow/orange sapphires) 
could encourage heat treatment of 
corundum in Sri Lanka. 

Although heat treatment is vir- 
tually undetectable in some corun- 
dum, occasionally we see a stone 
that shows obvious signs of treat- 
ment. The New York laboratory 
recently examined an unusual sap- 
phire cabochon that was approxi- 
mately 90% colorless and had a thin 
band of dark blue color on its base 
(figure 1). The fact that the stone flu- 
oresced chalky green in bands when 
exposed to short-wave ultraviolet 
radiation, and that the base exhibited 
“heat” craters with no “bleeding” 
(figure 2), indicates that the stone 
was heat treated rather than diffu- 
sion treated. Figure 2. also shows the 
even appearance of the color when 
viewed face up. 

A 2,55-ct natural ruby of excel- 
lent color that was recently offered at 


©1984 Gemological Institute of America 


232 Gem Trade Lab Notes 


Figure1. A thin band of blue on 
an otherwise colorless sapphire. 
Magnified 12 x. 


auction also showed unmistakable 
signs of heat treatment. Unfortu- 
nately, the treatment caused severe 
internal fracturing, and one whole 
side of the pavilion {including the 
culet) had chipped away (figure 3). 
The stone looked pleasant enough 
table up, but could not stand 
scrutiny. 


“C-Ox,” Another Trade Name 
for Cubic Zirconia 


The Los Angeles laboratory received 
for examination two colored stones 
that had been offered on the Euro- 
pean market under the trade name 
“C-Ox.” Figure 4 shows the deep 
green emerald-cut stone, which 
weighed approximately 4.14 ct, and 
the intense blue oval modified bril- 
liant, which weighed approximately 
3.73 ct. Both stones had a very high, 
almost metallic luster; both were 
singly refractive, and their refractive 
indices were above the limit of our 
standard duplex refractometer. The 


Figure 2. The craters in the 
base of the sapphire shown in 
figure 1 prove that this stone 
was heat treated rather than 
diffusion treated. Magnified 12 x. 


specific gravity was determined by 
hydrostatic weighing to be 5,52 for 
the green stone and 5.34 for the blue 
stone. Both stones were inert to ul- 
traviolet radiation. With the micro- 


Figure 3. Note the internal 

fracturing and external chipping 
on this 2.55-ct ruby, caused by 
heat treatment. Magnified 16x. 
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Figure 4. Green (4.14 ct) and blue (3.73 ct) cubic zirconia, marketed 


under the trade name ‘‘C-Ox.” 
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Figure 5. Absorption spectrum of 
the green “C-Ox”’ illustrated in 
figure 4, 


scope, no inclusions were visible in 
the blue stone, but the green stone 
showed a dense cloud of minute 
white inclusions that we could not 
identify. The absorption spectra of 
the stones were interesting. The blue 
stone showed a general absorption 
area around 5900 A and a cut-off area 
starting at 6500 A upwards. The 
green stone had a different absorp- 
tion pattern: one broad, main ab- 
sorption area was centered at 4450 A, 
with narrower bands at 4700, 4800, 
5800, and 6000 A and a cut-off area 
from 6500 A up, as illustrated in fig- 
ure 5. By means of X-ray diffraction, 
we were able to prove that both 
stones were synthetic cubic zirconia. 


DIAMOND 


A Colored-Diamond Comet 


The New York laboratory recently 
examined the diamond brooch set 
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with fancy yellow to yellow-brown 
diamonds pictured in figure 6. The 
small stars are mounted en 
tremblant and are interspersed with 


Figure 6, Comet-design 
diamond brooch set with 
colored diamonds. Approxi- 
mately 3% in. (9 cm). 


small colorless diamonds. The piece 
is unusual in that all of the stones, 
including the small colorless ones, 
are fluorescent, which suggests that 
whoever designed the piece and 
chose the stones had more than a 
passing interest in diamond fluores- 
cence. Figure 7 shows the brooch as it 
appears when exposed to long-wave 
ultraviolet radiation. 


Dendritic Inclusions 


Although we at the New York lab 
have encountered dendritic inclu- 
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sions in diamonds several times 
before (Gems #& Gemology, Winter 
1965-66, Fall 1966, Fall 1974, Fall 
1979, and Spring 1980), we have 
never seen anything that equals the 
one in the approximately 4-ct stone 
pictured in figure 8. Viewed from the 
pavilion, the major inclusion looks 
like a branching root system. How- 
ever, because of its location within 
the diamond and the fact that the 
stone is pear shaped, the odd pattern 
is reflected throughout the entire 
stone (figure 9). 


JADE Simulant 


A small (3 cm diameter], round or- 
nament carved out of an opaque, yel- 
lowish brown, black, and grayish 
green material was submitted to the 
Santa Monica laboratory for identifi- 


Figure7. Allof the stones in the 
brooch illustrated in figure 6 
fluoresce when exposed to 
long-wave U.V. radiation. 


Figure 8. Dendrites in 
diamond. Magnified 12x. 
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Figure 9. The pin containing the approximately 4-ct diamond 
illustrated in figure 8 with the dendrite pattern reflected throughout 


the stone. 


Figure 10, Ornament composed 
primarily of serpentine as a jade 
simulant. 


cation (figure 10). The material was 
very soft and could be scratched with 
a pin. Although the polish was not 
good, we were able to obtain a vague 
refractive index reading of 1.57 in 
some areas. The specific gravity was 
determined by hydrostatic weighing 
to be approximately 2.5. There was a 
distinct yellow fluorescence to both 
long- and short-wave ultraviolet ra- 
diation. X-ray diffraction revealed 
patterns of forsterite and antigorite 
as well as additional lines that 
proved the material was a rock con- 
sisting of several minerals, but 
primarily serpentine. 
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MAWSSIT-SIT? 


Our New York laboratory recently 
examined a sawed light-green boul- 
der that weighed approximately 
eight pounds (figure 11}. On the 
reverse side of the rock a typical 
mawed groove has exposed a dark 
green area that resembles chloro- 
melanite. The specific gravity and 


refractive index of the light green 
material indicated maw-sit-sit, 
while preliminary tests on the dark 
green material indicated chloro- 
melanite. If additional tests are 
authorized and confirm these iden- 
tifications, it would be the first ex- 
ample of this combination ever en- 
countered in our lab. 


OPAL, A New Synthetic 
from Inamori 


A new type of synthetic white opal 
manufactured by Inamori has ap- 
peared on the American market. The 
Santa Monica laboratory had the op- 
portunity to examine two 10 x 12 
mm cabochons, each weighing ap- 
proximately 2.80 ct (figure 12}. One 
cabochon has a milky white body 
color with predominantly green and 
blue play of color, while the other 
stone is more translucent, with a 
vivid play of color in red, orange, yel- 
low, green, and blue. The refractive 
index was determined to be 1.46 
(spot reading] for both stones, and the 
specific gravity for both was 2.20. 
Examination with magnification did 
not reveal any distinctive inclusions 
in the more translucent stone; the 


Figure 11. An eight-pound boulder that appears to consist of 


maw-sit-sit and chloromelanite. 
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Figure 12. Two 10 x 12 mm Inamori synthetic opals. 


milky white stone did show an 
opaque white, irregularly shaped in- 
clusion that-could not be identified. 

When the stones were illumi- 
nated with overhead light, the lizard 
skin or chickenwire structure char- 
acteristic of synthetic opals, which 
was difficult to detect at first, be- 
came quite obvious. Finally, the two 
stones reacted differently to ultravio- 
let radiation. The milky white stone 
was completely inert, whereas the 
other stone showed a faint yellowish 
fluorescence, but only to short-wave 
ultraviolet radiation. 


PEARLS 


Cultured %4 Blister Pearls 


In the Summer 198] issue of Gems & 
Gemology (p. 104}, we introduced 
cultured % blister pearls. To date, all 
of the examples of this new type of 
pearl that we have seen have had a 
mother-of-pearl bead clearly exposed 
at the base. Recently, the New York 
lab X-rayed two 18-mm cultured % 
blister pearls in which the nuclei 
were not exposed. The pearls had 
been removed from the mollusc with 
shell attached. The nucleus of the 
smaller specimen was just visible—a 
white area underlying the thin shell 
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(figure 13). The X-radiograph (figure 
14) shows a considerable growth of 
nacre around the beads. The very 
thin layer of shell to which the beads 
were attached does not appear on the 
radiograph. 


Eroded Pearl 


A pearl importer thought our readers 
would be interested in seeing a badly 
damaged pearl that he had been 
asked to replace (figure 15}. It was set 
in a ring with a typical claw mount- 
ing when he received it. After un- 
mounting the pearl, he sent it to the 
Santa Monica laboratory to photo- 
graph the severe erosion at the points 
of contact of the prongs. We surmise 
that the person who wore this ring 
must have worn it a long time and 
had a very acidic skin condition, for 
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largest is 21 x 18 mm. 


Figure 15. Eroded 8¥%2-mm 
pearl. 


Figure 14, X-radiograph of the 
cultured % blister pearls shown 
in figure 13. 

pee 
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this is one of the worst examples of 
erosion we have ever seen. 


QUARTZ, Reddish Brown 


Submitted to the Los Angeles lab- 
oratory for identification was the 
4.72-ct reddish brown oval modified 
brilliant shown in figure 16. The 
refractometer showed refractive in- 
dices of w = 1.540 and € = 1.550. 
When the stone was examined with 
the polariscopein conjunction with a 
condensing lens, a bull’s-eye uni- 
axial interference figure was ob- 
served, thereby proving the stone to 
be quartz. 

This color has been observed in 
some quartz from Rio Grande do Sul, 
Brazil, and is also reportedly pro- 
duced by heat treating some ame- 
thyst to a temperature between 
400°C and 500°C. 

Microscopic examination re- 
vealed only straight, parallel, and ir- 
regular growth and color zoning, 
which suggests that this stone is 
natural rather than synthetic. This 
color, however, could probably be 
produced in synthetic quartz, or by 
heat treating synthetic amethyst. 


Figure 16. Reddish brown 
quartz, 4,72 cL 


RUBY, Early Verneuil Synthetic 


Figure 17, taken in New York, shows 
an unusually flawed 1.46-ct “Geneva 
Ruby.” The tight curved striae that 
characterize this early type of Ver- 
neuil synthetic were easily seen in 
the stone with magnification. In ad- 
dition to the striae and gas bubbles, 
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Figure 17. A 1.46-ct ‘““Geneva 
(synthetic) Ruby,” heavily 
flawed. 


Figure 18. Note the dark 
inclusions in the “Geneva 
(synthetic) Ruby” illustrated in 
figure 17. Magnified 18x. 


Figure 19. A range of colors found in heat-treated yellow sapphires. 


Figure 20. “Cotton-like”’ 
inclusions observed in heat- 
treated yellow sapphires. 
Magnified 63 x. 


we observed a myriad of unidentified 
dark crystal-appearing inclusions 
figure 18). 


YELLOW SAPPHIRES, 
Heat Treated 


Recently, the great majority of natu- 


ral yellow sapphires we have tested 
in New York owe their color to heat 
treatment. On rare occasions, we 
have seen an orange-brown iron-rich 
stone of natural color, but more fre- 
quently the naturally colored stones 
are pale yellow with strong orange 
fluorescence. Figure 19 illustrates a 
range of colors produced by heat 
treatment; the stones are all from the 
same batch heated in Thailand. Fig- 
ure 20 shows some peculiar “cotton- 
like” inclusions around the crystal 
inclusions seen in one of the lighter- 
colored stones. The “cotton’’ may 
represent partial absorption of the 
crystal inclusions because of heat. 
Figure 21 shows a group of natu- 
ral sapphires that reportedly had 
been locked in a safe for decades. It 
was a pleasure to be able to report 
that the stones were not only natural 
sapphires but also natural in color, 
although they were quite well worn. 
The square, lighter-colored stone is a 
typically orange-fluorescing Sri 
Lankan stone. The oval stone next to 
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as@4 6. 


Figure 21, A group of naturally colored yellow sapphires. The largest is 


approximately 4 ct. 


it is also a typical Sri Lankan stone, 
with a chromium line in the absorp- 
tion spectrum. The small orange- 
pink stone was nearly flawless, but 
proved to be natural. The round 
stone again had all the characteris- 
tics of a darker than usual Sri Lankan 
stone, while the dark stone showed 
an iron absorption spectrum typical 
of natural: yellow-brown Thai 
sapphires. : 


ZIRCON, A Rare 
Cat’s-Eye 


The Santa Monica laboratory re- 
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ceived for identification a grayish 
green 3.43-ct oval cat’s-eye cabochon 
that had been purchased as cat’s-eye 
zircon. The stone was easily identi- 
fied as zircon because it showed the 
diagnostic absorption spectrum with 
the most prominent line at 6535 A. 
Microscopic examination revealed 
long, thin, needle-like inclusions of 
unknown composition running 
across the stone, thus causing the 
chatoyancy. Figure 22 shows the 
quite attractive cabochon. Although 
cat’s-eye zircon does not—according 
to the gemological literature—occur 
often, our New York laboratory had 
previously mentioned this type of 
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Figure 22. A 3.43-ct cat’s-eye 
zircon. 


cat’s-eye in the Summer 1974 issue 
of Gems &) Gemology. 
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COLORED STONES AND 
ORGANIC MATERIAL 


Crystal chemistry of natural Be-Mg-Al oxides: taaffeite, 
taprobanite, musgravite. K. Schmetzer, Neues 
Jahrbuch ftir Mineralogie Abhandlungen, Vol. 146, 
No. 1, 1983, pp. 15-28. 

Schmetzer describes the Be-Mg-Al oxides taaffeite and 

musgravite, and the controversy centered on the dis- 

credited term taprobanite. Although similar, taaffeite 
and musgravite have slight differences in their chemis- 
try and crystal structure, and the present investigation 
was undertaken to clarify their complex interrela- 
tionship. Chemical, crystallographic, and optical data 
are given for 15 specimens from Sri Lanka, China, the 
Soviet Union, and Antarctica. Optical absorption spec- 
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tra are also presented fora bluish-violet taaffeite from Sri 
Lanka. Taprobanite, originally thought to be a new spe- 
cies, is shown to be identical with taaffeite, whose cor- 
rect chemical formula is BeMg3AlgOj¢. The species 
name taaffeite has priority according to the rules of 
mineralogical nomenclature; the name taprobanite 
should be discontinued. Musgravite has a similar com- 
position of BeMg)AlsQy9, but it has not yet been found 
as gem-quality crystals. JES 


Editor’s Note: Schmetzer expands on the subject of no- 
menclature in his article ‘‘Taaffeite or Taprobanite—a 
Problem of Mineralogical Nomenclature” in the Vol. 
18, No. 7 issue of Journal of Gemmology, pp. 623-634. 
Color pictures of nine taaffeites are included. 


Durchsichtiger Lazulith oder Scorzalith aus Brasilien 
(Transparent lazulite and scorzalite from Brazil}. H. 
Bank, Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 32, No. 1, 1983, pp. 6-9. 

Currently a blue transparent to translucent gemstone is 

being sold in Brazil under the name scorzalite. Professor 

Bank has suggested mineralogical and gemological 

methods to determine the members of the isomorphous 

series lazulite-scorzalite. The mineralogical methods 
include the use of X-ray powder diffraction patterns and 
the microprobe. Refractive index, birefringence, and 
density determinations are the gemological methods. 
The Mg-rich end member lazulite and the Fe-rich 
end member scorzalite provide lower and higher physi- 
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cal constants, respectively. The values given in this ar- 
ticle for lazulite are n, 1.608-1.610, nz 1.640—-1.644, 
nz—-n, 0.032—-0.034; and for scorzalite, n, 1.639, n, 
1.680, nz-n, 0.041. The density of lazulite varies 
from 3.06 to 3.12; density is quite constant at 3.31 for 
scorzalite. 

This information enables the gemologist to identify 
the intermediate members of the series. Analyses have 
also concluded that the material offered as scorzalite 
from Brazil is actually lazulite. 

Mahinda Gunawardene 


On tourmaline. T. G. Sahama, O. von Knorring, and R. 
Toérnroos, Lithos, Vol. 12, 1979, pp. 109-114. 


Tourmaline is a closely related group of minerals of 
particular gemologic interest. This brief article presents 
chemical analyses and physical properties of 12 tour- 
maline specimens of varying color—10 from Mozam- 
bique, one from Afghanistan, and one from the Malagasy 
Republic. The material from the Muiane district in 
Mozambique exhibits a range of hues from colorless 
achroite to black schorl. The specimen from an un- 
known pegmatite locality in Afghanistan is blue, while 
the one from the Malagasy Republic (from the Itakefa 
Mine near Fort Dauphin] is dark brown. These reported 
data are of interest because, in view of the complexity of 
this minéral group, sources of information on tourma- 
line that include complete chemical compositions and 
physical properties obtained from the same crystal are 
scarce. A short discussion of the relationship between 
chemical composition and unit-cell parameters is also 
presented. JES 


Pearlescence. A. DiNoto, Connoisseur, Vol. 213, No. 
858, 1983, pp. 76-87. 


This is a lavish update of all the nontechnical informa- 
tion you have ever read or heard about pearls, with the 
added feature of truly informative footnotes. The author 
cites well-respected authorities (including G. F. Kunz 
and GIA}, explores the myths and legends about pearls, 
reviews market fluctuations related to fashion trends 
and economic conditions, examines the varieties of 
pearls being found or produced today, and discusses the 
wide range of current prices, which reflect both quality 
and scarcity. 

Comments from leading dealers, importers, and 
auction-house authorities provide ample evidence of a 
flourishing market and reveal astonishing new sources 
of supply. 

While the photographs display an interesting variety 
of antique and contemporary pear! jewelry, there seems 
to have been some uncertainty about new and imagina- 
tive ways to illustrate pearls to their best advantage. 
Unfortunately, neither this article nor any other man- 
ages to do so with complete success since, unlike some 
other types of jewelry, pearls seldom appear as beautiful 
in photographs as they do in reality. NL 
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The thermal behavior of scapolites. G. Graziani and S. 
Lucchesi, American Mineralogist, Vol. 67, No. 
11/12, 1982, pp. 1229-1241. 


Graziani and Lucchesi report results from thermal- 
expansion experiments conducted on scapolites from 
different localities. They measured the release of vola- 
tile components during heating of these samples over an 
800°C temperature range. They specifically chose sam- 
ples that represented the marialite-meionite solid- 
solution series. 

Of the eight specimens, a violet and a yellow came 
from the Umba deposits, northeast Tanzania; two were 
from Ankazobé and Gabenja, Madagascar; one was from 
Gooderham, Ontario, and another was from Greenville, 
Quebec, in Canada; one came from Manchester, New 
Hampshire; the last originated from the Mt. Som- 
ma-—Mt. Vesuvius area in Italy. 

While much of the data are outside the interest of 
most gemologists, it is important to note that water loss 
begins to occur at temperatures as low as 70°C. Also, the 
authors report a progressive lightening of the color with 
heating until 350—400°C, when the samples became 
colorless. An extensive bibliography of 40 entries is 
included. DMD 


Wyoming jade. M. E. Madson, Rocks and Minerals, Vol. 
58, No. 5, 1983, pp. 218-222. 


Madson reviews the history of Wyoming nephrite before 
turning to a discussion of its mineralogy and petrology. 
One very early account of its use as a lapidary material 
was in 1908. Harvey Samuelson of Salinas, California, 
bought green nephrite from Wyoming cowboys who 
were wintering in California. Later, in 1936, a “jade 
rush” began that lasted for 10 years. This prospecting 
was accelerated by the widening acceptance of Wyo- 
ming nephrite as a lapidary material. By the mid-1950s, 
the major deposits had been claimed. Most recent pro- 
duction comes from these deposits. 

Occasionally, however, deposits that were previ- 
ously known but only lightly worked have come into 
prominence. Madson was involved in a major mining 
effort from 1971 to 1975 on the Rhoades deposit in the 
Granite Mountains northwest of Jeffrey City, Wyoming. 
He states that the mine produced 400,000 pounds of 
nephrite; about 6% was gem quality. This material was 
sent to Taiwan and Germany for manufacture. 

He also reports findings from his investigation of the 
mineralogy of Wyoming nephrites. These nephrites are 
intermediate in chemical composition between tremo- 
lite and ferro-actinolite; most of the gem-quality mate- 
rial is tremolite. He also reviews nephrite competency (a 
combination of strength and hardness} and the color 
range exhibited in nephrites from different regions. 
Then, the author describes the three modes of occur- 
rence of Wyoming nephrite: (1) float, (2) vein and fissure 
fillings, and (3) ellipsoidal pods. 
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Noting that more and more often light-colored ne- 
phrites from British Columbia are being sold in Wyo- 
ming, Madson concludes that 1935-1975 may well rep- 
resent the prime period of the nephrite industry in 
Wyoming. DMD 


DIAMONDS 


Argyle diamond mines’ operational debut. Indiaqua, 
Vol. 34, No. 1, 1983, pp. 13-23. 


In a series of reprints of newspaper articles, Indiaqua 
chronicles the history of the Australian diamond de- 
posits. It begins with a December 28, 1982, story from 
the Sydney Morning Herald announcing an agreement 
between two of the Argyle partners, CRA Ltd. and 
Ashton Mining Ltd., and the De Beers Central Selling 
Organization. This sales pact with De Beers is unique in 
that there are several provisions that allow some 
domestic cutting and marketing by the joint-venture 
partners, 

The other articles are arranged in reverse chronologi- 
cal order, and present issues relevant to the Western 
Australian state government and De Beers. With so 
many people affected by these large finds of diamonds 
(up to five tons annually, most of which are of industrial 
or low-grade gem quality}, it is interesting to read in a 
single format the stories of each participant. Particularly 
noteworthy is the article from 1976 reporting the initial 
diamond find. 

One difficulty for the reader is that some of the arti- 
cles are not dated. Thirty photographs illustrating these 
developments accompany the text. FLG 


Argyle’s high grade. Mining Journal, Vol. 301, No. 7731, 
October 21, 1983, pp. 291-292. 
This is a short update on diamond-mining events in 
Australia. During the week of October 14, 1983, agree- 
ment was reached between the Western Australian 
Government and the partners of the Argyle Diamond 
Mines Joint Venture to develop the AK-1 kimberlite 
pipe. On November 1, 1983, construction was scheduled 
to begin on a treatment plant that will be capable of 
recovering 25 million carats of diamonds from three 
million tons of ore annually. It is expected that produc- 
tion will begin by January 1, 1986. Since most diamonds 
will be industrial or low-grade gem, it is expected that 
they will comprise 4% of the value of the worldwide 
production. The weight estimates for the AK 1 are pre- 
dicted to be 5% gem quality, 40% cheap gem, and 55% 
industrial grade. In addition to summarizing informa- 
tion on ore grades and production figures from the 1983 
annual report of Ashton Mining Ltd., this article also 
includes an outline map and simplified cross sections of 
the deposit. DMD 
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Diamond-bearing kimberlite pipes in Wyoming and 
Colorado. W, D. Hausel, Rocks and Minerals, Vol. 
58, No. 5, 1983, pp. 241-244. 


Hausel’s account is an intriguing tale of geological in- 
vestigation that led, ultimately, to the discovery of dia- 
monds. The problem began in 1960 when geologists 
discovered blocks of Lower Paleozoic limestone 
(450-500 m.y.} in southeastern Wyoming. No rocks of 
similar age occur close by. Furthermore, these outcrops 
are in the middle of Precambrian granite dated at 1.4 by. 
The mystery continued until 1964 when similar lime- 
stone was discovered in Colorado. This time, kimberlite 
was found in association. The geologists concluded that 
when the kimberlite magma erupted 350 to 400 my. 
ago, Lower Paleozoic limestone covered the area. Since 
then, erosion has removed all traces except for these 
chunks trapped in the erupting magma. 

Diamonds were not discovered until 1975. During 
grinding, a nodule from one of the kimberlite pipes 
scratched the Carborundum wheel. With further treat- 
ment, the geologists found diamonds 0.1 to 1.0 mm in 
the residue. Geologists from the Geological Survey of 
Wyoming and Colorado State University combined to 
explore the region. Now, nearly 100 kimberlite occur- 
rences have been located; more than 12 of these are 
diamond bearing. 

Two mining firms, Cominco America, Inc., and Su- 
perior Minerals Company, are investigating the com- 
mercial diamond potential of the Colorado-Wyoming 
region. The Geological Survey of Wyoming continues to 
test kimberlites for diamonds. Although Hausel in- 
cludes two photographs of diamonds and one cross- 
section of a Wyoming diatreme, the map of the kimber- 
lite localities and the bibliography are the most useful 
supplements to the text. DMD 


Diamonds, diggers and dreams. D. E. Schaefer, Optima, 

Vol. 31, No. 2, 1983, pp. 74-90. 
“Diamonds, Diggers and Dreams” is a historical yet 
colorful account of the hopes and dreams that sent 
gamblers to the South African diamond fields. This look 
back at the early days of diamond mining restricts itself 
to a very brief moment in history in the late 1800s, 
making one feel part of the excitement, hard work, lost 
hopes, and fulfilled dreams of the men and women who 
gambled with their lives to find those elusive 
crystals—diamonds. “Of course I thought that once on 
the field every load a stone would yield; But, I owned, 
after many a weary day, that gravel is gravel and clay is 
clay. It really was very unpleasant. But it can’t be helped, 
you know.” 

As one can already feel from this brief lament, ‘“Dia- 
monds, Diggers and Dreams” is much more enjoyable 
reading than a standard history text on the early days of 
diamond mining. We view these times through wonder- 
ful photographs, poetry, and other writings from the 


GEMS & GEMOLOGY Winter 1983 


men and women who were there. This helps remind us 
how sought-after and precious these adamantine crys- 
tals of colorless carbon really are. “I havea wife, aclaim 1 
mean, a baby anda cradle too, which I constantly work 
from daylight till dark in search of a diamond or two.” 
Yes, those were exciting times, the early days of dia- 
mond mining. And this reading makes you wish you 
could have been there. “Hurrah! for the diamond fields! 
With its stores of wealth untold. Hurrah! for the rich and 
sparkling gems to win us piles of gold.” GAR 


Diamonds in the People’s Republic of China, part I and 
part II. B. Hawkins, Diamant, Vol. 26, No. 267, 
1983, pp. 29-30, No. 268, 1983, pp. 25—32. 


In part I, Hawkins summarizes the longer version pre- 
sented in part II, which begins with a description of 
China’s diamond deposits. The only confirmed mine is 
called Changte, after the nearby town in the northern 
part of Hunan province. A geographic outline map of the 
People’s Republic of China allows one to locate Changte 
as well as the other deposits reviewed. These latter lo- 
cations have been derived from reports of discoveries of 
individual diamonds since the government is reticent to 
talk about the diamond localities. 

In a short section on diamond production, Hawkins 
reports an output for 1980 of 1.8 to 2.8 million carats, 
with about:20% of the diamonds ranked as gem quality. 
In the next two sections, Hawkins focuses on the dia- 
mond trade and the cutting industry. He speculates that 
the exported cut stones go to the United Kingdom and 
West Germany. In a brief note on synthetic diamonds, 
he reports that the first synthetic grit was produced in 
China in 1963, and by 1980 six synthetic production 
units were in operation, allowing a significant reduction 
in China’s importation of industrial diamonds. 

Hawkins concludes with a prediction of a gradual 
increase in both natural and synthetic diamond produc- 
tion, although one not large enough to make China a 
significant diamond leader. In an interesting appendix 
entitled ‘Diamonds: China’s Connections with De 
Beers,” instances of contact between the two since 1975 
are cited. DMD 


Digging for diamonds. P. Read, Canadian Jeweller, Vol. 
104, No. 5, 1983, pp. 28-32. 
Read reports on his November 1982. trip to the Finsch 
diamond mine, located 160 km northwest of Kimberley, 
South Africa. He begins by summarizing the discovery 
of the mine by Allister Fincham and Ernest Schwabel. In 
the 1950s, while prospecting for sources of asbestos, 
they discovered garnets. Realizing that this occurrence 
also suggested diamonds, they started to search for kim- 
berlite. By November 1961, they began to remove over- 
burden from a likely area. A 0.75-ct diamond was found 
in the first washing of gravel. By May 1963, output of 
diamonds was up to 1,634.45 ct. That same month, the 
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two partners sold the rights of the Fincham mine to De 
Beers Mining Company (Finsch is an amalgam of Fin- 
cham and Schwabel]. 

Today, the Finsch mine, now covering an area of 44.2, 
acres, is the second largest diamond mine in South Af- 
rica. Read also describes in detail the current efforts to 
convert the mine from an open-cast to an underground 
operation. This project is expected to be completed by 
1988, with production estimated at four million tons, 
and more than three million carats of diamond, per year. 
This article is followed by Read’s one-page description of 
the De Beers Diamond Research Laboratory, which cel- 
ebrated its 36th-year anniversary in 1983. DMD 


Famous diamonds of the world (XV): the ‘‘Hastings’” 
diamond. |. Balfour, Indiaqua, Vol. 34, No. 1, 1983, 
pp. 129-133. 


As with many other large diamonds, the Hastings dia- 
mond has a history of intrigue and mystery. Ian Balfour, 
in another article from his series, “Famous Diamonds of 
the World,” has spun an interesting tale. 

This 101-ct rough diamond received its name from 
the first British Governor General of India, Warren Hast- 
ings. Mr. Hastings was in attendance on the presenta- 
tion of this diamond to King George III by the important 
Indian prince, Nazam Ali Cawn. A story was then circu- 
lated that Mr. Hastings had sought to curry the king’s 
favor by helping him acquire this diamond. Once begun, 
the scandal progressed under its own momentum. Two 
years later Mr. Hastings was formally impeached, and 
the trial that followed lasted over seven years. Ulti- 
mately, Hastings was acquitted of all charges. 

Although there is no proof, Mr. Balfour speculates 
that the diamond became part of the British Crown 
jewels and was cut into a 32.20-ct round brilliant and 
mounted into the coronation crown of George IV. Sub- 
sequently purchased at auction by the marquis of 
Westminster, the Hastings diamond was then mounted 
in the Westminster Tiara along with two other famous 
diamonds, the Arcots. In 1959 Mr. Harry Winston pur- 
chased the tiara and later sold the stone to a private 
collector. FLG 


GEM INSTRUMENTS 
AND TECHNIQUES 


A spindle state study of the optical properties of topaz. 
M.F. Carman, Jr., Bulletin de Minéralogie, Vol. 104, 
1981, pp. 742-749. 

The author has made very accurate measurements of the 

optical properties of a topaz crystal of unknown origin 

using a recently perfected microscopic technique. This 
technique involves mounting a tiny crystal fragment on 

a needle, or spindle, attached to a movable stage. The 

fragment is then rotated into various positions for opti- 

cal measurements under the microscope. Refractive in- 
dices using 589-nm light are Nx = 1.6109 (3), Ny = 
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1.6137 (3), and N, = 1.6209 (3}. Data on other optical 
properties are also presented. The analyzed fluorine con- 
tent (19.3-19.7%]} determined by electron microprobe 
agrees closely with the content calculated from these 
measurements. JES 


GEM LOCALITIES 


Gem azurite from the Eclipse Mine, Muldiva— 
Chillagoe area, Queensland. A. D. Robertson, Aus- 
tralian Gemmologist, Vol. 15, No. 2, 1983, pp. 
46-49. 

From 1892 to 1927 silver was mined at Muldiva in 
Queensland, Australia; gem-quality azurite crystals 
were recovered from the Eclipse Mine in this area as 
well. Economic mineralization at Muldiva was associ- 
ated with contact skarn deposits developed in lime- 
stone. Extensive weathering of the garnetiferous skarn 
and subsequent oxidation of copper sulfides in the 
weathering zone produced large azurite crystal clusters; 
the largest group weighed 0.9 kg, while the largest single 
crystal weighed 8.75 gm. 

The author has classified the azurite crystals into 
three fundamental categories, based on the type of ter- 
mination and the development of crystal faces. Physical 
properties of the azurite are described and include the 
following: step-like cleavage breaks partially obscured 
by conchoidal fractures; strong pleochroism in blue; 
specific gravity of 3.789 + 0.003; absorption above ap- 
proximately 480 nm and below approximately 430 nm. 
Refractive indices were not determined. Some of the 
specimens showed replacement by malachite while re- 
taining the azurite crystal forms (pseudomorphism}. 
The various stages of replacement are noted in detail. 

In addition, the article includes a listing of 21 min- 
erals found in the Muldiva ores. 

Robert C. Kammerling 


Neues vom Smaragd-Vorkommen von Sta. Terezinha de 
Goids, Goids, Brasilien (New information from an 
emerald source in Sta. Terezinha in Goids, Brazil). 
H. A. Hanni and C. J. Kerez, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 32, 
No. 1, 1983, pp. 50-58. 

The authors examined emerald crystals and rock sam- 

ples from the new emerald mine in Santa Terezinha, 

Brazil. The hexagonal prismatic crystals are found in 

talc and in biotite schists. Color varied from light green 

to dark green with a bluish overtone resembling emer- 
alds found in Zambia. The RI. ranged from 1.585—1.587 

to 1.592—1.595; birefringence was 0.006 to 0.008; S. G. 

ranged from 2.752 to 2.764. The absorption spectrum 

was the same as the spectrum encountered in emeralds 
from Madagascar. The inclusions were examined by 
electron microprobe and identified as dolomite and pi- 
cotite, a chromian spinel. A quantitative chemical anal- 
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ysis on four crystals showed volume percentages that are 
characteristic of most natural emeralds. In the 12 color 
photographs are examples of the inclusions, an assort- 
ment of rough stones, and two views of the mine. 
KNH 


JEWELRY ARTS 


Archaic jades, ancient & modern. M. Gulbenkian, Arts 
of Asia, Vol. 13, No. 3, 1983, pp. 97-105. 


Mr. Gulbenkian provides a pictorial essay of jade in 
various eras. He divides his discussion of samples into 
stages. The first six are the Neolithic, Shang, Western 
Chou, Spring and Autumn, Warring States, and Han. 
Next, Gulbenkian covers the Archaistic, Northern Wei, 
Southern Tan, Sung, the 13th through 17th centuries, 
Ming, and Manchu periods. 

Gulbenkian describes one or more pieces of jade in 
each period. In most of these short descriptions, some 
attempt is made to give the historical significance of 
each picce. The author’s purpose of writing the article 
was to “give a clear idea of current fashions as well as the 
linear development of the craft.” Unfortunately, neither 
theme is adequately developed. 

Some of the pieces illustrated are: a pi of the Shang 
period, a huang of white jade of the Western Chou pe- 
riod, a chape (tip of a scabbard) of the Warring States 
period, a sword of the Han period, a belt buckle with a 
feline image from the Sung dynasty, and a curling mon- 
ster carving from the Ming dynasty. The author also 
provides his own sketches of jade carvings from many of 
these periods. ]IMW 


Bracelets for bullets. V. Becker, House @) Garden, Vol. 
155, No. 6, 1983, pp. 48-52. 


Berlin iron jewelry became fashionable during the Napo- 
leonic Wars of the late 18th and early 19th centuries; the 
first factory for the production of this type of ornament 
opened in 1804 in Berlin. Less than a decade later appeals 
were being made to the wealthy to surrender their jewels 
for the Prussian national cause, with iron jewelry being 
issued as a form of receipt. While its popularity grew out 
of the difficult time of war, Berlin iron jewelry did not 
disappear when peace was restored and, passing through 
various stylistic changes, survived until the 1860s. 

The skill of its fabrication lay in the casting, and its 
visual effect depended on the startling contrast of deli- 
cate, lacy black jewelry with white skin, since at that 
time women did not seek the sun, and a soft, white 
complexion was much admired. 

In this article, the author writes more engagingly and 
informatively than in the section of her own book (An- 
tique and 20th Century Jewellery, London: N.A.G. 
Press, Ltd., 1980} which deals with this period of jewelry 
history. However, the article does not mention Ann 
Clifford’s Cut Steel and Berlin Iron Jewellery (Bath: 
Adams & Dart, 1971), the definitive work on Berlin iron 
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jewelry, and therefore does a slight disservice to readers 
who might wish to pursue the subject beyond the lim- 
itations of a short article. NL 


Chinese jade books in the Chester Beatty collection. J. 
Chapman, Arts of Asia, Vol. 13, No. 3, 1983, pp. 
110-119. 


Chapman, the Far East curator of the Charles Beatty 
Library and Gallery of Oriental Art located in Dublin, 
Ireland, presents another facet of this remarkable col- 
lection as he focuses on the 15 jade books. These are not 
books about jade; rather, they are books written on jade. 
The practice dates back at least 2,000 years. An ancient 
Chinese ritual book, Li Ki, states that while bamboo was 
the writing material used by commoners, jade was 
strictly reserved for the emperor. From the Ch’in dy- 
nasty (221-206 B.C.} on, two sets of jade tablets were 
used in a ceremony called feng-shan which thanked the 
ruling spirits and petitioned them to continue to pre- 
serve peace and prosperity. One set of tablets was buried 
at the site of the altar while the other was taken to the 
ancestral shrine of the emperor. : 

Horizontal holes were drilled in the top and bottom 
of each tablet. Then a cord was threaded through so that 
the books could be folded in concertina fashion. For 
storage, special boxes were constructed to hold each 
book, which sometimes numbered as many as 53 tab- 
lets. Two of the books have Manchu script as well as 
Chinese. 

Of the'15 books in the Chester Beatty collection, 
seven are imperial notes and poems, five are Buddhist 
texts, and three are official records. Chapman summa- 
rizes the known history of the different books, as well as 
details about how Beatty acquired them. Photographs of 
eight of the 15 are included, five in color. DMD 


Dazzled by nature. G. Trotta, Connoisseur, Vol. 213, 
No. 859, 1983, pp. 86-89. 
Brazilian Haroldo Burle Marx is the dazzled one. He in 
turn dazzles the reader with his designs in gold and silver 
alloy set with emeralds, aquamarines, tourmalines, to- 
pazes, opals, and other colored stones of Brazil, which 
are worn by the rich and powerful around the world. 
Marx, who has designed jewelry for Pope John Paul I 
as well as for Happy Rockefeller, calls his workshop in 
Rio de Janeiro “a team bound together more by love than 
by business.’”’ The social and aesthetic philosophy that 
informs his work is the subject of this interview which, 
despite Trotta’s oddly patronizing tone, is informative 
and thought-provoking. Dane Penland’s five photo- 
graphs and three of Marx’s own drawings complement 
the text and make one hunger for more. FS 


Precious platinum. J. M. Filstrup, Town & Country, Vol. 
137, No. 5037, 1983, pp. 112-187. 


Ms. Filstrup describes the wide range of uses for plati- 
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num, as well as its history and its alluring qualities in 
famous jewelry pieces. 

Platinum is an invaluable metal in many fields of 
technology, from space exploration to chemotherapy 
treatments. Because of its rarity, the majority of the U.S. 
supply is used for industrial purposes. 

In jewelry, platinum is becoming a more popular 
setting material, due in part to the renewed interest in 
Art Deco. Certain stones seem to be more aesthetically 
pleasing than others when set in platinum, some exam- 
ples given by the author are aquamarines, amethysts, 
tourmalines, and diamonds. 

The author also discusses the investment possibili- 
ties of platinum —from ingots and stocks to the futures 
market. The revived interest leads many to believe that 
platinum is becoming a lucrative investment. 

Accompanying this article are 22 photographs; 20 of 
these are in color and depict the variety of jewelry set- 
tings fashioned in platinum. Jane Flannelly 


A pride of boxes. N. Richardson, House &) Garden, Vol. 
155, No. 5, 1983, pp. 111-117; 182-185. 


The gold snuff box was an 18th-century phenomenon— 
an object of use, luxury, and superb craftsmanship. It 
was the counterpart for its time of the Renaissance pen- 
dant jewel and the 19th-century Fabergé eggs. It came 
into being in the 1700s and remained in favor for well 
over a hundred years. Because it was essentially an ele- 
ment of costume, its style changed as often as fashion. 
In this article, the lore and lure of the gold box is 
reviewed with accuracy and style by Nancy Richardson, 
an editor at House # Garden, and is illustrated with 
splendid photographs by Lee Boltin. The author quotes 
the most authoritative sources (Kenneth Snowman, 
Clare Le Corbeiller, Martin Norton, and Sir Francis Wat- 
son) and discusses examples from the most opulent and 
representative collections (Wrightsman, Rothschild, 
Thyssen-Bornemisza, and Firestone} in one of the best 
articles on this subject to appear in recent years. 
Like most popular magazines, House &) Garden was 
unable to resist the temptation to reproduce details of 
many of the boxes much larger than their actual size, 
thus at one stroke giving the item a misleading appear- 
ance and making the illustration less useful to the seri- 
ous student. Of course, it can be argued convincingly 
that House # Garden is not aimed at serious students, 
and that its greatly enlarged details give a clearer idea of 
the precision and technical excellence of the crafts- 
manship. In any case, one of the most compelling 
charms of the 18th-century gold box is its scale and 
proportion. NL 


René Lalique: Art Nouveau jeweler and goldsmith. K. 
M. McClinton, Art & Antiques, Vol. 6, No. 2, 1983, 
pp. 90-95. 


Jewelry was one of the most important expressions of 
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the Art Nouveau movement, and René Lalique 
(1860~—1945) was the acknowledged master of the pe- 
riod. Prior to his time, 19th-century jewelry, dominated 
by historicism, was judged by the purity and size of the 
stones. Lalique changed the emphasis to creative work- 
manship and directed attention to color, texture, and 
effect rather than intrinsic value alone. 

Lalique borrowed his dominant themes from the 
free-flowing forms of nature, and he mixed his materials 
in dramatic and unexpected combinations—pearls with 
ivory, opals with carnelian, plique-d-jour enamel with 
bone and horn. He escaped the “tyranny of the diamond” 
by using moonstone, peridot, amethyst, and chrysoprase 
in his jewelry. The drooping lily, the violets of Lesbos, 
the wisteria vine, and the poppy all appear in his crea- 
tions. Birds fascinated him—especially swans and pea- 
cocks. Strange and eerie creatures were used as well— 
the bat, the snake, and the dragonfly. Also in Lalique’s 
jewelry, the faces and forms of women of “fatal beauty” 
emerge from disordered tresses— Medusa, Leda, Psyche, 
and Salomé. The zenith of Lalique’s success in jewelry 
design came with the Exposition Universelle in Paris in 
1900; soon afterward he began the transition from jew- 
eler to glassmaker. 

Katherine Morrison McClinton, a distinguished au- 
thority on the decorative and applied arts of the 19th 
century, and author of Introduction to Lalique Glass, 
has written a compelling and well-balanced article on 
Lalique’s life and work. Her approach is not entirely 
typological: she places her subject in his proper cultural 
background and is particularly informative on the 
chronological development of his career. The illustra- 
tions are shown in correct and comprehensible scale, 
and a box by Margaret Caldwell at the end of the piece 
discusses the current Lalique market and the care of 
these fragile jewels. NL 


Topkapi. A. T. Bruno, Connoisseur, Vol. 213, No. 857, 
1983, pp. 67-73. 


To commemorate the 60th anniversary of the founding 
of the Republic of Turkey, a special exhibition, ‘‘Anato- 
lian Civilizations,’’ is being held at Topkapi Palace Mu- 
seum. In her article, Bruno gives a very interesting ac- 
count of this major museum. She quotes once classic 
description of Topkapi: “More splendid than Versailles, 
more bloody than the Kremlin, and more mysterious 
than the Imperial Palace of Peking.’”’ Sultan Mehmed II, 
conqueror of Constantinople, began construction of the 
building in 1462. Enlarged by his successors, it served as 
the palace for the Ottoman rulers until 1853, when it 
was replaced by a European-style palace. Topkapi was 
converted into a museum in 1923 after Kemal Atattirk 
founded the Republic of Turkey. 

Bruno describes in detail the various rooms and 
courtyards of Topkapi, pointing out notable pieces of art 
in the collection. To many Westerners, Topkapi is best 
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known from a movie of the same title released in 1964 
that featured the theft of a famous emerald-studded dag- 
ger. This dagger is among the 11 photographs, as is the 
Spoonmaker diamond, an 86-ct stone with a controver- 
sial history. These pieces are displayed in the rooms of 
the Imperial Treasury, along with other gems and 
jewelry. DMD 


RETAILING 


The backlash has begun. M. E. Thomas, Goldsmith, Vol. 
163, No. 4, 1983, pp. 95—104. 


Thomas focuses on the increased role of federal agencies 
in the problem of appraisals. Using two new tax laws, 
the Internal Revenue Service’s involvement is becoming 
ever more prominent. The direct cause of this is a com- 
bination of different events involving tax shelters and 
the trading of personal and real property for colored 
stones with an inflated appraised value. 

Under certain government provisions, anything 
overvalued will incur an additional tax liability based on 
the amount the item is overvalued. The IRS bulletin 
states: ‘The best evidence of fair market value depends 
on actual transactions and not on some artificial esti- 
mate.” Fair market value defined by the IRS is the price 
the jeweler would pay. 

The Federal Trade Commission’s plans for dealing 
with these problems do not appear to be well defined: “If 
it could be demonstrated to the commissioners that the 
appraisal situation is scandalous or fraudulent, and they 
can be convinced of this, then they might take action 
against one or a number of companies,” the FTC staffer 
says. 

The different societies and organizations for ap- 
praisers are emphasizing the need for education in es- 
tablishing values, handling conflicts of interest, and de- 
termining fees for services. However, gem traders, jew- 
elers, and appraisers believe that laws and regulations 
are not the answer. Only individual efforts will improve 
the state of appraising. A handy guide to appraisal organ- 
izations follows this article. Marcia Hucker 


A game that hasnorules. E. Farrell, Goldsmith, Vol. 136, 
No. 4, 1983, pp. 82-94. 
Farrell begins this issue devoted to jewelry appraisals 
with an article bearing witness to the many horror sto- 
ries surrounding the world of appraising. The article 
describes the efforts of a gemologist named “Joe” and his 
search for the accurate retail value of a 1.50-ct 
marquise-cut diamond. Assisting Joe in his research, 
staff from the Goldsmith took the diamond to a labora- 
tory, a jewelry store, and a department store for an ap- 
praisal. The results: the appraised prices of the diamond 
varied from $3500 to $6000. 
The article stresses the need for the jeweler to estab- 
lish communication with the customer and to follow 
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specific guidelines when performing appraisals. Jewelers 
must be well informed about the type of merchandise 
they appraise. As Jewelers Vigilance Committee’s exec- 
utive vice-president Joel Windman said, “If you don’t 
know, don’t appraise.” Marcia Hucker 


SYNTHETICS AND SIMULANTS 


The Regency synthetic emerald. G. Brown and J. Snow, 
Australian Gemmologist, Vol. 15, No. 2, 1983, pp. 
57-60. 


This brief article begins with an overview of hy- 


drothermal synthetic emeralds, which were first pro- 
duced in 1960 in the form of the Lechleitner synthetic 
emerald-coated beryls. This development was followed 
in the late 1960s by Linde’s production of a wholly 
synthetic emerald. In summarizing the Linde process, 
the authors note that by using natural beryl seed plates 
cut at an angle to the c-axis, maximum growth could be 
obtained with a minimum formation of inclusions. To 
produce stones that were thick enough for faceting, the 
manufacturers often had to submit the crystals to a 
number of growth cycles in the autoclave. In the late 
1970s, Linde sold its emerald-synthesizing equipment 
to Vacuum Ventures, Inc. which, under license from 
Linde, began-producing the Regency synthetic emerald. 

Brown and Snow describe the results of their mac- 
roscopic and microscopic investigations of the Regency 
synthetic emerald. Observed features include a seed 
plate, phenakite crystals, ‘dagger-like” inclusions, and 
occasional flattened “healed crack’’~type inclusions. 
Examination of the latter two types of inclusions at 50x 
revealed them to be two-phased. Eight black-and-white 
photographs augment these descriptions. 

The authors provide a list of standard gemological 
properties they determined for the Regency synthetic 
emerald and conclude that, while the emeralds’ syn- 
thetic origin can be determined by a combination of 
data, including refractive index (1.568—1.573], specific 
gravity (2.68), and characteristic inclusions, it is not 
possible to distinguish them from their Linde predeces- 
sors. Robert C. Kammerling 


TREATED STONES 


Irradiation controversy on rubellite. D. T. Maddern, 
Wahroongai News, Vol. 17, No. 1, 1983, pp. 17-18. 


Maddern’s short article is in response to the controversy 
of whether many of the bright red rubellite tourmalines 
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that have appeared on the market in 1983 have been 
irradiated. Maddern discussed the issue with Frank L. 
Davis, currently head of a mining company in Brazil, 
who reported that a pocket of red tourmalines had been 
discovered in the Ouro Fino mining area of Minas 
Gerais, Brazil, in November 1982. 

Davis argues that although a larger than usual num- 
ber of small stones appeared on the market at less than 
usual prices, this does not prove the stones were irradi- 
ated. Rather, it reflects cutting and marketing decisions 
made in Brazil. (It should be noted that this also does not 
prove they were not irradiated.) Currently, no diagnostic 
test exists to detect trradiation in rubellite. DMD 


Naturally-coloured and treated yellow and orange- 
brown sapphires. K. Schmetzer, G. Bosshart, and H. 
A. Hanni, Journal of Gemmology, Vol. 18, No. 7, 
1983, pp. 607-622. 


The authors describe a new type of annealed yellow- 
orange sapphire that has an intense color similar to that 
of irradiated yellow sapphire, but is apparently stable 
upon heating, at least up to 1000°C. The coloration of 
both natural and synthetic yellow, orange, and orange- 
brown sapphires is-due to their color centers and/or 
various trace elements. However, differences between 
natural and synthetic stones are often apparent in their 
optical absorption spectra, because the trace elements 
that give rise to these colors are not the same for both 
stones. Chemical data on several natural and synthetic 
yellow sapphires illustrate this compositional differ- 
ence. 

The characteristic features of natural yellow sap- 
phires from major localities are compared with those of 
the new type of sapphire. Inclusions in this new material 
exhibit characteristics found in other types of natural 
corundums that have been heat treated. The spectra of 
these annealed yellow sapphires lack the distinct ab- 
sorption bands present in natural yellow stones. The 
causes of color in this annealed material are presently 
unknown. The authors suggest that annealed and irradi- 
ated yellow sapphires can be separated from untreated 
natural stones on the basis of spectroscopic and micro- 
scopic observations, and can be further distinguished 
from one another by their color stability when heated 
above several hundred degrees centigrade. [ES 


Editor’s Note; The same article appeared in German in 
the Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 31, No. 4, 1982, pp. 265-279. 
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GEM NEWS 


John I. Koivula, Editor 


DIAMONDS - eee 
Australia. Ashton Joint Venture {restructured into the 
Argyle Diamond Mines Joint Venture and the Ashton 
Exploration Joint Venture] recently sold the first con- 
signment of its rough diamond production through the 
Central Selling Organization. The Australian firm re- 
portedly received approximately 1.9 million dollars for 
the 200,000 ct, or about US$9.50 per carat. 


The CSO starts a quarterly journal. The Central Selling 
Organization has just published the first issue of its new 
quarterly magazine In-Sight. This new publication, 
written exclusively for international sight-holders, will 
be a permanent feature of the CSO’s official communi- 
cation program. It is designed to foster closer contact 
between the CSO (seller) and its sight-holders (buyers). 
In-Sight was established to clarify or correct “a great 
deal of misinformation” that has caused considerable 
concern among CSO sight-holders. The main purpose of 
the journal will be to shed inside light on outside com- 
ment released in the general press on both the diamond 
industry and De Beers. 


Improvement expected in the world diamond market. 
Gem and Jewellery Business Intelligence reports that 
since August of 1982, world diamond prices have re- 
mained somewhat stable. Falling interest rates in the 
United States and the expectation of a continuing 
worldwide economic recovery among diamond-con- 
suming nations have instilled renewed confidence in the 
diamond industry, and the future outlook is optimistic. 


Japan removes import duty on diamonds. Japan has 
dropped its import duty on cut gem diamonds. This 
action could result in the expansion of Japan’s diamond 
industry and will certainly affect the number of dia- 
monds purchased annually by the Japanese. 


Le Grand Coeur d’ Afrique. During a visit to West Africa 
in 1982, London jeweler Laurence Graff obtained a 
278-ct rough diamond. After more than a year of careful 
study, three stones were produced from the triangular 
rough. The smallest was a 14.25-ct marquise. A 25.22-ct 
heart-shaped gem named Le Petit Coeur d’Afrique was 
the second largest gem produced. The largest of the three 
diamonds weighs 70.03 ct and is claimed by Mr. Graff to 
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be the world’s largest heart-shaped diamond. Now called 
Le Grand Coeur d’Afrique, this stone will eventually 
carry the name of its purchaser. 


COLORED STONES iy 
India puts a ban on rough gem exports. A ban placed on 
the export of rough gemstones from India is apparently 
designed to stimulate the cutting industry in that coun- 
try. In its annual report, however, the Gem and Jewelry 
Export Promotion Council states that it fears that such a 
ban might adversely affect gemstone mining activity in 
India. 


Opal. Information released in the trade states that opal 
production in Australia fell by an estimated 60% in 1983 
from 1982 levels. Fewer miners are currently seeking 
opal and more mines are now inactive. These factors, 
together with a lack of substantial new opal finds, have 
driven prices up on all grades of opal. 


Yogo sapphire. Intergem Inc. of Aurora, Colorado, pres- 
ently owns the sapphire deposit in Yogo Gulch, Mon- 
tana. In 1983, the mine produced approximately 200,000 
ct of sapphire in limited surface mining. (The percentage 
of this material that was of cuttable gem quality was not 
reported.) Once it has completed careful exploration, the 
company plans to put the mine into full operation. 


Zoisite from Sri Lanka. Mr. Olle Fjordgren of the 
Goteborg (Sweden} Gemological Laboratory reports that 
in March of 1983, while working as director and chief 
gemologist of the United Gem Laboratory in Columbo, 
Sri Lanka, he examined a small rough stone found in 
Rakwana, south of Ratnapura. The gem was tentatively 
identified as zoisite, which would be the first time this 
gem has been found in Sri Lanka. The following proper- 
ties were noted by Mr. Fjordgren: 


Weight: 2.16 ct 
Refractive index: 


Spectrum: None 
Pleochroism: Blue- 


1.704-1.710 green, light blue 
Optical sign: Positive, Specific gravity: Over 3.32 
biaxial Inclusions: Actinolite {?) 


Birefringence: 0.06 needles 


SW/LW light: Inert 


Readers interested in further information on this find 
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should contact Mr. Fjordgren at Géteborgs Gem- 
mologiska Laboratorium, Foreningsgatan 4, $-411, 27 
Géteborg, Sweden. 


SYNTHETICS AND SIMULANTS 
More information on C-Ox. X-ray diffraction studies 
donein GIA’s Applied Gemology departmenton this sup- 
posedly “new” Russian diamond substitute (reported in 
the Fall 1983 Gem News section) show that this mat- 
erial has a structure identical to that of cubic zirconia. 
See the Lab Notes section of this issue for further infor- 
mation on “C-Ox.” 


Synthetic diamond. Using a high-energy particle accel- 
erator, scientists at the atomic energy research estab- 
lishment at Marwell, Oxfordshire, England, have suc- 
ceeded in putting a layer of diamond on a preexisting 
diamond crystal. The accelerator fires carbon atoms into 
the existing structure of the diamond. Subsequent an- 


nealing at 800°C allows the newly added carbon atoms 
to be incorporated into the diamond’s lattice structure. 
The added layer can be detected as a slight ridge when a 
finger is moved over the surface. The research team says 
that theoretically there is no reason why this technique 
could not be used to build a large gem-quality diamond 
using a small crystal as a nucleus. 


MISCELLANEOUS Sy 
New French postage stamp for collectors. The French 
Postal Service has just issued a stamp honoring “The Art 
of Jewelry.” The new stamp was unveiled at the 76th 
Bijorhca, the French jewelry show held annually in 
Paris. The stamp is part of a series of stamps issued 
annually by the French Post Office in collaboration with 
the Société d’Encouragement aux Métiers d‘Art to honor 
a chosen profession. Collectors wishing to obtain 
stamps for their collection may contact the French 
Chamber of Commerce at (212) 869-1720. 


ANNOUNCEMENTS __ 


Accredited Gemologists Association 
to meet in Tucson. The Accredited 
Gemologists Association is planning 
a gemological conference to be held 
in Tucson, Arizona, concurrent with 
the 30th Annual Tucson Gem and 
Mineral Show. Topics to be covered 
at the conference will include the 
latest in synthetics, gemstone 
treatments, and identification tech- 
niques. The conference will be held 
at the Holiday Inn on South Palo 
Verde Blvd. and will run from Sun- 
day, February 5, through Saturday, 
February 11. For further information 
on the conference, please contact 
Myriam or Tom Tashey at the AGA 
editorial office, 608 South Hill St., 
Suite 1013, Los Angeles, CA 90014, 
telephone (213) 623-8092. 


American Gem Society to celebrate 
its Golden Jubilee. The American 
Gem Society has selected Atlanta, 
Georgia, as the site for its first Inter- 
national Conclave and its Golden 
Jubilee (50th year) celebration. The 
four-day event, which will run from 
March 31 to April 3, 1984, will be 
held at the Hyatt Regency Hotel in 
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Atlanta. The theme for the 1984 In- 
ternational Conclave is ‘Developing 
and Promoting the Educated and 
Ethical Jeweler.” Jewelers and gem- 
ologists from all over the world 
have been invited to attend. Further 
information concerning the 1984 
Conclave can be obtained by contact- 
ing the American Gem Society, 3460 
Wilshire Blvd., Suite 914, Los An- 
geles, CA 90010, telephone (213) 
387-7375. 


American Gem Trade Association to 
hold gemstone congress. The Ameri- 
can Gem Trade Association will host 
an International Gemstone Congress 
in Acapulco, Mexico, from January 
28 to February 1, 1984. The agenda is 
expected to include a discussion of 
synthetic gemstones and their iden- 
tification, problems with treated 
gemstones, appraising, inter-organi- 
zational cooperation, and the forma- 
tion of a new international gemstone 
organization. For further informa- 
tion, please contact the American 
Gem Trade Association at P.O. Box 
32086, Phoenix, AZ 85064, tele- 
phone (602) 279-7171. 
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Tucson 1984: the 30th Annual Gem 
and Mineral Show. The entire city of 
Tucson is virtually swallowed up by 
this annual gem and mineral event. 
The 30th Tucson show will be held 
February 9-12, 1984, in the Tucson 
Convention Center, although a 
multitude of gem- and mineral- 
related activities will be going on in 
area hotels and motels before, after, 
and concurrent with the main ‘‘Tuc- 
son Show.” The theme mineral this 
year is tourmaline, but virtually 
every variety of gemstone and min- 
eral available today can be found at 
Tucson. A detailed report of the 
highlights of the Tucson show will 
appear in the next issue of Gems 
Gemology. 


Several pieces of finished jewelry, 
loose stones, and pocket watches 
were stolen from Kenneth Cousens’ 
(president of Kenneth Cousens, Inc., 
Santa Rosa, CA) car while it was 
parked in downtown Los Angeles on 
November 3, 1983. The most note- 
worthy piece stolen is the large sap- 
phire and diamond necklace that was 
featured on the cover of the Fall 1982 
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issue of Gems & Gemology. The 
center stone is a 17.22-ct antique 
cushion-cut sapphire. One end of the 


clean, medium-color stone is notice- 


ably wider than the other. 

Among the loose stones that are 
missing is an unusual 1.40-ct oval 
blue spinel from Sri Lanka. There isa 
rounded, dodecahedron crystal in- 
clusion in one end of the cobalt-blue 
stone. Also included among the 
stolen goods were quantities of cut 
rubies, sapphires, emeralds, spinels, 
tourmalines, black opal, sphalerite, 
and lapis lazuli. 

Anyone who encounters suspici- 
ous material that might represent 
any of these items is asked to 
contact Mr. Cousens at P.O. Box 
3481, Santa Rosa, CA 95402, tele- 
phone (707) 538-3614. 


Many fine pearls, loose gemstones, 
and pieces of jewelry were stolen 
from George Brooks, of Santa 
Barbara, in December. Two hundred 
very fine natural gray to black, 
round and baroque, South Sea pearls 
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(84% —11% mm] were taken, as well 
asa large, fine collection of polished 
white opal and rough (very rare] and 
polished boulder opal. Included in 
the loose faceted gems were a 46-ct 
peridot and a superb 10-ct emerald. 
Dozens of pieces of jewelry set with 
fine colored stones were also taken; 
the hand-manufactured 18-karat 
gold settings were stamped with 
“Brooks.” 

Anyone who believes they may 
have seen any of these items is 
asked to contact Detective Chuck 
Kennedy of the Santa Barbara Police 
Department at (805) 967-5561, ext. 
307. A substantial reward is being 
offered for information leading to 
the recovery of the jewels. 
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American Museum of Natural 
History —Central Park West and 
79th Street, New York, NY 10024. 
Telephone (212) 837-1300. This mu- 
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seum has one of the finest displays of 
gemstones and gem minerals in the 
United States, if not the world. Re- 
cently on display at the museum 
were three unusual gems owned by 
Alan Caplan of New York that have 
all appeared in various issues of 
Gems & Gemology: a 667-ct Muzo 
emerald crystal (Gem News, Spring 
1983}, the 217.8-ct Mogul emerald 
(cover, Summer 1981), anda 15.97-ct 
cushion-cut ruby from the Mogok 
Stone Tract, Burma (this issue]. 


We Welcome Your Contributions. 
Gems & Gemology welcomes news 
of exhibits, events, and other items 
of a gemological nature regarding di- 
amonds, colored stones, ornamental 
materials, organic materials, gem 
minerals for collectors, precious 
metals, and synthetics. If you havea 
news item, please contact John I. 
Koivula, Gemological Institute of 
America, 1660 Stewart St., Santa 
Monica, CA 90404, telephone (2.13} 
829-2991, ext. 237. 


SHE 


. GEMS & GEMOLOGY MOST VALUABLE ARTICLE AWARD 
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This issue marks the end of the 1983 
volume year of Gems & Gemology. Once 
again, we are asking you—our readers— 
to select the three articles that you found 
most interesting and potentially useful. By 
participating in this ballot, you not only help 
us acknowledge the time and effort that these 
authors have contributed to expanding the 
gemological literature, but you also give us a 
better idea of your needs and interests. 

Your ballot is located on the insert card 
inside this issue. Please choose three 
articles from 1983 and mark them in order of 
numerical preference: (1) first, (2) second, (3) 
third. Be sure to mark only three articles for 
the entire year. Additional comments 
concerning the journal are welcome in the 
space provided. After voting, simply detach 
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the postcard ballot and drop it in the mail 
(postage pre-paid if mailed in the U.S.). 
Ballots must be received by March 15, 1984 
to be included in the final tally. 

The winning articles will be announced in 
the Spring 1984 issue of Gems & Gemology, 
with cash awards of $500, $300, and $100, 
respectively, given to the authors of the three 
most valuable articles. 

Your participation is important to the 
vitality of the journal. So please take just a 
few minutes now to Jet us know how you feel, 
and help honor the authors whose work has 
educated and enlightened gemological readers 
around the world. 
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JEWELLERY OF THE 
ANCIENT WORLD 


By Jack Ogden, 185 pp., illus., publ. 
by Rizzoli International Publi- 
cations, New York, 1983 (first 
published by Trefotl Books Ltd., 
London, 1982). US$50.00* 


Jack Ogden, distinguished London 
dealer and founder of The Society of 
Jewellery Historians, has written the 
first account of the work of jewelers 
and goldsmiths of the pre-classical 
and classical world based on the 
study of materials available to them 
and the techniques they used in their 
considerable achievements. His 
writing combines the sensitivity of 
the connoisseur with the skill of the 
archaeologist, and his book will be 
useful to professionals and non- 
professionals alike. 

Derek Content, one of America’s 
leading authorities on ancient gems 
and jewelry, told this reviewer that 
the approach taken by Ogden in this 
book is long overdue. “It should have 
been written 15 years ago,” Content 
said, complimenting Ogden’s efforts, 
“and 1 wish'l had written it myself.’”” 

The chapter on gemstones is 
noteworthy for the review of mate- 
rials used in jewelry by the ancient 
craftsmen and a discussion of their 
sources. The author points out the 
enormous potential that exists for 
further work on source correlation 
for gemstones used in antiquity. The 
use of emeralds, jade, lapis lazuli, or- 
ganic gem materials, glass, enamel, 
and faience is, of course, expected. It 
is surprising, however, to find that 
such material as cordierite, dioptase, 
and steatite were used. But, as Ogden 
says, ‘There can hardly be any natu- 
rally occurring substance that has 
not at one time or another been em- 
ployed to decorate the human body.” 
He also states that the use of dia- 
mond jewelry during this period was 
“limited to Roman times after the 
lst century and mainly to the 3rd 
century.” 

The author gives attention to the 
widespread trade in gem materials in 
antiquity, going back some 5,000 
years in Egypt and India, and specu- 
lates that trade in Whitby jet and 
Baltic amber probably led to Medi- 
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BOOK 
REVIEWS 


Michael Ross, Editor 


terranean sea trade with Northern 
Europe. 

In the chapter dealing with fakes 
and forgeries, Ogden clearly and 
logically pulls together all the infor- 
mation that has helped identify spur- 
ious pieces for the last decade, and 
greatly furthers understanding of the 
genuine article. He says that, so far, 
gemological tests have not been used 
to their full potential in forgery de- 
tection, but that they have proved 
their worth in several cases. 

In other parts of the book, there 
are a few isolated facts that could be 
questioned, e.g., “Roman agate in- 
taglios are rare,”’ when many late Re- 
public agate gems are known and 
their popularity attested to by the 
well-known glass imitations of the 
same period. Ogden also mentions 
“rarely recorded Western Asiatic 
use’’ of onyx, when many examples 
of eye “agates” in Ur and other very 
early sites are documented. 

The extensive footnotes and bib- 
liography are valuable but appear in 
extremely small print and are hard 
on the eyes. The numbering system 
for the illustrations is awkward, and 
the proofreading is not all that it 
could be. 

These are minor complaints, 
however, and do not detract from the 
luxe of the graphics, the splendor of 
the photographs, or the quality of the 
scholarship. Ogden’s combination of 
technological and art-historical in- 
formation in jewelry studies has not 
been seen previously. He has broken 
new ground and established the path 
for others to follow. 


NEIL LETSON 
Anniston, Alabama 


*This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. 
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CURRENT TOPICS IN 
MATERIAL SCIENCE, 
Vol. 10: “Gem Materials, 


Natural and Artificial” 

By I. Sunagawa, 144 pp., illus., publ. 
by North Holland Publishing Co., 
New York, NY, 1982. US$106.50 


In both the preface and advertising 
for this volume, the editor claims 
that “The continuous struggles in 
the gemmological laboratories to 
find methods for distinguishing be- 
tween natural and synthetic gems is 
discussed in detail by the author 
[Sunagawa] and presents one of the 
main scientific attractions of this ex- 
cellent review.’”” However, the au- 
thor only briefly mentions a few 
selected aspects of this subject, and 
even those are not ata level useful for 
the gemologist. 

This review article contains a 
number of interesting microto- 
pographs of the surfaces of natural 
and synthetic gemstones, the field of 
specialization of the author. How- 
ever, Sunagawa has attempted to ex- 
pand this to cover the wide field of 
the title within a very limited space. 
Asa result, the treatment is uneven, 
indeed superficial in many places, 
and the reader will leave with many 
misconceptions. For example, Suna- 
gawa claims that a synthetic ivory 
has been produced (incorrect},; that 
the composition of cubic zirconia is 
ZrOo*Y203 (it is approximately 9Z- 
1O9*Y,03); that the color of ame- 
thyst is due to iron oxides and 
hydroxides (it is a color center in- 
volving substitutional Fe}; that the 
color of chalcedony is commercially 
changed by a hydrothermal treat- 
ment (!], and so on. There is also 
mention and a picture of ‘‘plastic 
opal” (should be “plastic opal imita- 
tion’). The heat treatment of ame- 
thyst to turn it yellow is not men- 
tioned under quartz but is discussed 
as a misnomer under the heading of 
topaz, without ever giving the proper 
name of the product. And so on. 

There is a brief introduction to 
crystal growth mechanisms but at a 
level of little use to the person who 
does not already know the meaning 
of “Jackson’s alpha.” Nor do the six 
unlabeled drawings of diamond 
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growth apparatus in figure 20 mean 
anything to the reader not already an 
expert in crystal growth (and not 
much even then). The four color 
plates do not do justice either to the 
color (emerald, amethyst, ruby} or to 
the appearance (diamond imitations} 
of the materials pictured. There are 
137 references with only occasional 
coverage of the literature through 
1980, Finally, diamond is the only 
gem material discussed in the text 
that appears as a primary entry in the 
index, and even then the wrong page 
listing is given. 

Sunagawa does include highly 
technical treatments of diataxy, 
SbSI, nonstoichiometry, and halide 
vapor complexes; workers in these 
fields will find this information use- 
ful. However, the gemologist will 
find little of interest in this rather 
expensive volume. 


KURT NASSAU 
Bernardsville, NJ 


OTHER BOOKS 
RECEIVED IN 1983 


An A-Z of Gems and Jewelry, Bill 
Robins. Arco Publishing, 1982; 96 
pp.; 54 line drawings; US$10.95* 
Of the 153 entries from agate to 
zircon, 71 are related to jewelry, 
69 to gems, and 13 to metals. The 
short, nontechnical descriptions 
are illustrated by numerous line 
drawings. These are followed by 
the appendix, which is a list of 19 
gemstones, their varieties, hard- 
ness, color, and main sources. 


Beginner’s Guide to Minerals, 
Michael O’Donoghue. Newnes 
Technical Books, 1982; 140 pp.; 
one color photograph, 21 black- 
and-white photographs, and 34 
line drawings; US$9.95*. Reflect- 
ing his background in gemological 
information, O’/Donoghue begins 
with the early study of minerals 
from Aristotle and Theophrastus 
to Pliny the Elder. In his next 
chapter he discusses the aspects of 
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SHORT COURSE IN 
GRANITIC PEGMATITES IN 
SCIENCE AND INDUSTRY 
Edited by P. Cerny, 555 pp., illus., 
publ. by the Mineralogical Associa- 
tion of Canada, Winnipeg, Canada, 
1982. US$150 


This volume represents the pub- 
lished proceedings of a symposium 
on granitic pegmatites held in 
Winnipeg in May 1982, under the 
auspices of the Mineralogical Asso- 
ciation of Canada. This meeting 
brought together many of the fore- 
most authorities on pegmatites from 
both academic and industrial back- 
grounds. As such, this volume is 
perhaps the most comprehensive, 
updated text dealing with granitic 
pegmatites and their relationship to 
more fundamental geologic pro- 
cesses in the Earth’s crust. 

The chapters in the text fall into 
four sections. The introductory 


chapter reviews the occurrence and 
classification of granitic pegmatites. 
The second section includes nine 
chapters dealing with various as- 
pects of pegmatite mineralogy. The 
petrology, geochemistry, and geo- 
logic evolution of granitic pegma- 
tites are discussed in the next five 
chapters. The final section consists 
of four chapters concerning the ex- 
ploitation of granitic pegmatites for 
valuable mineral commodities. Each 
chapter includes a complete bibliog- 
raphy of important articles. 

Since pegmatites have been, and 
seem destined to continue to be, the 
subject of only brief discussion in 
most geology textbooks, this volume 
appears to be the best reference on 
granitic pegmatites for interested 
readers regardless of their back- 
ground. 


JAMES E. SHIGLEY 
Research Scientist, GIA 


building a mineral collection; 
then he reviews how minerals 
form, their composition and 
structure, crystals and light, and, 
finally, ways to test minerals. The 
final chapter, devoted to mineral 
descriptions, is arranged by chem- 
ical family. In addition to impor- 
tant constants and other aids to 
identification, the author in- 
cludes information on how to 
clean specimens and comments 
on significant localities. 


Depositional Systems, Richard A. 
Davis, Jr. Prentice-Hall, Inc., 
1983; 669 pp.; many black-and- 
white photographs, line draw- 
ings, maps, and charts; US$33.95. 
In his preface, Davis describes this 
book as a college-level textbook 
on sedimentary geology. Unlike 
earlier texts that were largely de- 
scriptive, focusing on sediments 
and sedimentary rocks, this one 
takes the genetic approach. It ex- 
amines, in detail, the specific en- 
vironments of deposition and 


then relates these to the sedimen- 
tary features produced. An exten- 
sive reference section, 52 pages in 
length, is included. 

Diagrams for Faceting, Volume II, 
Glenn & Martha Vargas. Glenn & 
Martha Vargas, 1983; 151 pp.; 
many line drawings; US$17.50* 
The most recent effort by Martha 
and Glenn Vargas is designed to 
accompany their two earlier 
books, Faceting for Amateurs and 
Diagrams for Faceting, Volume I. 
Since most of these diagrams were 
contributed by faceters world- 
wide, the authors begin with a 
short biographical note on each 
contributor. Then they explain 
how to convert the number set- 
tings presented in the diagrams 
into readings usable on any facet- 
ing equipment. This is followed 
by 132 diagrams, arranged in 12 
sections according to shape. Each 
cut has step-by-step procedures 
for cutting and polishing, as well 
as special notes on the degree of 
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difficulty and suitable faceting 
materials. This is a book to chal- 
lenge experienced cutters. 


Gem and Jewellery Year Book 1983, 


ed. V. Kala. Gem & Jewellery In- 
formation Centre of India (A-95, 
Journal House, Janta Colony, 
Jaipur 302004, India); 678 pp; 
some black-and-white photo- 
graphs, line drawings, and maps; 
US$30.00* (airmail), or US$20.00 
(seamail). The ninth edition of 
the compendium includes infor- 
mation about the Indian gem and 
jewelry trade, gemological in- 
struments and lapidary equip- 
ment and supplies, Indian 
customs regulations, the interna- 
tional gem trade, foreign repre- 
sentatives in India and Indian rep- 
resentatives abroad, gem and 
jewelry organizations, and taxa- 
tion. It also includes a directory of 
Indian supplies. 

Two changes in the 1983 for- 
mat are worth noting. By increas- 
ing the dimensions of this year’s 
edition {as well as consolidating 
some chapters}, the editor has re- 
duced the number of pages from 
854 in 1982 to 678 in 1983. Be- 
cause each section has its own 
page numbers, it was always diffi- 
cult to locate specific chapters. 
Now, colored sheets separate the 
3 sections. 


Gemmological Instruments, Peter 


G. Read. Butterworths, 2nd ed., 
1983, 328 pp; many black-and- 
white photographs, as well as 
many line drawings; US$39,.95* 
Read has increased the text in this 
second edition by 101 pages and 
included two new sections, one 
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on photomicrography and one on 
experimental equipment. Other 
chapter modifications include 
more information on synthetics 
and simulants, a comparative 
value guide on equipment prices, 
and a separate chapter on thermal 
conductivity. Once again, manu- 
facturers and suppliers are listed 
in the appendix. 


Lapidary Carving, Frank W. Long. 


Van Nostrand Reinhold, 1982; 
132 pp; 102 black-and-white pho- 
tographs, 52 line drawings; 
US$24.95* Long begins by defin- 
ing different types of carving as 
well as briefly reviewing the his- 
tory of carving from a 40,000- 
year-old figure to today’s com- 
mercial work. In his second chap- 
ter he discusses materials, group- 
ing them by hardness. In the third 
chapter, he focuses on carving 
tools and equipment. This is par- 
ticularly interesting because he 


-includes equipment not tradi- 


tionally used by lapidaries. Line 
drawings and photographs amply 
illustrate his fourth section on 
methods and techniques. He 
concludes this useful book with a 
short chapter on design funda- 
mentals and an appendix with 
pertinent references such as speed 
tables and supplies of equipment 
and materials. 


Minerals and Rocks of Jamaica, An- 


thony R. D. Porter, Trevor A. 
Jackson, and Edward Robinson. 
Jamaica Publishing House, 1982; 
174 pp.; 12 color photographs, 10 
black-and-white photographs, 
three maps, and five line draw- 
ings; US$12.95, The authors, 
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three Jamaican geologists, com- 
bined the basics of a rock and 
mineral handbook with the spe- 
cifics of localities in Jamaica. 
They divided the book into two 
parts: minerals and rocks. In part 
1, chapters on minerals and the 
physical properties of minerals 
are followed by a description of 
Jamaican minerals and Jamaican 
mineral identification. In part 2, 
chapters on rocks and on a de- 
scription of Jamaican rocks are 
followed by rock identification 
and the geologic history of Ja- 
maica. Locality information is 
keyed to topographic and geologic 
maps which are described in the 
appendix. There is alsoa reference 
list with 93 entries. 


Rocks, Minerals and Gemstones of 


Southern Africa, E. K. Macintosh. 
C. Struik (Pty) Ltd., 1983; 120 
pp.; 109 color photographs; 
US$15.00* This collecting guide 
to mineral resources in southern 
Africa begins with short chapters 
on collecting and on the physical 
properties of minerals. The major- 
ity of the book is composed of 
brief descriptions of materials di- 
vided into chapters: major and 
minor rock-forming minerals; ig- 
neous, sedimentary, and meta- 
morphic rocks; and minerals of 
economic importance. This last 
chapter has been added since the 
first edition appeared in 1976. 
Locality information is a useful 
aspect of the descriptions. The 
color photographs are quite good, 
giving a visual example of most of 
the rocks, gems, and minerals 
presented. 
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GEMS & GEMOLOGY is an inter- 
national publication of original con- 
tributions (not previously published 
in English) concerning the study of 
gemstones and research in gemology 
and related fields. Topics covered 
include {but are not limited to} col- 
ored stones, diamonds, gem instru- 
ments, gem localities, gem substi- 
tutes (synthetics), gemstones for the 
collector, jewelry arts, and retail 
management. Manuscripts may be 
submitted as: 

Original Contributions—full-length 
articles describing previously un- 
published studies and laboratory or 
field research. Such articles should 
be no longer than 6,000 words (24 
double-spaced, typewritten pages] 
plus tables and illustrations. 
Gemology in Review—comprehen- 
sive reviews of topics in the field. A 
maximum of 8,000 words (32 dou- 
ble-spaced, typewritten pages] is 
recommended. 

Notes & New Techniques—-brief 
preliminary communications of re- 
cent discoveries or developments in 
gemology and related fields (e.g., new 
instruments and instrumentation 
techniques, gem minerals for the 
collector, and lapidary techniques or 
new uses for old techniques). Arti- 
cles for this section should be about 
1,000—3,000 words (4-12 double- 
spaced, typewritten pages}. 


MANUSCRIPT PREPARATION 
All material, including tables, leg- 
ends, and references, should be typed 
double spaced on 8% X 11” (21 x 28 
cm) sheets. The various components 
of the manuscript should be pre- 
pared and arranged as follows: 
Title page. Page 1 should provide: 
(a) the article title; {b} the full name 
of each author with his or her affil- 
iation (the institution, city, and state 
or country where he/she works); and 
(c) acknowledgments. 


Abstract. The abstract (approxi- 
mately 150 words for a feature arti- 
cle, 75 words for a note) should state 
the purpose of the article, what was 
done, and the main conclusions. 
Text. Papers should follow a clear 
outline with appropriate heads. For 
example, for a research paper, the 
headings might be: Introduction, 
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Suggestions for Authors 


Suggestions Jor 


Previous Studies, Methods, Results, 

Discussion, Conclusion. Other heads 

and subheads should be used as the 

subject warrants. For general style, 
see A Manual of Style (The Univer- 
sity of Chicago Press, Chicago}. 

References, References should be 

used for any information that is 

taken directly from another publi- 
cation, to document ideas and facts 
attributed to—or facts discovered 
by—another writer, and to refer the 
reader to other sources for addi- 
tional information on a particular 
subject. Please cite references in the 
text by the last name of the author(s} 
and the year of publication—plus 
the specific page referred to, if ap- 

propriate—in parentheses (e.g., Lid- 

dicoat and Copeland, 1967, p. 10). 

The references listed at the end of 

the paper should be typed double 

spaced in alphabetical order by the 
last name of the senior author. Please 
list only those references actually 
cited in the text (or in the tables or 
figures). 

Include the following information, 

in the order given here, for each ref- 

erence: (a) all author names (sur- 
names followed by initials}; (b) the 
year of publication, in parentheses; 

(c) for a journal, the full title of the 

article or, for a book, the full title of 

the book cited; and (d} for a journal, 
the full title of the journal plus vol- 
ume number and inclusive page 

numbers of the article cited or, for 

a book, the publisher of the book 

and the city of publication. Sample 

references are as follows: 

Daragh P.J., Sanders J.V. {1976} 
Opals. Scientific American, Vol. 
234, pp. 84-95. 

Liddicoat R.T. Jr., Copeland L.L. 
(1967) The Jewelers’ Manual, 2nd 
ed. Gemological Institute of 
America, Santa Monica, CA. 

Tables. Tables can be very useful in 

presenting a large amount of detail 

in a relatively small space, and 


Authors 


should be considered whenever the 
bulk of information to be conveyed 
in a section threatens to overwhelm 
the text. 

Figures. Please have line figures 
(graphs, charts, etc.) professionally 
drawn and photographed. High-con- 
trast, glossy, black-and-white prints 
are preferred. 

Submit black-and-white photo- 
graphs and photomicrographs in the 
final desired size if possible. 

Color photographs—-35 mm slides 
or 4 X 5 transparencies—are 
encouraged. 

All figure legends should be typed 
double spaced on a separate page. 
Where a magnification is appropri- 
ate and is not inserted on the photo, 
please include it in the legend. 


MANUSCRIPT SUBMISSION 


Please send three copies of each 
manuscript {and three sets of figures 
and labels} as well as material for all 
sections to the Editorial Office: 
Gems # Gemology, 1660 Stewart 
Street, Santa Monica, CA 90404. 
In view of U.S. copyright law, a 
copyright release will be required on 
all articles published in Gems & 
Gemology. 

No payment is made for articles 
published in Gems e& Gemology. 
However, for each article the au- 
thors will receive 50 free copies of 
the issue in which their paper 
appeared. 


REVIEW PROCESS 


Manuscripts are examined by the 
Editor, one of the Associate Editors, 
and at least two reviewers. The au- 
thors will remain anonymous to the 
reviewers. Decisions of the Editor 
are final, All material accepted for 
publication is subject to copyedit- 
ing; authors will receive galley proofs 
for review and are held fully respon- 
sible for the content of their articles. 
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Index 
tO 


Volume 19 


Numbers 1-4, 1983 


SUBJECT INDEX 


This index gives the first author (in parentheses} and first page of the article, Editorial Forum, or 
Gem Trade Lab Notes (GTLN) section in which the indexed subject occurs. The reader is 
referred to the author index for the full title and the coauthors, where appropriate, of the articles 


cited. 


A 


African padparadscha, see Sapphire 
Alexandrite 
cat’s-eye (GTLN} 43, 171 
Alexandrite effect, see Color change 
Amber: . 
in plastic (GTLN) 171 
Andradite 
physical and optical properties of 
(Stockton) 202 
Aquamarine 
from Kashmir (Atkinson} 64 
Arcot diamonds 
(Krashes} 21 
Art Deco jewelry 
origins, characteristics, materials 
used, and designers of (Ebert) 3 
Assembled stones 
garnet-and-glass doublet 
(GTLN} 43 
ruby—synthetic ruby doublet 
(GTLN} 43 
Aztec Sun God opal 
(Koivula) 87 


Book reviews 

Antique and Twentieth Century 
Jewellery (Becker) 127 

Classic Mineral Localities of the 
World; Asia and Australia 
(Scalisi and Cook} 57 

Current Topics in Material 
Science, Vol10 “Gem Materials, 
Natural and Artificial” 
(Sunagawa} 249 

Diamond Cutting 
{Watermeyer] 57 

Diamonds and Diamond Grading 
{Lenzen} 189 


Index 


Gems: Their Sources, Description, 
and Identification, 4th ed. 
(Webster, Anderson} 189 

The Gemstone Identifier 
{Greenbaum} 189 

Glass Engraving (Norman} 57 

Jewellery of the Ancient World 
(Ogden) 249 

Jewelry Concepts & Technology 
(Untracht) 127 

Jewelry on Display (Coutchie} 57 

The Lizzadro Collection 
(Lytle} 127 

Minerals of Broken Hill (Worner 
and Mitchell, eds.) 189 

Practical Gemcutting (Perry) 127 

Short Course in Granitic 
Pegmatites in Science and 
Industry (Cerny, ed.) 149 

VNR Color Dictionary of 
Minerals and Gemstones 
{O'Donoghue} 127 

Brazil 
imperial topaz from (Keller) 12 

Brazilian ruby, see Topaz 

Briolette of India diamond 
{Krashes} 21 

Bruce Winston Heart Shape diamond 
(Krashes} 21 

Burma 

Mogok Stone Tract—history, 
geology, mining, and 
famous rubies of {Keller} 209 


Cc 
Cameo 

(Gray} 191, (Keller) 97 
Capdo do Lana Mine, see Brazil 
Cartier, Louis 

(Ebert) 3 
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Cat’s-eye, see Chatoyancy 
Change-of-color phenomenon, see 
Color change 
Chatham, Carroll 
* (Liddicoat} 129 
Chatoyancy 
in alexandrite {GTLN} 43 
in opal (GTLN} 43 
in quartz (GTLN) 43 
in scapolite (Schmetzer) 108 
in zircon (GTLN} 232 
Chevet 
(Gray} 191 
Chhatrapati Manick 
40-ct ruby from Burma (Keller) 209 
Chloromelanite 
with maw-sit-sit (GTLN) 232 
Chrome pyrope, see Garnet 
Coatings 
on beryl to imitate emerald 
(GTLN} 43 
Cobalt glass 
as lapis lazuli imitation 
(Bosshart) 228 
Colombia 
oiling of emeralds from 
(Ringsrud} 149 
Color change 
in alexandrite (GTLN} 43 
in spinel (GTLN} 43 
Colored stones 
computer program to identify 
(Read) 157 
from Mogok Stone Tract, 
Burma (Keller) 209 
use of GEM DiamondMaster 
to separate {Hoover| 77 
use of, in Art Deco jewelry 
(Ebert} 3 
Computer 
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program to identify gemstones 
(Read} 157 
C-Ox, see Cubic zirconia 
Cubic zirconia 
with laser drill holes (GTLN) 171 
marketed in Europe as C-Ox 
(GTLN) 232 
submitted as diamond(GTLN)} 112 
see also Diamond simulants 


Deal Sweetener diamond 
{Krashes} 21 
Demantoid, see Andradite 
Deutsches Edelsteinmuseum of 
Idar-Oberstein, Germany 
{Keller} 97 
Diamond 
with abraded facet junctions 
(GTLN} 171 
carved (GTLN} 43 
coated (GTLN} 112, 171 
and Harry Winston (Krashes} 21 
inclusions in, dendrites 
(GTLN} 232 
use of, in Art Deco jewelry (Ebert} 3 
Diamond, colored 
pink (GTLN) 43, 112 
yellow (GTLN} 112, 232 
Diamond, cuts and cutting of 
rose cut (GTLN} 112 
Diamond simulants 
detection of (Hoover) 77 
see also Cubic zirconia 
Diaspore 
(GTLN} 171 


E 
Editorial 
Carroll Chatham 1914-1983 
{Liddicoat) 129 
synthetics manufacturers 
(Liddicoat) 63 
Edwardes ruby 
167-ct ruby crystal (Keller) 209 
Egyptian blue, see Lapis lazuli 
substitute 
Emerald 
oiling process and detection of 
(Ringsrud} 149 
spiral growth pattern in 
(GTLN) 171 
treated (GTLN} 43 
Emerald, synthetic 
flux-grown with unusual 
inclusions {GTLN) 43 
hydrothermal from USSR 
(GTLN} 112 
Enameling 
use of, in Art Deco jewelry (Ebert}3 
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Engraved gems 
history, engraving process, 
materials used, and 
recent developments of 
(Gray} 191 
Enstatite 
(Stockton) 103 
Estate jewelry 


(Krashes} 2.1 

F 
Fire opal, see Opal 
Fluorite 

(GTLN} 43 
Fossils 


in gemology (GTLN] 43, (Editorial 
Forum) 169 


G 


Garnet 
pyrope, rhodolite, almandine, 
classification of 
{Hanneman) 37, (Manson} 41 
see also Andradite 
Gem carving 
collection of (Keller) 97 
and engraved stones {Gray} 191 
Gem collections, see Museums and 
gem collections 
GEM DiamondMaster 
and thermal properties of gems 
{Hoover) 77 
Geneva ruby, see Ruby synthetic 
Gibbsite 
as turquoise imitation (GTLN] 112 
Glyptic arts (Gray] 191 
Greened amethyst, see Quartz 


Heat treatment 
of amethyst (GTLN} 232 
new Japanese furnace (GTLN} 232 
of pink diamond (GTLN)} 43 
of ruby and sapphire [GTLN}) 232 
of topaz, pinking (Keller) 12 
of yellow sapphire (GTLN} 232 
Hope diamond 
(Krashes} 2.1 


Inclusions 
in amethyst (Editorial Forum) 169 
in andradite (Stockton) 202 
in cat’s-eye scapolite 
(Schmetzer) 108 
in cat’s-eye zircon (GTLN) 232 
in cobalt glass (Bosshart} 228 
in diamond, dendrites (GTLN] 232 
in heat-treated yellow sapphire 
(GTLN) 232 


induced fingerprints in 
flame-fusion ruby 
and sapphire (Koivula) 220 
in lapis lazuli (Bosshart]) 228 
in opal from Querétaro, Mexico 
{Koivula} 87 
in Ramaura flux-grown synthetic 
ruby (Kane} 130 
in ruby from Burma (Keller) 209 
in sapphires from Kashmir 
Atkinson} 64 
in synthetic emerald 
GTLN)} 43, 112 
in Verneuil synthetic ruby 
GTLN)} 232 
India 
Kashmir sapphire mines of 
Atkinson} 64 
Intaglio 
(Gray} 191 
Irradiation 
of topaz (Keller} 12 
of yellow sapphire (GTLN} 112 


J 
Jade substitute 

glass (GTLN} 171 

serpentine (GTLN} 232 
Jadeite 

dyed blue {GTLN} 112 
Jewelry design 

Art Deco {Ebert} 3 
Jonker diamond 

{Krashes} 2.1 


K 


Kunz, George F. 
new manuscript of (Editorial 
Forum) 111 


L 
Lapis lazuli substitute 
cobalt glass (Bosshart} 228 
Egyptian blue (Bosshart} 228 
new imitation (GTLN} 171 
Laser drilling 
of cubic zirconia (GTLN} 171 


M 
Maw-sit-sit 
with chloromelanite (GTLN] 232 
Melanite, see Andradite 
Mexico 
opal deposits of Querétaro 
{Koivula) 87 
Minas Gerais, see Brazil 
Museums and gem collections 
Burma ruby in (Keller} 209 
Deutsches Edelsteinmuseum of 
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Idar-Oberstein, Germany 
(Keller) 97 
engraved gems in (Gray) 191 
padparadscha in (Crowning- 
shield} 30 


Niarchos diamond 
{Krashes) 21 
Nomenclature 
discussion of, as applied to 
classification of red-to-violet 
garnets (Hanneman] 37, 
(Manson} 41 
of padparadscha (Crowning- 
shield} 30 
Nur-ul-ain tiara 
(Krashes) 2.1 


oO 
Oiling 
of emeralds (Ringsrud} 149 
Opal 
cat’s-eye (GTLN] 43 
dyed oolitic (GTLN) 43 
from Querétaro, Mexico— 
location, history, mining, 
gemological properties, and 
inclusions of (Koivula) 87 
unusual specimen (GTLN} 112 
Opal, synthetic 
black, Gilson (GTLN} 171 
white, Inamori (GTLN} 232 
Oriental hyacinth, see Sapphire 


Pp 


Padparadscha, see Sapphire 
Peace ruby 
43-ct stone from Burma 
{Keller} 209 
Pearls 
badly eroded (GTLN} 232 
black non-nacreous “pearl’’ 
(GTLN} 112 
use of, in Art Deco jewelry (Ebert) 3 
Pearls, cultured 
button (GTLN) 43, 171 
freshwater (GTLN) 43, (Editorial 
Forum) 111 
Mabe (GTLN} 112 
¥s cultured blister pearl 
(GTLN} 232 
Peridot 
from Tanzania—chemistry and 
gemological properties of 
(Stockton} 103 
Petrol and Mineral Development 
Corporation (PMDC] 
gem auctions in Burma 
(Keller) 209 
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Pinite 

(GTLN} 171 
Pinking, see Heat treatment 
Platinum 

use of, in Art Deco jewelry (Ebert} 3 


Q 

Quartz 
blue (Bosshart) 228 
chatoyancy in (GTLN) 43 
green (GTLN} 112 
reddish brown (GTLN) 232 
rose (GTLN] 43 


Ramaura ruby, see Ruby, synthetic 
Ring 
signet (Gray) 19] 
Ruby 
from Burma (Keller) 209 
damage by heat treatment 
_ (GTLN) 232 
heat treatment of, in Sri Lanka 
{GTLN} 232 
Ruby, synthetic 
early Verneuil, ‘Geneva Ruby” 
(GTLN)} 232 
flame-fusion, use of in Art Deco 
jewelry (Ebert} 3 
flux, Ramaura—history, crystal 
structure, gemological 
properties, and separations of 
(Kane) 130 
induced fingerprints in 
{Koivula} 220 
Ruby-synthetic ruby doublet, see 
Assembled stones 


Ss 
Sapphire 
from Kashmir, India—history, 
geology, gemological 
properties, notable stones, 
and current situation of 
{Atkinson} 64 
padparadscha (Crowningshield} 30 
yellow (GTLN} 112, 232 
Sapphire, synthetic 
flame-fusion, use of in Art Deco 
jewelry {Ebert} 3 
synthetic padparadscha 
{Crowningshield) 30 
Scapolite 
cat’s-eye, from Sri Lanka— 
physical properties 
of and cause of chatoyancy 
in (Schmetzer} 108 
Scarab (Gray} 191 
Seals 
cylinder, scarab, scaraboid, 
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ringstone (Gray} 191 
Serpentine 
as jade substitute (GTLN} 232, 
Spectra 
of andradite (Stockton) 202 
of cobalt glass (Bosshart) 228 
in cubic zirconia (GTLN} 232 
of enstatite (Stockton) 103 
of peridot (Stockton} 103 
of Ramaura synthetic ruby 
(Kane} 130 
Spectrophotometry 
use in separation of natural from 
synthetic rubies 
{Kane} 130 
Spectroscopy 
infrared, to identify turquoise 
{Lind} 164 
Spinel 
color change in (GTLN) 43 
Sri Lanka 
cat’s-eye scapolite from 
(Schmetzer} 108 
heat treating of ruby and sapphire 
(GTLN) 232 
sapphire from (Crowningshield] 30 


_ Star of the East diamond 


(Krashes} 21 

Star of Independence diamond 
({Krashes} 21 

Star of Sierra Leone diamond 
(Krashes} 2] 


T 


Taaffeite 
(GTLN) 112 
Tanzania 
peridot from (Stockton) 103 
sapphire from (Crowningshield} 30 
Tanzanite 
with rounded facet junctions 
(GTLN} 171 
Thermal conductivity 
(Hoover) 77 
Thermal inertia 
{Hoover} 77 
Thermal properties 
of gem materials, synthetics, and 
simulants (Hoover] 77 
Topaz 
imperial, from Brazil—history, 
geology, mining, and 
gemological properties of 
(Keller) 12 
Topazolite, see Andradite 
Tourmaline 
from Kashmir {Atkinson} 64 
Treatment 
healing fractures in natural and 
synthetic gemstones 
(Koivula} 220 
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Trilobite 
(GTLN) 43 
Turquoise 
identification of, by infrared 
spectroscopy and X-ray 
powder diffraction 
(Lind} 164 
separating natural from treated 
natural, synthetic, and 
simulants (Lind) 164 
Turquoise, substitute 
(GTLN) 112 
Turquoise, synthetic 
separation from natural (Lind) 164 


U 


Unclassified oddities 
organic concretion (GTLN) 43 


Vv 


Vargas diamond 
(Krashes} 21 


WwW 


Winston diamond 
(Krashes} 21 
Winston, Harry 


(Krashes} 21 
Wristwatches 
Art Deco style (Ebert) 3 


xX 


X-ray powder diffraction 
use of, to identify turquoise 
(Lind) 164 


z 
Zircon 

cat’s-eye (GTLN} 232 
Zoisité, see Tanzanite 
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Schmetzer K., Bank H.: Investigation 
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Basil W. Anderson 
1901 —1984 


he gemological community lost one of its most accomplished leaders with 
the passing of Basil W. Anderson from a sudden heart attack on Friday, 
February 24. 


Every time I view a gem’s spectrum, or the apricot fluorescence of a Ceylon 
sapphire, or use a Chelsea filter, I make a mental bow toward London. A pioneer in 
the field of gem identification, Basil Anderson opened the London Laboratory in 
1925, and subsequently built it into one of the foremost gemological laboratories 
in the world. Although the laboratory was originally started primarily to distin- 
guish between natural and cultured pearls—a very important problem in the 
’20s—Anderson’s probing mind led him to explore spectroscopy and other means 
of identifying different gem materials. His pioneering studies in the field of 
gemstone spectroscopy were reported in The Gemmologist magazine over a period 
of several years, and have been used by succeeding generations of gemologists ever 
since. : 

In addition to being a very effective laboratory gemologist, however, Anderson was 
a superb teacher who contributed greatly to the high regard with which the FGA 
diploma came to be esteemed all over the world. The quartet of B. W. Anderson, C. 
J. Payne, Robert Webster, and Alec Farn inspired awe wherever gemologists 
gathered; and Basil Anderson, deservedly, was regarded as the leader of that 
intellectually robust foursome. 


Anderson’s book, Gem Testing, which was first published in 1942, is now in its 
ninth edition, and continues to be the classic in the field. In his 1976 book 
Gemstones for Everyman, however, one can experience the full sense of Ander- 
son’s warmth and humanity. This timeless book discusses those everlasting 
objects—gemstones—in a delightfully appreciative manner that is unique. Read- 
ing Gemstones for Everyman is not only a wonderful experience, but it also gives a 
true flavor of the unconventional approach to gemology that characterized Basil 
W. Anderson, and shows very clearly his abiding love for gemstones. 


In the last few years, Basil Anderson had recovered from problems with his 
eyesight and appeared to be enjoying his retirement with his lovely wife, Barbara. 
He continued to work hard, preparing the fourth edition for Robert Webster’s 
Gems: Their Sources and Identification, which was published in 1983. 


Probably no gemologist anywhere was more respected and loved than Basil Ander- 
son. He will be sorely missed. 


Richard T. Liddicoat, Jr. 
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THE GEMS & GEMOLOGY 
MOST VALUABLE ARTICLE AWARD 


ALICE S. KELLER Editor 


1/ A: excellent year—thank you Gems # Gemology. Of the 30 journals I 

subscribe to, this one is the best all-round for science-writing-pleasure.” 

... Congratulations on a superb periodical. In all honesty, all the authors deserve 

first prize.” ... “Gems & Gemology is the finest source of information and 

pictorial reference and update to help all segments of the gem and jewelry field.” 
... “Love this magazine!”’ 


These are just a few of the many comments we received in this year’s balloting for 
the most valuable article published in 1983. Other readers singled out the accuracy 
of specific articles, the importance of the regular sections (Gem Trade Lab Notes, 
Gem Abstracts, Gem News, and Book Reviews), the excellence of the reproduction 
(compliments of our color separator Effective Graphics and printer Waverly Press}, 
and the fine photography (all of the covers for the 1983 issues were specially 
designed and donated by Harold & Erica Van Pelt—Photographers, Los Angeles). 
Our thanks to you, our subscribers, for helping us prove that the jeweler/ 
gemologist would give full support to a professional journal: Gems & Gemology is 
now being mailed to more than 10,000 subscribers—a long way from the 1,400 we 
started with in Spring 1981. 


Hundreds of you sent in ballots to indicate your choices for the most valuable 
article. The voting was so close this year that we had to declare a tie for the 
third-place award. The winning article for 1983 was Kashmir Sapphire,” by David 
Atkinson and Rustam Z. Kothavala, which appeared in the Summer issue. Placing 
second in the voting was Ron Ringsrud’s article The Oil Treatment of Emeralds 
in Bogota, Colombia,” which was published in Fall. The two articles that tied for 
third place were ’’Art Deco: The Period, the Jewelry,’’ by J. Mark Ebert (Spring 
issue}, and “Induced Fingerprints,” by John I. Koivula {Winter issue}. Cash prizes of 
$500, $300, and $100, respectively, will be awarded to the winning articles in each 
category. Brief biographies of the authors appear on the following page. 


The editors and I would like to take this opportunity to thank those members of 
the editorial review board who worked so hard to maintain the standards of the 
journal. Special thanks go to Ralph Esmerian, Henry Meyer, David Atkinson, Jill 
Fisher, and Joe Borden, who were kind enough to serve as guest reviewers on 
specific articles during the past year. 


As I hope this current issue indicates, 1984 promises to be another good year for 
gemology and Gems & Gemology. We will continue to do our best to live up to 
your plaudits and expectations. 
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DAVID ATKINSON 


A native Australian, Mr. Atkinson came to California in 1977 after two years of travel 
throughout Asia, including Burma, northern India, and Afghanistan. His familiarity 
with these areas and knowledge of the local languages led him to specialize in rare gems 
and minerals of Asia. Since the expedition to Kashmir in 1981, he has returned to the 
region several times. He has lectured extensively on India’s northwest frontier district 
and other Asian gem deposits. His company, TERRA, is in Santa Barbara, California. 

Mr. Atkinson graduated from the University of Western Australia in 1971 witha 
combined major in mathematics and linguistics. 


RUSTAM Z. KOTHAVALA 


Formerly a lecturer in geology at Harvard University and director of the Harvard 
Science Center, Dr. Kothavala devoted most of his efforts from 1972 to 1982 to his firm, 
Crystals from India. During his many years as a mineral collector and dealer, Dr. 
Kothavala has traveled extensively and become a popular lecturer. He currently 
provides consulting services to museums and gem and mineral collectors through his 
company, Rustam, located in Oakland, California. 

Dr. Kothavala has a master’s in chemistry from Madras University, a master’s in 
geology from the University of Arizona, and a Ph.D. in geology from Harvard University. 


RONALD H. RINGSRUD 


Mr. Ringsrudisa graduate gemologist and former sales manager of the GEM Instruments 
Showroom in Santa Monica. He presently imports emeralds for Constellation Gems of 
Los Angeles. A former resident of Manizales, Colombia, Mr. Ringsrud has lectured on 
various topics in Colombia, Nicaragua, and Mexico. 

Mr. Ringsrud received his B.A. in Spanish and psychology in 1973 from the University 
of South Dakota, Vermillion. He has also studied Spanish and archaeology at the 
National University of Mexico in Mexico City. 


J. MARK EBERT 


As president of Ebert, Richter, Inc., of Los Angeles, Mr. Ebert is actively involved in the 
supply of loose diamonds and in the buying and selling of estate jewelry. In addition tohis 
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THE SANTA TEREZINHA DE GOIAS 
EMERALD DEPOSIT 


By J]. P. Cassedanne and D. A. Sauer 


The Santa Terezinha de Golds emerald 
deposit, currently the most important 
source of emeralds in Brazil, lies north- 
west of Brasilia, in the State of Goias. 
The emeralds, most of which are stones 
of a carat or less, occur in a talc schist 
layer intersected by pegmatite. The emer- 
alds are recovered by independent miners 
via trenches, pits, and tunnels at two 
prospects: Trecho Novo and Trecho 
Velho. The grade of the ore is: 1 to 6 parts 
of emeralds to 10,000 parts of ore. The 
density of the gems is 2.70; the refractive 
indexes are 1.580 and 1.588, with greenish 
dark blue/yellowish pale green pleochro- 
ism. The spectrum is typical, with two 
strong lines and two partial absorption 
bands; there is no fluorescence; pyrite 
and chromite are the most typical inclu- 
sions,.with calcite crystals present in 
minor amounts. 
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he search for emeralds has been the primary moti- 
vation for many expeditions into the interior of Bra- 
zil, all with the hope of discovering emerald deposits as 
rich as those found in the Colombian Andes. Occurrences 
of emerald were noted early in this century, but none 
proved to be commercially important. Finally, in 1963, 
the first major emerald deposit was discovered in the Sao 
Francisco river valley, in the state of Bahia. Known as the 
Salininha deposit, it produced about 300 pounds (135 kg} 
of emeralds before it was exhausted. Today, the mine site 
is flooded by the waters behind the Sobradinho dam. 
Immediately after this discovery, in 1963-1964, a large 
emerald field was found at Carnaiba, also in Bahia. The 
output from the Carnaiba mines, which are still active, 
eventually placed Brazil among the world’s leading pro- 
ducers of emerald. This position was reinforced by the 
opening, in 1978, of the Belmont mine near Itabira, Minas 
Gerais. However, it was the discovery in 1981 of the Santa 
Terezinha emerald deposit in Goias that consolidated Bra- 
zil’s position as a leading producer of emeralds (figure 1). 
Even though a fourth deposit, called Socoté, has since 
been found near Carnaiba, it has not proved as important 
as the Santa Terezinha mine, which currently reigns as 
the center for emerald production in Brazil and yet about 
which little has been published. We propose, therefore, to 
describe the Santa Terezinha emerald deposit, including 
the geology, occurrence, mining methods, and gemolog- 
ical aspects of the stones produced. 


LOCATION AND ACCESS 
The Santa Terezinha emerald deposit is 230 km (143 mi.) 
northwest of Brasilia, the federal capital, and about 275 
km (170 mi.) north of Goiania, the capital of the state of 
Goiads. Approximate longitude and latitude are 49°20'W 
and 14°15'S (figure 2). 

Santa Terezinha is a small town that has developed 
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Figure 1, An assortment of fine faceted and cabochon emeralds from Santa Terezinha de Goids, Brazil. 


with the mine. It can be easily reached by either 
land or air from Brasilia or Goiania. By land, the 
first two-thirds of the trip is-made on the paved 
Belém-Brasilia highway, via Andapolis. The 
remaining 85 km to Santa Terezinha, however, 
must be taken over an unpaved road {in good con- 
dition during the dry season) that passes through 
the towns of Itapaci and Pilar de Goias. Access to 
the mine site is via a good north-south road that 
crosses Rio do Peixe valley, a little over 20 km. 

The city itself is situated on a large, partially 
eroded lateritic plateau at about 380 m (1,250 ft.] 
elevation. The main river in the region is the Crixas- 
Acu, which flows into the Araguaia, and eventu- 
ally empties into the Amazon. 

Originally, the area’s vegetation consisted of 
cerrado, a low evergreen forest interspersed with 
high grass. Tropical vegetation occurs intermit- 
tently along the creeks, forming gallery-like for- 
ests. Much of the land is now under cultivation, 
and the original virgin forests have been replaced 
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by open areas of grass or crops. This area has a 
typical monsoon climate: heavy rains occur from 
December through March, and the rest of the year 
is very dry. 


HISTORY OF MINING IN 
SANTA TEREZINHA 


Since 1920, emeralds have been produced sporad- 
ically in the state of Goids, but only in very small 
quantities (Goncalves, 1949). The best-known 
deposit is at Fazenda das Lages, near Itaberai, 34 
km southeast of the town of Goias and south of 
Santa Terezinha (Leinz and Leonardos, 1959). In 
1966, a joint venture between Cia Itabras de 
Mineracao and the mine owners produced 15 kg 
of emeralds of medium-low quality from a col- 
luvial deposit. 

In 1974, the so-called Serra Dourada deposit 
was discovered 36 km from Minacu (Garimpo de 
Pela Ema}, east-northeast of Santa Terezinha. A 
small emerald production from pegmatites injected 
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Figure 2. Location 
map for the Santa 
Terezinha de Goias 
emerald deposit, state 
of Goids, Brazil. 
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in mica schists was supported for about one year 
(de Souza and Zalan, 1977). 

The Santa Terezinha emeralds were, in fact, 
discovered some years ago, when a farm road was 
opened by a bulldozer. The green ‘‘stones’’ were 
collected by children who threw them at birds. 
Nobody thought they were gems, probably because 
the crystals collected on the ground were heavily 
stained by iron oxides. In March 1981, however, 
a gem dealer from Governador Valadares identi- 
fied the true nature of the stones. Immediately 
there was a rush of garimpeiros {independent min- 
ers) and work began on part of the lateritic plateau 
at a place called Garimpo de Cima (‘upper mine,” 
later referred to as Trecho Velho, or ‘old work- 
ings’”’|. In June of the same year, emeralds were 
discovered in a north-south—flowing creek, to the 
north of the earlier deposit, and a new mine, called 
Garimpo de Baixo (“lower mine,” later referred to 
as Trecho Novo, or “new workings”’|, was opened. 
After exploring the eluvium, the garimpeiros 
reached the underlying emerald-bearing rock, and 
developed the workings accordingly. Since 1981, 
the deposit has been worked continually with only 
short interruptions caused by heavy rains or tech- 
nical problems. 


GEOLOGY 

The Santa Terezinha region is part of the Brazilian 
shield. Middle Precambrian rocks belonging to the 
Araxa Group (1100-1600 million years old; Bar- 
bosa, 1955) are exposed and unconformably over- 
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lain by rocks of the Bambui Group (570-1100 mil- 
lion years old). 

The Araxa Group consists mainly of mica schists 
and quartzites, varying in thickness from a few 
hundred to almost 2,000 meters. Basic and ultra- 
basic intrusions and sills occur and appear to be 
contemporaneous with the sedimentation (Angei- 
ras, 1968). 

Sediments of the Araxa Group were metamor- 
phosed during the Uruacu tectonic cycle (de Almei- 
da, 1971), resulting in north-south trending folds. 
During the main orogenic phase, syntectonic 
granitic batholiths were intruded as were alkaline 
rocks. Pegmatoid granites and granitic pegmatites 
were emplaced during a post-tectonic magmatic 
phase. It is in these metamorphosed rocks that 
the emeralds are found. 


Garimpo de Cima—Trecho Velho. These work- 
ings, on the eastern side of a flat valley, are reached 
by an 800-m-long track that forks from the road of 
Rio dos Bois. Emeralds were first discovered in 
surface material southeast of the actual mine. The 
gem material was later recognized in situ in the 
underlying talcose schist; it is now being mined 
via large trenches, pits, and tunnels (figure 3). 
The eluvial material is a sandy yellow to brown 
argillaceous soil containing angular fragments of 
milky quartz and hematite schist, quartzite, and 
tale schist; limonitized cubes of pyrite; martitic 
octahedrons of magnetite; and granules of laterite. 
Many emerald crystals up to 1 cm, heavily stained 
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by limonite, have frequently been found in the 
eluvium. 

The finer-grained fraction of the eluvial mate- 
rial consists of the same rocks and minerals 
described above plus botryoidal coatings of man- 
ganese oxides, plates of mica and talc, unweath- 
ered pyrite, greenish brown to blackish prisms of 
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Figure 3. The two main 
workings, Garimpo de 
Cima and Garimpo de 
Baixo, of the Santa Tere- 
zinha emerald deposit (as 
of 1982). 


tourmaline, colorless zircon, needles of rutile, and 
orange-red garnet crystals, as well as some mon- 
azite and ilmenite, rounded grains of chromite, 
and, rarely, fragments of light blue bery] associ- 
ated with small bits of emerald. 

The eluvial material, which is now worked 
out, generally produced emeralds of a lower qual- 
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Figure 4, A geologic cross-section of the Garimpo de Cima workings in Santa Terezinha de Goidas. 


ity than those found in the unweathered rock. 
However, studies of eluvial samples made by the 
Federal University of Rio de Janeiro indicate a cor- 
relation between the amount of beryl/emerald in 
the eluvium and that in the underlying rock. For 
example, a sampling of the fine heavy fraction of 
eluvium showed 0.35 g of emerald per 8 liters of 
sample. It is believed that this simple method, 
accomplished by “panning” the surface soil and 
examining it with a microscope, can be used to 
determine the lateral extent of the present deposit, 
and also to identify new producing areas. 

At the Garimpo de Cima deposit, there are two 
distinct continuously mineralized beds of emer- 
aldiferous rock which are called Jinhas, or streaks, 
by the garimpeiros, Each is presently worked by 
deep trenches, pits, and adits, depending on local 
conditions. Mineralized lenses were also observed, 
as was a third, relatively short, mineralized bed 
to the east. Most of the excavations on this third 
bed are caved in, and are presently abandoned. In 
all exposures, the wall rocks are subvertical schists 
that dip north. 

The emerald-bearing rock consists of a par- 
tially weathered talc schist, pale brownish gray in 
color and stained by iron oxide. Small limonite 
nodules result from the oxidation of pyrite crys- 
tals. The emeralds always occur in small crystals, 
either as short prisms or as very cracked pieces, 
scattered or in groups. They apparently bear no 
relation to the schistosity or the strike of the talc 
schist. A cross-section of the deposit is illustrated 
in figure 4. 


Garimpo de Baixo—Trecho Novo. This newer 
mining site lies on the west side of a south-north— 
flowing creek, intersecting the creek at its north 
end, Quartz-rich eluvium similar to that mined 
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at the Garimpo de Cima had been worked in irreg- 
ular, shallow excavations prior to discovery of the 
emerald-bearing tale schist. 

The vertical schist strikes north-south, but in 
the northern part of the mine it forms a periclinal 
structure that dips to the east. Several pegmatites 
intersect the talc schist in the region of the per- 
icline. A number of pits, some up to 80 m deep, 
have been dug to mine the emeralds in this, the 
richest portion of the mineralized zone. 

The emerald-bearing talc schist is similar to 
that of the Garimpo de Cima, although the wall 
rock is slightly different: quartzite beds outcrop 
in the northwestern pits, as shown in the geologic 
cross-section in figure 5. 

The fact that there is only one mineralized bed 
in this area, as compared to the two in Garimpo 
de Cima, may be due to a change in the deposi- 
tional facies of the quartzite, or to structural con- 
trols of Be mineralization. 

The emerald-bearing talc schist is almost wholly 
composed of talc flakes, with the emeralds 
scattered irregularly but relatively abundantly 
throughout the rock. A semiquantitative analysis 
of the talc schist by X-ray fluorescence shows the 
presence of 1% to 10% Fe, approximately 1% Ni, 
and traces of Cr, Zn, and Rb, as well as prominent 
Mg and Si. It is probably an ultrabasic metamor- 
phosed rock. 

The pegmatites occur as veins or lenses that 
intersect the emerald-bearing talc schist and asso- 
ciated wall rocks. They are essentially composed 
of pearly white seriticized and kaolinized feldspar 
{in large crystals displaying curved cleavage sur- 
faces), associated with some quartz (pink at times} 
and a few green and blue beryl crystals that have 
no gem value. Green talc in winding veinlets is 
abundant. Near its contact with pegmatite, the 
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emeraldiferous talc schist includes irregular bands 
of a grayish mica that has a golden luster similar 
to that found in the Carnaiba emerald field (Cas- 
sedanne and Cassedanne, 1974]. Lastly, pockets 
and veins of quartz, frequently in vugs, commonly 
occur in the emerald-bearing talc schist and wall 
rocks. 


Origin of the Deposit. It is probable that the emer- 
ald mineralization is due to beryllium-rich fluids 
released by the beryl-bearing pegmatites. The 
emeralds grew in the talc schist and from the schist 
incorporated inclusions of chromite, pyrite, and 
talc. Later tectonic folding caused fracturing of 
some of the pre-formed emeralds. In general, the 
deposit is of the mica-oligoclase-beryl type as 
defined by Smirnov (1977). 


Figure 5. A geologic cross-section of the Garimpo 
de Baixo workings in Santa Terezinha de Goias. 
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MINING METHODS 


The Santa Terezinha deposit currently is mined 
only by garimpeiros using primitive methods. Each 
miner or group of miners works an area that is 
limited on the surface, usually 4 x 4 m, but can 
extend to any depth. This system of dozens of 
small claims has resulted in the disorganized 
development of the locality; currently the richest 
mining areas resemble the “Big Hole” of Kimber- 
ley at the height of its production. 

The emerald-bearing talc schist is first exposed 
through trenches dug along the bed; small square 
pits are then excavated to remove the ore (figure 
6). Because the weathered rocks are so unstable, 
the pits must be shored up with timber. Even so, 
security is marginal. The risks are increased by 
the great depths of some pits (most usually extend 
10 to 50 m, but some go as deep as 80 m in Gar- 
impo de Baixo) and the driving of adits from the 
bottom of other pits to recover more of the emer- 
ald-bearing rock. Almost all rock removal is done 
by means of hand tools; blasting is used only rarely, 
when exceptionally hard rock is encountered. 


TREATMENT OF THE ORE 


The recovered ore is treated on the site or taken 
by truck to washing plants near the mining camp 
or along the banks of nearby rivers or creeks. Usu- 
ally, the ore is then concentrated by hand through 
simple sorting with a coarse sieve. However, a 
mechanized method is also widely used. With this 
method, the stockpiled emerald-bearing talc schist 
is gradually poured into a large vertical barrel called 
a “blender.”” The emerald crystals are separated 
from the soft talc schist as the blender arm rotates 
the ore in water; the fine material is then carried 
away by the overflow (figure 7]. The process is 
interrupted periodically so that the concentrate 
that has settled to the lower part of the blender 
can be removed. The emeralds are then sorted 
manually with a sieve. 

In recent months, some miners have decided 
not to process the ore themselves but rather to 
sell the emerald-bearing rock. Many trucks full of 
ore for sale now leave the mine site daily. A wheel- 
barrow with approximately 50 kg of ore is fre- 
quently the unit for a transaction. In August 1983, 
one wheelbarrow of ore sold for about US$150. 


GRADE, PRODUCTIVITY, RESERVES 


The grade of the ore has a wide range, from | to 
6 parts of emerald to 10,000 parts of ore. The aver- 
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age yield is 11 carats per cubic meter, which is 
about 50 times richer than the Belmont emerald 
mine near Itabira (Minas Gerais). It is generally 
accepted that a truckload (about 6 cubic meters, 
or 10 metric tons) yields one kilogram of emer- 
alds; the quality of the emerald usually varies 
depending on the specific locality from which the 
ore was mined. 

Precise figures on the amount of emerald pro- 
duced to date are not available, nor has adequate 
research been conducted to determine the full 
extent of the deposits. However, inasmuch as many 
intrusive ultrabasic bodies and sills are known to 
exist in the central part of the state of Goids, where 
berylliferous pegmatites are common, it appears 
reasonable to suggest that other emerald occur- 
rences may be discovered in the near future. For 
example, many talc schist outcrops were found 
during geological prospecting by Shell do Brasil in 
the townships of Crixds and Santa Marta, about 
30 km from Santa Terezinha. 


THE SANTA TEREZINHA EMERALD 


In the tale schist, the emerald frequently occurs 
as well-formed but stubby crystals, generally less 


than 1 cm long. Crystal clusters also occur embed- 
ded in the talc, quartz, or mica host rock; often 
they have no gemological value. The emerald frag- 
ments encountered here are probably the result of 
fracturing that took place during tectonic events 
following crystallization and are seldom suitable 
for cutting. Many emeralds that included pyrite 
during growth have been found to be cavernous 
where the pyrite has altered, and are stained by 
iron oxides. The crystallographic forms are usu- 
ally prisms and basal faces. The prism faces are 
generally dull, due to a thin coating of talc flakes 
which are removed by weathering or during the 
processing of the ore. 

The emerald ranges in color from pale to very 
dark green with a distinct bluish green tone (figure 
8); it is seldom yellowish green. Although in some 
crystals the color is evenly distributed, more often 
it is zoned parallel to the prism faces. Occasion- 
ally, the cores are colorless. Variation in color along 
the main axis, however, is seldom seen. The color 
is believed to be due to chromium. 

In terms of cutting quality, many crystals con- 
tain numerous cracks, either parallel or perpen- 
dicular to the main axis. Inclusions are frequent 


Figure 6. Square pits are used to excavate the emerald-bearing ore at the Garimpo de Cima. 
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the emerald crystals from the soft talc schist. 


and scattered randomly. Some of the crystals 
examined had an almost opaque inner coating {iron 
and manganese oxides}, and others showed a par- 
allel intergrowth with quartz crystals. 

The emeralds found in the eluvium, princi- 
pally from the Garimpo de Cima, were often 
cracked, and had an unattractive blue gleam. The 
discovery of the Garimpo de Baixo, and subse- 
quently the general deepening of its workings, has 
resulted in a higher percentage of relatively clean 
emeralds with a pleasant bluish green color, as 
well as the extraction of some fine yellowish green 
gems. The best faceted gems seldom exceed one 
carat in weight. 


GEMOLOGICAL PROPERTIES 
The physical properties of the Santa Terezinha 
emeralds are as follows: 
e@ Specific gravity: 2.70 (+0.015; crystals 
included with pyrite may have an S.G. as 
high as 3.05} 
@ Refractive indices: 0 = 1.580 (+0.001), e = 
1.588 {+0.001} 
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Figure 7. Ore is washed at Santa Terezinha de Goids using large barrels, or ‘‘blenders,” to separate 


@ Birefringence: 0.008 

e@ Pleochroism: greenish dark blue/yellowish 

pale green 

® Fluorescence and radioactivity: none 

@ Chelsea filter: inert to pink; usually the color 

is unevenly distributed 

@ Absorption spectra: sharp lines at 6920 and 

6950 A, and partial absorption between 6000 
and 6350 A and between 4000 and 4450 A. 

Crystals with few or no inclusions are per- 
fectly transparent. The most important inclusions 
are pyrite, chromite, talc, and calcite, although 
other minerals have also been observed, as described 
below. 

Pyrite (and limonite pseudomorphs after py- 
rite) is the inclusion most common to the Santa 
Terezinha emeralds. The pyrite occurs as sharp or 
slightly rounded cubes, isolated or in groups (fig- 
ure 9). Numerous minute crystals may form tiny 
clouds. 

Chromite is present as black rounded crystals 
or in octahedrons up to 2 mm wide. The large 
individual crystals are isolated, and the small ones 


GEMS & GEMOLOGY Spring 1984 — 11 


Figure 8. An assortment of 
emerald crystals from Santa 
Terezinha. The crystals 
average approximately 1 cm 
in length. 


form irregular clouds or films and trails parallel 
to the basal faces (figure 10). Semiquantitative 
analysis of the chromite by X-ray fluorescence 
showed approximately 0 to 1% zinc and traces of 
manganese and nickel in addition to iron and 
chromium. 

Talc flakes, generally white and silky, are so 
abundant in some emeralds that they make the 
crystal appear cloudy. The flakes are sometimes 
regularly oriented at 60° on the main axis of the 
emerald crystal. 

Calcite occurs as transparent to translucent 
thombohedrons and as irregular pinpoint-like flakes 
observed singly or in groups. Analyses have shown 


Figure 9. A well-formed pyrite inclusion in 
emerald from Santa Terezinha de Golds. Mag- 
nified 45x. 
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that some of the calcite contains traces of mag- 
nesium, suggesting a solid solution toward dolo- 
mite, another carbonate. 

Among the other inclusions observed are 
hematite, which occurs as flattened reddish trans- 
lucent crystals scattered throughout the emerald, 
ilmenite, which has been observed in plates 
resembling the typical inclusions of certain Minas 
Gerais aquamarines; and goethite, which we have 
tentatively identified in the brownish yellow par- 
allel fibers that have been encountered in a very 
few emeralds. Fingerprints formed by calcite or 


Figure 10. Chromite inclusions in emerald 
from Santa Terezinha de Goids. Photomicro- 
graph by John I. Koivula, magnified 50x. 
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limonitized pyrite also occur, as do two-phase 
inclusions. 

In contrast to other emeralds from Goias, for 
example Fazenda das Lages, the Santa Terezinha 
gems are cleaner and more transparent. Rutile 
needles have been observed only in emeralds from 
the Fazenda das Lages deposit (Sauer, 1982). 


CONCLUSION 


Presently Santa Terezinha de Goias is the main 
active producer of emeralds in Brazil. The emer- 
alds are recovered from a Cr-talc schist layer inter- 
sected by Be-bearing granite pegmatites. The gems 
are small, yet of good quality. Chromite and pyrite 
are the most prominent inclusions, with calcite 
observed in minor amounts. Deep reserves that 
can be reached by pit mining promise another few 
years of production. It is also probable that there 
will be new finds in the vicinity. 
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A complete set of the four information-packed 
issues published in 1983 is now available. For 
$19.50 (in the U.S.) or $22.50 (elsewhere), you can 
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PITFALLS IN COLOR GRADING 
DIAMONDS BY MACHINE 


By A. T. Collins 


Diamonds are normally color graded by 
comparison with sets of master stones. This 
method is purely subjective and requires 
considerable experience. In principle, 
spectroscopic techniques should enable 
color grading with high precision by rela- 
tively inexperienced operators. In practice, 
there are at least two major sources of 
error—luminescence and scattered light— 
that may make spectroscopically deter- 
mined color grades unreliable. 
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he color grading of diamonds by machine is seen as 

desirable by some gemologists for two reasons: first, 
it eliminates the subjective comparison with master stones 
by replacing them with a numerical color index, and, sec- 
ond, it can be carried out by relatively inexperienced opera- 
tors. A number of laboratories have developed, and are 
developing, equipment with various degrees of sophisti- 
cation for color grading diamonds. Read (1983} reviews 
those instruments that are available commercially. Al- 
though some techniques are believed to be reliable, others 
are known not to be. In this article, I draw attention to 
some of the problems that can arise in using spectroscopic 
instrumentation for color grading diamonds. 


COLOR AND ABSORBANCE 


It is not difficult to measure the relative transmission of a 
diamond at different wavelengths, but a description of how 
strongly the diamond is absorbing at a particular wave- 
length requires the calculation of a quantity that is related 
to the absorbance of the diamond. Consider in figure 1 a 
diamond shaped as a rectangular slab, and suppose that ata 
particular wavelength the intensity of the light incident on 
the diamond is [, and the intensity of the light transmitted 
is I,. Even for a completely colorless diamond, I, is only 
71% of I, because light is lost by reflection at the two flat 
surfaces. For a diamond that also absorbs light (i.c., that 
has some color), a good approximation of the absorbance 
(A} is given by the equation: 


A = logio (I,/I,) + constant (1) 


where the constant takes into account the reflectivity 
losses mentioned above. 

By comparing the above formula with that used for 
absorption coefficient (see, for example, Collins, 1982), we 
can see that absorbance is proportional to the product of 
absorption coefficient and thickness. Thus, if a large dia- 
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Figure 1. Transmission of monochromatic light 
through a diamond with parallel faces. I, and I, 
are the intensities of the incident and trans- 
mitted light, and A is the absorbance at the 
chosen wavelength. 


mond and a small diamond are cut from the same 
piece of uniformly colored rough stone, the larger 
diamond will havea higher absorbance as well asa 
deeper color. The absorption coefficient of both 
diamonds will be the same, however. 

Gem diamonds, of course, are not cut in the 
shape of a rectangular slab, and it is therefore not 
possible, regardless of the method used to measure 
the absorption spectrum, to calculate a value for 
the constant in equation (1}. However, the vast 
majority of diamonds do not absorb light at the red 
end of the visible spectrum, so the standard proce- 
dure is to measure the absorbance spectrum and 
choose a value for the constant that makes A equal 
to zero at long wavelengths. A typical example for 
a Cape-yellow diamond is shown in figure 2. Dia- 
gram (a) shows the transmission spectrum in rela- 
tive units, and diagram (b) shows the absorbance 
spectrum after adjusting A to zero at long wave- 
lengths. Adjusting A to zero is equivalent to set- 
ting I, to 100%, and the data in diagram (a) have 
been scaled in this way. Figure 2(a} therefore repre- 
sents the internal transmittance of the diamond 
{i.e., the transmittance in the region of the dia- 
mond between the two reflecting surfaces); from 
such a spectrum in the range 380 to 780 nm, chro- 
maticity coordinates can be calculated which de- 
scribe the color, and the intensity of color, of the 
stone being investigated. There are problems, 
however, associated with luminescence and scat- 
tered light, which I shall deal with later in this 
article. It is also clear from the above that unless 
the diamond is known to be nonabsorbing at cer- 
tain wavelengths, there is no reference point from 
which to scale the data, and calculation of the 
chromaticity coordinates cannot be meaningful. 
Consequently, scaling data for brown and gray 
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Figure 2. Spectra, recorded with the sample at 
room temperature, for a Cape-yellow diamond 
shown as (a) relative transmission and {b) ab- 

sorbance. The absorbance has been adjusted to 
zero at long wavelengths. 


diamonds, which absorb all the way through the 
visible spectrum, is likely to be particularly trou- 
blesome. These difficulties notwithstanding, the 
Laboratorio di Analisi Gemmologiche (Rome) 
claims to have obtained reliable results when color 
grading diamonds by this method (Andergassen, 
1982, pp. 214-217], and the Hoge Raad voor 
Diamant (HRD—Diamond High Council] in Ant- 
werp is working on equipment to color grade 
diamonds in this way (see, for example, 
Haazen, 1982}. 


INSTRUMENTATION 


Most of the more sophisticated instruments for 
color grading gemstones make use of a mono- 
chromator or spectrophotometer fitted with an in- 
tegrating sphere. Inits simplest form, illustrated in 
figure 3, the integrating sphere has three apertures. 
Light from the exit slit of the monochromator is 
focused through the entrance port onto the sample 
placed at an opposite aperture. The inside of the 
sphere has a special white coating; the diffuse light 


GEMS & GEMOLOGY Spring 1984 15 


reflected by the sample is collected by the sphere 
and measured by the photomultiplier. Few sam- 
ples will produce perfectly diffuse reflections; in 
general there will be a specular (i.e., mirror-like} 
reflection of the incident light from the surface. In 
some cases—e.g., for a sample of gloss paint or 
ceramic tile—this specular reflection may be con- 
siderable. If the color of the sample is to be meas- 
ured accurately, it is important that the specular 
reflection not be detected by the photomultiplier. 
The sample must, therefore, either be placed at an 
angle to the incident light and the reflected com- 
ponent directed to an absorbing baffle {as shown in 
figure 3}, or be mounted perpendicular to the inci- 
dent light beam so that the specularly reflected 
light is directed back through the entrance port. 

When using such a system to color grade dia- 
monds, a number of difficulties arise. First, the 
diamond does not re-emit the light in a diffuse 
manner but rather in discrete directions, so that 
the inside of the sphere becomes illuminated with 
a number of bright spots. Depending on the orien- 
tation of the diamond, some of these spots of light 
may or may not be lost through the entrance port. 
Woods and Welbourn (1980) describe a method by 
which the sample is pre-aligned in a special holder 
before being mounted in the sphere, so that repro- 
ducible results may be obtained. 

A second problem is that most commercial 
color-measuring instruments are intended to be 


Figure 3. Schematic diagram showing how the 
color of a sample is determined using a mono- 
chromator and an integrating sphere. 
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used with relatively large samples. If only the table 
of the diamond is illuminated, all of the light re- 
flected from the surface can be directed toward an 
absorbing baffle or back through the entrance port. 
The equipment described by Woods and Welbourn 
{1980} uses a condensing lens to ensure that this 
condition is obtained. However, if any of the facets 
are illuminated, some of the specularly reflected 
light will be detected by the photomultiplier. The 
errors caused by this scattered light, and by any 
luminescence generated in the diamond, are exam- 
ined in the following sections. 


MAJOR PROBLEM AREAS 

Cape-Yellow and Other Yellow Diamonds. Most 
off-white and yellow diamonds owe their color to 
absorption by the Cape series of absorption lines; a 
typical spectrum has already been shown in figure 
2. The most prominent feature of such diamonds is 
the line at 415 nm (the N3 zero-phonon line), and 
the intensity of this line is a measure of the color of 
diamonds of this type. This fact was used from 
1972 to 1982 by Diamond Grading Laboratories 
(DGL}* in London to calculate a color index for the 
diamond under test. 

The apparatus used by DGL contains an inte- 
grating sphere similar to that illustrated in figure 
3. The instrument is first calibrated using a 
barium-sulfate standard white reflector instead of 
the diamond. Then, with the diamond in position, 
the monochromator is scanned over the wave- 
lengths covered by the absorption peak. The 
photomultiplier’s signal, multiplied by the cali- 
bration factor at each wavelength, is a measure of 
therelative transmission of thediamond provided: 


1. The diamond exhibits no luminescence 


2. None of the incident light that is reflected 
from the front surface of the diamond is 
detected by the photomultiplier 


3. The diamond has been positioned carefully 
to minimize losses through the entrance 
port 


If we assume for a moment that these conditions 
are met, then from the relative transmission 
values at about (a) 412 nm, (b} 415 nm, and (c} 420 
nm (see figure 4}, a color index can be calculated 
using the relationship logj 9a + logygc — 2logygb. 
This sum of three log terms is then multiplied by 


*DGL ceased trading in 1982. 
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Figure 4. Transmission spectrum in the vicinity 
of the 415 nm line, showing the wavelengths a, b, 
and c from which a color index can be calculated. 


10,000 to obtain the final color index. In practice, 
the three wavelengths are accurately chosen so 
that (b) is centered on the peak and (a} and ({c) 
straddle the peak. This is important, since the peak 
may occur at slightly different wavelengths in dif- 
ferent diamonds. Bruton (1978, p. 280) and Ander- 
gassen {1982, p. 147) give the above formula with 
(b) and (c) interchanged, and Andergassen shows a 
diagram which suggests that the readings {a}, (b}, 
and (c} are taken from an absorbance spectrum. 
The formula given here, applied to a transmission 
spectrum, is the only one that can be justified 
mathematically.** 

The major limitation of the above method is 
that not all yellow and tinted diamonds are Cape- 
yellows. Recently in the Wheatstone Physics Lab- 


*“*The color index measured for a cut gemstone should be 
related to the strength of absorption of the 415 nm line meas- 
ured in a rectangular slab of the same diamond. However, 
because of the complexity of the multiply reflected light path 
inside the cut stone, there is no easy way to relate the two 
measurements. In an ideal case, and in the absence of the types 
of problems described in this article, the same color index 
should be obtained when a cut gemstone is measured on dif- 
ferent instruments. 

It should also be noted that correct positioning of the 
diamond is important if reproducible results are to be ob- 
tained. The standard procedure adopted by Diamond Grading 
Laboratories was to determine the color index for each stone 
under investigation at least four times. Between each mea- 
surement the diamond was rotated through approximately 90° 
(by hand). If the four measurements were not in reasonable 
agreemeni, the test was repeated. When four moderately con- 
sistent values were obtained, the final index was taken as the 
average of the four readings. For some diamonds no such con- 
sistency could be obtained, and these diamonds had to be 
graded by comparison with master stones. 
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Figure 5. Absorption spectra of three rough dia- 
monds recorded with the samples at liquid nitro- 
gen temperature(77° K).The stones had all been 
categorized as Cape-yellow, but the absorption 
spectra are quite different. 


oratory, we examined a parcel of rough diamonds 
that had all been classified as Cape-yellow. Figure 
5 shows the absorption spectra of three of these 
diamonds, recorded at liquid nitrogen temperature 
to emphasize the different absorption bands. Dia- 
gram (a] is the familiar Cape absorption spectrum, 
the spectrum shown in diagram (b} is that of the 
recently identified “2.6 eV band” (477 nm}, and 
that shown in diagram (c) is the spectrum of the H3 
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(503 nm) system, which occurs naturally in some 
diamonds. In addition to these three absorption 
bands, the absorption characteristic of type Ib di- 
amonds can result in a tinted, yellow, or brown 
color, depending on the strength of the absorption. 
(The spectra mentioned briefly here are discussed 
in more detail by Collins, 1982.) 

At first sight it may seem surprising that the 
three diamonds for which the spectra are illus- 
trated in figure 5 appear similar in color. The rea- 
son is that the sensitivity of the eye decreases 
rapidly at wavelengths less than 450 nm; further- 
more, the eye cannot detect the structure present 
ina transmission spectrum. The perceived color of 
these three diamonds is therefore mainly deter- 
mined by the region of absorption below approxi- 
mately 500 nm, which, after modification by the 
eye response, is similar for each stone. When the 
three diamonds are placed side by side, it is clear 
that they are, in fact, slightly different in color. But 
such a comparison is necessary, and it is obvious 
that a color grading based solely on the strength of 
the 415 nm line would yield completely inaccurate 
results for two of the stones. Even when a diamond 
appears to be a Cape-yellow, there may be a small 
amount of underlying absorption, so that the color 
index based on the intensity of the 415 nm line is 
in fact an underestimate. For the same reasons, the 
simple diamond photometer developed by Eick- 
horst will give false readings when used on dia- 
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Figure 6, Luminescence pro- 
duced in rough stones se- 
lected from a batch of gem- 
quality brown diamonds. 
Long-wave ultraviolet radi- 
ation (365 nm) was used to 
excite the luminescence. 


monds other than those from the Cape-yellow 
series (see Bruton, 1978, pp. 277-280). 


Luminescence. It is well known that many 
diamonds exhibit luminescence when they are il- 
luminated by ultraviolet light (see, for example, 
Bruton, 1978, pp. 416-419). Blue is the most 
common color displayed in luminescence, but 
many other colors may be observed, particularly in 
brown diamonds, as shown in figure 6. The color 
centers responsible for the luminescence also have 
an associated absorption band, and it is the ab- 
sorption of light in this band that produces the 
emission in the luminescence band. (These pro- 
cesses have been discussed in simple terms by 
Collins, 1982.) The luminescence is easiest to see 
when ultraviolet excitation is used, because the 
eye does not detect the ultraviolet light. Neverthe- 
less, blue light is actually more effective at creat- 
ing green luminescence, yellow light is more ef- 
fective at creating red and pink luminescence, and 
so on. In short, light of any wavelength in the 
visible region can stimulate luminescence at 
longer wavelengths in a suitable diamond. How- 
ever, I will restrict a detailed discussion to the 
absorption and luminescence in the N3 (415 nm} 
system. 

Anderson (1943} noted that there was no rela- 
tionship between the strength of N3 absorption in 
a particular diamond and the intensity of the blue 
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luminescence produced. It is now recognized that 
the proportion of absorbed light that generates 
luminescence depends on the concentration of one 
particular form of nitrogen in the diamond. Details 
are given by Thomaz and Davies {1978}, and a 
simpler description of the processes involved has 
been outlined by Collins (1982). An important 
point in connection with the present article is that 
Thomaz and Davies have shown that fora brightly 
luminescent diamond, 30% of the energy absorbed 
by the N3 center is re-emitted as blue lumines- 
cence (i.e., the luminescence efficiency is 30%). 
If the relative transmission of the diamond is 
measured using an integrating sphere, virtually all 
of the luminescence produced will be detected by 
the photomultiplier. Therefore, for a diamond 
with a luminescence efficiency of 30%, the 
transmitted light level appears to bel, + 0.3 (I, —I,). 
Its effect on the absorbance calculated is shown in 
figure 7. We see that the apparent absorbance is 
always less than the true absorbance, and that such 
divergence increases as the absorbance increases. 
For example, a diamond graded as “tinted color 3” 
ts 
Figure 7, This diagram shows the effect of 
luminescence on the calculated absorbance. It 
compares the true absorbance with the apparent 
absorbance, obtained by measuring the trans- 
mission spectrum in the vicinity of the 415 nm 
line with an integrating sphere. The dashed line is 
for anonluminescent diamond, and the continu- 
ous line is for a strongly luminescent diamond. 
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on the International Color Grading Scale (GIA 
grade of R and DGL color index of 12,000} would 
appear to bea “tinted color 1” (GIA grade of M and 
DGL color index of 6,500). 

Diamonds with a luminescence efficiency as 
high as 30% are rare, but any luminescence will 
cause the color index to be underestimated, par- 
ticularly in the case of strongly colored stones. 
DGL, for example, noticed that some strongly ab- 
sorbing diamonds produced color indexes that 
were far too low, and they found it necessary to 
color grade these specimens by comparing them 
with master stones (R. V. Huddlestone, personal 
communication}. 

Luminescence, then, can seriously affect the 
color grade determined by techniques that rely on 
measuring only the intensity of the 415 nm ab- 
sorption line. However, even if the whole spec- 
trum is measured, the chromaticity coordinates 
will be in error if the diamond exhibits lumines- 
cence. The Eickhorst diamond photometer also 
responds to luminescence generated in the dia- 
mond by the incident light, and yields a false color 
grade for brightly luminescing diamonds (Bruton, 
1978, p. 280). 

Even if the errors caused by the detection of 
luminescence in color-grading instruments can be 
eliminated, the color grade determined may still 
differ from that obtained by comparison with mas- 
ter stones, since in daylight the transmitted light 
and luminescence are observed simultaneously. In 
particular, blue luminescence from a diamond in 
daylight can partially (or even totally) mask 
the yellow body color of the stone (Andergassen, 
1982, p. 145). 


Scattered Light. About 17% of the light incident 
on the front surface of a diamond is reflected. As 
noted above, when an integrating sphere is used, it 
is important that none of this reflected light be 
detected by the photomultiplier. If the incident 
light strikes only the table of the diamond, the 
direction of the reflected beam will be well defined 
and can be intercepted with a baffle plate or re- 
flected back through the entrance port. However, 
if light is incident on any of the diamond facets, it 
is virtually certain that some of the reflected light 
will reach the photomultiplier. If a fraction (f) of 
the incident light is detected by the photo- 
multiplier, the intensity of the transmitted light 
will appear to be I, + fl. Figure 8 shows the effect 
on the calculated absorbance when 10% of the 
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incident light is mistakenly detected together 
with the transmitted light. The effect is similar to 
the error caused by strongly luminescent dia- 
monds for which the apparent absorbance is al- 
ways lower than true value. 

It is, however, relatively easy to check an in- 
strument to see if reflected light is a problem. A 
very strongly colored {industrial quality) diamond 
that does not exhibit luminescence and is com- 
pletely opaque at a certain wavelength is placed in 
position on the integrating sphere. The signal de- 
tected when the monochromator is set to the 
wavelength at which the diamond is opaque 
should be zero. If itis not zero, then some incident 
light is being detected and will result in errors 
when diamonds are color graded. Many of the 
yellow/brown industrial diamonds have virtually 
no transmission at the blue end of the visible spec- 
trum, so it may be helpful to have these stones 
available in a range of sizes, polished into bril- 
liants, in order to carry out the scattered-light test. 


Figure 8. This diagram shows the effect of scat- 
tered light on the calculated absorbance. It com- 
pares the true absorbance with the apparent ab- 
sorbance obtained by measuring the transmis- 
sion Spectrum of a diamond with an integrating 
sphere. The dashed line is obtained provided no 
light scattered by the front surface of the diamond 
is detected by the photomultiplier. If 10% of the 
incident light is scattered by the diamond and 
detected by the photomultiplier, the continuous 
line is obtained. 
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ALTERNATIVE TECHNIQUES 

The problems associated with luminescence and 
scattered light can be largely eliminated if the 
transmission spectrum of the diamond is obtained 
by focusing light through the diamond using ap- 
proximately opposite facets (Collins, 1982; An- 
dergassen, 1982, pp. 217-220]. Quantitative mea- 
surements are difficult to make because it is not 
easy to define the optical path through a faceted 
diamond. However, Andergassen states that for 
Cape-yellow diamonds a more precise color grad- 
ing can be achieved with instrumentation than 
with master stones, provided a standard procedure 
is followed rigorously. 


SUMMARY 

I have discussed two techniques for color grading 
diamonds that use spectrophotometers fitted with 
an integrating sphere in which the diamond being 
tested is placed. One method that has been used 
(by Diamond Grading Laboratories} bases a color 
index on the intensity of the N3 line at 415 nm. 
This index can only be used for Cape-yellow dia- 
monds, however, and an experienced color grader 
must first assess (purely subjectively) whether the 
color of a particular diamond is due solely to ab- 
sorption in the Cape series of absorption lines. It is 
possible to confirm that this is the case by measur- 
ing the absorption spectrum over the whole visible 
region, but if that measurement is not taken, the 
presence of other absorption bands, undetected by 
eye, may result in an underestimation of the true 
color by the color index. 

A better method of specifying diamond color is 
to measure the absorption spectrum over the 
whole visible spectral region and to calculate the 
chromaticity coordinates. This technique has 
been explored by Woods and Welbourn (1980), is 
being used by the Laboratorio di Analisi Gem- 
mologiche (Rome}, and is being further developed 
by HRD in Antwerp. Brown diamonds with an 
absorption that increases continuously from the 
red end to the blue end of the spectrum are still 
likely to be difficult to color grade by this method, 
however. 

Any method that measures the spectrum of a 
diamond while it is placed in an integrating sphere 
is subject to two possible sources of error. Brightly 
luminescent diamonds will give a low color index 
using the DGL method, particularly strongly col- 
ored diamonds, and will also produce erroneous 
values for the chromaticity coordinates in 
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methods that analyze the whole visible spectrum 
(Woods and Welbourn, 1980). Similar errors are 
caused by the detection of light reflected from the 
front surface of the diamond. 

Reflected light from the front surface can be 
directed to an absorbing baffle plate, provided that 
only the table of the stone is illuminated. If any of 
the facets are illuminated, however, it is virtually 
certain that some reflected light will reach the 
detector, and the color grading will not be correct. 
It is fairly easy to check the equipment with a 
polished opaque diamond; rectification of the 
problem, if it exists, will probably entail redesign- 
ing the equipment’s optics. Woods and Welbourn 
{1980}, for example, use an additional lens to en- 
sure that the incident light is focused to a small 
spot at the center of the table of the diamond being 
graded. 

If the only region of the spectrum being ana- 
lyzed is in the vicinity of the 415 nm line, the 
luminescence problem can almost be eliminated 
by placing a suitable filter in front of the 
photomultiplier. For a complete scan over the 
whole visible spectral region, more elaborate pro- 
cedures ate required to minimize errors caused by 
luminescent diamonds. However, even when the 
sources of error in measuring the absorption spec- 
trum are eliminated, there is no guarantee that the 
color index calculated from the data will correctly 
describe the color of the diamond, since when the 
diamond is viewed in daylight, the luminescence 
and transmitted light are observed simultaneously. 

Van Goethem (personal communication} has 
had the opportunity to test all the diamond- 
grading instruments reviewed by Read (1983). He 
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finds that almost all instruments give a repro- 
ducibility that is the same or better than the 
human eye. However, none gives the same results 
as the visual color grading. Van Goethem believes 
this is because the instruments do not work ac- 
cording to the correct physical principles used in 
practical color grading. For this reason, the HRD is 
developing its own apparatus {Haazen, 1982). 

The equipment and procedures developed by 
Woods and Welbourn (1980) give results that are in 
agreement with visual grading for diamonds larger 
than 0.20 ct. However, they state that diamonds 
showing strong luminescence could produce 
anomalous results. 

There are, then, many pitfalls in color grading 
diamonds by machine, and it is likely to be some 
considerable time before your sets of master stones 
can be permanently retired. 
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THE EARLY HISTORY OF 
GEMSTONE TREATMENTS 


By Kurt Nassau 


This article examines the origins of gem- 
stone treatment. Using such primary 
sources as Pliny’s History and the rela- 
tively unknown Stockholm Papyrus, the 
author has uncovered many ancient refer- 
ences to, and even recipes for, the stmuta- 
tion or enhancement of gemstones. 
Among the processes described are crackl- 
ing and dyeing quartz, foilbacking, the 
making of doublets and triplets, boiling 
amber in oil, and heat treating sapphire 
to simulate diamond. Although some of 
the ingredients, such as goat’s blood and 
leek juice, have been replaced by less 
exotic elements, it is interesting to note 
that through their crude experimentation, 
the ancient forerunners of modern science 
discovered basic methods and principles 
of gemstone treatment that are still in 
use today. 
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Bene for the use of gemstone treatments points back 
many thousands of years: heated carnelian, for exam- 
ple, was found in Tutankhamen’s tomb—dating to at least 
1300 B.C. Even the written accounts of treatments extend 
back almost 2,000 years. Yet surprisingly little has been 
published on some of these earlier accounts, especially 
the “recipes” from which the earliest gemological chem- 
ists worked, although many of these recipes are virtually 
duplicated by techniques in use today. 

As part of my research into all aspects of gem treat- 
ment, I have studied, and in some cases updated trans- 
lations of, many of these early references to gem treat- 
ment. The realization that so many treatment practices— 
crackling and dyeing quartz, foilbacking, oiling of emer- 
alds, among others—were acknowledged and even recorded 
in detail by ancient chemists and historians is both fas- 
cinating and highly relevant in this decade when treat- 
ment has become a major focal point of gemology. 

This article looks into these early documents, espe- 
cially those that stand out as landmarks in the develop- 
ment of this most ancient practice. Following detailed 
examinations of Pliny’s History and the almost totally 
neglected Stockholm Papyrus (P. Holm.), I will concen- 
trate on a number of relevant books, only occasionally 
using secondary sources and references from other fields 
to highlight specific points. The period covered extends 
from the first century A.D., which produced the earliest 
known writings on this topic, to the mid-17th century, 
coinciding with the publication of the first work on gems 
written by an experimental scientist. 


FIRST CENTURY A.D.: PLINY 


As in so many areas of historical interest, the earliest 
primary source is C. Plinius Secundus (born 23 A.D. and 
died 79 A.D., during the eruption of Mt. Vesuvius}, the 
busy compiler of all that was known in his time. His 
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account of contemporary knowledge, published in 
37 books,was based on notes that he professed to 
have made while reading more than 2,000 books. 
Some of these books dealt with gemstone 
alterations: 


| have in my library certain books by authors now 
living, whom | would under no circumstances name, 
wherein there are descriptions as to how to give the 
color gf smaragdus [emerald, in part] to crystallus 
[rock crystal] and how to imitate other transparent 
gems: for example, how to make sardonychus |sard- 
onyx] from a sarda [carnelian, in part sard]: in a 
word, to transform one stone into another. To tell 
the truth, there is no fraud or deceit in the world 
which yields greater gain and profit than that of 
counterfeiting gems. {Pliny, Book 37, Chap. 75; from 
Ball, 1950, p. 195') 


Pliny discusses many gemstone-enhancement 
techniques that are still in use today, almost 2,000 
years later, including foils, oiling, dyeing, and 
composite stones. The use of shiny metal foils to 
make stones appear more brilliant (figure 1) or to 


'All notes in brackets within quotations are additions | 
have given for clarification. Several original spellings have 
been preserved to retain the flavor of the original account. 

In this quotation, the gemstone identifications are based 
on those given by Ball (1950). Apart from this elegant pas- 
sage taken from the rather archaic 1601 translation by Phi- 
lemon Holland which Ball used, and passing over the fre- 
quently used 1898 Bostock and Riley translation, we will 
hereafter cite only the modern Harvard University transla- 
tion, begun by Rackham (Vols. 1-5 and 9, 1938-1952), con- 
tinued by Jones (Vols. 6-8, 1951-1963), and completed by 
Eichholz (Vol. 10, 1962). They had access to more source 
manuscripts as well as to more sophisticated scholarship 
than previous translators, including the guidance of Ball's 
volume in gemological matters. 
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Figure 1. Today, foilback- 
ing of rubies is still prac- 
ticed, although more com- 
monly (as iUlustrated here) 
a special foil paint is used 
on synthetic ruby to pro- 
vide greater brilliance. 
Photo by Tino Hammid. 


modify their color goes back at least to Minoan 
times (2000-1600 B.C.), according to Ball (1950). 
Pliny mentions their use on “carbunculi [red stones, 
including garnet, ruby, etc.]... for the exercise of 
cunning, when craftsmen force the opaque stones 
to become translucent by placing foil beneath 
them” (Vol. 10, p. 243}; on “sard [carnelian, in 
part sard].... that is backed with silver foil” (Vol. 
10, pp. 249, 251); and with “Ayacinthus [sapphire] 
and chrysolithus [topaz]” of quality less than the 
best, which “‘are backed with brass foil” (Vol. 10, 
pp. 267, 2.69). 

Vinegar is used to make dull stones shiny (Vol. 
10, p. 243), and “smaragdi [emeralds in part]... in 
spite of their varied colours, seem to be green by 
nature, since they may be improved by being 
steeped in oil” (Vol. 10, pp. 219, 221}. One may 
assume that this refers to white or brown-appear- 
ing badly cracked stones which become an 
improved green on oiling, as is still done today. 
He also reported the well-known behavior of “cal- 
laina [turquoise]. .. . The finer specimens lose their 
colour if they are touched by oil, unguents or even 
undiluted wine” (Vol. 10, p. 255). In addition, amber 
“is dressed by being boiled in the fat of a suckling 
pig” (Vol. 10, p. 199); this is undoubtedly the clar- 
ification process rediscovered so much later (fig- 
ure 2). 

Dyeing and staining were widely used in ancient 
times as they are today. Even pigments made from 
ground-up malachite and azurite were thus 
improved: “Armenian [azurite] is a mineral that 
is dyed like malachite... ‘’ (Vol. 9, p. 297). Then 
there was: “the green called Appian, which coun- 
terfeits malachite; just as if there were too few 
spurious varieties of it already!” (Vol. 9, p. 297). 
This complaint is still being made today of new 
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Figure 2. Stress fractures are common by-prod- 
ucts when amber is heated in some form of oil, 
a practice reported by Pliny in the first century 
A.D. In modern times, this is done purposely to 
produce the brightly spangled amber shown 
here. Photo by Shane McClure. 


imitations as well as of gemstone names. In addi- 
tion: “it ought to be generally known that amber 
can be tinted, as desired, with kid-suet and the 
root of alkanet [a natural dye]. Indeed it is now 
stained even with purple dye [Tyrian  pur- 
ple]... . Amber plays an important part also in the 
making of artificial transparent gems, particularly 
artificial amethyst, although, as I have mentioned, 
it can be dyed any colour” (Vol. 10, pp. 201, 203). 

The sugar-acid process for dyeing agates and 
other porous stones is apparently reported by Pliny 
(Vol. 10, p. 323}, although the description has not 
always been accepted as such: 


Morcover, Cochlides or shell stones are now very 
common, but are really artificial rather than natu- 
ral. In Arabia they arc found as huge lumps and these 
are said to be boiled in honey without interruption 
for seven days and nights. Thus all earthy and other 
impurities are eliminated; and the lump, cleaned 
and purified, is divided into various shapes by clever 
craftsmen, who arc careful to follow up the veins 
and elongated markings in such a way as to ensure 
the readiest sale.... In general, all gems are ren- 
dered more colorful by being boiled thoroughly in 
honey, particularly if it is Corsican honey, which is 
unsuitable for any other purpose owing to its acid- 
ity (emphasis added]. 


Ball (1950) interpreted cochlides as being shell 
ornaments, but the “huge lumps” argues against 
this interpretation. Eichholz (1962, p. 323) more 
reasonably interprets these as large, inferior agates, 
boiled in acidic honey in order to bring out their 
color. Consider, now, the possibility of the use of 
an unmentioned final, slightly higher temperature 
heating step and one obtains something not too 
different from the modern sugar and heating or 
sugar-acid processes (figure 3). Also note that Pli- 
ny’s description of how the patterns of ‘‘veins and 
elongated markings” are carefully followed, which 
is as true of clever craftsmen working with chal- 
cedony and related materials today as it was almost 
two thousand years ago. This description could 
hardly apply to material derived from sea shells. 

Finally, there is this passage on the making of 
triplets (figure 4): 


Figure 3. This slab illustrates some of the many colors in which agate is dyed in Idar-Oberstein 
today. The brown section is typical of the color produced by the sugar-acid method Pliny describes. 


Photo courtesy of J]. S. White, Smithsonian Institution. 


24 Gemstone Treatments 


GEMS & GEMOLOGY Spring 1984 


Figure 4. The piece on the right is an interesting adaptation of the technique described by Pliny: a 
“three-layer” cameo has been manufactured by gluing a white material to a reddish brown material 
and then painting the top figure in the white material black. The result is a convincing imitation of 
the natural, unassembled cameo on the left. The imitation piece measures 16.17 x 12.12 x 5.64 
mum; the natural, 19.79 x 15.02 x 7.38 mm. Photo by Shane McClure. 


Mcn have discovered how to make genuine stones 
of one variety into false stones of another. For exam- 
ple, a sardonyx can be manufactured so convinc- 
ingly by sticking threc gems together that the arti- 
fice cannot be detected: a black stone is taken from 
one species, a white from another, and a vermillion- 
coloured stone from a third, all being excellent in 
their own way. (Vol. 10, p. 325) 


Ball (1950) cites the report by the Chinese 
ambassador to Antioch, the capital of Roman Syria, 
in 97 A.D.: “The articles made of rare precious 
stones produced in this country are sham curi- 
osities and mostly not genuine. . .” (p. 81}. The 
poet Martial, of about the same era, mentions real 
sardonyx, implying the existence of the false. Pliny 
also describes the use of glass to imitate valuable 
gemstones (figure 5). When one considers that 
almost nothing was known in Pliny’s day about 
gemological testing, other than perhaps a very crude 
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estimation of hardness, it is surprising that there 
were any authentic gemstones at all noticeable 
among the many fakes. 

About 300 A.D. Emperor Diocletian became so 
outraged by alchemy and related activities (such 
as the alteration and imitation of gemstones] that 
he ordered all books on these subjects to be burned 
(Ball, 1950). It is doubtful that this edict had much 
effect on such activities, although it may account 
for the relative scarcity of surviving documents 
on the subject. 

For the reader interested in placing these activ- 
ities into the framework of the science and tech- 
nology of the period, Thorndike’s (1923-1958) 
History of Magic and Experimental Science 
{extending from Pliny through the end of the 17th 
century}, the Oxford History of Technology (Singer 
et al., 1954-1978}, and F. S. Taylor’s The Alche- 
mists (1936) are detailed studies that can be 
recommended, 
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Figure 5. Glass has been used as a substitute 
for emerald and other fine gemstones since at 
least the days of ancient Rome, as mentioned 
by Pliny and illustrated by the earrings (third 
century A.D.) shown here. Photo courtesy of B. 
Zucker Precious Stones. 


FOURTH TO FIFTH CENTURIES: 
THE STOCKHOLM PAPYRUS 


In 1832 the Swedish Academy received a metal 
box containing 14 numbered papyrus sheets plus 
an unrelated fragment, all covered with early Greek 
handwriting. The gift came from Johann d’Anas- 
tasy, the Swedish-Norwegian Vice-Consul in 
Alexandria, Egypt, and an inveterate collector of 
early Egyptian documents. The 14 sheets had orig- 
inally been a codex, a handwritten “book” con- 
sisting of seven folded sheets which had later been 
cut in half. These documents were subsequently 
examined by Otto Lagercrantz, who published the 
text with a German translation and commentary 
in 1913. Lagercrantz named it the Papyrus Grae- 
cus Holmiensis, abbreviated P. Holm., and gave 
it the subtitle ‘Recipes for Silver, Stones and Pur- 
ple.” This papyrus is also known as the Stockholm 
Papyrus, under which title it was translated into 
English in 1927 by Caley. Neither Lagercrantz, a 
classicist, nor Caley, a chemist, was aware of the 
implications to gemology of this fascinating text. 

From a variety of circumstances, Lagercrantz 
deduced that this papyrus was a copy made by a 
scribe about 400 A.D. in Greek-speaking Egypt. It 
was probably made for the purpose of accompa- 
nying the remains of a “chemist” in his mummy 
case, where it survived some 15 centuries in excel- 
lent condition. In all probability it was a copy of 
his laboratory working notes, no doubt in turn 
taken from an older document. 

The small fragment contains a short magical 
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incantation of no obvious meaning. The 14-page 
main text consists of three parts. The first part 
deals with metals and gives nine recipes for mak- 
ing copper look like silver, extending silver to dou- 
ble its quantity, and the like. The last part con- 
tains 70 recipes for the dyeing of wool and other 
substances, with emphasis on imitating the costly 
Tyrian purple dye. 

The middle, and longest, section contains 73 
recipes which deal with the falsification of pearls 
and gemstones; it represents the oldest extended 
recipe collection dealing with gems. Several 
examples from this virtually inaccessible text are 
cited here. There is in these recipes no attempt to 
duplicate anything but the color—or lack of it— 
of the desired gemstone. The counterfeiting is 
sometimes very simplistic, as in this recipe: 


Bleaching Crystals 
Dissolve rice in watcr, put the crystal in, and together 
with it, boil again the solution (Caley, 1927, no. 56; 
Lagercrantz, 1913, pp. 187—188).? 


Ten of the recipes deal with improving pearls or 
imitating them; for example: 


Cleaning a Pearl 

When a real pearl becomes dull and dirty from usc, 
the natives of India are accustomed to clean it in 
the following way. Thcy give the pearl to a rooster 
to cat in the evening. In the morning they search 
the droppings and verify that the pearl has become 
clean in the crop of the bird; and moreover, has 
acquired a whiteness which is not inferior to the 
original. 


Another Recipe 


Quick lime, when it is not yct slaked in water, after 
having been burnt in the oven, carries hidden within 
it the fire; this is slaked with the milk of a dog, but 
that from a white bitch. Knead the lime and coat it 
in layers on the pearl and leave it there one day. 
After stripping off the lime, observe that the pearl 
has become white.” (Caley, 1927, nos. 60 and 61; 
Lagercrantz, 1913, p. 189} 


The first of these recipes presumably relied on the 
acidic digestive juices of the rooster to remove a 
thin layer of pearl; in another version (Caley, 1927, 


°All quotations from P. Holm. are the author’s based on the 
English translation by Caley (1927), using his recipe num- 
bering, and on the German translation by Lagercrantz 
(1913), giving his pages, as well as on the Greek version 
given by Lagercrantz. A full translation and a detailed 
interpretation are being prepared for publication. 


GEMS & GEMOLOGY Spring 1984 


no. 25; Lagercrantz, 1913, p. 172), the cock is cut 
open directly after feeding him the pearl. Some 
version of this technique reappears every few cen- 
turies, still frequently attributed to India. 

With regard to the dyeing of gemstones, two 
separate steps are involved; these steps frequently 
appear as separate recipes, although they are 
sometimes combined. First the stone, usually 
crystal (ie., rock crystal or quartz], has to be made 
receptive to the color. Four different Greek words 
are used'for this preparatory step: stufis, which 
means “mordanting,’”* but which could also mean 
corroding or etching {used 23 times in 14 recipes 
connected with stones}; araiosis, which means 
“softening,” “loosening up,” or “opening up” (used 
6 times in 5 recipes}; and malaksis {used 4 times 
in 2 recipes) and Jiosis (used once) which both 
mean “softening.”” A detailed examination of the 
recipes indicates that all of these terms probably 
referred to the same process, namely cracking of 
the heated quartz or other stone as the first step 
so that the dye used in the second step could then 
penetrate into the cracks to produce the change 
in color—a practice still common in the 20th cen- 
tury (figure 6). Mention of the heating itself is 
often omitted, as might be expected for something 
so self-evident to an expert practitioner, indeed, 
many of the recipes are abbreviated as in the fol- 
lowing extreme, where three recipes are tele- 


“This designation also occurs widely in the wool-dyeing 
section of the papyrus (e.g., Caley, 1927, no. 135; Lager- 
crantz, 1913, p. 226). The process there described is essen- 
tially the same as that used in modern mordant dyeing, 
whereby an aluminum salt is precipitated on the fiber and 
a dye is then attached to this precipitate, as one example. 
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Figure 6. These two pieces 
of quartz have been heated 
and then dyed to imitate 
emerald (1.77) and ruby 
(0.91 ct). The crackling of 
quartz and similar stones is 
one of the oldest gem treat- 
ment processes practiced by 
man, 


scoped into one with only the essential ingredi- 
ents given: 


Another [Recipe for the 
Preparation of Green Stones] 


Verdigris and vinegar, verdigris and oil, verdigris and 
calve’s bile; these form emerald.” (Caley, 1927, no. 
21; Lagercrantz, 1913, p. 170} 


Sometimes the crystal is first cleaned before the 
preparation step: 
Cleaning of Crystal 
Cleaning of smoky crystal. Put it into a willow bas- 
ket, place the basket into the cauldron of the [public] 
baths and leave the crystal there seven days. Then, 
when it is clean, take and mix warm lime with 
vinegar. Place the stone in this and let it be mor- 
danted. Finally: color it as you wish. (Caley, 1927, 
no. 16; Lagercrantz, 1913, p. 164) 


In the next two recipes, the only piece of infor- 
mation missing is the exact temperature the stones 
should be when they contact the liquid so they 
will crack nicely without falling apart: 


Another [Recipe for Mordanting 

and Opening up Stones] 
Put the stones into a bowl, put on it another bowl 
as a lid, seal the joint with clay, and let the stones 
be roasted under supervision for a while. Then by 
degrecs remove the lid and pour vinegar and alum 
on the stones. After this, color the stones with what- 
ever dye you desire. (Caley, 1927, no. 54; Lager- 
crantz, 1913, p. 186) 


Softening Crystal 
To soften crystal take goat’s blood and dip into this 
the crystal which you have first heated over a gentle 
fire, until it is to your liking. (Caley, 1927, no. 36; 
Lagercrantz, 1913, p. 179) 
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Figure 7. A page from Papyrus Graecus Hol- 
micnsis, written about 400 A.D., the first man- 
uscript to provide detailed gemstone treatment 
recipes. 


In this recipe is almost certainly found the origin 
of the curious fable that stones in general and 
diamonds specifically can be softened with goat’s 
blood. Apparently the intent of the original process 
was merely to “loosen” or “soften” the stones by 
cracking them for dye penetration. 

The two processes, preparation and dyeing, are 
sometimes combined into one: 


Mordanting for Stones 


Let the stone stand for 30 days in putrid urine and 
alum. Remove the stones and insert them into soft 
figs or dates. These should now be treated on the 
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coals. Blow therefore with the bellows, till the figs 
or the dates burn and become charred. Then seize 
the stone, not with the hand but with tongs, and 
while it is still warm place it directly into the dye 
bath and let it cool there. Use as many stones as 
you wish, however not more than 2 drachmas [each 
in weight]. The dye, however, should be as thick 
as paste. (Caley, 1927, no. 29; Lagercrantz, 1913, 
p. 173) 


Note particularly that the stone is so hot that it 
cannot be picked up by hand. 

A wide variety of substances are used to pro- 
vide the coloration itself. Some are based on cop- 
per and other metal salts, at times combined with 
the bile fluid from tortoises or cattle. The follow- 
ing recipe is the center one of the three on the 
back of papyrus sheet seven, which is reproduced 
in figure 7. 


Preparation of Emerald 


Mix together in a small jar 1/2 drachma of copper 
green [verdigris], 1/2 drachma of Armenian blue 
{chrysocolla], 1/2 cup of the urine of an uncorrupted 
youth, and 2/3 the fluid of a steer’s gall. Put into 
this the stones, about 24 pieces weighing 1/2 obolus 
cach. Put the lid on the jar, seal the lid all around 
with clay, and heat for 6 hours over a gentle fire 
made of olive-wood. When there is this sign, that 
the lid has turned green, then heat no more, but let 
it cool and remove the stones. You will find that 
they have become emeralds. The stones are |origi- 
nally] of crystal... . (Caley, 1927, no. 83; Lager- 
crantz, 1913, pp. 199-200) 


Other colorants are based on biological sub- 
stances such as alkanet red, archille, bile, cochi- 
neal, “dragon’s blood,’”’ heliotrope juice, indigo, 
leek juice, mulberry juice, and pigeon’s blood. In 
some instances, the coloring matter is added in 
an oily form. Following are two of these oil 
impregnations, one based on a copper salt and the 
other on leek juice: 


Another [Recipe for Preparation of Emerald] 
Grind scraped-off verdigris and soak it in oil one day 
and one night. Cook the stones in this over a gentle 
flame as long as desired. (Caley, 1927, no. 77; Lag- 
ercrantz, 1913, p. 196} 


Softening of Emerald 
Put hard emerald into wax for 14 days. After this 
time grate garlic and make a cake out of it. Take 
out the stone and place it into the garlic cake for 7 
days. Take leeks and squeeze out the juice. Mix with 
the leek juice an equal amount of oil, put this into 
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a new pot, add the stones, and boil for 3 days, until 
they are to your liking. The stones should be in a 
basket, so that they do not touch the bottom of the 
pot. (Caley, 1927, no. 37; Lagererantz, 1913, p. 179} 


Note that there are no instructions to take the 
stone out of the cake. Once again, one suspects 
that the garlic cakes are baked or rather charred, 
just as are the figs or dates in the recipe given 
above, and that the stones are hot when they are 
dropped into the oily green leek juice to become 
cracked and absorb the green color at the same 
time. 

The oily substances used are balsam sap, Can- 
ada balsam, cedar oil, liquid pitch, resin, and wax. 
Oiling with colored oil is still being practiced today 
by processes not too different from the following: 


Cooking of Stones 

If you wish to make ruby from Crystal, which has 
been prepared for this purpose at your pleasure {i.c., 
precracked], then take and place it in a kerotakis |a 
vessel usually used for melting wax with pigments] 
and stir in turpentine balsam [Canada balsam] and 
a little powdered alkanet [a red botanical dye], until 
the color sauce rises [bubbles?]. And then take care 
of the stone. (Caley, 1927, no. 31; Lagercrantz, 1913, 
p. 175}. 


It is interesting to note that with the exception 
of the pearl recipes, which deal for the most part 
with improving the pearl, almost all the other 
gemstone recipes in P. Holm. involve making one 
gemstone look like another. Only in the last-cited 
recipe dealing with what we would now call the 
colored oiling of emerald (and in a variant of it, 
no. 72 in Caley, 1927, and on p. 194 of Lagercrantz, 
1913), does P. Holm. describe specifically a gem- 
stone that is being improved as itself. Some of the 
other recipes dealing with nonspecific “stones’’ 
could, of course, be used for such improvements, 
yet the spirit of the work is clearly one of substi- 
tution rather than enhancement. 

This unique manuscript represents the earliest 
comprehensive technical text giving explicit lab- 
oratory details. It is invaluable for the light it throws 
both on early chemistry and on early gemstone 
knowledge and techniques. Although Pliny, writ- 
ing a few hundred years earlier, does mention some 
treatments, he provides none of the detail that 
makes the processes come alive in P. Holm. To 
Pliny, this was mere theory; to the user of the 
papyrus, this was clearly his life’s work. 


Gemstone Treatments 


THIRTEENTH TO 
SIXTEENTH CENTURIES 


For the next millenium and a half, through the 
Dark Ages and well into the Renaissance, Pliny’s 
work, often containing many errors from repeated 
copying, served as the authoritative text for mat- 
ters mineralogical and gemological. 

Writing On Stones in about 1260, Albertus 
Magnus (Albert the Great}, a clergyman and emis- 
sary of Popes, gives but a single sentence of rel- 
evance to treatments. Discussing the color of pre- 
cious stones in Chapter 2 of Tract 2 of Book 1, he 
says: “.,. there is also found a stone having a 
great many colours... all its colours are caused 
by the different substances of which its parts are 
composed. The same explanation holds, more or 
less completely, so far as the dyeing of bodies is 
concermed.” This statement seems quite straight- 
forward when viewed in the context of precious 
stones and the dyeing processes as revealed by 
Pliny and others, but apparently puzzled the trans- 
lator (Wyckoff, 1967, p. 43). 

In 1502 was published The Mirror of Stones, a 
fascinating book by Camillus Leonardus (also 
known as Camillo Leonardi or Lunardi), a physi- 
cian and astrologer of Pesaro, Italy. It is particu- 
larly interesting that it discusses not only gem 
treatments and simulants, but also how to iden- 
tify those stones that are “not true” and the 
importance of experience and knowledge in this 
subject. The title page, shown in figure 8, 
acknowledges his sources, including Pliny. Excerpts 
from Chapter 9 of Book |, from the 1750 trans- 
lation, follow: 


How to know whether Jewels 
are natural or artificial 
Since these Times abound with Counterfeits in every 
Thing, but especially in the Jewelling Art... ; and 
as there are few unless such as have been long prac- 
tis’d in them, can judge of them... we shall close 
the First Book with a few Things upon this Head. 
We say then, that these deceitful Artists in Stones 
have many Ways of Imposition. As first, when they 
make Stones of a less Value, and of a particular 
Species, appear of another Species and consequently 
of a higher Price; as the Balasius of the Amethist, 
which they perforate, and fill the Hole with a Tinc- 
ture, or bind it with a Ring, or more subtilly, when 
they work up the Leaves of the Balasius, either with 
Citron Sapphire or Beril, into the Form of Dia- 
monds, and by adding a Tincture to bind them, sell 
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THE 


MIRROR 
STONES: 


IN WHICH 


The Nature, Generation, Properties, 
Virtues and various Species of more 
than 200 different Jewels, precious and 
rare Stones, are diftinctly defcribed. 


Alfo certain and infallible Rules to know the 
Good from the Bad, how to prove their 
Genuinenefs, and to diftinguith the Real 
from Counterfeits, 


Extracted from the Works of Ariforle, 
Pliny, Ihodorus, Dionyfius Alexandrinus, 
Albertus Magnus, &c. 


By Camillus Leonardus, M. D. 


A Treatife of infinite Ufe, not only to Jewellers, 
Lapidaries, and Merchants who trade in them, 
but to the Nobility and Gentry, who purchafe 
them either for Curiofity, Ufe, or Ornament. 


Dedicated by the Author toC & san Borcra. 
Now Grit Tranflated into Engii@. 


LOND O WN: 
Printed for J. Freeman in Fleet-freet, 1750 


Figure 8. The title page of the Leonardus work 
on gemstones, published in 1502 and translated 
into English in 1750. 


them for true Diamond. Or, very often they fabricate 
the upper Superficies of the Granate, and the lower 
of Chrystal, which they cement with a certain Glew 
or Tincture; so that when they are set in Rings they 
appear like Rubies. ... A Deception may happen in 
another Manner; as when they make the Form and 
Colour of a true Stone from one that is not true. 
And this Deception is made from many Things, and 
chiefly from smelted Glass, or of a certain Stone, 
with which our Glass-makers whiten their Vessels, 
by adding divers permanent Colours to the Fire, as 
the Potters know; and asI have often seen Emeralds, 
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far from bad ones, at least for Use, made out of these 
Stones. Thesc counterfeit Stones may be known many 
Ways, as first by the Filc, to which all false Stones 
give Way, and all natural ones are Proof against, 
except the Emerald and the Western Topaz. ... The 
sccond Way to prove them is by the Aspect; for such 
as arc natural, the morc they are look’d at, the more 
the Eye is delighted with them, and when they are 
held up to the Light of the Candle, they shine and 
look fulgent. Whereas the Non-naturals, or artifi- 
cial, the more thcy arc behcld, the more the Sight 
is wearied and displeas’d, and their Splendor seems 
continually decaying, especially when thcy are 
oppos’d to the Light of a Candle. Thcy arc also known 
by their weight when they are out of the Rings; for 
those which are natural arc ponderous, except the 
Emerald, but the Artificial are light. There is one 
Proof yet remaining, which is infallible, and is pref- 
erable to all the rest; namely, that the Artificial do 
not resist the Fire, but are liquificd in it, and lose 
their Colour and Form when they are dissolved by 
the Fierceness of the Fire; and it is impossible but 
that in some Parts of them, some Points like small 
Bubblcs must be seen in their Substance, produc’d 
by the igncous Heat, and will discover the Dispro- 
portion in thcir Composition, and their Difference 
from Nature in true Stones. Such falsc Stones may 
likewise be compounded of other Things than of 
Glass, namely, of many Minerals; as of Salt, Cop- 
peras, Metals, and other Things... . The Knowledge 
of Stones, and thcir Species, is acquired by great 
Experience, and from continual Uses, as they well 
know who employ themselves in this Kind of 
Exercise. 


The range of treatments here alluded to includes 
an astonishing variety of colorations and assem- 
bled stones. His testing techniques, especially 
heating in fire, no doubt destroyed many genuine 
gemstones. Particularly noteworthy is his astute 
observation of the presence of small bubbles in 
imitations made of glass. 

Next we consider the accounts of two master 
craftsmen in metallurgy and related arts: the Piro- 
technia of Vannoccio Biringuccio, printed in 1540 
in Venice, and the Treatise on Goldsmithing of 
Benvenuto Cellini, published in Florence in 1568 
and translated in 1898. Both mention the use of 
colored foils placed behind gemstones, the use of 
a black backing or coating on diamond, and the 
heat treatment of a sapphire to turn it colorless. 
Biringuccio says of sapphire: “The best are the 
oriental ones, It can be made to lose its color by 
keeping it in molten gold over a fire for twenty- 
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four hours. With these baths they disguise it in 
the form of a diamond and try to deceive people” 
(p. 125}. Cellini puts it thus: ‘There are certain 
sapphires, which the ingenuity of man can turn 
white, by putting them ina crucible in which gold 
is to be melted [’Ne/ quale sia dell’oro che s’abbia 
a struggere.’|, and if not at the first heating, then 
at the second or third” (pp. 40-41). 

Cellini gives highly detailed accounts of var- 
ious treatment processes, particularly the use of 
shiny foils, some colored ones, and even colored 
cloth behind the gemstone in the cavity of the 
setting (pp. 24~29]. In Italy at that time such activ- 
ities were permitted with all gemstones, but tint- 
ing colored gemstones such as emerald, ruby, and 
sapphire was strictly forbidden by law. Curiously 
enough, the tinting of diamonds was permitted. 
There are details of a large diamond given by 
Emperor Charles V to Pope Paul, who gave it to 
Cellini to make an elaborate setting and to tint 
it. Using a clear undercoat of carefully selected 
pieces of gum mastic followed by a smoky layer 
consisting of a mixture of freshly prepared soot, 
selected gifm mastic, freshly pressed linseed oil, 
almond oil, and turpentine, he almost doubled the 
value of the stone from 12,000 scudi to 20,000 
scudi (pp. 31-39}. 

Cellini also reports that others used the blue 
dye indigo for tinting diamond, particularly for 
yellow ones, which ‘‘they make green, hence the 
yellow diamond with the blue tint made an admi- 
rable water; and, if it be well applied, it becomes 
one colour, neither yellow as heretofore nor blue 
owing to the virtue of the tint, but a variation, in 
truth, most gracious to the eye” (p. 36}. Here he 
uses the quality term water of the diamond in the 
sense of achieving the most desirable pale blue- 
green or smoky colors, not in the usually attrib- 
uted colorless sense. Could this perhaps have been 
the origin of this designation? Another technique 
was to use a black backing on diamond. In the 
words of Biriguccio (p. 122): ‘diamond ... is... 
harder and much more lustrous and transparent 
than any other thing. If the skin of its earthiness 
is cleaned with art and then it is given its polish, 
it becomes very brilliant when a lustrous black 
color is placed underneath.” 

Mlegal falsification was also achieved by the 
coating of pale stones, according to Cellini: “I once 
saw a ruby of this nature falsified ever so cleverly 
by one of these cheats. He had done it by smearing 
its base with dragon’s blood*. ... You would gladly 
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have given 100 golden scudi for it; but without 
the colour it wouldn’t have fetched 10.... The 
color looked so fine and the stone seemed so cun- 
ningly set, that no one unless very careful, would 
have spotted it” (p. 26}. Doublets were also widely 
made (p. 27): 


{ mind me also of having sccn rubies and emeralds 
made double, like red & green crystals, stuck together, 
the stone being in two pieccs, and their usual name 
is ‘doppic’ or doublets. These false stones arc made 
in Milan, set in silver, and are much in vogue among 
the peasant folk; the ingenuity of man has devised 
them to satisfy the wants of these poor people when 
they wish to make presents at weddings, ceremo- 
nies, and so forth, to their wives, who of course don’t 
know any ditfcrence between the real and the sham 
stone, and whom the little deccit makes very happy. 
Certain avaricious men however, have taken advan- 
tage of a form of industry, made partly for a useful, 
and partly for a good end, & have very cunningly 
turned it to great evil. For instance, they have taken 
a thin piece of Indian ruby, and with very cunning 
setting have twisted and pieced together bencath it 
bits of glass which they then fixed in this manner 
in an elaborate & beautiful setting for the ring or 
whatever it was. And these they have subsequently 
sold for a good and first-class stone.... there was 
in my time a Milanese jeweller who had so cleverly 
counterfeited an emerald in this way that he sold 
it for a genuine stone and got 9000 golden scudi for 
it. And this all happened because the purchaser— 
who was no less a person than the King of England— 
put rather more faith in the jeweller than he ought 
to have done, The fraud was not found out till sev- 
cral years after. 


In his De Natura Fossilium, published in 1546, 
Georgius Agricola discusses metal foils and their 
detection (‘‘take the stone out of the ring and 
remove the coloring substance”’] as well as doub- 
lets (triplets in modern terminology) that are made 
of glass, of quartz, or of garnet and quartz, with a 
layer of dye. There are also doublets consisting of 
a diamond top with a base of quartz, corundum, 
or beryl {emerald}. Then there are “filled” gem- 
stones: “Certain amethysts are perforated and filled 
with minium or are deeply engraved and thin sheets 
of foil cemented beneath them so that they may 
be passed as carbunculi” (p. 116). Finally there is 


4“Pragon's blood” is a natural vegetable dye, bul the name 
was also applied to the red lead compound minium, Pb3O4, 
according to Agricola (1546). 
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Figure 9. An assay furnace illustrated in Agricola’s 1556 book on metallurgy. 


dyeing: “The light-coloured or feminine sapphires 
can be darkened by dyeing. A king of Egypt was 
the first to dye this stone. Quartz and glass are 
also dyed to imitate sapphire...“ (p.130). 

There is no discussion of gemstone treatments 
in Agricola’s De Re Metallica, but there are many 
illustrations of the types of furnaces used in 
metallurgy at the time, shown in figure 9; these 
same types of furnaces were undoubtedly also 
used for heat treating gemstones. 

In the 17th century, we have the Gemmarum 
et Lapidum Historia of 1609 by Boetius de Boot, 
a physician of Bruges, which appeared in a number 
of different forms over the next 40-plus years. In 
the French translation of 1644, there is discussion 
in Chapters 20 to 22 of the decolorizing by heat 
of sapphire, topaz, amethyst, and the like, to pro- 
duce diamond imitations; the dyeing of stones, 
mostly with metal compounds (the use of gum 
mastic is considered to be “trivial and vulgar”); 
an extended discussion of metal foils; and an 
obscure description on how to harden gemstones. 
Several of the techniques are attributed to Baptiste 
de la Porte or de Porta, presumably derived from 
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personal contact or from an earlier version of John 
Baptista Porta’s Natural Magic, which was pub- 
lished in London in 1658. 

In Book 6, “Of counterfeiting Precious Sones 
{sic}, Porta covers a variety of topics, including 
the making of colored glass imitations and various 
treatments. Chapter 5, ‘‘How Gems are coloured,” 
is devoted to dyeing sapphire, amethyst, topaz, 
chrysolite, and emerald. In a detailed passage, Porta 
teaches how: 


To turn a Saphire [sic] into a Diamond 


This stone, as all others, being put in the fire, loseth 
his colour.... Many do it several ways: for some 
melt gold, and put the Saphire in the middle of it; 
others put it on a plate of iron, and set it in the 
middle of the fornace of reverberation; others bury 
it in the middle of a heap of iron dust. I am want 
to do it a safer way, thus: I fill an earthen pot with 
unkill’d lime, in the middle of which I place my 
Saphire, and cover it over with coals, which being 
kindled, I stop the bellows from blowing, for they 
will make it flie in pieces. When | think it changed, 
I take a care that the fire may go out it self [that is, 
he does not pour water on it]: and then taking out 
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the stone, I see whether it hath contracted a suffi- 
cient whitencss; if it have, | put it again in its former 
place, and let it cool with the fire; if not, | cover it 
again, often looking on it until the force of the fire 
have consumed all the colour, which it will do in 
five or six hours; if you find that the colour be not 
quite vanished, do again as before, until it be perfect 
whitc. You must be very diligent, that the fire do 
heat by degrees, and also cool; for it often happen- 
cth, that sudden cold doth either make it congeal, 
or flie in pieces. All other stones lose their colour, 
like the Saphire; some sooner, some latcr, according 
to their hardness. For the Amethist you must use 
but a soft and gentle fire; for a vehement one will 
over-harden it, and turn it to dust. This is the art 
we use, to turn other precious stones into Dia- 
monds, which being cut in the middle, and coloured, 
maketh another kind of adulterating Gems; which 
by this experiment we will make known.... 


He then proceeds to describe ‘‘How to make a 
stone white on one side, and red or blew on the 
other,” by a special heating process (pp. 183-184.) 

Porta’s Chapters 10 and 11 deal with “Of leaves 
of Metal to be put under Gems” and ‘How leaves 
of Metals-are to be polished.” Porta’s book appears 
to have been one of the first of a continuing series 
of recipe books. Such books were intended to give 
the general public detailed instruction. They are 
particularly valuable in our investigation: since 
they were written for nonprofessionals, the direc- 
tions tend to be much more detailed than are texts 
intended for the professional reader. 


THE ADVENT OF THE 
SCIENTIFIC APPROACH 


The publication in 1672 of An Essay About the 
Origins and Virtues of Gems, by Robert Boyle, 
represented the first work on gems written by a 
professional scientist who based his deductions 
on his own experiments and observations. In the 
300 years that followed, techniques developed in 
the laboratory were used with increasing fre- 
quency and sophistication. By 1820, agate dyeing 
in Idar-Oberstein had been perfected to the point 
that it was practiced on a large scale and the agate 
sold as treated stone. For the first time, a gemstone 
material was altered commercially and marketed 
as such and not as a natural material. 

By the middle of the 19th century, gemology 
had turned into a science. As authors studied each 
other’s books and techniques, a certain uniformity 
appeared in the literature. The works of King (1883} 
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and Bauer (first published in German in 1896, then 
in English in 1904, and still an important source- 
book for the working gemologist) are representa- 
tive of the level of knowledge and understanding 
of gemstone treatments from this period until well 
into the 20th century, when the discovery of irra- 
diation provided a new approach to gemstone 
enhancement. Yet while the literature shows great 
advances during the last few years, many of the 
treatment methods in use today have their origins 
in the crude techniques practiced by Pliny’s con- 
temporaries and the master of P. Holm. 
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NOTES 


~-AND-: 


NEW TECHNIQUES 


‘COBALT-BLUE’ GEM SPINELS 
By James E, Shigley and Carol M. Stockton 


The traditional gemological technique for distin- 
guishing natural from synthetic blue spinel has 
involved the use of refractive index and absorption 
spectra. Recently, however, the standard interpreta- 
tion of these tests has proved troublesome in the 
identification of several intensely colored blue stones 
that have R.I.’s in the range of natural blue spinels 
but that exhibit spectral features generally associ- 
ated with synthetic cobalt-colored spinels. To estab- 
lish the origin of these specimens, a detailed investi- 
gation of natural, flame-fusion, and flux blue spinels 
was carried out. Our results indicate that, while 
spectral features in the longer wavelengths are unre- 
liable for separating these spinels, an iron-related 
absorption band at about 460 nm was seen only in 
our natural specimens. Flame-fusion synthetics may 
still be distinguished by their lower R.I.’s. 


Several natural spinels with the intense blue color 
and so-called “cobalt” absorption bands generally 
associated with synthetic blue spinels have recently 
appeared on the gem market (figure 1}. Such sim- 
ilarities to the synthetic material have led to dif- 
ficulties in the recognition of these unusual natu- 
ral stones by traditional gemological methods 
(Fryer, 1982). The present study establishes com- 
positional and spectral means for the identifica- 
tion of these intensely colored natural blue spinels 
and discusses the occurrence of cobalt in them as 
a possible coloring agent. 


DATA COLLECTION 


Blue spinels included in our study consist of 18 
natural and 10 synthetic (8 flame-fusion and 2 
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flux] stones (figure 2) that range from slightly gray- 
ish to vivid in saturation, light to dark in tone, 
and violetish to greenish blue in hue {as defined 
in GIA’s colored stone grading course). The natural 
blue spinels include both cut stones and rough 
gem material acquired from several sources. While 
we cannot be certain of the exact origins of these 
specimens, they probably came from Sri Lanka. 
The flame-fusion synthetics consist of cut stones 
and boule fragments typical of the material that 
has long been produced by the Verneuil process. 
For the flux-grown specimens, we used two small 
(2-3 mm} octahedral crystals. We are unaware of 
the existence of any flux blue spinel crystals of 
sufficient size for faceting; nor have we encoun- 
tered any of this material in already cut form. 
Moreover, flux blue spinel does not appear to be 
readily available in quantity in the gem market- 
place, although Webster (1983) noted that clusters 
of the octahedral crystals have occasionally been 
used in jewelry. 

Several types of data were gathered for each 
spinel studied: refractive index, specific gravity, 
inclusions, visible light absorption spectra (spec- 
trophotometer and hand spectroscope}, and chem- 
ical composition (microprobe, X-ray fluorescence, 
and neutron activation), A complete tabulation of 
these data and a comparison of our results with 
those reported by other investigators will be pro- 
vided in a detailed account to be published else- 
where (Shigley and Stockton, in preparation}. 


DISCUSSION OF DATA 
Physical and Optical Properties. The measured 
refractive indices of the natural and synthetic spi- 
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nels in our study agree with the values previously 
reported for similar material (Liddicoat, 1981; 
Webster, 1983). Those of the flame-fusion syn- 
thetics are slightly higher than those of the natu- 
ral stones. The specific gravity ranges, however, 
overlap almost completely and thus appear to be 
unreliable indicators of origin. The refractive index 
and specific gravity values of the two flux syn- 
thetics lie well within the ranges for natural spi- 
nels (see figure 3). 

The observation of strain patterns in our spec- 
imens through crossed polarizing filters revealed 
generally more strain in the flame-fusion syn- 
thetics than in either the flux synthetics or the 
natural spinels. However, all three groups dis- 
played a variety of strain patterns that provided 
no clear indication of stone origin. 


Inclusions. When present, inclusions can be excel- 
lent indicators of spinel origin (Gubelin, 1974, 
Liddicoat, 1981, Webster, 1983). Most of the natu- 
ral specimens in this study contain one or more 
of the common inclusions considered diagnostic 
of natural spinel, including stringers of minute 
octahedra, either in straight lines or as ‘‘finger- 
prints” (figure 4), individual octahedra of spinel 
group minerals or negative octahedra filled with 
other minerals (figures 5 and 6), and iron-stained 
healing planes (figure 7}. One of the more intense 
blue specimens from our study collection also 
contains octahedra with lily-pad inclusions around 
them (figure 8], and another contains natural- 
appearing intersecting needles (figure 9). 
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Figure 1. Two natural spinels (5.30 
ct and 1.37 ct, respectively) that 
have the intense blue color nor- 
mally associated with cobalt-doped 
synthetic spinel. Photo by Michael 
Havstad. 


The synthetic flame-fusion specimens that we 
examined were remarkably inclusion-free. One 
stone contains stringers of minute gas bubbles (fig- 
ure 10) accompanied by thread-like gas inclusions, 
both of which are typical of synthetic spinel (op. 
cit.). In addition, flame-fusion synthetic spinel may 
include gas bubbles with negative crystal faces 
(figure 11) that appear deceptively natural. 

No typical or diagnostic inclusions have here- 
tofore been observed in flux synthetic blue spinels 
(Fryer, 1982), but we did note the presence of cross- 
hatched growth lines parallel to the crystal faces 
of both samples that we studied. Considerably more 
material of this type must be examined, however, 
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Figure 3. Graph of refractive index versus spe- 
cific gravity for 22 of the spinels examined. 
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Figure 2. Top = seven of 
the natural blue spinels 
studied which represent a 
range of greenish blue to 

| __ violetish blue colors (1.40 
ct-7.52 ct}. Bottom = 
seven of the flame-fusion 
synthetic spinels studied 
_ which represent a range of 
blue colors (1.88 ct—10.64 
ct), Photos by Michael 
Havstad. 


before the significance of this feature can be 
evaluated. 


Absorption Spectra. Eleven absorption bands, here 
labeled “A” through “K” for convenience, were 
observed with the spectrophotometer at approxi- 
mately 429.5, 434, 460, 480, 510, 544, 552, 559, 
575, 595, and 622 nm. BandsI+J and K correspond 
to two bands at about 585 and 635 nm that have 
been attributed to cobalt in synthetic blue spinels 
but to iron in natural blue spinels (Anderson and 
Payne, 1937; Webster, 1983). 

As shown in figure 12, we recognized four rep- 
resentative spectral patterns among our suite of 
blue spinels: two for the natural stones (types I 
and II) and two for the synthetics (types III and 
IV). The key identifying feature visible with the 
hand spectroscope in the spectra of both types of 
the natural blue spinels (again, see figure 12) is 
the C band. In addition, type I stones reveal strong 
G, I, J, and K bands, with the I andJ bands merging 
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Figure 4. Stringers of minute spinel octahedra 

such as these are probably the most common 

type of inclusion seen in natural spinels. Mag- 

nified 35x. / 

: j 

somewhat to form a single region of absorption. 
Type II stones have a strong H band, but less fre- 
quently display the other bands above 500 nm. 
Type III spectra (flame-fusion synthetics) invari- 


Figure 6. A distorted negative octahedron (left) 
in one of the intense-blue natural spinels 
loaned to us for this study. Microprobe analysis 
of the mineral contained in this inclusion 
revealed a composition primarily of calcium, 
aluminum, and silicon, and confirmed the nat- 
ural origin of the host spinel. Magnified 40x. 
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Figure 5. Negative octahedron filled with cal- 
cite in a natural blue spinel. Magnified 55x. 


ably have strong F, I, J, and K bands, but no others 
that can be resolved with a hand spectroscope. 
Type IV spectra (flux synthetics) differ from type 
III spectra principally in that the D band is of 
sufficient intensity that it is sometimes visible in 
the hand spectroscope. Moreover, the F, I, J, and 
K bands are so strong in the flux spinel spectra 


that they usually cannot be resolved into separate 
bands. 


Chemistry. The mineralogical species spinel (ideal 
formula MgAI,O4} is a member of a chemically 
interrelated group of minerals and thus can have 
other elements {such as Fe, Zn, or Cr] that sub- 
stitute for Mg or Al (Lindsley, 1976]. These sub- 


Figure 7. Thin films, some stained by iron, 
along a healing plane are also diagnostic of the 
natural origin of a blue spinel. Magnified 30x. 
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Figure 8. One of the intense-blue natural spi- 

nels studied contains numerous octahedra, some of 
which are surrounded by lily pads that probably 
contain a thin film of liquid. Magnified 50x. 


stitutions are responsible for much of the vari- 
ability that can be observed in the physical prop- 
erties of this gem mineral (Winchell, 1941). 
Table 1 summarizes our chemical data, from 
which compositional differences between natural 
and synthetic blue spinels are apparent. Flame- 
fusion synthetic stones have excess alumina and 
thus can easily be distinguished chemically from 
natural spinels on the basis of the ratio 
Al:(Mg+Fe+Zn) (Rinne, 1928; Tromnau, 1934). 


Figure 10. These stringers of minute gas bub- 
bles are characteristic of flame-fusion synthetic 
spinel, Magnified 45x. 
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Figure 9, Another of the intense-blue natural 
spinels contains these intersecting needles. 
Magnified 45x. 


Flux spinels, however, resemble the natural gem 
material more closely in this respect. 

The iron content in the natural blue spinels 
studied considerably exceeds that in the synthet- 
ics, and trace levels of both gallium and zinc were 
always present in the former but never in the lat- 
ter. Nickel and vanadium was found to occur in 
some of the natural stones, but in none of the 
synthetics; conversely, titanium was found in most 
of the flame-fusion synthetics but in none of the 
natural stones. Small amounts of cobalt were found 
by microprobe and/or XRF in spinels of all three 
groups. However, we confirmed the presence of 
cobalt in several of our spinels (including samples 


Figure 11. Gas bubbles with crystal forms, 
such as this cuboctahedral one, are occasion- 
ally seen in flame-fusion synthetic blue spinel. 
Such negative crystals can be very deceptive 
and should not be regarded as diagnostic of 
natural or synthetic origin. Magnified 50x. 
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Figure 12. Illustrations of representative spectral curves and hand spectroscope images of the four 
types of spectra noted in the natural and synthetic blue spinels studied. The ColorMaster notations 
for each type are given below the hand spectroscope images. 


of flux, flame-fusion, and natural intense-blue 
stones} by infrared spectrophotometry. Further- 
more, a light, slightly gray-blue natural spinel was 
submitted for trace analysis of cobalt by instru- 
mental neutron activation analysis (INAA) and 
proved to contain 5.3 ppm of cobalt. 


INTERPRETATION 


Several of the natural spinels we examined are the 
very intense blue commonly associated with syn- 
thetic spinels (figure 13]. A case of mistaken iden- 
tification could easily result in such instances. 
However, the spectral features and chemistry of 
spinel are closely interrelated. Thus, absorption 
bands may provide clues to chemical composition 
that will serve to distinguish natural and syn- 
thetic spinels of this color. 


Notes and New Techniques 


From a comparison of our data with the work 
of other investigators on spinel absorption spectra 
(Shigley and Stockton, in preparation}, we suggest 
that bands A, B, C, E, G, and H are due to iron. 
Almost all of these bands were observed in the 
spectra of all our natural blue spinels, but none 
was evident in the spectra of any of the synthetics. 
Of the six bands, the C band at about 460 nm is 
perhaps the most useful for the gemologist work- 
ing with a hand spectroscope because it is distinct 
in terms of its relative intensity and its isolation 
from other strong absorption features. 

Cobalt is the primary coloring agent in syn- 
thetic blue spinels (Rinne, 1928; Tromnau, 1934), 
while the blue in natural spinels has been attrib- 
uted solely to iron (Anderson and Payne, 1956). 
However, our data suggest that cobalt may con- 
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tribute to the color of natural blue spinels as well. 
With one exception (Mitchell, 1977}, cobalt has 
not been considered a coloring agent in natural 
blue spinels. In fact, it has generally been accepted 
in gemology that cobalt cannot cause a blue color- 
ation in any natural gem mineral, and thus that 
cobalt-related spectral features are proof of a syn- 
thetic origin (Anderson and Payne, 1956; Webster, 
1983). However, cobalt has been found in other 
blue-colored minerals (Shannon, 1923), and both 
it and iron are capable of producing a blue color 
in materials, although considerably less cobalt than 
iron is required to produce an equally intense blue 
(Marfunin, 1979). 

The D, F, I, J, and K bands are clearly due to 
cobalt in synthetic blue spinels; yet in natural 
blue stones, bands that appear in about the same 
locations as the I+J and K bands have tradition- 
ally been associated with iron. All five bands are 
strongest in intensity in the flux synthetics, which 
contain more cobalt than any of the other sam- 
ples, and are present as well in all of our flame- 
fusion samples. We suggest, however, that these 
bands are due to cobalt in both natural and syn- 
thetic blue spinels. 

The grayish blue natural spinel found to con- 
tain 5.3 ppm (0.00053%) cobalt when analyzed by 
INAA has the nine absorption bands from C through 
K that can be detected by the spectrophotometer 
(only C, H, and I can be seen with a hand spec- 
troscope]. According to our correlations, then, both 
iron (present at 1.43 wt. % FeO} and cobalt are 
represented in the spectrum of this stone, although 
bands associated with the latter are generally 
weaker than those attributed to the former. It would 
thus be reasonable to assume that natural intense- 
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Figure 13. Two spinels of a similar, 
intense blue. The 1.88-ct stone on 
the left is a flame-fusion synthetic, 
while the 1.40-ct one on the right is 
natural. The spectral curves for 
these stones (types III and I, respec- 
tively; see figure 12) show similarity 
in the positions and strengths of 
their absorption bands in the region 
above 500 nm. However, recognition 
of the A, B, and particularly the C 
bands at shorter wavelengths in the 
natural stone provides a means for 
distinguishing it from its synthetic 
counterpart. Photo by Michael 
Havstad. 


blue spinels that display even stronger cobalt- 
associated bands would contain even more of this 
element. In fact, a number of our natural speci- 
mens have amounts of cobalt detectable by micro- 
probe (Shigley and Stockton, in preparation), and 
all of these exhibit stronger D, F, I, J, and K bands 
than does the stone with 5.3 ppm cobalt. 

Other minor or trace elements found in our 
specimens do not appear to have a significant 
influence on the spectra of either the natural or 
the synthetic blue spinels examined in this study. 


CONCLUSIONS 


The presence of the iron-induced C band (about 
460 nm) in the spectrum of a blue spinel is positive 
proof of natural origin, since neither flux nor flame- 
fusion synthetic spinels have sufficient iron to 
produce a detectable band at this wavelength. This 
spectral band will be especially useful to the gem- 
ologist if at some future date flux- grown synthetic 
spinels (indistinguishable from natural blue spi- 
nels by refractive index) become commercially 
available. Separation of natural from flame-fusion 
blue spinels can still be achieved by the use of 
refractive index: below 1.720 in all the natural 
stones we examined, and above that in all our 
flame-fusion synthetics. It is theoretically possi- 
ble that, since additional iron raises the refractive 
index of spinel, a natural stone could contain 
enough of that element to produce a refractive 
index over 1.720 (i.e., within the range of the flame- 
fusion synthetics}, but in this event the corre- 
sponding C band would be even stronger. 

We know of no natural blue spinels without 
an observable C band, and thus it seems likely 
that this band will be present in the spectra of all 
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TABLE 1. Summary of chemical data for the 18 natural and 10 synthetic (8 flame-fusion 
and 2 flux-grown) blue spinels studied (ranges of oxide components in wt. %). 


Oxide composition Natural Flame-fusion Flux 
MgO 25.45 — 27.88 9.55— 11.87 26.35 — 26.76 
AlsOz 70.20— 71.61 87.99— 90.41 72.67— 73.37 
TiO2 n.d? n.d.— *© n.d. 
V,O03 n.d.— 0.06 n.d. n.d 
CroO03 n.d- * n.d.— 0.07 n.d. 
GazO3 * n.d. n.d. 
MnO n.d.— 0.07 n.d.— * n.d. 
FeO 0.69-— 3.53 ‘ . 
CoQ n.d.— 0.05 n.d.— 0.06 0.18- 0.19 
NiO n.d.— 0.14 n.d. n.d. 
ZnO *_ 0.44 n.d. n.d. 
Total 99.19- 100.73 99.86— 100.59 99.20— 100.32 
Refractive index 1.711— 1.719 1.723-— 1.729 1.714- 1.716 
Specific gravity 3.59-— 3.67 3.63-— 3.67 3.63 


@n.d. = below the detection limits of X-ray fluorescence (as fow as 0.002 wt. %, depending on 


efements present). 


®* = detected by nonquantitative X-ray fluorescence, but below the reliable detection limits of the 


microprobe (about 0.04 wt. %) 


natural blue gem spinels. The virtual absence of 
iron in synthetic spinels is evident in the lack of 
a C band in their spectra (see table 1}. While iron- 
doped flux synthetic blue spinels could quite pos- 
sibly be grown at some future date, our data show 
that other-features of their chemical composition 
would still provide a positive means of identifying 
them as distinct from natural blue spinels (Shigley 
and Stockton, in preparation). 

Our data establish the presence of cobalt in 
natural blue gem spinels and its role as a coloring 
agent in some of them. It thus becomes unrea- 
sonable to consider the use of anything termed 
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LEPIDOLITE WITH SIMULATED MATRIX 


By John I. Koivula and C. W. Fryer 


This article describes a crystal of gem-quality lepid- 
olite (a lithium mica} with a simulated matrix. 
Under magnification, numerous gas bubbles were 
observed in the glue that was used to attach the 
crystal to the matrix. The main crystal was identi- 
fied as lepidolite by means of X-ray diffraction. 


The authors recently examined an unusual 
crystal in matrix (figure 1}. The crystal specimen, 
which measured approximately 6.0 cm x 1.7 cm, 
reportedly came from Brazil. At first glance it looked 
very much like a fine pink tourmaline in matrix, 
complete with typical surface striations parallel 
to the length of the crystal. However, the speci- 
men was much too lightweight to be tourmaline. 
It was obvious that a more detailed examination 
and some tests were needed to correctly identify 
the material. 


TESTING PROCEDURE 


The specimen was first examined carefully under 
the microscope. It was immediately apparent that 
the “matrix” was not natural, but had been glued 
to the crystal. As illustrated in figure 2, the “matrix” 
contained several areas of an epoxy-like glue in 
which gas bubbles were trapped. A thermal reac- 
tion test carried out on both the “matrix” and the 
crystal showed that the material simulating matrix 
was indeed glued on and that some of the glue 
had been smeared onto the surface of the main 
crystal, giving it a plastic-coated appearance in a 
number of areas. A slightly acrid odor and a small 
pulf of white smoke were produced when the hot 
point was applied to the glue. 
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Figure 1. The test subject: a translucent crystal 
of lepidolite, a lithium mica, with applied matrix, 
6.0 cm long x 1.7 cm wide. 


We also noted that the “matrix’’ was composed 
of numerous small, rounded pebble-like grains 
that suggested extensive alluvial transport. How- 
ever, a pink and a green crystal fragment (figure 
3) attached at either end of the “matrix” showed 
very few signs of abrasion. In addition, the large 
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Figure 2. These gas bubbles trapped in the 
epoxy-like glue used to affix the matrix pro- 
vided clear evidence that the specimen had 
been constructed. Oblique illumination, mag- 
nified 30x. 


pink crystal did not show any signs of alluvial 
abrasion. Gross inconsistencies, to say the least. 

Under. magnification, the natural-appearing 
surface striations running lengthwise on the crys- 
tal indicated a lamellar internal structure. There 
was no question now that the pink crystal was 
natural; it also appeared to be micaceous (fig- 
ure 4), 


Figure 3. This small green crystal fragment was 
attached to one end of the applied matrix. 
Unlike the “matrix,” it showed few signs of 
abrasion, Magnified 6x. 


Notes and New Techniques 


Since the large pinkish crystal was translu- 
cent, the specimen was checked with a spectro- 
scope, polariscope, and dichroscope. No absorp- 
tion spectrum was observed using a Beck 
spectroscope. The polariscope reaction was incon- 
clusive, but the dichroscope showed definite lighter 
and darker shades of pink, proving the stone to be 
doubly refractive. During testing with ultraviolet 
radiation, only the glue reacted, fluorescing a pale 
whitish yellow. Because of the micaceous struc- 
ture observed in the main pink crystal and the 
similarity of this specimen to a specimen of le- 
pidolite that was pictured in a recent book (Sauer, 
1982), lepidolite was next suspected. 

We decided to use X-ray powder diffraction to 
conclusively identify the specimen. A spindle was 
prepared from a minute powder sample obtained 
from an inconspicuous area of the crystal. The 


Figure 4. The micaceous habit of the lepidolite 
crystal is evident in this photomicrograph. 
Magnified 6x. 
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spindle was then mounted in a Debye-Scherrer 
powder camera and exposed for 4.2 hours to X- 
rays generated at 48 KV and 18 MA from a copper 
target tube. The pattern was measured for d spac- 
ing with a Nies overlay corrected for film shrink- 
age. The intensities of the lines were estimated 
visually. This pattern was then compared with 
five known lepidolite patterns. It matched the 
ASTM 14-11 pattern—a two-layered, monoclinic 
(2M.} structure—almost exactly. 


CONCLUSION 


Lepidolite cabochons are sometimes encountered 
by the jeweler, but a large, gemmy crystal such as 
this is quite rare. Although the crystal examined 
proved to be a beautiful example of gem-quality 
lepidolite, the matrix was not genuine. Just as 
gemologists must cope with synthetic, treated, and 


assembled gemstones, they must also sometimes 
deal with gem mineral specimens with simulated 
matrix, many of which are not as easy to identify 
as the one reported here. Some specimens may 
show virtually no evidence of assembly or alter- 
ation. In these cases, subtle signs such as incon- 
sistencies in matrix texture or color are often use- 
ful clues. Readers interested in additional 
information are referred to an excellent paper on 
mineral chicanery written by Dunn, Bentley, and 
Wilson (1981). 
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BERYL, with 
Iridescent Coating 


The Los Angeles laboratory received 
a lady’s yellow metal ring set with a 
transparent, light blue, oval mixed- 
cut stone. Subsequent testing proved 
the stone to be an aquamarine. The 
client explained that the stone had 
an iridescent coating on the crown 
{figure 1), which was not present 
when the ring was originally sold. Our 
client had attempted to remove the 
coating using several different meth- 
ods—alcohol, an ultrasonic cleaner, 
and sulphuric acid—but when none 
was successful, he brought the stone 
to the lab for advice. 

The effect observed on this aqua- 
marine is similar to the iridescent 
oxidation seen on some glass. 
Although we have also observed this 
type of coating, or “tarnish” on 
emeralds (Gems & Gemology, Fall 
1960, p. 70} as well as on golden beryl 
(Gems & Gemology, Summer 1977, 
pp. 310-311), this was the first time 
we had seen it on aquamarine. We 
still do not know the exact cause of 
this type of coating, but we have 
found that it can usually be removed 
by light polishing with rouge or ce- 
rium oxide. In the case of this aqua- 
marine, an ordinary ink eraser easily 
removed the coating. 

Sometime later, the Los Angeles 
laboratory received a_ synthetic 
emerald with a similar appearance. 
In this case, the iridescent coating 
was so heavy that it caused the 
refractive index reading to be some- 
what vague. As with the previously 
examined aquamarine, the coating on 
this synthetic emerald was confined 
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Figure 1. Iridescent coating on 
the table of a 2-ct aquamarine, 
Magnified 63x. 


entirely to the crown and almost 
appeared as if the surface had been 
very poorly polished. Figure 2 shows 
the table of this stone in reflected 
light; note the portion on the right 
of the table where we easily removed 
a small amount of the coating with 
an eraser. 


CORAL, Dyed Blue 
with Plastic Coating 


An opaque, variegated, blue, 17-mm, 
round drilled bead, represented to be 
blue coral (figure 3], was recently 
submitted to the Los Angeles labo- 
ratory for identification. Examina- 
tion under the microscope showed 
that the bead consisted of a mottled 
blue core covered by a transparent, 
near-colorless coating that con- 
tained numerous gas bubbles. The 
coating was fairly soft and could eas- 
ily be indented with the point of a 
pin. Testing with a hot point pro- 
duced an acrid odor, proving that the 
coating was plastic. 
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Figure 2. Iridescent coating on 
the table of a synthetic 
emerald. Magnified 35x. 


Figure 3. A 17-mm coral bead 
that was dyed blue and then 
plastic coated. 


One can also see, in the center of 
the bead illustrated in figure 3, a small 
area where the coating had been 
removed to expose an almost color- 
less to light blue area with structure 
typical of coralline growth. A small 
drop of hydrochloric acid on this area 
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caused the material to effervesce, 
proving that it was indeed coral. The 
blue color, however, was easily 
removed with a cotton swab soaked 
with nail polish remover, which 
indicates that the coral had been 
artificially colored to simulate natu- 
ral blue coral before it was coated 
with plastic. 


DIAMOND 


Unusually Large Laser Holes 


By now laser holes are a common 
sight to diamond graders and buyers. 
Occasionally, however, one sees 
unexpected examples. Usually, the 
holes are very fine—about the diam- 
eter of ahuman hair. The staff of the 
New York laboratory was therefore 
puzzled when we saw what at first 
appeared to be a stubby, conical 
“negative crystal” extending into a 
double disc-shaped inclusion in a 
6.88-ct pear-shaped diamond. At the 
surface, the hole was fully ten times 
larger than the usual drill hole. We 
were convinced that it was a laser 
hole and not a natural inclusion when 
we found a similar conical hole (fig- 
ure 4) in another area of the stone. 

For comparison, a normal-size 
drill hole is illustrated in figure 5. 
Note also the stress fractures around 
the reddish brown crystal reached by 
the drill hole. 


Figure 4. A large, conical laser 
drill hole seen in a 6.88-ct 
pear-shaped diamond. 
Magnified 34x. 
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A Successful Laser Experiment 


We recently had the opportunity to 
study a 1.09-ct pear-shaped diamond 
in which a single laser drill hole 
reached three separate dark inclu- 
sions, allowing them to be treated to 
remove the color. In figure 6 one can 
see that the laser drill operator has 
succeeded in directing the laser beam 
to take a stepped path from inclusion 
to inclusion. Gems e& Gemology 
readers may recall illustrations of 
stones with multiple drill holes—as 
many as 17 in one diamond. This new 
process, by which neighboring inclu- 
sions can be reached with a single 
drill hole, promises to be much bet- 
ter for the clarity and appearance of 
the stone. 


EMERALD, Oiled 


A client recently brought a group of 
emeralds into the New York labora- 
tory for examination after many 
fractures had become visible to the 
unaided eyc while the stones were 
being set into rings. It was not cer- 
tain whether the stones had some- 
how been damaged during manufac- 
turing, or if they had been oiled and 
the oil had subsequently dried out. 
Most of the fractures in these 
emeralds fluoresced yellow when 
exposed to ultraviolet radiation, an 
indication that the stones had indeed 


Figure 5. This normal-size 
laser drill hole has caused 
stress fractures around the 
inclusion to which it extends. 
Magnified 50x. 


an. e 
y 


been treated with oil. In addition, 
whitish dendritic deposits were 
observed in several fractures (figure 
7). Such deposits can occur when 
oiled stones are cleaned ultrasoni- 
cally or, as in this case, when expo- 
sure to very high temperatures, such 
as those encountered during the 
manufacturing process, causes the oil 
to dry out. 


HEMATITE, Magnetic 


Generations of gemology students 
have used a magnet to separate 
hematite from “Hemetine/ a trade- 
marked imitation. A further test was 
to observe the fracturc. Hematite, 
which is usually not magnetic, gen- 
erally has a splintery fracture (figure 
8], while Hemetine, which is mag- 
netic, has a granular fracture. Heme- 
tine usually produces a black streak, 
in contrast to the reddish brown 
strcak of hematite. In recent months, 
however, a plentiful supply of a new 
type of hematite has reached the 
market. This new type is confusing 
because, although it produces a red 
streak, it also has a granular fracture 
and is magnetic. Figure 9 shows a bead 
of this material with a granular frac- 
ture suspended from an ordinary 
small magnet. Only after X-ray dif- 
fraction analysis and observation of 
some of the rough material were we 
able to positively identify it as 
hematite. Figure 10 shows a section 


Figure 6. Step-like laser drill 
hole. Magnified 39x. 
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Figure 7. These fractures containing dendritic deposits became 
visible after the oiled emerald was heated during manufacturing. 


Magnified 33 x. 


of a necklace of 4-mm magnetic 
hematite beads; note the reddish pits 
on some of the beads and the banded 
structure of others. 

In the Textbook of Mineralogy, 
Dana mentions that specular hema- 
tite is sometimes micaceous (gran- 
ular fracture) and magnetic, proba- 
bly due to an admixture of magnetite. 
X-ray diffraction analysis of this 
material did not reveal magnetite, but 
we did learn that upon heating 
hematite becomes magnetic. Possi- 
bly this new material is specular 
hematite, or is a type of hematite that 
became magnetic with naturally or 
artificially applied heat. Whatever the 
cause, a number of competent gem- 
ologists have been submitting sam- 
ples of this new hematite to the lab- 
oratory, unable to believe their 
suppliers’ assurances that it is indeed 
natural and not an imitation. 


JADE 

Dyed Jadeite 

A report with an unusual twist comes 
from Yoshiko Doi of the Association 
of Japan Gem Trust in Tokyo. lt seems 
that a quantity of small green jadeite 
cabochons that recently reached the 
Japanese market have been repre- 
sented as being dyed. However, test- 
ing by Japanese gemologists revealed 
no evidence of dyeing. Believing that 
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anew treatment method might have 
been developed, Ms. Doi sent some 
of the stones to the Santa Monica 
Gem Trade Laboratory for further 
testing. 


Figure 8. The splintery 
fracture commonly seen in 
hematite. 


Figure 9. This hematite bead, 
4 mm in diameter, not only 
adheres to the red magnet but 
also displays granular fracture. 
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A refractive index of 1.66 and spe- 
cific gravity of 3.33 confirmed that 
the material was jadeite. As was 
expected, the stones were inert to 
ultraviolet radiation. Absorption lines 
in the red were consistent with the 
spectrum of a natural-color green 
jadeite. There was no evidence of any 
dye in the cracks when viewed with 
a microscope (see figure 11}. All tests 
indicated natural-color green jadeite. 

As further confirmation, a piecc 
of the jadeite was sent to Dr. George 
Rossman at the California Institute 
of Technology. A thin section of the 
stone was prepared and run on their 
Cary spectrophotometer. An absorp- 
tion spectrum run from 350 nm to 
1500 nm revealed a slight trace of 
Fe?*, with minor peaks at 434 and 
439 nm and predominant peaks at 
approximately 638, 656, and 688 nm 
that were attributed to Cr°*. No 
extraneous fcaturcs were present. 
This analysis is entirely consistent 
with natural-color green jadeite. 

It is still a mystery why anyone 
would want to represent natural-color 
jadeite as being dyed, but there is no 
doubt that the material tested was 
indeed natural color. Our thanks to 


Figure 10. Pitted surface and 
banded structure on 4-mim 
magnetic hematite beads. 
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Dr. Rossman for the detailed absorp- 
tion spectrum. 


Dyed Nephrite 

Both the Los Angeles and the New 
York labs recently had the opportu- 
nity to study a flat, green 1.06-ct 
cabochon (figure 12} that had been 
presented as dyed nephrite jade. The 
client claimed that this material had 
retained its color better than the dyed 
jadeite he had. The cabochon was 
fairly translucent and, although 
slightly mottled, resembled fine green 
jadeite in color. However, the refrac- 
tive index and specific gravity proved 
that the material was nephrite jade. 
The translucent crystalline aggre- 
gate structure was visible under 
magnification, with the green color 
concentrated within and around the 
fir.e cracks (see figure 13). Spectro- 
scopic examination showed a broad 
absorption band (figure 14) in the red 
portion of the visible spectrum from 
6600 to 7000 A, which undoubtedly 
can be attributed to the green dye. 
However, only the faintest brownish 
color was seen under the color filter. 
This contrasts with the red color 
usually associated with dyed jadeite, 
or serpentine. We have observed dyed 
nephrite only once or twice in the 
past (see, for example, the mottled 
carving pictured in the Winter 1965~ 
1966 issue of Gems & Gemology}. 
One theory about why there is not 
more dyed nephrite is that possibly 
the structure of nephrite resists the 
crackling necessary to take dye. 


Figure 11, Even coloration ina 
jadeite cabochon. Magnified 
63x. 
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Figure 12, Dyed nephrite cabochon, 1.06 ct. 


Figure 13. Concentration of 

dye in the cracks of the dyed 
nephrite shown in figure 12. 

Magnified 50x. 


Figure 14. Absorption 
spectrum of the dyed nephrite 
illustrated in figures 12 and 13. 


PEARL, Hollow Natural 


With the increased production of tis- 
sue-nucleated cultured pearls, both 


freshwater and saltwater, we have had 
more occasion to study X-radi- 
ographs showing the void caused by 
the tissue nucleus. Prior to the expe- 
rience described in this report, we had 
not seen any radiographs of tissue- 
nucleated pearls in which such a void 
represented more than half the area 
of the pearl. 

Recently, however, in conjunc- 
tion with an ongoing exchange of 
common problems with the London 
Chamber of Commerce and Industry 
Laboratory, the New York laboratory 
examined an attractive hollow but- 
ton pearl (figure 15). An X-radiograph 
of the pearl is shown in figure 16. As 
is evident in figure 15, the hollow 
appears to be lined with dark-appear- 
ing conchiolin, a layer of which sur- 
rounds the rather large “drill hole” 
One explanation for such a hollow 
might be that originally the pearl had 
an unconsolidated conchiolin or 
“mud” center that may have disin- 
tegrated when the pearl was drilled, 
leaving a void. A thin section of such 
a pearl is illustrated on page 446 of 
the third edition of Gems, by Robert 
Webster. 

By coincidence, while we still had 
the hollow button pear] in the lab, 
we received a round half-drilled pearl 
for testing (figure 17). The X-radio- 
graph of this pearl (figure 18) shows 
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a solid center that is very transpar- 
ent to X-rays, with an indistinct drill 
hole. The dark central core could be 
rotated within the pearl with the tip 
of a pin. A touch with the thermal 
reaction tester produced a medicinal 
plastic odor. This pearl probably had 
either a conchiolin or “mud” center, 
similar to the pearl mentioned above, 
but in this case the void has been 
replaced with a filler. 

On the same day that the round 
half-drilled pearl was brought into the 
lab, we also received a bar pin with 
12 pegged pearls. The X-radiograph 
{figure 19) shows 10 hollow (and 
probably filled} natural pearls, one 
solid natural pearl (fourth from the 
right}, and one imitation pearl {on the 
extreme right}. 


RUBY, ”Manufactured” 
Mineral Specimen 


The Los Arigeles laboratory recently 
received the.transparent red crystal 
illustrated in figure 20. In his 
attempts to,identify the material, our 
client had removed the stone from a 
light brown sedimentary rock 
“matrix” and polished a flat on it. 
Feeling that his results were incon- 
clusive, he subsequently submitted 
the crystal to our laboratory for 
identification. 

The easily visible curved striae 
and gas bubbles, in conjunction with 
the refractive indices of 1.762—1.770, 
proved the material to be a flame- 
fusion synthetic ruby. The material 
had been cleverly fashioned into a 
hexagon measuring 10.96 x 6.32 x 
5.10 mm, similar in appearance to a 
red beryl crystal. Even the surface of 
the 5.03-ct “crystal” had been either 
etched or abraded to resemble the 
surface characteristics that a natural 
crystal might have. 


SCAPOLITE, A New 
Cat’s-Eye From Kenya 


Figure 21 illustrates a heretofore 
undescribed reddish brown cat’s-eye 
scapolite that is reportedly from an 
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Figure 15. Hollow button pearl 
showing a brown conchiolin 
layer around the drill hole. 
Magnified 12x. 


Figure 17, Drill hole in a 
hollow round pearl. 


Figure 16. X-radiograph of the 
hollow button pearl in figure 15. 


Figure 18. X-radiograph 
showing the solid central core 
and drill hole of the pearl 
shown in figure 17. 


Figure 19. X-radiograph of a pearl bar pin; all but two of the pearls 
appear to have been hollow and subsequently filled. 


area of Kenya north of Nairobi. 
Although both colorless and pale yel- 
low scapolite from Kenya and Sri 
Lanka have been reported by K. 
Schmetzer and H. Bank (Gems w& 
Gemology, Summer 1983, p. 108), and 
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reddish brown, chatoyant scapolites 
from Tanzania have been reported by 
E. Gubelin, G. Graziani, and S. Luc- 
chesi (Journal of Gemmology, April 
1981 and January 1983}, this is the 
first time the Tanzanian chatoyant 
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innit 


Figure 20. Synthetic ruby imitating a crystal, 10.96 x 6.32 x 5.10 
mm. Notice the curved striae running vertically. 


Figure 21, Cat’s-eye scapolite Figure 22. Concentration of color 
reportedly from Kenya. in inclusions in the scapolite 


Magnified 6x. shown in figure 21. Magnified 50x. 
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type has been reported from Kenya. 
We determined that the attractive 
color of this stone, which resembles 
some coppery colored cat’s-eye beryl 
seen in recent years, is derived from 
the inclusions (figure 22), rather than 
from the bulk crystal. This phenom- 
enon also occurs in the Tanzanian 
material mentioned above. 

The gemological properties of this 
stone are: RJ. 1.57 (spot); specific 
gravity, 2.73; long-wave ultraviolet, 
inert; short-wave ultraviolet, strong 
red; and no absorption spectrum, 
Further testing, including X-ray dif- 
fraction, proved that the stone was a 
scapolite of the mizzonite species, 
identical to the Tanzanian material. 
The Sri Lankan material is 69% 
meionite. Scapolite has been deter- 
mined to be a group of related spe- 
cies that, to the jeweler/gemologist, 
may resemble members of the feld- 
spar group, and routine gem testing 
methods may not always determine 
the exact species to which a given 
stone belongs. 

This new chatoyant scapolite dif- 
fers from the fibrous, semitranspar- 
ent, pink Burmese cat’s-eye scapo- 
lites in relative transparency, in the 
nature of the inclusions causing both 
color and chatoyancy and, undoubt- 
edly, in the species of the scapolite 
group to which it belongs. Although 
it is not visible in the photograph, 
there is another, much weaker cha- 
toyant ray at right angles to the dom- 
inant ray, and a distorted six-ray star 
near the girdle. This indicates that 
the needles and other inclusions are 
aligned in more than one direction 
in this tetragonal material. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Exsolution of copper from labradorite phenocrysts of 
Steens Mountain basalts, Lake County, Oregon (ab- 
stract). A. M. Hofmeister and G. R. Rossman, Geo- 
logical Society of America Abstracts with Pro- 
grams, Vol. 15, No. 6, 1983, p. 597. 

Large phenocrysts of colorless and pale yellow 

labradorite are found in Rabbit Basin, Oregon. Occa- 

sionally, they exhibit a pink schiller effect and are trans- 
parent red or green. Gemologists have labeled these lat- 
ter variations sunstones, and attribute the effect to 

hematite or goethite inclusions. The authors analyzed a 
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are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that 
we include only those articles that will be of greatest interest to our 
readership. 


Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials al the 
end of each abstract. Guest reviewers are identified by their full 
names. 


©1984 Gemological institute of America 


Gemological Abstracts 


number of samples with microprobe and X-ray fluores- 
cence, and conclude that copper and lead are responsible 
for the odd colors. The schiller flakes are copper. Hof- 
meister and Rossman propose that the copper (Cu!+) 
and lead (Pb2+}, respectively, reduce and oxidize in 
pairs. Thus, Pb?+ gives green color, and Cu® (colloidal 
copper) produces the red and ultimately the schiller ef- 
fect. It appears that the composition of the megacrysts 
changed with the increasing copper content in the melt 
as the labradorite crystallized. DMD 


Gemstones of Canada. W.F. Boyd and W. Wight, Journal 
of Gemmology, Vol. 18, No. 6, 1983, pp. 544-562. 


This paper was originally presented at the 18th Interna- 
tional Gemmological Conference at Kashikojima, Ja- 
pan, in November 1981. The authors review the 
gemstones that have been produced in Canada, includ- 
ing the relative amount of production and the mines or 
areas from which the gems were recovered. Major stones 
in Canadian mineral collections are also noted. 
Nephrite is produced on a commercial scale, while 
quartz, ammolite (ammonite}, labradorite, amazonite, 
sodalite, and rhodonite have had limited production 
success. Other gemstones included in this article are 
diamond, sapphire, beryl, grossular garnet, almandine 
garnet, apatite, cordierite, vesuvianite, amber, oligo- 
clase, and lapis lazuli. Six maps have location indicators 
for these gems. GSH 
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Materiales gemologicos espanoles, minerales, 
perspectivas generales (Spanish gemological mate- 
rials, minerals, general perspectives). J. Garcia 
Guinea, Boletin del Instituto Gemologico Espafiol, 
No. 24, 1983, pp. 9-18. 


The author laments the lack of acomprehensive guide to 
the gemological materials of Spain. He discusses the 
need for a study that would take into account sociologi- 
cal, economic, and artistic considerations, as well as 
technical data. He lists areas of inquiry and potential 
sources of information for such a study. There is a bibli- 
ography of Spanish literature in the field, dating from 
1910, as well as six color photographs of gems from 
Spain. SLD 


Natural coral and some substitutes. R. Aliprandi, F. Bur- 
ragato, and G. Guidi, Journal of Gemmology, Vol. 
18, No. 5, 1983, pp. 401-410. 


This article reports on the examination of natural un- 
treated coral, two types of treated material, and Gilson 
imitation coral. 

A dark red untreated natural coral bead was tested 
with a transmitted, concentrated beam from a fiber- 
optic illuminator. This and all the other specimens of 
coral tested exhibited a degree of translucency not 
shown by either pressed calcite substitutes or resin- 
impregnated coral, both of which appear opaque. Fiber- 
optic examination also revealed the characteristic 
striped structure of natural coral. Examination using 
SEM techniques revealed distribution of both Ca and Si. 

The second specimen was a pink-white dyed coral 
bead. When the bead was exposed to long-wave ultravio- 
let radiation, a weak purplish red fluorescence was 
observed along minute veins, apparently due to dye con- 
centrating in surface fractures. Immersion of this mate- 
rial in ether or acetone caused a discoloration of the 
liquid and bleaching of the specimen. SEM examination 
revealed nothing to help distinguish the stained coral 
from natural material. 

The third specimen was a porous natural coral sta- 
bilized for use as jewelry with epoxy-esters resin. In this 
treatment, colorless resin fills cavities in the material, 
giving it compactness. A drop of hydrochloric acid on 
this specimen caused effervescence and left behind a 
porous, spongy, semitransparent aggregate that proved 
to be epichlorhydrin. SEM examination revealed its po- 
rous nature, with specks of resin of a different consis- 
tency breaking the uniform surface. Unlike the natural, 
untreated coral, this specimen lacked Ca in some sur- 
face areas, 

The final specimen was an oxblood-red Gilson imi- 
tation coral bead. When tested with hydrochloric acid, 
the bead effervesced and left behind some residual red 
pigment. SEM examination revealed a grainy structure 
composed of particles of different shapes and sizes; Ca 
was evenly distributed while Si was irregularly distrib- 
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uted. The authors conclude that it is possible to distin- 
guish between natural, treated, and simulated coral 
without resorting to destructive tests. Twenty photo- 
micrographs relating to the SEM investigations are in- 
cluded in this article. RGCK 


Natural etch pits in beryl related with the structure. J. A. 
Medina, M. Morante, and S. Leguey, Bulletin de 
Minéralogie, Vol. 106, 1983, pp. 293-297. 


Etch pits are small geometrically shaped cavities occa- 
sionally seen on certain outer surfaces of crystals. They 
represent the locations where selective dissolution of 
the crystal has taken place at a time subsequent to its 
formation. Their geometrical shape arises from the fact 
that the rate of dissolution is influenced in part by the 
underlying internal structural symmetry of the crystal. 
Thus, etch pits with different shapes develop on differ- 
ent crystal faces. The authors of this article investigated 
beryls from Minas Gerais, Brazil, and from Muzo and 
Yacopi, Colombia, to further relate etch pits to the beryl 
crystal structure. Taking each type of face in turn (basal, 
prismatic, pyramidal), they have related the shape of 
etch pits (triangular, hexagonal, rhombic, etc.} to the 
structural arrangement of constituent atoms in the 
beryl. In particular, they identified the importance of the 
relative orientation of “chains” of bonded -A1-0-Be- 
atoms with respect to each crystal face. JES 


The petrogenesis of topaz rhyolites from the western 
United States. E. H. Christiansen, D. M. Burt, M. F. 
Sheridan, and R. T. Wilson, Contributions to Min- 
eralogy and Petrology, Vol. 83, No. 1, 1983, pp. 
16-30. 

Fluorine-rich rhyolites containing gem-quality crystals 

of topaz, garnet, and beryl] are widely distributed in vari- 

ous parts of the western United States and Mexico. 

These rhyolites, which characteristically contain topaz, 

were emplaced throughout most of the Cenozoic era as 

volcanic domes, lava flows, and shallow intrusives. 

They are mineralogically and geochemically distinct 

from other rhyolites. From a survey of major localities, 

this paper summarizes current ideas on the petrogenesis 
of these rocks and presents a model to account for their 
origin. Available evidence suggests that topaz rhyolites 
evolved from the partial melting of a residual granulitic 
source rock in the lower crust. An extensional tectonic 
setting in this region allowed small batches of these 
rhyolitic magmas to rise to the surface without sub- 
stantial mixing with contemporaneous mafic magmas. 
Crystal/liquid differentiation and possibly liquid-state 
fractionation appear to have been important processes 
that took place within these magmas following their 
generation. After emplacement on or near the surface, 
crystals of gem minerals such as topaz and beryl resulted 
from crystallization of a vapor phase released by the 
magmas during their cooling and devitrification. /ES 
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Tiger eye gems machined by diamond. P. Daniel, Indus- 
trial Diamond Review, Vol. 43, No. 497, 1983, pp. 
184-185. 


Daniel begins by noting that, only a short time ago, 
tiger-eye was considered too difficult to work by ma- 
chine. However, recent advances in diamond tool tech- 
nology have expanded the capabilities of lapidaries. The 
author credits a German geologist, Lichtenstein, with 
discovering tiger-eye in the Kuruman Hills of the 
Northern Cape around 1803. Today, seams of tiger-eye 
are found among ironstone and jasper where blue asbes- 
tos (crocidolite} is also mined. Oxidation of the iron as 
the asbestos silicified produced the golden yellow and 
brown bands of tiger-eye. When the blue color has not 
changed, the material is called hawk-eye or falcon-eye, 
as well as blue tiger-eye. Bull’s-eye is the term applied to 
the red material produced by heating tiger-eye. 

Daniel then turns to a discussion of the equipment 
used by the Max Hart Co. in Cape Town, South Africa, to 
work tiger-eye, from slabbing machines to cabbing ma- 
chines. He includes the addresses of seven companies 
that produce the equipment as he notes how versatile 
tiger-eye can be in jewelry. DMD 


A trapped-hole center causing rose coloration of natural 
quartz. D. Maschmeyer and G. Lehmann, Zeit- 
schrift, ftir Kristallographie, Vol. 163, 1983, pp. 
181-196. 

Atomic-scale structural defects in crystals, collectively 

referred to as color centers, are important in the color- 

ation of several gemstones (i.e., some diamond, quartz, 
and topaz). Such defects frequently involve a displaced 
electron. In its new site where it becomes trapped in the 
crystal structure (an electron center], or in the old site 
from which it was removed {a hole center], selective 
absorption of visible light can occur, producing color. 

These centers are often associated with impurities, and 

may be produced by ionizing radiation. The resulting 

colors differ in their thermal! stability. 

Maschmeyer and Lehmann suggest that such color 
centers are responsible for the coloration of some rose 
quartz. Rose quartz is generally a massive, translucent 
material; its color has a high thermal stability due to 
trace amounts of titanium. In contrast, the small, trans- 
parent crystals of rose quartz from Brazil have a color 
that can be bleached by heating and then made to reap- 
pear by gamma irradiation. In this instance, electron 
paramagnetic resonance (EPR) measurements indicate 
that the rose color is due to a trapped-hole center. This 
center is associated with an oxygen atom bridging be- 
tween a substitutional aluminum atom and a phos- 
phorus atom in the quartz crystal structure. Thus, the 
authors suggest that more than one cause of color may 
occur in any given specimen of rose quartz. JES 
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DIAMONDS 


Metastable crystallization of natural diamond from the 
fluid phase. N. S. Nikol’skiy, Doklady Akademii 
Nauk SSSR, Vol. 236, No. 4, 1981, pp. 954-958. 


Published reviews indicate that an overwhelming ma- 
jority of researchers believe that all natural diamonds, 
without exception, form under stable conditions at high 
temperatures and pressures. However, according to 
Nikol’skiy, there is evidence suggesting that natural 
diamonds can form under metastable conditions at low 
pressures and temperatures. This evidence is to some 
extent confirmed by diamond’s synthesis from the gas- 
eous phase in the region of graphite stability. An appro- 
priate composition of the diamond-forming fluid, the 
presence of suitable seed crystals, and optimal ther- 
modynamic conditions in the system are required for 
such epitaxial growth of diamond crystals. 

Nikol’skiy, working with the system H—O—C, 
compares experimental and theoretical data supporting 
his estimation of the best thermodynamic conditions 
required for the formation of metastable diamond. The 
author’s technical discussions focus on the reaction 
rates and processes that occur during the evolutionary 
stages of the melt under various temperatures and pres- 
sures. Nikoal’skiy concludes that diamond-formation 
processes are not uniquely specific to kimberlite- 
bearing rocks, and that we should expand the range of 
rocks perceived as diamond bearing to include other 
igneous rocks. SCH 


Miscellaneous diamond mining news. Manchete, 

Indiaqua, Vol. 36, No. 3, 1983, pp. 27~28. 

In this section, Manchete presents a short account of the 
current diamond mining activities in Mato Grosso, 
Brazil, which produced the 261.88-ct Star of the South 
diamond in 1853. 

Today a flurry of activity occurs in and around 
Poxoreu, located 680 km west of Brasilia. Not only are 
diamonds being “panned from the black waters” of 
nearby rivers, but some streets have also been turned 
into mini-diamond fields. Since the main activity of the 
townspeople is searching for diamonds, there are few 
complaints. The skills of diamond digging are passed 
along family lines, from father to son. Two of Poxoreu’s 
citizens are highlighted as we learn how diamonds have 
changed their lives. DMD 


GEM LOCALITIES 


Un gisement d’emeraudes 4 Madagascar {An emerald 
vein in Madagascar). H. A. Hanni and H. H. Klein, 
Revue de Gemmologie a.f.g., No. 74, 1983, pp.3—5. 

The authors present a study of emeralds from a new 

mine at Ankadilalana, Madagascar. The mine is located 

in the south-central portion of Madagascar’s eastern 
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coast, an area that consists primarily of Precambrian 
rocks intruded by pegmatites. These pegmatites have 
reacted with the surrounding rock, and the displace- 
ment of elements from this reaction has resulted in the 
formation of emerald crystals in the biotite schists adja- 
cent to the pegmatites. 

The authors examined small blue-green emerald 
crystals found at the mine site and noted that they borea 
striking resemblance to the emeralds from Miku, Zam- 
bia. Chemical and spectrographic analyses of these 
Madagascar emeralds were performed, and their inclu- 
sions identified. These data are provided in a table, 
which also lists the corresponding data from comparable 
African emeralds. Hanni and Klein conclude on the basis 
of their comparisons that the mine at Ankadilalana is 
capable of producing gem-quality emeralds similar to 
those from Africa. 

The authors also discovered in the course of their 
research that some cut stones reputed to be from Zambia 
and Zaire were in fact from Madagascar. This article is 
the first published study of the new Madagascar emer- 
alds, and should prove very helpful to those gemologists 
who have dealt with African emeralds and who will need 
to identify emeralds from this new source. ]MB 


Harts Range hessionite. H. Bracewell and G. Brown, 
Australian Gemmologist, Vol. 15, No. 1, 1983, pp. 
6-10. 

In this gemology study-club report, the authors describe 

a specimen of hessonite (hessionite is the spelling used 

by the authors) garnet from an as-yet-undisclosed loca- 

tion in the Harts Range region of the Northern Territory, 

Australia. The optical and physical properties of the 

specimen were found to be consistent with those previ- 

ously reported in the literature for this gem variety. 

However, the results of the authors’ microscopic 
examination are significant, revealing epigenetic 
cracks; syngenetic healed cracks which contained black, 
iridescent grains of an unidentified, though apparently 
iron-bearing, mineral; irregular masses of an uniden- 
tified black, iridescent-surfaced mineral; small two- 
phase, liquid-and-gas, inclusions in planes; and pyrite 
crystals surrounded by planar stress cracks and occur- 
ring in lines. Conspicuously absent were any indications 
of either a treacly internal structure or a granular inter- 
nal appearance caused by numerous included apatite 
(and possibly diopside] crystals, both considered of no- 
table diagnostic value for hessonite garnet. 

These results led the authors to conclude that the 
“classical’’ pattern of inclusions reported in the 
literature for hessonite may only be of value for identify- 
ing material from the better-known Sri Lankan source (it 
is also noted that inclusions in hessonite from a third 
source—the Jeffrey Mine in Asbestos, Quebec—differ 
from those in Sri Lankan stones). They also conclude 
that it is possible that the examined hessonite crystal- 
lized in the presence of an excess of iron, some of which 
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contributed to the color while the rest precipitated out 
in the form of various iron minerals. Finally, it appears 
that the hessonite from the Harts Range and hessonite 
from Sri Lanka formed under somewhat different geo- 
logical conditions. The article is accompanied by six 
photomicrographs. RCK 


La mine de “topaze”’ de la Fazenda Serra do Salto 
(Bahia-Bresil) (The “topaz” mine of Fazenda Serra 
do Salto [Bahia-Brazil]}. J. Cassedanne, Revue de 
Gemmologie a.f.g., No. 75, 1983, pp. 3-6. 


Cassedanne begins with a discussion of the term topaze 
(topaz) noting that, in Brazil, it has several meanings. It 
can actually be the mineral topaz, or imperial topaz, or it 
can also denote quartz. Topaz da Bahia (topaz of Bahia} 
refers to citrine, amethyst, or a pale green or pale violet 
quartz that is heat treated to a brown-orange and called 
lambreu. These different types of quartz and their char- 
acteristic features are the subject of Cassedanne’s arti- 
cle. He first describes in detail the geographic setting 
before turning to a discussion of the deposit workings. 
He then provides a detailed description of the appear- 
ance of the rough: transparent and translucent frag- 
ments of quartz with inclusions of long, recrystallized 
needles, 

In the section on rough and finished gems, the au- 
thor states that the color before heating is variable, even 
in one sample. The properties fit what one expects for 
quartz. Cassedanne notes an important absorption pat- 
tern in the 5200-5500 A region that is present in both 
the amethyst and the lambreu. 

The deposit has a long history. It was first worked by 
the Dutch from 1870 to 1890. The most recent intensive 
period of mining occurred in the early 1970s. Annual 
production at that time was 8-15 kg of amethyst and 
60-110 kg of citrine, which includes the heat-treated 
lambreu. Only about I0 kg of quartz per metric ton of 
rock was recovered. 

The raw material is sent to Brejinho das Ametistas, 
where it is heat treated and re-sorted. It then goes to Rio 
de Janeiro and from there to Germany for cutting. 

Brigitte Alzerra-Lehat 


Precious opal from New Zealand. R. A. Ball, Australian 
Gemmologist, Vol. 15, No. 1, 1983, pp. 12-15. 


Ball examined three types of opal from the Coromandel 
Valley area of New Zealand using scanning electron 
microscopy. The first was a jelly/crystal type with fairly 
good color patches; SEM examination revealed a spheri- 
cal structure typical of sedimentary opal but with no 
evidence of the spheres being etched out as is common 
in much volcanic opal. The second type was a jelly opal 
with some violet iridescence and a green “/sunflash”; 
SEM revealed regular and irregular sphere sizes with the 
intersphere vacuities showing infilling. 

Milk opal with a rolling flash of color in only some 
directions was the third type studied. One specimen 
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showed a flattened sphere to large disc-like structure 
with clearly visible open spaces; another had a ‘wafer 
biscuit” structure reminiscent of some synthetic opal. A 
third exhibited both large discs that appeared warped 
and flaking at higher magnification, and areas of con- 
ventional sphere structure. The author concludes that 
the flattened structure was responsible for the flaky 
composition and peculiar iridescence of this material 
(which he compares to some sea shells). Accompanying 
this article is a map and 10 photographs, two of which 
are in color. RCK 


INSTRUMENTS AND TECHNIQUES 


Seismic gem prospecting. G. Pearson, Australian Gem- 

mologist, Vol, 15, No. 1, 1983, pp. 17-18. 

Many gems occur in localized alluvial deposits that are, 
by nature, often patchy, consisting of rich but discon- 
tinuous gemmiferous pockets. Australian sapphire and 
Sri Lankan gem gravels are two examples. The mining of 
such deposits is inherently speculative because of the 
inability to predict yields. 

In this article, the author proposes the use of seis- 
mic analysis to prospect for such deposits. Basically, the 
seismograph measures the time of propagation of a 
surface-applied acoustic signal; the time elapsed is 
graphed against the distance between impact points to 
determine acoustic velocity. This velocity can, in turn, 
provide sttong indications as to the possible composi- 
tion and degree of compaction of strata and, therefore, 
the ease of excavation. Depressions in which heavy 
minerals have concentrated may also be located. 

The author has used seismology in Victoria, Aus- 
tralia, to accurately detect auriferous beds to a depth of 
about 15 m. While admitting that tests in the opal fields 
of New South Wales met with mixed success, Pearson 
argues that the technique has potential for locating opal 
deposits, as well as alluvial sapphire, cassiterite, zircon, 
tantalite, and perhaps diamond. RCK 


JEWELRY ARTS 


Antique jewelry. K. Moline, Robb Report, Vol. 7, No. 12, 

1983, pp. 66-78. 
The best parts in this general article on the pleasures and 
pitfalls of buying antique jewelry are quotes from the 
most authoritative dealers in the high-end New York 
market: Edward Munves of James Robinson Antiques, 
Raizel Halpin of Ares Antiques, Fernanda Gilligan of 
Cartier, Sarah Kutas of Christie’s East, and Jackie Saye of 
Sotheby’s. With these experts commenting on how and 
what to buy, the article cannot go wrong. In addition, the 
pros and cons of auction house vs. dealer purchases are 
discussed, and some light is shed on exactly what makes 
a piece of jewelry “antique” (and duty free] according to 
the U.S. Customs Department. 

The serious buyer is urged to consider good design, 
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style, wearability, workmanship, and condition. All 
buyers are cautioned to patronize dealers who guarantee 
what they sell and are straightforward about prices. The 
author suggests that, in collecting high-quality antique 
jewelry, “money doesn’t matter if you enjoy what it is 
(sic).”” This interesting point of view is reflected in the 
beautiful and numerous photographs, with no item 
under $1200 being worthy of illustration, and prices 
going up to $360,000 for the 19th-century brooch with 9 
ct of pink diamonds. This article, in a first-rate financial 
publication, would be useful to jewelers who are asked 
to provide “suggested reading” to potential clients. It is 
aimed at an investment-oriented audience and provides 
sufficient information to stimulate interest, yet is brief 
enough to forestall ennui. NL 


Assaying in antiquity. A. Oddy, Gold Bulletin, Vol. 16, 
No. 2, 1983, pp. 52-59. 


Coin forgery was common in the ancient world. The two 
basic methods used were the gold- or silver-plating of 
base metals and the alloying of precious metals with 
base metals. Naturally, governments were concerned 
with this counterfeiting and resorted to a number of 
methods to detect it. Modern methods of chemical anal- 
ysis have, in large measure, developed from three an- 
cient methods of quantitatively analyzing gold which 
Oddy traces in this article. 

The first method is that of fire assay, in which an 
excess of lead is added to the gold. The mixture is then 
melted in a crucible in an oxidizing atmosphere, causing 
everything but the silver in the alloy to oxidize and be 
absorbed by the crucible, leaving behind the gold and 
silver. Any one of a number of chemical separations is 
then used to part the gold from the silver. The earliest 
technical description of this general process is found in 
an Indian Sanskrit document dating to the third century 
B.C. 

The second method, associated with the name of 
Archimedes, is based on the fact that gold has a specific 
gravity almost twice that of silver, and more than twice 
that of copper. Therefore, as gold is alloyed with these 
metals, its specific gravity is progressively reduced, giv- 
ing an indication of the extent of alloying. There are 
indications that this method was used as a quantitative 
tool as early as the sixth century A.D., when both pans 
of a balance were immersed in water with the gold-silver 
alloy weighed against pure silver weights. Accurate as- 
saying with this method, however, dates to relatively 
modern times in the analysis of gold coins. 

The third is the touching or touchstone method, 
which involves rubbing the alloy onto the surface of a 
fine-grained, slightly abrasive, smooth black stone. The 
color of the streak left by the unknown alloy is then 
compared to those from standard alloys. Here, accuracy 
depends on knowing whether the alloying element is 
silver or copper, and on having an adequate range of 
standard alloys for comparison. Earliest references to 
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this method date to the sixth century B.C., although the 
earliest detailed description of touchstones does not ap- 
pear until the time of Theophrastus (372-287 B.C.). 
Unlike the fire assay and Archimedes methods, physical 
evidence of this method is found early in the archaeolog- 
ical record—as early as the sixth/fifth century B.C. in 
the ancient city of Taxila in what is now Pakistan. 
This well-researched article is documented with 
65 references and accompanied by 11 photographs and 
diagrams. RCK 


Carved gem pendants. J. Culp Zeitner, Lapidary Journal, 
Vol. 37, No. 10, 1984, pp. 1396-1408. 


This excellent article provides a comprehensive over- 
view of carved gem pendants. Jt focuses on the well- 
known carver Hing Wa Lee and his son, David, and 
includes photos of their fine carvings. 

Pendants may be the oldest carved gems used as 
jewelry. The article begins with a complete history of 
pendants and continues with the materials used and the 
meanings of the particular carvings. A discussion of 
contemporary carved gem pendants follows. The author 
states that pendants carved of jade and other materials 
are popular today for many reasons. First is the intrinsic 
value of the material (which is often fine quality}; sec- 
ond, the pendant is not only an attractive piece of jew- 
elry, but also a portable work of art; and third, these 
original works of art are “‘investments.’”’ The value of 
each pendant is determined by the material used and the 
artistry with which it is worked. 

Other sections of the article deal with the Oriental 
influence in carved pendants, as well as the types of 
carvings used for pendants. The author concludes with 
Lee’s advice to beginning carvers. Lee states that a be- 
ginner can gain a feeling for the stone and the tools used, 
and an attitude of self-confidence, if he keeps his first 
work simple and proceeds slowly, step by step. WEB 


Focus: a jewel in his crown. H. Novas, Connoisseur, Vol. 

213, No. 860, 1983, pp. 134-140. 

Whose crown? Louis Tiffany’s. The jewel: Julia Munson, 
1875-1971, who fora decade and a half at the turn of the 
century created for Tiffany & Co. enameled vases, trays, 
lamp bases, inkwells, and silver boxes. She also created 
the LCT enameled jewelry, called “little missionaries of 
art,” that was sold in a separate department of Tiffany & 
Co. 

This tribute to Munson (a student of Lalique and of 
the teachings of William Morris) flashes and gleams as it 
recalls an era full of aesthetic ideals that will never go 
out of style. Color photographs by Theodore Flagg of the 
front and back of Munson’s “peacock necklace,” as well 
as those by Toby Sanford of other pieces, excite wonder 
and delight. A few quotations will convey the tone: 


When he [Louis Tiffany] decided. . . to experiment in 
ceramics, he found it expedient to let Julia Munson 
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buy the materials under her own name. She would 
take the blame if the project failed; he would take the 
credit and praise for its success. 


“Every piece,” she [Julia] once said,“was made to 
stand perfectly on its own and last and even improve 
with time. Our idea was to take an inexpensive stone 
and bring out its natural beauty and luster by echoing 
its feeling in its treatment. Each piece had a name and 
a personality. Only a few hundred were made, and I 
still have a personal feeling for each one.” 


She left no children, and her legacy is buried among 
the few who knew her work. FS 


Forever adamant: a Renaissance diamond ring. D. 
Scarisbrick, Journal of The Walters Art Gallery, 
Vol. 40, No. 1, 1982, pp. 57-64. 


With the highest measure of scholarship and consistent 
with the range and quality of the collections, the Journal 
of The Walters Art Gallery frequently publishes distin- 
guished articles which add significantly to the large 
body of jewelry literature. The present article draws 
attention to a 16th-century diamond ring in the Walters 
collection that is thought to have been manufactured 
about 1546 in one of the south German jewelry centers 
of Augsburg or Nuremberg. The author discusses and 
documents the design sources of the several elements of 
the ring, and points out that jewelry of this quality 
resulted from progress in the cutting, setting, and 
marketing of precious stones in the late Middle Ages. 
The desire for magnificence in dress and jewelry stimu- 
lated developments in diamond technology, revealing 
the true brilliance of the stone and allowing a departure 
from the practice of mounting diamonds in the pointed 
form (displaying only the upper half of the natural oc- 
tahedral crystal). Emphasis is given to the talismanic 
importance of the diamond, which was believed to pos- 
sess the power to repel demons and poisons while hold- 
ing the wearer chaste and invincible. This belief 
ultimately led to the adoption of the diamond by royalty 
for weddings and coronations, and as an emblem of 
sovereignty. 

Diana Scarisbrick is in the vanguard of 20th-century 
jewelry historians, and her research at the Ashmolean 
and British museums is well known. She bridges the gap 
between historian and gemologist with erudition and 
style, and this article contributes an important tessera 
to the complex mosaic of Renaissance iconography. 

NL 


RETAILING 


Lettuce leaves and diamonds. H. C. Schonberg, Con- 
noisseur, Vol. 213, No. 862, 1983, pp. 84-91. 
This colorful article derives its incongruous title from 
the work of Gene Moore, America’s preeminent de- 
signer of window displays. This celebrated window 
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dresser, now 73, has become famous for his flamboyant 
designs for Tiffany’s New York City storefront 
windows. 

In the article, Schonberg provides an introduction to 
some of Moore’s most arresting designs—which com- 
prise a body of work that has earned Moore a reputation 
as “the Picasso of window dressers.” The author focuses 
on Moore’s penchant for the surreal, which has resulted 
in fanciful window displays that juxtapose chicken eggs 
with sapphires, and diamonds with blocks of ice. 

Schonberg praises Moore’s ability to “double the 
glamour of expensive jewelry by surrounding it with the 
shock of the unexpected.” Once Moore displayed a large 
diamond on a piece of lettuce, causing a revolution in 
the jewelry trade. 

This brief article is illustrated with many full-color 
photographs of Moore’s work, and is an inspiration for 
retail jewelers as well as anyone with an appreciation for 
commercial design. ]MB 


SYNTHETICS AND SIMULANTS 


Identification of the new synthetic and treated sap- 
phires. E. Gibelin, Journal of Gemmology, Vol. 18, 
No. 8, 1983, pp. 677-706. 
Gubelin discusses ways to identify some of the flux- 
grown sapphires recently synthesized by Chatham. The 
new synthetic blue sapphires have several diagnostic 
features—irregular color zoning, pronounced tabular 
crystal habit, pale-to-dull green fluorescence, straight 
color zones, platinum platelets, and fingerprint-type 
flux inclusions—which help to distinguish them from 
natural stones and other kinds of synthetics. The new 
synthetic orange sapphires have patchy fluorescence, 
several distinct absorption features, platinum platelets, 
and flux inclusions. Thirty-eight color photo- 
micrographs illustrate many of these features. Gtibelin 
concludes his article with several remarks on the rec- 
ognition of treated natural sapphires. JES 


MISCELLANEOUS 


El color de las gemas (Color in gems}. J. Garzon Jiménez, 
Boletin del Instituto Gemoldégico Espanol, No. 24, 
1983, pp. 24-47. 

Using published material as well as the results of his 
own experimentation, the author presents various 
principles relating to considerations of color in gem ma- 
terials. The three parts of the article deal with atomic 
configurations, the origin of color, and color changes 
produced by irradiation and heat. 

The first section outlines atomic theories of matter 
and includes pertinent equations. The second intro- 
duces the electromagnetic spectrum and discusses the 
natures and examples of idiochromatic and allochro- 
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matic materials. Color centers are explained, and 
molecular orbits and band theory are touched upon. 
The final section covers the processes, both natural 
and constructed, through which color change is af- 
fected, concluding with heat- and diffusion-treated 
corundum. There are numerous charts, illustrations, 
and photographs. SLD 


Oyster farming. S. Aletti, American Jewelry Manufac- 
turer, Vol. 31, No. 7, 1983, pp. 24-38. 


Steffan Aletti, editor of AJM, toured Ago Bay, a major 
pearl-growing region of Japan. Beginning with a review 
of the history of cultured pearls, he focuses on the efforts 
of Kokichi Mikimoto from his first oyster farm in the 
Shenmei Inlet in Shima, Ago Bay. Then the author de- 
scribes oyster farming today. Photographs are included 
from his trip to a small oyster farm. The author also 
visited the National Pearl Laboratory in Kashikojima. 
The director, Dr. Koji Wada, is shown with a scanning 
electron microscope, one of the pieces of research 
equipment at the lab. Government-supported research 
is conducted on all aspects of pearl cultivation. The 
remainder of the article features Pearl Island, ‘‘a shrine 
to Mikimoto,” from the pearl-diving demonstration to 
the Mikimoto Museum. Eight color photographs, in- 
cluding the magazine’s cover, highlight the topics 
discussed. DMD 


Sequence of mineral assemblages in differentiated 
granitic pegmatites. J. J. Norton, Economic Geol- 
ogy, Vol. 78, No. 5, 1983, pp. 854-874. 


In 1949, Cameron and his coworkers (Economic Geol- 
ogy, Monograph 2) suggested that the internal structure 
of complex granitic pegmatites could be interpreted as a 
general sequence of mineral assemblages proceeding 
from the outer contact of the pegmatite to its core. No 
pegmatites are known to have all assemblages in this 
generalized sequence, but the Cameron group was able 
to demonstrate the existence of a portion of this se- 
quence in numerous pegmatite localities. Since that 
time, this sequence has become firmly established in the 
geologic literature on pegmatites. Here the sequence is 
modified on the basis of newer information as well as on 
the reevaluation of certain past observations. This re- 
vised sequence takes into account not only the contact- 
to-core zonal pattern, but also a vertical component of 
this mineral arrangement. The observed internal struc- 
ture of 11 well-known granitic pegmatites, many of 
them rich in lithium minerals and some gem species, is 
shown to be consistent with this revised sequence. The 
crystallization history of complex granitic pegmatites, 
especially the zonal formation of these various mineral 
assemblages, is described in general terms using the 
results of field observations and experiments. JES 
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GEM NEWS 


John I. Koivula, Editor 


DIAMONDS 
Africa 

Diamonds from Guinea. Bridge Oil, an Australian oil 
and gas exploration and mining company, has joined 
with the Aredor-Guinea Joint Venture to explore for and 
mine diamonds in Guinea, in the Kissidongon, Ban- 
ankourn region, abutting the diamondiferous areas of 
Sierra Leone. 


Exploration for diamond off Namaqualand. Golden 
Dumps, a small independent South African company, 
will be exploring the Dawn Diamonds prospecting lease 
off the Namaqualand coast in South Africa. The area to 
be studied as a potential diamond producer is near 
Kleinzee, and consists of a30 km x 4 km block running 
north and south of the Buffels River. The seabed will 
be examined first, both to determine its profile and to 
locate any sand and gravel deposits. 


Diamond exploration in Swaziland. The government 
of Swaziland has issued a diamond-mining license to 
Trans-Hex, of South Africa, for exploration of an area 
near the industrial center of Manzini. No indication of 
the potential size or grade of the deposit has been revealed 
as yet. In the mid-1970s, De Beers sampled a deposit of 
diamonds located at Ehlane to the north, and also 
explored the adjacent Dokolwayo kimberlitc. Because 
of the small size of the stones recovered, they even- 
tually rejected both prospects as uneconomic. 


Australia 

Diamonds found at Limestone Creek, Western Aus- 
tralia, Freeport of Australia and Gem Exploration and 
Minerals, having entered into a partnership called the 
Bow River Joint Venture, reported the recovery of 2,177 
diamonds with a total weight of 367 ct from 2,250 tons 
of mined and processed ore. The diamonds were recovered 
at Limestone Creek in the Kimberley region of Western 
Australia, not far from the Argyle diamond locality. Most 
of the diamonds recovered so far are thought to be small 
and of industrial quality, although no evaluation has 
yet been made. Freeport and Gem Exploration have equal 
rights in the Bow River Joint Venture, but Freeport retains 
the option to earn an additional 30% in the project by 
funding future diamond exploration. 


First Argyle diamonds sold in Antwerp. Northern Min- 
ing, holder of a 5% interest in the Australian Argyle 
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Diamond Mining Operations, has marketed its share of 
production, a total of 44,600 ct of rough, through Arslan- 
ian Fréres. The entire lot was sold within a week, with 
some of the stones going to local Antwerp firms, some 
to Americans, and some to Israel. Although the dia- 
monds recovered from the Argyle mine have generally 
been charactcrized as tending toward brown and of low 
quality, some finer stones were noted in this first lot. 
A mixcd parcel of white and brown stones was sold in 
the United States, so Australian diamonds should be 
available soon to jewelers in the U.S. 


India 

Diamonds from India. The Geological Survey of India 
reports that Andhra Pradesh continues to yield a steady 
supply of gem-quality diamonds. The producing area is 
Munimadugu in the Kurnool District. Exploratory drill- 
ing in the Majhgawan Block, Panna Diamond Belt, Mad- 
hya Pradesh, showed a 4-cm to 34-cm-thick potentially 
diamond-bearing conglomerate zone. A hard-rock treat- 
ment plant was built in the Panna District to recover 
diamonds. 


News of the Famous Eureka Diamond. Mr. Walter Neil 
Letson has supplicd Gems & Gemology with the fol- 
lowing report on the Eureka Diamond: 

The Eureka diamond, often identificd as the first 
diamond discovered in South Africa, has been placed on 
permanent loan in the De Beers Mine Museum in 
Kimberley. 

Authoritics differ on the ‘first diamond” claim, cit- 
ing referenecs to diamonds in southern Africa which 
appeared as carly as the mid-18th century and to a find 
in 1859, whose authenticity has recently been docu- 
mented. It was the Eurcka, however, that first attracted 
wide public attention to the area; the prediction that 
it would be the rock ‘on which the future of South 
Africa would be built’” has proved to be extremely 
accurate. 

The 10.73-ct stone, cut from a 2.1.25-ct yellow rough, 
was found by Erasmus Jacobs on the banks of the Orange 
River, ncar Hopctown, Cape Province, in 1860 {or 1866). 
It was shown at the Paris Exhibition of 1867-1868 and 
owncd for many years by a private collector in England. 
The Eureka was a prominent feature of ‘The Ageless 
Diamond” exhibition in London in 1959. It was pur- 
chased by De Beers in 1966 and presented to the South 
African Parliament. The Government now believes the 
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Kimberley Mine Museum to be the most fitting place 
for its public display; an estimated 35,000 visitors saw 
it during the 1983 Christmas holiday period. 

The Kimberley Mine Museum has also recently 
received a collection of more than 1,000 diamonds of 
exceptional technical importance from the estate of 
Alphcus Fuller Williams, who was a De Beers general 
manager for 26 years, author of The Genesis of the Dia- 
mond (London: 1932), and a distinguished student of 
the geology of the diamond. He was the son of Gardner 
Fuller Williams, the American mining engineer who 
was the first De Beers gencral manager and whose mon- 
umental work The Diamond Mines of South Africa 
(London: 1905) set a standard in its field. 

The stones were purchased by the South African Dia- 
mond Producers Association and presented to the 
museum on the condition that they be exhibited and 
made available for study and research. 


COLORED STONES is 
Correction: Brazilian amethyst. In the Gem News col- 
umn of the Fall 1983 issue it was reported that a new 
find of amethyst was from Para, Minas Gerais, Brazil, 
which is of course impossible since Para is a separate 
state in Brazil, some 1,500 km north of the state of 
Minas Gerais. This error was brought to’ our attention 
both by Michael Ridding of Silverhorn’ Designers and 
Goldsmiths in Banff, Alberta, Canada, and by Jack Low- 
ell of the Colorado Gem and Mineral Company, Tempe, 
Arizona, who was the source of the original news item. 
According to Mr. Ridding, the lighter material described 
by Jack Lowell is found near the town of Maraba in 
Para, and the dark material is found farther south, near 
the town of Pan d’Arco, also in Para. 


Gem Exploration in Southern India. Karnataka, India’s 
southern state, may prove very interesting gemologi- 
cally. To date, the Geological Survey of India, in coop- 
eration with Karnataka’s Department of Mines and 
Geology, has identified three gem tracts in the southern 
part of the state: in the areas of Haggadadevankote, 
Holenarsipur, and Pavagada Taluk. During the current 
field season, the gem potential of the Bangerpet, Osa- 
hunda, and Kamasamndram areas in the Kolar District 
is also being explored. 


Heat treatment in Sri Lanka. Mr. Joe Segera, of the Daily 
News in Colombo, Sri Lanka, reports that Sri Lanka’s 
government-owned State Gem Corporation is promot- 
ing the formation of a Sri Lanka—Thai joint stock com- 
pany to handle the treatment of poor-quality corundum, 
here known as geudas, in Sri Lanka. Gem dealers from 
Thailand have been visiting Sri Lanka regularly to pur- 
chase these stones at attractive prices and then have 
been taking them back to Thailand for of heat treatment 
to enhance the color. The projected company will also 
handle the export of these treated gems. 


Gem News 


Korean amethyst. Choong Hyun Kim, of the Gemolog- 
ical Institute of Korea, reports on Korean amethysts of 
a very attractive violetish purple color. The gems this 
editor examined ranged in weight from 2.35 ct to 4.54 
ct and were of excellent jewelry quality, containing just 
enough inclusions to prove their natural origin. For fur- 
ther information on the new Korean amethyst, please 
contact: Choong Hyun Kim, Gemological Institute of 
Korea, 24 Sogong-Dong, Sam Jim Bldg. #300-302, 
Choong-Ku, Seoul, Korea. 


PRECIOUS METALS iS 


Lady Bountiful looks promising. Consolidated Explo- 
ration Limited recently announced that it has obtained 
very high gold assay results from several diamond drill 
holes at the Lady Bountiful prospect in Western Aus- 
tralia, at depths betwen 108 and 110 m. The highest 
assay value in this depth interval was 2668 grams of 
gold per ton of ore over 0.51 m from one of the drill 
holes. Since there are 31.103 grams per troy ounce, this 
converts to 85.77 troy ounces of gold per ton of ore. 
With gold at $400 per ounce, this half-meter section 
promises $34,308 per ton of ore mined. (Homestake 
Mine, the richest in America, operated for many years 
at $8 per ton gold recovery.) 


Rich Gulch California gold. Inca Resources Inc. released 
results from three drill holes completed at its Rich Gulch 
gold property in Plumas County, California. The holes 
were drilled in the near-surface high-grade extension of 
the Virginia zone. The assay values ranged from 42 to 
16.4 grams/ton gold (1.35 to 0.52 ounces per ton of ore}, 
over widths from 2.7 m to 12.5 m. The maximum depth 
of the intersections was no more than 50 m. A feasibility 
study on the property is being completed; indications 
suggest that a 3,000-ton-per-day operation, with a grade 
in excess of 3.8 grams/ton, and operating costs in the 
$150-$160 per ounce range, might be developed in the 
near future. 


Soviets recover gold from industrial waste. According 
to Soviet press reports, the Siberian Institute of Chem- 
istry has discovered a new process for recovering greater 
amounts of gold from waste waters used in industrial 
processes involving the use of gold. The new process 
involves the use of carbon fiber electrodes. 


French study of worldwide gold deposits now available. 
A technical study of worldwide gold deposits, now avail- 
able in book form, is the result of three years of research 
by a French team from the Bureau de Recherches Geo- 
logiques et Minitres and the Ecole Nationale Supér- 
icure des Mines de Paris. The team was led by Jean- 
Jacques Bache, who is also editor of the book. Accom- 
panying the text are a number of detailed maps, dia- 
grams, and tables. The book is available only in French. 
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For further information, write to: Bureau de Recherches 
Géologiqucs ct Miniéres, Avenue de Concyr, Orléans- 
La-Source (Loiret], BP 6009, 45060 Orléans Cedex, France. 


SYNTHETICS iii 


Seiko growing synthetic gemstones by the floating-zone 
method. Floating-zone crystal growth was first devel- 
oped in 1953 to produce high-purity silicon as a semi- 
conductor. It has since becn used to produce refractory 
metals, alloys, and other semiconducting compounds. 
Although colorless synthetic sapphire has been grown 
by this method in the past, it was not until the Suwa 
Seikosha (Seiko Watch) Company Ltd. of Japan, became 
involved, as part of their efforts to make a better elec- 
tronic crystal for their watches, that this technique was 
developed to produce synthetic gems. 

In the floating-zone crystal growth process, a sin- 
tered rod, composed of a uniform mixture of all of the 
components necessary to producc the desired gem 
material, is held vertically at both the top and bottom. 
An infrared radiation convergence heater, using a hal- 
ogen lamp and an ellipsoidal reflector with its inner 
surface gold plated, heats a small region near the top of 
the rod until it melts. The two holders then begin to 
rotate while at the same time the heat source begins 
dropping down the rod at an even rate. Eventually, the 
sintered rod is consumed and a single crystal results. 


The floating-zone synthetics examined to date are 
a 0.35-ct ruby, a 0.49-ct pinkish orange sapphire, and a 
0.51-ct alexandrite chrysoberyl. The three stones showed 
no unusual characteristics during testing. Their reac- 
tions to long-wave and short-wave ultraviolet radiation 
and their refractive indices are as follows: 


Floating-zone 


synthetic LWUYV SWUV RI. 
Ruby Very strong Strong red 1.762-1.770 
red 
Orange Strong red Strong red 1.762-1.770 
sapphire 
Alexandrite Weak red Very weak 1.740-1.749 
red 


The internal characteristics visible in all three of 
the stones were swirled and curving to subangular growth 
as well as color zoning and gas bubbles. Since November 
1983, Sciko has been marketing, under the trade name 
Bijoreve, a synthetic ruby, orange and blue sapphires, 
and an alexandrite chrysoberyl — all grown by the float- 
ing-zone method. They have also started to market a 
flux emerald as well, but this material was not available 
for examination. 


ANNOUNCEMENTS 


Smithsonian devises gemstone 
donation procedures. As reported in 
the American Gem Socicty’s Gem 
and Jewelry Fact Sheets, the 
Smithsonian Institution has 
revised its regulations covering 
gemstone donations because of the 
Internal Revenue Service’s close 
scrutiny of such tax exemptions. 
The museum now requires an 
appraisal which is then evaluated 
in writing by the curator. The 
appraisal, together with the cura- 
tor’s evaluation, is then studied by 
individuals of higher authority at 
the National Muscum. John §. 
White, curator of gems and min- 
erals at the Smithsonian, suggests 
that in preparing appraisals of 
gemstones for museum donation 
the following procedure be used: 

1. Give a range of value 

2. Be objective in pricing 
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3. Select a value that will hold 
over a period of time 

4. Never use the country of ori- 
gin in the description without 
supporting evidence 


The Fifth Annual Course in 
Antique Jewelry and Gemstones 
will be held at the University of 
Maine, in Orono, July 9~11. For 
further information, please con- 
tact: Helen Thomas at (213) 735- 
0205. 


Jewelry competition. “Jewelry 
USA,” a national competitive exhi- 
bition, is being cosponsored by the 
Amcrican Craft Museum in New 
York City and the Society for 
North American Goldsmiths. The 
event, which will be juried, is to 
be held at the museum from June 


3 through August 31, 1984. The 
exhibition will encompass all 
aspects of contemporary jewelry 
design and is open to all residents 
of the United States. Entry forms 
are available from the Society for 
North American Goldsmiths, 2849 
St. Ann Drive, Green Bay, W1 
54301. 


The AFMS/CFMS National 
Gem and Mineral Show will be 
held July 12—15, 1984, in the 
Convention and Performing Arts 
Center, San Diego, California. 
Among the guest speakers will 
be noted Gems & Gemology 
authors Peter Keller, John 
Koivula, and D. Vincent 
Manson. For further 
information, please contact: 
Shirley Leeson, Co-Chairman, 
6155 Haas, La Mesa, CA 92041. 
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CROWN JEWELS 
OF EUROPE 


By Prince Michael of Greece, 144 pp., 
Ulus., publ. by Harper #@ Row, New 
York, NY, 1983. US$19.95* 


When a distinguished, titled mem- 
ber of one of Europe’s most ancient 
royal houses, who has authored six 
previous books, writes on the crown 
jewels of Europe, readers might expect 
an accurate, well-researched vol- 
ume. Unfortunately, Prince Michael’s 
Crown Jewels of Europe is a disap- 
pointment. He has produced a se- 
lection of beautiful photographs 
accompanied by a text filled with 
inaccuracics and misinformation 
written in a convoluted style that 
lacks both charm and consistency. 

To his eredit, Prince Michael has 
provided illustrations of many 
splendid jewels that are seldom seen: 
notably, the Cameo of Noah, the 
remarkable half- black ~ half- white 
Pearl of the Palatinate, the great ruby- 
and-diamond parure of the Queens 
of Bavaria, the enamel lily that forms 
the sceptre of King Frederick III of 
Denmark, ‘and the remarkable sap- 
phire-and-diamond parure of Marie 
Antoinette, worn by three separate 
ruling dynasties of France. While 
many of the celebrated pieces 
included may be found in standard 
museum photographs, those shown 
from private collections are extremely 
interesting. 

The text, however, fails to mea- 
sure up to the art. The author skit- 
ters nonchalantly through history, 
consistently annoying this reviewer 
by referring to objects that have both 
religious significance and intrinsic 
importance as “knick-knacks” or 
“trinkets,” shifting his tone from 
reverent awe to cavalier disdain and 
airily dismissing collections of crown 
jewels that proved inaccessible or 
which he judged to be of ‘mediocre 
artistic interest” as being a ‘jumble 
of precious objects” or “an unbeliev- 
able muddle’’—words that might 
accurately describe this book. 

How can he expect to be taken 
seriously when he describes the cor- 
onation of Charlemagne by telling 
his readers that’... the Pope tiptoed 
up behind Charlemagne and rammed 


Book Reviews 


BOOK 
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Michael Ross, Editor 


a crown on his head’? Prince Michael 
seems unfamiliar with jewelry ter- 
minology, and his editors have done 
him a disservice by not improving 
his style or providing him with ade- 
quate proofreading and _ research 
assistance. 

In the chapter on the British 
Crown Jewels, the Prince says that 
“most of the instruments of Coro- 
nation [in the Tower of London] were 
made in the 20th Century and are 
not distinguished by their elegance.” 
Elegance means different things to 
different people, but it is patently 
untrue to say that “most” of the Brit- 
ish regalia dates from the 20th cen- 
tury. Three important crowns have 
been added in this century, but most 
of the regalia dates from the late 
1600s, with substantial additions 
having been made in the following 
centuries. 

The Prince tells his readers that 
the British Imperial State Crown was 
“fashioned for the Coronation of 
Elizabeth II in 1953.” lt was, in fact, 
made for Queen Victoria in 1838. He 
misses the correct weight of the uncut 
Cullinan diamond by a whopping 495 
carats, stating 360) ct rather than 
the 3106-ct actual weight, and he cites 
the Cullinan Il as weighing 319 ct 
instead of the correct weight of 317.40 
ct. In describing an emerald carved 
with a portrait of Catherine the Great, 
sold recently by a major European 
auction house, the Prince says there 
isa “twin” in the Kremlin. Actually, 
the engraved emerald that remains 
in the Russian State Collection does 
bear a portrait of Catherine, but the 
profile faces to the right rather than 
the left, is signed by the engraver 
({Elger|, and is oval rather than rec- 
tangular. In discussing the Stone of 
Scone, he fails to mention its removal 
from Westminster Abbey in 1950 by 
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Scottish nationalists, surely the most 
exciting event in the recent history 
of this venerable relic. 

The list of errors and omissions 
goes on and on: “Queen Alexandra 
of Denmark” was actually Queen of 
England; the Queen of Portugal is 
identified as the Queen of France; in 
discussing the Hope diamond, no 
mention is made of Evalyn Walsh 
McLean, owner of the stone for 35 
years. 

The pictures are beautiful and 
some of the pieces are rarely seen, 
but after so many errors, the few 
anecdotes provided by the author are 
insufficient to encourage _ this 
reviewer to recommend the book 
beyond saying that, while it is a pretty 
thing, it can only be considered an 
inconsequential “knick-knack.” 


NEIL LETSON 
Anniston, Alabama 


IGNEOUS ROCKS 
By Daniel S,. Baker, 417 pp., illus., 
publ. by Prentice-Hall, Englewood 


‘Cliffs, NJ, 1983. US$34.95 


As indicated by Dr. Baker in the pre- 
face, this book was written as a text 
for undergraduate geology majors, 
beginning graduate students, and 
geologists wanting an update of the 
technical literature now available on 
igneous petrology. In order to use this 
book, the reader should know gen- 
eral physical geology as well as col- 
lege-level chemistry and mineralogy. 

The book can be divided into four 
main parts comprising a total of 16 
chapters. The first part reviews 
physical geology and mineralogy and 
relates them to igneous petrology. 
The second part, the main portion, 
presents traditional igneous petrol- 
ogy. It uses phase diagrams to relate 
the phases of matter with pressure, 
temperature, and composition. Next, 
rock compositions and _ classifica- 
tions are discussed and related to the 
formation of magmas and the rock 
form after emplacement. The chap- 
ter dealing with volatile compo- 
nents contains a brief section on peg- 


*This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404, 
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matites with information useful for 
any gemologist. 

The third part discusses the types 
of igneous rocks. Of importance to 
the gemologist concerned with dia- 
mond formation are the sections on 
eclogites and kimberlites. The last 
part contains miscellaneous chap- 
ters such as an introduction to meta- 
somatism and tectonics. 

This is not an easily read book — 
but no book addressing this detailed 
subject ever is. Additionally, the value 
of this book to most gemologists is 

. severely limited by the background 
knowledge necessary and the lack of 
specific gemological subjects. How- 
ever, for the intended audience, this 
is an outstanding publication. The 
text is well organized, with each 
chapter using the knowledge gained 
in previous chapters. The fine illus- 
trations—black-and-white — photo- 
graphs of thin sections and geologi- 
cal occurrences, line drawings, 
diagrams and maps—make it easier 
to assimilate the information. This 
book should become a standard col- 
lege text on igneous petrology. 


GARY HILL 
Resident Instructor, GIA 


NATURE OF 

EARTH MINERALS 

By Anthony C. Tennissen, 415 pp., 
illus., publ. by Prentice-Hall, Engle- 
wood Cliffs, NJ, 1983. US$21.95* 
This book is an introductory college 
text intended for students who are 
not majoring ina scientific field, but 
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who want to gain a basic under- 
standing of the nature and properties 
of the materials that make up the 
earth. By earth materials, the author 
refers to the more important min- 
erals and major rock types. A unique 
feature of this book, and of the 
author’s intent, is that the discus- 
sion is divorced from a consideration 
of the broader-scope topics of earth 
processes that are often the main 
interest of most introductory geol- 
ogy courses. 

The book can be divided into four 
parts. The first describes the nature 
of atoms and how they are bound 
together to form crystals. This sec- 
tion also includes a brief introduc- 
tion to crystallography and deals with 
topics such as ¢rystal growth and 
symmetry and the six crystal sys- 
tems. In this and other chapters, fre- 
quent illustrations emphasize key 
ideas and clarify.the text. 

The second part deals with min- 
erals. A summary of several aspects 
of crystal chemistry helps the reader 
understand something of the chem- 
ical nature of minerals, and discus- 
sion of the important physical prop- 
erties of minerals also deals with how 
these properties are perceived or 
measured. The II10 most common 
minerals are described in terms of 
their key features and mode of 
occurrence. There is a photograph of 
each mineral, but there is no specific 
information on localities of occur- 
rence. Mineral identification tables 
are also presented. 

The third and longest part of the 
book comprises three chapters on 


igneous, sedimentary, and meta- 
morphic rocks, respectively. Each 
chapter discusses origin, chemical 
and mineralogical nature, important 
textural features, and classification. 
Each also includes descriptions of 
major rock types and photographs. 
Large- and small-scale features 
exhibited by each general rock type 
are described as well. 

The final part of the book pre- 
sents summary information on the 
occurrence of mineral deposits, 
including something about their 
geographic distribution and how they 
formed in the earth’s crust. There is 
a classification of commercially 
valuable earth materials and a dis- 
cussion of how these materials are 
used, 

This book is useful to the jew- 
eler-gemologist because it focuses on 
the properties of minerals and rocks 
rather than on geological processes 
and features, which is usually the 
case with most general geology text- 
books. In each chapter, there is an 
effort to define key terms and to 
illustrate important points. The book 
is well organized, and it provides 
valuable introductory information in 
a concise and interesting manner. For 
those readers who wish to gain a more 
complete knowledge of the “nature 
of earth materials” so that they can 
better understand certain basic con- 
cepts of mineralogy and geology, this 
readable and informative book bears 
consideration. 


JAMES E. SHIGLEY 
Research Scientist, GIA 
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THE MAGIC OF PEGMATITTES 


hen one considers that all of the aquamarine and most of the tourma- 

line, topaz, kunzite, morganite, and many other gem materials are 
found exclusively in pegmatites, it becomes obvious that the gemologist 
must be aware of and understand the nature of this unusual rock type. 


Although pegmatites are not uncommon and are found virtually worldwide, 
only a small percentage contain worthwhile gem materials. Yet the often 
superb quality of the gemstones that are found in pegmatites and the fact that 
they formed under a unique set of conditions conducive to crystal growth has 
captured the interest of gemologists and geologists for many decades. 


The late Richard H. Jahns, a member of the GIA Board of Governors, was a 
world-recognized authority on pegmatites. In a real sense, this issue of Gems 
_ & Gemology is dedicated to his memory. Dr. Jahns gave wise counsel to the 
‘Gemological Institute of America over many years—from the time that he 


’ -'was a professor at the California Institute of Technology through his tenure as 


_head of the Earth Sciences group at Pennsylvania State University and, most 
recently, as dean of Earth Sciences at Stanford University. 


The article by James Shigley (who studied under Dr. Jahns) and Anthony 
Kampf is an excellent compilation of what we currently know about 
pegmatites. The essentially two-part article by Keith Proctor reviews both the 
history and exploration of, and actual mining of aquamarine in, one of the 
most important gem pegmatite regions of the 20th century: Minas Gerais, 
Brazil. 


With these articles, we hope to take you, the reader, from the basics of what a 
pegmatite is to the fascinating story of what pegmatite gems have meant 
historically in Brazil and the production of one very important pegmatite 
gemstone, aquamarine. 


Richard T. Liddicoat, Jr. 
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GEM-BEARING PEGMATITES: A REVIEW 


By James E. Shigley and Anthony R. Kampf 


Many of the important gem minerals seen 
on today’s market—aquamarine, tourma- 
line, and topaz, among others—come from 
an unusual type of rock known as a 
pegmatite. Gem-bearing pegmatites are 
crystalline igneous rocks that are distin- 


guished by their large-size crystals, concen- 


trations of certain chemical elements 
otherwise rare in the earth’s crust, and var- 
ious unusual minerals. Pegmatites are typ- 
ically rather small bodies of rock that are 
found in particular geologic environments; 
the gem minerals occur in open cavities or 
“pockets” within the pegmatite. This arti- 
cle surveys our current understanding of 
pegmatites, beginning with a brief de- 
scription of their characteristics and fol- 
lowing with a discussion of the occurrence 
of gem minerals in them. The article con- 
cludes with a summary of the specific 
conditions necessary during pegmatite 
formation for the crystailization of abun- 
dant gem minerals. 


ABOUT THE AUTHORS 


Dr. Shigley is research scientist in the Department 
of Research, Gemological Institute of America, 
Santa Monica, California; and Dr. Kampf is curator 
of gems and minerals, Los Angeles County Mu- 
seum of Natural History, Los Angeles, California. 
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A temetine: tourmaline, topaz, kunzite, mor- 
ganite—these are but a few of the gemstones found 
in the remarkable mineral deposits that geologists call 
pegmatites (figure 1). Of the many different kinds of rock 
exposed at the earth’s surface, pegmatites contain the 
greatest abundance and variety of gem minerals. Pegmatite 
deposits in various parts of the world have yielded spec- 
tacular crystals of gem tourmaline (figure 2}, topaz (figure 
3), and beryl] (figure 4), as well as a host of other minerals 
occasionally used as gems (see tables 1 and 2}. Most of 
these minerals are only rarely found in other geologic envi- 
ronments in crystals suitable for faceting. In addition, 
pegmatites are a major source of certain rare elements of 
great economic importance. 

This article briefly summarizes current knowledge 
concerning the nature and formation of these fascinating 
rocks and the occurrence of gem minerals within them. 
Individual pegmatite localities are not discussed in detail 
here. Rather, a broad overview is presented to demonstrate 
the remarkable similarities between gem-producing 
pegmatites in diverse parts of the world. Armed with this 
perspective, the reader should be able to better appreciate 
detailed reports of pegmatite occurrences such as those in 
Brazil that are discussed elsewhere in this issue. 


WHAT IS A PEGMATITE? 


The famous mineralogist Hatty first used the word 
pegmatite in the early 1800s to refer to a rock with a 
patterned geometric intergrowth of feldspar and quartz 
(now commonly termed graphic granite). Today it is ap- 
plied to any crystalline rock that is, at least in part, ex- 
tremely coarse grained. The term pegmatite, then, 
primarily refers to the texture of a rock, that is, the size, 
shape, and arrangement of mineral grains. In practice, it 
can be applied to a wide range of rocks of igneous or meta- 
morphic origin that exhibit large crystals. 
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In reality, the vast majority of pegmatites are 
found to be chemically and mineralogically simi- 
lar to ordinary granites and, hence, are called 
“granitic” pegmatites (as opposed to ‘““gabbroic’’ 
pegmatites, “syenitic’’ pegmatites, etc.}. Because 
gem minerals are, for the most part, found only in 
granitic pegmatites, these will be the focal point of 
the ensuing discussion. 


Texture. Although pegmatites are commonly 
thought of as very coarse-grained rocks, they ac- 
tually vary considerably in grain size. This varia- 
bility is important in distinguishing pegmatites 
from most other crystalline rocks. For example, 
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Figure 1. A selection of gemstones of 
pegmatite origin ranging from 5.87 to 
11.25 ct. Minerals shown (from left to 
right, and from front to back) are as 
follows: tourmaline (elbaite), garnet 
(spessartine), chrysoberyl, topaz, 
feldspar (orthoclase), beryl 
(morganite); beryl (aquamarine), 
tourmaline (elbaite), tourmaline 
(elbatte); beryl (heliodor), spodumene 
(kunzite). Photo by Tino Hammid. 


the mineral grains in a granite are quite uniform in 
size and only rarely exceed several millimeters in 
diameter. Those in a pegmatite are usually several 
centimeters across on average, but they can range 
from millimeters to meters in diameter (figure 5). 
Typically there is an increase in crystal size from 
the outer margins toward the interior of the 
pegmatite body. 

The largest crystals ever found have come 
from pegmatites (see, for example, Jahns, 1953; 
Rickwood, 1981; Sinkankas, 1981). Outstanding 
examples include a 14-m-long spodumene crystal 
from the Etta mine in the Black Hills of South 
Dakota and an 18-m-long beryl crystal from a 
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pegmatite at Malakialina, Madagascar. The fa- 
mous Harding pegmatite in New Mexico contains 
spodumene crystals that are 5 m long (figure 6). 
Unfortunately, these and most other giant crystals 
are not of gem quality. There are, however, excep- 
tions: for instance, a 300-kg transparent gem topaz 
from a pegmatite in Minas Gerais, Brazil, is now on 
display in the American Museum of Natural His- 
tory in New York. 


Mineralogy and Chemistry. The minerals that 
occur in any rock depend on the rock’s overall 
chemistry and the pressure and temperature con- 
ditions under which it formed. Most granitic 
pegmatites are composed of the same minerals 
found in ordinary granites, that is, feldspars 
{microcline, plagioclase}, quartz, micas (musco- 
vite, biotite], and on occasion some common ac- 
cessory minerals (table 3; also figure 5}. As such 
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Figure 2. Multicolored 
crystal of tourmaline 
with albite feldspar and 
quartz from a pegmatite 
in Afghanistan (14 x 

9 cm), Photo © Harold & 
Erica Van Pelt. Specimen 
courtesy of David Wilber. 


these pegmatites have generally been of limited 
economic, scientific, or gemologic interest. A 
small percentage of pegmatites, however, contain 
additional minerals, such as beryl and tourmaline, 
which incorporate certain rare elements. This lat- 
ter group of granitic pegmatites, which are the 
source of most gem rough, have been the principal 
objects of pegmatite exploration and mining. 
Establishing the chemical composition of a 
rock provides important clues regarding its origin, 
geologic history, and relationships to other rock 
types. Relatively fine-grained rocks, such as gran- 
ites, are easily sampled and analyzed to determine 
overall chemical composition; however, this is not 
generally the case for pegmatites. Their coarse and 
variable grain size, nonuniform distribution of 
minerals, and often poor surface exposure pose 
serious obstacles to accurate chemical analysis. 
Nevertheless, painstaking work at a number of 
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Figure 4. A superb 
crystal of morganite 
beryl with albite feldspar 
from the White Queen 
mine, Pala, California 

(4 x5cm). Photo © Harold 
@ Erica Van Pelt. 


Figure 3. Topaz crystals with smoky 
quartz from a pegmatite in the Ural 
Mountains of the Soviet Union (9 cm 
wide). Photo © Harold & Erica Van 
Pelt. Specimen courtesy of David 
Wilber. 


» 


Table 1. Occurrence of gem minerals in pegmatites. 


Relative Pegmatites the 

Mineral abundance® major source? 
Common 
Feldspar (gem varieties A no 

orthoclase, amazonite, 

moonstone) 
Quartz (gem varieties A no 

rock crystal, amethyst, 

smoky, rose, citrine) 
Unusual (containing rare 

elements such as Li, Be, 

B, P, F, Cs, etc.) 
Apatite R no 
Amblygonite Cc yes 
Beryl! (gern varieties Cc yes 

aquamarine, morganite, 

heliodor, goshenite) 
Beryllonite VR yes 
Brazilianite VR yes 
Chrysobery| R no 
Danburite R no 
Euclase R yes 
Garnet (spessartine) R yes 
Hambergite VR yes 
Herderite VR yes 
Lepidolite Cc yes 
Petalite R yes 
Phenakite VR yes 
Pollucite VR yes 
Spodumene (gem varieties C yes 

kunzite, hiddenite) 
Topaz Cc yes 
Tourmaline (elbaite—gem Cc yes 


varieties rubellite, 
achroite, indicolite; 
liddicoatite) 


4Relative abundance in granitic pegmatites: A = abundant and wide- 
spread; C = common or locally abundant; R = rare or uncommon, 
VA = very rare. 


localities has yielded meaningful estimates of the 
chemical composition of granitic pegmatites (see 
table 3). 


Figure 5. Small pegmatite body cutting through 
granite at the Fletcher stone quarry near 
Westford, Massachusetts. Both the pegmatite and 
enclosing granite are composed of feldspars, 
mica, and quartz, but within the pegmatite the 
crystals are much larger. In addition, the 
crystals near the center of the pegmatite are 
larger than those along the outer margins. 
Photo by Richard H. Jahns. 


Common granitic pegmatites show little devi- 
ation from typical granite chemistry (compare 
columns 1 and 2 in table 3). In contrast, those that 
contain small amounts of unusual minerals ex- 
hibit marked enrichments in a variety of rare ele- 
ments (table 3, column 3). Lithium, beryllium, 
boron, and fluorine, in particular, are essential 
constituents in several important gem minerals. 
Despite their small total amounts (seldom over 2 
wt. %, expressed as oxides}, the concentrations of 
these and other rare elements in some granitic 


TABLE 2. Some of the more important gem pegmatite regions. 


Region Tourmaline —_ Beryl Spodumene 


Topaz 


Quartz Garnet 


Afghanistan/Pakistan 
Brazil 
Madagascar 
Mozambique 
Namibia 
Soviet Union 
Ural Mountains 
Transbaikalia 
Ukraine 
East Africa 
United States 
New England 
Colorado 
California x 


>< >< >< >< >< 
<x >< >< >< 


>< >< >< >< «x >< >< >< OK 


< 
<>< >< << >< OK 


<< >< x >< 
<< >< >< 


>< >< KOK 
>< < << << >< 


x >< 
«x >< 
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TABLE 3. Chemical and mineralogical comparison of 
granite and granitic pegmatites. 


Component/ Common Gem-bearing 
phase Granite? pegmatite® pegmatite® 
Chemistry 
SiO» phe 72.34 74.2 i 70.22 
AlsO3 : 14.34 15.0 17.20 
FeO + FesO4. 1.81 0.6 1.76 
TiO» 0.26 — — 
MnO P 0.02 _ 0.28 
H2O 0.36 0.6 0.39 
gO 0.37 _ trace 
CaO 1.52 0.3 1.36 
NasO 3.37 46 4.45 
KO 5.47 4.2 2.85 
Li,O _ — 1.49 
P5Os, — 0.3 0.07 
F — 0.1 0.11 
BsO3 — _ 0.18 
BeO — trace trace 
Rb20 + Cs20 =_ = trace 
Total 99.86 99.9 100.36 
Mineralogy 
Major phases — Microcline Microcline Microcline 
Quartz Quartz Quartz 
Plagioclase Alpite Albite 
Muscovite Muscovite Muscovite 
Biotite 
Minor phases Bery! Beryl 
Tourmaline Tourmaline 
Apatite Apatite 
Garnet Garnet 
Spodumene 
Rhodizite 
Lepidolite 
Hambergite 
Danburite 


9Westerly granite, Westerly, Rhode Island (Tuttle and Bowen, 1958). 
Diamond Mica pegmatite, Keystone, South Dakota (Norton, 1970). 
°Gem-bearing pegmatite, Manjaka, Madagascar (Schneiderhohn, 1961). 
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Figure 6. View of the 
Harding pegmatite in Taos 
County, New Mexico. 
Several internal zones are 
visible as colored bands with 
differing texture and mineral 
content. This large, complex 
pegmatite, approximately 
80 m thick, is rich in lithium 
minerals and rare elements, 
but apparently crystallized 
at too great a depth in the 
crust to allow for the 
formation of gem-bearing 

8 pockets. The elongate, 
light-colored crystals are 
common spodumene 
reaching 5 m in length. 
Photo by Richard H. Jahns. 


pegmatites can exceed by several orders of magni- 
tude the amounts found in other rocks. In fact, the 
mining of pegmatites for rare elements, or even for 
the common pegmatite minerals, has at times 
been of far greater economic importance than the 
mining of pegmatites for gemstones. For instance, 
the Harding pegmatite (figure 6) was an important 
wartime source of beryl for beryllium, of lepidolite 
and spodumene for lithium, and of microlite for 
tantalum. 


DESCRIPTIVE CLASSIFICATION 


Efforts over the past century to better understand 
granitic pegmatites and their distinctive features 
have led to numerous attempts to classify them 
according to some logical framework. Most early 
schemes were descriptive in nature, and were 
based on various observable features such as shape 
or key minerals (see Landes, 1933; Jahns, 1955; 
Vlasov, 1961; Cerny, 1982). One of the most 
widely accepted of these descriptive classifica- 
tions was summarized by Heinrich (1956). This 
scheme, which is still useful today, divides grani- 
tic pegmatites into three types on the basis of in- 
ternal structure: 


1. Simple (figures 5 and 7a)—lack any segre- 
gation of minerals; may or may not display 
a systematic variation in texture; consist 
mostly of common silicate minerals with 
accessory minerals on some occasions. 


2. Zoned (figures 7b, 8, and 9}—possess dis- 
tinct internal zones of contrasting mineral 
content and texture; often larger than the 
simple types; consist of common silicate 
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[| Granitic host rock 


Figure 7. Idealized 
diagram showing internal 
structural relationships in 

simple (aj, zoned (b), 
complex (c), pegmatites. 
Artwork by Christine L 


| Core zone: quartz 


Wilson; adapted from 


Ae 


No internal zones: quartz— microcline— muscovite 
fe Wall zone: quartz — plagioclase — microcline — muscovite — biotite 


el Intermediate zone: microcline— plagioclase — quartz — muscovite 


fe] Core zone: quartz—spodumene 


Lo Gem pockets— secondary replacement minerals 


Jahns (1953). 


minerals and various accessory species; 
minerals become more coarse grained to- 
ward the interior of the pegmatite. 


3. Complex (figures 6 and 7c}—similar to the 
zoned types except also exhibit extensive 
mineral alteration and replacement; often 
contain high concentrations of rare ele- 
ments and unusual minerals. 


Simple pegmatites are by far the most numer- 
ous, while complex pegmatites are the least com- 
mon but of greatest interest to the geologist and 
miner. Giant crystals, rare elements, and gem 
minerals are generally restricted to zoned and 
complex pegmatites. 

Minerals found in the latter two types of 
pegmatites are arranged in layers or zones. As il- 
lustrated in figures 8 and 9, in an ideal situation 
these shell-like zones are concentrically disposed 
around an innermost core and tend to follow the 
exterior shape of the pegmatite body. Although the 
internal structure of many zoned pegmatites is 
rarely so uniform, and may be quite complicated, 


70  Gem-Bearing Pegmatites 


fieldwork at numerous localities has documented 
a basic internal arrangement of minerals in 
pegmatites that is generalized in table 4. In the 
field, recognition of this mineral arrangement in a 
pegmatite is of enormous help both to the student 
of pegmatites and to the miner (Sinkankas, 1970). 


GENETIC CLASSIFICATION 


Building on the earlier studies, more recent at- 
tempts to classify granitic pegmatites have em- 
phasized the geologic environment of pegmatite 
formation rather than descriptive details. For ex- 
ample, an alternative scheme proposed by 
Ginzburg et al. (1979; summarized in Cerny, 1982) 
uses the conditions present at various levels in the 
earth’s crust to help explain observed differences 
in the nature of pegmatites. They recognized four 
classes of pegmatites: 


1. Those formed at very great depth (more 
than 11 km), which are generally unzoned 
and possess little economic mineralization 
other than occasional concentrations of 
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uranium, thorium, and rare-earth ele- 
ments. 


2. Those formed at great depth (approximately 
7-11 km}, which may be zoned, are gener- 
ally rich in mica, but have few rare ele- 
ments. 


3. Those formed at intermediate depth (ap- 
proximately 3.5—7 km}, which are often 
zoned, may contain small crystal-lined 
pockets, and possess a number of rare ele- 
ments. 


4. Those formed at shallow depth (less than 
3.5 km), which are zoned, and which some- 
times contain rare elements and gem 
pockets. 


Ginzburg et al. further contend that at very 
great depth pegmatites are formed largely through 
the partial melting or metamorphic recrystalliza- 
tion of existing rocks essentially in place, while at 
lesser depths pegmatite formation becomes more 
and more an igneous process involving the injec- 
tion of a magma (molten rock} and its subsequent 
crystallization. 


OCCURRENCE 


Geologic Setting. Compared to most other rock 
types, pegmatites are relatively rare, yet they are 
widely scattered in the earth’s crust and can be 
locally abundant. Pegmatites tend to be most 
common in particular geologic settings, generally 
where igneous or metamorphic rocks are exposed 
at the earth’s surface (Jahns, 1955; Schneiderhohn, 
1961; Cerny, 1982). Those pegmatites formed at 
very great depths are usually found in metamor- 
phosed rocks that comprise the ancient cores of 
continents (e.g., the uranium-—rare-earth peg- 
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Figure 8. View of the Oregon No. 2% 
pegmatite in the South Platte pegmatite 
district, Jefferson County, Colorado. 
This zoned granitic pegmatite is a 
vertical, column-shaped body with an 
exceptionally well-developed internal 
arrangement of minerals. The feldspar- 
rich intermediate zones were removed 
during mining operations, while the 
central quartz core was left standing. 
The pegmatite body is approximately 
70m in diameter. Photo by William B. 
Simmons, Jr. 


Granitic host rock 
Wall zone: quartz —microcline—biotite 


Intermediate zone: microcline 


iit if 


Core zone: quartz 


ae 


Figure 9. Idealized block diagram of a zoned 
granitic pegmatite similar to the one shown in 
figure 8. Note the horizontal and vertical zone 
structure and the apparent outcrop pattern 
resulting from the different levels of exposure 
possible. Artwork by Christine Wilson; adapted 
from Simmons and Heinrich (1980). 


matites near Bancroft, Ontario}. Those formed at 
deep and intermediate depths occur in folded and 
metamorphosed rocks in mountain belts (e.g., the 
mica pegmatites in the Soviet Union, and the 
beryl-spodumene pegmatites of the Black Hills, 
South Dakota). The shallow-depth pegmatites are 
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associated with large, buried masses of intrusive 
igneous rocks, known as plutons or batholiths, 
that frequently underlie mountainous areas (e.g., 
the gem-bearing pegmatites of southern Califor- 
nia, of the Hindu Kush region of Afghanistan, and 
of Minas Gerais, Brazil}. Pegmatites in each of 
these depth-of-formation categories gradually be- 
come exposed at the surface over geologic time by 
either erosion or large-scale mountain uplift, and 
thereby become accessible. 


Genetic Relationships. The close petrologic rela- 
tionship that is sometimes apparent between 
pegmatites and plutonic igneous rocks has been 
taken as evidence that most pegmatites them- 
selves result from the crystallization of silicate 
magmas. However, this connection is most obvi- 
ous for the shallow pegmatites. As depth increases, 
metamorphic processes seem to play a greater role 
in pegmatite formation. 


Age. The ages of pegmatites span much of the 
geologic time scale from 3.9 billion to less than 100 


million years ago. As might be expected from their 
frequent occurrence in mountainous regions, 
pegmatites can often be correlated in age with the 
corresponding orogenic (mountain-building) 
periods, 


Size. In general, pegmatites are rather small rock 
bodies, although quite large ones do occur. Out- 
crops of pegmatites have been observed to range 
from centimeters to meters in minimum dimen- 
sion and up to several kilometers in maximum 
dimension (e.g., compare figures 5 and 6). Typi- 
cally, pegmatite bodies are completely enclosed by 
other kinds of rocks. The actual dimensions of 
pegmatites are often difficult to estimate, not only 
because they are frequently irregular in shape, but 
also because very little of the pegmatite is exposed 
on the surface. 


Shape. Pegmatites are among the least regular and 
most varied in shape of all rock bodies. This wide 
diversity can be attributed to a number of factors, 
including the depth of formation, the mechanical 


TABLE 4. Some generalized features of internally zoned granitic pegmatites.@ 


Mineralogy 
Zone Thickness Texture (accessory phases) Other comments 
Border Usually a few centime- Fine-grained Plagioclase-quartz- May or may not have 
ters, but sometimes muscovite (garnet, sharp contacts with the 
thicker tourmaline, other surrounding host rocks 
phases) 
Wall Usually on the order of Generally coarser than Plagioclase- May not be continuous 
several meters border zone microcline-quartz or of uniform thickness 
(muscovite, beryl, tour- around the entire 
maline, garnet, other pegmatite 
phases) 
Intermediate Each zone may reach Progressively coarser Microcline-quartz- May consist of anumber 
(possibly several meters in thick- grain size proceeding spodumene-amblygonite- of distinct zones of dif- 
several ness depending on the inward, some giant muscovite-plagio- fering mineralogy; each 
zones) size and shape of the crystals; innerrnost clase (tourmaline, may or may not com- 
pegmatite zones may contain phosphate minerals, pletely enclose the 
some pocket-rich areas beryl, other phases) central core; interme- 
diate zones contain the 
giant crystals and 
comprise the bulk of the 
pegmatite; unusual 
minerals often con- 
centrated toward core 
Core Up to several meters in Variable—may contain Quartz-spodumene- Core zone may be 


thickness depending on 
the size and shape of 
the pegmatite 


both coarse- and fine- 
grained material; some 
giant crystals; may in- 
clude pocket-rich areas 


microcline (tourmaline, 
lepidolite, beryl, topaz, 
gem minerals, other 
phases) 


composed of several 
segments; gem pockets 
often located on the 
contact between the 
core and the enclosing 
intermediate zones 


aAdapted from Cameron et al. (1949} and Norton (1983). 
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Figure 10. Portion of an open gem pocket in the 
famous Himalaya pegmatite of Mesa Grande, 
California, with multicolored crystals of gem 
tourmaline up to several centimeters in length 
along with pale crystals of feldspar and quartz. 
Photo by Michael Havstad. 


properties of the host rock at that depth, and the 
tectonic and metamorphic processes that took 
place at the time of formation. Shallow pegmatites 
often forni'sheet-like dikes, veins, or lenses that 
occur along faults or fractures in pre-existing host 
rocks. Deéper pegmatites, on the other hand, tend 
to be elliptical or ovoid as a result of the more 
plastic character of the enclosing rocks at depth. 


OCCURRENCE OF GEMSTONES 


Gemstones never constitute more than a small 
portion of any pegmatite body. Certain of the more 
common gem minerals, such as tourmaline, beryl, 
and spodumene, can occur as giant crystals in the 
intermediate or core zones of pegmatites. How- 
ever, such large crystals are almost always highly 
fractured and clouded with inclusions, and conse- 
quently are of little or no gem value. The smaller, 
transparent crystals of these and other gem min- 


erals are generally found only in pegmatite cavi- 


ties, or “pockets.” 

Pockets are irregular openings in otherwise 
solid pegmatite (see figure 10). As found today, 
these pockets are usually filled partly or complete- 
ly with clay, but during pegmatite crystallization 
they provided the necessary open space into which 
crystals could grow unimpeded, thereby attaining 
a very high degree of internal and external perfec- 
tion. 

Pockets are most common in the complex, 
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internally zoned pegmatites, but even here they 
are infrequent. Although pocket-bearing granitic 
pegmatites are widespread in such regions as 
Minas Gerais, Brazil, and southern California, 
Jahns (1955) suggested that these cavities probably 
occur in less than one percent of all known 
pegmatites. Furthermore, few pocket-bearing 
pegmatites have the rare elements necessary for 
the formation of gem minerals in high-quality 
transparent crystals (figure 10}. In fact, most con- 
tain only crystals of the basic constituents of the 
pegmatite itself, namely quartz, feldspars, micas, 
and schorl. 

Even within the same pegmatite body, pockets 
can vary greatly in size and shape. Most are less 
than several centimeters in diameter, but a few 
several meters across have been reported. Never- 
theless, the total volume of pockets is usually triv- 
ial in comparison to that of the enclosing 
pegmatite. There seems to be no particular rela- 
tionship between the dimensions of the pegmatite 
and the number, size, or shape of its pockets. Even 
within the same pegmatite region, some 
pegmatites are remarkably rich in pockets (e.g., the 
Himalaya pegmatite shown in figure 11), while 
others have few if any. 

Pockets are usually found within the central 
core or along the margins between the core zone 
and the enclosing intermediate zones. The mineral 
content from one pocket to another, even in a 
given pegmatite, is likely to vary considerably. 

Figure 12, a diagram of an actual gem pocket 
found in a granitic pegmatite in southern Califor- 
nia, illustrates several important characteristics of 
gem pockets. Pocket crystals are firmly rooted in 
the surrounding massive pegmatite, but in the 
open space of the pocket they are able to grow 
freely and thereby develop regular crystal faces. 
Crystals of feldspar and quartz are usually larger 
and more abundant than those of any gem min- 
erals that may be present. Pocket crystals are often 
distributed nonuniformly, as is the case with the 
pocket in figure 12, where tourmaline was only 
found in place on the roof of the cavity. In some 
instances these crystals are etched or corroded as a 
result of chemical attack (see figure 13) and may 
exhibit replacement by secondary minerals. Bro- 
ken crystals of feldspar, quartz, tourmaline, and 
other minerals that once grew from the walls are 
sometimes found scattered about in the pocket, 
usually embedded in clays that formed after the 
crystals had finished growing. Few gem species are 
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found in any one pocket—in this case tourmaline 
was the only gem mineral present. 

Some gem minerals exhibit compositional zo- 
nation to a varying degree within individual crys- 
tals. In an extreme example, such as tourmaline, 
this zonation is reflected in color zoning. That is, 
tourmaline crystals may have black, opaque 
{schorl} roots in the solid pegmatite and become 
pink, green, blue, etc. (elbaite} as they approach 


Figure 11. Underground mine view of 
the Himalaya pegmatite. The 

Bm) pegmatite, only about 1 m thick, is 
remarkably rich in gem pockets and 
has been a noted producer of gem 
tourmaline. The pegmatite consists of 
tan and grayish feldspars, grayish 
quartz, pink lepidolite, and black 
schorl. The light-colored areas along 
the central portion of the pegmatite 
are newly exposed butstill intact gem 
pockets. Within the pockets, crystals 
of gem tourmaline are embedded 

in clays and other secondary 
alteration minerals. Photo by 
Michael Havstad. 


and project into a pocket. 

Miners often use the color changes in tourma- 
line embedded in the massive pegmatite as an in- 
dication that a pocket area may be close by. Other 
indicators are the presence of lepidolite, the in- 
creased transparency of quartz, the black staining 
of the pegmatite by manganese oxides, extensive 
rock alteration, and the presence of clays. Miners 
quickly learn, however, that each pegmatite is 


Figure 12, Diagram of a mapped, vertical cross section through a small, tourmaline-bearing gem pocket 
in the Stewart pegmatite, Pala, California. Crystal fragments of quartz and gem tourmaline, broken 
during the final stages of pocket formation, are embedded in the pocket-filling clay material. 
Artwork by Christine Wilson; adapted from Jahns (1979). 
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unique, with its own set of pocket indicators. They 
also learn that, despite careful attention to these 
clues, the location of productive gem pockets is 
still largely a matter of luck and hard work. 


THE GENESIS OF GEM PEGMATITES 


Although in the past there has been considerable 
disagreement among geologists regarding the ori- 
gin of granitic pegmatites, there is a general con- 
sensus today that at least the shallower ones 
formed by crystallization from a magma. Numer- 
ous theories have been proposed to explain the 
formation of pegmatites via magmatic crystalli- 
zation (see Landes, 1933; Jahns, 1955), but perhaps 
the most widely accepted general model is that of 
Jahns and Burnham (1969, also see Jahns, 1953, 
1979, 1982). Their model is based on the work of 
many early investigators, notably Fersman (1931). 
The key points of this genetic model relevant to 
internally zoned granitic pegmatites containing 
gem minerals are described below. 


Starting Materials. The starting material for a 
gem-bearing pegmatite is a volatile- and rare 
element—rich silicate magma derived from the 
final stages of crystallization of certain granitic 
magmas. ‘Water is the most important volatile 
constituent of this pegmatite magma; however, 
other volatiles—such as fluorine, boron, lithium, 
carbon dioxide, and/or phosphorus—may be pres- 
ent. The rare elements include beryllium, cesium, 
niobium, tantalum, and tin, among others. Both 
groups of constituents may be present at much 
higher levels in pegmatite magmas than in the 
parent granitic magmas. 


Emplacement and Initial Crystallization. This 
pegmatite magma is injected into fractured rock in 
the upper portion of the crust; as the temperature 
falls, the magma begins to crystallize. Mineral 
formation begins at the outer margin of the 
pegmatite magma chamber at temperatures 
somewhat below 1000°C. Plagioclase feldspar, 
quartz, and muscovite mica crystallize first as the 
fine-grained border zone. Later, these are joined in 
the coarser-grained intermediate zones by mi- 
crocline feldspar and additional minerals, such as 
common spodumene and beryl. 


Concentration of Volatiles. The major chemical 


elements of the pegmatite magma determine the 
nature of the abundant, first-formed minerals such 
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Figure 13. This crystal of gem green beryl from 
the Ukraine region of the Soviet Union 

(9 x 17.5 cm) displays intriguing surface features 
caused by chemical etching that took place 
subsequent to its formation in a pegmatite gem 
pocket. Photo © Harold & Erica Van Pelt. 


as feldspars, quartz, and micas. Because of their 
chemical and structural makeup, the early-formed 
minerals cannot, for the most part, incorporate the 
volatiles or rare elements present in the magma. 
As a result, these components are preferentially 
retained in the magma, where they become pro- 
gressively concentrated. As crystallization con- 
tinues with further cooling, the water content of 
the magma eventually reaches a saturation level. 
At this point, an aqueous fluid, rich in volatiles 
and certain rare elements, separates from the re- 
maining pegmatite magma at between 750° and 
650°C. 


Nature of Aqueous Fluid. The physical properties 
of this aqueous fluid are markedly different from 
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those of the magma and, therefore, the fluid greatly 
affects the subsequent crystallization of pegmatite 
minerals. The much lower viscosity of the aque- 
ous fluid permits the rapid transport of chemical 
nutrients to the growing crystals, thereby promot- 
ing their growth in the innermost zones of the 
pegmatite. Its greater concentration of volatiles 
and many of the rare elements contributes to the 
partitioning of elements between magma and 
fluid, and thereby to the segregation of minerals in 
separate zones. In addition, vertical segregation of 
minerals has been attributed to the rise of the 
less-dense fluid within the pegmatite magma 
chamber. The aqueous fluid seems, in general, to 
be a superior solvent. Minerals crystallize from it 
at lower temperatures, and can grow to greater 
size, than from the magma. The fluid also tends to 
redissolve some earlier-formed minerals with 
which it comes in contact. This fluid is probably 
responsible for much of the secondary mineral re- 
placement observed in complex pegmatites. 


Intermediate Stages of Crystallization. The 
volatile-rich, aqueous fluid continues to exsolve 
from the magma as crystallization proceeds, and 
minerals in the inner zones of the pegmatite form 
in the presence of both the fluid and the magma. 
The last remaining magma eventually disappears 
at temperatures between 600° and 500°C. The in- 
nermost portions of the pegmatite are now occu- 
pied by large crystals of feldspar and quartz (and 
possibly common spodumene or bery]) with a few 
isolated, intervening “pockets” of trapped fluid. 


Formation of Pocket Crystals. The formation of 
minerals in open pockets is the final stage in the 
primary crystallization of the pegmatite. With de- 
creasing temperature (600° to 400°C) and rising 
internal pressure (resulting from the release of vol- 
atiles), crystallization continues from the fluid. 
Euhedral crystals of various minerals are able to 
form from the fluid within the open space of the 
pockets. At this stage, the concentrations of cer- 
tain rare elements may reach sufficiently high 
levels for the crystallization of corresponding unu- 
sual minerals. In some instances, non-gem-quality 
crystals projecting into the pocket continue to 
grow and attain a more flawless, gemmy termina- 
tion. This continued mineral growth is accompa- 
nied by changes in the chemical composition of 
the fluid which, in turn, are reflected in corre- 
sponding changes in some minerals {i.e., as exem- 
plified by the color zonation of tourmaline}. The 
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occurrence of abundant liquid inclusions in many 
pocket crystals (and the gems faceted from them} 
attests to their growth from an aqueous fluid. The 
final temperature for mineral crystallization from 
this fluid may be as low as 250°C. 


Evolution of the Pocket. Unfortunately, the chang- 
ing fluid chemistry, coupled with decreasing tem- 
perature and increasing pressure, can eventually 
lead to the destruction of many pocket crystals. In 
addition, earlier-formed minerals may become un- 
stable in contact with this highly reactive fluid. As 
a result, some pockets are found to contain only 
the remnants of what may have been gem-quality 
crystals altered to secondary minerals such as 
lepidolite mica and montmorillonite clay. Most of 
those pockets that ultimately produce gem min- 
erals are thought by some to have undergone a 
final, very important step. This step involves the 
leakage of volatile fluids through breaks in the 
pocket walls that may have resulted from one or 
more of a number of possible mechanisms: 


1. Increase in fluid pressure within the pock- 
ets that eventually exceeds the confining 
pressure or strength of the surrounding 
massive pegmatite. 


2. Cooling and contraction of the pegmatite 

body. 

3. Earth movements in the vicinity of the 

pegmatite body. 

If the leakage of volatiles is gradual, the pocket 
crystals will remain intact. Unfortunately, evi- 
dence indicates that the pocket fluid often escapes 
rapidly, resulting in a very sudden drop in pressure 
and a consequent dramatic decrease in tempera- 
ture. The resultant “thermal shock” is thought to 
be responsible for much of the internal fracturing 
often observed in gem crystals, as well as for the 
shattered fragments of crystals found on the floors 
of many gem pockets or embedded in the pocket 
clay. The fluid lost from the pocket is injected into 
fractures in the surrounding pegmatite where it 
results in the replacement of earlier-formed 
minerals. 

Depth of formation is an important factor in 
determining whether pocket rupture will occur. It 
also seems to be a factor in determining whether 
pockets will form at all, because pockets are only 
found in the shallow and intermediate-depth 
pegmatites. It has been suggested that the separate, 
less dense, aqueous fluid phase, thought to be re- 
quired for pocket formation, is only able to exsolve 
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from the magma under the lower confining pres- 
sures experienced by pegmatites formed at shal- 
lower depths. This would explain the apparent 
lack of pockets in deeper pegmatites and the ab- 
sence of pockets altogether from pegmatites in 
many parts of the world. 


SUMMARY 


Pegmatites are among the most geologically inter- 
esting and gemologically important types of rocks 
exposed at the earth’s surface. They are crystalline 
rocks that are often characterized by highly varia- 
ble texture, giant-size crystals, unusual minerals, 
and concentrations of rare elements. Pegmatites 
originate from residual magmas derived by partial 
melting of crustal rocks or as products of the final 
stages of igneous crystallization. Crystallization of 
these magmas, which are sometimes rich in vola- 
tiles and rare elements, gives rise to the distinctive 
mineral content and textural features of peg- 


matites. A small percentage of pegmatites contain 
well-formed crystals of gem minerals in pockets in 
their interiors. 

With the increased demand for colored gem- 
stones, the mining of pegmatites for gem material 
will continue to be an activity of small seale but 
great economic importance. This demand is lead- 
ing to accelerated exploration of pegmatite regions 
for new sources not only in long-established areas 
such as Brazil and southern California, but also in 
newly discovered or recently accessible areas such 
as East Africa, Madagascar, and Afghanistan. 
Gem-bearing pegmatites are most likely to be 
found in geologic environments where the 
pegmatite magmas crystallized at shallow crustal 
depths. Pegmatites that form in other geologic 
settings hold less promise as sources of gemstones 
because physical and chemical conditions in these 
instances seem to preclude the formation of open 
pockets and, therefore, gem crystals. 
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GEM PEGMATITTES OF MINAS GERAIS, 
BRAZIL: EXPLORATION, OCCURRENCE, 
AND AQUAMARINE DEPOSITS 


By Keith Proctor 


The northeastern portion of the state of 
Minas Gerais, Brazil, contains the world’s 
greatest concentration of complex granitic 
pegmatites, which are especially noted for 
the production of gem beryl, chrysoberyl, 
topaz, tourmaline, and kunzite. Pegmatite 
gemstones were first found in this region 
over 400 years ago; in the last 100 years, 
Brazil has supplied most of the world 
market for these five gemstones. As the 
first of a series of articles on this region and 
these gem materials, this article reviews 
the early exploration for gemstones, their 
occurrence, and the mining methods and 
miners responsible for the development of 
the deposits. Focus is then given to some of 
the major deposits of aquamarine and 
other beryls, especially in the Teofilo 
Otoni—Marambaia and Jequitinhonha 
River valley districts. 
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illions of carats of fine gem aquamarine, tourma- 

line, topaz, chrysoberyl, and kunzite have come 
from northeastern Minas Gerais in this century. Their 
source is the complex series of granitic pegmatites found 
throughout this 233,000 km? (90,000 sq. mi.) region. Their 
chief producers were the colorful garimpeiros who ex- 
tracted them from the thousands of diverse deposits in this 
region. The result is some of the most beautiful gems ever 
to appear in fine jewelry (figure 1). 

This series of articles reviews the most important 
pegmatite deposits in this region for the five types of 
gemstones mentioned above (figure 2). Because of the 
enormous complexity of the area, the author has at- 
tempted to simplify the discussion by grouping the occur- 
rences into districts. Although the districts are seldom as 
sharp as indicated on the map in figure 2, they do help 
manage this unwieldy subject. 

The story of the gem pegmatite deposits of Minas 
Gerais begins over 400 years ago with the first expeditions 
into the interior of Brazil. This article continues with a 
discussion of early mining in the area, the geochemistry 
and geologic development of the pegmatite deposits, and 
the mining methods used in recent times. Following this 
introduction, the major deposits of aquamarine and other 
beryls are described, including associated minerals, major 
specimens produced, geologic occurrence, and production 
figures where available. Future articles in this series will 
deal with the major tourmaline, topaz, chrysoberyl, and 
kunzite deposits in this important region. 


HISTORY, OCCURRENCE, 
AND MINING 


EARLY EXPLORATION AND MINING 

Brazil was discovered first by the Spaniard Vincente 
Pinyon in 1500 and then by Portuguese navigator Pedro 
Cabral that same year. Cabral was looking for spices, 
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precious metals, and a route to the Far East for the 
Portuguese crown. He found none of these, and one 
of his pilots even reported in a letter, “It can be 
said, we found nothing profitable” (Lucio, 1980). 
For the first 50 years, settlement and develop- 
ment were limited entirely to the coastal areas, 
where no gold or precious gems were to be found. 
Within this short time, however, the new colony 
became a major producer of sugar cane, dyes (from 
the Brasil tree), and timber. But the Portuguese 
crown was not satisfied with this wealth; frus- 
trated at not having discovered gold, as the 
Spaniards had in the regions that are now Mexico 
and Peru, they pushed incessantly for the explora- 
tion of the vast interior territory to the west. 
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Figure 1. These stones 
represent the variety of fine 
aquamarines found 
throughout the Minas Gerais 
pegmatite region. The 54-ct 
stone in the brooch at the top 
of the photo is from the 
famous Marta Rocha crystal; 
the approximately 35-ct 
stone in the ring is from the 
Medina mine. Photo © 
Harold ew Erica Van Pelt; 
courtesy of Jules Sauer 
(Sauer, 1982). 


Letters written in 1500 by Pero Vaz de 
Caminha to King Manoel I made reference to the 
existence of gold and silver in the colony, but 
omitted proof of such discoveries (Burns, 1965). 
Although local Indians wore no ornaments of gold, 
they told stories of its existence deep within the 
interior. The Indians did wear “precious stones,” 
and when they described a green gemstone com- 
monly found inland, the Portuguese greedily as- 
sumed that it was emerald. They began to plan 
large expeditions to explore and colonize the inte- 
rior (Ball, 1930, Bank, 1979; Zeitner, 1979, Lucio, 
1980; Moura, 1981). 

The major barrier to exploration was the range 
of mountains that borders much of the coast of 
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Figure 2. This map of the northeastern portion of 
Minas Gerais, Brazil, shows the major gem 
pegmatite deposits in this region. Three of the four 
major aquamarine districts discussed are shaded 
in blue here (for the broad Governador Valadares 
region, only cities near major deposits are noted). 
Two of the better-defined tourmaline districts 

are also shaded. red for the district that has produced 
many of the most important rubellite deposits; 
green for the one responsible for much of the finest 
green and blue tourmaline. Blue topaz, not shown 
on the map, was found to occur with tourmaline 
in the Limoeiro and Xanda mines. Colorless 
topaz, often treated to produce blue, is found over 
the entire Tedfilo Otoni~Marambaia district. 
(Sources: Ferraz, 1929; Freyberg, 1934; 
Calmbach, 1938; Sinkankas, 1974, 1981; and 
field investigations of the author.) 


Brazil; it was so heavily forested that passage was 
almost impossible. The area now called Minas 
Gerais (General Mines) could only be entered via 
the valleys of the six major rivers that drained the 
region. Portuguese pioneers made four large expe- 
ditions up these river valleys in the years 1554, 
1568, 1571, and 1674 (see figure 3}. 

The first expedition was led by Francisco 
Spinoza. His bandeirante group, so-called because 
of the banners the men carried on their horses, 
took a torturous route following the Jequitinhonha 
River to the region where the cities of Serro and 
Diamantina exist today (Caldgeras, 1904; Abreu, 
1937, 1965; Sousa, 1943; Paiva, 1946). 

No emeralds or gold were found during this 
grueling three-year, 1,800-km expedition, but it is 
highly likely that Spinoza’s men brought back the 
world’s first recorded gem tourmaline (Ball, 1930). 
In his book De Rerum Fossilfum, published in 
1565, Conrad Gesner provided a quaint woodcut of 
an elongated, striated crystal with a pointed ter- 
mination which he called ’Smaragdus Bresilicus 
cylindri specie” (“A cylindrical species of Brazilian 
emerald’’). The appearance and description of this 
striated crystal indicate that in fact it was tourma- 
line (Sinkankas, 1974, 1981). 

The second expedition (1568) was commanded 
by the explorer Martim de Carvalho after he was 
tempted by some “green stones” brought to Pérto 
Seguro—the earliest seaport—by the Indians from 
the interior (Bastos, 1972, 1981; Moura, 1981). 
These were thought to be emeralds, like those 
reported from Colombia. Carvalho’s bandeirante 
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group also followed the Jequitinhonha River to the 
mountains of Itacambira. From there the 
bandeirantes proceeded southeast to what is now 
Minas Novas, where they-discovered sands bearing 
gold nuggets (Moura, 1981]. Carvalho also brought 
back “Brazilian emeralds,” just like the crystals he 
had originally seen at Porto Seguro. 

The green stones were shipped to Portugal, 
where they were cut and subsequently set in the 
crown of Nossa Senhora da Penha. Only after 
many years had passed were the “Brazilian emer- 
alds” identified as green tourmalines (Bastos, 
1972). Bank (1979) and Sinkankas (1974) point out 
that for over 300 years a number of gemological 
treatises continued to use the term Brazilian em- 
erald for green tourmaline. 

A third expedition, led by Fernandez 
Tourinho, departed in 1571 and traveled by way of 
the Doce River until they passed the site of the 


Figure 3. The routes taken by the four major 
bandeirante groups that entered what is now the 
state of Minas Gerais in search of gemstones and 
precious metals between 1554 and 1674. 
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present-day gem center Governador Valadares. 
They then proceeded to the headwaters of the 
Suacui Grande River, passing through the region of 
the future Cruzeiro and Golconda tourmaline 
mines. Turning north, the bandeirantes traversed 
three river valleys and entered the richest 
pegmatite region in Brazil, near the present town 
of Aracuaf. They returned to the coast via the 
Jequitinhonha River, but not before discovering 
green and blue tourmaline and blue beryl crystals, 
which they incorrectly identified as emerald, sap- 
phire, and turquoise, respectively (Eschwege, 
1833; Moura, 1981). 

In the early history of Brazilian mining, most 
gems were discovered during the process of testing 
alluvial (placer} gravels for gold, and Paiva (1946) 
gives Tourinho credit for being the first to find 
precious stones by this method. 

A hundred years passed before the fourth and 
most famous of the bandeirante expeditions was 
organized and led by Ferndo Dias Paes Leme to 
search for the fabled “land of emeralds.” In a jour- 
ney that began in Sd0 Paulo in 1674 and lasted 
almost seven years, he and his band of adventurers 
finally stumbled onto the famous “Emerald 
Mountains” (Bank, 1979, Lucio, 1980). 

In the immediate vicinity of today’s famous 
Cruzeiro mine and the village of Sao José da Safira 
{misnamed “sapphire” for the blue tourmaline 
found there}, Paes Leme discovered the first re- 
corded pegmatite—a mountain of mica with the 
green crystals of his dreams. Soon after his discov- 
ery, however, he was taken ill with malaria and 
died. Although he never found true emeralds— 
again, the green crystals were tourmalines—it is 
ironic that Itabira, one of the hamlets his roving 
band settled, later became an important center of 
emerald production in Brazil (Lucio, 1980). 

A total of 128 gems (about 430 g}, including 
“emerald,’’ aquamarine, and topaz, found during 
the expedition were shipped to Lisbon in 1682 
(Paiva, 1946; Moura, 1981}. In 1698 another ship- 
ment of stones was sent to Portugal; and these 
stones, when examined by experts familiar with 
emeralds from India, were pronounced ‘worthless 
tourmaline” (Bastos, 1972; Bank, 1979). 

These bandeirante expeditions, the longest of 
which lasted almost seven years and traversed a 
staggering 10,000 km (6,250 mi.}, were responsible 
for opening Brazil’s enormous interior. Innumer- 
able hamlets along the river valleys were settled by 
expedition members who tired of the march and 
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decided to take advantage of the free land. It is no 
accident that many years later, when the first min- 
ing would be done in alluvial deposits, these ham- 
lets became the major gemstone mining centers. 
Two additional events produced-waves of immi- 
gration that greatly accelerated exploration for 
gemstone deposits: the discoveries of gold near 
Ouro Preto in 1669 and of diamonds near Aragua{ 
in 1721 (Sinkankas, 1974). 

Paes Leme’s discovery of gem-bearing 
pegmatites in 1676 was virtually ignored for al- 
most 200 years because there was no significant 
market for Brazilian pegmatite gemstones. At the 
beginning of the 19th century, however, aquama- 
rine and topaz were mined from near Ouro Preto; 
and in 1811, the first large aquamarine on record, a 
grass-green crystal weighing approximately 7 kg 
{15 lbs.} was found in the headwaters of the Sdo 
Mateus River near Teofilo Otoni (Oakenfull, 1913; 
Calmbach, 1938; Moura, 1981}. In Europe, much 
interest was aroused in Brazilian gems by London 
jeweler, lapidary, and mineralogist John Mawe, 
when he described a great variety of gemstones he 
had encountered during his travels in Brazil and 
offered to supply them on a regular basis (Mawe, 
1812). 


MODERN DEVELOPMENTS 


The key factor in the modern development of 
gemstone mining in Brazil, however, was the col- 
onization of large areas of southern Brazil by Euro- 
pean immigrants starting around 1850. In particu- 
lar, many German families settled in the Teofilo 
Otoni area between 1860 and 1900. 

When shiny, transparent, colored crystals 
began to appear in the burrow excavations of ar- 
madillos and as a result of almost any kind of 
digging activity, the gem-conscious German im- 
migrants immediately recognized the potential 
and sent some of the stones to the lapidary center 
of Idar-Oberstein for examination. Thus was 
forged a close relationship between Brazil and 
Germany with respect to gemstone mining and 
marketing that was to last for many decades to 
come {Rolff, 1968; Lucio, 1980; R. Nash, pers. 
comm). 

From the early 1900s onwards, Lebanese im- 
migrants also established themselves in Teofilo 
Otoni, and the natural association of their tradi- 
tional commercial skills with the industriousness 
of the Germans led to an enduring relationship. 
During the formative years of the Minas Gerais 
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gem trade, the only foreign buyers were the Ger- 
mans and one of the first local export firms was 
that of Abel Jacinto Ganem. 

As early as 1902, a regular system of trading 
was established between Teofilo Otoni and Ger- 
many, with the rough being shipped via the newly 
completed railroad to Caravelas on the coast of the 
state of Bahia. Within a few years, German dealers 
began to make the arduous trek to the small ham- 
let of Teofilo Otoni. In 1907, Abel Jacinto Ganem 
and his partner, Feliciano Bamberg, established an 
office in Idar-Oberstein. 

The first garimpos (a series of mining pits, or 
catras; a garimpeiro is a miner) were started 
around 1900, about 83 km north of Teofilo Otoni 
in the Marambaia valley, which was known to bea 
plentiful source of aquamarine (Lucio, 1980}. In 
late June 1910, a major gemstone discovery was 
made that was to havea profound and lasting effect 
on the development of gem mining in Minas 
Gerais. The largest and most famous gem aqua- 
marine crystal found in this century, weighing 
110.5 kg (244 lbs.) was unearthed at the Papamel 
mine onthe Marambaia River, approximately 20 
km east df the village of Ponto de Marambaia. This 
abraded and waterworn, doubly terminated, hex- 
agonal prism measured 48.5 cm long x 38 cm in 
diameter (19 x 15in.}. The major portion was a fine 
blue-green. The crystal was flawless and so trans- 
parent that one could read print through it from 
end to end (Sinkankas, 1974, 1981). 

The crystal was discovered by the Syrian 
Tanuri brothers, less than one meter below the 
bottom of a colluvial-alluvial pit that had just been 
abandoned in disgust by another miner (Dreher, 
1912; Sinkankas, 1981}. They sold it to two Ger- 
man gem dealers, August Klein and Viktor 
Bohrer-Borges, who happened to be in the area. 
George Kunz (1911} reported the purchase price as 
equivalent to US$25,000 and accurately estimated 
that the crystal would produce 200,000 ct of fin- 
ished gems. August Klein then undertook a 20-day 
struggle to transport the massive crystal to the 
coast, hauling it first by mule 72, km through the 
jungle to the village of Araguat, and then floating it 
by canoe down both the Aracuaf and 
Jequitinhonha rivers to the coast. From there it 
traveled via coastal steamer to the city of Bahia 
(now Salvador), at which point a German steamer 
carried it to Germany (Hahn, 1955; Sinkankas, 
1981). 

After reaching Hamburg, Klein assumed the 
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large wooden crate with its treasure would be 
shipped directly to Idar-Oberstein. Upon reaching 
Idar a few days later, however, he was shocked to 
find that the crystal had not yet arrived. He back- 
tracked to Hamburg and found the crate, uniden- 
tified, sitting in the corner of a freight warehouse 
waiting for a claimant. This time he personally 
escorted the crystal to Idar-Oberstein, where the 
firm Bohrer-Borges took possession and offered it 
for sale for the equivalent of US$139,000. When no 
museum or other institution stepped forward to 
buy the crystal inits entirety, it was cut up and the 
pieces sold individually (Hahn, 1955; Sinkankas, 
1981). The American Museum of Natural History 
in New York City now displays the nearly 6-kg 
remnant (presumably the only uncut piece of the 
Papamel aquamarine} in the J. P. Morgan gem col- 
lection (Gaines, 1976, Anderson, 1978; photo in 
Sauer, 1982, p. 30}. It is interesting to note that the 
Papamel aquamarine is the first crystal on record 
to have been heat treated to obtain its optimum 
blue color (Bank, 1973). The current wholesale 
value of this piece has been estimated at close to 
US$25 million (J. Sauer, pers. comm.) 

News of the selling and asking prices for the 
Papamel crystal precipitated a sudden flurry of ac- 
tivity by Brazilian miners and German dealers 
alike. This enthusiasm stimulated the search for 
aquamarine and eventually contributed to the de- 
velopment of the entire central and northern por- 
tions of the Minas Gerais pegmatite region. 

Aquamarine was popular in Europe even as 
early as 1910; the popularization of tourmaline 
came somewhat later, with the development of 
gemstone mining around the hamlets of 
Governador Valadares and Aracuaf. At this time, 
German dealers could reach Governador Vala- 
dares, 145 km south of Teofilo Otoni, only by 
horseback along a narrow path cut in the jungle 
(Lucio, 1980; Caplan and Wilson, 1980). 

In 1914, the deposit of green and blue tourma- 
line first discovered by Paes Leme in 1676 at Serra 
Resplandecente, near the present-day Cruzeiro 
mine, was rediscovered and mining was begun. 
Magnificent crystals were produced and used for 
cutting (Lucio, 1980). 

In the early 1930s, a garimpeiro named Barbosa 
discovered spectacular four- and five-color gem 
tourmalines at the Cascalho mine on the slopes of 
the Itatiaia mountain range near the town of Con- 
selheiro Pena. These tourmalines, called 
papagaios {parrots} because of their brilliant 
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colors, contributed greatly to the increased 
demand for tourmaline in Europe (R. de 
Vasconcelos and H. Bank, pers. comm.). 

World War II provided the greatest stimulus to 
pegmatite exploration in Brazil. Beryl, mica, 
feldspar, quartz, and lithium minerals—mostly 
pegmatitic in origin—were needed in great quan- 
tities (O'Leary, 1970; Sinkankas, 1974, 1981, 
Lucio, 1980). By 1950, the search for these strategic 
minerals had resulted in the discovery of several 
hundred gemstone mines (Gonsalves, 1949; Pec- 
ora, 1950), and this set the stage for the enormous 
increase in interest in Brazilian gems that followed 
the war. The city of Governador Valadares, the 
commercial hub for strategic minerals in the area, 
became second only to Teofilo Otoni as a 
gemstone center. 

A major impetus to the development of these 
gemstone mines was that the sale of strategic min- 
erals provided a basic income for the mine owners 
while the sale of gemstones provided a margin of 
profitability. For example, some gemstone mines 
in the Governador Valadares area pay for their en- 
tire operation just with sales of mica and feldspar. 

Another vital source of income for gemstone 
miners developed starting in the late 1950s, when 
thousands of mineral collectors worldwide began 
buying rare gem crystals and even competed with 
museums for the best specimens (Sinkankas, 1974, 
1981, Caplan and Wilson, 1980; Lucio, 1980). The 
sale of natural gem crystals and other rare 
pegmatite minerals kept many a mine operating 
during hard times. For example, the Jonas mine 
recently operated for 18 months on the money 
generated from the sale of tourmaline specimens. 


GEOLOGIC DEVELOPMENT OF 
THE PEGMATITE DEPOSITS 


The pegmatite region of the state of Minas Gerais 
is undoubtedly the finest laboratory in the world 
for the study of pegmatite gemology, because it 
contains the world’s largest and richest concen- 
tration of gem-bearing pegmatite deposits. Extend- 
ing approximately 320 km east to west and 720 km 
north to south, it is limited to the eastern and 
northeastern parts of the state (again, see figure 2). 
These deposits were created by a unique combina- 
tion of geochemical, climatic, and other events 
that are briefly summarized below. 


Formation of the Pegmatites. The reader is referred 
to the article by Shigley and Kampf in this issue for 
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a general discussion of the formation of gem 
pegmatites. It is important to note again that al- 
though granitic pegmatites are extremely numer- 
ous worldwide, only a small percentage are gem 
bearing. Yet literally thousands of gem-bearing 
pegmatites are found in Minas Gerais. The granitic 
magmas responsible for the formation of these de- 
posits were not only rich in the more common 
components of silicon, aluminum, iron, mag- 
nesium, potassium, sodium, and calcium, but also 
in the volatiles such as fluorine and chlorine, as 
well as such rarer elements as boron, lithium, be- 
ryllium, manganese, tin, niobium, tantalum, 
phosphorus, and the radioactive elements ura- 
nium and thorium (Cameron et al., 1949; Pough, 
1969; Moore, 1973; Jahns, 1982). The availability 
of this diverse group of chemical elements resulted 
in the formation of thousands of gem pegmatite 
deposits in all stages of mineralogical complexity 
and containing virtually every gem pegmatite 
mineral species known (Sinkankas, 1974, 1981, 
Anderson, 1978}. In most cases in Minas Gerais, 
the gem materials originated in pockets within the 
host pegmatite. 

The events that carved the present landscape 
of Minas Gerais had their beginning so long ago 
that it is estimated that the surface geology we see 
today was actually formed at some depth (at least 3 
km [2 mi.] beneath the original surface before ero- 
sion took its toll}. The pegmatites themselves are 
estimated to be approximately 490 million years 
old (Dirac and Ebert, 1967; Cassedanne and Low- 
ell, 1982), During this period, the older, or ‘“‘base- 
ment,” metamorphic rocks—schists, gneisses, and 
some quartzites— which covered much of the area, 
acted as a “roof’’ capping the upward movement of 
the molten granitic magmas. However, as the 
magmas pushed upward, the overlying basement 
rocks were fractured and the cooling pegmatitic 
magmas were injected into the systems of cracks, 
commonly in an approximate north-south direc- 
tion (Bassett, 1967; Lucio, 1980}. This materia] 
eventually solidified into the primary pegmatite 
deposit, in which the pegmatite body is still en- 
closed in the original schistose or gneissic host 
rocks. Depending on local erosion and weathering, 
as explained below, such deposits exist today in 
various stages of decomposition. 

During the same geologic time period, large 
masses of granitic magma also intruded the frac- 
tured metamorphic rocks vertically and eventu- 
ally solidified as rounded or hump-like forms. 
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gemstones, in the ancient river bed, are 
rounded from having been tumbled. 


Old vein weathered away and 
residual gravels and clays now 
form the Eluvial Deposit 


COLLUVIAL DEPOSIT “spills” (Secondary) 


Decomposed dispersed gem pockets which have 
moved both vertically and laterally down-slope as 
hillside eroded away. These deposits may or may not 
still be associated with primary pegmatite. 


Lies in gravel on the valley floor and the oo 


Figure 4. Diagram of primary 
(pegmatite dike) and 
secondary (eluvial, colluvial, 
and alluvial) deposits. All 
three secondary deposits 
have traveled some distance 
from their original primary 


They were subsequently exposed by erosion to 
form the peculiar domed hills and mountains 
known by the German word inselbergs {island 
mountains} that are common in many parts of 
Brazil (the ‘mountain known as ‘Sugar Loaf,” in 
Rio de Janeiro harbor, is a perfect example). Hun- 
dreds of these tall, deeply grooved, forest-topped 
batholiths, commonly found in the immediate 
vicinity of gem pegmatite deposits, are the most 
prominent physiographic features of the pegmatite 
region of Minas Gerais. These domes represent the 
hardened ‘‘backbones” of the granite intrusions, 
and their presence today is evidence that most of 
the metamorphic “capping rocks’”’ have long since 
eroded away (Dana, 1959; Rolff, 1968; Pough, 
1969; Jahns, 1982). 


Formation of Secondary Deposits. Weathering. As 
a result of extensive uplift and the erosion typical 
of a tropical climate and monsoonal conditions, 
the once-buried schists and gneisses, studded with 
pegmatite dikes, eventually became exposed on 
the surface as “hills,” hundreds of meters higher 
than their present level. Subsequently, this “new” 
surface was again subjected to erosion; the exposed 
pegmatites weathered away along with the rest of 
the hill and shed their treasures on its slopes. The 
sands, clays, gravels, and loose gemstones now 
found blanketing the valley floors, and the red 
lateritic (clay-like} soil found on the slopes, are the 
residues of hillside erosion and contain the de- 
composed and dispersed contents of pegmatites 
{Sinkankas, 1964, 1974). 
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pegmatite. 


A distinctive feature of this entire region is the 
deep chemical weathering of the pegmatite bodies 
brought about by the soil conditions and the 
monsoon-like rains that make mining all but im- 
possible from October through February. In many 
hillside deposits, the pegmatites are commonly 
altered and decomposed to depths of 50 m or more. 
Since pegmatite bodies are generally not large, fre- 
quently the weathered zone extends far beneath 
the pegmatite itself (Bassett, 1967; Sinkankas, 
1974; Lucio, 1980}. The contents of gem pockets 
are also chemically altered, with some of their 
constituents being broken down into secondary 
alteration minerals such as clays (Jahns, 1982). 
Generally, only the gem minerals survive; even 
the feldspar crystals eventually succumb to the 
attacks of water, air, carbon dioxide (carbonic 
acid}, and soil (humic) acids, and alter to crumbly 
white clays principally composed of kaolin. The 
more resistant minerals, such as quartz, beryl, 
tourmaline, and topaz, survive and are found in- 
tact in the “softened’”’ decomposed pocket. 

Miners consider the white kaolin a sign that 
they may be close to gem-bearing pockets. An- 
other indication is the occurrence of pocket resi- 
dues such as fine muscovite mica flakes in the soil 
and, better still, clear or smoky quartz crystals 
with sharp faces. Once they reach such an altered 
deposit, they look for scattered and detached gem 
crystals lying loose in the clay. 


Types of Secondary Deposits. In Minas Gerais, 
then, gemstones are found not just in pockets in 
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the primary pegmatite deposit but also (and more 
commonly) in one of three types of secondary 
deposits —eluvial, colluvial, and alluvial (figure 4). 
The secondary deposits are those that result from 
the complete decay of a gem-bearing pegmatite 
body with consequent release of its resistant min- 
erals into the soil. In these three types of secondary 
deposits, gemstones have all traveled some dis- 
tance from their original pegmatite. Eluvial de- 
posits commonly occur on hilltops; as the hill is 
eroded, the decomposed pocket material moved 
directly downward from the original pegmatite. 
Colluvial deposits are pegmatite materials that 
moved both downward from and lateral to the 
pegmatite as the pegmatite and its enclosing rocks 
eroded; a colluvial deposit may or may not be 
closely associated with its parent pegmatite. 
Sometimes the pocket material is found as a 
“snill” of gem crystals in the red lateritic soil 
below the pegmatite outcrop. A textbook example 
of this deposit type is the Frade aquamarine mine 
near Coronel Murta, discussed later in this article; 
in this case, the resistant pocket crystals are still 
closely associated with the parent body. Lastly 
there are the alluvial deposits, which are always 
found in the valley floors and which contain 
rounded, waterworn stones and gemstones that 
represent gravels of a former or still-existing 
riverbed. The condition of the gem material itself 
usually reflects the distance it has traveled from 
the original pegmatite. Those specimens found 
closer to the primary source have sharper crystal 
faces and are less damaged than those found farther 
away ({i.e., crystals found in the pocket itself are 
usually sharper than those found in the eluvial or 
colluvial deposits, which in turn are less damaged 
than those found in the alluvium]. Interestingly, 
however, although gemstones found in the allu- 
vium are usually smaller and more rounded, the 
material itself is much cleaner, since flawed crys- 
tals erode more easily (see the discussion of the 
Trés Barras aquamarine deposits later in this arti- 
cle}. The exception to this general rule is seen in 
the Frade aquamarine mine, where even crystals 
found in the primary pegmatite are highly frac- 
tured. This is apparently the result of decompres- 
sion explosion and consequent thermal shock dur- 
ing late-stage pocket formation (see Shigley and 
Kampf, 1984). 


MINING METHODS 


Hard-Rock Mining (Primary Deposits). When a 
primary deposit is discovered with the pegmatite 
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and its host rock (schist or gneiss} still unaltered, 
bulldozers, explosives, drills, and other types of 
heavy equipment are required to mine the 
gemstones (figure 5}. These deposits are often the 
richest and most productive (e.g., the Jonas mine} 
because their contents have not yet been altered or 
dispersed. The government grants mining conces- 
sions (registered claims) for such operations be- 
cause of the great expense involved; today there 
are only a few—perhaps 30—of these concessions 
in Minas Gerais (Lucio, 1980). 

For the most part, the hard-rock mining 
methods used in Minas Gerais are simple. Miners 
drill, place dynamite charges, blast, and then clear 
away the rubble by hand or with some type of earth 
mover. However, even in such mechanized opera- 
tions, the miners still resort to hand sorting when 
they reach the gem-bearing pockets. 


Soft-Rock Mining (Secondary Deposits). Histori- 
cally, most of the mining of pegmatite minerals 
has taken place in the altered and dispersed sec- 
ondary deposits that occur by the thousands in 
Minas Gerais. Because of the softness of the earth 
and the fact that the rock has decomposed, only 
the most basic tools—pick, shovel, and sorting 
basket—are needed to free the gemstones (figure 
6]. Many of the pits were started even before the 
turn of the century, when the garimpeiros, or 
miners, could not make a living in agriculture or 
other pursuits. The garimpeiro, usually alone and 
almost always independent, has been a major 
factor in Brazil’s preeminence as a gemstone pro- 
ducer for close to 100 years. 


THE GARIMPEIRO: KEY TO THE PAST, 
QUESTION MARK FOR THE FUTURE 


By federal law, the mineral deposits belong to the 
government, and any licensed garimpeiro may 
work unprohibited on any state-owned lands 
where gems and minerals have been found (and 
also. on many private lands, with the prior consent 
of the owner}. The only exceptions are the regis- 
tered claims granted as concessions. However, the 
garimpeiro must pay a 10-50% commission to the 
landowner on all gemstones found, with the exact 
amount determined by how much equipment and 
food, if any, the landowner gives the garimpeiro as 
his “grubstake.” Only occasionally is the land- 
owner compensated for the damage done to his 
property. 

The garimpeiro labor force is largely landless, 
rootless, and illiterate, but also free and independ- 
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Figure 5. Heavy machinery is often required for hard-rock mining in Brazil. At the Golconda tourmaline 
mine, bulldozers are used to move the overburden and waste from the mine entrance. 


ent and ready to move whenever a “bigger” bo- 
nanza beckons from over the next hillside. At the 
earliest word of a new, more promising find, often 
a veritable army of garimpeiros— many with their 
entire families—will pick up and leave. At each 
new area, the garimpeiro stakes out a few square 
meters of land for his private pit, his rights pro- 
tected by an unwritten but rarely broken code. 
Large, sprawling temporary villages of shanties 
lacking utilities or sanitation have been known to 
spring up overnight. 

Since 1970, however, several events have 
combined to make the garimpeiro almost an en- 
dangered species. During the past 15 years, about 
90% of the garimpeiro mining force has left 
pegmatite mining to obtain steady employment in 
industry, agriculture, and gold mining. 

Because of the lack of coal in Brazil and the 
high cost of its importation, steel companies 
around Itabira have been forced to buy land and 
plant millions of fast-growing eucalyptus trees, 
eventually to be burned into charcoal for use as a 
reducing agent for iron ore in the production of 
steel. Both the reforestation projects and the burn- 
ing of the wood into charcoal are labor-intensive 
pursuits and now employ thousands of former or 
potential garimpeiros {Lucio, 1980). 
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Figure 6. Pick and shovel are the basic tools of the 
garimpeiro searching for aquamarine crystals in 
the “soft rock” of this colluvial pit near the 
bottom of Frade valley. 
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Figure 7. This 40-ct faceted aquamarine sitting on 
the 898-g “Pioneer” aquamarine crystal 
represents the color that would result if the 
natural crystal were cut and the stones heat 
treated, the standard practice with aquamarine 
worldwide. Photo © Harold & Erica Van Pelt. 


In addition, government-financed coffee plan- 
tations have sprung up all over the region. By 1980, 
28 million coffee trees had been planted in the 
Teofilo Otoni region alone, providing jobs for six to 
eight thousand former garimpeiros. Also, land 
under plantations or in reforestation projects is 
lost to gem mining. The entire hillside known as 
the Lavra José de Sousa {lavra means workings}, at 
the famed Trés Barras aquamarine deposit, is now 
covered with coffee trees (Lucio, 1980; Sauer, 
1982). 

Lastly, gold mining offers a more certain 
source of income. Thousands of garimpeiros have 
been lured away to work at just one gold mine, the 
Serra Pelada, in the northern state of Paré; 45,000 
miners work in a single huge pit. This, and other, 
gold-mining ventures are likely to go on for dec- 
ades {C. Barbosa and R. Nash, pers. comm.) 

All of these events have given the descendants 
of the gem-mining garimpeiros a whole new set of 
job options. Many have chosen the security of a 
steady wage rather than the uncertainty of the 
garimpos their parents mined. 

The labor shortage and the depletion of the 
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most easily accessible secondary deposits dictates 
that in the future the great majority of gemstone 
mining in Minas Gerais will have to be done on 
primary pegmatites using more expensive mech- 
anized means (Sinkankas, 1974, 1981; Lucio, 
1980). To produce any kind of volume, even the 
mining of ‘‘softened’’ secondary deposits will re- 
quire mechanization. This situation suggests that 
fewer gems will be produced—at even greater pro- 
duction costs. 

The unique history and geology of the gem 
pegmatite region of Minas Gerais forms the basis 
for the discussion of specific beryl, chrysoberyl, 
topaz, tourmaline, and kunzite deposits that fol- 
low. The beryl (primarily aquamarine) deposits of 
northeast Minas Gerais are the focus of the next 
section presented here; the other gem materials 
will be covered in future articles. 


AQUAMARINE AND OTHER BERYLS 


Virtually all varieties of gem beryl are found in 
Minas Gerais, and all except emerald are of 
pegmatitic origin. While heliodor {yellow or 
golden beryl) and morganite (the pink variety) are 
found in small quantities in some localities, by far 
the most important pegmatitic beryl in Minas 
Gerais is aquamarine. Since the discovery of the 
Papamel crystal in 1910, several other major crys- 
tals and millions of carats of fine aquamarine have 
been mined from the thousands of deposits that 
dot the region. 

Four districts in Minas Gerais have produced 
major amounts of aquamarine: (1) Teofilo 
Otoni-Marambaia, (2} Jequitinhonha River val- 
ley, (3} Araguaf River—Capelinha—Malacacheta, 
and {4} Governador Valadares (see figure 2). 

The following discussion will examine the 
important aquamarine deposits in the first two 
areas, many of which the author visited in 1983, in 
terms of their location and access, history and pro- 
duction, and the important mines and major 
specimens found there. Please keep in mind while 
reading the discussion and viewing the accompa- 
nying photographs that most aquamarine has a 
strong yellow component and thus appears green 
when viewed right out of the mine. It is generally 
heat treated to remove this yellow component to 
produce its optimum blue color (figure 7}. Virtu- 
ally all aquamarine is heated in this manner; the 
process duplicates one that commonly occurs in 
nature and the resulting color is stable. Depending 
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on the mine the crystals come from and the clarity 
of the rough, finished stones are heat treated to 
between approximately 250°C and 720°C for a 
varying length of time (e.g., a stone with some 
inclusions will be heated at a lower temperature 
for a greater number of hours). Less than 5% of the 
aquamarines produced in this region yield top- 
quality, dark blue stones (figure 8). 

This section will also review the production of 
heliodor and morganite in this area. While large 
amounts of emerald have been mined in Minas 
Gerais, they will not be discussed here because 
most deposits are not found in association with 
pegmatites. 


TEOFILO OTONI~MARAMBAIA 
PEGMATITE DISTRICT 

The Teofilo Otoni-Marambaia pegmatite district 
is now easily accessible from Teofilo. Otoni by 


Figure 8. These aquamarines from the Mucuri 
River region (within the Teofilo Otoni-Marambaia 
pegmatite district) represent some of the best 

color produced in Minas Gerais. The stones range in 
weight from 18 to35 ct. Photo © Harold & Erica 

Van Pelt; courtesy of Jules Sauer (Sauer, 1982). 
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traveling on highway BR-116 north toward 
Itaobim. Although scattered aquamarine deposits 
exist farther south near Tedfilo Otoni at Ataleia 
and Itambacurf—and extensively along the 
Mucuri, Urucu, and Mateus rivers—the great pre- 
ponderance of pegmatite deposits in this district is 
concentrated in an oval area encompassing a reg- 
ion roughly 50 km north, south, and west of the 
village of Catugi and extending east beyond the 
village of Crisélita to include the Pampa River 
valley (see figure 2}. 

This region, dominated by relatively quartz- 
poor, coarse-grained gneisses, is perhaps geochem- 
ically the most distinct pegmatite district in all of 
Minas Gerais. There are no schists. The pegmatite 
magmas in this district were rich in silicon, beryl- 
lium, aluminum, fluorine, and boron. Al] varieties 
of beryl except morganite are found here, as are 
relatively large deposits of chrysoberyl and 
alexandrite. Cassiterite and columbite also occur. 

Topaz and aquamarine often occur in the same 
pegmatite deposit, but never in the same pocket. In 
secondary deposits, of course, beryl and topaz are 
often found together. 

Black tourmaline is common in this region, 
but there are no lithium minerals, no colored 
tourmalines, and no known occurrences of mor- 
ganite. Smoky quartz, citrine, and noncommercial 
amethyst are also common. 

This district is noted particularly for the size of 
the aquamarines found there and the cut stones 
produced (probably the largest is the 911-ct stone 
in the Smithsonian Institution, Washington, D.C., 
illustrated on p. 90 of Desautels, 1970}. The most 
important aquamarine finds in this district have 
been principally in secondary (eluvial, colluvial, 
and alluvial) deposits in three major areas: the 
Topdzio—Pavado-—Crisélita valleys, source of the 
34.7-kg (76-lb.) Marta Rocha crystal; the Maram- 
baia valley, where the Papamel aquamarine was 
found early in this century and then the 22-kg 
(48-Ib.} Quarto Centenario in 1964, and the Trés 
Barras valley, origin of the 19.2-kg (42-Ib.} Estrela 
de Alva (Dawn Star} crystal. 


Topazio-Pavao-Crisélita Valleys. The valleys and 
basins surrounding the three villages Topdazio, 
Pavao, and Cris6lita are easily accessible via high- 
ways BR-116 and MG-409 (see figure 2). These 
basins are part of the watershed of the Mucuri, 
Preto, Negro, and Pampa rivers. The abundance of 
aquamarine in this area led to the sinking of tens of 
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thousands of pits in secondary deposits and many 
tunnels in primary pegmatites since prospecting 
was first begun in 1908 (Sinkankas, 1981). These 
have consistently produced large quantities of aq- 
uamarine. In fact, one of the most important aq- 
uamarines ever discovered in Brazil, the Marta 
Rocha, was found in this region. 

After the 1910 discovery of the Papamel aq- 
uamarine, it became the dream of every garimpeiro 
to find a great crystal of his own to ensure lifetime 
fame and security. In July 1954, this dream came 
true for the garimpeiro Wilson Martins da Silva 
and the 12 miners he led and helped finance. Dig- 
ging in the red soil in the side of a hill only 100 m 
high, they unearthed the second most valuable 
aquamarine crystal found in this century. This 
garimpo, the Lavra de Clemente Francisco, was 
located 6 km northeast of the village of Topd4zio, 
only 200 m west of the Pavdo road. 

Jules Sauer, the prominent Rio de Janeiro jew- 
eler, was in Teofilo Otoni that morning when he 
got word of the find. He arrived at the mine barely 
two hours after the discovery, and quickly negoti- 
ated the purchase. This 34.7-kg rounded prism, 
with superb, uniform color throughout, eventually 
yielded 57,200 ct of finished gems. A 54-ct stone 
cut from this crystal appears in the brooch illus- 
trated in figure 1. 

Judging by its rounded and battered condition, 
the aquamarine appeared to be river-rolled, that is, 
alluvial in origin. But one cannot establish that 
origin with certainty because a stone can become 
extremely worn in a colluvial environment when 
mixed with abundant and large blocks of quartz, as 
is often the case with aquamarine, which usually 
occurs in pockets adjacent to or near the quartz 
core of the pegmatite. 

Before it was cut, this stone was appropriately 
named after a beautiful woman, Marta Rocha, 
Miss Brazil of 1954. To this day, the subject of 
superb cut aquamarines doesn’t come up in Brazil 
without mention of Marta Rocha. Some stones 
from this material can still be found, but they are 
dearly held and carry a premium (Bastos, 1964, 
Abreu, 1965). 

The discovery of the Marta Rocha aquamarine 
triggered another “rush,” and thousands of garim- 
peiros overran the hillside and valley below, com- 
pletely devastating the area. Land damage was so 
extensive that the farmer who owned the land had 
to move his cows off the property because there 
was nothing left for them to graze on—only bare 
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earth and abandoned pits. Sauer (pers. comm.) es- 
timated that six million man-hours were wasted 
by the garimpeiros over the next 12 months, and 
not one additional aquamarine was found. 


Marambaia Valley. The Marambaia River valley 
lies perpendicular to the asphalt road 83 km (52 
mi.} north of Tedfilo Otoni at the hamlet of Ponto 
de Marambaia. Traveling 20 km east of the asphalt 
road on a good dirt road, you reach the Papamel 
mine, the source in 1910 of the first great aquama- 
rine find. 

During the 70 years following the discovery of 
the Papamel, thousands of kilos of aquamarines 
were removed from some primary and mostly sec- 
ondary deposits over the entire length of the val- 
ley. In 1958, two major colluvial deposits were 
discovered on hillsides overlooking the diggings. 
At Murundu, 22. kg of crystals were removed. 
Then, at Mucaia (figure 9), Clementa Fell de Sousa, 
his son Zeca, and fellow garimpeiros found 520 kg 
of pale blue aquamarine. In a matter of weeks, over 
2,000 garimpeiros descended on the hill. Eventu- 
ally so much fighting erupted over digging sites 
that the military police had to be called in. In 1968, 
a few hundred meters from the original find at 
Mucaia, 165 kg of aquamarine were unearthed, 
with the largest crystal (medium blue) weighing 36 
kg. And in 1978, an 18-year-old garimpeiro found 
an exceptional 3.9-kg prism in the Filipe valley 
below the Mucaia hilltop; this aquamarine even- 
tually yielded 10,000 ct of superior stones (A. Ta- 
vares, pers. comm.}. 

Another bomba (major find) was unearthed on 
May 20, 1964. Five km west of the highway and the 
hamlet of Ponto de Marambaia, a garimpeiro dis- 
covered four pieces of a crystal that produced some 
of the highest quality, darkest blue aquamarine 
ever recorded. The four pieces that comprised this 
etched and abraded, doubly terminated crystal 
were found by Abelo Ferreira in red lateritic soil 
more than 6 m under the top of a hill at the Pine 
Tree (Pinheiro) mine (Bastos, 1964; A. Tavares, 
pers. comm.]}. Less than 2 kg of additional small 
stones were found by Ferreira in this classic eluvial 
deposit. 

This material was said to have the color of fine 
blue tourmaline (Sinkankas, 1974, 1981]. When 
the nearly cylindrical crystal was reconstructed, it 
measured 68.5 x 10.9 cm (27 x 4.3 in.) and weighed 
22 kg; it was almost entirely clean. 

Agenor Tavares, a well-known Teofilo Otoni 
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Figure 9. Alluvial diggings 
run the full length of the 
Marambaia valley on 
the low residual hills 
overlooking Marambaia § 
Creek. At the height of 
production, 2,000 miners 
worked the hillside 
diggings at Mucaia. This 
topography is typical 
of the entire Teofilo 
Otoni—Marambaia 
pegmatite district. 


gem dealer, was living in nearby Padre Paraiso 
(formerly Aqua Vermelha) when he heard the ex- 
citing news. The first dealer to arrive at the site, he 
purchased the four pieces of the crystal directly 
from Ferreira for one hundred million cruzeiros 
(roughly US$45,000 at that time). Although the 
price he received was enormous for the garimpeiro 
{and very small given the thousands of carats of 
faceted stones it would produce}, Ferreira’s dream 
did not end happily. He quickly started on an ex- 
tended celebration spree—and died two years later, 
totally destitute. 

The three darker pieces of this aquamarine 
were sold to Abdul Millah and Jodo Pessoa. The 
fourth piece, weighing over 7 kg, was sold to the 
firm H. Stern in Rio de Janeiro. This lighter colored 
piece was the first to receive the name IV (Quarto) 
Centenario to commemorate Rio de Janeiro’s 
400th anniversary. This piece was cut into 15,000 
ct of medium-quality aquamarine (A. Tavares and 
H. Stern, pers. comm.). The stones cut from the 
other three pieces—all of which were much darker 
than the first—are also referred to as Quarto Cen- 
tenario and are actually responsible for the repu- 
tation of this famous crystal. 

Agenor Tavares later obtained the mining 
rights to the Pine Tree mine; using heavy bull- 
dozers, he spent six full months looking for addi- 
tional aquamarines. Deep in the red earth he even- 
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tually hit a pegmatite, but it produced only 5 kg of 
aquamarine plus colorless topaz and some citrine. 
As with the Marta Rocha, the location yielded no 
additional bonanza of aquamarine. These two fa- 
mous crystals graphically illustrate the frustra- 
tions of gemstone mining in Brazil: the only thing 
consistent about such discoveries is their incon- 
sistency. Although of different hues, these two 
crystals are both touchstones by which the highest 
quality aquamarines are measured. 


Trés Barras Valley. The Trés Barras (Santa Cruz 
River) valley lies south and runs roughly parallel to 
the Marambaia valley; it crosses highway BR-116 
at the village of Catugi (formerly called Trés 
Barras). 

The first garimpos were started in the 1930s 
amid great activity at Pont Alete, 6.5 km south of 
the village of Trés Barras. In 1967 and 1968, some 
of the largest aquamarine deposits ever found 
anywhere were mined in this valley and the sur- 
rounding low-lying residual hills. At the height of 
production, many aquamarines were found 1 km 
west of highway BR-116, just west of Catugi, but 
most of the famous Trés Barras production was 
found east of the highway. 


The Pioneer (Pioneira) Mine and the Dawn Star 
Aquamarine. On October 10, 1967, 5 km south- 
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Figure 10. One-fourth of the Dawn Star crystal 
(originally 1 m long x 18 cm in diameter) and 

some of the stones cut and heat treated from other 
sections of the same piece. This photo, by Richard 
Gaines, was taken in Teofilo Otoni in late 1967. 


east of Catugi and highway BR-116, a government 
bulldozer was carving a road up to the top of a hill 
where a microwave relay station was being built 
near a Sugar Loaf—like prominence. Near the top 
of the hill, the blade of the bulldozer rolled a large 
aquamarine crystal out from its hiding place onto 
the side of the road, where it lay unobserved by the 
bulldozer operator. However, seven men who had 
unsuccessfully sought employment at the micro- 
wave tower passed the bulldozer on their way back 
to Catugi, and as they stopped to examine the cut 
in the side of the hill, they found the 19.2-kg aq- 
uamarine. Ecstatic over their discovery, they took 
turns carrying their treasure back to the village of 
Catugi. One of the first gem dealers contacted was 
the same Agenor Tavares of Quarto Centenario 
fame. Tavares rushed northward and again man- 
aged to arrive before the multitude of dealers who 
soon followed. He made his deal with the leader of 
the group, Zeferino dos Santos, and agreed to buy 
the stone for the equivalent of US$30,000. The 
1.0.U. was scribbled on the paper liner from a pack 
of cigarettes. Eventually, Tavares decided to share 
the stone (and his indebtedness) with three other 
dealers. It was subsequently named the Estrela de 
Alva, or “Dawn Star.’” The crystal was almost 
100% gem clean (figure 10): Mr. Tavares’s 26% 
portion cut 8,017 ct of fine gems (A. Tavares, pers. 
comm.; Gaines, 1976). 

The source of this stunning crystal became the 
Pioneer mine, which proved to be what was prob- 
ably the greatest deposit of fine-quality aquama- 
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rine crystals in history. This small mine—a series 
of eluvial pits unrelated to any primary pegmatite 
body—produced over 1,500 kg of superior aqua- 
marine crystals. 

According to extensive research done by the 
author, all of these aquamarine crystals, with the 
exception of the 4,500-ct specimen pictured on the 
cover and in figure 7, were destroyed by cutting—a 
tremendous aesthetic and scientific loss. This 
specimen, which was dug by Colatino Ferreira, 
survived only because it passed through a series of 
crystal collectors rather than cutters. 


Figure 11. This hillside at the José de Sousa 
workings of the Trés Barras deposit has been 
totally stripped by the hundreds of pits dug during 
the height of mining in this region (1968). Note the 
white kaolin dumps on the higher slopes, 
crescent-shaped series of tunnels into the 
colluvium, and the inselbergs, and garimpeiro 
shanties rising from the valley floor. Photo by 
Frederick H. Pough. 
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Figure 12, Working on the valley floor at Trés Barras, these garimpeiros must contend with the constant 
flooding of their alluvial pits. Staking of the pits to avoid cave-ins is one solution. Note the layers of 
multicolored sand and clay, typical of alluvial deposits, in the back wall. 


Trés Barras Deposits. When the Pioneer mine was 
discovered, thousands of garimpeiros descended 
on the area; as was usually the case, only a few pit 
diggers were successful. Seven months later, in 
May 1968, massive deposits were discovered less 
than a kilometer north over the crest of the 
microwave hill and down the adjacent Trés Barras 
valley. The partially worked pits below the Pio- 
neer mine were abandoned in great haste, as the 
garimpeiros poured into the adjacent valley. 
Within a few weeks, they had set up their shanty 
towns on several sites—mostly on the valley floor. 
Living conditions for the garimpeiros were ap- 
palling. Thousands of miners huddled in shacks 
with only a few huts set up to provide for their 
simple needs. Women and children were seldom 
present at this discovery (Pough, 1968). 
Nevertheless, the miners attacked the 200- 
m-high hill with such ferocity that, according to 
Pough, in only a few weeks the once tree-clad 
slopes were totally denuded, transformed into a 
prairie-dog village of burrows and red soil dumps; 
the entire steep, raw, red hillside was scarred from 
top to bottom, as if the excavation had been going 
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on for years (figure 11). The two major mining 
areas on this small part of the cirque became 
known as the Lavra José de Sousa and Lavra Matto 
Frio. 

Within 40 days of its discovery, this new find, 
called the Trés Barras deposits, produced over 
1,000 kg (one ton) of gem-quality crystals, albeit 
paler in hue and rougher in appearance than those 
from the nearby Pioneer mine (Pough, 1968; Rolff, 
1968). These new hillside deposits extended down 
the valley floor to the Santa Cruz stream, and 
aquamarine-bearing alluvium was found several 
kilometers west back to and even crossing high- 
way BR-116. Alluvial (placer) pits—cellar-like ex- 
cavations that tended to fill with water—were 
eventually dug over the entire length of the valley. 
The gem-bearing gravel layer (cascalho) was found 
approximately 3 m under the valley floor, buried in 
many layers of multicolored clays and sands 
(figure 12). 

A few weeks later, three miners investigating 
the activities of a group of vultures 3 km southeast 
of the Pioneer mine found aquamarine exposed on 
top of the ground where the vultures had landed. 
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Within a few days, they dug over 600 kg of clean 
but pale aquamarine. The Serra do Urubu (Vulture 
Mountain) deposits produced over 2,000 kg of 
aquamarine in the next few months (Rolff, 1968; 
R. Nash and H. G. Kennedy, pers. comm.). 
Examination of the aquamarine “crystals” 
found in various parts of the Trés Barras deposits, 
from the top of the hill to the bottom of the valley 
several kilometers away, clearly illustrates how 
the physical condition of the gem specimens re- 
lates to the distance traveled from the primary 
pegmatite. The crystals found in the eluvial, col- 
luvial, or (occasionally) primary deposits near the 
top of the hill, in conjunction with white kaolin, 
were etched but not worn and had good termina- 
tions (similar to the crystals pictured in this arti- 
cle). Crystals found in colluvial pits farther down 
the hill (where no kaolin showed on the dumps} 
were badly abraded, with pits and cracks iron 
stained from the red clay. Two large “crystals” (50 
kg and 32 kg, respectively) found on the lower 
slopes had no terminations and were merely bro- 
ken cores of what must have been much larger 
crystals. The aquamarines found in the valley floor 
{alluvial deposits) were found with ancient river 
gravel; they were well worn and nearly rounded. 
Although these aquamarines were much less 
common and much smaller than those found 
closer to the primary deposit, the material itself 
was much cleaner; interestingly, the color was 
generally better, too (Pough, 1969; Lucio, 1980). 


Future Production from the Tedfilo Otoni- 
Marambaia Pegmatite District. It is likely that 
massive deposits still remain in this region; only a 
small percentage of the more obvious and more 
easily accessible deposits have been exploited, and 
relatively few are being mined today (R. Nash, K. 
Elawar, pers. comm.). In the 1960s, a gem dealer 
could purchase 3—6 kg of rough aquamarine per 
week from miners. At this writing, however, only 
a few grams are available to each dealer in an aver- 
age week. In the last two years, the three largest 
pieces recovered have been only 0.9-2.9 kg. 

Unfortunately, accurate production figures, or 
even close estimates, for the various gemstone de- 
posits in Brazil are impossible to obtain since the 
system of monetary regulation encourages the 
quiet movement of gemstones without official 
records. 

The Teofilo Otoni—Marambaia pegmatite belt 
historically has been Brazil’s major supplier of aq- 


94 Gem Pegmatites of Minas Gerais 


uamarine. Large amounts of aquamarine may 
come from this area in the future, but only with 
the mechanized (strip) mining of the alluvium (just 
now beginning), since the garimpeiro population 
has diminished so drastically. During the author's 
1983 visit to the Marambaia and Trés Barras val- 
leys, only a handful of catras were in operation. 


JEQUITINHONHA RIVER 

PEGMATITE DISTRICT 

North of the Teéfilo Otoni—Marambaia pegmatite 
district, at Itaobim, highway BR-116 enters the 
Jequitinhonha River pegmatite district. The east- 
ern and western limits of this rich aquamarine 
district can be reached by dirt road MG-367, and 
the northern limits are easily accessible and well 
defined by the northern villages of Salinas, Pedra 
Azul, and Pedra Grande (see figure 2). 

Thousands of diverse pegmatites and their 
associated secondary deposits occur in this region. 
A tremendous network of creeks, streams, and 
rivers drains the interlaced system of valleys and 
basins of the Jequitinhonha River watershed, with 
aquamarine deposits occurring over the entire 
250-km (155 mi.) length of this pegmatite district. 

The aquamarine-bearing pegmatites of this 
region are geochemically very similar to those of 
the Tedfilo Otoni—Marambaia district, except 
that very little topaz of any type has been found 
here, indicating the lack of fluorine in the magmas. 
Also, the region overlaps with the Aracuaf-Itinga 
green tourmaline district along the Jequitinhonha 
River; therefore, green and blue-green tourmalines 
appear in many decomposed pegmatites but al- 
ways separate from any existing aquamarine de- 
posits. Likewise, in the west near Coronel Murta 
and Barra de Salinas, there is some overlap with the 
Aracuaf-Salinas tourmaline district running due 
north. The Piauf valley running south from 
Taquaral is the source of the famous Maxixe 
beryls. 

The earliest reported discoveries of aquama- 
rine in this region were made by a farmer in 1903 at 
Ilha Alegre (Happy Island) on the banks of the 
Jequitinhonha River near the village of Sao Pedro 
do Jequitinhonha. Many secondary deposits have 
been found on low hills on both sides of the river. 
According to Fernandes (1905) and Oakenfull 
(1922), the Happy Island deposits produced many 
large (up to 9 ky), superb aquamarines and golden 
beryls. As recently as 1972, this same deposit pro- 
duced a 65-kg rounded, good-quality blue-green 
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specimen, which was named Cachacinha (a small 
shot of rum) and subsequently sold in Idar- 
Oberstein (A. Tavares and R. Nash, pers. comm.). 
Three other major aquamarine deposits in this dis- 
trict will be discussed here: Fortaleza, Medina, and 
Coronel Murta (the Frade mine). 


Fortaleza. The city of Pedra Azul (blue stone}, lo- 
cated 80 km north of Itaobim, was originally called 
Fortaleza because of the fortress-like inselbergs 
that surround it. Exceptionally clean chunks of 
aquamarine, some up to 12 kg, have been produced 
from a nearby altered pegmatite at Laranjeiras 
since about 1910. Etched masses were common 
from this mine, but sharp crystals were never 
found. One of the largest, totally clean pieces was 
mined in 1935 and weighed 8 kg. The lapidary firm 
of Oscar Machado cut three major stones from this 
piece: the two “smaller’’ stones were 293 ct and 
910 ct, respectively; the third, which was pre- 
sented by the Brazilian government to U.S. Presi- 
dent Franklin D. Roosevelt in 1937, was an incred- 
ible 1,285 ct (Calmbach, 1938). This last stone, 
possibly the largest cut aquamarine in existence, 
can be seen at the Roosevelt Museum in Hyde 
Park, New York. Two-kilo pieces of rough were 
common from this mine. 

The mine itself consisted of a very large open- 
ing on a hillside, with the decomposed primary 
pegmatite at least 15—18 m wide. The mine has 
been inactive for many years, but attempts are now 
being made to reopen it. Many exceptionally clean 
and dark aquamarines from along the entire 
Jequitinhonha River valley have received the 
name Fortaleza in honor of their resemblance to 
the high-quality gems found at this locale 
(Sinkankas, 1974, 1981). 


Medina. The village of Medina is located near a 
mountain range 45 km north of Itacbim on high- 
way BR-116. Many secondary deposits were found 
in the valleys and basins of this mountain range, 
but most of the best aquamarines from this locale 
were taken from primary deposits still encased in 
the host gneisses of these mountains. Hundreds of 
tunnels (adits) have been sunk attempting to reach 
the primary pegmatites, and dozens of workings 
were very successful, producing much of the finest 
quality aquamarine to come from Brazil in recent 
years (again, see figure 1). Mining conditions and 
terrain are similar to those of the Frade mine dis- 
cussed below. Almost no aquamarine is found in 
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Figure 13. One of the small (approximately 5 ct) 
but superb Coronel Murta aquamarines. Photo © 
Harold & Erica Van Pelt; courtesy of Jules Sauer 
(Sauer, 1982), 


Medina now, although 3,000 ct from this deposit 
were produced in October 1983. 

To the author’s knowledge, the largest, most 
intense faceted Medina aquamarine is an octago- 
nal 107-ct stone in the collection of Kalil Elawar in 
Teofilo Otoni; the 7.9-kg crystal from which this 
stone was cut in 1978 yielded a total of 8,000 ct of 
fine gems (K. Elawar, pers. comm.). . 


Coronel Murta (Frade mine). The city of Coronel 
Murta, on the banks of the Jequitinhonha River, 
was founded around 1830 by a retired colonel of 
that name. Within 6 km of the city by road is a 
prominent inselberg that is visible from a great 
distance. As one approaches Coronel Murta from 
Aracuat, the back side of the inselberg looks like a 
giant reclining friar with a fat belly. When collu- 
vial and primary deposits were discovered at the 
base of the inselberg early in 1973, the mine was 
given the name Mina do Frade (Friar mine). Few 
people in the trade have heard of Frade mine aq- 
uamarine, but nearly everyone has marveled at the 
small but stunning blue stones known simply as 
Coronel Murta; they are one and the same (figure 
13). 

In 1973, Inacio Moura Murta, a great-great 
grandson of the founding colonel, led a group of 
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five garimpeiros to dig in the red soil on Murta’s 
property where aquamarine had been found. These 
diggings were begun in a north-south valley 1,200 
m long that rises gradually for 750 m and then, 
abruptly, becomes very steep for the last 450 m, 
peaking on a hill overlooking the city of Colonel 
Murta only a hundred meters to the west of the 
giant Frade inselberg (figure 14). 

The first valley-floor diggings, some as deep as 
3-4 m, exposed only loose crystals in the red soil 
of the calluvial deposit (again, see figure 6). But 
within a few months, an expanded garimpeiro 
work force of more than a hundred men enthusi- 
astically extended their pits and tunnels over 
literally half the valley, up the slopes of the hills. In 
the higher regions, after digging only a meter or so 
into the colluvial soil, they began to strike the 
primary pegmatite wall, which had been intruded 
into the east side of the valley for what appeared to 
be at least 750 m in a north-south direction (figure 
15). This was the pegmatite that had sloughed off 


Figure 14. The mine shack and main tunnel at 
Frade mine are only a short distance from the 
inselberg after which the area is named. 
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its crystals as the hill eroded away, forming the 
lower colluvial deposits. 

During 1974, the garimpeiros began attacking 
large outcrops of this pegmatite even higher on the 
hill by digging large caves (figure 16). Later that 
same year, they started a labyrinthine series of 
tunnels in the primary pegmatite 120 m below the 
top of the ridge at the far north end of the valley. 
These tunnels extended deep inside the mountain, 
entering only 30 m from the main mine shack. In 
this tunnel system, the pegmatite vein has been 
cleaned out completely for 60 m inside the moun- 
tain, leaving nothing but the schist wall rock and 
some support pillars. 

As the miners tunneled deeper into the hill- 
side, the direction of the veins indicated that the 
pegmatite might continue straight through the hill 
with an outcrop on the opposite side. Although 
exploration in this new area revealed no outcrop 
where the garimpeiros had hoped to find it, in the 
course of their preliminary digging they discovered 
extensive crystal deposits in the eluvium directly 
on top of the hill. Eventually, colluvial deposits 
were discovered extending at least 150 m down the 
hillside facing Coronel Murta village. Again, in 
some locations, after digging down only a meter or 
so, they encountered the primary pegmatite. It 
seems, then, that the pegmatite they had been 
working on 120 m below had been intruded clear 
through the top of the hill; and as the hill eroded 
away, it had shed its crystals down the slope. 

A monumental excavation project began, and 
eventually the entire top of the hill was pitted, dug 
up, and turned over repeatedly, until the area re- 
sembled an artillery range. In the process, though, 
thousands of crystals were found. 


Occurrence. This pegmatite is unusual for its long, 
narrow shape. Mineralogically, however, it is typi- 
cal of other deposits in this district. Specifically, 
black tourmaline is abundant, as are small plates 
of biotite mica, big smoky quartz crystals, and 
approximately 25-cm unaltered feldspar crystals 
(reflecting the unaltered state of the primary 
pegmatite body). In fact, hundreds of tons of fine 
feldspar lie on the dumps, unsalable, because of the 
450-km distance to the marketplace in 
Governador Valadares. The Frade mine, like most 
in the Aracuaf-Salinas-Itinga region, has to meet 
expenses strictly through the sale of gem rough. 

There were two unusual occurrences at this 
time, however. First is the presence of green mi- 
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Figure 15. After only a meter of tunneling, this 
garimpeiro has reached the primary pegmatite 
(note the white feldspar) at Frade. 


crocline (amazonite}, which was common and— 
along with black tourmaline—was the best indica- 
tor that gem aquamarine was close by. Second, a 
few gem crystals of rose tourmaline, some as long 
as 4 cm, were found in the main tunnel. The 
lithium and manganese required to,produce rose 
tourmaline are seldom found associated with aq- 
uamarine. No topaz or kunzite was found. 


Current and Future Production. When the Frade 
mine reached its peak production in 1981, the 200 
kg of aquamarine recovered meant an average of 
only one kilo per garimpeiro. All of the crystals 
were highly fractured; 70-80% of the pieces 
weighed less than 100 g (3 ozs.). The highest qual- 
ity aquamarine was found in pockets in the 
pegmatite. The largest piece of rough weighed a 
little over 260 g; the largest intact (but internally 
fractured) crystal was only 7.6 x 3.8 cm (3 x 1% 
in.). These production figures contrast sharply 
with those from Trés Barras, although the best 
Coronel Murta color is far better than the best Trés 
Barras color. 

In fact, the best aquamarine from this mine is 
among the finest in Brazil. Yet, because the crys- 
tals are so fractured, intense faceted stones are 
usually less than 1 ct, although totally clean stones 
as large as 4—5 ct do exist and 3-ct stones are not 
uncommon. Ten-carat stones have been faceted 
but they are not completely clean. 

Production has dropped off sharply in the last 
three years, and only 70 garimpeiros work the 
Frade mine today. The mine owners insist that 
there will be considerable future production be- 
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Figure 16. This garimpeiro is indicating the width 
of the pegmatite body in one of the large caves 
excavated on the upper slopes of Frade mountain. 


cause there are additional ‘virgin’ areas of the 
pegmatite and colluvial deposits still to be ex- 
ploited; however, the extent of the reserves is 
speculative. Because of the expense of hard-rock 
mining, the shortage of manpower, and the un- 
proved reserves, it is the author’s belief that this 
unusual occurrence will continue to produce only 
very small quantities of fine aquamarine in the 
years to come. Although hundreds of alluvial pits 
have been dug near Coronel Murta, as might be 
expected they have produced only a fraction of the 
material found in the primary deposit. 


OTHER AQUAMARINE DEPOSITS 

The Araguai River—Capelinha~Malacacheta Dis- 
trict. Along the Araguaf River on the north and its 
tributaries on the south, in the area enclosed by the 
cities Minas Novas, Turmalina, Capelinha, 
Malacacheta, Novo Cruzeiro, and Lufa, hundreds 
of valleys and basins have yielded notable primary 
and secondary aquamarine-bearing deposits 
(Calmbach, 1938; Sinkankas, 1974, 1981; Pecora 
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Figure 17, This 6-cm heliodor (golden 
beryl) from near Colatina, E.S., 
accompanied by a 40.4-ct faceted 
mate, is representative of some of the 
fine material that has been found in 
the area around northeastern Minas 
Gerais. Photo © Harold & Erica 


Van Pelt. 


et al., 1950). Additionally, deposits of both gem 
bery! and tourmaline have been found in the 
northernmost portion of the three rivers Gravatd, 
Setubal, and Sucurit and of the larger river Araguat 
{to the city of Aracuaf), as early as the 1890s 
{Sinkankas, 1974). The countryside surrounding 
virtually all of the cities in the areas shaded in blue 
on the map in figure 2 has produced significant 
quantities of gem-quality aquamarine. 


Governador Valadares District. One of the most 
productive regions of Minas Gerais in both volume 
of gem bery] and size of crystals is the area within a 
150-km (90 mi.) radius of Governador Valadares 
and embracing the watershed of the Doce and 
Suacuf Grande rivers. The countryside surround- 
ing all of the cities in this area on the map in figure 
2 has produced major finds in both primary and 
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secondary deposits (Calmbach, 1938; Sinkankas, 
1974, 1981). 

Three of the largest single aquamarine crystals 
ever recovered were found in the Governador Val- 
adares region: a 108-kg piece at Ariranho on the 
Rio Bugre, in 1942 (Ball, 1943); a25.4-kg piece near 
Resplendor, in 1946 (Sinkankas, 1974), and a par- 
ticularly fine 61-kg specimen (called the Lucia) 
found in gravels at Garajau, in 1955 (Abreu, 1965, 
Sinkankas, 1974). 

The quality of the aquamarine varies through- 
out Minas Gerais, but most of the gem rough found 
is pale to medium blue-green (heat treated to pro- 
duce a comparable intensity of purer blue). One 
advantage of this gem is that large (15+ ct}, totally 
clean stones are readily available. 

Currently, this region is producing only small 
amounts of aquamarine. There continues to be 
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great potential, however; the strip mining of allu- 
vial deposits in the Tedfilo Otoni—Marambaia 
region, in particular, holds promise for significant 
future production. Judging from the past, major 
deposits could be found in the vicinity of any of the 
cities in figure 2. 


HELIODOR (GOLDEN OR YELLOW BERYL) 
Top-quality golden or yellow beryl] (figure 17) is 
much rarer than aquamarine, although the best 
heliodor is not as valuable as the best aquamarine. 
Some yellow and golden beryls, when heat treated 
for 1-12 hours to between 280°C and 600°C 
{depending on the source of the material and the 
inclusions}, will turn a pleasing, more salable aq- 
uamarine color (no greater in intensity than the 
original yellow or gold}; others, however, will just 
become a lighter yellow. Still others may also turn 
such a pale blue that they are worth much more 
left as heliodor. One can be sure that the best 
golden or yellow stones offered for sale have not 
been heat treated—but that others from the same 
crystal were undoubtedly tested. 

Heliodor usually occurs mixed with bluish and 
greenishiberyls as a small portion of the total de- 
posit. The author knows of only one mine where 
heliodor. constituted a large percentage of total 
beryls produced: Mina Urubu, near the city of 
Santa Cruz immediately east of Novo Cruzeiro. 
Yellow and golden beryls have also been found in 
significant amounts at the Marambaia, Medina, 
Uha Alegra, and Farrancho deposits, with notable 
production also from Bom Jesus do Lufa, Dois de 
Abril, Guanhdes, Joaima, Minas Novas, 
Sabinopolis, Serro, and Sapucaia as well. Quality 
gems, however, are always in short supply, espe- 
cially large stones. 

The world’s largest cut heliodor, at 2,054 ct, is 
in the Gem Hall at the Smithsonian Institution, 
Washington, D.C. (illustrated in Sinkankas, 1981). 


MORGANITE (PINK BERYL) 


Morganite, the popular rose-pink variety of beryl, 
is also rarer than aquamarine. Morganite occurs 
commonly in two “less desirable” color phases: 
peach and salmon. Generally, the rose-pink tints 
are more fashionable. Cut morganites are com- 
monly heated individually in a test tube over an 
alcohol flame (200°-400°C) for a few minutes to 
obtain a delicate pink hue (which is totally stable}. 
As with aquamarine, virtually all morganite is 
heated by this process, which essentially dupli- 
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cates the geothermal processes that produce the 
rose-colored stones occasionally found in nature. 

The largest deposit of morganite crystals ever 
found occurred at the Corrego do Urucum mine in 
Galiléia in 1973. Approximately 300 crystals, 
some weighing as much as 10 kg (22 lbs.}, were 
discovered lining the walls of an immense cylin- 
drical pocket. This deposit will be discussed in 
greater detail in the upcoming article dealing with 
kunzite, which was also found in great quantity at 
this locality. 

Other significant deposits of morganite in 
Brazil were all found in Minas Gerais. These in- 
clude Sapucaia (municipality of Galiléia}, Calisto, 
Minas Novas, and along the Jequitinhonha River 
valley. No production is currently coming from 
any of these localities. Occasional kilograms of 
material, however, have been found recently at the 
Salinas mine and at an unnamed deposit near Con- 
selheiro Pena, which produced some 5,000 ct in 
1982 from a single pocket. This rose-pink gem- 
stone is in chronic short supply; no major deposit 
has been discovered since 1973. 

To the author’s knowledge, the two best 
faceted Brazilian morganites are both at the 
Smithsonian Institution: 236 ct and 250 ct 
{Desautels, 1965, photo on p. 38; Desautels, 1979, 
photo on p. 39). 


SUMMARY AND CONCLUSION 


Aquamarine is found over most of the northeast- 
ern part of Minas Gerais; millions of carats have 
been mined since the discovery of the Papamel 
crystal in 1910. Both heliodor and morganite are 
significantly less common. Aquamarine is usually 
heat treated to obtain its optimum blue; heliodor 
may be heat treated to turn from yellow to aqua- 
marine blue; peach- and salmon-colored morga- 
nites are often heat treated to obtain the preferred 
rose-pink color. 

Most of the aquamarine is found in secondary 
deposits, although much of the darkest material 
has come from the primary pegmatites at For- 
taleza, Medina, and Frade [Coronel Murta}. Cur- 
rently, little aquamarine (or heliodor or morganite] 
is being produced because of the shortage of garim- 
peiro labor and the expenses involved in mining, 
although small amounts are coming from other 
states in Brazil. Nevertheless, there continues to 
be great potential for the discovery of major de- 
posits anywhere in the Minas Gerais pegmatite 
area. 
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NOTES 


“-AND - 


NEW TECHNIQUES 


THE FIRST-ORDER RED COMPENSATOR: 
AN EFFECTIVE GEMOLOGICAL TOOL 


By John Ilmarii Koivula 


This note deals with some gemological applications 
for a tool well known to microscopists: the first- 
order red compensator. In gemological microscopy, 
the compensator can be useful in locating interfer- 
ence colors and optic figures in birefringent materials 
and in delineating strain in gemstones. In polarized- 
light photomicrography, a properly positioned com- 
pensator can reduce the exposure time required and 
thus the risk of film reciprocity failure and of poor- 
quality images resulting from random vibrations of 
the microscope and its accessories. 


Mineralogists, petrologists, chemical microsco- 
pists,and crystallographers areall familiar with the 
usefulness of a first-order red compensator in 
locating fast and slow vibration directions of light 
in crystals, in helping determine the optic char- 
acter of unknown crystalline compounds, and in 
defining areas of strain. Use of this microscopist’s 
tool in gemology, however, is virtually unknown. 

While exploring potential gemological appli- 
cations for the classic uses of the first- order red 
compensator — specifically, enhancing interfer- 
ence colors and determining areas of strain — this 
article highlights a new use for the compensator, 
in the field of polarized-light inclusion pho- 
tomicrography. 


WHAT IS A FIRST-ORDER RED 
COMPENSATOR? 

Traditionally, first-order red plates have been con- 
structed of a small, thin (approximately 0.0625 
mm), uniform layer of selenite (gypsum], cut par- 
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allel to the perfect cleavage; or quartz, cut parallel 
to the c-axis. The plates produce an optical retar- 
dation of 530 to 550 nm. 

Because of the brittle nature and small size of 
the ultra-thin gypsum and quartz plates needed to 
make a first-order red compensator, these com- 
pensators were poorly suited for use with a low- 
power gemological stereo microscope. It was not 
until the late 1970s, when the Polaroid Corpora- 
tion introduced large-format first-order red com- 
pensators in plastic sheet form, that the applica- 
tion of such a compensator became practical for 
use with a polarizing gemological microscope. The 
compensator manufactured by Polaroid is a pro- 
prietary product, a plastic laminate of undisclosed 
nature, that produces an optical retardation of 
approximately 530 nm. 


HOW THE COMPENSATOR WORKS 

Several good texts are available that describe the 
use of the first-order red compensator in the areas 
of microscopy, optical mineralogy, and optical 
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Figure 1. Drawing showing the test subject and 
compensator plate oriented in subtraction posi- 
tion in a polarized light field when the polar- 

izer and analyzer are in total extinction. Draw- 

ing by Christine Wilson, after McCrone et al., 1979. 


crystallography (e.g., Phillips, 1971, McCrone et 
al., 1979), When inserted in a field of polarized 
light, the compensator basically serves to brighten 
and enhance an image by the addition or subtrac- 
tion of optically retarded wavelengths as they pass 
through the compensator into an optically aniso- 
tropic subject. When two anisotropic materials, 
one being the compensator, are superimposed in 
a field of polarized light, addition or subtraction 
of their individual retardations will occur, depend- 
ing on their orientations to each other and to the 
polarizer and analyzer. If both the compensator 
and the subject are oriented in the position of total 
brightness in the polarized light field (which is 45° 
away from the vibration directions of the analyzer 
and polarizer) and their slow vibration directions 
(corresponding to the higher refractive index] are 
perpendicular or at right angles to each other (see 
figure 1}, then subtraction of retardations occurs, 
resulting in lower-order interference colors. If, 
however, the slow vibration directions of the com- 
pensator and the test subject are oriented parallel 
to each other (as in figure 2], then addition of 
retardations occurs, resulting in higher-order 
interference colors; low-intensity blacks, grays, and 
whites and very pale yellows, oranges, and reds 
are enhanced into the more vibrant first- and sec- 
ond-order colors. The Michel Levy chart (McCrone 
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higher order polarization interference color 


Figure 2. Drawing showing the test subject and 
compensator plate oriented in addition position 
in a polarized light field when the polarizer 
and analyzer are in total extinction. Drawing 
by Christine Wilson, after McCrone et al.,1979. 


et al., 1979) illustrates the ‘“Newton’s Series” 
sequence of interference colors. If we can enhance, 
or brighten, low-intensity interference colors either 
by subtraction from the higher orders or by addi- 
tion of the lower order, then they will be much 
easier to locate and observe. The first-order red 
compensator is wel] suited to this task. 


GEMOLOGICAL APPLICATIONS 


The first thing the gemologist notices when using 
a first-order red plate is the vivid magenta color 
it produces when it is inserted in the light path 
between the polarizer and the analyzer when they 
are in a position of total extinction. The view 
through the GEM polariscope shown in figure 3 
illustrates this effect. 

It should be noted that the first-order red com- 
pensator plate is not a filter that is red in color as 
the name might imply. Rather, it is a very pale 
yellowish, almost colorless, material that gives a 
first-order red or magenta color to a field of polar- 
ized light. The first-order red compensator has a 
number of practical applications in gemology, as 
described below. 


Observing Interference Colors and Locating the 
Optic Axis. During orientation of a doubly refrac- 
tive gemstone in the polariscope or microscope, 
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Figure 3. View through a polariscope with the 
first-order red compensator inserted halfway 
through the polarized light field. 


as the gemologist searches for an optic axis, the 
first-order red plate can prove helpful. Here it serves 
as a means of brightening interference colors that 
start to appear as the optic axis direction is 
approached. Brighter colors are much easier to 
locate. It follows that if the optic axis interference 
colors are easier to locate, then the optic axis itself 
can be found more quickly. 


Determining Strain. When present — either as a 
result of unseen internal disruption, twinning, or 


crystalline intergrowth, or as halos surrounding 
solid included crystals — strain will often reveal 
itself under polarized light conditions as color 
anomalies in shades of brown, gray, and black. 
Because of this lack of color intensity, it is some- 
times very difficult to detect. The first-order red 
compensator can be used to enhance strain colors 
and patterns (figures 4 and 5}, producing more vivid 
blues and yellows or sometimes reds and greens. 
Inasmuch as strain is commonly present in dia- 
monds, microscopic examination under polarized 
light with a first-order red compensator is a help- 
ful method of separating diamonds from substi- 
tutes such as cubic zirconia and yttrium alumi- 
num garnet. 


Use with Polarized Light Inclusion Photomicrog- 
raphy. When using polarized light to photograph 
inclusions, the gemological microscopist is com- 
monly confronted with low light intensity and a 
correspondingly long exposure time that all but 
makes quality photomicrography impossible. With 
the first-order red-compensator, however, the image 
is enhanced by a vivid array of bright interference 
colors and the exposure time required — and, con- 
sequently, the effect of vibrations — is greatly 
reduced. 

If we look again at the polariscope image in 
figure 3, we see how much brighter the magenta 
side of the polarized light field in this image is. 
When the compensator is used with a gemological 
microscope equipped with a light-polarizing sys- 
tem, the difference in brightness is equally obvious 
and also readily measurable with a light metering 
system. Light metering showed that the exposure 


Figure 4. Left—Included crystal of diamond in diamond, photographed in polarized light without 
the compensator. Exposure time, 1 minute 25 seconds. Right—the same crystal photographed in 
polarized light with the first-order red compensator. Exposure time, 22 seconds. Magnified 50x. 
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Figure 5. Left—Monazite crystal in an African rhodolite garnet in polarized light without the first- 
order red compensator. Exposure time, 3 minutes, 13 seconds. Right—Monazite crystal but with the 
first-order red compensator inserted. Exposure time, 25 seconds. Magnified 50x. 


time required to properly expose film with an ASA 
of 160 when the polarizer and analyzer are in 90° 
extinction is over 10 hours. With insertion and 
proper orientation of the first-order red compen- 
sator in the field between the polarizer and ana- 
lyzer, the exposure time is cut to less than one 
minute. The brighter the image is the less the 
required exposure time will be. 

Although the above-mentioned difference in 
exposure time is dramatic, no inclusion subject 
was present in the light path to demonstrate the 
true value of the compensator plate to the gem- 
ologist—photomicrographer. To illustrate the point, 
three test subjects showing a wide range of optical 
properties — a diamond, a garnet, and a rock crys- 
tal quartz, all with inclusions — were selected. 

The first subject, the diamond, has an inclu- 
sion of another diamond that shows only partial 
interfacing, making some of the edges virtually 
invisible as they blend with their host of the same 
refractive index. The diamond within a diamond 
was photographed first using only the polarizer 
and analyzer in extinction. The photograph, shown 
in figure 4 (left), reveals a great deal of lattice strain 
in and around the inclusion. The exposure time 
was one minute and 25 seconds. The strain colors 
in this photomicrograph are all of low intensity 
and the image is quite dark. With insertion of the 
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first-order red compensator into the field, the 
inclusion picture (figure 4, right) is immediately 
decorated by an array of vivid strain colors and 
the exposure time reduced to 22 seconds. 

The second subject, a rhodolite garnet, plays 
host to a euhedral monoclinic crystal of transpar- 
ent yellow monazite. As shown in figure 5 (left), 
taken under polarized light without compensator, 
strain in low-intensity colors is visible around the 
radioactive monazite. The exposure time was three 
minutes and 13 seconds. In figure 5 (right), taken 
with the compensator in place, the image is now 
alive with bright interference colors; time for the 
exposure was only 25 seconds. 

The last test subject, a colorless quartz, con- 
tains a number of small, noninterfaced, uno- 
riented, slightly distorted quartz crystals. Without 
polarized light (figure 6, top}, only a few faint areas 
of the quartz inclusions are visible because they 
have virtually no interfacial separation and the 
same refractive index as their host. This trans- 
mitted light image was recorded in one second. In 
figure 6 (bottom left), under polarized light, all of 
the quartz crystal inclusions are now visible. 
However, the exposure time was 18 seconds. With 
the first-order red compensator [figure 6, bottom 
right), the included crystals are still vivid but the 
exposure time was reduced to 8 seconds. 
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CONCLUSION 


Comparing the photographic images with their 
corresponding exposure times shows that the first- 
order red compensator has something to offer the 
gemologist who is interested in polarized light 
photomicrography. The technique is easily adapted 
to any standard stereo gemological microscope and 
the results can be worth the effort. 

Additionally, the first-order red plate enhances 
strain colors, making strain areas more easily vis- 
ible and thereby simplifying the location of strain 
centers. In many instances, the compensator also 
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Figure 6. Top—These inclusions of rock crystal 
quartz in rock crystal quartz are virtually 
invisible in transmitted light. Exposure time, 1 
second, Bottom left—The same inclusions of 
quartz in quartz shown above become visible 
under polarized light. Exposure time, 18 sec- 
onds. Bottom right—Use of the first-order red 
compensator reduced the exposure time in 
polarized light for the image shown at left to 8 
seconds, Magnified 20x. 


aids efforts to locate an optic axis direction in a 
doubly refractive gemstone by making the loca- 
tion of interference colors, as an optic axis is 
approached, much easier. 
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AMETHYST, 
Unusual Natural Inclusion 


Before synthetic amethyst was avail- 
able on the market, we seldom felt it 
necessary to examine every ame- 
thyst under magnification to observe 
any inclusions that might be present. 
However, the advent of the synthetic 
material has made it necessary to 
study the inclusions in each stone to 
determine, if possible, natural or 
synthetic origin. Figure 1 shows an 
amethyst that came into the New 
York lab for identification. The in- 
clusions, which resemble a pie- 
shaped galaxy of red stars, are 
goethite, an iron-oxide mineral. 
While the presence of goethite es- 
tablishes the natural origin of the 
stone, this is the first time we have 
observed this unusual zonal distri- 
bution in amethyst. RC. 


CUMMINGTONITE-GRUNERITE, 
A Series in the Amphibole Group 

Recently submitted to the Los An- 
geles laboratory for identification 


Figure 1. Unusual zonal distri- 
bution of goethite inclusions in 
amethyst. Magnified 30x. 


Fal 
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Figure 2. This amphibole rock —measuring 36.3 x 23.0 x 21.2 mm—is 
slated for use as an ornamental stone. 


was a piece of rough material with 
one polished face that consisted of an 
opaque black center section bordered 
by two opaque yellowish brown 
areas (figure 2). 

When the specimen was exam- 
ined with the unaided eye, white in- 
clusions were observed scattered 
throughout the opaque black mate- 
rial. Testing of the black area with a 
refractometer revealed vague read- 
ings of 1.54 to 1.55 and 1.64 to 1.65, 
indicating the presence of more than 


one mineral within that portion of 
the rock. 

A minute amount of powder was 
scraped from the black portion for 
X-ray diffraction analysis. The re- 
sults of the X-ray powder diffraction 
showed that the black material is a 


Editor's note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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rock consisting of at least three dif- 
ferent minerals, one of which is an 
amphibole, probably in the cum- 
mingtonite-grunerite series. There 
were not enough diffraction lines to 
identify the other components. 
Nongemological, probably petro- 
graphic, tests would be required to 
identify the rock type. 

This material is reportedly from 
a deposit in North Carolina. The cli- 
ent who submitted the sample for 
identification explained that the 
owner of the specimen had several 
hundred kilos of this material and 
planned to market it for use as an 
ornamental gem, that is, for carvings, 
cabochons, and inlaid stones in jew- 
elry. The jeweler-gemologist should 
not be surprised, therefore, if he en- 
counters this material at some future 
time. RK. 


DIAMOND, 

Coated Diamonds 

Longtime, readers of Gems & 
Gemology will no doubt recall the 
important article by Eunice R. Miles 
on “Diamond Coating Techniques 
and Methods of Detection,” which 
appeared in the Winter 1962-63 is- 
sue. At that time, the practice of 
coating diamonds had become so in- 
sidious and damaging to the trade 
that in September 1962 the New 
York state legislature enacted a law 
prohibiting the use of the technique 
unless it was fully disclosed to the 
purchaser. 

Since then, the Gem Trade Lab- 
oratory has seen only about three or 
four coated stones a year. In fact, 
some of the more recent staff mem- 
bers had never even seen or tried to 
color grade such a stone. Approxi- 
mately six months ago, however, an 
unusual number of coated diamonds 
started to come in to both the Los 
Angeles and the New York labs. 

These stones were not being 
submitted by appraisers or jewelers 
who were suspicious of the color, but 
rather by cutters and brokers. 
Twenty years ago, graders familiar 
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with coated stones became cautious 
when the stones looked “wrong” in 
the color grader. However, using the 
same ‘‘double lighting’ recom- 
mended originally by Mrs. Miles, 
very discrete coatings were detected. 
For the most part the actual colors of 
the stones before coating have been 
found to be H or I. With the coating, 
some might have been graded as high 
as G if they hadn’t had that suspici- 
ous grayish appearance. In at least 
one recent case, the client submit- 
ting an uncoated stone that had been 
found to grade H asked for a color 
recheck within a week after the re- 
port had been issued. When the stone 
was reexamined, it was found to have 
a coating that gave it an F to G ap- 
pearance, but with a grayish cast. 
Clearly, the laboratory was being 
used, 

For the most part, the coatings 
seen recently are beautifully applied 
and could be easily overlooked. 
Sometimes only a ghostly band on 
one side of the girdle can be detected. 
In other cases, the band lies on both 
the pavilion and the crown side of the 
girdle, as in figure 3. The coatingis so 
thin that no effort has been made to 
analyze it. However, its resistant na- 
ture suggests that it may be similar 
to the blue-to-violet hard enamel 
(flux) reported by Mrs. Miles in 1962. 

RC; 


Dendrite-like Inclusion 
The Gem Trade Lab Notes section of 
the Spring 1984 issue featured a 
photo of a stepped laser drill hole 
connecting several inclusions. Fig- 
ure 4 shows a rare, step-like natura! 
dendrite-like inclusion that appears 
to connect several included crystals 
in a diamond that was submitted to 
our New York laboratory for grading. 
RC. 


DIOPSIDE 


A few months ago, a gemologist from 
Sri Lanka asked the Santa Monica lab 
to help in the identification of a 
0.72-ct emerald-cut grayish lavender 
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stone. This stone was highly bire- 
fringent, .029, witha refractive index 
of 1.671—1.700. The optic character 
was biaxial positive; a biaxial optic 
figure could even be obtained on the 
pavilion of the stone near the culet. 
No absorption lines were visible in 
the hand spectroscope. The fluores- 
cence was faint chalky greenish 
white to short-wave ultraviolet radi- 
ation, but inert to long-wave ultra- 
violet radiation. We determined the 
specific gravity by the hydrostatic 
method to be 3.31. The properties of 
this stone indicated diopside, despite 
its unusual color. X-ray diffraction 
confirmed our other test results. 

K.H, 


Figure 3. The arrow points to 
areas of coating that are evident 
on both sides of the girdle of this 
coated diamond. Magnified 30x. 


Figure 4. This unusual dendritic 
inclusion in diamond resembles 
a step-like laser drill hole. 
Magnified 20x. 
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Figure 5. Artistically stained nephrite carving, 23.4 x 7.2 x 9.5 cm. 


JADE 
Artistically Stained Nephrite 
The Los Angeles laboratory received 
for identification a translucent to 
opaque variegated pale green and 
brown carving of two birds which 
measured approximately 23.4 x 7.2. x 
9.5 cm. Subsequent testing of the 
carving revealed that it was nephrite 
jade. 

During preliminary examina- 
tion, we observed that the variegated 
brown coloration was unnatural in 


appearance. In addition to somewhat 
large areas of brown color on the 
carving, nearly all of the shallow 
carved depressions {see the wing 
areas of figure 5) showed brown col- 
oration in contrast to the pale green 
raised areas directly next to them. 
This appearance very strongly sug- 
gested that the brown color in these 
areas was probably caused by artifi- 
cial staining or dyeing in an attempt 
to highlight the carved details. 

The least destructive test for 


Figure 6. A strand of dyed green nephrite beads, each approximately 


9mm in diameter. 


108 


Gem Trade Lab Notes 


GEMS & GEMOLOGY 


dyed gem materials was then im- 
plemented. When an inconspicuous 
brown area was rubbed with an 
acetone-soaked cotton swab, how- 
ever, absolutely no stain appeared on 
the swab. Inasmuch as some dyes 
and stains are not removed from cer- 
tain gem materials with acetone 
alone, we decided to try a 10% 
hydrochloric acid solution next. 
When the same area of the carving 
was rubbed vigorously with a cotton 
swab soaked in the acid solution, a 
light brown stain was produced on 
the swab. This evidence, together 
with the unnatural appearance of the 
piece, led us to conclude that this 
carving had been artistically stained 
in a manner similar to that com- 
monly seen on nephrite jade carv- 
ings. Since no attempt had been 
made to enhance the color of the en- 
tire carving, with the dye or stain 
having been applied only in selected 
areas to highlight the details of the 
carving, the following conclusion 
was stated on our gem report: 
NEPHRITE JADE, with some areas 
of artistic staining. RK. 


Dyed Nephrite 
Unlike the artistic staining described 
above, some nephrite is being dyed so 
that the color is changed throughout 
the material. The first potentially 
commercial quantity of green dyed 
nephrite we have encountered for 
some time were the cabochons re- 
ported in the Spring 1984 issue of 
Gems # Gemology. Figure 6 shows 
the first strand of beads of this mate- 
rial submitted to our New York labo- 
ratory. The absorption spectrum of 
these 9-mm beads is very similar to 
that seen in the more familiar dyed 
jadeite, indicating that the same dye 
may have been used. If so, the stones 
would probably be just as susceptible 
to fading as dyed green jadeite is. 
RC; 


PEARLS 
Imitation Mabe Pearls 


The two items shown in figure 7 
were brought to our Los Angeles lab- 
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Figure 7. Imitation Mabe pearls. The finished “pear!” on the right 


measures 17 X 15 mm, 


oratory for identification. They were 
being offered on the market as ‘“Mabe 
pearls.’ Gemologists should re- 
member that a Mabe pearl is an in- 
duced blister pearl that has been cut 
from the shell and the nacreous 
half-dome then cemented over a 
mother-oftpearl bead of approxi- 
mately the same size as the hollow in 
the dome. The rest of the hollow is 
then filled with a material that looks 
like Canada balsam and a base of 
mother-of-pearl is cemented on. 

As figure 7 shows, the “pear!” on 
the left appears to be a blister pearl 
still attached to the shell, whereas 
the one on the right looks like a fin- 
ished product. Clearly visible in the 
specimen on the right is a line et de- 
marcation, which suggests a 
mother-of-pearl base pec to 
the blister peazl. Preliminary exami- 
nation indicated that both items 
were imitations, since both had a 
very low specific gravity judging by 
their heft; both felt very smooth and 
warm to the touch; and neither had 
any orient. Under magnification, 
some small gas bubbles were visible; 
in addition, both items were easily 
indented by the pin point of a brush 
probe, which suggests that these 
“nearls” were made from some type 
of plastic. 

When we viewed the two satn- 
ples with the microscope, we noticed 
many small bubbles oriented in very 
closely spaced parallel layers, thus 
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producing the appearance of a de- 
marcation line within the otherwise 


Figure 8, Flattened freshwater 
cultured pearl earrings, {8 mm 
in diameter. 


Figure 9, This X-radiograph of 
one of the pearls pictured in 
figure 8 was taken in the flat 
direction and shows no 
evidence of a nucleus. 


uniform material. These ‘‘Mabe 
pearls” were certainly the most real- 
istic imitations we have encoun- 
tered. KH, 


Unusual Cultured Pearls 


An attractive pair of somewhat flat- 
tened {8-mm pearls on pendant eatr- 
rings (figure 8) fluoresced strongly to 
X-radiation, indicating freshwater 
origin. Although the X-radiograph 
taken in the flat direction (figure 9) 
was inconclusive, that taken with 
the pearls on edge (figure 10) shows 
flattened lentil-shaped nuclei. These 
are the first freshwater cultured 
pearls of this type we have seen in the 
New York laboratory. 

Coincidentally, the New York 
laboratory also received a pair of 
button-shaped pearls set in stud ear- 
rings for testing (figure 11). They 
displayed weak to moderate fluores- 
-cence when exposed to X-radiation. 
The X-radiograph (figure 12) shows 
that they, too, are cultured pearls 
with lentil-shaped nuclei. The weak 
fluorescence indicates saltwater 
origin. We have only encountered 
such nuclei a few times in the past 30 
years. We have been told that such 
pearls are rare because off-round nu- 
clei in saltwater mollusks increases 
the mortality rate to an unacceptable 
level. 


Figure 10. This X-radiograph of 
the pearls in figure 8 was taken 
with the pearls on edge; it 
shows their lentil-shaped nuclei 
and thus proves their cultured 
origin. 
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Figure 11. Saltwater cultured 
pearls set in earrings, 10 mm in 
diameter. 


V4 
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Figure 12. This X-radiograph of 
one of the pearls in figure 11 also 
reveals a lentil-shaped nucleus 
under a thin layer of nacre. 


A third pearl received for testing 
proved to be a half-drilled freshwater 
cultured pearl. The X-radiograph 
shown in figure 13 revealed that the 
nucleus had been drilled prior to in- 
sertion in the mollusk. Evidence of 
the drilled nucleus shows up in the 
finished pearl as small depressions 
on the surface (figure 14]. In an article 
on freshwater pearl cultivation 
(Gems & Gemology, Spring 1962), 
we learned that round nucleated 
freshwater pearls were still in the ex- 
perimental stage at Lake Biwa. Nu- 
clei insertion in freshwater clams, 
unlike insertion in saltwater mol- 
lusks, required special tools which in 
turn required the drill hole in the 
nucleus. With a diameter of more 
than 13 mm, the pearl described here 
is larger and more attractive than any 
we have seen before. It may be an 
American nucleated freshwater cul- 
tured pearl; however, we do not 
know whether the same drilled nu- 
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Figure 13. Note the drilled 
nucleus evident in this 
X-radiograph of a 13-mm 
cultured pearl. 


cleus technique is used in the Mis- 
SiSSIppi area. RC. 


QUARTZ, 

Unusually Large Multi-Star 
Contributing Editor Bob Crown- 
ingshield reports that he was sur- 
prised to see a selection of multi-star 


Figure 14. These surface dimples 
suggest the presence of a drill 
hole in the nucleus of this 
13-mm pearl. 


quartz cabochons at the Tucson Gem 
and Mineral Show held in February 
of this year. Few of these attractive 
stones have come to our attention 
since we first added the beautiful 
cabochon shown in figure 15 to our 
New York study collection (Gems 
Gemology, Summer 1977}. 

Dr. Edward Gubelin studied 


Figure 15. Multi-star quartz cabochon in the collection of the New 


York Gem Trade Laboratory, 22 ct. 
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several stones from Sri Lanka to es- 
tablish that sillimanite inclusions 
cause the star in that material. How- 
ever, we had not encountered any 
significant commercial offering of 
these stones until Tucson, 1984. Our 
thanks to the New York gem dealer 
who allowed us to photograph the 
170-ct multi-star quartz shown in 
figures 16 and 17. We are still hoping 
to see a sphere made of this phenom- 
enal material. RG, 


RUBY, Heat Treated 


Because Burma rubies fluoresce 
stronger than those from other 
sources, a gem dealer exposed the 
83.01-ct ruby cabochon shown in 
figure 18 to ultraviolet radiation in 


Figure 16. Note the sharp star in 
this 170-ct quartz cabochon. 


Figure 18. An 83.01-ct ruby 
cabochon, 
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an effort to determine if the stone 
was of Burmese origin. When ex- 
posed to long-wave ultraviolet radi- 
ation, it fluoresced a bright red simi- 
lar to that of a Burma stone. How- 
ever, with short-wave ultraviolet 
radiation, a peculiar bluish patchi- 
ness and a number of concentric 
rings became evident (figures 19 and 
20). Because it was suspected that the 
ruby might have been oiled, the 
stone was submitted to the New 
York lab. This theory was rejected 
when it was determined that the blu- 
ish areas did not follow fractures or 
thomboidal “bulls-eye’” zones. The 
irregular patch (figure 19) corre- 
sponds to a lighter color zone in the 
stone. It was concluded that the 


Figure 17. Viewed from a 
different angle, the stone 
pictured in figure 16 shows 
other Stars. 


Figure 19. The stone illustrated 
in figure 18 fluoresced a patchy 
blue when exposed to short- 
wave ultraviolet radiation. 
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stone was probably heat treated, a 
process known to produce bluish 
fluorescence in blue sapphire when 
exposed to short-wave ultraviolet 
radiation. The heating could also be 
responsible for the absence of identi- 
fying silk in what the dealer assumed 
to be a Burma stone. R.C. 


SAPPHIRE, 
Verneuil Synthetic 


Figure 21 illustrates the curved color 
banding typical of a Vernueil syn- 
thetic blue sapphire. In this instance 
the approximately 5-ct stone, set ina 
ring, had been submitted to the New 
York lab for identification. When the 
stone was viewed through the table, 
however, a series of bright parallel 
reflection planes were seen (figure 
22). These planes reached the surface 
of the table and appeared similar to 


-the surface grain lines in diamond. 


We could not determine if they were 
present before the stone was polished 
and therefore were inherent to the 
rough material, or if they are the re- 
sult of some treatment or trauma 
after cutting. Certainly, they are not 
typical of synthetic material. Since 
some heat-treated natural blue sap- 
phires fluoresce a chalky greenish 
white similar to synthetic stones, a 
casual examination of this stone 
after a fluorescence test could mis- 


Figure 20, Concentric rings were 
also evident in the fluorescence 
of the stone in figure 18 when 
exposed to short-wave 
ultraviolet radiation. 
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Figure 21. Curved striae in a 
synthetic blue sapphire. 
Magnified 15x. 


lead the gemologist if he noted only 
the reflection planes and not the 
curved striae. It is possible that since 
this type of structure has been seen 
only recently in both New York and 
Los Angeles, it may be the result of 
the continuing experimentation 
with heat treatment in gem-cutting 
centers. RG: 


Black SPINEL 


In the Gem Trade Lab Notes section 
of the Fall 1982 issue of Gems w 
Gemology, we mentioned that our 
New York laboratory had been asked 
to identify an oval, black, opaque 
faceted stone that was supposed to 
have been cut from a portion of a 
Mexican meteorite named “The 
Black Ruby.”” Limited gemological 
testing indicated that the material 
was black spinel. However, its iden- 


Figure 22. Unusual reflection 
planes observed in the stone 
shown in figure 21. Magnified 
15x, 


na, 


Figure 23. An 8.63-ct. brownish 
yellow cat’s-eye zircon with a 
fine eye. 


tity could not be verified by means of 
X-ray diffraction since permission 
for this test could not be obtained. 
By chance, we recently received 
the same material for identification 
in our Los Angeles lab. The sample 
consisted of a rough specimen and 


two faceted stones that weighed ap- 
proximately 2 ct each. The client 
stated that the stones came from a 
Mexican “andromediorite” (black 
metallic ruby). Limited testing again 
indicated that the faceted stones 
were probably cut from black spinel. 
With the permission of the owner, 
we performed an X-ray diffraction 
analysis that confirmed our tentative 
identification: the material was in- 
deed a variety of spinel and not me- 
teoritic. K.H. 


Cat’s-eye ZIRCON 


In this section of the Winter 1983 
issue of Gems &) Gemology, we fea- 
tured a green cat’s-eye zircon that 
had been brought to the Santa 
Monica laboratory. Recently, an- 
other of these rare stones, but in a 
different color, was submitted to our 
New York lab. Figure 23 shows this 
attractive 8.63-ct brownish yellow 
cat’s-eye zircon, with an “eye” equal 
to that found in fine chrysoberyl. The 
stone was easily identified by its typ- 
ical absorption spectrum. Unfortu- 
nately, we have no information on its 
country of origin. R.C. 


PHOTO CREDITS 

Ricardo Cardenas took the photos used in 
figures 1,3, 4,6, 16, 17, and 21-23. Shane 
McClure is responsible for figures 2, 5, and 
7, Andrew Quinlan provided figures 8-15 
and 18-20. 


-eeee@ A PACKAGE DEAL from GEMS & GEMOLOGY @ee--- | 


A complete set of the four information-packed 
issues published in 1983 is now available. For 
$19.50 (in the U.S.) or $22.50 (elsewhere), you can 
have over 250 pages (with more than 200 color 
illustrations) of the most important articles, lab 


(elsewhere), 


information, and news in gemology today. 


Or save $4.00 and purchase both the 1982 and 
1983 volumes {eight issues) of GEMS & 


GEMOLOGY for only $35.00 (U.S.) or $40.00 


To order one or both sets, just send your check 
or money order to: 


Back-Issues Department 
GEMS & GEMOLOGY 
1660 Stewart Street 
Santa Monica, CA 90404 | 
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Editorial Korum 


BRIOLETTE OF INDIA 


In my article “Harry Winston: A Story Told in Dia- 
monds” (Spring 1983], I described 14 “named” diamonds 
that Mr. Winston had handled during his career. How- 
ever, it has recently come to my attention that the 
known history of the 90.38-ct Briolette of India, which 
had been reported to be the oldest diamond on record, is 
not as ancient as many scholars had believed. 

Mr. Hans Nadelhoffer, who is compiling a history of 
the Cartier firm, uncovered some interesting informa- 
tion concerning the true history of this unusual stone. 
During the course of his research, Mr. Nadelhoffer had 
the opportunity to interview a 90-year-old Parisian gen- 
tleman whose father, Atanik Eknayan, ran a very impor- 
tant diamond faceting shop in Neuilly, France. Accord- 
ing to the younger Mr. Eknayan, the Briolette of India 
was cut in his father’s shop in 1908-1909. He remem- 
bers that the briolette cut was chosen because of the odd 
shape of the original rough. Cartier purchased the stone 
in 1910, marking the beginning of its verifiable history. 


Laurence Krashes 
Harry Winston, Inc., 
New York 


DIASPORE 


Following your published data on a rare 1.24-ct faceted 
diaspore (Gem Trade Lab Notes, Fall 1983), your readers 
might be interested to learn that a deposit of gemmy 
material is said to have been discovered in Turkey 
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within the past few years. In October 1982, I saw several 
unusually large, transparent, faceted diaspores. One 
stone weighed 26 ct and showed a slight color change 
from yellow-green to brownish. The largest stone was 
yellow-green and weighed 157 ct. In all, there were about 
100 pieces available, ranging from 3 to 27 ct, as well as 
some rough material. 


C. A. Schiffmann, G.G., F.G.A. 
_ Gibelin Gemmological Laboratory 
Lucerne, Switzerland 


ERRATA 

In the article “/Cobalt-blue’ Gem Spinels,” which ap- 
peared in the Spring 1984 issue, Mr. Dan Duke was 
inadvertently omitted from the acknowledgments. Mr. 
Duke loaned several deep-blue natural gem spinels for 
the study. Also, the last sentence of the abstract for that 
article should read, ‘“Flame-fusion synthetics may still 
be distinguished by their higher R.I.’s.” 

Also in the Spring 1984 issue, in the Gem Trade Lab 
Notes section, the natural pearl is the fifth from the right 
in the bar pin shown in figure 19 (p.49}. 

In the article, “The Rubies of Burma: A review of 
the Mogok Stone Tract” (Winter 1983 issue}, the locality 
photos in figures 2, 4, 5, and 6 were taken by Dr. Edward 
Gubelin. 

We apologize for any confusion that these errors and 
omissions may have caused our readers. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Crystal chemistry of tsilaisite (manganese tourmaline) 
from Zambia. K. Schmetzer and H. Bank, Neues 
Jahrbuch fir Mineralogie Monatshefte, No. 2, 1984, 
pp. 61-69. 

Gem-quality yellow, yellowish brown, and greenish yel- 

low tourmalines from a new occurrence reportedly near 

Chipada, Zambia, have manganese contents among the 

highest ever found in tourmaline group minerals. This 

material has refractive indices of ¢ = 1.622-1.623, w = 
1.645—1.648, birefringence of 0.023—-0.025, density of 
about 3.13 g/cm, and MnO content of 6.37—6.80 wt%. 


This section is designed to provide as complete a record as 
possible of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require thal 
we include only those articles thal will be of greatest interest to our 
readership. 


Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. 
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Unit-cell parameters are a = 15.915 A and ¢ = 7.123 A. 
Because of their negligible iron content, these tourma- 
lines have chemical compositions that fall along the 
solid-solution series between end-member elbaite [ide- 
ally Na(Al,Li}3A],B3Si,07{O,OH, F}4] and a hypothetical 
end-member known as “‘tsilaisite’’ [ideally 
Na(Mn?*}3A1,B3Sig0,7{0,OH,F),4]. “Tsilaisite’” has not 
yet been found asa distinct mineral species in nature but 
has been synthesized in the laboratory. 

Citing work on manganese tourmalines of Slivko 
(International Geology Review, Vol. 3, 1961, pp. 
195-210), Schmetzer and Bank identify this new natural 
material as ‘‘tsilaisite’” and report its ideal chemical 
formula as Na(Mn7¢ Al s)AlgB3$igQ2701,.5(OH,F)o,5. 
However, they give no indication that this usage has 
been formally approved by the Commission on New 
Mineral Names of the International Mineralogical As- 
sociation, which is the normal procedure for new min- 
eral descriptions. The authors discuss possible isomor- 
phic replacement mechanisms along the elbaite- 
“tsilaisite” solid-solution series. These mechanisms 
appear to involve the two reactions Lit + (OQH}- = Mn?+ 
+ © and, to a lesser extent, A+ + 02> = Mn** + 
{OH)~. When combined, these reactions give Lit + Al$+ 
= 2Mn**. The extent to which this substitutional mech- 
anism is compatible with the crystal structure of tour- 
maline is presently unknown but under investigation. 

JES 
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The geochemistry of beryllium and fluorine in the gem 
fields of Sri Lanka. M.S. Rupasinghe, A. Banerjee, C. 
Dissanayke, and J. Pense, Mineralium Deposita, 
Vol. 19, No. 1, 1984, pp. 86-93. 


Sri Lanka has long been an important source of various 
gemstones, including corundum, chrysoberyl, beryl, 
garnet, spinel, tourmaline, and topaz. The island is 
primarily composed of a series of crystalline metamor- 
phic rocks and pegmatites of Precambrian age. Most gem 
minerals are not found in situ, but rather occur as part of 
heavy-mineral placer deposits in sediment gravels de- 
rived from the erosion of these underlying crystalline 
rocks. This particular study focuses on the geochemical 
behavior of beryllium and fluorine in this sedimentary 
weathering environment and on their role in the forma- 
tion of gem deposits. Beryllium is an important constit- 
uent of beryl and chrysoberyl, while fluorine occurs in 
tourmaline and topaz. 

Although fluorine and beryllium have a common 
origin in pegmatites, the results of this study demon- 
strate that they behave differently during the subse- 
quent erosional cycle and are not concentrated in the 
same minerals in gem sediments. This study is one of 
the first detailed investigations of the geochemistry of 
the gem sediments of Sri Lanka, and points the way toa 
better understanding of gemstones in ‘such environ- 
ments in the earth’s crust. JES 


Identifying turquoise. G. Brown, Australian Gem- 

mologist, Vol. 15, No. 3, 1983, pp. 289-299. 
Brown divides “turquoise” into five categories and dis- 
cusses methods of identifying each. The first is natural 
turquoise. The second, impregnated turquoise, is sub- 
divided into three types: Paraffin wax and thermosetting 
resin impregnation are both identified by use of the 
microscope and hot point; sodium silicate impregnation 
is indicated when a drop of ammoniacal silver chromate 
solution produces a reddish brown spot. 

Stones in the third category, imitation turquoise, 
are identified by normal gemological properties with the 
exception of reconstructed turquoise; a drop of hydro- 
chloric acid on the surface of a reconstructed turquoise 
leaves a yellow spot. Next, the characteristic surface 
patterning of synthetic turquoise is magnified to obtain 
an identification. Stones in the last category, naturally 
occurring turquoise simulants, can be identified with 
the usual gemological tests. GSH 


New hole centers in natural quartz. D. Maschmeyer and 
G. Lehmann, Physics and Chemistry of Minerals, 
Vol. 10, No. 2, 1983, pp. 84-88. 

Atomic-level structural defects known as color centers 

are responsible for the coloration of certain gem mate- 

rials. Such is the case in some varieties of natural quartz. 

Electron paramagnetic resonance (EPR) measurements 

of several citrines from Madagascar have led to the 
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identification of five new color centers not previously 
recognized. In citrine, the new centers are similar to 
those long suspected to be the cause of color in smoky 
quartz. They seem to involve the oxygen atoms that are 
adjacent to either aluminum or other atoms that are 
substituting for silicon in the quartz crystal structure. 
Details of the nature of these individual centers are 
presented. JES 


DIAMONDS 


Cathodoluminescence of natural diamond associated 
with implanted impurities (in Russian). V. S. Vav- 
ilov, A. A. Gippius, V. A. Dravin, A. M. Zajcev, and 
B. S. Zakupbekov, Soviet Physics of Semiconduc- 
tors, Vol. 16, No. 11, 1982, pp. 1288—1290. 


This article, by a team of Soviet researchers from the 
Lebedev Physics Institute of Moscow, provides help in 
understanding the role of specific impurities in the phys- 
ical constants displayed by both natural and synthetic 
diamond. The information provided may further be use- 
ful in developing quick techniques for distinguishing 
the two, should this become necessary on a commercial 
level. . 

The authors note that nitrogen in diamond has al- 
ready been singled out as playing the dominant role in 
optical properties such as absorption and luminescence. 
The latter phenomenon has also been associated with 
traces of silicon. In their experiments the writers 
“doped,” or implanted, relatively pure natural diamonds 
of the Ila type with ions of some nine metallic elements 
in order to observe any distinctive effects on the 
cathodoluminescent spectra of the stones. The depth to 
which bombardment by the accelerator managed to 
penetrate the diamonds was also studied, by etching 
away layers as thin as 200 A (one fifty-thousandth of a 
millimeter) and checking for evidence of centers of 
luminescence. 

Typical of the results obtained are some observa- 
tions on the nature of nickel impurities introduced into 
the natural stones. Synthetic diamonds often display a 
triplet of lines in their spectra around 484 nm (at 484, 
489, and 491 nm} and a single line at 510 nm; these are 
caused by nickel contamination from the catalyst used 
to help manufacture the crystals. According to the au- 
thors, these lines have never been observed in natural 
diamonds—but were successfully induced during the 
course of the experiment in those natural diamonds 
implanted with the nickel ion. 

Similar results for other elements are discussed, 
demonstrating the usefulness of luminescent spectra in 
synthetic detection. We may also speculate that a 
knowledge of how to induce spectral lines previously 
restricted to synthetics could lead to methods of obscur- 
ing these same lines, giving gemologists yet another 
challenge in identification. MPR 
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De Beers returns to Zaire. 

1983, pp. 11-14. 
This article begins with a quote from a statement issued 
by the chairman of De Beers on April 27, 1983, to the 
effect that the “Government of Zaire has recently judged 
it to be in the best interest to renew its old-established 
relationship with us.” Using excerpts from six news 
items, this discussion goes on to argue that one factor 
influencing Zaire was the decision by Australia to 
market the majority of the diamonds from the Argyle 
operations through De Beers. Zaire will, undoubtedly, 
be better off not having to compete with these diamonds 
as an independent. 

Production of alluvial diamonds will continue out- 
side De Beers control. To combat smuggling, the Zaire 
government now allows independents to set up buying 
offices near alluvial areas. One such group, Harry 
Winston, Inc., reportedly paid $110,000 to the govern- 
ment for the permit. Among the 11 photographs are 
examples of both the alluvial and hard-rock mining. 

DMD 


Indiaqua, Vol.35, No.2, 


Guinea diamond project on schedule. Mining Journal, 
Vol. 301, No. 7740, 1983, pp. 451-452. 
Diamonds—Aredor update. Mining Journal, Vol. 
302, No. 7744, 1984, p. 36. 


Mining Journal reports on the progress of the Aredor 
alluvial mining project in Guinea, West Africa, The 
Aredor plant, located at Kerouane, near the Sierra Leone 
border, contains a recovery facility with heavy media 
separation, washing, and feed sections, as well as a sepa- 
rator house. With treatment of the first diamond-bearing 
gravels expected this year, the partners of the project 
predict an initial output of 250,000 ct/yr. Information 
gained by prospecting suggests that 90% of the dia- 
monds are gem quality, with an average stone size of 
0.53 ct. Lf production follows the prospecting prediction, 
there should be sufficient gravel for 16 years of plant 
operation. 

Sierra Leone geologists located the Guinea deposits 
in 1932. While these were worked by Selection Trust 
(the company working the alluvial deposits in Sierra 
Leone} and by the Soviet Union in the late 1960s, this is 
the first large-scale, fully mechanized mining operation. 
Included in the update are further details about the cor- 
porate holdings of Aredor Holdings Ltd., as well as ex- 
pansion plans. The rough will be distributed through 
Jack Lunzer’s Industrial Diamond Company. In the long 
term, there may be potential for hard-rock mining, since 
19 kimberlite pipes are known to exist within the 
Aredor lease area. DMD 


Sea diamond developments. J. J. Gurney, Indiaqua, Vol. 
36, No. 3, 1983, pp. 13-17. 


In an interesting update, Gurney summarizes the devel- 
opments in the sea mining of diamonds since its spec- 
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tacular initial success six years ago. He traces the for- 
tunes of two companies, Theron Holdings and Trans- 
Hex, both active in the Atlantic Ocean off the west coast 
of southern Africa. 

In 1978, Theron Holdings formed a subsidiary com- 
pany, Dawn Diamonds, which was partly financed by an 
overseas consortium that included Swiss oceanographer 
Jacques Piccard. Dawn Diamonds obtained rights to 
mine diamonds from Terra-Marina, a subsidiary of 
Trans-Hex. 

From 1979 to 1983, Dawn Diamonds produced an 
average of 22,000 ct annually from gravels recovered by 
divers using suction hoses. Some of the early profits 
were reinvested as the company expanded and diversi- 
fied. Then, in 1981, not only did diamond prices fall, but 
the concentration of diamonds in gravels also dropped 
significantly from a high of 18 ct per cubic meter toalow 
of 3 ct. 

Gurney emphasizes the difficulties encountered in 
mining at sea as he describes the financial upheavals of 
these two companies. He concludes with a short dis- 
cussion of recent changes in the leasing program for 
rights to offshore mining. Since 1970, the Department 
of Mineral and Energy Affairs of the Republic of South 
Africa has issued two-year leases to the western coast 
area. In July of 1983, these leases were further subdi- 
vided into near shore, middle, and deep water. Gurney 
speculates that, with the new leases, opportunities 
abound, and the prospects for these two companies are 
promising. DMD 


Zoned garnets in porphyroblast lherzolites from the Mir 
kimberlite pipe (in Russian). V. P. Serenko, K.N. 
Nikinov, and E. E. Laz’ko, Doklady Akademii 
Nauk SSSR, Vol. 2.67, No. 2, 1982, pp. 438-441. 
Zoned garnets in a xenolith of cataclastic peridotite 
from the Udachnaya kimberlite pipe in Yakutia (in 
Russian}. E. E. Laz’ko, V. P. Serenko, and G. N. 
Muravickaja, Doklady Akademii Nauk SSSR, Vol. 
268, No. 5, pp. 1204-1208. 


Garnets are often found in association with diamonds in 
kimberlite pipes, a phenomenon exploited to great ad- 
vantage by those searching for such treasures. The rich 
Orapa pipe of Botswana, for example, was located by De 
Beers geologists far below the overlying sands of the 
Kalahari Desert using indicators such as garnet particles 
carried to the surface by ants. As reported in this pair of 
articles, Soviet researchers investigated garnets from 
two of the major Russian pipes in order to gain clues not 
only to how diamond appears in the kimberlite, but also 
to the geologic processes taking place in the upper man- 
tle of the earth itself. 

The garnet samples studied were purposely taken 
from rocks within the kimberlite that are known to form 
at great depth: from lherzolites found in the Mir pipe of 
the Malo-Botuobinsky kimberlite field and from a cata- 
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clastic peridotite derived from the Udachnaya pipe of 
the Daldynsky field. Pyrope and almandine were the 
most common species encountered, with grossularite, 
andradite, and uvarovite also represented. 

Variations in both color and chemical content ac- 
cording to the location of the garnets in the rock were 
analyzed and are compared in detailed tables and graphs. 
The authors interpret these results to indicate that the 
garnets formed by diffusion metasomatism (mineral re- 
placement), during a drop in pressure and rise in temper- 
ature, below the layers of sedimentary rocks through 
which the diamond-bearing kimberlites later were in- 
jected. MPR 


INSTRUMENTS AND TECHNIQUES 


Advances in the study of mineral inclusions. G. Gra- 
ziani, Neues Jahrbuch fir Mineralogie Monat- 
shefte, No. 11, 1983, pp. 481-488. 

In this article, Professor Graziani describes his ingen- 
ious and unique method of extracting the contents of 
fluid inclusions for analysis by Gandolfi X-ray camera 
and/or an electron probe microanalyzer. The method 
utilizes an original microtechnique called “microscopic 
extracting assemblage” (MEA). / 

The required apparatus consists of {1} an inverted 
microscope modified for mineralogical observation and 
photomicrography; (2) a dental microdrill, with a motor 
speed ranging from 1,500 to 30,000 r.p.m., that can be 
used in a vertical or horizontal position and employs a 
variety of small diamond tools; (3) a simplified, liquid 
nitrogen— based, gas flow freezing stage system to freeze 
the inclusions and control heat build-up during drilling 
(the positioning of the inverted microscope also allows 
the drilling tool to be cooled down during use}; (4) a 
Leitz-type micromanipulator to control the sample dur- 
ing extraction; and (5) a chromel vs. alumel 
thermocouple-potentiometer assembly for accurate 
temperature measurement during the extraction pro- 
cess. 

Using Professor Graziani’s MEA technique, the mi- 
croscopist can locate fluid inclusions, define the optical 
properties of both the inclusions and the host crystal, 
and extract the contents of the inclusions for analysis 
without having to move the specimen and while keep- 
ing it at a desired constant temperature. The MEA 
method is quite intriguing and should prove helpful to 
inclusionologists worldwide. John I. Koivula 


Analysis of gold jewellery artifacts—characterization of 
ancient gold solders by PIXE. G. Demortier, Gold 
Bulletin, Vol. 17, No. 1, 1984, pp. 27-38. 

New, sophisticated, nondestructive analytical tech- 

niques are beginning to be used to establish the antiq- 

uity of jewelry artifacts. Two such techniques, particle- 
induced X-ray emission (PIXE) and particle-induced 
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gamma ray emission (PIGE}, are discussed in this article. 
Both methods involve the exposure of an item toa high- 
energy beam of protons which gives rise to characteristic 
X-ray or gamma-ray emission of energy that can be de- 
tected with suitable equipment. Analysis of this energy 
emission can provide an indication of the chemical ele- 
ments in an item, as well as their abundance. The 
practical application of these techniques to determine 
the origin of soldering and brazing compounds used in 
the manufacture of gold jewelry is described. 

The presence of cadmium (Cd} in soldering alloys 
has often been interpreted as identifying an object as 
being of modern origin because this element has only 
been known since the early 1800s. However, recent 
PIXE analyses of several ancient, soldered gold objects 
found to contain small amounts of cadmium have cast 
some doubt on this hypothesis. The cadmium contents 
of these ancient alloys apparently resulted from the mix- 
ing in small quantities of the mineral greenockite, a 
naturally occurring cadmium sulphide, in the alloy ma- 
terial to lower its melting point. Thus, while the mere 
presence of cadmium does not establish the age of an 
artifact, comparison of the proportions of cadmium to 
other alloy elements, such as copper or silver, does pro- 
vide a more reliable indicator of origin. For solder alloys 
in ancient jewelry, there is a mutual increase in both 
cadmium and copper contents, whereas for modern 
times an inverse correlation is observed in which the 
copper/silver content decreases as the cadmium content 
is increased. These analytical techniques offer a rapid 
and accurate means of determining the element com- 
position of jewelry. As the methods are further refined 
with the analyses of additional objects, they will provide 
an important tool for examining ancient jewelry arti- 
facts. JES 


X-ray unit for gemmological use. S. Folgueras- 
Dominguez, Journal of Gemmology, Vol. 19, No. 1, 
1984, pp. 14-23. 

Transparency to, and luminescence excitation by, 

X-rays are two advanced techniques used in gemstone 

identification. This article describes the operation of a 

simple, portable X-ray unit for documenting the relative 

X-ray transparency of gem materials. The degree to 

which a material will absorb a beam of X-rays depends 

on the thickness of the material and the nature of its 

constituent atoms. For a given thickness, there is a 

marked difference in relative X-ray transparency from 

one gem material to the next. The author illustrates this 
difference with a table of diamond and possible diamond 
simulants in which this transparency is shown to vary 
by a factor of 10° or more. The differentiation of various 
gem materials by this method becomes even more pro- 
nounced as the thickness of the gemstone increases be- 
cause of the greater degree of X-ray absorption. 

The portable unit consists of an X-ray tube mounted 
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in a shielded box with windows that allow for direct 
observation of either the X-ray transparency by means of 
a mirror or the X-ray fluorescence and phosphorescence 
of a gemstone. The brief exposure time, on the order of 
one second, appears to be insufficient to produce color 
changes in the gemstone being examined. The unit can 
also be used to obtain radiographs of pearls. As with all 
X-ray equipment, caution must be exercised during its 
operation. Check that the equipment is properly 
shielded so that the X-rays are completely contained 
within the unit. In addition, an approved operator’s li- 
cense from local health authorities would be required. 

JES 


JEWELRY ARTS 


The art of Fabergé. B. Foran, Robb Report, Vol. 7, No. 12, 
1983, pp. 104-113. 


Just when it seems that everything that can be written 
about Fabergé has been written, along comes an article 
with anew perspective, offering practical information to 
the Fabergé enthusiast. 

Since the Robb Report specializes in investment 
advice, it follows that this aspect of Fabergé collecting is 
emphasized. Oddly enough, the escalating prices and 
profit potential of these exquisitely crafted objects are 
often obscured by the romantic aura surrounding the 
legendary firm of Russian goldsmiths and its enigmatic 
founders. While this article does dwell on the history of 
Fabergé, it also provides useful information on the value 
of these collectibles. 

Writing for a general but presumably informed au- 
dience, the author reviews the life and times of Peter 
Carl Fabergé, detailing the rise of the firm in St. 
Petersburg and recalling the glittering list of interna- 
tional society, royalty, and just plain rich who patron- 
ized his shops in Russia and the branches in London, 
Paris, and Monte Carlo from the late 19th century to the 
Bolshevik revolution and the fall of the Romanov dy- 
nasty. Interesting anecdotes on prominent Fabergé col- 
lectors (notably, publisher Malcolm Forbes), a short list 
of current and forthcoming publications on the subject, 
and information on permanent Fabergé exhibitions are 
illustrated with representative but infrequently pub- 
lished Fabergé objects. The Robb Report and author 
Barbara Foran have presented a fresh, readable article to 
wind up a year in which Fabergé became a household 
word and two major exhibitions of his work were held in 
America. NL 


Crowning glories: sumptuous jewels of dynastic Europe. 
Prince Michael of Greece, Smithsonian, Vol. 14, 
No. 7, 1983, pp. 129-141. 

Despite the cumbersome title, this is a splendidly illus- 

trated article adapted from Prince Michael’s Crown 

Jewels of Europe, published late last year by Harper & 

Row. The article traces the use and variety of royal and 
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imperial regalia from the time of Charlemagne to the 
present day. Readers will be surprised by the number of 
ancient crowns still surviving and the extraordinary 
lack of precise information about them. The crowns, 
orbs, scepters—‘‘indispensable instruments of 
coronation’’—are seldom used in the 20th century, yet 
they seem to have more prestige now than in former 
times and continue to serve as emblems of national, if 
not personal, sovereignty. 

Prince Michael provides some surprising and curi- 
ous anecdotes, but adds little new information to 
knowledge of the subject. Considering his relationship 
to two royal houses, more previously unpublished ma- 
terial might have been expected. His research lacks ob- 
jectivity, and he has allowed some serious errors in fact 
that appeared in the book to carry over into the article. 

The article is aimed at a wide public, and while 
serious jewelry historians may be disappointed, the pho- 
tographs serve aS some compensation. Hopefully, the 
book and the present adaptation will encourage more 
scholarly consideration of a subject which has almost 
unlimited potential. NL 


Enameling—I: Introduction and cutting cells for 
Champlevé enamelling. C. Walton, Aurum, No. 16, 
1983, pp. 33-41. 


This is an interesting, though not particularly informa- 
tive, article. The subtitle, “Introduction and Cutting 
Cells for Champlevé Enamelling,”’ promises more than 
the article delivers. The “Introduction” consists of a 
short professional biography of three members of a Lon- 
don enameling firm along with their accomplishments, 
a hazy definition of enamel, a brief description of each of 
the four basic raw enamels, and an esoteric mention of 
the techniques behind four of the main types of 
enameling. 

The discussion concerning cell preparation for 
Champlevé enameling is only a bit more informative. 
Section headings would have the reader believe that 
there will be insights into the process, but attention is 
given to the difficulty of execution rather than to the 
process itself. 

The photographic essay accompanying the article is 
more informative and valuable than the text. The article 
does, however, serve to whet the appetite, and the prom- 
ise of a follow-up article leaves hope of real information 
to come. Archie V. Curtis 


Gold coins as jewellery through the ages. A. Oddy, 
Aurum, No. 15, 1983, pp. 10-16. 
The current vogue of incorporating gold coins in jewelry 
undoubtedly prompted this article on the early use of 
gold coins for adornment. Concentrating primarily on 
the Roman and Byzantine periods, the author shows the 
influence of politics and religion on the fashion of wear- 
ing coins. Although coinage was invented in the late 
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seventh century B.C., it was not until the second century 
A.D. that the Romans first used coins in jewelry. By this 
time, the minting of coins had been standardized and all 
coins were stamped with the head or bust of the em- 
peror. Wearing his image denoted support of the ruler, 
and some of the earliest examples of brooches and pen- 
dants may have been made as gifts for foreign ambassa- 
dors or citizens favored by the emperor. “Coin” jewelry 
also appeared in the form of bracteates, or thin sheets of 
gold stamped out using coins as dies. These bracteates 
were often grouped together to form necklaces and 
wreaths for the hair. In light of their fragility, Oddy 
suggests that bracteate jewelry may have been made 
specifically for funereal use. 

We see the decline of the Roman Empire and the rise 
of the Byzantine Empire in the use of coins from various 
barbarian kingdoms that replaced former Roman prov- 
inces, as well as in coins from Byzantium set in garnet 
and gold mounts. As Christianity spread through 
Europe, the practice of burying goods with the dead was 
discontinued, so that fewer pieces of coin jewelery have 
survived from this period than from earlier ones. One of 
the survivors is a neck ring made up of coins and medal- 
lions that span the fourth to sixth centuries. The author 
speculates that this may have been a maniakion, the 
badge of office worn by the Byzantine imperial guard 
during the ‘sixth century. 

Although gold coins were minted from the fifth to 
the 14th centuries by the Byzantine Empire, virtually no 
gold was minted in the rest of Europe from the seventh 
until the 13th century. Coins introduced at this time 
were often inscribed with religious phrases and were 
worn as amulets to protect travelers. 

Oddy then speeds us through the subsequent cen- 
turies to the present day in two paragraphs, informing us 
that coins in jewelry were prevalent, especially in the 
19th century, due to a revival of interest in the classical 
age, and that examples of these can still be found in 
antique shops. EBM 


Precious time. T. N. Murari, Connoisseur, Vol. 2.13, No. 
861, 1983, pp. 106-111. 

A small group of jeweled watches, “The Ermitage Col- 
lection,” by Piaget of Geneva, will tour the United 
States in 1984. The watches resemble in style the Art 
Deco watches of the early 20th century. T. N. Murari, a 
novelist, has written more of an advertisement than an 
essay; nevertheless, the illustrations and some of the 
verbal descriptions make the article worthwhile. 

JG/ES 


Some ancient Near Eastern seals. W. G. Lambert, Arts of 
Asia, Vol. 18, No. 6, 1983, pp. 84-86. 

In part because of its imperialistic past, Great Britain is 

very rich in Eastern antiquities. Lambert describes an 

English collection of Eastern seals that is housed in the 

rather obscure Oriental Museum located at the Durham 
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University. This issue of Arts of Asia focuses on the 
various collections at this institution. 

The first half of the article presents a terse history of 
stone seals in the Near East up to the introduction of the 
cylinder seal. The stamp seal, which first appeared in 
northern Mesopotamia around 5000 B.C., served as both 
art and a device for sealing. Around 3000 B.C., in the 
Tigris-Euphrates River plain, there appeared a different, 
distinct type—the cylinder seal. For the cultures of 
Sumer, Babylon, and Assyria, the cylinder seal achieved 
the status of a major art form, although its primary 
purpose was to serve as a means of applying a signature 
by rolling the cylinder over clay or some other impres- 
sionable substance. The earlier cylinder seals were made 
of soft stone, such as limestone, but later such materials 
as hematite and the variously colored quartzes were 
more commonly used. 

The second half of the article describes six examples 
of individual cylinder seals in the Oriental Museum 
collection. Six photographs of impressions of the seals 
accompany an interesting text. The article concludes 
with a reference to a more complete discussion of the 
collection. FLG 


* 


Southern collections: jeweled bibelots in the Headley- 
Whitney Museum. N. Letson, Southern Accents, 
Vol. 6, No. 1, 1983, pp. 34-40. 


Located in Lexington, Kentucky, the Headley-Whitney 
Museum was founded in 1968 by George W. Headley and 
his late wife, Barbara Whitney Headley. The museum 
offers changing exhibits of art, Oriental porcelains, a 
large collection of rare shells and fossils, and the largest 
contemporary collection of jeweled bibelots {small 
household curios or trinkets) in the United States. 
These bibelots are housed in the Jewel Room, one of the 
standing exhibits at the museum. Both the Jewel Room 
and many of the objets d’art it contains were designed 
by George Headley and represent his taste and discern- 
ment in the assemblage of rare and unusual treasures. 

Fabricated by leading craftsmen of this century 
from detailed water-color designs by Headley, these cu- 
rios incorporate gems and precious metals with natural 
materials and antiques. Branch coral, volcanic rock, 
petrified wood, and rhinoceros hom as well as existing 
sculptures, antique coins, and carved jade and ivory are 
some of the materials used, all of which were collected 
by Mr. Headley on his travels around the world. 

One of the outstanding pieces described in this ar- 
ticle is a miniature classical temple made by Bulgari of 
Rome. The temple, constructed of 18-karat gold, frosted 
rock crystal, and diamonds, is seated on a large natural 
crystal from Brazil. 

From the author’s descriptions of the Headley- 
Whitney, one gets the feeling that the entire museum is 
a jeweled ornament, fascinating and beautiful in its de- 
sign and execution, EBM 
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SYNTHETICS AND SIMULANTS 


Gilson created fire opal imitation with play of colours. 
M. Gunawardene and R. Mertens, Journal of Gem- 
mology, Vol. 19, No. 1, 1984, pp. 43-53. 


This article reports on the examination of a Gilson 
product variously described by the producer as ‘‘Mexi- 
can fire opal—type synthetic’ or “synthetic honey 
opal.” The properties of this material were determined 
to be as follows: {1} General appearance—distinct yel- 
lowish brown body color with a pronounced play-of- 
color; a predominance of reddish flashes was noted, par- 
ticularly in one specimen. {2} Refractive index = 1.41 + 
0.001, and specific gravity = 1.91 + 0.001. (3) There is an 
affinity for water (hydrophilic], but it is much less than 
previously reported for Gilson black opal and white opal 
simulants. {4} Feel’ test—feels rough to the moistened 
thumb (natural honey opal reportedly feels smooth). (5) 
Ultraviolet fluorescence—inert or distinct bluish white; 
those specimens that fluoresced also phosphoresced, 
with reactions stronger to long-wave than to short-wave 
radiation; further, those specimens that fluoresced also 
exhibited a strong, chalky bluish white thermolumines- 
cence at 30°C to 40°C. 

Microscopic examination using transmitted high- 
intensity fiber-optic illumination revealed a 
“chicken-wire” pattern. A number of additional charac- 
teristics were noted under lower-intensity lighting 
conditions, including the characteristic “lizard skin” 
or “fish-scale” effect previously noted in the Gilson 
black materials and white materials, as well as dendritic 
patterns reminiscent of those seen on moss agate. Exam- 
ination at oblique angles revealed a dangling “‘stalacti- 
tic’ color distribution; when the Gilson stone was 
viewed from the side, substructural boundaries to the 
color columns were noted. 

The article is accompanied by seven 
photomicrographs and two drawings illustrating these 
structural features. RCK 


An investigation of the synthetic products of Gilson 
showing a play of colours. K. Schmetzer, Journal of 
Gemmology, Vol. 19, No. 1, 1984, pp. 27-41. 

The recent introduction of a Gilson product resembling 
fire opal with play-of-color led the investigator to thor- 
oughly examine a number of different Gilson materials 
marketed as synthetic opal. Five basic sample types 
were evaluated using X-ray powder diffraction, ther- 
mogravimetry, chemical analysis, flame ionization 
analysis, and mass spectrometry. 

Results of these investigations showed significant 
differences in the chemical composition of these man- 
made materials as compared to natural gem-quality 
opal. The five basic sample types and the major differ- 
ences noted are as follows: sample | (white body color 
with violet to green play-of-color}—no distinct water 
content, presence of crystalline ZrO, (supposedly pro- 
ducing the white body color); sample 2 (gray body color 
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with violet to red play-of-color)—no distinct water con- 
tent; sample 3 (black body color with violet to blue 
play-of-color}—presence of at least one organic com- 
pound; sample 4 (black body color with violet to red 
play-of-color}—presence of at least one organic com- 
pound; sample 5 (yellowish brown body color with vio- 
let to red play-of-color, resembling fire opal}—no dis- 
tinct water content, presence of 16% organic com- 
pounds. 

The investigator concludes that, on the basis of the 
above examination results, all five products are more 
properly designated opal imitations than synthetic opal. 

RCK 


Large crystal sapphire optics. F. Schmid and C. P. Khat- 
tak, Laser Focus/Electro-Optics, September 1983, 
pp. 147-152. 


This article reports on a new crystal-growing technique 
known as the Heat Exchanger Method (HEM™). The 
HEM™ process is the only melt process that uses a 
vacuum in which to grow crystals. During crystal 
growth, a seed is placed at the bottom of the crucible and 
prevented from melting by starting a flow of gaseous 
helium through the heat exchanger. This lowers the 
temperature of both the heat exchanger seat and the seed 
crystal resting on it. Crystal growth then takes place 
from the seed outward. This method has produced 
large-diameter (up to eight inches or so} synthetic color- 
less sapphires that are free of the light-scattering bits 
that generally occur in the boules grown by the Verneuil 
or Czochralski processes. 

Scatter-free sapphire slices make very effective 
windows for detectors in satellites. Synthetic mby and 
titanium-doped sapphire have also been grown by 
HEM™ for laser research. The process allows an in-situ 
annealing of the solidification stresses, and thus can 
make large-size crystals without stress-related cracking. 
Efforts are now under way to grow Cc:Mg and 
Nd:YAG crystals by HEM™., BFE 


MISCELLANEOUS 


Mammoth unearthed. D. Hemenway, Earth Science, 

Vol. 36, No. 3, 1983, pp. 16-17. 

To comply with the restrictions on ivory included in the 
Endangered Species Act, some lapidaries have substi- 
tuted fossil ivory. One form used is the tusks of woolly 
mammoths. Hemenway presents insight into the 
lifestyle of Mammuthus primigenius, one of the woolly 
mammoth species that lived in Siberia. 

In terms of size, the mammoth is between the larger 
African elephant and the smaller Asian elephant. How- 
ever, mammoth tusks are the largest of all the elephants, 
weighing up to 120 kg and reaching lengths of 3 to 4 m. 

The author concludes this well-written article with 
accounts of discoveries of mammoth fossils. DMD 


GEMS & GEMOLOGY Summer 1984 


GEM NEWS 


John I. Koivula, Editor 


DIAMONDS St 


Brazil 

Large diamond found in Brazil. A 260-ct yellow dia- 
mond of stated “good quality” was recently found at 
Coromandel {about 300 km northwest of Belo Hori- 
zonte} in Minas Gerais, Brazil, by a local garimpeiro. 
This area has produced many fine diamonds over the 
years. Perhaps this discovery will spawn a more organ- 
ized and detailed exploration of the area than has been 
carried out in the past. 


India 

Diamond exploration. The Mineral Exploration Corpo- 
ration and the National Mineral Development Corpo- 
ration, with cooperation from the Geological Survey of 
India, are implementing the first phase of a nationwide 
diamond exploration program. The first area targeted is 
Andhra Pradesh. Diamonds have already been found and 
pilot processing plants have been constructed. 


Philippines 

First diamond-cutting factory in Philippines. A 
diamond-cutting factory has now been set up in the 
Philippines near Manila. The company, called Manila 
Gem Polishers, is jointly owned by an Israeli, Mr. Y. 
Goldenberg, and a Philippine, Mr. Antonio Marco. The 
factory is presently cutting only small (I-50 points), 
lower-quality goods. 


Singapore 

Diamond exchange. The Singapore Diamond Importers 
Association recently announced that its new diamond 
exchange will be operational by the middle of 1984. The 
exchange, which is already affiliated with the world 
federation, will have approximately 200 members and 
will be the first such exchange in Southeast Asia. 


COLORED STONES 
Activity in Pakistan. The Gemstone Corporation of 
Pakistan reports that three new emerald deposits have 
been found in Charbagh, Gujar Killi, and Makad. As a 
by-product of initial exploration, 11,728 ct of rough em- 
eralds have been recovered. Opened in 1981, the aqua- 
marine and bery! deposits in Dassu (Skardu) and the 
topaz deposits in Katlang (Mardan} continue to produce 
consistently. 


Amethyst from Rhode Island. Mr. Clifford H. Stevens, 
a gemologist from Gansevoort, New York, reports that 
he has rediscovered a deposit of gem-quality amethyst 


Gem News 


from a locality in Rhode Island that was previously 
thought to be exhausted. The deposit is situated along 
the shores of Narragansett Bay near the Bristol-Mount 
Hope Bridge area. Mr. Stevens has found gem crystals as 
large as 100 ct. 


Exploration in Zambia. The International Development 
and Construction Company of Saudi Arabia and the 
Reserved Minerals Corporation have reportedly joined 
forces to recruit qualified mining personnel to prospect 
for and mine emeralds and other precious minerals in 
Zambia. 


New mining policy in Tanzania. The Tanzanian gov- 
ernment is preparing a new mining policy that will af- 
fect small mining operations. The new policy will allow 
individuals, groups or even entire villages to prospect for 
and mine diamonds, colored stones, gold, and other 
minerals on a small scale with minimal government 
interference. 


New source for beryllium. Highwood Resources Ltd. has 
encountered significant concentrations of beryllium 
during drilling operations at their Thor Lake property, 
North West Territories, Canada. Values as high as 
2.38% beryllium oxide have been reported, and plans 
now exist to perform a feasibility study on the prospect. 
Although the beryllium found at this locality has not 
been in association with gem materials, whenever be- 
ryllium is found in a mining area the potential for 
beryllium-containing gem crystals exists. Such 
localities are always exciting sites for gemological 
prospecting. 


New York chrysoberyl. Mr. Clifford Stevens also reports 
of reworking an old Dana locality for chrysoberyl in his 
home state of New York near Greenfield. In Gemstones 
of North America (Sinkankas, 1976), this locality is 
listed as being located ‘immediately west of a small 
pond just north of the township road which crosses 
Highway 9 leading north from Saratoga. The pond is 
about one-half mile west of the intersection of the town- 
ship road with Highway 9.” 

Many small crystals (up to 1.5 cm) displaying the 
typical wedge-shaped twin habit have been found. They 
are greenish yellow and mostly translucent. 


Recent finds in Yugoslavia. Gemologically interesting 
deposits of the silica gems opal, chalcedony, and jasper 
have been discovered in Serbia, Yugoslavia, on the 
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slopes of Mount Rudnik. Whether or not mining of these 
deposits will be economically feasible remains to be 
seen. 


PRECIOUS METALS Es 
Canadian gold. The Canadian gold producer, Lac Min- 
erals, has reported that recent drilling activity on its 
Williams gold property at Hemlo, in Ontario, has up- 
graded the previous estimate of reserves for the property 
from 10.0 million tons at 5.8 g (0.18 oz.) of gold per ton of 
ore to 13.9 million tons at 5.9 g of gold per ton. This is in 
addition to3.5 million tons of near-surface ore with gold 
values grading at 6.2 g (0.19 oz.) per ton. The Hemlo area 
promises to be one of the most important sources of gold 
in the world. Production at Hemlo could begin in 1984. 


Gold in Quebec. A strata-bound gold-bearing zone has 
been found by Camflo Mines about 65 km north of 
Kirkland Lake, Quebec, Canada, on its property in the 


Holloway and Harker townships. Initial drilling has 
begun on the property to determine the extent of the 
mineralized structure and to test any extensions of the 
main zone. Preliminary testing of the area is scheduled 
to be completed in 1984. 


OK gold. Production at the giant OK gold mine located 
in Papua, New Guinea, may begin sometime this year. 
However, some serious problems with mud slides will 
increase the recovery costs for the gold. 


Reid mine. Exploratory drilling at Terramar Resource 
Corporation’s Reid mine in northern California has re- 
vealed gold values as high as 46.9 g (1.50 oz.) per ton. A 
section extending vertically from 7 m to 43 m showed a 
weighted average of 21.6 g (0.69 oz.) per ton of ore and 
50.4 g (1.62 oz.) per ton of silver. Another section, ex- 
tending from 57 m to 59 m, showed 12.3 g of gold and 
silver values of 19.9 g per ton. 


ANNOUNCEMENTS 


Winner of the 1984 George A. 
Schuetz Memorial Fund Design 
Contest is Mr. Sekikazu G. Nakak- 
ura, of Okayama-City, Japan, for his 
original design of a 14K white-gold 
and yellow-gold man’s bracelet (fig- 
ure 1}. Other winners in the design 
competition were Mrs. Shizuyo 
Hara, of Tokyo, Japan, in second 
place, and Ms. Catherine D. Vil- 
lenueve, of Montreal, Quebec, Can- 
ada, in third place. 

The Schuetz contest, held annually, 
awards scholarships in the amounts 
of $500 for first place, $300 for sec- 
ond place, and $200 for third place for 
training in a jewelry-related subject 
at any institution of the winner’s 
choice. Only original designs of 
men’s jewelry are eligible for entry in 
the competition. The 1985 Schuetz 
contest will be open in October of 
this year. Contest rules and applica- 


Figure 1. Schuetz award-winning bracelet design by Sekikazu G. Nakakura. 


tions will be available at that time 
from the Scholarship Office, 
Gemological Institute of America, 
1660 Stewart St., Santa Monica, CA 
90404. 


The Geo-Literary Society was 
formed at Tucson in February of this 
year. Mrs. Alexandra Filer, of Filer’s 
Minerals, has been elected the first 
president. The Geo-Literary Society 
has an initial goal of bringing to- 
gether those who are interested in 
the literary arts related to minerals, 
gems, and fossils. The sharing of 
sources and the exchange of infor- 
mation about books, maps, draw- 
ings, and related printed matter on 
the subject of the natural substances 
of the earth is of prime concern to the 
group. For further information, con- 
tact: Filer’s Minerals, Box 487, 
Yucaipa, CA 92399, or Herb Obodda, 


P.O. Box 51, Short Hills, NJ 07078; or 
Elna Hauck, 8 Rowe P1., Bloomfield, 
NJ 07003. 


The International Exhibition of 
Jewelry, Gold, Silverware, Clocks, 
and Gifts (“BIJORHCA”) will be 
held September 7 — 12, at Parc des Ex- 
positions, Porte de Versailles, Paris. 
Further information and entrance 
cards are available from: Pierre 
Wagner and Caline Thomas, Inter- 
national Trade Exhibitions in 
France, Inc., 8 West 40th St., New 
York, NY 10018; (212) 869-1720. 


You are cordially invited to attend 
GIA GemFest '84, a program of sem- 
inars specifically designed to in- 
crease your jewelry sales ability and 
gem knowledge, to be held August 2.1 
and 22. at GIA Santa Monica. Please 
call GemFest at (213) 829-2991 for 
further information. 
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THE PHYSICS AND 


CHEMISTRY OF COLOR 
By Kurt Nassau, 454 pp., illus., publ. 
by John Wiley & Sons, New York, 
1983. US$43.95 * 


As the title suggests, this book delves 
into the fundamental processes that 
produce or alter the patterns of visi- 
ble radiation that are perceived as 
color. The author, a research scien- 
tist at Bell Laboratories, has added 
The Fifteen Causes of Color as a 
subtitle to his book. When he lists 
these 15 causes in the first chapter, 
he mentions that this number is 
somewhat arbitrary and that fewer, 
more general, groupings would prob- 
ably be sufficient to cover the physi- 
cal origins of color. No matter how 
the topics are divided, however, this 
reviewer has seen no other book with 
as comprehensive a survey of the 
basic processes behind color as this 
one. It fills a long-standing gap in the 
scientific literature. Dr. Nassau has 
effectively collected in one volume a 
mass of information that was previ- 
ously scattered in a broad assortment 
of books and journal articles, some of 
which he had authored. 

Following the introduction 
(which provides definitions of color, 
the spectrum, chromaticity, co- 
lor-mixing schemes, color percep- 
tion, models of light behavior, and 
energy considerations], the next five 
sections examine the 15 causes of 
color. Each section deals with a broad 
group of color origins and relates 
them to a particular model or physi- 
cal theory. Almost all involve, in one 
way or another, the interaction of 
light and electrons. 

Various gemstones are cited as 
examples in all but one of these five 
sections. Although most of these ex- 
amples have appeared in articles 
published previously by Dr. Nassau, 
he does include an interesting inter- 
pretation of the padparadscha color 
in the section involving ligand field 
effects. Ruby, emerald, and alex- 
andrite form a significant part of the 


*This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. 
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Michael Ross, Editor 


discussion in that same section. (It is 
interesting to note, however, that 
when Nassau explains charge- 
transfer colors in part 4, he attributes 
the color of tanzanite to an iron- 
titanium combination like the onein 
blue sapphire. Other researchers 
have identified vanadium as the 
coloring agent of tanzanite.) In the 
section on band theory and color col- 
lectors, Nassau discusses color in di- 
amonds and metals, and devotes 
some attention to the influence of 
radiation and heat on certain gem 
colors. Part 6 deals with the scatter- 
ing phenomena seen in asteriated 
and cat’s-eye stones, as well as with 
the interference and diffraction ef- 
fects seen in feldspars and opal. 

The last section of the main text, 
titled “Color-Related Topics,’”’ cov- 
ers such fascinating subjects as vi- 
sion, paint deterioration, color 
changes in food, lasers, and hologra- 
phy. It also provides a summary of 
gemstone coloration. These discus- 
sions help tie together the ideas pre- 
sented in the preceding sections and 
also flesh out the general concepts 
with additional examples. However, 
in the summary on gem colors, Nas- 
sau neglects to specify whether or 
not the yellow and green sapphires 
colored by nickel are synthetics; the 
colors of the natural varieties are at- 
tributed to iron. At the end of each 
chapter there are problems and 
questions for the reader who enjoys a 
challenge. With this feature, the 
book could readily be used as the text 
for a college-level course. 

Although the author has placed 
some of the difficult and more tech- 
nical details in the appendices, the 
main body of the text remains a fairly 
advanced treatment. One of the ap- 
pendices is an extensive reading list 
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that accommodates many different 
interests. 

Numerous line drawings, dia- 
grams, graphs, and assorted tables 
appear throughout the book. Eight 
pages with 31 color photos are 
sandwiched in the middle of the text 
and provide some beautiful illustra- 
tions. There are also 11 black-and- 
white photos scattered throughout. 
The greatest value of the book, how- 
ever, is the amount of information 
presented and the skill with which it 
has been organized. It is a worth- 
while investment for the serious 
student of this complex but fascinat- 
ing subject. 

BOB EFFLER 
Course Development, GIA 


CASTELLANI AND 
GIULIANO: REVIVALIST 
JEWELLERS OF THE 


19TH CENTURY 

By Geoffrey C. Munn, foreword by 
A. K. Snowman, 208 pp., illus., publ. 
by Rizzoli International Publica- 
tions, New York, 1984 (French lan- 
guage edition publ, by Office du 
Livre, Fribourg, Switzerland, 1983). 
US$60.00* 


Rarely has so authoritative and well 
written a monograph been published 
in the field of jewelry arts, or has so 
handsome a tribute been paid to its 
subjects. This is the first definitive 
study of the two Italian artist- 
jewelers whose work represents the 
essence of 19th-century eclecticism 
and who founded the movement 
called Archaeological Jewelry,” in- 
spired by discoveries in Greece, Italy, 
Russia, and Egypt. 

Fortunato Pio Castellani 
(1793-1865) opened a shop in Rome 
in 1814, and began making repro- 
ductions of Greek and Etruscan jew- 
elry with a quality of granular and 
filigree work unknown since antiq- 
uity. The accuracy of these repro- 
ductions, achieved by craftsmen 
Castellani discovered who were still 
using ancient techniques, gained 
him an international reputation. 
After his death, the work was carried 
on by a son, Augusto (1829-1914), 
whose style and technique were so 
similar to his father’s that, with few 
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exceptions, his pieces are difficult to 
date. Augusto Castellani later became 
director of the Capitoline Museum 
in Rome, and much of his collection 
remains there today. An elder 
brother, Alessandro (1824-1883), was 
also a collector and dealer in antique 
jewelry, and did much to promote 
the firm at the major exhibitions of 
art and industry held in Europe and 
America after 185]. Much of the an- 
tique jewelry in the British Museum 
was acquired through Alessandro, 
and many of the pieces served as 
models for the firm’s production. 

The London and Paris branches, 
opened in the 1860s, gained an inde- 
pendent reputation under manager 
Carlo Giuliano ({c. 1831-1895) and 
his son, Arthur (c. 1864-1914). Carlo 
Giuliano’s work differs from other 
jewelry in its refinement and supe- 
rior execution. Although Giuliano 
also worked in the Greek and Etrus- 
can styles, he developed a manner 
distinct from Castellani, and created 
jewelry unlike any other made 
before. His knowledge of antique and 
Renaissance jewels is obvious, but 
his own pieces are not simply essays 
in archaeological reconstruction. 
While the Castellanis applied their 
superb craftsmanship and unerring 
taste to reproductions expressing the 
style of their time and the values of 
archaeological scholarship, Giul- 
iano’s pieces are more imaginative 
and no less finely made. His attitude 
toward the past was that of an artist 
rather than a scholar. His later 
works, made in the light, elegant 
forms of the turn of the century, are 
distinctive and express understand- 
ing and sympathy with the jewelry of 
Egypt, of the 16th century, the Ori- 
ent, and Art Nouveau, but do not re- 
flect transiently fashionable tastes; 
it is the stature of his own personal- 
ity as an artist-jeweler that is most 
apparent. 

Geoffrey Munn (himself a jew- 
eler and a director of the London firm 
of Wartski, Ltd.) has skillfully drawn 
a vivid and fascinating portrait of the 
personalities and firms of Castellani 
and Giuliano, placing each in its cor- 
rect historical setting, tracing the 
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sources of design inspiration and the 
development of technical virtuosity. 
He has so successfully presented 
their full characters as goldsmiths, 
antiquarians, art dealers, and liberal 
political thinkers that we have not 
only the men and their manners— 
their art expressed in the 200 sump- 
tuous, and for the most part previ- 
ously unpublished, photographs— 
but also their private thoughts, their 
attitudes toward patrons and clients, 
and their methods of salesmanship. 

The technical chapters of the 
book are as compelling as the art- 
historical ones, with classical metal- 
lurgy, enamel, mosaics, and electro- 
types receiving literate and percep- 
tive consideration. The important 
matter of marks (genuine and spuri- 
ous} is given attention, and the au- 
thor has been meticulous in his pre- 
sentation of extensive notes, a glos- 
sary, and a comprehensive bibliogra- 
phy listing both exhibitions and sales 
where Castellani and Giuliano 
pieces figured prominently. 

This book has clearly been a 
labor of love on Mr. Munn’s part, and 
his publishers have supported him 
wholeheartedly by turning out what 
must be regarded as the major con- 
tribution to jewelry history to appear 
so far in this decade. 


NEIL LETSON 
Anniston, Alabama 


THE EMERALD 

By! A. Mumme, 135 pp., illus., publ. 
by Mumme Publishing, Australia, 
1982. US$21.00* 


The title page of this book reads, 
“The Emerald: Its Occurrence, Dis- 
crimination, and Valuation, by 1. A. 
Mumme B.Sc. Hons. {Mineralogy 
and Petrology}, M.Eng.Sc., A.M. 
Aust. Imm., etc. Formerly Chairman 
of the Federal Board of Studies in Ed- 
ucation of the Gemmological Asso- 
ciation of Australia and Convener for 
Education of the Geological Society 
of Australia (New South Wales 
Branch). Member of the Scientific 
Education Panel of the Lapidary Club 
of New South Wales.” At the bottom 
of the page, it reads: “Mumme Publi- 
cations.” The book is evidently pub- 


lished by Mr. Mumme himself, and it 
obviously involves his own lengthy 
studies of the various emerald- 
producing areas of the world. Unfor- 
tunately, while the book contains 
much interesting and valuable in- 
formation, the facts are uneven and 
the absolutely unbelievable proof- 
reading leaves one aghast. The book 
begins with, ‘Emerald is a gem- 
quality member of the Beryl family. 
It is one of the gem Kingdom’s truly 
precious stones, the others being di- 
amond and ruby.” In these fascinat- 
ing sentences, beryl and kingdom are 
capitalized, but no other words. One 
also does not expect to see words 
such as “distained,” “stupidy,” or 
‘nosponed” throughout a profes- 
sional publication. Every editor (or 
author] misses a couple in the course 
of a book or article, but not in virtu- 
ally every chapter and on almost 
every page. 

One can get carried away with 
what are really rather minor criti- 
cisms, in a sense, but errors such as 
those cited above are annoying and 
distracting. The many good summa- 
ries in this book, and its usefulness as 
a compilation of information from 
all over the world are weakened by 
sentences like the one that appears 
on page 62: ‘According to Julius 
Petch, Jr., the Ida Oberstein expert, 
the source could be nearly as impor- 
tant a supply as Brazil.” The name is 
Petsch, the city is Idar-Oberstein, 
and the result is irritating. 

At the end of the book, Mumme 
discusses the separation of natural 
from synthetic emerald, and presents 
some material which suggests that 
he has never done it himself and that 
he does not really understand gem 
identification. For example, his ref- 
erence to a test for opacity, using a 
photographic method, is backwards. 
One wonders, when much of this 
material is available elsewhere, just 
what the purpose of this book is, and 
whether it should not have been 
submitted to a number of outsiders 
for comment, criticism, and proof- 
reading before it was put into such 
flawed print. 

RICHARD T. LIDDICOAT, JR. 
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FRESHWATER PEARLS OF 
NORTH AMERICA 


By James L. Sweaney and John R, Latendresse 


Natural pearls are among the rarest and 
most valued of fine gems. American fresh- 
water pearls have a history thousands of 
years old and played a particularly promi- 


nent role in the jewelry of the late 19th and | 


early 20th centuries. Today, though a frac- 
tion of its original size, the American 
freshwater pearl industry continues to pro- 
duce fine material for the jeweler 
worldwide. The source of this pearl is the: 
Unio mussel, “fished” by brailing boats 
and intrepid divers from the rivers and 
lakes of America. From the Unio in which 
it grows, the American freshwater pearl 
derives its distinctive shapes and colors. A 
new entry to the American pear! industry 
is the freshwater cultured pearl, illustrated 
in this article for the first time ever. 
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Freshwater Pearls 


earls are undoubtedly one of man’s oldest treasures. 

As he sought food, primitive man would have found 
certain mollusks easy game. Inevitably, in time, he would 
have encountered pearls within these mollusks. Only the 
simplest of tools were needed to pierce these lustrous 
objects and fashion them into enchanting, enduring or- 
naments. As civilization developed, the pearl was often 
associated with purity, innocence, hope, and femininity. 
In contemporary times, the pearl has come to be known 
as the “Queen of Gems.” 

Historically, pearls have been enormously popular. 
During the Renaissance, when exploration opened the 
Orient and the New World to the traders of Europe, pearls 
were sought with such passion that the period has been 
called “the Pearl Age” (Kunz and Stephenson, 1908}. No 
opportunity was ignored, and so pearls were fished 
wherever they could be found, from both freshwater and 
saltwater sources. 

The next great pearl boom occurred in the late 19th 
and early 20th centuries, when pearl prices soared to 
fabled heights not seen before or since. In fact, natural 
pearls were so important during this period that many 
fine jewelers derived most of their income, reportedly as 
much as 80%, from the sale of pearls (Shire, 1982). Fresh- 
water pearls played an important role in this market, be- 
cause new discoveries of freshwater pearly mussels in the 
lakes and rivers of the United States contributed signifi- 
cantly to the supply of fine natural pearls. Although 
freshwater and other natural pearls have been over- 
shadowed in recent years by the sheer volume of their 
cultured counterparts, they continue to be one of the 
classic gems, distinctive and highly prized for their 
beauty, wearability, uniqueness, and rarity. 

In this article, we will discuss the freshwater pearls of 
North America, in particular those from the United 
States (figure 1}. We will review how the freshwater mus- 
sel and its pearls have been harvested and used, describe 
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the natural history of these mussels and the pearls 
they produce, and look at the future of the fresh- 
water pearl industry—both natural and cultured— 
in the United States. 


A HISTORICAL PERSPECTIVE 


There is good reason to believe that freshwater 
pearls were found very early in man’s history. In- 
digenous to the lakes and rivers of North 
America, Europe, and Asia, the freshwater pearly 
mussel was an easily accessible food source. Op- 
portunistic aborigines had only to wade into the 
shallows to be able to gather protein-rich food 
from often enormous beds of Unio mussels. Even 
in modern times, mussel beds have been found 
stretching several miles along a river, harboring 
hundreds of thousands of these creatures. Given 
the tendency of these mussels to form pearls, it is 
likely that men who lived off the mussels en- 
countered freshwater pearls very early on. 

In their monumental work, The Book of the 
Pearl (1908), Kunz and Stephenson describe early 
written references to pearls, the earliest of which 
appears to be the Chinese Shu King, in which 
freshwater pearls are described as having been 
fished from rivers in China and strung into neck- 
laces around 2300 B.C. In America, some of the 
ancient mounds and shell middens of the Tennes- 
see River Valley show evidence that the Indians 
used the mussel as food and the shell for utilitar- 
ian and decorative purposes as early as 4500 B.C. 
During the Woodland period, approximately 1000 
B.C. to 800 A.D., the use of pearls appears to have 
been extensive, especially in culturally advanced 
tribes. The Hopewell mounds of Ohio, which 
contained large caches of freshwater pearls, date 
from about 200 B.C. to 200 A.D. {Dr. Bruce Smith, 
pers. comm.}. 

When the Spaniards began their exploration of 
the New World, they found and exploited good 
saltwater pearl fisheries in the Caribbean, espe- 
cially around Venezuela, and along the Pacific 
coast of Panama and Mexico. Hernando de Soto’s 
expedition into the southeastern portion of conti- 
nental North America (1539-1542) was the first 
to report the discovery of American freshwater 
pearls. De Soto and his men encountered Indian 
tribes with what were described as “strings” and 
“festoons” of pearls. They were able to come 
away with some treasure, but on the whole the 
expedition was disappointing. Although some of 
what they brought back were actually fine pearls, 
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much of what they saw were probably beads and 
other ornaments that the Indians had made out of 
the mother shell (Kunz and Stephenson, 1908). 
Other early finds occurred along the Atlantic sea- 
board and the lower portions of the Mississippi 
River, but these were generally minor in scope. 
Perhaps because their expectations were too high, 
or because the freshwater pearls were less acces- 
sible to the great sailing ships of the time, or be- 
cause many of these pearls were different from 
the saltwater pearls the Spaniards were familiar 
with, these early explorers did not make much of 
their discoveries, and the North American fresh- 
water pearls lapsed into obscurity for several 
centuries. 

With the “rediscovery” of the freshwater 
pearl at Notch Brook in New Jersey in 1857, how- 
ever, the heyday of the American pearl fisheries 
began. Significant pearl finds—on the Little 
Miami River of Ohio in 1878, the Pecatonica and 
other rivers of Wisconsin in 1889, the White River 
of Arkansas in 1895, the Clinch River of Tennes- 
see in 1901, and others—made headlines that 
brought frenzied “pearl rushes’ to these areas. 
During this period, many of the waterways of the 
eastern portion of the country were explored and 
developed for pear! or mussel fishing, but most of 
the pearl seekers wanted quick riches and so con- 
centrated their efforts on the major finds (Kunz 
and Stephenson, 1908). 

Freshwater pearls were very popular during 
this period, especially in the local areas where 
they were fished and in Europe. Jewelry of the 
Victorian period was sometimes set with numer- 
ous small “seed” pearls encircling a center gem or 
with rosettes of freshwater pearls arranged like 
the petals of a flower (see, for example, the pend- 
ant in the center of figure 1, a reproduction of a 
Victorian design]. Jewelers of the Art Nouveau 
movement used American freshwater pearls ex- 
tensively because the baroque, often grotesque 
natural shapes and unusual colors of these pearls 
worked well with the themes and sentiments of 
the period. 

The mussel shells soon became an important 
resource themselves. J. F. Boepple, a button maker 
who immigrated to the United States from Ger- 
many in 1887, is credited with having fathered a 
new industry when he established a mother-of- 
pearl button factory in Muscatine, Iowa, in 1891. 
This new industry quickly expanded and became 
very important to the economy of the Midwest. 
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Besides buttons, numerous other mother-of-pearl 
products, such as handles for knives and razors, 
inlaid shell boxes, and other decorative objects, 
were turned out by these factories. By the turn of 
the century, Muscatine was the pear]-shell capital 
of the world. Button making brought prosperity to 
many areas, and steady employment to large 
numbers of factory hands as well as to the river 
folk and fishermen who gathered the mussel. The 
pearls were a valuable and important by-product, 
so pearl buyers from all over the world came to 
the button-making centers (Musgrove, 1962). 
The mussel-shell and pearl industry ran at a 
strong pace until the 1920s, when a series of 
factors combined to topple it. The introduction of 
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Figure 1. A sample of con- 
temporary jewelry fashioned 
| using American natural 
freshwater pearls. The pend- 
ant in the center is a repro- 
duction of a piece from the 
Victorian era. Photo © 1984 
Tino Hammid. 


plastic buttons, which could be made more 
cheaply and to the precise dimensions required by 
modern sewing machines, began to erode the 
market for mother-of-pearl buttons. Many major 
natural pearl suppliers left the business at this 
time as increasing sales of cultured saltwater 
pearls from Japan, and decreasing production of 
natural pearls of all types, worked with negative 
publicity about the difficulty of separating cul- 
tured from natural pearls to undermine the 
market for natural pearls. Finally, the stock 
market crash of 1929 triggered the collapse of al- 
ready weak natural pearl prices, and the Depres- 
sion brought the shell-button industry to a virtual 
halt. To date, natural pearl prices have never re- 
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gained the heights they reached in the early part 
of the 20th century. The shell-button industry 
remained marginally active until the last major 
factory, located at Savannah, Tennessee, closed in 
the 1950s. 

The collapse of the button industry was offset 
in the late 1940s and early 1950s by the develop- 
ment of a new market for the shell: the saltwater 
pearl culturing industry of Japan. These growers, 
through trial and error, had found that the shells 
that produced American freshwater pearls were 
the ideal raw material for the shell bead they 
needed to nucleate their cultured pearls. After 
World War II, Japanese buyers came into the 
market heavily and a new boom for the mussel 
shell business began. Today, four or five suppliers 
export about 3,500 to 6,000 tons of freshwater 
mussel shell to Japan each year. In the midwest 
and southeast portions of the United States, mus- 
sel fishing is still a tradition for the people who 
live along the rivers and lakes. Indeed, it has be- 
come the custom in some areas to decorate the 
graves of loved ones with the mussel shell (fig- 
ure 2). 

In the 1950s and early 1960s, a number of im- 
portant pearls were found as a result of the shell 
harvest, since many areas had not been worked 
seriously for 20 or 30 years. As recently as the 
early 1960s, annual raw production of freshwater 
pearls in the U.S. was about 20,000 troy ounces, 
{only 15% of which was useful for jewelry]. The 
current yield is paltry—only 500 to 600 troy 
ounces annually—because water pollution and 
other types of habitat destruction have shortened 
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Figure 2. On “Decoration 
Day,’ the people who live 
and work along the Tennes- 
see River gather at their 

~ family cemeteries and deco- 
"rate the graves of their loved 
; . ones with freshwater mussel 
shells and other objects. The 
custom is said to have come 
to the U.S. from Ireland. 
Photo courtesy of the Ten- 
%.. nessee River Folk Life Cen- 
ter, Nathan Bedford Forrest 
State Park, Eva, Tennessee. 


the lifespan of the mussels and as a consequence 
diminished the size and quality of these natural 
freshwater pearls. Although the current market 
for American natural freshwater pearls, as for all 
pearls, is strong, the outlook for new production 
of all types of natural pearls, both in the U.S. and 
worldwide, is bleak, because the environmental 
problems that led to the current state of these 
fisheries are not likely to be reversed. 


METHODS OF HARVEST 

The pearly Unio mussels are easy prey to musk- 
rats, otters, and other animals. The Indians of 
North America gathered them by simply wading 
into the river or lake, locating the mussels with 
their feet or hands, and pulling them out of the 
mud. This method is still used occasionally in 
areas where the mussel can be found in shallow 
water, and is referred to by local people as ‘‘toe 
digging.’”’ The Indians also developed a method of 
harvesting that was a precursor to one of the 
principal methods of commercial harvesting used 
in the 20th century, known as “brailing.’’ Their 
method was to drag cedar branches behind their 
dugouts and canoes. The branches passing over a 
mussel bed would disturb those mussels that 
were open to feed, so that they would quickly 
close their shells, as often as not clamping onto 
the branches, 

During the pearl rushes of the 19th and early 
20th centuries, ‘toe digging” and long-handled 
rakes were the most common methods of harvest. 
As the button industry developed and the demand 
for large quantities of shell grew, the harvest be- 
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came more sophisticated, and “brailing’” became 
the favored technique. The brail is a long bar or 
board, 6 to 15 feet (3-5 m} long, to which numer- 
ous ‘‘crowfeet” are attached via short ropes or 
cords. The “crowfoot” is a steel-wire device with 
several hooklike prongs that splay out like the 
toes on a bird’s foot. Several ‘‘crowfeet” are fas- 
tened to each rope, and these ropes are attached 
every six inches or so along the brail. The brail is 
dragged behind a boat over the mussel bed, and 
the mussels clamp onto the “crowfoot” as it 
passes over them (figure 3}. Brailing is mainly 
suited to working level areas with high concen- 
trations of mussels, and since the brail can also 
disturb the habitat and damage the mussels not 
captured, it is now only in limited use. 

Much of today’s harvesting is done with con- 
ventional diving techniques. The diver dons a 
wetsuit, weight belt, and mask, and breathes with 
a regulator that is connected by an air hose to a 
compressor situated in his boat. Submerged in 
murky water from 20 to 60 feet (6-20 m) deep, 
the diver works in total darkness, finding his 
catch by ‘touch. Since most of the shells produced 
today are used to make the nucleus for saltwater 
pearl culturing, the diver seeks only certain types 
and sizes of mussels. Those he leaves behind suf- 
fer minimal disturbance. Diving also allows pro- 
duction from areas that would not normally be 
accessible by other methods. 


Figure 3, A modern-day 
brail, with a few captured 
freshwater pearly mussels. 
Photo courtesy of the Ten- 
nessee River Folk Life 
Center, Nathan Bedford For- 
rest State Park, Eva, 
Tennessee. 
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Experienced divers can make good money, but 
the work is risky and dangerous. First, the diver 
must often operate in total darkness, a condition 
that many people cannot tolerate. Also, any div- 
ing done in water over 20 feet deep is dangerous. 
Without controlled and accurate decompression, 
the diver runs the risk of getting the “bends,” 
which can be crippling or even fatal. Many divers 
work alone, so accidents or equipment malfunc- 
tion can also be a real problem. Since they breathe 
air pumped down from the surface and are not 
limited in the time they can spend on the bottom, 
the divers can easily work to the point of exhaus- 
tion, becoming too weak to help themselves 
when a problem arises. The diver must often 
work his way around commercial fishing lines, 
tree stumps, and other underwater hazards, and 
often dives near commercial shipping lanes or in 
areas open to recreational boating. It takes a spe- 
cial kind of person to cope with working in such a 
difficult and hostile environment. 

Yet some of the areas where mussels are still 
found are econornically depressed and the oppor- 
tunity to earn some money can be a very strong 
incentive. Many who try diving have little or no 
training; some do not even know how to swim! 
Some earn a good living fishing the mussels, but 
most simply get by or supplement other earnings. 
The risks are too great, the work is too hard for 
most. Those who succeed earn every penny. 
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NATURAL HISTORY OF THE 

UNIO MUSSEL 

Freshwater pearly mussels are a diverse and wide- 
spread group of bivalve mollusks classed under 
the family Unionidae. The name is derived from 
the Latin word unio, which means a large, fine 
pearl. Fossil records and other data indicate that 
this group of animals appears to have developed 
about 350 million years ago, during the late 
Devonian or early Mississippian period. The 
Unios probably evolved from marine animals, al- 
though exactly when and where is the subject of 
some dispute among scientists (Dr. D. H. 
Stansbery, pers. comm.}. 

Technically, Unios are neither mussels nor 
clams, but are a distinct and unique family of 
freshwater mollusks, characterized mainly by na- 
creous shells and a life cycle that has an interme- 
diate larval form which parasitizes vertebrate an- 
imals, usually fish. The scientifically correct term 
is naiad, after the nymph of Greek mythology 
who presided over rivers and lakes. However, 
those who make their living from the Unios, and 
even scientists, usually call them ‘mussels’ or 
“freshwater pearly mussels.” In this article, we 
will use the traditional name mussel. 

At one time, scientists estimated that the 
Unio family contained more than 500 species, 
which were spread throughout the lakes and 
rivers of Asia, Europe, and North America. Cur- 
rently, the number of species is estimated to be 
around 250 to 300. Although much of this reduc- 
tion is due to reclassification and clarification of 
the nomenclature, many Unio species have be- 
come scarce or extinct in recent times because of 
habitat reduction and alteration, water pollution 
and, to some extent, overharvesting. At least 20 
species have vanished from North America dur- 
ing the 20th century, and a similar number are 
listed as endangered (Dr. H. van der Schaile, pers. 
comm.}. 


North America, especially within the Mis-° 


sissippi River drainage area, provides the perfect 
habitat for these animals because of the large 
areas of watershed with limestone substrata. This 
abundance of limestone creates the ‘‘sweet” (al- 
kaline} water and the concentration of calcium 
that is most conducive to the growth of Unios, 
enabling North America to support a diverse and 
abundant population of these mussels. The distri- 
bution of these mussels is mainly in the eastern 
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two-thirds of the United States (figure 4). 

As mentioned, Unios have been found 
worldwide. The populations of the British Isles, 
mainly in Scotland and Ireland, are much re- 
duced, although some very marginal pearl fishing 
still takes place. In Europe, the mussels have al- 
most totally vanished. India and Pakistan have 
some Unio species, and some are probably found 
in Russia, especially Siberia, but the information 
on these occurrences is limited. China and Japan 
probably harbor the largest population of Unios 
outside North America. All the cultured freshwa- 
ter pearls produced in these countries are grown 
in the three Unio species they have found suitable 
for culturing. Africa and South America are also 
known to support some of these mollusks. 

Unios are generally hardy animals. Some 
species live in clear, fast-running mountain 
streams; others inhabit larger, slower moving 
rivers; still others prefer the even quieter waters 
of lakes and ponds. Their basic pattern of life is 
quite simple. Most live half-buried in the mud, 
sand, or gravel bottom of the body of water that 
they inhabit, feeding on waterborne bacteria, 
algae, and other plankton, and breathing water- 
borne oxygen by means of gills. Some types, es- 
pecially those that live in mud or sand, can move 
about by means of a muscular foot. And several 
species, commonly called “floaters,” are even 
able to inflate their bodies with gas so they can 
float and be carried along by current and wind! For 
the most part, though, Unios are sedentary, stay- 
ing in one spot their entire life. 

Unios normally populate a habitat rapidly, 
because one female can produce hundreds of 
thousands of larvae each year. These offspring are 
a valuable contribution to the food chain: where 
mussels are numerous, fish and other aquatic life 
forms are usually abundant. The larvae usually 
disperse by attaching themselves to fish. They 
may be further transported by birds and other an- 
imals that eat the host, so it is not unusual to find 
them in landlocked lakes and ponds. 

While most Unios range from 3 to 6 inches 
{7.5-15 cm} across, some species are much smal- 
ler, with a maximum size of one inch or less. 
Others, like Megalonaias gigantea (the ‘wash- 
board’), span a foot (30 cm) or more at maturity 
(figure 5). All species continue to grow as long as 
they live, but growth is most rapid the first few 
years. Most species live 15 to 50 years; in a 
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Figure 4. General range of Unios in the United States, approximate maximum distribution. 


f 


Rivers of note are shown in blue; the Hopewell mound area is indicated by a dotted line. 


nonpolluted habitat, some live as long as 100 
years. 

Because of their diversity, Unios can occupy 
many niches in the ecosystem, their main re- 
quirement being.suitable water quality. Most im- 
portantly for man, Unios convert dissolved cal- 
cium into the lustrous aggregate materials that 
make up their shell and, under certain conditions, 
form pearls. All Unios produce shells with nacre- 
ous inner surfaces, and all continue to secrete 
nacre as long as they live, although the nacre flow 
slows with age. Some species, such as those used 
for freshwater pearl culturing in Japan and China, 
grow very thin shells, no more than I or 2 mm 
thick. Other species, such as those that provide 
the raw material for the mother-of-pearl beads 
used in saltwater pearl cultivation, form rather 
heavy shells, some portions of which are 15 to 30 
mm thick. Generally, the thicker-shelled Unios 
are found in waters that contain a high concen- 
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tration of dissolved calcium. 

While most species produce white nacre, 
many other colors also occur, including pink, or- 
ange, lavender, and purple. The color of the shell 
and the pearl is a complex result of genetic and/or 
environmental factors, and is not totally under- 
stood. Some species that normally produce white 
nacre may also produce pink or orange nacre in 
certain bodies of water. Other species always pro- 
duce one basic color of nacre, but the tone and 
general appearance of that color may vary consid- 
erably, depending on numerous factors. 

Because most Unios are sedentary and live in 
habitats that tend to be quite rich in animal life, 
they are exposed to many natural circumstances 
that can cause pearls to form. For example, Unios 
are often hosts to various parasites, usually snails, 
other small ‘mollusks, and various types of 
worms. In their search for food, these creatures 
get inside the protective shell and burrow into the 
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flesh of the mussel. The mussel is usually able to 
seal off and kill the intruder, and then gradually 
envelop the body in nacre, forming a pearl. Or a 
small fish can attack the mussel when it is 
opened to feed, tearing off bits of the mantle. A 
stray crumb of mantle tissue lodges in the shell, 
and a pearl begins to grow around it. 

Self-nucleation is also possible. All of these 
mussels have a tooth-like structure on each valve 
near the hinge which allows them to grind their 
food. Because of the tremendous leverage in- 
volved, bits of this structure frequently break off 
and pearls form around them, between the 
“teeth.” These pearls have a distinctive shape and 
texture that matches the “teeth” perfectly. 

Unio pearls are often nucleated by debris, 
primarily bits of shell and possibly fish scales, car- 
ried into the mussel bed by water currents. In the 
early days, pearl seekers looked for mussel beds 
located just downstream from Indian mounds and 
shell heaps, where an abundance of minute shell 
particles weathered out, causing pearls to form 
much more frequently. 

A common belief is that pearls are started or 
nucleated by a grain of sand. In the authors’ opin- 
ion, based on years of personal observation and 
experimentation, the usual process of nucleation 
of natural pearls, at the very least in freshwater 
mussels, is the accidental introduction of natural 
organic substances, especially those of calcareous 
shell, into the body of the mollusk. While it is true 
that mineral substances can be used to culture 
blister pearls, and that pebbles can be encapsulated 
within a natural blister, these objects become 
heavily coated with conchiolin before the nacre 
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Figure 5. The Unio, or pearly 
mussel, in which natural 
freshwater pearls form. The 
species illustrated here, 
Megalonaias gigantea (the 
“washboard”’), may grow to 
more than a foot; this shell 
measures approximately 5 
in. (13 cm). Photo © 1984 
Tino Hammid. 


will cover them. There is little if any attachment 
of nacre to such an object. In fact, the growers of 
Mabe-type cultured blister pearls use a plastic or 
soapstone hemisphere to start the blister, because 
these objects do not attach to the nacre and are 
easily removed, so that the inside of the nacre 
dome can be cleaned and colored. This view is 
substantiated by the fact that, even after many 
years of experimentation with various types of 
nuclei, including several types of manmade cal- 
careous substances, the Japanese saltwater pearl 
growers still use the freshwater shell bead. 

Once a pear! has been started, it grows as the 
mussel and its shell grow. As the years go by and 
the pearl becomes larger, it increasingly affects the 
mussel. Pearls that start out in the main body of 
the mussel tend to migrate downward as they gain 
weight, eventully settling against the lowest por- 
tion of the shell. As the mussel continues to grow, 
the nacre produced in that area accumulates on the 
pearl rather than the shell, so that the shell grad- 
ually becomes deformed. Historically, mussel 
fishermen have sought these ‘crippled’ shells be- 
cause they often contain a large pearl. 

Pearls that form in areas around the hinge may 
become so large that the mussel can no longer 
close its shell, Once this occurs, the mussel has 
little chance of survival. It is not unusual for a 
single Unio to produce many small pearls—some 
have been found to contain more than 100. In gen- 
eral, the larger the pearl or the greater the number 
of pearls, the harder it is on the mollusk. 

Why do some mollusks produce that magical 
stuff, nacre, and others simply calcareous sub- 
stances? A simple question, yet the authors have 
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found no answer, even among malachologists. The 
pearly mussels, biologically not much more thana 
worm with a hard shell, have long been sought for 
their glowing pearls. The wonder is that such a 
lowly creature should create such a beautiful 
object. 


AMERICAN NATURAL 
FRESHWATER PEARLS 


The freshwater pearls of the Unios are often beau- 
tiful, distinctive, and unusual. If one is simply 
interested in smoothness and roundness in pearls, 
then look to the cultured pearl, because the truly 
round natural pearl is the exception rather than the 
rule. The freshwater pearls of North America ex- 
hibit an exceptionally broad range of colors, 
shapes, qualities, and sizes. 

The physical and structural properties of these 
pearls are essentially the same as those of salt- 
water pearls. Natural pearls are composed mainly 
of nacre, which is primarily calcium carbonate, in 
the form of aragonite (82% —86%], conchiolin 
(10% —14%|, and water (2% —4%], as described in 
Webster, (1975). The presence of manganese as a 
trace element is evidenced by the X-ray fluores- 
cence exhibited by natural freshwater pearls and 
shells. Other trace elements are present in the 
pigmentation seen in freshwater pearls and shells, 
but the role of these substances needs more scien- 
tific study. 

Identification of natural freshwater pearls is 
most reliably accomplished in the laboratory using 
a combination of X-radiography, which discloses 
the internal structural characteristics that show 
natural or cultured origin, and X-ray fluorescence, 
which usually establishes freshwater or saltwater 
origin. In the field, distinctive characteristics of 
appearance are in many cases adequate to identify 
freshwater natural pearls. Important identifica- 
tions should be confirmed by laboratory tests or by 
persons experienced in handling these goods. We 
will describe some of these distinctive character- 
istics below. 


Color. Peach, apricot, and tangerine . . . rose, 
orchid, and lavender. . . bronze, silver, and gold... 
these and other names have long been used to 
describe the delicate colors and shadings of fresh- 
water and other pearls. Lacking a scientific system 
for the communication of pearl colors, and well 
aware that the description of pearl color is compli- 
cated by the optical phenomena of luster, over- 
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tone, and orient, pearl dealers usually manage to 
communicate to one another through consistent 
use of these color names. Still, actual matching of 
colors must be done with the pearls themselves. 
The development of a reliable and repeatable sys- 
tem of color communication for pearls is an area 
that the authors are currently investigating, but 
the problem has no simple solution. Pearl colors 
can be so subtle that they challenge not only our 
language skills but our visual skills as well. 

The phenomenon of rosé (or traditionally, 
rosea} is a good example of why the color descrip- 
tion of pearls can be so difficult. In natural pearls, 
and to some extent, cultured pearls, rosé is both an 
overtone color and an optical phenomenon associ- 
ated with a generally high level of luster. One 
could say that rosé describes a certain quality of 
nacre that is very lustrous and translucent and that 
has a typical color appearance. The color appear- 
ance of rosé is usually pinkish, but it can also 
appear reddish, violetish, or purplish. 

The degree or intensity of rosé can vary greatly 
also. On some pearls, rosé appears as a slight to 
noticeable overtone on a light body color, and 
would be called white rosé or creme rosé, etc. Oc- 
casionally, one sees superior pearls of light body 
color, where the luster is so bright and the rosé tint 
so strong that the underlying body color is not 
really noticed. The color of such a pearl might be 
described as a true rosé. 

On natural pearls, rosé is almost always natu- 
ral. On cultured pearls, rosé is commonly accom- 
plished with various types of dye. It is not unusual 
to enhance or develop rosé in both natural and 
cultured pearls by simple surface treatments that 
remove cloudy or opaque material or smooth the 
surface of the pearl. As a general rule, such treat- 
ments do not work well on pearls of inferior 
quality. 

The color description of pearls is also compli- 
cated by the presence of conchiolin in the nacre. 
Although conchiolin is always present in nacre, it 
usually occurs in minor amounts which are color- 
less. Often, however, conchiolin picks up impuri- 
ties that turn it dark brown or black. When this 
dark form occurs deep within the pearl around the 
nucleus, it may darken the overall color; when it 
concentrates in patches closer to the surface, it 
may appear as dark blotches of various colors. It 
also may be deposited as a layer or layers thick 
enough to affect the overall color of the pearl, but 
not heavy enough to appear dark, thereby adding a 
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golden, greenish, brownish, or grayish component 
to the body color. Many natural freshwater pearls 
called bronze, golden, and the like are conchiolin- 
rich, and many pink and lavender colors are modi- 
fied by thin layers of conchiolin, often with a pleas- 
ing effect. 

Lastly, certain colors are typical of pearls from 
particular locales and species. White is the most 
prevalent body color of freshwater pearls in 
America; itis usually a pure snowy white, touched 
with varying degrees of rosé and/or orient. At least 
two-thirds of the natural freshwater pearls pro- 
duced in North America are white. Creme colors 
are not particularly common in American fresh- 
water pearls, although they are typical of pearls of 
the Ohio River, especially those from the upper 
reaches of the system. In contrast, creme colors are 
frequently seen in the freshwater cultured and 
natural pearls of Japan and China. 

The “black” colors occur in freshwater pearls, 
but the look we associate with South Sea pearls 
(both natural and cultured), of a deep pure black 
with attractive overtones, is rare in freshwater 
pearls. The “black” colors normally present on 
freshwater pearls are very dark pinks, lavenders, 
bronzes, grays, and the like. 

Fancy colors in pearls are considered to be any 
desirable body colors not found in the light group 
or the black group. Although freshwater pearls of 
the Unios are noted for fancy pink, orange, purple, 
or golden hues, there are so many modifications 
and variations of these basic colors that the range 
seems almost endless. Even blue and green occur 
rarely. The colors usually have a soft, subdued 
pastel look, but some can be quite vivid. Figure 6 
shows excellent examples of some of the various 
colors, including white and rosé, of American nat- 
ural freshwater pearls. 

Freshwater mussels and other mollusks 
sometimes produce pearls with more than one 
color. These may be bicolored, where the two sides 
of the pearl are two totally different colors, or 
multicolored—like an opal—where a number of 
totally different colors are seen on a single pearl. 

In the heyday of the natural freshwater pearl, 
specific mussels and certain locales were noted for 
their production of beautiful fancy colors. The 
Tennessee River and its tributaries were good pro- 
ducers of fancy colored pearls, because the habitat 
supported many different Unio species. In Texas, 
the Colorado River drainage, including the 
Concho River, the San Saba, and others, were 
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noted for pink, purple, and lavender pearls. And 
several rivers in Wisconsin, including the Apple, 
the Pecatonica, the Rock, and the Wisconsin, pro- 
duced pearls of various fancy colors, especially del- 
icate and pure greens (again, see figure 6). Natural 
fancy colors are one indication (though not proof) 
that the pearls are of freshwater origin. 


Shapes. Most natural pearls are and always have 
been baroque, and a good percentage of cultured 
pearls are baroque. In nature, the perfectly round 
pearl is very rare, accounting for less than 0.01% of 
American natural freshwater pearls, and a very 
small portion of other types of naturals. Even ex- 
pensive strands of natural Oriental pearls usually 
contain many pearls that are off-round or slightly 
baroque. Other symmetrical shapes, such as the 
bouton, pear, and barrel, are also rare and unusual 
in natural pearls, because specific and limited 
factors must be present for a natural pearl to form 
symmetrically. The authors estimate that fewer 
than 5% of natural pearls are truly symmetrical. 

In contrast, the shape of today’s cultured pearls 
is usually a result of the grower’s skill. Modern 
techniques of pearl culturing allow varying de- 
grees of control over the form of the final product. 
For example, the shape of the myriad round salt- 
water cultured pearls produced in Japan is con- 
trolled mainly by three factors. First and most im- 
portant, the round mother-of-pearl bead that is 
implanted as the nucleus accounts for about 70% 
to 90% of the volume of these cultured pearls, and 
thus largely determines the final shape. Next, the 
quality of that shell bead is carefully controlled so 
that no flaw in the nucleus will cause baroqueness 
in the cultured pearl produced. Lastly, the length 
of the growing period for the bulk of these cultured 
pearls has been reduced from several years to six to 
10 months, thereby greatly reducing the chances 
that the cultured pearls will become baroque 
{Cohen, 1984). 

The freshwater pearly mussels do form all the 
classic symmetrical shapes associated with natu- 


Figure 6. Some of the many colors in which 
American freshwater pearls occur. Counter- 
clockwise, from top right: rosebud, rosé, 

25.4 x 20.8 mm (52.89 ct); round, light peach- 
pink, 17.2 mm (33.55 ct); pear, white rosé, 

17.9 x 11.0 mm (15.54 ct); group of boutons 7.5 
to 10 mm in diameter, showing various natural 
fancy colors. Photo © 1984 Tino Hammid. 
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ral pearls. Usually, these pearls are formed in areas 
near the adductor muscles and at the periphery of 
the shell, where the pearl can be turned or spun by 
the normal activity of the mussel, thus causing the 
nacre to be deposited smoothly and evenly. As 
evidence of this phenomenon, some symmetrical 
pearls show deposits of coarser nacre or chalky 
substances, and also grooves, that have been laid 
down concentrically onto the surface of the pearl, 
as if with a draftsman’s compass. Symmetrical 
freshwater pearls are quite rare and desirable, with 
the round and the pear shape being the rarest, and 
the bouton and the barrel shape the most common. 
The pearls in the graduated necklace shown on the 
cover of this issue are all natural round freshwater 
pearls from the Tennessee River, and represent 
over 25 years of diligent collecting and sorting. 

The Unios also produce pearls in an amazing 
array of baroque shapes and forms, often delight- 
ful, sometimes grotesque, but never boring. Some 
of these shapes are similar to the baroque pearls 
formed by other mollusk groups, but many are 
unique and typical of the freshwater pearly mus- 
sels. Certain of these shapes occur repeatedly, re- 
flecting a set of conditions that is prevalent within 
the environment of the mussel. 

Figure 7 shows several groupings of natural 
freshwater pearls which represent the most com- 
mon baroque shapes found in American waters. 
Note that within each group, each pearl is unique 
but the overall shapes are similar. These groupings 
by shape are part of the system traditionally used 
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by natural pearl dealers in America to sort and 
grade small natural freshwater pearls. Larger goods 
are usually graded and evaluated on an individual 
basis. Of these basic groups, ‘“‘wings” and “petals” 
are the most common, and shapes no. 2 and no. 6 
are the least common. 

Other baroque shapes have been found with 
enough frequency to merit special names. Because 
of beauty, rarity, and demand, these classic ba- 
roque pearls may carry the same value as some of 
the symmetrical pearls of equivalent size and qual- 
ity. One of these, the ‘‘turtleback,” is roughly oval 
in outline with a domed cabochon-like top. 
Turtlebacks generally have a smooth surface with 
good luster and orient, so they are ideally suited for 
making important pieces of jewelry (the ring on 
the cover of this issue contains a fine turtleback 
pearl}. Turtlebacks sometimes show a curious tex- 
ture within the nacre that resembles stretch marks 
in human flesh. This texture reflects the fact that 
they usually grow near the outermost edge of the 
mussel shell, where the mantle has to stretch to 
cover the pearl. Mabes and other blister pearls 
which grow near the periphery of a mollusk shell 
sometimes show a similar texture. Turtlebacks 
normally start out as a free pearl within the man- 
tle, but they may break through the mantle as they 
gain weight, settle against the shell, and become 
encapsulated as a blister pearl. 

Another special shape is the “rosebud.” This 
characteristically American freshwater pearl is 
typically high domed, with a flat back and roughly 


Figure 7. Typical small 
baroque American natural 
freshwater pearls, of average 
to better quality, grouped in 
traditional shape categories. 
Left to right: shape no. 2, 
semi-round, sometimes re- 
ferred to as ‘nuggets’; shape 
no. 3, oval but thick; shape 
no. 4, roughly triangular, 
known as “petals”; shape 
no. 5, longish but flat; shape 
no. 6, roundish or oval, but 
flat; and one size of ‘‘wing”’ 
pearls. Photo © 1984 Tino 
Hammid. 
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Figure 8. American 
natural freshwater pearls, 
nucleated by snails and 
periwinkles. Counter- 
clockwise, from top right: 
snail, white rosé, 39.0 x 
30.0 mm (89.93 ct); snail, 
fancy'bronze-lavender, 
31.0 x 25.2 mm, (80.43 ct); 
pair of periwinkle pearls, 
matched, fancy pink and 
gold. Photo © 1984 

Tino Hammid. 


roundish outline. The top is always covered with 
bumps or ridges and, to be a true “rosebud,” must 
be of very high luster and quality. Again, this type 
of pearl lends itself to fine jewelry. The bumpy or 
ridged surface is thought by the authors to be 
caused by multiple nucleation or by minute life 
forms or debris attaching to the surface of an 
otherwise smooth pearl. The face-up view of an 
exquisite and very large rosebud pearl is shown in 
figure 6, upper right. 

The “snail” shape is also considered a classic. 
Pearls that are nucleated by snails or other shelled 
creatures usually take on the orientation of the 
calcium carbonate platelets of the shell at the nu- 
cleus, and can maintain the basic shape of the 
nucleus for many years. The large snail-shaped 
pearl in figure 8, upper right, was X-rayed and 
found to have a nucleus about 4 mm across. This 
pearl probably grew for at least 30 years before it 
was taken from the host mussel, and yet it retained 
the orientation of that tiny snail for the entire 
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time. Figure 8 also shows an extremely fine and 
large lavender-colored snail pearl and a pair of 
wing-shaped pearls, which were probably nucle- 
ated by periwinkles. 

Baroque pearls with totally unique shapes may 
be referred to as “exotics” or, if grotesque, as 
“monsters.” Often, the form brings to mind a pic- 
ture or image, and that pearl will be formally de- 
scribed according to that image, for example, 
“acom,” “bird’s head,” “strawberry,” and the like. 
When such a pearl is large and of fine color and 
luster, the unique shape may add significantly to 
its beauty and value. 

The nucleation of natural freshwater pearls by 
snails and other small mollusks also generates 
distinctive surface features. Many natural fresh- 
water pearls show swirling, spiraling grooves or 
raised lines on the surface, which may be either 
deep and prominent or quite fine. These grooves or 
lines usually follow the overall shape of the pearl, 
more or less paralleling one another, rarely if ever 
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crossing. A finely grooved surface can give the 
pearl a silky luster and, if the nacre is clear and 
translucent, can create light interference and dis- 
persion, that is, orient. Because of these and other 
surface features, because of their baroque and ir- 
regular shapes, and because the nacre is often very 
pure and clear, American freshwater natural pearls 
show a lot of orient, often significantly more than 
pearls from other localities. 

The rosebud, turtleback, snail, wing, and petal 
shapes can all be considered typical of American 
freshwater natural pearls. While it is possible for 
saltwater and other freshwater pearls to occur in 
similar shapes, it is unlikely because the same 
conditions and circumstances do not prevail in 
these environments. 


Other Characteristics. The size of some freshwater 
pearls can be quite breathtaking. Many of the 
Unios are long-lived and large, inhabiting warm 
calcium-rich waters that promote the growth of 
very large pearls. Figure 9 shows a progression of 
wing pearls, small to large, with the authors’ esti- 
mation of age. Unfortunately, most of the best 
habitats have been destroyed, disturbed, or con- 
taminated, so the mussels growing today have rel- 
atively short lifespans and, consequently, produce 
very few large pearls. 

American natural freshwater pearls, like other 
natural pearls, exhibit the full range of luster qual- 
ity. The best of these pearls will compare favorably 
with the finest from any locality. 


PEARL CULTURING IN AMERICA 


Pearl culturing is both an art and a science. The 
pearl farmer needs the intuition to understand and 
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Figure 9, Size and age 
progression of natural 
“wing” pearls, Left to right; 
6-7 x2-3 mm, two to three 
years; 8-9 x 2-3 mm, three 
to four years; 10-11 x 3-4 
mm, four to five years; 
12-13 x 4-5 mm, five to 
seven years; 14-15 x 4-5 
mim, six to seven years; 
16-17 x 5-6 mm, seven to 
eight years, Ages are 
authors’ best estimates. 
Photo © 1984 Tino Hammid. 


work with nature and the pragmatic ability to 
apply new techniques and methods that will en- 
hance his production. Pearl culturing is essentially 
farming in water, where the objective is high pro- 
duction at low cost. The risks are enormous. To set 
up a new pearl farm, large outlays of cash are 
needed for equipment, water leases, and the train- 
ing of people to nucleate the shells. More capital is 
needed to obtain the livestock of the pearl farmer, 
the mollusks. Then the farm must be able to oper- 
ate without income until the first crop can be 
harvested, which may be several years after it was 
“planted.” Add to these problems the unpredicta- 
bility of nature, which can wipe out a substantial 
investment overnight. 

The success of the freshwater pearl growers in 
Japan and China led to the author’s (Latendresse} 
endeavors to cultivate freshwater pearls in 
America. After years of research and experimen- 
tation in the 1960s and 1970s, the first pilot pearl 
farm was established in 1981 (Sweaney and 
Latendresse, 1982). 

At the pilot project, a good-sized pearl farm 
located at Cedar Lake in western Tennessee, over 
20,000 mussels were nucleated. At first, these 
shells showed good pearl growth, but several 
months into the project, a water-quality condition 
developed that had never before been encountered, 
even in the experience of the growers at Lake Biwa. 
This condition caused the mussels to stop produc- 
ing nacre. The crop of nucleated mussels was 
moved to a site that had excellent water quality 
and a good population of wild mussels. Again, pro- 
duction proceeded very well until a drought in the 
summer of 1983 caused the water level to recede 
and the water qualilty to degenerate, with the re- 
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sult that the mother shells began to die off. Al- 
though the shells were quickly moved to another 
site that had proved itself in earlier experiments, a 
significant portion of this first large crop was lost. 

The new site is well suited for culturing, since 
it already produces good natural pearls, and is ac- 
cessible and workable. A good section of water has 
been leased and is being developed into a full-scale 
pearl farm. The shells from Cedar Lake have re- 
covered and are doing reasonably well, considering 
their experience, and new mother shells are being 
nucleated at a laboratory nearby. Several other 
sites in Tennessee and other states are currently 
being tested with small groups of nucleated 
mother shells, and will be developed as farms if 
they prove feasible. 

There is a cloud on the horizon that may 
dampen the future of these pearl-culturing efforts 
in some areas: acid rain. Through constant moni- 
toring of water quality, our technicians have found 
that some of the local rains already have the chem- 
ical equivalent of weak sulphuric acid. Acid is very 
bad for the mussel, which needs “sweet’”’ water 
that is neutral to alkaline in pH in order to be able 
to form its.shell and pearls. At this point, acid rain 
is not recognized as a problem in the South, but 
indications are that it may soon become one, since 
many power-generating plants and industries in 
the area burn high-sulphur coal and oil. 

The pearl-culturing enterprise has had its 
share of ups and downs, but the prospects are still 
quite good. We expect a harvest within the next 
year or two, but given our previous setbacks, we 
know that it is too early to name a specific time. 
Culturing has been accomplished in the American 
mussel, and the pearls promise to be exquisite, 
well worth the time and effort. As evidence, refer 
to figure 10, the first published photograph of 
American cultured freshwater pearls (GIA Gem 
Trade Laboratory report no. 2416970, 1984). 


CONCLUSION 


The natural freshwater pearls of America present a 
paradox. Although some are, without a doubt, the 
most beautiful pearls of all, many people, includ- 
ing many jewelers, do not realize that such fine 
gems have come from the lakes and rivers of the 
United States. In part, this is probably due to the 
fact that natural pearls of all types are not as avail- 
able as they once were, primarily because of envi- 
ronmental factors. Current production of freshwa- 
ter natural pearls in America is 5%, or less, of what 
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it was as recently as the 1950s and early 1960s; 
worldwide, production of natural pearls, from 
freshwater and saltwater, is also dramatically 
reduced. 

And, while many people understand the differ- 
ence in price between a fine natural ruby and its 
synthetic counterpart, the cost of a fine natural 
freshwater pearl is difficult for some to accept, 
especially when compared with the inexpensive 
cultured products on the market today. Yet the 
price ratio between natural freshwater pearls and 


Figure 10. A sampling of freshwater pearls 
cultured in America by John Latendresse. The 
group includes one baroque, white rosé, 12 x 10 
mm (2.2 ct); one baroque, white rosé, 9 x 8 mm 
(1.5 ct); one smooth baroque, white rosé, 10 x9 
mm (4.9 ct); one smooth baroque, white rosé, 8 x 
7.5 min (2,7 ct); one round, white, 7 mm (2.8 ct); 
one round, bronze-lavender, 5 mm (0.79 ct); and 
five semi-round pearls, white rosé, about 4 mm 
each (2.65 ct total weight). None of these pearls 
was treated or enhanced in any way. Photo © 
1984 Tino Hammid. 


cultured pearls is no greater than that between 
natural and synthetic rubies. 

Tastes have changed. Whereas 60 years ago, 
when natural pearls dominated the market, pearls 
of all colors and shapes were accepted as the norm, 
and round white pearls were the exception; today, 
with cultured pearls in the forefront, almost the 
opposite is true. While the beauty and variety of 
American natural freshwater pearls can never be 
duplicated, some of that can be recaptured. The 
consumer will have many new choices and the 
jeweler, a new product, with the American fresh- 
water cultured pearl. 
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Gems & Gemology Editor John Koivula Wins Nikon Photomicrography Contest 


Noted gem photomicrographer John Koivula was recently awarded first prize in the 1984 Small World 
International Annual Photography competition sponsored by Nikon International. Mr. Koivula, who is 
editor of the Gem News section of Gems & Gemology and a frequent contributor to the journal, won the 
contest with his photomicrograph of inclusions of goethite and hematite in a slab of Brazilian agate that 
was sectioned and polished perpendicular to the formational layering. In addition to a cash award, John 
and his wife Kristie will be flawn to New York for the award ceremony. All of the entries that placed in 
the contest will be on display throughout November at “Nikon House,” Rockefeller Center, New York. 


The winning photomicrograph is reproduced here courtesy of Nikon Inc. Instrument Group, Garden 


City, New York. Magnified 30 x. 


THE CHEMICAL DISTINCTION OF 
NATURAL FROM SYNTHETIC EMERALDS 


By Carol M. Stockton 


The chernical characteristics of natural and 
synthetic emeralds were studied in order to 
identify differences that could be used to 
separate them from one another. Thirty- 
eight natural emeralds from 20 localities 
and 11 synthetic stones from six 
manufacturers (flux and hydrothermal 
growth processes) were analyzed by 
microprobe and X-ray fluorescence. The * 
results revealed a complex collection of 
chemical constituents that reflect the 
different environments in which natural 
and synthetic emeralds form. The present 
study agrees with the limited number of 
analyses previously reported for both 
materials. Thus, a new method of 
distinguishing natural from synthetic 
emeralds is now available for use in 
gemology when more conventional 
methods prove inadequate. 
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Chemical Distinction of Emeralds 


he gemological techniques now used to separate nat- 

ural from synthetic emeralds—primarily refractive 
index, fluorescence, and inclusions—do not provide solu- 
tions for all current situations, especially in the case of 
stones that lack inclusions. Moreover, the rapid advances 
being made in the manufacture of synthetics are almost 
certain to reduce the usefulness of these gemological tests 
even further. Consequently, a detailed analysis of major- 
and minor-element chemistry of natural and synthetic 
emeralds was conducted to determine the possible exist- 
ence of essential differences in the chemical compositions 
of these materials in order to provide gemology with addi- 
tional means of distinction. 

The theory that one can distinguish chemically be- 
tween synthetic and natural gem materials is based on the 
premise that natural gems incorporate a variety of nones- 
sential chemical components from the natural environ- 
ments in which they are formed that are not present in the 
manufacture of their synthetic counterparts. Conversely, 
elements that are not associated with the natural envi- 
ronment for minerals are frequently incorporated into the 
artificial environments created for the growth of synthetic 
crystals. 

The results of a small preliminary sampling of natural 
and synthetic emeralds indicated that there was support 
for the idea of chemical distinction and that more exten- 
sive work was justified. In addition, a recent article by 
Schrader (1983) provided further evidence that natural and 
synthetic emeralds have significant chemical differences. 
Although Schrader’s paper is a summary of a more thor- 
ough study, it is not conclusive and demonstrates the need 
for additional work, especially since his study included 
natural emeralds from only seven localities and omitted 
hydrothermally grown synthetics. 

Another recent article (Hanni, 1982) presented chemi- 
cal data ona number of natural and synthetic emeralds, but 
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TABLE 1. Localities of the natural emeralds and manufacturers of the synthetic emeralds 
discussed in this article (from this and two previous studies). 


Country/method 


of synthesis manufacturer 


Specific locality/ 


Stockton 
(49 stones) 


Schrader (1983) Hanni (1982) 
(58 stones) (43 stones) 


Natural Emeralds 


Austria Salzburg 
Brazil Santa Terezinha 
Goias 
Bahia 
Salininha 
Minas Gerais 
unknown 
Colombia Chivor 
Muzo 
unknown 
Ecuador 
Egypt (3rd century B.C.) 
Tanzania Lake Manyara 
Norway Eidsvoll 
Pakistan 
Peru 
South Africa Cobra Mine, Transvaal 
Transvaal 
U.S.A. North Carolina 
USSR Ural Mountains 
Zambia 
Zimbabwe Sandawana 
Unknown 
Synthetic Emeralds 
Hydrothermal Linde 
Regency 
Biron 
Flux Chatham 
Gilson 
Inamori 
Lens Lens 
Zerfass 


there are some important disparities between 
Hanni’s data and the information obtained from this 
study. A discussion of both Schrader’s and Hanni’s 
data as well as those of other researchers is in- 
cluded with the presentation of results obtained in 
the current study. 

Chemical data on emeralds are relatively 
scarce, and the wide ranges of sources, colors, and 
qualities of this gem also suggest that extensive 
analysis is advisable before any general conclu- 
sions can be reached. The work presented here 
both confirms Schrader’s findings and introduces 
data for additional localities and synthetics manu- 
facturers. The sum of these works thus establishes 
that natural emeralds can be chemically distin- 
guished from their synthetic counterparts. 


MATERIALS AND METHODS 


The collection compiled for this study includes 
38 natural emeralds from 20 different localities 
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and 11 synthetic emeralds that represent six dif- 
ferent manufacturers. All are either cut gems or 
gem-quality rough specimens. An attempt was 
made to sample as many localities and manufac- 
turers as possible; a list of these specific sources is 
provided in table 1. In addition, the collection rep- 
resents as broad a variety of colors as could be 
found that still lie within the range generally ac- 
cepted as emerald (figure 1). 

The emerald specimens were analyzed for 
Na,O, K,0O, MgO, CaO, MnO, FeO, Al,O3, V,O;, 
Cr,O3, SiOz, and Cl by a MAC electron microprobe 
at an operating voltage of 15 KeV and beam current 
of 0.05 wA. This provides only partial analyses (less 
than 100% total}, because the light elements, most 
importantly Be and Li, cannot be detected by the 
microprobe. The raw data were corrected by the 
Ultimate program (Chodos et al., 1973). Mi- 
croprobe results were checked and additional trace 
elements identified by qualitative energy- 
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Figure 1, A representative sample of natural and synthetic emeralds from the study collection. 
The stones pictured range from 0.50 to 1.91 ct and originate from the following sources 
(left to right); Santa Terezinha de Goids (Brazil), Lake Manyara (Tanzania), Biron 
(hydrothermally grown synthetic), Chatham (flux-grown synthetic), natural (country 
unknown),.and two stones from Colombia (specific localities unknown). 


Photo by Michael Havstad. 


dispersive X-ray fluorescence spectrometry 
{EDXRF} with a Kevex 0700 system. 


DISCUSSION OF RESULTS 


The results of the chemical analyses of the study 
collection are summarized in table 2. Major ele- 
ments include Al,O3 and SiO,. Minor elements, 
for the purposes of this study, are those present in 
oxides below 10.0 wt.% but above microprobe de- 
tection limits (<0.1 wt.%]}: Na,O, MgO, FeO, 
V,O3, Cr,03, and Cl. Trace elements then, are 
those present in quantities below the microprobe 
detection limits (i.e., determined by EDXRF). 

The oxides measured by microprobe fall into 
two categories: (1] those that provide no informa- 
tion useful for distinguishing natural from syn- 
thetic emeralds, and (2) those that, at certain levels 
of concentration or in conjunction with other ele- 
ments present or absent, provide means of separa- 
tion. Among the oxides measured, V,O3 and 
Cr,Os3 fit the first category and thus can be disre- 
garded. 

Chemical components that fall into the sec- 
ond category mentioned above provide us with 
reliable means of identification in most cases. In 
the samples analyzed here, chlorine (Cl) was found 
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in all the hydrothermal synthetics, but in no other 
emeralds examined. It was detected at trace to 
minor levels and reportedly comes from the chlo- 
ride hydrate [(CrCl;—6H,0) that is used’ta supply 
chromium as a coloring agent (Nassau, 1980, p. 
151). 

The remaining major and minor chemical 
components are present in ranges that partially 
overlap for natural and synthetic emeralds. Na,O, 
MgO, and FeO are all present in greater quantities 
in natural emeralds than in the synthetics. Na,O 
was found in amounts not exceeding 0.1 wt.% in 
synthetics but up to 2.3 wt.% in natural emeralds, 
therefore suggesting that quantities appreciably 
greater than 0.1 wt.% indicate natural origin. 
Likewise, the presence of MgO and FeO in 
amounts that notably exceed 0.1 wt.% is charac- 
teristic of natural emerald. Smaller quantities of 
Na ,O, MgO, and FeO, however, provide no diag- 
nostic information. 

Al,O3 and SiO, supply additional information 
about origin. In natural emeralds, Al,O3 ranges 
from about 11.7 wt.% to 18.2 wt.%, while in both 
types of synthetics it invariably exceeds 18.0 
wt.%. Similarly, SiO, ranges from approximately 
63.3 wt.% to 66.5 wt.% in the natural specimens, 
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but exceeds 65.6 wt.% in all the synthetics. Thus, 
amounts of Al,O3 and SiO, below those found in 
synthetics (18.0 wt.% and 65.7 wt.%, respectively] 
are indicative of natural origin and probably reflect 
the greater amounts of minor and trace elements 
usually included in the composition of natural 
emeralds. 

Qualitative analysis by EDXRF revealed the 
presence of anumber of elements at the trace level 
that provide additional evidence of natural or syn- 
thetic origin. From the data listed in table 2, one 
can see that several elements identified at trace 
and minor levels in many of the natural emeralds 
were not found at corresponding levels in any of 
the synthetic emeralds examined here. On the 
other hand, only one element (rhodium) found in 
synthetics at the trace level did not appear at allin 
the natural specimens. In conjunction with the 


TABLE 2. Chemical data (in wt.%) for the study collection 
of natural and synthetic (hydrothermally grown and flux- 
grown) emeralds.4 


Components Natural Hydrothermal Flux 
(38 stones) (6 stones) (5 stones) 

Oxides 

Na,O < 23 nd < 0.1 

MgO < 3.1 nd nd 

FeO tr— 2.0 nd < 0.1 

Al,O3 11.7-18.2 18.1-18.8 18.1-20.1 

V203 tr- 2.0 < 07 < 04 

Cr203 tr- 1.2 0.3- 0.8 0.2- 0.9 

SiO» 63.3-66.5 65.8-66.6 65.7-67.4 

Cl nd tr- 0.3 nd 

Trace Elements 

K * - 

Ca a _ _ 

Sc a _ _ 

Ti * - - 

Mn * - - 

Ni a * _ 

Zn a * _ 

Ga * * * 

Rb oe - 

Zr * - - 

Mo * _ a 

Rh _ an a 

Cs a * _ 

Ba ax _ ” 

La ae * _ 

aSymbols: 


nd = not detected 

tr = traces detected by EDXRF 

** = traces detected in 50% or more of the specimens 
examined 

traces detected in fewer than 50% of the specimens 
examined 

— = not detected at trace levels 
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data on minor-element composition, these data 
enable us to distinguish between natural and syn- 
thetic emeralds of the localities and types ana- 
lyzed, since every natural specimen in the study 
collection contains at least one trace element not 
found in any of the synthetics and/or at least one 
minor element found at levels appreciably greater 
than in the synthetic samples. 

Table 3 summarizes the earlier data published 
by Schrader (1983) and Hadnni (1982). Schrader’s 
data were originally presented in atomic-percent 
units, but have been converted to weight-percent 
oxides for comparison with the other data pre- 
sented here. A comparison with table 2 shows that 
the data reported by Schrader generally agree with 
the results obtained in the present study. The only 
notable exception among his data are two syn- 
thetic emeralds that have appreciably more iron 
than has otherwise been found: a Gilson with 
about 0.25 wt.% FeO and an Inamori with approx- 
imately 0.52 wt.% FeO. The greater range of va- 
nadium (V,QO3) reported in table 2 is largely due to 
the new Biron hydrothermal synthetics that are 
included in the present study but are not yet avail- 
able on the gem market (and, in all probability, 
were not available to Schrader at the time of his 
study). Other minor but nonsignificant differences 
between the two sets of data probably reflect dif- 
ferences in test samples: The present study in- 
cludes stones from six localities and three manu- 
facturers not sampled by Schrader, whereas he 
reported on samples from two localities and one 
manufacturer not analyzed here (see table 1). 

The data published by Hanni (1982) agree for 
the most part with those obtained here and by 
Schrader, except that the figures reported for TiO, 
and MnO appear to be considerably higher than 
otherwise found. Of greater concern, however, 
Hanni reported the presence of MgO in amounts 
greater than 0.1 wt.% in synthetic emeralds. This 
is a significant departure, given the almost total 
agreement between the latest data (table 2} and 
Schrader’s findings. However, about half of the 
elements reported by Hanni, including MgO, 
MnO, and TiO,, were measured by means of an 
energy-dispersive X-ray {EDX} detector (Hanni, 
pers. comm.}, which is considerably less sensitive 
and less accurate than the wavelength-dispersive 
spectrometers usually used for quantitative mi- 
croprobe analyses (as in the present study). The 
inconsistencies reported by Hanni fall below the 
detection limits of the EDX detector {around 
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TABLE 3. Chemical data for natural and synthetic (flux-grown and hydrothermally grown) 
emeralds from the Schrader (1983) and Hanni (1982) studies.® 


Schrader 
Natural Flux 

Cornponents (44 stones) (13 stones) 
Oxides 
Na,O ~0,04~2.29 0.002 -—0.04 
MgO tr—0.83 nd 
FeO 0.06--0.64 *<0.52 
AlnO3 nr ne 
V20g tr-0.22 <0.19 
Cio04 <2.06 0.57-2.19 
SiO. nr nr 
Cl nr nr 
Also Reported 
KO 0.02-0.04 tr-0.013 
MnO tr—0.005 <0.0003 
TiO» tr tr 
Also Detected Sc, Ni, Rb, Ga, Mo, Rh, 

Ga, Y, Cu, Ni, Y, Cu, 

Zr, CS Zr, Cs, Rb, 

W, Pt 


aSymbols: 
nr = not reported 
nd not detected 
tr traces detected 
e usually 0.04 wt.% 


Wo thi 


Hanni 
Natural Hydrothermal Flux 
(43 stones total) 

0.6- 2.3 nd < 01 
1.0- 3.1 < 02 < 0.4 
< 1.3 nd nd 
13.4-17.7 18.6-18.8 18.1-19.9 

< 09 nd < 01 

< 14 0.5- 0.8 0.3- 1.9 
63.0-65.9 66.1-66.2 66.0-—67.6 

nd 0.3- 0.4 nd 

nr nr nr 

< 0.1 nd < 0.2 

< 0.1 nd nd 


0.5-1.0 wt.%} and can thus be accountably 
superseded by the more recent data reported here 
and by Schrader. 

Additional chemical data on natural emeralds 
from a number of researchers (Gtibelin, 1958; 
Bank, 1974; Metson and Taylor, 1977; Graziani 
and Lucchesi, 1979; Hanni and Kerez, 1983; see 
also Sinkankas, 1981, pages 376, 400, 419, 535, and 
607} show no significant differences from the anal- 
yses of the natural emeralds in the current study 
collection, although only the most recent reports 
include information on vanadium content. 


CONCLUSIONS 


The information provided by this study verifies 
and supplements the existing body of chemical 
data on natural and synthetic emeralds so that 
clear distinctions can now be made. Natural em- 
eralds invariably include at least one and usually 
more chemical components that are not found in 
any of the synthetic emeralds currently being 
manufactured. Moreover, the ability to determine 
these characteristic components by nondestruc- 
tive analytical techniques renders such chemical 
distinction a viable gemological test, although the 
expense and limited availability of good mi- 
croprobe and XRFanalyses, as well as the expertise 
required, essentially restrict use of these methods 
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to important cases in which all other gemological 
tests have been exhausted. 
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IDENTIFYING GEM-QUALITY 
SYNTHETIC DIAMONDS: AN UPDATE 


By John Ilmarii Koivula and Charles W. Fryer 


The existence of gem-quality synthetic 
diamonds and their potential impact on 
the marketplace has long been a source of 
concern to gemologists and gem dealers the 
world over. While we do not know whether 
cuttable gem-quality diamonds have been 
synthesized in other nations, we do know 
that the General Electric Company has 
successfully synthesized cuttable gem- 
quality diamonds in the United States. 
Eight of these diamonds were Studied in an 
attempt to determine means of identifying 
them using standard gemological tests. So- 
phisticated chemical and X-ray diffraction 
analyses and spectrophotometric and fer- 
romagnetic studies were also performed. 
Distinctive inclusions, absence of strain in 
polarized light, electrical conductivity, and 
absence of both an absorption spectrum 
and a reaction to long-wave ultraviolet 
radiation were found to be useful indica- 
tors. Magnetism was also found to be a pos- 
itive basis for separation but is not practi- 
cal for the jeweler/gemologist. 
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R umors continue to circulate in the trade concerning 
the presence of gem-quality, round-brilliant-cut, syn- 
thetic* diamonds as large as one carat. In view of these 
rumors, and the subsequent concern about how to separate 
natural from actual synthetic diamonds, we decided to 
reexamine eight of the only known cuttable gem-quality 
synthetic diamonds, which were manufactured by General 
Electric Company in 1970 (figure 1} as a by-product of 
high-pressure/high-temperature research. Although the 
four largest of these stones had been studied by Robert 
Crowningshield in 1971, we felt that the current study 
would serve three purposes: (1) to bring the original work 
by Crowningshield (1971) back into focus, (2) to see if any 
new information could be discovered about these syn- 
thetics, and (3) to reveal any definitive tests that could 
positively separate these synthetic diamonds from their 
natural counterparts. 

To this end, both standard gemological tests and more 
sophisticated research techniques were applied to the 
three faceted stones and five rough pieces. The results 
revealed that these synthetic stones can be identified even 
by conventional gemological techniques. 


METHOD OF SYNTHESIS 


Although the process used to produce gem-quality syn- 
thetic diamonds has been described elsewhere in the 
gemological literature (Nassau, 1978, 1980; Strong, 1982), 
a brief review is provided here as background for our study. 

Time is perhaps the most important difference be- 
tween the process used to grow the very small particles of 
synthetic diamond used for industrial grit and the one used 
by General Electric to grow the larger gem-quality syn- 


*Important note: The term synthetic diamond as used in this article does 
not refer to cubic zirconia or any of the other common diamond simu- 
lants, but rather only to those manufactured stones that have all the 
chemical, physical, and optical properties that natural diamonds have. 
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thetic diamond crystals that are suitable for facet- 
ing (figure 2]. Whereas it takes only a matter of 
minutes to convert graphite into diamond grit, it 
takes at least a week to grow a single 5-mm gem- 
quality synthetic diamond crystal [i.e., which 
would cut an approximately %-ct stone). 

The diamonds were grown in a sophisticated 
high-pressure apparatus like the one illustrated in 
figure 3. The use of a metallic flux solvent (often 
called a catalyst] allows growth of diamond at 
much lower temperatures and pressures than 
would otherwise be required for diamond synthe- 
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Figure 1. The eight gem- 
quality synthetic diamonds, 
manufactured by General 
Electric Company, that were 
examined for this study. 
Photo by Tino Hammid. 


sis. Microprobe analysis of the inclusions in the 
synthetic diamonds studied in this report indi- 
cates that they were probably grown using an iron 
solvent; traces of nickel and aluminum may have 
been part of the solvent, or may represent contam- 
ination in the growth apparatus. The metal melts 
and acts as a fluxing agent, allowing carbon atoms 
from the feed material to go into solution in the 
hot zone in the center of the growth vessel. Once in 
solution, the carbon atoms are then free to migrate 
toward the slightly cooler ends of the vessel, where 
a small natural or synthetic diamond seed crystal 
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has been implanted. The carbon atoms then de- 
posit on the seed to produce a larger crystal (fig- 
ure 4). The shape of the resulting crystal can be 
controlled by the orientation of the seed crystal in 
the cell. The addition of nitrogen will produce a 
yellow diamond; boron will produce a blue dia- 
mond. Figure 5 shows a blue synthetic diamond on 
its original growth site. 

Synthetic diamond powder rather than graph- 
ite was used as the carbon source material for the 
large gem-quality synthetics because graphite has 
a lower density (2.27 grams/cm?) than diamond 
(3.54 grams/cm4) and thus occupies more volume 
per unit of weight. Therefore, when graphite is 
converted into diamond, there is an instantaneous 
loss of volume with a corresponding drop in pres- 
sure. This seriously slows the rate of diamond 
growth and makes control of the process much 
more difficult. Unless the press is specially pro- 
grammed to maintain the pressure, or the temper- 
ature is increased to expand the cell contents to 
compensate for the volume loss, the internal pres- 
sure may decrease to the equilibrium point so that 
the impetus of the reaction is lost. This loss of 
volume and pressure in the cell can be avoided if 
diamond feed powder is used. Additional line 
drawings illustrating the interior of the pressure 
vessels used in synthetic gem diamond growth, 
together with further details, can be found in 
Nassau (1978, 1980} and Strong (1982). 
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Figure 2. A selection of rough 
synthetic gem-quality dia- 
mond crystals grown by 
General Electric in 1970. 
Photo courtesy of General 
Electric. 


Figure 3. An early photo of the 1000-ton hydrau- 
lic press at the G.E. Research Laboratory in 
Schnectady, New York. Photo courtesy of Gen- 
eral Electric. 
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Figure 4, This diagram illustrates the method 
used to grow large gem-quality diamonds ina 
molten solvent catalyst metal. There is a tem- 
perature gradient between the hot upper portion 
of the cell, where the small feed diamonds are 
located, and the cooler lower portion, where the 
seed crystal is placed. The carbon atoms (c) move 
across this gradient and are deposited on the 
seed crystal. 


DESCRIPTION OF THE SYNTHETIC 
DIAMONDS STUDIED 


The eight synthetic diamonds examined in this 
study were among those manufactured in 1970 by 
the high-pressure diamond research laboratory of 
the General Electric Company. The three cut 
stones were faceted by Lazare Kaplan and Sons, 
Inc. of New York and donated together with a 
synthetic rough crystal to the National Museum of 
Natural History, Smithsonian Institution, in June 
1971. 

Dr. Peter Keller, of the Los Angeles County 
Museum of Natural History, obtained the four 
Smithsonian synthetic diamonds for this study 
through the kind offices of John Sampson White, of 
the Mineral Sciences Division of the Smithsonian 
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Institution. Dr, Kurt Nassau loaned us the four 
smaller rough crystals. All of the cut stones were 
round brilliants: one near-colorless, one a bright 
yellow, and one a grayish blue. The largest rough 
crystal was near-colorless with cube, octahedral, 
and dodecahedral faces; one of the cube faces had 
been polished. The four smaller crystals—one 
near-colorless, two bright yellow, and one grayish 
blue—were also examined. The colors and corre- 
sponding weights of these eight synthetic dia- 
monds are provided in table 1. To the authors’ 
knowledge, these are the only gem-quality syn- 
thetic diamonds that have ever been made availa- 
ble for gemological study. General Electric has 
never released any of the stones into the gem trade. 


TESTING AND RESULTS 


Ultraviolet Fluorescence and Phosphorescence. As 
previously reported by Crowningshield (1971] for 
the stones he studied, all eight of the G.E. syn- 
thetic diamonds we examined were completely 
inert to long-wave ultraviolet (366.0 nm} radiation. 
They differed,-however, in their reaction to 
short-wave ultraviolet (253.7 nm) radiation. The 
near-colorless round brilliant showed a very strong 
yellow fluorescence with a very strong, very per- 
sistent phosphorescence of the same color. The 
yellow cut stone and yellow crystals were inert to 
the short-wave lamp. Both the grayish blue cut 


Figure 5, A blue synthetic diamond crystal rest- 
ing in the iron flux in which it grew. Photo cour- 
tesy of General Electric. 
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stone and the grayish blue crystal showed very 
strong fluorescence of a slightly greenish yellow 
color, again with a very strong, persistent phos- 
phorescence of the same color. The near-colorless 
rough crystals glowed a strong whitish yellow 
with a strong, long-lasting phosphorescence of the 
same color. These results are outlined in table 1. 
The cruciform fluorescence patterning {figure 6) 
observed in short-wave ultraviolet light (first re- 
ported by Crowningshield, 1971) was readily ap- 
parent in the blue and near-colorless round bril- 
liants, but only faintly visible in the largest uncut 
crystal. 

Only blue type IIB natural diamonds 
phosphoresce after exposure to both short-wave 
and long-wave radiation. Therefore, the inert re- 
action to long-wave ultraviolet radiation, together 


Figure 6. The cruciform fluorescence pattern as 


: observed in the synthetic blue round brilliant 
with a strong to very strong short-wave fluores- when exposed to short-wave ultraviolet radia- 
cence and phosphorescence in all but the inert tion. Magnified 6 x. 


yellow stone, is certainly a good indication of 
synthetic diamond. 


X-ray fluorescence unit operating at 88 kV and 4 
X-Ray Fluorescence. Each of the eight synthetic mA.The results of the X-ray fluorescence testing 
diamonds was also checked individually with an (again, see table 1} were identical with those ob- 


TABLE 1. Gemological properties of eight cuttable gem-quality synthetic diamonds manufactured by General Electric 
Company. 


Shape Color* Weight Fluorescence and phosphorescence Electrical Specific gravity 
(in ct) conductivity 
LWUV SWUV Phosphor- Computed Reaction in 
and escence hydrostatic 3.51 liquid 
X-ray 3.G. 
Round Near-colorless— 0.305 Inert  V. strong— V. strong— Conductive? 3.49 Floated 
brilliant GIA J yellow game color? 
Round Yellow— 0.390 Inert — Inert None Nonconductive 3.54 Sank slowly 
brilliant Fancy intense 
Round = Grayish blue— 0.310 Inert  V. strong— V. strong-— Conductive 3.52 Sank very slowly 
brilliant Fancy greenish yellow — same color 
Rough Near-colorless— 0.735 Inert  Strong— Strong— Conductive? 3.50° Sank very, very 
crystal GIA | whitish yellow same color? slowly 
Rough _Near-colorless 0.200 Inert  Strong— Strong— Conductive? =e Sank very slowly 
crystal whitish yellow same color? 
Rough Yellow— 0.073 Inert — Inert None Nonconductive —4 Remained 
crystal Fancy intense suspended 
Rough = Yellow—- 0.221 Inert — Inert None Nonconductive 8 Rose very slowly 
crystal Fancy intense 
Rough  Grayish blue— 0.157 Inert = V. strong— V. strong— Conductive <a Remained 
crystal Fancy greenish yellow — same color suspended 


2 According to the GIA diamond-grading system. 
Suggests synthetic origin. 
“itis clear that a slighl error in weighing occurred to result in a calculated S.G. of 3.50; in reality, the stone sank very, very slowly 
in a 3.51 liquid, indicating that the actual S.G. might be 3.515, 
Accurate results could not be obtained because the stones were too smafl. 
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tained using short-wave ultraviolet radiation. The 
near-colorless and grayish blue stones all showed 
strong to very strong yellowish X-ray fluorescence 
with strong to very strong, and very persistent, 
phosphorescence; again, the yellow stones were 
inert to X-rays. 

As Crowningshield (1971} mentioned, most, 
but not all, natural near-colorless diamonds show 
a whitish blue to blue fluorescence to X-rays and 
very limited, if any, phosphorescence. The color 
and strength of the X-ray fluorescence and phos- 
phorescence exhibited by some of these near- 
colorless synthetics could certainly be used as a 
strong indication of synthetic origin. 


Spectroscopic Examination. The synthetic dia- 
monds were examined using a Beck prism spectro- 
scope. None of the stones showed any signs of 
visible light absorption. The temperature of the 
stones was then lowered using an inverted can of 
the compressed gas chlorofluorocarbon (photo- 
graphic duster), and the cooled stones were studied 
under the spectroscope. Even at the lower temper- 
ature, none of the stones examined showed any 
visible-light absorption spectrum. In most natural 
yellow stones in the cape series, including those of 
a near-colorless to pale yellow color, we expect to 
see at least a 4155 A (415.5 nm} absorption line, 
with additional lines of the cape spectrum as the 
color deepens. The absence of these absorption 
lines in synthetic diamonds thus provides another 
test that can suggest the synthetic origin of a dia- 
mond. Because not all natural yellow diamonds are 
in the cape series, however, positive identification 
cannot be made on this basis. Still, we believe that 
given the known methods of gem-quality diamond 
synthesis, if a4155 A (415.5 nm) line or other lines 
from the cape series are visible in the hand spec- 
troscope, then the stone being tested is most prob- 
ably natural. An example of the absorption spec- 
trum associated with natural cape series diamonds 
is shown in figure 7. 


Spectrophotometry. The sample synthetics were 
next cryogenically cooled by means of a closed- 


Figure 7. A representative absorption spectrum 
found in natural cape series diamonds. 


4000 5000 6000 7000 


Gem-Quality Synthetic Diamonds 


cycle helium refrigerator to 60°K and then exam- 
ined with a Zeiss PMQ-3 UV-VIS spectrophotome- 
ter. The transmission spectra of the synthetics 
were studied in the visible-light range (410.0 nm to 
700.0 nm}. The spectral transmission curves (fig- 
ure 8} provided by Dr. James Shigley confirmed the 
total lack of absorption bands that had been ob- 
served through the Beck hand spectroscope. Only 
the general regions of absorption causing the color 
of the colored ones was evident. Spectropho- 


Figure 8. Spectrophotometric transmission 
curves obtained from each of the eight synthetic 
diamonds studied. 
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tometry done in 1978 by Dr. George Rossman of 
the California Institute of Technology (pers. 
comm.) on one small yellow General Electric syn- 
thetic diamond crystal (R&D #2) revealed a 
“textbook-example nitrogen spectrum” with a 
strong 415.5-nm line. This spectrum may have 
originated from a natural diamond used as a seed. 
This particular stone was not available to the au- 
thors during this study, and no similar absorption 
characteristics were observed in any of the eight 
stones tested or in the other yellow synthetic stone 
(R&D #362} examined by Dr. Rossman. 


Electrical Conductivity. The synthetic diamonds 
were tested for electrical conductivity using a con- 
ductometer. The results were the same as those 
reported by Crowningshield in 1971, that is, the 
yellow crystals and yellow cut stone did not con- 
duct electricity but the blue and near-colorless 
crystals and cut stones did (again, see table 1). 

Aluminum, beryllium, boron, and lithium can 
all readily enter a diamond’s structure and any one 
of them will cause the diamond to become type IIB, 
electrically conductive (Nassau, 1980}. However, 
only boron will produce a colored diamond {blue}; 
the others will be near-colorless. The fact that 
small amounts of aluminum were found during 
semiquantitative analyses of the iron inclusions in 
the near-colorless G.E. synthetic diamonds sug- 
gests that some of this aluminum may have 
entered the diamonds’ structure, making them 
conductive. A very low level of boron, not detect- 
able by the microprobe, might also cause conduc- 
tivity without color. 

Natural type IIB diamonds encountered to date 
have been blue, grayish, or, rarely, completely col- 
orless (GIA color grade D} or brownish. Since it is 
not common practice to test near-colorless dia- 
monds for electrical conductivity, more research is 
needed in this area before one can state unequivo- 
cally that all natural near-colorless stones are 
nonconductors. However, no conductive natural 
near-colorless stones have thus far been reported. 
Consequently, on the basis of the stones tested 
thus far, the conductivity of a near-colorless dia- 
mond strongly suggests that the stone is synthetic. 


Specific Gravity. The specific gravity for each of 
the largest synthetic diamonds was determined by 
the hydrostatic method using a Voland double-pan 
balance modified for specific-gravity determina- 
tions. The four smallest crystals were considered 
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to be too small to provide accurate results. The 
individual specific gravities of the four largest 
stones ranged from 3.49 to 3.54, with the average 
being 3.51. Since even these four stones were rela- 
tively small in size, a very slight error in weighing 
could cause a significant error in the final com- 
puted specific gravity. Therefore, a specially pre- 
pared heavy liquid was used to check the accuracy 
of the hydrostatically obtained specific gravities. 
Since a hydrostatic specific-gravity determination 
can be achieved with greater accuracy on a large 
stone, a 15.98-ct gemmy octahedron from GIA’s 
reference collection (#11954) was selected. The 
specific gravity of this large diamond crystal was 
hydrostatically calculated to be 3.51. A liquid 
composed of Clerici’s solution and distilled water 
was then mixed so that the large diamond crystal 
stayed suspended in it. All eight of the synthetic 
diamonds were then tested in this liquid. It is in- 
teresting to note that, as expected, those diamonds 
containing large inclusions of metallic iron (that 
is, the blue and yellow stones as well as the near- 
colorless rough crystals) all sank slowly in the 
liquid. Both the largest yellow crystal and the 
near-colorless faceted round brilliant, neither of 
which contained obvious iron inclusions, floated. 
Both the small yellow and small blue crystals re- 
mained suspended. Table | lists the results of this 
testing. 


Microscopic Examination. The stones were exam- 
ined with a Mark V Gemolite to determine the 
nature of the inclusions. The least included of the 
eight stones was the near-colorless round brilliant, 
followed in order by the three yellow ones, the 
grayish blue stone, and finally the two near- 
colorless rough crystals. All eight stones showed 
opaque, black, rod- to plate-shaped primary inclu- 
sions of the metallic flux (figures 9 and 10} in 
which the diamonds grew. Some inclusions in the 
blue faceted stone (figure 10) and the largest rough 
crystal broke the surface and so were ideally situ- 
ated for chemical analysis. The primary flux in- 
clusions observed in the rough crystals also 
showed a definite orientation parallel to the edges 
of the cube, octahedral, and dodecahedral faces. 
This is to be expected because primary flux inclu- 
sions are usually trapped by the formation of 
growth steps on the growing host. 

All of the stones also contained clouds of tiny 
whitish pinpoint-sized inclusions (figure 11). The 
individual inclusions in these clouds were much 
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Figure 9. A rod-shaped primary flux inclusion in 
the faceted yellow synthetic General Electric di- 
amond studied. Dark-field and oblique illumi- 
nation, magnified 50x. 


too small to be analyzed and therefore remain 
unidentified. 

The largest of the two rough yellow crystals 
revealed some quite unique broom-like inclusions 
(figure 12) that pointed directly away from the 


Figure 11. A cloud of tiny, whitish pinpoint 

inclusions in the faceted blue synthetic dia- 
mond, Dark-field and oblique illumination, 
magnified 50x. 
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Figure 10. Large rod- and plate-shaped primary 
flux inclusions of metallic iron in the faceted 
blue synthetic diamond studied. Dark-field and 
oblique illumination, magnified 50 x, 


cube face that was attached to the growth vessel 
where the original seed had been placed. In re- 
flected, shadowed light, the square outline of the 
seed could also be seen centered on the cube face 
(figure 13). 

Very distinct and obvious growth zoning was 
present in the yellow faceted stone, but none of the 
other seven synthetic diamonds we examined 
displayed this feature. However, color and growth 
zoning can also occur in blue synthetic stones, as 
shown in figure 14, which was provided by General 
Electric. The yellow was also the only cut stone to 


Figure 12. Broom-like growth inclusions oriented 
perpendicular to the cube face of the seed. 
Dark-field and oblique illumination, magnified 50 x, 
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Figure 13. Surface tracing of the square-shaped 
seed crystal embedded in a cube face of the larg- 
est rough yellow crystal. Oblique illumination 
and shadowing, magnified 50x. 


have a natural on its girdle, as pictured in figure 15. 
The surface features of the only rough crystals 
available to us were also quite interesting. Figure 
16 illustrates the trigons found on one of the 
octahedral faces of the largest rough crystal. Stria- 
tions were common to the dodecahedral faces, 
while cube faces generally displayed somewhat 
veined and striated geometric surfaces (figure 17). 


Reaction in Polarized Light. In studying these syn- 
thetic diamonds with the polariscope, we observed 
no signs of internal strain, even in the yellow stone 
that contained obvious growth zoning. Small, faint 
fields of strain were visible under polarized light 
around some of the larger iron flux inclusions. 


Figure 15. A striated natural 
on the girdle of the faceted 
yellow synthetic diamond. 

Dark-field and oblique il- 

lumination, magnified 50 x. 
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Figure 14. This sectored, blue, boron-containing 
synthetic diamond crystal (5 mm across), pro- 
duced by General Electric, shows cruciform color 


and growth zoning. Photo courtesy of General 
Electric. 


These thin strain halos, appearing as gray, ghost- 
like zones, were difficult to resolve and visible 
only in certain directions. This isin direct contrast 
to what the gemologist would normally expect to 
see when examining natural diamonds under po- 
larized light, as in figure 18. Although most natu- 
ral diamonds show strain, some may be almost 
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strain free. Therefore, the absence of strain only 
suggests synthetic origin but is not conclusive 
proof. A great deal of strain visible in a diamond 
under polarized light strongly suggests that the 
gem is natural. 


X-Ray Diffraction Analysis. Some of the inclu- 
sions reached the surface of these synthetic dia- 
monds and so provided the perfect opportunity for 
X-ray diffraction studies. After the inclusions were 
scraped, spindles were prepared from the scrapings 


Figure 17, Veined and striated cube face surface 
on the largest yellow rough synthetic diamond 
crystal, Oblique illumination and shadowing, 
magnified 50x. 
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Figure 16. A single large tri- 
gon aids in the identification 
of this octahedral face on the 
largest rough synthetic dia- 
mond crystal. Oblique il- 
lumination and shadowing, 
magnified 50x, 


Figure 18. Strain effect in a natural diamond as 
observed in polarized light. No similar effect was 
observed in any of the synthetic diamonds. 
Magnified 50 x. 
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Figure 19. Synthetic blue diamond 

suspended from a pocket horseshoe 

magnet. The presence of elemental 

iron inclusions inthe diamond |_ 

causes this magnetic attraction. | 
Photo by Michael Havstad. 


and run in a Debye-Scherrer camera on a Phillips 
X-ray generator unit for approximately 10 hours at 
48 kV and 18 ma. 

The patterns obtained were somewhat surpris- 
ing because there were only two very broad, diffuse 
bands centered at approximately 2.03 and 1.86 A. 
At first it was thought that plastic deformation had 
occurred in the sample as a result of the scraping, 
which is not an uncommon occurrence when 
samples are prepared from a metal. However, 
when other spindles were prepared and diffracted, 
these two diffuse bands were still the only pattern 
visible. A sample of meteoritic iron was then 
scraped and tested in the same manner, but the 
pattern obtained from this material showed the 
strong, clean, thin lines of crystalline iron. This 
strongly suggests that the pattern obtained on the 
synthetic diamond inclusions was not influenced 
by plastic deformation from the scraping proce- 
dure, but actually represented the pattern of the 
material. The band at 2.03 A corresponds with the 
position of the strongest line in an iron diffraction 
pattern. The 1.86 A band does not appear to line up 
with any identifiable pattern. More research is 
needed to explain the unidentified and unusual 
diffraction pattern obtained from these inclusions. 


Semiquantitative Analysis of the Inclusions. 
Those metallic inclusions that reached the surface 
of both the largest crystal and the grayish blue 
faceted stone were also prime candidates for semi- 
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quantitative chemical analysis. Testing with the 
microprobe by Carol Stockton of GIA determined 
that the inclusions consisted almost entirely of 
elemental iron (96.0%]} with only small amounts 
of aluminum (2.8%) and nickel (1.3%) present. 
Since iron is a known metallic flux in General 
Electric’s synthesis of diamond, the presence of 
elemental iron was not at all surprising. Indepen- 
dent chemical analyses by Dr. George Rossman 
also showed that the inclusions in these two 
stones were mostly iron with only a trace of 
nickel, he did not test for aluminum. 


Magnetism. Since the dark primary inclusions 
were composed mainly of iron, we decided to test 
whether the synthetic diamonds would react to a 
pocket “horseshoe” type of magnet. To our 
knowledge, this method of testing had not been 
tried before. Those stones with obvious metallic 
inclusions were tested first. Figure 19 illustrates 
the reaction shown by the blue faceted synthetic 
stone. The largest near-colorless rough crystal and 
the smallest near-colorless crystal were both eas- 
ily lifted by the magnet as well. This reaction has 
not yet been encountered in a natural diamond. 
Although the yellow faceted stone and the smal- 
lest yellow crystal reacted to the presence of the 
magnet, they could not be lifted. The near-color- 
less faceted stone, the largest yellow crystal, and 
the blue crystal showed no visible reaction to the 
magnet while resting on a table top. Although the 
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near-colorless faceted stone contained no eye- 
visible iron inclusions, we felt that since it was 
grown in the presence of the same molten iron flux 
it was likely that submicroscopic quantities of this 
flux might be dispersed inside it. If a more sensi- 
tive magnetic test could be devised, the presence of 
elemental iron impurities at all levels of concen- 
tration might be detected, possibly providing an- 
other practical method of separating natural from 
synthetic diamonds. 

The next phase of magnetic testing involved 
using a very fine linen thread approximately one 
meter long. One end of the thread was hung from a 
support. A small wad of beeswax was attached to 
the loose end of the string and a diamond was 
pressed to the wax. However, the wax reacted to 
the magnet, so another method was needed. Next, 
a very small lead wire basket was constructed and 
was suspended from the thread. The four largest 
synthetics were then tested. In this basket, the 
large near-colorless crystal and the grayish blue 
and yellow round brilliants all reacted very obvi- 
ously to the presence of the magnet. The near- 
colorless round brilliant showed only a slight re- 
action (the apparatus had to be shielded from air 
currents before any reaction at all was detected). 
The most sensitive means of testing available tous 
was found to be the reaction of the stones to a 
magnet when they were suspended in the specially 
prepared 3.51 specific-gravity liquid. The four 
smallest stones were noticeably attracted by the 
magnet, and even the near-colorless round bril- 
liant reacted to the presence of the magnet under 
these conditions. Eight natural stones were also 
tested by this last method, but no attraction was 
observed. 

In view of the above-noted reactions of the 
synthetics in a magnetic field, we felt that the 
strength of the magnetic attraction should be 
measured by more sophisticated methods to de- 
termine whether magnetism could indeed provide 
another test to separate synthetic from natural 
diamonds. The synthetic diamonds, together with 
a number of natural faceted diamonds for compari- 
son, were turned over to Dr. George Rossman for 
further testing. Using a superconducting 
“SQUID” magnetometer, Dr. Rossman and Dr. 
Joseph Kirschvink examined each of the stones 
and found that without exception the synthetic 
diamonds could be separated from the natural 
gems on the basis of inherent magnetic properties. 
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Details of this magnetometer study are reported 
elsewhere in this issue (Rossman and Kirschvink, 
1984). 


CONCLUSION 


Although General Electric maintains that the fun- 
damental technology used to produce the stones 
reported on here has not changed significantly 
since 1970, there is always the possibility that the 
process that has been employed in the past to pro- 
duce gem-quality diamond synthetics may be 
changed in the future. Perhaps a fluxing agent 
other than elemental iron will be used, or an en- 
tirely different process—resulting in a different 
product—will be developed. While there has been 
considerable speculation in the trade that other 
countries have begun to produce gem-quality syn- 
thetic diamonds, many researchers in the U.S. 
maintain that the large-scale production of gem- 
quality synthetic diamonds is still not financially 
feasible, since the cost of synthesis (a single one- 
carat rough stone ties up an extremely expensive 
piece of equipment, such as that illustrated in fig- 
ure 3, for at least one week} far exceeds the cost of 
mining and processing natural diamonds (Dr. Kurt 
Nassau, pers. comm.}. To date, the only known 
cuttable gem-quality synthetic diamonds are 
those produced by General Electric. From our 
study of eight of these synthetic diamonds, we feel 
that any cut synthetic diamonds manufactured by 
a process similar to that used by General Electric 
can be effectively separated from natural stones. 

Perhaps the most unusual property of these 
synthetic diamonds is their reaction in a magnetic 
field. All eight of the synthetic stones we tested 
showed a reaction even to a pocket magnet under 
certain conditions, while no reaction has been ob- 
served in the natural diamonds tested so far. These 
inherent magnetic properties provide a means of 
conclusively identifying synthetic gem-quality 
diamonds manufactured by the G.E. process using 
iron as the solvent. However, the positive detec- 
tion in all cases and accurate measurement of this 
property currently requires sophisticated equip- 
ment beyond the scope of the gemological labora- 
tory. Although magnetic tests are not feasible for 
the present, there are a number of other procedures 
that can be carried out by the jeweler/gemologist 
to effectively separate natural from synthetic 
diamonds. 

Specifically, the inclusions seen in these syn- 
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thetics do not resemble anything seen in natural 
stones. The rounded, opaque, metallic rod- or 
plate-shaped flux inclusions, together with the dif- 
fuse clouds of minute pinpoint inclusions, are in- 
dicative of synthetic origin. 

The vast majority of natural diamonds show 
varying degrees of strain in polarized light. The 
synthetic stones we examined are remarkably 
strain-free. The complete absence of strain in po- 
larized light could be considered a good indication 
of synthetic origin. 

A near-colorless stone (without a bluish or 
grayish cast) that is darker than E on the GIA 
color-grading scale should not conduct electricity. 
If it does conduct, it is probably a synthetic. 

Natural diamonds, other than type IIB which 
would have a tint of blue or gray, do not react to 
short-wave ultraviolet radiation without also re- 
acting strongly to long-wave U.V. radiation. 
Therefore, diamonds that are near-colorless (not 
tinted blue or gray) that fluoresce and 
phosphoresce strongly to short-wave, but are inert 
to long-wave, U.V. radiation can be considered to 
be synthetic. There may also be a sectored pattern 
to the fluorescence. 

The vast majority of natural fancy yellow dia- 
monds that do not show any absorption pattern in 
the spectroscope both fluoresce and phosphoresce 
to long-wave ultraviolet radiation. Conversely, 
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most natural fancy yellow diamonds that do not 
fluoresce will usually have a fairly strong cape 
spectrum, depending on the depth of color of the 
stone. Therefore, if a fancy yellow diamond shows 
neither an absorption spectrum nor a reaction to 
long-wave U.V. radiation, it is probably synthetic. 
A near-colorless stone, without a tint of blue, gray, 
or brown, that does not have a 415.5-nm line is also 
probably a synthetic. 

Finally, diamonds that fluoresce strong yellow 
to X-radiation, with persistent strong yellow 
phosphorescence, are also probably synthetic. 
Most natural stones fluoresce blue to X-radiation. 
Very rarely, a natural stone might fluoresce red or 
orange to X-rays, but not yellow. 
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NEW TECHNIQUES 


INCLUSIONS IN TAAFFEITES FROM SRI LANKA 


By Mahinda Gunawardene 


This article reports on a gemological and min- 
eralogical study of inclusions in taaffeites from Sri 
Lanka, with photomicrographs of some of thé 

most characteristic occurrences. The presence of min- 
erals such as apatite, phlogopite, spinel, and muscovite 
is noted and their significance in the genesis of 
taaffeite is discussed. 


Taaffeites.from Sri Lanka, China, the USSR, Aus- 
tralia, and even Burma have been the subject of 
considerable interest with regard to their rarity, 
their chemical composition, and the problems of 
nomenclature that have arisen {Schmetzer, 1983]. 
However, the internal paragenesis of taaffeites has 
not yet been investigated in great detail. 

The first gem taaffeite reported is believed to 
be of Ceylon (now called Sri Lanka} origin (Ander- 
son et al., 1951; Anderson, 1968]. Most of the 
gem-quality taaffeites encountered in the trade to 
date originate from this South Asian locality (fig- 
ure 1). However, natural counterparts of this min- 
eral have been found in Hunan Province, China 
{Peng and Wang, 1963); in Ladoga Lake, USSR 
(Kozhevnikov et al., 1977); in Mount Painter Prov- 
ince, Australia (Teale, 1980); in Casey Bay, Ant- 
arctica (Grew, 1981); and, most recently, in Burma 
(Spengler, 1983). In 1981, Moor et al. described a 
new mineral of the taaffeite group under the name 
“taprobanite,” but this has since been proved to be 
the red variey of taaffeite (Schmetzer, 1983}. The 
object of the present study was to examine gem- 
quality taaffeites from the locality with which 
they are most closely associated—Sri Lanka—to 
determine both what inclusions are characteristic 
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Figure 1. A 0.67-ct taaffeite from Sri Lanka. 
Stone courtesy of W. Taylor, Finest Faceted Gems. 


of this rare gem material and what these inclusions 
might tell us about the genesis of their host. 


SAMPLE STONES AND EXPERIMENTS 


For this study, 46 gem taaffeites were carefully 
obtained from different gem deposits within the 
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Highland region of Sri Lanka (Zwaan, 1982), as 
listed in table 1. Because of the costliness of the 
gem taaffeites, only six samples could be prepared 
for microprobe analysis. The stones were sliced to 
expose the inclusions at the surface. Qualitative 
analyses were performed to identify the various 
minerals rather than calculate their exact chemi- 
cal compositions. A microscope with crossed po- 
larizers and a magnification range of 10x to 100x 


Figure 2, Distinctly developed crystal of apatite 
in a taaffeite from Sri Lanka. Dark-field 
illumination, magnified 45 x. 


(60x was the maximum used in the investigations} 
was used to study the optical characteristics and 
crystal morphology of the inclusions; in some in- 
stances, the stones were examined while they 
were immersed in methylene iodide (np=1.735). 


INCLUSIONS IN TAAFFEITE 


Several inclusions were observed in the stones 
studied. The most important ones are described 
below. 


Apatite. Long prisms of apatite were commonly 
observed in most of the taaffeites studied (figure 2). 
The apatites varied in color from yellowish and 
opaque to near-colorless and transparent. The 
well-formed shape of the included crystals 
strongly suggested that they were apatite, al- 
though the crystals themselves were not analyzed 
with the microprobe. In larger samples (3 ct}, this 
hexagonal inclusion could be seen with the 10x 
lens. Dr. Edward Gtibelin also noted the presence 
of apatite in taaffeite (Koivula, 1980-81). 


Phlogopite. Another frequently observed inclu- 
sion in taaffeite is phlogopite, a species of mica. A 
few of these colorless pseudohexagonal tablets 
were exposed at the surface of taaffeites from 
Kuruwitta. The polished surfaces analyzed with 


TABLE 1. Deposits represented by the 46 Sri Lankan taaffeites studied and their most important inclusions. 


Gem deposit Number of Color Size range Inclusions observed 
stones (in carats) 

Hattota Amuna 17 Mauve to violet 0.50 to 3.00 Fingerprints of negative crystals and 

(North Central Province) small spinels; well-formed apatite 
prisms, phlogopite mica, and zircon 
crystals 

Kuruwitta 11 Pinkish purple and 0.40 to 2.67 Phlogopite; fingerprints of negative 

(Sabaragamuwa Province) violet-brown crystals 

Deraniyagala 2 Mauve 0.32 and 0.72 Spinel fingerprint; garnet crystal 

(Sabaragamuwa Province) 

Balangoda 1 Nearly colorless 0.87 Phiogopite; fingerprint of negative 

(Sabaragamuwa Province) crystals 

Horana 7 Mauve to violet 1.00 to 4.00 Negative crystals, apatite, and spinel; 

(Western Province) partly healed liquid fractures 

Baduraliya 4 Purplish to light 0.60 to 1.50 Phlogopite, apatite, and zircon; 

(Western Province) mauve fingerprints of negative crystals 

Okkampitiya 2 Yellowish mauve 0.87 and 1.02 Partly healed fracture 

(Uva Province) 

Amerawewa 1 Violet-brown 0.37 Muscovite mica 

(Uva Province) 

Deniyaya 1 Purplish with a 1.59 Phlogopite and fingerprints 


(Southern Province) tinge of brown 
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Figure 3. Tabular prisms of pseudohexagonal 
appearance identified as phlogopite in a taaffeite 
from Sri Lanka. Dark-field illumination, 
magnified 60x. 


the microprobe confirmed the presence of K, Mg, 
Si, and Al corresponding to the formula of 
phlogopite (figure 3). Moreover, the polarizing 
microscope revealed the characteristic strain 


Figure 5. Characteristically oriented fingerprint- 
like feather consisting of minute spinel inclusions 
in a taaffeite from the Hattota Amuna gem 
deposit, Sri Lanka. Dark-field illumination, 
magnified 30x. 
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Figure 4. Phlogopite in taaffeite from Sri Lanka as 
observed with crossed polarizers. Magnified 25 x. 


colors and structure of mica (figure 4}. Only rarely 
was the euhedral form evident; in most instances, 
these inclusions were anhedral. 


Spinel. The fine crystallites shown in figure 5 were 
quite difficult to identify even under higher mag- 
nification. However, the microprobe confirmed 
that they are spinel. The detection of iron in addi- 
tion to the Mg and Al ratios indicated that these 
minute crystals formed before the host gem. 


Muscovite. One flat taaffeite plate obtained at 
Amerawewa contained crystals of muscovite (fig- 


Figure 6. Muscovite mica observed in a taaffeite 
found in the Amerawewa gem area of Sri Lanka. 
Immersion microscope, magnified 40 x. 
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Figure 7, “Fingerprints” of negative crystals such as 
this are observed in a taaffeite from Kuruwitta 

in Sti Lanka and were commonly encountered in 
the stones studied. Dark-field illumination, 
magnified 20x, 


ure 6}, another species of mica. The inclusion be- 
came apparent when the Beck line method was 
used. Since the refractive index of muscovite is 
lower (np = 1.60) than that of the host taaffeite, the 
ring of light passes into the mica inclusion once 
the objective of the microscope is turned toward 
the gem. Because the microprobe revealed no Mg 
in the inclusion, phlogopite was ruled out in this 
instance. 


Negative Crystals. With dark-field illumination, 
as in figure 7, most of the taaffeites found in Sri 
Lanka showed numerous small inclusions in a 
fingerprint-like pattern (see also, Fryer et al., 1982). 
At higher magnification, the minute inclusions 
appeared to be negative crystals (figure 8). 


DISCUSSION 


Although apatite is a common phosphate mineral 
that crystallizes early in the rock-forming phase of 
the igneous cycle, under various circumstances it 
can be widely distributed in other rock types. Spe- 
cifically, in metamorphic rocks, apatite has been 
reported as an inclusion in spinel (Zwaan, 1965}. 
During metamorphism, recrystallization of preex- 
isting rock types can give rise to various schist- 
type deposits. Mica schists are a classic example of 
a new generation of mineralization; in fact, taaf- 
feite has been reported to occur in association with 
spinel-phlogopite schists in Australia (Teale, 
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Figure 8. When the stone pictured in figure 7 was 
immersed in methylene iodide and the inclusion 
examined at a higher magnification (30x), the 
negative crystals in the “fingerprint” were clearly 
evident. 


1980}. The presence of spinel in taaffeite confirms 
their occurrence in a metamorphic rather than ig- 
neous environment. 

In fact, the spinel inclusions provide impor- 
tant clues to the occurrence of taaffeite in Sri 
Lanka. Specifically, Sri Lanka has shown an abun- 
dance of spinel (MgAl,O,4) and chrysoberyl 
(BeAl,O,4}. Gem spinel is a classic accessory min- 
eral to corundum in zones of contact metamor- 
phism (Dahanayake and Ranasinghe, 1981; 
Dahanayake et al., 1980). Be-rich fluids in peg- 
matites can enrich the basic zones of country rock 
to create environmental conditions conducive to 
the formation of chrysoberyl. The dominant rock 
type in the Highland region is a crystalline lime- 
stone; introduction of Be to such a metamorphic 
environment would allow for a composition in- 
termediate between spinel and chrysoberyl, 
namely, BeMgAl,Og, or taaffeite, to form. We 
would expect other minerals such as phlogopite, 
apatite, graphite, and spinel to be present in this 
same environment, and this is supported by their 
occurrence as inclusions in the taaffeite. 
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MAGNETIC PROPERTIES OF GEM-QUALITY 


SYNTHETIC DIAMONDS 


By George Rossman and Joseph L. Kirschvink 


Measurements of the magnetic properties of four 
gem-quality synthetic diamonds indicate that higher 
levels of permanent magnetism can be induced in the 
synthetics than could be induced in a number of gemn- 
quality natural stones. As received, the colored and 
included synthetics showed much higher levels of 
magnetism than the natural stones, but one near- 
colorless synthetic had less magnetism than many of 
the natural stones. Most of the magnetism of the 
natural stones is due to surface contamination, which 
can only be removed by rigorous acid cleaning. After 
cleaning, the natural diamonds were not only less 
magnetic than all of the synthetic stones, but they 
were also more resistant to demagnetization. 
Significant levels of metallic impurities were detected 
in most of the synthetics. These results on a limited 
number of samples suggest that natural diamonds can 
be distinguished from synthetics on the basis of their 
magnetic properties, but that in the case of near- 
colorless, inclusion-free stones, such tests may require 
sophisticated instrumentation. 


The existence of synthetic gem-quality diamonds 
and speculation about their possible introduction 
into the commercial market has raised the need for 
a test to distinguish between visually flawless 
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natural and synthetic diamonds. When we first 
considered this problem, we speculated that 
submicroscopic residues of the metallic catalysts 
used during synthesis could be included in the 
stones. Such residues are commonly found in 
non-gem-quality synthetic diamonds (Wedlake, 
1979). These residues should be weakly magnetic 
but detectable with sensitive instruments. When 
we were informed that some of the synthetic dia- 
monds studied at GIA were attracted to a hand 
magnet (Koivula and Fryer, 1984), we tested a vari- 
ety of synthetic and natural diamonds both for 
their existing magnetism and for their response to 
induced magnetism. The results showed some re- 
lationships that might be useful in the develop- 
ment of reliable tests to distinguish natural from 
synthetic diamonds. 


MATERIALS 


Three groups of synthetic diamonds were exam- 
ined: {1} the three faceted (near-colorless, bright 
yellow, and grayish blue} stones and largest unfa- 
ceted near-colorless crystal described by Koivula 
and Fryer (1984), (2} an 83.9-mg lot of about 200 
deep yellow industrial-quality crystals also made 
by General Electric, and (3) a 108-mg lot of about 
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Natural Diamonds as Received 


1x 19710 1x 1079 1x 108 


300 deep yellow-green industrial-quality crystals 
synthesized at the Academica Sinica Institute of 
Geochemisty, Guiyang, People’s Republic of 
China (PRC), which were chosen to represent a 
different technology of synthesis. 

For comparison, the following natural stones 
were examined: a lot of 60 colorless to pale yellow 
faceted stones (ranging from 0.2 to 0.4 ct}, six 
0.3—0.4 ct stones irradiated to various colors, nine 
brown to gray industrial grade crystals (about 1 ct 
each}, and an approximately 300-mg lot of color- 
less melee. 


TEST FOR PERMANENT MAGNETISM 


Our initial tests consisted of measuring the per- 
manent magnetism contained within the stones as 
received. Microscopic particles of catalysts such as 
iron contained within the diamonds will acquire 
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1x 1077 
Total Magnetic Moment (Ampereemeter*) 


Figure 1, Intensity of 
magnetization of the natural 
and synthetic diamonds 
studied. Values are indicated 
both for the stones as 
received and after acid 
cleaning. The values for the 
acid-washed natural 
diamonds represent the 
minimum and maximum 
values observed, and the 
combined value for a lot of 18 
stones. The values for the 
two synthetic gem-quality 
stones that were acid- 
washed are indicated by the 
shaded regions. The yellow 
industrial stones did not 
change magnetization 
appreciably upon acid 
treatment. 


G.E. Crystal 


1x 1076 


magnetism and will behave like miniature mag- 
nets. To detect this magnetism we used an ul- 
trasensitive instrument that utilizes a 
superconducting detector operating at —269°C 
(called a Superconducting Quantum Interference 
Device, or a SQUID Magnetometer, for short} fol- 
lowing techniques described by Kirschvink (1983). 
This instrument can detect the magnetism pro- 
duced by as little as a few picograms (10-!? gram] of 
most ferromagnetic materials, particularly after 
they have been briefly exposed to a strong mag- 
netic field. 

All of the diamonds initially tested were mag- 
netic, although most of the synthetic stones were 
stronger than the natural ones (figure 1}. Aware, 
however, that the cutting and polishing processes 
used to prepare these stones can leave submicro- 
scopic metallic inclusions on their surfaces, we 
cleaned all of the natural stones and most of the 
synthetic ones in hot, concentrated hydrochloric 
acid while in an ultrasonic water bath. The results 
of this treatment on the natural stones were quite 
dramatic: It reduced their magnetization by nearly 
one order of magnitude {again, see figure 1). In 
contrast, the acid wash produced only minor 
changes in the two gem-quality synthetic stones 
washed and in the batch of small, uncut yellow 
G.E. synthetic diamonds. We did not acid treat 
synthetic stones with visible inclusions at the sur- 
face to avoid destroying the inclusions. 

As indicated in figure 1, the level of magnetism 
of the faceted near-colorless synthetic stone is too 
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low to allow the stone to be distinguished from 
natural stones by readily available methods such 
as attraction to a hand magnet. Furthermore, sev- 
eral natural diamonds were more intensely mag- 
netic than this synthetic stone before acid treat- 
ment. The technique of testing the attraction of 
the stone to a magnet while suspended in a liquid 
of a comparable density (Koivula and Fryer, 1984} 


greatly improves the sensitivity of the hand-. 


magnet test, but such results must be interpreted 
with caution because the attraction of a stone to 
the magnet can be due to the presence of either 
ferromagnetic or paramagnetic impurities. Fer- 
romagnetic materials, such as iron and its alloys, 
are permanently magnetic; paramagnetic compo- 
nents, such as some forms of nitrogen and some 
mineral inclusions, will cause the stone to be at- 
tracted to the magnet but do not carry any perma- 
nent magnetism themselves. The instrument we 
used responds only to the ferromagnetic compo- 
nents of the diamonds. 


COERCIVITY SPECTRUM 


Because there is no assurance that future batches 
of colorless synthetic diamonds will have levels of 
magnetism as high as the weakest synthetic en- 
countered.in this study, we also measured some of 
the other magnetic properties of the synthetic 
stones, including the coercivity spectrum. This is 
a measure of the magnetic field strength required 
to either magnetize or demagnetize the magnetic 
components of the stone. In general, this property 
depends in a complex fashion on the chemical and 
structural composition, particle size, and spatial 
arrangement of the magnetic inclusions within 
the material. All of the gem-quality synthetic 
stones we examined had median coercivities in the 


10 to 50 millitesla (100 to 500 Gauss] range, num- 
bers that are comparable to the magnetic field 
strength used to record information on magnetic 
recording tapes. Although there are a number of 
materials (including a variety of magnetic alloys}, 
that have coercivities in this range, many other 
materials (including other alloys and materials 
such as hematite and some hardened steels}, with 
coercivities greater than 1 tesla, can be excluded 
as the origin of the magnetism. 

For the stones that we examined, the coerciv- 
ity data indicate that the synthetic diamonds all 
lose their internal magnetism more readily than 
the natural diamonds. Whether or not this prop- 
erty could form the basis of a definitive test can be 
determined only after the magnetic properties of a 
larger number of natural and synthetic diamonds 
are tabulated. Such a test would be especially use- 
ful because it would not depend on absolute 
amounts of magnetic impurities in the stone. 


CHEMICAL ANALYSIS 


In an attempt to-verify the presence of magnetic 
elements, several of the synthetic diamonds were 
subjected to X-ray fluorescence analysis. While 
traces of metallic elements could be detected in all 
cases (see table 1}, the amounts detected decreased 
as the intensity of the color of the stones decreased 
(with the exception of the colorless crystal con- 
taining the large metallic inclusion}. The propor- 
tions of the impurity elements also varied among 
the stones. Nickel was prominent in the more 
highly colored stones, but at low concentrations; it 
was not detected in the pale blue and colorless 
ones. Although yellow and blue in diamonds is 
usually associated with nitrogen and boron, re- 
spectively, these elements were not determined in 


Table 1. X-Ray fluorescence analysis of various synthetic diamonds. 


Synthetic diamonds Cr Mn Fe Co Ni Proportions 
G.E. colorless faceted ) 0 29 ) ¢) Fe 
G.E. grayish blue faceted 0 0 371 0 0 Fe 
G.E. bright yellow faceted 0 0 85 0 63 FeNig 74 
G.E. colorless crystal 0 0 2295 Q 19 FeNig g4 
G.E. deep yellow industrial 308 206 2044 0 683 FeNig.33Cro,15MNo,.40 
Chinese yellow-green 
industrial 0 8988 151 594 8887 = MnNigg9C09.97F€9 2 


8The proportions are given on the basis of the wt. % of the elements present, but they have not been calibrated 
in absolute concentrations. The numbers indicated for each element are counts per unit time multiplied 


times a sensitivity factor for that element. 


Notes and New Techniques 


GEMS & GEMOLOGY Fall 1984 165 


this study. The role of the metals in causing or 
modifying the color, particularly in the case of the 
yellow stones, has also not been addressed. It is 
questionable whether the low concentrations of 
metals found in the colorless synthetic stone 
would be useful as a test in view of the known 
occurrence of low levels of iron and other metals in 
natural diamonds (Fesq et al., 1973). 


CONCLUSIONS 


This study has shown that the General Electric 
gem-quality synthetic diamonds contain impuri- 
ties which allow the stones to carry permanent 
magnetism. X-ray fluoresence analyses indicate 
that these impurities are traces of the metallic 
catalysts used in their synthesis. Some natural di- 
amonds may also contain small amounts of mag- 
netic impurities and have a much greater amount 
of magnetic contamination on their surfaces. The 
colored synthetic diamonds, both gem quality and 
industrial quality, could be magnetized toa greater 
degree than any natural stone examined, but one 
near-colorless synthetic was weaker than several 
natural diamonds before acid washing. The syn- 
thetic diamonds were distinguished from rigor- 
ously cleaned natural diamonds by their higher 
level of ferromagnetic impurities and by the ease 
with which they lost their magnetism. For the 
near-colorless stones, the levels of magnetism are 


low and sensitive instruments were required to 
measure them. 

These results indicate that there are funda- 
mental differences between the magnetic proper- 
ties of natural and synthetic diamonds that can 
form the basis for a distinguishing test. The types 
of tests used in this study, while highly sensitive, 
use instruments that are only practical for the re- 
search laboratory. Before the results of this study 
can be furthered to develop a routine test, the data 
base needs to be expanded to include a greater 
number of both synthetic and natural diamonds to 
ensure that the range of variation in magnetic 
properties has been covered. 
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DIAMOND with 
Phantom Growth Plane 


The Los Angeles laboratory recently 
received a 2.10-ct brilliant-cut mar- 
quise diamond for quality analysis. 
This diamond was graded imperfect 
because it contained a number of 
crystals, feathers, clouds, pinpoints, 
and laser drill holes. These inclu- 
sions are all typically observed in di- 
amonds. However, this diamond also 
contained an unusual, large, phan- 
tom growth plane. The photomicro- 
graph in-figure 1 shows some of the 
particularly notable patterns within 
this plane. RK. 


DIAMOND Simulant, 
Inclusions in Cubic Zirconia 


Cubic zirconia is frequently submit- 
ted for identification to both the Los 
Angeles and the New York laborato- 
ries. Although cubic zirconia, grown 
by the skull-melt technique, can 
have inclusions, the faceted CZ that 
we have examined is generally 
devoid of visible inclusions and in- 
ternal textural growth features. 
However, the Los Angeles laboratory 
recently examined a 0.90-ct round 
brilliant-cut cubic zirconia that ex- 
hibited somewhat unusual irregular 
“swirled” growth features (figure 2). 
If hastily examined, these growth 
features might be mistaken for the 
“phantom” type of graining that is 


Editor's note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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Figure 1, Phantom growth- 
plane patterns in diamond. 
Magnified 63 x. 


commonly observed in diamonds. 
However, the true identity of this 
man-made material is quickly ascer- 
tained by considering its many other 
typical visual characteristics, in ad- 
dition to its excessively high specific 
gravity (5.80 = 0.20) when compared 
to that of diamond (3.52), Although 
the facet junctions on a well-cut 
cubic zirconia may appear nearly as 
sharp as they do on diamond, this 
particular cubic zirconia exhibited 
very rounded facet junctions. 
Several weeks after we exam- 
ined the 0.90-ct stone discussed 
above, we received the heavily in- 
cluded 1.62-ct cubic zirconia shown 
in figure 3. The numerous, nearly 
spherical inclusions (oriented in 
subparallel lines) in this stone, al- 
though rare, are an excellent exam- 
ple of what can be encountered by 
the gemologist. When examined 
under the microscope, these inclu- 
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Figure 2. Swirled “graining”’ in 
cubic zirconia. Magnified 40 x, 


sions were determined to be negative 
crystals, but the voids appeared to be 
lined, or partially lined, with a white 
substance that is probably undissol- 
ved zirconium oxide (ZrO,). Some of 
the negative voids were large enough 
to reveal well-formed, somewhat an- 
gular growth patterns. R.K. 


EMERALD Substitute 

Dyed Beryl 

A translucent green brilliant-cut 
stone (figure 4), weighing 0.23 ct, 
came into the New York laboratory 
for testing. A refractive index of 
1.57—1.58 identified the material as 
beryl. Examination under magnifi- 
cation easily revealed the presence of 
green dye in the numerous fractures. 
The absorption spectrum is similar 
to that of dyed green jadeite except 
that the red end of the spectrum 
is transmitted slightly beyond 
7000 A (700.0 nm). R.C. 


Lechleitner Synthetic Overgrowth 

In 1959, J. Lechleitner of Innsbruck, 
Austria, announced the production 
of an emerald substitute that con- 
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Figure 3. Unusual number and variety of inclusions seen in a 0.90-ct 
faceted cubic zirconia. 


Figure 4. A translucent, dyed green 
brilliant-cut beryl. Magnified 20x. 


sisted of a faceted colorless, or very 
lightly colored, natural beryl “seed” 
that was completely coated with a 
thin layer of synthetic emerald. This 
unique emerald substitute is fre- 
quently referred to simply as 
Lechleitner synthetic emerald, but is 
more correctly called Lechleitner 
synthetic emerald overgrowth. 

The hydrothermal synthetic 
emerald coating is generally only a 
few tenths of a millimeter thick. To 
remove surface irregularities 
developed during the crystallization 
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of the synthetic coating, all, or nearly 
all, of the facets are repolished, 
which considerably reduces the 
thickness of the synthetic over- 
growth. As a result, the polished 
stones often have a lighter coloranda 
greater transparency than the un- 


polished material. In some instances, 
repolishing may even remove all of 
the overgrowth on a few facets. 
Occasionally some facets are not 
repolished, thus leaving the ‘‘rough’”’ 
synthetic surface. The Los Angeles 
laboratory recently received such a 
stone for identification. Figure 5 
shows this rough surface as viewed 
in reflected light. Figure 6 shows an 
adjacent facet viewed with dark-field 
illumination, which reveals the in- 
ternal stress cracks that occur in the 
contact zone between the natural 
“seed” and the synthetic overgrowth 
layer. These stress cracks (which do 
not break the surface) are typical of 
the overgrowth process and immedi- 
ately identify this material. 
R.K. 


ENSTATITE, Near Colorless 


One of our clients recently pur- 
chased a 7.54-ct rough piece of what 
was purported to be a very rare min- 
eral, ekanite. To conclusively iden- 
tify the material, he sent the near- 
colorless crystal fragment (figure 7} 
to the Los Angeles lab. We were only 
able to obtain a vague refractive 
index spot reading of 1.66, with low 


Figure 5. Surface characteristics of unpolished Lechleitner synthetic 
emerald overgrowth in reflected light. Magnified 35 x. 
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Figure 6, “Stress” cracks at the 
interface of the synthetic over- 
growth and the natural seed 

of a Lechleitner ‘‘synthetic emer- 
ald.” Dark-field illumination, 
magnified 25 x. 


aor 


birefringence, on one slightly con- 
cave polished surface. A biaxial optic 
figure was revealed in the po- 
lariscope with the help of immer- 


Figure 8. Abalone shell, 17.5 cm long, 
produced. 
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Figure 7. Near-colorless 
enstatite crystal fragment 
measuring approximately 16 x 
10 x8 mm. 


sion. Specific gravity was deter- 
mined with heavy liquids to be ap- 
proximately 3.10. In the spectro- 
scope, we noticed the very sharp ab- 
sorption line at 5060 A (506.0 nm] 
that is characteristic of enstatite. 
Numerous inclusions were evident, 
but we could not identify them. 
Pure enstatite is a colorless 
magnesium silicate. It forms a con- 
tinuous series grading into hyper- 
sthene as iron replaces some of the 
magnesium. Increasing iron results 
in an increase in the properties of the 


with the large pear! that it 
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material, as well as a darkening of the 
color to yellowish green, brownish 
green, and brown. X-ray diffraction 
confirmed that the stone was 
enstatite. We had not previously en- 
countered material this pure in the 
labs. K.H, 


PEARLS 


Abalone Pearl 


We occasionally have the opportu- 
nity to examine a variety of calcare- 
ous concretions from various 
mollusks. The majority of them, in- 
cluding those from abalone, have 
nacre with orient and are therefore 
pearls. However, some have no na- 
creous layers or orient and so are not 
considered true pearls in the jewelry 
industry. 

A few months ago, the Santa 
Monica and Los Angeles GTL staff 
were shown a Haliotis, or abalone, 
shell found off the northern Pacific 
coast at a depth of about 13 m (40 ft.}. 
The shell, which measured approxi- 
mately 17.5 cm in length, contained 
a multicolored baroque-shaped pearl 
(figure 8]. The entire surface of the 
pearl (approximately 78 x 46 x 
12 mm) was made up of nacreous 
layers that had an almost metallic 
luster, with the high orient that is 
very characteristic of an abalone 
pearl. An X-radiograph of the con- 
cretion was taken to reveal its inter- 
nal structure; numerous concentric 
layers which closely followed the ex- 
ternal baroque shape of the concre- 
tion confirmed its identity. —_K.H. 


Accidental, or ‘‘Keshi,” Pearls? 

A strand of oval pearls reported to be 
“Keshi” came into the New York 
Gem Trade Lab for identification 
(figure 9). The pearls, which meas- 
ured approximately 3.30 mm x 
2.15 mm, were determined to be of 
saltwater origin by their lack of X-ray 
fluorescence. Their uniformity sug- 
gests that they are not “accidental,” 
but the product of mantle-tissue 
implantation, probably in Australia. 
The X-radiograph in figure 10 shows 
that they are tissue-nucleated cul- 
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Figure 9. A strand of cultured pearls, represented as ‘‘Keshi.” Average 


size is approximately 3.3 x 2.15 mm. 


Figure 10. This X-radiograph of the necklace in figure 9 shows that 
they are tissue-nucleated cultured pearls. 


tured pearls. Occasionally, however, 
a group of apparently tissue- 
nucleated cultured pearls will in- 
clude some pearls that do not show 
on the X-radiograph the void that is 
evidence of tissue nucleation. Thus 
they are indistinguishable from nat- 
ural pearls. Some people have tre- 
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served the term Keshi for these so- 
called “accidental” pearls. However, 
the original meaning of the term cuJ- 
tured or cultivated, taken from the 
French perle de culture, meant prod- 
uct of cultivating the pearl oysters. 
By this definition, any product of 
oyster cultivation is a cultured 


pearl—whether it is identifiable as 
cultured or not. In practice, though, 
if X-rays cannot separate an ‘‘acci- 
dental” from a natural pearl, the 
pearl is identified as natural. R.C. 


Cultured Pearl Mystery 


If an experienced gemologist were 
asked to give an opinion based on the 
X-radiograph shown in figure 11, he 
might say that the item appears to be 
a silver-dyed black cultured pearl 
necklace. His opinion would be 
based on the presence of white areas 
along the drill holes which are the 
result of silver from the dye having 
been deposited there. Since silver is 
opaque to X-rays, the film under it 
would not be exposed. However, the 
necklace that came into the New 
York lab for identification consisted 
entirely of normal-appearing white 
cultured pearls. We were at a loss to 
explain the white areas along the 
drill holes and within the conchiolin 
layers of some of the pearls. Perhaps a 
reader can suggest some explanation 
to us. R.C. 


Imitation “Rice Grain” Biwa 
Cultured Pearls 

If imitation is the sincerest form of 
flattery, then the costume jewelry 
trade has acknowledged the continu- 
ing interest in baroque forms of 
tissue-nucleated freshwater cultured 
pearls. Figure 12 shows a bracelet of 
imitation Biwa cultured pearls re- 
cently examined in our New York 
lab. The bracelet has been cleverly 
assembled to show the beads in dif- 
ferent aspects, thus effectively imi- 
tating the variations one expects in 
Biwa freshwater cultured pearls. The 
appearance and symmetry of the 
beads suggested that they might be 
coated glass. We were surprised to 
learn, though, when the “essence de 
orient” was removed from one end of 
the beads (figure 13), that they were 
mother-of-pearl shell. R.C. 


More Imitation Pearls 

Figure 14 shows what appeared to be 
a 36-inch (90 cm} long twisted 20- 
strand necklace of seed pearls that 
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Figure 11, X-radiograph showing mysterious white areas in the drill 
holes of some white cultured pearls. 


Figure 12. Imitation Biwa cul- 
tured pearl bracelet. 


Figure 13. A single bead from 
the bracelet illustrated in figure 
12 with the “essence de orient” 
partially removed to expose the 
mother-of-pearl center. Magni- 
fied 10x. 
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was sent to the New York GTL for 
identification. On close examina- 
tion, the beads proved to be glass, An 
X-ray of the pearls (figure 15) shows 
the remarkable uniformity of size of 
the drill holes. Since drilling such 
small beads seems to be an almost 
superhuman task, we believe that 
the beads may have been made on a 
wire that was either later dissolved 


in acid, or was simply stretched to 
release them. RC. 


Natural Seed Pearls and 
Glass Imitations 


Recently sent to the Los Angeles lab- 
oratory for identification was the 


Figure 15. This X-radiograph of 
the imitation seed pearls 
shown in figure 14 reveals the 
similarity of drill hole size. 


Figure 14. A 20-strand imitation seed pear! necklace. 


GEMS & GEMOLOGY 


Fall 1984 171 


necklace shown in figure 16. The 
necklace consisted of a natural-color, 
mottled green-and-white jadeite jade 
pierced carving suspended from a 
double-strand pendant composed of 
numerous translucent, white, round 
drilled beads set with one translu- 
cent white glass bead and one brow- 
nish pink tourmaline bead. The 
pendant was in turn suspended from 
a natural seed pearl necklace. Inter- 
estingly, although the double-strand 
white bead pendant predominantly 
consisted of natural seed pearls, 
these were interspersed with glass 
imitation seed pearls. The imita- 
tions were easily detected with 
microscopic examination. The string 
of the center pendant where the glass 
imitation seed pearls were appeared 
to have been damaged (again, see fig- 
ure 16); perhaps this area had been 
broken and the glass beads added to 
replace some lost pearls. R.K. 


TURQUOISE 
“Hidden” Treatment 


Presume that as a gemologist you are 
testing the blue cabochons set in the 
necklace illustrated in figure 17. The 
refractive index spot reading is 1.61, 
an iron line of moderate intensity 
centered near 4320 A is observed 
through the spectroscope using the 
external reflection technique. 
Microscopic examination reveals a 
natural-appearing structure when 
viewed with overhead illumination. 
When tested with the thermal reac- 
tion tester, no evidence of paraffin or 
plastic stabilization is discovered, 
and no evidence of dye in matrix 
areas is detected when the cabochons 
are tested with an acetone-soaked 
cotton swab. All of your tests indi- 
cate that the material is natural tur- 
quoise. However, would you identify 
and/or appraise this material as 
completely natural untreated tur- 
quoise? Could these turqouise 
cabochons have been treated in a way 
that your testing did not reveal? Any 
closed-back bezel-set mounting such 
as is typical of “Indian” or “South- 
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Figure 16. Jade and pearl pendant suspended from a natural seed- 
pearl necklace. Some of the “pearls” in the pendant were subse- 


quently identified as glass imitations. 


western” turquoise jewelry, as well 
as many other types of jewelry, can 
prevent complete viewing and test- 
ing of the gem material, and thus can 
conceal treated or assembled areas. 

Since turquoise is a secondary 
mineral, it is often deposited as thin 
veins in various types of rock matrix. 
The view on the top left in figure 18 
shows this thin formation with the 


matrix partially polished away to re- 
veal the natural beauty of the tur- 
quoise. Veins of turquoise that are 
too irregular, or too thin to be fash- 
ioned into cabochons, are frequently 
backed with a metal-loaded epoxy 
cement mixture (figure 18, top right}, 
which adds thickness, strength, and 
weight to the shaped and polished 
cabochon (figure 18, center]. The 
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Figure 17. Turquoise cabochons 
in a closed-back bezel-set 
mounting, 


backed turquoise is then bezel set in 
a closed-back mounting, thus hiding 
the backing. This type of turquoise 
treatment is generally accepted 
among turquoise dealers. However, 
the price of backed turquoise is gen- 
erally much lower than unbacked 
turquoise of equal quality. There- 
fore, this type of treatment should be 
disclosed. 


Figure 18. Top left: a thin layer of turquoise in matrix. Top right: tur- 
quoise backed by a metal-loaded epoxy cement. Center: finished 
backed cabochon. 


It is suggested that any identifi- 
cation report or appraisal of a 
gemstone that is bezel set in a 
closed-back mounting and cannot be 
removed from that mounting be ad- 
justed to reflect the fact that testing 
was done only to the extent that the 
mounting permitted. This should be 
considered with any gemstone that 
may be commonly treated or as- 
sembled. For example, a bezel-set 
closed-back mounting can conceal 
the separation plane of an opal dou- 


blet or hide an artificial filling in the 
cavity of an opal (see Gems & Gem- 
ology, Fall 1983, pp. 162-164}. 

RK. 


PHOTO CREDITS 


Ricardo Cardena took the pictures in fig- 
ures 4 and 9-13. Shane McClure is re- 
sponsible for figures 1,3, 7,and 16. Robert 
Kane is credited with figures 2, 5,6, and 17. 
Figures 8 and 18 are the work of Michael 
Havstad. Andrew Quinlan took the photos 
in figures 14 and 15. 


-eee@@ A PACKAGE DEAL from GEMS & GEMOLOGY @ee--- 


A complete set of the four information-packed 
issues published in 1983 is now available. For 
$19.50 (in the U.S.) or $22.50 (elsewhere), you can 
have over 250 pages (with more than 200 color 
illustrations) of the most important articles, lab 
information, and news in gemology today. 


Or save $4.00 and purchase both the 1982 and 
1983 volumes (eight issues) of GEMS & 


GEMOLOGY for only $35.00 (U.S.) or $40.00 
(elsewhere). 


To order one or both sets, just send your check 
or money order to: 
Back-Issues Department 
GEMS & GEMOLOGY 
1660 Stewart Street 
Santa Monica, CA 90404 
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GEM NEWS 


John I. Koivula, Editor 


DIAMONDS Se 


Australia 

Cutters report problems with Australian diamonds. 
Mr. S. N. Sharma, president of Hindustan Diamond {an 
organization owned jointly by De Beers and the govern- 
ment of India, which markets rough to Indian cutters}, 
stated during a recent visit to GIA that Indian cutters 
dislike working with diamonds from Australia for two 
reasons: (1) the Australian stones are so irregular in 
shape that they often require more than one cleavage 
separation before they can be cut, and (2) they seem to 
act harder on the wheel and so take about 20% longer to 
facet. 

It is interesting that the diamonds first found in 
1851 at Copeton, New South Wales, were also consid- 
ered to be harder than diamonds from other sources. The 
Copeton diamonds, which are for the most part roughly 
round in shape, are still being mined, but because they 
are so difficult to cut they are used for industrial pur- 
poses only. They apparently contain many “knots” and, 
therefore, are very tough to saw and dangerous to cleave. 
However, they make superior industrial stones. 

Since the lattice constants of diamonds do not vary 
from deposit to deposit, there is no reason other than 
gnarled grain or knots that would cause one diamond to 
be harder than another. 


Diamonds at Jubilee. De Beers’s international prospect- 
ing arm, Stockdale Prospecting, in a joint venture with 
United Nickel, Ltd., is expected to start drilling for dia- 
monds at the Jubilee Prospect near Kalgoorlie, Western 
Australia, in the near future. (Mining Magazine, June 
1984) 


Guinea 

Aredor diamonds. The Aredor Diamond Mine in 
Guinea will go to full production this year. Approxi- 
mately 90% of the mine’s total output is expected to be 
of gem quality, with rough crystals averaging between 
0.8 and I ct. The reserves of this deposit are estimated to 
be able to maintain a production level of 250,000 ct per 
year over the next 14 years. The Aredor diamonds will be 
marketed through the Basel-registered Aredor Sales, 
which will be managed by the Industrial Diamond 
Company. (Diamant, February-March 1984} 
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India 

Cutting Industry. Mr. Sharma also reports that more 
than 400,000 people are now employed in diamond cut- 
ting in India, with over 200,000 of these in the city of 
Surat (about 150 mi., or 242 km, north of Bombay) alone. 
Mr. Sharma estimates that another 100,000 workers are 
employed in colored-stone cutting in India. 


Kenya 

Prospecting in Kenya. The government of Kenya is issu- 
ing geological prospecting licenses to foreign compa- 
nies. A consortium of four Belgian companies—Brai NV, 
Sanotec NV, Smet DB, and Vanhout NV, collectively 
known as the Kenyan Engineering, Mining and Con- 
struction Company (KEMICO}—is presently exploring 
the Siaya District, southwest of Kakamega. The com- 
pany has reported finding indications of both diamond 
and gold deposits. (Mining Journal, April 1984) 


COLORED STONES es 


Another corundum treatment! Surface pits and cavities 
are common in lower-quality rubies and sapphires. Even 
finer gems are plagued by such features. 

Rather than grind away valuable weight in an at- 
tempt to remove them and thus lessen their impact on a 
stone’s value, it has been a common practice for decades 
to use some type of filler in the largest and most promi- 
nent of these cavities and pits. The use of a filler accom- 
plishes three things: (1} it seals the open voids and pre- 
vents the entry of dirt or other unwanted foreign matter, 
(2) it adds weight to the gem by replacing the air-filled 
space with a denser material, and (3) it improves the 
appearance of the gem. 

In the past at GIA, we have seen everything from 
wax and plastic glues to epoxy resins used as fillers. But 
now entrepreneurs in Bangkok, Thailand, have ap- 
parently added a new twist to this old treatment: 
Instead of these relatively soft compounds, a molten 
glass is being used to seal these voids. 

First noticed recently by gemologists at the Asian 
Institute of Gemmological Sciences (AIGS) in Bangkok, 
this surface treatment was initially thought to be an 
accidental by-product of routine heat treatment. How- 
ever, a fairly constant influx of rubies displaying the 
characteristics of this process has prompted AIGS to 
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abandon this theory and to suspect that the cavities are 
being filled intentionally with a glass to improve the 
salability of these gems by lessening the visibility of 
their surface blemishes. AIGS suspects that a high- 
temperature heat treatment is involved because the ma- 
terial appears to have been fused into the pits and cavi- 
ties. 

The singly refractive filling material has an RI. of 
1.52 and has been tentatively identified as a glass by 
AIGS gemologists. When immersed in methylene iodide 
and viewed with diffused transmitted light (the same 
method used when checking corundum for diffusion 
treatment}, the treated areas of these rubies stand out in 
high relief under the microscope. Magnification also 
reveals that the filling material often contains one or 
more gas bubbles of varying size. AIGS warns that under 
immersion any highly reflecting areas that break a 
stone’s surface should be suspect, but cautions 
gemologists not to mistake natural included crystals, 
which may also break the stone’s surface, for this type of 
treatment. 


GEM NEWS Editor’s note: \n Thailand, it is common 
practice to use borax (NajB4O7*10H,0) or a borax-based 
solution in the heat treatment of corundum. Borax melts 
at 742°C and may form a glassy material (remember the 
old borax bead tests in high.school chemistry?}. It is 
therefore possible that at least some of these filled cavi- 
ties might still be an accidental product of borax glass 
formation resulting from common heat or diffusion 
treatment. Perhaps this treatment technique was acci- 
dentally discovered in this way. 

A word of caution is also in order. Thai rubies have, 
as natural inclusions, negative crystals filled with a 
glassy type of material that may in turn contain one or 
more gas bubbles. If such an inclusion were cut into 
during faceting it would then break the surface of the 
ruby. If a gemologist later encountered this gem and 
identified it as a surface-treated ruby on the basis of the 
glassy inclusion, a costly error would result. 

It is also possible that some of these glassy filled 
cavities with bubble(s) result from the melting of preex- 
isting solid inclusions during a high-temperature heat 
treatment. Many of the inclusions found in natural co- 
rundum have melting points far below that of corun- 
dum, These may melt during heat treatment and expand 
sufficiently to fracture their host slightly, thereby re- 
lieving the internal pressure by leaking some of the 
original contents from the area. This rapid release of 
pressure would cause an instantaneous cavitation in the 
remaining liquid, producing one or more vapor bubbles. 
Depending on the chemistry of the environment and the 
speed of cooling, the inclusion might either form a natu- 
ral glass or recrystallize. In either case, the gas bubbles 
would remain, giving it the appearance of a glass. 

This writer has seen only one of these ‘‘new treated 
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stones” to date, and it was not available for detailed 
testing. This stone, a ruby, had a cavity in it with inter- 
nal growth steps and hillocks decorating its inner walls. 
Filling it, even into the tightest convoluted corners, was 
a glassy substance containing numerous gas bubbles. 
The opening to the surface of the ruby was so small that 
it is difficult to imagine a mechanism in which a molten 
viscous glass could be injected into such a cavity, so 
perfectly, from the outside. 

However, reports in the trade of parcels of rubies 
displaying these features must lead one to speculate that 
someone has found a way to accomplish such a treat- 
ment. 


Gem auction in Pakistan. The Gemstones Corporation 
of Pakistan (GEMCP) held another gem auction in 
Karachi, from May 28 to May 30 of this year. A number 
of gemstones, notably emeralds and rubies (some of fine 
quality) from Pakistan, and lapis lazuli and red spinel 
smuggled across the border from Afghanistan, are of- 
fered to foreign buyers at these auctions. To decrease the 
problems of illegal mining and smuggling in the gem- 
mining areas of Pakistan itself, and to increase the vol- 
ume of gems offered at these auctions, GEMCP is now 
offering joint mining ventures to the various tribes liv- 
ing in the mining areas. (Journal of Gem Industry, May- 
June 1984} 


Manganese find. According to the Geological Survey of 
India, a 1.6-km zone bearing high-grade manganese ore 
has been found in the Nishikhal area of the Koraput 
District, Orissa, India. Reserves in the zone have been 
estimated at 323,444 total tons; 254,871 tons are ex- 
pected to grade at 36% manganese, and the remainder at 
29% manganese. With the discovery of a new manga- 
nese ore body, the potential exists that manganese- 
containing gems, such as sugilite, might be found. This 
deposit therefore deserves watching. (Mining Magazine, 
January 1984) 


MMTC activities. In India, the Minerals and Metals 
Trading Corporation (MMTC) has been quite active. 
Rough gem-quality diamonds from Ghana are being 
marketed to diamond exporters. MMTC has just con- 
tracted to handle Brazilian emeralds and expects to 
market a large percentage of the Brazilian output of 
other gemstones. They are also attempting to import 
large quantities of rough emeralds from Africa, and ne- 
gotiations are under way with the Soviet Union to han- 
dle some of the Soviet output of rough gem diamonds. 
{Gem and Jewellery Business Intelligence, 1984) 


Zambia cancels emerald-mining contract. Zambia has 
cancelled an emerald-mining agreement with Saudi 
Arabia’s International Development and Construction 
Company because of the Saudi company’s failure to 
honor the contract. Zambia has now signed a new con- 
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tract with a consortium of emerald-mining companies 
from Europe and South America for the rights to mine 
the Zambian emeralds. (Mining Journal, June 1984} 


PRECIOUS METALS Sas 


East Rand platinum. East Rand Consolidated, a South 
African investment finance company, will cultivate a 
new platinum prospect located in the Lydenburg Dis- 
trict of Eastern Transvaal, South Africa. The mineral 
rights to the platinum are held by Erconovaal Ltd., a 
wholly owned subsidiary of East Rand. (Mining Journal, 
June 1984} 


Gold production in Ghana. Ghana has announced its 
intentions to resurrect its gold-mining industry. The 
government has given foreign mining companies the 
right to retain 20% of their export earnings to help 
stimulate this effort. A large portion of monies received 
from the International Monetary Fund will also be allo- 
cated for this project. The State Gold Mining Corpora- 
tion intends to triple its production within the next 
three years. (Precious Metals Monthly Review, May 
1984} 


Japanese gold find. Mitsubishi Metal Corp. has dis- 
covered a promising gold vein at its Yatani lead-zinc 
mine in northern Japan. Values averaging 50 g/ton gold 
and 220 g/ton silver have been reported. 

The geologic extent of the gold-bearing vein has not 
yet been established, and drilling and analyses will be 
required before mining on a commercial scale can be 
considered. (Mining Journal, May 1984) 


New reserves at Knob Hill. With the discovery of addi- 
tional ore reserves, Hecla Mining Company of Wallace, 
Idaho, has decided to continue production at its Knob 
Hill gold and silver mine located at Republic, 
Washington. The newly discovered reserves are ex- 
pected to yield approximately 15,000 oz. of gold, and 
between 60,000 and 70,000 oz. of silver, per year for at 
least the next two years. (Precious Metals Monthly Re- 
view, July 1984) 


Pascalis gold reserves. Sogquem and New Pascalis Mines 
have announced that preliminary exploration indicates 
a reserve of 834,000 tons of ore at a grade of 8.26 g [0.26 
oz.} of gold per ton for their Soquem property. The prop- 
erty is located east of the Val d’Or district of Quebec on 
land owned by New Pascalis. The reserve tonnage esti- 
mate is based on 41 completed diamond drill holes 
placed to evaluate the mineralization toa depth of 155m 
below the surface. Two of the holes intersected the 
gold-bearing dike at a greater depth, giving rise to plans 
for a further drilling program designed to determine if 
the gold mineralization is present as deep as 365 m 
below the surface. (Mining Magazine, January 1984) 
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Philippine gold. In 1983 a farmer located a rich gold lode 
at the foot of a mountain on the Island of Negros. Miners 
pouring into the area have since established a gold town 
called Hinoba-an. Some independent miners at the 
workings are producing from 12. to 15 g of gold a week. 
The mining town now produces a total of approximately 
70,000 g of gold each week. Under protest from the 
individual miners, a gold-mining company has filed a 
claim to the lode in an attempt to take it over. (Jewellery 
News Asia, May-June 1984) 


Zimbabwe gold. Plans have been announced to develop 
an open-cast gold mine in southwest Zimbabwe at 
Filabusi, 80 km south of Bulawayo. The developer is 
Cluff Mineral Exploration of Zimbabwe, a subsidiary of 
the U.K. Cluff Oil group. It is estimated that 326 kg of 
gold will be recovered over the next two years at this 
prospect. Active mining was scheduled to begin in June 
of this year. Further exploration continues, and Cluff 
Mineral Exploration expects to find similar prospects 
elsewhere in Zimbabwe. (Mining Journal, April 1984} 


SYNTHETICS AND SIMULANTS is 


Simulated pearl ruling. The actions of some suppliers 
who recently began marketing simulated pearls as 
“premature cultured pearls” caused the Jewelers Vigi- 
lance Committee to submit to the Federal Trade Com- 
mission (FTC} an addendum to the rulings that deal with 
pearl definitions. The addendum states that it is an un- 
fair trade practice to use the term pearl, cultured pearl, 
or cultivated pearl to describe a pearl-like product 
“whose outer surface does not consist wholly of natu- 
rally occurring concentric layers of nacre applied by a 
mollusk host.” 

Working with the JVC and FTC, Jill Fisher, of the 
Gemological Institute of America, said that the adden- 
dum was intended to clarify the difference between cul- 
tured pearls and the most sophisticated simulated 
pearls. (Jewelry Appraiser, May-June 1984} 


An interesting man-made glass. In response to the 
Winter 1983 article by George Bosshart entitled “Cobalt 
Glass as a Lapis Lazuli Imitation,” Mr. Kenzo Kato of 
limori Laboratory, Ltd., Tokyo, Japan, donated a collec- 
tion of five interesting glasses manufactured by limori to 
Gems #& Gemology. The glasses are ‘Victoria Stone,” 
“Meta-Jade,” “Cat’s-Eye,” “Iris Jasper,” and ‘Maple 
Stone.” This writer was familiar with all of these except 
the “Maple Stone,” which has a dark brownish green 
body color with brownish red arborescent dendritic 
“flowers” of devitrification. The sample studied had a 
refractive index of 1.603. In hand-specimen form, this 
material resembles bloodstone chalcedony, but under 
the microscope {figure 1) the “flowers” are quite obvi- 
ous. Once this pattern is observed and associated with 
this glass it is not soon forgotten. 
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Figure 1. Dendritic areas 
of synthetic cuprite 
devitrification in limori’s 
“Maple Stone” glass. 
Magnified 20x. 


April 1984 marked the centennial of 
the National.Gem Collection, 
which is located in the National 
Museum of, Natural History (Smith- 
sonian Institution} in Washington, 
D.C. The first public display of a 
portion of the collection took place 
in April 1884, when Curator of Min- 
eralogy F. W. Clarke prepared an 
exhibition of American gemstones 
for the New Orleans Exposition. 


To celebrate the centennial, 
two major new additions to the col- 
lection have been placed on display 
for the first time. They are the 
318.44-ct Dark Jubilee, an Aus- 
tralian black opal donated by the 
Zale Corporation, and the 182-ct 
Star of Bombay sapphire (figure 2}, a 
bequest from movie actress Mary 
Pickford. 


The Society of Jewellery Historians 
of the British Museum in London is 
pleased to announce the advent of 
their new annual journal, Jewellery 
Studies. The 96-page publication 
will contain feature articles, exhibi- 
tion news, book reviews, and a cur- 
rent bibliography. The journal will 
be highlighted by numerous black- 
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ANNOUNCEMENTS 


Figure 2, The 182-ct Star of 
Bombay sapphire, recently placed 
on display at the Smithsonian 
Institution, Washington, DC. 
Photo by Victor Krantz. 


and-white and color photographs. 
The society meets approximately 
seven times a year, and holds a num- 
ber of two-day symposia. They also 
publish two newsletters as well as 
the proceedings of their symposia. 
For information regarding member- 
ships and subscriptions, please con- 
tact Ms. Judy Rudoe, Department of 
Medieval and Later Antiquities, 
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British Museum, London WC1B 
3DG, England. 


AGA Conference. The Accredited 
Gemologists Association (AGA] has 
set the dates for its 1985 conference 
to be held in Tucson, Arizona, in con- 
junction with the annual Tucson 
Gem and Mineral Show. The confer- 
ence will be held February 4 and 5 at 
the Palo Verde Holiday Inn. For fur- 
ther information, please contact Neil 
H. Cohen, 99 Pratt St., Suite 211, 
Hartford, CT 06103. 


A Special Request. GIA has a slide 
library that now numbers over 
10,000. We are trying to obtain color 
35 mm or other format transparen- 
cies from every gem locality in the 
world. Since GIA personnel cannot 
travel to and photograph all of the 
world’s gemstone localities, we 
would very much appreciate receiv- 
ing any labeled or otherwise 
explained slides taken at any and all 
gemstone localities both major and 
minor. Such slides are invaluable ed- 
ucational tools. As with any dona- 
tion made to GIA, all donors of slides 
will be duly acknowledged. 
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TREASURES 

By Peter Bancroft, 488 pp., illus., 
publ. by Western Enterprises and 
Mineralogical Record, Fallbrook, 
California, 1984. US$60.00* 


One might expect Gem & Crystal 
Treasures to be another of those 
beautiful coffee-table publications 
that mainly consist of colorful min- 
eral photographs. It is a striking 
book, but Dr. Bancroft has given us 
much more than spectacular photo- 
graphs of minerals. The book is a 
compendium of thumbnail sketches 
of 100 of the most famous gem and 
mineral localities in the world. It 
contains much previously unavail- 
able information the author gathered 
through personal visits to localities 
and interviews with hundreds of 
people over a period of more than I 
years. He supplements this informa- 
tion with 667 black-and-white and 
320 color photographs, including 
beautiful “world-class” mineral 
specimens and hundreds of historical 
and modern mining photographs 
never before published. Most of the 
superb color photographs of speci- 
mens were taken by Erica and Harold 
Van Pelt. Bancroft’s selection of min- 
ing photographs shows his apprecia- 
tion of the human element of the 
gem and mineral world as well. 

The localities covered in the 
book are organized by continent, 
starting with North America, then 
going to South America, Australia, 
Asia, Africa, and Europe (concluding 
with the Soviet Union). Unfortu- 
nately, Dr. Bancroft never explains 
this organization system, which may 
be slightly frustrating to some 
readers. 

Most of the “classic” gem de- 
posits are included in this book. In 
North America, the sapphire deposit 
at Yogo Gulch, Montana, the major 
gem pegmatite mines of San Diego 
County, California, the opal mines of 
Virgin Valley, Nevada, the gem peg- 
matites of Oxford County, Maine, 
and the hiddenite deposits of North 
Carolina are all covered. In South 
America, both the Muzo and Chivor 
emerald deposits in Colombia are 
discussed, as are nine of the most 
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important Brazilian gem pegmatites. 
For Australia, Bancroft included the 
Coober Pedy and Lightning Ridge 
opal deposits, but omitted the fa- 
mous opal deposits of Queensland 
and Andamooka in southern Aus- 
tralia. He mentions such classic Ori- 
ental localities as the Mogok (Burma} 
Ruby Tract and Sri Lanka, but nota- 
bly missing are the Burmese jadeite 
mines and the famous sapphire 
mines of Kashmir. Bancroft then 
takes us westward to cover lapis 
lazuli from Afghanistan, turquoise 
from Iran, peridot from the Red Sea 
island of Zabargad, and even Cleo- 
patra’s emerald mines in Egypt. The 
full complement of gem-mining 
areas in East Africa are presented, 
including the Lualenyi tsavorite 
mines of Kenya and the Merelani 
tanzanite mines in Tanzania. Fur- 
ther south come the African 
pegmatite mines of Zimbabwe, 
Madagascar, and Mozambique. He 
concludes his survey of Africa with 
the famous Premier diamond mine 
in South Africa. The journey ends 
with vignettes of the famous, but 
little known, topaz deposits at Mur- 
sinka and the Tokovaya alexandrite/ 
emerald deposits in the Soviet 
Union, 

At the end of the book is a help- 
ful map showing the location of each 
deposit plus a list of 196 suggested 
additional readings. 

This book is a must for anyone 
with an interest in gem and mineral 
specimens, history, and mining. Dr. 
Bancroft is to be thanked for provid- 
ing our community with a book of 
such enormous importance. 

PETER C. KELLER, Ph.D. 


Los Angeles County Museum of 
Natural History 


A GUIDE TO 


MAN-MADE GEMSTONES 

By Michael O’Donoghue, 223 pp., 
illus., publ. by Van Nostrand 
Reinhold, New York, 1983. 
US$35.00* 


It is refreshing to see a book that 
promotes a better understanding of 
synthetics and how to identify 
them—a topic of great concern to to- 
day’s jewelry industry. Although the 
book is primarily aimed at gemolo- 
gists, even the general reader can 
benefit from it. 

After a brief summary of basic 
crystallography, O’Donoghue dis- 
cusses the major processes of gem- 
stone synthesis, listing them in three 
main categories: flame fusion, 
hydrothermal, and growth from the 
melt. The last includes Czochralski 
pulling, skull melting, and the flux 
melt process. He devotes most of the 
book to identifying synthetics, 
which are listed by species. He cov- 
ers all the major synthetics as well as 
less common ones such as synthetic 
apatite and fluorite. O’Donoghue 
also includes a number of materials 
usually manufactured for industrial 
purposes that have no naturally oc- 
curring counterparts but are some- 
times cut as gemstones. Glass as a 
gem simulant, doublets, and triplets 
are included as well. In addition, one 
chapter is devoted to inclusion 
photography as an aid to gem 
identification. 

While most of the information is 
complete and concise, there are a few 
areas that are misleading and, in 
some cases, inaccurate. For example, 
when discussing the separation of 
natural from synthetic sapphires, 
O'Donoghue states that natural sap- 
phires never fluoresce greenish or 
bluish white. Contradicting this, he 
later states that heat-treated natural 
sapphires can show a “dull chalky 
green fluorescence” with short-wave 
ultraviolet radiation. On page 33 he 
states that synthetic yellow sap- 
phires do not fluoresce, when, in fact, 
many will fluoresce red when ex- 
posed to long-wave ultraviolet radi- 
ation. When discussing detection of 
cyclotron treatment of diamonds, 

Continued on page 180 
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Editorial Korum 


“FINE GREEN” DEMANTOIDS 


Since the publication of ‘“Gem Andradite Garnets’”’ in 
the Winter 1983 issue of Gems & Gemology, we have 
had the opportunity to examine demantoids of a consid- 
erably more intense green than those described in our 
article. In response to a comment in the article that no 
such stones had been available to us, we were recently 
given the opportunity to examine three: additional 
demantoids (figure 1}. Two of these stones clearly ex- 
hibit the characteristic bands at about 620 and 640 nm 
that have been described in the gemological literature. A 
high-wavelength doublet was located with the spectro- 
photometer at about 684 and 687 nm, but was not visible 
with the hand spectroscope. The spectrum of one of 
these stones is reproduced in figure 2. The Cr,O, content 


Figure 1. Three intense green demantoid garnets, 
weighing (from left to right) 1.18 ct, 4.11 ct, and 
1.38 ct. Photo by Michael Havstad. 


Figure 2, Spectrum of one of the green demantoids 
pictured in figure 1. 
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Editorial Forum 


of this stone (which was the highest of the three} is about 
0.14 wt.%, which is no higher than that of several of the 
specimens in our previous study. However, the stones 
described here are considerably larger (over 1.0 ct) than 
the ones examined earlier that have a comparable 
chromium content (less than 0.4 wt.%}. The distance 
light travels through a stone (the “path length”) affects 
the strength of absorption features detected for a given 
concentration of color-causing agent; the longer the 
path length, the stronger the absorption. Characteristic 
features that normally are weakly resolved may thus 
drop below the detéction limits of the spectroscope and 
spectrophotometer for very small specimens. This no 
doubt accounts for the difference in absorption bands 
seen in the demantoids of different sizes that we have 
examined. Gemologists are advised to keep this effect in 
mind when using spectral characteristics to identify 
small stones. 


Carol M. Stockton, G.G., 

and D. Vincent Manson, Ph.D. 
GIA Research Department 
Santa Monica, California 


IRRADIATED TOPAZ AND 
RADIOACTIVITY 


In his article, “Irradiated Topaz and Radioactivity” 
(Gems @& Gemology, Winter 1981, p. 215), Robert 
Crowningshield writes: “Large quantities of colorless 
topaz are currently being treated by gamma irradiation 
to turn them blue, a process that does not produce radio- 
activity in the stone (Nassau, 1980). The resulting color 
is a medium deep blue that is significantly darker than 
that of most natural blue topaz. A considerably darker 
color does result in rare instances (M. Welt, pers. comm., 
1981); this blue color is produced by a treatment (nature 
unknown} that is purportedly used on colorless topaz 
that will not turn blue with gamma rays (M. Welt, pers. 
comm., 1981).” I would like to contribute some new 
information about the process used in Brazil to turn 
natural colorless topaz blue and about those stones that 
will not turn blue with gamma rays. My sources include 
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persons who work with treated topaz and an article that 
recently appeared in a Brazilian magazine. 


The topaz is irradiated inside a nuclear reactor in an 
iron box that has been lined with cadmium. The iron (Fe) 
and cadmium (Cd) absorb the thermal neutrons that can 
activate the impurities present in the topaz that is being 
irradiated, forming radioisotopes with long half-lives. 
These thermal neutrons serve as the source of the high- 
energy gamma rays. During the irradiation process, the 
iron box and the cadmium lining are both converted into 
an intense source of gamma irradiation with variable 
energy. Since the topaz crystals are in the center of this 
source, they can be subjected to very high intensity 
irradiation. 


The epithermic neutrons that pass beyond the bar- 
riers of the Fe and the Cd, striking the atoms of the 


crystal, cause faults in its crystalline structure. These 
can be converted into a new color center by a subsequent 
process of ionization. This method of neutron irradia- 
tion produces the permanent blue color in the topaz 
crystal, even in those colorless topaz crystals that will 
not turn blue with gamma irradiation (about 90% turn a 
deep blue). After irradiation (for approximately eight to 
16 hours}, the topaz is treated in an oven at a tempera- 
ture that varies between 250°C and 350°C to stabilize 
the color. 

According to observations made during the irradia- 
tion of colorless topaz, only two radioactive elements 
remain after the irradiation: 24 Na and 47 Sc, with half- 
lives of 15 hours and 3.4 days, respectively. 


Francisco Muller Bastos, G.G., F.G.A. 
Belo Horizonte, Minas Gerais, Brazil 


Continued from page 178 
O'Donoghue mentions the umbrella 
effect around the culet, but not the 
color duplication of crown facets 
that is present in a table-treated 
stone. And, in his discussion of the 
color origin of green diamonds, he 
states that, “if no green naturals are 
seen, the stone must have been 
treated.”’ This suggests that al] natu- 
ral green diamonds owe their color to 
a green “skin” on the surface and not 
a green body color. While this is true 
of some stones, there is no scientific 
evidence to support such a general- 
ized statement for all green 
diamonds. 

Although the author does dis- 
cuss gemstone treatments as well as 
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synthetics, the material is not well 
organized, There is a chapter titled 
“Irradiation, Staining and Coating,” 
but it is only nine pages long and 
consists almost entirely of a listing of 
individual case reports. More infor- 
mation on these subjects, as well as 
on other treatments, is listed at the 
end of each chapter, in a section en- 
titled “Reports on Individual Cases 
from the Literature.”’ A paragraph is 
devoted to each case, but the entries 
are not arranged in any discernible 
order. 

Despite its few inaccuracies and 
some organizational problems, this 
book contains much information 
that gemologists will find very use- 
ful. The text is written as nontech- 


nically as possible, and, for the most 
part, reads well. Its 223 pages are 
printed on heavy stock and carefully 
edited. It also features many black- 
and-white photographs and line 
drawings, as well as a center section 
of color plates photographed by Dr. 
Edward Gubelin. 

With all the concern about syn- 
thetics and gemstone treatments in 
the industry today, this book will be 
a welcome addition to any gem refer- 
ence library. 

SHANE McCLURE 


GIA Gem Trade Laboratory, 
Los Angeles 


*This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Durchsichtiger Analcim aus Australien (Transparent 
analcime from Australia]. H. Bank, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 32, 
No. 4, 1983, pp. 204-205. 

Bank describes analcime from Australia, which is occa- 

sionally faceted for collectors. With refractive indices of 

ne 1.486 and ny 1.487, and a very low birefringence of 

0.001, it is easily misidentified as leucite. Analcime is 

chemically Na{AISijO¢}*H,O and belongs to the zeolite 

group of minerals. The hardness is 5—5%; density is 

2,222.29 g/em%, Often occurring as crystals shaped 

like trapezohedrons or modified cubes, it is a common 


This section is designed to provide as complete a record as 
possible of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that 
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mineral in basalts and other igneous rocks as well as in 
some sediments. MG 


The formation of chrysoberyl in metamorphosed 
pegmatites. G. Franz and G. Morteani, Journal of 
Petrology, Vol. 25, No. 1, 1984, pp. 27-52. 


The gem mineral chrysobery] (BeA1,O,}, best known by 
its varietal names alexandrite and cat’s-eye, occurs in 
pegmatites and certain metamorphic rocks. Since 
Al,O,—rich minerals such as chrysoberyl are not com- 
monly found in pegmatites, geologists have resorted to 
explaining this occurrence by various reaction mecha- 
nisms in which Al,Og is either lost or gained by the 
pegmatite magma during its crystallization in crustal 
host rocks. From a study of mineral assemblages in 
pegmatite samples from Kolsva, Sweden, and Marsikov, 
Czechoslovakia, Franz and Morteani dispute this tradi- 
tional hypothesis. Petrographic investigations have 
shown that many chrysoberyl-bearing pegmatites are 
metamorphosed. These authors suggest that the forma- 
tion of chrysoberyl may be the result of a reaction be- 
tween pegmatitic beryl and alkali feldspar under high 
pressure-temperature metamorphic conditions. Such 
conditions arise following the complete crystallization 
of the pegmatite. Beryl and alkali feldspar, which crys- 
tallize from the pegmatite magma, become an unstable 
assemblage during these subsequent metamorphic 
conditions, and react to form chrysoberyl and quartz. 
Details of the proposed metamorphic reactions involved 
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in chrysoberyl formation are discussed, as are some still- 
unresolved questions. JES 


A new look at Dominican amber. L. Montgomery de 

Merette, Jeweler/Gem Business, Vol. 7, No.5, 1983, 

pp. 9-19. 

For years most amber has come from one area—the 
Baltic. Today that venerable locality is becoming 
eclipsed by a newer one in the Dominican Republic. 
This Caribbean amber is the subject of de Merette’s 
thorough article, which describes in detail the occur- 
rence of the material, the history of its mining (which 
essentially dates back only to the 1960s}, and the dis- 
tinctive characteristics of the amber itself. 

The Dominican Republic is the first sizable source 
of amber to be discovered in the Western Hemisphere 
since ancient times. This particular amber is distin- 
guished by its clarity and high refractive index, its clear 
and abundant inclusions, and a striking range of color. 
Almost an entire spectrum is represented: light yellow, 
deep yellow, honey colored, deep red, brown, olive 
green, and even “blue” amber—a fluorescent amber that 
is yellow to brown with back lighting, and vivid “‘oil- 
slick” blue in daylight. Dominican amber is more af- 
fordable and available than Baltic amber, because of the 
strict Soviet controls on the Baltic material and because 
the Dominican government imposes no mining controls 
and the country’s labor costs are low. (As a result, 
Dominican amber is roughly half the price of compara- 
ble Baltic rough.) The author provides a list of criteria for 
appraising Dominican amber, including a detailed roster 
of desirable inclusions such as (in order of their abun- 
dance} bubbles, spangles, insects, and plants. 

The article also appears in its entirety in a French 
translation by Emmanuel Fritsch (Monde et Mineraux, 
No. 61, May-June 1984, pp. 36~41}; this version is no- 
table for the dazzling color photographs of the amber 
taken by Nelly Bariand which, regrettably, did not ap- 
pear in the English original. JMB 


DIAMONDS 


Argyle gathers momentum. J. Mitchell, Indiaqua, Vol. 
37, No. 1, 1984, pp. 19-21. 
This article traces the development of the diamond 
mine at Smoke Creek, Western Australia, which is 
owned by the Argyle Diamond Mines Joint Venture. The 
Argyle kimberlite pipe, known as the AK-1, was dis- 
covered in October 1979. Exploratory drilling in 1982 
indicated that the southern section has more than 100 
million tons of kimberlite, 61 million of which are 
proven reserves with 14 million tons of probable re- 
serves. This section has an unusually high average grade 
of seven carats per ton. The Joint Venture plans to 
develop an open-cut mine capable of processing three 
million tons, or 25 million carats, a year by 1986-87. 
This will increase the world supply of diamonds by 
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about 50%; however, since Argyle diamonds are small 
and have very low cutting yields, the AK-1 diamonds 
will add only 5% to the value of world production. These 
diamonds do make excellent industrial-quality stones, 
and their production will boost Australia’s economy, 
making Australia the world’s largest diamond supplier 
by 1986. 

The Joint Venture is hoping to discover a faulted 
extension of the AK-1 pipe, and also plans to search for 
other related economic kimberlites (such “clustering”’ 
has been known to occur in Africa and the Soviet Un- 
ion). In addition, diamonds from the nearby Ellendale 
mine (also owned by the Joint Venture) will be processed 
at the AK-1 plant, which should make the Ellendale 
economic by 1987. SAT 


Famous diamonds of the world (XVI): the “Excelsior” 
diamond. I. Balfour, Indiaqua, Vol. 35, No. 2, 1983, 
pp. 131-134. 


In 1893, an African miner found an extremely large 
diamond in the Jagersfontein mine, the first pipe mine to 
be discovered in South Africa. This high-color stone 
weighed 995.2 ct, the largest diamond found up to that 
time; it was not bested until the 3,106-ct Cullinan was 
found 12 years later. Mr. Balfour refers to this diamond, 
named the Excelsior, as the “Great Unknown” because 
it has received little historical notoriety even though it 
is the second largest rough stone ever found. 

After its discovery, the Excelsior was sent to a Lon- 
don syndicate where it was soon joined by another large 
diamond also found in the Jagersfontein mine. This di- 
amon4d, initially named the Reitz, was renamed the Jubi- 
lee after it was cut in 1897, the year of Queen Victoria’s 
Diamond Jubilee. The Jubilee is a cushion shape weigh- 
ing 245.35 ct, making it the third largest cut diamond on 
record, far larger than any of the stones fashioned from 
the Excelsior. 

In 1903, after futile attempts to sell it whole, the 
Excelsior was cleaved into 10 pieces which yielded 21 
gems ranging from 70 ct to less than one carat. Consider- 
ing the original size of the rough, it is unfortunate that 
because of troublesome dark inclusions and economic 
considerations, the Excelsior provided no significant 
gems to spark our imagination. Furthermore, little is 
known of the fate of these cut diamonds. 

Three drawings and nine photographs accompany 
the text. FLG 


GEM LOCALITIES 


‘RJ’ study tour to Brazil proves a mine of information. 
Retail Jeweller, Vol. 22, No. 569, 1984, p. 6. 
Members of the 1984 Retail Jeweller’s study tour visited 
several different gemstone mines in Brazil. First they 
were taken to the Socoto emerald mine in the area of 
Turutiba, which was discovered in 1983. The garim- 
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peiros (independent miners} sink pits down to the 
micaceous schist zones—generally 5~10 cm thick— 
that contain the emeralds. The miners lower themselves 
into the pits and pry the emeralds out with hammers and 
chisels. Rough emerald crystals are sold to licensed 
buyers only; from February 1983 through March 1984 
they purchased 5,017.6 kg of emeralds for a total of 
US$1,600,000. The government is providing small lapi- 
daries with the equivalent of US$20,000 in working 
capital to encourage local industry. 

The tour also visited the Imperial topaz mine in 
Ouro Preto near the village of Rodrigo Silva. Open-pit 
mining is performed with a bulldozer and high-pressure 
water jets. Most of the topaz crystals recovered here 
average 2.3—3.5 cm long. A cubic meter of mineralized 
soil usually contains 0.40 ct (faceted weight) of topaz, 
with a daily average of 320 ct. 

The article also gives insights into gem retailing in 
Rio de Janeiro, especially the practices of the firm H. 
Stern, which purchases about 60% of all Brazil’s gem 
production. SAT 


The rubies of Cowee Valley. W. D. Hadley, Rock and 

Gem, Vol. 14, No. 5, 1984, pp. 36-39, No. 6, 1984, 

pp. 37-39. 

In this two-part article, Hadley provides an interesting 
and informative review of the rubies of Cowee Valley, 
North Carolina. The ruby-rich area lies close to the 
western central border of North Carolina, surrounded by 
the Applachian, Great Smoky, and Blue Ridge Moun- 
tains. Cowee Creek, a tributary of the Little Tennessee 
River, is the largest source of rubies, The city of Franklin 
contains more than a dozen ruby mines as well as several 
mines of sapphire and rhodolite garnet. 

In part 2 of his article, the author traces the geo- 
logical history of the mining area and furnishes an over- 
view of gem corundum. He emphasizes the beauty of the 
area for the vacationer, with the added bonus of mining 
for rubies in the Cowee Valley. The mines are open to 
the public on a fee basis from about May 1 to October 1. 
The numerous rock and gem shops and gem museums 
make this area an ideal setting for the gem 
enthusiast. WEB 


INSTRUMENTS AND TECHNIQUES 


Diagnostic irradiation: how irradiation can be used to 
identify gemstones. P. Read, Canadian Jeweller, 
Vol. 105, No. 5, 1984, p. 23. 

Mr. Read begins this article by briefly reviewing the use 

of irradiation treatment to enhance the color of 

gemstones. He then discusses the various uses of elec- 
tromagnetic radiation (ultraviolet or X-ray} in the sepa- 
ration of natural from synthetic stones. Most gem ma- 
terials contain iron oxides which greatly inhibit the 
presence of fluorescence when the material is exposed to 
long-wave ultraviolet radiation. The absence of this el- 
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ement in all but the most recent synthetics results in the 
pronounced fluorescence of most synthetic material. 
My. Read also mentions that the new Culti Colored 
Stone Checker detects the presence of iron in a 
gemstone by testing the ability of the stone to transmit 
short-wave ultraviolet light. Stones that contain iron 
will absorb this light; those that do not, transmit these 
rays. Although the information given in this article can 
be gleaned from other sources, it is a concise and useful 
review of applications of electromagnetic radiation in 
gem identification. Patricia Reynolds 


Emissionsspektralanalyse von natirlichen und synthe- 
tischen Rubinen, Sapphiren, Smaragden und 
Alexandriten (Emission spectrum analysis of natu- 
ral and synthetic ruby, sapphire, emerald and 
alexandrite). H. Kuhlmann, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 32, 
No. 4, 1983, pp. 179-195. 

The author analyzed the emission spectra of 207 sam- 

ples of natural ruby, sapphire, emerald, and alexandrite 

and 61 samples of their synthetic counterparts. The ana- 
lytic data on 11 trace elements (Be, Cr, Cu, Fe, Mn, Mo, 

Ni, Si, Sn, Ti, and V} in each group of gem minerals and 

synthetics are summarized. The trace-clement patterns 

for natural rubies from Kenya, Tanzania, Afghanistan, 

India, Burma, and Greenland reveal Cr, Si, Ti, V, Mn, Fe, 

Sn, and minute traces of Cu without any sign of Mo. The 

synthetic rubies made by Chatham and Verneuil, how- 

ever, show a distinct presence of Mo. The Kashan and 

Knischka products contain a higher percentage of Cu. 

Sapphires from Kenya, Tanzania, Sri Lanka, Burma, 

Cambodia, Australia, and the United States contain Fe, 

Ti, Si, and Cu as important trace elements. The Verneuil 

synthetic sapphire shows Ti, Fe, and Si; the Chatham 

blue sapphire, Ti, Fe, and V. Although analyses of natu- 
ral emeralds from South Africa, Zimbabwe, Zambia, 

Tanzania, Mozambique, Egypt, Madagascar, Brazil, 

Colombia, Austria, and Norway show the presence of 

Ti, V, Cr, Mn, Fe, Ni, Cu, Ag, Sn, and Bi, no Mo was 

found. The man-made emeralds produced by Chatham, 

Gilson, Lechleitner, Linares, Linde, and Zerfass revealed 

no Ti or Bi, but often showed the presence of Mo. Linares 

and Linde emeralds contained no Mo but showed Cu and 

Sn patterns, respectively. The author does not include 

the trace-element patterns of Thai rubies or synthetic 

alexandrite. MG 


The jeweler’s refractometer as a mineralogical tool. C. S. 
Hurlbut, Jr., American Mineralogist, Vol. 69, No. 
3/4, 1984, pp. 391-398. 

Although widely employed in gemology, the standard 

jeweler’s refractometer has not been as fully appreciated 

in mineralogy. This is due to the requirement that the 
crystal under study have a small, flat, polished surface {as 
is the case with faceted gemstones but is uncommon 
with minerals}, and to the widespread adoption in min- 
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eralogy of the immersion method for refractive index 
determination. However, this article describes how a 
simple refractometer can aid in determining the optical 
properties of a mineral either in a small grain or 
mounted in a polished thin section. Examples are given 
of obtaining information: (1) for isotropic substances, 
the single refractive index; (2) for uniaxial crystals, both 
principal refractive indices and the optic sign; and (3) for 
biaxial crystals, the three principal refractive indices 
and the optic sign. This information results from the 
standard observation of the shadow edge in the re- 
fractometer eyepiece, and also by noting the relative 
positions of both the crystal on the hemicylinder and the 
rotatable cap polarizer. The method is described in some 
detail. Refractive indices can be determined to a preci- 
sion of about 0.002, which compares favorably with the 
precision of the immersion method, i.e., 0.001. JES 


JEWELRY ARTS 
Enamelling—II: grinding, washing, laying and firing en- 

amels. C. Walton, Aurum, No. 17, 1984, pp. 57-63. 
“Enamelling—II” runs true to the form established in 
part 1 (abstracted in the Summer 1984 issue of Gems & 
Gemology). The title is almost as informative as the rest 
of the article. The tedium of grinding and washing is 
carried into the text, with the majority of the article 
devoted to this most uninteresting aspect of the art 
form. 

With regard to laying and firing enamels, once again 
attention is given to the difficulty of execution with 
little insight into the actual process. One or two inter- 
esting concepts are mentioned, but only fleetingly, and 
the processes of laying, firing, grinding, and finishing are 
polished off in about a dozen uninformative paragraphs. 
As in part 1, the photographs add greatly to reader inter- 
est, and the finished product must be admired. If these 
articles were written for the reader with no technical 
knowledge of enameling, they are well done. But for 
those of us with an enameling background, they provide 
only ho-hum reading and elicit the reaction that, ‘We 
know how difficult it is. Where are the tips to ease the 
problems?” Archie V. Curtis 


Eugenia’s jewels. W. Davies, Connoisseur, Vol. 214, No. 
863, 1984, pp. 76-81. 
This article reads like a fairy tale: The Countess Eugenia 
de Serigny, pursuing a life-long interest in jewels and 
gems, begins to design her own jewelry. Following de- 
sign ideas from the turn of the century, she has her 
jewels made so that the gems can be interchanged and 
the jewelry broken down into smaller units for style, 
convenience, and maximum security when traveling. 
Soon, she is designing and manufacturing for friends and 
before you can say “haute joailliere,” Eugenia de S. has a 
full-scale business going, with factories in Paris and 
Geneva, wealthy and influential clients all over the 
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world, and distribution agreements with two prestigious 
retail jewelers—O. J. Perrin in Paris and Black, Starr & 
Frost in the United States. 

It is true that the countess has everything going for 
her: beauty, charm, connections, time, and money. But 
she is not a dilettante. Using the advantages that life has 
given her, and making the most of opportunities offered 
her, she has successfully launched a career that many of 
us have always dreamed of. EBM 


Jewelry design: the art and the profession. A. Durante, 

Metalsmith, Vol. 2, No. 3, 1982, pp. 14-16. 
In the first of a two-part series on jewelry rendering, 
Durante discusses jewelry design as a profession and the 
problems encountered by the neophyte designer. Draw- 
ing from personal experiences as design director at Car- 
tier and as an instructor at Parsons School of Design in 
New York, Durante stresses the need for designers to be 
well rounded. Skills should include product rendering as 
well as jewelry rendering plus a background in metals, 
gemology, and marketing. 

Learning jewelry design is the first step to becoming 
a professional designer; obtaining a job is the second. 
Before looking for employment, assess your capabilities 
as well as your limitations. Do not sell yourself short, 
nor overextend yourself. Be ready to undergo a three- or 
four-day trial period, during which time your work will 
be evaluated. Because your portfolio represents your ca- 
pabilities, it ought to range from the simple to the com- 
plex, from the inexpensive to the very expensive. When 
you meet people in the trade, present your portfolio and 
ask for suggestions and reactions. Be ready for criticism, 
and accept it in a ‘‘workmanlike” way. Designing is a 
job. Once hired, be ready to produce; personal problems 
are not excuses for nonproduction. Designing is a pro- 
fession: Maintaining a professional demeanor is essen- 
tial and expected. Lorraine Gruys 


Rendering—design and process. R. Palermo and A. 
Durante, Metalsmith, Vol. 4, No. 2, 1984, pp. 
23-27. 


Jewelry rendering is experiencing a renaissance. 
Durante and Palermo, co-authors on this second of a 
two-part series, attribute this to the competitive nature 
of jewelry designing, rapidly changing fashions, and the 
cost of producing prototypes. Rendering is a skill which 
enables a designer to quickly and realistically present a 
concept. A good rendering is a form of “photorealism.” 
Nothing exists to photograph except what is in the de- 
signer’s mind, the rendering shows highlights and mi- 
nute details—it “leaps” off the page. A rendering must 
tell the whole story. 

A rendering is developed with three major consider- 
ations in mind: the design of the piece, the characteris- 
tics and cost of the materials, and the way the piece will 
look when worn. A successful renderer must know the 
mechanics of jewelry: jewelry aesthetics, good taste, and 
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the market. Individuality of design and the needs of the 
client are also considerations. A rendering should take a 
few hours but appear as if it took a week. It should never 
look overdone. 
Fourteen renderings— ranging from pencil roughs to 
full-color drawings—accompany the article. 
Lorraine Gruys 


RETAILING 


The embattled emerald market, D. Federman, Modern 
Jeweler, Vol. 83, No. 5, 1984, pp. 44—48. 


In his captivating article on the world emerald market, 
David Federman narrates the business intrigues that he 
admits resemble the twisted plots of TV’s “Dallas.” His 
article depicts the tension between old and new players 
in the market as sources change, supply and demand is 
altered, and cutting standards affect the pricing values. 
The market is in such a state of flux that it is difficult to 
predict the next stage, but Federman does an excellent 
job of describing the complex interrelationships of busi- 
ness and politics that dominate today. 

The tale begins 10 years ago in Zambia, with the 
first emerald finds there. At this time, the material con- 
tained numerous inclusions that made these stones less 
desirable than their Brazilian and Colombian counter- 
parts. Two years later, in 1976, deposits of better-quality 
emeralds were found in Zambia and the stones were 
faceted by the excellent Israeli cutters. Demand soared, 
making the Zambian material about twice as expensive 
per carat as the Indian-cut Brazilian stones. Federman 
reports that by 1980 Zambian emeralds had proved a 
serious threat to low- and middle-sector Brazilian goods. 
However, these initial Zambian stones were so clean 
and superbly cut that jewelers expected all of the mate- 
rial to be flawless, which made it more difficult to sell 
the slightly included stones; buyers were beginning to 
loupe emeralds as they would diamonds. This forced 
higher prices for the better Zambian emeralds, clogged 
the Israeli inventories with poorer goods, and brought 
medium-grade Zambian and Colombian material into a 
similar price range. Since 1983, supply has lagged behind 
demand for medium- to fine-quality Zambian emeralds. 

Federman notes that the market for rough emeralds 
is based in Geneva, Switzerland, where Indians have 
battled with Israeli dealers over the escalating price of 
rough. With the Israelis taking hold of the primary 
market, Indian dealers have turned to Zimbabwe’s em- 
eralds (and have hopes for better-quality emeralds from 
Brazil). Brazil has been a noted player in commercial- 
quality emeralds. Since 1980, with the mining of emer- 
alds from Santa Terezinha, in Goids, it has threatened to 
become a stronger presence. Since the brilliance and 
clarity of this material is good, it competes with the 
commercial quality of African and Colombian material 
of I ct or less. 

The availability of cleaner commercial goods from 
other localities has shaken the market for medium- 
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grade Colombian material. While Colombia is the un- 
disputed leader for fine stones and stones over 3 ct, 
competition for the commercial grades has caused fac- 
tories in Bogot4 to improve their cutting and produce 
more fancy shapes than before. 

Currently, speculation is brewing over emerald de- 
posits in Afghanistan and Pakistan. Even though they 
have been virtually inaccessible thus far for geographic 
and political reasons, these countries are potential fu- 
ture players. The Afghanistan material is chiefly under | 
ct to date. [MW 


Pearls: will pearls’ luster rub off? E. Farrell, Goldsmith, 
Vol. 165, No. 4, 1984, pp. 45-48. 


Farrell brings to light some very pertinent information 
on the current status of the Japanese pearl industry as it 
relates to the U.S. pearl market. A discussion of the 
history of the Japanese pearl industry gives some back- 
ground to what is happening today. The sudden popular- 
ity of pearls in the U.S. has enticed many new pearl 
growers into the industry to meet the growing demand. 
Many of the new cultivators view this as an opportunity 
to make fast money. Not only are some growers cultivat- 
ing twice as many oysters a year, but they are also cut- 
ting the growth time of the pearls by as much as 50% 
(from two seasons to one season of eight months). This 
has produced a larger number of pearls of lower quality. 
In the U.S., there are also many new dealers in the 
market who know little if anything about pearls and are 
committed to the industry only as long as the pearl craze 
lasts. Consequently, the influx of pearls into the Ameri- 
can market has included many that are low in quality 
but carry high prices. The author’s advice to the Ameri- 
can jeweler is to buy the better-quality strands and edu- 
cate the customer to recognize a better-quality 
pearl, Mary Hanns 


SYNTHETICS AND SIMULANTS 


How to recognise the new Seiko synthetics. K. Scarratt, 
Retail Jeweller, Vol. 22, No. 569, 1984, pp. 16 and 
26, 
Ken Scarratt reports on the identifying characteristics of 
the new Seiko synthetics he has examined to date. These 
new synthetics are manufactured by Matsushima Kogyo 
Co., Ltd., one of the Suwa Seikosha-affiliated companies 
that also produces quartz-crystal oscillators for Seiko 
watches. This division of Seiko is currently synthesizing 
corundum, alexandrite, and emerald. The synthetic co- 
rundum (ruby, orange sapphire, and pink sapphire} and 
synthetic alexandrite are manufactured using the 
floating-zone process, while the synthetic emerald is 
made by a flux process. The characteristic inclusions of 
the floating-zone material are similar to those of Ver- 
neuil material: curved or swirled growth lines and bub- 
bles that appear in various forms such as tadpole-like 
structures or clouds. According to Scarratt, the curved or 
swirled growth is most easily seen when the stones are 
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immersed, or when they are viewed with diffused light. 
Other than inclusions, the gemological properties of this 
synthetic alexandrite and synthetic corundum are too 
similar to the natural to assist in their separation. 

The Seiko synthetic emerald, however, is readily 
separated from natural emerald by its refractive index of 
1.561 to 1.565 and its specific gravity of 2.66. The fluo- 
rescence of the material Scarratt tested was green when 
exposed to both long-wave and short-wave ultraviolet 
radiation. While this fluorescence is not characteristic 
of most other synthetic emeralds, the flux inclusions— 
such as two-phase feathers and venetian blind—type 
zoning—are typical. Scarratt notes that Seiko plans to 
market the new synthetics only in finished jewelry. 
Although loose stones may trickle into the market unin- 
tentionally, most of the Seiko synthetic material will be 
associated with the Bijoréve trademark, so it may be 
wise for jewelers to familiarize themselves with the 
distinctive styles of the Bijoréve rings, necklaces, and 
earrings. JMW 


Inclusions in Biron® synthetic emeralds. G. Brown and J. 
Snow, Australian Gemmologist, Vol. 15, No. 5, 
1984, pp. 167-171. 


Since commercially released Biron synthetic emeralds 
generally contain very few inclusions, Brown and Snow 
obtained production rejects from the crystal grower to 
see if diagnostic inclusions might indeed be present. The 
most prevalent inclusions noted were partly healed 
cracks in ‘twisted-veil” patterns consisting of irregu- 
larly shaped one- and two-phase cavities. The refractive 
indices of the secondary cavities were lower than those 
of the host material, substantiating the hydrothermal 
origin of the Biron product. Also present were ‘‘spear- 
point” growth banding (peculiar to this synthetic emer- 
ald); small reddish brown granular masses; parallel 
growth layering on an external surface of one specimen; 
one coarse two-phase primary growth tube; and only one 
two-phase ‘‘dagger’’extending from a phenakite crystal. 
The investigators conclude that of these inclusions, 
only small segments of the “twisted-veil” inclusions 
and the “spear-point’”’ growth banding are likely to be 
found in commercially sold Biron synthetic emeralds, 
and that these have only limited diagnostic potential. 

The article contains eight photomicrographs and 
two tables, summarizing the gemological properties of 
the Biron product and comparing these to the properties 
of the Linde and Regency hydrothermal emeralds. RCK 


Ramaura—eine neue Rubinsynthese {erste Unter- 
suchungsergebnisse) (Ramaura—a new synthetic 
ruby [the first investigation results]}. G. Bosshart, 
Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 32, No. 4, 1983, pp. 164-171. 

The author analyzed seven intense red to pale violet-red 

Ramaura rubies. Distinctions are presented on the in- 

clusions and ultraviolet absorption spectra of the two 

color tones. Bosshart notes that there were significantly 
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more inclusions in the intense red sample than in the 
paler violet stones. His ultraviolet and visible light spec- 
trometry reveals two different types of absorption 
curves for the two types of stones. Most of these data 
appear in English in the article by R. Kane on the 
Ramaura ruby (Gems #& Gemology, Fall 1983}, to which 
Bosshart contributed the ultraviolet and visible light 
spectrometry. MG 


MISCELLANEOUS 


Falsification des mineraux (Falsification of minerals}. G. 
Chaminant, Monde et Mineraux, No. 61, 1984, pp. 
48-49. 


Mineral specimens, like faceted stones, may be sub- 
jected to artificial enhancement or outright counter- 
feiture. Chaminant’s article outlines with admirable 
economy the various ways crystal specimens may be 
altered, synthesized, or misrepresented. The article also 
furnishes helpful advice on how to detect these mislead- 
ing specimens. 

According to Chaminant, the most widespread 
techniques used to alter the appearance of gem mineral 
specimens involve embellishing the crystal face or plac- 
ing a natural crystal in a foreign or artificial matrix. 
Crystal faces may be smoothed by polishing {which can 
be identified under magnification by circular scratches} 
or by the use of chemical or acid baths to promote planar 
surfaces, Varnishes and oils (most commonly silicone 
and ethylene glycol) are used to hide cleavage marks or 
other fractures. Those counterfeit specimens where the 
natural crystals have been glued to a foreign matrix can 
usually be distinguished by testing for the presence of 
glues, many of which either fluoresce when exposed to 
ultraviolet radiation or dissolve when a solvent is ap- 
plied. Other counterfeits may be wholly synthetic or 
simulated. Some of the more intriguing mineralogical 
shams noted by Chaminant are bogus native gold and 
silver specimens, which are in fact copper that has been 
electroplated with these respective metals. (Simply 
scratching the surface of these specimens reveals their 
true cupric identity.) 

After cataloguing the list of mineral falsifications 
and the means employed to detect them {most of which 
are analogous to techniques used to test cut gemstones}, 
Chaminant concludes his essay with helpful advice for 
the collector: If you find you have obtained a counterfeit 
specimen, do not hesitate to notify the mineral dealer, at 
least to prevent him from acquiring such specimens in 
the future. If, on the other hand, you discover you pos- 
sess a natural but enhanced specimen, nothing should 
prevent you from enjoying its beauty; simply be aware 
that any mineral’s value is lessened by such alteration. 
The gemologist who appreciates the rough as well as the 
cut gemstone should find this article an informative 
thumbnail sketch, proving as it does that the techniques 
used in gemology are applicable in mineralogy as 
well. ]MB 
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NATURAL RUBIES WITH 
GLASS-FILLED CAVITIES 


By Robert E. Kane 


During recent months, natural rubies with 
surface cavities filled with glass-like 
substances that may influence both the 
appearance and weight of the faceted stone 
were examined by gemologica] laboratories 
in Thatland and England and by GIA’s Gem 
Trade Laboratories in both New York and 
Los Angeles. This article reports on the 
examination and analysis of 15 natural# 
rubies with'notable glass-filled cavities and 
simple methods for identifying the presence 
of such filled areas. In most cases the 
cavities were readily detected by their 
distinctive luster and other visual 
characteristics. X-ray diffraction and 
chemical analysis indicated that the filler 
was indeed a glass; It was probably added 
in conjunction with heat treatment. 


ABOUT THE AUTHOR 


Mr. Kane is research and gem identification 
supervisor of GIA’s Gem Trade Laboratory, Inc., Los 
Angeles, California. 


Acknowledgments: The author would like to thank 
the many people who contributed to this article, 
including: for their helpful discussions and 
information provided, John Koivula, Dr. Vince 
Manson, C.W. Fryer, Dr. James Shigley, Robert 
Crowningshield and the Gem Identification staff at 
the New York GIA Gem Trade Laboratory, Dr. 
George Rossman, Dr. Kurt Nassau, and Henry Ho 
and the laboratory staff at the Asian Institute of 
Gemmological Sciences (AIGS). Special thanks go 
to Carol Stockton, who performed the electron 
microprobe analyses; the California Institute of 
Technology provided the use of the microprobe, 
and Arthur Chodos and Randy Heuser helped with 
the instrumentation. All pholographs, unless 
otherwise indicated, are by the author. 


©1985 Gemological Institute of America 


Rubies with Glass-Filled Cavities 


A n apparently new means of enhancing the appearance 
of natural rubies by lessening the visibility of surface 
flaws has recently been encountered in gem markets 
worldwide (figure 1). Gem ruby rough commonly exhibits 
a multitude of cavities or other surface irregularities, ap- 
parently as a result of the crystallization process, resorp- 
tion after crystallization, ‘or weathering effects, including 
solution of, or removal from, the matrix in which the co- 
rundum initially grew. Because of the importance of 
weight retention for this often very valuable gem material, 
some of the finest faceted gem rubies commonly exhibit 
naturally occurring surface cavities and pits. These surface 
features are generally confined to the pavilion of the 
gemstone, so that they do not affect the “face-up” beauty 
of the stone while the weight of the gem is maximized. 

For example, the left view of figure 2 shows two of 
several large cavities on the pavilion of this 4.02-ct Bur- 
mese ruby; as is evident in the right view, however, these 
cavities are not easily visible from the crown when the 
stone is examined with the unaided eye. If this ruby were 
recut to remove the surface cavities, approximately 10% to 
15% of the current weight of the stone would be lost. Even 
though the per-carat price might increase as a result of the 
improved appearance and clarity, the total value of the 
faceted ruby would actually be much less because of the 
weight loss. Consequently, many ruby cutters have chosen 
to produce a stone of greater weight and lower clarity by 
leaving the often unsightly surface cavities on the faceted 
gem rather than grinding them away. 

Recently, however, it appears that a clever third alter- 
native has been implemented that can greatly improve the 
appearance of the faceted ruby without sacrificing valuable 
weight; in fact, this procedure adds weight to the faceted 
gemstone. This treatment involves the filling of these sur- 
face cavities with a transparent, colorless glass. The result 
when viewed with the unaided eye is a ruby that appears to 
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Figure 1. These two heat- 
treated Burmese rubies con- 
tain surface cavities filled 
with glass that influences 
both the appearance and 
weight of the gemstones. 
The ruby in the upper portion 
of the photo weighs 7.01 ct, 
and the other 5.01 ct. 

Photo by Tino Hammid. 


be cleaner and of much greater clarity than it origi- on memorandum, had been accused of 
nally was—and thus seemingly more valuable. chipping. The laboratory not only estab- 

Following are some of the major problems in- lished that the cavity in question had been 
herent in this form of treatment: present the last time the ruby was polished, 


but we also observed under magnification 
several very small areas of a foreign glassy 
substance in and at the cavity edges. These 
areas led us to surmise that the cavity had 
probably been filled with a glass that was 
inadvertently chipped out by our client. 


1, Because the glass fillings are softer and less 
durable than the surrounding ruby, they are 
susceptible to breakage and chipping, par- 
ticularly at the girdle edges. The result is 
often a damaged stone. For example, the Los 
Angeles lab was asked to assess a damaged 
area on the pavilion of a 2.5-ct Thai stone 2. If they are large enough, the glass fillings 
that our client, who had received the stone can be seen easily with the unaided eye, in 
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une 


» 


Figure 2. A 4,02-ct untreated Burmese ruby; the view on the left shows two of several large surface cavi- 
ties present on the pavilion; the crown view on the right reveals that most of these cavities do not de- 
tract from the “face-up” beauty of this faceted ruby. Photo ©1984 Tino Hammid. 


part because of the difference in surface lus- 
ter from that of the surrounding ruby. 


3. Perhaps most importantly, in extreme 
cases the glass fillings can account for a 
significant percentage of the total weight of 
the “ruby” (we examined one 12.78-mm- 
long stone with a 7.40-mm-long glass-filled 
cavity); thus, the potential buyer would be 
paying a per-weight ruby price for a stone of 
which a significant portion might be glass. 
In these cases, the treated stone should be 
considered a ruby-glass composite. 


Failure to disclose this form of treatment when it 
influences the appearance or weight (or both} of a 
faceted ruby should be considered fraudulent and 
should always be identified to potential buyers. 
The use of this treatment on rubies no longer 
appears to be isolated to only a few cases, as origi- 
nally believed. Gemologists at the Asian Institute 
of Gemmological Sciences [AIGS) in Bangkok, 
Thailand, recently encountered a parcel of nine 
Thai rubies (each weighing around 1 ct} that all had 
surface cavities or pits filled with a transparent, 


Rubies with Glass-Filled Cavities 


colorless material (Henry Ho, pers. comm., 1984; 
Hughes, 1984). At approximately the same time, 
Kenneth Scarratt, director of the London Chamber 
of Commerce Gem Testing Laboratory, described 
“two sets of natural rubies ... which contained 
cavities that had been infilled with an artificial 
substance (possibly plastic or glass?}”’ (Read, 1984). 
A few months later, Robert Crowningshield, of 
GIA’s Gem Trade Laboratory in New York, was 
shown a 2.5-ct Thai ruby that had a large cavity 
filled with a foreign glassy substance (pers. comm., 
1984). Within a few days of this incident, the au- 
thor examined over the course of one week three 
“fine-quality” Burmese rubies ranging in weight 
from over 4 ct to slightly over 7 ct (from two differ- 
ent clients} that each contained large cavities filled 
with a glass-like substance (again, see figure 1). 
A few weeks later a 6.71-ct Thai ruby that 
contained the largest glass-filled cavity to date 
{7.40 mm long} was submitted to GIA’s New York 
Gem Trade Laboratory and subsequently for- 
warded to the Los Angeles laboratory for further 
examination. At about the same time, a client 
submitted for identification to the Los Angeles 
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Figure 3. These three photomicrographs of a 2.8 x 0.4 glass-filled cavity in a 7,01-ct Burmese ruby 
illustrate how the appearance of the glass filling can change and be readily detected with different 
illumination techniques. On the left the difference in transparency of the glass and the ruby is evident 
in dark-field illumination, but there is no apparent difference in luster. In the center, a slight difference in 
luster is seen with dark-field and fiber-optic illumination. On the right the great contrast in surface luster 
is seen when reflected illumination only is created with a fiber-optic light source. Magnified 60x. 


laboratory a matched set of 36 Thai rubies ranging 
in weight from 1.48 ct to 13.97 ct (total weight, 
141.44 ct) that were being compiled to make a 
ruby-and-diamond necklace, bracelet, and earring 
suite. When each of the stones was examined in- 
dividually, nine were found to possess cavities 
filled with notable quantities of glass. 
Subsequently, the author examined two other 
glass-filled rubies, both of Thai origin, that had 
been submitted to GIA’s Los Angeles laboratory by 
different clients. The 15 faceted natural rubies— 
all with surface cavities and pits filled with a for- 
eign glass-like substance—received in the Los An- 
geles laboratory were examined by the author for 
this study. All of the stones showed evidence of 
heat treatment. The 15 rubies were submitted to 
the laboratory by six different clients who had 
their offices in different areas of the United States. 
The two who owned the large Burmese rubies re- 
ported purchasing their stones from the same 
source in Bangkok, and nearly all of the other 
stones were also reportedly purchased in Bangkok 
initially. Quite interestingly, though, the author 
was told by two different and very reliable sources 
that the service of having a ruby with surface cavi- 
ties treated so as to fill them with a transparent, 
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colorless (presumably glass) substance was being 
offered in New York City! One of the sources felt 
that some of the natural rubies treated in this 
manner in New York were being subsequently 
sent to Bangkok to be offered for purchase. At the 
time of writing this article, the author has sent a 
ruby to New York via one of the above-mentioned 
sources in an attempt to confirm the availability of 
the “service.” All of this would indicate that this 
treatment is more widespread than was perhaps 
initially believed. The knowledge and detection of 
this new treatment is of great importance to the 
ruby trade worldwide and is essential for 
gemologists. 


DETECTION OF FILLED CAVITIES 


In the course of the study, several characteristics 
were observed to play a key role in establishing the 
presence of glass-filled cavities in rubies. Surface 
luster, appearance with immersion, gas bubbles, 
glass-ruby contact zone, and transparency were 
found to be particularly important. When present, 
these features could be seen with low magnifica- 
tion or, in a few stones, with the unaided eye. Tests 
for refractive index, luminescence, and hardness 
were also conducted. 
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Figure 4. Reflected illumination is produced by positioning a light source near a 90° angle over the sur- 
face of the gemstone, so that only the surface is viewed; several methods can be used. For examining 
surface characteristics, the technique that is generally the easiest, fastest, and least harsh to the eyes is 
fluorescent “overhead” illumination. Greater surface detail is provided when the reflected illumination 
is produced with the more intense incandescent light source provided by fiber-optic illumination, a 


Tensor lamp, or a coaxial illuminator system. 


Surface Luster. Because of the different optical 
properties of the glass and the ruby, there is a great 
difference in luster between the two materials. 
This difference is most evident when the surfaces 
are viewed under magnification using only re- 
flected illumination, that is, with the light source 
positioned directly {near a 90° angle} over the sur- 
face of the material (figure 3]. This type of illumi- 
nation can be achieved with several different 
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techniques; the most common are {1} fluorescent 
“overhead” illumination, (2) fiber-optic illumina- 
tion, (3) a Tensor lamp, and (4) the coaxial illumi- 
nator system (figure 4]. To detect glass fillings, the 
technique that is easiest, fastest, and least harsh to 
the eyes of the viewer is fluorescent “overhead” 
illumination. In some stones the glass fillings can 
be detected by using a penlight to create total re- 
flection when the stone is viewed with the unaided 
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eye or with a loupe. Once the filling is located, 
however, a more intense light source, such as the 
incandescent light provided by the other three 
methods listed above, should be used to reveal 
greater surface detail. All four methods of illumi- 
nation provide essentially the same desired result; 
that is, they achieve “total reflection” so that only 
the surface of the two materials is being viewed 
and the great difference in surface luster between 
the two materials is readily apparent. This differ- 
ence in luster provides positive proof that the two 
areas are not both ruby, although it does not prove 
or even indicate that the nonruby substance is 
glass. 


Appearance with Immersion. Several important 
observations can be made while examining a sus- 
pect ruby that is immersed in methylene iodide. 
Both examination with the microscope (with the 
immersion cell placed over transmitted or dark- 
field illumination} and observation with the un- 
aided eye over a diffused light source (such as the 
fluorescent light available on many microscopes) 
are suggested. 

In specific viewing positions, the filling mate- 
rial is observed to be colorless (figure 5]. The re- 
fractive index of the methylene iodide (1.745 at 
18°C as reported in Webster, 1983) provides a 
readily apparent and vivid contrast in relief be- 
tween the higher R.I. of the ruby (1.762—1.770} and 
the much lower R.I. of the glass (1.516), as is well 
illustrated in figure 6. Note also in this figure how 
the spherical gas bubbles within the glass contrast 


Figure 5. At specific viewing positions, the 
glass-filled cavity in this ruby from Thailand is 
observed to be colorless when immersed in 
methylene iodide. Diffused illumination, 
magnified 25x. 
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strongly with the glass because of the differing 
refractive indices of the trapped gas and the glass 
filling. 


Gas Bubbles. Gas bubbles in various sizes and 
shapes are observed in many of the glass-filled 
cavities. Those in the glass-filled cavity in the 
6.71-ct ruby (again, see figure 6) were large enough 
to be seen with the unaided eye when illuminated 
with a penlight. Some of the large filled cavities, 
however, appeared quite homogeneous, with no 
visible gas bubbles. It is important to note at this 
time, though, that many rubies from Thailand 
have as naturally occurring inclusions angular 
negative crystals filled with a glassy substance 
that commonly contains spherical gas bubbles 
(Koivula, 1984}. 


Glass-Ruby Contact Zone. In many of the stones 
examined, the filling material was so perfectly 
fused to the ruby that no visible irregularities, such 
as a separation plane of gas bubbles or other opti- 
cally detectable uneven fusing of the two mate- 
rials, was observed with the microscope. Even in 
rubies with very irregularly shaped cavities (figure 
7), the junction between the glass and the ruby was 
so sharp that the filling fit into the tightest corners. 
In some of the other stones examined, however, 
uneven voids of trapped gas (figure 8) or a heat- 


Figure 6. Immersion in methylene iodide over 
diffused illumination provides a vivid contrast 
between this very large glass-filled cavity 

(7.40 mm x 3.20 mm) and its 6.71-ct Thai ruby 
“host.” Magnified 15 x. Photomicrograph by 
Ricardo Cardenas. 
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Figure 7. On the bezel facet of a Thai ruby, 
fiber-optic illumination is used to produce re- 
flected light to accentuate very irregularly 
shaped glass-filled cavities that extend nearly 
half-way around the crown and deep into the in- 
terior. Magnified 50x. 


wave appearance (figure 9}, were observed at the 
junction of the two materials. 


Transparency. Because the refractive index of the 
singly refractive glass is much lower than that of 
the surrounding doubly refractive ruby, and the 
material itself is far more transparent, the filled 
areas were readily apparent in some stones. In 
many cases, however, when the stone in question 
was examined with the microscope—in dark-field 
illumination, with the glass-filled areas at an angle 
perpendicular to the viewing direction—these 
areas appeared to be depressions in the surface 
rather than filled areas flush with the surface. 
Only when the stone was tilted so that the filled 
area was at an angle to the viewing direction did it 
become apparent that the cavity was actually filled 
with a foreign substance. 


Refractive Index. One of the very large filled areas 
(7.40 mm x 3.20 mm) was tested using a GEM 
Duplex refractometer in conjunction with a 
monochromatic light source equivalent to light 
from a sodium vapor lamp. A singly refractive 
index measurement of 1.516 was obtained by the 
author. The refractive index of 1.52 reported by 
Hughes (1984) was obtained by testing several 
stones examined in Bangkok; the slight difference 
in refractive index measurements could be due to 
the slight error inherent from one refractometer to 
the next or from slight variations in chemical 
composition. 


Luminescence. When exposed to long-wave ul- 
traviolet radiation (366 nm) and short-wave ultra- 
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Figure 8, Uneven voids of trapped gas form one 
side of the junction between a large glass filling 
and the surrounding Burmese ruby. Dark-field 
and oblique illumination, magnified 100x. 


Figure 9. The uneven junction between this large 
glass-filled cavity and the surrounding Thai ruby 
is exemplified by a ““heat-wave” appearance. 
Dark-field and oblique illumination, magni- 
fied 30x. 


violet radiation (254 nm], the glass filler did not 
exhibit any visible fluorescent reaction. No lumi- 
nescent reaction was observed in the glass fillings 
in the few stones that were exposed to X-radiation. 


Hardness. With the permission of the stones’ own- 
ers, the most inconspicuous areas of the filled cav- 
ities were carefully tested with hardness points. 
The areas tested were easily scratched by the 
quartz hardness point (7 on the Mohs scale) and 
were not scratched by the feldspar hardness point 
(6 on the Mohs scale). On the basis of these results, 
the hardness of the glass-filled areas was estimated 
to be around 6% on the Mohs scale, which is much 
lower than the hardness of the surrounding ruby (9 
on the Mohs scale). 


GEMS & GEMOLOGY Winter 1984 193 


Figure 10. The ruby inclusion in ruby in these two photomicrographs could be mistaken for a glass-filled 
cavity. On the left, a large area of the ruby inclusion is seen in dark-field illumination with oblique il- 
lumination concentrated on the crown to accentuate an area of partial separation. The view on the 
right, taken with additional reflected illumination, reveals that the surface luster on both sides of the 
partially healed ruby is identical, thus ruling out the presence of a foreign material. Magnified 45x. 


IDENTIFICATION OF THE FILLING 
MATERIAL: NATURAL, ALTERED 
OR INDUCED 


Once a filled cavity is suspected, the jeweler- 
gemologist must next attempt to determine the 
nature and identity of the material. A number of 
feasible possibilities exist: (1} ruby included in 
ruby, (2) a naturally occurring (that is, not incorpo- 
rating a foreign material) glass inclusion, and (3) an 
artificially induced glass. 


Ruby Included in Ruby. Natural rubies occasion- 
ally contain inclusions of ruby that at one time 
were either fractured or grew in a different crys- 
tallographic orientation from the host ruby crys- 
tal. Frequently, these ruby inclusions exhibit evi- 
dence of having undergone a healing process which 
is displayed in the form of a fingerprint pattern 
(figure 10, left). If a ruby containing this type of 
inclusion were hastily examined with the micro- 
scope in dark-field illumination, the inclusion 
could possibly be incorrectly identified as a glass- 
filled cavity. However, when the stone is exam- 
ined in reflected light using one of the previously 
discussed illumination techniques, it is readily 
apparent that the surface luster of the area in 
question and the surrounding ruby are identical 
(see figure 10, right}. If the area is a foreign included 
material, such as a glass or even a naturally occur- 
ring mineral inclusion breaking the surface of the 
ruby, the difference in surface luster of the two 
materials should be obvious in reflected light. 
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Naturally Occurring (?) Glass Inclusions. Rubies 
from Thailand frequently have as inclusions small 
negative crystals filled with a glassy substance of 
unknown origin that commonly contains one or 
more gas bubbles (Koivula, 1984). These inclu- 
sions are usually observed to be completely con- 
tained in the faceted ruby, rather than exposed at 
the surface. Although the author has observed 
many inclusions of this type in Thai rubies over 
the past several years, it is interesting to note that 
they have not been described in detail previously 
in the gemological literature. It is possible that 
these glass inclusions may be the result of the 
environment in which the gem mineral forms. Or 
they may have resulted from the heat treatment of 
rubies (to eliminate silk and reduce secondary 
colors] that has been widely practiced, particularly 
in Thailand, for the past five to ten years (Abra- 
ham, 1982). 

Specifically, heat treatment requires placing 
the stones in temperatures up to 1600°C for four to 
eight hours (Abraham, 1982). Because some of the 
inclusions that commonly occur in natural rubies 
have melting points below 1600°C, at high tem- 
peratures they may melt or begin to alter and ex- 
pand, sometimes generating stress fractures in the 
host ruby around the inclusion (Nassau, 1981, fig. 
1). These alterations in appearance, structure, and 
even composition could give these inclusions the 
appearance of a glass (Koivula, 1984}. Unfortu- 
nately, very little research into the effects of high- 
temperature treatment on the inclusions in ruby 
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has been reported in the gemological literature, 
although it is well known that as a result of heat 
treatment solid mineral inclusions in sapphires 
often alter to white, rounded, melted-appearing 
forms (illustrated in Hanni, 1982, and Gitbelin, 
1983). 

Regardless of their origin, these ‘‘natural’”’ in- 
clusions commonly exhibit an equidimensional 
angular outline encasing one large spherical gas 
bubble. Also observed are tabular, glass-filled neg- 
ative crystals that frequently contain one or sev- 
eral spherical gas bubbles (see figure 11). A third 
type of natural glass inclusion that is somewhat 
commonly observed in Thai rubies is less well 
defined in shape than the two described above (fig- 
ure 12). One of these inclusions, which contained 
several small spherical gas bubbles, broke the sur- 
face of a faceted Thai ruby. In the center of this 
solid glass inclusion was a hemispherical cavity 
where a gas bubble had been before polishing. In an 
attempt to determine the chemical composition of 
these naturally occurring glass inclusions, an elec- 
tron microprobe analysis of a portion of this in- 
clusion was obtained (see discussion below). To 
confirm that this inclusion was in fact natural and 
not artifically added to the stone, a similar inclu- 
sion in the same general area of this faceted ruby 


Figure 11. Naturally occurring glass inclusions in 
a Thai ruby (the largest measures 0.10 mm in 
diameter). The fact that the three gas bubbles in 
the largest inclusion are stationary proves that 
this is a solid-and-gas rather than liquid-and-gas 
inclusion. Dark-field illumination, magnified 
50x. Photomicrograph by John Koivula. 


was exposed to the surface by grinding. The chem- 
ical data obtained on this second inclusion were 
the same as those obtained on the original. 

Out of dozens of faceted rubies with ‘natural’ 
glass inclusions that were examined for this study, 
only the stone described above contained a glass 
inclusion that broke the surface. The most diag- 
nostic visual characteristic of the natural glass in- 
clusions in comparison to the artificially induced 
glass inclusions was size: none of the natural glass 
inclusions examined exceeded 1mm, while the 
author observed artificially induced inclusions as 
large as 7.4 mm long. In addition to size, the shape 
of the filled area can reveal much about the possi- 
ble origin of the glass. Several tests were conducted 
to determine if there were other routine gemologi- 
cal means of distinguishing between the natural 
and artificially induced glass inclusions, as dis- 
cussed below. 

When examined in reflected light, these natu- 
ral glass inclusions exhibit an obvious difference 
in surface luster from that of the surrounding ruby 
host. Since the difference is essentially the same as 
that observed for artificially induced glass inclu- 
sions when examined in reflected light, however, 
the two cannot be distinguished by their luster. 

Examination of the natural glass inclusion 
that broke the surface revealed no visually detect- 
able diagnostic differences from the artificially in- 


Figure 12. This naturally occurring glass inclu- 
sion (0.05 mm} is less well defined than the type 
shown in figure 11. It also shows a crackled 
appearance; again, note the two gas bubbles. 
Diffused transmitted illumination, magnified 160x., 
Photomicrograph by John Koivula. 
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Figure 13. Reflected illumination accentuates 
one of the more than two dozen irregularly 
shaped glass-filled cavities in this Thai ruby that 
extend deep within the stone. The black area is a 
portion of the cavity that was not filled with 
glass. Dark-field and fiber-optic illumination. 
Magnified 75x. 


duced glass in refractive index, transparency, or 
appearance while immersed in methylene iodide. 
However, examination of the numerous fully en- 
closed natural glass inclusions revealed several no- 
table differences from their artificially induced 
counterparts. In the natural glass inclusions, the 
junctions where the inclusion and the ruby meet 
were so perfect that no visible irregularities were 
observed with the microscope. As discussed above, 
in some, but not all, of the artificially induced 
glass-filled cavities, the contact zone is irregular 
and exhibits several forms of uneven cohesion. 
Such a contact zone is, therefore, a good indication 
that the cavity in question has been artificially 
filled. Another important indication is the regular 
shape of the artificially induced glass (figures 
13-14} as compared to that of the natural glass 
inclusion, which often assumes the irregular shape 
of a negative crystal. 

The presence or absence of gas bubbles gener- 
ally does not provide a means of distinguishing 
between an induced glass-filled cavity and a natu- 
ral glass inclusion. However, an excessive number 
of gas bubbles at the junction of the glass inclusion 
with the host ruby also is a very good indication of 
an artificially induced glass-filled cavity (again, see 
figure 8). 


Artificially Induced Glass. Once the possibilities 
of a ruby inclusion in ruby and a “naturally” oc- 
curring glass inclusion have been considered and 
ruled out or brought into question, the third alter- 
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Figure 14. A large glass-filled cavity in a 5.01-ct 
Burmese ruby. The dark area on the left shows a 
partial filling of the glass, which was observed in 
many of the “filled” cavities examined for this 
study. The area directly adjacent was filled with 
enough glass to allow repolishing flush with the 
surface of the ruby, as is evidentin dark-field 
and reflected illumination. Magnified 45 x. 


native must be that the material has been added to 
the stone, whether intentionally or accidentally. 
Accordingly, tests were next conducted to deter- 
mine whether (1} the material was indeed a glass 
and (2} it had been added to the stone artificially. 
Since it had been determined early in the study 
that all of the stones examined had been heat 
treated, special attention was paid to the possible 
role of heat treatment in this procedure. 

To confirm that the filling material was amor- 
phous, as expected of a glass, X-ray diffraction 
analyses were performed by C. W. Fryer. Minute 
amounts of powder were carefully scraped from 
the large fillings in each of four stones: at least one 
major area containing cavities filled with a glassy 
substance in three natural rubies {two Burmese 
and one Thai}, and the naturally occurring glass 
inclusion in one Thai ruby. The X-ray diffraction 
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films obtained revealed no patterns, thus support- 
ing the amorphous nature of the material. 

To further understand the nature of the glass- 
filled cavities, the same four samples were ana- 
lyzed with an electron microprobe by Carol 
Stockton (see table 1). These chemical data provide 
several interesting observations regarding the na- 
ture of these inclusions: 


1. The glasses designated A and B have a very 
similar composition; however, that of glass 
C is somewhat distinct. In each case, they 
all differ from the composition of the natu- 
rally occurring glass inclusion D. 

2. The compositions of glasses A, B, and C do 
not seem to resemble the likely composi- 
tion of a melt formed by heating any single 
mineral that one might expect to find as a 
naturally occurring single mineral inclu- 
sion in a natural ruby. 

3. The similarity in composition between 
glasses A and B, which occur in stones that 
came from a single supplier and are believed 
to. have been treated at the same time, is 
difficult to explain other than by the addi- 
tion, accidental or by design, of a foreign 
mixture at the time of heating. 

4. The distinctive differences in composition 
between glasses A and B as compared with 
glass C, which occurred in a ruby obtained 
from a different supplier, suggest that the 


composition of the glass is dependent on 
substances present in the environment at 
the time of heat treatment. 


At the present time, the significance of these ob- 
servations cannot be fully assessed, but the data do 
imply a distinct difference in composition be- 
tween the artificially induced and the natural glass 
inclusions. Further study of more material is 
needed, however. 

Glass coatings can apparently be formed acci- 
dentally during the heat treatment of corundums 
under certain circumstances. Examples of this are 
shown on heat-treated yellow and blue sapphires 
that were obtained from heat treaters in Chan- 
thaburi, Thailand, by Dr. Peter Keller in 1982 (fig- 
ure 15}. Before they were treated, both stones were 
reportedly coated with a borax-based solution (Kel- 
ler, pers. comm., 1982). 

Although the specific procedures used in the 
heat treatment of corundum in Thailand are often 
proprietary and most probably vary from one trea- 
ter to another, it is commonly believed that many 
heat treaters usé coating solutions to prepare the 
corundum for treating. The author’s investiga- 
tions in Thailand indicate, however, that boron- 
based solutions are not typically used on rubies but 
possibly only for the heat treating of sapphires. A 
more likely explanation for the occurrence of the 
glass fillings in the surface cavities of rubies (and 
possibly for the coatings observed on the two sap- 
phires) is provided by referring to the many U.S. 


TABLE 1. Chemical analyses of the glass areas in four natural rubies.@ 


Oxide component (wt. %)° 


Size of | Carat 
glass weight Origin of 
Sample inclusion of inclusion 
designation (mm) stone 
Na2zO MgO AlsOs 
A 2.8x0.4 7.01 Artificially Bal® 9.9 307 
induced 
B 3.5x1.5 5.01. Artificially Bdl 10.6 333 
induced 
Cc 7.43.21 6.71 Artificially 1.7 0.1 31.9 
induced 
D 0.1x0.09 1.31 Naturally 04 1.9 26.4 
occurring 


SiOz KsQ CaO FeO® TiO, CreO; MnO V20z 


Total 


447 Bd 75 24  Bdl Bdi 0.1 Bdl 95.3 
42.8 Bdl 73 1.7 O41 Bdl 0.1 Bdl 95.9 
56.9. .3.5 <O 03 0 Bdl Bdl Bal 94.6 


568 O06 65 15 04 Bdl Bdl  Badl 94.5 


@These samples were analyzed by Carol Stockton with a MAC microprobe at an operating voltage of 15kV and beam current of 
0.05 pA. Data refinement carried out by using the Ultimate correction program (Chodos et al., 1973). 
Values represent the average of three analyses for each inclusion which were in close agreement with one another. 


°Total iron reported as FeO. 


*The low totals may indicate the presence of either water or one or more elements of low atomic number (below 9), which 


cannot be detected by a microprobe. 


®below the detection limits of the instrumentation used (approximately 0.1 weight % oxide). 
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patents discussed in L. Yaverbaum (1980}. In one 
U.S. (Linde) patent in particular (#2448511), 
Barnes and McCandless {1948) describe a process 
“for rapidly and inexpensively treating crystalline 
precious and semiprecious stones, such as corun- 
dum and spinel, to give them glossy and scratch- 
free surfaces by using both heat and additions 
agents.” The patent also states: 


The process is carried out by first applying to the 
surface of the stone a thin film of an addition agent, 
advantageously adding just enough to fill the pits 
and crevices in the surface. It is advantageous to use 
at least one oxide or oxide-forming compound ful- 
filling at least one of the following requirements: 
having a lower melting point than the stone, form- 
ing a solid solution with the stone, or forming a low 
melting peritectic with the stone. Then the film is 
bonded to the original surface by fusion with heat, 
as in a gas flame, an electric arc, or a furnace. Either 
a fully glossed, even surface or a partially glossed, 
wavy surface can be obtained by properly control- 
ling the heating. Oxides suitable for glossing stones, 
such as spinel and corundum, include calcium 
oxide, magnesia, sodium oxide, and silica (silicon 
dioxide}. The oxides of calcium, magnesium, and 
sodium form eutectics with corundum and spinel. 
Silica and sodium oxide have lower melting points 
than corundum and spinel. Magnesia forms a solid 
solution with corundum prepared from beta 
alumina. Silica also forms a low melting peritectic 
with corundum and spinel. 

One way to apply the oxide is to paint on the surface 
of the stone a slurry of solution in water or other 
liquid of the oxide, or a compound decomposable to 
form the oxide. 


Yaverbaum includes other patents concerning 
gemstone materials, although not all are in com- 
mercial use today. Nassau (1984) provides an ex- 
cellent review of treatment practices that have 
been used in the past and are currently employed. 

On the basis of the above information, it ap- 

pears that many if not all of the induced glass 
fillings observed in rubies examined to date by the 
author are a by-product of heat treatment, the in- 
tentional or accidental introduction of a foreign 
material into surface cavities. Additional obser- 
vations in support of this conclusion include: 

1. All of the rubies with glass-filled cavities 
examined exhibited strong evidence, in the 
form of altered inclusions, of having under- 
gone heat treatment. 

2. Some of the rubies examined contained one 
or two glass-filled cavities adjacent to nu- 
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merous unfilled surface cavities. This sug- 
gests that during heating the filled areas 
may have lain against the crucible wall 
where a molten foreign residue entered the 
surface cavities and subsequently formed a 
glass upon cooling. 

3. Several rubies examined contained cavities 
with very small areas at the edges filled 
with a glassy substance that were too in- 
significant to influence the appearance or 
weight of the stone. 

4. Other rubies examined had in excess of two 
dozen areas (minute to large} on nearly all 
surfaces of the faceted stone that were filled 
with glass; this suggests that the stone was 
coated with or embedded in a foreign sub- 
stance. 

5. Some of the glass fillings were observed in 
conchoidal chips or small nondescript de- 
pressions such as those that would occur 
during or after the cutting and polishing of 
the faceted ruby, thereby supporting the 
conclusion that these stones had been 
treated after they were cut, which is the 
common practice when heat treating ru- 
bies. 

The theory that many if not all of these glass 
fillings may be a by-product of heat treatment is 
supported by a photomicrograph published by 
Kenneth Scarratt (1982). This photomicrograph 
depicts a blue sapphire with what appears to be a 
very large cavity that is filled with a transparent 
substance that contains many spherical gas bub- 
bles of various sizes. This 16.63-ct dark blue heat- 
treated sapphire was submitted to the London 
Gem Testing Laboratory by M. Poirot in 1976, at 
the beginning of the great influx of heat-treated 
blue sapphires in world gem markets. Although 
this stone was not examined by the author, the 
“filling” in the photomicrograph is identical in 
appearance to some of the glass-filled cavities in 
the heat-treated rubies examined in this study, and 
very similar to the filled area shown in figure 6, 


CONCLUSION 


Recently, natural rubies with glass-filled surface 
cavities that influence both the weight and ap- 
pearance of the faceted stone have been seen in 
gem markets worldwide. Although it is not known 
at this time how widespread this practice is, the 
consequences of this treatment for the ruby trade 
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could be severe. Consequently, awareness of this 
treatment and knowledge of its detection are of 
great importance. Likewise, failure to disclose this 
treatment when it does affect the weight and ap- 
pearance of the faceted gemstone shpuld be con- 
sidered fraudulent. 

To date, with the exception of the 16.63-ct 
blue sapphire reported by Scarratt (1982), all of the 
glass-filled gemstones reported in the literature 
and examined by the author have been rubies. Per- 
haps this is in part due to the large number of blue 
sapphires from Sri Lanka that are commonly heat 
treated. Sri Lankan sapphire rough generally ex- 
hibits fewer surface cavities and depressions than 
does ruby rough from Burma and Thailand. In ad- 
dition, the frequently lower value of sapphires as 
compared to rubies should influence whether or 
not weight is saved in cutting and, therefore, 
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Figure 15. The irregular glass 
coatings on the surfaces of 
these treated sapphires (4.91 
ct and 0.98 ct) formed as a 
by-product of heat treat- 
ment, specifically, by the 
melting of a coating solution 
that was used to prepare the 
sapphires for heating. Photo 
©1984 Tino Hammid. 


whether surface cavities are left on the faceted 
sapphire. 

The simplest means of identification of glass- 
filled cavities in, ruby is provided by the use of 
reflected illumination to detect differences in sur- 
face luster between the filled area and that of the 
surrounding stone. Immersion in methylene 
iodide often reveals readily apparent differences in 
appearance between the two materials. 
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the gemologist may not be able to distinguish be- 
tween a naturally occurring inclusion and an arti- 
fically induced glass-filled cavity. It is the author’s 
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PYROPE-SPESSARTINE GARNETS WITH 
UNUSUAL COLOR BEHAVIOR 


By D. Vincent Manson and Carol M. Stockton 


The study of garnets by GIA’s Department 
of Research continues with a collection of 
32 garnets that display a variety of hues and 
yet share a common tendency to show dif- 
ferent colors under different sources of light. 
Even when very slight, the change of color is 
invariably greater than that encountered in 
other types of garnets. These unusual gar- 
nets proved to be composed principally of a 
variable mixture of pyrope {25-60 wt.%)} 
and spessartine (20—56 wt.%), with consid- 
erable almandine (2-17 wt.%)} and grossu- 
lar (3-23 wt.%)} also present. Their primary 
chemical distinction lies in their V203+ 
CroQ3 content, which is always in excess 
of 0.2 wt.%. In conjunction with their dis- 
tinctive color behavior, these garnets may 
also be characterized on the basis of specific 
gravity and absorption spectrum, 
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uring our study of transparent gem garnets over the 
last four years, we have examined garnets of al- 
most every color: purple, red, orange, yellow, green, and 
colorless (Manson and Stockton, 1981, and 1982, 
Stockton and Manson, 1982 and 1983; Stockton, 1982). A 
final collection remains of garnets that do not neatly fit 
into any of the previously examined categories because of 
their distinctive color behavior. The hues represented are 
yellow, orange, red, and purple, plus a single greenish yel- 
low stone (figure 1}, but all of these stones show some 
degree of color change between different sources of light. 
Change-of-color garnets are perhaps the most intrigu- 
ing members of the garnet group. Much interest has 
developed over these garnets ever since one such stone 
was described by Robert Crowningshield in 1970, al- 
though the focus has been principally on the causes of the 
phenomenon (Jobbins et al., 1975; Schmetzer et al., 1980). 
Our present interest is primarily in the nature of these 
unusual garnets, how they relate to other types of garnets, 
and how they can be identified with respect to the needs 
and practical capabilities of the jeweler-gemologist. Our 
proposal for the classification of gem garnets will be pre- 
sented in the next article in this series and will include 
the present group of stones as well as all the other garnets 
that we have examined. 


PREVIOUS STUDIES 


The only types of garnets reported in the past that re- 
semble any of the specimens in this study have been 
those that display a distinct change of color. Among 
these, two types have been observed: pyropes with high 
Cr°+ content (Hysingjord, 1971; Carstens, 1973; Am- 
thauer, 1976) and stones composed principally of pyrope 
and spessartine with Cr+ and V*+ present (Crown- 
ingshield, 1970; Jobbins et al., 1975; Schmetzer and 
Ottemann, 1979}. Since the former have not, as yet, been 
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observed in sizes sufficiently large for cutting into 
gems (most specimens measure less than 5 mm in 
diameter), they will not be included in this dis- 
cussion. It is the latter types, which do occur in 
gem sizes and qualities, that interest us here. 
The color-change gem garnet reported by 
Crowningshield (1970) was described as blue- 
green in daylight and purple-red in incandescent 
light, with a refractive index of 1.765 and a spe- 
cific gravity of 3.88. The semiquantitative spec- 
trographic analysis reported gave a chemical 
composition that we calculate to be mostly 
pyrope and spessartine (see table 1}. Cr,O; and 
V,O3 were detected in small amounts. In 1975, 
Jobbins et al. reported a small piece of rough 
color-change garnet that appeared greenish blue 
in daylight and magenta by tungsten illumina- 
tion. This stone gave somewhat lower refractive 
index and specific gravity results than Crown- 
ingshield’s, but it also proved to be primarily a 
blend of pyrope and spessartine. V,O,;, but not 
Cr,O;3, was detected. However, new figures for 
both V,0,; and Cr,O; in the same garnet were ob- 
tained later by Schmetzer and Ottemann (1979) in 
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Figure 1. This selection of 
stones from the 32 garnets 
studied show the wide range 
of colors of this collection in 
both fluorescent (top) and 
incandescent (bottom) 
illumination. The GIA 
catalog numbers, from left to 
_ right, are 13433, 1009, 1055, 
1023, 1043, 665, and 96A. 
The stones range in weight 
from 1.12 ct to3.74 ct. Photos 
by Mike Havstad. 


a study of vanadium-bearing garnets (again, see 
table 1). In this same study, Schmetzer and Ot- 
temann also reported six other change-of-color 
garnets that were all primarily mixtures of pyrope 
and spessartine (again, see table 1), and that all 
contained both V,O, and Cr,Q,. 

Absorption spectra in the visible-light range 
were obtained on the first-reported specimens by 
use of the hand spectroscope. Crowningshield 
(1970) found total absorption from 400 to 438 nm, 
three narrow bands around 465, 485, and 505 nm, 
and a broad region of absorption between approx- 
imately 555 and 595 nm. Jobbins et al. (1975) re- 
ported similar findings: complete absorption to 
about 436 nm, narrow bands at 460, 486, and 506 
nm, and a broad absorption between 550 and 590 
nm. Using a spectrophotometer, Schmetzer and 
Ottemann (1979) found the broad region of ab- 
sorption to be centered around 568 to 576 nm in 
all the color-change garnets in their study. They 
correlated this broad band with the presence of 
Cr+ and/or V3+. The spectra of three of the stones 
they examined also indicate the presence of nar- 
row bands at approximately 407-412, 417-426, 
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431-435, 461-463, 505-507, and 527 nm, with a 
faint band at 694 nm. The first three bands are 
present within a larger region of strong general 
absorption. These results correlate with the spec- 
tral data reported earlier by Crowningshield and 
Jobbins et al., adding only those bands that are too 
weak to be visible with a hand spectroscope and 
those that are masked (e.g., the shorter 
wavelengths} by an overlapping strong absorption 
region. 


DATA COLLECTION 


The stones selected for this study are those that 
exhibit color change between incandescent and 
daylight-equivalent illumination. The result is a 
collection of 32 garnets of various hues, including 
purple, red, orange, and yellow. 

Refractive index, specific gravity, visible- 
wavelength optical absorption spectrum, color 
coordinates, and chemical composition were de- 
termined for each stone. The methods and in- 
struments used to collect these data are the same 


as those described in the first article on the GIA 
garnet project (Manson and Stockton, 1981) with 
two exceptions. The first was in response to the 
potential significance of minor elements (such as 
chromium and vanadium} in the compositions of 
these garnets, as well as to the difficulty of accu- 
rately measuring small quantities of these ele- 
ments by means of the microprobe. This led us to 
perform five separate analyses on each stone; we 
felt that the averages of these analyses would 
provide reasonably accurate figures for the minor 
elements despite relatively large individual mar- 
gins for error. 

The second departure from our original 
methods of data collection involved the mea- 
surement of color with the GEM ColorMaster. In 
addition to the key color normally used to charac- 
terize the color of a gemstone, these garnets may 
display two additional colors in any single type of 
illumination. One is seen in the light that is re- 
flected from the stone’s interior (the “reflected” 
color), while another is visible when light is 


TABLE 1. Chemical data (in wt.%), refractive indices, and specific gravities from prior research on color-change garnets, 


with ranges of values for the 32 garnets in this study. 


Garnets studied 


Data 4a gb 3 

Oxide composition 

SiO, 38.35 39.02 40.3 38.23 
TiO. 0.14 n.d.4 0.05 0.04 
AlpO3 26.45 21.05 21.8 21.56 
VO 0.32 0.24 0.71 0.29 
Cro03 0.54 0.54 0.17 0.51 
MgO 13.1 7.05 12.9 10.84 
CaO 2.38 3.46 5.3 4.62 
MnO 16.73 25.31 18.2 22.24 
FeO 1.45 1.77 1.2 

Total 99.46 98.44 100.63 
End-member components 

Schorlomite 0.50 0 0.18 0.14 
Andradite 0 0 2.46 

Mn3V2Si30 yo 1.16 0.87 2.57 

Uvarovite 1.78 1.78 0.56 

Pyrope 43.68 23.50 43.01 36.14 
Spessartine 37.86 58.08 39.99 50.78 
Grossular 4.38 7.66 11.37 6.36 
Almandine 2.91 4.09 0.24 0 
Ril. 1.765 n.r4 1.757 nr. 
S.G. 3.88 mr. 3.816 ne. 


5 6 7 8 Of 
40.91 40.7 37.17 40.4 38.99 ~ 41.15 
0.03 0.19 0.07 0.08 0.02 — 0.23 
23.81 22.9 25.51 22.9 21.56 — 23.33 
0.10 0.35 0.24 0.50 0.09 - 0.68 
0.16 0.13 0.11 0.27 0.04 —- 0.63 
12.85 14.1 15.27 14.4 7.58 — 17.92 
4.93 5.5 1.9 1.9 1.70 — 894 
15.57 15.5 14.8 14.8 9.82 -— 24.63 
2.30 1.50 4.6 4.6 1.37 -— 7.43 
100.66 100.87 99.67 99.85 99.39 —100.39 
0.11 0.67 0.25 0,28 0.06 - 0.80 
0 0 0 0 0 - 1.12 
0.36 1.27 0.87 1.81 0.33 - 2.45 
0.53 0.43 0,36 0.89 0.12 - 1.96 


42.84 47.01 50.91 48.01 25.27 — 59.76 
35.89 34,90 33.63 32.78 21.56 -— 55,93 


12.64 13.81 4.56 4.06 3.57 -— 23.28 
5.22 2.74 7.44 10.37 2.64 -— 16.48 
ner, nt. ne. nr, 1.740 - 1.773 
nt, ner. ne, nr. 3.75 -— 3.99 


%Stone 1, as described by Crowningshield (1970). 


Stones 2-8, as described by Schmelzer and Ottemann (1979), including stones from Jobbins (no. 3) and Gabelin (nos. 6 and 8). 


“The ranges found for the 32 stones examined in this stuay. 
Sng. =not detected; nr. = not reported. 
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transmitted through the stone (the ‘‘body” color). 
Since the ColorMaster provides both daylight- 
approximation and incandescent lighting for the 
specimen, color-change stones can be described 
under each condition. We therefore determined 
coordinates for each observable color (a maxi- 
mum of three for daylight-equivalent and three 
for incandescent illumination). The coordinates 
of the two key colors and the two reflected colors 
were determined with the stones in the normal 
face-up position, and those of the two 
transmitted-light body colors were determined by 
immersing the stones in glycerine to reduce re- 
flections. 


DISCUSSION OF DATA 


Physical and Optical Properties. The refractive 
indices and specific gravities of our collection of 
unusual garnets cover quite broad ranges: 
1.740—-1.773 and 3.75-—3.99, respectively. For what 
would at first appear to be a heterogeneous group of 
specimens, this variability is not surprising. How- 
ever, these ranges lie within the parameters that 
we found:previously for “pyrope-spessartine” gar- 
nets, mogt of which are more-or-less orange in 
color (Stockton and Manson, 1982). A comparison 
of our results with the others provided in table 1 
shows agreement with the properties observed by 
previous researchers. 


Chemical Composition. The compositions of the 
32 stones that we analyzed are consistent with 
those reported in previous studies (see table 1). 
Moreover, with the exception of V,O, and Cr,O, 
content, the compositions of these 32 specimens 
are comparable to those of the pyrope- 
spessartines discussed in a prior article in our se- 
ries on garnets. However, the present collection is 
in certain ways different from those pyrope- 
spessartines described earlier. 

The most readily apparent chemical charac- 
teristic of these garnets is their high V,.0,+Cr,O, 
content. Although either of these components 
can be less than 0.1 wt.%, together they always 
exceed 0.2 wt.%. By comparison, other pyrope- 
spessartine garnets never exceed 0.2 wt.% and 
usually contain considerably less (commonly 0 to 
0.1 wt.%]}. When V,0,+Cr,O, content is ex- 
pressed in relation to FeO content—a third chem- 
ical component that affects garnet color—this dis- 
tinction becomes obvious (figure 2). 

As a whole, these unusual garnets can be de- 
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Figure 2. This plot illustrates how minor 
chemical components that contribute to garnet 
coloration distinguish the 32 garnets in this 
study from the orange “pyrope-spessartines”’ 
examined in an earlier paper. 


scribed by the ranges of their major end-member 
components as follows: pyrope, 25-60 wt.%; 
spessartine, 20-56 wt.%; grossular, 3-23 wt.%; 
and almandine, 2-17 wt.% (figure 3]. Specimen 
GIA-96A, which is notable for its greenish yellow 
color, also has the highest grossular content of 
any of the stones examined. 


Absorption Spectra. The spectrophotometer indi- 
cates the presence of nine to 11 absorption bands 
in the visible range of these 32 garnets. Eight of 
these bands lie between 400 and 600 nm at the 
following approximate locations: 407, 421, 429, 
461, 485, 503, 523, and 569 nm. All eight are pres- 
ent in all 32 of the stones (figure 4), although one 
of the bands is notably displaced in one specimen: 
The single greenish yellow stone cited above 
(GIA-96A)} revealed a band at 455 nm instead of 
about 461 nm. 

Between 600 and 700 nm, one or more of three 
absorption features may be resolved with the 
spectrophotometer. A pair of narrow bands 
sometimes occurs at about 672 and 688 nm, with 
the former being considerably weaker than the 
latter so that at times the 688 nm band appears 
alone. A third band is centered around 685 nm 
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Figure3. The distribution of major chemical components in our collection of unusual garnets can be seen 
in the number of stones that contain various amounts of the four principal garnet end members. For 
comparison, the distribution of the orange “pyrope-spessartines”' has been included. Note that our present 
assortment generally contains more grossular and less almandine than the overall distribution contains. 


and is considerably broader than the other two in 
the same region. When all three occur together, 
the narrower bands can be discerned as distinct 
features inside the broad absorption of the third 
band (figure 4). 

Some of these absorption features can be ob- 
served with the hand spectroscope (figure 5}. 
There is generally an absorption edge around 430 
nm, below which all features are obscured by the 
strong absorption. The 46] and 569 nm bands are 
invariably visible. The 485 and 523 nm bands are 
usually observable, but the 503 nm band is less 
readily apparent. The 672 and 688 nm bands, es- 
pecially the former, are usually too weak to be 
visible or are obscured by the absorption of the 
broad 685 nm band. Generally, there appears to be 
increasing absorption beyond 670 nm _ toward 
700 nm. 

Various sources have attributed absorption 
features in pyropes, almandines, spessartines, and 
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garnets of intermediate compositions to certain 
elements and cations (see, for example, Am- 
thauer, 1976; Manning, 1967 and 1972; Moore 
and White, 1972; Schmetzer and Ottemann, 
1979). A compendium of these sources and our 
data suggests that the following assignments can 
be made: The 407, 421, 429, and 485 nm bands are 
due to Mn?*, the 461, 503, 523, and broad 685 nm 
bands to Fe?+; and the 672 and 688 nm pair to 
Cr+, Some absorption features appear to repre- 
sent indistinguishably close, overlapping bands 
that are related to more than one cation: The 421 
nm band may also include a contribution from 
Cr+; the broad, strong 569 nm band is undoubt- 
edly a combined effect of Cr+, V3+, and Fe?*. 

Of the features that can be resolved with a 
hand spectroscope, only one absorption band ap- 
pears to distinguish the spectra of these garnets 
from those of the pyrope-almandine series (see 
Manson and Stockton, 1981, and the sources cited 
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Figure 4, These two representative spectra 
illustrate the variability of absorption features in 
our collection of 32 garnets. Both have major 
transmission regions between 430 and 550 nm 
and above 580 nm. Both also display all eight 
absorption bands below 600 nm, although in 
differing strengths. Above 600 nm, both spectra 
show two weak bands, at about 672 and 688 nm, 
while one has an additional broad region of 
absorption beyond 700 nm. 


in the paragraph above). The band at about 485 
nm, which can usually be observed in our present 
collection of specimens as well as in orange 
pyrope-spessartines and spessartines (unpub- 
lished data], is absent in stones of the pyrope- 
almandine series (usually red-orange to red-purple 
in color}, which instead display a band around 
473 nm. 


Color and Color Phenomena. The most notable 
feature of this collection of garnets is their unu- 
sual color appearance. None of the stones appears 
to display a single, easily definable color. Careful 
examination revealed that these stones show two 
distinct color phenomena. While all the stones 
show some change in color between incandescent 
and daylight or fluorescent illumination, most 
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Figure 5. These spectra demonstrate the range of 
absorption features that can be observed with a 
hand spectroscope for unusual garnets such as the 
stones discussed in this article. Spectrum A is that 
of a high-pyrope-content specimen with weak 
color change, while spectrum B is from a high- 
spessartine and very high-vanadium-and- 
chromium stone with a strong change of color. 


also display a different color when light is passed 
through the stone, as compared to internally re- 
flected light from the same source. We refer to 
this latter phenomenon as “color shift.” Both of 
these phenomena contribute to the overall color 
appearance of our specimens. 

Although change of color has been well stud- 
ied (e.g., White et al., 1967; Schmetzer et al., 1980) 
and is generally well understood, we would like to 
briefly summarize the concept of color change. 


This phenomenon occurs when a material has an 
absorption spectrum in which two regions of the 
visible spectrum are transmitted while the rest is 
absorbed (see figure 4}. Moreover, the 
wavelengths and intensities transmitted must be 
in proportion such that the spectral differences 
between day (or fluorescent) light and incandes- 
cent light cause one hue to be perceived in the 
former case and the other hue in the latter. Let us 
say, for a very simplified example, that fluores- 
cent light contains more intensity in the green 
wavelengths than in the red, while incandescent 
light has exactly the reverse relationship. If a 
stone that transmits only green and red is exposed 
to fluorescent light, the greater intensity of green 
in this light source in conjunction with the 
stone’s own absorption characteristics results in a 
green color appearance. Conversely, the greater 
measure of red in incandescent light provides for 
perception of a red coloration. 

Color shift, however, does not occur with a 
change in illumination but rather with the rela- 
tive amounts of light (from a single source of il- 
lumination} that a viewer observes either (1] 
passed through or (2) internally reflected by a 
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Figure 6. A garnet pebble that exhibits four different colors, one each in (A) reflected fluorescent, 
(B) transmitted fluorescent, (C) reflected incandescent, and (D) transmitted incandescent light. 
Photos by Tino Hammid. 


gemstone. The former condition reveals the 
stone’s body color; the latter requires the viewer 
and illuminant to be on the same side of the gem 
so that the internal reflections (which represent 
the reflected color) may be observed. As yet, we 
have not been able to determine the optical or 
physical mechanism whereby this phenomenon 
occurs, but it apparently requires an absorption 
spectrum similar, although not necessarily iden- 
tical, to that which produces a change of color. 
The key color for these stones, as defined by 
the GIA colored-stone grading system, is the rep- 
resentative or characteristic color that can be seen 
through the crown facets. For any single light 
source, it is influenced by the reflected color, the 
body color, and the cut of the stone. If a stone 
changes color, then it has two such key colors 
{one each for incandescent and day or fluorescent 
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light), two body colors, and one or more reflected 
colors. The magnitude of color change is usually 
greatest for body color, less for key color, and least 
for reflected color. In fact, a strong change in body 
color combined with a weak or nonexistent 
change in reflected color will result in only mod- 
erate change in the key color. Thus, the 
change-of-color phenomenon in garnets is not ex- 
actly the same as the “alexandrite effect,” which 
has been described as the ‘color change of a solid 
from green or bluish green in daylight to red or 
reddish violet in artificial (incandescent) light’”’ 
(Schmetzer et al., 1980). In the case of alexandrite 
itself, this involves a change of color due to selec- 
tive absorption enhanced by pleochroism alone 
(White et al., 1967). For the unusual garnets in 
this study, however, it is due to selective absorp- 
tion modified by color shift. Nonetheless, the 
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phenomenon in garnets fits the traditional defi- 
nition for change of color, that is, ‘‘any stone that 
shows a difference in color from daylight to artifi- 
cal (incandescent) light, caused by selective ab- 
sorption” (Shipley, 1974). 

The color description of our present collec- 
tion was therefore more difficult than usual. Fig- 
ure 6 illustrates the foregoing phenomena with an 
uncut stone that exhibits different reflected 
colors and body colors in incandescent and 
daylight-equivalent illumination. It should be 
noted that different sets of illuminants may either 
enhance or reduce the degrees to which these 
phenomena are observed in various stones. Color 
shift, for instance, is strongest in fluorescent light 
as compared to daylight and incandescent light. 


CONCLUSIONS 


In a previous paper (Stockton and Manson, 1982}, 
we used the term pyrope-spessartine to describe 
orange-colored garnets that were principally made 
up of those two components. In every character- 
istic except color behavior and vanadium-plus- 
chromium content, the unusual garnets described 
in this article fit that description. Thus, they 
share a great number of properties with those gar- 
nets that. have passed under the trade term 
“malaya.”” Aside from chemical composition, 
which is not a readily available or even reasonable 
test for the gemologist generally, the properties 
that best distinguish these garnets from grossu- 
lars or pyrope-almandines of similar appearance 
are specific gravity, color behavior, and absorp- 
tion spectra. The specific gravities of the present 
collection of 32 garnets range from 3.75 to 3.99, 
while those of grossulars of any type do not ex- 
tend over 3.66. 

Those stones that exhibit a distinct color 
change can be distinguished readily from any 
other kind of garnet on the basis of this color be- 
havior. The remaining stones that we examined 
still exhibit more change in color appearance be- 
tween different illuminants than one can see in 
pyrope-almandines or any other gem garnets. 

Absorption spectra will also separate these 
pyrope-spessartines from grossulars, which have 
no features visible in a hand spectroscope. A vis- 
ible 485 nm band will separate these pyrope- 
spessartines from pyropes and almandines as 
well, since the latter two types have no band in 
this position. Otherwise, the spectra observed 
with the hand spectroscope are essentially the 
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same for pyrope-spessartines and pyrope- 
almandines. 

The major chemical constituents of the unu- 
sual garnets described in this article dictate that 
these stones should be grouped with pyrope- 
spessartines (Stockton and Manson, 1982). Those 
that exhibit sufficiently strong color change per- 
haps deserve a terminology that identifies a dis- 
tinct variety. Our recommendations for the 
gemological terminology and classification of 
these and all other transparent gem garnets will 
be presented in the next article in this series. 
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GEM-QUALITY RED BERYL FROM THE 
WAH WAH MOUNTAINS, UTAH 


By James E. Shigley and Eugene E. Foord 


A detailed investigation of the gem-quality 
red beryl from the southern Wah Wah 
Mountains, Utah, has confirmed the 
unique mineralogical and gemological 
character of this material. At the Violet 
Claims, red berylis found associated with 
minor bixbyite in a volcanic rhyolite host 
rock. Analytical data gathered on the red 
beryl indicate relatively high contents of 
the minor or trace elements Mn, Ti, Zn, Sn, 
Li, Nb, Sc, Zr, Ga, Cs, Rb, B, and Pb, which 
are generally low or absent in other gem 
beryls. Measured refractive indices 

(1.564 -1.§74), specific gravity (2.66 —2.70), 
and unit-cell parameters (a = 9.222 A, c= 
9,186 A) of the red beryl are distinct from 
most other beryls. The red beryl is thought 
to have crystallized along fractures, in cav- 
ities, or within the host rhyolite from a 
high-temperature gas or vapor phase re- 
leased during the latter stages of cooling 
and crystallization of the rhyolite magma. 
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mong the varieties of beryl used for gemstone pur- 

poses, the rarest by far is the deep-red variety from 
western Utah (figure 1}. Red beryl was first noted in Utah 
early in this century (Hillebrand, 1905). However, the first 
crystals suitable for faceting were found only a few years 
ago in a single area in the Wah Wah Mountains. Except for 
several short articles (Barlow, 1979; Ream, 1979; Miley, 
1980; Flamini et al., 1983), a detailed examination of this 
gem locality and the red beryl found there has not been 
made. In addition to its spectacular color, red beryl is 
unique among gem beryls in its geological occurrence and 
mineralogical characteristics. The present article sum- 
marizes both the geology of the best known red beryl 
deposit in the Wah Wah Mountains (the Violet Claims], 
and also the more important chemical, physical, and 
gemological properties of this material. Although red bery] 
was initially called “bixbite” by Eppler {1912}, because of 
the confusion of this name with that of another valid 
mineral species (bixbyite}, it has never come into general 
usage. 

Hillebrand {1905} first described red beryl from an oc- 
currence in the Thomas Range in Juab County (figure 21, 
where it is found as small, translucent (but rarely gemmy)} 
crystals in a rhyolite host rock (see Palache, 1934). It has 
also been reported from several other places in Utah, one 
locality in the Black Range of New Mexico (Kimbler and 
Haynes, 1980}, anda little known occurrence in the state of 
San Luis Potosf, Mexico (R. V. Gaines, pers. comm., 1984}. 
In the late 1950s, gemmy, transparent crystals were dis- 
covered at a new locality in the southern Wah Wah Moun- 
tains in Beaver County (again, see figure 2). These larger 
and better quality crystals are far superior for cutting pur- 
poses to the original, smaller material from the Thomas 
Range. Thus far, red beryl has not been found anywhere 
else in the world, and appears to be unique to western 
North America. 
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While gem beryls are common in pegmatites 
{aquamarine, morganite) and in certain metamor- 
phic rocks (emerald), beryls of any sort are very 
uncommon in rhyolites. Rhyolites are light-col- 
ored, fine-grained igneous rocks that represent the 
solidified products of rhyolitic magmas or ash 
flows. They are found in many parts of the world, 
including numerous areas within western North 
America, where they are indicative of earlier vol- 
canic activity. Rhyolites ordinarily lack gem min- 
erals, but sometimes contain gem topaz and gar- 
net. The presence of germ red beryl in such rocks in 
western Utah suggests some unusual conditions 
for gemstone formation. 

The Wah Wah Mountains are accessible by 
good paved and dirt roads from the nearby towns of 
Delta, Milford, and Cedar City (figure 2). Local 
elevations vary from 1500 to 2200 m. This high 
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Figure 1. This faceted stone 
(1.15 ct) and crystal (16mm 
high and 9 mm in diameter) 
represent the finest-quality 
red beryl currently being 
mined at the Violet Claims 
in the Wah Wah Mountains, 
Utah. Photo ©Harold and 
Erica Van Pelt. 


altitude combined with the limited rainfall and 
semi-arid climate give the region a high-desert 
vegetation. Temperatures range from 80° to 100°F 
(25° to 40°C) in the summer to 10° to 20°F (12° to 
—5°C) or lower in the winter. Access to the area is 
limited during the winter months. The recent ar- 
ticle by Ream (1979) provides the best description 
of gem mineral collecting in the Wah Wah, 
Thomas, and other nearby mountain ranges in this 
part of the state. 


GEOLOGY 


Southwestern Utah lies along the eastern margin 
of a large geologic region known as the “Basin and 
Range” physiographic province, which covers Ne- 
vada and parts of the surrounding states and takes 
its name from the alternating mountain ranges and 
parallel alluvial valleys that dominate the topog- 
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Figure 2. Index map of southwestern Utah 
(adapted from Miller, 1966), with the general lo- 
cation of the red beryl deposit at the Violet 
Claims indicated. The Thomas Range, site of the 
original red bery! discovery, lies at the top center 
portion of the map, while the Wah Wah Moun- 
tains are located near the left center. 


raphy. On the basis of the work of various investi- 
gators (Miller, 1966; Rowley et al., 1978; Lemmon 
and Morris, 1979; Weaver, 1980; Christiansen, 
1980; Abbott et al., 1981; Steven and Morris, 
1983), the geologic history of the southern Wah 
Wah Mountains can be briefly summarized as 
follows. 

In this area of southwestern Utah, shallow 
marine carbonate and continental sediments were 
deposited on crystalline basement rocks during 
the Paleozoic and Mesozoic eras. Subsequent 
mountain-building events during the Upper Cre- 
taceous and Lower Tertiary periods produced 
large, low-angle thrust faults that placed 
carbonate-dominated sediments over Mesozoic 
continental rocks. 

Approximately 30 million years ago, in the 
Middle Tertiary, explosive volcanic activity took 
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place over a broad area in this region. The resulting 
calc-alkaline volcanic rocks {andesites, dacites), 
which formed large calderas, lie unconformably 
over the remnants of the thrust-faulted sedimen- 
tary units. 

In the Wah Wah Mountains, the nature of this 
continuing volcanic activity then changed 
abruptly about 23 million years ago. During this 
period, potassium- and silica-rich trachyandesites 
and rhyolites were emplaced in the form of nu- 
merous subvolcanic intrusions, small volcanic 
domes, or short lava flows. These rocks are locally 
rich in fluorine, and small deposits of uranium, 
beryllium, and fluorine minerals (including gem 
topaz and red bery]) are associated with them. Al- 
though rhyolitic volcanic activity has continued 
into the Quaternary, basaltic volcanism has been 
volumetrically more important in this area since 
about 15 million years ago. 

The southern Wah Wah Mountains lie just 
within the northern edge of the Blue Ribbon lin- 
eament (Rowley et al., 1978], a prominent east- 
west structural zone in southern Utah and Nevada 
that cuts across the north-south trending moun- 
tain ranges and valleys of the Basin and Range 
province. This lineament is believed to be a deep 
crustal fault zone along which mineralizing mag- 
mas and fluids, including those that formed the 
beryllium-containing rhyolites that host the red 
beryl, were able to migrate toward the upper levels 
of the crust. 

The red beryl occurrence is located just north 
of Blue Mountain, a peak that itself is situated near 
the intersection of the Blue Ribbon lineament and 
an area of extensive faulting. In this immediate 
area, recent geologic mapping has revealed a large 
subsurface elliptical dome structure of volcanic 
origin (Weaver, 1980), which apparently resulted 
from the emplacement of a body of silica-rich 
magma. The gem red beryl deposit occurs in 
rhyolite that may have vented to the surface as a 
lava from this magma chamber along a ring frac- 
ture system at the northern edge of the buried 
dome. 


DESCRIPTION OF THE DEPOSIT 

The red beryl! deposit is collectively referred to as 
the Violet Claims and is located approximately 40 
km (25 mi.) WSW of Milford in Beaver County. It is 
situated along a mountain ridge that is composed 
of rhyolite and other light-colored volcanic rocks 
and is capped by a layer of dark basalt. Along the 
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Figure 3..View (looking south) of the Violet Claims and the lower rhyolite occurrence that 
has become more exposed as a result of recent mining activity for red beryl. Blue Mountain 


is in the distance. Photo by Ed Harris. 


ridge, the rhyolite forms a number of small, 
rounded hills, some of which have produced red 
beryl {figure 3). 

The rhyolite consists of a small number (usu- 
ally less than 10%, but sometimes up to 20%} of 
phenocrysts (2-3 mm} of sanidine, plagioclase, 
quartz, and minor biotite set in a fine-grained, 
granophyric groundmass of these minerals. The 
rock is massive, grossly uniform in texture and 
mineralogy, and varies in color from light gray to 
light reddish gray. Small, open (miarolitic) cavities 
are widespread but not abundant. Locally the rock 
is cut by small fractures that may be stained by 
oxide alteration minerals. In some portions of the 
rhyolite, thin, parallel flow bands or ash layers of 
lighter and darker pyroclastic material of differing 
texture occur. Some areas of the rhyolite are quite 
fresh, but those portions that contain the red beryl 
are often partly altered to clay minerals (chiefly 
smectites}. All of these features are typical of the 
type of rhyolites known as ‘‘topaz-bearing”’ 
rhyolites which are found scattered in several 
areas of the western United States (see Burt et al., 
1982; Christiansen et al., 1983}. Age dating of the 
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rhyolites at the Violet Claims area indicates that 
they are 20-22 million years old or younger 
(Christiansen, 1980; Burt et al., 1982]. The rocks 
are thought to have crystallized at 650°- 800°C 
(Christiansen, 1980). Table 1 presents chemical 
data for an unaltered rhyolite sample from the 
Violet Claims. 

So far, only two prominent outcrops of rhyolite 
within the claims area have produced red beryl. 
Each outcrop differs slightly in the mode of occur- 
rence and the nature of the red beryl. In the upper 
outcrop, the red beryl crystals occur along or 
within a few centimeters of several narrow, 
steeply dipping fractures or veins filled with later- 
formed oxide and clay minerals. In contrast, the 
crystals from the lower outcrop are found in small, 
scattered cavities, within the solid rhyolite, or in 
areas of fractured and altered rhyolite (figure 4}. For 
additional details, see Ream (1979). 

In contrast to the occurrence in the Thomas 
Range (Palache, 1934; Ream, 1979), the red beryl 
from the Violet Claims is not found with gem 
topaz, although small amounts of topaz have been 
collected locally. The most obvious associated 
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mineral is bixbyite (Mn,Fe)3+O; in the form of 
rounded, irregular grains. The lack of topaz at the 
Violet Claims may be due to a lower fluorine con- 
tent in the rhyolites of this area in comparison to 
those of the Thomas Range (see data in Chris- 
tiansen et al., 1983), or to the conditions of mineral 
crystallization. 


CHARACTERIZATION OF 
RED BERYL 


With the exception of the recent study by Flamini 
et al. (1983), there have been no detailed descrip- 
tions of red beryl from the Violet Claims. The 


TABLE 1. Chemical composition of a rhyolite sample 
from the Violet Claims, Wah Wah Mountains, Beaver 
County, Utah. 


Major/minor elements? Major/minor/trace elements” 

(weight percent) (parts per million) 
SiOz 70.6 Al 70,000 
Al,O3 17.2 Fe 7,000 
FesO, 1.01 Mg 300 
MgO < 0.10 Ca 700 
CaO 0.08 Na 15,000 
Na sO 1.61 K 30,000 
K yO 4.15 Ti 150 
TiO, 0.03 Mn 700 
P.Os < 0.05 B 20 
MnO 0.07 Ba 7 
F 0.26 Be 30 
Cl < 0.01 Cu 3 
° Nb 150 

Loss (900°C) 4.36 Pb *0 
99.53 at ue 

-O=F,Cl 0.11 a i 
————EEEEeEe Y 15 
Total 99,42 Zr 150 
Ga 70 

Li 150 

Yb 3 


Looked for but not detected: 

Ag, As, Au, Bi, Cd, Co, Cr, La, 
Mo, Ni, Pd, Pt, Sb, Sc, Te, W, Zn, P, 
Ce, Ge, Hf, In, U, V, Re, Ta, 

Th, TI 


@Values determined using X-ray fluorescence spectrophotometry 
by Joseph Taggart. Fluorine and chlorine were determined 
separately by E. Brandt and Harriet G. Neiman, all of the U.S. 
Geological Survey. These results are consistent with rhyolite data 
in Christiansen (1980), Burt et al. (1982), and Christiansen et al. 
(1983). According to the classification method of De la Roche et 
al. (1980), rocks of this composition are correctly termed rhyolites 
or alkali rhyolites. Loss (900°C) on ignition. 

Values determined using semiquantitative six-step 
spectrographic analysis by Nancy M. Conklin of the U.S. 
Geological Survey. The folfowing trace elernents are unusual in 
rhyolites: Mn, Be, Nb, Pb, Zr, and Li. 
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Figure 4. Red beryl matrix specimen from the 
lower rhyolite outcrop. The crystal, approxi- 

mately 1 cm in diameter, occurs in a small 

cavity in the rhyolite. Photo by Ed Harris. 


following section summarizes the results of our 
investigation (see box). 


Morphology. Red beryl occurs as euhedral crystals 
that display typical beryl morphology. Some of the 
crystals are well formed, transparent, and gemmy 
(figure 5), but most are less well formed and are 
translucent to opaque as a result of numerous 
fractures and inclusions. An elongate, prismatic 
crystal habit is more common than a shortened, 
tabular shape. Some crystals have an unequal de- 
velopment of prism faces. Pinacoid terminations 
may be slightly concave in shape, show a slight 
growth spiral, be capped by a second crystal in 
parallel arrangement, or exhibit other interesting 
growth-related surface characteristics (see Flamini 
et al., 1983). In contrast, prism faces typically lack 
these features and display no striations, but may 
exhibit a slight outward bulge to give the crystal a 
somewhat barrel-shaped appearance. No distinc- 
tive etch figures or other corrosion features fre- 
quently seen on other types of beryl crystals are 
apparent, although some red beryls have partially 
frosted surfaces. Twinned crystals have not been 
found, but multiple crystal groups are sometimes 
encountered. Individual crystals may be as much 
as 2.5 cm long and 1 cm wide, but they average 
about 1 cm x 0.5 cm. Doubly terminated crystals 
are relatively common, but most crystals show an 
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SUMMARY OF MINERALOGICAL 
DATA ON RED BERYL 
FROM THE VIOLET CLAIMS 


Morphology: euvhedral, prismatic crystals to 
several centimeters in maximum size (average 
about 1 cm); crystal forms—{0001} basal 
pinacoid and{1010} 1st order prism (common), 
{1121} and {1122} 2nd order dipyramids 
(moderately common}, {1120} 2nd order prism 
(rare),{1011} 1st order dipyramid (very rare}; 
some crystals doubly terminated; some 
multiple crystal groups 


Chemistry: distinct from other beryls in terms of 
relatively high contents of Mn, Ti, Zn, Sn, Cs, 
Li, Rb, B, Pb, Nb, Sc, Zr, and Ga 


Physical properties: transparent to translucent or 
opaque, conchoidal fracture, vitreous luster, 
S.G. 2.66-2.70 (heavy liquid and hydrostatic 
methods), indistinct 0001 cleavage, brittle, 
some color zoning 


Unit-cell parameters: measured for core and rim 
portions of a color-zoned crystal from Debye- 
Scherrer powder diffraction films with a silicon 
metal internal standard 
coré-a = 9.2291) A, ¢ = 9. 212(1y A 
rim|-a = 9.234(1} A, c= 9.204(3) A 


Optical properties: 

Refractive indices—e = 1.564—1,569, w = 
1,568—1.572 (Duplex II refractometer) 
€ = 1.567-1.568, wm = 1.574 (grains in 
RII. liquids) 

Color—light to medium dark in tone; very 
slightly grayish to strong in saturation; 
orange-red to purplish red in hue (GIA 
colored stone grading system] 

Birefringence—usually 0.006 to 0.008; some- 
times as low as 0.004 

Pleochroism—e = purplish red, w = orange-red 
to red 

Optical sign—uniaxial negative 

U.V. fluorescence: inert to LW and SW 
Color filter: inert reaction 


Spectrum: absorption bands at 425, 480, 530, 560, 
and 810 nm depending on crystal orientation 
(see figure 9); with a hand spectroscope, bands 
at 430 (weak) and 490-510, 560-580 (strong) 
are usually visible 


Microscope observations: numerous healed and 
unhealed fractures; some color zoning and 
banding; symmetric growth banding and other 
growth features; several types of inclusions— 
two-phase, colorless quartz, black bixbyite, 
minute unidentified inclusions; some iron 
oxide staining (see figures 10-13) 
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Figure 5. The finest gem-quality red beryl crystal 
(12 x 22 mm, about 30 ct) yet recovered from the 
Violet Claims. Photo by Michael Havstad. 


apparent point of attachment to the rhyolite. Crys- 
tals are commonly fractured both perpendicular 
and parallel to their c-axis; however fractures par- 
allel to the c-axis are often confined to the central 
core of the crystal, leaving a cleaner, gemmy 
exterior. 

Bixbyite is not only the major associated 
miarolitic-cavity mineral in the deposit, but it also 
forms prominent inclusions in some red beryl 
crystals. A single grain of bixbyite sometimes oc- 
curs at the center or central edge of a doubly termi- 
nated crystal or, in the case of a crystal with a 
single termination, near the center of the point of 
attachment of the crystal to its host rock (figure 6}. 
This positioning suggests to us that the bixbyite 
may have acted as a ‘’seed”’ on which subsequent 
crystallization of the red beryl took place. 


Physical and Optical Properties. The beryl crystals 
range in color from orange-red to purplish red 
(most commonly the latter) with medium tones 
and moderate saturation levels. Although most of 
the purplish red crystals appear to be uniform in 
color, a number exhibit a distinct color zonation. 
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Figure 6. The broken point of attachment of a 
small red beryl crystal showing three included 
bixbyite grains symmetrically arranged around 
the central axis of the crystal. In most crystals 
with bixbyite inclusions, only one bixbyite grain 
is present near the center or edge of the crystal. In 
such instances, the included grain(s) of bixbyite 
may have acted as the sites from which crystalli- 
zation of the red beryl was initiated. 

Photo by Ed Harris. 


This zoning is evident as a brownish orange-red 
core surrounded by a purplish red rim; in some 
instances, a crystal will exhibit a more complex, 
concentric color zoning (figure 7). If such a crystal 
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is sliced parallel to the c-axis, however, the width 
of this orange-red inner zone is seen to taper from 
one end of the crystal to the other, creating a 
light-colored central area shaped like an inverted 
triangle (figure 8). In a few instances, however, we 
observed doubly terminated crystals in which the 
color zoning was more fully developed, creating an 
“hourglass” appearance with the light-colored 
central zones decreasing in width from both ends 
toward the middle (see also Flamini et al., 1983). 
The light-colored triangular areas generally do not 
meet at the center of the crystal, but rather are 
separated by a narrow horizontal zone of dark red 
color. In addition, a bixbyite inclusion, if present, 
is often located close to the corners of these two 
triangular areas near the center of the crystal. No 
other type of internal color zonation was noted. 
These marked color differences reflect important 
changes in chemical composition during crystal 
growth. They can be correlated with variations in 
other physical properties such as refractive index. 
They also affect the faceting of red beryl to give the 
best color appearance. 

Depending on the inclusions and fractures in 
the individual crystals, the degree of transparency 
varies. Red beryl has a vitreous luster that is uni- 
form over all crystal faces and broken surfaces. No 
chatoyancy or asterism was noted. There is no 
obvious cleavage, but, as mentioned earlier, frac- 


Figure 7. Sections cut per- 
pendicular to the c-axis 
through two red beryl crys- 
tals that show concentric 
color zoning. The crystal on 
the left has an orange-red 
core and a purplish red rim. 
The one on the right has sev- 
eral zones. Both crystals are 
about 0.5 cm in diameter. 
Transmitted light, magni- 
fied 10x. Photo by John 
Koivula. 
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a A 
Figure 8. A section cut parallel to the c-axis 
through a red beryl! crystal. Here the width of the 
light-colored, triangular, central zone decreases 
from the upper end of the crystal to the bottom 
(where an included bixbyite grain would most 
likely be located if it were present). The crystal is 
about 0.5 cm long. Transmitted light, partial 
shadowing, magnified 15 x. Photo by John Koivula. 


tures are common. In many instances, the frac- 
tures have a pattern that appears to be related to 
the color zoning described earlier; that is, the frac- 
tures are often located along the boundaries be- 
tween color zones, or are restricted to the light- 
colored inner portions of crystals (see figures 7 and 
8). When broken, the material exhibits conchoidal 
or uneven fracture. 

The measured specific gravity of 2.66—2.70 for 
red beryl is within the lower range of values re- 
ported for beryl (Deer et al., 1962, cite 2.66—2.83, 
while Sinkankas, 1981, gives 2.63-2.91}. Our 
measurements are consistent with the data given 
by Nassau and Wood (1968), Miley {1980}, and 
Flamini et al. (1983). The crystals display no fluo- 
rescence when exposed to long-wave (366.0 nm] or 
short-wave (253.7 nm) ultraviolet radiation. 

Red beryl is optically uniaxial negative with 
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refractive indices that are among the lowest values 
known for beryls. Deer et al. {1962} list indices of 
€ = 1.565—1.590 and w = 1.569—1.598, with a bire- 
fringence range of 0.004—0.008, for the beryl group 
as a whole (also see Arem, 1977; Sinkankas, 1981). 
Our refractometer measurements on crystals and 
cut stones of uniform coloration were ¢€ = 
1.564-1.569, w = 1.568 —-1.572 and a birefringence 
of about 0.007. For color-zoned crystals, the fol- 
lowing values were obtained by the “Becke line” 
method: for the light-colored material in the cen- 
tral core of the crystal, € = 1.567, w = 1.574, and for 
the dark-colored material from a crystal rim, € = 
1.568, w = 1.574. These indices agree with those 
for red beryl reported by Nassau and Wood (1968), 
Schmetzer et al. (1974 a and b}, Miley (1980), Bank 
and Bank (1982), and Flamini et al. (1983). The 
crystals we examined have a pronounced pleo- 
chroism, with e = purplish red and w = orange-red 
to red. 

Figure 9 illustrates absorption spectra for one 
of our crystals. The € spectrum has absorption 
bands at 560 and’425 nm, while the w spectrum has 
bands at 810, 530, 480, and 425 nm. Nassau and 
Wood (1968} and Schmetzer et al. (1974b) pub- 
lished similar spectral curves. 


Chemical and X-Ray Data. Table 2 presents chem- 
ical analyses of a representative red beryl sample 
from the Violet Claims that are consistent with 
the results obtained by Flamini et al. (1983). The 
composition of these crystals is unique among 
beryls. In terms of minor elements, red beryl is 
relatively rich in Mn, Ti, Zn, Sn, and Li, and low 
in Na and Mg, as compared to other beryls 
(Sinkankas, 1981). Whereas most beryls contain 
some water—Sinkankas (1981] reported beryl 
analyses with water contents up to 4 wt.% —the 
red beryls are noted for their virtual absence of 
water {Nassau and Wood, 1968). Our analysis of 
one red beryl sample gave a value of only 0.36 wt.% 
water. 

As noted by Staatz et al. (1965), the trace- 
element content of these crystals is also very dis- 
tinctive among beryls. In addition to the minor 
elements mentioned above, the Wah Wah red beryl 
contains significant amounts of B, Nb, Pb, Sc, Cs, 
Zr, Ga, and Rb—most of which (excluding Cs and 
Rb] are generally absent in beryls from other geo- 
logical environments. The similar suite of trace 
elements in both the red beryl and the host 
rhyolite (compare tables 1 and 2) illustrates how 
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the composition of the red beryl] reflects that of the 
volcanic rhyolite. 

Another interesting feature is the marked dif- 
ference in chemistry within the color-zoned crys- 
tals described earlier. Proceeding from the rim to 
the core of such a crystal, we found that there is an 
increase in Al, K, Zn, and Na, but a decrease in Ti, 
Si, Fe, Mn, Sn, and Cs. These changes are most 
pronounced at the core-rim boundary where the 
marked change in color occurs; they reflect com- 
positional variations as the bery! crystal grew, and 
can be related to differences in physical properties 
noted earlier. 

There is an additional distinctive aspect of red 
beryl chemistry. As noted by Nassau and Wood 
{1968}, the content of the common alkali elements 
{K, Na, Li) in red beryl is very low in comparison to 
other beryls. This is consistent with its low spe- 
cific gravity and refractive indices {Palache, 1934; 
Sinkankas, 1981}. Thus, graphical relationships 


Figure 9. Polarized visible-light absorption spec- 
tra for red beryl. Absorption bands occur at 425 
and 560 nm in the espectrum, and at 425, 480, 
§30, and 810 nm in the w spectrum. Transmis- 
sion of light by the crystal takes place in the red 
portion of the spectrum and to a lesser extent in 
the violet, but in the yellow-blue-green region 
there is general absorption. Spectra were 
obtained with a Pye-Unicam PU8800 UV-VIS 
spectrophotometer using a 10-nm bandwidth. 
Path lengths through the samples were approxi- 
mately 2mm. 
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which allow one to estimate the alkali content of a 
beryl from its refractive indices (see Cerny and 
Hawthorne, 1976} do not apply to red beryl. 
X-ray powder diffraction films (114 mm 
Debye-Scherrer camera) were prepared for both 
core and rim samples of a color-zoned crystal as 
well as for a crystal of uniform color. Least-squares 
computer refinement of the resulting data yielded 
the following unit-cell dimensions: for the core 
material—a = 9,.229(1} A, ¢ = 9.212(1) A; for the 
rim material—a = 9.234(1} A, c = 9.204(3} A. Ad- 
ditional data for an unzoned crystal gave a = 
9.2.22(2) A, c = 9.186(4) A. Similar findings were 
reported by Nassau and Wood (1968} for a Thomas 
Range red beryl. These values are slightly larger 
than the unit-cell dimensions of many other beryls 


TABLE 2. Chemical composition of a color-zoned red 
bery! crystal from the Violet Claims, Wah Wah Mountains, 
Beaver County, Utah. 


Major/minor/trace elements” 
(parts per million) 


Major/minor elements? 
(weight percent) 


Rim Core Ti 150 
SIO, 66.8 66.1 Fe 15,000 
AlpO3 17.6 18.3 Mn 2,000 
ey, 0.4 0.0 Zn 700 
K,O0 0.1 0.2 Sn 150 
FeO 1.8 1.5 Cs 2,000 
MnO 0.3 0.1 Na 300 
ZnO 0.08 0.2 Mg 700 
SnO» 0.02 0.0 Ca 50 
Cs.0 0.25 0.12 B 70 
Na.O 0.03 0.1 Ba 7 
MgO 0.4 01 Cr 1.5 
H5O 0.36 0.36 Cu 7 
Se Nb 30 
87.84 87.08 Pb 100 
BeO 12.16 12.92 Sc 70 
Satan Zr 70 
Total 100.00 100.00 Ga 70 
Rb 500 
Li 450 


Looked for but not detected: 
Ag, As, Au, Bi, Cd, Co, Mo, Ni, 
Sb, Sr, Te, U, V, W, Ge, Hf, In, Re, 
Ta, Th, Tl, La, Ce, Y, P, Pd, Pt 


@Microprobe analyses by E. Foord. ARL EMX-SM instrument, operating 
voltage 15kV; natural beryl used as a standard for Na and Cs, pure 
elements or synthetic oxides used as standards for remaining 
constituents. Water determined using a microcoulametric technique by E. 
Brandt and Harriet G. Neiman of the U.S. Geological Survey. BeO content 
calculated by difference. Data refinement carried oul using the MAGIC-IV 
computer program of Colby (1968). Microprobe results substantiated by 
analyses of other crystals by Carol Stockton. Red bery! crystals that are 
uniform in color have compositions similar to the one for the rim of the 
crystal listed here. 

Values determined using semiquantitative six-step emission 
spectrographic analysis by Nancy M. Conklin of the U.S. Geological 
Survey. 
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Figure 10. Various types of “fingerprint” inclu- 
sions and partly healed fractures originating 
from a central portion of a red beryl crystal. 
Dark-field and oblique illumination, magnified 
20x. Photo by Robert Kane. 
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(Sinkankas, 1981). Available data are insufficient 
to establish a correlation between the differences 
in minor- and trace-element chemistry and unit- 
cell parameters of the core and rim areas of a crys- 
tal, although such a relationship probably exists. 


Inclusions. Several types of inclusions are present 
in red beryl. Some are typical of inclusions in gem 
beryls, while others seem unique to red beryl and 
its particular environment of formation. Healed 
fractures—in the form of ‘‘fingerprints’’—as well 
as unhealed fractures are quite common, espe- 
cially along the central portions of the crystals or 
along color-zone boundaries (figure 10). Two- 
phase inclusions of unknown identity are fre- 
quently observed along flat planes (figure 11), and 
groups of the smaller two-phase inclusions often 
form flat or curved “fingerprint”’ patterns. Also 
observed in several red beryl crystals were well- 
formed “comet-tail” inclusions that trail behind 
the edges of the fingerprint-like patterns (figure 
12). These are probably a result of directional 
growth disturbances caused by the inclusions that 
they trail behind. Distinct color zoning and growth 
features are also frequently seen in red bery] (figure 
13). Finally, various solid inclusions are present— 
in particular quartz and bixbyite. 

The identification of red beryl should present 
little difficulty for the jeweler. Other common red 
gem materials (ruby, spinel, garnet, tourmaline, 
zircon) have basic gemological properties that dif- 
fer sufficiently from those of red beryl. The R.I., 


Figure 11. Distinctly formed 
two-phase inclusions ori- 
ented in several different 
planes in red beryl. Dark- 
field and oblique illumina- 
tion, magnified 35 x. Photo 
by Robert Kane. 
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Figure 12. This faceted stone 
is host to dense concentra- 
tions of minute, white par- 
ticles forming “comet tail” 

inclusions which are seen 
trailing behind “fingerprint”’ 
inclusions. Dark-field and 
oblique illumination, mag- 
nified 25x. Photo by Robert 
Kane, 


S.G., color, and absorption spectrum of red beryl 
are quite diagnostic. 


FACETING RED BERYL 


As with the faceting of other gem beryls, the orien- 
tation of the cut stone relative to the c-axis of the 
crystal has a great influence on both the color and 
durability of red beryl. Stones cut with their table 
parallel to this axis are more purplish red in hue, 
but they may show some color gradation across the 
table as a result of the “hourglass” color zoning. 
This orientation is used for crystals that have a 
highly fractured inner zone but are more transpar- 
ent around the outer rim. In contrast, stones cut 
with the table perpendicular to the c-axis display a 
more uniform orange-red hue. This is the preferred 
orientation for the best overall color. In either case, 
the color of the stone is improved if it is cut with 
the culet located near the center portion of the 
crystal. During faceting, stones may fracture in 
either cutting orientation because of the growth 
characteristics of the original crystals. It is also 
important to note that the red color of these crys- 
tals does not seem to be affected by heating to 
temperatures of several hundred degrees centi- 
grade for an extended period. 


PRODUCTION 

While only a limited number of red beryl crystals 
recovered from the Violet Claims have been suit- 
able for cutting, those that have been faceted ex- 
hibit a spectacular color (figure 14}. From the ini- 
tial discovery of the deposit in the late 1950s until 
the property was acquired by the present owners in 
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the mid 1970s, mining activity (mainly for mineral 
specimens} was sporadic. Recent mining for gem 
material has been carried out entirely on the sur- 
face by several individuals using earth-moving 
equipment and some blasting. For the most part, 
gem crystal recovery involves breaking up promis- 
ing pieces of rhyolite one at a time in the search for 
red beryl. The current mining operation generates 
a sufficient number of crystals to produce 80-100 
faceted stones per year, a level that is likely to 
continue for the foreseeable future. Cut stones are 
generally less than 0.5 ct, with an average of 0.15 
ct. However, stones weighing several carats have 
occasionally been cut. Most of the red beryl crys- 


Figure 13. Well-formed angular growth features 
reflect the original growth and hexagonal 
crystal symmetry of the red beryl. Dark-field 
and oblique illumination, magnified 30 x. 
Photo by Robert Kane. 


Winter 1984 


GEMS & GEMOLOGY 


tals produced at the Violet Claims find a ready 
market as mineral specimens. 


DISCUSSION 


Red beryl possesses the same desirable gemologi- 
cal characteristics of beauty, hardness, and dura- 
bility as do the more common gem beryls emerald 
and aquamarine. Its most conspicuous feature is 
the intense red color. The absorption spectra of 
beryls have been investigated in some detail [Wood 
and Nassau, 1968; Schmetzer et al., 1974 a and b; 
Sinkankas, 1981}. As with certain other gem min- 
erals, the coloration of red beryl is primarily due to 
trace elements incorporated within the beryl crys- 
tal structure. In the case of red beryl from the 
Thomas Range, Nassau and Wood (1968) con- 
cluded that manganese is the principal coloring 
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Figure 14. Faceted red beryl 
has appeared in a variety of 
jewelry forms, such as this 
necklace set with a 0.52-ct 
red beryl and the ring, with 
a 0.54-ct red beryl! as the 
center stone. Jewelry 
courtesy of Rex and Ed 
Harris. Photo © 1984 Harold 
@ Erica Van Pelt. 


agent. Iron and titanium do not seem to play a 
significant role. They related the spectrum of red 
beryl to that of pink morganite, whose paler color 
is also attributed to this same element {Wood and 
Nassau, 1968). Differences in the intensity of color 
between red beryl and morganite could be due toa 
higher level of manganese in the former (by two or 
three orders of magnitude), or to differences in the 
valence state of this element. However, slight var- 
iations among the spectra of these and other pink 
or reddish manganese-colored compounds pre- 
vented Nassau and Wood from fully explaining the 
observed spectral features of red beryl. On the basis 
of the similar spectra and chemistry, it appears 
that the same cause of color exists for red beryl 
from the Wah Wah Mountains. According to G. 
Rossman (pers. comm., 1983], more recent studies 
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of absorption spectra of red beryl have substanti- 
ated the general conclusions of Nassau and Wood 
{1968}, although specific details still require fur- 
ther investigation. These studies suggest that 
manganese in the 3+ valence state is the cause of 
the deep red color. 

Many of the characteristic features of the red 
beryl result from its formation within a rhyolite 
host rock under conditions of low pressure and 
high temperature in a volcanic environment. The 
similar trace-element chemistry of both the 
rhyolite and red beryl substantiate their common 
origin (see tables 1 and 2). Red beryl occurs in 
“topaz-bearing” rhyolites, a class of silica-rich 
volcanic rocks that are geochemically distinct in 
terms of the presence of topaz and the high content 
of fluorine and certain other elements. At present 
the petrogenesis of this type of volcanic igneous 
rock, and the crystallization of the gemstones 
found therein, seems reasonably well understood 
{see Bikun et al., 1980; Burt et al., 1982; Chris- 
tiansen et al., 1983) and can be summarized as 
follows. 

Topaz rhyolites are derived from magmas that 
originate in the lower portions of the earth’s crust. 
Certain areas of the crust, such as in the Basin and 
Range province, have been involved in large-scale 
regional crustal extension and thinning, and are 
marked by high heat flow, seismic activity, exten- 
sive faulting, and volcanism. Under these condi- 
tions, some lower crustal rocks undergo partial 
melting, which produces rhyolitic magmas prefer- 
entially enriched in silica and other constituents 
relative to the original rock. One of the most im- 
portant of these is fluorine, which experimental 
studies have shown to have a pronounced effect on 
the properties and crystallization of magmas 
(Bailey, 1977). With time, these rhyolitic magmas 
rise to the upper levels of the crust, where they are 
emplaced as shallow, subsurface domes, or they 
erupt at the surface to form lavas or pyroclastic ash 
flows. On the surface, the magma crystallizes 
under conditions of low pressure, high tempera- 
ture (about 800°C or less}, low water content, but 
relatively high fluorine content. Such conditions 
favor the release of a gas or vapor phase from the 
rhyolite magma during its cooling and crystalliza- 
tion. If the appropriate elements are present, min- 
erals such as gem topaz, garnet, and red beryl can 
crystallize from this gas phase in miarolitic cavi- 
ties, along fractures, or within the rhyolite itself. 

The composition of this gas phase is likely to 
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differ somewhat from that of the rhyolite magma 
as a consequence of the preferential enrichment of 
each element in either the magma or the gas. This 
segregation of elements would have an important 
influence on the composition of the red beryl. In 
particular, the marked difference in beryllium 
content between the red beryl and the host 
rhyolite suggests that this element was con- 
centrated in the gas. The same can presumably be 
said for certain other elements in the red beryl, 
such as cesium, rubidium, scandium, and tin. In 
contrast, the low content of the alkali elements 
sodium and potassium in the red beryl as com- 
pared to the rhyolite may suggest that these were 
retained in the magma. 


CONCLUSIONS 


Red beryl is now—and is likely to remain—the 
rarest of all gem beryls. Its occurrence in rhyolite 
in the Wah Wah, Thomas, and possibly other 
mountain ranges in western Utah represents a geo- 
logic setting that differs from that of all other gem 
beryls, and so far appears to be unique in the world. 
Material from the Violet Claims provides both 
spectacular gemstones and mineral specimens. 
The red beryl crystallized from a gas or vapor phase 
given off by a rhyolitic magma as it was cooling 
after having been erupted from volcanic centers. 
Crystallization under these conditions and from 
this type of host rock resulted in the unusual 
chemistry of red beryl, which in turn provided for 
the distinctive color as well as other physical and 
optical properties. Red beryl is currently being 
mined at the Violet Claims in the Wah Wah Moun- 
tains, and the likelihood of continued limited pro- 
duction is good. 
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4TH ANNUAL 
GEMS & GEMOLOGY MOST VALUABLE ARTICLE AWARD 


The Winter issue marks the end of the 1984 
Gems & Gemology volume year. Once again, 
we are asking you, our subscribers, to 
participate in the 4th Annual Most Valuable 
Article Award. We count on you to give our 
authors the recognition they deserve for 
the time and effort invested in their 
articles. We also need to hear your feelings 
about Gems & Gemology — we value your 
opinion and want the journal to continue to 
reflect your needs and interests. 

Your ballot is located on the insert card 
inside this issue. Please choose three 
articles from 1984 and mark them in order 
of numerical preference: (1) first, (2) 


second, (3) third. Be sure to mark only three 
articles for the entire year. Additional 
comments concerning the journal are 
welcome in the space provided. 

After voting, detach the postcard ballot 
and drop it in the mail (postage is prepaid 
if mailed in the U.S.). Ballots must be 
received by March 15, 1985 to be included 
in the final tally. 

The winning articles will be announced 
in the Spring 1985 issue of Gems & Gemology. 
Cash awards of $500, $300, and $100, 
respectively, will be given to the authors of 
the articles that place first, second, and 
third in the balloting. 
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NEW TECHNIQUES 


AN EXTRAORDINARY CALCITE GEMSTONE 


By C. 8. Hurlbut, Jr. and Carl A. Francis 


A 1,156-ct calcite gemstone cut from a twin crystal 
presents an unusual phenomenon when the interior is 
viewed through the table. One observes a multitude of 
colored images of the lower pavilion facets that change 
position and color with change in the viewing angle. 
This kaleidoscopic effect results in part from 
dispersion and the high birefringence of calcite, but the 
large number of facet images is caused by the 
twinning. As a single light ray enters the table, it is 
broken into two rays, O and E. On crossing the twin 
plane, each of these rays is divided into O and E rays, 
resulting in four rays that are reflected across the 
pavilion to be reflected toward the table. On this 
upward path, the rays again cross the twin plane and 
once more are divided into new O and E rays. Thus a 
single entering light ray emerges as four O and four E 
rays. 


Several varieties of calcite are used for ornamental 
purposes but, because of its low hardness and easy 
cleavage (it has three perfect cleavage directions), 
calcite is rarely cut into faceted stones. The 
gemstone described here is an exception. Not only 
is it an unusually large faceted calcite (1,156 ct, 75 
mm long x 44 mm wide x 48 mm high], but a most 
remarkable feature is seen when the interior of the 
stone is viewed through the table (figure 1). Con- 
sidering the strong birefringence of calcite (0.172), 
one would expect a pronounced doubling of the 
back facets. In this stone, however, a multitude of 
colored images of the back facets also appear, 
changing color and position in a kaleidoscopic 
manner as the viewing angle is shifted slightly. 
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CRYSTALLOGRAPHIC 
POSITIONING OF 
THE FACETS 


This gem was loaned by Professor Sidney Ross of 
Troy, New York, to the Harvard Mineralogical 
Museum for exhibition and study. It was faceted 
by Mr. Arthur Grant of Hannibal, New York, from 
flawless, optical-quality calcite from the Faraday 
Mine, Faraday Township, Hastings Co., Ontario, 
Canada. Specifically, the gemstone was cut from a 
twin crystal composed of two individuals twinned 
on the negative rhombohedron {0112}. In the fol- 
lowing discussion, these individuals will be desig- 
nated as crystal 1 and crystal 2. In this type of 
twinning, two of the three cleavages are common 
to both individuals; the third cleavage directions 
of crystals 1 and 2 make an angle 143° with each 
other (figure 2}. This stone has been cut so that its 
length is parallel to the direction of intersection of 
these third cleavages. Since this direction is paral- 
lel to the twin plane, the twin plane is also parallel 
to the length. Although the twin plane divides the 
stone into two roughly equal parts, the table lies in 
only one individual and makes an angle with the 
twin plane of approximately 67° (see figure 3}. This 
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Figure 1. The Ross calcite displaying the kaleidoscopic effect. The gem is 75 mm x 44 mm x 48 mm and 


weighs 1,156 cts. Photo © 1984 Tino Hammid. 


orientation of the table with respect to the twin 
plane is responsible for the intriguing kaleido- 
scopic appearance of the faceted stone. 

The pavilion facets are arranged in six courses 
parallel to the girdle. The facets of the top row 
make angles of about 75° with the table, those of 
the bottom row about 37°. Light entering through 
the table is reflected from the upper three rows of 
pavilion facets to the opposite side of the pavilion, 
striking facets there at angles less than the critical 
angle, and then passes out of the stone. However, 
light striking the lower three rows is reflected 
across the stone to strike opposing facets at angles 
greater than the critical angle and is totally re- 
flected upward through the crown facets. 

This movement of light is essentially the same 
as in any properly proportioned gemstone but only 
partially explains the unusual feature of this par- 
ticular stone. To understand the observed phe- 
nomenon, a review of some of the principles of 
crystal optics that apply to calcite may be helpful. 
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Figure 2. Drawing of calcite twinned on {0112} 
and bounded by cleavage surfaces. The ruled area 
is the twin plane. The stippled area shows the 
position of the plane of the table with the outline 
of the table superimposed, The double arrow 
indicates the direction of the length of the stone. 
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Figure 3. The twin plane that almost bisects the 
Ross calcite is clearly evident in this photo. Note 
how the table lies entirely in one individual. 
Photo © 1984 Tino Hammid. 


CRYSTAL OPTICS OF CALCITE 


A beam of light entering calcite (or any uniaxial 
crystal} is broken into two polarized rays, the ordi- 
nary (O} ray and the extraordinary (E) ray, which 
vibrate at right angles to both the direction of 
movement and to each other. The O ray vibrates at 
right angles to the optic axis and the E ray in the 
principal section, that is, in a plane that includes 
the optic axis. Except when light moves parallel to 
the optic axis, the two rays, traveling at different 
velocities, follow different paths. The familiar il- 
lustration of the double image of a dot viewed 
through a calcite cleavage piece shows the diver- 
gence of the two rays (Hurlbut and Switzer, 1979). 
The doubling of back facets also illustrates the 
divergence: one image is produced by the O ray, 
the other by the E ray. (See Bloss, 1961, p. 73, or 
Wahlstrom, 1969, p. 220, for a more complete dis- 
cussion of the crystal optics of calcite.) 

The plane in which the optic axes of the two 
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twin individuals lie is at right angles to the twin 
plane and in this gemstone makes a low angle with 
the table. The optic axis of crystal 1 (the individual 
containing the table) makes an angle of 20° with 
the table. Knowing this angle, the divergence of 
the two rays resulting from light entering perpen- 
dicular to the table was calculated to be 4°. 


THE EFFECT OF TWINNING 


Figure 4, a cross section of the Ross calcite at right 
angles to its length, shows schematically the 
manner in which light entering as a single ray at 
right angles to the table passes through the stone. 
The resulting diverging rays move into the stone 
only a short distance before they encounter the 
twin plane. As they pass through the twin plane, 
the rays are constrained to vibrate in conformity 
with the optical orientation of crystal 2; that is, as 
O rays vibrating perpendicular to its optic axis and 
as E rays vibrating at right angles to the O rays in 


Figure 4. Cross section of the Ross calcite 
gemstoneat right angles to the twin plane and the 
table. The lines crossing the figure show the 
manner in which a single light ray, entering 
perpendicular to the table, is divided and 
subdivided into O and E rays as it passes through 
the stone. 
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the principal section. Thus the O ray and E ray of 
crystal 1 each breaks into an O and E ray of crystal 
2, (again, see figure 4). This results in four separate 
rays that pass to the lower pavilion facets to be 
reflected across the stone. On striking the oppos- 
ing facets, at angles greater than the critical angle, 
the rays are totally reflected upward toward the 
table. But before they reach the table, the reflected 
light rays must again pass through the twin plane. 
As in the first crossing of the twin plane, each 
separate O and E ray is broken into O and E rays 
with vibration directions conforming to the opti- 
cal orientation of crystal 1. Thus the light that 
entered the table as a single ray emerges from the 
stone as four O rays and four E rays. 

In order to trace the passage of light, we have 
considered a single entering ray. But of course, 
when the table is bathed in light, beams of parallel 
rays enter the stone from all directions. Each set of 
parallel rays is divided in the same manner as the 
single ray described above, and each subdivision 
carries with it the images of the first facets from 
which it is reflected. The result is a multiplicity of 
overlapping facet images—and the distinctive 
kaleidoscopic appearance. 


DISPERSION 


Yet an additional factor contributes much to the 
charm of this stone: dispersion. In calcite, the dis- 
persion of the refractive index of the O ray is 0.024 
and of the RI. of the E ray, 0.012. Although these 
values are low compared to the dispersion of dia- 
mond (0.444), they are significant, particularly ina 
large gemstone. Not only is a beam of white light 
entering the stone broken into O and E rays, but 
each of these rays is also composed of all 
wavelengths of the visible spectrum and every 
wavelength (color) takes a slightly different path 
through the stone. Because of this, the images of 
the facets are colored. With a slight change in the 
line of sight or a degree or two rotation of the stone, 
a facet image changes color. 

Because facet images overlap and overlie one 
another, only rarely does an entire facet present a 
pure spectral color. In most instances, the color 
that reaches the cye is a combination of colors 
coming from two or more superimposed images. 
Some of these colored images leave the stone with 
vibration directions of the O ray, others as the E 
ray. By viewing the interior of the stone through a 
polarizing filter and then rotating the filter (less 
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than 90°}, one will find a position that eliminates 
completely some of the facet images; a 90° rota- 
tion of the filter from this position will eliminate 
others. In one position all the overlying images 
emerge as the O ray, in the other they emerge as 
the E ray. However, some facets, or portions of 
facets, are visible in all positions of the filter, 
which demonstrates that the image and its color 
are a combination of O and Erays. When one ray is 
eliminated by the filter, the color resulting from 
the other is seen. Each of these colors is purer and 
deeper than the composite color. 


CONCLUDING THOUGHTS 


The phenomenon observed in this gemstone is 
probably unique to calcite, because no other min- 
eral found in large gem-quality crystals has the 
same high birefringence, clarity, and twinning. 
Calcite is almost commonly twinned on {0112}, 
as in the gemstone described. Although such in- 
stances are rare, calcite may be twinned on another 
negative rhombohedron, {0221}, and on the posi- 
tive rhombohedron {1011} (the cleavage 
rhombohedron}. A gemstone cut from either of 
these twins, with proper regard to positioning the 
table with respect to the twin planes, would also 
show the same effect. Calcite is also commonly 
twinned on the base, {0001}, but because in this 
case the two individuals have parallel optic axes, 
the vibration direction of a light ray would not be 
changed on passing from one individual to the 
other. Thus, gemstones cut from this twin would 
not display the optical effect described here. 

We congratulate Mr. Grant for his skillful and 
imaginative cutting of this gem. The Ross calcite 
is no longer unique. Several smaller gems display- 
ing the kaleidoscopic effect have since been cut by 
Mr. Grant and by Mr. Michael Gray of Midpines, 
California, including a 70-ct stone on exhibit at the 
Los Angeles County Museum of Natural History, 
Los Angeles, California. 
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GREEN OPAL FROM EAST AFRICA 


By John I. Koivula and C. W. Fryer 


Bright green, nickeliferous, gem-quality opal from 
Tanzania, East Africa, is described and tts gemological 
properties are given. Chemical analyses and structural 
data are provided as well. 


Chrysoprase, the nickel-bearing green variety of 
chalcedony, has been used as a gem material for 
centuries. However, nickel-colored green opal 
{called prase opal}, from Poland and Tanzania 
(Webster, 1975, Schmetzer et al., 1976) and from 
Australia and Peru (R. Crowningshield, pers. 
comm., 1984}, has been only briefly mentioned in 
the literature. Therefore, we were pleased to re- 
ceive several pieces of nickeliferous opal for 
gemological study and experimentation. This 
Tanzanian opal is virtually the same color as 
chrysoprase. Like chrysoprase, the opal samples 
tested by the authors have a diaphaneity ranging 
from very translucent (figure 1) to semitrans- 
lucent. In addition, both gem materials are com- 
monly associated with an earthy brown limonite 
matrix in the rough (figure 2). In light of this strong 
potential for mistaken identity, we conducted a 
thorough examination of this unusual opal. The 
standard gemological properties of this material, 
as well as the results of chemical and X-ray analy- 
sis, are described below. 


GEMOLOGICAL PROPERTIES 


Several gemological tests were conducted to de- 
termine the properties of this material, especially 
as they compare to chrysoprase (table 1). 


Refractive Index. A small piece was sliced from the 
main mass and an optical flat was polished on one 
side. Using the GIA utility lamp with monochro- 
matic light and a Rayner Dialdex refractometer, 
we determined the refractive index to be 1.452. 


Specific Gravity. The same 3.06-ct piece used to 
determine the refractive index was used to mea- 
sure the specific gravity. Using a Voland double- 
pan balance equipped for hydrostatic testing, we 
determined the specific gravity to be 2.125. 


Ultraviolet Radiation. When exposed to ultravio- 
let radiation, the whitish areas in and on the opal 
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Figure 1. A faceted green opal from Tanzania (1.78 
ct). Photo by Tino Hammid. Stone courtesy of 
Andreas Becker of Friedrich August Becker, 
Idar-Oberstein, Federal Republic of Germany. 


all glowed bluish white, while the main mass of 
green opal and the brown limonite matrix were 
inert. With short-wave ultraviolet radiation, the 
reaction was strong to moderate; with long-wave 
U.V., a moderate to weak fluorescence was noted. 


Spectroscopic Analysis. Using a Beck prism spec- 
troscope, we observed a general absorption in the 
red from 660.0 nm upward, anda cut-off in the blue 
from 470.0 nm downward. Depending on the 
thickness of the material, the absorption areas 
increase as the thickness increases. Chrysoprase 
has essentially the same spectrum, which also 
depends on the thickness of the material tested. 
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TS A : 
Figure 2, A close-up of the opal and limonite 
matrix interface. Oblique illumination, 
magnified 25x. 


Microscopic Observation. With magnification, 
numerous white irregularly shaped spots were vis- 
ible in the opal. Where these spots occurred on the 
surface, as in figure 3, it became evident that they 
were in fact tiny cavities or vugs, lined with small 
spheroids of botryoidal opal (figure 4). 


CHEMICAL AND X-RAY ANALYSIS 


A rough sample of the opal was sent to Dr. George 
Rossman for chemical analysis. Aside from sili- 
con, the only significant element present in the 
analysis was nickel, the same element responsible 
for the coloring of chrysoprase. 

An X-ray powder diffraction pattern was made 
at room temperature in a Debye-Scherrer camera 
using a copper target tube at 48 kV and 18 mA for 
4.8 hours. The test revealed a cristobalite structure 
with stacking disorders attributed to tridymite. 
This agrees with an opal CT (cristobalite— 
tridymite) classification as proposed by Jones and 
Segnit (1971). 


CONCLUSION 


This interesting green opal bears a very strong re- 
semblance to top-quality chrysoprase and can eas- 
ily be confused with it on sight. However, a refrac- 
tive index reading will easily separate the two. The 


TABLE 1. A comparison of the gemological properties of 


chrysoprase chalcedony and Tanzanian green opal. 


Refractive Specific UN. 

index gravity reaction 
Green opal 1.452 2.125 inert 
Chrysoprase 1.535 2.620 inert 


chalcedony 
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Figure 3. Thin chalky white coating, also of opal 
CT, on the surface of one of the rough opals. The 
green spots are areas where tiny cavities in the 
opal break or almost break the surface. Oblique 
ilumination, magnified 30x, 


Figure 4. The interior of one of the numerous 
cavities in the opal decorated with a botryoidal 
lining. Transmitted and oblique illumination, 
magnified 50x, 


general availability of this material is not known, 
but several carvings up to five or six inches (12—15 
cm) in height have been seen at recent gem shows. 
The classification of this opal derived by the au- 
thors agrees with earlier results published on simi- 
lar opals (Schmetzer et al., 1976). 
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DIAMOND, Unusual Inclusion 


A gemologist from Victoria, British 
Columbia, brought to our attention a 
very unusual loose diamond crystal 
inclusion in a 0.02-ct single-cut dia- 
mond. As figure 1 indicates, the crys- 
tal sometimes may be seen to project 
from the face of the stone; with the 
stone oriented differently, however, 
the crystal falls below the surface. 
The inclusion is quite irregular in 
shape. It apparently was attached at 
one time in its cavity, since one end 
is polished, indicating that it once 
lay in the same plane as the crown 
facet. C.F. 


EMERALDS, 
Natural and Imitation 


Submitted to the Los Angeles labora- 
tory for identification was a seg- 
mented, reversible necklace typical 
of the style commonly manufactured 


Figure 1. Profile of a 0.02-ct 
single-cut diamond, with a 
diamond crystal protruding 
from one of the crown facets, 
Magnified 9x. 
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Figure 2. Enamel floral motif on one side of an emerald-and-simulated 


emerald necklace. 


in India. One side of the necklace was 
enameled with a floral motif (figure 
2). The other side (figure 3) was bezel 
set with 17 transparent green carved 
heart-shaped cabochons (the largest 
measuring approximately 20.6 x 
21.8 mm) and numerous small, 
transparent, near-colorless, rose-cut 
stones. Suspended from the main 
necklace were 36 transparent green 
drilled oval beads. Subsequent test- 
ing revealed that the beads were nat- 
ural emeralds. However, the carved 
heart-shaped cabochons showed a re- 
fractive index spot reading of 1.54, 
slight doubling, and a number of 
large two-phase hexagonal negative 
crystals. When viewed with dark- 
field and fiber-optic illumination, 
the heart-shaped cabochons were de- 
termined to actually be colorless, but 


with a green backing. The heart- 
shaped cabochons were thus identi- 
fied as rock crystal quartz, with the 
color due to a green backing. Because 
of the closed-back mounting, the na- 
ture of the backing could not be de- 
termined. The large center stone, in 
particular, in figure 3 shows a partial 
separation between the colorless 
quartz and the green backing; note 
especially the deeper color toward 
the bottom of this stone where the 
backing is still attached. This type of 
emerald substitute was commonly 
used many years ago. R.K, 


Editor's note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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Figure 3. Carved, simulated emeralds on the other side of the necklace 
shown in figure 2. The large stone at the bottom illustrates well how 
light the carved rock crystal is in those areas of the stone where it has 
separa ted from the backing material, compared to the deep green area 
at the bottom of the stone where the backing is still attached, 


OPAL, Oolitic vs. Sugar-Treated 


We recently examined a polished 
opaque slab of opal exhibiting a 
patchy play of color. Because the en- 
tire surface was peppered with tiny 
black spots, sugar-treated opal was 
immediately suspected. Examina- 
tion with the microscope, however, 
revealed the structure of oolitic opal 
(figure 4), a rare form of natural opal 
that shows an unusual dark, circular, 
spotted appearance under magnifi- 
cation. When oolitic opal is observed 
without magnification, it closely re- 
sembles and can be easily mistaken 
for the much more common sugar- 
treated opal. For comparison pur- 
poses, a sugar-treated opal is shown 
in figure 5. This is the first oolitic 
opal encountered since 1982 (Gems 
® Gemology, Summer 1982, p. 
104}. John Koivula 


PEARLS 


Dyed Cultured Pearls 


The Los Angeles laboratory received 
for identification a strand of 7.4-mm 
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bluish black pearls that had been rep- 
resented to be Tahitian black pearls. 
The X-radiograph revealed the inter- 
nal structure that identified them as 


Figure 4. Circular black spots 

identify oolitic structure in 

opal. Magnified 20x, 
. cna 3 
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cultured pearls. When we exposed 
the beads to ultraviolet radiation, we 
noticed a chalky white fluorescence 
that was stronger to short-wave than 
to long-wave. Natural-color black 
pearls fluoresce reddish to long-wave 
ultraviolet radiation. Most of the 
pearls appeared to be fairly even in 
color, but in a few the color was con- 
centrated around the drill hole, with 
distinct colored veins originating 
from this area spreading around the 
pearls in a peculiar fashion (figure 6}. 
A cotton swab that had been dipped 
in a2% nitric acid solution picked up 
some bluish color from areas inside 
the drill hole, proving that these 
pearls had been dyed to simulate the 
appearance of black pearls. Appar- 
ently, dye had been introduced to 
these drill holes and spread inside the 
pearls, creating the web-like pat- 
tern. K.H. 


First American Freshwater Cultured 
Pearls from Tennessee 

Both the New York and Los Angeles 
laboratories had the opportunity to 


Figure 5, While to the naked eye 
this sugar-treated opal closely 
resembles its natural oolitic 
counterpart, with 45 x 
magnification as shown here 
the separation is easily made. 
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Figure 6. Dye is evident around 
the drill holes of these 7.4-mm 
cultured pearls. Note also the 

web-like veins emanating from 
the dye area in the center pearl. 


examine a lot of 11 pearls sent by an 
American firm in Camden, Tennes- 
see. According to the owner, this lot 
represented samples of the first 
freshwater pearls that had been suc- 
cessfully cultivated in Tennessee 
over a period of some years (see the 
article on freshwater pearl cultiva- 
tion in the Fall 1984 issue of Gems e& 
Gemology). These pearls have been 
produced ina variety of shapes, sizes, 
and colors (figure 10, p. 138, Fall 1984 
issue of Gems e&) Gemology). The 
group included five small (approxi- 
mately 4.5 mm in diameter) almost 
round pearls and five larger pearls 
that were more oval in shape; all of 
these pearls were primarily white, al- 
though some showed a very slight 
rosé overtone. The largest pearl in 
this group (measuring approximately 
12 x 9 x 4 mm), although oval in 
shape, was quite flat on one side. A 
similar, smaller pearl had the ex- 
tremely high luster that is some- 
times seen in natural freshwater 
pearls. This same pearl also showed a 
very unusual purple fluorescence to 
X-rays that we noticed, though less 
pronounced, in the smaller (4.8 mm] 
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Figure 7. This X-radiograph shows two of the American freshwater 
cultured pearls examined in the New York and Los Angeles labora- 
tories. The irregular nucleus characteristic of mantle-tissue nucle- 
ation is prominent in the pear! on the left and less obvious, though 
clearly visible on film, in the one on the right. 


pronounced, in the smaller (4.8 mm} 
round brownish pink pearl as well. 
All the other pearls fluoresced very 
strong yellowish white to X-rays, 
indicating freshwater origin. The 
X-radiographs of all the pearls 
showed the typical irregular voids 
that prove mantle tissue nucleation 
(see figure 7}. C.F, 


Pseudo Star QUARTZ 


Most gemstones that exhibit 
asterism owe the star effect to tubu- 
lar or needle-like inclusions that are 
oriented in the correct crystal- 
lographic directions so that when the 
stone is cut en cabochon, reflected or 
transmitted light will reveal a star 


Figure 8. The star-like pattern in this 27-ct “strawberry” quartz 
cabochon is caused by modified goethite needles. 
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pattern. However, the Los Angeles 
laboratory recently identified a 27-ct 
reddish brown oval quartz cabochon 
that displayed a star effect that was 
not due to true asterism, but toa dark 
growth formation (figure 8). Micro- 
scopic examination of the cabochon 
showed that the quartz was densely 
crowded with long reddish brown 
needles of goethite that caused not 
only the color, but also the star. 
These prismatic needles were ori- 
ented along the directions of the 
three horizontal crystallographic 
axes and met at the junctions be- 
tween the major and minor rhombo- 
hedral faces of the host quartz. Some, 
but not all, of the needles displayed a 
morphological change from acicular 
goethite to the flat, plate-like form 
known as lepidocrocite (figure 9). 
This denser accumulation of inclu- 
sions causes the rhombohedral 
junctions to appear dark reddish 
brown in color, and, when the mate- 
rial is properly cut and viewed paral- 
lel to the c-axis, gives the appearance 
of the six dark intersecting rays of a 
star. A similar effect is seen in some 
trapiche emeralds where carbona- 


Figure 9. Goethite needles par- 
tially altered to lepidocrocite in 
the “strawberry” quartz 
cabochon shown in figure 8, 
Magnified 45 x. 
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Figure 10. Unidentified red coating in the drill hole of a 
4-mm corundum bead. Magnified 15 x. 


ceous inclusions collect along the 
horizontal axes. In the trade, this 
type of material has been referred to 
as “strawberry” quartz. It was first 
discovered in Sonora, Mexico, about 
15 years ago. K.H. 


RUBY SIMULANTS 


Color-Enhanced Corundum Bead 


A small {4 mm in diameter} natural 
corundum bead recently examined 
in the GIA Applied Gemology De- 
partment probably owes most of its 
purplish pink body color to the red 
substance that was found to be lining 
the drill hole (figure 10]. In the past, 
we have frequently seen near-color- 
less corundum beads take on a 
pinkish cast when they were strung 
on a red cord, but this is one of the 
few times we have encountered a 
color-coated drill hole. Of course, it 
is impossible to judge the true colors 
of such items without removing the 
coating in the drill hole. 

John Koivula 


Spinel and Synthetic 
Ruby Doublet 


Figure 11 illustrates an attractive 
cluster ring that came into the New 
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York lab for identification. The ring 
was set with an impressive number 
of diamonds and what appeared to be 
a large (approximately 20 ct) ruby. 
Unfortunately, the “ruby” turned 
out to be an assembled stone consist- 
ing of a colorless synthetic spinel top 
cemented to a Verneuil synthetic 
ruby back. Figure 12 shows the bub- 
bles in the rather poor cement plane 
as well as the curved striae in the 
synthetic ruby pavilion. This is the 
first time we have seen such a com- 
bination of materials in an assem- 
bled stone, and we cannot under- 
stand the reasoning behind it. R.C. 


SAPPHIRE, More Colors 
of Heat-Treated Stones 


Heat treatment is commonly known 
to produce blue and shades of yellow 
to orange-brown sapphires from 
milky lighter colored sapphires and 
to enhance rubies by minimizing 
their blue component. Recently, 
however, the New York lab en- 
countered heat-treated stones in 
colors they have not seen pre- 
viously. The strain discs evident 
in the beautiful 4-ct red-purple 
sapphire shown in figure 13 suggest 
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Figure 11. Ring set with dia- 
monds and an approximately 
20-ct synthetic spinel and syn- 
thetic ruby doublet. 


that the stone owes its color, at least 
in part, to heat treatment. But the 
zones of chalky fluorescence that ap- 
peared when the stone was exposed 
to short-wave ultraviolet radiation 
are proof positive that the stone has 
been heat treated. 

Figure 14 shows a 9-ct oval 
pinkish orange sapphire that the 
owner believed to be the best pad- 
paradscha he had ever seen. When 
exposed to short-wave ultraviolet 
radiation, however, it too revealed 
the zones of chalky fluorescence 
characteristic of heat treatment. We 
subsequently learned that heat 
treatment can cause some sapphires 
to turn a pinkish orange, presumably 
if the stone contains enough chro- 
mium in addition to iron to give the 
necessary balance. It is possible that 
the refinement of heating techniques 
with sophisticated ovens will begin 
to produce an abundance of sapphires 
of this color, which heretofore have 
been so rare as to be virtually un- 
available. If this comes to pass, it will 
be interesting to see if these stones 
get the same reception from the trade 
as the bulk of blue heat-treated sap- 
phires have received. R.C. 


SPINEL, Color Change 


Among a selection of gemstones re- 
portedly from Burma that were re- 
cently submitted to the Los Angeles 
laboratory for identification was a 
very attractive pinkish purple oval 
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Figure 12. Bubbles in the 
cement plane, and curved striae 
in the synthetic ruby pavilion, 
of the doublet shown in figure 
11. Magnified 15x. 


mixed-cut stone that weighed 7.23 
ct. Subsequent testing revealed that 
the stone was a natural spinel ex- 
hibiting a color change from pinkish 


Figure 13. Strain discs strongly 
suggest that this sapphire has 
been heat treated. Magnified 63 x. 


purple when viewed with fluores- 
cent illumination (figure 15) to pur- 
plish pink under incandescent light- 
ing (see figure 16). 

A single refractive index reading 
of 1.716 was obtained with a mono- 
chromatic light source equivalent to 
sodium vapor. When viewed with 
the microscope, this stone provided 
an interesting display of inclusions: 
short, thin intersecting needles; rel- 
atively large euhedral crystals of var- 
ious habits; fingerprints; and healed 
fractures. Figure 17 shows the ab- 
sorption curve as recorded with a Pye 


Figure 14. Pinkish orange color of a heat-treated 9-ct sapphire. 


Magnified 10x. 
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Figure 15. This 7.23-ct spinel 
shows pinkish purple in day or 
fluorescent light. 


Unicam PU 8800 UV-VIS spectro- 
photometer. When exposed to 
long-wave ultraviolet radiation, this 
attractive color-change spinel ex- 
hibited a moderate chalky yellowish 
green fluorescence, an unusual and 


Figure 18. Gas bubbles indicate that the large growth tubes in this 


Figure 16. Under incandescent 
light, the color-change spinel 
shown in figure 15 turns 
purplish pink. 


unexpected reaction. It was inert to 
short-wave ultraviolet radiation. 
R.K. 


Treated TOURMALINE 


Routine microscopic examination of 


= 2 


tourmaline had been filled. Magnified 25 x. 
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Figure 17. Absorption curve of 
the color-change spinel. 


a brownish gray oval cat’s-eye tour- 
maline showed that the larger 
growth tubes running parallel to the 
c-axis had been filled and sealed by a 
foreign substance. Some of these 
filled tubes, as shown in figure 18, 
were easily spotted because they 
contained two or more gas bubbles in 
the same channel. The odor from a 
carefully applied hot point indicated 
that the filling material was probably 
aplastic. Such voids are usually filled 
to prevent the detritus caused by the 
cutting process from entering them. 
Shellac is normally used for this pur- 
pose, because it can be easily re- 
moved with alcohol after the cutting 
and polishing process is finished. Be- 
cause of the relatively large size of 
the tubes, plastic may have been 
used in this instance to achieve a 
more permanent seal. 

John Koivula 
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Aquamarine and beryls of other colours from Nigeria. H. 
Bank, Goldschmiede Zeitung, Vol. 82, No. 6, 1984, 
p. 103. 


Large quantities of various colored beryls are emerging 
from a deposit in Nigeria. Many kilos of beryl have come 
from this source for some time; however, the precise 
location is unknown. The material is reportedly near- 
colorless, pale to dark blue, yellow, or green, is poor in 
quality, and is more suited for cabbing than for faceting. 
All of the colors seem to turn a rich dark blue when 
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heated. The refractive indices (approximately 1.574-6 
to 1.568—9} and birefringence (.006—.007} of the mate- 
rial are somewhat low. The reason for this is unknown 
and will require further investigation. Despite the gen- 
erally low quality of the material, Nigeria appears to be 
becoming an important producer of beryl. 

Mary Hanns 


The gem collection of the National Museums of Canada. 
W. Wright, Canadian Gemmologist, Vol. 5, No. 1, 
1984, pp. 2-14. 


This short article reviews the history of the acquisition 
of Canada’s National Gem Collection, which is main- 
tained by the Mineral Sciences Division of the National 
Museum of Natural Sciences in Ottawa. The collection 
numbers 1,500 specimens, “many of which are fine, rare 
gemstones.” The majority of the article consists of a 
partial catalogue of these stones, including name and 
locality, cut, carat weight, color, and the date the stone 
was acquired. SAT 


Korite®—a unique organic gem. G. Brown, Australian 

Gemmologist, Vol. 15, No. 6, 1984, pp. 206-208. 
Korite® is the registered name for an organic gem mate- 
rial derived from the iridescent nacre of an extinct, 
fossilized marine mollusk, the ammonite. This mate- 
rial, which is found in southern Alberta, Canada, was 
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discovered in 1908. However, it did not have real com- 
mercial potential until 1970, when a deposit of appar- 
ently stable shell was discovered. 

Prospecting is complicated, requiring surface topog- 
raphy, stratigraphy, experience—and luck. Mining is 
costly, and only about 1% of the total fossil recovery is 
gem-quality material. Approximately 95% of this ma- 
terial is used in assembled stones, with the remaining 
5% used as solid cabochons. 

The spectral colors displayed are produced by dif- 
fraction at thin, regularly spaced layers of aragonite, 
with red, orange, and green predominating. Most of the 
material has been cracked and rehealed by coarse- 
grained, noniridescent, brownish aragonite that gives 
the material its characteristic stained-glass-window ap- 
pearance. Korite® has a refractive index of 1.52—1.67 
{unlike that of most fossilized shell, which is calcite, 
1.486-—1.658} and a specific gravity of 2.70—2.85. Four 
photomicrographs accompany the article. RCK 


Kunzite. M. W. Mills, Lapidary Journal, Vol. 38, No. 4, 
1984, pp. 546-552. 


Kunzite, a lithium aluminum silicate, is a transparent 
gem variety of spodumene. It ranges in color from pale 
pink to reddish purple to purplish blue. 

The most important sources for gem-quality 
spodumene are the Mawi and Laghman areas of Af- 
ghanistan; the Pala District, California; Minas Gerais, 
Brazil; and Stoney Point, North Carolina. The Af- 
ghanistan material is noted for its diversity of colors and 
its depth of color. Bicolored and tricolored stones are 
found in this area. Some of the kunzite crystals reach a 
meter in length and weigh over 6 kg. 

The author includes a section on color agents, sta- 
bility, and irradiation. He concludes with an excellent 
discussion on the cutting of kunzite; it is based on the 
author’s extensive experience and should be read by 
anyone who is considering the challenge of cutting 
spodumene. GSH 


Negative inclusions in zircon from Anakie, Queensland. 
A.D. Robertson, Australian Gemmologist, Vol. 15, 
No. 5, 1984, pp. 164-166. 

Zircon from the Anakie mining field of Queensland, 

Australia, is generally free of primary inclusions. This 

article reports on the presence of elongated, rod-like 

inclusions found in some zircons from this locality 
which superficially resemble rutile. Close examination 
of these inclusions revealed them to be two-phase 

(liquid and gas} negative cavities, sometimes flattened 

on one end and occasionally on both ends. 

Although the inclusions are definitely of primary 
origin, the author speculates on two modes of forma- 
tion: (1) that they were generated from defect pits on the 
growing surface of the crystal, and (2) that they were 
originally rutile which was subsequently resorbed. 
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Robertson notes that similar though smaller inclusions 
found in sapphires from the same locality are thought to 
be rutile. Chemical analysis of one zircon revealed very 
little titanium, however, indicating that if the inclu- 
sions were originally rutile, it was not absorbed into the 
zircon lattice. RCK 


Turquoise or chrysocolla from the Jervois area, North- 
ern Territory. H. Bracewell and G. Brown, Aus- 
tralian Gemmologist, Vol. 15, No. 6, 1984, pp. 
189-195. 


The Jervois mining area of Northern Territory, Aus- 
tralia, is commercially exploited for its lead-silver ores. 
Copper mineralization also occurs here, primarily in 
iron-rich quartz rocks. In one such deposit, a greenish 
blue copper-containing material originally described as 
turquoise was discovered in 1981. Chemical analysis 
indicated the presence of copper in the material, al- 
though subsequent X-ray diffraction proved that it was 
not turquoise. 

Gemological testing revealed the following proper- 
ties of the material: color—variegated greenish blue to 
green with fine veins of grayish white quartz and reddish 
brown iron oxides; hardness—4 to 6; fracture— 
conchoidal, with a finely granular surface; mean 
S.G.—2.47 (2.3 to 2.5}; mean R.I.—1.53, diaphaneity— 
opaque; luster—vitreous to greasy; fluorescence—dull 
bluish green surface; no diagnostic absorption spec- 
trum, chemical stability—a yellowish stain is produced 
upon application of diluted hydrochloric acid. It was 
concluded that this material is a rock consisting of a 
chrysocolla-rich quartz, variable amounts of other cop- 
per minerals, and some iron oxide, visually similar to 
“Eilat stone.” 

An opaque, greenish blue reconstructed material 
was also examined, with the following properties: 
hardness—2 to 3; S.G.—1.78 (cerussite was apparently 
added to increase density); R.I.— 1.52; luster—waxy; no 
fluorescence or diagnostic spectrum, chars when tested 
with the hot point; no yellow stain produced when 
tested with hydrochloric acid. RCK 


DIAMONDS 


Mineral inclusions in diamonds from kimberlites in 
Colorado and Wyoming. H. O. A. Meyer and M. E. 
McCallum, Geological Society of America, Ab- 
stracts with Programs, Vol. 16, No. 6, 1984, p. 595. 

While plentiful data exist on inclusions in diamonds 

from Africa and Siberia, there is little information on 

inclusions in diamonds from North America. In this 
study, 80 diamonds were examined from kimberlites in 
the Colorado-Wyoming state-line area. The majority of 
these diamonds were small (approximately 1 mm), ir- 
regular in shape, and appeared to have suffered resorp- 
tion and fragmentation in the kimberlite. The inclu- 
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sions are less than 70 wm and are generally altered. 
Primary inclusions include olivine, diopside, ompha- 
cite, richterite, phlogopite, rutile, and potassium 
feldspar {sanidine ?}. Other types of inclusions, such as 
magnetite, spinel, and calcite, may be alteration prod- 
ucts. Diamonds with multiple inclusions are common. 
Overall, the types of inclusions are similar to those 
found in African and Siberian diamonds, although 
potassium feldspar and richterite have not previously 
been noted. The absence of garnet inclusions in these 
diamonds may be due to an inadequate sample of dia- 
monds available for examination. JES 


A note on the geology of some Brazilian kimberlites. 
D. P. Svisero, H. O. A. Meyer, N. L. E. Haralyi, and 
Y. Hasui, journal of Geology, Vol. 92, No. 3, 1984, 
pp. 331-338. 


Although diamonds have been known to occur in Brazil 
for several centuries, it was only in the late 1960s that 
kimberlites were first recognized. This initial discovery 
was due to a systematic exploration for minerals in 
western Minas Gerais. In view of the widespread occur- 
rence of alluvial diamonds in Brazil, further exploration 
has since been carried out, resulting in possible kimber- 
lite discoveries in other parts of the country. In addition 
to the Alto Paranaiba district of Minas Gerais, other 
possible kimberlite districts now recognized include 
Lajes (Santa Catarina}, Paranatinga and Aripuania (Matto 
Grosso), Pimenta Bueno {Rond6nia), and Gilbués (Piaui). 
A summary is presented on the geology of the most 
studied and best known kimberlite occurrence at Alto 
Paranaiba. The kimberlites in this area are similar to 
those in other parts of the world. Unfortunately, the 
kimberlites in many areas of Brazil are so extensively 
altered by weathering that little is currently known 
about their mineralogical and chemical nature. As fur- 
ther work is carried out, more information will become 
available that will enable the geology of these kimber- 
lites to be better understood. JES 


GEM LOCALITIES 


Gem travels in Asia. P. Read, Canadian Jeweller, Vol. 
105, No. 4, 1984, pp. 35—40. 


In an engaging travelogue, Read describes the highlights 
of his recent visit to three gem centers: Sri Lanka, Thai- 
land, and Burma. In Sri Lanka, he visited gem mines and 
viewed an uncut specimen of taaffeite. In Bangkok, the 
author attended a colored-stone conference and then 
participated in a two-day seminar on diamonds for the 
Asian Institute of Gemmological Sciences. The dia- 
mond theme was particularly relevant because of the 
growing importance of Bangkok as a diamond-polishing 
center (the city now contains three large polishing oper- 
ations}. Bangkok’s Wat Kao Street provided some unex- 
pected excitement, since glass, synthetics, and even the 
sophisticated Kashan rubies were much in evidence, 
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together witha wide range of fancy-cut cubic zirconia. In 
addition, the reported occurrence of chrome diopside on 
Thailand’s border with Burma was believed to be a posi- 
tive indicator for ruby. Although Read was able to cross 
into Burma, internal problems in that country prevented 
his planned visit to the gem areas of the interior. 
WEB 


Gold fever hits the Amazonian jungle. N. Hollander and 
R. MacLean, Smithsonian, Vol. 15, No. 1, 1984, pp. 
88-97. 

Photographs by Harold Mertes and Peter Frey of ‘““mud- 
caked Amazon miners” and their milieu make this piece 
an attention-grabber despite its gee-whiz tone and 
everything that it does not say. The “gold fever’’ mys- 
tique is retold once again, with endless anecdotes, but 
only one sentence refers to the importance of the gold to 
the nation of Brazil, which hopes to use it to help pay off 
its national debt. Nothing is said about the effect of the 
mining, now and in the future, on the lives of the indige- 
nous inhabitants of the area, and but one remark (‘Both 
the mountain and the stream have been consumed by 
the mine, and in their place is a giant wound. . .’’} refers 
to its effect on the jungle. 

The authors say ‘The mine is a melting pot, and 
anyone can be a garimpeiro [roughly, an independent 
miner] as long as he gives up what he was for the sake of 
gold,’ but give us no hint of some of the heinous hiring 
practices, such as actual kidnapping, attested to by peo- 
ple who have been on the scene. They do, however, 
explain in some detail how the economy of the operation 
works and some of the political changes that have come 
about as the mining progresses. So while reading be- 
tween the lines may dissolve some of the romance, the 
lines themselves are informative and thought- 
provoking. FS 


Manganese-rich red tourmaline from the Fowler talc 
belt, New York. R. A. Ayuso and C. E. Brown, Ca- 
nadian Mineralogist, Vol. 22, No. 2, 1984, pp. 
327-331. 


A red uvite tourmaline was recently found at the Arnold 
talc mine near Fowler, St. Lawrence County, New York. 
It occurs with manganese-bearing tremolite (hexa- 
gonite}), braunite, talc, and quartz in a sequence of 
carbonate-rich metasedimentary rocks that are part of 
the Precambrian Grenville Complex. The tourmaline is 
found as grains up to 3 mm in diameter that exhibit 
moderate absorption and rose to red dichroism. The 
chemistry of this tourmaline is unique in terms of the 
high manganese content (4.34 wt.% MnO} for a member 
of the uvite-dravite solid-solution series. Manganese 
does occur in lithium-rich elbaites, but itis not common 
in lithium-poor tourmalines such as uvites. The authors 
suggest that manganese-rich tourmaline may form in 
geologic environments other than pegmatites, provided 
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the bulk composition and geochemical setting allow for 
the formation of manganese-rich minerals as was the 
case at this locality. JES 


There’s still gold in them thar hills. G. Maranto, Dis- 
cover, Vol. 5, No. 7, 1984, pp. 56-59. 


One hundred and thirty-five years after the start of the 
great California gold rush, modern miners are searching, 
and destroying, the hills of the 125-mile Mother Lode 
region near Sacramento. The placer nuggets have long 
been exhausted; today’s treasures are the “infinitesimal 
flakes” of gold sprinkled throughout the rock in that 
region. Sonora Mining Co. was scheduled to begin a 
25-year strip-mining project this summer, literally 
whole mountains will be crushed into ore. This com- 
pany plans to retrieve the precious flakes by grinding the 
ore and leeching it in pits of water and thiourea, a nitro- 
gen compound in animal urine. lt appears that other 
mining companies might use cyanide in their leeching 
process, and environmentalists are greatly concerned 
about possible groundwater contamination. Residents 
are also protesting the wholesale destruction of the land 
and its wildlife, as well as the noise from processing 
plants. It is hoped that stricter mining regulations and 
close supervision by the Tuolumne County board of 
supervisors. will help keep these threats in check. 
This cdntroversial type of mining enables a com- 
pany to produce about 330 ounces of gold a day at a cost 
of about $200 per ounce (at the time this abstract was 
written, gold was selling for about $330 per ounce). 
Mother Lode Gold Mines Corp. has proven reserves of 9 
million tons of ore; Sonora Mining has 24.7 million tons 
estimated to contain 1.7 million ounces of gold. SAT 


A visit to New Zealand museums and jade factories. R. 
Kemp, Lizzadro Museum, Summer-Fall, 1984, pp. 
8-21. 

Mr. Kemp addresses nephrite with regard to both its 
historical and current importance to the people of New 
Zealand. The author focuses on the Maori tribe, the first 
settlers of New Zealand, who eventually established 
villages in the western regions of the island in order to be 
near the highly prized nephrite deposits. The nephrite, 
often called “greenstone,” is a very tough material that 
the Maori shaped into various implements, tools, 
weapons, and even jewelry. They recognized that the 
toughness of the stone allowed them to produce very 
sharp and durable pieces. It was not until the arrival of 
the European settlers in the late 18th century that 
metals were introduced into the Maori culture; until 
that time, the shaping and polishing process was long 
and arduous. 

Nephrite is still being mined in New Zealand today, 
mostly from mountainous areas, It is fashioned in vari- 
ous New Zealand jade factories, although the Maori are 
reportedly not involved with the work. 

The article lists a number of museums that contain 
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selections of Maori artifacts, carvings, and history for 
those interested in exploring New Zealand, its nephrite, 
and the Maori culture. Mary Hanns 


INSTRUMENTS AND TECHNIQUES 


Optical anomalies of beryl crystals. E. Scandale, S. Luc- 
chesi, and G. Graziani, Physics and Chemistry of 
Minerals, Vol. 11, No. 2, 1984, pp. 60-65. 


X-ray topography is a recently developed technique for 
studying the growth history of crystals. lt involves pas- 
sing an X-ray beam through the crystal, and then record- 
ing on photographic film an image of the crystal which 
reveals many of the internal structural defects. These 
defects, such as growth zones and dislocations, reflect 
the environment and conditions under which the crystal 
grew, and thus may be used to understand something of 
the crystal’s natural or synthetic origin. While not yet 
applied to the study of natural and synthetic gemstones, 
this technique holds some promise in helping to answer 
this troublesome gemological question. 

In this study, basal plates cut from natural Brazilian 
beryl crystals were examined by a combination of ana- 
lytical techniques., These beryl crystals displayed an 
anomalous biaxial character with a small 2V due to the 
nature of their growth history. lt was found that struc- 
tural defects identified in X-ray topographic photo- 
graphs could be correlated with variations in both opti- 
cal properties measured with the microscope and the 
contents of various impurity elements obtained by mi- 
croprobe analysis. Such features in turn could be related 
to the growth stages of the beryl. 

While currently there are insufficient data to fully 
interpret these results, it seems likely that future work 
may provide the means of distinguishing a natural crys- 
tal from one grown by flux, hydrothermal, or other syn- 
thetic techniques. The use of X-ray typography might 
then become important in the study of gemstones whose 
origin is in question. JES 


Testing the authenticity of corundum—methods and 
limitations. H. A. Hanni, Swiss Watch and Jewelry 
Journal, No. 3, 1984, pp. 461-467. 


Dr. Hanni provides an excellent short but concise out- 
line of state-of-the-art procedures currently used for the 
gemological testing of natural and synthetic corundum. 
The methods, in the order they are discussed, are: mi- 
croscopy, ultraviolet spectrophotometry, energy- 
dispersive X-ray fluorescence spectrometry (EDS-XRF}, 
neutron activation analysis, and X-ray topography. Of 
these, the light microscope and optical microscopy are 
the only instrument and technique presented that are 
generally accessible to the jeweler-gemologist; six color 
photographs of typical features observed in natural and 
synthetic corundums highlight this section. The article 
points out that in order for a microscope to be effective, 
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gemstones must contain inclusions. If a ruby or sapphire 
is without inclusions, then other testing procedures are 
necessary. 

Ultraviolet spectrophotometry is then discussed. 
This method details the effect of those elements present 
in a gem on the absorption spectrum as individual 
wavelengths of light in the ultraviolet region are passed 
through the gem. The method works well on most syn- 
thetic and natural rubies. However, when some of the 
newest synthetics were subjected to this test, the results 
were identical to those from natural stones. 

Energy-dispersive X-ray fluorescence spectrometry 
employs a primary beam of X-rays that bombard a sub- 
ject and produce secondary X-rays, whose fluorescence 
energies correspond to the elements present in the ma- 
terial being tested. With EDS-XFR, elements from 
sodium (11) through uranium (92) can be detected. The 
presence of gallium in concentrations greater than 200 
parts per million in natural rubies was previously 
thought to be proof of natural origin. Now, however, 
some of the newer synthetics are doped with gallium 
and this testing is no longer valid. More work must be 
done in this area to develop detailed characteristic 
trace-element profiles of both natural and synthetic 
gemstones. 

Neutron activation analysis is another method that 
relies on the presence or absence of trace elements. It 
employs neutrons from a nuclear reactor that bombard 
the subject, producing unstable isotopes in the struc- 
ture. The energies released upon the decay of these un- 
stable isotopes are characteristic for the elements they 
represent. By reading these decay energies, neutron acti- 
vation analysis permits quantitative determination of 
several trace elements simultaneously. The drawback to 
neutron activation analysis is the creation of radioactive 
elements within the gemstone. It takes 30 days for the 
chromium isotopes in a ruby to decay to a point where 
the ruby is no longer a health hazard. Hanni also men- 
tions that neutron irradiation could cause color altera- 
tion in some gems. 

The last method discussed by Dr. Hanni is X-ray 
topography. Such equipment is very expensive, and be- 
cause of the relative opacity of corundum to X-rays, thin 
slices must be cut from the test subject; obviously, this 
cannot be done with gemstones. In view of this, X-ray 
topography is not particularly useful in separating natu- 
ral from synthetic corundum. 

Hanni concludes that most corundums can be 
identified by normal gemological testing, microscopy, 
and spectrophotometry. Only a few extreme “problem- 
atic” cases require other testing methods. Dr. Hanni also 
states that the use of magnetic resonance, fission-track 
analysis, thermoluminescence and raman-laser probe 
testing, or a combination of some of these, may prove 
useful in some of these extreme cases. He closes by 
stating that ‘Inclusions are widely regarded as devaluat- 
ing defects in gemstones. Yet, they are what lenda stone 
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its unique character. Moreover, we are relieved for every 
ruby or sapphire whose discrete inclusions prove the 
authenticity, representing a certificate to the stone 
itself. Such stones ought to be promoted by the trade for 
they truly differ from their synthetic rivals.” 

John I. Koivula 


JEWELRY ARTS 


Beetle of the gods. T. B. Larsen, Aramco World Maga- 
zine, Vol. 35, No. 1, 1984, pp. 20-21. 


If you ever wondered how the lowly dung-beetle was 
elevated to sacred status by the ancient Egyptians, this 
brief, concise article gives the answer. Depicted in such 
detail by early Egyptian artists that centuries later, 
entomologists have been able to identify them, the 
scarab was the sacred ‘symbol of the sun, of rebirth, of 
life itself.”” Apparently, the scarab’s daily routine of food 
gathering, whereby it rolls a ball of dung over consider- 
able distances, suggested the sun’s relentless passage 
across the heavens; the female scarab laying her eggs in 
the sand encased in balls of dung represented the sun’s 
setting in the western desert; and with the 28-day cycle 
of gestation completed, the newly hatched scarabs push- 
ing their way up out of the sand implied the sun’s collab- 
oration with the moon to miraculously produce new 
scarabs out of dust. These manifestations signified life 
and rebirth to the early Egyptians. 

The scarab was fashioned in ‘virtually all the ma- 
terials used in ancient Egypt,” and can be found in nearly 
every aspect of their civilization. Carved in granite bas- 
relief and in the plaster walls of tombs, found in the 
jewelry of Tutankhamen and used as sacred seals by 
religious officials, utilized as good luck charms and 
commemorative tokens, the ubiquitous scarab appears 
and reappears, again and again. EBM 


Gold in fashion. C. Raats, F. de Lassus, and B. Fornas, 
Aurum, No. 17, 1984, pp. 27-55. 


On April 5, 1984, Intergold’s world premier “Gold in 
Fashion” show was unveiled to an international group of 
700 people. The objectives of the show were twofold: 
first, to alert the jewelry trade to the relationship of gold 
jewelry and fashion, and second, to disseminate the 
news throughout the world-wide fraternity of fashion 
journalists. 

The background of Intergold’s campaign and the 
strategies used to accomplish it are presented in this 
abundantly illustrated article. In the jewelry trade, as in 
most other sectors of the consumer market, a company 
can prosper only by continually introducing new prod- 
ucts that meet market needs. To help identify the needs 
of the consumer, Intergold established a relationship 
with Promostyl, a company that detects and defines the 
underlying currents that bring about changes in fashion. 
Their research revealed that consumers are fashion- and 
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price-conscious, they are either young and trendy or 
established with an eye for investment. The information 
collected by the specialists identified a major cultural 
trend—a movement toward refinement and sophistica- 
tion, a movement toward narcissism and an epicurean 
search for pleasure. They found a decline in the violence 
and slovenliness of previous years. 

Another important aspect of the contemporary 
scene is that there is no longer just one fashion in any 
given season, but several coexisting themes. Four domi- 
nant trends—Exotic, Natural, Avant Garde, and 
Retro—are identified as having a long-term influence on 
fashion. These trends have inspired four major fashion 
themes of the 1984-85 season: Arab, Bacchus, Gypsy, 
and Monastic. 

It is on the basis of these themes that fashion de- 
signers and jewelry manufacturers collaborated with In- 
tergold in producing jewelry and garments for the “Gold 
in Fashion” show. Promostyl produced 105 different 
sketches of garments—about 26 per trend. Sketches 
were analyzed to make sure the gold jewelry could be 
worn and displayed to advantage. A total of 45 gold- 
jewelry manufacturers and designers were given 
sketches of the outfits, and they designed and produced 
sets of gold jewelry that served as perfect accessories to 
the garments. j 

The gold jewelry carried out the mood and theme of 
each fashion trend. The Arab theme has oriental origins, 
giving it a mysterious, sensual flavor. Clothes are vivid 
and colorful. Gold jewelry is sparkling, open worked, 
multi-colored, and combined with nonprecious mate- 
rials. The Bacchus theme is an expression of the natural 
trend. The style of dress is serene, the jewelry has shapes 
reminiscent of nature; it is highly polished and has 
rounded forms. The third theme, Gypsy, was inspired by 
the Avant-Garde trend. Its connection with movement 
and fire makes it a flamboyant, seductive style. Jewelry 
has twirling scrolls of gold lacework inspired by 
wrought-iron gates and rails. The Monastic theme is an 
interpretation of the Retro trend. It is austere and so- 
phisticated, with a touch of “neo-retro” chic. The jew- 
elry is geometric and traditional. 

Unquestionably, the jewelry trade must link gold 
jewelry with fashion in order to satisfy the needs of the 
consumer, and to create excitement and interest in gold 
jewelry. Lorraine Gruys 


Jewelry from the Siwa Oasis. F. Bliss and M. Weissen- 
berger, Ornament, Vol. 6, No. 4, 1983, pp. 6-11, 
42.44, 


This is a detailed and extensive account of the cultural 
history of the Berber tribes from the Siwa Oasis as seen 
through their jewelry. The Siwa Oasis is located in the 
western deserts of Egypt, not far from the Libyan border. 
Already an old city when Alexander the Great came to 
visit, its origin can be traced to the early age of Islam. 
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The traditional jewelry of the women denotes their 
status as single, engaged, married, or elderly. The elabo- 
rations in terms of designs and traditional ornamenta- 
tion with coral, shell, and stones have symbolic value as 
protective talismans. The authors name every article of 
jewelry, trace the history and symbolism of each, and 
discuss the possible influences that other cities or tribes 
may have had on their development. 

I found this article to be more anthropological than 
gemological in nature and a bit difficult to follow. One 
sad but interesting fact that can be gleaned by the 
gemologist is that these tribes, out of monetary consid- 
erations, are now using base metal instead of silver or 
gold and are substituting glass and plastic for gems. The 
authors also note that the cost of the jewelry has in- 
creased while the quality of workmanship has gone 
down. A parallel might be drawn between the decline of 
their jewelry and the decline of these small Berber tribes. 

EBM 


Magic in the masks. B. Braun, Connoisseur, Vol. 214, 
No. 863, 1984, pp. 82—85. 


One of the rarest forms of pre-Columbian art is the Aztec 
mosaic. Comprised of minute tiles of turquoise, 
malachite, shell, and lignite inlaid on carved wood, the 
mosaics take the shape of masks, pectorals, knife han- 
dles, scepters, helmets, and vessels used in ceremonial 
rites by the Aztecs. Of only 50 mosaics in existence, the 
finest examples “have come out of princely European 
collections of great age,” and are presumed to have been 
gifts from Montezuma to Cortez. These were brought to 
Europe and kept as curios by the nobility. 

Three masks depicting gods and a pectoral in the 
shape of a double-headed serpent are shown in this brief 
photo-essay. The exquisitely cut tiles form the contours 
of the faces and the bodies of the snakes. The work was 
executed by Mixtec craftsmen in the south-central high- 
lands of Mexico using materials from other parts of the 
region. 

Because the Spaniards suppressed what they per- 
ceived to be pagan rituals, the original symbolism and 
use of these superb pieces can only be theorized. The 
author, an art historian, gives the reader a tantalizing 
taste of what is conjectured to be the origins of these 
mosaics. In her words, ‘these magnificent examples of 
the stonecutter’s art epitomize the supreme paradox of 
Aztec civilization: the strange, even baffling, coexist- 
ence of exquisite refinement and harrowing brutality.” 

EBM 


Pre-Columbian necklaces, then and now. R. K. Liu, Or- 

nament, Vol.7, No. 1, 1983, pp.2—5, 14-15, 44-45. 
Liu presents several sources of information on the forms 
and uses of pre-Columbian necklaces. His research 
concludes that the most reliable sources are Peruvian 
mummy bundles, murals and reliefs, statues, and ce- 
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ramic figures. Forty-two drawings of necklaces modeled 
on pre-Columbian ceramic figures demonstrate the 
range of styles found in the Mayan { Yucatan?) and Verac- 
ruz regions of Mexico. These pieces range in complexity 
from single-strand chockers to elaborate, multi-strand 
arrangements with several pendants. The majority of 
these necklaces were fashioned from stone or shell 
beads, although gold and copper were also used occa- 
sionally. Five “mystery” pieces from the Veracruz reg- 
ion appear to have been made from cords of rope or a 
pendant of cloth. Liu also provides photos of modern 
necklaces that show that contemporary craftsmen can 
successfully incorporate ancient jewelry components 
and designs into their own creations. SAT 


RETAILING 


Catalog showrooms: America’s top jewelers? M. 
Plotnick, Accent, Vol. 9, No. 5, 1984, pp. 57-64. 


Catalog showrooms now claim 20% of the market share 
for jewelry and watch sales. Although a variety of prod- 
ucts can be purchased in a catalog showroom, jewelry 
and watch sales are purported to be the “meal tickets.” 
“Eventually we want jewelry and watches to be 50% of 
our total sales,” projects David Grove of W. Bell and Co. 

Showroom customers are generally middle or 
upper-middle class. These customers make purchases 
with both price and style in mind. Female customers 
have become important enough to affect showroom pol- 
icies, and showroom hours have been expanded to ac- 
commodate the working woman. 

Watches, diamonds, and 14K jewelry are the leading 
product categories. Of the total 14K jewelry units sold, 
rings and neckchains are the median leaders, with 30% 
each. Earrings are 25%, followed by pendants and 
charms at 13%, and other 14K items at 10%. Some 
catalog coordinators are dropping gold-filled and sterling 
jewelry from their upcoming catalogs and adding dia- 
mond jewelry. 

Catalogs play an important part in the marketing of 
showroom jewelry. Most coordinators expect the num- 
ber of pages devoted to jewelry and watches to increase 
in the 1984-85 issues. Marcia Hucker 


The fun beauty treatment. A. Gold, Accent, Vol. 9, No. 
6, 1984, pp. 39-44. 


Wardrobe consultants have found a niche in the fashion 
industry. Is there one developing for jewelry consult- 
ants? If so, what would they need to know? And, a more 
timely question, what do salespeople need to know until 
the jewelry consultant niche has been filled? 

Beauty experts—celebrity photographers, hair styl- 
ists, and make-up artists—offer their answers to these 
questions. Advice ranges from the basic to the more 
avant garde: “Women should wear jewelry that’s scaled 
to their size,” says Lee MacCallum, senior editor of 
Glamour. “Jewelry can work with a woman’s personal 
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style to accent or compensate for different facial 
shapes,” says another expert. One hair stylist inter- 
viewed sees a relationship between hair style and jew- 
elry. The current asymmetrical hair styles, for example, 
lend themselves to free-form and sculptured shapes in 
earrings; two earrings in one ear and one in the other is 
another approach to complement a woman’s appear- 
ance. 

Make-up can be an important feature in selecting 
jewelry. Photographer Ariel Skelley photographed a 
model with copper-colored hair wearing copper-colored 
make-up, complemented by copper-colored jewelry. She 
views this monochromatic color scheme as an “effec- 
tive’ harmonizing of make-up and jewelry. Make-up 
artist Joey Mills agrees: “Make-up is one good way of 
choosing jewelry.” He suggests using the color of eye 
make-up. As an example, whitened or iridescent eye 
make-up is compatible with pearls, slate gray or grayish 
blue calls for hematite, amethyst goes with mauve, and 
emeralds go with celery or slate-gray eye make-up. 

Jewelry is used as a fashion statement. The advice 
here is: concentrate on one area of the body—the neck, 
the wrist, or the waist—and make one statement at a 
time. 

Several experts agree that “rules” are meant to be 
broken. While curved earrings soften a square jawline 
and round earrings add width to a long face, an effective 
way of using jewelry is to emphasize the shape—to styl- 
ize it, dramatize it, accentuate it. Photographer David 
King agrees with breaking the rules but cautions, “It all 
depends on the individual woman and what she can 
carry off.” 

General guidelines are given to assist in the training 
of sales personnel. Encourage a woman to try something 
new, but don’t push. If the customer is uncomfortable 
with something, she will never be at her best. Be tactful. 
Advice should focus on ‘“‘how to.” Be sincere. Too many 
have heard and are weary of ‘everything looks wonder- 
ful on you.” 

Trifari’s Quick Reference Chart for the cosmetic 
approach to fashion jewelry is included as a sidebar, The 
six basic facial outlines are given, together with recom- 
mended jewelry shapes and styles, as well as items to be 
avoided. 

A second sidebar outlines the various functions of a 
consultant. These tasks range from giving advice on all 
aspects of appearance to lessons in diction. A breakdown 
of the financial remuneration for consultants and the 
financial profits of their clients is given. Lorraine Gruys 


SYNTHETICS AND SIMULANTS 


Inclusions in synthetic corundum by Chatham. G. 
Brown, Australian Gemmologist, Vol. 15, No. 5, 
1984, pp. 149-154. 

Brown begins with an overview of the flux synthesis of 

corundum and a summary of characteristics reported in 
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previous examinations of Chatham synthetic corun- 
dum. He then describes the results of his own micro- 
scopic study of Chatham flux-grown ruby and sapphire. 
Several previously reported inclusions are noted: high- 
and low-relief two-phase flux, negative crystals, metal- 
lic inclusions, angular color zoning, layering resembling 
lamellar twinning, color inhomogeneities resembling 
“treacle” in Burma ruby, and planes of gas bubbles at the 
junction of the crystal cluster with the seed (shown by 
Kane—Gems & Gemology, Fall 1982—to be in a “ce- 
ramic” coating on the base of the cluster]. Also noted 
were trigonal growth features on relatively slow- 
growing crystal faces on crystal clusters; long, thin, 
two-directional needle-like inclusions of undetermined 
nature (which were neither mineral needles nor margins 
of rhombohedral parting planes); and thin, irregularly 
outlined, doubly refractive flakes of an undetermined 
mineral with optical properties similar to mica. 

The investigator concludes with a warning that 
several of these inclusion types, if viewed in isolation, 
could lead the inexperienced observer to identify the 
material as a natural stone. RCK 


Some observations on a Kashan synthetic ruby. C. R. 
Burch, Journal of Gemmology, Vol. 19, No. 1, pp. 
54-61, 

Burch reports on three kinds of inclusioris observed in a 
single Kashan synthetic ruby. One type consists of 
opaque, homogeneous bodies with a metallic luster. 
These are thought to be coarse, crystalline, residual flux. 
Another type, the “fingerprint” inclusion, is composed 
of very small, spherical structures, most of which are 
highly transparent and appear to be two-phased. The 
author speculates that these may consist of amorphous 
flux with a shrinkage bubble; the immobility of the 
gaseous phase is consistent with this view. The final 
type is described as composite bodies consisting of a 
homogeneous, transparent material with a thin outer 
coating of a white, translucent-to-opaque substance 
with a granular or “crazed” appearance. It is postulated 
that the center is actually amorphous flux with a coating 
of solid, residual crystalline flux. 

In conclusion, the investigator suggests that the 
three types of inclusions are related to each other and 
that a transition exists among them. Variations in alu- 
minum content, original size disparities among the in- 
clusions, and differences in the cooling rates from one 
area to another in the stone could all contribute to the 
very different visual characteristics of these three in- 
clusion types. RCK 


A scrimshaw imitation. N. A. Clayton, G. Brown, and J. 
Snow, Australian Gemmologist, Vol. 15, No. 6, 
1984, pp. 201-205. 


This article begins with a brief summary of the history 
and technique of scrimshanding—the art of decorating 
bone or ivory with colored, incised designs. It then pro- 
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ceeds to investigate a realistic imitation of walrus tusk 
scrimshaw called the ‘Whaler Ionia.” 

An exposed cross-section of the imitation revealed 
some interesting features. Apparently the manufacturer 
tried to imitate the circumferential growth banding 
found in the outer layer of natural ivory. A hand lens 
revealed numerous rounded gas bubbles and plastic 
melt/burn marks on or just under the surface of the piece 
in question. The material dissolved easily in acetone, 
but was insoluble in nitric acid. It melted readily when 
exposed to a flame, producing an acrid odor and smoke; 
it had a refractive index of 1.56 and a specific gravity of 
1.85, with a pale blue fluorescence when exposed to 
long-wave ultraviolet radiation. The properties (with 
the exception of the specific gravity] indicated a molded 
polystyrene resin plastic. 

Examination of the central core revealed that it was 
inhomogeneous, consisting of a central mass of cured 
polystyrene containing a mineral filler of irregular, an- 
gular particles. This filler was birefringent, displayed 
rhombohedral cleavage, had no relief when submerged 
in bromoform, effervesced to hydrochloric acid, and re- 
sponded negatively to Meigen’s test for aragonite. 

The authors conclude that the specimen was a 
molded polystyrene imitation whose central core had 
been filled with crushed calcite. It is noted that the 
manufacturer’s catalogue did in fact indicate that it was 
a molded product. RCK 


MISCELLANEOUS 


Safety and health: a concern for all electroplaters. Amer- 
ican Jewelry Manufacturer, Vol. 32, No. 5, 1984, pp. 
28-42. 


“Safety thrills me,” reads my favorite bumper sticker— 
favorite because it is so apparently absurd. But how’s 
this for a thrill: “Wear a supplied-air respirator if clean- 
ing requires working inside the degreaser tank. A second 
worker, similarly equipped, must be stationed outside 
the tank. . .able to communicate by voice or visual sig- 
nals with the worker inside the confined space... . 
Continue to ventilate the degreaser, even while using an 
airline respirator. IlIness may occur from skin absorp- 
tion if solvent concentrations are allowed to rise to un- 
safe levels.” Or this: “[in handling acid carboys] proper 
rinsing is essential... .Acids, when in contact with cy- 
anide, can lead to the production of hydrogen cyanide 
gas, a potentially lethal substance.” These nine pages are 
condensed from the 75-page looseleaf Manufacturing 
Jewelers & Silversmiths of America Health & Safety 
Manual, and appear to cover every hazard from ‘nickel 
itch” to flash steam explosions, with the appropriate 
preventive measures for each. The advice given is clear, 
sounds sensible, and is accompanied by sketches, charts, 
and diagrams. Readers may easily be thrilled enough to 
decide to look into the manual itself for more of the 
same. FS 
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DIAMONDS 
Australia. 

Loan for Argyle development. European Banking Co. 
Ltd. has announced the signing of a 12-year loan of 
US$32 million for Northern Mining Corporation’s 5% 
interest in the Argyle Diamond Mine in Western Aus- 
tralia. (Mining Magazine, July 1984) 


India 

The Golconda “D” diamond resurfaces. In the 17th 
century, the wealth of India was concentrated in the 
Kingdom of Golconda, now part of the State of Hydera- 
bad. All that remains now is a ruined fort near 
Hyderabad. 

The most famous diamond mines were at Kollur, in 
the gorge cut by the River Krishna. From this ancient 
source have come some of the world’s finest and most 
famous diamonds, such as the 108.93-ct Koh-i-noor 
(now among the Crown Jewels of England) and the 
70.20-ct Idol’s Eye. 

Among the great diamonds to be unearthed from 
Golconda was a magnificent piece of rough that yielded 
a polished stone of over 50 ct. At that time, Shah Jehan, 
who built the famous Taj Mahal, was Mogul Emperor of 
India, and it is believed that this 50-ct diamond, like the 
Koh-i-noor, may have been set in his fabulous Peacock 
Throne. In 1739, Persia’s Nadir Shah invaded India, cap- 
tured Delhi, and seized the Peacock Throne. Nothing 
further was heard of the 50-ct brilliant-cut diamond 
until it reappeared in Bombay recently. Laurence Graff 
in London purchased the stone and had it repolished in 
New York. 

The gem now weighs 47.29 ct and has been named 
the Golconda “D,” honoring both its Indian origin and 
its body color. (Graff Diamonds Ltd., London, England) 


Thailand 

Noted gemologist and author John Sinkankas has pro- 
vided Gems News with the following information on 
diamonds in Thailand: 

“T cannot recall seeing previous mention of the oc- 
currence of alluvial diamonds in Thailand and submit 
this note for the information of readers of Gems 
Gemology. The basic reference is ‘The geology of the tin 
belt in Peninsular Thailand around Phuket, Phangnga 
and Takua Pa,’ by M. S. Garson, B. Young, A. H. G. 
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Mitchell, and B. A. R. Tait, London, Institute of Geo- 
logical Sciences Overseas Memoir No. 1, 1975. It is a 
portfolio with pocket maps and an illustrated text of 112 
pages. 

“Diamonds, occurring in cassiterite-wolframite 
concentrates, are described and discussed in chapter 16, 
pp. 77~85, with maps and a fine photo of typical small 
crystals of diamond keyed to a table that provides de- 
scriptions of 20 crystals, giving weights, form, luster, 
and special features such as fluorescence, inclusions, 
etc. The diamonds are very small, the largest stone being 
only 0.89 ct and the lot of 20 weighing 6.28 ct altogether. 
The photographic plate shows that the crystals are 
mainly rounded dodecahedra, some quite ball-like, and 
only a few display good octahedral form. Sampling and 
prospecting have failed to uncover kimberlite-related 
minerals, e.g., pyrope, diopside, etc., and the source of 
the diamonds is unknown.” 


U.S.A. 

A diamond is melted. A laboratory accident at Cornell 
University in Ithaca, New York, has resulted in the 
melting of a diamond and the production of liquid car- 
bon. Using a powerful infrared laser, Jon S. Gold, a grad- 
uate student in geology, was heating a mixture of graph- 
ite and potassium bromide between two diamond 
“anvils” in a special press. The pressure at the time of 
the accident was greater than 120,000 times that of the 
atmosphere. Although the temperature could not be ac- 
curately measured, researchers suspect that it was close 
to 4000°C. The laser had been accidentally set at a 
higher power than planned. The graphite was converted 
to diamond, and the laser melted a furrow about one- 
tenth of a millimeter long across the face of the diamond 
anvil. The furrow was bordered by rounded glassy ridges 
of melted diamond. The researchers now involved in 
this project say that the next step will be to accurately 
determine at exactly what temperature the diamond 
melted. (Science News, September 1984} 


Punch Jones diamond sold. The Punch Jones diamond, a 
34.46-ct greenish-gray octahedron was sold at auction 
last October by Sotheby’s in New York. This stone is the 
largest alluvial diamond ever found in the United States. 
It was discovered in 1928 at Rich Creek near Peterstown, 
West Virginia by Grover C. Jones and his son William P. 
“Punch” Jones while they were playing horseshoes. 
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However, it was not until the stone was tested at the 
Virginia Polytechnic Institute in 1943 that it was iden- 
tified as a diamond. The Punch Jones has been on display 
at the Smithsonian since 1944. 


World’s largest uncut diamond displayed at Smithso- 
nian. The world’s largest existing uncut diamond—890 
ct—was placed on display at the National Museum of 
Natural History, Smithsonian Institution, following its 
unveiling by The Zale Corporation in Frankfurt and 
New York (figure 1). The date and place of the stone’s 
discovery are not known. 

Cutting of the stone was scheduled to begin imme- 
diately after the close of the exhibit on January 6, 1985. 
The undisclosed cutter estimates it will take 18 months 
to finish the faceted gem. The final shape has not yet 
been determined, although the modern pear, oval and 
briolette are among the cuts being considered. 

Only three rough diamonds larger than this one 
have ever been found—the Cullinan (3,106 ct}, the Ex- 
celsior (995.2 ct), and the Star of Sierra Leone (968.9 ct}. 
The largest individual polished diamonds are the 
Cullinan I and II, which weigh 530.20 and 317.40 ct, 
respectively, and currently rest among the British 
Crown Jewels. Some experts feel that Zale’s diamond 
could yield a cut stone larger than either of these. 

The diamond is owned by Christ, the European 
subsidiary of The Zale Corporation. 


USSR 

Soviets claim production of large synthetic diamond. 
Moscow’s World Service recently reported that scien- 
tists at the USSR Academy of Science have produced a 
2-kg (9,988-ct) synthetic diamond crystal for use in that 
country’s laser and optical industries. The report stated 
that the synthetic diamond was grown in an experimen- 
tal pressure chamber in temperatures higher than those 
at the sun’s surface. (Rapaport Diamond Report, August 
1984) 

GEM NEWS Editor's note: The proposed use of this 
material in lasers and optics suggests a crystal with at 
least some areas of high purity. Yet there have been no 
other developments in the field to suggest that the level 
of technology necessary to produce an optically pure 
synthetic diamond crystal that is over three times the 
weight of the largest known natural gem-quality dia- 
mond crystal (the Cullinan, 3,106 ct) exists. 


COLORED STONES Eas 


Chrysoberyl found in Queensland. A yellow-green 
chrysoberyl from Anakie, Queensland, Australia, was 
found in a parcel of yellow-green sapphires from the 
same area. The rough chrysoberyl appeared to be so 
similar to the sapphires that its true identity was not 
detected until after it had been cut and polished and was 
subjected to standard gem-testing techniques. The re- 
fractive index obtained from the 0.43-ct faceted 
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Figure 1. The 890-ct Zale diamond, the fourth 
largest rough diamond ever discovered, with its 
1-ct faceted counterpart. 


chrysoberyl was: alpha = 1.756, beta = 1.761, and 
gamma = 1.768. The specific gravity was 3.74, and in the 
spectroscope a broad absorption band was noted be- 
tween 425 and 458 nm. Gemologists should be on the 
lookout for more chrysoberyl from this locality. (Aus- 
tralian Gemmologist, August 1984} 


Irradiation of yellow sapphires. X-ray equipment at the 
Sri Lanka Cancer Institute in Maharagama is being used 
to treat pale yellow sapphires. While the deep orangish 
color obtained by irradiating the pale yellow stones is 
very pleasing, it is not permanent; when exposed to 
sunlight the stones will fade to their original color in a 
matter of hours. (Jewellery News Asia, July—August 
1984) 
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Large Mexican opal found. A nearly flawless, fist-sized 
fire opal displaying all of the spectral hues in its vivid 
play of color was reportedly found earlier last year in an 
opal mine in the state of Querétaro, Mexico. This opal 
has been described as one of the largest and finest gem- 
quality opals ever discovered in this mining area. It has 
been on display in the city of Querétaro since it was 
unearthed. The Mexican opal mining industry is cur- 
rently very active, especially in Querétaro and near 
Magdalena in the state of Jalisco. (Lapidary Journal, 
August 1984} 


Notes on danburite, zircon, and andalusite. The follow- 
ing three short notes were translated from the Boletin de 
la Asociacién Espariola de Gemologia for Gem News by 
Elise Misiorowski, of the GIA library. 

Golden brown danburite. Golden brown danburite 
from Madagascar, first discovered in 1920, has reap- 
peared on the market. The crystals and crystal sections 
are reportedly of ‘‘good size and relatively clean.” The 
stated color ranges from an intense pinkish orange topaz 
to a paler sherry-brown. This contrasts sharply with the 
usual colorless to near-colorless nature of danburite. 

Australian pink zircon. Some samples of gemmy 
pink zircon from Australia have been seen recently in 
London, England. It is reported that the pink is fairly 
dark in tone and closer in appearance to pink diamond 
than to pink sapphire. The exact place of origin of these 
zircons is not yet known. 

Colorless andalusite. A report from Brazil describes 
a colorless andalusite cut from a bicolored crystal. This 
andalusite displays low optical properties (R.I. 
1.630—1.634—1.638 and birefringence 0.008), and is be- 
lieved to have a low iron content. 


Treated Moroccan anglesites. Gem collectors are not the 
only ones who must be wary of treatment practices; 
treated minerals are now causing major problems for 
specimen collectors. It was recently discovered that the 
large, fine, gemmy anglesite {lead sulfate) crystals and 
crystal groups from Touissit, Morocco, have been 
treated to give them their amber-red color. The color is 
produced in the pale yellow and near-colorless crystals 
by dipping them in a strong bleach solution. The chemi- 
cal reaction that changes the color takes only a few 
seconds. A Moroccan dealer discovered this treatment 
by accident, and other dealers in Morocco decided to 
treat and sell the material without disclosing that it had 
been artifically enhanced. The color is present as a thin 
skin that covers both crystal faces and broken surfaces. 
The treatment process leaves the beautiful anglesite 
luster intact, and the treated color coating will not wash 
off. Dr. George Rossman, of the California Institute of 
Technology in Pasadena, discovered that immersion of 
the treated specimens in a saturated bromine-water so- 
lution reverses the reaction without damaging the lus- 
ter. However, bromine is very dangerous and should 
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only be used by experts. (Mineralogical Record, July— 
August 1984} 


The Walker emerald from North Carolina. A large and 
very fine emerald crystal was recently recovered from 
what has been described as ‘very rich ground” at the 
North Carolina Emerald Mines’ Rainbow’s End mine. 
The rich green, hexagonal, transparent to semitrans- 
parent crystal weighs 63.70 ct and measures approxi- 
mately 2.8.30 x 16.75 x 15.69 mm. It was discovered by 
Mr. Fred Walker, Vice President of Carolina Emerald 
Mines, Inc. This area has also yielded an 1,800-ct trans- 
lucent specimen-quality emerald crystal, a splendid am- 
ethyst cluster, and some blue sapphire crystals found in 
albite feldspar. (Carolina Emerald Mines, Inc., Septem- 
ber 1984} 


PRECIOUS METALS Es 


Alaskan gold. Anaconda Minerals Co., a subsidiary of 
Atlantic Richfield, has reported finding significant gold, 
zinc, lead, and copper deposits on the west side of Cook 
Inlet, about 96 km southwest of Kenai, Alaska. Explora- 
tory drilling has indicated gold values as high as 41.4 g 
per ton. (Mining Magazine, April 1984} 


Refinery opens in Singapore. The first precious metals 
refinery to be set up in Asia outside of Japan is now open 
and operational in Singapore. The refinery was a joint 
project between Handy and Harman Manufacturing, a 
U.S. metal refiner, and King Fook Investment Company 
of Hong Kong. Because of their experience in this area, 
the new refinery will be operated by Handy and Harman 
Manufacturing. (Jewellery News Asia, July—August 
1984) 


Sri Lankan gold jewelry to be hallmarked. The Sri 
Lankan government will introduce legislation to make 
gold hallmarking mandatory. Sri Lanka’s state gem cor- 
poration wants fineness stamped on all gold jewelry that 
is sold in or exported from Sri Lanka. Sri Lanka has also 
applied to join the International Federation of Hallmark- 
ing in London, England. 

Other Asian countries have already incorporated or 
are planning required gold-hallmarking programs. India 
has announced plans to begin its own gold-marking sys- 
tem, and Hong Kong will begin a hallmarking program 
forall gold jewelry above eight karats beginning January 
1, 1985. Singapore has been using a system of voluntary 
hallmarking since 1980. (Jewellery News Asia, 
September/October 1984) 


SYNTHETICS Se 


Gem-quality synthetic jadeite created at G.E. Scientists 
at the General Electric Research and Development Cen- 
ter in Schenectady, New York, announced last Novem- 
ber the creation of the first synthetic jadeite. One of the 
last gemstones to be synthesized, the man-made jadeite 
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was formed at high pressures and temperatures in the 
same laboratory used to create synthetic diamonds. 

To synthesize jadeite, the G.E. scientists began with 
the same materials as in the natural stone—sodium, 
aluminum, and silicon oxides. The materials (in powder 
form} are mixed together and heated in a furnace to 
about 2,700°F, causing them to melt. The molten liquid 
is then withdrawn from the furnace and allowed to cool 
into a glassy solid. Next, the glass is crushed and “re- 
fired” at about the same temperature ina tiny (1” x 42"} 
furnace inside a diamond-making press. There, the ma- 
terial is simultaneously exposed to pressures of up to 
440,000 pounds per square inch. The end result of this 
process is a cylindrical piece of white jadeite. 

By adding small amounts of other minerals to the 
starting powder mix, the G.E. scientists are able to syn- 
thesize jadeite pieces of varying colors, such as green (by 
adding chromium}, black (by adding larger amounts of 
chromium], and lavender (by adding manganese). In ad- 
dition, the G.E. team has synthesized samples featuring 
layered combinations of colors, such as green and white, 
as often occurs in nature. 

The cylindrical jadeite samples (%2” thick x 2” 
long) represent the first jadeite to be produced in suffi- 
cient size and quantity suitable for gemstone purposes. 
According to a G.E. spokesperson, the company does not 
have any, plans at this time to produce the synthetic 
jadeite commercially. 


Russian hydrothermal synthetic emeralds. Recently 
submitted to both the Los Angeles and New York offices 
of GIA’s Gem Trade Laboratory, Inc., were several 
faceted examples of a sophisticated type of synthetic 
emerald. The stones resemble in many ways synthetic 
emeralds of Russian hydrothermal manufacture that 
were recently obtained by Mr. Thomas Chatham in Hong 
Kong (see figure 2) and generously provided by Mr. 
Chatham to the Los Angeles lab for research. 

Some of the optical and physical properties of most 
of the Russian hydrothermal synthetic emeralds exam- 


Figure 2. A 0.88-ct hydrothermal synthetic emer- 
ald manufactured in Russia. Photo © 1984 Tino 
Hammid. 


ined to date are similar in many respects to those of 
some of their natural counterparts, in particular, emer- 
alds from Zambia. Because refractive indices, biref- 
ringence, specific gravity, and luminescent reactions 
may overlap with some natural emeralds, it is essential 
to become more familiar with the unusual growth fea- 
tures and other characteristic inclusions, as well as with 
the unusual absorption spectrum, observed in these 
Russian hydrothermal synthetic emeralds. The latter is 
due in part to an abundance of iron, which also affects 
the reaction to ultraviolet radiation and the color filter 
{inert for both). 

A detailed article on the unusual properties and 
identification of synthetic emeralds of known Russian 
hydrothermal manufacture will appear in an upcoming 
issue of Gems & Gemology. 


ANNOUNCEMENTS 


Ashberg diamond on display. The 
102-ct light yellow Ashberg diamond 
is currently on display at the Gem 
and Mineral Hall of the Los Angeles 
County Museum of Natural History. 
The Ashberg is the largest faceted di- 
amond currently on public display in 
the U.S. According to Laurence L. 
Copeland in The Book of Diamonds 
... Famous, Notable and Unique, 
the Ashberg, as shown at the 1949 
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Amsterdam Diamond Exposition, 
“was mounted in a necklace with 
other diamonds and gemstones. It is 
said to have been part of the ancient 
Czarist Russian Crown Jewels that 
were brought to Sweden after the 
Bolshevic Revolution in 1917.” 


Important jewelry exhibition. The 
famous Tiffany Iris Corsage, a 
turn-of-the-century brooch with 120 
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American sapphires from Yogo 
Gulch, Montana (figure 3}, is one of 
the highlights on display in the 
cross-country jewelry exhibition, 
“Objects of Adornment: Five 
Thousand Years of Jewelry from the 
Walters Art Gallery in Baltimore.” 
According to Walters Gallery docu- 
ments, the brooch was purchased in 
1909 by Henry Walters, an avid jew- 
elry collector who patronized con- 
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Figure 3, The gold and platinum 
Tiffany Iris Corsage set with 
American sapphires as well as 
diamonds, demantoid garnets, 
and citrines. Photograph cour- 
tesy of Intergem, Aurora, Colo- 
rado, 


temporary artists. His jewelry col- 
lection includes many fine pieces by 
Tiffany & Company and Rene 
Lalique. 

More than 200 pieces of histori- 
cal jewelry from this collection will 
be on display. The traveling exhibi- 
tion opened last October at the 
Cooper-Hewitt Museum in New 
York, and will visit the Chrysler Mu- 
seum, Norfolk, VA; the Carnegie In- 
stitute Museum of Art, Pittsburgh, 
PA; and the San Antonio Museum of 
Art, San Antonio, TX. The tour will 
conclude on February 8, 1987, at the 
Toledo Museum of Art in Ohio. 


The Tucson Gem and Mineral Soci- 
ety’s 31st Annual Show will be held 
February 7-10, 1985, at the Tucson 
Community Center, 260 South 
Church Avenue, Tucson, Arizona. 
Dioptase will be the featured min- 
eral, There will be exhibits of gems, 
jewelry, lapidary, and fossils, as well 
as related instruments, equipment, 
and publications. The show will 
provide the background for the an- 
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nual meeting of the Mineral Mu- 
seums Advisory Council. For further 
information, please contact: TGMS 
Show Committee, Box 42543, Tuc- 
son, AZ 85733. 


Association of Women Gemologists 
plans national meeting. The third 
annual meeting of the Association of 
Women Gemologists will be held in 
Tucson, Arizona, February 3, 1985, 
from 8 a.m. to 12, noon in the Holiday 
Inn Holidome on Palo Verde Boule- 
vard. For further in formation, con- 
tact AWG, P.O. Box 1844, Pearland, 
TX 77588; (713] 485-1606. 


ICA to sponsor colored gemstone 
congress. The International Colored 
Gemstone Association (ICA) will 
sponsor a colored gemstone congress 
to be held in ldar-Oberstein, West 
Germany, May 20—22, 1985. For fur- 
ther information, please contact 
Maureen E. Jones, ICA Administra- 
tor, 22643, Strathern St., Canoga 
Park, CA 91304, (818) 716-0489. 


Burma emporium. The 22nd Burma 
Gem, Jade and Pearl Emporium will 
be held in Rangoon at the Inya Lake 
Hotel in February 1985. For infor- 
mation on this event, please contact 
the organizer: Myanma Gems Corp., 
66 Kaba Aye Pagoda Rd., Rangoon, 
Burma. Telephone: 60904. Telex: 
21506 GEMCOR BM. 


Australian jewelry fair. The Aus- 
tralian International Watch, Clock 
and Jewelry Fair will be held in Syd- 
ney at the Wentworth and Hilton 
Hotels February 16—20, 1985. Fur- 
ther information can be obtained 
from World Trade Promotions Pty. 
Ltd., 291 Sussex Street, Sydney, 
N.S.W. 2000, Australia. 


Basel fair, Switzerland. April 11-18, 
1985, are the dates set for the annual 
European Watch, Clock and Jewelry 
Fair held in Basel, Switzerland. For 
additional information on this event, 
the organizers may be contacted at 
P.O. Box CH-4021, Basel, Switzer- 
land. Telex: 62685 FAIRS CH. 


AGTA makes stand on gemstone 
treatment. At their August 30, 1984, 
meeting in Dallas, Texas, the Board 
of Directors of the American Gem 
Trade Association authorized release 
of the following statement: 


The Board of Directors of the 
American Gem Trade Association, 
in full support of the principles of 
gemstone treatment disclosure, rec- 
ommends to its members and the 
trade that gemstone purchasers be 
made aware that natural stones are 
processed from the moment they are 
extracted from the earth by one or 
more of the following traditionally 
accepted trade practices: 

a. shaping, cutting, and polish- 

ing 

b. heating to effect a permanent 
change of color 

c. the application of colorless 
oil 

d. bleaching 

and more recently, 

e. nondetectable irradiation to 
effect a permanent change of 
color 

It is not acceptable to offer for sale, 
without full disclosure, gemstones 
that have been subjected to the fol- 
lowing treatments: 

f. dyeing, tinting, and laser drill- 
ing 

g. irradiation and heating when 
the color change is not per- 
manent 

h. coating, glossing, and other 
surface modification 

i. impregnation, such as wax, 
paraffin, glass, plastic, and 
colored oil 

j. Composite process, over- 
growth, and surface diffusion 


AGTA recommends to its 
members that all relevant informa- 
tion be readily provided to a pro- 
spective purchaser or consignee. 

Any treatments not included in 
the list above, once brought to the 
attention of AGTA, will be consid- 
ered as possible additions on a case- 
by-case basis. AGTA will be provid- 
ing a more detailed list of all treat- 
ments, indicating the gemstones to 
which they apply. 
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GEMSTONES 

By P. O'Neil, 176 pp., illus., publ. by 
Time-Life Books, Alexandria, Vir- 
ginia, 1983. US$19.95"* 


This book is one of Time-Life Books’ 
Planet Earth series, which includes 
studies of the earth’s geology, at- 
mosphere, and oceans. This particu- 
lar volume is an easy-to-read and 
beautifully illustrated introduction 
to gems and gemology. 

O'Neil covers his topics in a se- 
ries of chapters and photographic es- 
says that include colored stones, di- 
amonds, the diamond market, and 
gemstone formation and recovery. 
The introductory photo essay, 
“Riches in Rocks,’’ establishes 
beauty, durability, and rarity as the 
distinguishing traits of a gemstone. 
The text and captions are brief, leav- 
ing the color photographs of rough 
and finished specimens of tourma- 
line, diamond, emerald, tanzanite, 
and 11 other gem materials to speak 
for themselves—and they do quite 
eloquently. 

Chapter one, “The Flowers of 
the Kingdom,” recounts some of the 
legends and histories of famous dia- 
monds. It also includes a four-page 
mini-essay on gem mining in Sri 
Lanka. The accompanying photo es- 
say, “The Inner World of 
Gemstones,” is a visually stunning 
array of photomicrographs. The 
photos themselves reveal the wonder 
of gemstones under magnification, 
while the text explains how magnifi- 
cation can help us learn about gem 
formation. 

Chapter two, ‘‘Earth’s Crucibles 
of Creation,” discusses gem forma- 
tion, the origin and significance of 
optical and physical properties, the 
cause of colorin gems, and synthesis. 
Excellent illustrations of unit cells 
and photographs of sample minerals 
elucidate ‘The Geometry of Gems,” 
a photo essay on crystallography. 
The chapter ends with another excel- 
lent and attractive graphic essay on 
the rock cycle and gem deposit for- 
mation. 

Vignettes and anecdotes of min- 
ing and trade from Mogok to Muzo to 
Yogo Gulch enliven chapter three, 
“The Lure of Colored Stones.” “A 
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BOOK 
REVIEWS 


Michael Ross, Editor 


Deadly Quest for Emeralds” provides 
a dramatic, up-to-date account of 
emerald recovery in Colombia’s 
Muzo Valley. Again, the pictures tell 
the story of rough terrain and gruel- 
ing mining conditions, desperate 
smuggling, and sudden death. 

Chapters four and five describe 
the evolution of the diamond market 
in the 20th century —from the initial 
scrambling of empire-builder Cecil 
Rhodes to De Beers’s continuing 
struggle to maintain control of a geo- 
graphically, economically, and polit- 
ically diversified industry. The book 
closes with “A Gallery of Master- 
works,” eight outstanding examples 
of gem art bridging the period from 
Tutankhamen to Salvador Dali. 

The treatment is essentially a 
journalistic survey rather than a 
comprehensive educational exami- 
nation. The text is probably too gen- 
eral for the serious gemologist, but 
the book more than succeeds in 
communicating the excitement, 
beauty, and mystery of gemstones. 
This may inspire readers to a more 
serious investigation of gemology. 
This book is an excellent introduc- 
tion to gemology—especially for 
young readers—and even the most 
avid gemologist would find it enjoy- 
able. 


CINDY RAMSEY 
GIA Instructor 


RECOVERY AND 
REFINING OF PRECIOUS 
METALS 


By C.W. Ammen, 328 pp., illus., 
publ. by Van Nostrand Reinhold 
Co., New York, NY, 1984. US $25.50 


C.W. Ammen presents a practical 
guide to recovering and refining pre- 
cious metals from both primary and 
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secondary sources. Jewelers will be 
especially interested in the sections 
on extracting and refining the pre- 
cious metals from scrap jewelry, 
sweepings, and spent plating solu- 
tions. Ammen describes a variety of 
methods and “set ups,” allowing 
readers to compare options and de- 
vise safe operations suited to their 
own particular needs. His explana- 
tions of wet chemical and elec- 
trochemical processes are straight- 
forward and easily understood. 

Special attention is given to the 
identification of “unknowns” using 
quantitative and qualitative analy- 
sis. Mr. Ammen also describes a va- 
riety of methods used in the recovery 
of precious metals from ores, black 
sands, old film, and catalytic con- 
verters, pointing out the particular 
hazards involved in each operation. 

Although the text is fairly easy 
to read, the book does not lend itself 
to “cover to cover” readability. As a 
reference text, however, it is 
excellent—well organized and the 
material is complete. I recommend 
this book for the layman or jeweler 
interested in the recovery and refin- 
ing of gold, silver or platinum. 


JEAN PIERRE SAGET 
GIA Instructor 


OTHER BOOKS 
RECEIVED IN 1984 


A Field Guide to Antiques and Col- 
lectibles, Jean Minar Paris, 
Prentice-Hall, 1984; 196 pp.; 
US$8.95. This paperback book is 
aimed primarily at the flea market 
prowler and small town auction 
goer who is looking for bargains. 
The period covered is 1880-1930 
and the subjects range from silver 
to glass, with jewelry, clocks, and 
furniture sandwiched in. Al- 
though the chapter on jewelry is 
only 20 pages long, it gives the 
reader a series of tips on what to 
look for in terms of benchmarks 
and types of gems that might have 
been overlooked or undervalued 
by the dealer. Her two tenets are: 
“Never buy damaged” and 
“Never impulse buy.” This is 
sound advice for any buyer. 
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Gem and Jewelry Year Book 1984, 


Gem & Jewelry Information 
Centre of India (A-95, Journal 
House, Janta Colony, Jaipur-302 
004); 1984; 216 pp.; US$32.00. 
This tenth annual reference book 
of the Indian gem trade is divided 
into three parts. The first part 
covers India’s gem trade, import 
and export statistics, machinery 
and equipment for the gem trade, 
a Who’s Who in India, and a brief 
overview of the world’s gem cen- 
ters. Part two consists of eleven 
appendices covering such subjects 
as world organizations, study and 
training, mine localities, care of 
gemstones, India’s tax and import 
information, and miscellaneous 
items of interest about gems. Part 
three contains a list of Indian gem 
and jewelry exporters, as well as a 
list (by country) of selected for- 
eign importers and exporters. 
This is a useful resource manual 
for anyone dealing with the Indian 
gem trade. 


Gemmology: Questions and An- 


swers, George W. Stevens, Gem- 
mological Books and Instru- 
ments (Sydney, N.S.W. 2000, 
Australia), 1984, 85  pp.; 
US$12.00. This spiral-bound, 
word-processor-typed booklet is 
the result of the author’s efforts to 
study for and pass the exam given 
by the Gemmological Association 
of Australia. It is divided into two 
parts, Physical Gemmology and 
Applied Gemmology, and con- 
sists of posed questions with their 
answers in a random assemblage. 
An index for each part concludes 
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this work, which could serve as a 
supplemental study guide for 
some students of gemology. 


The History of the Earth’s Crust, 


Don L. Eicher, A. Lee McAlester, 
and Marcia L. Rottman, 
Prentice-Hall, 1984, 198 pp.; nu- 
merous black and white photos, 
maps, sketches, and diagrams; 
US$18.95. One of a series of books 
published by Prentice-Hall on the 
earth sciences, this comprehen- 
sive work outlines and discusses 
modern theories on the formation 
of the earth’s crust. The book 
moves chronologically from the 
earth’s origin 5 billion years ago 
up to the appearance of Homo 
sapien. Easily understood by the 
lay reader, it is peppered with il- 
lustrations, photos, and graphs, 
and has an extensive bibliography 
and index. 


Minerals and Rocks, 3rd ed., |. F. 


Kirkaldy, Blandford Press, 1976, 
184 pp.; 290 color illustrations 
plus numerous black and white 
diagrams and sketches; 
US$9.95*. Eighty color pages of 
rocks and minerals begin this cap- 
sulized compendium of geology, 
followed by chapters that con- 
cisely present basic mineralogy 
and petrology concepts. A 
booklist of suggested reading, a 
glossary, and an index complete 
this pocket reference book. 


Origin of Birthstones and Stone Leg- 


ends, M. T. Ghosn, Inglewood 
Lapidary (P.O. Box 701, Lomita, 
CA), 1984; 73 pp.; US$2.95. This 
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book is comprised of lists and ta- 
bles showing the various talis- 
manic properties of several 
gemstones. Although there is no 
formal bibliography, the sources 
seem to be primarily biblical, 
with some mention of The Curi- 
ous Lore of Precious Stones by 
Kunz and Precious Stones by 
W. B. Crow. The first 16 pages are 
devoted to Aaron’s Breastpiece, 
with a final tally and consensus as 
to which gemstones were used for 
it. Other lists include stones of 
the Foundation, the Apostles, the 
Angels, the Twelve Tribes of Is- 
rael, and the Zodiac. The last page 
is given to a plea from the author 
for readers to submit knowledge 
of further gem legends and their 
sources. 


Physical Geology: Principles and 


Perspectives, 2nd ed., Edward A. 
Hay and A. Lee McAlester, 
Prentice-Hall, 1984, 463 pp. This 
is a concise, current introduction 
to physical geology that covers 
the “essential principles of the 
subject—minerals, rocks, geo- 
logic time, earth structure, plate 
tectonics and land sculpture.” 
Each of the 13 chapters is broken 
into sequential segments with 
important words and phrases 
highlighted and a multitude of 
drawings, photos, and diagrams. 
Each chapter ends with a sum- 
mary outline and a list of addi- 
tional reading. A glossary and 
index complete this fine text- 
book. 


ELISE B. MISIOROWSKI 
GIA Librarian 
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This index gives the first author (in parentheses} and first page of the article, Editorial Forum, or 
Gem Trade Lab Notes (GTLN] section in which the indexed subject occur:. The reader is 
referred to the author index for the full title and the coauthors, where appropriate, of the articles 


cited. 


A 


Abalone 
pearls in (GTLN}) 167 
Alexandrite effect, see Color change 


Amethyst 
unusual natural inclusion in 
(GTLN] 106 
Anderson, Basil W. (Liddicoat) 1 
Aquamarine 
from Minas Gerais, Brazil (Proctor) 
78 
occurrence in pegmatites (Shigley} 
64 


Assembled stone 
spinel—synthetic ruby doublet 
(GTLN} 228 
Asterism 
in quartz (GTLN} 106 
in quartz caused by growth 
phenomenon {GTLN]} 228 


B 
Beryl 
dyed, as emerald substitute 
(GTLN} 167 
with iridescent coating (GTLN} 45 
occurrence in pegmatites (Shigley} 
64 
Beryl, red 
fake specimen {GTLN} 45 
from Utah—history, geology, 
gemological properties, 
mineralogical data, inclusions, 
and production of (Shigley) 208 
Bixbite, see Beryl, red 
“The Black Ruby,” see Spinel 
Book reviews 
Castellani and Giuliano; 
Revivalist Jewellers of the 19th 


Index 


Century (Munn} 123 
Crown Jewels of Europe (Prince 
Michael of Greece) 61 
The Emerald (Mumme) 123 
Gem & Crystal Treasures 
y (Bancroft) 178 
Gemstones (O'Neil) 247 
A Guide to Man-Made Gemstones 
(O’Donoghue} 178 
Igneous Rocks (Baker) 61 
Nature of Earth Minerals 
(Tennissen) 61 
The Physics and Chemistry of 
Color (Nassau) 123 
Recovery and Refining of Precious 
Metals {Ammen} 247 
Brazil 
emeralds from Santa Terezinha de 
Goids (Cassedanne] 4 
pegmatites of Minas Gerais 
(Proctor} 78 
Briolette of India diamond 
{Editorial Forum) 113 


Cc 
Calcite 
unusual gemstone with 
kaleidoscope effect (Hurlbut} 
222 
Cat’s-eye, see Chatoyancy 
Chatoyancy 
in scapolite (GTLN)} 45 
in zircon (GTLN) 106 
Chrysoberyl 
from Minas Gerais, Brazil {Proctor) 
78 
Color 
in fresh water pearls (Sweaney) 125 
Color change 
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in pyrope-spessartine garnets 
{Manson} 200 
in spinel from Burma (GTLN) 228 
Color grading 
- of diamonds (Collins) 14 
Color shift 
as differentiated from color change 
(Manson) 200 
Coral 
dyed blue with plastic coating 
(GTLN] 45 
Corundum 
color enhanced (GTLN) 228 
Cubic zirconia 
inclusions in (GTLN} 167 
Cummingtonite-grunerite 
as ornamental gem (GTLN}) 106 


Diamond 
coated (GTLN} 106 
color grading by machine (Collins} 
14 
with large laser drill hole (GTLN)} 
45 
phantom growth plane in (GTLN) 
167 
with step-like laser drill hole 
(GTLN} 45 
unusual inclusion in (GTLN} 228 
Diamond, colored 
color grading by machine (Collins} 
14 
Diamond simulant, see Cubic 
zirconia 
Diamond, synthetic 
chemical analysis of (Rossman} 
163 
magnetism in (Rossman} 163 
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synthesis and gemological 
properties of (Koivula) 146 
Diaspore 
from Turkey (Editorial Forum} 113 
Diopside 
grayish lavender (GTLN) 106 


E 
Editorial 
Anderson, B. W. {Liddicoat) 1 
pegmatites (Liddicoat) 63 
Emerald 
chemical distinction of natural 
from synthetic (Stockton) 141 
natural and quartz imitation in 
same necklace (GTLN) 228 
oiled, reaction to heat (GTLN] 45 
from Santa Terezinha de Goids, 
Brazil—location, history, 
geology, mining, and 
gemological properties of 
{Cassedanne} 4 
Emerald substitute 
dyed beryl (GTLN) 167 
Lechleitner synthetic emerald 
overgrowth (GTLN] 167 
quartz with green backing (GTLN] 
228 
Emerald, synthetic 
chemical distinction from natural 
{Stockton} 141 
with iridescent coating (GTLN} 45 
Enstatite (GTLN) 167 
Estrela de Alva (Dawn Star} 
aquamarine (Proctor) 78 


F 


Faceting 

twinned calcite (Hurlbut) 222 
First-order red compensator in 

photomicrography (Koivula) 101 
Fluorescence 

in heat-treated ruby (GTLN) 106 


Garnet 
“fine green demantoids” (Editorial 
Forum} 179 
pyrope-spessartine, classification 
of (Manson) 200 
Gemmarum et Lapidum Historia 
and gemstone treatment (Nassau) 
22, 
General Electric synthetic diamonds 
{Koivula) 146 
Glass 
as filling in rubies (Kane) 187 
as inclusion in ruby (Kane) 187 
Goethite 
as inclusion in amethyst (GTLN} 
106 
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Index 


Heat treatment 
of aquamarine (Proctor) 78 
early use of (Nassau] 22 
of heliodor (Proctor) 78 
of morganite {Proctor} 78 
of ruby (GTLN] 106 
of sapphire (GTLN) 228 
of synthetic sapphire (GTLN} 106 
Heliodor 
from Minas Gerais, Brazil (Proctor) 
78 
Hematite 
magnetic (GTLN} 45 
Hemetine (GTLN} 45 


Inclusions 
in amethyst (GTLN}) 106 
in cubic zirconia (GTLN} 167 
in diamond (GTLN} 106, 228 
in emerald from Santa Terezinha 
de Goids, Brazil (Cassedanne} 4 
of glass in ruby {Kane} 187 
photography of, using first-order 
red compensator (Koivula] 101 
in quartz (GTLN}] 106 
in red beryl (Shigley} 208 
in scapolite from Kenya (GTLN] 45 
in spinel (Shigley} 34 
in synthetic diamond (Koivula} 
146 
in taaffeite from Sri Lanka 
(Gunawardene} 159 
Irradiation 
of topaz (Editorial Forum) 179 


J 
Jade, see Jadeite and Nephrite 
Jadeite 
detection of natural color in 
(GTLN) 45 


K 
Kenya 
cat’s-eye scapolite from (GTLN} 45 
Kunzite 
from Minas Gerais, Brazil (Proctor) 
78 
occurrence in pegmatites (Shigley) 
64 


L 
Lepidolite 
with simulated matrix (Koivula} 
42, 
Luminescence 
in color grading of diamonds 
(Collins) 14 


M 
Magnetism 
in synthetic diamond (Koivula} 
146, (Rossman) 163 
Malaya, see Garnet 
Marta Rocha aquamarine {Proctor} 
78 
Minas Gerais, see Brazil 
Mineral fakes 
manufactured lepidolite specimen 
(Koivula} 42 
synthetic ruby simulating red 
beryl crystal (GTLN) 45 
Mining 
of emeralds at Santa Terezinha de 
Goids, Brazil (Cassedanne} 4 
of pegmatite minerals in Minas 
Gerais, Brazil (Proctor) 78 
of red beryl from Wah Wah 
Mountains, Utah (Shigley) 208 
Morganite 
occurrence in pegmatites (Shigley) 
64 


N 

De Natura Fossilium and gemstone 
treatment (Nassau) 22 

Nephrite 
artistically stained {GTLN) 106 
dyed (GTLN) 45, {GTLN) 106 


o 
Opal 

nickel-bearing (prase} from 
Tanzania—gemological 
properties and chemical and 
X-ray analyses of (Koivula) 226 

oolitic (GTLN) 228 

sugar-treated (GTLN) 228 


Padparadscha, see Sapphire 
Papamel aquamarine (Proctor] 78 
Papyrus Graecus Holmiensis and 
gemstone treatment (Nassau} 22 
Pearl substitute 
glass (GTLN]) 167 
Mabe (GTLN} 106 
mother-of-pearl to simulate Biwa 
cultured pearls (GTLN) 167 
Pearls 
abalone (GTLN) 167 
freshwater of North America— 
history, harvesting, and 
characteristics of (Sweaney) 125 
hollow and filled (GTLN) 45 
Pearls, cultured 
dyed black (GTLN) 228 
freshwater of North America— 
history, characteristics, and 
culturing of (Sweaney} 125 
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freshwater from Tennessee, 
X-radiograph of (GTLN} 228 
“Keghi”’ (GTLN) 167 
X-radiograph of (GTLN) 106 
Pegmatites 
definition, classification, 
occurrence, gemstones, and 
genesis of (Shigley} 64 
of Minas Gerais, Brazil—history, 
occurrence, geology, and mining 
of (Proctor] 78 
Photomicrography 
Nikon award-winning picture 
(Koivula} 140 
use of first-order red compensator 
in (Koivulua} 101 
C. Plinius Secundus (Pliny) and 
gemstone treatments {Nassau} 22 


Q 
Quarto Centenario aquamarine 
(Proctor) 78 
Quartz 
asterism in (GTLN) 106 
asterism due to growth 
phenomenon (GTLN} 228 
as imitation emerald (GTLN} 228 


Ro 
Radioactivity 
in topaz {Editorial Forum) 179 
Ruby 
with glass-filled cavities, 
detection and identification of 
(Kane} 187 
heat treated (GTLN) 106 
Ruby, synthetic 
flame fusion used to simulate red 
beryl crystal (GTLN} 45 
and spinel doublet (GTLN) 228 


Ss 
Sapphire 
heat treated to produce red-purple 
and pinkish orange 
(“padparadscha’’) stones (GTLN] 
228 
Sapphire, synthetic 
Verneuil blue (GTLN}) 106 


Index 


Scapolite 
cat’s-eye from Kenya (GTLN} 45 
Sillimanite 
as inclusion in quartz (GTLN} 106 
Spectra 
of cape series diamond (Koivula} 
146 
of cobalt-blue spinel (Shigley) 34 
of diamond (Collins} 14 
of dyed nephrite (GTLN} 45 
of emerald from Santa Terezinha 
de Goids, Brazil (Cassedanne} 4 
of pyrope-spessartine garnets 
{Manson} 200 
of red beryl (Shigley) 208 
of spinel (Shigley) 34 
of synthetic diamond (Koivula) 
146 
of synthetic spinel (Shigley) 34 
Spectrophotometry 
applied to synthetic diamond 
(Koivula} 146 
Spinel 
black (GTLN]} 106 
color change in (GTLN) 228 
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THE GEMS & GEMOLOGY 
MOST VALUABLE ARTICLE AWARD 


ALICE S. KELLER Editor 


he field of gemology, like the people who comprise it, encompasses a broad 

range of interests and concerns. This message was brought home to us once 
again with the results of this year’s voting for the most valuable article published 
in the journal in 1984. 


The winning article, ‘Freshwater Pearls of North America,” by James L. Sweaney 
and John R. Latendresse, provided a comprehensive review of the history, harvest- 
ing, and classification of the pearls found in so many of America’s lakes and 
streams. The second-place article, by Keith Proctor, took us several thousand 
miles south, to the ‘‘Gem Pegmatites of Minas Gerais.” The first in a series (which 
continues in this issue}, this article explored the mines of a fascinating area that is 
‘undisputably one of the most important producers of fine aquamarine, tourmaline, 
and topaz in the world today. 


With the award for third place, our voters demonstrated their concerns about the 
sophisticated synthetics and treatments that can cause havoc in the gem market 
(and headaches for the gemologist]. Again this year we had a tie for this award: it 
will be shared by John I. Koivula and C. W. Fryer for “Identifying Gem-Quality 
Synthetic Diamonds: An Update,” and Robert E. Kane, for “Natural Rubies with 
Glass-Filled Cavities.” 


Cash prizes of $500, $300, and $100, respectively, will be awarded to these first, 
second, and third-place winners. Brief biographies of the winning authors appear 
on the following page. 


Mr. Liddicoat and I would also like to take this opportunity to thank the members 
of the editorial staff, the Gemological Abstracts staff, and especially, the editorial 
review board for giving their time and effort to help guarantee another strong year 
for Gems & Gemology. The willingness of Peter Flusser and David Atkinson to 
serve as guest reviewers is also greatly appreciated, as is—once again—the kind- 
ness of Harold and Erica Van Pelt for donating so much of their time and expertise 
to. provide many fine photographs for each issue of the journal. 
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JAMES L. SWEANEY 


Now a practicing jeweler-gemologist with Mardon Jewelers in Riverside, California, 
Mr. Sweaney spent a number of years in the pearl industry as executive vice-president of 
American Pearl Creations, Camden, Tennessee. With several articles to his credit, he is 
as comfortable writing as he is working at the bench or identifying stones. 

Mr. Sweaney has a B.A. from California State University, Fullerton, and is both a 
graduate gemologist and a fellow of the Gemmological Association of Great Britain. 


JOHN R. LATENDRESSE 


Mr. Latendresse is chief executive officer of Tennessee Shell Company, Inc., American 
Pearl Company, and American Pearl Creations. He is widely recognized as an authority 
on natural and cultured pearls, and as such is a popular speaker and consultant. Several 
years ago, Mr. Latendresse began experiments in the lakes of Tennessee to culture 
freshwater pearls; the results of his years of research—the first American freshwater 
cultured pearls—will soon be ready for harvesting. 

Mr. Latendresse is a native of South Dakota and attended the University of Nevada. 


KEITH PROCTOR 


As president of Keith Proctor, Fine Gems, of Colorado Springs, Colorado, Mr. Proctor is 
actively involved in the wholesale importing of colored gemstones and the design of 
custom-made jewelry. Mr. Proctor has collected mineral specimens since his childhood, 
and in recent years he has become internationally known for his collection of museum- 
quality minerals with a special emphasis on gem crystals. Many of these crystals were 
obtained during his extensive travels in the mining regions of Brazil. 

Mr. Proctor received an M.S. in molecular biology from the University of Colorado. 


. 


JOHN I. KOITVULA 


Mr. Koivula is senior gemologist in the Applied Gemology Division at GIA Santa Monica 
and Gems & Gemology’s Gem News editor. A specialist in the study of inclusions and 
photomicrography, Mr. Koivula won the 1984 Nikon International Small World 
competition. He also lectures extensively, and is currently working on a book on 
inclusions in gemstones that is scheduled for publication in late 1985. 

Mr. Koivula has a B.A. in chemistry and a B.S. in mineralogy from Eastern 
Washington State University. In addition, Mr. Koivula is both a graduate gemologist and 
a certified gemologist, and holds a fellowship diploma from the Gemmological 
Association of Great Britain. 


C. W. FRYER 


After serving 14 years as director of the GIA Gem Trade Laboratory, first in Los Angeles 
and then in Santa Monica, Mr. Fryer is now chief gemologist in the Applied Gemology 
Division at GIA Santa Monica and editor of the Gem Trade Lab Notes section of Gems @ 
Gemology. He is a noted lecturer on the use of gemological instruments and 
identification techniques, and has appeared as an expert witness in several court cases. 
A native of St. Louis, Missouri, Mr. Fryer is a graduate gemologist, a certified 
gemologist, and a fellow of the Gemmological Association of Great Britain. 


ROBERT E. KANE 


Mr. Kane is research and gem identification supervisor at the GIA Gem Trade Laboratory 
in Los Angeles, as well as a contributing editor for the Gem Trade Lab Notes section of 
Gems & Gemology. His research specialty is treated and synthetic gemstones, on which 
he has written and lectured extensively. He has also traveled to many of the major gem 
localities and visited several of the key synthetics manufacturers worldwide. 

Mr. Kane, a native of Albuquerque, New Mexico, is a graduate gemologist. 


GEM PEGMATITES OF MINAS GERAIS, 
BRAZIL: THE TOURMALINES OF 
THE ARACUAI DISTRICTS 


By Keith Proctor 


The first article in this series discussed the 
history of gem mining in Minas Gerais from 
the colonial period to the present, the nature 
of granitic pegmatites and derived deposits 
yielding gemstones, and the important 
deposits of aquamarine and other gem 
beryls. The present article describes the 
major tourmaline deposits in the Aragquat- 
TItinga and Araguar-Salinas districts of 
Minas Gerais, focusing on the Virgem da 
Lapa mines, the Salinas mine, and the Ouro 
Fino mine. Some of the finest green, blue, 
red and multicolored tourmalines ever 
produced originated from these mines. 


ABOUT THE AUTHOR 


Mr. Proctor is president of Keith Proctor Fine Gems, 
a wholesale gem import firm in Colorado Springs, 
Colorado. 
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Gem Pegmatites of Minas Gerais 


n the history of gemstones, tourmaline is a latter-day 

Cinderella. Whereas aquamarine was known to the 
Egyptians over 5,000 years ago, tourmaline was not dis- 
covered until the mid-1500s, in Brazil. Even then, it was 
mistakenly heralded as emerald. Over a hundred years 
passed until, in 1793, it was recognized as a distinct min- 
eral species and named for toramalli (from Sinhalese, a 
term applied to waterworn gem pebbles from Ceylon 
gravels} by Dutch merchants (Ball, 1930; Zara, 1973). Be- 
cause the finest shades of red, blue, and green tourmaline 
may resemble ruby, sapphire, and emerald, the relatively 
abundant tourmaline has gained popularity as a compara- 
tively inexpensive alternative to these prized colored gems 
as well as for its own unique attributes. 

In the more than 400 years since tourmaline was first 
discovered in Brazil, millions of carats of fine gem-quality 
tourmaline have been mined from thousands of granitic 
pegmatites in northeast Minas Gerais. Virtually every 
color variety of tourmaline *—red, blue, green, and multi- 
colored (figure 1)—is found in this area. Most of this pro- 
duction has come from two major pegmatite regions: (1) 
the Aracguai-Itinga and Araguai-Salinas districts, which 
encompass the cities of Taquaral, Araguai, Coronel Murta, 
and Barra de Salinas; and (2) farther south, the broad area 
surrounding the city of Governador Valadares. This article, 
the second in a series on the gem pegmatites of Minas 
Gerais {see Proctor, 1984, for part 1] describes the first 


* Of the complex minerals that make up the tourmaline group, only one 
species —the lithium-bearing elbaite—is found in gem quality in Brazil. 
Elbaite has many varieties based on color, including rubellite (red), 
indicolite (blue), verdolite (green), and achroite (colorless). If more than 
one color is found in a single crystal, the stone is referred to as a bicolored 
or multicolored tourmaline. For the sake of simplicity in this article, I 
will use the group name tourmaline with the color variety as a prefix 
(e.g., red tourmaline, blue tourmaline, etc.). The term rubellite will 
occasionally be used to describe the bright red variety. 
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region; discussion of the Governador Valadares 
district will follow in the third article in this 
series. 

While countless mines in this area have pro- 
duced gemstones and mineral specimens, 20 
mines are frequently credited with having con- 
tributed most to the quality or quantity of gem 
tourmalines that have made Minas Gerais world 
famous (figure 2). Of these, the mines in the Vir- 
gem da Lapa group, the Salinas mine, and the Ouro 
Fino mine are especially noteworthy and are de- 
scribed in detail below. Much of the information is 
based on visits made by the author as recently as 
1983. The reader is referred to part 1 of this series 
for a detailed description of the geological devel- 
opment of the pegmatites of this region, the termi- 
nology used to describe these gem deposits, and 
the mining methods used. 

As is the case with the aquamarine described 
in the first part of this series, it should be kept in 
mind that much of the blue tourmaline and green 
tourmaline is heat treated after it is cut. In the case 
of tourmaline, however, heat treatment serves 
only to lighten and brighten the original color. 
Also, unlike aquamarine, only the maximum 
temperature reached is important, not the amount 
of time at which the stone is kept at that tempera- 
ture. In addition, the best colors do not appear 
exactly when the maximum temperature is 
reached but only as the stone cools; the rate of 
cooling can also be important. Thus, heating is an 
added risk, and requires extreme sophistication 
and experience to get the best colors without 
overly lightening the stone. Also, unlike aquama- 
rine, tourmaline cannot be heat treated if it has 
inclusions, which is why most rubellite is not 
heated. Rose tourmaline also becomes lighter if 
heated, so most natural rose stones are not heat 
treated. However, a pleasing “rose” color fre- 
quently is produced by heating the brownish pur- 
ple tourmaline called batata roxa (purple potato) 
at approximately 250°—400°C (Bastos, 1972}. 

To produce the more desirable lighter and 
brighter colors in green and blue tourmaline, the 
cut stones are commonly heated to between 600° 
and 700°C. This process is referred to as “opening 
the color” (abrir a cor). Possibly 10% must be 
heated to as high as 750°C (with greater risk), anda 
few are heated (with much risk) to 780°C, but 
recrystallization sometimes occurs on the surface 
of these stones at the higher temperatures so that 
they must be repolished. In the author’s experi- 
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ence, the colors produced in tourmaline asa result 
of heat treatment are totally stable. It has been 
reported that some tourmalines are irradiated to 
develop or intensify either a red or yellow color 
(Nassau, 1984}, but the author did not encounter 
such a treatment operation in this area during his 
research. 


ARACUAI-ITINGA DISTRICT 


This pegmatite belt runs from Itinga on the east to 
Aracuai on the southwest, encompassing the Piaui 
River valley to the south and the Jenipapo River 
valley to the north. A striking feature of the terrain 
is the many smoothly rounded granite domes, or 
inselbergs, that are characteristic of this pegmatite 
region (figure 3). Pegmatite mines in this district 
were being exploited as early as the late 1800s and 
early 1900s, with the city of Araguai {once a com- 
mercial center for diamond-mining activity in the 
region) serving as the central supply and trading 
point. According to Dr. Hermann Bank, whose 
father lived in the then-hamlet of Araguai from 
1909 to 1912 and exported tourmaline to Ger- 
many, conditions were so primitive that it took 
five weeks to travel the 720 km (450 mi.} to Rio de 
Janeiro. 

The pegmatites of this district are characteris- 
tically altered, and both primary (in situ) and 
secondary (resulting from erosion and transport} 
deposits are exploited for gemstones, especially for 
the green, blue-green, and blue tourmalines that 
are among the finest of their kind in all of Brazil. 
Some superb red tourmaline is also obtained from 
time to time, for example, from the Jenipapo and 
Olho d’Agua mines, but generally not in the quan- 
tity produced in the pegmatite belt immediately to 
the west. The Aracuai-Itinga district is an impor- 
tant source of lithium minerals (lepidolite, 
spodumene, petalite, and amblygonite} as well as 
gem tourmaline (José and Svizeros, 1976; Sa, 1977; 
Afgouni and Sa, 1977; Cassedanne and Cas- 
sedanne, 1978, 1980}. In fact, it is the largest 
lithium-tin pegmatite district in Brazil. 

Large crystal-lined gem pockets have been 
found in some of the primary pegmatite bodies, 
and large concentrations of crystals in some of the 
secondary deposits, with the result that there have 
been a number of incredibly rich finds of tourma- 
line. For example, in 1963, 150 kg (330 1b.) of crys- 
tals were found in one deposit; while in January 
1966, another pegmatite yielded an astounding 
300 kg (660 Ib.) of crystals. Large numbers of 
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spodumene crystals (including a few fine kunzites] 
were also found in this district, in the Neves mine 
(Lindner, 1966, 1967; Lindner and Rolff, 1968; 
Rolff, 1969, 1971). Most of the finest gem tourma- 
lines from this region have been recovered in the 
last 20-25 years. 

The most productive tourmaline deposits in 
this district have been found in the valleys of the 
Piaui and Jenipapo rivers; six mines, all located 
within a few kilometers of the city of Taquaral (see 
figure 2), have been singled out for the quality of 
the tourmaline they produced. The green and 
blue-green tourmaline from the Pirineus mine is 
among the best ever found in Brazil, but only 50 kg 
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Figure 1, This 7.5-cm-long 
multicolored tourmaline 
crystal and the 
accompanying 26.25-ct 
faceted tourmaline represent 
some of the best gem 
material found at the Salinas 
maine, in the Aragquai-Salinas 
area of northeastern Minas 
Gerais, Brazil. Photo 

© Harold & Erica Van Pelt. 


total of the finest cutting material was found (Le- 
von Nercessian, pers. comm., 1985). The Piaui 
mine also produced fine green and blue-green 
rough, approximately two to three times that 
found at Pirineus. In addition, tourmaline crystals 
from this mine often exhibit four different shades 
of green within the same crystal. Tourmaline from 
both of these mines was prized for another very 
important reason: the better-quality gems could be 
cut perpendicular to the c-axis of the crystal with 
practically no change in the quality of color, unlike 
much green tourmaline from other deposits which 
exhibits a disagreeable olive hue when cut in any 
direction other than parallel to the crystal prism. 
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Figure 2. The Araguai area of northeastern Minas Gerais, Brazil, is noted for its production of fine 
tourmalines. The two major gem pegmatite districts are Araguai-Itinga (here shaded in green because 
it produces predominantly green and blue tourmaline) and Araguai-Salinas (here shaded in pink 
because it is noted primarily for the red and multicolored tourmalines found there). The major mines 
are identified. Some bery] is also found in these two districts, as well as in those shaded in blue which 
were discussed in the first article in this series (Proctor, 1984; see this article for a map of allthe major gem 


pegmatite mines of northeastern Minas Gerais). Artwork by Lisa Joko. 


Consequently, larger stones could be cut from the 
tourmalines found at this mine than from other 
tourmalines in the district. 

The Jenipapo mine (named after a type of fruit}, 
is one of the most productive tourmaline mines in 
the region, having produced hundreds of kilograms 
of good rough. Some red tourmaline has been 
found, along with larger amounts of green and blue 
tourmaline. In addition, multicolored stones, in 
which as many as six or seven distinct hues can be 
seen, are common. The Olho d’Agua (eye of water} 
mine has produced superb blue and green tourma- 
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lines as well as some small quantities of red tour- 
malines that rival those from the famous Ouro 
Fino mine. Fine bicolored crystals have also been 
found there. The nearby Santa Rita and Lufas 
mines have produced small quantities of what 
many dealers consider the finest blue tourmalines 
of the district, as well as occasional pockets of 
rubellite. 

For the most part, the history and geology of 
the mines in this district have been lost; few of the 
original mine owners or garimpeiros {independent 
miners) remain to recount the events surrounding 
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the periods of greatest activity. Because heavy ma- 
chinery and blasting are required to work these 
gem deposits, many of which are found in the 
unaltered: primary pegmatite (e.g., the Pirineus, 
the Piaut,.and the Olho d’Agua]}, production costs 
are high. Unless pockets of gemstones are encoun- 
tered consistently, the mines are quickly aban- 
doned. The Jenipapo (an altered, secondary 
deposit] is the only mine being worked at present. 

The Aracuai-Itinga district overlaps portions 
of the Jequitinhonha River district (Proctor, 1984}, 
so aquamarine is also found in this region. Another 
notable gem material, Maxixe beryl, was first 
found in the valley of the Piauf River in 1917 
(Wood and Nassau, 1968; Nassau and Wood, 1973; 
Nassau et al., 1976). 


ARACUAI-SALINAS DISTRICT 


This is the richest tourmaline-producing district 
in all of Brazil and perhaps in the world. The most 
productive pegmatites, which lie between the two 
cities of Aracguai{ and Salinas, have yielded many 
splendid crystals in a variety of colors. Pegmatites 
in this district characteristically contain much 
less lithium mineralization than noted in 
Aracuai-Itinga; but they produce a greater variety 
of other gem crystals, including beryls and topazes, 
as well as tourmalines and especially rubellites 
(Cassedanne and Lowell, 1982). The Aracuat- 
Salinas district overlaps the west end of the 
Jequitinhonha River pegmatite belt, and fine 
aquamarine is found along the Aracuai, 
Jequitinhonha, and Salinas rivers from Araguai 
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Figure 3. Inselbergs 
dominate the landscape 
in this view looking west 
toward Itinga from a spot 
near the Jequitinhonha 
River. Gem deposits are 
frequently found in the 
immediate vicinity of 
these giant batholiths. 
Photo by Charles Key. 


north to Salinas. Three of the most famous tour- 
maline localities in Brazil—Virgem da Lapa, 
Salinas, and Ouro Fino—lie in this area (again, see 
figure 2} and are discussed in detail below. Not 
only are these three localities notable for their 
production of fine gemstones, but they also illus- 
trate three different degrees of mineralogical 
complexity, chemical decomposition, erosion, and 
dispersal common to the gem pegmatites of Minas 
Gerais. 


Virgem da Lapa. The Virgem da Lapa (virgin of the 
cave} mines may be reached by traveling west on 
Diamantina dirt road MG-367 about 43 km (27 
mi.] from Aracuai to the city of Virgem da Lapa 
(which derived its name from a religious statue 
located in a small grotto near the town church}. 
From Virgem da Lapa, continue on MG-367 
north-northwest and climb continuously for about 
13 km (8 mi.) to reach the flat plateau where the 
airport is situated. At this point, a rough bush road 
takes you north to the various mines. At best, the 
last few kilometers of this road are passable by a 
four-wheel-drive vehicle. They are totally impass- 
able during the rainy season. 

The Virgem da Lapa group of mines consists of 
a series of near-horizontal tabular or lens-shaped 
bodies of unaltered complex granitic pegmatite. 
Five mines exploit the pegmatites, which are geo- 
logically the most differentiated and heterogene- 
ous gem pegmatites yet discovered in Brazil. While 
these unaltered pegmatites imposed great diffi- 
culties in mining, the yields from pockets contain- 
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ing gem crystals and matrix mineral specimens in 
their pristine state has more than compensated the 
miners for their efforts. Since 1974, for example, 
miners have found superb crystals of green tour- 
maline, some as long as 33 cm (13 in.} and weighing 
as much as 2.4 kg, also crystals of deep blue tour- 
maline up to 1.2, kg, and blue topaz crystals weigh- 
ing as much as 30 kg, as well as numerous other 
rare minerals and matrices of perfect feldspar and 
lepidolite crystals. In addition, 7-cm-long purple 
gem hydroxyl-herderite crystals of unequalled size 
and quality were found (Moore, 1973; Dunn et al., 
1979; photo in Bancroft, 1984, p. 210), as well as 
15-cm (6 in.} green gem beryl crystals on well- 
crystallized feldspar matrix (photo in Bancroft, 
1984, p. 205). 

The five major mines of the Virgem da Lapa 
group are the Limoeiro (lemon tree], Xanda, 
Manoel Mutuca, Toca da Onga (cave of the jaguar}, 
and Laranjeiras (orange tree). The first three will be 
discussed in detail here; the Toca da Onga and 
Laranjeiras are no longer being worked, and little 
information is available on them specifically. We 
do know that some pockets at the Toca da Onca 
yielded fine green tourmaline and gem green beryl 
crystals. The Laranjeiras mine is the source of the 
15-cm gem green beryl crystals as well as of some 
blue tourmaline. The pegmatites in this area were 
first mined during World War II for commercial 
beryl on land owned by the family of Servio 
Getulio Ursine (nicknamed ‘‘Xanda’’). When 
demand for beryllium, mica, and quartz dropped 
after the war, all of the mines were virtually aban- 
doned for many years. Open pits near the present 
Xanda mine produced commercial beryl almost 
continuously from 1960 to 1973 when a new 
demand for beryllium again encouraged pegmatite 
mining. In 1974, underground tunnels were driven 
to follow the pegmatite veins in what is now 
the Xanda mine. Rich discoveries resulted in the 
exploitation of other bodies nearby, as-described 
below. 


Limoeiro Mine. The Limoeiro pegmatite is a flat- 
tened, lens-shaped body, 2 to 4 m thick, intruded 
into a host rock consisting of dark gray, finely 
banded quartzitic biotite schist. It strikes N 30° E 
and dips gently NW. The 200-m-long outcrop is 
exposed on the northwest slope of a steep valley 
wall, and the body was first exploited via a series of 
roughly parallel adits along the outcrop that were 
eventually developed into numerous galleries and 
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branching tunnels. The structure of the Limoeiro 
is typical of that of a primary pegmatite (Shigley 
and Kampf, 1984}. A thin, light-colored layer of 
muscovite mica formed the pegmatite contact 
with the surrounding schist. The miners then 
tunneled through a 4- to 10-cm-thick feldspathic 
border zone made up of the three main constitu- 
ents of all pegmatites: feldspar, quartz, and mus- 
covite mica. These crystals were fine grained when 
first encountered and became coarser as the 
miners progressed toward the core of the 
pegmatite. The core of the pegmatite consisted of 
milky quartz. Gem pockets occurred near the core 
and were (atypically for most pegmatites) very 
common, averaging about one per square meter. 
They varied widely in shape as well as in dimen- 
sion, with some pockets measuring only a few 
centimeters and others a cavernous 2 m in diame- 
ter. The miners could tell when they were close 
to success because the walls near the gem- 
bearing pockets were composed of massive 
lepidolite and albite, embedded with black tour- 
maline. The pockets were lined with albite, 
quartz, microcline, and lepidolite crystals on 
which were perched long green tourmaline prisms 
and well-formed crystals of topaz, hydroxyl- 
herderite, and other species. One of the best gem- 
quality green tourmaline crystals ever found oc- 
curred in one of these pockets (figure 4). However, 
the need for explosives to penetrate the hard-rock 
pegmatite at this and the nearby Xanda mine un- 
doubtedly destroyed many such crystals. 

In 1975, 200 garimpeiros worked this mine, 
but by mid-1976 easily accessible pockets had 
been cleaned out and only 30 miners remained 
(Cassedanne and Lowell, 1982). The mine has 
since been abandoned, its adits closed by chaotic 
bulldozer stripping. 


Xanda Mine. The Xanda pegmatite and its numer- 
ous mine workings are located 2.5 km south- 
southwest of the Limoeiro (figure 5). Intensive 
work on the 135-m outcrop of the pegmatite was 
first begun in 1974, and eventually hundreds of 
garimpeiros invaded and worked the pegmatite. 
The lens-shaped body strikes NW and dips 
20°-25°NE, with an average thickness of 7 m. It is 
imbedded in a tourmaline-rich quartz-biotite 
schist and displays sharp contacts with the host 
rock (figure 6). The mineralogy of the pegmatite is 
very similar to that of the Limoeiro body except 
that the fine-grained border zone contained three 
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additional minerals: tourmaline, garnet, and bio- 
tite mica. Beryl was found near the lens-shaped 
milky quartz core (Neves et al., 1980). 

Since the mine was opened, cave-ins have oc- 
curred at many adits: the southeast part of the 
deposit is presently buried beneath a massive 
landslide. The newest and very limited workings 
are near the center of the body. In the northwest 
section, where the bulk of large gem crystals and 
crystals of other minerals were originally found, 
the adits are now inaccessible and back-filled with 
waste. Some tunnels in the Xanda extended 150 m 
within the body, often turning sharply with no 
apparent reason for such changes in direction. At 
the ends of these “‘s’’ turns, however, gem pockets 
containing the largest and best blue topaz crystals 
from this deposit were found. Apparently the 
miners had a sixth sense for locating the gems 
(Bancroft, 1984). 

The Xanda mine, like the others in this group, 
is on private land and is not operated under a gov- 
ernment concession. The land is rented to a ten- 
ant, who buys the mining equipment and in turn 
rents it‘td the garimpeiros who work the pegma- 
tite, with the understanding that the tenant has 
first choice in buying whatever is mined, generally 
at his own price. Little bargaining is available to 
the garimpeiro. Possibly because of these ar- 
rangements, many specimens disappeared during 
the course of mining, even though the workings 
were closed whenever the miners were not busy 
(Lucio, 1980). The garimpeiro who sells his crys- 
tals secretly to avoid commission or other pay- 
ments is called a curiango, a Brazilian bird that 
busies itself only during the night. Such curiangos 
were more prevalent in these mines than at most 
others in Brazil. 

According to the mine owner, the Xanda 
pegmatite outcrop was so rich that fine green 
tourmalines were found almost immediately after 
pick-and-shovel work began. Even before system- 
atic tunneling was started, local farmers had 
encountered a number of blue topaz crystals as 
well. Not recognizing them as having any value, 
however, they just threw them on the dumps— 
damaging or destroying what were later deter- 


Figure 4. This gem-quality green tourmaline 
crystal is from the Limoeiro mine, in the Virgem 
da Lapa group. This specimen is 33 cm long x 
7 cm in diameter and weighs 2.4 kg. Photo © 
Harold & Erica Van Pelt. 
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Figure 5. One entrance and 
the waste dumps at the 
Xanda mine inthe Virgem da 
Lapa group. Note the miners’ 
huts at the top of the hill. 
Photo by Richard Gaines. 


mined to have been superior crystals. On another 
occasion, a group of miners, after celebrating at a 
party, stuffed a stick of dynamite into the 
pegmatite—blowing into an adjacent pocket and 
destroying at least 10 superb topaz crystals 
(Bancroft, 1984). 

Of the five mines in this group, the Xanda has 
been the steadiest in production. From 1979 to 
1982, however, the mine was completely closed 
down. When the author visited it in September 
1983, it had been reopened for a year, operating 
with a crew of only four men. The expense of 
equipment, maintenance, diesel fuel, dynamite, 
and the like is reflected in the slow pace of mining 
at this and many other pegmatite deposits. Three 
hundred tons of high-quality commercial feldspar 
lie on the dumps but cannot be sold because of the 
cost of transporting the material to Governador 
Valadares. At present, the mine owner, Mr. Ursine, 
is trying to acquire a government mining conces- 
sion, which will make it easier to raise capital and 
expand operations. The potential for further dis- 
coveries is great throughout this area, but the far 
greater costs of hard-rock mining (as compared 
with alluvial or strip mining) make it doubtful that 
mining for gem material alone could be profitable. 


Manoel Mutuca Mine. The 18,000-acre ranch 
owned by Manoel Mutuca lies south of the city of 
Barra de Salinas and immediately south of the 
Jequitinhonha River, the workings are only 8 air 
kilometers from the Xanda and Limoeiro mines. 
This mine is very near the famous 1940 workings 
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of the Barra de Salinas mine (across the river from 
the town of Barra de Salinas}, which produced su- 
perb rubellite crystals. The Manoel Mutuca mine 
has produced incredibly fine, ‘‘sapphire’’-blue 
gem-quality tourmaline, with some crystals up to 
15 cm long x 12cm wide and weighing as much as 
1.2 kg. Most of these deeply etched crystals oc- 
curred in colluvial deposits, but at least one in-situ 
pegmatite also yielded specimens, as illustrated in 
figure 7 {E. Swoboda, pers. comm.). Because fine 
blue tourmaline is in greater demand and even 
shorter supply than red tourmaline, this discovery 
came as a welcome surprise to gem dealers. 


Figure 6. Another of the main entrances of the 
Xanda mine. Notice the sharp contact zone 
between the red schist above and the lighter 
colored pegmatite below, with the pegmatite 
pinching out on the right. Photo by Jack Lowell. 
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Figure 7. This 10-cm-long intense blue tourmaline 
crystal on quartz was found at the Manoel 
Mutuca mine of the Virgem da Lapa group. Photo 
© Harold & Erica Van Pelt. 


Interestingly, many of the Mutuca blue crys- 
tals themselves seem pale; however, when the 
rough is cut across the c-axis of the crystal, an 
intense, highly desirable, “sapphire’’-blue hue ap- 
pears; when most other blue tourmalines are cut 
perpendicular to the c-axis, the color produced is 
usually too harsh or dark. Besides, such cutting 
is impossible with most blue tourmaline crystals, 
often referred to as ‘‘pencils,’”’ because they are too 
narrow. But the Mutuca prisms are sometimes 
nearly as thick as they are long and so enable the 
lapidary to produce superb faceted gems of 
substantial size, 50+ ct (figure 8). This rough also 
demonstrates a unique reaction to heat treatment. 
With dark blue tourmalines from most mines, heat 
treatment produces a blue-green tint; the dark blue 
Manoel Mutuca stones, however, develop a 
“sapphire’’-blue tint when brightened by heat 
treatment. Of all the deposits in Minas Gerais that 
produce blue tourmaline—e.g., Taquaral (the Piaui 


Figure 8. Representative of some of the fine large 
gems that have been cut from Manoel Mutuca 
rough, this blue tourmaline weighs 52 ct. From 
the collection of Decarly Rosa Xavier. Photo 
courtesy Peter Bancroft (Bancroft, 1984), 

© Harold & Erica Van Pelt. 
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Valley deposits), Sapucaia, Golconda, Marcello, 
Chia, etc.— Manoel Mutuca has produced the best 
large gems for fine jewelry (see Bancroft, 1984, 
p. 210). 


Geochemistry. This series of pegmatites is 
geochemically one of the richest in all of Brazil. 
Evidence was found of relatively large quantities of 
several elements: fluorine, phosphorus, calcium, 
sodium, potassium, iron, tin, niobium, tantalum, 
lead, antimony, arsenic, bismuth, and _ sulfur. 
Uranium and copper were also present, in addition 
to the expected aluminum and manganese as well 
as beryllium, boron, and lithium (Lucio, 1980; 
Cassedanne and Lowell, 1982). 


Production. The Virgem da Lapa mines produced 
many tons of predominantly green and bicolored 
tourmaline for use as collectors’ specimens and 
faceted gems. Most of the material was taken out 
over the course of four years, approximately 
1974-1978 (Levon Nercessian, pers. comm., 
1985). The Manoel Mutuca mine also produced a 
significant amount of the finest blue tourmaline. 
The Limoeiro, Toca da Onga, and Laranjeiras 
mines are currently closed. The Xanda and the 
Manoel Mutuca are the only mines that have been 
systematically worked over the last few years. 


Salinas Mine. The main Salinas mine* and the 
Virgem da Lapa mines present a study in sharp 
contrasts. Both are primary {unmoved} deposits, 
but because of the chemical alteration of most of 
the Salinas body, the gem “pockets’”’ bear little 
resemblance to those found in the hard rock of the 
Virgem da Lapa bodies. 

The Salinas mine lies about 42 km northwest 
of Coronel Murta, the site of the famous Frade 
aquamarine mine (Proctor, 1984]. The mine can be 
reached by first taking dirt road MG-342 north 
24 km from Coronel Murta toward Rubelita. Then 
turn a sharp left (west) onto an unnumbered dirt 
road and travel 18 km straight across an almost 
completely flat plateau, stopping right after the 
road drops over the Salinas ridge toward the 
Jequitinhonha River. The last half-kilometer to 
the mine must be traveled by foot. 


*Prequently called “Barra de Salinas,”’ this mine should not be 
confused with the Barra de Salinas rubellite mine, which lies 
near the mouth of the Salinas River, approximately 5 km 
away. 


12 Gem Pegmatites of Minas Gerais 


The deposit was discovered about 100 years 
ago by a certain Mr. Pego, whose descendents still 
reside in the area. Ownership passed through a 
number of hands until 1945, when a group headed 
by Telesco de Mattos began the first serious ex- 
ploitation of the deposit. Within five years, Tel- 
esco struck a gem “pocket” (called a vieirinho}, 
that yielded a bonanza of more than 1,000 kg 
(2,240 lb.) of tourmaline crystals. Most of this pro- 
duction was purchased by local farmers, although 
Telesco’s son Paulo received 120 kg of the best 
rough and spent five years cutting it into gems. In 
1950, Telesco sold the mine to Antonio Pinheiro, 
who expanded exploration and made many im- 
provements in the operation. He recognized that 
the enormous pegmatite body {actually made up of 
a number of pegmatite intrusions} was one of the 
largest in Brazil (only the Cruzeiro-Aricanga 
complex and the Jonas-Cascalho-Itatiaia complex, 
to be discussed in the next article in this series, 
rival it in size) and was rich in kaolin, mica, beryl, 
and quartz as well as 55,000 kg of commercial 
beryl. Much of the kaolin proved to be eminently 
suitable for coating paper and making ceramics. 

The mine was purchased in August 1973 by its 
present owner, Halley Batista, who initiated the 
period of greatest productivity. Batista found that 
the pegmatite had been cut in two at an earlier 
time by a local river, with the other part on a 
nearby ridge, much closer to (and overlooking} the 
Jequitinhonha River. This second section, which 
became known as the Lavrinha {small washings} 
de Salinas mine, was owned by Klaus Treuherz of 
Germany, but is now closed. Curiously, this part of 
the pegmatite is far less weathered than the Salinas 
mine (Baker, 1975}. Although the actual produc- 
tion of the Lavrinha de Salinas has not been re- 
ported, as is typical of gemstone statistics in Brazil, 
we do know that this mine has yielded a number of 
fine multicolored tourmaline crystals, many on 
matrix. 

Most of the original Salinas body is almost 
completely altered: that is, the feldspars have de- 
composed to white kaolin, leaving as hard parts 
quartz, loose gem crystals, and some surviving 
mica and shattered black tourmaline. There are 
few “pockets” in the usual sense of that term. Yet, 
unlike the secondary aquamarine deposits at 
Marambaia Valley, which have moved from the 
original pegmatite, the gem materials at Salinas, a 
primary pegmatite, remain in situ. The pegmatite 
itself appears to be tabular in form and dips very 
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Figure 9. More than 30 years of bulldozing through the pegmatite at the Salinas mine has produced a 
“canyon” that is 30 m deep in some areas. Here a garimpeiro works a “pocket” where gem material was 
spotted when the bulldozer made its most recent pass. The box on the side of his diggings was provided by 
the mine owner to safeguard any crystals found. On the right wall, the sharp contact between the kaolin 
of the pegmatite and the red lateritic soil that covers it is evident. 


steeply with a north-south strike. The main body 
is approximately 600—1,000 m long and, according 
to the mine owner, may be as deep as 100 m, it 
reaches a width of well over 30 m in some places. 
Despite weathering, the predominantly quartz 
core is evident. 

Because of the kaolinized nature of this elon- 
gated outcrop, the mine operators began bulldoz- 
ing the top of the body along its length in the early 
1950s, closely examining the turned-over material 
and using hand tools whenever concentrations of 
crystals from collapsed pockets were encountered. 
Such strip mining has been carried on now for over 
30 years, with the result that a “canyon,” as much 
as 30 m deep in places, has been excavated within 
the pegmatite (figure 9). Waste dumps form road- 
ways at both ends. 

Within the “canyon,” the quartz core blocks 
easy mining in the center, but bulldozing is not 
seriously impeded. Starting at either end, the bull- 
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dozer scrapes a thin (5-10 cm} layer of kaolin on 
each pass. Miners following the bulldozer look for 
pink lepidolite and smoky quartz as indicators of 
nearby gem pockets. When detached pocket con- 
tents are found, the workers move in to dig out the 
valuable crystals by hand (again, see figure 9). To 
prevent any daylight forays by curiangos, the mine 
owner provides a portable safety deposit box with 
an ingenious grooved cylinder on the top. Crystals 
placed in the groove drop securely into the box 
when the cylinder is rotated. 

Bulldozing has exposed the pegmatite wall 
rock (composed of black tourmaline, quartz, and 
mica ina kaolin matrix). The contacts between the 
pegmatite and the enclosing schist (figure 10), and 
the cap of red lateritic soil (figure 9) are very sharp. 
Waste material at the south end of the cut is bull- 
dozed over the side of a hill, but at the north end it 
is moved via a primitive but effective tramway. 
In a few places, high-pressure water cannons are 
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OS 1b aed, f, 53 Ral 1 
Figure 10. This wall at Salinas “canyon” shows 
the sharp contact between the kaolin of the 
pegmatite on the left and the schist on the right. 
Note the gem “pocket” that has been cleaned out 
of the kaolin at the upper left. 


directed at the soft, kaolinized walls of the pegma- 
tite to release desirable minerals. 

The gem material found in the Salinas mine 
consists primarily of multicolored tourmaline 
crystals. In fact, the Salinas and smaller mines in 
the vicinity represent one of the most important 
sources of multicolored tourmaline in the world 
(figure 1}. Some ‘‘pockets’” contain only one color 
of tourmaline, while others may produce tourma- 
lines of many different colors as well as cat’s-eyes, 
fine morganite (in fact, this mine has been a con- 
sistent producer over the years}, and even 
medium-quality aquamarine—all in the same 
pocket. One of the best pockets ever found con- 
tained 20 kg of tourmaline, among which were 
rubellite crystals as well as green, blue, purplish 
brown, and colorless stones, and a superb bicolored 
crystal. In 1977 another pocket yielded 25 kg of 
fine pink tourmaline crystals, all 2.5 to 5 cm long. 
In August 1980, still another major find produced 6 
kg of superb emerald-green tourmaline crystals 
from 5 to 15 cm long. 


14 Gem Pegmatites of Minas Gerais 


According to Batista, the Salinas mine cur- 
rently produces {from 15 tons of pegmatite} ap- 
proximately 10-15 kg of crystals in a good week, 
but only a small fraction of this total (500 g)} will 
cut better-quality gemstones. The operation con- 
sists of 25 garimpeiros supported by heavy ma- 
chinery. Mr. Batista is optimistic that this mine 
area, which at 2,471 acres is one of the largest in 
Brazil, will continue to produce medium quanti- 
ties of fine tourmaline and morganite beryl for 
several decades to come. The author, however, is 
more doubtful of the ‘several decades” potential of 
the mine, since the mine owner is assuming a 
uniform pocket distribution throughout the depth 
of the altered mass, which is seldom—if ever—the 
case with pegmatites. 


Ouro Fino Rubellite Mine. In the last few years, 
much of the best red tourmaline, or rubellite, pro- 
duced in Brazil has come out from one small mine, 
the Ouro Fino (fine gold), whichis only 21 km from 
the city of Coronel Murta and the Frade aqua- 
marine mine. These “cherry’”’- to “ruby’”-red gems 
rival the best from Namibia (at Otjimbinque} in 
hue and clarity (figures 11 and 12). In fact, the 
reputation of the Ouro Fino material is so good 
that it has essentially become a trade name for fine 
red tourmaline from any source. 

To get to Ouro Fino, take dirt road MG-342 
north from Coronel Murta for about 4 km before 
detouring over another (unnumbered) dirt road to 
the right some 15 km to the hamlet of Ouro Fino. 
The mine is an easy 2 km across meadows and low, 
rolling, residual hills. 

The first gem rubellites were found by garim- 
peiro Manoel Cardosa in November 1979, on a 
farm owned by two descendants of the founder of 
Coronel Murta, Francisco Murta and his son An- 
tonio Wilson Murta. For a year and a half after the 
first few pieces of rough were discovered in red 
lateritic soil at the base of a small hill, both the 
operation and production remained small. In late 
spring of 1981, however, a tremendous number of 
superb red tourmalines were found deeper in the 
hill. Within a matter of weeks, over 1,000 garim- 
peiros had moved into the area. In what must be 
one of the most amazing excavation projects in the 
history of Brazil, they literally devoured the 
50-m-high hill, hauling it off, in sacks, buckets, 
and wheelbarrows, to a washing pond they had 
built only 400 m away (A. Wilson Murta, pers. 
comm.}. The quality of the material found, though, 
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Figure 12. (These rubellites (total weight 39.64 ct) 
illustrate some of the deeper “cherry” colors 
recovered,from the Ouro Fino deposit. Photo 

© Harold & Erica Van Pelt. 
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Figure 11. This 12.35-ct 
rubellite represents the finest 
color produced at the Ouro 
Fino mine. The necklace was 
designed by Kim Lilot of St. 
Eligius European Goldsmiths 
and Gemologists, San 
Francisco. Photo © Harold & 
Erica Van Pelt. 


seemed to justify this activity. In 1981, one 5-kg lot 
of rubellite crystals sold for several hundred 
thousand dollars (80,000,000 cruzeiros). 

Most of the finest red material was found in an 
eluvial deposit deep inside the original hill. No 
lepidolite or albite was found associated with the 
rough, only some residual gravels and red soil. 
When the miners went deeper and eventually 
reached the primary pegmatite, what little tour- 
maline rough they found was highly fractured, as 
was most of the quartz and black tourmaline 
associated with it; also as would be expected for a 
decomposed pegmatite, much of the feldspar had 
been altered to soft kaolin. The various stages of 
pegmatite decomposition were evident through- 
out the mine: hard unaltered feldspar, feldspar al- 
tered to kaolin, and the eluvial red soil. Aside from 
the rubellite and some fine rose-colored tourma- 
line, only some small pieces of blue, green, and 
multicolored tourmaline and poor-quality aqua- 
marine were found. 

This mine represents a degree of decomposi- 
tion and dispersal that is far greater than that en- 
countered at the Salinas mine. The Ouro Fino hill, 
like many of the low “residual” hills common to 
this region of Minas Gerais, had survived erosion 
only because the hard-rock pegmatite intrusion 
had acted as a solid foundation. With the gradual 
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Figure 13. Picks and shovels are used by the 
garimpeiros, in this case an entire family, to mine 
the eluvial deposit at Ouro Fino. The material 
extracted by the father and son Is placed in a 
sieve; the sieves are shaken by the three women 
above to concentrate the hard nodules of red clay 
from the remainder of the eluvial soil. Many of 
these “nodules” contain fractured pieces of fine 
Ouro Fino rubellite which can be freed by a 
washing operation. 


erosion of the pegmatite, in response to the chemi- 
cal weathering that is so characteristic of a tropical 
region, the foundation had started to “‘rot,”” caus- 
ing the hill to erode and gradually sink, spilling 
its durable gem contents into the surrounding 
red soil. 
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The soft eluvial deposit is mined primarily by 
pick and shovel. Sieves are used to separate the 
pieces of gem material encased in ‘‘nodules” of red 
clay from the loose soil both at the mine itself 
(figure 13) and at the man-made washing ponds 
close to the excavation site (figures 14 and 15). The 
garimpeiros (who receive 80% to the owner’s 20% 
for all stones sold) will then sell the sorted gem 
material either on the spot or in a nearby city. 

For the most part, the rough rubellite found at 
Ouro Fino is small and highly fractured. Antonio 
Wilson Murta (pers. comm.} claimed that only 
about 10 euhedral crystals of rubellite, 7 cm wide x 
10 to 15 cm long, were ever recovered intact from 
this deposit. Because of the size of the pieces of 
rough and the extent of fracturing, large faceted 
stones are almost impossible to obtain. Few clean 
dark red stones over 8 ct have ever been cut. The 
best intact crystal with which the author is famil- 
iar is a highly fractured 15-cm rubellite in the 
collection of Kalil Elawar of Teofilo Otoni. 

The land owners report that since 1981 more 
than 1,000 kg (one ton) of low-quality tourmaline 
has been found, and approximately 50 kg of fine 
faceting-quality material has been sold (plus, of 
course, whatever was scavenged by the 
curiangos—one reason why production statistics 
in Minas Gerais are usually so vague). Of the di- 
vulged sales, the owners estimate that only about 
10 kg was prime, almost flawless, ‘‘cherry’’- or 
“ruby-red tourmaline. 

The original hill was literally leveled by the 
army of garimpeiros who invaded it, and now ap- 
pears as a low depression—several acres in size— 
on the horizon. Currently, only 20 garimpeiros 
work what remains of the unturned red soil in the 
hope that part of the primary pegmatite might 
continue below the present level. The author feels 
that the prospects for the discovery of new, major 
deposits of red tourmaline at Ouro Fino are not 
good, but some small production may continue. 


OTHER TOURMALINE DEPOSITS 
IN THE ARACUATI AREA 


The mines described above are only a few, but in 
many ways the most notable, of the many hun- 
dreds that have been worked in this region. In 
1940, José Biri of Rubelita discovered several large 
crystals—one weighing 8 kg—of fine, relatively 
unfractured rubellite in a primary pegmatite (later 
named the Lavrinha mine} near the Corrego de 
Papera stream 1 km northwest of Rubelita. The 
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superb 100+-ct blood-red tourmaline in the 
Edwardo Guinle collection is from this mine 
{E. Swoboda and O. Neto, pers. comm]. 

The reputation of the region surrounding the 
town of Barra de Salinas was also first gained in the 
1940s, when superb rubellite crystals were found 
in a primary pegmatite only 150 m west of the 
Salinas River. According to Ed Swoboda, who 
visited the mine in the mid-1940s, this pegmatite 
appeared to be cut by the Salinas River; another 
part was found within the limits of the town, 
which stood on the opposite bank. Some of the 


Figure 18. Once the clay 
and soil have been re- 
moved, the garimpeiro 
carefully sorts through 

the remaining rock 
in his search for gem 
material. 


Gem Pegmatites of Minas Gerais 


Figure 14, Washing ponds 
were created downhill from 
the main excavation site at 
Ouro Fino to separate the 
small pieces of tourmaline 
from the hardened soil in 
which they had been 
encased. 


tourmaline crystals produced at Barra de Salinas 
were as long as 13 cm and were multicolored, but 
most were among the reddest of rubellite (many 
attached to quartz crystals). 

Another source of fine-quality multicolored 
tourmaline is a series of three mines near Coronel 
Murta. Two of these primary pegmatite mines, the 
Baixa Grande and the Morro Redondo, are now 
closed; the third, the Lorena {on a hillside within 
sight of the Ouro Fino}, is currently operating with 
only a skeleton crew. While active, these three 
mines produced remarkably clean and sharp 
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three-, four-, and even five-color gem crystals 
as much as 5 cm thick and 12 to 15 cm long 
(figure 16). 


SUMMARY AND CONCLUSION 


The Araguai districts of northeast Minas Gerais 
have provided much of the world’s supply of tour- 
maline over the last 20 years. Whereas the 
Aracuai-Itinga area has produced predominantly 
green and blue material, the Araguai-Salinas area 
has also produced significant quantities of red and 
multicolored stones. In particular, the deposits at 
Virgem da Lapa have yielded hundreds of kilos of 
large green tourmalines and blue tourmalines, the 
Salinas mine produces tourmaline in a galaxy of 
colors, and the choice rubellite from Ouro Fino has 
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Figure 16. This 13-cm four- 
color tourmaline crystal 

on quartz has been traced to 
the area of the Lorena and 
Morro Redondo mines, near 
Coronel Murta. Note the 
pyramidal (pointed) 
termination on the main 
crystal and the basal 
pinacoid (flat) termination 
on the lower crystal, an 
extremely unusual 
combination in the same 
specimen. [tis representative 
of some of the best material 
found in this gem locality. 
Photo © Harold w 

Erica Van Pelt. 


become the touchstone for “‘cherry’’- or “ruby’’-red 
tourmaline throughout Brazil. 

Interestingly, the Virgem da Lapa, Salinas, and 
Ouro Fino mines also represent three distinct de- 
grees of pegmatite decomposition, erosion, and 
dispersal. The Virgem da Lapa deposits are pre- 
dominantly hard-rock primary pegmatites, with 
the pristine crystals appearing in situ within unal- 
tered gem pockets. The Salinas stones also occur in 
primary pegmatites, but in altered “pockets’’ 
within the almost completely decomposed host 
rock. Most of the Ouro Fino material has been 
found mixed with red lateritic soil in an eluvial 
deposit some distance away from the highly 
eroded primary pegmatite. As is true with most 
pegmatite minerals, the sharper, cleaner crystals 
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have been found in unaltered pockets, while the 
material in a secondary deposit is more likely 
to be broken into small pieces and fractured. 
Like the aquamarine discussed in the first ar- 
ticle of this series, blue and green tourmaline is 
commonly heat treated. Whereas aquamarine is 
heated to drive off the yellow hue, tourmaline is 
heated only to lighten or brighten the color. 
Rubellite is not usually heated because included 
material tends to be destroyed by the higher tem- 
peratures required for this heating process. 
Currently, there is a fairly steady supply of 
green, blue-green, and rose tourmaline from this 
area; however, the “Manoel Mutuca” blue and the 
“Ouro Fino” red gems are very scarce. As was 
noted with the beryls, because of the shortage of 
garimpeiro labor, relatively little systematic min- 
ing in secondary deposits is going on at the present 
time. In the future there will be an ever greater 
dependence on the production from primary de- 
posits. However, the expense of purchasing and 
maintaining the equipment needed to attack the 
primary pegmatites will be a key factor in the 


amount of gems produced and their ultimate cost. 
sol. 
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SAPPHIRE FROM THE 
MERCADERES— RIO MAYO AREA, 
CAUCA, COLOMBIA 


By Peter C. Keller, John I. Koivula, and Gonzalo Jara 


Commercially important quantities of 
gem-quality sapphire are being recovered 
from stream beds and terrace gravels near 
the Colombian village of Mercaderes, about 
143 km southwest of Popaydn. The area is 
currently subject to a high degree of 
political unrest; nevertheless, about 100 
people are said to be sporadically mining 
the deposit. Sapphire crystals average about 
one centimeter in length and occur in a 
variety of colors. Color-change stones are 
also common. Three inclusions were found 
to be characteristic: apatite, rutile, and 
boehmite. The parent rock for the sapphires 
has not been established, but it is probably 
one or more of the alkalic basalt members of 
the Cretaceous-age Diabase Group which 
outcrops in the area. 
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QC): the last several years, small amounts of gem- 
quality sapphire, said to originate in Colombia, have 
occasionally surfaced in the gem trade. Until now, how- 
ever, little information has been available on their exact 
source or mode of occurrence and there have not been 
enough stones available to undertake a meaningful study 
of the material. Codazzi (1927} noted pale gem-quality 
sapphire and ruby from the sands of the Rio Mayo, which 
forms part of the border between the departments of 
Naririo and Cauca. The Rio Mayo is the southern limit of 
the area presently being exploited. The first mention of 
these sapphires in the gemological literature was a report 
on a color-change specimen by Bank et al. (1978). 
Schmetzer et al. (1980) also include a Colombian color- 
change sapphire in a table of data on color-change sap- 
phires from various localities worldwide. 

During a recent visit to the colonial town of Popaydn, 
capital of the Department of Cauca, two of the authors 
visited a small cutting shop where they examined several 
hundred carats of rough sapphire and 43 faceted stones 
averaging about 2 ct each. From this parcel a sample of 16 
rough sapphires and two faceted stones were obtained for 
study. One of the rough crystals was exceptionally sharp; 
the two faceted stones weighed a total of 4.03 ct (figure 1). 

It was hoped that this article would be a comprehen- 
sive report on the occurrence as well as the properties of 
the Colombian sapphires. Since our visit to Popaydn in 
September 1984, however, a great deal of political unrest 
has erupted in the area, precluding a planned visit to the 
mine site itself and, consequently, a detailed report on the 
geology, occurrence, and mining of these Colombian sap- 
phires. Until the authors can gain access to the locality, the 
purpose of this article is to provide preliminary data regard- 
ing the location of, and access to, the sapphire deposit, to 
discuss the occurrence of the sapphire based on what is 
known of the local geology, and, finally, to describe in 
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detail the gemological characteristics of these 
Colombian sapphires. 


LOCATION AND OCCURRENCE 


The deposit is located on the border of the depart- 
ments of Cauca and Naririo, near the village of 
Mercaderes, approximately 143 km southwest of 
Popaydn ‘(figure 2}. From Popaydn, access to the 
town ofi.Mercaderes is gained by taking the 
Popaydn to Pasto highway south through the Rio 
Patia valley for approximately 129 km. Near this 
point, a small road forks SSE some 14 km to 
Mercaderes. Sapphires are currently being re- 
covered from stream beds and terraces of small 
tributaries to the Rio Patia, a major river whose 
headwaters are about 25 km west-southwest of 
Popaydn. Most mining activity is in an approxi- 
mately 50-km? area to the south and west of 
Mercaderes. Mining has been taking place for 
about six years, with never more than about 100 
people working the deposit at one time. Current 
production is said to be about 10,000 ct of sapphire 
per year (S. Garzon, pers. comm., 1984}. Most of 
the faceting is done in Popaydn and Bogota. 

The original (in situ) source of the Colombian 
sapphires has yet to be determined, but the geology 
around Mercaderes suggests that these may be 
similar to occurrences in basalt recorded from 
other countries. Many major sapphire deposits 
around the world originated in alkalic basalts, in- 
cluding the deposits in Cambodia (Jobbins et al., 
1981), Thailand (Keller, 1982), and Australia 
(Thompson, 1982). In most of these deposits, ac- 
cessory minerals include black spinel, ilmenite, 
zircon, olivine, pyrope garnet, and augite. All of 
these, with the exception of zircon, have been 
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Figure 1. This rough sapphire 
crystal and the two faceted 
sapphires are all from the 
Mercaderes~Rio Mayo area 
of Cauca, Colombia. The 
total weight of the two 
faceted stones is 4.03 ct. 
Photo © Harold and 

Erica Van Pelt. 


identified by the authors in gem concentrate from 
the Mercaderes workings. It is, therefore, reason- 
able to assume that the ultimate source for the 
Colombian sapphires is an alkalic basalt. Accord- 
ing to Marin and Paris (1979), who extensively 
mapped and studied the geology of the Department 
of Cauca, the only alkalic basalts in the region 
belong to the Diabase Group of Cretaceous age. 
Their geologic map shows some outcrops of this 
unit in the Rio Patia area. Until further field work 
can be undertaken, it can only be speculated that 
the original source for the Colombian sapphires is 
a basalt of this group. 


DESCRIPTION 


Visual Appearance. The crystals examined for this 
study are simple hexagonal prisms, typically tabu- 
lar to elongate, exhibiting well-developed parting 
parallel to (0001). Pyramidal and bipyramidal 
forms are rare. The crystals are commonly rounded 
as a result of extensive stream wear. A few very 
sharp crystals were observed, however; apparently 
these were collected close to their source. The 
crystals range in size from under 1 mm to over 3 
cm, with l-cm pieces being most common. The 
largest faceted sapphire reported to date is an al- 
most flawless 16-ct light blue stone. The color 
range of the Colombian sapphires is reminiscent of 
material from the Umba Valley in Tanzania. Blue 
stones and green stones with a brownish cast are 
most common, but yellows, pinks, and even reds 
were observed in lesser quantities. Very typically, 
the sapphires are color-zoned with a brownish yel- 
low core that is the result of their unusually high 
iron content, which will be discussed later in this 
article. Some asteriated material has been ob- 
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served. Although the blue stones are usually 
somewhat paler than their counterparts from 
Thailand, Cambodia, and Australia, some very at- 
tractive stones have been faceted from this pastel 
material (figure 3). 

The most interesting feature of the Colombian 
sapphires is the relative abundance of color-change 
stones, from bluish purple in daylight to violetish 
red in incandescent light. One such stone was de- 
scribed by Bank et al. (1978). Preliminary chemical 
{XRF) analysis by George Rossman of the Califor- 
nia Institute of Technology on three of the stones 
(two color-change faceted stones and one blue 
crystal, the same shown in figure 1} revealed Cry.O3 
contents of 0.02 to 0.05 (table 1), with stones 
containing the greater amount having the greater 
color change. This supports the contention 
of Schmetzer et al. (1980) that the intensity of the 
color change depends on the concentration of 
the chromium present. Table 1 also shows that the 
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COLOMBIA 


Figure 2. Location map for the 
Mercaderes—Rio Mayo sapphire 
deposit in Cauca, Colombia. 
Sapphires have been found 
throughout the general area shaded in 
red, on both sides of the Rio Mayo. 
Artwork by Lisa Joko. 


Figure 3. A 1.48-ct blue sapphire from the 
Mercaderes—Rio Mayo deposit. Photo 
© 1985 Tino Hammid. 
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sapphires are very poor in titanium content and 
exceedingly rich in iron. No vanadium was found. 
Heat treatment experiments were also undertaken 
by George Rossman on a number of pale blue 
stones. As would be expected from a titanium-poor 
sapphire, the heat treatment resulted in the oxida- 
tion of the iron to produce a golden color (Keller, 
1982) rather than a deeper blue. 

All of the 16 sapphire crystals, some of 
which are shown in figure 4, were tested using 
standard gemological techniques. The results are 
described below. 


Refractive Index. Three of the crystals were tested 
for refractive index using a sodium vapor mono- 
chromatic light source and a GIA GEM Instru- 
ments Duplex II refractometer. All three subjects 
gave refractive indices of 1.762—1.770 with a 
birefringence of 0.008 and a uniaxial negative optic 
character. 


Specific Gravity. A Voland double-pan balance, 
modified for hydrostatic specific-gravity determi- 
nations, was used to determine a range of 3.99 to 


TABLE 1. Minor-element analytical data (in wt.%) for 
three Colombian sapphires.# 


Color change Color change 


Element no. 1 no. 2 Blue crystal 
TiOs 0.04 0.003 _ 
CroO3 0.05 0.02 a 
FesO 0.77 0,22 0.36 


aThe XRF analyses reported here represent bulk analyses of 
the entire sample; the error factor is +20% of the figure reported. 
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Figure 4. A sample of the 16 rough 
sapphire crystals examined in this 
study. Note the rounding, which 
suggests extensive alluvial wear, 
in most of the stones. 


4.02 in the 16 crystals. The crystal with the 
greatest number of rutile inclusions gave the high- 
est value. 


Ultraviolet Fluorescence. All of the crystals were 
inert to short-wave ultraviolet radiation, but they 
varied in their reactions to the long-wave lamp. 
Seven of the crystals (all of which showed a color 
change) exhibited orange to red, weak to moderate, 
long-wave fluorescence; four (grayish to brownish 
green} stones were almost inert; five distinctly 
color-zoned crystals showed small, irregular 
orange fluorescent patches. 


Spectroscopic Examination. Using a GIA GEM In- 
struments spectroscope unit, we determined that 
all of the specimens except one showed a medium 
to strong absorption line at 457 nm. The one ex- 
ception was a muddy green crystal, with blue, gray, 
and brown overtones, of moderate color intensity 
that showed an absorption band from 455 to 468 
nm. Several of the crystals also showed weak ab- 
sorption lines at 475 and 481 nm. Those crystals 
with a distinct bluish to purplish red-orange color 
that displayed a color change from fluorescent 
(day} light to incandescent light also had an ab- 
sorption band of moderate strength situated from 
540 to 590 nm and absorption lines in the deep red 
at 680 and 690 nn, attributable to chromium as 
per the chemical analyses (table 1]. These spectra 
overlap with those observed in sapphires from 
other localities, and so are not distinctive of 
Colombia. 


Microscopic Observation. The 16 sapphires were 
examined carefully under magnification using a 
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Figure 5. Hexagonal color and growth 
zoning is observed parallel to the 
c-axis of this crystal. The orange color 
is the result of heat-treatment 
experiments. The small, rounded, 
crystals are believed to be apatite. 
Shadowing, magnified 40x. 


gemological stereo microscope. Several notable in- 
ternal features were observed. 


Color Zoning. All 16 sapphires showed some color 
zoning that ranged in intensity from very weak to 
strong. Commonly, the color zones were oriented 
perpendicular to the c-axis, parallel to the 
pinacoid. However, the most prominent color zon- 
ing was displayed by two pale bluish purple 
crystals with bright orange cores of hexagonal to 
trigonal cross sections that ran parallel toc. One of 
these color-zoned crystals is shown in figure 5. 


Growth Zoning. One of the two crystals that hada 
strong orange-colored core showed prominent 
hexagonal growth zoning as well. This growth zon- 
ing is also evident in the stone shown in figure 5. 


Twinning. Some traces of lamellar twinning were 
present in six of the crystals. The most prominent 
evidence of twinning was the presence of fine 
needles of boehmite (figure 6} interspersed along 
the twin planes. 


Mineral Inclusions. In addition to the boehmite 
inclusions, two of the Colombian sapphires were 
found to contain transparent, deep brownish red to 
opaque gray, elongated prisms with a submetallic 
luster that suggest rutile (figures 7 and 8}. 
Undercutting during polishing showed that the 
inclusions are softer than the host sapphire; 
microscopic hardness testing placed these inclu- 
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Figure 6. These fine needles of boehmite delineate 
twin planes in a Colombian sapphire. Trans- 
mitted and oblique illumination, magnified 25x, 


sions between 6 and 6.5 on the Mohs scale. Several 
of the inclusions reaching the surface were scraped 
with the fine edge of a tiny diamond cleavage 
fragment epoxied into the end of an aluminum rod. 
The resulting powder was removed carefully and 
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Figure 7, A typical scene of the interior of a 
Colombian sapphire, showing random 
orientation of numerous submetallic, elongated 
rutile prisms. Transmitted and oblique 
illumination, magnified 20x. 


fused on a charcoal block with an equal portion 
of anhydrous sodium carbonate. Then a droplet of 
concentrated sulphuric acid and an equal portion 
of distilled water was mixed with the powdered 
fused inclusion in a test tube. Lastly, a tiny droplet 
of hydrogen peroxide was placed in the solution of 
powdered inclusion and liquid H,SO, (for more 
information on this classic technique for chemical 
analysis, see Brush, 1898). The resulting yellowish 
color of the solution suggests that titanium is 
present. Microprobe analysis by Carol Stockton of 
GIA confirmed the predominance of titanium. 
Two of the sapphires also contained short, 
stout, rounded hexagonal prisms that are transpar- 
ent and colorless (figure 5). Their external mor- 
phology suggested that they may be apatite. A thin 
slice containing several of these inclusions was cut 
from the end of one of the crystals. The excess 
corundum was first ground away. The slice was 
then crushed into a coarse powder and placed on a 
glass microscope slide. No cleavage of the inclu- 


Figure 8. Under higher magnification (50x), the 
faces of one of the rutile crystals in the stone 
shown in figure 7 are apparent. Transmitted and 
oblique illumination. 


sions was noted during crushing. Using the Becke 
line method, we found that the powdered frag- 
ments had a refractive index near to, but slightly 
higher than 1.630, the index of the immersion 
fluid. Under polarized light, the fragments proved 
to be doubly refractive, although no optic figure 
could be resolved. These optic constants suggest 
fluorapatite [R.I. 1.633-1.636}. 


FUTURE OF THE DEPOSIT 


Political problems aside, the Mercaderes sapphire 
deposit shows great potential. The quality of the 
sapphire is generally good, and there is ready avail- 
ability of the material in commercially useful 
sizes. The unusually high concentration of stones 
exhibiting color change will be of particular inter- 
est to gem collectors. The presence of very sharp 
edges on some of the crystals suggests that the 
current alluvial mining is close to the source, and 
in-situ sapphire mining is a distinct possibility in 
the future. 
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ALTERING THE COLOR OF TOPAZ 


By Kurt Nassau 


The various techniques in use today to 
alter colorless topaz to produce brown, 
pink and, most commonly, blue stones are 
discussed. Special attention is given to the 
three irradiation sources—gamma rays, 
high-energy electrons, and neutrons—used 
to convert the colorless stones to hues in 
the yellow to brown range and the subse- 
quent heat treatment required in most 
cases to turn the irradiated stones blue. 
The blue color produced by irradiation and 
subsequent heat treatment is stable to 
light. Currently, no routine gemological 
tests are available that can definitively de- 
termine whether the color of the topaz is 
natural or the result of treatment. 
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T. opaz is an aluminum fluorosilicate usually contain- 
ing some hydroxyl; the formula can be written as 
A1,8i04(F,OH),. Topaz occurs naturally in a wide range of 
colors: most commonly it is colorless, but the yellow to 
brown series, which includes the highly desirable gold to 
sherry (‘imperial’) colors, is perhaps best known. Topaz 
also occurs in blue and, more rarely, in green, orange, 
violet, and pink. The last of these is considered to be the 
most valued of all topaz colors. Natural pink topaz, how- 
ever, is extremely rare; this color is usually obtained by 
heating certain yellow to reddish brown Brazilian mate- 
rial that contains the chromium required to produce pink. 
Some natural yellow to brown topaz, such as is found in 
Utah and in some Mexican locations, fades on exposure to 
bright light and is therefore not used in jewelry. In blue 
topaz, it is the depth of the color and the absence of a 
steely gray or a greenish tint that is considered desirable 
(see Webster, 1984, for a general discussion of gem topaz). 

While natural blue topaz is available from a variety of 
localities, the successful treatment of colorless topaz to 
produce attractive shades of blue has greatly enhanced the 
availability and, consequently, the popularity of these 
stones during the course of the last decade. Although ir- 
radiation can convert most colorless topaz into the yellow 
to gold to sherry to brown sequence, these colors are usu- 
ally unstable, and the stone will return to colorless in just 
a few hours of exposure to bright light. When this color- 
less topaz is irradiated and (in most cases) subsequently 
heated, however, an attractive blue stone may be pro- 
duced (figure 1). 

The production of blue topaz from colorless by irradi- 
ation was first reported by F. H. Pough in 1957 as one of a 
large number of color changes observed in a variety of 
materials subjected to such treatment, but little note ap- 
pears to have been made of this in the years that followed. 
This same reaction was accidentally rediscovered by the 
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present author in a faceted topaz that had been 
purported to be quartz. When this was reported in 
1974 by Nassau, and in 1975 by Nassau and Pres- 
cott, many in the gemstone trade felt that it 
explained the large number of deeply colored blue 
topaz crystals that had recently appeared on the 
market without any new mines or significant new 
developments in existing mines to account for the 
abundance. Since that time, a number of firms 
have become involved in the treatment of blue 
topaz, with the result that literally hundreds of 
thousands of carats of blue topaz have entered the 
world market during the last 10 years. Also, the 
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Figure 1. This 57,.3-ct topaz 
derives its color from irradi- 
ation (in a linear electron 
accelerator) and subsequent 
heat treatment. It originally 
resembled one of the white 
topaz preforms on which it 
sits. Stones courtesy of P. 
Flusser, Overland Gems, Los 
Angeles, CA; photo © Tino 
Hammid. 


technique has been refined to the point that the 
blue color produced by treatment is often deeper 
and more intense than that seen in nature (fig- 
ure 2). 

Very little is known about the causes of the 
colors in topaz. Only the chromium-caused origin 
of pink, stable to both light and heat, is certain. 
There are at least three types of yellow to brown 
colors; two fade in light, the other is stable. The 
former two can also be bleached by heating for a 
short time to 200°—300°C, the latter by a some- 
what longer heating to 200°—400°C. The natural 
blue color and the blue produced with irradiation 
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Figure 2. A natural- 

color blue topaz (left) is 
notably lighter than its 
electron-irradiated counter- 
part (right). Although a wide 
variety of yellow to brown 
colors occur naturally or are 
produced by treatment, the 
two shades of brown pro- 
duced by a short dose of 
gamma rays in the stones on 
the bottom left provide an 
interesting comparison with 
the natural-color yellow 
topaz on the bottom right. 


are stable to light and are lost on heating to about 
500°C. The yellow to brown and the blue colors 
are all clearly color centers (Nassau, 1983 and 
1984) produced by the interaction of radiation 
with electrons on defects of unknown nature; 
what little is known has been summarized else- 
where (Nassau, 1974 and 1984, Nassau and 
Prescott, 1975). Not all colorless topaz will re- 
spond to treatment; in some cases one part of the 
crystal will be altered while the rest will remain 
unchanged. For the gemstone treater, it is very 
much a matter of trial and error. 

The various heating and irradiation processes 
used on topaz are summarized in figure 3. Surpris- 


Figure 3. The changes in color produced by the 
treatment—tirradiation and/or heat (or, in some 
cases, sufficient exposure to light)—of topaz. 
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ingly, none of the many enhancement processes 
used on other gemstones appears to have been 
applied to topaz, except for the dyeing of water- 
worn pebbles in indigo dye pots as reported in 
Webster {1984}. The following account of the 
major processes used to alter the color of topaz is 
based on a critical comparison of the author’s own 
experiences, published data, and information 
provided by many experts in the field. 


THE IRRADIATION OF TOPAZ 

Several types of irradiation can be used to alter 
the color in topaz: X-rays, gamma rays, neutrons, 
and high-energy charged particles such as elec- 
trons, protons, and the like. Some of these are not 
in common use: X-rays of the usual low energies 
have only a very shallow penetration, and high- 
energy particles other than electrons are more 
costly to generate and provide no advantage over 
electrons. 

Further details on irradiation techniques and 
their application to gemstones are given in Gem- 
stone Enhancement (Nassau, 1984). The compar- 
ative advantages and disadvantages of using 
gamma rays, high-energy electrons, and neutrons 
to convert colorless topaz to brown or blue are 
examined below. 


Gamma Rays. Gamma rays are produced within a 
gamma cell, a device containing a quantity of a 
radioactive material, such as the mass 60 isotope 
of cobalt (Co-60), which emits these rays. Such 
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devices are commercially available in large sizes, 
require little upkeep, and continuously produce 
the rays with only a slow decay over many years. 
The rays are very penetrating and will produce 
uniform coloration if the material is uniform. 
Relatively little heat is generated during this pro- 
cess and this heat is produced uniformly through- 
out the specimen, so that cracking is not a prob- 
lem; to avoid excessive temperatures, the rate of 
irradiation is kept at a reasonable level, usually 
less than 5 megarads per hour, depending on the 
size of the specimen. 

When colorless or pale-colored topaz is ex- 
posed to gamma rays, a color in the sequence yel- 
low to brown to reddish brown to very dark brown 
is usually produced, with significant color already 
appearing at quite low radiation doses {e.g., less 
than one megarad of Co-60}. Because of variations 
in the nature of the topaz (impurities and other 
defects), these colors are frequently not uniform 
and will vary even among zones within a single 
crystal. The larger the dose of radiation used, the 
darker the color of any region up to a point con- 
trolled by the nature of that region. Different 
parts of 4 crystal may show different rates of col- 
oration as well as different color limits. These yel- 
low to brown colors usually fade on exposure to 
light, and can also be removed by heating to 
200°—300°C for as little as a few hours. 

If gamma irradiation is extended to relatively 
high doses (say, a few tens to many thousands of 
megarads of Co-60}, then an olive-green compo- 
nent may be visible in the yellow to brown range 
of colors. The greenish component is derived from 
the presence of a light absorption which by itself 
leads to a blue color. If the stone is then heated to 
about 200°—300°C to remove the yellow to brown 
component, there may then be revealed a blue 
color, which is produced much more slowly by 
the gamma rays than is the brown color. This blue 
color is stable to light, and is destroyed by heat 
only if a relatively high temperature of about 
500°C for a few hours is used; at this temperature, 
natural blue topaz will also turn colorless. 

The blue color produced in colorless or pale 
topaz by practical doses of gamma rays (i.e., a few 
hundred to a few thousand megarads at most} and 
subsequent heating is usually not very intense; 
some topaz may show hardly any blue color even 
on extended gamma irradiation. There is no rela- 
tionship between the rate of coloration and the 
maximum depth of the brown color and the rate 
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of coloration and the maximum depth of the blue 
color. When the color is very intense, however, a 
“steely” blue may result (figure 4). 


High-Energy Electrons. Electrons are accelerated 
to high energies in a variety of machines, includ- 
ing linear accelerators {linacs), Van de Graaff gen- 
erators, and betatrons, among others. After reach- 
ing the selected energy, the beam of electrons is 
electrically deflected in a zig-zag pattern to cover 
an area, typically a few to many centimeters 
across, or a sample container is moved in such a 
way as to expose the whole specimen holder to 
the electrons. Such high-energy-electron facilities 
are large, complex, expensive to build, expensive 
to operate, and must be well shielded, hence the 
higher cost of electron irradiation versus gamma 
irradiation. For the coloration of blue topaz, irra- 
diation energies in the 10 to 20 mega-electron- 
volt range are most commonly used. 
High-energy electrons act quite differently 
from gamma rays. They produce considerable 
heat, with muclt of the heat generated at the sur- 
face of the specimen. The samples are usually 
cooled with cold running water during the radi- 
ation procedure; even so, cracking is common if 


Figure 4, This 6-ct topaz illustrates the “‘steely”’ 
blue color that is often produced in stones sub- 
jected to gamma or neutron irradiation. 

Photo © Tino Hammid. 
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certain inclusions or defects are present, and 
melting can occur if the water supply is inter- 
rupted or the beam of electrons remains fixed in 
one spot. A large amount of negative electricity is 
also carried by the beam into the specimen, and 
an internal electrical discharge or ‘internal 
lightning” (also referred to as ‘‘treeing effect’’ or 
"Lichtenburg figure” in other contexts) can occur 
as shown in figure 5, and may cause severe dam- 
age. If the energy used is high enough, most of the 
beam can be made to pass through the specimen 
to avoid damage from this effect. 

Because the energetic electrons have limited 
penetration, the coloration effect, like the heat, is 
most intense at the surface. The penetration 
depth can be increased by raising the energy of the 
electrons, but then induced radioactivity may 
occur. This last factor depends on the specific im- 
purities present in a specimen, and for topaz it 
usually sets in above an energy of about 15 mega 
electron volts. A’cooling off’ period of a few days 
to a few weeks may be necessary, during which 
time the induced radioactivity decays to an ac- 
ceptable level. 

A significant advantage to the use of electrons 
is that the dose rates available are much higher 
than those in gamma cells. It is practical, there- 
fore, in reasonable time periods of a few hours to 
reach doses of many tens of thousands of mega- 
rads of energetic electrons, while it may take 
many days to achieve just a few thousand mega- 
rads of gamma rays. A high dose may be required 
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Figure 5. “Internal lightning,’’ caused by an internal 
electrical discharge during irradiation in a linear 
accelerator, is evident when this 52.3-ct blue topaz 
is viewed through the table with the unaided eye 
(left) as well as with 3 x magnification (above). 
Stone courtesy of P. Flusser, Overland Gems, Los 
Angeles, CA; photos © Tino Hammid. 


since the coloration does not vary in a linear fash- 
ion with the dose. 

Like gamma rays, high-energy electrons can 
produce both the brown and the blue colors in 
topaz, and heating is used to remove the brown if 
blue is desired. Since higher doses are practical, 
electrons can usually produce a more intense blue 
than gamma rays; the “inky” or “steely” blue 
often seen in stones treated with gamma or neu- 
tron irradiation does not seem to occur. In view of 
the potential electrical discharge problems and 
the tendency for greater interaction at the surface, 
the production by electrons of a deep blue color in 
specimens much larger than about 150 ct or much 
thicker than about 15 mm is usually not practical. 


Neutrons. Neutrons, produced in nuclear reac- 
tors, can also induce radioactivity in all but the 
purest of topaz crystals. However, they have ex- 
cellent penetration, so there are no surface heat- 
ing or coloration problems, and the colors pro- 
duced are usually uniform and deep. Because 
there is no risk of cracking, size is not the prob- 
lem it is with high-energy electron irradiation. 
The neutrons in a nuclear reactor can be of vary- 
ing energy and are also accompanied by gamma 
rays and other rays and particles. By placing the 
material to be irradiated into a cadmium-lined 
iron container, the thermal neutrons that do es- 
sentially all of the activating are absorbed by the 
metals, which then also generate additional 
gamma rays (Bastos, 1984}. To use neutron irradi- 
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ation, however, the treater must have access to a 
reactor facility that is able to handle the very high 
radioactivities involved with the special cad- 
mium-lined iron container. Doses of up to 1,000 
megarads are said to be adequate to produce, after 
heating, a deep blue. The color may be darker 
than that produced by electrons, often “inky” or 
“steely.” Zoning of color can be expected to be 
similar to that observed with other irradiation 
techniques used for the blue product. 


The Restoration of Color. Irradiation can also be 
used to restore the natural yellow to brown or 
blue color in a topaz when this has been acciden- 
tally destroyed by overheating. Although irradia- 
tion will usually produce an additional yellow to 
brown component as well, this can be removed by 
a gentle heating or exposure to bright light, thus 
producing a restoration of the original color. The 
final color will be just as stable (or unstable) as the 
original natural one. It is also possible in this 
same way to return heated pink topaz back to its 
original color if, for example, the pink is too pale. 


THE HEAT TREATMENT OF TOPAZ 

A heating step is usually required to remove the 
yellow to brown color and reveal any blue that 
may be present. Just as not all colorless topaz will 
alter to the yellow to brown range with irradia- 
tion, not all irradiated yellow to brown stones 


will alter to blue; and variations in color from 
stone to stone, or even within a single stone, are 
possible (figure 6). While gamma and neutron ir- 
radiation in themselves can be conducted on 
quite large pieces of topaz, this is not true of 
high-energy-electron irradiation because of the 
three factors discussed above: limited penetration 
depth, heat generation, and the build-up of elec- 
trical charge. Heating, too, cannot be performed 
on large topaz specimens without loss. 

It is well known that most topaz is very heat 
sensitive and often breaks, cleaves, or shatters on 
heating, even if temperatures as low as 200°C are 
applied very slowly and carefully. The presence of 
strains, flaws, inclusions (particularly liquid- 
filled ones}, and cracks makes a specimen espe- 
cially prone to damage. 

The solution is obvious: perform these pro- 
cesses on faceted stones, or at least preforms 
{gemstones that have been roughed out but not 
finished) that are fashioned so that they do not 
contain stresses, flaws, or inclusions. An added 
advantage to using preforms is that irradiation 
fees are based on weight, and there is a large re- 
duction in weight from the rough to the pre- 
formed or faceted stone. The yield of faceted 
product intended to become blue topaz is less 
than that for most other gemstone materials be- 
cause all but the smallest of strains, flaws, and 
inclusions must be eliminated. 


Figure 6. These topaz preforms are shown after they have been irradiated in a linear accelerator and just 
before (left) and after (right) heat treatment at 220°C for approximately one and a half hours. Note the 
variations in color within this lot of stones both before and after heating. Stones and furnace courtesy of 
P. Flusser, Overland Gems, Los Angeles, CA; photos © Tino Hammid. 
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Figure 7. Heat treatment over an open flame 
turned a yellow topaz from the same lot as the 
2.5-ct stone on the lower right into the attractive 
pink topaz on the upper left. Stones courtesy of P. 
Flusser, Overland Gems, Los Angeles, CA; photo 
© Tino Hammid. 


For the heating step used to remove the brown 
color from irradiated topaz (and possibly to im- 
prove the “steely” blue of the gamma- and 
neutron-irradiated products} temperatures in the 
200°—300°C range are used, usually for one to 
two hours. At higher temperatures, about 500°C, 
the blue color itself begins to fade. The fading 
occurs as the electrons return to the original 
location from which they were displaced by the 
irradiation that had formed the color center 
(Nassau, 1983; Nassau, 1984}. A wide variety of 
different color centers can form in topaz (Nassau, 
1984), including slowly and rapidly fading yellows 
to browns, stable yellows to browns, a stable blue, 
and the “steely” blue—causing component. Al- 
though formation rates of these color centers can 
be quite different even in different parts of the 
same crystal, the temperature-induced fading be- 
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havior is usually quite consistent: the unstable 
yellow to brown colors require only a short time 
{an hour or less) at temperatures as low as 200°C, 
the stable yellow to brown colors require a longer 
time (a few hours) at 200°—400°C, and the stable 
blue requires about 500°C to make it fade. 

Any type of furnace can be used, and heating 
in air is perfectly adequate. Heating may be per- 
formed with the topaz wrapped or buried in some 
inert substance such as clean dry sand. This is 
placed into a cold furnace and heated to the 
treatment temperature very gradually; the larger 
the stones, the slower the heating rate that needs 
to be used. After the required time at tempera- 
ture, the furnace is often cooled at an equally slow 
rate and the stones are not removed until they 
have returned to room temperature. 

In an original modification (C. Key, unpub- 
lished observation) of the electron irradiation and 
heating process described above, the rough topaz 
is first heated without any of the usual precau- 
tions so that all of the potential fracturing occurs 
before the cutting, irradiation, and subsequent 
heating steps. In this way there is essentially no 
cracking in these later steps, leading to a consid- 
erable economy in the pracessing. 

Heating of yellow to reddish brown topaz 
from Ouro Preto, Brazil, has been long practiced 
(Webster, 1984) to develop a salmon-pink to 
purple-red color (figure 7) that appears only if 
chromium is present in the topaz. By heating in 
the 400°—500°C range, the yellow to brown com- 
ponent is bleached. There is little doubt that a 
similar heating can be used on green topaz, for 
example, from the Urals, to produce blue. It also 
can be used to convert purplish or bluish pinks toa 
pure pink by removing the blue component, the 
latter at perhaps a somewhat higher temperature. 


COMMERCIAL FACTORS 


The supply of treated blue stones has remained 
strong since the early 1970s, when they were first 
identified in the marketplace, until the present. It 
might have been expected that the existence of 
the irradiation process would cause a significant 
increase in the value of colorless topaz but this 
has not happened, possibly for two reasons. First, 
the costs of cutting and irradiation are sufficiently 
greater than the cost of the colorless topaz itself, 
so that these steps appear to account for 90% or 
more of the entire cost of the blue topaz produced. 
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Second, the supply of mined colorless topaz, even 
though not large, is apparently still larger than the 
past and current demand for blue topaz; in addi- 
tion, there are believed to be sufficient amounts 
of unmined (because of the lack of previous 
demand) colorless topaz suitable for treatment 
should any additional demand arise. As discussed 
above, there is much variability in the behavior of 
topaz on irradiation; colorless material that could 
be guaranteed to turn a deep blue would obviously 
command a premium. 

The irradiation of gemstones is such a small 
fraction of the total irradiation business that there 
are no dedicated facilities. Industrial irradiation 
facilities are commonly used for such purposes as 
medical supply sterilization, food preservation, 
the modification of plastic products, semiconduc- 
tor treatment, and so on; gemstone irradiation is 
carried out between such activities (Nassau, 
1984). Commercial gemstone irradiation firms 
frequently act only as intermediaries; they accu- 
mulate material and then have the irradiation per- 
formed at an industrial facility. 

It is probably true that for most topaz the im- 
purities or defects that provide the potential to 
form blue are the same for the different forms of 
irradiation; the impurities or defects giving the 
potential to form brown are different from these. 
By a preliminary low-cost, medium-dose gamma- 
ray irradiation and subsequent heating to the blue 
stage, the fraction of material least likely to yield 
a more intense blue color could be eliminated 
from the more costly electron irradiation with- 
out, however, any significant change in the over- 
all yield of the deep- and medium-blue products. 


IDENTIFICATION OF NATURAL 
AND TREATED TOPAZ 


The properties used to distinguish topaz from 
other gemstone materials are well known (Web- 
ster, 1984]. The necessity for distinction from a 
synthetic does not arise, since so far only tiny 
topaz crystals have ever been grown in the labora- 
tory and these have been done by the hydro- 
thermal method, which is slow and costly 
(Nassau, 1980). 

The identification of the origin—natural or 
treated—of the various shades of pink, brown, and 
blue presents many difficulties. The “burned” 
pink is reported to have a much greater dichroism 
(dark cherry red and honey yellow) than the very 
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rare natural pink topaz (Bauer, 1968), but the ori- 
gin of the color cannot be established concretely 
by routine gemological methods. Both the irradi- 
ated brown and the blue colors show the same 
absorption spectra as the equivalent natural stone 
(Nassau, 1974; Nassau and Prescott, 1975; Petrov 
et al., 1977; Petrov and Beredinski, 1975). With 
the blue material there is a difference in the 
thermoluminescence as reported by Petrov et al. 
(1977); as the temperature is raised, there is an 
emission of light in the irradiated blue topaz that 
is not present in the natural blue topaz. Similar 
thermoluminescence results have been reported 
by Rossman (1981). Such a test could be per- 
formed on a microscopic specimen scraped from 
the girdle of a stone, but extensive research would 
be required to ensure that this is a consistent and 
reproducible test which could not be negated by a 
selective preliminary heating of the stone. Also, 
the equipment required makes the test impracti- 
cal for the average jeweler/gemologist. Although 
the origin of color (treated) appears to be obvious 
in the deepest of blue topaz, it is not possible to 
definitively establish the origin of the blue color 
with certainty using routine gemological tests. 

Finally, for the yellow to brown shades of 
topaz, there is the problem of distinguishing the 
stable from the fading colors, either natural or ir- 
radiated. At present, no gemological test is known 
for this identification other than a direct fade test; 
this should always be performed if there is any 
question as to the permanence of the color. 

As mentioned above, radioactivity can be in- 
duced into topaz during irradiation; such radio- 
active material was indeed found in the trade in 
1981 (Crowningshield, 1981), its origin traced to 
irradiation operations in Brazil, but no additional 
occurrences have been reported since that time. 


CONCLUSION 


Although topaz has been subjected to heating 
alone (to turn yellow to reddish brown stones 
pink to red) and some dyeing, by far the most 
common technique used on topaz today is irradi- 
ation and subsequent heat treatment to alter col- 
orless stones to blue. Literally hundreds of thou- 
sands of carats of attractive blue topaz have been 
produced in this fashion during the last 10 years. 
Irradiation has also been used on other 
gemstones to effect a variety of color changes. In 
some instances, such as Maxixe beryl and irradi- 
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ated yellow sapphire, these colors are unstable and 
will fade on exposure to light, as does the irradiated 
yellow to brown topaz color. In other instances, 
such as irradiated smoky quartz and irradiated 
diamond, the color is stable to light, as is the irra- 
diated blue topaz (Nassau, 1984}. Blue topaz, how- 
ever, is currently the most common gemstone 
being irradiated. The blue color that results after 
heating is stable and has shown wide consumer 
acceptance. The treated material cannot be distin- 
guished from its natural blue counterpart by 
gemological testing at this time. 
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A PRELIMINARY REPORT ON THE NEW LECHLEITNER 
SYNTHETIC RUBY AND SYNTHETIC BLUE SAPPHIRE 


By Robert E. Kane 


A new synthetic ruby and synthetic blue sapphire have 
been synthesized by Johann Lechleitner of Innsbruck, 
Austria. This article reports on the examination of one 
sample of each of these new synthetics and discusses 
means of identification. Although most of the 
gemological properties of these two synthetics overlap 
with those of their natural counterparts, they can be 
easily identified from natural corundum and from 
other synthetics by their distinctive internal character- 
istics; inclusions that are typical of both the flux- 
growth and the Verneuil processes. 


Very recently, the author examined two new syn- 
thetic gem materials (synthetic ruby and synthetic 
blue sapphire) reported to have been produced by J. 
Lechleitner of Innsbruck, Austria. Lechleitner is 
well known for his commercial production (since 
1959) of emerald substitutes that consist of a 
faceted colorless, or very lightly colored, natural 
beryl “seed” that is completely coated with a thin 
layer of synthetic emerald (Holmes and Crowning- 
shield, 1960). Lechleitner has also produced em- 
eralds that are completely synthetic. 

The material examined in this study included 
one 0.47-ct round modified brilliant cut synthetic 
ruby and one 0.69-ct round modified brilliant cut 
synthetic blue sapphire (see figure 1}. Although the 
two samples examined and discussed here were 
not obtained directly from J. Lechleitner, he con- 
firmed that he has been growing synthetic ruby 
and synthetic blue sapphire since late 1983 (J. 
Lechleitner, pers. comm., 1985). Lechleitner also 
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Figure 1. Faceted Lechleitner synthetic ruby 
(0.47 ct) and synthetic blue sapphire (0.69 ct). 
Photo ©Tino Hammid. 


reported that all of the synthetic ruby and syn- 
thetic blue sapphire that he has produced to date 
has been turned over to H. Bank of Idar-Oberstein. 
Professor Bank (pers. comm., 1985} has stated that 
My. Lechleitner has produced corundum in the 
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following colors: blue, red, ‘‘padparadscha,” color- 
less, “alexandrite-color,’” yellow, green, and pink. 
According to Professor Bank, the production is 
“more or less experimental.” He did note, how- 
ever, that a few stones have been sold in Japan, 
which is where the stones examined by the author 
were obtained. 

The intent of this article is to inform the 
gemological community of the existence of this 
new synthetic ruby and synthetic blue sapphire 
and to provide the gemological properties of these 
new synthetics, based on the examination of the 
two above-mentioned samples, as well as indicate 
means to identify them from their natural coun- 
terparts. 


GEMOLOGICAL CHARACTERISTICS 


The faceted Lechleitner synthetic ruby and syn- 
thetic blue sapphire were first examined for color, 
transparency, and clarity. With regard to color, the 
Lechleitner synthetic ruby studied is purplish red 
in hue, with medium tone and strong saturation. 
The Lechleitner synthetic sapphire examined is 


blue in hue, with medium tone and moderately 
strong Saturation. 

Both synthetics are transparent with areas that 
appear to be hazy. When judged with the unaided 
eye, both synthetics also appear to be relatively 
free of inclusions; when examined with magnifi- 
cation, however, numerous flux inclusions be- 
come readily apparent, which accounts for the 
haziness. 

Also examined was the direction of optic axis 
orientation. In the synthetic ruby, the optic axis is 
oriented nearly parallel to the table. In the syn- 
thetic blue sapphire, the optic axis is oriented 
about 20°—30° from the plane parallel to the table. 

The other gemological characteristics (refrac- 
tive index, pleochroism, luminescent reactions 
when exposed to long-wave and short-wave ultra- 
violet radiation as well as X-rays, absorption 
spectra as viewed through a hand-held type spec- 
troscope, and specific gravity) of the Lechleitner 
synthetic ruby and synthetic blue sapphire were 
obtained using routine gemological methods. 
These characteristics are summarized in table 1; 


TABLE |. The gemological properties of Lechleitner synthetic ruby and synthetic blue sapphire.? 


Luminescence 


Long-wave Short-wave Absorption 
Material R.l. and ultraviolet ultraviolet spectrum 
tested biref. Pleochroism radiation radiation X-rays (400 nm—700 nm) $.G.¢ inclusions 
Lechleitner ¢€ = 1.760 Strong Strong red; Moderate red, Moderate Absorption lines 4.00 Flux “fingerprints” 
synthetic w= 1.768  purple-red no phospho- with slightly chalky at 475.0, 476.5, +0.03 and wispy veils 
ruby 0.008 parallel to rescence chalky white red; no 468.5, 659.2, 668.0, that range from 
the c-axis; overtone; no phosphores- 692.8, and 694.2 nm; nearly transparent 
pale orangy phosphores- cence broad absorption to opaque and from 
pink perpen- cence blocking out all near-colorless to 
dicular to ot the violet and white, as well as 
the c-axis some of the blue, from thin, minute, 
all of the green tightly arranged 
and yellow, and a patterns to loosely 
small area in the arranged, flat, 
orange portion mesh-like 
of the visible patterns; very low 
spectrum to moderate relief, 
curved striae 
Lechleitner ¢€ = 1.760 Strong Inert: no Very weak Very weak, No visible lines 4.00 Same as tor the 
synthetic w = 1.768  violetish phospho- chalky opaque or bands; broad +0.03 synthetic ruby 
blue 0.008 blue rescence whitish blue; chalky white; absorption of but in greater 
sapphire parallel no phospho- no phospho- moderate inten- amounts; maderate 
to the c-axis; rescence rescence sity in a portion to high relief, 
pale greenish of the violet and curved color 
gray-blue far red area of banding 
perpendicular the visible 
to the c-axis spectrum 


"These properties were obtained by testing one faceted sample of each synthetic. 
The visible-light absorption spectrum as observed through a “hana-hela” type of gemological spectroscope unit. 
°Specific gravity was estimated using heavy liquids and indicator stones of known specific gravity. 
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Figure 2. Numerous white, wispy veils, very fine 
to moderate in texture, reduce the transparency of 
this Lechleitner synthetic ruby. Dark-field 
illumination, magnified 20 x, 


all except the internal characteristics overlap to 
some extent with their natural counterparts. 


IDENTIFICATION 

Because of the overlap in most gemological charac- 
teristics between the two Lechleitner synthetics 
and natural corundum, an extensive microscopic 
examination of the two samples was undertaken. 
It was determined that the inclusions would pro- 
vide the most effective means of identification; in 
fact, there are several easily recognizable inclu- 
sions that are diagnostic of synthesis. 


Flux. As both the synthetic ruby and the synthetic 
blue sapphire are examined with low magnifica- 
tion through the table and crown facets, flux in the 
form of wispy veils and “fingerprints” is readily 
apparent (figures 2 and 3). In the synthetic ruby, 
the flux veils range from nearly transparent to 
opaque and from near-colorless to white in very 
low to moderate relief. The flux “fingerprints” and 
veils range from thin, minute, tightly arranged pat- 
terns to more loosely arranged mesh-like patterns, 
both of which frequently intersect (again, see fig- 
ure 3}. At the edges of a few of the flux “finger- 
prints” or veils are thicker, long channels or voids 
that are filled or partially filled with flux. This type 
of inclusion is commonly observed in many flux- 
grown synthetics and forms when the molten flux 
is trapped within the rapidly growing crystal and 
crystallizes or partially crystallizes as the syn- 
thetic crystal cools. In the Lechleitner synthetic 
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Figure 3. Low magnification is all that is required 
to reveal the dense concentrations of flux, in the 
form of wispy veils, that betray the synthetic 
origin of this Lechleitner synthetic blue sapphire. 
Dark-field illumination, magnified 15 x. 


ruby, a nearly opaque, frosted, white appearance 
has resulted at the edges of the channels. Some of 
these small inclusions also exhibit a two-phase- 
like appearance; however, as with similar-appear- 
ing features observed in some Kashan and 
Ramaura synthetic rubies, these inclusions are 
probably not truly two-phase but, rather, are 
completely solid in nature (Kane, 1983). 

The Lechleitner synthetic blue sapphire con- 
tains flux “fingerprints” and wispy veils that are 
similar in many respects to those observed in the 
Lechleitner synthetic ruby. The most notable dif- 
ferences are the larger quantity and higher relief of 
these flux inclusions (again, see figure 3}. As 
shown in figure 4, one of the fingerprints” is very 
similar to those observed in some Chatham flux- 
grown synthetic blue sapphires (Kane, 1982, 
Gibelin, 1983). 


Curved Growth Features. Easily visible in several 
portions of the Lechleitner synthetic ruby are 
curved growth features, also referred to as curved 


ABOUT THE AUTHOR 


Mr. Kane is research and gem identification supervisor of GIA’s 
Gem Trade Laboratory, Inc., Los Angeles, California. 


Acknowledgments: The author is grateful to Judith Osmer for the 
foan of the synthetic material, to Johann Lechleitner and 
Hermann Bank for information provided, and to Karin Hurwit for 
translations of the German literature. All photographs, unless 
otherwise indicated, are by the author. 


© 1985 Gemological Institute of America 


GEMS & GEMOLOGY Spring 1985 37 


Figure 4. Flux ranging from semitransparent to 
opaque and from near-colorless to white occurs in 
wide, mesh-like patterns intersected by thin, 
tightly arranged white “fingerprints” in a 
Lechleitner synthetic blue sapphire. Dark-field 
illumination, magnified 35 x, 


striae, a commonly encountered inclusion by- 
product of the Verneuil method of growing synthet- 
ic crystals and sometimes observed in rubies 
grown by the Czochralski pulling method. 

The Lechleitner synthetic blue sapphire also 
contains curved growth features. Although not as 
readily apparent as in the synthetic ruby, the 
curved color banding in the synthetic blue sap- 
phire is faintly visible with high magnification 
(approximately 40x) and diffused illumination. 


METHOD OF SYNTHESIS 

The characteristic appearance of the flux inclu- 
sions in the two Lechleitner synthetics indicates 
that this material was at least partially manufac- 
tured in a flux-growth environment. On the basis 
of his own investigations and discussions with 
crystal growers, the author has developed two the- 
ories to explain the presence of both curved growth 
features and various forms of flux-type inclusions 
in a single stone: 


1. A small Verneuil seed crystal could have 
been placed in the flux growth chamber 
(crucible), with the intended purpose of 
starting and/or controlling the size and di- 
rection of the flux growth. The curved 
growth features observed in the two syn- 
thetic stones studied could be in the actual 
Verneuil seed crystal, which was not re- 
moved during cutting and thus became part 
of the faceted synthetic gemstone. 
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2. A larger Verneuil synthetic corundum (col- 
orless or doped with added impurities to 
produce ruby or blue sapphire} could have 
been placed in a flux-growth environment 
for a sufficient length of time to enable 
flux-grown corundum to completely encase 
the Verneuil synthetic, while also inducing 
flux inclusions within the Verneuil mate- 
rial. 


Both of these methods have been applied to 
synthetic ruby growth in the past, in experiments 
conducted by Chatham Created Gems of San 
Francisco, California (Thomas Chatham, pers. 
comm., 1981}. Figure 5 shows examples of syn- 
thetic ruby grown by Chatham several years ago 
using the latter of the above-mentioned growth 
techniques. A slightly different experiment in- 
volving a highly fractured Verneuil synthetic ruby 
placed in a flux-growth environment for 42 days 
was recently conducted (Koivula, 1983). Although 
it was difficult to determine whether or not the 
curved features extended completely throughout 
the Lechleitner synthetic sapphire and synthetic 
ruby (in both stones they were only visible through 
the pavilion], there was no discernible division 
between the Verneuil portion and the flux portion 
of these synthetics; the flux appeared to have been 
induced into the Verneuil material. Such a divi- 
sion was observed in the experimental Chatham 
synthetic rubies. 

Professor Bank (1983 and pers. comm., 1985) 
has confirmed that Lechleitner is producing sev- 
eral different combinations of synthetic over- 
growth, including synthetic pink corundum over 
synthetic Verneuil colorless corundum, synthetic 
ruby over synthetic Verneuil ruby, and synthetic 
ruby over natural corundum. It is important to 
note that the process used to manufacture the 
Lechleitner synthetic corundums examined for 
this study is completely different from that used 
by Lechleitner to produce his synthetic emerald 
overgrowth. Neither the synthetic ruby nor the 
synthetic blue sapphire showed any of the charac- 
teristics that are typically associated with the 
Lechleitner imitation emerald, such as the 
“stress” cracks at the interface of the synthetic 
overgrowth and the natural emerald seed. 


CONCLUSION 


The Lechleitner synthetic ruby and synthetic blue 
sapphire appear to represent a new method of syn- 
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thesis that thus far has not been widely available 
commercially. As with essentially all other syn- 
thetic corundum, the gemological properties of the 
Lechleitner synthetic ruby and synthetic blue 
sapphire examined in this study overlap to some 
extent with those of their natural counterparts, 
with the exception of inclusions. Various forms of 
white flux (fingerprints’” and wispy veils) and 
curved growth features were observed in the two 
samples examined, and provide a definitive means 
of identification. 

It is very unlikely that a synthetic grown by 
this method would be devoid of inclusions. It is 
possible, however, that a synthetic stone of this 
manufacture could be cut from the exterior of the 
synthetic crystal so that it would contain only flux 
inclusions, and thus be devoid of curved growth 
features. This report is based only on one 
Lechleitner synthetic ruby and synthetic blue 
sapphire; it is probable that when more material is 
examined in the future, a wider variety of charac- 
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Figure 5. Synthetic ruby crystals grown by 
Chatham, Inc., using a technique by which 
Verneuil synthetic rubies are placed in a 
flux-growth environment. Like the 
Lechleitner synthetics, these crystals 
contain both curved striae and flux. Photo 
on left OTino Hammid; photomicrograph, 
dark-field illumination, magnified 40 x. 


teristics will be present. However, if the gemolo- 
gist is aware of these new synthetics and their 
characteristic inclusions, and uses careful micro- 
scopic examination, these materials should be 
readily identified. 
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INTERESTING RED TOURMALINE FROM ZAMBIA 


By John I. Koivula and C. W. Fryer 


T his note describes the study of five small, gem-quality 
crystals and crystal fragments of a brownish red to red 
tourmaline from a new locality near Chipata, Zambia. 
The mineralogical nature of these tourmalines is briefly 
discussed. X-ray diffraction indicates that these 
tourmalines belong to the schorl-dravite series. 
Refractive indices, birefringence, specific gravity, and 
other gemological properties are given, as well as 
comments on the inclusions. This material is very 
similarin appearance, gemological characteristics, and 
chemistry to the red tourmalines from Kenya. 


The Gemological Institute of America recently 
received a gift of five small (1.17—3.44 ct] transpar- 
ent, gem-quality crystals and crystal sections of a 
most unusual, deep red to brownish red, tourma- 
line that was reportedly mined near Chipata, 
Zambia (E. Petsch, pers. comm.). These specimens 
strongly resemble tourmalines from Kenya. Two 
of the crystals are terminated with trigonal pyra- 
mids. The others, although broken, show a few 
sharp, well-defined prism faces that suggest an 
eluvial or in-situ, rather than alluvial, source. 
The fact that the intense red to brownish red 
color (figure 1) is almost identical to the red tour- 
malines previously reported from Kenya (Bank, 
1974; Dunn et al., 1975}, and the fact that this 
material came from a new locality approximately 
1,000 km south of where the Kenyan material was 
discovered (Dunn et al., 1975}, suggests that there 
might be a connection between the two occur- 
rences. Accordingly, a number of tests were con- 
ducted on the Zambian crystals both to provide 
further information about this material and to 
compare it with the red tourmalines of Kenya. 


GEMOLOGICAL PROPERTIES 
The refractive indices were measured with a 
monochromatic light source and a Rayner Dialdex 
refractometer as 1.624 and 1.654. This bire- 
fringence, 0.030, is fairly high for tourmaline and is 
usually associated with the schorl-dravite series. 
Refractive indices varying from 1.623-1.654 to 
1.626-—1.657 (birefringence 0.031) were reported 
for the Kenyan dravite {Dunn et al., 1975). 
Specific gravities of the five samples were de- 
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Figure 1, Of the five tourmaline samples used in 
this study, the one shown here (8.5 mm long) 
exhibited the best crystal form. 


termined hydrostatically on a Voland double-pan 
balance at room temperature. They ranged from 
3.03 to 3.07; the average specific gravity of the five 
samples was 3.05. Again, these results do not differ 
significantly from these obtained by Dunn etal. on 
dravite from Kenya; these authors found a specific 
gravity range of 3.07 to 3.08 in the material they 
examined. 

The tourmalines were next studied with a 
Beck prism spectroscope to determine if any char- 
acteristic absorption lines were visible. In the 
optic axis direction, extreme absorption precluded 
a spectral analysis. Perpendicular to the optic axis, 
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however, we observed a strong broad band between 
520 nm and 590 nm, another weaker band between 
460 nm and 470 nm, and a 445 nm cutoff of the 
blue and violet (figure 2). 

The pleochroic colors observed with the 
dichroscope are a dull, dark brownish red and 
a bright red. The stones appeared inert when 
exposed to both long-wave and short-wave ultra- 
violet radiation. 

Although one of the authors had previously 
examined tourmalines found as inclusions in 
Zambian emeralds (Koivula, 1982), this was our 
first opportunity to study larger tourmaline crys- 
tals from Zambia. X-ray diffraction of the dark 
orangy brown to black tourmaline inclusions in 
emerald proved that the inclusions are from the 
schorl-dravite series. Interestingly, the X-ray dif- 
fraction pattern of the red dravite crystals studied 
in this report closely resembles the dravite pattern 
obtained from the schorl-dravite inclusions found 
in the Zambian emeralds. 

None of the studies published to date on the 
dravite from Kenya reported on the inclusions in 
this material; even so, we decided to examine the 
Zambianicrystals under magnification to study 
any associated minerals that might be found ad- 
hering to-the crystals, and to see if any inclusions 
could be resolved. Two of the crystal fragments 
have small white to pale brown patches of an 
associated mineral on them. The X-ray diffraction 
pattern obtained from a powder sample of this 
mineral matches that of talc. One of the two 
specimens with this talc also has a colorless crys- 
talline material attached to one end; X-ray diffrac- 
tion proved this mineral to be quartz. The largest 
crystal fragment contains two-phase inclusions. 
The fourth piece has no associated minerals or 
inclusions visible at 50x or lower magnification. 
The best terminated crystal, shown in figure 1, 
contains inclusions of what appear to be tourma- 


Figure 2. Diagram of the absorption spectrum 
shown by the tourmaline crystal! illustrated in 
figure 1. 
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Figure 3. An inclusion of tourmaline in the 
tourmaline shown in figure 1. Even with 
shadowing, the relief is quite low. Magnified 50x. 


line as well as asmall grouping of very fine acicular 
inclusions. We decided to polish a window in this 
crystal so that we could study these inclusions 
more closely. 

First, we observed included euhedral crystals 
of a hemimorphic form that appeared to have very 
low relief, which indicates a refractive index very 
close to the host tourmaline. The most easily vis- 
ible of these inclusions is shown in figure 3. The 
crystal habit (hemimorphic terminations) together 
with the low relief serve to identify these inclu- 
sions as tourmaline. Also scattered throughout the 
host, isolated and in groups, are very short, ex- 
tremely fine, acicular inclusions of high relief 
(figure 4). These inclusions remain unidentified, 
although they may be fibrous talc. Phantom 
growth zones that trace the developmental stages 
of the host were also observed throughout the crys- 
tal, although they could be seen only at certain 
angles. 
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CHEMISTRY 


After detailed gemological examination and X-ray 
diffraction were completed, the tourmalines were 
given to Dr. George Rossman, of the California 
Institute of Technology, for chemical analysis on 
the electron microprobe. Dr. Rossman had previ- 
ously analyzed the tourmaline from Kenya, and his 
analyses agree with those previously reported in 
the gemological literature (Bank, 1974; Dunn et 
al., 1975}. His findings on the Zambian tourmaline 
are very similar to the previous analyses on 
the Kenyan dravites. Table 1 compares the 
chemical compositions of the Kenyan and Zam- 
bian dravites. 


CONCLUSION 


All of the physical and optical properties of this 
Zambian tourmaline indicate that it is very simi- 


Figure 4. A small group of extremely fine acicular 
inclusions found in the crystal shown in figure 1. 
Transmitted light, magnified 50x. 


TABLE 1. Partial chemical comparison (in wt.%) of dravite from Kenya? and Zambia.° 


Location KO NazO CaO MgO MnO 
Kenya 0.06 2.7 0.06 9.4 0.03 
zambia 0.02 2.3 0.14 10.0 0.05 


2 As provided by Dunn et al., 1975. 


Element 


FeO —-*‘TIOn— Sin, ALOg = Crag V2 


4.4 0.3 37.9 31.1 ee a 
a4 0.2 36.7 33.9 xd aad 


5 Electron microprobe analysis of one specimen by George Rossman, of the California institute of Technology. 


Data not included in the analysis. 
¢ Below the detection limit (0.02%). 


lar to a rare type of gem-quality red dravite previ- 
ously found only in one small locality in Kenya. 
This similarity suggests that a common geologic 
origin exists between these two areas even though 
they are a thousand kilometers apart. The 
localities are situated at opposite ends of the East 
African Mozambique belt. In studying the general 
geology of eastern Africa, it becomes apparent that 
these two areas are linked by a system of major 
faults known as the Great Rift System, extending 
as far north as Ethiopia and as far south as 
Zimbabwe (Derry, 1980). The fact that both types 
of tourmalines are so rare and yet so similar, in 
conjunction with the geologic evidence available, 
suggests that perhaps the Kenyan and Zambian 
dravites were generated by the same geologic 
event. If so, similar areas of mineralization might 
exist along the entire length of the fault system. 


42 Notes and New Techniques 


The discovery of gem-quality tourmalines in 
Zambia is gemologically exciting. If this new 
source for red dravite should produce even larger 
cuttable pieces of rough, another unusual and 
beautiful color of tourmaline could appear in the 
world’s gem markets. 
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AMETHYST, Heat Treated The Los Angeles laboratory re- 
cently had the opportunity to exam- 
ine the 55.65-ct faceted quartz 
shown in figure 2. The owner of the 
stone explained that after faceting, 
his dark but otherwise attractive 
amethyst had been subjected to heat 
treatment in an attempt to lighten 
the color. The large amethyst was 
inadvertently left in the furnace for 
an extended period of time (the client 
“did not indicate the precise amount), 
resulting in a complete change of the 
purple amethyst color to a brownish 
yellow citrine color. Instead of in- 
creasing the value of the stone by 
lightening it, the unsuccessful at- 
tempt to lighten the color by heat 


The fact that the color of some ame- 
thyst is unstable to prolonged expo- 
sure to sunlight is well known to 
amethyst miners. Amethyst rough 
waiting for shipment to cutting fac- 
tories is frequently shielded from the 
heat and ultraviolet rays of the sun. 
Moreover, the color of some ame- 
thyst may also be unstable to other 
sources of heat, such as that pro- 
duced by. a jeweler’s repair torch. 
Using this:potential color instability 
to their'advantage, some amethyst 
dealers occasionally subject very 
dark faceted amethysts to heat 
treatment in order to lighten the 


color. In Brazil, as well as in other C ern ne 

Weel d-oeim Genvens icrenenerredly 4 treatment produced a citrine worth 

eae eae a eee eae Figure 1, Amethyst being heated considerably less than the original 
P P . over an alcohol flame to lighten. amethyst. R.K. 


thysts in a test tube and heat them 
over an alcohol flame for several 
minutes (see figure I). 

The heat treatment of amethyst 
may cause various other color 
changes, depending on such vari- 
ables as the locality of origin, the 
chemical composition of the ame- 
thyst, the temperature of the heat 
treatment, and the length of expo- 
sure to such treatment. Besides 
lightening the tone of the purple, 
heat treating amethyst may change 
the color to green (see Gems & 
Gemology, Summer 1983, p. 116}, 
reddish brown (Gems &) Gemology, 
Winter 1983, p. 236), near-colorless, 
or other hues of yellow and brown. 


Figure 2. A dark 55.65-ct amethyst was altered to this brownish 
yellow citrine by an unsuccessful attempt to lighten the original color. 


Editor's note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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GARNET 


Almandite, Exhibiting both 
Chatoyancy and Asterism 


The Los Angeles laboratory recently 
identified a 7.49-ct garnet that dis- 
played an unusual phenomenon. The 
gemological properties of the stone 
were typical of a star garnet: a 1.76 
spot refractive index, inert reaction 
to long- and short-wave ultraviolet 
radiation, and the strong absorption 
spectrum of almandite garnet. Be- 
sides the inclusions causing the phe- 
nomenon, some other typical garnet 
inclusions were observed as well. 
The unusual characteristic of this 
stone was the orientation of the apex 
of the cabochon to the inclusions 
causing the phenomenon. Although 
the cabochon was cut so that a cat’s- 
eye was seen on the apex of the stone 
{as shown in figure 3), a star effect 
was visible when the cabochon was 
viewed from its end (see figure 4}. If 


Figure 3. The apex of this 7.49-ct 
almandite garnet displays a 
prominent Cat’s-eye. 


Figure 4. Asterism is visible 
when the stone in figure 3 is 
examined on its end. 
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the cabochon had been oriented so 
that the asterism was evident on the 
apex, it would have been considered 
a star garnet. R.K. 


Massive Grossularite Carving 


An intriguing carving of two dragons 
holding a ball (7 x 6 x 2 cm} was sent 
to the Los Angeles laboratory for 
identification. The carving, shown 
in figure 5, was predominantly 
semitranslucent and mottled green 
in color, but had an opaque, dark gray 
area on the back. Although only a 
limited number of gemological tests 
could be performed on the massive 
material, the results allowed us to 
make a preliminary determination of 
its identity. 

We were able to obtain a refrac- 
tive index reading of 1.72 on the 


fairly well polished base. The spe- 
cific gravity was estimated with 
heavy liquids to be approximately 
3.5, since the carving sank moder- 
ately fast in methylene iodide 
(S.G. 3.32}. These properties, along 
with the appearance of the main 
green portion, indicated translucent 
green grossularite garnet. Because 
this type of garnet shows a character- 
istic yellowish orange fluorescence 
to X-radiation, we tested the carving 
in an X-ray fluorescence unit. A faint 
orangy glow was observed in the 
translucent green area. Lastly, X-ray 
diffraction performed on a small 
scraping taken from the green por- 
tion of the carving confirmed that 
the material was grossularite garnet. 
Massive grossularite garnet of this 
size is extremely rare. K.H. 


Figure 5. Grossularite garnet carving measuring 7 x6 x2 cm. 
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PEARLS 


Damaged Mabe 


Assembled cultured blister pearls, 
known as Mabe pearls, are composed 
of three or four pieces: a thin nacre 
blister pear! top and a wax-type filler 
(with or without a mother-of-pearl 
bead} cemented to a mother-of-pearl 
base (see figures 6 and 7). The combi- 
nation of what in some cases is an 
extremely thin nacre top and the soft 
wax-like filler does not always make 
for a very durable product. 

The Los Angeles laboratory had 
the opportunity to examine the dam- 
aged Mabe pearl illustrated in figure 
8. Our client had purchased this 
pendant believing that it was set 
with a cultured pearl. However, 
when the pearl became damaged, our 
client was surprised to learn that it 
was in fact a Mabe pearl. Jewelry 
manufacturers and buyers alike 
should be aware of the fragile nature 
of Mabe pearls. The recently intro- 
duced cultured 3/4 blister pearls 
should provide a much more durable 
product (see Gems #& Gemology, 
Spring 1982, p. 38). R.K. 


Pearl Simulants, 
Shell Hinges 


At one time, a number of items of 
jewelry appeared in the New York 
market advertised as being set with 
“French River Pearls.”” More re- 
cently, some items have been fraudu- 
lently sold as baroque freshwater 
pearls. Certain species of both fresh- 
and saltwater bivalve mollusks have 
hinges that, when carefully sawed 
out, have been used to create these 
inexpensive pearl substitutes. Figure 
9 illustrates two worked saltwater 
hinges from the same valve. The 
worked backs and characteristic 
shape are strong clues to their iden- 
tity. 

We were recently provided with 
complete shells of one rare mussel 
that has large nacreous hinges. The 
right hinge protuberance actually 
forms a better pearl substitute than 
the double left hinge. These shell 
hinges have occasionally been of- 
fered as “hinge pearls” —a misnomer 
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Figure 6. Profile of a Mabe pearl 
showing nacre shell cemented 
to a mother-of-pearl base. 


since that term has traditionally 
been used for elongated sac pearls 
found growing near the hinge. Figure 
10 shows the left valve, with its 
double hinge, of a mussel (a member 


Figure 8. A damaged Mabe pearl 
(approximately 14 mm) with a 
very thin nacre shell over a 
wax-type filler. 


Mother-of-pearl bead 


Nacre shell Wax-type filler 


Mother-of-pearl! base 


L 


Figure 7. Diagram showing the 
construction of a Mabe pearl. 


of the Lampsilis group, Unio family} 
known as the “thick mucket.” Fig- 
ure 11 shows a right hinge that has 
been worked to resemble a baroque 
pearl. RC, 


QUARTZ, Multi-Star 


The New York lab recently had the 
opportunity to examine a very un- 
usual large {approximately 25 mm) 
blue-gray, multi-star quartz from 
eastern Alabama. We also received a 
gift of several preforms of the same 
material for our collection. When the 
stone is viewed in the direction of the 
optic axis, it exhibits a 12-ray star 
(figure 12). Figure 13 shows that the 
same stone has secondary stars as 
well, a phenomenon that until now 
had only been known to occur in 
quartz from Sri Lanka (see Gems & 
Gemology, Summer 1984, pp. 
110-111}. Whether the asterism is 


Figure 9. These right and left hinges from one valve of a saltwater 
pearl-producing mollusk have been worked to resemble baroque pearls. 
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Figure 10. The double hinge from the left valve of a pearl-producing 


mollusk. 


Figure 11. The right hinge 
(approximately 20 mm} of a 
mollusk similar to that shown 
in figure 10 has been worked to 
resemble a baroque pearl. 


Figure 12. A 12-ray star is 
evident in this approximately 
25-mm quartz cabochon from 
Alabama. 
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due to sillimanite, as is the case with 
the star quartzes from Sri Lanka, is 
unknown. In addition to the inclu- 
sions causing the asterism, several of 
the preforms contained coarse, un- 
oriented, blade- or needle-like in- 


clusions that resemble rutile. R.C. 


RUBY, with Unusual Inclusions 


Recently in the New York lab we 
have noted several natural rubies 
with unique inclusions. One ruby in 
particular exhibited an irregular 
plane with numerous bubble-like 
inclusions that, at first glance, 
resembled the gas bubbles in a 


Figure 13. Secondary multiple 
stars are visible in the star 
quartz shown in figure 12 when 
it is viewed from a different 
orientation. 


Figure 14, These negative 
crystals included in ruby are 
typical of stones of Thai origin, 
although at first glance they 
were thought to resemble the 
gas bubbles often seen in glass- 
filled cavities. Magnified 15 x. 


glass-filled ruby. However, on closer 
inspection, the triangular “faces’’ 
visible in the larger “bubbles” (figure 
14} indicated that the inclusions 
were negative crystals typical of Thai 
rubies. R.C. 


SAPPHIRE Simulant, 
Synthetic Green Spinel and 
Synthetic Blue Sapphire Doublet 


The Los Angeles laboratory received 
for identification the 6.73-ct dark 
blue oval mixed cut shown in figure 
15. Examination of the stone with 
the microscope revealed a separation 
plane at the girdle with flattened gas 
bubbles and an irregular waxy con- 
tact zone parallel to the table. We 
frequently encounter blue sapphire 
simulants in the form of doublets 
consisting of a natural green sapphire 
crown and a synthetic blue sapphire 
pavilion. However, when examining 
this stone with the microscope, we 
also observed in the crown an irregu- 
lar cluster of gas bubbles, typical of 
those formed in some synthetic 
spinels. Further testing proved that 
this particular stone consisted of a 
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Figure 15. A 6.73-ct assembled 
stone with a synthetic green 
spinel crown and a Verneuil 
synthetic blue sapphire 
pavilion. 


synthetic green spinel crown and a 
Verneuil synthetic blue sapphire 
pavilion. Table 1 summarizes the 
characteristics observed in both por- 
tions of this doublet. 

Closer examination with the 
microscope using dark-field illumi- 
nation, fiber-optic illumination, and 
immersion in methylene iodide 
failed to reveal the type of cement 
layer that-is typical of most assem- 
bled stones. It is unlikely that the 
two materials were fused together by 
heat because of the very high melting 
temperatures of synthetic spinel 
(2135°C) and synthetic sapphire 


(2050°C). Therefore, this stone was 
probably assembled with a type of 
cyanoacrylate cement layer that is 
commonly marketed under several 
different trade names, including 
Krazy Glue and Super Glue. 

This is the first assembled stone 
consisting of a synthetic green spinel 
crown and a Verneuil synthetic blue 
sapphire pavilion that we have en- 
countered, although the New York 
Gem Trade Laboratory reported in 


the Winter 1984 issue of Gems & 
Gemology on a large doublet that 
consisted of a colorless synthetic 
spinel crown cemented to a Verneuil 
synthetic ruby pavilion. R.K. 


TURQUOISE Simulant, 
Dyed Magnesite 


Recently sent to the Los Angeles lab- 
oratory was the single-strand neck- 


Figure 16, Dyed magnesite beads (10 mm in diameter) were used to 
simulate turquoise in this necklace. 


TABLE 1. Gemological characteristics of a synthetic spinel and Verneuil synthetic sapphire doublet. 


Luminescence 


Material Absorption 

and area Long-wave U.V.  Short-wave U.V. spectrum? 

tested Rul. radiation radiation X-rays (400nm-700nm) Magnification 

Synthetic 1.728 Moderate chalky Strong chalky —_ None visible No bands Various sizes of spherical and thread- 
green red whitish green or lines like “gas bubbles.” One large cluster 
spinel of intertwined irregular “thread- 
crown like” gas bubbles. 

Synthetic « = 1.760 Inert Weak chalky Patchy No bands Prominent curved color banding; 
blue @ = 1.768 whitish blue moderate or lines flattened circular gas bubbles at the 
sapphire chalky orange; separation plane; numerous parallel 
pavilion no phosphores- and randomly oriented fractures of 


cence various shapes extending from the 
separation plane slightly into the 
synthetic sapphire. Irregular, melted- 
appearing contact zone visible only 


from the pavilion. 


4The visible-light absorption spectrum as observed through a normal “hand-held” type of gemological 
spectroscope. 
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lace shown in figure 16, which con- 
sisted of 78 uniform, opaque, blue 
round drilled beads averaging ap- 
proximately 10 mm in diameter. 
Also submitted were two loose beads 
from the same lot that was used to 
make the necklace. All of these blue 
beads had been sold as untreated tur- 
quoise. However, damage to one of 
these beads had revealed that the 
blue color was confined to an area 
near the surface (figure 17}, so our 
client asked the laboratory to iden- 
tify the material. When the broken 
surface of the bead was examined 
with the unaided eye or with magni- 
fication, it was obvious that the bead 
was made from a heavily dyed, po- 
rous material. The structural appear- 
ance of the bead’s broken portion (the 
existence of both white and colorless 
areas) suggested the possibility that 
the bead consisted of two different 
minerals, and the overall appearance 
and lack of colorin the center portion 
indicated that the bead was not made 
of turquoise, or even dyed turquoise. 

After receiving permission from 
the client, we polished a portion of 
the broken bead to test for the re- 
fractive index; readings of approxi- 
mately 1.51 and 1.70 were obtained. 
The extremely high birefringence 


Figure 17. Note the penetration 

of the dye in this polished cross 
section of one of the beads shown 
in figure 16. 


(0O.19] suggested a carbonate. 
Magnesite, calcite, and dolomite are 
all substances that, when they occur 
in massive form, are soft and porous; 
all three materials have been known 
to be dyed blue for use as turquoise 
substitutes. However, a specific 
gravity measurement of approxi- 
mately 3.0 obtained by the hy- 
drostatic method was too high for 
calcite (2.71) or dolomite {2.85}. Ad- 
ditional testing revealed that the 
bead was inert when exposed to 
X-rays or long-wave ultraviolet radi- 


ation (366 nm). However, when ex- 
posed to short-wave ultraviolet radi- 
ation (254 nm], the dyed portion of 
the bead remained inert but the un- 
dyed center exhibited a weak dull 
violet fluorescence. 

When a drop of room-tem- 
perature 10% hydrochloric acid 
{HC]) solution was placed on the un- 
dyed portion of the magnesite, no re- 
action was observed. If the acid is 
slightly warmed, however, the 
magnesite will effervesce; this is typ- 
ical of magnesite. When the dyed 
portion was rubbed with a cotton 
swab soaked in either acetone or a 
10% hydrochloric acid solution, 
none of the dye could be removed. 
Using hardness points, we estimated 
the hardness to be approximately 4% 
on the Mohs scale. X-ray diffraction 
analysis performed on both the white 
and the colorless portions of this 
bead confirmed that it was magne- 
site. R.K, 


PHOTO CREDITS 


Shane McClure took the photos in figures 
1-5, 9-11, and 15-17. Tino Hamrid is 
responsible for figures 6 and 8. Ricardo 
Cardenas supplied figures 12-14. Susan 
Kingsbury did the artwork for figure 7. 


A SPECIAL Offer from GEMS & GEMOLOGY 
All 1982-1983-1984 issues plus File Case for only $55.00 


48 


Are your back issues of Gems & Gemology 
all dog-eared? Have a few been taken by well- 
meaning friends? Do you only get to see the 
office copy—and that you share with six other 
people? For those of you that want a complete 
set, in mint condition, of the most recent issues 
of Gems & Gemology for your own bookshelf 
(or to give to one of those well-meaning 
friends), we are offering a special package of 
all 12 issues—three full volumes—from 1982, 
1983, and 1984 plus a custom gold-embossed 
file case for only $55.00 ($60.00 outside the 
U.S,). Almost 800 pages (with 600 color photos) 
of the most important articles, lab information, 
and news items in gemology today. 

Individual volumes (four issues each) for 
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1982, 1983, and 1984 are also available for only 
$19.50 ($22.50 outside the U.S.). And single 
back issues can be purchased for $6.00 each 
($8.00 outside the U.S.). File cases are available 
separately for $11.95 ($13.95 outside the U.S.) 
Supplies are limited, so please send your 
check or money order (all prices include ship- 
ping) now with a note indicating “special three- 
volume package” or the individual volumes 
or issues you wish to receive to: 


GEMS & GEMOLOGY 
1660 Stewart St. 
Santa Monica, CA 90404 


Or call TOLL-FREE 800-421-7250 (in CA, AK, HI, 
and outside the U.S., call 213-829-2991, ext. 389). 
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COLORED STONES 


Chrysoberyl from Anakie, Queensland. R. Brightman, 
Australian Gemmologist, Vol. 15, No. 7, 1984, pp. 
241-242, 

The gemological properties of a transparent chrysoberyl 

discovered in a parcel of yellow-green sapphires from 

Anakie, Queensland, are described in this article: 

R.I.—a@=1.756, B=1.761, y=1.768; birefringence— 

0.012; optic character—B+; pleochroism—indistinct 

yellowish green and greenish yellow; S.G.—3.74, 

spectrum—strong, broad band from 425 to 458 nm; 

SWUV and LWUV fluorescence—inert; Chelsea and 

Sterek filter reactions—inert; magnification—large fin- 

gerprint, several partially healed fractures, and three or 

four rod-like crystals. 


This section is designed to provide as complete a record as 
possible of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that 
we include only those articles that will be of greatest interest to our 
readership. 


Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. 
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The author points out that great care must be taken 
when determining the values on the refractometer and 
observing the spectrum; otherwise, the chrysoberyl 
could be mistaken for a yellow-green Australian sap- 
phire, which it closely resembles. RCK 


Griine Sphalerite aus Zaire (Green sphalerite from 
Zaire). C. Hofmann and U. Henn, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 33, 
No. 1/2, 1984, pp. 72-74. 


Although allochromatic sphalerite is a colorless cubic 
mineral in its purest state, yellow, reddish, and green 
colors may be caused, respectively, by the following 
trace constituents: Ge, Ca, Cu, Hg and Ce; Sn, Ag and 
Mo; and Co and Fe. The remarkable dark green material 
from Kipushi, Zaire, that is described in this article 
reveals higher amounts of Co (740-890 ppm) and Fe 
(620-800 ppm}, according to neutron activation and mi- 
croprobe analyses. The sample described in this paper 
has an absorption maximum at 670 nm in its optical 
spectrum that is attributed to a4A, ——* 4T, (P} transi- 
tion of Co”* in the tetrahedral crystal field of sphaler- 
ite. MG 


The hydrous component in garnets: pyralspites. R. D. 
Aines and G. R. Rossman, American Mineralogist, 
Vol. 69, No. 11/12, 1984, pp. 1116-1126. 


The hydrous component of natural pyralspite garnets 
was determined primarily by infrared spectrometry in 
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this study of 75 gem-quality specimens. Concentrations 
of HO were found to range from 0.01 to 0.25 wt.%, but 
the infrared spectra also indicated that the hydrous 
component occurs primarily as HyO47 in the tetrahe- 
dral site, or as other substitutions that involve multiple 
OH“ groups, rather than as molecular H20. Spessartines 
and spessartine-almandines from igneous pegmatites 
were found to be the most hydrous of the pyralspites 
studied. The low level of this hydrous component in 
pyralspite garnets has minimal effect on this stone’s 
gemological properties, unlike the more extensive 
hydrogarnet substitution that occurs with grossulars. 
CMS 


Mineral inclusions in Zambian emeralds. J. I. Koivula, 
Australian Gemmologist, Vol. 15, No. 7, 1984, pp. 
235-239, 


The author reports on his investigation of four emeralds 
from the biotite-phlogopite schist deposits of Miku- 
Kafubu, Zambia. Detailed descriptions of inclusions are 
provided. These include tourmaline (in all specimens) in 
the form of dark brown prisms of dravite up to 10 mmin 
length and 2 mm in diameter. These are striated 
lengthwise in the c-axis direction and surrounded by 
numerous tension fractures, some of which are limo- 
nite-stained. Also noted are magnetite grains, both sin- 
gly and in groups; biotite and phlogopite mica, as very 
thin platelets and as thicker booklets (the most common 
inclusion noted]; orange-red elongated prisms of rutile, 
commonly striated parallel to the c-axis; metallic- 
appearing crystals of hematite; and short hexagonal 
prisms of near-colorless apatite (possibly fluorapatite}. 
Gemological properties were noted as follows: blu- 
ish green color, medium to dark tone; R.I. of 
1.581-1.588,; birefringence of 0.007; U— optic charac- 
ter; S.G. of 2.71 and 2.82 for two specimens tested {the 
latter highly included with tourmaline and other min- 
erals); inert to long-wave and short-wave radiation; and 
spectra that exhibit 479, 610, 638, and 670 nm lines plus 
682 and 580-610 nm bands in the c-axis direction, and 
638, 650, 670, and 690 nm lines at 90° to the c-axis. 
A referenced listing of all inclusions noted to date in 
Zambian emeralds is provided. Mr. Koivula notes that 
the inclusions in the Zambian emeralds are similar in 
many respects to those reported for emeralds from other 
schist-type deposits, which suggests very similar stages 
of geologic genesis at all such localities. The article 
contains seven exceptional photomicrographs. RCK 


Report on the investigation of an emerald from the 
Kitwe District, Zambia. G. Graziani, E. Gtibelin and 
S. Lucchesi, Australian Gemmologist, Vol. 15, No. 
7, 1984, pp. 227-234. 

The authors report on their thorough investigation of a 

single transparent emerald from the Kitwe mining area 

of Zambia. This specimen was determined to have a 

refractive index of 1.580 (+0.004)~1.586 {+0.003}, a 
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birefringence of 0.006, and a specific gravity of 2.794 + 
0.006 g/cm®. X-ray powder diffraction revealed unit cell 
parameters of a = 0.9209 + 0.003 nm, c = 0.9194 + 0.004 
nm, a/c = 0.998, and V = 2.0258 + 0.0004 nm. Electron 
microprobe analyses revealed relatively high FeO and 
MgO contents for beryl from this area and a low alkali 
content. The amount of chromium (0.08%) was also 
quite low compared to emeralds from the Miku District 
in Zambia. 

A number of inclusions were identified: reddish 
brown prisms of rutile, transparent colorless crystals of 
chrysoberyl, flakes of muscovite and margarite mica, 
tiny acicular crystals of apatite (that occur parallel to the 
c-axis], and quartz crystals. Other crystals were tenta- 
tively identified as hydroxylapatite. The contents of 
partially healed fractures were also analyzed and de- 
termined to contain beryl crystals, iron oxide scales 
(hematite or goethite}, and rutile crystals. 

On the basis of the chromium content and the dis- 
tribution of inclusions throughout the stone, the au- 
thors conclude that the emerald formed in a stratum 
associated with sericitic schists. The morphology and 
distribution of inclusions suggest metamorphic forma- 
tion, while pressure-temperature parameters indicate 
medium grade metamorphism. The partially healed 
fractures suggest sudden temperature or pressure varia- 
tions during growth. RCK 


Zusammensetzung, Eigenschaften und Herkunft eines 
neuen Hamatitmaterials (Composition, character- 
istics and origin of a new type of hematite). K. 
Schmetzer and H. Bank, Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 33, No. 1/2, 
1984, pp. 75-78. 


The authors compare the chemical and physical charac- 
teristics of hematite with a similar, new material re- 
ported to be of Brazilian origin. The new “hematite” 
from Brazil has a higher Fe (69%) content and is com- 
posed primarily of magnetite, martite, and gangue min- 
erals. However, the red streak characteristic of hematite 
is absent in the new material, which shows a dark 
brownish streak. This granular material is known in the 
trade as “high grade hematite” and is said to originate 
from the Quadrilatero Ferrifaro area near Ouro Preto, 
Minas Gerais, Brazil. This material has also been re- 
ported in Gems #& Gemology (Vol. 20, No. 1, pp. 
46-47). MG 


A terrestrial source of ureyite. C. M. O. Yang, American 
Mineralogist, Vol. 69, No. 11/12, 1984, pp. 
1180-1183. 

The terrestrial occurrence of ureyite in maw-sit-sit from 

Burma is fully documented and characterized for the 

first time in this article. Ureyite (also known as cos- 

mochlore, in various spellings} was previously known 
only as a constituent of meteorites. The author also 
identified chromite, jadeite, albite, and two amphiboles 
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as accessory components of the maw-sit-sit specimens 
examined, which range from 50% —95% ureyite. 

The author rather disconcertingly refers to maw- 
Sit-sit as jade, but jadeite (NaAlSi,O¢) and ureyite 
(NaCrSi,Qg¢) are both sodium pyroxenes (sometimes re- 
ferred to as the “jadeite group”) and form a solid-solution 
series. Ureyite is very deep green in color, with refractive 
indices of 1.722, 1.734, and 1.745; specific gravity of 
about 3.51—3.52; and occurs as a fine-grained fibrous 
aggregate intergrown with its accompanying minerals. 
Chemical, diffraction, and Mossbauer data are also 
provided. 

This terrestrial occurrence of another solid-solution 
series that involves jadeite may complicate the identifi- 
cation of that gem material even further. Gemologists 
should be aware of this potential problem. CMS 


DIAMONDS 


Diamondiferous lamproites. B. H. Scott Smith and E. M. 
W. Skinner, Journal of Geology, Vol. 92, 1984, pp. 
433-438. 


The traditional view of kimberlites as the sole source of 
diamonds is now being challenged by recent discoveries 
of a new type of primary diamond occurrence. Several 
newly discovered diamond deposits, notably those in 
Western Australia, have been classified as kimberlites 
by some.miners, but the authors of this article suggest 
that they should more correctly be classified as a differ- 
ent rock type known as lamproite. Lamproites are dark, 
potassium- and magnesium-rich volcanic rocks with a 
texture that consists of large crystals set in a finer- 
grained matrix. Prominent mineral constituents of 
lamproites include leucite, phlogopite, diopside, richter- 
ite, olivine, and sanidine feldspar. Other minerals that 
may be present are perovskite, apatite, spinel, and other 
phases. Glass may also be an important constituent in 
some instances. Lamproites display a wider range of 
mineralogic and textural variations than do kimberlites. 

In addition to their chemical, mineralogic, and 
petrologic differences from kimberlites, lamproites have 
a different mode of occurrence. Kimberlites are typically 
found as narrow, breccia-filled volcanic pipes that ex- 
tend to depths greater than 2 km. While lamproites also 
occur as volcanic pipes, they are much shallower (only 
several hundred meters in depth} and have a very differ- 
ent vertical cross section that consists of a large, irregu- 
lar crater filled primarily with pyroclastic material and 
solidified magma. Occurrences of diamond-bearing 
lamproites include volcanic pipes in the Prairie Creek 
region of Arkansas and the recently discovered Argyle 
deposit in the Kimberley area of Western Australia. 
Summary information on both occurrences is provided. 
The authors conclude that lamproites may carry signifi- 
cant quantities of diamonds, but possible differences in 
the nature of the diamonds from these two source rocks 
have yet to be described in detail. JES 
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Kimberlite redefined. C. R. Clement, E. M. W. Skinner 
and B. H. Scott Smith, Journal of Geology, Vol. 92, 
1984, pp. 223-228. 


The term kimberlite was originally introduced into the 
geologic literature in the late 1800s to describe the host 
rock of diamond at Kimberley, South Africa. Since that 
time, numerous attempts have been made to establish 
sound criteria for the recognition and classification of 
kimberlites at other localities, and have resulted in 
many proposed definitions of this rock type. 

Unfortunately, according to the authors, the diver- 
sity of opinions on the nature of kimberlites has had 
some unfortunate consequences with respect to an ac- 
curate overall definition. Some definitions are too nar- 
row and fail to indicate the wide petrographic range 
exhibited by kimberlites. Others are too ambiguous and 
thereby allow the term kimberlite to include many rock 
types that should be placed within the framework of 
other petrologic classification schemes. Incorrect iden- 
tification of kimberlite, based in part on these faulty 
definitions, has resulted in some unwarranted geologic 
implications with regard to the nature of kimberlites. 

In this article, the authors propose an alternative, 
and hopefully more consistent and more practical, defi- 
nition of kimberlite. The new definition is based on both 
a review of the relevant geologic literature and detailed 
field observations at several hundred kimberlite occur- 
rences. According to this study, kimberlite is defined as 
a volatile-rich, potassium-bearing, silica-poor igneous 
rock that occurs as small volcanic pipes, dikes, and sills. 
It has a distinctly heterogranular texture that results 
from the presence of large anhedral crystals set in a 
finer-grained matrix. The large crystals are olivine and 
sometimes other minerals such as spinel, ilmenite, gar- 
net, and pyroxene. Prominent constituents of the fine- 
grained matrix include olivine, serpentine, pyroxene, 
spinel, perovskite, ilmenite, apatite, montecellite, and 
calcite. Late-stage deuteric alteration processes that ac- 
company the consolidation of the kimberlite magma 
(such as serpentization and carbonatization) often affect 
the large crystals and carly-formed matrix minerals. 
Kimberlites commonly contain upper mantle—derived 
ultramafic rocks. They may also contain diamonds, but 
only as a very rare constituent. 

The article concludes with a discussion of the de- 
tails of this revised definition that compares and con- 
trasts it to earlier definitions. JES 


GEM LOCALITIES 


The Jensen Quarry, Riverside County, California. F. 
DeVito, A. Ordway, Jr., Mineralogical Record, Vol. 
15, No. 5, 1984, pp. 273-290. 

In the introduction, DeVito and Ordway contend that 

the Jensen Quarry is one of the most underrated mineral 

localities in the U.S., despite the fact that it has pro- 

duced excellent tourmaline specimens. The Jensen 
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Quarry was mined for cement-grade marble and dolo- 
mitic marble for roofing granules, but was closed in 1979 
when the last of the high-quality cement-grade marble 
was removed. 

The quarry is located in the Jurupa Mountains about 
72 km east of Los Angeles. The range consists of Paleo- 
zoic gneisses, schists, marbles, and quartzites which 
have been intruded by Cretaceous rocks that range from 
gabbros to granodiorites. Pegmatite dikes are abundant 
throughout the crystalline rocks. The mineral- 
producing areas of the quarry are in the pegmatites, 
along the marble contacts with tonalite and pegmatite, 
and in the marble body itself. 

The authors describe the occurrence of the major 
minerals found in the quarry. A table of almost 90 min- 
erals found in the Jensen quarry (including gems such as 
beryl, garnet, and tourmaline) gives brief descriptions, 
references, and best locations of the minerals. GSH 


Pektolith aus der Dominikanischen Republik (Pectolite 
from the Dominican Republic}. K. Schmetzer, 
Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 33, No. 1/2, 1984, pp. 63-64. 


The chemical and physical properties of a bluish white 
to light blue pectolite from the Dominican Republic are 
described. This triclinic mineral has the chemical for- 
mula CayNaH(SiO3}3, but the physical constants vary 
according to the percentages of Fe and Mn incorporated. 
The refractive indices (measured) vary from n, 1.592 to 
1.610, ny 1.603 to 1.615, and n, 1.630 to 1.645 for the 
three crystal axes. Dr. Schmetzer also gives a bire- 
fringence range of 0.032—0.038 and a specific gravity of 
2.74—2.90. The compact material is used as an ornamen- 
tal stone and in cabochon form for jewelry. MG 


Zur Genese ostafrikanischer Grossularvorkommen (On 
the origin of the East African grossular occurrence). 
B. Sarbas, U. Goerg, G. C. Amstutz, K. Schmetzer, 
and H. Bank, Zeitschrift der Deutschen Gem- 
mologischen Gesellschaft, Vol. 33, No. 1/2, 1984, 
pp. 48-62. 


During the last 20 years, many new gemstones have 
been discovered in the East African gemfields. Most of 
the finds lie in the ‘Mozambique belt,” a regionally 
metamorphosed Precambrian rock type that extends 
from Egypt to Mozambique. From among the well- 
known gemstones found in this belt, garnet (particularly 
grossular) and zoisite are examined in detail with respect 
to their origin. 

Petrographic as well as geochemical analyses were 
done on grossularite and zoisite from Kenya (Lualenyi 
and Mangari) and Tanzania (Komolo and Merelani). The 
green and bluish violet colors of grossular garnet and 
zoisite are caused by vanadium oxide contents of 
0.68 —3.3 wt.% and about 0.12 wt.%, respectively. These 


52 Gemological Abstracts 


gem minerals occur extensively in a graphite schist that 
consists mainly of quartz and potassium. Grossularite is 
surrounded by two reaction rims, with zoisite, quartz, 
V-grossular, and an Al,SiO;-phase in the inner rim, and 
scapolite and V-grossular in the outer rim. This infor- 
mation can be used to derive the metamorphic history of 
the surrounding schist. 

During an early metamorphism in the kyanite- 
almandine-muscovite subfacies of the amphibolite fa- 
cies, grossularite, graphite, diopside, and kyanite are 
said to be formed (550°C, 3-5 kilobars). A later meta- 
morphic action in the sillimanite-muscovite subfacies 
of the amphibolite facies may lead to the formation of 
microcline, sillimanite, scapolite, and the outer rim of 
the garnets (650°C, 3 kilobars). Zoisite formed during a 
third metamorphic phase. X-ray fluorescence analyses 
of Cr and V contents give the following results for the 
graphite schists from Lualenyi: 63 wt.% Fe)O3,329 ppm 
Cr, and 1157 ppm V. The results for Komolo were: 65 
wt.% Fe O03, 2716 ppm Cr, and 1763 ppm V. These 
geochemical data clearly reveal that the graphite schists 
from Lualenyi have a higher V content compared to Cr, 
and those from Komolo have higher Cr concentra- 
tions. MG 


INSTRUMENTS AND TECHNIQUES 


Rating the diamond testers. H. Huffer, Jewelers’ 
Circular-Keystone, Vol. 155, No. 7, 1984, pp. 
90-98. 


Helene Huffer reports test results obtained by two jew- 
elers using eight different diamond testers. Each jeweler 
read all instructions for the various instruments, and 
then performed the tests according to those instruc- 
tions. The eight diamond testers were: Ceres 
CZeckmate, Ceres CZecker, Ceres Diamond Probe, 
Culti Diamond Selector, Eickhorst Thermolyzer, GIA 
GEM Duotester, GIA GEM Mini DiamondMaster, and 
the JSP Security III. 

The instruments were tested for the following: ease 
of positioning the test point on the stone, amount of 
pressure required for the reading, length of the cable, 
readability of the results, time period between mea- 
surements, appearance to consumer, availability of user 
recalibration if needed, audible indication of diamond 
simulant, visual indication of diamond simulant, audi- 
ble indication of contact with metal, visual indication of 
contact with metal, adaptability for overseas current, 
battery operation available, travel container included, 
and price. 

The Ceres CZecker was rated the best and least 
expensive desk-model unit, while the GIA GEM Mini 
DiamondMaster was considered the best portable (bat- 
tery-operated] unit tested. While the data collected are 
extensive, the fact that only two jewelers tested the 
instruments should be taken into consideration when 
evaluating the findings. IMW 
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JEWELRY ARTS 


The golden ax of Asante. M. D. McLeod, Natural His- 
tory, Vol. 93, No. 10, 1984, pp. 62-73. 


Malcolm D. McLeod presents a fascinating glimpse into 
the Asante kingdom (modern Ghana) that ruled the in- 
terior of Africa’s Gold Coast from the 17th century until 
the British takeover in 1896. The large Asante empire 
thrived for anumber of reasons: a warm tropical climate, 
fertile land, and an abundance of gold that could be 
traded for metal, cloth, alcohol, tobacco—and weapons. 
The Asante also conquered neighboring peoples and sold 
them into the international slave market, a lucrative 
business that brought them much wealth. 

Amazingly, the Asante empire functioned without 
the use of the written word. The large, complex political 
bureaucracy was cemented together by word-of-mouth 
and an elaborate system of checks and balances. Gold 
regalia played a pivotal role in Asante culture: A per- 
son’s status could be immediately identified by the type 
and amount of golden objects he carried, such as disks, 
stools, headbands, canes, umbrellas, and decorative 
swords. Such objects were often carved with scenes that 
depicted tribal fables full of subtle shades of meaning 
and double entrendres designed to reinforce the status 
quo. The Asante relied so heavily on objects for com- 
munication that the first Englishmen to visit the king- 
dom compared its material wealth to that found in the 
fictional Arabian Nights’ Entertainments. 

The British eventually seized Asante in 1896 and 
exiled its powerful leaders. When the leaders were per- 
mitted to return in the 1920s, they found that ‘‘the 
power of writing and of the white man’s inflexible writ- 
ten laws” was firmly entrenched. Sadly, today many of 
the school-educated descendants of the Asante kingdom 
do not understand the full significance of the impres- 
sive, symbolic ornaments of their ancestors. SAT 


A life of their own. J. Watts, Connoisseur, Vol. 214, No. 
872, 1984, pp. 122-125. 
Six clear color photographs by Dmitri Kasterine give a 
good understanding of London jewelry designer 
Elizabeth Gage’s style—bold and inventive with unu- 
sual combinations of materials such as 18th-century 
intaglios with rose quartz beads. This short presentation 
whets one’s appetite for more information about a re- 
markable artist and businesswoman. FS 


Profile: Elizabeth Treskow. Aurum, J. Wolters, No. 16, 
1983, pp. 18-28. 
This article is a profile of the life and accomplishments 
of Elizabeth Treskow. Born in Germany in 1898, her 
professional career as a goldsmith, beginning at age 15, 
spans 70 years. 
The author chronicles Treskow’s steady progress by 
listing her awards and accolades. In the early 1920s, 
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independent of other jewelers, “she took part in the 
search for mastery of the ancient technique of granula- 
tion and obtained her first successful results in 1928.” 
The author goes on to state that the rediscovery of granu- 
lation has been wrongly attributed solely to H. A. P. 
Littledale of England. A footnote at the end of the article 
offers proof by stating that Elizabeth Treskow and J. M. 
Wilm were present at Littledale’s lecture on the recently 
rediscovered art of granulation in London in 1936. 
There, examples of Treskow’s and Wilm’s work utiliz- 
ing granulation were exhibited. It is Wolters’ belief that 
Littledale, Treskow, and Wilm reached their results 
“independently without influencing each other.” 
Illustrated with many photographs of Ms. Tres- 
kow's work and punctuated with passages from her writ- 
ings, the article gives us insight into the character of this 
prolific and innovative goldsmith. Examples of 
Elizabeth Treskow’s jewelry, as well as a collection of 
antique and medieval jewelry assembled by her as 
specimens for study, can be found in the Kunstgewer- 
bemuseum in Cologne. The author also lists various 
other museums, cathedrals, and city halls where more of 
her work is in use or on display. EBM 


Robert von Neumann: master metalsmith. C. S. Fisher, 
Metalsmith, Vol. 4, No. 3, 1984, pp. 14-19. 


Robert von Neumann entered metalsmithing in the 
1940s, when the craft and its craftsmen were almost 
unknown to art circles or the media. This article shows 
how von Neumann’s professional growth parallels the 
growth of the craft, and reveals his contribution to the 
art of metalsmithing as it is known, and appreciated, 
today. 

Von Neumann taught himself the basic metal- 
smithing techniques, and then went on to receive his 
BFA from the School of the Art Institute of Chicago. In 
1948, as the first candidate in the new Masters program 
in metals at the University of Wisconsin, he had the 
distinction of both being enrolled in and teaching sev- 
eral graduate metalsmithing classes. 

Metalsmithing helped von Neumann express his 
love of natural history and mythology. His work in gold 
and silver won constant international praise and focused 
media attention on the blossoming art form. In addition, 
he dedicated much of his energy to teaching and writing, 
encouraging students to believe in their “self,” warning 
that “ the temptation to be influenced by popular fash- 
ion and to cash in on the vogue is great, but itis always a 
‘catch up’ game.” Von Neumann also advocated the 
humanities as a source of artistic inspiration: “Jewelry 
should have humanity. It should enhance, not diminish, 
the wearer. Unfortunately, there seems to be a current 
abhorrence for the decorative, the unabashedly delight- 
ful .... Reading folklore, myths of all lands, science 
fiction—things that stimulate inner vision—can bring 
humanity back into art.” SAT 
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RETAILING 


It’s “buyer beware” in a boom market. W. G. Shuster, 
Jewelers’ Circular-Keystone, Vol. 155, No. 8, 1984, 
pp. 268-288. 


Mr. Shuster has done a real favor for jewelers. By discuss- 
ing the problems of choosing jeweler-specific computer 
software, he points out the major needs that any jeweler 
must examine before shopping for software. Computers 
are not wonder cures for all the ailments of a store, but 
they can help solve some problems most jewelers have. 
As an indication of how fast-moving the industry is and 
how careful a jeweler must be, some of the firms listed in 
Shuster’s article no longer sell software, only a few 
months after the article was published. 

H. David Morrow 


New rules for advertising diamonds. Canadian Jeweller, 
Vol. 105, No. 8, 1984, pp. 32-36. 


A set of Canadian “Gemstone Guidelines on Dia- 
monds” was issued by the Federal Department of Con- 
sumer and Corporate Affairs. The committee that 
developed these guidelines represents a cross-section of 
the Canadian jewelry industry. The guidelines provide 
uniform terminology and uses of terminology to adver- 
tise or market diamonds. Although they are not legally 
enforceable, stronger regulations to control advertising 
excesses may result. 

The guidelines begin with a definition of diamond, 
describing its chemical, physical, and optical properties. 
Diamond terminology is then defined and covers shape, 
proportion, finish, color, purity, clarity, and weight. 
Misuses of the word diamond and other diamond termi- 
nology are described in detail. Highlights of this section 
are: (1) use of the terms diamond, synthetic diamond, 
imitation diamond, etc.,; (2} use of terms such as rough 
diamond and diamond chip; (3) words that describe 
proportion, cut, and finish; (4) phrases commonly used 
in the trade or phrases that indicate to a customer that 
the diamond has some special or unusual characteris- 
tics; (5) proper words to describe body color, tint, and 
color in a diamond {including a definition of the word 
fancy; (6) clarity (flawless and internally flawless are 
defined); (7} acceptable and unacceptable terminology to 
describe clarity; and (8) representation of the weight of 
the diamond using the metric carat. 

These guidelines are similar to those issued by the 
Federal Trade Commission in the United States and 
should be filed for future reference by jewelers and ap- 
praisers who have Canadian clientele. Marcia Hucker 


SYNTHETICS AND SIMULANTS 


Is it natural or... ? Identifying the new synthetics. P. 
Read, Canadian Jeweller, Vol. 105, No. 8, 1984, pp. 
25-26. 

Peter Read states that the most useful service that the 

science of gemology has provided the jewelry industry is 
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in the identification of synthetic gemstones. He traces 
the history of synthetic gem identification from the 
early Verneuil products to the most recent sophisticated 
corundum synthetics. In doing so, the author discusses 
the various gemological tests that have been used to 
identify synthetic gems. He concludes by emphasizing 
that for the everyday identification of synthetics by the 
jeweler-gemologist, inclusions remain the key distin- 
guishing features. WEB 


Synthetics and other man-made gem materials. G. I. 
Hemrich, Gems and Minerals, No. 563, 1984, pp. 
114-125. 

Gerald I. Hemrich begins his article with a summary 
that distinguishes synthetics, imitations, and other 
man-made gem materials, and adds very interesting in- 
formation about synthetics in general. There are approx- 
imately 30 different man-made materials that are used 
or have a potential for use as gemstones, not counting 
the varieties within those materials. 

The bulk of the article is devoted to detailing infor- 
mation about individual man-made gemstones. Those 
discussed are synthetic corundum (ruby and sapphire}, 
synthetic spinel, synthetic beryl (emerald and morga- 
nite}, synthetic garnets (YAG and GGG], cubic zirconia, 
synthetic quartz, and ‘Victoria stone.” 

The author concludes by stating that synthetics and 
other man-made gem materials are here to stay. Given 
the needs of science and industry, gem and jewelry 
hobbyists, and amateur lapidaries, as well as the lower 
prices and greater availability of man-made products 
when compared to natural gems, he sees no loss of im- 
portance in synthetics and other man-made gem mate- 
rials in the future. WEB 


Synthetische Diamanten (Synthetic diamonds). K. 
Recker, Zeitschrift der Deutschen Gemmologis- 
chen Gesellschaft, Vol.33, No. 1/2, 1984, pp. 5-34. 

A review of the fundamentals and progress of diamond 

synthesis processes is provided in this article, including 

the commercial, scientific, and technical aspects. The 
basic methods of manufacturing synthetic diamonds 

(catalyst-solvent process, direct graphite-to-diamond 

transformation) and the growth of large crystals are dis- 

cussed. Professor Recker suggests that gemologists 
should anticipate the mass production of synthetic gem 
diamonds in the near future. MG 


TREATED STONES 


Irradiated diamonds: a cure for the coming cape dia- 
mond glut? D. Federman, Modern Jeweler, Vol. 83, 
No. 9, 1984, pp. 54-60. 

Federman believes that the irradiation and subsequent 

heat treatment of unattractive light brown and light 

yellow diamonds to produce green, yellow, orange, 

blue-green, and blue stones will create a market for the 
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increasingly large quantities of this material that have 
become available in recent years. The acceptance of 
gemstone treatment in general, such as the irradiation 
and/or heat treatment of topaz, corundum, and aqua- 
marine, seems to indicate that the market is ready to 
accept diamond irradiation. By improving the image of 
this practice, the jeweler’s need for affordable” quality 
colored diamond jewelry could be answered. 
Federman reviews the history of diamond bom- 
bardment from the 1904 Crookes experiment with ra- 
dium salts to current electron and neutron treatment. 
Accompanying charts examine the various types 
of treatments as well as prices for treated diamonds. 
In conclusion, Federman suggests that the market 
for treated diamonds will not compete with the market 
for natural fancy colored stones, but rather will offer an 
alternative to off-color diamonds and other colored 
gemstones. Sheryl Stewart 


See no evil, speak no evil. C. Kremkow, Goldsmith, Vol. 
165, No. 4, 1984, pp. 50-55. 


Kremkow discusses the controversial ‘evils’ that sur- 
round the disclosure of gem treatment. When, what, and 
how treatment should be disclosed is an ongoing dispute 
among federal agencies, trade organizations, and 
colored-stene dealers. There are two main issues. First, 
are jeweldrs aware of which stones arc treated and, if so, 
have they been trained to recognize the various methods 
of treatment? Second, gemstone treatment may or may 
not be detectable or permanent. If the treatment is de- 
tectable, should it be disclosed in all cases, particularly if 
it is permanent? If treatment is not detectable, but as- 
sumed because of the peculiar color it creates, should it 
be disclosed—in a court case, how would the material be 
represented? 

A special subcommittee of the Jewelers Vigilance 
Committee has been working on revising the Federal 
Trade Commission Guides for the Jewelry Industry. As 
of May 22, 1984, the committee recommended that the 
guidelines be changed as follows: ‘NOTE: With the 
exception of diamond, treatment need not be disclosed if 
either of the following conditions applies: (1) treatment, 
as of that time, is not detectable by a qualified gemologi- 
cal laboratory, or (2) the results of treatment do not 
revert under normal wear and display conditions."’ The 
final umbrella clause, however, dilutes the impact: “{It 
is recommended that treatment be disclosed to avoid 
confusion and liability which could attach from failure 
to disclose.)”” 

CIBJO has also outlined a set of definitions and rules 
for the disclosure of gem treatment. They exclude from 
their list of gems to be disclosed “the gemstones and 
ornamental stones ... which have undergone a perma- 
nent irreversible colour transformation by thermal 
treatment or by effect of acid only: agate (veined agate, 
carnelian, onyx, green agate, blue agate}, beryl (aquama- 
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rine, morganite], quartz (citrine, prasiolite}, topaz (pink 
topaz), tourmaline (all colours}, zoisite (blue tanzanite}, 
and corundum.” 

Oiled emeralds pose a problem of their own. Does 
the routine oiling of emeralds with a colorless substance 
constitute a treatment if the oil does not impart color to 
the stone, although it helps conceal fractures and 
cracks? 

Overriding all of the above questions is the legal 
question of whether failing to disclose a treatment can 
be considered deceptive. Kremkow concludes the article 
by explaining the tests that are available to detect irradi- 
ation, oiling, dye, and diffusion treatment. Kremkow’s 
conclusion is that the ultimate responsibility lies with 
the jeweler. JMW 


Editor’s Note: The JVC committee submitted final re- 
vision recommendations to the FTC on October 5, 1984. 


MISCELLANEOUS 


A new look at Idar-Oberstein. W. D. Hadley, Rock & 
Gem, Vol. 14, No. 10, 1984, pp. 48-51. 


Wayne D. Hadley furnishes an excellent overview of 
Idar-Oberstein in this article. Thought by many to be the 
hub of the colored-stone cutting industry, Idar-Ober- 
stein certainly carries with its name the traditions of 
generations of skilled craftsmen in gemstone fashioning 
and carving. 

The author traces the history of gem cutting and 
carving in this unique community back to the Middle 
Ages, citing key dates and statistics of gem sources, 
mining and cutting processes, and foreign influences. He 
also elaborates on the many sights to see in and around 
Idar-Oberstein, such as the new Diamond and Gem Ex- 
change and the “Deutsches Edelsteinmuseum” housed 
within, the Steinkaulenberg stone mine, the recon- 
structed and preserved grinding mill on the upper Nahe 
River, the Heimatmuseum (also known as the Museum 
Idar-Oberstein), and the Church of the Rock. WEB 


Travels by netsuke. R. Bushell, Arts of Asia, Vol. 14, No. 
2, 1984, pp. 104-109. 


The Japanese have traditionally been recognized for 
their “insatiable” wanderlust and love of adventure. 
However, during the almost three centuries of the To- 
kugawa period (1603-1868), the shoguns (military gov- 
ernors) prohibited travel outside the country and se- 
verely restricted trade. Undaunted, the Japanese trav- 
eled throughout their own land, often saving their 
money for a once-in-a-lifetime trip or pilgrimage. Au- 
thor Raymond Bushell presents photos and stories of 
these Japanese travelers as viewed through the netsuke, 
a miniature carving of wood or ivory worn at the kimono 
sash. These tiny art forms depict many different 
travelers—some real, some legendary —in minute detail, 
and reveal many interesting facets of Japanese history 
and culture during those turbulent times. SAT 
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DIAMOND 

By Gordon Davies, 255 pp., illus., 
publ. by Adam Hilger Ltd., Bristol, 
England, 1984, US$28.00* 


The author's stated purpose is ‘‘to 
present... the flavor of man’s inter- 
est in diamond” and ‘to describe the 
properties and uses of diamond.” 
While he succeeds splendidly on the 
latter goal, the flavor is unavoidably 
affected by the scientific nature of 
the work. The reader is made aware 
at the outset that this is a serious, 
scholarly, and at times complex book 
when the author begs the forgiveness 
of his academic colleagues for 
“oversimplifying” certain scientific 
aspects in the interest of readability. 

After briefly surveying some 
historic uses and references to dia- 
mond, Davies traces the evolution of 
theories and experiments which led 
to the present-day conclusion that 
diamond is composed of carbon. 
Throughout the book he leads the 
reader through all the steps and mis- 
steps of scientific investigation. 
Thus, we come to see not only where 
we are but how we got here. 

Davies does an excellent job of 
explaining the atomic structure 
of diamond. He includes a complete 
account of early experiments in the 
field of diamond synthesis. One can- 
not help appreciating a diamond 
more after having read in this book of 
the knowledge, frustrating failures, 
and sheer determination of the peo- 
ple involved in its first successful 
synthesis. The diamond/graphite 
stability diagram and modern syn- 
thesis is interestingly presented and 
well illustrated. Exhaustive coverage 
of the uses of diamond in science and 
industry is followed by an inclusion 
study which focuses on chemistry 
rather than appearance. A final chap- 
ter gives an account of world 
diamond sources and a collage of 
miscellaneous subjects such as dia- 
mond prospecting, distribution, 
cutting—and even simulants. While 
this last chapter is too diversified to 
be very significant, we can read 
plenty about such subjects else- 
where. 

On rare occasions Davies seems 
a bit too approximate, for example, 
when describing the Cullinan rough 
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Michael Ross, Editor 


as weighing 3,000 ct (vs. 3,106 ct) on 
page 10, or when describing”. . . ruby 
which absorbs all but the red part of 
the spectrum” on page 144. Overall, 
however, the book is well organized, 
and the author states himself clearly, 
giving surprisingly simple analogies 
to explain what are otherwise com- 
plex subjects. A case in point is on 
page 98, where the growth and final 
shape of diamond is explained in 
terms of the sprinkling of sand. 

The lightest moments in the 
book come on page 103, where 
“cunningly designed” synthetic di- 
amond crystals by De Beers are 
likened to “stone age tools’; and on 
page 210, where, after describing the 
ruggedness and incredible hardships 
of life in the South African diamond 
fields in the 1870s, Davies summa- 
rizes by saying ‘’... prospectors 
were, necessarily, individualists.” 
Heavier moments (hours) come as 
one takes up such subjects as 
electron-nuclear double magnetic 
resonance. (This requires some “in- 
dividualism” on the part of the aver- 
age reader.} 

The approximately 100 black- 
and-white photographs and line 
drawings are not beautiful, but they 
serve their purpose. The quality of 
production, editing, paper, and print- 
ing are all excellent. 

Readers of Gems & Gemology 
who have an interest in the scientific 
aspects of diamond will consider this 
fine book a valuable addition to their 
collection. 


JAMES R. LUCEY 
Resident Diamond Supervisor 
GIA Santa Monica 


*This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. 
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ENHANCEMENT 

By Kurt Nassau, 221 pp., illus., publ. 
by Butterworths, London, England, 
1984, US $34.95 * 


Dr. Nassau presents his new book as 
a compilation of information on 
gemstone treatments “which are 
obvious, which have been published, 
or which can be deduced from infor- 
mation that has been published.” He 
has pursued his writing task with the 
mind of a scientist and the diligence 
of a first-rate detective. The product 
is Gemstone Enhancement, an im- 
portant addition to the gemological 
literature. 

In his introductory chapter, 
Nassau outlines the material to 
follow and issues “a warning’ that 
also serves as a disclaimer: he advises 
users of the book to read certain 
sections before attempting any of the 
treatments listed in chapter seven. 
He also suggests experimenting on a 
small fragment of little value before 
treating more valuable materials. 

Chapter two, “The History of 
Treatments,” is one of the most in- 
teresting. Here we take a journey 
through time and learn that an amaz- 
ing number of gemstone treatments, 
often thought of as modern, were ac- 
tually developed two thousand or 
more years ago. Through Dr. Nas- 
sau’s diligence we gain a glimpse of 
C. Pliny’s Natural History (circa 
80 A.D.} and the heretofore virtually 
unknown Stockholm Papyrus (circa 
400 A.D.}, which contains a list of 74 
recipes for ‘falsifying’ pearls and 
gemstones. The chapter ends in the 
20th century, with a brief discussion 
of gemstone irradiation. 

Chapter three deals with heat 
treatments. Again, Dr. Nassau traces 
the history of the practice, citing 
examples such as heat-treated 
chalcedony (which dates back to 
2000 B.C.), and the equally ancient 
quench cracking of quartz in prepa- 
ration for dyeing. He then describes 
modern heat-treating methods in 
detail, including the chemical reac- 
tions and probable mechanisms in- 
volved in color alteration. 

Because artificial irradiation is a 
modern phenomenon, chapter four, 

Continued on page 61 


GEMS & GEMOLOGY Spring 1985 


Figure 1. The 574.09-ct “Big Black” emerged from 
anew opal locality in northern New South Wales, 
Australia. Stone courtesy of Campbell Bridges; 
photo ©Harold & Erica Van Pelt. 


Sri Lanka looks at mechanized gem mining. The gov- 
ernment of Sri Lanka is evaluating a proposal given by 
Western Australia’s Haoma North West Group to 
mechanize the Sri Lankan gem mining industry. Re- 
cently, Haoma has been working in partnership with the 
Sri Lankan government to increase the efficiency of the 
gem mining industry, which is currently based on man- 
ual methods. Under their present agreement, Haoma, 
together with the State Mining and Mineral Develop- 
ment Corporation, would provide the exploration and 
mining expertise while the Sri Lankan government 
would make available the lands for mining. (Mining 
Magazine, December 1984} 


World’s largest diaspore? In the summer 1984 issue of 
Gems & Gemology (p. 113), C. A. Schiffman reported on 
the existence of a large faceted gem-quality diaspore 
from a deposit in Turkey. Terry Coldham, of Sapphex 
Pty. Ltd. in Sydney, Australia, recently allowed us to 
photograph this stone along with a smaller faceted dia- 
spore and two large crystals from this same locality: 
Mamaris, Yatagan, in the Mugla Province of Turkey 
{figure 2). He reports that the deposit was found in a 
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200-300 m vein within aluminum-rich rocks. The ma- 
terial characteristically shows a very distinct color 
change from green in daylight to pinkish red in incan- 
descent light. 


PRECIOUS METALS as 


Colombian gold. Colombia’s Mines and Energy Minis- 
try has announced that an important gold deposit has 
been discovered in the eastern area of Guainia, near the 
Brazilian border. No further details of the deposit were 
provided at this time. However, a technical study of the 
area done by the Mines and Energy Institute has shown 
that the geology is similar to that of South Africa’s 
Witwatersrand Basin. (Mining Journal, January 11, 1985) 


Gold exploration in Nova Scotia. A new mineral explo- 
ration consortium, called Scotian Mineral Exploration, 
plans to spend $3 million over the next three years 
exploring for gold and other valuable minerals in Nova 
Scotia, Canada. Exploration will occur in areas licensed 
by the Province of Nova Scotia and on lands acquired 
through joint ventures with local mining groups. A sub- 
sidiary of Inco, Canadian Nickel Company Ltd., will 
manage the exploration efforts. (Mining Magazine, 
January 1985) 


Gold in Finland. Gold has been discovered at 
Laivakangas, near the city of Raahe, on the Gulf 
of Bothnia. Outokumpu Oy is currently investigating 
the discovery. So far, diamond drilling has shown the 
gold to be confined to narrow quartz veins. Values of 5 g 
of gold per ton have been reported. (Mining Magazine, 
January 1985) 


Gold in Mali. Gold production will begin this year at 
Kalana, in Southern Mali. Mali Geology and Mining 
Services report that they expect to produce 1,800 kg of 
gold per year. Other gold deposits and also diamonds 
have reportedly been discovered during exploration in 
this area. (Mining Magazine, September 1984) 


Improved gold-sampling technique. The CSIRO 
Division of Energy Chemistry in Sutherland, N.S.W., 
Australia, has developed an ultra-sensitive method for 
determining trace amounts of gold in water. This new 
method should rekindle interest in direct hydro- 
geochemical prospecting for gold, an exploratory tech- 
nique that uses the gold content of water as an indicator 
of gold deposits. 

The amount of gold found in water in direct contact 
with gold-bearing rocks usually does not exceed 15 parts 
per trillion (ppt). An analytical technique useful for 
measuring gold in water must therefore be able to detect 
gold down to at least 1 ppt. The new CSIRO technique 
involves the preconcentration of gold onto charcoal and 
subsequent neutron activation analysis {NAA}; gold in 
samples can be measured down to 0.3 ppt. For further 
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information, contact Mr. John Fardy, CSIRO Division of 
Energy Chemistry, Private Mail Bag 7, Sutherland, 
N.S.W, 22.32, Australia. (Queensland Government Min- 
ing Journal, August 1984) 


Loans offered to Chinese gold miners. According to the 
official China Daily, the government of China is offer- 
ing loans to private groups and individual miners to 
encourage gold exploration and mining in mainland 
China. Since China changed its policies in 1978, it is 
reported that as many as 80,000 individuals have turned 
to gold mining. These individuals now produce about 
half of China’s production of gold, which is currently 
estimated at approximately 45 tons per year. (Mining 
Magazine, January 1985) 


SYNTHETICS 


More news on the growth of synthetic gem diamonds. In 
response to the article on identifying synthetic dia- 
monds that appeared in the Fall 1984 issue of Gems & 
Gemology (Koivula and Fryer}, Dr. R. C. DeVries, of 
General Electric's Research and Development Depart- 
ment in Schenectady, New York, supplied the following 
additional information concerning the production of 
cuttable gem-quality synthetic diamonds. 

With regard to other growers of synthesized dia- 
mond, it is public knowledge that Sumitomo and the 
National Institute for Research on Inorganic Materials 
in Japan have grown large gem-quality diamonds. The 
latter organization recently announced that it had suc- 
ceeded in growing a 1-cm (3.5 ct} crystal; the stone was 
grown at 1550°C under 60 kb pressure for 200 hours. 
De Beers has also grown large single crystals. 
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Figure 2. The 157.66-ct gem- 
quality diaspore shown here 
may be the world’s largest. 
The 26.97-ct diaspore and the 
two diaspore crystals also 
shown came from the same 
locality in Turkey. Stones 
courtesy of Terry Coldham; 
photo by Shane McClure. 


More on Russian hydrothermal synthetic emeralds. Dr. 
Frederick H. Pough, noted mineralogist and gemologist, 
supplied Gem News with the following information 
concerning the Russian hydrothermal synthetic emer- 
alds that have recently appeared on the colored-stone 
market. The emeralds show a refractive index of 
1.574—1.580 with a birefringence of 0.006. They do not 
fluoresce to either long-wave or short-wave ultraviolet 
radiation, and their color-filter reaction is negative. The 
specific gravity is above 2.67, as would be expected from 
a hydrothermal synthetic emerald. The emeralds show a 
unique chevron-shaped internal growth pattern (figure 
3), which has not been observed in any natural emeralds. 
The emeralds are doped with iron which masks the 


Figure 3. Chevron-shaped growth zoning in a 
Russian hydrothermal! synthetic emerald. Castor 
oil immersion. Photo by Dr, Frederick H. Pough, 
magnified 20x. 
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DIAMONDS Eis 


Australia 

Another new Australian diamond find. Australian 
Diamond Exploration N L, ADE, has reported the dis- 
covery of a potentially major new diamond find in the 
Coanjula area of the Northern Territory of Australia. 
Diamonds have been found in 15 of the 22. kimberlite 
pipes discovered so far in the area. Altogether, 37 geo- 
physical targets termed “first priority” have been out- 
lined. The $8 million exploration program was begun by 
the ADE Joint Venture five years ago. During explora- 
tion, an 847,000-km? band stretching virtually across 
the entire width of the northern territory was covered. 
The companies in the ADE Joint Venture are Aberfoyle 
Ltd., AOG Minerals Ltd., and Ashton Mining NL. 
(Mining Magazine, January 1985) 


Canada’ |: 


Diamonds in Canada. The Geological Survey of On- 
tario, Canada, is trying to encourage exploration geolo- 
gists to include diamond prospecting in their mineral 
search efforts. Renewed interest in diamond exploration 
has been stimulated by the recent discovery of kimber- 
lite boulders in glacial gravels from the vicinity of 
Hearst Township. Diamonds have been found periodi- 
cally in Canada for over 60 years, including one early 
discovery of a gem-quality 33-ct stone from near 
Peterborough, Ontario. 

Most of the diamonds discovered in Canada have 
been found in alluvial gravel deposits; the great extent to 
which glacial moraine covers the Canadian shield has 
caused major problems in geologists’ efforts to trace the 
origin of the kimberlite boulders and the few diamonds 
found within the gravels. 

Some small diamonds have been recovered from 
kimberlite pipes on Somerset Island in arctic Canada, 
and kimberlite bedrock has been recognized at Gauthier. 
However, the exact source of the larger diamonds so 
far recovered from the gravels remains a mystery. At 
present, two mining companies are active in diamond 
exploration in Northeastern Ontario: Monopros Ltd. {a 
Canadian subsidiary of De Beers}, and BP Resources 
(Canada) Ltd. (Mining Magazine, January 1985) 


Israel 

Israeli diamond industry exports 2.3 million carats in 
1984, smaller cuts dominate production. The Israeli 
diamond industry is entering 1985 on the wave of a 
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recovery that is said to be stabilizing its traditional 
markets and opening new ones for this country’s largest 
export branch. 

Worldwide sales of diamonds polished in Israel 
reached $1.035 billion in 1984, compared to $1.001 bil- 
lion in 1983, or an increase of 3.5%. Most important for 
the industry’s renewed growth in 1985 isa4.7% increase 
in the volume of gem diamonds exported, to 2,285,000 
ct. The increased production of such diamonds in Israel 
has resulted in an almost 10% increase in the production 
work force, to almost 8,500 cutters, as well as an influx 
of new customers. 

The American market continues to grow in impor- 
tance for Israel; the United States accounted for almost 
half (49%) of all net exports in 1984, compared to 36% 
only two years ago. The distribution centers of Belgium 
and Hong Kong accounted for $147.5 million and 
$140 million, respectively, while Japan is the second 
largest consumer market with diamond imports from 
Israel of $133.7 million in 1984. (Burton Halpern News 
Release, Tel Aviv, Israel, January 1985} 


Sierra Leone 

Sierra Leone buys out British Petroleum. According toa 
recent official statement, the government of Sierra 
Leone has purchased British Petroleum’s 49.5% share in 
Sierra Leone’s National Diamond Mining Company for 
a sum of $8.5 million. The government of Sierra Leone 
now has total control of the country’s diamond- mining 
industry, which is its main foreign-exchange earner. 
(Mining Magazine, December 1984} 


COLORED STONES Ss 


Australia produces 500+-ct opal from a new locality. 
Campbell Bridges, of Bridges Exploration Ltd. in 
Nairobi, Kenya, sends news ofa large black opal that was 
recently found at a new locality in northern New South 
Wales, Australia (figure 1). Nicknamed the ‘‘Big Black,” 
the spearhead-shaped opal weighs 574.09 ct and 
measures 3%” x 2%" x 1%” (9.5 x 6 x 3 cm}. The stone 
displays all of the primary colors, with red predominat- 
ing, as well as an unusual range of patterns. The exact 
location of the discovery, as well as the mining prospects 
for this new source of black opal, have not yet been 
released. The “Big Black” is scheduled to be placed on 
display at the Los Angeles County Museum of Natural 
History in the near future. 
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fluorescence. The Gem News Editor also has examined 
some of these Russian synthetic emeralds and his obser- 
vations support those of Dr. Pough. 


TUCSON 1985 SEE 


Once again, in early February, the city of Tucson, Ari- 
zona, was transformed into a mineral and gem fancier’s 
paradise. The show spread from a hub consisting of the 
Convention Center and the Holiday Inn Broadway, out- 
ward to most of the other hotels and motels in the area. 
A convenient, frequent, and free shuttle service trans- 
ported visitors throughout this maze of temporary show 
and sales rooms. The Holiday Inn Broadway was a mix of 
minerals, cut gems, jewelry, and jewelry findings, while 
hotels such as the Desert Inn were devoted mainly to 
minerals and fossils. The largest number of colored- 
stone dealers were in the Doubletree Inn at the Ameri- 
can Gem Trade Association’s show. 

Aside from the usual trays of rubies, sapphires, em- 
eralds, tourmalines, topazes, etc., we saw a number of 
new and/or different materials that we felt we should 
bring to the attention of our readers. 


Natural Materials Noted 

Beryl. Aquamarines from a relatively new source in 
Nigeria, both cut and rough, were in abundance. Also 
noted were aquamarines and golden beryls from 
Afghanistan, although there seemed to be less of this 
material than last year. 


Diamond. This year at Tucson a surprising number of 
diamond dealers had booths. They reportedly did very 
well, especially in the smaller sizes suitable for use as 
accent stones in fine jewelry. 


Garnet. Small andradite (demantoid} garnets of a yel- 
lowish green to a beautiful rich green are being mined 
both in southern Mexico and in New Mexico. Rhodolite 
garnets were present in large quantities this year. Most 
of this material is reportedly from Africa, although a few 
dealers claimed Sri Lanka as the origin for some of their 
stones. Pyrope-almandine garnets are being found in 


Colombia, in the same area that is now producing gem 
corundum. 


Opal. Three unusual types of opal were present at 
Tucson this year. One type is a faceted transparent stone 
that is almost pure red with little or no play-of-color. 
Another type was described as having a fine chrysocolla 
blue color with just a hint of green. The third type is light 
purple and transparent. 


Parisite. About a dozen large crystals of the rare mineral 
parisite were offered for sale at Tucson. Found at the 
Muzo Mine in Colombia, they are many times larger 
(one weighs 385.66 ct) than any such crystals seen in the 
past, even those from the state of Montana. Parisite is a 
rare associate of Muzo emeralds, and these crystals were 
discovered during the course of emerald mining. 


Tourmaline. A relatively new yellow tourmaline from 
Zambia was more prominent this year than last. This 
type of tourmaline, a very manganese-rich member of 
the group, was first found at Tsilaizina, in Madagascar, 
about 1910. Recently, a number of articles have been 
written about manganese-rich tourmalines, but none of 
those reported so far have contained enough manganese 
to be considered a new species in the tourmaline group. 
Unfortunately, even though the name has not been ap- 
proved by the International Mineralogica] Association, 
and the manganese contents reported have been far short 
of end-member status, many dealers were offering the 
Zambian material as tsilaisite. 


Synthetics 
In addition to the Russian hydrothermal synthetic em- 
eralds reported on elsewhere in this Gem News column, 
many other synthetic materials were also offered for 
sale. Synthetic amethyst in particular was in abundance. 
The Gem News Editor wishes to thank the follow- 
ing individuals who provided some of the information 
used in this Tucson Report: Bill Boyajian, Dino 
DeGhionno, Chuck Fryer, Steve Hofer, Robert Kam- 
merling, Robert Kane, James Shigley, and Carol 
Stockton. 


ANNOUNCEMENTS 


ISA to host first North American 
meeting of F.G.A.s and G.G.s, The 
first North American meeting of 
fellows and ordinary members of the 
Gemmological Association of Great 
Britain, and graduate gemologists of 
the Gemological Institute of 
America will be hosted by the 
International Society of appraisers 
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during its annual conference May 
5-8, 1985, at the Hyatt Regency 
Hotel in Atlanta, GA. Both David J. 
Callahan and Richard T. Liddicoat, 
Jr., will address gemologists and 
appraisers on the international role 
of the association. A formal dinner 
will be held on Tuesday, May 7, with 
proceeds to benefit the GIA Research 


Fund and the British Basil Anderson 
Fund. For reservations and 
information, contact ISA at 

(312) 882-0706. 


New gemological journal from Sri 
Lanka, The Gemmologists 
Association of Sri Lanka has 
introduced a new professional 
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gemmological journal, journal of the 
Gemmologists Association of Sri 
Lanka. Issue number | was 
published in October 1984, it is 
formated in the style of the British 
Journal of Gemmology and contains 
color, which is certainly a plus. The 
printing is good and the articles are of 
a high standard. After looking over 
the premier issue of this new journal, 
the Gem News Editor wishes the 
association every success and 
recommends their periodical to all 
serious gemologists. For further 
information, write: Journal of the 
Gemmologists Association of Sri 
Lanka, “Professional Centre,” 
275/75, Bauddhaloka Mawatha, 
Colombo 7, Sri Lanka. 


World Congress of Jewelry 
Appraisers to convene. The National 
Association of Jewelry Appraisers 
announced that it will sponsor a 
“World Congress of Jewelry 
Appraisets” in New York City in 
1986. Theithree-day event will 
include all major international 
organizations that address the 


subject of jewelry valuation. 
Preliminary plans call for an 
international consortium of 
participants who will present a 
variety of papers addressing topics of 
major concern to the jewelry 
appraisal profession. The program 
also will include several workshops, 
as well as an international 
exhibition/trade show of 
gemological equipment and 
appraisal-related products and 
services. 


Additional details may be 
obtained by writing the National 
Association of Jewelry Appraisers at 
4120 North Brown Ave., Suite A, 
Scottsdale, AZ 85251. 


Hong Kong Jewelry & Watch Fair. 
The 1985 fair has been scheduled for 
September 10—13, 1985. Three 
venues—the Regent Hotel, the New 
World Hotel, and the Golden Mile 
Holiday Inn—will highlight every 
major line of the jewelry, watch and 
clock, and gemstone industry. The 
Holiday Inn will be reserved for 
watches and clocks and related 


accessories. For details, please 
contact the organizer: Headway 
Trade Fairs Ltd., 628 Star House, 
3 Salisbury Rd., Kowloon, 

Hong Kong. 


““Gemesis’’—Gemstones and Their 
Origins, a new permanent exhibit, 
opens May 3 at the Los Angeles 
County Museum of Natural History, 
Los Angeles, CA. Using exciting 
graphics and a variety of fine rough 
and cut gems, this unique exhibit 
explains the major processes by 
which gemstones are formed. 

For more information, call 

(213) 744-3411. 


ICA to sponsor colored gemstone 
congress. The International Colored 
Gemstone Association {ICA} will 
sponsor a colored gemstone congress 
to be held in Idar-Oberstein, West 
Germany, on May 20—22, 1985. For 
further information, please contact 
Maureen E. Jones, ICA 
Administrator, 22643 Strathern St., 
Canoga Park, CA 91304; 

(818) 716-0489, 


Continued from page 56 

dealing with irradiation treatments, 
contains no historical discussion. 
Instead, it delves into the causes of 
irradiation-altered color in gem ma- 
terials and describes the radiation 
sources and apparatuses used in such 
treatments. This chapter ends witha 
discussion of radioactive gemstones, 
one of today’s “hottest” topics. 

Treatments other than heating 
and irradiation are the subject of 
chapter five. These include dyeing, 
impregnation, bleaching, and surface 
modifications such as glossing and 
painting. This chapter also covers 
laser drilling, synthetic overgrowths 
(such as the Lechleitner emerald- 
over-beryl product}, and assembled 
gemstones. 

Chapter six contains an over- 
view of testing for treatment and 
black-and-white illustrations of the 
testing equipment. Treatment dis- 
closure is also mentioned. The FTC 
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and CIBJO rulings are outlined, and 
treatment disclosure as practiced in 
the trade is tabulated. 

Chapter seven, which deals with 
specific gemstone treatments, is 
both the longest (84 pp.) and the 
last chapter in the book. The entries 
in this section are arranged 
alphabetically—abalone through 
zoisite. The method(s) used to treat 
each gem, as derived from the exist- 
ing literature, are spelled out here. 
Again, Nassau issues the warning to 
try out treatment processes on in- 
significant samples before applying 
them to anything of value. 

Four useful and lengthy appen- 
dices titled ‘More on Heating,’’ 
“More on Irradiation,” “Color,’’ and 
“Purveyors of Supplies and Ser- 
vices,’”’ together with a subject index 
close the volume. 

This work is illustrated with 
many tables and line drawings, 41 
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black-and-white photos, and an 
eight-page section containing 28 fine 
color photographs. As a bonus, each 
chapter and appendix contains a list 
of references called out in the text. 
Aside from a few typographical 
errors that sneak past any author, 
there is nothing to criticize about 
this book. It is a top-quality produc- 
tion. 

Dr. Nassau’s writing style and 
organizational skills have made the 
book easy to read and understand 
without sacrificing its necessary 
technical content. With the publica- 
tion of Gemstone Enhancement, 
Kurt Nassau has provided the 
gemological community with a 
long-needed and already indispen- 
sable text that is sure to become a 
classic. 


JOHN I. KOIVULA 
Senior Gemologist 
GIA Santa Monica 
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GEMS & GEMOLOGY is an inter- 
national publication of original con- 
tributions (not previously published 
in English) concerning the study of 
gemstones and research in gemology 
and related fields. Topics covered 
include (but are not limited to} col- 
ored stones, diamonds, gem instru- 
ments, gem localities, gem substi- 
tutes (synthetics}, gemstones for the 
collector, jewelry arts, and retail 
management. Manuscripts may be 
submitted as: 

Original Contributions—full-length 
articles describing previously un- 
published studies and laboratory or 
field research. Such articles should 
be no longer than 6,000 words (24 
double-spaced, typewritten pages} 
plus tables and illustrations. 
Gemology in Review—comprehen- 
sive reviews of topics in the field. A 
maximum of 8,000 words (32 dou- 
ble-spaced, typewritten pages) is 
recommended. 

Notes & New Techniques—brief 
preliminary communications of re- 
cent discoveries or developments in 
gemology and related fields (e.g., new 
instruments and instrumentation 
techniques, gem minerals for the 
collector, and lapidary techniques or 
new uses for old techniques}. Arti- 
cles for this section should be about 
1,000—3,000 words (4-12 double- 
spaced, typewritten pages). 


MANUSCRIPT PREPARATION 
All material, including tables, leg- 
ends, and references, should be typed 
double spaced on 8% X 11” (21 x 28 
cm] sheets. The various components 
of the manuscript should be pre- 
pared and arranged as follows: 

Title page. Page 1 should provide: 
{a} the article title; (b} the full name 
of each author with his or her affil- 
iation (the institution, city, and state 
or country where he/she works}; and 
(c) acknowledgments. 


Abstract. The abstract (approxi- 
mately 150 words for a feature arti- 
cle, 75 words for a note] should state 
the purpose of the article, what was 
done, and the main conclusions. 
Text. Papers should follow a clear 
outline with appropriate heads. For 
example, for a research paper, the 
headings might be: Introduction, 
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Suggestions for 


Previous Studies, Methods, Results, 

Discussion, Conclusion. Other heads 

and subheads should be used as the 

subject warrants. For general style, 
see A Manual of Style (The Univer- 
sity of Chicago Press, Chicago}. 

References. References should be 

used for any information that is 

taken directly from another publi- 
cation, to document ideas and facts 
attributed to—or facts discovered 
by—another writer, and to refer the 
reader to other sources for addi- 
tional information on a particular 
subject. Please cite references in the 
text by the last name of the author(s} 
and the year of publication—plus 
the specific page referred to, if ap- 

propriate—in parentheses (e.g., Lid- 

dicoat and Copeland, 1967, p. 10). 

The references listed at the end of 

the paper should be typed double 

spaced in alphabetical order by the 
last name of the senior author. Please 
list only those references actually 
cited in the text (or in the tables or 
figures). 

Include the following information, 

in the order given here, for each ref- 

erence: (a) all author names (sur- 
names followed by initials], (b) the 
year of publication, in parentheses, 

{c) for a journal, the full title of the 

article or, for a book, the full title of 

the book cited; and (d) for a journal, 
the full title of the journal plus vol- 
ume number and inclusive page 

numbers of the article cited or, for 

a book, the publisher of the book 

and the city of publication. Sample 

references are as follows: 

Daragh P.J., Sanders J. V. {1976} 
Opals. Scientific American, Vol. 
234, pp. 84—95. 

Liddicoat R.T. Jr., Copeland L.L. 
(1967) The Jewelers’ Manual, 2nd 
ed. Gemological Institute of 
America, Santa Monica, CA. 

Tables. Tables can be very useful in 

presenting a large amount of detail 

in a relatively small space, and 


Authors 


should be considered whenever the 
bulk of information to be conveyed 
in a section threatens to overwhelm 
the text. 

Figures. Please have line figures 
(graphs, charts, etc.} professionally 
drawn and photographed. High-con- 
trast, glossy, black-and-white prints 
are preferred. 

Submit black-and-white photo- 
graphs and photomicrographs in the 
final desired size if possible. 

Color photographs—35 mm slides 
or 4 X 5 transparencies—are 
encouraged. 

All figure legends should be typed 
double spaced on a separate page. 
Where a magnification is appropri- 
ate and is not inserted on the photo, 
please include it in the legend. 


MANUSCRIPT SUBMISSION 


Please send three copies of each 
manuscript (and three sets of figures 
and labels} as well as material for all 
sections to the Editorial Office: 
Gems # Gemology, 1660 Stewart 
Street, Santa Monica, CA 90404. 
In view of U.S. copyright law, a 
copyright release will be required on 
all articles published in Gems & 
Gemology. 

No payment is made for articles 
published in Gems #& Gemology. 
However, for each article the au- 
thors will receive 50 free copies of 
the issue in which their paper 
appeared. 


REVIEW PROCESS 


Manuscripts are examined by the 
Editor, one of the Associate Editors, 
and at least two reviewers. The au- 
thors will remain anonymous to the 
reviewers. Decisions of the Editor 
are final. All material accepted for 
publication is subject to copyedit- 
ing; authors will receive galley proofs 
for review and are held fully respon- 
sible for the content of their articles. 
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PEARL FASHION ‘THROUGH THE AGES 


By Dona M. Dirlam, Elise B. Misiorowski, and Sally A. Thomas 


This article traces the use of pearls from 
antiquity to the initial appearance of 
cultured pearls in the 1920s. The first 
section touches on the early fascination 
with pearls as revealed through historical 
literature, including Cleopatra’s pearls, 
Roman pear! jewelry, and medicinal pearl 
recipes of the Middle Ages. During the 
Renaissante, Spain’s exploration of the 
New World resulted in the discovery of vast 
quantities of valuable pearls that were 
eventually spread throughout Europe. 
Queen Elizabeth I’s magnificent collection 
of pearls and the intriguing baroque pearl 
figurines of the later Renaissance are also 
discussed. The article concludes with a 
review of pearl fashion from 1800 to 1930, 
including delicate Victorian seed-pearl 
jewelry, Queen Alexandra’s dog-collar 
chokers, and Art Deco pearl-inlaid jewelry. 
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Pearl Fashion 


P earls are the oldest gems known to man, perhaps be- 
cause no shaping or cutting is needed to reveal their 
beauty. Scrolls and papyri from ancient civilizations de- 
scribe wondrous legends of pearls long turned to dust. 
Time and again throughout Western history, the passion 
for pearls was reborn whenever culture and civilization 
thrived. Faceless ancients, Roman statesmen, Renaissance 
kings and queens, Victorian ladies, and sleek flappers were 
all fascinated by the natural beauty—and intrigue—of 
pearls. In recent years, pearls and pearl jewelry have once 
again assumed a major role in the public eye; no longer the 
sole province of royalty and the wealthy, cultured pearls 
are now one of the most popular of gems worldwide. 

The origins of this fascination with pearls are as capti- 
vating as the pearl itself, more so than many other gems, 
perhaps, because its very fragility has made a historical 
record that much more difficult to maintain. This article 
delves into that history with a survey of pear! fashion from 
ancient to modern times, encompassing trends in the 
Mediterranean, Western Europe, and the United States. 
We will examine how pearls were used in jewelry, art, and 
even medicine through the ages, and the cyclical nature of 
pearl fashion throughout history. 


EARLY HISTORY 


In one of the earliest references to the use of pearls for 
adornment, the Greek poet Homer described the Roman 
goddess Juno’s pearl earrings in his epic poem, the /liad; 
“In three bright drops her glittering gem suspends from her 
ears.”” And in the masterful Odyssey, also composed sev- 
eral centuries before Christ, he again refers to ‘Earrings 
bright with triple drops that / cast a trembling light... . the 
liquid drops of tears that you have shed / shall come again 
transformed in Orient pearls / advantaging their loan with 
interest / of ten times double gain of happiness’ 
(Fitzgerald, 1961). 
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Figure 1. This gold-covered bronze 
Paphos pin consists of a large (14 mm) 
saltwater pearl topped with asmall (4 
mm} freshwater pearl. This unusual 
pin was found in the temple of 
Aphrodite at Paphos (on Cyprus) and 
dates from the third century B.C. 
Photo by permission of the Trustees of 
the British Museum. 


Pear! Fashion 


The earliest archaeological evidence of pearls 
in jewelry was found at Susa, the ancient capital of 
Elam, in the Khuzistan region of Iran. In 1901, a 
magnificent necklace of 216 pearls divided into 
three equal rows was recovered from the bronze 
sarcophagus of an Achaemenid princess at Susa. 
The necklace, which is currently in the Louvre 
museum in Paris, dates from not later than the 
fourth century B.C. 

The Paphos pin, currently in the British Mu- 
seum in London, illustrates a very different form of 
pearl jewelry that was known in Greece in the 
third century B.C. {figure 1]. It came from the 
temple of Aphrodite at Paphos, on the island of 
Cyprus. According to Kunz and Stevenson in their 
outstanding Book of the Pearl (1908), the 14-mm 
saltwater pearl in this pin is the largest ancient 
pearl ever found, weighing about 70 grains. Inter- 
estingly, the small (4 mm) pearl is freshwater in 
origin, and weighs only about 2 grains. 

Not until the Mithridatic Wars (88-63 B.C}, 
and the resultant annexation of Syria by Pompey 
the Great, did pearls become abundant and popular 
in Rome. The great treasures of the Near East en- 
riched the victorious army as well as the aristoc- 
racy. According to Roman chronicler Pliny (23-79 
A.D.) in his Natural History, the displays at Pom- 
pey’s third triumphal procession included 33 
crowns of pearls and a shrine covered with pearls, 
as well as numerous other pearl ornaments. Pearls 
also have been cited as one of the reasons for the 
first Roman invasion of Britain in 55 B.C. (Ogden, 
1982). Kunz and Stevenson (1908) refer to a num- 
ber of Roman writers, such as Tacitus, who de- 
scribed British pearls as golden brown and second 
only to Indian pearls in value. 

Pliny also described the two large and very 
valuable pearls that Cleopatra wore in her ears, 
recounting how she dissolved one and subse- 
quently swallowed it to win a wager she had made 
with Roman statesman Mark Antony. Following 
her death (in 30 B.C.}, the other pearl was cut in 
two “in order that this, the other half of the enter- 
tainment, might serve as pendants for the ears of 
Venus, in the Pantheon at Rome” (Pliny, Book 11, 
Chap. 36, from Bostock and Riley, 1893-98). 

Pearls quickly gained great favor in the eyes of 
the Romans. Some Roman ladies in Nero’s day (the 
first century A.D.} slept on pearl-inlaid beds (Kunz 
and Stevenson, 1908}. The basic Roman earring 
during these years when the Roman Empire was at 
its height was composed of a disk-shaped earwire 
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with pendant (Garside, 1979), for which pearls 
were frequently used (figure 2]. Another popular 
style was an S-shaped wire threaded with pearls. 
Pliny said that even an oyster’s ability to close 
itself could not protect it from a woman’s ears 
(Book 11, Chap. 55, from Bostock and Riley, 
1893-98}. 


MIDDLE AGES 


Byzantium and the Early Middle Ages. As the di- 
vision of the Roman empire into East and West 
was finalized with the fall of the Western empire in 
the fifth century A.D., Constantinople, on the site 
of the ancient city of Byzantium, became the cen- 
ter of culture and civilization in Europe and the 
Near East. Like their counterparts in Rome, the 
Byzantine jewelers preferred to use fine gold leaf 
on most large decorative objects, often with dis- 
creet quantities of gems as well. Pearls from the 
Indian Ocean, lapis lazuli from Asia Minor, as well 
as agates, rose quartz, emeralds, and amethyst 
were popular materials. In a Byzantine mosaic at 
San Vitale in Ravenna, Italy, the Emperor Justinian 
(527—5651A.D.} is shown bedecked with pearls and 
wearing a sacred pearl cap that marks him as the 
spiritual and temporal leader of his people. 

The earrings from this period often hung down 
to the shoulder, and included enamel, pearls, and 
other gems. Sickle-shaped earrings of filigree with 
triangles of filigree and pearls were popular (Gar- 
side, 1979], as were necklaces with both pearls and 
unevenly cut emeralds. 

While Constantinople thrived as a cultural 
center in what is present-day Turkey, much of 
Western Europe suffered from the attacks of bar- 
barians and a general breakdown in political 
institutions during the centuries immediately fol- 
lowing the dissolution of the Roman empire. Al- 
though interest in jewelry for personal adornment 
was almost nonexistent compared to that of the 
earlier (more affluent and more secure} Roman 
gentry, the introduction and spread of Christianity 
gave a fresh impetus to the arts in Western Europe. 
With churches to be built and decorated, icon- 
ography was brought into the decorative tradition 
of the jeweler. The change was confirmed in the 
works of sainted goldsmiths of the seventh cen- 
tury, who often banded together in monasteries to 
create great jeweled shrines. 

With the widespread adoption of Christianity 
in Western Europe came a change in burial rites. 
Unlike the earlier polytheistic Romans and Egyp- 
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Figure 2. Three pearls hang from rings attached to 
a thick wire hoop with gold balls and garnets on 
these Roman (second century B.C.) earrings. 
Granulation beads decorate the front surfaces 
only. Photo courtesy of the Walters Art Gallery. 


tians, the Christians of Western Europe were not 
buried with all their jewelry (Rogers and Beard, 
1947). Therefore, for the most part jewelry re- 
covered from the eighth century on is limited to 
those items preserved in cathedral treasures or 
royal collections (Gregorietti, 1969). Conse- 
quently, relatively few examples of pearls used for 
personal adornment have survived from this pe- 
riod. Even so, the sociopolitical climate of this 
period was not conducive to the wearing of many 
jewels. The main items were rings for use as talis- 
mans and seals, and brooches to hold garments 
together. 

During this period of transition from pagan to 
Christian beliefs in Western Europe, from the in- 
tellectual and cultural disruption of the Dark Ages 
to the enlightenment of the Renaissance, pearls 
were perhaps most frequently used in a capacity 
far removed from personal adornment or religious 
decoration: for their mystical and medicinal 
attributes. 


Mystical and Medicinal Uses of Pearls. From the 
earliest time, pearls have been credited with mys- 
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tical properties and healing virtues. Both the 
Hindus and Taoists believed that pearls had the 
power to perpetuate youth. The Archbishop of 
Mainz, Rabanus Maurus, wrote in 850 that “mys- 
tically, the pearl signifies the hope of the Kingdom 
of Heaven, or charity and the sweetness of celestial 
life.” Pearl signified purity, innocence, humility, 
and a retiring spirit (Evans, 1970). 

Pearl is described as a remedy in the oldest 
Sanskrit medical work, Charaka-Samhita. Much 
Jater, in 1240, Narahari, a physician of Kashmir, 
wrote that pearl cures eye diseases, is an antidote 
for poisons, cures consumption and morbid dis- 
turbances, and increases strength and general 
health. The Lapidaries of Alfonso X of Castile 
(1221-1284) report that pearl is excellent in me- 
dicinal art for treating palpitations of the heart, for 
those who are sad or timid, and in every sickness 
caused by melancholia. It also removes impurities 
from the blood. 

While interest in the mystical and medicinal 
properties of pearls may have flourished during the 
Middle Ages, it did not end there by any means. 
One of the great authorities of the 17th century, 
Anselmus Boetius de Boodt (1550~— 1634), physi- 
cian to Holy Roman Emperor Rudolph II, gave 
directions for aqua perlata, which he recom- 
mended to restore strength. Dissolve the pearls in 
strong vinegar or, better, in lemon juice. Add fresh 
juice and then decant. Add enough sugar to 
sweeten the milky and turbid solution. Take care 
to cover the glass while the pearls are dissolving, 
lest the essence should escape. Drink as needed. 

The practice of ingesting pearls to cure ail- 
ments is also well documented in the 19th cen- 
tury. Arabian doctors in 1825 believed powdered 
pearls were helpful to alleviate weak eyes, ner- 
vousness, heart palpitations, and hemorrhaging. In 
1881, the Raja S. M. of Tagore listed a page of the 
curative powers then attributed to pearl powder in 
his treatise on gems (Mani-Mala, Vol. II, pp. 
871-873}. Essentially, the list agrees with that 
of the Arabian doctors. The accepted dosage was 
V4 to ¥2 grain of powdered pearl, depending on the 
ailment. 


Late Middle Ages. During the 11th to 13th centu- 
ries, the returning crusaders brought back both 
pearls and a taste for adornment (Kunz and 
Stevenson, 1908). During this period, too, we 
begin to see fine jewels reemerge as a symbol of 
rank. In the 11th century, the monastic workshops 
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declined and were gradually replaced by secular 
workshops that served the courts and noble fami- 
lies. In the 12th century, the first goldsmith guilds 
were formed. 

By the end of the 13th century, not only had 
the wearing of jewels become a definite mark of 
rank, but efforts were taken to legally restrict this 
practice to the nobility. The French ordinances of 
1283 forbid the bourgeois and their ladies from 
wearing precious stones, belts of gold set with 
pearls, or coronals of gold or silver. 

As the 13th century progressed, the amount of 
jewelry worn increased slowly. Because the Italian 
trading cities were strengthening their contacts 
with Eastern markets in the 14th century, pearls 
gradually became more abundant. With the in- 
creased supply and demand for gemstones came 
more laws regulating their use. In 1331 an edict 
was passed in Paris that prohibited the use of paste 
gems, and in 1355 jewelers were forbidden to use 
“oriental” (saltwater) and “river” (freshwater) 
pearls in the same piece. In the 1300s, luxury 
played a greater and greater role in the French 
court, with jewelry as well as clothes and furnish- 
ings more richly and intricately fashioned. 

The French influences as well as Edward II’s 
(1284— 1327} taste for luxury brought similar stan- 
dards of magnificence into English fashion. The 
inventory of Alice Perrers, the mistress of Edward 
I (1312-1377), stated that she owned nearly 
22,000 pearls (Evans, 1970). 

This was a time of transition in the history of 
jewels. Not only were gems available in great 
quantities, but cutters were also developing new 
techniques and better skills. This shifted the em- 
phasis from the design of jewels in gold and the 
techniques of filigree and enameling, to the beauty 
and glow of the gems themselves. Pearls were used 
to outline gems and to provide a contrast that drew 
attention to the colors of these gemstones. 

An interesting tangent to this is the fashion 
seen in the 15th century of illustrating gems in the 
margins of illuminated manuscripts. One of the 
best examples is the Grimani Breviary, in which 
the jewels are lozenge-cut and en cabochon in 
simple gold rims surrounded by pearls (Evans, 
1970}. Drilled pearls were frequently sewn into the 
covers of manuscripts during this period or de- 
picted on the elaborate illustrations included 
inside (figure 3}. 

From 1380 on, women’s hair styles grew more 
and more elaborate. The hair was puffed and pad- 
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©) 
Figure 3. The border of this page from an early 
16th-century German Book of the Hours is 
illustrated with pearls hanging from fine gold 
chains. Pearls also are used to accentuate the 
quarterfoil, trefoil, and cross pendants. Photo 
courtesy of the Walters Art Gallery. 


ded around the ears with a golden net to keep the 
shape. In her 1970 book, Evans includes a picture 
of a portrait by Van der Goes of Margaret of 
Denmark (1353-1412) that shows her hair held in 
place by a gold network with a toque-like coronal 
draped with pearls. She is also wearing a necklace 
composed of two rows of pearls divided by clusters 
of gemstones with a large pearl hanging from a 
triangular pendant. 

As low-necked dresses became fashionable in 
the middle of the 14th century, a necklace or chain 
and pendant became a decorative necessity. When 
Margaret, the wife of John Paston, wrote to her 
husband in 1455, she asked him for “sommethyng 
for my nekke” since, when Queen Margaret of 
Anjou came to Norwich, Margaret had to borrow a 
cousin's ‘‘devys” (pendants) ‘‘for I durst not for 
shame go with my beads among so many fresch 
jauntylwomen” (Evans, 1970}. 
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Purely ornamental pendants grew more popu- 
lar. Many were so unique that they had names. 
Ludovico il Moro, Duke of Milan, had a diamond 
pendant with three pearls, valued at 12,000 ducats, 
called “Il Lupo.” Pendants were frequently worn 
on the hat, as were other jewels designed specifi- 
cally as hat ornaments. 


RENAISSANCE 


No one day or even year marks the end of the 
Middle Ages and the beginning of the Renaissance 
in Europe. Rather, it was a gradual revival of artis- 
tic and intellectual life. The Renaissance (literally, 
rebirth) marked the transition in Europe from 
medieval to modern times. It began in 15th- 
century Italy, rose to magnificent heights in the 
16th century in England and France, and gradually 
declined during the 17th century. This period was 
marked by a humanistic revival of classical influ- 
ence, expressed in a flowering of art, literature, and 
science. The nobility of Europe were hungry for 
power and wealth and for any opportunity to dis- 
play it, surrounding themselves with extravagant 
jewelry and ornaments. It was during this opulent 
era that pearls and pearl jewelry became extremely 
popular throughout Europe, especially with the 
influx of enormous amounts of saltwater pearls 
from the newly discovered Americas. 


The Dawn of the Pearl Age. When Columbus 
braved the flat, monster-ridden sea of his era to 
land in the Americas in 1492, he opened the door to 
a New World rich with precious stones, pearls, and 
gold. On his third voyage, in 1498, he discovered 
that the natives on the islands off the Venezuelan 
coast had accumulated large amounts of valuable 
pearls. Columbus traveled from island to island, 
trading scissors, broken pottery, needles, and but- 
tons for the Indians’ treasure. Upon his return to 
Spain, he presented his sponsors, King Ferdinand 
and Queen Isabella, with almost 50 ounces of 
pearls collected on that voyage. 

The great pearl rush was on as Ferdinand and 
Isabella financed a series of expeditions to the New 
World. A 1499 inventory of the Spanish monarchs 
revealed ropes that contained up to 700 pearls 
each; 122 assorted pearls were sewn onto one 
gorget (an ornamental collar] alone (Muller, 1972). 

In 1515, the Spanish explorer Balboa dis- 
covered a breath-taking 200-grain pear-shaped 
pearl in the Gulf of Panama. Known as La 
Peregrina, after the fierce, swift peregrine falcon, 
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this pearl was to grace the Spanish crown jewels for 
several centuries. Ironically, although this pearl 
still exists today, its luster and value were severely 
damaged when it was chewed by the dog of its 
current owner, Elizabeth Taylor (Sitwell, 1985). 

Yet another Spanish explorer, Hernando De 
Soto, was sent to explore the Savannah River area 
in North America. One report for this expedition 
mentioned fabulous amounts of pearls owned by 
the natives: ‘The quantity of pearls there was so 
great that 300 horses and 900 men would not have 
sufficed for its transportation” (Kunz and Steven- 
son, 1908}. Pearls poured into Spain: in one year, 
over 320 kg (700 lbs.) of pearls arrived in the port of 
Seville alone. Spain was at the height of its gran- 
deur, and the nation’s pride was reflected in its nef 
pendants: miniature sailing ships made from gold 
and encrusted with gems and pearls. These pend- 
ants were also popular in the Mediterranean coun- 
tries, which were enjoying much wealth and 
power due to their strong shipping industries. 

In England, an imperious Henry VIII assumed 
the throne in 1509. His legendary love of personal 
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Figure 4. This portrait of King 
Henry VII by Hans Holbein 
the Younger shows Henry’s 
flamboyant taste in finery. 
Each knot on his collar 
ornament contains 16 large 
round pearls, and large pearls 
are also sewn onto his hat. 


splendor was financed at first by the money he 
inherited from his father, and then in part by the 
treasures he wrested from monasteries and cathe- 
drals when he disbanded the Catholic church in 
England. Henry craved jewelry, and ordered mas- 
sive amounts of pearls to be sewn onto his robes, 
coats, hats, and even his shoes (figure 4). Following 
Henry’s example, men of his court sported gold- 
and-pearl earrings. Henry also lavished pearls on 
his court favorites and his many wives. Examples 
of the ladies’ lovely ropes of pearls can be seen 
in portraits by court painter Hans Holbein the 
Younger. 

It was during the reign of Henry’s daughter, 
Queen Elizabeth I (1558~1603}, that pearls were 
prized more than any other jewel. Elizabeth real- 
ized that as an unmarried ruler she would appear 
weak or vulnerable in the eyes of her contempo- 
rary male monarchs. She used her passion for 
pearls—and all they represented—to silently dem- 
onstrate her power, opulence, and regal dignity 
(figure 5). Horace Walpole, an 18th-century author, 
described the Renaissance queen vividly: A pale 
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Roman nose, a head of hair loaded with crowns and 
powdered with diamonds, a vast ruff, a vaster far- 
thingale, and a bushel of pearls, are features by 
which everybody knows at once the pictures of 
Queen Elizabeth” (Kunz and Stevenson, 1908}. 
Literally thousands of pearls were sewn onto her 
gowns in a crisscross fashion, and all had to be 
carefully removed each time the gowns were 
cleaned. She also wore magnificent pearl earrings, 
and owned several large pendant pearls. In addition 
to all this, she customarily wore seven or more 
ropes of large, fine pearls, the longest of which 
extended to her knees. 

Elizabeth also acquired the famous Hano- 
verian pearls, which had originally been given to 
Catherine de Medici upon her marriage to King 
Henry II of France in 1533. Catherine passed the 
pearls to her daughter-in-law Mary Stuart, Queen 
of Scots. A contemporary described the Hanover- 
ian pearls thus: ‘There are six strings in which 
they are strung like rosary beads, and besides 
these, there are 25 separate pearls even more 
beautiful and bigger than those which are strung, 
the greatef part like nutmegs” (Twining, 1960). 
Queen Elizabeth saw Mary as a threat to her sov- 
ereignty, and in 1567 the fierce English Queen had 
Mary beheaded. Afterwards, Elizabeth bought the 
Hanoverian pearls (at her own price) and incorpo- 
rated them into her crown jewels. 

Even in death, Elizabeth was dressed in all her 
finery. Her funeral procession was designed to im- 
print the image of her regal strength on her con- 
temporaries, and indeed left the world with an 
image of the Queen that would endure through the 
coming centuries. A wax effigy of the dead queen 
lay on top of the royal coffin, arrayed with 
Elizabeth’s pearls: a coronet of large round pearls, 
her famous pearl ropes, a splendid pearl stomacher, 
and large pearl earrings. There were even broad 
pearl medallions attached to her shoes. 


Figurine Pendants. As mentioned earlier, Renais- 
sance artists turned to the beauty and grace of the 
classics for much of their inspiration. During this 
period, a philosophy known as Humanism was 
widely espoused. Humanism emphasized human 
values as opposed to dogma and ritual and was 
instrumental in reviving interest in Greek and He- 
brew studies. Thus, Greek mythology and stories 
from the Old Testament became the subjects of 
many interesting jewels and ornaments. 

Some of the best known examples of this type 
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of work are the highly imaginative figurine pend- 
ants that became popular during the middle of the 
Renaissance. Pearls of different shapes, sizes, and 
colors were used to create miniature figures con- 
structed from precious metal and enamel work and 
encrusted with other precious stones. The pearls 
were strategically positioned to represent portions 
of the anatomy, such as a person’s stomach, a 
horse’s body, or a woman’s bosom. The oddly 
shaped pearls stimulated the artists to create 
magnificent mermaids, sirens, sea monsters, and 
wonderful Greek gods and goddesses. One of the 
most famous pearl figurines is the Canning Jewel 
(figure 6): a large baroque pearl forms the torso of 
Triton, son of the Greek god Neptune. In addition 
to these fanciful creatures, animals such as rabbits, 
swans, pelicans, dolphins, monkeys, and lions 


Figure 5. This portrait reveals how Queen 
Elizabeth I used her passion for jewels and 
especially pearls to reinforce her image of regal 
strength. 


” 
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head of Goliath, and other twisted characters, all 
painstakingly crafted with the finest materials 
(Hughes, 1972; Mezhausen, 1968}. 


MODERN 


Early Modern: The Age of Pearls Declines. Grad- 
ually, the opulence of the Renaissance began to 
fade. The 17th century saw most of Western 
Europe involved with religious and political up- 


Figure 7. This jeweled, enameled, gold, and 
baroque pearl lion (4% in. tall) is typical of 
the fanciful pear! figurine pendants that were 
popular throughout England, Western Europe, 
and the Mediterranean during the Renaissance. 
Photo reproduced courtesy of Sotheby’s. 


Figure 6. The famous Canning Jewel (circa 1560) 
uses a large baroque pearl to form the body of this 
richly jeweled Triton. Photo courtesy of the 
Victoria and Albert Museum. 


were also popular subjects for figurine pendants 
(figure 7}. According to Heiniger and Heiniger 
(1974), “this imaginative marriage of natural 
phenomena with the technical perfection of the 
goldsmith’s art was characteristic of this age of 
exploration and discovery.” 

During the late 16th century, an art style 
called Mannerism appeared in Europe. It employed 
the classicism of the early Renaissance, but incor- 
porated a feeling of tenseness, subjectivity, and 
artificiality. Manneristic art is characterized by 
jarring color combinations, elongated or otherwise 
disproportioned figures, an illogical mixture of 
classical motifs, and highly imaginative or gro- 
tesque fantasies. The pearl pendant figurines of 
this period reflect this preoccupation with the bi- 
zarre. Jewelers and goldsmiths such as Gerardet, 
Ferbecq, Dinglinger, and Mignot were “obsessed’’ 
by the grotesque, creating miniature pearl figu- 
rines of one-eyed beggers, David with the severed 
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heaval. The Thirty Years’ War ravaged the conti- 
nent, and England was torn apart by a Civil War 
from 1642-1646. In the New World, natives had 
grown hostile to the explorers’ exploitation, the 
traditional fisheries were exhausted, and there was 
no money to spare for new expeditions. 

Many European governments tried to invoke 
sumptuary laws to help curb the excesses of the 
nobility. These laws regulated how much and 
what type of jewelry could be worn by certain 
people. The sumptuaries were especially restric- 
tive to the rising middle class and, as witnessed by 
paintings and other historical documents from 
this period, the European nobility tried to disre- 
gard these restrictions whenever possible. 

In Spain, the sumptuary laws, or pragmdaticas, 
attempted to forbid jewelry manufacturing and 
enamel and relief work. The wearing of certain 
jewels was restricted. Women were only allowed 
to wear necklaces of uniformly shaped stones, 
beads, or pearls, or a simple pearl pendant (Muller, 
1972). In response, bodices were cut lower to dis- 
play the strands and pendant pearls to their full 
advantage: Despite these restrictions, the Spanish 
nobility continued to deck themselves with as 
much jewelry as they dared, making full use of the 
pearls that were allowed them. Bracelets, or muel- 
les, of strung pearls held together by a single clasp, 
and single-pronged hair pins (punsénes) made of 
gold and pearls were very popular. Gold filigree and 
pearl earrings were common, and pearls were also 
incorporated into gold hair filets called apreta- 
dores. Pearl-studded hat ornaments were popular 
with Spanish noblemen of this period. 

But even this semirestricted display of wealth 
could not be sustained for long under severe eco- 
nomic stress. One by one, European govern- 
ments—and the nobility that had controlled 
them—were forced, often through violence, to ac- 
knowledge the needs and rights of the lower clas- 
ses. Thus, it was not until the early 19th century 
that pearls and pearl jewelry came back into vogue. 


Neoclassic (1800-1820). At the beginning of the 
19th century, jewelry styles and dress were more 
tailored and simple in reaction to the exaggerated 
and flamboyant dress of the late 18th century. This 
simplicity was further influenced by early ar- 
chaeological explorations, particularly those at 
Pompeii, which brought to light the lifestyle of the 
ancient Greeks and Romans. Women’s dresses 
imitated the flowing robes, their hair was styled a 
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Figure 8. This 19th-century cameo brooch made of 
coral has been surrounded by gold set with pearls 
in the classical revival style. 


la Grecque, and jewelry was patterned as close to 
the original designs as possible. There was an abso- 
lute passion for cameo jewelry during the Neo- 
classic period. Antique cameos were preferred, but 
many fine imitations were made by talented gem 
carvers in Italy and Germany. Pearls were often 
used as accents in the borders around cameos ({fig- 
ure 8], intaglios, and mosaics, as well as around 
lapis lazuli, agate, malachite, and jasper cabochons 
(Hinks, 1975}. Even Napoleon I gave his wife 
Josephine a parure (matching set of jewelry usually 
comprised of a necklace, brooch, bracelet, and ear- 
rings) of 82, cameos set in gold and surrounded by 
pearls (O’Day, 1974}. 

During the Regency period in England 
(1811-1820), jewelry often took the shape of gar- 
lands of fruit or flowers. Pearls and seed pearls 
were used to represent clusters of currants or 
bunches of grapes in necklaces, earrings, bracelets, 
and tiaras. These pieces were executed with deli- 
cacy and realism. 


Early Victorian (1837-1860). The coronation of 
Queen Victoria in 1837 began a new era that was to 
continue throughout the century. England was 


GEMS & GEMOLOGY — Summer 1985 71 


prosperous and readily embraced the virtues that 
their diminutive but indomitable Queen repre- 
sented; thrift, industriousness, respectability, and 
domesticity. France was too busy with politics to 
set fashions for the Western world, as it had done 
before and during Napoleon’s reign, so the people 
of England turned to Queen Victoria and slavishly 
copied her mode of dress and ornamentation. Only 
18 when she was crowned, the young queen had a 
taste for color and splendor. Jewelry fashions, set 
by her, had a light, airy quality with an intensely 
romantic flavor that offset the grinding rigidity of 
the industrialization of that time. Ladies still wore 
cameos, often accompanied by strings of pearls. In 
the evening, ferroniéres (strings of pearls worn on 
the head with one large pearl or jewel suspended on 
the brow} were worn. Since evening dresses were 
quite décolleté, large, elaborate jeweled collars 
{figure 9] were worn more on the shoulders than 
around the neck (Hinks, 1975). Often Medieval in 
style, these collars were made of enameled gold set 
with gems and baroque pearls. 

Medieval costume balls were in vogue, and 
fabulous jewels were concocted for these revels as 
well as for regular wear. Castellani and Giuliano, 
Italian jewelers during this time, catered to this 
passion and produced reproductions of Byzantine 
and Medieval jewelry. As a consequence of the 
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Figure 9. An engraving done 
by John Sartain in 1858 of 
Princess Victoria (Queen 
Victoria’s daughter) and her 
husband Prince Frederick 
William III of Prussia. Note 
how the low-cut dresses of 
this time promoted the us¢ of 
elaborate jeweled head 
ornaments as well as ropes of 
pearls worn draped across 
the shoulders and bosom 
rather than around the neck. 


ongoing archaeological excavation of classical 
sites by the British, copies of Etruscan, Greek, and 
Roman styles were fabricated as well. Castellani’s 
Etruscan and Greco-Roman pieces were primarily 
of gold with only an occasional bezel-set pearl or 
cabochon-cut stone. A rare example exists in a 
paper knife fashioned after a Roman dagger, witha 
beautiful four-lobed baroque pearl mounted witha 
smaller baroque pearl in the hilt (Munn, 1983). 
Giuliano, however, often used many pearls in his 
Medieval revivalist jewelry. The pearls were in- 
corporated in a variety of ways: as the final drop 
from the point of an enameled pendant set with 
gems, strung on gold wire as links in a chain, bezel 
set or fixed on pins to outline a pendant or brooch, 
and as tasseled ends to some of his more elaborate 
collars (Munn, 1983}. 

Seed-pearl jewelry also was popular during this 
period. The tiny pearls, coming primarily from 
India or China, were drilled and threaded on white 
horsehair to a mother-of-pearl backing (Becker, 
1980). These delicate necklaces and earrings took 
the shape of flowers and vines following the ro- 
mantic style of the times (figure 10). 

According to the World of Fashion in 1838, 
“Pearls are much in request with muslin robes, 
and it matters little whether they are mock or real” 
(Flower, 1951}. A variety of imitations were used to 
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Figure 10. Intricate jewelry 
made of seed pearls on 
mother-of-pearl backings 
was very popular during the 
early 19th century. Photo 
©Harold & Erica Van Pelt. 


fill the occasional void in supplies of natural pearl. 
French pearl imitations were made by filling thin 
glass spheres with “oriental essence,” an irides- 
cent paste made with fish scales. Diamonds and 
natural pearls were sometimes incorporated into 
the same piece. This was the case with an elabo- 
rate diamond and pearl necklace constructed for 
Empress Eugénie, the wife of Napoleon III. The 73 
pendaloque pearls in the large, collar-shaped 
berthe necklace, comprised of gems from the 
French crown jewels, were false because the jew- 
elers were unable to find enough good-quality 
matching pearls within the budget allowed to 
complete the piece (Gere, 1972). 

Because pearls continued to signify purity and 
sweetness, they were thought to be an appropriate 
wedding gift, especially for European royal wed- 
dings, although it was considered unlucky for the 


Pearl Fashion 


bride to wear them on her wedding day. Empress 
Eugénie ignored this superstition and wore several 
strings of pearls on the day of her wedding to 
then-president of France, Louis Napoleon 
Bonaparte. According to Kunz and Stevenson 
(1908), her later life was “one long tragedy.” 


High Victorian (1860-1890). Queen Victoria went 
into deep mourning after Prince Albert’s death in 
1861. As a result, mourning jewelry became quite 
fashionable. Hair jewelry was one of the forms this 
fashion took. Here, the hair of a loved one was 
woven or braided into a variety of patterns and 
worn as a sentimental remembrance. When set 
under glass in a brooch or locket, the hair was often 
ringed with pearls, signifying tears for the departed 
(Becker, 1980]. Portraits of the deceased were also 
painted on mother-of-pearl. These lockets and por- 
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Figure 11. Machine-stamped jewelry, such as this gold and black enamel parure set with half-pearls, 
emeralds, and diamonds, became common during the industrial revolution. Lightweight and moderately 
priced, this type of jewelry was popularized by the emerging middle class. Photo courtesy of the Walters 
Art Gallery. 


traits were often worn as pendants suspended from 
pearl necklaces or chains with pearl links. 
Gemstones such as topaz and amethyst 
mounted in filigreed gold and offset with fresh- 
water pearls were also fashionable during the early 
1860s. The popularity of these jewels, and the 
continued interest in Renaissance revival jewelry, 
caused a sudden demand for freshwater pearls. 
At the time, freshwater pearls came from ei- 
ther the Mississippi River in the United States, or 
from the Tay and Spey Rivers in Scotland (Brad- 
ford, 1959}. For many years, the Scottish rivers had 
been fished for pearls in a modest way by one 
fisherman year-round and by children during the 
height of summer. Prices paid varied from three- 
pence toa shilling per pearl, depending on size and 
quality. In 1863 Moritz Unger, a gem dealer in 
Edinburgh, advertised that he would buy unlim- 
ited quantities of freshwater pearls for a fixed 
price. This announcement instigated a ‘‘pearl 
fever,” whereby men and women of all ages fished 
avidly for pearls. Ultimately, the “fever” caused a 
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pearl glut and the bottom fell out of the market 
(Hinks, 1975). 

As the new middle class acquired more dispos- 
able income, they began to wear more jewelry (fig- 
ure 11}. Where before, a single strand of pearls was 
considered by many families to be the only suita- 
ble ornament for an unmarried daughter (Bradford, 
1959), jewelry was now worn by women of all ages. 
Pearls were incorporated into many items of jew- 
elry for everyday wear. Serpents, birds, crosses, 
hearts, stars, and flowers were popular motifs that 
were often pavéed with pearls and worn as 
brooches, necklaces, rings, bracelets, earrings, and 
hair ornaments. For evening, pearls were woven in 
the hair, and the aigrette, a feathered hair 
ornament, richly set with pearls, came into vogue. 
The sautoir, a long rope of pearls often with tas- 
seled ends (figure 12], first appeared at this time 
(Flower, 1951}. 

Men wore pearls as well, set in gold with 
mother-of-pearl or onyx as shirt studs and cuff 
links. They also sported pearls mounted in novelty 
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settings (e.g., griffins, horseshoes, insects, and 
animals) as stick pins in their ties or lapels (Becker, 
1980). 


Turn of the Century. Toward the end of the 19th 
century and into the beginning of the 20th, several 
types of j¢welry were in fashion. Even though they 
differ from! one another in terms of style, compo- 
nents, and craftsmanship, they overlap somewhat 
in terms of the periods during which they were 
popular, and there is no question that they influ- 
enced one another. The names we associate with 
these various styles are the Arts and Crafts Move- 
ment {1850-1890}, Art Nouveau (1870-1910), and 
Edwardian (1890-1920). 

The Arts and Crafts Movement, which had its 
roots in England in the 1850s, was a reaction 
against the standardization of the industrial revo- 
lution. The ideals espoused by the followers of this 
movement were based on the Renaissance concept 
of individual craftsmanship preserved within a 
professional community or guild. The jewelry cre- 
ated under the influence of this movement is 
symmetrical and has a simplified serenity showing 
Pre-Raphaelite and Celtic influences (O’Day, 
1974). Jewelers borrowed the flowing lines and 
rhythms found in nature. Their materials were 
primarily silver with colored enameling, ac- 
cented by pearls and cabochon-cut gems. Moon- 
stones, turquoise, garnets, opals, and mother-of- 
pearl were most frequently employed. The look of 
this jewelry was handcrafted and deliberately un- 
finished. 

Out of this fertile ground grew the more pol- 
ished and sophisticated movement known as Art 
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Figure 12. Seed-pear! sautoirs like 
the one shown here first became 
popular in the mid to late 19th 
century. The tassels also have 
yellow and blue sapphires as well 
as diamonds set in white gold. 


Nouveau. L’Art Nouveau was the name of a fash- 
ionable shop in Paris, owned by Samuel Bing, that 
sold Arts and Crafts wares and Oriental imports 
(O’Day, 1974], the latter were in great demand 
after Japan lifted its trade embargo in the 
1860s. Art Nouveau jewelry, symbolizing a break 
from normal constraints, appealed to liberal, ris- 
ing middle-class women, actresses, and other 
women in the arts who enjoyed dramatic modes of 
expression. 

British jewelers were fairly restrained in their 
designs, and there is a cool detachment in their Art 
Nouveau pieces. Baroque pearls, set in a manner 
similar to Renaissance jewelry, formed the bodies 
of insects or flowers, as well as drops dangling from 
brooches, pendants, and necklaces (figure 13). The 


Figure 13. This Art Nouveau brooch is made out of 
gold and enamel and is set with pearls, cabochon 
sapphires, and diamonds. 
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Figure 14. Her Grace, the Duchess of 
Marlborough, is shown here in ceremonial dress 
wearing a pearl dog collar of the kind made 
fashionable by Queen Alexandra. Note also the 
Edwardian crescent pendant. 


French jewelers, however, took up the naturalistic 
trend and carried it to daringly erotic and grotesque 
extremes. Lalique, Fouquet, Falize, Vever, and 
Louis Tiffany created Art Nouveau jewelry. 

The upper class and the nobility generally dis- 
dained Art Nouveau jewelry as being too decadent. 
This was a prosperous time for them, and they 
ostentatiously displayed their wealth in their 
jewelry. Although pearls were considered rarer and 
were more expensive than diamonds, women wore 
them in profusion (Kunz and Stevenson, 1908). In 
the last years of the 19th century, Queen Victoria, 
although in strict control of the government, was 
largely in seclusion socially. Her eldest son Ed- 
ward, Prince of Wales, and his wife Alexandra were 
the visible trend-setters of the wealthy upper class 
and nobility of Europe. They inspired a style of 
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jewelry, subsequently called Edwardian, that was 
characterized by pearls and diamonds set in deli- 
cate platinum or white gold mountings. The fabri- 
cation techniques were intended to make the 
mountings nearly invisible, and the pieces were 
light and feminine in contrast to the heavy gold of 
the late Victorian period. Stars and crescents were 
popular symbols and these, studded with pearls, 
were incorporated into dainty necklaces, pins, 
bracelets, and earrings (Becker, 1980}. 

One pearl fashion that is particularly attrib- 
uted to Alexandra was the dog collar: a choker of 
eight or more strands of pearls with gold spacers at 
intervals. She wore these chokers to hide a scar on 
her neck, and the style soon became popular with 
her contemporaries (figure 14; O’Day, 1974}. For 
formal and state occasions, the dog collar was fur- 
ther augmented by riviéres (three or more strands 
of pearls graduated in length) and sautoirs, along 
with bracelets, earrings, and tiaras (Becker, 1980). 

For her coronation in 1901, Queen Alexandra 
wore seven strands of pearls, some of which were 
undoubtedly the Hanoverian pearls mentioned 
earlier. These were inherited by Queen Victoria 
after a bitter lawsuit with her uncle, the Duke of 
Cumberland. As the last of the House of Hanover, 
he claimed all of the jewels that had come to 
England with George I and any jewels added during 
the Hanoverian reign. Fortunately, there was suf- 
ficient evidence that the pearls had been in the 
crown jewels since the 16th century, when Eliza- 
beth I acquired them from the estate of Mary 
Stuart. The House of Lords ruled that the pearls 
should pass to Queen Victoria and be ‘‘vested as 
heirlooms forever in the British Crown” (Abbott, 
1933). Because of the lawsuit, Queen Victoria 
never felt comfortable wearing the Hanoverian 
pearls, but Queen Alexandra wore them fre- 
quently. On one occasion, they broke as she was 
getting into her coach, scattering into the street 
and under the hooves of the horses. Miraculously, 
the pearls were all recovered without undue harm 
and are part of the crown jewels of England today 
(Abbott, 1933}. 


Art Deco (1920-1930). The start of World War Lin 
1914, and the subsequent onsct of the Russian 
Revolution in 1917, ushered in a period of radical 
change throughout Europe and the Western world. 
Speed and modernity were the dominating con- 
cepts of the 1920s. Cars and especially airplanes 
were new symbols of the times. Again, there was a 
reaction against the preceding period. Where Ed- 
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Figure 15. This woven Art Deco seed-pearl 
handbag is attached to a white enameled gold 
frame studded with carved emeralds, rubies, 
sapphires, and diamonds. Photo courtesy of 
Cartier, Inc. 


wardian jewelry was ultra-feminine and essen- 
tially colorless, the new styles utilized geometric 
shapes, bold colors, and stylized symmetry. Ara- 
bic, Egyptian, and Oriental patterns and motifs 
were imitated in platinum and brightly colored 
gems. The artwork of the time was cubist and 
abstract, and the music was jazz. Women were 
more independent than ever before. They wore 
their hair bobbed, their clothes tailored, and 
their skirts short. The sleek, slim look was accen- 
tuated by long earrings and long ropes of pearls 
(Becker, 1980). 

In 1916, one of the chief architects of the Art 
Deco movement, Louis Cartier, traded a two- 
strand oriental pearl necklace for a Neo- 
Renaissance mansion on Fifth Avenue, which 
remains New York’s House of Cartier to this day. 
Both the necklace and the mansion were valued at 
$1.2 million, a fair exchange at the time (Cartier, 
1982]. 

The style came to be known as Art Deco after 
an exhibition in Paris called “Exposition des Arts 
Décoratifs et Industriels,” in 1925. Pearls were 
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utilized in Art Deco jewelry as a contrast to the 
emeralds, rubies, and sapphires that were com- 
monly used together. The pearls added a textural 
richness and softness to the stiff geometric shapes. 
Mother-of-pearl was used in cigarette cases that 
women now carried as well as men. Some of these 
were combined vanity and cigarette cases and had 
rings or clips incorporated into the design so that 
they could be fastened onto a belt. Because of the 
heightened fascination with ancient Egypt that 
followed the discovery of King Tutankhamen’s 
tomb, these cases were frequently of Egyptian de- 
sign, intricately worked in contrasting colors 
and materials to look like miniature sarcophagi. 
Chinese motifs were also popular, with inlaid 
mother-of-pearl carved and stained to depict Ori- 
ental scenes. Seed pearls were woven into beaded 
evening bags, richly finished with gold clasps that 
were set with gems (figure 15}, Mother-of-pearl and 
pearls were also used in the Deco clocks that Car- 
tier in particular popularized during the 1920s, to 
embellish the pedestals and sometimes the faces of 
these unique timepieces, and on the posts to mark 
the hours (see cover). 


CONCLUSION 


Several factors contributed to the decline in popu- 
larity of natural pearl jewelry beginning in the 
1920s. Cultured pearls, which had been in an ex- 
perimental stage since 1893, appeared on the 
market in the 1920s, causing the devaluation of 
the natural pearl and creating confusion with pearl 
consumers. The great Depression of the 1930s cur- 
tailed spending on jewelry and other luxuries for 
many years. World War I] saw the exhaustion and 
pollution of Oriental pearl fisheries. Following 
this war, Japan, eager to regain financial stability, 
concentrated on enlarging their cultured pearl in- 
dustry. Today, fine-quality natural pearls are rare 
and very highly valued. 

Within the past decade, pearls have made a 
spectacular reentry into the fashion scene. Large 
quantities of lower-priced cultured pearls are now 
available to a new generation of young, eager con- 
sumers. High-fashion jewelry designers feature an 
astounding variety of pearl jewelry, including 
rings, pendants, and brooches. Necklaces, brace- 
lets, and chokers of pearls, often set with lavishly 
jeweled clasps, have surged to the forefront of fash- 
ion. Innovative pearl jewelry for men is also gain- 
ing popularity. 

Thus, although their popularity has fluctuated 
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over the centuries, pearls continue to be one of 
mankind’s most precious gems. Their luminous 
sheen and rich luster are as attractive to modern 
men and women as they were to their earliest 
ancestors. Whenever culture flourished, pearls 
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RUSSIAN FLUX-GROWN 
SYNTHETIC EMERALDS 


By John I. Koivula and Peter C. Keller 


A relative newcomer to the international 
gem market ts an attractive flux-grown 
synthetic emerald of Russian manufacture. 
This article provides a general discussion of 
the technique used to grow these stones and 
describes their gemological properties and 
chemistry. The Russian flux-grown 
synthetic emeralds were found to be similar 
to other flux-grown emeralds in refractive 
index and specific gravity, and therefore to 
be readily distinguished from natural 
emeralds on the basis of these two 
properties. 
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Russian Flux-Grown Synthetic Emeralds 


D uring the 1982, meeting of the International Min- 
eralogical Association at Varna, Bulgaria, a Russian 
scientist gave one of the authors a spectacular sample of 
synthetic emerald that had reportedly been manufactured 
in the Soviet Union. This sample consists of a cluster of 
self-nucleated hexagonal prisms with pinacoidal termina- 
tions radiating from a crust of polycrystalline material 
(figure 1}, not unlike the typical material currently pro- 
duced by the Chatham Research Laboratory. The individ- 
ual crystals in the cluster range up to 3 cm in length and 
4.2.cm in diameter. The transparent to translucent crystals 
exhibit excellent bluish green to green emerald color and 
are only moderately included. The emerald specimen was 
accompanied by a relatively recent article from a Soviet 
publication that describes the flux-fusion and hydro- 
thermal methods the Russians have been using to grow 
emeralds (Bukin et al., 1980); thus far, this article has not 
appeared in the Western gemological literature. 

Recently, significant amounts {at least several 
hundred carats} of faceted Russian-made flux-grown syn- 
thetic emerald have appeared in the world gem markets, 
particularly in Hong Kong and New York. In March of this 
year, the GIA Research Department obtained 18 gem- 
quality faceted stones for study purposes. This article re- 
views the general history of the flux growth of emeralds 
and presents what details are known of the Russian tech- 
nique for growing commercial-size synthetic emeralds by 
the flux-fusion method. In addition, this article describes 
the gemological properties of the Russian flux-grown syn- 
thetic emerald and identifies the key characteristics by 
which it can be distinguished from natural emeralds using 
routine gemological tests. 


THE FLUX GROWTH OF SYNTHETIC EMERALDS 

A Historical Review. The knowledge that synthetic em- 
erald can be grown from a flux melt has been available 
since Ebelman (1848] heated powdered natural emerald in 
a molten boric acid flux and produced minute hexagonal 
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Figure 1. A cluster of flux-grown synthetic 
emerald crystals manufactured in the USSR. The 
largest crystal is 3 cm long x 4.2 cm in diameter. 
Photo by Susan Gipson. 


emerald prisms as the mixture cooled. Haute- 
feuille and Perrey {1888} did extensive work with 
lithium oxide and molybdenum oxide fluxes and 
purified reagent chemicals of beryl to grow emer- 
ald crystals up to 1 mm across in 14 days. In 1911, 
the IG-Farben Company began a study that inves- 
tigated the use of a lithium molybdate flux with 
additional molybdenum oxide and reagent-grade 
chemicals to grow crystals up to 2 cm in length in 
just 12 months. The IG-Farben study lasted 31 
years; the results of this research were not pub- 
lished until 1960, when Espig’s report appeared. 
Simultaneous and almost identical with the IG- 
Farben work was that of Richard Nacken (Nassau, 
1980). As far as we know, however, neither the 
IG-Farben nor the Nacken work ever resulted in 
the wide-scale commercial growth of synthetic 
emeralds, and by the 1940s neither investigation 
was active. However, the work of IG-Farben and 
Nacken laid the foundation for the commercially 
successful flux-grown synthetic emeralds that 
eventually appeared in the marketplace. The most 
successful commercial growth of flux-fusion em- 
eralds, probably using a lithium molybdate-—vana- 
date flux technique, was accomplished in 1935 by 
Carroll F. Chatham of San Francisco, California, 
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and again almost 30 years later, in 1964, by Pierre 
Gilson of France. It appears that the Russians have 
now entered the market with a new commercially 
viable product. 


The Russian Method. The flux growth of emerald 
in the USSR is being carried out by a group under 
Gennadi Bukin at the Geological Institute of 
Akademgorod, Novosibirsk. The technique being 
used by the Russians {K. Nassau, pers. comm., 
1985) is accelerated crucible-rotation flux growth 
(H. J. Scheel and E. O. Schulz-Du Bois, 1971), a 
variation of the flux-fusion method described by 
Linares {1967}. Rather than using the lithium 
molybdate—vanadate flux attributed to the 
Chatham and Gilson products, the Russians have 
been using a lead vanadate (PbO-V,QOs} flux similar 
to that used by Linares, with a nutrient of natural 
beryl or reagent-grade BeO, BeCO3, Al,O3, and 
SiO,, together with Cro03 or LiCrO, plus Fe,O3 
as coloring agents. 

The basic process for synthesizing flux-fusion 
emeralds has not changed significantly since the 
IG-Farben work (Espig’s 1960 report is well sum- 
marized in Sinkankas, 1981). Espig’s report, aug- 
mented by published papers of the Linares process 
and the brief information supplied by the Soviets 
(Bukin et al., 1980}, results in the following gener- 
alized description of the Russian process: 

The appropriate mixture of PbO-V,0Os flux, nu- 
trients, and coloring agents is heated to 1250°C in 
a platinum crucible. The nutrients sink to the bot- 
tom of the crucible since they have a higher den- 
sity than the PbO-V.0O, flux. The necessary silica 
is supplied in the form of quartz (SiO,}, which 
floats to the surface of the molten mixture because 
it has a lower density than the flux. As the quartz 
slowly dissolves at the top of the flux, the nutri- 
ents dissolve from the bottom of the crucible and 
react with the molten flux to form complex oxides. 
Convective currents in the crucible carry these 
complex beryllium oxides to the top of the crucible 
to react with the dissolved silica and eventually 
crystallize out as emerald. When the emeralds 
have reached appropriate size, the mixture is 
cooled at a rate of 3°C to 10°C per hour to a tem- 
perature of 700°C. The crucible is then removed 
from the furnace and the remaining solution is 
poured off. As the final step, the crucible is allowed 
to cool to room temperature and any remaining 
flux adhering to the emerald crystals is cleaned off 
using hot nitric acid. 
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Linares (1967) never reported the growth of 
flux crystals larger than 5mm?, much too small for 
commercial purposes. The Russian crystal 
growers, however, have reported success in using 
a technique similar to that of Linares to grow 
crystals up to 10 cm long and 6 cm in diameter. 
The 10-cm-long crystals reportedly require three 
to four months to grow (K. Nassau, pers. 
comm., 1985). 


MATERIALS AND METHODS 


The collection of Russian flux-grown synthetic 
emeralds available for testing consisted of the large 
crystal cluster shown in figure 1 and 18 faceted 
stones: 10 emerald cuts, six pear-shaped brilliants, 
and two round brilliant cuts, some of which are 
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Figure 2. Some of the faceted 
Russian flux-grown 
synthetic emeralds used in 
this study. The largest stone 
weighs 3.82 ct. Photo © Tino 
Hammid. 


shown in figure 2. The largest of the faceted stones 
isa3.82-ct emerald cut and the smallest is a 0.48-ct 
emerald cut. The faceted stones are all transparent 
and range from bluish green to green. All are mod- 
erately included; some of the inclusions are visible 
to the unaided eye and others are easily observed at 
10x magnification. 

The large crystal cluster and the 18 faceted 
stones were all subjected to standard gemological 
testing procedures. Although we found that the 
Russian flux-grown synthetic emeralds, like other 
flux-grown emeralds, can easily be distinguished 
from natural emeralds on the basis of refractive 
index and specific gravity (see table 1), the test 
stones were also examined {1} for their reaction 
to ultraviolet radiation, (2) with a spectroscope, 
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TABLE 1. Comparison of the key gemological properties of the Russian flux- 
grown synthetic emeralds with those of natural and other flux-grown synthetic 


emeralds. 
Refractive index 

Material Birefringence Specific 

to) gravity 
Russian flux-grown 1.563 1.559 0.004 2.65+0.01 
synthetic emerald 
Other flux-grown 1.563 1.560 0.003 2.65-2.69 
synthetic emeralds@ 
Natural emeralda 1.571-1.593  1.566-1.586 0.005—0.008 2.68-2.77 


@ As reported in Webster (1983). 


and (3) internally to identify the nature of the 
inclusions. The results of this examination are 
reported below. 


GEMOLOGICAL PROPERTIES 


Refractive Index. The faceted stones and two of the 
flat faces on the large crystal cluster were tested for 
refractive index using a Duplex II refractometer, a 
polaroid filter for birefringence, and a sodium 
vapor monochromatic light source. In all cases, the 
reading obtained was € = 1.559, 0 = 1.563. The 
optic character was determined to be uniaxial neg- 
ative (—), and the birefringence was 0.004. 


Specific Gravity. The faceted stones and a small 
fragment from the synthetic emerald crystal clus- 
ter were tested for specific gravity in a standard 
2.67 heavy liquid. All subjects floated in this 
liquid, with the bulk (approximately 98%) of their 
volume below the liquid’s surface. Next, a heavy 
liquid of 2.65 specific gravity was used. All of the 
stones and the crystal fragment sank very slowly 
in the liquid at about the same rate as a rock crystal] 
quartz indicator. Thus, the specific gravity of these 
Russian flux-grown synthetic emeralds was de- 
termined to be very near 2.65. 


Ultraviolet Fluorescence. All of the samples were 
exposed to long-wave and short-wave ultraviolet 
radiation. Contrast control glasses were worn dur- 
ing testing. The faceted stones were all inert to 
short-wave radiation; to long-wave radiation they 
showed an expected orangy red glow of moderate 
to weak intensity. 

The large crystal cluster also gave an orangy 
red glow of moderate to weak intensity when the 
long-wave lamp was used. With short-wave radia- 
tion, we observed small patches of bright chalky 
yellow fluorescence on the faces of some of the 
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emerald crystals, while the crystals themselves 
were inert. The patches were superficial only and 
would be cut away during faceting. The exact na- 
ture of the fluorescent patches and their cause was 
not determined. They were not visible with the 
microscope. 


Spectroscopic Examination. The crystal cluster 
and each of the faceted stones were next examined 
using a GIA GEM Instruments spectroscope unit. 
When the emeralds were placed on the opening of 
the iris diaphragm, we observed that they trans- 
mitted red. When looking down the optic axis 
direction, we saw in all stones a vague general 
absorption from 440.0 nm down, a sharp line at 
477.0 nm, a broad band of absorption between 
560.0 and 620.0 nm, and lines in the red situated 
at 637.0, 646.0, 662.0, 680.5, and 683.5 nm. 
The bands and lines were visibly weaker in the 
smallest faceted synthetic stones. 


Microscopy. The synthetic emeralds were next 
studied under magnification and photographed 
using a gemological stereo microscope. The crystal 
cluster was studied for both internal and external 
features, while the faceted stones were examined 
primarily for their inclusions. 

Close scrutiny of the surface of the crystal 
cluster revealed the presence of three separate and 
distinct crystalline-appearing solid phases in ad- 
dition to the synthetic emerald. The most obvious 
of these phases was a near-colorless transparent, to 
white translucent, brittle material adhering to the 
back of the crystal cluster. A small flat-faced frag- 
ment of this material was removed, and testing 
determined that its specific gravity and refractive 
index matched that of phenakite. The synthetic 
phenakite contained flux inclusions, and because 
of its near-colorless and transparent nature the 
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Figure 3. Primary flux inclusions in synthetic 
phenakite which was found on the back of the 
flux-grown synthetic emerald crystal cluster. 
Transmitted and oblique illumination, 
magnified 50x, 


true color of the dark brown to orange flux used 
to grow the crystal cluster was easily observed 
{figure 3). 

Also present on the surface of the synthetic 
emerald crystal cluster were several small singles 
and groupings of euhedral orthorhombic four- 
sided prisms, with blunt-ended pyramidal termi- 
nations,. that showed a distinct color change from 
brownish red in incandescent light to grayish 
green in fluorescent light. A small, 2-mm-long 
crystal was removed from the specimen and tested 
for refractive index, approximate specific gravity 
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Figure 4. Two tiny platelets of metal (probably 
platinum) found on one of the prism faces of a 
Russian flux-grown synthetic emerald crystal. 

Oblique illumination, magnified 50x. 


{using 3.32 heavy liquid], and hardness. Because 
the properties obtained from this small euhedron 
matched those of chrysoberyl, and a color change 
had been noted, this associate was identified as 
synthetic alexandrite. The presence of both 
phenakite and chrysoberyl are not surprising con- 
sidering their close chemical relationship to beryl. 

The third solid associate, shown in figure 4, 
was opaque, grayish silver, metallic, malleable and 
had a hardness of approximately 4-4% on the 
Mohs scale. Since it is common practice to use 
platinum-group metal crucibles or crucible liners 
for the flux growth of synthetic emeralds, these 


Figure 5. Secondary healed 
fracture (“fingerprint”) in the 
Russian flux-grown 
synthetic emerald crystal 
cluster. Oblique 
illumination, magnified 35x. 
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Figure 6. Secondary “‘fingerprints’’ of various 
textures in the Russian flux-grown synthetic 
emerald crystal. Oblique illumination, 
magnified 20x. 


metallic platelets are probably a member of the 
platinum group, most likely platinum. 

Aside from minor growth features and color 
zoning, the only inclusions observed in the crystal 
cluster and the 18 faceted stones were flux inclu- 
sions. Easily visible at 10x magnification, the flux 
inclusions were present in two forms: as secondary 
healed fractures and as primary void fillings. The 
large crystal cluster contained numerous healed 
fractures (‘‘fingerprints’’). Most of these, as in fig- 
ures 5 and 6, were extremely delicate, and only in 
thicker areas was the true, dark, yellow-brown to 
orangy brown color of the flux visible. Primary flux 
inclusions were also plentiful. The faceted stones 
yielded the best view of primary flux inclusions 
(figure 7}. Note in figure 7 the two-phase nature of 
some of the inclusions, consisting of a contraction 
{vacuum) gas bubble and glassy flux, and also the 
color of the glassy flux. Like the crystal cluster, the 


Figure 8. Typical secondary “fingerprint’’ in one of 
the faceted Russian flux-grown synthetic 
emeralds. Partial polarized light, magnified 45 x. 


+ 
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Figure 7. Primary two-phase inclusions in a 
faceted Russian flux-grown synthetic emerald. 
Dark-field and oblique illumination, magni- 
fied 35x. 


faceted stones also displayed numerous secondary 
flux inclusions (“fingerprints”); one of these is 
shown in figure 8. 

Takubo et al. {1979} reported on the internal 
characteristics and surface texture of flux-grown 
emeralds from the Soviet Union. They also found 
flux-filled wispy veils (‘‘fingerprints”}, as well as 
silk-like inclusions of unknown composition ori- 
ented nearly perpendicular to the c-axis of the 
crystals. No such silk-like inclusions were ob- 
served in the stones examined for the present 
study. 


CHEMISTRY 


Microprobe analysis of two of the cut stones from 
the study collection shows consistency with pre- 
vious data on other flux-grown synthetic emer- 
alds, except with respect to MgO content (see table 
2). The chemical data from Bukin et al. (1980) are 
also provided in this table. Unfortunately, we have 
no information regarding the size of the Bukin et 
al. sample or the method of analysis. This is par- 
ticularly unfortunate because their data show 
some significant departures from the analyses ob- 
tained for the present study as well as from the 
limits set forth by Stockton (1984) for the distinc- 
tion between natural and synthetic emeralds. This 
may be due either to the techniques of chemical 
analysis employed by the Russians or to changes in 
the “recipe” that have been made since Bukin’s 
report was issued in 1980. It is not unusual for such 
changes to be made by manufacturers of synthetics 
during the early (and often experimental) years of 
production. In any case, the recent material ana- 
lyzed for this study shows no significant differ- 
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TABLE 2. Chemical data (in wt.%) for synthetic emeralds grown by flux fusion. 


Oxide Present study@ Bukin et al. (1980) Other flux® Natural® 
NazO nde 0.22— 0.29 = 0.04 0.04- 2.3 
MgO 0.1 nd nd tr— 3.1 
FeO 0.29 nd = 0.529 0.06— 2.09 
AlpOx 19.2 17.86-18.27 18.1-20.1 11.7 -18.2 
V203 <0.1 nr = 0.19 tr— 2.0 
Cr204 0.3 0.31~— 0.48 0.2— 2.19 tr— 2.06 
SiO. 66.4 64.4 -65.3 65.7-67.4 63.3 -66.5 
BeO na 13.2 -13.9 na na 
Fe2O nrd 0.14-— 0.16 nrd nr 


4These data represent an average of the results obtained from four microprobe analyses of two specimens 


from the study collection. 


© From Stockton (1984) and Schrader (1983) as reported in the former article. 


nd = not detected; nr = not reported; na = not analyzed. 


4 Total iron reported as FeO. 


ences in chemical composition—other than MgO 
content—from flux-grown synthetic emeralds 
from other sources. 


DISCUSSION 
AND CONCLUSION 


After closély examining the sample crystal cluster 
and stones from a gemological viewpoint, we de- 
termined that these Russian flux-grown synthetic 
emeralds have properties similar to those of other 
known flux-grown synthetic emeralds and there- 
fore can be separated from natural stones on the 
basis of their low refractive index and low specific 
gravity (see table 1}. The presence of flux inclu- 
sions only makes identification that much easier. 

It is interesting to note that all but one of the 
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GEM PEGMATITTES OF MINAS GERAIS, 
BRAZIL: ‘THE TOURMALINES OF THE 
GOVERNADOR VALADARES DISTRICT 


By Keith Proctor 


The previous article in this series focused on 
tourmaline production around the city of 
Araguai, in northeastern Minas Gerais, and 
discussed 20 important mines in that area. 
The present article turns to the major 
tourmaline mines in southeastern Minas 
Gerais, in the broad area surrounding the 
gemstone capital, Governador Valadares, 
Specifically, the Cruzeiro, Golconda, Santa 
Rosa, and Jonas mines—all of which count 
among the most famous tourmaline mines 
in the world—are described. 
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Ithough hundreds of mines in the broad region north, 

east, and southeast of Governador Valadares have 
produced tourmaline, four major deposits account for most 
of the production in this area: Cruzeiro, Golconda, Santa 
Rosa, and Jonas. Not only have these mines been the 
source of millions of carats of fine blue, green, red, and 
multicolored tourmaline, but the very human stories that 
surround their major discoveries have achieved the status 
of legends in only a few short years. A single pocket in the 
Jonas mine, for example, found after months of back- 
breaking work by a few determined miners—and only days 
before mining was to cease for lack of funds—yielded hun- 
dreds of kilograms of fine gem- and specimen-quality 
“cranberry’’-red tourmaline; a second pocket yielded only 
one superb crystal (figure 1}. 

This third article in a series on the gem pegmatites of 
Minas Gerais (see Proctor, 1984, for part 1—on the overall 
history, geology, and mining of the region as well as the 
major aquamarine deposits; and Proctor, 1985, for part 
2—on the tourmaline deposits of the Aracuai districts] 
describes these four major pegmatite areas of the 
Governador Valadares region and the great variety of fine 
gem tourmalines found there. The history of these mines 
and the major finds associated with each are discussed, as 
are the occurrence of the gem material, the gem deposits 
themselves, and past and potential production. Other 
mines in this area are also identified; the reader is referred 
to the map in figure 2 for the localities of the most notable 
deposits. 


CRUZEIRO 


The Cruzeiro pegmatite deposit is one of the largest and 
most consistent producers of tourmaline in the world. It is 
particularly noted for the fine green tourmalines found 
there (figure 3). The mining region is reached via BR-116, a 
paved road that connects Governador Valadares with 
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Teofilo Otoni to the north (again, see figure 2). 
After proceeding 43 km (27 mi.) north from 
Governador Valadares, turn at the village of Frei 
Inocéncio onto a dirt road that leads northwest for 
53 km to the village of Sao José da Safira. From 
there, a narrow, steep, barely passable road takes 
you up the mountain for 12 km to the main mine 
offices. The pegmatites are on the east slope near 
the top of a long north-south-trending range 
called the Serra Safira (after the “sapphire” blue 
tourmalines that were found here by early ex- 
plorers). The range divides the watersheds of the 
Rio Saucui Grande and its tributary the Rio 
Urupuca (Cassedanne and Sauer, 1980}. 


History. The mountains in the Serra Safira range 
are undoubtedly the “Emerald Mountains” dis- 
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Figure 1. The Rose of Itatiaia, 
a35 x12-cmrubellite crystal 
with cleavelandite, was the 
only specimen taken from 
the second pocket of the 
legendary Jonas mine, one of 
the principal deposits of the 
Governador Valadares 
district. Photo © Harold & 

| Erica Van Pelt. 


covered by Paes Leme during his 1674 expedition 
{Proctor, 1984). In 1914, deposits of green and blue 
tourmalines were rediscovered and primitive min- 
ing was begun; a few magnificent crystals were 
produced and cut as gemstones (Bank, 1979; Lucio, 
1980). However, full-scale commercial mining at 
Cruzeiro began not with tourmaline but with 
mica. 

Because of their richness in electronic-grade 
mica, pegmatites in this region were mined as 
early as World War I, with the first formal mining 
concession granted in 1916. In 1933, the German 
export firm of Werner, Frank & Cia. hired Diler- 
mando Rodrigues de Melo to secure mica proper- 
ties and commence mining in the district around 
Figueira do Rio Doce, a small (approximately 1,000 
inhabitants) village that grew into the present city 
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of Governador Valadares. During World War II, 
control of Cruzeiro passed to Rodrigues de Melo, 
and the government of Brazil invited technical ex- 
perts from the United States to help increase pro- 
duction of this extremely valuable wartime min- 
eral commodity. During the war, when the mica 
was at peak production, 600-800 garimpeiros 
worked more than 40 locations in the pegmatites 
(Sauer, 1975). Ultimately, the Cruzeiro region 
provided 12% of Brazil’s entire wartime produc- 
tion of mica (Ottoni and Noronha, 1942; Barbosa, 
1944, Murdock and Hunter, 1944}. Details on the 
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Up 
ov Veadinh ‘ ; f 
ieee | northeastern Minas Gerais. Artwork by Lisa Joko. 


Cruzeiro pegmatites and over 200 other potential 
gem mines in this area are provided by Gonsalves 
(1949) and Pecora et al. (1950a). Even today, when 
the Cruzeiro deposits are more famous for their 
gemstones than their mica, it is the mica that pays 
for the entire mining costs and for the most part 
supports the inhabitants of the small village of 
Cruzeiro, which lies just above the main mine, 
high on a ridge of the Serra Safira (figure 4}. Ironi- 
cally, while the Americans were exploiting the 
mica during the 1940s, the German gem dealers 
came down from Teofilo Otoni and purchased tons 
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and tons of gem tourmaline crystals that were pro- 
duced incidentally {L. Nercessian, pers. comm., 
1984). 

Although mining at Cruzeiro decreased sharp- 
ly after the war, the “rediscovery” of large, fine 
tourmaline crystals in the 1950s led to renewed 
mining activity and signaled the beginning of the 
“modern” period of Cruzeiro’s development. At 
present, the major portion of the Cruzeiro property 
is owned by José Neves, but one end of the 
1300-m-long pegmatite area, located on the brow 
of the mountain ridge, is owned and aggressively 
mined by the Aricanga Company. 


Occurrence. The Cruzeiro ‘‘mine” actually con- 
sists of several individual mines that exploit three 
more or less parallel, largely unweathered granitic 
pegmatite bodies that are simply called the No. 1, 
2, and 3 bodies. All three bodies have been mined 
for gemstones, although No. | has been the most 
productive. 

These three vein-like pegmatite bodies strike 
approximately N 20° W, and dip steeply SW. 
Along with-several minor side veins, they intrudea 
layer, several hundred meters thick, of quartzite (a 
rarity in this region) and mica schist. In places the 
veins are only a few meters thick, but elsewhere 
they widen to as much as 55 m (180 ft.}. The 


Figure 3. This ring (11,83 ct) and pendant (16.5 ct), 
together with the 12.5-cm (5-in.) crystal also 
shown here, represent some of the fine green 
tourmaline found at the Cruzeiro mine. Jewelry 
created by Bud Stafford, Stafford-Kay Jewelers, 
Colorado Springs, CO. 


Figure 4. The entire village of Cruzeiro (note the cross in the foreground, from which the village and mine get 
their name) is pictured here, isolated along this ridge of the Serra Safira. Photo by Peter Keller. 


Cruzeiro pegmatites are classic examples of inter- 
nally zoned complex pegmatite bodies. The zoning 
is similar to that shown diagrammatically by Shig- 
ley and Kampf (1984, pp. 70 and 71; see also Cas- 
sedanne and Sauer, 1980): a muscovite, quartz, and 
feldspar wall zone, with a quartz-microcline-albite 
intermediate zone. The gem crystals are usually 
found in the intermediate zone and occasionally in 
the peripheral part of the core zone. This pocket 
region on the margin of the core contains lepido- 
lite, milky quartz, large microcline feldspars, and 
albite. Pockets in this region frequently contain 
superb gem tourmaline crystals and occasionally 
1-m-long altered spodumene crystals. 

Many opaque to transparent green, blue-green, 
and pink tourmaline crystals, some of them 10-25 
cm (4-10 in.) long, have been found. The tourma- 
lines occur both in groups and as freestanding sin- 
gle crystals attached to the pocket wall. Although 
the latter are much less common, they are fre- 
quently the most gemmy. As an indication that 
gem pockets are close by, miners watch for the 
presence of bladed albite (cleavelandite}, lepidolite 
associated with black tourmaline, and dark coat- 
ings of iron-manganese oxides or phosphates on 
quartz and other minerals. It is interesting to note 
that gem-quality tourmaline is usually found 


Figure 6. A garimpeiro stands 
in the doorway of his mud- 
and-stick hut, near the 
entrance of one of the many 
tunnels driven throughout 
the Cruzeiro region. 
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: Gs, Be Ss Ps 
Figure 5, Open-pit mining is commonly used in 
some of the wider sections of the Cruzeiro vein. 
Note the two tunnels that follow the vein into the 
quartzite wall of this open pit. Photo by Peter 
Keller. 


associated with albite but not with microcline, 
which indicates that the first two formed together. 

Massive nongem garnet occurs in the Cruzeiro 
pegmatite, as do large nongem beryl crystals and 
such rarer minerals as amblygonite, torbernite, 
phosphuranylite, coeruleolactite, columbite- 
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tantalite, and cassiterite. These minerals indicate 
that the solutions that formed the Cruzeiro 
pegmatite were especially rich in lithium, boron, 
beryllium, manganese, tin, niobium, tantalum, 
phosphorus, uranium, and even copper. 

Although most mining throughout this 
pegmatite region is via tunnels, open-pit mining is 
used in some of the wider sections of the veins 
(figure 5). Several major tunnels enter the hillside 
through quartzite or schist near the top of the 
mountain at an altitude of 1100—1200 m (Sauer, 
1975]. Presently, though, most of the mica tunnels 
driven during wartime and many of the gemstone 
tunnels have caved in or are filled with waste. The 
few tunnels that are still open traverse the body in 
random fashion and generally are small, narrow 
exploratory openings (figure 6}. Parts of the 
Aricanga Company mine have been weathered toa 
soft, altered kaolin that the miners can dig with 
their bare hands or using only primitive tools 
(Baker, 1975). 


The Cruzeiro Gems. Cruzeiro is famous for its 
gem-quality and specimen-grade tourmaline crys- 
tals, including fine blue-greens and pinks, near- 
“emerald” greens called chromolites, and fine 
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Figure 7. Elongate green 
tourmaline crystals on 
quartz from the Cruzeiro 
mine, The specimen is 16 cm 
wide x 12 cm high (6.5 x 4% 
in.). Photo © Nelly Bariand. 


blues (indicolites). The gems cut from the blue and 
green material are usually eye clean. At times, 
superb red tourmalines (rubellites}) have been 
found in crystals 5 cm (2 in.} or more in length: 
some are among the best ever produced in Brazil. 
Especially notable are the popular green-and-pink 
bicolored gems called “watermelons,” although 
these are commonly heavily included. 

Diversity in crystal habit and coloration is 
characteristic of the tourmaline crystals from the 
Cruzeiro deposits. Some crystals are long and thin 
(figure 7}, and others are thick, short, flatly termi- 
nated prisms (as shown in Keller and Kampf, 1977, 
figure 7}. Still others have a black, almost velvety 
termination. Some of the finest crystals of stubby 
habit and flat termination exhibit the dark rose to 
red tint characteristic of Cruzeiro rubellite and 
may weigh several kilograms each (Cassdanne and 
Sauer, 1980]. 


Production. Cruzeiro is probably the most consis- 
tent gem-producing region in Brazil. For 15 years, 
from 1955 to 1970, the Cruzeiro mine produced an 
average of 200 kg (440 Ibs.} of crystals per week, 
although usually only 1 or 2, kg of the weekly total 
was gem-quality tourmaline. The overall produc- 
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tion of tourmaline at the Aricanga mine has been 
somewhat less, but a much greater proportion of 
the tourmalines found there have been gem qual- 
ity. 

Major pocket finds at Cruzeiro are almost too 
numerous to mention. In 1966, for example, a su- 
perb rubellite crystal was taken from a hard-rock 
pocket that contained no other gem-quality crys- 
tals. This 14-kg deep red crystal cut 10,000 -12,000 
ct of very clean stones. In 1968, over 2,000 kilos of 
largely opaque crystals of fine green color were 
removed from a single pocket. These crystals were 
used worldwide for carving and as mineral speci- 
mens. In mid-1971, in one of Brazil’s largest 
rubellite finds, 400 crystals were taken from sev- 
eral pockets. This was the find that established 
Cruzeiro as one of Brazil’s premier rubellite mines. 

The most impressive find at the Aricanga mine 
occurred in 1982, when a big pocket yielded over 
700 kg of mostly clean tourmaline ‘‘pencils,’” 90% 
of which were a nice green with the rest blue- 
greens and reds (L. Nercessian, pers. comm., 1984). 
Many kilos of fine rubellite and specimen-quality 
green tourmaline were found at the Cruzeiro as 
recently as 1983 and 1984, respectively. Because of 
its size, Cruzeiro {including the Aricanga mine) 
will probably continue to produce consistently for 
several more decades. 


GOLCONDA 


Among the best known and most productive 
pegmatite mines in Minas Gerais are the three 
Golcondas, which are located within 5 km of one 
another northwest of Governador Valadares (see 
figure 2]. The two newer Golconda mines (II and 
III), in particular, are noted for having produced 
some of the finest green tourmalines and blue 
tourmalines to emerge from Brazil, as well as some 
unique bicolored crystals (figure 8). The Golconda 
mines are reached by taking highway BR-116 north 
from Governador Valadares approximately 3 km, 
turning off to the northwest at the road to Coroaci, 
(#259) and proceeding 33 km to the Golconda II, 
which is located on the headwaters of Onga Creek. 
Golconda I lies 4 km east, and Golconda II 1 km 
northwest, of Golconda II. 


History. Golcondas I and II. The original Golcon- 
da, named after the famous diamond city of an- 
cient India, has been operated as a mica mine since 
its discovery in 1908; it is one of the oldest 
pegmatite mines in Brazil (Pecora et al., 1950b). It 
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is such a large pegmatite that at times over the 
years it has produced significant quantities of gem 
rough. 

Golconda II was opened in 1935, when foreign 
interests first exploited it for mica. Since World 
War II, notable deposits of gem crystals, including 
green, blue, and rose tourmaline and small quan- 
tities of morganite, have been produced by 
Golconda II, which, like Golconda I, is an im- 
mense pegmatite body. Fifty kilograms of 
“sapphire’-blue ‘pencils’? were found here in 
1968. Most of the stones produced were of the 
finest pure blue color, which established Golconda 
II as one of the premier sources for fine indicolite. 

However, the Golconda mine so fabled in the 
tourmaline mining lore of Minas Gerais is a small 
hillside deposit, Golconda I. In 1961, a single 
immense “pocket” found at Golconda III yielded 
900 kg (about one ton) of the choicest ‘‘emerald’’- 
green gem tourmaline crystals ever discovered in 
Brazil. This harvest of crystals yielded gems of a 
quality so high that they set standards of color and 
clarity by which dealers in Brazilian gems still 
measure all other green tourmaline. 


Golconda II. The history of Golconda III began in 
1961 on a small farm owned by José Menezes 
Zequinha. A small hill was the dividing line be- 
tween his farm and that of his neighbor, Pedro 
Espirito. One day, Zequinha began digging a tew 
small tunnels in a pegmatite outcrop on his side of 
the hill and almost immediately ran into white 
kaolin. Whenever they had free time, he and his 
family kept digging in the kaolin vein, which be- 
came wider and wider as they progressed toward 
the center of the hill. Within a month they dis- 
covered a great profusion of beautiful gem tour- 
maline crystals buried in a large body of soft, solid 
kaolin deep inside the hill. In a bonanza never 
before experienced in Brazil and experienced only 
once since, the entire Zequinha family harvested 
an average of 35 kg (80 lbs.) of virtually flawless 
crystals each day for the first 10 days. As they 
feverishly continued digging, their kaolin “room” 
kept getting bigger and bigger. 

On the 11th day, when word of the discovery 
had finally gotten out to all of the local gem 
dealers, Zequinha’s neighbor Espirito found out 
what was going on. He realized that part of the 
deposit was probably on his land, and he and his 
family immediately started digging from their side 
of the hill. Within a few days they hit the other side 
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of the same “pocket,’”’ and the two families fever- 
ishly worked toward each other. When both fami- 
lies eventually broke through into the same area, 
great fights erupted over crystals, with each family 
claiming that the other was in their private terri- 
tory. Garimpeiros were brought in by both sides so 
that each could claim as many crystals as possible, 
and within two months the pocket (which even- 
tually measured 12 m long x 4 m wide) was totally 
cleaned out. 

The crystals were the perfect shape for cutting 
stones in the 6-15 ct range; for the most part they 
were flawless and, incredibly, of virtually identical 
color throughout the pocket. Bracelets and neck- 
laces of matched stones could be assembled easily. 
Most importantly, the color of the cut stones more 
closely approached ‘‘emerald’ green than any 
other large deposit of tourmaline crystals ever 
found. The total pocket probably yielded over two 
million carats of finished gemstones (2.5—-3.0 ct 
per gram of rough]. 

In 1963, after two years of intensive digging, 
another major find occurred in hard-rock pegma- 
tite 150 m ‘from the original “pocket” and 20 m 
deeper into’ the hill. This deposit yielded another 
450 kg of totally clean ‘‘pencils” similar in size to 
the first crystals but with some yellow. It took 
almost two years to completely clean out this de- 
posit; 80% of the rough was exported to Idar- 
Oberstein {K. Elawar, pers. comm., 1985). 

Another deposit that encompassed a number 
of small pockets was found at Golconda III in 1967 
in hard-rock pegmatite in the lower part of the hill. 
The harvest was a considerable number of dis- 
tinctive collector specimens: beautiful rose tour- 
maline crystals tipped in green on a matrix of 
cookeite (again, see figure 8}. After the 1967 strike, 
Levon Nercessian bought the Espirito farm and 
rented the Zequinha farm, but all of his tunneling 
since then has produced no major finds. 


Occurrence. Little is known about the Golconda 
III body. Although the original 1961 deposit at 
Golconda III was found in a large kaolinized body, 
the subsequent discovery of two hard-rock pocket 
groups deeper within the same hill suggests that 
the original kaolin mass was probably a secondary, 
eluvial deposit. 

The dike-like Golconda II pegmatite body 
forms a series of ridges of considerable height, with 
deep valleys where mining and subsequent erosion 
have exposed large areas of the pegmatite body. 
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Figure 8. These bicolored tourmalines, rose shafts 
tipped with green on a cookeite matrix, are 

characteristic of the Golconda mine. The longest 
crystalis 8 cm. Photo © Harold # Erica Van Pelt. 


Where exposed, the body appears to be about 60 m 
(200 ft.) wide and has been traced along the outcrop 
toa distance of 400 m but may be as muchas 700m 
long. The strike is N 20° E. The pegmatite appears 
to be a single sheet, but Ailton Barbosa (one of the 
current owners of the Golconda I) claims that 
there are actually two bodies (pers. comm., 1983). 

The pegmatite body is intruded into schist and 
forms the foundation of a large hillside (figure 9}. 
Most of the pegmatite is hard feldspar, but softer 
areas, rich in albite, have been the source of many 
gem pockets (figure 10). 
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enclosing gray schist in the center of the hill. Note also the many galleries that have been drilled and 


blasted into the pegmatite body. 


Currently, the mining operation at Golconda II 
is heavily mechanized: the garimpeiros drill and 
blast tunnels throughout the pegmatite, while 
heavy tractors move the overburden and waste (see 
Proctor, 1984, figure 5}. In the course of all of this 
activity, a huge cavern over 30 m wide and 8 m 
high has been carved out at the main entrance. 
Dozens of galleries and tunnels have been created 
throughout the pegmatite body (see figure 9}. 


Production. As mentioned above, while relatively 
small amounts of gem crystals have been found at 
Golconda I over the years, literally millions of 
carats of fine blue-green, green, and rose-colored 
tourmalines were taken from Golconda III be- 
tween 1961 and 1967. 

Compared to the Golconda III deposits, no 
great bonanzas have been discovered at Golconda 
II, but the mine has repeatedly produced small 
amounts of fine green, blue-green, and rose gems 
for which it has become well known. Its greatest 
fame, however, is derived from the occasional 
pockets that have yielded some of the finest 
“sapphire’”’-blue tourmalines ever found in Brazil. 
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In late 1982, the Golconda II was purchased by 
Ailton Barbosa, Celso Cravinhoff, and Frank 
Davis. Although mining for gem tourmaline at 


Figure 10. Many gem pockets have been found in 
the soft kaolin of Golconda II, The black 
tourmaline lining the walls is an indication that 
gem crystals may be nearby. 
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Golconda II has been sporadic, the renovation of 
this mine by its current owners suggests great 
promise for the future. Small quantities of fine 
blue (150 ct) and low-quality green (50 kg} crystals 
have been found in the last two years. 


SANTA ROSA 


Noted in gemological circles for the fine bicolored 
(pink and green} tourmaline found there (figure 11], 
the Santa Rosa—like the Cruzeiro and Golconda 
mines—was first worked for mica. Located in a 
primitive area 36 km southwest of Itambacuri (see 
figure 2), it can be reached only by traveling an 
extremely rough dirt road that is totally impas- 
sable during the rainy season. 


History. The mica mine, which opened in 1938, 
was abandoned after World War II. However, on 
October 12, 1967, garimpeiro Tiao Matias noticed 
chips of colored tourmaline in a series of ant holes 
and armadillo burrows while prospecting the 
Santa Rosa hillside. In a race against the ants, he 
first dug out druses of tourmaline and then, going 
deeper, found a mass of quartz crystals encrusted 
with geririy pink and green bicolored crystals. 
This strike remains the most important in the 
mine’s history. In less than one year, literally tons 
of gem- and specimen-quality tourmalines were 
recovered. 

Because much of the pegmatite was totally 
altered, with the hard “pocket” crystals of tour- 
maline and quartz buried within soft kaolin, vir- 
tually no investment in equipment was needed. 
Matias found it easy to gather together a group of 
fellow miners to work, under his “control,” what 
he believed to be the choicest area. Matias allowed 
no guns, knives, or hard liquor, and promised im- 
prisonment to thieves. But he was far too optimis- 
tic about his ability to control when such riches 
were at stake. Within weeks, as word of the strike 
spread, the entire kilometer-long hillside was 
overrun by more than 4,000 garimpeiros (Pough, 
1968a and b}. Itambacuri became the center of fur- 
tive bargaining between these independent miners 
and the buyers that came from all over the world 
(Bancroft, 1984). 

Dr. Fred Pough, who visited the mine only 
nine months after the initial discovery (1968a and 
b), provides a vivid account of the completely dis- 
organized and wasteful mining that quickly rid- 
dled this kaolinized pegmatite and probably left as 
much gem material behind as was extracted: 
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Figure 11. This Santa Rosa mine “watermelon” 
tourmaline crystal on quartz illustrates the 
rose center Sheathed in green that is characteristic 
of this locality. This crystal measures 10 cm x 
1.25 cm (4 X % in.). Photo © Harold & 

Erica Van Pelt. 


Since the pegmatite rises through the hill, the 
tunnels have been started in from the sides, and... 
run in horizontally a few meters or tens of meters 
until they intersect the wall of the pegmatite. As is 
almost universal in this part of Brazil, weathering 
has so decomposed the rocks near the surface that 
most of the digging is through earth, and the tun- 
nels, often unshored, are not very secure. The advent 
of a real rainy season will probably cause havoc and 
might well be the end of the mine. Timbering is held 
to a minimum, for suitable wood is scarce and Bra- 
zil’s garimpeiros are not really [professional] 
miners. .. .On the day of our visit we saw one badly 
lacerated man [who had been] hurt in a cave-in.... 

What do they do when they get to the 
pegmatite? Well, what can they do, with another 
tunnel right alongside, probably one above and an- 
other just below—or about to be? Nothing! They 
can scratch out any quartz and tourmaline they 
happen to encounter in the face of their drift and 
they can go on into the pegmatite until it becomes 
barren (presumably the core} and they can cheat a 
little by bulging their tunnel as much as they dare, 


GEMS & GEMOLOGY Summer 1985 95 


and then they quit, perhaps to go and start another 
tunnel somewhere else.... No attempt seems to 
have been made to sink shafts or pits from the 
summit. In any case, the outcrop is now blanketed 
with a town. Once they hit the pegmatite, the group 
working the tunnel is not necessarily instantly rich. 
Many workers have already moved on to greener 
fields, for of all the 452 tunnels, only six were pro- 
ducing at the time of our visit, and the 4,000 miners 
have diminished to 1,000. 


Eventually the miners moved into the hard- 
rock pegmatite that encompasses much of the 
Santa Rosa hill. Interestingly, the hard-rock tun- 
nels yielded fewer tourmalines, of which a much 
smaller proportion (1% to 2%] were gem-quality, 
than the original colluvial deposits (L. Nercessian, 
pers. comm., 1985) The greatest activity at Santa 
Rosa lasted only five months; within three years 
the mine was virtually abandoned. 


Occurrence. As you approach the Santa Rosa area 
from Itambacuri, the first indication of the frenetic 
mining that went on there are the red and white 
piles of dirt and clay—hauled from a myriad of 
tunnels—that completely dot the hillside (see fig- 
ure 12). The hill has been honeycombed by tunnels 
driven in from both sides to intersect what must be 
a sheet-like pegmatite rising fairly vertically 
through the hill. Relatively short tunnels were 
required to mine the “front side” (as you approach 
from Itambacuri) because the weathered (collu- 


Figure 12. At the time Dr. "7 
Fred Pough visited Santa ‘ 
Rosa in June 1968, 452 
tunnels had been driven into 
the hillside. Photo by Fred 
Pough. 
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vial} deposit is so near the surface (again, see figure 
12). However, the “backside” of the hill, with its 
strike parallel to the elongation of the hill, con- 
tains several tunnels 200 to 300 m long, which 
penetrated the hard-rock primary pegmatite. The 
geologic environment of the initial find, which 
was on the “backside,” is similar to that of the 
Frade aquamarine deposit (Proctor, 1984, see figure 
4). Again, all of the stages of pegmatite decompo- 
sition, erosion, and dispersal are represented in 
this one Santa Rosa hillside. 


The Santa Rosa Gems. Although this mine pro- 
duced attractive, rose-colored stones of the same 
fine quality as the Golconda mine previously dis- 
cussed, it is noted particularly for the superb 
“watermelon” tourmaline found there (again, see 
figure 10). Spectacular crystals, 10-25 cm long 
(4-10 in.}, with cores of rose-colored or red gem 
tourmaline surrounded by a sheath of superb green 
gem tourmaline were found in abundance at Santa 
Rosa. It is probably due to these crystals that the 
term watermelon became associated with the 
Santa Rosa mine. Some of the multicolored tour- 
malines from this deposit also exhibit a gemmy 
purple termination, while others include areas of 
blue as well as pink and green. 

Most of the gem-quality crystals were used for 
cutting or carving, while many extremely large 
{some as long as 45 cm and weighing more than 20 
kg}, spectacular, though nongem-quality crystals 
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were sold as specimens. Some of these immense 
crystals can be seen in the Smithsonian Institution 
in Washington, DC, the American Museum of 
Natural History in New York, the Sorbonne ex- 
hibitin Paris, and the Folch Museum in Barcelona. 

Many of the tourmaline crystals (usually about 
2.5 cm in diameter) found in the colluvium at 
Santa Rosa had begun to decompose, leaving at 
least partially visible a flawless, rounded, gemmy, 
dark green central core. In some of these crystals, 
nugget-like cores called ‘‘balinhas,” or “bullets,” 
had been freed completely. In others, considerable 
skill with a hammer was required to tap the 
weathered prisms, or “canudos,’’ just right in order 
to free the highly prized balinhas” inside. Many 
of these nugget-like cores of dark green tourmaline 
represent some of the best rough found at Santa 
Rosa (Pough, 1968b). 


Production. Despite the hit-and-miss mining, the 
yield of clean and near-clean multicolored crystals 
from this mine was tremendous. Levon Nerces- 
sian, a frequent visitor to the Santa Rosa mine, 
estimates ‘that at least 500 kg of clean, multicol- 
ored tourmaline and 200 kg of “balinhas’” were 
found at Santa Rosa within a year after Matias’s 
initial find, plus an additional 1600 kg of speci- 
men-quality material. 

After only the first five months, mining activ- 
ity dropped off dramatically. Within three years, 
the mine was essentially abandoned. Although it 
is likely, given the disorganized fashion in which 
the pegmatite was attacked, that many areas of the 
pegmatite remain untouched, the honeycomb of 
unstable tunnels makes mining at Santa Rosa both 
difficult and dangerous. It is interesting to specu- 
late how many more gems would have been re- 
moved if the deposit had been worked lengthwise 
with a bulldozer from the top down, in the same 
manner as the Salinas mine (Proctor, 1985). 

Since fall 1980, however, there has been some 
renewed activity at Santa Rosa and at four or five 
nearby hills. Everything found, even in the nearby 
deposits, is simply labeled Santa Rosa. A limited 
quantity of mostly fine green crystals (some as 
long as 15 cm} have been produced, reportedly 
from the hard-rock, unaltered part of the pegma- 
tite. A large pocket with superb collector crystals 
was discovered in the late fall of 1984. One dealer 
recently purchased 625 g of superb “emerald’’- 
green tourmaline produced at Santa Rosa in 1985 
(K. Elawar, pers. comm., 1985}. Approximately 50 
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Figure 13. This 7.5-cm (3-in.) doubly terminated 
rubellite crystal with lepidolite matrix and the 
accompanying faceted stones (4 and 7 ct, 
respectively) represent some of the fine red 
tourmalines taken from the main pocket at the 
famous Jonas mine. Photo © Harold & Erica 
Van Pelt. 


garimpeiros are working the area now, some by 
enlarging a number of the old hard-rock tunnels 
and others by opening new tunnels into the less- 
worked backside of the mountain. Considering its 
size and recent yields, Santa Rosa is one of the 
most promising mines in Brazil for future gem 
production. 


JONAS 


The Jonas mine, which represents the single most 
important rubellite discovery in the history of 
Brazil (figure 13], provides a fitting climax to our 
discussion of gem tourmalines in Minas Gerais. 
Not only is it the most recently discovered major 
gem deposit (1978), but its fascinating story is well 
documented, involving incredible hardships, tre- 
mendous good luck, natural hazards that had to be 
overcome, and unproductive mining that almost 
brought a halt to what eventually led to a rubellite 
bonanza greater than any known before or since. 

The mine itself is not far from Governador 
Valadares and is only a few kilometers from the 
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town of Conselheiro Pena (see figure 2}. To reach 
the Jonas mine, take Highway 259, a good dirt road, 
from Governador Valadares 85 km (53 mi.) east- 
southeast to Conselheiro Pena. From there, a pass- 
able dirt road leads 4.8 km (3 mi.) southeast to the 
mine, which lies on the Itatiaia hillside overlook- 
ing the valley and stream of the same name. 


History. The Itatiaia hillside encompasses one of 
the largest and most important pegmatite regions 
in Minas Gerais. For almost 50 years, the Itatiaia 
mine produced hundreds of kilos of multicolored 
“parrot” tourmalines; nearby alluvial deposits 
have yielded literally tons of green gem tourmaline 
over the years. The Jonas mine is within 1 km of 
the Itatiaia mine (now largely inactive}, where 
garimpeiro Barbosa first found the famous ‘‘par- 
rot’’ tourmalines in the early 1930s. The present 
story, fittingly enough, involves as one of its prin- 
cipal characters garimpeiro Ailton Barbosa, his 
son. Most of the following account was told to the 
author by Ailton Barbosa. 

The hard-rock pegmatite body now known as 
the Jonas mine was first tunneled by a local farmer, 
Jodo Pinto, in the early 1940s. For several years it 
produced superb four- and five-colored pristine 
crystals up to 12 cm (4.75 in.} long (E. Swoboda, 
pers. comm.,; Bancroft, 1984). 


The Jonas pocket. The modern history of the Jonas 
mine (previously called the Jodo Pinto mine} began 
to unfold in 1977, when Ailton Barbosa told well- 
to-do gem dealer Jonas Lima of Governador Vala- 
dares of his determination to one day mine Itatiaia 
as his father had done and find many fabulous 
gems. Ailton, also a gem dealer, invited Jonas along 
on one of his buying trips to Itatiaia and introduced 
him to the rancher-owner of the Itatiaia hillside 
that Ailton had coveted for so many years. The 
land owner knew Ailton and agreed to lease the 
mine to Jonas, who was to put up all the operating 
capital, on condition that Ailton would supervise 
the mining. The lease payment was only 1,000 
cruzeiros (roughly US$70} per month; the land 
owner did not insist on a percentage of royalties on 
any gems found. 

With his crew of only four garimpeiros, Ailton 
started mining in October 1977 by extending an 
existing short tunnel horizontally into the enclos- 
ing schist and pegmatite. They worked four 
months with little success, finding only some 
matchstick-sized green tourmalines attractively 
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arranged on 5-cm white albite crystals (Lallemant, 
1978}. In early February 1978, they finally pene- 
trated several large pockets, but all they removed 
were three tons of worthless black tourmaline 
crystals mixed with albite. 

Ailton and Jonas stopped working together for 
awhile after this disappointing start, but later 
Jonas went to Ailton and asked that they try again. 

On the first of April, after six months of fruit- 
less and expensive blasting and digging, and only a 
week before the big discovery, a discouraged Jonas 
told Ailton he wanted to call it quits; he would not 
go on without some financial support (Huber and 
Huber, 1980}. Ailton, who has more faith than any 
other garimpeiro the author has ever known, had 
found occasional patches of lepidolite—the best 
overall indicator of gem tourmaline—in the peg- 
matite wall. Ailton told Jonas three times that 
they must go on, and promised Jonas what ap- 
peared to be a wild fantasy: ‘a huge gem pocket 
and rubellites as thick as his forearm.” Ailton later 
confided that he didn’t know that much about 
rubellites at the time and had never seen one that 
big, but he had a very strong premonition that he 
would find such crystals. Jonas was to find Bar- 
bosa’s description of the crystals incredibly accu- 
rate. 

After drilling and blasting through 30 m of 
schist and only a few meters of pegmatite, Ailton, 
only a few days away from the big discovery, fi- 
nally blasted into a second big pocket—again con- 
taining large, worthless crystals of opaque black 
tourmaline with opaque pink tops and albite 
mixed with mud, water, and much quartz and 
mica. Ailton was near financial exhaustion him- 
self, but the 25-cm (10 in.) black and pink crystals 
encouraged him to go on. Ailton even surrendered 
the title to his Volkswagen to raise the money for 
food and mining for just one more week, he prom- 
ised Jonas that when the food and the dynamite ran 
out, he would finally abandon the mine. 

As Ailton laboriously cleaned out this worth- 
less chamber, he felt certain that the water enter- 
ing from above indicated the existence of another 
pocket. So Ailton directed the excavation upward 
and, using hand digging and only partial sticks of 
dynamite, he carefully engineered an opening big 
enough to thrust his arm through into the area 
from which the water was draining. This was on 
Good Friday, 1978, and as he first reached his arm 
into the hole and groped above in the darkness, his 
and Jonas’s lives were forever changed. For when 
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he brought his hand out it contained a large, al- 
most flawless, gem rubellite crystal. He then 
flashed his brightest mining light into the hole and 
revealed an immense cavern, its walls sparkling 
with the red of gem rubellites (figure 14}. 

Ailton and his four fellow garimpeiros imme- 
diately closed the small hole. Ailton rushed to 
Conselheiro Pena and telephoned Jonas in 
Governador Valadares. Matter-of-factly, he told 
him: “I found the gems, COME ON DOWN.” 

After Jonas arrived, they began digging another 
route into the pocket, since they had first entered 
it through the bottom. They dug all night and most 
of the next day, with great anticipation they finally 
reached the pocket again. They were flabbergasted 
to find that the pocket was so big that they could 
walk right into it—with rubellites and albites 
crunching underfoot. 

Imagine the gem pocket—an oval 3 m (10 ft.) 
high, 3 m long, and 2.5 m (8 ft.} wide—uniformly 
lined with rubellite crystals interspersed with just 
three other minerals: snow-white albite, transpar- 
ent quartz, and pink lithium-bearing lepidolite 
mica (see figure 14). These three finely crystallized 
minerals provided the matrix into which the gem 
rubellites were nestled on the walls. Some of the 
rubellites had fallen, but most were intact. Many 
were doubly terminated—another rarity. Among 
the multitude of great surprises was the fact that 
the pocket was almost totally clean; virtually no 
chemical alteration had occurred. There was only 
a little sand mixed with the albites and rubellites 
on the floor, and the specimens were so clean that 
they did not even need to be washed. The elation 
and awe these men felt is beyond description. 
Lying before their eyes was the richest, most valu- 
able, and certainly most stunning pegmatite gem 
pocket ever seen by man. Only Jonas knows how 
many millions of dollars lay there within his grasp. 
This pocket became known worldwide as the 
bamburrio (jackpot) pocket, and quickly claimed 
its place in gemstone lore. 

Standing out among this richness was a 
fabulous matrix gem crystal specimen that hung 
precariously from the ceiling. This specimen, later 
named Joninha (’’small Jonas,” after Jonas’s young 
son] consists of two gigantic rubellite crystals 50 x 
25 cm and 25 x 30 cm (20 x 10 in. and 10 x 12 in.) 
growing on two quartz crystals 20 cm and 45 cm 
long. The specimen is partially coated with albite; 
a 20-cm (8 in.} doubly terminated pale citrine crys- 
tal hangs on the side of the largest rubellite. 
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The Joninha specimen, which with its massive 
matrix weighs 352 kg (775 lbs.), had been partially 
dislodged from the wall—probably by the small 
dynamite charges. The miners could fit their 
hands behind part of the specimen. This master- 
piece of the gem kingdom was about to fall. 

Lying broken on the floor were three pieces of a 
gigantic rubellite crystal that, when glued back 
together, soared 107 cm (more than 3% ft.) froma 
matrix of doubly terminated 35-cm-long quartz 
crystals. This specimen, the largest known rubel- 
lite crystal, was named the Rocket. It weighs 135 
kg (300 lbs.) and is mostly opaque (not suitable for 
cutting). The broken edges of the three pieces had 
been rehealed by minute tourmaline growth yet 
still fit together perfectly; even though a few 
pieces were missing when the specimen was re- 
paired, it is stunning (see figure 15). 

Also lying on the floor was the opaque 
rubellite crystal named Tarugo ("a short, fat, ugly 
man”| that is approximately 85 cm long, 30 cm 
wide, and weighs 82 kg (180 lbs.). 

The fourth great specimen they noted was the 
Fleur de Lis, a 35-cm tourmaline attached to a 
60-cm quartz crystal and, unfortunately, 65% co- 
vered with albite. Many of the smaller gem crys- 
tals on the walls and ceilings were surrounded by 
intricate clusters of small, gemmy, pink lepidolite 
crystals (again, see figure 13). 

Understandably, Jonas required a large dose of 
Valium to calm down. After their whoops and hol- 
lers had subsided, the miners decided their first 
order of business was to save the Joninha. Ailton 
came up with the idea of piling old tires up from 
the floor to just below the specimen and covering 
the topmost tires with a burlap pad. With miners 
pushing upwards on all sides, a final pry with the 
crowbar released the Joninha gently onto the tires. 
Miraculously, it left the mine and reached Gover- 
nador Valadares that night without damage, even 
though Ailton fell asleep at the wheel, missed a 
curve, and drove the Jeep down a 20-m embank- 
ment. 

What happened next as they started to clean 
out this incredible pocket has become legendary in 
the gem and mineral community around the 
world. Jonas’s first concern was the security for his 
valuable cache. The history of Brazil’s ’’wild West” 
closely parallels that of our own, except that the 
land wars, lawlessness, and gunfights in Gover- 
nador Valadares climaxed only in the mid-1950s 
when a very valiant man, a Colonel Pedro, brought 
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Figure 14, Artist’s conception 
of how the Jonas mine pocket 
may have looked when 

first discovered. The 
reconstruction is based on 
photos and measurements of 
some of the major pieces, and 
on interviews with the 
original miners regarding the 
location of specimens within 
the pocket. The pocket 
measured 2.5 X3 X38 m(8 x 
10 x 10 ft.); the specimens 
are drawn approximately to 
scale. Rendering courtesy of 
Wendell E, Wilson. 


. Joninha 
Tarugo 
Fleur de Lis 


AOS 


The Rocket 


the army into the region and exterminated the 
outlaws (A. Lucio, pers. comm.; Caplan and Wil- 
son, 1980}. Jonas is Pedro’s son-in-law, so it wasn’t 
hard for him to find old-time gunfighters who were 
willing to help with security while loving the 
drama and importance of the event, which rekin- 
dled the excitement of that earlier era. 

In only eight days this first pocket was com- 
pletely cleaned out and the crystals, under a guard 
befitting the crown jewels, were transported 90 km 
to Governador Valadares. Eventually both the 
mine entrance and the warehouse in Governador 
Valadares where the gems were stored were de- 
clared off-limits to photographers and most other 
people. These two regions became armed camps. It 
even became difficult for gem dealers and crystal 
collectors to view the material and, when viewing 
was allowed or sales were made, armed guards 
were visible everywhere. Even Brazilian Internal 
Revenue agents were unsuccessful in their at- 
tempts to examine the discovery (Lallemant, 
1978). According to Wilson and Barreto {1978}, the 
Rocket and other specimens under guard at the 
warehouse sat on tables supposedly wired to dy- 
namite stacked underneath. Jonas threatened that 
if robbers or revenuers came around he would blow 
the whole thing up—evidently he would have been 
satisfied with melee. When Jonas gave the author 
the honor of viewing the four major specimens in 
the summer of 1980, he quoted the total value of 
all four at US$9,000,000. Jonas eventually started 
charging $8.00 per person just to see the four major 
pieces (Huber and Huber, 1980). 

For the remainder of the specimens,. Jonas 
chose as his agent one of the best salesmen and 
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most colorful characters in the region, Jodo das 
Mogas (John of the girls}, who is notorious for hav- 
ing seven wives—all at the same time. John even- 
tually made enough money to buy a house for each 
of them. 


The Second Pocket. Within three months of the 
first discovery, Jonas had a disagreement with the 
land owner over the lease of the mine, and by late 
July 1978 he had abandoned the operation. He also 
dynamited the tunnel shut about 30 m inside the 
entrance and left a wheelbarrow full of unstable, 
decomposing dynamite nearby (Keller, 1979}. 


Figure 15. The Jonas mine specimen knownas the 
Rocket is believed to be, at 107 cm (more than3% 
ft.), the largest rubellite crystal ever found. 
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However, a large adit intersected the pegmatite 
about 50 m above the closed tunnel, allowing an 
alternate entrance into the workings. 

A new lessee, Dilermando de Melo (‘‘Dilo”} 
began mining immediately. In the ensuing two 
years, he opened a tunnel 130 m long. A few insig- 
nificant pockets with small dark green tourma- 
lines on white albite were opened, and occasional 
rubellite specimens were found, but nothing truly 
exceptional was recovered during the first several 
months (Huber and Huber, 1980; Lucio, 1980). 
Surprisingly, Dilo found quite a few excellent gem 
blue tourmaline crystals in this region of the peg- 
matite. Then, in early April, a year after the first 
pocket discovery, Dilo and his miners encountered 
all the signs of another great find. 

Working down through the pegmatite, they 
struck the outer wall of what appeared to bea large 
pocket, right beneath their feet on the floor of the 
tunnel. Quickly they set off the dynamite charge 
to open the pocket, and Dilermando, in his ex- 
citement, neglected to allow the necessary time 
for the gasses to disperse. He went directly to the 
blast site and, leaning over to look into what he 
hoped was another Jonas pocket, was immediately 
overcome with the fumes from the explosion. His 
foreman took him to the hospital, and Dilermando 
lay there impatiently waiting to be well enough to 
return and find out what his last charge of dyna- 
mite had revealed. When Dilo was released from 
the hospital, he and his partner went immediately 
to the mine. Coincidentally, Good Friday, 1979, 
again brought a choice discovery. The pocket was 
not yet open completely. Still remaining to be pen- 
etrated was a thin, 7.5-cm (3 in.} layer of albite 
from the inner pocket wall. With picks and crow- 
bars, they pried and finally broke loose a 45-cm 
almost-square piece of this inner wall. With one 
person on each side, they carefully removed the 
section, fortunately by lifting straight up. When 
they turned it over, there on the other side of the 
piece was the beautiful Rose of Itatiaia, shown in 
figure 1. 

This gem pocket, completely filled with moist 
sand, was a 2- to 2.5-m {6 to 8 ft.} oval inside; like 
the Joninha, the Rose was hanging upside down, 
suspended from the ceiling of the geode-like 
pocket. Surprisingly, this was the only rubellite 
specimen in this second huge gem pocket. So ends 
the saga of the Jonas rubellite mine. To this day, no 
other major rubellites have been found. Although 
considerable pegmatite remains, there is little ac- 
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tivity in the area as of this writing because of the 
expense of mining this deposit. 

The Rose of Itatiaia specimen is somewhat 
brighter in color than those of the first pocket 
{Huber and Huber, 1980). This 35 cm (14 in.} long 
by 12 cm {5 in.) wide gem rubellite crystal is 
nestled in a bed of gemmy albite crystals. The 
author acquired the Rose of Itatiaia in the summer 
of 1980, and several articles have been written 
about the harrowing odyssey this specimen went 
through before it finally arrived safely in Colorado 
(Zeitner, 1981 and 1983; Jones, 1982). 

The survival undamaged of the Joninha and 
the Rose of Itatiaia as well as other major gem 
crystals from this and other great gem mines is 
truly remarkable. Not only did they withstand the 
violent conditions of changing heat, pressure, and 
earth movements under which they were created, 
but they also survived the trauma of dynamite and 
removal at the hands of the miners. 

The Joninha was eventually sold to a private 
party in the United States for US$1,300,000, the 
Rocket was subsequently acquired for the same 
mineral collection. 


Occurrence. According to Ailton Barbosa, the peg- 
matite that housed these tremendous finds is 12 m 
wide and 200 m long as it snakes its way nearly 
horizontally through the hillside in a N 30° E direc- 
tion. Therefore, it is only one-fourth as long as the 
three Cruzeiro pegmatites and only a small fraction 
of their overall width. Jonas worked only 30 m of 
the pegmatite. 

Sharp crystals of cassiterite, pink apatite, and 
the rare mineral microlite were found in the peg- 
matite. Unusually sharp microcrystals of mona- 
zite were also frequently found. It is significant to 
note that no muscovite mica or microcline was 
found in either of the two great Jonas mine 
pockets. Also, as might be expected from all the 
rubellite present, spessartine garnets were found 
on the dumps by the author; these were wafer-thin 
and were squashed between large muscovite mica 
sheets from the pegmatite body and not the Jonas 
pocket. 

There are many other gemstone mines in this 
rich Itatiaia pegmatite district, including alluvial 
tourmaline deposits and mines that were produc- 
ing highly etched but attractive beryl crystals at 
the same time as the Jonas mine discovery (Keller, 
1979). However no aquamarine, topaz, or spodu- 
mene was found in the Jonas mine. 
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Production. The original Jonas pocket yielded, at 
best estimates, at least 200 kg (450 lbs.) of fine- 
quality cuttable crystals of an exceptional “cran- 
berry,” or deep magenta-red, color. One crystal 
alone cut a million dollars (retail) worth of gems. 
Additionally, approximately 3,600 kg (8,000 Ibs.} 
of specimens (rubellite with matrix] were removed 
(Keller, 1979). Both foreign and local experts agreed 
that this was the single most important find of 
tourmaline in history. 

Because so many of the crystals were fat, even 
large gemstones could be cut perpendicular to the 
c-axis. The finished gems were dazzling in color, 
brightness, and fire (Lallemant 1978}. Keller (1979) 
said they were among the finest rubellites known. 
In this author’s opinion, however, even the best 
red tourmalines from the Jonas mine are not as 
good as the very finest “cherry’- and “ruby’”’-red 
stones to come from the Ouro Fino or Cruzeiro 
mines. 

As is the case with other rubellites, flawless 
stones from Jonas material are rare, but their ex- 
traordinary, cranberry color far outweighs their 
ever-present inclusions. As is usually the case 
with fine rubellite, gemstones cut from the Jonas 
material were absorbed into the market quickly. In 
less than two years, they were already in short 


supply. 


OTHER MINES IN THIS REGION 


In the general region between the Araguai and 
Governador Valadares districts, deposits of fine 
tourmaline have been found in varying frequency 
in areas surrounding the cities of Turmalina, 
Minas Novas, Capelinha, Poté, and Itambacuri, 
with the best gems having come from Novo Cru- 
zeiro (see map, figure 2, in Proctor, 1984). It is safe 
to say that the Cruzeiro-Aricanga, the Jonas- 
Itatiaia, the three Golcondas, and the Santa Rosa 
have produced a higher dollar value of fine gems 
than all the rest of the mines in the Governador 
Valadares district combined. However, many 
other smaller but important deposits in this dis- 
trict have been mined and deserve mention. 
Near the Cruzeiro, the Marcello mine has pro- 
duced some of the finest blue stones ever found in 
Brazil. The nearby Chid and Urupuca mines, also 
produced fine blue stones. The mines around the 
town of Galiléia, such as Pedra Alta, Laranjeiras, 
Divino, Ferruginha, and Retiro, have produced fine 
green, blue-green, and rose material. In the 
Golconda region, yellow-green, fine blue, and gold 
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tourmalines have been recovered from the Faria, 
Jacob, and Lavra Faria mines, respectively. The 
Pammarole and Linopolis mines near the city of 
Linopolis are known for their fine red material 
(Bank, 1970). Other notable tourmaline deposits 
are indicated on the map in figure 2. 


SUMMARY AND CONCLUSION 


Minas Gerais, Brazil, is the largest producer of gem 
tourmalines in the world. The pegmatites in the 
northeastern area of this state have yielded 
literally millions of carats of tourmalines of virtu- 
ally every color variety. Twenty important mines 
were discussed in the preceding article in this se- 
ries, on the Araguai districts (Proctor, 1985}. Al- 
though the present article focused on only four 
localities, these four include some of the oldest 
and most productive mines in Minas Gerais. 

Cruzeiro (including the Aricanga Company- 
owned mine} and Golconda (I, II, and II mines] 
represent two of the largest known pegmatite de- 
posits in Brazil. They have consistently produced 
gem- and specimen-quality tourmalines for more 
than 30 years. While Cruzeiro has yielded large 
quantities of fine blue-green, green, blue, pink and 
“watermelon” tourmalines, the rubellite found 
there is considered among the best in Brazil. All 
three Golconda mines have produced tourmaline 
over the years, but the most important find (900 kg 
of “emerald’-green gem tourmaline, as well as 
significant deposits of green “pencils” and dis- 
tinctive bicolored crystals) was made at Golconda 
TI. Golconda II is now the most active of the three 
mines and is noted as a sporadic producer of green, 
blue-green, and rose tourmalines as well as small 
amounts of spectacular blue gems. Now undergo- 
ing renovation, it promises to be the most produc- 
tive of the three Golconda mines in the future. 

In the space of a year, the Santa Rosa mine 
yielded an estimated 2300 kg of gem- and spe- 
cimen-quality tourmaline, primarily multicolored 
crystals. But as quickly as the Santa Rosa hill was 
entered, it was virtually abandoned. For more than 
10 years after the initial 1967 find, there was al- 
most no activity at Santa Rosa. The renewal of 
mining since 1980 has produced small quantities 
of gem material, but nothing on the scale of the 
original bonanza. 

The Jonas mine produced the largest and most 
valuable deposit of fine gem rubellite ever found in 
one pocket and possibly in one mine. Not only was 
this the cleanest and least altered chemically of 
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the large gem pockets with which the author is 
familiar, but it was also possibly the largest open 
gem pocket on record. Five of the largest and finest 
gem rubellite crystals ever found were produced in 
this one mine. In addition, hundreds of thousands 
of carats of gems were cut. After the original dis- 
coveries, however, there were no additional major 
finds. Because of the expense of mining the hard- 
rock pegmatite, the legendary Jonas mine is now 
essentially abandoned. 

Of the 30 best-known tourmaline mines in 
this district, only four are sporadically producing, 
and two others—the Cruzeiro and the Aricanga— 
are responsible for 90% of the present production. 
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NEW TECHNIQUES 


THE EYEPIECE POINTER: A USEFUL MICROSCOPE ACCESSORY 


By C. W. Fryer and John I. Koivula 


The eyepiece pointer is a very useful microscope 
accessory for the gemologist. It is always in focus and 
points to the center of the microscope’s field of view 


regardless of the magnification or plane of focus within ° 


the stone. The eyepiece pointer simplifies the task of 
pointing out microscopic features on or in any 
gemstone, whether mounted or unmounted. It can be 
fashioned easily for use on virtually any microscope. 


Almost every jeweler—gemologist who has occa- 
sion to use a microscope has run into the problem 
of trying to point out something in the field of 
vision to a client, co-worker, student, or friend. If 
the microscope subject is subtle and/or the person 
being shown the subject is not a gemologist or 
microscopist, that person may have difficulty see- 
ing what you see. Although the external needle- 
type pointer offers some help, it has limitations 
that the eyepiece pointer overcomes. 

The eyepiece pointer is basically a thin, strong, 
acicular fiber that is affixed to the inner diaphragm 
of the microscope eyepiece (figure 1). Because it is 
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Figure 1. The eyepiece pointer is simply a strong, 
thin, acicular fiber that can be attached to the inner 
diaphragm of the eyepiece on virtually any microscope. 


actually part of the eyepiece unit, it is always in 
the same plane of focus as the subject and is always 
the same size no matter what magnification is 
used. Even at 50x magnification, when the subject 
is in focus, it can be lined up precisely with the tip 
of the eyepiece pointer, just as if the pointer were 
inside the host gemstone with the subject. 

By contrast, an external needle-type pointer is 
never in the same plane of focus as the subject 
unless the subject is on the surface of the stone or 
only a low magnification is used; even at 10x 
difficulties begin to arise. The tip of a needle-type 
pointer is large in comparison to many inclusions 
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Figure 2. (A) A tiny gas bubble in a man-made glass being “pointed out” at 10x magnification by the 
eyepiece pointer. Notice how both the pointer and the bubble are in focus. (B) The same gas bubble in 
glass at 50x magnification. Notice that both the pointer and the bubble are still in focus and that the 
pointer is still the same size while the bubble has been highly magnified. 


and, unlike the eyepiece pointer, its apparent size 
increases as the magnification is increased. With 
needle-type pointers you can focus on either the 
pointer or the inclusion, but rarely on both at the 
same time. This can be a serious drawback if, for 
example, you are trying to point out a tiny gas 
bubble in a glass imitation or a flame-fusion syn- 
thetic ruby at 50x. Pinpoint inclusions in dia- 
monds are extremely difficult to see at 10x except 
toa skilled diamond grader. Pointing these out ina 
client’s supposedly “flawless” diamond is almost 
impossible with a standard needle-type pointer, 
but is easy with the eyepiece pointer. 


A COMPARISON 

For comparison purposes, a faceted man-made 
glass was selected that contains a gas bubble that is 
just visible at 10x. First, the subject was photo- 
graphed at 10x, then at 50x, with the eyepiece 
pointer in place. The results are shown in figure 2. 
Notice that both the pointer and the gas bubble are 
clear and sharply in focus. Even at 10x magnifica- 
tion, the subject is obvious. However, figure 3 tells 
another story. The same gas bubble in glass was 
again photographed, this time using the external 
needle-type pointer. Again, starting at 10x (figure 
3A), both pointer and inclusion are visible, al- 
though the pointer is slightly out of focus. In figure 
3B, also at 10x, the pointer is now in focus but the 
gas bubble is blurred and almost invisible. As 
magnification is increased, this problem with the 
needle pointer becomes more obvious. If we in- 
crease the magnification to 50 and focus on the 
needle pointer, as in figure 3C, the bubble cannot 
be seen at all. If we then refocus on the bubble, 
as in figure 3D, the needle pointer is now nothing 
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more than a vague blur. This simple example 
makes the usefulness of the eyepiece pointer readi- 
ly apparent. 

In addition to its value as an inclusion pointer, 
the eyepiece pointer has a number of other appli- 
cations. For example: 

1. To point out manufacturing details of a 
jewelry item such as the gold stamp or a 
manufacturer’s hallmark. 

2. To make clients aware of existing damage 
to their jewelry before the items are taken 
in for repair and/or appraisal. 

3. Tomake clients aware of damage to a watch 
such as a broken balance staff. 

4. As an educational aid for training em- 
ployees in the proper use of the microscope. 


CONSTRUCTION 


The eyepiece pointer is easy to make and can be 
adapted to virtually any microscope. All that is 
required is a straight, hair-line fiber of fiberglass 
(e.g., from a fiberglass eraser), camel hair (e.g., from 
a painter’s brush], or some similar thin, acicular, 
strong material, plus a small drop of glue or ce- 
ment. Basically, the eyepiece pointer is fashioned 
by cementing this thin, straight material in the 
appropriate place inside the microscope eyepiece. 

The fiber used for the pointer must be placed in 
the eyepiece in a position where it is sharply in 
focus at all times. This is accomplished in the 
following manner. Remove the eyepiece from the 
microscope, turn the eyepiece over and look in the 
bottom. You will see a black ring that protrudes 
approximately % of an inch all around from the 
inner wall of the tube. The location of this dia- 
phragm will vary slightly with each different make 
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Figure 3. (A) The gas bubble in glass is again shown at 10x magnification, but the eyepiece pointer has 
now been replaced by the needle-type pointer; notice that the needle pointer is slightly out of focus. (B) 
Again at 10x, the needle pointer is now in focus but the gas bubble is only a blur. (C) Increasing the 
magnification to 50x and focusing on the pointer we completely lose the image of the gas bubble we were 
trying to point out. (D) If we maintain the 50 x magnification and refocus on the gas bubble, the image of 
the needle pointer is almost completely lost. 


of microscope, but it is present in all makes. The 
fiber must be cemented to the top surface of this 
ring (the surface closest to the lens) so that it 
protrudes from the edge into the center of the field 
of view. 

Bausch & Lomb eyepieces have a removable 
diaphragm ring that can simply be unscrewed from 
inside the bottom of the eyepiece tube. Place a 
small drop of cement on the top surface of this 
diaphragm ring and then put one end of the fiber 
pointer in the cement. Position the fiber so that it 
is perpendicular to the edge and points toward the 
center of the diaphragm. Adjust the length of the 
fiber so that it reaches halfway across the opening. 
This will place the end of the pointer in the center 
of the field of view. When the cement has dried, 
simply screw the diaphragm back into the eye- 
piece until it is sharply in focus when looking 
through the lens. 

American Optical eyepieces have a fixed dia- 
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phragm, and the lens must be removed from the 
top to gain access to the top surface of the dia- 
phragm. Cement the fiber to the top surface as 
previously instructed and reassemble the lens, tak- 
ing care that the lens surfaces are clean and do not 
have any fingerprints or dust on them. 

Other microscope eyepieces will have either a 
fixed diaphragm or a removable one. To make your 
own eyepiece pointer, simply follow the appropri- 
ate instructions from the preceding paragraphs. 


CONCLUSION 


While the needle-type pointer is useful for point- 
ing out surface characteristics and internal fea- 
tures requiring low magnification, the eyepiece 
pointer offers added range and flexibility. Anyone 
who has ever experienced the frustration of trying 
to show another person something through the 
microscope will greatly appreciate this handy 
little device. 
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AMBER, with Unusual Inclusions 


Figure 1 illustrates a metallic inclu- 
sion in a fashioned piece of Domini- 
can amber that the New York lab 
examined recently. The inclusion 
appears to be massive pyrite or 
marcasite, although the fact that iron 
and nickel are mined locally suggests 
that it may be bravoite (Fe, Ni}S,, an- 
other member of the pyrite group. 
The reddish coloration around the 
inclusion indicates a chemical reac- 
tion with the amber. Such inclusions 
are encountered occasionally by 
amber workers and may present a 
problem in polishing. RC 


AMETHYST, with 
Confusing Inclusions 


With amethyst rising in popularity, 
as reported in recent trade publica- 
tions, more stones are being exam- 
ined. However, the separation of 
natural from synthetic stones con- 
tinues to baffle the trade. A stone 
with no inclusions cannot at present 
be identified by routine tests. At one 
time, the presence of ‘‘bread crumb” 
inclusions was accepted as an indi- 
cation of synthetic origin. Con- 
versely, certain included crystals, 
“fingerprint” inclusions, and “zebra 
stripe’”’ healed fractures were ac- 
cepted as evidence of natural origin. 
Lately, however, there has been 
some indication that cutters of syn- 


Editor's note: The initials at the end of each 


item identify the contributing editor who 
provided that item. 
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Figure 1. Metallic inclusion in 
Dominican amber. 


thetic amethyst are aware of these 
distinctions, and have been includ- 
ing “fingerprints” or other irregular- 
ities that they formerly had elimi- 
nated in their efforts to produce clean 
stones. 

Recently, an amethyst was 
submitted to the New York Jabora- 
tory that hada low-relief crystal with 
a flattened gas bubble at the interface 
between the inclusion and the host 
(figure 2), This crystal indicated a 
natural stone. However, at the op- 


Figure 2. Included low-relief 
crystal with flattened gas 
bubble in amethyst. Magnified 30x. 


posite end of the stone, equally con- 
vincing “bread crumbs” (figure 3) 
indicated a synthetic stone. We still 
do not know if this stone is synthetic 
or natural. RC 


DIAMOND 


Damaged in Cutting 

When a diamond cutter has a blocked 
stone break on the wheel for no ap- 
parent reason (figure 4}, he is usually 
philosophical and dismisses it as all 
in a day’s work. However, when five 
out of a lot of 16 rough stones end up 
breaking, he begins to search for the 
reason. The possibility exists that 
rough material from certain mines 
has undergone serious deformation 
resulting in weak directions and in- 
ternal strain. Unfortunately, the 
source of the approximately 2.5-ct 
diamond illustrated in figure 4 is not 
known. It is one of the five that broke 
on the wheel. RC 


Fancy Blue Diamond 

Frequently when the laboratory staff 
is testing a blue diamond for con- 
ductivity, it becomes necessary to 


Figure 3. ‘Bread crumb” inclu- 
sion in amethyst. Magnified 30x. 
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Figure 4. Blocked out 2.5-ct diamond that broke on the wheel. 


Magnified 10x, 


Figure 5, Color zoning in a 2-ct 
fancy blue diamond. Magnified 10x. 


probe very carefully until certain 
“sensitive” areas are touched. The 
color zoning shown in figure 5, taken 
in the New York lab, suggests the 
reason for the difficulty: current is 
conducted most readily along the 
blue bands. In addition to causing 
problems when testing, such color 
zoning makes it difficult for the 
planner of the rough to orient the 
stone for best color. RC 


FLUORITE Carving, 
Damaged by Sulfuric Acid 


The carving illustrated in figure 6 
was sent to the Los Angeles labora- 
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tory for examination. Our client 
explained that after soldering a 14K 
gold bail on the carving, which he 
thought was amethyst, he had placed 
the piece in a sulfuric acid and water 


Figure 6. This fluorite carving, 
which measures approximately 
45.75 x 29.70 x 11.90 mm, was 
originally thought by the owner 
to be amethyst. 
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solution (nine parts water to one part 
acid) for one hour to remove solder- 
ing flux and tarnish from the gold. 
When he removed the carving from 
the “acid bath,” our client realized 
that the smooth, shiny, delicately 
carved surface had become frosted 
and heavily etched (see figure 7}. The 
client asked the laboratory to de- 
termine whether or not the stone had 
been “rough cut to a frosted condi- 
tion and then coated with something 
to give it a finish rather than being 
polished in the appropriate manner.” 
Interestingly, when we viewed the 
carving there was no bail on it. 
The surface of the carving was 
too heavily etched to provide a re- 
fractive index reading. When tested 
with a polariscope, the material was 
determined to be singly refractive, 
thus ruling out amethyst. Using 
hardness points in an inconspicuous 
place, we estimated the material to 
be approximately 4 on the Mohs 
hardness scale. A very weak bluish 
purple fluorescence was observed 
when the carving was exposed to 
long-wave ultraviolet radiation, and 
an extremely weak greenish white 
fluorescence was noted on exposure 


Figure 7. Extensive etching caused 
by immersion of the fluorite carving 
shown in figure 6 in a sulfuric acid 
solution. Magnified 30x, 
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to short-wave ultraviolet radiation. 
Using the hydrostatic method, we 
found the specific gravity to be ap- 
proximately 3.20. The carving was 
therefore determined to be fluorite, 
which is very susceptible to attack 


by sulfuric acid. RK 


HEXAGONITE, Cat’s-eye 


The Los Angeles laboratory recently 
had the opportunity to examine two 
rare pink cat’s-eye hexagonites. The 
name hexagonite was applied to this 
purple-to-pink variety of tremolite 
many years ago, in reference to its 
apparently hexagonal structure. The 
material was later shown to be ac- 
tually monoclinic. The two hexag- 
onites that we examined weighed 


Figure 8. Cat’s-eye hexagonite, 
1.86 ct. 


1.86 ct and 2.72 ct; figure 8 shows the 
smaller stone. These two rare 
cabochons were cut from material 
found at Fowler, St. Lawrence 
County, New York. Hexagonite also 
occurs at Edwards and Balmat, New 
York. 

It has been reported in the past 
that many hexagonites are heavily 
fractured and therefore difficult to 
cut. Both of the cabochons that we 
examined were indeed heavily in- 
cluded, with parallel cleavage planes, 
fractures, parallel needles, opaque 
dark brown euhedral crystals, and ir- 
regularly shaped cavities filled with 
an opaque dark brown material. The 
properties of tremolite are compared 
with those of the cat’s-eye hexag- 


onites we examined in table 1. RK 


OPAL 


Unusual Gilson Synthetic 


One of the GIA students showed us a 
quite unusual synthetic opal that we 
had not yet encountered in our labo- 
ratory. The almost rectangular piece 
of material, which measured approx- 
imately 8.7 x 6.8 x 4.9 mm, was 
translucent brownish orange with a 
very pronounced play of color; it re- 
sembled top-quality Mexican fire 
opal. However, a side view of the 
piece revealed a very peculiar struc- 
ture that became even more obvious 
under magnification (figure 9]. The 
piece appeared to have been assem- 
bled, with rather thin, colorless top 
and bottom layers that showed no 
play of color. The center area, how- 


ever, was a brownish orange and 
showed a rather unusual play of 
color; the different hues were con- 
fined to certain areas, as if they had 
been arranged in distinct columns. 
When the stone was viewed through 
the colorless layers, the snakeskin 
pattern characteristic of synthetic 
opal became visible in the cross 
sections of the color columns. 

We also noticed other differ- 
ences within the same piece. The re- 
fractive index of the colorless mate- 
rial was 1.495, but that of the center 
area was Slightly lower, at 1.47. Al- 
though neither area fluoresced to 
short-wave ultraviolet radiation, the 
near-colorless area showed a chalky 
white fluorescence to long-wave 
ultraviolet rays, while the center 
area remained inert. The different 
areas varied in hardness as well. The 
colorless surface area was easily in- 
dented by a pin and started to flow 
readily as soon as the hat needle of 
the thermal reaction tester was held 
just above it. The center area was 
definitely much harder; the pin left 
no mark on the surface. Although 
there was no flowing when the hot 
needle was applied to the center area, 
the needle did discolor the translu- 
cent brownish orange material and 
leave a white opaque spot. We have 
no idea why the synthetic opal was 
covered on the top and bottom sur- 
face with this transparent colorless 
plastic. KH 


Yellow-Green Opal 


The New York lab recently exam- 
ined a 2.30-ct semitransparent, 


TABLE 1. Gemological properties of cat’s-eye hexagonite and tremolite. 


Refractive 
index 
Cat's-eye hexagonite 1.60-1.62 
(spot) 
Tremolite® 1.600—1.625 


Birefringence Pleochroism 


Approx. 0.02 Weak orangy pink, 
purplish pink, 
and purple 


0.025 Weak orangy pink, 
purplish pink, 


and purple 


Specific 
gravity Cleavage 
Approx. 3.00 One direction with 


(heavy liquids) parallel cleavages 


2.98-3.03 Good two directions 


4 As reported in W. R. Phillips and D. T. Griffin (1981) Optical Mineralogy, the Nonopaque Minerals. William Freeman & Co., San Francisco, CA 
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Figure 9. Colorless outer layers are clearly evident on the top and 
bottom of this synthetic opal. Magnified 10x. 


faceted, yelldwish green opal (figure 
10) that:reportedly came from 
Mexico. Our first impression based 
on the oily appearance was that the 
stone might be highly fluorescent, 
particularly when it was examined in 
daylight at the window. Sure enough, 
the stone fluoresced an extremely 
strong, bright, yellowish green when 
exposed to either long- or short-wave 
ultraviolet radiation. The intense 
fluorescence seemed to follow the 
pattern of the internal botryoidal 


Figure 10. A 2.30-ct faceted 
yellowish green opal. 
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flow structure (figure 11}. There was 
no phosphorescence. 

When we checked the stone 
with a Geiger counter, it was found 
to be slightly radioactive (0.1 to 0.4 
mR/hr), only a little above the back- 
ground count. When the stone was 
left on unexposed X-ray film for ap- 
proximately five days, the radiation 
of the stone exposed the film, so that 
it took its own radiograph. That the 
radioactive property might be due to 
the presence of a trace of uranium is 
suggested by the absorption pattern 
as observed on a spectrophotometer 
chart. The vague bands at 4950 A 
(495 nm) and 4600 A (460 nm) plus 
the cutoff at about 4300 A [430 nm} 
in the violet (seen with difficulty in 


Figure 11. Flow structure in the 
faceted yellowish green opal 
shown in figure 10. Magnified 15 x. 
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the hand spectroscope}, closely re- 
semble the pattern for a uranium 
glass recorded in Webster’s monu- 
mental book, Gems. The refractive 
index of 1.455 and the specific grav- 
ity of 2.18 are in the normal range for 
opal. RC 


PEARLS 


Freshwater Cultured Pearls 
from China 


A large lot of undrilled fancy-colored 
pearls reported to be of natural origin 
were brought to our Los Angeles lab- 
oratory for identification. We were 
told that these pearls had been pur- 
chased in China. The pearls were all 
symmetrical in shape, primarily 
slightly off-rounds and ovals, and 
they ranged in size from approximate- 
ly 4 to5.5 mm in diameter. As shown 
in figure 12, the colors varied from dif- 
ferent shadings of rose to purple, lav- 
ender, and bronze. They all showed a 
very high, almost metallic, luster. 
All of the pearls also showed a more 
or less strong fluorescence (depend- 
ing on the intensity of their body 
color} when exposed to X-radiation, 
which indicates freshwater origin. 
The X-radiograph revealed the char- 
acteristic irregular voids that prove 
that these were mantle tissue— 
nucleated cultured pearls. These 
pearls had the most intense color and 
highest luster of any of the symme- 
trical freshwater cultured pearls that 
we have encountered to date in the 
Los Angeles laboratory. KH 


Imitation Pearls 


One fact the manufacturers of imi- 
tation pearls must consider is that of 
comparative weight or “heft.” Most 
use an opalescent glass bead center 
that approximates the specific grav- 
ity of pearls or cultured pearls. Shell 
bead centers are also essentially the 
same as pearls in this respect. Plastic 
bead centers have been used, but. 
their low specific gravity is a detri- 
ment. Recently, the New York lab 
examined one half of a bead that in- 
dicated an advance in several ways. A 
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Figure 12. Some of the colors observed in the Chinese freshwater 
mantle tissue-nucleated cultured pearls examined in the Los Angeles 


lab (4-5.5 mm in diameter). 


Figure 13. An 8-mm imitation 
pearl showing a metallic core and 
iridescent ring. Magnified 15x. 


central core consisting of several 
small metallic spheres provided 
weight for the essentially plastic 
bead. Iridescence was provided by 
finely divided particles of unknown 
composition reminiscent of those 
seen in the Slocum imitation opal; 
these particles lay in a ring halfway 
between the metallic core and the 
surface (figure 13). The plastic above 
the iridescent layer is quite transpar- 
ent and thick enough to allow re- 
polishing if the bead were damaged. 
The usual coated imitation pearl 
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Figure 14. The metallic cores of 
imitation pearls similar to the one 
shown in figure 13 are clearly 
evident in this X-radiograph. 


cannot be repaired because the coat- 
ing is so thin. 

Figure 14 is an X-radiograph of a 
section of a necklace that was made 


with these new imitations. The me- 
tallic spheres are embedded in a 
white plastic matrix. One sphere was 
tested with a hot point. It behaved 
very much as a lead solder would, 
indicating a low melting point. RC 


QUARTZ, Very Dark 
Reddish Gray Cat’s-eye 


The 6.97-ct cat’s-eye quartz shown 
in figure 15 was submitted to the Los 
Angeles laboratory for identification. 
Refractive indices of 1.540—1.550 
were obtained on the flat base of the 
cabochon. The specific gravity was 
determined to be approximately 
2.67. No distinct bands or lines were 
observed in the absorption spectrum 
when the stone was examined witha 
hand-held spectroscope. The stone 
was inert to both long-wave (366 
nm] and short-wave (254 nm) ultra- 
violet radiation. Examination with 
the microscope revealed numerous 
parallel long, thin, red needles 
throughout the stone, which caused 
the chatoyancy. Small, circular, or- 
ange disks were also observed 
throughout the stone. This is the 
first time that the Los Angeles lab 
has seen a cat’s-eye quartz of this 
particular color. RK 


Star SAPPHIRE, 
Diffusion-treated 


The New York lab was recently 
asked to examine a star sapphire 
weighing approximately 10 ct that 
the client had started to recut only to 
discover that he had ground off one 
leg of the star (figure 16). Examina- 
tion under magnification revealed 
that the star existed only on the sur- 
face, a result of diffusion treatment 
whereby an excess of titanium oxide 
is allowed to form oriented needles 
in the surface lattice structure of the 
corundum. Further proof that the 
stone had been subjected to the heat 
required for the diffusion treatment 
process is provided by the melted ap- 
pearance of the base of the cabochon 
(figure 17). RC 
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Figure 15. A 6.97-ct cat’s-eye 
quartz. 


SCAPOLITE, Dark Cat’s-eye 


The Los Angeles laboratory recently 
received for identification the 
52.92-ct nearly opaque, extremely 
dark yellowish green-brown chatoy- 
ant round double cabochon shown in 
‘figure 18. Testing with a refractom- 
eter revealed a weakly birefringent 
spot reading at approximately 1.56. 
The cabochon was inert to long-wave 
ultraviolet radiation, but a barely 
perceptible red fluorescence was ob- 
served when the stone was exposed 
to short-wave ultraviolet radiation. 
The specific gravity was determined 
by the hydrostatic method to be ap- 
proximately 2.70. Microscopic ex- 
amination revealed minute, parallel 
needles throughout, as well as sev- 
eral large and small fractures. Using a 


Figure 16. The star in this ap- 
proximately 12-ct sapphire was 
found to be produced by diffu- 
sion treatment when one leg 
was ground off in the course of 
recutting. Magnified 10x. 
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hardness test on the base of the 
cabochon, we estimated the stone to 
be around 6 on the Mohs hardness 
scale. 

A minute amount of powder was 
then scraped from the girdle of the 
stone for X-ray diffraction analysis. 
We obtained an X-ray powder dif- 
fraction pattern that came very close 
to matching ASTM file pattern 29- 
1036 for mizzonite. Mizzonite is a 
member of the scapolite (wernerite] 
group, which also includes marialite, 
dipyre, and meionite. 

This is the first cat’s-eye scapo- 
lite of this color that we have 


encountered. RK 


Figure 18. A dark green-brown 
cat’s-eye scapolite, 52.92 ct. 


TOPAZ Imitation 


A beautiful pink cushion antique 
mixed-cut stone weighing more than 
100 ct was submitted to the New 


Figure 17. The melted base of 
the star sapphire shown in fig- 
ure 16 provided further evi- 
dence that it had been diffusion 
treated. Magnified 10x. 
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York lab for identification. The re- 
fractive index of 1.63 and the general 
appearance suggested a fine pink to- 
paz. A cursory glance under low 
magnification disclosed what ap- 
peared to be “fingerprint” inclusions 
{figure 19]. However, the stone 
proved to be singly refractive and the 
“fingerprints” to be nothing more 
than veils of gas bubbles—in 
glass. RC 


ZIRCON, Cat’s-eye 


The Los Angeles laboratory recently 
identified three cat’s-eye zircons 
ranging from 1.60 to 2.97 ct (see fig- 
ure 20]. These chatoyant zircons 
were different in both color and 
diaphaneity from two cat’s-eye zir- 
cons recently reported in Gems & 
Gemology: a 3.43-ct translucent, 
heavily included grayish green oval 
cabochon (Winter 1983), and an 
8.63-ct translucent brownish yellow 
oval cabochon (Summer 1984}, 

The three stones we examined 
were all translucent and were light 
pray, light orangy brown, and me- 
dium gray, respectively, in color. 
They were reportedly from Sri 
Lanka. These three chatoyant 
cabochons were readily identifiable 
as zircon by the presence of charac- 
teristic absorption spectra. Numer- 
ous bands and lines were observed 
throughout the visible-light spec- 
trum of each stone. Figure 21 shows a 


Figure 19. Gas bubbles appear 
ina “fingerprint” pattern in 
this glass imitation of topaz. 
Magnified 10x. 
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drawing of this image as observed 
through a hand-held spectroscope. 
It should also be noted that two 
of the stones fluoresced a very weak 
dull orange to long-wave ultraviolet 
radiation while the third was inert 
(all were inert to short-wave ultra- 
violet radiation). With magnifica- 
tion, dense concentrations of parallel 
bands of small mineral flakes were 
evident throughout all three stones, 
with strong doubling visible. Cavi- 
ties and fractures were observed on 
the base of all three stones; on one 
they were stained an intense orange, 
on another a large fracture was 
stained dark brown, and no stains 
were observed on the base of the 
third stone. RK 


Figure 20. Three very translucent cat's-eye zircons that weigh 1.60, 
2.28, and 2.97 ct, respectively. 


PHOTO CREDITS 


Steve Hofer took the photos used in figures 

1, 3-5, 10, and 13. Ricardo Cardenas 
| — VIOLET ——-} vB +—— BLUE —+ BG+GREEN+YG+ Y+0-} RED suoplied fowes 2. 1%, and 19. Shane 
500 600 700 McClure is responsible for figures 6, 7, 9, 
12, 15, and 18. Figure 8 came from Tino 
Hammid. The X-radiograph in figure 14 
was furnished by Bob Crowningshield, and 


; Dave Hargett photographed the stone 
bi seen in figures 16 and 17. Figure 20 came 


Figure 21. Absorption pattern of cat’s-eye zircon. 


from John Koivula, and the absorption pat- 
tern used for figure 21 is reprinted from the 
17th edition of the Handbook of Gem tden- 
tification, by R. T. Liddicoat, Jr. 
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Editorial Korum 


FOIL BACKING STILL A 
POPULAR TREATMENT 


The Gem Trade Lab Notes section (Winter 1984, p. 228) 
reported on emerald imitations constructed from color- 
less rock crystal quartz and backed with green foil. This 
practice is common today, even in enamelled jewelry. 
Colorless beryl or corundum is often backed with red or 
green foil to imitate emerald or corundum. Silver foil is 
sometimes used with colorless synthetic or natural sap- 
phire to ethance brilliance. 
. 4 


N. K. Tatiwala 
Gem Identification Laboratory 
Jaipur, India 


MINERALS OF THE 
TAAFFEITE GROUP 


The recent paper by M. Gunawardene dealing with in- 
clusions in taaffeites from Sri Lanka (Gems # Gemol- 
ogy, Vol. 20, 1984, pp. 159-163} included a minor, but 
nonetheless important, error in mineralogical nomen- 
clature. 

The original description of taaffeite from Sri Lanka 
(Mineralogical Magazine, Vol. 29, 1951, pp. 765-772) 
incorrectly reported its chemical composition to be 
BeMgAl4Og. However, more recent study of “‘taaffeites’’ 
from a number of localities by myself and several col- 
leagues (see Journal of Gemmology, Vol. 18, 1983, pp. 
623-634, for a summary of these investigations) has 
identified two distinct but chemically related mineral 
species—taaffeite (BeMg3AlgO)¢} and musgravite 
(BeMg)AlgO)2)—in this group. Both minerals have a 
hexagonal unit cell and have similar structural and 
physical properties. To date, it is only with taaffeite that 
crystals of suitable size and quality for faceting are 
known. The crystals from different localities cited by 
Mr. Gunawardene in the introduction to his article are 
not all taaffeites; for example, all the material from 
Casey Bay, Antarctica, was determined to be musgravite. 
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At present, no mineral or synthetic phase with the for- 
mula BeMgAl4Og is known to exist. 

Furthermore, the locality for the samples described 
by Kozhevnikov is incorrectly given as Ladoga Lake, 
whereas the correct locality is Eastern Siberia, USSR 
(Doklady Akademii Nauk SSSR, Earth Science 
Sections, Vol. 224, 1977, pp. 120-121). 


K. Schmetzer, Ph.D. 

“Institute of Mineralogy and 
Petrography 

University of Heidelberg 

West Germany 


NATURAL FADING OF AMETHYST 


In the Gem Trade Lab Notes section of the Spring 1985 
issue, Bob Kane reported on the instability of some ame- 
thyst to sunlight as well as heat. Figure 1 shows the 
result of an informal experiment! recently conducted on 
a piece of amethyst I had purchased in Rio Grande do 
Sul, Brazil. In January 1982, I broke this piece in two and 
placed the left side in a dark closet and the right side 
outdoors. Almost three years later, in October 1984, I 
glued the two pieces back together again. As is evident 
from the photo, the exposed piece had faded dramati- 
cally. There was no change, however, in the clarity or 
luster of the exposed amethyst. 

In my several years of experience as a dealer in 
amethyst from this locality, the greater part of this ma- 
terial will fade on prolonged and continuous exposure to 
sunlight. It should also be noted, however, that the 
change did require an unusual amount of time and de- 
gree of continuous exposure; when the two pieces were 
checked after six months, it was difficult to see any 
difference. Consequently, such fading would not be 
expected in amethyst jewelry under normal wearing 
conditions. 


Rock H. Currier, G.G. 
Jewel Tunnel Imports 
Arcadia, CA 
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UNUSUAL COLOR-CHANGE GARNET 


At the recent Tucson Gem and Mineral Show, we en- 
countered an unusual color-change garnet (figure 2). 
This particular color change, from yellow-green in fluo- 
rescent light to red-brown in incandescent light, is un- 
like any we have observed before. 

The stone’s refractive index (1.769} and spectrum 
(430-nm cutoff, and bands at 460, 480, and 500 nm} 


Figure 1. The left side of this 
20-cm x 8-cm amethyst 
specimen from Rio Grande 
do Sul, Brazil was placed in 
a Closet for almost three 
years, while the right side 
was left outdoors, exposed to 
daily sunlight. Photo © 
Harold w Erica Van Pelt. 


indicate that it is a member of the pyrope-spessartine 
garnets. This is consistent with the fact that all color- 
change gem garnets so far examined by us belong to this 
same compositional range. Chemical analysis, however, 
indicates that this stone is somewhat out of the ordi- 
nary, with negligible chromium, considerable van- 
adium, and more manganese (spessartine component} 
than is present in any pyrope-spessartine we had previ- 
ously encountered. Also, the calcium (grossular} content 


Figure 2. An unusual color-change pyrope-spessartine garnet (4.58 ct.; GIA catalogue no. 1/338) as seen in 
fluorescent (left) and incandescent (right) illumination. Our thanks go to Bill Marcue for the loan of this 


intriguing garnet. Photos © Tino Hammid. 
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TABLE 1. Microprobe chemical analysis of an unusual 


color-change garnet. 


Principal 

Oxide Weight %? end member Weight % 
SiO» 39.5 Pyrope 24.2 
TiOs 0.3 Almandine 2.9 
AloO3 21.7 Spessartine 52.3 
Vo03 0.3 Grossular 174 
Cro03 a Andradite 0.6 
MgO 7.3 Total 97.1 
CaO 6.9 
MnO 22.9 
FeO 1.8 

Total 100.7 


@These figures are averaged from two point analyses. Detaifs of 
the analytical procedures are available upon request to the 
authors. 

Less than 0.1 wt.% present. 


is the second highest we have measured for any pyrope- 
spessartine garnet. Table 1 provides the results of the 
microprobe analyses and the conversion of oxides to 
end-member components. 

While. this garnet is undoubtedly a pyrope- 
spessartine; its high Mn content extends the chemical 
range of these relatively newly described garnets. In 


addition, the low level of chromium, the element that 
generally has been associated with the change-of-color 
phenomenon, indicates that vanadium can play a simi- 
lar role in generating color change, particularly in asso- 
ciation with a high manganese content in garnets. 


Carol M. Stockton, G.G. 
D. Vincent Manson, Ph.D. 
Gemological Institute 

of America 
Santa Monica, California 


Errata 


In the article “An Extraordinary Calcite Gemstone,” in 
the Winter 1984 issue of Gems #& Gemology, two cor- 
rections should be made on page 225: (1} the dispersion 
of diamond should, of course, be 0.044; (2) in the fifth 
line under “Concluding Thoughts,” “almost” should 
read “most” {i.e., ‘Calcite is most commonly twinned 
on [0112]’). 

In the article “Sapphire from the Mercaderes-Rio 
Mayo Area, Cauca, Colombia,” in the Spring 1985 issue, 
the authors wish to add Smithsonian magazine and the 
Los Angeles County Museum of Natural History to their 
acknowledgments for their partial support of the travel 
that contributed to this study. 


A SPECIAL Offer from GEMS & GEMOLOGY 
All 1982-1983-1984 issues plus File Case for only $55.00 


Are your back issues of Gems & Gemology 
all dog-eared? Have a few been taken by well- 
meaning friends? Do you only get to see the 
office copy—and that you share with six other 
people? For those of you that want a complete 
set, in mint condition, of the most recent issues 
of Gems & Gemology for your own bookshelf 
(or to give to one of those well-meaning 
friends), we are offering a special package of 
all 12 issues—three full volumes—from 1982, 
1983, and 1984 plus a custom gold-embossed 
file case for only $55.00 ($60.00 outside the 
U.S.). Almost 800 pages (with 600 color photos) 
of the most important articles, lab information, 
and news items in gemology today. 

Individual volumes (four issues each) for 


Editorial Forum 


1982, 1983, and 1984 are also available for only 
$19.50 ($22.50 outside the U.S.). And single 
back issues can be purchased for $6.00 each 
($8.00 outside the U.S.). File cases are available 
separately for $11.95 ($13.95 outside the U.S.). 
Supplies are limited, so please send your 
check or money order (all prices include ship- 
ping) now with a note indicating “special three- 
volume package” or the individual volumes 
or issues you wish to receive to: 


GEMS & GEMOLOGY 
1660 Stewart St. 
Santa Monica, CA 90404 


Or call TOLL-FREE 800-421-7250 (in CA, AK, HI, 
and outside the U.S., call 213-829-2991, ext. 389). 
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GEM NEWS 


John I. Koivula, Editor 
Elise Misiorowski, Contributing Editor 


DIAMONDS 
Africa 
Diamond find in Guinea, An exciting new diamond find 
has been made by Australia’s Bridge Oil, one of the 
partners in the Aredor Diamond Project. The new de- 
posit, which lies outside the main project area, contains 
six pipes and potentially rich alluvial diggings. Bridge 
Oil believes at this time that the kimberlite pipes and 
alluvials contain at least 2.5 million carats of diamonds. 

The discovery site covers approximately 300 km. 
The only major investment in the exploitation of the 
area will be to build a road from the deposit to the 
ore-processing compound. 

Ninety-five percent of the diamond output is ex- 
pected to be gem quality, with the rough averaging 
1-—1.2. ct. Diamonds of 3 ct or more are expected to form 
one-third of the output. Production was scheduled to 
begin by April of this year. (Diamant, January 1985} 


Kimberley diamonds dated. According to geochemist 
Stephen Richardson and his co-workers, the diamonds 
in Kimberley, South Africa, may be more than 3 billion 
years old. This is the first time that researchers have 
been able to scientifically date diamonds. 

Hundreds of Kimberley diamonds were crushed to 
free small garnet inclusions trapped inside. The garnets, 
which formed at essentially the same time as their dia- 
mond hosts, contain trace quantities of radioactive 
samarium and rubidium and their decay products neo- 
dymium and strontium. Using the ratios of these radio- 
isotopes and their corresponding half-lives, the scien- 
tists were able to calculate that the diamonds formed 
3.1-3.5 billion years ago and were subsequently carried 
to the earth’s surface by igneous eruptions that occurred 
millions of years later. (De Belgische Diamantnij- 
verheid, December 1984) 


Australia 

Production at Argyle Mines declines. As anticipated, 
the carat yield of diamonds at Argyle Diamond Mines in 
Western Australia declined from 6.2 million carats in 
1983 to 5.69 million carats in 1984. This is due to a 
depletion of the higher-grade alluvial material. The av- 
erage yield for 1984 was 3.86 ct per ton, down from 5.81 
ct per ton in 1983. (Mining Journal, April 1985} 


Canada 
Exploration scheduled in British Columbia. Diamond 
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exploration of an area in British Columbia known to 
have two kimberlite pipes is planned by Dia Met Min- 
erals. A core sample taken in 1982 of the larger pipe 
revealed a total of 60 diamond indicator minerals such as 
pyrope, ilmenite, and chromite. A 0.43-mm gem-quality 
diamond was also found on the site. (Mining Journal, 
March 1, 1985) 


China 

Diamonds discovered in China. A group of Australian 
gemologists who were allowed to explore mainland 
China have reported recent discoveries of ‘‘exception- 
ally beautiful” diamonds in that country. Asa result, the 
government at Peking has decided to accelerate dia- 
mond-mining development. In view of these recent dis- 
coveries, and a few notable ones in the past, it is possible 
that significant diamond finds may be made in China. 
(Gem and Jewellery Business Intelligence, March 13, 
1985) 


United States 

Diamond found in Alaska. A 1-mm octahedral crystal 
found in 1982. in a gold sluice box in the Circle District 
near Fairbanks, Alaska, was recently examined by a De 
Beers subsidiary and found to be diamond. 

A team of geologists has since explored the area 
where the crystal was discovered and found chrome 
diopside, garnet, and magnetite, which are all associated 
with kimberlites. However, no other diamonds were 
found. The geologists believe that the diamond was 
transported a long distance from its geologic point of 
origin. (National Jeweler, February 16, 1985) 


PRECIOUS METALS 
Alluvial gold in India. Eight million cubic meters of 
gold-bearing alluvium estimated to contain approxi- 
mately 3,000 kg of gold have been located by the Geo- 
logical Survey of India in the Nilambur area of Kerala. 
The Kerala state government, with the assistance of 
United Nations experts, intends to set up a pilot mining 
operation to study the feasibility of mining this and 
other alluvial deposits. (Mining Journal, April 19, 1985} 


Bacterial gold mining. Albert Bruynesteyn, of Burnaby, 
British Columbia, a research pioneer in the development 
of accelerated bacterial leaching of ore, has proposed a 
plan to rework abandoned gold mines by using bacteria 
to eat away the unwanted waste material and leave the 
gold behind. 
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Precious Metals Bioleaching reported at a recent 
Canadian Institute of Mining conference that they have 
found a way to accelerate the leaching process so that it 
proceeds thousands of times faster than it occurs in 
nature. The technique should be viable for commercial 
application within the next few years. (The Daily 
Breeze, November 18, 1984} 


Bolivian placer gold. Cofadena, the armed forces devel- 
opment corporation of Bolivia, has recently announced 
that it will develop its placer gold deposits in the Kaka 
and Mapiri rivers, located approximately 150 km (93 
mi.) north of La Paz. Cofadena plans to work the high 
terraces by using a washing plant first and then follow up 
by dredging the alluvial deposits. The Upper and Lower 
Mapiri will be worked first; the Upper Mapiri area is said 
to average over 0.2 g of gold per cubic yard. (Mining 
Journal, April 5, 1985) 


Gold and silver exploration in Guatemala. The 
Guatemalan Ministry of Mines began a 32-hole explora- 
tory drilling program in February 1985. The target area 
measures 1.3 km? and is situated near El Pato and Poxte 
in the Chiquimula area. Some surface trenching and 
tunneling is also planned. Early geologic samples taken 
from the area have graded between 8 and 25 g of gold, and 
5 to 15 g of silver, per ton. (Mining Journal, March 15, 
1985) 


Saudi Arabian gold mining. Two more contracts, for 
water and electrical works, for the development of the 
Mahd Al-Dhahab Gold Mine have been awarded by 
Petromin of Jeddah. When operational in mid-1987, the 
gold mine, located 275 km (171 mi.) northeast of Jeddah, 
is expected to produce two to three tons of gold. (Gem 
and Jewellery Business Intelligence, February 20, 1985) 


SYNTHETICS AND SIMULANTS iis 
Method for coating with synthetic diamond. When 
microwaves irradiate a mixture of methane and hydro- 
gen gases, tiny microscopic synthetic diamonds are pro- 
duced. This treatment decomposes the gases to create a 
plasma of charged particles. Over a period of hours, the 


carbon from the methane combines to form tiny syn- 
thetic diamonds not more than 30 wm in diameter. The 
synthetic diamonds form on the surface of a support 
placed inside the microwave chamber. Researchers at 
the Hitachi Research Laboratory in Japan, who dis- 
covered the technique, see possible future applications 
for placing synthetic diamond coatings on silicon wafers 
for the integrated-circuit industry. Such coatings could 
be deposited on other surfaces as well. According to the 
scientists, the method is far from ready for industrial 
application. The ideal conditions in the microwave 
chamber for producing synthetic diamonds have yet to 
be discovered. Under some circumstances, graphite or 
some other form of elemental carbon may be formed and 
deposited instead of diamond. (Science News, January 
26, 1985} 


New man-made materials developed. Two materials 
originally developed for the laser industry are now being 
faceted and set in jewelry: Alexandrium and Laserblue. 
They are not classified as synthetics because they do not 
duplicate natural minerals. Alexandrium, so named be- 
cause it exhibits a color change from lavender to light 
blue, is a lithium aluminum silicate. Its color change is 
due to the added rare earth metal, neodymium. It has an 
RI. of 1.58 and a hardness of 6.5. Laserblue is a boro- 
silicate with a large percentage of copper that gives it a 
vivid blue color. It has an R.I. of 1.52 and a hardness of 
6.75. Both materials are amorphous, singly refractive, 
and sensitive to heat, which causes them to lose color 
and crack; they are also attacked by acids. (Jewellery 
World, April 1985} 


Plastic scrimshaw. Opaque white polymer plastics 
formed in the shapes of whale teeth and bones are being 
used as substitutes for the true whale bones and teeth 
traditionally used for the American art form known as 
scrimshaw. The carving on some of these imitations is 
excellent, and many are weighted with lead to give them 
a more realistic heft. If you intend to purchase scrim- 
shaw, be sure to check the item closely under magnifi- 
cation for the typical structures associated with the nat- 
ural materials (Connoisseur, March 1985} 


ANNOUNCEMENTS 


Hong Kong Jewelry & Watch Fair. 
The 1985 fair has been scheduled for 
September 10~13, 1985. Three 
venues—the Regent Hotel, the New 
World Hotel, and the Golden Mile 
Holiday Inn—will highlight every 
major line of the jewelry, watch and 
clock, and gemstone industry. For 
details, please contact the organizer: 
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Headway Trade Fairs Ltd., 628 Star 
House, 3 Salisbury Road, Kowloon, 
Hong Kong. 


A European conference on precious 
stones has been scheduled for Octo- 
ber 18-21, 1985, in Antwerp, 
Belgium. Organized by the Coloured 
Gemstones Federation and the Di- 
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amond High Council in agreement 
with the Antwerp Chamber of 
Commerce, the conference will offer 
lectures and seminars under two 
headings: ‘Geology and Gemmol- 
ogy of Precious Stones” and “Econ- 
omy of Precious Stones.” Experts in 
these fields interested in speaking 
are encouraged to apply to the Dia- 
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mond High Council, Public Rela- 
tions, Miss M. Moll, de Kayserlei 
58-60, B-2018 Antwerp, Belgium. 


At the request of the gem trade, the 
date of Munich’s INHORGENTA 
86—the 13th International Trade 
Fair for Watches, Clocks, Jewellery, 
Precious Stones and Silverware, and 
their Manufacturing Equipment, has 
been postponed and definitely fixed 
for February 7-11, 1986. 


Diamond bourse in Singapore. As of 
January 1, 1985, the Diamond Im- 
porters Association of Singapore 
(D.1.A.S.) became the Diamond Ex- 
change of Singapore (D.E.S.}, the 
first diamond-trading center in Asia. 
D.E.S. is a member of the World 
Federation of Diamond Bourses and 
is determined to act as a self- 
regulating authority to maintain 
high standards in the diamond trade. 
All existing members of D.LA.S. are 
automatically members of D.E.S. 
The exchange is located at 545 Or- 
chard Road #05-06, Far East Shop- 
ping Center, Singapore 0923. Tele- 
phone: 2354326. 


Schuetz design winners announced. 
GIA’s Jewelry Manufacturing Arts 
Department, which each year ad- 
ministers the George A. Schuetz 
Memorial Fund Jewelry Design 
Contest, has announced the winners 
of the 1985 competition. First prize 
has been awarded to Judy Evans of 
Minneapolis, Minnesota, whose 
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Figure 1. Judy Evans won first 
place in the 1985 Schuetz Jew- 
elry Design Contest for this 
rendering of a platinum-ana- 
gold man’s ring. 


rendering of a platinum and 18K 
gold man’s ring earned her a $500 
scholarship award. The ring, as de- 
signed, is set with two sapphire 
cabochons and one round-brilliant 
diamond. 

Second place went to Victoria 
Jirikow of Playa del Rey, California. 
She was awarded a $300 scholarship 
for her design of a platinum man’s 
ring with black onyx insets. Silvia 
Pompeo of Rome, Italy, garnered 
third place (a $200 scholarship} for 


her design of a platinum pocket 
watch (with chain], inset with bur- 
nished iron and diamonds. 

The Schuetz contest, established in 
the memory of George A. Schuetz, 
Sr., longtime president of Larter and 
Sons, an East Coast jewelry manu- 
facturing company, is for the design 
of men’s jewelry only. The scholar- 
ships may be applied to jewelry- 
related training at any institution of 
the winners’ choosing. The deadline 
for next year’s Schuetz Contest is 
late February, 1986. Detailed infor- 
mation on contest rules will be 
available this fall from GIA’s 
Jewelry Manufacturing Arts 
Department. 


L, A. County Museum of Natural 
History unveils a new gemstone gal- 
lery. May 3 marked the opening of 
the Deutsch Gallery at the Los An- 
geles County Museum of Natural 
History. 

The new permanent gallery, titled 
“Gemstones and Their Origins,” 
explains how gem materials are 
formed, mined, and shaped into 
sparkling jewels. The graphically 
exciting exhibit contains colorful 
maps, rough-and-cut gems, a 400-lb. 
amethyst geode, and touchable tur- 
quoise and jade specimens. Visitors 
also have the opportunity to view 
the miniature world of gemstone 
inclusions as seen with a micro- 
scope Video system. For more in- 
formation about the gallery, call 
(213) 744-3411, 
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Alexandrite-chrysoberyl from Zimbabwe. G. Brown and 
S. M. B. Kelly, Australian Gemmologist, Vol. 15, 
No. 8, 1984, pp. 275-278. 


The results of the examination of one crystal cluster and 
one poorly faceted specimen of alexandrite chrysoberyl 
from the Fort Victoria district of Zimbabwe are summa- 
rized in this Australian Gemmology Study Club report. 
The authors speculate that the material could have 
come from the Novello alexandrite deposit, located 18 
km northwest of the town of Fort Victoria, and provide a 
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summary description of the deposit. Gemological prop- 
erties of the faceted specimen were determined to be as 
follows: color—dark green (daylight), dark red (incan- 
descent light]; Mohs hardness—8 to 9; cleavage—none 
detected; fracture—conchoidal, $.G.—3.8; R..—a = 
1.749, B = 1.752, y = 1.758; birefringence—0.009; optic 
character—B+; luster—vitreous; diaphaneity— 
transparent to translucent; pleochroism—apricot, yel- 
lowish green and blue-green; Chelsea filter reaction— 
bright red; UV fluorescence—LW red, SW inert; absorp- 
tion spectrum—Cr lines at 680, 665, 655, 650 nm; 
phenomenon—alexandrite effect of moderate intensity. 
Magnification revealed strong, straight-line color zon- 
ing (banding?) in blue, yellow, and red hues. Some of the 
inclusions observed are randomly oriented syngenetic 
two-phase inclusions in feather- or veil-like patterns, 
two-phase dagger-like inclusions and two-phase tubular 
inclusions oriented parallel to the c-axis, and irregular 
masses of iridescent flakes (possibly phlogopite mica). 

The six illustrations that accompany this report 
include five photomicrographs. RCK 


Australia’s first emeralds. G. Brown, Journal of Gem- 
mology, Vol. 19, No. 4, 1984, pp. 320-335. 
Finally, a gemological study has been produced on the 
historically important Emerald Mine of Australia. In 
1890, an amateur mineralogist discovered beryls of suf- 
ficient color to be called emeralds. This emerald-bearing 
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lode in northern New South Wales is reportedly a 
quartz-topaz-feldspar-mica “pegmatite” in which the 
emeralds occur as “bunches” firmly embedded in flat- 
tened cavities. On the basis of spectrographic analyses 
performed in 1971 on an unreported number of samples, 
Brown attributes the color of this material to the 1,000 
ppm of vanadium, and possibly also to the 450 ppm of 
copper, present. A chromium content of 350 ppm is, at 
one point in the article, denied a role in the color of these 
emeralds while, in the conclusion, is acknowledged as a 
“nossible chromophore.” No iron was detected. No ex- 
planation is provided for these conclusions about the 
causes of color in these emeralds, which is especially 
surprising in light of the unusually significant role at- 
tributed here to copper. 

Average gemological properties are reported for 
these emeralds, which do not depart in any way from the 
usual properties for emeralds, unless the absence of 
chromium lines is considered significant. Nonetheless, 
Brown concludes that “‘to classify this beryl as an emer- 
ald would seem correct; in spite of its 350 ppm chro- 
mium content.’ This is considered low for emerald and, 
in fact, for proponents of the chromium-based definition 
of emerald, would disqualify it as an emerald altogether. 
Brown, however, provides no comment on his poten- 
tially controversial conclusion. 

The summary of the history of this emerald locality 
and the descriptions of inclusions are interesting and 
informative. The discussion of color and chemistry, 
however, is somewhat confusing. While the author 
promises “ultimate confirmation by subsequent analyt- 
ical results,” it is unfortunate that more precise spectral 
and chemical data were not included at this time. On the 
other hand, the article is exceptionally well illustrated, 
with photomicrographs of inclusions and photos of the 
locality itself. Philip G. Yurkiewicz/CMS 


Chromdravite—a new mineral from Karelia. Y. V. 
Rumyantseva, International Geology Review, Vol. 
25, No. 8, 1983, pp. 989-992. 


A tourmaline recently found in the Onezhskiy Depres- 
sion, Central Karelia, USSR, represents a new species in 
the tourmaline group and has been named chrom- 
dravite. It occurs in micaceous, metasomatic clay- 
carbonate rocks in association with quartz, dolomite, 
and several micas. Here it forms small needles or pyram- 
idal crystals up to 0.1 mm that are dark green to nearly 
black. These crystals are uniaxial negative, pleochroic, 
and have measured refractive indices of e=1.722 (5} (yel- 
low green} and w=1.778 (5) (dark green). The measured 
density is 3.40 (1) g/cm. The absorption spectrum is 
characterized by a band centered at 600 nm. Computer 
refinement of the X-ray diffraction data yielded the fol- 
lowing unit-cell dimensions: a=16.11, c =7.27 A. The 
crystals contain the highest known chromium content 
of any tourmaline: up to 31.6 wt % Cr,Os, or 78 mole % 
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of the theoretical chromdravite end member whose 
ideal chemical formula is NaMggCrg (BO3}3$igO 1g (OH), 
(with 40.79 wt.% Cr,O;). Tourmalines with even greater 
chromium content would have higher refractive indices 
and densities. The article gives no indication that any of 
this material has yet been encountered in jewelry or has 
been found in crystals large enough for faceting. /ES 


Chromium-bearing kyanite from Mozambique. A. M. R. 
Neiva, Mineralogical Magazine, Vol. 48, 1984, pp. 
563-564. 


A chromium-bearing kyanite occurs as blue crystals ina 
pegmatite at Serra do Menucué in Mozambique. These 
crystals can reach 30 x 5 x 3 mm in size, and are found 
associated with muscovite, biotite, and andesine. The 
mineral has refractive indices of a=1.720, B=1.730, 
y=1.753 {+0.002}. Its specific gravity is 3.70. In micro- 
scope thin section, it is pleochroic from light blue to 
colorless and is observed to contain numerous inclu- 
sions of rutile. Unit-cell dimensions of the kyanite are 
also given. The physical properties and unit-cell dimen- 
sions of the crystals from Menucué differ slightly from 
those of other kyanites due to their unusual chemical 
composition. Chemical analysis shows the blue kyanite 
to contain Cr, Ti, and Fe as important minor constitu- 
ents, and also trace amounts of V, Ba, Pb, Ge, Ga, Zr, Zn, 
and Sc. There is some uncertainty as to the cause of the 
blue color in kyanite, but in this instance the color is 
attributed to the presence of Ti. No indication is given of 
the amount of this blue kyanite available or whether itis 
of faceting quality. JES 


Coesite and pure pyrope in high-grade blueschists of the 
Western Alps: a first record and some consequences. 
C. Chopin, Contributions to Mineralogy and 
Petrology, Vol. 86, No. 1, 1984, pp. 107-118. 


In the Western Alps of northern Italy, an unusual geo- 
logic assemblage has yielded a mineral previously 
known only in synthetic form: virtually pure pyrope 
garnet. The colorless material occurs in crystals up to 25 
mm in diameter that are largely fragmentary and are 
composed of 90% —98% of the pyrope end member 
(Mg,A1,Si,0,,], the remainder being almandine and 
some grossular. The larger crystals contain lesser 
amounts of pyrope. Previous to this discovery, pyropes 
barely exceeded 80% of the Mg end member and in- 
variably included significant amounts of chromium, 
which acted as a coloring agent. The nearly pure pyropes 
reported in this article contain no detectable chromium 
and, in the absence of any other chromogens, are color- 
less. 

The article describes in depth the geologic occur- 
rence of these new garnets, as well as their inclusions, 
which consist mainly of kyanite, rutile, and coesite that 
has partially altered to quartz. Chemical analyses of the 
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garnets and the components of their matrix are reported, 
and phase relations are discussed in order to deduce the 
petrogenesis of this unusual mineral assemblage. 
Other than information on inclusions and chemical 
composition, no data of use to the gemologist for identi- 
fication of this new type of garnet are included in the 
article. As yet, this material has not been found in sizes 
that would cut as gems, and the locality is extremely 
difficult to reach. However, gem crystals may yet be 
located, so the gemologist should be aware that such 
material exists. Samples of this pyrope have been dis- 
tributed to scientists worldwide, so more data will 
undoubtedly appear soon in the mineralogic and 
gemological literature. CMS 


Ein neuer Edelstein aus der Feldspat-Familie (A new 
gemstone from the feldspar group}. C. R. Bridges, G. 
Graziani, and E. Gubelin, Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 33, No. 3/4, 
1984, pp. 104-113. 


East Africa, particularly Kenya and Tanzania, is a lead- 
ing source for many fine and rare gemstones today. The 
authors describe a new gem feldspar, of light green to 
light blue color, from Kioo Hill in Kenya. The chemical 
analysis of the new feldspar shows it to be a low temper- 
ature albitei with peristerite structure. The physical data 
include refractive indices of a=1.535 +0.002; y=1.539 + 
0.004, with,a birefringence of 0.008; 2V=90°. These data 
confirm that the new find is of the albite end of the 
mixed crystal series. The pegmatite also contains blue 
disthene (kyanite}, quartz, tourmaline (schorl}, and 
vermiculite (a dark mica) in addition to the gem feld- 
spar. MG 


Estudio colorimétrico de las variedades verdes del 
berilo—esmeralda (Colorimetric study of the green 
varieties of beryl—emerald}. R. Méller Duran, 
Gemologia, Vol. 17, No. 55-56, 1982, pp. 3-56; 
Vol. 18, No. 57-58, 1983, pp. 3-53; Vol. 19, 
No. 59-60, 1983, pp. 5-38. 

The author addresses emerald far more comprehen- 

sively than the title would suggest. He surveys the lore, 

etymology, geology, and lapidary of the stone, as well as 
its gemology. There are detailed discussions of light and 
color theory, color perception, and optical physiology. 

To establish criteria for the color-quality grading of 
emeralds, Mr. Durdn examined 342 available crystal 
specimens from sources around the world. He selected 

43 to become models for master stones. These were 

cut—wherever possible, parallel to the c-axis—into 

1-mm-thick laminae of parallel faces. Physical and opti- 
cal properties were recorded, and inclusions were stud- 
ied and reported in detail. The color coordinates were 
determined by spectral analysis, and chemical analysis 
was done by electron microprobe. 

Conclusions are drawn with respect to color as a 
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function of chemical composition and color as a func- 
tion of thickness. For applied gemology (the certification 
of stones}, Mr. Durdn considers it important to place the 
hue into one of five quality levels, and to state the tone, 
hue, and saturation for the entire range of ‘greens’ that 
bery! offers. 

The article is replete with tables, diagrams, and 
drawings that relate the various properties under study 
to countries and mines of origin. SLD 


Harts Range sunstone. G. Brown and H. Bracewell, Aus- 
tralian Gemmologist, Vol. 15, No. 8, 1984, pp. 
263-274, 278. 


This article reports on an investigation of “‘sunstone” 
feldspar from the Harts Range of the Northern Territory, 
Australia. Examination of this material yielded the fol- 
lowing description of its macroscopic appearance: 
whitish to pale pink to deep reddish brown color, often 
modified by pearly subsurface lusters; no striations on 
major cleavage faces; aventurescent interference colors 
often observed being reflected from included metallic 
platelets. Examination of this feldspar with a micro- 
scope revealed inclusions of thin, reddish brown, trans- 
lucent platelets, predominantly hexagonal and oriented 
in two planes at right angles to one another, cleavages, 
both incipient and healed, at approximately 90° to one 
another; partly healed internal fractures; two-phase 
negative crystals; and opaque, greenish brown crystals. 
Gemological properties include: hardness—6 to 6%; 
uneven fracture; $.G.—2.57; diaphaneity—translucent; 
luster—vitreous to pearly; R.I.—@=1.520, B=1.525, 
y=1.527, spot reading = 1.52, birefringence—.007; optic 
character—B-,; pleochroism—indistinct; no UV fluor- 
escence or diagnostic absorption spectrum. Additional 
chemical and optical tests were performed in order to 
conclusively identify the type of feldspar involved. The 
authors conclude that this material is an untwinned 
aventurine microcline-microperthite feldspar. 

The authors also address the often contradictory 
terminology used in characterizing sunstone and/or av- 
enturine feldspars. Numerous excerpts from the gem- 
ological literature illustrate this point. Out of this dis- 
cussion emerges the conclusion that the Harts Range 
material should be called aventurine feldspar, not sun- 
stone. This is an important, well-illustrated article on 
the subject of phenomenal feldspars. RCK 


In the land of the cultured pearl. E. Blauer, Modern 
Jeweler, Vol. 83, No. 9, 1984, pp. 43-50. 
The author bases her article on her trip to Japan, the 
heart of the cultured pearl industry, where she visited 
numerous pearl farmers, processors, exporters, and 
jewelry designers. Blauer expands on some of her obser- 
vations, most of which cover the culturing and process- 
ing of the round, or mother-of-pearl induced, cultured 
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pearls which are all saltwater products. The correct 
water temperature and food supply support the cultiva- 
tion of the Akoya mollusk, which is gathered for the 
nucleation process at the age of three years. Both before 
and after the mollusks are nucleated, their mortality 
rate is a constant concern; many die from such health 
hazards as parasites, seaweed entanglement, red tide, or 
even an abrupt change in water temperature. The pearls 
are rarely left in the mollusk through a third year be- 
cause every year brings the risk of something killing the 
mollusk. Many of them are harvested within their first 
year of cultivation. Once the pearls are removed from 
the mollusk they are sorted, drilled, matched, processed, 
and strung. The processing generally consists of chemi- 
cally treating the pearl to bleach, change, enhance, or 
stabilize the color. 

There was an estimated 15% —20% price increase 
on pearl exports from Japan in 1984. Reportedly, how- 
ever, not all of the exported pearls, specifically the 
freshwaters, were Japanese products. Many freshwater 
pearls are cultivated in China, pass through Japan where 
they are inspected, and leave bearing a tag stating that 
they are a “product of Japan.” The Chinese product 
seems to be getting increasingly finer, since they are no 
longer easily distinguishable from the Japanese Biwas. 
Culturing activities in Japan, however, remain stronger 
than ever. 

The author wound up her trip with visits to several 
jewelry showrooms where she viewed the Japanese con- 
cept of combining their pearls with metals to create 
some exquisite and sometimes prize-winning pieces of 
jewelry. Mary Hanns 


Schleifwtirdige blaue und griine Berylle (Aquamarine 
und Smaragde) aus Nigeria (Gem-quality blue and 
green beryls (aquamarine and emerald} from 
Nigeria). Th. Lind, K. Schmetzer, and H. Bank, 
Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 33, No. 3/4, 1984, pp. 128-138. 


Since early 1984, the authors have examined a number 
of blue and green beryls that are reported to be from a 
new occurrence. Inquiry into their origin led the authors 
to study in detail the occurrence, chemistry, physical 
properties, and microscopy of these beryls. The samples 
used ranged from intense blue or green to near colorless. 
The material is said to be of Nigerian origin, from the 


mining area near Jos. The colors are attributed to the 


varying concentrations of V, Cr, and Fe. The intense blue 
beryls contain significant Fe, while the green samples 
contain higher percentages of Cr and V. The refractive 
indices were determined as w=1.570-1.574 and 
€=1.564-1.568; specific gravity was found to be 
2.66-2.68 g/cm%. Spectroscopy revealed absorption 
curves typical of aquamarine (colored by Fe} and emerald 
(colored by Cr and V}. Microscopic study of the new 
beryls from Nigeria revealed color zoning in many sam- 
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ples. Two types of two-phase inclusions were recog- 
nized: irregular “feathers” that occur mostly in the cen- 
tral portions of the crystals, and zig-zag cavities parallel 
to the prism faces of the crystal. MG 
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Genesis of diamond: a mantle saga. H. O. A. Meyer, 
American Mineralogist, Vol. 70, No. 3/4, 1985, pp. 
344-355. 

This article presents a model for the genesis of natural 

diamond based on the physical, chemical, and min- 

eralogical properties of diamond. Optical studies suggest 
that individual diamond crystals have had a complex 
growth history in which growth may not always have 
been continuous. Evidence for the environment of dia- 
mond formation comes from chemical data on both 
trace elements and isotopes in diamonds as well as from 
examination of mineral inclusions. These data suggest 
that diamonds form at depths of approximately 180 km 
at temperatures from 900°-1300°C and pressures of 
45-65 kbar. The data also reveal that the carbon present 
in diamond came from sources of differing isotopic 
composition. This variation in isotope content may 
have been produced by the inhomogeneity of carbon in 
the mantle, by the presence of recycled carbon brought 
in by subducted crystal rocks, or both. Diamond crys- 
tallization took place in any mantle material in which 
chemical interactions produced elemental carbon. Ge- 
netically related host rocks of diamond in the mantle 
can be broadly grouped into eclogitic and ultramafic 

(peridotitic) categories. It is likely that most diamonds 

formed in the Archean or Proterozoic Eras. Although 

diamond is commonly found in kimberlite and in 
lamproite at the earth’s surface, these two rock types are 
not genetically related to diamond formation. Rather, 
they are the transport vehicles that brought diamond 
rapidly from mantle depths to the crust. 

This is an article that all gemologists interested in 
diamond formation will want to read. JES 


Indian kimberlites and the genesis of kimberlites. E. A. 
K. Middlemost and D. K. Paul, Chemical Geology, 
Vol. 47, 1984/85, pp. 249-260. 

Kimberlites of Late Proterozoic age occur in both south- 

ern and central India. Those in the central region, near 

the town of Majhgawan, are the only ones being mined 
for diamonds at the present time. This article presents 
new chemical and mineralogic data on the constituent 
minerals in the kimberlites from both regions. These 
data and other studies indicate that there are many simi- 
larities in petrography and geochemistry between the 

Indian kimberlites and those of both southern Africa and 

Yakutia, USSR. Details of the mineralogy of the Indian 

kimberlites are described. The authors propose that a 

typical Indian kimberlite is the product of the mechani- 

cal mixing of anumber of batches of kimberlitic magma. 
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Such magmas are thought to have originated from 
depths of 110 to 260 km. During their movement to the 
surface, they reacted and equilibrated with mineral 
phases in the upper mantle to produce their distinct 
mineralogic and geochemical features. Ideas on the 
petrogenesis of the kimberlite pipes in India are 
summarized. JES 


The razzle-dazzle diamond market. G. Y. Dryansky. 
Town @& Country, Vol. 139, No. 5059, 1985, pp. 
127-128. 


As a segment of a larger article entitled ““Europe’s Color- 
ful Crossroads: the Special Delights and Discoveries of 
Belgium and Holland,” this serves as a general overview 
of the diamond industry in Antwerp and Amsterdam. It 
reads like the script for a tour guide, with a bit of history, 
a bit of business, and a few insiders’ insights into the 
diamond trade to pique the interest of the general public. 
The author may be excused the few inaccuracies that 
exist in this segment (example: GIA hasn’t had a Dia- 
mond Grading Laboratory in Santa Monica since 1982) 
as, overall, the piece is meant simply to titillate the 
reader by giving him basic insight into the workings of a 
complex and highly specialized industry. EBM 


aod. 
Solid grounds for higher output. J. Roux, Jewellery News 
Asia, No. 9, 1985, pp. 30-31, 34-35. 
As the retired manager of technical information for De 
Beers Central Selling Organization, author Johnny Roux 
uses his expertise and insight to interpret annual dia- 
mond production figures. Roux discusses, outlines, and 
then summarizes the world production of diamonds, 
bringing to light particular aspects that help give more 
meaning to the mass of figures put out by the U.S. 
Bureau of Mines and the British Mining Annual Review. 
He points out that while overall figures show an increase 
of 10 million ct in 1983 over 1982 figures, many promi- 
nent mines had a decrease in production. The four Kim- 
berley mines alone (De Beers, Dutoitspan, Bultfontein, 
and Wesselton) decreased by approximately 118,000 ct 
in 1983. On the other hand, changes in the crushing 
circuits at the Premier mine have increased its produc- 
tion by some 184,400 ct. Roux points out that De Beers’s 
careful production regulation is “part of a plan to main- 
tain the smooth flow of rough diamonds from which the 
clients of the CSO can produce saleable polished.” 
Roux also examines diamond production in other 
African republics, and then moves on to Australia, with 
the “expected” increase from 557,000 ct in 1982 to 6.2 
million ct in 1983 mainly due to Argyle production. He 
also reviews the production in South America and Asia, 
as well as in the Communist Bloc {as with the USSR 
estimated by the U.S. Bureau of Mines to be producing 
approximately 11 million ct a year]. 
Danusia Niklewicz 
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Working of diamond with metal. A. P. Grigoriev and V. 
V. Kovalsky, Indiaqua, Vol. 39, No. 3, 1984, pp. 
4754. 


Ten years ago the authors discovered a method by which 
diamond can be worked using metal foil heated in a 
hydrogen atmosphere at atmospheric pressures. They 
describe the process as rather simple: a piece of iron or 
nickel foil dissolves the diamond carbon at the point of 
contact. The carbon atoms diffuse through the foil, react 
with the adjacent hydrogen, and are removed as meth- 
ane. Thus, the foil sinks uniformly into the diamond to 
form a smooth-walled hollow that corresponds to the 
shape of the foil. The temperatures required are 600° to 
1200°C (well below the temperature at which graphiti- 
zation begins}. 

Using this “‘thermo-chemical’”’ technique, 
diamonds can be worked without regard to hardness 
directions at speeds that closely approximate those of 
mechanical methods in the softer directions. Many in- 
teresting applications, both gemological and industrial, 
are suggested. Macles (twin crystals) that previously 
would have been left for industrial uses can easily be 
shaped thermo-chemically into gems. For industry, un- 
usual products such as diamond gears and diamonds 
with precise figure-shaped holes, previously unobtain- 
able, are now possible. The renowned “Russian opera- 
tion” for eye surgery is now performed using a thermo- 
chemically sharpened diamond knife. 

Although the article contains ample illustrations of 
the technique’s capabilities, too little is said of the 
thermo-chemical technique’s current impact on the di- 
amond industry. Dave Thomas 


GEM LOCALITIES 


The mystique of place: the battle over gemstone origin. 
D. Federman, Modern Jeweler, Vol. 84, No. 3,1985, 
pp. 22-28. 


Taking a comprehensive approach, David Federman re- 
views today’s attitudes toward the ongoing controversy 
about gemstone origin. In the past, naming the origin of 
a gemstone was relatively simple because there were so 
few major gemstone localities and their color differences 
were very distinct. Today, treatment to change or en- 
hance color has made this task much more difficult. 
Concentrating on emerald, ruby, and sapphire, noted 
members of the trade discuss both sides of the issue by 
examining the real value of a locality designation, and 
whether or not it is too specialized a service for most 
dealers to perform. Most of the panel believed that these 
questions are very important to the trade. In fact, so few 
people have the experience necessary to accurately pin- 
point a gemstone’s origin that it might be recommended 
that jewelers ‘abandon selling on the basis of origin and 
sell geared to color pure and simple.” But this has its 
drawbacks as well. To deny a ruby its justified “Burma” 
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designation could ruin its romance and mystery, thus 
reducing sales appeal. Then again, to call a Sri Lanka 
sapphire “Kashmir” because heat treatment has pro- 
duced the “Kashmir” appearance would also be wrong. 

While the article gives no answers to the contro- 
versy, it does bring to light the dilemma faced by dealers 
and appraisers. Awareness of the various approaches 
taken by prominent people in the trade may make future 
decisions on this matter easier. Danusia Niklewicz 


The rare-earth element abundance in the sedimentary 
gem deposits of Sri Lanka. M. S. Rupasinghe and C. 
B, Dissanayake, Lithos, Vol. 17, 1984, pp. 329-342. 


The gem deposits of Sri Lanka are a well-known source 
for a wide variety of gemstones, including corundum 
and spinel. These gemstones are found with various 
heavy minerals in placer deposits in sedimentary gravels 
derived from the erosion of underlying crystalline 
metamorphic and igneous rocks. Until recently, how- 
ever, there has been limited geologic study of the origin 
of the gem-bearing sediments in this part of the world. 
The study described in this article represents one of 
the first geochemical investigations of the rare-earth 
elements in the gem-bearing sediments in Sri Lanka. 
The rare-earth elements—those lying between lan- 
thanum (La} and lutetium (Lu) in the periodic table—are 
found as widespread minor or trace constituents in the 
rocks of the earth’s crust and can occur in greater 
amounts in such minerals as monazite and zircon. Be- 
cause of their distinct geochemical behavior, careful 
investigation of the relative distribution of these ele- 
ments has led to a better understanding of many igneous 
and metamorphic geologic processes. The present study 
was undertaken to learn more about the origins of the 
gem minerals in the placer deposits of Sri Lanka. 
Analysis of sediment samples from the Ratnapura 
and Elahera gem fields showed that the sediments are 
highly enriched in rare-earth elements relative to 
known rock standards, There is also a marked similarity 
in the distribution patterns of the rare-earth elements 
for the sediments and for charnockites (pyroxene- 
bearing granitic rocks) that are found in the same area. 
From these results and a knowledge of the general geol- 
ogy of the gem fields, it appears that the rare-earth ele- 
ments in the sediments were derived from a magmatic 
charnockite-granite source that is prevalent in the areas 
of Sri Lanka where gemstones are found. This result 
lends support to the hypothesis that formation of the 
charnockites may have been related to the formation of 
some of the gem minerals in this region. JES 


INSTRUMENTS AND TECHNIQUES 


The Alpha-test gemstone identifier—a test report. 
P. Read, Journal of Gemmology, Vol. 19, No. 3, 
1984, pp. 261-265. 
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The Alpha-test uses thermal conductivity not only to 
separate diamond from its simulants, but also to distin- 
guish between other gemstones. When a heated probe 
tip is applied to the surface of a stone, a reading is seen on 
the instrument’s digital display. The reading represents 
the amount of time taken for the probe tip to fall from 
one predetermined temperature to another. The faster 
the temperature falls, the smaller the reading, and the 
more rapidly the stone conducts heat away from the 
probe tip. 

Numerous comparisons are made between the 
Alpha-test unit and the Gemtek Gemmologist (re- 
viewed by Read in a previous article, “The Gemtek 
Gemmologist—a test report,” Journal of Gemmology, 
Vol. 18, No. 7, 1983, pp. 643-650}. A number of envi- 
ronmental restrictions and conditions are given for both 
units. 

The test results indicated that, with care, positive 
separations could be made between diamond and its 
simulants; between ruby and garnet; among aquama- 
rine, spinel, and topaz; between sapphire and tourma- 
line; and between natural and some flux-grown syn- 
thetic emeralds. 

A photograph of the unit and a table showing the 
test results accompany the article. 

Douglas E. Kennedy 


Color grading systems revisited. C. Kremkow, Gold- 
smith, Vol. 165, No. 8, 1984, pp. 28, 30, 66-67. 


In September 1983, the Accredited Gemologists Associ- 
ation (AGA) sponsored a Color Grading Test among four 
color-grading systems on the market: GIA’s Colored 
Stone Grading System, Cap Beesley’s Color/Scan, Cali- 
fornia Gemological Laboratories’ Gem Color Guide, and 
Howard Rubin’s Gem Dialogue. The purpose of the test 
was to compare the four systems and rate their effec- 
tiveness in accurately and consistently describing color. 

As reported in other publications, AGA ultimately 
chose GIA’s Color Grading System and Cap Beesley’s 
Color/Scan as the two most “practical” systems because 
they presented what the judging team called “total vi- 
sual communication.” The outcome of the test has been 
highly criticized, mostly because of the way the 
gathered data were analyzed and interpreted. The test 
information was ultimately passed on to a color scien- 
tist from the Appearances Committee of the American 
Society for Testing and Materials who will translate the 
data into a three-dimensional international visual color 
communication language (CIELAB). 

General trade feelings on choosing a single system 
and language are variable. Some feel that all of the sys- 
tems have their merits; others disregard the concept of 
grading colored stones altogether. Apparently the AGA 
test made many gemologists wary of choosing any sys- 
tem, and some think that many people will wait until 
one system gains industry acceptance before using 
any of them. Mary Hanns 
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LED there be light. P. Read, Canadian Jeweller, Vol. 105, 

No. 7, 1984, p. 16. 

After reporting on the history and use of yellow light- 
emitting diodes {LEDs} as a refractometer light source, 
Read briefly describes two units presently available. 

The author found that in comparison to a sodium 
light source, an LED unit is less expensive and produces 
a cooler light that does not require as much warm-up 
time to reach full intensity. Unfortunately, the non- 
monochromatic LED source does not produce as sharp 
and clearly defined a refractometer reading as the mono- 
chromatic sodium light does. 

In comparison to an interference-type filter with a 
high-intensity white light source, the LED unit pro- 
duces a cooler light. Although neither source is truly 
monochromatic, the LED’s refractometer reading is still 
not as sharply defined. Because very sharp refractometer 
readings are frequently needed, it is surprising that the 
author did not explore the limitations of the less-sharp 
LED readings. 

The article ends with brief descriptions of the 
Eickhorst GemLED Refractometer and the Rayner LED 
Refractometer, accompanied by a photograph of the lat- 
ter and a circuit diagram of its light source. 

Douglas E. Kennedy 


woe 


JEWELRY ARTS 


Jade carving in two cities. S. Markbreiter, Arts of Asia, 
Vol. 15, No. 1, 1985, pp. 63-73. 


During the past 10 years, modernization of carving 
techniques and new sources of jade have altered the jade 
carving industry in China. In 1984, the author visited 
two jade carving factories in Taipei and Canton; he re- 
ports here on his observations. 

The Con Da Enterprise factory in Lu Chou, Taipei, 
is very small and employs only eight people. These 
carvers primarily use white Korean nephrite and some 
Canadian green nephrite to produce their solid carvings. 
Their highly mechanized cutting and carving processes 
are revealed in detail, along with some interesting in- 
formation on how they obtain rough jade for carvings. 

In contrast, Southern Jade Craft factory in Canton 
employs 700 workers, 500 of whom are carvers. Al- 
though a portion of the factory (that was not open to the 
author} does produce “largely unoriginal and highly 
commercial” cut jade for jewelry, the craftsmen demon- 
strate their skill and originality through carvings made 
from serpentine. The factory produces intricate open- 
work; several concentric pierced balls that rotate within 
one another can be carved from a single block of stone. 
Such work demonstrates a precision of craft that is 
somewhat unexpected from such mass production. 

The article is accompanied by many photographs of 
jade carvings in an attempt to help the reader distinguish 
new commercial copies from old, traditionally crafted 
pieces. The author does warn, however, that these 
photos and descriptions are to serve as guides only, and 
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that prolonged personal exposure to Oriental carvings is 
necessary in order ‘to arrive at sensible conclu- 
sions.”’ SAT 


Up to snuff. I. McNicholl, Arts e&) Antiques, November, 
1984, pp. 70-73. 
Along with the extensive art collection he inherited 
from his father in 1947, Baron Hans Heinrich Thyssen- 
Bornemisza also inherited a passion for collecting that 
has spurred him to amass one of the greatest private art 
collections in the world. Among his many treasures area 
variety of 18th-century jeweled snuffboxes, seven of 
which are described and illustrated in this article. Beau- 
tifully fashioned of gold with inlaid gems and enamel- 
ing, the boxes are, in the baron’s words, ‘masterpieces of 
the craftsman’s art.”” EBM 


RETAILING 


Smash, grab and runs: the 3-minute burglaries. L. Mar- 
tin, Modern Jeweler, Vol. 84, No. 2, 1985, pp. 
60—63. 


Thousands of dollars of jewelry can be stolen in just 60 
seconds. Smash-grab-and-run burglars beat even so- 
phisticated alarms and vibration detection devices, and 
flee the scene before police can arrive. Jewelers Mutual 
Insurance Company reports a drastic reduction in such 
claims since 1980, when they first required their jew- 
elers to install devices to prevent break-ins. ‘Those 
committing smash-grab-and-runs are not skilled bur- 
glars. They are often young punks. If you put up a barrier 
against them, you can stop them,” explains Jed Block, 
communications director for Jewelers Mutual. 

Iron gratings installed inside the windows and doors 
are highly recommended because the barrier allows the 
police more time to respond to the window alarm while 
the thieves try to break in. The gratings can be decora- 
tive and are relatively inexpensive compared to the cost 
of stolen merchandise. Also recommended are burglar- 
resistant glazing, bullet-proof glass, sliding security 
grills, and simply locking a// valuable merchandise in a 
vault every night. Names and addresses of some com- 
panies that manufacture and install these protection 
devices are included in the article. 

Daytime grab-and-nins can be prevented by install- 
ing a door chime, dispersing valuable pieces throughout 
the store, using a closed-circuit television with a back- 
room monitor, and designing the store to slow a thief’s 
exit. Most importantly, never turn your back on a cus- 
tomer, and refuse to be diverted by other people. SAT 


SYNTHETICS AND SIMULANTS 


Einige Erkennungsmoéglichkeiten ftir Kashan- 
Rubinsynthesen (Some of the identification charac- 
teristics of Kashan synthetic rubies}. U. Henn and 
H. W. Schrader, Goldschmiede Zeitung, Vol. 82, 
No. 12, 1984, pp. 40-42. 
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The inclusions in synthetic Kashan rubies can be classi- 
fied into four types: (a) feathers, (b) “fingerprints,’’ (c) 
“string of pearls,” and (d) “comets” or hair-fine needles. 
The authors also analyzed Kashan rubies by electron 
microprobe and neutron activation (NAA), which re- 
vealed the presence of more Na than is typical of natural 
rubies. The authors propose that this is due to the use of 
cryolite (Na3;A1F,) in the manufacturing process. The 
article is accompanied by seven inclusion photographs 
and tables giving the NAA and microprobe data. MG 


Zwei neue Kunstprodukte auf dem Edelsteinmarkt. 
Synthetischer ‘Ramaura”’-Rubin und Yttrium- 
aluminimgalliat (Two new artificial products in the 
gem market. Synthetic Ramaura ruby and yttrium 
aluminum gallate}. E. Gtibelin, Goldschmiede 
Zeitung, Vol. 82, No. 11, 1984, pp. 55-61. 


Dr. Gtibelin presents a lengthy article covering the 
Ramaura synthetic ruby and an artificial product known 
as yttrium aluminum gallium garnet, both of which are 
now available in the trade. 

The author describes his visit to the U.S. manufac- 
turer of the new synthetic ruby and the method of syn- 
thesis. The main component, aluminum oxide, is mixed 
with chromium oxide (which acts as a coloring agent} 
and fluxes such as lead fluoride, bismuth oxide, or 
lanthanum oxide. A platinum crucible is used to melt 
the solution in a melt-diffusion atmosphere at a temper- 
ature of about 1250°C. The addition of lanthanum oxide 
results in the formation of rhombohedra rather than the 
platy crystals that would otherwise grow. Crystalliza- 
tion is spontaneous, but the growth directions can be 
controlled by using seed crystals. 

Since the physical data for both natural and the 
Ramaura synthetic rubies are nearly the same, the au- 
thor presents 24 color photographs of distinctive inclu- 
sions. He also reports that ultraviolet spectrophotomet- 
ric analysis fails to distinguish Ramaura from natural or 
other synthetic rubies with any certainty. 

A new imitation for tsavorite garnet is yttrium 
aluminum gallium garnet. It can be easily separated 
from tsavorite garnet because the physical data of the 
two materials differ greatly. The reported refractive 
index is about 1.90, and the specific gravity is 5.06 to 
5.08. It is known in the trade as “YAGG” (the second G 
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stands for garnet). While it is not a silicate, like the 
natural gem, its structure is similar to that of garnet. 
Apart from the main chemical components of yttrium, 
aluminum, and gallium, the new product contains 
traces of PbO, PbF,, and Bi,O3. The characteristic inclu- 
sions noted are remains of flux in various forms, and are 
mostly yellow in color. Forty-two photographs and illus- 
trations accompany the article. MG 


MISCELLANEOUS 


Why does George Holmes keep winning awards? D. 
Reese, Folio, March, 1985, pp. 61-63, 66, 71. 


Under Editor George Holmes’s careful guidance, Jew- 
elers’ Circular-Keystone has captured 12 Neal Awards 
(trade publishing’s “Pulitzers’’). Last year, Holmes won 
the Crain Award for an outstanding career in business 
journalism. His success stems from a basic commitment 
to sharp business reporting, tempered by the queries: “Is 
it accurate, is it relevant, is it fair?” J]C-K has been called 
the “bible” of the jewelry industry, and Holmes sees its 
role as that of a community watchdog that services its 
40,000 retail jeweler subscribers. “ ‘Each year, we try to 
isolate what we see as the most crucial issues for our 
readers,’ Holmes says. Once a story is isolated, ‘what- 
ever we find, we report. There’s no suggestion that you 
have to put on the brakes for any reason.’ ” 

Holmes believes in first-hand reporting from across 
the nation or, if need be, around the world, and he backs 
that policy with an ample budget. In the same vein, he 
regularly mails out questionnaires and uses the result- 
ing feedback to keep JC-K attuned to its readers’ con- 
cerns. In addition, Holmes does not shrink from cover- 
ing controversial issues, but delves into them with in- 
tensive primary research to reveal every possible angle. 
Taking his editorial responsibility an extra step, once a 
problem is revealed, Holmes presents possible ways for 
jewelers and the industry to deal with it. 

George Holmes has managed not only to tap the 
life-line of the industry, but has also kept a healthy 
distance from its entanglements, an accomplishment 
that has maintained JC-K’s reputation for both incisive 
business reporting and credibility within the indus- 
try. SAT 
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The New Australia 


Fz generations, Australia has been the prime producer of fine opal, includ- 
ing the only notable black opal. Recently, it has become a major supplier of 
gem-quality diamonds. And Australian chrysoprase is unmatched in quality 
by that from any other source. Australia is also rich in technological re- 
sources: Scientists on the staff of the government’s Commonwealth Scien- 
tific and Industrial Research Organization (CSIRO) were the first to synthe- 
size opal with play of color. 


Today, the international gemological community is beginning to experience 
the full impact of Australian activities. In recognition of the major role that 
Australia now plays in all aspects of gemology, this issue is devoted to some of 
the most recent contributions of Australia to gemology. We are pleased to 
present comprehensive articles on the many fine sapphires of Australia, on 
the beautiful new pink diamonds from Argyle, and on the new Biron hydro- 


' thermal synthetic emerald manufactured in Western Australia. 


Now that the desert interior and Western Australia are beginning to be opened 
up, much more in the way of new gem discoveries may be expected. Already, 
we have heard of two new emerald finds in Western Australia, and a signifi- 
cant deposit of amethyst. The fine translucent ruby recovered near Ayers 
Rock in central Australia a few years ago has also attracted considerable 
attention. In my opinion, Australia is an exciting new frontier that has the 
potential over the next few generations to become as prolific a supplier of gem 
materials as Brazil or East Africa. 


Richard T. Liddicoat, Jr. 
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SAPPHIRES FROM AUSTRALIA 


By Terrence Coldham 


During the last 20 years, Australia has 
assumed a major role in the production of 
blue sapphire. Most of the gem material 
comes from alluvial deposits in the Anakie 
(central Queensland) and New England 
(northern New South Wales) fields. Mining 
techniques range from hand sieving to 
highly mechanized operations. The rough is 
usually sorted at the mine offices and sold 
directly to Thai buyers in the fields. The 
iron-rich Australian sapphires are predom- 
inantly blue (90%), with some yellow, some 
green, and a very few parti-colored stones. 
The rough stones are commonly heat 
treated in Thailand to remove the silk. 
Wile production has been down during the 
last two years because of depressed prices 
combined with higher costs, prospects for 
the future are good. 
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FE ew people realize that Australia is one of the major 
producers of sapphire on the world market today. Yeta 
fine blue Australian sapphire (figure 1] competes favorably 
with blue sapphire from noted localities such as Sri Lanka, 
and virtually all other hues associated with sapphire can be 
found in the Australian fields (figure 2). In fact, in the 
author’s experience it is probable that 50% by weight of 
the sapphire sold through Thailand, usually represented 
as Originating in Southeast Asia, were actually mined in 
Australia. 

In spite of the role that Australian sapphire plays in the 
world gem market, surprisingly little has been written 
about this indigenous gem. This article seeks both to de- 
scribe the Australian material and its geologic origins and 
to introduce the reader to the techniques used to mine the 
material, to heat treat it prior to distribution, and to 
market it worldwide. 


HISTORY 

The two main sources for sapphire in Australia are the 
New England fields, in northern New South Wales, and the 
Anakie fields, in central Queensland. Large-scale com- 
mercial mining has been successful at these two fields 
only. Geographically, the two areas are quite different. The 
Anakie fields are in a semi-arid area of gently undulating 
low hills, while the New England fields cover an area of 
tablelands consisting of rich grazing land and fertile river 
flats that comprise some of the best agricultural country in 
Australia. 

While sapphire was first reported from Inverell (NSW) 
in 1854, the first sapphire mining started at the Anakie 
fields almost 40 years later. In 1873, Archibald John 
Richardson found sapphire near the town of Anakie (Mon- 
teagle, 1979), about 50 km to the west of the township of 
Emerald in central Queensland. Local lore has it that Em- 
erald was so named because green sapphires found in the 


GEMS & GEMOLOGY Fall 1985 


area were originally thought to be emeralds. Spo- 
radic mining operations started in the Anakie 
fields in the 1890s, and most of the early produc- 
tion went to tsarist Russia via German buyers. 

The Anakie area was officially proclaimed a 
mining field in 1902. Mining consisted of sinking 
shafts or digging shallow alluvials and then wash- 
ing the material with sieves. By 1913, two tons of 
sapphire and other corundum had been removed. 
Single pieces of gem-quality material as large as 
500 ct were reported (Anderson, 1971). Two small 
villages, Rubyvale and Sapphire, appeared on the 
fields to service the miners. 

The advent of World War I, the collapse of 
imperial Russia, and the elimination of German 
buyers brought mining to a virtual standstill. Not 
until the early 1960s—with the onset of a burgeon- 
ing demand for rough sapphire throughout 
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Figure 1. Two fine blue 
sapphires, 1.11 ct and 1.61 ct, 
respectively, from the New 
England fields, New South 
Wales, Australia. Photo © 
Tino Hammid. 


Asia—was systematic mining resumed at Anakie. 
By 1969, the Anakie fields were being fully ex- 
ploited through a number of large-scale, fully 
mechanized operations. Since the beginning of the 
current decade, however, as the viable areas are 
exhausted and operating costs continue to mount, 
there has been a steady decline in production. 
Many small, semi-mechanized underground oper- 
ations now run alongside the large, heavily mech- 
anized workings. 

The second major mining field is centered 
around the towns of Inverell and Glen Innes, in 
northern New South Wales, and is generally re- 
ferred to as the New England fields. Although sap- 
phire was first found here in 1854, mining did not 
start until many years later, and even then was 
only sporadic until 1959, As with the Anakie 
fields, the Asian buying power in the early 1960s 
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Figure 2. A miner’s collection of the different-colored sapphires found at Inverell, in the New England 


fields, New South Wales. 


created favorable conditions for large-scale mech- 
anized mining that has continued to the present 
time. 

Various attempts to mine at other localities in 
Queensland, New South Wales, and Tasmania 
have been made, but thus far none has proved 
viable. It is quite possible that future prospecting 
will produce new fields. 


GEOLOGY 


All along the eastern seaboard of the Australian 
continent are scattered remnant dissected flows 
and pipes of Cenozoic volcanics (see figure 3). The 
most common volcanic rock type is alkali basalt, 
which in many localities contains xenocrysts of 
such minerals as ilmenite, pleonaste, amphiboles, 
feldspar, zircon, corundum, and pyrope garnet. In 
1902, a geologist with the Queensland Mines De- 
partment reported on the new Anakie sapphire 
fields, and stated that the sapphire found in the 
surrounding alluvials appeared to have been 
weathered out of the nearby basalts (Dunstan, 
1902). Since then, numerous occurrences of sap- 
phire have been discovered as far north as Cook- 
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town in Queensland and as far south as Tasmania 
(again, see figure 3]. In nearly every case, the sap- 
phires have been found in close proximity to Ce- 
nozoic basalts. As mentioned above, however, in 
only two areas have the deposits proved to be rich 
enough to allow commercial mining. 

In most cases, the sapphire occurs in alluvial 
gravels, termed “wash” by the miners. The gravels 
are associated with present-day rivers and creeks 
in the New England region (Department of Min- 
eral Resources, 1983}, and occur as large sheets 
that cover extensive areas dissected by the present 
drainage pattern in the Anakie fields. 

The sapphire occurs as individual crystals and 
crystal fragments that in most cases have been 
locally concentrated, presumably by normal allu- 
vial processes. Other minerals associated with 
sapphire are found in varying proportions and in- 
clude (in order of abundance} pleonaste (spinel), 
zircon, ilmenite, magnetite, olivine, pyroxenes, 
and amphiboles. Zircon is the only other mineral 
that commonly occurs in gem quality. These zir- 
cons are of “high type” and are either pale yellow 
or reddish brown, ranging from sand-grain-sized 
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particles to the occasional clear pieces of several 
hundred carats. Gemologically they appear to be 
similar to those found at the Pailin field in Cam- 
bodia, as described by Jobbins and Berrangé (1981). 
The pleonaste is usually much more abundant 
than the sapphire and zircon; since it has a specific 
gravity similar to that of sapphire, it is often used 
as an indicator mineral by the miner. All these 
minerals have been found at various localities in 
situ in solid basalt, pleonaste quite commonly and 
sapphire and zircon very rarely (McNevin, 1972). 

At certain localities, such as Lava Plains in 
northern Queensland (see figure 3}, large amounts 
of sapphire, along with pleonaste, have been found 
in soil directly overlying the basalts. The surfaces 
of material from this locality show no evidence of 
having traveled any distance from their source. 
However, while pleonaste xenocrysts are plentiful 
at Lava Plains, no xenocrysts of sapphire have been 
found in the basalt itself from which the soil ap- 
parently derives. Personal observations by the au- 
thor show that these deposits are very similar in 
rock type, mode of occurrence, type of stone, and 
associated minerals to those found at Prae in cen- 
tral Thailand. 

Recently, quite rich deposits of sapphire were 
found seven miles {11 km) east of Inverell in what 
appears to be pyroclastic (volcanic ash} rocks in- 
terbedded with basalt flows. Accessory minerals 
are zircon and ilmenite (Lishmund and Oakes, 
1983). 

In all localities, the sapphire occurs as discrete 
crystals and crystal fragments, often elongated 
hexagonal pyramids, and occasionally bipyramids. 
Almost invariably, crystal faces and fracture sur- 
faces alike show evidence of corrosion and etching. 
Some crystals are so corroded that they appear as 
long cone shapes without any suggestion of their 
original hexagonal cross section. For quite a long 
time it was thought that the material was “water 
worn,” but it is now believed that these surfaces 
are a result of chemical corrosion (figure 4]. These 


Figure 3. The distribution of basalts in eastern 
Australia. Major deposits of sapphire have been 
found in the Anakie fields (Queensland) and the 
New England fields (New South Wales). But some 
sapphire has been recovered from as far north as 
Cooktown (Queensland) and as far south as 
Tasmania. Map adapted from an original by the 
Mineralogy Section of the Australian Museum. 
Artwork by Lisa Joko. 
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Figure 4, Two corundum crystals (approximately 
5 ct each) from Inverell, in the New England 
fields. Note that the left side of the piece on the 
right has been protected and shows the original 
crystal faces. 


features are the same as those reported at Pailin in 
Cambodia (Jobbins and Berrangé, 1981) and ob- 
served by the author in sapphire from Bo-Bloi, 
Chanthaburi, and Prae in Thailand. They also look 
very similar to the surface features reported on 
corundum from Colombia (Keller et al., 1985). 
Some minor water wearing is observed on the gem 
material recovered from alluvials, particularly 
from the Anakie fields. 

Although it has been generally considered that 
the alkali basalt is the source rock for the alluvial 
sapphire in the area, it is distinctly possible that 
the pyroclastic rocks associated with the basalts 
may, in fact, be the source. According to this sec- 
ond hypothesis, the sapphires themselves crystal- 
lized originally in an unknown rock in the lower 
crustal/upper mantle regions and were eventually 
released into a fluid phase that rose to the surface 
during a period of volcanism. These fluids even- 
tually consolidated to form the host basalt and 
pyroclastic rocks. Evidence for either hypothesis is 
somewhat conflicting and more detailed field 
work is necessary. 

Also of interest is the similarity in rock types 
between the Australian and Southeast Asian 
(Jobbins and Berrangé, 1981) sapphire fields. For 
example, some of the basaltic rocks in Australia 
near Inverell are very similar to those at Pailin and 
appear to be closely associated with sapphires. In 
contrast, the larger tholeiitic basalts of Australia 
and Pailin are considered to be barren of sapphire. 


MINING 


The last 20 years (and, more specifically, the last 
10 years} have seen the development of sophisti- 
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cated commercial mining of the alluvial deposits 
through the use of heavy earth-moving equipment 
and large throughput processing plants (figure 5}. 
Presently, mining techniques on both fields range 
from hand sieving, through small one-man opera- 
tions that use processing plants capable of han- 
dling only a few cubic meters of material per hour, 
to large syndicates and companies that employ up 
to 30 men on a site and process hundreds of cubic 
meters per day. 

On the New England fields, the mechanized 
mines dot an area of some 4,000 km?. Each miner 
usually works a section of creek or river that is 
often hundreds of acres in area. First, samples of 
wash are taken to delineate the richer runs, and 
then mining proceeds in a systematic manner. 

In contrast, on the Anakie fields, most of the 
mining activity is contained in an area of only a 
few square kilometers. Because the size of a claim 
is restricted by the State Mining Law, the miners 
tend to work almost on top of one another (figure 
6), and each miner must accumulate the rights toa 
number of adjoining claims if he is to have suffi- 
cient room to operate. However, Anakie miners 
are to some extent compensated by the fact that 
the wash here is usually thicker and richer in sap- 
phire than that in the New England area. 

In both areas, the gravel is normally covered by 
2-80 ft. (0.5-25 m) of barren overburden consist- 
ing of fine grits and brown or black soils. This 
overburden is removed by either a backhoe or a 
bulldozer. The sapphire-bearing wash is then ex- 
cavated and loaded into trucks for transport to the 
processing plant. Some areas of the Anakie fields 
are reserved for hand miners who sink shafts up to 
100 ft. to reach the gem-bearing alluvials {in much 
the same manner as their predecessors operated at 
the turn of the century). 


Processing. On arrival at the processing plant, the 
gravel is tipped into dump boxes where it is 
washed into a trommel with a high-pressure water 
jet. Any large pieces of rock are, if necessary, bro- 
ken up and removed by hand from the dump box. 
The trommel consists of a revolving screen that 
usually has two different-sized meshes. The first 
section has a fine mesh through which sand-sized 
particles are sieved out. The mesh in the second 
section is usually about three-quarters to one inch 
(2—2.5 cm] in size, and anything larger passes out 
of the trommel into rock bins to be returned to the 
excavation. The middle-sized fraction—i.e., of 
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Figure 5. A mechanized processing and recovery plant at Kings Plan, Inverell, in the New England fields. 


Figure 6. Note how miners 
have torn up this area 
between Rubyvale and mcr 
Sapphire in the Anakie fields. 
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plus one-sixteenth inch to minus one inch from 
the second mesh—passes through the trommel 
down to a pulsator or jig. The trommels may have 
revolving tynes and high-pressure water jets inside 
to break up the gravel. In areas with concentrates 
of clay, the material is often passed through a sec- 
ond trommel or over a vibrating screen to make 
sure all the sapphire is released. 

Because of the scarcity of water on the Anakie 
fields, many mines there use dry sieving methods. 
After excavation, the material is laid out to dry and 
then passed through large, semi-mobile vibrating 
screens to remove sand and oversized material 
near the excavation site. The middle-sized product 
is trucked to the pulsator or jig which is located 
adjacent to water, usually one of the series of ponds 
or setting dams through which this very scarce 
commodity is recirculated. 

The pulsator is the main recovery section; the 
various models range from 18 inches to several feet 
across. The pulsator is a simple heavy-media unit 
that pulsates water through a screen divided by a 
series of riffles. The gravel is fed over the screen, 
and the “heavier” sapphire and other minerals col- 
lect in front of the riffles. The lighter material 
washes out over the end of the pulsator and is 
returned to the excavation. Large mines may have 
banks of several pulsators to process the different 
sizes. The recovery rate is usually 90% —95%, but 
it may be less in alluvials with a high clay content. 

The mining operations in the New England 
district are much more rigidly controlled in terms 
of conservation and restoration than those in 
Anakie. The waste gravels, sands, and silts are 
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Figure 7. Picking out the 
sapphire from the coarse 
concentrate at an Inverell 
(New England fields) 
mine Site. 


collected in bins and then used to backfill the 
original excavation. After all the processed gravel 
has been returned, it is covered by the original 
overburden and topsoils. All water used in the 
mining operations is stored in dams and recircu- 
lated; only clean water can be returned to the 
rivers. 

At the end of each day, the concentrate in the 
pulsator is removed. This gravel is composed 
mainly of highly iron-rich material in addition to 
the sapphire, pleonaste, zircon, and the like. The 
sapphires from the coarser fractions are often 
picked out of the concentrate at the mine site 
{figure 7). The larger volumes of medium- and 
fine-sized concentrates are sent to an office to be 
picked out and sorted. 


Sorting and Grading. The first step in recovering 


Figure 8. Fine concentrate after removal from the 
pulsator. Note the abundant black pleonaste. 


GEMS & GEMOLOGY 


Fall 1985 


the sapphire from the medium- to fine-sized con- 
centrate (figure 8} is to dry it and pass it through a 
magnetic separator. This removes all the iron-rich 
material, black spinel, and anything else with a 
reasonably high magnetic attraction; it leaves a 
concentrate of corundum, Zircon, quartz, and 
other minerals that usually represents 10% of the 
original concentrate. This material is then 
washed, dried, and given to the grading staff who 
select out all the corundum that shows any indi- 
cation of being cuttable. Usually women are em- 
ployed to handpick this material as it is passed 
over mirrors (figure 9}. The mirrors reflect light 
through the rough material so that color and flaws 
can be observed without the sorter having to hold 
each stone up to a light. 

All blue material found is sorted at the mine’s 
sorting office into what is termed “mine run” par- 
cels; blue sapphire represents approximately 95% 
by weight and value of the total salable production. 
A mine run is the total production of all salable 
blue material produced in a given (arbitrary) time 
from the one mine. 

Often’ these parcels are quality graded by the 
miner into firsts, seconds, and thirds and then 
sieved into various groups. A mine-run parcel var- 
ies considerably in quality from one miner to the 
next, and a standard price per ounce cannot be 
applied. Variations in a mine-run parcel depend on 
the type of stone produced in the area mined as 
well as on the type of grading adopted by the miner. 
The grading process at this stage is very subjective. 
Other colors such as greens, yellows, and parti- 
colored sapphires are sold separately either in 
small lots of a few ounces or as individual stones. 

A typical Inverell mine-run parcel may have 


TABLE 1. Gemological properties of Australian sapphire.? 


. Refractive eee Specific 
Color inde Birefringence gravity? 
Light blue 1.761-1.769 0.008 4.02 
Dark blue 1.763-1.772 0.009 3.99 
Green 1.763-1.772 0.009 4.00 
Yellow 1.765-1.774 0.009 3.97 
Gold 1.763-1.772 0.008 4.01 


Figure 9. Sorting sapphire on mirrors at an Inverell 
mine office. 


about 10% —20% of the stone over 2 ct in weight, 
40% —60% of medium size (0.50 to 2 ct) and 
30% —40% of small material (0.20 to 0.50 ct}. Ma- 
terial in mine runs from Anakie would be, overall, 
of a larger particle size (20% —40% are over 2. ct}. 


DESCRIPTION 

The gemological properties of Australian sapphire, 
as determined by the author, are given in table 1. 
As is the case with corundum from Thailand and 


Reaction to LW/SW 


@These properties were taken from a small range ol Inverell and Glen Innes stones. 


©Specilic gravity was determined by the hydrostatic method (+0,02). 


°While almost all Australian sapphire is inert, those showing an orange or pink to mauve color will show some red Ifuorescence 


when exposed to long-wave ultraviolet radiation. 
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Specua ultraviolet radiation 

Single band 455-458 nm Inert 

Strong band 455-460 nm 

Narrow band 464—466.6 nm Inert 

Single line 478 nm 

Broad band 455-465 nm inert 

Single line 478 nm 

Same as for yellow, = 

but less distinct nen 
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Cambodia, Australian stones generally have a 
higher iron content than corundums associated 
with metamorphic environments (Webster, 1983). 
This results in a range of colors (figure 10} quite 
different from those found in Burma, Sri Lanka, 
and Tanzania. Analyses of sapphire from Frazers 
Creek, Inverell, show total Fe as over 1% 
(MacNevin, 1972). 

The size of individual pieces ranges from less 
than 0.05 ct to over 1,000 ct. Stones over one inch 
in diameter are rarely found these days, as they are 
removed with other coarse gravel by the trommel. 
On average most of the cuttable material is under 2 
ct in the rough state; clean stones over 10 ct are 
quite rare. 
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Figure 10. A variety of 
faceted Australian sapphire. 
Note that the proportion of 
yellow stones is much 
greater than is found in 
overall production. In fact, 
90% or more of all Australian 
sapphire occurs in various 
shades of blue. Pheto by D. 
Barnes, courtesy of the 
Department of Mineral 
Resources, New South 
Wales. 


The vast majority of gem-quality Australian 
sapphires, perhaps 90% by weight, occurs in vari- 
ous shades of blue (again, see figure 10). These 
shades range from almost colorless through rich 
royal blue to some that are so dark as to appear 
black when cut. The greater proportion occurs as 
medium to dark material. 

The second most common color range covers 
various tones of greenish blue, and most fre- 
quently occurs in a light to medium, very slightly 
greenish blue. 

The two other colors that often occur are yel- 
low and green. The yellows range from light 
through intense yellow to strong gold (figure 11). 
Bright orange stones are also encountered, though 
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Figure 11. A range of fine, natural-color yellow and gold sapphires from the Anakie fields. The large stone 


in the center weighs 30 ct. 
a 

rarely. The greens occur in a great variety of 
shades, including yellow-green, yellowish green, 
and brownish green, with tones that range from 
very pale through almost black. Evenly colored 
green, yellow, or gold gemstones of over one carat 
are quite rare, but the author has seen gem-quality 
rough that weighs over 300 ct. 

Occasionally pink, purple, and mauve stones 
are found, but they are extremely rare. Also seen, 
but only rarely, are color-change sapphires, some 
of which show effects similar to those seen in 
alexandrite, while others change from greenish 
yellow to orangy pink. The coarser banding of 
colors such as green, blue, and yellow results in 
parti-colored stones, some of which are extremely 
attractive. This coarse banding seems to be much 
better developed in the Australian material than in 
that from other localities. One large (2,019.5 ct) 
piece of gold, green, and blue particolored rough 
was recently found. 

The term wattle sapphires has recently come 
into vogue to describe parti-colored stones that 
range from yellow with a touch of green to green 
with a touch of yellow. (Wattle, called mimosa in 
many countries, is Australia’s national flower; it 
has a yellow to gold blossom with green to olive- 
green foliage.) When this material is cut correctly, 
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the resultant gem can rank as one of the most 
beautiful of the corundum family (figure 12). 
Miners often collect them, and both Thai and Aus- 
tralian dealers give them to their wives or sell 


Figure 12, An approximately 6-ct parti-colored 
(“wattle”) sapphire from the New England fields. 
Photo by D. Barnes, courtesy of the Department of 
Mineral Resources, New South Wales. 
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Figure 13. This 1.5-cm thin section of an 
Australian sapphire crystal, cut at right angles to 
the c-axis, shows color banding parallel to the 
crystal faces. 


them to friends, so the general retail customer 
rarely gets a chance to see fine wattle sapphires. 

Color banding is a very common feature of 
Australian sapphire, and even very uniformly col- 
ored stones will show fine banding under the 
microscope; however, patches of color without 
clear planar boundaries are rare. The banding oc- 
curs in two directions (MacNevin, 1972), the first 
being parallel to the c-axis, which often results ina 
hexagonally or trigonally banded cross section in 
which the colors generally are lighter toward the 
center of the crystal (figure 13). The second type 
occurs at right angles to the c-axis and generally 
grades from darker at the base of the crystal to 
lighter at the top. 

In the blue material, darker and lighter shades 
of blue may alternate randomly with colorless or 
very pale yellow bands. As mentioned above, 
coarse to very coarse banding gives rise to parti- 
colored sapphire. When the bands are wide enough 
to give a clear separation between colors such as 
green and gold or blue and yellow, the effect is 
quite beautiful; however, alternating fine bands of 
green and blue cause a rather unpleasant green- 
blue parti that along with black or heavily in- 
cluded blue material makes up the lower quality 
end of Australian commercial production. 

Star sapphire is also found, the most common 
of which is black or bronze material very similar to 
that from Bang Kha Cha in Thailand. Asteriated 
stones also occur in blue, blue-gray, and occasion- 
ally green and gold. Stars may occur in particularly 
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large pieces—one was recorded to weigh approxi- 
mately 1,900 ct. 

Overall differences in color can be noted in the 
sapphires from the Anakie and the New England 
fields. The Anakie fields produce darker blue sap- 
phires and more pure green and pure yellow stones 
than the New England fields, which may be related 
to the fact that the Anakie material crystallized in 
a more iron-rich environment. Glen Innes, and 
particularly Reddistone Creek, in the New 
England fields is reputed to produce the finest blue 
stones. Many stones from this area show colorless 
to pale blue side color* without any hint of green. 


HEAT TREATMENT 


The color of Australian sapphire is often greatly 
affected by silk. The blue shades are particularly 
prone to be silky to varying degrees. Evenly silked 
stones may be cut as star sapphire, but more com- 
monly the silk mars the beauty of the cut stone by 
making it appear dull and/or oily green (figure 14). 
The silk usually appears as very fine, needle-like 
inclusions oriented parallel to the crystal structure 
of the host corundum. Sometimes the individual 
needles cannot be resolved even under very high 
magnification. The most common type of silk has 
a whitish appearance and only sometimes pro- 
duces chatoyancy; it is most likely rutile (Nassau, 
1984). 

The presence of silk in the blue material re- 
sults in a gridwork of reflective surfaces through- 
out all or part of the stone that interferes with the 
body color and is probably one of the most com- 
mercially important features of Australian sap- 
phires. When light enters sapphire, which is dou- 
bly refractive, it is split into two waves; in Aus- 
tralian blue sapphire, one ray is pure blue and the 
other is blue-green. The effect of the silk is to 
reflect and scatter the two rays as they pass 
through the stone, such that the blue and blue- 
green dichroic colors merge into one unattractive 
oily greenish blue color. This effect can be so 
complete in very evenly silked stones that the 
color is the same regardless of the orientation of 
the stone. 

Basically, heat treatment “removes” the silk 
by forcing it back into solid solution within its 


*Usually sapphire is cut with the table at right angles to the 
c-axis to get the best blue. When the stone is viewed through 
the side (e.g., through the girdle rather than through the table), 
a greener color is normally seen, thus the term side color. 
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host; a subsequent quick cooling (i.e., in a few 
hours} traps the silk there. Without heat treatment 
to clear the stone, the mining of Australian sap- 
phire would not be commercially viable. 

The treatment of silk in sapphire appears to 
have started about 25-30 years ago in Europe, 
where it was quietly practiced by a few people. At 
that stage, the demand for Australian sapphire was 
small, and mechanized mining had just begun. 

Twenty years ago it was found that such pro- 
cesses worked very well on Australian sapphire, 
and Thai dealers—who had become very adept at 
heat treatment—started visiting Australia to buy. 
This increase in demand prompted increased pro- 
duction that resulted in the large-scale mecha- 
nized mining that continues to the present day. 

Most of the Australian blue sapphire is treated 
in Thailand. The method for treatment of blue 
Australian sapphire is quite simple, although it 
differs significantly from the treatment of the Sri 
Lankan material (which is done for the purpose of 
darkening color rather than removing silk}. The 
rough Australian stones are first thoroughly 
washed and any iron stains are removed by acid. 
The roughistones are then packed in a white glazed 
porcelain crucible and the lid is sealed with a 
high-temperature cement. 

Some years back, a great variety of chemicals 
were placed in the crucible with the sapphire, in- 
cluding cobalt salts, fluxes, chloride salts, and the 
like. While such treatment resulted in stones that 
appeared to be a bright cobalt blue, it was soon 
realized that the effect was only superficial, a coat- 
ing that was removed in faceting. These days, if 
any chemicals are used at all, they are fluxes such 
as borax, and the rough stones are simply wet with 
a mild solution before treatment. The effect of the 
flux after cooking is to slightly glaze the surface of 
the stone, which results in brighter-looking rough. 
It is hard to ascertain if the flux has any internal 
effect. 

After the porcelain crucible has been prepared, 
it is sealed (with clay) into a slightly larger black 
assay crucible. Sometimes fine charcoal dust may 
be placed between the two crucibles, depending on 
the type of stone (i.e., its origin and general hue], to 
keep any oxygen from reaching the stone during 
the burning. While this practice used to be com- 
mon, most treaters no longer feel it is necessary. 

Traditionally, the furnace is a simple coke- 
fired one (figure 15), around four and a half feet (1.5 
m] tall. First a wood fire is built inside the inner 
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Figure 14. This single piece of Australian sapphire 
was cut in half and the piece on the right heat 
treated. Note that while there is improvement in 
clarity and color, the change caused by heat 
treatment is not as dramatic as that commonly 
seen in white or light-colored Sri Lankan 
sapphires that are turned blue by heat treatment. 
Photo © Tino Hammid. 


chamber of the furnace and then a small amount of 
coke is added until a glowing base is obtained (fig- 
ure 16}. The whole chamber is then filled with 
coke and the crucible nestled into a hollow at the 
top of the pile. A high-temperature brick cap is 
added to narrow the gas exit to about one-third the 
diameter of the air inlet. An air blower is used to 
force air up through the coke. 

Generally, a burn takes from 45 minutes to one 
hour before the flame starts to die. As the coke 
burns from below, the crucible moves down into 
the hottest part of the furnace. It is very difficult to 
measure the actual temperature reached, as a 
pyrometric probe placed in the center of the cham- 
ber would be damaged by the movement of the 
coke and the fluxing action of the slag that results 
from the burning coke. The author’s attempts at 
such measurements indicate that the hottest tem- 
perature is in the area of 1600°-—1700°C. 

As soon as the blower is turned off, the furnace 
is sealed at both inlet and outlet and is left to cool 
for from two to 12. hours or more. Tongs are then 
used to remove the crucible (figure 17}. The opera- 
tion results in the stones being both heated and 
cooled in a reducing environment. 

Although the body color of the material may 
be affected, such changes are usually slight and, in 
most cases, detrimental. The most common prob- 
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Figure 15, A Thai furnace typical of those 
used to treat rough Australian sapphire. 


lem is that unsuitable time/temperature parame- 
ters may result in a slight to fairly obvious darken- 
ing of the stone. Any leakage of air into the cruci- 
ble in the final stages of the burn or on cooling 
generally strengthens slightly any green hue that 
was originally in the stone. 

Up until about 10 years ago, a lot of innova- 
tions were tried with length of treatment and the 
like, but over the last decade, the procedure for 
removal of silk has become more or less standard. 
The only recent innovation is the use of gas-fired 
furnaces. Once the process has been mastered and 
minor adjustments are made for the particular type 
of stone {e.g., color, density of color, silkiness, and 
locality of origin—Anakie or New England fields) 
being treated, the results are quite predictable. Ex- 
perts at using this type of furnace have many sub- 
tle variations in their methods, which results in 
different people specializing in particular types of 
stone. 

Sapphire other than blue is only occasionally 
treated, usually to remove silk. The effect on color 
is usually not great, although occasional 
strengthening of yellow and gold hues is encoun- 
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Figure 16. This diagram of the furnace depicted 
in figure 15 illustrates the process used to heat 
treat Australian blue sapphire. Artwork by 

R. Brightman. 


Figure 17. The inner crucible has been broken 
open after treatment of these Australian blue 
sapphires was completed. 


tered. Usually the green, yellow-gold, and parti- 
colored stones are heated in an electric furnace in 
crucibles open to the air (an oxidizing environ- 
ment) inside the chamber. 


INCLUSIONS 


Very little detailed study has been done on inclu- 
sions in Australian sapphire. As most of the rough 
stone is processed in Thailand, it has been difficult 
for researchers outside of Australia to acquire ma- 
terial that can be clearly identified as Australian. 
Microscopic examination of Australian material 
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for this study revealed inclusions similar to those 
reported for Thai and Cambodian sapphire and 
may reflect their apparently similar geologic ori- 
gins. 

For example, inclusion of feldspar crystals re- 
ported by Gunawardene and Chawla {1984} for 
blue sapphire from Kanchanaburi, and by Gtbelin 
(1974) for sapphire from Thailand, appear identical 
to inclusions commonly seen in Australian sap- 
phire (figure 18). Positive identification of feldspar 
as an inclusion in Australian sapphire was re- 
ported by Schubnel (1972). He described colorless 
transparent crystals between 20-400 microns, 
sometimes euhedral and sometimes surrounded 
by circular fractures. These inclusions also sound 
similar to those shown in figure 18. 

Also very common in Australian sapphires are 
euhedral to subeuhedral bright red to brownish red 
crystals, sometimes associated with wing-shaped 
liquid “feathers’’. They may sometimes have trails 
of bubbles streaming from them like comet tails 
{figure 19). The red crystals look similar to those 
identified as uranium pyrochlore in Pailin sap- 
phire by Gtibelin (1974}. Such “comet tails” have 
also been.observed coming from other inclusions, 
particularly from colorless crystals of high relief 
that may well be zircon. 

Unlike the silk in blue star sapphire, asterism 
in black star material does not appear to be due to 


Figure 18. This colorless euhedral crystal 
surrounded by a tension halo and accompanied 
by a “comet tail” is a common inclusion in 
Australian blue sapphire. Photo by B. Scheos, 
Diamond Laboratory Services; magnified 40x. 
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rutile but rather to a needle-like precipitate of iron 
titanium oxide (FeTiO,) with or without lath-like 
particles of a brown material, possibly hematite 
(Moon and Phillips, 1984). 

Different types of inclusions tend to predomi- 
nate in sapphire from different localities. For ex- 
ample, bright red crystallites {uranium pyro- 
chlore?} commonly occur in stones from the New 
England fields. The sapphires found at the Anakie 
fields commonly contain inclusions, as yet un- 
identified, that are dark brown to opaque euhedral 
platelets and stubby rods of what appear to be types 
of mica and horneblende, respectively. 

Other internal features commonly encoun- 
tered are very well-developed polysynthetic 
twinning and fine “fingerprint” inclusions. The 
author is at present embarking on a detailed study 
of Australian sapphires in which electron micro- 
analysis will be used to identify individual inclu- 
sions. 


DISTRIBUTION TO 
THE MARKET 


The greatest proportion of Australian production 
is purchased by visiting buyers from Thailand. The 
price is reached by bargaining between the buyer 
and the producer, and takes into account previous 
selling prices, apparent quality of the stone, pro- 
portion of large stones, and the overall size of the 
parcel. The Thais buy anything from individual 
stones to mine-run parcels. Until two years ago, it 
was not uncommon to hear of 10 separate buying 
syndicates on the fields at one time. The galva- 


Figure 19. A subeuhedral reddish brown crystal in 
blue Australian sapphire from Glen Innes. Such 
inclusions are very common in blue Australian 
sapphire, either alone or accompanied by small 
liquid feathers and “comet tails.”’ Photo by B. 
Scheos, Diamond Laboratory Services; 

magnified 40x. 
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Figure 20. The office of a Thai sapphire buyer on the Anakie fields. 


nized iron offices of the Asian buyers at Rubyvale 
are an accepted part of the scenery (figure 20). 
Apart from the material purchased by the Thai 
buyers, a small amount of rough stones are sold to 
European and Australian cutters. 

Thailand, asa result of its own sapphire mines, 
has long been a center for sapphire processing and 
marketing. Now, with little production from Thai- 
land’s own mines and the virtual cessation of min- 
ing in Cambodia, Australian production supplies 
the raw material to keep a large number of lapidar- 
ies and gem merchants going. Until the Thais 
began processing Sri Lankan sapphire as well a few 
years ago, it is estimated that some 80% by weight 
and value of Thailand-cut sapphire exports were of 
Australian origin. Even with the present drop in 
production, Australian sapphire could well ac- 
count for at least 50% of the carat weight of Thai- 
land’s total exports of sapphire (pers. comm. with 
major Thai merchants). 

Usually, when the rough parcels arrive in 
Bangkok, they are split up and sold in smaller lots 
to the cutting factories. Often, the parcels are of 
selected rough stone to suit the particular talents 
of the individual lapidaries. Some lapidaries prefer 
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to work only certain sizes or, because of their par- 
ticular heat-treatment skills, only one type of 
stone, e.g., all darker or lighter material. 

Since the Thais first began buying Australian 
sapphire in the late 1960s, the average combined 
annual production from the New England and the 
Anakie fields has risen from $1 million (Aus- 
tralian} per year in 1965 to more than $50 million 
in 1977. While the rise in production has not been 
steady in recent years (see figure 21}, it has not 
dropped below $25 million since 1971. 


DISCUSSION 


In almost all cases, Australian miners sell their 
raw material without the knowledge that would 
enable them to assess the value of the finished 
goods (like a farmer selling wheat and not knowing 
the price of flour). The miners cannot be blamed 
for this, as they were not, and still are not (to 
varying degrees], familiar with the changes that 
can be made in their raw materials by heat treat- 
ment. 

This situation has allowed the Thais to virtu- 
ally monopolize the buying of Australian rough, 
purchasing approximately 95% of the total pro- 
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duction. While various Thai buying groups com- 
pete against one another, it is interesting to note 
that, historically, overall prices offered are always 
only slightly above average production costs. The 
cut-stone business in Thailand is highly competi- 
tive with an ever-continuing ‘price war” between 
merchants. Business is generally conducted on a 
“high turnover, low profit” principle. This has 
kept prices very low. To reduce their overhead, 
lapidaries cut the rough stone for maximum 
weight return and the least labor time required to 
produce acceptable goods. Unfortunately, visiting 
cut-stone buyers are prepared to buy such goods, 
because they in turn need to be competitive in 
their own local markets with other mechants who 
buy stock from Bangkok. Therefore, the full po- 
tential of a very large amount of excellent gem 
material is not realized because of poor cutting. 
In addition, better-quality Australian sapphire 
is often not sold as such in Thailand. Quite a con- 
siderable amount of the best Australian material is 
sold mixed into parcels of Sri Lankan, Cambodian, 
or Thai sapphire. While Thai merchants increas- 
ingly refer'to average and better-quality goods as 
Australian, many of their customers still insist on 
selling such goods on their home market as Thai or 
Cambodian‘in origin when, in fact, they know and 
ask for Australian goods when buying in Bangkok. 


At the lower end of the scale, all poor-quality 
goods in Thailand are commonly referred to as 
Australian, whether they are Thai or Australian in 
origin. This has caused Australian sapphire to gain 
an ill-deserved reputation as being of poorer qual- 
ity than Thai sapphire. 

In addition to blue sapphire, Australia pro- 
duces some magnificent gold, yellow, and green 
sapphires. Because these goods are so rare in rela- 
tion to the blue production, and because their po- 
tential is easily assessed in the rough form, they 
are usually cut and marketed in Australia. How- 
ever, all the yellow, green, and parti-colored sap- 
phire rough produced would not represent 1% by 
weight or value of blue production. As beautiful as 
they are, they are only of very minor economic 
importance to the miners. 

Almost any jewelry store in the world with a 
reasonable range of jewelry set with sapphires is 
bound to have within its doors an Australian sap- 
phire, and perhaps as much as 80% of all the smal- 
ler, medium to dark blue stones come from “Down 
Under.” , 


FUTURE PROSPECTS 

The aerial extent of the basalts of eastern Australia 
is huge (approximately 350,000 km?) compared 
with Southeast Asia (90,000 km}, so the potential 
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Figure 21. Production of 
Australian rough sapphire 
from the Anakie and New 
England fields, 1892-1984, 
as compiled by B. C. O’Leary 
(1985) from the Australian 
Bureau of Statistics. Note 
that the production returns 
on which these figures are 
based (given in Australian 
dollars) are only provided by 
the larger producers. The 
author suggests that actual 
production may be twice 
that indicated. Also, the 
values do not take into 
account increases in unit 
selling prices; today’s market 
value of pre-1924 production 
would be considerably 
greater than the graph 
indicates. The current value 
of the Australian dollar is 
approximately US$0.75. 
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for the discovery of new, economic sapphire fields 
is good. Considering the similarity of the deposits 
and the types of gemstones produced in both Aus- 
tralia and Southeast Asia, it is surprising that only 
very few pieces of ruby have ever been found. Per- 
haps future prospecting will uncover deposits 
similar to those of Cambodia and Thailand. 
During the last few years, however, there has 
been a reduction in sapphire mining at both the 
Anakie and the New England fields. This is due to 
several factors and, at this stage, it is difficult to 
determine whether or not it will continue. Specifi- 
cally, a number of presently known reserves ap- 
pear to have been mined out. Also, the last few 
years have seen a rapid rise in fuel, labor, and 
equipment costs. As there has been no major in- 
crease in demand or in prices due to the recent 
general world recession, many operators—both 
large and small—have stopped mining. Current 
production levels from New England are estimated 
to have dropped approximately 40%, and at 
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PINK DIAMONDS FROM AUSTRALIA 


By Stephen C. Hofer 


During the first few months of 1985, the 
New York office of the GIA Gem Trade 
Laboratory examined more than 150 gem- 
quality fancy pink diamonds, most of 
which had similar color, spectra, 
luminescence, color zoning, surface 
textures, and inclusions. This dramatic 
increase in the number of pink diamonds 
offered in the trade recently, along with the 
fact that a great majority exhibit similar 
physical properties, suggested a new source 
of pink diamonds. This observation, 
together with information received from 
several diamond dealers to the effect that 
pink diamonds had been recovered from the 
Australian deposits, suggests that most or 
all of the above-mentioned stones 
originated in Australia. This article reports 
on the gemological properties of these 
“new” pink diamonds and describes a 
number of characteristics that, seen in 
combination in a stone, are indicative of 
Australian origin. 
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Pink Diamonds 


D iamonds with a pink body color have long been 
considered one of the rarest color varieties of dia- 
mond. Their rarity is due to the fact that pink diamonds are 
known to occur in only a few mines throughout the world, 
and none of these mines has ever proved to be a steady 
commercial source for gem-quality pinks. The famous al- 
luvial deposits in southern India (stretching eastward from 
the Deccan Plateau highlands) produced a limited quantity 
of pinks during the active mining years in the 17th cen- 
tury. The many alluvial deposits throughout Brazil have 
historically been a notable but infrequent source of pinks, 
and in recent years Brazil has boasted a small production of 
pinks from the area around Diamantina (S. Moskal, pers. 
comm., 1984}. Several Russian and African deposits— 
including the Williamson mine in Tanzania, a kimberlite 
deposit known as the Mwadui pipe—have also contributed 
to the sporadic output of pink diamonds worldwide. Usu- 
ally, though, these deposits have yielded no more than a 
few carats of gem-quality pink stones at a time. It is there- 
fore quite unusual to encounter parcels of natural pink 
diamonds. In fact, the number of natural fancy pink dia- 
monds (152) examined in the first three months of 1985 at 
GIA’s New York Gem Trade Laboratory represents more 
than the total number of pink diamonds examined in any 
previous year. According to diamond dealers who handled 
the rough material, the stones were from the recent pro- 
ductions of the newly discovered Argyle deposits in 
northwestern Australia (A. Arslanian, A. Bronstein, E. El- 
zas, W. Goldberg, pers. comms., 1985}. Their information 
favored the notion that a significant number of these small 
stones were being fashioned by skillful cutters from larger, 
‘lower quality” rough pink diamonds. In one example, the 
author examined a 0.38-ct round brilliant of fancy purplish 
pink color, heavily included, that was reportedly cut from 
the “cleanest area available from within a 2.50-ct rough 
Australian stone” (E. Elzas, pers. comm., 1985). 

In an effort to characterize this new material, the au- 
thor made a number of observations and conducted several 
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Figure 1. These examples of Australian pink 
diamonds from the study group illustrate the 
subtle differences among the characteristic 
hues. The stones range in size from 0.20 to 
0.37 ct. Photo © Tino Hammid, 


gemological tests on 138 of these unusual pink 
diamonds. While there appears to be no one feature 
by which these stones can be distinguished, there 
are several characteristics that, when they appear 
in combination, indicate that a pink diamond is of 
Australian origin. 


GEMOLOGICAL PROPERTIES 
On reviewing the available literature, it became 
apparent that relevant gemological information on 
pink diamonds is sparse and often articles or notes 
on pink diamonds are based on observations of one 
stone. Therefore, we were pleased that our clients 
were willing to give us the opportunity to study a 
large selection of these pink diamonds. 
Consequently, several gemological tests were 
conducted by the GIA Gem Trade Laboratory on 
138 pink diamonds (ranging from 0.04 to 2.65 ct} 
that had been cut from Australian rough. The test- 
ing and initial observations of several of these pink 
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diamonds revealed a number of distinctive charac- 
teristics, including an unusual body color that can 
be loosely described as “smoky purplish pink’ 
{figure 1), characteristic spectral absorption pat- 
terns, similar fluorescent and phosphorescent re- 
actions, distinctive color zoning, and irregular sur- 
face and internal features with a pitted texture that 
appears ‘‘frosted” or ‘‘sugary,” in addition to well- 
formed colorless crystal inclusions. The refractive 
index and specific gravity measurements on all 
stones in this study were found to be within the 
normal range for diamonds. 


Color. Of the 138 pink diamonds color graded dur- 
ing this study, nearly all had a body color strong 
enough to be in the “fancy” grade, a small percent 
were “fancy light,” and only a very few were con- 
sidered “light” pink. The fact that most of the 
stones—even round brilliants (figure 2)—had a 
color strong enough to be graded “fancy” is unu- 
sual, considering that the majority of pink dia- 
monds examined in the laboratory previous to this 
study were in the “faint” through “fancy light” 
grades (R. Crowningshield, pers. comm., 1985]. 

Diamonds in the pink color family often con- 
tain secondary colors in addition to the primary 
pink color, referred to as modifiers. Modifying 
colors such as orange, purple, and brown are com- 
mon in pinks; gray is also seen as a modifier, but 
less often. The assortment of natural pinks in fig- 
ure | illustrates the variety of color seen in the 
pinks examined in this study: ranging from pink 
through purplish pink and including some with 
brownish overtones. 

Most of the 138 stones when viewed separately 
appeared to contain some purple (again, see figure 
1). However, when several stones were viewed side 
by side and table-down, the differences in color— 
including the subtle nuances of brown—were rec- 
ognizable. In many of the purplish pink gems, 
these hints of brown were so weak and not readily 
observable face-up that they were not mentioned 
in the color grade; rather, such stones were graded 
as purplish pink. In the experience of the Gem 
Trade Laboratory, this unique combination of a 
very weak “smoky” brown together with varying 


Figure 2. This necklace contains a total of 

14.80 ct of Australian pink diamonds, including 
143 brilliants. Only the 5.57-ct pear-shaped drop 
is from Brazil, Photo courtesy of R. Esmerian, Inc. 
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amounts of purple is not often seen in natural pink 
diamonds and thus helps the gemologist recognize 
and differentiate these diamonds from others in 
the pink color family. 

The intensity of the pink color in the dia- 
monds in this study is also unusual and is exem- 
plified by a 0.72-ct fancy purple-pink gem that 
exhibited such a strong color saturation that it was 
outside the range of colors normally associated 
with natural pink diamonds (see cover). In fact, the 
color is comparable in strength to that seen in 
treated pinks, which have been referred to as 
“cranberry” pink. Also included in this study 
group were two diamonds that were graded as 
brown-pink that retained an attractive face-up 
color. 


Spectral Analysis. The optical absorption spectra 
were observed with a Beck hand-held prism spec- 
troscope first at room temperature and then at low 
temperature by resting the diamonds on an alumi- 
num viewing block cooled with dry ice (Hofer and 
Manson, 1981}. All the diamonds examined in this 
study showed the familiar 415-nm (Cape} absorp- 
tion line in the violet region. In addition, a weak 
“smudge” was observed at about 520 to 580 nm in 
the green spectral region of two vivid purple-pink 
stones (figure 3). 

Further testing with a Pye Unicam SP8-400 
dual-beam spectrophotometer confirmed both ab- 
sorption features (see spectra A and B in figure 4). 
The absorption strength of the 415-nm line at 
room temperature varied from weak to moderate 
and tended to be stronger in the purple-pinks. The 
broad absorption feature centered at approxi- 
mately 550 nm correlates with the position and 
strength of the “smudge” seen in the hand spectro- 
scope. This band at 550 nm was first noted in the 
spectra of pink, purple, and brown diamonds from 


Figure 3. Drawing of the absorption spectrum 
recorded (at low temperature) from the 0.72-ct 
fancy purple-pink heart-shaped stone shown on 
the cover. 
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Africa (Raal, 1958]. Raal’s study of pink diamonds 
states that “the strength of the band at 550 nm 
varies considerably and is correlated with the in- 
tensity of coloration of the diamond” (p. 846}. Ex- 
aminations and testing of natural pink diamonds 
at the Gem Trade Laboratory supports and con- 
firms this previously published observation. 
Further study of pink-diamond spectra was 
made by comparing the spectra of the two dia- 
monds in the present study that exhibit the 
greatest visual color difference (again, see figure 4). 
The absorption curves are similar in appearance— 
that is, both resemble spectral absorption curves 
recorded for diamonds in the pink color family 
(Raal, 1958). However, it can be stated that the 
absorption spectra recorded on all pink diamonds 


Figure 4, Optical absorption curves of two 
Australian pink diamonds from the study group. 
Spectrum A (lower) is recorded from an intense 
1.64-ct purple-pink stone. Spectrum B (upper) is 
from a 1.93-ct brown-pink diamond. 
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Figure 5. An obvious pink grain line as viewed 
through the pavilion of a colorless diamond at 
10x magnification. Note the difference in 
appearance as the angle of observation changes. 
Photo by R. Kane. 


from this study are markedly different from the 
spectra of treated pink diamond as observed in the 
hand spectroscope (Liddicoat, 1981, p. 193). 


Luminescence Reactions. All of the diamonds 
from the study group were exposed to ultraviolet 
radiation,in a darkened room: for each the color 
and the strength of the fluorescent glow were 
noted. The fluorescence varied from a very weak to 
a very strong blue when exposed to long-wave (366 
nm) ultraviolet radiation and from none to a mod- 
erate blue when exposed to short-wave (254 nm) 
ultraviolet radiation. In addition, a yellow phos- 
phorescence was noted in diamonds that fluo- 
resced very strong blue, and virtually no phospho- 
rescence was seen in diamonds that had a weaker 
blue fluorescence. 


EXAMINATION WITH THE MICROSCOPE 


A binocular microscope was used to examine all 
138 stones at 5x to 75x magnification. The 
stones were examined for color zoning and distri- 
bution of color, birefringence patterns, surface and 
internal features and their textures, and inclu- 
sions. 


Color Distribution and Zoning. Generally speak- 
ing, the color in pink diamonds is unevenly dis- 
tributed throughout the body of the stone. The 
color occurs along narrow directions or zones 
known as grain lines. When viewed at various an- 
gles under magnification, the color in the grain 
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Figure 6. This 5 x view inside an Australian pink 
diamond shows the concentrated areas of 
minute pink grain lines. Note the pink “patches”’ 
of color. 


lines (referred to by some diamond graders as “pink 
graining’’) appears to be concentrated along paral- 
lel, “needle-like” directions that alternate with 
colorless areas (figure 5; Kane, 1982). In most dia- 
monds, these distinctive color-zoning features are 
usually very faint or are sparsely distributed 
throughout the crystal and therefore lack the po- 
tential in most cases to impart a strong pink color 
to the diamond when cut and viewed face-up. 

By comparison, the diamonds in this study, the 
majority of which have a very obvious pink color 
face-up, have numerous minute pink grain lines 
that are more closely spaced than has been ob- 
served in most diamonds with pink graining exam- 
ined previously. At low magnification, the pink 
graining appears very fine and close-knit, occur- 
ring throughout the entire stone or, more com- 
monly, with the grain lines grouped together as 
patchy areas of pink (figure 6). The color in these 
areas looks similar to strokes of pink watercolor 
paint on paper and is referred to by the author as 
“brush stroke’ graining. The minute pink grain 
lines that comprise these ‘brush stroke” areas are 
so slender and so closely spaced together that they 
are extremely difficult to resolve under high mag- 
nification. The most satisfactory results in exam- 
ining these features are obtained by using low- 
power magnification and a shadowing technique 
to accentuate the details (Koivula, 1982). The con- 
centrated patches of grain lines (figure 7) produce 
the overall appearance of strong pink color seen in 
these diamonds. 

An early study (Raal, 1958) proposed that man- 
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ganese causes the color in pink diamonds, but this 
theory has since been refuted (du Preez, 1965). 
Current explanations for the cause of pink color in 
diamonds involve defects in the atomic structure 
that result from gliding (the very slight movement 
of atoms along the octahedral direction} as a result 
of plastic deformation (Orlov, 1977). To confirm 
this and correlate these ‘‘defects” with the color in 
the pink grain lines, it is necessary to observe the 
birefringence pattern of diamonds. 


Birefringence. Birefringence, or the strength of 
double refraction, is virtually nonexistent in 
strain-free, unincluded diamond (diamond is iso- 
tropic}. However, most diamonds show some 
anomalous birefringence as a result of included 
crystals, various growth irregularities, or because 
they have been subjected to an epigenetic event 
such as plastic deformation (exposure to extreme 
temperature/pressure conditions after formation}, 
as discussed by Lang (1967). Studying birefrin- 
gence patterns in diamonds gives the gemologist a 
clue as to how strain is distributed within a dia- 
mond. 

Birefringence can be examined with a micro- 
scope fitted with polarizing filters by holding the 
diamond in tweezers culet-to-table and viewing 
through the stone’s pavilion at an oblique angle in 
transmitted or diffused transmitted light. With the 
diamond so positioned between the crossed po- 
laroid plates, the pattern of interference colors, 
their strength (low-order grays up through high- 
order bright colors}, and their coincident location 
around inclusions or grain lines can be observed. 

All the pink diamonds in this study revealed a 
linear pattern of bright interference colors that 


Figure 7. Needle-like pink grain lines can be seen 
cutting across an irregular pale pink color zone in 
an Australian diamond. Magnified 10x, 
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coincided in strength with the pink graining (fig- 
ure 8). This confirms the observations of previous 
studies that birefringence at grain lines is more 
distinct than any other form of birefringence (Or- 
lov, 1977). It should be noted, however, that a 
brightly colored linear pattern only indicates that a 
diamond has strain characteristic of plastic defor- 
mation, and is not proof that a pink diamond is 
from Australia. 


Surface Textures and Forms. Irregular ‘‘frosted” 
cleavage cracks and narrow voids or channels with 
a rough or “pitted” texture on the surface of the 
stone are considered to be very characteristic of the 
Australian material (figure 9). R. Liddicoat (pers. 
comm., 1985} saw large lots of rough during a re- 
cent visit to Australia and reported that nearly all 
the rough had an irregular “frosted” surface that 
resembles etching. This observation was further 
substantiated by R. Buonomo (pers. comm., 1985], 
who examined recent productions from the Argyle 
deposits at the Central Selling Office in London. 
His description of the Australian material noted 
the surface textures as appearing “frosted” or 
“sugary” to the unaided eye. The presence of simi- 
lar features on the pink diamonds in the study 
sample is consistent with the Australian origin 
reported for these stones. 

Researchers studying the process of etching 
have established that very strong heating of dia- 
monds in situ can lead to the action of dissolution 
(process of dissolving} and consequently etch fea- 
tures (Frank and Puttick, 1958). As dissolution 
proceeds, the surface-etching textures develop in 


Figure 8. A 10x view inside the same stone asin 
figure 7, using polarized light, shows the typical 
banded or linear birefringence pattern that 
signifies internal strain in the diamond, 
coincidental with the grain lines. 
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Figure 9. A cleavage crack that has been 
naturally etched appears “frosted,” similar to 
worn beach glass. Note the extent of the etching 
inward and the open void at the girdle. 
Magnified 10x. 


Figure 10. The early stages of etching are evident 
on a flat cleavage plane inside this pink diamond. 
Note the triangular markings that resemble 
trigons, which are actually triangular etch pits 
(Orlov, 1977). Magnified 45 x. 


Pink Diamonds 


Figure 11, Etching that proceeds along a zone of 
weakness in a diamond can propagate in many 
directions inside the gem, resulting in many 
unusually shaped voids or hollow channels. 
Magnified 25 x. 


various stages. Starting as small pits (weak etch- 
ing}, they subsequently develop into frosted planes 
and eventually, with prolonged heat, result in nar- 
row voids (highly etched channels) resembling 
cracks (Berman, 1965, Orlov, 1977}. 

The various stages of etching noted by these 
workers is similar to that seen in the pinks ex- 
amined in this study. For example, some of the 
diamonds had etch features seen on unpolished 
surfaces {naturals} resembling smooth ‘‘frosted” 
glass that suggest early stages of etching. Various 
gradual stages up to intensive etching were also 
seen to occur on the surface and along fractures in 
several cut diamonds (figure 10). Where etching 
has proceeded along a cleavage direction, the etch- 
ing appears to widen and deepen the cleavage. 
These etch features were thus seen to propagate 
inward in the diamond, resulting in a network of 
unusual voids and channels (figure 11}. When such 
channels intersect, they seriously affect the dura- 
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Figure 12. A part of the original surface on the 
girdle of this pink diamond shows evidence of 
“frosted” etching. Note the small amount of dirt 
or polishing material that has remained intact in 
the narrow section parallel to the girdle plane. 
Magnified 20x. 


bility of the diamond and often result in breakage. 
In addition, narrow etch channels open at the sur- 
face are commonly filled with a dark material, 
possibly from the polishing process or simply from 
dirt, which can darken the appearance of the voids 
{figure 12). 


Other Inclusions. Of the 138 pinks examined in 
this study, all of which had considerable pink 
graining and showed evidence of etching, the ma- 
jority (more than 90%) also contained numerous 
small, solid, colorless, polyhedral crystal inclu- 
sions (figure 13}. Microscopic study of these in- 
clusions showed that they did not have a charac- 
teristic crystal habit; rather, they assumed the 
morphology of the host diamond. They are very 
similar in appearance to the colorless olivine in- 
clusions commonly seen in diamonds found in 
kimberlite deposits (Mitchell and Giardini, 1953; 
Hall and Smith, 1984). Because such inclusions are 
common in diamonds found at various locations, 
they cannot be considered conclusive proof of Aus- 
tralian origin. However, colorless crystals when 
observed in a natural pink diamond with the pre- 
viously described color, spectra, luminescence, 
graining and surface features can be considered 
indicative of Australian origin. 


CONCLUSION 

The author was not able to obtain information on 
the abundance and availability of these Australian 
pink diamonds. It has been reported in the 
literature, however, that deposits at the Argyle 
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Figure 13, This cluster of colorless, polyhedral, 
solid crystal inclusions (possibly olivine) in pink 
diamond appears in moderate to high relief in 
dark-field illumination. Magnified 20x. 


project in northwest Australia ‘produce a charac- 
teristic pink diamond, which is likely to be the 
signature of the mine over the next few years” 
(Mcllwraith, 1984). 

The sudden occurrence of increased numbers 
of natural pink diamonds in the gem market rein- 
forces the idea that continued mining and recovery 
efforts may significantly augment the tradi- 
tionally limited supply of natural fancy-colored 
diamonds annually recovered. 

The gemological and microscopical findings 
reported in this article suggest that there are sev- 
eral features that are characteristic of pink dia- 
monds from Australia: their intense purplish pink 
color, the concentrated patches of “pink graining,”’ 
luminescence, birefringence, a ‘‘frosted”’ surface, 
and included small, colorless crystals. While no 
one or two of these features alone would provide 
proof of the stone’s origin, the occurrence of sev- 
eral of these features in a pink diamond would 
strongly suggest that the stone came from the Aus- 
tralian mines. 


Editor’s Note: Jn August 1985, the GIA Gem Trade Lab in 
New York was informed that certain brownish pink 
diamonds from Australia improve in color with repeated heat 
treatment (not identifiable by known gemological tests). 
Somewhat similar behavior in brownish pink diamonds has 
been reported previously (Gem Trade Lab Notes, Gems & 
Gemology, Vol. 19, 1983, p.44), At the same time, it was 
reported that the Australian material has become much 
scarcer during the past four to five months. 
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THE BIRON HYDROTHERMAL 


SYNTHETIC EMERALD 


By Robert E. Kane and Richard T. Liddicoat, Jr. 


A new synthetic emerald grown in Western 
Australia is now commercially available 
as faceted stones. Infrared spectra revealed 
the presence of water, thereby confirming 
that these synthetic emeralds are synthe- 
sized by a hydrothermal process. Chemical 
analysis showed that they contain vana- 
dium as well as lesser amounts of chro- 
mium. This new synthetic exhibits some 
characteristics that are distinctly different 
from other synthetic emeralds and there- 
fore must now be considered when identi- 
fying emeralds. In addition to distinctive 
inclusions such as gold, the Biron synthetic 
is inert to ultraviolet radiation, has a spe- 
cific gravity of 2.68 -2.71, and refractive 
indices of € = 1.569 and w = 1.573. This ar- 
ticle examines in detail the gemological 
propetties of the Biron hydrothermal syn- 
thetic emerald and discusses means of 
identifying this new synthetic. 


ABOUT THE AUTHORS 


Mr. Kane is research and gem identification 
supervisor of the GIA Gem Trade Laboratory, Inc., 
Los Angeles, California; and Mr. Liddicoat is 
Chairman of the board of the Gemofogical Institute 
of America, Santa Monica, California. 


Acknowledgments: The authors would like to thank 
Mr. W. L. Cotton and Biron Minerals Pty., Ltd., for 
the loan and generous donation of some of the syn- 
thetic material examined in this study, and Bill Kerr 
for preparing some samples for analysis and 
photomicrography. All photographs, unless 
otherwise indicated, are by Robert E. Kane. 


© 1985 Gemological Institute of America 


156 Biron Emerald 


merald was first synthesized by Ebelman in 1848 by 

adding natural emerald powder to a molten boric acid 
flux, which produced very small prismatic emerald crys- 
tals as the mixture cooled. In the ensuing years, the flux 
growth of synthetic emerald was achieved by many re- 
searchers (Nassau, 1980; Sinkankas, 1981). In 1957, the 
growth of minute beryl crystals by a hydrothermal process 
was first reported (Wyart and Séavnicar, 1957). Although 
many processes for growing synthetic emerald hydro- 
thermally have been described since then (summarized in 
Sinkankas, 1981}, until recently only three major produc- 
tions of hydrothermal synthetic emerald have been com- 
mercially available to the jewelry trade: Linde (patented 
process now owned by Regency}, Lechleitner (full syn- 
thetic in addition to overgrowth], and, most recently, those 
grown in the Soviet Union (see Takubo, 1979). 

The synthetic emerald reported on here represents a 
new hydrothermal process that can yield unusually clean 
faceted stones (figure 1) from remarkably large single crys- 
tals (figure 2). This material will be commercially available 
in the latter part of 1985. This new hydrothermal emerald 
is being synthesized in Western Australia and marketed as 
faceted stones under the trade name Biron. Note that this 
is not the same material as the vanadium-doped synthetic 
emerald that was grown several years ago in Melbourne, 
Australia, by Taylor (1967). 

The manufacturer reports that research on the Biron 
synthetic emerald began in 1977 in Western Australia. 
Since then, a few brief notes based on the examination of a 
very small number of stones have appeared in the 
literature (Brown, 1981 and 1983; Brown and Snow, 1984; 
Darragh and Willing, 1982; Tombs, 1983). In the interest of 
providing detailed information to the gemological com- 
munity on the properties and identifying characteristics of 
this synthetic emerald, however, the manufacturer, Biron 
Minerals Pty., Ltd., and the distributor made available to 
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GIA 202 samples of the new Biron synthetic em- 
erald. The samples included 150 faceted stones of 
various shapes and cuts (ranging from 0.05 ct to 
3.00 ct), 50 preforms (weighing from 1.50 ct to 5.00 
ct}, and two rough crystals (96.08 ct and 108.05 ct). 
These specimens were examined carefully and 
subjected to several gemological tests; a few were 
also chemically analyzed. A detailed study of the 
inclusions present was also conducted. The results 
of these examinations and tests are reported below 
and summarized in table 1. 


VISUAL APPEARANCE 


The faceted Biron synthetic emeralds studied 
varied in hue from green to slightly bluish green in 
moderate to vivid saturation (figure 1}. The well- 
cut stones were relatively consistent in color with 
vivid saturation. As would be expected, small 
stones and those that were cut shallow were con- 
siderably lighter in tone. 

Nearly all of the faceted Biron synthetic 
emeralds examined were very transparent. When 
examined with the unaided eye and overhead il- 
lumination, they ranged from stones that appeared 


Biron Emerald 


Figure 1. These faceted Biron 
hydrothermal synthetic 
emeralds are representative of 
many examined in this study. 
The stones shown here have a 
high clarity and range in weight 
from 1.20 to 3.00 ct. Photo © 
Tino Hammid. 


to be completely free of inclusions to those that 
had areas of visible inclusions. 


PLEOCHROISM 


Using a calcite dichroscope, we observed 
dichroism in strongly distinct colors of green-blue 
parallel to the c-axis and yellowish green perpen- 
dicular to the c-axis. These results are typically 
observed in other synthetic emeralds, as well as in 
many natural emeralds. 


SPECTRAL EXAMINATIONS 


The visible-light absorption spectra of several of 
the faceted Biron synthetic emeralds were exam- 
ined with a GIA GEM Instruments spectroscope 
unit. The observed spectra appeared to be essen- 
tially the same as the well-known absorption spec- 
tra of emerald described by Liddicoat (1981, p. 194), 
which are the same for both natural and synthetic 
emerald. 

When looking down the optic axis direction, 
we observed in all of the stones tested a vague 
general absorption from 400.0 nm to approxi- 
mately 480.0 nm, a superimposed sharp line at 
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Figure 2, An exceptional example of the Biron 
hydrothermal synthetic emerald crystals grown 
in Western Australia. This crystal measures 3.50 
cm long by 1.6 cm wide, and weighs 96.08 ct. 
Photo by Tino Hammid; © W. L. Cotton. 


477.0 nm, a broad band of absorption between 
580.0 and 615.0 nm, and lines in the red situated at 
637.0, 646.0, 662.0, 680.5, and 683.5 nm. We ob- 
served a similar absorption when we examined the 
spectrum perpendicular to the optic axis; however, 
the sharp line at 477.0 nm was absent. The same 
absorption features also occur in natural emeralds. 

When the Biron synthetic emeralds were 
placed over the opening of the iris diaphragm on 
the spectroscope unit, a red transmission was ob- 
served. This transmission ranged from weak to 
very weak, depending on the position of the stone 
and of the light source, as well as on the size of the 
stone. We have observed that this phenomenon is 
typical of many synthetic emeralds and is also 
exhibited by some natural emeralds, inasmuch as 
it is occasionally observed in very fine-color 
emeralds from Chivor, and in medium to light 
emeralds from Gachala, in Colombia. 

Infrared absorption spectra were obtained 


158 Biron Emerald 


by Dr. George Rossman, of the California Institute 
of Technology, using a Nicolet series GOSX Fourier 
transform infrared spectrometer system. The spec- 
tra, taken from several samples of Biron synthetic 
emerald, revealed the presence of water, thus con- 
firming that these synthetic emeralds are grown by 
a hydrothermal process. All natural emeralds and 
hydrothermal synthetic emeralds contain some 
water, whereas flux-grown synthetic emeralds 
contain no water (Nassau, 1980). 


COLOR-FILTER REACTION 

Several of the Biron synthetic emeralds were 
tested with a Chelsea color filter. All of the stones 
tested revealed a strong red appearance under the 
filter, as is also the case with many other hydro- 
thermal and flux-grown synthetic emeralds. Un- 
fortunately, many natural emeralds from various 
sources show the same reaction. Therefore, the 
color-filter reaction alone provides no indication 
of the synthetic origin of this material. 


SPECIFIC GRAVITY, REACTION TO 
ULTRAVIOLET RADIATION, AND 
REFRACTIVE INDICES AND 
BIREFRINGENCE 


Traditional gemological tests for the distinction of 
synthetic emerald from natural emerald have 
always considered microscopic examination of 
characteristic inclusions to provide definitive 
proof of origin. However, this test is often consid- 
ered the most difficult to master because of the 
similarities of some of the inclusions {such as 
“fingerprints” and ‘‘veils’”’} found in both synthetic 
and natural emeralds. Consequently, many gem- 
ologists and jewelers have relied on magnification 
the least, and have arrived at an identification on 
the basis of refractive indices, birefringence, reac- 
tion to ultraviolet radiation, and specific gravity. 
However, with the new Biron synthetic emerald, 
as well as with other newer hydrothermal syn- 
thetic emeralds, such as the Russian material 
(Takubo, 1979}, some of these standard tests no 
longer provide even a vague indication of synthetic 
origin. 


Specific Gravity. The specific-gravity values for 
the Biron hydrothermal synthetic emeralds were 
determined by the hydrostatic method with a 
Voland diamond balance. The sample stones 
showed slight variations in density from 2.68 to 
2.71. All of the faceted synthetic emeralds were 
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TABLE 1. The gemological properties of the Biron 
hydrothermal synthetic emerald. 


Properties Pleochroism Strong: green-blue parallel to 
that overlap the c-axis and yellowish green 
with those perpendicular to the c-axis. 

of natural Absorption Optic-axis direction: absorption 
emeralds spectrum® lines at 477.0, 637.0, 646.0, 
from (400-700 nm) 662.0, 680.5 and 683.5 nm; a 
differing — vague general absorption from 
geographic 400.0 to 480.0 nm and a broad 
localities 


band of absorption between 
580.0 and 615.0 nm. Perpendi- 
cular to optic-axis direction; 
same as above, with the excep- 
tion that the 477.0 nm line is 
absent. 


Color-filter Strong red 


reaction 

Specific gravity 2.68-2.71 
Luminescence _ Inert 

to long- and 

short-wave 

UN. 


Key identifying Refractive 
properties indices and 
birefringence 


€ = 1.569, w = 1.573 (+0.001) 
0.004-0,005 


“ Inclusions Various forms of fingerprints, 
Lt, veils, and fractures; single 
occurrences of large two-phase 
inclusions; nail-head spicule 
inclusions with liquid and gas 
phases; several forms of gold; 
phenakite crystals; numerous 
types and appearances of 
growth features; white particles 
forming comet-tails and 
stringers or randomly scattered 
throughout; and, rarely 
observed, seed plates. 


4 As observed through a hand-held type of spectroscope. 


also tested in a standard 2.67 (specific gravity) 
heavy liquid (methylene iodide diluted with 
benzyl] benzoate). Before we present the results, a 
brief discussion is necessary concerning the 
factors that can influence the specific-gravity 
values of beryl. 

Studies on the chemical composition of natu- 
ral beryls [Bakakin and Belov, 1962; Goldman et 
al., 1978; Schaller et al., 1962) state that both fill- 
ing of structural voids and substitution by Cr, Fe*, 
Fe?+, Mg, Li, other ions, and water molecules can 
occur in the crystal structure of beryl. These ions 
and water molecules appear to be a major cause of 
variation in specific gravity and refractive index 
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among natural beryls (Flanigen et al., 1967). Just as 
with natural emeralds, the specific gravity and re- 
fractive indices of hydrothermal synthetic emer- 
alds are also dependent in part on the amount of 
impurity ions and molecules they contain. Be- 
cause of the different synthesis techniques used, 
these properties frequently differ from one manu- 
facturer to another. 

From our observations, the specific-gravity 
values of flux-grown synthetic emeralds of various 
manufacture are often lower than the values of 
their natural counterparts; such stones usually 
float in the 2.67 liquid, thus providing some indi- 
cation of their synthetic origin. In contrast, the 
values obtained for many hydrothermal synthetic 
emeralds are slightly higher, with the stones sink- 
ing in the 2.67 liquid, thereby overlapping with the 
specific-gravity range of natural emeralds. All of 
the Biron hydrothermal synthetic emeralds exam- 
ined by the authors in this study had densities 
greater than 2.67. Because many natural emeralds 
have similar specific-gravity values, the specific 
gravity of the Biron hydrothermal synthetic em- 
eralds provides the gemologist with absolutely no 
indication of the synthetic origin of the material. 


Reaction to Ultraviolet Radiation. All of the Biron 
hydrothermal synthetic emeralds were exposed to 
long-wave (366 nm} and short-wave (254 nm} 
ultraviolet radiation. To insure observation of 
even the weakest fluorescence, we performed the 
test in a completely darkened room, placing the 
synthetic emeralds on a black pad raised to within 
a few inches of the ultraviolet lamp inside a stan- 
dard ultraviolet viewing cabinet. The faceted Biron 
synthetic emeralds did not exhibit any visible 
fluorescence under these conditions. 

It has been stated that the presence of iron in 
either natural or synthetic emeralds can quench 
chromium fluorescence, slightly increase specific 
gravity, and raise refractive indices and _ bire- 
fringence (Fryer, 1969/70; Kane, 1980/81, Gibelin, 
1982|. We suggest that, because of the lack of de- 
tectable iron in the Biron hydrothermal synthetic 
emerald (see table 2), something other than iron 
must be responsible for the inert reaction of the 
material when exposed to long-wave and short- 
wave ultraviolet radiation. Rather, the lack of 
fluorescence appears to be due to the high concen- 
trations of vanadium (see table 2}. This conclusion 
is supported by Linares’s experiments on the flux 
growth of synthetic emerald {1967}. Linares used 
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TABLE 2. Chernical analyses of two faceted Biron hydrothermal synthetic emeralds.@ 


Oxide component (wt.%)° 


Catalog no. NasO MgO FeO AloO3 
GIA 120¢ nd! nd nd 18.1 


GIA 14622° nd nd nd 18.2 


V>03 Cr203 SiO. cl Total® 
0.7 03 66.4 0.3 85.8 
0.6 0.2 65.4 0.3 84.7 


@These samples were analyzed with a MAC electron microprobe at an operating voltage of 15 KeV and beam current of 0.05 
BA. The raw data were corrected by using the Ultimate correction program of Chodos etal. (1973). Analyst: Carol M. Stockton, 


GIA Research Dept. 
>Values represent the average of three analyses for each sample. 


CThese totals are low (less than 100%) because no analysis was made for light elements (of atomic number befow 11) present 


in beryl. Ideally, BeO should be about 14.00 wt. %. 
¢Sample synthesized in 1982. 
®Sample synthesized in 1984. 


‘Not detected; below the detection limits of the instrumentation used (approximately 0.1 wt.%). 


various ratios of a lead oxide—vanadium oxide 
flux system (PbO—V,O,), in addition to chromium 
oxide (Cr,O,}, for his synthetic-emerald experi- 
ments. When the synthetic emeralds grown from 
these fluxes were exposed to ultraviolet radiation, 
no chromium fluorescence was observed. Linares 
speculated that considerable vanadium was incor- 
porated into the synthetic emerald during the 
growth process; the vanadium then interacted 
with the chromium to quench any fluorescence 
that might have been caused by the chromium. 

Flanigen et al. (1967) also reported the absence 
of fluorescence in their experimental vanadium 
flux (V,O,) synthetic emerald. In contrast, they 
reported that their Linde hydrothermal synthetic 
emerald, which contained no vanadium, showed a 
bright red fluorescence when exposed to both 
long-and short-wave ultraviolet radiation. The ab- 
sence of fluorescence has also been observed in 
vanadium-doped synthetic ruby and synthetic 
alexandrite (Linares, 1967). 

An inert reaction to ultraviolet radiation has 
frequently been used as an indicator of natural 
origin for emeralds, since many natural emeralds 
are inert to either long-wave or short-wave U.V. 
and many hydrothermal and flux synthetic emer- 
alds are not. However, with the introduction of the 
Biron synthetic emerald, which is also inert to 
such radiation, the absence of fluorescence can no 
longer be used as an identifying criterion. 


Refractive Indices and Birefringence. Refractive 
indices were obtained using a GEM Duplex II re- 
fractometer in conjunction with a sodium light 
source. The Biron synthetic emeralds were de- 
termined to be uniaxial negative with a refractive 
index of € = 1.569 and w = 1.573 (+0.001), with a 
corresponding birefringence of 0.004—0.005. 
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These low values provide some indication of syn- 
thetic origin. Although an identification should 
not be based solely on this property, these optical 
values are very unlikely to be observed in a natural 
emerald. For a comparison of refractive index and 
birefringence values of natural emeralds from 
numerous different geographic localities, see 
Gubelin (1982, p. 13, table 3}. Interestingly, the 
values recorded for the Biron synthetic emerald are 
low for a hydrothermal synthetic emerald and are 
more typical of flux-grown products. 


INCLUSIONS 


The Biron hydrothermal synthetic emeralds were 
all examined thoroughly with a gemological 
binocular microscope in conjunction with various 
sources of illumination. Several types of character- 
istic inclusions were observed; some were remi- 
niscent of synthetic emeralds of different manu- 
facture, while several others identified by the 
authors appear to be unique to the Biron synthetic 
emerald. 

The faceted Biron synthetic emeralds exam- 
ined ranged in clarity from those with prominent 
inclusions, growth features, and color zoning, to 
those that were remarkably clean and appeared to 
be nearly flawless, with perhaps only minor, non- 
descript growth features. 


Two-Phase Inclusions. Evident in some of the 
Biron synthetic emeralds examined were two- 
phase inclusions consisting of a fluid and a gas 
bubble. These two-phase inclusions were observed 
to have three distinct appearances: (1} forming 
“fingerprint” patterns and curved (wispy) “veils”; 
(2) as large, irregular voids containing one or more 
gas bubbles; and (3) trapped within the tapered 
portion of ‘‘nail-head spicules.” 
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Fingerprints, Veils, and Fractures. As with other 
hydrothermal synthetic emeralds, the Biron typi- 
cally contains various types of secondary growth 
defects commonly referred to as fingerprints and 
veils. The term wispy veil is also often used to 
describe such inclusions in synthetic emeralds and 
other synthetic gem materials. The Biron synthe- 
tic emeralds exhibited fingerprint and veil patterns 
of various appearances (figures 3 through 6}. 

In contrast to flux-grown synthetic emeralds, 
in which the fingerprints and veils are healed frac- 
tures with flux fillings, the fingerprints and veils in 
hydrothermal synthetic emeralds generally con- 
sist of many small two-phase inclusions that are 
usually concentrated at curved and planar in- 
terfaces; although flux inclusions may be similar 
in appearance, they are completely solid. These 
fingerprints and veils in the Biron synthetic emer- 
ald are healing fissures that are in some cases re- 
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Figure 3, Overview of a 1.70-ct faceted Biron 
synthetic emerald showing secondary 
“fingerprint” and “wispy veil” inclusions and 
irregular growth features in the center of the 
stone. Dark-field illumination, magnified 13x. 


markably similar in nature and appearance to 
those observed in some natural emeralds (figure 4). 
The mechanism that produces this healing process 
in natural minerals has been well documented (see 
Eppler, 1959, 1966; and Roedder, 1962, 1982, 
1984); for illustrations of the formation process of 
these secondary inclusions, see Roedder (1982, 
1984} and Koivula (1983). Although the conditions 
required to heal a fracture resulting in a finger- 
print-like pattern in a natural or synthetic crystal 
are different, the mechanism should be the same. 

One or two of the faceted Biron synthetic em- 
eralds exhibited areas of somewhat dense concen- 
trations of wispy and planar fingerprints and veils 
of various forms that often originated from a 
common central point, extending outward in a 
spiral arrangement. This is illustrated in figure 3, 
interestingly, this stone was probably the most 
included of all the 200 examined, yet the wispy 


Figure 4. Left: Secondary 
“fingerprint’’ composed of a partially 
healed fracture area and a fine 
network of tiny two-phase inclusions 
in a Biron synthetic emerald. Right: 
Well-formed network of two-phase 
inclusions. Dark-field and oblique 
illumination, magnified 30x and 
100x, respectively. 
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Figure 5. These spiral arrangements of small 
“fingerprints,” frequently referred to as a helix 
pattern, in the Biron synthetic emeralds should 
not be confused with very similar-appearing 
inclusions in some natural emeralds. Dark-field 
illumination, magnified 20x. 


veils occupied less than one-half of the faceted 
stone. This clarity is in contrast to many other 
synthetic emeralds, both flux and hydrothermal, 
which {with the exception of some Inamori flux 
synthetic emeralds and Russian hydrothermal and 
flux synthetic emeralds) are typically very hea- 
vily included. 

Observed in several of the Biron synthetic em- 
eralds were spiral arrangements of a small finger- 
print pattern (figure 5], sometimes referred to as a 


helix pattern. This type of spiral growth pattern is 
also occasionally observed in natural emeralds 
(Gtibelin, 1974; Fryer et al., 1983) and therefore 
may be confusing to the gemologist. 

Some of the Biron synthetic emeralds con- 
tained areas of partially healed fracture-fingerprint 
patterns that, when tilted to specific viewing an- 
gles in dark-field or reflected light, exhibited a 
multicolored display of interference colors (see 
figure 6). The same phenomenon is occasionally 
observed in some natural emeralds that contain 
ultra-thin layers of two-phase (liquid and gas} in- 
clusions; in the natural stones, however, the pat- 
terns are quite distinctive, ranging from minute to 
large in randomly oriented, rounded, irregular 
forms (figure 7). 

Also observed were fractures and healed frac- 
tures, some of which were similar in appearance to 
the epigenetic staining that is observed in many 
natural gem materials, including emeralds. Thus, 
these fractures do not provide any evidence of syn- 
thetic origin. 


Single Irregular Two-phase Inclusions. Ina few of 
the faceted Biron synthetic emeralds, rather unu- 
sual, large, individual two-phase inclusions were 
observed (figure 8). Frequently trapped within a 
tapered, irregular, flattened void that exhibited 
sharp angular to slightly rounded edges was a fluid 
and a large gas bubble. None of these bubbles was 
mobile under normal viewing conditions. 


Figure 6. A Biron synthetic emerald with a secondary “fingerprint” pattern consisting of a network of 
two-phase inclusions and a partially healed fracture. On the left, the partially healed fracture is almost 
invisible when viewed in dark-field illumination only. However, as is shown on the right, when fiber- 
optic illumination ts used to vertically light this area, interference colors are seen. Magnified 40x. 
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Figure 7. A natural emerald with ultra-thin films 
of two-phase (liquid and gas) inclusions. Such 
thin-film inclusions are occasionally observed in 
natural emeralds; however, they are generally 
quite distinctive and should not be confused with 
inclusions displaying a similar phenomenon 

in Biron synthetic emeralds, such as the one 
shown in figure 6. Vertical illumination with a 
fiber optic light source only, magnified 80x. 


Several of the faceted Biron synthetic emeralds 
contained large voids that broke the surface in a 
very small area of the stone; in a few stones, these 
voids extended almost the entire length from the 
table to the culet. They were identical in appear- 
ance to many of the voids that contained the two 
phases. Undoubtedly, when the inclusions were 
brought to the surface during faceting, the gaseous 
and liquid phases were released, leaving only a 
void or very deep cavity with a frosted white ap- 
pearance on the inner walls (figure 9). 


Nail-Head Spicules. Also common in the Biron 


synthetic emeralds is the presence of a fluid and a 
gas bubble contained within a cone-shaped void 
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Figure 8. Captured within this Biron synthetic 
emerald is a large, well-formed, two-phase 
inclusion. Note also the fingerprint patterns at 
either end of the inclusion. Dark-field and 
oblique illumination, magnified 40x. 


Figure 9. During the faceting of this Biron 
synthetic emerald, a very large two-phase 
inclusion was brought to the surface, releasing 
the liquid and gas phases and leaving only a deep 
void. The frosted appearance on the inner walls of 
the void is in part a result of residue left in the 
cavity. Dark-field and oblique illumination, 
magnified 25x. 


that frequently starts at its widest end on a crys- 
talline inclusion and tapers gradually to a point. 
These inclusions, referred to here as nail-head 
spicules, have long been observed in hydrothermal 
synthetic emeralds from various manufacturers 
(Nassau, 1978, 1980, Anderson, 1980, Liddicoat, 
1981, Sinkankas, 1981). 

In the Biron synthetic emeralds, the 
“head of the nail” is formed by a single crystal, 
a group of phenakite crystals, or gold crystals (see 
figures 10 - 12). As is common with virtually all 
other hydrothermal synthetic emeralds, the nail- 
head spicules in the Biron synthetics are often 
observed in single or multiple occurrences that 
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Figure 10. This large nail-head spicule in a Biron 
synthetic emerald consists of a cone-shaped void 
that is filled with a fluid and a gas bubble. 
Although not visible at this viewing angle, the 
spicule is capped by a poorly developed, ghost- 
like phenakite crystal. Dark-field illumination, 
magnified 50x. 
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Figure 11. This Biron synthetic emerald contains 
a nail-head spicule with a large, distinct 
phenakite crystal at the base. Dark-field 
illumination, magnified 60x. 


parallel the c-axis. Examination of both hydro- 
thermal and flux synthetic emeralds revealed that 
nail-head spicules develop most readily when the 
synthetic emerald is initially started on a 
seed plate inclined at an angle to the crystallo- 
graphic axes, as is the case with the Biron synthe- 
tic emeralds. 


Gold. Several of the faceted Biron synthetic emer- 
alds contained metallic-appearing inclusions. 
SEM-EDS analyses were performed on a number of 
these inclusions that reached the surface on each 
of five different faceted stones. These inclusions 
represented the range of sizes, shapes, textures, 
and colors of the metallic inclusions observed in 
the Biron synthetic emeralds that were studied. The 
analyses identified gold as the major constituent in 


Figure 12. Multiple growth of 
nail-head spicules at the edge 
of a large plane of gold 
inclusions in a Biron 
synthetic emerald. Dark- 
field and oblique 
illumination, magnified 50 x. 
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all of the metallic inclusions tested; minor 
amounts, of nickel and copper were also detected. 
Evidence of platinum was found in a small number 
of the gold inclusions analyzed. 

Metallic inclusions are typically associated 
with some synthetic gem materials—for example, 
platinum in Chatham flux-grown synthetic co- 
rundum (Kane, 1982), platinum crystals in the 
early Chatham flux-grown synthetic emeralds 
({Liddicoat, 1981, pp. 139-140, 170), and platinum 
inclusions (as observed by the authors} in the 
newer hydrothermal synthetic emeralds from the 
Soviet Union. For a material to occur as an inclu- 
sion, its constituents must be present in the 
growth environment. With hydrothermal synthe- 
tic growth of emerald, the steel pressure vessel 
{frequently referred to as a hydrothermal bomb, 
because it occasionally explodes} is lined with a 
nonreactive precious metal to prevent contami- 
nation from the steel. The Linde hydrothermal 
synthetic emerald process used gold to line the 
growth vessel (Flanigen and Mumbach, 1971). The 
presence of gold as an inclusion in the Biron syn- 
thetic emerald suggests that gold or a gold alloy is 
used as a vessel liner in the Biron process as well. 

Although gold as an inclusion in hy- 
drothermally grown synthetic emeralds is not 
common, it is not unknown. Gtibelin (1960/1961) 
reported gold inclusions in Lechleitner’s synthetic 
emerald overgrowth product. 


Biron Emerald 


Direction of c-axis 


Figure 13. A close-up of several forms 
of gold inclusions concentrated in a 
large plane that occupies the entire 
length of this faceted Biron synthetic 
emerald, with a specific orientation to 
the c-axis of the host. Slight changes 
in dark-field illumination, 
supplemented by oblique 
illumination, often reveal the shiny, 
metallic appearance of the gold. 
Magnified 50x. 


The gold inclusions in the Biron synthetic em- 
eralds were observed to occur in a rather surprising 
diversity of distinct forms and appearances (figures 
12 through 14): thin, flat plates with hexagonal and 
triangular outlines, ranging from very symmetri- 
cal to distorted forms; flattened, slightly rounded 
needles in various lengths; large, rather dense 
planes composed of minute individual grains; and 
granular and dendritic-appearing aggregates and 
larger, slightly angular grains resembling natural 
“native gold.” They ranged in color from “grayish 
silver’ to black to distinctly ‘yellowish gold,” 
depending on the viewing angle and lighting con- 
ditions. The true yellowish color of the gold in- 
clusions could generally be seen by adjusting the 
viewing position while supplementing the dark- 
field illumination with a fiber-optic light source. 

As is illustrated in figure 13, in many of the 
faceted Biron synthetic emeralds the metallic (and 
other} inclusions were observed to be concentrated 
in planes that occupied the entire length of the 
stone and were close to parallel with one of the 
long pavilion planes, with a somewhat specific 
orientation to the c-axis of the host (possibly re- 
lated to growth parallel to the seed plate). 


Phenakite Crystals. Observed in several of the 
Biron synthetic emeralds were various forms of 
transparent colorless crystals. These inclusions 
were identified as phenakite by their characteristic 


GEMS & GEMOLOGY Fall 1985 165 


Figure 14, This faceted Biron synthetic emerald 
contains several large, dense planes of dendritic- 
appearing aggregates of gold inclusions that 
border both sides of a seed-plate area. Dark-field 
and oblique illumination, magnified 50x. 


crystal habits and the visible difference in relief 
caused by the higher refractive indices of phena- 
kite (1.654—1.670] compared to those of the syn- 
thetic emerald host material. 

The formation of phenakite inclusions in syn- 
thetic emeralds is somewhat common and is easily 
explained by the fact that phenakite is a beryllium 
silicate with a chemical formula of Be,SiO, that is 
closely related to that of beryl (BezA1,Si,O)8). Ep- 
pler (1958) stated that phenakite crystals form in 
synthetic emeralds because of a local deficiency of 
aluminum oxide (Al,O3} in the melt or solution at 
higher temperatures. 

The transparent colorless phenakite crystals 
in the Biron synthetic emeralds ranged from mi- 
nute crystallites to well-formed single crystals as 
large as 0.3 mm long, and were observed in several 
different forms. Both well-defined single phena- 
kite rhombohedrons with minor prism faces and 
less-defined phenakite crystals were observed to 
form the base of some of the nail-head inclusions 
(again, see figures 10 and 11}. Phenakite crystals 
were also encountered as small isolated crystals, as 
well as in groups and aggregates that were often 
arranged in a somewhat definite plane or confined 
to areas close to and parallel with one of the long 
pavilion planes of several of the Biron synthetic 
emerald preforms (figure 15}. The small phenakite 
crystals often exhibit prominent rhombohedral 
faces with well-developed first-order or second- 
order prism faces. 

Phenakite inclusions in synthetic emerald 
often display angular and varied crystal forms that 
might be confusing to the gemologist. If carefully 
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Figure 15, Small single crystals, groups, and 
aggregates of phenakite are confined to an area 
that almost parallels one of the long pavilion 
planes of this Biron synthetic emerald preform. 
Dark-field illumination, magnified 50x. 


examined with the microscope, however, these 
crystals should not be mistaken for other crystal- 
line inclusions, such as calcite, that are common 
in some natural emeralds. In many of the Biron 
synthetic emeralds examined, the phenakite crys- 
tals exhibited very small but distinctive prism 
faces that distinguish these inclusions from what 
might otherwise appear to be calcite rhombohe- 
drons, which do not possess such prism faces. Ad- 
ditional distinctions between calcite and phena- 
kite inclusions in emerald are provided by the fact 
that calcite is highly birefringent (0.172), and will 
exhibit vivid high-order (brighter] interference 
colors when examined under cross-polarized il- 
lumination, in contrast to the weakly birefringent 
phenakite inclusions (0.016), which show slightly 
to obviously less-vivid colors. Calcite inclusions 
may also exhibit cleavages, which are absent in 
phenakite inclusions in synthetic emerald. Simi- 
lar natural inclusions that have been identified as 
dolomite or dolomitic (E. Giibelin and J. Koivula, 
pers. comm., 1985; Cassadanne and Sauer, 1984) in 
emeralds from Santa Terezinha, Brazil, are nearly 
always closely associated with tiny black chro- 
mite grains. 

The abundance and orientation of the 
phenakite inclusions in the Biron synthetic emer- 
alds also provide evidence of synthesis. When nu- 
merous phenakite inclusions (as well as gold in- 
clusions} are present, they are often oriented in 
closely spaced groups such as those illustrated in 
figure 15 (and again, see figure 13). Natural inclu- 
sions, such as calcite or dolomite in natural emer- 
alds, generally do not occur in such concentrations 
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and are frequently closely associated with other 
types of inclusions. 

Once identified as phenakite, these character- 
istic inclusions provide proof of synthetic origin 
{either hydrothermal or flux], as phenakite inclu- 
sions are not known to occur in natural emeralds. 
In stones where the inclusions in question cannot 
be easily identified, other characteristics such as 
easily recognized typical inclusions and low re- 
fractive indices and birefringence should all be 
considered in making an identification as to 
whether the emerald is natural or synthetic. 


Growth Features and Color Zoning. Observed in 
all of the Biron synthetic emeralds were various 
forms of growth features; in some, color zoning 
was also noted. The growth features vary greatly 
in appearance and prevalence. They were observed 
in one or a combination of the following forms: 
straight, parallel, and uniform; angular, straight, 
and intersecting; and irregular (see figures 16 
and 17). 

Because some of the faceted Biron synthetic 
emeralds-contain only growth features, it is useful 
to be familiar with these inclusions and tech- 
niques of bringing them into view. Many of the 
growth features in the Biron synthetic emeralds 
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are different from those previously known for 
other synthetic emeralds on the market, although 
some are remotely reminiscent of (but not as well 
defined as} those referred to as ‘Venetian blind” 
banding (Fryer et al., 1981). The growth features 
in the Biron synthetic emeralds ranged from being 
very difficult to observe under magnification 


Figure 16. Growth features become evident inthis 
faceted Biron synthetic emerald when the built- 
in iris diaphragm on the microscope stage is 
partially closed {over dark-field illumination) to 
create a shadowing effect. Magnified 50x. 


Figure 17. Several forms of 
growth features surrounding 
an unusual two-phase 
inclusion in a Biron synthetic 
emerald are accentuated by 
shadowing dark-field 
illumination. Magnified 40x, 
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even when several different illumination tech- 
niques were used, to being easily seen with the 
unaided eye. 

As is the case with most natural or synthetic 
materials, the nature of growth features can be 
very elusive. When a faceted stone is held in a 
certain manner and is viewed at specific angles, 
the growth features may be very evident. At other 
positions and viewing angles, they may totally dis- 
appear from view. Likewise, the appearance of an 
inclusion can be changed dramatically by employ- 
ing different types of illumination. For routine 
examination, dark-field illumination usually 
provides the most effective means of lighting the 
interior of a gemstone. However, oblique, trans- 
mitted, and diffused illumination, as well as 
shadowing (often used in combination with one 
another or with dark-field), are most effective for 
examining color zones and growth features in 
many synthetic and natural gem materials. 

Many of the growth features observed in the 
Biron synthetic emeralds are quite distinctive and 
different from those that occur in natural emeralds. 


White Particles. Observed in many of the Biron 
synthetic emeralds were fine straight lines, irregu- 
lar lines, and ill-defined v-shaped arrangements of 
stringers composed of minute white particles. 
Similar features, often referred to as ‘comet tails,” 
also occur in other synthetic gems such as Kashan 
and Ramaura synthetic rubies (Kane, 1983} and in 
some natural gemstones, although very rarely if at 
all in natural emeralds. The comet-tail inclusions 
in the Biron synthetic emeralds were generally 
faint, in contrast to their appearance in synthetic 
rubies, where they are usually seen very easily in 
dark-field illumination. In many of the Biron syn- 
thetic emeralds, the comet tails were only visible 
when fiber-optic illumination was used (figure 18}. 
They were observed to occur in several forms: 
trailing behind inclusions such as a fingerprint 
pattern, aligned with growth features, sometimes 
in multiple occurrences extending the entire 
length of the stone; and randomly oriented in one 
or two areas. 

In many of the cleanest faceted Biron synthetic 
emeralds, the only inclusions were a few randomly 
oriented small, white, dust-like particles and faint 
growth features. The white particles were often 
sparsely placed in a random orientation through- 
out the synthetic emerald. Often one stone would 
contain particles of various sizes, ranging from 
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Figure 18, Typical of many Biron synthetic 
emeralds are these minute white particles 
arranged in stringers and “comet-tails,”” which 
may only become visible when viewed with 
fiber-optic illumination. Magnified 50x. 


minute at 45x to being easily seen at 45~ (still 
visible, but quite small, at 10x}. Although the 
white particles observed in many of the Biron syn- 
thetic emeralds are rather nondescript in appear- 
ance, they provide a good indication of synthe- 
tic origin. Natural emeralds that are flawless or 
very clean would not be expected to exhibit such 
inclusions. 


Seed Plates. A few of the faceted Biron synthetic 
emeralds contained what appeared to be seed 
plates. One stone contained a very lightly colored 
or near-colorless area that was free of inclusions, 
ranged in width from 0.8 to 1.1 mm, and extended 
through the entire stone. This zone was bordered 
on both sides by thin, dense planes of minute 
white particles and numerous larger gold crystals 
interspersed throughout the plane. On both sides 
of the seed plates, the planes of gold inclusions 
were very different in appearance, one is shown in 
figure 14. The other side exhibited larger, slightly 
angular gold crystals that were distinctly yellow in 
color. Extending through these planes of inclu- 
sions were nearly straight, parallel growth fea- 
tures. A few minute, white, nail-head spicules 
were observed extending away from one side of the 
dense inclusion planes, oriented at approximately 
30° to the seed plate. This seed-plate area was 
chemically analyzed and is believed to be a natural 
bery! seed plate, as discussed below. 

Another faceted stone showed a near-colorless 
zone, probably the seed plate, near the culet. From 
the many faceted Biron synthetic emeralds exam- 
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ined, it appears that the seed-plate areas are usu- 
ally removed during cutting. It is likely, however, 
that the planes of gold inclusions and dense con- 
centrations of minute white particles closely par- 
alleled seed plates in the rough crystal. 


CHEMISTRY 


Microprobe chemical analyses of two of the 
faceted Biron synthetic emeralds showed consis- 
tency with previous data on other hydrothermal 
synthetic emeralds, in particular the Linde and 
Regency material, except with respect to van- 
adium content (see table 2). Earlier commercial 
hydrothermal synthetic emeralds contained no 
vanadium at all, whereas the Biron product con- 
tains appreciable amounts (more than double their 
chromium content}. Because of the variable, but 
sometimes significant, content of vanadium in 
natural emeralds (Stockton, 1984}, this in itself is 
not a satisfactory identification criterion. 

Chlorine is present in the Biron synthetic em- 
eralds, it was also reported by Hanni (1982) and 
Stockton (1984) in the Linde and Regency hy- 
drothermal’ synthetic emeralds. The presence of 
chlorine probably comes from the chloride hydrate 
(CrCl3-6H,0) that is used to supply chromium as 
a coloring’ agent (Nassau, 1980, p. 151). As this 
element has not been detected in either natural or 
flux-grown synthetic emeralds, it serves as an 
identifying characteristic of the hydrothermal 
origin of the Biron synthetic. 

A third faceted Biron synthetic emerald was 
analyzed in several different areas. An additional 
phase of beryl was identified and probably repre- 
sents a natural beryl seed on which the synthetic 
emerald was grown. As compared to the analyses 
made on either side of the seed, which were in 
close agreement with those reported in table 2, this 
phase contains no Cr,03, V,O3, or Cl, but does 
have appreciable FeO and minor amounts of Na,O 
and MgO. 


IDENTIFICATION AND SUMMARY 


The “Biron process” produces single synthetic 
emerald crystals of remarkable size and clarity (see 
figure 1), This new hydrothermal synthetic emer- 
ald will be commercially available as preforms and 
faceted stones in substantial quantities before the 
end of 1985. As is the case with many new sophis- 
ticated synthetic gem materials, the Biron hy- 
drothermal synthetic emerald possesses its own 
unique set of characteristics, some of which are 
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not typically associated with synthetic emeralds. 
In this article, we have presented the key proper- 
ties of this material (summarized in table 1}. In 
doing so, we have found that some of the tradi- 
tional gemological tests for the distinction of natu- 
ral emerald from its synthetic counterpart do not 
apply. Specifically, the Biron synthetic emerald is 
inert to long- and short-wave ultraviolet radiation 
(as are most natural emeralds), and its specific 
gravity (2.68 to 2.71) overlaps with that of most 
natural emeralds. 

There are, however, other means by which the 
Biron synthetic emerald can be identified from its 
natural counterpart: 


1. Characteristic inclusions. Although by com- 
parison to other synthetic emeralds, both flux- 
grown and hydrothermal, the Biron hydro- 
thermal synthetic emerald possesses a much 
greater clarity (most of the stones in the study 
sample ranged from remarkably clean to 
slightly included}, inclusions provide the most 
effective means of identification for the gem- 
ologist. To date, the following types of inclu- 
sions have been observed in the Biron hy- 
drothermal synthetic emerald: fingerprints, 
veils, and fractures, single occurrences of large 
two-phase inclusions; nail-head spicule inclu- 
sions with gas and liquid phases, several forms 
of gold; phenakite crystals; numerous types of 
growth features, white particles in the form of 
comet tails and stringers or simply scattered 
throughout the stone; and (rarely observed) 
seed plates. 


2. The low refractive indices and birefringence. [e 
= 1.569 and w» = 1.573 (+0.001) and 
0.004-—0.005]. These optical values are very 
unlikely to be observed in a natural emerald. 
However, an identification should not be made 
solely on the basis of this property, but in con- 
junction with the inclusions present. 


3. The characteristic chemistry, in particular the 
presence of chlorine (Cl), The gemological lab- 
oratory with access to a microprobe or an 
energy-dispersive X-ray fluorescence spec- 
trometry (EDXRF} system to analyze for Cl, 
which is present in Biron synthetic emeralds, 
can rely on this minor element as definitive 
proof of synthetic origin, inasmuch as Cl has 
not been reported in natural emeralds (it has not 
been found to occur in flux-grown synthetic 
emeralds either}. 
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This study was conducted on over 200 samples 
of Biron hydrothermal synthetic emerald which 
were produced over the past few years. The manu- 
facturer reports that he can control the clarity of 
the material and is currently synthesizing much 
“clean” material similar to many of the synthetic 
emeralds described here. Although some of the 
properties of the Biron synthetic emerald are dif- 
ferent from those of other synthetic emeralds, and 


the Biron synthetics generally contain fewer in- 
clusions, identification of this new synthetic does 
not have to be difficult. If the modestly equipped 
professional gemologist becomes thoroughly fa- 
miliar with the inclusions and other properties of 
the Biron synthetic emerald, and employs meticu- 
lous study of even the most subtle internal char- 
acteristics, this new synthetic emerald can be 
identified. 
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CORUNDUM 


Black Star Sapphire Doublet 


Recently submitted to the Los An- 
geles Gem Trade Laboratory for 
identification were the stones illus- 
trated in figure 1. Testing proved the 
cabochons to be natural star sap- 
phires; interestingly, though, both 
cabochons were found to be assem- 
bled. Our client had submitted these 
to the laboratory for identification 
because of the ease with which the 
cabochon shown on the left in figure 
1 broke during setting when just a 
small amount of pressure was ap- 
plied. Examimation with the micro- 
scope in reflected light revealed 
polishing lines in addition to a trans- 
parent colorless cement on both 
portions of the cabochon, The un- 
broken cabochon seen on the right in 
figure 1 showed a separation plane of 
transparent, near-colorless cement 
joining the two pieces together. This 
type of assembled stone can be easily 
identified by the obvious separation 
plane. Applying a hot point to the 
separation plane identified the ce- 
ment layer, which melted easily, as a 
cellulose-base cement (for example, 
Duco Cement). 

This is the first time we have 
seen this unusual combination of 
materials in an assembled stone; 
perhaps the top portion of the natural 
sapphire cabochon exhibits a finer 
asterism than would the base to 
which it is cemented. It is also pos- 
sible that because black star sapphire 
is notorious for separating along nat- 
ural parting planes, these stones 
were repaired after they had parted 
during cutting. RK 
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Figure 1. Assembled black star sapphires, each with a natural star 
sapphire crown and a natural sapphire base. The total weight of 

the two broken pieces on the left is 2.65 ct; the doublet on the right 
weighs 3.12 ct. 


Surface-Induced Stars 


The New York Gem Trade Labora- 
tory recently was asked to report on 
two asteriated stones. One, a dark 
blue cabochon that weighed more 
than 40 ct, was determined to be nat- 
ural corundum by virtue of its char- 
acteristic inclusions. However, 
when examined with the hand spec- 
troscope, it did not show the iron line 
at 450 nm commonly seen in natural 
blue sapphire; and it did exhibit a 
chalky greenish white glow when 
exposed to short-wave ultraviolet 
radiation, which suggests that it had 
been heat treated. Under magnifica- 
tion, the appearance of the needles 
causing the star was peculiar, yet 
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very similar to the phenomenon ob- 
served in the other stone, a light red 
6-ct cabochon (figure 2). By immers- 
ing the stones in methylene iodide, 
we determined that the inclusions 
causing the star phenomenon in both 
stones were confined to the surface, a 
result of diffusion treatment. How- 
ever, the “ruby” was found to be a 
flux-grown synthetic stone, not nat- 


Editor's note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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Figure 2. Coarse subsurface 
rutile needles in a 6-ct 
diffusion-treated synthetic 
star ruby. Diffused light, 
magnified 40x, 


ural at all. The needles causing the 
star in this stone are much coarser 
than the very small, fine needles 
usually seen in synthetic star corun- 
dum. The stars seen in both stones 
are different from those usually seen 
in naturally asteriated stones, which 
have inclusions throughout the 
depth of the stone, not just on the 
surface. Figure 3 shows that the thin 
diffusion layer on the synthetic ruby 
was actually removed at the girdle 
when the stone was repolished after 
heat treatment. RC 


DIAMOND for High Rollers 


Recently submitted to the Los 
Angeles lab for identification was the 
gambling die shown in figure 4. Sub- 
sequent testing revealed that this 
11.73-ct heavily included translu- 
cent faceted cube was a diamond. 
Our client explained that he had had 
the die fashioned from a large, 
industrial-grade diamond cube. The 
black square indentations were ap- 
parently formed with a laser similar 
to the one used for the laser- 
inscribing process employed by the 
GIA Gem Trade Laboratory. RK 


DIAMOND Simulants, 
Damage during Jewelry Repair 


We feel it necessary to continue to 
bring to the attention of our readers 
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Figure 3. The surface layer 
containing the star-causing 
inclusions was removed by 
repolishing at the girdle of the 
diffusion-treated synthetic 
ruby shown in figure 2. 
Magnified 20x. 


Figure 4. This 11.73-ct gambling 
die was fashioned from 
industrial-quality diamond and 
the “dots” subsequently 
inscribed by laser. It measures 
9.29 x 9.28 x 9.12 mm. 


the extreme importance of being ab- 
solutely certain of a stone’s identity 
before applying heat from a jeweler’s 
torch to it in the process of repair 
work. Recently, we have seen several 
examples of unfortunate accidents 
that occurred because the stones 
were assumed to be diamonds. 

The first example is the pendant 
pictured in figure 5. This pear-shaped 
stone was left in the mounting dur- 
ing a repair job and, as a result of the 
heat, developed so many fractures 
that the stone is no longer transpar- 
ent. It was subsequently brought to 


Figure 5, This 5.9 x 4.1 x 
2.5-mm cubic zirconia was 
damaged by the heat of a torch 
while the mounting was being 
repaired. 


us for identification and determined 
to be cubic zirconia, which is ex- 
tremely sensitive to heat. 

Figure 6 shows the results of 
heat that was applied during a repair 
job to a piece of jewerly set with a 
strontium titanate that was thought 
to be diamond. The stone not only 
shattered but crumbled into dust. 
Strontium titanate is so sensitive to 
trauma of any kind that it has been 
known to fracture in an ultrasonic 
cleaning bath. Heat from a torch will 


Figure 6. Remains of a 
strontium titanate after a torch 
was used to repair a piece of 
jewelry set with this diamond 
simulant. 
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Figure 7. Heavy spicules in a 1.30-ct synthetic emerald. 


Magnified 15x. 


guarantee the destruction of the 
stone. 

Although the actual cost to the 
jeweler of replacing these diamond 
simulants may not be high, the loss 
of credibility and customer goodwill 
could be Sabeedatial Another factor 
to consider is the time lost in search- 
ing out a stone that matches the one 
that was damaged. 

You can avoid these unneces- 
sary accidents by examining every 
stone carefully before performing re- 
pair work. If you are uncertain of the 
identity, take the stone to a labora- 
tory for a determination. Better yet, 
remove it from the mounting. In any 
case, no stone should be heated with 
a torch with the possible exception of 
diamond, and then only after proper 
precautions have been taken; even 
diamond can be damaged by extreme 
heat from a torch. Shane McClure 


Synthetic EMERALD 


The New York Gem Trade Labora- 
tory has recently identified several 
specimens that may represent either 
a new type of synthetic emerald or 
low-end material from an estab- 
lished crystal grower. It is not a ma- 
terial that we are familiar with. 
The two heavily included, blu- 
ish green emerald-cut stones that we 
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examined were approximately 1.30 
ct each. The unusual inclusions 
noted were many long, triangular, 
negative parallel “spikes” typical of 
hydrothermal synthetics (figure 7). 
These spicules were easily seen with 
the unaided eye. Where they reached 
the surface, the openings were large 
enough to permit what appears to be 


polishing compound to partially fill 
them. 

The low R.I. (1.555—1.560), low 
specific gravity (2.67), and dull red 
fluorescence to long-wave ultravio- 
let radiation provided further proof of 
synthetic origin. RC 


Plagioclase FELDSPAR and 
Green Muscovite MICA, as 
Major Constituents in a Carving 


Submitted to the Los Angeles labora- 
tory for identification was a translu- 
cent to opaque variegated green- 
and-white carving of a bell, along 
with a broken piece from a previ- 
ously connected chain link (figure 8). 

When the two pieces were exam- 
ined with the unaided eye, the most 
notable feature was the very uneven, 
poorly polished surface caused by the 
different hardnesses of the green and 
white portions of the material. The 
overall luster was dull and waxy. The 
broken portion revealed a dull, waxy, 
uneven granular fracture. Because of 
the poor polish, a refractive index 
reading was difficult to obtain; how- 


Figure 8, Bell and broken connecting link of a plagioclase feldspar and 
green muscovite mica carving that measures 20.2—20.5 mm in 


diameter by 25.7 mm high. 
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ever, a vague spot reading of 1.57 was 
observed. The specific gravity was 
determined by means of the hydro- 
static technique. Using a Voland di- 
amond balance equipped with the 
necessary specific gravity attach- 
ments, we obtained a value of ap- 
proximately 2.85. The visible light 
absorption spectrum (400—700 nm}, 
observed with a GEM spectroscope 
unit, is illustrated in figure 9. 

The material was inert to long- 
wave ultraviolet radiation, but expo- 
sure to short-wave ultraviolet 
showed an extremely weak red fluo- 
rescence. The hardness of the white 
material was estimated to be around 
6% to 7 on the Mohs scale, and the 
green portions were found to be 
around 3. 

It was evident from observation 
and our tests that the carving was a 
rock consisting of two or more differ- 
ent minerals. The refractive index, 
hardness, and red fluorescence to 
short-wave ultraviolet radiation, 
even though weak, suggested that 
the white material was a feldspar. 
Further testing was necessary, so a 
minute amount of powder was 
scraped from both the white and the 
green areas of the carving for K-ray 
diffraction analysis. The results of 
the X-ray powder diffraction tests re- 
vealed that the white material was a 
plagioclase feldspar, with the pattern 
being closest to that of anorthite. 
The X-ray diffraction pattern of the 
green matcrial closely matched a 
standard ASTM pattern for vanadian 
muscovite. Although no vanadium 
was detected when the green portion 


of the carving was chemically ana- 
lyzed by SEM-EDS, vanadium could 
still be present but below the detec- 
tion limits of this system. Perhaps 
the green portion is a type of pinite, a 
massive form of muscovite. Pinite is 
a general term used to describe an 
alteration product that can occur 
from several different minerals, 
which include muscovite (see the Fall 
1983 issue of Gems & Gemology). 
The carving was identified as 
follows: “A rock consisting of two or 
more different minerals. X-ray dif- 
fraction reveals the major constitu- 
ents to be a white PLAGIOCLASE 
FELDSPAR and a green MUSCO- 
VITE MICA.” RK 


GARNET 


Cat’s-eye Demantoid 


The Los Angeles laboratory recently 
had the opportunity to examine the 
0,33-ct green cat’s-eye illustrated in 
figure 10. The refractive index of this 
cabochon was over the 1.8] limit of 
the Duplex II refractometer. The 
stone was singly refractive in the 
polariscope. It was inert to both 
long-wave and short-wave ultravio- 
let radiation. When the absorption 
spectrum was viewed through a 
hand-held spectroscope, a very 
strong band was centered near 443 
nm and a weaker but broad absorp- 
tion “cut off” from 400 to 443 nm. 
Examination with the microscope 
revealed, in addition to a few small 
fractures, a straight, parallel ar- 
rangement of byssolite (asbestos] fi- 


Figure 9. Absorption spectrum of the green mica portion of the carving 


shown in figure 8. 
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Figure 10. The eye in this 0.33-ct 
demantoid garnet was 
apparently caused by a 
relatively straight “horse-tail”’ 
type of inclusion in the original 
piece of rough. 


bers throughout the entire stone, 
which were the cause of the chatoy- 
ancy. Byssolite fibers with a radiat- 
ing arrangement (generally referred 
to as “horse-tail” inclusions} are typ- 
ical of demantoid garnet and are well 
known to gemologists. This small 
cat’s-eye demantoid was apparently 
cut from a portion of demantoid 
rough that contained a large “horse- 
tail’ inclusion with relatively 
straight, parallel fibers. RK 


Grossularite Garnet, 
an Update 


In the Spring 1985 Gem Trade Lab 
Notes column, we had an item about 
a massive green grossularite carving. 
We stated that massive grossularite 
garnet of this size (7 x 6 x 2 cm} is 
extremely rare. We just received a 
letter from Dr. H. Schreuders of 
Capetown, South Africa, stating that 
several tons of the material had been 
exported to Hong Kong. Apparently 
it is not as rare as we had thought. 

Dr. Schreuders further states 
that translucent chunks of up to 200 
kg are still available, although nicer, 
greener material like the carving we 
identified usually does not occur in 
pieces larger than about 25 kg. Ton- 
lots are also still available. 

He also gives us information 
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Figure 11. Unidentified acicular inclusions in a natural-color jadeite 


cabochon. Magnified 20x. 


Figure 12. A translucent, 
colorless, blocky crystal of 
jadeite included in a lavender 
jadeite bangle bracelet. 
Magnified 20x. 


indicating that the material probably 
comes from the massive grossularite 
outcrops that occur along the 
Merensky Reef, slightly to the west 
of Brits, which in turn is west- 
northwest of Pretoria. The Merensky 
Reef contains a substantial portion of 
the world’s chrome reserves. The 
hanging wall of most of the chrome 
mines is virtually solid grossularite 
garnet. We would like to thank Dr. 
Schreuders for bringing this infor- 
mation to our attention. CF 
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JADEITE, 
with Unusual Inclusions 


During routine testing we rarely en- 
counter definite inclusions in 
jadeite. It was an aesthetically pleas- 
ant surprise to the New York lab 
when we recently had the opportu- 
nity to test a fine translucent green 
jadeite cabochon of natural color that 
had many long and short tufts of 


hair-like inclusions present. Figure 
11 shows these inclusions, which re- 
semble plants in an underwater 
scene. The identity of the inclusions 
has not been determined. RC 


Another very unusual inclusion 
in jadeite, only rarely seen before at 
GIA, was a near-colorless solid 
“window” extending through a lav- | 
ender jadeite bangle bracelet (figure 
12). The “window” was large enough 
to test. It gave a spot refractive index 
reading of 1.66. When the piece was 
viewed with reflected light, no dif- 
ference in luster was evident be- 
tween the “window” and the host 
jadeite. There were no signs of either 
undercutting or relief when the in- 
clusion was viewed in oblique re- 
flected light, so we concluded that its 
hardness was the same as the host. 
After the above-mentioned testing, 
the “window” was determined to be 
a single translucent jadeite crystal 
trapped in the host material of mas- 
sive jadeite. John Koivula 


LAPIS LAZULI, 
Another Imitation 


Figure 13 shows one of two hanks of 
more than 20 strands of very small 


Figure 13. Plastic imitation lapis lazuli beads (approximately 1.0~1.4 


mm in diameter). 


merece — 
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(1.0-1.4 mm in diameter} blue, cy- 
lindrical beads that came into the 
Los Angeles Gem Trade Laboratory 
for identification. Examination with 
magnification showed quite a few 
small, rounded, metallic-appearing 
yellow inclusions similar in appear- 
ance to the specks of pyrite that often 
occur in lapis lazuli. However, fur- 
ther testing proved that the beads 
were made of a different material. 
Despite the small size of the beads, 
we were able to obtain a fairly good 
refractive index spot reading of 1.55. 
There was no fluorescence to 
short-wave ultraviolet radiation and 
no reaction to hydrochloric acid. 
These properties are all different 
from those of lapis lazuli. When we 
tested the materia) with the hot 
needle of the Thermal Reaction 
Tester, we noticed the distinct acrid 
odor characteristic of plastic, proving 
that these beads had been fashioned 
of this material—another lapis lazuli 
imitation that had not been encoun- 


tered in our laboratories before. KH 


Unusual Cultured PEARLS 


The Los Angeles Gem Trade Labora- 
tory also received an unusual neck- 
lace, reportedly from China, consist- 
ing of pearls that were flat or 
lenticular in cross section but round, 
square, or rectangular in outline 
shape (figure 14). They varied in color 
from yellowish green to greenish 
brown. When exposed to X-radiation, 
these pearls showed a fairly strong 
fluorescence that suggested fresh- 
water origin. The X-radiograph of the 
pearls in the flat direction revealed a 
peculiar structure that was not con- 
clusive (figure 15}. Another X- 
radiograph with the pearls on edge 
showed the outline of a flat 
rectangular-shaped nucleus (figure 
16}. When we examined these cul- 
tured pearls with low-power magni- 
fication (10x), we were able to locate 
one bead on which part of the nu- 
cleus was exposed because of miss- 
ing layers of nacre. Figure 17 shows a 
part of a gray banded piece of mate- 
rial that we were able to identify as 
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Figure 14, Flattened, squarish, freshwater cultured pearls, reportedly 


from China. 


Figure 15. This X-ray, taken 
through the thin (flat) direction 
of the cultured pearls shown in 
figure 14, was not conclusive 
enough for proof of origin. 


shell. We concluded that flat pieces 
of shell, instead of the usual round 
beads, had been used as nuclei in the 
culturing process and thus deter- 
mined the unusual shapes of these 
cultured pearls. KH 


Figure 16. This X-ray taken with 
the cultured pearls shown in 
figure 14 on edge shows the flat 
nucleus. 


SAPPHIRINE, 
a Rarely Encountered Cut Stone 


A long-time friend of GIA thought 
that we in the Applied Gemology 
Division of the Research Depart- 
ment would be interested in examin- 
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ing what was thought to be a new 
color variety of a transparent gem 
material previously known in other 
colors, but never reported as occur- 
ring in this beautiful purplish pink 
hue (see figure 18}. The 1.54-ct 
stone was reported to be transparent 
idocrase. 

The refractive index was found 
to be 1.701-1.707. Although this 
seemed a little low, it was still 
within the reported RI. range of 
idocrase. However, the reading indi- 
cated that the stone was biaxial neg- 
ative with beta at 1.705 and a bire- 
fringence of 0.006. The stone also 
showed a biaxial optic figure, 


Figure 17. A shell nucleus was 
found protruding from one of 
the oddly shaped freshwater 
cultured pearls. Magnified 10x. 
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Figure 18. An unusual 1.54-ct 
purplish pink cut sapphirine. 


whereas idocrase is uniaxial. Spe- 
cific gravity was found by the hy- 
drostatic method to be approxi- 
mately 3.51. There was no reaction 
to ultraviolet radiation and no char- 
acteristic absorption spectrum. The 
distinctive inclusions were an un- 
known white crystal and what ap- 
peared to be a small “book” of mica. 
Higher magnification revealed the 
phlogopite mica book” seen in fig- 
ure 19. The properties seemed to 
point toward sapphirine, a material 
that is very rarely encountered as a 
cut stone. An X-ray diffraction pat- 
tern obtained from a minute scraping 
of powder from the girdle confirmed 
that it was indeed sapphirine. We 
have not previously encountered 
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Figure 19. A phlogopite mica 
inclusion in the sapphirine 
shown in figure 18. 
Magnified 63 x. 


sapphirine in this color. As a matter 
of fact, this is only the second or third 
cut sapphirine that the GTL has ever 
encountered. Sapphirine was so 
named because of its resemblance in 
color to blue sapphire, even though 
the two minerals have completely 
different chemical, optical, and phys- 
ical properties. The purplish pink 
color of this specimen has not been 
encountered before in our laborato- 
ries. CF 


FIGURE CREDITS 
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photos in figures 1, 4-6, 8, 10, and 13. John 
Koivula produced the photos in figures 72, 
18, and 19. Karin Hurwit is responsible for 
figures 14—17. Robert Kane prepared fig- 
ure 9. 


Fall 1985 177 


GEMOLOGICAL ABSTRACTS 


Dona M. Dirlam, Editor 


REVIEW BOARD 


William E. Boyajian 
GIA, Santa Monica 
Jeffrey M. Burbank 
GIA, Santa Monica 
Stephanie L. Dillon 
San Clemente, California 


Gary S. Hill 
Steve C. Hofer 


Karin N. Hurwit 


Bob F. Effler Robert C. Kammerling 
GIA, Santa Monica GIA, Santa Monica 
Joseph O. Gill Neil Letson 

Gill & Shortell Ltd., San Francisco Palm Beach, Florida 
Fred L. Gray Shane F. McClure 


Richter’s, Georgia 
Mahinda Gunawardene 
!dar-Oberstein, Germany 


GIA, Santa Monica 
Kensington, Connecticut 


Gem Trade Lab, Inc., Los Angeles 


Gem Trade Lab., inc., Los Angeles 


Elise B. Misiorowski 
GIA, Santa Monica 


Michael P. Roach 
Andin International, New York 
Gary A. Roskin 
GIA, Santa Monica 
James E. Shigley 
GIA, Santa Monica 
Franceye Smith 
GIA, Santa Monica 
Carol M. Stockton 
GIA, Santa Monica 
Sally A. Thomas 
GIA, Santa Monica 
Jill M. Walker 

GIA, Santa Monica 


COLORED STONES AND 
ORGANIC MATERIALS 


The black pearl is back. H. Dennert, Asian Jewelry, 
January/February 1985, pp. 10-11. 
Here, in an extremely brief overview, is a “who’s who” 
and ‘‘what’s what” of the black pearl industry. There is a 
smattering of information on sources, processing, and 
supply and demand. In addition, some of the important 
people involved in pearling in French Polynesia are 
named. The author aptly points out that black refers to 
the shell of the animal. The pearls range in color from 
dark gray to light yellow-green. However, the informa- 
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tion on grading seems to be a thoughtful study in ambi- 
guity: While four grades are mentioned, possible price 
ranges are given for only three of these. 

Dennert breezes through the whole spectrum in a 
scant two pages, including illustrations, leaving the 
reader to wonder when a complete report will be forth- 
coming. For all of its brevity, though, this article is 
better than the dearth of information that has been 
available in the past. Archie Curtis 


Blue andalusite from Ottré, Venn-Stavelot Massif, 
Belgium: a new example of intervalence charge- 
transfer in the aluminum-silicate polymorphs. 
K. Langer, E. Halenius, and A. Fransolet, Bulletin de 
Minéralogie, Vol. 107, 1984, pp. 587-596. 

Andalusite is an uncommon gemstone that is found 

either in metamorphic rocks or as a detrital mineral in 

sediments in Brazil, Sri Lanka, Burma, and other 
localities. It occurs in a range of colors {usually pinkish 
or greenish} and is often strongly pleochroic. Some at- 
tractive blue andalusite was recently found in the Ottré 
region of western Belgium. Here it occurs as tabular 
crystals up to 1 cm in length in metamorphosed 
sedimentary rocks in association with quartz, kaolinite, 
and pyrophyllite. The crystals have refractive indices of 
about a = 1.637, 8 = 1.642, and y = 1.647, and are dis- 
tinctly pleochroic from blue in the ordinary direction to 
colorless along the other two axes. The blue color is 
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caused by the tail of a strong absorption band centered at 
770 nm. This absorption band is attributed to an Fe?+— 
Fe3+ charge-transfer mechanism. No indication is given 
in the article as to the abundance of these crystals or 
whether they could be faceted. JES 


Eudialyt aus Kanada (Eudialyte from Canada}. U. Henn, 
Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 34, No. 1/2, 1985, pp. 76-78. 


Because of its higher zirconium content (about 30%}, 
eudialyte occurs only in Zr-rich deposits. The refractive 
indices are n, = 1.600—1.601, n, = 1.596-1.597, with a 
birefringence of 0.004. Pinkish red eudialyte from 
Kippaw in Quebec, Canada, occurs in transparent, gem- 
quality material. Similar stones are also found in 
Sweden. Microprobe chemical analyses of both the 
Canadian and the Swedish material, as well as the opti- 
cal absorption spectrum of the Canadian eudialyte, are 
provided. MG 


Farblose Cordierite und Cordierit-Katzenaugen aus Sri 
Lanka (Colorless cordierite and cat’s-eye cordierites 
from Sri Lanka). H. Bank, Zeitschrift der Deutschen 
Gemmologischen Gesellschaft, Vol. 34, No. 1/2, 
1985, pp. 79-80. 


The mineral. cordierite (often called iolite by gemolo- 
gists} commonly occurs in a blue color. However, it has 
now been found as a colorless stone in Sri Lanka. The 
iron content is very low, which further lowers the physi- 
cal properties of the stone. The recorded refractive indi- 
ces for the colorless cordierite are n, = 1.527, ny = 1.532, 
and n, = 1.536, the lowest indices ever observed for gem 
cordierite. The specific gravity is 2.55 g/cm?. 

A rough grayish white stone that was also thought 
to be cordierite revealed a cat’s-eye effect that is due to 
unidentified fibrous inclusions. MG 


Glimpses of a Tertiary forest in amber. G. O. Poinar, 
Pacific Horticulture, Vol. 46, No. 3, 1985, 
pp. 39-41. 
“The age of Dominican amber ranges from twenty to 
thirty million years, and no one knows what kinds of 
forests grew in that part of the world in the early 
Miocene.” Professor Poinar, an entomologist at the 
University of California, Berkeley, shows how plant 
parts included in amber are helping to disclose that 
information. All sorts of biological matter, from bacteria 
to parts of angiospermous plants, can be found preserved 
in amber. A page of clear and delightful photographs by 
the author shows a petal, a leaflet, part of a flower, a 
twig, moss, and a seed. FS 


An investigation of nephrite jade by electron micro- 
scopy. M. Dorling and J. Zussman, Mineralogical 
Magazine, Vol. 49, No. 1, 1985, pp. 31-36. 

Nephrite jade is a form of the amphibole minerals 

actinolite and tremolite. Several specimens of nephrite 
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jade from Wyoming were examined by transmission 
electron microscopy (TEM) in order to better understand 
the extreme toughness of this material. These examina- 
tions showed that the jade specimens consist of clusters 
of very small lath-like crystals. Within each cluster the 
c-axes of the cystals are approximately parallel, but the 
clusters themselves are randomly oriented. It is sug- 
gested that the clusters are the result of recrystallization 
of strained amphibole crystals, and that they inherit the 
crystallographic orientation of the original crystals. The 
extreme toughness of nephrite jade is attributed to a 
number of submicroscopic features, including the sizes, 
shapes, and orientations of the very small crystals within 
the clusters and the nature of the intervening grain 
boundaries. Two additional factors noted are the mono- 
mineralic nature of nephrite jade and the lack of se- 
condary alteration minerals along grain boundaries. 

JES 


Untersuchungen an Kornerupin und Sinhalit von 
Elahera, Sri Lanka (Investigations on kornerupine 
and sinhalite from Elahera, Sri Lanka]. U. Henn, 
Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 34, No. 1/2, 1985, pp. 13-19. 


During a recent visit toa new gem locality inthe central- 
province of Sri Lanka, the author obtained samples of 
kornerupine and sinhalite for which he describes the 
chemistry, spectra, and inclusions. The chemical prop- 
erties of both gemstones are almost identical to those 
reported by other investigators for stones from Sri 
Lanka. The inclusions found are typical two-phase 
feathers and zircons with haloes. Microprobe chemical 
analyses and optical absorption spectra for both mate- 
rials are reported. Six photomicrographs are also 
included. MG 


DIAMONDS 


Aggregation and dissolution of small and extended de- 
fect structures in type Ia diamond. L. A. Bursill and 

R. W. Glaisher, American Mineralogist, Vol. 70, 

No. 5/6, 1985, pp. 608-618. 

While much of this state-of-the-art discussion of nitro- 
gen in type la diamonds will seem overly technical to 
most gemologists, it is nonetheless worth the extra ef- 
fort that may be involved in disentangling the meat of 
the article from the scientific discourse. The article 
focuses on the distribution of nitrogen in type Ia gem- 
quality diamonds, which encompass approximately 
95% of all gem diamonds. 

The authors begin with an excellent discussion of 
the various ways in which nitrogen can be bonded into 
the atomic structure of diamonds. The accompanying 
diagrams and tabulated definitions take much of the 
confusion out of terms such as “‘N3 center” and “split- 
nitrogen interstitial” that are slowly finding their way 
into the gemological literature in association with dis- 
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cussions of the causes of color in diamonds. The report 
proceeds with a description of how nitrogen atoms 
migrate through the diamond structure to form one or 
another type of color center. These processes were re- 
produced in the laboratory at high temperatures and 
pressures, but they have by no means been reduced to 
standard recipes. While the extreme conditions under 
which these experiments were performed preclude any 
practical commercial applications, this is an example of 
the type of important research that is being done inter- 
nationally on natural and artificially induced color 
mechanisms in diamonds, and that will no doubt benefit 
the gemological community in the determination of 
color origin in diamonds. 

The article is accompanied by numerous diagrams, 
including excellent depictions of the diamond structure 
in various configurations of nitrogen, and fascinating 
high-resolution electron microscope photomicrographs 
of actual defects in diamonds that show structural 
features as small as several Angstroms in diameter. 

CMS 


Diamond mining: a South African adventure. J. 
Thompson, Modern Jeweler, Vol. 84, No. 5, 1985, 
pp. 24-33. 


This panoramic view of South African diamond mining 
caters to jewelers who believe that broad product 
knowledge will enhance their careers. Employing just 
enough statistics and details to illustrate his points, Joe 
Thompson unravels the geography, geology, mining 
methods, and recovery techniques of the South African 
diamond kingdom. Such information equips jewelers to 
answer customers’ questions and stimulate their 
interest. 

The article covers the De Beers—owned/controlled 
mines in South Africa, Botswana, and Namibia, all of 
which together produced 23.3 million carats in 1984— 
more than half the world’s total production. 
Thompson’s facts may be a welcome review for many 
readers, but most will discover something new, such as 
“Fanakalo,’”’ a language derived from English, Afrikaans, 
and five native dialects that is spoken in the mines to 
overcome language barriers. Phrases such as ‘‘diamond 
fever” and “wonderland” typify the writer’s ambition to 
imbue his topic with an adventurous, human character. 

Richard F, Buonomo 


Meet the king of minerals. K. Doyle, Civilized Man, Vol. 
2, No. 8, 1985, pp. 54-67. ; 
Doyle presents a rare and sympathetic view of the man 
who has guided Anglo American Corporation and De 
Beers over the past three decades: Harry Oppenheimer. 
The profile includes fascinating glimpses of 
Oppenheimer’s family, his business career, his South 
African estates, his political philosophy, and even his 
manner of entertaining. Mr. Oppenheimer is portrayed 
as a lion of capitalism, convinced that the socialist gov- 
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ernments of many countries neighboring South Africa 
have limited the choices of their inhabitants and made 
them poorer. A lifelong foe of apartheid, Oppenheimer 
opposes the disinvestment approach taken by some 
countries and companies to try to force change. He fears 
that the change some have in mind is to a socialist/ 
Marxist government and that this can best be deterred 
by the strong presence of capitalist engagement. Readers 
of Gems & Gemology will enjoy this personal and pleas- 
ant article. James R, Lucey 


Siberian diamonds. R. V. Huddlestone, fournal of 
Gemmology, Vol. 19, No. 4, 1984, pp. 348-369. 


Based on a 1983 lecture presented by the former director 
of London’s Diamond Laboratory to the Gemmological 
Association of Great Britain, this article provides a fas- 
cinating glimpse of the Russian diamond industry, 

Diamonds were first found in Siberia in 1829, but 
not until Larisa Popugayeva’s 1954 discovery of the 
Zarnista (Thunderflash}) and subsequent Mir (Peace) 
pipes was Russia’s potential as a world-class producer 
realized. In 1958, Mir began production, and the nearby 
town of Mirny (built in 1957 expressly to support the 
mine} was occupied by the workers and their families. 

Mir, along with a number of other primary and 
alluvial deposits (a map accompanying the article shows 
12 Siberian deposits), has produced over 10,000,000 
carats annually since 1977. Since 1978 (when Zaire pro- 
duction declined), the USSR has been the world’s largest 
producer of diamonds. Huddlestone expects the Siberian 
mines to be productive for many decades. He estimates 
the quality to be 20% gem and 80% industrial. The 
average weight of the rough is reported at 0.50—0.55 ct, 
and a number of octahedral ‘‘glassies’” are illustrated. 
The article does not specify to what extent the pipes are 
still open-cast mined or underground-shaft mined. 

The separation plant at Mirny is perhaps the world’s 
largest: the 14 windowless stories of roaring, almost 
totally automated, machinery that operates around the 
clock “sometimes produces enough diamonds in one 
day to pay for the annual operating cost of the plant.” 
Ore from the Aikal (Glory] mine, in the Arctic Circle, is 
trucked across 250 miles of tundra also to be processed 
in Mirny. 

Six thousand to 10,000 Russians are employed in 
the Soviet cutting industry. Russian cutting is reputed 
to be of very high quality. 

Two controversies related to Russian diamonds are 
addressed. Huddlestone controverts Edward Epstein’s 
1982 claim that the Russians are synthesizing signifi- 
cant quantities of gem diamond. He contends that the 
same greenish, sharp-edged octohedra that Epstein finds 
suspiciously uniform are feasibly typical for a given nat- 
ural deposit. Furthermore, the current cost of synthesiz- 
ing gem diamond is at least 10 times that of mining the 
natural stones, and the sharp-edged octahedron would 
not be the most weight-effective shape to produce. 
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Huddlestone also argues, but with more conjecture, 
against the ‘rumor’ that Russians occasionally “flood” 
the market with their polished goods. Since 1972, when 
Moscow modified, then terminated, their CSO (De 
Beers) contract, Moscow’s marketing has been problem- 
atic; indeed, some Russian diamonds still find their way 
into London CSO sights. Huddlestone accepts a Russian 
official’s statement that overselling could depress dia- 
mond prices and therefore would not be in Russia's best 
interest. This premise is perhaps too simple for a coun- 
try that produces 25% of the world’s total diamond 
output and yet also suffers well-publicized, cyclical, 
cash shortages. (For a more involved treatment of this 
topic, see: “An Interview with GIA’s Glenn Nord,” 
Goldsmith, February, 1985.) Richard F. Buonomo 


INSTRUMENTS AND TECHNIQUES 


Application de la radiographie en bijouterie-jaoillerie 
(Application of X-radiography in jewelry}. J.-P. 
Poirot, Revue de Gemmologie a.f.g., No. 82, 1985, 
pp. 15-17. 


The author discusses the use of X-radiography in identi- 
fying natural and cultured pearls. First, the structural 
differences of natural and cultured pearls are explained. 
A natural pearl can be formed by any pear!-producing 
mollusk such as the pearl oyster (Meleagrina or Marga- 
ritifera) in‘ Saltwater or by various pearl-producing 
mussels in freshwater. An intruding parasite (usually a 
cestode} causes the mollusk to secrete concentric nacre- 
ous layers (a mixture of aragonite, a calcium carbonate, 
and conchiolin, an organic keratin} around the irritant. 
Occasionally, the nacreous layers will be richer in or- 
ganic material, thus forming darker center layers that 
can Slightly influence the appearance of the pearl. The 
term blue pearl is applied in this instance. 

A cultured pearl is formed by the artificial insertion 
of a nucleus, which causes the mollusk to secrete nacre- 
ous layers around the irritant. In saltwater oysters, a 
round mother-of-pearl bead together with a piece of graft 
tissue will produce a round pearl. Freshwater mussels 
such as Dipsas plicatus (Lake Biwa) will produce irregu- 
lar-shaped pearls around the organic material. 

X-radiography reveals the structural differences be- 
tween the different types of pearls so that natural versus 
cultured origin can be established. Specifically, organic 
material such as conchiolin is very transparent to X- 
rays, whereas nacreous layers that contain less organic 
material are more opaque. Therefore, on an X-radio- 
graph, the conchiolin layers will show up as dark lines; a 
bead-nucleated pearl, however, will show one distinct 
demarcation line around the round nucleus, and a 
tissue-nucleated pear! will show an irregular void in the 
center of the pearl. 

According to the author, the Laboratory of the 
Chamber of Commerce and Industry in Paris employs a 
Sécurix X-ray unit, which is operated for three minutes 
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between 50 and 90 kV, depending on the size of the pearl. 
The X-ray film is Kodak type M. Seven X-radiographs of 
different types of pearls illustrate this informative 
article. KNH 


Ein verbesserter Probenhalter und seine Anwendung 
auf Probleme der Unterscheidung nattrlicher und 
synthetischer Rubine, sowie nattrlicher und syn- 
thetischer Amethyste (An improved sample holder 
and its application to the distinction of natural and 
synthetic ruby and amethyst). K. Schmetzer, Zeit- 
schrift der Deutschen Gemmologischen Gesell- 
schaft Vol. 34, No. 1/2, 1985, pp. 30-47. 


In normal gemological practice, the horizontal gem 
microscope with immersion fluid employs a stone 
holder. This can easily be rotated 360° vertically while 
the stone is immersed, and a great deal of information 
can thus be obtained. The improved version of the stone 
holder described in this paper can be rotated horizon- 
tally as well as vertically. The vertical axis is fixed witha 
dial that has 360° subdivisions. With the help of this 
new sample holder, the optic axis of a cut gemstone can 
be placed parallel to the microscope axis so that the 
angles between crystal faces can be determined. For ex- 
ample, natural ruby can be distinguished from most 
commonly available synthetic rubies by using the new 
stone holder to help determine characteristic angles be- 
tween the growth planes of the material. The modified 
stone holder can also be used to determine the twinning 
nature in amethyst, which can lead to the separation of 
natural from synthetic stones. These techniques are apt 
to be difficult, however, for the gemologist not thor- 
oughly familiar with crystallography. 

The article is well illustrated with diagrams and 31 
photographs. MG 


Méglichkeiten und Grenzen der réntgenographischen 
Untersuchung von Perlen (Possibilities and limita- 
tions of X-radiographic investigations of pearls}. I. 
Lorenz and K. Schmetzer, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 34, 
No. 1/2, 1985, pp. 57-68. 


Various X-ray methods have been used to distinguish 
between natural and cultured pearls for many years. 
Such methods can now be applied to most of the natural 
and cultured pearls that are currently available in the 
trade. To demonstrate the usefulness of these methods, 
the authors conducted a systematic investigation of 
pearls, using direct radiography as well as X-ray diffrac- 
tion techniques and luminescence in response to X-ray 
excitation. A simple diffraction camera was developed 
that produces diffraction patterns of pearls at precise 
angles. The sample holder was constructed on the prin- 
ciple of a double-circle goniometer, such that rotations 
are possible in the horizontal as well as the vertical 
planes. With the use of an additional sample holder, 
diffraction patterns of one single pearl from a necklace 
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can be produced. Unfortunately, during the investiga- 
tion of freshwater pearls (natural and cultured} with 
X-ray diffraction techniques, it was found that radiation 
defects generate a dark spot on the pearl’s surface. 
Satisfactory results were obtained in the determi- 
nation of natural freshwater pearls, natural saltwater 
pearls, cultured freshwater pearls (with or without seed}, 
cultured saltwater pearls with seed, and Keshi pearls. 
Some difficulties were encountered in the distinction of 
a small number of Keshi cultured pearls from natural 
saltwater pearls and in the separation of a small number 
of non-bead-nucleated cultured freshwater pearls from 
natural freshwater pearls because of the overlap of their 
characteristic radiographic features. MG 


New techniques in shaft sinking. J. Collings, Optima, 

Vol. 32, No. 3, 1984, pp. 116-125. 

For the last half-century, there have been few important 
changes in the basic approach to sinking deep mining 
shafts. The conventional method employs a large crew 
operating hand-held rock drills at the bottom of the 
shaft. The holes are then packed with explosives. After 
the explosion, the rock is removed and the shaft is lined 
with concrete. 

In the diamond and gold mines in South Africa, new 
methods are beginning to appear. One method uses 
pneumatically driven drills that are held in a rig calleda 
‘Jumbo.” Since more downward pressure can be placed 
on the drill, faster penetration is possible. At the Premier 
diamond mine, a method called sequential raise-boring 
is used. Here, a pilot hole is drilled to a tunnel below. 
Then a drill head is attached to the piping from below 
and brought upwards while rotating, which reams the 
hole to a larger dimension. 

Experiments are currently being conducted on 
boring shafts without a pilot hole. Economics is the 
governing factor in developing new techniques in shaft 
sinking, so, to be successful, any new method must be at 
least no more expensive than conventional methods. 
This article is well illustrated with three color photo- 
graphs and four drawings. GSH 


Spectrophotometric measurements of faceted rubies. 

A. Banerjee, J. Himmer, and H.-W. Schrader, Journal 

of Gemmology, Vol. 19, No. 6, 1985, pp. 489-493. 
In 1982, G. Bosshart described the separation of natural 
from synthetic rubies by means of a dual-beam spectro- 
photometer. However, effects brought about by refrac- 
tion and reflection of the light beam by the facets on 
gems have reduced the usefulness of Bosshart’s test. The 
immersion of faceted natural and synthetic rubies in 
methylene iodide is now proposed as a way to reduce 
light scattering and resulting noise on the spectrum. As 
the authors point out, methylene iodide absorbs virtu- 
ally all light below about 440 nm, but very clean spectral 
diagrams are obtained and illustrated for the rest of the 
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visible light range. Thus, the immersion method is 
shown to have distinct advantages. 

Unfortunately, the distinction of natural from syn- 
thetic rubies as described by Bosshart depends on the 
accurate measurement of an absorption minimum 
found only in the ultraviolet range; the strong absorp- 
tion of this region by methylene iodide effectively 
negates its value as an immersion liquid in the spectro- 
photometric distinction of natural from synthetic 
rubies. CMS 


JEWELRY ARTS 


The ancient ts’ung jade tube. L. Berglund, Arts of Asia, 
Vol. 4, No. 5, 1984, pp. 56-62. 


Lars Berglund writes a refreshing article on ts’ung jade 
tubes, Chinese art objects of unknown function and 
symbolism, some of which may be over 4,000 years old. 
Since much mystery surrounds the purpose of the ts’ung 
jade tube, Berglund begins by first quoting Laufer’s opin- 
ion that it is asymbol of Earth as a deity. He also presents 
Karlgren’s theory that it is instead a stand for ancestral 
tablets of phallic origin. Berglund, however, feels that 
Laufer’s theory has more validity—in fact, it paves the 
way for his own notion of what the ts’ung tube repre- 
sents. 

Laufer notes that much of Chinese philosophy is 
expressed by a fixed numerical system, and that Chinese 
art frequently reflects this mental construction. On the 
basis of these observations, Berglund proposes a new 
interpretation for the ts’ung tube: it is a fixed numerical 
system whose meaning is found in a magic square of 
three generally called the Lo Shu, that is, the diagram of 
the Lo River. This mathematical diagram is supposed to 
have been presented by a turtle of the Lo River to Yu, the 
heroic founder of the Hsia dynasty, as a model of gov- 
ernment virtue and order. (The Hsia dynasty is still 
regarded as mythical, although indications that it did 
exist are being researched now.) The balance of 
Berglund’s article is spent explaining the numerical 
form of the Lo Shu as well as other applications that the 
Lo Shu had in Chinese symbolism. Illustrated with 
many photographs of ts’‘ung tubes, and diagrams of the 
Lo Shu, this article presents an interesting theory that 
will undoubtedly stimulate much discussion among 
jade scholars. IMW 


Francis Sperisen: master lapidary. J. Frosh, American 
Craft, Vol. 45, No. 1, 1985, pp. 40-43. 
This article is a short biography of Francis Sperisen, the 
innovative San Francisco lapidary whose methods 
opened a new world of creativity to jewelers and de- 
signers. It reveals the special talents and interests that 
led to Mr. Sperisen’s unique style of gemstone cutting. 
Because the lapidary arts in the early 1900s were usually 
trade secrets handed from father to son, Sperisen (whose 
father was not a gem cutter) taught himself the skill by 
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observation and experimentation. In 1935, he founded 
the Mineral Society of San Francisco, whereby he con- 
tributed to the dispersal of the lapidary arts through 
teaching. Collaboration with innovative designer- 
jeweler Margaret De Patta inspired further originality in 
Sperisen’s work and brought his creations to the atten- 
tion of other jewelers, thus creating a demand and a 
market for nontraditional cuts. GSH 


Gold. P. Linden, Town & Country, Vol. 139, No. 5061, 
1985, pp. 130-131, 170, and 174. 


This article highlights gold in history, fashion, and the 
stock market, with specia! focus on jewelry fashion. 
Passé fashions include tri-colored gold, charm bracelets, 
memorials, zodiac signs, and black and blue gold. Tex- 
tures such as florentine, filagree, and hammer are also 
fashions of the past. The latest fashion trends in gold 
jewelry include the use of 18K gold and the combination 
of gold with a white metal such as white gold, platinum, 
silver, stainless steel, or titanium. Bright, highly pol- 
ished surfaces or a smooth, matte finish put the finish- 
ing touches on the new look in gold jewelry. Dainty 
jewelry has given way to massive, overstated pieces. 
According to the author, this is a response to volumi- 
nous, exaggerated shapes in clothing. Jean-Claude Affol- 
ter, of Gubelin, foresees yellow gold set with pearls and 
colored stones as the newest fashion trend, or the very 
latest—brown diamonds. 

The use of alloys to increase wearability or vary the 
color of gold, the origin of the word karat, and defini- 
tions of solid gold, gold-filled, gold-plated, and Vermeil 
are all clearly and simply explained. 

According to the International Gold Corporation, 
untapped resources will carry us comfortably into the 
21st century. The largest supplier of gold is South Africa 
(responsible for nearly half the world’s supply}. Russia 
provides an estimated 23%, Canada 5%, and the USA 
and Brazil 3.5% each. 

Governments and ‘‘international monetary insti- 
tutions” are the largest users of gold. Next is the jewelry 
industry, at approximately 750 tons a year, followed by 
dentistry and other industries. Gold coins, bullion, fu- 
tures, options, and certificates are also mentioned, but 
details are not supplied by the author. In conclusion, the 
article implies that gold can be not only a financial 
investment, but also an investment in beauty and 
fashion, Marcia Hucker 


Jewelry’s new glitterati. R. Lubar, United, 


Vol. 30, No. 1, 1985, pp. 33-36. 
Today’s top women jewelry designers are producing 
pieces that are “assertive and sensuous—like the eight- 
ies woman.” This article sketches the work (and back- 
grounds} of designers Paloma Picasso, Elsa Peretti, 
Angela Cummings, and Marsha Breslow. Their dynamic 
jewelry is equally brilliant whether it is worn at the 
office or a gala—or both. Priced from $40 to $110,000, 
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these pieces can add color and a touch of drama to any 
woman’s wardrobe. 

Each of these designers has created a distinctive 
style; yet when all of these styles are viewed together, 
they reflect the depth and complexity of the modern 
woman. Picasso’s cold, bold jade earrings collide with 
Peretti’s slippery, free-form hearts, while Cummings’s 
clean geometrics complement Breslow’s sinuous chains 
and pearls. 

Clearly, these individuals have been successful in 
expressing themselves through their work, and in doing 
so they have given more women the opportunity to 
express themselves through affordable high-fashion 
jewelry. SAT 


Profile: Nancy Ancowitz. Saturday Review, July/ 
August 1985, pp. 7-8. 


The meteoric career of 25-year-old jewelry designer 
Nancy Ancowitz is highlighted in this brief article, 
which tells how the young woman, who had studied 
language and communications in college, started her 
own jewelry catalog—sales company at the age of 20. 
Five years and a Masters in Business Administration 
later, Ancowitz has parlayed her creative flair and her 
business acumen into a thriving profession. Her trade- 
mark is a rather fanciful combination of various decora- 
tive elements—such as the placement of gemstones 
within ball bearings to create bracelets and necklaces. 
Through an aggressive self-marketing program, 
Ancowitz succeeded in catching the eyes of jewelry re- 
tailers as well as of fashion magazine editors. Her gold- 
plated ball-bearing creations can now be seen in the 
pages of magazines such as Glamour and New York, 
often modeled by her dog, Moffat. The essay features 
three photographs that spotlight the jewelry, the artist, 
and her dog. 

This article is part of the “Briefings” section of 
Saturday Review, a section that often features small 
articles on the jewelry arts. For example, elsewhere in 
the section (p. 20} is a note on the recent auctioning by 
Christie’s of the Cartier “Mystery Clock,” the first of a 
series of 12 animal clocks fashioned by Cartier in the 
1920s and 1930s. The agate, mother-of-pearl, and rock- 
crystal timepiece {with a diamond-studded dial} had 
been “lost” for some 40 years, and fetched $264,000 at 
the recent auction. JMB 


SYNTHETICS AND SIMULANTS 


Farbloser Chrysoberyll—natirlich oder synthetisch? 
(Colorless chrysoberyl—natural or synthetic?). K. 
Schmetzer, Zeitschrift der Deutschen Gemmolo- 
gischen Gesellschaft, Vol. 34, No. 1/2, 1985, pp. 
6-12. 

Natural chrysoberyls are colored by the presence of trace 

elements such as iron, chromium, or, in rare instances, 

vanadium. Those that contain iron are primarily yellow, 
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yellowish brown, or brown. Iron and chromium are re- 
sponsible for the most prized change-of-color variety, 
alexandrite. However, colorless chrysoberyl is seldom 
encountered in the trade and those stones found are said 
to be from Burma or Sri Lanka. The former, however, 
tend to have a light greenish tone and therefore cannot 
be classified as truly colorless chrysoberyl. 

The two colorless samples investigated in this 
study were purchased in Sri Lanka. The physical and 
chemical properties of these two chrysoberyls were in- 
vestigated in order to determine whether they were of 
natural or synthetic origin. The data for the two chryso- 
beryls were compared with those of natural near- 
colorless, yellow, brown, and change-of-color chryso- 
beryls from different localities such as Sri Lanka, Brazil, 
the USSR, Zimbabwe, and Tanzania. Further compari- 
sons were done with synthetic alexandrite from three 
different manufacturers. 

The refractive indices, color, chromium and iron 
contents, and inclusions were sufficiently similar for 
the two chrysoberyls and other comparison stones that 
no conclusion could be drawn as to origin. However, 
X-ray fluorescence analysis revealed the presence of gal- 
lium in all the natural specimens that were examined in 
this study; no gallium was found in the two colorless 
samples. This suggests a synthetic origin, but Dr. 
Schmetzer feels that this is insufficient evidence on 
which to base a firm conclusion. Five photomicrographs 
are included with the article. MG 


Glass infilling of cavities in natural ruby. K. Scarratt, 
R. R. Harding, Journal of Gemmology, Vol. 19, 
No. 4, 1984, pp. 293-297. 

The most recent ruby identification problem is surface 

cavities that have been filled with glass. The first of 

these rubies to show up at the British Gem Testing 

Laboratory had a very large filled cavity on the pavilion 

with large eye-visible gas bubbles. Subsequent stones 

have contained less conspicuous fillings with no 
bubbles. 

Microprobe analysis of one of the fillings proved the 
substance to be essentially an alkali alumino-silicate 
glass. The refractive index was approximately 1.51 and 
the hardness less than six. 
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The best method for initial detection is to examine 
the stone in reflected light. If an area has an obvious 
difference in luster compared to an adjacent area, such as 
is seen in a garnet-and-glass doublet, then further inves- 
tigation is warranted. Care must be taken not to confuse 
a filled cavity with a natural included crystal that breaks 
the surface. SFM 


Man-made rubies (How to detect the latest synthetic 
gems—part 1) and Synthetic review (How to detect 
the latest synthetic gems—part 2). P. Read, Cana- 
dian Jeweller, Vol. 105, Nos. 9 and 10, pp. 21 and 29, 
respectively. 

These two brief articles summarize the identifying 

characteristics of a number of synthetics that have ap- 

peared on the market since 1970. 

The first deals with three synthetic rubies—the 
Kashan, Knischka, and Ramaura products. Inclusions, 
color zoning, and growth anomalies are keys to the 
identification of these materials, and are listed accord- 
ingly. In addition, the following can be of assistance: 
dichroism (Kashan}, morphology and short-wave ultra- 
violet transmission (Knischka}, and long-wave ultravio- 
let fluorescence (Ramaura). 

The second part summarizes key identifying prop- 
erties of several other man-made gems: Chatham syn- 
thetic orange and synthetic blue sapphire (inclusions; 
ultraviolet fluorescence in the blue synthetic sapphire}; 
Lennix synthetic emerald (inclusions, refractive index, 
birefringence, specific gravity]; Biron synthetic emerald 
(inclusions); Regency synthetic emerald (inclusions, 
short-wave ultraviolet transmission, ultraviolet and 
visible-light fluorescence); Creative Crystals synthetic 
alexandrite (inclusions, short-wave ultraviolet trans- 
parency); Seiko synthetic alexandrite, ruby, and sap- 
phire (inclusions), Seiko synthetic emerald (inclusions, 
refractive index, birefringence, specific gravity]; and 
Gilson synthetic fire opal (structure, ultraviolet 
fluorescence). 

Included in each article are rough line drawings of 
some of the key inclusions mentioned. The articles, 
while they provide some excellent information, would 
have been even more useful had they contained some 
photomicrographs of characteristic inclusions. RCK 
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DIAMONDS 


Australia 

Although kimberlites have been discovered in the Bru- 
nette Downs region of the Northern Territory in Aus- 
tralia, it has not yet been determined whether they are 
diamondiferous. Drilling was done to investigate certain 
magnetic anomalies that were similar to kimberlite 
areas in South Africa. Partners in this venture are 
Ashton Mining NL, Aberfoyle Ltd., AOG Minerals, and 
Australian Exploration Ltd. (Mining Journal, April 26, 
1985} 


Botswana 

Botswana produced more diamonds in 1984 than in 
1983. The Jwaneng mine is responsible for about two- 
thirds of the total output, with a balance of both gem- 
quality and industrial diamonds. (Mining Journal, 
March 1, 1985) 


Ghana 

The government of Ghana is expanding its diamond- 
mining concessions to include the Birim River region 
situated west of their present concession in Akwatia. 
The diamonds, which are believed to have been de- 
posited during the Pleistocene Age, are found in the 
surrounding deep flats, in tributaries, and in terrace 
gravels up to 36 m above the existing level of the Birim 
River. No kimberlites have been reported in the area, 
and the most important host rock for these alluvial 
deposits is identified as a breccia or coarse graywacke, 
with large sedimentary and volcanic fragments. (Mining 
Magazine, March 1985} 


Namibia 

Ocean Diamond Mining {ODM} and Golder. Dumps are 
two companies currently doing underwater diamond 
mining off the west coast of Namibia. ODM’s ship, the 
Calypso, is mining around the 12 offshore islands using 
controllable suction-dredging methods assisted by elec- 
tronic underwater surveillance. The Calypso also has 
equipment for sorting the dredged sediment on board. 
Golden Dumps is mining the Dawn Diamond Conces- 
sion—5B, which they had mined previously. Although 
they claim to be using revolutionary methods, they have 
not disclosed any details of their undersea mining oper- 
ation. Both companies anticipate the recovery of gem- 
quality diamonds with an average size of 0.70 ct. (Dia- 
mond News, S.A. Jeweller, March 1985) 
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Sierra Leone 

Three large diamonds (over 100 ct each} have been found 
by the Precious Minerals Mining Co. of Sierra Leone 
since they acquired a 49.5% share of Diminco from 
British Petroleum. Two of the diamonds, a 285-ct yellow 
diamond and an “exceptionally good” 142-ct diamond, 
were discovered on the Yingema lease area near 
Tankoro. (Mining Journal, July 12, 1985) 


United States 

Exploration for diamonds among the kimberlite de- 
posits in northern Michigan continues. Kimberlites in 
Michigan were first discovered 14 years ago by two geol- 
ogists who did not publish their findings. In 1981, a U.S. 
Geological Survey team reported kimberlite formations 
which prompted the first diamond exploration. Three 
companies have been involved individually in the 
search for diamonds over the last several years: Dow 
Chemical Co., Amselco Exploration Inc. of Reno NV, 
and Exmin Corp. of Bloomington IN. 

Although none of the companies will discuss their 
findings, there is evidently enough material of interest 
to keep them looking. Progress is slow because much of 
the kimberlite areas are covered by glacial deposits hun- 
dreds of feet deep. (Akron Beacon Journal, July 16, 1985} 


COLORED STONES as 


Information for the following reports on amethyst and 
aquamarine was provided to Gem News by Robert E. 
Kane following his trip to the I.C.A. Congress in Idar- 
Oberstein, West Germany, last May. 


Amethyst. Significant quantities of “clean faceting 
grade” amethyst are coming from a relatively new find 
near Maraba, in Para, Brazil, close to the gold fields. 
Much of the material is of good color, and some of the 
pieces weigh as much as 60 g. Very large crystals suitable 
for decorative display or carving are also being mined. 
Reportedly, the Maraba find has made a great impact on 
the market, and material is still available at “very favor- 
able prices.” Most of the large faceted stones weighed 30 
ct or less. Much of the Maraba amethyst examined was 
in the form of partially “hammered” (broken} crystals. 
All exhibited some natural crystal faces, ruling out the 
possibility of broken pieces of synthetic amethyst rough 
being sold as natural. 


Aquamarine. A steady supply of Nigerian aquamarine 
rough continues to be imported into Idar-Oberstein, 
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West Germany, from the important deposits located in 
northern Nigeria, between the two towns of Khano and 
Jos. A portion of this material is resold as rough, while 
the remainder is being cut in Idar-Oberstein. Some of 
this aquamarine was offered for sale at the 1985 Tucson 
Gem & Mineral Show in February, by several different 
dealers. 

Much of the aquamarine from this source possesses 
a very attractive, distinctive, intense blue color (some 
very slightly grayish}, which apparently does not require 
heat treating. A source in Idar-Oberstein estimates that 
a few thousand kilos of Nigerian aquamarine have been 
purchased by Idar-Oberstein dealers in the past two 
years. However, because so much of the material is 
heavily included, only 5% is considered “clean facet 
grade;” 75% is used for carving, beads, and tumbling; 
and the remaining 20% is rejected. 

Significant amounts of good-quality aquamarine 
continue to be available from Madagascar, Mozam- 
bique, Zimbabwe, Kenya, Zambia, and Brazil. Aquama- 
rine is also being mined in Tanzania, but details re- 
garding the quality and quantity produced were not 
available. 


I.C.A. Congress. The International Colored Gemstone 
Association (ICA] was formed to promote colored gem- 
stones. Their first congress, held in Idar-Oberstein on 
May 20~—22, 1985, addressed topics of vital importance 
to the trade via seminars and open discussions. Over 
200 delegates from 23 countries, representing all as- 
pects of the gemstone trade, participated in the 
congress. 

From the three-day sessions, several important 
points emerged. It was unanimously agreed that colored 
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Figure 1. A “Star of David” 
sapphire from Yogo Gulch, 
Montana. No lapidary work 
was needed to bring out this 
star. The photo was taken in 
polarized light with a first- 
order red compensator. The 
true body color of the 
sapphire is a pastel blue. 
Magnified 2x. 


gemstones should not be marketed as investments but 
should be sold for their beauty alone, and that the term 
cultured should not be applied to synthetic gemstones. 
Education of consumers and the trade alike in regard to 
colored stones was also generally endorsed, and 
$100,000 was pledged to fund future promotion. 

The question of gemstone treatments and their 
disclosure met with a divided house. American dele- 
gates, responding to pressure from consumers in the 
U.S., were in favor of full disclosure of all treatments, 
while European delegates took the stance that if treat- 
ment is permanent and undetectable by standard gem- 
ological equipment it need not be disclosed. 

The detection and identification of synthetic 
gemstones was discussed, and a need for the sharing of 
information in this regard was voiced. 

Color grading of gemstones was viewed as a para- 
dox. While there is a definite need for universal color 
communication, dealers fear that the elements of color 
in gems are too varied and subtle to define precisely. 

Most of the delegates felt that appraisals should be 
performed by qualified appraisers and that dealers with- 
out these qualifications should refer clients who desire 
appraisal certificates to those so qualified. 

It was decided that facts about trade rules and regu- 
lations, taxes, and duties from the various countries 
should be compiled and distributed as guidelines to the 
members of the I.C.A. A panel to arbitrate problems of 
the trade within the trade, without involving interna- 
tional courts, was proposed as well. 

Changes in gemstone nomenclature were discussed 
also. It was argued that the term colored suggested arti- 
ficial coloration. The term semiprecious was univer- 
sally condemned in keeping with CIBJO’s rulings. 
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The elected officers of the ICA are: Roland Naftule 
{USA} president, Rashmikant Durlabhji (India} 1st 
vice-president, Konrad Wild (West Germany} 2nd vice- 
president, Stuart Robinson (USA) Ist secretary, Israel 
Eliezri (Israel) 2nd secretary, Claud Barguirdjian {France} 
treasurer. 

This first ICA Congress was not convened to pass 
resolutions, but rather to establish open communica- 
tions on these major issues and to find common ground 
to use as a base for future growth and understanding 
within the colored gemstone trade. 


Pearls. Because of a less-than-optimum water tempera- 
ture and the lack of rain, the 1984 pearl harvest in Japan 
was a disappointment. Deficient nutrition caused by the 
adverse weather conditions led to a high mortality rate 
for the oysters and had a detrimental effect on the nacre 
quality, color, and thickness of coating of the pearls that 
were harvested. At a recent pearl festival, the Pearl Cul- 
tivator’s Association of Japan dumped much of the har- 
vest into the sea in order to insure against poor-quality 
pearls being smuggled out of the country. It is estimated 
that about 20% of the 1985 pearl harvest will be dis- 
posed of in this way to maintain quality standards in the 
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pearl market. (Accent, March 1985; Jewellery World, 
April 1985] 


Phantom quartzes found. A new quartz mine near 
Buenopolis in Minas Gerais, Brazil, is producing spec- 
tacular crystals containing exquisite green phantoms of 
what appear to be a member of the chlorite group. Plates 
of hematite, rhombohedrons of dolomite or calcite, and 
rutile have also been tentatively identified as inclusions 
in these crystals. An article on this new find of phantom 
quartz crystals is in preparation. 


Unique “Star of David” sapphire discovered. Sapphire 
crystals from Yogo Gulch, Montana, are known for their 
thin, tabular, window-like habit. Rough crystals will 
often display small triangular growth hillocks on their 
basal pinacoids (c-faces}. The approximately 2.5-ct 
uncut Yogo sapphire shown in figure 1 is so thin and 
transparent that both opposite pinacoids are always in 
clear focus at the same time. What makes this crystal 
unique, however, is that two triangular growth hillocks 
on opposite pinacoids are 180° apart in rotation and 
exactly centered one over the other so that they form a 
perfect six-pointed Magen David. 


. 


ANNOUNCEMENTS 


Fabergé Imperial Egg. The June 11 
sale of a Fabergé Imperial Egg at 
Sotheby’s, New York, attracted more 
than usual attention. Although 
generations of Fabergé craftsmen 
produced numerous ornamental 
eggs, only 55 were created for the 
Russian imperial family and 
presented yearly as Easter gifts. Only 
three of these eggs have ever been 
auctioned publicly, and this one was 
the first ever to be auctioned in 
America. 

The “Cuckoo Egg’’ was 
presented by Czar Nicholas to his 
wife, Alexandra Feodorovna, in 1900. 
A fabulous clock, it is topped by a 
fine gold grille from which a singing 
rooster emerges. The main body is 
enameled with translucent violet 
over a patterned guilloché ground. 
Diamonds and pearls adorn the clock 
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and are also found bordering areas of 
green, oyster, and lilac enamels. 
When Mr. Malcolm Forbes 
successfully bid $1.6 million for the 
“Cuckoo Egg,” he not only set an 
auction record, but he also helped 
place his collection (now totaling 11} 
one ahead of the 10 housed in Russia 
{at the Kremlin’s Armory Museum in 
Moscow}. This “11th Egg” may be 
seen at Forbes’s Galleries at 62 Fifth 
Avenue, New York City. (Richard F. 
Buonomo, GIA—New York} 


The 1986 Tucson Gem & Mineral 
Show will be held February 13-16 at 
the Tucson Community Center. For 
more information, write to the 
Tucson Gem & Mineral Society, 
P.O. Box 42543, Tucson, AZ 85733. 
In conjunction with the Tucson 
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show, the American Gem Trade 
Association (AGTA} will occupy the 
Doubletree Hotel in Tucson on 
February 8-13. During that time 
they will announce the winner of 
their Spectrum Award (a colored- 
stone jewelry competition). The 
deadline for entries is January 3, 
1986. For details about the event and 
the competition, contact Stuart 
Woltz, P.O. Box 32086, Phoenix, AZ 
85064. ; 


At the request of the gem trade, the 
date of Munich’s INHORGENTA 
86—the 13th International Trade 
Fair for Watches, Clocks, Jewellery, 
Precious Stones and Silverware, and 
their Manufacturing Equipment, has 
been postponed and definitely fixed 
for February 7—11, 1986. 
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A FIELD MANUAL FOR THE 
AMATEUR GEOLOGIST 


By Alan M. Cvancara, 256 pp., illus., 
publ. by Prentice-Hall, Englewood 
Cliffs, NJ, 1985. US$12.95* 


The purpose of this book is to serve 
as a companion and guide for rock 
and fossil collectors, naturalists, and 
travelers. Cvancara describes how 
landforms are affected by streams, 
glaciers, shorelines, wind, ground- 
water, landslides, and volcanism. A 
section on rock deformation is in- 
cluded as well. After nine chapters 
on various landforms, Cvancara de- 
votes another entire chapter to keys 
for identifying them. One section, 
“Contemplating the Past,” com- 
prised of three chapters, proves to be 
philosophical but also valuable. 

After 20 years of teaching geol- 
ogy at the University of North Da- 
kota, Cvancara has condensed and 
incorporated his lecture notes into 
this handy paperback. It is valuable 
asa textbook, especially for first-year 
geology lectures and labs. A fine 
point of the book is that the impor- 
tant geologic terms are in boldface 
type. Cvancara writes simply, teach- 
ing and informing as he goes. Most 
importantly, he encourages his 
readers to think. 

Cvancara’s organization rates a 
high score. However, his list of 
earth-science museums at the back 
of the book is incomplete. 

The book’s print is easy to read 
for the traveler. The quality of its 
illustrations is fair overall, although 
photographs of many minerals get 
lost in the poor black-and-white re- 
production. However, the mineral 
identification table makes up for 
what is lost in the photographs. The 
book does feature a reading list at the 
end of each chapter, but it does not 
have a glossary. 

Overall, the format is one of a 
condensed geology lecture/lab with- 
out the academic trappings but with 
some pleasurable, useful “how-to” 
information for people on the run. 
Cvancara tells you ‘How to attack a 
geological problem; How to read geo- 
logical maps; How to use a Brunton 
compass; How to make a mineral, 
rock, or fossil collection; How to 
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field collect; How to sleuth stones in 
architecture or anywhere.” The most 
pleasurable chapters for this re- 
viewer were: How to Read Rock 
Weathering from Tombstones, How 
to Prospect for Gold, and Parks for 
Geological Observation. The author 
seems to have a little of something 
for everyone. 

Since “how-to” books are very 
popular, this one should have a wide 
spectrum of readers. With a $12.95 
price tag, the book is very reasonable 
for what it has to offer. 

JUDY OWYANG 


Fossils Etc. 
Los Angeles, CA 


THE SECOND RING: 
A JEWELER’S GUIDE 
TO COMPUTERS 


By S. M. Hickel, 285 pp., illus., publ. 
by Pimiteoui Publications, Rodney, 
MI, 1985. US$19.95* 


At last there is a computer book writ- 
ten for jewelers by a jeweler who 
knows quite a bit about the subject. 
Hickel has set out to give jewelers a 
comprehensive and concise intro- 
duction to the world of computers, 
and to describe present and potential 
applications of computer technology 
in the jewelry store. 

The book is divided into four 
parts: (1) What Can the Computer Do 
for You; (2) The “IJP,’”’ or Ideal Jew- 
elry Program; (3) Computers— 
Languages, History, and Trends; and 
(4) The Computer’s Future. 

Part | is an excellent introduc- 
tion to computers, with a wealth of 
sound information—both for those 
who are about to take the plunge and 
buy one and for those who are think- 
ing about hiring a consultant. Hickel 


provides a good checklist of things to 
consider before making a decision. 

He also tries valiantly to address 
the problem of the insider “lingo” 
that confronts the novice. Unfortu- 
nately, he does so by prefacing the 
pertinent chapters with a glossary in 
an effort to define terms before the 
reader wades into the text. I agree 
with his motives, but question his 
method: Few readers will take the 
trouble to master such terms until 
they encounter them in context. 

Hickel certainly covers all the 
bases—and then some—in his dis- 
cussion of the Ideal Jewelry Program 
{part 2). Much of what he includes on 
his “wish list” is already available as 
off-the-shelf software, but he has a 
lot of clever ideas about how it can 
best be used in the jewelry store, 
large or small. If you the jeweler have 
ever wondered how you might use a 
computer in your business, this part 
of the book alone is worth the pur- 
chase price. It includes a good dis- 
cussion of how the computer can 
deal with the typical problems en- 
countered in jewelry retailing, as 
well as in other areas of the business: 
job flow in the repair department, 
appraisals, inventory control, ac- 
counts receivable and payable, pay- 
roll, general ledger, customer mail- 
ing lists, and more. 

I was somewhat disappointed 
with the organization of the book, 
which would have benefited from a 
good edit. Moving part 3 to follow 
part 1, for example, would have been 
a major improvement, since part 3 
deals with important background 
material on computer history, lan- 
guages, and trends. Part 4, “The 
Computer’s Future,” is a scant 30 
pages on computer-aided learning 
and artificial intelligence that con- 
tributes very little to the book over- 
all. 

The book is illustrated with a 
number of amateurish line drawings 
that are of little value. The 
typewriter-quality print is readable, 
although typesetting would have 


*This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404, 
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been preferable (the author points 
out that the book was written on a 
word processor and printed on a laser 
printer}. There is a fairly good index 
and glossary. 
In all, I found this an informative 
and useful book. Although not a 
great permanent reference, it cer- 
tainly is worthwhile for jewelers 
who are waking up to the fact that 
they will soon be at a serious disad- 
vantage if they do not computerize 
their business. With The Second 
Ring, you'll have a sense of where to 
start when you embark on the adven- 
ture of buying a computer, and you'll 
know a lot of the questions to ask. 
Even if you are fairly computer 
literate, this book is worth your 
time. The $19.95 price tag seems a 
little steep, but it is inevitable for a 
limited-distribution book. 
DENNIS FOLTZ 


Manager, Home Study Education 
GIA —Santa Monica 
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DES PIERRES PRECIEUSES 
AUX PIERRES FINES 

By Claire and Alain da Cunha, 95 
pp., illus., publ. by Librairie Plon, 
Paris, France, 1984. US$24.95* 


This book is aimed at the amateur 
who wishes to collect gems for a 
hobby or as an investment. Unfortu- 
nately, the book opens with a dis- 
cussion of gem classification that is 
no longer used by gemologists and 
yet is emphasized by the very title of 
the book. Although the authors point 
out that the distinction between 
precious, “fine” (previously known 
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as ‘semiprecious”’}, and ornamental 
stones is arbitrary and unclear, they 
also state that only diamond, ruby, 
blue sapphire, and emerald belong to 
the category of precious stones, or 
gemstones. The opening chapter 
briefly describes each of these four 
gems, including their durability, 
color, clarity, rarity, sources, and 
prices, and closes by citing a number 
of common misconceptions about 
gemstones. 

Chapter 2. recommends various 
focal points for the beginning collec- 
tor, such as investment value, min- 
eral types, stone size, color, locality, 
and cut. The next chapter deals with 
storing, cataloguing, maintaining, 
and handling a stone collection. 
There is also a discussion of irradi- 
ated and heat-treated gemstones. 
The microscopic examination of 
gemstones is the subject of chapter 4. 
Chapter 5 ventures into the world of 
“the professionals,’’ with descrip- 
tions of various techniques of gem 
identification and characterization. 
The final chapter covers the identifi- 
cation of common imitations such as 
glass and assembled stones, dyed and 
reconstituted materials, plastics, and 
synthetic gem materials. A table of 
94 stones and their basic properties 
completes the book. 

Obviously, one cannot condense 
all gemological knowledge into 95 
pages, but the da Cunhas have done a 
remarkable job of surveying the topic 
in a way that is at once fascinating 
and technically involving. The 
reader is led to believe that he is as 
capable of gaining and utilizing these 
skills as anyone—which, with 
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proper gemological education, is 
true. As an introduction to gemol- 
ogy, what could be more appealing? 

The danger of this book lies in its 
scattered bits of misinformation. For 
example, the section on diamond 
color description tells us: ‘All the 
nuances of white are ranked on a 
scale from D to M, recognized inter- 
nationally (the last letters vary from 
one country to another). The first 
three letters, A, B, C, have not been 
used and are reserved for diamonds 
even whiter than those of letter D 
(but which remain to be dis- 
covered}.”” Students and graduates of 
GIA will recognize the grading sys- 
tem alluded to in the first sentence. 
But given that the D grade refers toa 
complete lack of color (not white- 
ness} in a diamond, it is impossible to 
imagine any discovery that might 
exceed this. A, B, and C were in fact 
not used in order to avoid confusion 
with the abundance of grading sys- 
tems that had previously made use of 
these letters. 

Major errors aside, this book’s 
primary role is merely as an intro- 
duction, not as a textbook. The pho- 
tographs (all but two are by the au- 
thors) are plentiful, varied, colorful, 
and frequently more informative 
than the text. For the serious gemol- 
ogy student, this book is too basic; 
while for the amateur, who is less 
able to spot errors, its usefulness is 
hampered by its pitfalls. The book, 
written entirely in French, is not cur- 
rently available in English. 

CAROL M. STOCKTON 


Research Department 
GIA -Santa Monica 
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GEMS & GEMOLOGY is an inter- 
national publication of original con- 
tributions (not previously published 
in English} concerning the study of 
gemstones and research in gemology 
and related fields. Topics covered 
include (but are not limited to} col- 
ored stones, diamonds, gem instru- 
ments, gem localities, gem substi- 
tutes (synthetics), gemstones for the 
collector, jewelry arts, and retail 
management. Manuscripts may be 
submitted as: 

Original Contributions—full-length 
articles describing previously un- 
published studies and laboratory or 
field research. Such articles should 
be no longer than 6,000 words (24 
double-spaced, typewritten pages) 
plus tables and illustrations. 
Gemology in Review—comprehen- 
sive reviews of topics in the field. A 
maximum of 8,000 words (32 dou- 
ble-spaced, typewritten pages} is 
recommended. 

Notes & New Techniques—brief 
preliminary communications of re- 
cent discoveries or developments in 
gemology and related fields (e.g., new 
instruments and instrumentation 
techniques, gem minerals for the 
collector, and lapidary techniques or 
new uses for old techniques). Arti- 
cles for this section should be about 
1,000—3,000 words (4—12 double- 
spaced, typewritten pages). 


MANUSCRIPT PREPARATION 
All material, including tables, leg- 
ends, and references, should be typed 
double spaced on 8% x 11" (21 x 28 
cm) sheets. The various components 
of the manuscript should be pre- 
pared and arranged as follows: 
Title page. Page 1 should provide: 
{a) the article title; (b} the full name 
of each author with his or her affil- 
iation (the institution, city, and state 
or country where he/she works}; and 
(c) acknowledgments. 


Abstract. The abstract (approxi- 
mately 150 words for a feature arti- 
cle, 75 words for a note} should state 
the purpose of the article, what was 
done, and the main conclusions. 
Text. Papers should follow a clear 
outline with appropriate heads. For 
example, for a research paper, the 
headings might be: Introduction, 
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Previous Studies, Methods, Results, 
Discussion, Conclusion. Other heads 
and subheads should be used as the 
subject warrants. For general style, 
see A Manual of Style (The Univer- 
sity of Chicago Press, Chicago}. 
References. References should be 
used for any information that is 
taken directly from another publi- 
cation, to document ideas and facts 
attributed to—or facts discovered 
by—another writer, and to refer the 
reader to other sources for addi- 
tional information on a particular 
subject. Please cite references in the 
text by the last name of the author(s) 
and the year of publication—plus 
the specific page referred to, if ap- 
propriate—in parentheses (e.g., Lid- 
dicoat and Copeland, 1967, p. 10}. 
The references listed at the end of 
the paper should be typed double 
spaced in alphabetical order by the 
last name of the senior author. Please 
list only those references actually 
cited in the text (or in the tables or 
figures}. 

Include the following information, 

in the order given here, for each ref- 

erence: (a) all author names (sur- 
names followed by initials}, (b) the 
year of publication, in parentheses; 

{c) for a journal, the full title of the 

article or, for a book, the full title of 

the book cited; and (d} for a journal, 
the full title of the journal plus vol- 
ume number and inclusive page 

numbers of the article cited or, for 

a book, the publisher of the book 

and the city of publication. Sample 

references are as follows: 

Daragh P.J., Sanders J.V. (1976} 
Opals. Scientific American, Vol. 
234, pp. 84-95. 

Liddicoat R.T. Jr., Copeland L.L. 
{1967} The jewelers’ Manual, Ind 
ed. Gemological Institute of 
America, Santa Monica, CA. 

Tables. Tables can be very useful in 

presenting a large amount of detail 

in a relatively small space, and 


Authors 


should be considered whenever the 
bulk of information to be conveyed 
in a section threatens to overwhelm 
the text. 

Figures, Please have line figures 
(graphs, charts, etc.) professionally 
drawn and photographed. High-con- 
trast, glossy, black-and-white prints 
are preferred. 

Submit black-and-white photo- 
graphs and photomicrographs in the 
final desired size if possible. 

Color photographs—35 mm slides 
or 4 X 5 transparencies—are 
encouraged. 

All figure legends should be typed 
double spaced on a separate page. 
Where a magnification is appropri- 
ate and is not inserted on the photo, 
please include it in the legend. 


MANUSCRIPT SUBMISSION 


Please send three copies of each 
manuscript {and three sets of figures 
and labels} as well as material for all 
sections to the Editorial Office: 
Gems & Gemology, 1660 Stewart 
Street, Santa Monica, CA 90404. 
In view of U.S. copyright law, a 
copyright release will be required on 
all articles published in Gems & 
Gemology. 

No payment is made for articles 
published in Gems & Gemology. 
However, for each article the au- 
thors will receive 50 free copies of 
the issue in which their paper 
appeared. 


REVIEW PROCESS 


Manuscripts are examined by the 
Editor, one of the Associate Editors, 
and at least two reviewers. The au- 
thors will remain anonymous to the 
reviewers. Decisions of the Editor 
are final. All material accepted for 
publication is subject to copyedit- 
ing; authors will receive galley proofs 
for review and are held fully respon- 
sible for the content of their articles. 
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Editorial 


Why You Need to Know 


n the early 1930s, Robert Shipley was shocked to learn that a number of jewelers in 

Los Angeles had been buying zircons represented as diamonds; they simply lacked the 
knowledge to tell one stone from the other. On the basis of this and similar experiences 
in the trade, Shipley started the educational program that grew into the Gemological 
Institute of America that we know today. Fifty-five years later, however, while 
thousands of jewelers and gem buyers have been educated by GIA and other respected 
programs, the technology and ingenuity of deception have also advanced radically. 
Although much has been done to tackle the problem of deception, it continues to 
plague the gem industry worldwide; today, more than ever, you need to know. 


In the process of publishing the article on gemstones from Afghanistan that leads off 
this issue, we approached some dealers who had recently returned from the Pakistan 
trading area to see if they would lend us Afghan gems for photography. One respected 
dealer offered us a beautiful 3-ct ruby that he had purchased personally from an Afghan 
miner. Imagine our surprise—and his—when a cursory study under the microscope 
revealed curved striae, a telltale sign of a synthetic stone. But the shock was probably no 
less in this case than in that of the dealer who purchased a fine “emerald” crystal on 
Bogota’s famed Avenida Jiménez, only to learn later that tt was actually a colorless beryl 


‘that had been hollowed out and filled with a green plastic. Or the dealer who purchased 
‘ ‘several colored diamonds from a trusted supplier, only to learn from the laboratory that 
most of the stones had been irradiated. 


At one time, dealers felt a certain security in buying “from the source” or from a 
“respected supplier.’”’ But these suppliers may themselves be victims, for today many of 
the sources have become as sophisticated in deception as the materials they sell. Other 
examples abound. One colleague actually plucked a “ruby” crystal from the miner’s 
gem basket in Burma; only later did he learn that he had purchased a Verneuil synthetic. 
A Brazilian dealer of fine amethyst, who had purchased tens of thousands of carats from 
a respected supplier for many years, found on submitting one 5,000-ct parcel to the 
laboratory that 90% of the stones were glass. This same dealer received a shipment of 
crystals that had all of the characteristics of having been hammered from the geode; 
they were indeed “hammered,” but hammered crystals of synthetic amethyst. 


In today’s sophisticated climate, the only true security that the gem buyer—whether 
dealer at the source or retailer buying from wholesaler—has is his or her knowledge of 
gems, of the various synthetics, simulants, and treatments available and how to 
identify them. To this end, we cannot emphasize enough with our readers the impor- 
tance of keeping up-to-date with new developments in the gem trade. Attend lectures 
on new materials and techniques, read the professional gemological literature, main- 
tain the skills you’ve learned as a gemologist and constantly hone them. 


Most importantly, if you don’t know, admit it. Either go to someone (e.g., a laboratory) 
who does, or wait until you can otherwise verify the identification. If it sounds too good 
to be true, it probably is. But you can only determine that if you know. 


Alice §. Keller, Editor 
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A STATUS REPORT ON GEMSTONES 
FROM AFGHANISTAN 


By Gary W. Bowersox 


Although Afghanistan has historically been 
well known for its lapis lazuli deposits, 
significant amounts of fine emerald, 
tourmaline, kunzite, and some rubies are 
now emerging from that embattled nation. 
Emeralds come primarily from the Panjshir 
Valley, northeast of Kabul. Large amounts 
of green, blue, and pink tourmaline, as well 
as considerable quantities of kunzite and 
some aquamarine, have been taken from 
the pegmatites of the Nuristan region, east 
of Panjshir. Smaller quantities of fine ruby 
have been found in the Sorobi region, 
between Jalalabad and Kabul. The 
occurrence, mining, and distribution of 
these gem materials are summarized, as are 
their gemological properties. Lesser 
amounts of garnet, amethyst, spinel, and 
morganite have also been located. The 
prospects for future production of emeralds 
and pegmatite gems, in particular, are 
excellent. 


ABOUT THE AUTHOR 
Mr. Bowersox is president of Gem Industries, Inc., in 
Honolulu, Hawaii; he has been buying and cutting 
Afghan gem materials for over 12 years. 


Acknowledgments: The author particularly wishes 
to thank the following people for providing 
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Badshah, Maula Mohammad Bieg, Haji Gulam 
Haider, Haji Mohamuddin, Fazal Uddin, and V. 
Prokofiev. Dr. James Shigley and John Koivula, of 
the GIA Research Department, contributed 
information to the sections on geology and 
gemological properties. 
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Ithough the political situation in Afghanistan con- 

tinues to be very unstable, Afghan miners remove 
many thousands of carats of fine gems each year from that 
country. In addition to the historically famous deposits of 
lapis lazuli, significant quantities of emerald, tourmaline, 
and kunzite, among other gem materials, have emerged 
from the Hindu Kush region of Afghanistan within the last 
few years. Small amounts of fine ruby are also being mined. 
Most of these gem materials are of very high quality (figure 
1). While much has been written about the lapis lazuli 
from Sar-e-Sang (e.g., Wyart et al., 1981), relatively little 
has been published about these other gems. To help fill 
some of the gaps in our knowledge of this area, this article 
presents a current status report on several Afghan gem 
materials—emerald, tourmaline, kunzite, and ruby— 
including the locations of the mines, mining methods, 
gemological properties, and some production figures. 


THE HINDU KUSH 
GEM-PRODUCING AREAS 


The mines that have recently produced gem material are 
for the most part in the northeastern portion of the coun- 
try, north and east of Kabul, the capital of Afghanistan 
(figure 2}. Emeralds have been found primarily in the 
Panjshir Valley.* Pegmatite gems—tourmaline, kunzite, 
and aquamarine —have been found in the Nuristan region, 
crossing the provinces of Laghman and Konar. Rubies have 
been found in the southern portion of the Sorobi district, in 
Kabul Province. 

The topography of the region is dominated by the tow- 
ering Hindu Kush mountain range (figure 3). These moun- 
tains form the western end of the Himalayas, which 
stretch eastward across northern Pakistan and India. The 
Hindu Kush range is one of the most rugged areas of the 
world, with mountains reaching up to 6,000 m (19,500 ft.) 
separated by narrow, steep river valleys. The road network 
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is limited, and many areas in this part of Af- 
ghanistan are inaccessible except by foot. This, 
combined with a climate that ranges from ex- 
tremely cold winters to hot, dry summers, con- 
tributes to the inhospitability of the region. 
Despite their remoteness, both the Hindu 
Kush range and the adjacent Karakoram range in 
neighboring Pakistan have been the sites of spec- 
tacular finds of gemstones during the last 15 years. 


*Note in figure 2 that Panjshir Valley has been placed in Kapisa 
Province, on the basis of the Rand-McNally (1982) and other 
recent maps used as references to develop this one. However, 
many geologic sources refer to Panjshir Valley as being in 
Parvan Province. Note also that the spellings for Afghan place 
names used in this article are those adopted by Rand-McNally 
(1982). We have chosen this source for the sake of consistency, 
although these names, too, often vary greatly from one 
reference to another. 
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Figure 1. The 13.66-ct blue 
tourmaline in this pendant 
exemplifies the fine quality 
of gem material currently 
being produced from Af- 
ghanistan. Pendant courtesy 
of Norma Morein. Photo © 
Harold & Erica Van Pelt. 


In addition to earlier descriptions of Panjshir em- 
eralds (Neilson and Gannon, 1977} and of pegma- 
tite gemstones from Nuristan (Bariand and Poul- 
len, 1978}, important discoveries of tourmaline, 
beryl, corundum, and other gemstones have been 
made in Pakistan in the Gilgit area (Kazni et al., 
1985}, in the Swat and Hunza valleys northeast of 
Peshawar (Gubelin, 1982), and in Kashmir (Atkin- 
son and Kothavala, 1983]. These areas of Af- 
ghanistan and Pakistan are located in one of the 
most geologically dynamic regions of the world— 
at the juncture along which the Indo-Pakistan and 
Asian crustal plates collided to give rise to the 
Himalayas. The geology of this region is quite 
complex, and it has been investigated in detail 
only recently (for further information, see Weip- 
pert et al., 1970; Lapparent, 1972; Fuchs et al., 
1974; and Wolfart and Wittekindt, 1980). These 
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Figure 2, The northeastern provinces of Afghanistan—bordered by the USSR, China, and Pakistan (see 
inset)—encompass one of the most important gem-producing regions in the world today. Some of the 
principal localities for emerald, tourmaline, spodumene (Kunzite), ruby, lapis lazuli, and aqua- 
marine are labeled E, T, K, R, L, and A, respectively, on the map. 


investigations indicate that the Hindu Kush area 
represents the western end of a succession of im- 
portant gem-producing regions that stretch all 
along the Himalayas through Afghanistan, Paki- 
stan, India, Nepal, andinto Burma. Rossovskiy and 
Konovalenko (1976} have suggested that these sep- 
arate regions are in fact part of a much larger 
“South Asian” gem pegmatite belt whose forma- 
tion can be linked to the sequence of orogenic 
events that resulted in the formation of the 
Himalaya range. 

Although gem beryl was found during the ar- 
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cheological excavation of an ancient Greek city in 
northwestern Badakhshan, organized mining of 
beryl, tourmaline, kunzite, and ruby in Af- 
ghanistan dates only from the early 1970s (Dunn, 
1974; Bariand and Poullen, 1978}. Ostensibly the 
mines are under government jurisdiction, but 
most active mining and selling is done by inde- 
pendent miners, usually local tribesmen. Because 
of the volatility of the current political situation in 
Afghanistan, the gem-mining areas around Kabul 
and Jalalabad are virtually inaccessible to foreign 
gem buyers. Once mined, the uncut crystals of 
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Figure 3. The formidable Hindu Kush mountains provide a harsh environment for gem mining, and 
many remote gem localities are inaccessible except by many miles of travel by foot. The Hindu Kush 
range forms the western end of the Himalayas and stretches from central Afghanistan to the northern 
tip of Pakistan, The severe climate in these mountain regions further restricts gem mining. Photo © 


Mike Zens. 


emerald, tourmaline, spodumene, etc., are smug- 
gled across the border into Pakistan, primarily into 
tribal Agency areas such as Bajaur (surrounding 
Peshawar), where most of the trade in Afghan gems 
is conducted. To enter Afghanistan, or even to 
travel along the frontier Agency areas of northern 
Pakistan, one must have special permission from 
both the government and the local tribal leaders. 
Such passes are nearly impossible to obtain, and 
even then there is no guarantee of safety. 

This report describes some of the gem mate- 
rials currently originating in Afghanistan. It is 
based largely on the author’s many years of experi- 
ence dealing with Afghan gemstones, his previous 
travels within the country to purchase gemstones, 


Gemstones from Afghanistan 


and his recent (September 1985] discussions in 
Pakistan with several prominent Afghan miners. 


THE PANJSHIR EMERALDS 


Several thousand carats of fine-quality emeralds, 
some of which are very similar in color and quality 
to those from the famous Muzo mine of Colombia, 
have emerged from Afghanistan in recent years 
(figure 4). The emerald-mining area of the Panjshir 
Valley is located approximately 110 (air) km {70 
mi.} northeast of Kabul (again, see figure 2}. The 
Panjshir River, a tributary of the Kabul River, bi- 
sects a portion of the Hindu Kush mountain range. 
The emerald-mining district lies along the south- 
ern slopes of the Hindu Kush, south of the Panjshir 
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Figure 4, The 1.28-ct emerald in this lady’s ring is 
typical of the dark green material found in the 
Panjshir Valley mines. Stone courtesy of Gem 
Industries, Inc. Photo © Tino Hammid. 


River. It currently encompasses six active 
mines—Darkhenj, Mikeni, Butak, Buzmal, Bakhi, 
and Darun (Neilson and Gannon, 1977). 


Access, Geology, and Mining. Although travel in 
this area is extremely dangerous at the present 
time, access to Panjshir from Kabul is fairly 
straightforward. Travel north by field vehicle 58 
km to Charikar. From Charikar, travel 14 km 
north to Jable-os-Seraj, then 35 km northeast along 
the north side of the Panjshir River to Rokha, then 
another 29 km to Senya, and—for the last 19 
km—by a poor dirt road to where it ends at the 
village of Buzmal (Neilson and Gannon, 1977). The 
Panjshir Valley is densely populated. The emeralds 
occur at an elevation of 3,000—4,000 m, requiring 
that the miners walk several hours up the rough 
slopes (30°-40° angle} as there are no horse or 
mule trails. 

The Panjshir emerald locality has been ac- 
tively mined only during the last 10 years, with the 
greatest activity since the early 1980s, although 
the deposit reportedly was found by Russian geol- 
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ogists in 1970 (Bariand and Poullen, 1978}. Within 
this district, the emeralds occur along small re- 
placement or fracture-filling veins. According to 
Neilson and Gannon (1977), the veins cut through 
host rocks consisting of metamorphosed lime- 
stones, calcareous slates, phyllites, and micaceous 
schists of Silurian-Devonian age (400 million 
years). The veins themselves consist mainly of 
quartz and albite, and are apparently related in 
origin to a local igneous intrusive rock described as 
a quartz-feldspar porphyry. When followed in an 
exposure, these veins vary in thickness up to 15 
cm. Emerald mineralization along and within the 
veins is distributed sporadically, but is often asso- 
ciated with pyrite, which the miners use as an 
indication of the emerald. The emerald is believed 
to be of hydrothermal origin, and apparently re- 
sulted from a chemical reaction between solutions 
traveling along the veins and the enclosing host 
rocks. According to Mr. Haji Mohamuddin, one of 
the discoverers of the Buzmal mine, approxi- 
mately 1,000 workers are mining emeralds 
throughout the valley; 100 men regularly work 
Buzmal. 

Dynamite is used first to identify where in the 
host rock the emerald crystals are most likely to be 
found. The bombings that frequently occur in this 
area occasionally perform the same function. 
Using picks and shovels, the miners dig in pits as 
shallow as one meter and as deep as several meters 
to extract the individual crystals or specimens. In 
spite of the extreme weather conditions, the mines 
are worked virtually all year, the political situa- 
tion permitting. 


Figure 5. This parcel of 87 Afghan emeralds 
weighs a total of 140.9 ct and displays the range 
of colors found in the Panjshir material. Stones 
courtesy of Gem Industries, Inc. Photo by G. W. 
Bowersox. 
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Figure 6. Haji Mohamuddin (left) and Fazal Uddin (right), owners of the Buzmal emerald mine, display 
the largest specimen (190.5 ct) from a 374.5-ct parcel of 10 Buzmal emerald crystals that they brought 
from the Panjshir Valley to Pakistan. Photo by G. W. Bowersox. 


Description of the Material. In general, the 
Panjshir emeralds are a rich dark green (figure 5). 
The finest stones are similar in color to the fine 
emeralds found at the Muzo mine in Colombia. 
The local miners claim that the Panjshir emeralds 
of the best color and quality come from the Mikeni 
and Darkhenj mines. 

Gem-quality crystals over 10 ct are common. 
In fact, a lot of 10 crystals weighing a total of 374.5 
ct was recently recovered from the Buzmal mine. 
The largest of these crystals weighed 190.5 ct (fig- 
ure 6}. Overall, the Panjshir material is larger and 
cleaner than emeralds found in the Swat (see 
Gtibelin, 1982) and Gilgit regions of Pakistan. 


Gemological Properties. A study of the few crys- 
tals and cut stones made available for this purpose 
showed the physical and optical properties to be 
quite normal for emerald: refractive indices, 1.578 
and 1.585 (+0.005); $.G., 2.71 (40.02); inert to ul- 
traviolet radiation; and a typical spectrum with 
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sharp lines at 682, 679, 660, 646, 635, 612, 477, and 
472 nm, and a broad absorption band between 560 
and 600 nm. When the crystals were viewed with 
the microscope, two- and three-phase inclusions, 
growth zones, and fracturing were visible. It is 
interesting to note that the refractive indices and 
specific gravity of this material are somewhat 
lower than those for emeralds from the nearby 
Swat Valley in Pakistan (Gtibelin, 1982). 


Distribution and Production. Most of the Panjshir 
emeralds are transported (year round] in rough 
form to refugee camps in northern Pakistan. The 
trip takes approximately 20 days; all travel is by 
foot. The border area is particularly dangerous be- 
cause explosive devices have been scattered 
throughout. From these camps the stones are pur- 
chased by Pakistan buyers from Karachi or by the 
very few Western buyers who travel to the area. 
During the three weeks the author was on the 
Afghanistan border in September 1985, he viewed 
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approximately 4,000 carats of cuttable gem- 
quality emeralds from Panjshir. According to the 
miners with whom he spoke, production of emer- 
ald continues on a regular basis despite the war, 
and prospects for the future seem excellent in 
terms of the emerald resources available. 

Emeralds have also been reported from Budel, 
in Nagarhar Province, south of Jalalabad (Afzali, 
1981}. The crystals appear to be relatively small 
{1-2 cm maximum], little else has been published 
on this locality. 


TOURMALINE AND SPODUMENE 
FROM THE NURISTAN REGION 


Literally hundreds of thousands of carats of good, 
gem-quality tourmaline and fine kunzite have 
emerged from the Kolum district of the Nuristan 
region northeast of Kabul since active mining 
began there in the early 1970s. This area is also 
known for its production of fine aquamarine 
{Bariand and Poullen, 1978; Sinkankas, 1981); 
however, because the author has had little experi- 
ence with this material, and has not seen much 
recently, it is not covered in detail here. 

The tourmalines and kunzites are found in 
pockets within the pegmatites that dot the Nuris- 
tan region (figure 2). The most active mines cur- 
rently are Mawi and Suraj. In addition, Nilaw and 
Korgal have historically been important (Bariand 
and Poullen, 1978}; Rossovskiy et al. (1978) report 
that between 1973 and 1975, more than 1,260 kg of 
gem-quality kunzite was mined from the Kolum 
district. 


Access, Geology, and Mining. Access to this 
sparsely populated region is difficult even during 
peacetime conditions. From the Kabul-—Jalalabad 
road go due north to Mehtar Lam approximately 20 
km and then 40 km northeast to the village of 
Nuristan. The passable road ends several kilome- 
ters past Nuristan, and all further travel to the 
mines must be by foot. Bariand and Poullen (1978) 
report that they had to travel two full days along 
narrow gorges and rocky trails to reach the deposit 
at Nilaw. 

The key geological features of the Nuristan 
region have been summarized in Bariand and Poul- 
len (1978}. The rocks of this area are quite varied, 
and include metamorphic (gneisses, schists, 
quartzites, and migmatites] and igneous (gabbros, 
diorites, and granites) rock types. Details of the 
regional geology can be found in Fuchs et al. (1974) 
and in Wolfart and Wittekindt (1980). 
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Gem-bearing pegmatites in Nuristan were 
first studied in the early 1970s by Soviet geologists 
(Rossovskiy et al., 1976; Rossovskiy et al., 1978; 
Rossovskiy, 1981}. A number of separate pegma- 
tite localities are known, but the most important 
gem producers seem to be those north of the village 
of Nuristan at Nilaw, Suraj, Mawi, and Korgal. 

The pegmatites vary greatly in size and 
shape—in veins or lenses up to 40 m thick and up 
to several kilometers long. The pegmatites range 
from simple unzoned bodies to those that have 
complex internal zonation, but the latter group 
appear to be the more important gem sources. 
Major minerals include quartz, albite, microcline, 
schorl tourmaline, muscovite, and lepidolite, 
along with various minor phases. Crystals of gem 
tourmaline, spodumene, and beryl occur in cavi- 
ties up to 50 cm across that are distributed along 
the central portion of the pegmatite. These crys- 
tals are quite remarkable in terms of their size, 
crystal perfection, and diversity of color. For ex- 
ample, Rossovskiy {1981) describes tabular, 
gemmy crystals of spodumene up to 45 cm long 
and “pencil” crystals of gem tourmaline up to 20 
cm, both in a wide variety of colors. 

For the most part, the crystals are found in soft, 
powdered clay that fills pockets within quartz-rich 
zones in the pegmatite. While the kunzite and 
tourmaline crystals usually occur in close proxim- 
ity (within a few meters] of each other, only occa- 
sionally are the two gem minerals found in the 
same pocket. Because both are, for the most part, 
foundin situ in the primary pegmatite, the crystals 
are usually well formed and complete. 

Approximately 500 miners work the Nuristan 
region on a daily basis. To penetrate the hard 
pegmatite, they commonly use large drills. The 
gem-bearing areas of the pegmatite are usually en- 
countered between 11 and 20 m below the surface. 
When they reach a pegmatite pocket, the miners 
remove the gem crystals by hand, using only a few 
small tools to scrape away the encasing clay. As 
with the emerald mines in Panjshir, the Nuristan 
miners usually work year round, in spite of the 
severe weather conditions that commonly plague 
the area. 


Description of the Material and Gemological 
Properties. Tourmaline. Gem tourmaline from 
Nuristan occurs in an astonishing array of 
colors—various shades of pink (figure 7}, green 
(figure 8), blue (see figure 1), and multicolored. 
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Bariand and Poullen (1978) describe the intense 
shades of blue and green tourmaline as the most 
valued. The cuttable crystals, which range up to 15 
cm in length and 4 cm in width, also represent 
magnificent mineral specimens in themselves. For 
the most part, these crystals are well formed, often 
clean and free of inclusions and fractures, and, at 
the time they are purchased for cutting, are free of 
matrix. Color zoning perpendicular to the length 
of the crystal varies from sharp color transitions to 
asmooth grading of one color into another. Most of 
the crystals examined in this study were not color 
zoned. 

Some data have been published on the Nuris- 
tan tourmalines. Leckebusch (1978) reported 
chemical compositions of these tourmalines, 
which are elbaites, and related the color zonation 
in individual crystals to variations in chemistry. 
Dunn (1974) examined a range of tourmalines from 
this area, in particular the colorless crystals, or 
achroites. For pale to deeply colored crystals, he 
reported refractive indices of 1.617 and 1.639 
(+0.003} with no particular correlation of these 
values with color. For the achroites, the indices 
were 1.615' and 1.633. The specific gravity ranged 
from 3.02 to 3.07. 

Examination of a parcel of green, blue-green, 
and blue tourmalines revealed refractive indices of 
1.619 and 1.639 and specific-gravity values of 
3.04—3.09. The crystals displayed grayish blue to 
greenish blue pleochroism. They were inert to 


Figure 7. This 200-ct carved rubellite exemplifies 
some of the finest tourmaline produced by the 
Nuristan region. The pendant was carved by 
Hing Wa Lee. Photo © Harold & Erica Van Pelt. 


Figure 8, The intense green of this 
12.25-ct cut tourmaline and accom- 
panying 13 x 19mm gem-quality 
crystal is one of the exceptional 
colors typical of the best Afghan ma- 
terial. These specimens are also rep- 
resentative of the high clarity fre- 
quently encountered in Nuristan 
tourmalines. Stones courtesy of 
Afghan Gems, San Francisco, CA. 
Photo © Harold & Erica Van Pelt. 
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Figure 9. The Nuristan region also produces some 
of the finest kunzite crystals ever found, as can 
be seen from the 1243.7-gram crystal depicted 
here with a 45.07-ct pear-shaped gem cut from 
similar rough. The crystal displays its most in- 
tense color as viewed here along the c-axis. 
Stones courtesy of Gem Industries, Inc. Photo © 
Harold & Erica Van Pelt. 


long- and short-wave ultraviolet radiation, except 
for some of the color-zoned crystals that were 
weakly fluorescent with a chalky bluish color 
under short-wave at the pale end of the crystal. 
Two-phase inclusions, fractures, and color zoning 
were visible with the microscope. In the hand 
spectroscope, bands at 495, 490 and 440 nm were 
present in the blue crystals, with an additional 
band at 540 nm present when the stone being ex- 
amined was oriented perpendicular to the c-axis. 
The spectra displayed total absorption above 598 
nm. The most distinctive feature of these tourma- 
lines is their attractive blue to green color. 


Spodumene. The spodumene crystals from the 
Nuristan region are among the finest examples of 
this mineral ever found (figure 9). Many details on 
the pegmatite deposits of spodumene are given in 
Rossovskiy et al. (1978) and Bariand and Poullen 
(1978). The transparent, gem-quality spodumene 
crystals from Nuristan come in a wide range of 
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colors—purple and pink (figure 10}, as well as blue, 
green, and yellow. Some of these crystals are up to 
one meter in length. In general, they are well 
formed, with large, flat crystal faces, relatively 
sharp edges, a tabular shape, and are often twinned. 
As with tourmaline, the spodumene crystals are 
free of any attached minerals at the time they are 
sold to gem buyers. As is typical of spodumene, 
which is pleochroic, the crystals from this area 
display different hues when viewed in different 
orientations, with the strongest color for light 
passing parallel to the long direction (c-axis) of the 
crystal. Dunn (1974) describes some of the crystals 
as color zoned, but the crystals examined for this 
paper were more or less of uniform color. 

From the study of a parcel of light pink 
spodumene crystal fragments and several addi- 
tional faceted stones, refractive indices of 1.659 
and 1.677 (+0.003) and specific-gravity values of 
approximately 3.20 (+0.02) were found. These 
fragments were pleochroic from brownish pink to 
pink. No features were visible in the hand spectro- 
scope. When exposed to long-wave ultraviolet ra- 
diation, the fragments displayed a strong orangy 


Figure 10. These three marquise-cut kunzites 
exhibit the variety of natural hues that are found 
in the Nuristan material. Counterclockwise from 
the top, these gems weigh 290.87, 58.52, and 
40.88-ct, respectively. The stones are courtesy of 
Meredith Mills, Casper, WY. Photo © Harold & 
Erica Van Pelt. 
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pink fluorescence. When exposed to short-wave 
ultraviolet radiation, they exhibited a strong blu- 
ish pink fluorescence with a red phosphorescence 
that lasted for about one minute. When viewed 
with the microscope, the spodumene fragments 
revealed three-phase inclusions, growth tubes, and 
cleavages, and displayed twinning. In general, 
these properties are identical to those reported for 
Afghanistan spodumene by Dunn (1974] and Ros- 
sovskiy (1981). 

Most spodumene exhibits the property of 
tenebrescence, which involves a reversible 
darkening and lightening of its color with changes 
in conditions (Claffy, 1953). Pure spodumene is 
colorless; the various colors (pink, purple, green, 
yellow) are due to the presence of trace elements 
such as manganese and iron. Manganese substi- 
tutes for silicon, and iron for aluminum, in the 
spodumene crystal structure. According to Hassan 
and Labib (1978} and Nassau (1983), a darkening of 
the color of spodumene to pink or purple (kunzite) 
can be brought about by exposure to a source of 
high-energy radiation (gamma or X-rays) that re- 
moves an,electron from the manganese and 
changes its oxidation state from 2* to 3+. Further 
irradiation produces a coupled oxidation- 
reduction reaction involving both iron and man- 
ganese to turn the pink spodumene green. 


Mn3t + Fe3t irradiation yyy4t+ 4. fe2+ 


These radiation-induced color changes are ther- 
mally unstable, and the color-change sequence de- 
scribed above can be reversed by exposure to day- 
light, ultraviolet radiation, or moderate heat of a 
few hundred degrees Celsius. The exact color- 
alteration behavior of spodumene, and the relative 
persistence of radiation-induced colors, will vary 
depending on the nature of the trace elements and 
the color-treatment history of the stones in ques- 
tion. Because it is colored by chromium, which in 
spodumene is not susceptible to oxidation or re- 
duction, hiddenite does not exhibit changes in col- 
oration under similar conditions. 

When mined, spodumene emerges from the 
ground with a blue-violet or green color. This sug- 
gests that the crystals have been exposed to some 
natural source of radiation that produced these 
colors by the mechanism described above. Accord- 
ing to the miners, leaving the crystalsin the sun for 
several days, often after having boiled them in 
water, is sufficient to turn the material to an at- 
tractive purple or pink color. Fade tests were con- 
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ducted to document the thermal stability of the 
purple kunzite, and determined that heating crys- 
tal fragments to temperatures of 400°C for six 
hours was adequate to entirely bleach the pink 
color. Exposure of several pieces from a single pink 
crystal to direct sunlight produced fading to virtu- 
ally colorless within several days (less than a 
week], As described above, the pink color can be 
restored by re-irradiation. 


Distribution and Production. The mined crystals 
of tourmaline and spodumene are carried on the 
backs of the miners, who usually travel by foot 
approximately 560-640 km (350-400 mi.} over 
rough mountain terrain and through a border area 
dotted with land mines to reach Pakistan. The 
author purchased most of his material from miners 
whose primary trading area is the Bajaur Agency. 

The Nuristan region has produced hundreds of 
thousands of carats of gem-quality tourmaline 
since 1980. The author estimates that approxi- 
mately 2,000 kg of fine kunzite are being mined 
each year. 


JEGDALEK RUBY 


Although very little mining is being conducted at 
the current time because the area is so volatile 
politically, a number of fine rubies have been 
mined from the southern portion of the Sorobi 
district (again, see figure 2). Local miners refer to 
the main deposit as the Jegdalek mine. Although 
little research has been done on the geology of the 
ruby-producing area and the occurrence of the ru- 
bies, it is known that they are usually found in situ 
in marble cut by granitic intrusions of Oligocene 
age (Afzali, 1981). The crystals range in color from 
a light purple-red to a deep ‘‘pigeon’s blood” red 
(figure 11}. The best-quality stones are similar to 
those found at Mogok, in Burma. The author has 
seen fair-quality faceted stones as large as 10 ct, 
although top-quality rubies from this area rarely 
exceed 5 ct. 

While current supplies appear to be small—the 
author saw fewer than 100 ct of gem-quality ma- 
terial during his most recent visit—communi- 
cations from the miners indicate that the reserves 
are significant. Larger amounts of this material 
will most likely be available once the political 
situation in the area stabilizes. 


Gemological Properties. Examination of a small 
number of cut stones and crystal fragments of ruby 
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Figure 11, The 1.36- and 1.70-ct rubies in this 
photo are representative of the finest ‘‘pigeon’s 
blood” color from Jegdalek. Stones courtesy of 
Gem Industries, Inc. Photo © Tino Hammid. 


produced the following properties of a typical 
stone: refractive indices, 1.762 and 1.770; specific 
gravity, approximately 4.00; moderate to strong 
fluorescence to long- and short-wave ultraviolet 
radiation; and purplish red to orangy-red pleoch- 
roism. In the hand spectroscope, absorption bands 
were Visible at 469, 473, 660, 668, 693, and 694 nm, 
and a broad band from 520 to 560 nm. Under the 
microscope, fractures, small unidentified crystals, 
and needles thought to be boehmite were generally 
abundant. Some twinning was also noted. The 
most interesting feature was a strong blue color 
zoning present in some of the rubies (figure 12). 


OTHER GEM MATERIALS FROM 
AFGHANISTAN 


Much has been written about lapis lazuli from 
Afghanistan (e.g., Wyart et al., 1981). In recent 
years, however, the production and supply of lapis 
from Badakhshan has been greater than ever 
before, and many examples of superb material can 
be seen in gem markets worldwide (figure 13). In 
1981, reserves of 1,300 tons were estimated (Af- 
zali, 1981). 
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A single deposit of garnets has been found at 
Pachighram, in Nangarhar Province. Well-formed 
crystals of dark red almandine occur in Proterozoic 
schists. The garnet-bearing schists cover an area 
approximately 160-240 km wide and 800—1,100 
km long {Afzali, 1981]. However, the author has 
not seen any Afghan garnet for sale in the Pakistan 
trading centers during the last three years. 

Small quantities of aquamarine are currently 
being mined in the area of Gur Salak, in Konar 
Province. The rough material occurs in pegmatites 
as well-formed crystals up to2cm thick and7.5cm 
long {1 x 3 in.). The crystals range in color from 
light blue to dark blue as well as various intensities 
of blue-green (figure 14). 

The author observed a few morganite crystals 
during his most recent trip. These crystals, which 
ranged in color from pink to brownish pink to 
peach, were reported by Afghan miners to come 
from the mine at Mawi, in the Nuristan region. 
Spinel has historically been reported from 
Badakhshan, northeast of the lapis mines (Scalisi 
and Cook, 1983), but little spinel has been seen in 
recent years. A 1970s edition of Afghan Develop- 
ment in Brief, published by the Afghan govern- 
ment, reported that amethyst had been found in 
both Badakhshan and Kandar. The author has not, 
however, seen any of this material in the local 
gemstone market. 


CONCLUSION 

Significant quantities of a variety of high-quality 
gem materials are now emerging from northeast- 
ern Afghanistan. More material than ever before 


Figure 12. Unusual zones of strong blue color can 
be observed in some rubies from the Jegdalek 
mine. Dark-field illumination, magnified 35 x. 
Photo by John Koivula. 
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Figure 13. The fine lapis lazuli currently coming from Afghanistan is well represented by the 16-mm- 
wide cuff bracelet and 17-mm bead necklace with carved lapis and diamond pendant-clasp (35-mm di- 
ameter) illustrated here. Photo © Harold & Erica Van Pelt. 

oe 


Figure 14. This 5.7-cm-high 
crystal cluster, accompanied 
by a75.8-ct faceted stone, is 
repesentative of the fine 
aquamarine that is also 
being mined in the Nuristan 
region of Afghanistan. 
Specimen courtesy of Wil- 
liam Larson, Pala, CA; cut 
stone courtesy of the Los 
Angeles County Museum of 
Natural History. Photo © 
Harold & Erica Van Pelt. 
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has reached cutting centers in Thailand, Hong 
Kong, Germany, Brazil, and the U.S. While the 
present hostilities and war-like conditions in Af- 
ghanistan have made mining and subsequent 
transportation of the gem materials difficult, the 
need for capital appears to have stimulated mining 
operations to their greatest heights in many years. 
For example, greater amounts of fine-quality lapis 
lazuli are available now than at any time in recent 
decades. The reserves of tourmaline and spod- 
umene, in particular—and to a lesser extent also 
emerald—appear to be good. Political conditions 
permitting, Afghanistan should continue to sup- 
ply significant quantities of these gem materials 
for several years to come. 
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A PROPOSED NEW CLASSIFICATION FOR 
GEM-QUALITY GARNETS 


By Carol M. Stockton and D. Vincent Manson 


Existing methods of classifying garnets 
have proved to be inadequate to deal with 
some new types of garnets discovered 
recently. A new classification system based 
on the chemical analysis of more than 500 
gem garnets is proposed for use in gemology. 
Chemical, optical, and physical data for a 
representative collection of 202 transparent 
gem-quality stones are summarized. Eight 
garnet species are defined—grossular, 
andradite, pyrope, pyrope-almandine, 
almandine’, almandine-spessartine, 
spessartine, and pyrope-spessartine—and 
methods of identification are described. 
Properties that can be determined with 
standard gem-testing equipment 
(specifically, refractive index, color, and 
absorption spectrum) can be used to 
identify a garnet as one of the eight species 
and, where appropriate, more precisely as 
one of several varieties that are also defined. 
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Proposed New Garnet Classification 


ver the past two decades, the discovery of new types 
() of garnets in East Africa has led to a realization that 
garnet classification systems based on the early work of 
gemologists such as B. W. Anderson are no longer entirely 
satisfactory. This article proposes a new system of classifi- 
cation, derived from chemical data on a large collection of 
transparent gem-quality garnets, that requires only 
determination of refractive index, color, and spectral fea- 
tures to classify a given garnet. Thus, the jeweler- 
gemologist familiar with standard gem-testing techniques 
can readily and correctly characterize virtually any garnet 
he or she may encounter, and place it within one of eight 
rigorously defined gem species: grossular, andradite, 
pyrope, pyrope-almandine, almandine, almandine-spes- 
sartine, spessartine, and pyrope-spessartine. Several varie- 
tal categories (e.g., tsavorite, chrome pyrope, rhodolite, 
and malaia*) are also defined. 

In 1959, B. W. Anderson stated that ‘since chemical 
analysis is seldom possible in dealing with gem material, 
one has to rely on colour, absorption bands, and inclusions 
in addition to the density and refractive index in an at- 
tempt to place the garnet in its correct category.” For all 
practical purposes gemologically, this is still the case. It 
was also known that the complexities of garnet chemistry 
made characterization difficult, such that “it cannot be 
said with certainty, therefore, that a red garnet having a 
refractive index of 1.771 and a density of 3.911 will consist 
exactly of 30 per cent almandine [sic] and 70 per cent 
pyrope [sic], since the presence of a small percentage of 
andradite will shift the proportions in favour of almandine, 
and the presence of grossular would produce a lowering 


*Malaia has previously been spelled ‘‘malaya” in the gemological 
literature; the spelling used here is not only less confusing, but is also 
that used in East Africa, whence the word originated (C. Curtis, pers. 
comm., 1985). 
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effect on the values of the physical data” (Webster, 
1983, p. 170). 

Although chemical analysis is still not a prac- 
tica] routine test for the gemologist, it is an impor- 
tant tool in many related disciplines. Accurate, 
rapid, nondestructive chemical analysis became 
available to researchers in mineralogy in the 1960s 
with the commercial development of the electron 
microprobe (invented in 1949). However, the 
chemical] work done by mineralogists (e.g., Reid et 
al., 1969) rarely includes information on color, 
clarity, or spectra that would make the data of rea] 
use to gemologists. On the other hand, gemology 
rarely ventured into new analytical areas during 
the 1960s and 1970s. 

As a result, until recently the classification of 
garnets used by gemologists failed to benefit from 
these technological advances. The third edition of 
Webster’s Gems (1975 describes six major types of 
garnets: andradite, grossular, spessartine, pyrope, 
almandine, and the pyrope-almandine intermedi- 
ate series. The first three are considered discrete 
types with limited chemical variability (in spite of 
a brief introductory mention of a continuous series 
between almandine and spessartine}). The series 
from pyrope to almandine, however, is divided ar- 
bitrarily into three parts based on refractive index 
and specific gravity according to a system devised 
by Anderson in 1947. The characteristic spectra for 
garnets, too, come from work done by Anderson 30 
years ago (1953-1956). 

Toward the end of the 1960s and through the 
1970s, however, East Africa revealed a wealth of 
garnets, among which were some new types (most 
notably tsavorite and malaia; see Bridges, 1974, 
and Jobbins et al., 1978} that did not fit any existing 
definitions. Rhodolite, the characterization of 
which had already been in question, was also 
found in Africa and thus the debates on its termi- 
nology escalated (see, e.g., Martin, 1970, and 
Campbell, 1972). Some of the newer material has 
also presented problems in terminology (e.g., Cur- 
tis, 1980; Schmetzer and Bank, 1981; Gubelin and 
Weibel, 1975). It became evident that a thorough 
examination of gem-quality garnets—including 
chemical analysis as well as standard gemological 
tests—was needed to correctly identify the new 
material and provide a more definite and rigorous 
characterization of the established types. 

This article reports the conclusions reached in 
a study that correlates the chemical compositions 
of an extensive collection of transparent, gem- 
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quality garnets with their optical and physical 
properties as acquired through routine gem-testing 
techniques. Many of our findings were published 
previously as groups of data were completed 
(Manson and Stockton, 1981, 1982, and 1984, 
Stockton, 1982; Stockton and Manson, 1982 and 
1983). These papers have covered the five major 
garnet end members—pyrope, almandine, spes- 
sartine, grossular, and andradite—as well as gar- 
nets of intermediate composition (see figure 1). 
These data are assembled here into a unified sys- 
tem of description, classification, and nomencla- 
ture for garnets that is oriented toward the needs 
and practical methods of gemology {see table 1) and 
resolves many of the questions that have arisen 
with the newer types of garnets discovered. 


THE GARNET GROUP 


Gem garnets belong to a complex group of min- 
erals that share the general chemical-structural 
formula X3Y,Z30j9, where X is an ion (generally 
Ca2+, Mn2+, Fe2+, or Mg2+] bonded to eight oxygen 
atoms in a dodecahedral formation, Y (A+, Fe3+, 
V3+, Cr+, or Ti3+) is bonded to six oxygen atoms in 
octahedral coordination, and Z (Si*+ or Ti+) is 
bonded to four oxygen atoms in a tetrahedral 
coordination (figure 2}. When each site is occupied 
by only one type of ion, the result is identified as an 
end member of the garnet mineral group. For ex- 
ample, Ca3A],Si30)., pure grossular, is such an 
end member. Five end members can be used to 
describe virtually all gem garnets: pyrope 
(Mg3Al,Si30 49}, almandine (Fe3A],Si30)4], Spes- 
sartine (Mn3Al,Si30j9}, andradite (Ca3Fe2$i30)9); 
and grossular. The complexity of garnets arises 
from the fact that these various chemical constit- 
uents can be present in virtually any proportions in 
the composition of a single stone. In addition, Cr’*, 
v3+, and Ti3+/4+ are important chemical constitu- 
ents of gem garnets and all have had corresponding 
end members described. However, they occur only 
as minor or trace elements in gem-quality garnets, 
and will thus be discussed here as “impurity” ions 
or oxides rather than as end-member components. 

Ambiguity in the use of terms such as grossu- 
Jar can result in confusion when discussing gar- 
nets. Often these terms are used both to refer to the 
above-mentioned theoretical pure end members 
and to denote actual garnets that are only more- 
or-less close in composition to the pure end 
member. To avoid such confusion in this presen- 
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tation, all references to the theoretical end mem- 
bers will be italicized, as above. 


DATA COLLECTION 


More than 500 gem-quality garnets were examined 
and chemically analyzed over the past five years. 
From this group, we selected 202 stones that repre- 
sent the full range of colors, physical properties, 
and chemical compositions that have been ob- 
served. For each of these 202 stones, we collected 
data on chemistry, color, visible-range absorption 
spectrum, refractive index, and specific gravity. 
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Figure 1. A selection of gem 
garnets from the study 
collection that shows the 
broad range of colors and 
chemical compositions 
encountered. These stones 
have been classified (in the 
system proposed in this 
article) as: A—malaia, 
B-grossular, 
C—pyrope-spessartine, 
D-—hessonite, E—rhodolite, 
F—grossular, G—demantoid, 
H-color-change pyrope- 
spessartine, !—pyrope, 
]-tsavorite, K—grossular, 
L—tsavorite, M-rhodolite, 
N—chrome pyrope, 
O-spessartine, 
P—demantoid, and 
Q-spessartine (GIA 
catalogue numbers 234, 
1/47, 8960, 7201, 5818, 5873, 
1/167, 665, 1/132, 7202, 
1/36A, 13319C, 1/84, 13113, 
13047, 13234, and 5814, 
ranging in weight from 1.08 
to 2.91 ct). Photo© Tino 
Hammid. 


Chemical compositions were determined at least 
three times for each stone with a MAC automated 
electron microprobe, and then averaged and con- 
verted to end-member components. Color de- 
scriptions were obtained with a GEM ColorMaster 
and converted mathematically to CIE x, y, and z(or 
tone} coordinates. Absorption spectra were re- 
solved with a Pye-Unicam 8800 dual-beam spec- 
trophotometer as well as with a Beck hand spec- 
troscope. Refractive indices were determined with 
a GEM Duplex II refractometer or prototype Du- 
plex II with cubic zirconia hemicylinder for stones 
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TABLE 1. The proposed new system of garnet classification with key characteristics for identification. 


Species R.l. ranges Hues Spectral absorption features 
Grossular 1.730~- 1.760 Green through reddish orange, None except with highly saturated orange to reddish 
and colorless orange stones (see variety hessonite), which show 
bands at 407 and/or 430 nm (see right). 
Andradite 1.880-— 1.895 Very slightly yellowish green None except with very slightly yellowish green to 
through orangy yellow yellow-green andradites (see variety demantoid), 
which usually show a cutoff to about 440-445 nm and 
may also show additional bands as at right. 
Pyrope 1.714-<1.742 Purplish red through reddish None when colorless; others with weak bands as 
orange, and colorless tor almandine and/or spessartine, or with a cutoff 
to about 440-445 nm and a broad 564 nm band that 
may be accompanied by additional bands (see variety 
chrome pyrope). 
Pyrope-almandine 1.742-<1.785 Reddish orange through Bands at 504, 520, and 573 nm, but may also show 
red-purple weak bands at 423, 460, 610, and/or 680-690 nm 
(see right). 
Almandine 1.785- 1.830 Orangy red through Bands at 504, 520, and 573 nm, as illustrated, but 
purplish red may also show weak bands at 423, 460, 610, and/or 
680-690 nm. 
Almandine-spessartine 1,810-— 1.820 Reddish orange through Cutoff to about 435 nm, and bands at 460, 480, 504, 
orange-red 520, and 573 nm, with more or less merging of the 
last four. In extremely dark stones, all the 
absorption regions will broaden further. 
Spessartine 1.780—<1.810 Yellowish orange through Bands at about 410, 421, 430, 460, 480, and 520 nm, 
reddish orange but the first three may merge to form a cutoff to about 
435 nm. Weak bands at 504 and/or 573 nm may also 
be present. 
Pyrope-spessartine 1.742—<1.780 Greenish yellow through Bands at 410 and 430 nm, and usually at 421 mm, that 


purple 


occasionally merge to form a 435 nm cutoff. Also show 
some combination of bands at 460, 480, 504, 520, and 
573 nm (see varieties malaia and color-change pyrope- 
spessartine). Examples are shown at right. 


with indices over 1.800. Specific gravities were 
measured hydrostatically. Details of the mi- 
croprobe operating conditions, correction pro- 
gram, and end-member conversion, as well as 
spectrophotometer parameters and actual data, are 
available on request from the authors. 


CHEMISTRY 
Although garnets theoretically may occur in any 
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mixture of the end members pyrope, almandine, 
spessartine, grossular, and andradite, the obser- 
vations of this and other studies of gem garnets 
have enabled us to distinguish eight categories of 
garnets based on chemical composition: (1} grossu- 
lar, (2) andradite, (3) spessartine, (4) almandine- 
spessartine, (5) almandine, (6) pyrope-almandine, 
(7) pyrope, and (8) pyrope-spessartine. 

Grossular garnets that were examined for this 
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(hand spectroscope) 


Varieties 


400 £00 600 700 


Tsavorite: a green to very slightly yellowish green variety of grossular. 
Shows no absorption spectrum visible with a hand spectroscope. 


Hessonite: a yellow-orange to reddish orange variety of grossular. Shows no spectrum 
in lighter tones, buthighly saturated stones have bands at 407 and/or 430 nm that are 
visible with a hand spectroscope (see left). 


Demantoid: a very slightly yellowish green to yellow-green variety of andradite. 

Always shows a cutoff to about 440-445 nm, but may also show a pair of bands at 
618 and 634 nm. Very intensely colored stones also show a pair of thin bands at 685 
and 690 nm, as at left, and/or a broad absorption region centered around 600 nm. 


Topazolite: a yellow to orangy yellow variety of andradite. Shows no absorption 
features visible with a hand spectroscope. 


Chrome pyrope: an orange-red variety of pyrope that shows a 440-445 nm 
cutoff, a broad band at about 564 nm, and usually also a pair of thin bands at 670 and 
684 nm (see left). May also show a weak band at about 504 nm. 


Rhodolite: a very slightly purplish red to red-purple variety of pyrope-almandine. 
Spectral features are the same as for other pyrope-almandines (see left). 


Malaia: a yellowish orange to red-orange variety of pyrope-spessartine. 

Always shows bands at 410, 421, and 430 nm that occasionally merge to form a cutoff 
at about 435 nm. Also shows some combination of bands at 460, 480, 504, 520, 
and 573 nm. See examples 1 and 2 at left. 


Color-change pyrope-spessartine: this is a variety of pyrope-spessartine that exhibits 
a distinct change in the appearance of its body color between incandescent and 
fluorescent (or daylight) illumination. Hues that have been observed under fluorescent 
light range from greenish yellow through purple. All stones show bands at 410, 421, 
and 430 nm that may be merged to form a cutoff at about 435 nm, as well as some 
combination of bands at 460, 480, 504, 520, and 573 nm. In stones with a strong 
change of color, the 573 nm band is notably broadened and strengthened. See last 
three examples at left. 


study all consist of more than 75.0 wt.% grossular, 
with up to 19.0 wt.% andradite. As much as 0.23 
wt.% CryO3, 2.44 wt.% V2Os, and 0.52 wt.% Ti,03 
were also measured in grossulars. Pyrope, 
almandine, and spessartine taken together never 
exceed 4.50 wt.% in gem grossulars. 

All of the andradites studied consist of more 
than 95 wt.% andradite. Because their composi- 
tion is so distinct, little needs to be said about their 
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chemistry. Although gem-quality andradites ex- 
hibit minimal chemical variability, this variabil- 
ity is significant with respect to different colors 
observed. Minor or trace levels of chromium and 
titanium are the most important additional ele- 
ments (Cr,03 S 0.20 wt.% and Ti,O3 < 
0.10 wt.%}. 

The remaining garnets are composed of highly 
variable proportions of pyrope (0—83.0 wt.%], 
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Figure 2, Schematic diagram of a portion of the 
garnet crystal structure. Hatched circles represent 
X cations, small open circles denote Y cations, 
black circles the Z cations, and large open circles 
the oxygen atoms bonded to the various cations 
(adopted from Novak and Gibbs, 1971). 


almandine (2.0-—78.0 wt.% J, spessartine (0.2—94.0 
wt.%]), and grossular (O—24.0 wt.%]. None con- 
tains more than 4.0 wt.% andradite. Figure 3 illus- 
trates the relationship among these garnets with 
respect to their three major constituents. Heavily 
“populated” areas are mixtures of pyrope and 
almandine, pyrope and spessartine, and 
almandine and spessartine. Examples that ap- 
proach pure spessartine exist, but neither pyropes 
nor almandines of such high purity have been en- 
countered in gem-quality stones. There is discon- 
tinuity between the series almandine-spessartine 
and those of pyrope-almandine and pyrope-spes- 
sartine. The possibility exists, however, that the 
latter two may represent one continuous series; 
there are high pyrope stones that include substant- 
ial and roughly equal amounts of almandine and 
spessartine. On the other hand, there is no appar- 
ent reason why gem-quality garnets should not 
occur that fill any of these gaps. Discovery of new 
provenances for garnets might easily provide such 
stones, the pyrope-spessartine series, for example, 
was unknown prior to the discovery of such gar- 
nets in East Africa about 20 years ago. Thus, clas- 
sification of stones in this chemical array seems 
likely to involve arbitrary decisions, at least inso- 
far as chemical distinction is involved. 


210 Proposed New Garnet Classification 


COLOR 

Natural gem garnets occur in a wide variety of 
hues, from green through yellow and red to purple 
(figure 4). Some of these colors are characteristic of 
certain types of garnets. For example, intense 
greens are found only among grossulars and an- 
dradites. Generally, any green garnet will belong to 
one of these two species, although the study col- 
lection contains a single color-change pyrope- 
spessartine (GIA 96A]} that is greenish yellow in 
fluorescent light or daylight—close enough to 
green to suggest that sweeping generalities about 
green garnets must be avoided. Colorless and yel- 
low garnets have as yet been confined to the gros- 
sular category. Yellowish orange to reddish orange 
{including brown) garnets may be grossulars, spes- 
sartines, or any of various mixtures of almandine, 
spessartine, and/or pyrope. Red to purplish red 
garnets belong to mixtures of pyrope and 
almandine. Red-purple garnets may be alman- 
dines, pyrope-almandines, or color-change 
pyrope-spessartines. The few purple stones en- 
countered have all proved to be color-change 
pyrope-spessartines. 


ABSORPTION SPECTRA 


There is considerable disagreement in the inter- 
pretation of many of the spectral absorption bands 
that may be observed in the visible-light range for 
garnets (see, for example, Manning, 1967 and 1972, 
Slack and Chrenko, 1971; Moore and White, 1972, 
Frentrup and Langer, 1981}. Empirically, however, 
correlations can be made between certain absorp- 
tion features and the chemical constituents typi- 
cally associated with various colors. While these 
relationships should not necessarily be interpreted 
as cause and effect, they nonetheless fulfill our 
present needs for the identification and classifica- 
tion of gem garnets. Characteristic absorption 
spectra for the various types of gem garnets are 
illustrated in table 1 and discussed below. 


Grossular. With the exception of some intense or- 
ange to reddish orange stones, grossulars do not 
exhibit any features visible with a hand spectro- 
scope. For the exceptions, an absorption band can 
be resolved at about 430 nm. It is accompanied by a 
very thin band at 407 nm that can sometimes also 
be seen with a hand spectroscope. Less intensely 
colored orange and yellow grossulars exhibit in- 
creasing absorption toward the blue end of the 
spectrum, but no distinct bands. Greenish yel- 
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Spessartine 


Figure 3. Compositional 
ternary diagram for garnets 
in the study collection that 
are composed primarily of 
pyrope, almandine, and/or 
spessartine (i.e., less than 25 
wt.% grossulay). 


Almandine 


low to green grossulars have two broad regions 
of absorption centered around 425 and 600 nm 
that are too attenuated to be visible with a hand 
spectroscope. 


Andradite. Very slightly yellowish green to 
yellow-green andradites invariably exhibit com- 
plete absorption to about 440—445 nm that is due 
to a very strong band centered at about 434 nm. 
Less yellowish and more intense green stones may 
also show a pair of bands at approximately 618 and 
634 nm. Occasionally, with very intense green 
demantoids, a pair of thin bands is also visible 
at about 685 and 690 nm. In addition, all green 
andradites have a broad absorption region centered 
at about 600 nm that can be resolved with the 
spectrophotometer but not usually with a hand 
spectroscope. The single orangy yellow andradite 
examined showed no features with a hand spectro- 
scope, but displayed bands at about 438 and 600 
nm on the spectrophotometer. The 600 nm band 
was considerably weaker than its counterpart in 
the green stones. 
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Figure 4. CIE chromaticity diagram (tone level 5) 
with coordinate points plotted for the 202 garnets 
in the study collection. The range of hues extends 
from green to purple. 


Pyrope-Almandine-Spessartine Series « 


Andradite o 
Grossular x 
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Pyrope. Pure pyrope, not found in nature, is color- 
less and has no absorption features in the visible 
wavelengths. (Colorless pyrope that exceeds 97% 
of that end member has recently been found, but 
not in gem sizes, Chopin, 1984.) However, gem- 
quality garnets high in pyrope vary considerably in 
color and spectral features. Some exhibit features 
common to almandine, spessartine, or both. More 
common are the intense, dark red pyropes with 
strong, broad bands centered at about 410 and 564 
nm, the 410 nm band appears as a cutoff to about 
440—450 nm when observed with a hand spectro- 
scope. Some of these stones also reveal a pair of 
narrow bands at about 670 and 684 nm. 


Pyrope-Almandine. Pyrope-almandine garnets 
display spectra consistent with that described 
below for almandines. 


Almandine. High-almandine garnets exhibit 
strong bands at 504, 520, and 573 nm, as well as 
weaker bands (not usually visible with a hand 
spectroscope} at 420, 460, 610, and 680-690 nm. 


Almandine-Spessartine. Stones of mixed 
almandine and spessartine content exhibit spectra 
with strong features contributed by both end 
members: a 435 nm cutoff, with a usually distinct 
band at 460 nm, and bands at 480, 504, 520, and 573 
nm that generally merge into a single broad region 
of absorption. 


Spessartine. Garnets with a high spessartine con- 
tent exhibit a spectrum that, at the least, contains 
bands at 407, 411, 421, 430, 460, 480, and 520 nm. 
The first four bands, however, are very strong and 
overlap in such a way that they appear in the hand 
spectroscope as either two broad bands at about 
410 and 430 nm (a weak 421 nm is also sometimes 
visible} or as a cutoff to about 435 nm. Bands at 
about 504 and 573 nm are at times present, but 
they are invariably weaker than the others and 
apparently relate to the amount of almandine ina 
given stone. 


Pyrope-Spessartine. Garnets composed primarily 
of pyrope and spessartine invariably have strong 
bands in the blue, as in spessartines, and usually 
bands at 504, 520, and/or 573 nm. However, these 
bands vary considerably in relative strength, and 
460 and/or 480 nm bands may also be present in 
some specimens. 
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The pyrope-spessartines also include the 
color-change garnets, which have a 435 nm cutoff 
due to a strong set of overlapping 407, 411, 421, and 
430 nm bands, and in most cases a broad band 
centered at approximately 573 nm. Bands at about 
460, 480, 504, and 520 nm may also be visible with 
a hand spectroscope in some specimens. In 
lighter-colored specimens, individual bands may 
be resolved in the blue. Occasionally, the 573 nm 
band is too weak to be resolved, in which case only 
407-411, 421, and 430 nm bands, as well as very 
weak 460 and 480 nm bands, are visible. 


PHYSICAL DATA 


A graphic distribution of refractive-index and 
specific-gravity data for the 202 garnets studied 
{figure 5) reveals three relatively distinct groups. 
Andradites have a considerably higher refractive- 
index range (21.880) than any other type of garnet 
{<1.816). The specific-gravity range for grossulars 
is lower than that of any other garnet examined: 
Gem grossular has not yet been observed to exceed 
3.66, while the lowest value for any specimen that 
might be visually mistaken for grossular is 3.75 
{pyropes, however, have been observed to have 
densities as low as 3.67). The remaining coordi- 
nates form more or less of a continuum between 
1.731-1.816 and 3.75-4.29. There is so much 
overlap in specific-gravity ranges for the various 
types of garnets (again, see figure 5) that the use- 
fulness of this property is questionable. Moreover, 
the difficulty of accurately measuring density as 
well as the considerable variability introduced by 
the presence of inclusions suggests that this is not 
a reliable characteristic for the identification and 
classification of gems. The graph also shows that 
there are minor discontinuities in the distribution 
of the observed refractive indices, but all of these 
gaps, with the probable exception of that separat- 
ing andradite, are small enough that they could 
disappear with additional data. 


DISCUSSION 

Classification of garnets has been impeded not 
only by the complex compositional variability of 
the material itself but also by a lack of well-defined 
and well-characterized terminology. Thus, de- 
bates on the use of varietal terms (e.g., Trumper, 
1952; Anderson, 1959; Martin, 1970; Curtis, 1980; 
Schmetzer and Bank, 1981} suffer largely from a 
case of building castles on sand. Before defining 
specific gemological terminology, we need to ex- 
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Figure 5. Refractive-index and specific-gravity coordinates plotted for the 202 gem garnets in the study 
collection. Apart from the separation of andradites, no obvious distinctions appear on the basis of either 


property individually or both properties together. 


amine what is meant mineralogically by the terms 
series, Species, and variety; determine whether 
these definitions can be practically applied to 
gemology; and, if they cannot, decide what modi- 
fications are needed to provide gemologists with a 
working system that can be used to classify min- 
eral group gems such as garnets. 


Mineralogical Terminology. According to the sev- 
enth edition of Dana’s System of Mineralogy 
(Palache et al., 1944, Vol. 1, p. 3), a series consists of 
“minerals sharing a continuous variation in their 
properties with a change in composition.” A min- 
eral species has been defined as “a natural inor- 
ganic substance which is either definite in chemi- 
cal composition and physical characters or varies 
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in these respects between definite natural limits’ 
(Winchell, 1937, Pt. 1, p. 1}; this is the fundamental 
unit for classification in mineralogy and, as such, 
has been well characterized. Varieties have been 
defined as subdivisions of species that ‘‘may have 
distinctive physical properties ... or chemical 
composition” (Mason and Berry, 1968, p. 198). In 
the latter case, it has been proposed that an 
adjectival modifier that indicates the chemical 
variability be prefaced to the appropriate species 
name. Varieties distinguished by characteristic 
physical properties such as color may be affixed 
with a special name. This practice, however, has 
only recently been widely recognized by mineral- 
ogists, so the bulk of mineralogical classification 
does not reflect this nomenclature, nor do all min- 
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eralogists agree to its usage even now. In fact, the 
multitude of ways in which the variety concept 
has been applied is confusing, to say the least (see, 
for example, Hey, 1955, p. xiii). 

The garnet group has been subdivided into 
“snecies” (almandine, grossular, etc.) that repre- 
sent end members of chemically continuous series 
{Deer et al., 1963). However, the use of the species 
concept to subdivide the garnets contradicts the 
foregoing definition, since there is a lack of ‘‘defi- 
nite natural limits.’ Varieties such as rhodolite 
and hessonite are occasionally included in min- 
eralogical references but, aside from a brief men- 
tion of color and a vague identification of their 
species, they are not defined. 


Gemological Terminology. While mineralogical 
classification is somewhat inconsistent, it is still 
the best precedent available to gemology. This in- 
consistency, however, allows a great deal of flexi- 
bility in gemological classification without ex- 
tensively contradicting mineralogical precedents. 
Since the concept of species as defined by mineral- 
ogy (see above} is inadequate with respect to min- 
eral groups such as garnets, we propose that, for 
gemological purposes, the species subdivision of a 
mineral group be defined as a naturally occurring 
inorganic substance that has a definite crystal 
structure and a fixed (natural or arbitrary) range 
of chemical composition within the composi- 
tional limits of its mineral group. A species will 
thus have characteristic ranges of properties, in- 
cluding ones that can be determined by gemologi- 
cal techniques. Similarly, we recommend that the 
gemological concept of variety be explicitly de- 
fined as a subdivision of a species that may be 
differentiated either by distinctive physical char- 
acteristics such as color and phenomena or by 
consistent minor chemical disparity. 


CONCLUSIONS 


Proposed Classification of Gem-Quality Garnets. 
Table 1 outlines the proposed classification of gem 
garnets based on correlations among the data dis- 
cussed in this article and organized according to 
the definitions of species and varieties discussed in 
the preceding section. Transparent gem garnets 
can be divided into eight species; a number of these 
are subdivided further into specific varieties. Most 
of the varietal terms recommended for use in 
gemology are based on color: tsavorite, hessonite, 
demantoid, topazolite, rhodolite, and malaia. 
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There are still many garnets that have not been 
given variety names, and these should be referred 
to only by terminology that incorporates the ap- 
propriate species name. This latter practice dis- 
courages the proliferation of special, frequently 
confusing, terms. Thus, while a purplish red 
pyrope-almandine is a rhodolite, a red stone of 
otherwise similar properties would be referred to 
only as pyrope-almandine. Chrome pyrope is a 
chemical variety based on the presence of appreci- 
able amounts of Cr*+ that produce a characteristic 
color and spectrum. The varietal modifier color- 
change is recommended for pyrope-spessartines of 
any color that exhibit that phenomenon. 
(Change-of-color pyropes have also been found, in 
certain peridotite rocks and as inclusions in dia- 
monds, but as yet no stones have been encountered 
that are large enough to be cut as gems. Should this 
occur, however, such stones would be called 
“color-change pyropes.”) 

Observed ranges of refractive indices were ex- 
tended to cover the gaps between the observed 
data. For example, we encountered no specimens 
that have spessartine:pyrope ratios of more than 
2:1 and less than 90:1. However, there is no reason 
to think that such stones could not occur and, 
given the correlation between refractive index and 
chemistry, we can extrapolate and predict the 
properties of garnets that we have not encountered 
yet but that we might expect to come across in the 
future. Thus, while we know of no spessartines 
with refractive indices below 1.798, or pyrope- 
spessartines with R.I.s above 1.773, we have drawn 
the boundary between these two types of garnet 
at 1.780. 

The boundaries and property values expressed 
in this classification system are not necessarily 
consistent with interim groupings discussed in 
previous articles on this extended study of garnets, 
most especially with respect to the first in the 
series (Manson and Stockton, 1981). It was with 
this eventuality in mind that we reiterated in each 
of those papers that properties and terms discussed 
prior to this article were entirely provisional. Only 
comparison of all the data on a full range of gem. 
garnets has enabled us to identify what appear to 
be useful and logical divisions. 

We have avoided the issue of determining 
which suffixes, -ine or -ite, should be applied to 
species names in those cases where they have been 
disputed. Both forms are in common usage and 
both adequately communicate the intended idea, 
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so we leave the choice to individual preference. It 
should also be pointed out that this proposed sys- 
tem of classification is designed specifically for use 
by gemologists and does not imply either accept- 
ance by mineralogy or even the suggestion that it 
should be adopted by mineralogists, although it 
can be clearly and unambiguously understood by 
mineralogists. 


Determination of Garnet Species. The identity of a 
given stone can be established by the combined 
use of color, refractive index, and spectral features, 
according to the values provided in table 1. While 
determination of only one or two properties is at 
times adequate to identify the species and/or vari- 
ety of a given garnet, it is recommended that the 
practicing gemologist determine no less than all 
three properties (i.e., refractive index, color, and 
absorption spectrum) whenever possible before 
confirming the identity of a stone. Thus, given a 
stone of a particular color (its most easily observ- 
able property), once its refractive index is meas- 
ured, its identity rests on the determination of its 
spectrum. For example, three stones of almost 
identical appearance (see figure 6} are submitted 
for identification. According to color, possible 
identities are grossular (hessonite], pyrope, 
pyrope-almandine, almandine, almandine-spes- 
sartine, spessartine, or pyrope-spessartine; only 
andradite is eliminated, as reddish orange and 
red-orange colors do not occur in that species. The 
stone at lower right in figure 6 has a refractive 
index of 1.758 and the spectrum shown in figure 
7a; reference to table 1 will show that this stone 
must be grossular (variety hessonite). The stone at 
lower left has a refractive index of 1.795 and the 
spectrum in figure 7b; this stone must, therefore, 
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Figure 6. These three garnets all look 
very similar to one another, but they 
differ considerably in their properties 
and chemical composition. 
Clockwise, from lower right, they are 
grossular (hessonite), spessartine, and 
pyrope-spessartine (malaia). 
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Figure 7, Absorption spectra of the three garnets in 
figure 6: (a) grossular (hessonite), (b) speéssartine, 
and (c) pyrope-spessartine (malaia). In 
conjunction with refractive indices, these spectra 
will distinguish the three similarly colored 
garnets from one another. 


be a spessartine. The third stone in figure 6 (top 
center] has a refractive index of 1.765 and spectral 
features as shown in figure 7c; the properties as 
summarized in table 1 indicate that this garnet 
must belong to the species pyrope-spessartine (va- 
riety malaia). 

Separations of garnet species are straightfor- 
ward in most cases, but there are borderline cases 
that may present difficulties, especially among the 
garnets that are mixtures of pyrope, almandine, 
and/or spessartine. Figure 8 will help illustrate 
how decisions can be made, along with the follow- 
ing list of paired species and their key distinguish- 
ing features: 
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e@ Pyrope can be distinguished from any other 
garnet except grossular on the basis of its low 
refractive index (<1.742). 


e@ Pyrope vs. grossular can be determined by 
spectrum or, if colorless, by refractive index 
(colorless grossular will be >1.730, while col- 
orless pyrope will be <1.730). 


@ Pyrope-spessartine vs. pyrope-almandine can be 
distinguished by spectrum (the latter has no 410 
and 430 nm bands} and frequently by color 
(pyrope-spessartine occurs in oranges not en- 
countered in pyrope-almandines}. Moreover, 
color change occurs only in the pyrope- 
spessartines. 


e@ Pyrope-spessartine vs. almandine can be de- 
termined by R.I. (<1.780 and >1.785, respec- 
tively) as well as by spectrum (lack of 410 and 
430 nm bands in the latter}. 


e@ Pyrope-spessartine can be distinguished by re- 
fractive index from both spessartine and 
almandine-spessartine, since the latter two 
exceed the top R.I. value of <1.780 for pyrope- 
spessartine. 


@ Pyrope-almandine vs. almandine can be de- 
termined by R.I. (<1.785 and >1.785, respec- 
tively}. 


@ Pyrope-almandine vs. spessartine can be distin- 
guished by spectrum (no 410 and 430 lines in 
the former), usually by color, and by R.L, except 
for a narrow range of overlap between 1.780 and 
1.785. 


® Pyrope-almandine vs. almandine-spessartine 
can be distinguished by RI. (<1.785 and 
>1.810, or over the limits of a standard gem 
refractometer] and by spectrum (the former has 
no 410 and 430 nm lines}. 


@ Almandine can be separated from spessartine 
by spectrum (no 410 and 430 nm bands in the 
former) and by color (the former are predomi- 
nantly red, the latter predominantly orange). 


@ Almandine vs. almandine-spessartine can be 
determined by spectrum (the former has no 410 
and 430 nm lines) and if a C.Z. refractometer 
and high—R_I. liquid are available, by refractive 
index as well. 


@ Spessartine vs. almandine-spessartine can be 
distinguished by spectrum (weak but distinct 
bands at 480, 504, 520, and/or 573 nm in the 
former, as compared to a broad region of ab- 
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sorption between 470 and 580 nm in the latter; 
both have strong absorption in the blue} in con- 
junction with color (more orange in spessar- 


tines, and more red in almandine-spessartines). 


The most difficult separations that have been 
encountered are those close to the border between 
spessartine and almandine-spessartine (see figure 
8), where identification depends on subtle differ- 
ences in color and spectra, and at the boundary 
between pyrope-spessartine and pyrope-alman- 
dine, where the decision depends on the visibility 
of the 410 and 430 nm bands. Under no circum- 
stances, however, should we have to classify a 
garnet simply as “garnet,” the very worst one can 
do is decide that a stone is near the boundary be- 
tween two species, although such cases should be 
rare. 

Figure 8 displays a large unlabeled trapezoidal 
area in its center, bounded by pyrope-spessartine, 
spessartine, almandine-spessartine, and alman- 
dine. No gem garnets have yet been reported to 
have chemical compositions that would place 
them in this region. Should such garnets be en- 
countered, however, it is most likely that they 
would represent an expanded range for the 
almandine-spessartines. 

In the past, specific gravity has been used in 
conjunction with refractive index to classify gar- 


nets. Although we generally discourage the use of 


this property in gemology, it nonetheless can pro- 
vide some useful indications. Grossulars have so 
far been observed to have densities below those of 
any other species of gem garnet, although by only 
an extremely small margin. Almandines, spessar- 
tines, and almandine-spessartines in the study col- 
lection invariably had specific gravities above the 
range observed for pyropes, pyrope-almandines, 
and pyrope-spessartines. Once again, however, the 
potential for overlap of these ranges is great. In the 
event that a refractive index cannot be determined 
for a sample of questionable identity, the determi- 
nation of specific gravity may assist the identifi- 
cation by making use of figure 5, but it should be 
used with caution. 

The system of classification for gem garnets 
that has resulted from this study is totally consis- 
tent with chemical variability within the garnet 
group. Application of the system, however, 
depends entirely on the use of practical gemol- 
ogical techniques: color, refractive index, and 


absorption spectrum as determined with a hand 


spectroscope. 
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Figure 8. Ternary diagram with data points based on molecular percentages for the garnets of mixed 
pyrope, almandine and/or spessartine composition in the study collection. (Figure 3 is based on weight 
percentages, and so has a slightly different appearance with respect to the location of data points.) 
Superimposed are important refractive index and spectral boundaries that can be used to distinguish 
among the six proposed garnet species labeled, as discussed in the text. The locations of these boundaries 
were determined by correlations with the chemical compositions determined in this study. 
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AMETHYSTINE CHALCEDONY 
By James E. Shigley and John I. Koivula 


A new amethystine chalcedony has been discovered in 
Arizona. The material, marketed under the trade name 
“Damsonite,” is excellent for both jewelry and carv- 
ings. The authors describe the gemological properties of 
this new type of chalcedony, and report the effects of 
heat treatment on it. Although this purple material Is 
apparently a new color type of chalcedony, it has the 
same gemological properties as the other better-known 
types. It corresponds to a microcrystalline form of ame- 
thyst which, when heat treated at approximately 
500°C, becomes yellowish orange, as does some 
single-crystal amethyst. 


Chalcedony is a microcrystalline form of quartz 
that occurs in a wide variety of patterns and colors. 
Numerous types of chalcedony, such as chryso- 
prase, onyx, carnelian, agate, and others, have been 
used in jewelry for thousands of years (Webster, 
1983). These several kinds of chalcedony owe their 
coloration in part to finely disseminated mineral 
impurities, particularly the oxides and hydroxides 
of iron, that originate in the environments of chal- 
cedony formation. 

In the near future, a significant quantity of 
massive purple chalcedony mined in Arizona will 
be marketed in the form of cabochons and carvings 
under the trade name ‘‘Damsonite” (figures 1 and 
2). Our examination of this material demonstrates 
that it is a microcrystalline form of amethyst 
quartz. Although it is likely that purple chalced- 
ony has been found previously, a survey of the 
mineralogical and gemological literature indicates 
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that this is one of the few reported occurrences 
where an amethyst-like, or amethystine, chalced- 
ony has been found in quantities of gemological 
importance (see Frondel, 1962}. Popular gem 
hunters’ guides, such as MacFall (1975) and 
Anthony et al. (1982), describe minor occurrences 
in Arizona of banded purple agate, but give no 
indication of deposits of massive purple chalced- 
ony similar to that described here. This article 
briefly summarizes the occurrence, gemological 
properties, and reaction to heat treatment of this 
material. 


LOCALITY AND OCCURRENCE 


The purple chalcedony described here has been 
found at a single undisclosed locality in central 
Arizona. It was first noted as detrital fragments in 
the bed of a dry wash that cuts through a series of 
sedimentary rocks. A subsequent search of the ad- 
jacent hillsides uncovered the major in-situ de- 
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Figure 1, This purple chalcedony cabochon {ap- 
proximately 21 x8 x5 mm} is set in yellow gold 
and accented by diamonds and pearls. Photo © 
Tino Hammid. 


posit of the chalcedony. The material occurs in 
veins and massive blocks up to 1 m thick enclosed 
in the weathered sedimentary host rock. Massive 
pieces {up to 100 kg each) of purple chalcedony 
have been removed from this area. Hot springs and 
deposits of opalized silica in the immediate vicin- 
ity suggest that the veins of massive purple chal- 
cedony were deposited from low-temperature 
silica-bearing solutions by normal depositional 
processes similar to those that typically form chal- 
cedony in other sedimentary environments (for 
further general information, see Frondel, 1962). At 
the present time, all of the readily accessible pur- 
ple chalcedony has been removed from this local- 
ity and mining has stopped. However, the total 
tonnage reserves on hand are sufficient to supply 
the jewelry market with several thousand carats of 
purple chalcedony per year for the foreseeable fu- 
ture. Current plans call for distributing the mate- 
rial only in finished form through a marketing 
company. 
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DESCRIPTION OF THE MATERIAL 


As with most other chalcedony, the purple mate- 
rial is a tough microcrystalline aggregate that oc- 
curs in dense, compact masses with a wax-like 
appearance (figure 3}. In thin section under the 
microscope, the chalcedony is seen to consist of 
tightly packed microcrystalline (typically five 
micrometers across} grains of quartz in random 
arrangement. In thin pieces (less than 1 mm], the 
chalcedony is semitranslucent to translucent with 
a reddish cast, but almost all thicker pieces are 
opaque. It displays a dull conchoidal fracture on 
broken surfaces, but takes a vitreous luster when 
polished. The color of the chalcedony can best be 
described as a grayish, slightly reddish purple, but 
the tone, saturation, and sometimes the hue of the 
material vary within the deposit (figure 4}. Approx- 
imately one-half of the chalcedony mined thus far 
reportedly is the darker purple, while the remain- 
der represents the lighter shades. Some of the pur- 
ple chalcedony is veined by thin seams of a reddish 
brown material that appears to be either an iron 
oxidation product such as hematite or goethite, or 


Figure 2. This 5-in, (12.5-cm) high “kuan yin” 
figure was carved from a single piece of purple 
chalcedony. Photo © Tino Hammid. 


an iron-stained type of chalcedony (jasper). Also 
noted on a few pieces were black dendritic plumes 
of what appear to be one of the manganese oxides 
such as pyrolusite. The chalcedony displays no 
particular tendency to fracture along these 
veinlets nor along other features such as color 
boundaries. 


GEMOLOGICAL PROPERTIES 


The gemdlogical properties of this material, as de- 
termined by standard tests, were found to corre- 
spond closely to those of both chalcedony and am- 
ethyst. These are summarized in the insert box. A 
comparison of the visible absorption spectra of 
both purple chalcedony and amethyst is shown in 
figure 5. 

Several cabochons of the purple chalcedony 
were examined with the microscope. At relatively 
low magnification (approximately 40x) all of the 
samples studied showed clusters of tiny dark 
brownish red to orange, slightly irregular, 
spherules of secondary iron compounds, possibly 
hematite or goethite (figure 6). The color in the 
chalcedony appeared to be slightly darker around 
the clusters, giving the material a mottled appear- 
ance at this magnification. The reddish color of 
these inclusions is quite reminiscent of the red- 
orange spots seen macroscopically in the type of 
chalcedony known as bloodstone. 


ORIGIN OF COLOR 

Electron probe microanalyses performed on this 
material by C. M. Stockton showed that it con- 
tains 0.2—0.4 wt.% iron as Fe,O;. Iron as a trace 
element is responsible for the color of amethyst 
(Holden, 1925). The iron, in the form of Fe+, sub- 
stitutes for Si*t in the quartz crystal structure and 
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_ Figure 3. A large block (20 x 10 x 10 
cm; 8 x4 x4 in.) of rough purple 
chalcedony. Photo © Tino Hammid. 


produces several kinds of color centers. Irradiation 
of these color centers causes the absorption of 
light, resulting in a purple coloration (see Cohen, 
1956; Nassau, 1983). The depth of the purple color 
is directly related to the iron content (Frondel, 
1962). 

To test for the presence of dye in the purple 
chalcedony, we placed fragments of the rough ma- 
terial in a variety of solvents. Using a standard 
procedure for dye extraction (Kumar, 1981), we 
found no evidence of dye in the purple chalcedony. 


Figure 4. A selection of purple chalcedony 
cabochons showing the range of color of the ma- 
terial. Photo © Tino Hammid. 
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GEMOLOGICAL PROPERTIES OF 
PURPLE CHALCEDONY 


Refractive index 
Spot method: 1.54 
Flat surface: 1.535-1.539 (birefringence 
0.004) 
Specific gravity 
Heavy liquid: 2.61 (average of 
measurements of 7 stones} 
Hydrostatic 2.60 (average of 4 
method: measurements on | stone} 
Visible-light spectroscopy 
No sharp bands noted in either transmitted or 
reflected light 
Visible-light spectrophotometry 
Increasing absorption toward the ultraviolet, 
with a superimposed broad absorption band 
centered about 540 nm 
Ultraviolet fluorescence 
Inert to long-wave and short-wave ultraviolet 
radiation 
Hardness 
Near 7 on the Mohs scale 
Microscopy 
Abundant dark brownish red spherules 
scattered throughout material 
Color 
Reddish purple to red-purple hues with low 
saturation (1-2) and low to moderate tone 
(2-5), according to the terminology of 
GIA’s Colored Stone Grading system 


HEAT-TREATMENT 
EXPERIMENTATION 


Samples of the chalcedony were heated to see if a 
color change would take place similar to that 
known to occur in single-crystal amethyst (Nas- 
sau, 1984). It has long been recognized that the 
heating of amethyst will produce citrine, and that 
subsequent re-irradiation will reinstate the purple 
color. Several cabochons, ranging from light to 
dark purple, were selected for heating and were 
then sawed in half to provide test and control 
samples. The test halves were heated using a Blue 
M Labheat muffle furnace with a temperature 
range up to 1000°C. For this heating, the test sam- 
ples were placed in pure quartz sand in an alumina 
crucible. Heating was done in 100° increments, 
each lasting one hour. The test halves were com- 
pared to the control halves at the end of each heat- 
ing increment. A change in appearance was first 
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Figure 5, Visible absorption spectra of purple 
chalcedony and amethyst. Both spectra show 
increasing absorption toward the ultraviolet and 
a broad region of absorption (centered around 
540 nm) that is more pronounced in the ame- 
thyst spectrum. Samples were thin slices of pur- 
ple chalcedony (0.59 mm thick) and amethyst 
(2.82 mm thick) with parallel-polished windows. 


Figure 6, Tiny spherules of secondary iron com- 
pounds concentrated in color-rich areas in the 
purple chalcedony. These spherules rarely occur 
as large as 0.1 mm. Note the orange “iron- 
stained” color of the chalcedony around these 
spherules. Transmitted light, magnified 40 x. 
Photo by John Koivula. 


noted at 500°C. At approximately this tempera- 
ture, the heated halves took on a grayish orange to 
brown tone that, after heating another 50°C to 
approximately 550°C, brightened in the case of the 
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darker purple cabochons to an orange color similar 
to that of most citrine. The stones held this color 
to 800°C, at which point they began to bleach out. 
At 1000°C many of the stones had bleached to a 
grayish white; only those that originally had been 
the darkest purple still retained any orange color- 
ation. It was also noted that pale-colored purple 
cabochons when heated never attained any orange 
body color but instead took on a brownish gray 
tone. Only those stones that possessed a dark pur- 
ple color to begin with showed a color change to 
orange (figure 7). 

These results are generally consistent with 
data on the heat treatment of amethyst reported by 
Neumann and Schmetzer (1984). In their study of 
amethyst from over 20 localities, they docu- 
mented the color-change behavior for amethyst 
heated between 300° and 560°C for several hours. 
They found that amethysts with a preponderance 
of color centers associated with interstitial iron 
atoms (iron atoms located between silicon and ox- 
ygen atoms} turned green when heat treated (i.e., 
“greened” amethyst}. Only amethysts that con- 
tained small amounts of iron, presumably in the 
form of small particles of hematite (Fe,O,}, became 
orange on heating. We have already noted the 
abundance of tiny, reddish brown spherules of sec- 
ondary iron oxides in the purple chalcedony. We 
believe that the color change of this purple chal- 
cedony to orange with heating can be attributed to 
the presence of these hematite or goethite 
spherules. The intensity of the orange color pro- 
duced by heat treating amethyst seems to be re- 
lated to the intensity of the original purple color 
(Frondel, 1962; Neumann and Schmetzer, 1984). 
We observed a similar change in the purple chal- 
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Figure 7, Deep purple amethystine chalcedony 
cabochon before (left) and after (right) heat 
treatment to 550°C. Photo by John Koivula. 


cedony, with only the darker purple test samples 
taking on an orange color with heating. 


CONCLUSION 


This new type of chalcedony from Arizona is very 
tough and durable and comes in a wide range of 
purple shades. It is easily identified by standard 
gemological testing procedures, and appears to be 
colored by the same color-center mechanism as 
amethyst. There is enough material to amply 
supply the market. Thus, many possibilities exist 
for its use in jewelry and carvings. 

While the occurrence of purple chalcedony in 
Arizona appears to be unusual, we do not believe 
this occurrence to be unique, considering the rela- 
tive abundance of chalcedony in many areas of the 
world. It is somewhat surprising, however, that 
other occurrences have not been more widely 
publicized. 
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THE PEARL IN THE CHICKEN: 


PEARL RECIPES IN PAPYRUS HOLMIENSIS 


By K. Nassau and A. E. Hanson 


There are 75 recipes for the treatment of gemstones In 
an Egyptian papyrus copied from a work that was 
compiled about 200 B.C. This includes 10 recipes 
involving pearls, among which are two that involve 
feeding the pearl to a chicken. New experiments are 
described which confirm the validity of one such 
process. The other eight recipes are discussed briefly. 


About 200 B.C., Bolos of Mendes, an Egyptian 
chemist of whom little else is known (Sarton, 
1927, Partington, 1970), compiled a multivolume 
set of papyrus rolls under the title Baphika (‘“Dye- 
ing”), which dealt predominantly with the tech- 
niques of coloring various substances. This work 
included sections on metallurgical processes, on 
the dyeing of wool and other objects, and on vari- 
ous techniques of “improving” gemstones by 
coloring. All copies of this work, which were pre- 
sumably available in major libraries such as the 
one at Alexandria, have been lost, as was the fate of 
many works from pagan antiquity. Before this 
happened, however, the whole or parts of this text 
had been circulated in copies made by scribes. 

Pliny, the Roman historian of the first century 
A.D., may have known this work: 


And furthermore, there are treatises by authorities, 
whom [at least shall not deign to mention by name, 
describing how by means of dyestuffs emeralds and 
other transparent coloured gems are made from 
rock-crystal, or a sardonyx from a sard, and similarly 
all other gemstones from one stone or another. And 
there is no trickery that is practised against society 
with greater profit. I, on the other hand, am prepared 
to explain the methods of detecting false gems, since 
itis only fitting that even luxury should be protected 
against deception. (Book 37, Chapters 75 and 76; from 
Eicholz, 1962) 


Only three sources based on the work by Bolos 
survive. Sometime in the late third or early fourth 
century A.D., a scribe made copies of two lengthy 
excerpts in a Greek bookhand on papyrus sheets. 
Both were acquired in Alexandria, Egypt, by 
Johann d’Anastasy, a Swedish-Norwegian vice- 
consul in Alexandria in the 19th century. One 
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part, consisting of 14 papyrus folia dealing with 
metals, gems, and cloth dyeing, is now in the 
Kongelige Biblioteket in Stockholm and is desig- 
nated Papyrus Holmiensis, or P. Holm. (La- 
gercrantz, 1913; Caley, 1927; Halleux, 1981); the 
other, containing sections on metals, on cloth dye- 
ing, and a short materia medica glossary (possibly 
not present in the original text}, is now in the 
Rijksmuseum van QOudheden in Leyden (The 
Netherlands) and is called P. Leyden X (Caley, 
1926; Halleux, 1981). Other copies, generally of 
small fragments only, some overlapping with parts 
of P. Holm. or P. Leyden, have been found in mis- 
cellaneous manuscripts from the 13th century and 
later; these were collected in the late 19th century 
by Berthelot (1888, 1893) in a series of volumes 
dealing primarily with alchemical topics. 

The recipes in P. Holm. andP. Leyden dealina 
very simple, factual manner with technical pro- 
cesses. Unlike most other alchemical or magical 
recipes (Taylor, 1949}, a number of these recipes 
are quite practical and involve processes that are 
still in use today. Included in P. Holm. are 
10 recipes involving pearls, among which are two 
that require feeding the pearls to chickens. The 
current paper provides a new, contemporary trans- 
lation of these recipes,* describes other versions 
that have appeared in the literature, and then dis- 
cusses the results of experiments conducted by the 
authors to test the validity of these ancient recipes. 


THE PEARL-IN-THE-CHICKEN 

RECIPES IN P. HOLM. 

Among the 75 gem-related recipes in P. Holm. are 
10 that specifically deal with pearls; these are 


*Translations of P. Holm. have appeared in German (La- 
gercrantz, 1913}, in English (Caley, 1927), and in French (Hal- 
leux, 1981), but these were made without specific knowledge 
of the technology for altering color in gemstones. One of the 
present authors has recently investigated this area in depth 
(Nassau, 1984a), thus providing the impetus for a new transla- 
tion and interpretation. A brief outline has appeared in the 
cited work (Nassau, 1984a) as well as elsewhere (Nassau, 
1984b); a full translation is being prepared (Nassau and Han- 
son, forthcoming). 
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TABLE 1. Summary of pear! treatments in P. 


Holm. 


Ingredients used 


Pearl 

treatment Recipe no. Milk Mercury Other substances 

Cleaning 10 Honey, fig root 

Cleaning 14 + 

Cleaning 12 + Natron (sodium carbonate), 
earths, oil of mastic 

Cleaning 13, 23 + + 

Cleaning 25, 60 Chicken cleaning 

Cleaning 61 + Hydrated quicklime 

Mordanting 13, 22, 23 Alum, vinegar 

Coloring* 22 + Pimpernel, houseleek, spurge 

Manufacturing 18 + + Mica, gum tragacanth, wax, 


egg-white 


“This process may not have been intended to be used on pearls but rather on other gernstones. The word 
pearl appears only in the title, and an analogous recipe in Berthelot (1888, Vol. 2, p. 363, No. 47; Vol. 3, 


D. 348) applies to quartz. 


summarized in table 1. Eight of these involve the 
cleaning of dirty pearls and one describes the color- 
ing of pearls. The last is a recipe for making an 
imitation pearl. Two of the cleaning recipes in- 
volve feeding the pearl to a chicken: 


No. 25. Whitening for a Pearl 
A pearl which has become encrusted is made white in 
this way: give it to a chicken to swallow, thereupon 
cut it [the chicken] open and you will find it has 
become white. 


A similarly worded recipe specifying sunset to 
sunrise and a thirsty chicken appears in Berthelot, 
1888 (vol. 2, p. 369, no. 8; vol. 3, p. 354}. Berthelot, 
1893 (vol. 2, p. 175, no. 104) mentions one that 
includes among other ingredients lemon juice and 
uses a pigeon slaughtered after two hours, 
Berthelot, 1888 (vol. 2, p. 330, no. 38; vol. 3, p. 316] 
provides one that uses a chicken or a pigeon with 
no time interval specified. 

Halleux (1981, p. 189, Note 3) tried to test this 
process using a “fake gemstone” and a duck! This 
was not a valid check, since a “fake gemstone” 
would not react with gastric juices the way a pearl 
would. 


No. 60. Cleaning a Pearl 
Whenever a real pearl becomes dirty and has lost its 
lustre, the Indians clean it in this way: they cast the 
gem as food to a rooster in the evening. In the morn- 
ing they search the droppings and discover it has been 
cleaned inside the bird and that it possesses in addi- 
tion a whiteness not inferior to the original. 


An additional version of the cleaning-in-a- 
chicken process is noted by Kluge (1860): 


The ‘Asiatic Journal’ reports (January 1825) that in 
Ceylon those pearls that have lost their sheen with 
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the passage of time are given to chickens to swallow 
and then they are killed after one minute. The pearls 
are then found in the stomach and are as beautiful as 
at that moment when they were removed from the 
mollusk. Such a polishing can be imagined to derive 
from the worm-like motions in the muscular stom- 
ach of the birds. (Translated from the German} 


The process described in recipes 25 and 
60—and the parallel recipes in Berthelot (1888, 
1893} and in Kluge’s report—seem reasonable 
when one recalls that pearls are composed of layers 
of tiny crystals of the aragonite (and possibly the 
calcite) form of calcium carbonate, held together 
by about 10% of conchiolin, an organic substance 
(Webster and Anderson, 1983). Accordingly, the 
acid gastric juices of the stomach and the grinding 
action of the gizzard might be expected to dissolve 
the stained surface layer of aragonite and so 
improve the appearance of a dirty-looking pearl. 
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The Halleux (1981) experiment with a “fake 
gemstone” could not have confirmed this pearl]- 
cleaning process and, since no other modern at- 
tempts to test the validity of this process appear 
to have been published, new experiments were 
clearly desirable. 

To understand the significance of such a pro- 
cess, a brief description of a chicken’s digestive 
processes is required (Sturkie, 1976}. As shown in 
figure 1, the food eaten by the chicken first passes 
through the esophagus into the crop. Here food is 
held under moist and mildy acidic conditions (pH 
about 4.5) until there is room for it in the stomach; 
if the chicken has not eaten for some hours, then 
the residence time in the crop is very brief and food 
moves rapidly into the stomach. 

The stomach consists of two parts: (1} the 
proventriculus, where gastric juice (containing 
hydrochloric acid and the protein-digesting en- 
zyme pepsin) is added and where the residence 
time is very short; and (2) the gizzard, where there 
is a longer holding stage under strongly acidic 
conditions at a pH as low as 1.4 (Sturkie, 1976). 
Since the chicken has no teeth to grind up its food 
particles for maximum exposure to the digestive 
juices, this process is performed by strong con- 
tractions of the muscular walls of the gizzard act- 
ing on pebbles that the chicken has pecked up 
along with its food. The digested food next moves 
into the intestines for absorption; the addition of 
pancreatic juice now neutralizes the acid and pro- 
duces conditions that would not be expected to 
affect a pearl. The total digestive process normally 


Figure 1. The digestive system of the chicken. 
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takes about three hours. The pebbles remain in the 
gizzard for a week or even longer. 


THE NEW PEARL-IN-THE-CHICKEN 
CLEANING EXPERIMENTS 


The First Three Experiments. The first part of this 
study used eight soiled typical round Japanese cul- 
tured Pinctada martensi pearls. The pearls were 
color matched into two sets (nos. 1A and 1B to 4 
and nos. 5 to 7; nos. 4 and 7 were not treated so that 
they could serve as the color standard for their 
respective groups} and then washed, carefully 
weighed, and measured before use. All drilled 
pearls were drilled through so that the hole could 
be cleaned out before weighing. These pearls 
ranged from 6.8 to 7.8 mm in diameter and had a 
cultured layer about 0.35 mm thick grown over 
mother-of-pearl beads; details of the growth and 
characteristics of such pearls may be found in 
Webster and Anderson (1983). 

The chickens used were adult (about one year 
old) male White Leghorns at the Poultry and Small 
Animal Research Facility, Cook College, Rutgers 
University; the experiments were conducted 
shortly before the birds were to be dispatched for 
other purposes. The feeding and recovery were su- 
pervised by Mr. M. J. Sennell of that facility. A 
total of four experiments were conducted. 

The first experiment was an attempt to dupli- 
cate the process described in recipe 60 using two 
pearls, nos. 1A and 1B. Neither had appeared in the 
droppings the next morning or even after 46 hours, 
at which time the chicken was dispatched. Only 
two small fragments were found in the gizzard; 
they are shown in figure 2 and measurements are 
given in table 2. Both of these pearls had been split 
by the grinding action and at least 0.8 mm had been 
dissolved or ground from the surface of the largest 
remaining piece; all of the cultured nacre had been 
removed. The grinding and acidic conditions in the 
gizzard are obviously strong enough to destroy a 
pearl completely. Also, it is clear that the pearls 
were being treated like gravel and would not have 
passed out of the gizzard overnight; this aspect of 
recipe 60 is clearly wrong. 

In the second experiment, the milder condi- 
tions in the crop were examined by exposing pearl 
no. 2 for only one hour in a well-fed chicken so as 
to maximize the holding time in the crop. The 
pearl was indeed found in the crop; it had lost no 
weight (the slight increase recorded probably cor- 
responds to absorption of a little moisture} and its 
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appearance was unchanged, as shown in table 2 
and figure 2. The one-minute treatment time given 
by Kluge (1860) is therefore clearly incorrect. 

In the third experiment, pearl no. 3 was fed toa 
chicken that had not eaten overnight, so that the 
pearl should move rapidly through the crop. This 
pearl was recovered from the gizzard after two 
hours and was found to have lost 0.0160 g, which 
corresponds to a thickness of 0.034 mm, using a 
specific gravity of 2.7 in the calculation; see figure 
2 and table 2. This pearl has lost about one-tenth of 
its cultured layer. It is interesting that the rate of 
loss of 0.017 mm per hour in this experiment was 
essentially the same as the 0.018 mm per hour loss 
recorded in the first experiment. 

The pearl used in this third experiment is now 
much lighter in color than it was before the exper- 


TABLE 2. The first three pearl-in-the-chicken cleaning 
experiments. 


Pearl no. 

Variables 1A/1B? 2 3e 
Time in chicken(hours) 46 1 2 
Location of pearl Gizzard Crop Gizzard 
Initial diameter® (mm) 7.5/7.8 6.8 7.4 
Initial weight (g) 1.2135 0.4353 0.5695 
Final weight (g) 0.2530 0.4357 0.5535 
Weight loss (%) 79.2 0.0 2.81 
Thickness lost (mm) 08 0.0 0.0344 


@Two pearls used; weights and weight loss are total, thickness 
lost is for one pear! only. 

This was performed after the chicken had fasted overnight. 
°Color reference pearl no. 4 shown in figure 2 is 7.7 mm in 
diameter. 

ICaiculated from weight loss; equals half of diameter loss. Direct 
measurement was not possible because the pear! was not 
perfectly round. 
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Figure 2. Pearls no. 1,2, and3 
from the first three pearl-in- 
the-chicken experiments; no. 
4 is the untreated color 
match. 


iment and it still possesses an excellent luster— 
the brilliant reflection of light at the surface—and 
an excellent orient—the rainbow-like sheen pro- 
duced by the diffraction of light at the surface 
{Webster and Anderson, 1983; Nassau, 1983}. Ac- 
cordingly, one can conclude that recipe 25 repre- 
sents a valid way of cleaning a pearl by removing a 
thin layer from the surface while maintaining an 
excellent surface quality. 


The Pearl-in-Acid Experiment. An obvious ques- 
tion that arose at this point was: Can one use a 
dilute acid to achieve this same end? Either in vivo 
in the chicken or in vitro in the test tube, the 
dissolving action, using hydrochloric acid as the 
typical gastric (Sturkie, 1976) or experimental 
acid, is: 


CaCO; + 2HCI 


CaCl, + H,0 + CO, 


The amount of dissolution found with the third 
experiment corresponds to the evolution of 2.4 cc 
of carbon dioxide gas, assuming the presence of 
10% conchiolin. Accordingly, pearls no. 5 and 6 
(see table 3} were exposed to different concentra- 
tions of dilute hydrochloric acid (1:100 and 1:400, 
respectively) with occasional stirring at room 
temperature. The loss of weight approximately 
equal to that of the third experiment required 20 
minutes and three hours, respectively, for the two 
pearls, so that these concentrations bracket the 
rate of loss that produces the desired results in a 
chicken. 

Both of these pearls did lighten considerably, 
but they lost much of their luster as well as most of 
their orient (figure 3). Examination under the 
microscope showed considerable surface pitting, 
in contrast to the smooth surface retained by 


GEMS & GEMOLOGY Winter 1985 227 


TABLE 3. The pearl-in-acid cleaning experiment. 


Pearl no. 
Variables 5 6 
Conc. HCI in water (vol.) 1 in 100 1 in 400 
pH 0.9 1.5 
Time (hours) 0.3 3 
Initial diameter@ (mm) 6.9 7.0 
Initial weight (g) 0.4733 0.4852 
Final weight (g) 0.4612 0.4696 
Weight loss (%) 2.56 3.22 
Thickness lost (mm) 0.032 0.038 


9Color-reference pearl no. 7 shown in figure 4 is 7.0 mm in 
diameter. 
®Calculated from weight loss. 


chicken-cleaned pearl no. 3 (which was still 
slightly rough to the tooth, however). In addition, 
loose shreds of conchiolin were seen on the surface 
of pearls no. 5 and 6. When this was removed by 
rubbing pearl no. 6 between the fingers with a very 
mild abrasive (White Rose All Purpose Liquid 
Cleanser with Mild Abrasive—containing calcium 
carbonate}, the surface remained pitted, the luster 
improved slightly but the orient did not improve 
significantly. For details, see table 3 and figure 3. 

The reason for this difference in behavior 
clearly derives from the specific conditions in the 
chicken’s gizzard. It is well known that during 
metallurgical etching and electrolytic deposition 
or polishing (Lowenheim, 1953} the presence of 
additives can modify a rough surface into a smooth 
one; the various enzymes, food particles, and or- 
ganic substances present in the gizzard may pro- 
vide this same function in the chicken; the grind- 
ing action of the gizzard may also help in keeping 
the surface smooth. An additional factor involves 
the conchiolin exposed when the acid dissolves 
the aragonite crystals from the surface of the pearl; 
this can be removed in the chicken both by the 
grinding action and by the attack of the protein- 
digesting enzyme pepsin present in the gizzard, 
thus maintaining a smooth surface. 

It may well be that some type of mild tumbling 
used in conjunction with a suitably modified acid 
solution, possibly combined with pepsin, could 
produce results as good as those in a chicken, but 
no further experiments were performed on this 
point. 


The Fourth Experiment. The fourth and final 
chicken experiment explored several additional 
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Figure 3. Pearls no. 5 and 6 from the acid cleaning 
experiments; an abrasive has also been used on 
no. 6; no. 7 is the untreated color match. 


questions: Can larger pearls be treated? Can sev- 
eral pearls be treated at one time? What is the 
reaction of freshwater pearls? What is the effect on 
an abraded pear]? The results are summarized in 
table 4 and figures 4 to 6. In this experiment, addi- 
tional Pinctada martensi saltwater pearls as well 
as baroque cultured freshwater Unio pearls 
(Sweaney and Latendresse, 1984) were used. 

Eight pearls were fed at one time toa chicken, 
but one was spit up (unnoticed at the time] and is 
therefore omitted from the data. The average 
weight loss of 4.05% after three hours corresponds 
to a loss rate of 1.35% per hour, which is close to 
the 1.72% per hour loss for pearls no. 1A and 1B 
and the 1.40% per hour loss of pearl no. 3. Some 
variability in weight loss can be seen in table 4, 
which suggests that the pearls did not all move 
from the crop into the stomach at the same time. 
The treatment of several pearls at one time is thus 
clearly feasible, but only with some loss of control. 

Well-matched color reference pearls were not 
available for this experiment, but a definite light- 
ening of the color was observed in the saltwater 
pearls, as expected. Of the freshwater pearls, one 
(no. 11) lightened in color but two others (nos. 12 
and 13} turned slightly yellowish. The luster and 
orient of these seven pearls were generally un- 
changed except for the black pearl, no. 14, which 
lost most of its strong rosé and green overtones; it 
was, however, of extremely poor surface quality to 
begin with. 

To test the effect of this procedure on abraded 
pearls, pearls no. 10 and 15 —which were similar in 
size, luster, and orient (but not in color|—were 
abraded with a fine file so that a flat spot was 
created on each, extending well into the mother- 
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TABLE 4. The fourth pearl-in-the-chicken cleaning experiment. 


Min and max. Initial Weight 
Pearl Type®* and dimensions weight loss? 
no. description (mm) (g) (%) Change in appearance 
8 S, green-yellow 7.3 0.4645 4.89 Somewhat lighter 
9 S, silver-gray 7.4 0.5248 2.78 Somewhat lighter 
10 S, yellow-white? 6.8 0.4564 4.55 See text and 
figures 5 and 6 
11 F, blue-gray 14.5 x 5.8 0.7500 Ble Somewhat lighter 
12 F, gray-white 7.6 xX 6.9 0.5255 3.52 V. slightly yellower 
13 F, gray-white 94 x 88 1.1251 3.72 V. slightly yellower 
14 F, black 10.5 x 7.3 0.7261 3.75 Less orient, less 
surface color 
Average: 4.05 


9 = near-round cultured saltwater Pinctada martensi pearl; F = baroque cultured freshwater Unio pearl. 
DAI of the pearls were exposed for three hours after the chicken had fasted overnight, all were found in the 
gizzard. 

°Characteristics not listed did not appear to change significantly. 

¢The abrasion-matched (but not color-matched) pearl no. 15 shown in figure 5 is 7.0 mm in diameter. 


of-pearl seed. Pearl no. 10 was then fed to the 
chicken as part of the fourth experiment, while 
pearl no. 15 was held back as the control. As can be 


Figure 4. Pearls no. 8 to 14 from the fourth 
pearl!-in-the-chicken experiment; the bottom row 
shows three of the pebbles also recovered from the 
gizzard, 


Figure 5. Pearls no. 15 (left) and no. 10 (right). Both 
were abraded, but only no. 10 was then 
“polished” in a chicken. 


seen at least partially in figure 5, the rough nacre 
surface of pearl no. 10 was polished in the gizzard 
to produce a quite acceptable luster and an excel- 
lent orient. Microscopic inspection shows the 
presence of slight circular ridges on this part of the 
pearl, corresponding to the concentric layers of 
nacre. 

Another region of pearl no. 10, which showed 
prominent surface ridges, had been filed down to 
flatten the surface. Here, too, the file marks disap- 
peared during the treatment and an excellent lus- 
ter and orient resulted, as shown in figure 6. It 
should be pointed out that such ridges and other 
irregularities appearing over a spherical seed are 
produced by irregular deposits of conchiolin (and 
possibly aragonite) in non-nacreous form, as can be 
seen in the cross-section of such a baroque saltwa- 
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Figure 6. Ridged area of pearl no. 10 which was 
first abraded and then polished in a chicken. 


ter pearl shown in figure 7. Abrasion to improve 
the surface of a pearl can obviously be performed 
only by remaining within the nacreous layer, but 
the rough filed surface can then be polished in a 
chicken by following the described procedure. It 
should, however, be noted that a ridged appearance 
originating from the deeper nacre layers may still 
be visible through the translucent upper layers 
even though the surface is now smooth, this is the 
case for part of pearl no. 10, as seen in figure 6. 
These experiments demonstrate that the ap- 


Figure 7. A baroque Pinctada martensi 
pearl cut in half to show non-nacreous 
regions between the spherical seed 
and the irregular surface. 
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pearance of some pearls may indeed be improved 
by the pearl-in-the-chicken process described in P. 
Holm. recipe 25. Since nacre is removed, it is obvi- 
ous that surface stains would be removed along 
with the nacre. 


THE OTHER PEARL RECIPES 


A summary of the other eight pearl recipes in P. 
Holm. is given in table 1; new translations have 
been prepared (Nassau and Hanson, forthcoming}. 

The “Jaw of similarity” (Frazer, 1947)—or 
“principle of analogy” (Lloyd, 1966)—influenced 
the thinking in many early societies and can be 
recognized in some of these recipes. According to 
this habit of thought, like affects like: If you wish 
something to be white, then place it in contact 
with a white substance and it will acquire the 
quality of whiteness. This might explain the use of 
milk in five of these recipes, particularly milk 
from a white dog (specified in recipes nos. 11 and 
61}. Milk is only very slightly acidic and a specific 
chemical interaction with a pearl would not be 
expected. Again, mercury, with its metallic sheen, 
might have been expected to intensify a pearl’s 
orient by similarity and analogy. 

Of the six pearl-cleaning recipes of this group, 
one (no. 11} uses cold milk only and two (nos. 13 
and 23} heat milk with mercury, although it is not 
actually specified if the pearl is immersed while 
the mixture is still hot. Three recipes (nos. 10, 12, 
and 61} use poultices, sticky or congealing sub- 
stances, which are applied to the pearl and then 
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rubbed (nos. 10 and 61) or peeled (no. 12) off. Two of 
these (nos. 12. and 61) are applied cold, but the third 
is applied hot; heat can damage a pearl. In all of 
these recipes, no more than a mere physical re- 
moving of surface dirt appears to be involved; one 
suspects that soap would do as good a job. 

Mordanting is involved in two of the cleaning 
recipes (nos. 13 and 23) and in the coloring recipe 
(no. 22). A mordanting step, most frequently em- 
ploying alum and vinegar, was used in Greco- 
Roman times in the major process for dyeing wool 
and has continued to be so used until quite re- 
cently (Taylor and Singer, 1956). It involves the 
precipitation of finely divided aluminum hy- 
droxide onto the fabric and the subsequent 
attachment of a dye to this powder. As a result, the 
dye becomes more intense in color and does not 
fade as rapidly in sunlight. Although it would al- 
most certainly not have served any useful function 
for cleaning a pearl, mordanting must have seemed 
a step that might be useful—a slight etching pro- 
duced by the vinegar, perhaps—and probably did 
no harm. A mordanting step could be more mean- 
ingful to a coloring (dyeing) process such as that 
described in recipe no. 22, although it may be that 
this recipe was never intended to be used on a 
pearl. Merély from the list of ingredients it is not 
possible to guess what color would be produced by 
this mixture. 

Finally, there is recipe no. 18, which instructs 
how to make an imitation pearl from a paste. The 
use of ground-up mica seems appropriate here 
since this would tend to give a surface shimmer to 
the imitation, much as does the “fish-scale es- 
sence” that has been used to make imitation pearls 
since 1656 (Webster and Anderson, 1983). No less 
than three of the ingredients, used in equal 
amounts, could be expected to contribute to the 
hardening of the kneaded mass: gum tragacanth, 
wax, and egg-white. One suspects that the product 
would not have been a very convincing pearl imi- 
tation except to the quite inexperienced. 


CONCLUSION 


The chicken-cleaning experiments here reported, 
as well as other duplication experiments currently 
under way, indicate that many of the 2,000-year- 
old recipes given in P. Holm. represent valid 
gemstone-treatment processes. Pliny, writing in 
the first century A.D., described the sugar-acid 
agate-dyeing process, the use of foils, dyeing, the 
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oiling of emerald, the making of triplets, and even 
the clarification of amber (Nassau, 1984a and b}. P. 
Holm., based on the even earlier writings of Bolos, 
provides us with details of some of Pliny’s more 
obscure passages (it explains, for example, the 
“softening” of ‘‘diamond” with warm goat’s blood] 
and adds such treatment processes as the cracking 
and dyeing of quartz and the oiling of emerald with 
Canada balsam. This unique manuscript repre- 
sents an early comprehensive technical text and 
attests to the antiquity of gemstone-treatment 
processes. 
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BERYL, Bicolor 


Recently sent to the Los Angeles lab- 
oratory for identification was an in- 
teresting 9.66-ct bicolored (light blue 
and colorless] modified emerald-cut 
stone (figure 1}, Subsequent testing 
revealed that this stone was beryl. 
The following properties were ob- 
served: refractive indices of 
1.563-—1.570, no reaction to long- or 
short-wave ultraviolet radiation, and 
a broad absorption band of moderate 
strength centered at 427 nm in the 
visible spectrum of the blue portion 
of the stone. This spectral absorption 
is typical of many aquamarines. 
There was no absorption spectrum 
for the colorless section. Examina- 
tion with the microscope revealed 
inclusions that are typical of beryl. 
Very prominent, distinct, angular 
and straight parallel growth features 
were confined to the blue portion. 
This is the first time that we 
have seen a faceted bicolored beryl 
consisting of aquamarine and 
goshenite. We have, however, seen 
similar color zoning in beryl crystals, 
particularly those from Nigeria. In 
the Nigerian crystals that we exam- 
ined, light green and colorless color 
zoning was more common than was 
light blue and colorless, perhaps be- 
cause these crystals had not yet been 


heat treated. 
RK 


Editor's Note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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Figure 1. This 9.66-ct bicolored beryl! consists of both aquamarine and 


goshenite, 


DIAMOND 


Heat-Induced Color Change 
in Diamond 


One of our clients often shares with 
the New York laboratory unusual di- 
amond specimens from his family’s 
mining operation in Guyana. Many 
of the rough diamond crystals that 
they mine have a green “skin” 
caused by natural irradiation stain- 
ing. 

Recently, our client donated a 
parcel of four diamond crystals. All 
except the largest piece (1.12 ct} were 
greenish in color. Our client 
explained that the largest crystal was 
green when mined, but it turned 
yellow-brown when it was sawed by 
a laser. Figure 2 shows the now 
yellow-brown lasered crystal next to 
another crystal which approximates 
the original color. Note the “step- 
like’ laser saw marks on the 


Figure 2. The diamond on the 
left turned yellow-brown 
during laser sawing. It was 
originally green like the stone 
on the right. Magnified 15 x. 


yellow-brown stone. When a green- 
skinned diamond is heated, the green 
areas will often change to brown or 
yellow, just as green diamonds are 
changed from dark green to yellow or 
brown by heat treatment. In this 
case, the heat of the laser 
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(1200°-1300°C] was enough to ef- 
fect this color change. RC 


Diamond With Natural 
Internal Irradiation Stain 


Green and brown surface irradiation 
stains have traditionally been used to 
identify natural color in green dia- 
monds. These characteristic stains 
are a result of natural irradiation 
within the earth. Occasionally, a 
near-colorless or very light yellow 
diamond may also have some natural 
irradiation stains. Theoretically, 
such a stone could be artificially ir- 
radiated to produce a green color. 
Consequently, these stains are not 
proof of natural origin of color, but 
only an indication. Unforunately, 
not all artificially treated diamonds 
exhibit the 592 nm (5920 A} absorp- 
tion line that, when present, has 
been considered characteristic of ar- 
tificially irradiated diamonds. 

A 2.40-ct very light yellow 
pear-shaped diamond was submitted 
to the New! York laboratory for a 
damage report. During the initial ex- 
amination we noted a natural brown 
irradiation stain on the girdle. While 
examining the flaw in question (an 
inherent fracture) we noticed a natu- 
ral irradiation stain within the stone 
on one of the planar surfaces of the 
fracture (figure 3}. This is the first 
time the laboratory has seen an irra- 
diation stain inside a diamond. It was 
located at a depth of approximately 


Se 

Figure 4. The two parts (4.72 ct and 
2.41 ct, respectively) of a piggyback 
diamond. 


1 mm. We can only speculate as to 
the cause of the interior staining. 
Perhaps a radioactive liquid infil- 
trated the fracture at one time. RC 


Piggyback Diamond 


A Maryland jeweler recently en- 
countered a very unusual diamond 


Figure 3. Internal irradiation stain on a fracture in a diamond. 


Magnified 20x. 
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Figure 5. The piggyback 
diamond illustrated in figure 4 
is shown here assembled as it 
would be in the mounting. 


ring. The ring was set with approxi- 
mately 15 pear-shaped diamonds of 
about one Carat each. In the center 
was what appeared to be a large, ap- 
proximately 9 to 9.5-ct, yellow pear- 
shaped stone. However, on closer ex- 
amination the stone was found to ac- 
tually be two diamonds mounted one 
directly below the other and held in 
place by the mounting; no cement 
was used to hold the two stones to- 
gether. The center “stone” was re- 
moved from the mounting and sent 
to GIA to photograph and examine. 
The top section, a thin pear-shaped 
window diamond with no pavilion, 
weighed 4.72 ct and measured 
approximately 17.50 x 12.55 x 
2.46 mm deep. The bottom “pavil- 
ion” portion was a complete pear- 
shaped brilliant that weighed 2.41 ct 
and measured approximately 12.50 x 
7.23 x 4.48 mm deep. The two sepa- 
rate components are shown in figure 
4. This type of deceptive assemblage, 
known as a piggyback diamond, is 
seen only occasionally in the trade, 
and few jewelers are even aware that 
such items exist. As illustrated in 
figure 5, when assembled this stone 
looks remarkably good. It is gener- 
ally good practice to be suspicious if a 
large diamond is mounted in such a 
way that only the culet area and 
crown are visible. /ohn I. Koivula 
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Figure 6. This cubic zirconia 
was cut to simulate a 10-ct 
fancy yellow octagonal modi- 
fied brilliant-cut diamond. 


FANCY DIAMOND SIMULANT, 
Yellow Cubic Zirconia 


Over the past few years we have no- 
ticed an unusual interest on the part 
of diamond dealers and cutters in 
large, off-color, light yellow, 
emerald-cut diamonds. We eventu- 
ally learned that these stones were 
being recut as octagonal modified 
brilliants. The light yellow could be- 
come fancy light yellow or even 
fancy yellow because the new cuts 
intensify and deepen the apparent 
color. 

It now appears that this tech- 
nique has been used on diamond 
simulants as well. A client recently 
submitted to the New York labora- 
tory a ring set with what she thought 
was a 10-ct fancy yellow octagonal 
modified brilliant-cut diamond (fig- 
ure 6]. However, routine testing 
proved the stone to be yellow cubic 
zirconia. This is the first time we 
have seen cubic zirconia cut to imi- 
tate a fancy yellow octagonal modi- 
fied brilliant. Figure 7 shows two of 
the facet arrangements seen on this 
style of cut. RC 


Melted GARNET- 
and-GLASS Doublet 


It is quite probable that the 1.69-ct 
garnet-and-glass doublet recently 
examined in the New York lab (fig- 
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Figure 7, Facet diagrams of two 
different octagonal modified 
brilliant cuts. 


ure 8} was mistaken for a natural 
gemstone and left in its setting dur- 
ing repair work, even though the re- 
pair work required heat. The red 
glass, which constitutes the main 
portion of the doublet, is obviously 
distorted and has even melted over 
the edges of the thin garnet crown. 
Certain types of glass often have a 


very low melting point, and the glass 
in this particular doublet even melts 
easily when touched with the ther- 
mal reaction tester. Also note where 
the hot prongs of the setting left in- 
dentations along the girdle of the 
glass. RC 


Carved JET 


Figure 9 shows an opaque black 
carved urn measuring approximately 
12.1 x 6.3 x 31.8 cm (4% x 2% x 
12% in.) high that we received in the 
Los Angeles lab for examination. Our 
client questioned whether the ma- 
terial was in fact “black amber.” 
This term is sometimes used in the 
trade for jet, a form of fossilized wood 
altered to brown coal. The carving 
had a waxy luster, was fairly soft, and 
was easily scratched with a pin. Al- 
though it had a poor polish, we were 
able to obtain a vague refractive 
index reading of 1.59, considerably 
lower than the 1.66 figure that is 
usually listed in the gemological 
literature for jet. 

When the piece was exposed to 
ultraviolet radiation, both long and 
short wave, a faint orangy fluores- 


Figure 8. Heat-damaged 1.69-ct garnet-and-glass doublet. 


Magnified 20x. 
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Figure 9. This carved urn, 12.1 x 
6.3 x 31.8 cm, is believed to be 
jet in spite of its low refractive 


index. ° {: 

cence became visible. A thermal re- 
action test produced an organic odor 
typical of burning coal. In addition, 
the material left a brown streak onan 
unglazed porcelain plate, also indi- 
cating that it might be some type of 
coal. We were satisfied that this was 
jet, or coal, inspite of thelowR.I. KH 


Oiled LAPIS LAZULI 


An importer of fine lapis lazuli beads 
that had reportedly originated in Af- 
ghanistan was perplexed by an ap- 
parent difference in luster among the 
beads. He suspected that some of 
them had been oiled to improve their 
appearance. 

After establishing that the 
10-mm beads shown in figure 10 
were in fact lapis lazuli, the New 
York laboratory used the thermal re- 
action tester and magnification to 
examine the beads for oil or paraffin. 
All of the beads showed the charac- 
teristic evidence of oil being drawn 
to the surface by the heated probe. 
Some of the beads had heavy concen- 
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trations of oil in the drill holes and 
fine cracks. Oil rather than paraffin 
was indicated because the liquid did 
not turn white on cooling as paraffin 
will. No evidence of blue dye was 
observed when the beads were exam- 
ined with the microscope or were 

checked with an acetone solvent. 
Oil or paraffin treatment has 
been used historically to “set’’ dye in 
such stones as jade, lapis lazuli, and 
tumbled amazonite. Although we 
are certain that the beads we exam- 
ined were not dyed, we do not know 
why oil treatment alone was used, 
unless it was to cover a poor polish. 
RC 


PEARLS 


Conch “Pearls” 

Both the Los Angeles and the New 
York laboratories had the opportu- 
nity to examine a selection of pink 
calcareous concretions, commonly 
referred to as conch “pearls,” that 
ranged in weight from 0.67 ct to 5.10 
ct. Figure 11 gives some indication of 
the range of colors and shapes in 


which conch pearls occur. The client 
who submitted them to us stated 
that the conch pearl that is second 
from the right in the top row in figure 
11 seems to be the classic shape of 
the better-color ones. 

Our client represented the 
owner of the conch pearls, who is a 
commercial supplier of conch meat. 
These particular conch pearls were 
reportedly found in the waters off the 
islands of St. Christopher (also 
known as St. Kitt) and Nevis in the 
Lesser Antilles of the Caribbean. As 
to the rarity of these conch pearls, we 
were informed that in 12 months of 
shipping over 25,000 lbs. of conch 
meat, which represents approxi- 
mately 54,000 conchs, only four 
large (5~10 ct) and a few dozen smal- 
ler “pearls’’ were found. Our client 
informed us that the best pink colors 
are found in the outer parts of the 
conch near what the divers call the 
horn, a hook-like muscle that the 
conch uses to pull itself along. The 
color and translucency of the “pearl” 
are poorer the farther back into the 
animal the ‘‘pearl” is formed. 


Figure 10. These 10-mm beads of Afghanistan lapis lazuli were found 
to have been oil treated. 
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Figure 11, A selection (0.67 —5.10 ct) of calcareous concretions known 


in the trade as “‘conch pearls.” 


Opaque brown to yellow conch 
pearls are also found, but these are 
usually discarded because of their 
unappealing appearance. 

All of these conch pearls showed 
the characteristic flame-like struc- 
ture. Note the two center pieces in 
the bottom row of figure 11. These 
represent one pearl that was sawed in 
half, revealing an interesting cross- 
sectional coloration and structure. 

RK 


Imitation % Cultured Blister Pearls 


It has been said that imitation is the 
sincerest form of flattery. In the 
jewelry trade, imitations are usually 
confined to popular, well-established 
items, such as diamonds. It was 
therefore unusual for the New York 
laboratory to examine an imitation 
of something relatively new to the 
pearl market: the % cultured blister 
pearl (figure 12]. This type of pearl 
was previously described in the 


Figure 12. A 17-mm imitation 
¥4 cultured blister pearl. 


Summer 1981 (p. 104} and Winter 
1983 {p. 235} issues of Gems wW 
Gemology. 

One of our clients bought a large 
selection of what he thought were 
variously colored % cultured blister 
pearls in Hong Kong. Upon X-ray 
testing one of these “pearls,” we de- 
termined that it was made out of 
plastic with a solid metallic core to 
give it weight (figure 13]. Figure 14 
shows the crazing that occurred on 
the surface of the plastic when the 
“pearl” was immersed in safety film 
cleaner for X-radiography. RC 


RUBY, with Unusual Inclusions 


Some time ago, the Los Angeles labo- 
ratory was asked to identify an at- 
tractive purplish red oval mixed-cut 
stone that weighed slightly over one 


Figure 13. This X-radiograph of 
the imitation pearl shown in 
figure 12 reveals a metal core 
and a plastic surface. 


carat. Standard gemological tests 
identified the stone as a ruby which 
was inert to short-wave ultraviolet 
radiation but fluoresced a weak red 
to long-wave ultraviolet radiation. 
When the stone was viewed with 
magnification, some of the inclu- 
sions were quite puzzling. Very fine 
“silk’-like inclusions were arranged 
in layers that fanned out into veils. 
These inclusions resembled the 
wispy veil—like inclusions that 
sometimes occur in Czochralski 
synthetic stones. We also noticed 
two parallel twinning planes and a 
small iron stain in one corner of the 
stone which indicated natural origin. 
Since our findings were not conclu- 
sive, we asked the GIA Research De- 
partment to analyze this ruby by 
means of X-ray fluorescence to de- 
termine the trace elements that 
would indicate natural or synthetic 
origin. The trace elements that were 
found in this ruby were mainly 
chromium, iron, and gallium, no el- 
ements that would suggest a syn- 
thetic origin were found. On the 
basis of these tests, we concluded 
that this stone was indeed a natural 
ruby that happened to have very un- 
usual inclusions that mimicked 
those sometimes seen in some syn- 
thetics. KH 


SPINEL, Color Change 


In the Winter 1984 issue of Gems & 
Gemology, we reported on an attrac- 


Figure 14. The surface of the 
imitation pearl shown in figures 
12 and 13 was crazed when the 
bead was immersed in safety 
film cleaner. Magnified 10x. 
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tive natural spinel that exhibited a 
color change from pinkish purple 
when viewed with fluorescent illu- 
mination to purplish pink under in- 
candescent light. One of the interest- 
ing features of this stone was the 
moderate chalky yellowish green 
fluorescence it exhibited when ex- 
posed to long-wave ultraviolet radi- 
ation. The Los Angeles lab recently 
had the opportunity to examine an- 
other interesting natural spinel. This 
spinel showed a weak color change, 
more of a tonal change really, from 
light grayish purple to medium 
grayish purple. This stone also ex- 
hibited a chalky yellowish green flu- 
orescence (very weak) when exposed 
to long-wave ultraviolet radiation. It 
was inert to short-wave ultraviolet 
radiation, as was the previously 
mentioned color-change spinel. 

RK 


Synthetic SPINEL, 
Color Change 


Of the many types of synthetic 
spinel, the color-change _ or 
“alexandrite-like” variety is the one 
least often encountered in the labo- 
ratory. The Los Angeles laboratory 
recently examined a synthetic 
color-change spinel with a ‘rather 
believable” color change from dark 
bluish green when viewed with 
fluorescent illumination to dark 
brownish green under incandescent 
lighting. This is in contrast to the 
unrealistic color change exhibited by 
the very commonly encountered 
synthetic color-change sapphire. De- 
spite the realistic color change, this 
type of synthetic spinel can be read- 
ily identified with standard gemolog- 
ical tests. RK 


Synthetic ZINCITE 


In New York, we recently examined 
a 4.05-ct transparent yellow round 
brilliant. At first glance, we thought 
it might be a synthetic rutile or the 
unusual tetragonal cubic zirconia. 
When the stone was tested, the R.I. 
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Figure 15. New hydrothermal 
synthetic zincite on the left, 
accidental synthetic zincite 
furnace products on the 
right, 


proved to be over the limits of the 
refractometer, the polariscope re- 
vealed a uniaxial optic figure, the 
specific gravity was 5.70, and a hard- 
ness of approximately 4—4'% was de- 
termined. There was no diagnostic 
spectrum. At the request of our cli- 
ent, asample of the rough was sent to 


the Applied Gemology Division of 
the Research Department at GIA, 
where X-ray diffraction analysis 
proved the material to be synthetic 
zincite. 

The client indicated that this 
material is the by-product of an in- 
dustrial process used in Poland. 
However, its softness precludes its 
use in jewelry. A rare, vivid red 
zincite does occur in nature; it is 
prized by collectors both as rough 
material and when faceted. 

Synthetic zincite has been pro- 
duced experimentally by at least two 
methods, hydrothermal and vapor 
growth. Figure 15 {left} shows a new 
hydrothermal specimen that weighs 
20.2 grams and measures 33 mm 
long. The larger of the two accidental 
products on the right is a 5.3-gram 
piece from a furnace fragment that 
originally weighed 171 grams. The 
assorted colors of the hy- 
drothermally grown synthetic 
zincite shown in figure 16 are the 
result of various impurities. Figure 
17 shows examples of synthetic 
zincite grown by the vapor growth 
method. RC 


Figure 16. The various colors of this hydrothermally grown synthetic 
zincite are caused by the use of different impurities. The large black 
specimen is 43 mm long and weighs 52.1 grams. 
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Figure 17. These crystals of synthetic zincite were produced by the 
vapor growth method. The largest specimen is 45 mm long. 


UNCLASSIFIED ODDITY 

In the Spring 1983 issue of Gems & 
Gemology |p. 49}, we discussed an 
item under ‘Unclassified Oddities.” 
We stated that “although we know it 
is of organic origin, we have no idea 
what creature created it, or how it 
was formed.” Recently, I received a 
telephone call from GIA student 


Michael Patterson of Florida, who 
believed that he could identify the 
item in question, shown here in fig- 
ure 18. He thinks it is the lens from 
the eye of a fish that has been boiled. 
In his experience, when the fish is 
boiled the lens turns white and be- 
comes quite hard. This seems to be a 
reasonable explanation, since our ob- 


Figure 18. This broken 
concretion with a bead-like core 
(13 mmin diameter) may be the 
lens from a boiled fish eye. 


ject was found in a can of fish sold as 
cat food, which surely would include 
parts of a fish not normally used for 
human consumption. The light beige 
color could be the result of staining 
from the oils present in the can. Our 
thanks to Mr. Patterson for taking 
the time to call us with this explana- 
tion. CF 


FIGURE CREDITS 


Figures 1, 9, and 11 were supplied by 
Shane McClure. Chuck Fryer took the 
photos used in figures 4, 5, and 18. Dave 
Hargett furnished figures 2, 3, 6, 8, 10, and 
12-14. Dr. Kurt Nassau very kindly allowed 
us to use his photographs for figures 
15-17. 


5TH ANNUAL 


GEMS & GEMOLOGY MOST VALUABLE ARTICLE AWARD 


The Winter issue marks the end of the 1985 
Gems & Gemology volume year. Once again, we 
are asking you, our subscribers, to participate in 
the 5th Annual Most Valuable Article Award. We 
count on you to give our authors the recognition 
they deserve for the time and effort invested in 
their articles. We also need to hear your feelings 
about Gems & Gemology — we value your opinion 
and want the journal to continue to reflect your 
needs and interests. 

Your ballot is located on the insert card 
inside this issue. Please choose three articles 
from 1985 and mark them in order of numerical 


preference: (1) first, (2) second, (3) third. Be sure 
to mark only three articles for the entire year. 
Additional comments concerning the journal 
are welcome in the space provided. 

After voting, detach the postcard ballot and 
drop it in the mail (postage is prepaid if mailed 
in the US.). Ballots must be received by March 
10, 1985 to be included in the final tally. 

The winning articles will be announced in the 
Spring 1986 issue of Gems & Gemology. Cash 
awards of $500, $300, and $100, respectively, 
will be given to the authors of the articles that 
place first, second, and third in the balloting. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Electron thicroscopical investigation of oriented mag- 
netite and amphibole in black star diopside. C. F. 
Woensdregt, M. Weibel, and R. Wessicken, 
Schweizerische Mineralogische und Petrograph- 
ische Mitteilungen, Vol. 63, 1983, pp. 167-176. 

Black star diopside from Namakkal, Tamil Nadu, in 

southern India is shown to contain oriented inclusions 

of magnetite. Two sets of inclusions lie in the (010) plane 
of the host diopside. When a cabochon is cut with its 
base perpendicular to the b-axis, the two sets of inclu- 
sions intersect at an angle of 104° to produce the ob- 
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served fourfold asterism. Oriented inclusions of an un- 
known amphibole mineral are also present. JES 


Fracturing in Canadian hessonites. J. I. Koivula, Journal 
of Gemmology, Vol. 29, No. 7, 1985, pp. 579-583. 


Mr. Koivula reports on his microscopic examination of 
hessonites from the Jeffrey mine, Asbestos, Quebec, 
Canada. The purpose of the investigation was to deter- 
mine the cause of the numerous fractures in these gros- 
sular garnets, as the fracturing is not typical of hesso- 
nites from other localities (e.g., Sri Lanka or East Africa). 

Using both dark-field and transmitted illumination, 
the author was able to rule out thermal expansion from 
either fluid inclusions or from acicular diopside crystals 
as the cause of the fracturing. When the shadowing 
technique was applied to a polished crystal section, the 
original rhombic dodecahedral structure (that existed in 
the specimen before the surface was ground away} was 
revealed. This indicated that significant strain was, in- 
deed, present. When polarized light was used, strain 
colors traced the original growth features of the crystal. 
This strain pattern was noted in all of the rough and 
faceted hessonites examined. 

Noting continuous growth oscillation between 
both the rhombic dodecahedral and the trapezohedral 
habits of the rough specimens, the author concludes that 
zoned internal strain was responsible for the fracturing 
commonly observed in these hessonites. 
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Six photomicrographs well illustrate the various 
lighting techniques used in this investigation. RCK 


Mechanism of thermal conversion of colour and colour 
centres by heat treatment of amethyst. E. Neumann 
and K. Schmetzer, Neues Jahrbuch fiir Mineralogie 
Monatshefte, No. 6, 1984, pp. 272-282. 


The color of amethyst is caused by color centers associ- 
ated with trace amounts of iron. The iron occurs at two 
sites in the quartz crystal structure. Either the iron atom 
substitutes for a silicon atom or it is located in an inter- 
stitial space between silicon and oxygen atoms. Heat 
treatment of amethyst converts it to yellow, yellowish 
brown, green, or even colorless. In this detailed study of 
117 natural and synthetic amethysts, representing 20 
localities and both the Russian and Japanese synthetic 
production, the heat treatment behavior of amethyst 
was documented. The experiments involved heating the 
amethyst samples in air at between 300° and 560°C for 
several hours. The following general sequence of colors 
was noted: violet—colorless—green—yellow—brown, al- 
though not all samples displayed the entire sequence of 
changes. However, the temperatures necessary for the 
development of a distinct color change were found to be 
different for samples of various intensities of the original 
violet color, even for amethysts from the same locality. 
All transformations in color were found to occur grad- 
ually and in steps. Heating at higher temperatures for 
shorter periods resulted in the same changes as did heat- 
ing at lower temperatures for longer periods. 

The colors observed before and after heat treatment 
can be described as follows: (1) the violet is related to a 
broad absorption band at 550 nm: (2) the green is associ- 
ated with a broad absorption band centered in the infra- 
red at 720 nm; and (3) the yellow relates to a broad 
absorption band in the ultraviolet region that contrib- 
utes to an increasing absorption in the visible region 
from red to violet. During heat treatment, the latter two 
bands increase in intensity parallel or subsequent to a 
decrease in strength of the first band. However, the rela- 
tive intensities of the band in green quartz, caused by an 
interstitial iron—type color center, and the yellow color 
of citrine, attributed to iron particles (presumably 
Fe,Os), are strongly variable. Thus, the heat treatment of 
an amethyst to either green quartz or citrine mainly 
depends on the relative intensities of both absorption 
bands. The dominant intensity band produced by heat 
treatment gives rise to the appropriate color. However, 
the factors responsible for the development of both color 
centers in different concentrations in amethyst are still 
unknown. JES 


Note on inclusions in diopside from Ala, Piedmont, 
Italy. B. Jackson, Journal of Gemmology, Vol. 19, 
No. 6, 1985, pp. 486-489. 

The fluid inclusions ina slightly yellowish green faceted 

diopside from Ala, Piedmont, ltaly were examined using 
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a freezing-stage microscope. The subject was frozen to 
-—70°C and then slowly warmed to room temperature. 
During freezing it was noted that at —37°C the gas bub- 
ble contracted and all of the liquid froze into a coarse- 
grained solid. Upon warming to —36°C partial melting 
began. By —1.9°C all of the frozen liquid had melted. The 
temperatures at which the melting and freezing occur 
indicate that the liquid is a mixed saturated saline 
brine with the major component being sodium chloride. 
The cubic daughter crystals in some of the inclusions are 
therefore thought to be halite. In addition, some other 
unidentified solid phases in the fluid inclusion cavities 
were observed and illustrated. The author concludes 
that on the basis of the presence of various necking- 
down features, of the general crystallographic orienta- 
tion and patterning of the negative crystals, and of the 
optical continuity that exists between the inclusions 
and host, that the inclusions are almost certainly 
pseudosecondary in origin. JIK 


Pearls and the discovery of America. P. Francis, Jr., Lr 
dary Journal, Vol. 38, No. 12, 1985, pp. 1512-" 16. 


Author Peter Francis, Jr., presents a review of ute role 
that pearls played in the discovery and sub» quent ex- 
ploration of the New World during the 1%th, 16th, and 
early 17th centuries. Explorers such as Chlumbus, Ves- 
pucci, de Soto, and Balboa sailed the islan'ls of the Car- 
ibbean in search of treasure. The natives of hese islands 
were relatively unconcerned with the value fthe pearls 
that they had amassed over time while gat =ring food 
from the sea. On learning this, the explorer. exploited 
the natives, tricking them to turn over theii »earls in 
exchange for cheap gifts, or forcing them to n ‘ke dan- 
gerous, and often fatal, dives. The pearls were s] oped to 
Spain, and then traded throughout Europe. 

As other, lesser known, explorers braved tl  inte- 
rior of the new continent, they found that the ‘land 
natives had accumulated stores of freshwater yp ils. 
However, word of previous exploitation had prec Jed 
the adventurers, and these natives were much n tre 
wary of the white man’s propositions. Even so, withi .a 
relatively short time, the large, ancient mollusk be 3 
were fished out, and by the end of the 17th century tl 
great American pearl age was over. 

This article includes information rarely reported in 
the pearl literature. SAT 


South Sea pearl importers look to new sources. D. 
Gordon, National Jeweler, Vol.30, No. 17, 1985, pp. 
84-85. 

Although the demand for South Sea pearls is increasing, 

the supply is declining. This article briefly discusses the 

production of three areas known for these cultured 
pearls: Australia, Burma, and the Philippines. 

Both Australia and Burma are producing fewer cul- 
tured pearls. Australia’s reduced production is attrib- 
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uted to the relocation of its largest cultivator to 
Indonesia. Burma’s production has declined steadily 
since all industry in that country was nationalized in the 
early 1960s; the quality of their product has also fallen. 
The quality of Australian pearls, on the other hand, is 
high; one U.S. importer states that the pearls from Aus- 
tralia are the only high-quality pearls on the market at 
the present time. 

The Philippines is a country whose role as a major 
producer of South Sea pearls is still in the balance. Sev- 
eral U.S. importers interviewed explained that the qual- 
ity of pearls cultivated in the islands has declined in 
recent years. The quantity is said to have also dropped. It 
is reported that no more than 3,000 to 5,000 pearls are 
successfully cultivated; of these, 80% are low quality. 
The three factors to which this situation is attributed are 
the political atmosphere of the Philippines together 
with geographical and biological obstacles. Other U.S. 
importers agree that recent crops have been small; how- 
ever, they are optimistic that the Philippines will even- 
tually fill the gap created by the dwindling crops of other 
South Sea pearl cultivators. Lorraine G. Gruys 


A spectroscopic study of irradiation coloring of ama- 
zonite: structurally hydrous, Pb-bearing feldspar. A. 
M. Hofmeister and G. R. Rossman, American Min- 
eralogist, Vol. 70, No. 7/8, 1985, pp. 794-804. 


Amazonite, a popular cabochon gem material, is a blue 
to green variety of the potassium feldspars microcline 
and orthoclase. Twenty-six amazonite specimens froma 
number of localities were investigated to analyze the 
color of this material and understand its origin. 

The color of amazonite is caused by radiation and is 
known to involve the presence of both lead and water in 
the feldspar crystal structure. Four color types can be 
distinguished: (1) a blue, low-lead microcline-perthite 
with absorption bands at 625, 385, and 330 nm and 
increasing absorption toward the UV; (2) a green, high- 
lead orthoclase with a single band at 720 nm plus in- 
creasing absorption toward the UV, (3) a blue-green 
microcline intermediate type; and (4) a light blue, low- 
lead microcline with bands at 330 and 385 nm, a broad 
band at 643 nm, and increasing absorption toward the 
UV. The variation in color is controlled by the relative 
position and strength of these visible and ultraviolet 
absorption bands. Differences in absorption spectra, in 
turn, are associated with a limited range of lead content 
and structural state. 

The irradiation-induced blue or green color can only 
arise in potassium feldspars having both structurally 
bound water and small amounts of lead (Pb?* or Pb!*). A 
model is proposed for amazonite coloration in which 
gamma radiation is thought to dissociate water mole- 
cules into H? and OH? radicals. Both radicals interact 
with other constituents in the feldspar to produce the 
lead-related color centers responsible for the colora- 
tion. JES 
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A ‘three-phase inclusion’ in an emerald from South 
Africa. H. W. Schrader, journal of Gemmology, Vol. 
19, No. 6, 1985, pp. 484-485. 


The author describes a three-phase inclusion found ina 
cabochon emerald from the Cobra Mine in South Africa. 
The photomicrograph provided of the three-phase in- 
clusion, illustrated at 400x, shows a spherical gas 
bubble nested against a solid phase of square profile, all 
contained within a long, thin, tube-shaped void. The 
cabochon also contained other inclusions, such as mica 
plates, that are typical of South African emeralds. This is 
the first report of a three-phase inclusion in an emerald 
from this locality. JIK 


Toramalli: a short history of the tourmaline group. F. 
Benesch and B. Woéhrmann, Mineralogical Record, 
Vol. 16, No. 5, 1985, pp. 331-338. 


In this introductory article to an entire issue devoted to 
tourmaline, the authors present an interesting summary 
of the history of the tourmaline mineral group. Al- 
though it was not among the classical precious stones of 
the ancients, tourmaline was known in antiquity and 
has been studied for centuries. The writings of early 
Greek and Roman, scholars make reference to a gem- 
stone possessing an electrical attraction for other objects 
that undoubtedly was tourmaline. Tourmaline, still un- 
recognized as a distinct mineral, began appearing in 
jewelry during the Middle Ages. Early mining literature 
from Central Europe mentions a black variety of tour- 
maline called schorl. In the 17th and I 8th centuries, gem 
tourmaline began to emerge from Brazil and Ceylon. 
The electrical and optical properties of tourmaline 
brought it scientific attention, resulting in its recogni- 
tion as a distinct group of mineral species. In the 19th 
century there was an increase in the number of publica- 
tions on tourmaline localities and on the compositional 
nature of this mineral. During this period, tourmaline 
also became very popular as a gemstone, a position it 
still holds today. JES 


DIAMONDS 


The Australian ideal design for round brilliants. M. 
Connellan and L. Possibon, Australian Gem- 
mologist, Vol. 15, No. 7, 1984, pp. 219-226, 
243-246. 

In large part, this article is a mathematical derivation of 

some general equations for round-brilliant cutting an- 

gles. Before showing how they arrived at these expres- 
sions, the authors compare the effects of specific rays in 

a Tolkowsky-cut diamond to those ina stone cut accord- 

ing to their calculations. On the basis of some initial 

considerations about diamond’s dispersion, they choose 

a sample ray incident on the bezel facet at 70° from the 

normal and trace it through the respective stone profile 

diagrams. 
Connellan and Possibon use this comparison to 
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argue that their design (called the Australian Ideal De- 
sign, or A.J.D.) permits a more efficient release of fire 
from the crown than the Tolkowsky cut. As applied to 
diamonds, A.I.D. calls for a 39.66° pavilion angle, a 
33.75° crown angle, and a 56% table. No actual photo 
comparison of an A.I.D. - cut diamond to a Tolkowsky- 
cut stone is shown. 

The general mathematical expressions for the 
crown and pavilion angles in A.I.D. are developed from a 
pair of simultaneous equations. One of these equations 
corresponds to the brilliance condition: that is, light 
entering the table vertically exits through the bezel facet 
vertically. The other equation is derived (in a less than 
convincing way) from a supposedly optimum dispersion 
condition. 

When the refractive index is plugged into the math- 
ematical expression for the crown angle, a suitably pro- 
grammed computer can solve for the particular value of 
this angle. However, the authors have found that in 
practice this calculated crown angle needs to be reduced 
by a few degrees, depending on the R.L., to be optically 
effective. The crown angle and the RI. are then plugged 
into the other expression to solve for the pavilion angle. 
As pointed out in the article, this calculated pavilion 
angle changes very little over the R.I. range of 1.5 to 2.4. 
The authors claim that, for practical cutting, a pavilion 
angle of 39. 40° may be used for all gem materials. 

The authors also consider the star and upper-break 
angles in their design, calculate their respective values, 
and list them along with the crown and pavilion angles 
for a wide assortment of gem materials. Toward the end 
of the article, a cutting orientation for the blue sapphires 
having the greenish pleochroic color typical of Aus- 
tralian stones is outlined. BFE 


Diamonds and death along the Vaal. J. Thompson, Mod- 
ern Jeweler, Vol. 84, No. 10, 1985, pp. 46-49 and 
108, 

This article is a human interest story recounting a visit 

with Willem Van der Merwe, one of the independent 

diamond diggers still working the deposits along the 

Vaal River in South Africa. The reader gets a glimpse of 

the rigorous existence, personal attitudes, and occa- 

sional tragedies that mark the lives of these rugged in- 
dividuals. In South Africa, some 260 licensed independ- 
ent diggers still operate in much the same way as their 
predecessors did back in the great diamond rush of the 
1870s. Since the apartheid laws prohibit black South 

Africans from obtaining digging licenses, the vast major- 

ity of these fortune hunters are white, the rest being of 

mixed race. Thompson describes the backbreaking toil 
these men go through for their usually meager finds. BFE 


GEM LOCALITIES 


Localization of lapis lazuli bodies of Badakhshan and 
their mineral zonation. G. A. Yurgenson and B. P. 
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Sukharev, International Geology Review, Vol. 27, 

1985, pp. 230-237. 

The lazurite, or lapis lazuli, deposits at Sar-e-Sang, Af- 
ghanistan, have been famous since antiquity, but only in 
modern times has the geology of this unique occurrence 
been investigated. This article reports the results of a 
recent geological field study which focused on the na- 
ture of the lapis lazuli mineralization in this area. 

The lazurite occurs in marbles of the Sakhi forma- 
tion, which also includes schists, gneisses, amphibo- 
lites, and quartzites. The formation is intruded by igne- 
ous migmatites, granites, and pegmatites. Three types of 
lazurite mineralization have been identified: (1} minor 
bodies of small zones 2—3 m long and up to 20-30 m 
thick, which are located directly at the contact between 
the granitic rocks and the host marble; (2) larger bodies 
up to 40 m in maximum dimension, which occur at 
diopside- and pyrite-rich zones within the marble—and 
which represent the most widespread type of lazurite 
occurrence and contain the best-quality lapis lazuli, and 
(3) sheet-like zones of lazurite mineralization, which 
developed along layers in the marble up to 6 m thick and 
450 m long. 

Details of the mineralogy and structural features of 
each of these types of lazurite deposits are provided. 
Formation of lazurite is attributed to a chemical reac- 
tion between the host marble and high-temperature 
hydrothermal solutions generated by the intrusive igne- 
ous rocks. The article concludes with a list of explora- 
tion criteria that would apply to discovering new 
lazurite deposits. JES 


INSTRUMENTS AND TECHNIQUES 


Color grading issues: systems and standardization. J. D. 
Rouse, Lapidary Journal, Vol. 38, No. 12, 1985, pp. 
1518—1530. 


A number of issues relating to colored stone grading and 
various grading systems are examined by the author. 
First are the various methods of illumination. Because of 
the many variables that affect its quality, daylight is not 
recommended as a standard. Incandescent light suffers 
from an unbalanced distribution of visible wavelengths, 
and various fluorescent sources (and their relative defi- 
ciencies] are also discussed. The suggestion is made that 
when a light source is being selected for color grading, its 
Kelvin temperature, color-rendering index, and spectral 
power distribution in the visible spectrum should all be 
considered. 

Several systems for describing color are examined. 
These include some based on opaque colored reference 
chips (Munsell, West German Manual DIN 6164, and 
Inter-Society Color Council—National Bureau of Stan- 
dards) and those that match color using mathematical 
equations and instrumentation, e.g., the CIE system 
{Commission International de L’Eclairage}. Problems in 
using these various systems to describe the color of 


GEMS & GEMOLOGY Winter 1985 


gemstones are noted. The view is expressed that a color 
grading system that conforms to the international color 
systems and has a sound scientific basis could be of real 
benefit to the industry. Such a system would be valuable 
as a tool for communication, as a vehicle for standardiz- 
ing the colored stone industry, and as a means of generat- 
ing confidence—and sales. 

This article should be good reading for anyone in- 
terested in the subject of colored stone grading. RCK 


Inclusions in a better light. J. I. Koivula, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 33, 
No. 1/2, 1984, pp. 43-47. 


This short treatise by John Koivula notes the ever- 
increasing importance of the microscope in gemology 
that has resulted from the development of increasingly 
sophisticated synthetics. It then makes the point that, 
unlike many instruments, the microscope does not yield 
numerical answers; the more one studies inclusions, the 
more information the microscope yields. Various light- 
ing techniques are also briefly described: dark-field, po- 
larized lighting, oblique illumination, shadowing, 
transmitted light, and ultraviolet lighting. These are all 
well illustrated with six photomicrographs. 

Having laid this foundation, the author proceeds to 
place inclusions “in a better light.” Aside from their 
importancd in separating natural from synthetic gem 
materials, inclusions can add to the beauty of a gem, for 
example, the inclusions that make possible the star and 
cat’s-eye effects. With this perspective, inclusions can 
become helpful sales tools for the informed gemologist. 
To use the author’s words, “through the microscope 
inclusions areas beautiful as their colorful homes.” RCK 


Refractometers with built-in LED illumination. P. Read, 
Journal of Gemmology, Vol. 19, No. 7, 1985, pp. 
625-629. 

This is a brief review of the use of yellow light-emitting 

diodes for refractometer illumination. These LEDs have 

peak emission in the 585 nm region, sufficiently close to 
that of sodium light for refractometer use. 

The first commercial LED unit for refractometer 
use was manufactured by the Rayner Optical Company. 
It uses six LEDs with a life of about 50,000 hours. Itis not 
really a monochromatic light source, since it has an 
emission bandwidth of 35 nm (measured at 50% relative 
emission points]. By comparison, interference filters 
used in other refractometer light sources have band- 
widths in the 5-20 nm range. 

In 1983 Eickhorst introduced their GemLED re- 
fractometer, with a built-in light source consisting of 
three LEDs placed close to the prism, and a light level 
control. It operates on both batteries and alternating 
current. 

Recently Rayner developed a refractometer with an 
integral twin-LED illuminator and an operating base 
that contains an AC supply unit, light-intensity control, 
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and battery. With this unit the LED element can be 
withdrawn, allowing the refractometer to be used with 
external light sources as well. 

The main advantage of all of these LED units is their 
relatively low cost; the main disadvantage is their 
bandwidth, which to date has been too wide for some 
very fine discriminations. RCK 


Editor’s Note: Although similar to Read’s article in 
Canadian Jeweller, July 1984 (see abstract in the 
Summer 1985 Gems & Gemology, p. 127), this update 
contains a graph of the spectral emission of a yellow 
LED and a diagram of the Eickhorst GemLED. 


JEWELRY ARTS 


Cellini. J. Pope-Hennessey, Art & Antiques, November 
1985, pp. 66-69. 


Sir John Pope-Hennessy, a leading authority on Italian 
art, presents a sympathetic, if somewhat unconvincing, 
interpretation of Renaissance master goldsmith 
Benvenuto Cellini’s tumultuous life. He views Cellini’s 
autobiography, which has been widely interpreted as 
highly exaggerated and boastful, as “not simply a record, 
but an apology for his (Cellini’s) life.” Sir John then 
presents select pieces of information to support his be- 
lief that Cellini was ‘‘a predestined man of genius” 
whose ambitions were thwarted by “frustrations and 
disappointments” largely caused by a world insensitive 
to his unique vision. 

Cellini’s works, such as his famous saltcellar and 
the bronze sculpture of Perseus, clearly demonstrate 
that he was indeed an accomplished artist. However, in 
reading this article, it seems equally likely that he may 
have created his masterpieces out of sheer egoism and 
egotism rather than any great artistic or religious con- 
victions as Sir John suggests. For example, Cellini’s 
marble crucifix, which Sir John calls ‘a work of incom- 
parable accomplishment, the supreme marble sculpture 
of its time” and evidence of Cellini’s ‘‘profound religious 
faith,” was made to grace his own tomb. 

This article was adapted from Sir John’s book, 
Cellini, which was scheduled to have been published in 
late 1985. Perhaps the book will cover the artist’s lifeina 
more thorough fashion, and provide concrete references 
to substantiate his interpretation. SAT 


Fashion for flowers. V. Becker, Connoisseur, Vol. 215, 

No. 883, 1985, pp. 41-43. 

Although brief, this article on the naturalistic style of 
the French Second Empire {1852-1870} is nonetheless 
packed with information about the famous jewelers of 
that time. 

Becker primarily focuses on the art of Oscar Massin, 
considered one of the finest jewelers of the period. She 
describes his background and development as a jeweler, 
sketching in the influences and inspirations of the Sec- 
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ond Empire style. The article is illustrated by a two-page 
photospread of necklaces, brooches, and earrings fabri- 
cated in diamonds, pearls, and platinum (the examples 
shown are not necessarily attributed to Massin, how- 
ever). The jewels are like starched lace: stiff and formal 
but with a delicate fragility. By candlelight they must 
have been dazzling. A buyer’s guide to Second Empire 
jewelry in New York, London, and Paris is included. 

EBM 


How an earthquake brought to light the opulent treasure 
of Popayan. N. Letson and P. C. Keller, Smithso- 
nian, Vol. 15, No. 12, 1985, pp. 138-140, 142, 144, 
146, and 147. 


On March 31, 1983, a major earthquake rocked the city 
of Popayan, high in the mountains of southern Colom- 
bia. Although the quake devastated the city, including 
its newly restored cathedral, it brought to light one of 
the most dazzling collections of silver, gold, and emerald 
liturgical objects ever discovered. 

During the 17th and 18th centuries, prominent 
Popaydn families donated spectacular gifts to the 
church. These ornaments were the product of centuries 
of goldsmithing experience, and were fashioned from 
local deposits of gems and precious metals. Because of 
earthquake and political dangers, the ornaments were 
not stored at the cathedral, but in the homes of the 
families who donated them, and were publicly displayed 
on high holidays only. Thus, when the 1983 quake 
struck, the treasure remained unharmed. 

The most interesting ornaments are a series of mon- 
strances (called custodias in Colombia} made to hold the 
sacred Host. Each monstrance is typically two to three 
feet high, topped with a radiating superior circle known 
as the sun, with a round crystal window displaying the 
Host. The sun is supported by a central stem, sometimes 
in the shape of an angel or saint, which in turn rests on 
an elaborate base. Other ornaments in the collection 
include golden chalices, ecclesiastical crowns, and other 
jeweled holy vessels. 

The fate of the liturgical collection of Popaydn is 
uncertain; it may be transferred to the Museum of Reli- 
gious Art in Bogota. Whereverit rests, this collection has 
survived the rigors of time and nature, a reminder of an 
opulent, bygone era. Eight photographs by Harold and 
Erica Van Pelt, who accompanied the authors on their 
trip, richly illustrate the article. SAT 


The role of gold in alchemy. Parts I, II, and III. G. B. 
Kauffman, Gold Bulletin, Vol. 18, 1985, No. 1, pp. 
31-44, No. 2, pp. 69-78, and No. 3, pp. 109-119. 

This comprehensive three-part article should appeal to 

laymen and experts alike. In part I, Kauffman reviews 

the antiquity, mystique, and mythology of gold through 
excerpts of ancient texts and presents various modern 
interpretations, such as that for the legend of Jason and 
the Golden Fleece. The brawny hero may indeed have 
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captured a fleece of gold, since sheepskins were com- 
monly used as sluice boxes; the greasy, tangled wool 
trapped the wet gold particles. Kauffman goes on to 
discuss why gold has been so prized throughout history, 
and then introduces the origins, goals, and accom- 
plishments of alchemy, crediting early alchemists with 
the discovery of many chemicals and basic laboratory 
techniques. A discussion of theories of matter {i.e., that 
all materials could be reduced to just a few elements} 
from various cultures concludes this section. 

Part II deals with the quest for the Philosopher’s 
Stone, an elusive, undefinable material with the power 
to transmute materials into gold and provide longevity 
or immortality. From this legend sprung the idea of 
potable gold, a drink the Chinese believed was the elixir 
of life. This belief has persisted, and Goldwasser, a 
liquor containing flecks of colloidal gold, is still 
consumed. 

Part I] is an unusual mixture of prose and science. 
The first section reveals official attitudes toward al- 
chemy. Medieval monarchs often supported alchemists 
in their courts, but tortured or executed them when the 
gold failed to appear. A surprising number of clergymen 
were interested in alchemy, including St. Thomas 
Aquinas and Martin Luther. Kauffman goes on to dis- 
cuss several clever examples of fraudulent transmuta- 
tions. The section suddenly takes a more technical turn 
to modern alchemists and scientific alchemy. Many of 
the old alchemists’ dreams have been accomplished by 
today’s nuclear physicists and chemists. Ironically, in 
1980, a bit of bismuth was finally transmuted into 
one-billionth of a cent worth of gold. The cost: $10,000. 

All three parts of the article are extremely well 
documented, and flow together smoothly. This sum- 
mary of the myth, magic, and reality of alchemy is inter- 
esting reading. SAT 


The treasures of Henri Moser. R. Mazzawi, Aramco 
World Magazine, Vol. 36, No. 1, 1985, pp. 28-35. 


During the 1880s Henri Moser, a Swiss citizen and 
watchmaker, amassed an impressive collection of Tur- 
kic artifacts while traveling through Central Asia as a 
top aide to Russian military officials. Now housed in the 
Berne Historical Museum, Moser’s collection contains a 
variety of exquisitely crafted items. 

The personal jewelry shown in this article is deli- 
ciously sensuous. Intricate gold filigree work sheaths a 
razor-sharp dagger, a belt buckle set with tiny turquoise 
and jade cabochons clasps a wide leather strap, and deli- 
cate seed pearls dangle enticingly from airy gold ear- 
rings. 

The untamed, proud beauty of the Turkic people is 
perhaps best symbolized by their horses—magnificent 
animals with the strength to travel swiftly across miles 
of desert. An excerpt from Moser’s book, Across Central 
Asia, reveals how a very powerful amir (native ruler) 
presented a Russian official with a stallion caparisoned 
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with a shabraq (saddle blanket) embroidered with gold 
and pearls that almost covered the entire animal. A gold 
bridle encrusted with precious stones completed the 
gift. 

Richly worked clothing also played an important 
part in diplomatic gift-giving. Khalats (ceremonial 
coats) and huge, melon-shaped turbans were fashioned 
from costly materials such as gold and silver brocade or 
satin and were sewn with gems and pearls. One Russian 
general received a gift of 210 khalats made from Indian 
cloth-of-gold, along with colorful Kashmiri shawls, rich 
carpets, jeweled swords, and 16 Turkoman horses loaded 
with treasure. 

Eighteen photos highlight this article, which pro- 
vides a fascinating glimpse into the culture, and treas- 
ures, of the Turkic people during the 1880s. SAT 


RETAILING 


America’s new passion for affordable gems. D. Federman 
and E. Blauer, Modern Jeweler, Vol. 84, No. 2, 1985, 
pp. 47-57. 


In the first section of this article, entitled “Gems,” 
Federman presents several theories to explain the cur- 
rent popularity of “affordable” colored stones in the 
marketplace. Eight stones—amethyst, blue topaz {iden- 
tified as owing its color to laboratory irradiation), cit- 
rine, rhodolite, iolite, aquamarine, and pink and green 
tourmaline {identified by suppliers as top sellers), are 
profiled in thumbnail sketches. Current sources and 
prices per carat are given for each, along with informa- 
tion on preferences for certain sizes and methods of 
fashioning. According to Federman, these eight stones 
(displayed in a photograph along with two others that 
remain mysteriously unidentified) comprise a “rainbow 
revolution” of color ‘‘as profound as any that has swept 
the industry.” 

In the companion section, “Jewelry,” Blauer echoes 
the choices previously mentioned, but elicits comments 
from buyers and retailers. A series of photographs dis- 
play these and other pastel-colored gems in contempo- 
rary jewelry designs. 

The combined sections, although brief and limited 
in scope, convey enthusiasm for the market potential of 
the gems described. John Branning 


Selling color: the rainbow still leads to a pot of gold. C. 
Kremkow, Goldsmith, Vol. 167, No. 5, August 
1985, pp. 88—90, 94, and 96. 

According to Ms. Kremkow, “colored stones may be a 
key to the survival of the independent jeweler.” Ideally 
suited to a traditional jewelry store, colored stones make 
it possible to sell quality merchandise at almost every 
price level. She also points out that the majority of baby 
boomers have already purchased their engagement and 
wedding rings and are now ready to embrace today’s 
exciting colored stone jewelry. 
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She urges jewelers to think of color as fashion. To- 
day’s women are increasingly looking for accessories to 
personalize their wardrobes. Jewelers can get the pulse 
of today’s fashions by consulting magazines such as 
Vogue, W, Women’s Wear Daily, and Bride. Stocking a 
dazzling array of both loose and mounted stones shows 
the customer that her options are almost limitless. 

Kremkow advocates product knowledge and refers 
her readers to several different gemological institutions 
and associations, as well as to various books and trade 
publications. More than anything else, a trip to the 
mammoth annual gem and mineral show in Tucson will 
convince anyone of the impact that colored stones can 
have on their business. SAT 


SYNTHETICS AND SIMULANTS 


Gemmological properties of synthetic corundums 
coated by Lechleitner. M. Gunawardene, Journal of 
Gemmology, Vol. 19, No. 7, 1985, pp. 557-570. 


This well-illustrated article reports on a new experi- 
mental material produced by Lechleitner—flame-fusion 
synthetic corundum preforms of various colors over- 
grown with a thin layer of synthetic corundum. 

Magnification ‘proved to be key in identifying this 
new material. The “seeds” themselves contain inclu- 
sions typical of flame-fusion synthetic corundum. Ex- 
amination of the overgrowth with the microscope re- 
vealed the following: (1) with immersion and diffused 
illumination, a thin, colorless overgrowth layer; (2) a 
corundum-corundum contact zone showing the un- 
polished nature of the flame-fusion preforms used; (3} 
cavities on the surface of the preforms that appear as 
voids just below the surface of the coating; and (4} 
inclusions —irregularly distributed ‘‘net-like” cracks on 
the coating, often containing a solid substance, and fine 
healed feathers, some resembling those seen in flux- 
grown synthetic corundum and others similar to those 
seen in heat-treated natural rubies—any of which may 
penetrate deeply into the seeds. 

The author cautions that this process will probably 
be used in the future to produce a synthetic surface 
coating on natural rubies and sapphires. RCK 


Farbloser Chrysoberyll—nattirlich oder synthetisch? 
(Colorless chrysoberyl—natural or synthetic?) K. 
Schmetzer, Zeitschrift der Deutschen Gem- 
mologischen Gesellschaft, Vol. 34, No. 1/2, 1985, 
pp. 6-12. 

Natural chrysoberyls are colored by the presence of trace 

elements such as iron, chromium, or in rare instances 

vanadium. Those that contain iron are primarily yellow, 
yellowish brown, or brown. Iron and chromium are re- 
sponsible for the most highly priced green variety, 
alexandrite. Colorless chrysoberyl is seldom encoun- 
tered in the trade, and those found are said to be from 
Burma or Sri Lanka. The former, however, tend to havea 
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light greenish tone and therefore cannot be classified as 
truly colorless chrysoberyl. The two colorless samples 
investigated in this study were purchased in Sri Lanka. 
The physical and chemical properties of these two 
chrysoberyls were investigated in order to determine 
whether they were natural or synthetic. The data on the 
two chrysoberyls were compared to those of natural 
near-colorless, yellow, brown, and green chrysoberyls 
from different localities such as Sri Lanka, Brazil, USSR, 
Zimbabwe, and Tanzania. Further comparisons were 
done with synthetic alexandrite from three different 
producers. 

The refractive indices, color, chromium and iron 
contents, and inclusions were sufficiently similar be- 
tween the two chrysoberyls and the comparison stones 
that no conclusion as to origin could be drawn on the 
basis of these properties. However, X-ray fluorescence 
analysis, which revealed the presence of gallium in all of 
the natural specimens that were examined in the study, 
encountered no gallium in the two colorless samples. 
Although this suggests a synthetic origin, Dr. Schmetzer 
feels that it is insufficient evidence on which to base a 
firm conclusion. Five photomicrographs are included 
with the article. MG 


MISCELLANEOUS 


Investing in gold. P. Cavelti, Robb Report, Vol. 9, No. 3, 
1985, pp. 56-67. 


For those looking to diversify their monetary portfolio, 
there are many ways to invest. In this article, gold is 
described as one such way. Mr. Cavelti presents various 
vehicles for investing in gold, including bullion, gold 
certificates, precious metals accounts, futures con- 
tracts, and options. One essential ingredient of a suc- 
cessful investment is knowledge of the commodity and, 
in this outlined report, the vehicles are well defined. 
Other areas touched on are precious metals funds and 
collectibles such as coins, medals, medallions, and 
jewelry. 

The benefits and risks of investing in gold are dis- 
cussed, and provide the reader with a well-rounded view 
of what to expect. Also considered are the various as- 
pects of buying and selling, the parties involved, costs, 
liquidity, storage, insurance, and other particulars. 

Although much more information can be written 
on gold, Mr. Cavelti sums it up nicely for both goldbuffs 
and novices alike. Nicholas A. Delre 


Mineralogy: a historical review. R. M. Hazen, Journal of 
Geological Education, Vol. 32, No. 5, 1984, pp. 
288-298. 

This article traces the evolution of the science of min- 

eralogy from its earliest beginnings approximately two 

thousand years ago up to the present time. This devel- 
opment is followed within the context of several basic 
questions that have provided a historical focus for much 
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of the research and speculation about minerals. These 
questions include: What are the origins of minerals, 
what are their characteristic chemical and physical 
properties, and how should minerals be classified? In 
discussing the changing concepts in each of these areas, 
important personalities and their ideas are cited. An 
extensive list is provided of the individuals who con- 
tributed to the development of mineral classification 
systems. In these few short pages, the reader is led to an 
appreciation of the historical background of mineralogy 
that provides a foundation for today’s scientific study of 
minerals. JES 


Sweeping reassessment in the auction trade. D. C. 
McGill, New York Times, July 31, 1985, p. 1. 


In recent months, the press has paid a great deal of 
attention to the practices of the two major New York 
auction houses, Sotheby’s and Christie’s. This article 
chronicles the events leading to the current controversy 
and details the policies being scrutinized. 

The controversy comes in the wake of David 
Bathurst’s resignation as chairman of Christie’s after his 
admission during trial that he falsely reported the re- 
sults of a 1981 auction. Among the policies under review 
are the setting of secret minimum prices or ‘‘reserves”’ 
on items, the reporting of private sales (made after the 
auction) as auction sales, and staff and board members 
bidding at their own auction houses. 

The auction houses say the secret reserve is neces- 
sary to prevent collusive bidding practices by dealers and 
individuals. Opponents of the practice say it is mislead- 
ing since it is often not clear after an item is “knocked 
down” by the auctioneer whether it has been sold or 
bought in. 

False reporting of sales is said by some to stem from 
increasingly fierce competition among auction houses. 
Some houses believe that false reporting will prevent 
damage to a house’s image by items failing to sell. In 
addition, prestige is boosted by reports of high sale 
prices. But observers fear that such reporting falsely 
inflates the market for the items reported sold. 

Regarding bidding by staff and board members, both 
auction houses said that any staff member or owner 
wishing to bid or purchase at auctions must follow the 
same rules as outside purchasers, and that information 
about reserves and prearranged bids is never shared with 
house principals by the auctioneer. An official at the 
New York City Department of Consumer Affairs (which 
licenses auction houses and auctioneers) said that the 
department was investigating whether such bidding 
might constitute illegal “insider trading.” 

As a result of the ongoing debate over these issues, 
the Department of Consumer Affairs is considering re- 
visions of city laws and fundamental changes in the way 
New York auction houses do business. Internal review 
by the houses themselves may also lead to significant 
policy changes. David Thomas 
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DIAMONDS 


China 

Changma diamond deposit very active. Dr. Peter Keller, 
associate director of the Los Angeles County Museum of 
Natural History, visited the Changma diamond deposit 
in Shandong Province during September 1985. He re- 
ports that both the Victory No. | (consisting of two 
pipes) and the Victory No. 2 (a dike} mines are being 
actively worked, although current production is rela- 
tively small (approximately 2,000 ct of gem-quality 
stones per year). Brown, yellow, pink, and colorless dia- 
monds have been found at this deposit; several gem- 
quality crystals in the 5-15 ct range were shown to Dr. 
Keller. An article on this deposit and other aspects of 
diamond mining in China is scheduled to appear in an 
upcoming issue of Gems & Gemology. 


India ‘ 

Alluvial diamond deposits. Habib Siddiqui, a mining 
consultant from Bangalore, reports that the states of 
Andhra, Pradesh, and Karnataka have the potential to 
produce approximately one million carats of diamonds 
per year. The river beds of the Chithravathi, Godavari, 
Hagari, Krishna, Pennag, Pennar, and Tungabhadra 
Rivers, and their off-shore deltas in the Bay of Bengal, all 
host alluvial diamond deposits. Mr. Siddiqui feels that 
these off-shore deposits are 10 times larger than those 
along the west coast of Africa. (Gem and Jewellers Busi- 
ness Intelligence, July 1985) 


United Kingdom 
Diamond futures market planned. The diamond futures 
market presently under consideration by the London 
Commodities Exchange is causing much controversy in 
the diamond trade. As it is currently proposed, the 
market would deal with pregraded parcels of 10 cut and 
polished gem diamonds, selected on the basis of similar 
clarity, color, weight, and quality of cut. The diamonds 
would be laser-inscribed with their qualifications and 
sealed in a tamper-proof package along with a micro- 
chip stating the details of each parcel’s contents. 
Those in favor of a diamond futures market main- 
tain that the diamond market needs financing and that a 
diamond futures market with published prices would 
encourage banks to provide financial support. The 
market could also be conducted discreetly by way of 
video screen, which would facilitate hook-up with the 
world’s major diamond bourses. 
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Skeptics, however, point out that there is limited 
intrinsic value for gem-quality diamonds outside of 
their use in jewelry, which accounts for only 20% of 
total world consumption of diamonds. This, plus the 
fact that there is little scope for diamond price fluctua- 
tion (the very essence of futures trading], presents a 
deterrent to a diamond futures market. There is also fear 
that the market would fall prey to speculators who 
would upset the present balance and perhaps cause an- 
other unnatural rise and fall in the diamond market. 

De Beers remains noncommittal, but it is clear that 
a diamond futures market would depend on their release 
of rough to dealers and cutters. (Mining Journal, March | 
and September 13, 1985) 


COLORED STONES AND 

ORGANIC MATERIALS _ Es 
Australian opal “pineapple.” In 1970, two very unusual 
specimens of opal replacing glauberite (a monoclinic 
sodium-calcium sulfate} were found at White Cliffs, 
New South Wales, Australia. The larger of the two 
specimens originally weighed 16.27 troy ounces, but 
was broken open when it was first recovered by the 
miners. The second specimen, shown in figure 1, weighs 
13 troy ounces. Such crystal clusters of glauberite re- 
placed by opal are very rare: fewer than 20 such speci- 
mens are known to exist today. Both of these specimens 
are currently housed in the Australian Museum in Syd- 
ney. (Terrence Coldham, Sapphex P.L., Sydney, Australia} 


Emerald from Pakistan. Mike Ridding of Santa Barbara, 
California, and Jurgen Henn of Idar-Oberstein, Ger- 
many, report the existence of a new locality for emeralds 
in Pakistan. During their visit to Pakistan in fall 1985, 
they learned that this new occurrence lies north of the 
small village of Sassi, on the slopes of the Khaltaro 
Valley in the Haramosh Mountains of northern Paki- 
stan. The deposit is located at 74°44’E and 35°59’N. 
Stones have been found at elevations as high as 4268 m 
(14,000 ft.}. The emerald appears to occur in a number of 
small pegmatite deposits in association with schorl and 
albite. Distinct beryl crystals found in this pegmatite 
range from white through milky blue to green. Explora- 
tory diggings to date have produced gem-quality emer- 
alds up to 10 ct. The rough is, for the most part, light in 
color, but clean and bright (similar to recent light green 
beryls from Nigeria}. Dark green stones have also been 
reported. 
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Pearl treatment update. According to Alan Macnow of 
the Cultured Pearl Associations of America and Japan, 
essentially all pearls are “color stabilized with a gentle 
oxidizing agent” after being removed trom their shells to 
prevent a color change that would occur naturally when 
the pearl is exposed to light and air. Some pearls are 
bleached to lighten body colors and remove slight dis- 
colorations, while others may be color treated to give 
them a “lasting rosy glow” or a hue such as blue, ma- 
genta, or black. A few pearls are “safely irradiated” to 
impart a permanent dark blue or black color. (Modern 
Jeweler, November 1985) 


Southeast Asia and China. The following information 
was supplied by Dr. Peter Keller, of the Los Angeles 
County Museum of Natural History, following his re- 
cent trip to these regions. 


Burma. Burmese miners are crossing the border into 
Thailand to sell a variety of Burmese gemstones, includ- 
ing pale sapphires and rubies with excellent stars, as 
well as both large and small peridots and spinels, among 
them some magnificent spinel octahedrons and twins. 
These gems are also smuggled into Thailand for sale in 
Bangkok’s gem market. 


Kenyan rubies in Bangkok. Thousands of carats of ru- 
bies from Kenya, East Africa, are being sent to Bangkok 
for heat treatment to clarify the rubies rather than to 
alter their color. 


Pailin sapphire district closed. Because of the influx of 
Vietnamese troops and artillery along the Cambodian 
border, the Pailin sapphire-mining district in Cambodia 


Figure 1. Pineapple-shaped glauberite replaced by 
opal. Photo by Kate Lowe, courtesy of the Aus- 
tralian Museum in Sydney. 
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Figure 2. A 129-ct ‘‘Star of David’ aquamarine 
crystal. This star was formed by natural “prefer- 
ential” etching. Photo © Tino Hammid., Specimen 
courtesy of David Humphrey. 


is all but closed down. Cambodian miners have crossed 
the border into Thailand to continue mining for rubies 
and sapphires. 


Sapphires from China. Dr. Keller also visited the allu- 
vial sapphire deposit near Mingxi in Fujian Province. 
Although the current operation is largely exploratory, 
local geologists have identified 50 km? of sapphire- 
bearing alluvium in this region. For the most part, the 
sapphires are very dark blue, although yellow-green and 
green sapphires have been found. Gem-quality zircon 
and pyrope garnet also occur in association with the 
sapphires. More information on this locality will appear 
in an upcoming issue of Gems e& Gemology. 


“Star of David’ aquamarine crystal. The Fall 1985 Gem 
News column reported on a sapphire crystal from Yogo 
Gulch, Montana, with unusual growth hillocks that 
formed a perfect six-pointed star. The termination of the 
medium-blue, 129-ct aquamarine crystal shown in fig- 
ure 2 also displays a natural “Star of David.” This star 
was created by natural “preferential” etching, a second- 
ary process of partial dissolution that occurred after the 
formation of the crystal. 


SYNTHET!CS Ss 


“Diamond” synthesis process rediscovered. In a letter 
published in Nature in August 1905, physicist Charles 
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V. Burton claimed to have synthesized microscopic di- 
amonds. In his letter, Burton briefly explained both his 
theory and’ experimental methodology as well as the 
“diamond” product he obtained. Burton’s work in this 
area was somehow lost to the literature and was only 
recently rediscovered by Felix Sebba, a chemical engi- 
neer at Virginia Polytechnic Institute and State Univer- 
sity in Blacksburg, Virginia. Sebba received funding 
from the National Science Foundation to recreate Bur- 
ton’s original experiment, which involves dissolving a 
small amount of calcium carbide into molten lead. 
Steam, at a temperature of 550°C, is passed over the 
lead-calcium alloy and reacts with only the calcium and 
not the lead. This forms calcium hydroxide, which is 


insoluble in the lead and forms a whitish scum-like layer 
on the lead’s surface. The carbon in the original calcium 
carbide has been left behind. But since carbon is less 
soluble in lead than in a calcium-lead alloy, the removal 
of calcium causes some of the carbon to crystallize out. 
When the resulting gray-colored crust is treated to re- 
move all traces of calcium and lead salts, the remaining 
product is a considerable amount of black powder 
(graphite?) containing tiny diamond-like crystals. How- 
ever, these crystals have not been conclusively identi- 
fied as diamond. Dr. Sebba now wants to redo this exper- 
iment under more controlled conditions to see if larger 
“diamond crystals” can be made. (Science News, August 


3, 1985] 


ANNOUNCEMENTS 


International Society of Appraisers 
Tucson Program. In response to the 
growing demand in the jewelry in- 
dustry for educational programs in 
appraising, the International Society 
of Appraisers (ISA) has announced a 
full week of ‘programs to be offered 
during the 1986 Tucson Gem and 
Mineral show. The ISA courses and 
seminars will be offered at the Holi- 
day Inn Broadway (site of the GLDA 
Show) from Thursday, February 6, 
through Sunday, February 15. 

ISA will be holding its 8th na- 
tional conference in San Francisco, 
May 5-8, 1986, at the Cathedral Hill 
Hotel. The first graduates of the 
ISA/IU CAPP program will be hon- 
ored at this conference, which will 
also offer 50 hours of lectures and 
hands-on workshops in areas related 
to gems and jewelry. 

For more information regarding 
ISA’s Tucson programming or any of 
the ISA Winter/Spring programs, 
contact: International Society of Ap- 
praisers, P.O. Box 726, Hoffman Es- 
tates, IL 60195, (312) 822-0706. 


GIA now offers a new Home Study 
Jewelry Sales course which replaces 
their Jewelry Retailing course. This 
course has been totally updated and 
revised to reflect current industry 
trends and to meet the needs of jew- 
elry salespeople everywhere. For fur- 
ther information, contact the 
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Gemological Institute of America, 
1660 Stewart Street, Santa Monica, 
CA 90404. Telephone toll-free (800} 
421-7250, ext. 2.35. In California, tel- 
ephone (213} 829-2991, ext. 235. 


Glynn Scholarship established for 
GIA Home Study. Fox’s Gem Shop, 
Inc., of Seattle, Washington, has es- 
tablished a GIA scholarship as a 
memorial tribute to Ray Glynn. The 
scholarship is in recognition of 
Glynn’s pioneering contributions to 
gemology and retail jewelry in the 
Pacific Northwest. 

Fox’s Gem Shop, Inc. and friends 
of Ray Glynn have donated a sizable 
endowment for the purpose of assist- 
ing students of the Pacific North- 
western states with their educa- 
tional expenses while pursuing the 
GIA Home Study Graduate Gemol- 
ogy program. Two scholarships will 
be awarded yearly until the fund is 
depleted. Each will provide tuition 
for one of the three courses that 
make up the Graduate Gemology 
program: Diamonds, Colored Stones, 
and Gem Identification. 

To be eligible for the scholar- 
ship, an applicant must bea legal res- 
ident of Alaska, Idaho, Oregon, Mon- 
tana, or Washington state for at least 
one year immediately prior to the 
beginning of the period for which the 
scholarship is intended. The appli- 
cant must also be a citizen or legal 
resident of the United States. 
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Those interested in applying for 
the Ray Glynn Memorial GIA Schol- 
arship should contact Booker Wil- 
liams at GJA, 1660 Stewart Street, 
Santa Monica, CA 90404. Telephone 
toll-free (800) 421-7250, ext. 359. In 
California, telephone (213) 829-2991, 
ext. 359, 


With the object of increasing busi- 
ness relations between Latin Ameri- 
can countries and the rest of the 
world, the Latin American Trade 
Council is distributing free copies of 
the Latin American Import Export 
Directory. This directory was com- 
piled to provide comprehensive and 
up-to-date information on general 
business facilities in Latin America 
required by overseas companies and 
organizations for the promotion of 
international trade and general busi- 
ness contacts. To obtain a copy of 
this directory, write to the Latin 
American Trade Council, Circula- 
tion Department, P.O. Box 12, San 
Jose 1007, Costa Rica. 


The Science Reference Library (a di- 
vision of the British Library) plans to 
publish two literature guides, one to 
mineralogy and the other to gemol- 
ogy. For further information, contact 
the External Relations Section, Sci- 
ence Reference Library, 25 
Southampton Buildings, London 
WC2A LAW, England. 
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GEM CUTTING: 
A LAPIDARY’S MANUAL 


By John Sinkankas, 365 pp., illus., 
publ. by Van Nostrand Reinhold 
Co., New York, NY, 1984. US$46,95* 


Although this book is primarily ori- 
ented toward those persons involved 
{or who wish to be involved} in the 
cutting of gem materials, it is none- 
theless of interest to gemologists as 
well. In fact, all gemologists should 
be curious about the intricacies and 
craftsmanship of the lapidary’s 
art—whereby an otherwise nonde- 
script material is expertly trans- 
formed into a gem. Through an 
awareness of gem cutting, a finer and 
deeper appreciation of the lapidary’s 
product will surely result, whether 
that product is a faceted stone, 
cabochon, bead, carving, or inlay 
work. 

This third edition of Gem Cut- 
ting is well organized, and discusses 
lapidary techniques, including many 
supplemental ones, that may seem 
difficult and complicated at first. But 
the author's approach is so logical in 
its manner and seemingly elemen- 
tary in its language that the text is 
both readable and casily understood 
by all. The book begins, logically, 
with the very basics, discussing the 
concepts and various methodologies 
of sawing, grinding, lapping, sanding, 
and polishing gem materials. In this 
new edition, basics are presented not 
only in the context of modern (e.g., 
diamond abrasive—based} equip- 
ment but also in the use of older 
tried-and-true techniques. The latter 
provides both historical interest and 
aconvenient “how-to” methodology 
for those persons who wish to ap- 
proach the lapidary art in a less ex- 
pensive frame of mind and still 
achieve professional results. The 
more advanced gem-cutting tech- 
niques, such as faceting, intarsia 
work, carving, and the making of 
spheres, are likewise approached ina 
thorough and unpretentious manner, 
And in this new version, Sinkankas 
has included more specific cutting 
information for a wider range of gem 
materials. 

Reading this book is like talking 
to a well-informed friend or next- 
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Jeffrey M. Burbank, Editor 


door neighbor. And even though the 
book is 357 pages of explanations, 
discussions, and recommendations, 
it doesn’t seem as if that next-door 
neighbor is talking your ear off. This 
is because the book is organized in 
easily absorbable and informative 
chapters and sections that hold the 
reader’s interest. In addition, each 
chapter ends with an appendix of 
books or articles for those who wish 
to look further into the subject. The 
book also features over 230 black- 
and-white photographs and line 
drawings that are instructive rather 
than decorative. This is not, after all, 
a coffee-table book. It is also well 
worth the price. As a gemcutter with 
15 years’ experience, I found this 
book gave me many insights into 
both new techniques and those in 
which I thought I was well versed. In 
short, this third edition of Gem Cut- 
ting combines the effectiveness of 
the best “how-to” book with the re- 
liability of a solid reference work. 


RICHARD HOMER 
Instructor, GIA —Santa Monica 


JADE FOR YOU: 

VALUE GUIDE TO 
FINE-QUALITY JADE 

By John Y. Ng and Edmond Root, 107 


p., tllus., Jade N Gem Corp., Los 
Angeles, CA, 1984. US$49.95* 


Jade for You is specifically written 
with the retail jeweler in mind. From 
cover to cover, it is one practical and 
concise reference page after another. 
The book’s intent is to provide the 
reader with an objective system of 
jade evaluation—although the book 
is not without flaws, it does fulfill its 
basic purpose in a very attractive 
package. However, one may want to 


question the usefulness of yet an- 
other grading system for jade. 

While the book begins with an 
all-too-brief and nontechnical dis- 
cussion of the development of jade 
from source to jewéler, the authors 
are able to hold the reader’s interest, 
drawing as they do from their per- 
sonal experience and giving fresh in- 
sights on the jade market today. The 
book’s main focus, however, is the 
seven factors for evaluating jade: (1} 
color and tone; (2] texture; (3} trans- 
lucency or clarity; (4) desirable shape 
or balance; (5) size and dimensions, 
{6) polish; and (7) finish, including 
matching or graduation in the case of 
pairs or beads. The discussions of 
these seven value elements are quite 
complete; however, they are at times 
inconsistent, not only with respect 
to the commonly accepted trade 
terminology, but also with respect to 
the terminology used within the text 
itself. For example, Imperial jadeite 
is first described as being “highly 
translucent’ with “rich tone,” yet 
the authors’ translucency scale pre- 
sents ‘near transparent” as the high- 
est value rating of translucency (and 
lists nothing as “highly translu- 
cent”). Likewise, in the tone scale, 
“very fine medium” and ‘‘very fine 
dark” are presented as the highest- 
valued tones (again, nothing is listed 
as “rich”}. Yet, even with these and 
other slight confusions, the numer- 
ous pages of color and black-and- 
white photographs prove again that a 
picture is worth a thousand words. 
As each value element is discussed, a 
numerical rating from “most valu- 
able” (5) to “least valuable” (1) is 
presented with accompanying pho- 
tographs. This numerical scale is put 
to use later in the text. 

Another chapter of the book, 
aimed at the retail sales staff, is de- 
voted to jade symbolism. Seven 
pages of line drawings accompany 
the history and lore of dragons, bats, 
fu-dogs, the yin and yang, and more, 
to enhance the reader’s sense of the 
mystique of jade carvings. However, 


*This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404, 
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a chapter entitled “Jade Mimics and 
Fakes,”’ is somewhat disconcerting 
in that the authors mention the de- 
structive tests used to identify those 
substitutes that have been dye- 
treated. 

With the discussions and ratings 
of the seven value factors complete, 
Ng and Root wrap up their evalua- 
tion system by “scoring” each of 
those elements and adding an “ap- 
peal factor” for each as well as total- 
ing all the points. All of the foregoing 
seems to make the evaluation sys- 
tem somewhat cumbersome. How- 
ever, the authors come right back 
with an excellent, easy-to-follow 
jade-inspection procedure, complete 
with more photographs. This is a 
must for the jade buyer. 

So, if you are a retailer who 
wants to help your staff prepare for 
that all-important jade sale—or 
simply want to purchase jade for 
your own jnventory—then jade for 
You is indeed for you. 

GARY ROSKIN 

Instructor, GIA—Santa Monica 


GEMS AND JEWELS: 
A CONNOISSEUR’S GUIDE 


By Benjamin Zucker, 248 pp., illus., 
publ. by Thames and Hudson, New 
York, NY, 1984. US$50.00* 


The main purpose of this handsome 
book is to heighten the reader’s in- 
terest in ruby, sapphire, emerald, 
diamond, pearl, amber, lapis, jade, 
turquoise, opal, and garnet. Mr. 
Zucker does this through his re- 
search into the background of cach 
gem—especially its history and lore. 
Each chapter is filled with many 
beautiful photographs and provides 
essential information on the charac- 
teristics of these gems, their major 
sources, and the most desirable qual- 
ities in each stone. Each chapter is 
also introduced by a literary quote— 
ranging from Tavernier to Bob 
Dylan! 

This book will, true to its title, 
appeal to the connoisseur and the 
collector, as well as to dealers and to 
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those who simply enjoy the beauty 
and mystique of gemstones. It is 
truly enjoyable to read: the text flows 
beautifully and effortlessly, and is set 
in an attractive typeface. The work is 
well organized and indexed, and good 
references are noted throughout. | 
especially liked the list of museums 
that display fine rare and important 
gems. 

An important feature of the 
book are the 256 color photographs, 
which range in subject from gem- 
stones and jewelry (both antique and 
modern} to inclusions and mining. 
All photos are well chosen and excel- 
lently reproduced. 

This attractive book is well 
worth its $50.00 price tag. I recom- 
mend it for everyone’s gemological 
library: it’s a showpiece in itself. 

JAN ARNOLD 

Instructor, GIA—Santa Monica 


MANUAL OF 
MINERALOGY 
(AFTER JAMES D. DANA) 


By Cornelis Klein and Cornelius S. 
Hurlbut, |r., 596 pp., illus., publ. by 
John Wiley & Sons, New York, NY, 
1985. US$35.95* 


Since it first appeared in 1837, James 
D. Dana’s System of Mineralogy has 
evolved into one of the standard ref- 
erences on mineral classification. In 
1848, Dana introduced a Manual of 
Mineralogy to serve as a textbook in 
introductory courses. The 20th edi- 
tion of this classic textbook, revised 
by Klein and Hurlbut, continues the 
tradition Dana began almost 140 
years ago. 

Written for undergraduate col- 
lege students with little or no back- 
ground in mineralogy, the book has 
two main goals: to convey funda- 
mental concepts that underlie the 
science of mineralogy, and to present 
a summary description of approxi- 
mately 200 of the most common 
minerals. Both purposes are achieved 
in a manner that allows the student 
to quickly gain a basic understanding 
of a broad range of mineralogy topics. 
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The unifying theme throughout 
the book is that of crystal 
chemistry—the relationship be- 
tween the chemical composition, in- 
ternal atomic structure, and physical 
properties of minerals. The chapters 
of the book are presented in the fol- 
lowing sequence: a history of min- 
eralogy; the external morphology of 
crystals; the relation of external form 
to internal atomic structure; crystal 
chemistry and chemical composi- 
tion; physical properties; X-ray crys- 
tallography; and systematic miner- 
alogy. Furthermore, this edition of 
the mineralogy textbook is unique in 
that it contains a chapter that specif- 
ically deals with gemology. The ma- 
terial is well organized, complete, 
and readable. Several hundred high- 
quality photographs and line draw- 
ings illustrate key points. At the end 
of each chapter, selected references 
are given for additional reading on 
the subject. Extensive determinative 
tables in the appendix are especially 
useful for laboratory study and iden- 
tification of unknown minerals. The 
overall quality of production of the 
book is excellent. 

The book will be valuable to 
gemologists seeking a basic reference 
on mineralogy. Descriptions of all 
the important gem minerals are in- 
cluded along with discussions of 
topics such as crystallography, min- 
eral compositions, physical proper- 
ties, and the optical properties of 
minerals. Those seeking to lear 
more about gem minerals will bene- 
fit greatly from this reference work. 

JAMES E. SHIGLEY 


Manager, Research Department 
GIA —-Santa Monica 


OTHER BOOKS 
RECEIVED IN 1985 


The Barakat Gallery: A Catalogue of 
the Collection, Vol. I, 319 pp., 
illus., publ. by The Barakat Gal- 
lery, Beverly Hills, CA, 1985. 
Fayez Barakat introduces this 
catalogue, explaining that ‘’Col- 
lecting has consumed most of my 
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time and thoughts for more than 
three decades, since I began learn- 
ing as a child at the side of my 
father, grandfather, and renowned 
archaeologists. As the collection 
has finally taken shape as a mirror 
of ages and cultures, I feel an obli- 
gation to it and wish to share my 
experience and collection with all 
others who appreciate the art of 
collecting.” Indeed, the book is 
splendidly and lovingly put to- 
gether, photographs illustrating 
in faithfully reproduced colors 
1,468 pieces—almost all of Mid- 
dle Eastern and Pre-Columbian 
origin—which comprise a portion 
of the collection gathered by gen- 
erations of the Barakat family. 
The wealth of beads, sculptures, 
pottery, carvings, scarabs, and 
coins makes for a most stimulat- 
ing browse or design inspiration. 
Those involved in appraisal will 
appreciate the many examples for 
study, as well as the price list in- 
cluded. 


Stephanie Dillon 
San Clemente, CA 


Benitoite: California State Gem- 


stone, by G. D. Louderback, 76 
pp., illus., publ. by Gemmaty, 
Redondo Beach, CA, 1985, 
US$5.00* Published to mark 
benitoite’s official status as the 
California state gemstone, this 
reprint includes the two classic 
and definitive studies of the 
mineral—‘“Benitoite, a New Cali- 
fornia Gem Mineral” (1907) and 
“Benitoite, Its Paragenesis and 
Mode of Occurrence’ (1909)— 
both authored by George Davis 
Louderback and originally pub- 
lished by the University of Cali- 
fornia in its Bulletin of the De- 
partment of Geology. Although 
the scientific material is now al- 
most 80 years old, it is still aston- 
ishingly current {in part because 
no other discovery of gem-quality 
benitoite has been made since the 
initial one in 1906). However, 
more recent information is indeed 
available, and this reprint does 


252 Book Reviews 


not, unfortunately, include an ap- 
pendix or other modern textual 
apparatus to update the historical 
material. Nevertheless, it is a 
welcome and affordable reprint of 
two very hard-to-find classic pa- 
pers on California’s rare, endemic 
gemstone. 


Jeffrey M. Burbank 
GIA —Santa Monica 


Diamonds from India, rev. ed., by K. 


Chhotalal, 102 pp., illus., publ. by 
The Gem w&w Jewellery Export 
Promotion Council, Bombay, 
India, 1984. This book is a revised 
edition of the 1983 book of the 
same title. Comprised of approx- 
imately 75% text and 25% statis- 
tical tables, it attempts to review 
all aspects of diamonds and pro- 
vide more specific information 
on the Indian diamond trade. 
Included are sections that cover 
diamond rough, sorting, in- 
dustrial-grade material, syn- 
thetics, cutting, Indian and other 
Asian cutting centers, the world 
diamond trade, prices of Indian 
polished goods, the Indian Dia- 
mond Institute Surat, and finan- 
cial requirements of Indian dia- 
mond exporters. While a number 
of technical inaccuracies exist 
and the quality of the printing 
leaves much to be desired, this 
book may still prove of some 
value to those interested in the 
specifics of the Indian diamond 
trade. 


Robert C. Kammerling 
GIA —Santa Monica 


The Magic of Indian Diamonds, by 


M. D. Dewani, 36 pp., illus., publ. 
by The Gem & Jewellery Export 
Promotion Council, Bombay, 
India, 1984. This brief booklet is 
“intended to give the layman 
some idea of the growth, problems 
and prospects of this largely 
cottage-based industry.” It begins 
with a chapter that traces the 
modern history of the Indian dia- 
mond industry, beginning in 
1963, and follows with chapters 
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on the early history of the Indian 
diamond trade and its revival in 
the 1950s. There are also brief 
sections on sources and supply of 
rough, sorting of rough, the art of 
the Indian cutter, and famous 
Indian diamonds. While this 
booklet has little to offer in the 
way of information that is not 
available elsewhere, the author 
does have some interesting com- 
ments in his chapter on the future 
of the diamond industry in India. 


Robert C. Kammerling 
GIA —Santa Monica 


Mountain of Light, by Dale R. 


Perelman, 194 pp., illus., publ. by 
Apollo Books, Winona, MN, 1984, 
$US10.00* The first piece which 
Akil Khan placed in my hands was 
the great diamond, which is a 
round rose, very high at one side. 
At the basal margin, it has a small 
notch and flaw inside.” Jean Bap- 
tiste Tavernier further describes 
the stone as having “beautiful” 
color and weighing 280 ct. He says 
that when the Shah Jahan had 
received it, in rough form, it 
weighed 700.05 carats, and “had 
several flaws.” Perelman offers 
various legends as to the origins 
of this stone—the fabled Koh- 
I- Noor—which was originally 
called Semantik Mani (‘‘the 
Prince and Leader of All Gem- 
stones”}, but the 14th century 
marks the beginning of its known 
history. The author, now chatty, 
now melodramatic, tells the saga 
~—generally written in blood—of 
the famous gray stone, reduced 
from rose to oval cut at the behest 
of Victoria’s Prince Albert, and 
now weighing in at 108.93 ct. A 
helpful chronology summarizes 
the stone’s adventures from 1304 
to 1937 and its placement in the 
Tower of London. There is a bibli- 
ography of 58 books and three 
periodicals; nine black-and-white 
illustrations and one map accom- 
pany the text. 


Stephanie Dillon 
San Clemente, CA 
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SUBJECT INDEX 


Numbers 1—4, 1985 


This index gives the first author {in parentheses] and first page of the article, Editorial Forum, or 
Gem Trade Lab Notes (GTLN)} section in which the indexed subject occurs. The reader is 
referred to the author index for the full title and the coauthors, where appropriate, of the articles 


cited. 


A 


Afghanistan 
gemstones of —gemological 
properties, geology, and 
production (Bowersox) 192 
Alexandrite effect, see Color change 
Almandine . 
chatoyancy and asterism in 
(GTLN] 43 
classification of {Stockton} 205 
Almandinespessartine 
classification of (Stockton) 205 
Amber 
metallic inclusion in Dominican 
amber (GTLN} 108 
Amethyst 
with confusing inclusions (GTLN} 
108 
fading of (Editorial Forum] 115 
heat treatment of (GTLN) 43 
Amethyst, synthetic 
with confusing inclusions (GTLN} 
108 
Andradite 
chatoyancy in demantoid (GTLN} 
171 
classification of (Stockton} 205 
Aquamarine 
from Afghanistan (Bowersox} 192 
new deposit in Brazil {Proctor} 3 
with goshenite (GTLN] 232 
Assembled stones 
black star sapphire doublet 
{(GTLN} 171 
garnet-and-glass doublet (GTLN) 
232 
piggyback diamond (GTLN} 232 
synthetic green spinel and 
synthetic blue sapphire doublet 
(GTLN] 43 
Asterism 
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in almandine {GTLN} 43 

in black star sapphire doublet 
(GTLN)} 171 

in quartz from Alabama (GTLN)} 
43 

in sapphire from Australia 
(Coldham) 130 

in sapphire, as induced by 
diffusion (GTLN) 108 

in sapphire and synthetic ruby, as 
induced by diffusion (GTLN} 
171 

Australia 

Editorial (Liddicoat] 129 

pink diamond from (Hofer) 147 

sapphires from (Coldham) 130 

synthetic emerald from (Kane} 156 


B 
Beryl 
bicolor—aquamarine and 
goshenite (GTLN] 232 
Maxixe from Brazil (Proctor) 3 
see also Aquamarine, Emerald, 
Goshenite 
Biron synthetic emerald (Kane} 156 
“Black amber,” see Jet 
Book reviews 
The Barakat Gallery (Barakat) 250 
Benitoite: California State 
Gemstone (Louderback} 250 
Diamond (Davies}] 56 
Diamonds from India {Chhotalal] 
250 
A Field Manual for the Amateur 
Geologist (Cvancara) 188 
Gemcutting: A Lapidary’s Manual 
(Sinkankas) 250 
Gems & Jewels: A Connoisseur’s 
Guide (Zucker] 250 
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Gemstone Enhancement (Nassau) 
56 

Jade for You: Value Guide to Fine 
Quality Jade (Ng and Root) 250 

The Magic of Indian Diamonds 
(Dewani)} 250 

Manual of Mineralogy (After 
James D. Dana} (Hurlbut) 250 

Mountain of Light {Perelman} 250 

Des Pierres Précieuses aux Pierres 
Fines (da Cunha} 188 

The Second Ring: A Jeweler’s 
Guide to Computers (Hickel) 
188 

Brazil 

pegmatites of Minas Gerais 

(Proctor) 3, 86 


Cc 
Cat’s-eye, see Chatoyancy 
Chalcedony 
amethystine from Arizona—oc- 
currence, gemological 
properties, and heat treatment of 
(Shigley) 219 
Chatoyancy 
in almandine (GTLN} 43 
in dark green-brown scapolite 
(GTLN} 108 
in demantoid (GTLN} 171 
in hexagonite (GTLN) 108 
in quartz (GTLN} 108 
in scapolite (GTLN) 108 
in zircon (GTLN) 108 
China, People’s Republic of 
freshwater pearls (GTLN} 108 
Citrine 
produced by heat treatment of 
amethyst (GTLN} 43, (Shigley} 
219 
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Colombia 
sapphire from (Keller) 20 
Color change 
in pyrope-spessartine (Editorial 
Forum} 115, (Stockton) 205 
in Colombian sapphire (Keller) 20 
in spinel and synthetic spinel 
(GTLN) 232 
Conch 
“pearls” (GTLN}) 232 
Corundum 
see Ruby, Sapphire 
Cubic zirconia 
damaged during repair (GTLN} 171 
yellow, cut to imitate octagonal 
modified brilliant-cut diamond 
(GTLN} 232 
Cutting 
of tourmaline (Proctor] 3 
see also Diamond, cuts and 
cutting of 


Damsonite, see Chalcedony 
Demantoid, see Andradite 
Diamond 
from Guyana, (GTLN} 232 
Diamond, colored 
difficulty in testing conductivity 
in blue diamond (GTLN) 108 
green changed to brown by laser- 
induced heating (GTLN) 232 
pink, from Australia—gemological 
properties and cause of color in 
{Hofer} 148 
yellow piggyback (GTLN) 232 
yellow with natural internal 
irradiation stain (GTLN) 232 
Diamond, cuts and cutting of 
cut into cube shape (GTLN} 171 
damaged in cutting (GTLN} 108 
Diamond simulants 
see Cubic Zirconia, Strontium 
titanate 
Dravite, see Tourmaline 


Editorial 
Australia (Liddicoat) 129 
Need to know (Keller} 191 
Emerald 
‘from Afghanistan (Bowersox) 192 
Emerald, synthetic 
Biron hydrothermal—gemological 
properties, chemistry, and 
identification of {Kane} 156 
flux-grown from the USSR—his- 
torical review, method, 
gemological properties, 
chemistry, and identification of 
(Koivula) 79 
“spike” inclusions in (GTLN] 171 
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Index 


Eyepiece pointer (microscope 
accessory)—construction of and 
comparison with needle-type 
pointer (Fryer) 105 


F 


Fashion 
in pearls from antiquity to 1920s 
{Dirlam) 63 
Feldspar 
as carving material {GTLN} 171 
Fluorescence 
in color-change spinel (GTLN}) 232 
in flux-grown emerald from USSR 
{Koivula) 79 
in Lechleitner synthetic ruby and 
synthetic sapphire (Kane) 35 
in magnesite (GTLN]) 43 
in pink diamond (Hofer) 147 
in yellow-green opal from Mexico 
(GTLN}) 108 
Fluorite 
carving damaged by sulfuric acid 
(GTLN} 108 
Foil backing (Editorial Forum) 115 
“French river pearls,” see Pearl 
simulants 


G 


Garnet 
classification of —history, 
methodology, terminology, and 
separations (Stockton} 205 
see also Almandine, Almandine- 
spessartine, Andradite, 
Grossular, Malaia, Pyrope, 
Pyrope-almandine, Pyrope-spes- 
sartine, and Spessartine 
Glass 
as topaz imitation (GTLN)} 108 
Goshenite 
with aquamarine (GTLN] 232 
Graining 
“brush stroke” in pink diamond 
(Hofer) 147 
Grossular 
massive green from South Africa 
used as carving material 
(GTLN) 43, 171 
classification of (Stockton) 205 
Guyana 
diamonds from (GTLN) 232 


Heat treatment 
of amethyst (GTLN} 43, (Shigley} 
219 
of amethystine chalcedony 
(Shigley) 219 
color change in diamond produced 


by laser sawing (GTLN} 232 
of kunzite (Bowersox} 192 
in pink diamond from Australia 
(Hofer) 147 
of sapphire from Australia 
(Coldham) 130 
of topaz (Nassau} 26 
of tourmaline from Brazil 
(Proctor) 3 
Hexagonite 
cat’s-eye (GTLN} 108 
“Hinge pearls,’’ see Pearl simulants 
History 
of pear] fashion from antiquity to 
1920s (Dirlam} 63 
of pearl treatment (Nassau) 224 


Inclusions 

in amethyst, natural and synthetic 
(GTLN} 108 

in amethystine chalcedony from 
Arizona (Shigley} 219 

in Biron hydrothermal emerald 
(Kane} 156 

of byssolite causing chatoyancy in 
demantoid (GTLN} 171 

in flux-grown emeralds from USSR 
(Koivula) 79 

in gemstones from Afghanistan 
{Bowersox} 192 

in jadeite (GTLN) 171 

in Lechleitner synthetic ruby and 
synthetic sapphire (Kane) 35 

metallic (bravoite?) in amber from 
Dominican Republic (GTLN] 
108 

in pink diamond from Australia 
(Hofer) 147 

in red dravite from Zambia 
{Koivula] 40 

in ruby (GTLN} 43, 232 

in sapphire from Australia 
(Coldham) 130 

in sapphire from Colombia (Keller} 
20 

in topaz imitation (GTLN} 108 

use of eyepiece pointer to indicate 
location {Fryer} 105 

Irradiation 

of kunzite (Bowersox) 192 

natural diamond stain (GTLN) 232 

of topaz {Nassau} 26 

of tourmaline (Proctor} 3 


J 
Jadeite 
with unusual inclusions (GTLN} 
171 
Jet 
with low refractive index (GTLN] 
232 
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Jewelry 
history of pearl fashion (Dirlam] 63 


Kunzite 
from Afghanistan (Bowersox} 192 


L 


Lapis lazuli 
from Afghanistan (Bowersox) 192 
oil treatment of (GTLN| 232 
Lapis lazuli simulant 
plastic (GTLN) 171 
Lechleitner 
synthetic ruby and sapphire 
(Kane) 35 


Mabe, see Pearls, cultured 
Magnesite 
as turquoise simulant (GTLN} 43 
Malaia 
classification of (Stockton) 205 
Malaya, see Malaia 
Mexico 
yellow-green opal from (GTLN) 
108 |, 
Mica ‘ 
as carving material (GTLN} 171 
Microscope 
eyepiece pointer for (Koivula] 105 
Mining 
of sapphire in Australia (Coldham} 
130 
of tourmaline in Brazil (Proctor) 
3, 86 


Nomenclature 
discussion of, as applied to 
classification of gem-quality 
garnets (Stockton) 205 


fe] 
Opal 
yellow-green reportedly from 
Mexico (GTLN} 108 
Opal, synthetic 
unusual Gilson resembling 
Mexican fire opal (GTLN}) 108 


Papyrus Holmiensis 
and pearl recipes (Nassau) 204 
Pearl simulants 
imitation 3/4 cultured pearl 
(GTLN} 232 
with metallic sphere in a plastic 
bead (GTLN) 108 
shell hinges worked to simulate 


Index 


baroque pearls (GTLN) 43 
Pearls 
cleaning recipes in Papyrus 
Holmiensis and efforts to 
replicate them (Nassau) 224 
history of pearl fashion from 
antiquity to 1920s (Dirlam) 63 
used as medicinal remedies 
(Dirlam) 63 
Pearls, cultured 
effect of treatment on freshwater 
(Nassau) 224 
with flat pieces of shell as nuclei 
(GTLN} 171 
fragile nature of Mabe pearls 
(GTLN} 43 
mantle-tissue nucleated, 
freshwater from China (GTLN] 
108 
+ cultured blister pearl (GTLN} 43 
Pegmatites 
of Minas Gerais, Brazil—tour- 
malines of the Aracuai districts 
(Proctor} 3, of the Governador 
Valadares district {Proctor} 86 
Phosphorescence 
in pink diamond (Hofer} 147 
Pinite (GTLN} 171 
Pyrope 
classification of (Stockton) 205 
Pyrope-almandine 
classification of {Stockton} 205 
Pyrope-spessartine 
color-change in (Editorial Forum} 
115, (Stockton) 205 
classification of (Stockton} 205 


Qa 


Quartz 
cat’s-eye (GTLN} 108 
multi-star from Alabama 
(GTLN} 43 


R 
Repair 
damage to cubic zirconia and 
strontium titanate (GTLN} 171 
damage to garnet-and-glass doublet 
(GTLN) 232 
effect of heat on amethyst (GTLN} 
43 
Rubellite, see Tourmaline 
Ruby 
from Afghanistan (Bowersox) 192 
with unusual inclusions (GTLN} 
43, 232 
Ruby, synthetic 
with heat-induced star (GTLN} 171 
new Lechleitner—gemological 
properties, identification, and 
method of synthesizing 
{Kane} 35 
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Ss 
Sapphire 
from Australia—history, geology, 
mining, gemological properties, 
treatment, market and future 
prospects of (Coldham) 130 
black star doublet (GTLN} 171 
from Colombia—occurrence and 
gemological properties of 
(Keller) 20 
with diffusion-induced star 
(GTLN} 108, 171 
Sapphire, synthetic 
new Lechleitner—gemological 
properties, identification, and 
method of synthesizing 
(Kane) 35 
and synthetic spinel doublet 
(GTLN} 43 
Sapphirine (GTLN) 171 
Scapolite 
cat’s-eye (GTLN) 108 
South Africa 
massive green grossular garnet 
from (GTLN)} 43, 171 
Spectra 
"of amethyst and amethystine 
chalcedony (Shigley} 219 
of cat’s-eye zircon from Sri Lanka 
(GTLN} 108 
of garnets (Stockton) 205 
of mica (GTLN} 171 
of pink diamond (Hofer| 147 
of red dravite from Zambia 
{Koivula) 40 
Spessartine 
classification of (Stockton) 205 
Spinel 
color change in (GTLN) 232 
Spinel, synthetic 
color change in (GTLN) 232 
and synthetic sapphire doublet 
(GTLN} 43 
Spodumene, see Kunzite 
Sri Lanka 
cat’s-eye zircon from (GTLN)} 108 
Star effect, see Asterism 
Strontium titanate 
damaged during repair (GTLN)} 171 


T 


Taaffeite 
correction on chemical 
composition and locality in 
USSR (Editorial Forum] 115 
Tenebrescence 
in kunzite (Bowersox} 192 
Thailand 
Australian sapphires sold as Thai 
sapphires {Coldham] 130 
Topaz 
altering the color of—irradiation, 
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heat treatment, and 
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Editorial 


CHINA 


Grenning more than 3.5 million square miles and supporting more than one billion 
people, China is undeniably one of the most important countries in the world today. 
Yet, as a result of political and economic turbulence that has plagued the nation 
throughout most of the 20th century, relatively little is known about the existing and 
potential natural resources of this vast and geologically complex region. Gem re- 
sources, in particular, have been a low priority for the government of the People’s 
Republic of China and its exploration agencies. 


In recent years, however, the need for foreign exchange to finance development projects 
and introduce new technology has generated significant interest among the Chi- 
nese in determining and exploiting the country’s gem wealth. One consequence of this 
new interest in gems was the invitation extended to Gems & Gemology Associate 
Editor Peter C. Keller and Editor Alice S. Keller to lecture on gemological topics at the 


‘Geology Museum in Beijing (Peking) in September of 1985 and subsequently visit and 
. study the diamond-mining operation at Changma and the sapphire deposits at Mingxi. 


With the invaluable cooperation of Dr. Wang Fuquan, of the Geological Museum, and 
Mrs. Wan Guo-dong, of the Jinan Bureau of Geology and Mineral Resources, Dr. Keller 
was able to prepare the first comprehensive article in recent Western literature on the 
gemstone resources of China and the diamond-mining operation at Changma, as well as 
an introduction to the Mingxi sapphire locality. Detailed gemological studies of two 
gem materials currently being mined in economic quantities in China, turquoise and 
peridot, are provided by Dr. Wang and by John Koivula and C. W. Fryer, respectively. 


Because it is impossible to discuss the impact of China on the gemological community 
without considering the carvings and carving materials for which the country has long 
been known, we are pleased to be able to include the article by Sally Thomas and Master 
Carver Hing Wa Lee on the history and current status of gemstone carving in China. 


We readily acknowledge that, for the most part, information contained in these articles 
is preliminary, just as the work of the Chinese in the field of gems is still in its infancy. 
We hope, though, that this issue will serve as an introduction to this fascinating area 
and as a stimulus to additional research and writing on the gemstone resources of what 
has heretofore been one of the most enigmatic regions in the world. 


Richard T. Liddicoat, Jr. 
Editor-in-Chief 
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THE GEMS & GEMOLOGY 
MOST VALUABLE ARTICLE AWARD 


Alice S. Keller, Editor 


Gems & Gemology is pleased to announce the winners of its 1985 Most Valuable Article Award. This 
year’s winning article was ‘A Proposed New Classification of Gem-Quality Garnets,”” written by Carol M. 
Stockton and D. Vincent Manson. This article represents the culmination of more than five years of 
research in this area. Keith Proctor was awarded second place for his two most recent articles in the series 
on the gem pegmatites of Minas Gerais Brazil: ‘The Tourmalines of the Aracuai Districts” and ‘The 
Tourmalines of the Governador Valadares District.” Capturing third place was A Status Report on 
Gemstones from Afghanistan,” written by Gary W. Bowersox. 

Cash awards of $500, $300, and $100, respectively, will be awarded to these first-, second-, and 
third-place winners. 


CAROL M. STOCKTON 


Ms. Stockton is senior research gemologist specializing in chemical and spectral analysis 
in the GIA Research Department, Santa Monica, California. She is both a graduate and a 
certified gemologist, and received a B.A. in anthropology from the University of 
California, Los Angeles. She is also the technical editor for Gems & Gemology. 


D. VINCENT MANSON 


Dr. Manson is director of education at GIA. He received his B.S. and M.S. in geology from 
the University of Witwatersrand in South Africa, and his Ph.D. in geology from Columbia 
University. Immediately prior to joining GIA in 1976, Dr. Manson was curator of 
minerals and gems at the American Museum of Natural History in New York. 


KEITH PROCTOR 


As president of Keith Proctor, Fine Gems, of Colorado Springs, Colorado, Mr. Proctor is 
actively involved in the wholesale importing of colored gemstones and the design of 
custom-made jewelry. He is internationally known for his collection of museum-quality 
minerals with special emphasis on gem crystals, many of which were obtained during his 
extensive travels in the mining regions of Brazil. 

Mr. Proctor received an M.S. in molecular biology from the University of Colorado. 


GARY W. BOWERSOX 


Mr. Bowersox is president of Gem Industries, Inc., in Honolulu, Hawaii. He has traveled 
to the Afghanistan-Pakistan area several times during the past decade, and is involved in 
buying and cutting gem materials from all over the world. Mr. Bowersox entered the 
jewelry and gemstone industry after several years in the accounting profession. 


2 Editorial GEMS & GEMOLOGY Spring 1986 


A SURVEY OF THE GEMSTONE 
RESOURCES OF CHINA 


By Peter C. Keller and Wang Fuquan 


The People’s Republic of China has recently 
placed a high priority on identifying and 
developing its gemstone resources. Initial 
exploration by teams of geologists 
throughout China has identified many 
deposits with significant potential, 
including amber, cinnabar, garnets, blue 
sapphires, and diamonds. Small amounts of 
ruby have also been found. Major deposits 
of nephrite jade as well as large numbers of 
gem-bearing pegmatite dikes have been 
identified. Significant deposits of peridot 
are currently being exploited from Hebei 
Province. Lastly, turquoise rivaling the 
finest Persian material has been found in 
large quantities in Hubei and Shaanxi 
Provinces. 


ABOUT THE AUTHORS 


Dr. Keller, a geologist and gemoflogist, is associate 
director of the Los Angeles County Museum of 
Natural History, Los Angeles, California; Dr. Wang is 
a mineralogist and gemologist at the Geological 
Museum, Beijing, China. 


Acknowledgments: The authors thank the 
Geological Museum in Beijing and the Academy of 
Geological Sciences for inviting Dr. Keller to China. 
Dr. John Sinkankas was especially helpful in 
obtaining historical references on Chinese gem 
deposits. 
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Gemstones of China 


hina has historically been a land of great mystery, 

with natural resources and cultural treasures that, 
until recently, were almost entirely hidden from the out- 
side world. From the point of view of the geologist and 
gemologist, one could only look at known geological maps 
of this huge country and speculate on the potential impact 
China would have on the world’s gem markets if its gem 
resources were ever developed to their full potential. 

During the past few years, the government of the Peo- 
ple’s Republic of China (P.R.C.} has opened its doors to the 
outside world in a quest for information and a desire for 
scientific and cultural cooperation. It was in this spirit of 
cooperation that a week-long series of lectures on gem- 
stones and their origins was presented by the senior author 
and a colleague to over 100 geologists from all over China 
at the Geological Museum in Beijing (Peking). An impor- 
tant outcome of informal discussions with these geologists 
was a distribution map of the known gem occurrences in 
China (figure 1}. This was the first time in its history that 
the Chinese Academy of Geological Sciences had held 
such a lecture series entirely devoted to gemstones, since 
only during the last decade has the P.R.C. placed any 
emphasis on gem materials. Jewelry and the possession 
of gems has not been part of the culture of the People’s 
Republic. 

The purpose of this article is to offer a brief overview of 
China’s important gem resources as we know them at this 
very formative stage. There have been a number of articles 
both historically and recently on China’s gem resources 
(e.g., Pumpelly, 1866; Ahnert, 1929; Sun, 1933; Ren, 1980), 
but these have concentrated for the most part on ornamen- 
tal gem materials used in Chinese carvings. This article 
intentionally disregards most of these materials, except for 
nephrite and turquoise, in favor of materials that can be 


faceted and therefore may have the greatest impact on the 


world’s gem markets in the future. While this article can in 
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no way be considered definitive, we hope that it 
will serve as both an introduction and a stimulus 
to further research and exchange of information in 
this area. 


AMBER 

Large quantities of spectacular fossil insect- and 
plant-bearing amber have been recovered from the 
Fushun Coalfield, in the eastern part of Liaoning 
Province*, in northeastern China. According to 
Hong (1981), the amber occurs in the Eocene-age 
main coal seam of the Guchengzi Formation. To 
date, 44 species of fossil insects (figure 2) have been 
described from the Fushun amber. Of these 44 
species, 41 were previously undescribed. 

The Fushun amber is found as transparent to 
translucent irregular masses up to 10 cm thick. 
The material ranges in color from light yellowish 
brown to yellowish brown to yellow and occa- 
sionally occurs as pink or deep red. The amber is 
commonly used for jewelry; larger pieces may be 
carved. The Chinese also grind up amber for its 
perceived medicinal value in relieving stomach 
ailments. 

Recently, amber was discovered in coalbeds 
near the city of Fuzhou in Fujian Province, south- 
eastern China. No information on the quality and 
quantity of the Fujian amber is available at this 
time. 


CINNABAR 


Since the late 19th century, mineral collectors 
have considered China synonymous with the mer- 
cury sulfide, cinnabar. The world’s finest cinnabar 
crystals, some as large as 6.5 cm, have come from 
the Wanshanchang mines on the border of Hunan 
and Kweichow Provinces. These mines have been 
active since the Ming Dynasty (14th century}, and 
have employed up to 5,000 workers at a time. 
The cinnabar ore occurs in two horizons, 5—6 
m thick, in a brecciated limestone. These horizons 
outcrop on the steep sides of Wanshanchang Can- 
yon. According to Tengengren (1920), one of the 
few Westerners to have visited the mines, the can- 
yon is filled with wasterock from the mining oper- 
ation. This wasterock has been thoroughly 
searched in recent times for overlooked ore. 


*For the sake of consistency, place names given throughout 
this article and in the map in figure 1 are spelled in accordance 
with the National Geographic map prepared by Grosvenor 
(1981). 
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Figure 2. Fossil insect in amber from the Eocene- 
age coal seams of the Fushun coalfield in Liaoning 
Province, China. This specimen measures 
approximately 10 cm across. 


The deep red cinnabar crystals almost always 
occur as sharp rhombohedral penetration twins. 
Single, untwinned crystals are considered quite 
rare. Typically, the cinnabar crystals are foundona 
limestone matrix with transparent to translucent 
crystals of dolomite and quartz. 

Cinnabar is the principal ore of mercury. In 
addition to its industrial value, the Chinese use it 
for medicinal purposes and as a pigment for paint, 
ink, and dyes. Cinnabar is also used as a coloring 
agent in lacquer applied to wood carvings. Massive 
cinnabar in limestone is a very desirable carving 
material among the Chinese. 

Some of the larger cinnabar crystals have been 
faceted for the collector (figure 3). These stones are 
generally under 3 ct, although gems up to almost 
25 ct have been recorded. These rich red stones 
have an adamantine to submetallic luster. Because 
cinnabar has a hardness of only 2—2.5 on the Mohs 
scale and is quite brittle, itis extremely difficult to 
facet. Furthermore, cinnabar is light sensitive, and 
wil] darken dramatically after prolonged exposure 
to sunlight. 


CORUNDUM 

Corundum, principally in the form of gem sap- 
phire, occurs in several areas of China. The most 
important are the Penglai and Wenchang areas of 
Hainan Island, in the South China Sea, and the 
Mingxi area in west-central Fujian Province. A 
more detailed account of the Mingxi sapphire de- 
posit is presented by Keller and Keller (1986). Sap- 
phire has also been reported from southeast 
Jiangsu Province, but little information is avail- 
able on this deposit. 
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The sapphire deposits on Hainan Island and at 
Mingxi are still relatively undeveloped, although 
they show great potential. In both instances, the 
deposits are thought to be the alluvial residue of 
alkali basalt deposits not unlike those found in 
Thailand and Cambodia (Jobbins and Berrangé, 
1981) and in Australia (Coldham, 1985). Colorless 
to pale yellow zircon and dark red pyrope are 
common accessory minerals. The sapphires them- 
selves look very much like those found in the 
alluvial deposits at Anakie, Queensland, and the 
New England area of New South Wales, Australia. 
They tend to be less than 1 cm in length and inky 
bluish green to greenish blue in color, although the 
transparency is generally good (see photo in Keller 
and Keller, 1986}. Active geological exploration of 
both areas is underway, as is experimentation with 
heat treatment to improve the color of the sap- 
phire. China has the potential to become a major 
supplier of sapphire to the world’s gem markets. 

It should be noted that perfect hexagonal 
prisms of translucent ruby up to 1 cm long are 
being recovered from little-known deposits in Si- 
chuan Province (figure 4). Undescribed ruby has 
also been reported in gneiss in far western Xinjiang 
Uygur Autonomous Region, and in the Ailao 
Mountains of Yunnan Province. 


Figure 3. This cinnabar crystal and its 5-ct faceted 


DIAMOND mate come from the Wanshanchang mines on the 
Perhaps no gem species evokes more excitement border of Hubei and Kweichow Provinces, China. 
than diamond when one discusses the future gem Stone faceted by Arthur Grant; photo © 
potential of China. And for good reason: China has Tino Hammid. 


Figure 4. Hexagonal prisms of ruby 
averaging § mm in length from 
Sichuan Province, China, Photo by 
S, Gipson. 
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Figure 5. To date, the largest 
gem-quality diamond found 
in China is the 158.79-ct 
Changlin diamond. This 
brownish yellow diamond 
was found in 1977 on the 
Jishan People’s Commune in 
Linshu County, Shandong 
Province, China. Photo cour- 
tesy of the Geological Mu- 
seum of China, Beijing. 


the potential, from both kimberlites and their 
associated alluvial deposits, to play a significant 
role in world diamond production. The impor- 
tance of this diamond potential, as is the case with 
most of China’s other gem resources, is only now 
being realized. Alluvial diamonds have been found 
in China since at least the late 1940s. However, it 
was not until 1965 that diamonds were found in 
their kimberlite host. 

Today there are two principal diamond- 
bearing kimberlite districts in China: the Fuxian 
district, in southern Liaoning Province, and the 
Changma district near Mengyin, in central Shan- 
dong Province. Very little has been published in 
the West on these two diamond-bearing kimber- 
lites, although the Seventh Geological Exploration 
Team (1984) has published a paper in Chinese on 
the area. 

A detailed description of the Mengyin-area di- 
amond deposits, based on a recent visit, is dis- 
cussed in Keller and Wan (1986). An excellent 
overview of Chinese kimberlites is found in He 
(1984). 

As noted above, alluvial diamonds have been 
known in China for at least 40 years. We know of 
several major alluvial diamond-producing areas 
today. These include the Linshu and Tancheng 
counties south of Mengyin in Shandong Province, 
and the Yuan River, near Yuanling, in Hunan Prov- 
ince. In addition, alluvial diamonds have been 
found in southeastern Xinjiang Uygur Autono- 
mous Region. 

It is too early to say much about China’s gem 
diamond potential in terms of annual production. 
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A reasonable, educated guess of that figure would 
be about 45,000-—75,000 ct per year. What is im- 
pressive, however, is the size of some of the dia- 
monds recovered to date. The largest known gem- 
quality diamond found in China thus far is a 
gemmy 158.79-ct brownish yellow modified 
rhombic dodecahedron known as the Changlin di- 
amond (figure 5). This impressive diamond was 
found by a farmer in December 1977 on the Jishan 
People’s Commune at Changlinin Linshu County, 
Shandong Province. It is interesting to note that no 
further exploration of the immediate area where 
this crystal was found has been attempted. In Au- 
gust 1981, the second largest diamond from China, 
the 124.27-ct Chengfu No. 1 diamond, was found 
in Tancheng County, Shandong Province. Both di- 
amonds were found in alluvial gravels that quite 
possibly derived from the Changma kimberlites 
located about 100 km to the north. The third larg- 
est gem-quality diamond known from China, and 
the largest from a kimberlite, is the 119.01-ct dia- 
mond discovered in the Victory No. 1 pipes near 
Mengyin (Keller and Wan, 1986). This diamond 
was named Mengshan No. 1. 

Although the diamond industry in China is 
still in its infancy, the Chinese government is 
committed to its rapid development. Literally 
thousands of geologists are currently prospecting 
for new deposits throughout China. It is perhaps 
significant that in November 1985 these geologists 
were joined by geologists from De Beers. 


GARNET 
Large numbers of chrome-bearing pyrope garnets 
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occur in Quaternary alluvial deposits near 
Donghai, in northern Jiangsu Province, eastern 
China (Wang, 1984}. These garnets were probably 
derived from the diamond-bearing kimberlites 
that occur in the Mengyin area of Shandong Prov- 
ince, about 130 km northwest of Donghai. Nu- 
merous alluvial diamond deposits have been iden- 
tified between Donghai and Mengyin. 

The pyrope garnets found near Donghai are 
generally very dark red and less than | cm in diam- 
eter (figure 6). They are commonly transparent 
and, because of their chromium content, many 
exhibit a distinct purple to red color change. The 
relatively small size of the Donghai pyropes limits 
their use in jewelry, although the Chinese Gem 
and Mineral Development Company is consider- 
ing cutting the material as melee. Pyrope garnets 
have also been found to occur with sapphire and 
zircon near Mingxi in Fujian Province (see Keller 
and Keller, 1986), but thus far no attempt has been 
made to determine the economic potential of this 
material. 

Other types of garnet found in China include 
grossular; demantoid, rhodolite, and spessartine. 
The grassulars occur in green, yellowish green, 
yellowish brown, and brownish red hues. Fine 
crystals larger than 3 cm in diameter have been 
encountered from Altay, in Xinjiang Uygur Au- 
tonomous Region, where they occur in contact 
metamorphic rock deposits. Gem-quality deman- 
toids of jade green to yellowish green hues have 
also been found in Xinjiang Uygur Autonomous 
Region. The crystals occur in serpentinized pyrox- 
ene-peridotites, in association with chrome spinel 
and asbestos, and are generally less than 3 mm in 
diameter. The Altay pegmatite mines have pro- 
duced some spessartine; the authors were recently 
shown a 13-cm corroded crystal of gem spessartine 
similar to material from the pegmatites of Minas 
Gerais, Brazil, and Amelia, Virginia. 


NEPHRITE 
The term jade in China is often used to describe 
many different materials suitable for carving. For 
the purpose of this article, we will limit our dis- 
cussion to nephrite jade. There are no known de- 
posits of jadeite jade in China today, although the 
Burmese deposits of jadeite have been of great 
commercial interest to the Chinese since the late 
18th century. 

By far the most important nephrite deposits in 
China are found on the northern slopes of the Kun- 
lun Mountains in southern Xinjiang Uygur Au- 
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Figure 6. These faceted pyrope garnets from near 
Donghai in northern Jiangsu Province, China, 
average 0.20 ct each. Stones faceted by William C. 
Kerr; photo © Tino Hammid. 


tonomous Region. The principal mining centers 
are near the towns of Hotan, Yutian, and Minfeng. 
Historically, the nephrite was found as alluvial 
boulders near the base of the mountain. Recently, 
however, a contact replacement zone of nephrite 
was found in place in the Kunlun Mountains at an 
elevation of 3,000 m (Wang, 1979). Generally, the 
individual deposits of in situ nephrite were small, 
consisting of irregular or banded masses. 

The nephrite from the Kunlun Mountains does 
not differ significantly from that found in other 
regions of the world, such as Canada, the Soviet 
Union, and New Zealand. It consists of very fine 
grained, compact masses of tremolite and actino- 
lite. The nephrite in the Kunlun Mountains occurs 
in a great variety of colors, spanning the entire 
spectrum. While green is the most common color, 
the most desirable to the Chinese is the white or 
“mutton fat’ nephrite (figure 7). Nephrite from 
this area may also be called Hetian or Khotan jade, 
presumably referring to specific mines in the area. 

Nephrite has also been reported from anumber 
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Figure 7, This late 18th-century ruyi (34 x 8 cm) was carved from “mutton fat” jade. Courtesy of the 


Cyrstallite Collection; photo © Harold & Erica Van Pelt. 


of other localities. For example, Wang {1979} re- 
ports a green nephrite known as “Sister to Kunlun 
Jade” from near Manas, north of the Tian Moun- 
tains, in northwestern Xinjiang Uygur Autono- 
mous Region. Nephrite also occurs in Sichuan 
Province and in Taiwan. There are reports of neph- 
rite in Liaoning Province; however, this locality is 
for the most part unconfirmed and may very well 


Figure 8. These fragments of a 1-cmin 
diameter rubellite tourmaline crystal 
(left) and a 1-cm in diameter 
aquamarine crystal (right) are from 
the Altay pegmatite district in 
Xinjiang Uygur Autonomous Region. 
Photo by S. Gipson. 
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represent a deposit of nephrite-like material. One 
example is cited in the April 3, 1984, issue of the 
China Daily. The front page photo shows a human 
chain around the ‘King of Jade,’’ a 260.75-ton 
boulder extracted from the Xiuyan Jade Mine in 
Liaoning Province. It is questionable whether the 
“King of Jade” is indeed nephrite or one of its many 
simulants. 
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PEGMATITE GEMS 


Granitic pegmatites are known throughout China, 
although only those that occur in the northwest- 
southeast trending Altay Mountains of northern 
Xinjiang Uygur Autonomous Region are known to 
produce significant quantities of gem materials. 
Thousands of pegmatite dikes have been reported 
in the Altay Mountains (Chen Wen-ao, Xinjiang 
Altay Gemstone Technological Company, pers. 
comm., 1985]. Of these, however, only those found 
just east of the city of Altay have been developed 
for their gem minerals. 

According to Liu {1981}, the Altay pegmatite 
region can be divided into more than 39 pegmatite 
provinces. The pegmatite dikes are concentrated 
along the contacts with the predominantly schist 
or gneiss country rock. As is common to granitic 
pegmatites elsewhere, the Altay pegmatites are 
concentrically zoned. Liu {1981} divides the 
pegmatites into nine zones, although these could 
be simplified into the four commonly reported 
zones: an aplitic (sugary) border zone; the thicker, 
more coarsely crystalline well zone containing 
abundant muscovite, feldspar, and beryl; an in- 
termediate zone containing very large crystals of 
quartz, feldspar, mica, and some gem minerals; 
and, finally, the core zone consisting of massive 
quartz and feldspar. Most of the gem material 
recovered to date has been recovered from the 
primary pegmatite rather than from secondary 
deposits. 

A total of 74 minerals have been reported from 
the Altay pegmatite dikes. Many of these are rare 
minerals such as ixiolite, but almost all of the gem 
minerals that one associates with pegmatites— 
i.e., tourmaline (figure 8), spodumene, bery] (figure 
8], spessartine garnet, smoky quartz, and moon- 
stone—have been found. Fine gem topaz appears to 
be absent from the Altay area, although very fine 
pale blue-green and rich yellow to red topaz crys- 
tals up to 24 cm in length have been found in the 
Xilingeleimeng of Inner Mongolia Autonomous 
Region, as well as in southern Yunnan Province. 

It should also be noted that very fine tabular 
aquamarine, morganite, and goshenite crystals up 
to 5 cm in diameter have been recovered from 
pegmatites in Sichuan Province in central China. 

To date, of all the Altay pegmatite gems, the 
various colors of beryl have shown the greatest 
commercial promise. Greenish yellow gem- 
quality beryl crystals up to 15 cm long and 5 cm 
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Figure 9, This 2.87-ct peridot is from the 
Zhangjiakou-Xuanhua area of Hebei Province, 
China. Stone faceted by William C. Kerr; photo © 
Tino Hammid. 


wide have been seen by the authors. Large quanti- 
ties of pale blue, finely developed aquamarine 
crystals have also been recovered and have, in fact, 
been observed on the mineral specimen market in 
the United States. It is unfortunate that until only 
recently, many of the beryl crystals were recovered 
for their industrial rather than gem value. The 
Altay pegmatites have yielded industry-grade 
beryl in crystals over 52 cm in length. 

The Altay pegmatites have also produced gem 
tourmaline in red, green, yellow, and (in rare in- 
stances) blue hues. Gemmy pink tourmalines, 
some as large as 15 cm in diameter, have been 
reported. Very fine bicolored red-green crystals 
have also been observed up to 6 cm in length. In 
addition to beryl and tourmaline, crystals of kun- 
zite and green to yellowish green gem spodumene 
have been found in sizes up to 20 cm. 


PERIDOT 


Gemmy pieces of attractive green peridot up to at 
least 5 g in weight are currently being produced 
from the base of the Tertiary-age Hanluoba basalt 
lava flows in the Zhanjikou-Xuanhua area of Hebei 
Province, about 150 km northwest of Beijing (fig- 
ure 9). This deposit was discovered in 1979 by the 
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Figure 10. Sectional nodule of 
fine blue turquoise from the 
Wudang Mountain area of 
Hubei Province, China. The 
nodule is approximately 10 
cm long and 4.cm in 
diameter. Photo by 

S. Gipson. 


Ministry of Geology and Mineral Resources. Little 
more is known at this time about the occurrence of 
the Chinese peridot, although a recent gemologi- 
cal study of samples from this area indicates that 
the material resembles peridot from San Carlos 
{Arizona} and may have occurred in a similar fash- 
ion. Interestingly, the Chinese peridots appear to 
be somewhat harder than their San Carlos coun- 
terparts and thus produce a polish comparable to 
the Burmese material (Koivula and Fryer, 1986). It 
can be safely assumed, however, that significant 
amounts of the material will be seen on the world’s 
gem market in the future. The Chinese Gem and 
Mineral Development Company in Beijing is ac- 
tively acquiring the rough material and faceting it 
for commercial distribution. 


TURQUOISE 

It is generally accepted that the finest turquoise in 
the world comes from the Nishapur district of Iran, 
and hence “Persian turquoise” has become a trade 
term for the top grade of turquoise. China is now 
producing turquoise that rivals the finest of the 
traditional ‘‘Persian” {figure 10). It is uncertain as 
to just when the Chinese began mining turquoise; 
although it has been popular in China for jewelry 
and carvings for many centuries, much of the ma- 
terial could have been obtained from trading part- 
ners to the west. Still, archeological finds of 
turquoise carvings that date as early as 1300 B.C. 
indicate that China’s own deposits may have been 
exploited for many centuries without the knowl- 
edge of the outside world. Many of the carvings 
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now sold in Hong Kong are undoubtedly made of 
Chinese material. 

Today, significant deposits of very fine tur- 
quoise are mined at Yunxian and Zhushan in the 
Wudang Mountain area of northwestern Hubei 
Province, and near Shanyang in Shaanxi Province, 
about 150 km northwest of the Wudang Shan area. 
The gemological properties of Chinese turquoise 
are discussed in detail by Wang (1986). 

The turquoise from Hubei and Shaanxi occurs 
as compact nodules on or very near the surface of 
the ground. Nodules up to 8 cm are relatively 
common, and masses several times that size have 
been observed. The Geological Museum in Beijing 
has a 24-cm-high, 3,000-g turquoise statue called 
the Nine Lions which is carved of material from 
Hubei Province (Wang, 1986]. The Chinese tur- 
quoise ranges in color from various shades of blue 
to light green with increasing iron content. It is not 
unusual to find perfectly homogenous masses, al- 
though very fine “spider web” nodules have also 
been observed. 


CONCLUSION 

A number of other gem materials have been re- 
ported from China. These include fluorite from 
Wenxhou Province, zircon from Fujian Province, 
and amethyst and azurite from Guangdong Prov- 
ince. Given the size and varied geology of the 
country, it is likely that many other gem mate- 
rials, as well as other deposits of materials already 
identified, will be found as the current program of 
exploration and research continues. 
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THE CHANGMA DIAMOND DISTRICT, 
MENGYIN, SHANDONG PROVINCE, 


CHINA 


By Peter C. Keller and Wan Guo-dong 


Since the early 1960s, Chinese geologists 
have conducted extensive exploration for 
diamonds, One of their most important 
discoveries to date is the Changma kim- 
berlite district in Shandong Province, 
which encompasses two pipes and eight 
dikes. The most active mine currently, the 
Victory No. 1, produces approximately 
6,000 ct of diamonds annually, 20% of 
which are gem quality. The ore is processed 
locally and the rough stones are given a 
preliminary sort before they are sent to 
special factories for cutting. Large, good- 
quality stones have been recovered at 
Changma; the largest to date weighs more 
than 119 ct. 
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- recent years, the People’s Republic of China has taken 
a keen interest in identifying and developing its gem- 
stone resources. The most notable of these resources is 
their potentially important diamond deposits. Since the 
Chinese initiated a concerted diamond-exploration pro- 
gram in the early 1960s, at least six diamond-bearing dis- 
tricts have been brought into production. Four of these— 
the Yuan River, Changde County, in Hunan Province; 
Yingcheng in Hubei Province; and Linshu and Tancheng 
counties in Shandong Province—are secondary or alluvial. 
In the remaining two districts, diamonds are currently 
mined from kimberlites: the Binhai mine near Fuxian in 
Fu County, Liaoning Province, and the Changma kimber- 
lite district in Mengyin County, Shandong Province (see 
the map in figure 1, Keller and Wang, 1986}. The purpose of 
this article is to describe the little-known Changma kim- 
berlite district, one of the most important in China, and 
specifically the mining and processing observed at 
Changma by the authors in September 1985. 

Generally speaking, Shandong Province, in eastern 
China, exhibits extraordinary potential as a diamond pro- 
ducer. Including Changma, a total of 10 diamondiferous 
kimberlite pipes and dozens of diamondiferous kimberlite 
dikes have been identified in this mineral-rich province. 
These kimberlites are concentrated in three districts: 
Xiyu, Poli, and Changma. While kimberlite bodies in all 
three have been shown to contain diamonds, only a few of 
them are believed to contain sufficient quantities to be 
considered economical by today’s standards. 

The most important of the three kimberlite districts in 
Shandong Province, and perhaps in all of China, is the 
Changma, located near the town of Mengyin in Mengyin 
County. The Changma kimberlite district is about 14 km 
long and 2, km wide, and consists of two kimberlite pipes 
and a series of eight subparallel dikes which generally 
strike to the north-northwest. The two pipes are situated 
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in the center of the series of dikes and have been 
given the collective designation of ‘Victory No. 
1.” The large open-pit mine that has resulted from 
the mining of the pipes is also called Victory No. 1, 
while the most important of the eight dikes have 
been designated Victory or Red Flag. The Victory 
No. | pipes and the Victory No. 2 and Red Flag No. 
1 dikes have been the most significant producers to 
date. 

While the quantity of gem-quality stones pro- 
duced thus far has not been economically signifi- 
cant on a world scale, fine stones as large as 119.01 
ct have been recovered (figure 1). Several rough 
diamonds recovered from Victory No. 1 and Vic- 
tory No. 2 were examined at the mine office and 
are also described here. 


Changma Diamond District 


Figure 1. The largest diamond re- 
covered to date from the Victory No. 
1 pipes is this spectacular 119.01-ct 
yellowish octahedron in kimberlite 
which is known as the Mengshan No. 
1. The crystal, discovered in 1983, 
measured over 4 cm in diameter. 
Photo courtesy of the Shandong Bu- 
reau of Geology and Mineral Re- 
sources, Jinan. 


LOCATION AND ACCESS 
The Victory No. | open-pit mine and its associated 
treatment plant (figure 2) are located approxi- 
mately 14 km south of the town of Mengyin, in 
south-central Shandong Province. Mengyin is ap- 
proximately 500 km southeast of Beijing (Peking]. 
Access is by train or airplane from Beijing to 
the Shandong Province capital of Jinan. The ap- 
proximately 170-km journey from Jinan to 
Mengyin requires about four hours of travel by 
automobile over a well-maintained paved road 
through beautiful agricultural areas with exten- 
sive terracing. At Mengyin, the authors first 
stopped at a state-owned hotel where the papers 
authorizing the visit to the mine were cleared with 
local authorities. From Mengyin, the Victory No. 1 
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Figure 2. A view looking west toward the Victory No. 1 open-pit mine. The structure in the foreground is 
a portion of the diamond treatment plant constructed in 1975. 


mine is an additional 30-minute drive over paved 
road. It is important to note that the Mengyin area 
is generally not open to foreigners and special gov- 
ernment permission is required to visit the dia- 
mond deposit. 


HISTORY AND PRODUCTION 


Alluvial diamonds have been found at the 
Chengjiafu mine, Tancheng County, in Shandong 
Province since the late 1940s. According to Green 
{1985}, the Chengjiafu mine has produced stones as 
large as 96.04, 124.27, and 158.79 ct. (The largest 
stone is known as the Changlin diamond, which— 
contrary to Green’s information—the authors 
were told came from neighboring Linshu County.) 
The discovery of the Changma kimberlites was the 
result of an intensive diamond exploration pro- 
gram that initially concentrated on sampling the 
region’s river gravels. In August of 1965, after more 
than five years of work, a team of eight geologists 
from the Shandong Bureau of Geology and Mineral 
Resources discovered their first kimberlite in the 
form of a dike {Red Flag No. 1}. The dike lay dor- 
mant until August of 1970, when mining was ini- 
tiated and a small treatment plant erected. Red 
Flag No. 1 produced diamonds until it was shut 
down in 1981. During its 11 years of operation, the 
approximately 10,000 tons of ore processed yielded 
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an impressive 20,000 ct of diamonds. The dike is 
now overgrown by peanut fields, and the treat- 
ment plant is in ruins. 

Following the discovery of Red Flag No. 1, 
exploration continued in the area, and in Decem- 
ber 1968 the Victory No. 1 pipe was located. How- 
ever, mining of the pipe did not begin until Octo- 
ber 1975, when a large treatment plant was 
constructed nearby. Today, diamond production 
appears to be limited to the now relatively large 
Victory No. 1 open-pit mine (figure 3). The nearby 
treatment plant processes about 120 tons of ore, 
yielding 100-150 ct of diamonds, each day. Of 
these diamonds, an estimated 20% are considered 
gem quality. After the diamonds go through a 
rough sort at the treatment plant, they are sent to 
Shanghai for detailed examination and cutting. 
Most of the gem diamonds are faceted at the 
state-owned Shanghai Diamond Factory which, 
according to Green (1985), employs about 200 cut- 
ters. Unconfirmed reports state that diamond cut- 
ting also takes place in the Shandong Province 
coastal city of Yantai (Shor, 1985) and at the col- 
lectively owned Beijing Diamond Factory, which 
employs approximately 100 workers (Green, 1985}. 

The primary organization within China for 
marketing and distributing diamonds is the Na- 
tional Arts and Crafts Import-Export Corporation 
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(Art China]. According to Green (1985}, domestic 
gem diamonds meet only 10% of the overall pro- 
duction capability of China’s cutting and polishing 
facilities; the remaining 90% (150,000—200,000 ct 
of rough per year) are purchased in Antwerp. As 
recently as 1983, the Chinese were using all of the 
industrial diamonds they produced and were, in 
fact, forced to import significant amounts of 
diamond—358,123 ct in that year alone (Green, 
1985)—to meet their growing industrial needs. In- 
dustry sources report that this situation has 
changed in the last three years: With the increased 
mining of diamonds and the capability of produc- 
ing synthetic industrial diamonds, the Chinese are 
better able to meet their own industrial needs and 
are even offering synthetic industrial material for 
export (Bruce Komarow, Erwin Komarow, Inc., 
pers. comm., 1986). Industry sources also indicate 
that some exporting of domestically mined and 
manufactured gem-quality rough is being under- 
taken on a small scale through joint ventures with 
Western firms. 

Official figures on annual diamond production 


ace 


from the Victory No. 1 mine were not available. 
However, a conservative estimate supports an 
average production of 600 ct of diamonds each 
week, or over 31,000 ct a year. About 6,200 ct 
would be of gem quality. According to Green 
{1985}, China’s total annual diamond production 
was estimated by the China Nonmetallic Minerals 
Industry Corporation at between 300,000 and 
500,000 ct, of which about 15% —or 45,000 to 
75,000 ct—are gem quality. Given the importance 
that the Chinese place on the Victory No. 1 mine, 
either production estimates for the mine are vastly 
underestimated, or the figures supplied by Green 
{1985} are exaggerated. In view of the fact that the 
Soviet Union produced an estimated 12,000,000 ct 
of diamonds in 1977, the Chinese production is, by 
any standard, in its infancy. 

Diamonds of notable size have been found in 
China, however. In December 1977, a farmer from 
the Changlin Brigade of the Jishan People’s Com- 
mune of Linshu County, south of Mengyin, dis- 
covered the 158.79-ct ‘‘Changlin” diamond while 
plowing a field. The yellowish diamond is China’s 


Figure 3. A’view looking east in the bottom of the Victory No. 1 open-pit mine. The smaller of two kim- 
berlite pipes is apparent and is being mined using power shovels. 


Changma Diamond District 
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Figure 4. This brown modified octahedron meas- 
uring 2.47 cm in diameter and weighing 52.71 ct 
was found in Jiangsu Province. It is now in the 
collection of the Geological Museum in Beijing. 


largest. Since the discovery of the Changlin dia- 
mond, several other large stones have been re- 
covered, mostly from the alluvial deposits south of 
Mengyin. The Geological Museum in Beijing has a 
52.71-ct brown octahedron that was found just 
across the Shandong Province border in Jiangsu 
Province (figure 4). Later, we will describe in detail 
the 119.01-ct diamond in matrix from the 
Changma district. 


GEOLOGY AND OCCURRENCE 


The diamond-bearing kimberlites of Shandong 
Province appear to be limited to the Menshan an- 
ticlinorium of the western Shandong (Huabeil] 
platform. This is part of the Sino-Korean Craton 
(Zhang et al., 1984) and consists of Precambrian 
metamorphic gneisses, and Paleozoic and Meso- 
zoic igneous and sedimentary rocks. It is bounded 
on the east by the north-northeast—trending 
Tanan or Yishu fault zone (a portion of the Tan- 
cheng-Lujiang deep fault belt) and on the west by 
the Liao Kao fault zone. To date, no kimberlites in 
Shandong Province have been identified outside 
the boundaries of the western Shandong platform. 
The kimberlites of Shandong Province, including 
the Changma kimberlites, are clustered along the 
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crest of the Mengshan anticlinorium. Geologists 
from the Shandong Bureau of Geology and Mineral 
Resources believe that the anticlinorium was up- 
lifted contemporaneously with kimberlite em- 
placement during the Jurassic period {Geological 
Bureau of Shandong Province, 1982). 

The Changma kimberlite penetrates over 
12,000 m of Taishan gneiss, dated at about 2,400 
million years and predominantly consisting of a 
hornblende gneiss in the Changma area. Geolo- 
gists from the Shandong bureau have further sub- 
divided the gneiss into four units based on varia- 
tions in mineralogy. While it is beyond the scope of 
this article to provide a detailed description of the 
stratigraphy of the Changma district, such can be 
found in the report of the Seventh Geological Ex- 
ploration Team (1984). A brief synopsis is as fol- 
lows: The Taishan gneiss is unconformably over- 
lain by over 800 m of Paleozoic limestones, shales, 
and sandstones. Particularly important is a thin 
layer of sandy conglomerate near the top of the 
section which contains alluvial diamonds. The 
Paleozoic rocks are, in turn, overlain by approxi- 
mately 1,000 m of red to greenish gray sandstone of 
Mesozoic (Jurassic?) age. The Mesozoic sandstones 
have been called the Mengyin group, and the entire 
section is capped by about 2,000 m of volcaniclas- 
tic rocks of probable Cretaceous age. 

According to the report of the Seventh Geo- 
logical Exploration Team (1984] and He (1984), the 
two Changma pipes intersect at a depth of 250— 
300 m to become one, known as the Victory No. 1 
pipe. The eight subparallel dikes strike to the 
north-northwest, and vary from 100 to almost 
1,500 m in length. The average width of the dikes 
varies from 0.1 m to 0.6 m. 


THE KIMBERLITE BODIES 


The Victory No. 1 pipes are mined by the open-pit 
method, which provides good exposure of their 
form and size (figures 3 and 5). One of the kimber- 
lite dikes, the Victory No. 2, outcrops as a highly 
serpentinized dike less than a meter wide, in the 
northeast and southwest walls of the mine (fig- 
ure 6). In the bottom of the open pit, the two pipes 
are visible as an elliptical body almost 100 m 
across on the west, and a much smaller, “L- 
shaped” pipe about 15 x 65 m to the east. At the 
time of our visit in September 1985, most of the 
mining appeared to be on the smaller pipe. 

The Changma kimberlites, bluish gray in 
color, range from a fine-grained to a highly por- 
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Figure 5. Mrs. Wan Guo-dong, a member of the geological team that discovered the Changma diamond 
district in 1965, stands on a ledge overlooking the Victory No. 1 mine. Note the terracing in the back- 


ground created by the open-pit method. 


Figure 6. The highly serpentinized Victory No. 2 
dike can be seen in the wall of the open-pit mine. 


Changma Diamond District 


phyritic rock. Locally, pyrope garnet is common 
enough to call the rock a porphyritic pyrope-kim- 
berlite. Other important minerals include ser- 
pentinized olivine, phlogopite, chromite, 
ilmenite, and chrome diopside. Minor minerals 
include rutile, perovskite, anatase, magnetite, and 
apatite. Wherever the kimberlite has been exposed 
to the elements, it has undergone rapid weathering 
and takes on a green to yellowish color. The 
weathered kimberlite is extensively ser- 
pentinized, carbonatized, and silicified. 

The kimberlite found in the Victory No. 1 pipe 
locally contains abundant breccia fragments of 
gneiss, limestone, sandstone, and other uniden- 
tified rocks. Small rounded mantle xenoliths (in- 
clusions of mantle rock in the basalt) were also 
collected. Diamond concentrations in the pipes 
are said by mine officials to average one carat per 
cubic meter, which is comparable to that obtained 
at most other, well-known diamond deposits. Re- 
covery estimates at the treatment plant appear to 
substantiate this figure. 
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Figure 7. The diamond treatment plant is adjacent to the Victory No. 1 mine. The plant, which has been 
in operation since 1975, processes about 120 tons of kimberlite ore each day. 


The age of the kimberlites is still a matter of 
debate. The geologists working in the area contend 
that the kimberlites were emplaced during Juras- 
sic time, basing their conclusions on field relation- 
ships, including the fact that older, Paleozoic 
limestone fragments, as well as fragments of Pre- 
cambrian gneiss, have been found in the kimber- 
lite. The Institute of Geochemistry, Chinese 
Academy of Sciences, in Beijing undertook potas- 
sium/argon whole-rock analysis of the kimberlites 
and found one age of 81-88 million years. Other 
ages, however, were placed at 341-530 million 
years (He, 1984). It is entirely possible that there 
may have been more than one episode of kimber- 
lite emplacement in the region. The argument for 
an older (Precambrian) kimberlite age is somewhat 
substantiated by the presence of alluvial diamonds 
in the Paleozoic conglomerates. 


TREATMENT AND RECOVERY 

The ore-treatment plant (figure 7), located approx- 
imately 1 km east of the Victory No. 1 mine, has 
been in operation since 1975. It processes about 
120 tons of ore daily. 
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Kimberlite is brought to the treatment plant 
from the open-pit mine by dump truck. When the 
ore arrives at the plant, it is deposited through a 
series of evenly spaced rails known as a “grizzly,” 
which allows only chunks of ore less than about 15 
cm in diameter to pass into the treatment plant for 
preliminary jaw crushing (figure 8). Pieces of ore 
larger than 15 cm are removed and broken down by 
hand before going into the crusher. 

After crushing, the ore is carried on a conveyor 
belt upward (figure 9} into a series of trommels, 
crushers, and screens which ultimately break 
down and sort the ore into sizes suitable for treat- 
ment in the water-filled rotary washing pans, 
where it forms a muddy slurry. The lighter rock 
fraction and water pass through an opening in the 
top part of the washing pan as it is stirred by a 
series of large vertical arms, while the heavier con- 
centrate, including diamonds, is removed through 
an opening in the bottom of the pan. 

After washing, the heavier concentrate is 
passed over a grease belt (figure 10}. The diamonds, 
being water resistant, adhere to the grease on the 
belt, while mineral and rock fragments are washed 
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Figure 8. Ore from the Victory No. 1 mine first Figure 9. After initial crushing, the kimberlite ore 
passes through a 15-cm “grizzly” and jaw is taken by conveyor belt through another series 
crusher. of crushing and screening, to break the ore fur- 
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Figure 10. The final step in 
the recovery process is to 
pass the heavy concentrate 
over grease belts. Diamonds, 
being resistant to water, 
stick to the grease while 
other material passes over 
the belt. Periodically, the 
grease is scraped off and 
boiled to free the diamonds. 
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Figure 11, The diamond con- 
centrate recovered from the 
boiled grease is sent to the 
sorting room, where any re- 
maining kimberlite material 
is removed and the dia- 
monds are separated into in- 
itial grades, The sample 
shown here is representative 
of mine-run diamonds from 
the Victory No. 1 pipe. 


off by a steady stream of water. Periodically, the 
grease belts are scraped and the diamonds are sub- 
sequently freed from the grease when it is boiled in 
water. The diamonds are then sent to a sorting 
room to remove any remaining kimberlite debris 
and for a preliminary sort into industrial grade or 
gem quality (figure 11), the latter subsequently 
divided into 40 different categories based on color, 
clarity, shape, and size. Lastly, all of the diamonds 
are shipped to Shanghai for final grading and dis- 
tribution. 


THE CHANGMA DIAMONDS 


By international standards, the quality and quan- 
tity of the diamonds recovered from the Changma 
kimberlite are not particularly noteworthy. Most 
stones tend to be yellowish in color, and the aver- 
age weight is less than one carat. As figure 1 shows, 
however, stones of considerable size have been 
recovered. This 119.01-ct diamond, discovered in 
1983 during the initial crushing of ore from the 
Victory No. 1 pipe, is the largest recovered to date 
from the Changma kimberlite. The modified octa- 
hedron crystal was over 4 cm in diameter and, 
although yellowish, was relatively free of inclu- 
sions; it must be considered one of the finest 
matrix specimens of diamond ever found. Unfor- 
tunately, the diamond was removed from its kim- 
berlite matrix and faceted in Shanghai. Its final 
yield in cut stones and their whereabouts today are 
unknown. 

During our visit to the Victory No. 1 open pit 
on September 28, 1985, a 1.1-cm yellowish dia- 
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Figure 12. This 1.1-cm diamond in kimberlite 
was found on September 28, 1985, at the Victory 
No. 1 mine. 


mond octahedron in kimberlite was found ina pile 
of loose ore by one of our drivers (figure 12). This 
find provides some indication of the potential of 
this district. Six other significant diamonds were 
studied by the authors at the mine office (figure 13) 
and exhibited an interesting range in characteris- 
tics of the Chinese diamonds. The stones varied in 
color from an extraordinarily high-grade colorless 
to a particularly rich coffee-brown. The stones 
were predominantly modified octahedrons. In- 
clusions were difficult to study given the limited 
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gemological facilities available in the mine office, 
however, a pyrope inclusion was noted in one crys- 
tal, while the other stones appeared to be relatively 
free of inclusions. The six specimens ranged in 
weight from approximately 2 to 13 ct. The largest 
stone was a glassy octahedron that weighed 12.88 
ct and measured 1.41 cm in diameter, of a color 
that would be relatively high on the GIA dia- 
mond-grading scale if the stone were faceted; this 
stone contained the pyrope inclusion noted above. 
The highest-color (comparable to E, F, or G on the 
GIA color-grading scale) stone was a rounded and 
highly distorted octahedron, almost 12 ct in 
weight and 1.4 cm in diameter, with, as indicated 
above, few if any inclusions. The other stones ex- 
amined were a glassy macle, one small twinned 
octahedron, a fine glassy octahedron, and a 7.41-ct 
rich coffee-brown modified octahedron. 

At the sorting table, the authors observed a 
much larger production sample (figure 11) and 
made additional notes. Modified octahedrons up to 
1.3 cm in diameter were common, although most 
were less than 0.5 cm in diameter. Macles were 
present, but seem to be quite rare. The most com- 
mon crystallographic forms were modified cube- 
octahedrons. The stones varied greatly in color, 
ranging from very high quality whites through the 
cape series to fancy browns and canary yellows. A 
few light pink diamonds were also observed. A 
more detailed study will be undertaken when a 
representative sample is received in the United 
States. 
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Figure 13. A collection of six 
rough diamonds examined 
at the Changma mine office. 
The stones ranged in weight 
from approximately 2 to 

13 ct. 


SUMMARY AND CONCLUSION 


Diamond mining in China is a relatively new en- 
deavor. While some very fine and very large dia- 
monds have been mined since the first stones were 
discovered in the late 1940s, the total production is 
small at this time. However, exploration con- 
tinues throughout the Changma district and other 
promising areas of China, and outside assistance is 
being sought to make the mining and recovery 
operations more efficient. Given the vast size of 
China and the performance of the deposits unco- 
vered to date, the long-term prospects for diamond 
production are promising. 
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GEMSTONE CARVING IN CHINA: 
WINDS OF CHANGE 


By Sally A. Thomas and Hing Wa Lee 


The Chinese have labored to perfect the art 
of gemstone carving for several thousand 
years. Beginning with primitive tools and 
limited materials, they eventually 
developed the iron-tipped spindles and 
treadle machines that were to become the 
traditional tools of the trade for two 
millenia. With these relatively simple 
implements and meticulous craftsmanship, 
Chinese master carvers have produced 
some of the world’s most sophisticated 
gemstone carvings. Within the past 10 
years, however, increased governmental 
participation, the availability of power- 
driven machinery, and more varied carving 
materials have had a major impact on 
gemstone carving in China. 
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Cjyemstone carving is one of China’s most ancient and 
important art forms. It is a craft steeped in history and 
tradition, continually reflecting the philosophy and cul- 
ture of the Chinese people. Using primitive tools and na- 
tive nephrite, early Chinese carvers created crude tools and 
weapons. Over the course of several thousand years, how- 
ever, master craftsmen worked to perfect the tools and 
techniques that would help them create smooth, flowing 
carvings from intractable blocks of stone. Using only sim- 
ple foot-driven machines and iron-tipped spindles, as 
many as 50 carvers might labor more than 10 years to 
complete a single masterpiece (figure 1). 

Through generations of traditional training—long ap- 
prenticeships with masters in the art—Chinese carvers 
became extremely talented at adapting their designs to the 
patterns, colors, and imperfections within each stone. The 
result of such skill is particularly evident in those pieces 
that depict many differently colored figures, all carved 
from the same piece of rough (figure 2}. The art of gemstone 
carving reached its zenith during the reign of Emperor 
Ch’ien Lung (1736—1795}. Dedicated to the advancement 
and perfection of all the arts, Ch’ien Lung established 
several imperial workshops in Peking (now Beijing) which 
produced some of the finest carvings ever created. Surviv- 
ing specimens of these magnificent carvings can be seen 
today in the Forbidden City Museum in Beijing. 

After Ch’ien Lung’s abdication in 1795, China plunged 
into political turmoil and cultural darkness that domi- 
nated the 19th and early 20th centuries. Only within the 
last 50 years has gemstone carving experienced a major 
revival. During the past 10 years, in particular, increased 
governmental participation, the introduction of modern, 
power-driven tools, and access to a greater variety of carv- 
ing materials has changed the gemstone-carving industry 
in China. 
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EARLY HISTORY 


The glyptic arts have ancient roots dating back to 
Paleolithic man, who first made crude carvings 
using bits of hard rocks for tools. As man’s tech- 
nology progressed, so did his ability to carve 
stones. Ancient carvers in China first used a thin, 
sharp sliver of sandstone sluiced with wet sand asa 
primitive saw for large pieces of rough stone. Next 
they used a bow drill, a tool common to many early 
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Figure 1. This intricately 
designed jadeite incense 
burner was carved almost 
200 years ago. It measures 68 
cm tall x 40 cm wide, and 
may have taken as many as 
10 years to complete. 
Courtesy of H. W. Lee 
Gallery; photo © Harold w 
Erica Van Pelt. 


cultures (Long, 1982). This drill consisted of a 
simple, flexible wooden bow braced with a bow- 
string. Snared in the middle of the taut bowstring 
was a thin wooden shaft that hada sharp drill point 
at one end and a handle or a mouth brace at the 
other. By sawing the bow back and forth, the 
pointed shaft rotated very quickly, the friction 
drilling a hole into the stone beneath the point. 
Although it was a vast improvement over chip- 
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Figure 2. This jadeite vase (14 x 8 cm) 
demonstrates how skillful Chinese craftsmen 
have utilized the bright orange rind, a brownish 
green core, and a patch of emerald green on a 
single piece of jade. Reproduced courtesy of the 
Lizzadro Museum of Lapidary Art. 


ping, only very basic carvings could be fashioned 
with this tool. The Chinese eventually employed 
tubular drills made of bamboo (Long, 1982). Be- 
cause bamboo is porous, abrasive grit clings to its 
cross section, making the bamboo shaft a more 
effective, if still tedious, drilling tool. 

Although China contains large deposits of 
quartz, primarily from the provinces of Hunan and 
Hubei, and Chinese carvers have produced a great 
number of quartz carvings over the centuries (fig- 
ure 3), the primary carving stone for China histori- 
cally has been jade (Lytle, 1982). Jade—specifically 
nephrite jade until jadeite was first imported from 
Burma in the late 18th century—is uniquely 
bonded to Chinese culture, tradition, and aes- 
thetics (Tucker, 1982). Chinese carvers first prized 
nephrite for its toughness, relative ease of sawing 
and drilling, and variety of color. Ancient nephrite 
deposits were located in the Khotan and Yarkand 
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regions, and later in Yunnan Province and the in- 
terior of Turkestan (Hansford, 1950). 

Nephrite was renowned for its durability, and 
many of the uninitiated were skeptical that such a 
stone could be cut and carved. Some ancient Chi- 
nese writers even believed that jade must have 
been a soft material when it was initially removed 
from the earth, and that it hardened only after 
exposure to the elements. Others believed that 
jade could be softened for carving by smearing it 
with a grease extracted from a rare species of toad 
(Long, 1982). 


THE METAL ERA 


Although bronze certainly played a pivotal role in 
the advancement of Chinese technology and cul- 
ture, there is no evidence that it was used in 
gemstone carving (Long, 1982). Iron was first in- 
troduced into China around 500 B.C., about the 
time that word of the K’un-wu, or “sword-knife,” 
began to spread throughout China (Hansford, 
1950). Popular legend had it that this knife was 
made from a material that was so strong it could 
cut through jade as though it were clay. Although 
evidence to establish the existence of such a knife 
is lacking, it is interesting to note that the name 
K’un-wu corresponds to a tribe of people in a re- 
gion to the northwest of ancient China that was an 
ancient source of iron ore (Howard, 1950). 

The advent of iron and metal alloys revolu- 
tionized Chinese lapidary work. Stone carvers 
eventually developed a metal saw that could cut 
its way through the largest nephrite boulders. A 
length of iron wire was doubled and twisted to 
form a blade, which was stretched between the 
ends of a large wooden bow. Two men held oppo- 
site ends and sawed the wire across the stone, 
while a third person fed a slurry of abrasive grit and 
water into the groove where the wire entered the 
stone. Although it was a slow process, it enabled 
very large pieces to be sectioned off with very little 
loss of material. 

During this period, the Chinese invented the 
rotary foot-treadle carving machine that would be 
used for centuries to come, up to and including the 
present day (figure 4). This machine consists of a 
simple wooden bench with two foot treadles at- 
tached to a leather thong. Iron-tipped wooden 
spindles of various shapes and sizes can be at- 
tached horizontally to a wooden holder. Then the 
leather thong is looped over the spindle. When the 
foot treadles are pumped vigorously, they cause 
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the iron-tipped spindles to rotate rapidly back and 
forth; the carver then presses the stone against the 
metal tip to carve out a pattern. The tips range 
from large metal discs, or circular saws, up toa foot 
in diameter down to the extremely small points 
used for engraving (figure 5}. Bow drills can also be 
used with the treadle machine. The real merit of 
the treadle machine is that very slow speeds can be 
used to start cuts or finish delicate designs, and 
that resistance or other “feedback” can be felt in 
the hands of the carver or in the pedals (figure 6). 

To keep the stone cool and damp, early Chi- 
nese carvers used an abrasive mud or sand com- 
posed of grains of quartzite, garnet, and corundum. 
Diamond was sometimes used as a point for a 
drilling tool even before the Christian era 
(Hansford, 1950), but not as an abrasive. 

The development of the foot treadle allowed 
the carver a great amount of control while shaping 
the piece. The skill needed to operate the machine 
as adeptly as possible was not easy to learn, and 
apprenticeships could last as long as 10 years. The 
carving process itself was extremely slow and te- 
dious, and many carvers received deep cuts and 
slashes when their fingers or hands came too close 
to the whirling iron tools after many hours on the 
bench. But with skill, patience, and luck, a master 
carver could produce an intricate piece that would 
be treasured for generations to come. 

The Chinese have followed the same basic 
carving procedures for many centuries. First they 
decrust and cut open the main jade boulder. Next 
they examine the stone closely, noting all flaws, 
patterns, and color variations, and then they de- 
sign their carving accordingly. The unwanted 
pieces are sawed away, and the pattern is carefully 
drawn on the stone with ink. Then comes the long 
carving process, using a variety of tubes, drills, 
round gouges, and reamers. The last step is a pains- 
taking polishing. Nephrite is somewhat difficult 
to polish, and special care must be taken to achieve 
the finest possible finish. Early polishing tools 
were made of fine-grained wood covered with dried 
gourd skin and ox leather charged with ruby dust 
(Bushell, 1914). 


THE GOLDEN ERA 

Over the centuries, gemstone carving became a 
very intricate art form. The best carvings were 
produced during the Sung (960—1280}, Ming 
(1368 —1644), and early to mid Ch’ing (1644-1912) 
dynasties. It was during the reign of Emperor 
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Ch’ien Lung (1736—1795}, in particular, that the 
art of gemstone carving reached the height of so- 
phistication and beauty (Burwell, 1948]. Ch’ien 
Lung established several workshops at the impe- 
rial palace in Beijing which were devoted to this 
art. He also imported skilled Moslem gem carvers 
from the province of Sinkiang, men who could 
trace their skills back to the ancient cities of 
Chaldea and Susiana at the head of the Persian 
Gulf (Bushell, 1914). Moghul carvings were typi- 


Figure 3. China has also been known for its 
beautiful rock crystal quartz carvings, such as 
this undercut ornamental bottle (27 x 12 x 10 
cm). The butterflies, birds, blossoms, fruit, and 
cicadas collectively symbolize the summer 
solstice. Reproduced courtesy of the Lizzadro 
Museum of Lapidary Art. 


Figure 4. For two millenia, fine gemstone carvings Figure 6. Through feedback from the pedals and 


have been created by master carvers such as T. C. his hands, the carver can exercise the control 
Chang using this type of foot-treadle machine. necessary to produce delicate carvings. Photo 
Photo © Harold # Erica Van Pelt. © Harold & Erica Van Pelt. 


Figure 5. These tools of the 
Chinese master carver are 
used in conjunction with the 
treadle machine shown in 


figure 4. Photo © Harold #& 
Erica Van Pelt. 
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cally finely detailed and skillfully executed; the 
sides of many fine Moghul carvings are so thin that 
the stone appears to be translucent (figure 7). 

One of the imperial workshops was called Hsi 
Fan Tso, or “Indian School,” and produced grace- 
ful, delicate carvings reminiscent of the style then 
popular in India (Bushell, 1914}. It is also probable 
that the jeweled jades from this period were in- 
spired by this same source. These pieces were 
usually flat plates carved from white jade and 
mounted in small screens. They were inlaid with 
rubies, amethysts, lapis lazuli, and emerald-green 
jadeite, cut in thin slices or set en cabochon and 
etched with golden lines. 

In 1784, China opened up trade relations with 
Burma and began to import large quantities of var- 
ious colors of jadeite, including lavender and the 
rarer blue, as well as white and the various shades 
of green (Lytle, 1982). Because jadeite fractures 
more easily than nephrite, carvers were initially 
reluctant to work with this new material (Long, 
1982). Through experimentation, however, they 
soon learned to adapt their techniques, and in turn 
produced magnificent carvings from the some- 
times multicolored jadeite (see cover). 


MAJOR MOTIES 
Although the subjects of the carvings have varied 
throughout history, most reflect the basic Eastern 
philosophy that man is only a small part of a greater 
scheme (Tucker, 1982). The Chinese artisans 
sought to emulate nature by observing its way, and 
thus became highly skilled at capturing the spirit 
of nature within their carvings. Taoism, the oldest 
extant religion in China, is a form of nature wor- 
ship, and helped to imbue animals, insects, trees, 
and flowers with their own special symbolism. For 
example, bats symbolize happiness and the meta- 
morphosis between heaven and earth. Fish repre- 
sent wealth, abundance, and marital bliss. A fox is 
associated with evil spirits. The pine tree is be- 
lieved to contain an abundance of vital energy and 
therefore represents long life and immortality. In- 
terestingly, cats are believed to be capable of both 
creating and dispelling evil (Lytle, 1982). Other, 
mythical creatures, such as the phoenix, the 
dragon, and the Qilin (an amalgamation of all 
creatures}, have all been important motifs in Chi- 
nese carving. 

The types of items that are carved include or- 
nate incense burners, vases, covered jars, bowls, 
wine holders, and snuff bottles, as well as orna- 
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Figure 7. This white nephrite vase (27 x 15 x7 cm) 
displays the skill that is so evident in Moghul 
carvings. The walls of this piece are only one- 
sixteenth of aninch thick. Reproduced courtesy of 
the Lizzadro Museum of Lapidary Att. 


ments for clothing and special objets. Buddhism 
has historically been one of China’s major reli- 
gions, and its influence can be seen in many figu- 
rines. Boulder carvings were especially popular 
during the mid- to late 18th century. Carved froma 
solid boulder of jade, these pieces often depicted a 
Buddhist monk inside an austere cave, an appro- 
priate setting for those dedicated to the contem- 
plative life (Lytle, 1982; Tucker, 1982). 

In addition to the larger carvings, many smal- 
ler pieces are produced. Expert craftsmen carved 
tiny bottles—most only 1% in. (about 4 cm) 
high—to hold a nobleperson’s precious supply of 
snuff, a powdered form of tobacco mixed with pun- 
gent herbs (Perry, 1960}. These miniature bottles 
with their tight-fitting lids were fashioned from 
almost every gem material, including chalcedony, 
amethyst, quartz, and even ruby and emerald 
(Thomas, 1986}. Jade was especially popular, since 
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Figure 8. These nephrite and nephrite-inlaid wood 
ruyi (12 cm x 45 cm) are believed to have been 
tokens of good luck and long life. Reproduced 
courtesy of the Lizzadro Museum of Lapidary Art. 


carvers could use the yellowish “skin” found on 
some rough to create interesting, colorful effects. 

Beads and baubles of all sorts were created 
from nephrite, jadeite, rose quartz, and lapis lazuli. 
Small pendants were often carved in low relief out 
of white nephrite, as were scabbard fittings, buck- 
les, and imperial seals. One particularly interest- 
ing piece was the ruyi, which literally means ‘‘as 
you desire.” The ruyi was usually 10-18 in. 
(25-45 cm} long and scepter shaped, somewhat 
like a modern dental mirror (figure 8). It is widely 
believed that this shape represented the dragon 
constellation or the plant of immortality, and ruyi 
are thought to have been tokens of good luck and 
longevity. Records show that Emperor Ch’ien 
Lung presented a ruyi with jade insets to each of 
the attending court elders on the 50th anniversary 
of his reign (Lytle, 1982). 


DARKNESS DESCENDS 


Tragically, China’s next emperor, Chia Ch’ing 
{1796—1820) proved to be the antithesis of his 
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predecessor. Almost fanatically repelled by the 
corruption and waste that he associated with the 
arts, he started China’s plunge into cultural dark- 
ness. The great imperial workshops in Beijing were 
disbanded, and carvers were left to pursue their 
craft as best they could. 

China’s turmoil grew worse as the country 
became entangled in both foreign and domestic 
upheaval. During the next century, China’s impe- 
rial houses, and even imperial rule itself, col- 
lapsed. Few documented accounts of gemstone 
carving during that time have been found. Almost 
one hundred years after Chia Ch’ing’s death, how- 
ever, Stephen Bushell reported in 1914 that the 
traditional treadle machines and carving methods 
were still in use, and noted that carvers were work- 
ing with more rock crystal, carnelian, sardonyx, 
onyx, and agate. At that time, carvers in Beijing 
were using special types of abrasives, in increasing 
power: (1} yellow sand (quartz crystals}, (2) red sand 
{garnets} used with the circular saw, (3} a kind of 
emery (black corundum sand] used with lap 
wheels, and (4) “jewel dust” (ruby crystals) from 
Yunnan and Tibet smeared onto the leather polish- 
ing wheel. 

From 1920 to 1940, a quantity of fine, apple- 
green Siberian nephrite known as Liu’s Jade (figure 
9) appeared in Beijing (Lytle, 1982). This unusual 
jade had been stored in the Imperial Russian 
Treasury until the Communist takeover, when it 
was confiscated and shipped to Beijing to raise 
revenue. The quality of both the jade and the carv- 
ings created from it is generally very fine. Inter- 
estingly, most of the carvings made from this ma- 
terial bear the seal of Emperor Ch’ien Lung on their 
bases, although it is certain that Liu’s Jade was not 
introduced into China until 1920, 125 years after 
that emperor’s abdication. 

In the years preceding World War II, Beijing 
again became active in the gemstone-carving in- 
dustry, particularly in jade. Hansford (1950) re- 
ported that several hundred craftsmen and ap- 
prentices were employed in that city during those 
years. Many fine vessels and figurines were being 
produced there, and antique carvings were also 
available. Other carving centers were established 
in Canton and Shanghai, which mainly produced 
jadeite jewelry. The size of the workshops varied 
greatly, and many specialized in carving one par- 
ticular stone or one particular item. Certain elabo- 
rate items that had previously been commissioned 
by the royal family, such as objects with long in- 
scriptions and huge ‘‘mountains” complete with 
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Figure 9. Known as Liu’s Jade, this deep apple-green nephrite (11 x 30 x 20 cm) was popular during the 
1920s and 1930s. This bowl was carved in a style that was common in the mid-Ch’ing Dynasty. 
Reproduced courtesy of the Lizzadro Museum of Lapidary Art. 


figurines, groves, and pavilions, were no longer 
being carved because there was no market for such 
ornate—and expensive—pieces. 

In 1948, Calvin Joiner reported on a special 
area of Beijing called Jade Street, located just out- 
side the Ch’ien gateway. Stretching for half a mile, 
it was lined with tiny shops that featured a fantas- 
tic variety of carvings. Behind the shops were carv- 
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ing workshops, many of which were occupied by 
descendants of the Moslems who had been brought 
to Beijing by Emperor Ch’ien Lung. According to 
Joiner, carvers were still using the traditional ma- 
chines and methods, but had instituted a 
production-line type of carving whereby the 
workmen and beginning apprentices did the heavy 
slicing, the more advanced apprentices did the 


GEMS & GEMOLOGY Spring 1986 = 31 


rough carving, and the final detail was accom- 
plished by the master carvers, who also completed 
the polishing. 


REVOLUTION 

The Communist Revolution that occurred in 
China during 1949-50 brought a great many eco- 
nomic reforms (Langer, 1972). Overall state plan- 
ning in industry, including gemstone carving, was 
instituted during this period. 

With time, however, factions developed 
within the government as many of the new leaders 
felt that China was leaning too far toward capital- 
ism. The antagonism came toa head in 1965, when 
China was shaken by the Great Proletarian Cul- 
tural Revolution. Three years later, the revolution 
was officially at an end, but its effects interrupted 
the country’s economic and industrial progress for 
several more years; China was essentially closed 
to all foreigners for almost 10 years. Gradually, 
under the leadership of Lin Piao (Mao’s successor], 
the giant country began to open its doors to the 
Western world. 


MODERN CHINESE 

GEM CARVING 

Within the last 10 years, the gemstone-carving 
industry in China has undergone several major 
changes (Markbreiter, 1985). Most notable is a 
marked increase in governmental participation 
and control. Virtually all major carving is now 
accomplished at government-owned factories, 
which also supply the carvers with all rough ma- 
terial. The new factories employ anywhere from 


Figure 10. Modern Chinese power-driven carving 
machinery now uses diamond-impregnated tips 
instead of the traditional powdered abrasives. 


20 to 10,000 people, and both men and women may 
learn the craft. The factories appear to be well 
lighted and ventilated, with rows of machines for 
the workers. The government is very interested in 
the success of this particular industry, and is offer- 
ing tax incentives and other benefits to encourage 
Taiwanese gemstone carvers to both carve and 
teach their craft on the mainland (Tucker, 1982). 

Perhaps one of the biggest changes in the in- 
dustry is the introduction of power-driven ma- 
chinery (figure 10). About a decade ago, the Chi- 
nese began to import modern electric tools from 
Europe. More recently, they have begun manufac- 
turing their own machinery and tools (Read, 1981, 
Markbreiter, 1985). Most of these machines are 
high-speed saws, and drills similar to those used by 
a dentist. Instead of the powdered abrasives used in 
the past, the carving tools are now impregnated 
with diamond dust or corundum. Water is supplied 
from thin rubber tubes installed above the ma- 
chinery. Diamond dust is also used in the polish- 
ing process, and produces a glossier finish than do 
the traditional abrasives. 

Power-driven tools have played a major role in 
changing the carving industry. Large, intricate 
pieces can now be completed in a fraction of the 
time that was needed only a few years ago. The 
period of apprenticeship has dropped to about four 
years, and may now require successful completion 
of examinations (Markbreiter, 1985). The new 
carvers are now being taught a mixture of old and 
new methods. Although they use the new, power- 
driven machinery, the traditional carving steps are 
still basically the same. As in the past, several 
people often work on a single piece. For example, 
an apprentice may do a rough preform from the 
design the master has drawn on the stone, but then 
“specialists” may be brought in to do various as- 
pects of the detail work. Faces and hands are par- 
ticularly difficult and may be assigned to one per- 
son with well-developed expertise in carving such 
delicate areas. Often, the master does the final 
detail work and finishes polishing the piece. 

Although the new machines and tools can pro- 
duce a greater quantity of delicate relief work in far 
less time, they do have drawbacks. The new 
diamond-impregnated saws waste from 2 to5 mm 
more of the material, an important consideration 
when carving gem-quality rough. In addition, the 
rapidly rotating saws and drills do not offer the 
instant control of foot-driven treadles, and costly 
mistakes can occur in a fraction of a second. Con- 
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Figure 11. This variety of contemporary carved items includes a jadeite statue, aquamarine and coral 
beads, a pink tourmaline snuff bottle, an ivory netsuke, orange and white agate cats, and a blue 
agate dragon. Courtesy of H. W. Lee Gallery; photo © Harold & Erica Van Pelt. 


sequently, treadle-powered tools continue to be 
used to finish the more delicate pieces. Today, 
however, relatively few of the “old masters” re- 
main in the trade, and students are increasingly 


Gemstone Carving in China 


reluctant to learn and use the time-consuming 
traditional carving methods. 

In general, neither the types nor the styles of 
the modern pieces (figure 11} have changed signifi- 
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cantly from their predecessors. However, some 
factories are diversifying. For example, in one large 
establishment in Canton, one division produces 
“largely unoriginal and highly commercial” work, 
while another division creates the larger, better- 
quality carvings (Markbreiter, 1985). 

Beads, pendants, and other items of jewelry are 
among the most common objects carved, although 
statues, vases, and other large items continue to be 
popular (figure 11}. In addition to nephrite from 
Xinjian Province and jadeite from Burma (the Chi- 
nese government is the single largest purchaser of 
jadeite}], the materials used most often include 
lapis lazuli from Afghanistan, rose quartz from 
Brazil and Africa, and ivory from Africa, as well as 
native turquoise, agate, fluorite, serpentine, 
soapstone and other “jade-like’ materials (fre- 
quently, in China, any opaque ornamental mate- 
rial is referred to as “jade”’}. On rare occasions, 
carvings are made from gem materials such as 
tourmaline, amethyst, and aquamarine, in most 
cases using imported material. Carved opal is also 
seen occasionally. 


MARKETING AND DISTRIBUTION 


The China National Arts and Crafts Corporation 
in Beijing presently controls the distribution of all 
finished carvings. Most pieces are sold locally to 
tourists through the Friendship Stores (where only 
foreigners can make purchases, using a special cur- 
rency required of foreigners and not allowed to 
Chinese citizens} and smaller state-owned ‘‘an- 
tique” or “jade” shops found in most of the major 
cities of China, or are exported, primarily to Japan 


and Hong Kong. Tens of thousands of carved pieces 
of jewelry and other items are now exported every 
year. 


CONCLUSION 


Despite the growing trend toward the use of 
power-driven machinery in carving, there are still 
a few masters who remain faithful to the tradi- 
tional treadle machines and tools. In 1963, Mr. T. 
C. Chang (again, see figure 4}, a Hong Kong gem 
carver and former head of the Beijing Jade Crafts- 
man Union, was commissioned to recreate from 
memory two vases that he had seen as a boy. When 
asked why he preferred to use the traditional foot 
treadle for this delicate project, he replied: 


“The old tools are best because they permit 
you to use your whole body, 

Feet to regulate the cutter, 

Ears to hear the stone as it is cut, 

Hands to hold it, 

Eyes and Heart to seek out and hold the design 
in the stone.’’”* 


Modern machinery has made the commercial 
Chinese gemstone carving industry roughly equal 
in quality to those in Hong Kong and Taiwan. 
Nevertheless, the larger fine pieces, comparable to 
those created during the 18th century, are still 
being created by a few, dedicated Chinese master 
craftsmen. 


“Lytle, 1982. 
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NEW TECHNIQUES 


A GEMOLOGICAL STUDY OF TURQUOISE IN CHINA 


By Wang Fuquan 


Gem-quality turquoise is currently being mined in 
Hubei Province, China. The material ranges in color 
from light blue to bluish green; it usually occurs as 
nodules 1 to 5 cm in diameter, although much larger 
pieces have been found. For the most part, the gemolog- 
ical properties of this Chinese turquoise are similar to 
those of material from other localities; one specimen 
was found to approach end-member turquoise in chem- 
ical composition. 


According to ancient literature, turquoise has 
been known in China for more than 3,000 years. In 
1977, more than 1,000 turquoise relics in the forms 
of cicadas, frogs, and other animals were unearthed 
from ruins dating to the Yin Dynasty (about 1300 
B.C.) in Anyang, Henan. More recently, a tur- 
quoise necklace dating from about 100-7 B.C. was 
unearthed at Lijiashan, Jiangcheng County, Yunnan 
Province. Today, significant quantities of gem- 
quality turquoise are being mined at Yunxian and 
Zhushan in Hubei Province (Wang Fuquan, 1979). 
This article reports on the gemological character- 
istics of turquoise currently being mined in Hubei. 


PHYSICAL AND OPTICAL 

PROPERTIES 

Chinese gem-quality turquoises are light sky blue, 
greenish blue, and bluish green in color (see figures 
1 and 2). Méssbauer and optical absorption spec- 
troscopy of a greenish blue sample revealed that it 
contains iron (Fe?*), which apparently plays an 
important role in affecting the color variability of 
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turquoise from blue to greenish blue. Mineralogist 
Zhang Huifen (1982) showed that the light sky 
blue color (see photo in Keller and Wang, 1986) 
depends mainly gn the presence of copper (Cu’*) 
and that, with increasing amounts of iron, the 
color shifts from sky blue to bluish green and then 
to green. In addition, absorbed water darkens the 
color (Webster, 1983, p. 242). 

Chinese gem turquoise is normally opaque but 
is translucent in thin section; it has spot refractive 
indices of 1.62—1.64, a waxy luster, a Mohs hard- 
ness of 4.6—5.5, a specific gravity of 2.696—2.698, 
weak greenish yellow fluorescence to both long- 
and short-wave ultraviolet radiation, and is tough 
and compact-massive, appearing as a scaly aggre- 
gate when observed in the SEM (figure 3). The 
optical absorption spectrum as seen with a hand 
spectroscope reveals a typical turquoise spectrum, 
with bands at about 432 and 460 nm. Color re- 
flectivity measurements of the greenish blue 
sample described above indicate a dominant wave- 
length of 490 nm. 


CHEMICAL COMPOSITION 
The ideal chemical composition of gem turquoise 
is CuAl,{PO,),{OH)}, ° 4-5(H,O). Chemical analy- 
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Figure 1, This 5.5-cm-long section of a turquoise 
nodule illustrates the almost solid blue color 
that can be seen in some of the finer specimens 
from Hubei Province. 


sis of a sample of Chinese turquoise revealed that 
the specimen belongs to the turquoise- 
chalcosiderite isomorphous series and approaches 
end-member turquoise in composition, with trace 
amounts of zinc, calcium, fluorine, and ferric iron 
present. The CuO content of the sample analyzed 
is slightly lower than that of the theoretical value, 
but the Al,O, and P,O, contents approach the the- 
oretical values for end-member turquoise more 
closely than do those of turquoise from any other 
famous locality (see, for example, Cid-Dresdner 
and Villarroel, 1972). 


CHINESE TURQUOISE AS 

A GEM MATERIAL 

Gem-quality Chinese turquoise is relatively pure 
and tough, with a fine and smooth appearance like 
jade, simple and elegant in color, and glittering like 
porcelain when polished. 

In China, turquoise with a Mohs hardness 
above 5 is known as “porcelain turquoise,” of 
which those specimens with a brilliant, unadul- 
terated sky blue color are considered highest in 
quality. Less desirable is the turquoise with a 
hardness below 4.5 and those specimens that have 
been faded by weathering. Turquoise that is reticu- 
lated with fine-veined limonite (ferrian lines} is 
referred to by jewelers as “spiderweb turquoise’, 
specimens with clean, sharp lines are considered 
the finest quality. 

The finest Chinese turquoise is comparable in 
quality to that from Iran, the Soviet Union, and the 
southwestern United States. It can be used in jew- 
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Figure 2. This snuff bottle (3.5 x 9.3 cm) has been 
carved from reticulated Chinese turquoise. Note 

the difference in color of the material used for the 
top as compared to that used for the body. 


Figure 3, Chinese turquoise appears as a scaly 
aggregate when viewed with the scanning elec- 
tron microscope. 
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elry that will sell at moderate or even high prices, 
and is one of the traditional materials used for 
handicrafts such as beads, vases, incense burners, 
and figurines. Among the exhibits in the Geo- 
logical Museum of China is a fine turquoise vase 
carved with nine lions and weighing 3 kg (figure 4) 
that is an exceptional example of such carving. 


GEOLOGY AND OCCURRENCE 

In China, gem-quality turquoise is generally found 
in silicified limestones, primarily in tension frac- 
ture zones or in the axial part of folds. The tur- 
quoise is usually nodular in appearance (again, see 
figure 1) with various structures that include oolit- 
ic, pisolitic, botryoidal, or brecciated. Asa rule, the 
nodules range from 1 to 5 cm in diameter. Vein 
deposits may be single or multiple in the fracture 
zones; they are usually less than 1 cm in width and 
more than 1 m in length. Common associated 
minerals include quartz, halloysite, allophane, 
limonite, sericite, variscite, pyrite, and jarosite. 
The boundaries of the deposits are well defined, 
with no trace of hydrothermal alteration having 


Notes and New Techniques 


» 


Figure 4. This 3-kg vase (24 cm high}, 
intricately carved with nine lions, is a 
particularly fine example of Chinese 
turquoise. Courtesy of the Geological 
Museum, Beijing. 


been observed, which indicates that the ores repre- 
sent leaching deposits produced by weathering. 


SUMMARY AND CONCLUSIONS 

Significant quantities of gem-quality turquoise are 
currently being mined in Hubei Province, China. 
This material ranges in color from light blue to 
bluish green. The finest specimens are evenly col- 
ored “sky blue” nodules, and rival the finest 
turquoise from other, more famous localities. 
Chinese turquoise is currently used in jewelry and 
carvings, including beads and statuettes. 
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THE GEMOLOGICAL CHARACTERISTICS 


OF CHINESE PERIDOT 
By John I. Koivula and C. W. Fryer 


Significant deposits of gem-quality peridot have been 
found in the People’s Republic of China. This Chinese 
peridot has geologic origins and gemological properties 
almost identical to the peridot found on the San Carlos 
Apache Reservation In Arizona, and cannot be distin- 
guished gemologically, at this time, from peridots from 
other known localities. 


In 1979, geologists from the Ministry of Geology 
and Mineral Resources discovered gemologically 
important peridot deposits in the Zhangjikou- 
Xuanhua area of Hebei Province, about 150 km 
northwest of Beijing (Peking], in the People’s Re- 
public of China. The peridot is found as gemmy 
nodules in extrusive vesicular alkali basalt lava 
flows (Keller and Wang, 1986]. Like the peridot 


Figure 1. Two of the rough peridot nodules from 
China that were used in this study. The larger 
measures 20.6 x 13.7 x 10.1 mm and weighs 
23.71 ct. Photo © Tino Hammid. 
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found in San Carlos, Arizona, which also occurs in 
basalt (Koivula, 1981}, no well-formed single crys- 
tals of rough peridot have been found in the Chi- 
nese deposits. Gem-quality peridot nodules and 
fragments 2. cm in diameter and up to 25 ct in 
weight were examined by the authors (figure 1}. 
Excellent gems (figure 2) can be cut from this 
rough. 


GEMOLOGICAL PROPERTIES 


Of a total of six rough nodules, three were selected 
for faceting so that they could be tested gemologi- 
cally along with two other previously faceted 
stones. The faceted gems ranged in weight from 
0.70 to 10.51 ct. A triangular mixed-cut 2.87-ct 
stone (figure 2) had the best clarity. The samples 
examined ranged in color from a light yellow-green 


Figure 2. These three faceted peridots from China 
weigh 2.87, 3.86, and 10.51 ct, respectively. 
Stones faceted by William C. Kerr. 

Photo © Tino Hammid. 
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NOTE FROM THE CUTTER 


The Chinese peridot shows great promise as a 
gemstone. Unlike peridot from Arizona, the 
Chinese material exhibits no directional 
hardness variations during either cutting or 
polishing. Both processes took slightly longer 
than is typical for peridot, which suggests a 
slightly higher hardness. Transparency is ex- 
cellent, and material free of all but the smal- 
lest inclusions could produce fine gems in the 
larger sizes. 


William C. Kerr, G.G. 


to a darker, richer yellow-green. Using a GIA-GEM 
ColorMaster on the darker stones, we determined 
a color equivalent reading of A-25/61/00. 

Refractive index readings on the five faceted 
gems were identical: biaxial positive with indices 
of a = 1.653, 8 = 1.670, and y = 1.689. The corre- 
sponding birefringence was 0.036. 

The’ visible-light absorption spectra of the 
Chinese peridots were studied using a Beck prism 
spectroscope. All of the stones showed the same 
pattern, typical for peridot: A band between 493.0 
and 481.0 nm had its strongest absorption at 492.0 
nm; the strongest single absorption line was visi- 
ble at approximately 471.0 nm; another broad 
band, situated in the blue, covered the spectrum 
from 460.0 to 450.0 and was strongest at 453.0 nm. 

Using a Voland double-pan balance, we de- 
termined the specific gravity hydrostatically to be 
3.36. The Chinese gems are inert to both long- 
wave and short-wave ultraviolet radiation. 

Using standard hardness points, we deter- 
mined hardness to be between 6% and 7 on the 
Mohs scale, although observations about the 
hardness of these peridots made during faceting 
(see box) suggest that this material might be 
slightly harder than the 6% normally attributed in 
gemological texts to peridot. It may be very near 7, 
the hardness assigned to forsterite, the mag- 
nesium-rich end member of the olivine series. 


INCLUSIONS 


The inclusions in this new material are typical of 
peridot formed in an alkali basalt. All of the inclu- 
sions observed in the Chinese peridots studied 


Notes and New Techniques 


have also been noted in peridot from Arizona 
(Koivula, 1981). For example, in figure 3, the black 
opaque grain surrounded by a tension halo is a 
crystal of chromite, the transparent brown crystals 
are probably biotite mica, and a circular cleavage 
disc {lily pad’’) is also visible edge-on. Partially 
healed secondary fractures, as shown in figure 4, 
were observed in all of the Chinese stones. In fig- 
ure 5, a partially healed cleavage is pictured. The 
iridescent portion shows few signs of repair. The 
round white dot is the negative crystal that rup- 
tured, producing the original separation. A dark 
”emerald-green” chrome diopside crystal (figure 6) 
was observed in only one of the Chinese peridots. 
Growth undulations were observed through the 
table of the triangular mixed cut. These growth 
undulations are the result of incomplete solid so- 
lution and visibly strained dislocations in the 


Figure 3. This photo shows characteristic peridot 
inclusions of black chromite, brown biotite, and 
a “lily pad” cleavage as observed in a Chinese 
peridot. Dark-field and oblique illumination, 
magnified 25 x, 
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Figure 4. A delicately veined, partially healed 
secondary fracture is visible in this Chinese 
peridot. Dark-field and oblique illumination, 
magnified 45 x. 


: - _» aire 
Figure 6. A dark green chrome diopside crystal is 
surrounded by dark tension cracks in a Chinese 
peridot. Diffused transmitted and oblique illu- 
mination, magnified 40x. 


peridot (Koivula, 1981). With dark-field illumina- 
tion they usually appear as smoke-like veils (fig- 
ure 7), 


CONCLUSION 


Because of the limited sample of stones available 
for study, only a narrow range could be determined 
for the gemological properties of the Chinese ma- 
terial, although a wider range of properties is 
known to exist for other peridot from similar geo- 
logic environments (Koivula, 1981}. However, the 
Chinese peridots examined show gemological 
characteristics similar to and within the range 
noted for peridot from any other known locality. 
Thus, on the basis of the samples examined, we do 
not feel that the Chinese stones can be separated 
from peridots from other localities by means of 
their gemological properties. 
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Figure 5. This partially healed cleavage shows 
brightly colored iridescent thin-film areas where 
no repair has occurred. The white circle is the 
negative crystal that ruptured and produced the 
original separation. Oblique illumination, mag- 
nified 50x, 


Figure 7. The growth undulations in a Chinese 
peridot appear as delicate wispy, smoke-like 
veils when observed in dark-field illumination. 
Magnified 50 x. 


The Chinese government and specifically the 
Chinese Gem and Mineral Development Com- 
pany, headquartered in Beijing, are now actively 
mining and cutting the peridot for commercial 
purposes (Keller and Fuquan, 1986). Therefore, it 
should not be surprising if significant amounts of 
Chinese peridot begin to appear on the world gem 
market in the near future. 
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THE SAPPHIRES OF MINGXI, FUJIAN PROVINCE, CHINA 


By Alice S. Keller and Peter C. Keller 


Blue sapphires are currently being mined on an ex- 
ploratory basis from alluvial deposits at the Lindi 
mine, near the town of Mingxi in Fujian Province. The 
geology and occurrence of the sapphires appears to be 
similar to that of the gem corundum from Australia, 
Thailand, and Kampuchea (Cambodia). For the most 
part, the rough sapphires are greenish blue to dark blue 
in color and average approximately 2 ct; their gemolog- 
ical properties are also similar to those of sapphires 
from comparable geologic environments. 


One of the greatest potential gem resources in 
China today is sapphire. Currently, there are two 
major areas producing gem-quality material: 
Hainan Island and Fujian Province. Because 
weather conditions on Hainan Island are so severe, 
these deposits have been largely inaccessible to 
Westerners for study. Recently, however, the Bu- 
reau of Geology and Mineral Resources of the 
People’s Republic of China opened their operation 
at the Lindi mine, near the city of Mingxi in Fujian 
Province, to the authors. Although the current op- 
eration is solely for purposes of research and explo- 
ration, local officials hope to develop an economic 
facility and to begin marketing and distribution in 
the near future. 

It is interesting to note that although large, 
crudely cut sapphires {as well as rubies and cat’s- 
eye chrysoberyls} can be seen in the imperial rega- 
lia of the Ming (14th—17th centuries} and later 
dynasties, virtually all of these stones appear to 
have been obtained from Sri Lanka. There is little 
evidence of the use of native Chinese sapphires in 
historical pieces in China (Dr. Hu Chengzhi, pers. 
comm., 1985). 

Sapphires were first discovered near the town 
of Mingxi in 1980, during the course of exploration 
for diamonds in the area. Since 1980, exploratory 
mining for sapphires has yielded 5,000— 7,000 ct of 
largely blue rough from river gravels near the 
town. The geologic setting from which the sap- 
phires have been recovered is similar to that of 
many alluvial corundum deposits elsewhere in the 
world: Kampuchea (Jobbins and Berrangé, 1981), 
Thailand (Keller, 1982), and Australia (Coldham, 
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1985). Most of the blue sapphires found to date are 
similar in appearance to the very dark stones (fig- 
ure 1} commonly associated with the Australian 
deposits (Coldham, 1985). 

The current review of the Mingxi sapphire 
fields and the gemstones found there is based on 
the authors’ October 1985 visit to Mingxi. 


LOCATION AND ACCESS 


The Lindi mine is located 10 km northwest of the 
town of Mingxi in Fujian Province (see map in 
figure 1, Keller and Wang, 1986}. The most direct 
access requires a seven-hour train ride from 
Fuzhou, the capital of Fujian, approximately 170 
air kilometers northeast to the town of Sanming, 
and then approximately two hours by field vehicle 
over 80 km of winding, but mostly paved, moun- 
tain road to Mingxi. On their visit, the authors 
encountered several places where rock slides from 
a recent rain had blocked part of the road; access 
could be greatly impeded during heavy rains. 

The town of Mingxi, although quite a distance 
from other population centers, has more than 
50,000 inhabitants. The climate in this area of 
China is largely tropical, and rice paddies represent 
the dominant agriculture. Water buffalo are still 
seen pulling the ploughs as they have for centuries, 
although modern tractors are now far more com- 
mon on the contryside. 

All mining is controlled by the national Bu- 
reau of Geology and Mineral Resources; the head- 
quarters of the Fujian branch of the bureau is in 
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Figure 1. This 9.5-ct sapphire crystal was found at 
the Lindi mine, near the town of Mingxi, in Fujian 
Province. Photo © Tino Hammid. 


Fuzhou. Access to the sapphire mine is by gov- 
ernment invitation only, since it is not open to the 
general public. 


GEOLOGY AND OCCURRENCE 


Detailed geologic field mapping has only recently 
been initiated in the Mingxi area, and what infor- 
mation is available is a result of a widespread 
stream-gravel sampling project undertaken by ge- 
ologists from the Fujian Bureau of Geology and 
Mineral Resources. Understanding the geology of 
the area is further complicated by the fact that the 
region’s subtropical climate has led to deep chemi- 
cal weathering and massive erosion. Rock out- 
crops of any type are very rare, and the sapphires 
are limited to alluvial stream gravels. 

In the Mingxi area, sapphires have been de- 
tected over a distance of 50 km in Ginxi Stream, a 
tributary of the Minh River. Alkali basalt flows 
with mantle xenoliths (foreign rock fragments) 
have been mapped locally by Chinese geologists. 
They reported that some small crystals of sapphire 


42 Notes and New Techniques 


have been found in these basalts. The authors were 
taken to a small, heavily weathered outcrop of 
what appeared to be an alkali basalt containing 
large weathered nodules, typical of mantle mate- 
rial. Furthermore, a detailed examination of the 
stream gravels revealed abundant black spinel, 
pyroxene, enstatite, and roughly equal amounts of 
pyrope garnet, zircon, and olivine (peridot) as 
detrital minerals along with the corundum. 

Preliminary investigations into the geology of 
the area suggest that this sapphire occurrence may 
be very similar to the sapphire occurrences in the 
New England district of New South Wales, Aus- 
tralia (Coldham, 1985} and the ruby occurrences in 
Chanthaburi-Trat, Thailand (Keller, 1982) and 
Pailin, Kampuchea (Jobbins and Berrangé, 1981). 
These areas are also deeply weathered and the co- 
rundum is either alluvial or eluvial. In all in- 
stances, there appears to be an association between 
the presence of alkali basalt flows and the distri- 
bution of corundum. Furthermore, the minerals 
associated with the corundum in the alluvium are 
consistent with those found in an alkali basalt, 
particularly the type of alkali basalt that contains 
mantle xenoliths. 


MINING AND PROCESSING 

Mining. At the current time, mining is restricted 
to the Ginxi streambed itself. During the authors’ 
visit, approximately 10 miners were working the 
deposit (figure 2), with active mining in only one 
small area of the stream. To retrieve the gem ma- 
terials, the miners dam up various parts of the 
stream, thus shutting off the flow of water, and 
then shovel gravel from the drained stream bottom 
onto the adjacent bank (figure 3). 

The gravel is trucked to a processing plant 5 
km southeast of the mining area, halfway between 
the deposit and the town of Mingxi. In this fashion, 
the miners remove approximately 7—8 cubic me- 
ters of gravel per day. 


Processing. To retrieve and sort the gem rough, the 
mine operators use a five-step recovery process: 

First, the gem gravel is placed in a pulsator and 
washed. The larger pieces are removed by hand, 
while the smaller gravels are passed through a 
mesh 2.5 cm (1 in.) in diameter (figure 4). 

Next, these smaller pieces are sent through a 
second pulsator, where they are sorted into five 
different groups via four different meshes: less 
than 1 mm, 1-2 mm, 2-4 mm, 4—8 mm, and 8- 16 
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Figure 2. Several miners 
leave the small area of Ginxi 
Stream that they have been 
working for sapphire. 


¥ 


Figure 3. Various sections of this small portion of Ginxi Stream have been dammed up so that the miners 
can retrieve the gem gravel from the drained stream bottom. 
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mm. A final machine sort uses gravity to remove 
the lighter rock particles so that only the gem 
concentrate—approximately one-third garnet, 
one-third zircon, and one-third sapphire—remains 
(figure 5). 

In the fourth step, the gem concentrate is 
taken to the local office of the Bureau of Geology 
and Mineral Resources. Here the gem crystals are 
sorted out ona glass table top that is lit from below 
so that the gem materials can be more readily 
identified by virtue of their translucency (figure 6). 
Lastly, the gems are sorted according to color and 
gem quality. 

Since 1980, this small operation has produced 
5,000—7,000 ct of predominantly blue sapphire, 
approximately one-third of which is gem quality. 
Equal amounts of dark red garnet and colorless 
zircon have also been found, but the Chinese have 


Figure 4. In the first of a five-step recovery process, 
the smaller gravels are passed through a 2.5-cm 
mesh; the larger material that remains on top is 
removed by hand. 
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not yet investigated the commercial potential of 
these two materials. 


DESCRIPTION OF THE MATERIAL 


Color. The sapphires from Mingxi occur in 
yellow-green, green, greenish blue, and blue. No 
ruby has yet been found at this deposit. The blue 
stones typically are very dark; some are heavily 
included with rutile silk. 

The rough sapphire averages 2 ct per piece. The 
largest nongem sapphire crystal found to date at 
the deposit is 89.5 ct (15 x 30 mm}. Gem-quality 
sapphires as large as 9.5 ct have been reported 
(again, see figure 1). The largest faceted stone pro- 
duced thus far is 2.1 ct. It should be emphasized, 
however, that since the deposit was first dis- 
covered in 1980, only a small segment of the 
known gem-producing region has been examined. 
Therefore, these stones represent a very small 
sample of the potential gem product in this area. 


Gemological Properties. The authors were able to 
obtain only one gem-quality sample of greenish 
blue sapphire from the Lindi mine (figure 1). Tests 
on this crystal revealed gemological properties 
very similar to gem corundum found in Australia, 
Thailand, and Kampuchea: refractive index 1.762- 
1.770, specific gravity (by the hydrostatic method} 
4.01, inert to long-wave and short-wave ultraviolet 
radiation. 


HEAT TREATMENT 

Since early summer, 1985, geological engineers in 
the Bureau of Geology and Mineral Resources in 
Mingxi have been experimenting with heating the 
sapphires. For this procedure, they have been using 
a Choy industrial oven (an electric oven manufac- 
tured in Shanghai}. As of October 1985, they had 
processed several hundred carats at temperatures 
up to 1600°C (the upper limit of the oven is 
1800°C) in an oxidizing environment for a maxi- 
mum of 10 hours. The rough crystals are placed in 
the oven as loose gems. Crucibles are not used; nor 
are the gems coated with any chemicals. 

Thus far, the Chinese geologists with whom 
the authors spoke do not feel that the results are 
conclusive. The sample stones (a group of eight 
different types—i.e., different colors and 
intensities of color—with each treated sample ac- 
companied by an untreated control sample} ob- 
served by the authors indicated little if any light- 
ening of the dark blue stones. Those stones with 
significant amounts of oriented rutile show po- 
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Figure 5. A preliminary sort of a random 
concentration of gem gravels produced equal 
amounts of blue and blue-green sapphire, garnet, 
and zircon, in agreement with production 
information provided by local geologists. 


tential to produce asterism with heat treatment 
{see Nassau, 1981, 1984]. Tests are currently being 
conducted at the California Institute of Technol- 
ogy to treat a dark greenish blue gem-quality sam- 
ple of blue sapphire from the Lindi mine in a high- 
temperature reducing environment (as is com- 
monly used on Australian sapphires, per Coldham, 
1985} to see if any improvement in color can be 
achieved. The results will be reported in a future 
issue of Gems e&) Gemology. 


DISTRIBUTION AND FUTURE POTENTIAL 


As mentioned above, the current operation at the 
Lindi mine is for research and exploration only. 
However, the bureau does hope to establish an 
economic operation, including treatment and 
faceting, in the near future. 

While the yield of sapphire to date is too small 
to justify a major marketing effort, the authors feel 
that a full-scale mining effort along the entire dis- 
tance (50 km) of the stream that has been found to 
produce sapphire should increase the production 


Notes and New Techniques 


Figure 6. A glass table top lit from below is used to sort 
the gem crystals from the rest of the concentrate. 


significantly. More efficient mining methods, 
such as a mechanical dredging operation for the 
streambed and the use of a high-power water can- 
non to break up the alluvial material along the 
banks, are currently under consideration and 
should also help to improve the yield. The future 
prospects for sapphire production in this area ap- 
pear to be quite good. 
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ALEXANDRITE, 
with Unusual Silky Zones 


Natural alexandrites frequently ex- 
hibit fine silk-like inclusions when a 
narrow beam of light strikes them. 
Figure 1 illustrates unusually coarse 
silk in a 2.10-ct natural alexandrite. 
Scattered along the silky zones are 
oval iridescent discs with an appear- 
ance unlike any we have ever before 
encountered. Although most of the 
alexandrites we have seen show a 
feeble color change, or only somber 
colors, this specimen showed a 
near-textbook change from green to 
red. RC 


CALCITE Marble Beads 


During the past several months, the 
Los Angeles laboratory has received 


Figure 2. These 9-mm yellowish white beads 
were determined to be calcite marble. 
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Figure 1. Unusual oval discs 
along coarse needles in a 
natural alexandrite. 
Magnified 30x. 


for identification several strands of 
round drilled beads that range in 
color from a yellowish white (fig- 
ure 2) to a deeper brownish yellow 
(figure 3}. Indistinct refractive indi- 


ces of 1.48 and 1.66, with the high 
birefringence that is indicative of a 
carbonate, were obtained by the spot 
method. Microscopic examination 
showed a granular structure. The 
beads also exhibited a very weak or- 
ange fluorescence when exposed to 
long- and short-wave ultraviolet ra- 
diation. The specific gravity was es- 
timated with heavy liquids to be ap- 
proximately 2.65, which ruled out 
the possibility of magnesite (3.0—3.1] 
or even dolomite {2.85}, both carbon- 
ates that can also occur in massive 
forms. Therefore, the beads were 
identified as calcite marble. 

During this same period, the 
laboratory also examined several 
opaque white beads and cabochons of 
magnesite that might be confused 
with calcite marble. Magnesite, 
however, can be distinguished from 
calcite on the basis of its higher R.I. 


Figure 3. These 9-mm brownish yellow beads 


were also identified as calcite marble. 
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as well as higher specific gravity, and 
by its inert reaction to a drop of a 
room-temperature 10% HCl solu- 
tion (calcite will effervesce}. Care 
must be taken when testing with the 
HC] solution: Because this is a de- 
structive test, it should only be per- 
formed under magnification, with a 
very small drop of the solution ap- 
plied to an inconspicuous area of the 
material, such as in a drill hole. Also, 
magnesite will effervesce if the so- 
lution is warm, RK 


Golden Yellow DANBURITE 
from Sri Lanka 


The Los Angeles laboratory was 
asked to identify two yellow stones 
(weighing approximately llct and 4 
ct) that appeared to have been cut 
from the same piece of rough. Both 
showed the same high luster and 
golden yellow color, and resembled 
very fine yellow sapphire (figure 4). 
Testing, however, proved that the 
stones were not corundum, but 


Figure 4. This beautiful yellow 
danburite (approximately 11 ct) 
reportedly was mined in Sri 
Lanka. 
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Figure 5. The 585-nm linein this 
absorption spectrum indicates 

the rare-earth elements present 
in yellow danburite. 
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Figure 6. An alphabet cut by laser from diamonds. Each letter 
measures approximately 6.5 x 4.5 x 2,0 mm. 


rather were a much rarer gem min- 
eral. The refractive indices were de- 
termined on a Duplex II refrac- 
tometer to be 1.630 and 1.638. Using 
a glass ball with crossed polaroids in 
the polariscope, we resolved a biaxial 
optic figure. The specific gravity was 
estimated with the use of heavy 
liquids to be approximately 3.00. 
There was no reaction to ultraviolet 
radiation. When examined with a 
hand spectroscope, both stones 
showed a very faint, though distinct, 
absorption line at 585 nm (figure 5], 
which is probably evidence of a rare- 
earth absorption spectrum. On the 
basis of these properties, we identi- 
fied the stones as danburite, a cal- 
cium borosilicate. Our client in- 
formed us that both stones had 
indeed been cut from the same piece 
of rough, which had been mined in 
Sri Lanka. We believe that this is the 
first report of gem-quality danburite 
from this locality. KH 


DIAMOND Alphabet 


Since the advent of lasers in diamond 
cutting, we have seen diamonds cut 
into shapes that were previously 
impossible—such as horse heads, 
four-leaf clovers, Christmas trees, 
and even a wedding band. Figure 6 
shows yet another unusual item: a 
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complete alphabet carved out of di- 
amonds. Each letter is approximately 
6.5 x 4.5 x 2.0 mm. RC 


¥ 


EKANITE, A Markedly Radioactive 
Metamict Gemstone 


In 1953, a translucent green stone 
was found in a gem gravel pit in Sri 
Lanka by F, L. D. Ekanayake. It was 
subsequently identified as a new 
mineral, and later given the name 
ekanite. Since then, we have exam- 
ined a few of these rare gemstones, 
the largest of which was a 41.7-ct 
square emerald cut (see Gems & 
Gemology, Summer 1962, p. 317, 
and Summer 1977, p. 295}. During 
the past year, the Los Angeles labora- 
tory has had the opportunity to 
identify three faceted ekanites (fig- 
ures 7 and 8}, each submitted by a 
different client. These rare gem- 
stones ranged from 0.75 to 3.59 ct. 
The largest stone (figure 8) in this 
group was reportedly cut from an 
80-ct piece of rough that yielded four 


Editor's Note: The initials at the end of each 
item identify the contributing editor who 
provided thal item. 
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Figure 7. These 1.27-ct (left) and 0.75-ct (right) ekanites are reportedly 


from Sri Lanka. Note the haziness of these metamict gemstones. 


Figure 8. This 3.59-ct ekanite, 
also said to have come from 
Sri Lanka, is unusually 

clean. 


faceted stones ranging from 3.59 to 
18,29 ct. 

Ekanite [chemical formula (Th, 
U} (Ca, Fe, Pb), Sig Og] in a metamict 
form has only been reported from Sri 
Lanka. The term metamict is used to 
describe minerals that have become 
amorphous, or nearly so, as a result of 
atomic rearrangement (breakdown) 
caused by radioactive constituents 
(such as the thorium and uranium in 
ekanite}. Extremely small samples of 
a yellow crystalline (that is, non- 
metamict} variety of ekanite have 
been recovered from a glacial sy- 
enitic boulder found in the Tomb- 
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Figure 9. Note the radioactivity 
of the 3.59-ct ekanite as 
indicated by a Geiger counter. 


stone Mountains of the Yukon Terri- 
tory in Canada. 

The faceted metamict ekanites 
that we recently examined were light 
yellowish green, dark yellowish 
green, and dark greenish, yellowish 
brown in color. The refractive index 
was 1.593 for one of the ekanites, and 
1.595 for the other two. All three 
stones were hazy as a result of inclu- 
sions and optical irregularities typi- 
cal of metamict gemstones, such as 
are often observed in metamict green 
zircons, although this haziness was 
much more pronounced in the stones 
shown in figure 7. Specific-gravity 
values were estimated with heavy 
liquids to be approximately 3.30. The 
stones were inert to short- and 
long-wave ultraviolet radiation, ex- 


cept for several small orange spots on 
the large oval stone that were ob- 
served when it was exposed to 
long-wave U.V. With a hand-held 
spectroscope, a band at approxi- 
mately 665.1 nm and a weaker one 
near 637.5 nm were observed in each 
of the three stones. 

The relatively high content of 
the radioactive element thorium and 
lesser concentration of uranium 
causes ekanite to be strongly radio- 
active, which can be readily detected 
when the stone is tested with a Gei- 
ger counter (figure 9). Dramatic proof 
of radioactivity was also provided 
when one of the stones was placed on 
unexposed X-ray film for two days. 
The radiation from the stone was so 
strong that it exposed the film, in the 
same fashion as most radium-treated 
green diamonds will do. RK 


EMERALD, with Iridescent Coating 


Aring set with an approximately 2-ct 
transparent green rectangular step- 
cut stone, recently examined in the 
Los Angeles laboratory, revealed 
numerous inclusions that are typical 
of emeralds from Zambia. The ab- 
sorption spectrum observed was also 
typical of emerald. Interestingly, 
though, when this stone was tested 
with a refractometer in conjunction 
with a monochromatic light source 
equivalent to sodium vapor, a read- 
ing of only 1.48 was obtained. This 
suggests that the emerald was tar- 
nished, or coated with a substance 
that was causing the very low refrac- 
tive index reading. Microscopic ex- 
amination with reflected light 
showed an iridescent coating (figure 
10) similar in appearance to what we 
have seen previously on aquamarine, 
natural emerald, and occasionally on 
some synthetic emerald (see Gems w 
Gemology, Spring 1984, p. 45). 
Using an ordinary ink eraser, we 
removed a small portion of the coat- 
ing on one edge of the table (again, 
see figure 10]. We then took another 
refractive index reading on this area, 
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Figure 10. A refractive index of 
1.48 was obtained on the coated 
area of this emerald, and indices 
of 1.579 and 1.588 were found 
on the cleaned area. Reflected 
light, magnified 50x, 


which revealed indices of 1.579 and 
1.588. These values are typical of 
Zambian emeralds. This is the first 
time that we have observed that an 
iridescent coating or “tarnish” on 
beryl has noticeably affected the re- 
fractive index readings. RK 
¥ lea 


GLASS Microbilles from Arizona 


An Arizona gemologist found some 
unusual material while prospecting 
an alluvial deposit in a canyon near 
Nogales, Arizona. The material was 
collected by sweeping dust from the 
pockets and seams in the bedrock 
with a small paintbrush onto a plas- 
tic card pressed to fit the contour of 
the rock. A large number of tiny 
(0.3—0.5 mm) glass-like spheres (fig- 
ure 11) were separated from the dust 
under magnification and subse- 
quently sent to the Los Angeles labo- 
ratory for identification. Examina- 
tion with a polarizing microscope 
revealed them to be strained glass. 
Most were spherical, although a few 
were slightly oval. A couple had 
small protruberances, so that they 
resembled a dumbbell. 

These tiny glass spheres were 
identified as microbilles. They have 
also been found in South Africa and 
Western Australia, as well as in lunar 
soil samples (Science News, Febru- 
ary 1, 1986]. There are several theo- 
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ries regarding their formation. One 
states that they were originally 
formed during volcanic eruption. 
They are also known to occur in fly 
ash, a product of combustion. An- 
other theory is that they are debris 
from meteorite impacts. Although it 
is not certain how the microbilles 
from Arizona were formed, it is pos- 
sible that they may be related to the 
large meteor crater near Winslow. 

John I. Koivula 


Figure 11. These microbilles, or 
glass microspheres, were found 
in Arizona. Note that some are 
stained and others occur in 
color. Magnified 20x. 


HORNBLENDE AMPHIBOLE, 
Magnesian Hastingsite (7) 


The translucent variegated green 
hololith ring illustrated in figure 12 
was submitted to the Los Angeles 
laboratory for identification. When 
the material was examined with the 
unaided eye, the very uneven polish 
and dull waxy luster suggested that it 
had a very low hardness. Because of 
the poor polish, no definite refractive 
index reading could be obtained. The 
specific gravity was estimated with 
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Figure 12. This ring is an 
amphibole, probably 
magnesian hastingsite in the 
hornblende series. 


heavy liquids to be in the area of 
2.90—2.95. Using a hand-held spec- 
troscope, we observed no distinct 
lines or bands. The ring was inert to 
both long- and short-wave ultravio- 
let radiation. Using hardness points 
on an inconspicuous spot inside the 
ring, we estimated the hardness to be 
approximately 3-3% on the Mohs 
scale. 

Further testing was deemed nec- 
essary, $0 a minute amount of pow- 
der was scraped from inside the ring 
for X-ray diffraction analysis. The re- 
sults indicated that the material was 
an amphibole that was neither trem- 
olite nor actinolite; thus, the possi- 
bility of nephrite jade was ruled out. 
The X-ray diffraction pattern came 
closest to the magnesian hastingsite 
pattern in the hornblende series. 
Chemical analysis would be needed 
for a more precise identification. RK 


LAPIS LAZULI IMITATION, 
Dyed Blue Quartzite 


A few months ago, the Los Angeles 
laboratory examined a broken por- 
tion of a dyed blue quartzite bead 
(approximately 8 mm in diameter) 
that had been represented ag lapis 
lazuli (figure 13). However, as shown 
in figure 14, the material is actually 
white with a blue dye penetration of 
approximately 1.5 mm. The gem- 
ological properties of this imitation, 
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Figure 13. This quartzite 

bead (which measures 
approximately 8 mm) was dyed 
to imitate lapis lazuli. 


Figure 14. This broken portion 
of the imitation lapis lazuli 

bead in figure 13 shows the dye 
penetration into the quartzite. 


TABLE 1. Gemological properties of dyed blue quartzite and natural-color lapis 


lazuli. 

Property Dyed blue quartzite® 

Transparency Translucent to semi- 
translucent 

Color Medium blue to violetish 


blue; coloration often even 


Refractive index 1.53 or 1.54 


Magnification Dye concentrations in 


surface cavities and in 


fine intertwined network 


of small thin fractures 


Fluorescence Inert to LW and SW 


Fracture Dull to waxy, conchoidal; 
may appear granular to 
uneven under high 
magnification 

Acetone No reaction 

10% HCl acid No reaction 

solution 


@Results listed are based on one sample. 
Spot refractive index readings. 


Lapis lazuli 


Semitranslucent to opaque; shallow 
transparency (0.5 mm) 


Light to dark blue; even coloration to 
mottled with white calcite and yellow 
metallic pyrite 


1.50; may show 1.67 R.I. due to 
calcite or diopside inclusions, or 
both 1.50 and 1.67, or an Ri. 
between 1.50 and 1,67 


Nearly opaque white to transparent 
colorless calcite and “yellowish” 
metallic pyrite often present, 

pyrite has convolution outlines and is 
usually unevenly distributed; dark 
blue outline commonly seen 
around pyrite; may see dye 
concentrations if the materia 
has been dyed 


Usually fluoresces moderate to strong 
chalky yellow, yellowish white to 
yellowish green (SW); calcite 
inclusions may fluoresce moderate 
to strong chalky white or chalky 
orange (LW) 

Dull, granular to uneven 


No reaction unless dyed 


Produces rotten egg odor; if 
calcite is present, may effervesce 


especially the higher refractive in- 
dex, easily distinguish it from lapis 
lazuli (see table 1). With magnifica- 
tion, the dye concentrations are vis- 
ible (figure 15). RK 
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Oolitic OPAL with Chalcedony 
Matrix 

Recently submitted to the Los An- 
geles laboratory was a 62.56-ct trans- 
lucent to opaque, variegated white- 


Figure 15, With 25x magnifica- 
tion, dye concentrations can 
be seen in the pits and 
fractures of the quartzite 
imitation of lapis lazuli, 


and-brown free-form polished slab 
with many areas that displayed a 
play of color; tiny dark brown circu- 
lar spots confined to the areas dis- 
playing play of color were faintly dis- 
cernible to the unaided eye (figure 
16}. In other areas, the variegated 
white-and-brown material occa- 
sionally exhibited a faint, agate-like 
banding. There was also a cavity 
lined with small, well-formed color- 
less quartz crystals. Examination 
with a microscope and oblique light- 
ing confirmed that the small circular 
inclusions were the same as those 
characteristic of oolitic opal. 

The variegated white-and- 
brown areas revealed a refractive 
index reading of approximately 1.54, 
which is much too high for opal but 
does fall within the range for chal- 
cedony. The areas that showed a play 
of color had a refractive index of 1.45, 
which is typical of opal. This mate- 
rial was therefore identified as oolitic 
opal with chalcedony matrix. RK 


PEARLS, with Unusual Drilling 
Features 


We have on rare occasions identified 
natural pearls with ‘Chinese drill- 
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Figure 16. This polished slab was identified as oolitic opal with 


chalcedony matrix. 


ing,’’ a technique whereby two holes 
are drilled to meet within the pearl so 
that it can be sewn to a robe. Figure 
17, taken in the New York labora- 
tory, is the X-radiograph of a pearl 
that appeared to be drilled in this 
manner. Note the two drill holes and 
what appears to be the “crossover” 
where they meet. However, thread 
could not be passed through the 
holes and the client questioned the 
notation of “Chinese drilling.” A 
subsequent X-ray (figure 18}, taken 
from a different angle, shows that the 
two drill holes are actually parallel 
and that the apparent crossover is 
merely a dark-appearing center. Ex- 
perienced pearl dealers we contacted 


Figure 17. This X-radiograph of 
a 12-mm pearl shows what 
appear to be two drill holes 
angled to meet. 
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indicated that they had never seen 
this style of drilling before. One drill 
hole has always been considered to 
be sufficient. This approximately 
12-mm pearl was unusual for an- 
other reason: Although it appeared to 
bea typical, slightly dull, bone-white 
freshwater pearl, it did not fluoresce 
to X-rays as one would expect of a 
freshwater pearl. 

In recent months, the New York 
laboratory also examined a pair of 20 
x 13 mm half-drilled button pearls 
with suspiciously large drill holes 
(figure 19}. The pearls were deter- 
mined to be saltwater, mantle tis- 


Figure 18. A second 
X-radiograph of the pearl shown 
in figure 17, taken from a 
different angle, shows that the 
drill holes are actually parallel 
and do not meet. 


_Sf— a2 
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Figure 19. Note the large drill 
hole in this saltwater mantle 
tissue —nucleated cultured pearl. 


Figure 20. These X-radiographs 
show efforts to drill out the 
nuclei of the pearls shown in 
figure 19. 


sue—nucleated cultured pearls; 
however, the X-radiograph revealed 
that an attempt had been made to 
drill the bead repeatedly to eliminate 
evidence of tissue nucleation {figure 
20). Although the pearls were of 
saltwater origin, the laboratory is 
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Figure 21. The dyed cultured pear!s in this strand have predrilled nuclei. 


unaware of any commercial ventures 
using mantle-tissue nucleation to 
culture pearls in a saltwater envi- 
ronment. 

Not a problem, but of consider- 
able interest to the New York labora- 
tory, was an undrilled light orange 
pearl that measured over 17 mm in 
diameter. We were surprised to find 
that it was a freshwater cultured 
pearl with a predrilled bead nucleus. 
Although the use of predrilled nuclei 
was mentioned in Gems & Gemol- 
ogy as long ago as the Spring 1962 
issue, the resulting pearls have usu- 
ally been a disappointment because 
of color problems. Figure 21 shows a 


Figure 22. This X-radiograph 
shows the predrilled nucleus of 
one of the pearls in figure 21. 


V4 
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handsome necklace of these pearls 
which have been dyed a uniform 
light orangy brown. Sapphire and di- 
amond rondelles separate the pearls 
in the necklace. Mr. Fred Ward, writ- 
ing in the August 1985 issue of Na- 
tional Geographic, states that one 
enterprising pearl farmer in Japan is 
growing both tissue-nucleated and 
predrilled bead—nucleated pearls, 
the largest of which to date has been 
17 mm. Freshwater mussels cannot 
be opened for nucleus insertion as 
wide as the saltwater ‘‘akoya’”’ mol- 
lusk. To compensate, the nuclei are 
predrilled (figure 22) so that they can 
be maneuvered into position with a 
tool that resembles a toothpick 
rather than the traditional “spatula.” 

RC 


SAPPHIRE, Pinkish Orange 
(““Padparadscha’”’} 


Attracting a great deal of attention 
during the February 1983 Tucson 
Gem & Mineral Show was the 
1,126-ct pinkish orange sapphire 
crystal from Sri Lanka shown in fig- 
ure 23. The firm displaying the crys- 
tal expected it to yield a cut stone 
weighing at least 200 ct. This unu- 


sual crystal was illustrated and dis- 
cussed in the article “Padparadscha: 
What’s in a Name?” by Robert 
Crowningshield (sce Gems & 
Gemology, Spring 1983), Discussed 
in this article was the term pad- 
paradscha and the fact that the pre- 
cise hue represented by this term is 
often a subject of controversy and 
discussion. Most of the gem dealers 
who saw this spectacular crystal 
agreed that the color was aptly re- 
ferred to as padparadscha. Because of 
the subjectivity of the term, how- 
ever, GIA Gem Trade Laboratory, 
Inc., does not use it on the GTL 
identification reports, treating it in 
the same manner as the trade grades 
“Burma ruby,” “Kashmir sapphire,” 
and “Siberian amethyst.” Although 
this crystal was remarkable and 
many felt that it should be kept in- 
tact as a mineral specimen, everyone 
was curious as to what color of 
faceted gems it would yield, since it 
seemed inevitable that the crystal 
was going to be cut. 


The crystal was indeed subse- 
quently sold and cut. Because much 
of the crystal proved to be opaque, or 
too heavily included to facet, only 
four stones were reportedly fash- 
ioned from the 1,126-ct piece of 
rough. Three of these stones (16.92 
ct, 23.55 ct, and 47.00 ct} were re- 
cently examined in the Los Angeles 
laboratory (figure 24}. The fourth 
stone, which weighed just over 4 ct, 
was recently shown to the writer by 
Dr. E. Gtibelin; it was similarin color 
to the 47.00-ct stone pictured here. 

The 16.92-ct stone had been heat 
treated in an attempt to improve the 
appearance by reducing the dense 
concentration of intersecting 
stringers of minute particles (pre- 
sumably rutile) that were oriented in 
planes throughout all three stones. 
This stone was reportedly treated in 
Sri Lanka using four blow pipes, in 
contrast to the furnaces that are 
usually used to heat treat sapphire. 
Although the treatment did improve 
the transparency of the stone, it also 
produced an unnatural-appearing in- 
tense orange color. However, the flu- 
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Figure 23, A 1,126-ct pinkish 
orange sapphire crystal from Sri 
Lanka. } 


orescence and absorption spectrum 
of this stone were quite different 
from those typically observed in 
heat-treated sapphires of this color. 
This stone showed a strong slightly 
reddish orange (tangerine color} 
when exposed to long-wave ultravio- 
let radiation and the same color, but 
weaker, with short-wave ultraviolet 
radiation. Most heat-treated yellow- 
to-orange sapphires show cither a 
weak reaction or are inert. Inter- 
estingly, the other two untreated 
stones exhibited the same general 
color of fluorescence of a slightly 
greater intensity. The difference in 
fluorescence between this heat- 
treated sapphire and most others of 
this color may be because the origi- 
nal material is usually very light yel- 
low to “milky white” and lacks the 
amount of chromium that causes the 
fluorescence in naturally colored yel- 
low to orange sapphires. All three 
stones faceted from the pinkish or- 
ange crystal also exhibited absorp- 
tion lines in the red portion of the 
visible spectrum, which are attrib- 
uted to chromium. Again, yellow- 
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Figure 24, The crystal shown in figure 23 yielded these 23.55-ct, 
47.00-ct, and 16.92-ct cut stones. The stone on the far right has been 
heat treated. 


to-orange heat-treated sapphires 
generally do not show chromium ab- 
sorption due to the nature of the 
starting material. RK 


YTTRIUM ALUMINUM 
GALLIUM GARNET 


Several years ago, a new man-made 
product appeared that has occasion- 
ally been referred to as ‘‘synthetic 
tsavorite.”’ Recently, the Los Angeles 
laboratory had the opportunity to ex- 
amine a few samples of this material. 
At first glance, the round-brilliant- 
cut stones, each weighing approxi- 
mately 1 ct, resembled in color and 
luster deep green vanadium gros- 
sularite, which is known in the trade 
as tsavorite. However, examination 
with the microscope revealed prom- 
inent reddish brown flux-melt in- 
clusions and fine unmelted flux in 
wispy veils, which proved that the 
stones were of synthetic origin. The 
refractive index was determined to 
be 1.885, singly refractive, ona cubic 
zirconia refractometer. This figure is 
considerably higher than the range 
for tsavorite. The absorption spec- 
trum showed a broad band at 
570-620 nm and also distinct lines 
at 660, 670, and 690 nm, an absorp- 
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tion pattern that is similar to green 
“YAG.” All sample stones transmit- 
ted red and showed red fluorescence, 
which was stronger to long-wave 
than to short-wave radiation. Using 
the hydrostatic method, we deter- 
mined the specific gravity to be 5.05. 
On the basis of these properties, we 
concluded that the stones were an- 
other man-made product with a gar- 
net structure, grown by a flux-melt 
method. A nonquantitative X-ray 
fluorescence analysis showed the 
major constituents to be yttrium, 
gallium, and lesser amounts of alu- 
minum, chromium, and nickel, thus 
identifying the product as “yttrium 
aluminum gallium garnet.” This 
type of synthetic is also grown by the 
Czochralski pulling technique. KH 
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DIAMONDS 


India 

New deposits discovered. Diamonds have been found in 
the Tanna and Chatarpur districts of India by the Geo- 
logical Survey of India. No information has yet been 
released about the quality of the diamonds or the size of 
these previously unknown deposits. (Diamond Intelli- 
gence Briefs, October 18, 1985} 


Japan 

World’s largest synthetic industrial diamond? A syn- 
thetic 3.50-ct industrial diamond was produced by the 
National Institute for Research at Tsukuba, Japan, in 
their Inorganic Materials Research Laboratory. This is 
reputed to be the largest man-made diamond in the 
world. The diamond was made by placing 2 grams of 
carbon and small amounts of iron, nickel, salt, and dia- 
mond seed crystals in a cylinder measuring 5 cm high x 
7.5 cm in diameter. The mixture was heated at 1550°C 
for 200 hours under a 14,000-ton press at 8.9 million 
pounds per square inch. 

The Tsukuba Institute is also working on a tech- 
nique for depositing a layer of synthetic diamond on a 
substrate, to be used by the electronics industry for 
semiconductors that need to withstand high tempera- 
tures and by the machine-tool industry for harder cut- 
ting edges. The process involves directing a flow of 
methane and hydrogen through a microwave source at 
300 atmospheres of pressure against a substrate (e.g., 
silicon} that is heated to a temperature of up to 1000°C. 
Under these conditions, the gases undergo a reaction 
whereby they decompose and deposit a layer of diamond 
on the substrate. (Diamond World Review, Autumn 
1985; Indiaqua, No. 40, 1985) 


South Africa 

Diamond inclusions in pyrope. While at the Pasadena 
Gem and Mineral Show in Pasadena, California, last 
November, the Gem News editor was showna small but 
exciting group of rough pyrope garnets. These stones 
contained numerous inclusions of diamond, which 
made them exceedingly unusual. These garnets were 
found in an unnamed kimberlite 96 km (60 mi.) north to 
northeast of Kimberley, in the Republic of South Africa. 
Although geologists, mineralogists, and gemologists are 
all familiar with inclusions of pyrope in diamond, or 
diamond in diamond, this is the first report of diamond 
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in pyrope. Perhaps more of these highly unusual garnets 
will be discovered as geologists begin to examine inclu- 
sions in upper-mantle minerals more closely. 


Sri Lanka 

Geological exploration planned. The Geological Survey 
of Sri Lanka plans to undertake exploratory geological 
and geophysical studies with subsequent deep drilling in 
an effort to locate diamond occurrences. The depart- 
ment will focus on the Koslanda, Ratnapura, Sinharaja 
Forest, Eppawela, Elahera, Welipatanwila, and Em- 
bilipitiya areas. (Mining Journal, October 18, 1985) 


COLORED STONES Ei 


Fade testing yellow sapphire—a caution. Dr. Kurt Nas- 
sau has informed Gem News that one excellent method 
to test some gemstones for color stability is to heat them 
for one hour at approximately 200°C (approximately 
400°F). He cautions, however, that this type of fade test 
should not be done on yellow sapphires because a com- 
plicated reaction occurs and the gems will lose their 
color. Dr. Nassau has promised to detail the color stabil- 
ity reaction of yellow sapphire to both heat and light in 
an upcoming issue of Gems & Gemology. 


Pala in Sri Lanka. In addition to operating the historic 
Himalaya tourmaline mine in San Diego County, Cali- 
fornia, Pala International has begun a dredging operation 
in Sri Lanka. Once recovered, the Sri Lankan gem rough, 
primarily corundum and garnet, is presently cut at Pala’s 
lapidary workshop in Fallbrook, California. According 
to Josh Hail, Pala International anticipates that the Sri 
Lankan operation will also yield spinel, chrysoberyl, 
zircon, and tourmaline, and that only the larger rough 
will be cut in the United States. The rest will be fash- 
ioned in Sri Lanka. (Gem Spectrum, October-November 
1985) 


Unusual Sri Lankan sapphires. Mr. Ben Hoo, of C. T. 
Hoo Pte. Ltd. in Singapore, recently sent the Gem News 
editor two very strongly bi-colored blue-and-orange oval 
mixed-cut Sri Lankan sapphires (2.79 and 3.00 ct} for 
examination. These sapphires showed all of the gemol- 
ogical properties typical of sapphire, except for their 
reaction to ultraviolet radiation and their weak absorp- 
tion spectrum. The two stones displayed a very weak, 
unevenly distributed, orangy fluorescence when ex- 
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Figure 1. This unusual, strongly bi-colored, Sri 
Lankan sapphire weighs 2.79 ct. Photo by John I. 
Koivula. 


posed to short-wave ultraviolet radiation. Exposure to 
long-wave ultraviolet radiation produced a strong or- 
ange fluorescence in the orange areas of the stones, but 
the blue portions remained inert. Under the spectro- 
scope, the:lighter colored stone showed no visible light 
absorption,i while the dark blue portion of the darker 
colored stone (figure 1) showed a very weak iron line 
near 450 nm. When examined with the microscope, both 
stones showed evenly disseminated clouds of fine par- 
ticulate matter (rutile dust?) confined exclusively to the 
straight-angular color zones. The darker stone also con- 
tained a small fingerprint, an angular white included 
crystal, and several tiny inclusions surrounded by halos. 

Such strongly bicolored stones are rare; their ap- 
pearance indicates their natural origin. 


SYNTHETCS es 
Synthetic “watermelon” beryl. A very unusual, and 
heretofore unreported, form of synthetic beryl is now 
being grown and marketed by Adachi Shin Industrial 
Company, Ltd., in Osaka, Japan. Known as watermelon 
beryl, the material consists of a synthetic pink beryl core 
with a synthetic emerald rind (figure 2). Although this 
synthetic has been grown experimentally since 1979, it 
has only recently become available commercially. 

At first glance, the synthetic watermelon bery] re- 
sembles watermelon tourmaline. However, a routine 
check of gemological properties easily distinguishes the 
two. The Gem News editor recently examined three 
polished slices of this material, ranging from 0.61 to 0.80 
ct. As expected, the test slices were uniaxial negative. 
Using a sodium vapor light and a Duplex II refrac- 
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tometer, he found refractive indices of 1.559 and 1.564. 
The specific gravity was uniform at 2.66. When exam- 
ined with a Beck prism spectroscope, the green portions 
displayed spectral lines at 660, 620, and 477 nm, while 
the pink centers showed no visible-light spectrum. The 
pink cores were inert to both long- and short-wave ul- 
traviolet radiation, while the green rinds reacted with a 
weak dull-red fluorescence; no phosphorescence was 
observed. Examination with a microscope revealed nu- 
merous tiny monophase fluid inclusions restricted to 
the pink, distinctly growth-zoned core. 

Details concerning the general method of synthesis 
of this and other synthetic beryls were kindly provided 
by Mr. Naosuke Adachi and Mr. Isao Yagi, of the Osaka 
Vacuum Chemical Company Ltd. These beryls are 
grown by a new method of beryl synthesis, whereby 
fluorine and oxygen react at higher (but undisclosed} 
temperatures with crystalline or amorphous beryllium 
oxide, silicon dioxide, and aluminum oxide together 
with the appropriate coloring dopants. This mixture 
then migrates to a cooler zone, where crystallization of 
the desired product takes place on seeds. With this 
method, beryl crystals larger than 1 cm have been grown 
in a wide range of hues including brown, reddish brown, 
pink, colorless, purple, sky blue, yellowish green, and 
emerald green, as well as the watermelon material. To 
obtain these colors, a variety of single-element dopants 
and combinations are employed, including cobalt, man- 
ganese, copper, nickel, titanium, iron, and chromium. 
The primary dopants that appear to be responsible for 
the coloration of the watermelon beryl are manganese in 
the pink core and chromium in the emerald rind. 


Figure 2. This slice of synthetic watermelon beryl 
(6.9 x 4,7 x 2.5mm) was grown by Adachi Shin 
Industrial Company in Osaka, Japan. The tiny 
inclusions in the pink core zone were identified as 
primary monophase inclusions. Photo by John 1. 
Koivula, 
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ANNOUNCEMENTS | 


The Lizzadro Museum of Lapidary 
Art, located in Elmhurst, Illinois, 
contains one of the finest collec- 
tions of Chinese and Chinese-style 
hardstone carvings on public display 
in the United States today. In addi- 
tion to antique jadeite pieces, the 
museum features vases, urns, bowls, 
and other historical and contempo- 
rary objects carved from nephrite, 
rock crystal quartz, agate, and other 
ornamental materials. For further 
information, contact Judy Greene at 
(312] 833-1616. 


The 23rd World Diamond Congress 
will be held in Tel Aviv, Israel, June 
29-July 3, 1986. lt is sponsored by 
the World Federation of Diamond 
Bourses and the International Dia- 
mond Manufacturers Association. 
For further information, contact The 
Secretariat, 23rd World Diamond 
Congress, P.O. Box 50006, Tel Aviv 
61500, Israel; Tel.: (03)654571, 
Telex: 341171 KENS IL. 


The Colorado Chapter of Friends of 


IN MEMORIAM: 


Mineralogy is sponsoring the Colo- 
rado Pegmatite Symposium from 
May 30 toJune 2, 1986, at the Denver 
Museum of Natural History. The 
symposium will include two days of 
lectures and two days of field trips to 
Colorado pegmatite localities. A 
volume of abstracts and a field trip 
guide will be published and distrib- 
uted at the symposium. For registra- 
tion and further information, contact 
the Denver Museum of Natural His- 
tory, c/o Geology Department, City 
Park, Denver, CO 80205. 


LAZARE KAPLAN, 1883-1986 AND LEO KAPLAN, 1913-1986 


It is with great sadness that we record the passing of Lazare Kaplan, renowned diamond cutter and founder 
of Lazare Kaplan International, at the age of 102; and of his elder son, Leo Kaplan, former chief executive 
officer of Lazare Kaplan International, at the age of 72. 

Born in Russia on July 17, 1883, Lazare Kaplan began his career at age 13 as an apprentice in his uncle’s 
diamond-cutting factory in Antwerp. There he built his skills as a cutter and developed a reputation for 
getting the maximum yield from odd-shaped rough. By the age of 20, he had his own diamond-cutting 
factory. When the outbreak of war forced him to move to New York with his wife and infant son in 1914, he 
quickly rebuilt his business and by 1917 had established one of the first diamond-cutting factories in Puerto 
Rico. Kaplan himself continued to cut, however, and added to his accomplishments the 287-ct Pohl 
diamond, the 726-ct Jonker diamond, and the development of the oval brilliant cut. His talent was 
legendary. 

Lazare Kaplan is survived by his younger son, George, Executive Chairman of the Board of the 
Gemological Institute of America. 

Leo Kaplan, who preceded his father in passing after a long illness, was one of the best-known and 
best-liked figures in the jewelry industry. For many years, he was treasurer of the Jewelers Vigilance 
Committee and served on the board of the Jewelers Mutual Insurance Company. From 1967 to 1969, he was 
president of the American Gem Society, and in 1977 he was the recipient of the Shipley Award. Leo Kaplan 
also served as an officer of the Jewelers Security Alliance, the Jewelry Industry Council, and the 24-Karat 
Club of New York, 

Leo Kaplan’s career was devoted to the family business, at the time of his death, he was vice-chairman 
of the board of Lazare Kaplan International. He is survived by his sons, Peter and Paul, and by his wife Janet. 
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COLORED STONES AND 
ORGANIC MATERIALS 


‘Arteries’ in opal? R. K. Mitchell, Journal of Gemmol- 
ogy, Vol. 19, No. 7, 1985, pp. 584-585. 


After reviewing the general appearance of Mexican opal 
and listing some of the inclusions noted in them to date, 
the author reports on an unusual specimen. This flat 
cabochon had a “blood-red” color with a reticulated 
pattern; Mr. Mitchell compares it to a medical picture of 
a circulatory system. He notes that whereas iron con- 
tamination is commonly assumed to cause such colors 
in porous gems, in this specimen the cellular patterning 
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may have been caused by colorant solutions penetrating 
and flowing in wisps during the opal’s early stages of 
formation—when it was a somewhat plastic gel. RCK 


Green phantoms. E. R. Swoboda, Lapidary Journal, Vol. 
39, No. 11, 1986, p. 24. 


The author provides a concise, well-written historical 
account of the early discovery of Brazilian quartz crys- 
tals containing phantoms of minerals such as pyrite and 
chlorite. Much of the information in this article is a 
recounting of the author’s own experiences as a long- 
time explorer and dealer in Brazilian minerals. A num- 
ber of descriptions of important specimens are given. 
Two of these specimens, one a crystal containing 26 
pyrites and the other a beautiful chlorite phantom, in- 
fluenced the author to locate and reopen the old mines 
that had yielded these two inclusion-filled pieces. Mr. 
Swoboda describes the reopening of the mines and the 
new discoveries made. Because the mine producing the 
chlorite phantoms is currently active, the author is 
able to provide a great amount of detail concerning this 
locality. 

The minerals noted by the author as inclusions in 
these crystals are chiefly green chlorite phantoms, car- 
bonate crystals, limonite, hematite, rutile as stubby 
needles, white phantoms of unknown mineral(s}, and 
montmorillonite clay-like inclusions in shades of pink, 
orange, brown, red, and black. 
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The crystals and gems cut from them are quite strik- 
ing and make excellent decorative specimens and jew- 
elry. The article is illustrated with scenes from the 
mine, and witha color plate showing five phantom crys- 
tals and six faceted gems. John I. Koivula 


The solid solution chemistry of vesuvianite. T. D. 
Hoisch, Contributions to Mineralogy and 
Petrology, Vol. 89, 1985, pp. 205-214. 


Vesuvianite, or idocrase, is a lesser-known gem mineral 
that is typically brown or green, but is also found in a 
very broad range of colors. Faceted stones up to 15 ct 
have been reported. This material has a wide range of 
refractive-index and specific-gravity values that result 
from its complex chemistry and varied geologic occur- 
rence. As with such gemstones as garnet and tourma- 
line, extensive solid solution, or the substitution of one 
chemical element for another, occurs in idocrase. This 
article is a detailed study of the crystal chemistry of 
idocrase, that is, the relationship between its physical 
properties, chemistry, and crystal structure. JES 


The tourmaline group: a résumé. R. V. Dietrich, Min- 
eralogical Record, Vol. 16, No. 5, 1985, pp. 
339-351. 


This article summarizes the mineralogical and gemolog- 
ical properties presented in Dietrich’s new book, The 
Tourmaline Group. This group of minerals contains 
some of the most attractive and interesting species 
known, differing widely in their complex chemical 
compositions and occurring at a vast number of deposits 
worldwide. Tourmaline is today among the most popu- 
lar of colored gemstones because of its availability in a 
wide range of color hues and saturations, including 
multicolored stones. This article provides information 
on the nomenclature, crystallography, chemical and 
physical properties, uses, and occurrence of tourmaline. 
Accompanied by a number of superb color photographs 
and other interesting illustrations, the article is an ex- 
cellent introduction to Dietrich’s more detailed book on 
the tourmaline mineral group. JES 


DIAMONDS 


Diamonds and the Holocaust. D. Federman, Modern 

Jeweler, Vol. 84, No. 5, 1985, pp.39-46, and 72. 
“For 300 years European Jews had been cutting and sell- 
ing the bulk of the world’s polished diamonds in 
Belgium and Holland. On May 10, 1940, when Nazi 
Germany invaded both these countries, the world stood 
to lose more than 80% of its supply of polished dia- 
monds.” This is the central premise of Federman’s arti- 
cle, which outlines the history of the European dia- 
mond-cutting industry before World War II, and then 
tells the story, purportedly for the first time, of “how the 
diamond industry survived the Nazi nightmare.” 
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Situated as they were in the Low Countries, 
Europe’s diamond-cutting capitalk—Amsterdam and 
Antwerp—were caught off guard by the Nazi invasion, 
and the Jewish-dominated industry was frozen at a 
standstill. Federman traces various escape routes that 
some diamond dealers used to flee the Nazis—routes 
that ultimately led to the establishment of interim cut- 
ting centers in London, Brazil, Palestine, and Cuba. 
These “refugee” cutting locations prevented the world’s 
diamond supply from suffering from the far graver 
enormities of the Holocaust. 

Though it runs the risk, ironically, of trivializing 
the Holocaust itself, Federman’s article is an important 
historical contribution to the understanding of today’s 
diamond-cutting industry. It tells us how, for example, 
some of the alternative cutting locations became viable 
centers in their own right—notably Israel, but also India, 
whose meager output of 700 ct in 1945 was, as Federman 
tells us, ‘a harbinger of post-war expansion and eventual 
Third World emergence” in the field. This was the true 
legacy of the Holocaust to the diamond-cutting indus- 
try, he concludes. MB 


On the rocks? C. Cummings, Canadian Jeweller, Vol. 
107, No. 1, 1986, pp. 30-35. 


The author gives us a rare look into Antwerp’s struggle 
to retain its preeminence as a diamond cutting and trad- 
ing center. 

Antwerp’s woes are numerous: a decline of some 
11,500 workers in the trade over the past decade, huge 
bad debts assumed by trade Jending organizations, sev- 
eral bankruptcies among large diamond companies, and, 
most serious of all, the slump in worldwide diamond 
sales as a result of the recession of the early 1980s. Fur- 
ther problems include Russian “dumping” of polished 
goods (and perhaps some rough) whenever they need 
foreign currency and reduced Arab spending in the wake 
of the current oil glut. 

Antwerp’s four bourses are also discussed, revealing 
some interesting facts and historical perspectives. The 
Antwerp Bourse, for example, was the world’s first, hav- 
ing been established in 1893. Over the years the ethnic 
makeup of the bourse membership (which had been 
predominantly Jewish) has shifted to a majority of 
members coming from eastern Mediterranean countries 
or from Belgium itself. The four Antwerp bourses to- 
gether handle more diamond transactions than all the 
rest of the world’s 15 bourses! About 70% of the world’s 
rough diamonds pass through Antwerp. Belgian law 
gives final authority in some disciplinary decisions to 
the bourses—not the courts. 

Leaders in the Antwerp market also note some 
bright spots, one of which is automation. Semiauto- 
matic polishing machines have greatly reduced training 
time and increased productivity. Antwerp manufacturers 
also place considerable value on their excellent reputa- 
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tion for “old-world” craftsmanship. The Diamond High 
Council of Antwerp is promoting the Antwerp diamond 
industry worldwide and generally raising the profile of 
this most important diamond city. James R. Lucey 


GEM LOCALITIES 


Gem pegmatites of the Shingus-Dusso area, Gilgit, 
Pakistan. A. H. Kazmi, J. J. Peters, H. P. Obodda, 
Mineralogical Record, Vol. 16, No. 5, 1985, pp. 
393-411. 


Pegmatites in the Gilgit region of northern Pakistan 
have yielded exceptionally fine specimens of multicol- 
ored tourmaline as well as aquamarine, topaz, and al- 
mandine-spessartine garnet. This region lies in the rug- 
ged Karakoram range along the northern border of the 
Himalayas. The gem pegmatites occur in a series of 
regionally metamorphosed igneous and sedimentary 
rocks that represent the suture zone between the Indo- 
Pakistan and Asian crustal plates. In addition to the gem 
materials, the pegmatites contain a variety of other 
minerals such as feldspars, apatite, hambergite, micas, 
and zircon. Details of the geology and mineralogy of 
these pegmatites are accompanied by photographs of 
many aesthetic crystal specimens. JES 
Maine tourmaline. C. A. Francis, Mineralogical Record, 
Vol. 16, No. 5, 1985, pp. 365-388. 
Since their discovery in the early 1800s as some of the 
earliest known gem localities in North America, the 
gem pegmatites of Maine have produced an astonishing 
array of specimens of gem tourmaline and other min- 
erals. This review article describes the occurrence of 
tourmaline and other pegmatite gem minerals in Maine, 
especially in Androscoggin, Oxford, and Sagadahoc 
counties. The history of mining at a number of famous 
localities, including Mount Mica, Mount Rubellite, 
Newry, Mount Apatite, and others, is summarized with 
interesting details on tourmaline specimens and on 
noted individuals who were associated with their dis- 
covery. Twelve color photographs of spectacular tour- 
maline crystals from this area highlight the article. JES 


Minerals of the Elba pegmatites. P. Orlandi and P. B. 
Scortecci, Mineralogical Record, Vol. 16, No. 5, 
1985, pp. 353-363. 

The small island of Elba, lying between Italy and Cor- 
sica, has been mined (principally for iron ores} for the 
past two millennia. While long noted as a source of 
mineral specimens, the granitic pegmatites that dot the 
western half of the island have been worked for gem 
material only within the last hundred years. 

This article briefly describes the geology and min- 
eralogy of the Elba pegmatites. These pegmatites occur 
in narrow dikes or veins that are associated with the 
Monte Capanne granodiorite stock. They range up to 1 
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m in thickness and may exhibit well-developed internal 
zonation. Common minerals include quartz, orthoclase, 
albite, and schorl, while more interesting species (tour- 
maline, garnet, petalite, and beryl} are found in pockets 
in the cores of zoned pegmatites. Details of the minerals 
found in the pegmatites, along with attractive color pho- 
tographs of many of them, are provided. This area is 
likely to remain best known for its mineral specimens 
rather than as a source of gem material. JES 


Minerals of the Pikes Peak granite. B. L. Muntyan and 
J. R. Muntyan, Mineralogical Record, Vol. 16, No.3, 
1985, pp. 217-230. 


Amazonite is an attractive blue-green variety of micro- 
cline feldspar that is commonly used as a gem material 
in cabochon form. One of the most important sources of 
gem-quality amazonite and smoky quartz are the grani- 
tic pegmatites in the vicinity of Pikes Peak, Colorado. 
This article summarizes the geology and mineralogy of 
this remarkable region. The pegmatites occur in granites 
of the Pikes Peak batholith, which covers an area of 
about 2,800 km? in central Colorado. Consisting mainly 
of quartz and microcline, the pegmatites are seen as 
small dikes running in all directions within the granite. 
Amazonite, smoky quartz, topaz, and a number of other 
minerals are found within small pockets in the granite. 
Photographs of various minerals noted from this 
area are included in the article. The small size and ran- 
dom distribution of the pockets has limited most com- 
mercial mining for pegmatite minerals in this area. 
While a large number of pockets have been excavated 
over the years, it is likely that the pegmatites of the 
Pikes Peak region will continue to be a source of fine 
mineral specimens. JES 


Move over Brazil, here comes East Africa. D. Federman, 
Modern Jeweler, Vol. 85, No. 1, 1986, pp. 40—45. 


This is the most comprehensive article on East Africa 
since Campbell Bridges wrote ‘‘“Gems of East Africa’”’ for 
the G.I.A. International Gemological Symposium Pro- 
ceedings in 1982, Federman emphasizes the marketing 
of East Africa’s colored stones, concentrating on tanzan- 
ites and green grossular garnets (tsavorites). He argues 
that a new generation of dealers and retailers, many from 
California, created a niche with East African gems. Asa 
result, a thriving gemstone industry has developed on 
the West Coast of the U.S. 

Federman traces the involvement of Tiffany in 
promoting East African gems beginning in 1969, when 
Tiffany christened blue zoisite “tanzanite,” Then, in 
1974, Tiffany introduced the term tsavorite for green 
grossular garnet. He suggests that as a result of Tiffany’s 
marketing efforts, gem dealers began to take Kenya and 
Tanzania more seriously as sources of fine gemstones. 

Interviews with gem dealers who concentrate on 
East African stones are an interesting feature of the 
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article, as Federman touches on other gems including 
rubies, chrome tourmalines, fancy-colored sapphires, 
and change-of-color garnets. Many gemstones from this 
area have properties that are “breaking all the mles” 
and causing gemologists to re-examine established 
concepts. 

Federman concludes with a discussion of how East 
Africa has changed the colored stone trade. DMD 


Recent work at the Himalaya mine. C. R. Marcusson, 
Mineralogical Record, Vol. 16, No. 5, 1985, pp. 
419-424, 

The Himalaya pegmatite mine in the Mesa Grande dis- 

trict, San Diego County, California, was for a period the 

world’s leading supplier of gem tourmaline. Prior to its 
closure in 1914, the Himalaya mine produced more than 

100 metric tons of marketable tourmaline, valued at 

over $750,000. In 1977, mining of this remarkable 

pegmatite was renewed with the excavation of new un- 
derground workings to reach lower, untapped portions 
of the pegmatite dike. During the past few years, mining 
has yielded some exceptional specimens of gem tour- 
maline and other minerals. This article summarizes the 
recent mining operations at this famous locality. /ES 


The tourmalines of Nepal. A. M. Bassett, Mineralogical 
Record, Vol. 16, No. 5, 1985, pp. 413~418. 

Gem tourmaline has recently been mined from 
pegmatites at Hyakule and Phakuwa in the Sankhuwa 
Subha district of Nepal, 60 km south-southeast of 
Mount Everest. The pegmatite dikes outcrop at an alti- 
tude of 2,150 m in a metamorphic sequence of marbles, 
dolomites, and schists of the Khitya Khola formation. 
The geology of this region is not completely known. The 
gem tourmalines are predominantly pink with yellow, 
colorless, green, or orange bands, and are particularly 
dichroic. They are found as well-terminated crystals 
ranging up to 20 cm (8 in.}. Details of the chemical and 
physical properties of these tourmalines are provided. 

JES 


INSTRUMENTS AND TECHNIQUES 


Colour filters and gemmological colorimetry. J. B. Nel- 
son, journal of Gemmology, Vol. 19, No. 7, 1985, pp. 
597 -624. 
Dr. Nelson’s article goes beyond the subject of its title 
and discusses current attitudes among gemologists to- 
ward color science and why the subject should be taught 
routinely as part of gemological curricula. The article 
then proceeds with the description of a set of color filters 
designed for use with a hand spectroscope and to assist 
the teaching of color science and spectroscopy in gemol- 
ogy. 
The 38 filters included in the set are accompanied 
by spectrophotometer graphs of their transmission spec- 
tra so that the student can learn the relationship be- 
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tween a spectrum as seen with a hand spectroscope and 
that displayed graphically by a spectrophotometer. Also 
provided for each filter are its dominant wavelength, 
excitation purity, and metric luminance. Two of the 
filters fit on the light source of a spectroscope unit so 
that the resulting illumination approximates CIE source 
A. (Unfortunately, the light sources used with the spec- 
troscopes vary somewhat in composition, so the illumi- 
nation obtained by using these filters may or may not 
actually approach that of CIE illuminant A. The actual 
significance of this possibility needs to be tested.] 

CIE diagrams that display the coordinates of the 38 
color filters are provided, but these include a number of 
mysterious entries, with no key whatsoever provided to 
assist in the interpretation of the figures. Moreover, 
projections of the dominant wavelengths of various fil- 
ters are shown as straight lines, where they should be 
curved lines in most cases. This suggests an incomplete 
knowledge of the CIE system on the author’s part that 
undermines an otherwise convincing plea for adoption 
of CIE-based techniques in gemology. 

A discussion follows of specific applications of sev- 
eral of the filters, to provide examples of their uses. Also 
included in the article is a brief description of a new 
“comparison prism spectroscope” that displays two 
spectra simultaneously. This aside seems out of place, 
and the potential value of such a spectroscope merits the 
attention of a separate paper. The article concludes with 
a general appeal for standardized color description anda 
peremptory mention of ongoing experiments in the 
field. 

Perhaps the oddest thing about this article is the 
apparent omission of a section of the conclusions that 
must at least have mentioned the GIA’s appreciable 
efforts at measuring and describing gemstone colors. 
This is apparent because the text is missing two refer- 
ences that are included in the numbered bibliography. 
Thirty references are cited, but numbers 27 and 28 (on 
the ColorMaster and on GIA’s color description of 
gemstones, respectively) are nowhere to be found in the 
text or illustrations. 

Although somewhat lengthy and wandering, this 
article manages to convey the very real need for educa- 
tion in color science in gemology, and the color 
filters—or some similar system—sound as if they could 
be of assistance in such an educational effort. Unfor- 
tunately, Dr. Nelson uses many terms throughout his 
article that may be unfamiliar to those not versed in 
color science. The time certainly has come for better 
understanding and description of gemstone color. CMS 


JEWELRY ARTS 


The amazing Mr. Evans. S. Hale, Connoisseur, Vol. 215, 
No. 887, 1985, pp. 116-119. 


A profile of the noted British artist-goldsmith Edward 
Evans, this article focuses on one of Evans’s most elabo- 
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rate productions—a “peacock” pistol encased in gold, 
enameled, and studded with sapphires and diamonds. 
The author relates how Evans, while employed by the 
eminent firm of Garrard in London (crown jewelers to 
the British monarchs since 1843), was asked to design a 
necklace to accommodate a 60-ct cushion-shaped dia- 
mond that Garrard’s jewelry director felt was too 
“chunky” for a ring. Evans, revered mainly for his neck- 
lace designs, surprised many by coming up with another 
vehicle for the diamond: a .38 special Smith & Wesson 
revolver. 

With the diamond set in the butt of the gun, Evans 
built a golden case around it, set a pair of golden pea- 
cocks along the handle, and created an engine-turned 
barrel of blue enamel. Ironically, during the course of his 
work the very diamond that had inspired it was sold, so 
Evans perforce replaced the stone with a citrine of simi- 
lar size (the gemmy firearm was subsequently sold to an 
Arab prince}. 

The peacock pistol is used to illustrate Evans’s 
range of talent and skills. Noting that most expensive 
jewelry is now produced by teams of specialized arti- 
sans, the author singles out Evans as a Renaissance man 
in the field of commercial jewelry, creating as he does 
“all of his pieces without assistance, from the first 
rough sketch to the final polish, using traditional hand 
tools.” The, author goes on to cite recurrent motifs in 
Evans’s work, including peacocks, swans, dragonflies, 
and snakes, although he adds that the artist nonetheless 
avoids creating a definitive Evans “look.” Other trade- 
marks of Evans’s craft are described, such as his ‘‘crisp 
and sweet” jeweled and enameled bow ties. The text 
includes a short but interesting biography of the artist, 
whose more select creations are brightly illustrated in 
the photographs by Kenro Izu. ]MB 


The golden art of El Dorado. S. Voynick, Gems and 

Minerals, No. 577, 1985, pp. 10-13 and 53. 

Mr. Voynick reveals the abundant splendor of gold arti- 
facts fashioned by pre-Columbian Indians of Central and 
South America. Although they possessed neither iron 
tools nor sophisticated smelting furnaces, these people 
created gold treasures that rival and even surpass those 
of the early Egyptians. 

The Indians developed many ingenious goldwork- 
ing processes and techniques. They created a refining pro- 
cess whereby common salt was added to the raw, molten 
gold in order to vaporize the undesirable metals, leaving 
behind a very pure form of gold. Ironically, this basic 
process may have prevented the art from reaching its full 
potential, because the best and most prolific artisans 
died prematurely as a result of poisoning and lung dis- 
ease caused by the metal chloride vapors. Indian gold- 
smiths also used a basic molecular-fusion welding pro- 
cess and were experts at lost wax casting. Much of their 
work was actually done in tumbaga, a 2:1 copper-gold 
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alloy. The finished tumbaga piece was heated until it 
glowed, thus converting the surface copper content to 
copper oxide. The piece was then washed in acetic acid, 
which dissolved the copper oxide, leaving a surface of 
pure, bright, yellow gold. 

The arrival of the Spanish in the 1500s triggered 
hundreds of years of ruthless exploitation. The conquis- 
tadors soon realized that the Indians had buried a wealth 
of golden objects with their dead. Between 1533 and 
1537, about 655 Ibs. of pure gold and 229 lbs. of tumbaga 
were taken from Indian graves. By the early 1800s, grave 
robbing had become a lucrative business: In 1859, half a 
ton of gold was dug from graves in the Chiriqui region 
alone. 

Despite strict governmental prohibitions, grave 
robbing is still a serious problem in South and Central 
America. During the 1960s, a government bank made a 
bold, and desperate, move to keep Colombia’s gold arti- 
facts inside the country by offering to buy them from the 
Ahuaqueros (“tombers’”) with no questions asked. The 
Museo de Oro in Bogota now contains over 26,000 
golden pieces; nearly all of them were acquired from 
huaqueros. Many modern grave robbers operate from 
organized fronts, probing the earth with advanced elec- 
tronic underground,utility locators. It is a dangerous but 
extremely profitable business, one with almost negligi- 
ble penalties for the native huaquero but catastrophic 
consequences for foreigners. Anthropologists believe 
that far more gold than has yet been recovered remains 
hidden in jungle graves. It can only be hoped that some of 
these cultural treasures will remain inside their native 
lands. SAT 


Italy’s dazzling city of gold. P. Dragadze, Town #& Coun- 
try, Vol. 139, No. 5059, 1985, pp. 114, 116, 119, and 
121. 


On the banks of the Po River in northern Italy lies a “city 
of gold’’ named Valenza. The city is steeped in the his- 
tory of goldsmithing, as recorded by Pliny the Elder in 
the first century A.D.: ‘The important military post of 
Valentium has a river port on the Po. The inhabitants 
believe in the cult of the god Urano, who dominates fire 
and makes models with rare metals, inspiring the people 
also in this trade .... Just outside the city confines are 
places where, by simple washing of gold-bearing sands, a 
diligent man can earn a day’s wages with ease.” 

Today, Valenza produces some of the highest qual- 
ity jewelry in the world, catering to an elite interna- 
tional clientele. The modest town houses more than 
1,000 jewelry-related firms and 10,000 employees. Most 
of the companies are extremely small, consisting of the 
owner, his wife, their son, and one or two others. The 
fine craftsmanship produced under these conditions is 
especially appreciated by wealthy Americans. 

The author interviews several owners and master- 
craftsmen from Valenza, revealing a world of fantastic 
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fortunes and commissions for pieces that dreams are 
made of. However, despite its billion-dollar reputation, 
Valenza remains a quiet, unpretentious town, truly one 
of Italy’s finest treasures. SAT 


Natural affinities. C. Seebohm, Connoisseur, Vol. 215, 
No. 885, 1985, pp. 120-127. 


There are several keys to the secret of jewelry designer 
Angela Cummings’s success. First, she has tapped her 
own affinity for natural shapes, colors, and patterns and 
translated it into beautiful, ultimately wearable jewelry. 
Much of her inspiration comes from her garden: a pow- 
dery butterfly wing, the cool geometry of snakeskin, the 
graceful twisting of a bittersweet vine. “ ‘I don’t ever 
want to make a flower or otherwise duplicate nature,’ 
she cautions. ‘I am inspired by natural forms, but the 
shape that I finally create is not really natural.’ ” 

Beneath, or perhaps parallel to, this pastoral tran- 
quility is a fine sense of business savvy and self- 
confidence. She received a rigorous education in jewelry 
design, gemology, and goldsmithing, and took her 
talent—and her considerable charm—straight to Tif- 
fany’s in New York. Within an amazingly short time she 
became recognized as one of today’s top jewelry de- 
signers. However, when the situation at Tiffany’s 
changed with the arrival of Avon, Angela and her hus- 
band Bruce were undaunted, forging a highly successful 
business outside the comfortable womb of a large com- 
pany. Created only one year ago, Angela Cummings Inc. 
now employs at least 50 multinational craftsmen to 
execute her designs. The husband and wife team seem to 
be unbeatable, with Bruce contributing keen manage- 
ment techniques and an in-depth knowledge of gem- 
stones. The company has produced elegant flatware and 
fine porcelain plates, and is even contemplating a select 
line of designer scarves. 

Angela Cummings’s star is definitely rising, and 
promises to cut a meteoric path across the industry. SAT 


RETAILING 


Sting! Baiting the trap with jewelry. M. Schwartz, /ew- 
elers’ Circular-Keystone, Vol. 155, No. 11, 1985, pp. 
96-100, 102-105. 

The shadowy undercover world of jewelry fencing is 

revealed in this account of Operation Greenthumb, “‘the 

biggest law enforcement assault in history against inter- 
state jewelry fencing.” Between 1979 and 1981, soaring 
precious metals prices prompted a record number of 
burglaries and robberies in Washington, D.C. and its 
affluent suburbs. People were accosted in the streets, 
and their homes were ransacked. As their fear increased, 
retail jewelry sales plummeted. 

Operating behind a thin fagade of respectability, the 
kingpin fences employed a gang of petty crooks and 
desperate junkies to do the dirty work, paying them only 
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10% maximum of the stolen items’ precious metal 
value. Stolen items ranging from simple gold chains toa 
$175,000 snuff box that had belonged to Catherine the 
Great were sent to legitimate out-of-state refineries to 
be melted into scrap. It was a lucrative racket: one of the 
fences boasted a net worth of $1 million, with an annual 
income of $500,000. 

The fences toyed brazenly with the authorities, 
playing an intricate game of cat-and-mouse. A network 
of local jewelers, the District of Columbia metropolitan 
and the Virginia and Maryland suburban police forces, 
and FBI investigators pooled their resources to gather 
evidence against the fences. During the eight-month 
probe, they set up sophisticated surveillance equipment, 
sifted through garbage, faked a break-in, and planted a 
specially trained double agent inside the fencing opera- 
tion. Finally, on April 22, 1981, Operation Greenthumb 
closed in. A spectacular eight-site raid recovered more 
than $2 million of stolen merchandise, with the king- 
pins later convicted on both state and federal charges. 
More than 70 crime suspects were identified, and 430 
burglaries solved. Best of all, after news of the trium- 
phant sting hit the press, the number of burglaries 
dropped dramatically, and reassured customers returned 
once more to patronize D.C. jewelry stores. SAT 


SYNTHETICS AND SIMULANTS 


The composition of the lapis lazuli imitation of Gilson. 
K. Schmetzer, Journal of Gemmology, Vol. 29, No. 
7, 1985, pp. 571-578. 


Beginning with a brief description of natural lazurite and 
lazurite-containing rocks (i.e., lapis lazuli), the author 
proceeds to describe his investigation of the lapis substi- 
tute produced by Gilson. 

The strongest lines in the X-ray powder diffraction 
pattern of the Gilson material were identical to those in 
the pattern of natural lazurite, with some weak pyrite 
lines also present. Additional weak lines, not attributa- 
ble to either lazurite or pyrite, were also noted. Qualita- 
tive (EDX) chemical analysis by electron microprobe 
showed major elements typical of lazurite, plus sub- 
stantial quantities of F, Zn, and Fe; quantitative analysis 
by “classical chemical methods” (wet chemical analy- 
sis) revealed that Zn and F percentages were in the range 
of the main constituents of the synthetic ultramarine. 

Further examination consisted of thermogravimet- 
ric analysis, a chemical water determination, and anal- 
ysis of the X-ray diffraction pattern after heat treatment, 
followed by a re-examination of the original diffraction 
pattern. This led to the determination that the Gilson 
product consists of ultramarine, pyrite, and two crystal- 
line hydrous zinc phosphates. Because the zinc phos- 
phates are main components, the author concludes that 
the Gilson product should be described as an imitation 
rather than as a synthetic. RCK 
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Nakazumi synthetic star corundum. J. Snow, J. Sanders, 
and G. Brown, Australian Gemmologist, Vol. 15, 
No. 11, 1985, pp. 410-412. 


This Gemmology Study Club Report summarizes the 
results of an examination of inclusions in synthetic star 
rubies and star sapphires manufactured by Nakazumi 
Earth Crystals. 

Initial macroscopic examination revealed sharp, 
six-rayed stars with relatively straight arms that tapered 
toward the girdle of the cabochons but that were some- 
what less distinct than those usually observed on syn- 
thetic star corundum. Also noted were irregular, whitish 
masses scattered randomly -on the cabochon surfaces. 
The flat polished bases showed distinct curved color 
banding, with occasional bands displaying darker color 
than the rest. 

Microscopic examination at 30x revealed rounded 
gas bubbles of various sizes. It was also determined that 
the whitish splotches seen on the surfaces of the 
cabochons were caused by light being reflected from 
masses of gas bubbles located just below the surface. 
Short oriented needles were seen at very high magnifi- 
cation (800x)}. A pattern to the distribution of the gas 
bubbles was also noted: The darker curved color bands 
contained a predominance of large, stretched bubbles, 
whereas the lighter-colored bands contained a much 
greater number of smaller, rounded bubbles. 

Communication with the manufacturer revealed 
that these synthetic star corundums are produced by the 
Verneuil process, with low-purity hydrogen gas partly 
fueling the inverted blow-torches. The rutile content 
was reported as 0.11%, with the asterism induced by 
annealing first in a gas flame and then in an electric 
furnace. 

The authors hypothesize that the elongated gas 
bubbles could be generated by temperature variations in 
either the melt or the flow rate of the gaseous fuels. They 
conclude that production of these synthetic star corun- 
dums is by a relatively unsophisticated Verneuil pro- 
cess, with asterism being induced by either a relatively 
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short or a relatively low-temperature annealing step. 
RCK 


A re-examination of Slocum Stone—with particular 
emphasis on inclusions. C. R. Burch, Journal of 
Gemmology, Vol. 19, No. 7, 1985, pp. 586-596. 


This article reviews the literature on Slocum Stone and 
reports the results of the author’s microscopic investi- 
gation of six specimens. 

The most prevalent inclusions noted were tinsel- 
like flakes—flat, extremely thin, and of varying sizes. 
Most had angular outlines and featureless surfaces. 
These flakes appeared bluish or purple in the black 
and white opal imitations, and were predominantly yel- 
low, green, and orange in the fire opal imitations. When 
viewed with polarized illumination, the flakes exhibited 
strong interference colors. The edges of adjacent flakes 
suggested that many of these were once part of larger 
structures, perhaps continuous sheets. 

Bubble inclusions were also common in all speci- 
mens. Their shapes ranged from those typical of glass 
imitations (e.g., spheres and ‘“‘torpedoes’’) to many very 
unusual ones. In one specimen there was a close associ- 
ation between some of the unusual bubbles and the 
tinsel-like flakes. The author speculates that the 
unusual bubble shapes and the fragment-like nature of 
the flakes may be the result of agitation and mixing at 
some point in the production process. 

The optical effects were also examined. In transmit- 
ted light the specimens showed very few, if any, color 
flashes. With overhead (reflected} light, however, they 
displayed a very strong effect; this changed with the 
angle of observation. The color effect was strongest 
when the specimens were viewed directly from above, 
due apparently to the fact that the material is cut so that 
the largest surfaces of most of the flakes are parallel to 
the base of the cabochon. 

This report is illustrated with 17 fine photomicro- 
graphs. RCK 
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CARTIER: JEWELERS 
EXTRAORDINARY 


By Hans Nadelhoffer, 312 pp., illus., 
publ. by Harry N. Abrams, New 
York, NY, 1984, US$50.00* 


This book is essentially a biography 
of the great Cartier jewelry house, 
and as such it is an important work. 
The author traces Cartier’s evolution 
from 1847 to the present, focusing 
primarily on the late 19th through 
the carly 20th centuries—Cartier’s 
period of greatest expansion and 
growth. 

Three brothers, Louis, Pierre, 
and Jacques—the fourth generation 
of Cartier jewelers—brought the firm 
to its pinnacle of international re- 
cognition and acclaim during this 
period. Eighteen chapters cover spe- 
cific aspects that were instrumental 
in the development under the three 
brothers of Cartier’s signature 
style—Art Deco. In these chapters, 
Nadelhoffer examines each of the el- 
ements that influenced the birth of 
the Art Deco style. The discovery of 
Tutankhamen’s tomb (1928) con- 
tributed ancient Egyptian motifs, 
while international trade with Japan, 
India, and the Arab nations lent eth- 
nic overtones to Cartier’s jewelry. 
The Ballets Russes also had a pro- 
found effect on the society of the 
time, which in turn had its effect on 
jewelry. Nadelhoffer does a superb 
job of demonstrating the impact that 
these factors had on Cartier’s jewels, 
and brilliantly handles the colossal 
task of weaving this intricate tapes- 
try of jewelry, people, places, and 
events. 

Regrettably, this monumental 
work deserved a better final edit. 
Most of the numerous footnotes 
could have been incorporated into 
the text, which would have saved the 
reader from having to flip back and 
forth through the book. Further- 
more, there are glaring omissions 
from the otherwise helpful chronol- 
ogy table (the murder of Czar 
Nicholas II and the coronation of 
Queen Elizabeth II are two of the 
more obviously absent events}. Also, 
some of the references in the text to 
illustrations located elsewhere in the 
book give nonexistent page numbers, 
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BOOK 
REVIEWS 


Jeffrey M. Burbank, Editor 


and a few of the illustrations are not 
captioned at all. Other than these 
few annoyances, however, the book 
is magnificent. The photographs and 
color plates are spectacular, and the 
text gives an insider’s view into the 
world of the extremely wealthy 
upper classes at the turn of the last 
century. Overall, Cartier: Jewelers 
Extraordinary isa worthy addition to 
the reference literature currently 
available on jewelry. 

ELISE B. MISIOROWSK]I 


Research Librarian 
GIA—Santa Monica 


THE GREAT AMERICAN 
SAPPHIRE 

By Stephen M. Voynick, 212 pp., 
illus., publ. by Mountain Press Pub- 
lishing Co., Missoula, MT, 1985. 
US$16.95 cloth*, $9.95 paper* 


This is a remarkably complete his- 
tory of the most important source of 
precious gems in North America, 
one that still contains far more sap- 
phires than it has yet yielded. The 
first of seven chapters is an overview 
of gem discoveries in the United 
States, including inferior sapphires 
in Montana gold placers. In 1895, 
distinctly superior blue sapphires 
were found in Yogo Creek, about 100 
miles east of Helena. These are the 
“sreat American sapphires” of the 
book’s title. 

Chapter 2 is a general discussion 
of sapphires that is appropriate for 
the layman, but not for the gem ex- 
pert. Chapters 3 and 4 recount the 
rise and decline of the English syndi- 
cate that soon acquired Yogo and 
produced $25 million worth of cut 
sapphires. A series of 13 American 
owners subsequently failed to re- 
store production. Most recently 
(chapter 5) American Yogo Sap- 
phires, Ltd. (renamed Intergem in 


1982) begana well-planned operation 
with ‘vertical integration” from 
mining through finished jewelry dis- 
tribution. Intergem emphasizes the 
fine natural color of Yogo sapphires 
in its advertisements, and points out 
(chapter 6) that many other sapphires 
have undergone artificial color en- 
hancement by heat treatment. The 
final chapter reports that Yogo sap- 
phires are now sold in a thousand 
retail jewelry stores, and argues that 
the future importance of these gems 
is almost boundless. 

Voynick gathered data from 
newspaper accounts, company 
sources, and “dusty geological re- 
ports” (one of which I prepared). 
Sources are quoted so abundantly 
that authenticity cannot be doubted, 
although rapid reading is impeded. 
Voynick’s writing is mostly straight- 
forward, not much given to flights of 
literary fancy, except in the intro- 
duction, where his florid account of 
the geological origin of the sapphires 
“born in the fiery womb of the earth” 
may make a geologist blush. The 
book is well organized, the dozen 
color photographs are excellent, and 
the other photos have historical 
value. 

In 1946, I spent several weeks 
mapping the Yogo district as part of a 
U.S. Geological Survey appraisal of 
Montana corundum deposits. Ac- 
cording to Voynick, my published 
report was optimistic enough to have 
been more useful to promoters than 
to geologists and mining men. Never 
mind, future speculators will find 
my appraisal vastly superseded by 
Voynick’s statement that estimated 
reserves to a reasonable depth of 
7,000 feet indicate “that Montana’s 
Yogo dike contains more sapphires 
than the sum total of all the other 
known sapphire deposits in the 
world.” True, perhaps, if you exclude 
other sapphires of less superb natural 
color, uniformity, and clarity. But 
Yogo sapphires are small (cut stones 
larger than a few carats are rare}, and 


*This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. 
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Intergem’s unique mining method is 
still largely unproven. 

The paper, printing, editing, and 
binding of the book are excellent, and 
the price is reasonable. Anyone with 
an interest in minerals or Western 
Americana will enjoy reading it, and 
those who make a business of buying 
and selling sapphires anywhere in 
the world should own a copy. 

STEPHEN E. CLABAUGH 


Professor of Geology Emeritus 
The University of Texas, Austin 


PEARLS—THEIR ORIGIN 
TREATMENT, AND 
IDENTIFICATION 


By Jean Taburiaux, 247 pp., illus., 
publ. by Chilton Publishing Co., 
Radnor, PA, 1985. US$24,95* 


This is a welcome addition to the 
meager list of books available on the 
subject, and is doubly welcome be- 
cause, in its four major sections, it 
covers the full scope of pearling: nat- 
ural and:cultured, saltwater and 
freshwater.iThe work is a translation 
from French into English, a fact that 
becomes obvious as the reader finds 
disparities in the spelling of names 
and places from one section to an- 
other, but this is a forgivable weak- 
ness because the overall continuity 
remains intact. 

The author covers pearling from 
ancient times through the most re- 
cent developments, including the 
marketing and valuation of pearls, 
along with the very intricate method 
of pricing natural pearls. The one 
weakness in the work is the histori- 
cal Part 1, ‘Natural Pearls.’’ While 
the cited dates leave no question that 
the data are historical, it is still diffi- 
cult to differentiate ‘then’ from 
“now” in the reading, possibly a fault 
in the translation. This weakness is 
not distracting enough, however, to 
put the reader off. 

The text is readable, and Mr. 
Taburiaux has tried to keep techni- 
calities to a minimum in order to 
reach any audience with even a pass- 
ing interest in pearls. The amount of 
material covered in the 247 pages is 
remarkable, both in terms of content 
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and relevance. The text is generously 
illustrated with some 200 drawings 
and maps, but with only a meager 14 
color plates. The overall quality of 
the book is high. 

This work will help fill a void 
that has existed since 1908, when the 
last really comprehensive book on 
pearling was published—Kunz and 
Stevenson’s classic Book of the 
Pearl. The great value in Taburiaux’s 
book is that it couples the old with 
the new and covers pearl cultivation 
in all parts of the world more thor- 
oughly than any book available to- 
day. It should be a welcome addition 
to the library of anyone interested in 
pearls. 

ARCHIE CURTIS 
Corp. Admin. Coordinator 
GIA—Santa Monica 


LAROUSSE DES 
PIERRES PRECIEUSES 


By Pierre Bariand and Jean-Paul 
Poirot, 264 pp., illus., publ. by Lib- 
rairieé Larousse, Paris, France. 
US$45.95* 


Even if you cannot read French, this 
book is worth possessing. Of the 246 
pages of text, 234 have at least one 
photograph. These photos—almost 
all of which were taken by Nelly 
Bariand—are of exceptional quality. 
Most have never before been pub- 
lished. Since gem and mineral names 
in French are either identical, or suf- 
ficiently similar, to their English 
equivalents, photo captions can be 
easily deciphered. 

For those who read at least some 
French, however, Bariand and 
Poirot’s book is of even greater value. 
The first 60 pages are devoted to a 
general introduction to gems and 
gem materials. It opens with a few 
pages on gem symbolism, including 
the gemstone’s role in religion, soci- 
ety, medicine, trade, and personal 
adornment throughout history. A 
section then follows on the origin of 
gems, including some terminology 
and definitions, but primarily dis- 
cussing where gems can be found, 
both in situ as well as in fashioned 
form, in state and private collections, 
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and in commercial centers of the 
gem trade. 


The bulk of the introductory 
section is entitled ‘The Substantive 
Qualities of Gems,” and in it the au- 
thors thoroughly review various 
gemological properties, such as du- 
rability, color, phenomena, density, 
weight, inclusions, and cutting. Each 
of these subjects is treated with an 
awareness of the latest develop- 
ments in gemology. For example, the 
segment on color includes com- 
ments on light, absorption, color 
centers, treatment of color (using 
ink, dyes, heat, and radiation}, opti- 
cal phenomena, color perception, 
and the effects of color on gemstone 
value. 


The remainder of the introduc- 
tory portion of the book presents an 
excellent review of imitations and 
synthetics, techniques of identifica- 
tion, and classification and nomen- 
elature. A useful table summarizes 
the historic development of major 
gemstone treatments, imitations, 
and synthetics. 

In French, the name ‘‘Larousse” 
connotes the word dictionary, just as 
“Webster” does in English. Given 
that association, this book rightly 
lives up to its dictionary image by 
describing 140 gems and gem mate- 
rials in alphabetical order according 
to their species and variety names. 
The latter are cross-referenced to 
their mineral species as well. A 
number of trade names and obsolete 
terms are also listed, as are histori- 
cally important forms of gem carv- 
ing, such as the cameo and intaglio. 
While some of the classification 
departs from American standards, 
the information about each gem is 
impressive and largely correct. 

For each gem material, the de- 
scription generally includes the 
chemical nature, crystal form [if a 
mineral}, basic optical and physical 
properties, locality information, his- 
tory, etymology, and notable large 
specimens. Major gemstones such as 
diamond, ruby, emerald, sapphire, 
pearl, and “jade” are treated at 
length. At the same time, some ma- 
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terials rarely cut as gems (such as 
jeremejevite} are included for the 
benefit of collectors of the unusual. 
Toward the end of the book, the au- 
thors include a brief glossary, a bibli- 
ography, and a list of museums with 
major gem collections worldwide. 
The closing pages consist of a prop- 
erty chart for the gem materials 
mentioned in the text, ordered ac- 
cording to refractive index, with 
transparency, density, hardness, 
toughness, color, dichroism, 
luminescence, and chemical formula 
provided for each entry. 

Given the encyclopedic scope of 
the book, errors are minimal (e.g., a 
photograph of what looks very much 
like maw-sit-sit is labeled 
“chloromelanite’’}, Perhaps the 
greatest problem that American- 
trained gemologists will encounter is 
the book’s terminology; for example, 
the word variety is both loosely and 
liberally applied. Nonetheless, the 
photographic, historic, and descrip- 
tive information presented is of 
exceptional quality. While not 
technically complete enough to 
stand alone as a gem identification 
reference, the book does contain his- 
toric and very recent information not 
included in the standard texts and, as 
such, is likely to become an estab- 
lished supplemental text for those 
who read French. Finally, unlike the 
more technical gem references, this 
book will also appeal to non- 
gemologists. Unfortunately, this 
Larousse is not yet available in Eng- 
lish. It is hoped that an English edi- 
tion will be forthcoming. 


CAROL STOCKTON 
Research Department 
GIA —Santa Monica 


THE TOURMALINE GROUP 
By R. V. Dietrich, 300 pp., illus., 
publ. by Van Nostrand Reinhold, 
New York, NY, 1985. US$29.95* 


Despite tourmaline’s long and varied 
history as a mineral, gemstone, and 
crystalline material of scientific in- 
terest, no broad-based summary 
about tourmaline has appeared in re- 
cent years. Professor Dietrich’s book 
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fills this void by surveying the large 
and diverse literature on tourmaline 
and summarizing this information in 
a condensed but well-organized for- 
mat. The book largely consists of a 
compilation of data and suggestions 
taken from more than 2,500 publi- 
cations on tourmaline. Nearly 1,000 
of the more important of these arti- 
cles are included in the exhaustive 
bibliography. As such, the book rep- 
resents a useful summary of the 
properties of tourmaline as well as a 
valuable guide to the scientific and 
popular literature on this mineral. 


Today, tourmaline is used as the 
name of a group of minerals that in- 
cludes species such as schorl and el- 
baite. In dealing with the literature 
on tourmaline, the book begins with 
chapters on nomenclature and crys- 
tallography. The name tourmaline 
appears to have been derived from 
the Sinhalese term turmali, a desig- 
nation often applied by ancient 
Ceylonese merchants to mixed 
gemstones of unproved identity. 
Dietrich describes some 50 names 
that have been applied to tourmaline 
species and varieties, and identifies 
those names that are currently ac- 
cepted. The crystallography chapters 
summarize information on the in- 
ternal crystal structure of tourma- 
line and its external morphology, 
including data on crystal habits anda 
list of the largest recorded crystals. 


The chemical and physical 
propertics of tourmaline are dis- 
cussed in the middle chapters of the 
book. There is a detailed summary of 
the complex chemistry of tourma- 
line, and how the chemistry is re- 
lated to both tourmaline species no- 
menclature and the observed varia- 
tion in its physical properties. Inclu- 
sions and other features seen with a 
microscope in tourmaline are cov- 
ered in this section of the book. The 
wide variety of colors and color pat- 
terns in tourmaline has also long 
been of a subject of interest. The 
causes of color are discussed in some 
detail, as are other optical properties 
such as luminescence and pleo- 
chroism. Information is also provided 


on the effect of heat treatment and 
irradiation on tourmaline coloration. 
Lastly, data on a range of physical 
properties (e.g., density, hardness, 
etc.) are presented. 

The latter chapters of the book 
cover a variety of topics, including 
the synthesis of tourmaline and the 
industrial uses of this mineral. An 
extended chapter on tourmaline as a 
gemstone describes the historical 
use of tourmaline in jewelry, the 
fashioning of gem tourmaline, and 
famous tourmaline gemstones. 

The variability in chemical 
composition displayed by tourma- 
line is due in part to its occurrence in 
a wide range of geologic environ- 
ments. The last chapter summarizes 
what is currently known about the 
occurrence of tourmaline in igneous, 
metamorphic, and sedimentary host 
rocks. An appendix to the book lists 
worldwide localities that have 
yielded noteworthy tourmalines as 
mineral specimens and/or gem ma- 
terial. 

In many respects this is the best 
book available on tourmaline. It is 
well written, highly readable, and ef- 
fectively organized. The major 
strength of the book is that the 
summarized information represents 
a compilation of data from the au- 
thor’s critical review of hundreds of 
publications on tourmaline. The one 
aspect of the book that lessens its 
appeal is the lack of a section describ- 
ing specific tourmaline localities. 
Considering the voluminous 
literature on tourmaline, the inclu- 
sion of such information was perhaps 
technically or economically impos- 
sible. If this was the case, even anno- 
tating the list of tourmaline 
localities in the appendix with key 
references for each occurrence would 
have been helpful. With this sole 
criticism, however, The Tourmaline 
Group is the best reference on the 
subject and, at its modest cost, 
should be obtained by any 
gemologist interested in tourmaline. 


JAMES E, SHIGLEY 
Research Department 
GIA-—Santa Monica 
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THE COSCUEZ MINE: A MAJOR SOURCE 
OF COLOMBIAN EMERALDS 


By Ron Ringsrud 


The Muzo emerald district, in Boyacd, 
Colombia, contains several mines. 
Although the Muzo mine is undoubtedly 
the best known, the Coscuez mine is rapidly 
gaining significance as a major source of 
fine emeralds. Yet few in the trade outside 
of Colom bia are aware of the importance of 
Coscuez or know about the emeralds mined 
there. The Coscuez mine is literally 
hundreds of years old, and its history is 
closely tied to that of Muzo. Located only 
about 10 km apart, the two areas also share 
many geologic features and both are 
currently exploited using open-cut mining 
methods. The Coscuez emeralds are similar 
to Muzo stones in their physical properties, 
but they occurin a somewhat broader range 
of hue and saturation. Prospects for even 
greater production at Coscuez in the future 
are good. 
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Emeralds from Coscuez 


henever fine emeralds are discussed in the gem 

trade, the term Muzo is invariably used to describe 
the best. Yet Colombia’s Muzo district actually 
encompasses several mines, of which two are currently 
major producers: Muzo and Coscuez. Many stones prop- 
erly referred to as “Muzo emeralds” actually come from 
Coscuez (figure 1}, which lies only 10 km from the Muzo 
mine (figure 2}. Although smaller than Muzo, the Coscuez 
mine has for more than 300 years produced some of the 
best emeralds from the Muzo region, at times in quantities 
that have even surpassed the Muzo mine. 

Five years ago, Gems & Gemology published an article 
outlining the history, geology, and production of Colom- 
bia’s two major emerald-mining regions: Muzo and Chivor 
(Keller, 1981). Soon after that article appeared, however, 
production from the Chivor region began to fall, while that 
from the Coscuez mine accelerated rapidly. During this 
same period, the Muzo mine continued to supply good 
quantities of emeralds. Today, most of the emeralds mined 
in Colombia come from the Muzo district, and the Cos- 
cuez mine has grown to become the second largest pro- 
ducer of emeralds in Colombia. 

Yet in spite of its prominence, little has been written 
specifically on Coscuez or the Coscuez emeralds in the 
jewelry and gemology literature, and few in the trade out- 
side of Colombia are aware of its importance as a major 
source of fine emeralds. In March 1984, the author traveled 
to Coscuez in the company of local dealers; two years later, 
in May 1986, he revisited the mine as a guest of Colombian 
Mines Co., a major stockholder of EEMERACOL, the pres- 
ent leaseholder of the Coscuez mine. Based on information 
gathered during these visits as well as from other sources, 
this article reviews the fascinating history of mining at 
Coscuez, describes the geology of the area and the nature of 
mining operations, and examines the gemology of the Cos- 
cuez emeralds. 
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HISTORY 

Much interesting history about the Spanish dis- 
covery and conquest of the emerald regions of Col- 
ombia was published in 1948 by the Bank of the 
Republic after it took over the administration of 
emerald mining from the government. The author 
was G. Otero Murioz, head of the Colombian Insti- 
tute of History. Unlike many other publications, 
Esmeraldas de Colombia provided considerable 
information specifically on Coscuez. Much of 
what follows is from this source. 

In their conquest of South America, beginning 
in the 16th century, the Spaniards encountered 
Colombian emeralds among the local Indians as 
far north as Mexico and as far south as Peru and 
northern Chile (Sinkankas, 1981). Judging from 
the emeralds found in these ancient Indian sites, 
archaeologists believe that pre-Colombian tribes 
began to systematically mine and trade emeralds 
as early as 1000 A.D. (Sinkankas, 1981). In the 
region near present-day Bogotd, Spaniards led by 
Gonzalo Jimenez de Quesada easily conquered the 
Chibcha and Fusagasugae Indians. From the Chib- 
chas, the Spaniards learned of an emerald mine ata 
place called Somondonco, which they located in 
1537 and later renamed Chivor (Wokittel, 1960). 
The Chibchas also told them of another rich em- 
erald area to the northwest. But to penetrate this 
region, the Spaniards would first have to subdue a 
far more formidable tribe: the Muzos. The Muzos 
were known as the most warlike, ferocious, and 
valiant Indians in the region, and further were re- 
ported to be cannibals. They were famous not only 
for their poison arrows, but also for their hidden 
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Figure 1. The emeralds 
(weighing 1.76 and 5.19 ct, 
respectively) in these two 
rings represent some of the 
brighter, cleaner material 
found at the Coscuez mine, a 
major source of emeralds in 
the Muzo district of Boyacd, 
Colombia. Jewelry courtesy 
of Constellation Gems, Inc.; 
photo © Harold & Erica 
Van Pelt. 


jungle traps, camouflaged pits, and numerous for- 
tifications. 

The Muzos inherited from their ancestors the 
ancient legends surrounding the Fura-Tena, a co- 
lossal pair of granite peaks (the tallest is 625 m 
above the Minero River], approximately 40 km 
from the Coscuez mine. As one approaches from 
the east, the Fura-Tena looms up majestically asa 
sentinel to all who enter the emerald region. One 
Muzo legend states that Fura is the prince and 
Tena is the princess, both born to the god of the 
mountains. The god gave them wealth in the form 
of rich veins of emeralds, one of which was sacred 
and not to be touched. A devil named Zarv con- 
vinced the princess to take the forbidden stones. 
As she and the prince attempted to remove the 
cursed emeralds, the god turned them into the two 
granite peaks, and their tears of remorse became 
the Minero River. 

In 1538, Spanish Captain Luis Lanchero 
launched the first campaign against the Muzo 
Indians {Piedrahita, 1881). Although Lanchero was 
forced to retreat after much fighting, accounts of 
the campaign show that while butchering local 
wild turkeys for food, he and his soldiers found 
small emerald crystals in the craws. This was more 
than enough incentive to convince the colonial 
governors to continue attempts to conquer that 
region. More campaigns were launched against the 
Muzos in 1545, 1550, and 1551, but these too were 
ultimately unsuccessful. 

In 1558, however, Lanchero reentered Muzo 
territory with a force consisting of Spanish soldiers 
and members of local tribes that were also at war 
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with the Muzos. Up until this confrontation, the 
steel swords, armor, and firearms that had been 
adequate to conquer local Indian tribes throughout 
much of the continent had not been enough to 
subdue the Muzos. Their defeat was ultimately 
brought about by Lanchero’s timely use of a new 
weapon: ferocious European hunting dogs. When 
the dogs were turned loose in mid-battle, they cre- 
ated havoc and confusion in the ranks of the 
Indians (figure 3). In two costly and decisive bat- 
tles, Lanchero and his forces finally succeeded in 
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Figure 2. The Muzo and 
Chivor emerald-mining 
districts in Boyacd, 
Colombia. Note the 
proximity of the Coscuez and 
Muzo mines to each other. 


bringing the land of the Muzos under Spanish 
control. 

Following their success, in 1559 Lanchero’s 
men created a settlement close to where the 
Indians’ emerald mines were supposed to be and 
called it Santisima Trinidad delos Muzos. Captain 
Lanchero and his men soon located the mines and 
began to work them in the name of the Spanish 
Crown. Coscuez, named after an Indian princess, 
had been worked by the Indians for centuries prior 
to the conquest and was undoubtedly one of the 
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first located by the Spaniards. Ironically, a chest 
wound that Lanchero had received more than two 
decades earlier in his first battle with the Muzos 
had never healed, and in 1562 it turned gangrenous 
and killed him. Yet the value of the legacy he left 
was evident in the eventual establishment of a 
royal counting house, a royal treasury, and numer- 
ous cathedrals in the town of Muzo. The cost to the 
Muzo Indians, however, was dear: Enslavement to 
work the mines and exposure to new diseases in- 
troduced by the Spaniards killed thousands. Even- 
tually the loss of slave labor led to a steady decline 
in emerald production, and the seat of local gov- 
ernment was moved from Muzo to Tunja. 

Spanish records indicate that in July of 1646 
there appeared in the city of Muzo a Captain 
Francisco de Ovalle, carrying a royal seal that 
named him Lord of Mines and overseer of all that 
he discovered in the Coscuez heights “as long as 
the rocks there show the green of the emerald.” 
This situation caused some official confusion at 
first, because the mine was already known and 
being worked by others. In those days, however, 
the governorship changed hands frequently, and in 
1647 the new governor accepted the captain’s 
claim. This is one of the first instances on record 
where the Coscuez mine was considered sepa- 
rately. Up until this time, in the history recorded 
by the Spaniards as well as in the government 
concessions and leases, the Coscuez mine was in- 
cluded with Muzo. 

During the colonial period, the miners ex- 
tracted the emeralds simply by following the good 
veins with tunnels. At Coscuez, a magnificent 
18-0z. (550-ct]) crystal was extracted by this 
method, and was reportedly sent to a museum in 
Madrid. In the mid-1600s, a large cave-in at the 
Coscuez mine buried almost 300 Spaniards and 
Indians. Work in the area was abandoned soon 
after. Two centuries later, in 1850, mining opera- 
tions uncovered the same tunnel complete with 
the bones of the victims and their bamboo and 
metal tools (C. Torres, pers. comm., 1986). The 
vein became known to the miners as the Dead 
Man’s Underpass, and today goes by the name El 
Espariol (The Spaniard). 

In 1824, the newly independent government of 
Colombia leased the mining area around Muzo to 
Colombian mineralogist José Ignacio Paris, who 
controlled the mining operations for the next 22 
years. During this period, acting on the advice of 
English mining engineer George Cheyne, Paris 
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changed the operation at Muzo from tunneling to 
open-cut mining, using a form of benching, that is, 
cutting the slopes horizontally in a step-like fash- 
ion and washing away the resulting debris with 
water. Because water was not as readily available, 
Coscuez was worked less extensively at this time, 
and mainly by tunneling. Paris is remembered 
today primarily for his part in the discovery at 
Muzo of the mineral parisite, a rare fluorocarbo- 
nate of cerium that was named in his honor. After 
Paris, a number of foreign and Colombian lessees 
continued to work the deposits with varying de- 
grees of success. Little has been recorded about 
activity at Coscuez during the latter half of the 
19th century except that it was repeatedly worked, 
abandoned, and reopened (Pogue, 1916; Op- 
penheim, 1948). 


RECENT HISTORY AND 

PRODUCTION 

The Muzo mine was responsible for most of the 
emeralds produced in the district from 1925 until 
it was closed again in 1938. In 1946, the Colom- 
bian government turned responsibility for the 
mining and marketing of all emeralds over to the 
Bank of the Republic. The bank was unable to 
maintain tight control, however, so illegal mining 
and black marketing of emeralds flourished. Fi- 
nally, in 1969, the government formed 
ECOMINAS (Empresa Colombiana de Minas— 
Colombian Ministry of Mines} to control the 
mines. In 1977, private companies were sought to 
work the mines on a five-year lease arrangement 
{“Coscuez, an Emerald Mine Reborn,’ 1979}. The 
Coscuez lease was awarded to ESMERACOL, a 
company whose present major stockholders are 
Colombian Mines Co. (a Bogotd-based cutter, bro- 
ker, and exporter}, Victor Quintero (who also runs 
the Chivor mine}, Jaime Murcia, and the family of 
the late Juan Francisco (Pacho} Vargas. 

Through ECOMINAS, the Colombian gov- 
ernment records the number of carats of emeralds 
legally exported each year. Until 1968, totals for 
many of the individual mines were reported; since 
then, inexplicably, records show only totals ex- 
ported from all mines. In addition, illegal mining 
and unreported exporting diminish greatly the re- 
liability of the official statistics. It is not surpris- 
ing, then, that the author was unable to obtain any 
accurate, detailed production figures, either from 
the government offices or from the mine officials. 
However, trends can be seen in the ECOMINAS 
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records that substantiate the recent decline in pro- 
duction from the Chivor mine, continued strong 
production from the Muzo mine, and significantly 
greater production from the Coscuez mine. For 
example, totals in the ECOMINAS production reg- 
istry show that the Chivor mine averaged 10,000- 
40,000 ct of gem-quality emeralds per year during 
the 1920s and 1930s, and 10,000—20,000 ct annu- 
ally until 1963, when production dropped and 
stayed low. Dealers in Bogota who are familiar 
with the market reported to this author that in the 
1960s and 1970s Chivor production was erratic— 
with some good and some bad years—but that it 
has stayed low since 1980. 

ECOMINAS records show that Muzo also av- 
eraged 10,000-—40,000 ct of gem-quality emeralds 
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Figure 3. Adorned with 
emeralds, the Muzo Indians 
fought the Spanish invaders 
fiercely. Ultimately, 
European hunting dogs were 
a deciding factor in Captain 
Luis Lanchero’s defeat of the 
Muzos in 1558. From Otero 
Munoz (1948). Reproduced 
by permission of the 
Colombian Institute of 
History. 


per year during the 1930s and 1950s, but that pro- 
duction increased after 1963. Dealers in Bogota 
estimate that Muzo is currently producing several 
hundred thousand carats of emeralds annually. 
Production at the Coscuez mine, unreported until 
1960, exceeded 25,000 ct in 1963, even surpassing 
Muzo for that year. Mr. Samuel Gad, a major part- 
ner in Colombian Mines Co., estimates that more 
than 150,000 ct of emeralds per year are now being 
mined at Coscuez (pers. comm., 1986). 


LOCATION AND ACCESS 


The Andes Mountains begin in southern Chile and 
define the entire western edge of South America 
until they reach Colombia in the north, where the 
chain divides into three prongs covering the west- 
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ern portion of the country. The world’s richest 
emerald-bearing region straddles the easternmost 
prong, known as the Cordillera Oriental. The 
Muzo district lies due north of Bogotd, the capital 
of Colombia, in the northern part of this emerald- 
bearing zone. The Muzo and Coscuez mines lie 
within 10 km of each other in the state of Boyac4 
{at 5°33’N, 74°11'W and 5°39’N, 74°11’W, respec- 
tively]. Access to the mining region from Bogotd is 
accomplished by helicopter, traveling approxi- 
mately 105 km (70 mi.) due north, or by field vehi- 
cle, traveling 260 km over what are primarily 
winding paved and unpaved roads that descend 
from the high flat plain on which the capital city is 
situated to the mountainous subtropical terrain of 
the lower altitudes. 

The Muzo mine is about 800 m (2,625 ft.) 
above sea level and the Coscuez mine, 1120 m. In 
both places, the land is fertile and the vegetation 
thick. The weather at both mines is warm, al- 
though the heat at Muzo—which lies in a natural 
valley, sheltered from the wind—can be oppressive. 

In spite of their close proximity, Muzo and 
Coscuez are not connected by any road. To get to 
Coscuez from Muzo by automobile, one has to go 
90 km east and then, just before Chiquinquird4, 
take a second road northwest for approximately 90 
km. A narrow footpath between the mines can be 
traversed in less than five hours. This path, as well 
as the roads that lead to the mining areas, is used 
only by the locals in that specific region. Territo- 
riality is strong and has resulted in many local 
rivalries and skirmishes. Until conditions change, 
these areas should be visited only with extreme 
caution and in the company of local residents. 


GEOLOGY 


The Coscuez mine (figure 4} is one of several mines 
in the Muzo district, which also includes the Pena 
Blanca as well as the famous Muzo mine. The 
mines in the district are located within roughly 30 
km of one another. Despite this close proximity, 
there is no evidence that the mines are linked in 
any way or that they are part of one continuous 
deposit. However, an understanding of the local 
geology has been hampered by the dense vegeta- 
tion, rough topography, and limited detailed sci- 
entific study of the entire area. Further investiga- 
tions under way may reveal a more direct relation- 
ship between the separate emerald deposits. 

The geology of the Muzo district has been de- 
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scribed by several authors, including Pogue (1916), 
Schiebe (1933), Clements (1941), and Oppenheim 
(1948). This work is summarized in Sinkankas 
(1981) and Keller (1981). In general, the district is 
underlain by a great thickness of shales of early 
Cretaceous age. These shales are intensely folded. 
In addition, the area is transected by a number of 
northeast-trending faults that are accompanied by 
zones of brecciation. 

Historical observations along with recent 
studies of these faults have shown that they are 
frequently concentrated at locations either of ex- 
isting-emerald mines or areas of emerald minerali- 
zation. Thus, plans are under way to use fault 
patterns as promising exploration targets in future 
prospecting for emeralds in the Muzo district and 
in surrounding areas in this part of Colombia. Ona 
more local scale, experience has shown that areas 
of emerald mineralization are indicated by certain 
changes in the color or texture of the host rock or 
by areas of water seepage from the rocks which 
may indicate the presence of a fault. 

In the Muzo district, the geologic formation in 
which the emeralds are found is known as the 
Villeta formation of Lower Cretaceous age 
(120-130 million years old). This formation and 
other sedimentary rocks in the area are rich in 
fossils, thus allowing for their age dating. The Vil- 
leta formation consists of a great thickness of 
black, carbonaceous shales and minor amounts of 
limestone. As with the other rocks in the district, 
the rocks of the Villeta formation have been in- 
tensely folded, faulted, and fractured. The Villeta 
formation was divided into two members by Lleras 
(1929). The underlying member consists of black 
carbonaceous shales and thinly bedded lime- 
stones. The overlying member is composed of 
black to yellowish gray shales. Locally, these two 
members are separated by two thin layers, which 
consist of calcite and minor quartz in a matrix of 
fine limestone cement; the difference between the 
two layers is principally textural. 

As at Muzo, the rocks of the Villeta formation 
at Coscuez are cut by numerous calcite veins that 
partly or completely fill fractures in the sediments. 
The veins vary up to 35 cm in thickness and up to 
several meters or more in length. Having formed 
along fractures in the host rock, the veins are ori- 
ented in various directions within the rock but 
often cut across the original bedding plane of the 
sediments. The orientation of the veins can, how- 
ever, often be directly correlated with the local 
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Figure 4. This view looking 
northeast at the Coscuez 
mine reveals both the rugged 
topography of the region and 
the relatively small area of 
exploitation of the mine. 
Photo by Jack Rotlewicz. 


pattern of fracturing in the rock. In some instances 
the veins intersect. The fractures are generally 
filled by the calcite vein material, but occasionally 
there are open cavities within the calcite which 
may contain free-standing crystals. 

For the most part, the emerald crystals are 
found with the calcite along these fractures in the 
shale and limestone. The shale and limestone are 
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often discolored, with a yellowish gray appear- 
ance, in the area of the mineralized calcite veins. 
The emerald crystals usually occur attached to the 
wall of the fracture and are surrounded by calcite, 
or they may be embedded within the calcite itself. 
Field observations indicate that the best-quality 
emeralds seem to be found in the narrower veins 
(5-10 cm thick). Barriga Villalba (1948) hypothe- 
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sized that this might be due to the mineralizing 
solutions and gasses entering the narrow fissures 
with higher pressure, providing for better crystal- 
lization, but this has not been further evaluated. 
The crystals are randomly distributed, but locally 
concentrated, within the calcite veins and can 
occur either singly or in groups. Associated with 
the emerald in the calcite veins are minerals such 
as pyrite, quartz, dolomite, parisite, and (rarely) 
fluorite, apatite, albite, and barite. ’’Trapiche” em- 
eralds, as well as both dolomite and pyrite, are 
more common at Muzo than they are at Coscuez. 
Although the surface area of the Muzo mine is 10 
to 15 times larger than Coscuez, the latter has a 
greater concentration of emerald-bearing veins. 
The origin of the Coscuez, Muzo, and other 
emerald deposits in this region has long been the 
subject of geologic study but as yet has not been 
satisfactorily explained. Following their deposi- 
tion, the sedimentary rocks of the Muzo district 
were subjected to a period of folding, faulting, and 
metamorphism. During these events, hydrother- 
mal solutions appear to have been derived from 
within the sediments or from unidentified igneous 
sources. These solutions leached beryllium and 
other elements from the rocks occurring over a 
large area. Moving along zones of weakness in the 
rocks, such as fault zones, the solutions deposited 
emerald and other minerals along fractures in the 
metamorphosed sediments. Although there is 
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Figure 5. Below Coscuez, the 
+ Tunel la Tabla penetrates 

| 600 m into the mountain as 
| the miners follow the 
emerald-bearing calcite 
veins. Note the plastic tubes 
used to deliver air into the 
tunnel, Until recently, 
tunneling was the principal 
method of mining at 
Coscuez. 


general agreement as to the basic features of this 
model of emerald formation, many questions 
await answers from further geologic study. 


MINING 


Historically, the rugged topography and steepness 
of the mountain on which the Coscuez mine is 
located have made access to Coscuez more diffi- 
cult than Muzo (figure 4). In addition, the 
emerald-bearing sedimentary rock at Coscuez is 
somewhat harder than that found at Muzo. The 
harder host rock, along with the fact that Coscuez 
does not have abundant water available, has made 
open-cut mining difficult until relatively recently. 
Tunneling has been the chosen mining method 
throughout the history of Coscuez. One tunnel, 
begun privately over 19 years ago, penetrates 600 
m upward and into a mountain close to the main 
mine area (figure 5}. The tunnel follows emerald- 
bearing calcite veins and has produced enough in 
the past to keep a small group of locals occupied 
working it today. As heavy machinery became 
available in recent years, the more efficient open- 
cut mining became possible. Now the mine is 
worked with five bulldozers and some limited use 
of dynamite (figure 6). As the potentially 
emerald-bearing calcite veins are uncovered, they 
are checked by the miners with picks and then 
worked by hand if emeralds are found (figures 6 
and 7). 
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Figure 6. Today, the mine owners at Coscuez use bulldozers to retrieve the emeralds more quickly and 
efficiently by the open-cut method. The bulldozers clear layers of black shale until the potentially 
emerald-bearing veins of white calcite are uncovered. On the right, a lone miner searches the white 
calcite for emeralds. Photo by Jack Rotlewicz. 


Figure 7. These Coscuez 
miners use picks to search for 
emeralds in the white calcite 

veins uncovered by the 
bulldozers. 


The problem of the lack of abundant water at 
Coscuez has lately been mitigated by the con- 
struction of reservoirs fed by pumps at the upper 
levels of the mine. This water is released regularly 
into various channels to help flush and move large 
amounts of mine tailings. Below the main mining 
area, where the tailings settle, springs and small 
streams feed a winding stream called La Culebrera 
(the Serpent Pit), referring either to the winding 
nature of the stream or to the rough reputation of 
the local independents who dig for emeralds in it. 
La Culebrera widens after a few hundred meters 
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Figure 8. Independent 
guaqueros at Coscuez search 
for emeralds in the mine 
tailings that have been 
dumped into the small 
stream called La Culebrera. 
Whereas the Itoco River 
below Muzo has been known 
to support as many as 10,000 
independent miners (see 
Keller, 1981), the author saw 
only 50 people working La 
Culebrera during his most 
recent Visit. 


and at that point is called La Colombina, which 
runs north into the Quebrada La Caca, which then 
feeds the Minero River. Many of the mining wastes 
are pushed by bulldozers into La Culebrera. Be- 
cause the terrain at Coscuez is so steep, the mine 
tailings are much easier to remove here than at 
Muzo. 

All of the mines in Colombia share to differing 
degrees the problem of numerous local guaqueros 
(‘diggers for treasure”), who live by selling what- 
ever emeralds they can poach near or in the mines. 
In Muzo, guaqueros gather in the Itoco River. The 
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tailings from the mine are washed by the river and 
yield enough emeralds to support up to 10,000 
people. The mine owners stay within the mine and 
the guaqueros generally stay at the river. In Cos- 
cuez, however, thereis no river, only La Culebrera. 
Although local miners report that the stream can 
support more than 2,000 people, the author has 
seen only 50 or so (figure 8}. It is more common in 
this area that the guaqueros enter the mine prop- 
erty at night and dig numerous tunnels in search of 
emeralds (figure 9}. Territorial disputes among the 
guaqueros make security and control a problem in 
both Muzo and Coscuez, but with a stream that 
supports only a small number of people and a smal- 
ler surface area to exploit, the job of securing Cos- 
cuez is more difficult. It is interesting to note that 
the guaqueros of this region consist mainly of de- 
scendants of the Muzo and Colima Indians. The 
reputations that the guaqueros at the different 
mines have of aggressiveness and hostility tend to 
correlate directly with how deeply into the terri- 
tory of the Muzo Indians the mine is found. Chivor 
and Gachal4, which are outside of what was once 
the territoty of the Muzos, are relatively safe 
mines and can even be visited by tourists. The 
Muzo mine, to the north, in Muzo territory, is 
considered dangerous for visitors, and Coscuez 
slightly more so. North of Coscuez, the Peria 
Blanca mine is deepest in the heart of the Muzo 
Indians’ old territory and correspondingly has by 
far the worst reputation of all the mines for danger 
and hostility among the locals. 


GEMOLOGY 

Crystallization. Observations by local miners 
have suggested that the Coscuez emerald can 
occur in more complex crystal forms than the 
Muzo emerald. While both mines produce many 
simple prismatic crystal forms, at Coscuez are 
found a large number of emeralds that are aggre- 
gates of three to six or more crystals all with indi- 
vidual terminations (figure 10). The faces tend to 
be brilliant with little or no etching. The crystals 
found at Muzo are generally shorter and less likely 
to have terminations and aggregates than at Cos- 
cuez. This phenomenon may have been caused by 
a lack of open space in the vein during crystalliza- 
tion, which could have inhibited crystal growth. 
Oppenheim (1948) speaks of the Coscuez emeralds 
as being ‘famous for their exceptional green color 
and elongated crystals.” 


Color. In Colombia, the different mines are known 
to produce emeralds that differ slightly in color, 


tone, and clarity. Muzo emeralds tend to be a 
well-saturated slightly yellowish green, while 
Chivor emeralds are generally less saturated and 
more bluish green. Dealers in Bogotd maintain 
that the best crystals (in terms of clarity and “life’’) 
come from Gachald4. About Coscuez, though, these 
same dealers have a saying: ‘From Coscuez comes 
a little of every (Colombian) mine.” There is no 
one specific hue or degree of clarity associated 
with Coscuez emeralds; rather, a variety of hues 
occur, some of which are illustrated in figure 11. 
Sometimes Coscuez crystals are lively, clean, and 
lightly saturated in color like those from Gachalé, 
sometimes the material is very bluish like Chivor, 
and sometimes there is absolutely no difference 
from Muzo color and quality. However, one type of 
emerald commonly seen is typical only of Coscuez 
{but by no means the only material). Using the 
terminology of the GIA Colored Stone Grading 
System, this type of Coscuez emerald can be de- 
scribed as a strongly saturated, slightly bluish 
Figure 9. The face of this hill at Coscuez 1s literally 
covered with tunnels that the local guaqueros 

have dug in the dark of night searching for 

emeralds, Photo by Jack Rotlewicz. 


. 


Figure 10. Note the multiple terminations on this 
100+-—ct emerald crystal from Coscuez. The 
highly saturated color evident here is also 
commonly seen in Coscuez emeralds. Specimen 
courtesy of AMGAD, Inc., New York; photo 
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green stone with a medium dark to very dark tone. 
Often the tone is so dark that transparency and 
“life” are diminished. These stones are still very 
attractive, especially to those who appreciate 
strongly saturated color over brilliancy and trans- 
parency. Although the best color from Muzo is 
better than the best from Coscuez, many Coscuez 
emeralds are among the finest that Colombia has 
to offer. A top stone from Coscuez recently soldin 
New York for over US$25,000 per carat. 

It should also be noted that Muzo-mine rough 
is sometimes extremely color zoned, with a pale 
central core and darker, more saturated color on 
the crystal’s outer edges or “‘rind.”” Coscuez rough, 
however, is generally uniform in color throughout 
the crystal. 
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Physical Properties. The properties of Coscuez 
emeralds do not vary significantly from those of 
Colombian emeralds in general: refractive index, 
1.574—1.580, birefringence, 0.006—0.007; specific 
gravity, 2.68—2.71, inert or slightly pink, orange, 
or red when exposed to long-wave ultraviolet radi- 
ation, and inert to short wave; pink to red when 
viewed with the emerald filter. 


Inclusions. A preliminary examination with the 
microscope of approximately 50 faceted and rough 
emeralds from Muzo and Coscuez revealed no 
significant differences in the number or type of 
inclusions. Emeralds from both sources have 
two- and three-phase inclusions and the typical in- 
ternal features associated with Muzo-district ma- 
terial: “coaly” inclusions of carbonaceous matter, 
as well as calcite, albite, pyrite, quartz, and (rarely) 
barite, fluorite, and apatite. However, the main 
‘Sardin” feature of Coscuez and other Colombian 
emeralds is simply partially healed fractures. A 
seemingly endless variety of shapes and sizes of 
partially healed fractures and voids are found, 
which suggests interrupted and/or incomplete 
healing of fractures in the material. However, 
Muzo stones do seem to have more three-phase 
inclusions that are visible at lower magnifications 
(10x to 20x) than other emeralds from Colombia, 
while the partially healed fractures in Coscuez 
emeralds seem to be slightly more unidirectional 
than Muzo stones. 


FUTURE POTENTIAL 


Because of the difficult terrain and the dense over- 
growth, systematic exploration of the Muzo and 
Chivor emerald districts has never taken place. In 
1984, however, ECOMINAS geologists were able 
to define the boundaries of the potential emerald- 
bearing region intoa polygon that reached from the 
Chivor-Guavio region to the Muzo-Coscuez re- 
gion (again, see figure 2}. Within those boundaries, 
analyses of the fault patterns mentioned earlier in 
this article have revealed several high-probability 
areas for emerald exploration; some are very close 
to Muzo and Coscuez, and others are in areas that 
have never before been explored (A. Florez, pers. 
comm., 1986}. 

A cooperative technical survey and study 
(1984-85) performed by United Nations scientists 
and Colombian geologists also showed promising 
results as well as some new geochemical guides for 
emerald exploration. For regional prospecting, the 
sodium content of stream sediments was recom- 
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Figure 11. These faceted emeralds illustrate the range of hues, saturation, and “life” seen in Coscuez 
stones. The 1.69-ct oval stone is reminiscent of Gachald material, while the 1.89-ct emerald cut at the 
opposite end and the 4.34-ct emerald cut next to the oval could easily have come from Muzo. The 2.51-ct 
pear shape and accompanying 4.51-ct emerald cut in the center are of a tone and saturation that comes 
only from Coscuez. Stones courtesy of Constellation Gems, Inc.; photo © Harold & Erica Van Pelt. 


mended as:a strong probable indicator of emerald- 
bearing déposits in nearby rock formations. 
Guided by the technical report, ECOMINAS geol- 
ogists will begin prospecting in fall 1986 using the 
amount of sodium, lithium, and lead found in the 
soils of various areas as a guide. 

Locally at Coscuez, the emerald-bearing sedi- 
ments are in many places 50 m thick and thus far 
exploitation has depleted very little of the imme- 
diately workable deposits. Promising reserves are 
abundant, as is the optimism of ESMERACOL of- 
ficials (J. Rotlewicz, pers. comm., 1986). By con- 
trast, mining at Peria Blanca ceased recently be- 
cause the emerald beds had been depleted in the 
main area and solid black shale bedrock encoun- 
tered (A. Florez, pers. comm., 1986). 


CONCLUSION 


Because Coscuez lies in the Muzo district, the 
term Muzo emerald can apply to a Coscuez-mine 
stone. However, the Coscuez mine should be rec- 
ognized for what it is: one of the world’s most 
important emerald mines and worthy of consider- 
ation on its own. 

Although there are many similarities in the 
historical development of the Muzo and Coscuez 
mines and in the emeralds found there, there are 
also differences in the geology of the two areas, the 
crystals produced, and the predominant color and 
clarity of the stones mined. Studies are currently 
being conducted by the Colombian government to 
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better understand the geology of this region and 
identify new deposits. All current indicators are, 
however, that the potential for continued strong 
production of emeralds at Coscuez is good. 
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THE ELAHERA GEM FIELD IN 
CENTRAL SRI LANKA 


By Mahinda Gunawardene and Mahinda S. Rupasinghe 


Commercially important quantities of 
gem-quality sapphire, spinel, garnet, 
chrysoberyl, zircon, tourmaline, and many 
other gemstones are being recovered from 
deep gem pits and surface excavations in 
the Elahera gem field, a region in central Sri 
Lanka about 115 km northeast of the 
capital city of Colombo. Large-scale mining 
is being conducted in this highly 
metamorphosed sedimentary deposit by 
the State Gem Corporation in collaboration 
with the private sector. The chemistry and 
gemological characteristics of these gem 
materials are discussed; in many instances, 
characteristic inclusions were identified by 
microscopy, microprobe analysis, and X-ray 
powder diffraction analysis. It is estimated 
that the Elahera gem field currently 
provides approximately 35% of the 
gemstones exported from Sri Lanka, The 
continued steady production of good- 
quality gems is anticipated for 

the future. 
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he island of Sri Lanka, often referred to as the “jewel 

box” of the Indian Ocean, has long been one of the 
major producers of fine-quality gemstones. Recent publi- 
cations (e.g., Cooray, 1978; Munasinghe and Dissanayake, 
1981; Zwaan, 1982) have yielded general information on 
gem occurrences in Sri Lanka but relatively little on spe- 
cific gem fields. Although the major gem locality in Sri 
Lanka is still Ratnapura and its surroundings, Elahera, in 
central Sri Lanka, has become the second largest gem field. 

Since the 1960s, Elahera has produced economic 
quantities of good to superior sapphire (figure 1}, spinel, 
garnet, chrysoberyl, zircon, and tourmaline, as well as 
many other gem materials. Some of these stones are nowin 
major museums or in the private collections of some of the 
world’s wealthiest individuals. The poverty of those at the 
pits and the glitter of those who reap the benefits have been 
observed by the authors during the past few years and have 
led to the writing of this article on the history and geology 
of the Elahera region, as well as the gemology of the many 
fine materials found there. 


HISTORY 


Recent archaeological discoveries have revealed that Ela- 
hera was an active gem center for many centuries. During 
the regime of King Parakramabahu, who ruled during the 
12th century A.D., even foreigners were allowed to mine in 
certain parts of the region. Recently, archaeologists exca- 
vated the remains of tools used to work the gem pits and 
even some engraved stones. However, civil wars and for- 
eign invasions eventually forced the people to move to 
other areas of the country, leaving the troublesome king- 
dom. The Elahera gem mines were gradually abandoned, 
many covered over by rice paddies. 

During the mid-1940s, a Sri Lankan engineer working 
on an irrigation project along the Amban Ganga (ganga 
means river} lost a ring along the side of the river 
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while he was bathing. In the process of searching 
for the lost ring, he discovered a number of blue 
and red pebbles, which proved to be either corun- 
dum or garnets. He soon started mining but kept 
the discovery secret until early 1950. Around that 
time, construction workers on the Elahera- 
Pallegama road (see figure 2) found many pebbles 
of sapphire that had been exposed after a heavy 
rain. The news of their discovery gradually spread 
among the professional gem miners in Ratnapura, 
many of whom set up private, small-scale mining 
operations in the “new” district. 

Gem-mining activity in Sri Lanka escalated 
after the government established the State Gem 
Corporation in 1971. The corporation took over 
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Figure 1. The gem corundums 
shown here illustrate some of 
the many colors found at the 
Elahera gem field, a major 
source of gem sapphires in 
the island nation of Sri 
Lanka. These stones average 
1 ct. Photo © Tino Hammid. 


the functions of issuing gem-mining licenses and 
leasing government land for mining. In Elahera, 
the local farmers even used their own rice paddies 
for mining. In the late 1970s, the state body under- 
took large-scale gem mining in collaboration with 
the private sector. Current mining in the Elahera 
area proceeds along the Elahera-Pallegama main 
road, particularly between the 19- and 24-mile 
posts (figure 2), and is concentrated in the areas of 
Wallwala, Hattota-Amuna, Laggala, and Dahas- 
giriya. The State Gem Corporation has reported 
that just one of the joint state/private industry 
projects in this region—the Laggala-Pallegama 
project—earned US$725,790 between June 30, 
1981 and April 13, 1985. 
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LOCATION AND 
ACCESS 


The Elahera gem field covers approximately 
150,000 m? in the Matale and Polonnaruwa dis- 
tricts of central Sri Lanka. The map of the Elahera 
region in figure 2 extends from approximately 
80°45’ to 80°55’ east and from 7°35’ to 7°50' north. 
The principal gem-mining area is centered at 
80°50’ longitude from north to south. Two tribu- 
taries of Sri Lanka’s longest river, the Mahaweli 
Ganga, run through the main gem area. These are 
known as the Amban Ganga and the Kalu Ganga. 
The lower course of the river system almost paral- 
lels the main road between Elahera and Pallegama. 

During the dry season, access to the gem mines 
is easily gained. During the rainy season (May to 
September and late October through February], 
however, the bridges are often under water. 

The State Gem Corporation has encouraged 
local farmers to continue their rice cultivation 
without interruption. The area is attractive, with 
green landscape and blue sky, and the mines are 
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Figure 2. The Elahera gem 
field in central Sri Lanka is 
noted for its vast production 
of many gemstone varieties. 
The main gem mining 
activity is between the 19- 
and 24-mile posts. 
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concentrated along the former main road (figure 3}. 
The corporation, at its own expense, has built a 
new road (marked in figure 2) to connect Elahera 
and Pallegama. The project area is closed to the 
public, and anyone who wishes to visit the mines 
must obtain a permit at the corporation’s head 
office in Colombo. 


GEOLOGY 


The island of Sri Lanka is underlain almost en- 
tirely by Precambrian metamorphic rocks which 
have been subdivided by Cooray (1978) into three 
groups: (1} Highland Group (pyroxene-granulite 
facies), (2) Vijayan Complex (amphibole-granulite 
facies], and (3) Southwestern Group (cordierite- 
granulite facies}. The Elahera region lies entirely 
within the Highland Group terrain. The Highland 
Group consists of hypersthene granites 
(charnockites}, quartzites, marble (crystalline 
limestone}, garnetiferous gneisses, hornblende 
gneiss, granulites, and pegmatites (Dahanayake, 
1980). Gem mining is carried out in the residual, 
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eluvial, and alluvial gravels overlying the High- 
land Group metamorphics. According to 
Dahanayake et al. (1980), the Elahera region is 
characterized by ridge and valley topography in a 
plunging synclinal structure. This structure forms 
the wide valley and floodplain of the Kalu Ganga. 
This floodplain is underlain by marble, while the 
bordering, ridges consist of harder, more resistant 
garnetiferous gneisses, charnockites, and 
quartzites. Granites do outcrop as elongated in- 
trusions along the length of the Kalu Ganga valley. 
Where the granites have intruded and come into 
contact with the marble, significant skarn de- 
posits, consisting of diopside, tremolite, scapolite, 
spinel, and corundum, have developed. 


Figure 4. A week’s 
collection of rough blue 
and yellow sapphires 
found in Elahera are sorted 
here for faceting. Note the 
rounded appearance of the 
crystals, probably the 
result of water transport. 
Stones courtesy of 
MANYGEMS, West 
Germany. 
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Figure 3. Large-scale gem 
mining is conducted along 
what was once the main bus 
route from Elahera to 
Pallegama, in the center of 
the Elahera gem field. Photo 
by Marion Gunawardene, 


The lithology and stratigraphy of the Elahera 
area have been described in detail by Silva {1976}, 
by Dahanayake {1980}, and by Dahanayake et al. 
(1980). Munasinghe and Dissanayake (1981), Asadi 
(1985), and Rupasinghe and Dissanayake (1986, in 
press) have also reported on the origin of 
gemstones in the island and are recommended for 
further reading. 

The modes of occurrence of gem pits in Elahera 
can be divided into two main types: residual and 
alluvial. The residual gem pits contain large 
amounts of garnets, which are abundant in the 
gneisses. The gemstones found here are mostly 
eroded and only rarely retain their distinct original 
habits (figure 4). 
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use picks and shovels to excavate the gem gravel, a common practice in pit mines in the Elahera field. 


The alluvial gem deposits are characterized by 
clay and/or sand layers with abundant rock frag- 
ments. The gem minerals can be widely distrib- 
uted. They exhibit evidence of having traveled 
over long distances and are often eroded. Most of 
the gem pits essentially indicate the alluvial na- 
ture of deposits in the area, which in turn also 
suggests that the various kinds of gemstones found 
in the deposits have different origins. 

The Kalu Ganga has been a major vehicle for 
transportation of the gem materials into the val- 
ley, resulting in accumulations of deposits on hill 
slopes as well as along the banks of the river. 


MINING METHODS 
Traditionally, mining commences. with 
astrological consultations and a short religious 
ritual offering foodstuff to ‘“Bahirawaya,” a spirit 
who is reported to be in charge of wealth hidden 
underneath the earth. 

Because the soil in Elahera is relatively dry, 
gem mining is less complicated than in wet zones 
like Ratnapura. Two methods are primarily used: 
pit mining (figure 5) and surface mining (figure 6}. 
The former is often carried out in rice paddies and 
usually extends 3 to 10 m in depth. The gem- 
bearing deposits are not far underground so 
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this method is economical. However, pit mining is 
disappearing now that the State Gem Corporation 
has undertaken large-scale surface mining. The 
recovery methods currently in use include such 
modern techniques as scraping the overburden 
with bulldozers, which lowers the costs involved 
and increases the yield of gem materials. With 
both pit and surface mining, the gem-bearing 
gravel is first washed in cane baskets, sorted, and 
then dried in sunlight before it is again carefully 
sorted by hand to recover any glittering pieces that 
were not identified during the washing. More than 
650 miners currently work in the Elahera gem 
field. Unlike the early years of gem mining in this 
region, when many of the operations were inde- 
pendent, virtually all of the current miners are 
employed by the State Gem Corporation and li- 
censed private enterprises. 


THE GEMSTONES OF ELAHERA 


Elahera produces a wide variety of gem materials, 
including: blue, pink, yellow, violet, and 
“padparadscha” sapphires; marvelous color ranges 
of spinel; rhodolite and hessonite garnets; 
chrysoberyls (including alexandrite and chatoyant 
varieties); many colors of zircon; lovely green and 
“cognac” tourmalines,; brownish green kor- 


GEMS & GEMOLOGY Summer 1986 


Figure 6, These surface-mining areas measure 20 to 30 m®. The earth is first excavated by bulldozers to a 
level just above the gem-bearing gravel, The workers then carefully loosen the gem gravel with picks and 
remove it in cane baskets. Photo by Marion Gunawardene. 


nerupines; near-colorless to yellowish or greenish 
sinhalites, and many rare stones such as gem epi- 
dote, sillimanite (fibrolite}, and taaffeite. Also 
found in the locality are rock crystal quartz, ame- 
thyst, and topaz, but for the most part these are 
more of mineralogic than gemological interest. 
Elahera is particularly noted as a source of large 
gem-quality corundums; crystals weighing as 
much as 2.00 ct have been recovered. 

More than 500 gem-quality sapphires, spinels, 
garnets, chrysoberyls, tourmalines, kornerupines, 
sinhalites, and rare gem taaffeites, epidotes, and 
sillimanites were examined during this study. The 
stones ranged in size from 0.30 to 45.00 ct. The 
gemological properties of each gem materia] will 
be discussed below. Electron microprobe and neu- 
tron activation analyses (NAA) were also con- 
ducted on samples obtained at various gem pits in 
the Elahera area. Details of these chemical analy- 
ses are available on request from the authors. 


Corundum. Elahera produces particularly fine 
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blue (figure 1) and blue star (figure 7} sapphires. 
The majority are of good to excellent quality, with 
even coloration and transparency. The best blue 
sapphires are comparable to the well-known 
Kashmir blues. The average-grade stones are 
lighter in color but still brilliant and internally 
clean. The asteriated stones are usually grayish 
blue, but fine dark blue star sapphires are found on 
occasion (again, see figure 7}. 

Corundum with a milky-white body color, 
called ‘‘geuda” sapphire, is commonly heat treated 
to produce attractive blue stones (as discussed by 
Nassau, 1981, Gunaratne, 1981, Hanni, 1982, 
Gubelin, 1983; and Scarratt, 1983}. Recently, a 
large quantity of “geuda” sapphires from the Ela- 
hera area surfaced on the local gem market. They 
appear to produce particularly nice blue stones 
with heat treatment. 

The Elahera gem field also produces fine 
yellow, pink, and violet sapphires (figure 1). The 
yellow stones vary in color from intense ‘golden 
yellow” (known as “golden sapphires” in the local 
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gem trade) to light or pale yellow (see, for example, 
the uncut yellows in figure 4}. Often they contain a 
tinge of brown or rosé; the latter tone is frequently 
misleadingly described as ‘‘padparadscha”’ 
(Crowningshield, 1983}. Occasionally, good- 
quality “padparadschas” are found in Elahera (fig- 
ure 8}. Ruby is not common in Elahera, but the 
locality is noted for the particularly fine pink sap- 
phires found there. Violet sapphires from Elahera 
are often heat treated to remove the reddish hue 
and obtain a blue color (Gunaratne, 1981, 
Gunawardene, 1984). 

Color-change sapphires—blue in day or fluo- 
rescent light, purplish red in incandescent light— 
are occasionally encountered. The cause for the 
change of color has been detailed by Schmetzer et 
al. (1980}. Corundum with color in only part of the 
crystal is also found in Elahera. 


Chemical Analyses. Twenty different colors of co- 
rundum were selected from various gem pits in the 
Elahera gem fields and subjected to quantitative 
chemical {microprobe} analyses. They were found 
to have at least 99.43 wt.% Al,O3. The blue sap- 
phires reveal an iron oxide content of 0.06 to 0.13 
wt.% (as FeO} along with 0.02 to 0.05 wt.% TiO. 
Light red to pink gem corundum contains 0.01 to 
0.09 wt.% of Cr2O3, and the yellow sapphires show 
0.03 to 0.14 wt.% FeO. These concentrations are 
comparable to those determined for corundum of 


Figure 7. This 46.36-ct blue star sapphire found in 
Elahera indicates the availability of good 
gemstones in the area. Stone courtesy of H. Roos. 
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Figure 8. This rare gem “‘padparadscha” sapphire 
(2.95 ct) is representative of some of the fine 
stones of this unusual color found in Elahera. 
Stone courtesy of D. Humphrey; photo © Tino 
Hammid. 


similar colors from other localities (Schmetzer and 
Bank, 1981; Schmetzer et al., 1983). 


Optical Properties and Density. Refractive index, 
specific gravity, pleochroism, absorption spec- 
trum, and ultraviolet fluorescence were deter- 
mined for an assortment of colors of Elahera gem 
corundum, as detailed in table 1. The observed 
refractive indices and birefringences remain rela- 
tively constant, revealing no distinguishing varia- 
tions either among the different colors or vis-a-vis 
corundum from other localities. 


Inclusions. The gem microscope revealed many 
solid and liquid inclusions that were subsequently 
identified by X-ray powder diffraction and mi- 
croprobe analyses. Abundant spinel crystals were 
common and proved to be the inclusion most 
characteristic of Elahera corundum (figure 9). 
Dark, platy, thin crystallites present were con- 
firmed to be phlogopite, biotite, graphite, and 
ilmenite. Rutile, as hair-fine needles, was also ob- 
served in many of the corundums. One Elahera 
sapphire contained an oriented rod-like rutile in- 
clusion (figure 10}. As is common with other gems 
of Sri Lanka, the Elahera rubies and sapphires, par- 
ticularly the yellow sapphires, revealed abundant 
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TABLE 1. Gemological properties of gem corundum, spinel, and garnet from the Elahera gem field. 


Refractive Specific Absorptione Reaction to LW/SW 
Gem material@ index Birefringence gravity Pleochroism> (in nm) U.V. radiation Inclusions 
Corundum 
Blue (95) 1.760-—1.768 0.008 4.00 Greenishblue(M) 450 (d) Light blue (SW) — Phlogopite, biotite, 
Dark inky blue 460 (wk) graphite, rutile, 


spinel, and zircon, 

healed “feathers,” 

liquid "feathers," and 

negative crystals 
Yellow (22) 1.760-1.768 0.008 4.01 Orange-yellow(W) 694.2 (wk) Apricot reddish — Spinel, zircon, and 

Grayish yellow 692.8 (wk) Apricot orange rutile; healed 
and liquid “feathers,” 
negative crystals 


Ruby (2) and 1.761-1.769 0.008 3.99 Reddish violet 694.2 (d) Distinct reddish Rutile, apatite, 
pink (12) or pink (8) 692.8 (d) Distinct pink zircon, ilmenite, 
668.0 (s) and graphite; 
659.0 (w) fingerprint-like 
476.5 (wk) liquid “feathers;" 
475.0 (wk) negative crystals 
468.5 (wk) 
Star sapphire 1.761-1.769 0.008 4.02 _ Same as blue _ Rutile and 
and ruby sapphire or ruby other crystal 
(16 total) inclusions mentioned 
above 
“Padparadscha”  1.760--1.768 0.008 4.00  Orange-yellow 694.2 (d) Strong apricot Rutile and 
(3) Yellowish orange 692.8 (d) various liquid 
, “feathers” 
Spinel wie 
Red, browne 1.714-1.729 None 3.58-3.60 None 680.0 (d) Weak reddish Phlogopite mica 
red, pink (35) (mean 1.718) 675.0 (d) or no glow in typical; also spinel, 
650.0 (d) brownish red apatite, and sphene 
Broad stones 
absorption 
covering 
585 to 500 
Blue, greenish 1.718-1.728 None 3.58-3.62 None 455.0 (s) None Same as above 
blue, violet (82) (mean 1.720) 470.0 (d) 
Green and bluish = 1.716—1.753 None = 3.60~4.05 None Same as above None Same as above 
green (3) 
Garnet 
Red (32) 1.749-1.778 None 3.80-3.95 None 617.0 (w) None Rutile, apatite, and 
(mean 1.765) 576.0 (d) zircon; liquid 
526.0 (d) “feathers” 
505.0 (d) 
Hessonite (20) 1.734-1.738 None 3.58-3.64 None 547.0 (d) None Apatite crystals 
490.0 (d) surrounded by 
435.0 (d) swirl-like structural 
features 
&@Number of stones examined is given in parentheses. 
bg = strong, M = medium, W = weak 
°q = distinct, s = strong, w = weak, wk = very weak 
zircon crystals with their typical healed fissures Spinel. Various colors of spinel are recovered in 
and altered structure resulting from exposure to this region of central Sri Lanka. The ratio of spinel 
radiation (Rupasinghe, 1984]. Fingerprint-like to corundum is only 3:4 (see also, Munasinghe and 
liquid and/or healed ‘feathers’ were common in Dissanayake, 1981). The predominant colors are 
most of the sapphires. Also detected were groups of blue, bluish green, greenish blue, purple, plum red, 
negative crystals, often in the form of feathers (fig- brownish red, lilac, and violet (figure 12}. The 
ure 11). stones are often of good transparency. The star (6 


Gemstones of Elahera GEMS & GEMOLOGY Summer 1986 87 


Figure 9, Characteristic of the locality, spinel 
crystals commonly occur in Elahera corundum. 
Magnified 80x, dark-field illumination. 


rays) spinels are either dark brownish red, gray, or 
black in body color and are usually opaque (Bank, 
1980}. Change-of-color spinels are found occa- 
sionally. 


Chemical Analyses. To obtain detailed informa- 
tion on the chemistry of Elahera spinel, we sub- 
jected 10 samples to both electron microprobe and 
neutron activation analysis (NAA). The major 
chemical components, AloO3 and MgO, are in 
normal proportions. The blue, green, and purplish 
red spinels investigated during this study contain 
iron (0.88 to 3.54 wt.% FeO} and extend into the 
spinel-gahnite solid-solution series. This was fur- 
ther confirmed by the amount of Zn present 
(350-750 ppm}. The purplish red sample also con- 
tains 480 ppm of Cr. Anderson et al. (1937) and 
Anderson (1964) have detailed the properties of 
zinc spinels. 


Optical Properties and Density. The refractive 
indices and density values of Elahera gem spinels 
fall into three categories: 


1. The red, brownish red, and pink spinels 
have a refractive index range from 1.714 to 
1.729 with a mean value of 1.718. Specific 
gravity ranges from 3.58 to 3.60. 

2. The blue, greenish blue, and violet spinels 
have a refractive index range from 1.718 to 
1.728 with a mean value of 1.720. Specific 
gravity ranges from 3.58 to 3.62. 


3. The green and bluish green (spinel-gahnite 
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Figure 10. Rutile formations such as this one ina 
blue sapphire mined at Elahera are occasionally 
encountered, Magnified 60x, dark-field 
illumination. 


series, or gahno-} spinels have a refractive 
index range from 1.716 to 1.753. Specific 
gravity ranges from 3.60 to 4.05. 


Visible-light absorption spectroscopy of red 
spinels from Elahera revealed a strong absorption 
line at 685.5 nm; no other absorption lines were 
seen in these stones. Iron played an important role 
in producing absorption bands at 458, 478, and 508 
nm in blue, blue-green, greenish blue, and some 


Figure 11. Negative crystal inclusions arranged 
somewhat like a feather within a blue sapphire 
from Elahera. Magnified 40x, transmitted 
illumination with color filters. 


oe 
Ss 7 2 
, ae “4 . 
e ch 
ee , ‘ o 
b - , 
a“ vee - 


GEMS & GEMOLOGY Summer 1986 


Figure 12, These gem spinels 
from Sri Lanka (6-55 ct) 
ilustrate some of the many 
colors found at the Elahera 
gem field. Stones courtesy of 
the Hixon Collection at the 
Los Angeles County Natural 
History Museum; photo © 
Harold & Erica Van Pelt. 


violet spinels. Much weaker absorption lines were 
also visible at 635, 585, 555, 443, and 433 nm. 


Inclusions. Guest minerals detected in Elahera 
gem spinels include spinel {in feathery forma- 
tions), apatite, and sphene. Phlogopite (figure 13) 
seems to be typical of spinels found in central Sri 
Lanka. 


Garnets. Gemologically, the garnets found in 
Elahera can be classified as rhodolite and grossular 
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(variety hessonite}. The rhodolites, which are 
more abundant than the hessonites, commonly are 
transparent and range in color from pink to pur- 
plish red. The hessonites usually range from 
orange-red to yellowish orange, although some 
samples resemble malaia garnet, a rich reddish 
orange. However, the majority of hessonites from 
this locality tend to appear cloudy. 


Chemical Analyses. Three purplish red garnets 
were analyzed by the microprobe. The SiO, con- 
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Figure 13. Phlogopite mica is a common inclusion 
in spinel found in central Sri Lanka. Magnified 
35x, dark-field illumination. 


tent varied slightly from 40.02 to 41.48 wt.%, and 
Al,O3 varied from 22.87 to 23.09 wt.%, whereas 
FeO and MgO contents were calculated as 18.14 to 
15,82 wt.% and 13.93-15.01 wt.%, respectively. 
Less CaO (1.34-1.89 wt.%} and MnO (0.47~—0.53 
wt.%] were detected. On the basis of the data, 
these garnets can readily be classified as interme- 
diate members of the pyrope-almandine solid- 
solution series (Manson and Stockton, 1981). 


Optical Properties and Density. Refractive index 
and specific gravity were determined for 32 
thodolite and 20 hessonite garnets from Elahera. A 
refractive index range of 1.749-1.778, with a mean 
value of 1.765, was recorded for the rhodolites. 
These same stones varied in density from 3.80 to 
3.95, The refractive indices of Elahera hessonite 
range from 1.734 to 1.738, with a density variation 
of 3.58 to 3.64. 

The iron content in rhodolite garnets influ- 
ences their absorption spectrum, which exhibits 
lines at 617, 576, 526, 505, 476, 438, 428, and 404 
nm. The spectrum of the hessonite (also iron- 
related) shows peaks at 547, 490, and 435 nm. 


Inclusions. Inclusions of rutile, apatite, and zircon 
seem to be common in the rhodolite garnets (figure 
14). The apatite crystals were idiomorphic or 
euhedral. The internal appearance of the hessonite 
garnets is characterized by apatite crystals and 
swirl-like structural features. 
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Figure 14. Idiomorphic apatite and three- 
dimensionally oriented rutile in a rhodolite 
garnet from Elahera. Magnified 30x, dark-field 
illumination. 


Other Gem Materials. Twenty samples each of 
chrysoberyl, zircon, tourmaline, kornerupine, and 
sinhalite (see, for example, figure 15), as well as 10 
samples of rare gem taaffeite, epidote, and 
sinhalite from Elahera were also studied. The 
gemological properties for these stones are re- 
ported in table 2. A number of the chrysoberyls, 
zircons, tourmalines, kornerupines, and sinhalites 
were also chemically analyzed by means of the 
microprobe and, in the case of zircon, by neutron 
activation analysis. Differences were noted in the 
chemistry of the Elahera stones as compared to 
that of similar material from other localities; the 
results of these analyses are available from the 
authors on request. Following are observations on 
some of the more important gems within this 
group. 


Chrysoberyl. Brown, brownish green, and greenish 
yellow chrysoberyls (figure 15) are common in 
Elahera. Cat’s-eye stones are also found here. The 
color-change variety, alexandrite, is seen, but only 
rarely. 

When examined with the microscope, the 
Elahera chrysoberyls, including alexandrite and 
chatoyant stones, were found to be relatively clean 
and transparent. The most diagnostic features are 
growth zoning parallel to the crystallographic axes 
and liquid (monophase} inclusions. The growth 
zoning can be observed best under crossed polar- 
ized light (figure 16}. The monophase inclusions 
occur as either feathery or single-cavity forma- 
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TABLE 2. Gemological properties of gem chrysoberyl, zircon, tourmaline, kornerupine, sinhalite, taaffeite, epidote, and 
sillimanite from the Elahera gem field. 


Refractive Specific Absorption Reaction to U.V. radiation 
Gem material@ index Birefringence gravity (in nmje Long wave — Short wave Inclusions 
Chrysoberyl 
Alexandrite (1) a= 1.745 0.010 3.70-3.72 680.5 (d) Weak Weak Growth zoning in 
B= 1.749 678.5 (d) reddish reddish — various directions, 
y = 1.755 665.0 (w) liquid “feathers,” 
655.0 (w) and two-phase 
649.0 (w) inclusions 
640.0 to 
560.0 (wd) 
473.0 (wk) 
468.0 (wk) 
Cat's-eye (5) a= 1,741 0.009-0.012 3.70-3.74 445.0 (s) None None Fine parallel oriented 
—1.745 hollow tubes 
y= 1,750 
—1.757 
Other colors (10) @= 1.742 0.008-0.015 3.71-3.73 504.0 (d) None None Growth zoning in 
B= 1.748 495.0 (w) various directions, 
y= 1.757 485.0 (w) fingerprint-like 
445.0 (s) liquid “feathers,” and 
two-phase inclusions 
Zircon 
Intermediate e= 1.838 0.006—0.008 4.04-4.06 653.5 (s) Weak to Weak to Disc-like fissures, 
type (22) w= 1.830 Many absorp. distinct distinct zircon crystals, 
lines in the yellowish greenish various growth 
whole spectrum » yellow phenomena and 
as partly healed 
: ; “feathers” 
Tourmaline (30) e= 1.618 0.018-0.020 3.04~-3.07 A general None None Zircon and apatite, 
w= 1.638 absorption negative crystals, 
after 530.0 and healed 
liquid “feathers” 
Kornerupine (49) a= 1.668 0.012 3.33-3.36 503.0 (s) None None Apatite, zircon 
B= 1.679 446.0 (w) with circulating 
y = 1.680 430.0 (wk) cracks, two-phase 
inclusions, and liquid 
“feathers” 
Sinhalite (5) @= 1.669 0.036-0.037 3.48-3.49 525.0 (w) None None Negative crystals 
B= 1.702 493.0 (d) and liquid “feather,” 
y = 1.706 475.0 (d) two-phase inclusion 
463.0 (d) 
452.0 (d) 
435.0 (d) 
Taaffeite (5) e= 1.717 0.004—0.006 3.60-3.62 None None Well-formed apatite 
@ = 1,723 crystals; spinel, 
phlogopite mica, and 
zircon; “fingerprints” 
of negative crystals 
Epidote (2) a= 1.732 0.035 3.44 457.0 (wk) None None “Feathers” and 
B= 1.746 455.0 (s) growth lines 
y = 1.767 parallel to the 
horizontal crystal axes 
Sillimanite (3) a= 1.660 0.022 3.25 462.0 (d) None None Apatite and zircon 
B= 1.662 441.0 (d) with mica(?); 
y= 1.682 410.0 (wk) “feathers” of negative 


crystals and liquid 
droplets; growth 
tubes parallel to one 
crystallographic axis 
in chatoyant stones 


@Number of stones examined is given in parentheses. 
®q = distinct, s = strong, Ww = weak, wk = very weak 


Gemstones of Elahera GEMS & GEMOLOGY = Summer 1986 =- 9:1 


Figure 15. This faceted light green chrysoberyl 

(8.95 ct) and the accompanying 17.57-ct crystal 
are representative of some of the material found 
at the Elahera gem field. Photo © Tino Hammid. 


Figure 16. Polysynthetic twinning lamellae in 
natural alexandrite from Elahera. Magnified 25x, 
crossed polarized light. 
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tions (figure 17). These inclusions are quite typical 
of Elahera alexandrite and can be used to distin- 
guish it both from synthetics and from natural 
alexandrite found elsewhere. 


Zircon. The various colors found at Elahera are 
either low or, most commonly, intermediate 
types. Brown, green, yellow, reddish brown, and 
yellowish brown zircons (figure 18) are mined 
here. 

The chemistry and fluorescence behavior of 
zircon and its radioactive rare earth elements have 
been described in detail by Schwarz (1982) and 
Rupasinghe (1984}. When viewed with the micro- 
scope, the Elahera zircons revealed many interest- 
ing internal features. Most abundant are the disc- 
like fissures that parallel one another. These discs 
are randomly oriented with respect to crys- 
tallographic directions. Also noted were euhedral 
zircon crystals and secondary growth zoning. 


Tourmaline. Elahera is not well known for tour- 
maline, but greenish brown and dark green stones 
are occasionally found (again, see figure 18}. The 
Elahera tourmalines exhibit a yellowish brown 
pleochroism that is attractive when the stones are 
faceted in the proper direction. They are often 
clean and of good transparency. When viewed with 
the microscope, tourmalines from Elahera exhibit 
a large number of zircons, negative crystals, pris- 
matic apatite crystals with two-phase inclusions, 
and various liquid and healed “feathers.” 


Kornerupine. Gem-quality kornerupine is quite 
abundant in Elahera. The most common colors 


Figure 17. Typical forms of liquid “feathers” and 
cavities in gem alexandrite from central Sri 
Lanka. Magnified 28 x, transmitted illumination. 


—EE 
ie 
od Peeey 
. nd + ‘ 
ip Ale | 
* * _ 
| 
“wy. 
24 - 7 —" 
ey, 
* io oF shh : 
“4 ~ é 
? Zl 
Se 
~~ 
q | 
* Ox oe 


GEMS & GEMOLOGY Summer 1986 


Figure 18, The color varieties 
shown here are typical of the 
following gems found at 
Elahera (clockwise, starting 
with the green stone at top): 
green zircon (4.43 ct), yellow 
zircon (2.78 ct), brownish 
green tourmaline (3.41 ct), 
reddish brown zircon (1.48 
ct), green kornerupine {0.72 
ct), dark green tourmaline 
(2.92 ct), and brownish 
yellow sinhalite (4.93 ct), 
Photo © Tino Hammid. 


range from brownish green to greenish brown 
(again, see figure 18). Well-formed apatite and zir- 
con crystals surrounded by tension fissures are 
common inclusions in Elahera kornerupines. Ori- 
ented two-phase inclusions were also seen in some 
of the stones studied. 


Sinhalite. Near-colorless to brownish yellow 
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sinhalite (figure 18) with good transparency is also 
often found in Elahera (Claringbull and Hey, 1952; 
Henn, 1985}. When viewed with the microscope, 
the gem sinhalites from this region frequently ap- 
pear clean. However, they occasionally exhibit a 
network of negative crystals and needle-like in- 
clusions as described by Gunawardene and 
Gunawardene (1986). 
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Millions of 
US $ 


CURRENT PRODUCTION AND 
PROSPECTS FOR THE FUTURE 


In Sri Lanka, the Elahera gem field is now second 
only to Ratnapura in the production of gemstones 
suitable for jewelry. While total exports of loose 
gems from Sri Lanka have dropped significantly 
from their 1980 peak of more than $40 million 
annually, they appear to have stabilized at be- 
tween $15 million and $20 million in recent years 
(figure 19). Although specific production figures 
are as elusive for this locality as they are for most 
others, the authors estimate that Elahera contrib- 
utes 35% of these exports, or approximately 
15,000 kg of sapphires and 8,500 kg of other stones 
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Figure 19. Export earnings 
by Sri Lanka for unset 
gemstones during the period 
1947-1984, in U.S. dollars. 
Source: Sri Lanka Customs 
Department. 


annually in recent years. The flow of gemstones 
from the Elahera district appears to be steady, so no 
significant fall-off in production is anticipated in 
the near future. 
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A complete set of the four information- 
packed issues published in 1985 is now avail- 
able. For $22.50 (in the U.S.) or $27.50 (else- 
where), you can have over 250 pages (with 
more than 200 color illustrations) of the most 
important articles, lab information, and news 
in gemology today. 


Or save more than $5.00 and purchase both 
the 1984 and 1985 volumes (eight issues) of 
GEMS & GEMOLOGY for only $39.50 (U.S.} 
or $49.50 (elsewhere). 


To order one or both sets, just send your 
check or money order to: 
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Back Issues Department 
GEMS & GEMOLOGY 
1660 Stewart St. 

Santa Monica, CA 90404 


Or call (213) 829-2991, ext. 389, and place 
your order on your VISA or MasterCard. 


Please allow 4—6 weeks after payment for 
shipments in the U.S. and 6—8 weeks for 
shipments elsewhere. All payments must be 
in U.S, funds. A limited number of back is- 
sues for earlier volumes are also available. 
Please write or call the Back Issues Depart- 
ment for information on the availability of 
specific issues. 
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NOTES 


“-AND- 


NEW TECHNIQUES 


SOME UNUSUAL SILLIMANITE CAT’S-EYES 


By E. Gtibelin, M. Weibel, and C. F. Woensdregt 


Brown-black sillimanite cat’s-eyes from Sri Lanka 
present an unusually sharp band, which would make 
them extraordinary gems were it not for the rather un- 
attractive body color of the stones. A study of six of 
these stones found that they contain 0.5 wt.% iron 
oxide. The principal inclusion mineral is ilmenite, 
which occurs in elongated, submicroscopically thin 
lamellae. Complex thicker lamellae consist of hercy- 
nite spinel grown together with a member of the 
pyroxene group. These thicker inclusions were not 
found in all of the specimens investigated. 


Sillimanite, also known as fibrolite, is a common 
metamorphic mineral. Cuttable material is ex- 
tremely rare but is found in the Mogok Stone Tract 
of Burma and in the Sri Lankan gem gravels, as 
transparent rounded crystals with a blue, violet- 
blue, or grayish green hue (Webster, 1983). Re- 
cently, deep brown to blackish sillimanite 
cabochons with a sharp chatoyancy have appeared 
on the market and are claimed to be from Sri 
Lanka. In transmitted light, these cat’s-eyes show 
a characteristic violet tinge. 

The Geochemical Laboratory in cooperation 
with the Solid State Physics Laboratory (Swiss 
Federal Institute of Technology, Ztirich, Switzer- 
land) has undertaken an electron-microscopic 
study of the new sillimanite cat’s-eyes and the 
oriented inclusions that cause their chatoyancy, 
with R. Wessicken as analyst. For this study, six 
sillimanite cat’s-eyes, all purportedly from Sri 
Lanka, were acquired. They ranged in size up to 
10 ct. The largest cabochon (figure 1} was cut paral- 
lel to the base and the lower half sacrificed to 
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thin-section study and the ion etching necessary 
for subsequent electron diffraction. 

This article summarizes the results of the elec- 
tron microscope study of the inclusions causing 
the chatoyancy, as well as the gemological charac- 
teristics of this unusual material. 


EXPERIMENTAL METHODS 


Chatoyancy, like asterism, is caused by the scat- 
tering of light on numerous fibrous inclusions 
aligned in one or more directions in the host crys- 
tal; proper cutting en cabochon is required to re- 
veal the phenomenon. For good chatoyancy or 
asterism, the elongated inclusions must be thin 
compared to the wavelengths of light {Weibel, 
1985}. Such minute crystal individuals are not ac- 
cessible to ordinary microscopy and X-ray analy- 
sis. Even though the inclusions may show up in a 
thin section viewed with a polarizing microscope, 
the images that appear are not real, but rather are 
produced by the scattering of light. 

Two electron-microscopic techniques are 
particularly useful for the identification of ultra- 
fine inclusions in gemstones: 


1. A scanning electron microscope (SEM) fitted 
with an energy-dispersive X-ray microanalyzer 
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Figure 1. One of the sillimanite cat's-eyes from 
Sri Lanka that was studied by the authors. The 
relatively flat cabochon measures 13 mm and 
weighs 5.24 ct (although the stone originally 
weighed 10 ct, the base was cut off for the analy- 
ses). Note'the bifurcated light band produced by 
irregularities in the orientation of the fibrous in- 
clusions. 


enables the surface of a polished stone to be 
viewed and a chemical analysis to be made of 
areas as small as 1 ym. 

2. A transmission electron microscope combined 
with an energy-dispersive X-ray microanalyzer 
serves as a high-resolution analyzer down to 
about 300 nm. The transmission electron 
microscope produces not only an image, but 
also a diffraction pattern, of the crystal lattice of 
an ultrafine inclusion. A thin slice of the gem- 
stone must be etched by ion-beam thinning to 
reduce its thickness to less than 100 nm. Thus, 
a chip of the gemstone under consideration 
must be sacrificed for the analysis (Wenk, 
1976}. 


For this study, both these techniques were ap- 
plied. With the SEM alone (method 1), the oriented 
inclusions in the sillimanite cat’s-eye could not be 
identified with certainty but required a more ex- 
tensive investigation drawing on electron diffrac- 
tion (method 2). The reason is that the matrix 
around a very small inclusion also tends to be 
excited by the electron beam, so the spectrogram 
obtained is a mixture of the compositions of the 
inclusion and the matrix. The analysis of diffrac- 
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tion patterns makes use of X-ray crystallography, 
which can distinguish the inclusion from the host. 
The details of the procedure followed and the in- 
tergrowth relations between the host and the in- 
clusion will be published in a forthcoming paper 
intended for a crystallographic journal. 


CHEMISTRY AND STRUCTURE 

The largest sillimanite cat’s-eye was analyzed for 
iron with the SEM. Between 0.5 and 0.6 wt.% 
Fe,O,; was found in the matrix. Since the chemical 
formula for sillimanite is Al,SiO,, trivalent iron 
presumably substitutes for aluminum. Elongated 
lamellar inclusions are aligned strictly parallel to 
the c-axis of the sillimanite, which has a very per- 
fect cleavage parallel to the c- and a-axes, that is 
the crystal plane (010). The cutter of a sillimanite 
cat’s-eye usually chooses the cleavage plane of the 
stone to coincide with the base of the cabochon, 
but any orientation of the cabochon base parallel 
to the c-axis of the sillimanite would produce an 
optimum light band over the center of the stone. 


GEMOLOGICAL PROPERTIES 

The common optical properties of these silliman- 
ite cat’s-eyes concur very well with those of other 
sillimanites from Sri Lanka. The determinations 
were made by standard gemological procedures, 
and the following properties were found: 


Refractive indices: a = 1.660, 8 = 1.662, y = 
1.680 


Birefringence: + 0.020, 2V = 30° 
Pleochroism: a = pale yellow, B = clove- 
brown, y = gray-brown 

Absorption: very faint shadows at 410, 441, 
and 462 nm 

Density: 3.257 g/cm? (average of four hydro- 
static measurements} 


ORIENTED INCLUSIONS 


If a thin section of a sillimanite cat’s-eye is viewed 
through an ordinary light microscope, most of the 
oriented fibers show up as scattering images (fig- 
ure 2), since they are thinner than the wavelengths 
of visible light (Weibel, 1985}. In a more sophisti- 
cated study with the electron microscope, we 
found two varieties of fibrous inclusions, both of 
which measure up to a millimeter in length. First, 
there are relatively thick crystal lamellae (fig- 
ure 3}, which have a rectangular cross-section of 1 
to 10 wm and consist of intergrowths of hercynite 
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Figure 2. A photomicrograph of an optical thin 
section of a sillimanite cat’s-eye that was cut 
parallel to the base of the cabochon, approxi- 
mately parallel to the (010) plane of the crystal. 
The lamellae are intergrowths of a pyroxene and 
hercynite spinel. The much thinner ilmenite 
lamellae are not resolved. 


spinel and probably a pyroxene. The spinel was 
identified by energy-dispersive X-ray microanal- 
ysis and electron diffraction, whereas the nature of 
the pyroxene has not yet been established. 

Since these thicker fibers do not occur in all of 
the sillimanite cat’s-eyes included in our investi- 
gation, the chatoyancy must be caused bya second 
type of elongated structure. Electron diffraction 
showed that a more essential quantity of needles is 
composed of the mineral ilmenite. The ilmenite 
occurs as thinner lamellae, 0.05 to 0.5 wm across, 
with a rectangular cross-section that is probably 
imposed by the sillimanite structure. It is a most 
striking fact that in both systems of needles, the 
elongation contravenes the common crystal habit 
expected from the crystal structure of the included 
mineral. 

Ilmenite as oriented inclusions is responsible 
not only for the chatoyancy and blackish appear- 
ance of the sillimanite cat’s-eyes, but also for the 
chatoyancy of some rare aquamarine and chryso- 
beryl cat’s-eyes (unpublished analyses of the au- 
thors). Most chrysobery] cat’s-eye, however, owes 
its chatoyancy to oriented rutile silk (unpublished 
analyses of the authors). 
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Figure 3. A scanning electron micrograph taken 
from a cleavage plane of a sillimanite cat’s-eye. 
As in the photomicrograph shown in figure 2, the 
lamellae seen here are intergrowths of a 
pyroxene and hercynite spinel. The much thinner 
ilmenite lamellae are not resolved. 


CONCLUSION 


The characterization of a cat's-eye mineral re- 
quires the exact identification of the inclusions 
that cause the optical phenomenon. Moreover, the 
study of cat’s-eyes reveals intriguing insights into 
the intergrowth of mineral phases, some of which 
appear to develop asymmetrically under strain. 
Thus, even a cubic crystal may display extreme 
elongation. 

Apart from this, both chatoyancy and asterism 
(which can be described as double or triple chatoy- 
ancy] give a cabochon-cut stone an individual ap- 
peal highly appreciated by professional as well as 
amateur gemologists and gem collectors. An emi- 
nent scientific and aesthetic value is inherent in 
this strange group of rare gems. 
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AN EXAMINATION OF FOUR IMPORTANT GEMS 


By C. W. Fryer and John I. Koivula 


The authors report on their gemological examinations 
of four important gemstones: the Star of Bombay sap- 
phire, the Portuguese diamond, and two large dia- 
monds known as the Marie Antoinette earrings, all of 
which are part of the collection at the Smithsonian 
Institution. Brief historical information on some of the 
pieces is also included. 


In May of 1985, the Los Angeles County Museum 
of Natural History opened a new gallery devoted to 
Gemstones and Their Origins. This gallery, funded 
by Mr. Alex Deutsch and the Weingart Founda- 
tion, is a permanent part of the E. Hadley Stuart, 
Jr., Hall of Gems and Minerals. In conjunction 
with the opening of the new gallery, arrangements 
were made for a special exhibit of fine jewelry 
items provided by Harry Winston, Inc. of New 
York as well as some important stones from the 
collection,of the U.S. National Museum of Natural 
History in Washington, D.C., a part of the Smith- 
sonian Institution. While the special exhibit was 
in Los Angeles, the authors were offered the rare 
opportunity to perform gemological examinations 
on three famous pieces from the Smithsonian col- 
lection: the Star of Bombay sapphire, the Portu- 
guese diamond, and the Marie Antoinette earrings. 
The results of these examinations are reported 
below. 


THE STAR OF BOMBAY SAPPHIRE 


A bequest to the Smithsonian by movie actress 
Mary Pickford, the Star of Bombay is a medium- 
intensity blue oval star sapphire {figure 1] that 
measures 36.30 x 28.82 mm and is 17.55 mm deep. 
Unfortunately, nothing is known of the history of 
this stone before Miss Pickford obtained it. Using 
the GIA weight estimation formula for cabochons, 
we estimated the weight to be approximately 184 
ct, in very close agreement with the weight of 182 
ct recorded at the Smithsonian. The dichroic 
colors are distinct to strong blue and slightly blu- 
ish green. The refractive index (spot method) is 
approximately 1.76—1.77. The specific gravity 
was not determined. Spectroscopic examination 
revealed a sharp line at 450.0 nm and a general 
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Figure 1. The 182-ct Star of Bombay sapphire. 
Courtesy of the Smithsonian Institution. 


absorption in the green area of the spectrum. 
No evidence of any lines at 460.0 nm or 470.0 nm 
was observed. The stone is inert to ultraviolet 
irradiation. 

Several interesting inclusions were observed 
with the microscope. In addition to the rutile nee- 
dles responsible for the star, the most prominent 
inclusion found in the Star of Bombay is a primary 
negative crystal that contains two different solid 
phases (figure 2). One phase is a small grouping of 
opaque dark gray to black submetallic hexagonal 
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platelets which, from past experimentation with 
similar solid phases in Sri Lankan sapphires, the 
authors believe to be graphite. The second phase is 
an unidentified stalk-like spray of birefringent 
crystals extending inward from the cavity walls. 
Because primary negative crystals in Sri Lankan 
corundums commonly contain carbon dioxide, we 
thought that if the cabochon were slightly cooled 
we might be able to observe a phase change 
(gas ——+» liquid). After the stone was cooled by 
immersion in cold tap water, we did observe both 
liquid and gaseous carbon dioxide in the cavity. 
Slight warming with the microscope lamp caused 
the two phases of carbon dioxide to homogenize 
and the meniscus between the liquid and gas bub- 
ble to disappear. These test results indicate that 
the stone is from Sri Lanka. 

This conclusion was further supported by the 
presence of a slightly rounded, nearly equidimen- 
sional, metallic opaque crystal that was visible 
without magnification. Although the inclusion 
could not be analyzed because of its position 
within the stone, experiments on Sri Lankan sap- 
phires with very similar inclusions suggest that it 
is probably a protogenetic crystal of the iron sul- 
fide pyrrhotite (figure 3). 


THE PORTUGUESE DIAMOND 

The Portuguese diamond (figure 4) was first men- 
tioned in the literature by John Mawe (1813), who 
referred to it as the Regent of Portugal and listed it 
as the third largest known diamond, weighing 1 oz. 


Figure 2. This negative crystal in the Star of 
Bombay sapphire has two distinct solid crystal 
phases. Transmitted and oblique fiber-optic 
illumination, magnified 15x. 
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troy (156 ct}. He stated that the stone had been 
found in Brazil, which was then a colony of Por- 
tugal. Edwin Streeter (1882) also maintains that 
the Regent of Portugal came from Brazil and states 
that it was found by a slave near the Abaité River. 
However, he lists the weight as 215 ct, which is 
substantially larger than that given by Mawe. In 
any event, the stone was subsequently recut to its 
present size and shape. Somewhere along the line 
its name was shortened to the Portuguese. Accord- 
ing to Krashes {1984}, Harry Winston, Inc. pur- 
chased the stone in 1951, sold it, bought it back, 
and ultimately sold it to the Smithsonian in 1963. 

The Portuguese is a lovely stone with a nearly 
octagonal outline, the corners being almost the 
same length as the sides and ends. The diamond 
measures 32.75 x 29.65 mmand is 16.01 mm deep. 
It is set in a very simple four-prong mounting that 
ensures that the stone will rest in an upright posi- 
tion when exhibited. The mounted stone could not 
be weighed, but the GIA weight estimation for- 
mula indicated a weight of approximately 128 ct, 
less than 1 ct difference from the recorded weight 
of 127.01 ct (Krashes, 1984). 

Although mounted stones cannot be graded 
accurately for color, the authors tentatively as- 
signed a grade range of GtoH, orI, on the GIA color 
scale, which is consistent with the observed pres- 
ence of a 415.5-nm absorption line in the spec- 
trum. (Colorless stones [D on the GIA scale] do not 
show the 415.5-nm line.) No other absorption lines 
were observed. 


Figure 3. This solid crystal inclusion in the Star of 
Bombay sapphire is probably pyrrhotite, a 
familiar inclusion in Sri Lankan corundum. 
Oblique fiber-optic illumination, magnified 10x. 
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Whatever color is present in the stone is most 
assuredly‘ masked by the very strong blue fluores- 
cence; in fact, the Portuguese was once thought to 
have been a blue diamond (Krashes, 1984). The 
stone fluoresces extremely strong blue on expo- 
sure to either short- or long-wave ultraviolet radi- 
ation. Even the relatively low proportion of ultra- 
violet light in an incandescent light source will 
cause the stone to fluoresce a soft blue color. In 
addition, there is a decided blue color to the strong 
ray of light that is transmitted through the stone 
when it is placed over the diaphragm of a spectro- 
scope unit with the light turned on for spectro- 
scopic observation. 

The only reference to the clarity of the Portu- 
guese diamond that could be found in the litera- 
ture was that by Gaal (1977), who said that the 
stone was flawless. However, our examination of 
the mounted stone revealed a small bruise on the 
junction between the first and second facets up 
from the girdle on one side of the crown, and two 
very minor scratches on the table, which would 
place it in the VVS category. These characteristics 
could have occurred subsequent to Gaal’s report. 
However, there are also five extra facets at the 
comers of the pavilion facet junctions. The stone 
was also examined with the polariscope, but only a 
generalized strain pattern was observed, with no 
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Figure 4. The 127.01-ct 
Portuguese diamond. 
Courtesy of the Smithsonian 
Institution; photo by S, 
Gipson, courtesy of the Los 
Angeles County Museum 

of Natural History. 


indication of any localized stress such as is usually 
found around inclusions. 


THE MARIE ANTOINETTE EARRINGS 


Although the Marie Antoinette necklace is men- 
tioned several times in the literature, little has 
been recorded about the earrings (figure 5}. They 
were probably part of a suite of extremely large 
pear-shaped diamonds that were assembled by the 
court jeweler for Madam Jeanne du Barry, mistress 
to Louis XV of France. After his father’s death, 
Louis XVI reportedly gave them to his queen, 
Marie Antoinette, who is said to have worn them 
constantly. The earrings were left in the Tuileries 
when the royal family attempted to escape from 
Paris in June, 1791. 

The center stones in the earrings were the only 
ones examined by the authors in detail. Although 
the stones are rather large pear shapes, they are 
very shallow. One measures 23.21 x 19.36 mm and 
is 6.80 mm deep, and the other measures 24.40 x 
17.00 mm and is 5.13 mm deep. Application of the 
GIA weight estimation formula provided weights 
of approximately 19 and 13 ct, respectively. It ap- 
pears that the weight of 36 ct each indicated on the 
information card that accompanied the exhibit is 
in error and represents, instead, the total weight of 
the two stones. 
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The stones appear to be colorless, or nearly so, 
as would seem to be confirmed by the absence of a 
415.5-nm line in their absorption spectra. How- 
ever, it should be noted that the stones were tested 
at room temperature, and there is always the pos- 
sibility of a weak 415.5 line becoming discernible 
if the stones were cryogenically cooled. One of the 
stones was inert to any ultraviolet radiation, while 
the other fluoresced a weak blue to both long- and 
short-wave rays. 

Both stones had extremely thin girdles. As a 
result, over the years they have acquired a number 
of chips along the girdle edges. Some of these chips 
are relatively large and would probably place the 
stones in the VS category. Using a microscope at 
10x magnification, we did not see any internal 
characteristics other than bearding at the girdle 
edge. However, the stones would have to be graded 
out of their mountings before any claims could be 
made that they might be potentially flawless if 
recut. Both stones showed considerable strain 
when examined in the polariscope, but no local- 
ized strain pattern. 
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Figure 5. The Marie 
Antoinette earrings. The 
large diamond drops weigh 
approximately 19 and 13 ct 
each, respectively. Courtesy 
of the Smithsonian 
Institution; photo © Harold 
® Erica Van Pelt. 


CONCLUSION 


Few stones equal the Star of Bombay sapphire, 
Portuguese diamond, and Marie Antoinette ear- 
rings in size, quality and, in the case of the latter, 
historical interest. We hope that our examinations 
will provide a more complete record on these 
stones for future researchers, and that the oppor- 
tunity will become available to provide similar 
reports on other named pieces as we seek to learn 
more about these touchstones of gemology. 
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GREEN GLASS MADE OF MOUNT SAINT HELENS ASH? 


By Kurt Nassau 


A specimen Of green glass said to be made from ash from 
the May 1980 eruption of Mount Saint Helen in 
Washington State was examined and compared with a 
black glass made by melting a sample of the ash. The 
glasses are quite different in their properties, and 
analytical results show that the green glass contains at 
most 5%to 10% of mount Saint Helens ash, if any. 


On May 18, 1980, Mount Saint Helens, in 
Washington State, erupted violently. The result- 
ing ash cloud rose as high as 10 km (6 mi.) into the 
upper atmosphere, depositing some three cubic 
kilometers of material over several states. (About 
600,000 tons of ash—basically fine particles of 
rock—fell on the town of Yakima, Washington, 
alone.| Theauthor subsequently obtained samples 
of ash from Yakima, Spokane, and other localities, 
including a large sample collected in central 
Washington by C. B. Keenan. 

The ash was determined to consist partly of 
glass and partly of crystalline material, including 
quartz, feldspar, and other minerals. The particles 
range from over 1 mm to less than 1 pminsize, and 
have a bulk density of approximately 1.5 g/cm? 
(Nassau, 1981). Chemical analysis of a variety of 
ash samples revealed the following composition as 
typical of this material: 64 wt.% SiO), 17 wt.% 
Al),Os, 5 wt.% CaO, 4 wt.% FeO (total Fe}, 4 wt.% 
Na,O, 2 wt.% K,O, 2 wt.% MgO, and 1 wt.% TiO, 
{Nassau, 1981). In view of the high silicon, alumi- 
num, and calcium contents, a glass made from this 
ash would have very high melting and flow temper- 
atures and viscosity (McLellan and Shand, 1984). 

In 1983, a green glass appeared on the gem 
market, mostly in the western United States, with 
the claim that it had been made by melting Mount 
Saint Helens ash; purchasers thus could assume 
that ash is the major ingredient. This seemed to be 
a claim worth examining in view of the high melt- 
ing point and viscosity expected of such a product. 
An examination was undertaken when a sample, 
shown in figure 1 (left}, became available recently 
from R. J. Cormier. For general discussions of glass, 
see McLellan and Shand (1984); for discussions of 
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glass in gemology, see Webster (1983) and Nassau 
(1980). 


TESTING 


A sample of Mount Saint Helens ash was heated in 
a 3.75-cm (1.5-in.) alumina crucible in air in an 
electric furnace. Viscous flow began at about 
1300°C, but because of the high viscosity the air 
bubbles did not disappear until the ash had been 
heated for several hours at 1500°C. The result is 
an essentially black glass (figure 1, right], which 
appears dark gray-green when examined in thin 
splinters. The color is presumably derived from 
ligand field and charge transfer processes (Nassau, 
1983) involving the high Fe and Ti content, and can 
be expected to vary somewhat depending on wheth- 
er the material is heated in an oxidizing ora reduc- 
ing environment. 

The refractive index of the green glass is 1.508, 
while the black glass showed considerable varia- 
tion (1.500—1.526), because the high viscosity 
inhibited mixing of the various components. Spe- 
cific gravity (measured by the hydrostatic tech- 
nique} for the green sample was 2.448 and for the 
black, 2.485. The results for the two samples were 
sufficiently different to throw doubt on the 
claimed origin of the green glass, even though 
some variability in the composition of the ash 
could be expected. 

Semiquantitative (relative] elemental analyses 
were performed by energy-dispersive X-ray fluo- 
rescence using tungsten and chromium radiation 
excitation. Some elements occur at similar con- 
centrations in both glasses: silicon is 20%, and 
potassium 30%, higher in the green glass, while 
traces of chlorine, manganese, and zinc occur at 
about the same concentration in both glasses. 
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Some elements are present at significantly higher 
concentrations in the green glass: approximately 
twice as much calcium, chromium, and zirconi- 
um, and three times as much copper, were pres- 
ent. Other elements have significantly higher con- 
centrations in the black glass: 25 times as much 
iron, 14 times as much titanium, and twice as 
much aluminum and strontium. These are all the 
elements that were detected; with the instrumen- 
tation used it is not possible to detect light ele- 
ments such as boron, sodium, and magnesium. 

Here again, a different origin is indicated for 
the two glasses. The high iron and titanium con- 
tents in Mount Saint Helens ash (about 4 and 1 
wt.% as oxides, respectively) are adequate to ac- 
count fully for the color in the black glass. Given 
the lower amounts of these two elements (1/25 
iron and 1/14 titanium) in, and the lighter color of, 
the green glass, one can deduce that the material 
contains little if any Mount Saint Helens ash. Al- 
lowing for the variability in composition of the ash 
and for the semiquantitative nature of the analy- 
sis, a maximum of 5% to 10% ash in the green 
glass is indicated. 

One final and quite conclusive test was per- 
formed by placing small pieces of each glass on 
platinum foil and heating them in a furnace in air, 
increasing the temperature by 100°C every 15 min- 
utes. The green glass flowed at 800°C; the black 
glass did not flow until 1300°C (figure 2). This 
huge difference is undoubtedly caused by the 
higher silicon and aluminum concentrations in 
the black glass and the probable presence of signif- 
icantly larger amounts of the undetermined oxides 
of boron and sodium in the green glass. The melt- 
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Figure 1. Green glass (30 mm long) 
claimed to be made from Mount Saint 
Helens ash, and black glass that the 
author made from a sample of ash. 


Figure 2. Left, the small, irregular pieces of green 
and black glass shown in figure 1 after heating to 
800°C; right, the black glass heated to 1300°C. 


ing point of the black glass is so high that it would 
be very difficult and costly to fabricate a uniform 
glass from it on a commercial scale. 


CONCLUSION 


Green glass claimed to be made from ash from the 
1980 eruption of Mount Saint Helens has signifi- 
cantly different properties and composition from 
glass actually made entirely from the ash. It con- 
tains at most 5% to 10% of this ash, if any. 
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Editorial Korum 


THE NEED TO KNOW: 
ANOTHER EMERALD FAKE 


We had no sooner received the Winter ’85 edition of 
Gems & Gemology with your editorial on fakes, when 
in walked a man with three rough “emeralds” weighing 
52, 33, and 20 g, respectively. They came (we were told) 
from a ‘‘respected supplier’ who had in turn obtained 
them from a mine in the Chitanti district of Zambia. 

The crystals were in our possession for such a short 
while that no testing was possible. On eye examination, 
however, the “emeralds” appeared to be encrusted [it 
looked liké a baked finish) in mica schist matrix and to 
have been water washed or tumbled. The color was a 
slightly bluish green with a few inclusions of what ap- 
peared to be biotite as well as some mica, exceptionally 
little jardin, and some very minor internal flaws. 

We cut a “window” on the smallest specimen and 
this is where the fun started. On drying the rock, we 
noted that the paper had been stained a vivid yellow and 
that oozing out of the stone was a liquid which felt 
somewhat acidic (acetic acid to set dye?} to the hands. 
The balloon really went up when the stone was washed 
in lukewarm water and household detergent—it came 
apart completely, showing a green dye on the flat faces of 
what looked like a quartz material. Obviously the pieces 
had been glued together. 

Our personal feeling is that someone read the 
literature on emerald and turned out a very credible 
imitation. We were subsequently told that this fake 
apparently came from Zimbabwe, where someone is 
producing them in quantity. 


M. C. L. Backler 
Pinetown, South Africa 


MORE ON OLD 
PEARL-CLEANING RECIPES 


The experiments of Nassau and Hanson (Winter 1985, 
pp. 224-231) confirm the validity of the old Chaldean 
recipes compiled by Bolos of Mendes {among others) 
between 2.00 and 100 B.C. Although many of these old 
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manuscripts were lost or destroyed, especially during 
Diocletian’s repression of Egypt (296 A.D.}, the infor- 
mation was passed on through a combination of verbal 
and written communications. It was not until the mid- 
19th century that such practices came into disrepute. In 
1858, Barbot wrote that, regarding the feeding of pearls 
to chickens, he was inclined to believe that ‘this prac- 
tice should be considered an old wives’ tale.” 

The use of an acid to remove the external layer of a 
pearl is also an old method, passed on in later years in 
recipes published by Anselmus Boetius de Boot (1609) 
and Placide Boué (1832). This treatment became suspect 
early in the 20th century, though, and in 1919 Leonard 
Rosenthal wrote: ‘‘Must it be said that we tremble to 
think of readers who would submit their pearls to the 
treatment prescribed by the well-known doctor (de 
Boot}?” 

If the results obtained by Nassau and Hanson (e.g., 
on pearl no. 10) were not always as good as hoped, the 
cause is probably the thinness of the nacre layers in a 
Japanese cultured pearl, as compared to the thickness of 
nacre in a natural pearl, for which the recipes were 
intended. Even a natural pearl must be carefully exam- 
ined before peeling. The general consensus has been that 
it is not possible to peel cultured pearls, but the thick- 
ness of nacre in South Sea cultured pearls would appear 
to be sufficient to permit peeling. There are, in fact, two 
men in Paris and one in New York (who studied in Paris) 
who know how to peel pearls and feel that it is still a 
valid technique. 

It should also be noted that, contrary to the com- 
ment on p. 225 of Nassau and Hanson {1985}, Halleux 
did not compare the cleaning of pearls to that of a “fake 
gemstone.’”’ What he did was to use a dirtied imitation 
diamond and a duck to demonstrate the cleaning power 
of gastric juices in general. 


J.-P. Poirot 

Director, Public Service for the 
Control of Diamonds, Pearls, 
and Precious Stones 

Paris Chamber of Commerce 
and Industry 

Paris, France 
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CHINA’S BOUNDARIES 


I felt that our cooperative paper [A Survey of the 
Gemstone Resources of China,” Gems # Gemology, 
Spring 1986, pp. 3-13, coauthored by Dr. Peter C. Keller] 
had an outstanding layout. However, I am sorry to have 
found the map showing the location of major gem occur- 
rences in the People’s Republic of China to be unaccept- 
able because of the following political mistakes: 


A. Chinese on both sides of the Taiwan Straits ac- 
cept Taiwan as a province of China, a fact that 
has also been recognized by your government. 
Taiwan, however, is colored as China’s neigh- 
boring country on the map. 


B. There are some boundary sections that are unac- 
ceptable to China. For example, the eastern sec- 
tion of the boundary between China and India 
follows the illegal McMahon Line, and the 
boundary section west to Xingjiang and Xizang 


(Tibet) takes the Aksayqin area out of China’s 
territory. 


I had sent a map to replace the draft you sent, and 
hereby suggest that you include it in the next issue of 
Gems & Gemology as a corrigendum. 


Wang Fuquan 
Geological Museum 
of China, Beijing 


In the process of incorporating the information pro- 
vided by Dr. Wang and the additional localities sup- 
plied by Dr. Keller into a more comprehensive map, we 
unfortunately did not pay adequate attention to the 
political boundaries of the map Dr. Wang had provided. 
We regret any embarrassment that this may have 
caused Dr. Wang, and direct our readers’ attention to 
the map draft originally submitted by him, reproduced 
here as figure 1,—Editor 


Figure 1. Map of the principal gemstones of China prepared by Dr. Wang Fuquan. For clarification, we 


have shaded the areas discussed in Dr. Wang’s letter. 
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WHAT IS A SYNTHETIC? 


Many modern gemologists define synthetic (noun) as a 
man-made substance which has the same physical prop- 
erties and chemical composition as a naturally occur- 
ring mineral. This is incorrect. 

The correct definition of the noun synthetic is 
something that is man-made rather than naturally oc- 
curring. The operative word in this definition is man- 
made, Consequently, that which is not man-made is, by 
definition, natural. 

Acceptance of the faulty definition in the first para- 
graph leads to the statement made in the Gern News 
column (Summer 1985, p. 119] concerning Alexandrium 
and Laserblue: “They are not classified as synthetics 
because they do not duplicate minerals.” 

How then does one classify these substances? The 
report states that Alexandrium is a lithium aluminum 
silicate and Laserblue is a borosilicate. This statement is 
also incorrect. The terms silicate and borosilicate, by 
definition, incorporate the concept of a defined crystal 
structure. These new materials are amorphous. In sim- 
ple language, these materials are glasses. Also, since 


they are man-made, they are, by definition, ‘syn- 
thetics.” 

Gemologists should stop using the word synthetic 
as anoun—it serves no useful purpose. Rather, synthetic 
should always be used as an adjective in conjunction 
with the noun it modifies. Under these circumstances, 
there can never be any misunderstanding. 

Although the definition expressed in the first para- 
graph is incorrect asa definition of the nounsynthetic, it 
is correct as the definition of a “synthetic mineral.” 
Consequently, we can apply it to the two glasses and 
rightly conclude that they are not synthetic minerals. 

As to what they are, there are many answers. They 
may be called synthetic materials, synthetic glasses, or 
even simulated gems. In the gemological sense, these 
materials are “synthetics,” but not synthetic gems or 
synthetic minerals. In the commercial sense, they are 
salable products; however, since they are merely glass, 
fancy names or pseudo-compositions cannot increase 
their intrinsic worth. 


W. W. Hanneman, Ph.D. 
Castro Valley, CA 


t. 


Continued from p. 127 
‘ 1,700 entries. 


indexes and a bibliography of over 


fluid inclusions. Any gemologist 
who has ever enjoyed looking 


formed, and describes the changes 
that inclusions undergo after they 
are sealed in their hosts. The prepa- 
ration of samples for study and the 
destructive and nondestructive 
methods of inclusion analysis pres- 
ently in common use are discussed. 
Ways of interpreting the data ob- 
tained from fluid inclusions are out- 
lined, and each of the various geo- 
logic environments, from sedimen- 
tary to the upper mantle, is detailed 
in its own separate chapter. Even 
extraterrestrial environments are 
discussed in a chapter that highlights 
inclusions in both lunar rocks and 
meteorites. The book also contains 
comprehensive subject and locality 
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From the gemologist’s view- 
point, the one drawback to this vol- 
ume might be the fact that the 
microscope techniques as well as 
much of the testing methodology 
(particularly the destructive tech- 
niques) employed by Dr. Roedder and 
others in their investigation and 
documentation of fluid inclusions 
are not directly applicable to routine 
gemology. Even so, the chapters 
providing a glimpse at these tech- 
niques are fascinating. They not only 
enlighten the gemologist to the 
complexity of the inclusionist’s 
problems, but they also introduce 
the sophisticated instrumentation 
often needed to genetically interpret 
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through the microscope will appre- 
ciate Dr. Roedder’s effort. 
Considering the complex nature 
of today’s synthetic and treated 
gemstones, it is wise for the 
gemologist to learn as much as pos- 
sible about inclusions in gem mate- 
rials. This excellent book provides a 
solid foundation for the study of fluid 
inclusions in all materials, and 
should be read by every serious 
gemologist. With over 400 black- 
and-white photographs and over 200 
line drawings and charts, this large 
volume is a real bargain at $15.00. 
JOHN I. KOJVULA 


Senior Gemologist 
GIA-—Santa Monica 
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Devitrified GLASS 


Cobalt-Bearing 


Recently submitted to the Los An- 
geles laboratory for identification 
was the 2.89-ct black free-form 
cabochon illustrated in figure 1. Our 
client explained that it was repre- 
sentative of material being exported 
from Hong Kong as black “onyx’’ 
(dyed black chalcedony). When 
viewed with the unaided eye in sun- 
light or artificial overhead illumina- 
tion, the piece appeared to be opaque 
and black. However, when examined 
under magnification with dark-field 
and fiber-optic illumination, the 
edges of the cabochon appeared to be 
semitransparent to translucent, and 
blue in color. Also very prominent 
was the dendritic structure (figure 2) 
that is characteristic of man-made 
devitrified glass. This pattern is well 
known to gemologists, as it is typical 
of the excellent devitrified glass imi- 
tation of jadeite jade that is known as 
“metajade.” Patterns such as these, 
which are the result of devitrifica- 
tion (the partial change of a sub- 
stance from an amorphous glassy 
structure to a crystalline, or partially 
crystalline, structure after solidifi- 
cation} should always alert the 
gemologist to the probability of 
glass. 

A spot refractive index of 1.50 
was obtained. The material was inert 
to long- and short-wave ultraviolet 
radiation. Since the cabochon was 
nearly opaque in most lighting con- 
ditions, no reaction was expected, or 
observed, in the polariscope. The 
specific gravity was estimated with 
heavy liquids to be approximately 
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Figure 1. This 2.89-ct black 
free-form cabochon, 
represented as dyed black 
chalcedony, was found to be 
cobalt-bearing devitrified glass. 


2.60. The hardness was estimated to 
be between 5¥%2 and 6% on the Mohs 
scale. When the cabochon was placed 
on the iris diaphragm of the spectro- 
scope unit, or over the end of a fiber- 
optic light source, the entire stone 
“glowed” bright red because of the 
very strong red transmission. 

To view the absorption spec- 
trum, we placed a fiber-optic light 
tube directly behind the cabochon in 
order to pass enough light through 
this very dark material. With the 
spectroscope, we observed a strong 
cobalt spectrum that was essentially 
the same as that for cobalt-bearing 
flame-fusion synthetic blue spinel. 
However, the glass absorbed light up 
to nearly 480 nm and exhibited an 
overall dark absorption pattern, 
which is to be expected in stones that 
are extremely dark in color. 

Although we have seen opaque 
black glass imitations colored with 


Figure 2. At 20x magnification, 
the cabochon shown in figure 1 
revealed a dendritic pattern 
typical of man-made devitrified 
glass. Oblique illumination. 


major amounts of tin oxide and re- 
melted with manganese oxide and 
“hammer slag’”’ from the production 
of iron, this is the first time that we 
have encountered a black-appearing 
cobalt-bearing devitrified glass. Per- 
haps a major motivation for simulat- 
ing dyed black chalcedony is that the 
devitrified glass can be molded into a 
particular shape, requiring repolish- 
ing only on the top. The back of the 
devitrified glass cabochon described 
here did show evidence of molding. 

RK 


With an Unusual Inclusion 


The New York laboratory recently 
examined two translucent green oval 
cabochons that were being repre- 
sented as natural glass from Mexico. 


Editor's Note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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Figure 3. This distorted gas 
bubble in devitrified glass 
resembles a partly resorbed 
crystal, such as is found in 
natural glass. Magnified 35 x. 


Yet the properties were the same as 
those for devitrified glass of this 
color, and the stones also showed the 
dendritic pattern typical of man- 
made glags.' However, there was an 
unusual inclusion (figure 3} near the 
surface on ‘the back of one of the 
cabochons that resembled a partly 
resorbed crystal, suggestive of natu- 
ral origin, although the high relief 
and the rounded ends raised the pos- 
sibility that it might be a distorted 
gas bubble. Since the stones had been 
donated to the laboratory and the 
inclusion was so close to the surface, 
we scraped into the inclusion and 
found that it was hollow, proving 
that it was indeed only a distorted gas 
bubble. RC 


LAPIS LAZULI, 
Dyed and “Sealed” 


Over the years, the New York labora- 
tory has been asked many times to 
check for dye and, more recently, for 
evidence of oil or paraffin in lapis 
lazuli (see, for example, Gem Trade 
Lab Notes section, Summer 1981 and 
Winter 1985). Heretofore, when ace- 
tone applied with a cotton swab has 
produced evidence of dye, the dye has 
been detected primarily in the cracks 
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and porous areas of the stone. The 
effect of the dye is to darken light 
areas and provide a more uniform ap- 
pearance. Some of the dyed stones 
are further “sealed” with some type 
of oil, wax, or the like. However, 
some paraffin-treated lapis (whether 
dyed or undyed) does “sweat” when 
tested with a thermal reaction tester. 

Recently, a strand of 7-mm 
violet-blue beads known to be dyed 
(figure 4) was donated to the labora- 
tory. Unlike most of the dyed lapis 
we have examined, however, these 
beads were so heavily saturated that 
they virtually owed their color to 
dye. When exposed to long-wave ul- 
traviolet radiation, some of the beads 
showed a patchy red fluorescence; 
with short-wave, only about half 
showed the chalky green fluores- 
cence characteristic of natural lapis 
lazuli. Surprisingly, the “swab” test 
was not as revealing with these beads 
as with the selectively dyed stones 
we have previously seen. However, 
the thermal reaction tester produced 
evidence of paraffin treatment, so it 
may be that the paraffin “seal” must 
be removed before the dye will stain 
the swab. Under magnification, a few 
of the beads showed purple dye in the 
cracks, while others showed the 


same unnatural purple color in 
patches not associated with cracks or 
otherwise obviously porous areas. 
Under a Chelsea color filter, the 
beads all appeared a definite brown- 
ish red, much brighter than any 
natural-colored specimens we have 
tested. RC 


OPAL 


Assembled Opal Beads 

Anthony de Goutiére, a graduate 
gemologist in Victoria, B.C., Canada, 
thought our readers might be inter- 
ested in an unusual opal bead neck- 
lace he examined (figure 5). The 
necklace is made up of cubic and 
roughly spherical opal beads (7-15 
mm in diameter) separated by trans- 
parent colorless faceted rondelles. As 
figure 6 shows, however, the beads 
were actually assembled by attach- 
ing slices of opal to some sort of 
shaped backing material with black 
cement. These pieces were then cut 
and polished into shape. 

The owners of the necklace 
could not supply any information re- 
garding its history, but guessed that 
it dated to the 1930s. This manufac- 
turing technique represents an inter- 


Figure 4. These 7-mm lapis lazuli beads were heavily dyed and then 
coated with paraffin. 
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Figure 5. The graduated (7-15 mm in diameter) opal “‘beads”’ in this 
necklace were found to be assembled. 


esting way of using thin slices of opal 
to create relatively large beads. CF 


Green Opal from Brazil 

A stone dealer recently brought to 
the Los Angeles laboratory a selec- 
tion of rough and cabochon-cut green 
opals from Brazil. Figure 7 shows the 
three sample stones (ranging from 
approximately 1 to 2 ct} that were 
donated to GIA. Both the rough and 
cut material was fairly translucent, 
and the color varied from light to 


baa 


dark yellowish green. Prominent 
dendritic black inclusions were eas- 
ily visible to the unaided eye. At first 
glance, the material resembled trans- 
lucent green grossularite garnet. The 
refractive index was determined to 
be 1.43 (spot reading). Hydrostatic 
determinations of all three stones 
were made, with the average specific 
gravity at 2.03+0.01. There was no 
reaction to either long- or short-wave 
ultraviolet radiation. The darkest 
cabochon showed a peculiar absorp- 


Figure 7. At first glance, these green opal cabochons (weighing 0.99, 
2.22, and 1.84 ct, respectively) from Brazil resembled translucent 


green grossularite. 
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Figure 6. With 3x magnifica- 
tion, it is evident that a black 
cement was used to attach 
slices of opal to a shaped 
backing material to form the 
opal “‘beads” shown in figure 5. 


tion spectrum (figure 8) that was vis- 
ible only through the longer optical 
path provided by the length of the 
stone. There was general absorption 
up to 500 nm, an absorption band at 
590-620 nm, two distinct lines at 
640 nm and 670 nm, with a cut-off at 
690 nm. KH 


Cultured PEARLS, 
Miscellaneous Oddities 


The New York laboratory recently 
examined the 13-mm cultured pearl 
shown in figure 9. At first it was 
thought that the peculiar circular 
area around the drill hole might be an 
insert. However, when viewed from 
the side, this circular area proved to 
be raised above the surface of the 
pearl. It seems to match the size and 
configuration of the mounting cup 


Figure 8. The absorption 
spectrum for the darkest green 
opal cabochon shown in 
figure 7. 
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that the pearl was once attached to. It 
is possible that the area around the 
cup was eroded by skin acid during 
wear, although the luster of the pearl 
does not seem to have been harmed. 

Some years ago, the New York 
laboratory was shown a group of 
pear-shaped pearls with oversized 
drill holes (figure 10}. We subse- 
quently proved that they were 
freshwater mantle-tissue—nucleated 
cultured pearls on the basis of their 
X-ray fluorescence and because a few 
still retained vestiges, seen in the 
X-radiograph, of the “void” caused 
by the mantle-tissue implant. Not all 
pearls in a freshwater tissue-nuc- 
leated pearl necklace will show a 
void—some of the voids may be 
eliminated by the drill holes. These 
pearls create a problem when they 
are offered as natural pearls, the 
seller hoping that the drill hole has 
eliminated the evidence of tissue 
nucleation. The laboratory has en- 
countered such pearls in old jewelry 
from which the original natural 
pearls have been removed and these 
pearls substituted. RC 


Cat’s-Eye RUTILE 


A local gemologist and dealer in 
pearls and rare gemstones asked the 
Research Department of GIA—Santa 
Monica to identify two cat’s-eye 
stones (2.74 ct and 1.43 ct) that his 
firm had acquired in Sri Lanka. The 
stones were opaque and appeared to 
be black, although the sharp eyes in 
each were brown (figure 11]. Gem- 
ological tests done by the client re- 
vealed the refractive index to be over 
the scale (greater than 1.81}, and the 
specific gravity to be considerably 
heavier than the 3.32 liquid. The 
stone gave no reaction when exposed 
to either long- or short-wave ultra- 
violet radiation. The streak was 
brown and the hardness seemed to be 
about 6 or a little higher. The X-ray 
diffraction pattern obtained from a 
minute amount of powder scraped 
from the back of one stone matched 
that of rutile. 

It is interesting to speculate on 
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Figure 9. This unusual circular 
area around the drill hole of a 
13-mm cultured pearl is 
actually raised above the 
surface of the pearl. Magni- 
fied 10x. 


how this particular rutile manages to 
exhibit such a sharp cat’s-eye. Since 
the material is essentially opaque, it 
is unlikely that the chatoyancy is the 
result of reflection of light from par- 
allel acicular inclusions, as in chry- 
soberyl and other materials. AlI- 
though, to our knowledge, rutile has 
not previously been reported to occur 
in a massive fibrous form, this would 
seem to be the only explanation for 
its ability to produce a cat’s-eye 
effect. CF 


Figure 11, This unusual cat’s- 
eye rutile weighs 1.43 ct. 
Magnified 3x. 


“Cobalt-Blue’” SPINEL, 
an Update 


The Los Angeles laboratory recently 
received for identification two natu- 
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Figure 10, Oversized drill holes 
are often used to hide evidence 
of mantle-tissue nucleation in 
freshwater cultured pearls. 


ral blue ‘‘cobalt-colored’’ spinels. 
Figure 12 shows one of these stones, 
which weighs 2.21 ct and is an in- 
tense ‘cobalt blue.” The other stone 
weighs 5.31 ct and is dark violetish 
blue. These two stones exhibit es- 
sentially the same gemological char- 
acteristics as the 2.56-ct natural 
spinel mentioned in the Gem Trade 
Lab Notes section of the Winter 1982 
issue of Gems & Gemology, and the 
natural blue cobalt-bearing spinels 
discussed in great detail in an article 
by J. E. Shigley and C. M. Stockton 
that appeared in the Spring 1984 
issue of Gems e&) Gemology. The ab- 
sorption spectra of the stones Shigley 
and Stockton studied have character- 
istics that are generally attributed to 
cobalt and iron. The samples used in 
that study, which included both 
rough and cut stones, were report- 
edly from the Okkampitiya mining 
region of Sri Lanka. These unusual 
natural spinels represented a type 
that was new to most gemologists, in 
that blue coloration caused by cobalt 
was previously believed to occur 
only in synthetic, not natural, spinel. 

Although this type of natural 
blue ‘‘cobalt-colored” spinel is very 
unusual and may be encountered 
only rarely by the jeweler-gemol- 
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Figure 12. A 2.21-ct natural 
“cobalt-colored” blue spinel. 


ogist, it can be readily identified by 
its characteristic properties. The 
specific-gravity values for the two 
spinels that we recently examined 
were within the expected range for 
both natural and synthetic blue 
spinel. The refractive index, 1.720, is 
consistent with other natural blue 
spinels. The two spinels were inert to 
both long- and short-wave ultravio- 
let radiation. This is in contrast to 
flame-fusion synthetic ‘‘cobalt- 
blue” spinel, which often exhibits a 
strong chalky whitish green fluores- 
cence to short-wave ultraviolet radi- 
ation and a strong red fluorescence to 
long-wave ultraviolet radiation. The 
color-filter reaction of this type of 
natural spinel (weak to strong red) 
can overlap with that of its flame- 
fusion synthetic counterpart. Exam- 
ination of the two spinels with a po- 
lariscope revealed that they were 
singly refractive with very little, if 
any, anomalous double refraction. 
This is in contrast to the strong 
“cross-hatched” patterns and/or 
“snake-like’’ bands present in 
flame-fusion synthetic blue spinels. 
When the 2.21-ct spinel was placed 
over the opening of the iris dia- 
phragm on the spectroscope unit, no 
colored transmission was observed, 
whereas a very weak red transmis- 
sion was seen in the 5.31-ct stone. 
Examination of several other natural 
blue cobalt-bearing spinels has re- 
vealed that some may exhibit a 
strong red transmission, as do many 


112 Gem Trade Lab Notes 


flame-fusion synthetics of this color. 
With the spectroscope, we observed 
bands at approximately 434, 460, 
480, 559,575, 595, and 622. nm (for an 
illustration of a similar spectrum, 
see the article in the Spring 1984 
issue of Gems #& Gemology). The 
most diagnostic spectral features are 
the bands at 434, 460, and 480 nm, 
which do not occur in the synthetic 
material. The 2.2I-ct spinel con- 


tained several well-formed transpar- 
ent crystals which showed moderate 
interference colors under polarized 
illumination. These crystals had the 
same appearance as those observed 
in other natural ‘‘cobalt-blue”’ 
spinels. In addition, small cavities 
and fractures with yellow stains 
were also present, The 5.31-ct stone 
contained a group of white, irregular, 
thread-like inclusions along a heal- 


Figure 13. Testing with a hot point revealed that the surface of this turquoise 
carving (12.4 x 11.0 x 8.6 cm) had been treated with paraffin. 
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ing plane; some were stained brown- 
ish yellow by iron. We have also 
observed this type of inclusion in 
other natural “cobalt-blue” spinels. 

RK 


TURQUOISE, with Simulated 
Matrix 


Recently brought to the Los Angeles 
laboratory for identification was the 
opaque greenish blue carving of two 
Oriental women illustrated in figure 
13. Testing identified the carving as 
paraffin-treated turquoise. A hot 
point on a low setting caused the 
paraffin to melt profusely. When the 
piece was examined with magnifi- 
cation, both the color and structure 
were found to be typical of porous 
turquoise from China (porous tur- 
quoise from any locality can be par- 
affin treated). A spot refractive index 
of 1.58, which is low for turquoise, 


SCNOWVIC 


AUVAIAIVI 
ADO'TIVYANIWS 


=== GIA Bookstore 


Figure 14. Black dyed paraffin 
was used on the turquoise 
carving shown in figure 13 to 
simulate natural matrix. 
Magnified 5x. 


was obtained on most areas of the 
carving. We scraped away the paraf- 
fin on a small area at the base of the 
carving and obtained a refractive 
index of 1.61, which is typical for 
turquoise. 

In addition to the colorless par- 
affin treatment, matrix was simu- 
lated by the use of a black dye in the 
paraffin (see figure 14). The black 
matrix was cleverly daubed on to 
many “flat” surfaces of the carving 
and was only rarely added to natural 
matrix depressions. RK 


FIGURE CREDITS 


The photos in figures 3 and 11 were taken 
by John |. Koivula. Shane McClure pro- 
vided the photomicrographs used in fig- 
ures 71, 2, and 12-14. Dave Hargett was 
responsible for figures 4 and 9, and Chuck 
Fryer took figure 7. Figures 5 and 6 are 
gourtesy of Anthony de Gouliére. Bob 
Crowningshield gave us figure 10, and 
Karin Hurwit prepared figure 8. 
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COLORED STONES EEE 


Tucson 1986. In addition to the many extraordinarily 
fine natural gemstones such as rubies, emeralds, sap- 
phires, tanzanites, garnets, aquamarines, tourmalines, 
topaz, and the like, usually seen at Tucson, this year’s 
show featured many other interesting gem materials. 
Robert E. Kane, gem identification and research super- 
visor for GIA’s Gem Trade Laboratory in Los Angeles, 
supplied the following report on some of the more un- 
usual materials seen at the February 1986 Tucson Gem 
and Mineral Show for Gem News. 


Cat’s-eye kunzite. Chatoyant semitranslucent to 
opaque kunzite cabochons and rough from a deposit in 
South Dakota were displayed. 


Covellite. Several firms were selling massive forms of 
covellite rough, as well as cabochons and faceted tablets. 
Covellite (CuS) is generally dark indigo blue in color, 
sometimes with a purple surface tarnish. Covellite has a 
submetallic luster, a specific gravity of about 4.6, a shade 
or spot refractive index reading of 1.45, and a hardness of 
1,5—2. It is frequently intergrown with small veins of 
“brassy” metallic-appearing minerals such as pyrite and 
chalcopyrite. Covellite cabochons are usually inexpen- 
sive and sold as a collector’s stone. Because of its 
softness—it can be scratched with a fingernail—covel- 
lite is not used in jewelry. 


Lepidolite. One dealer had about 50 cabochons of 
lepidolite, some as large as 20 ct. Most of the cabochons 
were opaque, ranging in color from light to dark pinkish 
purple, and nearly all appeared to be identical to the 
lepidolite ‘‘matrix” that occurs in massive quantities at 
several of the tourmaline deposits in Pala, California. A 
few of these stones, however, were translucent. A 
medium-dark pinkish purple stone revealed shade re- 
fractive indices of around 1.560-—1.590, a specific gravity 
of about 2.8, and a hardness of approximately 3. It was 
inert to long-wave ultraviolet radiation, and fluoresced 
extremely weak to short-wave U.V. rays. 


Magnesite dyed blue to imitate turquoise. One dealer 
was selling necklaces of tumbled nodules of dyed blue 
magnesite from Africa. This material can be identified 
by the following: 
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e Spot refractive index readings of 1.51 and 1.70. 
Extremely high birefringence suggests a carbonate. 


e The specific gravity of magnesite, approximately 
3.0, is too high for calcite (2.71) or dolomite (2.85), 
both of which are also frequently used to sim- 
ulate turquoise. Once the material has been 
identified as magnesite, it is immediately evident 
that it is dyed, since blue magnesite does not 
occur naturally. 


Not only is the magnesite dyed, but the recessed 
matrix areas in these tumbled nodules are filled with a 
wax-based black material (probably added during the 
polishing process} to imitate spiderweb turquoise. 


Pectolite. A large selection of rough and cabochon-cut 
blue pectolite from the Dominican Republic was dis- 
played by a dealer from Santo Domingo who claims to 
control the entire supply of this material from that 
source. This attractive translucent-to-opaque blue or- 
namental mineral usually shows one or more fibrous 
radia] patterns. It has been known for several years by 
the trade name “Larimar,” but this is the first effort we 
have seen to market it on an international scale. 


“Rainbow” moonstone. Several dealers had cabochons 
from India that were described as “rainbow” moon- 
stone. The cabochons were small, ranging from 1 to2 ct 
each. This unusual type of “white” moonstone displays 
an attractive adularescence of orange, pink, green, and 
blue, in contrast to the predominantly blue-white 
adularescence generally associated with moonstones of 
this body color. These stones were always displayed ona 
black background, which accentuated the multicolored 
adularescence, and were most impressive when several 
were placed together. 


Spurrite. Numerous pieces of rough and a few polished 
slabs of an attractive translucent to opaque, medium to 
dark purple gem material were displayed by a dealer in 
Tucson who sells gems and minerals from Mexico. He 
said that he had just over 100 kg of rough. A polished slab 
of this material was tested, and revealed shade refractive 
indices of 1.640—1.680, a hardness of around 5, and a 
specific gravity near 3.0, all of which matched those 
properties recorded for the mineral spurrite. 

X-ray powder diffraction analysis by C. W. Fryer of 
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Figure 1, This rare natural twin star spinel weighs 
2.12 ct. Note the twin plane running down the 
center of the stone. Photo © Tino Hammid. 


e 4. 
the GIA Research Department confirmed that this at- 
tractive purple gemmy material is spurrite. Dana’s 
Textbook of Mineralogy states that spurrite, 
Ca,(SiO4}o(CO3], occurs in contact zones between lime- 
stone and diorite in the Valardena mining district of 
Mexico, as well as in Ireland. 


Taaffeite. Two unusual taaffeite crystals were exam- 
ined. One, a distorted crystal weighing 46.17 ct, is the 
largest known piece of taaffeite rough ever recorded. The 
other weighed 2.81 ct and had several fairly well 
developed crystal faces, which has never before been 
reported in taaffeite. 


The Tucson show always provides an opportunity 
to see and examine rare collector stones that have been 
cut. In addition to those already listed above, excellent 
examples of the following were also seen this year: ekan- 
ite, phosphophyllite, proustite, friedelite, hatiyne, 
pyrargyrite, bustamite, light blue and brown sillimanite 
(fibrolite], and purple scapolite. 

Collectors, retailers and dealers say that the Tucson 
show helps pinpoint market trends in colored gem- 
stones, supplies, and price changes, and provides an op- 
portunity to see and purchase all types of rough and cut 
gemstones, jewelry, and mineral specimens, as well as 
lapidary equipment and tools. Another important aspect 
of the Tucson show is the opportunity for structured 
education. In addition to GIA’s Jectures and seminars, 
other groups such as the Accredited Gemologists Asso- 
ciation (AGA), the International Society of Appraisers 
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Figure 2, When this 18.57-ct rock crystal quartz 
was cut, a single included acicular black 
tourmaline crystal was carefully positioned so 
that its reflection would create the wagon-wheel 
pattern evident here. Photo by John Koivutla. 


{ISA}, and the American Gem Trade Association 
{AGTA) present many industry-related seminars and 
short courses. 


Twinned star spinel. One of the most striking gems we 
have seen in a long time is shown in figure 1. This 
pinkish purple natural star spinel weighs 2.12 ct and 
belongs to David Myerson of Northridge, California. 
Fine star spinels are not particularly common, and this 
one is a rarity among the rare. The gem is divided down 
the middle by a twin plane and its surrounding contact 
zone. This contact zone is darker than the rest of the 
stone and contains no star-producing inclusions. As a 
result of the contact twinning, two complete and dis- 
tinct stars are readily visible, one on each side of the 
twin plane, even when just a single light source is em- 
ployed. This is the only twinned double-star spinel we 
have ever encountered. 


Wagon-wheel quartz. Don Riffe, of Wight Jewelers in 
Ontario, California, gave us a most unusual faceted rock 
crystal quartz for examination. It weighed 18.57 ct 
{15.88 x 13.69 mm] and was well fashioned in a modified 
round step-cut. The unusual feature of this quartz is that 
it contains a single acicular crystal of black tourmaline. 
The cutter, John Boardman, has positioned the tourma- 
line inclusion so that it runs from the culet through the 
entire depth of the stone up to the center of the table. As 
shown in figure 2, the black tourmaline inclusion is 
reflected in a spoke-like pattern in the quartz, creating 
the appearance of a wagon wheel. In the past, the editors 
have seen a few similar stones that have used either 
tourmaline or rutile as the reflecting crystals. Good 
rough to cut such stones is difficult to obtain, and is 
generally referred to as single-needle quartz. 
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| ANNOUNCEMENTS 


Sams Collection now on display at 
the Houston Museum of Natural 
Science. The Houston Museum of 
Natural Science recently purchased 
the Perkins and Ann Sams collection 
of minerals, to be housed as a 
permanent exhibit in the new Lillie 
and Roy Cullen Gallery of Earth 
Science. The collection encompasses 
some 500 mineral specimens, 
including a superb imperial topaz 
crystal from Brazil; a grouping of fine 
tourmaline specimens; cerussite and 
azurite from Africa; emerald, ruby, 
and diamond crystals; and fine pieces 
of Japanese stibnite, German 
manganite, and Bohemian 
cassiterite. A particularly fine 
emerald crystal from the collection 
is shown in figure 3. 

For further information, contact 
the Houston Museum of Natural 
Science, 1 Hermann Circle Drive, 
Hermann Park, Houston, TX 77030; 
(713) 526-4273. 


GIA GemFest scheduled. GIA will 
hold its third annual GemFest on 
August 14 and 15, 1986, at their 
headquarters in Santa Monica. 
GemFest is a program of seminars 
encompassing gemology, jewelry 
manufacturing arts, jewelry sales, 
and business. For registration and 
further information, contact GIA 
GemFest, 1660 Stewart Street, Santa 
Monica, CA 90404, (213) 829-2991. 


Winners of the Scheutz Award 
Design Contest announced. The 
George A. Scheutz Memorial Fund 
Jewelry Design Contest added a new 
category this year for its annual 
competition hosted by GIA. For the 
past 10 years, the competition has 
featured men’s jewelry and 
accessories only. This year, women’s 
colored stone jewelry was added. The 
winning entries, submitted in the 
form of color renderings, are: a 
womans ring of 18K yellow gold and 
lapis lazuli designed by Catherine O. 
Villeneuve of Villeneuve-Lamarche, 
Montreal, Quebec; and a man’s 18K 
yellow-gold ring inlaid with onyx 
and set with a quadrillion-cut 
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Figure 3. This fine emerald with 
pyrite specimen (45 mm high)- 
from Muzo, Colombia—is part 
of the famous Sams Collection 
now housed in the Houston 
Museum of Natural Science. 
Photo © Harold & Erica 

Van Pelt. 


diamond, designed by Vikki Jirikow 
of Playa del Rey, California. 

The deadline for the 1987 
competition is February 28, 1987. For 
further information, contact the 
Jewelry Manufacturing Arts 
Department at GIA—Santa Monica. 


Committee formed by ASA and AAA 
to establish uniform appraisal 
standards. The American Society of 
Appraisers and the Appraisers 
Association of America have 
announced the establishment of a 
joint committee to create and 
produce uniform standards of 
appraisal practice specifically for the 
appraisal of personal property, in 
order to provide guidelines that can 
be used by the public, the courts, 
government agencies, commercial 


institutions, and members of the 
appraisal profession. The committee 
will also formulate the educational 
curricula for appraisers of personal 
property leading to academically 
recognized bachelors’ and masters’ 
degrees in Valuation Sciences. 


The India Gems & Jewellery Fair 
will be held at the Taj Mahal Hotel, 
in Bombay, India, September 4~8, 
1986, Organized by the Gem & 
Jewellery Export Promotion Council 
and the Hindustan Diamond 
Company, Ltd., the fair will feature 
unmounted diamonds, colored 
stones, and pearls, as well as 
traditional, antique, and 
contemporary jewelry. For further 
information contact: I.G.J. Fair 1986, 
c/o Hindustan Diamond Company, 
Ltd., 15, Atlanta, Nariman Point, 
Bombay, 400 021 India. Telex: 011- 
4710 HDCL IN. 


INTERGEM ’86, the International 
Trade Fair for Gems & Jewellery, 
will be held on September 26-29, 
1986, in Idar-Oberstein, West Ger- 
many. The exhibits range from min- 
eral specimens and gem rough to fin- 
ished jewelry, and products related to 
the jewelry industry. For further in- 
formation contact: INTERGEM 
GmbH, Messeverein e.V., Postfach 
12 21 80, D-6580 Idar-Oberstein, 
West Germany. 


The Fourth Hong Kong Jewellery & 
Watch Fair will be held September 
13-16, 1986, at the Regent, New 
World, and Sheraton Hotels and the 
Golden Mile Holiday Inn. Over 400 
exhibitors from 22 countries around 
the world will offer a wide range of 
products for all aspects of the gem, 
jewelry, and watchmaking 
industries. Seminars on the 
international market situation and 
various other topics will be held 
concurrently with the fair. For 
further information contact: 
Headway Trade Fairs Ltd., 628 Star 
House, 3 Salisbury Road, Kowloon, 
Hong Kong. Tel.: 3-697993; telex: 
41249 HX, 
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COLORED STONES AND 
ORGANIC MATERIALS 


La couleur des minéraux et des gemmes (The color of 
minerals and gems). E. Fritsch, Monde et Miner- 
aux, Vol. 22, Nos. 67, 69 and 70, 1985, pp. 20-— 
25, 12-17, and 12-22. 


While the colors of gems and minerals contribute greatly 
to their appeal, the causes of these colors provide clues 
to the genesis of the different materials. An understand- 
ing of color origin also provides a foundation for the 
better use of spectral and luminescence tests for gem 
identification. This trio of articles by Dr. Emmanuel 
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Fritsch is an excellent review of how color arises in gems 
and minerals, with easy-to-understand explanations of 
atomic-level behavior. In the first article, Dr. Fritsch 
discusses single-element color origin associated 
primarily with transition-metal ions, including expla- 
nations of valence states, site coordinations, and distor- 
tions. Examples of how each of these variables affects 
color and the optical absorption spectrum are clearly 
described, and a list is provided of common transition- 
metal ions and their coordinations, together with the 
color generated by each and the minerals in which each 
occurs. 

The second article covers the more complex cases of 
charge transfer and interband transitions, with explana- 
tions of the molecular orbital and band gap theories 
necessary to understand these color origins. Normally 
relegated to the realms of advanced physics and chemis- 
try, these scientific theories take on a more elementary 
tone with Dr. Fritsch’s explanations and the numerous 
graphs and drawings that accompany them. The third 
article concludes the series with discourses on color 
centers, diffraction, iridescence, Tyndall effect (scatter- 
ing), and diffusion, including chatoyancy and asterism. 

On the whole, this series of articles provides an 
excellent overview of the causes of color in gems and 
minerals, with intelligible explanations of complex 
concepts. Lavish color photographs by Nelly Bariand 
and numerous helpful diagrams accompany the text. 
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Many of the illustrations, however, are neither num- 
bered nor directly referenced in the text, which is irritat- 
ing and results in a lot of looking back and forth for 
associations. Nevertheless, the major drawback of the 
article for many G#WG readers will be that it is entirely 
written in French. It is to be hoped that Dr. Fritsch will 
soon render a version in English. CMS 


Crystal chemistry of zincian spinels (gahnospinels) from 
Sri Lanka. K. Schmetzer and H. Bank, Neues 
Jahrbuch fiir Mineralogie Monatshefte, No. 8, 
1985, pp. 353-356. 


The chemical composition, density, and refractive index 
of zincian spinels from Sri Lanka have been investigated. 
All samples were transparent gemstones of a blue, blu- 
ish violet, or violet color caused by the presence of Fe?* 
substituting for Mg*+ in the tetrahedral site. These 
stones are members of a compositional series between 
spinel (MgAl,O,)} and gahnite (ZnAl,O,) in which the 
molecular percentage of gahnite varies from 0.2% to 
50.35%, with minor amounts of a hercynite (Fe?+Al,0,} 
component (1.7% to 5.37%} also present. Density in- 
creases with zinc content from 3.60 (pure spinel) to 4.05 
(50% gahnite}, while the refractive index also increases 
correspondingly from 1.716 to 1.752. 

This study confirms what is already known about 
this material, and substantiates the existence of a com- 
plete solid-solution series in the spinel-gahnite compo- 
sitional range. Emmanuel Fritsch 


Farbloser Skolezit aus Indien (Colorless scolecite from 
India). H. Bank, Zeitschrift der Deutschen Gem- 
mologischen Gesellschaft, Vol. 34, No. 3/4, 1985, 
pp. 167-168. 

Colorless, transparent crystals represented as natrolite 

were identified as scolecite by refractive indices of n, 

1.512, n, 1.518, n, 1.523, and a birefringence of 0.011. 

The specific gravity is given as 2.21. Scolecite usually 

occurs as radiating fibrous masses in volcanic rocks in 

Rio Grande do Sul, Brazil, and in Poona, India. MG 


The nature of water in chalcedony and opal-C from 
Brazilian agate geodes. H. Graetsch, O. W. Florke, 
andG. Miche, Physics and Chemistry of Minerals, 
Vol. 12, 1985, pp. 300-306. 

Chalcedony and opal-C {cristobalite] in Brazilian agates 

{Rio Grande do Sul} have been investigated for their 

water content and speciation using differential thermal 

analysis (DTA), gravimetry (DTG), and infrared spec- 
troscopy, together with water titration, and specific 
surface and density measurements. 

Chalcedony and opal-C contain molecular water 
adsorbed in multilayers on the crystal surfaces, fully 
hydrating the open porosity. They also exhibit two types 
of differently bonded O-H groups (hydroxyls): The 
Si-O-H groups (silanoles] of type A are weakly hydrogen 
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bonded to the silica framework at structural defects, 
while type B involves surface silanole groups that are 
most likely hydrogen bonded to similar neighboring 
groups. Type B represents only one-third of the chalced- 
ony silanole groups, but it represents almost all of the 
“water” in opal-C. All crystal surfaces are covered with 
silanole groups hydrogen bonded to molecular water. 
Chalcedony bands ranging from translucent gray to 
milky white were found to correspond to a decrease in 
total water content, molecular water content, and spe- 
cific surface, together with an increase in density. 
Molecular water content also decreases with hy- 
drothermal treatment, which indicates a variable low- 
temperature formation for this Brazilian agate: below 
250°C and 0.5 kilobars, and possibly also at room tem- 
perature and pressure. Emmanuel Fritsch 


Zirkon-Katzenauge aus Sri Lanka (Cat’s-eye zircon from 
Sri Lanka). H. J. Millenmeister, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 
34, No. 3/4, 1985, pp. 165-166. 


The author reports on the identification of a cat’s-eye 
zircon that had been represented as a moonstone from 
Sri Lanka. The specific gravity was determined to be 
4.62, and the spectroscope revealed an absorption spec- 
trum identical to that of zircon. The radioactivity of the 
sample is also mentioned. MG 


Zur mineralogischen und chemischen Zusammenset- 
zung des Schmucksteins Verdit aus Stidafrika 
(Mineralogical and chemical composition of the 
gemstone verdite from South Africa). F. Rost, J. 
Wannemacher, and O. Krebs, Neues Jahrbuch fiir 
Mineralogie Monatshefte, No. 9, September 1985, 
pp. 427-432. 


Verdite is a green opaque rock that has been used for 
centuries by South African natives for mystical pur- 
poses. However, it was only ‘‘rediscovered’’ as a 
gemstone at about the turn of this century. 

Five verdite specimens from the Baberton District, 
Transvaal, South Africa, were studied using chemical 
analysis and X-ray diffraction, together with conven- 
tional microscopic observation. Fuchsite (chrome- 
muscovite} is the most important mineral and the main 
chromium-bearing phase (2% to 4% Cr,Os), and there- 
fore gives verdite its bright green color. Both colorless 
chlorite (clinochlore} and a plagioclase feldspar (near 
albite} may be present in significant amounts. A rela- 
tively constant TiO, content of about 1% is due to the 
presence of rutile crystals or their alteration products. 
The iron content is always very low (<0.1% Fe,Os)}. 
Unusual inclusions are light-colored tourmaline and, in 
the absence of a calcium-containing plagiolase, margar- 
ite (a calcium-containing mica). 

Verdite occurs as a secondary rock in basaltic ex- 
trusions in many South African localities. The high 
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chromium content is attributed to enrichment through 
hydrothermal solution circulations, leaching, and con- 
centration of this element from the underlying 
komatiites. Emmanuel Fritsch 


DIAMONDS 


Diamond exploration in Western Australia. C. L. Geach, 
Geology Today, Vol. 2, No. 1, 1986, pp. 16-20. 


In the early 1970s, major discoveries of diamonds were 
made in Western Australia in two principal areas— 
between Derby and Kununurra in the northern part of 
the state (Argyle and Ellendale), and a smaller area far- 
ther south near Carnarvon. These finds are important 
not only for their magnitude but also for the fact that the 
host rock of the diamonds is not kimberlite as in South 
Africa but rather lamproite. 

Lamproites are a group of fine- to medium-grained 
ultramafic to mafic rocks that are rich in K, Ti, and Mg. 
The mineral content of lamproite thus differs from that 
of kimberlite (as, consequently, do the mineral inclu- 
sions in the diamonds that each hosts}. Kimberlites con- 
tain olivine, garnet, ilmenite, phlogopite, calcite, 
clinopyroxene, and serpentine. In contrast, lamproites 
consist of, leucite, phlogopite, clinopyroxene, am- 
phibole, oliyine, and sanidine. 

At the more northern, and more economically im- 
portant, of the two recent diamond discoveries in West- 
ern Australia, the deposits are located in belts of highly 
deformed sedimentary and metamorphic rocks. These 
belts rim the Kimberly craton, a large area of ancient 
granitic rocks of Precambrian age. This geologic setting 
is entirely different from that of other known diamond- 
producing areas. The present article summarizes the 
radical changes in conceptual thinking and in the strat- 
egy of diamond exploration in Western Australia that 
resulted from this new kind of diamond occurrence. The 
major difficulties encountered in bringing a new deposit 
from initial discovery to eventual full production, espe- 
cially the length of time required, are also discussed. JES 


Famous diamonds of the world (X VIII): the Star of Sierra 
Leone. |. Balfour, Indiaqua, Vol. 37, No. 1, 1984, 
pp. 129-131. 
This installment on famous diamonds recounts the dis- 
covery and eventual disposition of the largest diamond 
ever recovered from an alluvial source: the Star of Sierra 
Leone. On February 14, 1972, the 968.9-ct rough dia- 
mond was recovered from the picking table at the sepa- 
ration plant operated by the National Diamond Mining 
Company of Sierra Leone (Diminco} near the Kono-area 
diamond fields. 

Diminco asked that De Beers CSO handle the sale of 
the stone via a sealed bid. However, when the bids were 
opened on July 18, 1972, none of them had reached the 
diamond’s reserve price. In October of that year, Harry 
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Winston acquired the stone, having paid ‘in the vicinity 
of several million dollars” for it, well in excess of any of 
the previous bids. 

The original rough yielded 17 stones totaling 238.48 
ct. The largest stone to emerge from the initial cutting 
was a 143.20-ct emerald cut. However, the stone was 
flawed, and Winston eventually had it recut into seven 
stones, the largest of which was a 53.96-ct flawless pear 
shape. BFE 


Over the years with De Beers. R. Shor, Jewelers’ 
Circular-Keystone, Vol. 157, No. 2, 1986, pp. 
340-343, 


In the past 15 years, De Beers has increased its advertis- 
ing budget almost 10-fold, and as the socio-economic 
climate of the United States has changed, so has the 
focus of their ads. 

In this fascinating article, Mr. Shor shows that 
while De Beers’s ads have retained the image of romance 
and elegance, they have slowly shifted focus among vari- 
ous consumer groups, almost imperceptibly guiding the 
baby-boomers to adulthood. In the early 1970s, the main 
visual thrust of their advertising was aimed at mid- to 
high-income customers, but was tempered with the 
message “A gift of diamonds need not be expensive. 
Your jeweler can show you exciting pieces under $200.” 
De Beers also created the concept of the eternity ring, 
which was originally aimed at former flower children 
who had begun their pursuit of success. Later renamed 
the anniversary ring, it now accounts for 25% of all 
diamond jewelry sales. 

Today the message is ‘Show her it’s not lonely at 
the top. A diamond of a carat or more.” Men’s diamond 
jewelry is also being promoted to a new, consumption- 
conscious generation. 

The changes have not come cheaply. In 1985, De 
Beers’s advertising budget soared to $34 million, with 
44% invested in television spots {compared to $4 mil- 
lion in 1970 and no television ads}. But this campaign 
has paid off: During the last 15 years, sales have jumped 
from $800 million to $8 billion per year. 

Patricia A. S. Gray 


GEM LOCALITIES 


The occurrence of botryoidal and gem-quality nephrite 
in Monterey County, California. T. R. Paradise, 
Journal of Gemmology, Vol. 19, No. 8, 1985, pp. 
672-681. 

Mr. Paradise briefly discusses the geology, mineralogy, 

and gemology of the nephrite occurrence at Jade Cove, 

in Monterey County, California, and how to success- 
fully locate the nephrite at the site. 

Nephrite, an isomorphic product of the actinolite- 
tremolite series, usually consists of randomly oriented 
interlocking and interwoven fibrous crystals. However, 
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the material found at the Monterey occurrence formed 
in botryoidal masses. These flattened, oval-shaped 
masses typically consist of only two to 10 nodules each, 
and are easily separated from the surrounding minerals, 
which are massive in form. Some of these nodular bun- 
dles have been so weathered that they are covered with a 
layer of reddish brown oxidized material or “skin” 
which may deceive uninformed collectors. The nephrite 
also occurs as polished pebbles. 

Jade Cove is located between Plaskett Point and 
Cape San Martin, about 100 km south of the city of 
Monterey. The nephrite can be found in the detritus 
below the greenish colored cliff areas, which represent 
the serpentine from which the nephrite has eroded. 

David C. LeRose 


Les quartz sceptres de Denny Mountain (The quartz 
scepters from Denny Mountain). B. Jackson, 
Monde et Mineraux, Vol. 23, No. 71, 1986, pp. 
20-23, 

Four years ago, the most spectacular (up to 10 cm long) 

amethyst double scepters in the world were found by the 

author and an associate at Denny Mountain, near 

Seattle, Washington (a scepter is a crystal that has a 

second, wider crystal overgrown in a parallel way at its 

termination). At this locality, quartz crystals are formed 
along veins caused by the percolation of hydrothermal 
solutions through an iron-bearing skarn. This article 
describes in a very lively style this unusual mining en- 
terprise. The quartz vein is located on a cliff in Red Wall 

Canyon, a very dangerous area where nine mountain 

climbers have died within the past few years. Jackson 

describes the hazards involved in mining the deposit. 

Even the men and equipment had to be brought in by 

helicopter. After 10 weeks of unrewarding digging, 40 

specimens of this unusual material were recovered from 

this attempt. Emmanuel Fritsch 


Les tourmalines de I’ile d’Elbe (Tourmalines from Elba 
Island). S. Lareida, Monde et Mineraux, Vol. 23, 
No. 71, 1986, pp. 4-7. 


The tourmaline deposits of Elba (Italy) are located in the 
western part of the island, near Monte Capanne. They 
are found in hydrothermal pegmatite veins that intrude 
the granodiorite massif. The article emphasizes the col- 
oration of Elba’s tourmalines, which are often color 
zoned perpendicular to the principal axis; most notable 
of these zoned crystals is the ‘‘Moor’s head” (a clear 
prism with a black termination}. 

Light violet to pinkish to carmine red crystals con- 
tain no sodium, but have appreciable amounts of iron, 
lithium, and potassium. Brown to orange or yellow va- 
rieties have a high sodium content. Green ones exhibit 
the highest amount of manganese and sodium. There are 
also blue, black, and colorless stones. 

The history of tourmaline exploitation on Elba is 
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detailed, starting with the discovery of the first deposit 
in 1825. Included are famous finds such as the ““Grotta 
d’Oggi,” a grotto that yielded many spectacular tourma- 
line crystals. Emmanuel Fritsch 


INSTRUMENTS AND TECHNIQUES 


Distinction of natural and synthetic rubies by ultravio- 
let absorption spectroscopy—possibilities and 
limitations of the method. K Schmetzer, 
Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 34, No. 3/4, 1985, pp. 101-129. 

The use of certain features in the ultraviolet spectra to 
identify natural and synthetic rubies was first suggested 
by Bosshart in 1981. He recognized differences in ultra- 
violet transparency between natural and synthetic ru- 
bies. He also suggested a numeric interpretation of the 
absorption spectra of these stones in terms of three 
measured parameters associated with the location of the 
minimum absorption in the ultraviolet. Graphic repre- 
sentations of these parameters revealed separate popu- 
lation areas for natural rubies of different origin as well 
as for synthetic rubies of various manufacture. This 
method was suggested to be valuable in distinguishing 
natural from synthetic ruby. 

Since the publication of Bosshart’s work, the diag- 
nostic value of this identification method has been 
called into question by the appearance of some synthetic 
rubies whose parameter values fall near or within the 
population field of natural rubies on Bosshart’s graphs. 
This uncertainty led to a thorough reexamination of the 
Bosshart method in the present study. 

Spectroscopic and chemical (XRF) data were col- 
lected for some 900 rubies from 15 localities and nine 
manufacturers. Results of this study indicate that natu- 
ral and synthetic rubies exhibit several types of absorp- 
tion spectra that vary slightly in the location, shape, and 
intensity of their spectral features. Many of these spec- 
tra are illustrated in the 45 figures included in this arti- 
cle. Some of these spectra types appear to be unique fora 
particular natural or synthetic ruby, and hence are of 
diagnostic value when working with a ruby of unknown 
origin. It is concluded that the Bosshart method has two 
principal weaknesses as an identification test. The ad- 
vantage of the method as a simple procedure using only 
three parameters is offset by the loss of further impor- 
tant information, such as the positions of weak absorp- 
tion bands and shoulders, that is readily apparent from 
an examination of the spectral patterns themselves. In 
addition, a documented overlapping of population fields 
of Bosshart’s parameters for various natural and syn- 
thetic rubies prevents a clear determination of the origin 
of a ruby. This is especially serious in the case of cer- 
tain new synthetic rubies whose parameter values fall 
within the natural ruby field on Bosshart’s graphs. Thus, 
the Bosshart method has limitations as a diagnostic test. 

The author suggests that ultraviolet absorption 
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spectra can be of value in the identification of rubies of 
unknown origin. However, this requires a direct com- 
parison of the spectrum of the ruby in question with 
standard spectra of natural samples of known origin and 
synthetic samples of known manufacture such as those 
illustrated in the article. In many instances this will 
provide a good indication of the ruby’s locality or pro- 
ducer, or at least will reduce the number of possibilities. 
Even when the origin remains uncertain, examination of 
the spectra in combination with microscopic observa- 
tions and, if necessary, with chemical (trace element} 
data, will often provide a clear determination. JES 


Uber die Problematik der Galliumgehalte als Hilfsmit- 
tel zur Unterscheidung von natitrlichen 
Edelsteinen und synthetischen Steinen (On the 
problem of gallium as proof to distinguish be- 
tween natural gemstones and synthetic mate- 
rials). H.-W. Schrader and U. Henn, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 
34, No. 3/4, 1985, pp. 152-159. 

The authors have proved that the presence of gallium 

(Ga} is not a conclusive test to distinguish the natura! or 

synthetic origin of a gem. Neutron activation analysis 

(NAA) of 32 emeralds {22 natural, 10 synthetic}, 18 co- 

rundums {8 ‘natural and 10 synthetic}, and 16 chryso- 

beryls (14 natural and 2 synthetic} yielded comparable 
amounts of gallium in both the natural gemstones and 
their synthetic counterparts. Therefore, the element Ga 
should no longer be regarded as a sure sign of the natural 
origin of a gem. MG 


Touchstone testing of precious metals. W. Walchli and 
P, Vuilleumier, Aurum, No. 24, 1985, pp. 35-45. 


Touchstone testing is one of the oldest known methods 
of testing for precious metals. Its use is documented as 
early as 600 B.C. for checking gold coins. Today, it is 
primarily used by assayers to test and hallmark articles 
made of noble metals. This comprehensive article 
explains the procedures and tools needed to perform a 
number of tests used to determine the alloys of silver, 
and yellow, white, and colored golds; distinguish be- 
tween solid and plated pieces, and differentiate between 
platinum, white gold, palladium, and steel. These tests 
have a wide variety of applications in the jewelry trade, 
ranging from evaluating antique jewelry to sorting 
semifinished manufactured pieces for fineness. 
Essentially, the touchstone process is a comparison 
test whereby an unknown metal is rubbed on the touch- 
stone and compared with rubbings from touch needles. 
Sometimes acids are applied to the two rubbings for 
further evaluation. The tools required are a touchstone, 
touch needles, blotting paper, and touch acids. Touch- 
stones today are usually made out of black or dark red 
agate, of uniform color with no blemishes or veins, 
fine-grained with a matte finish. Touch needles are 
made from alloys of known composition, and the num- 
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ber required depends on the type of work being done and 
the degree of fineness that must be determined. Touch 
acids are essentially composed of “nitric acids of differ- 
ent strengths with or without the addition of copper or 
sodium chloride, or hydrochloric acid.” 

The text gives step-by-step instructions for per- 
forming the tests with 23 color photos as examples of 
what the rubbings and acid reactions should look like. 
The authors, both assayers with the Swiss Federal Bu- 
reau for the Control of Precious Metals, emphasize that 
touchstone testing “requires specialized knowledge and 
considerable experience that can only be acquired 
through practise.” The authors’ addresses are pro- 
vided so that the reader can contact them for further 
information. EBM 


JEWELRY ARTS 


Antiques: alchemy of Art Nouveau. S. Birmingham, Ar- 
chitectural Digest, Vol. 42, No. 12, 1985, pp. 
154-159. 


This article is an abbreviated and generalized descrip- 
tion of the exuberantly emancipated society that sup- 
ported Art Nouveau around the turn of the last century. 
However, the text merely provides a backdrop for the six 
accompanying illustrations of exquisite French Art 
Nouveau jewelry. The captions for these jewels provide 
more information than the text, giving artist, date, ma- 
terials used, dimensions, and a brief historical note for 
each. Among the pieces included is the celebrated snake 
bracelet and ring combination that was designed by Al- 
phonse Mucha and fabricated by Georges Fouquet for 
Sarah Bernhardt’s stage premiere of “Cleopatra” in 1890. 
The piece incorporates gold, enamel, opals, diamonds, 
and rubies in the exaggerated style that is representative 
of the period. The serpent motif was a popular one in this 
sensual era, when “anything that flowed, undulated, 
slithered, twined, or trembled in the wind” was trans- 
lated into spectacular jewelry. Although the illustra- 
tions are superlative, Birmingham’s article only serves 
to whet the appetite for more information about this 
brief, distinctive period. EBM 


Geneva’s Mr. Christie. D. Good, Canadian Jeweller, 

Vol. 105, No. 9, 1984, pp. 27-28. 
The astonishing thing about this article is that it ap- 
peared at all. The author deserves high praise for lifting a 
corner of the veil of privacy with which Hans Nadelhof- 
fer, president of Christie’s, Geneva, usually surrounds 
himself. That he should also have allowed his photo- 
graph to be published puts an otherwise routine, if not 
actually dull, trade magazine interview into a special 
class. 

For jewelers and gemologists who have enjoyed Dr. 
Nadelhoffer’s monumental and definitive work on Car- 
tier, and who have marveled at his genius in organizing 
some of the greatest jewelry sales of this century, this 
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article will be of particular interest. The author briefly 
outlines Nadelhoffer’s professional career and provides 
ample proof of the magnitude of his influence in the 
jewelry world. Only by personal acquaintance, however, 
can Nadelhoffer’s innate modesty, gentility, and enor- 
mous personal charm be fully understood and appreci- 
ated. NL 


Goldwork of the Iron Age in “barbarian” Europe. C. 
Eluére, Gold Bulletin, Vol. 18, No. 4, 1985, pp. 
144-155. 


Using classical references, and archeological and tech- 
nological evidence, the author shows how the goldwork 
of the Celtic, Iberian, Illyrian, Thracian, Dacian, and 
Scythian tribes was influenced by Greek, Persian, and 
Etruscan goldwork during the Iron Age (700-100 B.C.). 
Gold jewelry from the preceding Bronze Age (2000-800 
B.C.) was large and heavy. The changes in use, tech- 
nique, and style that developed are due, the author pos- 
tulates, to interaction via trade and/or conflict with the 
Mediterranean cultures. With these changes, the use of 
gold acquired certain defined purposes: as a designation 
of status, an honor to gods, and in hoarding as a store 
of wealth. Ultimately, the latter use was manifested as 
coinage. 

The fact that barbarian Europe had abundant 
sources of gold and other ores is documented in classical 
texts which are quoted by the author. Elaborate burial 
mounds of chieftans have yielded similar examples of 
adornment and ritual vessels from several different cul- 
tural areas. These are described in detail and include 
neck rings and torques, bracelets, rings, fibulae, buckles, 
and other ornaments, along with swords, axes, and hel- 
mets of iron that have been decorated with sheets of 
gold. Ceremonial cups of sheet gold and caldrons of 
bronze suggesting religious rituals have also been found. 
Citing many examples, Eluére demonstrates how tech- 
niques (such as granulation and the use of solder} were 
developed, and styles {as shown by decoration motifs} 
and types of jewelry evolved. 

Much scholarly research and careful condensation 
of facts went into the preparation of this article, which 
represents an important contribution to the literature 
on this subject. The article is richly illustrated with 14 
photographs, a table showing the chronology and loca- 
tion of principal finds, and a map giving their geographic 
locations. EBM 


Getting repped. V. S. Lynn, Metalsmith, Vol. 6, Nos. 1 
and 2, 1985, 1986, pp. 18-23 and 34-35, respec- 
tively. 

Based on hours of interviews with manufacturing jew- 

elers and jewelry representatives (reps) in a variety of 

markets across the country, this two-part article pre- 
sents the basic considerations of a jeweler/rep relation- 
ship. First, the author defines the various types of reps 
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and elaborates on the nature of the products they carry. 
Lynn also comments on why most manufacturing jew- 
elers prefer to hire intermediaries, noting that salespeo- 
ple must be outgoing, congenial, aggressive, persistent, 
and able to handle rejection. 

Some key ingredients for a successful relationship 
with your rep(s} include the manufacturing jeweler’s 
ability to think and design ahead, ready access to a 
substantial amount of cash, and a real sense of commit- 
ment between both parties. Many jewelers believe that 
stockpiling their finished pieces is expensive and risky, 
but that it is also crucial that they are able to meet their 
manufacturing obligations on time. 

Other sections cover how to find a rep, and what to 
look for in the person who will be largely responsible for 
your commercial success. Interestingly, the majority of 
jewelers reported that they must really like their reps 
and feel that they are genuinely interested in the lines 
they carry. Lynn also stresses the importance of check- 
ing the rep’s references through other artists and store 
accounts. 

Novice manufacturing jewelers can benefit greatly 
from a good rep, who can and often will help guide them 
through sometimes initially turbulent business maneu- 
vers. A good rep provides valuable feedback from the 
marketplace, and can help a jeweler develop his or her 
professional identity. 

The second (and shorter] part of this article deals 
with jeweler/rep contracts, what they can and should 
cover, and how jewelers protect their freedom to repre- 
sent themselves at gallery shows and sales. This section 
also talks about reps’ territories, the methods of com- 
mission payment, and the length of their contracts. It 
also offers good advice on how to handle a rep who 
doesn’t sell or one who “loses” samples. 

As a whole, this article provides a great deal of 
practical information for the manufacturing jeweler 
who wants to expand his or her business through repre- 
sentatives. SAT 


A perfect match. A. DiNoto, Connoisseur, Vol. 216, No. 
891, 1986, pp. 118-123. 


A young designer named Kai-Yin Lo has catapulted from 
director of public relations at the Mandarin Hotel in 
Hong Kong to the heady realm of high-fashion jewelry 
design. Her work is characterized by strong, simple de- 
signs, a sensitive use of color, and an eye-catching sym- 
biosis of antique and modern elements. “I draw on the 
vast and marvelous reserves of Chinese motifs and... 
adapt and synthesize,” she explains. 

Kai-Yin sold her first collection to Cartier, and then 
went on to form her own company. Kai-Yin & Co. Ltd. 
now provides jewelry and accessories to 150 retail out- 
lets on four continents, including some of the finest 
department stores and boutiques. She features several 
distinct lines, with items priced from $20 to $20,000. 
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Recently, Kai-Yin became the first well-known jewelry 
designer to be accepted by Chinese Arts and Crafts in 
Hong Kong, the official outlet for higher-grade goods 
from mainland China, and is anticipating coproducing 
with them. 

Incorporated into many of her striking designs are 
an assortment of small objects, ranging from a tiny 
18th-century Mongolian leather purse to exquisitely 
carved beads and baubles of antique jade, turquoise, am- 
ber, or ivory. In the past few years, however, she has 
noticed that the master carvers are vanishing, and the 
old materials are becoming increasingly rare—and ex- 
pensive. “Gone are the days when I could buy antique 
turquoise by the kilo,” she laments. Nevertheless, 
Kai-Yin’s versatility and the “wearable splendor” of her 
pieces seem to assure her a place in the sun for some 
time to come. SAT 


Thomas McPhee, gem carver. D. Luckow, Canadian 
Jeweller, Vol. 107, No. 1, 1986, pp. 36-37. 
Thomas McPhee, of Rare Earth Gems in Vancouver, 
British Columbia, has taken the gem-carving craft by 
storm. Although he has only been working with stone 
for the past two and a half years, his overwhelming 
success at the 1985 Tucson Gem and Mineral Show, and 
subsequent’ encouragement by Roland Naftule, past 
president of the American Gem Trade Association, have 
boosted the young Canadian carver into the limelight. 
His most -popular works include carvings of faces, 
masks, animals, and birds of ‘exceptional quality and 
artistic design.” McPhee carves almost any type of gem 
material, although tourmaline is by far his favorite. The 
largely self-taught artisan is presently working on a col- 
laborative jewelry line which will include his own carv- 
ings in pendants, rings, bracelets, and brooches. Another 
line featuring small carved gemstone boxes and rock 
crystal bowls is also in the works. SAT 


JEWELRY RETAILING 


The story of love and wedding rings. D. Scarisbrick, 
Aurum, No. 24, 1985, pp. 46-53. 

Scarisbrick traces the history of wedding rings from the 
days of the Roman Empire to the 20th century. Around 
23-79 A.D., it was customary to exchange rings at the 
close of a business transaction, signifying the good faith 
of each party. This custom came to be applied to mar- 
riage contracts as well; after the dowry was settled, the 
prospective groom placed a simple iron (or gold for nobil- 
ity) band on the fourth finger of the left hand of his 
betrothed. In fact, many rings were shaped to form two 
clasped right hands, symbolizing the contractual hand- 
shake. This design continued to be popular throughout 
the centuries, and can still be found on many modern 
Irish wedding rings. 

Several other interesting rings are also discussed in 
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chronological order. During the Renaissance, the bezel 
of many Jewish wedding rings was set with a miniature 
gabled roof, symbolizing the Talmudic saying ‘‘His wife 
is his house.” The 17th century saw the rise of the 
gimmel, twin hoops linked together by hearts or hands. 
In the 18th century, romantic inscriptions, most often in 
French, decorated the outside of many wedding rings, 
intertwined with cupids, hearts, or doves tying fast a 
lover’s knot. The venerable Queen Victoria popularized 
rings in the form of coiled serpents, representing eter- 
nity. It was only after diamonds were discovered in 
South Africa in 1866, and were subsequently promoted 
by N. W. Ayer, that diamond engagement rings became 
the fashion, usually paired, ironically, with simple gold 
wedding bands. 

The text is sumptuously illustrated with many fine 
examples of wedding and betrothal rings, as well as with 
reproductions of medieval drawings depicting the wed- 
ding rite. SAT 


SYNTHETICS AND SIMULANTS 


Neue Untersuchungen an in Japan hergestellten syn- 
thetischen Amethysten (New investigations con- 
ducted on Japanese-made synthetic amethysts). 
Th. Lind and K. Schmetzer, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 
34, No. 3/4, 1985, pp. 160-164. 


In general, the distinction of natural and synthetic ame- 
thysts is determined with the conoscope (a kind of polar- 
izing microscope}, a gemological microscope, and in 
complicated instances by the use of infrared spectros- 
copy. Characteristic features of synthetic amethysts, 
particularly those made in Russia, have appeared in re- 
cent gemological publications. However, the increased 
amount of amethysts synthesized in Japan that are now 
available in the trade prompted the authors to investi- 
gate this material in detail. The new product from Japan 
often contains feathers that consist of liquid-filled and 
two-phase inclusions, sharp growth zoning parallel to 
one rhombohedral face, and twin structures. The twin- 
ning is readily distinguishable from the polysynthetic 
lamellae twinning seen in natural amethysts. The six 
color photographs provided with the article are useful to 
the gemologist. MG 


Quantitative Kathodolumineszenz—ein neues Ver- 
fahren zur Unterscheidung echter von synthetis- 
chen Smaragden und Rubinen (Quantitative 
cathodoluminescence—a new process of distin- 
guishing between natural and synthetic emerald 
and ruby). J. Ponahlo and T. Koroschetz, 
Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 34, No. 3/4, 1985, pp. 132-142. 

Recent developments in the technical aspects of manu- 

facturing synthetic stones have yielded enormous prog- 
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ress, which in turn causes difficulties in separating natu- 
ral from synthetic stones with standard gemological or 
mineralogical methods. In their search for a solution to 
this problem, the authors report on microphotometric 
measurements of luminescence intensities emitted 
from emeralds and rubies during bombardment with 
fast-moving electrons (cathode rays). 

The method, conducted on a luminoscope, is called 
‘quantitative cathodoluminescence” (CL). The integral 
photocurrent intensity of the cathodoluminescence is 
plotted against the power of excitation. The natural em- 
eralds exhibit a very small linear increase in intensity, 
whereas synthetic emeralds show a manyfold greater 
increase. In general, the rubies yield an exponential in- 
crease in luminescence intensity when the power of the 
excitation is raised. The authors compared Thai rubies 
as natural samples with synthetic rubies by manufac- 
turers such as Chatham, Kashan, and Knischka. The CL 
intensities of the synthetics are comparatively higher 
than those of rubies from Thailand. 

Quantitative cathodoluminescence seems to offer a 
relatively safe method of differentiating between natu- 
ral and synthetic emeralds, as well as between Thai 
rubies and their man-made counterparts, especially the 
Kashan synthetic ruby. Measurements are now being 
carried out on rubies and emeralds from other sources 
and producers as well as on sapphires and alexandrites. 
However, detailed results on the latter are not included 
in the article. The paper includes six color photographs 
and two diagrams to show comparative luminescence of 
synthetic and natural emerald and ruby. MG 


Seiko synthetics. G. Brown, Australian Gemmologist, 

Vol. 15, No. 11, 1985, pp. 418~420. 

Adapted from technical information supplied by Suwa 
Seikosha Co. of Japan, the article reports on the produc- 
tion and properties of five synthetic gem materials 
manufactured by their subsidiary, Hattori Seiko Co., 
Ltd. 

The Seiko synthetic emerald is produced by a flux- 
growth process, reportedly using a new flux that results 
ina purer crystal than is possible from older flux-growth 
methods. Gemological properties of this material are 
within the ranges for other flux-grown synthetic emer- 
alds, with the exception of the reaction to ultraviolet 
radiation, which is a greenish color to both long- and 
short-wave U.V. 

Synthetic ruby, blue sapphire, orange-pink sap- 
phire, and alexandrite chrysobery] are all produced by a 
floating zone method, which is described and illus- 
trated. This method of synthesis reportedly produces 
crystals of uniform color and luster, with no chemical 
impurities anda minimum of gas bubbles. The synthetic 
ruby is grown in an inert atmosphere; the atmospheres 
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used in the production of the other materials are not 
specified. 

These floating zone-produced materials are all 
characterized by the presence of internal, irregular flow 
lines, which are evident in a characteristic swirled color 
distribution. This diagnostic feature is most prominent 
in the synthetic ruby; immersion may be required to 
detect it in the other materials. Also characteristic of the 
synthetic ruby is rectilinear parting. Fluorescence can be 
of diagnostic value in some cases, since both the syn- 
thetic orangy pink sapphires and the synthetic alexan- 
drite glow a strong red to long-wave ultraviolet radia- 
tion. Other gemological properties overlap with those of 
the natural materials. 

A comprehensive table summarizes the gemologi- 
cal properties of the Seiko synthetics and of their natural 
counterparts. RCK 


Die synthetischen “Ramaura-Rubine” und ihre Erken- 
nungsméglichkeiten (The synthetic Ramaura 
ruby and its identification characteristics). W. 
Galia, Uhren Juwelen Schmuck, Vol. 2, No. 2, 
1986, pp. 154-157. 
The author first encountered the new ‘‘Ramaura”’ syn- 
thetic ruby in 1984 and introduced it to the trainees at 
Konigstein gemological education center in Germany. 
The production method is said to be spontaneous nucle- 
ation (no seed} involving flux, with crystallization tak- 
ing place at a temperature of about 1250°C, which is 
higher than usual for flux ruby crystallizations. 

The crystal form and color reported here for 
Ramaura synthetic rubies are identical to the details 
published by Kane (Gems #& Gemology, Fall 1983). The 
important gem microscope observations indicate the 
presence of flux residue often as lacy patterns and tri- 
gonal growth marks parallel to the (0001) tace. The arti- 
cle includes 15 color photographs that show rough crys- 
tals, faceted Ramaura rubies, and various types of 
inclusions. MG 


TREATMENTS 


Oven fresh sapphires. T. Themelis, Lapidary Journal, 
Vol. 39, No. 11, 1986, pp. 49-53. 

This article reports on the author’s personal observa- 
tions of heat treating sapphire in Sri Lanka. Material 
treated included “Geuda” rough, other corundum con- 
taining various amounts of silk, and material previously 
treated unsuccessfully. After trimming to remove major 
inclusions, the corundum is placed in a crucible consist- 
ing of a perforated, high alumina—content brick. This is 
placed in a furnace that is no more than a steel drum 
lined with bricks. The burner unit consists of a main 
blower, a controller, and a pump. 

The loaded crucible is placed in the oven and the 
temperature is then raised to about 1800°C over a four- 
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hour period. At this point, the oven is “hermetically” 
sealed to create a reducing atmosphere. Heating con- 
tinues for eight to 10 hours or longer. Two or three times 
during heating the temperature is lowered and the fur- 
nace opened for a visual inspection of the corundum. 
The temperature is then lowered over a four-hour period 
and the oven is allowed to cool an additional 24 hours 
before it is opened and the stones are removed. Recovery 
of usable material is estimated at 25% of all material 
treated. 

There are a number of statements in this article that 
must be questioned. The dimensions listed for the open- 
ing in the furnace (“about six feet to a side”) and of the 
crucible (6’ x6’ x 4’) would appear unlikely. The iron and 
titanium color-causing agents are described as “blue 
colored atoms.” The statement that pyrometers are not 
used “since the process is performed in a totally en- 
closed environment” seems an unlikely explanation. 
The chemical formula for ilmenite—FeTiO;—is incor- 
rectly written TiFeO;. The melting temperature of 
quartz is given as 1825°C, whereas it should be 1610°C. 
Finally, the author also quotes the melting points of the 
elements titanium and iron when it is not the pure 
elements, but the oxides, that are involved in the reac- 
tion under discussion. RCK 


- ol 


MISCELLANEOUS 


The geologic history and structure of the Himalayas. P. 
Molnar, American Scientist, Vol. 74, No. 2, 1986, 
pp. 144-154, 
The Himalayas make up the world’s highest and 
youngest mountain belt. They are between 250 and 350 
km wide and extend from Afghanistan to Burma. Besides 
containing some of the most majestic scenery on earth, 
this mountainous region has been an important source 
of gemstones from antiquity through modern times. 
This article presents a general summary of the geology 
and geologic history of the Himalayas that would be of 
interest to anyone who wants to know more about this 
gem-producing region. It is well illustrated with color 
photographs and color diagrams, and is written in a 
readable, nontechnical style. 

The Himalayas are of great scientific interest today 
because they represent a classic “modern” orogenic belt 
that exhibits many features consistent with the recent 
geologic theory of plate tectonics. According to this the- 
ory, blocks of continental crust have moved relative to 
one another throughout geologic history. This move- 
ment is caused by the movement of material in the 
underlying mantle. Collisions of two continental blocks 
result in the formation of mountainous orogenic belts. 

Recent geologic studies have suggested that the 
Indian subcontinent, after splitting away from an earlier 
large landmass called Gondwanaland, drifted north- 
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ward to collide with the Asian landmass beginning 
about 40 million years ago. This collision produced the 
Himalaya orogenic belt. The northward movement of 
India continues at a rate of about 5 cm per year. The 
resultant shortening of the crust is accompanied by ex- 
tensive faulting, earthquakes, and the continental uplift 
of the Himalayas themselves, which is occurring at the 
rate of up to several millimeters per year. JES 


Editor’s Note: For another general overview of the 
Himalaya Mountains, see Geology Today, 1985, Vol. 1, 
No. 6, pp. 169-178, “‘The Himalayas,” by B. F. Windley. 


Gold boom in Mali. G. Philippart de Foy, Europa Star, 
Vol. 152, No. 5, 1985, 5 pp. 
In the African nation of Mali, one of the poorest coun- 
tries in the world, even the smallest amount of gold is 
treasured. In February 1982, a woman gathering wild 
plants along the banks of the Niger River discovered a 
gold nugget caught in the plant roots. Two days later the 
word was out and the gold rush at Bamako had begun. 
Today, hundreds of gold washers work the placer de- 
posits. The men dig pits with primitive tools at about 2 
ma day. Once throtigh the alluvial covering, they dig out 
the gold-bearing layer and deliver it to the women at the 
surface. Here the gravel is washed in a hollowed-out 
gourd called a calabash. The shafts have no shoring, and 
accidents caused by the collapse of the workings are 
frequent. Although gold washing provides a living only 
for the lucky, it provides hope for everyone. GSH 


The regulation maze. E. Salomon, American Jewelry 
Manufacturers, Vol. 33, No. 7, 1985, pp. 20-25. 


This is an extremely important article for everyone in- 
volved in jewelry manufacturing. It outlines the regula- 
tions regarding toxic waste disposal that are being en- 
forced with increasing severity. The most important 
point that this article makes is: ‘You must be familiar 
with your local requirements. Ignorance is no excuse for 
noncompliance!”” Any company that is involved in plat- 
ing and metal finishing of any sort is required by law to 
dispose of waste properly. Congress is exerting pressure 
on the Environmental Protection Agency to oversee the 
individual state authorities, who are in turn enforcing 
regulations through the sewer officials. The author em- 
phasizes that environmental issues can be solved effi- 
ciently by educating ourselves to the laws that pertain, 
and by exploring alternative technologies that help to 
reduce waste through recycling and recovery methods. 
Charts are provided that list where to find out the laws 
that are in effect as well as the dates they are effective, 
together with discharge limitations and the various 
metal-finishing operations that must comply with these 
regulations. EBM 
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BIRTHDAY BOOK 


OF GEMS 

By Harold and Erica Van Pelt, 128 
pp., illus., publ. by Van Pelt Photog- 
raphers, Los Angeles, CA, 1986. 
US$18.95* 


Previous editions of the Birthday 
Book of Gems have been enormously 
successful, and this one promises to 
be even more so. Like its predeces- 
sors, it is filled with color photo- 
graphs that are typically superb Van 
Pelt productions, accompanied by 
instructive captions that make this 
appointment book even more valu- 
able. 

The historical pieces, such as 
Empress Marie Louise’s diamond 
necklace, a pair of large diamond 
earrings once owned by the unfortu- 
nate Marie Antoinette, and the Hope 
diamond, are particularly intriguing. 
The necklace containing 52 faceted 
benitoites must surely rank as one of 
the rarest of omamental objects. I es- 
pecially liked the magnificent pho- 
tograph of a pair of remarkable ame- 
thyst geodes, as well as the photos of 
carving work done by Idar-Oberstein 
artisans (and by the Van Pelts them- 
selves} and the crystals and suites of 
cut tourmalines and beryls. 

Another nice feature about this 
calendar book is that it is 
perpetual—if you hid it away and did 
not exhume it until the year 2000, it 
would still be as applicable as it is 
today. 

JOHN SINKANKAS 


Earth Science Literature 
San Diego, CA 


THE NEW WORLD 
OF GOLD 


By Timothy Green, 290 pp., paper- 
back, publ. by Walker and Co., New 
York, NY 1984 (rev.), US$12.95 * 


The title page of this book indicates 
that it is ‘’The inside story of the 
mines, the markets, the politics, the 
investors’’—a tall order for a book of 
only 290 pages. Fortunately, Mr. 
Green has a remarkable talent for 
giving the reader a good overall view 
of the intricate and mysterious world 
of gold—extending from the mines in 
South Africa, Russia, Brazil, the 
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REVIEWS 


| Jeffrey M. Burbank, Editor | 


United States, and Canada through 
the markets in London, New York, 
Zurich, Hong Kong, and Singapore to 
the buyers throughout the world. His 
journalistic approach to the subject 
makes the information interesting 
and easy to read, unlike the dry, mo- 
notonous data normally presented in 
economic journals. The book is 
richly annotated with footnotes, ref- 
erences, and a bibliography for fur- 
ther reading. 

The first part of Green’s book, 
“The Gold Rush Days,’’ gives the 
reader a brief historical account of 
the hardship men will endure in 
search of the yellow metal. Part 2 
deals with ‘The Miners” or, more 
specifically, the mines themselves, 
which supply the world’s seemingly 
insatiable demand for gold. Green 
places a special emphasis on the 
manipulations of the producers to 
control the sources of gold. I was 
particularly interested in the au- 
thor’s views on the impact of Rus- 
sian gold on the international 
market, and how Russia uses its gold 
to advantage. Part 3, “The Markets,” 
is just that—except for a final section 
on gold smugglers that has all the 
intrigue and suspense of a first-rate 
spy novel. The reader also gets some 
insight into why London historically 
has been, and continues to be, the 
focal point of the international gold 
market, and why Zurich or Hong 
Kong might be the best place for the 
small investor to purchase gold. 

This is not a book for someone 
looking for technical information on 
gold alloys, solders, wire sizes, and so 
forth. But if you’re interested in the 
political motivations of the pro- 
ducers, dealers, and countries to 
manipulate the price of gold to their 
advantage, then you'll find this book 


well worth reading. Mr. Green con- 
cludes with a summary of the domi- 
nant factors affecting the price of 
gold, the complexities of the market, 
and the interdependence of everyone 
in the chain, from the suppliers to 
the ultimate consumer. He also em- 
phasizes the important part that pol- 
itics plays in the world spot price of 
gold. This book is a must for anyone 
interested in investing in gold, and 
would be very useful to jewelers or 
goldsmiths who are required to make 
intelligent decisions regarding when 
and when not to buy this precious 
metal. 

WAYNE C. LEICHT 


Kristalle 
Laguna Beach, CA 


DIAMOND, RUBY, 
EMERALD, AND 
SAPPHIRE FACETS 


By Gary Grelick, 56 pp., illus., pri- 
vately published, 1985. US$5.00* 


The stated purpose of this publica- 
tion is to “give the layman a working 
knowledge of diamonds, rubies, em- 
eralds, and sapphires.” The author 
seeks to accomplish this by supply- 
ing information regarding optical 
and physical properties, nomencla- 
ture, formation, sources, and identi- 
fication of the four gemstones. Mr. 
Grelick also includes an explanation 
of the four C’s in reference to 
diamonds. The subject matter is pre- 
sented in a simplified, easy-to- 
understand manner; however, there 
are quite a few inaccuracies and even 
more typos and grammatical errors. 
For example, the author states that 
“a Colombian emerald is light green 
incolor. ...”” To most gemologists, a 
beryl with a light green color would 
not be considered emerald, so how 
could the source of the world’s finest 
emerald owe its fame to light green 
material? Mr. Grelick also mentions 
that iron is not found as an impurity 
in any natural emerald, and that this 
fact can be used as a basis for separat- 


*This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. 
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ing natural emerald from the non- 
fluorescent, iron-bearing Gilson 
synthetic. This is simply not true. 
Iron can be an impurity in natural 
emerald, which can therefore exhibit 
the same properties {e.g., absorption 
pattern) as the iron-doped Gilson. 

In discussing the identification 
of natural sapphire, the author states 
that “the inexperienced gemologist 
will often find it particularly difficult 
to separate a natural green sapphire 
from a synthetic green zircon.” It is 
doubtful that even an experienced 
gemologist has seen synthetic green 
zircon {or synthetic zircon of any 
color) since this is not a material 
synthesized on a commercial basis. 
This statement is confusing and 
inaccurate. 

In addition to the bothersome 
number of typos and grammatical er- 
rors, the eight photographs of the 
aforementioned gemstones and their 
captions are very disconcerting. The 
photos themselves are surprisingly 
unimpressive, as the featured stones 
are not particularly attractive, nor 
are they displayed well. Also, the 
captions do not identify the pictured 
stones in their respective orders or 
numbers. Although the intent of this 
book is clearly an honorable one—to 
furnish the uneducated consumer 
with a quick and ready reference—it 
falls far short of its promise. 


DEBORAH HISS 
Instructor, GIA—Santa Monica 


ART NOUVEAU JEWELRY 
By Vivienne Becker, 240 pp., illus., 
publ. by E. P. Dutton, New York, NY, 
1985. US$50.00* 


This book is simply excellent. Beau- 
tifully written and lavishly illus- 
trated with superlative photographs, 
Art Nouveau Jewelry is an outstand- 
ing reference for anyone interested in 
jewels of this period. 

In the preface, the author states 
her intention to present a ‘broad 
panorama” of Art Nouveau through 
its jewelry, as well as to explain the 
history of its roots and rapid growth 
at the turn of the last century. Becker 
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also sets out to interpret the “strange 
and unprecedented characteristics” 
that these jewels exhibit. The intro- 
duction provides an overview of the 
Art Nouveau style as it developed 
internationally, putting into per- 
spective the artistic, social, and eco- 
nomic forces that gave birth to the 
Art Nouveau movement. 

In the Jate 19th century, many 
artists felt dissatisfaction with the 
dehumanizing effect that factories 
and industry had on art—and on life 
in general. Their idea was to infuse 
everyday objects with art, thereby cre- 
ating a source of contentment for the 
artist and user alike. This return to 
craft, which was incorporated into 
every aspect of turn-of-the-century 
life, found its ultimate expression in 
jewelry. The designs reflected a free- 
dom of expression that was a reac- 
tion to the staid and restrictive Vic- 
torian period. The flowing Art Nou- 
veau line expressed movement and 
youthful vitality, as shown in a wo- 
man’s billowing hair, sensuous 
plants, and sinuous animals. Perhaps 
the greatest impact on design at this 
time was the opening of trade with 
Japan and the importation of Ja- 
panese art and artifacts into Europe. 
The simplicity and naturalism of Ja- 
panese design was adopted by the art- 
ists of Europe and was incorporated 
into every artistic medium, particu- 
larly jewelry. The artists borrowed 
not only the designs but also the 
ideas for techniques and use of ma- 
terials. Becker lucidly puts forth 
these important factors and con- 
tinues by addressing each country in 
subsequent chapters, outlining the 
contributions made by each to the 
Art Nouveau movement as a whole. 

Logic governs the layout of the 
book, which flows smoothly from in- 
troduction to final credits with the 
help of Becker's descriptive style. 
The text is well annotated, and the 
photographs and illustrations are well 
captioned. Brief biographical 
sketches of the jewelers along with a 
guide to their makers’ marks are 
helpful additions, and, other than the 
peculiar choice of a lurid reddish or- 
ange for the cover, I can find no fault 
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with this impeccable book. Alto- 
gether, it is as beautifully designed 
and executed as the jewelry it de- 
scribes. 

ELISE B. MISIOROWSKI 


Research Librarian 
GIA—Santa Monica 


REVIEWS IN MINERALOGY 
VOLUME 12: FLUID 
INCLUSIONS 

By Edwin Roedder, 644 pp., illus., 
publ. by the Mineralogical Society of 
America, Washington, DC, 1984. 
US$15.00* 


On the cover of his new book, Dr. 
Edwin Roedder states that “Fluid 
Inclusions is an introduction to stud- 
ies of all types of inclusions—gas, 
liquid, or melt—trapped in materials 
from earth and space, and of their 
‘application to the understanding of 
geologic processes.’ Although this 
description is precise, in some ways 
it is an understatement. Fluid Inclu- 
sions is the 12th volume in the Min- 
eralogical Society of America’s Re- 
views in Mineralogy series. It is the 
only single-author volume in this 
important series, and at 644 pages it 
is also the longest. The book’s 19 
chapters are very well organized and 
take the reader (in chapter 1] through 
the early history of fluid-inclusion 
study with the writings of such noted 
researchers as Robert Boyle, Henry 
Clifton Sorby, and Ferdinand Zirkel 
to (in chapter 19] the possible future 
of inclusion studies. Interestingly, 
Roedder notes that the first mention 
ever in the English language of in- 
clusions was made by Robert Boyle 
in a gemological text titled “Essay 
about the Origine and Virtues of 
Gems” (1672). This fact solidly ce- 
ments the close relationship that ex- 
ists between inclusions and gemol- 
ogy. 
Between the historic past and 
the possible future, Dr. Roedder de- 
tails the various trapping mecha- 
nisms by which inclusions are 
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GEMS & GEMOLOGY is an inter- 
national publication of original con- 
tributions (not previously published 
in English) concerning the study of 
gemstones and research in gemology 
and related fields. Topics covered 
include (but are not limited to} col- 
ored stones, diamonds, gem instru- 
ments, gem localities, gem substi- 
tutes [synthetics], gemstones for the 
collector, jewelry arts, and retail 
management. Manuscripts may be 
submitted as: 

Original Contributions—tfull-length 
articles describing previously un- 
published studies and laboratory or 
field research. Such articles should 
be no longer than 6,000 words (24 
double-spaced, typewritten pages] 
plus tables and illustrations. 
Gemology in Review—comprehen- 
sive reviews of topics in the field. A 
maximum of 8,000 words (32 dou- 
ble-spaced, typewritten pages] is 
recommended. 

Notes & New Techniques—brietf 
preliminary communications of re- 
cent discoveries or developments in 
gemology and related fields (e.g., new 
instruments and instrumentation 
techniques, gem minerals for the 
collector, and lapidary techniques or 
new uses for old techniques}. Arti- 
cles for this section should be about 
1,000—3,000 words (4-12 double- 
spaced, typewritten pages), 


MANUSCRIPT PREPARATION 
All material, including tables, leg- 
ends, and references, should be typed 
double spaced on 8¥2 x 11" (21 x 28 
cm] sheets. The various components 
of the manuscript should be pre- 
pared and arranged as follows: 

Title page. Page 1 should provide: 
{a} the article title; (b) the full name 
of each author with his or her affil- 
iation (the institution, city, and state 
or country where he/she works); and 
({c) acknowledgments. 


Abstract. The abstract (approxi- 
mately 150 words for a feature arti- 
cle, 75 words for a note} should state 
the purpose of the article, what was 
done, and the main conclusions. 
Text. Papers should follow a clear 
outline with appropriate heads. For 
example, for a research paper, the 
headings might be: Introduction, 
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Suggestions for 


Previous Studies, Methods, Results, 
Discussion, Conclusion, Other heads 
and subheads should be used as the 
subject warrants. For general style, 
see A Manual of Style (The Univer- 
sity of Chicago Press, Chicago}. 
References. References should be 
used for any information that is 
taken directly from another publi- 
cation, to document ideas and facts 
attributed to-——or facts discovered 
by~-another writer, and to refer the 
reader to other sources for addi- 
tional information on a particular 
subject. Please cite references in the 
text by the last name of the author(s} 
and the year of publication—plus 
the specific page referred to, if ap- 
propriate—in parentheses (e.g., Lid- 
dicoat and Copeland, 1967, p. 10). 
The references listed at the end of 
the paper should be typed double 
spaced in alphabetical order by the 
last name of the senior author. Please 
list only those references actually 
cited in the text (or in the tables or 
figures). 

Include the following information, 

in the order given here, for each ref- 

erence: {a) all author names {sur- 
names followed by initials); {b} the 
year of publication, in parentheses; 

(c} for a journal, the full title of the 

article or, for a book, the full title of 

the book cited; and (d) for a journal, 
the full title of the journal plus vol- 
ume number and inclusive page 

numbers of the article cited or, for 

a book, the publisher of the book 

and the city of publication. Sample 

references are as follows: 

Daragh P.J., Sanders J.V. {1976} 
Opals. Scientific American, Vol. 
234, pp. 84-95. 

Liddicoat R.T. Jr., Copeland L.L. 
(1967) The Jewelers’ Manual, 2nd 
ed. Gemological Institute of 
America, Santa Monica, CA. 

Tables. Tables can be very useful in 

presenting a large amount of detail 

in a relatively smal] space, and 


Authors 


should be considered whenever the 
bulk of information to be conveyed 
in a section threatens to overwhelm 
the text. 

Figures. Please have line figures 
(graphs, charts, etc.) professionally 
drawn and photographed. High-con- 
trast, glossy, black-and-white prints 
are preferred. 

Submit black-and-white photo- 
graphs and photomicrographs in the 
final desired size if possible. 

Color photographs—35 mm slides 
or 4 x 5 transparencies——are 
encouraged. 

All figure legends should be typed 
double spaced on a separate page. 
Where a magnification is appropri- 
ate and is not inserted on the photo, 
please include it in the legend. 


MANUSCRIPT SUBMISSION 


Please send three copies of each 
manuscript (and three sets of figures 
and labels} as well as material for all 
sections to the Editorial Office: 
Gems & Gemology, 1660 Stewart 
Street, Santa Monica, CA 90404. 
In view of U.S. copyright law, a 
copyright release will be required on 
all articles published in Gems & 
Gemology. 

No payment is made for articles 
published in Gems & Gemology. 
However, for each article the au- 
thors will receive 50 free copies of 
the issue in which their paper 
appeared. 


REVIEW PROCESS 


Manuscripts are examined by the 
Editor, one of the Associate Editors, 
and at least two reviewers. The au- 
thors will remain anonymous to the 
reviewers. Decisions of the Editor 
are final. All material accepted for 
publication is subject to copyedit- 
ing; authors will receive galley proofs 
for review and are held fully respon- 
sible for the content of their articles. 
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TUCSON ’87: DON’T MISS IT! 


1,126-ct “padparadscha” sapphire crystal, a superb 667-ct emerald crystal from 

Muzo, the first tourmalines from Afghanistan, large quantities of aquamarine 
from Nigeria, many pounds of natural-color and dyed lapis lazuli, carats upon carats of 
treated blue topaz and synthetic (as well as natural} amethyst, emerald, ruby, and the 
like. Jeremejevite, parisite, taaffeite, cat’s-eye opal, color-change garnet. The new, the 
rare, the unusual, and hundreds of thousands of carats of the better-known gemstones 
in a full range of qualities and colors. This is Tucson. That is, these are some of the items 
seen in recent years at the Tucson ”show,” really a multitude of gem and mineral shows 
and related activities that dominate the city of Tucson, Arizona, every February. 


Ever since the mineral- and gem-collecting and lapidary hobbies started to gain in 
popularity a quarter of a century ago, anumber of shows have been developed in various 
cities in Europe and the United States. In the U.S., those in Detroit, Pasadena, and 
Miami, among others, attracted significant numbers early on, but the one started by the 
Tucson Gem and Mineral Society in 1955 has become a unique happening and a must 
for the serious gem dealer or collector. Although it started as a show for hobbyists and 


‘still retains some elements of the hobby genre, “Tucson” is now one of the most 


' ‘important professional displays of gems and the jewelry arts in the world. It attracts top 


Tucson ‘87 


gem dealers, mineral dealers, collectors, and jewelers from every continent. While 
‘individual dealers have worked out of hotel rooms and lobbies in the area surrounding 
the convention center for almost two decades, separate “shows” that precede or coincide 
with the original show are now sponsored by the American Gem Trade Association 
(AGTA}, the Gem and Lapidary Dealers Association (GLDA), and other organizations. 
During the first two weeks in February (the main shows go from the 6th to the 15th in 
1987}, thousands of dealers appear in Tucson selling everything from rough geodes off 
the backs of trucks to sophisticated pieces of jewelry that carry prices as high as six 
figures. The quantities of tourmaline, topaz, kunzite, and garnet of all colors and 
descriptions are mind boggling. Yet it is also the first opportunity for many to see new 
gem varieties, gems from new localities, and the results of new treatments and 
synthesis techniques. While for some Tucson is a source of information on price trends 
and shifts in supply, for others Tucson is the excitement of seeing the newest and the rarest. 


Yet Tucson offers even more. The GIA, AGTA, and other organizations sponsor a variety 
of lectures and short courses during this period. Virtually all of the major gem and 
mineral publishers are represented, as are many of the jewelry manufacturing and tool 
suppliers. The Sonora Desert Museum, the scenic countryside, and the many fine hotels 
and restaurants all serve to make a working trip more pleasant, and the mild Tucson 
climate is invariably cooperative. 


All in all, the Tucson show is one of the really exciting events of the colored-stone 
enthusiast’s year. Our recommendation: Don’t miss it! 


Richard T. Liddicoat, Jr. 
Editor-in-Chief 
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A SIMPLE PROCEDURE TO SEPARATE 
NATURAL FROM SYNTHETIC 
AMETHYST ON THE BASIS OF TWINNING 


By Robert Crowningshield, Cornelius Hurlbut, and C. W. Fryer 


Dr. Karl Schmetzer recently showed how 
near-flawless to flawless natural amethyst 
could be separated from synthetic ame- 
thyst on the basis of the presence of Brazil 
twinning in the natural stones. Whereas 
Dr. Schmetzer’s procedure required a spe- 
cial apparatus, the authors have deter- 
mined that a standard gemological po- 
lariscope is more than adequate to make 
the separation in most cases. Although 
some synthetic amethyst does show evi- 
dence of twinning, in the synthetic stones 
examined thus far it has taken a form that 
is distinctly different from the Brazil 
twinning seen in most natural amethysts. 
The presence of certain inclusions as well 
as the nature of the color zoning seen in 
natural versus synthetic amethysts is of 
primary use in making a separation. How- 
ever, where there are no inclusions or color 
zoning, the presence of Brazil twinning in 
the natural amethyst will usually make 
the distinction. 


ABOUT THE AUTHORS 


Mr. Crowningshield is a director of the GIA Gem 
Trade Laboratory in New York City; Dr. Hurlbut is 
professor emeritus of mineralogy at Harvard Uni- 
versity, Cambridge, Massachusetts; and Mr. Fryer 
is chief gemologist in the Research Department of 
the Gemological Institute of America, Santa 
Monica, California. 
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130 Identification of Amethyst 


S ince 1970, when synthetic amethyst first became 
available commercially, it has created problems in 
identification for gemologists. Although inclusions have 
proved reliable in distinguishing synthetic from natural in 
most “flawed” amethysts, until recently no test was avail- 
able to separate the flawless or near-flawless stones that 
represent the bulk of the fine faceted stones on the market 
(figure 1). As a result, otherwise ethical jewelers and sup- 
pliers everywhere may have unwittingly sold thousands of 
synthetic amethysts that were represented to them as nat- 
ural. In 1985, however, Dr. Karl Schmetzer described a 
procedure by which a distinction can be made (see also 
Schmetzer, 1986}. Subsequently, the authors adopted Dr. 
Schmetzer’s procedure for use with standard gemological 
equipment. This test alone is not always unequivocal but, 
when used in conjunction with other observations, such as 
color zoning, it presents an excellent method for the sepa- 
ration of most near-flawless synthetic and natural 
amethyst. 

The procedure described by Dr. Schmetzer is based on 
the fact that most natural amethysts are repeatedly twinned 
on the Brazil law, while synthetic amethysts are usually 
grown as single crystals (Schneider and Droschel, 1983, 
Lind et al., 1983). In polarized light, a twinned stone will 
exhibit varying degrees of interruption in the spectral 
rings, while an untwinned stone will show undisturbed 
rings of spectral colors. While Dr. Schmetzer’s description 
suggested that a special apparatus was required, we have 
found that a polariscope or standard polarizing microscope 
is adequate to observe the diagnostic twinning. To confirm 
the accuracy of our method, we examined more than 1100 
natural and 200 synthetic amethysts. In this article, we 
describe how to apply these simpler procedures. 

First, however, it is well to review twinning in ame- 
thyst as well as why synthetic quartz was made in the first 
place. Other tests useful in distinguishing natural from 
synthetic amethyst are also discussed briefly. 
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TWINNING IN AMETHYST 


The fact that almost all natural amethyst is 
twinned according to the Brazil law has been 
known for at least 150 years. The optical structure 
of amethyst was first described by Sir David 
Brewster in 182.1 (Frondel, 1962), and was correctly 
interpreted as due to the polysynthetic twinning of 
right- and left-hand quartz. In the course of the 
19th century, further descriptions were given by 
many other workers. A brief summary of these and 
later works is found in Dana’s System of Mineral- 
ogy (Frondel, 1962): “Amethyst virtually always 
shows polysynthetic twinning on the Brazil law. 
Untwinned crystals have been noted. The twin 
lamellae, a fraction of a millimeter thick, are re- 
markably uniform and are arranged parallel to the 
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Figure 1. One of the major 
problems facing gemologists 
today is the separation of 
natural from synthetic ame- 
thyst, as ulustrated by the 
9.40-ct natural oval cut and 
the 5,48-ct synthetic emer- 
ald cut shown here. Photo 

© Tino Hammid. 


terminal x or r and z faces. The lamellae are alter- 
nately right- and left-handed. They may give rise to 
sets of delicate striations, or to open polygonal 
markings on the rhombohedral faces, and cause a 
rippled, or fingerprint appearance on the fracture 
surfaces. The twinning can be studied in etched 
sections or, more conveniently, by optical means.” 
The last sentence of the above quotation, if 
applied to the study of gemstones, might better 
have been written: ‘The twinning can be studied 
in etched sections or more conveniently and less 
destructively by optical means.” For etching is 
done with hydrofluoric acid, a harsh treatment of a 
gem. The twin lamellae are, however, made read- 
ily apparent by the process (figure 2). 
Gemologists are familiar with the term poly- 
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synthetic twinning in connection with the re- 
peated twinning of corundum and some feldspars. 
In the term polysynthetic, ‘‘synthetic” is not to be 
confused with its use meaning ““man-made,”’ but 
rather carries the classical meaning of “put to- 
gether,” while “poly-”’ is a combining form mean- 
ing “many.” Thus, the term polysynthetic con- 
veys the meaning of ‘many thin crystals (lamellae) 
put together.” 

Quartz is optically active; that is, if polarized 
light moves parallel to the optic axis, the plane of 
polarization is rotated. The rotation is to the right, 
conventionally clockwise, in right-hand crystals 
and to the left in left-hand crystals. The shorter the 
wavelength, the greater is the rotation; violet light 
is thus rotated more than red light. As stated in the 
above quotation from Dana’s System of Mineral- 
ogy, Brazil twinning results in alternating lamellae 
most commonly under faces of the major rhombo- 
hedron, r, the large triangular faces that terminate 
the quartz crystal. Figure 3 is a drawing of a section 
perpendicular to the optic axis that shows twin- 
ning under the major rhombohedron with the 
right-hand portions of the quartz shown in white 
and the left-hand portions of the quartz shown in 
black. If slices of quartz represented by this draw- 
ing were observed between crossed polarizers, they 
would take on the appearance seen in figure 4. One 
would see narrow parallel bands of alternating 
colors and shadow under the major rhombo- 
hedrons and broad swaths of color under the minor 
rhombohedrons. 

With light moving parallel to the optic axis 
through the twinned areas, the rotation of polari- 
zation is alternately right and left. Because the 
lamellae are not of exactly the same thickness, the 
net rotation is always greater in one sense than 
the other, resulting in different colors for the 
right-hand and left-hand regions. The lamellae are 
thus striated and sharply defined, whereas the 
untwinned areas are of a single color. Twinning 
may be confined to isolated triangular areas, but 
frequently in amethyst it will be evidenced by 
straight lines crossing the stone. There may be 
only one set of parallel lines, or there may be two or 
three sets making angles of 60° or 120° with one 
another (again, see figure 4). These latter result 
from the meeting of the twinned areas under two 
or three of the rhombohedron faces. 

In the authors’ experience, untwinned crystals 
{as noted in the Dana’s quotation above} are very 
rare. Although some natural untwinned faceted 
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amethysts have been observed, they were probably 
cut from the area completely under the minor 
rhombohedron. 


THE HISTORICAL DEVELOPMENT OF 
SYNTHETIC AMETHYST 

Before World War II, Brazil was able to supply the 
world with the rock crystal necessary to make the 
oscillators used to control radio frequency. Since 
the oscillator must be free of twinning, the first 
step in manufacture was to inspect the raw crys- 
tals for Brazil twinning. This was done in an im- 
mersion tank, using a giant polariscope with polar- 
izers one foot square. The hand-held quartz crystal 
was turned until the optic axis was parallel to the 
direction of light through the polariscope and the 
Brazil twinning, if present, was observed. Many 
crystals with twinning throughout were discarded, 
others with little or no twinning were passed on to 
the next operation, cutting. 

During the war, however the demand for Bra- 
zilian quartz skyrocketed. In the United States 
alone, thousands of tons of quartz crystals were 
used in the manufacture of over 50 million small 
oscillator plates cut at precise crystallographic 
angles. In 1944, because quartz was high on the 
critical list of minerals, the U.S. Signal Corps initi- 
ated a quartz synthesis program. Private industry 
also became involved. Although success was not 
achieved until after the war, by 1950 hydrother- 
mally grown synthetic quartz was in mass pro- 
duction. Now untwinned quartz crystals grown on 
untwinned seed plates supply the material for os- 
cillators in radios, watches, clocks, radio- 
frequency filters, and other apparatus where fre- 
quency control of electrical circuits must be 
precise. 

The successful synthesis of colorless quartz 
pointed the way to the manufacture (by the irradi- 
ation of iron-bearing synthetic quartz) of colored 
quartz (Balitsky, 1980). But with citrine and ame- 
thyst so abundant and relatively inexpensive, 
there would seem to be no incentive to synthesize 
these materials. Since about 1970, however, both 
have been made commercially in the Soviet Union 
and, later, in Japan. To date, most synthetic pro- 
duction is untwinned, single-crystal material. 


DETECTION OF BRAZIL TWINNING 

WITH THE POLARISCOPE 

It is to Dr. Karl Schmetzer, of the University of 
Heidelberg, West Germany, that credit must be 
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given for first promoting {1985} the optical test to 
differentiate flawless or near-flawless synthetic 
from natural amethyst. However, there is the im- 
plication by Schmetzer that to observe the twin- 
ning, one must use an ‘‘improved sample holder” 
with a horizontal immersion microscope. We have 
found that twinning can be equally well observed 
using a vertical polarizing microscope, but even 
more easily by simply using a standard gemologi- 
cal polarigcope with the stone held in ordinary 
stone tweezers or even in one’s fingers. 

In adapting Schmetzer’s procedure to the open 
polariscope, we have used several items that are 
readily available. Many times, the twinning effect 
can be seen without immersion. However, when 
immersion is necessary, a number of items are 


Figure 3. This idealized illustration shows left- 
hand (black) and right-hand (white) portions of a 
twinned amethyst. Adapted from Schléssin and 
Lang, 1965. 
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Figure 2. Etching an ame- 
thyst with hydrofluoric acid 
clearly reveals the presence 
of Brazil twinning in these 
two 18-ct stones. The test is, 
however, highly destructive 
and therefore not practical 
for gemologists. Photo by 
Shane McClure. 


useful. Since amethysts tend to be relatively larger 
than more costly stones, we have found small 
flared colorless glass votive candle holders, about 
two inches (5 cm) high and two inches in diameter, 
to be good immersion cells. They are also sold as 
oyster cocktail condiment holders for restaurant 
use. One is shown with a polariscope in figure 5. 
Various immersion liquids may be used, but the 
closer the refractive index of the liquid is to that of 
quartz, the better. However, water usually pro- 
vides relatively good results. 

To observe twinning in amethyst, the stone 
must be turned so that its optic axis is parallel to 


Figure 4. The twinning evident in this natural 
amethyst closely resembles the idealized draw- 
ing shown in figure 3. Note the narrow bands of 
color under the major rhombohedrons and the 
broad swaths of color under the minor 
rhombohedrons. Magnified 15~*; 
photomicrograph by Robert Kane. 
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Figure 5. A simple polariscope and immersion 
cell are sufficient to identify Brazil twinning in 
near-flawless to flawless natural amethyst. 
Photo by David Hargett. 


the line of sight through the polariscope or micro- 
scope, which must have crossed Polaroids, that is, 
the dark position. The basic problem is thus one of 
crystallographic orientation. Cut amethysts usu- 
ally are not oriented except for maximum weight 
retention, or best color, so that finding the optic 
axis direction is a challenge. This is the reason Dr. 
Schmetzer felt a special holder was necessary. 
Only rarely is a stone cut with the table perpen- 
dicular to the optic axis. Nevertheless, such is the 
case with the two stones in figure 6. The oval is a 
natural amethyst showing twinning, whereas the 
emerald cut shows the untwinned effect of a syn- 
thetic stone. The photograph was taken “dry,” 
that is, the stones were not immersed. 

Rarely in practice will the test yield such con- 
clusive and dramatic results as casily—and with- 
out immersion. For one thing, the optic axis of the 
stone being tested may coincide with the point of a 
fancy shape or the girdle of any stone, making it 
difficult to maneuver with the tweezers to find the 
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Figure 6. The difference between the twinned 
natural (oval) and the untwinned synthetic (em- 
erald cut) amethyst is clearly seen looking in the 
optic axis direction of each under crossed polar- 
izers. Photo by David Hargett. 


right direction. Another problem, more serious, is 
that if a natural stone has been cut so that it lies 
entirely under the minor rhombohedron, it will 
not exhibit twinning. Sometimes only a small area 
of the stone encompasses an area under the major 
thombohedron, but the diagnostic twinning effect, 
although minimal, is still conclusive. As quoted 
from Dana above, there have also been reported 
rare untwinned natural amethyst crystals. These 
could not be detected by the Schmetzer test alone. 
Of course, mounted stones offer another problem. 
If the optic axis direction is obscured by the set- 
ting, they cannot be tested without unmounting. 
Herein lie the shortcomings of the test. 

Figure 7 shows the twinning seen with the 
polariscope in a variety of natural stones. Equally 
good results can be obtained with a polarizing 
microscope (figure 8). In contrast, figure 9 illus- 
trates three untwinned synthetic stones. The nat- 
ural stone shown in figure 10 had to be maneu- 
vered quite a bit, as it apparently was cut from 
material predominantly under the minor rhombo- 
hedron. However, even a tiny area of fine parallel 
colors shows the presence of twinning, and thus 
given our present knowledge proves natural origin. 

Some synthetic amethysts, notably from 
Japan, do exhibit twinning (Balakirev et al., 1975). 
However, our observations thus far indicate that 
the twinning in these synthetics has a distinctly 
different appearance from that of natural ame- 
thyst. The twinning in the synthetics appears as 
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irregular-shaped, small arrowhead-shaped, or 
flame-like areas (figure 11). Such stones will have 
definite zones of yellow or dark purple that coin- 
cide with these flame-like or irregular-shaped 
twinned areas (figure 12]. Even in very small areas, 
however, the acute included angle of the twinning 
in the synthetics can be distinguished from the 60° 
or 120° angles characteristic of Brazil law twinning 
in natural amethyst. 

Citrine that has been produced by heating nat- 
ural amethyst will behave in the polariscope in the 
same manner as natural amethyst. Bi-colored 
quartz, sometimes called “ametrine’”’ or ame- 
thyst/citrine (figure 13}, usually behaves differ- 
ently. Koivula (1980) noted that Brazil twinning is 
present in the amethyst zones, whereas the citrine 
zones arte untwinned (figure 14}. Thus, ame- 
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Figure 7. As thése three examples of natural ame- 
thyst viewed through a polariscope indicate, the 
Brazil twinning may vary somewhat from one 
stone to the next. Often the stone will have to be 
maneuvered with the tweezers or in one’s fingers 
to see the twinning clearly. While immersion 
may be helpful, these photos were all taken with 
the stones dry. Photos by Shane McClure. 


Figure 8, Twinning in natural amethyst can also 
be identified using a polarizing microscope with 
crossed polarizers. Magnified 6 x; photo- 
micrograph by John Koivula. 
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Figure 9. These untwinned synthetic amethysts 
provide a striking contrast to their twinned natu- 
ral counterparts when viewed with the polari- 
scope. Note the broad color bands that are char- 
acteristic of untwinned single-crystal material. 
Photo by David Hargett. 


thyst/citrine and citrine with twinning present 
can be identified as natural by this method. 


OTHER EVIDENCE OF NATURAL VS. 
SYNTHETIC AMETHYST 


Since some natural amethyst may be untwinned, 
one should consider evidence other than the ab- 


Figure 11. In the synthetic amethyst manufac- 
tured in Japan, a form of twinning appears as 
small irregular-shaped, arrowhead-shaped, or 
flame-like areas that are very different from the 
twinning seen in natural amethyst. Magnified 
6x; photomicrograph by John Koivula. 
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Figure 10. Even a small area of twinning, as 
shown here in rock crystal quartz, indicates nat- 
ural origin. Photo by David Hargett. 


sence of twinning before calling a stone “syn- 
thetic.’’ The presence of recognizable inclusions, 
such as those described by Gubelin and Koivula 
(1986), proves natural origin. At one time, ‘‘finger- 
print” inclusions were regarded as proof of natural 
origin. This is no longer the case since some syn- 
thetic crystals may also have liquid-filled “finger- 
print” inclusions (figure 15}, especially near the 
surface of the crystal. The presence of spicules, or 


Figure 12. Color zoning coincides with the 
flame-like or irregular-shaped twinned area in 
some synthetic amethysts of Japanese manufac- 
ture, as this photo of the stone in figure 11, taken 
without the polarizers, indicates. Magnified 6 x; 
photomicrograph by John Koivula. 
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Figure 13. This bi-colored quartz is also known 
as “ametrine” or amethyst/citrine. Photo by 
David Hargett. 


“nailhead,” inclusions (observed very rarely} 
proves hydrothermal synthetic origin. Occasion- 
ally, portions of the seed crystal will occur in a 
synthetic stone and they are highly diagnostic. 
They usually appear as a slightly cloudy white or 
yellowish iplane often peppered with high-relief 
“breadcrumbs” (figure 16]. Although ‘“bread- 
crumbs” may (very rarely) be found in natural 
amethyst, a gemologist seeing them in an other- 
wise flawless, untwinned stone would be well ad- 
vised not to call it natural! 

In the course of this study, 105 natural ame- 
thysts were examined with regard to color zoning. 


Figure 15. Liquid-filled fingerprint inclusions are 
now sometimes seen in synthetic amethyst, as 
shown here, as well as in natural stones. Magni- 
fied 20x; photomicrograph by David Hargett. 


Identification of Amethyst 


Figure 14, When amethyst/citrine quartz is 
viewed with a polariscope, the presence of 
twinning in the amethyst section indicates that 
the stone is natural. Photo by Shane McClure. 


The pigmenting of amethyst is associated with 
Brazil twinning, and thus characteristically the 
deepest color lies‘under the major rhombohedron, 
whereas the sections under the minor rhombo- 


Figure 16, “Breadcrumb” inclusions, although 
seen (very rarely) in natural amethyst, usually 
provide a good clue that the host stone is syn- 
thetic, as shown here in a synthetic amethyst of 
Japanese manufacture. Magnified 45 x; 
photomicrograph by David Hargett. 
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Figure 17. This basal section of amethyst clearly 
illustrates the deeply pigmented sectors under 
the major rhombohedron and the nearly color- 
less sectors under the minor rhombohedron that 
are characteristic of color zoning in natural ame- 
thyst. Photo by Cornelius Hurlbut. 


hedron may be colorless or nearly so (figure 17). 
Even under the major rhombohedron the color 
may not be uniform. According to Frondel (1962), 
“The amethyst color may be equally developed in 
successive twin lamallae, but more often alternate 
lamellae, either right or left, are selectively pig- 
mented.” 

Color zoning was present in all 105 natural 
amethysts examined. In a few, zoning was in one 
direction only, that is, parallel to but one rhombo- 
hedron face. In most, color zoning was parallel to 
two or three of the rhombohedron faces from 
which the stones were cut. Brazil twinning was 
present in all but two of the stones. One of these 
showed color banding parallel to two rhombo- 
hedron faces; the other had color banding parallel 
to three. 

In the limited number (6) of faceted synthetic 
amethysts examined for color zoning, all were un- 
twinned. Five were of uniform color throughout, 
which is rarely if ever seen in natural amethyst 
(again, see figure 17). One showed imperfect color 
zoning parallel to a rhombohedron face that was 
interpreted as being parallel to the seed from 
which the crystal was grown. In addition to the cut 
stones, there was available a piece of synthetic 
rough which included the colorless seed plate cut 
parallel to a rhombohedron face. This was flaw- 
less, untwinned material with a faint color zoning 
parallel to the seed. The observations indicate an 
uncertain identity of an untwinned stone with one 
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Figure 18. When color zoning is seen in a syn- 
thetic amethyst (here, 10.86 ct), it is limited to 
darker and lighter shades of purple. Photo by 
Shane McClure. 


Figure 19. The color zoning in natural amethyst 
(here, 7.04 ct) is typically straight or angular in 
two or three directions, and consists of zones of 
purple and violetish blue or colorless material. 
Photo by Shane McClure. 


direction of color zoning. But if the zoning is in two 
or three directions, a natural origin is indicated. It 
should be noted that the zoning observed in most 
synthetic stones is limited to darker and lighter 
shades of purple (figure 18); parallel zones of purple 
and violetish blue or colorless material and angu- 
lar zoning indicate natural amethyst (see figure 
19}. Other gemologists (e.g., Sondra Francis, pers. 
comm., who has studied this phenomenon in 
depth} report that many synthetic amethysts are 
indeed zoned but confirm the zoning differences 
noted above between natural and synthetic stones. 

In recent years, gemological and mineralogical 
investigators have noted in print the rippled frac- 
ture surface of natural amethyst and even outlined 
a procedure for frosting the surface of an unknown 
amethyst (by slight regrinding with fine grit on a 
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soft wheel at low speed] so that it is possible to see 
with the unaided eye the twin lamellae of the 
natural stone (Schneider and Dréschel, 1983). Of 
course, the stone must then be repolished. 

Considerable attention has also been paid in 
Europe to attempts to distinguish amethysts by 
infrared spectrometry (Katz, 1962; Chakraborty 
and Lehmann, 1978; Zecchini, 1976; and Lind and 
Schmetzer, 1983). Problems with specimen orien- 
tation, as well as the practical difficulties encoun- 
tered in transmitting spectral signals through 
faceted gemstones, have thus far thwarted at- 
tempts to provide a routine method of identifica- 
tion through infrared spectra. However, new infra- 
red instrumentation is now available, and results 
to date are promising for this approach to the sepa- 
ration of natural and synthetic amethyst. 


CONCLUSION 


While some “experienced” amethyst dealers have 
reported no difficulty in separating synthetic ame- 
thysts from natural stones merely by looking, 
others who have mastered the ‘‘Schmetzer” test 
have reported that their stock is badly mixed. One 
dealer stated that even parcels from his own cut- 
ting shops abroad have had as much as 25% syn- 
thetic amethyst mixed with the natural. It is the 
authors’ hope that this article will serve to reas- 
sure the ethical trade that this no longer need be 
the case, that the practice of salting synthetics into 
parcels of natural stones can be effectively 
deterred. 

Although the reader is reminded that the use of 
twinning cannot be 100% effective, in preparing 
for this article the authors tested more than 1300 
amethysts of known origin {over 1100 natural and 
200 synthetic). By noting inclusions, color zoning, 
and twinning, all the stones could be satisfactorily 
identified. 

On the basis of information currently avail- 
able, we conclude that the presence of Brazil law 
twinning in an otherwise flawless amethyst 
proves natural origin. However, twinning in the 
form of an acutely angled, flame-like pattern posi- 
tively identifies synthetic origin. With practice, 
there should be no confusion between these 
twinning patterns. 

In the absence of twinning, synthetic origin is 
probable, but further evidence is required to make 
a positive identification. Angular or straight zon- 
ing with colorless or violetish blue zones next to 
purple areas characterizes natural amethyst. The 
presence of zones of only light and dark purple or 
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the complete absence of zoning indicates syn- 
thetic origin, but does not provide conclusive proof 
of origin. Characteristic inclusions can also pro- 
vide proof of origin. 

If no other conclusive evidence of origin is 
available, infrared spectrometry appears to contain 
such proof, once the practical aspects of routine 
application have been resolved. Ongoing research 
in this area promises to solve the few remaining 
difficulties in identifying natural and synthetic 
amethyst. However, this study indicates that the 
overwhelming majority of stones on the market 
today can be distinguished by the methods already 
available. 
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PINK TOPAZ FROM PAKISTAN 


By Edward Gtibelin, Giorgio Graziani, and A. H. Kazmi 


In addition to the relatively recent 
discovery of significant amounts of emer- 
ald, aquamarine, and ruby, Pakistan 

has also begun to produce fine gem-qual- 
ity pink topaz. In a small hillock of 
recrystallized limestone north of Katlang, 
narrow calcite veins encase pink topaz 
crystals up to 3 cm long accompanied by 
larger amounts of reddish brown, tan, 
and colorless topaz crystals. More than 
70,000 ct of gem-quality pink topaz 

has been reported to date. The refractive 
indices, optic axial angle, unit-cell 
dimensions, and density of the topaz 

are influenced by a partial replacement 
of fluorine by hydroxyl ions. The color is 
due to trace elements — principally 
chromium (Cr+), Treatment experiments 
revealed that the color of the brown, 

tan, and colorless topaz from this source 
may be improved by irradiation and heat. 
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he occurrence of pink topaz in Pakistan was discov- 

ered less than 20 years ago. This attractive material 
(figure 1} has been reported on several occasions in the 
gemological literature {Afridi et al., 1973; Bank, 1976a and 
b; Petrov et al.; 1977a, b, and ¢; Jan, 1979), but details of the 
deposit itself have only recently become available. In this 
article, the authors report on their investigation of the 
geology and mineralogy of the pink topaz deposit near 
Katlang, and on the chemistry and the gemologically 
ascertainable properties of this material. As part of this 
study, the authors also investigated the other color vari- 
eties of topaz found at the deposit and their reaction to 
treatment. 


LOCATION AND ACCESS 


The topaz is found in one of two hills that rise abruptly 
from the fertile agricultural plain of the Mardan District in 
the neighborhood of a small village. This settlement of 
farmers and the topaz hillock both bear the same name — 
Ghundao—and are located about 4 km (2.5 mi.) north of 
the small town of Katlang (figure 2). The geographic 
coordinates of the topaz-bearing hill of Ghundao are 
latitude 34°24'N, longitude 72°06’E, which places it about 
63 km (40 mi.) northeast of Peshawar and about 20 km 
north of the district capital Mardan “as the crow flies” 
(approximately 50 km southeast of the Swat Valley emer- 
ald deposits; see Gtibelin, 1982). The hill is easily reached 
by automobile. The other hill, which contains no topaz 
deposits, lies about | km northwest of the Ghundao hill. 
The summit of Ghundao, the topaz hill, is approximately 
80 m higher than the village, and the two hills are 
conspicuous features of an otherwise unbroken plain 
(figure 3). 


GEOLOGY AND OCCURRENCE 


The Ghundao hill, only about 340 x 275 m at its base, is 
composed primarily of strata of gray recrystallized lime- 
stones tilted to a near-vertical orientation, and intercalated 
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with phyllites and autoclastic limestone breccias 
(figure 4}. There are three main lithologic units in 
the hill: 


1. Light gray, thick-bedded, largely autoclastic 
limestone. 


2. Dark gray, medium-bedded, fine-to-medium 
grained crystalline limestone; the lower part 
is composed of algal structures. This unit 
also contains some quartz, mica, and altered 
pyrite crystals. 


3. Thin-bedded limestone and calcareous 
shale. The gray color of the rock is caused by 


Pink Topaz from Pakistan 


Figure 1. This fine specimen 
of pink topaz (7 cm x 3 
cm) is from Katlang, in the 
Mardan District of 
Pakistan. From the collec- 
tion of Bill Larson. Photo © 
Harold & Erica Van Pelt. 


irregularly dispersed, dust-like bituminous 
inclusions. 


These rocks have been grouped by previous 
workers (Martin et al., 1962, Afridi et al., 1973; 
Jan, 1979} with the lower Swat-Buner Schistose 
Group, and are believed to be of Silurian-Devonian 
age (Afridi et al., 1973, Jan, 1979). The algal 
structure in the limestone and the gastropod 
fossils found in the lower beds of the Ghundao hill 
support this assessment of age. The Ghundao 
limestones are probably a northern extension of 
the Silurian-Devonian rocks of Nowshera forma- 
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tion (which could be about 400 million years old), 
although they may comprise a different deposi- 
tional facies. 

Structurally, the Ghundao hill comprises a 
“mini” anticlinorium with the axes of the tight 
folds trending cast-west and plunging eastward 
(figures 4 and 5}. The limbs of the larger folds have 
themselves been tightly drag-folded and exten- 
sively faulted. The gray limestone has been in- 
truded in places by veins of coarse-grained white 
calcite and quartz. These veins, in which the topaz 
is found, are of two types: 


1. Short, narrow irregular veins (several centi- 
meters wide and less than a meter long) of 
fine-grained white calcite, which cut ran- 
domly across the strike of the fold axes. 


2. Much larger veins (as much as 2 m—6 ft.— 
wide and several meters long) of coarser- 
grained calcite, which occur along fault 
planes that run parallel to the fold axes 


(figure 6]. These veins are interspersed by 
milky-white quartz, green muscovite, and 
green talc, as well as by minor amounts of a 
limonitized clay-like material. Topaz miner- 
alization is mainly confined to this latter 
type of calcite vein. The veins appear to 
completely penetrate the hill conformably 
with the gray limestone strata. 


.The topaz mineralization is structurally con- 
trolled (figures 5 and 6) and forms typical saddle- 
reef type structures in the limonitized clay-like 
muscovite accumulations of the larger type 2 veins 
described above. At several places, the limestone 
has been invaded by stockworks of calcite and 
quartz veins which also contain beautiful, per- 
fectly euhedral crystals of quartz and topaz, usu- 
ally completely embedded in the calcite, but 
occasionally found protruding into cavities or 
crevices, or lying loose in the breccia debris 
(figure 7). 


Figure 2. This map shows the location of the topaz hill at Ghundao, in the Mardan District of 
Pakistan, and the geological setting of the surrounding area. Artwork by Cecile Miranda. 
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Figure 3. The view from the Ghundao hill across the plain of Katlang toward the southeastern 
foothills of the Hindu Kush range shows how flat the plain from which the two hillocks rise 
actually is, 


Figure 4. An open cut in the 
flank of Topaz Hill reveals 
the vertical stacking of the 

strata. 


South 
100 feet 
——— 
30.5 meters 


Thin-bedded 
limestone and 


North 


Topaz 
mineralization , 


Medium-bedded 
limestone 


Thick-bedded 
limestone 


Figure 5. This diagramatic geological section across the Ghundao hill shows the three major 
lithologic units and the extensive folding and faulting. After A.H. Kazmi. Artwork by Cecile Miranda. 


A “pinch and swell” structure is common along 
the topaz-bearing calcite veins, although some are 
quite narrow (type 1) and others are much larger 
and more extensive (type 2). Topaz also occurs in 
calcite that forms small lenticular tension gashes 
in limestone at the crests of the folds or drag folds 
(again, see figure 6). 

Jan (1979) concluded that the topaz may have 
formed by hydrothermal/pneumatolytic activity, 
followed by tectonic movements which fractured 
the crystals and resulted in their incorporation 
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into later-formed vein calcite. Although Jan men- 
tions that the mineralizing solutions for the Kat- 
lang topaz may have been genetically related to the 
Swat granite gneisses, the authors believe that the 
Katlang topaz is late syntectonic, and was formed 
largely through pneumatolytic processes linked 
with the final stages of consolidation of the much 
younger (Eocene) granitic intrusions of Shewa, 
which are in close proximity to the topaz deposits 
(again, see figure 2). Some supporting evidence is 
provided by the fact that trace-element analyses of 


Figure 6, This 
diagram illustrates 
the structure and 
mineralization of 
the topaz deposit at 
Ghundao. Note 
especially the 
topaz-bearing 
calcite veins and 
tension gashes. 
After A. H. Kazmi. 
Artwork by Cecile 
Miranda. 
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Warsak and Shewa granites (from the Peshawar 
basin) by Kempe (1983) show up to 10 ppm 
chromium. This may explain the presence of 
Cr,03 in the Katlang topaz (see below). Study of 
these granites by Chaudhry and Shams {1983) has 
revealed that these rocks developed in an environ- 
ment that would have been ideal for the formation 
of the type of mineral deposits that we see today at 
Katlang. 


Figure 7. Although the pink topaz from 
Ghundao usually occurs embedded in the host 
calcite, it is also found as fine, well-formed 
crystals protruding from the host calcite into a 
vug or as loose crystals. 


MINING AND PRODUCTION 


Topaz was first discovered at Ghundao in the fall of 
1972 by local residents who dug the crystals 
secretly and then brought them to the market in 
Peshawar. When the government became aware of 
this illegal digging, the West Pakistan Industrial 
Development Corporation (WPIDC) was asked to 
undertake detailed studies of the topaz-bearing 
hillock. The Mineral Development Cell of the 
WPIDC in Peshawar first studied the Ghundao hill 
in January 1973 (Afridi et al., 1973). Prospecting 
rights were held by the WPIDC and later by its 
successor, the Pakistan Mineral Development Cor- 
poration (PMDC), but no systematic mining was 
conducted until the deposits were taken over by 
the Gemstone Corporation of Pakistan (GEMCP} 
in 1979. Local residents, however, reportedly con- 
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Figure 8. Miners collect the loose rocks at the 
bottom of one of the large open cuts that has 
been blasted into the side of the Ghundao hill. 
One miner uses a pick to remove pieces of 
calcite from the wall of the cut. 


tinued unauthorized mining during this period, 
until the GEMCP began geologic exploration and 
systematic mining of the deposits in 1981. This 
work was carried out under the guidance and 
supervision of one of the authors, Dr. Kazmi. 
Presently, all mining in the area is under the 
control of the GEMCP. All workings are open cuts 
consisting of trench-like incisions (figure 8} 
blasted into the calcite veins that are known to 
bear topaz. Hand tools as well as pneumatic drills 
are used to dislodge fragments of calcite that 
remain attached to the open-cut walls. To mini- 
mize damage to the crystals during mining, great 
care is taken in deciding where to drill, in using 
low-strength explosive charges, and in controlling 
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Figure 9. On a heap of blasted pieces of rock, miners break promising pieces in search of topaz crystals. 


the blasting. Promising lumps of rock are then 
carefully broken up with hammers to free the 
enclosed topaz crystals (figure 9}. 

By February 1983 (when the senior author 
visited Ghundao in the company of Dr. Kazmi), 
three open cuts had been driven deep into the 
hillside; the largest of these cuts almost reached 
the summit. At the time, approximately 15 miners 
were working the deposit. The daily production of 
topaz was so small that all of it could be carried 
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easily by hand to the small depot in Ghundao 
Village. Only a very small percentage of the 
crystals are clean enough to be cut as gems. 

The total production of gem-quality pink topaz 
recorded up to November 1984 is 72,076 ct. An- 
nual production currently ranges between 20,000 
and 30,000 ct; collectors’ specimens are also avail- 
able. The largest cut pink topaz from this source 
recorded to date is 37.76 ct {illustrated in Spengler, 
1985, p. 669). 


Figure 10. These three crystals 
represent the main colors—colorless, 
pink, and brownish —of the topaz 
found at Ghundao. The sizes of the 
three crystals are somewhat 
representative of the proportion in 
which these colors occur at 
Ghundao (the largest crystal is 
approximately 10.25 mm). Like 
most of the topaz found at this 
locality, these crystals are highly 
fractured and broken. 
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Figure 11. These three faceted pink topazes from Ghundao illustrate the most prized color found 


at the locality (from left to right: 5.68 ct, 18.41 ct, 9.38 ct). 


CRYSTALLOGRAPHY 

Well-developed euhedral crystals of topaz are rare 
at this locality; the majority are broken and highly 
fractured (see figure 10). Individual crystals sel- 
dom attain a length of 3 cm and are usually stubby 
to tabular in habit; that is, they are flattened along 
the a-axis due to the pronounced development of 
the prism {110}. Well-crystallized specimens dis- 
play the four bipyramids {011}, {012}, {111}, and 
{112} and two to three prisms of {110}, {120}, and 
{010}. Both {110} and {120} are nearly always well 
formed and are commonly striated. The basal 
pinacoid {001} is rarely present; when it is present, 
it is usually etched. Most crystals are heavily 
included. 

Unit-cell parameters were obtained from X-ray 
powder diffraction data, indexed by comparison 
with the data listed by the JCPDS file No. 12-765 
and using a least-squares refinement program 
{Applemen and Evans, 1973) with reagent grade 
NaCl as an internal standard. The unit-cell pa- 
rameters determined are: a = 8.3841 + 0.0013; b 
= 8.8335 + 0.0009, ¢ = 4.6617 + 0.0006 A, V = 
3.45 + 0.1 A3. 


VISUAL APPEARANCE 

The topaz crystals found at Ghundao range from 
colorless through very pale beige to light brown, to 
very pale to deep pink (again, see figure 10). Only 
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the pink gems find ready buyers in the gem 
market; unfortunately, these represent a small 
proportion of the total production. This deposit 
near Katlang is the only known in-situ occurrence 
of pink topaz. Although some pink crystals were 
once found in the gravels in the Sanarka River (also 
called the Kamenko River; see Kornetova, 1950) in 
the Ural Mountains of the USSR, the in-situ 
deposits yielding them have never been found. All 
other pink topazes — especially those from Brazil 
— owe their color to heat treatment. 

The pink hue of the Pakistan material is so dis- 
tinctive that the color-trained eye can distinguish 
it without much difficulty from the “burned” 
specimens mentioned above. The prized shade of 
Katlang pink topaz is faintly violet in tone, and the 
best examples can be described as cyclamen pink 
(figure 11), This shade is comparable to color tones 
10:2:2 with corresponding values X,44.4; Y,34.6; 
and Z,.37.5 of DIN Color Chart 6164. 

The pink topazes from Katlang take an excel- 
lent polish and therefore reflect a lively surface 
brilliance (i.e., luster). They are slippery to the 
touch, as is usual with faceted topazes. 


PHYSICAL PROPERTIES 

To establish the physical constants, five faceted 
gems (2.5~-18.4 ct} and seven cleavage fragments 
were tested using standard gemological instru- 
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TABLE 1. Gemological properties of topaz from Katlang, Pakistan. 


Property Pink Colorless Brownish 
Refractive indices no = 1.629-1.631 (1.630) no = 1.610-1.612 (1.611) no = 1,608-1.611 (1.610) 
np = 1.631-1.634 (1.632) nB = 1.612-1.615 (1.614) n® = 1.611-1.614 (1.613) 
ny = 1,638-1.642 (1.640) ny = 1.620-1.623 (1.622) ny = 1.617-1.621 (1.619) 
Birefringence +0.009-0.011 (0.010) +0.010-0.011 (0.010) +0.009-0.010 (0.009) 
Axial angle 2V = 53°00’ 2V = §3°04' 2V = 56°10’ 
Pleochroism ny = yellow none Very weak; colorless, yellowish, 
brownish 
nB = purple (mostly pale) 
ny = dense mauve to violet 
Absorption Extremely weak line at 682 nm none none 
(indicates coloration by Cr3+) 
Luminescence Very weak: dark red to long-wave none none 
ultraviolet radiation. Distinct to brilliant 
milky green sheen (amplified in 
fractures) to short-wave ultraviolet 
radiation 
Density 3.51-3.53 g/cm? (3.52) 3.55 g/cm 3.56 g/cm 


aThe extreme values of constants are given, with mean values in parentheses, Twelve pink stones and three each of the 


colorless and brownish topazes were examined. 


ments (table 1). The data obtained concur very 
closely with the published statements of Bank 
(1976a and b], Jan (1979), and Petrov (1977), 

In comparison to the other color varieties found 
at Ghundao, the pink stones are outstanding not 
only for their high refractive indices, but also for 
their somewhat low density, as Bank remarked 
{1976a and b)}. 


INCLUSIONS 

Fissures constitute the bulk of the inclusions in 
the faceted pink topazes, while mineral inclusions 
apparently are quite rare. These fissures often 
appear as cleavage cracks running parallel to the 


Figure 12. Discrete two-phase inclusions 
in parallel arrangement are commonly 
seen in pink topaz from the Ghundao hill, 
near Katlang, Pakistan. Magnified 50x. 


basal plane, either gas or liquid filled or as attrac- 
tively patterned healing fissures (figure 12). The 
most interesting patterns are made by various two- 
phase — liquid and gas — inclusions, in which the 
liquid phase is dominant. The peculiar shapes of 
these inclusions did not allow for quantitative 
analysis, but observations with the microscope 
indicated that they consist of aqueous solutions of 
medium to low salinity, since daughter crystals 
were not observed. When the liquid phase 
moistens the walls of the fissures in little drops or 
in elongated tubes in parallel alignment, the regu- 
lar, planar dispersion makes it easy to recognize 
the host gem because the pattern is similar to that 
of innumerable topazes from widely separated 


Figure 13. These parallel rows of two- 
phase inclusions are a diagnostic internal 
feature of topaz. Magnified 16x. 
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Figure 14. These fine fibers of two-phase 
inclusions seen in pink topaz from Ghundao 
are reminiscent of the trichites normally 
found in tourmaline. Magnified 20x. 


sources (figure 13). However, when the liquid 
inclusions are irregularly dispersed and entwined 
like tangled threads, they look exactly like the 
well-known trichites in tourmaline (figure 14). 
Also noteworthy in this material are random 
swirls which seem to be connected with the 
parallel cleavage fissures (figure 15]. Cleavages and 
their accompanying swirl marks also occur in 
otherwise ‘internally flawless pink topazes. 


CHEMISTRY 


The composition of topaz is fairly constant except 
for variation in hydroxy] content. Several micro- 
probe analyses were carried out on each of three 
different samples, which represented three differ- 
ent shades of cyclamen pink. Wet chemical analy- 
ses were subsequently performed, using a specific 
ion electrode for determining the amount of fluo- 
rine (table 2). Particular care was taken to avoid 
fluorine loss in the process of fusing the sample 
with alkaline carbonates. Because of problems 
encountered in performing the thermogravimetric 
determination of H,O present in the sample, total 
HO was estimated after heating at a constant 
temperature of 850°C for 24 hours. The analyzed 
topazes reveal alow Fe content and minor amounts 
of Cr, V, and Ca, while Mg and Mn are present in 
some of the samples but not in others. The analy- 
ses also indicate that the pink topaz from this 
source is poor in fluorine and rich in hydroxyl 
(considering that topaz may accommodate as 
much as 30 wt.% F]. The systematic variation of 
unit-cell dimensions with respect to F and OH 
concentrations (Rosenberg, 1967; Chaudhry and 
Howie, 1970; Ribbe and Rosenberg, 1971; Bam- 
bauer et al., 1971) allow us to estimate a fluorine 
content of 15.6-16.3+0.5 wt.%. 
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Figure 15. These curious swirl marks 

and growth features observed in Ghundao 
topaz appear to be connected to cleavage 
cracks. Such cracks in parallel alignment 
are an indication that these topazes should 
be treated with care. Magnified 30x. 


The correlation between physical properties 
and the weight percentage of fluorine was studied 
by Ribbe and Rosenberg (1971), Bambauer et al. 
(1971), and others. The substitution of the fluorine 
ion by the larger hydroxyl group leads to an 
increase in the refractive indices. At the same 
time, there is a lessening of the optic axial angle 
2Vy and of the density. The behavior of the pink 
topazes from Katlang is consistent with these 
observations. 

Chemical analyses were not carried out on the 
colorless or brown Katlang topazes. However, it 


TABLE 2. Wet chemical analysis of pink topaz from 


Pakistan. 
Numbers of ions on the basis 

Oxide Wt. % of 24 (O, OH, F) 
SiOz 32.60 Si 3.988 
TiO; i Al 0.012 } 4.000 
Al2Og 56.83 Al 8.183 
CroOg 0.01 Cr 0.002 
V2O5 0.01 V 0.002 
FeOa 0.08 Fe 0.008 8.214 
MnO _ Mn _ 
MgO 0.07 Mg 0.012 
CaO 0.05 Ca 0.007 
F 15.78 a 6.105 } TANI 
HzO +6 1.60 OH 1.306 : 
HO -® 0.30 

107.33 
O=F 6.64 
Total 100.69 


aTotal iron as Fed. 


’Determined by thermogravimetry. 
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can be deduced from the physical properties (table 
1) — i.e., their lower refractive indices and higher 
specific gravities compared to the pink variety — 
that they are richer in fluorine. Indeed, the median 
values for fluorine may be assessed at about 21+ 1 
wt.%. 


TREATMENT AND COLOR 


The attractive pink color of topaz is caused by 
trace amounts of the Cr3+ ion; other topaz colors 
are due to color centers (Nassau, 1984). In accord, 
microprobe analyses of the Katlang pink topazes 
showed chromium-oxide contents of 0.01 to 0.03 
wt.% that correlate with the intensity of color. No 
color change was observed in specimens that had 
been exposed to the hot summer sun of Peshawar 
{38% 48°C) for 65 days (Jan, 1979). 

Given the occurrence of other color varieties of 
topaz from Katlang (light pink, colorless, or brown- 
ish tones}, in significantly greater quantities, the 
question arose as to whether these other topazes 
would lend themselves to color alteration or im- 
provement by heat treatment and/or irradiation. 
Dr. Kurt Nassau was so kind as to carry out various 
experiments in color alteration on pink, colorless, 
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Figure 16. These three 

sets of stones illustrate the 
effects of heat treatment 
and irradiation on the color 
of topaz from Katlang, 
Pakistan. The top row = 
sample 1; the middle 

row = sample 2; the bot- 
tom row = sample 3. 


and brownish specimens which the senior author 
had obtained in Pakistan. All irradiation experi- 
ments were conducted using 20 Mrad gamma rays 
from a cobalt-60 source; all heat treatments lasted 
15 hours. The results are shown in figure 16. 


Sample 1. Reddish brown; lost its orange compo- 
nent after 15 hours heated at 500°C, acquiring a 
pale pink hue. When it was subsequently irradi- 
ated, turned orange-brown; did not change color 
when heated to 250° or 300°C; heating to 350°C 
caused a change back to pink (figure 16, top row). 

Conclusion: The pink color is due to Cr; it is 
probably stable at any temperature. The orange- 
brown color is induced by Cr plus a color center 
produced by irradiation; it is probably not affected 
by daylight, but will turn pink if subsequently 
heated to 350°C for 15 hours. 


Sample 2. Very pale tan; turned virtually colorless 
when heated to 500°C; then turned dark orange- 
brown and pale tan in zones when subsequently 
irradiated (figure 16, middle row]; subsequent 
heatings through 80°, 100°, 120°, 140°, up to 250°C 
caused slow decolorization to colorless. 
Conclusion: This material contains color cen- 
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ters that cause intensification of hue upon irradia- 
tion, but it subsequently bleaches when heated 
between 120° and 250°C for 15 hours; while not 
tested, the irradiated material is almost certain to 
bleach in daylight. 


Sample 3. Colorless; upon irradiation turned dark 
orange-brown, partly patchy, partly zoned; re- 
verted to colorless when heated for 15 hours to 
500°C. Further irradiation and reheating produced 
the same results, although one cleavage piece 
showed a slight trace of tan, but another showed a 
very faint blue (figure 16, bottom row). 
Conclusion: Same as for sample 2, above. 


The results of these experiments by Dr. K. 
Nassau are similar to those he reported earlier for 
topazes (Nassau, 1974, 1975, 1980) exposed to 
gamma-ray irradiation and subsequent high-tem- 
perature heating. Further experiments on the Kat- 
lang topazes are planned. 


alee 


4 


PROSPECTS FOR THE FUTURE 


In recent months, the Gemstone Corporation of 
Pakistan (GEMCP] has extended exploration activ- 
ities to other hills in the vicinity of Ghundao and 
has succeeded in locating occurrences of pink 
topaz in the Shakar Tangi and Rama areas, situated 
northeast of Ghundao and about 7 km south- 
southeast of Katlang. At present, detailed explora- 
tion of these areas is in progress, There seem to be 
fair prospects for locating additional deposits. 

Pink topaz has never been and is still not an 
abundant gemstone. Hence, it is welcome news 
that cuttable pink topaz of natural color is being 
found at various localities in Pakistan. 

Since GEMCP has also been successful in 
discovering new aquamarine deposits in other 
parts of Kohistan, the gem world may expect 
Pakistan to produce more gemstones and addi- 
tional gemstone varieties, becoming an important 
supplier to the gem market in the future. 


oe OOOO sss... 
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CARBON DIOXIDE FLUID 
INCLUSIONS AS PROOF OF 
NATURAL-COLORED CORUNDUM 


By John I. Koivula 


The question of how to identify natural- 
colored from heat-treated corundum 

has long puzzled the gemological 
community, One important clue is now 
provided by carbon dioxide fluid 
inclusions. Because such inclusions 
cannot survive heat treatment, their 
existence intact and unruptured in 
rubies and sapphires is conclusive proof 
that no heat treatment has occurred. 


ABOUT THE AUTHOR 


Mr. Koivula is senior gemologist in the Research 
Department at the Gemological Institute of 
America, Santa Monica, California. 


The photomicrographs in figures 2, 3, and 
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152 CO, Inclusions in Corundum 


U™ the mid-1970s, when the practice of high-tem- 
perature treatment of corundum became widespread, 
liquid and gaseous carbon dioxide (CO,) fluid inclusions 
were commonly observed in Sri Lankan rubies and sap- 
phires. In fact, the author has studied well over a hundred 
pieces of geuda (untreated) corundum with these inclu- 
sions. Traditionally, these inclusions have been useful in 
establishing the natural origin of their host (Gtibelin and 
Koivula, 1986}. With the prevalence of heat treatment, 
however, they have taken on additional significance: 
Because carbon dioxide fluid inclusions cannot survive the 
temperatures required to alter color in corundum, their 
presence provides conclusive proof that the color also is 
natural. 


HISTORICAL BACKGROUND 


Sir David Brewster, a Scottish physicist, first discovered 
CO, fluid inclusions while examining sapphires and other 
single-crystal gem materials with the microscope. The 
year was 1823. Although he did not identify the liquid as 
carbon dioxide, he made note of his discovery and reported 
on this “remarkable new fluid found in the cavities of 
rocks” (Brewster, 1823}. He observed that this strange new 
fluid was often found in the presence of water, although the 
two were immiscible (would not mix). The liquid had a 
refractive index less than that of water and a coefficient of 
thermal expansion approximately 30 times that shown by 
water. The fluid was also nonwetting and would ball up 
like elemental mercury rather than flow over and coat the 
interior walls of a negative crystal cavity. 

Since Brewster’s discovery, the study of CO, fluid 
inclusions has continued. With infrared absorption spec- 
trometry (passing an infrared beam though a thin parallel- 
windowed plate of a gem], inclusion investigators have 
identified five separate forms of closely related carbon- 
oxygen compounds which may occur in fluid inclusions 
{Roedder, 1972). Three of these are found in solution with 
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water: H,CO3, HCO3—! and CO;~2. The remain- 
ing two, liquid and gaseous COn, are the ones of 
primary interest to gemologists concerned with 
the identification of heat-treated rubies and 
sapphires. 


THE EXPLOSIVE NATURE OF CO, 


As indicated by the following statement taken 
from a letter written by Sir David Brewster to Sir 
Walter Scott in 1835, Brewster had, through con- 
tinued experimentation, become aware of the ex- 
plosive potential of CO, fluid inclusions when 
heated: 


When the gem which contains the highly expansive 
fluid is strong, and the cavity not near the surface, 
heat may be applied to it without danger, but in the 
course of my experiments on this subject, the min- 
eral has often burst with a tremendous explosion, 
and in one case wounded me on the brow. 


It is this explosive potential of CO, fluid inclu- 
sions (Koivula, 1980, 1980-1981} that makes their 
presence excellent positive proof that the host 


CO, Inclusions in Corundum 


Figure 1, The 1,.84-ct 

Sri Lankan blue sapphire 
used in the experiment. 

Photo © Tino Hammid. 


rubies and sapphires have not undergone heat 
treatment. 

Although Brewster was not referring to tem- 
peratures anywhere near as high as those required 
to effect a color change in corundum, it is nonethe- 
less surprising how little heat is required to actu- 
ally explode (shatter} a gem containing one or more 
of these fluid inclusions. Brewster’s statement 
regarding the application of heat “without danger” 
when the inclusion is “not near the surface” holds 
true for some gem corundums heated to tempera- 
tures of only 250°C to 400°C (depending on the size 
of the host gem, and the size, shape, and position of 
the CO, fluid inclusion within the gem}. It is not 
true, as discovered experimentally by the author, 
for gems heated above 400°C. Because of this 
“explosive fatality,” heat treaters of Sri Lankan 
rubies and sapphires commonly trim away areas of 
the rough that contain inclusions, or partially saw, 
or even drill, into the inclusions. 

If the CO, inclusions are completely removed, 
then the gem has an excellent chance of surviving 
the 1500°C-plus temperatures required to alter 


GEMS & GEMOLOGY Fall 1986 153 


color in corundum. If they are not removed, the 
inclusion will explode and the gem will be badly 
damaged or completely destroyed. In either case, 
these inclusions will no longer exist. 


EXPERIMENTAL CONSIDERATIONS 


Liquid carbon dioxide has a critical temperature of 
31.2°C (88.2°F}. Above this temperature inclusions 
containing the liquid form of CO, homogenize 
into a uniform high-pressure fluid; as the tempera- 
ture is increased above the critical point, pressure 
also rises drastically. 

When we consider that crystals containing CO, 
inclusions form under great pressure at consider- 
able depth within the earth, it becomes apparent 
that if such crystals are now at the earth’s surface, 
then the compensating pressure of the rock that 
once surrounded them is removed. Yet the inclu- 
sions are still at their original high pressure of 
formation. So at room temperature we now have 
corundum crystals containing fluid inclusions 
with high outward pressure {1000 psi or more} that 
have only external atmospheric pressure (instead 
of tons of rock} to compensate. 

If we further aggravate this volatile situation by 
faceting, preforming, or trimming the stone and 
bring the inclusions closer to the surface {i.e., by 
cutting away layers of protective crystalline co- 
rundum that lend structural integrity to the crys- 
tal] we have dramatically increased the chances for 
a pressure burst. It is easy to see, then, why stones 
containing CO, inclusions do not survive the 
application of heat energy. 


Figure 2. Negative crystal filled with liquid 
and gaseous carbon dioxide as observed 
below the critical temperature. Dark-field 
illumination, magnified 50x. 
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EMPIRICAL PROOF 


To dramatically prove this point, the author se- 
lected a 1.84-ct untreated blue Sri Lankan sapphire 
with a tiny, intact carbon dioxide fluid inclusion 
just beneath the table surface (figure 1}. 

When the host sapphire was held below the 
critical temperature of 31.2°C (88.2°F|, both the 
liquid and gaseous CO, phases were visible within 
the negative crystal {figure 2), Just a slight warm- 
ing above the critical temperature by the heat 
generated from the microscope lamp caused the 
meniscus around the bubble to disappear {figure 3}. 

_ Inthe name of science, this gem was placed ona 
ceramic tile in an electric muffle furnace and the 
temperature was gradually increased. A popping 
sound was heard when the temperature gauge on 
the furnace indicated just 270°C. At this point, the 
furnace was turned off and allowed to cool. 

The stone was inspected. The CO, fluid inclu- 
sion had exploded, blown a shard out of the table, 
and left behind a crater (figure 4). 


CONCLUSION 


Many gem dealers today feel compelled to heat 
treat virtually every piece of corundum. Fine gems 
in no real need of treatment are subjected to the 
furnace with the hope that a few extra dollars can 
be cooked from them. Even gems that originally 
entered the market years before heat treatment 
became popular are being burned for “improve- 
ment.” And little by little, inclusions that once 
gave natural, unadulterated gems uniqueness are 
disappearing. The heat treater’s furnace is acting as 


Figure 3. The same CO,-filled negative crystal 
as in figure 2 but just above the critical 
temperature (31,.2°C) for carbon dioxide. Dark- 
field illumination, magnified 50x. 
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Crowningshield, pers. comm.}. Mr. Crowning- 
shield’s observation concerning the Gem Trade 
Laboratory is an important one. The more preva- 
lent heat treatment has become, the fewer of these 
inclusions are seen. Carbon dioxide fluid inclu- 
sions will not survive heat treatment. Therefore, 
an unruptured carbon dioxide fluid inclusion in a 
ruby or sapphire is absolute proof that the gem is 
natural and has not been heat treated. 
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CONTRIBUTIONS TO A HISTORY OF 
GEMOLOGY: SPECIFIC GRAVITY — 
ORIGINS AND DEVELOPMENT 

OF THE HYDROSTATIC METHOD 


By John Sinkankas 


The development of the hydrostatic method 
of specific gravity determination as applied 
to gems is traced from Archimedes’s 
discovery to the present, with brief 
historical remarks supplied on other 
methods. This is the first in a series of 
articles on the history of gemology that will 
appear periodically in Gems & Gemology. 


ABOUT THE AUTHOR 


Dr. Sinkankas is the author of numerous books and 
articles on lapidary work, mineralogy, occurrences 
of gemstones, and prospecting and collecting. With 
his wife, Marjorie, he operates Peri Lithon Books, in 
San Diego, CA, a mail-order antiquarian book 
business devoted to the earth sciences and related 
fields. 
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he first useful method of comparing the densities of 
T substances as an aid to identification is attributed by 
Vitruvius (ca. 13 B.C.) to Archimedes, the famous Greek 
scientist (ca. 287—212 B.C.). As the story goes, 
Archimedes was asked by King Hieron II of Syracuse to 
determine if a newly delivered crown was pure gold as 
claimed by its maker. Archimedes received the inspiration 
for his now-famous displacement method of determining 
comparative densities when he stepped into a brimming 
bathtub and noted the overflow caused by the added vol- 
ume of his body. Inspiration struck—Eureka!—the water 
displaced must be equal to the volume of any material 
inserted into it, and hence it must follow that for sub- 
stances of equal weight, a ‘lighter’ or less dense substance 
would displace more water than a “heavier” or denser 
material. A comparative volumetric displacement test of 
the crown and a mass of pure gold equal to it in weight 
showed that the crown displaced more water, hence it had 
to be “lighter,” hence it had to be adulterated. This funda- 
mental principle first enunciated by Archimedes is basi- 
cally the one that we still follow in all measurements of 
specific gravity involving immersions in fluid. Inciden- 
tally, the scoundrelly goldsmith was executed. 

Although little progress was made in the hydrostatic 
measurement of specific gravity during more than 10 cen- 
turies following Archimedes’s discovery, the increased in- 
terest in gemstones from the late 17th century on led to 
fairly rapid developments both of the method and of spe- 
cific values from that time. Today, the hydrostatic tech- 
nique for measuring specific gravity is a standard test in 
gemstone identification (see box). The following discus- 
sion traces the origins and development of this very basic 
gemological tool. 


EARLY DENSITY TESTS 
OF PRECIOUS METALS 


Differences in weight among objects of equal size were 
appreciated in Roman times according to Ball {1950}, who 
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THE HYDROSTATIC METHOD 
OF DETERMINING 
SPECIFIC GRAVITY 


The Archimedes principle states that an object im- 
mersed in water displaces a volume of water equal to 
its own. Thus, when Archimedes stepped into his 
bath, the water level rose. In addition, however, the 
water (or any liquid, for that matter) exerts a buoyant 
force upwards on the immersed object, against the 
downward force of gravity, and the object appears to 
have lost weight in comparison with its weight in air. 
This loss of weight is the same as the weight of an 
equal volume of water (the amount displaced, in fact). 

The hydrostatic method of determining specific 
gravity depends on these simple laws of physics. 
First, one weighs the gemstone in the normal manner 
on an accurate balance. Since specific gravity is a 
ratio, any unit of measure (carats, grams, etc.} will do. 
The balance is then set up with a special apparatus 
such as that shown in figure 1. The stone is placed in 
the wire basket suspended in the container of water 
and its new weight can then be measured. 

The numeric value for specific gravity is the ratio 
of an object’s weight in air to that of an equal volume 
of water, which can be found by the formula: 


be wt. in air 
_ |, (wt. in air) — (wt. in water) 


The term density is often used interchangeably 
with specific gravity but, while the numeric values 
derived for each are nearly the same, the former is 
actually the mass per unit volume of a substance and 
is expressed in grams per cubic centimeter (g/cm). 
Specific gravity—a ratio—has no unit. 


summarized the gemological content of Pliny’s 
Natural History of 79 A.D. Ball noted early knowl- 
edge concerning the heaviness of placer gold and 
that the ancient miners took advantage of this 
property to separate the gold from lighter rock 
particles. Pliny himself was aware of differences in 
weight among lighter objects, such as precious 
stones, for as Ball states, “Pliny’s first test for dif- 
ferentiating genuine precious stones from glass 
imitations is weight, for ordinarily the genuine 
stone is heavier than the false.” Egyptian records 
indicate that even before Pliny’s time the heavi- 
ness of gold was well known and used in concen- 
tration operations during gold mining (Forbes, 
1950}. Davies (1809) refers to the work De Pon- 
deribus et Mensuribus (Weighing and Mensura- 
tion), written approximately 45 A.D. by Quintus 
Remnius Palaemon, which showed how specific 
gravities of solids could be ascertained. 


Specific Gravity 


L 


Figure 1. A contemporary balance used for the 
hydrostatic determination of specific gravity. 


The use of precious metals as marks of wealth 
and, more importantly, as media of exchange in 
commerce, early established a need for standardiz- 
ing the proportions of gold and silver (the principal 
alloying metal) in coins and in other applications. 
According to Smith and Forbes (1957), crude 
means of specific-gravity determination were 
developed as early as the sixth century when “a 
balance with a graduated beam and movable ful- 
crum was described in the poem Carmen de Pon- 
deribus {Poem on Weighing} attributed to Pris- 
cian.” They further note that as early as the 11th 
and 12th centuries a list of weights of metals rela- 
tive to wax was compiled for the purpose of assist- 
ing a foundryman to determine how much metal 
to melt. ‘By the seventeenth century extensive 
tables of similar [specific gravity] data became 
common in mathematicians’ works.” A table de- 
vised particularly to help the assayer appeared in 
the 13th century, and by the close of the 16th 
century, not only were the principles understood 
but man’s ingenuity was also being turned 
to the design and manufacture of more precise 
balances. 
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SEVENTEENTH- AND EIGHTEENTH- 
CENTURY EUROPE: DENSITY 
TESTING OF GEMSTONES BEGINS 


A notable experimentalist was Francis Bacon 
{1561-1626}, who drew up a table of densities, 
published some time after his death, which Davies 
(1809, p. 537) believed to be “the oldest table of 
specific gravities now extant.” Davies also cited an 
even earlier contribution, that of Marinus Ghetal- 
dus {1566-1626}, who made his own hydrostatic 
experiments ‘with care and exactness,” and in 
1603 published a treatise on weighing. Ghetaldus 
is credited with determining the first specific grav- 
ity for any metal (Debus, 1968). Other early exper- 
imentalists include Johannes Baptista Villalpan- 
dus (1552-1608) and Marin Mersenne 
(1588 —1648). 

Possibly because the evaluation of specific 
gravity of gemstones was of little concern in the 
early 1600s, we find that Boetius de Boodt (1550— 
1634), who may justifiably be called the “Pliny of 
Gemology,”’ says nothing more about differing 
gemstone densities than that they exist (1647]. He 
gives no hint that any method of placing a numeri- 
cal value on this property existed among gem 
dealers and jewelers of the time. It is, of course, 
possible that because gems are usually very small 
relative to other materials, existing apparatus 
could not be counted on to afford consistent, reli- 
able results. In contrast, chemists and physicists of 
the same period were actively measuring densi- 
ties, devising better methods and instrumenta- 
tion, and defining the limitations of the hydrosta- 
tic method. For example, Robert Boyle (1627- 
1691}, best known among gemologists for his 
Essay about the Origine and Virtues of Gems 
{1672}, produced a treatise in 1666 titled Hy- 
drostatical Paradoxes Proved and Illustrated by 
Experiments (Boyle, ed. by Shaw, 1725}. 

Boyle tested a variety of substances, including 
gem materials, with the balance shown in figure 2, 
but preceded his remarks with advice on how to go 
about obtaining the greatest accuracy. First, he 
describes the balance and its parts and accessories. 
He then states that he found horse hair to be the 
best suspension thread because “its weight usually 
differs so little from that of water, that the differ- 
ence may be safely neglected.”” However, he ad- 
vises that an equal quantity of hair, as was used to 
fasten the specimen for immersion weighing, be 
placed in the opposite pan to reduce error. Other 
instructions for specific-gravity weighings are 
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Figure 2, Plate V from the second volume of 
Robert Boyle's collected works (P. Shaw edition 
of 1725) showing his specific-gravity balance and 
associated accessories. The principal parts are 
the stand C-Cand the rather elaborate means for 
raising and lowering the beam A-A and pans B-B 
with pulleys and weight (the small lion on the 
right, erroneously marked L). The specimen L{on 
the lower left) is shown suspended by horsehair 
Kin the water bucket M-M. Grain weights are in 
container O, larger weights (nested) are in Q, jar 
N holds the water supply, and the forceps P are 
used to handle weights. 


equally as informative, for example, avoiding 
bubbles, and the like, such that one cannot help 
but admire his thoroughness. 

Boyle stressed the value of S.G. determina- 
tions in the detection of frauds and substitutes 
because they ‘‘may assist us to guess, with proba- 
bility, whether a mineral body be of a stoney na- 
ture, or not.” He was referring specifically to 
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speculations at the time as to the exact nature of 
coral, which some thought to be a petrification and 


The Eydroftatical Balance. 
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others some sort of plant. Boyle tested a fine bg go et: a, 
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Boyle makes the significant remark that specific- 
gravity weighings are nondestructive in nature, 
and "a pearl, for instance, is discoverable to be 
counterfeit, without the least prejudice to it.” On 


* Lator trials have furnifh’d us with 
the following table of the fpecifie gravi- 


ties of folids and fluids. 


A TABLE of the fpecific Gravities of feveral folid 
ana finid Bodies. 
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excess of 29 ct (Davies, 1809]. It was the size of the 
stones that inspired Ellicott to undertake the de- 
terminations, because hitherto most test speci- 
mens had been only a few carats or less. Ellicott’s 
values, 3.501—3.525, average 3.517, compare fa- 


Figure 3. Robert Boyle’s tables of specific-gravity 
values obtained through the use of the apparatus 
shown in figure 2 (from the P. Shaw edition 

of 1725). 
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Figure 4. Title page of Brisson’s 1787 work on 
specific gravity. 


vorably with today’s generally accepted range of 
3.514—3.518 (Bruton, 1978). 

Great interest was aroused throughout Europe 
by the density information that the hydrostatic 
method could provide for many substances, as 
shown in the lengthy article and extensive tables 
of Richard Davies, M.D. (d. 1768}, originally pub- 
lished in the Philosophical Transactions of the 
Royal Society of London (Vol. 45, No. 488, 1748, 
pp. 416-489) and republished in abridged form 
(Davies, 1809}. Davies provided an excellent his- 
torical summary, including a survey of investiga- 
tors and their methods and findings, beginning 
with Archimedes. He then incorporated the find- 
ings of Ghetaldus, Villalpandus, Mersenne, Boyle 
and others into 11 tables, each with numerous 
entries and citing sources for same; three of these 
tables (1, 3, and 4) contain data on gem materials. 
The 11th table provides adjustments to be applied 
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to specific gravities according to season, summer 
to winter, which serve as a crude set of tempera- 
ture corrections. 

In 1798, Charles Francis Greville (1749-1809) 
published an extensive description of the corun- 
dums of Asia, which also appeared in abridged 
form (Davies, 1809, Vol. 18, pp. 356-378). He pro- 
vided S.G. tables for a number of varieties of co- 
rundum, as reported by earlier researchers, as well 
as values for topaz and diamond. 

Among the most important specific gravities 
incorporated in Davies’s tables are those of P. van 
Musschenbroek (1692-1761), the celebrated 
Dutch scientist, which were first published in his 
Elementa Physicae (1734) and republished, en- 
larged, in his Essai de Physique (1739]. These 
values were consulted by M. J. Brisson (1723- 
1806}, the famous French physicist, during his 
compilation of Pesanteur Spécifique des Corps 
(Specific Gravities of Bodies}. Published in 1787, 
this is clearly the most accurate and complete of 
all specific-gravity compilations of that period 
(figure 4). A German translation by J. G. L. Blum- 
hof, with some rearrangement and augmentation, 
was published in Leipzig in 1795. Both works are 
rare, which may account for their neglect by most 
gemological historians; only B. W. Anderson 
{1938} notes Brisson’s original treatise and pro- 
vides a thoroughly detailed and admirable analy- 
sis. Brisson explains his methods, his apparatus, 
his standard use of rainwater as an immersion 
fluid, and the adoption of a standard temperature 
for measurements. As a result of his care, his 
values are in most instances remarkably close to 
those considered acceptable today. Brisson recog- 
nized that specific-gravity values tend to be con- 
stant for minerals and urged that these values be 
used in conjunction with obvious external fea- 
tures—especially crystal forms (of which he pro- 
vided two engraved plates}, and also color, hard- 
ness, and the phenomenon of double refraction— 
to identify gemstones in particular, thus setting 
forth the first scientific proposal for gemstone 
identification. His scheme precedes even that used 
by Hatiy in his epochal gemological treatise {1817}, 
which will be described below. Brisson was re- 
markably thorough in obtaining specimens to test, 
including gemstones; scarcely any known at the 
time failed to catch his attention. By exercising his 
prestige and position, he obtained the loan of the 
Regent diamond from the French Crown Treasury 
and was the first to establish its specific gravity. 
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By the end of the 18th century, the usefulness 
of the hydrostatic method was everywhere ac- 
knowledged and specific-gravity values had be- 
come routine data in numerous chemical and 
physical treatises. Among gemological textbooks, 
for example, which also incorporated such data, 
that of C. Prosper Brard (1788-1838), Traité des 
Pierres Précietuses (1808), provided a list of 
gemstone specific gravities, in descending order, 
from zircon to amber, and a list of weights per 
cubic foot of various ornamental and building 
stones. Shortly afterward, in 1813, J. B. Pujoulx 
(1762-1821) published an economic mineralogy 
which stressed the importance of correlating prop- 
erty values and features in gem identification, and 
described the structure and use of the Nicholson 
hydrometer for taking specific gravities. 


THE NINETEENTH CENTURY: 
SPECIFIC GRAVITY ASSUMES A KEY 
ROLE IN GEM IDENTIFICATION 


In 1817, a large and detailed discussion of specific 
gravity and its importance in mineralogical iden- 
tification’ appeared in the Propadeutik der Min- 
eralogie of C. C. Leonhard, J. H. Kopp, and C. L. 
Gaertner, which also provided a history of previ- 
ous investigations as well as a large table of 
specific-gravity values ranging from several sub- 
stances less dense than water to gold. Another 
important table provided temperature corrections 
for weighings in water. This year also marked the 
appearance of R. J. Hatiy’s landmark work, Traité 
des Caractéres Physiques des Pierres Précieuses 
(Treatise on the Physical Characteristics of Pre- 
cious Stones). 

While the fundamental concept of correlating 
several properties or features to achieve identifi- 
cation had already been clearly enunciated by Bris- 
son, with whose work Hatiy was familiar, it was 
left to the latter to write the first usable textbook, 
per se, of gem identification in which the reader is 
told what all the properties are, why they are char- 
acteristic, and how they may be measured, tested, 
or observed. This general discussion is followed by 
11 tables that are surely the first of their kind as 
applied to gemstones and the model for many 
others published since. The first argument is color, 
hence the tables are headed colorless, red, blue, 
green, etc., with a “red-brown” table for zircons, 
another for gems displaying reflecting phenomena 
such as asterism and adularescence, and a final 
table for opaque gems of blue-green color, that is, 
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real turquoise and “bone turquoise.” Color as a 
first argument remains very much in use today, for 
example, in B. W. Anderson’s Gem Testing (1980). 
Within each table, Hatiy gives columns for light 
phenomena, specific gravity, hardness, single or 
double refraction, electrification by friction, same 
by heat, and magnetism (undoubtedly his inclu- 
sion of electrical/magnetic properties was in- 
spired by his investigations of these phenomena at 
about the time that he became interested in gem- 
stones}. The importance of Haiiy’s treatise was 
immediately recognized and led to a German edi- 
tion (1818) and an Italian edition (1819). In 1825, 
Hatiy issued a pamphlet summary of the main 
work with a series of crystal drawings. 

In 1832, two important gemological texts ap- 
peared with significant information on specific 
gravity: the first, a small “pocketbook” by J. R. 
Blum (1802-1883), the second, a much more de- 
tailed work by P. Boué. Blum provided an exten- 
sive table of color versus specific gravity that in 
part followed Haiiy’s scheme. Boué’s work devoted 
more space to spetific gravity and incorporated an 
engraved plate that depicted a balance with a slid- 
ing weight on the arm (figure 5), which design Boué 
claimed was invented by Brard, although the latter 
said nothing about it in his 1808 book. An impor- 
tant novelty of Boué’s treatise is his inspection 
table for specific gravity (Vol. 2, plate 3). 

The first book after Brisson (1787) to devote 
itself solely to the specific gravity of mineral sub- 
stances was M. Websky’s 1868 work, which cou- 
pled specific gravities with increasing hardness in 
a series of ranges from S.G. 0.4—-0.7 to S.G. 12-25. 
While gemstone species are included, they are not 
specifically designated nor are they treated sepa- 
rately. Subsequent gemological treatises have in- 
cluded S.G. data. The most extensive S.G. table for 
minerals and gemstones currently available is in 
the Gemstone and Mineral Data Book (Sinkan- 
kas, 1972). 


OTHER METHODS OF 

DETERMINING SPECIFIC GRAVITY 

Although no attempt has been made in this contri- 
bution to discuss other methods of determining 
specific gravity, a few notes on them may be of 
interest to place the hydrostatic method in per- 
spective. The pycnometer, or specific-gravity bot- 
tle, is sometimes used in gemological determina- 
tions. This special glass flask is first filled with 
water, then weighed, next the flask is emptied and 


GEMS & GEMOLOGY Fall 1986 161 


Figure 5. Plate 3 from Boué’s treatise on jewelry showing a sliding weight beam balance (‘‘Fig. 1”’) with 
pans for weighing in air and weighing in water. When the specimen K is placed in the upper pan, one 
of the weights marked Gis selected to balance the beam, and the slider Ais adjusted to give the final 
balance. When the specimen is placed in the lower pan C, the difference between the slider positions 
gives loss of weight in water. 


the gem fragment or cut gem inserted, last, the 
bottle is refilled with water and weighed again. 
The displacement of water by the gem material 
measures gem volume and hence enables the spe- 
cific gravity to be determined. There are various 
forms of pycnometer bottles, a common type being 
that shown in figure 6. According to Darmstaedter 
(1908), the first pycnometer can be traced to 1121 
A.D. and a certain Arabian savant, named Alkha- 
zini, who investigated the specific gravity of fluids. 
The modern form of the pycnometer was devised 
in 1699 by chemist Wilhelm Homberg 
(1652-1715). 

The simple yet effective hydrometer invented 
by the ingenious English instrument maker, Wil- 
liam Nicholson {1753-1815}, around 1787 was 
greeted everywhere with enthusiasm due more to 
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its ease of operation than to any increase in accu- 
racy. It also suffered from severe capacity re- 
strictions which required, in the case of cut-gem 
weighings, that a series of instruments be manu- 
factured to accommodate different sample 
weights. A typical Nicholson hydrometer is 
shown in figure 7. The crucial place on the instru- 
ment is the slender neck between the upper pan 
and the large hollow body, because it is along this 
neck, suitably graduated, that the difference is 
noted between a weighing with the gem in the 
upper pan (weight in air) and in the lower pan 
(weight in water}. Ordinary glass hydrometers can 
be modified to become crude Nicholson instru- 
ments, if one chooses to experiment with this 
device. 

Another S.G. instrument, again inspired more 
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by the need for quick determinations than for ac- 
curacy, is the Jolly balance shown in figure 8. It is 
named after its inventor, P. J. G. von Jolly 
(1809-1884), and depends for its operation on the 
extensibility of a tapered spring of many turns 
from which hangs a double-pan arrangement; the 
upper pan is for in-air weighings and the lower one, 
immersed in water, for in-water weighings. Differ- 
ences in weight are indicated by a pointer attached 
to the spring which moves against the vertical 
scale on the same column that supports the spring. 
Even today, the Jolly balance is used much more 
frequently than either the beam balance or the 
Nicholson hydrometer; the latter is actually now 
an antique of considerable collection value. 

The influence of liquids of densities higher {or 
lower} than water on the flotation of solids must 
surely have been apparent to man at some very 
distant age in the past, but only in relatively recent 
times was it deemed feasible to use heavy liquids 
as indicators of the specific gravity of the solids 
immersed in them. While a simple “sink or float” 
test was indicative, it was also found that certain 
liquids could be diluted to provide an entire range 
of knownidensities, so that a precise determina- 
tion on a given sample became possible. A good 


Figure 6. A pycnometer, or stoppered glass bottle, 
for determining specific gravity. From Groth 
{1887}. 
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summary of the problem, investigators, instru- 
mentation, etc., appears in Thorpe {1913}. Thorpe 
claims that the first use of heavy liquids for S.G. 
determination can be dated to 1862, but the first 
liquid generally adopted for the purpose is 


Figure 7. Nicholson’s hydrometer. Upper pan F-K 
is for “in-air” weighing, readings are taken from 
graduated stem b, O-S is the boyancy float, and 
E-G, the lower pan, is for “in-water’” weighing. 
Not shown: glass cylinder in which apparatus 
floats in water. From Kobell (1864, p. 115). 


GEMS & GEMOLOGY Fall 1986 163 


Figure 8. folly balance, still much used for rough 
determinations of specific gravity of large gems or 
mineral specimens. Courtesy of Eberbach 
Corporation, Ann Arbor, MI. 


Sonstadt’s or Thoulet’s solution, first proposed by 
Sonstadt in 1874. The usefulness and convenience 
of anumber of heavy liquids is counterbalanced by 
their noxious or even actively poisonous proper- 
ties. However, the discovery of methylene iodide, 
a relatively safe compound, and its use in petro- 
graphy (Brauns, 1886} led also to its adoption for 
testing gems. The first gemological textbook to 
incorporate instructions on the use of heavy 
liquids was that of P. Groth (1887). Much more 
elaborate instructions then appeared in Max 
Bauer’s classic text, Edelsteinkunde (lst edit., 
1896). In the course of time, other liquids besides 
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those mentioned above have been developed and 
are still used in relative safety for the immersion 
method of gem testing. 

For a valuable review of the problems associ- 
ated with suspension separation of minerals in 
heavy liquids, including a large number of ab- 
stracts of pertinent literature, see P. G. H. Boswell 
{1933] and also the large paper by J. D. Sullivan 
(1927). A fascinating account of weighing and the 
use of scales and weights throughout the ages is 
contained in B. Kisch (1965). 

Lastly, it should be mentioned that various 
instruments have been devised to measure the 
volume of water displaced by a solid. A very obvi- 
ous and simple method is to place a specimen in a 
graduated cylinder filled to a certain mark with 
water, and then to note the apparent increase in 
water volume which, of course, gives the volume 
of the immersed object. 


CONCLUSION 


The hydrostatic method of S.G. determination, 
now more than 2,000 years old, is still an excellent 
method for obtaining rapid results without the 
need for possibly dangerous test substances. How- 
ever, its accuracy drops sharply when small 
specimens or cut gems are used, and for the latter 
immersion fluids may prove to be faster and more 
convenient. For extremely accurate determina- 
tions, many investigators still employ some form 
of pycnometer under carefully controlled condi- 
tions in conjunction with a very precise analyti- 
cal balance. 
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NOTES 


“AND: 


NEW TECHNIQUES 


COLOMBAGE-ARA SCHEELITE 


By Mahinda Gunawardene 


Anew deposit of scheelite was discovered in 1983 near 
Ratnapura, Sri Lanka. This article analyzes the gemo- 
logical properties of this rare gem mineral, and com- 
pares them with those recorded for scheelites from 
Mexico and the United States. 


Tn 1983, a new occurrence of gem scheelite was 
discovered near the village of Colombage-Ara, not 
far from the city of Ratnapura, Sri Lanka. The 
author obtained a parcel of faceted stones from a 
Ratnapura dealer who had represented them as 
rock crystal quartz. 

The scheelites examined by the author were 
reportedly found in a small pegmatite vein near 
Colombage-Ara, approximately 80 km south- 
southeast of the city of Ratnapura. Preliminary 
examination with a 10x lens and a diffraction grat- 
ing hand spectroscope helped to identify the 
stones. Since the refractometer failed to provide a 
shadow-edge on the scale, the stones were first 
thought to be zircon, especially as a 10x lens ex- 
hibited double images of the rear facet edges. How- 
ever, the spectroscope revealed a rare-earth spec- 
trum, with lines centered around 584 nm, instead 
of the absorptions typical for zircon. This con- 
firmed the colorless samples to be the first gem 
scheelites discovered in Sri Lanka. 

Scheelite is colorless in its purest state, but the 
allochromatic gem can occur in a wide variety of 
colors, including orange, yellow, green, purple, 
brown, red, and many shades of gray. Few refer- 
ences to this CaWO, mineral are found in the 
gemological literature (see, for example, Webster, 
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1976, and Arem, 1977), although it is a very attrac- 
tive collector’s stone (figure 1]. The physical prop- 
erties of scheelite, such as refractive index and 
specific gravity, are comparatively high, but the 
mineral is soft (4.5—5 on the Mohs scale]. Cuttable 
gem material has been found in the United States 
in California, Arizona, Utah, and Nevada, as well 
as in Mexico, Czechoslovakia, Italy, Switzerland, 
Finland, France, England, Korea, and Australia. 


LOCATION AND OCCURRENCE 


The village of Colombage-Ara lies on the south- 
western edge of the Udawalawe reservoir, approx- 
imately 5 km northeast of the main road between 
Ratnapura and Embilipitiya, in southern Sri 
Lanka. 

Scheelite in rocks of Precambrian age has been 
reported in Colorado and Wyoming by Tweto 
(1960) and Argall {1943}, and is disseminated in 
regionally metamorphosed rocks, mainly in cal- 
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Figure 1. These three scheelites were among the 
first 55 gem scheelites found in Colombage-Ara, 
Sri Lanka. The large one in the upper portion of the 
photo weighs 12.20 ct and the other two, 6.35 and 
7.42 ct, respectively. 


cosilicate gneiss. Similar geologic conditions exist 
in Sri Lanka in Precambrian rocks of the Highland 
series (Munasinghe and Dissanayake, 1981). The 
district surrounding the towns of Colombage-Ara 
and Ratnapura is located in the southern part of the 
metamorphic rock assemblage. 

Approximately 20 kg (44 Ibs.) of scheelite have 
been found at this locality to date. Although most 
of the crystals range from 0.30 to 5.00 ct, stones as 
large as 25 ct have been recovered. 


GEMOLOGICAL PROPERTIES 


Table 1 gives the gemological properties of 10 
scheelites from Sri Lanka, one from California, and 
one from Mexico that were examined for this 
study. 


Visual Appearance. Most of the scheelites from 
Colombage-Ara are colorless. However, a yellow- 
ish hue is visible in a few samples, and grayish 
white stones have (though rarely) been seen. The 
gem scheelites are clean with good transparency. A 
few, especially those that are grayish white, are 
semi-transparent to translucent. 


Refractive Index. Shadow-edge observations on a 
Riplus refractometer indicated that the ranges of 
refractive indices for Sri Lankan scheelites are 
1.920—1.922 and 1.930-1.935. The approximate 
birefringences calculated range from 0.012 to 
0.015. j 

/ 
Specific Gravity. Specific gravity was determined 
on a Mettler electronic carat scale with a hydro- 
static attachment. The Colombage-Ara scheelites 
were found to have specific gravities between 5.94 
and 6.30; the upper limit is considerably higher 
than the upper limits for scheelites from other 
localities (Webster, 1976}. 


Reaction to Ultraviolet Radiation. All of the Sri 
Lankan scheelites tested fluoresced a clear whitish 
or chalky blue when exposed to short-wave ultra- 
violet radiation. The California specimen fluo- 
resced a very strong blue. A yellowish fluorescence 
at one end of the Mexican scheelite masked the 
intensity of the typical whitish blue fluorescence. 
Cannon and Grimaldi (1942) proved that the yel- 
low fluorescence seen in scheelite is often caused 
by the presence of powellite (CaMoO,} molecules. 


Spectroscopic Analysis. The visible-light absorp- 
tion spectra of scheelites from Sri Lanka, Mexico, 


TABLE 1. The physical properties and reactions to ultraviolet radiation of natural scheelites from Sri Lanka, the United 


States, and Mexico. 


Gem locality Color Refractive Specific | Short-wave ultraviolet Long-wave ultraviolet 
(no. of stones) index gravity 
Sri Lanka (8) Colorless 1.920-1.922 5§.94-6.30 Distinct whitish blue Dull oily yellow 
and 
1.930-1.935 
Sri Lanka (1) V. It. yellow 1.921 and 1.933 6.21 Distinct whitish blue Dull oily yellow 
Sri Lanka (1) Grayish white 1.920 and 1.935 6.16 Distinct chalky blue Dull oily yellow 
United States (1) Colorless 1.918 and 1.936 6.15 Very strong blue Dull oily yellow 
(Kern County, California) 
Mexico (1) Canary yellow 1.980 6.11 Distinct whitish blue Indistinct 


(Milopilos, Sonora) 


with yellow rims 
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Figure 2. The absorption spectra as seen with a 
prism-type hand-held spectroscope in scheelites 
from (a) Sri Lanka, (b) California, and (c} Mexico. 


and the United States vary considerably. The ab- 
sorption spectra of some of the stones tested, as 
seen through a prism-type spectroscope, are shown 
in figure 2. The spectrum of a Sri Lankan scheelite 
as recorded on a Pye-Unicam SP8-100 UV-VIS 
spectrophotometer is shown in figure 3. 


Microscopy. The photomicrograph shown in fig- 
ure 4, taken while the stone was immersed in 
methylene iodide, clearly reveals the angular zon- 
ing frequently seen in Sri Lankan scheelites. Wavy 
kaleidoscopic colors were evident when the stone 
was observed with polarized light (figure 5). This 
phenomenon may have been due to internal strain 
in the structure of the Sri Lankan material. During 
this study, 55 scheelites were examined with the 


Figure 4. The angular zoning seen here in a stone 
immersed in methylene iodide is frequently ob- 
served in scheelite from Sri Lanka. Transmitted 
light, magnified 40 x, 
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Figure 3. The spectrum of a Sri Lankan scheelite 
as recorded on a Pye-Unicam SP8-100 UV-VIS 
spectrophotometer. 


microscope; no characteristic mineral inclusions 
were discovered, although many forms of finger- 
print-like liquid inclusions were often visible (fig- 
ure 6). 

California scheelite typically contains distinct 
two-phase inclusions. The yellow scheelite from 
Sonora, Mexico, contained fine fingerprint-like 
liquid inclusions as well as healed “fingerprints.” 


CHEMICAL ANALYSIS 


Chemical data for the 10 Sri Lankan scheelites 
were obtained through energy-dispersive X-ray 
fluorescence (EDXRF}, which revealed the pres- 
ence of tungsten and calcium (see figure 7}. Silica 


Figure 5. This colorless scheelite from Sri Lanka, 
observed with crossed polarizers, displays the 
wavy kaleidoscopic effect often seen in this ma- 
terial. Magnified 50x, 
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Figure 6, Fingerprint-like liquid feathers are often 
seen in Colombage-Ara scheelite from Sri Lanka. 
Dark-field illumination, magnified 32 x. 


was detected in most of the samples studied. A few 
of the Sri Lankan scheelites also contained iron, 
copper, and sulfur. Notably, the light yellow 
scheelites contained iron, which probably con- 
tributes to'their coloration. Under normal operat- 
ing conditions, Sri Lankan scheelite tends to split 
under the electron beam of the microprobe. How- 
ever, patient and careful use of the microprobe 
provided major element percentages of CaO (2.0.22 
wt.%) and WO, (77.78 wt.%}, but minor elements 
(the remaining 2 wt.%] were not recorded. 


SUMMARY AND CONCLUSION 


The first scheelites reported from Sri Lanka have 
been found in a small pegmatite vein near the town 
of Colombage-Ara. Although relatively few stones 
have been found to date, the material is attractive 
and some fairly large pieces (up to 25 ct) have been 
mined. 

The Colombage-Ara scheelites differ from 
stones from California and Mexico in specific grav- 
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Figure 7, Energy-dispersive X-ray fluorescence 
spectrum of a Sri Lankan scheelite. The major 
elemental peaks, calcium (Ca) and tungsten (W), 
have been labeled. 


ity, spectrum, and inclusions. Although this find is 
gemologically interesting, the Precambrian Sri 
Lankan scheelite deposits have not proved to be 
economically important. The small-scale mining 
that produced the stones found to date has now 
come to a virtual halt. 
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Fused AMBER 


The Fall 1983 Gem Trade Lab Notes 
column reported on a necklace of 
beads composed of sizable chunks of 
amber embedded in plastic. Figure 1 
shows a similar necklace that was 
recently submitted to the New York 
laboratory. However, the beads in 
this necklace proved to be made from 
chunks of amber that were somehow 
fused together without the use of any 
identifiable cement or other binder. 
Many of the beads exhibited black, 
irregular inclusions at the contact 
surfaces where the fragments were 
fused together (figure 2). 

These beads were apparently 
manufactured by a process different 
from that used to produce the pressed 
amber that we usually see, a process 
by which pieces of amber are reduced 
to tiny fragments and then pressed 
through a sieve-like apparatus. This 
results in a fairly clear product, but 
one that has a “cream-of-wheat” tex- 
ture when viewed with magnifica- 
tion. In addition, tiny bumps corre- 
sponding to the individual fragments 
are visible on the surface of this ma- 
terial in reflected light. None of the 
beads in the necklace shown in fig- 
ure | had either of these characteris- 
tics. RC 


DIAMOND 


Fanciful Cuts Created by 

Laser Sawing 

Until just a few years ago, diamonds 
were parted by one of two methods: 
cleaving or sawing. Both of these 
methods have specific limitations 
caused by the diamond’s crystalline 
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Figure 1, The beads in this necklace (31 x 26 x 24 mm) appear to be 
composed of chunks of amber that have been fused together. 


structure, which dictates in what 
directions the stones may be cleaved 
or sawed. The somewhat recent in- 
troduction of lasers into diamond 
cutting has provided an effective al- 
ternative. Without applying any 
pressure on the diamond being fash- 
ioned, the laser can part the stone 
regardless of its crystalline structure, 
sometimes much faster and more 
economically than by traditional 
methods. Even problematic dia- 
monds, such as those with knots or 
disoriented internal grains, can be 
laser sawn in virtually any direction. 
In addition, the laser technician can 
cut diamond rough into predeter- 
mined designs without regard to 
orientation. 


Figure 2. Black inclusions of an 
unknown nature occur at the 
contact surfaces of the fused 
fragments in the beads shown 
in figure 1. Magnified 10x. 
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Over the past few years, dia- 
monds have appeared in many ornate 
shapes, such as butterflies, fish, 
horse heads, trees, and flowers (the 
Spring 1986 Gem Trade Lab Notes 
shows a complete alphabet of faceted 
diamonds cut by laser). Generally, 
these fancifully cut diamonds are 
faceted on both crown and pavilion 
surfaces. 

The Los Angeles laboratory re- 
cently had the opportunity to exam- 
ine several interesting fancy-cut di- 
amonds somewhat different from 
those seen previously, including a 
sail boat (12 mm long x 2 mm thick} 
and a tennis racket matched up with 
a baguette diamond for the handle 
{figure 3]. Both were cut from thin 
macles, thereby producing relatively 
large stones from difficult to cut 
pieces of rough. For each item, the 
large parallel faces of the macle were 
first polished flat and the outline of 
the shape cut with a laser. The 
grooves were then cut into the back 
of the piecd,.and facets were placed 
around the edges on both the top and 
the bottom. These diamonds are 
somewhat reminiscent of the “pro- 
file cut” diamonds introduced in 
1961. RK 


Natural-Color Light 

Green Diamonds 

Although the presence of small green 
or brown irradiation stains on the 
surface of light green diamonds (usu- 
ally in or near naturals} does not 
automatically prove that the color is 
natural, it is a strong indication. We 
know of no such stains being pro- 
duced artificially. It is important to 
note, however, that while these irra- 
diation stains are most probably of 
natural origin, they do not prove that 
the “body color” of the diamond is 
entirely of natural origin. Near-col- 
orless or faint green diamonds with 


Editor's Note: The initials at the end of each 
item identify the contribuling editor who 
provided that item. 
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Figure 3. With the technology provided by laser sawing, fanciful cuts 
such as this 12-mm sailboat and tennis racket can be obtained from 
otherwise difficult to cut pieces of rough. 


such stains could be artificially irra- 
diated to darken the color or produce 
a light to dark green color. 

Sometimes the heat of polishing 
will alter the green “skin” color to 
brown. This evidently occurred on 
the stone shown in figure 4, where a 
tiny brown natural irradiation stain 
may be seen at the culet. The stone 
was graded “very light green,” witha 
statement to the effect that the pres- 
ence of an irradiation spot indicates 
natural color. 

Nearly all diamonds cut from 
the green ‘speculative’ rough sold 
by the Diamond Trading Company 
are considered speculative because 
they usually do not remain green 
after being cut; rather, they end up 
being in the near-colorless “G-—H” 
range. The thin green “skin” effec- 
tively masks the true body color. 
Very rarely, one of these stones turns 
out to be faint to light green even if 
all surface evidence of the green skin 
is removed. Since the color is due to 
irradiation and, in most cases, no 
tests exist to distinguish between 
natural and man-induced irradiation, 
stones of this color but without a 
green- or brown-stained natural are 
saddled with a “color origin unde- 
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termined” report. On occasion, the 
laboratory has advised cutters to 
leave a little of the colored surface on 
the finished stone if it is one of the 
rare pieces of green rough that retains 
some of the color after cutting. 
One example of green surface ir- 
radiation staining that left no doubt 
as to the natural origin of the surface 
color is shown in figure 5. The 2.35- 
ct rough crystal was very kindly 
loaned to us for study by a New York 
diamond dealer. It is difficult to 
imagine what conditions within the 


Figure 4, Irradiation stains on 
green diamond rough are 
sometimes altered to brown, as 
seen here, by the heat of polish- 
ing. Magnified 20 x. 
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earth could have caused this dendrit- 
ic surface pattern. The rough would 
probably cut a near-colorless stone, 
although it is hoped that it will not 
be cut, since inits present State itis a 
true phenomenon of nature. RC 


Unusual Inclusion in Diamond 

The same dealer provided us with 
another ‘mind blower’ in the form 
of a sawed diamond crystal fragment. 
Looking through the stone toward 
the sawed area, one can see what ap- 
pears to be a large green crystal in- 
clusion that was obviously the rea- 
son for dividing the diamond at that 
point. However, upon turning the 
piece over, one sees that the “in- 
cluded crystal” is really a negative 
crystal with a green lining (figure 6). 
To add even more to the uniqueness 
of this specimen, inside the green- 
lined negative crystal is a tiny green 
diamond crystal that is completely 
loose within the cavity. RC 


Figure 5, This unusual green 
dendritic irradiation stain was 
observed on the surface of a 
2,35-ct diamond crystal. Mag- 
nified 10x, 


Figure 6. A loose green diamond 
crystal is trapped inside a green 
irradiation-stained cavity in 
this sawed diamond section. 
Magnified 15x. 
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Figure 7. This 20 x6 x 2.5mm 
assembled tablet consists of a 
thin (0.1 mm) layer of green 
jadeite on top of a thicker 

(2.2 -2.3 mm) layer of white 
jadeite, as evident in this 
double-exposure photo. 


Jadeite JADE Doublet 


Figure 7 shows an ova] tablet (20 x 6 
x 2.5 mm) that the Los Angeles lab 
received for identification. Simple 
observation revealed that the tablet 
was assembled. The piece consisted 
of two parts, one extremely thin 
{only 0.1 mm} green layer at the top 
and another much thicker (2.2—2.3 
mm} white layer at the bottom. 
Using high magnification, we noted 
that the layers had been joined by a 
slightly yellowish cement that con- 
tained numerous small gas bubbles 
(figure 8}. The thin top layer was a 
mottled dark green with numerous 
small near-colorless veins (figure 9). 
Visually, this part of the assemblage 
somewhat resembled green chloro- 
melanite. The white bottom portion 
showed a definite crystalline struc- 
ture. We were able to obtain indis- 
tinct R.I. readings (ranging from 1.64 
to 1.74} on the green portion, which 
seemed unusual. When examined 
with a spectroscope in both reflected 
and transmitted light, the green layer 
revealed distinct lines in the red por- 
tion of the spectrum, suggesting that 
it was colored by chromium. Al- 
though the tests indicated that the 
top was probably natural-color 
jadeite jade, we could not positively 
identify both layers with ordinary 


Figure 8, At 63 x magnification, 
the yellowish cement that joins 
the two jadeite layers shown in 
figure 7 is visible. 


Figure 9. The top portion of the 
assembled jadeite piece is a 
mottled green with numerous 
small near-colorless veins. 
Magnified 10x. 


gemological testing methods. There- 
fore, we tested both the green and the 
white portions on the infrared spec- 
trometer. The infrared spectra of 
both portions matched the spectrum 
of jadeite jade. We also scraped a tiny 
amount of powder from each layer 
for X-ray diffraction analysis. The 
diffraction patterns obtained for both 
layers matched that of jadcite jade, 
strongly indicating that both parts of 
the assembled stone were jadeite 
jade. However, at the present time 
we have no explanation for the ap- 
parent variation in the refractive in- 
dices of the green portion. Further 
analysis would be desirable. KH 


Dyed LAPIS LAZULI, 
Difficult to Detect 


The Los Angeles laboratory was re- 
cently asked to determine whether 
or not the lapis lazuli necklace illus- 
trated in figure 10 had been dyed. Ev- 


GEMS & GEMOLOGY Fall 1986 


Figure 10. The dye in these 15-mm lapis lazuli beads could not be de- 
tected on an acetone-soaked swab, but did show when the beads 
were carefully tested with hydrochloric acid. 


idence of dye is most frequently en- 
countered as a concentration of blue 
or purple in the fractured and porous 
areas. This necklace had an unu- 
sually large number of distinctly 
purple areas, which were easily seen 
with the unaided eye. However, 
when the beads were rubbed (first 
lightly and then vigorously} in an in- 
conspicuous area with an acetone- 
soaked cotton swab, no dye appeared 
on the swab. Since lapis lazuli is 
sometimes coated with wax to hide 
dye, conceal a poor polish, or prevent 
dye from staining clothing or stone 
papers {see the Summer 1981 and 
Summer 1986 Gem Trade Lab 
Notes}, we looked for a wax by care- 
ful microscopic examination and 
testing with a hot point. None was 
revealed. 

Several years ago, the laboratory 
examined a dyed blue marble bead 
which when tested with acetone did 
not show any evidence of dye. Haw- 
ever, when that marble bead was 
tested with a solution of 10% hydro- 
chloric acid, a very dark blue stain 
appeared on the cotton swab (see the 
Fall 1982 Gem Trade Lab Notes]. We 
decided to test the lapis necklace 
shown in figure 10 with this method. 
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Using a cotton swab soaked with a 
10% solution of hydrochloric acid, 
we obtained a light bluish purple 
stain. Testing of only the purple 
areas yielded more of a stain than did 
other areas of the beads. Therefore, if 
no evidence of dye is obtained with 
acetone, one should also try the di- 
lute HCI solution before concluding 
that there is no evidence of dye. As 
always when handling acids, use ex- 
treme care with HCl. RK 


PEARLS 


Black Cultured Pearls 

When natural-color black cultured 
pearls from Tahiti and, more rarely, 
from the Philippines and Okinawa, 
first appeared in the trade, the GIA 
Gem Trade Laboratory tested them 
with long-wave ultraviolet radiation. 
By comparing the fluorescence color 
with that of a polished shell from 
Tahiti, we became familiar with the 
characteristic indistinct red-brown 
glow of the natural-color black cul- 
tured pearls. We were also impressed 
with the distinct appearance of these 
cultured pearls in the radiographs. 
We rarely have any difficulty recog- 
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nizing them as cultured since there is 
almost always a clear-cut difference 
between the nacre and the nucleus. 
In fact, they are often divided by a 
black ring that is caused by the 
transparency of the conchiolin layer 
surrounding the nucleus (figure 11). 

In the past year or so, we have 
seen an increasing number of treated 
black cultured pearls. These treated 
black cultured pearls either fluoresce 
slightly greenish (rather than red- 
brown) to long-wave ultraviolet radi- 
ation, or are completely inert. Also, 
necklaces of these treated cultured 
pearls are usually uniform in fluores- 
cence, in contrast to the differing 
tones of their naturally colored coun- 
terparts. The greatest difference be- 
tween the two products is in their 
X-radiographs. Sometimes difficul- 
ties are presented in telling whether 
the treated pearls are cultured or 
natural, since the treatment effec- 
tively masks the contrast between 
the nacre and the nucleus (figure 12). 
In some necklaces, not even one 
black ring is visible around a nu- 
cleus. lf a silver-based or other 
metallic dye is used, some of the 
pearls may show an opaque white re- 
versal ring part way around the nu- 
cleus, since the metal deposit does 
not transmit X-rays. RC 


Figure 11. A black ring of 
conchiolin between the nacre 
and the nucleus on this 
X-radiograph identifies these 
natural-color black pearls as 
cultured. 
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Figure 12. In these black cultured pearls, treatment has effectively 
masked the black ring around the nucleus on the X-radiograph. 


Figure 13. By examining the 
damaged area next to the prong 
on this 5-mm black pearl, the 
lab was able to determine that 
the color was natural. 


A Black Natural Pearl with 
Unusual Fluorescence 


A woman's ring set with one round 
undrilled pearl was sent to the Los 
Angeles laboratory foridentification. 
The pearl was rather small (approxi- 
mately 5 mm in diameter}, but had a 
very attractive brownish black color 
with a fairly high luster. Even with- 
out magnification, a small damaged 
area was visible next to one prong 
(figure 13}. Here the top layer was 
gone, exposing part of the conchiolin 
layer and the underlying nacreous 
layer, which appeared to be a deeper 
black and have a higher luster than 
the outer layer. We also noted that 
the outer layer was completely 
transparent. We concluded that the 


174 Gem Trade Lab Notes 


color of this pearl was derived from 
the conchiolin layer rather than from 
any organic pigments in the outer 
layer. It was obvious, therefore, that 
the color was of natural origin and 
not the result of chemical treatment. 
The X-radiograph showed numerous 
concentric layers around a dark cen- 
ter, proving that the pear! was of nat- 
ural origin. However, natural-color 


black pearls usually show a reddish 
brown glow when exposed to long- 
wave U.V. radiation. Therefore, we 
were quite surprised to see that this 
pearl fluoresced a strong yellow. This 
was the first time that we have seen 
this remarkable color fluorescence in 
a natural-color black pearl. KH 


Blue to Gray Saltwater 
Cultured Pearls 


Recently, three 10-mm round gray 
“pearls,” two in earrings and the 
third in a brooch, were submitted to 
the New York laboratory (figure 14) 
along with several pieces that were 
found to contain natural pearls. 
These gray pearls had the appearance 
we have long associated with cul- 
tured pearls, whether natural color, 
dyed, or irradiated. However, we 
were surprised by the X-radiograph, 
which showed that each pearl had an 
opaque center within a shell of 
average-thickness nacre. The owner 
gave us permission to remove the 
pearl from the brooch, which enabled 
us to see by looking down the drill 
hole that the central material was 
white (figure 15) and had superficial 
properties much like those of the 
traditional French pearl cement, in- 


Figure 14. All three of the 12-mm gray cultured pearls in 
this pair of earrings and matching brooch were found to have 
hollow centers filled with some foreign material. 
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cluding the tendency to be slightly 
soluble to our X-ray immersion fluid. 

We are mystified as to how these 
pearls were formed. If they are indeed 
cultured, what was the nucleus and 
how was it removed? As the photo- 
graph indicates, the drill hole 
through which the nucleus would 
have had to have been removed is an 
opening only approximately four 
times the size of a normal drill hole. 
Possibly, the pearls were cultured 
around a plastic bead or some exper- 
imental material, which was later 
dissolved. The coincidence of having 
three nearly identical hollow natural 
pearls is too great to be believed. 

Blue to gray saltwater cultured 
pearls may owe their color to one or 
more of five different factors: {1} pre- 
colored bead nuclei that show 
through a transparent, fairly thin, 
uncolored nacre may be used; {2} 
growth conditions may color the 
nacreous layer, at times so strongly 
that bleaching will not remove the 
color; (3) growth conditions may 
cause an abnormal deposit of dark 
conchiolin around the bead nucleus 
before growth of the nacre begins; (4) 
cultured pearls (usually drilled) may 
be dyed, with the dye commonly 
lodging in the zone around the nu- 
cleus and under the nacre; and (5) 
they may be irradiated, an operation 
that darkens the freshwater shell 
bead nucleus under the colorless 
nacre. 


Figure 15. A white cement-like 
material can be seen in the drill 
hole of one of the cultured 
pearls shown in figure 14. 
Magnified 15 x. 
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Figure 16. The yellowish green color of this 38.47-ct tourmaline is 


very unusual, 


As seen in figure 15, the nacre is 
blue-gray, which indicates that the 
color is either natural or due to dye, 
but it is definitely not caused by ir- 
radiation or by a dark layer of 
conchiolin. As Dr. Kurt Nassau ob- 
served a number of years ago, gamma 
irradiation of saltwater cultured 
pearls darkens only the freshwater 
bead nuclei, not the nacre. Evidently, 
natural saltwater pearls or shell will 
not be affected by irradiation, while 
freshwater shell will be colored, as 
noted by R. T. Liddicoat, Jr. (Gems & 


Gemology, Spring 1967}. RC 


TOURMALINE, Unusual 
Yellowish Green 


An interesting 38.47-ct yellowish 
green faceted tourmaline (figure 16) 
was submitted to the Los Angeles 
laboratory for identification. In ad- 
dition to its intriguing vivid color, 
which until recently had not been 
seen in gem tourmalines, this stone 
gave a birefringence value of 0.028, 
which is well above the maximum 
typically noted for other gem tour- 
malines {0.020}. However, the re- 
fractive index values of 1.621 and 
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Figure 17. The absorption spec- 
trum of the tourmaline shown 
in figure 161s probably due to 
the unusually large amount of 
manganese in this stone. 


1.649 and a specific gravity of 3.13 
are still well within the range for the 
various species of tourmaline. The 
stone is inert to long- and short-wave 
ultraviolet radiation. Viewed with a 
GEM spectroscope unit, the stone 
displayed a cut-off at about 410 nm, a 
strong absorption band from approx- 
imately 418 to 420 nm, and a fainter 
narrow band at approximately 423.5 
nm (figure 17}. These bands are prob- 
ably associated with manganese. The 
stone contained liquid- and gas-filled 
inclusions typical of many tourma- 
lines (figure 18). 

Chemical data from electron 
microprobe analysis of four separate 
spots on the stone revealed an unu- 
sually high level of manganese (9.2 
wt.% MnO). Otherwise, the results 
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Figure 18. Two-phase, liquid 

and gas, inclusions similar to 
those found in many other 
tourmalines were observed in 

the stone shown in figure 17. 
Transmitted light, magnified 25 x. 


are consistent with published tour- 
maline analyses. 

We do not know the exact origin 
of this particular gem tourmaline, 
but we have seen some material, 
vaguely reminiscent in color as well 
as in physical and optical properties, 
that originated from pegmatite 
localities along the Luangwa River 
Valley between Kafue and Chirundi, 
in Zambia. The partial resemblance 
to the faceted stone described here 
leads us to believe that it is of Zam- 
bian origin. 

Although some gem tourmaline 
from Zambia is heat treated to 
change or improve the color (see fig- 
ure 19), we are convinced that this 
stone was not heat treated because of 
the absence of any obvious damage to 
the numerous liquid-gas inclusions 
(again, see figure 18}. 

In most green tourmaline, the 
dominant coloring agent is thought 
to be iron. However, Schmetzer and 
Bank (Neues Jahrbuch fur Min- 
cralogie Monatshefte, 1984, pp. 
61-69} suggested that the spectral 
features of the yellow to yellowish 
brown or greenish yellow Zambian 
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Figure 19. Reddish brown Zambian tourmalines (left) are often 
heated to produce a yellowish green color (right). 


Figure 20. K. Schmetzer and H, 
Bank found an unusually high 
weight percentage of manga- 
nese in the greenish yellow 
Zambian tourmatines that they 
studied, which are similar in 
color to the stone shown here. 


tourmalines that they studied (see 
figure 20) may have involved manga- 
nese. Tourmalines in general contain 
no more than a few weight percent- 
ages of MnO, but Schmetzer and 
Bank reported 6.37 —6.80 wt.% MnO 
in the Zambian tourmalines they 
studied. 

In 1929, Kunitz (Chemie der 
Erde, pp. 208-251} proposed the 
name “‘tsilaisite” for a hypothetical 
new end member of the tourmaline 
group, with an ideal chemical for- 
mula requiring about 20 wt.% MnO. 
However, “tsilaisite’’ is not yet offi- 
cially recognized by mineralogists 
because no natural material has been 


found that is at least half composed 
of the “tsilaisite’”’ component, which 
would require more than 10.7 wt.% 
MnO. Pure “tsilaisite’’ has report- 
edly been produced in the laboratory, 
and provides measurable physical 
and optical properties. The stone we 
examined, with its high manganese 
content, exhibits properties even 
more like those of the man-made 
“tsilaisite’ than does the material 
studied by Schmetzer and Bank, and 
is closer chemically to hypothetical 
“tsilaisite” than any other tourma- 
line reported thus far. If gem “tsilais- 
ite’ were at some point discovered, it 
would be distinguishable from gem 
elbaites by its higher refractive indi- 
ces, birefringence, and specific grav- 
ity. A more detailed discussion of 
this stone is scheduled to appear in 
an upcoming issue of the American 
Mineralogist. RK 
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DYED LAPIS LAZULI 


I read with great interest the Gem Trade Laboratory’s 
experiences with dyed lapis lazuli (Gem Trade Lab 
Notes, Spring 1986, p. 49}. I too have had some experi- 
ence with this material and would like to share the 
following with you. 

For several years we have manufactured a reproduc- 
tion of a necklace that the Metropolitan Museum of Art 
has in its collection. One of the components is a 
specially cut series of lapis beads. We knew that the 
material we received from oriental suppliers had been 
dyed, but unlike samples received from Europe, this dye 
did not respond to the usual acetone swab test. Indeed, 
these beads. were soaked in acetone and no change was 
seen in the color of the bead or in the acetone solution 
itself, 

Customer complaints about blue stains on clothing 
and skin prompted further tests. Although the dye was 
impervious to acetone, it readily dissolved in denatured 
alcohol {a major component in most colognes and 
perfumes}. 

We now “wash” all lapis coming into our studio. 
Concentrations of the dye tend to accumulate in and 
around the holes of the beads. The color removed does 
not seem to change the overall appearance of the bead, 
and this washing process has eliminated customer 
complaints. 


Frederick Elessar Borgardt 
Manager, Reproduction Studio 
Metropolitan Museum of Art, NY 


“WHEN I USE A WORD...” 
THE “SYNTHETIC” CONTROVERSY 


In his letter to Gems & Gemology (Summer 1986, p. 
107), Dr. W. W. Hanneman objects to the use of the word 
synthetic as an abbreviation for synthetic gemstone. He 
also uses the term synthetic as synonymous with any 
man-made substance, despite a long gemological (and 
gemmological} tradition of using such a designation only 
for the man-made equivalents of a natural material. 
Some gem synthesizers have also recently stated their 
desire to replace synthetic with cultured. 


Editorial Forum 


One needs to recall a passage from Lewis Carroll’s 
Through the Looking Glass: 


“When J use a word,” Humpty Dumpty said 
. “it means just what I choose it to mean— 
neither more nor less.” 
“The question is,” said Alice, “whether you can 
make words mean so many different things.” 
“The question is,” said Humpty Dumpty, 
“which is to be master— that’s all.” 


Dictionaries do not control the use of words. A 
dictionary definition is no more than a report on how a 
word has been used. in the past and is currently being 
used, usually with a considerable time delay. Specialized 
technological terms may not reach even major dictio- 
naries for decades. 

Words frequently have several distinct meanings, 
some general and some used only by certain specialists. 
For example, the term dichroism is well known to every 
gemologist as a change in color with orientation, partic- 
ularly in polarized light. Yet chemists use the same word 
to describe a change in color, e.g., of an organic dye 
solution, with either concentration or thickness—a 
completely different meaning. The term impulse has a 
specific quantitative meaning in mechanics, quite dis- 
tinct from the nontechnical meaning. The term cul- 
tured is applied to microorganisms, to education and, in 
a specialist’s sense, to pearls. And so on. Such unex- 
pected specialized meanings are included in some dic- 
tionaries but not in others. 

The adjectival use of synthetic as in synthetic 
gemstone material, etc. (and its occasional abbreviation 
as anoun form} has been employed widely in gemology 
with the consistent meaning of man-made equivalent of 
the natural (see, for example, the gemology texts by 
Anderson, Liddicoat, Nassau, and Webster, among 
others}. Synthetics are thus contrasted to imitations, 
pastes, fakes, simulants, and so on. While this may seem 
confusing to the novice, any specialist knowledgeable in 
this field readily understands the intended meaning, 
without any danger of confusion. There does not seem to 
be any urgent need for a change. 


Kurt Nassau, Ph.D. 
Bernardsville, NJ 
Continued on p. 179 
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PHOTOATLAS OF 
INCLUSIONS IN 


GEMSTONES 

By Edward J. Giibelin and John I. 
Koivula, 532 pp., illus., publ. by ABC 
Edition, Zurich, Switzerland, 1986. 
US$175,.00* 


Surely the name most often associ- 
ated with the use of inclusions for 
gem identification, and as a guide to 
the paragenesis of gems and gem 
materials, is that of Edward J. Gi- 
belin. Working with him on the prep- 
aration of this monumental photo- 
atlas is John I. Koivula, a remarkably 
gifted gem inclusion specialist 
and award-winning photomicrogra- 
pher. The combined efforts of these 
two authors and scientists has re- 
sulted in a book that is sure to 
become a classic in the gemological 
literature. 

Both authors have impressive 
gemological backgrounds. Dr. Gi- 
belin, of Meggen, Switzerland, was 
the first person to introduce a sys- 
tematic classification of gemstone 
inclusions. During the course of his 
career, he has published more than 
150 papers and five books on gemol- 
ogy, and has designed instruments 
and accessories to improve micros- 
copy. As a specialist in gemstone 
microscopy, Mr. Koivula has devel- 
oped several new illumination tech- 
niques, including pinpoint illumi- 
nation and shadowing. His photo- 
micrograph of a gemstone inclusion 
captured first place in the 1984 
Nikon International Small World 
Competition. In addition to his edi- 
torial responsibilities with Gems & 
Gemology, he has published more 
than 50 articles in various gemologi- 
cal publications and contributed to 
several books. 

The new Photoatlas has more 
than five times as many color plates 
as Dr. Gibelin’s 1974 classic, Inter- 
nal World of Gemstones. There are 
some other interesting departures 
from Internal World as well. The 
Photoatlas is divided into six parts. 
The introduction discusses the im- 
portance and beauty of inclusions, as 
well as the procedures of microscopy 
and photomicrography. Part two is a 
pleasant surprise since, in addition 
to the information on the genesis of 
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Book Reviews 


BOOK 
REVIEWS 


[ Jeffrey M. Burbank, Editor 


mineral inclusions in gems, it also 
contains three essays: one by Dr. 
Edwin Roedder on the origin of fluid 
inclusions, the second by Dr. Henry 
Meyer on the genesis of diamond and 
its inclusions, and a third by Pro- 
fessor Dr. H. A. Stalder on the forma- 
tion of quartz and its inclusions. Part 
three covers specific mineral, fluid, 
and glass (remnants of silicate melts 
that never crystallized) inclusions as 
well as multiple inclusion “scenes.” 
Part four discusses various minerals 
and their inclusions, and part five 
presents inclusions found in man- 
made materials. The final section 
summarizes the work. 

The authors are not given to 
verbosity, but Dr. Giibelin can be 
positively lyrical in English, which 
is not his native language. However, 
the 1440 magnificent photomicro- 
graphs speak for themselves, Beau- 
tifully reproduced and accompanied 
by interesting, concise captions, they 
provide the most thorough coverage 
of the subject ever accomplished. 

Perhaps to prove a reviewer's 
objectivity, 1 am constrained to find 
something to criticize. It is exceed- 
ingly difficult in this instance, but 
on page 76 there are two photos of a 
three-phase inclusion in which a 
cube of halite is photographed in 
different positions in a liquid- and 
gas-filled cavity. The caption reads, 
in part: “Note how the gas bubbles 
stand out from its background in 
strong relief thanks to its much 
higher refractive index.” This must, 
indeed, be a rare gas. 

This book is not only beautiful 
(it contains roughly 13,000 square 
inches of color photographs), but it 
also provides a wealth of valuable 
information on a subject of vital 
importance to gemologists. If one 
can conceive of a book with a 


$175.00 price tag as a great bargain, 
this is it. 
RICHARD T. LIDDICOAT, JR. 


Chairman of the Board 
GIA— Santa Monica 


PEARLS: NATURAL, 
CULTURED AND 
IMITATION 


By Alexander E. Farn, 150 pp,, illus., 
publ. by Butterworth & Co., London, 
1986, US$29.95* 


This book is part of the new Butter- 
worth Gem Books series, which is 
aimed at providing in-depth informa- 
tion on particular gems rather than 
surveying many or all types of gem 
materials under one cover. The idea 
has merit, but its execution in this 
book is lacking in several important 
ways. 

At first glance, the book has all 
the ingredients for a first-class work. 
The author, a former director of the 
London Chamber of Commerce Lab- 
oratory, has had gem-testing experi- 
ence that comes to only a few. The 
subject matter is of great interest 
because of the current popularity of 
cultured pearls, and because new 
books about pearls are few and far 
between — the last great one was The 
Book of the Pearl, by Kunz and Ste- 
venson, published in 1908. 

Even today, pearls are much mis- 
understood, and up-to-date informa- 
tion and research are sadly lacking. 
Much of our recent information 
about natural and cultured pearls has 
come from pearl growers, processors, 
and dealers, which is a clear case of 
the fox guarding the hens. For exam- 
ple, the Japanese cultured-pearl in- 
dustry, until very recently, has been 
reluctant to admit that today, about 
80% of its saltwater cultured pearls 
are harvested after one or at most 
two growing seasons (approximately 
eight to 20 months}, rather than the 
three- to four-year period commonly 
accepted as fact. Similarly, the Japa- 
nese have been loath to explain the 
extent of the processing and treat- 


“This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404, 
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ments to which most cultured pearls 
are subjected. The need for fresh 
information about pearls is clear. 

This book endeavors to cover 
most aspects of pearls, cultured 
pearls, and imitation pearls, and in- 
cludes a brief gemological descrip- 
tion, a chapter on the origin of pearls, 
avery brief historical perspective, an 
anatomy of the pearl oyster, a discus- 
sion of the sources of natural pearls, a 
chapter on cultured pearls, the tech- 
niques of pearl identification, a dis- 
cussion of imitation pearls, natural- 
pearl pricing methods, and a final 
chapter entitled “A Pearl Pot-pourri,” 
which includes small tidbits of 
“pearlobilia” that wouldn't fit any- 
where else. Included also are a short 
glossary, a reading list, references, 
and an index. 

The author effectively works to 
clarify and distinguish the differ- 
ences between the various types of 
pearls and cultured pearls. Although 
the point has been made many times 
before, he emphasizes the fact that 
the term pear] should only be applied 
to natural pearls, of either saltwater 
or freshwater origin, and that cul- 
tured pearls should always be desig- 
nated as such. This is an important 
distinction not always made in com- 
merce. 

The second chapter, on the on1- 
gin of pearls, takes the reader back to 
the earliest ideas about pearl forma- 
tion (e.g., myth of dew-formed 
pearls}, and then carefully traces the 
evolution of modern thought on 
pearls which arrives at the conclu- 
sion, scientifically derived, that 


most pearls are induced by parasitic 
infestation of the mollusk and rarely, 
if ever, by a grain of sand. While this 
idea is probably correct when applied 
to the saltwater pearl, certainly as 
opposed to the grain-of-sand myth, it 
should be noted that pearls, espe- 
cially freshwater pearls, are often 
nucleated by calcareous objects, in 
the form of shell bits or shell-bearing 
parasitic mollusks. 

The author also does a good job 
of presenting the techniques used in 
pearl identification, and proceeds 
from the simplest to the more ad- 
vanced. His information is good, al- 
though a general reader might have 
difficulty following his explanation 
of the fine points and nuances of 
modern methods of pearl testing. A 
table showing the strengths and 
weaknesses of each method, vis-a-vis 
the various types of pearls and cul- 
tured pearls, would have been help- 
ful. The table showing the number of 
pearls and cultured pearls tested at 
the London Laboratory from 1926 to 
1984 is new information and very 
interesting. Notably, the author 
points out the difficulty in using 
available techniques to test some of 
the newer cultured pearls, especially 
mantle-tissue nucleated cultured 
pearls produced in saltwater, and 
calls for ongoing research in this 
field. 

The book could have been much 
better in its overall execution; I came 
away with the impression that it was 
rather hurriedly put together. It suf- 
fers from a so-so editing job: the 
author’s writing style, erudite in 


tone, is often rambling and hard to 
follow. The editor should have helped 
to organize and present the informa- 
tion more effectively, so that the 
book would lend itself to reference. 

Although the book has a good 
number of photographs, maps, line 
drawings, and tables, many of these 
are not especially well done, and do 
not add much. The photos of radio- 
graphs, intended to show the features 
which identify pearls and cultured 
pearls, are in most instances not 
sharp enough to reveal these charac- 
teristics. 

Finally, while the author does 
achieve his stated objectives of dis- 
tinguishing between the various 
types of pearls and cultured pearls 
and of explaining the history and 
technique of the pearl-identification 
practices used at the London Labora- 
tory, he falls short of the broader goal 
of providing a useful source of infor- 
mation for both the public and the 
jewelry trade. His obvious forte is 
pearl identification, especially of ori- 
ental pearls, but the information he 
provides about cultured pearls in 
general and freshwater pearls in par- 
ticular, both natural and cultured, is 
often out of date or incorrect. Al- 
though the book is truly a noble 
effort by a respected author, at a time 
when our knowledge about pearls 
and cultured pearls is still plagued by 
myths, half-truths, and noninforma- 
tion, the work does little to break 
new ground. 

JAMES L. SWEANEY, G.G 


Mardon Jewelers 
Riverside, CA 


Continued from p. 177 
MORE ON “SYNTHETIC” 


I would like to comment on the letter from W. W. 
Hanneman in your Summer 1986 issue. 

Synthetic is acceptable on two grounds: (1) often in 
the usage of the English language, the noun is inferred, 
and the adjective only expressed; (2) I know of no 


And, if Dr. Hanneman is going to be pedantic, the 
terms borate and silicate indicate a chemical formula, 
not a “defined crystal structure.” The possible crystal 


structure may be inferred from the formula, but equally, 


many substances with a chemical formula can also exist 


dictionary that covers the specialized usage in every 
field of science, arts, sports, etc. A synthetic is a term 
perfectly understood by all gemologists, and widely 


defined in all gemological literature. 


Book Reviews 
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in an amorphous form, Australia’s best-known precious 
stone — opal—has the formula SiO,‘nH,0 and is amor- 
phous; chalcedony, with the same formula, is not. 


W. H. Hicks, FGAA 
Editor, Australian Gemmologist 
South Yarra, Victoria, Australia 
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COLORED STONES AND ORGANIC 
MATERIALS 


Bowesite—a new lapidary material from Australia. 
S. M.B. Kelly, Australian Gemmologist, Vol. 16, No. 
1, 1986, pp. 5-8. 
The author reports on a new ornamental gemstone 
found near the town of Cracow in Queensland, Austral- 
ia. Dubbed “bowesite,” the material contains widely 
varying amounts of diopside, epidote, grossularite gar- 
net, actinolite, andesine feldspar, quartz, sphene, cal- 
cite, and an iron oxide {probably magnetite). 
The gemological properties of “bowesite” are as 
follows: color = green, from light to very dark {almost 


This section ts designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that 
we include only those articles that wilf be of greatest interest to our 
readership. 


Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their fulf 
names. 
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black), occasionally streaked or mottled with green and 
white; luster = vitreous on polished surfaces, dull to 
subvitreous on rough surfaces; diaphaneity = opaque; 
fracture = uneven to hackly; cleavage = none; refrac- 
tive index = 1.57; specific gravity = 2.78-3.10, the 
higher values for darker-colored material; spectra, 
pleochroism, and fluorescence to ultraviolet radiation = 

none. 
This material is currently being used for carving. 
RCK 


Emeralds, H. de Santana, City # Country Home, Vol. 5, 
No. 3, 1985 pp. 112-122. 


Aimed primarily at more knowledgeable consumers, 
this article is meant to be a “primer” on emeralds. It 
flows through emerald folklore, history, and gemology, 
and concludes with a few cautionary tips on how and 
where to buy emeralds and what to look out for in 
emerald fakes, treatments, and synthetics. 

Although most of the information should be famil- 
iar to the jeweler/gemologist, de Santana does present 
several interesting nuggets. For example, he reveals how 
the Spanish traded their glut of newly discovered Co- 
lombian emeralds to the Moghul princes of India, who 
were eventually robbed of their treasures by the Per- 
sians. In this way, many spectacular Colombian emer- 
alds were incorporated into the crown jewels of Iran and 
the coffers of other Middle Eastern countries. 
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Color photos of magnificient emerald crystals and 
jewelry accompany the text. SAT 


Les gemmes en lumiére (Gems in light). C. da Cunha 
and A. da Cunha, Monde et Mineraux, No. 73, 
1986, pp. 27-29. 


In this second in a series of articles that uses diverse 
specific examples to educate about gemology, the au- 
thors discuss three stones: a color-change sapphire, a 
sinhalite mistaken for a zircon, and, most interestingly, 
a blue sapphire from Ceylon that contains a new type of 
inclusion. When viewed with 40x magnification, the 
inclusion resembles the pattern seen in nylon hosiery 
(with one run!), This striking new feature is illustrated 
by a color photograph. Although this is the only stone in 
which the authors have seen such a pattern, they 
speculate that this may be a characteristic inclusion of a 
natural stone. EF 


Irradiated gems: why the color comes and goes. K. 
Nassau, Jewelers’ Circular-Keystone, Vol. 157, No. 
7, 1986, pp. 294-299, 


In this article, Dr. Nassau clarifies how the irradiation 
process relates to color changes in certain gemstones. 
The reason behind these color changes is color centers, a 
concept that Dr. Nassau simplifies well for the reader. 
Because color centers vary in strength from one material 
to another, irtadiation-produced color is stable in some 
gemstones and not stable in others. The author then 
explains how different types of irradiation produce 
different results. The two major irradiation processes are 
discussed, with disadvantages and advantages of each 
process. 

The first process uses either X-rays or gamma rays. 
Gamma-ray facilities produce uniform coloration with- 
out generating any significant heat or other hazard, such 
as radioactivity. X-rays behave much like gamma rays, 
but they produce color less uniformly and more slowly. 
The second major process involves high-energy elec- 
trons or neutrons. High-energy electrons are produced in 
linear accelerators by means of a process that consumes 
considerable electricity and can produce intense lo- 
calized heating. Flowing cold water is needed to keep the 
gemstones from melting. Neutrons in a nuclear reactor 
produce uniform color without localized heating. Both 
electrons and neutrons can induce radioactivity, so 
gemstones may need to “cool off.” 

The author also explains how to tell whether a color 
produced by irradiation is stable or will fade. A section 
on the materials that are commonly irradiated is includ- 
ed, along with a convenient table summarizing the 
treatments and their stability. The article is well written 
and easy to understand. David C. LeRose 


Isomorpher Einbau von Eisen und Titan zur Erklarung 
der blauen Farbe von Rutil- und Spinell-haltigen 
seidig weifsen Korunden nach einer Wirm- 
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ebehandlung (Solid solution of iron and titanium 
for explaining the blue colour of rutile- and 
spinel-containing silky-milky corundum after heat 
treatment.) H. Harder and A. Schneider, Neues 
Jahrbuch ftir Mineralogie Monatshefte, No. 5, 1986, 
pp. 209-218. 


The treatment of gemstones, especially corundum, has 
become a growing concern to the trade in recent years. 
The authors report that heat treatment to produce blue 
sapphires is usually undertaken on nontransparent, 
heavily included grayish corundum from Sri Lanka. The 
blue color appears during heating, along with a striking 
improvement in transparency. However, clear sapphires 
seem to lose their color by the same process. This is 
related to dissolution of rutile needles in the corundum 
matrix at temperatures above 1550°C. 

The origin of the blue color in natural sapphires has 
previously been attributed primarily to intervalence 
charge transfer between Fe2*+ and Fe?+, although we 
know that the blue in synthetic sapphires is due mainly 
to Fe?+—Ti4+ charge transfer. To understand the origin 
of the heat-induced color, the authors investigated iron- 
bearing inclusions in a sapphire from Sri Lanka with an 
electron microprobe. Rutile needles were observed 
which were found to contain up to 30% iron in both 
valence states. An Fe- and Mn-rich phase, probably 
spinel, was also found. The corundum contains 0.1% 
FeO and 0.005% TiOg. 

After a 30-minute treatment at 1600°C, the co- 
rundum was found to contain about the same percentage 
of iron oxide but 0.17% TiO,, a 30-fold increase. 
Titanium in lower concentrations was found in the 
vicinity of former rutile inclusions. This clearly demon- 
strates that rutile inclusions are dissolved and titanium 
diffused away during the heating process. Iron appears to 
be mobile as well, but it reappears in the form of other 
types of inclusions (such as magnetite] on cooling, and 
does not remain diluted in the corundum host. The 
magnesium is not mobile. 

Unfortunately, an optical absorption spectrum is 
not available. However, it is hypothesized that the 
increase in available diluted titanium after heat treat- 
ment is responsible for the blue coloration. Therefore, 
this is an example of a Fe?+—Ti4+ charge transfer. EF 


On the origin of blue sapphire from Elahera, Sri Lanka. 
G. Heilmann and U. Henn, Australian Gemmolo- 
gist, Vol. 16, No. 1, 1986, pp. 2-4. 


In this report on light blue sapphire found near Elahera 
in the Central Province of Sri Lanka, the authors 
describe the geology of Sri Lanka and the Elahera area 
specifically, and then present chemical data from elec- 
tron microprobe analyses of the samples studied. These 
data show color-causing iron and titanium contents 
comparable to those of sapphires from other Sri Lankan 
sources, 

Examination of the sapphires with a microscope 
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revealed the following: feathers consisting of elongated 
liquid-filled and two-phase inclusions, oriented rutile 
needles, rounded zircon crystals with pleochroic halos, 
prismatic apatite crystals, and platelets of biotite mica 
that show areas of severe corrosion. Based on the nature 
of the mica inclusions, the authors conclude that the 
sapphires originated from garnet-bearing gneisses that 
form the ridges bordering the gem pits. RCK 


Possibilities and limitations in radiographic deter- 
mination of pearls. I. Lorenz and K. Schmetzer, 
Journal of Gemmology, Vol. 20, No. 2, 1986, pp. 
114-123. 

In the introduction, the authors briefly cover the investi- 
gations of other authors who have previously worked on 
the different methods of identification of pearls, fresh- or 
saltwater, natural or cultured. An outline of the experi- 
mental details used in this project is then given, includ- 
ing a list of the number of necklaces or individual pearls 
the authors tested and the testing parameters for each 
different method. 

Results of the X-radiographs, X-ray diffraction 
(Laué) patterns, and X-ray luminescence are discussed 
and combined in capsule form in a table. However, there 
appears to be an error in the table, where the authors 
state that there is a radio-opaque bead in the center of 
bead-nucleated cultured pearls. Beads used for nuclei are 
usually made out of freshwater shell, which is translu- 
cent to X-rays, not opaque. While the beads are not as 
transparent to X-rays as conchiolin is, they are far from 
opaque, and are actually very slightly less transparent to 
X-rays than is saltwater nacre. 

In their discussion of the various X-ray testing 
methods, the authors point out what they feel are the 
advantages and disadvantages of each test. They con- 
clude by giving a schematic diagram which proposes a 
plan to determine the identity of a pearl of unknown 
origin. C. W Fryer 


Rare among rare. J. C. Zeitner, Lapidary Journal, Vol. 39, 
No. 12, 1986, pp. 26-34. 
This article capsulizes the properties, history, and some 
interesting facts about the more unusual gems of Asia. 
The author has classified these gems as rare using as her 
criterion the fact that only a few specimens are known 
(such as painite], or that the material isa rare variety of a 
more common species {such as imperial jadeite), Not 
only does the author discuss gems that have been used 
for centuries (despite their rarity], such as cat’s-eye 
chrysoberyl and “padparadscha” sapphire, but she also 
describes the more recent discoveries of painite and 
taaffeite. Included in the article is a spectacular multi- 
star variety of quartz found in Sri Lanka~—as many as 16 
stars have been observed on one gem. Another stone 
discovered in Sri Lanka, cat’s-eye zircon, has an unusual 
chatoyant eye caused not by rutile but by tightly packed 
bands of mineral flakes, which are visible under magnifi- 
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cation. Other gems mentioned in this article include 
kornerupine, sinhalite, manganotantalite, alexandrite, 
sapphirine, demantoid, cassiterite, iolite, and triphane 
spodumene. David C. LeRose 


DIAMONDS 


Famous diamonds of the world (XXIV}: the “Nassak” 
diamond. I. Balfour, Indiaqua, Vol. 42, No. 3, 1985, 
pp. 133-135. 


According to Balfour, a 90-ct stone known as the Nassak 
originally graced a statue of the god Shiva that stood ina 
Hindu temple in the town of Nasik, India. When the 
British defeated the last Indian Peshwa in 1818, the stone 
came into the possession of the Marquess of Hastings, 
who in turn presented it to the East India Company. 
They handed the precious stone over to the firm of 
Rundell and Bridge, who had the awkwardly cut stone 
recut for greater brilliance with only a 10% weight loss. 

In 1831, Emanual Brothers bought the Nassak for 
only £7,200 (the low figure has been attributed to the 
depressed financial conditions during that period). In 
1837, the Nassak was sold at auction (along with the 
Arcot and King George diamonds) to the first Marquess 
of Westminster, and it remained in the family until 1926 
when it was sold to Georges Mauboussin, a Paris jeweler. 
Subsequently, the Nassak was purchased by Harry 
Winston, Inc., of New York, who had it recut to its 
present 43.38 ct. The stone went through the hands of 
three more owners until 1977, when it was sold to the 
King of Saudi Arabia, SAT 


Latter-day origin of diamonds of eclogitic paragenesis. 
S. H. Richardson, Nature, Vol. 322, No. 6080, 1986, 
pp. 623-626. 


Mineral inclusions of syngenetic origin in diamonds 
{inclusions that formed contemporaneously with the 
diamond) provide a means of determining the conditions 
of diamond formation. The mineral inclusions in dia- 
mond fall into two groups: {1} a group consisting of 
olivine, orthopyroxene, and chrome pyrope, referred to 
as the “peridotitic” paragenesis, and (2) a group contain- 
ing pyrope-almandine and omphacitic clinopyroxene, 
known as the “eclogitic” paragenesis. Inclusions of both 
groups can be age dated by any of several isotope dating 
methods. Using samarium-neodymium isotope ratios, 
diamonds of the peridotitic paragenesis from the Kim- 
berley and Finsch kimberlites in southern Africa were 
dated at approximately 3.3 billion years. In contrast, 
diamonds of the eclogitic paragenesis, which predomi- 
nate at the Premier kimberlite in southern Africa and 
the Argyle lamproite in northwestern Australia, have 
much younger ages of 1.1—1.2 billion years. Thus, the 
diamonds in the latter group represent a second, genet- 
ically distinct origin as compared to the much more 
ancient group of diamonds with “peridotitic” inclusions. 
The origin of diamonds in the second group is related in 
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time and space to periods of kimberlite or lamproite 
magmatism. JES 


The rarest gem. D. Kaye, Town #& Country, Vol. 140, No. 
5073, 1986, pp. 184-139, and 177. 


Fancy colored diamonds, which are among the rarest of 
all gemstones, have never before enjoyed such popu- 
larity and awareness as they do today. In the case of 
natural-color diamonds, the increased awareness of their 
breathtaking beauty and rarity has created unprece- 
dented demand and unparalleled prices. 

The author presents a lively story of today’s colored 
diamond market, reflecting on the experiences and 
personal opinions of several dealers and collectors who 
specialize in these spectacular gems. 

A brief explanation of the chemical make-up of 
diamonds acquaints the reader with the cause of color in 
these stones. The artificial coloring of diamonds by 
atomic bombardment is also mentioned. A brief account 
of yellow, pink, blue, and brown diamonds familiarizes 
the reader with historical notes, mining locations, and 
descriptive terms associated with these color varieties. 

A discussion based on several interviews with 
dealers and gemologists regarding the judgment of color 
in these gems concludes that color discrimination is a 
difficult process that requires years of experience to 
develop. Current grading practices are also discussed, 
and their strengths and weaknesses identified. 

Despite a few minor errors and omissions, the 
article is very interesting reading. It is well illustrated 
with 20 color photographs of colored diamonds set in a 
spectacular array of jewelry pieces. SCH 


Rise in output: mining the same but officially reporting 

more. J. Roux, Jewellery News Asia, No. 19, 1986, 

pp. 39-47. 

It is difficult at best to compile figures for world 
production of diamond rough. In some countries these 
statistics are unobtainable, and in others the activities 
of illicit miners and smugglers make accuracy impossi- 
ble. Nevertheless, using statistics from the United States 
Bureau of Mines and the Mining Annual Review, Mr. 
Roux presents as detailed an analysis of the current 
diamond production as possible. 

The report, broken down by continent, country, 
and, where applicable, individual mines, lists the output 
of diamond rough for 1983 and 1984, and the reasons for 
increases or decreases in each case. For example, in 
Botswana, a better grade of ore {where grade equals the 
number of carats obtained from 100 tons of ore} is 
responsible for the increase in production from the 
Jwaneng mine. In Angola, the war between the UNITA 
rebels and the existing Angolan government plus the 
high incidence of diamond smuggling are responsible for 
the drop in production. 

Essentially, production increased in Botswana, the 
Central African Republic, Guinea, and Zaire; it de- 
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creased in Australia, Angola, South Africa, Liberia, and 
Namibia. Production figures for South America, the 
People’s Republic of China, the USSR, and a few other 
countries are only estimates due to the difficulties in 
obtaining reliable information. 

The author’s comprehensive style, augmented by 
graphs, makes this a fine overview of an important 
subject. EBM 


GEM LOCALITIES 


A bibliography of general mineral locality publica- 
tions for the United States and Canada. R. D. 
Titamgim, Rocks & Minerals, Vol. 61, No. 4, 1986, 
pp. 203-209. 

The gem and mineral collector can make his field trips 

much more rewarding by finding reference to locations 

that have already produced the minerals that interest 
him. Here Titamgim discusses how to research lo- 
calities through the literature. An annotated bibliogra- 
phy of publications that describe gem and mineral 
localities in the United States and Canada (listed by 
state or province in’addition to general references) is the 
focal point of the article. Many of these publications in 
turn include bibliographies that will provide additional 
sources of information. Barton C. Curren 


Locating gem deposits by computer. M. O’Donoghue, 
Journal of Gemmology, Vol. 20, No. 2, 1986, pp. 
87-90. 

O'Donoghue presents an excellent introduction on how 

computer-searchable databases can aid the gemologist 

in locating gem-locality information. He begins with a 

review of the printed sources of information on gem 

deposits, commenting briefly on geologic maps. Then he 
turns his attention to strategies for computer searches in 
two earth science bibliographic databases: GEOREF and 

GEOARCHIVE. 

Performing computer searches is like mastering a 
new language, with a new vocabulary to learn and new 
tules to follow. O’Donoghue points out some of the most 
essential of these rules, including spelling, truncation, 
and Boolean logic, as he discusses specific gem localities 
such as the ruby mines in Mogok, Burma. By carefully 
studying this article, the reader can learn some of the 
difficulties encountered in doing computer searches. 

O'Donoghue concludes his article with two of the 
most challenging variables, geographical coordinates 
and chemical data. It is important to emphasize a 
caution the author touches on early in the article: 
Databases can be expensive to use. To avoid unnecessary 
costs, one must be well prepared before beginning a 
computer search. A good way to begin is to ask a 
librarian trained in database searching for assistance. 

DMD 
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Peridotites from the Island of Zabargad (St. John), Red 
Sea: petrology and geochemistry. E. Bonatti, G. 
Ottonello, P R. Hamlyn, Journal of Geophysical 
Research, Vol. 91, No. B1, 1986, pp. 559-631. 


The small island of Zabargad, in the Red Sea, has long 
been known as a source of gem-quality olivine, or 
peridot, which occurs in mantle-derived rock known as 
peridotite. Despite the historic notoriety of this island, 
there have been few detailed studies of its geology. This 
article presents results of a recent detailed study of the 
Zabargad peridotites that was undertaken to document 
their geologic features and establish their origin. 
Bodies of peridotites crop out at several locations on 
the island. The peridotites can be divided into three 
groups: {1} a spinel |herzolite containing olivine, ortho- 
pyroxene, clinopyroxene, and spinel; (2) amphibole peri- 
dotites, with some magnesiohornblende in addition to 
the group of minerals mentioned above; and (3) pla- 
gioclase peridotites that contain plagioclase along with 
the other four minerals. Detailed mineralogic and geo- 
chemical data are presented for each rock type. All three 
rock types were derived from peridotitic melts that 
originated in the upper mantle at depths of approx- 
imately 30 km. The melts were probably emplaced from 
the upper mantle into the crust during the development 
of the Red Sea rift zone, in post-Mesozoic time. 
Gem-quality olivine crystals are usually found in 
sizes up to 1 cm, although larger pieces have been mined. 
They are principally found in one area on the south side 
of the island, near a major fault along which a zone of 
alteration of the peridotite has developed. These gemmy 
crystals appear not to have been formed by the same 
process of melt crystallization that resulted in the 
formation of olivine and other minerals of the peridotite. 
Rather, the gem olivines probably crystallized as a result 
of the reaction of a volatile-rich hydrothermal fluid and 
the already crystallized peridotite. These reactions are 
thought to have taken place at temperatures in excess of 
500°C but at relatively low pressure. JES 


INSTRUMENTS AND TECHNIQUES 


New developments in spectroscopic methods for de- 
tecting artificially coloured diamonds. G. S. Woods 
and A. T. Collins, Journal of Gemmology, Vol. 20, 
No. 2, 1986, pp. 75-82. 
In this article on the separation of natural from treated 
(i.e., irradiated and heated) yellow diamonds, the authors 
describe the importance of sophisticated equipment. 
They focus on the UV-spectrophotometer (which pro- 
vides a graph of the spectra}, coupled with a cryogenic 
unit to cool the diamond and sharpen absorption bands, 
as well as an infrared spectrometer. We now know that 
the 595-nm absorption line (“5920”), once thought to be 
characteristic of treated stones, is destroyed when the 
diamond is heated at about 1000°C; as a consequence, 
some treated yellow stones do not show this band. 
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Woods and Collins present the various causes of the 
yellow color in diamonds, as they describe the effect of 
radiation damage and annealing. New criteria for the 
identification of treated yellow diamonds are proposed 
on the basis of sharp infrared absorption bands that 
appear after a diamond has been both irradiated and 
annealed: the H,,, and H,, lines {at 2024 and 1935 nm, 
respectively}, These lines may be eliminated by heating 
the stone to 1400°C, but the result is a very unattractive 
green color and graphitization of the inclusions. 

In general, a treated stone should exhibit either the 
595-nm line or the H,,, and H,, lines. The presence and 
intensity of other bands (Hj, H,, 1450 cm-!} may help 
confirm the diagnosis. With such criteria, no treated 
yellow diamond should be mistaken as naturally col- 
ored. However, a yellow diamond that the late Basil 
Anderson had purchased before 1950, and which he was 
certain was natural, exhibits the features of an irradiated 
and annealed stone. Consequently, the authors conclude 
that a natural color yellow diamond could very rarely be 
classified as treated. EF 


JEWELRY ARTS 


Goldsmithing for profit. A. Revere, Jewelers’ Circu- 

lar-Keystone, Vol. 156, No. 13, 1985, pp. 120-124. 
The title of this article is somewhat misleading, since it 
does not reveal money-making techniques for estab- 
lished goldsmiths. It does, however, contain step-by-step 
instructions for making two pieces of jewelry as out- 
lined by Alan Revere, instructor at the Revere Academy 
of Jewelry Arts in San Francisco, California. 

The first project instructs beginning goldsmiths on 
how to make a pearl ring, covering the basics of sawing 
and filing, as well as measuring, soldering, and finishing. 
The second project, a cylinder box clasp, requires a more 
advanced expertise in these techniques. Both projects 
are accompanied by helpful photos and notes. SAT 


Indian antiquity. P Francis, Jr, Lapidary Journal, Vol. 

39, No. 12, 1986, pp. 45-55. 
Although this article contains a plethora of information 
about Indian amethyst and citrine (including folklore, 
geology, trade between India and Rome, and heat treat- 
ment}, it is primarily focused on the ancient lapidary 
centers of Kotalingala and Arikamedu. Much of the 
information is based on recent archaeological excava- 
tions of the sites. 

Kotalingala, located on the Godavari River in cen- 
tral India, thrived from the fifth to the first century B.C. 
Although Kotalingala was a major regional trade city 
and was known for its amethyst and agate beads, it does 
not appear that the beads produced there were traded out 
of the country. The lapidaries in this city made only 
relatively simple round, cylindrical, or barrel-shaped 
beads. Careful excavation of a Kotalingala lapidary shop 
revealed that it was a smal] operation that required only 


GEMS & GEMOLOGY Fall 1986 


four basic tools, and probably employed only one or two 
workers. Since very little citrine has been recovered 
from this site, experts believe that Kotalingala lapidaries 
did not know how to heat treat amethyst to create 
citrine. 

In contrast, the slightly more recent city of Ar- 
ikamedu, located on India’s southeast coast, was much 
more involved in foreign trade, especially with the 
Romans. This city boasted several different lapidary 
shops, which produced a dazzling array of both glass and 
stone beads. The Arikamedu lapidaries were far more 
advanced technologically than those of Kotalingala, as 
revealed by their extremely fine, uniformly shaped 
beads, pierced with diamond-tipped drills. The great 
number of citrine fragments recovered from the Ar- 
ikamedu lapidary shops indicates that these lapidaries 
may have been skilled at creating citrine from amethyst. 

SAT 


JEWELRY RETAILING 


The refashioning of Zale. S. Jensen, D. Federman, and J. 
Thompson, Modern Jeweler, Vol. 85, No. 7, 1986, pp. 
100-123. 


Zale Corporation has undergone enormous changes 
during the‘past two years, and three Modern Jeweler 
editors sperit a week interviewing company officials and 
former employees to find out why. This special report 
delves into Zale’s new corporate strategy, their new 
breed of executives, and the upscale Bailey Banks & 
Biddle division. Also included are interviews with Zale 
Chairman Donald Zale and President Bruce Lipshy, and 
a synopsis of Peoples Jewelers’ attempt to overthrow the 
megaretailer. Although much of it is repetitious, this 23- 
page article does reveal the relentless, unified force 
behind “the golden arches of the jewelry industry.” 

In 1984, Zale’s merchandising changed from bridal 
diamonds to a wider fashion image that includes gold, 
pearls, and colored stone jewelry. On the basis of what 
Zale claims to be voluminous market research, the 
company is now driven by marketing rather than 
manufacturing considerations. To a man (there appear to 
be no female top executives], the new generation at 
Zale’s believes that today’s target consumer is the 
fashion-conscious American working woman who now 
has the financial and emotional power to deck herself 
out. According to Zale’s stats, these “jewelry junkies” 
are primarily interested in style, beauty, and price rather 
than consumer knowledge, and have little loyalty to any 
particular jewelry store. Interestingly, this philosophy 
conflicts with that voiced by seven women interviewed 
by S. Jensen in the May 1986 issue of Modern Jeweler, all 
of whom were unanimous in their quest for product 
knowledge and in their loyalty to a trusted, proven 
jeweler. 

Ultimately, only time—and profits—will tell if 
Zale’s “ready-aim-fire” mentality is really on target. SAT 
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Sophisticated ladies— what seven smart jewelry shop- 
pers really think about you. S. Jensen, Modern 
Jeweler, Vol. 85, No. 5, 1986, pp. 37-43. 

This article is an interview with a panel of seven women 

who frequently purchase fine jewelry from retail outlets. 

They express their likes, dislikes, and what, if possible, 

they would change in retail operations. 

These women have a strong desire to be educated by 
their jeweler about the jewelry and gemstones they 
purchase. They are discouraged by quiet showrooms 
with high-pressure sales personnel, preferring to be 
greeted and left to browse and ask questions at their 
leisure. The panel expects certain services from their 
jeweler such as the cleaning and inspection of their 
jewelry. They expect problems to be brought to their 
attention before they turn their jewelry in for repair or 
cleaning. A store that employs an imaginative designer 
who can accurately sketch and describe the finished 
piece of jewelry is also important. They are not opposed 
to purchasing gold and silver from discount stores, but 
they prefer to purchase gemstones from their established 
jewelers, All are put off by advertising that insults their 
intelligence. 

This article presents excellent insights into the 
desires and expectations of some important customers. 
Catering to the needs of these customers will lead to 
increased popularity and, more importantly, increased 
sales. Barton C, Curen 


SYNTHETICS AND SIMULANTS 


Natiirliche kobaltblau Spinelle von Ratnapura, Sri 

Lanka (Natural cobalt blue spinel from Ratnapura, 

Sri Lanka). H. Harder, Neues Jahrbuch fiir Miner- 

alogie Monatshefte, No. 3, 1986, pp. 97-100. 

This article compares the chemical and gemological 
properties of a set of Verneuil synthetic colbalt-colored 
blue spinels with one natural cobalt-colored blue spinel. 
The color in the synthetic stones is caused by cobalt (up 
to 0.02%) or by a mixture of cobalt with chromium 
(0.003%), vanadium [0.001%], and titanium (0.013%), 
Verneuil synthetics almost always contain more alumi- 
num than natural stones contain, and show no detect- 
able gallium. Their refractive index range is higher 
(1.719-1.730] than that of natural spinel (1.715—1.720), 
as is the specific gravity (3.63-3.64 vs. 3.58-3.61). 
Irregular color zoning and strong ultraviolet fluores- 
cence in the synthetic stones can be considered as 
complementary identification criteria. 

Natural cobalt-colored blue spinel has been found 
in the Paradise mining area of Sabaragamuwa Province, 
in the Ratnapura District, Sri Lanka. The author exam- 
ined a 1.22-ct rough crystal. It showed an absorption 
between 535 and 600 nm —like the Verneuil synthetics 
but weaker—and a strong red fluorescence near 720 nm; 
so, those optical criteria could not be used for identifica- 
tion. But some unspecified inclusions in a cleavage leave 
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no doubt about the natural origin of the stone. X-ray 
fluorescence revealed an extremely high cobalt concen- 
tration (0.09%) as well as 0.29% iron, and 0.01% gallium 
(which are almost always under the detection limits in 
synthetics) together with 0.025% chromium and 
0.035% vanadium, 

As a conclusion, the author recommends the use of 
refractive index and inclusions to distinguish between 
natural and synthetic spinels. Surprisingly, this study 
does not refer to any literature, even to the well- 
documented paper by J. E. Shigley and C. M. Stockton 
(Gems # Gemology, Spring 1984, pp. 34-41], which 
focused on the same subject. EF 


On the problems of using the gallium content as a 
means of distinction between natural and syn- 
thetic gemstones. H. Schrader and U. Henn, journal 
of Gemmology, Vol. 20, No. 2, 1986, pp. 108-113. 


Recent investigations of trace elements in gemstones 
have led to claims that gallium content can be used as a 
means to distinguish natural from synthetic gemstones. 
The results obtained by the authors of this article 
through neutron activation analysis of natural and 
synthetic emeralds, corundums, and chrysoberyls re- 
veal that the guidelines set by previous researchers are 
inadequate. The ranges of gallium content for natural 
and synthetic emeralds and corundums overlap consid- 
erably, while those of chrysoberyls are close enough to 
overlapping that they warrant extreme caution. 

The authors also review the nondestructive tech- 
niques available for trace element determination as well 
as the advantages and drawbacks of each. It becomes 
readily apparent that such methods are far from becom- 
ing standard gemological techniques. The article con- 
cludes with a warning against reliance on gallium 
content for determination of origin and a proposal for 
further research in this area. CMS 


Opticon! O, Opticon! B. Jones, Rock and Gem, Vol. 
16, No. 7, 1986, pp. 60-61. 


Opticon is the registered trademark for a prepolymer 
plastic resin produced by Hughes Associates of Excel- 
sior, Minnesota. This resin is being promoted as filler for 
mineral specimens and gemstones that have cracks or 
cavities which extend to their surfaces, Opticon has a 
refractive index of 1.545, which is very close to that of 
quartz (1.544~1.553). Cracks or cavities within stones of 
a similar R. J. will virtually disappear when penetrated 
by this resin. Quartz gems, such as amethyst and citrine, 
members of the beryl group, such as aquamarine and 
emerald, as well as iolite and the feldspar group lend 
themselves very well to this treatment. 

If a gem is suspected of being treated with Opticon, 
it can be tested with a hot point, which will melt the 
resin filler and have no effect on the gemstone itself. 

Barton C. Curren 
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Synthesis and characterization of tourmaline in the 
system Na,O-Al,0,-SiO,-B,03-H,O. PE. Rosen- 
berg, E EF Foit, Jr, and V. Ekambaram, American 
Mineralogist, Vol. 71, No. 7/8, 1986, pp. 971-976. 

A generalized ideal chemical formula for the tourmaline 

mineral group can be written XY,Z,B3Si¢(O, OH})3.9(OH, 

Fl, In this formula, ‘X’, ‘Y’, and ‘Z’ represent sites of 

different size and geometry in the tourmaline crystal 

structure where various cations are located. In the case 
where X=Nat and Z=AlI8+, there are the four tour- 
malines: elbaite (Y= Al?+ + Li+], schorl (Y = Fe? +], drav- 
ite (Y= Mg?+), and buergerite (Y = Fe? + |. The authors of 
this article describe the laboratory synthesis of a similar 
Na-Al tourmaline whose composition approaches that 
of (Y =Al3+}. The tourmaline formed by melt crystalliz- 
ation in tiny, acicular crystals up to 200 micrometers in 
length. Refractive indices are epsilon = 1.639 and ome- 
ga=1.642. The chemical and physical properties of 
these crystals are similar to those of elbaite and dravite. 

The results reported in this article demonstrate the 

progress that has been made in the laboratory toward 

synthesizing minerals with complex chemistry. /ES 


Synthetic diamond as a pressure generator. A. Onodera, 
K. Furuno, and S, Yazu, Science, Vol. 232, No. 4756, 
1986, pp. 1419-1420, 


Synthetic diamonds have recently become available in 
suitable size (approxiately 1 ct) and quality for use as 
opposed anvils to generate high static pressure (up to 680 
kilobars). These stones have been grown by Sumitomo 
Electric Industries in Japan. They are type Ib diamonds, 
containing singly substituting nitrogen, and therefore 
have a deep yellow color. The nitrogen concentration 
ranges from 30 to 60 ppm, as determined with the IR 
absorption at 1130 cm‘!. An X-ray topography study 
suggests that they have very few extended defects. The 
authors claim the following advantages for the use of 
synthetic diamonds in high-pressure experiments: {1} 
extended defects are fewer and can be controlled, (2) the 
concentration of nitrogen can be monitored to improve 
the strength, (3) the pressure-temperature conditions for 
preparing diamond crystals can be determined, and (4) 
suitable crystals can be obtained repeatedly. (However, 
the authors do not say that the growth experiment is 
reproducible}. 

Interestingly, the fracture mode of these synthetic 
diamonds is very different from that of natural dia- 
monds. The cracks remain very shallow instead of 
leading to spalling or vertical fractures. The hardness, 
determined by indentation (“deformation” hardness), 
depends very little on the orientation, in contrast to 
natural diamond, which is anisotropic. 

Although this article does not provide information 
on current production and price, it does give very 
interesting technical insights on the quality of Japanese 
synthetic diamonds. EF 
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COLORED STONES Se 


Green-fluorescing emerald from Coscuez. An unusual 
emerald crystal from Coscuez, Colombia, was brought 
to us by Mr. Ron Ringsrud for examination. The report 
that follows was prepared by Dr. Emmanuel Fritsch, a 
GIA research scientist. 

The crystal, about 1.5 cm long and 0.8 cm in 
diameter, weighs 7.94 ct. Its refractive indices (1.578 and 
1.585) and specific gravity (2.72 by the hydrostatic 
method) are typical of material from Colombia (see 
Gems & Gemology, Summer 1986, pp. 67-79, for an in- 
depth article on Coscuez emeralds). The optical absorp- 
tion spectrum is characteristic of that of emerald, with 
chromium lines around 680 nm visible with a hand 
spectroscope; although some features strongly suggest 
the presencejof vanadium (Carol Stockton, pers. comm.]}. 
The specimen’s external structure is the result of 
parallel intergrowth of a bundle of smaller (1-5 mm in 
diameter) crystals. Strong color zoning can be seen both 
parallel and perpendicular to the optic axis. The color 
decreases from one end (dark green} to the other (color- 
less} of the crystal; when viewed down the optic axis, the 
stone reveals a slightly yellowish green core about 5mm 
in diameter surrounded by a darker rim of the same hue. 

The most interesting phenomenon, though, is the 
weak green fluorescence of the emerald when exposed to 
long-wave ultraviolet radiation (also very weakly visible 
with short-wave U.V. radiation]. Microscopy revealed 
that the fluorescence was not concentrated in cracks and 
so could not be related to the presence of oil. Moreover, 
the intensity of the fluorescence clearly correlates with 
the intensity of the green coloration. The emission 
spectrum resolved on an AMINCO SPF-500 fluores- 
cence spectrometer revealed a band at 467 nm anda very 
broad band centered around 510 nm, probably responsi- 
ble for the green hue. Further work would be required to 
determine the cause of the emission. 


New source of gem garnets from Idaho. Mr. Leon M. 
Agee, of Walla Walla, Washington, recently identified 
and faceted a number of deep brownish red gem-quality 
garnets that had been found by Mr. Kim Boyd in 
Clearwater County, Idaho. A reader of Gem News, Mr. 
Agee sent one of the garnets to the editor to examine. 
Shown in figure 1, the round brilliant-cut garnet mea- 
sures 13.17 xX 8.20 mm and weighs 11.06 ct. The 
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Figure 1. This 11.06-ct almandine-spessartine 
garnet was recently found in Clearwater 


County, Idaho. Photo © Tino Hammid. 


gemological properties of this material suggest that it 
should be classified as an almandine-spessartine garnet. 
When the stone was studied with the hand spectroscope, 
a strong 432.0-nm band that could be attributed to the 
manganese in spessartine was observed, together with 
absorption characteristics typical of almandine. The 
refractive index was over the limits (1.81) of the refrac- 
tometer, and the hydrostatically determined specific 
gravity was approximately 4.13. Examination with the 
microscope revealed a partially healed fracture com- 
posed of numerous tiny two-phase fluid inclusions, 
suggesting a possible pegmatitic origin. 

We do not know how much of this garnet is available, 
but we do know that the area is currently being 
prospected. It is interesting to note that Mr. Boyd found 
the garnets while he was placer mining for gold. 


Pectolite. Dr. Emmanuel Fritsch also supplied the fol- 
lowing information on blue pectolite to Gem News, 
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Pectolite, known under the trade name “Larimar,” is 
commonly found at gem shows as attractive greenish 
blue cabochons with flower-like radiating patterns. 
“Larimar” is the juxtaposition of “Lari,” the name of the 
daughter of the mine’s developer, Miguel Mendez, and 
“mar,” which means “sea” in Spanish (Dan MacAuley, 
pers. comm.} in reference to the stone’s color. No 
information on the geologic setting of the mine is 
available. However, research is currently being con- 
ducted on the origin of the color. Work at GIA’s Research 
Department demonstrates that the optical absorption 
spectrum of pectolite is very similar to that of turquoise, 
with a broad absorption band at about 650 nm, in the 
orangy red. This band is interpreted as being due to the 
copper ion Cu?* in octahedral coordination. Further 
evidence of the presence of copper in this gem came from 
a study of the black metallic inclusions in a piece of 
pectolite donated to GIA by Helen Tillet, of St. Thomas, 
U.S. Virgin Islands, X-ray powder diffraction, performed 
by Chuck Fryer, identified these inclusions as chalcocite 
(Cu, S}. 


Phosphorescent fake. Ms. Loreen Haas, of Crown Gems 
in Sherman Oaks, California, was kind enough to send 
Gem News three unusual colorless quartz crystals. The 
smallest of these, shown in figure 2, measured 18.1 x 
10.1 x 7.3mm, while the largest was recorded at 26.0 x 
14.2 x 12.2 mm. All three of the crystals had been core- 
drilled from the base and their centers filled with a 
mixture of phosphorescent powder and epoxy resin. The 
bases had then been capped with yellow metal bell caps 
so that the crystals could be worn in an inverted position 
as pendants. Any light source could excite the powder 
filling to phosphoresce blue-green (figure 3}, so that if the 


Figure 2. This colorless quartz crystal 

(78.1 x 10.1 x 7.3 mm) was core-drilled 
and filled with phosphorescent powder 

and epoxy resin. The piece was then capped 
to form a pendant. 


crystals were brought into a dimly lit or dark room they 
would be observed to glow. 

The crystals were originally purchased (for a rather 
large sum] as natural glow-in-the-dark quartz crystals. 
Apparently, some sort of occult power was attributed to 
them. When the purchaser brought them to Ms. Haas for 
study, she became suspicious and so contacted Gem 
News. This is a totally new treatment to us. Unfor- 
tunately, we were not able to determine how much of 
this material is being manufactured and sold at the 
present time. 


Undesirable color change in blue zircon. Ms. Janice 
Mack Talcott, of Talcott Enterprises, Inc., in Olympia, 
Washington, phoned the Gem News editor to ask if he or 
his colleagues had ever heard of color instability in blue 
zircon. One of the company’s clients had worn a fine 
blue zircon ring in a tanning booth for about 20 minutes. 
When she emerged, she noticed that the stone had 
turned a muddy grayish greenish brown, apparently asa 
result of the exposure to ultraviolet rays. 

We had never heard of such a change and could find 
no mention of it in the available literature. Therefore, we 
decided to see if we could duplicate the color change and 
also whether the change could be reversed. 

Two faceted blue zircons of the same dark color were 
selected, One was exposed to long-wave ultraviolet 
radiation for 20 minutes, while the other was kept as a 
color control. The color change was dramatic: from 
bright blue through a light grayish brown (figure 4] to a 
muddy grayish greenish brown. 

To reverse the change, we placed the muddy grayish 
greenish brown zircon on the tip of an upright 80-watt 
quartz halogen-powered fiber-optic illuminator. After 
two hours of exposure to this incandescent light, the 
stone had completely returned to its original blue color. 


Figure 3. After it was exposed to light, 

the filled quartz crystal shown in figure 2 
glowed blue-green when placed in a dimly 
lit room. 
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Exposure of the blue zircon to short-wave ultraviolet 
radiation also produced the same color change from blue 
to brown, and again the fiber-optic illuminator restored 
the original blue color. 

Mr. Richard Hug of Cincinnati, Ohio, recently ob- 
served a similar color change in a blue zircon worn ina 
tanning booth. He reported that the zircon regained its 
original blue color after it had been placed on top of an 
ordinary light bulb for a couple of hours. 


SYNTHET [CS Sa 


Small, cuttable gem-quality synthetic diamonds: a real- 
ity. In the Spring 1985 Gem News column, we reported 
that Sumitomo Electric Industries and the National 
Institute for Research on Inorganic Materials, both in 
Japan, had succeeded in experimentally growing cut- 
table gem-quality synthetic diamond crystals as large as 
1 cm and weighing up to 3.5 ct. We have now seen 10 
pieces of synthetic diamond that were grown more 
recently by Sumitomo and are now being sold for 
industrial applications. These pieces are the property of 
Hughes Research Laboratory in Malibu, California, and 
were brought to the GIA Research Department for 
testing with the department’s new infrared spectrome- 
ter. These fashioned pieces had been sawn, then laser 
cut, and then partly polished from the original crystals 
(which weighed up to 1.2 ct) into rectangular shapes 
weighing up to 0.40 ct and measuring approximately 4 x 
4x 2mm. 


Gem News 


Figure 4. The grayish brown zircon on 

the right was the same color as the blue 
zircon on the left before it was exposed to 
long-wave ultraviolet radiation for 20 
minutes. Note the radical color change. 

The most intense color obtained by this 
process—a muddy brown—was impossible 
to photograph because the lights required 
caused the stone to gradually revert back to 
its original color. Photo © Tino Hammid. 


Direct contact with Sumitomo’s U.S. representative 
provided us with additional information on their prod- 
uct. On the basis of the infrared spectra, all of the 
synthetic diamond pieces are type Ib (dispersed nitro- 
gen}, which is intrinsically yellow and is often referred 
to in the trade as a “canary” color. This observation of 
diamond type immediately distinguishes the Sumitomo 
diamonds from the vast majority of natural yellow 
diamonds, which are type Ia. The synthetic diamonds 
are primarily being made for two industrial applica- 
tions: heat sinks in electrical devices (Sumitomo’s 
primary market for synthetic single-crystal diamonds}, 
and industrial and surgical tools. The price range is $60 
to $145 per rectangular picce for various sizes up to 0.40 
ct. Sumitomo’s representative also stated that they 
currently market the rectangular pieces only for scien- 
tific and industrial uses, and they do not intend to 
release any of the rough crystals. In addition, the 
company is currently experimenting with synthetic 
blue diamonds (type IIb} for use as semiconductors, and 
with synthetic colorless diamonds {type Ila) for indus- 
trial applications. 

Because of the implications for the jewelry trade of 
this new technology, the GIA Research Department is 
currently documenting the gemological properties of 
the Sumitomo synthetic diamonds. The Sumitomo 
Company has been very cooperative in providing both 
samples of the synthetic diamonds and technical infor- 
mation. GIA Research purchased seven pieces of syn- 
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thetic diamond. Each had two large polished surfaces 
and various smaller crystal faces around the edges. They 
ranged from 0.11 to 0.37 ct. The largest piece measured 
3.76 X 3.63 x 1.78 mm. This piece was subsequently 
cut for maximum weight retention in an attractive 
faceted stone. The resulting 0.16-ct square-step-cut 
stone measures approximately 3.48 x 3.33 x 1.73 mm, 
with a depth percentage of 52% anda weight retention 
of 44%. Considering the cost of the original piece of 
rough ($145} and the assumed cutting cost, the price per 
carat of this synthetic diamond would be equal to or 
exceed the price of a natural diamond of similar hue and 
clarity. 

On the basis of a preliminary gemological examina- 
tion, GIA Research has determined that the Sumitomo 
synthetic diamonds have some distinctive properties 
that aid in their identification. Because they are type Ib, 
they lack the sharp “Cape” lines in the absorption 
spectrum that are characteristic of type la diamonds. 
The Sumitomo synthetic diamonds are also unusual in 


their fluorescence behavior in that they are inert to long- 
wave ultraviolet radiation but fluoresce a greenish yel- 
low to short-wave ultraviolet radiation. In color, the 
Sumitomo synthetic diamonds correspond to a fancy 
intense yellow. The pieces are often color zoned from 
deep yellow in the center to a narrow zone that is very 
pale yellow or colorless around the edges. The synthetic 
diamonds may display prominent internal grain lines 
anda “cruciform” strain pattern when observed between 
crossed polarizers. When the stones are viewed with the 
microscope, tiny metallic inclusions or white pinpoint 
inclusions may be observed. In addition, within the 
areas of deep yellow color, small colorless “vein-like” 
areas are visible. These features in combination are 
quite different from those found in natural diamonds of 
the same hue. The GIA Research Department is prepar- 
ing a complete report on the Sumitomo synthetic 
diamonds for publication in Gems & Gemology in the 
near future. For further information, contact Dr. James 
Shigley, (213) 829-2991, extension 305. 


ANNOUNCEMENTS 


Fashion Institute of Technology 
presents “20th Century Design, In- 
ternational.” This symposium will 
take place in, New York on Satur- 
day, November 15, 1986, and will 
feature world-renowned authorities 
on antique and 20th-century jewe- 
Iry, including: Noelle De Gary, cur- 
ator of the Musée des Arts Déco- 
ratifs; Fritz Falk, director of the 
Pforzheim Museum; Peter Hinks, 
of Sotheby Parke Bernet; and 
Graham Hughes, past director of 
Goldsmiths’ Hall. For further infor- 
mation, contact the symposium co- 
ordinator, Jean Appleton, Jewelry 
Design Resource, (212) 760-7254. 


Iberjoya will be held January 15-20 
at the Ifema Exhibiton Center in 
Madrid. Contact: Institucién Ferial 
de Madrid, Avenida de Portugal s/n, 
28011 Madrid, Spain. Telex: 44025 
IFEMA E. 


Vicenzaoro 1 will be held January 
15-22 at the Trade Fair Pavillions in 
Vicenza. Contact: Ente Fiera de 
Vicenza, Viale degli Scaligeri 34, 
36100 Vicenza, Italy. Telex: 481542 
FIER VII. 


Jewelers International Showcase 
will be held January 17-19 at the 
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Miami Beach Convention Center. 
Contact: Jewelers International 
Showcase Inc., 9835 Sunset Drive, 
Suite 208, Miami, FL 33173, (305] 
279-0951. 


BIJORHCA will be held January 
30—February 3 at the Parc des Ex- 


positions, Villepinte, Paris. Contact: 


BIJORHCA, 26 Rue de Renard, 
75004 Paris, France. Telex: 680377 
BOCIF. 


The 1987 Tucson Gem and Mineral 
Show will be held February 12-15 
at the Tucson Community Center. 
The featured species for the show 
this year is quartz. For more infor- 
mation, contact the Tucson Gem 
and Mineral Society, P.O. Box 
42543, Tucson, AZ 85733, 

Also in Tucson, February 7-12, 
the American Gem Trade Associa- 
tion (AGTA} show will be held at 
the Doubletree Hotel. During that 
time, the winners of the Spectrum 
Award (a jewelry design contest 
specifically aimed at the effective 
use of colored stones} will be an- 
nounced. The deadline for entries 
is November 4, 1986. For more in- 
formation about the contest, con- 
tact the AGTA headquarters at the 
World Trade Center #181, PRO. Box 


581043, Dallas, TX 75258, (214) 
724-4367, 

Numerous other shows are held 
at various hotels and motels in 
Tucson (e.g., the Holiday Inn 
Broadway, the Quality Inn, the De- 
sert Inn, and the Santa Rita) during 
this same period. 


INHORGENTA 87 will be held Feb- 
ruary 13-17 at the Trade Fair 
Centre in Munich, West Germany. 
Contact: Munchener Messe-und 
Ausstellungsgesellschaft mbH, 
Messegelande, Postfach 121009, 
D-8000 Munchen 12, West Ger- 
many. Telex: 5212086 AMEG D. 


International Watch, Clock and 
Jewellery Fair will be held February 
14—17 at the Centrepoint Exhibi- 
tion, Centre Sydney. Contact: World 
Trade Promotions Pty. Ltd., 144 
Riley Street, East Sydney, New 
South Wales, Australia. Telex: AA 
176428 FSASYD. 


Platinum Jewellery Fair 87 will be 
held February 16-17 at the Imperial 
Hotel, Tokyo, and on February 20 at 
the Hilton Hotel in Osaka. Contact: 
Platinum Guild International K.K., 
Imperial Tower 13A, 1-1-1 Uchisai- 
wai-cho, Chiyoda-ku, Tokyo 100, 
Japan. Telex: J29817 PGIKK]. 
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Editorial 


THE ULTIMATE SYNTHETIC: 
A JEWELRY-QUALITY DIAMOND 


ver since the early 1970s, when General Electric Company elected to discontinue their 

fascinating project to produce synthetic diamonds in cuttable sizes and qualities, I’ve been 
convinced that there was only the remotest possibility that anyone would produce economic 
quantities of cuttable synthetic diamonds in the near future. When one examines the phase-rule 
diagram for carbon, it is readily apparent that extended periods at extremely high temperature 
and pressure are necessary to grow diamonds. At General Electric, production of a single crystal 
required a week or more under such conditions, at a cost of about $20,000. Obviously, the 
quarters or thirds that could be cut from the one-plus carat crystal would not be competitive 
with natural diamonds at least for generations to come. General Electric apparently reached the 
same conclusion regarding the bottom-line prospects for these synthetic diamonds, and they 
abandoned the research. 


Since that time, both Russian and Japanese groups have been working on diamond synthesis. 
Russian scientists have had considerable success in the deposition of thin layers of synthetic 
diamond on other materials. And in 1985, Sumitomo Electric Industries in Japan succeeded in 
the practical application of the G.E. technology: the commercial production of cuttable 
synthetic diamonds. We are now looking at the very real prospect of readily available cuttable 
synthetic diamonds (man-made stones that duplicate the properties of natural diamonds, not 
simulants like cubic zirconia) in sizes up to at least one-half carat. 


The researchers at Sumitomo have made great strides since the G.E. developments. Although 
they use the same principles, they have enlarged the size of the temperature-pressure chamber in 
which synthesis takes place from a capacity of one relatively small crystal to that of many 
crystals as large as 2. ct all growing at the same time. Whereas the growth of a single crystal over 
the relatively long period required had no hope of being economically viable, the production of 
many crystals during the same growth cycle makes possible a competitive picture. 


The meaning of all this to the jewelry industry at the moment is not clear. Synthetic rubies and 
sapphires appeared before the turn of the century, and many other synthetics have followed, but 
the ultimate goal of cuttable synthetic diamonds at a potentially competitive price has not 
occurred until now. Even now, no one knows what price range would make detectable synthetic 
diamonds fully marketable. If the manufactured product can be detected very easily, as is the 
case with the yellow synthetic diamonds that Sumitomo has produced and sold to date, the 
impact on the industry will be just to give an added dimension to product availability. If in the 
future a product is released that our gemological community is unable to distinguish, a quite 
different scenario would seem likely. 


Regardless, members of the jewelry trade must make themselves aware of the existence of these 
synthetic diamonds and of the fact that, although they are currently being sold in “canary” 
yellow only and only for use as heat sinks in industry, it is very likely that they will appear in the 
gem market in the not-too-distant future. What is perhaps the last great barrier of gemology has 
been breached; never has the role of the gemologist been more important. 


Richard T. Liddicoat, Jr. 
Editor-in-Chief 
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THE GEMOLOGICAL PROPERTIES OF 
THE SUMITOMO GEM-QUALITY 
SYNTHETIC YELLOW DIAMONDS 


By James E. Shigley, Emmanuel Fritsch, Carol M. Stockton, John I. Koivula, 


Charles W. Fryer, and Robert E. Kane 


The distinctive gemological properties of 
the gem-quality synthetic yellow 
diamonds grown by Sumitomo Electric 
Industries are described. These synthetic 
diamonds, produced on a commercial 
basis, are grown as deep yellow single 
crystals in sizes up to 2 ct. The material 
is currently marketed for industrial 
applications only, in pieces up to about 
0.40 ct. The synthetic diamonds can be 
distinguished by their ultraviolet 
fluorescence (inert to long-wave; greenish 
yellow or yellow to short-wave); their 
unusual graining, veining, and color 
zonation under magnification; and the 
absence of distinct absorption bands in 
their spectra. 
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he first synthetic diamond crystals of a quality and 

size suitable for gem use were produced by the 
General Electric Company in 1970. These crystals were 
reported to range up to slightly more than 1 ct and to be 
colorless, yellow, or blue. Although the crystals were of 
very good gem quality, technical difficulties and high costs 
prevented the production of these synthetic diamonds 
from proceeding beyond an experimental stage. It has been 
widely believed in the jewelry trade since then that such 
problems would render the commercial production of gem- 
quality synthetic diamonds economically impractical for 
some time. Even so, the success of the G.E. scientists in 
growing gem diamonds in the laboratory prompted some 
initial concerns within the jewelry industry. 

The situation has now changed. In April 1985, Sumi- 
tomo Electric Industries of Itami, Japan, announced that 
they had accomplished the large-scale production of syn- 
thetic diamond in the form of gem-quality single crystals 
(figures 1 and 2). In that report, the synthetic diamonds are 
described as yellow crystals in sizes up to 1.2 ct (about 6 
mm in maximum dimension]. More recent information 
supplied by Sumitomo representatives indicates that they 
are now producing crystals up to 2 ct (about 8 mm in 
maximum dimension). Technical product information 
published by Sumitomo characterizes these synthetic 
diamonds as being particularly well suited for industrial 
uses because of their high thermal conductivity, high 
fracture strength, and relative absence of inclusions. The 
principal market for these synthetic crystals is for use in 
precision cutting tools and for heat sinks in electronic 
equipment. The reported commercial production of syn- 
thetic diamonds by Sumitomo indicates that they are able 
to grow the crystals at a rate sufficient to sustain the needs 
of an industrial market. This means that we are no longer 
dealing with an experimental laboratory product but 
rather with a gem-quality synthetic diamond that is being 
manufactured on a large-scale and routine basis. Thus, the 
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time is at hand when we may see synthetic gem 
diamonds coming to light in the jewelry trade. 
Representatives of Sumitomo state that their 
company has no current interest in expanding the 
sale of gem-quality synthetic diamonds for use in 
jewelry. At present their entire production of 
single-crystal synthetic diamonds can be absorbed 
by their industrial market. However, because of 
the future implications of this new diamond syn- 
thesis technology, and because of the possible 
directions that developments in this area may take 
in the next few years, the GIA Research Depart- 
ment has carried out a careful examination of this 
material to document its gemological properties 
and means of identification. This article reports 
the results of our testing by both standard gem- 
ological methods and more sophisticated labora- 
tory techniques. As part of the study, we arranged 


Sumitomo Synthetic Diamonds 


Figure 1. Three synthetic 
yellow diamond crystals 
manufactured by Sumitomo 
Electric Industries along 
with four of the synthetic 
yellow diamonds that we 
had faceted. The crystals 
(left to right) weigh 1.05, 
0.63, and 1.07 ct, and 
measure 5.5, 4.7, and 

§.3 mm in maximum 
dimension. The crystals can 
be described as distorted 
octahedral shapes that are 
modified by large cube 
crystal faces on the top and 
bottom and by smaller 
dodecahedral crystal faces 
around the edges. The four 
faceted stones were cut 
from the rectangular pieces 
of synthetic diamond (the 
form in which it is 
currently sold for use as 
heat sinks) in such a 
fashion as to retain 
maximum weight. The 
faceted stones weigh 
between 0.16 and 0.24 ct, 
and measure between 3.48 
to 3.84 mm in maximum 
dimension. Photo © Tino 
Hammid, 


with diamond cutters in New York and Los An- 
geles to have several pieces of the Sumitomo 
synthetic diamond faceted. Some general informa- 
tion is presented on the cutting and polishing 
behavior of the material. The results of our study 
indicate that the Sumitomo synthetic diamonds 
exhibit some distinctive features that easily enable 
them to be separated from natural diamonds by 
conventional gemological techniques. 


BACKGROUND 


Some three decades have gone by since the success- 
ful synthesis of diamonds was first publicized. The 
recognized creation of diamonds in the laboratory 
was achieved in 1955 by scientists at the General 
Electric Company (Bundy et al., 1955}. Since then 
the synthesis of industrial diamonds has been 
carried out on a very large scale using several 
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Figure 2. This close-up view of a Sumitomo 
synthetic diamond crystal illustrates the 
appearance of the crystal, the arrangement of 
the crystal faces, and the nature of the outer 
surface of the crystal. The crystal weighs 1.07 
ct. Photo by John Koivula. 


different crystal growth techniques. Synthetic in- 
dustrial diamonds are currently produced in a 
number of countries, including South Africa, the 
Soviet Union, and Ireland, for a wide range of 
applications. Nassau (1980) and Davies (1984} both 
review the history of diamond synthesis. 

As mentioned above, synthetic diamonds in 
cuttable-size, gem-quality crystals were first pro- 
duced by G.E. in small numbers in the early 1970s. 
The gemological properties of these synthetic gem 
diamonds have been documented by Crowning- 
shield (1971) and by Koivula and Fryer (1984). The 
unusual magnetic properties of G.E. synthetic 
diamonds, first noted by B. W. Anderson (Webster, 
1970] and later discussed by Koivula and Fryer, 
were further investigated by Rossman and Kirsch- 
vink (1984). On the basis of the work of these 
various researchers, the G.E. synthetic diamonds 
were found to exhibit distinctive gemological 
properties such as fluorescence, phosphorescence, 
lack of strain and graining, and the presence of 
metallic inclusions that would allow them to be 
recognized using conventional gemological testing 
methods. The very limited experimental produc- 
tion of these gem-quality diamonds by G.E., how- 
ever, meant that there was little if any chance that 
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one of these synthetic diamonds would appear in 
the jewelry market. 


SYNTHETIC DIAMOND 
PRODUCTION BY SUMITOMO 


With the recent announcement by Sumitomo, the 
possibility that gem-quality synthetic diamonds 
will be seen in the jewelry trade now takes on new 
importance. According to the information pro- 
vided by Sumitomo representatives, they have 
succeeded in mass producing single-crystal syn- 
thetic diamonds of consistently high quality for 
various industrial applications. The crystals are 
grown at high temperatures and pressures by a flux 
method using a metal alloy solvent. Small dia- 
mond seed crystals are used to start the growth 
process. The synthetic diamond crystals are trans- 
parent, largely free of inclusions and defects, and 
range up to 2 ct. These synthetic diamonds not 
only compare very favorably in mechanical proper- 
ties (such as fracture strength) and thermal con- 
ductivity with the best grade of natural industrial 
diamonds, but they also have the additional impor- 
tant characteristic of possessing very consistent 
physical properties from one crystal to the next. 
This is particularly significant for industrial uses. 
Such uniformity is rarely found in any given 
selection of natural diamonds. The synthetic dia- 
monds produced thus far contain a controlled 
amount of nitrogen (reported to be 30 to 60 parts 
per million], and are thus yellow in color. Although 
the company representatives state that they are 
able to vary the color in the crystals from near- 
colorless to deep yellow, the only material cur- 
rently being sold is deep yellow. A brief description 
of the Sumitomo synthetic diamonds and one use 
of them to develop high pressures is reported by 
Onodera et al. (1986). 

Representatives of Sumitomo state that they 
are marketing the product for industrial applica- 
tions in the form of sawn, laser-cut, partly pol- 
ished, rectangular pieces in various sizes from 0.10 
to 0.40 ct (approximately 3 x 1.5 x 1.5mm to4 x 
4 xX 2 mm). This size range is dictated by the 
industrial application, the production costs, and 
the yield obtainable from cutting one of the single 
crystals. It is in this rectangular form that the 
synthetic diamonds are sold for electrical heat 
sinks (their primary market) and for industrial and 
surgical cutting tools. The current price range is 
$60 to $145 per rectangular piece for sizes from 
0.10 to 0.40 ct. Sumitomo does not sell, and does 
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not at present have plans to sell, the uncut syn- 
thetic diamond crystals to anyone. Sumitomo 
representatives have also stated that the company 
is currently experimenting with the production of 
synthetic blue diamonds for use as semiconduc- 
tors as well as synthetic colorless diamonds for 
industrial applications. Both the blue and the 
colorless synthetic diamonds have already been 
grown in the laboratory as single crystals, but they 
are not yet being produced on a commercial scale. 


DESCRIPTION OF THE SUMITOMO 
SYNTHETIC YELLOW DIAMOND 


To document the gemological properties of this 
new kind of synthetic diamond, we examined 20 of 
the rectangular pieces of the material as currently 
marketed by the Sumitomo company. The 20 
pieces were produced from at least five different 
batches (as determined from batch numbers sup- 
plied with the pieces) grown over an unknown 
period of time, with 10 of the pieces coming from a 
single batch. Each piece has two large, polished, 
parallel surfaces with various smaller crystal faces 
around the edges (figure 3). The pieces range in size 
from 0.11 ct (approximately 3.0 x 1.6 x 1.4mm] 
to 0.37 ct (3.7 < 3.6 x 1.7 mm], with the majority 
representing the larger sizes. All are of similar 
appearance and of high quality —transparent, free 
of any cleavages or other prominent inclusions — 
and an attractive deep yellow color. Even when 
taken from different growth batches, the synthetic 
diamonds as a group exhibit a virtually identical 
appearance and very uniform physical properties. 
Such consistency illustrates the degree of control 
of the diamond growth process that has been 
attained by Sumitomo. 

In conjunction with the preparation of this 
article, the authors met with several Sumitomo 
representatives. They showed us various examples 
of their synthetic diamond production, including a 
very deep yellow round brilliant identified as 
weighing approximately 0.8 ct. They reported that 
this well-cut round brilliant was fashioned from a 
1.7-ct rough crystal. A brief examination of the cut 
stone with the microscope revealed a cloud under 
the table, astep-like fracture under the girdle, anda 
rod-shaped grayish metallic piece of flux material 
near the culet. This cut stone is presently on 
exhibit at the Sumitomo company headquarters. 

By special arrangement, we were also able to 
examine in greater detail three of the uncut single 
crystals of synthetic diamond. Sumitomo repre- 
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Figure 3. This is one of the larger pieces of 
Sumitomo synthetic diamond that is currently 
marketed for industrial applications. The piece 
has been cut from a single crystal such as the 
ones shown in figure 1. It weighs 0.37 ct and 
measures 3.7 X 3.6 x 1.7 mm. The large front 
and back surfaces have been sawn and 
polished. Various cube, octahedral, 
dodecahedral, or crystal faces that are 
modifications thereof, occur along the edge. 
Magnified 12x; photomicrograph by John Koivula. 


sentatives state that the morphology of their syn- 
thetic diamond crystals can be varied to yield from 
cube to octahedral crystal shapes. A typical crystal 
is a distorted octahedron modified by cube and 
dodecahedral faces. Crystals with perfect octa- 
hedral shapes are reported to be difficult to grow. 

The crystals we examined are roughly equi- 
dimensional and are more regular in shape than 
most natural diamond crystals. They are covered 
by various cube, dodecahedral, and octahedral 
crystal faces (again, see figures 1 and 2}. The 
dominant development of the cube faces relative 
to the other faces results in the equidimensional 
shape of these crystals, which apparently repre- 
sents Sumitomo’s standard product. On each crys- 
tal, the upper cube face is smooth, but the lower 
cube face is quite rough and bears the imprint of 
the small seed crystal. Depending on the type of 
industrial application, the rectangular pieces of 
synthetic diamond are cut from the crystals paral- 
lel to either the cube or dodecahedral directions. 

Figures 2, 3, and 4 illustrate the appearance of 
the crystal faces on a crystal and on pieces of the 
Sumitomo synthetic diamond. Some pieces ex- 
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Figure 4. This edge of a piece of Sumitomo 
synthetic diamond shows the step-like 
appearance and arrangement of crystal faces. 
Magnified 25x; photomicrograph by John Koivula. 


hibit only a few faces, whereas others show group- 
ings of faces that are more complex. The uneven 
development of the crystal faces results in varia- 
tions in their relative surface areas. The faces 
themselves are flat with no indication of curva- 
ture. The smoothness of the faces also varies 
greatly, from a polished appearance in some in- 
stances to very rough and irregular in others, 
Occasionally the pattern on a crystal face takes on 
a dendritic appearance, as in figure 5. Sumitomo 


Figure 5. This close-up view of a crystal face on 
a Sumitomo synthetic diamond displays an 
irregular surface in the form of a dendritic 
pattern. The edge of this face has an unusual 
smooth border. Magnified 40x ; 
photomicrograph by John Koivula. 
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reports that their synthetic crystals often have 
surfaces with dendritic growth patterns. However, 
some of the more irregular crystal surfaces have 
almost a frosted, melted, or coated look. 

We carefully examined all 20 pieces of syn- 
thetic diamond for the trigons or other growth 
features that are commonly observed on natural 
diamond crystals. Each of the synthetic diamonds 
exhibits various growth features, but in general 
these differ in appearance from the features on 
natural crystals. Figure 6 shows the unusual 
growth-related features that appear on an octa- 
hedral face of a Sumitomo synthetic diamond. 
Between adjacent crystal faces the edges are rather 
sharp, with no indication of the rounding that is 
often seen on natural diamond crystals. These 
differences in the shape and appearance of the 
synthetic diamond crystals as compared to natural 
crystals reflect differences in the conditions of 
growth rate, temperature, time, pressure, and 
chemical environment, and in depositional his- 
tory. 


DIAMOND TYPES 


The discussion of the gemological properties of the 
Sumitomo synthetic diamond that follows re- 
quires a brief summary of what is known about the 
different types of diamond. It was recognized at an 


Figure 6. An octahedral face of a Sumitomo 
synthetic diamond, seen here in reflected light, 
shows the unusual growth features on the 
diamond’s surface. No trigons or other growth 
features seen on natural diamonds are present. 
Magnified 40x ; photomicrograph by John Koivula. 
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early stage in diamond research that differences in 
the absorption of light and in other physical 
properties could be used to classify diamonds into 
general categories. The classification scheme pro- 
posed by Robertson et al. (1934), and since elabo- 
rated on by other workers, is generally accepted 
and is helpful in understanding the gemological 
properties of diamond. Although the system was 
initially founded on measurable physical proper- 
ties, it became clear as research proceeded that the 
presence of small amounts of nitrogen and boron 
in diamonds were the major causes of the differ- 
ences in properties. The classification scheme is 
based on the concentration levels of nitrogen and 
boron as well as on the state of aggregation of the 
nitrogen in a diamond. According to this scheme, 
all diamonds can be described as containing one or 
more of the following categories or types: 


Type Ia: About 98% of natural gem diamonds are 
of this type, which is characterized by the 
presence of nitrogen in fairly substantial 
amounts (up to about 3000 parts per million, or 
0.3%}. The nitrogen is distributed in aggre- 
gates of a small number of atoms substituting 
for neighboring carbon atoms. Several kinds of 
nitrogen aggregates are recognized, leading to 
the designation of IaA and IaB subcategories. 
Diamonds in this category usually range from 
near-colorless to yellow, but they may also be 
brownish or grayish. 


Type Ib: Diamonds of this type are very rare in 
nature (less than 1%}, but all yellow synthetic 
diamonds are type Ib. They contain lower 
amounts of nitrogen {up to about 1000 parts 
per million). The nitrogen is dispersed through 
the crystal structure in the form of singly 
substituting atoms. Diamonds in this group 
are intrinsically yellow and usually have a 
deep color. 


Type IIa: These diamonds are very rare in nature. 
They are believed to contain nitrogen but at 
concentration levels below that which can 
easily be detected with standard infrared tech- 
niques. These diamonds are usually near- 
colorless. 


Type IIb: Diamonds in this category are extremely 
rare in nature, and are believed to contain 
greater amounts of boron than nitrogen. They 
exhibit electrical conductivity and are usually 
blue or gray in color, although on occasion they 
can be near-colorless. 
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Excellent reviews of diamond types and the related 
optical and physical properties can be found in 
Clark et al. (1979), Walker (1979), Field (1979), and 
Collins (1982). 

Diamond types can be identified by infrared 
spectroscopy, even if two different types are pres- 
ent in the same stone (as is the case with most 
natural diamonds). As shown in figure 7, the 
various diamond types have different and distin- 


Figure 7. These infrared spectra were recorded 
with GIA’s NICOLET 60SX FTIR spectrometer 
for three diamonds: type IaA—a 0.36-ct light 
gray stone with parallel polished flat surfaces; 
type IaB—a 1,13-ct milky round brilliant 
faceted stone; type Ib—one of the rectangular 
pieces (0.37 ct) of Sumitomo synthetic 
diamond. As is evident from these spectra, the 
differing patterns of infrared absorption bands 
provide a way to distinguish diamond types. 
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TABLE 1. Comparison of intense yellow natural and synthetic diamonds. 


Properties Natural General Electric synthetic Sumitorno synthetic 
Type la Ib tb Ib 
Form of nitrogen and Aggregated; usually Dispersed; usually Dispersed; usually less Dispersed; usually less 
concentration level 2000-3000 ppm 100-1000 ppm than 100 ppm than 100 ppm 


Abundance 


Size range of rough 


Key Identitying Features 
Ultraviolet fluorescence 
Long wave 


Short wave 


Phosphorescence to 
ultraviolet radiation 


Fluorescence to X-rays 


Optical absorption 
spectrum (hand 
spectroscope) 


Additional 
Characteristics 


Color distribution 

Strain (with magnification) 
Graining (with 
magnification) 


Inclusions 


Surface appearance of 
rough 


Reaction to magnet 


Common—about 98% 
of all gem diamonds 

Crystals up to several 
hundred carats known 


None to intense; blue, 
green, yellow, or 
orange 

Same colors as LWUY 
fluorescence but 
variable intensity 
None to persistent; 
various colors 

None to intense; 
various colors 

Usually one or more 
sharp absorption bands; 
variable intensity 


Uniform or zoned 


None to obvious; 
various patterns 
None to obvious; 
various types; some- 
times colored 


Crystals, mineral grains, 
cleavages, Knots 


Trigons and other 


Rare—about 1% of all 
gem diamonds 


Uncertain; crystals up 
to about 40 ct known 


Usually none, but 
occasionally orange 


Same colors as LWUV 
fluorescence but 
variable intensity 


None to persistent; 
various colors 


None to intense; 
various colors 


No sharp bands 


Uniform or zoned 


None to obvious; 
various patterns 
None to obvious; 
various types; some- 
times colored 


Crystals, mineral grains, 
cleavages, knots 


Trigons and other surface 


surface growth markings growth markings 


No reaction 


No reaction 


All yellow G.E. synthetic 
diamonds 


Crystals slightly more 
than 1 ct or smaller 


None 


None 


None 
None 


No sharp bands 


Obvious color zoning 


None to weak strain 
around inclusions of flux 


None 


Flux, pinpoints, broom- 
like features 


Dendritic patterns 
sometimes present 
Some attraction due to 
metallic flux inclusions 


All yellow Sumitomo 
synthetic diamonds 
Crystals about 2 ct or 
less 


None 


Moderate to intense; 
yellow or greenish yellow 


None 


Weak to moderate 
intensity; bluish white 


No sharp bands 


Obvious color zoning in 
rough 

Cross-shaped pattern in 
rough 

Cross-shaped or phantom 
patterns in rough; 
hourglass pattern in 
faceted stones 

Vein-like colorless areas, 
black flux, white pinpoints 
in rough 

Irregular or dendritic 
patterns 

Some attraction due to 
metallic flux inclusions 


guishable infrared spectra in the range between 
1000 and 1400 wavenumbers (cm~!}. The lower- 
most spectrum in this figure is for one of the 
Sumitomo synthetic diamonds, which on the basis 
of its spectrum was determined to be a very pure 
type Ib. This is important because most natural 
type Ib diamonds are not a pure type Jb, but also 
have a small percentage of type Ia character that is 
easily recognizable in their infrared spectra. 

On the basis of our examination using infrared 
spectroscopy, we can quickly substantiate the pure 
type Ib character of all the yellow Sumitomo 
synthetic diamonds, Therefore, the first thing to 
realize when considering the features that will 
help to identify these synthetic diamonds is that 
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they represent a type of diamond that is extremely 
rare in nature. The Sumitomo synthetic diamonds 
do not correspond with the vast majority of yellow 
natural diamonds of similar color that are type Ia. 
The gemological properties discussed in the next 
section provide a means of identifying diamond 
types in general and the ways to recognize a 
Sumitomo synthetic diamond in particular. 


RESULTS OF TESTING 


During our study we examined three single crys- 
tals and 20 rectangular pieces of the Sumitomo 
synthetic yellow diamond. After examination, we 
had nine of the rectangular pieces faceted so that 
we could document the behavior of the material 
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during cutting. In general, all samples of the 
Sumitomo synthetic diamond exhibit similar, if 
not identical, gemological properties. The proper- 
ties discussed below apply to the crystals, the 
rectangular pieces, and also the faceted synthetic 
diamonds unless otherwise indicated. Table 1 com- 
pares key features of type la natural, type Ib 
natural, the G.E. type Ib synthetic, and the Sum- 
itomo type Ib synthetic yellow diamonds as an aid 
in the following discussion. 


Color. While we are aware that Sumitomo syn- 
thetic diamonds can be grown in various shades 
from near-colorless to deep yellow, all of the stones 
we examined are deep yellow, and this color is 
virtually identical from one sample to the next. As 
expected, the color of the stones became slightly 
more saturated in appearance after faceting. When 
compared to the fancy intense yellow master 
diamond at the Los Angeles Gem Trade Laboratory, 
the color of the synthetic diamond was much more 
saturated. When color graded, the faceted syn- 
thetic diamonds ranged from yellow to brownish 
yellow or orangy yellow. The color of some of these 
Sumitomo synthetic diamonds corresponds to that 
of the best natural-color yellow diamonds, which 
the trade frequently refers to as “canary.” 

Upon further examination, we found that the 
color of the synthetic diamonds is not distributed 
evenly within the material. All the pieces of partly 
polished rough synthetic diamond exhibit a deep 
yellow inner zone and a narrow near-colorless 
outer zone, as shown in figure 8. In addition, 
within the area of deep yellow color there some- 
times is a more subtle variation in color inten- 
sity. This color zoning was observed to be much 
less obvious {and sometimes totally absent} in 
the Sumitomo synthetic diamonds that we had 
faceted. 


Spectroscopy. Because the Sumitomo synthetic 
diamonds are type Ib (as are the yellow G.E. 
synthetic diamonds], their spectra as seen with a 
hand spectroscope are very different from those 
seen in most type Ia natural yellow diamonds. The 
yellow coloration of diamond is due to the concen- 
tration of nitrogen and its presence in either a 
dispersed (type Ib) or an aggregated (type Ia} form. 
During the growth of most diamonds in the earth, 
which requires extended periods of time under 
high temperatures and pressures, some of the 
nitrogen atoms are able to migrate into clusters 
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Figure 8, Color in a rectangular piece of the 
Sumitomo synthetic diamond is distributed 
such that the deep yellow central portion is 
rimmed by a narrow (1 mm wide) zone that is 
either colorless or very pale yellow. The straight 
line separating these two color zones is sharp 
and follows the outer shape of the crystal, The 
colorless zone appears to extend around the 
entire outer portion of the crystal. This color 
zoning may be less obvious in a faceted 
Sumitomo synthetic diamond. Magnified 18x; 
photomicrograph by John Koivula. 


within the diamond crystal structure. This leads 
to the formation of a triangular arrangement of 
nitrogen atoms that is responsible for the N2, N3, 
and N4 groups of absorption bands. The N2 and 
part of the N3 groups are referred to as the “Cape 
lines” often observed in the ultraviolet and visible 
spectrum. Because synthetic diamonds are grown 
in a laboratory over a relatively short time and do 
not remain at high temperatures and pressures for 
long periods, there appears to be no opportunity for 
nitrogen atoms to migrate into groups. The nitro- 
gen atoms thus remain dispersed, and the syn- 
thetic diamonds fall within the type Ib category. 

Figure 9 illustrates the differences in nitrogen 
configuration and visible-range absorption spectra 
for yellow diamonds. The singly substituting ni- 
trogen in a type Ib diamond (like the Sumitomo 
synthetics] produces a gradually increasing ab- 
sorption of light toward the violet end of the 
spectrum. Using a Beck hand spectroscope at both 
room and cooled temperatures, we observed no 
sharp absorption bands in the Sumitomo synthetic 
diamonds, but only a gradual darkening of the 
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spectrum toward the violet end. These results were 
confirmed by spectra recorded at 60°Kelvin 
{—213°C) with a Pye-Unicam dual-beam ultravio- 
let-visible spectrophotometer. In contrast, in a 
type Ia diamond, the clusters of nitrogen atoms 
lead not only to an increasing absorption toward 
the violet end but also to the presence of superim- 
posed sharp absorption bands. With a hand spectro- 
scope, many near-colorless to yellow type Ia dia- 
monds (the vast majority of natural diamonds) 
exhibit all or some portion of a series of absorption 
bands of varying intensity at 415, 423, 435, 452, 
465, and 478 nm, which is known as the “Cape” 
series. Most other diamonds in this same color 
range exhibit other absorption bands (e.g., 503 nm). 
Thus, at present the observation of any one or more 
sharp absorption bands in the spectrum of a yellow 
diamond would immediately identify it as natural 
(although not necessarily naturally colored). How- 
ever, the absence of absorption bands does not 
prove synthetic origin. 
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Figure 9. Comparison of yellow type 
Ib (left) and type Ia (right) 
diamonds. At top is a drawing of 
the diamond crystal structure 
(adapted from Bursill and Glaisher, 
1985}. Carbon atoms are depicted as 
open circles, while nitrogen atoms 
are shown as black circles. In a type 
Ib diamond, nitrogen substitutes for 
carbon tn the form of single, 
dispersed atoms. In contrast, in a 
type Ia diamond, there are clusters 
of nitrogen atoms like the N3 
center, shown at the upper right. In 
the middle section are absorption 
‘spectra for these two diamond types 
as obtained with an ultraviolet- 
visible spectrophotometer. 
Absorption of violet and blue light 
600 results in a yellow color. A type Ib 
diamond (e.g., a Sumitomo 
synthetic diamond) has an 
absorption curve that increases 
smoothly toward the violet end of 
the spectrum. In contrast, in a type 
Ia diamond there often are sharp 
absorption peaks, such as the 
“Cape” series, that can be seen with 
the hand spectroscope. 


Ultraviolet Fluorescence. When exposed to ultra- 
violet radiation, natural yellow diamonds can ei- 
ther be inert or they can fluoresce in a range of 
colors. If they do fluoresce, natural yellow dia- 
monds can appear blue, green, orange, yellow, or 
(rarely) red, when exposed to ultraviolet radiation, 
and the intensity of fluorescence is typically 
greater under a long-wave as opposed to a short- 
wave lamp. After such exposure, many natural 
yellow diamonds will also continue to glow or 
phosphoresce when the lamp is turned off. 

The synthetic diamonds we examined respond 
quite differently when tested for ultraviolet fluo- 
rescence. When exposed to long-wave ultraviolet 
radiation (366.0 nm}, the Sumitomo synthetic 
diamonds are inert; but when exposed to short- 
wave ultraviolet radiation (253.7 nm], they display 
a zoned moderate to strong yellow and green 
fluorescence (figure 10}. The core of the crystal has 
a distinct green fluorescence. The fluorescence 
emission spectrum corresponding to the green 
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Figure 10. A Sumitomo synthetic diamond 
fluoresces yellowish green to yellow to short- 
wave ultraviolet radiation. The greenish 
fluorescence is often especially pronounced 
within the central portion of the diamond in 
the form of a phantom cloud. Four-hour 
exposure, 160 ASA film, magnified 20x; 
photomicrograph by John Koivula. 


fluorescence seen with short-wave ultraviolet radi- 
ation is illustrated in figure 11. The same zoning of 
luminescence colors can be observed using cath- 
odoluminescence. This kind of fluorescence re- 
sponse, whereby the stone is inert to long-wave 
ultraviolet radiation but fluoresces greenish yel- 
low to short-wave ultraviolet radiation, has not 
been reported for natural yellow diamonds and 
provides an easy way to recognize the Sumitomo 
material. The small number of natural type Ib 
diamonds we have observed fluoresce orange to 
short-wave ultraviolet radiation. Interestingly, 
some other colors of the G.E. synthetic diamonds 
examined by Crowningshield (1971) showed a 
similar fluorescence behavior, but the yellow G.E. 
synthetic diamond he examined was inert to both 
long-wave and short-wave ultraviolet radiation. 
The Sumitomo synthetic diamonds were found to 
display no phosphorescence. 


Fluorescence to X-rays. Many natural diamonds 
show a bluish white glow when exposed to X-rays. 
The Sumitomo synthetic diamonds were found to 
react in the same way when exposed to an X-ray 
fluorescence unit operating at 66 kV and 35 mA. 
Under these conditions, the synthetic diamonds all 
show a bluish white glow of variable intensity but 
no phosphorescence. 
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Figure 11. A Sumitomo yellow synthetic diamond 
produces this fluorescence emission spectrum 
when excited by a tunable laser. The broad 
emission peak centered at 540 nm is the green 
fluorescence of the core of the stone when exposed 
to short-wave ultraviolet radiation. This broad 
band and the sharp emission band at 496 nm are 
thought to be caused by the H4 center. Since the 
H4 center is related to nitrogen aggregation in the 
diamond crystal structure, the fluorescence 
spectrum shown here reveals some unexpected 
nitrogen aggregation in very minor amounts in the 
synthetic diamond, at levels apparently not 
detectable by infrared spectroscopy. Spectrum 
recorded by Dr. Stephen Rand at Hughes Research 
Laboratories, Malibu. 


Electrical Conductivity. Each of the Sumitomo 
synthetic diamonds was tested for electrical con- 
ductivity with a standard conductometer; as ex- 
pected, none showed conductive behavior. 


Thermal Conductivity. As mentioned above, the 
Sumitomo synthetic diamonds are reported to 
have a high thermal conductivity. Using a standard 
GEM Duotester, which is designed to differentiate 
a diamond from a diamond simulant on the basis of 
thermal conductivity, we found that the Sumi- 
tomo synthetic diamond responds the same as does 
a natural diamond. Testing with this type 
of meter will not indicate that a diamond is 
synthetic. 


Specific Gravity. The specific gravity of the Sumi- 
tomo synthetic diamonds was tested using the 
same heavy-liquid procedure devised by Koivula 
and Fryer (1984) when they examined the G.E. 
synthetic diamonds. A large, 16-ct, gemmy octa- 
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hedral natural diamond, with a specific gravity of 
3.51 calculated by careful hydrostatic measure- 
ments, was suspended in a specially prepared 
liquid of Clerici’s solution mixed with distilled 
water. The synthetic diamonds were placed in this 
liquid one at a time, and each was observed to rise 
very slowly. The specific gravity of the Sumitomo 
synthetic diamonds was thus estimated to be 3.505 
(+0.005) as compared to about 3.52 for many 
natural diamonds. The difference is not sufficient 
to enable one to distinguish a synthetic from a 
natural diamond based on this property. 


Examination with the Microscope. All of the 
synthetic diamonds were carefully examined to 
document the nature of any inclusions and other 
microscopic features. With the microscope, two 
kinds of solid inclusions were observed in the 
rectangular pieces of synthetic diamond. Almost 
all of the synthetic diamonds contain the first 
kind—whitish, pinpoint-size or smaller inclusions 
randomly distributed within the material. The 
other, more prominent type of inclusion consists of 
opaque, black, metallic pieces of varying size of 
the metal alloy flux material used to grow the 


Figure 12. A large, opaque, black inclusion of 
flux material can be seen near the edge of this 
piece of Sumitomo synthetic diamond. 
Magnified 50x ; photomicrograph by John 
Koivula. 
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synthetic diamond crystals (figure 12). These flux 
inclusions, which do not look like any inclusions 
in natural diamonds, occur most commonly near 
the outer edges of the rectangular pieces of syn- 
thetic diamond. After faceting, neither of these 
two types of inclusions could be observed in the 
cut stones. In addition to the inclusions, some of 
the pieces of synthetic diamond contain small 
cleavages or fractures near their edges, but these 
are not common. 

A less common but diagnostic inclusion ob- 
served with magnification in most of the synthetic 
diamond pieces consists of unusual, vein-like 
colorless areas (figure 13). The cause of this feature 
is not known, but the areas extend from the outer 
edge of the synthetic diamond inward for a dis- 
tance of several tenths of a millimeter. Because of 
this location, however, these colorless veins were 
not present in the faceted synthetic diamonds. The 
vein-like areas appear to be randomly distributed 
among the crystal pieces, but usually only one or 
two occur in any one piece. When present, the 
colorless veins are parallel to the dodecahedral 
crystal faces. Features such as this have not been 
observed in natural diamonds. 


Figure 13. This vein-like colorless zone is a 
diagnostic feature in the Sumitomo synthetic 
diamonds we examined. Such a zone is 
associated with a prominent strain pattern 
observable in polarized light. Since these vein- 
like colorless zones are usually near the outer 
edge of a synthetic diamond crystal, they may 
be removed during cutting, and thus may not 
be seen in a faceted Sumitomo synthetic 
diamond. Magnified 50x ; photomicrograph by 
John Koivula. 
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In contrast to the scarcity of prominent inclu- 
sions, graining is especially evident in the Sumi- 
tomo synthetic diamonds. It was observed both 
internally (figure 14) and even on the surface 
(figure 15) on almost all pieces of the material. As 
evident in figure 14, two types of graining are 
present. The first type occurs as sets of lines seen 
internally and externally that appear to be parallel 
to the outer shape of the original diamond crystal. 
These grain lines provide a phantom “record” of 
the external shape during crystal growth of the 
diamond. The second type, seen only internally, 
occurs as sets of straight lines that radiate outward 
from the center of the crystal, forming four wedge- 
or V-shaped areas in the shape of an “iron cross.” 

Because graining was so prominent in the 
pieces of Sumitomo synthetic diamond, we were 
especially interested to see how it would appear in 
the stones we had faceted. Neither the grain lines 
that parallel the shape of the crystal nor those that 
form the wedge-shaped areas could be seen in the 
faceted stones. Rather, a different pattern of grain- 
ing, in the form of an “hourglass” shape, was 
observed through the pavilion of all the faceted 
stones (figure 16). In addition, as seen in figure 17, 
some faint phantom grain lines were observed on 
the surfaces of all the faceted stones, similar in 
appearance to those seen externally on the pieces 
of synthetic diamond (figure 15). 


Reaction to Polarized Light. When examined with 
either a standard polariscope or a microscope 
equipped with polarizing filters, the Sumitomo 
synthetic diamonds exhibit a distinctive cross- 
shaped interference pattern (figure 18]. This pat- 
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Figure 14. This view of a Sumitomo 
synthetic diamond illustrates the 
two prominent types of internal 
graining seen in this material as 
well as the distinct color zoning. 
Comprising one type are the sets of 
grain lines that parallel the outer 
shape of the crystal. Comprising the 
other type are the sets of grain lines 
that radiate outward from the 
center to form four wedge-shaped 
areas. These two types of internal 
graining were not seen in any of the 
faceted Sumitomo synthetic 
diamonds. Magnified 35 x ; 
photomicrograph by John Koivula. 


Figure 15. When the synthetic diamond shown 
in figure 14 is viewed using lighting by surface 
reflection, graining is evident on Its exterior. 
This graining often persists after cutting on a 
polished outer surface. Magnified 35 x; 
photomicrograph by John Koivula. 


tern varies slightly in appearance from one stone to 
the next, and is most evident when the rectangular 
pieces of synthetic diamond are viewed along a 
direction perpendicular to the two parallel pol- 
ished sides. When the diamond is rotated to a 
direction perpendicular to the edge ofa rectangular 
piece, the interference pattern cannot usually be 
seen. The four arms of the cross-shaped pattern 
either coincide with or are at a 45° angle to the 
directions of the radiating internal grain lines 
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Figure 16. This type of hourglass-shaped 
internal graining pattern was visible in all eight 
of the emerald-cut synthetic Sumitomo 
diamonds. It was always observed in shadowed 
darkfield through the pavilion. No similar 
pattern was observed in any of the rough 
crystal sections. Magnified 35 x; 
photomicrograph by John Koivula. 


described earlier. This cross-shaped pattern could 
not be observed in the faceted synthetic diamonds. 


Magnetism. Because, as reported by B. W. Ander- 
son (Webster, 1970) and more recently by Koivula 
and Fryer (1984], some of the G.E. synthetic 
diamonds react to a magnet, the Sumitomo syn- 
thetic diamonds were tested in a similar manner. 
Each was attached to a string and then a magnet 
was positioned nearby. Only one of the Sumitomo 


Figure 18. Before faceting, the Sumitomo 
synthetic diamonds typically exhibit a cross- 
shaped interference pattern when examined 
with a polariscope or a polarizing microscope. 
Magnified 18x; photomicrograph by John 
Koivula., 
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Figure 17. The surface grain lines shown here on 
one of the faceted stones reflect the external 
shape of the original Sumitomo synthetic 
diamond crystal. All of the faceted Sumitomo 
diamonds showed similar patterns on their 

tables. Oblique shadowed illumination, 
magnified 25x; photomicrograph by John Koivula. 


synthetic diamonds was attracted to the magnet. 
An additional test was devised in which the 
synthetic diamonds were again suspended in the 
same mixture of water and Clerici’s solution used 
for specific-gravity testing. When a magnet was 
brought close to the glass container holding this 
liquid and the suspended diamonds, two of the 
eight diamonds tested were observed to move 
through the liquid in the direction of the magnet. 
We suspect that this magnetic behavior is related 
to the occasional presence of metallic flux inclu- 
sions in the synthetic diamonds. Since the number 
of flux inclusions varies greatly from one diamond 
to the next, this could explain the observed differ- 
ence in magnetic attraction. 


FACETING BEHAVIOR 


Because the Sumitomo synthetic diamonds are 
now available on a commercial basis, we were 
interested in documenting some aspects of how 
the material might behave during faceting. In 
particular, we wanted to learn how easily these 
synthetic diamonds could be polished and what 
their weight retention from the rough might be. We 
arranged with several diamond cutters in New 
York and Los Angeles to have nine of the rectangu- 
lar pieces of Sumitomo synthetic diamond faceted 
(figure 19), These pieces varied from 0.34 to 0.39 ct, 
and from 3.55 x 3.54 x 1.63 mm to 4.00 x3.76 x 
1.62 mm. We arranged for one piece to be faceted as 
a round brilliant, which yielded a 0.08-ct stone 
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measuring 2.80 x 2.80 x 1.69 mm. The weight 
retention after cutting was 22%, and the depth 
percentage was 60%. The remaining eight pieces 
were faceted in a square step cut. In these in- 
stances, we instructed the cutter to facet the 
synthetic diamonds so as to retain maximum 
weight while fashioning as attractive a stone as 
possible. These faceted synthetic diamonds range 
in weight from 0.16 to 0,24 ct. The largest of them 
measures 3.84 x 3.63 x 1.72 mm. The weight 
retention for these stones after cutting varied from 
49% to 64%, and the depth percentage from 43% 
to 52%. Considering the cost of the pieces of 
synthetic diamond we used and the approximate 
cutting cost, the price per carat of this type of 
Sumitomo synthetic diamond would be equal to or 
slightly exceed the price of a natural diamond of 
similar hue and clarity. 

If Sumitomo at some future time were to 
release the rough crystals themselves, the weight 
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Figure 19. Four of the 
synthetic diamonds that we 
had faceted from the 
rectangular pieces of the 
material. The round single 
cut weighs 0.08 ct and 
measures 2.80 X 2.80 X 
1.69 mm. The step-cut 
faceted pieces weigh 
between 0.16 and 0.24 ct 
‘and measure between 3.48 
and 3.84 mm in maximum 
dimension. Photo © Tino 
Hammid. 


retention of a faceted stone would certainly be 
much higher than we obtained in faceting the 
rectangular pieces and might, therefore, be cost 
effective. The approximately 0.8-ct faceted round 
brilliant that we examined briefly was identified as 
having been cut from a 1.7-ct rough crystal. 
Because we had no information on how this round 
brilliant was cut from the rough, we were inter- 
ested in estimating the weight of the round bril- 
liants that could be cut from the three crystals that 
Sumitomo loaned us. 

Because of the blocky shape of these crystals 
with their blunted top and bottom surfaces, we felt 
it would be impractical to try to saw them and to 
fashion more than one faceted stone from each. 
Thus, they could be considered much like a recut- 
ting project on an “old-style” faceted stone. In 
examining the three crystals, the GIA Proportion- 
scope was used to verify sufficient thickness above 
and below the octahedral girdle plane for fashion- 
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ing a Tolkowsky cut, which would yield the largest 
stone. Accordingly, a 62% depth was selected in 
our calculations to retain the greatest amount of 
weight. Note that this is in contrast to the standard 
practice of sawing natural octahedral rough and 
then cutting to slightly spread proportions to 
retain the greatest weight. By using the standard 
GIA weight-estimation formula (diameter? x 
depth x 0.0061), the 0.63-ct crystal would yield a 
0.32-ct round brilliant with 51% weight recovery; 
the 1.07-ct crystal, a 0.45-ct stone with 42% 
recovery; and the 1.05-ct crystal, a 0.57-ct stone 
with 54% recovery. 

After completing the faceting, the cutters had 
some interesting comments on the faceting behav- 
ior. An attempt was made to cleave and then saw 
one of the pieces of synthetic diamond. In doing so, 
the cutter noted no significant differences between 
this material and natural diamonds. One cutter 
observed that the facets on the synthetic diamonds 
had only one polishing direction. All of them 
reported that the synthetic diamonds polished 
easily and seemed to be less brittle than most 
natural diamonds. However, while some natural 
diamonds will polish more rapidly if downward 
pressure is applied to the dop, this was not the case 
for the synthetic diamonds, Rather, when pressure 
was applied to the dop, the synthetic diamond 
would rapidly take all of the diamond powder out 
of the wheel, which would then need to be re- 
finished before further use. 

The synthetic diamonds were free of knots or 
other defects that might have influenced the pol- 
ishing. One cutter reported that the synthetic 
diamonds could be polished on just the coarser 
portion of his wheel, and did not require polishing 
on the finer portion as is typical for natural 
diamonds; this behavior is very unusual. While 
natural diamonds frequently become very hot 
during polishing, the synthetic diamonds did not 
get nearly as hot on the wheel, and they could be 
touched with the hand soon after being taken off of 
the wheel. We know that this tendency not to heat 
up is the result of the superior thermal conduc- 
tivity of the Sumitomo synthetic diamonds, since 
they are produced for the very purpose of acting as 
heat sinks in electronic equipment. However, if the 
dop was pushed too hard, facets on the synthetic 
diamonds could be burned as they could on a 
natural stone, and they would then require re- 
polishing. The cutters also noted that the synthetic 
diamonds turned a bright orange or brownish 
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orange while they were placed on the wheel. 
Although some natural intense yellow diamonds 
will turn orange on the wheel, this color is not 
nearly as intense as the color displayed by the 
Sumitomo synthetic diamonds. Finally, we asked 
the cutters whether, if they had not been told that 
the stones were synthetic diamonds prior to face- 
ting, they would have noticed some difference 
during faceting. They reported that they would 
have suspected that something was different about 
the diamonds. 

We arranged to have only a small number of 
the Sumitomo synthetic diamonds faceted, and are 
unable to fully account for some of the observa- 
tions reported above. Too, there were slight differ- 
ences in the answers of different cutters to our 
questions. The cutter at the firm of Lazare Kaplan 
International, the same company that faceted 
some of the G.E. gem-quality synthetic diamonds 
in the early 1970s, did comment that the Sum- 
itomo synthetic diamonds faceted like the G.E. 
stones. 


MEANS OF IDENTIFICATION 

It is important to recognize that when Sumitomo 
synthetic yellow diamonds meant for industrial 
uses are faceted as gemstones, they correspond to 
the type Ib category of natural diamonds which is 
very rare. We have found that these synthetic 
diamonds can be distinguished very easily by the 
jeweler/gemologist using standard gemological 
techniques. The following diagnostic properties 
are based on our examination of the Sumitomo 
synthetic diamonds that we had faceted. 


1. Ultraviolet Fluorescence 

In examining a small yellow diamond suspected 
of being synthetic, the most easily observed 
distinctive feature is the unusual ultraviolet 
fluorescence. Unlike natural yellow diamonds, 
these synthetic diamonds are inert to long-wave 
ultraviolet radiation but fluoresce a greenish 
yellow or yellow to short-wave ultraviolet radia- 
tion. 


2. Spectra 
In conjunction with the unusual fluorescence 
behavior, the Sumitomo synthetic diamonds 
can be readily distinguished from most intense 
yellow type Ia natural diamonds by the presence 
of sharp absorption bands in the latter when 
viewed with a hand spectroscope. The observa- 
tion of any sharp absorption bands in the violet 
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and blue portions of the spectrum is enough to 
confirm natural origin. However, the absence of 
any bands does not prove the stone is synthetic. 


3. Color 

Presently the Sumitomo synthetic diamonds 
are only available commercially in a deep yel- 
low color. At this time, an unknown diamond 
with a light yellow color is unlikely to be a 
Sumitomo synthetic diamond, but its spectrum 
and its reaction to ultraviolet radiation should 
be tested for the results described above. 


4. Size 
At present, the precut Sumitomo material 
available for industrial purposes is quite small, 
and is likely to yield faceted stones of less than 
0.24 ct. This situation may change in the future 
if the Sumitomo Company releases some of 
their larger crystals on the market. This possi- 


Figure 20. The infrared spectrum of a pure type 
Ib Sumitomo synthetic diamond is compared 
here with that of a natural type Ib diamond 
that has a small amount of type IaA character, 
The fact that natural type Ib diamonds 
invariably have some type IaA features in their 
infrared spectra provides a means of 
distinguishing them from type Ib synthetic 
diamonds, which lack these features. 
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bility seems unlikely at this time according to 
their statements. 


5. Magnification 

Further confirmation that a stone in question is 
a Sumitomo synthetic diamond comes from 
observations with the microscope. The promi- 
nent internal graining, distinct color zoning, 
metallic flux inclusions, and unusual colorless 
areas that are present in the rectangular pieces 
of synthetic diamond may not be seen in faceted 
stones. Nor is the cross-shaped interference 
pattern likely to be seen. The two most distinct 
features seen with the microscope are the 
“hourglass’-shaped pattern of internal grain 
lines visible through the pavilion of all of the 
faceted stones and the surface grain lines on the 
table facets that phantom the shape of the 
original parent crystals. 


A final verification of the natural or synthetic 
origin of a yellow diamond is provided by infrared 
spectroscopy. As shown in figure 20, the infrared 
spectrum of a natural Ib diamond invariably dis- 
plays not only Ib-related features but also those 
due to type Ia nitrogen. The infrared spectra of the 
Sumitomo type Ib synthetic diamonds lack these 
Ia features. Therefore, it is our opinion that at the 
present time the identification of synthetic dia- 
monds from Sumitomo can be made on the basis of 
standard gemological testing supported, if neces- 
sary, by examination with more advanced equip- 
ment. 


CONCLUSION 


The large-scale production of gem-quality syn- 
thetic diamonds by Sumitomo Electric Industries 
forces members of the jewelry industry to recon- 
sider their views regarding the likelihood of such 
material appearing in the gem marketplace. After 
some initial concern in the early 1970s, the G.E. 
synthetic gem-quality diamonds were found to 
have identifiable gemological characteristics. 
Moreover, they were only produced in small num- 
bers on an experimental basis at great cost. Since 
their appearance, the opinion that the commercial 
production of synthetic gem diamonds at a cost 
comparable to natural gem diamonds is economi- 
cally impractical has been widely held and fre- 
quently reiterated. The advent of the Sumitomo 
synthetic gem-quality diamonds may change this 
situation, and we may see other companies follow- 
ing their lead in this area. However, because 
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diamond-growth conditions in the laboratory are 
not equivalent to those in nature, the features 
exhibited by synthetic diamonds will differ from 
the features of natural diamonds. As new kinds of 
gem-quality synthetic diamonds are produced, a 
careful examination of them should continue to 
identify those characteristics by which they can be 
recognized. The Sumitomo synthetic diamonds 
can be readily distinguished by standard gemologi- 
cal tests, but to do so the jewelry industry will 
need to pay closer attention to documenting the 
gemological properties described here when work- 
ing with small yellow diamonds of intense color. 
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ART NOUVEAU: 


JEWELS AND JEWELERS 


By Elise B. Misiorowski and Dona M. Dirlam 


The Art Nouveau movement, with its 
startling concepts in design, swept 
through Europe and the United States in 
the late 19th and early 20th centuries. 
The asymmetrical whiplash line which 
typifies Art Nouveau was manifested in 
art, architecture, metalwork, textiles, and 
interior design. Perhaps its most 
concentrated and refined expression can 
be seen in the spectacular Art Nouveau 
jewels, which incorporated more unusual 
gems and gem materials such as 
moonstones, horn, ivory, opal, turquoise, 
and tourmalines into a host of fanciful 
designs. This article discusses the origins 
of Art Nouveau and outlines the 
distinctive interpretations and 
contributions made by significant Art 
Nouveau jewelers. 
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Art Nouveau 


rom the mid-19th century to the beginning of the First 

World War, an enormous surge of creative energy 
expressed itself in virtually every aspect of Western 
culture. There were advances in technology and science, 
and revolutionary expressions in fine art, music, literature, 
and the applied arts. In this expansive cultural climate, a 
style was developed that was as unique as it was short- 
lived. Art Nouveau, as the movement has come to be 
known overall, grew out of several factors. Technological 
advances, brought about by the industrial revolution, 
improved communications internationally through travel 
and commerce. Exhibitions of exotic arts and artifacts 
exposed the artists of the day to stimulating new concepts 
in design and use of materials, These new ideas then added 
impetus to an artistic revolt against the dehumanizing 
influences that were also by-products of the industrial 
revolution. 

This new form of expression was manifested differ- 
ently and given different names in each country, but all 
were variations of the new art. An early version was called 
Arts and Crafts, or Liberty Style, in England and laterin the 
U.S. In France it was called Art Nouveau or Fin de Siécle. It 
was known as Jugendstil in Germany, Secessionstil in 
Austria, Palingstil in Belgium, and Modernismo in Spain. 
Although nearly every country in Western culture mani- 
fested this new art in some way, not all of them made 
significant contributions to jewelry design. For example, 
Italy was so involved in producing replicas of classic jewels 
that its artisans produced little if any new-art jewelry, 
although they acknowledged the movement as Stile Lib- 
erty. Yet jewelers in England, France, Germany, and the 
United States-played major roles in different developmen- 


‘tal stages of the Art Nouveau style. Using more unusual 


gemstones and materials than their predecessors in the 
Victorian era or their counterparts in the Edwardian style, 
the Art Nouveau designers created pieces that are as ex- 
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citing and fascinating today as they were when the 
movement first started more than 100 years ago. 


THE ELEMENTS OF ART NOUVEAU 


Origins of the Movement. Many factors influenced 
the development of Art Nouveau. Of great impor- 
tance was the desire to break loose from the heavy, 
ornate, almost repressive styles that held sway 
during the Victorian period. Innovations in metal 
technology during the industrial revolution fur- 
thered this rigidity of style by enabling the mass- 
production of machine-made pieces. In the middle 
of the 19th century, however, it became fashionable 
to wear jewelry patterned after ancient Greek, 
Roman, and Etruscan pieces discovered during the 
burgeoning of archeology. This historicism gave 
rise to a romantic revival which saw artists turn 
away from industry and draw their inspiration 
directly from nature. In France, interest in the 
elaborate curved forms of rococo was gradually 
revived, as a similar revival of interest in the 
design elements of Gothic and Celtic art was seen 
in the British Isles. With these revivals came a 
spiritual yearning for the craft guilds of the Middle 
Ages. Societies, formed to promote the decorative 
arts, sponsored exhibits and competitions that 
acted as further stimuli. 

Perhaps the single most important influence 
on the development of Art Nouveau design, how- 
ever, was the resumption of trade with Japan in 
1854. The exhibits of Japanese art held in the 1860s 
had a tremendous impact on European artists. 
When Siegfried Bing (1838-1905} opened a Japa- 
nese import shop in Paris in 1871, he further 
exposed the Parisian artworld to Japanese concepts 
of design (Weisberg, 1986). The simplicity of Japa- 
nese art and the economy of line shown in their 
interpretation of nature was an immediate inspira- 
tion to the Western world. Curve of human form, 
flow of movement, balanced asymmetry, subtle 
use of color and shading were aspects of Japanese 
art that surprised Europe and greatly influenced 
the manner in which artists viewed and inter- 
preted life forms. 

Numerous exhibitions in Europe and the 
United States displayed artwork and artifacts from 
many other countries as well, exposing artists to 
Indian, Arabic, Persian, and Oriental cultures. 
Exotic species of plants, such as the tiger lily, 
wisteria, chrysanthemum, bleeding heart, and or- 
chid, often represented in Art Nouveau jewelry, 
were first introduced to Europe in the 19th cen- 


210 Art Nouveau 


tury. Art Nouveau became a metaphor for the 
metamorphosis of the times, translating the myr- 
iad influences into a unique form of art that 
expressed itself in architecture, fabrics, furniture, 
wall coverings, and perhaps most pervasively, in 
jewelry. 


Art Nouveau Motifs. Among the many recurring 
images found in Art Nouveau jewelry, the most 
widely recognized motif is that of a naked or 
partially clothed woman surrounded by her loose 
flowing hair, often depicted swimming or in flight, 
symbolically demonstrating her freedom (figure 1). 
Nature, associated with fertility and femininity, is 
unselfconsciously sensual. This eroticism is ap- 
parent in the sinuous interpretation of nature in 
the Art Nouveau line, which expressed movement, 
passion, vitality, and the youthful vigor of new 
ideas. Often called the “whiplash line,” it repre- 
sents the common element found in virtually 
every Art Nouveau design and provided the stim- 
ulus for some of the descriptive names for Art 
Nouveau such as Palingstil, which means “eel 
style.” 

Winged creatures of many kinds were also 
common in Art Nouveau jewelry. The peacock in 
particular is frequently seen, as are swans, swal- 
lows, roosters, owls, and bats. Insects such as the 
dragonfly and butterfly were special favorites be- 
cause enamelists could skillfully represent the 
gauzy transparency of wings in a startlingly realis- 
tic manner (figure 2). Scarabs, with their mystical 
connection to Egyptian lore, were also common 
subjects, as were grasshoppers, bees, and wasps. 
Snakes, which were often used in Victorian jewels 
as stiff symbols of eternal love, acquired sinister 
new life and movement in Art Nouveau (figure 3}. 
The chameleon and lizard were also represented, 
as were fish, seahorses, and other sea creatures. A 
“fascination with the shocking and nightmarish, 


Figure 1, Partially clad female figures are one of 
the most common motifs in Art Nouveau jewelry, 
as illustrated by these two pendants and brooch 
designed by Spanish jeweler Luis Masriera. The 
materials used—cast and enameled gold with 
opals, sapphires, pearls, and plique-d-jour 

enamel —are also typically Art Nouveau. These 
pieces are recent remakes from the original mold. 
The winged piece is 6.0 x 6.5 cm long. Courtesy 
of Rita Goodman, Peacock Alley Collection. Photo 
© Harold & Erica Van Pelt. 
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Figure 2, This dragonfly brooch with a woman's 
face carved in ivory shows one of the fanciful 
forms that Art Nouveau jewelry often takes. Of 
gold, ivory, plique-d-jour enamel, diamonds, 
and demantoid garnets, this piece (9 x 8.5 cm) 
is a recent remake from an original mold by 
Luis Masriera. Courtesy of Rita Goodman, 
Peacock Alley Collection. Photo © Harold w& 
Erica Van Pelt. 


with things which are not what they appear to be” 
(Becker, 1985} manifested itself as mythical char- 
acters and beasts such as Medusas, griffons, drag- 
ons, and chimeras. 

The Japanese influence can be detected in a 
realistic view of nature’s cycles and elements. Buds 
or seedpods, full blooms, and withered drooping 
flowers expressed birth, death, and rebirth, while 
miniature landscapes depicted the passage of the 
seasons. These life cycles allowed for a subtle use 
of color that was typically Art Nouveau: Spring 
and summer were shown in verdant greens, deli- 
cate pinks, mauves, and lavenders, highlighted by 
rich magentas and purples; deep reds and oranges 
mixed with subtle earth tones expressed autumn; 
and the chill of winter can be seen in cool varia- 
tions of blue and silver. 


Gems and Other Materials Used. These colors 
were best expressed in Art Nouveau jewelry by the 
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extensive use of enamels. This period experienced 
a renewed interest in enameling, possibly a conse- 
quence of the influx of Japanese artifacts which 
introduced new or forgotten techniques to the 
West. A variety of enameling techniques came into 
vogue, including cloisonné, champlevé, plique-a- 
jour, and pate-de-verre. Cloisonné enamel is made 
by forming small cells, or cloisons, with wire on a 
metal backing and filling them with separate 
colors of enamel. Champlevé enamel involves 
hollowing out small areas of metal and filling 
them with enamel. Plique-a-jour is a difficult 
technique that produces a stained-glass-window 
effect. Gold chambers backed with thin copper 
sheets are filled with transparent enamels. After 
firing, the copper backing is dissolved in an acid 
bath, leaving the enamel with the transparency of a 
pane of glass. Pate-de-verre, the ancient Egyptian 
technique of melting ground glass and molding it 
into complex shapes, was reintroduced and often 
used in place of gem materials. 

The combination of inexpensive materials and 
expensive gems is typically Art Nouveau. There 
was extensive use of horn and ivory, both of which 
could be stained soft colors and polished to give 
them a bloom and sheen. Metals also were given 
colored patinas to work within the theme of a 
piece. Gemstones usually were incorporated into 
the work as accents and complements to the design 
rather than as the central focus. Opals were popu- 
lar gems, as their changing colors suggested an 
inner life. The subtle colors of moonstone, 
chalcedony, peridot, amethyst, aquamarine, topaz, 
demantoid garnet, and tourmaline made these 
gems popular, while diamonds, sapphires, rubies, 
and emeralds were generally given the secondary 
role of accents. Mother-of-pearl, turquoise, lapis 
lazuli, and malachite were often cut en cabochon 
or used as inlay, while baroque pearls were fre- 
quently dangled from pendants and brooches or 
were used to represent pods or petals. 

Some Art Nouveau jewelers continued the age- 
old practice of incorporating simulants into their 
jewelry. During this period an imitation emerald 
triplet was constructed by cementing a rock crys- 
tal crown and pavilion with a layer of green gelatin. 
Called soudé (French for soldered) emeralds, one 
appears as the center stone in a moth pendant by 
Lucien Gautrait (figure 4). Also during the 19th 
century, scientists in national museums and uni- 
versities were attempting to duplicate gems and 
minerals by growing synthetics. Auguste Victor 
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Louis Verneuil succeeded in producing the first 
synthetic gemstone—Verneuil ruby. Crystals of 
these rubies were on display at the Paris Exposition 
Universelle de 1900 (1900 Paris Exhibition). It is 
not surprising, therefore, that some Art Nouveau 
jewelry contains simulants or synthetics. 

The older generation of Victorians regarded 
this untamed and self-indulgent style as the height 
of depravity, while the upper-class Edwardians 
disdained Art Nouveau as decadent and bourgeois. 
The Edwardian style of lavish but staid mono- 
chrome jewels of diamonds, pearls, and platinum, 
which was developing at the same time, provided a 
counterpoint to Art Nouveau jewelry, with its use 
of inexpensive materials, subtlety of color, and 
highly charged motifs. By 1900, however, accord- 
ing to French designer Henri Vever, “most people of 
fashion had taught themselves to like Art Nou- 
veau.” Those who resisted the infatuation were 
considered to have no taste (Becker, 1985). Al- 
though the modern woman of the time didn’t 
necessarily subscribe to immersing herself in the 
Art Nouveau style of furnishings and architecture, 
it was still a safe move for her to “risk her 
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Figure 3, Of unknown 
French origin (c. 1900}, this 
snake necklace demon- 
strates the grotesque as- 
pects of Art Nouveau jewel- 
ry while incorporating two 
gemstones, black opal and 
demantoid, that character- 
ize the period. Courtesy of 
Rita Goodman, Peacock AI- 
ley Collection, Photo © 
Harold & Erica Van Pelt. 


Figure 4. This gold moth pendant, by French 
Nouveau jeweler Lucien Gautrait, incorporates a 
quartz triplet (to imitate emerald) as the center 
stone, This piece, c. 1900, measures 6 X 5.5 cm. 
Courtesy of Rita Goodman, Peacock Alley 
Collection. Photo © Harold & Erica Van Pelt. 


reputation for taste by indulging herself in the 
purchase of a piece of contemporary jewelry .. .” 
(Battersby, 1968}. 

While Art Nouveau was one of the first truly 
international movements, Art Nouveau jewelry 
tended to acquire the character of each country in 
which it was fashioned. Thus, to understand the 
various manifestations of Art Nouveau jewelry, we 
will examine some of the foremost designers from 
those countries in which Art Nouveau had a major 
impact on jewelry. 


GREAT BRITAIN 


Much of Art Nouveau’s early development oc- 
curred in Great Britain. Not only was England the 
first country to experience the industrial revolu- 
tion, but it was also the most advanced industrial 
nation throughout the 19th century. Furthermore, 
its dominant role as a colonizing empire brought 
new ideas and exotic objects which stimulated 
artistic as well as scientific and political thought. 
By the early 1800s, critics were questioning the 
impact of the industrial revolution on daily life. 
The Great Exhibition of London in 1851 further 
strengthened their case. The display of machine- 
made goods — shoddy and often tasteless — was im- 
petus to the movement. The art community called 
for a return to the principles of freedom of expres- 
sion for individual artists and craftsmen. This, 
they argued, would bring an enjoyment of art to 
the lives of ordinary people. The Arts and Crafts 
movement was the expression of this change. 

John Ruskin (1819-1900) laid the foundation 
for the Arts and Crafts movement with his ideas 
and his writing. In his earliest published work 
(1843), he tells the artist to “go to Nature in all 
singleness of heart, and walk with her laboriously 
and trustingly” (Nevins, 1986). 

By the 1850s, a young undergraduate, William 
Morris (1834-1896), had joined Ruskin’s cause. In 
1861, Morris started a firm to produce tapestries, 
wallpaper, textiles, stained glass, and furniture — 
called Morris, Marshall, Faulkner & Co.—that 
promoted natural themes. The motifs that Morris 
used for his wallpapers and fabrics were drawn 
from simple flowers in his garden: tulips, honey- 
suckles, lilies, daisies, anemones, marigolds, 
larkspurs, and carnations (Nevins, 1986}. 

The Arts and Crafts movement also promoted 
the formation of guilds and art schools, where 
craftsmen were trained to design, make, and deco- 
rate the object from beginning to end. For the first 
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time, women were also involved in the design and 
fabrication of jewelry and jeweled objects. Shun- 
ning precious metals and expensive gemstones, 
they used humble materials and enameling to 
produce strong yet simple pieces. 

Although Ruskin established the first coopera- 
tive, the Guild of St. George, in 1871, Charles R. 
Ashbee (1863-1942), a former architect and a self- 
taught silversmith and jeweler, was the most 
influential designer of the Arts and Crafts move- 
ment. He founded the School of Handicraft in 
1888; out of his work, his theories, and his guild 
evolved guidelines for other groups (Hinks, 1983). 

Ashbee is particularly famous for his inter- 
pretations of the peacock motif, making use of 
turquoise-colored enamels or abalone (figure 5}. He 
often set the feathers with gemstones from the 
expanding British empire: pearls from India, opals 
from Australia, moonstones from Ceylon (Sri 
Lanka}, and diamonds from South Africa (Arm- 
strong, 1977). These continued to be favorites of 
the Art Nouveau jewelers. Ashbee’s sensuous use 
of plant motifs, moths, and other insects heralded 
the onset of Art Nouveau themes. 

While the Arts and Crafts movement of the 
1880s was the catalyst for the whole European 
and American artistic revolution, it was Arthur 
Lazenby Liberty (1843-1917} who translated its 
esoteric design into fashionable jewels. After ap- 
prenticing as a draper, Liberty joined the Farmer 
and Rogers’ Great Shawl and Cloak Emporium in 
Regent Street in 1862. This was the very same year 
of the International Exhibition in Kensington, 
where the major attraction was the Japanese sec- 
tion. Farmers and Rogers bought the bulk of the 
Japanese exhibit and opened the Oriental Ware- 
house, which Liberty managed for many years 
before he opened his own shop, the East India 
House. 

Liberty saw the talent and potential of the Arts 
and Crafts designers, and commissioned exclusive 
designs for his fabrics (figure 6) and later for silver 
and other metalwork. He began importing Art 
Nouveau objects from the Continent around 1897, 
notably some of the Jugendstil metalware from the 
German firm of Kayser. When this proved success- 
ful, he launched his own line of metalwork in the 
late 1890s under the trade name Cymric. 

An important aspect of the Cymric style of 
English Art Nouveau jewelry was its revival of 
Celtic art. The Celts, who had inhabited West 
Central Europe, invaded the British Isles about 250 
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B.C. Their art displayed distinctive features of 
knots, curving lines, and geometric interlacing. 
Archibald Knox {1864—-1933) was largely respons- 
ible for the inclusion of Celtic art and the success 
of the Cymric style (figures 7 and 8}. 

During this period, the Murrle, Bennett & Co. 
jewelry firm produced a distinctive range of jewel- 
ry. Some pieces in silver had a hammered finish 
with tiny bump-like rivets and were often set with 
mother-of-pearl or amethyst. Also typical were 
gold jewels with a matte sheen set with turquoise 
and matrix, opal, amethysts, or baroque pearls. 
The lines often used the Celtic interlacing or 
consisted of gold wires draped over a stone. 

In Scotland, Charles Rennie Mackintosh 
{1868-1928}, architect and designer, led the 
Glasgow School, a pioneering group of architects 
and designers who greatly influenced the decora- 
tive arts in Great Britain and America, and in 
Western Europe. Mackintosh exerted a formative 
influence on jewelry design in Austria, even 
though he himself designed only a few pieces of 
jewelry. His best-known design is one of birds 
flying through storm clouds with rain drops of 
pearls. 

The Art Nouveau movement in England, 
though, in the words of author Graham Hughes 
(1964], “was almost stillborn because of British 
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Figure 5. Founder of the 
Guild of Handicraft in 
London, Charles Ashbee is 
known for his use of the 
peacock motif. This 
example is of gold, silver, 
coral, and abalone (c. 1900). 
Courtesy of the Jesse @ 
Laski Gallery, London. 


Figure 6. This printed cotton (c. 1896) 
demonstrates how Liberty and Co. adapted the 
Oriental design elements that had so much 
influence on the decorative arts during this 
period, Photograph courtesy of the Smithsonian 
Institution Traveling Exhibition Service. 


Winter 1986 215 


GEMS & GEMOLOGY 


Figure 7. Famed English designer Archibald 
Knox created this 18K gold and opal necklace 
for Liberty and Company (c. 1900). Courtesy of 
the Jesse & Laski Gallery, London. 


reticence: as anation we do not indulge in orgies of 
visual fun.” While the British set the stage in terms 
of design influence, materials used, and emphasis 
on craftsmanship, the British reserve prevented the 


Figure 8. Knox designed this gold “waist clasp” for 
Liberty and Co. (c. 1901). Created as a monogram 
E.R. (Edward Rex) in honor of King Edward VU, it 
well exemplifies the whiplash line. Courtesy of the 
Jesse & Laski Gallery, London. 
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total indulgence in Art Nouveau that ultimately 
gave it such great impact. The greater freedom of 
artistic expression in France enabled the French to 
develop the basic concepts embodied in the Arts 
and Crafts movement in England into the full 
sensuality, lyricism, and fancifulness seen in 
works by Lalique and others. 


FRANCE 


French Art Nouveau jewelry is generally consid- 
ered to represent the style in its purest form. For 
innovation, imagination, quality of workmanship, 
and mastery of techniques, the French Art Nou- 
veau designers are unsurpassed. 

French jewelers were inspired by gothic and 
rococo designs as well as by design concepts 
recently introduced from Japan. There is also some 
evidence that the avant-garde of the Parisian cafe 
society had been experimenting with drugs for 
some time in their ongoing search for new experi- 
ences and new sources of inspiration (Armstrong, 
1977). This experimentation may have contributed 
to some of the bizarre combinations of insects, 
animals, and humans that are frequently seen in 
French Art Nouveau jewelry: women’s serene 
faces emerging from monsters’ jaws, winged sea 
serpents, or the baleful glare of a Medusa’s head 
writhing with snakes. 

Through the theater and the artistic salons, the 
“emancipated” women of the 1880s and ’90s also 
acted as inspiration to the artists of the day. Sarah 
Bernhardt, whose flamboyant stage performances 
took Paris by storm, commissioned bold jewelry 
for the stage. Loie Fuller danced with diaphanous 
veils. And Cléo de Mérode let her hair flow loose 
while she danced. 

Dozens of French jewelers designed in the Art 
Nouveau style, but the one who contributed the 
most overall in terms of innovative design and use 
of materials was René Lalique. 


René Lalique. Lalique was born in 1860 in Ay on 
the river Marne. He was apprenticed at 16 to 
Parisian jeweler Louis Aucoc, from whom he 
learned the traditional jewelry-making tech- 
niques. After two years with Aucoc, he went to 
England and studied at Sydenham College. In 1880, 
he returned to Paris and for the next five years 
worked as a designer of jewelry, fans, fabric, and 
wallpaper. He established his own business in 
1885, and was subsequently commissioned by 


~ Sarah Bernhardt to make some jewels for the stage. 
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In 1895, Siegfried Bing converted his Japanese 
import shop into a store that featured art, textiles, 
jewelry, glass, and furniture in the new style. He 
named it La Maison de l’Art Nouveau, thus giving 
the movement its name and serving to bring 
prominent artists of the time into the public eye. 
Among these were Lautrec, Bonnard, Mucha, 
Tiffany, Mackintosh, Beardsley, and Lalique. Also 
at this time, Lalique submitted jewels to a compe- 
tition at the Salon de la Société des Artistes 
Francais. One of these, a cloakclasp, was “arguably 
the first Art Nouveau jewel to use a naked female” 
(Becker, 1985). Critics raved about his work, espe- 
cially praising his unusual style and technique, 
which promised to rejuvenate the art of jewelry 
making. 

Lalique reached the pinnacle of his success at 
the 1900 Paris Exhibition. Lalique’s pavilion, de- 
signed entirely by himself, had soft gray carpets 
and gray gauze drapes against which hung black 
velvet bats. The front was framed with a wrought 
iron grille depicting partially clothed winged wo- 
men. The pavilion served as a perfect showcase for 
his jewels, which were displayed in cases on white 
watered silk and ground glass. His exhibit caused 
an immediate sensation, and for it Lalique won a 
grand prize and the rosette of the Legion of Honor. 
After that, Lalique was inundated with interna- 
tional commissions. His largest came from the 
Armenian banker, Calouste Gulbenkian, for 
whom Lalique produced a series of 145 pieces from 
1895 to 1912. These jewels, perhaps Lalique’s most 
fantastic and unusual pieces, can be seen today at 
the Gulbenkian Museum in Portugal. Unfor- 
tunately, the price of fame for Lalique was to see 
his work endlessly copied and imitated. This 
plagiarism and cheap commercialization disillu- 
sioned Lalique, and once the commission to 
Gulbenkian was completed, he ceased making 
jewelry and turned all of his talent to glassmaking 
(Becker, 1985). 

Lalique’s pieces overall are dramatic and theat- 
rical, with motifs drawn from nature that are full 
of an underlying sexual tension. His women are 
beautiful, sensual, flowing nudes that are often 
fantasy creatures with wings or tails, part insect or 
fish. Lalique was innovative in his use of materials 
and is credited with being the first to use the 
material horn in his jewels. Over the years; he 
produced many brooches, combs, pendants and 
tiaras of horn, which he carved, stained, enameled, 
and polished, often studding the pieces with gold 


Art Nouveau 


Figure 9. René Lalique is credited with being 
the first Art Nouveau jeweler to use horn as a 
material in jewelry. This orchid diadem (14.5 
x 16.0 cm, c. 1903) also includes ivory, topaz, 
and gold. Courtesy of the Calouste Gulbenkian 
Museum. From the Lalique exhibit organized 
by the International Exhibitions Foundation, 
Washington, DC. 


and gemstones (figure 9}. Much of his work incor- 
porates glass, either in one of the enameling 
techniques that were being experimented with at 
that time, or as pate-de-verre. This “glass paste” 
could be given a matte or shiny surface, ideal for 
faces, flowers, or other figures. Lalique was also 
fond of opals and moonstones (figure 10). Many of 
his pieces use faceted moonstones with diamonds 
to create a subtle play of sheen and sparkle. Opals 
were used as symbolic water accents or as eyes ina 
peacock’s tail (figure 11}. In some cases, Lalique 
used large slices of opal as a background for 
intricately chased and enameled gold. 

Lalique was a primary force in Art Nouveau 
jewelry. His jewels are without equal for origi- 
nality, technique, and integration of materials, and 
they served as a beacon for other jewelers to follow. 
Although literally hundreds of other French jew- 
elers and craftsmen manufactured Art Nouveau 
jewels, many produced but a single piece, so that 
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Figure 10. This flower thistle pendant of 
enameled gold, moonstone, sapphires, and pdte- 
de-verre shows how adept Lalique was at 
mixing his materials. The piece, which 
measures 8.4 x 8.2 cm and is dated at c. 1900, 
is from the Lalique Exhibit organized by the 
International Exhibitions Foundation, 
Washington, DC. Courtesy of the Calouste 
Gulbenkian Museum. 
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Lalique’s great volume of works is all the more 
astonishing. 


Henri Vever. The grandfather of Henri Vever 
(1854-1942) founded the Maison Vever, a leading 
Parisian jewelry firm. Henri and his brother Paul 
took over the firm in 1881, and made innovative 
changes in the design and manufacture of their 
jewelry. Like Lalique, Henri Vever also won a grand 
prize at the 1900 Paris Exhibition. His firm com- 
missioned designers such as Eugene Grasset and 
Etienne Tourette. Vever was unusual as an Art 
Nouveau jeweler in that he continued to use 
rubies, emeralds, sapphires, and diamonds in pro- 
fusion rather than the less expensive gems and 
materials favored by Lalique and others. The firm 
of Vever was also known for their haircombs of 
horn in organic motifs with plique-a-jour enamels 
and freshwater pearls. Vever’s work, however, gen- 
erally showed more reserve than Lalique’s (figure 
12), possibly because Vever catered to a more 
conservative clientele (Battersby, 1968). Henri 
Vever was also a prolific writer and critic of Art 
Nouveau; his three-volume work on 19th-century 
jewelry, La Bijouterie Francaise au XIX Siécle 
{1906-1908}, contains much information about the 
leading Art Nouveau jewelers. 


Georges Fouquet. In the 1880s, another Parisian 
firm, Fouquet, also began to use Art Nouveau 


Figure 11. Opals were 
frequently used in Art 
Nouveau jewels. This 
female figure and swan 
necklace by René Lalique 
incorporates black 
enameled gold, opals, 
amethysts, and plique-d- 
jour (c. 1899). Courtesy of 
Lillian Nassau and the 
Metropolitan Museum of 
Art. From the Lalique 
Exhibit organized by the 
International Exhibitions 
Foundation, Washington, 
DE. 
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motifs, but the jewelry was stiff and lacked the 
movement and grace usually associated with the 
Parisian style. In 1895, Georges Fouquet (1862— 
1957), son of the founder, took over the firm and 
made major changes. Collaborating with Des- 
rosiers, an independent designer, Georges Fouquet 
produced some very fine pieces, primarily in gold 
with enamel and gemstones. Much of his work is 
characterized by lines of diamonds or other gem- 
stones placed along curves for emphasis (figure 13). 
In later pieces, tiny flakes of gold and colored foil 
were added to his translucent enamels to give an 
extra sheen. 

Fouquet also employed Alphonse Mucha 
(1860-1939), the celebrated poster artist, to design 
jewelry specifically for the 1900 Paris Exhibition. 
Their first collaborative project was the snake ring- 
bracelet executed as a commission for Sarah Bern- 
hardt to wear on stage. This elaborate piece is 
noted especially for its opal inlay. The partnership 
of Fouquet and Mucha, which lasted only two 
years, produced dramatic, strange, largely unwear- 
able pieces, suggestive of ancient Byzantium. 
Characterized by clusters of gem pendants dan- 
gling asymmetrically from fantastic diadems and 
necklaces, Mucha’s designs for jewelry are beauti- 
ful on paper but impractical for general wear. 

Fouquet continued to work in Art Nouveau 
motifs, however, manufacturing Desrosiers’s more 
feasible designs, until around 1908. After this, he 
“lapsed into a more subdued semi-abstract Edwar- 
dian style, leaving naturalistic excesses behind 
him” (Becker, 1985). 


Other French Art Nouveau Jewelry Designers. 
Several other large French jewelry houses also 
produced jewels in Art Nouveau style. Boucheron 
made sculptured pieces of chased, enameled gold 
set with gems and pate-de-verre. A gold belt buckle 
with two lionesses biting into a carnelian above a 
green pate-de-verre lion’s head exemplifies 
Boucheron’s style. Chaumet also expanded his 
style to include Art Nouveau jewels, although few 
of his pieces exist today. Once the fashion was over, 
most of these Nouveau jewels were disassembled 
and their precious components reused (Becker, 
1985). Cartier produced a few pieces but only as 
commissions. They were mostly symmetrical, 
stiff renditions of popular plant motifs, using gold, 
plique-a-jour, and precious stones. Cartier primar- 
ily catered to the Edwardian taste for elaborate 
monochromatic jewels. 
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Figure 12. Henri Vever designed this “Bretonne” 
pendant of enameled gold, inlaid opal, 
amethyst, and diamonds for the 1900 Paris 
Exhibition, Private collection. 


GERMANY 
In Germany, the new style was called Jugendstil 
after the new arts magazine Jugend (youth]}, which 
promoted the latest trends. Jugendstil was mani- 
fested in two distinct versions. The first version, 
popular prior to 1900, was influenced by natural- 
ism, Japanese art, and the English floral style. In 
this version, German jewelers also imitated French 
jewelry with an adeptness that made it difficult to 
distinguish German pieces from those of French 
origin. These were principally produced in the 
town of Pforzheim, which has been largely devoted 
to the manufacture of jewelry since the 16th 
century. 

One of the most interesting designers of this 
particular version of German Art Nouveau jewelry 
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Figure 13. Note the use of gems to outline and highlight this sea serpent corsage ornament fabricated 
by Georges Fouquet using enameled gold, plique-d-jour, emeralds, and diamonds with freshwater and 
saltwater pearls (c. 1902). Private collection. 
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was Wilhelm Lucas von Cranach {1861-1918}. He 
left his occupation as a forester and came to Berlin 
as a portrait and landscape painter in 1893. Soon 
thereafter, he began to design jewels, which were 
manufactured in Berlin by Louis Werner and 
ultimately displayed at the 1900 Paris Exhibition. 
Von Cranach’s designs are influenced both by his 
understanding of nature and by a gothic fascina- 
tion with mythic beasts. His most famous piece, 
“Tintenfisch und Schmetterling,” is of an octopus 
with butterfly wings (figure 14}. 

The second version of Jugendstil was a soft- 
ened, geometric style that developed out of the 
Darmstadt colony, which was founded in 1897 
under the patronage of the Grand Duke Ludwig of 
Hesse. As the grandson of Queen Victoria, the 
Grand Duke made frequent trips to England, 
where he became familiar with the Arts and Crafts 
movement and William Morris. It was his dream to 
form an ideal environment for artists and artisans 
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Figure 14. This brooch of 
enameled gold, baroque 
pearls, diamonds, rubies, 

| amethysts, and topaz shows 
| the French influence on 

_ early German Art Nouveau 
jewels. Named “Tintenfisch 
und Schmetterling” 
(Octopus and Butterfly), it 
was designed by Wilhelm 
Lucas von Cranach and 
executed by Louis Werner 
for the 1900 Paris 
Exhibition. Courtesy of the 
Schmuckmuseum, 
Pforzheim, Germany. 


to develop their crafts. He realized this aspiration 
by commissioning the Austrian architect Joseph 
Maria Olbrich (1867-1908) to organize and design 
the buildings for the colony. In 1899, the colony 
was officially opened and young designers, archi- 
tects, artists, and artisans from all over the world 
came to join it under the direction of Olbrich. 
Jewelry designs from the colony were submitted to 
Theodor Fahrner (1868—192,9}, a Pforzheim jeweler, 
who did the actual manufacturing. The pieces 
themselves were made of silver with enamelwork 
and cabochon opals, agates, and mother-of-pearl, 
following the principle of making artistic jewelry 
available to all social classes (figure 15). This 
fashionable, affordable jewelry brought the colony 
into the public eye, and the new designs helped to 
change Jugendstil from the earlier flowery, repre- 
sentational motifs to the abstract, biomorphic 
style that ultimately led to the development of Art 
Deco in the 1920s and ’30s. 
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Figure 15. Theodor Fahrner executed the 

jewelry designs of many prominent German 
artists. This silver brooch is a good example of 
the softened geometrics and affordable materials 
that popularized Jugendstil jewels (c. 1902). 
Courtesy of the Jesse # Laski Gallery, London. 


OTHER EUROPEAN DESIGNERS 


Spain. Although England, France, and Germany 
had the greatest impact on the Art Nouveau 
movement in jewelry, other countries in Europe 
also produced important designers. Spain’s Art 
Nouveau movement was largely confined to archi- 
tecture; yet one jeweler in particular, Luis Mas- 
riera (1872-1958), made significant pieces in the 
Art Nouveau style. After viewing Lalique’s work at 
the 1900 Paris Exhibition, Masriera returned to 
Barcelona and closed his shop for six months, 
during which time he melted down his entire 
stock of traditional jewels and feverishly designed 
and manufactured jewelry in the Nouveau style. 
When he reopened his shop, the display of his 
jewels caused such a sensation that his entire new 
stock was sold out within a week. Masriera’s 
adaptations of French Nouveau jewelry frequently 
incorporated winged nymphs with flowers in their 
hair, emerging from gem-set frames or borders 
{again, see figure 1), The female figures often have 
plique-a-jour enameled wings, and the borders of 
their draped clothing are occasionally set with 
diamonds. Although these figures are lithe and 
free, they are fully clothed and quite chaste, 
perhaps out of respect for Spain’s conservative 
religious principles. Some of them represent reli- 
gious icons of angels or the Virgin Mary sur- 
rounded by jeweled halos. One of Masriera’s most 
distinctive jewels is a pendant portraying the 
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medieval heroine, Isolde, in a jeweled crown 
against a plique-a-jour gothic window (see cover}. 
This was undoubtedly inspired by the Wagnerian 
opera Tristan and Isolde, which was enjoying 
enormous popularity in Europe at that time 
(Becker, 1985). 


Belgium. Belgium played a leading role in the Art 
Nouveau movement in architecture and interior 
design. The Belgian designers provided a buffer 
between the flamboyant French and reserved Eng- 
lish styles, serving to integrate and meld the two 
extremes. Henry Van de Velde (1863-1957), archi- 
tect and designer, worked to integrate the applied 
arts so that they harmonized with one another. He 
turned to jewelry as yet another outlet for this 
expression. His jewelry was abstract with a strong, 
pseudomorphic line that was suggestive of plant 
growth. Van de Velde’s work was most admired in 
Germany, which motivated him to live and work 
there after 1899. 

Philippe Wolfers (1858-1929}, Belgium’s most 
distinctive jewelry designer, worked more in the 
literal French Nouveau style rather than in the 
abstract interpretation seen in Van de Velde’s 
works. Wolfers’s work is eerie and highly original. 
He was trained as a jeweler by the family firm in 
the 19th-century tradition, learning all aspects of 
jewelry making. Impressed by the exhibitions of 
Japanese art that inundated Europe in the 1870s, 
Wolfers changed his jewelry designs from stiff, 
fussy ornaments to sweeping, realistic portrayals 
of nature. 

When the first ivory tusks arrived from the 
Belgian Congo in 1892, Wolfers began carving 
ivory in flower forms which he introduced at the 
International Exhibition at Antwerp in 1894. He 
also used carnelian, opal, and tourmaline, 
skillfully carved by his artisans into flowers or 
animals, 

Wolfers’s jewels are haunting and unusual, 
producing some of the same shock effect as La- 
lique’s. He contrasts soft, sensuous forms with 
bizarre and harsh figures (figure 16). From 1897 to 
1905 he produced a series of 109 Art Nouveau 
jewels, each of which was titled and had a plant, 
insect, or animal motif. After 1910, as Art Nou- 
veau waned, Wolfers became more of a sculptor, 
eventually ceasing to make jewelry altogether. 


Austria. In Austria, as in Germany, artists felt 
stifled by the historicism that had dominated art 
and architecture in the first half of the 19th 
century and yearned to express themselves in a 
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Figure 16. This Eve and serpent pendant was 
fashioned from gold, carved rose quartz, opals, 
enamel, pearl, and diamonds, with a fancy 
yellow diamond drop, by Philippe Wolfers. The 
piece, manufactured c. 1905, measures 7.5 x 
13.5 cm. Courtesy of Lillian Nassau. 


streamlined, updated fashion. In 1897, a group of 
artists broke away from the traditional teaching of 
the Vienna Academy and formed their own group, 
calling it the Vienna Secession. Austria, like Ger- 
many, was also influenced by the Arts and Crafts 
movement in Great Britain and particularly by 
Mackintosh’s Glasgow School (Waddell, 1977). By 
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the mid-1890s, the Vienna Secession began to 
manifest a cubic, rectilinear form of design in art 
and architecture that was to become their hall- 
mark style. Until the early 1900s, Art Nouveau 
jewelry in Austria was still modeled after the 
naturalistic French style, offering the ubiquitous 
dragonflies, butterflies, and women with swirling 
tresses. After 1900, a founding member of the 
Secessionists, Josef Hoffman (1870-1956), formed 
the Wiener Werkstatte (Viennese Workshop] with 
Koloman Moser (1868-1918). They patterned their 
workshop after the guilds that were prevalent in 
England, with one major difference: Where the 
British guild members were primarily artists that 
had no training in the jewelry arts, the members of 
the Wiener Werkstatte were formally trained arti- 
sans, highly skilled in the decorative arts. 
Hoffman's jewelry designs were fabricated by 
the artisans at the Wiener Werkstatte under his 
close supervision. Because of his admiration for 
the work of the Scottish craftsman Charles R. 
Mackintosh, Hoffman’s designs reflect the same 
ultra-stylized flowers and leaves, joined by long, 
gently curving lines, of the Glasgow School. Hoff- 
man made his jewelry in silver (figure 17) or gold- 
plated silver set with cabochon agates, malachite, 


Figure 17. A gold-plated silver brooch 
fabricated by the Wiener Werkstatte from a 
design by Josef Hoffman shows the influence of 
the Glasgow School (c. 1910). Courtesy of the 
Schmuckmuseum, Pforzheim, Germany. 
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Figure 18, This waterlily pendant of enameled 
gold with diamonds and a cabochon sapphire is 
from the workshop of Peter Carl Fabergé. While 
for the most part his jewelry was designed to 
please the conservative Edwardians, this 
balanced little jewel exemplifies the lyric line 
of Art Nouveau (c. 1900). Private collection. 


or mother-of-pearl. These gems were enhanced by 
enamels, in dark colors or contrasting geometric 
patterns of opaque black and white. 

Hoffman had many colleagues in Austria who 
lent their own interpretation to the Art Nouveau 
style. Overall, their jewels are fabricated of silver 
worked with hammering, chasing, and enameling 
techniques and set with opals, agates, mother-of- 
pearl, lapis lazuli, and malachite. Their geometric 
patterns and bold contrasts of color are a far cry 
from the soft, sensual French Art Nouveau jewels, 
another indication of the developing Art Deco 
style. 


Russia and Scandinavia. Although not strictly Art 
Nouveau jewelry designers, Peter Carl Fabergé 
{1846-1920} the celebrated Russian court jeweler, 
and Georg Jensen (1866—1935], the renowned Dan- 
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ish jeweler and metalsmith, must be mentioned. 
Fabergé is known best for his elaborately jeweled 
and enameled decorative objects, such as the 
Imperial Easter Eggs, which were in vogue as gifts 
among the nobility at the turn of the century. Most 
of the wearable jewelry from Fabergé’s workshops 
was in the Edwardian style. However, a few of his 
pieces are decidedly Art Nouveau in design, using 
enamel, gold, diamonds, sapphires, and other gem- 
stones in simple flower motifs that exhibit the 
distinctive Art Nouveau whiplash line (figure 18), 
While these pieces are not particularly innovative 
or distinctive, the fact that Fabergé, a conservative 
jeweler with a royal clientele, made Art Nouveau 
jewels at all demonstrates the far-reaching influ- 
ence of the mdévement as a whole. 

Unable to support himself as a sculptor, Georg 
Jensen turned to his former craft of metalsmithing. 
In 1904, he opened his own shop and produced 
silverware and jewelry characterized by plump 
abstract organic shapes and accented with amber, 
garnet, citrine, malachite, moonstone, and opal. 


Figure 19. Georg Jensen’s distinctive style of 
plump plant forms is evident in this chased 
silver brooch accented by amber and 
chrysoprase (c. 1908). Courtesy of Ira Simon, 
Chicago. 


His inspiration came from the Lalique exhibit at 
the 1900 Paris Exhibition, coupled with his own 
interpretation of Viking motifs and a childhood 
love of nature (figure 19). Jensen’s pseudomorphic 
shapes and curvilinear designs were rooted in Art 
Nouveau, but his work transcended the period. It 
gained in popularity as his style evolved into a 
streamlined version of Art Nouveau, which was 
more in keeping with the trends of the 1920s and 
’30s (Lassen, 1980). 


UNITED STATES 


A dramatic shift occurred in jewelry making in the 
United States when the U.S. government assigned 
a duty on imported jewelry in 1850. With the 
imposition of the duty, to protect the metalsmiths, 
jewelry centers arose quickly and a distinctive 
American style began to emerge. Two major devel- 
opments characterize the new-art movement in 
America: the role of Louis Comfort Tiffany in glass 
and jewelry, and the rise of the Arts and Crafts 
movement in Chicago. 


Tiffany. The three most popular exhibits at the 
1893 World’s Columbian Exposition in Chicago 
were the Japanese, the British Arts and Crafts, and 
the work by the Tiffanys—the famous Tiffany and 
Company of New York and Louis C. Tiffany’s 
Glass and Decorating Company. Together, the two 
Tiffany firms won 55 awards. 

Louis Comfort Tiffany (1848-1933) was born 
into the well-established jewelry firm, Tiffany and 
Co., that his father Charles Lewis had founded. 
Apparently, it was clear early on that Louis would 
be an artist and not the businessman his father had 
been. After studying in Paris for two years, he 
visited Spain and North Africa; in the course of his 
travels, he acquired a taste for Oriental and Moor- 
ish art. 

While Louis was traveling, his father hired 
George Frederick Kunz as Tiffany’s first gemolo- 
gist in 1877. The elder Tiffany encouraged Kunz to 
travel throughout the world to add not only dia- 
monds but also colored stones to the store’s inven- 
tory. As Kunz describes his activities at Tiffany, 
“In those first days, very naturally a large part of 
my interest was engaged in this problem of discov- 
ering and introducing one after another these 
lovely semiprecious stones in which no jewelers of 
the time were even slightly interested. I remember 
once showing some of these gems to [noted writer] 
Oscar Wilde, who was himself a connoisseur and 
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Figure 20. This iris corsage ornament of gold, 
sapphires (from Montana), diamonds, 
demantoid garnets, and topaz was shown in the 
Tiffany pavilion at the 1900 Paris Exhibition. 
Courtesy of the Walters Art Gallery, Baltimore. 


had a not uninteresting collection of his own. 
Oscar Wilde said ‘My dear fellow, I see a renais- 
sance of art, anew vogue in jewelry in this idea of 
yours. Bah! who cares for the conservatives! Give 
them their costly jewels and conventional settings. 
Let me have these broken lights — these harmonies 
and dissonances of color’ “ (Kunz, 1927}. 

But no matter where he traveled or what 
gemstones he bought, Kunz never forgot his first 
enthusiasm for America’s “semiprecious stones” 
(Purtell, 1971}, especially the matrix turquoise, 
tourmalines, peridots, freshwater pearls, and 
newly discovered sapphires from Montana. Kunz 
organized a collection of American gemstones for 
the Tiffany exhibit at the Paris Exhibition of 1889. 
This undoubtedly had a major impact on the new- 
art designers and jewelers because it showed them 
a whole new world of colored stones. His second 
major exhibit, composed of gemstones from 
around the world, won him a grand prize at the 
1900 Paris Exhibition (figure 20). 

In 1889, Louis Tiffany began a close business 
association with Siegfried Bing, who became his 
agent in Paris. That same year, Tiffany was also 
made director of design at Tiffany and Co. In the 
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Figure 21, This Peacock necklace (c. 1906) was designed by Louis C. Tiffany and manufactured by 
Julia Munson Sherman. It contains opals, amethysts, sapphires, demantoids, rubies, and emeralds. 
The reverse side is exquisite cloisonné enamel on gold. From The “Lost” Treasures of Louis Comfort 
Tiffany, by Hugh McKean. Copyright © 1980 by Hugh McKean. Published by Doubleday & Co., Inc. 


Tiffany and Co, studio, he worked on designs that 
included “art” jewelry, now known as Tiffany 
Studio jewelry. There, he could draw on the store- 
house of colored stones acquired by Kunz. Accord- 
ing to Sataloff (1984), Louis Tiffany “used every 
stone to its greatest advantage, just as he had 
combined colors of glass to their advantage.” Not 
only was his goldwork sinuous and fluid, but he 
also made great use of baroque pearls and unusual 
colored stones such as demantoid garnet, tur- 
quoise (he even convinced Tiffany and Co. to buy a 
mine in Arizona}, lapis lazuli, and opal. 

Julia Munson Sherman was responsible for the 
production of Tiffany Studio’s jewelry. An admirer 
of William Morris, she had studied the Arts and 
Crafts workers in England. Working in ceramics, 
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metal, and enamels at the Tiffany Studio, Julia 
Munson Sherman was the one who developed the 
techniques for the enamels Tiffany used in jewelry. 
In 1903 she became head of the Tiffany and Co. 
jewelry department, where she executed Louis 
Tiffany’s jewelry designs. Because she did not sign 
any of the pieces, her key role at Tiffany’s has only 
recently become known (Novas, 1983}. 

Tiffany’s pieces have been aptly described as 
“an unusual mixture of handwrought Arts and 
Crafts and the organic motifs of Art Nouveau, 
with an emphasis on unusual materials chosen for 
colour and effect rather than intrinsic value... he 
drew on his favorite Oriental and Byzantine motifs 
and was dedicated to fine workmanship in all 
aspects of his jewelry” (Becker, 1985). An example 
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is the Peacock necklace shown at St. Louis in 1904 
and the Paris Salon of 1906 (figure 2.1). 

Another leading New York firm, Marcus and 
Company, produced Art Nouveau jewelry charac- 
terized by enamels in vibrant colors such as blue- 
green, dark green, and deep pink that were used to 
compliment gemstones. Although the use of 
strong colors gave the Marcus and Co. pieces a 
distinctive character (figure 22), this jewelry also 
borrowed motifs from the French floral Art Nou- 
veau and sometimes included coils of metalwork 
or a soft curving gold line. 


Arts and Crafts Movement in Chicago. Chicago 
was the most receptive of American cities to the 
reforming principles of the British Arts and Crafts 
movement because it coincided with cultural and 
social reforms already under way. Several promi- 
nent British exponents of the Arts and Crafts 
movement, such as Ashbee, visited Chicago and 
lectured at the Chicago Art Institute. 

The Chicago Arts and Crafts Society was 
founded in 1897. The society’s creative use of 
natural materials and simplifications of line and 
ornament embodied the Arts and Crafts move- 
ment. At the beginning of the new century, Chi- 
cago could claim a school of metalsmiths working 
within the Arts and Crafts traditions using simple 
forms and natural materials, While they adhered to 
the principle that the metal must be worked by 
hand, it was not considered improper to use 
machines to eliminate some of the drudgery, such 
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as flattening the metal into sheets. For inspiration, 
the Chicago metalsmiths turned to American 
Indians, the American colonial period, or nature. 
Just as in England, common garden flowers were 
popular motifs. The jewelry produced by these 
metalworkers ranged from bold to delicate and 
reflected the sensual lines and floral motifs of 
French Art Nouveau as well as the peacock motif 
and mechanical lines associated with British Arts 
and Crafts. Moonstones, amethysts, baroque 
pearls, aquamarines, and opals were the choices for 
stones. Enameling and acid etching of the metal 
were also popular (Darling, 1977). 

Jewelry making particularly appealed to the 
growing number of women who were trying their 
hand at metalsmithing. In Chicago, the first work- 
shops involved in metalsmithing were established 
by women. Clara Barck Welles (1868—1965] opened 
one, the Kalo Shop, in September 1900. The Kalo 
motto—“Beautiful, Useful, and Enduring” — 
seemed to echo William Morris’s adage “have 
nothing to your houses which you do not know to 
be useful, or believe to be beautiful” (Darling, 
1977). The Kalo Shop specialized in silver jewelry 
set with pearls, moonstones, topazes, or carnelian, 
as well as in silver objects from bowls to tea sets. 

The demand for handmade metal became so 
great that Marshall Field & Company created a 
fully equipped craft shop and metal foundry to 
augment the jewelry workroom it created in 1904 
on the tenth floor of the State Street store (Darling, 
1977). These operations were quite similar to those 


Figure 22. Marcus and Co, 
created this dog collar of 
gold, cabochon rubies, 
diamonds, and plique-a- 
jour enamel with nine 
twisted seed-pearl ropes (c. 
1900). Three of the ruby 
cabochons are synthetic. 
Synthetic ruby crystals 
were on exhibit at the 1900 
Paris Exhibition and began 
to be incorporated into 
jewelry around that time. 
Photo courtesy of Christie, 
Manson and Woods 
International, Inc. 
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of Liberty & Co. in London. Designers and crafts- 
men produced jewelry that sold under the com- 
pany name. 


Other American Art Nouveau Jewelers. Certainly, 
there were other American manufacturers and 
jewelers producing Art Nouveau pieces. Both 
books by Sataloff and Becker contain in their lists 
of makers’ marks the lesser-known American 
jewelers, A number of American manufacturers 
also mass-produced silver jewels in the French Art 
Nouveau style, notably Unger Brothers, founded in 
1878; William B. Kerr and Co. of Newark, New 
Jersey; Averbeck and Averbeck of New York; and 
the oldest, the Gorham Corporation of Rhode 
Island (Becker, 1985}. 

On the one hand, this mass production of silver 
Art Nouveau jewelry accomplished a basic tenet of 
the Arts and Crafts and Art Nouveau movements 
by creating beautiful objects that working people 
could afford. However, this same mass production 
often focused on the superficial qualities of Art 
Nouveau, ultimately contributing to its decline. 


CONCLUSION 


The Art Nouveau movement as a whole was 
similar to the exotic plant life that much of it 
depicted. Rooted in the 1880s, the movement 
budded in the 1890s, came to glorious flower in 
1900, had faded by 1910, and was utterly dead by 
1915. Over-commercialization of the popular mo- 
tifs glutted the market and caused Art Nouveau’s 
wane in popularity. The First World War, which 
devastated Europe from 1914 to 1917, effectively 
killed the naive romanticism that had given birth 
to such an ebullient and intensely unique style of 
artistic expression. Where Art Nouveau had been 
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hailed as an exciting modern trend, it was now 
damned as “a ludicrous and ephemeral artists’ 
aberration” (Sataloff, 1984). It was as if the public 
was embarrassed by the emotional excesses that 
Art Nouveau embodied. Once dead, the movement 
was buried quickly and without regret. Much of 
the architecture was demolished, furnishings were 
replaced, and because they were so representative 
of the period, women would not wear Art Nouveau 
jewels once the fashion was over (Klamkin, 1971). 
After 1914, Art Nouveau gave way to the stark, 
unemotional geometrics and streamlined styliza- 
tion of Art Deco. 

Although brief, the Art Nouveau movement 
made a lasting contribution to the applied arts by 
raising their status in the eyes of the public. Design 
and construction of buildings, furnishings, jewelry, 
and textiles were infused with a new level of 
artistry that has carried through to the present day. 

After half a century of disenchantment, the 
public is again finding beauty in Art Nouveau 
objects, particularly its jewelry. Artists are adopt- 
ing some of the motifs and incorporating the 
Nouveau line into many of their modern designs. A 
rise in interest can be seen in the number of pieces 
that have appeared for auction and the popularity 
of special exhibits such as the one honoring René 
Lalique that toured the United States in 1986, the 
“Paris Style 1900, Art Nouveau Bing” exhibit 
currently touring the U.S., and the upcoming May 
1987 exhibit of Lalique jewelry at Goldsmiths 
Hall, London. These remaining jewels are the 
embodiment of that ingenuous and exciting time 
of new beginnings and youthful promise, when all 
the arts enjoyed an explosion of creativity and 
artists took themselves to the limits of their 
imagination and skill. 
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NOTES 


“AND: 


NEW TECHNIQUES 


CONTEMPORARY INTARSIA: 


THE MEDVEDEV APPROACH TO GEM INLAY 


By James Elliott 


Using precision inlay (intarsia) techniques, Russian 
emigré Nicolai Medvedev is creating masterpieces of 
lapidary work in boxes, candlesticks, clock cases, 
and jewelry. He uses high-quality lapis lazuli, opal, 
malachite, sugilite, azurite, tourmaline, and rhodo- 
chrosite, among other materials, to create these col- 
orful and precisely constructed pieces. Some of his 
techniques are explained in a step-by-step procedure 
used to create the “Camellia” box, 


One of the most difficult and labor-intensive 
forms of lapidary art is gemstone inlay, or intarsia. 
Very much like mosaic, small, usually flat pieces 
of gem materials are fitted together and then 
cemented to a base to form various designs. How- 
ever, while mosaics are usually done as murals or 
large panels, intarsia commonly involves smaller 
surfaces and requires far greater accuracy and 
precision in fitting many pieces together to pro- 
duce an intricate design with a smooth finish. 
As an art form, intarsia using gem materials 
flourished throughout Western Europe from the 
late-17th to the mid-19th centuries. Boxes were 
one of the most common items produced. 
Snuffboxes of “hardstone” were made in France as 
early as 1736 (Cocks and Truman, 1984). The 
German court of Dresden welcomed goldsmiths 
and hardstone cutters to produce elaborate snuff 
and presentation boxes of wafer-thin agate, ame- 
thyst, or chalcedony, mounted in gold and often 
encrusted with gems. Moss agate was used by 
prominent goldsmith and jeweler James Cox in 


Notes and New Techniques 


some of the fancy boxes he manufactured around 
1770. Already renowned for their mosaic work, the 
Italians proved particularly skilled and creative at 
hardstone intarsia. One of the most interesting 
pieces in the Gilbert collection of gold boxes is an 
11.3-cm (41/2 in.) long rectangular box inlaid with 
agate, chalcedony, lapis lazuli, aventurine, and 
malachite (von Habsburg-Lothringen, 1983). Gem 
materials were incorporated into other objects of 
art or furniture as well, often with precious metals 
used as attachments and for completion of design. 

Today, the technique of intarsia with gem 
materials is used in many countries, including 
Germany, Italy, India, and China. Florence, Italy, is 
generally recognized as the modern center of 
intarsia work (Sinkankas, 1984}. Because of the 
high cost of labor, however, most intarsia currently 
on the market lacks detail. In addition, the boxes 
made of various gem materials are generally plain 
and often crudely constructed for broad commer- 
cial distribution. It is, therefore, with great sur- 
prise that we find an artist in New Jersey producing 
some of the finest and most intricate intarsia ever 
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seen. Nicolai Medvedev, an artist trained in 
Russia, has revived intarsia as an art form, devel- 
oping new techniques and taking advantage of 
modern technology. The result is a number of 
beautifully designed and executed boxes as well as 
clocks, candlesticks, and intricate pieces for jewel- 
ry that have been carefully constructed from fine 
malachite, lapis lazuli, rhodochrosite, sugilite, 
and the like (figure 1). One of his most unusual 
pieces, a malachite box inlaid with sugilite and a 
tourmaline “flower,” demonstrates the precision 
required in gem intarsia. 


FROM ARTIST TO LAPIDARY 


Born and raised in Ashkhabad, Turkmenia, USSR, 
a city near the Iran border, Nicolai Medvedev 
attended art school and Art College before he was 
admitted to the prestigious Art Institute in Mos- 
cow. In 1980, after five and a half years at the Art 
Institute, he emigrated to the United States with 
his American wife. 

Once in the U.S., Medvedev began attending 
art shows. As he traveled, though, he would stop at 
various lapidary shops, hunting for colorful mate- 
rials in stone from which he might create pieces of 
art. Using amateur equipment, he began to fashion 
boxes out of this material. The colors reminded 
him of nature’s colors, and he was delighted to 
think that he could create three-dimensional art 
objects out of stone that would be durable enough 
to last for centuries. His work continued, and 
within a few years he had become an accomplished 
lapidary. To produce the best pieces, though, he 
knew that he had to find the best rough material. 
He concentrated on malachite with its varied 
patterns, the finest lapis from Russia and Af- 
ghanistan, gem-quality sugilite, and opal. He ex- 
perimented with various combinations, trying to 
show off pattern and color to the best advantage. 

In addition to his 12 years of intensive training 
in Soviet art schools, Medvedev considers the 
decorative and applied art of his native Turkmenia 
to be his major source of inspiration. As a child, he 
was surrounded by the colorfully patterned rugs, 
clothing, and jewelry of Middle Asia. He partic- 
ularly loved 19th-century Turkmenian jewelry, 
and at one time owned one of the finest collections 
in Russia. Many of the designs and patterns of 
these ornaments can be seen in his work today. 
Medvedev has also been influenced by American 
Indian art, which captured his interest on his first 
trip to the United States. 
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Medvedev today has accumulated a large selec- 
tion of fine rough, much of which has been 
purchased out of private collections. After care- 
fully selecting the choicest pieces, he slabs each 
one. As patterns unfold, so too does his artistic eye. 
He takes great care to match the banded patterns in 
malachite, and delights in the powerful effect of its 
brilliant green combined with sugilite or opal. It is 
at this stage that he begins to see the combinations 
of pieces that may six months later form a box. 

What makes Medvedev’s work so extraordi- 
nary is not only his use of fine-quality gem 
materials but also his painstaking craftsmanship 
and his meticulous attention to detail. Medvedev 
begins all of his designs from the center. Focusing 
on a particularly inspiring gem, he then adds 
complimentary shapes and colors, one after an- 
other, to complete the design. Precision, skill, and 
inordinate patience are required to achieve good 
results. 

One of the most complex pieces Medvedev has 
created thus far is the “Camellia” box. This six- 
sided malachite box is trimmed with sugilite inlay 
and incorporates a flower formed from Maine 
tourmaline on the lid (figure 2}. Although the basic 
procedure for intarsia has been described by Sin- 
kankas (1984) and others, the following description 
of the process by which Medvedev created the 
Camellia box provides some insight into the tech- 
nical skills and artistry required for fine intarsia. 


THE CREATION OF THE 
CAMELLIA BOX 


The initial stage of the construction of this box 
revolved around design sketches and the accu- 
mulation of rough. Preliminary sketches (figure 3} 
eventually became a final color rendering, showing 
size, shape, angles, and organization of color to be 
translated into the gem rough. The leaves for the 
flower and the material for the greater part of the 
box were chosen from approximately 35 Ibs. (16 kg} 
of malachite rough. After sawing, approximately 
2!/4 lbs. of pieces were selected on the basis of their 
chatoyancy and distinct patterns. The centerpiece 
of the flower was to be in tourmaline, and an 86-ct 
gem Maine crystal was found. For the flower 
petals, a 140-gram crystal of watermelon tour- 
maline from Maine was chosen. All] accent areas of 
the box were to be in sugilite; approximately one- 
half pound of pieces were chosen from the cutting 
of 30 lbs. of rough. Finally, six 10-pt. fine white 
diamonds were selected for incorporation into the 
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Figure 1, Nicolai Medvedev has carefully created a number of boxes, clocks, and pendants using 
select pieces of colorful gem materials, These two boxes —of sugilite, malachite, lapis lazuli, and 
opal—are particularly fine examples of this contemporary intarsia. Photo © Harold & Erica Van Pelt. 


design. With these materials assembled, the tech- 
nical fashioning began. 

First, the tourmalines were cut. Since the box 
was to be a hexagon, it was decided that the center 
stone would be faceted in that shape. The 86-ct 
rough yielded a 23-ct flawless gem. The watermelon 
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crystal was cross-sectioned, and the sections were 
polished on both sides and then beveled on a 45° 
angle to intensify the color of the tourmaline. 
Next, the 18K gold mounting needed to house 
the center stone and the sections was built by Dave 
Woods, a New Jersey jeweler, from Medvedev’s 
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sides, bottom, and legs were finally assembled and 
attached to an onyx base using 330 Epoxy. 

To soften the inlay angle from gold to onyx 
base, Medvedev first used Ray-Tel 260 grit dia- 
mond lap to grind away the hard edge and then Ray- 
Tel 325 grit Nu-Bond to even all edges, finishing off 
with Ray-Tel 600 Silicon Carbide to leave a gentle 
curve downward from the gold center to the edge of 
the lid. 

The fourth stage was the polishing of the 
various surfaces. This was accomplished over 90% 
of the total box with Linde A compound. This 
stage alone took approximately one week to com- 
plete. A final wash of pure acetone was adminis- 
tered to render all surfaces perfectly clean. 

The polishing stage can be particularly diffi- 
cult and frustrating, and can account for up to 60% 
of the construction time required for any one piece 
{figure 5). Many months have been spent accu- 


Figure 3. These preliminary pencil sketches, 
which show the original “camellia” concept 
as well as the placement of the faceted 
tourmalines and other components of 

the flower, marked the first stage in the 


Figure 2, The Medvedev Camellia box (12.9 construction of the Camellia box. 
x 11.4 x 7.9 cm) consists of finely matched 


pieces of malachite and sugilite with a 23-ct 
faceted Maine tourmaline (removable for 

use as a pendant) in the center surrounded by 
six watermelon tourmaline sections. A ~ 
Photo © Harold & Erica Van Pelt. Ph es 


"i moa } 
design. The mounting for the center stone includ- [ VF Oe 
ed a female locking mechanism to allow it to be v 4 q | 


removed from the box and worn as a pendant. Once en hie 
completed, the gold base plate was anchored to the ae 


onyx body of the box lid by means of six gold pins. ™~ BPs ae Pe 
The third stage consisted of cutting, trim- ee 

ming, and grinding the malachite and sugilite : ar ee 

inlay (figure 4). Medvedev maintains five ae | Ah 

Raytech saws, each of which runs 24 hours a day. Ni 4 

The trimming step alone can take up to a week to eee as 


accomplish. First, six malachite leaves (each ap- 
proximately 3 mm thick) were prepared by match- 
ing the patterns and then trimming the pieces into 
shape. Next, six background sections were cut and 
fit along with smaller pieces to form the sides of 
the lid. Last, the sugilite was cut and trimmed. The 
88 separate pieces of malachite and sugilite that 
form the box lid and the 33 pieces that cover the 
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mulating the finest gem materials and arranging 
them in a detailed, unique design. Thus Medvedev 
exercises great care when polishing his slabs, lest 
he accidentally break any one of the crucial 
components of his design. 

The fifth stage was the working of wood 
veneers into the box interior. Walnut, pecan, 
cherry, and mahogany were chosen. Each piece was 
hand sanded, moving from a coarse to fine grit, and 
then polished with beeswax to protect the wood 
from moisture and to preserve the original color. 
The pieces were then cut and trimmed before they 
were layered into the box and secured, again with 
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Figure 4. Once the slabs of 
malachite and sugilite were 
selected from several 
pounds of material, 
Medvedev proceeded to cut 
and trim the malachite to 
carefully fit the design of 
the box. 


330 Epoxy. The outer layer of the body is 3'/2 mm 
lower than the inner layer to provide a lip with 
which to secure the lid of the box. 

The final stage was the mounting of slices, 
gemstones, and diamonds. In order not to damage 
the sections, 22K pins were fitted to the mounting 
as a prong-type mechanism. The center stone was 
fitted with a diamond at the end of each point as 
accent and protection. The center pendant was 
then locked into position and the Camellia box 
completed. 

The final box, which measures 12.9 x 11.4 x 
7.9 cm deep (5 x 4!/2 x 3 in.}, required more than 


Figure 5. Polishing is the 
most time consuming — 
and potentially most 
hazardous — stage in the 
construction of fine 
intarsia, Should any one of 
the carefully chosen and 
matched pieces of banded 
malachite or patterned 
sugilite break, it could 
mean starting over almost 
completely on the project. 
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six months to complete. The materials used were 
selected from over 65 lbs. of rough malachite and 
sugilite and 786 ct of tourmaline. Unlike the 
Renaissance boxes of hardstone intarsia, which 
required many artisans to complete, the Camellia 
box was designed and executed almost totally by 
Nicolai Medvedev. 


SOME NOTES ON OTHER 

MEDVEDEV PIECES 

Medvedev has been able to complete a small 
collection of boxes, pendants, and other objects of 
art each year. The pendants are particularly inter- 
esting (figure 6]. Special pieces of opal, or cross- 
sections of azurite-malachite stalactites, are sur- 
rounded by other complementary materials. The 
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Figure 6. These pendants 
illustrate another variation 
of Medvedev’s intarsia 
work, The pendants, which 
average 4-5 cm (1'/2-2 in.) 
long, represent different 
combinations of fine 
rthodochrosite, lapis lazuli, 
malachite, sugilite, and 
opal. Photo © Harold @ 
Erica Van Pelt. 


opals are backed with obsidian to produce a 
doublet effect, and then the entire piece is backed 
with whatever gem material was used as the final 
framing on the front. The pendants average 4-5 cm 
(1!/2-2. in.) long and seldom exceed 3 mm in 
thickness, 
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AMETHYST with Brazil Twinning 
Visible without Polarized Light 


To our surprise, a beautiful, nearly 
flawless, free-form natural amethyst 
submitted to the New York labora- 
tory showed evidence of Brazil twin- 
ning when immersed, even in un- 
polarized transmitted light (figure 1). 
When viewed along the same direc- 
tion (parallel to the optic axis} in 
polarized light, it displayed the spec- 
tacular twinning evident in figure 2. 

RC 


Synthetic AMETHYST 
with Inclusions Typical of 
Hydrothermal Origin 


Although synthetic amethyst is 
grown hydrothermally, we have not 
previously seen inclusions that are 
characteristic of the same hydrother- 
mal process used to grow synthetic 
emeralds such as Biron and Regency. 
In New York, however, we recently 
encountered a stone with a wedge- 
shaped two-phase inclusion attached 
to a low-relief quartz crystal (fig- 
ure 3) that closely resembles the 
inclusion in a Biron synthetic emer- 
ald pictured on page 164 (figure 11) of 
the Fall 1985 issue of Gems & Gem- 
ology. Nailhead spicules similar to 
those that are typical of hydrother- 
mal synthetic emeralds have been 
reported in synthetic amethysts. 


Editor's Note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 


© 1987 Gemological institute of America 
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Figure 1. Twinning was eévi- 
dent in this natural amethyst 
(immersed) even with un- 
polarized transmitted light. 


Figure 3. This spicule with 
quartz crystal cap seen in a 
synthetic amethyst closely re- 
sembles an inclusion seen in 
the hydrothermally grown Bi- 
ron synthetic emerald, which 
appears on page 164 of the Fall 
1985 issue of Gems & Gemol- 
ogy. Magnified 45 x. 


However, the closest to such inclu- 
sions we have encountered to date 
are the somewhat acicular crystals 
shown in figure 4. RC 
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Figure 2. With polarized light, 
the twinning in the stone 
shown in figure 1 is 
spectacular. 


Figure 4, These spicules are 
the closest counterparts to the 
nailhead spicules typical of 
hydrothermal synthetic emer- 
ald that the lab has seen thus 
far in a synthetic amethyst. 
Magnified 20x. 


ANDALUSITE with Growth Bands 


Among a group of valuable study 
stones recently donated to GIA in 
New York by a local dealer is a 20-ct 
emerald-cut andalusite that shows 
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distinct curved growth, or color, bands 
(figure 5). Curved growth bands are 
usually a sure sign that the stone is a 
synthetic. However, andalusite is not, 
to the best of our knowledge, produced 
synthetically. In addition, there were 
numerous unquestionably natural in- 
clusions in this stone to prove its 
natural origin, RC 


Faceted CLINOHUMITE 


Recently donated to GIA in Santa 
Monica was a 0.39-ct cut stone and a 
1.72-ct rough crystal of the mineral 
clinohumite (figure 6). The refractive 
indices were determined to be a = 
1.631, B = 1.642, andy = 1.668, thus 
indicating the biaxial positive nature 
of the material. The specific gravity 
was approximately 3.18. No absorp- 
tion spectrum was visible with the 
hand spectroscope. Although there 
was no reaction to long-wave ultra- 
violet radiation, both pieces fluo- 
resced a moderate to strong chalky 
orangy yellow to short-wave U V ra- 
diation. X-ray powder diffraction pro- 
vided a pattern that matched ASTM 
pattern no. 14-7 for clinohumite. 
Although a few examples of faceted 
clinohumite have been recently 
identified by our Los Angeles labora- 
tory, cut stones of this material are 
still considered rare. CE 


Saint Valentine’s DIAMOND 


What a unique Valentine’s Day gift 
for the inclusion enthusiast! The 
photo shown in figure 7 was sent to 


Figure 5. Curved color bands 
are seen here in natural anda- 
lusite. Magnified 20x. 
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fine examples of gem-quality clinohumite. 


us by Mr, A. De Goutiére of Victoria, 
B.C. It shows a distinctive cloud-like 
inclusion that proves conclusively 
that this is a diamond with a heart. 


Figure 7. Note the heart- 
shaped cloud in this 0.015-ct 
brilliant-cut diamond. Magni- 
fied 12x, 


Although we have seen a great num- 
ber of fancifully shaped inclusions, 
this is the first heart-shaped one that 
has ever come to our attention. CF 


Imitation EMERALD: 
Synthetic Spinel-and-Glass Triplets 


In the early part of this century, 
imitation emeralds were constructed 
by attaching a colorless quartz crown 
to a colorless quartz pavilion with a 
green cement. These quartz triplets 
were called soudé emeralds after the 
French term émeraude soudée (sol- 
dered emerald}. A more recent type of 
quartz triplet is thought to have been 
introduced into the market in the 
early 1920s. These assembled stones 
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Colorless synthetic spinel 


Colorless synthetic spinel 


Colored glass 


Figure 8, This 11.66-ct imitation emerald and the other variously colored stones are synthetic spinel 
triplets that use sintered colored glass instead of cement. The drawing shows the construction of 


these triplets. 


are similar to the earlier type with 
the exception that the unstable ce- 
ment was replaced by what is be- 
lieved to have been a layer of colored 
sintered lead glass. 

Recently submitted for identifi- 
cation to the Los Angeles laboratory 
was a similar type of imitation emer- 
ald, but one that we seldom have the 
opportunity to examine. This type of 
assembled stone was first produced in 
1951 by Jos Roland of Sannois, France, 
and uses colorless synthetic spinel 
instead of quartz for the crown and 
pavilion. Known as soudé sur 
spinelles, these synthetic spinel trip- 
lets were produced in various colors by 
sintering the desired color of glass to 
the colorless crown and pavilion (see 
figure 8). The assembled stone that we 
recently tested was an 11.66-ct green 
emerald cut. 

When examined with a polari- 
scope, this stone exhibited a moder- 
ate “cross-hatched” appearance and 
snake-like bands (caused by anoma- 
lous double refraction}, both of 
which are typical of synthetic spinel. 
When the table of this stone was 
tested with a refractometer in con- 
junction with monochromatic light 
equivalent to a sodium vapor lamp, a 
multiple reading was observed (fig- 
ure 9}: a strong reading at 1.724 (the 
synthetic spinel) and a weaker one at 
1.682. (the center glass layer). A few 
other shaded areas between these 
two were also observed. The yellow- 
ish green glass layer was 0.5 mm 
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thick; we obtained a refractive index 
of approximately 1.682 when we di- 
rectly tested this area. 

Using hardness points, we esti- 
mated the hardness of the glass layer 
to be around 4 on the Mohs scale, 
which is consistent with the hard- 
ness of many high-refractive-index 
lead glasses. When the stone was 
examined with a GEM spectroscope 
unit, no bands or lines were observed. 

When the stone was examined 
with a microscope, faint evidence of 
a separation plane was seen in the 
form of small flattened, rounded, and 
irregularly shaped gas bubbles that 
were most visible when fiber-optic 
illumination was used. When we 
looked at the stone perpendicular to 
the girdle, in either dark-field or 
fiber-optic illumination, the thick 
glass layer was obvious because of its 
rounded edges and very strong irreg- 
ular swirl marks. The yellowish 
green color of the glass layer and the 
colorless nature of the crown and 
pavilion were readily revealed when 
the stone was immersed in meth- 
ylene iodide and viewed in a direc- 
tion parallel to the girdle plane. 

This stone exhibited an interest- 
ing reaction to long-wave ultraviolet 
radiation. When viewed nearly per- 
pendicular to the girdle with the 
stone’s table closest to the radiation 
source, the crown showed a strong 
chalky yellow-white fluorescence, 
the glass layer was inert, and the 
pavilion showed a strong pure yellow 
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Figure 9. Multiple refractive 
index readings of synthetic 
spinel and the fused glass 
center. 


(not chalky} fluorescence. However, 
when the culet was positioned near- 
est to the light source, an opposite 
reaction was observed: The pavilion 
now showed a strong chalky yellow- 
white fluorescence, the glass was 
still inert, and the crown exhibited a 
strong pure yellow (see figure 10). 
This interesting phenomenon is 
probably caused by the glass layer 
restricting the amount of long-wave 
ultraviolet radiation that reaches the 
portion of the stone that is not di- 
rectly facing the radiation source. 
When exposed to short-wave ultra- 
violet radiation, the assemblage was 
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Enlarged diagram of 
different viewing positions 


Viewing 
position—table up 


Viewing position— 
pavilion up 


== 


Ultraviolet radiation source 


Direction of 
ultraviolet 
radiation 


Strong chalky yellow-white 
fluorescence 


Colored lead glass 
Strong yellow fluorescence 


Strong chalky yellow-white 
fluorescence 


Colored lead glass 
Strong yellow fluorescence 


Figure 10. This drawing shows how the reaction to long-wave ultra- 
violet radiation of a synthetic spinel triplet differs depending on the 
proximity of different sections of the stone to the radiation source. 


observed to be nearly inert. When the 
stone was exposed to X-rays, an ex- 
tremely weak, barely perceptible, 
chalky green fluorescence was seen 
and there was no phosphorescence. 

RK 


Synthetic EMERALD 
with a “Breadcrumb” Inclusion 


We had occasion in New York to test 
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a hydrothermal synthetic emerald of 
unknown manufacture that weighs 
approximately 9 ct. A large white 
“breadcrumb” inclusion, similar in 
appearance to those seen in syn- 
thetic amethyst, was easily visible at 
10 magnification {even though fig- 
ure 11 was taken at 45x), We have 
not previously described this type of 
inclusion in a synthetic emerald. 

David Hargett 


Imitation LAPIS LAZULI 


Figure 12 shows a strand of attractive 
8-mm blue beads that resemble lapis 
lazuli and were sold as dyed howlite. 
We had never tefore seen dyed howl- 
ite in any color other than a tur- 
quoise blue. The polished half in 
figure 13 shows the depth of dye 
penetration. From tests performed 
on this bead, we determined the 
specific gravity to be 2.85, and the 
birefringence of approximately 0.18 
to be derived from the refractive 
indices of 1.50 and 1.68. These prop- 
erties match those of dolomite, not 
howlite. RC 


Eroded Natural PEARLS 


The New York laboratory recently 
examined the button-shaped natural 
pearl (12.6 x 12.8 x 10.1 mm) witha 
threaded metal insert that is shown 
in figure 14. The pattern around the 
insert matches that of the pearl cup 
(figure 15], Evidently, over the years, 
skin acids have eroded the areas near, 
but not protected by, the cup—a sort 
of slow-action stencil. We have previ- 
ously reported a similar situation 
(Gems & Gemology, Summer 1986, 
p. 235] with a large cultured pearl on 
a conventional pear] cup. In the Win- 
ter 1983 issue of Gems & Gemology, 
another eroded pear! was pictured on 
page 235, in this case, however, the 
erosion was extremely bad and took 


Figure 11. A “breadcrumb” in- 
clusion such as this is not usu- 
ally seen in synthetic emerald. 
Magnified 45x. 


GEMS & GEMOLOGY Winter 1986 


Figure 12. These 8-mm beads of dyed dolomite were originally rep- 
resented to be a dyed howlite imitation of lapis lazuli. 


Figure 14, The base of this nat- 
ural pearl has been eroded, 
probably by skin acid. The 
button-shaped pearl measures 
12.6 X 12.8 < 10.1 mm. 


place beneath the eight prongs, rather 
than beside them. RC 


Imitation PEARLS, 
“Coque de Perle” 


In recent weeks, the Los Angeles 
laboratory was asked to identify a 
material that is frequently offered for 
sale as “Mabe pearl,” or sometimes as 
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Figure 15. This metal banding 
undoubtedly acted like a sten- 
cil to produce the erosion pat- 
tern seen on the pearl in figure 
14, Magnified 10x. 


“Nautilus pearl.” Figure 16 shows 
the front and back views of what 
resemble blister pearls that have 
been mounted as earrings. The lus- 
trous gray oval hemi-cylindrical 
bead is cemented to a mother-of- 
pearl base.. With magnification, we 
observed parallel transverse ridges, 
which do not occur in true blister 
pearls that have been formed by any 
of the various pearl-producing mol- 
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Figure 13. Note the shallow 
penetration of dye in this pol- 
ished half of one of the dyed 

dolomite beads shown in fig- 

ure 12. Magnified 15x. 


lusks. This particular structure re- 
sembles in appearance the growth 
pattern of the chambered nautilus, 
and these attractive “blisters” have 
actually been cut from the central 
pearly whorl of the nautilus shell. 
These sections are more commonly 
known in the trade as “Coque de 
perle” (which translates approx- 
imately to “Shell of the pearl”), 

KH 


Cat’s-eye PETALITE 


Several translucent to opaque, 
weakly chatoyant pink cabochons 
reported to be cat’s-eye analcime 
from South Africa were donated to 
GIA during the ICA (International 
Colored Stone Association) Congress 
in Idar-Oberstein last year. One of 
these cabochons is illustrated in fig- 
ure 17. The mineral analcime (an- 


Figure 16. These 15,0 x 12.5 xX 
9.0 mm “Coques de perle” are 
imitation pearls that were 
worked from a Nautilus shell. 
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alcite], which forms in the cubic 
system, is a hydrous sodium alumi- 
num silicate with the formula 
NaAlSi,O,-H,O. For this material, 
Webster reports a refractive index of 
1.487, a specific gravity of 2.22 to 
2.29, and a hardness around 5 to 5/2. 
Analcime, a member of the zeolite 
group, is generally known to gemolo- 
gists as a rare, small, colorless fac- 
eted collector's stone. 

The 20.3-ct pink cabochon we 
examined showed a spot refractive 
index reading of 1.51, a specific grav- 
ity of approximately 2.34, and {on the 
basis of hardness points used on the 
back of the stone) a hardness of 
approximately 6!/2, Exposure to 
short-wave ultraviolet radiation re- 
vealed a weak dull red fluorescence, 
and exposure to long-wave U V radia- 
tion revealed an extremely weak dull 
red fluorescence with several “veins” 
of moderate to strong chalky white 
fluorescence. Testing with a polari- 
scope showed an aggregate reaction. 
No bands or lines were observed 
when the stone was examined witha 
hand spectroscope. On the basis of 
these properties, the chatoyant pink 
cabochon was identified as petalite. 
Petalite is a lithium aluminum sili- 
cate with the formula LiAISi,0 jo; it 


Figure 17. This 20.3-ct pink 
petalite, which shows weak 
chatoyancy, was originally rep- 
resented as analcime. 
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Figure 18. These unusual 8.5-mm beads proved to be pyrite in 


quartz, 


has been reported to occasionally 
show chatoyancy. X-ray powder dif- 
fraction analysis on a similar cab- 
ochon showed a pattern that 
matched the standard ASTM pattern 
for petalite. RK 


PYRITE in Quartz 


The New York Gem Trade Labora- 
tory recently examined the necklace 
of dark beads shown in figure 18. 
Although the beads are not spectacu- 
lar in appearance when worn, they 
are fascinating when viewed with 
the microscope. They consist of a 
myriad of randomly oriented pyrite 
crystals in a transparent to translu- 
cent near-colorless quartz matrix. 
Where the pyrite has been exposed 
on the surface by polishing, the 
bright metallic flashes provide an 
interesting effect (figure 19}. The 
continuing popularity of bead neck- 
laces encourages the use of unusual 
new materials. RC 


Figure 19. The quartz beads 
shown in figure 18 appear dark 
because of the heavy concen- 
tration of pyrite inclusions. 
Magnified 15x. 
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Editorial Korum 


ABSTRACT REBUTTAL 


An abstract of an article of mine (“Colour Filters and 
Gemmological Colorimetry”) was published in the 
Spring 1986 issue of your journal. ] wish to comment on 
several statements made by your reviewer. 


1, It was reported that two of the filters fit on the light 
source of the spectroscope unit and that the resulting 
illumination approximates to a CIE Source 4’. This is 
clearly not so. The filters which perform conversions 
to either CIE Source ‘A’ and CIE Source ‘C’ are hand- 
held slide-mounted filters and are to be used only 
with the higher-wattage lamp and the 240V mains 
power supply. 


2. The suggestion is made that the combination of lamp, 
power supply and filter may or may not approach that 
of CIE Source A and that this possibility needs to be 
tested. It seems to the author, who is a physicist as 
well as a gemologist, that if he states that a particular 
condition is met, then that fact should only be 
challenged in the light of contrary experimental 
facts: Otherwise his treasured scientific probity is 
impugned. As a matter of record, each of the combi- 
nations selected are calibrated to attain, not ap- 
proach, the CIE Source A, using standard light 
sources traceable to the National Physical Laboratory 
of the ULK. 


3. The CIE chromaticity diagrams are said to have 
“mysterious entries” for the filters’ color coordinates. 
A second glance at the table listing the filters would 
have revealed at once that these mysteries are simply 
the acronyms of the named filters. 


4. The complaint is made that the dominant wavelength 
loci on the CIE diagrams are shown as straight lines 
where they should be curved lines. The reviewer 
“suggests that this incomplete knowledge of the CIE 
System on the author's part undermines an otherwise 
convincing plea for adoption of CIE-based techniques 
in gemology... .” 

It would appear that it is she and not the author 
who must be charged with this lack of knowledge. In 
all CIE chromaticity diagrams these loci are always 
straight lines, as they are in all color order systems 
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including that of the European DIN-6164 System. In 
the American Munsell System, when the associated 
color sample coordinates are plotted on CIE chromat- 
icity diagrams, the Munsell samples of constant Hue 
fall upon curved lines. Here the reviewer is treating 
Munsell Hue as identical to dominant wavelength. It 
is not. 


5. The reviewer feels that the new comparison prism 
spectroscope described and illustrated is “out of 
place” in this article. This instrument was designed 
as acolor science teaching aid for gemologists in order 
to facilitate simultaneous comparisons of pairs of 
spectra from any of the 38 CIE-calibrated filters in the 
set. As color perception is above all a comparison 
phenomenon, this inclusion is far from being an 
irrelevant “aside.” 


6. An objection is raised to the textual omission of any 
reference to the GIA ColorMaster and the GIA’s use of 
it for gemstone color measurement. Again, a second 
glance at the table listing the filters would have 
revealed that there has been no such omission. 


7. A final complaint is made that the author unfor- 
tunately uses many terms employed in color science 
which are unfamiliar to gemologists. The sober fact is 
that if gemologists wish to improve their profession- 
alism by gaining some understanding of color produc- 
tion, perception and measurement, they will be 
obliged to acquire familiarity with such terms. In- 
deed, that was the message of the article. 


J. B. Nelson, Ph.D. 
McCrone Research Associates, 
Ltd., London 


First of all, I would like to extend an apology to Dr. 
Nelson for having conveyed—quite unintentionally — 
such a negative impression of his article, and for 
impugning his knowledge of color science when, in fact, 
it was] who made the error. As mentioned in his item 4, I 
did, indeed, confuse constant hue lines {curved} with 
dominant wavelength lines (straight). My error was 
inexcusable. In fact, this error had already been brought 
to my attention by Dr. W.N. Hale, Jr, chairman of the 
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ASTM Committee on Appearance of Materials, and a 
correction and apology were in preparation for printing 
in Gems & Gemology when we received Dr. Nelson’s 
letter. 

With respect to Dr. Nelson’s second objection, the 
implication is the result of a typesetter’s error. The 
statement “Unfortunately, the light sources used with 
the spectroscopes vary somewhat in composition .. .” 
suggests, in direct contradiction to his claim, that the 
instruments used by Dr. Nelson were variable and 
needed checking. This is not what I had intended. The 
sentence, as I originally wrote it, should have read “the 
light sources used with spectroscopes vary some- 
what....” This was simply meant to be a warning to 
other gemologists, with spectroscope light units other 
than the type described by Dr. Nelson, to be certain that 
the resulting source-plus-filter they obtain is correct. A 
light source quite different from that recommended by 
Dr. Nelson and for which this filter set was designed may 
have been provided with their instrument. 

I agree with Dr. Nelson that gemologists need to 
become more familiar with color science terminology. 
However, the gemological literature still lacks basic 
information on color science whereby gemologists can 
acquire such knowledge. Gemologists, especially in the 
United States where most are practicing jewelers, look 
to academic foundations such as the GIA and the 
Gemmological Association of Great Britain to provide 
them with the knowledge they need to keep up-to-date 
in gemology, whether through basic educational pro- 
grams or through the journals that are published. While 
the British are more scholarly in their approach to 
gemology, Gems # Gemology focuses more on the 
fundamental needs of the jeweler-gemologist for routine 
gemological grading and identification. It was with this 
latter focus in mind that I commented on Dr. Nelson’s 
use of color science terminology. 

The remaining objections cited by Dr. Nelson arose 
primarily out of problems of an editorial nature. While 
his article is admirable technically and with respect to 
its aim, I found it difficult to read and comprehend. As I 
stated in my original review, Dr. Nelson's article “man- 
ages to convey the very real need for education in color 
science in gemology, and the color filters—or some 
similar system —sound as if they could be of assistance 
in such an educational effort.” I recommend the article 
to anyone seriously interested in the application of color 
science to gemology. 


Carol M. Stockton, G.G. 
GIA—Santa Monica, CA 


THE “SYNTHETIC” CONTROVERSY 


In the Summer 1986 issue of Gems & Gemology (p.107), 
I suggested that gemology would be better served if the 
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word synthetic were never used as a noun and that, as an 
adjective, it should carry its original meaning of “man 
made.” Responses published in the Fall 1986 issue of the 
journal indicated that I had committed a cardinal sin, 
and Dr. Nassau charged me with violating both gem- 
ological (and gemmological) tradition. His contention 
was that the restricted mineralogical definition for 
synthetic has been consistently used by gemologists 
with the meaning of “man-made equivalent of the 
natural.” To further bolster his case, he claimed the 
support of B. W. Anderson, R. Webster, and R. Liddicoat. 

This caused me to review their writings, and I found 
that Anderson (Gem Testing, 9th ed., p. 99) had written 
that “there is no warrant for using the term in this 
restricted sense...” and that Webster (Gems, 3rd ed., p. 
328) had written that “such a strict definition is not 
acceptable in general practice.” The writings of Lid- 
dicoat (GIA Handbook, 9th ed., p. 328) confirmed these 
sentiments, e.g., “Strontium Titanate ... is unique 
among synthetic gem materials in that there is no 
natural counterpart....” and “Synthetic Garnet ... 
duplicates the garnet structure, but not composi- 
tion... .” It is difficult to conceive how these writers 
could have been more explicit. 

I would submit that Webster and Anderson were 
probably the last important gemological writers who 
were actively concerned that modern gemology was an 
eclectic science developed for the benefit of and sup- 
ported by the jewelry trade. Gemology, to them, was not 
a subdivision of mineralogy. As a consequence, they 
astutely recognized the folly of trying to impose strict 
mineralogical jargon on the trade and on the public. 
Thus, their clear pronouncements. 

Since their passing, their message appears to have 
been lost and precisely the opposite has occurred. The 
tail is now wagging the dog and the present “scheme” of 
classifications (synthetic, fake, simulant, paste, cul- 
tured, etc.) is not working well because of fundamental 
flaws. Revision is sorely needed and I would be remiss if I 
did not press for it. 


W. W. Hanneman, Ph.D. 
Castro Valley, CA 


ERRATUM 

On page 138 of the Fall 1986 issue, in the article on the 
separation of natural from synthetic amethyst on the 
basis of twinning, the sentence regarding zoning in 
synthetic stones should read “the zoning observed in 
most synthetic stones is limited to darker and lighter 
shades of purple and wedge-shaped or straight zones of 
citrine color... .” Figure 18 in that article illustrates 
these different zones of color. 
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NATURALICHE UND 
SYNTHETISCHE RUBINE 


By Karl Schmetzer, 131 pp., illus., 
publ. by E. Schweizerbart’sche Ver- 
lagsbuchhandlung, Stuttgart, West 
Germany, 1986. US$22.50* 


Dr. Schmetzer, who is well known 
worldwide for his prolific gemologi- 
cal writings, has come up with a very 
interesting monograph on rubies. 
Written in German, the book pro- 
vides information on how to separate 
natural rubies from synthetics. 

The author begins with some 
basic but necessary crystallographic 
and mineralogic descriptions of co- 
rundum, Then he explains the five 
common methods of synthetic ruby 
crystal growth, providing good 
sketches and summary tables. The 
material used in the author's investi- 
gation (some 900 natural stones and 
350 synthetics} is briefly introduced, 
as are the various testing methods: 
microscopy, UV-visible spectroscopy, 
UV fluorescence, goniometry, chem- 
istry, and infrared spectroscopy. The 
distinctive features —inclusions or 
structures — used in separating natu- 
ral and synthetic stones under the 
microscope are explained. The ultra- 
violet transparency test (the “Boss- 
hart test”) is also discussed. 

The main body of the book is 
dedicated to a detailed description of 
both natural and synthetic rubies 
from various sources. Those inclu- 
sions (such as rutile and boehmite] 
and structures (twinning and growth 
features) that reveal a natural origin 
are discussed and illustrated with a 
wealth of photographs and diagrams. 
Probably the most original part of 
this book is its description of the 
characteristic features for rubies 
from specific major localities and a 
few minor ones—totaling 15 in all. 
This is followed by a similarly orga- 
nized section on the particularities 
of 11 different types of synthetic 
rubies. 

In this otherwise excellent book, 
there are two minor drawbacks. First, 
while synthetic crystal growth is 
well described, the author gives no 
overview of the geologic formation of 
ruby in a natural environment. Sec- 
ond, in several instances the color 
photographs are somewhat dull or so 
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out-of-focus that they do not show 
distinctly what is referred to in the 
caption. Of course, the fact that this 
book is in German will also be a 
problem for many readers. 

Overall, Dr. Schmetzer’s book is 
an outstanding “state-of-the-art” 
work, providing practical informa- 
tion as well as hints on how to 
separate, with basic equipment, nat- 
ural rubies from synthetic rubies, 
and how to determine— when possi- 
ble—the geographic origin of a par- 
ticular natural stone. 


EMMANUEL FRITSCH 
GIA Research Department 


THE MAGIC OF MINERALS 


By Olaf Medenbach and Harry Wilk, 
transl. by John S. White, 239 pp., 
illus., publ. by Chilton Book Co., 
Radnor, PA, 1986. US$35.00* 


The Magic of Minerals is one of the 
most beautiful “coffee table” books 
on minerals that has ever been pro- 
duced. Since this book was first pub- 
lished in 1977 under the title Zauber- 
weltder Mineralien, it has only been 
available in German. Now, thanks to 
the translation work of John Samp- 
son White of the Smithsonian Insti- 
tution, an English version has been 
published. 

This book is impressive in every 
respect. Its unusually large format 
and beautiful cover assure its promi- 
nence in any home or office. But, as 
with any good book, it is what is 
inside that truly sets it apart. The 
photography by Olaf Medenbach, a 
mineralogist by training, is stun- 
ning. As one scans the pages of the 
book, a mineral enthusiast will rec- 
ognize many familiar old friends, for 
Dr. Medenbach’s photographs have 
graced the covers of numerous maga- 
zines and books. 


GEMS & GEMOLOGY 


What non-German-speaking 
mineralogists have missed before the 
completion of this English transla- 
tion is the excellent text by Dr. Harry 
Wilk. Dr. Wilk has included a sur- 
prisingly comprehensive introduc- 
tion to mineralogy for a “coffee 
table” book. The major portion of the 
book is devoted to historical and 
mineralogical descriptions of 110 
minerals. Each of these well-written 
descriptions is accompanied by one 
of Dr. Medenbach’s superb photo- 
graphs. 

Interspersed among these de- 
scriptions are seven sections. The 
first section, “The Crystalline Na- 
ture of Matter,” discusses the basics 
of mineralogy, along with a concise 
description of the formation of the 
earth. In the second section, “The 
Structure of Minerals,” Dr. Wilk 
gives a historical perspective to the 
internal structure of minerals and, in 
doing so, introduces the reader to 
everything from unit cells to silicate 
structures in very brief terms. The 
logical continuation of this discus- 
sion is found in the third section, 
“Symmetry of the External Crystal 
Forms,” an introduction to crystal- 
lography. As with the other topics 
that Dr. Wilk covers, this discussion 
of crystallography is concise and 
simple. The next section, “Physical 
Properties,” provides a detailed de- 
scription of the color of minerals and 
light phenomena, of particular inter- 
est to the gemologist. In his pet- 
rological approach to the “Occur- 
rence and Origin of Minerals,” Dr. 
Wilk describes pegmatites, pneu- 
matolytic mineralization, and hy- 
drothermal mineral formation. The 
final two sections include a brief but 
interesting discussion of the origins 
of the “Names of Minerals” and the 
“Systematic Classification of Min- 
erals,” 

It is difficult to find fault with 
such a well-produced book, and the 
detractions that I found were minor. 
The interspersing of the mineral de- 
scriptions with the seven sections 
tends to be confusing. Also, although 
the minerals are presented in order 
according to Dana’s system, it is not 
until the final section of the book 
that the classification of minerals is 
discussed. There are a few mineral 
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spellings that I found unfamiliar. 
These include adamine rather than 
adamite, indigolite rather than indi- 
colite, and aktinolite rather than ac- 
tinolite. The latter case is obviously a 
remnant of the German spelling and 
it is entirely possible that the others 
are as well. As I noted at the outset, 
given the overall excellent quality of 
this book, these criticisms must be 
considered trivial. The Magic of Min- 
erals is a must for anyone with an 
interest in minerals who wants to 
bring converts to the mineral king- 
dom. 
PETER C, KELLER 
Associate Director 
Los Angeles County Museum 
of Natural History 


OTHER BOOKS 
RECEIVED IN 1986 


Descriptions of Gem Materials, by 
Glenn and Martha Vargas, 190 
pp. publ. by the authors, Ther- 
mal, CA, 1985, US$10.00.* This 
third edition of a valuable refer- 
ence brings up to date the Vargas’ 
pioneering work on facetable min- 
erals. The book lists alphabet- 
ically some 320 natural minerals 
and 54 man-made gem materials, 
and supplies in a concise manner 
their gemological properties, al- 
ternate names, pronunciation {al- 
though sometimes the authors’ 
notion of the “correct” pronuncia- 
tion is arguable}, and cabochon 
and faceting characteristics. 

Although the book is in- 
tended to be used as reference for 
identifying the myriad faceted 
stones on the market, it is ham- 
pered by its lack of visuals, such as 
color plates, halftones, or line 
drawings. Nevertheless, it bears 
witness to the astonishing num- 
ber of natural materials that can 
be converted into gems, and is an 
excellent catalogue raisonée for 
lovers of novelty gemstones, as 
well as for students of mineralogy. 


*This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. 
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Jewelry: How to Create Your Image, 
by Jorge Miguel, 119 pp,, illus., 
publ. by Taylor Publishing Com- 
pany, Dallas, TX, US$19.95. Mr. 
Miguel, a Brazilian-born jewelry 
designer and former professional 
soccer player, has written a book 
devoted to jewelry as fashion, or, 
more precisely, to fashion advice 
about jewelry. Yes, this is the sort 
of book that deals with topics 
such as “What jewelry comple- 
ments different hair colors” and 
“How a woman’s skin tone affects 
the way her jewelry looks” and 
“Which shapes and styles of jew- 


elry flatter different body types.” * 


There is a built-in irony in Mr. 
Miguel's effort to avoid dating his 
subject by giving “sound advice 
on buying jewelry to outlast the 
trends of fashion,” since the very 
concept of jewelry is predicated 
on “fashion.” Perhaps more ironic 
are the photographs in the book 
that attempt to show how jewelry 
“flatters” a woman’s appearance. 
These photographs are not very 
flattering at all. More to the point, 
this book’s audience is the jewelry 
consumer, not the jewelry de- 
signer, though both may be wise 
to take the proffered advice with 
care. Of course, jewelry salesper- 
sons will find Mr. Miguel’s advice 
of interest, since these very con- 
siderations—fashion, flattery, 
color coordination—are often 
what enhance or even make a sale. 


The New Jewelry: Trends & Tradi- 
tions, by Peter Dormer and Ralph 
Turner, 192 pp., illus., publ. by 
Thames and Hudson, New York, 
NY, US$35.00.* All jewelry ar- 
tists should be aware of this popu- 
lar volume (a staple of many book- 
stores}, which chronicles both in 
written words—and, more em- 
phatically, in photographs—the 
“dazzling burgeoning of many 
kinds of ornament.” The book’s 
three main divisions betray its 
emphasis on the art of jewelry, as 
opposed to its craft. These sec- 
tions are: “Expression and De- 


sign,” “Jewelry as Image,” and 
“Jewelry as Theatre.” The authors 
thus promote their notion of jew- 
elry as miniature sculpture, and 
illustrate this concept admirably, 
with photographs that dramatize 
the impact —and unwearability — 
of some of the more avant-garde 
pieces. 

Although the book attempts 
to show the possibilities inherent 
in adornment when pushed to its 
limits, The New Jewelry is also a 
practical reference, with biogra- 
phies of prominent jewelry de- 
signers and an appendix of mu- 
seums with modern-jewelry col- 
lections. What is hard to gauge is 
this book’s role as a lasting refer- 
ence, since the jewelry it dis- 
cusses is so much of the moment. 
Whether the design and theory 
illustrated here prove durable can 
only be tested by time. 


Opals: Rivers of Illusions, by Alina 
Loneck, 64 pp, illus., publ. by 
Gemcraft Pty. Ltd., East Malvern, 
Victoria, Australia, 1986, 
US$6.95.* This slim book at- 
tempts to provide a comprehen- 
sive treatment of opal in what 
amounts to an essay-length vol- 
ume. Ms, Loneck, an English jew- 
elry designer currently residing in 
Australia, has managed to distill 
her subject down to a mere 64 
pages and nevertheless cover such 
topics as “Historical Context,” 
“Optical Properties,” “Chemical 
Composition,” “Opal-Bearing 
Areas,” “Fashioning, Synthesis, 
and Classification,” and “Pros- 
pecting.” Although the book’s 
very brevity cannot recommend it 
as an encyclopedic reference, it is 
a very good pocket volume for the 
opal novice, and contains a gen- 
erous amount of information for 
its modest size. 


Treasures of the British Museum, by 
Marjorie Caygill, 240 pp., illus., 
publ. by Harry N. Abrams, Inc., 
New York, NY, 1985, US$29.95,* 
This handsomely produced book, 
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full of many color and black-and- 
white photographs, is an excellent 
armchair introduction to the trea- 
sures found in the British Mu- 
seum. It is of interest to gemolo- 
gists because it includes a chapter 
on the famous Hull Grundy jewe- 
Iry collection—a chapter that, al- 
though brief, features a stunning 
double-page spread illustrating 
some of the collection’s most 
beautiful brooches. 

Of interest to horologists is 
the “Clocks and Watches” chapter, 
which provides a sampling {al- 
though largely via black-and- 
white photos} of some of the trea- 
sures of the museum’s Clock 
Room. Because so much of the 
museum’s collection is of ancil- 
lary interest to gemologists, this 
book should prove fascinating 
reading. The chapter on the Royal 
Cemetery at Ur, for example, fea- 
tures some beautiful photographs 
of gold artifacts, and in almost 
every other chapter, an item of 
ancient jewelry is certain to crop 
up. Although not a primary refer- 


ence, this is still an ideal volume . 


for the bookshelf or coffee table. 


A Time to Watch, by Jac Zagoory and 


Hilda Chan, 200 pp., illus., publ. 
by ChiuZac Ltd., New York, 
NY, 1985, US$88.00.* Although 
peppered with an occasion- 
al short essay on the evolution of 
the wrist watch, this sumptuous 
volume pretends to be nothing 


less than a purely visual celebra- 
tion of its subject matter. It is 
perhaps for this reason alone that 
the volume is so expensive, since 
its photographs are in no small 
measure the result of some atten- 
tive artistry. Many of the master- 
pieces of Rolex, Cartier, Tiffany, 
Patek Philippe, and others have 
been displayed across full pages, 
in photographic compositions 
that find the timepieces in fanci- 
ful, if not baroque, settings. Some 
may be splayed across an elabo- 
rate parquet table, others planked 
down on a block of ice, one per- 
ched atop the Chrysler building, 
another hovering in the firma- 
ment as if doing battle in “Star 
Wars.” The net result, unfor- 
tunately, is to detract from the 
beauty of the timepieces them- 
selves, and call attention to the 
busy ingenuity of the photo- 
graphic compositions, which, 
given the subject matter of this 
book, probably could have been 
better used elsewhere. 


Struck by Lightning, by Les Taylor, 


183 pp., illus, publ. by Jon the 
Printer Pty. Ltd., Ashmore, 
Queensland, Australia, 1985, 
US$10.00 f(approx.).* In gem- 
ological literature there is a body 
of work that has become a genre 
unto itself—the “miners’ tales” 
that once were the province of the 
oral tradition but now make their 
mark, with considerable force, in 


the literary realm as well. Les 
Taylor’s book is undeniably of this 
ilk—reflections on Australian 
opal mining that, in the author’s 
words, are “concerned with a gen- 
eral approach to the stone, por- 
traying in simple, broad terms its 
types, its commercial position, 
and the people who live their lives 
in or close to the world of opal.” In 
fact, the stated priority is re- 
versed, since it is undeniably the 
human side of opal mining that 
has engaged Mr. Taylor here. 
Taking the book on its own 
terms, the reader will discover 
that Struck by Lightning distin- 
guishes itself from its many liter- 
ary cousins by its engaging style, 
which is full of the flavor of the 
Australian idiom —in itself a fea- 
ture to recommend reading. And 
while many similar tracts of gem- 
ological folklore are famously rife 
with typographical errors, bad 
prose, and misinformation, this 
book sets itself apart through its 
literacy and sincere tone. Some of 
Mr. Taylor’s stories may verge on 
the apocryphal (though he avers 
all are true}, but, whatever the 
case, he has succeeded in recoun- 
ting a wealth of human lore, gar- 
nered over his 30 years in the opal 
business. As an indication of the 
book’s allegiance to its folk roots, 
it should be noted that some 40 
pages of Struck by Lightning are 
stories written in doggerel verse. 


JEFFREY M. BURBANK 
Santa Monica, CA 
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COLORED STONES Ss 


Amblygonite treatment. Pale, straw-colored ambly- 
gonite from Tanzania, which was quite common a few 
years ago at gem and mineral shows, has recently 
reappeared on the market. This time it is a pale green 
color, thanks to irradiation. Jonté Berlon Gems of 
Fallbrook, California, brought the pieces, which range in 
size from 5 to 15 ct, to our attention. The Research 
Department at GIA has obtained samples of both un- 
treated and irradiated material for further study. The 
color stability of this treated material is not known at 
this time. As reported by Patricia Gray, GIA Research, 


Bicolored beryl. Mike Ridding of Silverhorn jewelers in 
Santa Barbara, California, reported to Gems # Gemol- 
ogy on a new find of beryl] from an old locality in Minas 
Gerais, Brazil. The location, close to Coronel Murta, 
near Aracuai, produced approximately 400 kg of beryl in 
the early 1960s. Then, in late 1985, a second bery] strike 
produced another approximately 100 kg from the same 
site. The beryl crystals from this strike are quite 
attractive, with intense orange centers that grade to a 
pleasing green rim. Some crystals are at least 20 cm long. 
The orange-colored zones are of faceting quality; small 
stones cut from these areas are light in color. The 
remaining material is most suited for gem carving. Mr. 
Ridding also reports that some of this material is heat 
treated in Brazil, which turns the green rims blue and 
the orange cores pink. 


Electrically treated chalcedony. Virtually all so-called 
“black onyx” is the result of sugar-sulfuric acid chemical 
treatment of chalcedony, and agates can be stained to 
just about any color using a wide variety of dyes. One of 
the more clever chalcedony “improvement” methods 
involves the staining and electrolysis of pale off-white to 
cream-colored translucent material to produce not only 
a pleasing body color but also an attractive internal 
dendritic pattern as well. In this process, copper salts are 
dissolved in water to a point of saturation, and the precut 
chalcedony is stained a blue-green color through sus- 
tained immersion. Once the chalcedony is the desired 
shade, an electric current is passed through it and the 
ionic copper solution begins to break down. As the in- 
place electrolysis proceeds, a native copper dendrite 
begins to form, radiating outward from the center of 
electrical contact. The result, as shown in figure 1, is 
quite attractive. Although only a few examples of this 
treatment have been observed over the last two decades, 
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it now seems to be resurfacing. Once this material is 
seen it is not forgotten, but, until now, no photographs 
have ever been provided to aid the gemologist in the 
visual identification of this relatively uncommon en- 
hancement. Gem News wishes to thank Mr. Gerhard 
Becker of Idar-Oberstein, West Germany, for supplying 
us with this sample for study. 


Green sphene. A gem and mineral collector living in 
Tijuana, Mexico, reports that a type of green sphene, 
thought to be colored by chromium, is being marketed 
as “Mexican Emerald.” The sphene is found in the 
territory of Baja California, Mexico, near San Quintin, 
in avery limited area and a small deposit. The stones are 
a rich green color with many flaws, which in part mask 
some of their high dispersion. This dispersion, as well as 
the fact that sphene is “over-the-limits” of the standard 
refractometer, should provide sufficient information for 
any gemologist to identify it. As reported by Patricia 
Gray, GIA Research. 


Important new amazonite find. A new pocket of ama- 
zonite was found in June 1986 in the Crystal Peak 
District of Teller County, Colorado. The pocket, named 
the Keyhole Vug, was reported to be approximately 8 x 6 
x 2 feet. It has yielded amazonite crystals of solid green 
color and luster intermingled with small white cleve- 


Figure 1. This chalcedony has been treated 
with electricity, which produced the dendritic 
pattern in the copper salt-treated subject. Photo 
by John I. Koivula. 
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landite rosettes. There was no smoky quartz associated 
with the amazonite in the pocket, although the presence 
of small circular holes on the specimens suggests that 
quartz had once been present and had been selectively 
etched away. Specimens of this material are expected to 
be shown at the Tucson Gem & Mineral Show in 
February 1987. (Mineral News, October 1986} 


Intergem Idar-Oberstein ‘86. Fine green and pink tour- 
malines from West Africa were popular items at the 
recent Intergem ‘86, held in Idar-Oberstein, Germany 
last September. A variety of new cuts were also featured, 
aS was a new variation on gemstone carvings: Birds and 
animals delicately carved from tourmaline and other 
fine gem materials have been mounted in gold for use as 
jewelry (figure 2}. Another highlight of the show was a 
1954 Mercedes Benz 300SL carved from rock crystal 
with accents in rubies, gold, and diamond. 


Kenyan rubies exported to Thailand. As reported to Gem 
News by Karim Jan of Tsavo Madini Inc., in Costa Mesa, 
California, Thai gem dealers are buying large lots of 
Kenyan ruby and exporting them to Bangkok, Thailand, 
for heat treatment. 

Anyone familiar with Kenyan rubies knows that they 
often have very beautiful color but are also just as often 
clouded to a milky translucency by excessive amounts 
of fine particulate exsolution rutile. According to Mr. 
Jan, the Thais are heat treating these “cloudy” African 
stones using the same method that is also used on Sri 
Lankan geuda. The change produced by heating these 
Kenyan gems is rumored to be quite dramatic: The gems 
go in translucent and come out transparent. Because of 
the Kenyan rubies’ excellent color and fluorescent char- 
acter, once clarified they look like Burmese material. 
The best of these treated Kenyan rubies are said to be 
visual equals to the finest Burmese gems. 


Gem News 


Figure 2, These 
approximately 7-cm (23/4 
in.) birds, carved from red 
- and green tourmaline and 
mounted in gold with 
diamond accents for use as 
a pin, were featured at 

| Intergem ‘86 in Idar- 
Oberstein, Germany. 
Courtesy of E A. Becker, 
Idar-Oberstein. Photo 
©Harold & Erica Van Pelt. 


Metavariscite. Bart Curren, a gemologist at GIA, re- 
cently loaned Gem News a most unusual cabochon for 
examination (figure 3). The cabochon was cut by Mr. 


Figure 3. After gemological testing, this unusual 
cabochon was discovered to be metavariscite. 
Photo ©Tino Hammid. 
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Figure 4. These elbaite 
tourmalines from a new 
site in Minas Gerais, Brazil, 
often make striking mineral 
specimens. The specimen 
measures approximately 12 
em, Photo by Mike Ridding. 


Curren from the core of a light green opaque variscite 
nodule. The finished cabochon {18 x 14 x 4mm} wasa 
very pleasing translucent “chromium” green color remi- 
niscent of fine jadeite and not at all characteristic of 
variscite. Although the refractive index and specific 
gravity of the cabochon seemed a little low for variscite, 
they were still within the accepted ranges. However, the 
color and translucency suggested that additional testing 
might be worthwhile. X-ray powder diffraction per- 
formed by Chuck Fryer revealed that the cabochon was 
metavariscite, the monoclinic dimorph of variscite. Dr. 
Emmanuel Fritsch investigated the cause of the beauti- 
ful green color spectrophotometrically. The meta- 
variscite absorption spectrum exhibited two very in- 
tense absorption bands, at 430 nm and 620 nm (which 
together cause the color}, leaving a deep transmission 
window in the green (520 nm}. “Chromium” lines are 
present at 684 and 686 nm. Infrared spectrometry 


revealed an additional absorption band at 1043 nm in the 
near-infrared, probably associated with Fe2+. 


New find of elbaite tourmaline. In May of 1986, a new 
deposit of elbaite tourmaline was discovered in the state 
of Minas Gerais, Brazil. Mike Ridding, of Silverhorn 
jewelers, also reported the following information toGem 
News. The tourmalines from this new deposit may have 
limited gem potential because they are highly included. 
However, they make striking mineral specimens be- 
cause of their often undamaged groupings and interest- 
ing color gradations, as demonstrated by the 12-cm 
specimen shown in figure 4. The pegmatitic matrix 
associated with these tourmalines consists mainly of 
albite feldspar and lepidolite mica. The area where the 
tourmalines are found is located near the old and still 
actively producing Cruzeiro mine at Havra da Pader- 
neira, Municipio de Aqua Boa, in Minas Gerais. 


ANNOUNCEMENTS 


The American Gem Society 
Conclave for 1987 will be held in 
San Francisco on April 23-28. This 
year’s theme is “San Francisco ‘87: 
Your Golden Gate to the New Tech- 
nology of Success.” GIA President 
Bill Boyajian will be the featured 
theme speaker. Classes and semi- 
nars will be presented primarily at 
the Fairmont Hotel, with some at 
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the Stanford Court and Mark 
Hopkins Hotels. For further informa- 
tion contact Laurie Hudson, 
marketing manager and primary 
conclave planner, (213) 936-4367. 


The International Colored 
Gemstone Association will hold 
their annual Congress in Bangkok, 
Thailand, on May 18-20, 1987, at 


the Shangri-La Hotel. An estimated 
500 delegates are expected to 
attend, representing all aspects of 
the colored gemstone industry. 
Those interested in attending the 
1987 ICA Congress should contact 
the ICA administrative office at: 
22.643 Strathern Street, Canoga 
Park, CA 91304. Telephone: (818} 
716-0489. Telex: 820801. 
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Color centers in sodalite. P S, Pizani, M. C. Terrile, H. A. 
Farach, and C. P. Poole, Jr., American Mineralogist, 
Vol. 70, No. 11/12, 1985, pp. 1186-1192. 


The authors investigated the origin of color in natural 
blue sodalite (Na,Al,Si,0,.Cl) from the Itabira district 
in the state of Bahia, Brazil. They submitted sample 
stones to various types of radiation and heat treatment. 
The techniques of electron spin resonance (ESR), nuclear 
magnetic resonance {NMR}, ionic thermal currents 
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(ITC), optical absorption, and electrical conductivity 
were used. 

When the temperature of a sample of natural 
sodalite is maintained at 450°C for one hour, the blue 
color bleaches out. Exposure to a flux of X-rays for five 
minutes restores the original color. Two MeV (Mega 
electron volts) electrons from a linear accelerator pro- 
duce the same result. When heated to bleaching at 600°C 
and then irradiated for five minutes, natural samples 
acquired a “blue-rose” color. Exposure to sunlight or 
incandescent light removes the rose component {when 
the rose component alone is present, the stone is 
sometimes called “hackmanite”). 

The pink component is due to absorption at 530 nm, 
The color center responsible for that coloration is an 
electron substituting for a chlorine ion in the center of a 
tetrahedron of sodium ions, as previously discovered. 
The blue coloration is due to two absorptions at 600 and 
645 nm, They both bleached at 450°C. At room tempera- 
ture, however, it would take 10 million years to bleach 
half the color. 

The present experimental results contradict two 
former hypotheses for the origin of color: the formation 
of colloidal sodium particles, and the substitution of 
SO,~ for Cl-. 

The two absorption bands are supposed to be due to 
centers formed when an X-ray knocks an electron off an 
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oxygen ion and displaces the ion to an interstitial 
position in the lattice. It is hypothesized that O~ as an 
interstitial site with aluminum as its nearest neighbor is 
responsible for one band and similarly O~ near a silicon 
is responsible for the other. EF 


Eocene amber from the Pacific coast of North America. 
G. E. Mustoe, Geological Society of America Bulle- 
tin, Vol. 96, No. 12, 1985, pp. 1530-1536. 


Mustoe examined amber from two localities on the 
Pacific coast of North America: Tiger Mountain, near 
Issaquah, Washington {8 km east of Seattle} and Coal- 
mont, British Columbia, Canada. Although both de- 
posits are small, the presence of fossils and undisturbed 
stratigraphic sequences makes them excellent for under- 
standing the evolution of amber-producing plants during 
the early Tertiary. 

In his introduction, the author first reviews the 
history of amber research and then describes these two 
localities. He proceeds by discussing experiments con- 
ducted on the Pacific Northwest amber to piece together 
an evolutionary history of the resin-producing plants. 
He concludes that North American amber forests may 
not have become extinct; rather, the trees may have 
simply produced less resin as the climate changed and 
temperatures lowered prior to the onset of the Ice Age. 

Patricia A. Gray 


Gahnospinelle aus Sri Lanka (Ghanospinel from Sri 
Lanka). K. Schmetzer and H. Bank, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 
34, No. 3/4, 1985, pp. 92-97. 


The authors investigated various blue, bluish violet, and 
violet spinels from Sri Lanka to clarify and confirm the 
data published by Anderson, Payne, and Hey in 1937. 
Chemical analyses on these spinels show the main 
components as Al,O3 and MgO, with variable ZnO and 
fairly low FeO. The samples readily represent interme- 
diate members of the aluminum-spinel solid-solution 
series, with the highest zinc (Zn} sample consisting of 
end members spinel MgAl,O, (62.4%), gahnite ZnAl,O, 
(33.5% }, and hercynite FeAl,O, (4.1%}. The refractive 
indices and densities for the spinels studied vary from 
1.716 to 1.754 and from 3.60 to 4.06, respectively. Nei- 
ther the absorption spectra nor the inclusions provide 
any conclusive means to separate normal gem spinels 
from zinc-rich gahnospinels. Anderson {1964} and his 
co-workers (1937) defined gahnospinel on the basis of 
physieal properties; the present work has added chemi- 
cal analyses for further confirmation. Six photographs of 
inclusions are also provided. MG 


Hard luck in a hard place. C. Kremkow, Goldsmith, Vol. 
169, No. 4, 1986, pp. 32-34 and 37-38. 

U.S. jewelry manufacturers use opal because it gives 

jewelry an individual look and is available in almost any 

quantity in calibrated sizes. However, sales of high- 
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quality stones have been slow and opal has been 
primarily a low-end, high-volume market. Recently, 
though, opal has shown signs of becoming fashionable 
again. Designers are using more opal in their work, 
especially as inlay. Art Nouveau jewelry, which fre- 
quently incorporates opal, is currently enjoying a re- 
vival. 

During the years of low sales, little prospecting was 
done for opal in Australia. The two major Australian 
opal-producing areas, Coober Pedy and Mintabie, are 
showing signs of being worked out, and there is some 
question as to whether Australia will be able to respond 
to an increase in demand. Although filing a claim is 
relatively easy and cheap, it costs about $1000 a week to 
work one. Thus, most miners cannot afford to prospect 
for new areas. Coober Pedy and Mintabie represent 90% 
of the world préduction of opal, and no new finds have 
been discovered in years. Although most miners feel 
there is still plenty of opal in the ground, no one knows 
where. Desperate miners in Coober Pedy have started a 
grass-roots movement to persuade the South Australian 
government to subsidize new exploration. 

If opal production shrinks to the level of deposits 
such as Andamooka, once an important source that now 
produces insignificant amounts, there would be a severe 
shortage of opal on the world market. The recent 30% 
increase in the price of good, commercial-quality white 
opal indicates that supply problems are already here. 
The price increase mostly affects the rough sizes needed 
to cut the calibrated stones used by U.S. manufacturers. 
Cutting factories in Hong Kong buy most of the rough 
opal from Australia and virtually set the prices of rough 
and cut opal. Mainland China has also entered the 
market. Last December, China bought millions of dol- 
lars in rough, and now they are trying to gain production 
rights to the mines. This added competition for rough is 
partly responsible for the increase in prices. 

Price increases are expected to continue, and opal 
will not be as readily available as in the past. One fact is 
clear: The production of the Australian opal mines can 
no longer be taken for granted, Barton C, Curren 


Star opal. E. Spendlove, Rock and Gem, Vol. 16, No. 9, 

1986, pp. 36-39. 
The Spencer opal mine in eastern ldaho is known for 
producing opal with a strong play of color suitable for 
fashioning triplets. This mine also produces a variety of 
opal that, when properly oriented and fashioned into a 
triplet, displays a three- or six-rayed star. This type of 
opal is not known to occur anywhere else in the world. 

Stars in crystalline materials such as corundum or 
quartz are caused by needles of another mineral (com- 
monly rutile} that are oriented along prism planes in the 
host material. However, this explanation does not ac- 
count for the stars found in opal, since it is a noncrys- 
talline (amorphous) form of siliea. 

In this article, Spendlove refers to another article, 
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“Star Patterns in Idaho Opals,” by J. V. Sanders (Austra- 
lian Lapidary Magazine, February 1977). Using an 
electron microscope and a goniometer (a mechanical 
device that allows a stone to be tilted and turned under a 
focused beam of light], Sanders found that the particles 
in Idaho opals were arranged in a smooth, very regular 
hexagonal pattern. A series of three planar faults {a 
dislocation in the structure of a mineral}, equally 
inclined at an angle of 70° to the layers of silica spheres, 
produces a three-rayed star. A six-rayed star appears 
when an extra set of planar faults is present. The size of 
the particles limits the color range and types of star seen. 
Three-rayed stars, typically in cool colors (blues and 
greens} are produced by smaller particles. Larger parti- 
cles result in warmer-colored (orange and red} six-rayed 
stars. 

Australian opal is also made up of silica spheres 
arranged regularly in a hexagonal pattern. However, the 
spheres are stacked and faulted in a random manner 
with no planar faults. While this random structure can 
produce spectacular play of color, it does not lend itself 
to the formation of stars. 

The author also cites his article in the September 
1984 issue of Rock and Gem, which discusses the 
orientation and preparation of star opal triplets. 

Barton C. Curren 


Tsavorite. C. R. Bridges, Jewelers Quarterly, 3rd quar- 
ter, 1986, pp. 12-13 and 16-17. 


If one of the greatest problems in marketing new 
gemstones to the public is lack of romance and lore, 
Campbell Bridges is working hard on the solution. His 
latest article about tsavorite focuses on the adventurous 
and vivid aspects of this unusual gem’s East African 
origins, in a personal narrative style reminiscent of H. 
Rider Haggard, author of King Solomon’s Mines. After a 
brief amble through some prospecting and mining 
information, the author speculates about why emerald 
commands such a high market value and tsavorite 
doesn’t. Retail jewelers especially will find valuable 
tales and descriptions here for glamorizing and promot- 
ing this beautiful gemstone. CMS 


An unusual needle-like inclusion in gem sinhalite from 
Elahera, Sri Lanka. M. Gunawardene and M. Gun- 
awardene, Journal of Gemmology, Vol. 20, No. 2, 
1986, pp. 98-99, 

The authors describe hollow crystal channels in a 

faceted sinhalite from Elahera, Sri Lanka. The channels 

were partially filled with iron oxide, while other por- 
tions were completely transparent. Analysis of the iron 
oxides showed Fe and Si present. No pattern was 
obtained when X-ray diffraction was done. The needles 
were oriented to the three main orthorhombic crystal 
axes. The authors conclude that the hollow needles 
probably formed during growth and were filled with iron 
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oxide and other chemical components from the neigh- 
boring rocks. John I. Koivula 


DIAMONDS 


Australia’s new Kimberley mine—diamonds down un- 

der. J. Mayman, Goldsmith, Vol. 169, No. 4, 1986, 

pp. 50-54. 

Award-winning journalist Jay Mayman has been follow- 
ing the story of Australia’s Argyle mine since the first 
diamond finds five years ago. He writes a fascinating 
story — transporting us to the vastness of Australia’s last 
frontier. He describes the physical setting and the 
amenities built for the miners, who are brought in for 
two-week stretches. Then there is the incredible secu- 
rity system, the innovative mining techniques, and the 
diamond-bearing lode which runs the length of the 
valley floor, a 1600-m pipe of olivine lamproite rock up 
to 600 m wide. 

With Argyle’s output of 25 million carats a year, its 
claim to the richest grade of any diamond mine known, 
and its production of rare pink diamonds, the specula- 
tion about future marketing agreements when the De 
Beers contract is up for renewal makes for intriguing 
reading. Anne Riswold 


Diamond life. B. Lidstone, Canadian Jeweller, Vol. 107, 
No. 4, 1986, pp. 32-36. 


Using personal interviews interspersed with unat- 
tributed vignettes, Lidstone reveals the concerns of 
Canada’s wholesale diamond dealers. Most of the men 
interviewed believe that a code of honor, represented by 
the Hebrew word mazel, still plays a powerful role in the 
trade. However, some feel that the code is being under- 
mined by the so-called “Briefcase Brigade,” a group of 
diamond dealers from Antwerp and Tel Aviv. With 
minimal overhead and questionable customer service, 
these independent entrepreneurs radically undercut the 
prices of established, domestic wholesalers. 
Canada’s diamond wholesalers face several other 
formidable problems, such as the high cost of security, 
fluctuations in international currency, and national 
taxes that leave only a small margin of profit. Many are 
concerned about the current variation in grading scales, 
and weak appraisals. A Montreal wholesaler believes 
that inflated evaluations cause high insurance rates, 
which are reflected in the wholesalers’ prices, causing 
the trade to lose many potential customers. “I hope 
somebody will act for the protection of the consumer 
and the jeweller,” he comments in the article. “The 
consumer could be getting much more for his money.” 
Despite the problems and risks involved, many of 
the wholesalers in this article remain optimistic. Com- 
ments one: “We sold more larger stones this past fall 
than in many years. De Beers advertising is taking hold, 
and the larger-stone business has picked up considerably.” 
SAT 
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Examination of the surface features of Argyle diamonds 
from Western Australia. G. A. Tombs and B. Sechos, 
Australian Gemmologist, Vol. 16, No. 2, 1986, pp. 
4]-44. 


Kimberlite pipes have long been believed to be the only 
type of primary deposit in which diamonds are found. 
However, unlike the diamonds from the USSR and 
Africa, diamonds from the Argyle Series and Kimberley 
area of Western Australia are found in lamproite pipes. 
Like kimberlite, lamproite is thought to be only a 
transporting medium and not the original rock type in 
which the diamonds formed. A question is raised by the 
authors as to whether the high potassium content of 
lamproite under molten or plastic conditions could be 
responsible for the unusual surface features of Austra- 
lian diamonds, 

Like diamonds from other sources throughout the 
world, Australian diamonds have a bright oily appear- 
ance, However, diamonds from Argyle usually consist of 
highly misshapen crystals with heavily etched and 
corroded surfaces. Etch channels are sometimes so deep 
that they almost sever the crystals, completely warping 
their morphology. Along with etch channels are hexago- 
nal etch patterns that at depth show development of 
trigons. Trigons are also present on the crystal faces of 
Australian diamonds, but they tend to have truncated 
comers, as compared to African crystals which usually 
have trigons with sharp distinct corners. Experiments 
with the etching of diamonds have indicated that it is 
possible that the hexagonal pattern seen on the surface 
of Australian diamonds could be the result of the 
truncation of trigons by etching agents under various 
conditions and different times either before or after their 
ascent to the surface. 

This article provides some interesting insights as 
well as some impressive color photomicrographs of the 
unusual surface features of Australian diamonds. How- 
ever, the chronological order of the formation of Austra- 
lian diamonds and the development of their intriguing 
surface characteristics remain a mystery. 

Barton C. Curren 


Glacial diamonds: America’s oldest jewelry import. A. J. 
Maslowski, American Jewelry Manufacturer, Vol. 
34, No. 4, 1986, pp. 54-56. 
During the past century, a surprising number of gem- 
quality diamonds have been recovered from the Great 
Lakes region. Most geologists believe that these dia- 
monds originated in kimberlite pipes in what is today 
northern Wisconsin, Michigan, and possibly Ontario. 
During the last Great Ice Age, slow-moving yet powerful 
glaciers scraped the diamonds from their beds and 
transported them southward. As the climate warmed, 
the glaciers retreated northward, leaving the diamonds 
scattered among millions of tons of rocks and boulders. 
Most of the glacial diamonds were discovered dur- 
ing the late 1800s, when streams near the Great Lakes 
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were panned for gold. Although the majority of these 
diamonds are insignificant, the existence of several fine, 
gem-quality stones such as the 21.25-ct Theresa and the 
infamous yellow Eagle (16.25 ct} indicate the possibility 
of untapped diamond resources in North America. 
SAT 


The Hope diamond. I. Balfour, Indiagua, Vol. 38, No. 2, 
1984, pp. 127-138. 


This article traces the convoluted history of the famous 
Hope diamond. It starts with an account of the original 
stone from which the Hope was most likely cut—the 
110-ct blue diamond sold by Tavernier to King Louis XIV 
of France, who later had it recut to a 69-ct heart shape 
known as the “Blue Diamond of the Crown.” During the 
turmoil of the French Revolution, this diamond was 
stolen from the Garde Meuble in Paris. 

The first reliable documents on the 44-ct oval stone 
that was eventually named the Hope go back to early 
19th-century London, which was at that time the great 
clearing house for the jewels of the deposed French 
aristocracy. The Hope family acquired the stone in 1830, 
and disposed of it in 1901. Pierre Cartier acquired the 
stone in 1909, when it came onto the market again. 
Balfour attributes a lot of the tragic tales linked to the 
Hope to Cartier’s invention. 

Socialite Evalyn Walsh McLean bought the stone 
from Cartier in 1910. Following Mrs. McLean's death, 
Harry Winston acquired the Hope along with the rest of 
her jewels in 1949. He presented it to the Smithsonian in 
1958, where it remains on display. 

The De Beers Research Laboratory examined the 
stone when it was on loan for an exhibit in Johannesburg 
in 1965. Balfour states that it was found to be a “very 
strong type Ila diamond.” If this is actually the case, then 
the Hope is a curious exception to the rule that natural 
blue diamonds belong to type Ilb. BFE 


Panna mine revisited. S. M. Mathur, Indiaqua, Vol. 44, 
No. 2, 1986, pp. 23-27. 


The diamond fields of southern India were the primary 
producer of diamonds before diamonds were discovered 
in Brazil in 1725. However, production at these fields 
ceased long ago. The Panna District, located in Madhya 
Pradesh State in north-central India, is the only area in 
India that is currently producing diamonds. The Majh- 
gawan mine (a kimberlite pipe operated by the govern- 
ment through the National Mineral Development Cor- 
poration, or NMDC) has contributed 15,000 of the 
20,000-ct total production of the Panna district. About 
80% of these diamonds have been of gem quality. The 
stones are generally small, averaging only 0.5 ct; stones 
over 10 ct are rare, and only 65 {most of gem quality} 
have been recovered in the last 15 years, the largest being 
29.25 ct. 

Shallow diggings can be found all around Panna. 
They are operated by individuals who are licensed by the 
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Madhya Pradesh state government on a yearly basis. 
These mines, unlike Majhgawan, exploit alluvial gravels 
or thin conglomerate layers. Some of the largest stones 
from the Panna district have come from these shallow 
workings. The pits generally are not deep, but some- 
times miners must dig down 5-7 m before diamond- 
bearing material is found. The gravel is usually found in 
fissures in the sandstone or as a thin layer on top of a 
sandstone bed. The conglomerate underlies a sandstone 
layer that is 1-2 m thick. Deeper gravels occur along the 
Paisuni River. A deep alluvial quarry, operated by 
NMDC at Ramkheria, produced 1,700—2,300 ct annu- 
ally before operations were shut down as unprofitable 
in 1980. 

Another kimberlite diatreme at Hinota was ex- 
plored but was deemed not to be economically viable. 
Diamonds were also found in a complex peridotite- 
pyroxenite-gabbro at Angor, but this too was abandoned 
as unprofitable. Barton C. Curren 


GEM LOCALITIES 


Gem minerals from the Embilipitiya and Kataragama 
areas in Sri Lanka. P C. Zwaan, Australian Gem- 
mologist, Vol. 16, No. 2, 1986, pp. 35-40. 


The author briefly describes the gem deposits at two 
recently recognized locations in Sri Lanka. The first is at 
Embilipitiya, about 75 km southeast of Ratnapura. Here 
gem minerals occur as irregular, eroded crystals in the 
soil, and not in alluvial gravels as is the case at other, 
better known gem localities on the island. Gem min- 
erals reported from this deposit include colorless ortho- 
pyroxene, reddish brown enstatite, blue cordierite, and 
kornerupine in various brownish yellow to green hues. 
Quartz and scheelite are also found, along with spinel 
and almandine. 

The second new deposit is in the Kataragama area, 
about 150 km east of Ratnapura. The gem minerals also 
occur in the soil but in this instance they are found as 
well-formed crystals. Here occur corundums, spinels, 
and garnets in various colors, as well as yellowish brown 
tourmaline, green apatite, reddish brown sphene, and 
green actinolite, diopside, and spodumene. Gemological 
properties for some of the minerals from both areas are 
provided. JES 


Gems and minerals of the U.S.S.R. E. Root, Lapidary 
Journal, Vol. 40, No. 8, 1986, pp. 42-47. 


The author first comments on the widespread interest of 
the Soviet public in minerals, especially mineral speci- 
mens. As far as jewelry is concerned, Soviet citizens 
wear a great deal of amber as well as synthetic stones in 
light settings. He then describes the main Soviet dis- 
plays of minerals and gemstones, highlighting the A. Y. 
Fersman Mineralogy Museum of the USSR Academy of 
Sciences in Moscow, the rhodonite-decorated arches in 
the Moscow subway, and the Kremlin State Armoury. 
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During a visit to the official trade organization, 
Almazjuvelirexport, the author saw nicely cut natural 
zircon and chrome diopside. Of special interest were 
pieces of very fine rough synthetic emeralds. A table and 
a map list the localities of interesting Soviet mineral 
specimens and gem materials. EF 


Minerals and gemstones of Pakistan. C. Kovac, Austra- 
lian Gemmologist, Vol. 16, No. 2, 1986, pp. 57-59. 
This is a brief update on the gem and jewelry industry in 
Pakistan, which dates back 5,000 years. The gemstones 
being used today in Pakistan's thriving gem industry 
come from two main sources: the Gemstone Corpora- 
tion of Pakistan, which operates all the mines in the 
country for the state; and tribal people, including 
refugees and smugglers from neighboring Afghanistan. 
Emerald is the most commercially important gem 
mined in Pakistan today. lt is recovered from a number of 
talc-carbonate-schist sites in the Swat valley. Aqua- 
marine, morganite, and topaz are mined from peg- 
matites in the far northern areas of the Kohistan 
District, and further exploration is under way in even 
more remote areas of the Himalayas and the Northwest 
Frontier. Mining these areas is difficult because of their 
high altitudes, harsh weather, and inaccessibility. 
Ruby is being mined in the Hunza valley; chrome 
diopside and spinel in various colors are found in 
association. Garnet (pyrope, hessonite], tourmaline, 
quartz, agate, jasper and other chalcedonies, turquoise, 
sodalite, serpentine, and nephrite are reportedly found 
at various locations throughout the country. 
The author concludes that in the future we can 
expect to hear much more about commercial gemstone 
mining in Pakistan. RCK 


Opal from Mexico. E. Gibelin, Australian Gemmolo- 

gist, Vol. 16, No. 2, 1986, pp. 45-51. 

This article presents a fairly comprehensive overview of 
opal from Mexico, covering historical use, geographic 
distribution, geologic formation, mining, cutting, and 
gemological properties. 

The existence of opal in Mexico was known in the 
times of the Aztecs and Mayans, when opal was used 
both in jewelry and as a decorative stone. The opal is 
mined from deposits located in the mountainous high- 
lands of the states of Hidalgo, Querétaro, Guanajuato, 
and Nayarit; the most important deposits commercially 
are located in Querétaro. This material is of eruptive and 
volcanic origin, forming under relatively higher tem- 
peratures than Australian opal and consisting primarily 
of cristobalite spheres. 

The Querétaro deposits, which are representative of 
the Mexican deposits in general, are described in some 
detail. Mining is primarily open cast. A great number of 
opal types are found in these deposits, including the 
translucent to opaque milky Lechoso opal, water opal, 
and the well-known fire opal, which includes yellowish 
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{sherry} and orange-red (cherry) colors. Lesser-known 
types include the translucent blue Azules opal, Lluvis- 
nandos {rain-fire}) opal, and Contra Luz opal, which 
displays a play of color in transmitted light. 

Gemological properties include an R.I. ranging from 
1.36 to 1.43, an S.G. of 2.00, and a hardness normally a 
little under 6. Inclusions in Mexican opal include 
chalcedony, cristobalite, goethite, hornblende, kaolin- 
ite, limonite, opal, quartz, and matrix. 

Several fine photographs and photomicrographs 
accompany the article. RCK 


A preliminary geochemical study of sedimentary gem 
deposits. M. S. Rupasinghe and C. B. Dissanayake, 
Chemie der Erde, Vol. 44, No. 2, 1985, pp. 281-298. 

The geochemical abundances of 22, elements have been 

measured in the <0.63 ym fraction of two gem-bearing 

gravel fields from Sri Lanka: Ratnapura and Elahera. 

These abundances are compared to those in the probable 

source rocks, which are metamorphosed basic igneous 

rocks, The variations in element abundances with depth 
are also reported. 
The Elahera gem field is enriched in Li, Na, K, Mg, 

Ca, and Mn, as compared to Ratnapura. This reflects the 

relative abundance of these elements in the source 

rocks, especially the presence of carbonates in the 

Elahera area. EF 


Review of the geology of the gemstones of Sri Lanka. 
M.B. Katz, Australian Gemmologist, Vol. 16, No. 2, 
1986, pp. 52-56. 


The author summarizes field observations and current 
theories of origin dealing with the famous sedimentary 
gem deposits of Sri Lanka. The major gem fields of 
Ratnapura and Elahera are located within the Highland 
Group of metasedimentary and metaigneous rocks of 
Archaean-Proterozoic age. Few gemstones are found in 
place within the host rocks; rather, the vast majority 
occur as secondary deposits in sediments eroded from 
the host rocks. The gem minerals are thought to have 
resulted from a combination of geologic events involving 
widespread metamorphism and metasomatism of the 
Highland Group rocks. JES 


Au pays des aigues-marines—Itinéraire minéralogique 
de Teéfilo Otoni a Medina, BrésiJ (In the land of 
aquamarine — Mineralogical itinerary from Teédfilo 
Otoni to Medina, Brazil). J. Cassedanne, Monde et 
Mineraux, No. 74, July-August 1986, pp. 8-13. 

This is the first article in a series dedicated to aqua- 

marine-containing pegmatites of Brazil. The two tradi- 

tional classifications of pegmatites (descriptive and 
genetic} are detailed, and the shallow depth of formation 

(1.5-3.5 km) of gem-bearing pegmatites is emphasized. 

Crystallization of aquamarine occurs in the late stages 

of the magma differentiation, at a temperature of 

250°—-400°C. Only 1% of these formations have pockets, 
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and even when a pocket is found it won’t necessarily 
contain gems. 

Although aquamarine is common in pegmatites, 
few deposits have produced more than 100 kg. Primary 
deposits are generally at the top or on the slopes of 
granitic inselbergs, deeply altered by erosion. Actually, 
more than 70% of aquamarine is produced from alluvial 
or eluvial secondary deposits. The author distinguishes 
three types of aquamarine pegmatites, and explains their 
chemical zonation. He gives some prospecting guides 
(such as the presence of tripyramidal quartz) and de- 
scribes the mining (basically by small groups of la- 
borers). EF 


The Urucum pegmatite, Minas Gerais, Brazil. J. P 
Cassedanne, Mineralogical Record, Vol. 17, No. 5, 
1986, pp. 307-314. 

This article summarizes the mineralogy of the Urucum 

pegmatite, which became famous in the 1960s as an 

important source of gem beryl and spodumene. The 
pegmatite is located several kilometers east of Galileia. 

It consists of a large, lenticular body about 20 m thick 

running east-southeast with a steep westerly dip. The 

pegmatite is distinctly zoned with very coarse-grained 
minerals near the central core. Gem minerals occur near 
the central portion of the pegmatite. Crystals of gemmy 
morganite beryl up to 25 cm across and spodumene 
crystals of 2 kg have been recovered. The pegmatite 
occurrence of a variety of minerals, both common and 
unusual, is also briefly described. JES 


INSTRUMENTS AND TECHNIQUES 


Observation and differentiation of natural and synthetic 
quartz using laser tomography. K. Sato, Australian 
Gemmologist, Vol. 16, No. 2, 1986, pp. 72-80. 

Distinctive features of natural and synthetic quartz are 

discussed. The author claims that laser tomography, a 

sophisticated light-scattering method, is the only “via- 

ble” nondestructive test to separate natural from syn- 
thetic stones. A very detailed description of the poly- 
synthetic Brazil-law twinning structure in natural 
quartz is given, and its light-scattering properties are 

explained. Light scatterers in synthetic quartz are of a 

different nature: “breadcrumb” inclusions, as well as the 

“cobble pattern” (also known as “streamline”) seen in 

this material. 

One wonders at the value of this sophisticated 
method for the detection of twinning when a polariscope 
will do just as well. EF 


JEWELRY ARTS 


Crafting with pure gold. S. P Adler, Aurum, No. 25, 1986, 
pp. 42-47. 

The author, Stephan Adler, is a jewelry designer and co- 

founder of the Byzantium Gallery in New York. The 
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gallery offers modern interpretations of Moghul Indian, 
Egyptian, and Renaissance jewels, fashioned in 22- and 
24-karat gold with gemstones. Adler itemizes some of 
the difficulties of working with pure gold. Besides being 
expensive, it scratches and bends easily, making it 
unsuitable for bracelets and rings that must withstand 
abuse during wear. Other problems include “drag” when 
a design is stamped out and the fact that the “flash point” 
of pure gold is very near its melting point, which makes 
certain techniques of gold working very difficult. The 
author successfully weaves into the text historical 
points about the use of jewelry in ancient civilizations 
that have inspired his designs. These points of interest 
plus 22 color photographs of his jewels and examples of 
the above-mentioned problems make this an entertain- 
ing and informative piece. EBM 


JEWELRY RETAILING 


AJM interviews Helene Fortunoff—where U.S. jewelry 
makers fail. American Jewelry Manufacturer, Vol. 
34, No. 9, 1986, pp. 30-46. 


Issuing a warning to U.S. jewelry manufacturers, promi- 
nent retailer Helene Fortunoff points out major industry 
problems. With regard to quality marking and trade- 
marking, too many jewelry items are improperly 
stamped. Sometimes there is no karat or fineness stamp, 
and very often there is no trademark. 

The lack of quality control is another problem that 
Fortunoff addresses. She asserts that consumers will not 
continue to buy earrings with posts that fall out, or 
plating that peels or chips. Neither are retailers willing 
to absorb the costs of replacing and repairing shoddily 
made items. The frustration of retailers is compounded 
by the fact that foreign goods, although usually superior 
in marking and quality control, often do not offer the 
styling they want. 

Acknowledging the fierce price battles between 
manufacturers and retailers, Fortunoff concedes that she 
is willing to pay higher prices if manufacturers will 
improve their items. Otherwise, she believes, the entire 
industry will suffer. Anne Riswold 


Creating a line and controlling it—all the way to the 
counter. P Brams, American Jewelry Manufacturer, 
Vol. 34, No. 9, 1986, pp. 48-66. 


Peter Brams is a major designer of popularly priced 14K 
gold earrings. He has 1,500 accounts, and in the spring of 
1985 he sold 95,000 pairs of earrings. Emphasizing that 
today’s manufacturer must have marketing and mer- 
chandizing skills, he first outlines and then proceeds 
step by step — beginning with the design and creation of a 
line — through each aspect of the business. He goes into 
some detail with figures and percentages. 

Today’s retailer is buying in depth and is demanding 
much more’ from the manufacturer. The successful 
manufacturer has to have the nerve to try new looks —in 
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quantity —and be able to develop his line in a specific 
direction. Gambling as he is, the manufacturer also has a 
greater need to control his product in the store. He has to 
work with the retailer on profit margin, and he must be 
able to analyze the buyers’ selling-through figures, 
balance stock, and get involved in advertising. 

This is an important article for anyone considering 
dealing with the big retailers. Anne Riswold 


A jeweler’s guide to female hands. J. S. Philby, Modern 
Jeweler, Vol. 85, No. 5, 1986, pp. 46-51. 


Balance and proportion are objectives jewelers should 
strive for when selecting jewelry for the female hand. 
This article (the second in a series of three} discusses 
four basic hand types and the preferred jewelry shapes 
for each: long, thin fingers; long, broad fingers; short 
fingers; and average fingers. The hand with average 
fingers has design freedom and can wear any shape of 
stone and more than one ring as long as proportion is 
Maintained. Average wrists can also wear any variety of 
bracelet but must maintain balance between bracelets 
and rings. Hands with long, thin fingers need jewelry 
that adds width, preferably pieces that are broader on the 
side, and that add height and width or extra volume. 
Rings with large stones are good. Wide or hinged 
bracelets are best to camouflage thin wrists. Hands with 
broad fingers need delicate or simple rings so that the 
fingers will appear smaller. Philby advises against wear- 
ing more than one ring on such a hand. Pear or marquise 
cuts work well to draw eyes away from finger width. 
Bracelets should be understated. The hand with short 
fingers is the most difficult. For larger cut stones, pear or 
marquise shapes are good. Other choices are rings with 
thin bands or small stones set lengthwise. Small, un- 
complicated bracelets that deemphasize a wide wrist are 
recommended. This article is generously illustrated 
with photos of rings and bracelets appropriate for each 
type of hand. Judi Fioti 


SYNTHETICS AND SIMULANTS 


Pearls without oysters. P Read, Canadian Jeweller, Vol. 
107, No. 9, 1986, p. 16. 
The Spanish island of Majorca, which lies in the 
Mediterranean Sea, has long been the source of top- 
quality imitation pearls. They are produced by a unique 
process that begins with a glass bead that has been 
formed on a clay-coated wire. The glass beads are then 
given numerous coatings of a substance called “pearl 
essence,” which is apparently the secret behind the 
creation of such a fine product. The essence consists of 
guanine crystallites, a substance extracted from the 
scales of the herring. It is also possible that another 
substance, such as mica platelets coated with titanium 
dioxide, may also be used effectively. In the final 
production step, the beads are dipped in cellulose acetate 
and cellulose nitrate to bring out the iridescent effect 
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produced by the guanine solution. Colored pearls can be 
created by incorporating dye into the essence. 

The author concludes by discussing some identify- 
ing characteristics of the Majorica imitation pearl, such 
as coating irregularities at the drill hole, a very smooth, 
regular surface, and an absence of the natural or cultured 
pearl structure under magnification. Majorica imitation 
pearls are also relatively soft, so he recommends that 
care be taken to prevent scratching. 

The article is a good review of an excellent pearl 
imitation. However, the title, “Pearls Without Oysters,” 
could be misleading. Mary Hanns 


MISCELLANEOUS 


Instant heirlooms, L. Harris, Connoisseur, Vol. 216, No. 
893, 1986, pp. 108-111. 


Harris’s article was chiefly written as a preview to the 
centenarian jewelry and decorative objects that were 
displayed last June at the Grosvenor House Antiques 
Fair in London. All of the items for sale at this fair were 
scrupulously examined by various committees of the 
British Antique Dealers’ Association, who guaranteed 
a full refund should any item later prove to be a fake 
or something other than what it had been represented 
to be. 

The result of this scrutiny was a sumptuous display 
of jewels and bric-a-brac of royalty, millionaires, or 
“simple swells.” The text is alluring in its description, 
although it is difficult to see why the author interjected 
the statement that “Whether or not a stone in fact comes 
from India’s fabled mine is no more subject to scientific 
proof than a woman’s statement that she believes every 
single word of the Holy Gospel.” 

The article is accompanied by many excellent 
photos, including an intriguing mystery clock, Art 
Nouveau jewelry, and a carbuncle (cabochon garnet) and 
diamond flexible bracelet. SAT 


Mineral photography. J. A. Scovil, Rocks and Mirerals, 
Vol. 61, No. 2, 1986, pp. 70-73. 
Scovil discusses the equipment needed and basic tech- 
niques used to take close-up photographs of mineral 
specimens, Only 35-mm single-lens reflex cameras are 
considered in this article. A camera with a through-the- 
lens light meter is preferred, since the meter compen- 
sates for filters, extension tubes, and bellows. The 
standard 55-mm lens does not focus close enough to take 
effective close-ups of mineral specimens. A macro lens 
is the optimum choice for close-up photography. It is 
designed to focus much closer and to obtain up to a life- 
size image; since the optics are designed for close-up 
work, it generally produces a sharper photograph. Macro 
lenses are usually available in 50-mm and 100-mm focal 
lengths. The 100-mm lens gives the photographer more 
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working distance with slightly better perspective and 
representation of the subject, but a 50-mm macro lens 
gives a higher magnification with less extension and 
slightly better depth of field. A macro zoom lens does 
not allow as close a focus and has a lower optical quality 
than a true macro lens. 

If a macro lens is not available, the photographer can 
use extension tubes or bellows, both of which fit 
between the camera and the lens, thereby extending the 
focal length and allowing a shorter focusing distance. 
Extension tubes are generally sold in a set of three 
different lengths which can be used in any combination. 
Bellows are larger and more awkward to use but are 
much more versatile than extension tubes. Good-qual- 
ity bellows allow independent movement of the camera 
and lens, and also allow the camera and lens to be moved 
as a single unit. ° 

Vibrations can also be a problem when using expo- 
sures of a few seconds. A sturdy camera mount, such asa 
heavy-duty tripod, is necessary for close-up photogra- 
phy. A cable or air release can also be very useful. 

It is regrettable that the author does not discuss 
lighting to any significant degree. However, by reading 
this article and practicing with the techniques and 
equipment discussed, the amateur photographer should 
be able to obtain attractive photographs of his or her 
favorite mineral specimens. Barton C. Curren 


Treasure troves of America. J. C. Zeitner, Lapidary 
Journal, Vol. 40, No. 5, 1986, pp. 27-41. 


Subtitled “the hobbyist’s guide to ‘jewels’ of the Ameri- 
can museum circuit,” this article addresses the point 
that museums are no longer used exclusively by scien- 
tists and scholars. Rather, they are increasingly becom- 
ing involved with the communities they serve by 
offering special exhibits, classes, and lectures as well as 
tours and field trips. The author also notes that gifts, 
donations, and loans from “amateur hobbyists” and 
collectors have had a major impact on every museum. 
Fifteen museums are singled out for their innovative 
community involvement. Some of them are opening 
new halls or exhibits, while others are notable but 
simply unappreciated. 

An entire page is devoted to the new Ann and 
Perkins Sams Collection of Gems and Minerals, which is 
housed in the Lillie and Roy Cullen Gallery of Earth 
Sciences at the Houston Museum of Natural History. 
The Sams collection was put together in only about four 
years with the help of Paul DeSautels, former curator of 
the gem and mineral collections at the Smithsonian 
Institution. 

An unauthored pictorial titled “Collections at a 
Glance” precedes this article. It contains very brief 
information about six museums and, more importantly, 
the names and addresses of 41 gem and mineral collec- 
tions in the U.S. and Canada. Patricia A. Gray 
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“cobalt-blue” spinel from (GTLN] 
108 
danburite from (GTLN)} 46 
ekanite from {GTLN} 46 
Elahera gem field —history, geol- 
ogy, mining, gemstones, and pro- 
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THE GEMS & GEMOLOGY 
MOST VALUABLE ARTICLE AWARD 


Alice S. Keller, Editor 


For many in gemology, 1986 was a landmark year. Some of the most important technical developments and 
concerns of the year—if not the decade—are reflected in the winners of the Gemse? Gemology most 
valuable article award. 


The winning article, “A Simple Procedure to Separate Natural from Synthetic Amethyst on the Basis of 
Twinning,” by Robert Crowningshield, Cornelius Hurlbut, Jr., and C. W. Fryer, provides a practical solution 
to what had become a major problem in the colored-stone industry. The second-place article, “The 
Gemological Properties of the Sumitomo Gem-Quality Synthetic Yellow Diamonds,” by James E. Shigley, 
Emmanuel Fritsch, Carol M. Stockton, John I. Koivula, C. W. Fryer, and Robert E. Kane, gives an in-depth 
examination of the first jewelry-quality synthetic diamonds to be manufactured commercially. Gemology 
is also, vitally, the study of the use of gems in jewelry. The award for third place goes to the beautifully 
illustrated “Art Nouveau: Jewels and Jewelers,” by Elise B. Misiorowski and Dona M. Dirlam, which 
investigates one of the most fascinating and distinctive periods in jewelry history. 


Cash prizes of $500, $300, and $100, respectively, will be shared by the authors of the first-, second-, and 
third-place winners. Brief biographies of the winning authors appear below and on the following page. 


We also wish to take this opportunity to thank the many people who participated in the voting this year. 
Your comments indicated that it was not always easy to choose. One reader simply voted for three entire 
issues. Others commented that “all articles are first class” (we agree). And another insisted that we 
acknowledge the importance of the Gem Trade Lab Notes, Gem News, Abstracts, and Book Reviews sec- 
tions (we do!), Ourthanks also go to the many authors, section contributors, and editorial review board mem- 
bers who put thousands of hours into making the 1986 issues of Gems & Gemology among our best ever. 


Robert Crowningshield 
Currently vice-president of the GIA eastern headquarters in New York City, Bob 
Crowningshield has been with the GIA Gem Trade Laboratory since 1947, and is 
considered one of the world’s leading authorities on gem identification. A native of 
Colorado Springs, Colorado, Mr. Crowningshield has a degree in natural science from San 
Diego State College and is a fellow with distinction of the Gemmological Association of 
Great Britain as well as a graduate gemologist. 


Cornelius Hurlbut, Jr. 

Dr. Hurlbut’s career includes more than 50 years in the Department of Mineralogy at 
Harvard University (11 as chairman}, where he is currently professor emeritus of 
mineralogy. A prolific writer, he has edited the 15th through 20th editions of Dana’s 
Manual of Mineralogy and is coauthor of a college textbook on gemology. A native of 
Springfield, Massachusetts, Dr. Hurlbut received his doctorate from Harvard University. 


C. W. Fryer 
Director of gem identification for the GIA Gem Trade Laboratory, and editor of the Gem 
Trade Lab Notes section of Gems #& Gemology, Chuck Fryer has more than 20 years of 
experience in gem identification. He is also a noted writer and lecturer on gemological 
instruments and identification techniques. A native of St. Louis, Missouri, Mr. Fryer is a 
graduate gemologist and a fellow of the Gemmological Association of Great Britain. 
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James E, Shigley » Emmanuel Fritsch + Carol M. Stockton + John I. Koivula + C. W. Fryer * Robert E. Kane 


Dr. Shigley, who received his doctorate in geology from Stanford University, is director of GIA’s Research Department. 
He has written several articles on gem minerals, and is currently directing research on the identification of natural, 
synthetic, and treated gems. A research scientist at GIA, Dr. Fritsch has a Ph.D. in spectroscopy from the University of 
Paris. He has done considerable research on the origin of color in gemstones. Ms. Stockton is senior research gemologist 
in the GIA Research Department, and has written extensively for Gems & Gemology. In addition to her G.G., she holds 
a B.A. in anthropology from the University of California, Los Angeles. 


Senior gemologist in GIA’s Research Department, John Koivula is world renowned for his expertise in inclusions and 
photomicrography. A graduate gemologist, Mr. Koivula also holds a fellowship diploma from the Gemmological 
Association of Great Britain and bachelors degrees in chemistry and mineralogy from Eastern Washington State 
University. C. W. Fryer’s biography appears above. Mr. Kane, a graduate gemologist and native of Albuquerque, New 
Mexico, is staff gemologist in gem identification at the GIA Gem Trade Laboratory, Los Angeles. He is also actively 
involved in researching treated and synthetic gems, and has written and lectured extensively on these subjects. 


Elise B. Misiorowski 


Ms. Misiorowski’s art history major at Knox College evolved into an avid interest in 
jewelry history. Currently research librarian at GIA, Ms. Misiorowski is also Book 
Reviews editor for Gems &) Gemology. A native of New Canaan, Connecticut, she is a 
graduate gemologist and has a number of years of experience working in the GIA Gem 
Trade Laboratory. 


Dona M. Dirlam 


Now senior research librarian at GIA, Ms. Dirlam taught earth science for 10 years after 
she received her M.S. in geology/geophysics from the University of Wisconsin—Madison. 
In addition to her work expanding and updating the GIA library, she serves as editor of the 
Gemological Abstracts section and the Annual Index of Gems & Gemology. Ms. Dirlam, 
who is originally from Redwood Falls, Minnesota, is a graduate gemologist and holds a 
fellowship diploma from the Gemmological Association of Great Britain. 
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“MODERN” JEWELRY: 
RETRO TO ABSTRACT 


By Sally A. Thomas 


The period between the onset of World 
War II and the mid-1960s saw the 
development of several styles in fine 
jewelry. During the 1940s, Retro jewelry 
retained Art Deco’s bold lines but 
gradually softened its colors and curved 
its sharp geometric shapes. These heavy 
settings were eventually replaced by fine, 
hand-made wire settings which produced 
flexible, three-dimensional jewelry shaped 
by the gemstones themselves. The 
designers and neo-Renaissance artists of 
the 1950s created colorful jewels overflow- 
ing with faceted gems as well as beads, 
cabochons, or rough-tumbled stones, In 
the late 1950s and early 1960s, gemstones 
became subordinate to the flow and shape 
of the overall design during a revival in 
individual craftsmanship that is still 
evident in contemporary jewelry. 


ABOUT THE AUTHOR 


Ms. Thomas is a writer and editor for the 
Gemological institute of America in Santa Monica. 


Acknowledgments: The author would like to thank 
the following people for supplying many insights 
and useful information for this article: A. H. Fisher, 
J. Jonas, N. Letson, R. T. Liddicoat, B. Merritt, 
F. Rich, and J. Samuel. D. Beasley of The 
Worshipful Company of Goldsmiths, C. Elkins of 
Sotheby's-Beverly Hills, M. Kellaher of Verdura, 

L. Krashes of Harry Winston, Inc., J. Landers of 
Tiffany & Co., W. Réésli of GUbelin, Harold & 
Erica Van Pelt--Photographers, and B, Wassar- 
man of Sotheby’s-New York were very helpful in 
securing photos. Special thanks go to Dona 
Dirlam and Elise Misiorowski for their comments 
and encouragement. Ruth Patchick did a 
wonderful job typing the manuscript. 


© 1987 Gemological Institute of America 


Modern Jewelry 


he roughly 30 years between the onset of World War II 

and the early 1960s were dynamic ones in jewelry 
design. Art Deco, which was the predominant style of 
jewelry in the 1920s and early 1930s, was a backlash 
against the disillusionment following the first world war. 
Deco jewelry was weighty, bold, and exotically geometric, 
a bonding of art and industry (Ebert, 1983). By the late 
1930s, however, Deco had begun to alter into a softer, more 
voluptuous style that has recently been loosely classified 
as Retro (figure 1}. Created primarily in France, Italy, and 
the United States during the lean war years, Retro jewelry 
used what precious metals (for the most part gold] and gem- 
stones were available during and immediately after the 
war. 

As was the case following the first world war, people in 
the late 1940s and early 1950s were hungry for luxury and 
opulence, which prompted a revolution in the design of 
fine jewelry. Light, hand-made wire settings enabled jew- 
elers to create flexible, three-dimensional pieces that 
shimmered with cascades of fine diamonds, rubies, sap- 
phires, and emeralds. 

During the mid-1950s, artists already skilled in paint- 
ing and sculpture began to take an active role in jewelry 
design. Many new or improved methods to work gold had 
evolved during the war; at the same time, new quantities of 
gems such as citrine, tourmaline, amethyst, and aqua- 
marine became available on the market. These neo-Renais- 
sance artists — applying their design talents in many differ- 
ent areas, like their counterparts centuries earlier in 
Europe—used these materials to create colorful, exotic 
pieces that appealed to a burgeoning upper middle class 
seeking both quality and stylish creativity in their jewelry. 

The demand for creativity in design also propelled 
individualized craftsmanship in the late 1950s and early 
1960s. Eventually, fewer gemstones were used, as the 
emphasis in design shifted from the materials to the design 
itself, 
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This article, then, traces the evolution of 
jewelry design from Retro, the most recently 
defined period, to the beginning of contemporary 
jewelry design in the early 1960s. 


JEWELRY OF THE 19408: 
THE INFLUENCE OF WAR 


World War II, with the destruction and privation 
that it brought to much of Europe and Asia, greatly 
affected the design and production of jewelry. In 
Europe especially, metal, jewels, and craftsmen 
were consumed by the war. Many jewelry firms 
were forced underground, disbanded, or even de- 
stroyed. And many pieces made during this time 
were broken up after the war to finance reconstruc- 
tion efforts. In addition, during the 1960s some 
jewelers had their 1940s gold jewelry florentined (a 
texturing process whereby parallel lines are 
closely engraved in one direction and then cross- 
hatched at 90° with parallel lines more lightly 
engraved} to make it more salable (J. Samuel, pers. 
comm., 1987]. This is why, until recently, many 
jewelry historians have overlooked the decade 
surrounding World War II, believing it was little 
more than a buffer between the bold geometric 
jewelry of Art Deco and the luxurious flexible 
pieces of the 1950s. 

Only within the past several years has interest 
in this “lost” period been piqued. During the past 
decade, jewelry from the 1940s began to appear in 
prestigious auction houses. Francois Curiel, head 
of the jewelry department at Christie’s New York 
office, is credited as having been the first, in the 
early 1970s, to categorize jewelry from this period 
under the term Retro. He chose this word because 
it was, like much of the jewelry it described, 
reminiscent of Art Deco, and it would be easily 
recognized by the public (N. Letson, pers. comm., 
1987). The identification of a recognizable style 
initiated research and reevaluation of the jewelry 
produced during the years surrounding the second 
world war. 


Retro Jewelry: The Materials and the Style. Retro 
jewelry evolved directly out of Art Deco, which 
had waned by the early to mid-1930s (again, see 
figure 1). Pieces became much heavier and more 
curved, as jewelers consolidated gold and gem- 
stones into easily transported items of jewelry 
(Gabardi, 1982). Whereas Deco jewelry was usu- 
ally flat and one dimensional, early Retro jewelry 
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had a chunky, sculptural quality, accompanied by 
raised rectangles, domes, and baroque scrolls set 
with bands of gemstones. 

Because the war cut off most of the usual 
gemstone supplies, Retro jewelry was fashioned 
almost exclusively from gems and metals in stock 
when the war broke out. Diamonds were abun- 
dant, usually in small and medium sizes and cut in 
calibre, round, or baguette shapes. Like Deco, 
some Retro jewelry also used vibrant colored 
stones such as rubies (and synthetic rubies}, sap- 
phires, and emeralds. However, as it grew away 
from Deco, Retro jewelry started to use different 
color combinations, For example, in 1939 Louis 
Cartier produced jewelry that combined orange 
and brown gems (Sindt, 1987}, initiating the use of 
less vividly colored stones such as topaz, citrine, 
green beryl, and aquamarine (figure 2). In Retro 
jewelry, citrines and aquamarines were often 
paired with rubies. 

The war also had a dramatic impact on the type 
of metal used for jewelry. Platinum, the most 
popular metal of the 1920s and early 1930s, was 
commandeered for war-time manufacturing. 
Thus, most Retro jewelry was set with gold. It was 
often used as smooth or fluted sections, pierced 
strips, or wires interwoven in lattice and grid 
meshes (Gabardi, 1982). After the war, warm, soft 
shades of pink, green, white, and yellow gold were 
created with copper and silver alloys. Many pieces 
combined several different shades of gold together 
(N. Letson, pers. comm., 1987). 

Although early Retro jewelry retained much of 
Deco’s geometric lines, pieces produced near the 
end of the 1940s took on a distinctly floral style. 
Sprays or bunches of diamonds burst forth, loosely 
bound with flowing scrolls, plaques, twists, and 
spirals of diamond baguettes. Many of the finer 
diamonds in these pieces had been part of the 
Spanish crown jewels, which were broken up and 
the stones placed on the market in the early 1940s. 


Figure 1. These jewels represent three distinct periods 
in jewelry design. The cabochon ruby cufflinks 
(manufactured around the turn of the century) are 
late Victorian, and the ruby, rock crystal and 
diamond cufflinks (1930) are typical Art Deco. Note 
how the gold, ruby, and diamond bow and bracelets 
(all are c. 1940), which are characteristic of the early 
Retro style, combine the softness and the geometry 
of the other two styles. Photo courtesy 

of Sotheby’s., 
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A number of these diamonds were purchased by 
American dealers, who often had the old-mine 
stones recut into modern styles by European 
cutters who had fled the war (A. H. Fisher, pers. 
comm., 1987}. 

Retro jewelry originated in France, spread 
throughout Europe, and emigrated to the United 
States with the outbreak of the war. For example, 
the French firm of Van Cleef & Arpels produced a 
collection of jewelry for exhibit at the 1939 World’s 
Fair in New York, but when the war broke out, the 
pieces remained in New York and served to influ- 
ence U.S. designers. Van Cleef and Arpels jewels 
were particularly known for their bouquets de 
fleurs style. Ribbon-like bracelets consisted of 
hexagonal links that were centered on flowery 
clusters of fine gemstones and fastened with heavy 
clasps containing gems set en suite with the band 
{Gabardi, 1982). 

Much of the war-time jewelry produced by 
Cartier was in the “animalier” style. Many kinds of 
animals, such as birds, dogs, cats, and horses, were 
created by individual Cartier craftsmen. These 
miniature’ golden figures were studded with a 
variety of! fine-colored gems and often brightly 
enameled—a gay, rebellious style against the ad- 
vancing war. Cartier mastermind Jeanne Toussaint 
designed two symbolic pieces, L’oiseau en cage and 
L’oiseau libre {the bird in the cage and the free 
bird), in mute defiance of the German occupation. 
Other French firms such as Boucheron, Chaumet, 
Lacloche Fréres, Fouquet, and Mauboussin, as well 
as the closely linked Belgian firms of Wolfers, 
Leysen Fréres, Altenloh, and Sturbelle, all pro- 
duced fine Retro jewelry during and after the war. 

Italian jewelry of this period tended to adopt 
the French forms, motifs, and materials. Firms 


Figure 2. This assortment of jewels illustrates many 
of the characteristics that are distinctive of the Retro 
style. The ruby and diamond bangle bracelet (c. 
1940) shows the curved lines of Retro but with the 
sharply contrasting white and red that are often 
associated with Art Deco. The citrine and diamond 
brooch by Cartier (c. 1940) and the green beryl, 
sapphire, and diamond ring (1940) demonstrate the 
trend toward tawny-colored gems during this period. 
Gold “snake” chains, like those in the gold and 
emerald Van Cleef # Arpels wristwatch (1940) shown 
here, were also popular in the 1940s, as were animal 
figures such as the ruby, emerald, and diamond owl 
brooch. Photo courtesy of Sotheby's. 
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Figure 3. 
Gold bracelet-watches with 
gem-covered dials were 
important fashion accessories 
during the 1940s. This one 
features gold scroll links, typical 
of Retro jewelry, with an emerald 
and diamond cover. Photo courtesy 
of Sotheby’s. 


such as Buccellati, Castelli, and Bulgari all created 
pieces in the Retro style. Interestingly, gemstones 
were in such short supply in Italy during the war 
that amber, which has been used sporadically in 
jewelry throughout history, once again became a 
popular gem material. 

Fine Retro jewels were produced in the United 
States by firms such as Raymond Yard, Oscar Hey- 
man, Black Starr and Frost, Lackreitz, Bailey Banks 
& Biddle, Seaman Shepps, Shreve & Co., William 
Russer, and John Rubel. Traubert and Hoeffer 
created a jewelry line called Reflection for 
Mauboussin in New York. In addition, Forstner 
Chains of Rhode Island became known for their 
snake-like gold chains, which were often seen in 
conjunction with American jewelry of the 1940s 
(ER Rich, pers. comm., 1987; again, see figure 2). 


Retro Fashion. The dramatic change that occurred 
in women’s fashion during the 1940s greatly af- 
fected Retro jewelry. The sleek, elegant fashions of 
the Deco period were suddenly replaced by se- 
verely tailored jackets, with lapels and padded 
shoulders, that were worn with narrow skirts. 
The single most important item of jewelry 
during this time was without a doubt the clip. 
Popular in the 1930s, clips of the Retro period 
served to soften and feminize the starker clothing 
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of the 1940s. Two clips worn together often served 
as a brooch or a pendant to a neckline. Separately, 
they adorned jacket lapels or served as hair orna- 
ments. 

Bracelets were commonly made of heavy gold 
bands, often thickly set with precious stones. It 
was during this period that “tank-tread” style 
bracelets appeared, bracelets formed of chains of 
angular links simulating the tracks of armored 
cars (Gabardi, 1982}. Swiss jewelers of this period 
produced montres bracelets, wrist watches that 
were actually heavy gold bracelets with small dials 
that were commonly concealed under jeweled 
covers (see figure 3}, 

Brooches were enormously popular, especially 
as executed in heavy, flowing gold bows (figure 1) 
or sprays of flowers. Necklaces and rings also 
followed the basic Retro style. 

Retro jewelry was born and nurtured out of 
World War II. As French jeweler Jean Mauboussin 
observed: “The jewellery of the Forties was the 
jewellery of an age of crisis, so it was only logical 
that it should come to an end with the crisis itself” 


(Gabardi, 1982). However, although the war ended 


in 1945, it would take several years for manufac- 
turing jewelers, particularly those in Europe, to 
recover from its effects. Thus, Retro jewelry ap- 
peared in the early postwar years as well, until it 
was gradually replaced by the multitude of styles 
that came to the forefront during the late 1940s and 
early 1950s. 


POSTWAR TRENDS: 
CLASSIC TO AVANT GARDE 


Since jewelry historians have only just begun to 
recognize and define the jewelry of the 1940s, it is 
not surprising that the jewelry of the ensuing 
decade has not yet been given a specific name. Not 
only do we lack the benefit of historical perspec- 
tive, but this period is also difficult to pinpoint 
because of the surge of diversity in jewelry design 
that began in the late 1940s and has, in fact, 
continued to the present. We can, however, iden- 
tify certain important trends during this period — 
in the gemstones, types of settings, and designs — 
that give it a distinctive character. 


Gemstones at the Forefront. As the world left the 
war behind, wealth was redistributed to a rapidly 
growing upper middle class, which was hungry for 
luxury and eager to display its prosperity. Conse- 
quently, the most striking characteristic of the 
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jewelry of the late 1940s and the 1950s was an 
almost ostentatious use of gemstones. 

The fascination with gemstones was propelled 
by the numerous discoveries of new gem sources 
that occurred both during and right after the war. 
In their search for large quantities of minerals and 
metals to support the machinery of war, many 
countries looked to South America for electronic- 
grade mica, feldspar, quartz, and lithium minerals. 
During the prospecting for these minerals, several 
hundred gemstone mines were discovered in Brazil 
alone (Proctor, 1984). These prodigious discoveries 
launched the subsequent interest in and popu- 
larity of Brazilian gems such as citrine, topaz, 
kunzite, and chrysoberyl. Aquamarine and ame- 
thyst were also extremely popular and were often 
set together, accented with diamonds {N. Letson, 
pers. comm., 1987]. Tourmaline, particularly 
rubellite, experienced an increase in popularity 
(R. Liddicoat, pers. comm., 1987). In fact, literally 
tons of gem-quality tourmaline crystals were dis- 
covered by American miners intent on recovering 
mica from deposits in the Governador Valadares 
district of Minas Gerais, Brazil (Proctor, 1985). 

Although faceted stones were extremely popu- 
lar at this time, beads, cabochons, and rough- 
tumbled gems also experienced a revival. They 
were often mounted in independent prong settings 
to create a smooth continuous band, or jumbled 
together in a riot of color. Rubies, sapphires, and 
emeralds, as well as coral and turquoise, were 
favorite stones of firms such as Boucheron, Bul- 
gari, and Van Cleef & Arpels. According to Baer- 
wald and Mahoney (1949), during this time peridot 
was “rapidly becoming one of the most popular 
gemstones for modern pieces.” And, indeed, peri- 
dot was commonly seen in jewelry of the 1950s. 

Also following the war, diamonds were 
brought to the attention of consumers at all 
income levels by De Beers, who in 1948 coined the 
now-classic phrase “a diamond is forever” (Nadel- 
hoffer, 1984). In 1954, De Beers instituted the 
annual Diamonds International Awards to encour- 
age the use of diamonds in both daytime and 
evening jewelry and to advance diamond jewelry 
design (Scarisbrick, 1981). 


Flexible Settings. The growing demand for con- 
spicuous luxury was eloquently expressed in the 
new flexible jewelry pioneered by Harry Winston 
of New York. The heavy settings characteristic of 
Retro jewelry had some sense of dimension, but a 
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Figure 4. Light, hand-made wire settings enabled Harry Winston to create supple jewelry —here, 
142 ct of diamonds set in platinum —that was shaped entirely by the gemstones themselves. 
Courtesy of Harry Winston, Inc. 


ponderous amount of metal still dominated the 
gemstones. Winston spent a lifetime accumulating 
fine diamonds, as well as rubies, sapphires, emer- 
alds, and pearls. To him, fine gemstones were the 
essence of jewelry, meant to be displayed in elegant 
but undeniably unobtrusive settings (Krashes, 
1984), 

Innovative fabrication methods were needed to 
accomplish the lightness and dimension Winston 
desired. His inspiration for this new method occur- 
red one Christmas as World War II drew to a close. 
Arriving home one evening, Winston noticed how 
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the leaves of the holly wreath on his front door gave 
the wreath shape and dimension. It suddenly 
struck him that perhaps gemstones could be made 
to shape jewelry, and at once he set craftsmen to 
the task. What resulted was a revolutionary way of 
setting and designing jewelry: fine, hand-made, 
flexible wire settings of platinum or gold (figure 4). 
Independent prong setting allowed Winston’s fa- 
mous diamonds and colored stones to shape jewel- 
ry that was light, dimensional, and so flexible that 
bracelets could be “crumpled like a sweater and not 
one stone will touch another” (Krashes, 1984). 
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Figure 5, During the 1950s, gemstones could 
not be too large or too lavish. Created in 
1951 by Harry Winston for Mrs. I. W. Killam 
of Canada, these five pear-shaped diamonds 
(ranging from 14 to 20 ct) drop gracefully 
from a river of round and baguette 
diamonds (62 ct total), Illustration by A. V. 
Shinde; courtesy of Harry Winston, Inc. 


Winston’s earrings were shimmering cascades of 
diamonds falling from larger and often detachable 
bases suitable for daytime wear. Perhaps the most 
sumptuous pieces are his necklaces: brilliant, 
supple rivers of large diamonds (figure 5) and fine 
colored stones that lie softly against the contours 
of the neck and throat. This style proved enor- 
mously popular with wealthy, conservative cli- 
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ents, and remains a hallmark of Winston jewelry. 
This method of setting jewelry was adopted by 
other large firms such as Tiffany and Van Cleef & 
Arpels and established an important trend in 
jewelry design. 


Legendary Designers. The nouveau riche of the 
1950s wanted color, creativity, and individuality in 
their jewelry — pieces to express the vitality of the 
times. Two jewelry designers of this period created 
pieces that capture the essence of 1950s style: Jean 
Schlumberger (1908— ) and Fulco, Duke of Ver- 
dura (1898-1978). 

Jean Schlumberger (“berger” pronounced as in 
Fabergé) is famous for both his jeweled objects and 
his jewelry (Hoving, 1982). Born in France, he 


Figure 6, Fanciful and prickly, this “Sea 
Bird” was designed in the 1950s for Tiffany 
# Co. by Jean Schlumberger. The body is 
made from diamonds pavé set in platinum, 
with gold scales and crests, a ruby eye, a 
black enamel beak, and a blue enamel 
collar. Photo courtesy of Tiffany & Co. 
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Figure 7, Schlumberger also designed this sinuous “Leaves” necklace, created from diamonds pavé 
set in 18K gold. Photo courtesy of Tiffany & Co. 


emigrated to the United States during World War II 
and set up a small shop on Fifth Avenue. In 1955, 
his business was absorbed into Tiffany and he 
entered his prime as a jewelry designer. He created 
lavish pieces to suit the individual tastes of his 
wealthy American customers. As he commented 
in a recent interview, “To create these splendid 
baubles, I become almost a psychoanalyst. When a 
new client comes in, I must determine her taste, 
her way of life, her likes and dislikes, her supersti- 
tions, her physical characteristics, and the sense 
she has of her appearance. You see, I must know the 
physical environment in which my jewel will live” 
(Hoving, 1982). 

Schlumberger produced numerous imagina- 
tive pieces: angels, sea horses, birds, flowers, and 
star fish (figures 6 and 7). Many were set in prickly 
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spines of gold amid a profusion of faceted jewels. 
He is also credited with reviving enameling in 
jewelry (figure 8). Schlumberger’s famous Pegasus 
pin combines emeralds and amethysts with gold 
and sparks of diamonds, endowing the legendary 
winged horse with flight and fire. He also created a 
whimsical setting for the 100-ct Dancing Girl 
sapphire by centering this magnificent stone in a 
spikey gold sunflower “growing” out of an ordinary 
clay pot taken from his client’s greenhouse. After 
this piece, Schlumberger went on to design a series 
of jeweled boxes and other objects valued by 
Tiffany between $200,000 and $500,000 (Hoving, 
1982}. Although he closed his studio in the late 
1970s, his designs are still being interpreted and 
executed by Angelo Poliseno, Schlumberger's chief 
jeweler at Tiffany. 
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Fulco Santostefano della Cerda, Duke of Ver- 
dura, was another innovative jewelry designer of 
the 1950s and early 1960s. Born into a noble 
Sicilian family in 1898, Verdura’s talent for draw- 
ing was evident at an early age. In 1927, he became 
a textile designer for Chanel in Paris. His creations 
were so original that within a short time he 
became Chanel’s head jewelry designer. In 1937 
and 1938, he designed jewelry for Paul Flato in 
New York and then in California, and in 1939 he 
set up his own business at Cartier’s original 
headquarters on Fifth Avenue. Despite the war, his 
jewels quickly became popular, and were pur- 
chased by such personalities as Cole Porter, Baron 
Nicolas de Gunzburg, and opera star Lily Pons. 

Verdura’s pieces, many of which originally sold 
for less than $1,000, show a more subtle, rounded 
elegance that was also characteristic of the 1950s. 
Verdura believed that jewelry should enhance, not 
overwhelm, the wearer. Favorite motifs included 
ropes and knots of gold and diamonds, caning, 
coins, and tassels similar to those in the papal coat 
of arms (figure 9}. He also liked to design pieces 
based on nature: feathers, wings, ferns, and leaves. 
Verdura’s exquisitely executed jeweled sea shells 
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Figure 8, Known as 
“The Classics,” Jean 
Schlumberger’s vivid 
enameled bracelets 
and earrings studded 
with 18K gold were 
almost a necessity for 
fashionable, upper- 
class women in the 
1950s. Photo courtesy 
of Tiffany & Co. 


were fashioned from colorful scallop shells skill- 
fully set with thin gold rims and small diamonds 
and cabochons of coral or turquoise (figure 10). A 
versatile designer, he could create a delicate “fairy 
queen’s tiara” of branched pink coral set with tiny 
diamonds, and at the same time produce an ab- 
stract set of large baroque pearl links and studs 
inset with round brilliant diamonds. 

In 1970, Verdura retired to London and sold his 
business to his associate Joseph C. Alfano. In 1985, 
Alfano turned the business over to Ward Land- 
rigan, who continues to execute Verdura’s original 
designs. Verdura’s jewelry influenced both his 
contemporaries, such as David Webb (figure 11], 
and later designers such as Margaret Styx, Angela 
Cummings, and Paloma Picasso (Letson, 1983). 


NEO-RENAISSANCE IN JEWELRY 

An important development in jewelry design oc- 
curred in the late 1950s and early 1960s with the 
emergence of neo-Renaissance artists. Like Cell- 
ini, Botticelli, and de Lucca of the Italian Renais- 
sance, these artists were already skilled in painting 
and/or sculpture when they began to experiment 
with jewelry design. Few of these modern artists 
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Figure 9. Tassels were popular with the Duke of Verdura, and were often seen in his designs. Here 
they appear in gold and diamonds, setting off a necklace of tumbled peridot, a gemstone that was 
particularly popular during the 1950s. The matching pearl with diamond earrings were also 
designed by Verdura. Photo courtesy of E. J, Landrigan Inc./VERDURA. 
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Figure 10. Verdura’s sensitivity to natural 
beauty is evident in this scallop shell set 
with turquoise and diamonds. Photo 
courtesy of E. J. Landrigan Inc./VERDURA. 


had the technical skills needed to actually manu- 
facture their creations, yet they were responsible 
for introducing concurrent art movements such as 
cubism and surrealism into modern jewelry de- 
sign, generating a trend that has heavily influenced 
contemporary jewelry. 

There is a small group of artists who designed 
only a handful of pieces: Calder, Giacometti, Coc- 
teau, Ernst, Arp, Man Ray, Tanguy, de Chirico, and 
Dubuffet (Black, 1974). However, two neo-Renais- 
sance artists did produce impressive collections of 
jewels, and contributed greatly to the advancement 
of jewelry design: Georges Braque (1882~—1963] and 
Salvador Dali (1904—_ }. 

Georges Braque was a French painter and 
designer who, together with the famous painter 
and sculptor Pablo Picasso, pioneered cubism in 
the early 1920s (Hughes, 1963}. In contrast to the 
single artistic viewpoint characteristic of Renais- 
sance art, cubism involved multiple angles of 
vision and the simultaneous presentation of dis- 
continuous planes. 

The culmination of Braque’s work in jewelry 
design occurred in 1963 when, at age 81, he 
exhibited 133 jewels executed by Baron Henri- 
Michel Heger de Lowenfeld at the Museé des Arts 
Décoratifs in Paris. Most of these jewels portrayed 
themes taken from classic mythology and inter- 
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preted with Braque’s cubist vision (figure 12). 
Many of the forms are similar: textured gold over 
thin slabs of stone such as jasper, rhodochrosite, 
lapis lazuli, grossularite, and turquoise. Some 
pieces also used masses of pavé diamonds to 
complement areas of textured gold. 

Salvador Dali, the celebrated surrealist Span- 
ish painter, wholly believed in the Renaissance 
concepts of an artist’s versatility and integrity of 
design. As he commented in Dali, A Study of His 
Art-In-Jewelry (Dali, 1959): 


Paladin of a new Renaissance, I too refuse to be 
confined. My art encompasses physics, mathemat- 
ics, architecture, nuclear science—the psycho-nu- 
clear, the mystico-nuclear — and jewelry —not paint 
alone. 

My jewels are a protest against emphasis upon 
the cost of the materials of jewelry. My object is to 
show the jeweler’s art in true perspective— where 
the design and craftsmanship are to be valued above 
the material worth of the gems, as in Renaissance 
times. 


Although he was influenced by Picasso in the 
late 1920s, Dali was much more closely associated 
with the surrealist art movement, a revolution 
against traditional representational art. The sur- 
realists portrayed fantasy and images from the 
subconscious mind, founded for the most part on 
Freud’s methods of psychological investigation. 
Thus, much of Dali’s jewelry has a dream-like, if 
not nightmarish quality. Many of his pieces are 
anthropomorphic: An anemone swirls its petals of 
human arms formed from pavé diamonds and gold 
in an unseen wind; a honeycomb heart of gold with 
rubies and diamonds drips a golden drop of honey 
(figure 13], an oak leaf is startlingly transmuted 
into a gnarled hand with ruby cabochon fingertips; 
two rows of lustrous white pearls beckon from a 
pair of sensual, yet vaguely sinister, ruby lips. 

Dali’s religious convictions are embodied in 
his crosses. Many show a cubist influence and 
convey an explosive divine power with sharp 
needles of diamonds radiating from shattered or 
disjointed golden crucifixes. One of his medallions 
presents the world as a misshapen sphere, ruby 
blood oozing from deep cracks, pierced together 
with an arrow that Dali says represents the healing 
power of Christ (Dali, 1959). 


INDIVIDUALISM PREVAILS: 
THE EARLY 1960S 


The jewelry designed by artists such as Dali and 
Braque helped to close the gap between the main- 
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Figure 11. Jewelry designer David Webb was influenced by Verdura’s designs and, like Verdura, 
many of his pieces used beads or rough-tumbled gemstones (often in conjunction with faceted 
material). This necklace of baroque rubies and pavé diamonds set in gold, with a 27.5-ct ruby 
pendant, also shows the geometric lines that were distinctive of Art Deco. The ring, another David 
Webb piece, contains a 32.5-ct ruby. Photo courtesy of Sotheby's. 


stream art world and the applied art of jewelry 
design. As mentioned previously, most of these 
artists merely designed the pieces, leaving their 
interpretation and execution to highly skilled 
metalsmiths. However, the 1950s and early 1960s 
witnessed a revival of individual craftsmanship, 
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and the reemergence of artisans who possessed the 
talent to design, manufacture, and market their 
jewelry. 

In the United States, one woman is credited 
with almost singlehandedly reviving the crafts: 
Mrs. Eileen Vanderbilt Webb (Black, 1974). Webb 
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Figure 12. By French artist Georges Braque, 
this brooch of turquoise, textured gold, and 
pavé-set diamonds portrays the bird 
Memnon flying away from the walls of 
Babylon. Photo courtesy of The Worshipful 
Company of Goldsmiths, London. 


strove to establish a school in the US. that, 
initially, would train World War II veterans in the 
American {primarily Appalachian] crafts, includ- 
ing jewelry fabrication (B. Merritt, pers. comm., 


Figure 13. The famous surrealist painter 
Salvador Dali also designed a collection of 
jewels, including this “Honeycomb Heart” 
with rubies and diamonds set in gold. Photo 
courtesy of Sotheby's. 


1987). In 1952 she founded the School for Ameri- 
can Craftsmen in Alfred, New York (now part of 
the Rochester Institute of Technology], and in 1955 
she founded the Museum of Contemporary Crafts 
in New York City. Shortly thereafter, Webb imple- 
mented America House in New York, a retail 
gallery and shop open to any qualified craftsmen. 
Backed by these institutions, the American craft 
movement grew quickly and eventually influ- 
enced many talented artisans and jewelers such as 
Irena Brynner, Ronald Pierson, Art Smith, and 
Stanley Lexon. 

The surge of craftsmen into jewelry was also 
evident in Europe, particularly in Great Britain. 
Graham Hughes, former artistic director of The 
Worshipful Company of Goldsmiths, has been 
particularly instrumental in promoting the crafts 
movement. In 1962, in association with the Vic- 
toria and Albert Museum, he helped assemble 
1,067 jewels from 28 countries. The exhibits were 
selected on the basis of originality of design and 
artistic merit rather than monetary value. Thus, 
“the most precious diamond jewels in existence 
shared the showcases with intrinsically worthless 
pieces of extraordinary beauty” (Hughes, 1963). 

The basic trend of this period, then, was one of 
freedom and diversity unbound by any single rigid 
standard of taste or fashion. The concept that 
jewelry need not be dominated by expensive, large 
stones to have value and merit encouraged individ- 
ual craftsmen (and women} of the early 1960s to 
pour their energy into individualistic, nonrepre- 
sentational pieces (figure 14). In general, gem- 
stones became subordinate to the flow and texture 
of the overall design. Many pieces, particularly 
those from Switzerland (figure 15) and Scan- 
dinavia, revolved entirely around the cool, smooth, 
abstract lightness of gold or silver. 

During this time, many artists turned to 
creating objets trouvés, the “found objects” that 
owe their shape to chance or the work of nature 
{Hinks, 1983}. British artist John Donald was one of 
the first to attempt to mount high-quality gem 
crystals into rings, pendants, or pins. Through 
arduous experimentation, he discovered methods 
that enabled him to set the specimens without 
damaging or even destroying their sometimes 
fragile beauty (Hinks, 1983). Artisans such as 
Georg Jensen, David Thomas, Desmond Clen Mur- 
phy, and Gilbert Albert also produced some stun- 
ning natural crystal pieces. Donald also experi- 
mented with dropping molten gold into cold water, 
allowing the physical reaction to naturally shape 
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the piece. Andrew Grima, who is most famous for 
his innovative watches, was also very skilled in 
producing objets trouvés, such as a delicate ro- 
sette-like brooch of diamonds set in gold cast from 
pencil shavings. Others successfully incorporated 
nongem materials, such as arrowheads, meteor- 
ites, and even small chunks of coal into beautiful, 
expressionistic jewelry. 


SUMMARY 


The 30 years from the onset of World War II to the 
mid-1960s witnessed dramatic changes in jewelry 
design. The heavy, curved jewelry of the 1940s 
gradually evolved into the sumptuous, gemstone- 
oriented jewels of the 1950s, and then expanded 
and grew to incorporate a multitude of textures, 
forms, and materials. In essence, modern jewelry 
has moved from periods (such as Art Nouveau, Art 
Deco, or even Retro) where one style predominated 
and was relatively easy to identify, to a multitude 
of styles unhampered by any one standard. The “do 
your own thing” credo of the 1960s artisans 
encouraged a new generation to embrace the 
values of originality and craftsmanship, and to 
continue to experiment with shape, form, and 
texture. This creative freedom has produced fine 
contemporary jewelry designers such as Paloma 
Picasso, Elsa Peretti, and Angela Cummings. In 


Figure 14. Jewelry of the mid-1960s became 
increasingly abstract and individual, as 
demonstrated by this bangle-bracelet made 
from malachite, tiger’s-eye, diamond, and 
rhodonite. Courtesy of Gibelin. 
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Figure 15. Individualism in the 1960s emphasized 
originality in texture and design rather than gems. 
Courtesy of Giibelin. 


turn, their individualistic jewelry has encouraged 
consumers to dare to express their own tastes, 
whether it be meteorites in niobium or diamonds 
in gold. 
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INFRARED SPECTROSCOPY IN 
GEM IDENTIFICATION 


By Emmanuel Fritsch and Carol M. Stockton 


Infrared spectroscopy is a powerful tool 
for gem identification and research. 
Absorptions of a gem material in the 
infrared region of the electromagnetic 
spectrum are due to vibrations in the 
crystal structure; they can be used to 
help separate one gem material from 
another or to detect certain types of 
treatments, The authors describe the new 
Nicolet 60SX Fourier transform infrared 
spectrometer recently acquired by GIA’ 
Research Department, and outline the 
detection of polymer-impregnation of opal 
as an example of the use of infrared 
spectroscopy in gemology. 
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[ntre4 spectroscopy in itself is not new, having become 
generally available to scientists about 50 years ago. 
However, technological advances in instrumentation in 
the past 10 years have made infrared spectra much more 
readily and rapidly accessible. In recent years, this spectros- 
copy has been used in several instances by a number of 
gemologists (e.g, Arnould and Poirot, 1975; Zecchini, 
1979), and since its arrival at the GIA Research Depart- 
ment in January 1986, the Nicolet 60SX Fourier transform 
infrared (FTIR] spectrometer (see box) has consistently 
proved its value in gemological applications. As a result, 
gemologists can expect to encounter numerous reports in 
the future that involve the use of infrared spectroscopy. 
This article is intended to introduce gemologists to the 
concepts, instrumentation, and terminology of infrared 
spectroscopy, as well as to illustrate the usefulness of this 
technique through several examples, in particular the 
distinction of natural from polymer-impregnated opals 
(figure 1). 


INFRARED ENERGY 


The infrared region of the electromagnetic spectrum is the 
energy range just beyond the red end of the visible spec- 
trum. In fact, the term infrared is derived from being lower 
in energy (“infra-”) than the red end. The unit by which 
infrared energy is usually measured is the wavenumber 
(number of waves per centimeter}, which is expressed in 
reciprocal centimeters (cm~!). The infrared is thus re- 
ferred to as the energy range between 13,333 cm~! (the 
edge of the red) and 33 cm~ ! (a limit determined by use and 
technology}. Alternatively, infrared radiation can be ex- 
pressed in wavelength units, traditionally the micrometer 
{1 zm = 1,000 nm = 10,000 A), or in another energy unit, 
electron volts (eV). This broad region is divided on the basis 
of experimental techniques and applications into three 
parts: near infrared, mid-infrared, and far infrared (figure 
2). For most gemological purposes, infrared energy is 
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expressed in cm~!, energies above 400 cm~!— 
that is, the mid-infrared and the near infrared — are 
of greatest interest gemologically. 

eels 


APPLICATIONS OF INFRARED 
SPECTROSCOPY 


Absorption features in the visible range are largely 
due to electron transitions, including those that 
generate color, such as occur with chromium 
atoms in the corundum lattice and cause the color 
of rubies. In the infrared, however, spectral fea- 
tures generally arise from vibrations (as well as, in 
the far infrared, from rotations} of molecular and 
structural components of the crystal. For example, 
carbon in diamond and water when present in a 
gemstone have characteristic signals in the infra- 
red. 

Crystal structures consist of atoms held to- 
gether by chemical bonds. A possible analogy to 
describe these bonds is to think of them as springs 
connecting heavy weights such that the weights 
representing atoms have the ability to vibrate. 
Every group of atoms has a number of intrinsic 
vibration frequencies that correspond to rocking, 
stretching, or bending of the bonds between the 
atoms of the group (see figure 3). In order to 
actually vibrate, the structure must extract energy 
from some source, in this case a beam of incident 
infrared radiation, giving rise to an absorption 
band. This band is usually very sharp for organic 
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Figure 1. One of these two 
opals (7.00 and 1.14 ct) has 
been treated with polymer 
to improve its play of color, 
while the other is 
completely natural, No 
traditional gemological 
tests can distinguish 
between the two and, until 
now, laboratory testing took 
hours. With the infrared 
techniques described in 
this article, however, 
identification can be done 
in a matter of minutes (see 
figures 6 and 8). Photo © 
Tino Hammid. 
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Figure 2. The position of the infrared region and 
its three subdivisions in the electromagnetic 


spectrum. 
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THE NICOLET 60SX FOURIER TRANSFORM 
INFRARED SPECTROMETER 


Figure 1A. The Nicolet 60SX FTIR spectrometer. Photo courtesy of Nicolet Instrument Corp. 


This spectrometer (figure 1A} is a state-of-the-art 
instrument capable of measuring spectra between 
400 and 25,000 cm~!—that is, through the entire 
mid- and near infrared, as well as visible, ranges. 


How an Infrared Spectrometer Works. In a typical 
dispersive instrument, the beam is split into two 
parts: One goes through the sample, while the other 
passes through a reference. Each beam is dispersed 
through a prism ora grating, and the absorption at one 
particular wavelength is analyzed by partially ob- 
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structing the reference beam, until the same amount 
of energy goes through both beams. An FTIR spec- 
trometer contains two parts that do not exist in 
classical dispersive instruments: a Michelson inter- 
ferometer, which combines all the incoming infrared 
radiation into one “interferogram,” and a mathemati- 
cal program that operates on the principle of the 
Fourier transform, which converts an interferogram 
back into a spectrum. In the FTIR concept, the light is 
split into two halves by a semitransparent mirror 
(called a beamsplitter). These two beams are then 
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reflected back toward one another by two additional 
mirrors, one fixed, the other moving, so that the two 
beams “interfere” when they come back together at 
the beamsplitter, giving rise to an inter- 
ferogram. 

Figure 1B shows the optical path of the infrared 
radiation in a classical dispersive spectrometer, com- 
pared with the way the same radiation is handled 
through an FTIR instrument. In the Fourier trans- 
form instrument, when the moving mirror is at 
exactly the same distance from the beamsplitter as 
the fixed mirror (or the same distance plus an integer 
times half the wavelength), the interference is con- 
structive {i.e., the two intensities are added together). 
Otherwise, the interference is destructive. With such 
a configuration, the further the moving mirror 
travels, the better two very close frequencies will be 
separated. In this manner, a very good resolution is 
obtained without cutting down the amount of energy, 
a problem inherent to any dispersive instrument. The 
interferogram then goes through the sample, and 
parts of the wavelengths are absorbed. The transmit- 
ted wavelengths —still in the form of an interfero- 
gram —reach the detector. The data are digitized and 
processed using a Fourier transform program, which 
{through'a ‘sequence of many steps} basically trans- 
forms thé: final interferogram into a transmis- 
sion spectrum and eventually into an absorption 
spectrum: 

The FTIR spectrometer has a number of impor- 
tant advantages over the older dispersive instrument. 
Because the entire spectrum is recorded at the same 
time in the form of an interferogram, there is no need 
to mechanically scan one wavelength after the other. 
Thus, where 20 minutes were needed in the past to 
obtain a spectrum using a dispersive instrument, 
only a fraction of a second is required on an FTIR 
spectrometer. This allows the operator to run 100 or 
even 1,000 spectra of the same sample in a very short 
time and then average the results in order to reduce 
the random “noise” and bring out weak bands that 
often contain essential information. There is also 
reduced heating of the sample, in contrast with 
dispersive instruments, and the consequent spectral 
perturbations are largely avoided. 

In addition, the FTIR concept uses a laser both to 
check the moving mirror displacements and as an 
internal reference for wavelength, another feature 
that is not found on the dispersive spectrometer. 

A further advantage is that the Nicolet 60SX 
spectrometer is monitored by a powerful computer 
that not only does the mathematics of the Fourier 
transform, but also provides considerable flexibility 
to plot, display, store, and manipulate spectra. Ba- 
sically, then, an FTIR spectrometer is both faster and 
more accurate than a dispersive instrument. 
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How Spectra Are Obtained from Gemstones, A trans- 
parent gemstone is usually cut in such a way that 
light returns to the eye, creating the brilliance and 
fire of the gem. The problem in spectroscopy is 
exactly the reverse: How do we get light to pass 
through the stone and emerge on the other side? 
Several sample holder “attachments” are available on 
an FTIR spectrometer to achieve this purpose. 

The most useful adapter is probably the micro- 
beam chamber, where a curved mirror focuses the 
beam down to an area the size of a pinhead, or smaller. 
This intense, focused beam can then be passed with 
relative ease through a very tiny culet or the girdle of 
a stone to obtain a spectrum. 

For nontransparent materials, such as jade and 
turquoise, the diffuse reflectance attachment pro- 
vides satisfactory spectra, with the beam of energy 
barely penetrating the surface of the sample, “bounc- 
ing” off, and then being collected by a curved mirror 
before passing to the detector. 


Figure 1B. Comparison of the principle of a 
dispersive infrared spectrometer with that of an 
FTIR instrument. The monochromator in the 
former is replaced by an interferometer and 
Fourier transform program in the latter (after 
Nicolet User's Manual, 1986). 
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Figure 3. The vibrations of atoms in, for 
instance, a tetrahedral unit—such as in the 
SiO, tetrahedron of silicates and quartz 
illustrated here—are responsible for the 
absorption of infrared radiation (after Conley, 
1972), 


molecules (such as polyester), and infrared spec- 
troscopy has, indeed, been most extensively devel- 
oped for organic chemistry. 


Gemstone Identification through Characteristic 
Infrared Spectra. Inorganic materials, including 
gemstones, also have characteristic vibrational 
energies in the infrared that can be used for 
identification. However, their spectral features are 
usually broader than for organic molecules. An 
analogy can be made with X-ray diffraction, where 
a pattern for a given mineral is the “fingerprint” of 
its atomic structure. For infrared spectroscopy, 
absorptions associated with the vibrations of the 
crystal structure (“lattice vibrations”) are charac- 
teristic of the given combination of atoms consti- 
tuting the gemstone. A good example is provided 
by turquoise: Natural turquoise—a phosphate, 
CuAl,(PO,4)4{OH}, 5*H,0—can be distinguished 
easily from one of its common substitutes, gibb- 
site—a hydroxide, Al{OH],;—by features in the 
mid-infrared. Because the two materials are so 
different chemically, their patterns are also very 
different (see figure 4). Even Gilson turquoise, 
which is a synthetic, exhibits a significantly 
smoother pattern when compared with natural 
turquoise, because of a different state of aggrega- 
tion (Arnould and Poirot, 1975; Rossman, 1981). 
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Detection of “Water” and Its Significance in Gem- 
ology. “Water,” either molecular (H,O} or as hy- 
droxyl groups (OH) is combined in various forms in 
many gemstones or is present aS an impurity. 
These various forms of water have characteristic 
patterns in the mid-infrared and can be good 
indicators of structure, origin, or treatment. Pre- 
liminary results show that natural amethyst can 
be distinguished from its synthetic analog on the 
basis of slightly different types of water absorp- 
tions. Water is typically the first component to 
leave a mineral on heating; therefore, there is some 
hope that infrared spectroscopy may also be useful 
in identifying the absence of heat treatment in 
some water-containing gemstones (Aines and 
Rossman, 1985}. 


Figure 4, Gem identification with infrared 
spectra: Natural turquoise has a very different 
spectrum compared to that of gibbsite, an 
increasingly common substitute. Gilson 
man-made turquoise exhibits flattened 
features. For the purpose of this illustration, 
transmittance values are arbitrary. 
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Detection of Gemstone Impregnation. The exten- 
sive documentation by organic chemists of the 
characteristic infrared absorption spectra of or- 
ganic compounds is very helpful in recognizing 
impregnation in gemstones. One or more sharp 
bands will show up in the spectrum of an impreg- 
nated stone that are not present in the spectra of 
similar untreated stones. A detailed example of 
how this is applied to impregnated opal appears 
below. Not only does infrared spectroscopy enable 
one to detect impregnation, but the additional 
bands can also reveal which species of polymer or 
other material has been used to process the stone. 


Other Applications. Infrared spectroscopy reveals 
characteristic patterns for different types of dia- 
monds (Ja, Ib, Ia, lb}, inasmuch as both nitrogen 
and boron impurities trapped in the diamond 
lattice have absorption features in the mid-infra- 
red. One of the most significant gemological uses 
recently revealed for the near infrared is detection 
of the H1b and Hl1c bands (4941 and 5165 cm~—!, 
respectivély}], which identify that a diamond has 
been irradiated and heat treated to produce or 
enhance yellow to brown coloration (Woods, 1984, 
Woods and Collins, 1986). 


THE DETECTION OF POLYMER- 
IMPREGNATION OF OPAL 
BY MEANS OF FTIR SPECTROSCOPY 


The ability of infrared spectroscopy to provide 
information about various organics, plastics, dyes, 
and hydroxides makes this technique particularly 
useful in the study of opal, especially the detection 
of treatment. Until now, the only positive method 
of identifying polymer-impregnation of opals (in- 
cluding impregnation with plastics and, more re- 
cently, with silicon-based polymers) has been exam- 
ination with an electron microscope (Manson, 
1978}, a time-consuming and expensive procedure. 

The infrared spectra of opals in the 4000-9000 
cm! range have been well characterized (e.g., 
Langer and Flérke, 1974). While the spectra of 
natural opals vary somewhat, all exhibit a broad 
transmission region between 5300 and 6800 cm~! 
and another between 4000 and 5000 cm~!. The 
strongest absorption features lie between 5000- 
5300 cm~! and 6700-7200 cm~!, and have been 
attributed to combination vibrations of molecular 
water (H,O}. Weaker absorptions also usually oc- 
cur at about 4400 and 4500 cm~—!, both caused by 
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vibrations of SiOH groups, as well as at 5500 cm~! 
(figure 5). 

We examined 15 natural, untreated opals by 
FTIR spectroscopy and found that all displayed 
infrared spectra consistent with the above general 
pattern, These samples (figure 6) include Austra- 
lian white, gray, and black opal; Brazilian white 
and hydrophane opal, and (from various localities] 
blue, brown, orange, and transparent colorless opal 
with play of color, red-orange and yellow non- 
phenomenal transparent opal, and green chrysopal 
(“prase opal”). Variations among their spectral 
features (figure 7} are related to differences in 
microstructure, hydroxyl content, and organic 
impurities. 

We also examined 23 polymer-impregnated 
opals by FTIR spectroscopy (figure 8). They include 
opals treated as long as 10 years ago as well as 
stones treated within the last two years; some of 
these can be detected by electron microscopy and 
some cannot. White, black, brown, blue, and 
orange background colors are represented. 

Without exception, the impregnated opals ex- 
hibit absorption features in the infrared that have 


Figure 5. The near-infrared spectrum of a 
natural, untreated white opal from Australia. 
Absorption features characteristic of opal are 
labeled. 
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Figure 6, Several of the 
natural, untreated opals 
(0.88-14.79 ct) examined 
for this study, including 
material from Australia, 
Brazil, Mexico, and Idaho. 
Photo © Tino Hammid. 


never been reported for any natural, untreated 
opals. Two types of spectra can generally be distin- 
guished for these treated opals, The first has strong 
overlapping features at about 5725 and5810cm~—!, 
with weaker bands at about 4265, 4350, 4670, and 
4775 cm~-! (figure 9}. The second has strong 
overlapping bands at 5780, 5890, and 5925 cm~!, 
distinct features at 4735 and 6155 cm~ !; and lesser 
ones at 4270, 4350, and 4405 cm~! (figure 10). 


Because of the overlap of features in the 4300-4500 
cm~! range found in both treated and untreated 
specimens, however, we do not recommend the use 
of bands in this region to determine treatment. 
The exact cause of each feature has not yet 
been identified; nor. has correlation been made 
with the types of materials being used for impreg- 
nation. However, consistent differences in the 
spectra of impregnated as compared to untreated 


Figure 7. Near-infrared spectra of the Australian black, Idaho yellow, and Mexican red-orange opals 
pictured in figure 6. In spite of the variability exhibited among these spectra, their basic similarity to 
the spectrum in figure 5 is evident. 
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Figure 8. A representative sample (1.00-20.37 ct) 
of the polymer-impregnated opals examined 

for this study. Some of these can also 

be detected by electron microscopy, 

while others cannot. 

Photo © Tino Hammid. 


opals are sufficient to deduce that certain features 
are related to the impregnation materials. Thus, a 
new method for the identification of polymer- 
impregnated opal, faster and more foolproof than 
the old electron microscope test, has been identi- 
fied. It should be noted, as a caution, that identi- 
fication of treated opals by infrared spectroscopy 
applies only to opals treated with polymer-type 
materials. Sugar- and smoke-treated opals exhibit 
no significant differences from untreated opals in 
the 4000-9000 cm — ! region. Identification of these 
older types of treatment rests in the use of the 
gemological microscope (e.g., Giibelin, 1964}. 


CONCLUSION 


Infrared spectroscopy has now joined the ranks of 
laboratory techniques that can be applied to solv- 
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Figure 9. The near-infrared spectrum of the opal 
at top left in figure 8 is representative of the 
first type described for polymer-treated opals in 
the text, Absorption features diagnostic of the 
treatment are labeled. 


Figure 10. The near-infrared spectrum of the opal at 
middle right in figure 8 is representative 

of the second type described in the text. Absorp- 
tion features diagnostic of the treatment are 
labeled. 
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ing gemological problems that have thus far eluded 
solution by traditional gem-testing techniques. 
Reports on the use of infrared spectroscopy by 
other scientists to identify irradiation and anneal- 
ing of diamonds (Woods, 1984; Woods and Collins, 
1986} as well as treatment and synthesis of other 
gem materials (Langer and Abu-Eid, 1977; Zec- 
chini, 1979; Dontenville et al., 1986) indicate that 
infrared analysis is gaining popularity for gem- 
ological applications. 

Other projects using infrared spectroscopy 
that are now under way in the GIA Research 
Department include: 


@ Colored diamonds, especially the presence of 
treatment-related absorptions in the near infra- 
red 

@ Natural/synthetic separations: amethyst and 
corundum 

© Impregnation: identification of the presence of 
organic polymers in gemstones other than opal, 
such as turquoise 


® Gem identification through fundamental lattice 
vibrations: turquoise vs. gibbsite, jadeite vs. 
nephrite, etc. 


To increase our knowledge of gemstones, and 
to simplify identification procedures by compari- 
son with standard references, the GIA Research 
Department will also create a library of gemstone 
infrared spectra. Each spectrum will be correlated 
with the stone’s geographic origin or method of 
synthesis, its chemistry, the orientation of the 
crystal, and standard gemological properties. 

In the near future, the above applications will 
be developed and infrared spectroscopy will be 
extensively used to help detect other forms of 
treatment, especially heat treatment, inasmuch as 
water is usually one of the first components to be 
modified (Aines and Rossman, 1985). All these 
ongoing studies suggest that infrared spectroscopy 
is one of the most promising analytical techniques 
available today for resolving otherwise elusive 
gemological problems. 
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A STUDY OF THE GENERAL 
ELECTRIC SYNTHETIC JADEITE 


By Kurt Nassau and James E. Shigley 


The gemological properties of synthetic 
green and lavender jadeite, which has 
been manufactured by the General 
Electric Company on an experimental 
basis, are summarized. The synthetic 
jadeites examined appear as flattened or 
rounded disks that have indices of 
refraction df about 1.66 and specific 
gravities of 3.28-3.34. They are also 
similar in many other respects to natural 
jadeites, except for a slightly greater 
hardness (7'/2-8) and differences in luster, 
translucency, and appearance. The 
synthetic jadeites are the result of an 
experimental study, and at present there 
are no plans for commercial production. 
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General Electric Synthetic Jadeite 


E examining the prospects for the future of synthetic 
gemstones, Nassau (1980) noted that “Another field 
providing scope for further work is that of the polycrys- 
talline materials.... With their toughness derived from 
tiny interlocking crystals ... the jades should provide 
interesting preparation problems to the materials scien- 
tist.” We now know that at that time R. C. DeVries and J. F 
Fleischer, of the General Electric (G.E.] Research Center in 
Schenectady, New York, had already completed the bulk of 
their research on the synthesis of jadeite by a high-pressure 
technique, although this work was not published until 
1984 (DeVries and Fleischer, 1984 a and b). 

In the course of their experiments, DeVries and 
Fleischer produced white, various shades of green to black, 
and lavender jadeite, in cylindrical pieces up to 12 mm in 
diameter and 3 mm thick (figure 1), Although this product 
can be considered gem material, it does not match the 
highly translucent, almost transparent, quality of what is 
known in the trade as “Imperial” jadeite. Both total 
synthesis, as well as reconstruction of crushed natural 
jadeite with additional colorants added, were used to 
produce uniform as well as mottled and layered structures. 
It appears that at present the Genera! Electric Company 
has no intent to continue this research or to market a 
synthetic jadeite. A brief preliminary description of this 
material was provided by Pough (1985). 

The following report describes the synthesis experi- 
ments and, on the basis of the authors’ examination of a set 
of samples obtained courtesy of Dr. DeVries, presents a 
comprehensive gemological description of this synthetic 
jadeite. 


THE JADEITE “PROBLEM” 


Jadeite is one of the pyroxene “single-chain” silicates, with 
ideal composition NaAISi,0, (Deer et al., 1978). Both 
jadeite and the amphibole mineral nephrite are called jade. 
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Figure 1. These nine synthetic jadeites 
manufactured by the General Electric Company 
were examined by the authors. The sample 
numbers of the jadeites, starting at the top row 
and proceeding left to right, are as follows: 7, 6; 
9, 3, 1; 4, 8, 5; 2. The pieces range from 0.68 ct 
to 2.46 ct in weight. Photo © Tino Hammid. 


The two kinds of jade consist of aggregates of tiny 
interlocking crystals. In the case of nephrite, these 
microscopic crystals are long and fibrous, whereas 
in jadeite they are more prismatic or platy (Zoltai, 
1981). In both cases, the crystals themselves are 
not particularly hard (5!/2 to 7 on the Mohs scale], 
but in their compacted, interlocked arrangement 
they are collectively extremely tough. This intri- 
cate network of tiny crystals is responsible for the 
great toughness and excellent polishing quality of 
both types of jade (see Bradt et al., 1973). Like 
nephrite, jadeite is found in a range of colors, and 
has been used extensively for carvings and other 
ornamental purposes (for further details, see 
Hobbs, 1982; Webster, 1983]. 

Early attempts to synthesize jadeite in the 
laboratory have been summarized by Yoder (1950). 
According to Roy and Tuttle (1956}, L. Coes (Nor- 
ton Company) may have been the first to achieve 
success, in 1953. 
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Jadeite cannot be synthesized at atmospheric 
pressure, since it decomposes into a mixture of the 
minerals nepheline and albite when heated (see 
Bell and Roseboom, 1969). Pressure is required to 
maintain the stability of jadeite at elevated tem- 
peratures. As shown in figure 2, based on several 
studies as summarized in Deer et al. (1978}, a 
pressure of about 28 kilobars at about 1330°C (and 
higher pressures at higher temperatures] is re- 
quired so that jadeite melts without prior decom- 
position. Equally important, such conditions are 
also required for a melt of jadeite composition to 
form crystalline jadeite without the presence of 
any other phases. 

To prepare a mixture of the correct composi- 
tion for high-temperature studies of jadeite, it has 
been customary to mix the ingredients {e.g., 
Al,O3+ Na,CO; +4SiO,) and melt the mixture at 
a high temperature in air. Typically, this is done at 
1550°C ina platinum crucible. The CO, is released 
and the result on cooling is a glass of jadeite 
composition. The crystallization of such a glass at 
high temperature and pressure then readily pro- 
duces synthetic crystalline jadeite, although this 
had previously been done only with very tiny 


Figure 2. Temperature-pressure relations of 
jadeite, showing the stability fields of jadeite 
and other phase assemblages in this 
compositional range (after Bell and Roseboom, 
1969). 
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specimens, for example, by Williams and Kennedy 
{1970}. 


we 


THE GENERAL ELECTRIC 
EXPERIMENT 
In the latter of the two descriptive accounts 
published by DeVries and Fleischer {1984 a and b} 
on their synthetic-jadeite experiments, they pro- 
vide tabulated data giving the 61 compositions 
used and some details of the 189 high-pressure 
synthesis experiments.* These data indicate that 
the work was begun in 1974, not long after G.E. 
accomplished the production of gem-quality syn- 
thetic diamonds (see, e.g., Nassau, 1980}, and that 
it was basically completed in 1979. The final 14 
high-pressure experiments, involving five compo- 
sitions, were performed between 1979 and 1982. 
According to DeVries and Fleischer (1984 a and 
b], three major types of starting material were used 
in the G.E, experiment. Most of the starting 
materials were glass, prepared as described above, 
but subjected to several crushing and remelting 
steps to achieve a high level of homogeneity; these 
were found to be the best type of starting material 
and were the ones used to produce the samples 
examined here. The G.E. researchers also per- 
formed some experiments using crushed white or 
gray natural jadeite, sometimes with colorants 
added. This method has the advantage that there is 


* Please note that there are a number of typographical 
errors in this report, some of which are not obvious. 
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Figure 3. In this photograph of 
the high-pressure apparatus 
used to synthesize jadeite, 
R.C. DeVries is loading a 
sample into the apparatus 
while [.F Fleischer looks on. 
Photo courtesy of the General 
Electric Company. 


no significant volume change on crystallization as 
there is with glass, but the overall results were not 
as good. Finally, some compositions were prepared 
by a sol-gel method (Sakka, 1982) to improve 
homogeneity, but there were no particular benefits 
in the final product. Exact compositional data on 
the starting materials used to produce the group of 
synthetic jadeites examined herein are not avail- 
able. 

In the absence of color-active impurities, the 
synthetic jadeite produced was white. Colorants 
used included chromium as Cr,O3, which gave the 
typical light to dark green jadeite colors when 
present in the 0.5 to 2.0 wt.% range, but produced 
black at higher concentrations. Manganese, best 
added in the form of Mn,O, as 1.5 to3 mol.%, gave 
medium to dark purple (lavender) colors. Titanium 
added as TiO, at similar concentrations provided a 
measure of whiteness (rather than gray] and trans- 
lucency. Additional impurities tried included er- 
bium, europium, iron, nickel, samarium, ura- 
nium, and vanadium, as oxides, as well as some 
combinations, such as iron with chromium and 
iron with vanadium. However, the results usually 
were either not reproducible or provided no im- 
provement over the use of chromium or man- 
ganese alone. 

The high-pressure experiments were carried 
out in a belt apparatus (for details, see Nassau, 
1980) within a graphite heater (figure 3]. Process- 
ing was performed for one-half to 24 hours at 30 to 
50 kilobars pressure and 1200° to 1400°C, values 
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near the higher end of all of these ranges gave the 
better results. Finally, the temperature was re- 
duced before the pressure was released in the 
manner normally used to preserve the high-pres- 
sure equilibrium phases. Crystallization occurred 
at the high pressure and temperature, possibly 
with some strain recrystallization as described 
above. Figure 4 shows jadeite crystals grown in a 
glass taken from an experimental run that was 
quenched by cooling prior to complete crystalliza- 
tion. 

The experimental product, consisting of flat or 
rounded circular disks up to 12 mm across and 3 
mm thick {figure 5}, was principally jadeite as 
determined on the basis of X-ray and optical 
characterization by the G.E. researchers, The sizes 
and shapes obtained were limited by the apparatus 
used. Given the known high-pressure technology, 
there is little doubt that uniform pieces up to the 
size of a 10-mm cube and even larger could be 


Figure 4, This photomicrograph shows euhedral 
synthetic jadeite crystals that have grown in a 
glass. The glass sample was removed from an 
experimental run that had been quenched to 
room temperature prior to complete 
crystallization of the glass. Photo courtesy of 
the General Electric Company. 
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produced if large tetrahedral or cubic presses were 
used (Nassau, 1980). One problem also probably 
avoided by the use of these alternative configura- 
tion presses would be the laminar structure often 
observed, which is caused by the uniaxial pressure 
present in a belt-type apparatus. 

A variety of other problems were noted by the 
G.E. researchers, including the frequent occur- 
rence of a residual glassy phase. Again, there is 
little doubt that with a suitable development 
effort, should one wish to market synthetic jadeite, 
such problems could be solved. General knowledge 
of high-pressure technology suggests that a price 
on the order of $100 per disk would be feasible, 
with a significant reduction for larger-scale 
production. 


GEMOLOGICAL PROPERTIES 


We examined nine specimens of synthetic jadeite 
{figure 1}, seven of which range from medium light 
green to dark grayish green, with the remaining 
two medium and dark purple. Three are rounded 
“cabochons” and six are flat disks; all are approx- 
imately 5-10 mm in diameter. The cabochons 
range up to 3 mm thick, and the flat disks are 
approximately 1 mm thick. 

The color of natural jadeites can vary greatly in 
terms of hue, saturation, tone, and uniformity of 
appearance. The synthetic jadeites correspond 
closely to natural jadeites in many of these re- 
spects, and thus color provides little assistance asa 
distinguishing feature. However, the synthetic 
lavender jadeites and some of the synthetic green 
jadeites do have a more intense color than is 
commonly seen in natural jadeites. In addition, the 
color of the synthetic lavender jadeites is quite 
mottled, and appears to be concentrated in distinct 
areas. One of the synthetic jadeite disks also 
exhibits aventurescence, which is caused by the 
reflection of light from numerous tiny grains 
(figure 6). 

All of the synthetic jadeites are semitranslu- 
cent to almost opaque, with a deep green or purple 
color being visible when the green and purple 
samples, respectively, are placed over a strong light 
source. Polished samples of the synthetic jadeite 
exhibit a vitreous luster and an appearance exactly 
like that of natural jadeites. We were not permitted 
to prepare optical thin sections of the synthetic 
jadeite for examination with the microscope, so 
features such as the nature of the granular texture, 
aventurescence, and the sometimes irregular color 
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Figure 5. The crushed glass on the left was used as 
starting material in some of the synthesis 
experiments, and is shown here with one of the 
synthetic jadeite disks that resulted. Photo 
courtesy of the General Electric Company. 


distribution could not be investigated further; nor 
could we cut the samples for use in preparing 
spectrophotometric absorption curves. However, 
the infrared reflectance spectra of the synthetic 
jadeites (DeVries and Fleischer, unpublished data] 
agree with those of natural jadeites. 

The nine specimens were examined using 
standard gemological methods and instruments. 
The measured gemological properties for all of the 
synthetic jadeites are tabulated in table | along 
with values for natural jadeites. The values for 
most of the physical properties are very similar to 
those reported for natural jadeites. However, the 
synthetic jadeites were all found to have a some- 
what greater hardness (7'/2-8, as measured using 
hardness points) than natural jadeites (7). The 
cause of this difference is not known, but it may be 
due to the size, degree of compaction, or orienta- 
tion of the jadeite grains themselves, or it may be a 
result of the method of synthesis employed in 
these experiments that gave rise to the pronounced 
lamellar structure. For the synthetic jadeites, we 
attribute the somewhat lower density values mea- 
sured by the hydrostatic method, as compared to 
those obtained by the heavy liquid method (both 
measured in repeated trials], to the fact that the flat 
shape, light weight, and small size of the disks 
leads to greater buoyancy, to the trapping of air 
bubbles along surface cracks and irregularities, 
and to the lesser wetting characteristics of water as 
compared to those of the immersion oil (meth- 
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Figure 6. The upper surface of this synthetic 
jadeite disk (no. 6) shows granular texture, 
mottled color distribution, and an aventurine- 
like appearance caused by light reflecting from 
numerous tiny grains. In contrast to the other 
samples, this disk has a black rim; it has probably 
not yet been cleaned. Reflected light, magnified 
20x. Photomicrograph by John Koivula. 


ylene iodide diluted as needed with benzyl benzo- 
ate} used as the heavy liquid. 

Natural green jadeites exhibit a range of behav- 
ior when exposed to ultraviolet radiation. Our own 
observations indicate that they can either be inert 
or fluoresce in various colors (366 nm long-wave — 
yellow, yellowish green, or yellowish white; 
254nm short-wave-— yellow, orangy yellow, 
orange). The intensity of this fluorescence varies 
greatly from extremely weak to moderate, and it 
can have a “chalky” or an uneven, mottled appear- 
ance. The synthetic green jadeites vary from inert 
to weak in their fluorescence (see table 1), and the 
fluorescence is often visible either at the edges or 
at the center of a disk, perhaps related to the 
textural difference described below. This range of 
behavior falls within the fluorescence range ob- 
served in natural green jadeites, and thus is not a 
distinguishing feature. 

Natural lavender jadeites also vary in their 
reaction to ultraviolet radiation. If the color of the 
jadeite is mottled, so is the fluorescence. The 
fluorescence ranges from very weak to strong in 
intensity, and may occur in many colors (366 nm 
long-wave — grayish white, yellowish white, vio- 
letish white, reddish orange, orange; 254 nm short- 
wave—yellowish white, greenish white, reddish 
orange, orange]. Again, the color is often “chalky.” 
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In contrast, the two synthetic lavender jadeites 
displayed only weak fluorescence, but they exhib- 
ited small distinct spots of brighter orange fluores- 
cence. Because only a few synthetic jadeites were 
available for study, it is difficult to assess the 
significance of these observations. In general, 
though, it does not appear that natural jadeites can 
be distinguished from the synthetic stones on the 
basis of their fluorescence behavior. 


Observations with the Microscope. Each of the 
synthetic jadeite samples was examined with the 
microscope in transmitted and in reflected light. 
The three “cabochons” (nos, 4, 5, and 8) appear to 
have been partly polished, but the flat disks have 
surfaces that vary from rough to rather smooth. All 
of the samples display a granular texture, espe- 
cially along their outer edges and along broken 
areas (figure 7}. Even on flat or semi-polished areas, 
this granular texture was apparent from slight 
differences in surface luster, in the appearance of 


vague grain outlines, and in minor variations in 
surface relief suggesting hardness differences. 
Some of the synthetic jadeites exhibit a “dimpled” 
surface caused by a slight undercutting during 
polishing. Broken edges display no evidence of 
cleavage but represent irregular fracture surfaces. 
The rims of many of the disk-shaped specimens 
are lighter and more grayish in color, which is 
caused either by a compositional inhomogeneity 
or, more likely, by textural differences, since the 
rim areas are highly fractured (figure 8). 

One of the more interesting observations con- 
cerns the pronounced lamellar structure present in 
most of the disks. When viewed along their edges, 
the disks exhibit numerous, parallel fractures that 
give the material a distinct layered appearance 
(figure 9). Around the edge of a disk or cabochon, 
there frequently is some breakage of the outermost 
layers (figure 10). It is likely that this layered (or 
delaminated) structure of the synthetic jadeite is 
related to the method of synthesis under uniaxial 


TABLE 1. Gemological properties of natural and nine General Electric synthetic jadeites. 


Property Natural jadeite Synthetic jadeite 
Deer et al. (1978)@ Webster (1983) 2 3 4 5 
Shape - — Disk Disk Disk Cabochon Cabochon 
Diameter (mm) _ _ 9.4 10.6 10.3 5.7 
Thickness (mm) _ _ 1.2 0.9 2.5 3.0 
Weight (ct) — -_ 1.17 1.31 2.46 0.68 
Color —<e =¢ Dk. grayish? Dk. green Med. green Med, dk. green Med. green 
green 
Color description® _ — — vsbG 6/2 G 5/2 vsbG 5/2 G 5/2 
ColorMaster reading — _ C 2/29/7 C 7/73/16 C 6/74/21 C 7/73/16 
Hardness (Mohs scale) 6 7 8 T'/2 8 1'/o-8 T'/2-8 
Refractive index 
4 1.640—-1.681 
B 1.645-1.684 1.66 1.653 1.652 1.654 1.655 1.655 
y 1.652-1.692 
Specific gravity 
Heavy liquid (3.32) _ 3.30-3.36 3.34 3.34 3.31 3.34 3.28 
Hydrostatic 3.24-3.43 _ 3.31 3.27 3.25 3.28 3.28 
Fluorescence 
Long-wave UV —e —e¢ Inert Inert Ex. wk, Ex. wk, Ex, wk. 
greenish greenish greenish 
at edges at edges at edges 
Short-wave UV as —¢ Inert Inert Ex, wk. Ex. wk, Ex. wk, 
chalky chalky chalky 
orange orange orange 
X-ray _ Yellowish white None None None None None 


@ Compilation of data. 


» Color description terminology taken from the GIA Colored Stone Grading System; colors for sample nos. 1 and 7 do not fall within the system. 


¢ See discussion in the text. 


¢ Abbreviations: dk. = dark, med. = medium, It. = light, ex. = extremely, wk. = weak, v. = very, mod. = moderate, st. = strong. 
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Figure 7. The edge of one of the synthetic 
jadeite disks (no. 9) shows granular texture 
along with the irregular surface and fracture. 
Also note the blotchy color that is typical of 
these synthetic jadeite samples and the 
presence of small black grains of unknown 
identity. Reflected light, magnified 25x. 
Photomicrograph by John Koivula. 


Synthetic jadeite 


6 7 8 9 
Disk Disk Cabochon Disk 
11.4 10.8 7.3 9.3 
Lee 15 1.6 did 
2.11 2.08 0.70 1.14 
Med. It. green Dk. grayish Med. purple Med. dk. purple 
green 
G 5/2 _ bP 5/1 VY 5/2 
C 7/73/16 _ C 14/45/52 C 14/44/74 
8 7'/2-8 72-8 7'/2-8 
1.65 1.655 1.65 1.655 
3.33 3.34 3.28 3.32 
3.27 3.29 3.22 3.24 
V. wk. Inert Wk. reddish Reddish orange 
yellowish orange with orange 
green spots 
Ex. wk. Inert V. wk. Wk. reddish 
chalky reddish orange 
orange orange 
None None St. yellow Mod. yellow 
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Figure 8. The rim area of this jadeite disk (no. 
2) illustrates the fractured lighter-colored edge 
evident on most of the synthetic jadeites 
examined, Reflected light, magnified 15x. 
Photomicrograph by John Koivula. 


Figure 9. This view of the edge of one of the 
synthetic jadeite disks (no, 7) shows numerous 
fractures that run parallel to the upper and 
lower surfaces of the disk. Reflected light, 
magnified 25x, Photomicrograph by John 
Koivula. 


pressure and, as discussed earlier, could probably 
be avoided. 


Chemistry. Chemical compositions of the syn- 
thetic jadeites were obtained by electron micro- 
probe analysis. Table 2 summarizes the chemical 
compositions of two representative specimens. 
These analyses are consistent with reported data 
on the chemistry of natural jadeite with the 
exception of the greater amounts of manganese in 
the synthetic lavender samples and the absence of 
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Figure 10. This view of the upper surface of one 
of the synthetic jadeite cabochons (no. 4) shows 
the broken edges of several of the thin layers 
that make up the material, Reflected light, 
magnified 20x. Photomicrograph by John 
Koivula. 


magnesium and calcium in both the synthetic 
green and lavender samples. Minor differences in 
concentrations of the color-causing transition ele- 
ments (Fe, Cr, Mn} give rise to the variations in 
color among the samples. Further chemical anal- 
ysis by. X-ray fluorescence (XRF) confirmed the 
presence of the major elements shown in table 2 
and also indicated the presence of trace amounts of 
zirconium, nickel, zinc, tin, and strontium in 
almost all of the synthetic jadeites. The reason for 
the presence of these trace elements is uncertain, 
but their presence does provide a good indication of 
synthetic origin and thus distinguishes these spe- 
cific samples from natural jadeites. 


Spectroscopy. Viewed with a hand spectroscope 
and transmitted illumination, the synthetic green 
samples exhibit general absorption from 400 to 500 
nm, a narrow region of transmission from about 
500 to 600 nm, and then absorption from 600 to 
700 nm. The degree of absorption in these two 
regions increases as the synthetic jadeites become 
more blackish green in color. In some instances, 
the green samples exhibit three absorption bands, 
at about 630, 655, and 690 nm, which vary in 
intensity from one sample to the next. These three 
bands are also present in natural deep green 
jadeites. However, the sharp band at 437 nm 
typically observed in the spectrum of any translu- 
cent color of natural jadeite (except for some darker 
green natural jadeites, in which the 437 nm band is 
masked by general absorption in this region of the 
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spectrum) was not seen in the spectrum of any of 
the synthetic jadeites. While the darker green 
natural jadeites are colored by chromium, the 
principal coloring agent of most natural green 
jadeites is iron (Rossman, 1974). In natural jadeite, 
iron gives rise to the 437 nm band and to weaker 
bands at 573 and 610 nm, while chromium is 
responsible for the 630, 655, and 690 nm bands. 
Because of its high content, chromium appears to 
be responsible for the green color in the synthetic 
jadeites. An exception is sample no. 6, which does 
not show the 437 nm iron line despite a high iron 
content. No features in the spectra of the synthetic 
jadeites could be attributed to iron. 

There is little written in the gemological 
literature on the spectra of lavender jadeites. The 
absorption spectrum of a natural lavender jadeite 
shown in Rossman {1974} has a sharp band at 437 
nm that is due to iron, and a very broad, prominent 
band at 573 nm which is responsible for the 
lavender color. Rossman attributed this latter band 
toa mechanism involving Fe? +—Fe3*+ intervalence 
charge transfer. In the hand spectra of both the 
synthetic lavender jadeites, in contrast, there is a 
broad absorption band from approximately 530 to 
630 nm but no other features. The low iron content 
but high manganese content of these two samples 
suggests that manganese is the likely cause of this 
broad band in synthetic lavender jadeite. 


TABLE 2. Chemical data on natural and G.E. synthetic 
jadeites. 


Natural G.E. synthetic — Natural G.E. synthetic 


Oxide  green* green (no. 3)® lavendera_ lavender (no. 8)® 
SiO 59.65 60.2 60.40 59.3 
TiOs 0.02 NDc 0.07 ND 
AloO3 24.07 25.3 24.22 23.5 
FeO 0.63 —d 0.43 _ 
MnO 0,02 ND NO 2.0 
MgO 0.71 ND 0.66 ND 
CaO 1.08 ND 1.02 ND 
NasO 14.01 14.9 13.83 15.2 
KoO NRe ND NR ND 
Cr203 0.01 0.5 ND ND 
Total 100.20 100.9 100.63 100.0 


a Data taken from Rossman (1974) for jadeite samples from 
Burma. Average of two electron microprobe analyses. Fes04 
value recast as FeO. 

» Average of three electron microprobe analyses of two 
representative samples of the G.E. synthetic jadeite. Total iron 
as FeO. Analyst C. M. Stockton. 

¢NR = not reported, ND = not detected. 

¢ Presence detected by energy-dispersive X-ray fluorescence. 
Analyst C. M. Stockton. 
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X-Ray Diffraction Analyses. Unit-cell parameters 
for one representative specimen (no. 4) were deter- 
mined by least-squares refinement of d-spacing 
values measured from an X-ray powder diffraction 
film. Refinement of 23 measured values yielded 
the following parameters: a = 9.434 (6), b = 8.565 
(5), c = 5.227(3)A, B = 107.67(6)A. These values 
are very close to the unit-cell parameters of 
natural jadeite (see Prewitt and Burnham, 1966). 


CONCLUSIONS 


Given the published details of these experiments, 
anyone with access to high-pressure equipment 
could probably produce synthetic jadeite. Several 
characteristics should permit the distinction of a 
product made by this process from natural jadeite. 
These include differences in texture and appear- 
ance as well as the greater hardness of the syn- 
thetic stones. The more intense and often mottled 
color of the synthetic jadeites may also be helpful. 
There are no significant differences in indices of 
refraction, absorption spectra, fluorescence, or 
specific gravity. Note also that the observed crack- 
ing and delamination caused by the uniaxial pres- 
sure in the belt-type synthesis apparatus can 
probably be avoided by the use of a tetrahedral or 
cubic high-pressure apparatus; thus, the absence of 
these features is not necessarily diagnostic. 

The successful synthesis of jadeite raises the 
question of whether the other “jade” mineral, 
nephrite—a “double-chain” silicate with the ideal 
composition Ca.(Mg,Fe2+);SigQ5.(OH}, —could 
be similarly synthesized. Amphiboles have been 
grown in the laboratory under pressure (Gilbert et 
al., 1982), the aim, however, being to produce single 
crystals as opposed to a polycrystalline jade struc- 
ture. We suspect that such a synthesis would be 
feasible, but it would be complicated by the need to 
have only ferrous iron and the difficulty of achiev- 
ing a set hydroxyl content. In view of the lower 
value usually attributed to nephrite as compared 
to jadeite, a commercial synthesis would be even 
less likely. 

It should be emphasized that the synthetic 
jadeite described in this report is an experimental 
product and is not likely to be encountered on a 
commercial basis. We do not know whether simi- 
lar materials of improved appearance will be 
synthesized in the future, but it seems unlikely 
given the cost of the synthesis process versus the 
ready availability of natural jadeite for gemological 
purposes. Any such commercial product prepared 
and grown under different conditions could, of 
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course, have somewhat different characteristics. 
The General Electric experiments do, however, 
demonstrate that the understanding and technol- 
ogy exist to synthesize polycrystalline gem mate- 
rials such as jadeite in the laboratory. Although 
G.E. has not applied for a patent on the synthetic 
jadeite, an essentially identical process has been 
patented in Japan by the Suwa Seikosha Co., Ltd. 
(1985). 
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NOTES 


*“AND-: 


NEW FE CrNIOWU ES 


A NEW GEM MATERIAL FROM GREENLAND: 


IRIDESCENT ORTHOAMPHIBOLE 
By Peter W. Uitterdijk Appel and Aage Jensen 


Orthoamphiboles with pronounced iridescence are 
found in eight localities in the vicinity of Nuuk, the 
capital of Greenland. The iridescence, difficult to see 
on rough samples, becomes clearly visible when the 
material is cut. This iridescent orthoamphibole is 
mined by a company wholly owned by Nuuk com- 
mune, and is sold under the trade name Nuummite. 
This orthoamphibole has a composition similar to 
that of iridescent orthoamphiboles described earlier 
from Greenland as well as from New Hampshire and 
Massachusetts, but is believed to be the first such or- 
thoamphibole to be regarded as a gemstone. 


In the early 1980s, the Geological Survey of 
Greenland had several geologists working the 
Nuuk area of West Greenland. The first-named 
author joined the field work in 1982, and devoted 
his attention to mineral deposits. During the work, 
some peculiar rusty horizons composed essen- 
tially of orthoamphiboles with small amounts of 
copper and iron sulfides and molybdenite were 
discovered. Subsequent microscopic investiga- 
tions of thin sections revealed that the ortho- 
amphiboles in some of the samples exhibited a 
weak iridescence. When pieces of this material 
were cut and polished as cabochons, they revealeda 
spectacular iridescence in different colors. It was 
thus realized that this type of iridescent ortho- 
amphibole had a potential as a gemstone (figure 1, 
Appel, 1983)}.* 


*Orthoamphibole is a group name for amphiboles that 
crystallize in the orthorhombic system. Gem-quality 
amphiboles are relatively uncommon. The best known are 
actinolite (nephrite) and tremolite. 


36 Notes and New Techniques 


After the initial discovery, the authors con- 
ducted an investigation of the gemstone. It was 
decided, however, that the results should not be 
published internationally before a commercial 
production had started. Inasmuch as the material 
was recently introduced on the jewelry market in 
Greenland under the trade name Nuummite, we 
are now able to provide the gemological commu- 
nity with the following information on the loca- 
tion and occurrence of the material, its appear- 
ance, chemistry, and gemological properties, and 
the lapidary and commercial aspects. 


LOCATION AND OCCURRENCE 

To date, the iridescent orthoamphiboles have been 
found in eight localities within 50 km (approx- 
imately 30 mi.) of Nuuk, the capital of Greenland. 
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Figure 1. The 2.8 cm x 3.7 cm cabochon of 
iridescent orthoamphibole that is shown here 
mounted in silver exhibits golden and greenish 
iridescencé colors. 

~ Les 


Nuummite Nuuk A/S, the company responsible 
for mining‘and distributing the gem material, does 
not wish to make the precise localities and mining 
operations public at this time. 

The iridescent orthoamphiboles are found in a 
sequence of Precambrian rocks called the Malene 
supracrustals {figure 2}, which are enclosed in 
extensive gneisses. Isotopic work shows that these 
rocks are more than three billion years old. The 
supracrustals comprise a varied sequence of rocks 
which have undergone strong deformation and 
metamorphism at temperatures of at least 550°C. 

In spite of the metamorphism and deforma- 
tion, it is possible locally to recognize original 
sedimentary and volcanic structures, such as sedi- 
mentary layering and pillow lava flows. These 
structures, as well as the chemistry of the rocks, 
indicate that the depositional environment of the 
Malene sediments was very similar to present 
conditions on the ocean floor. Most of the rocks in 
the Malene supracrustals have modern counter- 
parts. However, some thin layers occur that have a 


Figure 2. This map of the Nuuk area, West 
Greenland, shows the rock units (in gray) in 
which iridescent orthoamphiboles may be 
expected to occur. 
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rather peculiar chemistry: approximately 50% 
SiO, 10% Al,O3, and roughly equal amounts of 
FeO and MgO (about 18%]. Modern counterparts 
with this chemistry are rare. 

These peculiar layers are up to a few meters 
wide, and can be traced for several hundred meters 
along the strike. They consist almost exclusively 
of orthoamphiboles (anthophyllite-gedrite}, with 
small amounts of pyrrhotite, chalcopyrite, magne- 
tite, molybdenite, and gahnite. The amphiboles 
range in grain size from less than a millimeter to 
more than 10 cm. The rock is generally dull gray to 
black in appearance, and is locally slightly rusty 
because of weathering of the sulfides. 

This rock type hosts the iridescent ortho- 
amphiboles. In the field, however, it is very diffi- 
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Figure 3. The first locality 
where iridescent 
orthoamphiboles were 
found. The occurrences 
form lenses up to one meter 
wide in the slightly rusty 
band, 


cult to determine which samples contain the iri- 
descent material. A couple of horizons were 
trenched by blasting and subjected to detailed 
sampling, but the quality of the material could 
only be determined in the field by cutting each 
sample with a portable diamond saw. The gem- 
quality material tends to occur as thin bands and 
lenses up to one meter wide, pinching and swelling 
along the strike. There is also an apparent ten- 
dency for the best-quality material to be situated 
in areas of high strain such as fold closures. 

At present we do not know exactly how much 
gem-quality material is in the area. Two showings 
with iridescent orthoamphiboles have been found 
on the islands south of Nuuk. From one showing 
(figure 3) about 1200 kg of raw material has been 
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Figure 4. As is common with the material, this 
raw sample of the orthoamphibole displays only 
weak iridescence. 


mined. Part of this material has been used for 
marketing studies and the rest will be used in the 
future production of jewelry. Horizons consisting 
almost of pure anthophyllite-gedrite are extensive, 
and there is thus a good possibility that more 
deposits will be found. 


DESCRIPTION 


Raw samples of this orthoamphibole rarely display 
iridescence (figure 4]; this phenomenon is apparent 
only when the stone is cut. Cut and polished 
cabochons show a sparkling iridescence that 
ranges from green and metallic blue through 
yellow to golden, reddish, and (rarely) violet colors 
(figures 5-7}. Single cabochons may show the 
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Figure 5. This cabochon of 
iridescent orthoamphibole 
(4.1 cm X 2.6 cm) is the 
largest so far produced. It 
displays the whole range of 
iridescence colors, from 
violet at one end to green at 
the other. 


Figure 6. This cabochon of iridescent 
orthoamphibole (3.0 cm in diameter) has 
slightly reddish to greenish golden iridescent 
colors, 


whole range of colors from one end of the cabochon 
to the other (figure 5). Most commonly, however, 
cut and polished stones exhibit one or two irides- 
cence colors only (figures 1 and 6}. In cabochons 
with two colors, the colors are usually from the 
same end of the spectrum, for example, green— 
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metallic blue or yellow-golden. Only a few stones 
show contrasting iridescence colors, for example, 
blue-golden or green-reddish. 

The matrix of the iridescent grains ranges 
from light gray to almost black, in rare instances 
with a brownish tinge. The individual iridescent 
grains range in size from a few millimeters up to a 
couple of centimeters. Most grains show one iri- 
descence color only, but a few large grains have 
been seen with a core of purple iridescence rimmed 
by reddish iridescent orthoamphibole. 

There is some correlation between the size of 
the orthoamphibole grains and the iridescence 
color. Small grains display iridescence of different 
colors, whereas large grains (between half a centi- 
meter to a couple of centimeters} most commonly 
show golden to reddish iridescence (figure 7). Still 
larger grains (up to 15 cm) exhibit no iridescence. 

The number of iridescent grains varies from 
one or two per square centimeter to dozens per 
square centimeter. This feature implies a lower 
limit to the size of cabochons. Cabochons less than 
0.5 cm long usually have too few iridescent grains 
to produce attractive jewelry. The largest cab- 
ochon produced to date is 4.1 cm x 2.6 cm {again, 
see figure 5). 


CHEMISTRY 


Previous Studies. Iridescent orthoamphibole was 
first mentioned by Baggild (1905, 1924}, who de- 
scribed a specimen collected in the Nuuk area, 
West Greenland, by K. L. Giesecke in 1810, Baggild 
established that the iridescence occurred parallel 
to the pinacoid (010). Robinson et al. (1969) showed 
that some orthoamphiboles from Massachusetts 
and New Hampshire were composed of lamellae 
parallel to (010) that were just resolvable at high- 
power magnification. 

The orthoamphiboles are considered to be a 
solid-solution series between the end members 
anthophyllite (Mg,Fe}7SigQ..(OH], and gedrite 
Nag .5(Mg,Fe}; >Al, 5{Si,Al}gQ..({OH]. (Robinson et 
al., 1971). These authors also showed that blue, 
green, and yellow iridescence occurs where 
lamellae are so thin (less than 0.2 xm) that their 
presence can only be seen by X-ray data; samples 
with lamellae thick enough to be seen under the 
microscope generally have no iridescence. In addi- 
tion, they showed that gedrite lamellae are coarser 
(0.8 zm) than anthophyllite lamellae (0.2 um), and 
that the chemical composition of their iridescent 
samples is similar to that of the sample that was 
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Figure 7. The large orthoamphibole grains in 
this 2.3 cm x 4.0 cm cabochon exhibit a 
striking golden iridescence. 


described by Boggild (1905}: Nao.a3(Mg,Fe)¢.; 
Alo a(Aly.9 Siz.c}O22/OH)2 with a trace of Ca (0.13) 
and a ratio of Fe/Mg of 0.45. Christie and Olsen 
(1974) report blue iridescence in an orthoamphi- 
bole with the composition Nao 33(Mg,Felg 4 Alo.s 
(Al, 2Si¢.g)O2({OH)2 with a trace of Ca (0.10) and a 
ratio of Fe/Mg of 0.69. 

The cell dimensions of anthophyllite and ged- 
rite are very similar: a and c values are practically 
identical and the difference in the b value is in the 
order of 1%. Ross et al. (1969) report for an- 
thophyllite, a=18.54-18.58 A, b=17.98-18.11 A, 
c= 5.27-5.30 A; and for gedrite, a=18.54-18.60A, 


b= 17.76-17.88 A, c=5.27-5.30 A. 


Present Investigations. The X-ray powder diffrac- 
tion pattern of the material from Nuuk showed the 
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presence of an orthoamphibole with a few weak 
lines of an unidentified mineral phase. Most of the 
powder lines could be satisfactorily indexed with 
the orthorhombic unit cell a= 18.57 A, b=17.77 A, 
c= 5.28 A (all +0.02 A), found by the least-squares 
refinement of 30 unequivocally indexed powder 
lines. This unit cell indicates that the material is 
close to gedrite. 

Electron microprobe analyses* of the ortho- 
amphibole from Greenland gave a variation from 
Nao.17/Mg,Fe}6,3Alo (Alo. 9Siz.1}O22{OH]2 to Nao.29 
(Mg,Fe], 3Alp 7{Aly oSi7.9.)O22(OH)2 with a trace of 
Ca (0.07) and an Fe/Mg ratio varying from 0.59 to 
0.62. According to Leake (1978}, the ortho- 
amphibole with Nagj7 is an anthophyllite, 
whereas the one with Nap 99 is just on the gedrite 
side of the border between anthophyllite and 
gedrite. 

The variation found, however, cannot be ex- 
pected to represent the composition of an- 
thophyllite and gedrite lamellae, respectively, as 
these lamellae, in the iridescent areas, are less than 
0.2 wm, and the analyzing spot of the electron 
microprobe is slightly less than 2 um. 

Thus it an attempt to obtain analyses closer to 
the composition of the respective anthophyllite 
and gedrite lamellae, the electron microprobe 
analyses were extended to include noniridescent 
areas of the orthoamphibole, inasmuch as the 
lamellae are known to be broader in noniridescent 
areas than in iridescent areas, The electron micro- 
probe analyses of noniridescent areas did not 
result in anthophyllites with a lower Na content 
than was already obtained from iridescent areas, 
but to the gedrite side the composition was ex- 
tended to Nap 3a(Mg,Fe]6.oAh; of Ali .4Sie.6)O22{OH), 
with a trace of Ca (0.04) and an Fe/Mg ratio of 0.58. 
That the composition could be extended only to 
the gedrite side is in agreement with the earlier 
findings that gedrite lamellae are always coarser 
than anthophyllite lamellae (Robinson et al., 1971; 
Christie and Olsen, 1974; Spear, 1980). 

It is therefore concluded that the ortho- 
amphibole from Greenland consists of alternating 
anthophyllite-gedrite lamellae and has a composi- 
tion similar to other iridescent orthoamphiboles 
described by Baggild (1905), Robinson et al. (1971), 
and Christie and Olsen (1974). 


“Electron microprobe analyses were carried out with a JEOL 
Superprobe J[CXA 733 using the PACX-program (WDS) as 
well as the LINK EDS program 4/FLS+, with 15 kV 
accelerating voltage and 20 respectively 1.0 nA. 
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GEMOLOGICAL PROPERTIES 


Refractometer measurements show that the in- 
dices of refraction of the orthoamphibole from 
Greenland average a=1.64 and y=1.66, with a 
birefringence of 0.02. Material from the locality 
where the material was initially found (figure 3) 
has a= 1.641 and y= 1.663, with a birefringence of 
0.022, whereas material from the second locality 
has a= 1.635 and y=1.657, also with a birefrin- 
gence of 0.022. 

The density of the orthoamphibole from the 
first locality is generally 3.24 g/cm but can vary 
between 3.20 g/cm? and 3.37 g/cm3, while the 
density of the material from the second locality is 
a rather constant 3.18-3.19 g/cm3, 

When exposed to ultraviolet radiation, short- 
wave as well as long-wave, the orthoamphibole 
fluoresces dark violet. 

Cabochons of the orthoamphibole have been 
placed in a window and exposed to sunshine for 
more than a year without showing any change in 
appearance. ; 

It has not been possible to obtain results with 
the spectroscope when working on cabochons, but 
spectroscopic investigation in transmitted light on 
approximately l-mm thin slices has revealed a 
general absorption from the blue end to about 485 
nm, and two rather broad absorption lines at 505 
and 545 nm. 


CUTTING AND POLISHING 


Orthoamphiboles have a hardness of 6. The irides- 
cent orthoamphiboles from Nuuk are coarse to 
medium grained. The crystals have locally a slight 
tendency to parallel alignment, as aresult of which 
the rock has to be cut in certain specific direc- 
tions in order to obtain a stone with maximum 
iridescence. 

Polishing of the orthoamphiboles entails no 
special difficulties, inasmuch as the rock is gener- 
ally massive with no pervasive cracks occurring in 
fresh material. However, material near the surface 
tends to have small cracks. In spite of the rather 
low hardness of the stone, we found that it cannot 
be polished satisfactorily with either tin oxide or 
cerium oxide, and final polishing is best done with 
diamonds 3 wm in size. 


COMMERCIAL ASPECTS 

The commercial possibilities for the stone have 
been discussed since 1982, when the gem potential 
of the iridescent orthoamphiboles was determined. 
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First, the town council of Nuuk gave the stone the 
trade name Nuummite, which means “derived 
from Nuuk” in Greenlandic. Next, the company 
Nuummite Nuuk A/S, wholly owned by Nuuk 
commune, was established. The government 
granted the company an exploration concession for 
Nuummite in the Nuuk area, as well as permission 
to manufacture and sell Nuummite jewelry. The 
company, based in Nuuk, now employs one full- 
time goldsmith and three to four lapidaries to cut 
and polish the gem material. A continuous produc- 
tion has not yet been established. The stone was 
launched on the Greenlandic market before 
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A PACKAGE DEAL from GEMS & GEMOLOGY 


A complete set of the four information- 
packed issues published in 1986 is now avail- 
able. For $22.50 (in the U.S.) or $27.50 (else- 
where), you can have over 250 pages (with 
more than 2.00 color illustrations) of the most 
important articles, lab information, and news 
in gemology today. 


Or save more than $5.00 and purchase both 
the 1985 and 1986 volumes (eight issues) of 
GEMS & GEMOLOGY for only $39.50 (U.S.) 
or $49.50 (elsewhere). 


To order one or both sets, just send your check 
or money order to: 
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Back Issues Department 
GEMS & GEMOLOGY 
1660 Stewart Street 
Santa Monica, CA 90404 


Or call (213) 829-2991, ext. 391, and place 
your order on your VISA or MasterCard. 


Please allow 4-6 weeks after payment for 
shipments in the U.S. and 6-8 weeks for 
shipments elsewhere. All payments must be 
in U.S. funds. A limited number of back 
issues for earlier volumes are also available. 
Please write or call the Back Issues Depart- 
ment for information on the availability of 
specific issues. 
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A NOTE FROM THE EDITOR 


The strength of the Gem Trade Lab 
Notes column lies in the willingness 
of so many members of the gem- 
ological community to bring un- 
usual items to the attention of the 
GIA Gem Trade Laboratory and al- 
low us to publish our findings. The 
following individuals and firms were 
particularly helpful during the past 
year: Marvin Bankoff Alan Bron- 
stein, Tom Chatham, W. L. Cotton, 
Colin Curtis, Jim D’Andrea, Pravin 
Davé, Robert Dunnigan, Sy 
Ellerhorn, Pete Flusser, Gem Mart, 
Kaiser Habip, Roger Krakowski, Bill 
Larson, John R. Latendresse, Re- 
ginald Miller, Fred Montezinos, 
Mary Murphy, Kurt Nassau, Carol 
O’Baugh, Judith A. Osmer, Rima 
Investors Corp., Gerald Rogers, How- 
ard Rubin, Maurice Shire, and E. FE 
Watermelon Co. 


Glass Imitation BERYL 


In this era of space-age technology, 
which has produced sophisticated 
synthetics that often require equally 
sophisticated skills to detect, some 
jewelers and gemologists often fail to 
consider one of the oldest gem sub- 
stitutes known to man: glass. Al- 
though some glass imitations look 
unnatural and so can be identified 
with little more than a “sight i.d.,” 
others are deceptively realistic 
and require standard gemological 
testing. 

The Los Angeles laboratory re- 
cently encountered one of these real- 
istic glass imitations. The 43.24-ct 
light green emerald cut shown in 
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Figure 1, This 43.24-ct (23 mm 
long) green beryl imitation 
proved to be glass. 


figure 1 was submitted for identifica- 
tion. A single reading of 1.529 was 
obtained on the refractometer. Ex- 
amination with a polariscope pro- 
duced a singly refractive reaction, 
but with strong anomalous double 
refraction that was generally ori- 
ented in a straight, parallel pattern 


Figure 2. The glass shown in 
figure 1 reveals a straight, 
parallel strain pattern when 
observed between crossed 
polaroids. 
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(figure 2). This strain pattern corre- 
sponded directly to the straight, par- 
allel features that were easily visible 
when the piece was examined witha 
microscope in dark-field illumina- 
tion. No other inclusions were ob- 
served. The piece fluoresced very 
weak dull yellow to long-wave ultra- 
violet radiation and very weak 
chalky greenish yellow to short- 
wave U.V. radiation. No bands or 
lines were visible when it was exam- 
ined with a hand spectroscope. On 
the basis of these findings, we identi- 
fied the material as glass. 

To the unaided eye, this piece of 
glass very closely resembles a light 
green beryl, or an aquamarine that 
has not yet been heat treated. Since 
the piece is quite large, it could easily 
be hefted to estimate the specific 
gravity, which seemed to be close to 
the beryl it resembles. Testing with 
heavy liquids revealed that the spe- 
cific gravity, approximately 2.50, is 
indeed relatively close to that of 
beryl. Even an experienced gem 
dealer could mistakenly purchase 
such a piece as beryl if he did not 
test it. 

We are often told of such things 
happening, for example, light blue 
glass being represented as aqua- 
marine, or purple glass being offered 
as amethyst. In fact, some time ago a 
Brazilian dealer of fine amethyst pur- 
chased a parcel of 5,000 ct, only to 
discover that a large percentage of 
the pieces were glass. RK 


Editors Note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 


© 1987 Gemological Institute of America 


Spring 1987 43 


Figure 3, Bright green crystals of unknown 
identity are easily seen in this diamond. 
Magnified 10x. 


DIAMOND with Interesting 
Inclusions 


Two diamonds with interesting in- 
clusions were recently seen in the 
New York laboratory. The first stone, 
shown in figure 3, contains several 
bright green, transparent, nearly 
euhedral included crystals. Because 
the crystals are completely enclosed 
in the diamond, we could not per- 
form the tests needed for definitive 
identification. However, these in- 
clusions are almost certainly chro- 
mium-bearing minerals in the 
pyroxene group, probably diopside or 
enstatite. 

The second noteworthy inclu- 
sion is a knot in the 1.96-ct yellow 
pear-shaped diamond shown in fig- 
ure 4. This knot is in the unusual 
form of an irregular rectangular 
prism that extends from the pavilion 
near the keel (approximately one- 
third of the distance to the girdle}, 
across the keel plane, to the edge of 
the table. It is most unusual fora thin 
columnar knot such as this to extend 
through the stone in this manner. 

Clayton Welch 


Synthetic DIAMOND 


On February 18 of this year, two 
small diamonds were submitted to 
the New York lab for origin-of-color 
reports. The 0.46-ct stone was identi- 
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Figure 4. Note the very unusual rectangular 
knot in the pavilion of this 1.96-ct yellow 


diamond. Magnified 10x. 


fied as a fancy brown natural-color 
diamond. However, the yellow 0.23- 
ct square emerald-cut stone fluo- 
resced medium chalky yellow-green 
to short-wave ultraviolet radiation, 
but was inert to long-wave U.V. No 
absorption lines or pattern were ob- 
served with the spectroscope. An 
hourglass graining pattern was easily 
seen through the pavilion. These 
characteristics are typical of those 
observed in the new Japanese syn- 
thetic diamonds described in the 
Winter 1986 issue of Gems # Gem- 
ology. The stone reacted positively to 
the thermal inertia tester, as would 
be expected of a diamond. Congrat- 
ulations to Kathleen Knox, who iden- 
tified the stone, since this is the first 
time we have encountered a true 
gem-quality synthetic diamond in 
the trade and not just in the research 
laboratory. CF 


DIASPORE, A Rare Gem Material 


In the Fall 1983 issue of Gems w 
Gemology (pp. 172-173} we reported 
on a rare faceted gem material, di- 
aspore. This 1.24-ct square step-cut 
stone showed a moderate color 
change from light greenish yellow in 
daylight to light pinkish yellow in 
incandescent light. In 1985, the Los 


Angeles lab had the opportunity to 
examine two other faceted diaspores 
(157.66 ct and 26.97 ct) as well as two 
large crystals, These four specimens 
reportedly came from a locality in 
Turkey (see Gems & Gemology, 
Spring 1985, p. 59). 

Recently, the Los Angeles labo- 
ratory identified a 3.68-ct octagonal 
mixed-cut diaspore that exhibited a 
distinct color change from yellowish 
green in daylight to yellow-brown in 
incandescent light. Although only 
rarely encountered by the gemolo- 
gist, diaspore is relatively easy to 
identify. The 3.68-ct stone shown in 
figure 5 revealed typical properties: 
refractive indices of a = 1.702, B = 
1.722, and y = 1.750, with a corre- 


Figure 5, This rare 3.68-ct 
faceted diaspore exhibits a 
distinct color change from 
yellowish green in daylight to 
yellow-brown in incandescent 
light. 
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sponding birefringence of 0.048; bi- 
axial positive; specific gravity (with 
heavy liquids) of approximately 3.40; 
and weak pleochroic colors of yellow- 
ish green, orange-brown, and near- 
colorless. Examination with a spec- 
troscope unit revealed a very weak 
absorption band from about 4500 to 
4600 A; an extremely weak, vague 
line centered at 4710 A; some absorp- 
tion in the far red portion of the 
spectrum; and moderate absorption 
in the violet area, which gradually 
tapered off at around 4250 A. Exam- 
ination with the microscope revealed 
several thin white needles and a few 
small crystals. RK 


GOETHITE? 


On several occasions, South Ameri- 
can diamond dealers have submitted 
opaque black, apparently water- 
worn, pebbles to the New York labo- 
ratory for identification (see, for ex- 
ample, figuré 6). They claim that the 
pebbles are found in the same riv- 
erbeds as the diamonds. 
Examination with overhead illu- 
mination revealed that the true color 
of the 6.72-ct pebble (reportedly from 
Venezuela] shown in figure 6 is a very 
dark variegated brown with a few 
black veins. Standard gemological 
tests gave the following information: 


Figure 6. This tumbled stone, 
found in the diamond-bearing 
riverbeds of South America, 
appears to be a rock that is 
altering to goethite. 
Magnified 10x. 
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Figure 7. This faceted table-cut 
lodestone measures approxi- 
mately 9.97 X 7.95 x 2.00 mm. 


a refractive index over the limits of 
the refractometer, a specific gravity 
of approximately 3.50, and a hard- 
ness of about 6'/2-7 on the Mohs 
scale. The stone gave a brown streak 
and did not react to either hydro- 
chloric or sulfuric acid. At this point, 
we decided to use X-ray diffraction. 
The diffraction pattern matched that 
of the mineral goethite, which is an 
iron hydroxide. However, the proper- 
ties of goethite (S.G. of 4.28, hard- 
ness of 5—5!/2] do not match those of 
the material in question. We can only 
speculate that this is perhaps some 
mineral or rock that is in the process 
of altering to goethite. 

Dave Hargett 


MAGNETITE, Lodestone 


The New York lab was asked to 
determine whether the 2.55-ct fac- 
eted stone shown in figure 7 is hema- 
tite. We routinely test suspected he- 
matite for magnetism with a small 
horseshoe magnet. In this case, we 
found that placing the stone on a 
piece of paper and moving the mag- 
net around under the paper caused 
the stone to move and to flip over, 
proving its strong magnetic polarity. 
This fact, together with the results of 
other standard tests, indicates that 
this material is probably the po- 
larized form of magnetite known as 
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lodestone. Although hematite can 
sometimes be weakly magnetic, it 
certainly is not as strongly polarized 
as lodestone. Magnetite is a ferrous 
and ferric iron oxide in the spinel 
group that can change to hematite 
when heated in an oxidizing atmo- 
sphere, It can also alter in a normal 
atmosphere over a period of time, but 
what effect, if any, this would have 
on surface appearance, especially 
luster, is not known. 

Clayton Welch 


NEPHRITE Imitation 


The New York lab recently received 
for testing a strand of dark green 10- 
mm beads that were being repre- 
sented as imitation nephrite (figure 
8}, Although dark green nephrite is 
relatively inexpensive and readily 
available, there is apparently enough 
of a demand for this even less expen- 
sive imitation to create a market. 
A refractive index of 1.55, Mohs 
hardness of 7, specific gravity of 
approximately 2.65, anda crystalline 
aggregate structure (as seen with 
magnification) proved the beads to be 
quartzite. A broad absorption band at 
6500 A was visible in the hand spec- 
troscope, and a positive color filter 
reaction proved the presence of dye. 
Green color concentrations in the 
interstices were also seen when the 
stone was examined with magnifica- 
tion (figure 9). Dave Hargett 


PEARLS 


An Unusual Clam “Pearl” 


A jeweler from northern California 
sent a round, very dark, approx- 
imately 11-mm purple bead to the 
Los Angeles laboratory for identifica- 
tion. Since this bead had been found 
in a clam, which is a bivalve mol- 
lusk, he questioned whether it could 
not be called a black pearl. As shown 
in figure 10, the dark purple bead 
obviously lacks the characteristic 
orient required for it to qualify as a 
pearl. A sheen-like effect was visible 
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Figure 8. The 10-mm imitation nephrite beads in this strand proved 


to be dyed quartzite. 


to the unaided eye, but it was con- 
fined to certain areas. Between those 
distinet areas, a flow, or flame-like, 
pattern was visible with magnifica- 
tion (figure 11}. The whole bead re- 
sembled a type of Hexagonaria coral. 
The high birefringence and the rela- 
tive softness of the material indi- 
cated that the bead was a carbonate. 
When exposed to long-wave ultravio- 
let radiation, the bead showed a very 
faint orangy red fluorescence similar 
to that of some natural-color black 
pearls. The X-radiograph revealed a 
quite homogeneous structure with 
one faint circular growth line just 
beneath the surface. This proved the 
bead to be a calcareous concretion, 
but with a unique appearance not 
previously encountered in our labo- 
ratories. KH 


Pearls and Their Apparent Colors 

An article in the September 1986 
issue of Scientific American stated 
that human color vision is not sim- 
ply a reaction to specific wavelengths 
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of light, but rather that it responds to 
changes in color across boundaries. 
Put simply, this means that an ob- 
ject’s apparent color can change de- 
pending on its surroundings, or color 
environment. This phenomenon is 
the basis for many popular optical 
illusions, but more importantly to 


Figure 10. This 11-mm 
calcareous concretion was 
thought to be a black pearl. 


Figure 9, The concentration of 
dye can be seen in the 
interstices of the quartzite 
grains in the beads shown in 


figure 8. 


the jeweler, it explains in part why 
pearls look different on different skin 
tones, why stones look better on 
certain color papers, and why jewelry 
looks best on certain color pads. 

A short time ago, while prepar- 
ing a pearl choker for X-radiography 
in New York, we inadvertently dem- 
onstrated this phenomenon in a very 
dramatic manner. Part of the choker 
lay on some papers and part lay on 
the brown desk top. Our attention 
was attracted because the pearls on 
the papers appeared to be cream 
colored, while those on the brown 
desk looked white (figure 12]. Be- 
cause pearls are so strongly affected 
by background color, they are usu- 
ally displayed on a light beige surface 
to show their best color, and are grad- 
ed on a light gray surface to show 
their true color. Clayton Welch 


Figure 11. The unusual surface 
of the concretion shown in 
figure 10 is evident in this 6x 
magnified view. 
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Figure 12. Note how different in color these pearls appear on the 


different-colored backgrounds. 


QUARTZ 


Fossiliferous Chalcedony 

The fossiliferous chalcedony cab- 
ochon shown in figure 13 was do- 
nated to the New York laboratory, 
Figure 14 shows the numerous 
smaller fossils concentrated in each 
of the larger fossils in this stone. At 
first glance, this material appears to 
be one of the various decorative mar- 
bles that are used as building facings 
ot table tops. Marble is a meta- 
morphosed limestone and, as a car- 
bonate, should effervesce when a 
small drop of acid is applied to it. 
However, this stone did not react to 
acid. Routine gemological tests 


Figure 13. This small 
chalcedony cabochon showing 
fossil shells is a Turritella 
agate. 
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proved this material to be a type of 
chalcedony that is commonly known 
as Turritella agate. Undoubtedly the 
limestone was replaced with quartz 
over time by the action of siliceous 
ground water. When magnified, this 
particular piece showed the presence 
of gold in the form of numerous 
sectile yellow metallic inclusions. 
Such gold is often found in secondary 
quartz deposits, but it is not nor- 
mally associated with limestone. 

Clayton Welch 


Phenomenal Quartz 

Figure 15 shows a trio of quartz 
cabochons, ranging from 17.84 to 
45.45 ct, that all display phenomena. 


Figure 14, At 10x 
magnification, the cabochon in 
figure 13 shows numerous 


small shells inside the larger 
shells. 
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The star quartz on the right was 
featured in both the Summer 1977 
and Summer 1984 Lab Notes sec- 
tions, and is actually a multi-star 
stone. The other two stones were 
submitted together to the New York 
laboratory for identification. 

Stones like the transparent dark 
brown cat’s-eye shown on the left in 
figure 15 are rarely seen in the lab. As 
with all brown quartz, the possi- 
bility exists that the color has been 
enhanced by irradiation, which can- 
not be detected by standard gem- 
ological tests. The star in the middle 
stone is particularly interesting be- 
cause two of its arms are signifi- 
cantly stronger than the other four. 
In many lighting conditions, this 
stone actually appears to he a cat’s- 
eye (figure 16}. Such a stone should 
probably be identified simply as phe- 
nomenal quartz, since it can appear 
either as a cat’s-eye or a star, depend- 
ing on the viewing conditions. 

Clayton Welch 


RUBY 


Natural Ruby Doublet 


When a jeweler damaged a cus- 
tomer’s ruby recently, he agreed to 
replace the stone. However, when the 
replacement stone was submitted for 
appraisal, the appraiser suspected 
that the stone might be a doublet. 

Examination in the New York 
lab proved that although the stone is 
a doublet, it is no ordinary doublet: it 
consists of a natural ruby crown and 
a natural ruby pavilion. In Gems, 
Their Sources, Descriptions and 
Identification, Webster referred to 
these stones as “true doublets.” Ship- 
ley called them “genuine doublets.” 
Although they are very rarely seen in 
the labs, one Far Eastern gem dealer 
informed us that these stones have 
been seen in Thailand. Fine rubies 
over one carat are rare. If the poten- 
tial fraud went undetected, a true 
doublet weighing one carat could be 
sold for much more than the value of 
two half-carat stones. A bezel setting 
could make the separation plane very 
difficult to detect. 
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Figure 15. These cat’s-eye and star quartz cabochons range from 


17.84 to 45.45 ct. 


When we received this 1.18-ct 
stone for testing, it was unmounted. 
Overhead vertical illumination eas- 
ily revealed the separation plane just 
below the girdle (figure 17). Immer- 
sion in methylene iodide showed that 
the twinning plane present in each 
piece did not meet. Natural inclu- 
sions and standard gemological tests 
proved that both crown and pavilion 
are natural ruby. Dave Hargett 


With Unusual Cavities 


In recent months, the New York labo- 
ratory has noted an increasing num- 
ber of heat-treated rubies with oval 
to circular surface cavities (figure 
18}, especially on the pavilion. They 


Figure 17. A separation plane 
can be seen just below the 
girdle of this doublet, which 
consists of a natural ruby 
crown and a natural ruby 
pavilion. Magnified 20x. 
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appear to be areas of spalling, proba- 
bly caused by the heating. The inte- 
rior surface of the cavities is not fire 
skinned (partly melted}, which sug- 
gests that the spalling took place at 
the end of the heating process. Also, 
the cavities are smooth at the bot- 
tom, with no evidence of a crystal or 
negative crystal as a contributing 
factor. Seven of 14 natural rubies ina 
lot submitted recently had these 
spall cavities. Although these were 
the first we noticed, last year we saw 


Figure 16. The star quartz 
shown in the middle of figure 
15 appears to be a cat’s-eye 
when viewed under different 
lighting conditions. 


several glass-filled cavities that 
could have been filled spall cavities. 
RC 


Heated SAPPHIRE 


In the ongoing controversy regarding 
disclosure, perhaps one of the great- 
est concerns is heat-treated corun- 


Figure 18. These oval cavities were caused by spalling in a heat- 


treated ruby. Magnified 10x. 


GEMS & GEMOLOGY 


Spring 1987 


dum. Many dealers are becoming 
adept at recognizing characteristics 
associated with heat treatment. One 
of them sent the stone shown in 
figure 19 to the New York lab for 
examination. Although a reworked 
girdle is a common feature of heat- 
treated corundum, the zone of brown 
color evident in this stone is rarely 
seen. The lack of a spectrum indi- 
cates that this stone is not Austra- 
lian. It was probably originally a 
“geuda,” the whitish, translucent Sri 
Lankan corundum that is most fre- 
quently used in heating; we have 
seen such a brown color zone a few 
times before in geuda material that 
has been heated. 


Figure 19. Brown color zoning 
is a rare occurrence in heat- 
treated sapphire. Magnified 
10x. 


One heat treatment that usually 
cannot be detected is the lightening 
of dark blue Australian sapphire. 
The stones are not heated to the 
extent that they need repolishing, so 
surface evidence of treatment is 


lacking. Unlike the heated “geuda” 
sapphires, which show no iron lines 
in the spectroscope, the heated Aus- 
tralian stones display distinct to 
strong iron lines both before and 
after treatment. The trade should be 
aware that a great deal of heated 
Australian material is sold mixed in 
with Thai stones. RC 


FIGURE CREDITS 


Figures 1, 2, 5, and 10 were furnished by 
Shane McClure. Clayton Welch took the 
pictures used for figures 3, 4, 7, 12-16, and 
18. Dave Hargett supplied figures 6, 8, 9, 
17, and 19. John Koivula provided the 
photomicrograph in figure 11. 
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CHA L-L-EN-GeE 


Yu the readers of Gems & Gemology, are undoubtedly among the most knowledgeable 
jeweler-gemologists and gem enthusiasts in the world. But just how much do you really know? 
To give you an opportunity to test yourself on what you've actually learned from G&G in the 

past year, the GIA Education Department has compiled the first annual Gems # Gemology 


Challenge. 


The following multiple-choice questions are based on articles published in the four 1986 issues of 
Gems & Gemology. Feel free to refer to those issues to find the single best answer, and then mark 
the appropriate letters on the card provided in this issue (photocopies or other facsimiles of this 
card will not be accepted). Return the card with your answers (be sure to include your name and 
address) by Monday, June 15: Don’t forget to put sufficient postage on the card (14¢ in the U.S.}. 
All entries will be acknowledged. Those with a passing grade (75% or higher) will receive an 
attractive letter, suitable for framing, that acknowledges your successful completion of the exam 
and your interest in continuing your gemological education. Those readers who receive a perfect 
score (100%) will also be publicly applauded in the upcoming Summer issue of Gems 


&) Gemology. 


So... get out those last four issues, sharpen your pencils, and take the challenge! 


Note: Questions are taken only 
from the four 1986 issues. Choose 
the single best answer for each 
question. 


1. In China, the gem mineral 
from the Altay pegmatites that 
has the best commercial 
potential is 


A. beryl. 

B. corundum. 
C. spodumene. 
D. tourmaline. 


2. The many colors used in Art 
Nouveau jewelry were often 
executed by the extensive 
use of 


A. enamel. 

B. jadeite. 

C. tourmaline. 

D. mother of pearl. 
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. Future emerald prospectors in 


the Muzo district of Colombia 
will probably look for 


A. shale beds. 

B. water seepage. 
C. fault patterns. 
D. thermal plates. 


. Historically, the principal 


gemstone used by Chinese gem 
carvers is 


A. quartz. 

B. jadeite. 

C. corundum. 

D._ nephrite. 

. Sillimanite is also known as 

A. ilmenite. 

B. silicate. 

C. fibrolite. 

D. mennoite. 
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6. Natural, untwinned ame- 


thyst is 

A. rare. 

B. common. 

C. very rare. 

D. nonexistent. 


. The two major areas currently 


producing gem-quality sapphire 
in China are 

A. Hunan and Hubei. 

B. Mingxi and Canton. 

C. Mengyin and Shandong. 

D. Hainan Island and Fujian. 


. Glass made entirely from the 


volcanic ash of Mount Saint 
Helens will probably be 


A. blue. 
B. green. 
Cc. black. 


D. colorless. 
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9, Which one of the following 
jewelers contributed the most 
to Art Nouveau jewelry in 
terms of innovative design and 
use of materials? 


A. Henri Vever 

B. René Lalique 
C. Emile Dubeque 
D. Luis Masriera 


10, In early literature, the 
“Portuguese” diamond was 
referred to as the 


A. “Star of Brazil.” 

B. “Portuguese Star.” 

C. “Star of Portugal.” 
D. “Regent of Portugal.” 


11. To date, the largest rough 
diamond recovered at the 
Changma Diamond District 
of China weighed 


A. 59.05 ct. 
B. 89.07 ct. 
C. 11201 ct. 
D. 249.25 ct. 


12. Which one of the following 
choices best describes the 
annual production of gem- 
quality diamonds in China? 


A. 30,000 to 40,000 ct 
B. 45,000 to 75,000 ct 
C. 300,000 to 500,000 ct 
D. 450,000 to 750,000 ct 


13. In China today, significant 
quantities of turquoise are 
coming from 


A. Henan Province. 
B. Huber Province. 
C. Shanxi Province. 
D. Yunnan Province. 


14. All of the inclusions observed 
to date in Chinese peridot have 
also been seen in peridot from 


A. Burma. 

B. Arizona, 
C. Zabargad. 
D. Sri Lanka. 


15. 


16. 


17. 


18. 


19, 


20. 


Inclusions in emeralds from 
the Coscuez mine, Colombia 


A. clearly identify the mine. 

B. commonly include apatite 
and barite. 

C. are similar to those in 
other Colombian emeralds. 

D. include more three-phase 
inclusions than other 
Colombian emeralds. 


Which one of the following 
instruments is the most useful 
in separating natural from 
synthetic amethyst? 


A. dichroscope 
B. polariscope 
C. spectroscope 
D. refractometer 


The only known in-situ 
occurrence of pink topaz is the 
locality 


A. in Rajasthan, India. 

B. near Katlang, Pakistan. 

C. near Ouro Préto, Brazil. 

D. in the Ural Mountains, 
USSR. 

The Sumitomo synthetic 


yellow diamonds examined by 
GIA Research were all 


A. Type Ia. 
B. Type Ib. 
C. Type Ila. 
D. Type IIb. 


The first useful textbook of 
gem identification was 
written by 


A. J. R. Blum. 

B. R. J. Hatty. 

C. John Ellicott. 
D. Richard Davis. 


Most of the scheelite from 
Colombage-Ara, Sri Lanka is 
A. gray. 

B. pink. 

C. yellow. 

D. colorless. 


21. 


22. 


23. 


24. 


25. 


Currently, the largest yellow 
synthetic diamond crystals 
produced by Sumitomo weigh 
approximately 


A. 1.00 ct. 
B. 2.00 ct. 
C. 3.00 ct. 
D. 4.00 ct. 


The inlay technique that 
involves fitting together small 
pieces of gem material to 
produce an intricate design is 
known as 


A. intaglio. 

B. intarsia. 

C. cloisonné. 

D.  plique-a-jour. 


Which one of the following 
characteristics is an identifying 
feature of Sumitomo synthetic 


yellow diamonds? 


A. Inert to long-wave 
ultraviolet radiation only 

B. Inert to short-wave 
ultraviolet radiation only 

C. Blue fluorescence to short- 
wave ultraviolet radiation 

D. Yellow fluorescence to 
long-wave ultraviolet 
radiation 


In Sri Lanka, the Elahera gem 
field is 


A. of little importance. 

B. falling off in production. 

C. the most productive gem 
mining area. 

D. the second most important 
gem mining area. 


The only conclusive proof that 
corundum gemstones have 
NOT been heat treated is the 
presence of 


A. color zoning. 

B. angular inclusions. 
C, COs, fluid inclusions. 
D. H,0 fluid inclusions. 
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GEM NEWS 


John I. Koivula, Editor 


DIAMONDS as 


Cubic zirconia coated by synthetic diamond? Over the 
past few years, Gem News has reported periodically on 
the new technology of coating with synthetic diamond. 
Thus far, this technology has been researched and 
developed for application in various industries, but not 
as a method of gemstone synthesis or enhancement. 
Now that may have changed. Bernice Backler, of 
Barnscott Gemological & Metallogical Laboratory in 
Pinetown, South Africa, reports that a client brought in 


a “diamond” ring for laboratory certification. It had been 
purchased in Bangkok, Thailand, for $1,000, with a 
“guarantee that the stones were white De Beers dia- 
monds cut in Belgium,” according to Ms. Backler. 

The ring was stamped 18K and was bezel set with 
seven reportedly 0.20-ct stones and pavé set with 12 
reportedly 0.05-ct stones, for a presumed total weight of 
2.00 ct of “diamond.” The two things that first made the 
laboratory personnel suspicious were the unusually low 
price paid for the ring and the fact that they “could see 
through the stones.” The setting was also found to be 
gold-plated base metal. 

Although a thermal probe indicated that the stones 
were diamonds, further testing showed that they were in 
fact “cubic zirconias coated with a fairly heavy coating.” 
When examined with the microscope, the coating was 
determined to match that “described by O’Donoghue” 
for synthetic diamond (Identifying Man-made Gems, 
p. 89}. It was “very granular, in some cases almost 
mountainous,” with “many high heaps and ridges near 
the girdle and running right up to the crown and star 
facets.... The whole appearance was one of an ama- 
teurishly performed job.” We are most grateful to 
Bernice Backler for reporting this item to Gem News. 

Editor’s Note: To date, neither the GIA Research 
Department nor the GIA Gem Trade Laboratory has 
encountered a cubic zirconia layered with any coating 
that would fool a thermal diamond probe. However, we 
are aware that a number of companies have applied 
polycrystalline diamond coatings to a variety of mate- 
rials, although cubic zirconia was never specifically 
cited. 


TUCSON /87 (es 


From February 7 through 15, the desert city of Tucson, 
Arizona, was once again transformed into a gem and 
mineral fancier’s paradise. Each year this event seems to 
get larger and that trend was not broken this year, with 
dealers working out of more than a dozen hotels as well 
as the convention center. 

Without question, Tucson has become the largest 


Figure 1. For the first time in many years, fine 
iris agate such as this 70.2 x 35.0 x 2.0-mm 
piece was available at the 1987 Tucson Gem 
and Mineral Show. Photo © Tino Hammid. 
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gem and mineral show in the world. And again this year, 
dealers from virtually every gem-producing country 
were present in abundance. Asa result, many interesting 
and unusual items were there waiting to be discovered. 
The following report of new and different items seen at 
Tucson this year was compiled by the Gem News editor 
with the help of Emmanuel Fritsch, Pat Gray, James 
Shigley, and Carol Stockton. 


Amber. Dominican amber was available in large 
amounts, although pieces with interesting inclusions 
were, as usual, difficult to find. Good pieces of the so- 
called blue (strongly fluorescent) amber were fairly 
common this year. A few of the amber dealers also 
reported a small but steady market for transparent 
Polish amber and for the cloudy, translucent to opaque, 
Russian material. 


Aquamarine. Zambia is said to be the source for a new 
find of aquamarine. The gems are a darker shade of what 
has become known in the trade as “aquamarine” blue, 
and are very similar in color to some of the fine 
aquamarines that have come out of Nigeria over the past 
few years. The color in these Zambian stones, as with 
their Nigerian counterparts, is said to be natural and not 
the result of heat treatment. 

Chalcedony. For the first time in many years, a few very 
fine iris agates were being offered for sale. Acting as a 
diffraction grating, the ultra-fine fortification banding in 
these agates splits any source of transmitted white light 
into a rainbow of bright spectral colors (figure 1). It is 
hoped that more of this phenomenal material will be 
available in the future. 


Chrysoberyl. A number of very fine alexandrite chryso- 
beryls from Sri Lanka, Brazil, and even the Soviet Union 
were available in sizes up to 8 ct. All of the Soviet gems 
were said to be from old stock, and their appearance on 
the market does not reflect any renewed mining activity. 


Diamond. The Tucson Gem and Mineral Show is gener- 
ally not thought of as a diamond show but each year 
more and more diamond dealers are involved. Melee- 
sized diamonds seem to be very popular, usually pur- 
chased as accent stones for the major colored gems that 
are so abundant at the Tucson show. This year, however, 
several major white diamonds were on display, as well as 
a number of fancy pink, blue, green, and yellow stones. 
Some of these faceted diamonds were as large as 20 ct. 


Euclase. Colorless Brazilian euclases can be irradiated 
with gamma rays to produce a pale green color. After 
hearing a rumor to the effect that colorless euclase was 
being enhanced in this manner, Pierre Bariand, curator 
of the Sorbonne Collection, personally conducted a 
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Figure 2. These 11-mm color-zoned fluorite 
beads were sold as “multi-color amethyst.” 
Photo © Tino Hammid. 


euclase-irradiation experiment and verified that this 
color change will take place. 


Fluorite. Strands of typical purple-to-colorless color- 
zoned fluorite beads were being sold as “multi-color 
amethyst.” As shown in figure 2, these beads are 
obviously fluorite and should not fool the competent 
gemologist. 


Garnet. Intense green grossular garnets from East Africa 
in sizes over one carat have all but disappeared from the 
gem marketplace. Apparently, the deposits that produce 
this beautiful gem are no longer producing it in large 
quantities. Some feel that the mines may be played out, 
while others speculate that they simply are not being 
worked as heavily as they were in the past. 


Kornerupine. Some cat’s-eye kornerupines from an un- 
known locality were being sold by one gem dealer as 
cat’s-eye quartz. 
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Figure 3. Harold Van Pelt created this unusual 
fluted three-piece rock crystal quartz container 
(36.8 cm high) in honor of this year’s show 
mineral. Photo © Harold & Erica Van Pelt. 


Moonstone. For the second year in a row, so-called 
“rainbow” moonstone from India was being marketed at 
the show. Last year it was virtually unknown, but this 
year it was one of the popular new gems. Only small 
stones of 2 ct or less were available last year, but this year 
gems as large as 15 ct were being sold. The most 
expensive of these was cut in a well-polished high- 
domed cabochon that brought out a reddish adulares- 
cence. Other moonstones displayed green, blue, orange, 
and yellow adularescence. 
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Opal. The breakup of a large old collection of small but 
very fine Australian black opals resulted in a number of 
these gems being offered for sale at Tucson this year. The 
opals had a medium-gray to jet-black body color, which 
was ideal to show off their intense play of spectral colors. 


Peridot. Peridot was available from a number of both 
classic and new localities. Fine large Burmese gems up to 
75 ct were reportedly at the show. One Burmese gem of 
note was a5+-ct star. Both cut and rough peridot from 
Nordfjordeid, Norway, was available in faceted sizes up 
to 6 ct. Two relatively new localities for gem peridot — 
Tanzania and Zambia—were also represented by small 
faceted gems. The gem peridot potential of these two 
sources is unknown. A few specimens of well-formed 
peridot crystals in matrix were available at the main 
convention center show. Nodules of peridot in basalt 
from San Carlos, Arizona, were also available. 


Quartz. The official theme mineral of this year’s Tucson 
show was quartz, and to celebrate this fact the world’s 
largest known doubly terminated quartz crystal, found 
in Africa, was on display. This remarkable specimen was 
more than 2 m (6 ft.) long and weighed 3,454 kg (7600 
Ibs.). 

Also on display in honor of the show mineral was 
the most recent piece created by Harold Van Pelt (see the 
article by John Sinkankas in the Winter 1982 issue of 
Gems & Gemology on his unusual carving techniques}: 
a three-piece fluted rock crystal container (figure 3). 
This unusual container is 36.8 cm (14.5 in.| high; the 
body has 72 flutes and is only 3-4 mm thick at any point. 
The body was carved, using special long-shafted tools 
because of the depth, from a single piece of quartz. 

Bi-colored gems of amethyst and citrine quartz, 
known in the trade as Ametrine, have been marketed for 
several years. Yet the precise locality of these mixed 
crystals has been in question until now. Kirby Siber, of 
Siber and Siber, Switzerland, has purchased gem rough 
at the mines and provided Gem News with the following 
updated locality information. The confusion about the 
exact location of this gem deposit resulted from the fact 
that it is situated in Bolivia near the Brazilian border 
about 650 km southeast of Santa Cruz, far inside a 
highly restricted military area. To compound this prob- 
lem, the terrain is very rough and the area is difficult to 
access. The locality is actually a crescent-shaped mining 
area covering about 60 km. 

More “Witches’ Brew” quartz, with supposed magi- 
cal powers, was also seen at Tucson. In actuality, these 
pieces are manufactured by sawing the tips off crystals 
of Arkansas rock crystal quartz near their bases, and 
then gluing an intensely colored slice of glass or small 
dark-colored transparent stone to the sawed end. The 
quartz crystal tip would then appear to be brightly 
colored when a light was shone into it through the color- 
capped end. 
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Ruby. A new find of gem-quality ruby was also reported. 
The eluvial rubies are being mined from an area midway 
along the border between Laos and Cambodia (Kam- 
puchea}. The stones range up to about 1.5 ct and are of 
good-to-fine gem quality. The internal characteristics of 
these rubies are very similar to rubies from Thailand and 
are probably from a similar basaltic source. 


Sapphire. Unusually large amounts of intense pink 
sapphire were seen at this year’s show. We did not learn 
the geographic source of these “hot-pink” gems but it is 
probable that they are from Sri Lanka. It was rumored 
that pink sapphires were being heat treated to intensify 
their color or even to produce ruby, but we were unable 
to verify these speculations. If such a treatment were 
possible, then it might involve a heat-induced change in 
the valence state of preexistent chromium ions. 


Scapolite. A number of large faceted intense reddish 
purple scapolites were available this year {figure 4}. 
These gems ranged up to 27 ct and were said to come 
from Tanzania. Most purple scapolites are generally 
rather small, and these are the largest that we have seen 
to date. 


Spodumerie. Some translucent pale pink to white cab- 
ochon-cut $podumenes were being offered as “sheen 
phenakite.” 


Turquoise. “Stabilized” natural turquoise, primarily 
from Cannanea, Mexico, is probably the most available 
form of turquoise on the market today, even eclipsing 
Gilson’s man-made turquoise. However, both could be 
found at this year’s Tucson show together with a 
turquoise substitute imported from Germany. The 
low-priced substitute is composed primarily of the 
aluminum hydroxide mineral gibbsite. It is dyed, sta- 
bilized with a polymer, and used either alone or mixed 
with some natural turquoise. Some color stability prob- 
lems have been mentioned in connection with this 
turquoise substitute: After a year or so of normal 
jewelry wear, the blue color reportedly shifts toward 
gray. This color change is probably due to the slow 
degradation of the dyed polymer under the influence of 
the ultraviolet rays of sunlight and many common 
artificial light sources. 


Zircon. Zircons in virtually every color were available 
this year, including some heat-treated blue stones. One 
Sri Lankan stone of particular interest was an 1 1-ct cat’s- 
eye that had the body color of a fine chatoyant chryso- 
beryl and a sharp bluish eye. 


In addition to the opportunity it provides to view a full 
range of gems and minerals, the Tucson show is also a 
good place to pick up current gem-related news. This 
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Figure 4. This intense reddish purple scapolite 
(8.94 ct) was one of a number of unusually fine 
Tanzanian scapolites seen at Tucson this year. 
Photo © Tino Hammid. Stone courtesy of 

B, Alex Bahtiarian. 


year, Mr. Gordon T. Austin, the gemstone commodity 
specialist with the United States Bureau of Mines, 
provided a variety of useful information. Mr. Austin 
informed us that many of the East African nations are 
pushed for hard currency. They have been gearing up 
their production of gemstones, most notably tanzanite 
and all varieties of garnet, to help salve their currency 
problems. 

He also informed us that while reading through the 
government’s monthly import statistics he noted that 
Ecuador has suddenly become a significant exporter of 
ruby, sapphire, emerald, aquamarine, and amethyst. He 
has no explanation for this. Perhaps Ecuador is becoming 
some sort of a pipeline for gems into the United States. 

Another very interesting bit of information pro- 
vided by Mr, Austin concerns Chinese diamonds. Within 
the last few months, China and De Beers have signed a 
joint contract to handle the output from the four 
currently producing Chinese diamond mines. China, 
with De Beers’s help, hopes to train 500,000 diamond 
cutters within the next five years and plans to compete 
with India in the small goods market. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Formation of tourmaline-rich gem pockets in miarolitic 
pegmatites. D. London, American Mineralogist, 
Vol. 71, No. 3/4, 1986, pp. 396-405. 


The conditions of formation of tourmaline-rich gem 
pockets in miarolitic (small, irregular pockets with 
protruding crystals) pegmatites are evaluated on the 
basis of both experimental data on the stability of 
aluminosilicate pocket minerals (e.g., spodumene} and 
an analysis of fluid inclusions in crystals from gem 
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practical of the recent literature on gems and gemology. Articles 
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editor and her reviewers, and space limitations may require that we 
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pockets. The development of pockets in tourmaline- 
rich, rare-element pegmatites occurs during the latter 
stage of formation at temperatures between approx- 
imately 475° and 425°C and between 2800 and 2.400 bars 
pressure. This range of temperature and pressure condi- 
tions is comparable to that of late-stage crystallization 
in geochemically similar, massive (nonmiarolitic} rare- 
element pegmatites. Whether or not gem pockets form 
during crystallization seems to depend largely on the 
timing of tourmaline crystallization. Crystallization of 
tourmaline at some point during pegmatite formation 
removes both alkali elements (sodium, lithium) and 
boron from the residual pegmatite melt. It is suggested 
that the removal of these components within the crys- 
tallized tourmaline has a profound influence on subse- 
quent mineral formation within the pegmatite. Tour- 
maline formation is rapidly followed by the deposition of 
other alkali aluminosilicate minerals (e.g., albite} and 
the release of large volumes of water from the residual 
pegmatite silicate melt. Exsolution of water from the 
melt in the form of an aqueous fluid phase then 
contributes to the formation of miarolitic pockets and 
their mineral contents during the late stages of peg- 
matite genesis. This model of pocket formation is 
discussed in relation to the famous gem pegmatites of 
Afghanistan and of San Diego County, California, as 
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well as the large, nonmiarolitic, massive, rare-element 
Tanco pegmatite in Manitoba, Canada. JES 


Jadeite-kosmochlor solid solution and chromian sodic 
amphiboles in jadeites and associated rocks from 
Tawmaw (Burma). C. Mével and J.-R. Kiénast, 
Bulletin de Minéralogie, Vol. 109, 1986, pp. 
617-632. 


This article presents mineralogic data and chemical 
analyses on the unusual and visually striking chromian 
pyroxenes and amphiboles from the jade deposits of 
Tawmaw, Burma. These deposits are world famous for 
their production of high-quality jadeite. 

Most of the jadeite is whitish, grayish, or greenish, 
but some pieces contain small bright green spots. 
Detailed study of these pieces reveals that these spots 
contain not only minor chromite, but also pyroxenes and 
amphiboles with the highest chromium concentrations 
ever found in terrestrial rocks. Among the pyroxene 
minerals described is kosmochlor, which is the chro- 
mium equivalent of jadcite, containing up to 30% 
Cr,O3. There exists a wide range of solid solution 
between kosmochlor and jadeite, but also a miscibility 
gap of 25%-50% kosmochlor component at tempera- 
tures of several hundred degrces Celsius and pressures of 
10 kbars. Unusual amphiboles with up to 10% Cr,O, 
include katophorite, glaucophanc, and eckermannite. 
The exceptional compositions of these minerals result 
from their formation in a particular chemical environ- 
ment caused by metasomatic reaction (during metamor- 
phism} between an albitite dike containing chromite 
xenocrysts and the enclosing serpentinites. JES 


Notes on fluid inclusions of vanadiferous zoisite (tan- 
zanite) and green grossular in Merelani area, 
Northern Tanzania. E. Malisa, K. Kinnunen, and T. 
Koljonen, Bulletin of the Geological Society of 
Finland, Vol. 58, No. 2, 1986, pp. 53-58. 

The authors describe the properties of tanzanite, the 

gem-quality vanadium-bearing variety of zoisite, from 

the Merelani area of Tanzania. Crystals of tanzanite 
occur mainly in boudinaged pegmatitic veins and hydro- 
thermal fracture fillings in a brecciated and hydrother- 
mally altered graphite-bearing diopside gneiss. Associ- 
ated minerals include quartz, diopside, graphite, calcite, 
hematite, and sphene, as well as green vanadian grossu- 
lar garnet. The authors also report compositional data 
for tanzanite. The material has refractive indices of 

1,693, 1.694, and 1.702, and a specific gravity of 3.35. 

Tanzanite has a striking pleochroism, with red-violet, 

deep blue, and yellow-green. 

Two apparent generations of tanzanite are found at 
this locality—an older brown type and a younger type 
that is blue. The brown-to-blue color change brought 
about by heat treatment is attributed to changes in the 
valence state of vanadium. The inclusions in tanzanite 
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are described in detail. Studies of these inclusions 
suggest that the tanzanites crystallized from a hydrocar- 
bon-rich fluid. Solid inclusions noted in tanzanite in- 
clude calcite, gypsum, graphite, rutile, sphene, xeno- 
time, quartz, diopside, and tremolite-actinolite. Some of 
these minerals occur as acicular needles which could 
impart a cat’s-eye effect to some tanzanites. JES 


Red and pink tourmaline. C. R. Marcusson, Jewelers 
Quarterly, Fourth Quarter, 1986, pp. 24-27, 
and 30. 


The use of tourmaline in jewelry dates back as far as 
1000 A.D. to a Nordic ring set with a red tourmaline 
cabochon. Another historic tourmaline is the 250-ct red 
egg-shaped cabochon, dated to the 1500s, that was 
bestowed as a gift to Kaiser Rudolf II. In 1925, the famous 
Russian mineralogist Alexander Fersman proved that 
this gem, originally thought to be ruby, was actually 
Burmese red tourmaline; it is now located in the 
Kremlin Treasure Room. 

Tourmaline often occurs in spectacular crystals 
which are highly prized by collectors. Smaller crystals 
mounted as simple pendants are popular with crystal 
healers as well as the general public. It is thought by 
some that wearing tourmaline crystals increases one’s 
charisma. Pink tourmaline in particular is said to be 
associated with joyfulness, vivacity, and the release of 
emotional pain. 

Tourmaline is generally found in pegmatite dikes, 
probably the most prolific of the gem-bearing rock types. 
Marcusson gives an excellent, brief description of how 
crystals form within a pegmatite body. 

Tourmaline rarely occurs in a true red. Usually it is 
pinkish in hue and often modified by orange or brown. 
The causes of color in tourmaline are very complex. 
Generally, pink and red tourmaline are colored by 
manganese and iron combined with exposure to low- 
level radiation emitted by other minerals associated 
with pegmatites. The higher the iron content, the less 
saturated the color tends to be. 

Color enhancement has become more prevalent in 
recent years. Irradiation can produce dark pink and red 
stones from very pale material. In general, these colors 
are darker and less saturated than their natural counter- 
parts. Large pink and red tourmalines rarely are free of 
inclusions, and the color of extremely clean large stones 
is often the result of laboratory irradiation. Thus far, 
treatment of tourmalines by this method is not detect- 
able; consequently, with the greater amount of irradi- 
ated tourmaline on the market, the price of natural-color 
material has dropped. 

The author also discusses major localities for red 
and pink tourmaline, including Brazil, Africa, Mad- 
agascar, Asia, and North America. 

Marcusson has presented a well-rounded article 
that delivers interesting as well as useful information on 
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this beautiful gem. She concludes with some tips on the 
use of red and pink tourmaline in today’s fashions. 
Barton C. Curren 


Saphire aus Nigeria und von Sta. Terezinha de Goias, 
Brasilien (Sapphire from Nigeria and Santa Tere- 
zinha de Goias, Brazil). U. Henn, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 
35, No. 1/2, 1986, pp. 15-19. 


Blue sapphire from Nigeria has appeared recently on the 
gem market. The locality is reportedly 50 km north of 
Jos in northern Nigeria. The sapphires are dark to inky, 
with strong color zoning. Fluid inclusions and two-phase 
inclusions, which are sometimes very elongated, have 
been observed, as well as idiomorphic apatite and 
rounded zircon. 

Blue sapphire has also been found at Santa Tere- 
zinha de Goias, Brazil. The clarity seems poor, and the 
color is reported to be bluish gray, sometimes in a strong 
color zonation with dark blue. Muscovite and margarite 
inclusions oriented along the cleavage are prevalent in 
these stones; some fluid inclusions are also present. 

EF 


Stars and stripes forever. R. P Rohrback, Lapidary 
Journal, Vol. 40, No. 7, 1986, pp. 20-30. 
When the term phenomenal is applied to gems, certain 
stones immediately come to mind: cat’s-eye chryso- 
beryl, and star rubies and sapphires. Few lay people have 
ever heard of a star alexandrite or cat’s-eye tsavorite. 
Having collected and studied phenomenal stones for 
the past 20 years, Rohrbach laments the fact that 
standard reference books on gems pay little attention to 
all the other gemstones that have been found with these 
effects—and in an incredible diversity of colors. These 
include topaz, tourmaline, garnet, beryl, spinel, and 
obsidian, among others. He explains what causes 
chatoyancy and the cat’s-eye effect, describes how such 
stones are formed, and gives tips on orientation during 
cutting. There is also an insert describing a jewelry 
designer’s use of asteriated rose quartz and blue cat’s-eye 
tourmaline in her designs, This article has valuable 
information for students of gemology and the jewelry 
arts. Anne Riswold 


DIAMONDS 


Argyle—A year on. Diamond World Review, No. 39, 
Summer 1986, pp. 48-49. 
The 1986 production of the AK1 pipe at the Argyle mine, 
in Western Australia, is expected to reach 28 million 
carats, three million more than the original estimate. 
Argyle is now the world’s largest diamond mine, ac- 
counting for 8% of the annual world production of 
rough. The AK] pipe yields about 6.8 ct of diamonds per 
ton of ore, which is five or six times higher than the 
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world average. This high tenor ensures the mine’s 
continued profitability in spite of the relatively low 
price obtained for the bulk of its rough {about $8 per 
carat). 

The Argyle joint venture has agreed to sell 75% of 
its production to De Beers. Because of the relatively low 
price of Australian rough, sales to the Central Selling 
Organization are expected to be less than $200 million 
annually. Since this represents only 10% of its total 
sales, the C.S.O. should have no trouble absorbing the 
diamond production of Argyle. 

Considerable attention was generated by the estab- 
lishment of Argyle Diamond Sales, an independent 
cutting and polished marketing operation, in Perth. 
Reports suggest that it was established as part of an 
agreement with the local state government and is not 
really intended to make inroads into the polished 
market. However, some Australians feel that their 
country is losing potential export revenue by selling 
uncut stones. Efforts are being made by various groups to 
expand the local jewelry industry in order to take better 
advantage of Australia’s abundant gemstones and gold. 

Barton C. Curren 


GEM LOCALITIES 


Kunzite from the Haapaluoma pegmatite quarry, west- 
ern Finland. S. I, Lahti and R. Saikkonen, Bulletin 
of the Geological Society of Finland, Vol. 58, No. 2, 
1986, pp. 47-52. 
Small amounts of kunzite occur with common spodu- 
mene at the Haapaluoma pegmatite quarry near Pera- 
seinajoki, western Finland. This is the first reported 
occurrence of gem-quality spodumene in Finland. The 
typical zoned lithium-rich pegmatite is emplaced in 
granodioritic country rocks. Small transparent crystals 
of morganite and red tourmaline are also found at this 
locality. 

The authors studied one 7-cm-long purple crystal in 
detail. The kunzite has refractive indices of 1.660, 1.665, 
and 1.679; a specific gravity of 3.19; and shows a weak 
orange fluorescence to both long- and short-wave ultra- 
violet radiation. Additional mineralogic data are pre- 
sented, as is a discussion of mineral paragenesis in this 
pegmatite. JES 


INSTRUMENTS AND TECHNIQUES 


Application de la résonance magnétique nucléaire a 
l’étude des gemmes (Application of nuclear mag- 
netic resonance to the study of gems). I. Mallez, 
J.-M. Dereppe, C. Moreaux, Revue de Gemmologie 
a.fig., No. 88, 1986, pp. 7-8. 

Nuclear magnetic resonance (NMR] is a nondestructive 

and potentially quantitative method of observing light 

elements (e.g., hydrogen, boron, beryllium, lithium, 
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sodium} in gemstones. However, it cannot be applied to 
trace elements. The characteristics of the signals emit- 
ted by different elements vary from stone to stone, and 
so can be used to establish the identity of a particular 
gem. NMR can also help in separating natural from 
synthetic gemstones; the example of emeralds is 
discussed. EF 


JEWELRY ARTS 


Guilloche — engine turning. J. Wolters, Aurum, No. 27, 
1986, pp. 40-56. 


Guilloche, or engine turning, is defined as “the engrav- 
ing, by means of a machine, of precise, regular patterns 
and ornamentation consisting of straight or curved 
lines.” This technique has been practiced since the 16th 
century, initially only on soft, easily carved materials 
such as ivory, wood, horn, coconut, and some soft stones. 
Engine turning on metal began to appear in the late 18th 
century, when it was applied to a variety of objects 
including snuff boxes, watchcases, and lockets. In the 
19th century, Carl Fabergé coupled guilloche with 
transparent colored enamels, achieving a pinnacle of 
perfection for the art. 

This extensive article, by the director of the 
Pforzheim’ Goldsmiths School, gives the history of 
guilloche with descriptions of the machinery involved 
and the different types of ornamentation that can be 
produced. Well researched and concisely written, the 
article is handsomely embellished with 53 photos and 
plates; even the figure legends are very informative. 

EBM 
Mokume-gane. S. D. Kretchmer, Aurum, No. 25, Spring 
1986, pp. 24-33. 


The goldsmith’s art of mokume-gane (“wood-grain 
metal”) is re-emerging after centuries of neglect. The 
textured, patterned metals are the progeny of sword- 
making techniques developed in medieval Damascus, 
where iron and steel were folded and forged to form a 
strong, tensile laminate. Nonferrous mokume-gane 
originated in Japan about 300 years ago utilizing gold, 
silver, copper, and shakudo, a gold-copper alloy. 

Today’s gold mokume-gane is formed using the 
traditional Japanese techniques of material removal and 
subsequent forging, rolling, forming, or twisting of the 
laminated layers. The metals are further contrasted by 
chemical patination, which makes the piece appear “as 
though a trail of small black ants had trekked over it 
while it was still soft.” 

Kretchmer has experimented with both soldering 
and bonding his own laminates (for details of the 
author’s techniques, see the Spring 1983 issue of Metal- 
smith), Since soldering limits the quality and work- 
ability of the material, he bolts billets of 18K gold and 
kuromido {99% copper, 1% arsenic} together and heats 
them in a reducing atmosphere to 40°-50°C below the 


Gemological Abstracts 


lowest melting point of the metals in the stack. Prefor- 
med laminates of different-colored carat gold in stripes 
and patterns are now available commercially, primarily 
from Japanese manufacturers. 

Pattern development with this technique seems 
almost limitless, including stripes, whorls, checks, and 
microscopic chevrons. Kretchmer has also engraved 
layered billets to create exotic, multicolored panoramas. 

This technique is a costly one, however, since a 
great deal of noble metal must often be removed in order 
to create a pattern, and must then be refined before it can 
be reused. Despite the labor and the cost, mokume-gane 
is alluring to the eye and hand, a fusion of the legendary 
past and a fantastic future. SAT 


JEWELRY RETAILING 


Display—setting the stage for jewelry sales. S. S. 
Jensen, Modern Jeweler, Vol. 85, No. 11, 1986, pp. 
54-57. 


Jensen offers advice on jewelry display compiled from 
interviews with 13 presentation and packaging com- 
panies located around the U.S. The article’s premise, as 
voiced by Margaret Furman of Visual Dynamics in San 
Francisco, is that the store should be viewed as a theater 
stage, artfully designed to set the mood for the audience 
(the customers} and enhance the jewels at center front. 

With this premise in mind, the jeweler should lavish 
special attention on store windows, which can entice a 
new generation of shoppers who are already attuned to 
visually stimulating displays. Today’s windows are un- 
cluttered, skillfully lighted, and changed as often as 
every two weeks. Clever seasonal or story themes are 
very effective in window displays, and should be carried 
through to the inside of the store. Props need not be 
expensive, and can substantially add to the romance of 
the jewels. Neutral colors, such as soft grays and pastels, 
make versatile display backdrops, especially given the 
present popularity of colored stones. 

Accompanied by many photos of professional jewel- 
ry displays, this article provides practical, proven advice 
on jewelry display. SAT 


A jeweler’s guide to female complexion. J. S. Philby, 
Modern Jeweler, Vol. 85, No. 9, 1986, pp. 48-57. 
The third in a series of articles on female hands, face, and 
complexion, this article suggests that jewelers take 
advantage of the art of color consulting to match jewelry 
to a woman’s face and hands. Color consulting involves 
categorizing a woman into one of the four seasons on the 
basis of her complexion, hair, and eye color. The author 
explains how to determine a woman’s season and how to 
use the color palette within that season to coordinate her 
jewelry. Outlines are given to help jewelers identify 
stone preferences for each appropriate season. 
Judi Fioti 
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Men’s jewelry — tradition and quality sells. S. Mitchell, 
American Jewelry Manufacturer, Vol. 34, No. 12, 
1986, pp. 32-36. 


AJM investigates the market for men’s jewelry through 
queries of fashion editors, menswear designers, and shirt 
and jewelry manufacturers. 

Now that American men are spending more on 
vanity items such as skin care products, fragrances and 
face lifts, can we assume the same will hold true for 
jewelry? 

The consensus is guarded but hopeful. The em- 
phasis in men’s jewelry must be on function, quality, and 
classic styling. Watches are the number one jewelry item 
bought for and by men. Tie pins, tie bars, cuff links, stud 
sets, key rings, money clips, signet rings, luggage tags — 
all these can appeal to even the most conservative men. 
Gold chains are passé and forget about earrings, as those 
men so inclined can always buy from the far greater 
selection of women’s earrings. Given that women buy 
50% to 70% of men’s jewelry and that sterling is hot in 
women’s jewelry, it stands to reason that sterling must 
be seriously considered. Anne Riswold 


New: JVC's action of the month. Jewelers’ Circular- 
Keystone, Vol. 157, No. 9, 1986, pp. 40-51. 

The Jewelers Vigilance Committee is taking a strong 
stance by publishing each month the details of a legal 
action taken against a member of the trade who has 
failed to follow honest business practices. Executive 
vice-president of the JVC, Joel Windman, hopes that 
publicizing an “action of the month” will help keep the 
jewelry industry “more alert and more informed” about 
malpractices in the trade and the function the JVC 
performs in curbing these malpractices. Windman also 
stresses the responsibility of retail jewelers to stay 
informed gemologically so that they can check gems and 
hallmarks on incoming goods, and not have a “blind 
reliance” on what they are given or told. 

This month’s publicized action, prompted by writ- 
ten complaints from dissatisfied parties, exposes a 
misleading advertising campaign to promote diamond 
sales, It is hoped that publication of this and future 
actions will focus the trade’s attention on how well the 
JVC has been performing the task of jewelry industry 
watchdog for the last 75 years. EBM 


SYNTHETICS AND SIMULANTS 


Is diamond the new wonder material? A. L. Robinson, 

Science, Vol. 234, No. 4780, 1986, pp. 1074-1076. 
The laboratory synthesis of polycrystalline diamond 
films on semiconductor metal or polymer substrates has 
been successfully achieved by Russian, Japanese, and 
American researchers during the last few years. Because 
of the exceptional physical properties of diamond, 
should this process become economical for industrial 
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applications, it would open the door to tremendous 
advances in cutting tools, optics, and electronics. 

The two published manufacturing procedures have 
the same basis: An organic molecule is dissociated, viaa 
high-energy or catalytic process, and the carbon is 
deposited as diamond on the substrate. However, the 
growth process itself is not yet understood. Growth rates 
range from 1 to 10 wm per hour, and continuous films of 
more than 1 mm thick have been reported. Although 
millions of dollars have been invested in this research, 
some key steps in certain applications are still missing. 
The author emphasizes that while all the possibilities 
still appear to be viable, there are “numerous tasks yet 
to be mastered before potential applications can be 
actualized.” EF 


Différenciation entre les gemmes naturelles et les maté- 
riaux synthétiques par microspectrométrie 
Raman 4 laser (Separation of natural gems from 
synthetic materials by laser Raman microspec- 
trometry), M.-L. Dele-dubois, J.-P Poirot, H.-J. 
Schubnel, Revue de Gemmologie a.fg., No. 88, 
1986, pp. 13-14. 


Raman spectroscopy is a nondestructive method that 
identifies molecules and polyatomic structures on the 
basis of their vibration spectra. The Raman microprobe 
makes the identification of inclusions in gemstones 
possible with some restrictions: Neither the inclusion 
nor the host crystal should be too opaque or fluorescent, 
and the inclusion should be large enough (at least 1 zm) 
and close enough to the surface of the gem to give a 
signal that can be differentiated from that of the matrix. 
Examples are given of inclusions in natural stones that 
have been identified by this means. 

This article (which was originally published in 
English in the Journal of Molecular Structure}, is fol- 
lowed by a separate piece that discusses how to identify 
inclusions in synthetic rubies and emeralds by means of 
Raman spectroscopy. EF 


TREATMENTS 


Farbung und Bestrahlungsschaden in elektronenbe- 
strahlten blauen Topasen (Coloration and irradia- 
tion damage in electron irradiated blue topaz). K. 
Schmetzer, Zeitschrift der Deutschen Gemmo- 
logischen Gesellschaft, Vol. 35, No. 1/2, 1986, pp. 
27-38. 
Nigerian topaz that is electron irradiated and then 
heated to produce a blue color is investigated and 
compared with blue topaz colored by other treatment 
methods (gamma ray and neutron irradiation] as well as 
with natural blue stones from Brazil, Nigeria, and 
Zimbabwe. The polarized optical absorption spectra of 
the Nigerian material reveal three strongly polarized 
absorptions bands, caused by two “X-centers” and one 
“Y-center.” The relative intensity of the bands may vary 
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according to the type of treatment used; however, no 
distinctive feature between natural and treated blue 
topaz can be ascertained. Unfortunately, Dr. Schmetzer 
discusses spectroscopic results without showing any 
related spectra. 

The electron-irradiated samples exhibit cracks and 
parting planes parallel to the cleavage plane, as well as a 
zoned structure: a light blue outer shell, an intermediate 
zone with a high concentration of macroscopic defects, 
and a colorless core. This shell-like structure is attrib- 
uted to the temperature gradient caused by the water 
used to cool the crystals during irradiation. A patchy 
dark blue-violet color is sometimes superimposed on the 
light blue outer shell, and is thought to be related to 
trace elements because of its patchy pattern. EF 


Glass fillings in sapphire. K. Scarratt, R. R. Harding, and 
V. K. Din, Journal of Gemmology, Vol. 20, No. 4, 
1986, pp. 203-207. 

The recent occurrence of glass-filled surface cavities in 

natural rubies has been well documented in the gem- 

ological literature. In this article, the authors analyze 
the glass filling of a surface cavity in a faceted sapphire, 
and attempt to establish the origin of such glass fillings. 

They postulate that they may be (1) a volcanic glass, (2) a 

man-made glass, or (3) the result of the melting of 

natural inclusions. 

The authors conclude that the glass fillings in rubies 
and sapphires represent a range of compositions, some of 
which could be natural. It is unlikely, however, that any 
of the glass inclusions reported thus far are natural 
volcanic glass. In the sapphire studied, the glass filling 
was man-made, 

The article is well written, and contains a nice list 
of references on related topics. David C. LeRose 


MISCELLANEOUS 


Evaluation/decision process for small-scale placer gold 
mining. M. J. Richardson, Mining Magazine, Vol. 
154, No. 4, 1986, pp. 312-317, 319, and 321. 

Richardson analyzes the process of evaluating small- 

scale placer gold mining operations. Sampling, fea- 

sibility, and equipment selection are among the topics 
discussed. 

Most small-scale placer gold mines fail because of 
the lack of competent evaluation prior to the purchase of 
equipment and the commitment to mine the property. 
First the presence of gold in quantities that will allow 
profitable mining must be established. Next the overall 
size and type of deposit must be evaluated. Only then 
should the miner determine which process he will use to 
recover the gold and the equipment he will need. 
Equipment selection is discussed in detail. 

The author also discusses specific operations such 
as excavation and personnel. A backhoe augmented with 
a bulldozer and/or front-end loader is the most efficient 
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piece of equipment for excavation. In the search for 
personnel, Richardson stresses the importance of find- 
ing people who have experience in successful small- 
scale placer gold mining. 

Finally, the author presents four questions for pro- 
spective miners. If he answers them accurately and 
honestly, the miner can significantly reduce the risk of 
his gold mining venture. Barton C. Curren 


A former-king’s ransom. B. Hillier, Los Angeles Times 
Magazine, February 22, 1987, pp. 30-31. 


This article, which appeared in a magazine with a 
circulation of well over a million, proves that the April 
1987 auction of the Duchess of Windsor’s jewelry —by 
the renowned London auction house Sotheby’s—cap- 
tured the interest of not only the gemological commu- 
nity but also the popular press. Although brief, the 
article does serve up a few details about the actual pieces 
being auctioned, even if it dwells primarily on romantic 
anecdotes surrounding the famous courtship between 
King Edward VII1 and Wallis Warfield Simpson, the 
American divorcee he married in 1936 at the expense of 
his throne. On April 2 and 3, 1987, almost a year after the 
death of the Duchess, Sotheby’s auctioned a jewelry 
collection that included some 87 pieces by Cartier, the 
Windsors’ “court jeweler,” and 23 pieces by Van Cleef & 
Arpels. The author singles out the Duchess’s engage- 
ment ring—“a large emerald mounted in gold with small 
diamonds on the shoulders” —as an item of particular 
interest. Also described and illustrated are a charm 
bracelet hung with nine jewel-studded gold crosses anda 
group of Cartier “great cat” jewels — bracelets in the form 
of panthers and tigers. The author also cites the royals’ 
penchant for engraving personal messages on the jew- 
elry, including some in facsimile of Edward’s handwrit- 
ing and others that are actually clever puns. The author 
notes that one of the “most touching mementos of the 
royal couple” is a diamond-studded gold medallion 
memorializing their cairn terrier, nicknamed “Mr. Loo.” 
This is certain to be one of many popular articles dealing 
with the well-publicized Windsor auction. JMB 


40 years in the hot seat—Dick Frankovich retires. 
American Jewelry Manufacturer, Vol. 34, No. 105, 
1986, pp. 28-34, 36, 38-40, 42, 44, 46-47, 50. 


This extensive interview with George R. (Dick) Franko- 
vich, recently retired vice-president and executive direc- 
tor of the Manufacturing Jewelers and Silversmiths 
Association, reveals the development of the association 
from a small regional group of 200 members to a major 
national organization. 

Frankovich originally joined the group in 1946 as an 
industrial engineer. He used his expertise in this area to 
help the jewelry industry convert from war-time produc- 
tion of items such as buttons, buckles, and bullets to the 
peace-time manufacture of jewelry. 

In just two years, Frankovich became head of the 
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association. He was responsible for the creation of 
American Jewelry Manufacturer, a technical publication 
designed to reach thousands of nonmembers with the 
MJj&SA message. In time, it became a strong tool for 
promoting growth for the organization. During the 
1950s, MJ&SA gained a stronghold in Washington, 
resulting in the passage of legislation beneficial to the 
industry. One major victory in Washington was the 
lifting of an excise tax that had been placed on luxuries 
during the war. Although they only managed to reduce 
the tax by half (from 20% to 10%], it was an important 
step for the entire jewelry industry. 

MJ&SA has also addressed such issues as free trade, 
the dropping of tariffs and how it would affect the U.S. 
industry, the purchasing and pricing of gold after the 
Treasury closed the door on gold in 1968, as well as the 
issue of correct gold refinement. The organization has 
also been extremely influential in the marking and 
stamping of gold, and headed the action for “plumb gold” 
in the 1970s. 

The organizations with which the MJ&SA has been 
closely associated, such as the Jewelers of America, and 
the accomplishments in which they have jointly suc- 
ceeded are also brought into the interview. The article 
ends on a note about the future of the organization: 
Matthew Runci is Dick Frankovich’s successor at 
MJ&SA. The idea of new leadership seems exciting, but 
Dick Frankovich is definitely a tough act to follow. 

Mary Hanns 


The Homestake— America’s greatest gold mine. J. C. 
Zeitner, Lapidary Journal, Vol. 40, No. 8, 1986, pp. 
48-52, 


Rumors of gold in the Black Hills of South Dakota 
started as early as 1833, and in 1863 the G. T. Lee party 
actually did mine some gold. But because the area was so 
isolated and the Sioux Indians were at war much of the 
time, development did not start until 1874, when a party 
led by General George C. Custer discovered gold on 
French Creek. After this discovery, little could stop 
ambitious prospectors. 

In February 1876, a party of prospectors led by 
Moses and Fred Manuel filed lode claims in Bobtail 
Gulch. That spring, they began work at the open-cut 
mine they called the Homestake. The mine grew quickly 
and more claims were filed. Gold camps began to spring 
up, including the present-day towns of Lead (pronounced 
leed} and Deadwood. The camps grew quickly and 
attracted many soldiers of fortune, resulting in a rash of 
gunfights, train and stage robberies, and hangings. - 

Meanwhile, the Manuels and their partners eventu- 
ally sold the expanded Homestake mine (then 4'/2 acres} 
to Senator George Hearst of California for $70,000. 
Hearst and his partners continued to develop the mine 
and expand to adjacent properties, until their best claims 
formed a strip 1!/2 miles long and '/2 mile wide. By the 
late 1800s, 1,500 people were employed by Homestake. 


62 Gemological Abstracts 


The growing mine suffered many problems. Water 
was either scarce or overly abundant, cave-ins were 
frequent, and fires wreaked havoc. Still the mine contin- 
ued to produce. 

The ore body of the Lead-Deadwood area is Pre- 
Cambrian and consists of six major formations. The 
bottom of the ore body has still not been reached, 
although the mine is now 8,000 ft. deep. During its 100 
years of existence, the Homestake mine milled 
115,491,582 tons of ore to produce 31,510,612 oz. of gold 
and 7,285,784 oz. of silver. Currently, exploration con- 
tinues more than 1'/2 miles beneath the surface. 

Homestake Mining Company now has mining in- 
terests in several states as well as in Canada, Australia, 
Peru, and the Philippines. It has also diversified outside 
of the mining industry. 

Zeitner has presented a fascinating article on the 
colorful history of America’s greatest gold mine, which 
has been in continuous operation longer than any other 
gold mine in the world. Barton C. Curren 


Treasure houses of the world. PB Bancroft, Lapidary 
Journal, Vol. 40, No. 5, 1986, pp. 21-26. 


Subtitled “A traveler’s guide to outstanding mineralogi- 
cal museums abroad,” Dr. Bancroft considers the merits 
of seven museums, four in Western Europe, two in 
Australia, and one in New Zealand. For each, he gives a 
brief historical overview and describes the main em- 
phasis of the collection. 
Nine color pictures depict specimens in the collec- 
tions as well as interior shots of the exhibits. 
Patricia Gray 


Utilisation gemmologique des minéraux des timbres 
Francais (Gemological use of the minerals from 
the French stamps}. J.-P. Poirot, Monde et Minér- 
aux, No. 75, 1986, pp. 28-36. 


The French government recently issued four postage 
stamps featuring quartz, calcite, fluorite, and marcasite, 
and Poirot took the opportunity to describe the gem- 
ological use of these four minerals. Poirot, a specialist in 
gem history, describes in detail the origins of quartz lore, 
and relates the history of quartz carving. The use of 
quartz to substitute for other gemstones or in doublets 
dates from antiquity, and now treatment {especially 
irradiation} is quite common. Poirot emphasizes that 
quartz is presently making a come-back in fine jewelry. 
Calcite is briefly discussed, mainly for its polarizing 
properties. Fluorite is primarily used for decorative 
purposes, although cut green fluorites are very much 
sought after. Poirot insists that what is commonly called 
marcasite in jewelry is, in fact, pyrite, and that the 
mineral marcasite has never been cut as a gem. The 
misnomer arose from the French name marcassin, 
which has been applied by miners to describe both 
sulfides. EF 
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GEMSTONE DURABILITY: 
DESIGN TO DISPLAY 


By Deborah Dupont Martin 


Knowledge of the durability of a gem- 
stone is critical to understanding the 
risks involved in the various setting, re- 
pair, and cleaning procedures commonly 
used by the jeweler. Some gemstones need 
attention in display because of their reac- 
tion to heat and/or light. This article re- 
views gemstone durability considerations 
for 31 species and their varieties as they 
affect design decisions as well as repair, 
cleaning, and display of the piece. In all 
cases, thé reader is advised to consult an 
experienced bench jeweler before attempt- 
ing any potentially damaging procedures. 
The recommendations in this article are 
offered from a gemological viewpoint and 
as guidelines only. 


ABOUT THE AUTHOR 


Ms. Martin is an instructor in the Colored Stones 
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the Gemological Institute of America, Santa 
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Durability of Gemstones 


n today’s market, most jewelers no longer deal solely 

with traditional gems such as diamonds, rubies, sap- 
phires, and pearls. The increasing availability and popu- 
larity of a wide range of colored stones—tanzanite, 
tsavorite, iolite, and tourmaline (figure 1], toname a few — 
has opened a host of new possibilities in jewelry, but it has 
also added a multitude’of new risks. 

While many in the trade are qualified to deal effec- 
tively with most of these stones, virtually everyone 
associated with the design, manufacture, and sale of 
jewelry should be aware of the potential problems of a 
particular gem material. The designer must know which 
mounting will protect the stone best while still enhancing 
its natural beauty. The bench jeweler is responsible for 
determining what stones are at risk in which setting or 
repair procedures. The salesperson, who has the greatest 
customer contact, must not only be aware of these design 
and bench considerations, but must also know the rules 
involved in various cleaning procedures and be able to 
advise the customer regarding precautions in care and 
wear. Some stones even require special display considera- 
tions because they are sensitive to light or to the heat that 
can be produced in a case. 

The most important factor in designing, setting, re- 
pairing, or cleaning a piece of jewelry is durability. Essen- 
tially, durability is the gemstone’s ability to resist scratch- 
ing (hardness}, breaking (toughness], and effects caused by 
heat, light, or chemicals (stability). The present article 
examines gemstone durability and discusses the limita- 
tions and advantages of different settings, repair and 
cleaning procedures, and display practices for many differ- 
ent stones. A chart is included to provide guidelines 
relating to durability and how it affects these procedures 
for 31 gem species and their varieties. 

It is important to note that the following information 
pertains to natural gems only, including common enhan- 
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cements, but not to any man-made materials. The 
identity of a gem must be established before any 
procedure beyond cleaning with warm soapy water 
may be attempted. If you cannot determine with 
certainty whether or not a stone has been en- 
hanced, assume that it has and take the more 
conservative approach. Many qualified bench jew- 
elers will be able to perform procedures that are 
not recommended here, but such an individual is 
not always available. This article, therefore, is 
intended to serve as guidelines (and guidelines 
only} in these areas. Since there is some risk 
involved with any stone, consultation with a 
qualified bench jeweler is always recommended. 

The information in this article was compiled 
based on Webster (1983}, Sinkankas (1972), Palache 
et al. (1944), Nassau (1984), and the GIA course 
materials, as well as on the experience of the 
author and her communications with colleagues 
in both gemology and jewelry manufacturing. A 
glossary is included to define some of the more 
technical terms. 


DESIGNING AND MANUFACTURING 
FOR GEMSTONE SAFETY 
AND WEARABILITY 


Durability determines the safest way a stone may 
be set and worn. Stones that are very resistant to 


most types of setting, cleaning, and repair pro- 
cedures (e.g., diamond and corundum] may be used 
in a wide variety of jewelry designs. For stones of 
lesser durability, however, possible weaknesses 
must be considered in the selection of a setting 
style (see chart}. A gem with poor toughness, such 
as topaz, would not be a candidate for a channel or 
flush style setting; chances are the stone would 
break. Heat-sensitive stones such as emerald, 
tsavorite, and tanzanite could be subject to dam- 
age if set in a style that requires soldering near 
stones already in place. 

Some inclusions can increase the chance of 
breakage during setting. Because such inclusions 
vary from stone to stone, it is wise to examine the 
stone under magnification before setting it. Frac- 
tures or inclusions near the girdle edge, in particu- 
lar, contribute to the fragility of a stone, as does 
possible cleavage (e.g., topaz and kunzite). In addi- 
tion, a number of manufacturing jewelers have 
reported to the author that some enhancements 
(such as heating corundum, tanzanite, or blue 
zircon} may cause brittleness, which results in a 
gem that is more easily chipped and abraded. 

Unusual and “problem” cuts create special 
design problems. Many stones are asymmetrical or 
are cut with very deep pavilions, and thus require a 
special mounting. Other stones have extremely 


GLOSSARY 


Beads: Small portions of metal raised with a graver 
from the background metal for the purpose of 
holding a stone in place or for decoration. 


Bright-cut: An incised accent cut made with a flat 
graver that both cuts and polishes metal at the 
same time, 


Burnisher: A highly polished oval-shaped steel 
blade that is used to smooth metal. 


Burr: A small cutting tool, available in various 
shapes and sizes, that is inserted into a flexshaft 
and used to excavate, shape, and cut metal during 
the setting process, 

Chasing hammer: A lightweight, well-balanced 
hammer that is used in conjunction with a setting 
punch to work metal, e.g., to push a bezel onto the 
stone and, with various other hand tools, to create 
raised and indented decorative patterns. 


Flexshaft: A machine that consists of a handpiece 
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to hold burrs and other small rotating tools, 
connected to a flexible shaft approximately 36 
inches (91 cm) in length that attaches to a motor. 
A foot pedal controls the power. 


Flux: A solution (usually a commercial preparation 
containing borax) used to promote the flow of 
solder and prevent oxidation in the area. 


Graver: A sharp tool used to cut and shape metal. 
Several different sizes and shapes are commonly 
used for different types of settings. 


Reciprocating hammer; An automatic hammer 
attachment used in conjunction with the flexshaft 
in some setting techniques, 


Setting punch: A small rod used with a chasing 
hammer to secure bezels. May be used for channel 
and flush setting also. 


Vector technique: A lateral back-and-forth 
movement of opposite adjacent pairs of prongs, 
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thin girdles, or have sharp points that should be 
protected; for these stones, a setting must be 
designed that will protect the girdle or points 
without causing damage during manufacturing. 
Extra care must be taken with stones that are both 
unusually cut and that do not withstand setting 
procedures well. 

How the item will be worn is another factor. 
Many fragile gems, such as topaz, bicolored tour- 
maline, tanzanite, kunzite, and pearls, are best set 
in pendants, earrings, brooches, tie tacks, or in 
rings designed for occasional wear. Cuff links and 
bracelets are better suited for stones that are more 
resistant to abrasion and chipping, such as dia- 
mond, corundum, jadeite, and chalcedony. Because 
the table area of a gemstone is very difficult to 
protect, it is best to choose a more durable stone for 
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Figure 1, Tourmaline is one 
of the most popular of the 
“new” colored gems in the 
marketplace. This pendant 
(18.83 ct) and the two rings 
(5.54 and 13.50 ct) are all 
prong set. Jewelry courtesy 
of The Collector, La Jolla 
and Fallbrook, CA; photo 
© Harold & Erica Van Pelt. 


a ring, which is subject to much harder wear than 
any other type of jewelry. If the customer insists 
that you put a fragile stone in a ring that will be 
worn with some frequency, try protecting it with 
creative forms of metalwork rising above the table, 
or select a setting style such as bezel that will 
minimize the risk. 

There are two principal ways to design jewel- 
ry: (1) design a piece and then find stones to fit the 
design (commonly done when producing many 
pieces from one design, and requires that the 
stones used be readily available in calibrated sizes), 
and (2) custom create a piece of jewelry to display a 
specific stone (the method preferred for fragile or 
unusually cut gemstones}. Both types of design 
require the use of one or more setting procedures, 
each of which —as described below —has its own 
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GEM MATERIAL 


AMBER 
ANDALUSITE 


BERYL 
Aquamarine & Others 


CHALCEDONY 


CHRYSOBERYL 
CORAL 


CORUNDUM 
Tp Ruby & Sapphire 


DIAMOND 


DIAMOND, 
‘COLORED 


FELDSPAR 
Moonstone & 
Labradorite 


GEMOLOGICAL GUIDELINES FOR GEMSTONE DURABILITY IN JEWELRY? 


ENHANCEMENTS® 


reconstitution 


Heat, irradiation 


Oil, dye, plastic coating 


Good 


Dye, heat 


Cleavage: 1 distinct. 


May contain liquid 
inclusions. 


Excellent to 
good 


Fair to 
good 


Dye, heat, bleach 


Excellent 
except in 
highly 
twinned 
or fractured 
stones 


Heat, oil, dye; diffusion, 
irradiation (sapphire); 
glass fillings (ruby) 


Heat, diffusion, oil, dye 


Good to 
excepticnal 


Laser drilling, bleaching, 


coating 


Good to 
exceptional 


Irradiation (with or 
without heat), coating 


Moonstone: blue or 
black coating on base 
of cabochon 


Heavily included stones or 
stones with liquid inclusions 
require extra care in all 
setting. 


Heat, irradiation, dye, 
bleach, paint 


Exceptional 


Heat, irradiation, 
dye, wax 


Exceptional 


Heat, dye, wax 


Highly twinned, fractured, 
or included stones require 
extra care. 


Cleavage: 4 perfect. 
Heavily included stones or 
stones with feathers/ 
fractures near girdle edge 
require extra care. 


Cleavage: perfect and easy 
in 2 directions. 


Cleavage: 4 perfect. 


Heavily included stones 
(esp. tsavorite) or stones 
with liquid inclusions 
require extra care. 


Cleavage: 1 distinct. 


Comments 


Burns at low temperatures. 
Attacked by acids. 
Avoid abrasive polishing compounds. 


CLEANING¢ 


Attacked by strong 
solvents. 


Heat-sensitive if liquid inclusions 
present. 


May darken with age. 


Avoid heat if liquid inclusions or 
feathers present. 


Avoid heat: may cause fracture or 
breakage. Polishing compound may 
get into surface-breaking fractures. 


Heat may cause color change. 


Alexandrite and cat's-eye may 
withstand some heat, but best to avoid 
because of value. 


Blackens/burns in torch flame. 
Attacked by acids. 


Avoid extreme heat: may alter color. 
Soldering flux or pickle solution 
containing borax may etch surface. 
Oiled or dyed stones: avoid heat, 
use care in polishing. 


Included stones require extra care. 


Natural green and all Irradiated: 
avoid heat—alters color. 
Included stones require extra care. 


Avoid heat: may crack or cleave. 


Avoid heat: fuses under torch. 
Decomposed by sulfuric acid. 


Use extra care if 
liquid inclusions 
or feathers present. 


Maxixe (irradiated dark blue) 
will fade when exposed 
to light. 


Avoid solvents. 


Polishing compound 
may enter inclusions/ 
fractures breaking 
the surface. 

Oiled or dyed stones: 
avoid solvents. 


Use caution 
if stone contains 
feathers or is included. 


Avoid heat. 


Avoid heat. 


Avoid thermal shock: likely to 
cause fractures. 


Ultrasonic: risky if 
liquid inclusions present 
Avoid thermal shock. 


Heat may fuse. Attacked by acids. 


Heat causes shrinkage and discoloration. 


Attacked by chemicals. 


Avoid heat: may cause loss of color. 
fuses easily. 
Avoid acids: affected by warm acids. 


Avoid solvents. 
Clean with cloth 
dampened in 
methylated spirits. 


Treated: avoid 
strong solvents. 


Avoid heat: burns easily. Acids dull 
surface. 


Avoid heat: may cause color change; 
will damage wax. Avoid chemicals. 


Dyed: avoid acetone 
and other solvents. 


Avoid heat. 


Irradiated: avoid heat and 
light. 


Avoid heat. 


Yellows with age. 
Oils, lotions, perfumes, etc. 
may discolor in handling. 


Dyed: may fade.> 


Dyed: may fade.> 


PEARL 
PERIDOT 


Other Tp Varieties 


We 


Poor Epoxy, wax 


5-61/2 


21-4 


62-7 


QUARTZ 7 
Amethyst & Citrine 


Sugar, smoke, oil, 
plastic, wax 


Poor to 
fair 


bart Irradiation, dye, bleach, 
Sai cule peeling, oil, coating 


Fair to 
good 


Heat, irradiation, dye 


Heat, irradiation, 
Good quench-crackling, dye 
Tiger’s-eye: heat, dye, 
bleach 

Rose: Irradiation, 
quench-crackling, dye 


Good 


SHELL 


SPODUMENE 
Kunzite 


SUGILITE 


TOPAZ 


TOURMALINE 


TURQUOISE 


Poor to 


good Dye 


62-7 


S/e-Bi/2 


Poor Irradiation 


May be brittle. 


Fuses easily under torch. Attacked 
by acids. 


Usually pin set. Thin nacre 
may chip or fracture easily. 


Consider inclusions. 
Facet edges chip easily. 


Heat turns stone white or brown and 
destroys play of color. Thermal shock 
causes cracking, crazing, fracture. 


Avoid heat: causes cracking, May cause 
pearl to turn brown, burn, or split. 
Attacked by all acids. 


Avoid chemicals. 


Avoid thermal shock. 


Wash gently in warm 
soapy water, dry 
thoroughly, and restring. 


Heat and strong light pro- 
mote dehydration that 
results in crazing or fracture. 


Dyed: some colors may 
fade.» Moderate heat and 
strong light promote 

dehydration, cracking. 


Strong heat turns stone colorless, or 
amethyst to citrine, or vice versa. Avoid 
thermal shock. 


May be included or 
fractured. 


Avoid thermal shock: may cause frac- 
tures. Avoid heat: smoky turns colorless. 


Cleavage: 2 perfect. 


pom fo 


Poor Heat and/or irradiation 


Heat, irradiation 


zene | ‘= 
zene | 


aKEY TO COLOR RATINGS 


@ Relatively safe 
[Use caution 


7-72 Fair Cat’s-eye: acid, sealed 
tubes 
Oil, wax, plastic 
ae - coating/impregnation; 
g dye 
Fair to 
6-72 poor Heat 
Poor Heat 


(5 Use extreme caution 


i Avoid 


These “ratings” are based on the proper use 

of the rated technique as indicated in the 
accompanying article. Unless otherwise noted 

in one of the “comments” sections, they are for 
unenhanced stones only. Synthetic stones, man- 
made simulants, and assembled materials are 
not covered by this chart. 

The cut of the individual stone and the 
presence of fractures and inclusions will affect 
the durability of any gem. Likewise, the risk 
factor for the various settings and certain repair 
procedures depends to some extent on the skill 
of the individual bench jeweler. This chart is 
presented from a gemological viewpoint and as 
guidelines only; whenever possible, consult an 
experienced bench jeweler before deciding on a 
procedure. Remember, above all, if you cannot 
afford to break the stone or it is irreplaceable, do 
not try any potentially damaging procedure. 


Avoid thermal shock. 


Avoid heat: blackens in flame. 
Avoid acids. 
Light colors may fade in intense heat. 


Fuses easily under torch. Avoid 
thermal shock. 


Cleavage: 1 perfect. Often 
contains liquid inclusions. 
Light blows may damage. 


breaks. 


Parti-colors tend to break at 
color zones. Heavily includ- 
ed stones or those with liquid 

inclusions require extra care. 


Scratches easily. 


Brittle: abrades easily. 


Avoid heat: may cause change/loss of 
color. Thermal shock will cause internal 


Heat: some greens change color. 
Thermal shock may cause breakage; 
Parti-colors break at color zones. 


Avoid heat and chemicals. Heat causes 


deprication. Polishing compound will 
discolor. 


Avoid heat: may cause color change. 


Avoid thermal shock. 


Avoid thermal shock. 


Avoid thermal shock. 


Avoid thermal shock. 


Amethyst may fade with 


prolonged exposure to 
strong light and heat. 


Dyed: may fade. 
Rose: may fade. 


Dyed: may fade. 


Kunzite commonly fades. 
Irradiated green fades 
(in minutes to hours). 


Avoid thermal shock. 


Avoid thermal shock. 


Some browns fade. 
Irradiated yellow to 
yellowish brown fades. 


Cleavage: 1 perfect. 
Brittle: abrades easily. 


>POSSIBLE ENHANCEMENTS 

With the principal exception of glass fillings in 
ruby (see Kane, 1985), these enhancements are 
from Nassau (1984). For further information, 
please consult Dr. Nassau’s book. 


Dye: Any porous stone, or any stone with 
fractures breaking the surface, may be dyed. If 
there is any doubt, for the purpose of these 
guidelines assume that the stone has been 
dyed. 

Also, dyes vary greatly in stability. Fading 
may occur during repair, cleaning, or display if 
an inappropriate dye has been used (Nassau 
and Kane, 1983). 


Corundum: Diffusion-treatment is most 
commonly seen in blue sapphires; this method 
of enhancement is seen rarely in other colors of 
corundum. 


Heat enhancement: may cause brittleness. 


Avoid heat: fuses under torch. 


CREPAIR 

The reaction of a stone to any repair procedure 
will also vary depending on the inclusions in the 
stone, the type of torch, pickle solution, and 
polishing compound used, as well as on the skill 
of the person performing the procedure. All 
stones are at risk of thermal shock (abrupt 
temperature change) if heated too rapidly with a 
torch or if placed in a pickle pot or water while 
the stone is still hot. Because there is some risk 
involved with any stone, whenever possible 
remove the stone from the mounting before 
beginning the repair. 


ACLEANING 

The reaction of a stone to either cleaning 
procedure will also vary depending on the 
inclusions in the stone, the solution used in the 
ultrasonic, and the amount of time the stone 
remains in the ultrasonic, as well as on the 
procedure used in steaming. All stones are at 


Avoid heat and 
chemicals. Ultrasonic 
solution may discolor. 


Porous: skin oils, 
lotions, etc., may 
discolor in handling. 


Heated: some revert to 
original color when 
exposed to light. 


Avoid thermal shock. 


tisk of thermal shock if taken from the steamer 
and placed directly in the ultrasonic or water 
before they have sufficiently cooled. 

Caution is advised regarding solvents and 
other chemicals, including ammonia, which is a 
common constituent of most household cleaners. 

Boiling is not recommended for any stone 
except diamond, and only for diamond when 
absolutely necessary and proper procedures are 
followed. 


DISPLAY 
Heat refers here to heat generated in a display 
case by sunlight or artificial light. 


‘PEARLS 

The durability of both natural and cultured pearls 
will vary depending on the condition and 
thickness of the nacre. 
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advantages and disadvantages with regard to dis- 
playing the stone and protecting it both during the 
setting procedure and subsequent wear. 

Again, an extremely skilled setter may be able 
to perform any of these setting techniques on any 
given stone. If such a setter is available, the 
possibilities are virtually unlimited. The fol- 
lowing guidelines, however, are provided to help 
those who do not have manufacturing experience 
or the setter who has not worked with some of 
these stones. Ultimately, the skill of the setter will 
determine whether a certain setting style can be 
used for a particular stone. 


Prong Setting. This is probably the most common 
type of setting. It can be used in virtually any type 
of jewelry for setting almost any cut of stone 
(again, see figure 1}. Some stones, however, require 
more care than others (see chart). 

Prong setting involves placing a stone in either 
a head or basket mounting, which may be premade 
or custom fabricated to fit the specific stone. A 
“head” is usually diestruck and made to fit any 
stone of a standard calibrated size. A basket is 
more often cast or fabricated from wire to fit a 
particular stone. There may be any number of 
prongs, depending on the size and shape of the 
stone, and the mounting style. 

When deciding whether or not to use a prong 
setting, consider whether the stone can withstand 
the pressure caused by the prongs being bent over 
the girdle edge onto the crown and then tightened 
into place. Even diamond may sustain damage if a 
setter is heavy handed when bending a prong over 
the crown (figure 2). If the stone has an extremely 
thin girdle, is fractured, or cleaves easily, an 


Figure 2. Excessive pressure applied during 
prong setting may damage any stone, even dia- 
mond, as shown by the stress feather seen here. 
Photo © Tino Hammid. 
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alternative method would be first to cut and fit the 
seat (the area where the stone rests on the prongs} 
to an inexpensive synthetic stone of the same 
proportions. After the prongs have been shaped, 
slip the fragile stone into place and tighten the 
prongs by vector technique. 

Although prong setting can be performed on 
almost any stone, it does not offer as much 
protection as other setting styles. When designing 
for a stone that chips, abrades, or cleaves easily 
(e.g, emerald, tanzanite, kunzite} consider a set- 
ting style that covers the girdle area to maximize 
the wearability of the piece. 


Bezel Setting. This is an excellent way to protect 
the girdle and pavilion areas of many gemstones 
(figure 3}. It is effective used alone or in combina- 
tion with other setting styles. 

A bezel is a rim of metal that is soldered onto a 
mounting. The bezel is first shaped to fit around 
the girdle of the stone being set before it is soldered 
in place. Procedures for setting the stone differ 
slightly depending on whether the stone is faceted 
or cabochon cut, and, if cabochon cut, whether an 
open- or closed-back setting is being used. Cast 
bezels are also available, but they are not as pliable 
and, therefore, are harder to work with and expose 
the stone to greater risk. 

Although bezel setting has been used most 
commonly on cabochon-cut stones, it is now being 
used with greater frequency on faceted stones. The 
primary advantage with this type of setting is that 
the band of metal surrounding the girdle of the 
stone offers protection, yet is thin enough to be 
burnished over the stone without causing damage 
if care is exercised in the procedure. A bezel can be 
especially effective with unusual cuts. The thin 
line of metal encircling the stone leads the eye to 
and around the gem, creating a focal point in the 
design. 

A related procedure, tube setting, has gained 
popularity in recent years (again, see figure 3}. A 
tapered or straight tube, rather than a rim, is used 
for this style. Because the metal for a tube setting 
is usually thicker than that of a bezel, more 
pressure is required in burnishing and this tech- 
nique is recommended only for diamond or cor- 
undum. 


Flush Setting. This type of setting creates a very 
smooth, tailored look (figure 4} and is a popular 
style for men’s rings. The stones are set low and the 
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Figure 3. Bezel settings help protect the girdle 
and pavilion areas of any gemstone, but are 
particularly useful for stones that are less 
durable or, like the bezel-set emerald shown 
here, have a tendency to chip or crack, Tube 
setting requires more pressure in burnishing 
than a regular bezel setting and so is recom- 
mended only for more durable stones, such as 
the diamonds shown here. Emerald ring by Sil- 
verhorn, Montecito, CA; diamond ring by The 
Altobelli Jewelers, North Hollywood, CA. Photo 
© Tino Hammid. 


girdle edge is protected; however, flush setting is 
recommended only for durable stones because of 
the stress created during the setting procedure. 

In this style, stones are set so that 5%—-10% of 
the crown area is covered by metal with no visible 
means of being held in place. The stone is placed in 
a seat burred into the metal and then metal is 
burnished over and around the circumference of 
the stone with a punch and a chasing hammer, 
reciprocating hammer, or burnisher. Even stones 
considered durable may be damaged if the stone is 
accidentally struck during the setting process. 
Various shapes of stones may be flush set, but 
caution is required in the setting of sharp points. 

This setting is best used for diamond and, with 
care, corundum. Other stones require a very deli- 
cate touch and extreme care to prevent breakage. 
This technique is not recommended for stones that 
are fragile or easily cleaved. 

A gypsy mounting is a ring style with a 
moderate to high dome at the top of the ring in 
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Figure 4. Although flush setting offers good pro- 
tection to the girdle area, it is best used for 
durable stones such as the yellow and white di- 
amonds shown here, because of the stress cre- 
ated during the setting process. An experienced 
bench jeweler, however, can set even a rela- 
tively fragile stone in this style, as evidenced 
here by the andalusite flush-set in a gypsy 
mounting. Diamond ring by Steven C. Martin, 
The Gold Masters, Woodland Hills, CA; an- 
dalusite ring by Krementz, New York; photo 

© Tino Hammid. 


which a center stone is often flush set (again, see 
figure 4). The center stone and any accent stones 
may be enhanced further by bright cutting the 
metal that surrounds them. 


Channel Setting. This is an excellent way to 
enhance ring shanks or to lead the eye to a central 
focal point. Channel setting provides a very clean, 
tailored look (figure 5) and may be accomplished 
with round brilliant—cut, baguette, or, quite effec- 
tively, Quadrillion {square brilliant]-cut stones. 
An advantage of channel setting is that the stones 
are set low in the mounting and are protected at 
the girdle. 

In this method, a seat is burred between two 
walls of metal which form a channel. The stone is 
then pressed into place, first one side and then the 
other. This style of setting is best accomplished 
with durable stones such as diamond or corundum. 
There is a significant risk of breakage with less 
durable stones (depending on fractures or inclu- 
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Figure 5. Diamonds and rubies for any other 
variety of corundum) are best suited for 
channel setting because of their durability. 
Ring courtesy of the Altobelli Jewelers, North 
Hollywood, CA; photo © Tino Hammid. 


sions in the stone as well as, very importantly, the 
skill of the setter). There is a high probability that a 
stone that cleaves easily will not withstand this 
setting procedure. 

A variation is the flat channel, which extends 
across a flat or straight area. A continuous seat is 
burred along the length of the channel and the 
stones are slid into place. Beads are then raised in 
the channel with a graver to hold the stones in 
place. This method is recommended for use with 
rectangular or square-cut stones. Because the 
stones are slid, rather than pressed, into place, 
there is less risk of breakage during the setting of a 
flat channel than a regular channel. Exercise care, 
however, with stones that may be scratched by the 
metal. 


Pavé Setting. Pavé is an excellent way to add 
elegance and distinction to many designs. Pavé in 
yellow gold may enhance the color of diamonds 
that fall into the yellow range of the diamond 
color-grading scale, while pavé in white gold or 
platinum does not add a yellow cast to more color- 
less diamonds. It can be used very effectively to 
enhance and draw attention to a more fragile stone 
that has been set in a different style, such as bezel. 
There are two types of pavé (figure 6]: classic, in 
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which stones of the same size are lined up girdle to 
girdle in three or more staggered rows; and com- 
mercial, in which stones of varying sizes are some- 
what randomly fit into a given area of metal. 

In this technique, the stones are arranged on 
the metal, seats are burred, and beads are raised 
over the edge of the girdle onto the stone with a 
sharp graver. Again, care must be exercised since 
one slip of the graver can chip the stone. Diamond 
and corundum are most commonly used for this 
setting style because they are the most durable. 
Many fragile stones, such as tanzanite, tour- 
maline, topaz, and kunzite, cannot withstand the 
pressure of being pavé set. 


Figure 6. Both commercial pavé (top) and clas- 
sic pavé (bottom) are best accomplished with 
more durable stones such as diamond or cor- 
undum. Diamond earring by Harry Winston, 
Inc., New York; brooch plate by Chuck Atmore, 
GIA, Santa Monica, CA; photo © Tino 
Hammid. 


GEMS & GEMOLOGY Summer 1987 


Inlay. Although not as common as the other 
techniques described above, inlay is used to create 
a visual picture of pattern. Opaque gem materials 
(e.g., turquoise, coral, mother-of-pearl, etc.) are 
most commonly used for inlay, but virtually all 
translucent to transparent stones (particularly 
opal, amethyst, and frosted rock crystal quartz) 
may be inlaid to produce a smooth, tailored look. 
First, a metal channel or pattern of sections 
separated by metal walls is created. Gem materials 
are cut to fit these channels or sections and are 
then secured in place by an adhesive, usually 
epoxy. A related technique is intarsia (Elliott, 
1986), Chips of opaque gem materials may also be 
used to fill pattern sections by first filling the 
section with colored epoxy and then fitting the 
chips into it. The chips are then ground off even 
with the metal walls and the piece is polished. 


General Durability Considerations in Designing 
with Colored Stones. These setting styles may be 
used alone or in combination with one another to 
effectively enhance and draw attention to the 
stone(s}'being presented. To safeguard fragile 
stones, however, planning for protection is best 
done in the design stage. 

One of the best ways to protect fragile gems is 
to design a mounting in which metalwork is 
sculpted up around the gem to at least the girdle 
level (figure 7). This area is often subject to 
chipping, as evident in figure 8. Another method to 
achieve protection is to set more durable stones 
around the fragile gem. Be extremely careful, 
however, to make sure that a harder stone does not 
actually touch a less durable one, as this is a 
common cause of damage during subsequent wear 
(figure 9}, 

When using more than one stone in a design, 
be aware, and make your customer aware, of the 
risks involved with the less durable as well as the 
more durable gem. Diamonds and pearls, a popular 
combination, offer a particularly good example of 
the need for caution. Diamond can resist most 
setting, repair, and cleaning techniques, as well as 
most abuse during wear. Pearls are much more 
fragile and cannot withstand heat, polishing, or 
harsh cleaning solutions. Pearls strung with dia- 
mond rondels risk abrasion, while those strung 
with gold beads risk both abrasion and discolora- 
tion. Even a pearl enhancer can abrade or discolor 
the pearls and cause wear to the silk. 

Many manufacturing procedures are done be- 
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Figure 7. One way to protect a potentially frag- 
ile girdle is to design the setting so that metal 
surrounds this area of the stone. Diamond ring 
by C. Y. Sheng, GIA, Santa Monica, CA; emer- 
ald ring by The Altobelli Jewelers, North Holly- 
wood, CA; photo © Tino Hammid. 


fore the stones are set and thus pose no threat to 
the gem. Most setting procedures are accom- 
plished without the use of the torch, the poten- 
tially most dangerous of the jeweler’s tools. Occa- 
sionally, though, the design of an item will require 
that some stones be set prior to completing the 
mounting. In cases such as this, the stones set first 


Figure 8. Even with diamond, the girdle can be 
severely damaged if it is not adequately pro- 
tected. 
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Figure 9. An improperly set diamond can chip 
or otherwise abrade a less durable stone, as evi- 
denced by the diamond and chrysoberyl ring 
seen here. 


must be able to withstand the heat of the soldering 
process (see chart and “Repair” section below}. 
Because of their resistance to heat, diamonds are 
commonly used as accent stones in this type of 
setting. 


REPAIR 


Jobs received at the repair bench (sizing, half- 
shanking, retipping) can sometimes be accom- 
plished with the stones still in the mounting if the 
bench jeweler is knowledgeable about the dura- 
bility of the stones and the effect on them of the 
various tools and procedures used in repair (see 
chart]. It is also important to take into considera- 
tion the presence of inclusions in the stone and the 


Figure 10. The heat from a torch may cause in- 
clusions in a stone to expand and ultimately 
fracture or break the host gem, as illustrated by 
the heat-damaged peridot shown here. 
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possibility that it has been enhanced in a manner 
that might affect its durability. Many gems (e.g., 
emerald, topaz, tourmaline} contain liquid inclu- 
sions that may expand and rupture when heated by 
the jeweler’s torch, causing the stone to fracture or 
even break (figure 10}. In the case of an irradiated 
yellow sapphire, which asa variety of corundum is 
durable, the vibrant yellow color imparted by the 
irradiation process fades rapidly when held close to 
a simple flame (Keller, 1982). A torch could not be 
used close to such a stone without adversely 
affecting the color. The pickle pot and polishing 
wheels should also be used with consideration to 
the potential damage they may cause. 

Jewelry should be thoroughly cleaned before 
any repair procedure is begun. No repair should be 
attempted with the stone in place until the gem 
has been identified. 


Jeweler’s Torch. The torch is one of the jeweler’s 
most frequently used tools. It is essential to many 
aspects of repair and fabrication work, from basic 
sizings to the intricate fabrication of wire baskets 
and filigree work. Whenever possible, the stone 
should be removed from the mounting before the 
repair procedure. When the item must be soldered 
with the stones in place, caution is critical (figure 
11). There are some jobs that can be accomplished 
without removing the stones if the stones can 


Figure 11. Use of the torch during a retipping 
procedure on the center diamond resulted in 
the permanent clouding of the surrounding 
peridots, which are very heat sensitive. 
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Figure 12. Improper use of the jeweler’s torch 
caused permanent clouding and cracking of the 
diamond on the left, shown here with an un- 
damaged diamond. Photo by Robert Weldon. 


take heat, if no inclusions are present that could 
cause damage, and if no enhancement has been 
done that could be altered by heat. The skill of the 
person performing the repair and the type of torch 
being used are important factors in the success of 
soldering close to any stone. 

Everi diamonds may cloud or crack under the 
jeweler’s torch (figure 12). Clouding, which may 
occur when heat is applied to a dirty stone, is often 
permanent; since it is confined to the surface, 
however, it may be removed by repolishing the 
facets on a lap. Uneven heating may cause a 
diamond to cleave. Any heating procedure should 
be done with an even, gentle, constant motion. 
Keep the torch moving in a repetitive cycle across 
the stone and prongs being repaired (this is espe- 
cially important if the stone is large}. Natural 
green, and all colors of irradiated, diamonds may 
change color if heated, so remove these stones from 
the piece before attempting repair work (D. Moran 
and D.V. Manson, pers. comm., 1987). 

The expansion of inclusions (such as carbon 
dioxide fluid inclusions; see Koivula, 1986) as well 
as uneven heating of the stone can cause fractures 
or breakage in corundum. In addition, use of a 
borax-containing soldering flux or pickle solution 
may etch the surface of corundum (figure 13). Use 
caution when working with star corundum. Black 
star sapphire can withstand heat if extreme care is 
used, but star ruby and other colors of star sapphire 
are extremely susceptible to fracture. Corundum 
could be inadvertently heat-treated by the torch, 
which might cause the color to change (R. Kane, 
pers. comm., 1987]. 
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Figure 13. The use of a borax-containing solder- 
ing flux resulted in severe etching of the table 
of this sapphire. Photo by Robert E. Kane. 


The use of the torch in conjunction with 
virtually all other stones is very risky; heat must 
be applied with extreme caution if at all and only 
by a qualified bench jeweler. There are, however, 
some techniques for protecting heat-sensitive 
stones when work must be done on an area away 
from the stone itself: {1} bury the stone in wet sand; 
(2) wrap the stone in florist’s putty or clay for 
support and then submerge it in a container of 
water until the water level is at stone height, 
leaving, in the case of a ring, the shank exposed; or 
(3) pin the piece stone-down onto a wet sponge. 
Again, though, even these techniques should be 
attempted only by an experienced bench person. 


Pickle Pot. The pickle pot usually contains a 
buffered sodium bisulphate solution (usually 2.2 
Ibs. to 1 gal. of water). This solution is used to 
remove surface oxides (e.g., copper oxide} created 
when the metal is heated during soldering or 
annealing. 

Because pickling solutions are usually kept at 
a warm temperature (160°F/91°C}, and warm acids 
adversely affect many types of stones, caution is 
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suggested in the use of the pickle pot. Peridot, for 
example, is easily etched by the pickling solution 
and may require repolishing (figure 14}. 

Thermal shock (sudden temperature change} 
is acommon factor in damage to stones (figure 15). 
One of the most serious mistakes a jeweler can 
make is to take a stone-set item directly from torch 
work and place it into the pickle pot. If the stone is 
relatively hot when it enters the pickle solution 
(note that the center of the stone stays hot longer 
than the surface}, the sudden change in tempera- 
ture may internally shatter it (even diamond is 
susceptible to thermal shock; see figure 16). Jew- 
elers who routinely use water to cool a hot item for 
better handling place the stone in similar danger. 


Polishing. Be aware that some gold is removed 
every time you polish a piece. Special care should 
be taken in polishing pavé-set pieces to make sure 
that beads are not weakened or removed, which 
could result in the loss of the stones. Even prongs 
may be polished off to the point of needing to be 
retipped. A light touch at the polishing wheel is 
recommended, especially when polishing over 
stones. Those stones with a hardness of 5 or less 
can be damaged by Tripoli, a commonly used 
abrasive type of polishing compound, which cre- 
ates minute surface scratches and dulls the polish 
of the stone. If too much pressure is applied during 
polishing, facet junctions may be rounded or com- 
pletely polished away on some gemstones. Particu- 


Figure 14. The surface of this peridot was badly 
etched by the pickling solution. Photo by 
Robert E. Kane. 
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Figure 15. Thermal shock during a repair pro- 
cedure on the mounting caused extensive inter- 
nal cracking in this once-beautiful peridot. 


lar care is recommended when polishing near 
turquoise, lapis lazuli, and opal {which may also 
absarb the compound). 

The best way to avoid polishing damage is to 
keep the polishing wheel off the surface of the 
stone. When you are polishing prongs, use a mini 
felt wheel and the flexshaft for greater control of 
the area being polished, or cover the top of your 
stone with masking tape to protect it. Rouge, a 
buffing compound that is used for the final luster, 
is safe with most stones. Never polish pearls, 
however, as the compounds will abrade and dis- 
color the nacre. For this reason, pearls are set after 
all other stones have been set and the final buffing 
and cleaning have been completed. 


CLEANING 


Proper cleaning is an essential part of gemstone 
maintenance. Gemologists must usually clean a 
stone-set jewelry item before they can identify or 
appraise it. Bench jewelers clean items to remove 
surface dirt before repair jobs and to remove any 
buffing compound residue that remains after final 
buffing. Jewelers routinely clean case items to 
brighten their appearance. 

Although there are several methods for clean- 
ing jewelry, the safest by far is the use of warm, 
soapy water and a soft-bristle brush. This method 
provides gentle cleaning without risk of damage 
for almost any stone, and is the only one recom- 
mended if the identity of the stone has not yet been 
determined. Although this procedure can be used 
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Figure 16. Even the most durable of gemstones, 
diamond, can be severely damaged by thermal 
shock, 


for pearls, do not scrub the pearls forcefully, but 
rather brush them gently to remove surface dirt, 
especially, in and around the drill hole. Be sure to 
rinse the pearls thoroughly, since any soap residue 
will attract dirt. Pearls that are strung should be 
placed on‘a soft clean towel until both the pearls 
and the silk are completely dry (at least 24 hours]. 
Never hang pearls to dry, as this causes the silk to 
stretch, weakening and possibly fraying it. Because 
of the possible damage to the silk caused by the 
washing process, the author recommends that 
pearls be restrung after they have been cleaned and 
thoroughly dried. 

Many of the “dips” sold for cleaning jewelry 
contain ammonia and should be used with caution, 
ifat all. Another fairly common home practice is to 
clean jewelry with a toothbrush and toothpaste. 
Again, caution is advised, as toothpaste and simi- 
lar cleansers are very abrasive and will scratch soft 
stones. Compressed gas (canned air}, used by some 
in the trade, may cause thermal shock if a room- 
temperature stone is submitted to a blast of this 
supercooled gas. 

Two instruments commonly used for cleaning 
jewelry are the ultrasonic and the steamer. The 
ultrasonic cleaner is effective in removing dirt and 
buffing compound from areas that cannot be easily 
cleaned with a brush (e.g., the pavilion area of a 
mounted stone}. The steamer removes any residue 
from cleaning or polishing and forces residue out of 
intricate (e.g., filigree} or hard-to-reach areas. Used 
properly, these two cleaners produce excellent 
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results on many stones, but they can be disastrous 
for others (see chart). Extreme caution and very 
limited exposure to each method are recom- 
mended, since there are risks involved in using 
them on any gem material. Regardless of the 
cleaning method used, always carefully examine 
the stone prior to and immediately after cleaning 
to check for possible damage. 


Ultrasonic Cleaner. The ultrasonic works on the 
principle of tiny bubbles imploding against the 
item. These bubbles are caused by vibrations 
generated by high-frequency (20-40 Hz), high- 
intensity sound waves that travel through the 
liquid. This action both scrubs exposed surfaces 
and produces heat that is potentially damaging to 
many sensitive, porous, or enhanced stones (see 
chart). 

Ammonia and water, a solution commonly 
used in the ultrasonic, may damage the surface of 
sensitive stones as it heats up. A gentle solution, 
such as polishing compound remover (which does 
not contain ammonia], is effective for removing 
buffing compounds and risks less damage to the 
surfaces of stones (and metals} being cleaned. For 
cleaning jewelry, a mild liquid soap or liquid 
dishwashing detergent (check for ammonia con- 
tent) is recommended. Caution is still required 
with sensitive stones. 

Porous stones (e.g., turquoise, malachite, la- 
pis lazuli) may absorb some of the cleaning solu- 
tion, which could cause discoloration. Stones that 
have been oiled, such as emerald {and some ruby] 
may appear to lose color and gain inclusions as the 
oil is driven out of fractures (figure 17). Dyed 
stones may suffer a similar reaction. Pearls may 
have cracks beneath the surface of the nacre that 
can be enlarged or brought to the surface by the 
vibration of the ultrasonic. Other gem materials 
with internal fractures or cleavages run the same 
risk. Even stones that are normally considered safe 
for cleaning in the ultrasonic may be at risk if left 
for more than a few minutes. Extended exposure to 
the vibrating motion could cause the expansion of 
fractures or cleavages that might have been un- 
harmed if exposed for a shorter period. 


Steam Cleaner. The steamer is another useful but 
potentially dangerous tool. It cleans and dries 
jewelry by way of a compressed blast of steam. 
This blast forces dirt and oils away from the area 
where the steam is hitting the stone. Steaming 
often adds that “extra sparkle” to stones and 
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Figure 17, Most emeralds in the trade today are oiled (left). Their appearance may be altered radi- 
cally (right) when the oil is driven out of the fractures by a procedure such as cleaning in an ultra- 


sonic. Photos © Tino Hammid. 


removes any residue from ultrasonic cleaning. 
Although the steamer may force dirt into fractures 
{figure 18) or inclusions that break the surface of a 
stone that is not relatively clean to begin with, the 
greatest potential danger of steaming is thermal 
shock. 

Introducing the change in temperature gradu- 
ally is very important. It is best to hold the jewelry 
item securely by its mounting with plastic-coated 
tweezers (the coating prevents scratching and 
slipping). Begin the temperature change by run- 
ning warm, then hot, water over the stone, and 
then begin steaming by holding the item in the 
outer fringes of the steam. Gradually lift the piece 
into the blast of steam (this allows time for an even 
temperature change}. Once the stone is accli- 
mated, short, frequent blasts of steam work best 
during the cleaning process. However, care should 
be taken to steam large stones evenly, as an isolated 
blast of steam on a small section will cause that 
area to heat up and expand faster than the rest of 
the stone, resulting in fracture. 

Occasionally, steam cleaning will leave a film 
or the stone-set item will still appear dirty; often it 
is then put back into the ultrasonic or directly into 
running water. This can be a costly mistake, 
because the process of steaming heats up the stone 
considerably (steam temperature is approximately 
300°F/149°C at 67 psi} and the lower temperature 
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may cause thermal shock and shatter the stone. To 
minimize the risk, always allow a steamed stone to 
cool for a few minutes before any further cleaning 
is attempted. 


Boiling. This procedure is not recommended for 
any stones other than diamond. Even then it 
should be used only with extreme caution, since 
inclusions in the diamond could be adversely 
affected by the heat. If you feel you must boil a 
diamond, the safest procedure is to place the stone 


Figure 18. This star sapphire was stained when dirt 
was forced into the fractures during steam cleaning. 
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in cold water and gradually bring the water to a 
boil. Never put the stone directly into boiling 
water. Allow the stone to cool thoroughly after 
boiling before any further work is done. 


DISPLAY 


Display plays a significant role in the sale of 
jewelry. Attractive display cases highlighting un- 
usual loose stones and/or unique pieces capture 
the attention of potential customers. 

Again, gemstone durability (specifically, sta- 
bility} is important in determining how and where 
some items can be shown to best advantage. 
Several stones are sensitive to both heat and light 
(see chart]. For example, opals are subject to 
dehydration, which may result in cracking and 
crazing. Consequently, opals are best displayed in 
inside cases away from the case lights and direct 
sunlight, both of which can generate considerable 
heat. 

Stones that fade easily in light (e.g., most 
kunzite} should not be displayed in windows 
exposed to sunlight or in brightly lit cases. Some 
amethyst, too, is subject to fading when exposed to 
strong, ‘direct light for a long period. 


CARE TIPS 


Professionals should be as concerned with the care 
of the stone after it is sold as they are while it is in 
their possession. Consequently, any durability 
problems that affect decisions with regard to 
setting, repair, cleaning, and display should be 
communicated to the purchaser in the form of care 
tips. 

Pearls and opals are two of the better-known 
gems that benefit from special care. Both are 
subject to dehydration and are best stored away 
from prolonged exposure to heat. Pearls should 
also be protected from damaging chemicals that 
might attack the nacre and from rough-textured 
fabrics that might abrade the nacre. Make-up 
(which may cause discoloration], perfume (which 
may attack the nacre}, and hair spray (which may 
coat the pearls and lead to dehydration) should 
always be applied and allowed to dry before the 
pearls are put on. Pearls should not be worn next to 
the skin if acidic perspiration is a problem. They 
are best stored in a soft silk pouch rather than loose 
in a jewelry box, where they risk abrasion. 

Opals are fragile stones, easily scratched, bro- 
ken, or chipped. Care should be taken during wear 
that the opal does not receive any sharp blows, and 
opals should be stored away from other stones or 
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settings that might cause abrasion. Contrary to 
popular belief, soaking opals in mineral oil does 
not prevent cracking or crazing; it only tempo- 
rarily masks existing cracks, which again become 
readily visible when the oil dries out. 

Jewelers should advise customers who pur- 
chase a potentially light-sensitive stone (e.g., 
kunzite, amethyst, etc.) that it is best used for 
evening or occasional wear and that it should be 
kept out of light when it is not being worn. 


CONCLUSION 


Gemstones are rare products of nature and have 
been revered for their beauty and durability for 
thousands of years. Much has been learned about 
the commerce and culture of earlier peoples from 
the gems and jewelry articles found in ancient 
ruins. Properly cared for, most gemstones should 
retain their beauty for hundreds, if not thousands, 
of years. In fact, turquoise and lapis lazuli are 
constituents in one of the oldest known pieces of 
wrought jewelry, which dates back more than 
5,000 years (Vilimkova, 1969}. When one considers 
the history that accompanies gemstones, and the 
significance to future generations that our cre- 
ations might have, it seems only right that we do 
our best to preserve the gems we wear. One of the 
easiest ways to do this is to understand the areas 
where each individual gemstone needs special 
consideration and to compensate through our 
design processes, manufacturing techniques, and 
care procedures. 
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THE OCCURRENCE AND 
GEMOLOGICAL PROPERTIES OF 
WESSELS MINE SUGILITE 


By James E. Shigley, John I. Koivula, and C. W. Fryer 


Examination of jewelry-quality sugilite 
shows that it consists of manganese-bear- 
ing sugilite and other minerals in a poly- 
crystalline aggregate. The material occurs 
in a large stratiform manganese orebody 
at the Wessels mine near Kuruman, South 
Africa. Some 12 to 15 tons of sugilite of 
varying quality are estimated to occur at 
the mine. The attractive purple color is 
due to the presence of about 1-3 wt.% 
manganese oxide. The research reported 
here revealed that there are actually two 
types of gem materials that have here- 
tofore been called sugilite: one that is pre- 
dominantly manganoan sugilite with 
munor impurity minerals, and the other 
that is chalcedony mixed with (and col- 
ored by) sugilite. 
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n 1979, anew gem material with a striking purple color 

began appearing on the gem market (figure 1). Its source 
is the Wessels mine in the northern part of Cape Prov- 
ince, Republic of South Africa. Initially there was some 
question as to the identity of this material, and in the 
gemological literature it was first referred to as sogdianite 
(Dusmatov et al., 1968; Forbes et al., 1972; Bank et al., 
1978; Dillman, 1978). Subsequently, Dunn et al. {1980} 
showed that this new gem material is actually a composi- 
tional variety of the uncommon mineral sugilite (which is 
closely related to sogdianite) that contains minor amounts 
of manganese. The manganese is responsible for the 
distinctive purple color. 

The mineral sugilite was first described by Murakami 
et al. (1976) from a locality in southwest Japan. There it 
occurs in limited amounts as small brownish yellow grains 
in an aegirine syenite host rock. Clark et al. (1980) reported 
an occurrence of the mineral as a few tiny pink crystals in 
manganese ore from the state of Madhya Pradesh in India. 
These two and the Wessels mine are the only known 
occurrences of sugilite. The appearance of the massive 
purple material from the Wessels mine bears no resem- 
blance to the “type” material from Japan. 

Manganoan sugilite from the Wessels mine has been 
marketed under several trade names, including Royal 
Lavulite and Royal Azel. Within the trade, however, there 
has been some confusion as to the exact nature of this gem 
material. In contrast to single-crystal gem materials with 
gemological properties that generally fall within well- 
defined limits, this sugilite is both polycrystalline and 
polymineralic [i.e., it consists of an aggregate of tiny 
individual grains of sugilite and other minerals}. The 
polycrystalline character and often variable mineral con- 
tent of manganoan sugilite results in a wide variety of 
material that might be considered gem quality, as well asin 
a broad range of gemological properties. The lack of 
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definitive gemological data on the nature of man- 
ganoan sugilite prompted the investigation re- 
ported in this article. Our research showed that 
material from the Wessels mine can range from 
samples that are predominantly manganoan sug- 
ilite to those that contain major amounts of 
chalcedony mixed with manganoan sugilite. Al- 
though standard gemological tests can indicate 
that both minerals are present in a single sample, 
they cannot determine the relative proportions. 
Using information from a recently published 
field study of the Wessels mine (Dixon, 1985], and 
also from written communications with a mine 
geologist, we will provide a brief description of the 
occurrence of manganoan sugilite. This is fol- 
lowed by a gemological characterization of this 
material (and of the chalcedony mixed with sug- 
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Figure 1. The jewelry shown 
here combines fine sugilite 
in a variety of applications. 
The necklace incorporates 
166.4 ct of translucent sug- 
ilite beads; the S-shaped 
center pendant consists of 
sugilite inlaid in gold with 
pavé-set diamonds from 
which is suspended a 4.6-ct 
pear-shaped faceted translu- 
cent sugilite, The bracelet 
illustrates various shades of 
sugilite, here inlaid with 
gold. The ring features a 
6-ct cabochon-cut center 
stone set in gold, Jewelry by 
Randy Polk. Photo © 
Harold & Erica Van Pelt. 


ilite} and a summary of the diagnostic features by 
which it can he identified. Although the correct 
varietal name for the sugilite from the Wessels 
mine is purple manganoan sugilite, to be consis- 
tent with trade use we will refer to this material 
simply as sugilite throughout the balance of this 
article. 


GEOLOGY 


Location and Access. The Wessels mine is located 
some 80 km northwest of Kuruman, and is access- 
ible by automobile (figure 2}. This area of South 
Africa is part of the Kalahari Desert. Within this 
region, the relatively flat topography is interrupted 
by a few gently rolling hills and by occasional 
stream or river channels. Most of the terrain is 
covered by sand. Mean elevations are approx- 
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imately 1000 m above sea level, with isolated rock 
outcrops rising an additional 20 to 30 m above the 
land surface. Annual rainfall averages 20 to 25 cm. 
The local climate is characterized by distinct 
seasonal temperatures—from below 0°C (32°F]) 
during winter to above 38°C (100°F} in summer— 
and by large daily temperature variations. Vegeta- 
tion, typical of the elevated topography and semi- 
arid climate, consists of small trees, low scrub 
bushes, and various grasses. 


Nature of the Manganese Deposit. Manganoan 
sugilite occurs in small quantities with other 
manganese minerals at the Wessels mine, one of a 
number of surface and underground mines that 
exploits a series of important manganese deposits 
in the northern Cape Province. These deposits, 
known collectively as the Kalahari manganese 
field, extend over a distance of some 140 km from 
Black Rock to Postmasburg. With estimated re- 
serves of eight billion tons of ore, these are among 
the largest and richest manganese deposits in the 
world (Roy, 1976; Button, 1976). 

The manganese fields near Kuruman were 
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Figure 2. This map of the 
Kuruman region shows 
the locations of the 
Wessels and other nearby 
manganese mines in the 
Kalahari manganese 
field. 


discovered early in this century (see details in 
Boardman, 1964}. By the late 1920s, geologists had 
located a series of major manganese orebodies 
along two parallel, north-south trending belts 
beginning at Postmasburg. Some of these deposits, 
such as at Hotazel, are mined at the surface by 
open-pit methods. In most places, however, the 
manganese ore occurs below the desert sand, and is 
only seen in channels cut by streams or in rock 
samples brought up during well excavation or 
subsurface drilling. The Wessels mine, owned and 
operated by South African Manganese Mines Ltd. 
(SAMANCOR} of Johannesburg, is one of the 
largest underground mines in the Kuruman area 
and has been in operation since 1973. 


Regional Geology of the Kalahari Manganese Field. 
At the Wessels mine, the manganese ore occurs in 
a stratiform orebody (for further information, see 
Roy, 1976, and Hutchinson, 1983). Such stratiform 
manganese deposits are found in India, Brazil, 
Ghana, and the Soviet Union, but the ones in South 
Africa are among the largest and economically 
most important. 
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The regional geology of the area around the 
Wessels mine has been described by J. E. de Villiers 
(1960, 1983], Boardman (1964), Button {1976}, and 
P R. de Villiers (1967, 1970). The manganese ore 
occurs at several horizons within a sequence of 
sedimentary rocks that is over 10,000 m thick. The 
ore layers are quite rich, some with a manganese 
content in excess of 50% (Wilson and Dunn, 1978}. 
The ore consists of braunite, hausmannite, man- 
ganite, pyrolusite, rhodochrosite, and other man- 
ganese-bearing minerals (Frankel, 1958). It is dark 
brown to black and occurs in massive layers. 
Although not especially thick (5-25 m], some 
individual layers of ore are remarkably continuous 
and have been traced more than 50 km. 

According to Sdhnge (1977), the layers of 
manganese ore and the enclosing sediments were 
deposited in a sedimentary basin between 2.6 and 
2 billion years ago. The manganese was derived 
either from weathering of the surrounding land or 
from hydrothermal solutions that moved through 
the sediments during local episodes of volcanic 
activity. Favorable conditions led to the deposition 
of various manganese minerals at certain layers in 
the sequence of sedimentary rocks. 


The Occurrence of Sugilite at the Wessels Mine. 
Compared to the production of manganese, only 
small amounts of sugilite are found at the Wessels 
mine. Because of its minor economic importance 
relative to the manganese ore, sugilite has not 
received great attention from mine officials. The 
few reports published on sugilite since its discov- 
ery in 1973 lack specific information on the 
occurrence; the best description is by Dixon 
{1985}. The information presented below is taken 
from that article as well as from written communi- 
cations with Dr. D. N. Bird, aSAMANCOR geolo- 
gist. 

Sugilite is found in massive form in layers or 
seams within certain zones in the manganese ore 
(figure 3}. When several sugilite layers occur to- 
gether, the group can reach 15 cm thick. The layers 
of sugilite mineralization are not continuous, but 
rather they extend laterally as far as 15 m. The 
sugilite is also found as irregular-shaped patches or 
as massive material that fills the spaces between 
brecciated blocks of manganese ore. In the original 
description, Dunn et al. (1980] mentioned that the 
sugilite and its associated minerals—chiefly 
braunite and acmite pyroxene—are intimately 
intergrown on a fine scale. According to Dixon 
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Figure 3, At the Wessels mine, sugilite can oc- 
cur in massive or layered form. This representa- 
tive sample (6 x §& X 1 cm) shows the layered 
appearance often seen in the material. The 
thickness of individual sugilite layers varies 
greatly, and can reach up to several centimeters 
across. The thin layers in this sample are al- 
most pure manganoan sugilite. The sugilite oc- 
curs with black braunite and a light gray rock 
containing pectolite and possibly acmite. Photo 
© Tino Hammid. 


(1985), associated minerals also include andradite, 
wollastonite, pectolite, vesuvianite, glau- 
cochroite, and quartz. Dixon describes this group 
of minerals as forming a skarn within the layered 
manganese ore. A skarn is a mineralized ore 
deposit that results from the chemical interaction 
of circulating hydrothermal solutions with the 
sedimentary host rocks through which they pass, 
Original minerals in the host rock are meta- 
somatically replaced by new minerals, which then 
often form a sequence of mineralized zones related 
to the direction of flow of the hydrothermal 
solutions. At the Wessels mine, sugilite apparently 
formed by such a process at some point following 
the original deposition of the manganese-bearing 
sediments. 

Manganoan sugilite has been mined intermit- 
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Figure 4. In the under- 
ground workings of the 
Wessels mine, miners probe 
with metal poles for layers 
of sugilite within the mas- 
sive manganese ore. Photo 
by John Pittorino. 


Figure 5. A miner working underground in the tently. The original discovery resulted from an 
Wessels mine displays a chunk of sugilite that accidental encounter with a sugilite-rich area 
has just been taken from the mine well. Photo during normal mining operations. When sugilite is 
by John Pittorino. found (figures 4 and 5], the miners remove it from 


the host rock using hand tools, haul it to the 
surface, separate it from the more abundant man- 
ganese ore, and stockpile it for eventual sale. At the 
mine, the quality of the sugilite varies greatly, with 
no particular quality being restricted to certain 
parts of the underground workings. Dr. Bird (pers. 
comm., 1985) reported that sugilite has not been 
observed in any of the other manganese mines 
operated by SAMANCOR, and has not been identi- 
fied in any of the neighboring mines in the Kal- 
ahari manganese field. No exact figures are avail- 
able on the total reserves of sugilite at the Wessels 
mine, but R. D. Dixon (pers. comm., 1985} has 
unofficially estimated that there are 12 to 15 tons 
of sugilite of varying quality present. He based this 
estimate on his field studies and on the occurrence 
and production of the sugilite mined thus far. Of 
the projected reserves, no estimate is available as 
to how much is gemologically important or actu- 
ally recoverable. However, blocks of massive jewel- 
ry-quality sugilite weighing up to several kilo- 
grams have been found. 


CHARACTERIZATION OF 
WESSELS MINE SUGILITE 


For our study we examined a number of massive 
samples as well as 25 cabochon-cut and faceted 
pieces of varying quality. It was during our exam- 
ination that we discovered that two types of 
material actually come from the Wessels mine: (1} 
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samples that are predominantly sugilite; and (2) 
samples that are less pure, and that contain varying 
amounts of chalcedony mixed with (and colored 
by) sugilite. Samples from the latter group exhibit 
gemological properties of both minerals, and 
should be identified as a rock composed of both; 
standard gemological testing of these samples will 
only indicate if some significant amount of 
chalcedony is present. The following paragraphs 
summarize the properties of relatively pure man- 
ganoan sugilite (see box). The properties of the 
samples composed of chalcedony mixed with sug- 
ilite are also reported in the text when they differ 
significantly from those of manganoan sugilite. In 
the discussion that follows, samples containing 
both chalcedony and sugilite are identified as 
such, the term sugilite is used only to refer to 
samples that are predominantly manganoan sug- 
ilite. 


Appearance, The most striking feature of the purer 
samples of sugilite is the purple color. As described 
using GIA’s color terminology, the material gener- 
ally has:a purple or bluish purple hue with a 
variable tone (6-8) and saturation (2~4). A repre- 
sentative ColorMaster reading for the best-quality 
material is C-04/00/66. In incandescent light, the 
material takes on a more reddish appearance. 
Samples containing chalcedony that are lower in 
sugilite content retain the same purple hue but are 
less saturated in color and are lighter in tone. 

A small amount of sugilite from the Wessels 
mine has a distinct reddish purple or dark pink 
color that corresponds to a ColorMaster reading of 
C-43/35/100 (figure 6). We found this material to 
differ in chemistry and in absorption spectrum 
from the more common purple sugilite, as de- 
scribed later in this article. This reddish purple 
color variety of sugilite is reported to be quite rare 
at the mine and, to our knowledge, has not ap- 
peared on the gem market. 

The textural appearance and coloration of both 
sugilite and those samples intermixed with 
chalcedony can range from quite uniform to mot- 
tled, veined, or layered depending on the homoge- 
neity of the material (figures 7 and 8). When 
observed with a microscope, all samples (even 
those with a uniform color) were found to consist 
of interlocking grains of sugilite and other impu- 
rity minerals of differing size, shape, and optical 
orientation {figure 9]. This polycrystalline nature 
can become so pronounced as to give some pieces a 
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i composition: 


polygonal appearance. Others, with a relatively 
uniform color, have an orbicular texture in which 
faint, grayish purple, 1-2 mm round areas can be 
seen. Narrow reddish brown veinlets up to 2 mm 
across cut through some samples in random direc- 
tions, 

Sugilite can fracture along irregular surfaces, 
but the material used for jewelry is generally quite 
tough and durable. Cleavage was not apparent in 
the samples we examined. The material varies 
from opaque to translucent. There apparently is no 
relationship between the degree of transparency 
and the sugilite and chalcedony content. The 
luster on a broken surface is vitreous or resinous. 


Refractive Index. Dunn et al. {1980} reported the 
refractive indices of manganoan sugilite from the 
Wessels mine to be «= 1.605 and w= 1.611. It was 
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during RI. testing that we first noted the two 
distinct types of gem material. Sixteen of the 25 
samples gave a nonvarying spot or flat-facet read- 
ing of 1.607, as expected for sugilite (Fryer et al., 
1981}. One of the faceted stones, however, gave a 
distinct reading of 1.544 that corresponds to the 
refractive index of quartz or chalcedony. The 
remaining eight samples showed two separate 
readings of 1.544 and 1.607. When the magnifying 
lens was removed from the refractometer, and flat- 
facet readings were taken at various locations on 
one of these eight samples, a number of locations 
on different mineral grains easily gave either or 
sometimes both of these refractive indices. 

These results indicate that the gem material 
commonly called “sugilite” in the trade actually 
ranges from relatively pure manganoan sugilite to 
samples that contain progressively greater 
amounts of chalcedony. Samples exhibiting the 
two refractive indices should not be described as 
sugilite but rather as a rock consisting of a mixture 
of sugilite and chalcedony. There is no way to 
determine if chalcedony is the major constituent 
of a particular sample by standard gemological 
testing procedures. 


Birefringence. As is common with other massive, 
polycrystalline gem materials used for lapidary 
purposes, none of the samples tested on the refrac- 
tometer displayed discernible birefringence. The 
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double readings of 1.544 and 1.607 are distinct and 
separate refractive indices for the two different 
minerals found intermixed in some samples, and 
they should not be mistaken for birefringence. 


Pleochroism. The samples examined are poly- 
crystalline, and display no pleochroism because of 
the random orientation of their microscopic con- 
stituents. 


Specific Gravity. To test for specific gravity, we 
selected six samples from the group of 25. This set 
covered the range of colors of sugilite and included 
a lighter-colored sample that also contained 
chalcedony {as indicated by the 1.544 refractive 
index). Testing of this group should demonstrate a 
simple means of distinguishing material that is 
predominantly sugilite from pieces that are 
chalcedony mixed with sugilite because of the 
lower specific gravity of chalcedony (2.58-2.62, as 
compared to 2.79 for sugilite]. 

The samples were tested first in a methylene 
iodide-benzyl benzoate solution of known 2.67 
specific gravity. The sugilite samples sank readily 
in the liquid; their specific gravity was estimated 
to be approximately 2.75 to 2.80. The single 
lighter-colored sample containing chalcedony 
sank slowly in the liquid; its specific gravity was 
estimated to be approximately 2.70. 

Using a Voland double-pan balance and three 
repeated measurements, we obtained a hydrostatic 


Figure 6. Comparison of 
purple and reddish purple 
samples of massive sugilite 
from the Wessels mine. The 
specimens are 2 cm high. 
Photo © Tino Hammid. 
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value of 2.69 for the lighter-colored sample, and 
values of 2.74-2.78 (2.76 average] for the remain- 
ing five samples. It appears, then, that measure- 
ment of Specific gravity does indeed provide a 
rough indication of how much chalcedony a sam- 
ple of this material might contain, with samples 
with lower specific gravities containing more 
chalcedony. 


Absorption Spectra. When examined with a “hand- 
held” type of spectroscope and reflected light, the 
sugilite samples were found to exhibit one or more 
of the following features: a weak band at about 411 
nm, a strong band at about 419 nm, a weak band at 
about 445 nm, and a weak band at approximately 
495 nm. The strong band at 419 nm could be seen 
in all samples, but the weaker ones were not always 
visible. In addition, broad regions of absorption 
below 430 nm and from 500 to 600 nm were noted 
(see spectrum illustrated in Fryer et al., 1981). The 
strength of these spectral features increases in 
intensity as the color of the sugilite becomes 
darker. The narrow bands were much less obvious 
in the reddish purple color variety of sugilite, but 
the broad absorption region from 500 to 600 nm 
was still visible. In a sample of the chalcedony 
mixed with sugilite, no narrow bands were ob- 
served, but, again, a broad region of absorption 
from 500 to 600 nm was weakly visible. 
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Figure 7. This selection of 
cabochons of manganoan 
sugilite, ranging from 2.53 
to 9.08 ct, illustrates the 
range of color and textural 
appearance of the material. 
Photo © Harold & Erica 
Van Pelt. 


Figure 8, Although this material was originally 
thought to be sugilite, gemological tests indi- 
cated that it is actually a mixture of chal- 
cedony and sugilite. The carving is 4 cm in di- 
ameter and weighs 51 ct. Photo by Scott Briggs. 


Absorption curves on this material were ob- 
tained with a Pye-Unicam UV/VIS spec- 
trophotometer, and compared with the absorption 
spectra of other manganese- and iron-bearing min- 
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Figure 9. In this thin section viewed with po- 
larized light, individual grains of sugilite, each 
exhibiting a different interference color, are 
seen In a polygonal arrangement that relates to 
the polycrystalline character of the material. 
The grains are approximately 0.1 mm in diame- 
ter. The tiny black inclusions are impurities. 
The presence of sugilite and other minerals in 
such a granular aggregate leads to the poly- 
mineralic nature of this material; magnified 
50x. Photomicrograph by John Koivula. 


erals. The results (see figure 10) indicate that the 
color of the purple sugilite can be attributed to 
both manganese (as Mn3*} and iron [as Fe3+}. The 
color of the material proved to be stable when 
subjected to heat (100°C) and light {exposure to 
direct sunlight for several hours} conditions that 
might be experienced during routine jewelry use. 
In addition, none of the samples was found to have 
been treated with any color-enhancing dyes. The 
same remarks on color stability can be made for 
the samples containing both chalcedony and sug- 
ilite. 
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Hardness. The samples we tested vary in hardness 
between 5!/2 and 6'/2, and most commonly be- 
tween 6 and 6!/2, on the Mohs scale. Those 
specimens that gave a 1.544 RI, indicating a 
significant chalcedony content, also tended to test 
consistently at the higher, 6-6!/2, end of the 
hardness range. Other factors that appear to affect 
the hardness are texture and the thickness of the 
sugilite layers. These hardness values correspond 
to those reported by Dunn et al. {1980} for manga- 
noan sugilite. No directional variation in hardness 
was noted during testing. Both sugilite and the 
chalcedony with sugilite are sufficiently durable 
for use in various jewelry applications. 


Figure 10. The spectrophotometer absorption 
curve of a polycrystalline sample of purple 
manganoan sugilite. Within the visible region, 
the absorption peaks indicated correspond to 
the narrow absorption lines seen in a “hand- 
held” type of spectroscope. The large peak cen- 
tered at about 556 nm corresponds to the broad 
region of absorption from 500 to 600 nm seen 
in the hand spectroscope. The curve was ob- 
tained with a Pye Unicam PU8800 UV/VIS 
spectrophotometer with a 1-nm bandwidth and 
a i-nm/sec scan speed. The path length through 
the sample was approximately 1.56 mm. 
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Ultraviolet Fluorescence. All of the 25 samples 
were inert to long-wave (366 nm] ultraviolet radia- 
tion. When exposed to short-wave ultraviolet radi- 
ation, six of the samples showed a slight reaction 
while the remaining 19 were inert. Of the six, four 
fluoresced an extremely weak, dull, chalky orange. 
The remaining two exhibited weak to moderate 
orange fluorescence on a few tiny randomly ar- 
ranged spots. Some of these spots were pinpointed 
and then examined with the microscope, but no 
distinct mineral grains responsible for the fluores- 
cence could be resolved. It was noted, however, 
that those samples that reacted to short-wave 
ultraviolet radiation were also among those that 
had both the 1.607 and 1.544 refractive indices. 
Thus, such a fluorescence reaction seems likely to 
be due to the presence of chalcedony in the sample. 
Manganoan sugilite is inert to ultraviolet radia- 
tion. 


Chemical and X-ray Diffraction Data. Chemical 
composition data on manganoan sugilite have 
been published by Dunn et al. (1980}, Clark et al. 
(1980), Olivier et al. (1983), and Dixon (1985). They 
reported.that the material contains about 1-3 
wt.% manganese oxide. The chemical formula of 
manganoan sugilite can be written as follows: 


(K,Na}(Na,Fe3 +,Mn3 + ))(LiyFe? * )Si,2030 


The X-ray diffraction pattern we obtained fora 
sample of manganoan sugilite from the Wessels 
mine (GIA 14561) is consistent with K-ray data 
reported for the type sugilite from Japan (1986 
JCPDS Mineral Powder Diffraction File 29-824}. 
Least-squares refinement of 68 measured reflec- 
tions obtained from this specimen yielded unit- 
cell dimensions of a=10.020(3) A and 
c= 14.085(11) A. The close correspondence of 
these values to those of the type sugilite from 
Japan {a = 10.007 A, c = 14,000 A) suggests that 
the presence of manganese has little influence on 
the crystal structure. The reddish purple color 
variety of sugilite gave a similar X-ray diffraction 
pattern. 

X-ray diffraction patterns obtained from some 
of the more grayish purple material confirmed the 
presence of important amounts of quartz (in the 
form of the cryptocrystalline variety chalcedony). 
Patterns for some of the other minerals in those 
pieces of rock containing sugilite with prominent 
gray layers revealed (black) braunite, {grayish} 
pectolite and, toa lesser extent, (white} barite. The 
reddish brown veinlets cutting some samples were 
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found to be a color variety of sugilite of presum- 
ably different chemical composition. 


Gemological Uses. Since its discovery, sugilite 
(and the samples now known to contain 
chalcedony as well} has been used in an increasing 
variety of jewelry and decorative applications. The 
material can be categorized into various quality 
grades on the basis of color (hue and saturation}, 
texture (uniformity or zonation of color, presence 
of veining, banding, or fractures], hardness, trans- 
lucency, and size (thickness of the sugilite layers). 
Most of the sugilite is cut in cabochon form (figure 
7). Commonly, thin layers are used for inlay in both 
jewelry and decorative objects (see, e.g., Elliott, 
1986; see also figure 1}. Larger massive pieces 
make excellent carving material (figures 11 and 
12). A few translucent pieces of manganoan sug- 
ilite have been faceted (again, see figure 1}. Individ- 
uals who have worked with this material report 
that good samples, selected to be free of fractures 
and other defects, cut and polish in a manner 


Figure 11. Sugilite has become a popular carv- 
ing material, as this blue heron illustrates. The 
bird, 19 ent high, was carved by Herbert D. 
Klein Co., Idar-Oberstein. The beak is jasper 
and the legs are 14K gald. Photo © Harold @ 
Erica Van Pelt. 
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Figure 12. This piece of sugilite was carved in a 
dragon motif by Hing Wa Lee, Los Angeles, CA. 
The carving measures 52 X 35 X 7.5 mm. 
Courtesy of Sylvia and Ralph Coello; photo 

© Tino Hammid. 


normal for a gem material of this hardness. In 
many ways, during cutting, carving, and polishing, 
sugilite behaves similar to jade (both jadeite and 
nephrite) and, to a lesser extent, to lapis-lazuli 
(although sugilite is reported to be slightly harder 
on the saw and polishing wheel}. The fact that 
sugilite does not fracture or cleave easily, and is not 
heat sensitive, is important when considering its 
potential usefulness as a gem material. 


SEPARATION FROM OTHER 

MATERIALS 

Only a few other opaque or translucent purple gem 
materials could be confused by sight alone with 
sugilite (figure 13). However, they are easily sepa- 
rated by standard gemological testing. 

Whether dyed or naturally colored, purple or 
lavender jadeite has a distinctive 1.66 spot refrac- 
tive index reading. Massive violet to purple dumor- 
tierite, though rarely encountered as a gem mate- 
rial, also has a refractive index range that is much 
higher (1.678 to 1.689} than that of sugilite. 
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Charoite is easily separated from sugilite on 
the basis of sight alone because of its distinctive 
interlocking, fibrous texture. Additionally, char- 
oite’s 1.55 refractive index is much lower than that 
of sugilite (although it is close to that of the 
chalcedony-sugilite mixture]. 

The refractive indices of chalcedony and mas- 
sive amethyst are so low in comparison to sug- 
ilite’s 1.607 reading that no misidentification 
should result. As noted earlier, though, the grayish 
purple material from the Wessels mine that we 
found to be chalcedony mixed with sugilite will 
give the refractive indices of both minerals. This 
material, which should be identified as a rock 
composed of chalcedony and sugilite, is also 
weakly fluorescent to short-wave ultraviolet radia- 
tion. In contrast to the absorption spectrum of 
sugilite, there are no sharp lines in the absorption 
spectrum of either the sugilite-colored chalcedony 
or amethystine chalcedony (Shigley and Koivula, 
1985}. However, both can have spectra with a 
region of absorption from 500 to 600 nm. 

Although the above-mentioned gem materials 


Figure 13. A cabochon of manganoan sugilite 
(14,12 ct) is surrounded by cabochons of possi- 
bly similar-appearing gem materials. Clockwise 
from the top, these are lavender jadeite (25.07 
ct), charoite (10.26 ct), two pieces of ame- 
thystine chalcedony (9.51, 8.34 ct), dyed jadeite 
(8.60 ct), and amethyst (9.69 ct). Photo by 
Robert Weldon. 
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also differ dramatically from sugilite in their 
specific gravities, this testing method is not always 
practical because the gems must be removed from 
their mountings for testing. In virtually all cases, 
the refractive index, together with sugilite’s 
unique absorption spectrum, should be sufficient 
to separate it from any other known violet-to- 
purple, opaque-to-translucent gem material. 


CONCLUSIONS 


Purple manganoan sugilite has been found in 
commercial quantities at only one location, the 
Wessels mine near Kuruman in South Africa. With 
a hardness of 5!/2 to 6'/2, the finest qualities of 
manganoan sugilite are ideally suited for use in all 
forms of jewelry. As a polycrystalline gem mate- 
rial, it is generally tough and resistant to fractur- 
ing. Sugilite is also color stable to both light and 
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NOTES 


“AND: 


NEW TECHNIQUES 


THREE NOTABLE FANCY-COLOR DIAMONDS: 
PURPLISH RED, PURPLE-PINK, AND REDDISH PURPLE 


By Robert E. Kane 


Three fancy-color diamonds were recently sold at 
auction by Christie's, the largest~a 0.95-ct purplish 
red—for $880,000. These diamonds are notable for 
their unusual colors, of which the purplish red ts the 
rarest. This article provides a comprehensive 
description of the visual appearance and gemological 
properties of these three diamonds. 


On April 28, 1987, at Christie’s in New York, a 
0.95-ct fancy purplish red round brilliant—cut 
diamond was sold for $880,000. This extraordinary 
sale set a new world record per-carat price, at 
auction, for any gem: $926,000. The previous 
world record per-carat price for a diamond sold at 
auction was $127,000, for a 7.27-ct pink stone 
(Christie’s, May 14, 1980). Also sold at the recent 
auction were a 0.54-ct fancy reddish purple dia- 
mond ($65,880; $122,000 per carat} and a 0.59-ct 
purple-pink diamond ($135,000; $229,000 per 
carat]. 

The three fancy-color diamonds (figure I) were 
put up for auction by the heirs of a Montana 
collector, who reportedly bought the 0.95-ct stone 
in 1956 for $13,500 (Arnold Baron, pers. comm., 
1987). According to Mr. Baron, the “0.95-ct round 
red diamond” was “found in a Brazilian collection 
of fancies” he had purchased in the 1950s; the other 
two diamonds described here were also part of the 
same “Polychrome” collection. These stones were 
assembled by a Brazilian cutter from rough pur- 
chased at various mines in Brazil. 

In August 1986, these three diamonds were 
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submitted by Christie’s to GIA’s Gem Trade Labo- 
ratory, Inc., in Los Angeles for origin-of-color 
reports. Christie’s also gave the laboratory and the 
GIA Research Department the opportunity to 
study and photograph them. The purpose of this 
article is to document the gemological characteris- 
tics of these three extremely rare fancy-color 
diamonds (see table 1}. 


COLOR 


The three fancy-color diamonds were quite satu- 
rated in hue, and dark enough in tone to surpass 
easily the “fancy light/fancy” color grade distinc- 
tion, and were all given the “fancy” grade. The 
following grades were assigned to these three 
round brilliants: 


0.95 ct—Fancy purplish red 
0.59 ct— Fancy purple-pink 
0.54 ct—Fancy reddish purple 


Although intense pink diamonds are rare 
(Hofer, 1985}, a color description that includes 
“red” is even more rare, especially where red is the 
primary hue, such as purplish red. Rarest of all is 
pure red with no secondary hue. For the few 
descriptions in the literature of such stones, see 


Acknowledgments: The author would like to thank Russell 
Fogarty and Francois Curiel, of Christie’s, for the opportunity to 
examine these diamonds and publish this report. Arnold Baron 
kindly provided the provenance information. 
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Kunz (1925 and 1928}, Shepherd (1934), Ball (1935), 
and Gaal (1977). In the almost 30 years of records of 
Gem Trade Laboratory reports available, there is 
no mention of a diamond with “red” as the only 
descriptive term. 


SPECTRAL ANALYSES 


The visible-light absorption spectra [400 to 700 
nm) of the three fancy-color diamonds were exam- 
ined using a “hand-held” type spectroscope, first at 
room temperature and then at low temperature 
(around —65°F/—54°C}, cooled by an aerosol refrig- 
erant. At room temperature, the 0.95-ct purplish 
red diamond exhibited a moderate to strong 415.5- 
nm line, which is very common in diamonds, 
including some in the pink to red and purple color 
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Figure 1. These three round 
brilliants are among the rar- 
est of fancy-color diamonds, 
They are, from top to bot- 
tom: a 0.9§-ct purplish red, 
a 0.59-et purple-pink, and a 
0.54-ct reddish purple dia- 
mond. Courtesy of 
Christie’s; photo © Tino 
Hamumid. 


range (figure 2). This absorption became extremely 
intense when the diamond was cooled. No 415.5- 
nm line was observed in the 0.59-ct and 0.54-ct 
diamonds at room temperature. However, the 0.59- 
ct diamond showed an extremely weak, and the 
0.54-ct a weak, 415.5-nm line when they both were 
cooled. All three diamonds showed almost total 
absorption belaw 410 nm, both at room tempera- 
ture and when cooled. 

The 0.95-ct purplish red diamond also exhib- 
ited a broad, diffuse band of moderate intensity 
from approximately 530 to 590 nm, and a weak 
band from approximately 495 to 510 nm. Unlike 
the 415.5-nm line, these absorption features were 
much weaker at low temperature than at room 
temperature. The two smaller diamonds exhibited 
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TABLE 1. The gemological properties of three notable fancy-color diamonds. 


Properties 0.95-ct Diamond 0.59-ct Diamond 0.54-ct Diamond 
Color Fancy purplish red Fancy purple-pink Fancy reddish purple 
Absorption Moderate to strong Very weak band at Very weak band at 
spectrumé 415.5-nm line; 495-510 nm; weak, 495-510 nm; weak, 
(400-700 nm) weak band at 495— broad, diffuse broad bana at approx. 


510 nm; broad, 
diffuse band of 
moderate intensity 
at approx. 530-- 


590 nm 
Transmission Weak to moderate 
luminescence whitish blue 


Long-wave Distinctly zoned, 

UV. radiation weak chalky pink 
and chalky bluish 
white fluorescence 

Short-wave Essentially the 

ULV. radiation same fluorescent 
colors as long- 
wave but intensity 
very weak 

X-tays Moderate chalky 
bluish white 


band at approx. 
530-590 nmP 


Strong blue 


Patchy, slightly 
chalky, moderate 
blue fluorescence 


Essentially the 
same fluorescent 
colors as long- 
wave but intensity 
very weak 


Moderate chalky 
bluish white 


530-590 nm» 


Very weak chalky 
blue-white 
Opaque, chalky, 
moderate bluish 
white fluorescence 


Essentially the 
same fluorescent 
colors as long- 
wave but intensity 
weak 


Moderate chalky 
bluish white 


aAs observed at room temperature through a GIA GEM Instruments spectroscope unit with a Beck prism 


spectroscope. 


b»When cooled with an aerosol refrigerant, the 0.59-ct slone showed an extremely weak, and the 0.54-ct stone a 


weak, 415.5-nm line. 


[— violet —t w+— blue —t oof green tyofy fot red 4 


700 


artificial light}, as was the case with the 0.59-ct 
purple-pink diamond. 
The 0.95-ct purplish red diamond displayed a 


Figure 2. The absorption spectrum of the 0.95-ct 
purplish red diamond as viewed at room tem- 
perature on a GIA Gem Instruments spectro- 
scope unit with a Beck prism spectroscope. 


the same temperature-dependent behavior, but the 
absorption in the same areas was much weaker. 


TRANSMISSION LUMINESCENCE 


When the diamonds were placed over a strong light 
source from the opening of the iris diaphragm on 
the spectroscope unit, all three displayed a lumi- 
nescence often seen in various fancy-color dia- 
monds, which is frequently referred to as “trans- 
mission.” This phenomenon is most evident when 
the diamond is placed table-down over the concen- 
trated beam of light. If the luminescence is strong 
enough, it will be visible even in sunlight (or any 
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weak to moderate whitish blue luminescence, the 
0.59-ct purple-pink diamond transmitted a strong 
blue (figure 3], and the 0.54-ct reddish purple 


Figure 3. Transmission luminescence was read- 
ily visible in the 0.59-ct purple-pink diamond. 
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diamond exhibited a very weak chalky blue-white 
uneven luminescence of moderate intensity. When 
this last diamond was positioned table-down to- 
ward the edges of the concentrated beam of illu- 
mination, a slight, dull green, “oily” appearance 
was also observed. 


REACTION TO ULTRAVIOLET 
RADIATION AND X-RAYS 


The three diamonds were exposed to long-wave 
(366 nm} and short-wave (254 nm) ultraviolet 
radiation in a completely darkened room. When 
exposed to long-wave U.V. radiation, the 0.59-ct 
purple-pink diamond fluoresced a patchy, slightly 
chalky, moderate blue; the 0.95-ct purplish red 
diamond fluoresced a distinctly zoned, weak 
chalky pink and chalky bluish white; and the 0.54- 
ct reddish purple diamond fluoresced an opaque, 
chalky, moderate bluish white (figure 4}. The three 
diamonds reacted essentially the same to short- 
wave U.V, radiation, except that the intensity was 
very weak for the 0.95-ct and 0.59-ct diamonds, 
and weak for the 0.54-ct diamond. None of the 
stones showed phosphorescence. 

When exposed to X-rays for a few seconds, all 
three diamonds fluoresced a fairly even chalky 
bluish white of moderate intensity. Again, no 
phosphorescence was observed. 


OBSERVATIONS WITH 

THE MICROSCOPE 

When examined with polarized light in a binocular 
gemological microscope (see Kane, 1982, for a 
description of this technique}, all three diamonds 
showed second-order (bright and vivid} inter- 
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Figure 4. All three diamonds —from 
left to right here, the 0.59-ct, 0.95- 
ct, and 0.54-ct stones —fluoresced to 
long-wave ultraviolet radiation. 
Photo by Shane McClure. 


Figure 5. When the 0.95-ct purplish red dia- 
mond was examined at 25x magnification 
with polarized light, strong linear banded {as 
well as mottled) strain patterns were evident in 
some areas. Cross-hatching of the linear banded 
strain patterns forms a “tatami” pattern. 


ference colors. The 0.95-ct purplish red diamond 
showed strong linear banded strain patterns, as 
well as strong mottled strain patterns (figure 5). 
The strong linear banded strain patterns inter- 
sected in two directions in some areas to form a 
cross-hatched pattern. Such a pattern is frequently 
referred to as the “tatami” type of birefringence 
pattern because of its resemblance to the Japanese 
woven mat of that name (Orlov, 1977; for illustra- 
tions, see Kane, 1982). The mottled birefringence 
areas are irregular patterns that appear to undulate 
as the diamond is moved within the field of view, or 
as one Polaroid is rotated. 

The 0.59-ct purple-pink diamond exhibited 
strong, well-defined, linear banded strain patterns, 
which correspond directly to the prominent color 
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Figure 6. In the 0.59-ct purple-pink diamond, the strong linear banded strain patterns observed with 
polarized light (left, magnified 30x) correspond directly to the color zoning and graining evident 


with darkfield illumination (right, magnified 25 x). 


zoning and color graining visible with darkfield 
illumination (figure 6]. In addition, localized strain 
patterns around two crystal inclusions (probably 
olivine} were observed. The 0.54-ct reddish purple 
diamond also exhibited “tatami” birefringent 
strain patterns when viewed under crossed polars. 
Also present throughout this diamond were strong 
mottled and localized strain patterns, which are 
undoubtedly related in part to the numerous 
inclusions of various types in this diamond. 
When viewed with darkfield illumination, all 


Figure 7. The closely spaced red and pink grain- 
ing and color zoning seen in the 0.59-ct purple- 
pink diamond (here immersed in methylene 
iodide) were evident in the other two fancy- 
color diamonds as well. Diffused light; 
magnified 15x. 
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three diamonds were found to contain significant 
quantities of easily visible graining. Although the 
specific causes of color in diamonds in this color 
range are not entirely understood, current explana- 
tions involve defects in the atomic structure that 
result from gliding (the slight movement of atoms 
along the octahedral direction] as a result of plastic 
deformation (Orlov, 1977}. This is readily apparent 
through the microscope as graining and color 
zonations within the graining (which can vary 
from weak to quite prominent}. The three dia- 
monds examined in this study exhibit closely 
spaced red and pink graining and color zoning (see 
figure 7). Considered in conjunction with the 
author’s experience with numerous pink and pur- 
ple diamonds of somewhat low tonal values (much 
lighter in color than the diamonds discussed here], 
this suggests that the tightness of the spacing and 
intensity of color in the graining is directly corre- 
lated to the intensity of the “face-up” color of such 
diamonds. 

The “tatami” pattern was also easily visible as 
color graining in the 0.54-ct diamond in darkfield 
illumination, with the grain planes intersecting at 
approximately 45°. The two directions of color 
graining were also present in the 0.95-ct purplish 
red and the 0.59-ct purple-pink diamonds, but were 
very subtle and somewhat difficult to observe. In 
these two diamonds, one direction of graining was 
significantly stronger than the other. 

In addition to the graining features discussed 


GEMS & GEMOLOGY Summer 1987 


Figure 8. A deep cavity is evident in the table 
of the 0.95-ct diamond. When viewed from the 
pavilion, parallel angular growth steps can be 
seen, Darkfield illumination, magnified 35 x. 


above, all three diamonds contain other inclusions. 
The 0.95-ct stone contains a large, deep cavity in 
the table,(figure 8), with numerous parallel angular 
growth steps that are most evident when viewed 
from the pavilion. A second cavity —long, narrow, 
and irregularly shaped —begins at the girdle plane 
and extends onto the crown to the star facet. It is 
interesting to note that the highly irregular surface 
of this second cavity was transparent and glossy in 
darkfield illumination, in contrast to the white 
frosted appearance seen with reflected oblique 
illumination (figure 9}. The slightly iridescent 
fracture seen extending inward from the girdle is 
aligned precisely with one of the tightly spaced 
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Figure 9. A second cavity in the 0.95-ct dia- 
mond begins at the girdle plane. Note the 
frosted appearance in reflected oblique illu- 
mination. Magnified 25 x. 


graining planes easily visible through the pavilion. 
There are three naturals: one is a deep V-shape 
with sharp angular parallel growth steps, while the 
other two have a subtle irregular glossy texture 
reminiscent of alluvial diamond rough. The 0.95- 
ct diamond also contains both randomly oriented 
and intersecting groups of small, black, acicular 
crystals. 

The two smaller diamonds were found to 
contain naturals, fractures, and clouds of pinpoint 
inclusions (probably olivine). The 0.59-ct stone 
contains two crystal inclusions (also probably 
olivine), The 0.54-ct stone contains several small, 
and some very large, graphite inclusions. 
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THE SEPARATION OF NATURAL FROM SYNTHETIC 
EMERALDS BY INFRARED SPECTROSCOPY 


By Carol M. Stockton 


Infrared spectroscopy provides a means to 
distinguish natural from synthetic emeralds in the 
range 2000-5000 cm—', as determined by a study of 
spectra obtained from 37 natural, 19 hydrothermal 
synthetic, and 38 flux synthetic emeralds from a 
variety of sources. The technique is nondestructive 
and, with Fourier transform instrumentation, 
extremely rapid in comparison to most laboratory 
methods. It is especially useful for identifying stones 
that contain no distinguishing inclusions. 


Various manufacturers continue to produce and 
introduce synthetic emeralds (figure 1), Although 
inclusions usually enable gemologists to distin- 
guish natural from synthetic emeralds, flawless 
stones may be extremely difficult to identify by 
conventional gemological means. Laboratory 
methods (e.g., microprobe, X-ray fluorescence} 
that involve equipment that is generally too expen- 
sive for practical ownership by most gemologists 
can then be applied as a last resort. More than one 
of these has proved useful in separating synthetic 
from natural emeralds (Griffiths and Nassau, 
1980; Kuhlmann, 1983; Schrader, 1983; Troup and 
Hutton, 1983; Stockton, 1984], but the methods 
are generally time-consuming. By contrast, Four- 
ier transform infrared [FTIR) spectrometry, espe- 
cially when accompanied by an automated micro- 
beam chamber, provides rapid, completely non- 
destructive results in less than five minutes 
(Fritsch and Stockton, 1987}. 


MATERIALS AND METHODS 

It was thus relatively simple to obtain the infrared 
spectra of 37 natural and 57 synthetic (19 hydro- 
thermal and 38 flux} emeralds, most of which are 
from the GIA reference collection. The natural 
emeralds came from a variety of localities: all 
those reported in Stockton (1984) as well as speci- 
mens recently acquired from Afghanistan, 
Pakistan, and new localities in northern Brazil and 
southern Tanzania (see table 1}. The synthetics 
also include those in the previous study and 
samples from Russia (both flux and hydrothermal], 
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Swarovski in Austria and Ustan in the U.S. (both 
noncommercial), and Lennix (France). 

Unpolarized spectra were acquired in the 
range 400-5000 cm~! with a Nicolet 60SX FTIR 
spectrometer. However, complete absorption oc- 
curs below about 2200 cm~!, so the spectra 
reported here are shown only for the range 
2000-5000 cm~!. 


THE SEPARATION OF NATURAL 

FROM SYNTHETIC EMERALDS 

As can be seen in figure 2, flux synthetic emeralds 
can readily be distinguished from their natural and 
hydrothermal synthetic counterparts. The most 
obvious difference is the absence in the flux stones 
of the strong absorption between 3400 and 4000 
cm~!, This strong absorption has been identified 
as being associated with water (Wood and Nassau, 


TABLE 1. Origin and number of samples of natural and 
synthetic emeralds tested by Fourier transform infrared 
spectroscopy. 


No. of 
Origin samples 


Natural 
Afghanistan 
Brazil 
Colombia 
Norway 
Peru 
Sandawana 
South Africa 
Tanzania 
USSR 


Flux-grown synthetic 
Chatham 
Gilson 

namori 

Lennix 

USSR 

Ustan 

Unknown 


prey 


|=] 3 psaynwog 


ONoOANNaAN 


oa 


Hydrothermal synthetic 
Biron 

Linde 

Regency 

Swarovski 

USSR 

Unknown 


MNwWO+HNNM|N 
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1968], which is always present in natural and 
hydrothermal synthetic emeralds because of their 
growth conditions. 

The infrared spectra of natural and hydrother- 
mal synthetic emeralds are more similar to one 
another. However, all but two types of hydrother- 
mal synthetics exhibit a pattern of strong absorp- 
tion features between 2600 and 3000 cm~! that 
readily distinguishes them from their natural 
counterparts (figure 2). Most of the absorption 
features seen in this range for synthetics were also 
seen to some degree in natural emeralds, but never 
all together in the magnitude and same relative 
strengths as in the synthetics. Moreover, some 
features that were observed in most hydrothermal 
synthetics—for example, those at about 2745, 
2830, 2995, 3490, 4052, and 4375 cm~-!—were 
never detected in natural emeralds. Thus, the 
overwhelming majority of hydrothermal syn- 
thetic emeralds can be distinguished from natural 
emeralds by infrared features in this region. No 
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Figure 1. Among the more 
recent synthetic emeralds 
introduced are the Biron 
hydrothermal (top, 0.54 ct) 
and the Inamori flux (bot- 
tom, 0.56 ct) products. 
Photo © Tino Hammid. 


interpretation of these features has been pub- 
lished, and it is not within the scope of this study 
to determine their causes, but it is hoped that 
future researchers will do so. 

As mentioned above, two types of hydrother- 
mal synthetic emeralds presented greater diffi- 
culty in identification. One is a product that was 
grown experimentally between 1961 and 1974 by 
Dr. R. Haupt at Swarovski in Austria, but was 
never commercially released {K. Schmetzer, pers. 
comm. to R. Kane, 1987); one sample of this 
product was included in the study. The other is the 
Russian hydrothermal product, which is now 
available commercially and is, therefore, of greater 
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Figure 2. A representative sample of infrared spectra for two natural emeralds (a and b), two flux-grown 
synthetic emeralds (c and d), two hydrothermal synthetic emeralds (e and f), two Russian hydrothermal 
synthetic emeralds (g and hj, and a Swarovski hydrothermal synthetic emerald-(i). Features that can be 
used to distinguish natural emeralds from hydrothermal synthetics are labeled on spectra a and b. The 
flux synthetic emerald spectra c and d clearly lack the strong absorption at about 3400-4000 cm~? that is 
evident in the spectra of all the natural and hydrothermal synthetic emeralds. The spectra of hydrother- 
mal synthetic emeralds (e-i) illustrated here also exhibit features (labeled) that can be used to distinguish 
these synthetics from natural emeralds. The Russian and Swarovski synthetics (g, h, and i) are most simi- 


lar to natural emeralds; although the diagnostic spectral features (labeled) are relatively small, they are 
still distinctive. 
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concern, three samples of this material were stud- 
ied. All four of these specimens showed spectra 
that are deceptively similar to those of natural 
emeralds (figure 2). Fortunately, a close inspection 
revealed features that, while not obvious, are 
nevertheless distinctive. All three Russian stones 
have two of the features mentioned above, at 4052 
and 4375 cm~!, that were not observed in any of 
the specimens of natural emerald, but can be 
detected in most hydrothermal synthetics. In the 
Swarovski specimen, the 4052 cm~! feature oc- 
curs, although weakly, while the 4375 cm~! band 
could not be observed. 

Features in the 2200-2400 cm~! range can 
also be used to distinguish these troublesome 
hydrothermals from natural emeralds. The latter 
show at least two and, more commonly, three 
features in this region, at about 2290, 2340, and 
2358 cm-1!, The 2290 cm~! band was never 
observed in the synthetics, while it is usually 
present {in all but two of the 37 samples here) in 
natural emeralds. In the synthetics, the location of 
the “2340” band ranges from 2310 to 2329 cm7—!, 
while i natural stones it is located between 2335 
and 2342 cm~!, a distinction that can be made 
easily with a good infrared spectrometer. More- 
over, in’ natural emeralds the 2358 cm~-! band, 
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associated with structural CO, (Wood and Nassau, 
1968}, is always stronger than the 2340 cm~-! 
feature, while in synthetics the relationship is 
reversed, 


DISCUSSION 


It should be remembered that emeralds, both 
natural and synthetic, are doubly refractive. As a 
result, their infrared spectra are affected by the 
orientation of the sample to the incident beam of 
energy. Ideally, spectra should be taken at known 
crystallographic orientations in order to control 
for these variations, but cut gemstones rarely lend 
themselves to such conditions. While none of the 
diagnostic features completely disappeared at any 
orientation tested, some did become quite weak 
and a less sensitive instrument could fail to detect 
the relevant features in some cases. It is, therefore, 
important that spectra be obtained at two or three 
different orientations before any conclusion is 
drawn as to the origins of a particular sample. 

The results of this study suggest that infrared 
spectroscopy provides additional means to distin- 
guish natural from synthetic emeralds. With a 
Fourier transform instrument, the analysis is rapid 
as well as nondestructive and can frequently be 
done even on mounted emeralds. 
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THE RUTILATED TOPAZ MISNOMER 


By John I. Koivula 


Recently a number of faceted Brazilian topazes 
containing brownish yellow acicular inclusions of 
what has been described by some gem dealers as the 
mineral rutile have appeared on the market. An 
investigation of this material shows that these 
inclusions are not rutile but rather are open channels 
colored by limonite. 


Acicular (needle-like} crystals and crystal groups 
of brownish yellow to red rutile are relatively 
common as inclusions in both rock crystal and 
smoky quartz, so much so that quartz containing 
such inclusions is usually called rutilated quartz. 
Over the past two years, a small number of faceted 
colorless topazes containing what look like brown- 
ish yellow needles of rutile have appeared on the 
market. Because they are so similar in appearance 
to rutilated quartz, these topazes (see figure 1} have 
been marketed under the name “rutilated topaz.” 

These topazes are said to come from a peg- 
matite in Minas Gerais, Brazil (G. Becker and 
D. Epstein, pers. comm.). They are faceted, usually 
in a free-form cut, and range in weight from 
approximately 2 to over 20 ct. Most of the gems are 
colorless, but a few are blue. Undoubtedly the 
latter stones have been irradiated and heated; this 
treatment does not, however, appear to affect the 
color of the inclusions. 

When one of these topazes is examined with 
the naked eye, the most obvious characteristic is 
the directional nature of the individual “needles.” 
As illustrated in figure 1, the “straw-yellow” inclu- 
sions are quite obvious when viewed through the 
table and crown facets of the gem. When, however, 
one looks through the pavilion of this same topaz 
(figure 2), the primary images of the inclusions 
virtually disappear and only secondary reflections 
are visible. In fact, these inclusions are so ribbon- 
thin that for all practical purposes they are two- 
dimensional. When viewed in an edge-on direc- 
tion, as in figure 2, they seem to vanish. 

Rutile is not known to crystallize in topaz in a 
ribbon-like habit that would produce such a direc- 
tionally dependent effect. This raises considerable 
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doubt that these inclusions are rutile, and led to 
the present investigation into the identity of this 
material. Because the inclusions were too small for 
X-ray powder diffraction to be performed and 
because there was no means of chemical analysis 
available (such as an electron microprobe], it was 
decided that microscopy would be the avenue for 
investigation. During this investigation, a total of 
nine stones were studied. 


MICROSCOPY 


When first examined with a standard low-power 
stereo-zoom gemological microscope, the inclu- 
sions had the general appearance of essentially 
parallel, unbroken, thin, brownish yellow crystals 
that easily could be mistaken for rutile (figure 3}. 
However, a more thorough examination revealed 
four features that, together with the nearly two- 
dimensional acicular habit, proved conclusively 
that these inclusions are not rutile. 

The first of these features was a general obser- 
vation that, on all of the cut stones examined, the 
brownish yellow inclusions always reached the 
surface. Not one of these inclusions was found to 
be contained completely within the topaz; at least 
one end, if not both, reached the surface of the 
stone. This finding suggested that the body color of 
the inclusions might have been derived from an 
outside source and was not necessarily inherent to 
the true nature of the inclusions themselves. 

It was also observed that wherever these inclu- 
sions reached the surface, there was undercutting 
in the form of grooves or drag lines extending and 
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Figure 1. Table-up view of 
this 19.77-ct Brazilian topaz 
shows the prominence of 
brownish yellow inclusions 
that have been mistaken for 
rutile. Photo © Tino Ham- 
mid. 


Figure 2, The inclusions are so ribbon thin that 
many of them are barely visible in this pavilion 
view of the stone shown in figure 1. Photo 

© Tino Hammid. 


tapering away from the inclusions in the direction 
of polishing (figure 4). These are not the types of 
surface markings that one expects when slightly 
softer solid inclusions such as rutile, captured in a 
harder host material such as topaz, are cut through 
and polished over during lapidary treatment. They 
are much deeper and are reminiscent of the drag 
lines observed when preexisting fractures of simi- 
lar surface-reaching hollows are polished over 
perpendicular to their length. The polishing-wheel 
action causes the spalling off of tiny chips from the 
rim of the fracture which are then pulled along by 
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Figure 3. These inclusions in topaz could easily 
be mistaken for rutile. Darkfield and oblique 
Hlumination, magnified 35x. 


the wheel. This scores the surface of the material 
being polished and produces the visual evidence 
we see in figure 4. 

Incomplete filling of the inclusions provided 
additional proof that they are not rutile. Acicular 
rutile inclusions are single crystals and as such 
would not contain randomly spaced gaps at uneven 
intervals down their length. However, dislocation- 
caused growth tubes or voids that extend to, and 
are open at, a crystal’s surface might contain 
incomplete fillings of epigenetically derived lim- 
onitic compounds. This latter phenomenon, re- 
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Figure 4. These polishing drag lines on the sur- 
face of a topaz extend from the ends of the “in- 
clusions.” Shadowed oblique illumination, mag- 
nified 25x. 


Figure 6. Thin-film tridescence from some of 
the unstained areas along the etch channels 
serves as additional support for the discon- 
tinuous nature of the inclusions. Oblique illu- 
mination, magnified 45x. 


sulting in discontinuous coloration (figure 5), was 
observed on close inspection of these inclusions. 

When oblique illumination was used, the 
fourth feature, thin-film iridescence (figure 6], was 
observed wherever a gap was present in an inclu- 
sion channel. This provided additional proof of 
uneven channel filling, which is contrary to the 
continuous crystallization that would be expected 
if the inclusions were rutile. 

Asa final test, the thinnest portions of several 
of the inclusions were examined in polarized light 
to see if they were doubly refractive, which would 
also be expected of rutile. No double refraction was 
observed, so the possibility of rutile was once again 
negated. 
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Figure 5. The incomplete filling of the inclu- 
sions provides further proof that they are not 
rutile. Oblique illumination, magnified 60x. 


Figure 7, This dense, broom-like cluster of iron- 
stained etch channels all propagate, as a result 
of growth blockage and disturbance, from the 
same solid inclusion. Darkfield and oblique 
illumination, magnified 40x. 
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CHARACTERIZATION OF 
THE INCLUSIONS 


With this visual evidence, it is safe to say that the 
acicular inclusions observed in these “rutilated” 
topazes do not consist of rutile and are in no way 
related to rutilization. All of the above-noted 
observations, together with the previously pub- 
lished literature (Phakey and Horney, 1976; Roed- 
der, 1984), point to the conclusion that these 
needles are the direct result of growth blockage 
caused by the presence of solid inclusions, which 
may or may not be microscopically visible, within 
the topazes. 

Once trapped, the solid inclusions interfered 
with the ideal structural development of the topaz 
host as it grew away from them. This resulted in 
the formation of many dislocations leading away 
from the solid inclusions, often all the way to the 
surface of the topaz crystal. Such dislocations area 
known invitation to etching (Phakey and Horney, 
1976}. Natural etching along these dislocations 
followed {or could have occurred continuously as 
the host topaz was growing). The final step was 
epigenetic,iron staining through capillarity of the 
resultant etch channels. This epigenetic iron stain- 
ing, incorporating a mixture of cryptocrystalline 
powder-like iron hydroxides and oxides referred to 
as limonite, gives the inclusions their brownish 


yellow color and high visibility. Observations and 
illustrations of similar inclusions in topaz by 
Dr. Edwin Roedder {1984} strongly support this 
characterization (compare the photomicrograph 
on page 25 of his book with figure 7 here). 


CONCLUSION 


Although these topazes have been sold as “ruti- 
lated,” in reality they contain no rutile. Rather, 
limonitic stains filling, or partially filling, ribbon- 
thin etched dislocation channels in the topazes 
create the rutile-like effect. 

A great deal of care must be taken during the 
faceting of these topazes because of the directional 
nature of the inclusions. The lapidary must orient 
the rough so that the inclusions will appear boldest 
to the eye when the finished faceted gem is in the 
table-up position. Referring back to figures 1 and 2 
will show how important proper lapidary orienta- 
tion is with this material. 
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A PACKAGE DEAL from GEMS & GEMOLOGY 


A complete set of the four information- 
packed issues published in 1986 is now avail- 
able. For $22.50 (in the U.S.) or $27.50 (else- 
where}, you can have over 250 pages (with 
more than 200 color illustrations) of the most 
important articles, lab information, and news 
in gemology today. 


Or save more than $5.00 and purchase both 
the 1985 and 1986 volumes (eight issues) of 
GEMS & GEMOLOGY for only $39.50 (U.S.) 
or $49.50 (elsewhere), 


To order one or both sets, just send your check 
or money order to: 


Notes and New Techniques 


Back Issues Department 

GEMS & GEMOLOGY 

1660 Stewart Street 

Santa Monica, CA 90404 
Or call (213) 829-2991, ext. 391, and place 
your order on your VISA or MasterCard. 


Please allow 4-6 weeks after payment for 
shipments in the U.S. and 6-8 weeks for 
shipments elsewhere. All payments must be 
in U.S. funds. A limited number of back 
issues for earlier volumes are also available. 
Please write or call the Back Issues Depart- 
ment for information on the availability of 
specific issues. 
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Needle-like Inclusions in 
EPIDOTE 


The Santa Monica laboratory re- 
cently examined a very dark green 
oval modified brilliant cut that 
weighed approximately 5 ct. The 
stone resembled deep green tour- 
maline in appearance, but the refrac- 
tive index reading of 1.739-1.779 
was much higher than that of tour- 
maline {1.624-1.644)}. It was strange 
that despite the high birefringence 
{0.040}, no apparent doubling of facet 
junctions was visible with the micro- 
scope. However, we did notice nu- 
merous straight and some curved 
needle-like inclusions of unknown 
origin (figure 1}. John Koivula, chief 
gemologist in GlA’s Research De- 
partment and an inclusion expert, 
identified the needle-like inclusions 
as probably tremolite, an amphibole. 
The dichroscope revealed very dis- 
tinct pleochroic colors, green and 
olive brown, in the stone. Because 
the overall color was so dark, we 


Figure 1. These straight and 
curved fout of focus} inclu- 
sions were determined to be 
tremolite needles in epidote. 
Magnified 63x. 
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Figure 2. These 7-mm diameter, high-dome cabochons set in yellow 
metal earrings were found to be a new type of opal assemblage. 
Magnified 10x. 


could not obtain an optic figure in 
the polariscope. Spectroscopic exam- 
ination showed a quite characteristic 
absorption spectrum: a broad band 
centered at 455 nm, a faint line at 470 
nm, and a cut-off area starting at 430 
nm. This collection of data proved 
that the stone is epidote. KH 


A New OPAL Assemblage 


The New York laboratory recently 
received a striking pair of 7-mm- 
diameter, high-dome cabochon 
“opals” set in yellow metal cluster 
earrings (figure 2). Close examina- 
tion with a loupe revealed that the 
“diamonds” are actually foil-backed 
glass. We then became suspicious of 
the center stones, and with, as we 
learned, good reason. The “opals” did 


not fluoresce, but cement at the base 
glowed orange. When we looked 
through the stones as in figure 3, the 
“opal” appeared to be contained 
within a capsule. Out of the setting, 
the assemblage became very ob- 
vious. As evident in figure 4, the 
“opals” are composed of a glass “cup” 
filled with opal chips in clear ce- 
ment. The relatively thick-walled 
glass container suggests a measure of 
durability. The trade name “Multi- 
Opal Triplets” has been proposed by 
the distributors of this product. 

RC 


Editor's Note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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Figure 3. A close examination 
through the side of one of the 
cabochons seen in figure 2 
shows the outer glass con- 
tainer. Magnified 10x. 


Figure 5. Distinct areas of ori- 
ent and lack of orient can be 

seen on this 9 x 14 mm cul- 

tured pearl, Magnified 10. 


PEARLS 


A Cultured Pearl Puzzle 


A very high quality 9 x 14-mm 
cultured pearl was recently returned 
to the supplier by his customer, who 
claimed that it was inferior because 
it had changed in appearance since 
the purchase. Both the customer and 
the supplier agreed that this origi- 
nally had been a fine drop-shaped 
cultured pearl. It was not misshapen, 
was thickly nacred, and in general 
displayed fine orient and luster. The 
New York laboratory was asked if 
they could determine why the top 
half of the pearl had apparently lost 
its orient and become a milky color, 
resembling “opal” glass (figure 5}. 
Although the pear! displayed ev- 
idence of “working” (notice the abra- 
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Figure 4. This view of the base 
of the opal assemblage seen in 
figure 3 clearly reveals the 
thick glass outer container. 
Magnified 10x. 


Figure 6. Abrasion striations 
on the cultured pearl shown in 
figure 5 indicate “working” of 
the surface. Magnified 23x. 


sion striations shown in figure 6}, 
there is no way to determine whether 
this could have affected the orient, 
causing the eventual change in the 


Figure 7. This 7-mm “fos- 
silized pearl” was found in 
Utah. 
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top half. Neither the laboratory, nor 
any of the several pear! dealers asked, 
had ever seen this apparent loss of 
orient before. Nor could anyone offer 
a possible solution to the puzzle. 
Dave Hargett 


A “Fossilized Pearl” from Utah 


A graduate student from Southern 
Utah State College sent the Santa 
Monica laboratory a specimen that 
someone at the college had identified 
as a fossilized pearl. The specimen 
was found in the Tropic Shale Forma- 
tion, of Upper Cretaceous age, in 
Tropic, Garfield County, Utah, 10 
miles east of Bryce Canyon National 
Park. It is yellowish brown in color 
and measures approximately 7 mm 
in diameter (figure 7]. Even though 
the surface was rough, we were able 
to determine on the refractometer 
that the material has the high bi- 
refringence that is characteristic of 
all carbonates. When examined with 
the microscope, the bead revealed 
what appeared to be a concentric 
structure. At one point where the top 
layer had been removed and the un- 
derlying layer was exposed, a pecu- 
liar structure became visible. The 
vaguely hexagonal pattern is illus- 
trated in figure 8. This pattern re- 
sembles in appearance the external 
and internal structure of pearls. 
K, Scarratt, of the Gem Testing Labo- 
ratory in London, also illustrated 
these characteristics in “Notes from 


Figure 8. The structure of the 

“fossilized pearl” shown in fig- 
ure 7 (here at 50x magnifica- 

tion) resembles that of a natu- 
ral pearl. 
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Figure 9, A 15.73-ct cat’s-eye 
peridot. 


the Laboratory-9,” Journal of Gem- 
mology (1987], Vol. 20, No. 5, p. 287. 
Although this piece showed sim- 
ilarities to pearl, because there was 
no evidence of nacre we could iden- 
tify it only as a calcareous concre- 
tion. KH 


PERIDOT, Cat’s-Eye 


Many years ago, Webster stated that 
‘A cat’s-eye peridot is known,” but 
provided no additional information. 
In his Color Encyclopedia of Gem- 
stones, Arem reported that “cat’s-eye 
and star peridots are known, but are 
very rare.” Perhaps one reason that 
we encounter phenomena! peridot 
only very rarely is that the preferred 
cutting style for this gemstone is 
faceting rather than cabochon. 

A long-time friend of GIA re- 
cently gave the Los Angeles labora- 
tory the opportunity to examine the 
very interesting 15.73-ct cat’s-eye 
peridot illustrated in figure 9. Even 
to the unaided eye, it was readily 
evident that this oval cabochon is 
filled with small dark brown inclu- 
sions, so much so that the overall 
body color of the gem is affected. 
Examination with the microscope 
revealed that these inclusions are 
ultra-thin and vary greatly in size 
and shape; some are rectangular, 
while others exhibit dendritic forma- 
tions. John Koivula suggested that 
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they are most probably an iron com- 
pound closely related to ilmenite 
(Fe+2TiO,). The dendritic appear- 
ance of many of these inclusions is 
characteristic of both rapid crystal- 
lization and an exsolution product. 
Their orientation in definite erystal- 
lographic directions gives rise to the 
chatoyancy. At certain viewing posi- 
tions an additional, weaker ray is 
seen, creating a star with one promi- 
nent ray and one vague ray. Oriented 
exsolution ilmenite together with 
hematite is also believed to be the 
cause of asterism in some star beryls. 

RK 


QUARTZITE, Dyed Yellow 
At the February 1987 Tucson Gem 
and Mineral Show, many dealers 
were offering large quantities of 
round drilled bead necklaces and ear- 
rings as “yellow jade.” Because of the 
general appearance and unnatural 
color, it was obvious to the unaided 
eye that this material was not jade, 
but rather was another material 
which had been dyed yellow. We 
obtained representative samples for 
testing at the Los Angeles laboratory, 
including the necklace and earrings 
shown in figure 10. 

A spot reading of 1.55 was ob- 


Figure 10. These 35-mm-long earrings and 8-mm-diameter beads 
were originally sold as yellow jadeite but proved to be dyed yellow 
quartzite. 
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tained for the beads, and an aggregate 
reaction was observed with the po- 
lariscope. The material fluoresced a 
moderate dull chalky yellowish or- 
ange to long-wave ultraviolet radia- 
tion and a weak dull reddish orange 
to short-wave U.V. The specific grav- 
ity was estimated with heavy liquids 
to be approximately 2.65. Examina- 
tion of the visible-light absorption 
spectrum with a “hand-held” type of 
spectroscope unit revealed a very 
dark general absorption in the violet 
and blue regions that gradually ta- 
pered off at around 490 nm, and dark 
absorption in the far red {680-700 
nm}. No distinct lines or bands were 
observed. Microscopic examination 
revealed a typical quartzite struc- 
ture, which in part consists of a fine 
network of small thin fractures. Al- 
though no dye concentrations were 
observed in the fractures, rubbing 
the piece with an acetone-soaked 
cotton swab produced a distinct yel- 
low stain on the cotton which proved 
that the material was indeed dyed. 
On the’ basis of these findings, 
the material was determined to be 
dyed quartzite. lt had apparently 
been misrepresented to the Tucson 
dealers, another example of the jew- 
eler-gemologist’s “need to know.” 
RK 


SAPPHIRE 


A Synthetic Blue Sapphire 


The blue oval cut shown in figure 11, 
which was submitted to the New 
York lab for identification, is inter- 
esting for a number of reasons. The 
stone has an extremely deep pavilion 
and a shallow crown, with a total 
depth-to-width ratio of approx- 
imately 115% —so that it is actually 
deeper than it is wide. In addition, to 
the unaided eye it appears to be free 
of inclusions and has a pleasant light 
blue color. These facts suggested that 
the stone might be an old, “native 
cut,” unheated Ceylon sapphire. 
However, careful examination with 
the microscope revealed a shadow of 
curved color banding near the culet 
and suspicious stress cracks on some 
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Figure 11. This 8.70 x 7.30- 
mum stone was determined to 
be a Verneuil flame-fusion syn- 
thetic sapphire. 


facets. The strong chalky blue fluo- 
rescence to short-wave U.V. radiation 
suggests that the stone either was 
subjected to extreme heat in treat- 
ment or is of synthetic origin. The 
curved color banding together with 
the Plato test positively identified it 
as a Verneuil flame-fusion synthetic 
sapphire. 

The stone is also an excellent 
example of how a very small color 
zone can produce a pleasant face-up 
color. Notice in the side view (figure 
12] that the top of the stone is color- 
less; the small blue area near the 
culet, visible at this angle, is vir- 
tually the entire extent of color. Blue 
synthetic sapphire boules often have 
color only in a thin layer near the 
surface. Figure 12 also shows the 
extreme depth-to-width ratio of this 
stone. Clayton W. Welch 


Synthetic Yellow Sapphire 


The visibility of curved color band- 
ing or striation in Verneuil flame- 
fusion synthetic corundum is, in 
general, directly related to the depth 
of color in the stone. Dark-colored 
synthetic sapphires are more apt to 
show color banding than light-col- 
ored (e.g., yellow} ones. Conse- 
quently, the color striations in 
change-of-color synthetic sapphires 
are usually very prominent and 
sometimes even eye visible. The 
curved striae in synthetic rubies and 
curved bands in blue sapphires can 
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Figure 12. The concentration of 
color in the culet area of the 
synthetic sapphire shown in 
figure 11 lends the color to the 
entire stone when seen face up. 
Note also the unusual depth- 
to-width ratio of this stone. 


almost always be seen with the mi- 
croscope, although not always easily. 
Yellow synthetic sapphires, however, 
often have no detectable banding and 
the Plato test is sometimes needed to 
separate them from “clean” natural 
sapphires, 

The New York laboratory re- 
cently examined an unusual 15.54-ct 
synthetic yellow sapphire in which 
curved color banding was readily eye 
visible in both diffuse transmitted 
light and ordinary overhead illu- 
mination (figure 13). This vivid color 


Figure 13. The curved striae 

in this 15.54-ct yellow flame- 
fusion synthetic sapphire are 
unusually apparent. 
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zoning was probably caused by acci- 
dental fluctuations in the concentra- 
tion of the coloring dopant during the 
growth of the boule. 

Clayton W. Welch 


Unusual Inclusions in 
Heat-Treated Blue Sapphire 


The New York laboratory recently 
examined an unusual 3.05-ct blue 
sapphire. The presence of discoid 
fractures was a very good indication 
that this natural sapphire had been 
heat treated. However, the stone also 
contained some misty or cloudy 
areas that we have not observed be- 
fore in sapphire. Figure 14, taken at 
45x, shows these inclusions well. 
We have no explanation as to their 
cause. RC 


Figure 14, The Gem Trade 
Laboratory had never before 
encountered misty irregular 
inclusions such as those seen 
here in a 3.05-ct heat-treated 
sapphire, Magnified 45x. 


SAPPHIRINE, 
A Rare Gemstone 


The 0.34-ct oval mixed cut illus- 
trated in figure 15 was recently sent 
to the Los Angeles laboratory for 
identification. When viewed with 
the unaided eye using overhead illu- 
mination, the stone appeared opaque 
and black. However, when examined 
in transmitted or diffused illumina- 
tion, the stone was revealed to be 
transparent and brown-green. Test- 
ing with a refractometer and a mono- 
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Figure 15. The extremely dark 
brown-green color of this 0.34- 
ct sapphirine makes this ex- 
ample of a rare gem material 
even more unusual. 


chromatic filter light source revealed 
that the stone is biaxial negative 
with refractive index values of 1.711 
and 1.718, and a corresponding bire- 
fringence of 0.007. Examination 
with a “hand-held” type of spectro- 
scope unit revealed no absorption 
lines or bands. 

The specific gravity of this stone 
was determined to be approximately 


3.50 by comparing its sinking rate in 
methylene iodide (3.32 S.G.} to that 
of a diamond {3.52 S.G.]. The stone 
was inert to long- and short-wave 
ultraviolet radiation. Strong 
pleochroic colors of dark bluish 
green, medium yellowish green, and 
medium orangy brown were ob- 
served with the dichroscope. Micro- 
scopic examination revealed several 
parallel needle-like growth tubes 
partially filled with a mineral subs- 
tance (figure 16). These properties all 
indicated that this unusual stone is 
sapphirine, a mineral that is only 
rarely encountered as a cut gem- 
stone. X-ray powder diffraction anal- 
ysis confirmed the identification. 
Sapphirine, which has the chem- 
ical formula (Mg,Al},(A1,Si},Oo9, oc- 
curs in the monoclinic crystal sys- 
tem, and possesses a hardness of 7'/>. 
Sapphirine crystals are usually small 
and tabular and are disseminated in a 
rock matrix; only extremely rarely 
are they encountered in gem quality. 
Sapphirine derived its name from its 
usual resemblance in color to blue 


Figure 16. Parallel growth tubes can be seen in the sapphirine 
shown in figure 15 at 30x magnification. 
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Figure 17. The intense blue color of these sapphirines is often con- 
sidered the typical color for this rarely encountered gemstone (fac- 


eted stone weighs 1.01 ct). 


sapphire; ‘héwever, the two minerals 
have completely different chemical, 
optical, and physical properties. Al- 
though we have only seen six or 
seven facetcd gem-quality sap- 
phirines in the laboratories, the “nor- 
mal” color is a deep blue (see figure 
17). We did encounter two sap- 
phirines of a purplish pink and a 
pink-purple color, one of which was 
described and illustrated in the Fall 
1985 issue of Gems # Germology (pp. 
156-157}. 

The sapphirine described here 
and illustrated in figure15 is the first 
brown-green one we have encoun- 
tered. Our client reported that this 
stone was found at the ruby deposits 
in Bo Rai, Thailand. RK 


SERPENTINE, Dyed Yellow 
and Reddish Orange 


Also at the February 1987 Tucson 
Gem and Mineral Show, dealers from 
Beijing were displaying and selling 
various gems and minerals from 
China, as well as gems, carvings, and 
jewelry made of materials from other 
geographic localities but fashioned 
in the People’s Republic of China. 
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Among the many attractive and in- 
teresting objects displayed were 
carved and pierced 25-mm round 
beads of dyed serpentine. We pur- 
chased a few beads for testing at the 
Los Angeles laboratory. 

To determine the depth of the 
dye penetration and for further test- 
ing, we cut one bead in half and 
polished a flat surface (see figure 18). 


A 1.565 refractive index reading was 
obtained on the flat surface, and a 
vague spot reading of 1.56 was ob- 
served for the carved portion of the 
bead. Exposure of the undyed portion 
to long-wave ultraviolet radiation re- 
vealed a moderate dull gray-green 
fluorescence; to short-wave U.V, radi- 
ation this portion fluoresced a weak 
dull purplish red. Exposure of the 
dyed areas to long-wave ultraviolet 
radiation revealed a variable, strong 
chalky yellow to moderate orange- 
red fluorescence; to short-wave U.V, 
these areas flouresced a patchy weak 
orange-red. When we examined the 
visible-light spectrum with a “hand- 
held” type of spectroscope unit, we 
observed no absorption lines or 
bands. Dye was easily removed from 
the bead when it was gently rubbed 
with an acetone-soaked cotton swab. 
Using hardness points, we estimated 
the hardness to be approximately 4'/2 
on the Mohs scale. RK 


TOPAZ, Bicolor 


The Los Angeles laboratory recently 
received for identification the attrac- 
tive 7.08-ct bicolored (purplish pink 
and orangy yellow} pear-shaped mod- 
ified brilliant shown in figure 19. 
Subsequent testing revealed that the 


Figure 18. Dyed serpentine bead cut in half The left side shows 
shallow dye penetration, while the right side shows the carved sur- 


face. 
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Figure 19. This 7.08-ct topaz is an excellent ex- 


ample of a true bicolor. 


stone is topaz. Two distinct colors are 
often seen in some topaz, partic- 
ularly “imperial,” which generally is 
the result of strong pleochroism and 
the orientation in cutting. The stone 
that we examined is a fine example of 
a true bicolor topaz. A sharp line of 
demarcation with a twinning plane 
divides the purplish pink and the 
orangy yellow zones (see figure 20}. 

Both colored portions of the 
stone had refractive indices of 1.630 
and 1.639. Exposure to long-wave 
ultraviolet radiation revealed a weak 
red fluorescence for the pink portion 
and a moderate red for the orangy 
yellow section. Exposure to short- 


wave ultraviolet radiation showed a 
weak chalky green fluorescence for 
the orangy yellow portion, but the 
pink area was inert. These different 
fluorescence reactions are as ex- 
pected for the two different colors of 
topaz. When the stone was examined 
with a “hand-held” type of spectro- 
scope, no bands or lines were ob- 
served in either portion; however, 
both the purplish pink and the or- 
angy yellow areas exhibited a vague 
absorption in the far red end of the 
visible spectrum (around 700 nm}. 
Microscopic examination revealed 
inclusions typical of topaz (two- 
phase inclusions, small crystals, an- 


Figure 20. A sharp line separates the color zones 
in the bicolored topaz seen in figure 19. 


gular and straight growth features}, 
although the orangy yellow portion 
was more included than the purplish 
pink section. RK 


FIGURE CREDITS 


Figure 1 was taken by Chuck Fryer; 
David Hargett is responsible for figures 
2-6; Scott Briggs took figure 7. The 
photo used in figure 8 was supplied by 
John Koivula. Figures 9, 10, and 18 are 
© Tino Hammid. Figures 11-14 are the 
work of Clayton Welch. Shane McClure 
produced figures 15, 17, 19, and 20. The 
photomicrograph in figure 16 is by Robert 
E. Kane. 
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Editorial Korum 


WANT TO BUY A 
“HOT DIAMOND”? 


The stone in figure 1 was brought to me by a lady who 
complained that the ring in which it was mounted 
caused her finger to turn red and break out. The stone 
had been sold to her as a 6.60-ct “black diamond,” but it 
is readily apparent on sight to a gemologist that this 
stone is not a diamond. Since the mounting was of 
iridium-platinum, which is not known to cause hypo- 
allergenic reactions, I focused on the gemstone for 
further testing. 

The stone was removed from its mounting and was 
found to weigh more than the 6.60 ct reported to its 
owner. A’ specific gravity of 5.272 was determined 
hydrostatically. The stone is opaque, metallic in luster, 
and revealed a refractive index over the 1.81 limit of the 
refractometer. With the owner’s permission, I performed 
hardness and streak tests that eliminated all the high- 
S.G, (over 5.2) materials usually cut as gems, such as 
hematite, zincite, scheelite, and cassiterite. 

Testing was then done with a Geiger counter, which 
showed a remarkably high 500 counts per minute at a 
distance of 5 cm! Shielding with 0.0012 in. of aluminum 
foil reduced the counts only to 490 cpm, which indicates 
the radiation was primarily gamma. Exposure to dental 
X-ray film for 48 hours produced the result in figure 2. 

The specimen was forwarded to GIA Research for 


Figure 1. A radioactive 11.58 x 8.51 x 4,.39-mm stone, 
sold as a “black diamond.” Photo by Robert Weldon. 
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Figure 2, Exposure of the stone in figure 1 to dental 
X-ray film for 48 hours illustrates its radioactivity. 


further study. X-ray diffraction analysis performed by 
Chuck Fryer revealed a completely amorphous struc- 
ture, probably caused by radioactive decomposition. 
Using Pregl-Feig! spot test chemical analysis, I then 
confirmed that the material contains a high concentra- 
tion of uranium, it strongly resembles pitchblende from 
Great Bear Lake, Canada. 

The wearer has relinquished ownership of her “black 
diamond” rather than display it from a lead container to 
avoid further radiation burns. This instance may go to 
prove that some faceters will probably facet anything. 


John Fuhrbach, G.G., EG.A. 
JONZ 
Amarillo, Texas 


15x MEANS 15 TIMES AS LARGE 


The recently published Photoatlas of Inclusions in 
Gemstones, by E. J. Gubelin and J. I. Koivula, as well as 
the contributions of authors to this journal, have ele- 
vated photomicrography to an art form. Unfortunately, 
in the process, science has suffered a setback. 

“It is highly important to keep careful records of the 
magnification of photomicrographs. With such records, 
the actual size of any article shown in a picture may be 
determined with some degree of precision by measuring 
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the image with a millimeter scale. Two photomicro- 
graphs of different magnification can then be compared 
intelligently.” (C. P Shilaber, Photomicrography in The- 
ory and Practice, John Wiley & Sons, New York, 1944.) 
For a number of years, this journal has published 
photomicrographs which are both confusing and mis- 
leading. A representative example (Winter 1986, p. 239} 
shows an 8-mm bead with the caption stating “Magnif- 
ied 15x.” If this were correct, the image of that bead 
should have a diameter of 120 mm. Instead, it is only 
39 mm. Clearly, this object is magnified less than 5x. 
Possibly, the explanation appears in the introduc- 
tory portion of the Photoatlas: “The indication of 
magnification (e.g., 25 x} signifies the original enlarge- 
ment on the film of the object calculated from the 
optical elements {objective, ocular and camera dis- 
tance}.” This value is known as “camera magnification.” 
Camera magnification is a useful bit of information 
for the person who actually holds the film. However, it is 
absolutely meaningless for one viewing a printed image 
which has been enlarged, reduced, or cropped to an 
undefined degree. Since this is the position of readers, it 
is imperative that authors consider these factors and 
calculate the appropriate adjustment in magnification. 
I would submit: No notation of magnification 
should ever appear in a photo caption in this journal 
unless it represents the true magnification of the printed 
image relative to the original object. 


W. W. Hanneman, Ph.D. 
Castro Valley, CA 


IN REPLY 


The purpose of printing photomicrographs in profes- 
sional gemological publications is to convey useful 
information to the reader. Most gemologists are already 
familiar with the standard 35-mm format film used in 
photomicrography. So, when a caption states that a 
photomicrograph was taken at “45 x ,” it means that the 
subject was enlarged by a factor of 45 times on the film. 
The film size then serves as a ready mental point of 
reference and gives the gemologist a mindset on the size 
of the subject, regardless of how the publisher enlarges, 
crops, or otherwise plays with the final display of that 
image in the journal. More importantly, when we say 
45x, we immediately let the jeweler-gemologist know 
that this subject would be easily resolved using a 
standard gemological microscope with an upper magni- 
fication limit of 45 or greater. With Dr. Hanneman’s 
approach, however, if the slide was cropped by the editor 
and then enlarged by a factor of 10 to fill the planned 
space, we would have to put a final magnification of 
450 on the photograph. Since no stereo zoom gem- 
ological microscope even approaches this range of mag- 
nification, a 450 x factor would suggest to readers that 
this subject would not be visible to them when using 
their own microscope. Even if, say, the editor enlarged a 
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10x photomicrograph only three times, the use of 30 x 
in the figure caption would imply that this is the image 
the reader would see at 30 x magnification, which is not 
true. All the editor has done is increase the size of the 
image without gaining or increasing detail. In reality, the 
scene could be significantly different, with the item in 
question totally distorted. 

The Shilaber quote mentions that microscopic im- 
ages are commonly measured in millimeters (or micro- 
meters}. The fields in which this is done, such as in the 
biological sciences and petrology, use highly sophisti- 
cated “research” microscopes with specially built at- 
tachments and accessories for conveniently obtaining 
precise measurements. Such accessories are not readily 
available for any of the gemological microscopes manu- 
factured today. From my own experience in the use of 
precise measuring devices in petrology and chemical 
microscopy, I can understand some of Dr. Hanneman’s 
arguments. But each of the sciences has its own set of 
standard practices, and these may or may not apply to 
others. It is true that we could place a standard scale bar 
of a specified length in each photomicrograph as is done 
in some of the other sciences. However, gemology is 
more than just a science, it is also an art. As gemologists, 
we deal with beauty on a daily basis; it is perhaps the 
greatest appeal of our profession. And as long as there is 
no significant problem generated by the method of 
magnification designation as it is currently practiced in 
virtually all publications in the field, this writer sees no 
reason to detract from the artistic quality of the image 
by incorporating a size scale. 


John I. Koivula, Contributing Editor 
Gems & Gemology 


ERRATUM 

The article “Colombage-Ara Scheelite” (Gems & Gem- 
ology, Fall 1986} contains an error that was brought to 
our attention by Mr. Raymond Giroux of Dollard des 
Ormeaux, Quebec, Canada. In figure 2 {p. 168) the 500- 
nm and 600-nm markers were incorrectly placed. The 
figure should appear as below. 
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THE DIAMOND 
YEARBOOK 1986-1987 

By Jean-Francois Moyersoen, 120 pp., 
illus, publ. by UBIGE S.P.R.L., 
Brussels, 1987. US$99.00* 


This resource text covers diamond’s 
performance as an investment com- 
modity over the last 18 years. It 
depicts the rise, fall, and incipient 
rise again of diamond prices, and 
provides abundant reference mate- 
rial on diamond sources worldwide. 
Chapters also cover buying graded 
diamonds, the demographics of de- 
mand, auctions, and (in a partic- 
ularly enlightening presentation} De 
Beers. 

Moyersoen has produced a 
nicely organized book. The pertinent 
items from the table of contents are 
repeated at the front of each chapter 
along with a fully titled list of illus- 
trations. The author is straightfor- 
ward in conveying his points with a 
minimum of text and a lavish num- 
ber of charts and color graphs. Con- 
clusions! where warranted, are 
clearly stated at the end of each 
chapter. The beautiful illustrations 
help speed the reader’s progress 
through the book’s 120 pages. High- 
quality paper and printing help to 
justify the $99.00 price. 

For all of these good points, there 
are also some problematic areas. 
Minor semantic faults include edi- 
ting errors such as “unvaluable” and 
“a serious unbalance,” etc. More 
serious (and potentially misleading} 
errors of fact occur as the author 
describes GIA diamond grading, and 
the following corrections should be 
noted. First, clarity is judged with a 
10x corrected magnifier—not nec- 
essarily a loupe (p. 12}. Second, while 
“loupe-clean” is the top clarity grade 
in some European systems and “flaw- 
less” is GIA’s top grade, the two 
should not be equated. Third, the VS 
clarity grades stand for very slightly 
included—not “very small inclu- 
sions” (size is not the only issue!}. 
Fourth, on page 13, the term bril- 
liancy is badly misdefined to include 
dispersion (the GIA definition comes 
closest to the European term /Jife but 
is restricted to white light). Fifth, 
Moyersoen has also misstated the 
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BOOK 
REVIEWS 


Elise B. Misiorowski, Editor 


GIA Gem Trade Laboratories’ round- 
ing procedure; rounding upward 
when the third decimal is a 9 has 
been the rule for a number of years. 
Last, GIA’s plotting symbols were 
revised as part of the 1986 changes in 
the diamond program; they should be 
printed in color to make them under- 
standable. 

Moyersoen also cites a possible 
trend to price 0.99-ct diamonds at 
just 1% less than 1.00-ct stones (and 
so on]; this seems logical to the 
uninitiated, but almost all diamond 
experts would dismiss it as wishful 
thinking. Finally, the several car- 
toons could be funnier and the three 
or four advertisements should be 
removed in the next edition. 

Despite these factors, The Dia- 
mond Yearbook is loaded with inter- 
esting facts and beautiful graphic 
depictions. It is a useful, current 
addition to the jewelry literature. 


JAMES R. LUCEY, G.G. 
Manager of Education Projects 
GIA, Santa Monica 


GARNET 


By John D. Rouse, Edited by Peter G. 
Read, 134 pp, illus., publ. by Butter- 
worth and Co., 1986. US$29.95* 


Garnet is, at best, a difficult gem to 
categorize. Even after years of re- 
search and discussion, gemologists 
and mineralogists continue to dis- 
agree about nomenclature and classi- 
fication of the several members of 
the garnet group. In Garnet, from the 
Butterworth series on gems, Rouse 
endeavors to unravel the myriad of 
tangled references to garnet made 
throughout history and to make 
sense of the chemical variations that 
separate one garnet from another. 
Unfortunately, although Rouse be- 
gins by promising us a gemological 
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detective story, the story bogs down 
in a mire of clues and Rouse leaves 
the reader wondering whether gar- 
nets are heroes or villains in the 
world of gemstones. 

In chapter one, the author exam- 
ines garnets in their historical con- 
text, beginning with ancient writ- 
ings. Although Rouse has obviously 
studied gem history extensively, the 
chapter tends to be confusing. For 
example, the use of ancient place 
names no longer found in modern 
atlases causes the reader to wonder 
just where all this mining, fashion- 
ing, and trading actually took place. 
A great deal of attention is devoted to 
the derivation of the words used to 
describe garnet, yet there is no men- 
tion of the amuletic and mystical 
properties attributed to garnets. 
With the fall of Rome, the history of 
garnet seems to falter; only eight 
paragraphs describe the time period 
between the end of the Roman Em- 
pire and the 18th century. “The 
magic is gone, and the charm is 
lost,” the author writes of the dawn 
of mineralogy—without having im- 
parted either the magic or the charm 
to the reader. 


The second chapter gives a tech- 
nical overview of garnets: their 
chemical composition, crystallogra- 
phy, general properties, and color. 
Some of the difficulties of garnet 
classification are also discussed. 
This is followed by six chapters on 
the individual gem garnet species: 
pyrope, almandite, the intermediate 
categories {such as rhodolite and 
malaya}, spessartite, grossular, and 
andradite and the rare garnets. 

Each of these chapters contains a 
short section on the history and no- 
menclature of the particular species, 
a description of its usual colors, its 
chemical, optical, and physical prop- 
erties, and its inclusions. Common 
sizes, prices, and phenomena are 
touched on as well. The properties 
are summarized at the end of each 
chapter, and there are lengthy biblio- 
graphies. However, although a great 
deal of information is presented, the 
material is organized differently in 
each of the chapters and is thus 
difficult to locate readily. 


Thirty-one attractive color 
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plates illustrate the beauty of garnets 
and their identifying inclusions. 
There are also numerous tables, 
graphs, maps, and other black-and- 
white illustrations. 

The Butterworth series fills a 
definite need in the gemological lit- 
erature by providing individual gem 


compendiums for reference. Rouse 
has done a heroic job of sifting 
through the garnet literature, but, 
although he quotes exhaustively 
from published works, he does not 
synthesize his research into a usable 
whole. He also seems unclear about 
his audience: A beginner will be put 


off by the technical, formal presenta- 
tion; a gemologist, looking for fast, 
practical information during the 
course of gemstone testing, will find 
other references more useful. 


SHARON E. THOMPSON, G.G. 
Editor, Colored Stone Magazine 


CONGRATULATIONS! 


The following readers received a perfect score (100%) on the first annual Gems & 


Gemology Challenge, which appeared in the Spring 1987 issue: 


Joan R. Ahrens, Bernville, PA; Margaret L. Alexander, Mimbres, NM; Charles E, Ashbaugh III, Woodland Hills, CA; 
Stephanie A. Baldridge, San Jose, CA; Gregory FE. Bannoff, Ottawa, Ont., Canada; Italo W. Baraga, Citrus Heights, 
CA; Cynthia M. Bartolo, Naples, FL; Rebecca Ann Bell, Joshua Tree, CA; Dale R. Biester, Fort Worth, TX; Carl F 
Brink, Crystal Falls, MI; Michael A. Broihahn, Whitefish Bay, WI; Dana A. Brown, Lake Elmo, MN; Ned Burns, 


Phoenix, AZ; Ann L. Byers, Shannon, IL; 


William J. Campbell, Portland, OR; Elizabeth Cassidy, Byron Bay, 


NSW, Australia; Alice J, Christianson, St. Catharines, Ont., Canada; Stephen Chung, Leeds, England; Robert O, 
Cone, Jr., Seguin, TX; Fontaine E Cope, Lamesa, TX; Mikel B. Cords, Charlotte, NC; James C. Corliss, Chalmette, 


LA; Susan Cotterell, Montreal, Que., Canada; Elizabeth Cressey-Plummer, Tucson, AZ; 
Lakeland, FL; Jon Barry Dinola, Yardley, PA; 
Albuquerque, NM; Sandra Rose Engeberg, Los Angeles, CA; 


Karen DeLoach, 


G. Donald Eberlein, Los Gatos, CA; Alvin R. Edwards, 
Ed Fasnacht, Logansport, IN; William E. Fawcett, 


Latrobe, PA; Marie L. Fern, Evanston, IL; Dean S. M. Field, Toronto, Ont., Canada; John R. Fuhrbach, Amarillo, 
TX; Raymond Giroux, Dollard Des Ormeaux, Que., Canada; T. W. Goettel, Edmonton, Alta., Canada; Cynthia 


Granickas, Calverton, NY; Art Grant, Hannibal, NY; Walter W. Greenbaum, Madison, NJ; 


Lynn Hagan, 


Lakewood, CO; William D, Hannah, Louisville, KY; Stephanie Hansen, West Chester, PA; Janet R. Hayward, 
Republic, OH; Joop G. Heetman, Rotterdam, Netherlands; E. Michael Heller, Lindenhurst, NY; Christiana Howard, 
Austin, TX; Mary Ann Hurban, Metairie, LA; James J. Hyatt, Sudbury, MA; 


M. M. Jackson, Dallas, TX; 


Ronald F. Ingram, Tampa, FL; 
Mark Kaufman, San Diego, CA; Helen Klages, Orlando, FL; Marion Kluger, Rancho 


Palos Verdes, CA; Heather Morton Knezevich, Williams Lake, B.C., Canada; Goran Kniewald, Zagreb, Yugoslavia; 


Danielle M. Kohler, Austin, NV; Charles M. Koslow, Phoenix, AZ; 


Michael L, Langford, Hereford, 


Herefordshire, England; Albert E. Larsen, Houston, TX; Richard Larson, Drummond, MT; Timothy M. Lavelle, 


Pittsburgh, PA; Frank A. Leeson, Portage, MI; 


Nancy McInerney, New York, NY; C. A. Mardiros, Laredo, TX; 


Eric Martine-Leyland, Vancouver, B.C., Canada; Lorri A. Martini, Northfield, NJ; Terri L. May, Clovis, CA; Marge 
K. Mayville, Bend, OR; Scott Means, Dallas, TX; Janusz J. Meier, Calgary, Alta., Canada; Adrian Meister, Zollikon, 
Switzerland; Eva Mettler, Zurich, Switzerland; Theodore W. Meyer, Santa Maria, CA; Jane Millard, Concord, MA; 
John Miller, Chapel Hill, NC; Teresa Moore, Birmingham, AL; Charles “Mike” Morgan, Ukiah, CA; Muriel E. 


Myers, Park Forest, IL; 


Ben Nibert, Mission, TX; 


J. Andrew Ontko, Jr, Oklahoma City, OK; 


Philip L. 


Papeman, Chico, CA; Shannon Patterson, Columbus, OH; John L. Perry, Taunton, MA; Allen C. Petersen, Granby, 
CT; Graeme Edward Petersen, Wellington, New Zealand; Lyle B. Peterson, Janesville, MN; Anne Peyton, Anaheim, 
CA; Jeannie D. Phelan, USAFA, CO; DeFise Pierre, Brussels, Belgium; Ronald N. Plessis, Langley, B.C., Canada; 
Harriet A. Remein, Bethesda, MD; Jacqueline A. Ritter, Mississauga, Ont., 


Janice A. Prudhoe, Paris, France; 


Canada; Ralph Rosen, Los Angeles, CA; Nancy R. Rosenberg, Worcester, MA; 


Joseph Sands, Territet, 


Switzerland; P D, Schechter, Miami Beach, FL; Henry Segal, Montreal, Que., Canada; Donald C. Shogren, Kent, 
WA; Ben H. Smith, Jr., Wilmington, NC; Peter R. Stadelmcier, Levittown, PA; John W. Stennett, Jr, Temple, TX; 
Clifford H. Stevens, Gansevoort, NY; Ronald C. Stevens, Auckland, New Zealand; Eva Strauss-Paillard, Tours, 


France; 


Norman Torgerson, Bridgewater, NJ; Blair R Tredwell, Advance, NC; 
Michael Bruce Varon, Coral Gables, FL; 


Kristina Tarai, Maineville, OH; Rolf Tatje, Duisburg, West Germany; Leigh C. Thompson, Boone, NC; 
Els Van Velzen, Rotterdam, Netherlands; 
Ginger Watson, Anaheim, CA; Richard G, Whitehead, Burbank, CA; 


Leon H. Wildberger, Mobile, AL; Larry C. Winn, Arvada, CO; Colleen Witthoeft-Nayuki, Montreal, Que., Canada. 


Answers to the Gems e#) Gemology Challenge (see pp. 50 and 51 of the Spring 1987 issue for the questions) are as 
follows: (1) A, (2) A, (3) C, (4) D, (5) C, (6) C, (7) D, (8) C, (9) B, (10) D, (11) C, (12) B, (13) B, (14) B, (15) D, (16) B, 
(17) B, (18) B, (19) B, {20} D, (21) B, (22) B, (23) A, (24) D, (25) C. 


The response to the Challenge was excellent, and literally hundreds received a passing grade 
on the exam. For those of you who were reluctant to try this time (and those who did), we 
will offer another opportunity (covering the 1987 issues) in the Spring 1988 issue. 
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COLORED STONES AND 
ORGANIC MATERIALS 


The amethyst-citrine dichromatism in quartz and its 
origin V. S. Balitsky and O. V. Balitskaya, Physics and 
Chemistry of Minerals, Vol. 13, 1986, pp. 415-421. 


The occurrence of bicolored amethyst-citrine quartz 
crystals, both natural and synthetic, is discussed as a 
function of growth conditions. For synthetic quartz 
grown on rhombohedral seeds, this dichromatism is 
shown to be related to the growth rates of the major and 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest to 
our readership. 


Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstracter 
and in no way reflect the position of Gems & Gemology 
or GIA. 
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minor rhombohedral faces. This result is extended to 
natural quartz, which also grows on rhombohedral faces. 
Different thermal stabilities were found for various 
growth solutions; these are thought to arise from 
different charge compensators in the potential amethyst 
color centers. EF 


The influence of chemical composition on the w index of 
refraction of apatite. E. J. Young, Neues Jahrbuch fur 
Mineralogie Monatshefte, No. 12, December 1986, 
pp. 529-540. 

The omega refractive index of apatite is influenced by 

the presence of minor impurities. Starting with the 

omega index of pure fluorapatite (1.6325}, and drawing 
from 14 recently published chemical analyses of apa- 
tites, the author statistically determined how the pres- 

ence of certain minor impurities (Cl, Fe, Mn, Ba, H,O, 

CO, and rare-earth elements} either raises or lowers 

this value. The presence of all of these impurities except 

CO, was found to raise the value of the omega index, 

with water having the greatest relative effect. JES 


Ion-microprobe analyses of Li and B in topaz from 
different environments. R. L. Hervig, W. T. Kor- 
temeier, and D. M. Burt, American Mineralogist, 
Vol. 72, No. 3/4, 1987, pp. 392-396. 
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Topaz can form in different geologic environments as an 
accessory mineral. This article presents ion microprobe 
analyses for lithium and boron, two light elements that 
can occur in trace amounts in topaz. The authors 
analyzed topaz samples from volcanic rhyolites, igneous 
pegmatites, hydrothermal greisens (fluorine-bearing 
granitic rocks], and other topaz-bearing igneous and 
metamorphic rocks. On the basis of these analyses, they 
identified a range of four orders of magnitude for lithium 
contents and three orders of magnitude for boron con- 
tents. Both elements are found in higher concentrations 
in topaz from rhyolites, but in lower amounts in topaz 
samples from pegmatites and hydrothermal greisens. 
Such differences in chemistry can be related to condi- 
tions of formation, and may be useful as a fingerprinting 
technique to differentiate environments of formation for 
topaz. JES 


Irradiation-induced blue color in topaz. K. Schmetzer, 
Naturwissenschaften, Vol. 74, No. 136, 1987, pp. 
136-137. 

Blue topaz is routinely produced from colorless material 

by gamma-cell or electron irradiation followed by an- 

nealing, or by neutron irradiation alone. Dr. Schmetzer 
examined topaz treated by all these methods and identi- 
fied three absorption features that were observed with 
polarized light, two along the a-axis (X-centers) and one 
along the b-axis (Y-center}. Irradiated topaz displays one 
or two of these features according to the type of 
treatment received: Gamma-cell irradiation produces 
only one X-center (X,]}, electrons generate the X, and the 

Y, and a nuclear reactor gives rise to the two X-centers 

(X, and X,). The color centers in gamma-cell and 

electron-irradiated topaz are dependent on trace ele- 

ments present in the original material; color zoning and 
saturation of color will follow the distribution and 
concentration of these elements, referred to as precur- 
sors. Topaz treated in a reactor, however, always colors, 
with the depth of color dependent only on the irradiation 
dose, and it does not exhibit color zoning. This colora- 
tion is caused by the production of phosphorus through 
the decay of radioactive silicon, a mechanism well- 
known in semiconductor technology. Trace chemical 
analyses of treated and natural blue topaz confirmed the 
correlation of color intensity with phosphorus content. 

CMS 


Knowing the gem market. J. C. Zeitner, Lapidary Repor- 
ter, No. 324, November 1986, pp. 1, 3. 
It is important for gem merchants to stay up-to-date in 
the continually changing colored-stone market. Travel- 
ing to gem-producing areas is a good way to learn about 
the various factors that affect supply and availability. It 
is also important to attend gem shows where one can 
compare the price and availability of a variety of gems. 
The Tucson Show in early February is one of the best. In 
addition, many books offer excellent information on 
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gemstones, although magazines and newsletters tend to 
have the most current information regarding what’s new 
in the trade. 

Another way to keep abreast with the colored-stone 
market is to attend seminars and short courses such as 
those offered by GIA. Seminars are also frequently 
offered at major gem shows. 

Zeitner further stresses the importance of knowing 
how to use gemological instruments. Owning and using 
state-of-the-art equipment helps gem dealers buy intel- 
ligently and increase customer confidence. 

Barton C. Curren 


Microscopic observation of twinning microstructure in 
natural amethyst. K. Schmetzer, Neues Jahrbuch ftir 
Mineralogie Monatshefte, No. 1, January 1987, pp. 
8-15. 

Schmetzer investigated microtwinning in natural ame- 

thyst using optical microscopy. For the first time, the 

orientation of the composition planes at the twin bound- 
aries was directly observed optically in one sample of 
heat-treated amethyst. The liquid and two-phase inclu- 
sions that form the “zebra stripes” are also discussed in 
detail as they relate to the microtwinning. The article 
includes eight figures that illustrate various aspects of 
these features. EF 


Ein Oktaedrischer Gahnospinell-Rohstein von Rat- 
napura, Sri Lanka (An octahedral gahnospinel crys- 
tal from Ratnapura, Sri Lanka}. G. Franzel, V. Stahle, 
and FE H. Bank, Zeitschrift der Deutschen Gem- 
mologischen Gesellschaft, Vol. 35, No. 1/2, 1986, 
pp. 39-46. 

The authors report the chemical and absorption data of a 

4.53-ct color-change octahedral gahnospinel crystal 

from Sri Lanka. The chemical composition was found to 
be: (Mg3.90 ZM3.66 Feo.19 MNo.06Nio.01Cao.01) 7.92 (Alie.o4 

Vo.o1) 16.05032: 

Although the crystal came from an alluvial deposit, 
diagnostic growth features are still evident on the 
crystal faces. The absorption spectrum is similar to that 
of other color-change spinels previously reported, with 
bands attributed to Cre+ and V3+. Several opaque 
octahedral inclusions of zinc-iron-aluminum spinel dif- 
fer in chemistry from the host crystal. MG 


Ubiquitous quartz. R. W. Jones, Rocks and Minerals, Vol. 
62, No. 1, 1987, pp. 6-13. 
Ubiquitous (existing or being everywhere at the same 
time) is the perfect adjective to describe quartz. The 
main reason for the common occurrence of quartz is its 
ability to form under many conditions, including by 
secondary action in late-forming sedimentary rocks or 
by primary action in pegmatites (which are the sources 
of some of the finest specimens]. 
Because of the wide range of varieties and sources, 
quartz is popular with gem and mineral collectors alike. 
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This article covers the types of twinned crystals usually 
encountered—Japan-law, Dauphiné-law, and Brazil- 
law—as well as the many varieties of single-crystal 
quartz and cryptocrystalline quartz (chalcedony]. The 
author then devotes the greater part of the article to the 
major sources worldwide for both mineral specimens 
and gem-quality rough — from the magnificent amethyst 
scepters on white quartz found in the Denny Mountain 
region of Washington State, to cave-sized cavities lined 
with amethyst in Brazil. 

Easy and light reading, this article is a good review 
for the quartz enthusiast. David LeRose 


DIAMONDS 


Cutting on 47th street: Higher prices bring recovery. R. 
Shor, Jewelers’ Circular-Keystone, Vol. 167, No. 12, 
December 1986, pp. 104-106. 


In 1979, during the height of the gem investment boom, 
1700 diamond cutters worked on New York’s 47th 
Street. During the first half of the 1980s, though, the 
New York cutting industry was almost destroyed when 
the price of better-quality polished diamonds fell below 
what the Central Selling Organization was charging for 
comparable rough. As a result, by 1983 only 150 cutters 
were actively working on 47th Street. In 1986, however, 
the price of larger pieces of high-quality rough, the 
mainstay of the New York cutting industry, increased by 
about 30%, partially due to the lower U.S. dollar 
exchange rate vis-a-vis Japanese and European curren- 
cies. This, combined with the increased demand for 
larger, high-quality stones, has brought the New York 
cutting industry back to life: Approximately 600 cutters 
are now actively working on 47th Street, and output has 
tripled since 1982. 

There still are problems on 47th Street, however. 
The C.S.O, has been keeping tight allocations on high- 
quality goods, and there are many complaints that 
desirable rough is becoming scarce. Adding to this 
problem, Israeli cutters are now buying larger, high- 
quality stones as well as the melee with which they have 
been associated. Some Israelis have been offering sight- 
holders a 10% to 15% premium for their parcels of 
rough. 

Nevertheless, most of the New York cutters are 
optimistic about the future of the 47th Street cutting 
industry. The declining U.S. dollar has made diamonds 
an attractive purchase. Also, price increases to con- 
sumers have helped keep the industry afloat. 

It is unlikely, though, that the number of diamond 
cutters will ever reach 1979 levels again. It takes 
approximately 16 weeks to complete an apprenticeship 
and, unless the prospective cutter has family in the 
business, the apprenticeship will cost him $5,000 to 
$20,000. Many shops will not bother to train new cutters 
because apprentices tend to break stones and slow 
productivity. Although the average cutter makes be- 
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tween $30,000 and $50,000 a year, new cutters generally 
cannot expect to reach this level for several years, 
because they are usually slow and they are paid by the 
piece. Barton C. Curren 


Diamonds are forever? I. PR Wright and M. M. Grady, 
Nature, Vol. 326, No. 6115, 1987, pp. 739-740. 


Wright and Grady describe the occurrences of diamonds 
in meteorites and discuss the controversy concerning 
their formation, that is, whether they were shock- 
produced or are the result of high static pressure in the 
large extraterrestrial bodies in which the meteorites 
formed. Information provided at a recent conference 
suggests a new theory: Several isotopic arguments favor 
an origin very similar to chemical vapor deposition 
(CVD}, which is used today to produce diamond thin 
films and coatings. EF 


Diamonds find new settings. G. Graff, High Technology. 
Vol. 7, No. 4, 1987, pp. 44-47. 


Gordon Graff presents an update on diamond-coating 
research in the U.S. Many laboratories are exploring 
diverse and less expensive ways to build thin films of 
diamond on various substrates, especially using chemi- 
cal vapor deposition (CVD}. A group of research labs has 
already drawn several industrial companies into a con- 
sortium that helps finance the work. Their aim is to 
catch up with both the Russians and, most importantly, 
the Japanese, who are already producing diamond coat- 
ings for Sony that are used in loudspeaker tweeters. 
Many key applications are reviewed, including cut- 
ting tools, protective coatings, diamond semiconduc- 
tors, and high-density chips that might ultimately lead 
to faster, smaller circuits. EF 


Spectroscopic studies of the H1b and Hic absorption 
lines in irradiated, annealed type-Ia diamonds, A. T. 
Collins, G. Davies, and G. S. Woods, Journal of 
Physics C: Solid State Physics, Vol. 19, 1986, pp. 
3933-3944, 


This article reports on further studies of the Hlb and 
Hlc infrared absorption lines in diamond that were 
recently reported in the gemological literature (Woods 
and Collins, journal of Gemmology, 1986, Vol. 2, No. 2, 
pp. 75-82) as being useful for the identification of color 
enhancement by irradiation and annealing. Experiments 
were conducted on four irradiated type Ia diamonds, 
which were annealed progressively from 400°C to 
1400°C, and on 15 irradiated and annealed 
(700°C-1200°C) type Ia diamonds. 

The results revealed that Hlb and Hlc are zero- 
phonon lines, and that the ratio of H1b to HIc correlates 
with similar ratios for bands in the visible and infrared 
spectra that relate to nitrogen structure in the diamond 
lattice. This suggests that the Hlb and Hlc lines are 
nitrogen-related. However, the exact nature of these two 
lines remains to be established. These bands are impor- 
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tant gemologically because they appear in the spectra of 
irradiated and annealed type Ja diamonds at the tempera- 
ture {approximately 700°C) at which the diagnostic 
594.4-nm band is destroyed. Also, they are stable to at 
least 1400°C, above which temperature the effect on 
color is generally undesirable. Since the majority of 
color-enhanced diamonds are type Ja and, once annealed, 
yellow to brown in color, the characterization of these 
infrared features is of particular importance to gemolo- 
gists, even though the technique involved requires 
sophisticated instrumentation. CMS 


“Iron meteorite paragenesis,” a new group of mineral 
inclusions in diamond. S. Arai, Neues Jahrbuch ftir 
Mineralogie Monatshefte, No. 10, 1986, pp. 
463-466. 

A zincian chromite inclusion in a diamond from Sierra 

Leone, first discovered and described by H. O. A. Meyer 

and E R. Boyd, is discussed by the author as representing 

neither the eclogitic nor the peridotitic suites of dia- 
mond inclusions. This zincian chromite inclusion is 
similar in chemistry to the zincian chromite inclusions 
found in some iron meteorites. Because of this sim- 
ilarity, the author suggests that the zincian chromite in 
this diamond is representative of a new group of min- 
erals in diamonds and has named this “new” group the 

‘iron meteorite paragenesis.” It is proposed that the 

possible source for the inclusion may have been the early 

earth’s oxygen-bearing molten nickel-iron proto-core. 
John I. Koivula 


GEM LOCALITIES 


The collector’s library: Minerals of the United States — 
update and additions. A. E. Smith, Jr., Mineralogical 
Record, Vol. 18, No. 3, 1987, pp. 211-227. 

This article, actually a 16-page list of publications 

arranged alphabetically by state, is an update to a list 

that appeared in the January—February 1979 issue of the 

Mineralogical Record (Vol. 10, No. 1}. 

Maps and, where available, Locality Index have 
been added to the original categories, which include: 
State Mineralogy, Area Mineralogy, Mineral Resources, 
and Collecting Guides. Only statewide maps are listed 
because, as Mr. Smith points out, “If an attempt was 
made to list all of the area maps... the list would be too 
voluminous for this publication.” 

Mr. Smith has included individual books and bulle- 
tins as well as magazine articles. Although he states that 
most of the information for the listing was obtained 
during the fall of 1985, there are references to articles 
published in 1986 as well as in early 1987. 

Patricia A. 8. Gray 


Finders keepers. A. Korwin, Lapidary Journal, Vol. 41, 
No. 1, April 1987, pp. 53-56. 


The Cowee Valley ruby mines in North Carolina are a 
rockhounder’s delight, with mineral wealth and acces- 
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sibility. For a small fee, prospectors are welcome to hunt 
for sapphire, ruby, peridot, rhodolite and pyrope garnets, 
rutile, feldspar, moonstone, kyanite, sillimanite, mica, 
and quartz. 

Cowee Valley is the only ruby- and sapphire-bearing 
district in the country that encourages public prospec- 
ting. Basically, there is not enough material to sustain a 
commercial mining operation. Private land owners are 
at liberty to sell or rent equipment—some even sell 
buckets of dirt outright — and are quick to help identify 
potential specimens. 

Many hundreds of stones are found each year in the 
layers of mud, clay, and gravel. The chance of a reason- 
able find is good for the careful and diligent collector. 
And there is always the possibility, however remote, of 
striking it rich. Anne Riswold 


Garnet Hill, White Pine County, Nevada. C. L. Hol- 

labaugh and V. L. Purcell, Mineralogical Record, Vol. 

18, No. 3, 1987, pp. 195-198. 
Almandine-spessartine garnets occur as well-formed 
trapezohedral crystals at Garnet Hill, White Pine 
County, Nevada. This locality has been known for these 
crystals since the early years of this century. The garnets 
are deep red and average 4 mm in diameter, although 
crystals as large as 15 mm across have been collected. 
Some of these are even gem quality. The garnets are 
usually found in cavities (either lithophysae — which are 
hollow, bubble-like structures composed of concentric 
shells of host materials—or vesicles}, but they may also 
occur as phenocrysts, in a gray or pink banded rhyolite. 
The crystals are believed to have been deposited by 
vapor-phase crystallization from gasses released during 
cooling of the rhyolite lava, or, in the case of the 
phenocrysts, by crystallization in the rhyolite magma. 
They were later brought to the surface with the magma 
as it erupted. JES 


Mingora emerald deposits (Pakistan): Suture-associated 
gem mineralization. A. H. Kazmi, R. D. Lawrence, J. 
Anwar, L. W. Snee, and S. Hussain, Economic 
Geology, Vol. 81, 1986, pp. 2022-2028. 


The Swat valley, in northern Pakistan, has produced 
emeralds for some 20 years. The emeralds come from 
deposits spread over an area of about 180 acres near the 
town of Mingora. This article describes the geology and 
occurrence of emeralds at this locality. 

The emerald deposits at Mingora are found among a 
sequence of metamorphosed, schistose rocks. This re- 
gion represents the collision subduction zone between 
India and Asia. Within this zone are found meta- 
morphosed and highly deformed rocks of the Indian 
plate and the intervening oceanic sediments. Emerald 
mineralization is confined to the Mingora ophiolitic 
mélange, which consists of talc-dolomite schists. The 
emeralds are nonpegmatitic and are commonly associ- 
ated with faults, fractures, and limonite, calcite, or 
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quartz veins within the schist. The emeralds are deep 
green in color with relatively high refractive-index 
(1.588-1.596] and specific-gravity (2.75-2.78)] values. 
Emerald mineralization is structurally controlled and 
occurred during the shearing and late-stage alteration of 
the ophiolitic mélange. JES 


INSTRUMENTS AND TECHNIQUES 


Untersuchung radioaktiver Edelsteine und Mineralien 
(Investigation of radioactive gemstones and min- 
erals). H. J. Mullenmeister, Zeitschrift der Deu- 
tschen Gemmologischen Gesellschaft, Vol. 35, No. 
1/2, 1986, pp. 59-63, 


The author proposes a test to identify such radioactive 
gemstones as zircon and ekanite, as well as to separate 
them from uncommon minerals such as columbite, 
euxenite, gadolinite, monazite, and thorite, by measur- 
ing the B and y radioactivity of each species. Two tables 
give impulse/minute values for various colors of ekanite 
and zircon. However, the author does not indicate how 
the results were normalized to the size (carat weight) of 
the stone, nor does he state how many samples of each 
type were tested. Further, the possibility remains that 
the use of a Geiger counter alone could lead to the 
mistaken, identification of a host spinel or sapphire as 
zircon if an included zircon were strongly radioactive. 

MG 


JEWELRY ARTS 


Getting into die striking. A. Bratt, American Jewelry 
Manufacturer, Vol. 34, No. 7, July 1986, pp. 22-30. 


This knowledgeable author examines the pros and cons 
of a jewelry manufacturer investing in a die-striking 
operation. He poses questions from which the manufac- 
turer can, provided he is realistic, form his own conclu- 
sions. 

Comparing the merits and costs of casting versus 
die striking requires a sound appraisal of product de- 
mand, available capital, and product suitability to the 
stamping process. Die striking can produce a great 
product and offer enormous savings in a steady, high- 
volume market. But because so much of the fashion- 
jewelry industry involves trends, and time to assess 
demand is a luxury not generally available, such an 
investment can be risky. In addition, labor costs in the 
tooling process may be prohibitively high, although 
Bratt explains how these costs can be reduced by 
initially having the tooling made on the outside and 
then gradually creating and staffing an in-house tool- 
room. 

Overall, the information provided is thorough and 
well organized. The author compares the various 
methods available. He also gives examples of jewelry 
suitable and not so suitable to die striking. 

Anne Riswold 
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New technologies for gold casting. J. P Nielsen, D. P. 
Agarwal, and R. Carrano, American Jewelry Manu- 
facturer, Vol. 35, No. 2, February 1987, pp. 38-60. 

Today’s evolving technologies make it possible for jewe- 

Iry casters to develop new and more intricate designs. 

Distinguishing between jewelry and industrial casting, 

the authors present details of new research specifically 

oriented to the jewelry industry. 

The information presented is designed to help the 
caster and manufacturer who want to design, sprue, and 
cast a better quality product. Complete with binary 
phase diagrams and alloy castability charts, and a 
number of equations, however, this comprehensive but 
complex article requires knowledge of metallurgy, ce- 
ramic science, and mechanics. 

For those wishing more specific information on 
certain aspects of the technologies covered, a suggested 
reading list is provided. The technical content of this 
article is definitely aimed at the specialist. 

Anne Riswold 


JEWELRY RETAILING 


Fancy cuts. National Jeweler, Vol. 31, No. 9, 1987, pp. 

68-72. . 

From one-of-a-kind works of art that sell in exclusive 
galleries, to mass-produced simpler shapes, the market 
for unconventional and unusual cut gems has never been 
stronger. This article explores the relationship between 
the “art” cuts and the “standard” fancy cuts, the relative 
prices of these different cuts, and their place in the 
market. Gem dealers and designers give their opinions of 
the fancy, or fantasy, cut market today and where it 
might be headed tomorrow. 

The original free-form cuts of Bernd Munsteiner 
have unlocked the potential of gemstones as art. Al- 
though people are willing to pay more than the actual 
value of the gem material for these works of art, price 
does limit the market for original “Munsteiners.” 

To satisfy customer demand for less expensive fancy 
cuts, some of the simpler shapes —e.g., half moons, kites, 
and cabochons —are being cut from commercial-quality 
materials. Price is a very important factor in the sale of 
these stones. According to Marsha Lorberfeld of New 
York, however, noncalibrated cuts will never truly reach 
a mass market. 

Although fancy cuts are usually reserved for less 
expensive gems, James Breski & Co. of Chicago now 
offers fancy-cut rubies, sapphires, and emeralds. The 
firm’s Tribrilliant and Quadrilliant cuts are based on 
triangular and rectangular brilliant—-cut diamonds. 

David LeRose 


Jewelry for men. Eclat, No. 14, April 1987, pp. 175-177. 
The author examines the trends in men’s jewelry re- 
ported by several French jewelry houses, and advances 
some opinions on the question of why more men’s 
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jewelry is not sold. Research has indicated that, at least 
in the French market, “fear of appearing vulgar, fear of 
appearing effeminate, and fear of negative reactions 
from women” contribute to the lack of a strong market 
for men’s jewelry. 

Quotes from Jacques Dereux (“The only piece of 
jewelry a man feels really comfortable with is one he can 
hide under his shirt, like the gold chain”) and survey 
results such as “jewelry has an inherent feminine 
connotation harmful to men,” characterize the gener- 
ally negative results of the author’s research. However, 
on the positive side, the author believes that the market 
potential is very strong. I. B. Goodman produces a 
successful “high tech” look using steel, titanium, and 
black chrome, as well as gold and diamonds in some 
pieces, that appeals to the “taste of power” many men 
have. New marketing techniques, such as men’s “cor- 
ners” in luxury jewelry shops, offer some possible 
approaches to increasing the sales of jewelry specifically 
for men. Bill Videto 


Spotlight on appraisals. J. V. Smith, Ed., Jewelers’ Circu- 
lar-Keystone, Vol. 158, No. 4, 1987, pp. 67-126. 


This special report, intended to be a compact guide to 
the appraisal process, is written in six different sections 
that address various aspects of writing appraisals. The 
first section examines the appraisal procedures followed 
by seven retail jewelers. Each jeweler establishes a 
different fictional setting in which items are submitted 
for appraisal, Every aspect of the procedure is then 
described, starting with the reasons for the appraisal and 
concluding with the appraiser’s notes on the methods 
and sources used for identification and valuation. 

In the second section, AGS appraisal specialist Cos 
Altobelli outlines 18 important points to keep in mind 
when writing appraisals and dealing with a customer. 
These tips are offered to help appraisers protect them- 
selves against liability while providing the best service 
to the customer. 

The next two sections look, first, at the need for 
legislative action regarding appraisals and, following 
this, at a model law developed for the State of Texas that 
addresses the licensing of appraisers. Six experts who 
attended a JCK roundtable on the future of jewelry 
appraising concluded that there is an immediate need for 
regulation of appraisers from within the jewelry indus- 
try. The model law to license Texas appraisers was 
developed by Patti Geolat and C. Van Northrup, for the 
Texas legislature. This law would subject appraisers to 
penalty under the law for misrepresentation or fraud, 

A section regarding watches and clocks follows (in a 
somewhat awkward placement} the legislative discus- 
sions, Antique pocket watches and other timepieces 
continue to surface, and few jewelers and appraisers 
understand how to analyze this market. The many price 
guides available on pocket watches are discussed, and a 
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list of the various auction houses that may be contacted 
on this subject is provided. 

In the last section, a court case in which an 
appraiser was sued for issuing a false appraisal and 
misrepresenting gem values is presented. This section 
makes very evident the type of damage that can be 
inflicted on an appraiser when his valuation is ques- 
tioned. The importance of this section lies with how the 
accused appraiser valued the stones and what the jury 
found him to be guilty of. This segment is not only 
interesting but also relays an important warning to 
those who appraise —that they may ultimately answer 
to the courts. Juli L. Cook 


SYNTHETICS AND SIMULANTS 


Metallic inclusions in Chatham synthetic corundums. 
C. R. Burch, Journal of Gemmology, Vol. 20, No. 5, 
1987, pp. 267-269. 


The author microscopically examined over one thou- 
sand carats of rough and 12 faceted flux rubies and 
sapphires grown by “Chatham Created Gems” of San 
Francisco, California. The gemological strength of this 
short article is found in the 12 excellent photomicro- 
graphs that vividly depict the varied morphology of the 
metallic inclusions, which are known to be one of the 
chief identifying characteristics of this material. Mr. 
Burch describes the various shapes as triangles, hexa- 
gons, thin plates, needles, spicules, daggers, blades, rods, 
bars, and pyramids. It is speculated that these inclusions 
are probably platinum metal derived from the growth 
crucible, although “crucibles composed of rhodium or 
iridium may sometimes be used for flux growth.” 
John I. Koivula 


Morphologie und Zwillingsbildung bei synthetischen 
blauen Sapphiren von Chatham (Morphology and 
twinning of Chatham synthetic blue sapphires). L. 
Kiefert and K. Schmetzer, Zeitschrift der Deu- 
tschen Gemmologischen Gesellschaft, Vol. 35, No. 
3/4, 1986, pp. 127-138. 


The authors used optical microscopy to study 20 
Chatham blue sapphire rough crystals (single crystals 
and crystal clusters) and eight cut stones for morphology 
and twinning, Crystal forms are described in detail, and 
compared with those of various synthetic rubies. Sixty- 
five percent of the crystals examined were found to be 
twinned; in these crystals, the individuals are always 
associated along the same composition plane {1120}. 
The twin law is a rotation of 60° around the three-fold 
axis, referred to in this article as a mirror reflection 
across {1010}, a morphologically correct description. 
This particular composition plane seems typical of flux- 
grown corundum. The authors provide a number of very 
good sketches, as well as a few suggestions on how to 
recognize this twinning in a cut stone. EF 
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Synthesis of rose-quartz crystal. M. Hosaka, T. Miyata, 
Y. Shimizu, O. Okuyama, Journal of Crystal 
Growth, Vol. 78, 1986, pp. 561-562. 


Semitransparent rose quartz was synthesized using 
massive rose quartz as a nutrient and titanium in 
various forms as a dopant. The crystals came out 
colorless, but turned pink after heat treatment at 1200°C 
in the presence of iron-containing CaCO, powder. 
Growth conditions, absorption spectra, and chromogen 
content are provided. EF 


On twinning in natural and synthetic flux-grown ruby. 
K. Schmetzer, Journal of Gemmology, Vol. 20, No. 5, 
1987, pp. 294-305. 


Twinning is a commonly overlooked property of natural 
and synthetic rubies. Two basic types of contact twins 
are known: rotation of 60° around the optic axis, and 
twinning on the rhombohedral planes {1011}. The 
crystallographic nature of planes along which the twin- 
ned crystals are associated, as well as their abundance 
and distribution in the gem, varies with the origin of the 
stone. 

The first type, with parallel optic axes, appears 
mostly as contact twins on the basal plane in natural 
rubies, and is observed along prism faces only in 
synthetic ,rybies (Chatham and Ramaura}. The single 
contact twin on the rhombohedral face (1011] is de- 
scribed only for natural rubies. Repeated twinning along 
the same plane is common in natural and synthetic 
(Kashan and Chatham] rubies, forming a variety of 
patterns, EF 


MISCELLANEOUS 


Gemmologisches Wissen im christlich gepragten 
Kulturraum zur Zeit des Friih- und Hochmittelal- 
ters (7.-12.Jh.n.Chr.} (Gemological knowledge in 
the Christian cultural arena at the time of the early 
and late Middle Ages [700-1200 A.D,]}. R. J. Sobott, 
Zeitschrift der Deutschen Gemmologischen Ges- 
ellschaft, Vol. 35, No. 3/4, 1986, pp. 139-159. 


This article analyzes the development of gemology 
during the Middle Ages, specifically 700 to 1200 A.D. 
The gist of the article, however, is that there were few 
notable advancements in gemology during this time. 
Even though there was a very definite use of gemstones 
in jewelry, actual scientific compilation of gemological 
data was scant during this period. 

Instead, knowledge of gemstones was based almost 
entirely on the writings of ancient Greek and Latin 
scholars such as Aristotle and Pliny. Rudimentary 
translations of these works into German often resulted 
in conflicting information. Furthermore, what accounts 
we have of gems during this period were usually written 
by monks and bishops whose fields of interest were 
religion and the manufacture of religious artifacts, not 
gemology. 
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This article provides four excellent color photo- 
graphs that clearly show the religious use of gems during 
this period, in crosses, Bible covers, and the like. Sobott 
supplies ample footnotes and references, for anyone 
wishing to delve further into this fascinating topic. 

Robert Weldon 


A photographer’s guide to taking mineral specimen 
photographs for the Mineralogical Record. W. E. 
Wilson, Mineralogical Record, Vol. 18, No. 3, 1987, 
pp. 229-235. 


For serious amateurs as well as seasoned professionals, 
this article provides basic and useful information regard- 
ing mineral specimen photography. It is introspective, 
giving the reader insight into the “how to” of past 
Mineralogical Record photography. It is also well re- 
searched, presenting valuable answers to elusive light- 
ing questions, as well as resolution and focus problems. 
Even such abstract concepts as aesthetics, specimen 
selection, and orientation are masterfully covered. 
Although the article specifically covers close-up 
photography of entire specimens, photomicrography is 
also briefly mentioned. A small but helpful section is 
dedicated to photo recording and the storage problems of 
slide libraries. The article concludes with an excellent 
annotated bibliography. Robert Weldon 


World gold projects. D. Hope, Mining Magazine, Vol. 
155, No. 3, 1986, pp. 184-195. 

This article provides an overall view of the major gold 
developments and expansion programs now under way 
worldwide. The steady rise in world gold production, the 
highest since 1971, is attributed in part to the increased 
demand for jewelry and to the fact that many mining 
companies traditionally involved with base metals are 
turning to gold exploration. 

Beginning with South Africa, which currently dom- 
inates the world market, Ms. Hope describes the mines 
and projects of each important gold-producing country 
with regard to output, type of mining, economic consid- 
erations, and environmental problems. Although the 
emphasis is on the greater role that the U.S., Canada, and 
Australia will be playing in the gold market, there is also 
fairly detailed information on the potential in the Pacific 
(Indonesia and New Guinea], on Latin America (Brazil, 
Colombia, and Venezuela], on a mystery deposit in West 
Africa, and on the emergence of China as the “dark 
horse” of world gold supply, with production there 
expected to increase dramatically before 1990. No 
mention is made of Russia, probably because of the lack 
of reliable statistics, but the absence of any reference is 
odd given the fact that it is possibly the second largest 
gold producer in the world. 

Aside from this glaring omission, this well-re- 
searched article is full of facts, figures, and mining 
information, Anne Riswold 
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DIAMONDS Se 


Largest California diamond found. The largest diamond 
ever reported from the state of California was recovered 
by Mr. Ed Clark, a consulting geologist in northern 
California, on January 4 of this year. The alluvial 
diamond was observed in pan washings while Mr. Clark 
was demonstrating the art of gold panning to a friend in 
Trinity County. The diamond now belongs to Mr. 
Rudolph W. Kopf, of Grass Valley, California, who 
brought the stone to GIA’s Santa Monica headquarters 
for examination. 

The diamond, although not of gem quality, is 
impressive both because of its size (14.33 ct, 16.25 x 
12.64 <x 10.60 mm) and the variety of growth-dissolu- 
tion features shown on the somewhat rounded surfaces. 
It has the appearance of a knotted grayish green semi- 
translucent mass of “bort,” with an almost greasy 
adamantine luster (figure 1), The stone fluoresced a 
weak brownish yellow to long-wave ultraviolet radiation 
and a very weak reddish brown to short-wave U.V. 

A diamond of this size, which apparently had not 


Figure 1. This 14.33-ct rough diamond was 
found by Mr. Ed Clark in Trinity County, Cali- 
fornia. Photo by Scott Briggs. 


Figure 2. This 1.06-ct alexandrite chrysoberyl from a new locality in Minas Gerais, Brazil, exhibits 
colors in incandescent (left) and fluorescent (right) illumination that are comparable to those typ- 
ically seen in the color change of alexandrites from the classic locality in Russia. Courtesy of Simon 
Watt, Watt Gems, Los Angeles, CA. Photos © Tino Hammid. 
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been transported far from its source, suggests that the 
area where it was recovered may have economic poten- 
tial. Further exploration of the region with the hope of 
finding additional large diamonds, perhaps of gem qual- 
ity, is a distinct possibility. 


COLORED STONES iis 


Brazilian alexandrites. Alexandrite chrysoberyls “witha 
fabulous color change” have been found in Minas Gerais, 
Brazil, as reported to Pat Gray, GIA’s collection curator, 
by Mr. John Ramsey, of Ramsey Gem Imports, San 
Diego, California. Faceted stones as large as 12 ct have 
been produced. Most of the stones have the color change 
typical of Brazilian alexandrites— purple to green—but 
some have an unusual purple to blue change. The 
mining area is located between Itabira and Venda Nova 
in the state of Minas Gerais. Mr. Ramsey states that the 
extent of this alluvial find is not yet known. 

Two faceted alexandrites from this locality were 
subsequently brought to GIA by Simon Watt, of Watt 
Gems, Los Angeles. Both stones exhibited a color change 
comparable to that of Russian alexandrite (figure 2). 


Large ekanite found. Mr. James D. Smith, a gemologist 
from Riverton, Illinois, reports that a large uncut 


Gem News 


Figure 3, The four marble Chinese 
tiles shown here were originally se- 
lected by Chinese artisans for the 
natural patterns and coloration they 
displayed. Tiles courtesy of Alan 
Winston Smith; photo © Tino 
Hammid. 


ekanite has been recovered from the alluvial gem 
deposits in Sri Lanka. Mr. D. FE Jayakody, a gemologist in 
Ja Ela, Sri Lanka, is presently in possession of the rough 
320-ct stone. Although no description of this particular 
ekanite was provided, all such stones previously found 
in Sri Lanka are metamict and range in color from green 
through brown, with large stones tending to be blackish 
in appearance. The largest rough ekanite reported to 
date had a stated weight of 351 ct. 


Chinese marble tiles. An unusual collection of Chinese 
picture tiles was recently loaned to us for study by Mr. 
Alan Winston Smith, a graduate gemologist from Dallas, 
Texas. At first these unique natural art tiles were 
thought to be made of nephrite jade, but subsequent 
nondestructive gemological testing on two randomly 
selected samples proved them to be marble. Mr. Smith’s 
rectangular to almost square marble tiles average ap- 
proximately 14 x 10 cm (figure 3}. Dr. George E. 
Bushong, of the Meadows School of Fine Arts at South- 
ern Methodist University in Dallas, advised Mr. Smith 
that the marble pictures came from Yunnan Province. 
They were used historically, and are still used today, to 
decorate gardens, furniture, and walls. The writing is a 
“mental trigger” rather than a title or message. The tiles 
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are selected for their natural color and patterns; the 
result is a series of natural abstract-art pictograms in 
marble. 


“Conch pearl” substitute. What at first appeared to be a 
“conch pearl,” with a flattened football shape, was 
loaned for examination to Dr. Emmanuel Fritsch in 
GIA’ Research Department by Mr. William Larson of 
Pala International in Fallbrook, California. The pinkish 
orange “salmon” colored piece {figure 4], which mea- 
sures approximately 21 x 14 x 11 mm, was originally 
part of the Kunz collection, housed at the American 
Museum of Natural History in New York, and was found 
prior to 1906. A microscopic examination revealed the 
distinctive radial structure of coral and none of the 
features associated with true conch concretions. This 
substitution of coral for “conch pearl” makes this the 
first “conch pearl” imitation that GIA has ever encoun- 


Figure 4. This “conch pearl” (21 x 14 X 11 mm) 
proved to be coral. Courtesy of Pala International. 


tered. 


ANN CEMENTS | 


Jewelry of the Walters Collection 
and the Zucker Family Collection 
is featured in an exhibit titled “Ob- 
jects of Adornment” that will be on 
display at the Walters Art Gallery 
May 21--October 11, 1987. Both 
collections specialize in historical 
jewelry and represent the impor- 
tance of jewelry as a major art 
form. For more information, con- 
tact the Walters Art Gallery, 600 
N. Charles St., Baltimore, MD 
21201. 

The Fashion Institute of Technol- 
ogy presents a symposium on “The 
Great French Jewelers,” to be held 
Saturday, October 17, 1987, in New 
York. The program, a series of lec- 
tures on the fabulous jewels cre- 
ated by the jewelers of the Place 
Vendéme, features Alain Boucheron, 
of Boucheron; Alain Perrin, presi- 
dent of Cartier, International; Jean- 
Baptiste Chaumet, of Chaumet; 
and Philippe Arpels, of Van Cleef & 
Arpels. Other speakers include 
Ralph Esmerian, collector; Marie- 
Noel de Gary, conservator of the 
Musée des Arts Decoratifs; Hans 
Nadelhoffer, author and president 
of Christie’s, Geneva; and Veroni- 
que Ma’Arop, of Van Cleef & Ar- 
pels. For information, contact Jean 
Appleton, Jewelry Design Resource 
(212) 760-7254. 
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Photo by Scott Briggs. 


A proposed classification for gem- 
stone cuts, A tentative outline for a 
proposed system for the classifica- 
tion of gemstone cuts has been de- 
veloped by Donald E. Udey and 
John Sampson White of the Na- 
tional Museum of Natural History 
(Smithsonian} in Washington, D.C. 

After studying the problem of 
classifying gemstone cuts, they 
have concluded that the primary 
grouping for a gemstone cut should 
be based on the “geometry of the 
dominant form (or shape} as seen 
when the gem is viewed normal to 
the table.” The authors realize that 
although this works well when 
dealing with common shapes such 
as triangles, rectangles, squares, 
and circles, there are still many 
gemstone cuts, such as free-forms 
or even simple emerald cuts, that 
cannot be readily categorized in 
this simple way. As an example, 
how much truncation of corners of 
a simple square step cut or a trian- 
gular step cut should be allowed 
before it is referred to as an octa- 
gon or a hexagon? 

Now that they have prepared 
their tentative outline to address 
this problem, the authors of this 
“Classification of Gemstone Cuts: 
A First Attempt” invite any inter- 
ested individuals or groups to par- 
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ticipate in the further refinement 
of their gemstone-cut classification 
system by contacting them at the 
Smithsonian. 


Kenya Gemstone Dealers Associa- 
tion is formed. The government- 
licensed gem dealers in Kenya have 
formed the Kenya Gemstone Deal- 
ers Association (“Kengem”] to pro- 
mote the gemstone industry in 
Kenya and increase Kenyan gem- 
stone exports internationally. 
Through the media, Kengem will 
keep local and overseas gem deal- 
ers, and associations in different 
countries, informed of any changes 
or amendments in government reg- 
ulations that have an effect on the 
Kenyan gem trade. Kengem has 
also discussed with the commis- 
sioner of Mines and Geology a 
number of issnes concerning the 
processing of export documents by 
various government departments. 
As a result of these discussions, 
modified procedures are being in- 
troduced to guarantee smooth and 
expeditious export of Kenyan gem 
materials, 

For further information on 
Kengem, please contact: Dr. N. R. 
Barot, Secretary, Kenya Gemstone 
Dealers Association, RO. Box 
47928, Nairobi, Kenya. 
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What Is a Synthetic? 


Richard T. Liddicoat, Editor-in-Chief 


n recent years, there has been an ongoing debate over what constitutes a synthetic and even 

whether the term itself is appropriate. In a letter to the editor in this issue, Dr. Eugene Love 
contends that the definition of synthetic as it has come to be used in gemology (i.e., to indicate the 
man-made equivalent of a natural gem] differs from the classic definition (i-e., that anything made 
by man is synthetic), and that the limited gemological definition should thus not be used. 
Moreover, manufacturers whose products virtually replicate the chemical composition and crystal 
structure of the equivalent mineral object strenuously to the term synthetic on the grounds that it 
has been used so often as a synonym for artificial {i.e., Dr. Love’s classic use} that the public doesn’t 
know the difference gemologically. Their objections also have merit. 


Yet dealers of natural gemstones have protested the use of any other term to describe manufactured 
gem equivalents. Marketing skills today are such that it is easy, through the subtle use of language, 
to convince the consumer that a laboratory product with all the properties of the natural gem is the 
work of nature. The term synthetic leaves no doubt. In the view of the average stone dealer, the 
more rigid the restraints, the better. This viewpoint, too, deserves consideration. 


Because these opposing positions both have merit, this whole subject is one that resists consensus 
in the jewelry industry. While the “limited” definition of synthetic has its drawbacks, the consumer 
is less likely to be misled in any costly fashion, in my view, than by other terms such as created, 
‘which may suggest that the design rather than the material was created by the manufacturer. 


‘“Man-made” (or “woman-made,” in the case of Judith Osmer’s Ramaura products} leaves little 
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doubt, but does not clearly distinguish gem equivalents from nonequivalent simulants such as the 
diamond simulant cubic zirconia (which does not duplicate all of the properties, and attributes, of 
diamond as a synthetic diamond does]. If a reasonable substitute for synthetic—one with a meaning 
that is unmistakable to consumer and dealer alike—were to be proposed, I would be delighted to 
endorse it. Until then, synthetic remains the best choice. 


Another part of the synthetic controversy is represented in this issue by Dr. Karl Schmetzer’s 
eloquently stated proposition that Inamori “synthetic” opal should not be regarded as synthetic (in 
the strict sense) because it does not contain water, whereas all natural opals do (although the 
Imamori product does contain the silica spheres that are essential to the play-of-color). One might 
propose the same argument for excluding flux synthetic emeralds, since all natural emeralds also 
contain water. Of course, water is considered sufficiently essential mineralogically that H,O is part 
of the chemical formula for opal, while it is not foremerald. Here, however, we approach the issue of 
just how similar a synthetic must be to the natural gem material to merit the term synthetic, 
gemologically speaking. 


There has been little objection over the years to the application of synthetic to flame-fusion 
synthetic spinel, which has a major compositional difference from any spinels found in nature. And 
yet, given that the water in natural opals can be extremely low in concentration, the Inamori 
product — even with no water whatsoever present — is closer in composition to many natural opals 
than most synthetic spinels are to their natural namesakes. To quote Dr. Kurt Nassau from a 
personal communication: “the feeling in the U.S.A. appears to be that the product does not need to 
be ‘absolutely identical,’ but essentially the same” to be called a synthetic. Obviously, there is need 
for some consensus as to how similar constitutes synthetic. At the one extreme is Dr. Schmetzer’s 
narrow view, and at the other is Dr. Love’s (to me} overly general definition. Clearly, we need 
definitions meaningful to consumers on which gemologists can agree. 
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AN UPDATE ON COLOR IN GEMS. 
PART 1: INTRODUCTION AND COLORS 
CAUSED BY DISPERSED METAL IONS 


By Emmanuel Fritsch and George R. Rossman 


Studies concerning the origin of color in 
gem materials have grown in sophistica- 
tion in recent years, so that much new in- 
formation is now available about natural 
color and its possible modification by var- 
ious treatment processes. This three-part 
series of articles reviews our current un- 
derstanding of gemstone coloration. The 
first part summarizes the factors that gov- 
ern the perception of color, from the 
source of light to the human eye, and 
then examines in detail the role of one 
color-causing agent, dispersed metal ions, 
in the coloration of many gem materials, 
including ruby and emerald. The second 
part will explore charge-transfer phenom- 
ena and color centers as the cause of color 
in gems such as blue sapphire and Maxixe 
beryl. The series will conclude with col- 
ors that can be explained using band 
theory and physical optics, such as the 
play-of-color in opal and the blue sheen 

of moonstone feldspars. 
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he origin of color in minerals in general and gem 

minerals in particular has been investigated with 
increasing sophistication in recent years. The new infor- 
mation provided by this research demonstrates that sev- 
eral mechanisms can contribute to the coloration of a 
single gem. Moreover, recent concerns about gemstone 
enhancement, which usually implies color enhancement, 
make it necessary to understand what happens during 
treatment and what changes in appearance can and cannot 
be achieved. 

A strong interest in minerals arose early in history, 
because they are among the few natural materials that can 
permanently retain color, unlike flowers and plants, which 
fade or change with time. Colorful minerals such as iron 
oxides became the basic pigments of early paintings. 
Eventually, colored stones were cut and polished so they 
could be worn for adornment. From antiquity into the 18th 
century, color was also at the center of numerous supersti- 
tions, legends, and even “medical” treatments involving 
gems and minerals. Yellow stones, for example, were 
supposed to cure jaundice, and green stones were believed 
to soothe the eyes (Kunz, 1913}. 

As mineralogy became a science at the turn of the 19th 
century, color was used as a common indication in the 
identification of minerals. Soon, though, people discovered 
that crystals of the same mineral species could vary in 
color, and they began to surmise that some hues were 
related not to the mineral but to specific impurities (figure 
1). Goethe, for example, was one of the first to relate the 
amethyst coloration in quartz to its iron content. The 
simple correlation between a certain color (e.g., “emerald 
green”) and a given element (chromium) works to some 
extent, but modern research has shown that a number of 
very different processes can result in a similar color 
(Nassau, 1983}. 

Extensive collections of mineral and gemstone spectra 
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were assembled in the Soviet Union by a variety of 
researchers during the 1940s to 1960s. A theory 
developed in 1929 to explain color in crystalline 
solids was first applied to mineralogy in the late 
1950s and was widely employed to explain color in 
minerals in the 1960s. In the U.S., the application 
of the science of color to minerals experienced its 
major impetus around 1970, with the publication 
of Mineralogical Applications of Crystal Field 
Theory, by Roger Burns. At approximately the 
same time, the optical properties of various syn- 
thetic colored crystals were described (e.g., Kittel, 
1956; Farge and Fontana, 1979; Bill and Calas, 
1978). Some long-standing and widely accepted 
explanations among gemologists were reevaluated 
according to new understanding of the origin of 
color. For example, organic products had long been 
held to be responsible for the blue coloration of 
fluorite, as mentioned in the 2nd edition of Web- 
ster (1970). In 1978, however, Bill and Calas dem- 
onstrated the role of ionizing radiation in generat- 
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Figure 1. A number of 
different mechanisms are 
responsible for the vari- 
ety of colors found in 
tourmaline. For example, 
the blue color of indi- 
colite is caused by dis- 
persed Fe?+, but charge 
transfer between iron 
ions often contributes to 
the color of the green va- 
rieties. This article ex- 
plains the influence of 
dispersed metal ions in 
the color of many differ- 
ent gem materials; the 
other two articles in this 
series will examine other 
causes of color such as 
charge transfer. Photo © 
Harold & Erica Van Pelt. 


ing color in fluorite. Nevertheless, many terms 
persist (such as “chrome” fluorite from Muzo, 
Colombia) that originate from erroneous beliefs 
about the origin of the color (“chrome” fluorite is 
actually colored by samarium). 

In the course of modern research, five basic 
mechanisms have been identified as causes of 
color in gem materials: dispersed metal ions, 
charge-transfer phenomena, color centers, band 
theory, and physical optics. The purpose of this 
series of articles is to review the current knowl- 
edge of the origin of color in gems (see Fritsch, 
1985, for a broader discussion of the cause of color 
in minerals in general], illustrating each mecha- 
nism with a number of examples and indicating 
briefly how treatment affects each type of colora- 
tion. First, however, it is important to understand 
the external factors that may influence our percep- 
tion of the coloration of a gem. Therefore, this 
initial article examines the role of light and the 
human eye and then describes the best-known 
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cause of color in gem materials: dispersed metal 
ions. 


LIGHT AND THE HUMAN EYE 


Three factors are important in establishing the 
color of a gemstone: the type of illumination, the 
stone itself, and the human eye. Depending on 
whether the light source is incandescent, fluores- 
cent, or the sun, the appearance of a gem may vary 
considerably. Some gem materials demonstrate a 
total color change from one type of illumination to 
another (the “alexandrite effect,” as explained, for 
example, in Farrell and Newnham, 1965). In addi- 
tion, the stone itself will modify the incoming 
light in various ways, generally by absorbing part 
of it and transmitting the remainder. The trans- 
mitted light is then received by the human eye and 
transformed into a color perception by the brain. 
To understand the origin of color in the object 
itself, we must first briefly explore the roles of the 
light source and the human eye. 


What Is Light? A prism will separate sunlight into 
the colors of the rainbow—a juxtaposition of 
violet, blue, green, yellow, orange, and red. Each of 
these colors, usually designated as “spectral col- 
ors,” represents part of the visible spectrum (figure 
2). Light of a particular wavelength carries a given 
energy — the shorter the wavelength, the higher the 
energy. The visible range extends, depending on the 
observer, from about 375 nm up to 740 nm. In 
sunlight, higher energy radiations {such as ultra- 
violet) and lower energy radiations (such as infra- 
red} are also present. 

One of the mechanisms that causes color is the 
absorption by a gemstone of part of the visible 
wavelengths that are passing through it. Thus, if a 
stone absorbs mostly red and violet-blue, as is the 
case with emerald, the light that is not absorbed 
(i.e, green, plus a little yellow and blue} passes 
through the stone, which will thus appear green. 

As mentioned earlier, the color of some gem 
materials may be strongly modified when the 
source of illumination is changed. For example, 
alexandrite is green in sun (fluorescent) light and 
red in incandescent (e.g., candle} light. These two 
light sources contain different proportions of the 
spectral colors. The flame of the candle has an 
orange tint, because it is emitting much more 
yellow, orange, and red than blue. In fact, it is 
emitting so little blue light that a stone transmit- 
ting only blue, such as blue sapphire, will appear 
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Figure 2. Each of the colors that make up visi- 
ble light corresponds to a specific wavelength 
and energy range. 


almost black when observed with such illumina- 
tion. As an early French author stated, “it is the 
strangest thing in the world to see a magnificent 
sapphire parure become black in the candle’s 
glimmer” (Pouget, 1752). Fluorescent light, how- 
ever, emits a much larger proportion of light at the 
blue end of the visible spectrum and is, therefore, a 
more desirable source of illumination for blue 
stones. 


The Human Eye and Color. Two classes of light- 
sensitive cells are present in the retina of the 
human eye: cones and rods. If the light intensity is 
low (as in a dimly lit room], there will be no color 
sensation. Objects appear in shades of gray. This 
phenomenon is related to the use of the rods, which 
are responsible for vision under poor lighting and 
contain only one pigment (see, e.g., Wasserman, 
1978). 

At higher levels of illumination, color percep- 
tion involves the cones. Each cone contains one of 
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Figure 3. As evident from this graph of the 
spectral sensitivity of the human eye, a person’s 
greatest sensitivity is to the color green. 
Adapted from Duplessis (1985). 


three fundamental pigments, which have a maxi- 
mum absorption in the red, the blue, and the green, 
respectively. The color we perceive is a combina- 
tion of the responses coming from the three 
different types of cones, which depend in turn on 
their levéls of reaction to a given light stimulus. 
The human eye is not equally sensitive to each 
visible color. Rather, it is most sensitive to green, 
as shown in figure 3 (Duplessis et al., 1985). It is 
interesting to note that the peak of this curve 
coincides with the peak wavelength of the solar 
radiation at the surface of the earth. In fact, the 
uneven spectral sensitivity of the human eye has 
long been viewed as an adaptation to life with 
sunlight (Nassau, 1983). 


THE INTERACTION OF LIGHT 
WITH GEMSTONES 


Many things can happen to the light entering a cut 
stone: It can be reflected, refracted, diffracted, 
scattered, absorbed, or simply transmitted. Al- 
though absorption is by far the most important 
factor in determining color, one must realize that 
several combinations of these different processes 
are possible; for example, a colorless (nonabsorb- 
ing} gem may acquire color by diffraction (e.g., 
opal). We will, therefore, describe the numerous 
causes of absorption in the first two parts of this 
series, and then, in the last part, will consider the 
remaining possibilities that influence color. In so 
doing, we will follow as well an increase in the size 
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of the color-causing agent. Dispersed ions are 
single atoms, and thus the smallest possible cause 
of color. Charge-transfer phenomena and the cre- 
ation of color centers both require small groups of 
atoms. A much larger cluster of atoms is involved 
in band theory. Lastly, physical structures of con- 
siderable dimension compared to the size of the 
atom (lamellae, for example) are responsible for 
colors explained by physical optics. In the case of 
these large structures, the color is determined 
primarily by their size and shape; for a few gem 
materials, texture has a greater impact on color 
{and phenomena] than does chemical composition. 

We will begin this discussion of the causes of 
color in gemstones by examining how color is 
induced in gem materials through the absorption 
of light by dispersed metal ions. “Dispersed” here 
means that the ions are sufficiently isolated from 
one another by other types of atoms that they never 
interact. 


COLORS CAUSED BY 
DISPERSED METAL IONS 


How Does an Ion Absorb Light? An atom con- 
sists of a positively charged nucleus and negatively 
charged electrons, which are in motion about the 
nucleus. The identity of the atom is determined by 
the composition of the nucleus. When the number 
of positive charges in the nucleus is equal to the 
number of negative charges (electrons) around it, 
the atom is neutral. When it is not electrically 
neutral (e.g, when it has an extra electron], it is 
called an ion. The actual electric charge of the ion 
is referred to as the valence state, and is sym- 
bolized by a sign and a number attached to the 
symbol of the atom, such as Cr3+ for chromium 
with three electrons missing, or O2- for oxygen 
with two additional electrons. Sometimes a corre- 
sponding adjective exists: Ferrous iron is Fe?+ and 
ferric iron is Fe3+. 

Electrons are conveniently represented as 
moving around the nucleus within specific vol- 
umes called orbitals (figure 4}. A given number of 
electrons revolving in a set of orbitals represent a 
certain energy for this particular ion. Absorption 
occurs when illumination causes one electron to 
move from one orbital to another orbital of higher 
energy. The corresponding change in energy of the 
ion equals the energy of the light absorbed. This 
can be illustrated schematically in energy-level 
diagrams, such as in figure 5. 

When an electron absorbs light it changes its 
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Figure 4. These are some 
orbitals of metal ions that 
cause color in gem 
materials. The electrons 
move around the nucleus 
within these volumes of 
specific shape and direction. 
Adapted from Fyfe (1964); 
reproduced with 
permission. 


orbital. This process is called a transition, from the 
ground state (low-energy initial configuration of 
the electrons} to the excited state (a higher-energy 
configuration}. Figure 5 shows how an absorption 
band as seen with a hand-held spectroscope relates 
both to a {more accurate) spectrum recorded on a 
spectrophotometer and to an energy diagram that 
indicates the various energy levels involved. When 
the transmitted light is observed with a hand-held 
spectroscope, the absorption will give rise to a dark 


band (the missing wavelengths). With a spec- 
trophotometer, it appears as a broad absorption 
band on the graph (again, see figure 5). 

The excited state is intrinsically unstable, so 
the electron must return to its normal ground 
state. Generally, there are two ways for this to 
happen. The more common way is for the electron 
to release the energy to the crystal lattice in the 
form of atomic vibrations (heat). The other way, 
which can be of great gemological significance, is 
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Figure 5. An absorption spectrum as 
seen in a hand-held spectroscope is 
compared with that obtained with a 
research spectrophotometer and the 
relevant representation of the funda- 
mental mechanics of light absorp- 
tion. When a crystal absorbs light, 
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electrons are moved from the low 
energy (ground) state to a higher en- 
ergy (excited) state. This energy is 
ultimately lost when the electron re- 
turns to its ground state by dissipat- 
ing the energy either as heat in the 
crystal or through the emission of 
light (luminescence). 
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luminescence, in which part of the energy ac- 
quired in the transition is converted into light 
emitted by the stone. Since the electron cannot 
emit more energy than it absorbed, luminescence 
must occur with an emission of energy equal to or 
less than that acquired in the absorption, as can be 
seen in figure 5. This means that the wavelength of 
luminescence must be equal to or longer than that 
of absorption. For example, Cr3+ in ruby absorbs in 
the yellow-green and luminesces in the red. This is 
also why so many gemstones emit visible (low 
energy} luminescence when exposed to ultraviolet 
(high energy] radiation. Absorption in the ultravio- 
let spectral range results in an emission at a lower 
energy, that is, in the visible range. 


The Identity of the Ion Affects the Color. In 
actuality, very few ions have the ability to absorb 
visible light. The ones most commonly encoun- 
tered in gemstones are the ions of the following 
elements: titanium (Ti], vanadium (V), chromium 
(Cr}], manganese (Mn, iron (Fe}, cobalt (Co}, nickel 
(Ni], and copper (Cu). Although a number of other 
elements ‘can also cause color, such as cerium in 
some orange cubic zirconia and uranium in heat- 
treated blue zircon, they tend to be restricted to 
only one’ material. 

In most cases, different metal ions produce 
different colors, For example, in general, colors 
produced by iron will be quite different from those 
generated by chromium in the same mineral, that 
is, in spinel, Fe2+ causes a grayish blue color, while 
Cr3+ causes red. The following examples illustrate 
the various factors that influence how metal ions 
give rise to color in gem materials. 


The Influence of the Valence State. The valence 
state of an ion exerts a strong influence on both the 
hue and the intensity of the color. While a number 
of valence states are possible for each element, 
only a few are important in gemology (a reflection 
of the limited range of chemical conditions that 
lead to the formation of gem materials}. For exam- 
ple, manganese is known in valence states from 
Mn? through Mn’*+, but it occurs commonly in 
gems as Mn2+ and Mn3+. Beryl containing Mn2+ 
exhibits a delicate pink hue (morganite], while 
Mn3+-containing beryl occurs as bright red (red 
beryl), as seen in figure 6. A different charge of the 
same element generally produces a different hue. 
In the case of manganese, absorption of light in a 
material occurs with much greater efficiency if 
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Figure 6. The difference in color intensity be- 
tween a pink beryl (morganite) from Brazil, 
colored by Mn?+, and a red beryl from Utah, 
colored by Mn3*, illustrates the importance of 
the valence state of the coloring ion. Photo by 
Shane McClure. 


this material contains Mn3+ rather than Mn2+, 
The reason for such differences has to do with the 
probability of occurrence of certain transitions, 
and is explained by certain rules of quantum 
mechanics, which are beyond the scope of this 
article. Because Mn2+ (and Fe3+} transitions have 
a low probability of occurrence, they give rise to 
low-intensity absorptions in the visible range 
(Burns, 1970) and, consequently, to pale colors. 
Transitions for Mn3+ and most of the other metal 
ions occur with much greater probability, produc- 
ing stronger absorptions and brighter colors. 

Various treatment methods can have a power- 
ful influence on the color of gem materials by 
modifying the valence state of the metal ions they 
contain. For example, Fe?+ can be changed into 
Fe2+ by heating in reducing conditions (thus 
turning green beryl to blue aquamarine; see figure 
7 and Nassau, 1984). Irradiation (X-rays, gamma 
rays, etc.], which can easily remove electrons from 
atoms, very often produces the opposite effect of 
heat treatment; for example, it converts Fe2*+ into 
Fe3+, thus turning aquamarine into golden yellow 
beryl (Goldman et al., 1978). In the production of 
synthetic amethyst, irradiation is used to trans- 
form Fe3+ into the Fe++ necessary to obtain the 
purple color (Balitsky and Balitskaya, 1986). In fact, 
the only way treatment can affect color caused by 
dispersed metal ions is by modifying the valence 
state. 
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The Nature of the Neighboring Atoms Influences 
Color. While the identity of the ion itself is 
important, the nature of its neighboring atoms is of 
equal significance. In most gem materials, the 
color-producing ion is surrounded by and con- 
nected to oxygen ions. Different neighboring 
atoms, however, will lead to different colors. For 
example, both green sphalerite and blue spinel are 
colored by Co2+ in tetrahedral sites, but the Co2+ 
ion in green sphalerite (like the metal ions in all 
sulphides} is connected to sulphur, while that of 
blue spinel is connected to oxygen (Romeijn, 1953; 
Marfunin, 1979; Shigley and Stockton, 1984). 
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Figure 7. In beryl, Fe3+ 
causes yellow and Fe?* 
causes blue; green beryl 
is a mixture of Fee+ and 
Fe?+, The common prac- 
tice of heating green ber- 
yl modifies the valence 
state of the Fe3+ such 
that the yellow color is 
removed and only blue 
faquamarine) remains. 
Photo © Harold & Erica 
Van Pelt. 


Ion Coordination. The coordination of an ion refers 
to the number of atoms to which it is directly 
bonded and the geometry of this arrangement. 
Color-producing ions usually are surrounded by 
different numbers and arrangements of oxygen 
ions. Only three types of coordination are com- 
monly encountered in gems (in order of fre- 
quency}: octahedral, tetrahedral, and distorted 
cubic (see figure 8}. In an octahedron, the central 
metal ion has six neighbors to which it is bonded; if 
no distortion occurs, they are all the same distance 
from the atom. The tetrahedron provides four 
surrounding ions, again, they are equidistant from 
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Figure 9. These two stones show the difference 
in color caused by a difference in coordination: 
Co?* is in tetrahedral coordination in this blue 
spinel, and in octahedral coordination in the 
pink cobaltocalcite. Photo by Shane McClure. 


Figure 8. Three types of ion coordination are 
commonly found in gem materials: tetrahedral 
{four neighbors), octahedral (six neighbors), and 
distorted cubic (eight neighbors). As illustrated 
here, the garnet structure exhibits all three of 
these common coordinations (the tetrahedrons 
are in red,«the octahedrons in blue, and the dis- 
torted cubic sites in yellow). Adapted from No- 
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vak and Gibbs (1971). 
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Figure 10. Both green peridot and red pyrope-al- 
mandine garnet are primarily colored by Fe?*. 
The striking difference in color is caused by the 
difference in ion coordination, which is octa- 
hedral in peridot and distorted cubic in garnet. 
Photo by Shane McClure. 


the central metal ion if there is no distortion. In 
distorted cubic coordination, the central metal ion 
has eight neighbors; this coordination is gem- 
ologically significant only for garnet and zircon. 

Drastic differences in color may arise when the 
same metal ion occurs in different coordinations, 
as illustrated by the examples of Co2+* (figure 9] 
and Fe2+ (figure 10}. Cobaltocalcite is popular as a 
collector’s item because of its vivid pink color, 
which is due (as the name suggests) to cobalt, in 
calcite it is in octahedral coordination as Co?+. 
“Cobalt blue” spinel derives its vivid color from 
Co2+ as well. In this case, however, the cobalt is 
tetrahedrally coordinated, resulting in a striking 
blue color. 

A similar dramatic modification in hue is 
encountered with Fe2+. The green color of peridot 
results from the presence of ferrous iron in two 
slightly distorted octahedral sites, but Fe2* im- 
parts a deep red color to almandine garnet (Loeffler 
and Burns, 1976]. The basic reason for this differ- 
ence is the coordination of the Fe2+ ion, which in 
garnet is a distorted cube (again, see figure 8). 

To understand why changes in the geometry of 
the environment of the ion have such a profound 
effect on color, we must reconsider the orbitals of 
the central ion. These orbitals project outward 
toward the oxygen ions in the coordination envi- 
ronment: Some of the orbitals point directly at 
these surrounding ions, some fall in between (see 
figure 11), Electrons in these orbitals of the central 
ion are electrostatically repelled by the electrons 
in the neighboring oxygen ions. The intensity of 
repulsion from the negatively charged oxygen ions 
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depends on the number of oxygen atoms, their 
distance from the central metal ion, and the 
particular orbital the electron is in. When an 
electron in the central ion absorbs light and moves 
from one orbital to another, the energy required 


Figure 11. Electrostatic repulsions of different 
intensities are experienced by electrons in 
different orbitals of the metal ion, as illustrated 
here in the case of octahedral coordination. 

(A) When an orbital of the metal ion points 
directly toward neighboring oxygen ions, the 
electrostatic repulsion between the electrons in 
the orbital and the oxygen ions, both charged 
negatively, is intense. (B) When an orbital 
points between oxygen ions, the repulsion is 
smaller. This difference is ultimately 
responsible for the different colors that arise 
from a given ion in different coordination 
geometry (see figures 9 and 10). 
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Figure 12. The strong 
brown-green pleochroism of 
this 12-cm-long epidote 
crystal from Pakistan is 
thought to be due to a 
geometric distortion of the 
octahedral iron site. 
Specimen courtesy of the 
Sorbonne Collection, Paris; 
photo © Nelly Bariand. 


depends on the particular electrostatic repulsion 
experienced during this move. Consequently, the 
amount of repulsion will be different in the case of 
octahedral and tetrahedral environments and, 
thus, they will produce different colors. 
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Pleochroism. The color of a gem mineral also 
depends on its orientation with respect to the light 
source, sometimes radically. For example, epidote 
shows brown in one direction and green in another 
(figure 12). The cause in epidote is that certain 
electron transitions are favored along certain crys- 
tallographic axes. This effect is most prominent in 
minerals where the octahedral sites are signifi- 
cantly distorted from the ideal geometry. In this 
case, when an electron moves from one orbital to 
another, a different amount of energy is required in 
different orientations. (It must be noted, however, 
that this is only one origin of pleochroism in gem 
materials, Strong pleochroism can also be seen in 
coloration that involves charge-transfer processes 
or color centers, as will be described in part 2 of 
this series.] 


Influence of the Details of the Coordination Envi- 
ronment. A particular ion, ina single valence state, 
can produce a variety of colors in different gem 
materials even though it is surrounded by the same 
number of oxygen ions. For example, ruby, emer- 
ald, and alexandrite all owe their vivid coloration 
to Cr3+ ‘in octahedral coordination (Loeffler and 
Burns, 1976). Why, then, do ruby and emerald differ 
in color, and why does alexandrite show different 
colors under different light sources? Figure 13 
shows the optical absorption spectra of these three 
minerals. The spectra of both ruby and emerald 
consist of two large absorption bands in the visible 
region. The major difference is the exact position of 
the peaks of the two absorption bands. They are 
situated at highest energy (shortest wavelength] for 
ruby, which has two transmission windows —one 
centered in the blue (480 nm] between the major 
absorption bands and one centered in the red 
(wavelengths longer than 610 nm}. Because the eye 
is more sensitive in the red just above 610 nm than 
it is in the blue (see figure 3}, the ruby appears red 
(figure 14}. On the other hand, the transmission 
window for emeralds is centered in the green, 
where the eye is most sensitive, giving the stones 
their rich characteristic color (figure 15). 

The difference between ruby and emerald can 
be explained by the particulars of the crystal- 
lographic environment around chromium. Factors 
such as the distance between chromium and its 
neighboring oxygen atoms, and the details of the 
local geometry, contribute to the local electrosta- 
tic field about the chromium. These details are 
sufficiently different for the two minerals that the 
absorption features, though similar in shape for 
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Figure 13. Optical absorption spectra of a ruby 
from Burma, an alexandrite from Tanzania, and 
an emerald from Colombia. As the chromium 
absorption bands shift toward longer wave- 
lengths, the color changes, respectively, from 
red, to red and green (under different types of 
light), to green only. 


both minerals, will appear at lower energies in 
beryl than in corundum (again, see figure 13). 

In alexandrite, which is one of the chromium- 
bearing varieties of chrysoberyl, the Cr°+ site is 
intermediate between those of ruby and emerald. 
Consequently, alexandrite transmits both bluish 
green and red (again, see figure 13). In sunlight, it 
will appear mostly green, because this is where 
solar light has its maximum intensity and the 
human eye has its greatest sensitivity. When 
viewed with incandescent light, however, the 
stone appears red because incandescent light con- 
tains a relatively larger proportion of red than does 
solar light (an excellent illustration of this color 
change appears in Koivula, 1987}. 

As another example, red corundum and green 
zoisite are both colored by Cr3+ in octahedral 
coordination, substituting for Al3+ in the crystal 
structure. The difference in color is due to a 
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Figure 14, Because of the position of the Cr3+ 
absorption bands in its visible spectrum, ruby 
has a red body color. In addition, rubies not 
only transmit red, but they also emit it, so that 
their color can be reinforced by the strong red 
luminescence, especially in Burmese stones. 
The deep red body color and natural red lumi- 
nescence of these two 20-ct rubies (set in ear- 
rings) is enhanced by the cabochon cut. Cour- 
tesy of Collection Chaumet, Paris; photo © 
Nelly Bariand. 


difference in the distance between the metal ion 
(chromium) and the neighboring oxygen atoms. In 
zoisite structure, Cr+ occupies a site where the 
average metal-oxygen distance is 1.967 A (Dollase, 
1968). In corundum structure, however, it is much 
shorter— 1.913 A (Newnham and De Haan, 1962). 
Therefore, the Cr3+ ion experiences more electro- 
static repulsion in corundum, and its absorption 
features are shifted to higher energies than in 
zoisite, causing a contrast in color. 

One factor that might influence the environ- 
ment of a given ion, in particular the metal-oxygen 
distance, is its concentration. Various authors have 
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observed this “concentration effect” in corundum, 
spinel, and garnet (e.g., Calas, 1978]. In the red Mg- 
Al garnet pyrope, Cr+ ions are present at low 
concentration, and the Cr-O distance is 1.96 A 
(Calas, 1978). In the deep purple Mg-Cr garnet 
knorringite, however, Cr3+ ions occur in the same 
coordination, but at higher concentration, with a 
Cr-O distance of 2.03 A (Berry and Vaughan, 1985). 
Thus, in a single mineral group, such as garnet, an 
increase in concentration of Cr>+ will lead to an 
increase in the Cr-O distance and modification of 
the color from red to purple. 


Remarks. The various phenomena that we have 
described can be approached quantitatively by the 
use of chemical theories such as crystal field 
theory (Burns, 1970). These theories can explain 
the color in gems equally well in the case of either a 
major constituent (such as iron in peridot and 
garnet] or a minor component (such as chromium 
in ruby and emerald]. The same type of reasoning 
can be applied to dispersed metal ions in noncrys- 
talline materials such as glasses; for example, the 
peridot-like green color of tektites and moldavites 
is also due to Fe2 +. Oversimplifying a little, metal 
ions create basically the same spectra in glass 
simulants as in the gems themselves. 

Table 1 lists the variety of colors caused by 
different metal ions in gem materials. When re- 
viewing this list, please keep in mind that many 
gems are colored by a combination of causes (some 
of which will be discussed later in this series of 
articles}. For example, the different shades of red in 
ruby are due to the influence of minor absorptions 
caused by small amounts of dispersed iron and 
vanadium ions (Harder, 1969}. Also, the same color 
(e.g., green] can occur in a given gem material (e.g., 
nephrite) for different reasons (dispersed octa- 
hedral Cr3+ produces “emerald-green,” while dis- 
persed octahedral Fe2+ gives a more yellowish 
green]. 


CONCLUSION 


The first article of this series on the origin of color 
in gem materials has reviewed the best-known 
cause of color: absorption of light by dispersed 
metal ions. We have demonstrated that not only is 
the identity of the metal ion important, but its 
valence state, the nature of the neighboring atoms, 
its coordination, and the details of its environment 
may also have a dramatic effect on the color of a 
gem material. The only way treatment can affect a 
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Figure 15, The vivid green of these Colombian emeralds results from the distinetive coordination en- 
vironment of the color-causing Cr*+* ions, The emerald in the pendant weighs 37 ct; the two drops in 
the earrings weigh a total of 49 ct. Jewelry courtesy of Harry Winston, Inc.; photo © Harold & Erica Van Pelt. 
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TABLE 1. Dispersed metal ions and the colors they cause in various gem materials. 


lon and lon and 

coordination Color and gem material coordination Color and gem material 

Ti3+ No known gems where the origin of color has Mn2+ Pink: beryl/morganite (Woods and Nassau, 

octahedral been positively proved to be dispersed Ti#*, octahedral 1968); rhodocrosite (Lehmann, 1978); lep- 
although the case of rose quartz is under idolite (Faye, 1968); titanite (Mottana and 
discussion (see Cohen and Makar, 1985) Griffin, 1979) 

Vat Blue: zoisite/neat treated = tanzanite Greenish yellow: some rare elbaites (Ross- 

octahedral (Hurlbut, 1969) man and Mattson, 1986) 
Green: apophyllite (Rossman, 1974) Mn2+ Orange: spessartine (Manning, 1967a) 

9+ Blue: axinite (Schmetzer, 1982) dist. cubic 

octahedral Brown-violet: zoisite/untreated (Hurlbut, 1969) Fe3+ Yellow: chrysobery| (Loeffler and Burns, 
Green: beryl/vanadium emerald (Wood and octahedral 1976) 
Nassau, 1968); grossular/tsavorite (GUbelin Yeliow green: jadeite (Rossman, 1981); epi- 
and Weibel, 1975); some kyanites, diopsides, dote (Burns, 1970); andradite (Manning, 
uvites, spodumenes and kornerupines 1967b) 
(Schmetzer, 1982) ; Fe3+ Yellow: orthoclase and other feldspars 
Color-change effect: corundum and some tetrahedral (Hofmeister and Rossman, 1983); sillimanite 


rare pyropes and pyrope-spessartines 
(Schmetzer et al., 1980) 


Cr3+ Blue: kornerupine (Schmetzer, 1982) 

octahedral Green: beryl/emerald, spinel (Vogel, 1934); 
spodumene/shiddenite, diopside/chrome 
diopside, jadeite/chrome jadeite, nephrite, 
euclase, andradite/demantoid, some rare 
olivines, variscite (Anderson, 1954-55); 
titanite/chrome sphene, Zoisite (Schmetzer, 
1982); uvarovite (Calas, 1978) 
Color-change effect: chrysoberyl/alexandrite 
(Farrell and Newnham, 1965); some pyropes 
(Schmetzer et al., 1980) 
Red to violet: corundum/ruby, spinel (Vogel, 
1934); some pyrope (Manning, 1967a); 
taaffeite (Schmetzer, 1983); topaz 
(Anderson, 1954-55); stichtite 


Red to violet to pink: beryl/red beryl 
(Shigley and Foord, 1984); piemontite (Burns, 
1970); some elbaites/rubellites, sugilite 
(Shigley et al., 1987); rhodonite (Gibbons et 
al., 1974); zoisite/thulite 

Green: andalusite/viridine (Smith et al., 1982) 


Mn3+ 
octahedral 


(Rossman et al., 1982) 
Fe2+ Blue: elbaite/indicolite (Dietrich, 1985) 


octahedral Yellowish green to green: olivine/peridot 
(Loeffler and Burns, 1976); diopside, 
actinolite/nephrite (Burns, 1970); natural 
glasses/moldavite, tektite (Pye et al., 1983) 

Fe?+ Blue: gahnite and “gahnospinel” (Dickson and 

tetrahedral Smith, 1976) 

Fe2+ Red: pyrope, pyrope-almandine (rhodolite), 

dist. cubic almandine (Manning, 1967a) 

Co2+ Pink: calcite/cobaltocalcite (Webster, 1970) 

octahedral Green: sphalerite (Marfunin, 1979) 

Co2+ Blue: spinel (Shigley and Stockton, 1984); 

tetrahedral staurolite (Cech et al., 1981) 

Ni2+ Green: clay inclusions in chrysoprase and 

octahedral some opals, é.g., prase opal (Koivula and 


Fryer, 1984) 


Cu?+ Blue: turquoise and chrysocolla (Lehmann, 
octahedral 1978), azurite (Marfunin, 1979) 
Green: malachite and dioptase (Lehmann, 
1978) 


color caused by dispersed metal ions is by modify- 
ing the valence state. In recent years, we have 
become aware of the importance of other types of 
coloration, such as charge transfer and color cen- 
ters. Heat treatment can induce or increase charge 
transfers, and irradiation often creates color cen- 


REFERENCES 


Anderson B.W. (1954-55) The spectroscope and its applications 
to gemmology, parts 10 to 17. The Gemmologist, Vol. 23, 
Nos. 275-282. 

Balitsky VS., Balitskaya O.V. {1986} The amethyst-citrine di- 
chromatism in quartz and its origin. Physics and Chemis- 
try of Minerals, Vol. 13, pp. 415-421. 

Berry EJ., Vaughan D,J., Ed. (1985) Chemical Bonding and 
Spectroscopy in Mineral Chemistry. Chapman and Hall, 
New York. 

Bill H., Calas G. (1978) Color centers, associated rare-earth ions 
and the origin of coloration in natural fluorites. Physics 


138 Color in Gems, Part 1 


ters. These two causes of color will be examined 
and illustrated with a number of examples in the 
next article in this series. The least common 
origins of color in gem materials, band theory and 
physical optics, will be discussed in the third and 
last part. 


and Chemistry of Minerals, Vol. 3, pp. 117-131. 

Burns R.G. (1970) Mineralogical Applications of Crystal Field 
Theory. Cambridge Earth Science Series, Cambridge Uni- 
versity Press, Cambridge, England. 

Calas G. (1978) Le chrome et la couleur des minéraux: Un 
exemple “pédagogique.” Revue de Gemmologie a.fg., Vol. 
54, pp. 6-8. 

Cech EF, Povondra P, Vrana S. (1981) Cobaltoan staurolite from 
Zambia. Bulletin de Minéralogie, Vol. 104, pp. 526-529. 

Cohen A.J, Makar L.N. (1985} Dynamic biaxial absorption 
spectra of Ti3+ and Fe2+ in a natural rose quartz crystal. 
Mineralogical Magazine, Vol. 49, pp. 709-715. 

Dickson B.L., Smith G. {1976} Low temperature optical absorp- 


GEMS & GEMOLOGY Fall 1987 


tion and Mossbauer spectra of staurolite and spinel. 
Canadian Mineralogist, Vol. 14, pp. 206-215. 

Dietrich R.V. (1985) The Tourmaline Group. Von Nostrand 
Reinhold Co., New York. 

Dollase WA. {1968} Refinement and comparison of the struc- 
tures of zoisite and clinozoisite. American Mineralogist, 
Vol. 53, pp. 1882-1898, 

Duplessis Y., Ed. {1985} Les Couleurs Visibles et Non Visibles. 
Editions du Rocher, Paris. 

Farge Y., Fontana M.P. (1979) Electronic and Vibrational Prop- 
erties of Point Defects in Ionic Crystals. North Holland 
Publishing, Amsterdam. 

Farrell E.E, Newnham R.E. (1965) Crystal field spectra of 
chrysoberyl, alexandrite, peridot and sinhalite. American 
Mineralogist, Vol. 50, pp. 1972-1981. 

Faye G.H. (1968} The optical absorption spectra of certain 
transition metal ions in muscovite, lepidolite and 
fuchsite. Canadian Journal of Earth Sciences, Vol. 5, pp. 
31-38. 

Fritsch E. {1985] La couleur des minéraux et des gemmes. 
Premiére partie: Des tribulations d’un électron a l’intér- 
ieur d’un atome isolé. Monde & Minéraux, Vol. 67, pp. 
20-25. 

Fyfe WS. (1964) Geochemistry of Solids. McGraw-Hill Book 
Co., New York. 

Gibbons R.V,, Ahrens TJ., Rossman G.R. {1974} A spec- 
trographic interpretation of shock-produced color change 
in rhodonite (MnSiO;]: The shock-induced reduction of 
Mn{Ill} to Mn(lIj, American Mineralogist, Vol. 59, pp. 
177-182. 

Goldman ,DS., Rossman G.R., Parkin K.M. (1978) Channel 
constitutents in beryl. Physics and Chemistry of Min- 
erals, Vol. 3, pp. 225-235. 

Gibelin E.J., Weibel M. (1975} Green vanadium grossular garnet 
from Lualenyi, near Voi, Kenya. Lapidary Journal, Vol. 29, 
pp. 402-426. 

Harder H. (1969} Farbgebende Spurenelemente in den 
natiirlichen Korunden. Neues Jahrbuch fiir Mineralogie 
Abhandlungen, Vol. 110, No. 2, pp. 128-141. 

Hofmeister A.M., Rossman G.R. (1983) Color in feldspars. In 
PH. Ribbe, Ed., Reviews in Mineralogy, Vol. 2, 2nd ed.: 
Feldspar Mineralogy, Mineralogical Society of America, 
Washington, DC, pp. 271-280. 

Hurlbut C.S. {1969} Gem zoisite from Tanzania. American 
Mineralogist, Vol. 54, pp. 702-709, 

Kittel C. (1956) Introduction to Solid State Physics, John Wilcy 
& Sons, New York. 

Koivula J.I. (1987) Gem news. Gems & Gemology, Vol. 23, No. 2, 
pp. 122-124. 

Koivula J.L, Fryer C.W, (1984] Green opal from East Africa. 
Gems & Gemology, Vol. 20, No. 4, pp. 226-227, 

Kunz G.E (1913) The Curious Lore of Precious Stones. Re- 
printed by Dover Publications, New York, 1971. 

Lehmann G. {1978} Farben von Mineralien und ihre Ursachen. 
Fortschritte der Mineralogie, Vol. 56, No. 2, pp. 172-252. 

Loeffler B.M., Burns R.G. (1976) Shedding light on the color of 
gems and minerals. American Scientist, Vol. 64, pp. 
636-647, 

Manning PG. (1967a) The optical absorption spectra of the 
garnets almandine-pyrope, pyrope and spessartine and 
some structural interpretations of mineralogical signifi- 
cance. Canadian Mineralogist, Vol. 9, No. 2, pp. 237-251. 

Manning PG. (1967b} The optical absorption spectra of some 
andradite and the identification of the “A,—> 4A, 4E(G) 
transition in octahedrally bonded Fe?+. Canadian Journal 
of Earth Sciences, Vol. 4, pp. 1039-1047. 

Marfunin A.S. (1979) Physics of Minerals and Inorganic Mate- 
rials, an Introduction. Trans]. by N.G. Egorova and A.G. 
Mishchenko, Springer Verlag, Berlin. 


Color in Gems, Part 1] 


Mottana A., Griffin WL. (1979) Pink titanite (greenovite) from 
St. Marcel, Valle D’Aosta, Italy. Rendiconti Societa Ital- 
tana di Mineralogia e Petrologia, Vol. 35, No. 1, pp. 
135-143. 

Nassau K. {1975] The origin of color in gems and minerals. 

Gems & Gemology, Vol. 15, pp. 2~11. 

Nassau K. (1983) The Physics and Chernistry of Color: The 

Fifteen Causes of Color. John Wiley & Sons, New York. 

Nassau K. (1984) Gemstone Enhancement. Butterworths, 

Stoneham, MA. 

Newnham R.E., De Haan Y.M. (1962} Refinement of the 

wAl,03, Ti2zO3, VO and Cr, Og structures. Zeitschrift ftir 

Kristallographie, Vol. 117, pp. 235-237. 

Novak G.A., Gibbs G.V. (1971) The crystal chemistry of the 
silicate garnets. American Mineralogist, Vol. 56, pp. 
791-825. 

Pouget (1752) Traité des Pierres Précieuses. As cited in P. 
Bariand and J. P Poirot (1985) Larousse des Pierres Pré- 
cieuses, Larousse, Paris. 

Pye L.D., O’Keefe J.A., Fréchette V.D., Eds., (1984) Natural 
Glasses. North Holland Publishing, Amsterdam. 

Romeijn EC. {1953} Physical and crystallographical properties 
of some spinels. Philips Research Reports, Vol. 8, pp. 
304-320. 

Rossman G.R. {1974) Optical spectroscopy of green vanadium 
apophyllite from Poona, India. American Mineralogist, 
Vol. 59, pp. 621-622. 

Rossman G.R. {1981] Color in gems: The new technologies. 
Gems & Gemology, Vol. 17, pp. 60-71. 

Rossman G.R., Grew E.S., Dollase W.A. {1982} The colors of 
sillimanite. American Mineralogist, Vol. 67, pp. 749-76}. 

Rossman G.R., Mattson $.M. (1986) Yellow, manganese-rich 
elbaite with manganese-titanium intervalence charge 
transfer. American Mineralogist, Vol. 71, pp. 599-602. 

Schmetzer K., Bank H., Gibelin E. (1980) The alexandrite effect 
in minerals: Chrysoberyl, garnet, corundum, fluorite. 
Neues Jahrbuch fiir Mineralogie Abhandlungen, Vol. 138, 
pp. 147-164. 

Schmetzer K. (1982} Absorptionsspektroskopie und Farbe von 
v3+—haltigen nattirlichen Oxiden und Silikaten—ein 
Beitrag zur Kristallchemie des Vanadiums. Neues Jahr- 
buch fiir Mineralogie Abhandlungen, Vol. 144, pp. 
73-106. 

Schmetzer K. (1983) Crystal chemistry of natura! Be-Mg-Al- 
oxides: taaffeite, taprobanite, musgravite. Neues Jahrbuch 
fiir Mineralogie Abhandlungen, Vol. 146, No. 1, pp. 15-28. 

Shigley J.E., Stockton C.M. (1984} “Cobalt-blue” gem spinels. 
Gems & Gemology, Vol. 20, pp. 34-41. 

Shigley J.E., Foord E.E. (1984) Gem-quality red beryl from the 
Wah-Wah Mountains, Utah. Gems & Gemology, Vol. 20, 
No. 4, pp. 208-221. 

Shigley J.E., Koivula J.L, Fryer C.W. (1987) The occurrence and 
gemological properties of Wessels Mine sugilite. Gems & 
Gemology, Vo\. 23, No. 2, pp 78-90. 

Smith G., Halenius U., Langer K. (1982] Low temperature 
spectral studies of Mn3+-bearing andalusite and epidote 
type minerals in the range 30000-5000 cm ~!. Physics and 
Chemistry of Minerals, Vol. 8, pp. 136-142. 

Vogel P (1934) Optische Untersuchungen am Smaragd und 
einigen anderen durch Chrom gefarbten Mineralien. 
Neues Jahrbuch fiir Mineralogie, Geologie und Paleon- 
tologie, Vol. A68, pp. 401-438. 

Wasserman J.S. (1978) Color Vision. John Wiley & Sons, New 
York. 

Webster R. (1983) Gems, Their Sources, Descriptions and 
Identification. Butterworths, London. 

Wood D.L., Nassau K. (1968) The characterization of beryl and 
emerald by visible and infrared absorption spectroscopy. 
American Mineralogist, Vol. 53, pp. 777-800. 


GEMS & GEMOLOGY Fall 1987 139 


THE LENNIX 


SYNTHETIC EMERALD 


By Giorgio Graziani, Edward Gtibelin, and Maurizio Martini 


The Lennix synthetic emerald, currently 
manufactured in France, is a dark green, 
moderately transparent to translucent 
material grown by flux fusion. With the 
microscope, zones of lighter and darker 
green are evident. For the most part, the 
gemological properties of this synthetic 
emerald overlap those of natural emer- 
alds, although the low refractive-index 
and specific-gravity values are good indi- 
cators that this material is synthetic. The 
presence of “wispy veil” inclusions pro- 
vides conclusive proof of synthetic origin, 
as do the chemical analyses, infrared 
transmission spectra, and cathodo- 
luminescence. 
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A the techniques of crystal growth have become 
increasingly sophisticated, greater numbers and 
types of synthetic emeralds have entered the marketplace. 
One of these products, the Lennix synthetic emerald, is 
currently being manufactured by the Société France pour 
la Distribution de Produits Manufacturés, in Cannes, 
France (figure 1}. In 1966, Mr. L. Lens, now president of the 
manufacturing company, first accomplished the synthesis 
of microscopic emerald clusters. Years of research and 
refinement followed, and in the period 1982-1983, Mr. 
Lens finally obtained gem-quality synthetic emeralds in 
sizes suitable for use in jewelry. Mr. Lens reports that the 
production capacity of the firm is currently 50,000 ct of 
rough crystals per year, an amount that could be doubled 
with the addition of a second furnace. The material is now 
available in France (and has already been mistaken for 
“African emerald” by some jewelers]. Since the distribution 
of the material is controlled by a Canadian company, it is 
likely that this material will soon be introduced in Canada 
and the United States (E. Fritsch, pers. comm., 1987). 

Although Farn (1980) examined a number of the early 
Lennix synthetic emeralds and pointed out some distinc- 
tive characteristics of these stones, the present authors felt 
that a detailed examination of the material and its inclu- 
sions was warranted to describe the means by which it 
could be separated from natural emeralds and other 
synthetics. To aid in this project, Mr. Lens supplied eight 
rough crystals and one faceted stone. The samples were 
first tested for the standard gemological properties, and 
then chemical analyses, cathodoluminescence, X-ray to- 
pography, X-ray diffraction, and advanced inclusion an- 
alyses were performed. The results of these tests are 
provided here. 


METHOD OF SYNTHESIS 
Mr. Lens reports that the Lennix synthetic emeralds are 
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grown by the flux-fusion process. Crystallization 
takes place at atmospheric pressure, and follows a 
rather involved cycle of temperatures, in the region 
of 1000° + 100°C, established to compensate for 
variations in the composition of the flux during the 
growth process. 


TEST SAMPLES AND 
VISUAL APPEARANCE 


The synthetic samples examined by the authors 
are in the form of eight tabular hexagonal crystals 
and one cut specimen. The rough crystals are 
characterized by a predominant basal pinacoid. 
They range in size from 13.9 x 9.6 x 3.0mm to9.2 
x 6.9 x 3.2mm; the cut sample weighs 1.30 ct and 
measures 7.90 X 6.12 x 3.12 mm. To the unaided 
eye, the Lennix synthetic emeralds appear dark 
green and homogeneous in color (again, see figure 
1). Microscopic observations, however, reveal the 
presence of more intense peripheral color zones 
parallel to the c-axis. 

The samples range in clarity from moderately 
to heavily included. Consequently, they vary from 
stones of medium transparency to those with areas 
that are translucent to almost opaque. 


STANDARD 

GEMOLOGICAL TESTING 

The samples were subjected to standard gemologi- 
cal tests. The results are shown in table 1 and 
discussed below. 


The Lennix Synthetic Emerald 


Figure 1. A 1.32-ct fac- 
eted Lennix synthetic 
emerald and a 1.42-ct 
crystal section of the 
material, Photo © Tino 
Hammid. 


Refractive Indices. When tested with a gemologi- 
cal refractometer, the faceted Lennix synthetic 
emerald was determined to be uniaxial negative. 
Refractive indices were determined on microsam- 
ples isolated by means of the MEA apparatus 
(Graziani, 1983], from within both the light and 
dark green areas. 

The values* are: € = 1.556-1.562 (1.559) and 
wo = 1,558-1.566 (1.562), with a corresponding 
birefringence for the mean values of 0.003, for the 
light green areas; ande = 1.555-1.565 (1.560), w = 
1.560-1.568 {1.564}, with a mean birefringence of 
0.004, for the dark green areas. The faceted stone 
shown in figure 1, for example, revealed refractive 
indices of € = 1.559, w = 1.562, with a bi- 
refringence of 0.003. 

The low values of the light green areas (and the 
stone in figure 1} are characteristic of flux-grown 
synthetic emeralds and provide some indication of 
synthetic origin. However, an identification 
should not be based on these values alone. 


Dichroism. Using a dichroscope, we observed 
pronounced pleochroic colors of bluish green for 
the ordinary ray and yellowish green for the 
extraordinary ray, both also commonly observed in 
natural emeralds. 


"The extreme values of the constants are given, with mean 
values in parentheses. 
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TABLE 1. The gemological properties of the Lennix flux- 
grown synthetic emerald. 


Properties that overlap 
those of natural emeralds 


Pleochroism Strong bluish green parallel to the c-axis; 
yellowish green perpendicular to the 
c-axis. 

Optic-axis direction absorption lines at 
477, 637, 646, 662, 680, and 683 nm; a 
vague general absorption from 400 to 480 
nm and a broad band of absorption 
between 590 and 610 nm. Perpendicular 
to optic-axis direction: same as above, with 
the exception that the 477-nm line is 
absent. 


Absorption 
spectrum? 


Colorfilter 
reaction 


Fluorescence 
Long-wave U.V. Bright red 
Short-wave ULV. Weak orange-red 


Strong red 


Key identifying properties 

Refractive Light green: « = 1.556-—1.562 (1.559) 

indices w = 1,558-1.566 (1.562) 

Dark green: € =1.555—1.565 (1.560) 
w = 1.560-1,.568 (1.564) 

Light green =0,.003 

Dark green =0.004 


Birefringence? 


Specific 
gravity? Around 2.65-2.66 
Inclusions Opaque, tube-like inclusions aligned 


parallel to the c-axis; sequential growth 
layers, with primary flux inclusions and 
foreign crystallites; slender prismatic 
crystals of synthetic phenakite and 
synthetic beryl; “wispy veils," two-phase 
inclusions. 


aAs observed through a hand-held type of spectroscope. 
The extreme values of the constants are given, with mean 
values in parentheses. Birefringences are given for the mean 
values. 

cEstimated with heavy liquids. 


Color-Filter Reaction. Observed through the 
Chelsea filter, the crystals appear a vivid red, again 
as can be seen in many natural emeralds. 


Specific Gravity. The specific-gravity values for 
flux-grown synthetic emeralds of various manu- 
facturers are frequently lower than the values for 
natural emeralds, flux-grown synthetic emeralds 
usually float when tested in a standard 2.67 
(specific gravity] heavy liquid. A few of the Lennix 
synthetic emeralds were tested in 2.67 liquid; on 
the basis of the rate of ascent, the specific gravity 
was estimated to be approximately 2.65-2.66. 


Absorption Spectra. The visible-light absorption 
spectrum of the faceted Lennix synthetic emerald 
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shown in figure 1 was examined with a Beck hand- 
held type of spectroscope. The observed spectrum 
appeared to be the same as that previously de- 
scribed for both synthetic and natural emerald 
{Liddicoat, 1981}. This optical absorption spec- 
trum was confirmed, using a Cary 219 dual-beam 
spectrophotometer, over the spectral range from 
400 to 800 nm. The following were identified: a 
doublet at 683 and 680 nm; bands at 662, 646, and 
637 nm; and a wide band between 610 and 590 nm. 
An additional line at 477 nm can be seen only 
when looking at the spectrum down the optic axis 
direction (i.e., parallel to the c-axis}; it is not visible 
when the spectrum is examined perpendicular to 
the optic axis. This phenomenon was observed 
with both the “hand-held” spectroscope and the 
spectrophotometer. 


Fluorescence. When exposed to long-wave ultra- 
violet radiation, the specimens glowed bright red, 
and with short-wave U.V. radiation they revealed 
both transparency and a dim orange-red fluores- 
cence. While this fluorescence might be an indica- 
tor that the stone is synthetic, it should be noted 
that some high-chromium Colombian emeralds 
will fluoresce bright red to long-wave U.V. radia- 
tion. Exposure to X-rays caused a distinct, yet dull, 
red fluorescence. 


CHEMISTRY AND 
ADDITIONAL TESTING 


Chemical Analyses. Each specimen was analyzed 
by means of a JEOL JXA-50A electron microprobe 
on both the pale green and the deep green zones. 
The chemical data reported in table 2 refer to 
average values obtained from no less than five 
spots for each sample. 

The data show fairly high contents of FeO and 
MgO for a synthetic emerald and low amounts of 
alkalies as compared to most natural emeralds. 
However, the FeO and MgO contents are lower 
than the average in most natural emeralds and, 
along with the low content of alkalies, may be 
responsible for the low refractive-index, bi- 
refringence, and specific-gravity values (Folinsbee, 
1941; Sherstyuk, 1958; Winchell and Winchell, 
1951). The chromium content in the deep green 
areas is high, but is comparable with data reported 
for natural and other synthetic emeralds. 


Cathodoluminescence. Cathodoluminescence de- 
terminations were carried out on all samples using 
a luminoscope manufactured by Nuclide Corp. 
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USA. Electrons were produced using pure helium 
as a carrier gas. The data obtained were quite 
similar for all samples. Red luminescence similar 
to or weaker than that of Chatham or Linde 
hydrothermal synthetic emeralds—but more in- 
tense than that of natural Colombian emeralds — 
was observed in all cases. In some of the synthetic 
Lennix emeralds tested, the luminescence excited 
by cathode rays was different at the edges and 
within a narrow outer zone (red) from that seen in 
the interior (violet-blue or purple}. No other emer- 
alds (synthetic or natural) tested thus far have 
displayed the purple or bright violet-blue lumines- 
cence observed in the Lennix specimens. 


X-Ray Diffraction Data. Microsamples {about 
20-30 4m in diameter) were isolated by means of 
the MEA apparatus (Graziani, 1983), within both 
the deep green and the pale green zones of all the 
specimens. Subsequently, X-ray diffraction pat- 
terns were obtained using a Gandolfi camera 
(Gandolfi, 1967}, and unit-cell parameters were 
estimated by a least-squares refinement of the 
diffraction data (Farinato and Loreto, 1975; De 
Angelis ét al., 1977], indexed by comparison with 
those listed by JCPDS. The results for the light 
green areas were a = 9.203 + 0.002 A,c = 9.181 + 
0.004 A; for the dark green areas, they were a = 
9.202 + 0.003 A, c = 9.187 + 0.005 A. 


X-ray Topography. Experiments were carried out 
on slabs of the synthetic Lennix emeralds cut 
perpendicular to the c-axis and polished by stan- 
dard procedures (Scandale et al., 1979). 

The tests were performed by means of a Lang 
camera, recorded on Ilford high-resolution plates, 
using Moxg,, radiation. The topography was re- 
markable in the contrasting features that covered 
the entire surface and permit reconstruction of the 
growth history of the examined crystal. In fact, the 
sample resulted from the aggregation of different 
smaller crystals around a subhexagonal central 
nucleus. This kind of growth is quite different 
from that of natural emeralds, in which the crys- 
tals grew during a slow cooling of the parent 
solution, and is thus typical of synthetic beryl 
grown in flux conditions. 


Infrared Spectra. Infrared spectra in the range 4000 
to 600 cm~! were obtained on a Perkin Elmer 398 
filter grating spectrometer, using | mg of beryl in 
200-mg KBr discs. The bands at 3590 and 3694 
cm~! that are normally observed in natural emer- 
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TABLE 2. Results of the chemical analyses of the pale 
green and deep green areas of eight rough and one 
faceted Lennix synthetic emerald. 


Pale green areas Deep green areas 


Oxide (wt.%) (wt.%) 
SiG; 65.83 66.04 
Al 203 18.02 18.03 
CreOx 0.57 1.19 
FeQb 0.50 0.70 
BeO 13.06 12.31 
MgO 0.46 0.44 
MnO 0.07 0.06 
NasO 0.32 0.21 
KO 0.14 0.14 
H2O 

CO, 0.06 0.08 
Total 99.03 99.20 


aAll oxides were determined by efectron microprobe except: Be was 
determined by the pyrophosphate method, and HO plus CO. were 
determined thermogravimetrically. The results reported are average 
values, 

‘Total iron as FeO, 

cThe following elements were checked but not detected: Ti, V, Ca, 
Ba, Cs. Not recognized with spectrographic method: Li. 


alds seem to be totally absent, as would be ex- 
pected for a flux-grown synthetic emerald 
(Flanigen et al., 1967), thus yielding another valu- 
able means of distinction. However, infrared spec- 
tra in the same range that were obtained from 
polished slabs oriented parallel to the c-axis 
showed less distinct features. 


Microscopic Examination of Inclusions. The Len- 
nix synthetic emerald samples were examined 
with a gemological binocular microscope in trans- 
mitted light and under crossed polars. The speci- 
mens are characterized by a variety of inclusions 
that may generally be divided into five categories: 


1. Opaque, tube-like inclusions aligned preferen- 
tially parallel to the c-axis (figures 2—4} 


2. Clusters of inclusions along the borders of 
sequential growth zones that parallel the edges 
of the basal pinacoid (figure 5} 


3. Slender, subhedral prismatic crystals of syn- 
thetic phenakite and beryl (figures 6-8) 


4, Secondary flux-lined healed fractures that at 
low magnification look like “wispy veils” (fig- 
ure 9} 


5. Two-phase inclusions grouped along the edges 
of the basal pinacoid and sometimes parallel to 
the c-axis (figures 4 and 10) 
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Figure 2. This partly flux-filled (MoO,) tube- 
like inclusion in a Lennix synthetic emerald is 
surrounded by peripheral synthetic beryl crys- 
tals. A number of wispy veil-like inclusions 
characteristic of flux-grown synthetic emeralds 
are also evident. Transmitted light, magni- 


fied 30x. 


Figure 4. These irregular, opaque MoO, flux in- 
clusions are accompanied by peripheral syn- 
thetic beryl crystallites and two-phase inclu- 
sions. Transmitted light, magnified 64x. 
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Figure 3. A different view of a number of tube- 
like inclusions similar to the one seen in 

figure 2 shows that they are oriented in chan- 
nels that run parallel to the c-axis. Transmitted 
light, magnified 100x. 


Figure 5. Color zones, representing the various 
stages of growth of the synthetic emerald, echo 
the hexagonal frame of the Lennix crystal 
growth. On this basal plane, a number of di- 
chroic synthetic beryl crystals are evident. 
Transmitted light, magnified 10x. 
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Figure 6. This spider-like configuration in a 
Lennix synthetic emerald proved to be a group- 
ing of crystals of synthetic phenakite. Transmit- 
ted light, magnified 100x. 


Opaque, Tube-like Inclusions. X-ray transmis- 
sion micrographs were made on the opaque, 
tube-like inclusions oriented in channels (figures 
2-4). These analyses identified subordinate crys- 
tals of synthetic beryl along the channel walls, and 
a thin film of flux which was opaque to X-ray 
microradiography. Chemical analysis of the flux 
proved ’it to be molybdenum oxide (MoO). 


Growth Zoning and Associated Inclusions. 
Optical observations attest to the presence of 
various stages of crystal growth. Along the edges of 
these growth zones, two kinds of associated inclu- 
sions are evident: minute euhedral synthetic beryl 
crystals (figure 5) and clusters of synthetic phe- 
nakite. X-ray diffraction patterns identified the 
latter inclusions {JCPDS card no. 9-431). This 
identification was confirmed by microprobe anal- 
ysis and subsequent stoichiometric elaboration of 
the chemical data. 


Other Crystal Inclusions. The Lennix syn- 
thetic emerald also contains discrete, minute, 
acicular, prismatic crystals that sometimes con- 
sist of tri- and poly-angular associations (figure 6). 
The chemical composition of these inclusions is 
typical of phenakite and very similar to that of the 
clusters described previously. 

Transparent subhedral prismatic crystals (ap- 
proximately 0.05 x 0.03 mm} were also observed 
perpendicular to the c-axis of the synthetic host 
emerald. Not only are the refractive indices of 
these crystal inclusions similar to those of the 
synthetic host emerald, but microchemical an- 
alyses also revealed that they are similar in chemi- 
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Figure 7. Individual crystals of synthetic beryl 
are observed at right angles to their c-axes in 
this Lennix synthetic emerald. Crossed polars, 
magnified 30x. 


cal composition to the host, particularly to the 
deep green zones (table 2). Consequently, these 
inclusions were determined to be synthetic beryl 
(figures 7 and 8]. 


¥ 


Figure 8. An opaque black flux inclusion marks 
the center of this greatly enlarged synthetic be- 
ryl crystal in a Lennix synthetic emerald. 
Crossed polars, magnified 150x. 
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Figure 9. These delicate “wispy veils” are actu- 
ally secondary flux-lined healed fractures in the 
Lennix synthetic emerald. Transmitted light, 
magnified 15x. 


The whole crystal also contains many two- 
phase inclusions in wisp- or veil-like configura- 
tions (figure 9). These “wispy veils” —more pre- 
cisely, secondary flux-lined healed fractures —are 
typical of flux-grown synthetic stones. In addition, 
small, sporadic swarms of two-phase inclusions 
occur either at right angles to the c-axis of the 
synthetic emerald host or, more frequently, paral- 
lel to the c-axis (figure 10). 

To determine homogenization temperatures 
for these inclusions, we used a Nikon Optiphot Pol. 
XTP-11 microscope equipped with a Fluid Inc. gas 
flow heating/freezing system for temperatures up 
to 700°C and a Leitz 1350 device for higher 
temperatures. At least nine hours of isothermal 
heating were used for each run. Homogenization 
could not be observed up to 800°C. 

Two-phase inclusions with internal crystalliz- 
ation products were sectioned by MEA for analysis. 
Optical investigations showed that the internal 
walls of these inclusions are covered by irregularly 
shaped crystals with a chemical composition very 
close to that of the synthetic host emerald. 

These considerations suggest that, after the 
formation of the cavities and before their closure 
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Figure 10. In this greatly enlarged two-phase in- 
clusion, the large oval bubble that corroborates 
the second phase is probably in a glassy flux 
relic. The inclusion runs parallel to the c-axis of 
the host. Transmitted light, magnified 100. 


(sealing), beryl crystallization occurred. This phe- 
nomenon is very close to that described by Yer- 
makov (1965) as a deposition of the cognate subs- 
tance on the inclusion wall. 


CONCLUSION 


For the gemologist, the very fact that the Lennix 
synthetic emeralds are so heavily included can 
cause problems, because they superficially resem- 
ble poor-quality natural emeralds. If, however, 
wispy veil-like partially healed fractures (similar 
to those shown in figure 9} are present, then 
regardless of the other inclusions (which may 
somewhat resemble those seen in natural emer- 
alds}, the stone can be identified as synthetic. The 
low refractive-index and specific-gravity values 
are also indicative of flux-grown synthetic emer- 
alds; when these are obtained in conjunction with 
the observation of “wispy veils,” they conclusively 
prove synthesis. 

Where available, more sophisticated chemical 
analyses, infrared spectra, and cathodolumines- 
cence experiments all provide effective means of 
differentiating the Lennix synthetic emerald from 
both natural emeralds and other synthetic emer- 
alds. 
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NOTES 


-AND : 


NEW TECHNIQUES 


SYNTHETIC OR IMITATION? 


AN INVESTIGATION OF THE PRODUCTS OF 
KYOCERA CORPORATION THAT SHOW PLAY-OF-COLOR 


By Karl Schmetzer and Ulrich Henn 


The products of Kyocera Corp. that show play-of-color 
were investigated to determine if the materials are 
truly synthetic opal or rather are opal simulants. The 
authors propose that, because these materials con- 
tain no water, they do not match the composition of 
natural opals and, thus, should be designated opal 
simulants. The gemological properties of the samples 
examined are also provided, including those by 
which the Inamori material can be separated from 
natural opal. 


Gem materials showing play-of-color are manu- 
factured in Japan by Kyocera Corp. and sold under 
the trade name Inamori Created Opals (figure 1). 
The first gemological reference to these materials 
was by Fryer et al. (1983], in this short note, the 
samples were accepted as being synthetic opal, as 
stated by the manufacturer, entirely on the basis of 
their gemological properties. However, it has been 
suggested by one of the present authors and his 
coworkers that for non-single-crystal synthetics it 
is necessary to determine both the chemical com- 
position (SiO,-nH,O for opal) and the phases 
present. Only when a man-made gem material is 
essentially, if not absolutely, identical in these 
respects to the natural gemstone is it acceptable as 
a synthetic counterpart. 

A working definition for a distinction of true 
synthetic gem materials from imitations was pro- 
posed by Nassau (1976, 1977). This proposal inclu- 
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ded observations at five different magnifications 
ranging from the atomic level to inspection by the 
naked eye. It also included the following four 
criteria on the basis of which man-made gem 
materials must be essentially identical to their 
natural counterparts to be labeled synthetic: (1) 
chemical composition, (2} crystal structure, (3) 
submicroscopic structures, and (4) appearance to 
the naked eye. These criteria have been applied in 
discussions of non-single-crystal materials such as 
man-made turquoise (Schmetzer and Bank, 1980, 
1981; Lind et al., 1983a and b), man-made opal 
(Schmetzer, 1983a, 1984), and man-made lapis 
lazuli (Schmetzer, 1983b, 1985). 

In the case of the products of Gilson that show 
play-of-color, the man-made materials do not 
match natural opals in chemical composition, 
primarily because of the absence of distinct 
amounts of water. Thus, in the opinion of the 
authors, these substances should be designated 
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opal simulants rather than synthetic opals 
(Schmetzer, 1983a, 1984}. The present study was 
conducted in an attempt to clarify the nomencla- 
ture for the man-made products of Kyocera Corp. 
that are known as Inamori Created Opals in the 
trade and have been represented as synthetics. 


MATERIALS AND METHODS 


Gemological properties were determined on sev- 
eral samples of the Kyocera product; on the basis of 
these tests, play-of-color, and body color, four types 
were identified {see table 1}, with two to tour 
samples of each type selected for additional test- 
ing. Structure was then determined by X-ray dif- 
fraction analyses with a Debye-Scherrer camera; 
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Figure 1. These three exam- 
ples of Inamori Created Opal 
are produced by the Kyo- 
cera Corp. of Kyoto, Japan. 
The sample with the black 
body color weighs 3.96 ct 
and measures 10 x 12 mm, 
Photo © Tino Hammid. 


semiquantitative chemical investigations were 
carried out using the energy-dispersive analytical 
system of an ARL-SEMQ electron microscope. 
Thermogravimetric analyses were undertaken be- 
tween 20° and 1000°C by means of a DuPont 
thermobalance. 


GEMOLOGICAL PROPERTIES 


Visual appearance, refractive-index values, and 
specific-gravity values of the samples investigated 
are given in table 1. The refractive indices of the 
white and colorless (body color} samples were 
found to be close to the upper limit, but still 
within the range, for natural opals; the refractive 
indices of the black samples were found to be 
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TABLE 1. Gemological properties of the man-made products of Kyocera Corp. 
that show play-of-color. 


Sample Body color Play-of-color Refractive Specific 
typesa index® gravity® 
A Colorless Green, blue, 1,.459-1.460 2.20-2.22 
violet 
B White Green, blue 1.460 2.21~2.22 
violet 
Cc Black All spectral 1.463 2.23 
colors 
D Black Green, blue, 1.466 2.24 
violet 


3Two to four samples of each type were tested. 


Ranges are for different samples of the respective type. 


slightly higher than the highest values determined 
to date for natural opals (Frondel, 1962; Deer et al., 
1963; Tréger, 1971, Phillips and Griffen, 1981). For 
all of the samples, the specific gravity determined 
slightly exceeds that of natural opals. 

The refractive-index and specific-gravity 
values for the Inamori products are distinctly 
higher than the values for the Gilson products, 
which lie in the range of about 1.440 and 2.04, 
respectively (e.g., Eppler, 1974, Scarratt, 1976}. 
However, when viewed with a microscope, the 
Inamori products show features that also appear in 
the Gilson material. Specifically, the Inamori cab- 
ochons reveal a diagnostic columnar structure that 
is evident when the samples are viewed at various 
angles to the curved surface of the cabochons 
(figure 2). Perpendicular to this columnar structure 
are mosaic-like patterns with distinct boundaries 
between different “grains.” Each “grain” is divided 
into several “subgrains.” In gemology, this pattern 


Figure 2, The columnar structure of the color 
“grains” is evident in this Kyocera opal imita- 
tion with black body color. Magnified 20x. 
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is often referred to as a “lizard-skin, “chicken- 
wire,” or “honeycomb” structure (figure 3}. Al- 
though this pattern has been observed in a few 
natural opals (Scarratt, 1986), it is usually consid- 
ered characteristic of opal imitations. 

All of these properties are consistent with the 
data provided by Fryer et al. {1983} and are consid- 
ered to be of diagnostic value. In most cases, a 
combination of microscopic examination with 
determination of refractive index and specific 
gravity is sufficient to distinguish the Inamori 
product from natural opals. 


Figure 3. This Kyocera opal imitation with 
black body color shows the mosaic-like pat- 
terns with distinct boundaries between differ- 
ent “grains,” as well as the pattern referred to 
as “lizard-skin,” “chicken-wire,” or “honey- 


comb” that is caused by the subdivision of 
each color “grain.” This pattern is considered 
characteristic of man-made opal. 

Magnified 40x. 
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COMPOSITION 


X-ray powder diffraction analyses of the samples 
selected for detailed examination revealed no dis- 
tinct pattern; that is, all four types are amorphous 
to X-rays. Chemical investigations indicate silica 
as the dominant component; no other major con- 
stituents were detected (as is also typical of most 
natural opal}. Thermogravimetric analyses of all 
the samples showed no loss of weight up to 1000°C 
(see figure 4, which also includes a typical dehy- 
dration curve for natural opal from Australia). 
These results indicate that no water is present in 
any of the samples of Kyocera material that were 
tested. 


CONCLUSIONS 


The products of Kyocera Corp. that show play-of- 
color consist of amorphous silica glass without any 
admixtures of water. Comparison with the proper- 
ties of lechatelierite, an amorphous and anhydrous 
form of silicon (R.I.= 1.46, $.G.=2.2) further sup- 
ports this conclusion. Because of the complete 
absence of water, these man-made materials are 
not within the compositional range of natural 
opals (gee, e.g., Schmetzer, 1984]. Consequently, 
the authors propose that these products of Kyocera 
Corp. should be designated opal simulants rather 
than synthetic opals. It is not sufficient that in 
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Figure 4. The absence of water in the Kyocera 
opal imitation is evident in this comparison of 
the curve produced by thermogravimetric anal- 
ysis for a sample of the man-made material 
with black body color (a) with that of one pro- 
duced for a natural Australian opal of white 
body color (b). 


both natural opals and (as determined by the 
authors) the Kyocera opal imitations the play-of- 
color is caused by a closely packed array of uni- 
formly sized amorphous silica spheres. In the 
opinion of the authors, a true synthetic must be 
essentially identical in structure and composition 
to its natural counterpart. 
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MAN-MADE JEWELRY MALACHITE 


By V. S. Balitsky, T. M. Bublikova, S. L. Sorokina, L. V. Balitskaya, and A. S. Shteinberg 


Jewelry-quality synthetic malachite is now being 
manufactured in the USSR. The texture, structure, 
and physical and physico-chemical properties of this 
synthetic malachite are reported. Three textural 
types have been identified: banded, silky, and bud- 
like. The malachite is composed of closely adjacent 
spherulitic aggregates, the generation and growth of 
which are controlled by the crystallization 
conditions. In chemistry, color, density, hardness, 
optical properties, and X-ray diffraction, the 
synthetic malachite proved virtually identical to the 
natural material, Only in the thermograms were 
significant differences noted. Therefore, the man- 
made malachite holds much promise for use in stone 
cutting and the jewelry trade. 


One of the major advances in gemstone synthesis 
over the past few years has been the production of 
jewelry-quality synthetic malachite. The syn- 
thesis was accomplished at three institutions in 
the USSR at approximately the same time: 
Leningrad State University (LGU, Petrov et al., 
1985); the All-Union Institute for the Synthesis of 
Mineral Raw Materials (VNIISIMS], in the Minis- 
try of Geology of the USSR (Balitsky, 1983; Tim- 
okhina et al., 1983), and the Institute for Experi- 
mental Mineralogy (JEM, USSR Academy of Sci- 
ences; Balitsky et al., 1985}. These institutions 
have devised several original methods which allow 
nearly all textural varieties found in natural mal- 
achite to be synthesized under chosen conditions 
(figures 1—5). 

The methods currently used to synthesize 
malachite are based on its crystallization from 
aqueous solutions. Specimens produced thus far 
range from 0.5 kg to several kilograms. At the 
international exhibition held during the 27th In- 
ternational Geological Congress (Moscow, 1984], 
vases cut from synthetic malachite pillars weigh- 
ing as much as 8 kg (and manufactured at the 
VNIISIMS) were on display. In fact, synthetic 
malachite is now being produced on a commercial 
level. For example, the “Uralskije samotsvety” 
plant {at Sverdlovsk, in the Urals) both produces 
synthetic malachite and mounts it in a wide 
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variety of jewelry (Petrov et al., 1985). The authors 
do not know if this material is being distributed 
outside the Soviet Union. 

This article briefly describes the three most 
attractive varieties of the jewelry-quality syn- 
thetic malachite produced using the methods of 
the present authors (Balitsky, 1983; Balitsky et al., 
1985}: banded, silky, and bud-like. The authors 
then discuss the properties of the synthetic mal- 
achite and tests conducted to see how it can be 
separated from the natural material. 


MAJOR TYPES OF 
SYNTHETIC MALACHITE 


Banded. The banded synthetic malachite is very 
similar in appearance to the malachite from Zaire. 
Banding is formed by alternating parallel zones 
that range in color from light to very dark green, 
almost black. The width of the zones varies from a 
few tenths of a millimeter to 3-4 mm. The zone 
boundaries are straight, weakly undulating [see 
figure 2}, or intricately curved. The bulk of the 
sample is composed of closely adjoining spheruli- 
tic aggregates of acicular or plate-like crystals. 
Both the spherulites and the crystals of which they 
are made become larger as a result of geometric 
selection during growth. The samples with con- 
trast banding display recurrent (multilayer) gener- 
ation of spherulites at the boundaries of particular 
zones. Where the banding is less contrasting, the 
development of new zones involves no interrup- 
tions in the formation of spherulites. Rather, in 
this case the spherulite crystals acquire a sub- 
parallel orientation (figure 3]. 
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Figure 1. These samples of 
synthetic jewelry-quality 
malachite, representing a 
mixture of banded and bud- 
like types, strongly resem- 
ble their natural counter- 
parts. The largest specimen 
shown here is 100 x 90 mm. 


Figure 2. Undulating growth boundaries can be 
seen in this section of synthetic malachite with 
the banded texture. The cut is parallel to the 
growth direction. Maximum length and width, 
100 X 28 mm. 


Silky. When cut parallel to the growth direction, 
banded synthetic malachite displays chatoyancy 
and appears silky. Individual crystals in the silky 
aggregates are 0.01-0.1 mm thick and several 
millimeters long. In some samples with complex 
banding, the chatoyancy is particularly attractive. 
Distinct areas appear light in cuts parallel to the 
crystal elongation and almost black in cuts per- 
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Figure 3. This finely banded sample of synthetic 
malachite shows the many-tier nucleation of 
spherulites. The cut is parallel to the growth di- 
rection. Magnified 30x. 


GEMS & GEMOLOGY Fall 1987 153 


Figure 4. A bud-like texture 1s evident in this 
sample of synthetic malachite, which is cut 
parallel to the growth direction. Maximum 
length and width, 30 x 12 mm. 


Figure 5. In this close-up view of a sample of 
bud-like synthetic malachite, the concentric 
zones of which the buds are comprised are 
readily evident. The cut is perpendicular to the 
growth direction, The buds range in diameter 
from 5 to 10 mm. 


pendicular to it. The silky material is, however, the 
least desirable for jewelry use. 


Bud-like. The bud-like synthetic malachite is of a 
higher jewelry quality than the banded material 
{see figure 4}. It is similar in appearance to the 
famous Ural malachite. Individual buds in syn- 
thetic specimens range from 2—5 to 10-15 mm 
across. They are formed as a result of the growth of 
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particular spherulites and develop either a radiated 
or a concentric zonal structure. In the former type, 
the crystals, in the buds are arranged radially 
relative to the center of the spherulite nucleus. On 
cut surfaces, such buds display a gradual color 
change from almost black at the center to light 
green toward the edges. The coloration depends on 
the pattern of relative orientation of the crystal 
axis and the cut plane. In addition, the tones and 
intensity of the color can vary with the viewing 
angle or with the angle of light incidence. 

In the second type of structure, the buds are 
composed of concentric zones that vary in color 
from light to dark green (figures 4 and 5]. Each zone 
has the spherulitic structure, the spherulites being 
0.01—3 mm in size. The zones composed of small 
spherulites are lighter than those composed of 
large ones. Every new zone normally gives rise toa 
new generation of spherulites, but occasionally 
earlier spherulites are inherited by the later ones. 

In addition to the above textural types, several 
intermediate varieties of synthetic malachite — 
representing a mixture of two or all three of these 
types—are also possible (again, see figure 1). 


PROPERTIES OF 
SYNTHETIC MALACHITE 


The chemical composition (table 1} and principal 
physical and physico-chemical properties (table 2) 
of the scores of synthetic malachite samples exam- 
ined for this study were compared with the data 
available on natural samples from the Urals, Ka- 


TABLE 1. Mean chemical compositions for natural and 
synthetic malachite.@ 


Natural (locality) Synthetic (mfr. 


Components ig 

(wt.%) Kazakhstan IEMe VNISIMS 
CuO CALE 70.22 71.90 
MgO 0.001 0.017 nde 
CaO 0.003 0.014 nd 
H,O0 8.52 9.31 = 
COs 19.65 19.94 = 
H2O + CO, _ — 28.35 


Total 99.94 99.50 100.25 


#At least 20 samples of each type were analyzed. All analyses 
were performed by the authors using a combination of wet 
chemical and spectrophotometric methods. 

‘For the samples from Kazakhstan and IEM, FeO, SiOz, TiO», 
AlzO03, and Fe,03 were also determined but not detecled 

cnd = not determined, 
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TABLE 2. Gemological properties of natural and synthetic malachite.@ 


Natural (locality) Synthetic (mfr) 


Property Zaire Kazakhstan‘ IEM LGU VNIISIMS 
Color Light Green Light Almost black Almost 
green green to light black 
to dark to dark green with to light 
green green pale bluish green 
tint 
Refractive 
indices 
w 1.907 1.909 1,908 1,907 1.911 
B 1.874 1.875 1.876 1.875 1.877 
Y 1.653 1.655 1.657 1.654 1.658 
Density, 4.0 41 4.0 3.95 3.90 
g/cms 
Hardness 4.4 4.2 4.2 4.5 3.5 
(Mohs scale) 
Endothermal 342 340 270, 272, 275, 
effect, °C 300 301 305 


(peak center) 


4Al feast five samples of each type were examined. 


zakhstan, and Zaire (Grigorjev, 1953, Vertushkoy, 
1975). The chemical composition of the synthetic 
malachite produced by IEM and VNIISIMS proved 
almost. identical to that of the natural malachite 
found at Kazakhstan (table 1), although some 
natural malachite has a high cobalt and nickel 
content (Deliens et al., 1973; Tarte and Deliens, 
1974). Both the natural and the synthetic mal- 
achite examined contained minor amounts (hun- 
dredths and thousandths of a percent} of impuri- 
ties such as zinc, iron, silica, sulfur, calcium, and 
phosphorus. These impurities had only a very 
slight effect on the refractive indices of the syn- 
thetic malachite, which average a = 1.909 
+ 0.002, B = 1.876 + 0.001, y = 1.656 + 0.002. 
The synthetic malachite was found to vary in 
density (as determined hydrostatically) from 3.9 to 
4.0 g/cm, and in hardness from 3.5 to 4.5 on the 
Mohs scale. The hardness is a little lower along the 
crystal elongation than perpendicular to it. 
X-ray diffraction analysis of all the types of 
synthetic malachite produced thus far [DRON-2 
diffractometer, CoK, radiation, filter Fe) detected 


RELATIVE INTENSITY 


no differences from natural malachite [figure 6}. 3.67 area feat 

(95) (83)/| (65) 
Figure 6. No significant differences were 
observed in the X-ray powder diffraction curves 

of natural and synthetic malachite. Natural 4 2 0 6 l(UBCOUMCOCdDDttC<dC 

samples: 1— Kazakhstan, 2— Zaire. Synthetic DEGREES @ 
samples; 3—IEM, 4—LGU, 5—VNIISIMS. 
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As reported in 1983 by Timokhina et al., no 
differences in infrared spectra have been found for 
synthetic and natural malachite leither in the 
regions of stretching vibrations of Cu-O (400-600 
cm~!), C-O (1000-1100 and 1350-1550 cm~4j, 
and OH~ groups (3315-3410 cm~!j, or in the 
deformation vibration region O-C-O (700-900 
cm~})]. Figure 7 shows characteristic infrared 
spectra in the regions 200-2000 cm~! and 
3000-4000 cm~! for different samples of natural 
and synthetic malachite. 

Some difference between synthetic and natu- 
ral malachite can be seen in the pattern of curves 
produced by differential thermal analysis and 
thermogravimetry (figure 8}. Five samples of each 
were tested. As illustrated in figure 8, dehydration 
and decarbonation of natural malachite take place 
at one stage marked by a profound endothermal 
effect in the 310°-390°C range {the peak centers at 
340°-345°C} and at a weight loss of 27.5—28 
mass %. In the synthetic malachite (the banded 


156 Notes and New Techniques 


AT 


L 


of: mt | 1 ek L 
300 340 380 420 
TEMPERATURE (°C) 


1 _ 


L i 
220 260 


Figure 8. Only the thermograms revealed a 
clear distinction between the natural and syn- 
thetic malachite examined. Natural malachite 
from Kazakhstan (1) and the Urals (2); syn- 
thetic malachite with the banded (3) and bud- 
like (4) textures. 
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and bud-like varieties], the endothermal effect is 
displayed in a lower region, 230°-340°C, and the 
weight Joss is 29-30 mass %. The thermograms of 
all the synthetic malachite tested always showed 
two weak minima (the first peak center is at 
270°-275°C; the second is at 300°-305°C}. The 
cause of these differences has not yet been deter- 
mined. However, it does not appear that these 
differences have affected the mineral structure in 
any way. 


CONCLUSION 
The synthetic malachite currently being produced 


Figure 9. All of these pol- 
ished samples of synthetic 
malachite show potential 
for use in jewelry, carving, 
or inlay. The cabochons 
range from 15 to 32 mm, 


in the USSR is virtually a complete analogue of 
natural jewelrys;quality malachite with respect to 
physical appearance, chemistry, texture, struc- 
ture, and principal physical properties (again, see 
table 2). Thus fay, the only method that has proved 
effective in separating the natural from the syn- 
thetic material is differential thermal analysis. 
However, the fact that this test is destructive 
makes it impractical for gemological purposes. It 
appears, therefore, that there are unlimited possi- 
bilities for the man-made malachite to be used in 
stone cutting and for inlay, carvings, and cab- 
ochons in the jewelry trade (figure 9}. 


REFERENCES 


Balitsky VS. (1983) Experimental mincralogy and synthesis of 
single crystals (in Russian). Sovetskaya Geoloxiya, No. LO, 
pp. 101-108. 

Balitsky V.S., Bublikova T.M., Sorokina S.L., Balitskaya L.V, 
Shtcinberg A.S. (1985) Synthetic and natural malachite 
{investigation and comparison of principal properties; in 
Russian). All-Union Conference on the Theory and Meth- 
odology of Mineralogy, Abstract Papers, Syktyvkar, Vol. 2, 
pp. 25-27. 

Deliens M., Oosterbosch R., Verbeck T. {1973} Les malachites 
cobaltiftres du Shaba méridional (Zaire). Bulletin de la 
Société Francaise de Minéralogie et Cristallographie, Vo). 
96, No. 6, pp. 371-377. 

Grigorjev D.P. (1953} On the genesis of syngenctic or meta- 
colloidal colloform mincral aggregates {in Russian). 
Zapiski Vsesojuznogo Mineralogiches Kogo Obshchestva, 
Ser. 2., Part 83, No. 1, pp. 7-21. 


Notes and New Techniques 


Petrov T.G., Zhogoleva V.Yu., Tseitlin Ya.E., Moshkin S.V, 
Nardov A.V, Glikin A.E., Khatelishvily G.V, Domnina 
M.L, Zhurba V.N., Efimova E.F (1985} Crystallogenctic 
characteristics of synthetic jewelry malachite (in Rus- 
sian}. Sixth All-Union Conference on Crystal Growth, 
Abstract Papers, Erevan, Vol. 2, pp. 156-157. 

Tarte P, Deliens M. (1974] Caractérisation des malachites 
nickeliferes ct cobaltiferes par leur spectre infrarouge. 
Bulletin de la Société Royale des Sciences de Liége, Vol. 43, 
No.1 —2, pp. 96-105. 

Timokhina LV, Balitsky V.S., Shaposhnikov A.A., Bublikova 
T.M., Kovalenko V.S., Akhmetova G.L., Dubovsky A.B., 
Andreeva T.G., Shironina T.V. (1983) Physical-chemical 
studies of synthetic malachite {in Russian]. Doklady 
Akademii Nauk SSSR, Vol. 270, No. 5, pp. 1117-1119. 

Vertushkov G.N. (1975) The Ghumeshevskoe deposit in the 
Urals (in Russian}. Trudy Sverdlovskogo Gornogo Insti- 
tuta, No. 48, pp. 3-26. 


GEMS & GEMOLOGY Fall 1987. 157 


INAMORI SYNTHETIC CAT’S-EYE ALEXANDRITE 


By Robert E. Kane 


The world’s first commercially available synthetic 
cat’s-eye alexandrite chrysoberyl is now being manu- 
factured and marketed by the Kyocera Corporation in 
Kyoto, Japan. Kyocera markets synthetic gemstones 
in the United States under the trade name “Inamori 
Created.” This article reports on a detailed gemologi- 
cal examination of this new synthetic cat’s-eye alex- 
andrite. Although most of the gemological properties 
of this new synthetic overlap those of natural cat’s- 
eye alexandrite, it can be identified by its unique in- 
ternal characteristics and its unusual fluorescence to 
short-wave ultraviolet radiation. 


Tn late January 1987, the Inamori Jewelry Division 
of Kyocera International, Inc., San Diego, Califor- 
nia, gave GIA two synthetic cat’s-eye alexandrite 
chrysoberyls for study. Kyocera reported that these 
two oval double cabochons (3.27 and 3.31 ct} were 
representative of the new synthetic cat’s-eye alex- 
andrite being manufactured and cut in their highly 
automated synthetics facility in Kyoto, Japan. 
(figure 1). 

This new synthetic cat’s-eye alexandrite was 
first marketed in Japan set in jewelry in early 
September 1986, and has just been released in the 
United States as loose stones as well as in jewelry. 
As of June 1987, Kyocera had produced only 250 ct 
of this material for jewelry purposes. The stones 
currently available range in weight from slightly 
under | ct to 7.5 ct (K. Takada, pers. comm., 1987). 
They are marketed in the U.S. under the trade 
name “Inamori Created,” as are Kyocera’s other 
synthetic gems. In preparing this article, a total of 
13 cabochon-cut Inamori synthetic cat’s-eye alex- 
andrites, ranging in weight from 1.04 to 3.31 ct, 
were subjected to several gemological tests, includ- 
ing detailed microscopic study. The results are 
reported below. A brief history of chrysoberyl 
synthesis is also provided. 


HISTORY OF 
CHRYSOBERYL SYNTHESIS 


Alexandrite is the color-change variety of chrys- 
oberyl, the beryllium aluminate, BeAl,O,, withan 
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impurity of Cr3+, A conspicuous change of color 
from an intense bluish green to a deep “raspberry” 
(purplish) red is the most desirable for alexandrite. 
The flux growth of nonphenomenal chrysoberyl 
dates back to the latter half of the 19th century. 
From 1845 on, Ebelman used borate fluxes to 
synthesize very small crystals of chrysoberyl. 
Later Deville and Caron, and Hautefeuille and 
Perrey, also reported similar success with chrys- 
oberyl synthesis (Nassau, 1980}. Nassau also noted 
that in recent years experiments have been con- 
ducted with the more common lithium molybdate 
and lead oxide—lead fluoride—boron oxide flux 
combinations, but only small crystals have been 
produced. He also cites reports of the use of the 
Verneuil process to synthesize chrysoberyl or 
alexandrite-crystal boules. 

Synthetic chrysoberyl containing only chro- 
mium as a trace element, usually at the 0.05% 
level or less (which results in pale color and a very 
weak alexandrite effect), provides a useful laser 
crystal. Laser rods up to 2.5 cm in diameter and 15 
cm long {1 in. X 6 in.) are being grown by the 
Czochralski pulling technique at the Allied Chem- 
ical Corp. of Morris Township, New Jersey (Morris 
and Cline, 1976). Faceted stones cut from synthetic 
alexandrite grown by the Czochralski method at 
Allied Signal Corp. (formerly Allied Chemical] are 
now commercially available in the trade. The 
hydrothermal growth of synthetic chrysoberyl, 
but apparently not of alexandrite, has been re- 
ported in a series of Czechoslovakian patents by 
D. Rykl and J. Bauer {Nassau, 1980). 
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Faceted synthetic alexandrite has been pro- 
duced and marketed sporadically since 1973 by 
Creative Crystals of San Ramon, California, under 
the trade name Alexandria-Created Alexandrite 
{Cline and Patterson, 1975). Although both flux 
and melt techniques are covered in this patent, the 
inclusions present in the synthetic alexandrite 
commercially available from Creative Crystals 
indicate that this material is definitely flux-grown. 
In 1974, Creative Crystals experimentally synthe- 
sized cat’s-eye chrysobery] (not alexandrite} by the 
flux method; however, this product was never 
placed on the market (D. Patterson, pers. comm., 
1987). 

Faceted synthetic alexandrite has been com- 
mercially available from Kyocera International 
since 1975 {K. Takada, pers. comm., 1987). This 
material does not show any characteristics of flux 
growth and is probably grown by a melt process, 
specifically the Czochralski pulling method. Con- 
firmation of this is provided by a U.S. patent 
assigned to Kyoto Ceramic Co. by Machida and 
Yoshihara (1980], in which the primary emphasis 
is a description of synthesizing alexandrite by a 
direct melting method: the Czochralski (rotational 
pull-up} technique. 

On July 15, 1983, Women’s Wear Daily re- 
ported that the Sumitomo Cement Company’s 
central research laboratory, based in Funabashi 
City, Japan, had succeeded in synthesizing cat’s- 
eye alexandrite. Sumitomo filed for worldwide 
patents for synthesizing this material with a melt 
method that uses the floating-zone technique 
(K. Takada, pers. comm., 1987). The growth process 
is followed by spontaneous cooling to room tem- 
perature and a special heat-treatment process. 

In September 1983, independent of Sumitomo, 
Kyocera began experimentation on the synthesis of 
cat’s-eye alexandrite (K. Takada, pers. comm., 
1987}. This research led to the eventual commer- 
cial marketing of this new synthetic. In a U.S. 
patent by Uji and Nakata (1986) assigned to the 
Kyocera Corp., the synthesis of single-crystal cat’s- 
eye chrysoberyl (not alexandrite} is described. The 
primary emphasis of the patent is on several 
examples whereby the Czochralski method is 
used. The patent also mentions two different 
examples of synthesizing an “olive-green” and a 
brown cat’s-eye chrysoberyl (not alexandrite) by 
means of a lithium molybdate flux. However, 
information contained in this patent, in addition to 
the fact that the Inamori synthetic cat’s-eye alex- 
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Figure 1. This Inamori synthetic cat’s-eye alex- 
andrite appears dark purple-red in incandescent 
light. Photo © Tino Hammid. 


andrites do not show any microscopic characteris- 
tics of flux growth, leads to the conclusion that this 
new product is grown by the Czochralski method. 


GEMOLOGICAL PROPERTIES 

Thirteen cabochon-cut Inamori synthetic cat’s-eye 
alexandrites were closely examined and submitted 
to a variety of gemological tests. The results are 
reported below and summarized in table 1. 


Visual Appearance. A distinct color change was 
observed in all of the samples in fluorescent 
illumination (or natural sunlight) as compared to 
incandescent illumination. When the stones were 
viewed with a single overhead light source, a broad 
eye of moderate intensity was noted in each. When 
viewed with a Verilux fluorescent light source, the 
synthetic cat’s-eye alexandrites appear dark gray- 
ish green with a slightly purplish overtone. The eye 
exhibits a slightly greenish white-blue color. 
There is an overall dull, “oily” appearance. When 
viewed with an incandescent light source (figure 
1), the same stones changed to a dark purple-red 
with a bluish white eye, again with an overall dull, 
“oily” appearance. This “oily” appearance affected 
the transparency slightly in both types of illu- 
mination. When viewed with the unaided eye and 
overhead illumination, as well as with transmitted 
illumination, these synthetics appeared to be com- 
pletely free of inclusions. 
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TABLE 1. The gemological properties of the Inamori 
synthetic cat’s-eye alexandrites. 


Properties that overlap those of 

natural cat’s-eye alexandrites 

Color Moderate to distinct color change from dark 
grayish green, with a slight purplish 
overtone, and a slightly greenish white-blue 
eye under fluorescent lighting; to a dark 
purple-red, with a bluish white eye when 
viewed with incandescent light 


Visual Transparent with an overall hazy, “oily” 
appearance to appearance in both lighting conditions; no 
the unaided eye inclusions are visible to the unaided eye 


Refractive index Spot readings of 1.745-1.755 


Trichroism Strongly distinct colors of purple-red, 
brownish orange, and gray-green 


Color filter Bright red 


reaction 
Specific gravity 3.73 + 0.02; estimated with heavy liquids 


Absorption Absorption lines at 680.5, 678.5, 665, 655, 

spectruma 645, 472, and sometimes at 468 nm (very 

(400-700 nm) weak); broad absorption blocking out all of 
the violet and some of the blue, and portions 
of the yellow-green to orange areas of the 
visible spectrum. Spectrum will vary 
depending on viewing position and which 
rays are isolated. 


Key identifying properties 


Fluorescence 

Long-wave Moderate red (overlaps natural, not 
diagnostic) 

Short-wave Weak, opaque, chalky yellow fluorescence 
that appears to be confined near the 
surface; careful examination reveals an 
underlying weak red-orange fluorescence. 

Inclusions Parallel, straight-appearing and undulating 


color-zoned growth features; and 
nondescript white-appearing, minute 
particles specifically oriented in parallel 
planes (visible only with fiber-optic 
ifumination), which give rise to the 
chatoyancy. With the iris diaphragm partially 
closed (over darkfield illumination at 25 x ) to 
create a shadowing effect, the unevenly 
spaced parallel growth features become 
more evident and reveal themselves as 
undulating rather than straight. 


aAs observed through a hand-held type of spectroscope 


Interestingly, when the cabochons were 
viewed under a strong, single incandescent light 
source down the long direction, asterism was 
observed. The two additional rays were weaker 
than the chatoyant band. This behavior would not 
be expected in natural cat’s-eye alexandrites. 


Physical and Optical Properties. Testing of the 
Inamori synthetic cat’s-eye alexandrites revealed 
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refractive-index values {1.745-1.755, obtained by 
the spot method), specific-gravity values (3.73 + 
0.02), trichroism (purple-red, brownish orange, and 
gray-green], anda bright red reaction to the Chelsea 
color filter that are all essentially consistent with 
the corresponding properties in natural cat’s-eye 
alexandrite. The spectra observed with a GIA Gem 
Instruments spectroscope unit are the same as 
those for alexandrite (natural and synthetic] de- 
scribed in Liddicoat (1981, p. 191) and shown here 
in figure 2, These features were confirmed by 
spectrophotometry. 


Transmission Luminescence. When the synthetic 
cat’s-eye alexandrites were placed over the strong 
light source from the opening of the iris diaphragm 
on the spectroscope unit, they all displayed a very 
strong greenish white transmission luminescence 
{in some viewing positions a slight pink cast was 
seen; see figure 3, left]. In fact, the transmission 
luminescence was so strong that it was visible even 
in sunlight, or any artificial light. This transmis- 
sion luminescence is the cause of the overall dull, 
“oily” appearance seen when the stones are viewed 
with the unaided eye, as discussed above. 

Although natural cat’s-eye alexandrites may 
exhibit a similar transmission, it is generally not 
as strong and has a slightly different appearance. In 
contrast, many natural as well as synthetic alex- 
andrites (not chatoyant) will exhibit a strong red 
transmission (see figure 3, right). 


Figure 2. The absorption spectra for Inamori 
synthetic cat’s-eye alexandrite, as observed on 
a hand-held type of spectroscope at room tem- 
perature, The upper drawing shows the spec- 
trum seen in the red direction, and the lower 
shows the spectrum seen in the green direction. 
Spectral colors are approximate. 
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Figure 3. Transmission luminescence as seen over the strong light source from the opening of the iris 
diaphragm on the spectroscope unit. Left, Inamori synthetic cat’s-eye alexandrite; right, natural alex- 
andrite from Brazil. Photos by Shane McClure. 


Fluorescence. When the synthetic cat’s-eye alex- 
andrites were exposed to long-wave (366 nm) 
ultraviolet radiation, a moderate red fluorescence 
was obsetved. This reaction to long-wave U.V. 
radiation is also seen in natural cat’s-eye alex- 
andrites, When the samples were exposed to short- 
wave (254 nm] U.V. radiation (in a dark room, with 
the synthetic stone lying on a black pad raised to 
within a few inches of the U.V. source], an unusual 
reaction was observed. The cabochons exhibited a 
weak, opaque, chalky yellow fluorescence that 
appears to be confined near the surface. Careful 
examination revealed an underlying red-orange 
fluorescence. This unusual reaction to short-wave 
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a Ta el Figure 4. With the built-in 
iris diaphragm on the Gem- 
olite microscope stage par- 
tially closed (over darkfield 
illumination) to create a 
shadowing effect in this 
cabochon-cut Inamori syn- 
thetic cat’s-eye alexandrite, 
the unevenly spaced parallel 

ud 


U.N. radiation would not be expected in a natural 
cat’s-eye alexandrite, and therefore provides the 
gemologist with an excellent indication that the 
piece is synthetic. 


Microscopic Study. All of the samples were care- 
fully examined with a standard gemological binoc- 
ular microscope; darkfield, fiber-optic, transmit- 
ted, and polarized illumination were all used. 
When the cabochons were examined with 
darkfield illumination, parallel striations were 
seen oriented perpendicular to the length of the 
cabochon. However, it was difficult to discern the 
precise nature of these striations because viewing 


growth features become 
more evident and reveal 
themselves as undulating 
rather than straight. Mag- 
nified 25x, 
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Figure 5. Oblique illumination created with a 
fiber-optic light unit reveals the nondescript, 
white-appearing, minute particles —specifically 
oriented in parallel planes {in association with 
the undulating striations shown in figure 4)— 
that give rise to the chatoyancy in this Inamori 
synthetic cat’s-eye alexandrite. The larger white 
spots are surface features on the stone. 
Magnified 45x. 


was obstructed by the typical “halo” seen in 
transparent, highly polished double cabochons. 
Partially closing the built-in iris diaphragm (over 
darkfield illumination} on the microscope stage, to 
create a shadowing effect, revealed that the un- 
evenly spaced parallel growth features are undulat- 
ing rather than straight (see figure 4). Such features 
would not be expected in natural cat’s-eye alex- 
andrites. Fiber-optic illumination revealed non- 
descript white-appearing minute particles that are 
specifically oriented in parallel planes {in associa- 
tion with the above-mentioned striations}, and give 
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rise to the chatoyancy (figure 5}. No other distinc- 
tive features were seen with transmitted or po- 
larized illumination. None of the inclusions re- 
sembled natural inclusions. 

Natural cat’s-eye chrysoberyls (non—color 
change, as well as alexandrite} always contain 
ultra-fine parallel growth tubes or needles that are 
oriented very close together and give rise to the 
cat’s-eye effect when the stones are cut en cab- 
ochon. These inclusions are quite different in 
appearance from those observed in the Inamori 
synthetic cat’s-eye alexandrites. Natural cat’s-eye 
chrysoberyls also are frequently host to solid 
crystal inclusions of mica, quartz, apatite, and 
actinolite as well as other minerals. In addition, 
two- and three-phase fluid inclusions, containing 
both water and carbon dioxide, are commonly 
seen. Also typical of natural cat’s-eye chrysoberyls 
are strong, highly visible growth features; they 
may be parallel, singular, straight, angular, and 
irregular. The Inamori synthetic cat’s-eye alex- 
andrites examined to date do not contain any of 
these internal features. 


IDENTIFICATION AND 
CONCLUSION 


The Inamori synthetic cat’s-eye alexandrites 
closely resemble their natural counterparts in 
visual appearance, and most of their physical and 
optical properties overlap those of natural cat’s-eye 
alexandrites. The key identifying characteristics 
of the new Inamori synthetic are: (1) the undulat- 
ing growth features seen with the microscope 
when shadowing and darkfield illumination are 
used, and the white particles seen when fiber-optic 
illumination is used in conjunction with magnifi- 
cation; and (2) the unusual fluorescence seen with 
short-wave ultraviolet radiation. 
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Brazilian ALEXANDRITE 


All three locations of the GIA Gem 
Trade Laboratory have recently had 
the opportunity to examine a num- 
ber of cut alexandrites from the new 
find in Minas Gerais, Brazil. The 
stones examined to date have ranged 
in size from 0.20 to 6 ct. While we do 
not know the extent of this deposit, 
there have been reports of substan- 
tial quantities of rough. The color 
change of most of the stones exam- 
ined thus far is reminiscent of fine 
Russian alexandrites: from green to 
bluish green in day {or fluorescent} 
light to purple to reddish purple in 
incandescent light. Photos in the 
Gem News section of the Summer 
1987 issue of Gems # Gemology 
show this change very nicely. 

The properties of these stones 
are consistent with the published 
properties for alexandrite. Those the 
lab has seen show a very strong red 
transmission and a weak red ultra- 
violet fluorescence. Inclusions range 
from typical “fingerprints” and large 
transparent and white crystals to 
groups of bright stringers of tiny 
inclusions, very similar to those 
found in some flux-grown synthetic 
rubies, These are best seen with fiber 
optic illumination. Some of the 
stones are very clean. 

The lab has also examined a few 
cat’s-eye alexandrites from the same 
locality. Most exhibit the same fine 


Editor's Note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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color change and a well-defined, but 
not exceptional, chatoyancy. Appar- 
ently the silk responsible for the 
chatoyancy is not fine enough to 
create a top-quality cat’s-eye effect. 
The largest of the cat’s-eye stones we 
were shown was approximately one 
carat. Shane McClure 


DIAMOND 


Highly Radioactive 

Green Diamond 

Green diamonds are a continuing 
problem for jewelers and gemolo- 
gists. For many stones, it is difficult, 
if not impossible, to determine 
whether the color has been produced 
artificially by irradiation or is natu- 
ral, However, radium-treated dia- 
monds, though rarely seen in recent 
years, are readily detectable with 
relatively simple tests. Dark green 
stains are usually visible on the facet 
surfaces of the stone when examined 
with magnification. In addition, 
these stones are weakly to moder- 
ately radioactive and can therefore be 
detected by a Geiger counter. Ra- 
dium-treated diamonds will also pro- 
duce an autoradiograph (i.e., take 
their own photo from the radiation 
they give off) when placed in contact 
with a piece of photographic film for 
a period of time. 

A 2.67-ct green marquise-shape 
brilliant—cut diamond that was re- 
cently examined by the New York 
laboratory displayed small dark 
green color concentrations when 
viewed with magnification (figure 1). 
The radiation detector indicated an 


Figure 1. The dark green stains 
seen at 40X magnification on 

this 2.67-ct green diamond in- 

dicate that the stone has been 
radium treated. 


Figure 2. The radioactivity of 
the 2.67-ct green diamond pro- 
duced this autoradiograph in 
only one hour, 


unusually high level of radioactivity, 
70 millirems per hour; the radiation 
rate for radium-treated diamonds we 
observed in the past usually ranged 
from I to 10 millirems per hour. 
Whereas we normally must leave a 
radioactive diamond on the film 
overnight to get an image, this stone 
produced an autoradiograph {see fig- 
ure 2} in only an hour! One possible 
explanation is that this stone was 
only recently subjected to radium 
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irradiation. The last stone we re- 
ported with a relatively high level of 
radioactivity (40 millirems per hour} 
was noted on page 304 of the Summer 

1968 issue of Gems & Gemology. 
Although there are no official 
guidelines for the use of radioactive 
stones in jewelry, we strongly recom- 
mend against it because of the poten- 
tial health hazard to the wearer. 
David Hargett 


Treated Yellow Diamond 
with Cape Lines 


A 1.09-ct yellow round brilliant—cut 
diamond (figure 3] was submitted to 
the New York laboratory for deter- 
mination of the origin of the color, 
which at first glance appeared to be 
in or near the fancy intense yellow 
range. This stone fluoresced a weak, 
somewhat chalky greenish yellow to 
long-wave ultraviolet radiation and 
had a similar, but weaker, reaction to 
short-wave U.V. radiation. When ex- 
amined with our standard spectro- 
scope unit, the stone displayed a 
strong Cape series of absorption 
lines. However, a 498-nm and 504- 
nm pair, plus a vague smudge at 594 
nm, were also seen. Strong Cape 
lines ordinarily indicate natural ori- 
gin; however the suspicious fluores- 
cence and the lines at 498 nm and 


Figure 3. Although this 1.09-ct 
fancy intense yellow diamond 
showed the Cape series of nes 
in its absorption spectrum, 
further testing proved that it 
had been irradiated and an- 
nealed. 
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Figure 4. The linked ring design in which these earrings are carved 
is rarely seen in such fine quality natural-color jadeite jade. 


504 nm indicated a need for further 
testing. 

Consequently, the stone was 
chilled with liquid nitrogen and 
tested with a spectrophotometer. 
The same absorption peaks were ob- 
served, but the 594-nm peak was 
now very definite. This confirmed 
that the stone had been treated by 
irradiation and subsequent anneal- 
ing to improve its color. 

Many treated yellow diamonds 
in the fancy color range that are 
submitted for testing show a weak 
Cape spectrum in addition to the 
lines that prove treatment; the pres- 
ence of the Cape series of absorption 
lines indicates that the stone was 
originally very light to light yellow 
in color. However, the strength of the 
Cape series in this particular stone 
suggests that it was probably a fancy 
light or fancy yellow to begin with, 
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but had been treated to make it even 

darker and thus fall into the more 

desirable intense-yellow range. 
Clayton Welch 


Jadeite JADE Earrings 


The Los Angeles laboratory recently 
examined the spectacular “Imperial” 
jadeite jade earrings shown in figure 
4, Each earring consists of two trans- 
lucent rings carved from a solid piece 
of jade so that they are linked to- 
gether chain style. The largest ring 
measures approximately 18.6 mm in 
outside diameter, 7.2 mm wide, and 
from 2.8 to 3 mm thick. The two 
rings are suspended from a_ third 
carved ring-shaped piece that is fit- 
ted with a yellow metal screw-back 
mounting, and set with five round 
brilliant—cut diamonds. 
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The earrings were proved to be 
natural-color jadeite jade on the basis 
of their properties: a 1.66 spot refrac- 
tive index, an aggregate reaction in 
the polariscope, and a strong 437-nm 
band with strong chromium lines in 
the absorption spectrum. The pieces 
were inert to ultraviolet radiation. 
An uneven color distribution was 
easily visible with magnification, as 
was the fine crystalline aggregate 
structure. However, both were much 
less noticeable with the unaided eye. 

The most interesting feature of 
these earrings is the fact that such 
fine-quality green jadeite was used to 
create a linked ring design. It has 
been our experience in the laboratory 
that usually only nephrite jade or less 
expensive colors of jadeite are carved 
in a link design, presumably because 
so much material is lost with this 
type of carving. RK 


PEARLS 


Black Cultured Pearls 


The New York laboratory was re- 
cently asked to identify the single 
strand of black cultured pearls illus- 
trated in figure 5. There were 61 
pearls on the strand, ranging in diam- 
eter from approximately 11 to 14.2 
mm. At first glance, they appeared to 
be the expensive natural-color cul- 
tured pearls that come from the Ta- 
hiti area. 

However, the X-radiograph of 
this same strand showed the reversal 
pattern that is typically seen when a 
silver nitrate dye has been used. 
Because metallic silver deposited 
from the silver nitrate dye solution is 
opaque to X-rays, it shows up as a 
white ring on the X-ray. Conchiolin, 
transparent to X-rays, normally 
shows up as a black ring. 

Another proof of treatment is 
the fact that natural-color black 
pearls fluoresce a dull orangy red to 
red when exposed to long-wave ultra- 
violet radiation, while dyed black 
pearls do not fluoresce at all, as was 
the case here. These pearls may have 
been off-color South Seas pearls that 
were dyed to make them more sala- 
ble. David Hargett 
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Figure 5, The color in these cultured pearls was produced by dye. 


An Unusual Use 
for a Natural Pearl 


The Santa Monica laboratory was 
asked to identify a fairly large but- 
ton-shaped pearl, measuring approx- 
imately 18 mm in diameter by 13 
mm deep, that was quite ingeniously 
used in a jewelry item. A watch is set 
into the pearl which is suspended 
from a detachable white metal 
swivel pendant set with small dia- 
monds. This assemblage is in turn 
suspended from a white metal bow 
pin set with numerous diamonds of 
various shapes and sizes. Figures 6 
and 7 show the front and back of this 
unique piece. 

The pearl did not fluoresce to 
X-rays, which indicates saltwater or- 
igin. An X-radiograph taken through 
the side of the pearl showed struc- 
tural characteristics indicative of a 
hollow natural pearl. However, be- 
cause of the size of the watch set into 
the pearl we could not determine if 
the pearl is a natural hollow blister 
pearl or a natural button pearl that 
has been hollowed out at its base to 
accommodate the watch. KH 


Scenic QUARTZ 
Although we frequently encounter 


chalcedony (the cryptocrystalline 
variety of quartz) with inclusions of a 
scenic nature, we seldom see crystal- 
line quartz with such picturesque 
inclusions. A reader from Massa- 
chusetts very kindly sent such a 
stone to the Santa Monica laboratory 
for our observation and to be shared 
with readers of this column. 

The photo (figure 8} does not do 
the stone justice because the scene is 
actually three-dimensional. Still, it 
does not take much imagination to 
visualize dust storms swirling across 
a rolling desert with a mountain in 
the background. The jasper-like in- 
clusion causing the scene cuts 
through the stone from the first row 
of facets above the girdle to the 
opposite side of the culet, following 
the general direction of the pavilion 
facets, thus giving the three-dimen- 
sional effect when the stone is 
viewed from the top. 

The 43.36-ct gem is a slightly 
milky, very translucent, almost 
transparent variety of quartz. The 
refractive index is approximately 
1.545, with very little discernible 
birefringence. The specific gravity, 
estimated with heavy liquids, is ap- 
proximately 2.65. A bull’s-eye optic 
figure was resolved in the polari- 
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Figure 6. The front view of this 
unusual natural pearl pendant 
gives little evidence of the 
watch that has been set into 
the other side of the pearl. 


scope. The stone was inert to ultra- 
violet radiation. CF 


Heat-Treated Yellow 
SAPPHIRE 


A beautiful orangy yellow oval 
mixed-cut stone weighing 7.60 ct 


Figure 8. Inclusions in this 
43.36-ct faceted slightly milky 
quartz have produced an un- 
usually picturesque three- 
dimensional scene. 
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Figure 7. This rear view of the 
pendant in figure 6 shows the 
watch that has been set into 
the pearl. 


(figure 9] was submitted to the Santa 
Monica laboratory for identification. 
The refractive index, birefringence, 
and optic figure proved that the stone 
is sapphire. Microscopic examina- 
tion revealed natural inclusions as 
well as the strain discs, very fine dot- 
like “silk,” and round cotton-like 
inclusions that are indicative of heat 
treatment. 

Exposure to short-wave ultravio- 
let radiation revealed three zones of 
chalky blue fluorescence close to the 
girdle, another sign of heat treat- 
ment. When the stone was immersed 
in methylene iodide, some interest- 
ing structural characteristics be- 
came visible. In addition to the 
straight angular yellow color zoning 
alternating with near-colorless areas, 
which is characteristic of natural 
origin, three straight blue zones 
close to the girdle (coinciding with 
the areas of chalky blue fluores- 
cence] were seen. Figure 10 shows 
these blue areas, which could be the 
result of the heat treatment. KH 
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Cat’s-Eye SILLIMANITE 
(Fibrolite) 


The mineral sillimanite was named 
after Benjamin Silliman, a Yale Uni- 
versity mineralogist. It has also been 
called fibrolite, in allusion to the 
fibrous nature of the cat’s-eye variety. 

Sillimanite, an aluminum sili- 
cate (Al,SiOs], is polymorphous (the 
occurrence of two or more different 
crystal forms having the same chem- 
ical formula but with different 
atomic structures and therefore dif- 
ferent properties] with kyanite and 
andalusite. Sillimanite itself is a rare 
collector’s stone; cuttable gem-qual- 
ity chatoyant material is extremely 
rare. However, cat’s-eye sillimanite 
has been found in the gem gravels of 
Sri Lanka, the Mogok region of 
Burma, and, more recently, in Kenya. 


Figure 9. This 7.60-ct yellow 
sapphire was found to be heat 
treated. 


Figure 10. Blue color zones ob- 
served at the girdle of the yel- 
low sapphire shown in figure 9 
fluoresce blue to short-wave 
ultraviolet radiation. Magnif- 
ied 3x. 
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Figure 11, Cat’s-eye sillimanite 
is very rare; this stone weighs 
3.44 ct. 


The Los Angeles laboratory re- 
cently had the opportunity to study 
the 3.44-ct cabochon shown in figure 
11, a translucent to opaque very dark 
brown, almost black, cat’s-eye sil- 
limanite. Spot readings revealed re- 
fractive indices of 1.66 and 1.68, with 
a birefringence of 0.02. The stone 
was inert to both short- and long- 
wave ultraviolet radiation. Our stan- 
dard spectroscope unit revealed a 
moderately dark general absorption 
up to about 490 nm, with a broad 
dark band superimposed at 440 to 
450 nm. The specific gravity was 
estimated by the use of heavy liquids 
to be approximately 3.2. 

It is interesting to note that 
another dealer who specializes in Sri 
Lankan gemstones was offering sev- 
eral cat’s-eye sillimanites for sale at 
the 1987 Tucson Gem & Mineral 
Show, an extremely unusual display 
given the rarity of these stones. His 
pieces ranged in weight from approx- 
imately one-half to three carats and 
included near-colorless, violet, 
brownish green, and gray hues, as 
well as a very dark brown, almost 
black stone, similar in color to the 
stone the lab examined. RK 
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A Brownish Gray TAAFFEITE 


The Los Angeles laboratory recently 
identified a 0.61-ct faceted taaffeite 
with the very unusual brownish gray 
color shown in figure 12. The stone 
was inert to both long- and short- 
wave ultraviolet radiation, gave re- 
fractive indices of 1.720 and 1.726, 
and showed a uniaxial optic figure in 
the polariscope. No absorption lines 
or bands were observed when the 
stone was examined with our stan- 
dard spectroscope unit. Microscopic 
examination revealed inclusions that 
have previously been seen in taaffe- 
ite: a large group of very well devel- 
oped pseudohexagonal prismatic 
erystals, a whitish “fingerprint” of 
negative crystals, and a few bright 
reflective fractures. 

Although taaffeite occurs in 
other colors, it is usually purple to 
violet, with a range of saturation 
levels. This is the first brownish gray 
taaffeite we have encountered in the 
lab. RK 


Figure 12. This 0.61-ct stone is 
the first brownish gray taaffeite 
ever seen at the laboratory, 


A Rare Green Cat’s-eye 
Chrome TOURMALINE 


Figure 13 shows a rare green cat’s-eye 
chrome tourmaline that was re- 
cently examined by the New York 
laboratory. This is the first cat’s-eye 


Figure 13. The rare 3.32-ct 
green Cat’s-eye chrome tour- 
maline shown here is repor- 
tedly from Tanzania. 


‘chrome tourmaline of this color seen 


by the New York lab. 

Our client informed us that this 
material was first found in the 1960s 
at the Landanai mine in the Umba 
River area of Tanzania. Apparently 
only a small part of the tourmaline 
production is of gem quality, and 
most of this material is faceted; cat’s- 
eye rough has been very rare. The 
needles that cause the chatoyancy in 
this grayish green 3.32-ct stone are 
eye-visible. The stone also showed a 
strong red reaction to the Chelsea 
color filter, and chromium lines in 
the absorption spectrum. This stone 
can take its place as a collector's item 
along with other unusual cat’s-eyes 
such as sillimanite, kyanite, petalite, 
kunzite, scapolite, and zircon, some 
of which have been illustrated in 
recent issues of Gems &) Gemology 
and the journal of Gemmology. 

David Hargett 


FIGURE CREDITS 
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Editorial Korum 


THE TERM “SYNTHETIC,” 
USE AND MISUSE 


The following comments bear on issues addressed by 
Hanneman (Summer 1986) and Nassau (Fal! 1986} in the 
Editorial Forum section of Gems & Gemology regarding 
use of the term synthetic. 

With regard to functional use, in the opinion of at 
least eight widely recognized usage panels, convened 
between 1962 and 1977, the term synthetic may be used 
both as a noun and an adjective. Both cases may be 
traced ynbrokenly to the ancient Greeks. 

As to usage in meaning only, the view held by many 
gemologists that synthetic should be used only to refer 
to man-made materials that duplicate natural gem 
materials (the so-called restricted definition, as com- 
pared to the classic definition, which maintains that any 
man-made substance is a synthetic) is not shared by the 
overwhelming majority of the scientific community, 
nor by a number of competent gemologists, and cer- 
tainly not by the courts. I have yet to find a ruling of the 
courts that found the restricted definition incumbent on 
the plaintiff or the defendant. The following ruling is 
particularly relevant: 


One synthetic may have properties closer to the 
natural than others; some may duplicate the 
natural, still others may have no natural coun- 
terpart. Whatever the degree of approach 
toward duplication, the substance remains syn- 
thetic. If the jewelry business wishes to differ- 
entiate between degrees of approach, that is its 
prerogative. However, all classes thus estab- 
lished would fall under, and in specification and 
name should not compete with, the genre 
known as synthetic. [Compliance Rulings of 
the Courts, 1975-1980, Vol. 32, Sect. 47, p. 201] 


Nassau revives the myth that the restricted defini- 
tion of synthetic has been used by all competent 
gemologists with the consistent meaning: man-made 
equivalent of the natural. He invokes the names of 
Anderson, Liddicoat, Webster, and himself as examples. 
In so doing, he distorts the record. After decades of 


Editorial Forum 


adhering to this myth of consistency, Anderson con- 
ceded “the inconsistency of this double standard,” here 
referring to the use of two definitions of synthetic by 
many gemologists [Gem Testing, 9th ed., 1980). Lid- 
dicoat, in reference to his own works, states, “That | 
could be accused of inconsistency in application of the 
term synthetic 1 admit freely... .” (pers. comm., 1976). 
After his early years, Webster flatly rejected the re- 
stricted definition in both private communications to 
the author and in his published works (Gems, 3rd ed., 
1975, p. 328}. Recently, Hanneman reported his similar 
observations (Gems & Gemology, Winter 1986, p. 242). 
Nassau has difficulties of his own with consistency. 
In his book Gems Made by Man, he admittedly places a 
few materials under his espoused restricted definition 
that clearly do not qualify. Further, he seeks relief by 
stating: “The term ‘synthetic’ strontium titanate is thus 
used not in the gemological sense of being a man-made 
equivalent of a natural mineral, but in the technical 
sense of having been synthesized by man.” This is 
indeed a strange statement. Is the discipline of gemology 
to be excused from conforming to technical sense? Not 
only does this statement add fuel to the opinion of those 
who feel that gemology as a discipline is not yet 
technically mature, but it also typifies the perplexity 
that advocates of the restricted definition create, to wit, 
they cannot discuss synthetic stones in the necessary 
depth and breadth without resorting to two definitions 
of synthetic, the restricted and the classic. In short, they 
use a double standard, as acknowledged by Anderson. 
In analytical logic, when two or more definitions for 
a single term are used in a given discipline, the usage is 
called Delphic and is not acceptable in argument. It is a 
form of equivocation. The Delphic usage of synthetic 
should be abolished. Yet some gemologists still argue for 
continued use of this equivocation solely on the grounds 
that “it has long been used.” Usage panels, upon first 
encountering the restricted definition of synthetic, 
invariably ask how such usage came to be and from 
where it derives enough support to survive. As for 
origin, this usage evolved slowly from informal ex- 
changes between a handful of early gemologists who 
agreed on a needed definition but not the term for it. 
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After spasmodic mild debates and a draggy search for a 
suitable term, these individuals reached the baffling 
conclusion that the only solution to their problem was to 
take the term synthetic and redefine it for their purpose! 

As for “enough support,” it is built in. As observed 
by Webster (pers. comm., 1974), the advocates of the 
restricted definition “all drank from the same tainted 
font, directly or indirectly, none pausing to question the 
purity.” To this may be added the perpetuation of 
mistaken ideas by teachers through indoctrinated stu- 
dents, strongly aided by the writings of those who were 
similarly inculcated before them. These authors, having 
long since committed themselves in print to the re- 
stricted definition, are most reluctant to admit its 
defects. Now, when challenged, they defend this ill- 
termed definition and their use and misuse of it as if it 
were sacrosanct. 

If, after more than 30 years of refusing to believe 
that certain of its teachings regarding its ideal diamond 
brilliant might be wrong, the GIA can in 1978 correct its 
faulty values of girdle thickness, total depth, and result- 
ing defects in its appraisal system, it should not be too 
late for responsible gemologists to accept the simpler 
task of eliminating the double standard for synthetic 
often found in their midst. 


Eugene S. Love, D.Sc. 
Boone, North Carolina 


HOW TO USE “SYNTHETIC(S)”? 


I agree with Dr. Hanneman (Summer 1986, Winter 1986} 
and Dr. Love (above] that if one looks for confusion then 
one will find it. Yes—there are precedents, dictionary 
definitions, legal usages, and so on. However, even the 
authorities admit that they are not consistent, as I too 
have not always been. Note, by the way, that Drs. 
Hanneman and Love do not agree with each other! Such 
sophistry could go on forever. 

Ideally, there would be decisions made by national 
and international groups on such matters, so that one 
could get back to the important problems. Yet there is 
not even a consensus on the spelling of gem(m)ology. Let 
me reiterate more clearly the closing attitude of my 
previous letter (Fall 1986). As long as my writings are 
understood by the reader as saying what 1 intended, Iam 
comfortable; if I have succeeded in communicating, that 
is all that matters to me. 


Kurt Nassau, Ph.D. 
Bernardsville, NJ 


QUO VADIS, SPECIFIC GRAVITY? 
A COMMENTARY 


For more than 100 years, gemological distinctions have 
been successfully made using specific gravity (S.G.} 
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values of three significant figures {i.e., values carried out 
to the second decimal place]. Today, Archimedes is 
probably turning over in his grave, The advent of digital 
scales and electronic calculators has made it easy to 
generate S.G. values showing three decimal places or 
even four, five, or six decima! places. Consequently, we 
are seeing more and more communications with S.G. 
values purporting to contain four significant figures 
(e.g., 6G. =3.643]. 

The clear implication of such reporting is that these 
S.G, values have emanated from a modern “state of the 
art” laboratory and that they should be considered of 
higher quality than others that contain only three 
significant figures. With but few exceptions, this is 
nonsense. 

Reporting an S.G. value of, for example, 2.778 
implies that the total error associated with the two 
required weighings is on the order of 1 part in 10,000. For 
a one-carat stone, that means the sensitivity of the 
balance must equal at least 1/100 of a point. In the 
absence of experimental details that justify the fourth 
significant figure, I believe it is safe to assume a priori 
that such results are not valid. Let me explain why. 

Normally, $.G. determinations are made at room 
temperature {20°C} and the results are reported to three 
significant figures (e.g.,2.78}.*Under these conditions, no 
errors are introduced by ignoring the effects of tempera- 
ture. In addition, the S.G. taken at 20°C is numerically 
equivalent to the density of the sample (also expressed to 
three significant figures). 

Although most gemologists accept that density and 
S.G. are equivalent, the truth of the matter is that as the 
temperature rises, the density of a gem decreases while 
its measured S.G. increases (due to the greater change in 
the density of the water). If one is to consider the fourth 
significant figure, it is necessary to deal with these 
effects of temperature on the measurement. If the S.G. of 
the previous example were to be measured at room 
temperature, the result might be reported as 
S.G. =2.78333. The superscript represents the air tem- 
perature at which the weight measurements were made, 
and the subscript specifies the temperature of the water 
to which the mass of the object has been ratioed. 

To make serious use of that fourth significant 
figure, it is customary to convert all ratios to water at 
4°C, (Density tables of water provide the factors for 
conversion from any experimental temperature.) The 
result in this case would then be written S.G. =2.778?. 
The difference of 0.005 between this and the previously 
determined S.G. value indicates why one must report 
temperature data along with high-precision S.G, values. 


“Specific gravity is defined as the ratio of the mass (weight) 
of an object to the mass of an equal volume of water at 4°C 
or other specific temperature. 
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Investigators who have been astute enough to 
recognize the need for temperature notations have also 
recognized that the value of SG} is, by definition, 
numerically equal to the density. Consequently, they 
simplify reporting and eliminate the need for the tem- 
perature notations by reporting values with four signifi- 
cant figures as density. 

In spite of modern technology, the limiting factor in 
S.G. determinations is still the sample itself. The major 
premise on which all S.G. and density measurements are 
based is that the sample is homogeneous. While this is 
attainable for gaseous and liquid samples, it rarely is 
attainable with minerals. Experience shows that three 
significant figures is the best that we can realistically 
expect to get. It is not in the best interests of gemology to 
begin revising the tables of S.G. ranges for gems by 
incorporating values having four “significant” figures, or 
to clutter the gemological literature with impressive- 
looking “accuracy” that is essentially useless. For exam- 
ple, no really useful information is imparted by report- 
ing that the S.G. of corundum crystals fused together 
with a glass flux is 3.876 or that one emerald crystal, 
having a few inclusions, has an §.G. of 2.689 while 
another, having more inclusions, has an S.G. of 2.701. 


vor 
‘ 
fan! 


It takes a lot of good work to determine S.G. 
accurately to four significant figures. Such effort should 
be appreciated. Nevertheless, there is an axiom to the 
effect that ifa job is not worth doing at all, it isnot worth 
doing well. Those who violate this axiom should be 
judged accordingly. 


W. W. Hanneman, Ph.D. 
Castro Valley, CA 


ERRATA 

We inadvertently omitted the name of the designer of 
the unusual kunzite necklace that appeared on the 
cover of the Summer 1987 issue, courtesy of Tiffany @ 
Co. We are pleased to notify our curious readers, who 
have diligently queried us, that the designer is Paloma 
Picasso. 

On page 109 of the Gem Trade Lab Notes section in 
the Summer 1987 issue, the reference under the heading 
“Sapphirine” listed incorrect page numbers. The refer- 
ence should read “Fall 1985 issue of Gems & Gemology 
(pp. 176-177).” 


ra 


Continued from page 185 

an offer to purchase the William Pinch collection. With 
the acquisition of Mr. Pinch’s exhaustive collection, the 
museum instantly gains a place among the major 
museumis for scope and diversity of minerals, as well as 
for excellent locality information. Patricia A. S. Gray 


NY auctions thrive under new rules. R. Shor, Jewelers’ 
Circular-Keystone, Vol. 158, No. 8, August 1987, 
pp. 448-451, 


New York auction houses continue to do a booming 
business despite new consumer guidelines that went 
into effect in March of this year. Essentially, these 
guidelines are as follows: New York auctioneers must 
announce publicly if an item has not sold; auctioneers 
cannot bid up an item once it has passed its minimum 
reserve (the lowest bid that a seller will accept}; sellers 
must prove clear title to anything that they put up for 
auction; and auction houses must inform the seller, in 
writing, of all charges and sales commissions, According 
to Stuart Rosenthal, spokesman for the New York 
Consumer Affairs Department, these guidelines repre- 
sent “an appropriate middle ground” between auction 
houses and consumers. 

The article goes on to expand on each of the four 
points, explaining the reasoning behind the guidelines. 
Although, in most cases, the major auction houses have 
adhered to these practices in the past, a move toward 
standardization is undoubtedly a positive step. EBM 
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Something new under the sun: 990 gold—a hard, high 
karat alloy. A. M. Tasker, K. Beilstein, and A. Reti, 
American Jewelry Manufacturer, Vol. 35, No. 8, 
August 1987, pp. 56-66. 


Based on a paper that was presented at both the New 
York and Providence EXPOs, this article provides the 
technical aspects and jewelry applications of a new alloy, 
called 990 gold, that is very nearly pure gold. 

In Hong Kong and the Far East, pure gold is preferred 
in jewelry for its beauty and malleability. However, it is 
too soft to meet the durability needs of Western jewelry 
manufacturers. Using the 1% impurities tolerance for 
pure gold in Hong Kong, Intergold has developed an alloy 
of 99% gold and 1% titanium that satisfies both needs. 

The text covers the unique tempering characteris- 
tics of 990 gold in extensive technical detail, as well as 
its potential application in the jewelry trade. Three 
figures and one table assist in explaining the properties 
and usefulness of the alloy. 

The alloy 990 gold is being marketed in North 
America and is available in wrought form only at the 
present time. Because of the alloy’s unusual age-harden- 
ing properties, casting is not currently recommended 
and care should be taken when soldering this otherwise 
exceptional metal. In accordance with U.S. and Cana- 
dian stamping acts, jewelry manufactured from this 
alloy should be marked “990 Gold” or “23 2/2 karat.” 

EBM 
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GEM NEWS 


John I. Koivula, Editor 


DIAMONDS i 7s 
“Filled” diamonds. In recent months, there has been 
considerable discussion in the trade about the distribu- 
tion of diamonds that have allegedly been filled to 
disguise cleavages and fractures, following a concept 
similar to that of oiling emeralds. Mr. Nubuo Horiuchi, 
of the Central Gem Laboratory in Japan, reported his 
observation in January 1987 of such a treatment, which 
diminishes the visibility of cleavages that reach the 
surface of some diamonds. According to Mr. Horiuchi’s 
report, diamonds treated in this manner were discovered 
by the Central Gem Laboratory in lots imported from 
Israel. An unknown substance, possibly silicone, is 
being used both to give the cleavages a whitish appear- 
ance and to reduce diffuse reflections. This seems to 
improve the overall clarity appearance of these stones. 

Since August of this year, all three locations (New 
York, Los Angeles, and Santa Monica} of the GIA Gem 
Trade Laboratory have encountered a number of imper- 
fect diamonds that appear to have been treated by some 
sort of filling procedure. In September, the GIA Research 
Department acquired a 1,22-ct diamond (figure 1} that 
was reported by the dealer to have been treated in Israel 
to fill the fractures. Prior to its arrival at GIA, the stone 
had been boiled in concentrated sulfuric acid, which 
apparently removed some of the filling material near the 
surface. The result is a white, highly visible subsurface 
cruciform pattern across the table and crown of the 
stone that is probably a good representation of what the 
stone looked like before the filling treatment (figure 2). 
However, the stone also reveals a “rainbow” iridescence, 
not normally seen in diamonds, that appears to be the 
most distinctive characteristic of this treatment 
method (again, see figure 2). 

The September 4, 1987, issue of the Rapaport 
Diamond Report states that such a treatment method 
was first developed by Mr. Zvi Yehuda of Israel. He 
purportedly introduces a “secret” ingredient into these 
heavily flawed stones at high pressure (50 atmospheres} 
and temperature (400°C). The Rapaport Report recom- 
mends that buyers use 20 magnification to look for 
small bubbles around the treated area in addition to 
looking for the “rainbow” iridescence mentioned above. 
On one of the stones that GIA has examined, a distinc- 
tive flow pattern was observed in the filled cleavages 
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Figure 1. This 1.22-ct heavily included diamond 
has apparently been “filled” to minimize the 
cracks and cleavages. Photo by Robert Weldon. 


(figure 3}, very different from the “feathery” appearance 
typical of (unfilled) diamond cleavages. 

The GIA is currently subjecting a number of suspect 
diamonds to a series of sophisticated tests in an effort to 
identify conclusively the filling material as well as to 
confirm the presence of such a material in a specific 
stone. 


De Beers — Botswana —and diamonds. De Beers Consoli- 
dated Mines Limited and De Beers Botswana Mining 
Company (“Debswana”) have reached an agreement 
whereby De Beers will acquire from Debswana all of the 
rough diamond stockpiled during the period 1982-1985 
(when the diamond industry was in recession]. In ex- 
change, Debswana will receive an undisclosed cash 
payment, 5.27% of the enlarged share capital of De 
Beers, and the right to nominate two directors to the 
boards of both De Beers and The Diamond Trading 
Company (Proprietary) Limited. 
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Figure 2. This white cross-like pattern on the 
diamond shown in figure 1 apparently was 
caused by removal of the filling near the surface 
during boiling out in an acid bath. The irides- 
cence also seen here is characteristic of the 
treated portion of the cleavage system. Dark- 
field illumination, magnified 10x ; photomicro- 
graph by John I, Koivula. 


With its three major mines —Jwaneng, Letlhakane, 
and Orapa—Debswana has become a major diamond 
producer (in terms of value} over the last decade. The 
combined diamond production of the Debswana mines 
and those already controlled by De Beers further 
strengthens the base of the Central Selling Organiza- 
tion. For its part, Debswana will obtain an investment in 
the diamond industry beyond its existing mines. The 
terms of this agreement are subject to approval by De 
Beers’s current shareholders. 


Large diamond auctioned. An unusually fine 64.83-ct 
pear-shaped brilliant-cut diamond was auctioned by 
Christie, Mason and Woods in New York on October 21, 
1987. The diamond was graded D color and internally 
flawless, with very good polish and very good symmetry, 
by the GIA Gem Trade Laboratory in New York. It 
measures 34,10 x 22.32 x 14.79 mm. The stone does 
not thus far have a “name,” and nothing has been 
released on its provenance. A photograph of this superb 
gem is reproduced here, in figure 4, with the kind 
permission of Mr. Francois Curiel, of Christie’s, New 
York. 


COLORED STONES 
Iridescent andradite garnets. A very interesting and 
colorful free-form, somewhat oval, cabochon-cut gem 
(figure 5} was given to the GIA Research Department for 
examination because of its unusual appearance. The 
stone was originally loaned to Mrs. Lillian Meyer, 
departmental assistant at GIA, by Mrs. Bernice Rabb, 
who had purchased it in Hong Kong as a black opal. The 
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Figure 3. The inner surface of a filled cleavage 
plane in one of the diamonds examined at GIA 
shows the flowing rounded structures that ap- 
pear to be typical of filling. Shadowed transmit- 
ted light, magnified 50x; photomicrograph by 
John I. Koivula. 


Figure 4, This 64.83-ct D-internally flawless 
diamond was auctioned at Christie’s, New York, 
in October 1987. Courtesy of Christie’s, New 
York; photo © Tino Hammid. 


Figure 5. The stone in this ring, originally pur- 
chased as a black opal, was determined to be 
iridescent andradite garnet from Mexico. Cour- 
tesy of Bernice Rabb; photo © Tino Hammid. 


gem measures 17.17 x 13,6] x 7.80 mm. It was not 
removed from the mounting for weighing, and an 
estimated weight could not be calculated because of the 
free-form shape. 

The stone shows a most unusual play-of-color 
(figure 6) that at first glance gives it the appearance of an 
odd black opal. On more detailed examination, however, 
we found that the refractive index was over the limits of 
a standard gemological refractometer, and that the play- 
of-color seemed to be zoned or laminated in distinct 
planes and at angles suggesting a rhombic form for the 
original crystal. The material proved to be inert to 
ultraviolet radiation, and the hand-held spectroscope 
offered no additional information. On the basis of X-ray 
diffraction analysis, performed by C. W. Fryer, the stone 
was identified as andradite garnet. 

At about the same time, a second, unmounted, 
polished free-form of the same iridescent andradite was 
sent to GIA Research by the New York office of the Gem 
Trade Laboratory for examination. This stone had been 
carefully cut to follow the natural rhombic dodecahedral 
faces of the original garnet. It weighs 44.59 ct and shows 
a mosaic iridescent pattern (figure 7) that is distinctly 
different from that shown by the mounted stone in 
figures 5 and 6. 

Iridescent garnets have been reported in the geologi- 
cal literature before, but never as gems mounted in 
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Figure 6. Bands of iridescent color are easily 
seen in the stone shown in figure 5. Oblique il- 
lumination, magnified 20x; photomicrograph 
by John I. Koivula. 


Figure 7. A different, mosaic, pattern was ob- 
served in the second iridescent andradite exam- 
ined, Oblique illumination, magnified 10x ; 
photomicrograph by John I. Koivula. 


jewelry. A 1943 report (E. Ingerson and J.D. Barksdale, 
“Iridescent garnet from the Adelaide Mining District, 
Nevada,” American Mineralogist, Vol. 28, pp. 303-312) 
describes such material from Nevada. Mr. Bart Curren, 
owner of Glyptic Illusions, Topanga, California, made a 
field trip to the locality described by Ingerson and 
Barksdale, but with little success. Although he found a 
quantity of iridescent garnets, the pieces were all very 
small and the iridescence appeared different in its 
structural aspects from the two stones we had exam- 
ined. Thus, the Nevada locality was ruled out as the 
source for these much larger gems. 

Subsequently, however, we met two gem and min- 
eral dealers from Mexico who had several large polished 
free-form iridescent andradite garnets for sale. The color 
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patterns of these stones were almost identical to those 
displayed by the two stones we had seen previously. 
From these dealers, we learned that the iridescent 
andradites are a by-product from a calcite mine located 
about 145 km northeast of Hermocillo, Sonora, Mexico. 


Plasticized emeralds. Mr. Nubuo Horiuchi (of the Cen- 
tral Gem Laboratory in Japan} also reports that a number 
of plastic‘treated emeralds have been observed over the 
last three years in Japan. As with oiling, the treatment 
only works if the fractures reach the surface of the stone. 
With this treatment, it appears that the fractures are 
first cleaned and then impregnated with an as-yet- 
unknown type of liquid plastic, which is then presum- 
ably hardened by exposure to light or ultraviolet radia- 
tion. This treatment appears to be much more durable 
than oiling, but it is nonetheless still a treatment. 
According to Mr. Horiuchi, it is difficult to distinguish 
between the plastic treatment and oiling. 

Editor’s note: Oiled stones have a tendency to 
“sweat” their oil when exposed to even slight tempera- 
ture increases (e.g., during examination with a gemologi- 
cal microscope}. A stone that had been plastic impreg- 
nated would not show this reaction. Perhaps there may 
also be a characteristic fluorescence. For extremely 
valuable suspect gems, infrared spectrometry should be 
definitive. The Gem News editor would greatly appreci- 
ate the opportunity to examine one or more of these 
plasticized stones for a more detailed discussion in an 
upcoming issue of Gems #&) Gemology. 


Kunzite from Sri Lanka. Mr. Gordon Bleck. a miner and 
dealer in Sri Lankan gem materials, reports that the pink 
variety of spodumene, kunzite, has been found in an 
area east of Ratnapura at Okkampitiya. The material is 
described as medium to dark pink in color. There 
appears to be a good quantity of gem-quality material. 
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Figure 8. These two cat’s-eye 
quartzes (the larger stone weighs 
61.25 ct) are reportedly from a new 
locality near Belo Horizonte, Brazil. 
Courtesy of Hrach Chekijian; photo 
by Robert Weldon. 


The approximately 10-cm (4 in.} crystal examined by the 
Gem News editor was somewhat etched, similar to the 
material from San Diego County, California, and con- 
tained complex three-phase inclusions typical of peg- 
matitic spodumene. To our knowledge, this is the first 
time that kunzite has been reported from Sri Lanka. 


“Rainbow moonstones” are labradorite. Dr. Henry 
Hanni, of the Mineralogical and Petrographic Institute 
of the University of Basel, Switzerland, has found 
through his research into feldspar mineralogy that the 
so-called “rainbow moonstones” coming from India are 
not true moonstone alkali feldspars, but rather are 
labradorite feldspars. Microprobe analysis provided the 
identification. 

These labradorite feldspars get their phenomenal 
color effects by diffraction from lamellar growth, in the 
same way that the Finnish spectrolite-labradorites do, 
and not from exsolution of albite in orthoclase —as is the 
case with true adularescent moonstones. However, be- 
cause they lack the ilmenite inclusions that give most 
labradorites a dark grayish background body color, these 
feldspars appear white to almost colorless, and thus the 
misidentification, 


Phenomenal quartz from Brazil. Mr. John Bradshaw, 
curator of the Harvard Museum’s gemstone collection, 
sent Gem News a selection of translucent to semi- 
transparent orangy brown cat’s-eye quartzes that have 
been coming out of a locality near Belo Horizonte, 
Minas Gerais, Brazil. The gem-quality stones examined 
thus far range in weight from 24.58 to 61.25 ct; they are 
the property of Mr, Hrach Chekijian. Some of the stones 
show weak stars with one very strong ray producing the 
chatoyancy, while others show only one strong 
chatoyant ray. One of each type of stone is shown in 
figure 8. We do not know how much of this material is 


GEMS & GEMOLOGY Fall 1987 175 


available, but the stones appear to have excellent jewelry 
potential. 


Included quartz from Mexico. Rock crystal quartz 
containing inclusions of marcasite, with minor amounts 
of pyrite, chalcopyrite, silver, and gold, is being produced 
at the Solaverna mine in Zacatecas, Mexico. The mate- 
rial is so densely filled with marcasite and the other 
inclusions that it appears almost black and, for all 
practical purposes, is opaque. The material is being cut 
into beads and sold under the trade name Solavernite. 


New ruby locality in Afghanistan. Mr. Gary Bowersox, 
president of Gem Industries, Inc., in Honolulu, Hawaii, 
reports that a new find of gem-quality ruby has been 
discovered in Afghanistan, northeast of Kabul. This 
mine is unrelated to the deposit near Sorobi, known as 
the Jegdalek mine, that was reported by Mr. Bowersox in 
his article ‘A Status Report on Gemstones from Af- 
ghanistan,” which appeared in the Winter 1985 issue of 
Gems & Gemology. 


Heat-treated pink sapphires. Mr. Gordon Bleck also has 
informed us that many Sri Lankan pink sapphires are 
heat treated in Sri Lanka to improve their color by 
driving off any blue overtones that may be present. The 
heating is done in air in an open fire. The temperature 
reached during this type of heat treatment may be as 
high as 1100°C. 


New locality for topaz. In the July 1987 issue of Mineral 
News, Lanny R. Ream reported on a major new find of 


topaz in the northeastern United States. The deposit is 
said to be in the state of New Hampshire, but more | 
accurate locality information was not available. The 
specimens from this new source are reputed to be of top 
quality. 


Treated cat’s-eye zircons. Although chatoyant zircons 
are not particularly common, they have been reported in 
the literature from time to time. They are known to 
occur in a variety of colors, such as green, brown, and 
pale yellow. Mr. Gordon Bleck informs us that some of 
these “cat’s-eye” zircons have in fact been treated to 
create a false eye. To fabricate chatoyancy in zircon, Mr. 
Bleck reports, “feldspar is melted onto the back of the 
zircon” cabochon. However, “the backs of the cabochons 
must be left somewhat rough in order for the treatment 
to work.” Mr. Bleck uses a simple test to detect these 
false cat’s-eyes. He rubs an emery board across the back 
of the cabochon in question; if the stone has been 
treated, the cat’s-eye will disappear. With a microscope, 
it is also possible sometimes to see small natural pits 
and scratches that have been filled in by the melt. 


Acknowledgments: In addition to those individuals 
mentioned specifically in the Gem News text, the ed- 
itor would like to thank Dr. Emmanuel Fritsch, Mr. 
C. W. Fryer, Ms. Patricia Gray, Mr. Robert E. Kane, 
Dr. James E. Shigley, and Ms. Carol M. Stockton for 
supplying useful information for this column. 


ANNOUNCEMENTS 


The Tucson Gem and Mineral 
Show will be held February 11-14, 
1988, at the Tucson Community 
Center. The featured species for the 
show is beryl. For more informa- 
tion, contact the Tucson Gem and 
Mineral Society, PO. Box 42543, 
Tucson, AZ 85733. 

The American Gem Trade As- 
sociation [AGTA} will again be in 
Tucson, February 6-11, at the Dou- 
bletree Hotel. Along with their 
usual seminars and trade shows, 
AGTA will announce the winners 
of the Spectrum Award (a jewelry 
contest aimed at the effective use 
of colored stones) during that time. 
The deadline for entries for the 
Spectrum Award is November 4, 
1987, for information, contact the 
AGTA headquarters at the World 
Trade Center #181, PO. Box 
581043, Dallas, TX 75258, (214) 
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742-4367. AGTA is also offering 
special travel rates; call (800) 
972-1163. The GLDA show will be 
at the Holiday Inn Broadway, Febru- 
ary 6-14, for information call (602) 
742-5455. 

The Gemological Institute of 
America will have various lectures 
and seminars at the Holiday Inn 
Broadway, February 6-11. For infor- 
mation, call (800) 421-7250, ext. 
227, or write GIA, 1660 Stewart 
St., Santa Monica, CA 90404. The 
American Gem Society (AGS) will 
also present seminars and other ac- 
tivities at the Viscount Suite Hotel, 
February 3-8, Contact AGS at 5901 
West Third St., Los Angeles, CA 
90036, (213) 936-4367. 

Numerous other shows will be 
held at various locations around 
Tucson (e.g., the Holiday Inn/Holi- 
dome, the Sheraton Pueblo Inn, the 


Tucson Pima County Fairgrounds, 
the Desert Inn, and the Americana 
Hotel} during the same period. 


The Asian Institute of Gem- 
ological Sciences, Bangkok, Thai- 
land, announces the publication of 
its quarterly newsletter Gemologi- 
cal Digest. Written in English, 
Gemological Digest will feature ar- 
ticles on a variety of subjects, in- 
cluding gemology, jewelry, and im- 
portant issues that affect the trade. 
The first issue, available now, con- 
tains articles on the disclosure of 
treatments and the pink sapphire 
vs. ruby controversy. Gemological 
Digest is free to all members of the 
trade. For more information, con- 
tact the Asian Institute of Gem- 
ological Sciences, 987 Silom Road, 
Rama Jewelry Building, 4th Floor, 
Bangkok 10500, Thailand. 
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HARRY WINSTON, 
THE ULTIMATE JEWELER, 
2nd edition 


By Laurence Krashes, 218 pp., illus., 
publ. by Harry Winston, Inc. (New 
York) and the Gemological Institute 
of America {Santa Monica, CA), 
1986. US$75.00* 


Dedicated to the memory of Harry 
Winston, this book is a lavish tribute 
to his skill and imagination. Vivid 
and alluring, it is a spectacle of 
treasures and certainly a comple- 
ment to any library. 

The book is well organized into 
three main sections. The first un- 
folds the fascinating life of Harry 
Winston, tracing the chronology of 
his most notable achievements in the 
jewelry trade. The second section 
presents descriptions, and in most 
cases illustrations, of 48 historically 
important diamonds handled by 
Winston at one time or another. Al- 
though the introduction states that 
“the original intention of this book 
was to reproduce those entries [relat- 
ing to Wihston stones] in the Gem- 
ological Institute of America’s Dia- 
mond Dictionary,” this second sec- 
tion alone surpasses that intention 
by providing an updated, readable 
guide that rivals any reference now 
available on the subject. The third 
section is devoted to the genius of 
Winston's jewelry designs. A succes- 
sion of full-color photographs and 
drawings illustrate Winston’s com- 
mitment “to place emphasis on the 
beauty of the gemstones them- 
selves.” Of these photos, fewer than 
10% have ever appeared in print 
before. 

The author should be com- 
mended for his engaging style and 
skillfulness in adding a sense of 
drama and excitement to the intrigu- 
ing anecdotes. The depth of informa- 
tion provided, especially regarding 
the provenances and subsequent his- 
tories of Winston’s major transac- 
tions, indicates that much thorough 
research was involved. To its benefit, 
this second edition has been slightly 
re-arranged and expanded from the 
original version. Having the contents 
page closer to the beginning allows 
the reader to reference more quickly, 
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and additional footnotes bring more 
depth and clarity to the text; approx- 
imately 20 of the color pieces are new 
to this edition. Over 130 color and 30 
black-and-white illustrations are in- 
cluded. 

It is difficult to find any signifi- 
cant flaws in this book. Although 
there are problems with the repro- 
duction of a few of the color illustra- 
tions, this is probably due to the 
quality of the original photographs, 
since several of the pieces date back 
to the 1950s and early 1960s, Other- 
wise, it appears that no detail has 
been overlooked in the production. 
Priced at $75.00, the book is unde- 
niably a worthwhile investment. 


CAROL P. ELKINS, G.G. 
Sotheby’s, Beverly Hills, CA 


ALEXANDRE REZA: 
DREAMS OF YESTERDAY, 
REALITIES OF TODAY. 


by Arlette Seta, 120 pp,, illus., publ. 
by Editions d’Art Monelle Hayot, 
Paris, 1985; trans. by Christine 
Jones. US$50.00* 


Written as a showcase for the work of 
master jeweler Alexandre Reza, this 
book also provides an overview of 
jewelry design throughout history. 
Reza’s jewels demonstrate once again 
what modern designers often forget: 
that there is a timelessness about 
jewelry. Historically, designs in jewel- 
ry are rediscovered and imitated in 
successive centuries. Modifications 
are made with advances in technol- 
ogy, but the initial beauty of a classic 
jewel remains unchanged with the 
passage of time. Reza’s jewels are all 
replicas or adaptations of jewelry 
designs found in archaeological sites, 
Renaissance paintings, and jewelry 
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design books from the 17th through 
19th centuries. 

Incorporating modern methods 
of gem cutting to maximize the color 
and brilliance of the gemstones, and 
using current technology in precious 
metalsmithing, Alexandre Reza’s 
workshops in Paris produce sump- 
tuous suites of jewelry that are both 
current and fresh and yet echo back 
to earlier centuries. 

The text describes the evolution 
of jewelry design throughout history, 
focusing on those styles that Reza 
has replicated. Peppered with quotes 
and anecdotes of the royalty who 
commissioned these jewels and the 
masters who designed and fabricated 
them, the book provides much inter- 
esting information about the sym- 
biosis of art and power. Although 
emphasis is naturally placed on 
French jewelry design, German, 
Austrian, Italian, Russian, English, 
Persian, and Indian designs are also 
represented. 

Unfortunately, the original 


“overly florid French text has been 


inexpertly translated and the result 
is difficult to read and at times unin- 
tentionally humorous. A too-literal 
translation has given rise to stilted 
expressions that obscure rather than 
clarify the meaning of the text, along 
with a few words that are totally new 
to the English language. 

The book was apparently com- 
piled to document an exhibition at 
the Jacquemart-André Museum, but 
further details about the exhibit are 
not given. A foreword by Reza him- 
self and an introduction by René 
Huygue, director of the Jacquemart- 
André Museum, give a glimpse into 
the character of the otherwise enig- 
matic artist who has produced these 
luscious jewels. A scholarly bibli- 
ography and 80 exquisite illustra- 
tions, 48 in color, are themselves 
sufficient reason to acquire this 
book. 


ELISE B. MISIOROWSKI, G.G. 
Research Librarian, G.1A. 


*This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. 
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CRYSTAL GROWTH 
PROCESSES 


By]. C. Brice, 298 pp., illus., publ. by 
Blackie/Halstead Press, Glasgow, 
1986. US$61.95* 


John Brice is a veteran of over 25 
years in the field of crystal growth in 
the United Kingdom laboratories of 
the giant Philips Company. A major 
contributor in the field, he has been 
particularly concerned with elec- 
tronic materials, including materials 
for optical devices. He has authored 
two previous books, Crystal Growth 
from the Melt and Crystal Growth 
from Liquids, which cover more spe- 
cialized aspects of the subject and 
have been quite popular within the 
crystal-growth community. This 
third book, Crystal Growth Pro- 
cesses, is directed at scientists and 
engineers who are required to grow 
crystals, but it is basic enough to 
serve as an introduction to the whole 
field of crystal growth for students 
and others who have an interest in 
this subject. 

Brice’s main expertise is in the 
often gray area between the theory 
and the practice of crystal growth. 
The book contains a set of theoreti- 
cal models that attempt to specify 
parameters such as the crystal 
growth rate as a function of the 
system variables. The systems now 
used to grow crystals commercially 
are often extremely complex, and are 
difficult to describe by relatively 
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simple equations. However, Brice 
does a good job of setting out equa- 
tions that can guide the researcher or 
engineer to make quantitative pre- 
dictions about the effects of chang- 
ing the system variables. The under- 
lying principles are also well de- 
scribed. 

The book has three main sec- 
tions. The first, comprising roughly 
one-third of the text, discusses the 
uses of single crystals and methods 
of growth. The author estimates that 
900 tons of crystals are grown each 
year for the jewelry industry. The 
major part of this section discusses 
basic concepts—chemical bonding, 
defects in crystals, phase diagrams, 
the crystal surface, growth kinetics, 
transport processes, and an approach 
to a generalized {mathematical} de- 
scription of crystal growth. The next 
section, which makes up more than 
half the book, is devoted to each of 
the major methods of crystal 
growth—liquid, vapor, and solid 
sources— with emphasis on elec- 
tronic materials. However, only two 
pages are devoted to Verneuil’s 
flame-fusion process, the most popu- 
lar for the economic growth of some 
gem materials such as sapphire. The 
comment that “Verneuil-grown crys- 
tals tend to be rather imperfect and 
suitable for uses where imperfec- 
tions do not matter (e.g., jewellery} 
...” illustrates the author’s perspec- 
tive. The skull-melting method, 
which is used to make cubic zirconia 


crystals, receives a one-page descrip- 
tion. 

The final chapter is concerned 
with the selection and optimization 
of methods of crystal growth, and 
includes a short review of the tech- 
niques of crystal characterization. 
This useful section, which is not 
usually found in a book of this kind, 
discusses the economics of crystal 
production. 

In summary, Crystal Growth 
Processes is a book for the serious 
practitioner of the subject, especially 
one who is comfortable with apply- 
ing equations to compare theory 
with practice. It is probably the best 
introduction to the subject of crystal 
growth for an engineer or advanced 
student, and will be of value to the 
experienced crystal grower who has 
been used to a “seat-of-the-pants” 
approach and wants to try something 
more quantitative. Even someone 
who does not want to get involved 
with the equations will benefit from 
the discussion of fundamentals. For 
the most part, however, the gemolo- 
gist who wants to know more about 
the ways in which synthetic gem 
crystals are produced will find more 
on this specialized topic in Gems 
Made by Man by Kurt Nassau, or in 
this reviewer’s (unfortunately more 
expensive} Man-made Gemstones. 


DENNIS ELWELL, Ph.D. 
President, Elwell & Assocs. 


Materials Synthesis and 
Crystal Growth, Carlsbad, CA 
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COLORED STONES AND 
ORGANIC MATERIALS 


Beryl: Beautiful “accidents” of nature. R. C. Kammer- 
ling, Jewelers Quarterly, First Quarter, 1987, pp. 
6-8, 10-11. 

The author has produced an informative yet easy-to-read 

article on three gem varieties of the mineral species 

beryl: aquamarine, morganite, and golden beryl (helio- 

dor), For each variety, mining regions, causes of color, 

color enhancement, famous stones, history and lore, and 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely af the discretion of the section 
editor and her reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest to 
our readership. 


Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstracter 
and in no way reflect the position of Gems & Gemology 
or GIA. 


©1987 Gemological Institute of America 


Gemological Abstracts 


the evaluation of color are discussed. Aquamarine, the 
best known of the group, is described in much more 
detail than the others. Kammerling concludes by em- 
phasizing that it is the inclusion of impurity elements 
that produces the different color varieties of beryl. 
Barton C, Curren 


Les gemmes en Iumiére: Quand les grenats jouent aux 
opales. (Gems in light: When garnets act like 
opals.) C. and A. da Cunha, Monde & Minéraux, 
No. 79, May-June 1987, pp. 30 and 35. 

The authors describe in some detail a parcel of iridescent 

garnets recently collected in the American Southwest. 

Iridescent lamellae exhibiting all the colors of the 

rainbow are oriented in three directions on a reddish 

black background. Microprobe analyses of a rough 

crystal and a cabochon showed that this material is a 

mixture of andradite, almandite, and grossular. The 

origin of the iridescence is discussed, with reference 
made to a series of Japanese studies dealing with 
iridescent garnets of somewhat similar composition 
from Adelaide, Nevada, and Kamihogi, Japan. Two types 
of lamellae are found in both cases: one rich in iron, the 
other rich in aluminum. The iridescence depends on the 
spacing and thickness of the lamellae. Three color 
photographs illustrate this article. EF 
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Jade, stone of heaven. E Ward, National Geographic, Vol. 
172, No. 3, September 1987, pp. 282-315. 


In this comprehensive article, Ward traces the history of 
jade—both nephrite and jadeite—through a first-hand 
account of his travels to the world’s major jade-mining 
and carving localities. His narrative takes the reader 
from the Kunlun Mountains of Xinjiang Province, in the 
People’s Republic of China, where alluvial boulders of 
white nephrite are found, to Rangoon, Burma, with its 
annual jade auction and gem emporium. He also de- 
scribes nephrite mining in such localities as British 
Columbia, South Australia, and the Arahura River of 
New Zealand, as well as jadeite recovery in Guatemala, 
once a source of Mayan jade. Throughout the article, the 
author discusses the historical, aesthetic, etymological, 
and commercial aspects of jade, including accounts of 
jade carving in Hong Kong, dealings in smuggled jadeite 
in northwestern Thailand, and the use of the Chinese 
word for jade, yu, to describe a number of other materials 
suitable for carving. 

Of particular interest to gemologists is a section 
dealing with the problems of identifying the jades—and 
their separation from a number of other materials called 
“Jade” by both past and present cultures. In this respect it 
is unfortunate that, as the author points out, archaeolo- 
gists “are confusing an already muddled history by 
introducing a new term to encompass all carved green 
material—‘cultural jade.” This section includes a dis- 
cussion of a portable instantaneous display and analysis 
spectrometer (PIDAS} that can be used to identify 
artifacts thought to be jade. 

This article is very well illustrated, as we have come 
to expect in all reports published in National Geo- 
graphic. It is “must” reading for today’s jeweler-gemolo- 
gist. RCK 


Une nouvelle variété noble de feldspath (A new gem 
variety of feldspar), E. Giibelin, C. R. Bridges, and 
G. Graziani, Monde & Minéraux, No. 79, May- 
June 1987, pp. 20-24. 


Light blue to light green gemmy feldspars were recently 
discovered near Kioo, Kenya, 13 km east of Sultan 
Hamud. They are found in pegmatite dikes that intrude 
metamorphosed Precambrian sediments. The peg- 
matites also contain large gem blue kyanites, garnets, 
quartz, black tourmalines, and vermiculite (a mica}. The 
deposit is mined with explosives and hand tools, The 
feldspar is very similar in color to aquamarine; the 
luster is vitreous. The refractive indices are n, = 1.531, 
Ng = 1.535 and nj=1.539, with 2V=90°. Optical mea- 
surements, together with X-ray diffraction and electron 
microprobe results, indicate an oligoclase (6.2% an- 
orthite) with a peristerite structure. The inclusions 
observed are unique growth inhomogeneities (a picture 
is provided], “fingerprints” with occasional two-phase 
inclusions, and vermiculite crystals. Three color photo- 
graphs and eight other figures illustrate this article. EF 
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The joy of jade. D. Kaye, Town &) Country, Vol. 41, No. 
5085, June 1987, pp. 126-129, 171. 


Written for the general reader, this article covers some of 
the history and lore of jade and attempts to explain some 
of the unexpectedly high prices recently paid at auction 
for jade items. 

While there is some useful and interesting informa- 
tion here, the article is wanting in a number of areas. 
When discussing the high prices paid for various pieces, 
the author does not state whether the item in question is 
jadeite or nephrite; thus, the price paid for a necklace 
consisting of what is probably fine-quality jadeite is 
equated with that paid for nephrite carvings of great 
historical value. In fact, most of this discussion takes 
place before the author ever mentions that jade is really 
two distinct minerals. This failure to distinguish be- 
tween jadeite and nephrite also carries over to the 
photographs, where only 3 out of 15 are identified as to 
type of jade. RCK 


DIAMONDS 


Cleavage surfaces of diamond. E. M. Wilks and J. Wilks, 
Industrial Diamond Review, Vol. 47, No. 518, 
January 1987, pp. 17-20. 


The smoothness and reproducibility of cleavage patterns 
in gem-quality diamonds were investigated for three 
groups: type [ brown diamonds, which tend to cleave 
with a rough surface; type I] diamonds, which have 
relatively smooth and uniform cleavages; and type I 
colorless diamonds with a high degree of lattice perfec- 
tion, which cleave more smoothly than the type I 
browns but less so than the type II diamonds. 

While stones within each group showed marked 
similarity in cleavage patterns, the differences between 
groups were significant. This variability is attributed to 
large-scale variations in crystal structure that arise from 
the presence of impurity atoms, as revealed by X-ray 
topography and cathodoluminescence studies. The 
higher concentrations of impurities in type I, especially 
brown, diamonds contribute to the rougher cleavage 
surface typically observed. EF 


Diamond dilemma —how discounting is reshaping the 
market. R. Shor, jewelers’ Circular-Keystone, Vol. 
158, No. 6, June 1987, pp. 134-147. 
The obsession with cost control is changing traditional 
patterns in the world diamond market. The slow cash 
flow and thin margins available to sightholders have 
prompted them to bargain with De Beers as never before. 
At the same time, De Beers, under the new leadership of 
Nicholas Oppenheimer, appears to be listening to the 
sightholders and seems to be heeding some legitimate 
complaints. Yet, although De Beers is watching its costs 
to producers, it is also facing stiff resistance to its second 
price increase in less than a year. With an eye on world 
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politics, the Central Selling Organization recently 
moved its headquarters to Lausanne, Switzerland. How- 
ever, CSO spokesman Richard Dickson, emphasizing 
that most activity is still conducted in the London 
office, stated that the move “has no effect on our day-to- 
day operations.” 

With the price and supply of diamonds controlled by 
De Beers, the biggest cost saving available to cutters is to 
move production to countries where labor costs are 
extremely low. Third-world countries such as China, 
Malaysia, and Thailand, as well as Hong Kong, are 
putting pressure on traditional cutting centers such as 
Antwerp, New York, Israel, and even India, 

In Belgium, the devaluation of the dollar by 33%, 
coupled with the government’s crackdown on under-the- 
counter payment to workers, has virtually doubled 
cutting costs. Automated cutting helps some plants cut 
expenses, but Antwerp is no longer competitive for 
stones under a quarter carat. 

In New York, business is strong, but price resistance 
keeps margins small. The outlook here is for continued 
specialized cutting of only the biggest and best because 
of the competition from Antwerp and Israel in finished 
sizes under 2 ct. 

The Israeli industry has dramatically broadened its 
share of the U.S. market with mass merchandisers, 
manufacturers, and chains. New “grain-finding” Pier- 
matic polishing machines have helped Israel remain 
price competitive in the face of increased competition 
from India. 

India, fearing competition from Asian countries 
that pay even lower wages, now allows importation of 
high-tech polishing equipment. Worldwide, conserva- 
tive bank lending continues to dampen speculation in 
the market. At the same time, the Japanese buying spree 
appears to be losing momentum. 

Retailers, faced with cut-throat price competition, 
are increasingly turning to Asian jewelry manufac- 
turers. Big firms such as Sears and Best Products have 
both established buying offices in Israel, thus curtailing 
the business of traditional New York importers. It is 
obvious that cost cutting is changing the face of the 
world diamond business. James R. Lucey 


Diamonds: Giant leap in 1986 production. J. Roux, 
Jewellery News Asia, No. 36, August 1987, pp. 
45-50. 

In 1986, world diamond production soared to a record 

height of more than 88 million carats. This leap was 

primarily the result of Australia’s 1986 diamond produc- 
tion figures, which swelled to over 29 million carats 
from the 1985 figure of approximately 7 million carats. 

This surge elevated Australia to the world’s largest 

diamond producer. Production in other countries 

changed little, except for Botswana and Zaire, both of 
which showed substantial increases. 
In Botswana, diamond production increased to 
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13,090,407 carats, up more than 450,000 carats from 
1985. In Zaire, production increased by around 1 million 
carats in 1986, the result, in part, of new governmental 
policies and regulations designed to restructure inde- 
pendent and foreign mining interests and reduce smug- 
gling. South African production rose only minimally. 
The decrease in ore grades from several mines, together 
with the retrieval of lower-grade material from dump 
recovery efforts, offset increases at the Premier and 
Namaqualand mines in South Africa. 

Namibia boosted production nearly 100,000 carats 
to a 1986 total of over 1 million carats. In Tanzania, 
production dropped by more than 100,000 carats due to 
low ore grade at the Williamson mine and a shortage of 
development capital. In Angola, production decreased 
dramatically, from approximately 700,000 carats in 1985 
down to 200,000 carats in 1986. Civil war and the 
transition of Diamang from government owned to 
privately run are cited as the major causes for the 
decline. 

Extensive exploration efforts are particularly active 
in Australia, Indonesia, China, and Sierra Leone. De 
Beers is continuing worldwide exploration in Africa and 
the Americas as well. 

As usual, accurate production figures are not avail- 
able for most diamond sources. The data used for this 
article were compiled mainly from U.S. Bureau of Mines 
reports and the British publication The Mining Journal. 
It should also be noted that the article discusses total 
rough diamond production without reference to gem vs. 
industrial quality, sizes, or detailed grade/tonnage infor- 
mation. Regardless, the article is helpful as a general and 
comparative overview of 1986 diamond production 
worldwide. Gail L. Kirchner 


INSTRUMENTS AND TECHNIQUES 


Confusing colourless stones. D. Kent, Journal of Gem- 
mology, Vol. 20, No. 6, 1987, pp. 344-345, 
This short article is primarily a discussion of why and 
how the author has assembled a collection of colorless 
natural gemstones and diamond simulants. The value of 
the article lies in a chart Mr. Kent has included that 
shows infrared reflectometer readings and refractive 
indices for each of the 39 faceted gem materials in his 
collection, along with carat weight and specific gravity. 
It is interesting to see the correspondence between the 
infrared reflectometer readings and R.I. EBM 


JEWELRY ARTS 


B is for beautiful. C. Seebohm, Connoisseur, Vol. 217, 
No, 902, March 1987, pp. 59-65. 


Daughter of jewelry giant Constantine Bulgari, Marina 
Bulgari was raised with an understanding of, and appre- 
ciation for, fine jewelry. From the age of 12, Marina was 
involved in her family’s business; steadily, she developed 
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her talent as a designer. In the 1970s, when the third 
generation of Bulgaris inherited control of the company, 
Marina found that “there were too many of us with too 
many differing philosophies.” Needing the freedom to 
express herself, Marina broke away from the company; 
in doing so, she agreed to the stipulation that she not use 
the Bulgari name. In 1979, Marina opened her first 
jewelry showroom in Geneva as simply Marina B. 

Marina Bulgari’s opulent and extraordinary designs 
are intricately fabricated, with interchangeable parts, 
swivels, hidden springs, and invisible clasps, so that the 
jewels are as comfortable to wear as a piece of clothing. 
She makes good use of a variety of gems and precious 
metals, mixing them with a “disdain for intrinsic value.” 
Topaz, citrine, amethyst, and tourmaline are accented 
with diamonds, black enamel, or black mother-of-pearl, 
and set in gold or platinum. Her designs also make use of 
cabochon stones because, as she claims, they “create 
volume.” Marina’s often custom-designed, one-of- 
a-kind jewels command extravagant prices that main- 
tain her exclusivity. 

The author has performed a service by providing 
this glimpse into the private Bulgari world, and focusing 
deserved attention on a dedicated and innovative artist. 
The text is accompanied by eight rich photographs of 
Marina B. jewels. EBM 


How to copyright your designs. P. L. Berger, American 
Jewelry Manufacturer, Vol. 35, No. 6, June 1987, 
pp. 24, 26, 28. 


Jewelry manufacturers may effectively protect their 
designs by registering them with the U.S. copyright 
office. This article outlines the procedures a jewelry 
manufacturer or designer must follow to register origi- 
nal designs with that office. 

Applying for a copyright is actually very easy. 
Unlike patents, a copyright can be obtained without the 
aid of a lawyer. It requires a simple three-step process: {1} 
fill out Form VA, including drawings or photographs of 
the design; (2) attach a check to cover the $10.00 fee; and 
(3) mail the information to the Register of Copyrights, 
Library of Congress, Washington, DC 20559. A manu- 
facturer may register several designs at one time pro- 
vided the proper guidelines are followed. The author also 
gives several pertinent examples of how designers and 
manufacturers can protect themselves with a copyright. 

Juli L. Cook 


Celtic gold tores. C. Eluére, Gold Bulletin, Vol. 20, No. 
1/2, 1987, pp. 22-37. 

This article is a detailed study of gold torques, or 
neckrings, worn by the barbarian Celtic tribes in Europe 
and the British Isles from roughly the 5th to Ist 
centuries B,C. Using modern technology, the author 
analyzed the gold alloys used, and postulates on the tools 
that would have been employed to fabricate these 
deceptively simple ornaments. 
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Ms. Eluére begins by discussing classic historical 
references to torques in literature and sculpture. She 
then examines torques classified in groups according to 
their different terminals and clasps. These categories 
were selected because they reflect advances in technol- 
ogy. 

It is hard to characterize as “barbarian” a culture 
that devised such sophisticated fasteners and intricate 
and graceful designs. Strong and bold, but accented with 
details, these pieces are worthy of close examination by 
jewelry designers today. 

Tribute must be paid to the exhaustive research that 
went into the writing of this paper. Although it seems a 
bit clogged with dates and locations (a map would have 
been helpful), the information is worth digging for. Over 
25 photographs, many in color, embellish the text, and 
48 references are cited. EBM 


JEWELRY RETAILING 


Perlstein victims unpaid; judge rewrites restitution. W. 
Keane, National Jeweler, August 16, 1987, p. 12. 


Keane updates the case involving Ron Perlstein, Phila- 
delphia’s “discount diamond king,” who was ordered by 
the court to pay restitution to 613 of his customers, As of 
July 1987, only 33 customers had received any of the 
payment ordered by the court in 1986. In an effort to 
speed up the repayment, a municipal court judge in 
Philadelphia imposed a new restitution order on July 13, 
1987. However, Perlstein is saving $200,000 as the result 
of the court’s restitution rewrite. Some victims are 
furious with the court; others are willing to take the 
lesser amount. Customers have the option of taking the 
diamonds as advertised, a cash amount, or store credit. 

GAR 


The Tiffany standard. C. Hemphill, Town & Country, 
Vol. 141, No. 5080, January 1987, pp. 158-164. 


To commemorate the 150th anniversary of Tiffany & 
Co., the author presents a fascinating historical sketch 
that focuses on the people who contributed most to 
Tiffany’s superior international reputation. Through 
brief vignettes, we follow the growth of the company 
from novelty shop and dry-goods store to an exclusive 
jewelry establishment that has catered to the elite since 
the turn of the century. 

Although Charles L. Tiffany, the founder, had an 
understanding of the American public’s taste during the 
19th century (a bit vulgar and sensational], he nonethe- 
less had a “seriousness of purpose and a ruthless stan- 
dard of quality.” Among the designers who made Tiffany 
& Co. great: silversmith Edward C. Moore, who re- 
flected the classical and Rococo revivals of the 1850s and 
1860s; Louis Comfort Tiffany, known for his magical 
opalescent glass and unusual Art Nouveau jewelry in 
the early 1900s; Van Day Truex, whose bold colors and 
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provocative designs during the 1950s brought life back 
to the “ghastly good taste” that typified Tiffany’s during 
the war years; Jean Schlumberger, the Parisian designer 
who joined Tiffany’s in 1956 and continues to produce 
highly stylized jewelry in a colorful mixture of mythical 
and natural subjects that is his translation of Renais- 
sance mannerism; Elsa Peretti, a Roman aristocrat 
whose stylized organic designs in silver became wildly 
popular in the 1970s; and Paloma Picasso, who in the 
1980s is proving herself with strong, simple jewels 
incorporating large colored gems. Although not a jewel- 
ry designer, Gene Moore, the celebrated window dresser 
for Tiffany’s, is also given deserved attention. The 
several presidents of Tiffany’s are mentioned as well, but 
they must take a place in the background to the creative 
individuals who set the Tiffany standard, Photographs of 
several of the designers are included, together with an 
example of each one’s work. EBM 


SYNTHETICS AND SIMULANTS 


Czochralski growth of alexandrite crystals and investi- 
gation of their defects. X. Guo, M. Chen, N. Li, Q. 
Qin, M. Huang, J. Fei, S. Wen, Z. Li, and Y. Qin, 
Journal of Crystal Growth, Vol. 83, 1987, pp. 
311-318. 


Optical-quality crystals of synthetic alexandrite have 
been grown by the Czochralski method. These crystals 
are up to 90 mm in length (along the c-axis) and 18 mm 
in diameter. Oxide starting materials mixed in stoi- 
chiometric proportions are used to produce (by solid- 
state reaction at 1300°C for 12 hours} a sintered block of 
polycrystalline alexandrite. This block is then melted in 
an iridium crucible and the crystal is grown by the 
Czochralski method at 1870°C. Crystals have been 
grown oriented along the [100], [010], and [001] direc- 
tions. The crystals exhibit a distinct anisotropy of 
growth rates along these three directions such that 
[100}>{010]>[001]. Various structural features ob- 
served with an optical microscope in these crystals 
include bubbles, inclusions, dislocations, and grain 
boundaries. These features were examined in greater 
detail using both transmission and high-resolution elec- 
tron microscopy, and were found to be related to defects 
generated during crystal growth. JES 


Esmeraldas sintéticas, sustitutos e imitaciones de es- 
meralda (Synthetic, substitute, and imitation em- 
eralds). M. A. Pellicer, F Gascon, and M. Baquero, 
Cuadernos de Gemologia, No. 4-5, Jan- 
uary~December 1986, pp. 147-157. 

This article, written in Spanish, describes the history 

and major developments of synthetic emerald produc- 

tion. The authors begin with the first efforts of Mr. 

Ebelman of France, in 1848, and continue through the 

present production and development; basically, the 

article is a succinctly presented chronology. The pro- 
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ducers covered are: Verneuil, Hautefeuille and Perrey, 
Chatham, Gilson, Zerfass, Lennix, Inamori, Seiko, 
Lechleitner, Linde, Regency, and Biron. A final paragraph 
is dedicated to a short description of beryl substitutes. 

Hand-rendered sketches depict the most typical 
inclusions in the various synthesized emeralds. Al- 
though the examples are realistic enough to impart a 
feeling that one could recognize the inclusions in real 
stones, one cannot help but wonder why photomicro- 
graphs were not used. 

For the gemologist fluent in Spanish who has long 
wondered about the translations of some of the more 
technical gemological terms, this is an excellent oppor- 
tunity to exercise and understand the terminology in 
another language. The article is well researched, the 
information cleverly compounded, and the bibliography 
gives the reader recourse to further information. 

Robert Weldon 


The first plastic. R. Friedel, Invention and Technology, 
Summer 1987, pp. 18-23. 


The first plastic emerged from man’s desire to produce a 
material that could replace ivory in billiard balls. John 
Wesley Hyatt, a New York printer, invented the first 
plastic, a celluloid, in 1869. Experiments in the 1880s 
and 1890s resulted in a celluloid material that could be 
easily shaped and dyed to look like ivory, tortoise shell, 
and mother-of-pearl. Although this celluloid failed as a 
billiard ball, its most important attribute was its ability 
to imitate items of rarity and value at a much lower cost. 

The celluloid material appealed to the tastes of the 
turn-of-the-century middle classes. The substance lent 
itself to a great range and variety of ornamental uses. As 
a result, it was mass-produced into letter openers, 
jewelry boxes, combs, and sewing kits. In addition to its 
decorative uses, celluloid became a very important 
component of early photographic film. 

The commercial importance of celluloid continued 
through the 1930s, although rival products had begun to 
emerge. The flammability of celluloid was incentive to 
produce substitutes in the growing film industry and 
elsewhere, At present, little celluloid is produced in the 
United States. There are very few applications for the 
substance, and its use is confined to the manufacture of 
certain fuses and obscure decorative ornaments. 

Juli L. Cook 


New investigations of synthetic amethysts produced in 
Japan. Th. Lind and K. Schmetzer, Journal of 
Gemmology, Vol. 20, No. 5, 1987, pp. 274-277. 

This article addresses further separations of natural 

versus synthetic amethysts. The authors focus specifi- 

cally on the diagnostic properties of the synthetic 
amethyst produced in Japan, which differs from that 
produced in Russia (used in earlier studies). 

The synthetic amethyst produced in Japan is char- 
acterized by fluid inclusions and two-phase inclusions, 
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sharp lamellar structures connected with distinct color 
zoning {observed parallel to one rhombohedral face of 
the synthetic amethyst], and twinning confined to 
distinct areas of the synthetic crystal, all of which were 
observed with an immersion microscope. Furthermore, 
these synthetics exhibit the additional (albeit some- 
times lower intensity} absorption band in the infrared 
area of the spectrum that previously has been observed 
to be characteristic of synthetic amethyst. 

With the observations made in this study, the 
distinction of natural and synthetic amethyst continues 
to depend primarily on microscopic study of the speci- 
men under immersion, most importantly for the obser- 
vation of twinning features. Therefore, the authors 
recommend detailed knowledge of the various proper- 
ties of polysynthetic twinning in natural amethyst 
based on the Brazil law. Deborah Jean Martin 


Synthesis of rose-quartz crystal. M. Hosaka, T. Miyata, 
Y. Shimizu, and O. Okuyama, Journal of Crystal 
Growth, Vol. 78, 1986, pp. 561-562. 


While the massive form of rose quartz is relatively 
common, crystals of rose quartz are rare in nature. This 
article reports on the synthesis of a rose-quartz crystal 
by hydrothermal growth. Using a seed crystal and pieces 
of massive rose quartz as a nutrient material, a crystal of 
colorless quartz was grown at 330°C from a titanium- 
containing alkali solution. The growth period was 10 to 
14 days. The resulting colorless crystal was then heated 
at 1200°C in a platinum crucible containing calcium 
carbonate powder to which 0.5 wt.% iron was added. 
After heating, the colorless crystal turned pink and was 
semitransparent. These results suggest that the ti- 
tanium was incorporated in the quartz crystal structure 
during hydrothermal growth, while the iron was incor- 
porated during subsequent heat treatment. The results 
also support the Ti¢+—Fe2* charge-transfer mechanism 
thought to give rise to the pink color of natural rose 
quartz. EF/JES 


Synthetic alexandrite from USSR. C. Trossarelli, La 
Gemmologia, Vol. 11, No. 4, 1986, pp. 6-22. 


The author describes synthetic alexandrite reportedly 
produced in the USSR. He examined 15 cut pieces 
(0.04-0.70 ct} and three semi-rough samples (94-117 ct). 
All of the sample stones exhibit pleochroism, fluores- 
cence, and absorption spectra typical of alexandrite. The 
author points out the importance of crystallographic 
orientation in obtaining a good color-change effect 
(unfortunately, without further explanation}. When ex- 
amined with the microscope, cut stones exhibit flux 
“fingerprints,” with occasional two-phase inclusions, as 
well as dark color concentrations that appear in straight 
lines. The cut samples are, therefore, believed to be 
grown by the flux method. The semi-rough samples, 
however, display curved striae and curved streams of 
bubbles. “Tailed” negative crystals, parallel tubular in- 
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clusions and flat included crystals are also common in 
this group. These three samples are believed to be grown 
by the Czochralski method. Thirty-two good-quality 
color photographs illustrate this article. EF 


TREATMENTS 


Colour and irradiation-induced defects in topaz treated 
with high-energy electrons. K. Schmetzer, Journal 
of Gemmology, Vol. 20, No. 6, 1987, pp. 362-368. 


This second article by Dr. Schmetzer on irradiated blue 
topaz (the first was abstracted in the Summer 1987 issue 
of Gems @& Gemology| purports to be “a detailed 
description of the coloration and different types of 
electron-induced defects in irradiated topaz.” The study 
involved spectroscopic examination of parcels of 
Nigerian topaz that had been treated in a linear accelera- 
tor and then heated, topaz (of unspecified locality} that 
had been treated by gamma rays and high-energy elec- 
trons followed by heating, and other samples of topaz 
treated by neutron irradiation. Samples of naturally 
colored blue topaz from Brazil, Nigeria, and Zimbabwe 
were also studied for comparison. Coloration, color 
zoning, and pleochroism are described for the treated 
samples in some detail. A review of the color centers as 
determined from polarized spectra essentially summa- 
rizes the more complete description in Schmetzer’s 
Naturwissenschaften article. 

Photomicrographs accompany a discussion of 
cracks and needle-like defects associated with the var- 
ious types of irradiation damage. Dr. Schmetzer con- 
cludes with explanations of how the defects observed in 
electron-irradiated blue topaz arise from charge build- 
up and differential thermal conductivity and expansion 
during the treatment process. CMS 


Irradiated gemstones: Could the ice be hot? K. Nassau, 
Lapidary Journal, Vol. 41, No. 5, August 1987, pp. 
41-46. 


Although infrequently, radioactive gemstones have been 
reported in the jewelry trade. This raises the question of 
whether or not these stones represent a problem, and, if 
so, to what extent the industry should be concerned. 

The purpose of irradiating gem materials is to 
intensify, produce, or change color. Many gemstones 
that reach the jewelry industry have been treated in this 
manner, and such stones do not present a hazard if the 
irradiation process has been performed properly. A 
reputable operator will check for significant radioac- 
tivity and will hold each parcel of irradiated gem 
material until the level is acceptable. 

Nassau argues that gemologists should consider 
making a radiation check part of any gemological 
examination. Simple instruments are available to con- 
duct such tests; the best known is the Geiger counter. To 
perform an accurate test, one should determine back- 
ground radiation in the absence of the gem specimen. 
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Next, a reading should be taken of the stone. Any 
significant elevation above the background reading, in 
the author’s opinion, should be considered undesirable, 
despite the fact that there are no official guidelines for 
permissible levels of radioactivity in gemstones. Inclu- 
ded are two helpful tables: One lists the rays and 
particles used to irradiate gemstones, and the other 
describes the color changes that commonly result. 
Juli L. Cook 


Pa. jewelers rally to fight bill on treatment disclosure. J. 
Everhart, National Jeweler, August 16, 1987, pp. 
14, 58. 


Pennsylvania lawmakers are considering a piece of 
legislation, Senate Bill 497, that would require jewelers 
to disclose gem treatments at the point of sale. The 
Pennsylvania Jewelers Association (PJA) opposes the bill. 
They are not necessarily against disclosure, but they are 
concerned about the cost of compliance, the paperwork, 
and the provision that would allow the consumer to file 
charges against the jeweler within one year after the 
discovery that the “gem was treated and disclosure not 
made.” The PJA contends that jewelers already provide 
treatment information and that, in the event disclosure 
is not made, current legislation covering misrepresenta- 
tion and‘ fraud also applies to jewelers. This interesting 
article gives some detail on how legislation evolves at 
the state level and the role a jewelry association can 
perform in the legislative process. GAR 


MISCELLANEOUS 


Mineral photography, film and lights. J. A. Scovil, Rocks 
and Minerals, Vol. 62, No. 4, 1987, pp. 258-262. 


My. Scovil has added a new article to his series on 
mineral photography. In this installment, he primarily 
discusses film choices and lighting techniques as they 
affect mineral photography. 

As in the previous articles, Scovil again incorporates 
his own “do-it-yourself” suggestions, such as the home- 
made photo-stand and the fiber-optic light source. These 
ideas are clever as well as helpful, since the photography 
of minerals is not an exact science and depends on the 
nuances of each individual piece. In addition, resorting 
to “do-it-yourself” techniques and equipment is often an 
economical way to achieve beautiful results. 

Mr. Scovil also presents useful data, such as the 
color temperature of lights and the effects of lights on 
film. It would have been helpful to see a reference chart, 
and perhaps a few photographic samples of the ways in 
which light affects film. As it is, the article covers this 
topic quite well — with one notable exception: the prob- 
lem of how to photograph color-change minerals such as 
alexandrite and change-of-color sapphire and garnet. 

Noting the title of this article, one might have 
expected to see an expanded list of suggestions on the 
positioning of lights with regard to the mineral speci- 
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men. However, as this depends on the mineral itself, 
perhaps one should infer from the omission that experi- 
ence and experimentation are the best ways to learn 
these subtleties. 

For a beginner wishing to photograph minerals, this 
article, as well as the previous ones by Mr. Scovil, are 
invaluable. Robert Weldon 


The glitter of Southeast Asia. R. Brus, Diamond World 
Review, No. 42, 1987, pp. 64-66, 68, 70. 


Brus presents an interesting article filled with the 
history and tradition of the treasures of Southeast Asia. 
As far back as 1783, the Dutch were exporting 
$200,000-$300,000 worth of diamonds annually from 
Borneo’s diamond mines. Not surprisingly, Bornean 
diamonds were used for centuries in state regalia and 
private jewelry. Much of the royal regalia has been put on 
public display in museums such as the National Mu- 
seum of Jakarta and the Grand Palace in Bangkok. 

Ornate costumes decorated with silver, gold, and 
precious gems were traditionally associated with power 
in Southeast Asia. The royalty also wore elaborate 
jeweled crowns, many of which were exceedingly heavy 
and uncomfortable. For example, the diamond-and-ruby 
coronation crowrr in Thailand weighs over 16 lbs. 

The regalia of this region continues to be treated 
with great respect and tradition. Some objects are, to 
this day, offered fresh flowers, incense, and rice at least 
weekly, all of which adds to the glitter of Southeast Asia. 

Barton C. Curren 


The National Museum of Natural Sciences, Ottawa, 
Canada. J. D. Grice, Rocks and Minerals, Vol. 62, 
No. 5, 1987, pp. 321-327. 


This installment of the magazine’s “Collections and 
Displays” series features Canada’s National Museum of 
Natural Sciences [NMNS)}. The author, division chief 
and curator in the mineral sciences division, begins with 
a brief history of the museum, starting from its incep- 
tion in 1842. Highlights of the mineral collection are 
also included, illustrated with 14 black-and-white pho- 
tographs. The collection emphasizes North American 
minerals, with approximately 50% of the more than 
20,000 specimens being of Canadian provenance, and 
25% coming from the United States. 

There are 1,500 gemstones in the collection; again, 
the emphasis is Canadian, as Dr. Grice cites the neces- 
sity of purchasing stones at a “reasonable” price. The 
result is a diverse assemblage of rarely cut stones as 
opposed to the more commonly known diamond, sap- 
phire, ruby, and emerald. 

The article concludes on a hopeful note: Although 
very little of the collection is presently on display (one 
has the impression that this is due to lack of space}, a 
permanent mineral gallery is planned for the future. Of 
particular interest is the fact that the NMNS has signed 
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GEMS & GEMOLOGY is an inter- 
national publication of original con- 
tributions (not previously published 
in English) concerning the study of 
gemstones and research in gemology 
and related fields. Topics covered 
include (but are not limited to} col- 
ored stones, diamonds, gem instru- 
ments, gem localities, gem substi- 
tutes (synthetics}, gemstones for the 
collector, jewelry arts, and retail 
management. Manuscripts may be 
submitted as: 

Original Contributions—full-length 
articles describing previously un- 
published studies and laboratory or 
field research, Such articles should 
be no longer than 6,000 words (24 
double-spaced, typewritten pages} 
plus tables and illustrations. 
Gemology in Review—comprehen- 
sive reviews of topics in the field. A 
maximum of 8,000 words (32 dou- 
ble-spaced, typewritten pages] is 
recommended. 

Notes & New Techniques—brief 
preliminary communications of re- 
cent discoveries or developments in 
gemology and related fields (e.g., new 
instruments and instrumentation 
techniques, gem minerals for the 
collector, and lapidary techniques or 
new uses for old techniques}. Arti- 
cles for this section should be about 
1,000—3,000 words (4-12 double- 
spaced, typewritten pages). 


MANUSCRIPT PREPARATION 


All material, including tables, leg- 
ends, aud references, should be typed 
double spaced on 84% x 11” (21 x 28 
cm] sheets. The various components 
of the manuscript should be pre- 
pared and arranged as follows: 

Title page. Page 1 should provide: 
(al the article title; (b] the full name 
of each author with his or her affil- 
iation (the institution, city, and state 
or country where he/she works}; and 
(c} acknowledgments. 


Abstract. The abstract (approxi- 
mately 150 words for a feature arti- 
cle, 75 words for a note} should state 
the purpose of the article, what was 
done, and the main conclusions. 
Text. Papers should follow a clear 
outline with appropriate heads. For 
example, for a research paper, the 
headings might be: Introduction, 
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Suggestions for Authors 


Suggestions JOY 


Previous Studies, Methods, Results, 

Discussion, Conclusion. Other heads 

and subheads should be used as the 

subject warrants. For general style, 
see A Manual of Style (The Univer- 
sity of Chicago Press, Chicago]. 

References. References should be 

used for any information that is 

taken directly from another publi- 
cation, to document ideas and facts 
attributed to—or facts discovered 
by—-another writer, and to refer the 
reader to other sources for addi- 
tional information on a particular 
subject. Please cite references in the 
text by the last name of the author(s) 
and the year of publication—plus 
the specific page referred to, if ap- 

propriate——in parentheses (e.g., Lid- 

dicoat and Copeland, 1967, p. 10). 

The references listed at the end of 

the paper should be typed double 

spaced in alphabetical order by the 
last name of the senior author. Please 
list only those references actually 
cited in the text (or in the tables or 
figures}. 

Include the following information, 

in the order given here, for each ref- 

erence: (a) all author names (sur- 
names followed by initials], (b) the 
year of publication, in parentheses; 

(c} for a journal, the full title of the 

article or, for a book, the full title of 

the book cited; and (d) for a journal, 
the full title of the journal plus vol- 
ume number and inclusive page 

numbers of the article cited or, for 

a book, the publisher of the book 

and the city of publication. Sample 

references are as follows: 

Daragh P.J., Sanders J.V. {1976} 
Opals. Scientific American, Vol. 
234, pp. 84-95. 

Liddicoat R.T. Jr., Copeland L.L. 
(1967) The Jewelers’ Manual, 2nd 
ed. Gemological Institute of 
America, Santa Monica, CA. 

Tables. Tables can be very useful in 

presenting a large amount of detail 

in a relatively small space, and 


Authors 


should be considered whenever the 
bulk of information to be conveyed 
in a section threatens to overwhelm 
the text. 

Figures. Please have line figures 
(graphs, charts, etc.) professionally 
drawn and photographed. High-con- 
trast, glossy, black-and-white prints 
are preferred. 

Submit black-and-white photo- 
graphs and photomicrographs in the 
final desired size if possible. 

Color photographs—35 mm slides 
or 4 x 5 transparencies—are 
encouraged. 

All figure legends should be typed 
double spaced on a separate page. 
Where a magnification is appropri- 
ate and is not inserted on the photo, 
please include it in the legend. 


MANUSCRIPT SUBMISSION 
Please send three copies of each 
manuscript (and three sets of figures 
and labels} as well as material for all 
sections to the Editorial Office: 
Gems # Gemology, 1660 Stewart 
Street, Santa Monica, CA 90404. 
In view of U.S. copyright law, a 
copyright release will be required on 
all articles published in Gems & 
Gemology. 

No payment is made for articles 
published in Gems & Gemology. 
However, for each article the au- 
thors will receive 50 free copies of 
the issue in which their paper 
appeared. 


REVIEW PROCESS 


Manuscripts are examined by the 
Editor, one of the Associate Editors, 
and at least two reviewers. The au- 
thors will remain anonymous to the 
reviewers. Decisions of the Editor 
are final. All material accepted for 
publication is subject to copyedit- 
ing; authors will receive galley proofs 
for review and are held fully respon- 
sible for the content of their articles. 
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THE GEMOLOGICAL PROPERTIES OF 
THE DE BEERS GEM-QUALITY 
SYNTHETIC DIAMONDS 


By James E. Shigley, Emmanuel Fritsch, Carol M. Stockton, John I. Koivula, 
C. W. Fryer, Robert E. Kane, David R. Hargett, and Clayton W. Welch 


Gem-quality synthetic diamond crystals 
weighing up to 11 ct have been grown in 
limited numbers at the De Beers Dia- 
mond Research Laboratory since the 
1970s. These crystals have been produced 
strictly on an experimental basis and are 
not commercially available. Examination 
of a group of 14 brownish yellow, yellow, 
and greenish yellow synthetic diamonds 
reveals distinctive gemological properties: 
uneven color distribution, geometric 
graining patterns, metallic inclusions, 
and, in most cases, fluorescence to short- 
wave but not to long-wave U.V. radiation. 
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De Beers Synthetic Diamonds 


he GIA Research Department recently examined a 

group of 14 gem-quality synthetic diamonds grown 
during the past few years at the De Beers Diamond 
Research Laboratory in Johannesburg, South Africa. This 
article describes the distinctive gemological properties of 
eight crystals ranging in weight from 0.40 to 5.23 ct (figure 
1} and six faceted specimens weighing from 0.27 to 0.90 ct 
(figure 2). It represents the first report on these gem-quality 
synthetic diamonds in the gemological literature. The De 
Beers material is transparent, free of cleavages and frac- 
tures, and is dark brownish yellow, yellow, or light greenish 
yellow in color. De Beers representatives state that syn- 
thetic diamond crystals such as these have been grown at 
their research facility in South Africa since the 1970s 
strictly on an experimental basis, and that none has been 
sold for any purpose. However, the fact that De Beers and 
other companies (e.g., Sumitomo Electric Industries in 
Japan; see Shigley et al., 1986} are able to produce synthetic 
diamonds of gem quality and in sizes that can be used in 
jewelry demonstrates that the commercial production of 
sizable gem-quality synthetic diamond crystals is no 
longer limited by technical difficulties, but rather only by 
production and marketing costs. At some future time, De 
Beers may make synthetic diamonds similar to those we 
examined available for certain high-technology applica- 
tions. 

Although De Beers representatives state that there are 
no plans to market this material for jewelry purposes, 
examination of these specimens offers us the opportunity 
to record the properties of a third group of synthetic 
diamonds suitable for use as gem material. By comparing 
the properties of the De Beers material with those of the 
General Electric and Sumitomo gem-quality synthetic 
diamonds (Crowningshield, 1971; Koivula and Fryer, 1984; 
Shigley et al., 1986], we can also document the gemological 
properties that are distinctive of gem-quality synthetic 


GEMS & GEMOLOGY _ Winter 1987 187 


Figure 1. These eight gem- 
quality synthetic diamond 
crystals (0.40-5.23 ct) were 
manufactured on an experi- 
mental basis at the De 
Beers Diamond Research 
Laboratory and loaned to 
GIA for study. They fall 
into three distinct color 
groups: dark brownish yel- 
low, yellow, and light green- 
ish yellow. Photo © Tino 
Hammid. 


diamonds in general. In this article, where we 
mention features observed in the De Beers syn- 
thetic diamonds that we also noted previously in 
the General Electric and Sumitomo specimens, the 
reader should refer to the articles cited above for 
details on the earlier work. 


BACKGROUND 


In 1970, almost 15 years after creating the first 
industrial-quality synthetic diamonds (Bundy et 
al., 1955}, the General Electric Company an- 
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nounced the limited production of gem-quality 
synthetic diamond crystals approximately | ct in 
size (Strong and Chrenko, 1971, Strong and Wen- 
torf, 1972; Bundy et al., 1973). Since then, although 
General Electric eventually decided to discontinue 
work in this area, research on the growth of large, 
transparent synthetic diamonds for industrial ap- 
plications has proceeded at other companies at an 
accelerating pace. The resulting new diamond 
synthesis technology has important gemological 
implications not only for the production of large 
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synthetic diamond crystals, but also for helping to 
clarify scientific knowledge of the conditions of 
diamond formation in the earth. It may also lead to 
a better understanding of the causes of color in 
colored diamonds in instances where these causes 
(especially when related to irradiation or other 
treatment processes] are still not well known. 
Until recently, production of large synthetic 
diamonds was restricted to a small number of 
crystals grown only for experimental purposes, 
and thus there was little chance that one of them 


De Beers Synthetic Diamonds 


Figure 2. These six faceted 
De Beers synthetic dia- 
monds (0.27-0.90 ct) were 
also examined for this 
study, They include the 
largest faceted synthetic di- 
amonds that have ever been 
examined at GIA. Photo 

© Tino Hammid. 


would be encountered in the jewelry market. In 
1985, however, Sumitomo Electric Industries in 
Japan announced the successful production of 1—2- 
ct gem-quality yellow synthetic diamond crystals. 
Sumitomo researchers have perfected a method 
whereby transparent synthetic diamond crystals 
can be grown in a quantity sufficient to meet the 
needs of an industrial market. Because of their 
commercial availability, some of the Sumitomo 
synthetic diamonds have already been encoun- 
tered in faceted form in the jewelry marketplace 
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Figure 3. A reaction vessel similar to that 
shown in this generalized schematic drawing is 
used to grow single crystals of synthetic 
diamond by the high-pressure flux method. 
Temperature differences maintained within the 
vessel result in the carbon source material 
dissolving in the flux and crystallizing as single 
crystals of diamond on the seed crystals. In 
reaction vessels of this design, diamond 
crystals grow at several levels at the same time. 
Parts of the system are labeled as follows: 
a=carbon source material (diamond powder); 
b=metal alloy flux; c=growing diamond 
crystal; d=diamond seed crystal; e= heating 
unit; f=partition walls; g=bottom wall; 
h=insulating and pressure medium. This 
diagram is an idealized sketch and does not 
depict the actual reaction vessel used in the De 
Beers diamond synthesis research program. 
Ilustration by Peter Johnston. 


(Fryer et al., 1987, p. 44}. Previous reports on both 
the General Electric and Sumitomo gem-quality 
synthetic diamonds revealed features that dis- 
tinguish them from natural gem diamonds (Crown- 
ingshield, 1971; Koivula and Fryer, 1984, Shigley 
et al., 1986}. The present article demonstrates that 
the De Beers gem-quality synthetic diamonds also 
have distinctive gemological properties. 
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The only process that has proved economical 
for growing large (1 ct or more} synthetic diamond 
crystals is a high-pressure flux method; this was 
first used by the General Electric scientists in the 
early 1970s and has since been improved (see 
Strong and Chrenko, 1971; Strong and Wentorf, 
1972; Bundy et al., 1973; Muncke, 1979; Wedlake, 
1979). The process involves crystallizing diamond 
from a metal alloy flux at temperatures of about 
1100 to 1700°C and pressures of about 50 to L00 
kbars, using a high-pressure reaction vessel {see 
figure 3}. De Beers scientists used this same 
process to produce the diamond crystals provided 
for our examination. 


SYNTHETIC DIAMOND 

PRODUCTION BY DE BEERS 

The De Beers Industrial Diamond Division in 
Johannesburg began its own research program on 
diamond synthesis in the late 1950s. Within a few 
years, De Beers researchers developed techniques 
for making industrial-grade synthetic diamonds in 
large quantities. Since then, commercial produc- 
tion of synthetic industrial diamonds at De Beers 
facilities (as well as elsewhere} has steadily pro- 
gressed to a level of production of several million 
carats annually. During the period 1961-1986, for 
example, 468 million carats of synthetic industrial 
diamonds were manufactured by De Beers (De 
Beers Consolidated Mines Ltd., 1986 Annual Re- 
poit). 

Concurrently, the De Beers Diamond Research 
Laboratory has also carried out extensive research 
on the synthesis of larger synthetic diamond crys- 
tals for possible high-technology applications. Ac- 
cording to the laboratory director, Dr. R. J. Cav- 
eney, De Beers has been manufacturing large 
synthetic diamonds since the 1970s. Dr. Caveney 
reports that the material loaned to us represents 
the various sizes, qualities, and colors of synthetic 
diamond crystals currently being produced. 

According to Dr. Caveney, the De Beers syn- 
thetic diamond crystals are grown using a molten 
metal alloy flux (which acts as both a solvent and a 
catalyst for diamond formation] as well as a stan- 
dard design reaction vessel similar to the type used 
to produce commercial diamond grits. Small dia- 
mond seed crystals are usually used to initiate 
crystal growth. Experimentation has shown that 
there is an optimum number and positioning of the 
seed crystals in the reaction vessel that will yield 
the largest and best-quality single crystals. 
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The synthesis process involves: {1] a starting 
arrangement of the diamond powder source mate- 
rial and the molten metal alloy flux, and (2) a 
temperature gradient imposed within the reaction 
vessel. This gradient causes the diamond powder 
to dissolve in the metal alloy flux in the hotter 
source region (where the molten flux is undersatu- 
rated with respect to carbon} and the carbon to 
crystallize as single crystals of diamond in the 
cooler growth region (where the molten flux is 
supersaturated with respect to this element}. A 
number of diamond crystals ranging up to 6 or 7 ct 
can be grown in the reaction vessel during a single 
production run. Recently, De Beers researchers 
produced an 11,.14-ct brownish yellow gem-qual- 
ity synthetic diamond crystal (figure 4}. The 
growth period for a 1-ct crystal is reportedly about 
60 hours, and fora 5-ct crystal it is about 180 hours. 
The starting material, composition of the metal 
alloy flux, nature and positioning of the diamond 
seed crystals, temperature gradient, absolute tem- 
perature, and type of reaction vessel all influence 
the size, morphology, and yield of large diamond 
crystals that can be grown. 

The synthesis process can be controlled from 
one production run to the next so that similar 
diamond crystals can be grown on a repeated basis. 
The color of a synthetic diamond depends on the 
type and amount of trapped impurities, which in 
turn can be influenced by adjusting the chemistry 
of the components of the growth system. Accord- 
ing to Dr. Caveney, while a few pale yellow and 
colorless synthetic diamonds have been manufac- 
tured, currently they are not as easy to grow in 
high-quality single crystals as the brownish yel- 
low, yellow, and greenish yellow crystals we exam- 
ined. Blue type IIb synthetic diamond crystals are 
also more difficult to grow at the present time. 
However, De Beers is not growing diamond crys- 
tals to produce particular colors, but rather to 
obtain certain desired properties, such as high 
thermal conductivity, for specific industrial appli- 
cations. Since the total number of crystals that can 
be grown during a particular time period is re- 
stricted by cost and by the limited amount of 
synthesis equipment available, De Beers represen- 
tatives believe that the industrial use of their large 
synthetic diamonds will remain restricted to 
highly specialized applications. 


RESULTS OF TESTING 
Table 1 provides the color, weight, dimensions, and 
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Figure 4. This 11.14-ct synthetic diamond 
crystal is the largest gem-quality synthetic 
diamond crystal grown thus far at the De Beers 
Diamond Research Laboratory in Johannesburg. 
The crystal (17 mm in its longest dimension) is 
an elongate octahedron modified by cube faces. 
Photograph courtesy of Dr. R. J. Caveney. 


v 


physical description of the De Beers synthetic 
diamonds we examined. The eight crystals (figure 
1) were reported to be in the same condition as 
when grown except for cleaning to remove pieces 
of flux and other surface contaminants. To facili- 
tate viewing of internal features, the upper and 
lower surfaces of the crystals had also been pol- 
ished. The amount of material removed by polish- 
ing was reportedly limited, but the specimens as 
supplied to us actually represent only portions of 
complete crystals (although they are herein re- 
ferred to as crystals). In the description of crystal 
morphology and surface features that follows, the 
characteristics given apply to all of the crystals 
except as indicated. No obvious differences in 
shape or surface features were noted between 
crystals of the three colors; however, the brownish 
yellow crystals are the largest while those that are 
greenish yellow are the smallest (which may just 
be coincidental}. 

The six faceted synthetic diamonds we exam- 
ined (figure 2} were cut in standard brilliant and 
step cuts. Dr. Caveney reported that no problems or 
unusual behavior were encountered during the 
faceting of these synthetic diamonds. Table 2 
summarizes the more distinctive gemological 
properties documented by conventional testing 
methods that we found in these six faceted syn- 
thetic diamonds. 


GEMS & GEMOLOGY Winter 1987 191 


Morphology of the Crystals. The synthetic dia- 
mond crystals supplied by De Beers are octa- 
hedrons modified by cube, dodecahedral, and other 
faces (reported to be trapezohedral faces—see 
Woods and Lang, 1975—and described herein as 
such} in order of decreasing surface area and 
frequency of occurrence (figures 1 and 5}. We noted 
the same kinds of crystal faces on the General 
Electric and Sumitomo synthetic diamond crys- 
tals. Some of the De Beers crystals have a square 
shape, but the majority are rectangular (figure 4}. 
These crystals have relatively sharp edges and 
corners as well as predominantly flat faces. In 
contrast, although many natural gem diamond 
crystals also take the form of an octahedron, they 
often have rounded edges and corners, convex- 
appearing surfaces, a more complex arrangement 
of crystal faces, and can be less symmetrical in 
shape. Our observations suggest that the De Beers 
crystals have a simpler {and thus more recogniz- 


able) crystal form than do many natural diamonds. 
This ideal shape results both from the controlled 
growth environment and from the fact that dia- 
mond crystals produced in the laboratory do not 
undergo the complex history of growth and disso- 
lution stages that is encountered during the forma- 
tion of many natural diamond crystals (Strong and 
Chrenko, 1971; Strong and Wentorf, 1972; 
Muncke, 1979). 


Surface Features of the Crystals. A number of 
researchers have observed several important dif- 
ferences between natural and synthetic diamonds 
in surface features or markings on the crystal 
faces; they have attributed these differences to the 
respective conditions of crystal growth (see, e.g., 
Tolansky and Sunagawa, 1959; Bovenkerk, 1960; 
Tolansky, 1961, 1962; Patel and Ramanathan, 
1963; Patel and Ramachandran, 1968; Orlov, 1977; 
Moore, 1979). We found the crystal faces of the De 


TABLE 1. Data on the De Beers gem-quality synthetic diamonds examined for this study. 


Specimen Color Weight Dimensions Description 
number (ct) (mm) 

1 Brownish yellow 5.23 11.83 x 9.91 x 4.68 Portion of an octahedron modified by small cube 
and dodecahearal faces, with two polished 
surfaces on opposite sides of the crystal 

2 Brownish yellow 4.56 12.74 x 9.35 x 4.57 Portion of an octahedron modified by small cube 
faces, with two polished surfaces on opposite 
sides of the crystal 

3 Brownish yellow 4.10 10.57 x 10.06 x 4.02 Portion of an octahedron modified by very small 
cube and dodecahedral faces, with two polished 
surfaces on opposite sides of the crystal 

4 Yellow 0.97 6.09 x 5.57 x 2.90 Portion of an octahedron modified by small cube, 
dodecahedral, and other faces, with two polished 
surfaces on opposite sides of the crystal 

5 Yellow 0.57 5.40 x 4.51 X 2.27 Portion of an octahedron modified by small cube 
and very small dodecahedral and other faces, 
with two polished surfaces on opposite sides of 
the crystal 

6 Yellow 1.03 5.40 x 533 x 281 Portion of an octahedron modified by small cube 
faces, with two polished surfaces on opposite 
sides of the crystal 

7 Greenish yellow 0.39 4.80 x 4.32 x 1.82 Portion of an octahedron modified by small cube 
and dodecahedral faces, with two polished 
surfaces on opposite sides of the crystal 

8 Greenish yellow 0.44 4.76 x 451 x 1.80 Portion of an octahedron modified by small cube 
faces and other faces, with two polished surfaces 
on opposite sides of the crysta 

] Brownish yellow 0.76 5.94 x 5.84 x 3.54 Faceted round brilliant cut 

10 Brownish yellow 0.90 6.49 x 648 x 3.60 Faceted round brilliant cut 
11 Greenish yellow 0.43 5.72 X 3.42 X 2.21 Faceted rectangular step cut 
12 Greenish yellow 0.36 4.36 X 4.31 x 2.18 Faceted square step cut 
13 Yellow 0.30 5.00 X 3.68 x 2.54 Faceted oval brilliant cut 
14 Yellow 0.26 3.79 X 3.16 * 2.25 Faceted rectangular step cut 
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TABLE 2. Distinctive gemological properties of the brownish yellow, yellow, and greenish yellow faceted De Beers synthetic 


diamonds?. 
Property Brownish yellow Yellow Greenish yellow 
Ultraviolet fluorescence® 
Long waves one lone None 
Short wave Moderate to strong intensity; None Weak intensity; yellow; 
yellow or greenish yellow; zoned 
strongly zoned with 
nonfluorescing areas 
Phosphorescence to None None Weak intensity, yellow; 
ultraviolet radiation duration of 10 seconds 
or more 
Visible-range absorption No sharp bands o sharp bands No sharp bands 
spectrum 
Color distribution Distinct color zoning; aligned Distinct color zoning; aligned Subtle to distinct color 


with pattern of internal graining 
Graining 
Internal Often obvious; sometimes 
colored; “hourglass” pattern of 
intersecting lines 
Surface (on table) Octagonal “stopsign” pattern 
Inclusions 


pinpoints; larger metallic inclusions 


Crystal surface features? 
synthetics 


Dense clouds of tiny, white-appearing 


with pattern of internal graining zoning 


Often obvious; sometimes 
colored; “hourglass” pattern of 
intersecting lines 

Faint lines 

Clouds of tiny, white- 
appearing pinpoints; 

larger metallic inclusions 


Rarely visible; pattern 
of intersecting lines 


Faint lines 

Isolated, tiny, white- 
appearing pinpoints; 
larger metallic inclusions 


Dendritic patterns; triangular pyramids; granular or irregular surfaces possible on faceted DeBeers 


aSome gemological properties noled as being prominent in the synthetic diamond crystals are less evident or are 
completely absent in the faceted specimens. Thus, the information provided in this table is based on observations made 


only on the ¥aceted synthetic diamonds. 


The perceived intensity and color of the ultraviolet Huorescence of a gemstone can be influenced by the observation 
conditions (type and age of the U.V. lamp, condition of the short-wave filter of the iamp, viewing arrangement, brightness 


of the room, etc.). 


cA weak orangy yellow or yellow fuorescence was observed in some of these samples (especially in the greenish yellow 
ones) with a more intense long-wave ULV. lamp (such as a GIA GEM Instruments Model No. 745 unit). 
aCrystal surface fealures such as these could be retained at places along the girdle of a faceted stone where there are 


unpolished remnants of the original crystal faces. 


Beers synthetic diamonds to display some distinc- 
tive surface features that could be retained on 
unpolished sections of the girdle of a faceted stone, 
and thus could be of use gemologically. 

Specifically, the octahedral crystal faces on the 
De Beers synthetic diamonds have the smoothest 
surfaces. When observed with magnification, 
these relatively smooth faces can have an irregu- 
lar, hillocky appearance with slightly raised or 
lowered areas that form a polygonal arrangement. 
We noted several distinctive features on these 
octahedral faces. 

Gemologists generally use the term trigon to 
describe any triangular-shaped marking on an 
octahedral face of a natural diamond crystal. These 
trigons are sometimes seen on unpolished portions 
(referred to as “naturals”) at the girdle of a faceted 
natural diamond, and they are used as a confirma- 
tion that the faceted stone is in fact a diamond. 
Such triangular-shaped features can actually occur 
either slightly above or slightly below the sur- 
rounding surface. Trigons correctly refer only to 
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small triangular depressions on an octahedral face 
of a diamond (Webster, 1970). If they project above 
the surface, these features should correctly be 
described as triangular pyramids (Patel and 
Ramanathan, 1963}. We observed triangular pyra- 
mids of various sizes on the octahedral faces of 
many of the De Beers synthetic diamond crystals 
(figure 6]. However, we found no trigons, although 
other researchers have reported seeing them on 
synthetic diamond crystals in rare instances 
(Bovenkerk, 1960; Tolansky, 1962). The presence of 
triangular pyramids and trigons on the octahedral 
crystal faces of both synthetic and natural dia- 
mond crystals indicates that these features cannot 
be used as an identification criterion. 

Other surface features occur on the octahedral 
faces of most of the De Beers synthetic diamond 
crystals. These include: (1) numerous tiny pits on 
the triangular pyramids and other elevated areas of 
a face that may have resulted from etching when 
the crystal was cleaned of flux and surface contam- 
inants; (2) a slightly raised edge around part of a 
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face; and (3) slightly elevated dendritic markings 
covering portions of a face (figure 7}, which is one 
of the most characteristic surface features seen on 
synthetic diamond crystals (Tolansky and Sun- 
agawa, 1959; Tolansky, 1962; Shigley et al., 1986). 

The cube faces are smaller than the octahedral 
faces, but they were observed on all of the De Beers 
synthetic diamond crystals we studied. In con- 
trast, cube faces are not commonly seen on natural 
gem diamond crystals, and when they do occur, 
their surface texture is quite rough and pitted 
{Tolansky, 1961, 1962}. On the De Beers crystals, 
the cube faces are planar but they display an 
irregular, polygonal, or granular appearance over 
their entire area (figure 8]. We also observed a few 
square pyramids as well as some dendritic surface 
markings on these faces. 

The dodecahedral faces are small, elongate, 
and have rough surfaces. They commonly exhibit 
striations oriented parallel to the long direction of 
the face and often running its entire length. These 


Figure 5. In this drawing of an idealized 
synthetic diamond crystal, the crystal is an 
octahedron modified by other smaller faces. 
The crystal faces are identified as follows: 
o=octahedral; a=cube; d=dodecahedral; 
n=trapezohedral. On an actual crystal like the 
ones we examined, the number, arrangement, 
and relative sizes of the crystal faces may differ 
slightly from what is depicted here. Illustration 
by Peter Johnston. 
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Figure 6. Triangular pyramids were observed on 
the octahedral faces of many of the De Beers 
synthetic diamond crystals. This 
photomicrograph was taken by the Nomarski 
interference contrast method, which 
emphasizes slight differences in relative surface 
elevation by the use of color. The triangular 
features shown here are all pyramids that 
project above the surrounding surface (and 
therefore should not be called trigons). 
Magnified 60x. 


faces are unequally developed in size, and do not 
appear at all on some crystals. 

The fourth type of crystal face (believed to be 
trapezohedral} almost always occupies the small- 
est surface area on the De Beers synthetic diamond 
crystals. These faces have the roughest appear- 
ance, can also be striated, and, like the do- 
decahedral faces, do not appear on all crystals. 

Our observations on the De Beers crystals 
confirmed many of the surface features (e.g., cube 
faces, dendritic markings) that have been found on 
other synthetic diamonds, such as the Sumitomo 
material. Whether these features on the De Beers 
crystals are the result of growth processes or of 
partial dissolution is unclear. However, the ab- 
sence of trigons combined with the fact that most 
surface features (such as the triangular pyramids} 
project above the surface suggests that these fea- 
tures result from growth processes. Nevertheless, 
the dendritic markings and some of the other 
surface features are distinctive of these and other 
synthetic diamond crystals, and they have not 
been observed on natural diamond crystals. There- 
fore, these features can provide useful identifica- 
tion guidelines. 

For the most part, the girdles of the faceted De 
Beers synthetic diamonds we examined are either 
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Figure 7. Dendritic surface markings on an 
octahedral face, shown here on a De Beers 
specimen, are one of the most characteristic 
features of a synthetic diamond crystal. 
Nomarski interference contrast; magnified 40x. 


polished or have a bruted appearance. We did find 
several small unpolished areas that display the 
same rough, dendritic, striated, or irregular sur- 
face features that we observed on the synthetic 
diamond crystals. If observed on a cut stone, such 
features could be useful for identification pur- 
poses. 


Color. Five of the 14 De Beers synthetic diamonds 
examined are dark brownish yellow; this group 
includes the largest crystals and cut stones. Five of 
the synthetic diamonds are yellow, while the last 
four are light greenish yellow. We found the color 
in most of the synthetic diamonds to be unevenly 
distributed (figure 9) with respect to either hue or 
intensity. This color zonation can vary from rather 
subtle to quite pronounced. The boundaries be- 
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Figure 8. The cube faces of the De Beers 
synthetic diamond crystals examined all have 
an Irregular, granular appearance. Nomarski 
interference contrast; magnified 45x. 


tween areas of slightly differing color may be sharp 
or gradual, and they are sometimes marked by 
grain planes that are themselves colored. Although 
uneven coloration was also noted in the General 
Electric and Sumitomo synthetic diamonds, the 
patterns of color zoning in these three instances do 
not correspond. 


Figure 9, In this faceted yellow De Beers 
synthetic diamond, the unevenness of the color 
is quite pronounced, with both yellow and 
colorless areas forming a geometric 
arrangement. Color zonation such as this is 
rarely if ever seen in a faceted natural diamond 
of similar color. Magnified 10x. 
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We found that this color distribution in the De 
Beers synthetic diamonds, although uneven, usu- 
ally forms a regular geometric pattern. The pattern 
of color zoning can be correlated not only with the 
outer shape of the crystal but also, more impor- 
tantly, with the internal growth structure of the 
diamond. An explanation of this relationship re- 
quires some brief remarks on the different mecha- 
nisms of diamond crystal growth in the earth 
versus those in the laboratory. 

It is possible to find natural diamond crystals 
that are virtually free of internal structural irregu- 
larities. This is due to the fact that natural dia- 
mond crystals grow over extended periods of time 
in the earth by the addition of layers of material 
mostly parallel to the surfaces of an octahedron. 
This octahedral-type growth [also described as 
“faceted” growth because of its very planar charac- 
ter] produces the prominent octahedral faces that 
are characteristically seen on many natural dia- 
mond crystals. 

In the laboratory, diamond formation takes 
place in just a matter of days. This rapid crystalliza- 
tion leads to the growth of crystals by the addition 
of material parallel not only to octahedral faces but 
also to cube, dodecahedral, and possibly other 
crystal faces as well (see Lang, 1979, for details). As 
a result, ina large laboratory-grown diamond there 
invariably seem to exist different internal regions, 
or sectors, of the crystal. Within each sector, 
growth parallel to a particular crystal face (octa- 
hedral, cube, or other) predominates during crystal 
formation. These various growth sectors can differ 
from one another in impurity content, in the 
number and kinds of structural defects, and in 
physical properties such as polishing hardness, 
Such differences provide a means of differentiating 
between growth sectors. As growth proceeds, the 
boundary zones between adjacent sectors also 
become the sites where impurities and defects are 
likely to become concentrated. 

In the brownish yellow or yellow De Beers 
synthetic diamond crystals we examined, these 
growth sectors can be recognized by marked varia- 
tions in their color and ultraviolet fluorescence, by 
the occurrence of prominent grain planes (parallel 
to cube faces} in the cubic growth sectors that are 
absent in the others, and by the occasional pres- 
ence of inclusions along boundaries between some 
sectors. Growth sectors are also present in the 
greenish yellow crystals but are less easy to 
distinguish. Figure 10 is an idealized drawing of 
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the arrangement of octahedral and cubic growth 
sectors in a brownish yellow synthetic diamond 
crystal. These internal growth sectors may not be 
as equally well developed or as centrally posi- 
tioned in some crystals as is depicted here, and 
they may not be quite as obvious to the eye. For all 
of the crystals, the growth sectors were more easily 
visible when the stones were immersed in meth- 
ylene iodide. Even in some of the faceted speci- 
mens, the growth sectors are apparent (the color 
zoning in the cut stone in figure 9 results from 
sector growth]. 

We suggest that this arrangement of distinct 
growth sectors, as evidenced by variations in color 
zoning and other gemological properties, is one of 
the most prominent characteristics of yellow syn- 
thetic diamond crystals like the De Beers material. 
Although not fully appreciated at the time, this 
sector growth is responsible for the distinctive 
color zoning and graining that we noted as being so 
prominent in the Sumitomo synthetic yellow dia- 
monds. We should caution, however, that we have 
observed somewhat similar-appearing color zon- 
ing (that is perhaps due to causes other than sector 
growth] in faceted natural yellow diamonds, but 
only on very rare occasions. 


Spectroscopy. The vast majority of natural yellow 
diamonds are classified as type Ja (for details of 
diamond classification by type, see Shigley et al., 
1986], and they usually display one or more sharp 
absorption bands of varying intensity in the violet 
and blue portions of their visible-range spectrum 
{including those known as the “Cape” series of 
bands}. When viewed with a hand spectroscope, 
the spectra of the De Beers synthetic diamonds 
exhibit no sharp bands in the visible range; there is 
only a gradually increasing absorption toward the 
ultraviolet. This was also the case for the General 
Electric and Sumitomo synthetic yellow dia- 
monds. Visible-range absorption spectra of this 
kind are characteristic of type Ib diamonds. The 
spectrophotometer graphs reproduced in figure 11 
confirm these observations, and also help to illus- 
trate the differences in color among the De Beers 
synthetic diamonds. For the brownish yellow and 
yellow specimens, the spectral curves begin to rise 
markedly at about 560 nm. Both kinds of synthetic 
diamond absorb violet, blue, and some green light 
and transmit the remaining portions of the spec- 
trum, which gives rise to their yellow color. 

The spectra of the four light greenish yellow 
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Figure 10. This idealized drawing of the 
internal structure of one of the brownish yellow 
synthetic diamond crystals (viewed from a 
direction perpendicular to a cube crystal face) 
illustrates the prominent internal sector growth 
and the resulting distinctive graining patterns 
and color.zoning. These features have been 
accentuated here for clarity and to emphasize 
their spatial relationship to each other. 
Octahedral and cubic growth sectors of similar 
size are arranged in cross-shaped patterns 
around the central core of the crystal (which is 
also a cubic growth sector}. Crystal growth 
proceeded outward from the center in these 
sectors. Within the cubic sectors, crystal growth 
was accompanied by the development of 
colored graining. Graining is absent in the 
adjacent octahedral sectors. Along the edge of 
the central zone there are several 
crystallographically oriented metallic 
inclusions as well as additional grain lines that 
mark this boundary. Ulustration by Robin 
Teraoka. 


synthetic diamonds are slightly different. Specifi- 
cally, these synthetic diamonds absorb less light in 
the violet and blue. Their spectral curve is shifted, 
and begins to rise at about 520 nm, and it also 
exhibits an increase in absorption above 620 nm 
that is slight but nonetheless significant in modify- 
ing the otherwise yellow color of this material. 
The absorption of violet and blue, as well as some 
orange and red, gives rise to a transmission win- 
dow in the green-yellow region between 520 and 
620 nm and thus to the greenish yellow body color. 
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Figure 11. The visible-range absorption spectra 
of the three colors of De Beers synthetic 
diamonds exhibit no sharp absorption bands 
but only a gradually increasing absorption 
toward the violet. The spectrum of the greenish 
yellow material also exhibits a slight increase 
in absorption toward the red. The spectra were 
recorded at room temperature with a Pye- 
Unicam 8800 UV-VIS spectrophotometer from 
crystals that have two nearly parallel, polished 
sides. Absorption values along each curve were 
normalized for a unit path length to permit 
direct comparison of the spectra. Ulustration by 
Peter Johnston. 
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The greenish yellow color of synthetic dia- 
monds has been the subject of other scientific 
studies. For instance, Collins and Spear (1982) 
investigated some General Electric synthetic 
green diamonds grown from a nickel flux. They 
indicated that the green color results from absorp- 
tion at the violet end of the visible-range spectrum 
(due to nitrogen} in conjunction with a broad-band 
absorption centered in the near-infrared (at about 
1.4 eV) and extending into the red portion of the 
visible spectrum (about 2.0 eV). Wedlake (1979) 
noted that the green color in some other synthetic 
diamonds is concentrated near nickel inclusions. 
Orlov (1977, p. 127) described experimental work 
in which natural diamonds had been colored green 
by the diffusion of nickel into their surfaces. On 
the basis of this circumstantial evidence, Collins 
and Spear suggest that the 1.4 eV broad-band 
absorption extending from the near-infrared into 
the visible range that contributes to the green color 
of synthetic diamonds is associated with nickel 
that becomes incorporated in the diamond crystal 
structure during crystal growth in the laboratory. 
They also attribute the presence of two groups of 
sharp absorption bands in the visible range at 
approximately 659 and 494 nm in this material to 
nickel. The fact that the De Beers synthetic dia- 
monds display metallic inclusions that contain 
nickel (see later discussion} may indicate that the 
greenish yellow color of some of the De Beers 
material is also the result of trace amounts of this 
element. 


Infrared Spectra. The infrared spectrum can be 
used to classify a diamond according to its type. 
Figure 12 shows the infrared spectra obtained with 
a Fourier Transform infrared (FTIR) spectrometer 
for each of the three colors of De Beers synthetic 
diamonds that we examined; these spectra indi- 
cate that the synthetic diamonds have nitrogen 
impurities in the form of type Ib. The yellow color 
of type Ib diamonds is caused by nitrogen that is 
dispersed as single atoms substituting for carbon 
atoms in the diamond crystal structure (Chrenko 
etal., 1971; Clark et al., 1979). Most natural yellow 
gem diamonds are type Ia, and they contain nitro- 
gen in the form of small clusters of neighboring 
atoms. Natural type Ib yellow gem diamonds are 
rare. As mentioned above, such diamonds lack 
sharp absorption bands in their visible-range spec- 
tra. However, natural type Ib diamonds with dis- 
persed nitrogen atoms also invariably contain a 
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small amount of nitrogen atoms in an aggregated 
form (but not enough to produce absorption bands 
in the visible range]. Thus, the infrared spectra of 
natural type Ib diamonds display not only the 
dominant Ib-related absorption bands but also 
bands of weaker intensity that are caused by this 
small percentage of type Ia character. This differ- 
ence in infrared spectra distinguishes natural type 
Ib from synthetic type Ib diamonds, which display 
no type Ia-related infrared absorption bands (see 
Shigley et al., 1986). 

The infrared spectra in figure 12 also reveal a 
relationship between the nitrogen content and the 
intensity of the color of the De Beers synthetic 
diamonds. The dark brownish yellow specimens 
have the highest relative nitrogen content, the 
yellow specimens have less nitrogen, while the 
light greenish yellow specimens contain the least 
nitrogen. 

The infrared spectra of the De Beers synthetic 
diamonds exhibit an additional interesting fea- 
ture. As noted above, the visible-range absorption 
spectrum of the greenish yellow specimens is 
somewhat different from that of the other two 
colors. Microscope examination of one of the 
greenish yellow faceted synthetic diamonds re- 
vealed a color zonation in which most of the 
internal growth sectors are yellow, a few are 
colorless, and some appear distinctly green. In 
addition to the expected type Ib absorption, the 
infrared spectrum of a green sector of this speci- 
men (figure 13) displays weak bands that look very 
similar to infrared features characteristic of type 
IIb natural diamonds, which are electrically con- 
ductive because of the presence of boron instead of 
nitrogen and are usually blue or gray. The type 
IIb-like infrared absorption features that we ob- 
served in this stone (and which would not be 
expected in the infrared spectrum of a nitrogen- 
containing type Ia or type Ib diamond) are located 
at 4090, 2930, 2800, and 2450 cm~-!. Whether 
these bands are associated with boron or with 
some other defect center is currently under study. 

In the previous section we briefly described a 
thesis that proposes that the greenish color of some 
of the De Beers synthetic diamonds could be due to 
the presence of traces of nickel in the diamond 
crystal structure (see Collins and Spear, 1982). On 
the other hand, if boron or some other defect center 
that gives rise to type IIb—like bands in the infrared 
spectrum were present in the green sectors of the 
greenish yellow De Beers synthetic diamonds, this 
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Figure 12. Features in the 1000-1400 cm~! 
portion of the infrared spectra of the dark 
brownish yellow (top}, yellow (middle), and 
light greenish yellow (bottom) De Beers 
synthetic diamonds indicate that they are all 
principally type Ib with no type la character. 
The spectra of natural type Ib diamonds 
invariably contain not only the dominant type 
[b-related infrared bands, but weaker type 
Ta-related bands as well. The spectra shown 
here also reveal that the De Beers synthetic 
diamonds have different relative contents of 
nitrogen, ranging from relatively high in the 
dark brownish yellow, lower in the yellow, and 
lowest in the light greenish yellow specimens. 
The spectra were recorded with a Nicolet 60SX 
FTIR spectrometer system. Absorption values 
along each curve were normalized to a unit 
path length to permit direct comparison of the 
spectra. 


might account for some of our observations on the 
properties of these specimens. 

If both dispersed nitrogen (type Ib) and dis- 
persed boron (type IIb) coexisted in neighboring 
sites in the crystal lattice of a diamond, they could 
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Figure 13. This portion of the infrared spectrum 
of a green growth sector in a greenish yellow De 
Beers synthetic diamond (bottom) strongly 
resembles that of a blue type IIb natural 
diamond (top), which suggests that the green 
sectors of this synthetic diamond have a type 
I[b-like character. The spectra were recorded 
with a Nicolet GOSX FTIR spectrometer system. 


compensate for each other electrically (depending 
on their relative amounts}, and they should not 
give rise to their expected yellow and blue colors 
simultaneously. We speculate that, in the green 
sectors of this synthetic diamond, these two impu- 
rities may be either dispersed as single atoms far 
enough apart from each other in the lattice as not 
to interact, or they may form a mosaic-like array of 
separate nitrogen- or boron-rich domains, or re- 
gions, within the diamond on an ultramicroscopic 
scale. Either distribution of nitrogen and boron 
atoms might account for the superposition of both 
the type Ib (yellow|— and type IIb (blue}-related 
features observed in the visible-range and infrared 
absorption spectra. This would also provide an 
alternative to the theory that the green color in 
these specimens is due to trace amounts of nickel. 
Absorption of violet and blue light (by nitrogen] 
and of orange and red light (by boron) could result 
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in a diamond with a green color. Separation of 
dispersed boron and dispersed nitrogen atoms, or 
separation of type ITb domains from one another by 
type Ib domains, might also account for the lack of 
electrical conductivity in this cut stone (although 
such conductivity is a characteristic feature of 
type IIb diamonds, and was observed on the sur- 
faces of the greenish yellow crystals). 

Interestingly enough, a weak, sharp absorption 
band at 659 nm was recorded at room temperature 
with the FTIR spectrometer in all the De Beers 
synthetic diamonds except the greenish yellow 
specimens. Collins and Spear (1982) observed a 
band at this location in the spectra of nickel-doped 
General Electric synthetic diamonds recorded at 
the cryogenic temperature of 77 K (—196°C). 
However, our observations of this band only in the 
brownish yellow and yellow De Beers synthetic 
diamonds suggest that any relationship between 
the greenish color of the greenish yellow synthetic 
diamonds that we examined and the presence of 
nickel impurities from the flux metal still seems 
questionable. 


Ultraviolet Fluorescence. We tested the reaction of 
the De Beers synthetic diamonds to ultraviolet 
radiation at room temperature with standard U.V. 
lamps (Ultraviolet Products models UVG-11 and 
UVL-L1}. When exposed to long-wave U.V. radia- 
tion, all 14 of the De Beers synthetic diamonds are 
inert. In contrast, the reaction to short-wave U.V. 
radiation is varied. All of the brownish yellow 
specimens fluoresce a moderate to strong yellow or 
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Figure 14. When this brownish 
yellow De Beers synthetic diamond 
crystal was exposed to short-wave 
ultraviolet radiation, the cubic 
growth sector in the center and the 
four sectors that form a “cross” 
pattern fluoresced intensely while 
the intervening octahedral sectors 
were inert. Parallel graining in the 
four outer cubic sectors was also 
highlighted by the fluorescence 
emission. The same pattern of 
fluorescence emission from portions 
of a crystal can also be seen on the 
crystal exterior, with the cube faces 
fluorescing brightly while the 
octahedral faces are inert. Magnified 
6X; five-hour exposure. 


greenish yellow; the yellow synthetic diamond 
crystals fluoresce weak to moderate yellow, but 
the faceted specimens are inert; and all of the 
greenish yellow synthetic diamonds fluoresce a 
weak yellow. When the short-wave U.V. lamp is 
turned off, only the greenish yellow specimens 
phosphoresce, with a weak yellow color that lasts 
for 10 seconds or more (a common feature among 
the type lIb natural diamonds we have examined). 
This fluorescence and phosphorescence is most 
pronounced near the outer portions of the greenish 
yellow crystals. 

In some cases, the short-wave U.V. fluores- 
cence is emitted in a geometric zonal pattern that 
corresponds to the arrangement of internal sector 
growth described earlier; this is most pronounced 
in the brownish yellow crystals. As shown in figure 
14, the cubic growth sectors of this crystal fluo- 
resce intensely, while the adjacent octahedral sec- 
tors fluoresce little or not at all. Within the cubic 
sectors, parallel grain lines {see discussion below] 
are highlighted by the fluorescence emission. In 
addition, the fluorescence is frequently brighter 
near the edges between sectors. This zoned pattern 
of fluorescence was also observed in some of the 
faceted De Beers synthetic diamonds {figure 15). 

This ultraviolet fluorescence behavior, partic- 
ularly the response to short-wave U.V. radiation, is 
more varied than that observed in the Sumitomo 
synthetic diamonds. Thus, U.V. fluorescence may 
be less reliable as an identifying gemological 
property for synthetic diamonds of other than 
brownish yellow or intense yellow color. 
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Figure 15. In faceted specimens, too, the short- 
wave ultraviolet fluorescence of a brownish 
yellow De Beers synthetic diamond shows the 
zoned pattern related to the internal growth 
sectors of the crystal. Magnified 20x; four-hour 
exposure. 


Fluorescence to X-Rays. The De Beers synthetic 
diamonds were tested with a conventional X-ray 
unit operating at 72 kV and 13 mA for several 
seconds af exposure. The brownish yellow speci- 
mens fluoresce a dark yellow or greenish yellow of 
moderate intensity, again in a zonal pattern, with 


very slight or no phosphorescence. The yellow 
specimens fluoresce in a similar pattern and color 
but with greater intensity. Again, there is little or 
no phosphorescence. The greenish yellow syn- 
thetic diamonds fluoresce an even stronger yellow 
in a zonal pattern and, in addition, exhibit a strong 
phosphorescence that persists for more than 10 
seconds. When tested in a similar manner, the 
General Electric synthetic yellow diamonds were 
inert while the yellow Sumitomo material fluo- 
resced bluish white with no phosphorescence. 


Cathodoluminescence. Diamonds will often lumi- 
nesce when exposed to an electron beam, a charac- 
teristic referred to as cathodoluminescence. Pre- 
vious studies of synthetic diamonds indicate that 
they can display intense and often geometrically 
zoned cathodoluminescence, and that this re- 
sponse usually differs from the pattern of cathod- 
oluminescence observed in natural diamonds. As 
figure 16 illustrates, this markedly zoned lumines- 
cence can also be quite useful in investigating the 
internal growth sectors as well as in studying the 
differences in growth history of both natural and 
synthetic diamonds (see Kiflawi and Lang, 1974; 
Woods and Lang, 1975; Hanley et al., 1977). 


Figure 16. In a natural diamond crystal (left), visible cathodoluminescence is exhibited by parallel 
zones on four sides of the crystal, where they mark successive positions of the outer edge of the 
diamond as it grew. Crystal growth occurred by addition of new material along planes paralle/ to the 
faces of an octahedron. Although this diamond crystal formed almost entirely by octahedral-type 
growth, the complicated pattern of visible luminescence is evidence of the complex growth history 
that is typical for many natural diamonds. In the faceted brownish yellow De Beers synthetic 
diamond fright), the pattern of cathodoluminescence reveals an internal structure consisting of cubic 
(luminescing a greenish yellow) and octahedral (inert) growth sectors. Photographs courtesy of 

Dr. G. 8. Woods, C. 8. O. Valuations, London (left) and Mrs. M. T. Rooney, D. T. C. Research Centre, 


Maidenhead (right). 
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Our examination of the De Beers specimens 
with a Luminoscope cathodoluminescence unit 
revealed that the brownish yellow and yellow 
synthetic diamonds luminesce an orangy yellow, 
yellow, or greenish yellow that varies in intensity 
from weak to strong. The greenish yellow syn- 
thetic diamonds luminesce a weak greenish yel- 
low. While these cathodoluminescence colors 
alone may not help distinguish synthetic from 
natural diamonds, results of the studies cited 
above demonstrate that observation of the zoned 
patterns of cathodoluminescence [as recorded, per- 
haps, with more sophisticated equipment} can 
often be significant in making this separation. 


Electrical Conductivity. Each of the De Beers 
synthetic diamonds was tested for electrical con- 
ductivity with a gemological conductometer. All 
of the faceted stones are nonconductive, as are the 
brownish yellow and yellow crystals. However, 
when conductivity between two crystal faces on 
the greenish yellow synthetic diamonds was 
tested, the faces were found to be slightly conduc- 
tive. Perhaps the incorporation of higher levels of 
impurities or defects near the outer surfaces of 
these crystals may explain the electrical conduc- 
tivity as well as the surface ultraviolet fluores- 
cence of the greenish yellow crystals (we have 
noted both features in natural type ITb diamonds). 


Thermal Conductivity. When tested with a ther- 
mal conductivity meter (a GIA GEM Instruments 
Duotester}, the De Beers synthetic diamonds (like 
the General Electric and Sumitomo materials) 
exhibit the high thermal conductivity expected for 
diamonds in general. Therefore, this test cannot be 
used to separate synthetic from natural diamonds. 


Specific Gravity. The specific gravity of each of the 
De Beers synthetic diamonds was determined 
using a heavy-liquid procedure devised by Koivula 
and Fryer {1984}. The specific gravity of these 
specimens was estimated to lie between 3.50 and 
3.51, which is within the range of natural and 
other synthetic diamonds. 


Examination with the Microscope. Inclusions. 
Several of the De Beers synthetic diamonds of all 
three colors contain relatively large, dark inclu- 
sions with a metallic luster that we presume to be 
particles of solidified flux material. Inclusions 
such as these are not found in natural diamonds. 
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These metallic inclusions have a tabular, elongate, 
or needle-like shape (figure 17). The shapes result 
from the inclusions filling cavities in the material 
that show distinct crystal faces. The inclusions 
occur singly or in small groups, can vary in size, 
and are occasionally aligned in a linear or planar 
fashion with their long axes parallel to grain lines 
or to the boundaries between internal growth 
sectors. They can be located either near the edge or 
deep within a crystal, and thus are also present in 
the faceted specimens. In some instances, the area 
immediately surrounding a group of such inclu- 
sions appears slightly lighter in color for distances 
of several tenths of a millimeter. These inclusions 
seem to be larger in the greenish yellow specimens. 

Tiny, white-appearing “pinpoints” were also 
observed. They, too, are often arranged in a pattern 
along grain lines or growth sector boundaries 
(figure 18]. In some of the faceted specimens, these 
pinpoint inclusions occur in such abundance that 
they assume a cloud-like form that imparts a 
haziness to the stone (figure 19). 


Color Zoning. Also interesting are the narrow, 
near-colorless, vein-like areas (figure 20) that ex- 
tend inward from the edge of a crystal, usually just 
beneath a cube or dodecahedral face. When these 
areas are Clearly visible, their location is seen to 
correspond to that of the cubic growth sectors 
discussed earlier. The variation in color between 
the vein-like areas and adjacent growth sectors is 


Figure 17, Large metallic inclusions, 
presumably particles of solidified flux filling 
cavities In the host stone, were observed in 
several of the De Beers synthetic diamonds. 
Magnified 25. 
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Figure 18. Tiny pinpoint inclusions arrayed in 
the form of a “cross” in the center of this 
yellow De Beers synthetic diamond crystal 
mark the boundaries between internal growth 
sectors. Magnified 20x. 


likely to be related to the differences in nitrogen 
incorporation among sectors during crystal 
growth. Near-colorless, vein-like areas of similar 
appearance’ were also prominent in the yellow 
Sumitomo’ synthetic diamonds. 


Graining. ‘Many of the De Beers synthetic dia- 
monds also exhibit a distinct pattern of grain lines 
that are seen internally and sometimes on the 
surface. Before we describe this feature, however, 
some remarks about the meaning of the term 
graining may help clarify our observations. 
Graining is a general term used by gemologists 
to describe irregular, linear, or planar growth 
features visible either internally or on the surface 
of a diamond. When there is surface graining, it 
usually can be correlated with internal graining. 
Although graining seems to be a relatively com- 
mon feature in gem diamonds, and may be an 
important factor in the quality grading of other- 
wise flawless stones, little has been written on the 
subject except for the articles by Kane (1980, 1982). 
Internal graining has been ascribed to differ- 
ences in lattice orientation, the presence of inclu- 
sions, or other structural irregularities in the 
diamond (Kane, 1982). Its occurrence often seems 
to be associated with optical birefringence, which 
might in turn be related to strain. Some internal 
graining has been correlated with twinning in 
diamond (J-P. Poirot, pers. comm., 1987}. However, 
most internal graining occurs in untwinned dia- 
mond crystals. While there is probably some rela- 


De Beers Synthetic Diamonds 


Figure 19. In some of the faceted De Beers 
synthetic diamonds, numerous tiny pinpoint 
inclusions form a “cloud” that gives a hazy 
appearance to the stone. Magnified 20x. 


Figure 20. The narrow, near-colorless, vein-like 
areas that extend inward from the four corners 
of this yellow De Beers synthetic diamond 
crystal correspond to the cubic growth sectors. 
These near-colorless areas may not be as well 
developed or as obvious in a faceted stone, but 
they are commonly seen and are quite 
distinctive of this material. Magnified 20x. 


tionship between internal graining and features 
such as irregularities in crystal structure, we 
suggest that much internal graining is due to a 
slight difference in refractive index between neigh- 
boring regions of the diamond that gives rise to an 
optical contrast between the two regions. A differ- 
ence in refractive index is brought about by minor 
variations in composition and/or structure. In the 
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case of the synthetic diamonds we examined, these 
differences are most likely associated with varia- 
tions in nitrogen content. 

Internal graining in natural diamonds usually 
parallels the four possible octahedral planes in the 
crystal, As such, it provides a phantom temporal 
record of the crystal shape during earlier stages of 
crystal growth. In the De Beers synthetic dia- 
monds, however, most of the internal graining is 
parallel to cube faces, and is best developed in the 
cubic growth sectors [but it is absent in the 
neighboring octahedral sectors—again, see figure 
10). This may be the result of more rapid growth in 
the cubic sectors, which leads to a greater proba- 
bility of compositional differences and structural 
irregularities (and thus to differences in refractive 
index} in these sectors. 

Some graining marks the boundaries between 
growth sectors where interfacing of compositional 
or structural differences can also lead to refractive- 
index variations. Both the boundary- and the cubic 
sector—related internal graining give rise to the 
distinctive “hourglass” and octagonal “stopsign” 
patterns seen in some of these synthetic diamonds 
(figures 2] and 22). Similar patterns of graining 
were noted in the Sumitomo synthetic diamonds. 
Internal and surface graining of this kind has not 
been reported in natural diamonds, and is thus a 
key identification criterion. 


Figure 21. The “hourglass” pattern as seen 
through the pavilion of this faceted brownish 
yellow De Beers synthetic diamond results 
from the development of prominent internal 
graining; it is a characteristic feature of many 
large synthetic diamonds. 

Magnified 30x. 
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Appearance in Polarized Light. Natural diamonds 
exhibit linear, cross-hatched, mosaic, or inclusion- 
related strain patterns when observed in polarized 
light. In contrast, the De Beers synthetic diamonds 
have a distinct cross-shaped strain pattern (figure 
23). Typically, this pattern is centered at the 
midpoint of the crystal. In a faceted synthetic 
diamond, the strain pattern is aligned along the 
same directions as the internal graining, and thus 
can be an aid in examining a stone for the “hour- 
glass” graining pattern. Some strain may also be 
associated with large inclusions in this material. 


Chemical Analysis of Inclusions. Using a Cameca 
MBX electron microprobe, Paul Hlava investigated 
the chemical composition of the large metallic 
inclusions exposed at the surfaces of one of the 
yellow and one of the greenish yellow synthetic 
diamonds. Because of the irregular surfaces of the 
inclusions, fully quantitative results could not be 
obtained. However, X-ray mapping of the inclu- 
sions in the two synthetic diamonds showed them 
to be metal alloys that are similar in composition, 
with close to 60 wt.% iron and 40 wt.% nickel, 
which is a common composition for the flux 
material used in diamond crystal synthesis (see 


Figure 22. An octagonal “stopsign” pattern of 
surface graining is also visible on the polished 
table of the synthetic diamond shown in figure 
21. Near the lower right-hand edge of the table, 
the central cubic-sector core of the crystal is 
recognizable from its octagon-shaped outline. 
Four narrow octahedral growth sectors extend 
outward from the core at right angles to one 
another. Also visible are the four cubic growth 
sectors with their parallel surface grain lines. 
Oblique illumination; magnified 30x. 
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Bundy et al., 1973). Inclusions of metal alloys are 
not found in natural diamonds. Mr. Hlava also 
noted in the yellow specimen that there are nu- 
merous, scattered, 1-2 ym inclusions in which 
only iron was detected. The arrangement of these 
tiny inclusions observed with the microprobe 
corresponds to the visual pattern of white-appear- 
ing pinpoints mentioned earlier. Again, although 
pinpoint inclusions are seen in natural diamonds, 
they do not look like those we observed in the De 
Beers synthetic diamonds, 


Magnetic Behavior. The presence of obvious mag- 
netic behavior in synthetic diamonds was noted in 
the General Electric material by B. W. Anderson 
(Webster, 1970) and Koivula and Fryer (1984), and 
was subsequently observed in the Sumitomo syn- 
thetic diamonds by Shigley et al. {1986}. Natural 
diamonds are only weakly magnetic if at all 
(Rossman and Kirschvink, 1984}. Because of the 
presence of large metallic inclusions (believed to 
be remnants of flux material on the basis of their 
appearance and chemistry], we suspected that the 
De Beers synthetic diamonds might be attracted by 
a magnet: During the specific-gravity determina- 
tion, we tested this by placing a simple horseshoe 
magnet next to the glass container that held the 
synthetic diamonds suspended in the heavy liquid. 
The magnetic response could then be roughly 
gauged by the relative movement of the suspended 
sample toward the magnet. We found the De Beers 
synthetic diamonds to vary from strongly mag- 
netic to nonmagnetic. The larger the metallic 
inclusions are, the stronger the attraction of the 
synthetic diamond is to the magnet. We noted no 
relationship between magnetic behavior and the 
color of the synthetic diamonds except insofar as 
the greenish yellow specimens are more strongly 
magnetic because, generally speaking, they con- 
tain the larger metallic inclusions. 


CONCLUSION 


Although large, colored synthetic diamonds in a 
size and quality suitable for faceting have been 
produced at the De Beers Diamond Research Labo- 
ratory since the 1970s, this is the first gemological 
examination of this material. These large syn- 
thetic diamonds have been manufactured only for 
scientific study and are not yet commercially 
available. They have not been introduced into the 
jewelry market, and De Beers maintains that there 
are no plans to do so. However, the cooperation of 
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Figure 23. This cross-shaped internal strain 
pattern, here seen in a crystal, is distinctive of 
many of the De Beers synthetic diamonds. Note 
also the pattern of graining in the four cubic 
sectors, Cross polarized light; magnified 10x. 


De Beers representatives in providing synthetic 
diamonds as well as information on their diamond 
synthesis technology has enabled us to report on 
the gemological properties of this material. 

The De Beers gem-quality synthetic diamonds 
can be easily identified in cut form by means of 
conventional gemological testing techniques. 
Table 2 summarizes the distinctive properties of 
the faceted specimens. Features to look for are the 
distinctive zoned pattern of color, ultraviolet fluo- 
rescence, and internal graining, as well as the 
metallic inclusions. While some of these proper- 
ties are unique to synthetic diamonds |i.e., certain 
patterns of internal and surface graining, metallic 
inclusions}, others may resemble those of natural 
gem diamonds (i.e., color zonation, pinpoint inclu- 
sions}. Thus, determination of natural or synthetic 
origin should not be based on any one gemological 
property alone. In combination, however, the char- 
acteristic gemological properties of these gem- 
quality synthetic diamonds provide conclusive 
identification. 

With the exception of ultraviolet fluorescence, 
the gemological properties of the De Beers syn- 
thetic diamonds are consistent with those noted 
previously for the General Electric and Sumitomo 
gem-quality synthetic diamonds of comparable 
colors. We have now examined samples of gem- 
quality synthetic diamonds from three different 
sources (two of which represent current technol- 
ogy], and have found them to be easily recognizable 
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by the gemologist. This suggests that faceted 
yellow synthetic diamonds will continue to be 
distinguishable from natural gem diamonds of 
similar color. Whether or not this will be the case 
for other colors of gem-quality synthetic dia- 
monds, if and when they are consistently pro- 
duced, remains to be seen. Among the synthetic 
diamonds we have examined so far, the most 
distinctive gemological properties (such as color 
zoning} present in the brownish yellow and yellow 
material seem to correlate with the relatively 
higher nitrogen content. Such properties were less 
obvious in the greenish yellow crystals. In the 
future, if gem-quality synthetic diamonds with a 
lower nitrogen content are produced, as is ex- 
pected for colorless stones, these distinctive gem- 
ological properties may be less evident or even 
absent. On the basis of our observations to date, we 
foresee difficulties in separating natural from syn- 
thetic colorless diamonds using conventional gem- 
ological techniques. 

The fact that De Beers and Sumitomo have 
independently developed the commercially feas- 
ible technology to synthesize yellow gem-quality 
diamonds as large as several carats reinforces our 
view that in the future synthetic diamonds will be 
encountered more frequently in the jewelry indus- 
try. We have now entered into a new era of 
commercial diamond synthesis technology. We 
again recommend that jewelers and gemologists 
pay close attention to documenting the gemologi- 
cal properties of gem diamonds of yellow color. 
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THE HISTORY AND GEMOLOGY 
OF QUEEN CONCH “PEARLS” 


By Emmanuel Fritsch and Elise B. Misiorowski 


Conch “pearls” are calcareous concretions 
produced by the Queen conch mollusk, 
Strombus gigas, which is found in various 
areas of the Caribbean. Although conch 
“pearls” occur in a range of colors, the 
pink are usually the most desirable. 
“Pearls” over 10 ct are rare, but they have 
been observed as large as 45 ct. They 
sometimes exhibit a porcelain-like luster 
and an unusual characteristic called 
flame structure, which made pink conch 
“pearls” quite popular in jewelry at the 
turn of the last century. This article re- 
views the history of the conch “pearl,” 
discusses S. gigas and its fisheries, and ex- 
amines the gemological properties and 


other characteristics of this attractive ma- 


terial. 


ABOUT THE AUTHORS 


Dr. Fritsch is research scientist, and Ms. Mis- 
iorowski is research librarian, at the Gemological 
Institute of America, Santa Monica, California. 


Acknowledgments: This article would not have 
been possible without the help of Susan 
Hendrickson, of the Black Hills Institute of Geo- 
logical Research, who loaned GIA 150 conch 
“pearls” for study and provided both rare biblio- 
graphic and first-hand information. Dr. Edwin 
Iversen, of the University of Miami, provided infor- 
mation on the biology of the shellfish. Deborah 
Day, archivist at the Scripps Institute, gave us ac- 
cess to the private correspondence of La Place 
Bostwick. We wish to thank Laurence Krashes 
and Goldbarg Parstabar, of Harry Winston, Inc., 
for the loan of jewelry. Bonnie Everett and Dee 
Williams provided useful information. Chuck Fryer 
did the X-ray diffraction work. Jaime Gabay kindly 
gave us a conch "pear!" for this project. 


© 1988 Gemological Institute of America 


208 Queen Conch “Pearls” 


C3 “pearls,” calcareous concretions produced by 
the Queen conch mollusk, Strombus gigas, often 
have a very attractive pink color that may be enhanced by a 
characteristic silky-looking “flame structure” (figure 1). 
As described by Stevenson and Kunz (1908, p. 279), many 
specimens “present a peculiar wavy appearance and a 
sheen somewhat like watered silk, a result of the reflec- 
tions produced by the fibrous stellated structure.” In 
addition, some conch “pearls” show a smooth, shiny 
porcelain-like luster that makes them very attractive. 
Because they are nonnacreous, they cannot be considered 
true pearls; consequently, the term pearl, commonly used 
in the trade to describe this material, appears here in 
quotation marks. The name of the mollusk should be 
pronounced “conk” and both spellings, conch and conk, are 
found in the literature. 

Although they are truly rare gems, which are found 
only in the waters of the Caribbean and Bermuda and 
which seldom occur in a quality and size suitable for 
jewelry, conch “pearls” are occasionally seen in period 
jewelry, particularly in the Art Nouveau style. Large 
unmounted conch “pearls” of high quality have sold for 
significant prices. An oval 17-ct pink conch “pearl” went 
for just under US$12,000 at a Paris auction in 1984 
(Federman, 1987). Last year, a 6.41-ct fine, dark pink, 
unmounted conch “pearl” was sold at auction for US$4,400 
(Christie’s London, June 24, 1987,). 

Recently, Susan Hendrickson, of the Black Hills Insti- 
tute of Geological Research, loaned GIA a large private 
collection of about 150 conch “pearls.” This remarkable 
group, the result of 10 years of patient gathering, shows the 
ranges of size, color, and shape in which conch “pearls” can 
occur. The purpose of this article is to compile the 
scattered historical references to conch “pearls,” review 
current knowledge of S. gigas and its fisheries, and examine 
the gemological and other properties of this little-known 
gem material. 
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A HISTORICAL LOOK AT 

CONCH “PEARLS” AND 

SHELL IN JEWELRY 

In antiquity, the conch shell was regarded by the 
Incas and many early cultures as a symbolic 
mouthpiece of the gods. “Perhaps it was because, 
when held to the ear, the voice of the sea god 
murmured through it” (Dickinson, 1968, p. 7). 
Although there is no specific reference in the 
literature to “pearls” obtained from S. gigas before 
the mid-1800s, it is reasonable to believe that they 
were found and used in jewelry, along with 
nacreous pearls. 

The earliest mention of conch “pearls,” specifi- 
cally from the S. gigas mollusk, can be found in the 
1839 Catalogue of the Collection of Pearls w 
Precious Stones Formed by Henry Philip Hope, 
Esq. and referred to in Stevenson and Kunz (1908, 
p. 464). Among the 148 pearls listed are two conch 
“pearls”: “an oval conch pearl, pink in general color 
and somewhat whitish at the ends, . . . and another 
conch pearl ... button shaped, yellowish-white 
with a slight shade of pink.” Streeter (1886} also 
mentions this collection and goes on to say that 
conch “pearls” were quite popular during the 1850s 
and 1860s, to the point that supply could not keep 
up with demand. 

During Queen Victoria’s reign (1837-1901}, 
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Figure 1. This group of 
exceptional pink conch 
“pearls” includes some of 
the finest that were stud- 
ied for this article. The 
largest, an unusually fine 
_ porcelaneous “pearl,” 
weighs 40.14 ct (22 x 21 
- X 12 mm). In some, the 
| delicate flame structure 
typical of conch “pearls” 
is visible with the un- 
aided eye. Specimens 
courtesy of Susan 
Hendrickson; photo by 
Scott Briggs. 


the shell of the conch was imported into Europe for 
use in the manufacture of porcelain, to be carved 
as cameos, and for collecting as a curio. Italian 
cameo carvers preferred the S. gigas shell because 
of its delicate pink tints (Streeter, 1886]. Actually, 
during the 19th century, conch “pearls” were often 
referred to as “pink pearls.” Alexandra, consort to 
Edward, Prince of Wales, and daughter-in-law to 
Queen Victoria, was partial to pearls of all kinds. 
Edward and Alexandra were the leaders of upper- 
class society during the late 1800s and early 1900s; 
the trends that they set in fashion and jewelry 
came to be known as the Edwardian style. Edwar- 
dian jewelry incorporated a lavish profusion of 
pearls and diamonds usually set in platinum. 

One example of an Edwardian piece that incor- 
porates a conch “pear|” (figure 2| can be seen at the 
Walters Art Gallery in Baltimore, Maryland. This 
23.5-ct conch “pearl,” at the time one of the largest 
known, was purchased around 1900 from George F. 
Kunz at Tiffany & Co. in New York, where he was 
employed as staff gemologist (Mitchell, 1984, p. 
179). Bought by Henry Walters as a gift for his niece 
Laura Delano, it was eventually presented by her 
to the Walters Art Gallery. 

While the larger conch “pearls” were popular 
with the upper class at the turn of the century, 
their smaller counterparts were well suited for use 
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Figure 2, Large conch “pearls” were well suited 
to the lavishness of Edwardian jewelry, In this 
Edwardian piece (circa 1900), the 23.5-ct conch 
“pearl” is set in a hinged platinum cage of 
prongs with a foliate design. The top can be 
turned to release the prongs so that the “pearl” 
can be removed. Courtesy of the Walters Art 
Gallery. 


in the Art Nouveau jewels popular among the 
rising middle class and artistic avant-garde during 
the same period. Conch “pearls” lent themselves 
well to the naturalistic motifs that were common 
in Art Nouveau jewelry (Misiorowski and Dirlam, 
1986}. As Art Nouveau jewels often incorporated a 
mixture of fine gems and metals with inexpensive 
materials, such as glass and horn, the smaller 
conch “pearls” were ideal for use as buds in floral 
designs (figure 3}. Jewels of this sort are seen at 
auction occasionally. 

Following the upheaval of World War 1, interest 
in conch “pearls” waned. The Art Deco style that 
predominated after the war manifested itself in 
stark geometrics that mirrored the disillusion- 
ment of the time and the preoccupation with 
streamlined modernity. We can find no evidence of 
the use of conch “pearls” in Art Deco jewelry. Not 
until the current decade have conch “pearls” re- 
gained favor as unique and unusual gems in 
jewelry. In the last two years, the competition for 
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buying in the Dominican Republic has sharply 
increased (S. Hendrickson, pers. comm., 1987}. 

Recently, Harry Winston, Inc. created a few 
pieces of conch “pearl” jewelry intended for its 
very special clientéle. One magnificent suite of 
necklace and earrings features six pink conch 
“pearls,” beautifully combined in size, color, and 
shape (see cover photograph]. The necklace incor- 
porates a deep reddish pink button-shaped conch 
“pearl”; its pendant contains a magnificent 45-ct 
(180-grain} pear-shaped conch “pearl” that is prob- 
ably one of the world’s largest. Strong flame 
structure is readily apparent in many of the 
“nearls” in the suite. 

In conjunction with the pink color, the myste- 
rious allure of the flame structure in conch 
“nearls” has traditionally added to its desirability 
as a gem. The rarity of the conch “pearl” precludes 
its extensive use in jewelry; unless a culturing 
operation is developed, which is unlikely, conch 
“nearls” will retain their exclusive status. 


BIOLOGY OF THE 

STROMBUS GIGAS MOLLUSK 

Only S. gigas, a univalve mollusk commonly 
known as the Queen conch, grows the calcareous 
concretions known as conch “pearls.” However, 
one must be careful because the term conch is 
sometimes used to describe other kinds of shell {in 
fact, the science of shells is called conchology). 
Nevertheless, fishermen and divers can easily 
distinguish S. gigas from other snails by its distinc- 
tive “hook” or “claw,” the horny curved operculum 
attached to the animal’s foot. All conchs are 
vegetarians, eating essentially algaes, and the 
Queen conch is one of the largest of the her- 
bivorous gastropods (Brownell and Stevely, 1981). 
Unlike most mollusks, the Queen conch snail 
moves in a unique “hopping” style (Fleming, 1982), 
pushing very hard on its foot to raise its heavy 
shell, and then letting itself fall forward, la- 
boriously gaining about half a body length. 

The natural habitat of the conch (figure 4) 
stretches from Bermuda to the Caribbean (Brown- 
ell and Stevely, 1981). When L. D. Powles wrote of 
his experiences as a barrister in the Bahamas 
(1888], he titled his book The Land of the Pink 
Pearl. The Queen conch is also found along the 
southeast coast of Florida and the Keys. In 1910, 
Kunz wrote a slim promotional book for Tiffany & 
Co. in which he listed conch “pearl” as one of the 
state stones. This suggests that Florida also may 
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have been a source for those conch “pearls” used in 
jewelry at the turn of the century, although Sin- 
kankas (1959, p. 587) states that “prior to 1900, the 
vogue for [conch] pearls was largely satisfied by 
specimens captured on the reefs of Eleuthera and 
Exuma Islands in the Bahamas and the pearls 
marketed primarily in Nassau.” Streeter {1886}, 
Webster (1975), and Farn (1986) also list the Gulf of 
California as a source of S. gigas. While this area 
might be the home of similar-looking snails, no 
marine biology publication mentions tiie presence 
of S. gigas in this location (see, e.g., Abbott, 1954). 
Most likely, these reports of “Queen conchs” 
outside their normal geographic range are just 
cases of confusion caused by the use of ambiguous 
common names (E. Iversen, pers. comm., 1987). 

Although conchs may undergo minor migra- 
tions (Hesse, 1979], they usually remain in the 
same general area over their lifetime. They tend to 
inhabit stable sandy bottoms, although occa- 
sionally they settle in gravel and coral environ- 
ments. They may be found in only a few centime- 
ters of water or as deep as 75 m, but they most 
commonly live at a level above 30 m in depth 
(Brownell jand Stevely, 1981). 

Reproduction takes place during the warmer 
months, from March to September (Hesse and 
Hesse, 1977). After mating, the female produces an 
egg mass of about 500,000 units, the size and shape 
of a fat banana, which is camouflaged from preda- 
tors by a coating of sand. Four to five days later the 
eggs hatch anda tiny shell-less conch, called at this 
stage a “veliger,” emerges to drift in water for about 
four or five weeks, subject to currents and exten- 
sive predation, until it settles to the bottom and 
acquires a small white shell. The young conch, 
now called a “creeker,” seeks protection in the 
sand. Over the next two years, it will grow its spiral 
shell, at which time it becomes a “roller.” At about 
three years of age, the mollusk begins to build up 
its shell ina flared lip. At this point, it has reached 
breeding maturity and is at optimum size for 
fishing. It also seems that this is when the snails 
begin to produce “pearls.” The “sanga” or “samba” 
is a fully matured conch, with a very thick, 
leathery-looking shell. A group of conch shells of 
various ages from roller to sanga is represented in 
figure 5; note the development of the lip and the 
areas of pink coloration. 


STROMBUS GIGAS FISHERIES 
S. gigas is fished throughout the Caribbean primar- 
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Figure 3. Smaller conch “pearls” can be seen in 
the Art Nouveau pieces that were popular with 
the middle classes at the turn of the century. 
The Art Nouveau pendant shown here has a ge- 
ranium motif of pink enameled flowers with 
conch “pearl” buds and plique-d-jour enameled 
leaves. Photo courtesy of Christie’s Geneva. 


ily for its meat. The shellfish are found in large 
groups of up to several hundred individuals. The 
fishermen dive from small boats (figure 6] and 
pluck the mollusk from shallow waters or use 
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Figure 4, The Strombus 
gigas (Queen conch) 
mollusk is found 
throughout the waters in 
the shaded area of this 
map (After Brownell and 
Stevely, 1981). 
Illustration by Jan 
Newell. 


e« Bermuda 


poles with a hook. The fishermen usually cut the 
meat out of the shell in the boat. The conch 
“pearls” are often found at this stage, in a pearl sac 
within the orange part of the mollusk, which 
corresponds to the mantle or skirt of the conch 


(preliminary observations by B. Everett, pers. 
comm., 1987). They are also recovered when the 
boat is being cleaned. We have not been able to find 
any direct documentation on how the “pearl” 
forms in the conch, but we suspect that it nucle- 


Figure 5. These shells are from Strombus gigas of different ages, from the young “roller” on the left to 
the oldest “sanga” on the right. Note in the two shells in the center how the lip develops and then, in 
the two shells on the right, how it thickens as it is eroded over time. Photo by Robert Weldon. 
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ates due to irritation from a foreign body, in much 
the same’ Way pearl-like concretions form in other 
mollusks (Bostwick, 1936; Sweaney and Laten- 
dresse, 1984). 

The meat, similar to abalone, is usually eaten 
locally, although during the 1970s it was frozen 
and exported to the United States, The conch 
industry benefited greatly from higher prices and 
improved marketing during this period, but the 
resulting expansion led to overfishing and the 
species is now seriously endangered (Hesse and 
Hesse, 1977; Brownell and Stevely, 1981; Fleming, 
1982), Many governments have taken measures to 
prevent the precipitous decline of S. gigas. For 
example, it is now illegal to fish this mollusk off 
the coast of Florida. During the period of overfish- 
ing, many conch “pearls” (several hundreds, if not 
thousands} were found, but the recent measures 
taken to protect the mollusk are likely to reduce 
this number in the coming years (figure 7]. A 
detailed review of the natural history of the Queen 
conch and the fishery problems can be found in 
Randall (1964} and Brownell and Stevely (1981). 

One question often raised about conch fishing 
is how often a “pearl” is found. According to Kunz 
(1892), there is never more than one conch “pearl” 
in a shell. This statement has been confirmed by 
many modern fishermen (S. Hendrickson, pers. 
comm., 1986). A commercial supplier of conch 
meat in the Lesser Antilles recently stated that in 
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Figure 6. Fishermen from 
the Dominican Republic 
and their fishing boat, here 
dry-docked for mainte- 
nance, typify the conditions 
under which the conch 
shell is fished. Photo by 
‘Susan Hendrickson. 


Figure 7. Jorge Luis, a Dominican fisherman, 
displays a handful of conch “pearls” that repre- 
sent several months of collecting. Photo by 
Susan Hendrickson. 


“approximately 54,000 conchs, only four large 
(5-10 ct) and a few dozen smaller ‘pearls’ were 
found” (Fryer et al., 1985, p. 235]. The probability of 
finding a conch “pearl” is, then, about one in a 
thousand, which agrees with Streeter’s indications 
in 1886. Ms. Hendrickson (pers. comm., 1986) put 
the odds even lower ~ around one in ten thousand 
to one in fifteen thousand—on the basis of per- 
sonal observations and discussions with fishermen 
in the Dominican Republic and the Bahamas. This 
figure agrees with information provided by Bonnie 
Everett, who co-owns a fishery in the Turks and 
Caicos Islands (pers. comm., 1987). Ms. Everett 
nevertheless points out that there is no way of 
knowing if a “pearl” has been overlooked. In 
addition, only about 10% of those found can be 
considered gem quality. While the degree of scar- 
city may vary with the fishing grounds, conch 
“nearls” are, by any standards, very rare. 


LA PLACE BOSTWICK AND 
CONCH “PEARL” CULTURING 


The only published account of the successful 
culturing of conch “pearls” was written by a 
biological researcher named La Place Bostwick 
(1936). In 1933, Bostwick applied to the director of 
the Scripps Institute of Oceanography, requesting 
permission to work on culturing abalone pearls at 
their research facilities in La Jolla, California. In 
his letter, Mr. Bostwick stated that he had “also 
found the secret of growing round and egg-shaped 
pearls in the great, pink conch, Strombus gigas.” 
Bostwick’s first attempts at pearl culturing 
involved some 600 species of freshwater mollusks. 
In the course of these experiments (as reported in 
some pages from an undated article published in an 
unidentified journal that accompanied his Scripps 
correspondence}, he harvested several black cul- 
tured pearls from the “Elephant ear” shell. 
Working with biological researcher Clarence F 
Hoy in Key West, Florida, Bostwick began experi- 
menting with culturing conch “pearls” in the 
S. gigas mollusk. Two photographs and mention in 
two articles (Bostwick, 1936, and the article of 
unknown origin referred to above} suggest that the 
experiments were indeed successful. In 1931, an 
article in The Key West Citizen carried the trium- 
phant title, “After two years work here, experts 
‘learn how to grow $50,000 pearls.” Bostwick and 
Hoy, cited in the article as experts, explain the 
advantages of growing conch “pearls” instead of 
freshwater pearls. A follow-up article cited Bost- 
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wick on the difficulties of the undertaking (“Many 
Key Westers ...,” 1931}. The following year, in a 
letter to writer Ernest Hemingway, Hoy mentions 
“Culture Conch Pearls” that Hoy had shown Hem- 
ingway previously. Although there is no definitive 
proof that Bostwick and Hoy were the cultivators, 
or that the “pearls” were indeed cultured, no 
evidence has surfaced of any other person cultivat- 
ing, or attempting to cultivate, conch “pearls” in 
Key West at that time. 

It was apparently at this point that Bostwick 
applied to the Scripps Institute for space in their 
laboratories. The correspondence begins in 1933 
and suggests, ultimately, that permission was 
granted and Bostwick moved to La Jolla in the 
spring of 1934. Between 1934 and 1940, while he 
confidently awaited the results of his experiments, 
Bostwick wrote several articles about pearl culti- 
vation, one of which was published in the January 
1936 issue of The Gemmologist. He also carried on 
a lively correspondence with a writer, Catherine 
Meursinge, who was interviewing him for an 
article about his work with pearl cultivation. This 
article was eventually published in a Dutch peri- 
odical (Meursinge, 1937]. There is no evidence, 
though, that Bostwick ever revealed the secret of 
his culturing techniques. To one inquiry regarding 
his methods, he denied drilling the abalone shells 
to introduce a bead nucleus and further replied: “I 
... hypnotize them [the mollusks] and as the mind 
has great effect over matter, when they understand 
that they must grow a pearl, they just get busy and 
do it. I have a very poor memory and usually 
FORGET to explain just how the pearls are grown” 
(letter to Meursinge, 1936). 

Both the article by Meursinge and the corre- 
spondence leading to it mention repeatedly that a 
book by Bostwick titled Pearls and Pear! Bearing 
Mollusks was to be published soon by Appleton 
Century Publishers in New York. However, there is 
no mention of the book in any correspondence 
after 1937 and as there is no entry for such a book 
in the Library of Congress, it is doubtful that it was 
ever released. 

In fact, after 1940, Bostwick himself drops out 
of sight. The archives at Scripps provide no clue as 
to the results of his abalone “pearl’—culturing 
experiments, which may very well have failed. At 
any rate, the last written record of La Place 
Bostwick that we were able to discover is a 1940 
letter to Catherine Meursinge regarding the turbu- 
lent political situation in Europe at the time. 
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GEMOLOGY OF THE 
CONCH “PEARL” 


For this article, we examined more than 150 conch 
“pearls,” which ranged from 0.2 to over 40 ct (2 to 
22, mm). Most of the specimens had been acquired 
by Ms. Hendrickson directly from conch fisher- 
men in the Caribbean. In all cases, the fishermen 
confirmed that the “pearls” had come from S. gigas 
specifically, although they were aware that other 
shells can produce calcareous concretions. 


Size. Calcareous concretions from the conch shell 
are commonly no more than 2-3 mm in diameter, 
and around 0.2 or 0.3 ct in weight. Only rarely do 
they occur in sizes and of a quality suitable for use 
in jewelry (S. Hendrickson, pers. comm., 1986]. 
Although specimens up to 10 ct are found, larger 
“pearls” are exceptional. Unusually fine, large 
examples include the 40.14-ct “pearl” shown in 
figure 1 and the 45-ct pendant in the Harry 
Winston conch “pearl” necklace mentioned earlier. 


Shape. Conch “pearls” occur in a variety of shapes, 
ranging from extremely baroque to very symmet- 
rical (figure 8). They are generally somewhat 
rounded, but only very rarely are they spherical. 


Figure 8. This group of conch “pear!s” illus- 
trates the wide variety of shapes in which they 
occur, from pronounced baroque (brown, 18.62 
ct at the bottom) to almost spherical (dark 
brown, 1.83 ct on the left). Probably the most 
sought-after shape is a symmetrical elongated 
ellipse, like a football, approximated by the 
two pink “pearls” at the upper left (6.49 and 
2.48 ct). Specimens courtesy of Susan 
Hendrickson; photo by Scott Briggs. 


Quite commonly, conch “pearls” resemble a foot- 
ball or a watermelon in shape. Ms. Hendrickson’s 
collection includes a unique double “pearl.” In his 
1936 Gemmologist article, Bostwick suggested a 
few rules concerning the shapes of abalone pearls 
that probably apply as well to conch “pearls”: “If a 
growing pearl is not located in exactly the right 
part of the anatomy, it will become rough or ill 
shaped,. . . if it is growing in a region of muscular 
activity, it will not grow round.” He also stated 
that “if it touches the shell, it will become at- 
tached.” A few of the samples we studied clearly 
show an extension, known as a peduncle, that may 
have been caused by the proximity of the shell. 
Symmetry is a key factor in establishing the 
value of a conch “pearl.” Irregular shapes generally 
do not command prices as high as symmetrical 
elliptic {football} shapes, particularly among Euro- 
peans. Any departure from this “ideal” oval will 
reduce its desirability. Other details that might 
have a negative effect on value are an uneven 
surface, flaws reminiscent of fractures, and surface 
blemishes. Most oval-shaped “pearls” have white 
ends that are often tipped with brown pro- 
tuberances which can be rather unattractive. 


Color Range. Conch “pearls” occur in various tones 
of pink, yellow, brown, and white (figure 9}. In the 
collection provided by Ms. Hendrickson, which 


Figure 9. Although most people think of them 
as pink, conch “pearls” may be white (1.44 ct), 
yellow (“golden,” at the bottom, 7.23 ct), 
brown, or orangy (“salmon”). Specimens cour- 
tesy of Susan Hendrickson; photo by 

Scott Briggs. 
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primarily represents “pearls” found in the Silver 
Shoals (a region of shallow waters that is claimed 
by both the Dominican Republic and the Turks and 
Caicos Islands}, more than half are light brown, 
sometimes with a gray or yellow modifier. Inas- 
much as brownish conch “pearls” are usually 
discarded by the fishermen, someone who sees 
only what is commercially available might get the 
impression that they are uncommon (e.g., Streeter, 
1886}. However, Ms. Everett maintains that she 
finds mostly pinks in her conch fishery, so perhaps 
there is some geographic variability in the propor- 
tion of the various colors. A dark brown (“chocolate 
brown”) “pearl” is very unusual. White conch 
“pearls” also seem to be rather rare, although they 
are mentioned by Streeter (1886), Kunz (1892, 
1894), and Webster [1975]. A brownish yellow 
conch “pearl” is referred to among collectors and 
dealers as a “golden pearl” (figure 10}. The most 
highly valued hues, however, are pink and orangy- 
pink, also called “salmon” (Kunz, 1892; Krashes, 
1986]. In rare instances the color appears to be 
lavender. Occasionally, the pink color is so intense 


Figure 10. A rare example of a fine “golden” 
conch “pearl” (15.56 ct) set in jewelry is this 
14K gold ring. Photo courtesy of Manuel and 
Inge Marcial, Emeralds International Inc., Key 
West, Florida. 
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Figure 11, This 2,88-ct pink conch “pearl” of 
very fine color and unusual oblique flame 
structure, found off the San Bernardo Islands 
(Colombia), is set in an 18K gold pendant. 
Photo courtesy of Manuel and Inge Marcial, 
Emeralds International Inc., Key West, Florida. 


that the “pearl” is described as red. Among the 
pink conch “pearls,” a medium purplish pink is the 
preferred hue (see figures 11 and 12}; a salmon 
color is considered to be slightly less desirable. 

As with other pearls, the color of the conch 
“pearl” reflects the color of the internal surface of 
the shell in the region where it grows. Microscopic 
observation and thin sections suggest that brown 
is caused by the incorporation of a layer of an 
opaque, muddy-looking substance close to the 
surface of the shell. The salmon color seems to 
occur when a very thin layer of that substance 
covers a pink zone. 
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Fading. Unfortunately, the attractive color of pink 
conch “pearls” is not stable. Like the shell itself, 
these “pearls” fade on prolonged exposure to sun- 
light to a much lighter pink (figure 13). This 
characteristic of the shell was noticed early on, asa 
consequence of its use for cameos (Brown, 1986). 

The fatling is probably related to the organic 
origin of the pink color. We obtained the absorption 
spectrum of a pink conch “pearl” on a Pye-Unicam 
UV-visible spectrophotometer. A broad absorption 
band centered around 500 nm is responsible for the 
pink coloration. Studies using Raman spectros- 
copy have demonstrated that the intensity of this 
visible absorption is related to the intensity of 
certain lines in the Raman spectrum (Délé-Dubois 
and Merlin, 1981), These lines are characteristic of 
organic compounds of the carotenoid family, to 
which a large number of organic pigments belong. 
The exact nature of the pigment(s) is not known. 
Inasmuch as many organic products fade, it is not 
surprising to observe this phenomenon in the 
conch “pearl.” The fading is probably caused by the 
decomposition of the product when exposed to the 
ultraviolet rays of natural daylight. There is no 
known method by which the color can be restored. 
Consequently, fine pink conch “pearls” set in 
jewelry should be reserved for evening or occasion- 
al, as opposed to daily, wear. With care, however, 
the color will remain strong, as the “pearls” in the 
Edwardian and Art Nouveau pieces demonstrate 
(again, see figures 2, and 3]. 


Refractive Index and Specific Gravity. The refrac- 
tive indices of 16 conch “pearls,” which cover the 


Queen Conch “Pearls” 


Figure 12. These three pink conch 
“pearls” represent the range of most 
desirable colors and flame structure. 
From left to right: 2.88 ct, 2.24 ct, 
and 4,04 ct. Specimens courtesy of 
Susan Hendrickson; photo by Robert 
Weldon, 


Figure 13. The color of the 3.37-ct faded conch 
“nearl” on the left originally resembled that of 
the 1.56-ct “pearl” on the right prior to exposure 
to sunlight. Note also the whitish pro- 
tuberances on the faded “pearl”; these are a 
common characteristic of conch “pearls.” The 
irregular wavy surface of the smaller “pear!” 
impairs its value. Photo by Robert Weldon. 


full range of colors, were determined using the spot 
reading technique. All fall between 1.50 and 1.53, 
with an average value of 1.51. 

The specific gravity of 12 conch “pearls” was 
measured using the hydrostatic method. The value 
obtained seems to correlate with the color. Brown 
concretions have the lowest values (2.18—2.77}, 
probably because they typically contain cavities, 
as could be seen when the “pearls” were sawed. 
Intermediate values (2.82—2.86) were obtained for 
white and “golden” samples, which may or may 
not contain cavities. Our experience (both with 
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Figure 14. This is a fine example of a conch 
“pearl” (3.06 ct) of perfect form and good color. 
Notice how the radial flame structure creates 
an attractive oval-shaped pseudo-chatoyancy. 
Specimen courtesy of Susan Hendrickson; photo 
© Tino Hammid, 


sawed “pearls” and as observed with X-radiogra- 
phy} indicates that pink conch “pearls” do not 
contain cavities; they range in specific gravity 
from 2.84 to 2.87. 


The Flame Structure in Conch “Pearls.” One of the 
most striking characteristics of the conch “pearl” 
is the flame structure. In some cases, the surface 
reveals a regular pattern of parallel elongated 
crystals that imparts a silky sheen to the “pearl” 
(again, see figure 11]. In the very best specimens, 
the “flames” can be identified by microscopic 
examination as thin lamellae that are almost 
parallel to one another and are sometimes perpen- 
dicular to the axis of the “pearl,” thereby giving 
rise to a rough chatoyant effect (figure 14), Flame 
structure has also been observed in portions of the 
conch shell itself, in the red and black helmet 
shells (Brown, 1986), and also in the Tridacna 
“pearl” (Liddicoat, 1981). 

We have observed flame structure in conch 
“pearls” only in the pinks (and on the white parts of 
pink and white pearls), and not all of them exhibit 
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this pattern without magnification (see, e.g., the 
largest specimen in figure 1}. A conch “pearl” in 
which flame structure is not visible with the 
unaided eye is called porcelaneous. Therefore, 
although the presence of flame structure helps to 
identify a pink concretion as a conch “pearl” 
(Webster, 1975; Fryer et al., 1982], its absence does 
not mean the contrary. Flame structure is highly 
desirable, however, and conch “pearls” in which it 
is not easily seen carry a lower value than those in 
which it is prominent. 

The structure of the Queen conch shell has 
been described in great detail by Bolman (1941) and 
briefly by Brown (1986). Since the “pearl” is formed 
in the same manneras the shell, one expects to find 
a similar structure. We cut three thin sections, one 
in each of two different brown “pearls” (figure 15, 
left), and one in a pink “pearl” (figure 15, right). 
Both have basically a concentric organization (see 
also Fryer et al., 1985}, but the layers can vary 
considerably in structure within the same section. 
The outermost layer of the pink sample exhibits a 
somewhat prismatic structure, constructed of 
rather large crystals (up to | mm in width}. A 
similar layer has been found inside a brown 
“nearl.” Other layers have a finely fibrous or a 
columnar structure, as described by Bolman (1941) 
for the S. gigas shell. All three sections have a very 
irregular brown core of unknown nature. Brown 
“nearls” contain intercalated layers of a brown, 
muddy-looking material that give them their col- 
oration. Because there is apparently very little or 
no conchiolin layer, X-radiography does not reveal 
any structure in the “pearl.” 

Brown (1986, p. 157] explained that the flame 
structure of the conch shell is “an optical effect 
that was caused by sharp bending of the shell’s 
fibrous crystals so that their orientation ran al- 
most parallel to the internal surface of the shell.” 
On the thin section of pink conch “pearl” with 
good flame structure that we studied (figure 15, 
right], such bending is not obvious. The flame 
structure seems to be apparent only when mud- 
like layers are not present under the outermost 
layer. This allows for better transparency and one 
sees “deeper” into the pearl. The fibrous or lamel- 
lar structure is present in all shells or “pearls” 
exhibiting flame structure. In polarized light, this 
outermost layer appears to be constructed of two 
sets of crystals, one lighted when the other is 
extinct. This suggests a fixed crystallographic 
relationship, probably twinning as it is commonly 
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Figure 15. Thin sections (about 100 wm thick) were cut from a brown (left) and a pink (right) conch 
“pearl.” The irregular brown core and the concentric structure are clear in both thin sections. The 
muddy-looking brown layers in the thin section on the left impart their color to the “pear!.” Magni- 


fied 12x; photomicrographs by John 1. Koivula. 


seen in plagioclase. Sabatier {1953} described a 
calcite twin in some shells that exhibit a similar 
texture.‘ Microscopic examination of the conch 
“pearls” also suggests that either one set of crystals 
is more intensely colored than the other, or that 
one is fibrous while the other is not. 
Unfortunately, the chemical composition of 
the “pearl” is not clear cut. The average refractive- 
index value (1.51) is lower than the range for 
aragonite (1.53-1.68) and within the range for 
calcite (1.49-1.66). This parallels the observation 
made on the basis of infrared spectroscopy that the 
surface of the shell contains some calcite {Com- 
pere and Bates, 1973). The specific-gravity values 
lie between those for calcite (2.71] and aragonite 
(2.95). If we assume an average for conch “pearls” of 
around 2.85, as suggested in Webster (1975}, they 
would correspond to a mixture of about 40% 
calcite with 60% aragonite. Raman spectroscopy 
{Délé-Dubois and Merlin, 1981} also indicates a 
mixture of calcite and aragonite. However, X-ray 
diffraction on several spots of different “pearl” 
sections, even close to the outer surface, always 
matched the aragonite pattern. These measure- 
ments indicate that conch “pearls” are made up of 
aragonite as the major constituent, with an un- 
known amount of calcite and probably water, as 
well as a few organic products that would allow for 
the coloration. Therefore, the particular twinning 
in pure calcite described by Sabatier (1953) is 
unlikely to be responsible for the flame structure, 
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but the origin of the flame structure is probably to 
be found in a gimilar phenomenon of oriented 
crystal growth. 


Hardness and Toughness. We found the conch 
“pearls” to be of surprisingly high, yet variable, 
hardness for their composition. Scratch tests using 
hardness points from two different manufacturers 
were consistent and resulted in values between 4 
and 5 for the two brown “pearls” and between 5 and 
6 for two pink ones. This resistance to scratching 
explains why these “pearls” keep a very high luster 
even when worn in jewelry. We cannot currently 
explain why the hardness values are higher than 
those of both calcite (3) and aragonite (3.5—4). 

Jewelers who have drilled and set conch 
“pearls” have been surprised by their toughness, 
which can be rated as good. They report it to be 
much higher than that of oyster pearls (S$. Hen- 
drickson, pers. comm., 1986], making conch 
“pearls” relatively easy to set in jewelry. 


SEPARATION FROM 

OTHER MATERIALS 

Pink or orange coral beads are occasionally mis- 
taken for conch “pearls” (Liddicoat, 1981; Farn, 
1986}. The most famous misidentification is that 
made by Kunz, and reported by Koivula (1987). As 
Liddicoat (1981) pointed out, these two materials 
can be separated on the basis of specific gravity, 
which is 2.65 for coral and 2.85 on the average for 


GEMS & GEMOLOGY Winter 1987-219 


pink conch “pearls.” Also, they differ greatly in 
surface appearance: Coral shows distinct surface 
pits as well as banded striations that are much 
more regular than the flame structure seen on 
conch “pearls”; coral may also show a characteris- 
tic tree-ring structure. 

Other conch “pearl” imitations appear to be 
rare. Pink glass beads (sometimes with a pattern 
that resembles flame structure} have been used 
(Farn, 1986}. Usually a close examination reveals 
the presence of bubbles, swirls of color, or other 
inclusions in the glass sufficient to separate these 
imitations from the natural material. Streeter 
(1886, p.274) relates how an “ingenious American” 
cut “out of the pink portions of the shell some very 
creditable imitations.” To increase the confusion, 
those beads were implanted in a conch mollusk, 
which was found later, of course, to have produced 
a so-called “pearl.” Kunz also mentions these bead 
imitations in 1894. Recently, a cabochon cut out of 
the pink part of the shell was submitted to a 
jeweler (D. Williams, pers. comm., 1987} by a client 
who indicated that it had been sold to him as a 
conch “pearl” in Miami some years ago. Ms. 
Hendrickson (pers. comm., 1987} confirmed that 
she had seen such imitations being sold in the 
Dominican Republic recently. This emphasizes 
that one must always be vigilant, even for old 
tricks thought to be long forgotten. More common, 
of course, are the beads cut from conch shell to 
imitate pink coral (R. Crowningshield, pers. 
comm., 1987}. 


THE TERMINOLOGY ISSUE 


Pearls are calcareous concretions that are formed 
from the shell material and grown naturally in a 
pearl sac of a molluscan animal (Coomans, 1973}. 
This definition implies that conch “pearls” are 
indeed true pearls, but that calcareous concretions 
formed by some other animals (Brachopoda, 
Vermes, Pisces, Mammalia) are not. In agreement 
with this definition, the CIBJO rules recommend 
that concretions from the conch shell be called 
“Pink Pearl”; note the capital P for pink (Gem- 
stones/Pearls, 1982). However, most gemology 
texts emphasize that nacre or orient must be 
present (Liddicoat, 1981; Webster, 1983). By this 
definition, inasmuch as it is nonnacreous, a conch 
“pearl” cannot be considered a true pearl. The 
recommendations of the Federal Trade Commis- 
sion do not specify that nacre or orient must be 
present for the concretion to be called a pearl 


220 Queen Conch “Pearls” 


(USFTC, 1959). The definition included in the 
recommendations of the Jewelers Vigilance Com- 
mittee requires the presence of conchiolin, which 
is difficult to prove, and does not recommend any 
specific term for conch “pearls” (Preston and Wind- 
man, 1986]. The policy at the GIA Gem Trade 
Laboratory, Inc. is to call this material a “cal- 
careous concretion” on its reports. 

In the trade, however, common practice is to 
call the calcareous concretion of the conch shell 
“conch pearl,” probably because this term is more 
attractive and also because “calcareous concre- 
tion” is not specific enough. “Conch pearl” makes 
it clear that this particular calcareous concretion 
was produced by a conch mollusk, and does not 
imply, as in CIBJO nomenclature, that the color 
must be pink. The CIBJO terminology has engen- 
dered some additional confusion. Farn, in his 
recent book (1986}, reports the story of a 93-grain 
(23.25 ct} “Pink Pearl” found in New Jersey that 
later became famous as the “Queen Pearl” because 
it was owned by Empress Eugenie. Although the 
spelling with a capital P indicates a conch “pearl” 
under CIBJO terminology, the item was actually a 
freshwater pearl with a pink hue, which should 
have been called "a pink freshwater pearl” (no 
capital P). 

Some confusion might still arise, though, from 
the appellation “conch pearl.” We have discussed 
here only the calcareous concretions produced by 
S. gigas, from the conch family. Other shells 
referred to as conchs are known to produce “pearls” 
(Farn, 1986}. Also, pink porcelaneous “pearls” are 
known from other shells, such as Turbinella 
scolymus (Streeter, 1886). 


CONCLUSION 

Conch “pearls” are truly rare and fascinating gems, 
which combine the still-unsolved mystery of their 
flame structure with their beautiful pink color and 
exotic origin. Apparently very difficult to culture 
or to imitate, never treated, they are a true natural 
gem. Their hardness and toughness make them 
easy to mount and preserve in jewelry. After years 
of relative obscurity, they seem to have returned to 
fashion, probably because more are available, al- 
though they are still quite rare. Let us hope that 
appropriate fishing restrictions will provide a regu- 
lar supply of these “pearls” for the pleasure of 
gemologists and gem connoisseurs alike in the 
generations to come. 
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THE SEVEN TYPES OF 


YELLOW SAPPHIRE AND THEIR 


STABILITY TO LIGHT 


By Kurt Nassau and G. Kay Valente 


Colorless to yellow to intense orange sap- 
phire will react quite differently to light 
or heat depending on the nature of the 
material and the origin of the color. The 
authors determined that there are actu- 
ally seven types of “yellow” sapphire on 
the market today, which differ in the 
cause of color and the stability of the 
color to light: type 1—natural, light-stable 
color center; type 2—natural or irradia- 
tion-produced, fading color center; type 
3—iron containing, not heated, light sta- 
ble; type 4—iron containing, heated, light 
stable; type 5~surface-diffused additive, 
light stable; type 6—synthetic, light sta- 
ble; and type 7—synthetic irradiated, fad- 
ing. The authors examined more than 150 
samples of yellow sapphire to confirm the 
seven types and document their different 
reactions to light, heat, and/or irradiation. 
One unexpected finding was that type 1 
material can fade on heating even below 
200°C, but that the color is restored by 
exposure to light, 
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yu sapphires have surged in popularity in recent 
years (figure 1), which has prompted further study 
into their properties and, especially, the effects of treat- 
ment by heat or irradiation. An important problem is the 
distinction between yellow sapphires that are color stable 
and those that fade under normal conditions. At present, 
the only practical way for the gemologist to separate these 
two materials is by an extended exposure to light or by 
some sort of heating test. Webster and Anderson {1983} 
suggest that three hours in bright sunlight or a few 
minutes of heating at 230°C will fade (and thus identify] 
irradiated Sri Lanka material. Dealers in the Far East 
routinely test yellow sapphires by heating them in the 
flame of a candle for a few seconds or placing them on a 
sunlit windowsill for a few days. A heating test that is too 
short, however, can be unreliable, since the stone — partic- 
ularly a large one—may not reach the required tempera- 
ture; partial fading can also occur with material that is 
stable to light, as discussed below. 

In the course of testing the reaction of the color of a 
wide variety of gem materials with respect to light and 
heat, one of us (KN) came to note a simple relationship: 
among all the materials tested, those that fade rapidly on 
exposure to light also lose their color when heated at 200°C 
for about one hour {e.g., Maxixe-type beryl and some 
brown topaz], and materials that do not lose their color 
after one hour at 200°C also do not fade significantly in 
light (e.g., amethyst and smoky quartz, blue and some 
brown topaz, and red tourmaline). One obvious anticipated 
exception is chameleon diamond, in which one color 
component appears to fade (Nassau, 1984]. As a result of 
the present work, another one is yellow sapphire. With 
these two exceptions, heating at 200°C for about one hour 
can be a useful test for color stability (Nassau, to be 
published]. 

When we became aware of the variable reaction of 
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Figure 1. Yellow sapphires have become increasingly popular over the last few years. In this suite of 
fine yellow sapphires set with diamonds and emeralds, the largest pear-shaped yellow sapphire is 22 
ct and the largest heart shape is 17 ct. Courtesy of Harry Winston, Inc. 


yellow sapphires to this test, we sought to estab- 
lish the possible range of reaction of different types 
of yellow sapphire to light, heat, and irradiation. In 
the course of this research, we determined the 
need for distinguishing the various types of yellow 
sapphire, so a provisional classification system 
was developed on the basis of our experience and 
the previous literature. The proposed classification 
and the research study are described below. A 
number of yellow sapphires, natural and synthetic, 
treated and untreated, were tested for their reac- 
tion to heat, light, and irradiation. The research 
confirmed the proposed classification system; rec- 
ognition of the seven types will permit the gemolo- 
gist to deduce for any yellow sapphire* both the 


*Note that the general use of the term yellow here is in- 
tended to cover the wide range from the palest of yellows 
through yellow-orange to dark orange verging on brown. 
This range corresponds to an intensification of the same 
hue, with a dominant wavelength near 580 nm. 
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color origin and the stability of the color to light 
and to heat exposure by conventional gemological 
testing. 


A CLASSIFICATION FOR 
YELLOW SAPPHIRE 


Early gemologists believed that there was only one 
type of yellow sapphire, also called “oriental to- 
paz” or “topaz-sapphire” (Bauer, 1904). Smith (e.g., 
in his 10th edition, 1949) said that yellow sapphire 
lost its color when heated and that radium (i.e., 
irradiation} either deepened the color or developed 
it in a colorless stone. More recent studies have 
expanded our knowledge of this behavior 
{Crowningshield and Nassau, 1981; Fryer et al., 
1983a, 1983b; Koivula, 1986; Nassau, 1980, 1981, 
1984, Schiffmann, 1981; Schmetzer and Bank, 
1980; Schmetzer et al., 1983). Some studies (e.g., 
Schmetzer et al., 1983) have suggested that the 
yellow color may arise from color centers, or iron, 
or both. We also know that some yellow sapphires 
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colored by color centers fade in light, while others 
do not (Nassau, 1981, 1984). Synthetic yellow 
sapphires, too, may be colored by an impurity 
{usually nickel] or by a color center (Schmetzer et 
al., 1983}, Lastly, color may be induced by diffusing 
iron {or nickel) into the surface of a sapphire 
(Nassau, 1980}. On the basis of the information 


Figure 3. Examples of the range of colors of 
types 1, 2, and 3 pale tan and brown sapphires 
studied; the largest piece is 6 mim long. 


224 Seven Types of Yellow Sapphire 


Figure 2. Examples of the 
range of colors of types 1 
and 2 yellow sapphires 
studied; the largest stone 
weighs 11.80 ct. Photo 
© Tino Hammid. 


published to date and on experience, we propose a 
classification that defines seven types of yellow 
sapphire: 


Type 1: Pale yellow to orange, with color 
originating from a natural stable color center. 
Usually from Sri Lanka. Color is stable to light. 


Type 2: Pale yellow to deep orange, resulting 
from the irradiation of colorless sapphire, with 
color originating from a light-fading color center. 
May have been colored when found, but faded 
when exposed to light; color can be restored by 
irradiation, but will fade once again. 


Type 3: Pale yellow to orange, iron containing, 
but has not been heated to high temperature, as in 
type 4. Color caused by iron (usually up to 0.8 
wt.%}, with other elements possibly present in 
smaller amounts. Typically from Thailand, Aus- 
tralia, or Tanzania. Color is stable to light. 


Type 4: Yellow to deep orange-brown, color 
created by heating paler iron-containing material. 
Color probably caused by iron; it is stable to light. 


Type 5: Yellow to deep orange-brown, contain- 
ing iron (or nickel} in surface layer only; impurity 
has been diffused in at high temperature. Color is 
stable to light, but the thin colored zone may be 
lost on recutting. 

Type 6: Synthetic sapphire with nickel and/or 
other elements added; may also have been sub- 
jected to heat treatment. Color is stable to light. 
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Type 7: Synthetic sapphire with color induced 
by irradiation. Fades to colorless in light. 


In types 1 and 2, iron may be present (usually 
less than 0.1%) without affecting color. However, 
some stones could conceivably contain more than 
one type of color-causing agent. Types 2 and 7, 
especially, can co-exist with other types; thus, a 
pale yellow type 1 sapphire may be irradiated to a 
dark orange color, which is then type 1+2, but in 
light this will fade back to the original type 1 pale 
yellow. All of these types of yellow can also co- 
exist with a chromium-produced pink, resulting in 
an analogous group of seven types of “pad- 
paradscha” sapphire {Crowningshield, 1983}. 


MATERIALS AND METHODS 


More than 150 colorless and pale colored sapphires, 
both rough and faceted, were used in this study. 
They came from Chanthaburi-Trat [Thailand], Sri 
Lanka, Umba Valley (Tanzania}, Montana, and 
some unidentified locations. A wide range of 
synthetic sapphires, including Verneuil, Czo- 
chralski, and flux products, were also tested. Some 
of the natural gems had been heat treated while 
others had not, as determined by microscopic 
examination. 

The range of colors of those gem-quality yel- 
low sapphires studied that were identified as types 
1 and 2 are illustrated in figure 2. That of the milky 
and clear pale tan and brown material, including 
types 1-3, is shown in figure 3, and typical type 4 
material is shown in figure 4. 
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Heating was performed in resistance-heated 
muffle furnaces, with the samples buried in clean, 
acid-washed sand for the higher temperatures. 
Irradiations were performed in a cobalt-60 gamma 
cell at a rate of one Mrad per hour (Nassau, 1983). In 
all instances, the color reached saturation, as 
visually determined, in much less than eight hours 
{the minimum time used]. A few spot checks 
showed that X-rays produced the same color reac- 
tion as gamma rays, as had been expected (Fryer et 
al., 1983a; Pough and Rogers, 1947). For exposure 
to unfiltered short-wave ultraviolet radiation 
(USW}], samples were placed 5 cm from the bare 
bulb (4 watts} of a Mineralight fluorescent lamp. 

Many of the faceted stones were matched on 
the GIA ColorMaster, both before and after a 
variety of treatments. These ColorMaster mea- 
surements were also converted to the AGMS 
{American Gem Market System, Moraga, CA) 
overall grade point scale, where 0 is colorless and 
100 is the most saturated (and, therefore, most 
desirable} sapphire to be designated yellow (Val- 
ente, 1986}. The 100 grade-point material is sold in 
the trade for about five times what the 60 grade- 
point material goes for, while the latter sells for 
about 50% more than the 40 grade-point material. 
The National Bureau of Standard ISCC/NBS col- 
lection of color chips (Kelly and Judd, 1955) was 
also used for visual comparison as well as inferred 
by computer conversion from the ColorMaster 
values. 

The colors of the sapphires studied extend on 


Figure 4. Typical heated 
type 4 yellow sapphires. 
Photo © Harold @ 
Erica Van Pelt. 
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the ISCC/NBS scale from no. 263 white, through 
89 pale yellow, 87 moderate yellow, 83 brilliant 
yellow, 82 vivid yellow, 66 vivid orange yellow, 48 
vivid orange, to 51 deep orange; there are addi- 
tional intermediate points. Typical ColorMaster 
readings (all A} are for no. 48—50/50/00 and 
96/99/00; for no. 82 —44/61/0 and 38/46/0; and for 
no. 87 — 22/42/06. The dominant wavelength is in 
the 575- to 587-nm range, so that an essentially 
single-dimensional color (hue], varying only in 
saturation, is heing measured. 


TESTING AND RESULTS 

Forty gem-quality type 1 stones (group 1} were 
ColorMaster matched by one of us (GKV} four to 
eight times each, before and after a variety of tests. 
These tests included heating for one hour at 100°C 
or 200°C (abbreviated H100 and H200, respec- 
tively]; exposing for one day to gamma rays, for 12 
hours to unfiltered short-wave ultraviolet radia- 
tion (USW], or for one or two days in sunlight; and/ 
or storing for three days in a dark safe. The results 
of the various tests for three typical stones from 
group | are shown in figure 5 against the AGMS 
grade point scale; approximate color descriptions 
are also included in this figure. Data for the H200 
heating step, a subsequent USW exposure, and a 
subsequent H100 heating (but only if performed in 
this sequence} are summarized in figure 6 for all of 
the stones in group }. 


A second group, including 10 of the group 1 
gemstones, 44 additional cut stones (including 
colorless type 2. and heat-treated type 4 stones}, and 
53 pieces of rough (including those of figure 3), 
were irradiated and heated, some to successively 
higher temperatures (at 50°C intervals}, to study 
the formation and disappearance of types 1 and 2 
color centers. Samples were also exposed to sun- 
light as well as to incandescent and fluorescent 
artificial light, some before and some after irradia- 
tion and/or heating. 

All the sapphires tested, including the heat- 
treated type 4 stones, turned a significantly darker 
yellow on gamma-ray or X-ray irradiation, as much 
as over 90 grade points. Figure 7 shows the range of 
colors produced by varying amounts of gamma 
irradiation in type 2 colorless sapphire. The USW 
treatment produced a smaller darkening, as shown 
at b in figure 6, with an average of approximately 
25 grade points; two 24-hour USW treatments 
were sometimes necessary to return a heated H200 
stone to a color darker than the original. 

Successive heating steps of type 1 and irradi- 
ated types 2 and 1+2 material showed that some 
color was lost on heating for one hour at as low a 
temperature as 60°C. More color loss occurred at 
100°C, 150°C, 200°C, 300°C, and 400°C, all traces 
of color were lost by 500°C or 600°C. It should be 
noted that fractures typical of those caused by 
heating were seen around inclusions after expo- 
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Figure 5. This graph charts, 
on the AGMS grade point 
scale, the changes in color 
produced by various types 
of treatment in three typi- 
cal type 1 yellow sapphires. 
OR is the original color, 
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INTENSE 
nance H200 is heating at 200°C 
for one hour, H100 is heat- 
ing at 100°C for one hour, 
INTENSE 1SUN and 2SUN are expo- 
YELLOW sure to one or two days of 


sunlight, 1G is exposure for 
one day to gamma radia- 


MODERATE | tion, 8DARK is storing for 


YELLOW 
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and USW is exposure for 12 
PALE hours to unfiltered short- 
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wave ultraviolet radiation. 
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Figure 6, These statistical bar charts for type 1 
yellow sapphires show (a) the loss of color (as 
expressed in decreased AGMS grade points) af- 
ter an H200 heating, (b) the improvement in 
color (increased AGMS grade points) after a 
subsequent USW treatment, and (c) the subse- 
quent loss of color after a final H100 heating, N 
is the number of samples, R the range of point 
values, A their average, and § their standard 
deviation. 


sure to temperatures as low as 400°C. As seen at a 
in figure 6, 36 out of 40 light-stable yellow sap- 
phires lost significant color with an H200 heating 
(17.6 grade points, averaged for all 40], while the 
H100 heating at c in this figure, which was 
conducted after the USW exposure, produced 
much smaller changes {average 4.0 grade points). 
Both of these bar graphs indicate that the color 
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change produced by the different treatments varies 
greatly from stone to stone. In some instances, the 
use of H100 after USW resulted in a return of the 
original color (+2 grade points), as at A in figure 5. 
At other times, H100 produced no change, as in 
one of the two such treatments at C in this figure, 
where a mere resting in the dark restored the 
original color. In all other specimens, however, the 
irradiation-induced color did not appear to change 
if the stones were stored in the dark. 

Exposure to bright light, typically two days in 
bright California sun, or longer periods under less 
bright conditions (both outdoors and behind a 
window], was found to be the simplest and prefer- 
red way to return the original color, as at B in figure 
5. Although this had been expected to apply to 
irradiated types 2 and 1 + 2 yellow sapphires, it also 
worked for these types of stones when faded by 
heating, regardless of the temperature to which 
they were heated and the extent of fading. 

This unexpected behavior was at first attrib- 
uted to the ultraviolet rays present in sunlight. 
However, a yellow glass filter with an optical 
density of 2.0 at 410 nm was used to remove the 
ultraviolet component from incandescent light; 
this slowed down light-restoration of the heat- 
removed color but did not prevent it. Accordingly, 
even visible light restores the stable-state color 
from either direction, both from the irradiation- 
produced darker colors as well as from the heat- 
produced lighter colors. 


Figure 7. Examples of type 2 colorless sapphires 
irradiated to various colors; the largest stone 
weighs 21.34 ct. 
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Figure 8. The behavior on exposure to light, 
heat, and irradiation of a specific type 1 light- 
stable medium orange-yellow sapphire (left) is 
compared to that of any type 2 colorless sap- 
phire (right). 


All of these results are summarized in figure 8 
for a specific type 1 yellow sapphire {left} and for a 
type 2 yellow sapphire (right). The temperatures 
shown at the left apply only to this specific 
specimen, for which the stable color is a medium 
orange-yellow. The material is returned to this 
color by light from either direction, after darken- 
ing by irradiation or after fading by heat treatment. 
The stable-state color of another type 1 sample 
could be anywhere on this scale, with shifted 
temperatures. It can be seen that the type 2 
sapphire on the right is merely a special case of the 
type 1 on the left, with the stable state here being 
colorless. 

Additional irradiation experiments followed 
by light and/or heat exposure were performed on a 
variety of types 3 and 6 materials, with results 
analogous to those for the irradiation-induced type 
2 yellow component. Heating to as high as 1700°C 
did not change the ability to produce type 2 color 
by irradiation, which also was observed in the 
presence of any other types of yellow color. The 
fading with heat or light of both types 1 and 2 
colors also did not appear to be affected by a high- 
temperature treatment. The type 7 irradiated syn- 
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thetic sapphire behaved the same as the type 2 
natural. Type 1 behavior was not observed in any 
synthetic sapphire, presumably because of the 
absence of the required precursor. The color of type 
3 yellow sapphire is not affected by light or by 
heating except at the highest temperatures (ap- 
proaching 2000°C}, when it is converted to type 4 
material. Irradiation can produce a deeper type 3 + 
type 2 yellow, but the extra type 2 component fades 
in light as expected. R. Hughes (unpublished ob- 
servation, 1986] has reported that gentle heating of 
type 4 Sri Lanka material produces a darkening of 
the yellow, with a return to the original color on 
cooling back to room temperature. 


CONCLUSIONS 


This series of tests essentially confirms the pro- 
posed classification system for yellow sapphires. In 
simplified form and with regard to stability to 
light, it can be stated as follows: 


Type 1: Natural stable color center 


Type 2: Natural or laboratory-irradiated fad- 
ing color center 


Type 3: Natural iron-produced stable color 
Type 4: Heat-developed stable color 

Type 5: Surface-diffused additive color 

Type 6: Synthetic with impurity-caused color 


Type 7: Synthetic with irradiated fading color 
center 


There have been many reports in the gemologi- 
cal literature on the nature and properties of one or 
more of these types of yellow sapphire. Some of the 
more relevant and/or comprehensive studies are 
listed here in reverse chronological order, with an 
indication of the specific types of yellow sapphire 
covered; many additional relevant references will 
be found cited in these studies: Koivula (1986: 1 to 
4), Nassau (1984: 1 to 4); Schmetzer et al. (1983: 1 
to 6]; Fryer et al. (1983a: I and 2}; Fryer et al. 
(1983b: 3}, Nassau (1981: 4 and 5); Crowningshield 
and Nassau (1981: 4 and 5}; Schiffmann (1981: 2), 
Schmetzer and Bank (1980: 3 and 4}; Nassau (1980: 
6 and 7); and Pough and Rogers (1947: 2}. Recent 
specific locality studies include those on the 
Umba Valley, Tanzania (Hanni, 1986) and on 
Chanthaburi-Trat, Thailand (Keller, 1982). 

Each of these seven types can be identified by 
means of routine gemological testing supported by 
a fade test. Details of the relevant tests may be 
found in various gemological texts and courses as 
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well as in the references cited above. Types 6 and 7 
can be identified as synthetic by growth charac- 
teristics; the surface-diffusion of type 5 is evident 
in the localization of the color; characteristic 
inclusions identify that a type 4 or type 5 stone has 
been heated (or has not and is therefore type 1, 2, or 
3, in the event that a CO, fluid inclusion is present, 
as discussed in Koivula, 1986); an “unnatural” 
color is a good indicator for type 4 stones, as is 
Hughes’s heating test described above; and spec- 
troscopy (Schmetzer et al., 1983) can be used to 
identify both types 3 and 4. This leaves only the 
question of the presence of the fading types 2 and 7. 
If, however, the stone loses much of the yellow 
color on extended exposure to light, it can be 
identified as either type 2 or 7. Thus, the “original” 
natural, untreated type 1 yellow sapphire is mate- 
rial that has fluid inclusions or shows no evidence 
of having been heated, is not synthetic or diffused, 
and does not fade on exposure to light. 

Although heating, for example to 200°C for one 
hour, can add considerable information as de- 
scribed above, any type of heating, even as low as 
60°C, is definitely not recommended for routine 
testing of-yellow sapphire since it could alter the 
color of some light-stable type 1 material. 

On the basis of the current study, it would 
seem that the fading of a supposedly heat-treated 
stone mentioned by Crowningshield in Fryer et al. 
(1982) was that of an irradiated stone, since it is 
shown that stones that have been heat treated to 
high temperatures are stable to light. Another case 
called into question by the work done here is that 
of the color center suggested by Schmetzer et al. 
(1983) as the cause of color in the “burnt” or 
“annealed” material, here type 4, produced typ- 
ically by heating above 1440°C. In view of the 
stability of the color to the very high temperature 
of 1440°C, it is unlikely that the color could be due 
to a color center; a mere coincidence in the 
location of the absorption band does not prove an 
origin. A more probable explanation lies in the 
exsolution of Fe,Oz, as suggested by Keller (1982); 
this could happen even if only a small amount of 
iron is present. 

Thus, three distinct groups of color origins 
appear to be involved in the seven types of yellow 
sapphire. A color center of unknown nature ap- 
pears to cause the color in type 1, which fades with 
heat and is restored by light. A second, different 
color center, again of unknown nature, is respon- 
sible for types 2 and 7, darkening with irradiation 
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and fading with light or heat. The colors of types 
3-6 originate in impurities, such as iron, which 
can produce a range of colors, depending on the 
growth and heating history of the material. 

Significant loss of color can occur in type 1 
yellow sapphires at temperatures well below 
200°C. Irradiation with gamma rays, X-rays, or 
even ultraviolet can restore the color to type 1 
stones and also induces the additional but fading 
color of types 2 and 7, which can be present 
together with other types of yellow (e.g., type 
1+2). The reaction to irradiation is not affected by 
heating to temperatures as high as 1700°C, al- 
though such heating may develop the light-stable 
type 4 yellow in a type 3 stone. The best way to 
restore the stable state (yellow for type 1 and 
colorless for types 2 and 7} is exposure to light, 
typically two days of bright sunlight or longer for 
less intense {natural or artificial) illumination. 

Stable nonfading yellow sapphire clearly does 
not have a stable color in the absence of extended 
exposure to light. Exposure to light results in a 
change to the stable-state color, either from the 
darker irradiation-induced state or from the lighter 
heated state. From these observations, it is clear 
that, as mined, yellow sapphire may be darker than 
the stable state as the result of a type 2 color 
component induced either during growth or by 
irradiation from radioactive material in the sur- 
rounding rocks, or it may be lighter from a subse- 
quent heating in the ground, as from a meta- 
morphic process or from intense solar heating. 
That appears to be the reason that exposure to light 
is routinely used to establish the stable-state color 
of yellow sapphire after it is removed from the 
ground (R. Vinyard, pers. comm., 1986). 

The important behavior of the types I and 2 
yellow sapphire with respect to light, heat, and 
irradiation is summarized in figure 8. Type 2 
yellow sapphire is seen to be merely a special case 
of type 1 in which the stable state is colorless. Both 
the stable color of type 1 yellow sapphire as well as 
the exact temperature for a specific color change in 
this material can vary from specimen to specimen; 
presumably it depends on the quantities and types 
of the color-center precursors present. Even blue 
sapphire and ruby contain this precursor, and 
therefore can form some type 2 fading yellow color 
centers, resulting in green if the blue is fairly pale 
or “padparadscha” if the red is pale. Nothing 
definite is known about the precise nature of the 
defects, which could involve impurities or point 
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defects such as vacancies, other than their stabil- 
ity, even at temperatures up to 2000°C. A possible 
explanation for the differences between types | 
and 2. yellow sapphires is given in the Appendix. 


APPENDIX: COLOR CENTER 
THEORY APPLIED TO YELLOW 
SAPPHIRE TYPES 1 AND 2 


The color of type 2 yellow sapphire is caused by a light- 
fading color center that consists of an electron donor and 
an electron acceptor of the usual type (see Nassau, 1983, 
pp. 192-195). On an energy-level scheme, only one 
absorption level, such as that marked Abs. 1 in figure 9, 
is involved. Absorption of irradiation energy (ultraviolet, 
X-ray, and gamma ray} occurs at this level, with the 
system falling down into the trapped state via process A. 
Once in the trapped state, the absorption of light 
produces color via processes C, D, and E. When barrier B 
is relatively close in height to the trap level, as drawn in 
this figure, the energy of light (added to that of room 
temperature} results in the light-bleaching of type 2 
fading yellow sapphire by process F. Note that light 
absorption simultaneously produces color (process C) as 
well as bleaching (process F), For further details on the 
processes summarized here, see Nassau {1983}. 

This standard color-center scheme will not, how- 
ever, explain the behavior of type 1 stable yellow 
sapphire with respect to heat and light. One possible 
scheme that can explain this unusual behavior involves 
an additional, low-energy absorption level, such as Abs. 
2 in figure 9. This absorption can be activated by light, 
probably by the more energetic light at the blue end of 
the visible spectrum, ending up in the trapped state with 
the formation of the yellow-producing color. Presumably 
this involves a hole precursor different from the one that 
produces absorption level I. 

In the proposed type 1 yellow sapphire scheme, the 
absorption of light is involved in three processes: pro- 
duction of the color center (process LIGHT), production 
of color (process C), and bleaching by the destruction of 
the color center {process F}. The intensity of the yellow 
color will depend on the relative efficiency of the three 
processes as well as on the concentrations of the differ- 
ent types of precursors present. Even though heat 
produces bleaching at a relatively low temperature in 
type 1 stones, light can repopulate the trap and thus 
restore the color. One consequence is that such a stone 
will not have a definite color in the absence of extended 
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Figure 9, Energy schemes for the color centers of 
type 1 stable yellow sapphire and type 2 fading 
yellow sapphire. UV = ultraviolet; X = X-ray; 
G = gamma rays; Abs. = absorption level; 
TRAP = trapped state. 


exposure to light. Another interesting consequence of 
this scheme is that light of different energy distributions 
(sun, bright sky, incandescent lamp, fluorescent tube 
lamp, etc.} could produce sightly different trap concen- 
trations, since the three processes involving light can be 
expected to have different spectral energy efficiencies. 
Accordingly, a careful but rapid measurement of the 
color of a type | yellow sapphire may produce slightly 
different results from the preceding measurement de- 
pending on the type and amount of light to which the 
stone was last exposed for an extended period. 
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AMBER 


Faceted 


The New York laboratory was re- 
cently privileged to see part of a 
collection of uncommon faceted 
stones. This collection features min- 
erals that are not frequently used as 
gems, and gems that are usually 
encountered as beads, tumbled 
stones, cabochons, or carvings. For 
example, the yellow pear-shaped 
modified brilliant-cut stone shown 
in figure 1 is actually amber. Al- 
though amber is frequently encoun- 
tered as faceted beads, it is rarely 
seen as a single faceted stone. The 
low hardness (2—2.'/2] not only makes 
it difficult to get sharp facet junc- 
tions on amber, but also makes the 
facet junctions extremely suscep- 
tible to abrasion. Although this at- 
tractive collector’s piece does not 
look very much like amber (the bub- 
bles seen in the photograph are only 
obvious under photographic light- 
ing}, the identification was routine. 

Clayton Welch 


Imitation 

Many times when a piece is submit- 
ted to the lab for testing to see if it is 
amber, it turns out to be plastic. A 
22.50-ct drilled tablet submitted to 
the New York laboratory was no 
exception. The tablet, which has a 
beveled edge, measured 18.4 mm 


Editor's Note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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Figure 1. Amber is seldom 
seen in faceted form, like the 
stone shown here, because the 
low hardness makes it difficult 
to produce sharp facet junc- 
tions and the facets abrade 
easily. 


le 


7 


Figure 2. This plastic imitation 
of amber appears to contain 
fragments of amber beads. No- 
tice the partial drill hole in 
one of the pieces. Magnified 
10x. 


square and 11.3 mm thick. When 
viewed from a distance, it has the 
variegated appearance of amber. 
However, the refractive index of 1.56, 
the relatively high specific gravity, 


the chalky blue fluorescence to long- 
wave ultraviolet radiation, and the 
acrid odor produced when a thermal 
reaction tester was applied to an 
inconspicuous spot all easily proved 
that the item is plastic. 

The piece is unusual, however, 
in that it contains fragments that 
appear to be amber. Unfortunately, 
since none of the fragments reached 
the surface, we could not identify 
them. These fragments are undoubt- 
edly pieces of broken beads; figure 2 
shows one that even has half a drill 
hole! David Hargett 


CALCIUM CARBONATE Beads 


The continuing popularity of bead 
necklaces has brought an increasing 
diversity of materials to the gem 
market, some of which are not read- 
ily identifiable. The strand of 12- to 
12'/.-mm variegated light brown 
beads in figure 3, which were sub- 
mitted to the New York laboratory 
for identification, had been sold as 
“Riverstone.” Testing one of the 
beads, we obtained indistinct refrac- 
tive indices of approximately 1.55 
and 1.65, with high birefringence, a 
specific gravity (by hydrostatic 
method} of 2.72, and effervescence to 
hydrochloric acid—proving that the 
material is a calcium carbonate. The 
bead fluoresced a strong orange to 
long-wave, and a strong yellow to 
short-wave, ultraviolet radiation. 
There was a fair degree of persistence 
to the phosphorescence from both 
wavelengths. 

Although it was easy enough to 


GEMS & GEMOLOGY Winter 1987 


establish that the material is a carbo- 
nate, determining which carbonate 
is not so easy. The structure is a 
mixture of sections that are transpar- 
ent and coarsely crystalline with 
others that are massive and almost 
coral-like in appearance. Several of 
the beads even have what appear to 
be fossil inclusions. However, the 
material is not coral and the texture 
is not that of limestone or marble. 
Perhaps “Riverstone” is not such a 
bad name after all. RC 


CORUNDUM Doublets 


Because the identification of dou- 
blets is one of the first things a 
gemologist learns, doublets are sel- 
dom sent to the lab. Therefore, we at 
the New York lab were surprised to 
find that the “ruby” and “sapphire” 
center stones in the rather important 
looking gold and diamond rings 
shown in figure 4 are in fact assem- 
bled, consisting of synthetic ruby 
and synthetic sapphire pavilions 
with natural sapphire crowns. These 
stones are fairly large, with the oval 
red one measuring approximately 11 
mm X 8mm x 6 mm deep and the 
antique cushion-cut blue one mea- 
suring approximately 14 mm x 12 


Figure 4. These attractive cocktail rings contain corundum dou- 
blets that consist of synthetic ruby and synthetic sapphire pavil- 


ions with natural sapphire crowns. 


mm x 7.5 mm deep. These rings 
were part of a group of 30 that were 
being offered for sale. Most of the 
center stones, like these two, were 
bezel set so that the separation 
planes were carefully concealed. 
Curved growth features were readily 
visible in the pavilions of both 
stones, while the sapphire crowns 
showed prominently the hexagonal 
growth structure inherent in natural 
corundum. David Hargett 


Figure 3. These 12-12 '/2-mm beads, sold as “Riverstone,” are actu- 


ally a type of calcium carbonate. 


Gem Trade Lab Notes 


GEMS & GEMOLOGY 


Figure 5. Most synthetic emer- 
alds fluoresce red to long-wave 
ultraviolet radiation. However, 
the yellow fluorescence of the 
flux inclusions in this syn- 
thetic emerald is similar in 
appearance to the yellow-fluo- 
rescing oil often seen in natu- 
ral emeralds and occasionally 
in some synthetics. 


Synthetic EMERALD 


The red fluorescence of most syn- 
thetic emeralds to long-wave ultra- 
violet radiation is well illustrated in 
figure 5. Although not all synthetic 
emeralds fluoresce—and, occa- 
sionally, fluorescence may be ob- 
served in a very fine natural stone — 
anytime an emerald does fluoresce 
strongly to long-wave U.V, it should 
be a warning signal that the stone is 
probably a synthetic. 

Emeralds that are replete with 


Winter 1987 233 


thready veins of yellow-fluorescing 
oil usually turn out to be natural, 
although synthetics with fractures 
that reach the surface may also be 
oiled. An unusual aspect of the syn- 
thetic emerald received by our New 
York office is the yellow fluorescence 
of the flux inclusions {again, see 
figure 5). Because the inclusions do 
notall reach the surface, it is obvious 
that their fluorescence is not due to 
oiling. In addition to the flux inclu- 
sions, this stone had the diag- 
nostically low refractive index and 
birefringence of flux-grown syn- 
thetic emeralds. Clayton Welch 


Imitation JADE 


The strand of variegated green-and- 
white beads shown in figure 6 had 
been offered for sale as jade in one 
instance and as aventurine in an- 
other. When we examined the 8-mm 
beads in the New York lab, the refrac- 
tive index of 1.55 and the structure 
proved the material to be quartzite 
that had been selectively dyed by an 
unknown process. The resulting 


Figure 6. These 8-mm quartzite beads 


wr 
i aie 


Figure 7. These beads, 9'/2-10 mm in diameter, are unusually fine 
examples of quartzite dyed to resemble fine jadeite. 


product is reminiscent of the jadeite 
called “moss-in-snow” by one Chi- 
nese classification. Unlike most dyed 
jadeite we have tested in the past, 
these beads did not appear red when 
examined with the color filter. Also, 


were selectively dyed to sim- 


ulate the appearance of “moss-in-snow” jadeite. 
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they did not show the absorption 
band centered at 650 nm that is 
typically seen in dyed material when 
examined with a hand-held type of 
spectroscope. Dye in the cracks was 
readily discernible with magnifica- 
tion and appeared on a cotton swab 
moistened with acetone that was 
rubbed on the bead. 

By coincidence, the strand of 
9'/2- to 10-mm beads shown in fig- 
ure 7 was submitted at the same time 
we were photographing the dyed 
beads mentioned above. These beads 
also proved to be dyed quartzite, but 
they were dyed so well that they 
closely resemble fine chrome green 
jadeite to the unaided eye. The beads 
lack the crackled and dyed appear- 
ance that is usually obvious in this 
type of imitation. In fact, even under 
magnification the resemblance to 
jadeite persists. However, the refrac- 
tive index of 1.55 and the evidence of 
dye seen in the spectroscope proved 
the true identity. RC 


PEARLS 


Cultured Black Pearl 

In recent months, the staff at the 
Santa Monica laboratory have no- 
ticed quite an increase in the number 
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of black pearls—both loose and in 
jewelry ~- submitted for testing. One 
item, a loose, undrilled “black pearl” 
(reported by the client to have come 
from Tahiti] was of special interest 
because of its size, approximately 20 
mm x 18 mm in diameter. As seen 
in figure 8, the pearl is fairly sym- 
metrical in shape and is free of any 
blemishes except for one circular 
growth line. The color varies from 
light to dark gray, with areas that 
have a distinct greenish overtone. 
The X-radiograph showed a rather 
large bead nucleus, proving that the 
pearl is cultured. When examined 
with long-wave ultraviolet radiation, 
the pearl fluoresced a weak red, pro- 
ving that the color is natural. This is 
certainly one of the largest Tahitian 
cultured black pearls the laboratory 
has encountered to date. KH 


Figure 8. This 20 mm x 

18 mm cultured black pearl is 
one of the the largest ever seen 
in the laboratory. 


Another Large Cultured Pearl 


The New York laboratory also re- 
ceived recently one of the largest (18 
x 22 mm} bead-nucleated cultured 
pearls they have ever encountered. 
The X-radiograph (figure 9] clearly 
shows the bead nucleus. An observa- 
tion that suggests, but does not 
prove, freshwater origin of the pearl 
is that the bead nucleus is pre- 
drilled—which growers say is a re- 
quirement for manipulating the nu- 
cleus during its implantation in a 
freshwater mollusk. In fact, the 
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strong X-ray fluorescence of the pearl 
proved its freshwater origin. How- 
ever, both the fact that the pear} 
fluoresced stronger at the edges than 
in the center and the large size (12 
mm) of the nucleus suggest that the 
bead used for the nucleus was proba- 
bly of saltwater origin. RC 


An Oyster “Pearl” 


The Santa Monica laboratory had the 
opportunity to examine the unusual 
nacreless calcareous concretion seen 
in figure 10. In appearance, this con- 
cretion resembles a typical cone shell 
with its aperture closed. It is chalky 
white, evenly colored, and measures 
approximately 35 mm long x 17.5 
mm in diameter. The flame-like 
structure commonly seen in cal- 
careous concretions from Tridacna 
clams or conch shells was readily 
visible with the unaided eye, espe- 
cially on the broad side of the piece 
(figure 11}. Our client informed us 
that this particular concretion had 
come out of a thorny oyster from the 
Pacific coast of Costa Rica. It has 
been identified by zoologists as 
Spondylus calcifer carpenter. 

KH 


RUBY, Heat-Treated 
Natural and Synthetic 


Some of the heat-treated natural 
rubies that have been submitted to 
the New York laboratory show one or 


Figure 9. The X-radiograph of 
another unusually large, 18 x 
22 mm, cultured pearl shows 
that the nucleus is 12 mm in 
diameter, 


Th 
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Figure 10. This large, 35 mm 
long x 17.5 mm in diameter, 
calcareous concretion is from 
a Pacific Ocean thorny oyster. 


Figure 11. Note the flame-like 
pattern easily visible in the 
concretion shown in figure 10. 
Magnified 10x. 


more shallow depressions that we 
call spall cavities. Spalling occurs 
when rubies are heated to high tem- 
peratures in the attempt to improve 
their appearance. A few such Cavities 
even show signs of partial melting. 
Most spall cavities are rounded pits 
ranging in diameter from a fraction 
of a millimeter to a little over one 
millimeter. Very rarely, one may be 
quite a bit larger. These cavities are 
almost always shallow relative to 
their diameter. 

Ideally, these blemishes should 
be polished out after heat treatment. 
However, because weight retention is 
so important, they are often left 
untouched. Sometimes the labora- 
tory encounters spall cavities that 
have been filled with a glass-like 
substance to improve the appearance 
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of the stone (see, e.g., R. E. Kane, 
“Natural Rubies with Glass-Filled 
Cavities,” Gems & Gemology, Win- 
ter 1984), 

The New York laboratory re- 
cently examined a mounted stone 
with a very unusual filling in such a 
cavity. The natural pink sapphire 
shown in figure 12 has a small spall 
cavity that has been filled with gold! 
This was almost certainly the acci- 
dental by-product of the jewelry- 
fashioning process, since it draws 
attention to, rather than away from, 
the cavity. 

Although spall cavities are usu- 
ally observed in natural corundum, 
the one illustrated in figure 13 isin a 
quench-crackled flame-fusion syn- 
thetic ruby. This type of synthetic is 
sometimes heated and cooled rapidly 
to create the appearance of natural 
fractures and to make the detection 
of the curved striae more difficult. 
Notice the spall cavity, as well as the 
numerous tiny pits (or “fire skin”) in 
the girdle that are the result of the 


Figure 12. The spall cavity in 
this natural pink sapphire was 
probably accidentally filled 
with gold when the ring was 
manufactured. 


heating. It is possible that they were 
not polished out in order to enhance 
the illusion that the stone is natural. 
Other than the stress cracks, which 
are created intentionally, most 
quench-crackled synthetic cor- 
undums do not show any signs of 
heat treatment. 

Clayton Welch 


A HISTORICAL NOTE 


Figure 13. Although synthetic 
corundum usually is not 
heated, the spall cavity (top 
center) and pits in this syn- 
thetic ruby are undoubtedly 
the result of heat treatment. 


FIGURE CREDITS 

Figures 1, 5, 12, and 13 were furnished 
by Clayton Welch. The photos used in 
figures 2 through 4 and 6 and 7 are by 
David Hargett. Robert Weldon took the 
pictures in figures 8 and 10. The photo- 
micrograph in figure 11 is by John |. 
Koivula. The X-radiograph in figure 9 was 
supplied by Tom Moses. 


Beginning with this issue, we are adding a new feature to the Gem Trade Lab Notes. Clayton Welch, a staff 
gemologist in the Gem Identification Section of the New York Gem Trade Laboratory, thought our readers 
would be interested in learning what was examined in the earlier days of the GTL. We agreed and decided to 
publish a recap of the items discussed in this section 25, 15, and five years ago. 


The Lab Notes actually debuted 29 years ago, in the Winter 1958-59 issue of Gems & Gemology, as two 
sections: “Highlights at the GEM TRADE LAB in New York” and “Highlights at the GEM TRADE LAB in 
Los Angeles.” G. Robert Crowningshield provided the items from New York, and Lester B. Bensen, Jr., 
contributed from Los Angeles. However, the section had as a precursor an article by Crowningshield that 
appeared in the Summer 1957 issue, titled “New or Unusual Gem Materials Encountered in the Institute’s 
Gem Trade Laboratories.” The success of this concept is evident in the fact that this section continues to be 
one of the most highly regarded features of Gems & Gemology. 


Since this is the first issue to have this historical addition, it seems only appropriate that we start with a 
recap of some of the things discussed in Crowningshield’s original article. We will then cover the items that 
were included in this section 15 and five years ago. 


We hope that you enjoy this brief look at developments in gemology over the past quarter century. For many 
of us, it seems like only yesterday. 
C. W. Fryer 
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SUMMER 1957 


A number of rocks consisting of two 
or more different minerals were sub- 
mitted for identification. These in- 
clude lazurite in diopside and 
sodalite with pyrite veins (both had 
been confused with lapis}; a mixture 
of pink thulite, zoisite, and nephrite 
that would probably now be called 
saussurite; anda mixture of ruby and 
zoisite from Africa. Sillimanite from 
Idaho, cat’s-eye ulexite, several vari- 
eties of synthetic spinel, a natural 
green gahnospinel, and high-refrac- 
tive-index glasses were also seen and 
are discussed in this article. 

Crowningshield comments on 
the limited usefulness of the so- 
called emerald filter, inasmuch as 
not all natural emeralds appear red 
under the filter although all syn- 
thetic emeralds do. He suggests that 
the filter simply be called a color 
filter, since it does have some use for 
spinel separations. Dyed green jad- 
eite is singled out as one of the most 
commercially significant stones to 
have been identified by the GTL in 
1956. Jadeite triplets are also 
described. 


WINTER 1972-1973 


The Los Angeles GTL discusses the 
appearance of true synthetic alex- 
andrite produced by a flux-growth 
method, and provides a detailed de- 
scription of the inclusions and other 
properties of this material. Umba 
River corundums had recently ap- 
peared in the lab, as had the rela- 
tively new grossularite garnets that 
would soon be known as tsavorite. A 
strongly banded type Ib diamond is 
described, as are seven large diamond 
and quartz doublets that had been 
bezel set in a bracelet. The fact that 
the pavilions seemed to be doubly 
refractive and one showed a bull’s- 
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Normal color of this 2.5-ct 
“chameleon” diamond. 


eye optic figure indicated that rock 
crystal quartz had been used for this 
part of each stone. A glass cat’s-eye is 
also mentioned. 

Maxixe-type beryls are reported 
by the New York GTL. Several carv- 
ings made from serpentine, nephrite, 
quartzite, and a material later to be 
known as saussurite are covered as 
well. A new “jade” cat’s-eye proved to 
be actinolite, which could not prop- 
erly be called jade because of its 
structure. Cat’s-eye chrysoberyl and 
apatite were also encountered. A 
4-mm-deep laser drill hole in a dia- 
mond graded at the lab seemed to be a 
record depth at the time. Other odd- 
ities include a botryoidal diamond 
crystal and a fingerprint-type inclu- 
sion in synthetic ruby. The section 
concludes with an illustration of the 
scratches that appeared on the table 
of a strontium titanate as a result of 
contact with ordinary kitchen 
cleanser, vivid evidence of the infe- 
rior hardness of this diamond substi- 
tute. 


WINTER 1982 
By this time, as it had since Spring 
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The stone shown in figure at 
left after heating and before 
exposure to light. 


1981, the reports of all the GTL 
offices were combined in a single 
section that was organized alphabet- 
ically by gem material. 

One of the most unusual dia- 
monds seen in the GTL is the “Cru- 
sader” diamond, a seven-sided modi- 
fied brilliant that had been cut in the 
shape of a crusader’s shield, with a 
frosted cross on the table. Also re- 
ported in this issue is a “chameleon” 
color-change diamond. If examined 
while warmed by a flame or after 
being in the dark for several days, this 
chameleon-type diamond appears to 
be a beautiful intense orangy yellow. 
After brief exposure to light, how- 
ever, the stone reverts to its usual 
grayish green color. 

The properties of Zambian em- 
erald and Colombian parasite are 
given. A beautiful star quartz, heat- 
treated sapphires, and cobalt-colored 
spinel and sapphire are discussed. 
Photographs show a spinel that ex- 
hibits both four- and six-ray stars. 
The last item discussed is the identi- 
fication of the rarely encountered 
man-made materials lithium fluo- 
ride and potassium chloride. 
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DIAMONDS 


Brazilian diamond find. A diamond-rich kimberlite pipe 
is currently being worked in the state of Mato Grosso, 
Brazil, approximately 20 km from the commercial 
center of Julina. The diamond find was made by Sopemi, 
a Brazilian mining company that is closely associated 
with De Beers and Anglo American. The mine is 
currently producing about 300,000 ct of diamonds per 
year. The stones are reported to be of excellent quality, 
comparable to material from South Africa and the Soviet 
Union. This, the first productive in-situ diamond de- 
posit in Brazil, is a significant development for the 
country, since diamond mining has heretofore been 
confined to secondary alluvial workings. 


Remarkable morphology. The magnificent 4.98-ct dia- 
mond crystal shown in figure 1 has a complex and rare 
morphology. The ball-like structure shows the develop- 
ment of numerous oriented octahedral faces replete 
with trigons. The trigon-decorated faces are separated by 
length-striated grooves, which are the reentrant-angle 
manifestations of a complex system of twinning. GIA’s 
Dr. Emmanuel Fritsch, an expert on twinning, recog- 
nized this form as a type described by Goldschmidt and 
Von Fersman that is known as a Mohs-Rose twin. 


A follow-up. The 64.83-ct D-internally flawless dia- 
mond described in this section in the Fall issue sold at 
auction at Christie’s in New York on October 21, 1987, 
for US$6,380,000. Please note that this diamond was 
graded at the GIA Gem Trade Laboratory, Inc., in Los 
Angeles, not in New York as we originally reported. 


COLORED STONES 


The 21st International Gemmological Conference. The 
invitation-only 21st International Gemmological Con- 
ference was held in Rio de Janeiro, Brazil, September 
20-25, 1987, with representatives from over 20 different 
countries. Dozens of gemological papers were presented. 
In addition, field excursions to the major mining areas of 
Minas Gerais were held immediately after the confer- 
ence. The alluvial diamond mining operations around 
Diamantina were explored, as were a number of gem- 
producing pegmatites in the areas of Araguai, Teéfilo 
Otoni, and Governador Valadares. Special permission 
was obtained from the Brazilian government to visit the 
newly discovered alexandrite chrysoberyl deposit near 
Itabira (see below}. The highly sophisticated Belmont 
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Figure 1, This 1-cm diamond crystal shows the 
rarely encountered Mohs-Rose twin morphology. 
From the collection of Jack Greenspan; photo 

© Harold & Erica Van Pelt. 


emerald mine, also near Itabira, was examined from the 
point of extraction of the ore all the way through to the 
final emerald-recovery process. 

A conference of this magnitude takes a great deal of 
planning, and Elizabeth and Ian MacGregor of Ter- 
esopolis, Rio de Janeiro, Brazil, deserve credit for the 
smooth operation of the 21st IGC. New gemological 
information reported at this event will appear in the 
Gem News section over the next few issues. 


More on Brazilian alexandrites. “Arabian Night’—like 
stories of exotic locales, spun together with tales of gems 
just waiting to be picked up by the handful, always have 
a way of making such places seem larger than life. Such 
is the case with the new alexandrite mine located near 
Itabira in Minas Gerais, Brazil. This locality has already 
produced an impressive quantity of fine gem-quality 
alexandrite, and promises to be prolific for the next 
several years. The rough material yields beautiful fac- 
eted and chatoyant cabochon gems. In appearance, 
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however, this may also be one of Brazil’s least-interesting 
mining areas (figure 2]. The “mine,” still in the early 
stages of development, consists of a roughly rectangular 
patch of barren reddish brown earth that is surrounded 
by trees and brush. It measures approximately 180 x 
120 m (600 x 400 ft}. Beneath the earthy overburden is a 
layer of white, fine-grained, clay-like material a few feet 


Gem News 


Figure 2, Delegates from the 
21st International Gem- 
mological Conference in- 
spect the new alexandrite 
mine near Itabira in Minas 
Gerais, Brazil. Photo by 
John I. Koivula. 


thick, below which the alexandrites are found. Several 
gem pits have been dug haphazardly within this area. 
Thus far the alexandrites have been recovered from 
these crude, water-filled pits by local miners using 
simple hand tools. At the time of our visit, in September 
1987, no mining was being done and the area was under 
military contro! (figure 3) because several miners had 


Figure 3. An armed military 
policeman stands guard 
over the Brazilian alex- 
andrite deposit as a group 
of hopeful would-be miners 
wait for a chance to dig. 
Photo by John I. Koivula. 
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been killed over property disputes. However, would-be 
miners still show up at the site on a daily basis, hoping to 
be allowed to dig for alexandrites. A detailed article on 
this locality, and the alexandrites from it, is scheduled to 
appear in a future issue of Gems e&) Gemology. 


Colorado amethyst find. A major new find of fine-quality 
“Siberian” amethyst has been made at the Rainbow Lode 
amethyst mine in the Red Feather Lakes area of Larimer 
County, Colorado. As reported by Mr. Mark Jacobson of 
Littleton, Colorado, in the September 1987 issue of 
Mineral News, this discovery has yielded a significant 
quantity of doubly terminated crystals, some as large as 
“softballs” (10 cm [4 in.] in diameter]. Multi-crystal 
matrix specimens of up to one foot in length have also 
been recovered. In July and August 1987, the mine 
owners, Nick Finnel of Fort Collins and Bohn Dunbar of 
Akron, Colorado, dug a 12 to 18 m (40 to 55 ft.} deep pit 
into the amethyst-bearing vein. From this operation 
they recovered approximately 900 kg (about 2000 Ibs.) of 
unsorted matrix specimens and another 450 kg of single 
crystals. Some of the matrix specimens weigh as much 
as 45-55 kg (100-125 lbs.); the largest doubly terminated 
single crystal weighs 1 kg. Most of the crystals are 
undamaged and make excellent display specimens. One 
7-9 kg cluster on matrix has eight amethyst scepters. 
Although most of the crystals are cloudy and internally 
fractured, the color is still dark and brilliant, anda small 
percentage of the find is of high gem quality. Several 1- to 
9-ct stones have already been faceted from this material. 


The “Lowell” effect in amethyst. Jack Lowell, of the 
Colorado Gem and Mineral Company, Tempe, Arizona, 
has identified an unusual, previously unreported, phe- 
nomenon in amethyst from Artigas, Uruguay. This 
adularescence-like phenomenon (figure 4] is strictly con- 
fined to the area in, and immediately around, the minor 
rhombohedral faces of the amethyst that show it; it may 
be related either to twinning or to ultra-fine growth 
structures within these zones, or both. GIA will con- 
tinue to study this “Lowell” effect and would welcome 
any information from Gem News readers regarding 
previous publications on this phenomenon or observa- 
tions of it in amethyst from other localities. 


Trapiche emerald crystal. The 59.09-ct gem-quality 
trapiche emerald shown in figure 5 is remarkable in that 
it exhibits not only the classic six-rayed figure at the 
bottom of the crystal, but also the tapered hexagonal 
core that is associated with the trapiche variety but only 
rarely seen. Evidence of this core appears at the top of the 
crystal in the form of a hexagonal depression. 


“The Stellenbosch Gem Index.” At the 2Ist Interna- 
tional Gemmological Conference, Mr. Herbert S. 
Pienaar, professor of gemology in the De Beers Labora- 
tory for Gemmology at the University of Stellenbosch, 


240 Gem News 


Figure 4. The adularescence-like effect observed 
by Jack Lowell in some amethysts from Artigas, 
Uruguay, has never been described before. Mag- 
nified 15x; photomicrograph by 

John I. Koivula. 


Figure 5. This exceptional trapiche emerald 
crystal from the Muzo area of Colombia mea- 
sures approximately 22 mm x 16 mm and ex- 
hibits a clear hexagonal core in addition to a 
six-rayed figure similar to that on the accom- 
panying the cabochon (10.08 ct). Crystal cour- 
tesy of Colombian Emeralds Co., Los Angeles; 
photo © Harold w& Erica Van Pelt. 
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South Africa, described a method that he uses to teach 
beginning students of gemology the basics of gem 
identification. Called “The Stellenbosch Gem Index,” or 
SGI, this teaching method is designed to narrow the 
identity of an unknown stone to a few possible chaices 
using a minimal number of tests. Mr. Pienaar combines 
the specific gravity and mean refractive index of the 
unknown stone in a mathematically simple formula to 
come up with a single SGI number. Mr. Pienaar, together 
with D. A. Glenister, has prepared a booklet that de- 
scribes this approach to gem identification. The booklet 
also contains the tables required to match the SGI of an 
unknown stone to a specific gem or group of gem 
materials. 

Editor’s note: This is an excellent way of showing 
students the close relationship that exists between the 
properties of specific gravity (density} and refractive 
index, which, for any gem material, are inseparably 
linked to structure and chemical composition. For 
further information, and to obtain a copy of “The 
Stellenbosch Gem Index,” write Professor Pienaar, Uni- 
versity of Stellenbosch, Stellenbosch 7600, South Af- 
rica. 


Double phenomenon in sapphire. The 21.53-ct star 
sapphire shown in figure 6 is unique in that it also shows 
a distinct change of color from bluish purple in incandes- 
cent light to blue in fluorescent light. The natural star 
sapphire, an oval double cabochon that measures 14.52 
x 12.88 X 10.87 mm, is from Sri Lanka. 


Tausonite: A new mineral. Also at the recent 21st 
International Gemmological Conference held in Rio de 
Janeiro, Brazil, it was reported that strontium titanate 
(SrTiO.}, one of the older diamond substitutes, has been 
found as a naturally occurring mineral. This new 
mineral, called tausonite after a Russian geochemist, 
was found in Mongolia. It is listed in the fifth edition of 
the Glossary of Mineral Species, by Michael Fleischer. 
Usually, synthetics are manufactured to mimic a natu- 
ral material, but in this instance the synthetic was 
known first. 


Transparent gem thaumasite. As reported in Mineral 
News, the very rare mineral thaumasite, Ca,Si{CO,} 
{SO,)(OH),¢12H,0, has been found as facet-quality pale 
yellow crystals as large as 5 mm in diameter and 15 mm 
in length. Mr. Mike Haritos of §.T.D. Mineral Company, 
Hyde Park, Massachusetts, received the thaumasites ina 
June 1987 shipment of minerals from South Africa. He 
said that, in external form, the hexagonal crystals 
resemble apatite or yellow beryl. Since thaumasite is 
listed in mineralogical texts as being colorless to white, 
with a habit that is acicular to filiform and usually 
massive and compact, the identity of these transparent 
yellow crystals was at first in doubt. Subsequent testing, 
including chemical and X-ray diffraction analysis, 
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Figure 6. Two separate phenomena can be seen 
in this 21.53-ct color-change star sapphire from 
Sri Lanka, shown here in incandescent light. 
Courtesy of Trent West Jewelry, Capitola, CA; 
photo by Shane McClure. 


proved that the original thaumasite identification was 
correct. With a Mohs hardness of 3.5, thaumasite is not 
useful for jewelry. 


Topaz from New Hampshire. In the last issue of Gem 
News we made brief mention of a new find of gem- 
quality topaz from New Hampshire. In the August 1987 
issue of Mineral News, Mr. Ken Hollman of Center 
Rutland, Vermont, provided additional details on this 
deposit, which has become known as the Rainbow 
Pocket. It was initially discovered in the Conway granite 
on October 19, 1986, by Mr. Peter B. Samuelson of 
Conway, New Hampshire. The contents of the naturally 
opened pocket, which measured approximately 2.4 x 
1.0 x 0.6m (8 x 3 x 2 ft), were found scattered as far as 
60 m down the side of a talus slope. No other significant 
pockets have been found within the half-mile radius that 
has been investigated to date. Thus far, the find has 
produced a total of 122 topaz crystals with a combined 
weight of approximately 8.2 kg [18 lbs.). The crystals 
have been described as a “rich brown sherry” and blue; in 
addition, some are bicolored. They are reportedly stri- 
ated as a result of etching and are of “facet quality.” The 
largest topaz crystal recovered from this locality to date 
is blue and weighs 1975 grams. In addition to topaz, this 
pocket has produced 100 kg of smoky quartz, 900 grams 
of citrine, siderite crystals as large as 2 cm, corroded 
crystals of microcline feldspar, and muscovite mica. 


SYNTHETICS Ss 


Check your filter. Gem-quality synthetic yellow dia- 
monds have been on the market for about one year now. 
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As pointed out in the reports published thus far in Gems 
# Gemology, one of the most important characteristics 
used to separate natural yellow diamonds from the new 
synthetics is fluorescence. All of the synthetic yellow 
diamonds tested to date have been type Ib. They fluo- 
resce a greenish yellow to yellow in response to short- 
wave ultraviolet radiation (253.7 nm} but are inert to 
long-wave U.V. radiation (366.0 nm]. The vast majority of 
natural yellow diamonds are type Ia; if a type Ia diamond 
fluoresces to short-wave U.V., radiation, it will react even 
stronger to the long-wave lamp. Even natural type Ib 
diamonds can be distinguished in this way because, 
while they may fluoresce to short-wave U.V. but not to 
long-wave U.V, like the synthetics, the fluorescence 
color is orange rather than greenish yellow. The relative 
simplicity of the test makes this difference in fluores- 
cence an important means of distinction when dealing 
with a possibly synthetic yellow diamond. Unfor- 
tunately, though, when a test is easy it is often taken for 
granted, and proper attention is not paid to the equip- 
ment used. 

During a recent lecture, Mr. Gary Roskin, assistant 
executive director of GIA’s Alumni Association, at- 
tempted to demonstrate the short-wave fluorescence of a 
faceted Sumitomo synthetic yellow diamond set in a 


gold ring. When the lamp was activated, however, he was 
surprised to see that the diamond did not fluoresce. At 
first he thought that perhaps the mounting was in some 
way either blocking the radiation or masking the fluores- 
cence, but even in a completely darkened room, no 
fluorescence was observed. He then obtained a new 
short-wave ultraviolet unit to check the reaction; this 
time the diamond fluoresced as expected. 

The failure of the first unit was caused by the short- 
wave filter. The newest short-wave lamps have a “life- 
time filter” that does not need changing, but in all older 
units the short-wave filter deteriorates with time and 
eventually needs to be replaced. It is important, there- 
fore, that you check your lamp filter periodically. This 
can be done by using a test stone such as scheelite, 
benitoite, or even a small synthetic yellow type Ib 
diamond. 


Acknowledgments: In addition to those individuals 
mentioned specifically in the Gem News text, the editor 
would like to thank Dr. Emmanuel Fritsch, Ms. Patricia 
Gray, Dr. James E. Shigley, and Ms. Carol M. Stockton 
for supplying information to this section. 


ANNOUNCEMENTS 


The Natural History Museum of 
Los Angeles County celebrates its 
Diamond Jubilee in 1988 with daz- 
zle, as a spectacular selection of 
world-famous diamonds from the 
Smithsonian’s collection goes on 
display in the gem vault. The mu- 
seum begins the year with the opu- 
lent Victoria-Transvaal necklace, 
featuring a stunning 67.89-ct stone 
surrounded by 108 smaller dia- 
monds, which will be on display 
until March 13, 1988. Following 
this will be three other special dia- 
mond sets: the Napoleon necklace 
with the Empress Marie Louise 
diadem, March 14—June 12; the 
Oppenheimer and the Portuguese 
diamonds, June 13—September 11, 
and the Eugenie Blue diamond in 
conjunction with the Marie 
Antoinette earrings, September 12- 
December 31, 1988. For informa- 
tion on the museum's hours and lo- 
cation, please call (213) 744-3466. 
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The World Gems Expo will be held 
June 3-6, 1988, in Hong Kong. Co- 
organized by the Hong Kong Dia- 
mond Bourse and Headway Trade 
Fairs Ltd., this is the only interna- 
tional specialized fair on gem- 
stones. For further details, please 
contact: Headway Trade Fairs Ltd., 
9/F Sing-Ho Finance Building, 168 
Gloucester Rd., Wanchai, Hong 
Kong. 


The Commission on Gem Mate- 
rials of the International Miner- 
alogical Association met in Brazil 
in September 1987 immediately 
following the 21st International 
Gemmological Conference. The 
meeting was chaired by E. Ralph 
Segnit of Australia; others in atten- 
dance were Secretary Henry O. A. 
Meyer (United States}, Pieter C. 
Zwaan (the Netherlands}, Alan Job- 
bins (United Kingdom}, Herbert S. 
Pienaar {South Africa], Nikolai V. 


Sobolev {Soviet Union}, Margherita 
Superchi (Italy), and D. P. Svisero 
(Brazil). The main topic of discus- 
sion was the commission’s prepara- 
tion of a detailed Atlas of World- 
wide Gem Deposits. When 
completed, this atlas will be indis- 
pensable to all gemologists, miner- 
alogists, and any others involved in 
the earth sciences. To ensure its ac- 
curacy, the IMA invites individuals 
with first-hand knowledge of gem 
deposits anywhere in the world to 
contribute. To obtain or provide in- 
formation concerning the atlas, 
please write to the project coor- 
dinators, Dr. James E. Shigley and 
Dr. Emmanuel Fritsch, in care of 
the Research Department at the 
Gemological Institute of America, 
1660 Stewart St., Santa Monica, 
CA 90404. Your participation in 
this project is vital for its success- 
ful completion and will be greatly 
appreciated. 
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QUARTZ 

By Michael O'’Donaghue, 110 pp. 
illus.,, publ. by Butterworths, 
London, 1987. US$29.95* 


Quartz, in both its single-crystal and 
cryptocrystalline forms, has been an 
important gem material for centu- 
ries. It is also one of the most com- 
mon gem materials, because of the 
abundance of the elements silicon 
and oxygen (the major components of 
quartz} in the earth’s crust. To con- 
dense the gemological significance of 
quartz into one small volume of 110 
pages is, to say the least, a formidable 
task. However, O’Donoghue has 
managed successfully to provide the 
information concisely and in a well- 
organized fashion. 

First, he discusses the igneous, 
hydrothermal, and metamorphic ori- 
gins of quartz. He follows with a 
detailed description of the mineral, 
including chemistry, crystal struc- 
ture, and inclusions. He then reviews 
causes of color in quartz and various 
methods of synthesis. Next, the sig- 
nificant gemological properties are 
presented, ‘followed by three chapters 
on occurrence, and concluding with 
chapters on testing and on the lapi- 
dary fashioning and historical uses of 
gem-quality quartz. 

Perhaps the only weakness in 
this book is the lack of adequate 
descriptions of the various occur- 
rences, and the omission of some 
localities altogether. For example, 
with the exception of Libya, no men- 
tion is made of any other African 
sources; both the Soviet Union and 
China are neglected. 

The book does contain a four- 
page spread of attractive color plates, 
primarily of chalcedony and the in- 
ternal characteristics of single-crys- 
tal quartz gems such as amethyst. A 
useful bibliography, a glossary of 
terms, and an index of unusual 
names for various quartz varieties 
are also provided. 

Quartz is enjoyable, accurate, 
easy to read, and within the budget 
range of most gemstone enthusiasts. 
It is a good introduction to this broad 
family of gems, and makes an excel- 
lent companion monograph to the 
more technical third volume of 
Dana’s System of Mineralogy. This 
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book is recommended to all gemolo- 
gists and jewelers who have an inter- 
est in quartz. 


JOHN I. KOIVULA 
Chief Gemologist, GIA 


LE MONDE MINERAL 
VU PAR LES TIMBRES 
The World of Minerals 

through Postage Stamps 


By Jean-Michel Autissier, photo- 
graphs by Nelly Bariand, 128 pp, 
publ. by Atelier JMA, Saint-Amand- 
Montrond, France, 1987. 120 FF* 


This beautifully illustrated volume, 
written in both French and English, 
represents a thorough documenta- 
tion of gems and minerals that are 
depicted on postage stamps. This 
work was inspired by the publication 
of the first French mineral stamps in 
September 1986 and the mineral- 
related stamp exhibit that followed 
at the Sorbonne in Paris. The first of 
its kind, this book is an attempt to 
provide a complete international cat- 
alogue of stamps featuring various 
forms of minerals, from polished 
gems to ore specimens. 

One hundred and five mineral 
species are covered, and 425 stamps 
are described with full philatelic ref- 
erences, After a short introduction to 
the mineral world, the presentation 
follows a classification by mineral 
species: gems and ornamental stones 
first, followed by other minerals clas- 
sified according to the type of deposit 
in which they are found. The text is 
illustrated with fine color photo- 
graphs of the stamps taken by re- 
nowned gem and mineral photogra- 
pher Nelly Bariand. In total, 283 
stamps are illustrated. 

The overall quality of the paper, 
printing, and color reproduction is 
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excellent, The bilingual text, to- 
gether with philatelic references to 
French, German, and American clas- 
sifications, gives this work a broad 
international audience. 

This little book can easily be 
used in sales to illustrate the geo- 
graphic origin of a stone or the offi- 
cial recognition of an unusual spe- 
cies, It is an intriguing and fascinat- 
ing introduction to the important 
role that gems and minerals play in 
everyday life. 


EMMANUEL FRITSCH 
Research Scientist, GIA 


A GUIDE TO 
FOSSICKING IN THE 
NORTHERN TERRITORY 
2nd Edition 


Revised and updated by Dick 
Thompson, 74 pp,, illus., publ. by the 
Northern Territory Department of 
Mines and Energy, Darwin, Northern 
Territory, Australia, 1986. A$9.00* 


, Twice the size of the state of Texas, 
the Northern Territory of Australia 
is a vast, sparsely settled region of 
legendary natural beauty in which a 
great variety of interesting mineral 
deposits, some of which produce gem 
materials, have been found. For the 
amateur field collector, or “fos- 
sicker,” the Northern Territory rep- 
resents a most appealing destination, 
offering an enormous field for explo- 
ration along with the ever-present 
prospect of new discoveries. This 
book is an authoritative guide to 
many of the region’s localities that 
are accessible to collectors. It con- 
tains superb, colorful maps and a 
wealth of other useful information 
such as practical facts on mineral 
identification, detailed directions for 
finding locations, tips on traveling, 
names of local gem and mineral 
clubs, and a bibliography of sug- 
gested references. This book is well 
illustrated, with many color photo- 
graphs of gems, mineral specimens, 
and localities. Its lively, attractive 
format could well serve as a model 


*This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. Telephone: 
(800) 421-7250, ext. 282. 
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for those contemplating the prepara- 
tion of such a guide for other regions. 

Most of us can only dream about 
visiting some of the remote locations 
described in this book. Yet locality 
guides like this can act as useful 
references on gem and mineral oc- 
currences for the curator and private 
collector. They can also suggest de- 
posits and areas for further explora- 
tion and possible commercial devel- 
opment. Thus, they are valuable ad- 
ditions to any library regardless of 
whether one is ever fortunate enough 
to visit the location. 


ROBERT MIDDLETON 
Collections Manager, 

Earth Sciences Division 
Los Angeles County 
Museum of Natural History 


OTHER BOOKS 
RECEIVED IN 1987 


The Collector/Investor Handbook of 
Gems, by john L. Ramsey and 
Laura J. Ramsey, 300 pp., illus., 
Boa Vista Press, San Diego, CA, 
1985, US$16,95.* This is a very 
earnest endeavor on the part of 
two well-respected members of 
the trade to address a subject that 
most gemologists try to avoid, 
that of gemstone investing. The 
book is divided into three sec- 
tions. The first, “Gems and the 
Economy,” takes a long look at 
inflation and deflation and the 
performance of gems in this un- 
predictable economic climate. 
The second section discusses the 
more practical aspects of buying 
and selling gems: appraisals, 
treatments of and inclusions in 
gemstones, where to go for gem- 
ological instruction, and the types 
of equipment used for gem identi- 
fication and evaluation. The third 
section discusses another current 
gemological quagmire: the de- 
scription and evaluation of color 
in gems. This section includes a 
“Color Guide and Gemological 
Reference” to 24 popular “invest- 
ment” stones, with full-color ex- 
amples of each stone provided 
together with their properties, lo- 
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calities, and comments by the 
authors regarding positive and 
negative characteristics. The 
book closes with tables of gem- 
stones listed three ways: alpha- 
betically, by refractive index, and 
by specific gravity. Also included 
are a glossary, a section on sug- 
gested books and periodicals, and 
an index. Much useful informa- 
tion is compiled in this deliber- 
ately “pocket-sized” handbook, 
augmented by many bold color 
photographs of the gems. 

EBM 


Minerals of Mexico, by William D. 
Panczner, 459 pp., publ. by Van 
Nostrand Reinhold Co., New 
York, 1987, US$44.95.* This book 
represents a tremendous amount 
of painstaking research, both in 
the field and in libraries, that has 
culminated in a current catalogue 
of minerals and their locations 
throughout Mexico. It begins 
with a historical overview of the 
important mining districts, fol- 
lowed by a chronology of discov- 
eries and developments related to 
mining in Mexico and a 20-page 
bibliography that is itself a note- 
worthy accomplishment. The 
bulk of the text is the catalogue, 
which is arranged alphabetically 
by mineral, and by state and 
county within each mineral en- 
try. Although the emphasis is on 
minerals in general, rather than 
on gems in particular, any gem- 
ologist interested in Mexican gem 
materials will find this a useful 
addition to their library. 


EBM 


The Dow Jones—Irwin Guide to Fine 
Gems and Jewelry, by David Mar- 
cum, 213 pp, ilus., publ. by Dow 
Jones—Irwin, Homewood, IL, 
1986, US$25.00.* This book pro- 
vides helpful information for any 
consumer interested in buying 
gems. Topics covered include the 
gems themselves, how to read lab 
reports, types of appraisals, and a 
variety of tips and insights into 


the jewelry and gem trade based 
on the author's experience. Al- 
though the term gem investment 
makes most gemologists cringe, it 
continues to bea concern with the 
public and is addressed here as 
well. For a book about gems and 
jewelry, it is sparsely illustrated, 
with only eight color pages show- 
ing the principal varieties of col- 


ored stones. 
EBM 


Guide des Pierres de Réve (Guide to 
Dream Stones}, in French, by 
Anne de Tugny, 239 pp., illus., 
publ. by Editions Flammarion, 
Paris, 1987, 130 FE This small- 
format, well-illustrated book is an 
introduction to the science and 
magic of gemstones for the en- 
lightened amateur. The first and 
major part of the book is a simple 
dictionary of gemstones. Each 
stone is described in terms of 
color, clarity, internal characteris- 
tics, history, cut, care, sources, 
and possible imitations. The re- 
maining parts are devoted to syn- 
thetics, practical tips for buyers, 
and, finally, a short section on 
lore. Altogether, this is an attrac- 
tive and handy little book that can 
be used in sales to show the cus- 
tomer “a little bit more” about a 
stone, without delving into the 
technicalities of refractive index 
and specific gravity. 


EMMANUEL FRITSCH 


Editor's Note: In response to reader 
demand, the “Gemological Guide- 
lines for Gemstone Durability in 
Jewelry” chart that appeared in the 
Summer 1987 issue of Gems & Gem- 
ology is being reissued in a lami- 
nated version suitable for display. 
The chart can be purchased for 
US$9.95, plus postage and handling, 
from the GIA Bookstore (1660 Stew- 
art St., Santa Monica, CA 90404; 
800-421-7250, x282). Discounts are 
available to members of the GIA 
Alumni Association and for orders 
of 10 or more. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Blue and yellow sapphire from Kaduna Province, 
Nigeria. L. Kiefert and K. Schmetzer, Journal of 
Gemmology, Vol. 20, No. 7/8, 1987, pp. 427-442. 


Nigerian sapphires have been known for about 15 years 
and are now appearing on the gem market in significant 
amounts; most are dark blue although a small quantity 
are yellow. The authors provide a thorough description 
of this gem material that is based on their examination 
of 38 crystals and 31 cut stones from alluvial deposits in 
Kaduna province, about 45 km northeast of Jos. The tests 
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revealed typical physical properties for corundum. Opti- 
cal spectra indicate the presence of Fe?+, Fe2+/3+, Fe2+/ 
Ti*+, and, in some cases, Cr3+ absorption bands in the 
blue sapphires, with changes in relative band strengths 
along different axes that correlate with observed 
pleochroism. The yellow sapphires revealed only Fe3+ 
and Ti3* absorption features. 

Detailed descriptions are provided for a variety of 
typical corundum inclusions, that is, unhealed plane 
fissures, hexagonal platelets, zircons surrounded by 
stress cracks, and rounded prismatic albites associated 
with fluid inclusions. Another type of inclusion, red to 
reddish brown uranpyrochlore grains, indicates that the 
Nigerian sapphires originated in alkali basalts. 

Two color and 33 black-and-white illustrations, 
including 27 photomicrographs of inclusions and five 
absorption spectra, accompany this article. CMS 


Dark blue aquamarines from Sambia with high refrac- 
tion of light indices. H. Bank, Gold und Silber, Vol. 
40, No. 3, March 1987, pp. 101-102. 
Bank briefly describes the dark blue aquamarine that is 
occasionally found in Zambia. The aquamarines occur 
near Lundazi in pegmatites intruding into the gneisses 
and schists of the basement complex; gem-quality 
aquamarine generally occurs as fragments of broken 
crystals. Beryl has also been found further south, near 
the Mozambique border. 
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Bank recently tested the refractive indices of the 
Zambian aquamarine and reports that the ordinary ray 
ranges from 1.590 to 1.596 and the extraordinary ray 
from 1.581 to 1.586, with a birefringence of 0.009 to 
0.010. These indices are similar to those reported for 
Nigerian aquamarine and are higher than average for 
beryl. 

Because references to Zambian aquamarine are 
scarce, the author advises readers to look at his article in 
the February 1984 issue of Gold und Silber for further 
information on this material. BCC 


Gemmological jottings. G. Brown and J. Snow, Austra- 
lian Gemmologist, Vol. 16, No. 7, 1987, pp. 
267-270, 


This brief article reports on a number of interesting 
items: (1) turquoise beads that have been treated with 
both dye and wax; {2} a plastic imitation of a walrus tusk 
scrimshaw; (3} Japanese-manufactured synthetic jelly 
opal with a rather natural-appearing play-of-color; (4) a 
bleached and plastic-impregnated cabochon of coral 
{presumably black} made to imitate golden coral, and (5) 
a new thermal diamond probe, the Diamond Beam, now 
being marketed in Australia. Each subject is covered in 
some depth, and the first four items include a concise 
synopsis of the examination and what it revealed. All 
subjects are well illustrated in color. RCK 


Pronounced flow structure in an Australian opal. J. I. 
Koivula, Australian Gemmologist, Vol. 16, No. 7, 
1987, pp, 257-258, 


This brief article begins with an overview of the forma- 
tion of gem-quality Australian opal, with particular 
emphasis on the mechanisms producing flow struc- 
tures. The author notes that these structures, while 
somewhat common, are not particularly prominent and 
are often quite difficult to see. He then proceeds to 
describe a 12.80-ct white boulder opal from Queensland, 
noting its prominent flow features — visible both micro- 
scopically and to the unaided eye —and explains clearly 
the cause of these features. The accompanying photo- 
micrograph amply illustrates the author's points. 

RCK 


DIAMONDS 


Anomalous occurrences of diamonds. PH. Nixon and 
S. C. Bergman, Indiaqua, Vol. 47, No. 4, 1987, pp. 
21-27. 

The Gem News section of the Summer 1987 issue of 

Gems #& Gemology reported the discovery of a 14-ct 

diamond in Trinity County, California. This is exciting 

because the surface texture of the diamond suggests that 
it has not been transported far from its source on the 
surface; yet there are no known diamond “pipes” in 

California or anywhere else along western North and 

South America. 

It is generally accepted that natural, terrestrial 
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diamonds form under high pressure in the mantle of the 
earth at depths of at least 150 km. It is thought that 
explosive volcanism in the form of kimberlites (as in 
Africa} or lamproites (as in western Australia] is the only 
mechanism capable of exhuming samples of such deep- 
seated mantle. These volcanoes are restricted to regions 
that are in or near Precambrian continental shields, such 
as the interior of the North American, African, and 
Eurasian continents. How, then, do we account for 
diamond occurrences such as those in the Trinity 
district that are far removed from such sources? 

Drs. Peter Nixon and Steve Bergman discuss a 
number of “anomalous” occurrences of diamonds and 
show that nearly all of them are found at the distal 
regions of the earth’s lithospheric plates. Examples 
include regions where continental plates move against 
oceanic plates, such as along the San Andreas and related 
fault systems in California. In such areas, deep-seated 
peridotites and other rocks of the oceanic crust and 
mantle are thrust up near the plate margins, forming the 
so-called ophiolite complexes such as in the Trinity Alps 
and at Point Sal, both in California. Nixon and Bergman 
suggest that the diamond-bearing peridotites may have 
been buried originally at depths as great as 150 km. The 
apparent absence of other high-pressure minerals such 
as pyrope garnet, which is common in kimberlites and 
lamproites, suggests that the “anomalous” diamonds 
may have crystallized metastably at shallower depths 
and lower pressures, but this negative evidence is not 
convincing. 

Similar upthrusting can occur when two continen- 
tal plates collide, as is the case with the Indian continent 
and the Eurasian plate, which has produced the Hima- 
layas. The Chinese reportedly have found diamonds near 
this continental suture in Tibet. Diamond-bearing up- 
thrust zones also occur at oceanic—oceanic plate bound- 
aries, such as near the New Hebrides trench and else- 
where in the South Pacific. 

The Nixon-Bergman model is of interest to diamond 
enthusiasts, but it also provides food for thought for 
earth scientists concerned with processes at the bound- 
aries of lithospheric plates. In addition, it also offers a 


testable model for diamond exploration. Art Montana 


Professor of Geochemistry and Chairman of the 
Department of Earth & Space Sciences 
UCLA, Los Angeles, CA 


Damage to cut diamonds. H. A. Hanni and G. Bosshart, 
Journal of Gemmology, Vol. 20, No. 6, April 1987, 
pp. 339-343. 


Messrs. Hanni and Bosshart review a wide variety of 
causes for damage to cut diamonds. Since diamonds are 
highly resistant to acids and corrosive agents, damage at 
normal temperatures from chemical attack is quite rare. 
However, damage during jewelry repair may occur if, for 
example, a diamond is not thoroughly degreased before 
the borate fire coating is applied. In such incidents, the 
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jeweler’s torch may scorch the surface of the diamond. 
Mechanical damage or damage due to wear includes 
blows that can extend existing cleavages (rare) as well as 
facet-edge abrasions or girdle chips (more common}. 
Diamonds may also abrade one another when more than 
one diamond ring is worn on the same finger. Damage 
during polishing includes girdle feathers from rough 
bruting and pressure cracks and burn marks from the 
mechanical dop. Reportedly, 90% of the stones that do 
not receive a culet during polishing sustain minor 
damage. Setting damage is chiefly limited to chips to 
thin areas of a girdle. 

While minor damage can usually be repaired by 
repolishing (with little loss of weight}, the authors 
correctly point out that repairing a 1-ct stone that has 
sustained extensive damage could cause it to drop below 
its critical weight. This article concludes with the 
observation that since gemological laboratories can 
often assess the causes of various kinds of damage, 
insurance companies and others may find this service of 
value. James R. Lucey 


Diamond mining since 1914. J. Roux, Diamond World 
Review, No. 42, 1987, pp. 14, 16, 52, and 54. 


In this article, Johnny Roux relates fluctuations in world 
diamond, pyoduction to political and economic factors 
that influence supply and demand for gem-quality and 
industrial: diamonds. Supply-side factors include: new 
discoveries, mine productivity, and political climate. 
Factors influencing demand include: world economic 
conditions, advancing technology, and marketing. 

World production was erratic until 1948, when 
annual increases began their long, steady journey up- 
ward. Post—World War I economic conditions in Europe 
and the Depression in the United States slowed produc- 
tion. Both world wars forced mines in South Africa (the 
major producer) to close. De Beers’s stockpiles, however, 
continued to feed the demand for diamonds during those 
years. The independence of African nations such as the 
Belgian Congo {Zaire} in 1960 and Angola (Angola 
People’s Republic) in 1975 nearly halted production in 
those countries. Subsequent recovery was slow, and 
increased smuggling began to decrease official produc- 
tion figures. 

Favorable factors outweighed the unfavorable, how- 
ever, and worldwide diamond production grew tremen- 
dously from 2.9 million carats in 1914 to 63 million 
carats in 1984. One reason for this is the increasing 
demand, which began in the 1940s, for industrial dia- 
monds. In addition, new discoveries and production in 
the USSR, Zaire, Angola, Botswana, South Africa, and, 
most recently, Australia have greatly added to the 
figures, In 1986, Australia’s first year of full production, 
it accounted for 29 million carats of the world total of 88 
million carats. It is interesting to note that Australia’s 
1986 output alone is equivalent to 10 times the total 
world production in 1914. 
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Roux presents this material chronologically, by 
selected one- to three-year spans. He also includes a 
graph of production from 1914 to 1986, which dramati- 
cally illustrates the increases during this period. 

Gail Kirchner 


Exciting signatures from the earth’s mantle. J. Bristow, 
H. Allsopp, C.B. Smith, and E. M. W. Skinner, 
Indiaqua, Vol. 47, No. 2, 1987, pp. 31-38. 


The authors trace the history of the use of isotopic ratios 
between long-lived radioactive elements, such as samar- 
ium-neodymium and uranium-lead, in the age deter- 
mination of kimberlites, lamproites, and other associ- 
ated rock types related to upper mantle activity. With 
the technical advances made in the field of mass 
spectrometry over the last few years, scientists have 
been able to apply this same technology not only to the 
rocks themselves, but also to individual crystals within 
rocks and to inclusions within the crystals. 

A tremendous time discrepancy was obtained when 
the ages of the host rocks were compared to those of the 
inclusions found in diamonds frozen within the rocks. 
Inclusions in diamonds from the Kimberley and Finsch 
mines were dated at 3.2 to 3.3 billion years, but the 
kimberlites are of Cretaceous age (70-130 million years). 
This age difference supports the conclusion that dia- 
monds are xenocrysts derived from other mantle 
sources, not phenocrysts crystallized from kimberlite. 

The article is illustrated with several helpful black- 
and-white and color photographs and drawings, includ- 
ing one of a garnet inclusion in a diamond and a 
cross-sectional model of a kimberlite pipe. A compre- 
hensive list of 41 additional references is also provided. 

John I. Koivula 


GEM LOCALITIES 


Geological setting of Zambian emerald deposits. A. S. 
Sliwa and C. A. Nguluwe, Precambrian Research, 
Vol. 24, 1984, pp. 213-228. 


Emerald mineralization is reported from at least 10 
occurrences along a linear zone extending on both sides 
of the Kafubu River in north-central Zambia. These 
occurrences are found in quartzites and various schists 
of the Muva Supergroup that were originally deposited 
as sediments between 1635 and 1300 million years ago. 
Within the rocks of the Muva Supergroup are persistent 
linear bands of talc-chlorite-amphibole-magnetite 
schist, which are intruded by small veins and dikes of 
feldspar-quartz-tourmaline pegmatite. The emeralds 
are found in the schist host rock along altered contact 
zones that rim the pegmatites. The emeralds sometimes 
also occur within veins of quartz-tourmaline pegmatite. 
Distribution of the emerald mineralization is erratic, 
but the richest areas seem to form around flat-lying, 
undulating pegmatite veins. The beryllium necessary 
for beryl formation is thought to have been supplied by 
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the pegmatites. The chromium needed to produce the 
green color of the emeralds was derived from the schist 
host rocks, which were found by chemical analysis to 
contain concentrations of the element. 

The Zambian emerald fields are considered compa- 
rable in quantity and quality of material to the well- 
known Colombian emerald occurrences, but their geo- 
logic setting differs considerably. However, striking 
similarities were found between the Zambian occur- 
rences and other African deposits of emerald at San- 
dawana {Zimbabwe}, Gravelotte (South Africa}, and Lake 
Manyara {Tanzania}. This suggests that these African 
occurrences have a common type of origin. The authors 
conclude that emerald formation cannot be correlated 
with particular periods of geologic history or types of 
tectonic settings. The sole factors that seem to control 
emerald mineralization are the presence of beryllium- 
rich pegmatites and chromium host rocks combined 
with a suitable temperature/pressure regime during the 
crystallization period. JES 


Minerals from the pegmatites of the Crystal Mountain 
District, Larimer County, Colorado. M. 1. Jacob- 
son, Rocks and Minerals, Vol. 62, No. 4, 1987, pp. 
230-239. 


The pegmatite district of the Crystal Mountain area 
remains one of the few pegmatite districts in Colorado 
that has not yet been fully explored. Located about 13 
miles west of Fort Collins, the Crystal Mountain Dis- 
trict has been known to produce crystals of blue apatite, 
chrysobery], beryl, tourmaline (schorl), topaz, and many 
other minerals of interest to collectors. 

Jacobson describes the location, access and collect- 
ing conditions, regional and pegmatite geology, and 
mineralogy of the area. A historical overview, location 
and geologic maps, and three tables are also featured. 
Jacobson encourages amateur mineralogists who want 
to contribute to pegmatite mineralogy to continue the 
investigation of this district. BCC 


Die Smaragde der Belmont-Mine bei Itabira, Minas 
Gerais, Brasilien: Vorkommen und charak- 
teristika. (The emeralds from the Belmont mine at 
Itabira, Minas Gerais, Brazil: Occurrence and 
characteristics). H. A. Hanni, D. Schwarz, and M. 
Fischer, Zeitschrift der Deutschen Gem- 
mologischen Gesellschaft, Vol, 36, No. 1/2, 1987, 
pp. 33-49. 

The authors describe the production, occurrence, and 

characteristics of emeralds found in the Belmont mine, 

which is located at Itabira in the state of Minas Gerais, 

Brazil. The mine was discovered in 1978 during the 

construction of the main railway that extends from Belo 

Horizonte to Vitoria. Early mining methods at the 

locality were primitive, although nearly 40 kg of emer- 

alds were recovered within an area of 20,000 m2. Since 

1981, however, production has been modernized and 

heavy machinery is being used. The emerald concentra- 
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tion in the biotite schist is estimated to be 165 grams per 
ton, which makes the Belmont mine the richest emer- 
ald-producing area in Brazil. 

The authors review the regional and local geology of 
Itabira and include a detailed map of the region. The 
emeralds, which very rarely occur with chrysoberyl and 
alexandrite, are found within Precambrian schists, for- 
mer pegmatites, and quartz masses of the “Supergrupo 
Minas.” The FeO, MgO, and Na,O contents in the 
emeralds from the Belmont mine are relatively low. 

Several inclusions have been identified: mica, 
quartz, tremolite, dolomite, andesine, apatite, and “he- 
matite/molybdenite.” Mica is the most common, with a 
large diversity of forms and colors; the high fluorine 
content (2-3 wt.%} is consistent with emerald forma- 
tion in rocks associated with pegmatites. For the most 
part, these mica inclusions are members of the biotite- 
phlogopite series. Growth tubes are frequently arranged 
either as single tubes parallel to the c-axis of the host 
gem or in layers, and exhibit different kinds of fillings: 
one or two fluids possibly combined with a gas bubble 
and/or a solid. Most numerous are growth tubes consist- 
ing of a birefringent white crystal (probably apatite} 
associated with a usually rectangular cavity that has a 
two-phase filling. Multiphase inclusions are common. 
Also characteristic are disc-shaped tension cracks with 
fluid-filled cavities at their center. 

The Itabira emeralds are typical of the association of 
mafic-ultramafic rocks with pegmatites. Studies of the 
fluid and gas inclusions indicate that the minimal 
temperature and pressure conditions of emerald forma- 
tion are 380°C and 1400 bars. MG 


INSTRUMENTS AND TECHNIQUES 


Assembling a microscope illuminator for micromounts. 
S. Leber, Rocks and Minerals, Vol. 62, No. 1, 1987, 
pp. 31-33. 


Leber’s article outlines the construction of a microscope 
illuminator to supplement or augment the existing 
lighting systems in a microscope. Typical applications 
include overhead, oblique, and horizontal illumination 
situations as well as situations where additional light is 
required, such as for photomicrography. The author 
provides a detailed description of various bulb types, the 
advantages of each, and how to build the case. He also 
supplies a detailed schematic of the circuitry, including 
wiring for a two-level illuminator and for one with 
continuously variable intensity. This article is high in 
solid engineering information. Bill Videto 


A cheap dichroscope. N. Grist, Journal of Gemmology, 
Vol. 20, No. 7/8, 1987, p. 485. 


This half-page note simply and clearly describes how to 
make your own dichroscope using two pieces of Polaroid 
sheet and a glass slide (or two, for the extravagant). This 
simple apparatus can be used even on small stones in 
conjunction with a microscope. CMS 
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Further development of a computer program for gem 
identification. P G. Read, Journal of Gemmology, 
Vol. 20, No. 7 and 8, 1987, pp. 467-473. 


The computerization of gemology continues to develop, 
as illustrated by Peter Read’s work on gem identification 
programming. Using a 16-bit Amstrad computer (IBM- 
compatible} with 512K of memory, Mr. Read has updated 
his GEMDATA program. As it is now configured, GEM- 
DATA includes data for over 200 gem materials. Input 
criteria accepted include color, transparency, refractive 
index, specific gravity (hydrostatic or heavy-liquid esti- 
mated}, optic sign, optic character, reflectivity, critical 
angle, and Brewster’s angle. Twelve figures, mostly 
computer menu screens, accompany the text. CMS 


Monolight 6000 series optical spectrum analyzer. P. G. 
Read, Editor, Gem Instrument Digest, Vol. 3, No. 
3, 1987, p. 34. 
This brief report covers the capabilities of an optical 
spectrum analyzer, which can be used as a single-beam 
spectrophotometer over the range of 210 nm—4700 nm. 
Features include a remote optical head, enabling “in 
situ” measurements of large or difficult-to-access mate- 
rials; with a special processor, it can plot transmission/ 
reflection characteristics, calculate CIE chromaticity 
coordinates, and plot the coordinates as a point on a CIE 
chromaticity diagram. Read also describes how to mea- 
sure birefringence. One photograph of the system, two 
diagrams of the components, and three graphs are 
included. RCK 


The separation of natural from synthetic diamonds 
using the Barkhausen effect. D. Minster, journal of 
Gemmology, Vol. 20, No. 7/8, 1987, pp. 458-459, 

The author describes a simple apparatus to detect 
ferromagnetism as a means of separating natural from 
synthetic diamonds, lf a ferromagnetic material is in 
motion between a fixed magnet and a detector coil 
connected to headphones, a sound is produced which is 
known as Barkhausen noise. 

Although tests were conducted only on industrial- 
grade synthetic diamonds, Minster believes that gem- 
quality synthetic diamonds should produce the same 
results. However, this reviewer questions whether this 
method would be effective for material such as the 
Sumitomo synthetic diamonds, which are virtually free 
of metallic inclusions. EF 


JEWELRY ARTS 


The Sarah Bernhardt snake bracelet. V. Becker, Christie's 
International Auction Catalog, Geneva, Thurs- 
day, November 12, 1987, item no, 603. 

Auction catalogs are becoming increasingly important 

sources of historical information on period jewelry. 

Here, Vivienne Becker concisely describes the details 

surrounding the celebrated snake bracelet (actually a 

bangle and ring joined by a fine double chain) that was 
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designed by Alphonse Mucha and fabricated by Georges 
Fouquet as a commission for Sarah Bernhardt in 1899. 
Becker, author of Art Nouveau Jewellery, artfully pre- 
sents brief sketches of both Sarah’s personality and 
theater roles, and of the brief partnership between Art 
Nouveau artists Fouquet and Mucha. She also discusses 
the influence of Greco-Roman and Mughal Indian jewel- 
ry on the bracelet’s design, and vividly describes the 
piece itself. Characterized as “arguably the most famous 
and historically important jewel of the Art Nouveau 
period,” the snake bracelet embodies three recurring 
elements of Art Nouveau jewelry: the snake motif, the 
use of opal, and the use of enameling. 

This booklet, prepared by Christie’s International 
especially for the November 12th auction in Geneva, 
presents the salient facts of this amazing piece together 
with two color photos and a detailed illustration from 
1906. There is also a dramatic portrait of Sarah Bern- 
hardt by Georges Clairin. EBM 


Editor’s Note: The Sarah Bernhardt bracelet sold for 
US$757,500 at the auction, 


Vanity to valour: the complex motives for personal 
adornment. P. Daniels, Ornament, Vol. 10, No. 4, 
1987, pp. 22-27. 


Personal adornment has been “an integral part of human 
life” since the earliest civilizations. The subject of 
personal adornment and the reasons for it was the theme 
of a recent exhibition, “Eye of the Beholder: Objects for 
Personal Adornment,” held at the Royal Ontario Mu- 
seum {ROM} in Toronto. 

In this overview of the exhibit, the author discusses 
some of the motivations for personal adornment, many 
of which are found cross-culturally: marriage, religion, 
warfare, and to designate wealth and power. The ROM 
exhibit incorporated examples that span centuries as 
well as cultures, from Egypt in 1450 BC to Brazil in 1967 
AD. The objects on display ranged from simple feathered 
hair ornaments worn by Indians in Paraguay to the 
fabulous diamond necklace given to Marie Louise of 
Austria by Napoleon Bonaparte on the birth of their first 
child. 

Daniels closes the article by emphasizing the com- 
mon bonds between cultures and across time that are 
expressed by the way people adorn themselves. Eleven 
photos accompany the text. EBM 


JEWELRY RETAILING 


Insurance replacement: Why jewelers are losing busi- 
ness. R. Shore, Jewelers’ Circular-Keystone, Vol. 
158, No. 7, July 1987, pp. 126-128. 
Yet another way that established jewelers are losing sales 
to “discount wholesale” jewelers is through insurance 
claim replacements, discussed in this insightful article 
by Russell Shor, senior editor of the Jewelers’ Circular- 
Keystone. 
Rather than steer customers back to the original 
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stores of purchase, insurers often pressure them into 
replacing their jewelry at discount stores. Not only is the 
customer not given the option of making his/her own 
choice, but the established jeweler loses the sale and, 
often, his credibility. He may ultimately lose the cus- 
tomer as well. The reasons for this and the ramifications 
of these sales are discussed. Essentially, this is a battle of 
wits between the established jeweler, the insurance 
companies, and the discount operations. Shor has taken 
care to outline various perspectives, and concludes by 
offering a list of suggestions on how to “educate” 
customers while fulfilling their jewelry needs. RW 


Is greed ruining the used jewelry market? D. Federman, 
Modern Jeweler, Vol. 86, No. 9, September 1987, 
pp. 51-59. 


In an effort to combat unethical practices in the jewelry 
industry, this article points out that jewelers usually 
have an advantage over the public in the selling and 
buying of second-hand jewelry. 

Too often consumers find themselves at the mercy 
of jewelers when they try to liquidate items into cash. In 
the past, it has been common practice for jewelers to 
offer extremely deflated prices for pre-owned jewelry, 
while consumers have been unaware of the various 
options available that would give them the maximum 
return on their pieces. 

The author interviewed several experts in estate 
jewelry for their opinions on the selling of used jewelry, 
and explores the choices that are available to the 
customer: consignment, classified advertising, auction 
houses, and pawn shops. An interesting chart compares 
these resale options for four different pieces of jewelry. In 
most cases, however, the experts agreed that regardless 
of the option a consumer chooses, it would be wise to 
consult an independent appraiser first to avoid under- 
valuations. 

General consensus among the experts indicates that 
many jewelers have become better educated in matters 
of estate valuation and more knowledgeable about the 
state statutes that bear on the conduct of buyer/seller 
contracts, thus bringing a new sense of fairness to the 
industry. [LC 


SYNTHETICS AND SIMULANTS 


Methods for the distinction of natural and synthetic 
citrines and prasiolites. K. Schmetzer, Gold und 
Silber, Vol. 40, No. 6, June 1987, pp. 57-58. 


Dr. Schmetzer describes the diagnostic features of natu- 
ral and synthetic citrines and prasiolites; the most 
important are structural characteristics and features in 
the visible and ultraviolet spectra. 

Because most natural citrines and prasiolites are the 
result of the heat treatment of amethyst, polysynthetic 
twinning on the Brazil law (found in natural amethyst 
and retained after heating) is the main determining 
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characteristic. At this time, this phenomenon is not 
found in the synthetic counterparts. 

In addition, synthetic citrines and prasiolites are 
generally colored by iron or traces of cobalt and iron. 
Synthetic analogs of these gem materials show a number 
of distinct absorption bands in the visible and ultraviolet 
range that have not been seen in natural stones. Al- 
though the absorption bands are not given, the author 
refers to a more detailed article to be published in the 
future. BCC 


Nach dem Hydrothermalverfahren Hergestellte synthet- 
ische Smaragde aus der UdSSR (Synthetic emer- 
alds made after hydrothermal process from USSR), 
Th. Lind, U. Henn, and H. Bank, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 
36, No. 1/2, 1987, pp. 51-60. 


During the last few years, many publications have 
presented the characteristics of synthetic emeralds 
made in the USSR. Although these reports stated that 
the synthesizing process is hydrothermal, some of the 
stones exhibited inclusions similar to those observed in 
flux-grown synthetic emeralds. For the study reported 
here, the authors investigated synthetic emeralds mar- 
keted as “Vasar emeralds” {manufactured in the city of 
Tallin, of the Estonia Republic} which contain these 
“flux-like” inclusions. The authors confirm, by means of 
infrared absorption spectroscopy, that these synthetic 
emeralds are of hydrothermal origin. 

The refractive indices of the “Vasar emeralds” are 
n, = 1.578-1.584, n,=1.571-1.581, with a variable bi- 
refringence of 0.005-0.008. The specific gravity is 
2.68-2.70. The growth phenomena in these synthetic 
emeralds play an important part in identification. Spin- 
dle-like, sometimes wavy, growth features are observed 
parallel to the c-axis. Under crossed polarizers the effect 
is much more distinct and assumes a zig-zag pattern 
when viewed perpendicular to the c-axis. Absorption 
spectra in the visible range show, in addition to the Cr+ 
spectrum, Fe2+, Fee+, and Fe?+/3+ charge-transfer 
bands, which cause a strong pleochroism. EF 


Eine neue Generation synthetischer Rubine von P. O. 
Knischka unter Verwendung natiirlicher 
Nahrsubstanz (A new generation of synthetic 
tubies made by P. O. Knischka by the use of a 
natural source material). W. Galia, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 
36, No. 1/2, 1987, pp. 19-31. 


Under U.S. patent no. 4,525,171, BO. Knischka of 
Austria is now commercially producing a new type of 
synthetic ruby. The spontaneous nucleation from a flux 
lie, without the use of a seed crystal] is achieved by 
recrystallizing natural rubies. A prismatic ruby crystal 
weighing 382.50 ct was reportedly grown by Knischka 
over a one and one-half year period; the largest synthetic 
crystal made thus far weighs 1100 ct. In the course of 
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this study, the author investigated crystals ranging in 
weight from 0.13 to 38.56 ct. 

The crystals currently being produced vary consid- 
erably in morphology and inclusions as compared to 
Knischka’s previous production or the products of other 
manufacturers. Microscopic examination is the best 
method of identifying this new synthetic ruby. The most 
typical inclusions are pinpoints of an unidentified 
substance which give a distinctive milky or cloudy 
appearance depending on the illumination technique. 
Platinum inclusions further prove the synthetic origin 
of the new production, although the manufacturer 
claims that there are no platinum inclusions in those 
crystals grown after December 1986. “Zig-zag” growth 
lines and irregular growth striae are also observed. 

Chemical analyses contributed to the detection of 
platinum in a number of samples. Further, Na, W, and Ta 
were found, but no Pb. The flux inclusions were found to 
contain Na,W,0, (sodium wolframate} and Ta,O, (tan- 
talum oxide) by X-ray fluorescence, microprobe, and 
X-ray diffraction analyses. The U.V. absorption spectra of 
these synthetic rubies were studied with two different 
instruments: a dual-beam spectrophotometer and a 
Kruss U.V. spectroscope. Twenty illustrations, including 
four color photographs, are provided, but the fact that 
they are npt,in numerical order adds some confusion to 
the reading. MG 


Syuthetische Lechleitner-rubine mit natiirlichen kernen 
und ssynthetischen uberzugen (Synthetic 
Lechleitner rubies with natural seed and synthetic 
overgrowth). K. Schmetzer and H. Bank, 
Zeitschrift der Deutschen Gemmologischen Ges- 
ellschaft, Vol. 36, No. 1/2, 1987, pp. 1-10. 


Drs. Schmetzer and Bank report on a new type of 
Lechleitner synthetic ruby which consists of a natural 
corundum seed from Sri Lanka with a flux-grown 
synthetic overgrowth. The inclusions observed are typi- 
cal for Sri Lankan sapphires: negative crystals, various 
patterns of liquid “feathers,” and crystals of various 
minerals. Typical flux residues were also apparent in the 
synthetic overgrowth. The color of the six faceted 
samples described in this article resembles that of Sri 
Lankan rubies and pink sapphires, with a characteristic 
violet tint. Angular color zoning was also observed. 
Chemical analyses (electron microprobe and X-ray fluo- 
rescence} revealed Li,O-MoO3-PbF, and PbO in the 
overgrowth. Spectrophotometry revealed absorption 
spectra almost identical to those of pink sapphires from 
Sri Lanka; the authors mention the difficulty of obtain- 
ing two different absorption curves for the seed and the 
overgrowth, Four of the 21 illustrations are printed in 
color. MG 


New investigations of synthetic amethysts produced in 
Japan. Th. Lind and K. Schmetzer, journal of 
Gemmology, Vol. 20, No. 5, 1987, pp. 274-277. 


This article addresses further separations of natural 
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versus synthetic amethyst. The authors focus specifi- 
cally on the diagnostic properties of the synthetic 
amethyst produced in Japan, which differs from the 
Russian synthetic amethyst used in earlier studies. 

Japanese synthetic amethyst is characterized by 
feathers consisting of fluid inclusions and two-phase 
inclusions, sharp lamellar structures connected with 
distinct color zoning (observed parallel to one rhom- 
bohedral face of the synthetic amethyst], and twinning 
confined to distinct areas of the synthetic crystal. 
Furthermore, there is an additional (albeit sometimes 
lower intensity} absorption band in the infrared area of 
the spectrum. 

According to Lind and Schmetzer, the distinction of 
natural and synthetic amethyst is based on microscopic 
study of the specimen under immersion. Therefore, 
detailed knowledge of the various properties of poly- 
synthetic twinning in natural amethyst based on the 
Brazil law is recommended. Deborah Jean Martin 


TREATMENTS 


Goethite inclusion alteration during the heat conversion 
of amethyst to citrine. J. I. Koivula, Australian 
Gemmologist, Vol. 16, No. 7, 1987, pp. 271-272. 


The brownish yellow mineral goethite, in the form of 
radiating tufts or broom-head-shaped groups of acicular 
crystals, is a common inclusion in amethyst and in the 
rarer natural citrine quartz. Similar-appearing inclu- 
sions, but of a reddish brawn color, are found in citrines 
produced by heat treating amethyst. The author theor- 
izes that the treatment causes the goethite inclusions to 
alter to hematite, releasing water in the process and 
causing fracturing around the inclusions. 

To confirm this theory, Mr. Koivula heat treated 
four amethysts, documenting alterations in the inclu- 
sions with before-and-after photomicrographs. Streak 
tests were also performed on the inclusions, the results 
of which were consistent with his theory. From this 
experiment, the author concludes that “broom-head- 
shaped pseudomorphs of hematite after goethite, to- 
gether with associated dehydration fracturing, when 
observed in citrine quartz, are evidence of amethyst-to- 
citrine heat treatment.” RCK 


The plastic coating of gemstones. R. W. Hughes, Austra- 
lian Gemmologist, Vol. 16, No. 7, 1987, pp. 
259-261. 

The author reports on his examination of three plastic- 

coated gems, all believed to have come from Burma. 

One was a near-colorless faceted quartz with a red 
plastic coating. The enhancement was easily identified 
because the coating was confined to the pavilion facets. 

The plastic had also worn away in areas, and gas bubbles 

were seen between the plastic coating and the quartz. 

The second specimen was a very translucent, white 
jadeite cabochon with a thin layer of dark green plastic 
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on its upper surfaces. The enhancement gave the gem 
the appearance of “imperial” jadeite. Examination re- 
vealed two dark spots near the setting edge where the 
plastic had separated from the jadeite; magnification 
revealed plastic peeling away at the girdle and gas 
bubbles between the plastic and jadeite. 

The last gem was a native-cut, near-colorless star 
sapphire that was completely coated with red plastic, 
giving it the appearance of a star ruby. The author's first 
clue to an enhancement was a slight warm feeling to the 
touch. Magnification revealed breaks in, and gas bubbles 
beneath, the surface of the coating, as well as color swirls 
in the plastic. 

Nine color photographs illustrate the latter two 
specimens discussed. RCK 


Topazes bleues aprés traitement (Blue topaz after treat- 


ment). D. Robert, Revue de Gemmolosgie a.fg., No. 
91, 1987, pp. 17-20. 


This highly technical article begins with a description of 
the various trade names used to describe and market 
treated blue topaz. The effects of neutron, gamma, and 
electron irradiation are very effectively explained in 
relation to the final color. Apparently, residual radioac- 
tivity arises from trace elements such as tantalum and 
scandium in the topaz itself; therefore, topazes of 
different origin might represent different levels of danger 
after radiation. The author discusses radiation regula- 
tions and emphasizes how measurements of residual 
radioactivity should be made. He recommends radioac- 
tivity levels less than 75 Becquerel/gram (Becquerel = 1 
disintegration per second] as safe for handling. 

This article also includes some short comments 
about the irradiation of diamond, quartz, tourmaline, 
beryl, corundum, and fluorite, as well as technical 
comments on irradiation units, A note at the end states 
that the Centre d’Etudes Nucléaires de Grenoble, in 
France, has developed an instrument that can measure 
the residual radioactivity of large quantitites of gem- 
stones, EF 


MISCELLANEOUS 


Mineral art today. S. Robinson, Rocks and Minerals, Vol. 
62, No. 5, 1987, pp. 328-343. 

There are only a handful of artists worldwide who 
dedicate themselves to painting, sketching, or etching 
images of mineral specimens. Photography, a less expen- 
sive and usually faster medium, has largely replaced the 
depiction of minerals by hand illustration. Before ad- 
vances in photography, however, accurate, hand-ren- 
dered images were invaluable to illustrate the ever- 
proliferating books on mineralogy, geology, and gemol- 
ogy. Robinson, herself a mineral artist, describes the 
various forms of mineral art that have existed, including 
some of the forms that are still popular today. 

The main part of the article covers 26 mineral 
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artists throughout the world, including a short biogra- 
phy for each, and, in most cases, a sample of their work. 
Four pages of the most prominent examples are in full 
color, an exciting compendium of mineral art. 

This is an overdue yet timely portrayal of artists 
who have used their talent to provide images that we can 
both learn from and admire. RW 


The sale of the Windsor jewels. A. Gray, Journal of 
Gemmology, Vol. 20, No. 7/8, 1987, pp. 423-426, 


The April 1987 sale of the Windsor collection of jewels 
by Sotheby’s, Geneva, was one of the most widely 
publicized auctions of recent years. The author describes 
some of the most notable pieces sold at that event, 
including the 31.26-ct McLean diamond, a ruby-and- 
diamond brooch that was one of the first pieces made 
with invisible-set stones, and a 206-ct sapphire set as a 
pendant/brooch, purportedly purchased for actress Joan 
Collins. Vivid descriptions of other fascinating jewels 
make one wish that more than five illustrations accom- 
panied this article. 

Ms, Gray also cites a few examples of the prices paid 
for these beautiful but, more importantly, historically 
significant pieces. Instead of the total of £5 million 
expected from the auction, the collection fetched £31 
million. As the author concludes, this illustrates how 
“the history outweighed the intrinsic value.” CMS 


What's new in minerals? W. E. Wilson, Ed., with S. 
Cisneros, G. W. Robinson, and V. King, Mineralogi- 
cal Record, Vol. 18, No. 5, 1987, pp. 359-368. 


This column, a regular feature of the Mineralogical 
Record for some years, is devoted in this issue to the 14th 
Annual Rochester Academy of Science Mineralogical 
Symposium, which was held April 9-12, 1987, in 
Rochester, NY. 

The first piece, by Sharon Cisneros, is a short 
introduction to the symposium in general. She points 
out that since this show occurs only two months after 
the February Tucson show, it has become a combination 
of ideas being exchanged and a forum for East Coast 
mineral dealers. 

The main body of the column supplies information 
from a discussion held each year on “What's New in 
Minerals” that focuses on mineral discoveries made 
during the previous year. Pane! chairmen George Robin- 
son (National Museums of Canada, Ottawa} and Vandall 
King {Ward’s, Rochester, NY} prepared a handout for the 
audience, much of which is reprinted here. The informa- 
tion is listed in alphabetical order by geographic locality 
in three sections: the United States, Canada, and “other 
world occurrences.” 

The information is a bit dated since it was not 
published until the September/October issue. However, 
sucha thorough listing of new localities is very valuable, 
and could settle many disagreements, including when a 
particular material first came to light. PASG 
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in alexandrite from Brazil (GTLN} 
164 

in chatoyant peridot {GTLN} 104 

in colored diamonds (Kane] 90 

in De Beers gem-quality synthetic 
diamonds (Shigley} 187 

in diamond {GTLN] 43 

in diaspore (GTLN} 43 

in epidote (GTLN) 104 
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in Lennix synthetic emerald 
{Graziani} 140 
in taaffeite (GTLN] 164 
in topaz (Koivula} 100 
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International Gemmological Confer- 
ence, 1987 
highlights of (GN) 238 
Iridescence 
in andradite garnet (GN} 172 
in orthoamphibole from Greenland 
{Appel} 36 
Irradiation 
of diamond detected by infrared 
spectroscopy (Fritsch} 18 
of green diamond and yellow dia- 
mond (GTLN} 164 
of yellow sapphire (Nassau) 222 
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Jadeite 
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design (GTLN} 164 
separation from nephrite using infra- 
red spectroscopy (Fritsch} 18 
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Jadeite simulant, see Jade simulant 
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K 


Kunzite 
from Sri Lanka (GN) 172 


L 


Labradorite 
“yainbow moonstones” identified by 
microprobe analysis as labradorite 
(GN} 172 
Light stability 
of yellow sapphire {Nassau} 222 
Lodestone, see Magnetite 
“Lowell” effect 
in amethyst (GN] 238 


Magnetite 
exhibiting strong magnetism (GTLN] 
43 
Malachite 
compared to Russian synthetic mal- 
achite (Balitsky) 152. 
Malachite, synthetic 
from Russia—gemological proper- 
ties of (Balitsky} 152 
Marble 
Chinese picture tiles (GN) 122 
Mining 
of sugilite (Shigley) 78 
“Modern” jewelry 
from 1940s to 1960s—materials, 
styles, jewelry houses, and de- 
signers {Thomas} 3 


N° 
Nephrite 
separatidn from jadeite using infra- 
red spectroscopy (Fritsch} 18 
Nephrite simulant, see Jade simulant 
Nomenclature 
conch “pearl” and other calcareous 
concretions (Fritsch} 208 
discussion of synthetic (Liddicoat) 
125, (Schmetzer} 148, (EF) 169 
“rutilated” topaz misnomer [(Koi- 
vula} 100 
Nuummite, see Orthoamphibole 


¢ 
Opal 
assembled using opal chips and foil- 
backed glass (GTLN} 104 
separation from treated opal using 
infrared spectroscopy (Fritsch) 18 
Opal, synthetic 
as distinguished from opal simulant 
(Schmetzer) 148 
Opal simulant 
manufactured by Kyocera Corp.— 
gemological properties and com- 
position of (Schmetzer) 148 
Orthoamphibole 
iridescent, from Greenland-—loca- 
tion, description, chemistry, gem- 
ological properties, cutting, and 
commercial aspects of (Appel) 36 


P 


Pearls 


Annual Index 


effect of color environment on ap- 
pearance of (GTLN} 43 
hollowed out to hold watch (GTLN) 
164 
Pearls, cultured 
dyed black South Sea (GTLN) 164 
loss of orient in (GTLN] 104 
unusually large bead-nucleated fresh- 
water (GTLN] 232. 
unusually large natural-color black 
(GTLN} 232 
Peridot 
chatoyancy in (GTLN} 104 
Photomicrographs 
indicating magnification of (EF) 111 
Pickle pot, see Repair 


Q 


Quartz 
asterism and chatoyancy in (GTLN} 
43, (GN) 172 
with jasper-like scenic inclusion 
(GTLN) 164 
marketed as “Solavernite” (GN) 172 
Quartzite 
dyed to simulate jadeite (GTLN} 232 
dyed to simulate nephrite (GTLN} 43 
dyed to simulate yellow jade (GTLN} 
104 
Queen conch, see Strombus gigas 


R 
Radioactivity 
in diamond simulant (EF} 11} 
in green diamond (GTLN} 164 
“Rainbow moonstone,” see Labradorite 
Repair 
of jewelry, related to gem durability 
(Martin) 63 
Retro 
type of jewelry design popular in 
1940s (Thomas) 3 
“Riverstone,” see Calcium carbonate 
Ruby 
cavities in (GTLN} 43 
doublet of natural ruby (GTLN} 43 
new find in Afghanistan (GN) 172 
Ruby, synthetic 
heat treatment of and spall cavities 
in (GTLN} 232 
“Rutilated” topaz, see Topaz 


Ss 
Sapphire 
asterism and color change in (GN} 
238 
gold filling of spall cavity (GTLN) 
232, 
heat-treated yellow, inclusions in 
(GTLN) 164 
heat treatment of (GTLN} 43 
heat treatment of pink from Sri 
Lanka (GN) 172 
yellow, stability of color to light 
{Nassau} 222 
with unusual inclusions (GTLN) 104 
Sapphire, synthetic 
unusually cut Verneuil blue (GTLN} 
104 
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yellow, with eye-visible color band- 
ing (GTLN} 104 
yellow, stability of color to light 
(Nassau] 222 
Sapphirine 
brown-green (GTLN} 104 
Scheelite 
from Colombage-Ara, Sri Lanka~— 
erratum (EF) 111 
Schlumberger, Jean 
“modern” jewelry designer (Thomas) 
3 
Serpentine 
dyed (GTLN} 104 
Settings 
design and manufacture of, to pro- 
tect the gem —prong, bezel, flush, 
gypsy, channel, and pavé (Martin} 
63 


Sillimanite 
cat’s-eye (GTLN} 164 
“Solavernite,” see Quartz, 
South Africa 
sugilite from Wessels mine (Shigley) 
78 
Specific gravity 
reporting of values {EF} 169 
Spectroscopy, infrared 
concepts, instrumentation, and ter- 
minology of, and use in gem iden- 
tification (Fritsch} 18 
to detect irradiation and annealing in 
intense yellow diamond (GTLN} 
164 
to detect treatment in diamond, opal, 
turquoise, amethyst, and jadeite 
(Fritsch) 18 
to separate natural from De Beers 
synthetic yellow diamonds (Shig- 
ley} 187 
to separate natural from synthetic 
emeralds (Stockton) 96 
Spodumene, see Kunzite 
Star effect, see Asterism 
Steam cleaning, see Cleaning 
Stellenbosch Gem Index 
method of teaching beginning gem- 
ology (GN] 238 
Strombus gigas 
mollusk that produces conch “pearls” 
(Fritsch] 208 
Strontium titanate 
found naturally occurring in Brazil 
{GN} 238 
Sugilite 
from Wessels mine, Republic of 
South Africa—geology, mining, 
and gemological properties of 
(Shigley] 78 
Sumitomo 
gem-quality synthetic diamond 
compared to De Beers (Shigley} 187 
Synthetic 
definition of (Liddicoat} 125, {EF} 169 


T 


Taaffeite 
brownish gray (GTLN} 164 
Tausonite 
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naturally occurring strontium tita- 
nate from Brazil (GN) 238 
Thaumasite 
rare facet quality from South Africa 
{GN} 238 
Topaz 
bicolored (GTLN} 104 
new locality from New Hampshire 
(GN} 172, 238 
“rutilated” effect in (Koivula} 100 
Tourmaline 
green cat’s-eye chrome, from Tan- 
zania {GTLN} 164 
Treatment 
artificially filled inclusions in dia- 
mond {GN} 172 
detection of, using infrared spectro- 
scopy {Fritsch} 18 
dyed black South Sea cultured pearls 
(GTLN} 164 
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RETROSPECTIVE 1987 


Undeniably, 1987 was yet another watershed year in gemology. In diamonds, a 0.95-ct fancy 
purplish red round brilliant-cut sold for $880,000—a record per-carat price of $926,000. In 
synthetic diamonds, not only did the first Sumitomo gem-quality synthetic diamonds 
appear on the gem market, but De Beers released information revealing just how far their 
experiments with gem-quality synthetic diamonds had progressed; one such crystal tipped 
the scale at over 11 ct. Perhaps the biggest news in colored stones last year was the 
discovery of a major find of superb alexandrites near the town of Hematita in Minas Gerais, 
Brazil; in less than three months in 1987, more than 50 kg of gem-quality alexandrites were 
taken from this small deposit before it was closed because of the violence that ensued. As 
for synthetic colored stones, producers continue to proliferate and even materials such as 
malachite are no longer beyond our technical capabilities. To help in the continuing battle 
to identify new synthetics and gem treatments as soon as they emerge on the market, 
sophisticated technology such as infrared spectroscopy is now being applied to a wide 
variety of gemological problems. 


All of these topics, and many others, were covered in the 1987 volume of Gems & 
Gemology. And a detailed description of the remarkable Hematita alexandrite find is 
provided in this issue. We are pleased that Gems #& Gemology continues to be, in the words 
of one of our readers, “absolutely essential to anyone in the business of jewelry.” We would 
like to thank the members of our editorial review board, our very special section and 
technical editors, and the photographers and graphic artists who are responsible for building 
this’ reputation. 


THE GEMS & GEMOLOGY 
MOST VALUABLE ARTICLE AWARD 


We are also pleased to have this opportunity to recognize some of the many authors who, in 
1987, helped make Gems & Gemology such a vital information source. The overwhelming 
choice of our readers for first place in the most valuable article award is “Gemstone 
Durability: Design to Display,” by Deborah Martin. The response to this article was so 
strong that GIA has now released a laminated version of the chart of durability 
considerations for 31 gem species. Second place goes to the first in a three-part series that 
seeks to explain, in terms that the jeweler/gemologist can readily understand, the causes of 
color in gem materials: “An Update on Color in Gems. Part 1: Introduction and Colors 
Caused by Dispersed Metal Ions,” by Emmanuel Fritsch and George Rossman. The current 
importance of yellow sapphire and the questions regarding its color stability were evident in 
the selection of the third-place article: “The Seven Types of Yellow Sapphire and Their 
Stability to Light,” by Kurt Nassau and G. Kay Valente. Cash prizes of $500, $300, and 
$100, respectively, will be shared by the authors of the first-, second-, and third-place 
articles. Brief biographies of the winning authors appear on the following page. 


Alice S. Keller, Editor 
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THE WINNERS 


DEBORAH DUPONT MARTIN 


Ms. Martin began her jewelry career in retail sales and management, but quickly 
realized that her real interest was design and manufacturing. After several years as 
a bench jeweler, her love of gemstones brought her to the Gemological Institute of 
America, Santa Monica, where she received her Graduate Gemologist degree and 
subsequently taught in the Colored Stones/Gem Identification Department of the 
Resident Program. A native of Oklahoma, Ms. Martin is currently a staff gemologist 
with the GIA Gem Trade Laboratory, Inc., Los Angeles. 


EMMANUEL FRITSCH 


Dr. Fritsch studied engineering geology in Nancy, in eastern France, before moving 
to Paris, where he received his Ph.D. at the Sorbonne. He is currently a research 
scientist at GIA Santa Monica. A gemstone enthusiast for many years, Dr. Fritsch’s 
research specialities are twinned crystals and the origin of color in gem materials. 


GEORGE R. ROSSMAN 


Dr. Rossman received his B.Sc. degree from Wisconsin State University, Eau Clair, 
and his Ph.D. (in chemistry] from the California Institute of Technology, Pasadena, 
where he is now professor of mineralogy. His current research studies involve the 
origin of color phenomena in minerals and the physical and chemical properties of 
minerals, He is also investigating how long-term natural background radiation can 
affect minerals. 


KURT NASSAU 


Dr. Nassau’s work at the Materials Laboratory of AT&T Bell Laboratories includes 
active involvement in research on crystal growth and the chemistry of solid-state 
materials. Currently, Dr. Nassau is studying quenched and conventional glasses and 
crystals for electronic and fiber-optic applications as well as high-temperature 
superconductors. In addition to being a prolific writer (he has authored three books 
and over 330 articles as well as 15 patents], he belongs to several professional 
societies and serves on the board of governors of GIA. Born in Austria, Dr. Nassau 
received his B.Sc. from the University of Bristol, England, and his Ph.D. {in physical 
chemistry} from the University of Pittsburgh, Pennsylvania. 


G. KAY VALENTE 


Ms. Valente is currently vice-president of the American Gem Market System and 
directs their laboratory services. Ms. Valente has eight years of experience in color 
technology and its application to gems. A native of London, England, she received her 
education at the South West Essex Technical College. 
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AN UPDATE ON COLOR IN GEMS. 
PART 2: COLORS INVOLVING MULTIPLE 
ATOMS AND COLOR CENTERS 


By Emmanuel Fritsch and George R. Rossman 


This is the second part in a three-part se- 
ries on the origin of color in gem mate- 
rials. This article discusses colors pro- 
duced by (1) processes that involve multi- 
ple atoms {e.g., blue sapphire, organic 
products), and (2) a variety of defect 
structures that are generally created by 
irradiation (natural or artificial), known 
collectively as “color centers” fe.g., green 
diamond). ' 


ABOUT THE AUTHORS 


Dr. Fritsch is research scientist at the Gernologi- 
cal Institute of America, Santa Monica, California. 
Dr. Rossman is professor of mineralogy at the 
California Institute of Technology, Pasadena, Cali- 
fornia. 


Acknowledgments: E.F wishes to thank Professor 
Georges Calas, of the University of Paris VII, for 
his help and encouragement in writing the original 
French version of this article. Special acknowl- 
edgment is given to Pat Gray for typing the manu- 
scriot and improving the translation. Particular ap- 
preciation is due to Laurel Bartlett and John Hum- 
mel for their constructive comments on this arti- 
cle. Jan Newell and Peter Johnston drew the line 
iHustrations. 
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Color in Gems, Part 2 


n the first part of this series (Fritsch and Rossman, 1987}, 

we reviewed how absorption of light by a dispersed metal 
ion such as chromium (Cr+) can produce color in a gem 
material such as ruby. However, color in gems is also 
commonly produced by a variety of processes that involve 
the combined presence of two or more ions (e.g., charge- 
transfer processes}, or by irradiation sometimes combined 
with heating (the formation of a “color center”). In this 
article, we will describe and explain these mechanisms 
through a variety of examples, some of which are illus- 
trated in figure 1. The reader who desires more information 
about the origin of color in gem materials will find the 
reviews by Nassau (1975), Loeffler and Burns (1976), 
Marfunin (1979), and Fritsch {1985} particularly helpful. It 
should be noted that in most cases, color-causing absorp- 
tion bands are so broad that they cannot be well resolved 
with a hand spectroscope. If visible, they usually appear as 
a broad smudge or as a gradual darkening toward one end of 
the visible range. 


PROCESSES INVOLVING 
MULTIPLE ATOMS 


Charge Transfer: When an Electron Jumps from One Atom 
to Another. Color is caused by dispersed metal ions when 
electrons undergo transitions between atomic orbitals 
confined toa single ion (see part | of this series, Fritsch and 
Rossman, 1987). During this transition, the electrons 
never leave the central atom. There are, however, a number 
of different ways that electrons can jump from one atom to 
another. When this happens, spectacular colorations may 
result. One of these processes is called charge transfer 
because it can be described in simple terms as a mecha- 
nism that transfers a negative charge [i.e., an electron} from 
one atom to another. 


When an Electron Visits Its Nearest Neighbor: Oxygen > 
Metal Charge Transfer. Heliodor, the golden variety of 
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beryl (see figure 2), is colored by Fe3+ as it interacts 
with other atoms in the beryl structure. The 
transitions confined to the Fe3+ ion absorb in the 
blue and violet portion of the spectrum; they are 
very weak and make only a minor contribution to 
the color. The deep yellow of heliodor is caused 
mainly by an extremely strong absorption cen- 
tered in the ultraviolet that extends into the blue 
end of the visible spectrum and absorbs violet and 
blue (Loeffler and Burns, 1976]. This ultraviolet 
absorption is due not to Fe3+ alone but rather to an 
interaction between Fe3+ and its oxygen neighbors 


4 Color in Gems, Part 2 


Figure 1. Colors in gem 
materials can be caused 
by a number of different 
processes. This article 
concentrates on colors 
caused by processes in- 
volving multiple atoms 
and color centers. Exam- 
ples of such colorations 
are illustrated here (see 
tables 1 and 2 for the 
specific origin of color for 
each stone). Clockwise, 
from top right: pink fluo- 
rite, violet scapolite, 
greenish yellow tour- 
maline, andalusite, ame- 
thyst, crocoite, citrine, 
and yellow fluorite, with 
blue kyanite in the cen- 
ter. Stones are from the 
GIA collection or cour- 
tesy of Pete Flusser, 
Overland Gems, Inc. 
Photo © Tino Hammid. 


in the beryl structure. The color results from light 
absorbed through the transfer of electrons from the 
oxygen ions to the iron ion. This color can also be 
induced artificially by the irradiation of blue beryl 
(see Fritsch and Rossman, 1987]. 

Usually oxygen > metal charge-transfer ab- 
sorptions are centered in the near ultraviolet and 
are broad enough to extend into the blue end of the 
visible spectrum, producing yellow to orange to 
brown colors. Their energy is fairly independent of 
the nature of the host mineral. The 02-—>Fe?+ 
absorption described above for beryl is found at 
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Figure 2. Some yellow sapphires (23.78 ct, left) 
and all golden beryls (heliodor, 9.94 ct, right) 
owe their color to O?--Fe3+ charge transfer. 
Photo by Shane McClure. 


about the same energy — that is, the same region of 
the spectrum—in corundum (Tippins, 1970}. 
Therefore, it contributes a similar strong yellow- 
orange color to sapphires, despite the fact that the 
details of the coordination environment are quite 
different.for the isolated ion in these two minerals 
{in contrast, see Fritsch and Rossman, 1987, for the 
difference in color produced by chromium [Cr°+ | 
in beryl [emerald] and corundum [ruby]}. 

The center of the oxygen > metal ion charge- 
transfer absorption band moves from the ultravio- 
let toward the visible region as the positive charge 
of the central metal ion increases. O2-—Fe2+ 
charge transfer is centered well into the ultraviolet 
and has minimal effect on color, whereas 02-3 
Fe?+ charge transfer is centered at the edge of the 
ultraviolet, and extends into the visible region, 
generally causing yellow to brown hues. Finally, 
©2- +Fe4* transitions absorb light in the middle 
of the visible region, giving amethyst, for example, 
its purple color (Cox, 1977]. 

Even ions that are not likely to generate color 
by themselves can do so with oxygen > metal 
charge transfer. For instance, the chromate group 
{Cr6+O,) gives the mineral crocoite its bright 
orange-red color (see figure 1). The oxygen ions 
transfer some of their electrons to the chromium 
ion in such a way that transitions absorbing in the 
near ultraviolet and in part of the violet and blue 
are possible (Loeffler and Burns, 1976}. 

Transitions associated with a single metal ion 
have a much lower probability of occurring than do 
charge-transfer transitions. In the case of Fe3+, the 
absorption resulting from one charge-transfer 
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transition is 100 to 1,000 times stronger than that 
resulting from an internal transition confined to 
the isolated ion (Mattson and Rossman, 1987a, 
1987b}. Consequently, charge-transfer colors are 
more intense than those caused by dispersed metal 
ions. Of course, the intensity of the color also 
depends on the extent to which the charge-transfer 
absorption occurs in the visible portion of the 
spectrum. 


When an Electron Visits Its Next-Nearest Neigh- 
bor: Intervalence Charge Transfer. In some cases, 
an electron can travel further than one ion away, 
such that two metal ions separated by an oxygen 
atom can actually exchange electrons, too. This 
process can strongly influence the color of a gem. 
When such a transition takes place between two 
different oxidation states (e.g., Fe? + and Fe3+], it is 
called an intervalence charge-transfer (IVCT] tran- 
sition. 

Because of the natural abundance of iron, 
charge transfer is commonly observed between 
Fe2+ and Fe3+. Aypopular gemstone colored by this 
type of lVCT is darker blue aquamarine, like the 
material from Coronel Murta (Brazil) and 
Tongafeno (Malagasy Republic}. As we have seen 
already, the presence of Fe3+ induces the absorp- 
tion of at least part of the violet, through O2--> 
Fe3* charge transfer. But when Fe2* is also present 
in the adjacent site, the Fe2+ >Fe3+ IVCT strongly 
absorbs in the red end of the spectrum (Goldman et 
al., 1978}. As the violet is already suppressed, this 
leaves a transmission window in the blue. 

When there is much more Fe3+ than Fe?+, the 
©2--Fe3+ charge transfer also absorbs part of the 
blue and results in a more greenish color. Heat 
treatment in a reducing atmosphere is used to 
change part of the Fe3+ to Fe2+ (Nassau, 1984). 
This moves the transmission window back into 
the blue, and produces a more saleable stone. 

Intervalence charge transfers also occur be- 
tween metal ions of different chemical elements. 
Such is the case for the Fe2+>Ti4+ charge transfer 
that gives sapphire its blue color (figure 3}. The 
heat treatment of near-colorless “geuda” sapphires 
produces blue stones because naturally occurring 
inclusions of rutile and spinel in the corundum 
dissolve at high temperatures. Fe and Ti from the 
inclusions are released and, through random diffu- 
sion, form pairs of Fe2+ and Ti4+ ions which 
interact through Fe2+>Ti4+ IVCT to yield the 
blue coloration (Harder and Schneider, 1986). The 
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Figure 3. The exceptional color of these sap- 
phires is the result of Fe?+Ti4+ charge trans- 
fer. The largest stone weighs 48 ct. Photo cour- 
tesy of Sotheby's. 


same charge transfer has been proposed as the 
origin of color in benitoite (Burns, 1970) and blue 
kyanite (Smith and Strens, 1976), although other 
band assignments are possible. 

Charge transfer between Mn?2+ and Ti4+ has 
been proposed to explain the greenish yellow color 
of some unusual Mn-rich tourmalines (Rossman 
and Mattson, 1986). This absorption, centered in 
the near ultraviolet, extends to about 500 nm, 
leaving a greenish yellow transmission. 

An interesting feature of the intervalence 
charge transfer is its extreme directionality, which 
usually causes strong pleochroism. For example, 
the Fe2+-Fe3+ IVCT coloration in aquamarine is 
best seen down the optic axis because of the 
orientation of the pairs of ions. This is why, to get 
the deepest possible color in aquamarine, the 
cutter often facets the table perpendicular to the 
optic axis. Even stronger pleochroism is observed 
in cordierite (iolite, figure 4], where the Fe2 + =Fe3+ 
charge transfer takes place in a plane perpendicu- 
lar to the c-axis (Faye et al., 1968; Smith and Strens, 
1976). Another dramatic example of pleochroism 
associated with IVCT, lazulite, is explained in 
figure 5. 
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As one can appreciate from the former exam- 
ples, charge-transfer processes generally create a 
strong pleochroism. To understand why the ab- 
sorption is more intense in one direction than the 
other, it is necessary to know the exact location of 
the ions involved (see, e.g., figures 4 and 5). For 
many gem materials this is still under investiga- 
tion. 


Ion Pair Transitions. Fe>+—Fe%+ pair transitions 
are mentioned by Ferguson and Fielding (1971) to 
account for the color of some yellow sapphires. 
This type of cause of color has also been used to 
explain the hue of some red dravites (Mattson and 
Rossman, 1984}, but the absorption is so efficient 
that any cut stone would be very dark. These 
absorptions are situated between 300 and 500 nm, 
where they absorb the blue end of the spectrum 
and generate yellow to red colors. In contrast to 
intervalence charge transfer, these are not single 
transitions involving only one electron: They arise 
from a transition that occurs simultaneously in 
both Fe3*+ ions. In some cases, their energy is asum 
of the energy of two isolated metal-ion transitions; 
this explains their relatively high-energy position 
{near-ultraviolet and blue end of the visible spec- 
trum]. It must be emphasized that such transitions 
are very strongly oriented along the Fe? +—O—Fe3 + 
bonds; as a result, they induce pleochroism. They 
are important in the heat treatment of sapphire. 
Whereas high-temperature treatment dissolves Fe 
and Ti to produce blue sapphire, treatment at less 
extreme temperatures can allow Fe?* ions to 
diffuse together to form Fe3+—Fe3+ pairs which 
contribute to the color of some yellow sapphires. 


Processes Not Involving Metal Ions. Although not 
commonly seen in gem materials, the colors of 
some minerals do not involve metal ions. A classic 
example is lazurite (the main component of lapis 
lazuli). This mineral contains sulphur atoms in its 
chemical formula. When the sulphur atoms are 
grouped in the form of the (S3}- molecule, transi- 
tions among the atoms in this grouping produce 
the deep blue color (see Loeffler and Burns, 1976). 

For organic gem materials, such as amber and 
pearls, delocalization of electrons is the most 
common cause of color (Nassau, 1975}. Electrons 
can be delocalized {i.e., spread) over several atoms 
or over a whole molecule {a molecule is a group of 
atoms held together by chemical forces) through 
shared orbitals in which the electron travels. These 
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Figure 4. This diagram shows the structure of cordierite 
(iolite), viewed down the c-axis, as it relates to pleochro- 
ism. Iron ions substitute for Al or Mg atoms, so the in- 
tervalence charge transfer will occur in the three direc- 
tions in which the Al and Mg atoms are aligned (heavy 
lines). One of those directions is strictly parallel to the 
a-axis, so light vibrating in this direction will be 
strongly absorbed, producing a very intense blue (A). 
Light vibrating in the other two directions will induce 
intervalence charge transfers at about 30° to the b-axis, 
thereby resulting in a lighter blue (B). There is no IVCT 
parallel to the c-axis (perpendicular to the plane of the 
figure), so no charge transfer for light vibrating in that 
direction is observed; the light yellow color is due to 
isolated Fe?+ (C). After Faye et al., 1968. The three dif- 
ferent colors are easily seen on this specimen, photo- 
graphed with light polarized parallel to the a (photo A), 
b (photo B) and c (photo C) axes, respectively. Photos by 
Shane McClure. 


@ AlorMgorFe 


‘@ Oxygen 


Cc 


orbitals are called “molecular orbitals.” Transi- 
tions can occur between molecular orbitals and 
absorb visible light, thereby causing color. 
“Honey” to yellow tones of amber are the 
result of this delocalization (figure 6}, as are the 
delicate pink to red colors of coral (figure 7) and 
some conch “pearls.” The vast majority of the dyes 
used to enhance the color of gemstones also owe 


Various examples of charge-transfer colora- 
tions in gem materials are given in table 1. Again, 
one should remember that multiple coloring pro- 
cesses can occur simultaneously in a given gem 
material, and distinctly different processes can 
produce very similar colors. If the color of -a 
particular stone is caused by dispersed metal ions, 
establishing the origin of color is usually a 


their effectiveness to molecular orbital transitions 
(Griffiths, 1981]. Sometimes organic components 
give rise to a strong fluorescence, which provides a 
useful way of identifying foreign organic products 
such as some oil in emerald, dye in jadeite, and 
glues. 
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straightforward process. However, in cases where 
the origin of color involves charge transfer or, more 
generally, multiple atoms, it is often much more 
difficult to rigorously assess the cause of color, fora 
number of reasons explained by Mattson and 
Rossman (1987b). 
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COLOR CENTERS: 


HOW IMPERFECTIONS LEAD 

TO BEAUTIFUL COLORS 

Many colors in gemstones are the result of expo- 
sure to high-energy radiation. This can happen in 
nature as a result of the widespread occurrence of 
low concentrations of naturally radioactive iso- 
topes of U, Th, and K. It can also occur through 
artificial irradiation by means of a wide variety of 
laboratory and industrial technologies. Radiation 
can (1) change the oxidation state of metal ions and 
(2) interact with “defects” in the crystal. These 
defects may be, for example, missing atoms (vacan- 
cies} or additional atoms [interstitials]. Also, elec- 
trons extracted by irradiation somewhere else in 
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Figure 5. Fe?+—Fe3+ charge transfer in lazulite: Iron 
ions can substitute for aluminum or magnesium atoms 
which are all situated in the b, c plane (left frame). As a 
result, the charge transfer will appear in the spectra ob- 
tained with light polarized parallel to the b and c direc- 
tions (labeled b, c in the right frame), but no charge 
transfer will be observed in the a direction (labeled a). 
After Amthauer and Rossman, 1984, Strong blue to col- 
orless pleochroism results, as illustrated by the 1.04-ct 
stone shown here. Photo by john Koivula. 


the crystal can be put into preexisting growth or 
mechanical] defects. This is sometimes poetically 
called “decorating a defect.” These defects could, 
from the physical point of view, be considered 
“pseudo-atoms,” inasmuch as they are usually the 
size of one or a few atoms. Color center is the 
generic term for a defect that causes light absorp- 
tion (even if it is not in the visible range}, partic- 
ularly one that is affected by irradiation. Kittel 
(1980) gives a more systematic and theoretical 
approach to color centers, for those readers inter- 
ested in greater detail. 

The concept of color center is best explained 
through some typical examples. A vacancy type of 
color center means that an atom that is usually 
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Figure 6. Baltic amber, here 
carved in the form of Eros 
with a lion, is colored by 
electron delocalization over 
the large organic molecules 
that form amber. This 4.6- 
cm-long carving, which 
dates from the first century 
A.D., is from the De Bry 
Collection, Paris. Photo © 
Nelly Bariand. 


Figure 7. The coral from which this 32.5-cm-wide piece was carved comes from the coral beds of Tai- 
wan. The red hue is due to small amounts of an organic molecule from the carotenoid family. From 
the collection of Jack and Elaine Greenspan; photo © Harold & Erica Van Pelt. 


TABLE 1. Colorproducing processes involving multiple 
atoms and examples of the colors they cause in various 
gem materials. 


Color and 


Process gem material 


Charge transfer 

Oxygen metal charge transfer 

02-—>Fe3+ Yellow to brown: beryl/heliodor (Wood and 
Nassau, 1968), corundum (Schmetzer et al., 
1982), quartz/citrine, burned amethyst (Bal- 
itsky and Balitskaya, 1986), sinhalite (Farrell 
and Newnham, 1965) 


Purple: quartz/amethyst (Cox, 1977) 


Yellow to red: crocoite (Loeffler and Burns, 
1976) 


Intervalence Charge transfer 

Fe2+—O-Fe%+ Violet: “lavender’ jadeite (Rossman, 1974) 
Blue: beryl/aquamarine (Goldman et al., 
1978), cordierite/iolite (Faye et al., 1968), 
lazulite (Amthauer and Rossman, 1984), am- 
phibole/glaucophane (Smith and Strens, 
1976), kyanite (Parkin et al., 1977), euclase 
(Mattson and Rossman, 1987b) 

Blue: corundum (Smith and Strens, 1976), 
kyanite (Parkin et al., 1977) 

Brown: dravite (Smith, 1977), andalusite 
(Smith, 1977) 

Yellow to black: titanian andradite/melanite 
(not fully proved, Moore and White, 1971) 
Greenish yellow: tourmaline (Rossman and 
Mattson, 1986) 


Processes not involving metal ions 


Ss; Blue lazurite/lapis lazuli (see Loeffler and 
Burns, 1976) 


Yellow to brown: amber and copal, tortoise 


O2->Fe4+ 
02->5Cré+ 


Fe2+—  -Tis+ 


Mn2+— 0 -Tis+ 


Various organic 


compounds shell (Nassau, 1975) 

Porphyrins Green and pink: oyster pearls (Fox et al., 
1983) 

Carotenoids Pink to red: conch “pearl,” coral (Délé- 
Dubois and Merlin, 1981) 

“Chromophores” Any color: organic dyes (Griffiths, 1981) 


present in a particular type of crystal has been 
removed by irradiation (see figure 8}. This kind of 
defect is responsible for the color of most green 
diamonds, which have been exposed to radiation 
that is strong enough to remove carbon atoms from 
their original positions. This can happen either 
naturally or in the laboratory. A neutral carbon 
vacancy (i.e., without electrons in it), called the 
GRI center, is created and absorption occurs in the 
red and orange (Collins, 1982). This leaves a trans- 
mission window either in the blue (if there is no 
absorption in the violet-blue, as in nonconductive, 
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treated blue diamonds} or, more commonly, in the 
green. 

In most cases, instead of dislocating an entire 
atom, irradiation expels an electron from its or- 
bital. This is the explanation for the origin of color 
in two common varieties of quartz: smoky quartz 
and amethyst. In all smoky quartz crystals, alumi- 
num (Al3+) replaces a small part of the silicon 
(Si4+]. The presence of the aluminum impurity is 
not, in and of itself, enough to cause the color; the 
crystal has to be irradiated. Natural irradiation, 
over geologic time, can remove an electron from an 
oxygen atom adjacent to an aluminum ion (see 
figure 9}, creating an intense absorption in the 
ultraviolet that extends into the visible range and 
induces the typical smoky color. Quartz will 
become completely black if the radiation is intense 
and the crystal contains enough aluminum. On 
heating, the smoky color leaves and the quartz 
returns to its original colorless state. 

In amethyst, iron is the initial impurity. Fe? + 
occupying the silicon site in quartz is changed by 
irradiation into Fe4+, an uncommon valence state 
for iron (Cox, 1977). This oxidation state results 
from natural irradiation in the case of natural 
amethyst and from laboratory irradiation in the 
case of synthetic amethyst. The characteristic 
deep purple transmission results from absorption 
due to O2+>Fe4+ charge transfer (see above), 
which is centered in the yellow-green. 

Fe and Al are common impurities in quartz. 
Less common foreign molecules can also produce 
some spectacular colors in certain minerals. For 
example, the carbonate group (CO3}2~- can be 
incorporated into the channels of the beryl struc- 
ture during crystal growth. Under the influence of 
irradiation (usually natural but also possible in the 
laboratory if the precursor is there}, this molecule 
loses an electron and becomes {CO3)~. The re- 
maining extra electron on this molecule induces a 
broad absorption from the red to the green (see 
figure 10). This produces the attractive sapphire- 
blue color of the Maxixe-type beryl (Edgar and 
Vance, 1977). Interestingly, the sapphire-blue beryl 
originally found at the Maxixe mine in Minas 
Gerais, Brazil, is colored by a similar but different 
defect, the NO; group, which results from the 
irradiation of a nitrate impurity (NO,}- ({An- 
dersson, 1979}. Unfortunately, like many other 
gemstones in which the color originates in color 
centers, Maxixe and Maxixe-type beryl fade when 
exposed to daylight. 
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Figure 8. Strong radiation moves an atom away from its normal position (left) to produce a neutral 
carbon vacancy fright) in diamond. From Bursill and Glaisher, 1985. This very simple color center, 
called GR1 (general radiation 1) induces green color in diamond, as seen in the 0.40-ct treated green 
stone on the right. Diamond courtesy of Theodore and Irwin Moed, Inc.; photo © Tino Hammid. 


One of the interesting features of the (CO3])~ 
defect in beryl is the very large breadth of its 
absorption range. In fact, in addition to the first 
sharp absorption, the (CO3]~ defect is represented 

. 
Figure 9. The color center responsible for the 
coloration af smoky quartz is more complex 
than that which colors green diamond. Irradia- 
tion removes an electron from an oxygen atom 
that is bonded to an aluminum atom, substi- 
tuting for silicon. 


Electron @ 


Radiation Sey 
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by a group of bands that are spaced in a relatively 
regular way with decreasing intensity for shorter 
wavelengths (again, see figure 10}. These are due to 
a strong coupling between the absorbing center 
and the vibrations of the molecule. Such an absorp- 
tion system is called vibronic. The broad absorp- 
tion feature is primarily responsible for the colora- 
tion; the absorption under the sharp peak absorbs 
so little light that it will hardly influence the color. 
Interestingly, this type of absorption system is 
responsible for most diamond colorations (Collins, 
1982): yellow from the N2 and N3 centers (Cape 
lines], orange from the H3 center (503 nm and 
related bands}, green from the GR1 center (again 
see figure 8], and other colors from combinations of 
these. 

Color centers can be more complicated than 
just a vacancy or a foreign molecule, and often 
involve a defect in the crystal plus an impurity 
adjacent to it. Some fluorites (CaF,} are light blue 
because they contain an yttrium (Y3*+) ion substi- 
tuting for the calcium near a fluorine vacancy, 
which is populated by two electrons. This complex 
center absorbs in the violet and the yellow-green 
and so gives a blue hue (Bill and Calas, 1978). 

Another example of a color center involving 
multiple components is the blue to green variety of 
microcline feldspar (amazonite). Hofmeister and 
Rossman (1985] attributed the color to Pb2+ in the 
crystal structure substituting for two potassium 
{K+) ions. Under the action of natural irradiation, 
the lead is oxidized to Pb3+. This oxidation only 
occurs if water molecules are bound to the struc- 
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ture in the vicinity of lead. This particular combi- 
nation of impurities generates the blue to green 
color. This example also demonstrates the influ- 
ence of water content on the susceptibility of a 
mineral to coloration by irradiation. In some cases, 
such as amazonite, water helps create color; in 
others, such as smoky quartz and amethyst, it 
prevents the coloration (Aines and Rossman, 
1986). 

Table 2 provides some idea of the wide variety 
of color centers in gem materials. Sophisticated 
techniques are usually required for their identi- 
fication. The details of the color centers in even 
common stones, such as blue topaz (see figure 11), 
are still under debate (Schmetzer, 1987]. Many of 
the color centers that result from irradiation re- 
quire the presence of an impurity, but they also can 
be due solely to the effect of the irradiation on one 
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Figure 10. The absorption spectrum of a Maxixe-type 
beryl shows the characteristic strong pleochroism (A= 
polarized light, vibrating parallel to the optic axis; 

B= polarized light, vibrating perpendicular to the optic 
axis), The absorption of the red end of the spectrum is 
due to the (CO3)- impurity in the channels of the beryl 
structure (after Nassau et al., 1976). The (CO3)~ mole- 
cule is planar and oriented perpendicular to the optic 
axis (left). The deepest color results when the table is 
cut perpendicular to the optic axis fas in the stone at 
the left). Photo © Tino Hamumid. 


of the major components of the gem. Marfunin 
(1979) provides a list of color centers found in 
minerals and gem materials. 

With regard to treatment, one must remember 
that many color centers are unstable to heat and 
light. They are sometimes as easy to destroy as 
they are to induce. For example, yellow can be 
induced in corundum by a low dose of X-ray or 
gamma irradiation, but it can be removed by gentle 
heating or exposure to sunlight (Nassau, 1987]. 
The electrons displaced during the formation of 
the color centers are trapped in the crystal, often 
by a nearby cation (H+, Nat, etc.}. In many cases, 
the electron is weakly held, so gentle heating or 
exposure to light is sufficient to free the electron 
from its trap, allowing it to move back to its 
original location, and thus restoring the original 
color (or absence of color). In a few cases, the 
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TABLE 2. Examples of gem materials colored by color 
centers, with an indication of the origin of color.@ 


Gem material Origin of color 


Green: neutral carbon vacancy/GR1 center 
(Collins, 1982) 

Yellow: aggregate of 3 nitrogen atoms/N3 
center (Collins, 1982) 

Orange: vacancy trapped at nitrogen aggre- 
gates/H3 and H4 centers (Collins, 1982) 


Quartz Smoky: AlS+ impurity + irradiation (see Part- 
low and Cohen, 1986) 
Yellow: Al+—related color centers (Sam- 
ollovich et al., 1969) 
Purple: Fes* impurity + irradiation > Fe4+ 
(Balitsky and Balitskaya, 1986) 


Yellow: unstable color centers of unknown 
structure (Schiffman, 1981; Nassau, 1987) 


Topaz Blue: color centers of unknown structure 
(Schmetzer, 1986) 
Yellow: color center of unknown structure 
(Petrov, 1977) 
Reddish brown: “red” and "yellow" color cen- 
ters of unknown structure (Petrov, 1977) 


Red: Mn+ due to irradiation (Manning, 1973) 


Blue to green: color center involving Pb 
(Hofmeister and Rossman, 1985, 1986) 


Violet: color centers related to radicals in the 
channels of the structure (Marfunin, 1979) 


Blue (Maxixe-type or Maxixe): CO3 or NO; 
group due to irradiation (Andersson, 1979) 


Green: unstable Mn4+* due to irradiation 
(Cohen and Janezic, 1983) 

Yellow: color center of unknown structure 
(Rossman and Qiu, 1982) 


Blue: Y2* + fluorine vacancy + 2 electrons 
Pink: YO. center (Y3* + O37) 

Yellow: O3 center = Op» substituting for fluorine 
(Bill and Calas, 1978) 


Blue: interstitial oxygen ion O- near aluminum 
or silicon (Pizani et al., 1985) 

Pink: unstable electron substituting for Cl- ina 
tetranedron of Na* ions (Pizani et al., 1985) 


Diamond 


Corundum 


Tourmaline 
Feldspar 


Scapolite 
Beryl 


Spodumene + 


Fluorite 


Sodalite 


aA given color in a specific gem material can be due to different causes, 
Consequently, not all yellow sapphires are, for example, colored by a color 
center (see table 1). 


electron is tightly held, so the color is stable {e.g., 
red tourmaline]. 

In some instances, irradiation creates several 
centers at the same time. For example, in the 
commercial treatment of blue topaz, both blue and 
brown centers may be generated in the initial 
irradiation. Gentle heating is then used to remove 
the brown component (Nassau, 1985}. Another 
possibility is that treatment does not create di- 
rectly the desired color center, and that heating is 
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Figure 11. This 17-cm-high crystal of blue topaz 
from Virgem de Lapa and the 182-ct faceted to- 
paz from Minas Gerais are both of natural 
color. The pear-shaped blue topaz in the pen- 
dant owes its color to artificial irradiation and 
subsequent annealing. The structure of the 
color centers in both natural and treated blue 
topaz is still under investigation. Stones and 
jewelry courtesy of The Collector, La Jolla 

and Fallbrook, CA; photo © Harold 

@ Erica Van Pelt. 


required to bring the necessary ingredients to- 
gether. Such is the case for many treated colored 
diamonds, in which vacancies move during an- 
nealing to meet one of the forms of nitrogen 
impurities (Collins, 1982). 


CONCLUSION 


We have now reviewed the three most common 
causes of color in gem materials: dispersed metal 
ions (Fritsch and Rossman, 1987), charge transfers 
and other processes that involve multiple ions, and 
color centers. The last article of this series will deal 
with types of coloration that are less often seen in 
gems, such as those that result from physical 
phenomena (as in opal) or from semiconductor-like 
properties (as in natural blue diamond). 
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CHRYSOBERYL AND ALEXANDRITE 
FROM THE PEGMATITE DISTRICTS OF 
MINAS GERAIS, BRAZIL 


By Keith Proctor 


This fourth article in the author’s series 
on the pegmatite districts of Minas 
Gerais, Brazil, focuses on chrysoberyl, 
particularly the rare but coveted varieties 
cat’s-eye and alexandrite. Most of the 
cat’s-eye chrysoberyls on the gem market 
today come from Brazil, primarily from 
the region around the Americana and 
Santana valleys. This article examines 
some of the more important mines in this 
region, with a detailed description of the 
Barro Preto deposit. Farther south, the 
Malacacheta area has produced a number 
of fine alexandrites during the last 13 
years, Since October 1986, however, it has 
been overshadowed in both quality and 
quantity by the small Lavra de Hematita, 
which produced 50 kg of fine alexandrite 
in less than three months. These two oc- 
currences are also described in detail. 
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16 ~~ Chrysobery! and Alexandrite of Minas Gerais 


he two commercially most important gem varieties of 

chrysoberyl-cat’s-eye chrysobery] and alexandrite — 
are among the world’s rarest gemstones (figure 1}. The state 
of Minas Gerais, Brazil, and the island of Sri Lanka are 
presently the world’s two largest suppliers of chrysobery], 
cat’s-eye chrysoberyl, and alexandrite, although Russia 
historically has produced some fine material. Since pro- 
duction from Sri Lanka has dropped off dramatically in 
recent years and the classic Uralian deposits are most 
likely exhausted, the major future production will proba- 
bly come from Brazil. 

Chrysoberyl, with a hardness of 8'/2, is the third 
hardest of the gemstones, following only diamond and 
corundum. Known in antiquity but not properly identi- 
fied, chrysoberyl was found mixed with tourmaline and 
other gems in the gem gravels of Ceylon by at least the late 
1600s. In Ceylon, the Singhalese natives considered chrys- 
obery] a superior kind of tourmaline (Ball, 1930). The name 
(chryso-, from Greek for yellow or golden, plus beryl] 
indicates that other, more sophisticated investigators con- 
sidered chrysoberyl to be a variety of beryl (Sinkankas, 
1964). It was finally chemically identified as a distinct 
species by Werner in 1789, and chrysoberyl with the 
chatoyant, or “cat’s-eye” effect, was dubbed “cymophane” 
by Hatiy in 1798 (Bauer, 1904; Bank, 1973). 

Brazil was recognized early on as a major source, with 
the first mining exports (probably from the Aracuai and 
Minas Novas districts) occurring by 1805. A huge—almost 
8 kg—chrysoberyl] was listed as one of the treasures of Rio 
de Janeiro in 1828 (Bauer, 1904; Ball, 1930). Brazilians have 
long coveted chrysoberyl, which they called “crisdlita,” 
and even named the city of Crisélita (probably another 
early source} after the gem. Today, Minas Gerais is the 
major source of chrysoberyl in Brazil. The Brazilian 
chrysoberyls range in color from yellow to yellowish 
green, olive green, gold, brown, and, rarely, “ruby” red 
(figure 2). 
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The color-change variety of chrysoberyl, alex- 
andrite, was discovered in the Ural Mountains of 
Russia in 1830; it was named after the heir- 
apparent to the Russian throne, the future Alex- 
ander II. The best Russian stones tend to be bluish 
green in daylight (or fluorescent light} and pink, 
reddish purple (raspberry), or, rarely, “ruby” red in 
incandescent light (Pough, 1976). Most of the 
Brazilian alexandrites discovered before October 
1986 are also green in daylight but are more 
amethystine or pink in incandescent light (Kunz, 
1913; Pough, 1973]. However, the best gems from 
the newly discovered Lavra de Hematita (also 
known as Nova Era or Itabira) alexandrite deposit 
are predominantly bluish green to greenish blue 
{called pavdo in Brazil} in daylight and pink, 
raspberry, “rhodolite,” or “ruby” red in incandes- 
cent light (figure 3). The rarest of the rare alex- 
andrites is fine cat’s-eye alexandrite. 


Chrysoberyl and Alexandrite of Minas Gerais 


Figure 1. Minas Gerais 1s 
a major source of fine 
cat’s-eye chrysoberyl and 
alexandrite. The 
“honey”-colored cat’s-eye 
chrysoberyl shown here 
(5.47 ct) is from the 
Americana/Santana val- 
ley region; the alex- 
andrite (3.03 ct}, which 
appears red in incandes- 
cent light (here) and 
bluish green in fluores- 
cent light, is from the 
newest deposit, Lavra de 
Hematita. Rings courtesy 
of Silverhorn, Santa Bar- 
bara, CA; photo © Tino 
Hammid. 


In the almost 2,00 years since chrysoberyl was 
first mined in Brazil, many tens of thousands of 
carats of chrysoberyl, cat’s-eye chrysoberyl, and 
alexandrite have been taken from deposits in 
northeast Minas Gerais and the states of Bahia and 
Espirito Santo. At least 95% of the chrysobery] and 
cat’s-eye chrysoberyl found in Minas Gerais in 
recent years has come from the many deposits in 
the Santana and Americana valleys, near the city of 
Padre Paraiso in the Teéfilo Otoni-Marambaia 
pegmatite districts (K. Elawar, H. Kennedy, A. 
Tavares, pers. comm., 1987; figure 4). The Barro 
Preto and Gil claims, as well as the FaYsca and 
Cilindro deposits, are particularly notable. Vir- 
tually all of the finest alexandrite produced in the 
last 13 years has been mined from the pegmatite 
regions associated with the cities of Malacacheta 
and Itabira. In these two areas, the Cérrego do Fogo 
and Hematita deposits are major producers for the 
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Figure 2. This 41-ct twinned crystal, found at 
Malacacheta in 1976, is a rare example of red 
chrysoberyl. Courtesy of Henry Kennedy, Teo- 
filo Otoni, Brazil; photo © Fred L. Elsnau. 


world market. These deposits and the gems they 
produce are described below. 

The reader is referred to part 1 of this series 
(Proctor, 1984} for a detailed description of the 
pegmatite deposits of Minas Gerais, the terminol- 
ogy used to describe these gem deposits, and the 
various mining methods used. To the author’s 
knowledge, the various types of chrysoberyl are 
not being subjected to any form of color or phe- 
nomenon enhancement. 


CHRYSOBERYL FROM THE 
AMERICANA AND SANTANA VALLEYS 
As early as 1846, chrysoberyl was reported from 
Cérrego de Santa Anna (probably the Santana 
valley), east of Araguaf, by Van Helm Reischen. 
The earliest record of cat’s-eye chrysoberyl in this 
region comes from Dr. Hermann Bank, whose 
father observed them when he visited the Ameri- 
cana valley on horseback in 1910, Not knowing 
what they were, the local cattle ranchers had been 
throwing the gems away (H. Bank, pers. comm., 
1988). 

In rare instances, fine alexandrites have been 
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found in the Americana valley. The earliest report 
is of a 10-ct gem that was cut in 1932; a notable find 
also occurred in 1975 (H, Bank, pers. comm., 1984). 
The Santana valley has produced only a few pale 
alexandrites with poor color change from near the 
junction of the Barro Preto and Gil creeks (H. 
Kennedy, pers. comm., 1987). 

The following discussion provides what little 
information is available on the Faisea and Cilindro 
mines, in the Americana valley, and a detailed 
description of the mining operation at Barro Preto 
{with reference to the nearby operation at Gill, in 
the Santana valley. 


Location and Access. These two valleys lie east of 
and roughly parallel to highway BR-116 (figure 4}. 
The western valley is the watershed for the San- 
tana River, which runs directly south from near 
Padre Paraiso; the parallel eastern valley is the 
watershed for the Americana River. The two val- 
leys are separated by a ridge of hills, which is 
probably the original source of the chrysoberyls. 
Numerous streams that flow into these two rivers 
cut smaller valleys along both sides of this range of 
hills. lt is within these smaller valleys that the 
chrysoberyls are found. 

These chrysoberyl-bearing valleys may be 
reached by traveling north from Tedfilo Otoni on 
BR-116 to km marker #175 (indicating the dis- 
tance remaining to the Bahia border], 5 km north- 
east of Padre Paraiso. To reach the Gil and Barro 
Preto claims, one then takes a good dirt road east 
almost 10 km, toward the city of Aguas Formosas. 
Just before reaching the hamlet of Ribeirdo de 
Santana, take the road south into the Santana 
valley approximately 7 km to reach the Gil and 
Barro Preto creeks. To reach the Faisca and Cil- 
indro garimpos (or workings, used to refer to a 
specific series of pits in the alluvium], instead of 
turning south at the 10 km junction one continues 
for an additional 18 km east and then turns south 
on another dirt road to the mining area, which lies 
along the Faisca and Topdzio streams, two tribu- 
taries of the Americana River. 


The Faisca and Cilindro Mines. Since 1939, Rudolf 
Ziemer and his family have mined relatively large 
quantities of chrysoberyl and cat’s-eye chrys- 
oberyl, and minor amounts of alexandrite as well 
as some topaz, from the Faisca mine (also known as 
the Ziemer mine) in the Americana valley. 
Ziemer’s son (also named Rudolf} mechanized 
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their mining operation about 1975, resulting in a 
dramatic increase in production from what is 
probably the largest chrysobery! operation in Bra- 
zil at the present time (A. Tavares, pers. comm., 
1988}. The Faisca mine lies directly over the 
mountain range that is opposite the Gil and Barro 
Preto concessions. 

Owned by Hilton (Zequinha) Lopes, the Cil- 
indro mine is adjacent to the Faisca mine. After the 
Faisca and the combined Gil and Barro Preto 
operations, it is probably the third largest producer 
in the area. Unfortunately, no production statistics 
are available for either the Faisca or the Cilindro 
mine. See figure 4 for additional significant work- 
ings in this area. 


The Gil and Barro Preto Concessions. In 1960, a 
785-gram crystal of gem-quality cat’s-eye chrys- 
oberyl was found in the Gil/Barro Preto region. In 
February of that year, Agenor Tavares obtained the 
crystal and, in 1967, acquired the mineral rights to 
these properties as a concession. He initiated a 
period of greater activity that resulted in the 
production,of more than 500 grams of gem-quality 
chrysoberyl; and cat’s-eye chrysoberyl between 
1968 and 1973 (the ratio of chrysobery] to cat’s-eye 
chrysoberyl, found is roughly 4 to 1). However, 
relatively little came out in the course of the next 
five years (A. Tavares, pers. comm., 1987}. For two 
years, 1979-1980, a Japanese company worked 
both Barro Preto and Gil with heavy machinery, 
but they found less than 6 kg of chrysobery] and 
cat’s-eye chrysoberyl combined. Currently, Henry 
Kennedy is the major lessee. His diggings cover a 
little less than a kilometer in each of the valleys, 
although most of his effort has been in Barro Preto. 
Production has increased steadily since he became 
involved in the early 1980s. Kennedy was instru- 
mental in providing the geologic, mining, and 
production information given below. Also of great 
help was Dr. Rex Nash, a geologist in Minas Gerais 
who has studied the area extensively. 


Geology and Occurrence. The Gil and Barro Preto 
claims are at an elevation of approximately 750 m. 
These “highlands” are basically granite and grani- 
tic gneiss with innumerable pegmatite intrusions. 

Because of the number of pegmatites in this 
region and their highly decomposed state, the 
secondary deposits are rich in gem minerals. The 
Gil and Barro Preto valleys are typical of the region 
in that most of the chrysoberyls are found in 
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Figure 3. The finest alexandrites from the newly 
discovered Hematita mine range from bright 
pink to red in incandescent light. These stones 
(0.95 ct to 2.49 ct) are courtesy of Krementz & 
Co., Newark, NJ. Photo © Tino Hammid., 


colluvial-alluvial gem gravels (cascalhos) which 
lie beneath various layers of red soil and gray or 
black clay and/or sands of various colors (R. Nash, 
pers. comm., 1986}. Accessory minerals found 
include schorl, beryl (heliodor and aquamarine}, 
topaz, rhodolite garnet, andalusite, considerable 
quartz, and olivine (H. Kennedy, pers. comm., 
1986). 

In the Gil valley, most of the rough gem 
material is small and well rounded, which sug- 
gests that it was transported some distance from 
the original source. At Barro Preto, however, many 
of the rough broken pieces have terminated faces 
or sharp broken edges, which indicates that this 
area is probably closer to the original host rock. For 
the most part, the following geologic discussion is 
limited to the higher of the two valleys, Barro 
Preto, which has produced more large gems. 

There are seven recognizable layers (which 
vary in thickness throughout the area] in most 
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parts of Barro Preto (H. Kennedy, pers. comm., 


5 cm (at which point it contains no gems} to 1 m 


1988): thick. A thicker layer with good-sized quartz 
1. A red lateritic soil overburden. gravel is a strong indicator that gem material is 
2. An organically rich layer of black clay mixed present. Approximately 15-20% of the gem 
with sand that is up to 1.25 m (4 ft.} thick (found chrysoberyls produced at Barro Preto, more 
only occasionally in the Gil valley; barro preto than 90% of which have sharp broken edges or 
means black clay}. crystal faces, are found in this layer. This 
3. An upper cascalho layer of gem pebbles mixed appears to be a colluvial layer that has weath- 


with sand and rounded rocks that lies above the 
present creek level. This gravel layer is reddish 
brown from iron-oxide staining, and varies from 


ered out of a nearby source and been eroded into 
this narrow valley (see Proctor, 1984, for a 
discussion of colluvial/alluvial deposits). 


Figure 4. The Americana and Santana valleys have produced approximately 
95% of the chrysoberyl and cat’s-eye chrysoberyl found in Minas Gerais dur- 
ing the last 50 years. The major deposits are identified. See the first article in 
this series (Proctor, 1984) for a map of all the major gem pegmatite mines in 
northeastern Minas Gerais. Artwork by Jan Newell. 
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4, Ablack clay {similar to layer no. 2) that contains 
so much organic matter that, when dried out, it 
will actually burn like peat. Local geologists 
suggest that this layer, which blankets the 
entire valley, resulted from the destruction of a 
great rain forest. The roots of this forest held 
back erdsion of the surrounding hills; when the 
forest was destroyed, erosion accelerated rap- 
idly, thus laying down the upper cascalho layer. 


5. Agray clay layer from 10 to 20 cm (4-8 in.) thick 
that is sometimes extremely hard and is be- 
lieved to be the product of sedimentation in 
ancient lakes, ponds, or streams. 


6. A fine sand layer of different colors — yellow or 
red when iron oxide-rich; white if the iron 
oxide has been leached out — that usually grades 
into coarser sands as one goes deeper. 


7. A lower cascalho layer in which the gems are 
mixed with coarse, rounded, mostly granite 
river rocks with perhaps only 10-20% quartz 
gravels and some sand (unlike that at the 
Marambaia and Tres Barras deposits — see Proc- 
tor, 1984—which is 99% quartz pebbles). 

The color of this cascalho layer varies from 
white, rose, brown, or orange to gray; it is 
frequently “braided,” with intertwining strands 
of different colored gravels, each of which prob- 
ably represents a different creek and different 
time period. The most productive gem-bearing 
gravel “braids” are pink and brown; the least 
productive are white. Tremendous effort is 
expended in searching for this linha mestra 
(master gravel). The gravels are cemented into 
hard masses by a combination of a silica and 
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Figure 5. Water is an on- 
going problem at Barro 
Preto. Periodically during 
the day, the miners must 
pump the water out in order 
to gain access to the gem- 
bearing gravels, Photo by 
Henry Kennedy, 


iron oxides, and must be broken up with long 
steel bars. 


In contrast to the upper, colluvial, gem-bearing 
layer, the bottom.cascalho is between 0.5 to 1 m 
thick and is usually found in the river bottom. As 
before, the thicker the layer is, the greater its gem 
potential. In some areas, the chrysoberyls found in 
this layer are well worn, a truly alluvial deposit. As 
mining activity moves northwest toward the gran- 
ite hill, there is a greater concentration of gem 
chrysoberyls and those recovered show fewer signs 
of alluvial wear, with complete terminations on 
some specimens; this material has not moved far 
from its original source. Approximately 80-85% 
of the gem production at Barro Preto comes from 
this layer. 

The altered, decomposed “spongy” gneiss bed- 
rock lies directly under the last cascalho layer, and 
looks like thick, hard clay, as it does at Marambaia 
and Tres Barras. The latter deposits, however, each 
have only one gem-bearing layer. 

Because the area is so highly weathered, it is 
difficult to determine whether the chrysoberyl 
formed within a pegmatite or in the host rock into 
which the pegmatites were intruded. However, 
some gem-quality chrysoberyl has been found in 
situ in a nearby pegmatite at the Simao mine (H. 
Kennedy, pers. comm., 1988). 


Mining. Hundreds of pits have been dug in these 
valleys in recent years, but there is a constant 
problem with water, until pumps were used con- 
sistently, little mining progress could be made 
(figure 5}. To find the bottom cascalho layer, 
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Figure 6. Here a backhoe is used to remove the red soil overburden and the first layer of black clay 
mixed with sand to get to the top cascalho layer (the yellowish material in front of the backhoe) at 
Barro Preto, Water is a threat to mechanized mining as well; note the pump on the left. The granite insel- 
berg behind the operation may have been the original source of the chrysobery!. Photo by Henry Kennedy. 


Figure 7. Large granite boulders often block ac- 
cess to the top gem-bearing layer at Barro Preto 
and must be blasted into smaller pieces for re- 
moval. Here the hole has already been drilled 
and the dynamite (note the sticks in back) 
with fuse has been put in place. The miner puts 
newspaper on top of the dynamite to protect 
the charge and then packs it with soil so that 
the rock will break uniformly. Photo by Henry 
Kennedy. 


“modern” garimpeiros (independent miners) dig 
square pits down through the layers in the valley 
floor, stake the walls with wood to prevent cave- 
ins, and then pump the water out periodically so 
they can work the gem gravels. Kennedy also 
reroutes the stream during the dry season and then 
excavates. Some miners give up the search for the 
lower layer altogether and just work the upper 
layer with a back-hoe; even then, water pumps are 
usually required (figure 6). 

Another obstacle is big granite boulders, 
which often lie above and even intermixed with 
the gem gravels. These have to be pried loose or 
dynamited so they can be hauled away (figure 7). 
During the course of one six-week project, Ken- 
nedy and his men tediously bored two-foot-deep 
holes, one after another, into each of literally 
hundreds of large granite boulders (73 in one day 
alone) to gain access to a very thick layer of 
cascalho. They were devastated to find only one 
very poor cat’s-eye in the tons of gem gravel that 
they extracted. 

Once it is removed, the cascalho must be 
washed and sorted. Kennedy uses a system he 
devised of four screens, one on top of the other, 
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with about 15-25 cm (6-10 in.} separating them 
(figure 8). From the top down, each screen has a 
smaller mesh, and since the chrysoberyl pebbles 
are generally small, most eventually end up on the 
bottom screen. When the upper “box” is loaded 
with cascalho, a water cannon is used to separate 
the gems and clean the gravel. The sands and clays 
fall through to the ground, and the remaining 
gravels in each size group are hand sorted for the 
gem rough. 


Production. The Gil valley produces many more 
gemstones than Barro Preto produces, but Barro 
Preto yields much bigger pieces of rough. Accord- 
ing to Kennedy (pers. comm., 1988), the 40 garim- 
peiros who work this region consistently produced 
{as of 1985) 100 grams of good rough in an average 
week. For most of 1986 and 1987, however, produc- 
tion dropped to 10 grams per week because many 
of the garimpeiros moved to the Hematita alex- 
andrite deposit. In January 1988, however, Ken- 
nedy and a small crew removed 300 grams of 
chrysoberyl rough from two small pits in Barro 
Preto. Since 1960, these two valleys have produced 
only 12-15 kg of fine gem chrysoberyl]. Only 30 to 
40 ct of clean stones result from 100 grams of 
chrysoberyl rough, and only approximately 20% of 
these stones are the far more valuable cat’s-eye. 
With all of this activity, however, the area is still 
comparatively untouched; both Kennedy and the 
concession holder, Tavares, predict several decades 
of low productivity and estimate that only 30% of 
the Americana/Santana valley area has been de- 
pleted. 

The chrysoberyl and cat’s-eye chrysoberyl 
found at Barro Preto is similar in color to that 
found elsewhere in Brazil, ranging from pale yel- 
low through yellowish green and “honey” to green- 
ish brown and even dark brown (the last, at times, 
with a blue “eye”); rarely, there are even some 
bicolors (yellow and dark brown}. Most of the 
material is yellowish green to “honey” (figure 9). 
The cut cat’s-eye chrysoberyls average 5 ct in 
weight; the nonphenomenal chrysoberyls are usu- 
ally clean but small, seldom cutting stones larger 
than 2 ct. While the rough Kennedy has mined 
ranges up to 10 grams, he has seen a 63-gram piece 
of gem-quality cat’s-eye chrysoberyl] from the Gil/ 
Barro Preto region. The largest cut chrysobery] the 
author knows of, which was probably mined from 
these valleys, is a 114-ct cushion cut that is now at 
the Smithsonian Institution (Desautels, 1979). 
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Figure 8. To sort the gem gravels quickly and 
efficiently at Barro Preto, the miner uses a wa- 
ter cannon to force them through four screens 
of different mesh. Photo by Henry Kennedy. 


Figure 9. This 11.5-ct stone from Barro Preto 
shows the sharp, well-centered eye on a 
“honey”-colored body that is so valued in fine 
cat’s-eye chrysoberyl. The cat’s-eye phenomenon 
is caused by the presence of many relatively 
short needles that are oriented parallel to the 
c-axis of the original crystal (Webster, 1983). 
Stone courtesy of Henry Kennedy; photo © 
Tino Hammid. 


ALEXANDRITE FROM THE 
MALACACHETA REGION 


More than 100 {air} km southwest of Barro Preto 
lies what for 13 years was one of the few regions in 
the world that produced fine alexandrite— Mal- 
acacheta (also known as Cérrego do Fogo or just 
Fogo). Until the recent discovery at the Lavra de 
Hematita (discussed below}, it was Brazil’s fore- 
most producer of this rare gem material. 


Figure 10. For 13 years, the Malacacheta region 
produced some of the finest alexandrite in Bra- 
zil, The greatest mining activity was along 8 
km of both sides of the Corrego do Fogo, along 
20 km of the Soturno River, and along a few ki- 
lometers of the Setubal and Setubinha rivers. 
See the inset map in figure 4 for the location of 
Malacacheta in relation to the other mining 
areas discussed in this article. Artwork 

by Jan Newell. 


Malacacheta 


To Tedfilo Otoni 
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Location and Access. The Malacacheta region is 20 
km directly north of Malacacheta City in the 
watershed of the Setibal and Soturno rivers (figure 
10}. Diggings extend about 8 km along both sides of 
Fogo Creek, along 20 km of the Soturno River, and 
along a few kilometers of the Settbal River. Minor 
deposits have also been found in a small section of 
the Setubinha River. The valley regions can be 
reached from the city of Malacacheta by taking a 
(sometimes impassable) dirt road due north or, 
more easily, from Setubinha City by taking a dirt 
road due east to the village of Palmeiras and then 
south on another dirt road into the valleys. 


History. One evening in 1975, Jodo Rodrigues and 
his sons set up camp along the Fogo Creek. As the 
sons carried mud from the creek to encase the 
mandioca roots being prepared for the evening 
meal, a native fubd, they found nodules of what 
they thought were green tourmaline. When these 
were later identified as fine alexandrite, garim- 
peiros from all over rushed to the region [(H. 
Kennedy, pers. comm., 1987}. Over the course of 
the next 13 years, the search for the rare but very 
valuable pieces of rough would lead to robberies, 
claim jumpings, and even several killings. 

During the period of peak production, 
1980-1982, approximately 4,000 to 5,000 miners 
worked these valleys. At first, they found relatively 
productive alluvial deposits along a 150- to 300-m- 
wide swath down the Fogo valley encompassing 
both sides of the creek. The garimpeiros dug the 
typical square pits to reach the gem-bearing cas- 
calho layer and then shoveled the gravels onto the 
pit bank. After allowing the pit to fill with water— 
which required about the same time as eating 
lunch and having a cigarette—the miners waded 
into the water and used circular screens (called 
peneiras) to wash the gravels (H. Kennedy, pers. 
comm., 1987; see Proctor, 1985a, figures 14 and 15, 
for a similar process]. 


Geology and Occurrence. All of the alexandrite 
found to date has been purely alluvial with no in- 
situ occurrences to determine the nature of the 
original host rock. At the Itabira emerald deposit 
in Minas Gerais, as at the Goids and Carnaiba 
emerald deposits, small amounts of alexandrite 
have been found in a metamorphic mica-schist 
with the emeralds. This is also the environment in 
which alexandrites have been found at the Tak- 
owaja River, USSR; Umba River, Tanzania; Fort 
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Victoria, Zimbabwe; and at the Transvaal in South 
Africa (Pough, 1976}. There are, however, nu- 
merous pegmatites in the Malacacheta region. 
Further study is needed to determine the exact 
origin of these deposits. 


Production. Since 1975, all of the mining activity 
has produced only about 2 kg of very good, mostly 
clean rough and approximately 6-8 kg of lesser 
quality material. Most of this production was 
alexandrite; very few pieces of “honey”-colored 
chrysoberyl and cat’s-eye chrysoberyl were recov- 
ered. The author knows of alexandrite rough as 
large as 18 grams; the finest faceted stones include 
al3ctanda 15.6ct. A 14.6-gram piece found in the 
Soturno River in 1985 yielded a superb 18.5-ct 
cat’s-eye alexandrite, one of the world’s largest 
(figure 11). In addition, also in 1985, an 8.1-gram 
twinned crystal of very rare dark red chrysoberyl 
(with no color change} was recovered at Corrego do 
Fogo (again, see figure 2), Limited amounts of very 
fine, but small (2-3 ct} blue sapphires have been 
found in these valleys along with some, also small 
(2-3 ct} gem peridot as well as 50-70 kg of good 
rubellite crystals. 

Overall, the alexandrites from Malacacheta 
are much smaller than those from the Hematita 
deposit discussed below, because the rough is not 
as clean or as large. These stones generally are 
yellowish green in sunlight and pink in incandes- 
cent light. The best gems from Malacacheta do not 
compare with those from Hematita. 

The author feels that the Malacacheta region 
will continue to produce very small quantities of 
good alexandrites for many years. The most easily 
accessible and obvious deposits have been exten- 
sively but not completely worked. Currently only 
about 50 garimpeiros are working in this region, 
not because of a total lack of potentially good 
areas, but because Hematita is the new El Dorado. 


ALEXANDRITE FROM THE 

LAVRA DE HEMATITA DEPOSIT 

Although the Malacacheta region represents one of 
the world’s great alexandrite locations, in 1987, 
over a period of less than three months, the size and 
quality of production from a new discovery called 
Lavra de Hematita dwarfed its importance. Many 
prominent dealers and collectors already acclaim 
this new area as history’s greatest alexandrite 
discovery. To date, Hematita has yielded tens of 
kilos of alexandrites, including many 10-ct and 
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Figure 11. One of the rarest stones to emerge 
from the Malacacheta region is this 18.5-ct 
cat’s-eye alexandrite. Courtesy of Henry Ken- 
nedy; photo © Harold & Erica Van Pelt. 


even some 25- and 30-ct clean faceted gems of 
exquisite beauty that exhibit an extraordinary 
color change. 


Location and Access. The Hematita alexandrite 
workings can be reached from either Governador 
Valadares or Belo Horizonte by taking main high- 
way 381 to an unnumbered dirt road that is 15 km 
southwest of the city of Anténio Dias and 5 km 
northeast of Nova Era; follow this road (which has 
a sign labeled Hematita) due north 23 km to the 
mining area, which is just off the right side of the 
road and only 3+4 km southwest of the hamlet of 
Hematita (figure 12). The mine is correctly called 
Lavra de Hematita (lavra means mine}, but it is 
also known internationally as Nova Era; most 
Brazilians refer to it as Lavra de Itabira, or more 
commonly just Itabira. For the purpose of this 
article (and to avoid confusion with the Itabira 
emerald locality, where alexandrites have also 
been found], Hematita will be used. 


History. The history of this discovery begins with 
two 10-year-old boys, one the son of a local farmer 
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named Xisto. The boys often played in two brooks 
that cut through part of the homestead owned by a 
farmer named Policarpo, which is located within a 
eucalyptus plantation owned by Ferro Brasileira, 
an Itabira steel company. (The eucalyptus trees are 
burned for charcoal that is used to produce steel.] 
The boys put together a collection of small rough 
gems that they had found in the creeks, and in 
October 1986 took them to the nearby city of Santa 
Maria de Itabira. They sold the stones to a man 
named Rodazio who, thinking they were an- 
dalusite, purchased them for a pittance and told 
the boys to come back with more if they could. 
During November, the two boys dug more of the 
stones, selling some and showing others to Poli- 
carpo, Xisto, Socrates (who owns Macil, a hematite 
mining company nearby], and Arthur (another 
homesteader living within the plantation}, all 
attempted, at first unsuccessfully, to identify the 
stones (A. Tavares, J. Drew, L. Nercessian, pers. 
comm., 1987]. 

In the meantime, Rodazio sold his ever-grow- 
ing collection of “andalusite” to a visiting Tedfilo 
Otoni gem dealer, Joaquim Feijdo. Feijao’s suspi- 
cions were confirmed when he took the rough to 
Teéfilo Otoni: This was indeed alexandrite —and 
among the best anyone had seen from Brazil. As he 
sought the source, he eventually met Socrates, 
Arthur, Xisto, and Policarpo, who by now were all 
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Figure 12. Perhaps the 
largest deposit of alex- 
andrite ever discovered 
was found at the Lavra 
de Hematita (LH), a 
small area just south- 
west of the small town 
of Hematita in the 
Itabira mining district. 
See the inset map in fig- 
ure 4 for the location of 
Itabira in relation to the 
other mining areas dis- 
cussed in this article. 
Artwork by Jan Newell. 
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attempting to dig some of the rough. In November 
1986, two Brazilian companies headed by Socrates 
and Xisto almost simultaneously requested an 
exploration permit from the government to open 
the alexandrite occurrence. By December, after 
much squabbling among themselves, the two 
groups combined their efforts and began mining 
the area by hand (as yet without the official 
government license}. They agreed to keep the new 
discovery quiet for fear garimpeiros would invade 
the property. Although Ferro Brasileira owned 
almost all of the land, the mining rights in Minas 
Gerais belong to the state and any licensed garim- 
peiro can invade the property and mine at will. 
Infighting and clandestine digging continued 
until the first big parcel—21.5 grams-—arrived in 
Tedfilo Otoni on January 28, 1987, and was shown 
to A. Tavares, K. Elawar, and other prominent 
dealers. Each recognized that this was among the 
finest alexandrite ever seen and sensed the real 
importance of the find. On February 8, the first five 
faceted stones (totaling only 11 ct) sold for 
US$40,000 to Japanese buyers (A. Tavares, pers. 
comm., 1988). By February 15, several dealers and 
garimpeiros had discovered the location of the 
deposit. By March 15, the trickle of garimpeiros 
had turned into a flood; by the end of March, 3,000 
pit diggers had invaded this very small valley 
deposit (see figure 13). A tent city sprang up 
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Figure 13. Within a matter of weeks after the Hematita deposit was discovered by local miners and 
dealers, both sides of this meandering brook, and even the brook itself were invaded by thousands of 
miners. Note in the pit on the right the clear demarcation of three layers—an overburden of clay and 
sand, the heavily quartz- and kaolin-bearing gem gravel, and a dark layer of what appears to be clay 
below that. The apex of this small, triangular-shaped valley pinches in at the top of the photo. Photo 


by Agenor Tavares. 


overnight with extremely primitive living condi- 
tions. 

At the mine, pandemonium broke out as each 
garimpeiro attempted to stake out a few square 
meters for himself. There was not enough land to 
go around and huge fights, including gunplay, 
erupted. In their frenzy to get their share, many 
garimpeiros dared not leave their pits, even to buy 
food; they slept virtually standing or sitting up, 
body to body {R. Nash, pers. comm., 1987). The 
men were so close together that a shovel of clay or 
dirt thrown anywhere infringed on a neighbor’s 
rights and sensibilities. 

This extremely intense digging activity, plagued 
by arguments, outbreaks of violence, and nu- 
merous robberies {as professional thieves also 
invaded the area} continued for almost three 
months. The stakes were high: The equivalent of 
approximately US$5 million was spent on alex- 
andrites at or near the mine during this period (L. 
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Nercessian and K. Elawar, pers. comm., 1987], One 
small handful of rough from one little pit could 
take a garimpeiro from abject poverty to instant 
wealth. As usual, though, many garimpeiros re- 
ceived little or none of this treasure and were 
unable even to make expenses; several team 
leaders of groups of 20 to 30 miners reported that 
they did not find one piece (K. Elawar, pers. comm., 
1987). 

Most of the alexandrites were found during 
these three months, with the best 70-80% coming 
out between April 15 and May 15. Eventually, 
though, the violence became so widespread that 
the military police were called in. On June 18, the 
area was “closed.” 

After the “closure,” many of the garimpeiros 
stayed, hoping that the area would reopen at any 
time. With no production, money, food, or sanitary 
facilities, it did not take long for an ugly mood to 
develop. The federal military police put up a 
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barbed wire fence around the entire mining area, 
but most of the remaining miners were willing to 
risk everything for a chance to dig. The reader can 
imagine the situation of 60 to 100 military police 
trying to control thousands of hungry and angry 
miners. They became more brazen after dark, and 
every night many (sometimes hundreds} of miners 
would go through the fences and mine by moon- 
light, which resulted in several shootings. Many 
who were there to maintain control were seen 
digging in the pits themselves. 

The mine remained “closed” in this fashion 
until August 18, when Warren Brennan, a geologist 
and gemstone dealer from Los Angeles, arrived 
with a group of people, including 10 federal plain- 
clothes police and a judge from Hematita. This 
group “re-opened the mine,” and 150 of the 800 
garimpeiros who still remained outside were let in 
late that afternoon, with another 150 allowed in 
the following day. On the 20th, 2,000 more miners 
returned, expecting open mining to start again; a 
line of parked cars more than a kilometer long 
dominated the scene. Violence ensued almost im- 
mediately, and the army closed the area again on 
August 23. 

That night was one of the most violent in 
Minas Gerais mining history. The garimpeiros set 
fire to the eucalyptus forest opposite the mining 
area, and even to several cars. At least one soldier 
was shot and approximately two dozen miners 
were wounded in the fighting that ensued {D. 
Schwartz and W. Brennan, pers. comm., 1987). 
Between 10 and 15 people have died at these 
diggings so far. On August 24, the military police 
rerouted one of the creeks and flooded most of the 
mining area so that it was virtually unworkable. 

On October 1, with special permission from 
the Minister of Mines, 60 to 70 members of the 
International Gemmological Conference (IGC] 
visited the closed mine (Koivula, 1987), but were 
allowed to stay only 45 minutes. Although the 
mine remains “closed” (with periodic clandestine 
digging} at this writing (February 1988}, it was 
scheduled to reopen officially in March 1988 (D. 
Schwartz, pers. comm., 1988}. 


Geology and Occurrence. It is important to visual- 
ize just how small this deposit is. The mining area 
is only 200 m long by 150 m wide (approximately 
650 by 500 ft.], with the diggings extending over a 
roughly oval area. However, 70-80% of the choic- 
est rough came from a triangular-shaped area only 
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500 m2 (again, see figure 13). Two small brooks cut 
through this alluvial deposit and meet at the 
center of the richest find (S. Domingos, pers. 
comm., 1987). This brook divides again and then 
rejoins before leaving the deposit area, at which 
point it passes over a waterfall and empties into the 
Corrego do Liberdade (Liberty Creek}, which runs 
almost perpendicular to the fall line of the valley 
itself. Significantly, little or no gem alexandrite 
was found below the Corrego do Liberdade, al- 
though a backhoe operation near this creek did 
yield small amounts of rough. 

At least four geologists and/or mining engi- 
neers have visited this deposit. They have identi- 
fied three distinct “environments” (and variations 
thereof; again, see figure 13) containing the gem- 
bearing gravel layers. 

In part of the valley, Dr. Rex Nash found 
evidence of the typical Marambaia-type alluvial 
deposit (see, e.g., Proctor, 1984), with the gem- 
bearing gravels probably lying on top of bedrock 
and under interbedded layers of sand and clay. 
Unlike the granite pebbles and boulders of Barro 
Preto, 99% of the gem-bearing gravel in this area 
appeared to be rolled quartz pebbles in sizes of 2 to 
10 cm (1 to 4 in.). Dr. Nash noted that the 
overburden — mostly clay with some sand and only 
a small amount of red soil—was 1.5 to 2 m thick. 

Another geologist, Sabastiao Domingos, noted 
that elsewhere in the deposit the cascalho layer 
averaged 50 cm (20 in.} thick and varied from 1 to 5 
m below the surface. Domingos also reported a 20- 
cem-thick layer of sand—which also contained 
fragments of alexandrite—approximately 1 m 
above the main cascalho layer. 

Warren Brennan noted quite different condi- 
tions in a separate region of the same narrow valley. 
The exposed walls of several pits over 3 m deep 
showed three distinct quartz-pebble gravel layers. 
The top layer began approximately 30-60 cm (1 to 
2 ft.) deep under the surface clay layer (with very 
little sand showing) and was 30-45 cm thick. 
Under that was another 30-45 cm layer composed 
mostly of clay, which overlay the middle gravel 
layer, 30-45 cm thick. Another clay layer, over 30 
cm thick, covered the bottom gravel layer almost 3 
m below the surface. Some clay was found in the 
three predominantly quartz layers, and some 
quartz in the clay layers. The quartz layers also 
contained significant amounts of kaolin. Brennan 
examined about eight piles of previously washed 
quartz pebbles from all three layers and noted that 
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most of the pebbles ranged between 1 and 10 cm. 
Half were about 90% rounded, with the rest only 
slightly (perhaps 10%} rounded. Brennan found 
one 7.5-cm (3-in.} perfectly terminated quartz 
crystal. 

The three quartz-pebble layers undoubtedly 
represent three different periods of deposition. The 
top two quartz-pebble layers, lying on clay layers, 
are apparently colluvial deposits similar to those 
found at Barro Preto. The interbedded layers of clay 
and quartz, and the extremely high concentrations 
of kaolin clay (figure 14], are seldom if ever seen in 
a purely alluvial environment, where the swift 
waters typically wash most of it away. 

Much of the alexandrite also showed sharp 
edges or, frequently, one complete crystal face, as 
well as a number of complete crystals, some 
twinned and some as large as 1.4 cm (L. Nerces- 
sian, A. Tavares, K. Elawar, and K. Schmetzer, pers. 
comm., 1987). The good crystalline condition of 
some of the quartz, the abundant alexandrite 
fragments with sharp edges and crystal faces, and 
the great amounts of kaolin indicate that the 
deposit moved less than 100 m downstream after it 
eroded and weathered out of the hillside in which 
it had fotmed (R. Nash, pers. comm., 1987}. Or, as at 
the Salinas tourmaline deposit (Proctor, 1985a], 
the Hematita alexandrites actually may have 
moved very little but rather decomposed in place 
as the hillside in which they were originally 
contained eroded and became part of the valley 
floor (R. Nash, pers. comm., 1987). 

Nash believes that several factors strongly 
suggest that this alexandrite deposit, unlike the 
others reported in the literature (e.g., the Urals, 
Itabira, Carnaiba, etc.], may actually have formed 
in a pegmatite. Although the presence of quartz, 
kaolin {from weathered feldspar}, and even aqua- 
marine—which are commonly associated with 
pegmatites — could be explained by the weathering 
of pegmatites in the granite host rock at the same 
time as the alexandrite, the large pieces of clean 
alexandrite found are typical of pegmatite mineral 
crystallization, as is the unusually large propor- 
tion of transparent material. Again, though, no 
alexandrite crystals have been found in situ, so 
further study is needed. 

Statements by some dealers closely associated 
with this mining operation strongly suggest that 
most of the best gems were found in the lower, 
truly alluvial bedrock gravels of this valley, just as 
they were at Barro Preto, Gil, Marambaia, and Tres 
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Figure 14. Great quantities of kaolin (decom- 
posed feldspar) were found at Hematita, turn- 
ing many of the pits almost completely white. 
Photo by Agenor Tavares. 


Barras (K. Elawar and A. Tavares, pers. comm., 
1987). 


Mining. The first diggings in the surface dirt here 
involved just pick and shovel work, with the soil 
and clay being washed with screens in the nearby 
creeks. This method quickly evolved into the 
excavation of square pits as deep as 5-6 m (D. 
Schwartz and S. Domingos, pers. comm., 1987; 
again, see figures 13 and 14). After the garimpeiros 
dug their pits and extracted what gravels they 
could, they let the pit fill up with water and began 
the tedious washing operation with circular 
screens. More sophisticated garimpeiros used two 
“stacked” screens, with different meshes, for better 
sorting. Pumps were necessary to keep most of 
these pits workably dry (figure 15). Most of the 
areas mined were worked by hand. 
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Production. As with most gem deposits in Minas 
Gerais, production statistics are elusive, but major 
dealers estimate that approximately 50 kg of 
alexandrites have been found at Hematita thus far. 
Of this, however, only approximately 10 kg show 
the best clarity and color change, resulting in 
10,000 to 15,000 ct of fine to superior gems (L. 
Nercessian, pers. comm., 1987). Some clean, large 
pieces of 16 and 20.5 grams yielded almost exactly 
50% when cut (K. Elawar, pers. comm., 1987). 
Several clean or mostly clean pieces of rough of 17 
to 56 grams were also seen by H. Bank, K. Elawar, 
A. Tavares, and L. Nercessian, but most of the 
rough found weighed less than 1 gram (L. Nerces- 
sian, pers. comm., 1987). 

Several large faceted alexandrites— many over 
10 ct and at least one as large as 30 ct—have been 
cut from the Hematita rough. A few superb cat’s- 
eye alexandrites over 10 ct were also cut (K. Elawar, 
pers. comm., 1987). The bulk of the material was 


Figure 15, Pumps were required to rid most of 
the pits of water at Hematita. Note also the 
many circular screens, which the miners use to 
wash the gravels in their search for the gem al- 
exandrites. Photo by Agenor Tavares. 


faceted into many thousands of medium to very 
fine stones between 0.20 and 6 ct. One- to 2-ct 
stones were abundant, but 3-ct and larger stones 
made up no more than 15% of the total number. 
Roughly 50-60% of all sizes, and especially the 
very small sizes, are “clean” (K. Elawar, pers. 
comm., 1987), with 40-45% exhibiting a good 
color change from greenish blue to some shade of 
pink or red. Some stones that display a very 
attractive color change are far from clean (K. 
Elawar, pers. comm., 1987). 

The lion’s share of the production was pur- 
chased by four companies: K. Elawar, Ltda., Tamil 
(owned by A. Tavares}, and the two companies 
owned by the two brothers Hilton (Zequinha) 
Lopes and Lopes Duarte. As of January 1, 1988, 
roughly one-third of the total production remained 
in Teofilo Otoni. About 40% had gone to Hong 
Kong and Japan, German buyers had purchased 
approximately 20% of the total, and the remainder 
was sold primarily to American buyers (K. Elawar 
and L. Nercessian, pers. comm., 1987). Although 
much of the valley floor was dug up, it appears that 
many sections remain untouched (D. Schwartz 
and L. Nercessian, pers. comm., 1987). However, 
clandestine digging during 1988 has produced 
little of value (R. Nash, pers. comm., 1988), which 
raises some questions as to the true potential of the 
deposit. 


The Hematita Alexandrites. The Hematita alex- 
andrites contain 0.30—0.44 wt.% Cr,O3, 1.11-1.59 
wt.% Fe,O3, and 0.01—-0.03 wt.% VO; (H. Bank 
and K. Schmetzer, pers. comm., 1987). The best 
Hematita gems compare very favorably with the 
best Russian material: greenish blue to blue in 
sunlight and pink to red in incandescent light 
(figure 16). Since alexandrite is trichroic, the best 
color can be achieved only if the cutter uses the 
correct orientation of the gem’s table in relation to 
the c-axis. 

The best pink to red colors exhibited by this 
gem in incandescent light are invariably coupled 
with a very distinctive slightly greenish blue to 
blue color the Brazilians call pavdo (peacock). The 
best (or most complete) color change involves 
pavdo in sunlight changing to a strong pink, 
raspberry, or deep “rhodolite” or “ruby” red in 
incandescent light. About 30% to 45% of the best 
10 kg exhibited this color change (K. Elawar, pers. 
comm., 1987). 

A more greenish or yellow-green color in 
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sunlight is usually coupled with more purplish 
tones in incandescent light, while a very dark blue 
(with some brown or even a gray-brown) as the 
predominant daylight color is usually associated 
with a dark brownish red or reddish purple in 
incandescent light (K. Elawar and A. Tavares, pers. 
comm., 1987). 

With the increased interest in alexandrites 
stimulated by the Hematita discovery, there ap- 
pear to be more synthetic alexandrites on the 
market. The buyer is advised to be aware of the 
distinctions between natural and synthetic alex- 
andrites before he or she purchases any stone (see, 
for example, Stockton and Kane, 1988). Inclusions 
observed in the Hematita alexandrites include 
apatite, fluorite, mica of the biotite group, and two- 
and three-phase inclusions (E. Giibelin, H. Bank, 
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Figure 16. The color change of the 
two Hematita alexandrites (1.06 
ct—center, 1.32 ct—right) is very 
similar to that of the fine Russian 
fe stone (1.29 ct) on the left. The 

§ photo at the top was taken with 
incandescent light; the one at the 
bottom with fluorescent light. 
The two Hematita alexandrites 
are courtesy of Mayer & Watt; 
the Russian alexandrite is cour- 
tesy of Mary Murphy Hammid. 
Photo © Tino Hammid. 


K. Schmetzer, and H. Hanni, pers. comm., 1988; 
see Koivula and Kammerling, 1988, for photo- 
micrographs). 


OTHER CHRYSOBERYL AND 
ALEXANDRITE DEPOSITS 
IN BRAZIL 


In Minas Gerais, small amounts of chrysoberyl 
have also been found near Santo Anténio do 
Jacinto, located on the border with Bahia. In 1972, a 
six-month production from Lavra dos Coimbras, 
southwest of the Americana/Santana valley re- 
gion, yielded significant amounts of alexandrite 
(H. Kennedy and A. Tavares, pers. comm., 1987). In 
August 1987, small amounts of small but clean 
alexandrite were taken from another location in 
the Hematita region, approximately 8 km in the 
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direction of the city of Anténio Dias (and referred 
to by that name}. Other deposits are shown on the 
map in figure 4. 

Quite a few locations in the state of Bahia have 
produced chrysoberyl] and/or alexandrite, includ- 
ing Sécota, Jaguda, and Jacunda (principally alex- 
andrite; H. Bank, pers. comm., 1987} as well as 
Jaqueto (chrysoberyl and some alexandrite; the 
6,250-gram [20 cm high] Mitra [or Bishop’s hat| 
cat’s-eye was found here as was a 25.2-kg chrys- 
oberyl crystal). The Carnaiba emerald mine (in the 
Campo Formosa area) produced some primarily 
low-quality alexandrite and some superb sixling 
crystals. Chrysoberyl or alexandrite has been 
found near the cities of Aguas Frias, Itanhém, 
Teixeira de Freitas, Cachoeira do Mato, ltamaraju, 
Faria Lemos, and on the Corrego de Agua Preta {J. 
Raggiand A. Lucio, pers. comm., 1987}. In southern 
Bahia, Lagéa da Prata has produced approximately 
10-15 kg of alexandrite with a light green to pink 
color change, and consistently produces chrys- 
oberyl and cat’s-eye chrysoberyl (K. Elawar and H. 
Kennedy, pers. comm., 1987]. 

Several locations in the state of Espirito Santo 
also produce chrysoberyl and cat’s-eye chrys- 
oberyl (but insignificant amounts of alexandrite}: 
the Colatina region is represented by Sao Jodo 
Grande and lime-green stones from Municipio de 
Vila Panca; the Itacriso mine, 40 km west of 
Colatina, has been one of the largest producers 
outside Minas Gerais (J. Raggi and L. Nercessian, 
pers. comm., 1987}. Mineral collectors know the 
famous deposit at Itaguacu, some 35 km southwest 
of Colatina, where a few superb cyclic sixling 
chrysoberyl twin crystals (called trillings} as large 
as 9.5 cm were found (“Interview: Allan Caplan,” 
1980). 


CONCLUSION 


For the past 50 years, the Americana and Santana 
valleys have been one of the most productive 
regions in the world for chrysoberyl] and cat’s-eye 
chrysoberyl. The Faisca and Cilindro deposits, 
together with the Barro Preto and Gil claims, are 
the largest and most consistent producers in the 
region. Exceptional alexandrites and cat’s-eye alex- 
andrites have also been found in this region, at the 
Coimbras deposit. 

Since 1975, the Malacacheta region has devel- 
oped into one of the world’s premier alexandrite- 
producing areas. In 1987, however, the production 
at Malacacheta was eclipsed in size and quality by 
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the gems found at Lavra de Hematita, which is 
probably the single most significant alexandrite 
deposit in history. 

Throughout this series of articles on gems 
from the pegmatite districts of Minas Gerais, we 
have observed how gem rough occurs in a great 
variety of environments. Primary, in situ deposits 
are not common but often produce the finest 
materials (see, e.g., the Jonas rubellite mine, Proc- 
tor, 1985b}. Most primary deposits have decom- 
posed over time, so that the gems are found 
dispersed in secondary deposits with either kaolin- 
clay (see, e.g., the Santa Rosa and Golconda III 
tourmaline mines; Proctor, 1985b) or red soil, 
which represents a further degree of dispersal (see, 
e.g., the Ouro Fino tourmaline mine as well as the 
Pioneer and Pine Tree aquamarine mines; Proctor, 
1984, 1985a}. In all of the chrysoberyl and alex- 
andrite deposits discussed in this article, we have 
witnessed the complete dispersal of gems into 
alluvial as well as colluvial gravels. 
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FACETING LARGE GEMSTONES 


By Michael Gray 


The quest for the largest permeates all so- 
cieties and disciplines. With the advent of 
new machinery and techniques, size rec- 
ords for faceted gemstones are falling con- 
stantly. Currently, a 22,898-ct yellow to- 
paz holds the record for weight and a 
19,548-ct citrine holds the record for size. 
This article discusses some of the more 
important gemstone giants, and describes 
the specialized equipment and techniques 
developed to cut and polish them. 
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Faceting Large Gemstones 


ince earliest history, the maxim “bigger is better” has 

held almost universal sway. Whether it is the longest 
automobile, the tallest building, or the largest airplane, the 
human animal is caught up in the frenzy of always 
reaching to expand our limits. Such is the case with the 
fashioning of gemstones. 

As an example, at the heart of the Crown Jewels of 
England are the 167-ct Edwardes ruby, the Timur “ruby” 
{actually a 361-ct red spinel}, and the Cullinan I, at 530.20 
ct the largest faceted diamond in the world (Arem, 1987). 
The fashioning of these stones required not only special 
pieces of rough, but also special equipment and special 
skills. Yet it is human nature that when presented with a 
challenge, the individual will rise to meet that challenge. 

A new challenge was met over 30 years ago by John 
Sinkankas, when he first tackled the problem of how to 
maximize the yield and creative possibilities of various 
extremely large (some weighed several pounds) pieces of 
rough beryl, quartz, and topaz. To fashion such large pieces 
into the sizes and shapes that he desired, Sinkankas 
determined that he would have to have a special faceting 
machine built, one that could cut stones that were more 
easily measured in pounds or kilograms than carats. After 
studying the attributes of the faceting machines available 
at the time, Sinkankas decided that the design of the Allen 
faceting machine (now no longer on the market) would suit 
his needs best. With the permission of Mr. Gene Allen, he 
had a faceting machine built with components that were 
1.5 times larger than normal, and that could handle 
cutting and polishing laps with more than twice the 
working area of normal laps. It is with this machine that 
Sinkankas fashioned the quartz eggs on his custom-made 
jeweled stands that are found in major museums today 
(Sinkankas, 1984}. The largest of these magnificent faceted 
eggs, at 7,000 ct, is located in the Smithsonian Institution, 
Washington, DC. Other gemstones cut by Sinkankas on 
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this machine in the early 1960s include a 2,054-ct 
green-gold beryl (figure 1) and a 3,2.73-ct light blue 
topaz, both also in the Smithsonian, as well as an 
1,800-ct greenish yellow spodumene that is cur- 
rently in the Royal Ontario Museum in Toronto, 
Ontario. 

In the mid-1970s, another milestone was 


Figure 2. The Brazilian Princess, at 21,005 ct 
(14.3 x 14.3 x 12.7 cm), is the largest faceted 
natural-color blue topaz in the world. Cut by 
Elvis “Buz” Gray, it took over two months to 
complete. Stone courtesy of the American 
Museum of Natural History; photo © Harold & 
Erica Van Pelt. 


Figure 1. John Sinkan- 
kas cut this 2,054-ct 
green-gold beryl (12 x 
5 cm) in the early 
1960s on a special 
machine he designed 
based on the Allen fa- 
ceting machine. Cour- 
tesy of the Smithso- 
nian Institution. 


reached when gem and mineral dealer Edward 
Swoboda commissioned Elvis “Buz” Gray to fash- 
ion the largest stone possible from a 90-lb. (41 kg) 
crystal of natural-color blue topaz that he had 
brought from Brazil in the 1950s. The machine 
used to facet the stone was based on the one 
developed by John Sinkankas, which had previ- 
ously held the record for cutting the largest faceted 
stone, the 7,000-ct quartz egg mentioned above. 
Various technological improvements were made 
on the design of the machine, such as adding 
calibrations for accuracy, incorporating cheaters to 
provide greater flexibility in adjusting the stone 
during cutting and polishing, and reinforcing var- 
ious components so that the machine could hold 
the 15-lb. preform. The use of diamond-impreg- 
nated laps enabled cutting to proceed much faster 
than it had for Sinkankas 10 years earlier, when the 
laps had to be charged with diamond powder by 
hand. By using a vibrating polishing machine, Gray 
was able to finish the table of the stone without 
giving it constant attention. Even with these new 
cutting and polishing advantages, though, it took 
“Buz” Gray over two months in 1976 to complete 
this 21,005-ct square cushion-cut stone, chris- 
tened the Brazilian Princess, which is now on 
display at the American Museum of Natural His- 
tory in New York (figure 2}. 

Since then, other cutters have sought to push 
the limits even higher, although they are hampered 
by the lack of large gem-quality rough and by the 
expense of the specialized machinery, as well as by 
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faceted stone in existence. Photo © Tino Hammiad. 


the time involved to complete these behemoths. In 
the past couple of years, though, several significant 
stones have been faceted. In 1987 alone, Richard 
Homer of GIA cut a 20,769-ct irradiated blue topaz 
(see Christie, 1987}; Leon Agee cut the heaviest 
faceted stone on record, a 22,892-ct yellow topaz 
(J. White, pers. comm., 1988}, and the author cut 
the largest stone on record, a citrine that is 20% 
larger (in volume] than Agee’s stone but, because of 
the lower specific gravity of quartz, weighs in at 
just 19,548 ct (see Thompson, 1987; figure 3]. Table 
1 lists the largest stones (over 1,000 ct] faceted to 
date, to the author’s knowledge. The green beryl, 
the Brazilian Princess, the citrine, the blue fluo- 
rite, the kunzite, and the yellow spodumene are 
illustrated in figures 1-6. 

Cutters do not facet large stones, especially the 
giants, to make a lot of money. In almost every 
case, acutter could make much more by cutting up 
the rough into jewelry-size stones and selling them 
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Figure 3. This 19,548-ct (25.5 x 14.1 x 10 cm) citrine, cut by the author, is the largest (in volume} 


Figure 4, Fluorite can cause special problems 
during faceting because of its softness. Art 

Grant cut this 3,969-ct (8-cm square) blue fluo- 
rite, the largest of its kind. Photo © Tino Hammid. 
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Figure 5. Kunzite in a size 
and quality to yield a 
large cut stone is very 

uncommon. This 1,267-ct 
(7 X 5.4 X 3.7 cm) 
kunzite is a rare specimen 
indeed. The brass 
dopsticks shown here are 
of the type used to facet 
large stones. The V-shaped 
dopstick attaches to the 
pavilion; the flat dopstick 
attaches to the table. The 
silver “dop-chuck” serves 
to convert normal 
dopsticks for use on the 
larger faceting machines 
required for large stones. 
Courtesy of the Los 
Angeles County Museum 
of Natural History; photo 
by Dick Meier. 


in quantity. The same holds true when he or she 
facets stones for someone else. In many cases, the 
cutter is lucky to make expenses when fashioning 
such large pieces, considering the costs of the 
equipment and materials, the enormous amounts 
of time involved in the cutting, as well as the 
limited market for the stone once it is completed. 
However, the challenge of the task and the prestige 
of the accomplishment prods the cutter on—the 
desire to be able to cut any size stone. 

While extremely large stones are not suitable 
for use in jewelry, they do serve several purposes. 
First, these stones help educate the public. Since 
large stones are enlarged versions of stones that 
can be worn, they demonstrate the function that 
the facets play in giving beauty to a stone. They 
also illustrate just how large some gem materials 
may occur and can be cut. Large stones are popular 
exhibits at gem and mineral shows and museums. 
In the same manner, such stones are used in 
jewelry store displays not only to help educate the 
public, but also as a promotional tool to draw 
customers to the store. 

This article examines the fashioning of such 
large stones using today’s technology and equip- 
ment, with specific remarks related to the cutting 
of the author’s 19,548-ct citrine (figure 3) since that 
stone is the largest (in volume] faceted stone at this 
time, and any problems encountered would be 
magnified on it. To many faceters, a large stone 
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would probably mean one that would be over 100 
ct when cut. However, one can cut stones up to 
1,000 ct from topaz, spodumene, fluorite, and 
calcite, and up to 800 ct from quartz (due to its 
lower specific gravity], without much difficulty on 
standard faceting machines and with special at- 
tachments being manufactured today. Basic facet- 
ing procedures are covered in the excellent man- 
uals written by Sinkankas (1984] and the Vargases 
(1977). This article covers those areas where the 
size of the stone dictates modifications in equip- 
ment, materials, and techniques. Once one reaches 
about the 1,000-ct mark, special machinery is 
needed to facet these remarkable gems. 


THE FACETING PROCEDURE 


Equipment. Before one can begin to cut a large 
stone, one needs to have the proper equipment. 
The requirements for most stones over 1,000 ct 
include access to 24-in. self-feeding table saws and 
heavier grinding units for preforming, a special 
faceting machine that can accommodate 12- to 16- 
in. cutting and polishing laps, and a lathe for 
turning the stone over when one half of it is 
finished. 


Preforming. Much time and effort can be saved by 
preforming any stone before it ever touches a 
faceting lap, but this is especially true for larger 
stones. The more one can saw and grind off on 
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relatively inexpensive diamond grinding wheels, 
the less time one must spend grinding away 
material on more expensive diamond flat laps. 
Most heavy-duty preforming can be done with 
remarkable accuracy on a 24-in. self-feeding table 
saw, which is commonly available through local 
gem and mineral clubs or rock shops. The stone 
should be clearly marked with indelible ink (a 
Marks-a-Lot pen works well) exactly where it is to 
be cut and lined up with the saw blade. Remember 
that the saw cut will be several millimeters wide. 
The stone should be securely fastened and wedged 
in place, so that it will not move or wobble; always 
recheck the alignment after set-up. If the stone is 
lined up correctly, the self-feeder advances it at a 
predetermined rate and makes the cut along the 
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Figure 6. The yellow spodu- 
mene shown here, accom- 
panied by a large crystal of 
the same material, weighs 
1,240 ct (9.5 x 5.3 X 4.6 
cm). Photo © Harold & 
Erica Van Pelt. 


marked line. In the case of the big quartz, approx- 
imately six hours were needed to line up and saw 
off all extraneous material; it might have taken 
several days to grind off the same amount. 

Once the stone has taken a preliminary form 
through sawing, it must be further shaped on a 
coarse grinding wheel, 80 grit or rougher, mounted 
in a cabochon-making machine (figure 7). With 
practice, one will produce a preform that requires 
very little grinding on the faceting machine and 
thus will save days of slow lap cutting. On very 
large stones (those over 5,000 ct} it is often desir- 
able to lap and polish the table of the stone on a 
vibrating lapping machine, such as a Vibra-Lap or 
Recipro-Lap before cutting any other facets. It is at 
this point that there is the smallest surface polish- 
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TABLE 1. Largest gemstones on record for those materials from which single stones over 
1,000 ct can be faceted. 


Species and Weight Current 
variety (ct) Cutter location 
Quartz 
Citrine 19,548 M. Gray Private collection 
Smoky 8,580 J. Johnston GIA 
Crystal 7,500 M. Gray Private collection 
Topaz 
Yellow 22,892 L. Agee Smithsonian Institute 
destined) 
Natural blue® 21,005 E. Gray American Museum of 
Natural History 
Irradiated blue 20,769 R. Homer Private collection 
Beryl 
Aquamarine 2,594 J. McLean Private collection 
Green-gold® 2,054 J. Sinkankas Smithsonian Institute 
Spodumene 
Greenish yellow 1,800 J. Sinkankas Royal Ontario Museum 
Kunzite® 1,267 Unknown Los Angeles County 
Museum of Natural 
History 
Yellow® 1,240 M. Gray Private collection 
Fluorite 
Blue® 3,969 A. Grant Private collection 
Yellow 1,032 M. Gray Los Angeles County 
Museum of Natural 
History 
Calcite 
Twinned 1,800 A. Grant New York State Museum 


aBased on research by Michael and Patricia Gray. 
>Pholo appears in this article. 


ing area in relation to the greatest weight on the 
stone to help hold it down flat. Also at this point, 
there are no polished facets, which would be 
susceptible to damage while the stone is on the 
machine. Even a dopstick (the rod that attaches the 
stone to the faceting machine] can throw the stone 
off-balance during cutting and polishing of the 
table. It is necessary to follow closely all the 
grinding and polishing steps recommended in the 
instructions that come with the machine to get the 
flattest table, and thus the best polish possible. 
Any rounding that occurs along the edge of the 
polished table will be cut away when the crown 
facets are ground in. Cutting and polishing the 
table may take as long as a week if one starts witha 
fairly flat, even table surface, but it is only neces- 
sary to check on the progress of the stone once or 
twice a day (figure 8). 


Dopping. Large stones do not lend themselves to 
the normal hot-wax dopping procedure. It is diffi- 
cult to heat the stone uniformly to a high enough 
temperature to get the wax to seal, and heating a 
stone unevenly may cause even non-heat sensitive 
materials, such as topaz or quartz, to fracture. 
Furthermore, when the wax hardens, it becomes 
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brittle and may crack, separating the dop from the 
stone. Another worry is that the hard wax will not 
hold up to the rigors or the pressure necessary 
during cutting and polishing. 

Most contemporary large-stone cutters use 
cold-dopping procedures (A. Grant and J. Bradshaw, 
pers. comm., 1988], since epoxy is much easier to 
work with than dopping wax, does not require 
heating the stone, and is readily available in any 
hardware store. The epoxy is not applied between 
the stone and the dop; rather, the stone is held to 
the dop with a material such as modeling clay, and 
the epoxy is then applied over the connecting end 
of the dopstick onto the stone, covering the hold- 
ing material in the process. Care must be taken not 
to seal the dopstick directly onto the stone, since 
epoxy dissolvers cannot easily penetrate the thin 
film that joins the dopstick to the gem. Should this 
happen, the cutter would have to saw through the 
dopstick, ruining the polished facets or table in the 
process, as well as the dopstick. 

Even the brand of epoxy can make a difference: 
Through trial and error, many cutters have found 
that Devcon epoxies are among the most reliable 
(A. Grant and J. Bradshaw, pers. comm., 1987). In 
large stones, since the tensile and shear strength of 
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Figure 7. After the stone has been sawed, it is 
preformed on a coarse grinding wheel that has 
been mounted in a cabochon-making machine. 
Here, a calcite is being rough ground prior to 
dopping. Photo by Robert Weldon. 


Five-Minute and the longer-drying Two-Ton epoxy 
is essentially the same, the choice between them is 
dictated by the specific dopping procedure. On the 
initial dopping to the table of the large citrine, 
Two-Ton epoxy was chosen because it is slightly 
more durable, is water-resistant, and the drying 
time required, about 30 minutes, is of little conse- 
quence. When the stone was transferred to another 
dopstick (the operation of turning the stone over], 
Five-Minute epoxy was used because it doesn’t 
flow as fast and it hardens more quickly, making it 
easier to apply for this purpose. Through experi- 
ence, however, it has been found that in the large 
quantities used for large stones, Five-Minute ep- 
oxy does not seem to harden as well as Two-Ton 
epoxy, and it is not completely water-resistant. 
These factors do not play as big a part once the 
stone has been transferred, though, as most of the 
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strain of cutting will have already been experi- 
enced. One advantage of the quicker drying epoxy 
for the large citrine was that when the stone was 
finished, it was possible to cut through the epoxy 
with a red-hot knifeblade to remove the dopstick 
from the stone. The remaining epoxy was then 
removed by soaking the stone in Attack, an epoxy 
remover available through jewelry supply houses. 
By removing the dopstick from the stone first, the 
cutter both reduces the time needed to remove the 
epoxy (from several days to overnight) and de- 
creases the amount of epoxy remover needed to 
soak off the dop. As with any chemical, and epoxy 
removers are more dangerous than most, be sure 
that all label instructions are followed to the letter, 
and that contact with the chemical is avoided as 
much as possible. 

Transferring the stone between dopsticks is 
accomplished the same way as for jewelry-size 
stones, that is, on a transfer block. In the case of a 
large stone, however, the transfer block takes the 
much larger form of a lathe, which is usually used 
for turning woods or metals into items such as 
chair legs or bolts. A lathe provides a very accurate 
way to align the stone when turning it over; just 
make sure that the power is disconnected before 
the stone is attached. The dopsticks generally have 
to be custom made to fit the stone, as it is 
important to seat the stone firmly over a large area 
for maximum safety while cutting. Again, model- 


Figure 8. On large stones, it is advisable to cut 
and polish the table before any other facets. 
Here, a Recipro-Lap is used to touch up the 
table on the large citrine. A waterproof clay- 
like substance has been placed around the gir- 
dle to protect the finished portions. Photo by 
Robert Weldon. 


GEMS & GEMOLOGY Spring 1988 39 


ing clay is used to hold the dopstick to the stone. 
Very large stones require two applications of epoxy, 
one on each side of the stone, as the epoxy runs 
until it is almost hard, and much attention must be 
paid to keeping the epoxy on the stone and off the 
lathe and table. Once the epoxy hardens, the stone 
{with both dops still attached to it} should be set 
aside so that the new epoxy can cure thoroughly, 
usually allowing at least a day for proper set-up. 
After the new epoxy is cured, the old dop can be 
removed by cutting through the epoxy with a 
jewelers’ saw (or a hack saw for the really big 
stones}, being careful not to saw into the stone and 
only to saw up to and completely around the dop, 
making it easy then to separate the dop from the 
stone with gentle pressure. 


Cutting. On a jewelry-size stone, the lapidary 
would usually dop the stone and begin grinding on 
the pavilion or crown. There are several reasons for 
beginning with the pavilion (once the table is 
completed} on large stones. First, it is much easier 
to center the stone during the initial dopping 
procedure by using the flat surface of the table. 
What may be a minor misalignment on a small 
stone is magnified on a large one. For example, 
what is one to do if the dopstick is affixed to a 
rough-ground keel-line (or point} and the stone 
comes out a degree off? This mistake would be 
very evident at the table of the large stone. Second, 
the depth of the stone is dictated by the depth of 
the pavilion; a shallow pavilion can be corrected 
more easily if the crown has not been finished. The 
stones being cut should not be windowed, as their 
large size will make this fault even more obvious 
than on smaller gems. Third, if the epoxy were to 
separate from the stone it would be easier to 
realign the stone on the flat surface of the table 
than on the rough unfinished pavilion surface. 

The time involved in cutting any facet depends 
on a number of factors. First, the wheels or laps 
should not be worn to the point that the stone 
glides on the coolant above the cutting surface 
even when pressure is applied. Second, the amount 
of material that is ground off decreases as the facet 
grows larger, which is due in part to the fact that 
the amount of pressure that can be applied to any 
one portion goes down as the pressure is distrib- 
uted over the larger surface, thus decreasing the 
amount ground away not just arithmetically, but 
exponentially. 

The actual faceting of the stone is most com- 
monly done by a “peeling” process, in which the 
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facets are ground down a little at a time, around 
and around the stone until the desired depth is 
reached. This way the cutter can avoid grinding 
larger facets than necessary, which get more diffi- 
cult to cut as the surface area increases. Sur- 
prisingly, the stone’s weight alone usually is not 
sufficient to hold the facet onto the lap, as the 
coolant, oil or water, forms a thin film between the 
surfaces, in effect causing the stone to “float” over 
the surface of the lap. The machine must be strong 
enough so that the cutter can “stand” ~ that is, put 
all of his weight—on the stone for long periods of 
time (figure 9). Literally hundreds of hours of this 
intense physical exertion were required for the 
large citrine. With a heavy-duty faceting machine, 
the stone should not turn in the chuck (the 
dopstick holder). Extra care is needed on end facets, 
though, to keep a stone from turning in the chuck. 
Typically, the actual cutting of the stone takes 
place in three steps, each of which requires a 
different cutting lap (the disc that is impregnated 
with diamond]. The rough (60 or 100 grit] lap is the 
workhorse, grinding away the excess material and 
imparting shape to the stone. One does not worry 
about the absolute alignment of the facets at this 
stage, just about getting the facets cut in. The 
stone is next ground on a medium (260 or 360 grit} 
lap, which takes out the nicks and chips left by the 
rough lap, as well as any surface flaws that may 
have appeared during the initial faceting. The final 
faceting work is done on a fine (1200 or 1500 grit} 
lap. The cutter takes off very little material with 
this lap, but it is at this stage that individual facets 
are lined up and readied for polishing. When 
aligning the facets, the cutter should take into 
account the differences in the size of the facets and 
their different rates of polishing, inasmuch as 
smaller facets tend to polish more quickly and, 
therefore, to enlarge slightly as compared with 
larger facets, especially on softer materials such as 
calcite and fluorite. Even topaz and quartz display 
this characteristic, although to a lesser degree. 


Polishing. Polishing facets on a large stone can be 
the most time-consuming step in the process, but 
this stage may be shortened considerably if a 
combination of polishing techniques is used. 

As with almost any polishing procedure, it is 
up to the cutter to evaluate the attributes of the 
various methods available to determine which to 
use for the stone at hand. For example, a wood lap 
used with the desired polishing compound will 
shorten the time required to polish most large 
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facets. This lap, suggested to the author by John 
Sinkankas, can easily be made from ordinary 
hardwood plywood found as sheets at lum- 
beryards; it polishes most materials in less than 
half the time as other laps. However, this same lap 
usually leaves the facets slightly rounded, and 
accentuates twinning planes in the material. A 
second polishing on a harder material, such as ona 
tin lap, will help flatten out the facets and give an 
excellent polish. Polishing the stone as a two-step 
process on a combination of laps requires less time 
than a single polishing on the better lap because 
one combines the best properties of the two—in 
this case, the speed of the wood Jap and the fine 
polish of the tin lap. Wood laps can be used on soft 
stones (those materials that have a hardness of 
seven or less on the Mohs scale) as long as the 
cutter is aware that heat can build up in the stone 
at the point of polishing, and takes proper precau- 
tions to keep the stone from fracturing because of 
the heat. This can be accomplished by placing the 
stone on the lap for only a few seconds at a time, 
and waiting long enough between polishings for 
the heat to disseminate into the stone. In most 
cases, however, either a Pellon lap or a wax lap, 
such as those made by Moyco, can be used to polish 
such soft stones as calcite and fluorite. One of 
these laps is also essential for polishing facets 
situated on a cleavage on harder material, such as 
topaz or spodumene. 

Almost all of the polishing compounds (e.g., 
both Linde A and B aluminum oxides, cerium 
oxide, tin oxide, and diamond] can be used on every 
type of polishing lap, but it is imperative that every 
effort be made to prevent contamination of the laps 
by more than one compound at a time and even by 
simple dust in the air. All laps must be thoroughly 
cleaned and protected between uses, and wood laps 
must never be used with a different polishing 
compound from that which is first introduced to 
the lap, as the different compounds may have 
different polishing characteristics. Most materials 
may be polished with either aluminum oxide or 
diamond, which tend to give the most consistent 
results. There are, however, a few notable excep- 
tions. Because of its distinctive structure, quartz 
cannot be polished with aluminum oxide, so 
cerium oxide, tin oxide, and/or diamond may be 
used instead. Since aluminum oxide is synthetic 
corundum, ruby and sapphire can only be polished 
by diamond. Although some lapidaries use dia- 
mond to polish all stones, it is not necessarily the 
polishing compound of choice. Diamond powders 
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Figure 9. Because the weight of even an ex- 
tremely large stone is not sufficient to hold the 
facet on the lap, the cutter can speed the cut- 
ting and polishing process by “standing,” or 
putting all of his weight, on each individual 
facet. On a very large stone, this may require 
hundreds of hours of intense physical exertion. 
Photo by Robert Weldon. 


are more expensive than other compounds, and are 
messier to work with. Some materials, such as 
spodumene, actually polish faster with aluminum 
oxide, but there are other materials, such as topaz, 
for which diamond is the only practical choice. 
Approximately one month was needed to facet 
and polish the large citrine after completion of the 
table. The amount of time required will, of course, 
vary depending on the experience of the cutter. 


CONCLUSION 


Different lapidaries have different standards and 
develop different methods to achieve the same 
ends. It is through this variation in practice that 
new faceting methods are developed. The lapidary 
who is cutting a large stone for the first time must 
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use the methods that are most comfortable for 
him. The author offers the methods in this article 
only as guidelines, and recommends that the 
lapidary develop his or her own methods based on 
personal experience. 

The large stones in the photographs accom- 
panying this article are beautiful works of art that 
can also serve a useful purpose — education. Some 
day, these stones will be viewed as treasures unto 
themselves, much like a carving or a painting. 
Even as our knowledge continues to expand, we are 
running out of material from which to cut these 
large stones, relying on erratic new finds now that 
the plentiful materials that were mined in the past 
have already been cut up into jewelry-size stones 
and cannot be replaced. Currently we must rely on 
new localities, such as Afghanistan for spodu- 
mene, and more intensive mining in areas such as 
Brazil, which has historically produced large crys- 
tals of topaz and quartz. 

As new materials are found, the future is 
promising for even greater feats of fashioning large 
gemstones. The use of lasers in diamond cutting is 
only a precursor to what may be accomplished by 
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laser technology on large colored stones. New 
materials and equipment are also being developed 
to aid in polishing, such as the Spectra Ultra-Lap 
developed by Moyco Industries, which speeds the 
polishing of quartz facets up to a certain size. 
Eventually, better technology in machinery and 
polishing compounds will result in brighter, 
crisper large stones. Certainly, this same technol- 
ogy will help in the development of better methods 
for faceting jewelry-size stones. 
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NEW VECAUNIQOULES 


THE DISTINCTION OF NATURAL FROM SYNTHETIC 
ALEXANDRITE BY INFRARED SPECTROSCOPY 


By Carol M. Stockton and Robert E. Kane 


Infrared spectroscopy provides a means to distin- 
guish natural from synthetic alexandrites in the 
range 2000-4200 cm~—', as determined by a study of 
spectra obtained from 15 natural and 28 synthetic 
alexandrites from a variety of sources. The technique 
1s nondestructive and, with Fourier transform instru- 
mentation, extremely rapid. It is especially useful for 
identifying stones that contain no distinguishing in- 
clusions. 


The recent discovery of fine-quality alexandrite in 
Brazil (Koivula, 1987; Proctor, 1988} and the con- 
tinued production of synthetic alexandrite (Nas- 
sau, 1980; Trossarelli, 1986; Guoetal., 1987; Kane, 
1987) prompted an examination of the infrared 
spectra of these gem materials as additional means 
to distinguish the natural gems from the synthetic 
products (figure 1}. The possibility had already 
been explored and found promising in a survey 
study of infrared spectra of various gem materials 
including alexandrite (Leung et al., 1983). 

In most instances, characteristic inclusions 
serve to distinguish between natural and synthetic 
alexandrites (see references above}. The natural 
gemstones usually contain distinctive natural- 
appearing inclusions such as: ultra-fine parallel 
growth tubes or needles; solid crystal inclusions of 
actinolite, quartz, mica, apatite, and other min- 
erals; two- and three-phase fluid inclusions; and 
various internal growth features (Gtbelin and 
Koivula, 1986}. Flux-grown synthetic alex- 
andrite—for example, that produced by Creative 
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Crystals (Cline and Patterson, 1975})—is differenti- 
ated by inclusions of flux and platinum platelets. 
Alexandrite synthesized by melt methods — inclu- 
ding the commercially available Czochralski- 
pulled products from Allied Signal (Morris and 
Cline, 1976) and Kyocera {Machida and Yoshihara, 
1980; Uji and Nakata, 1986), and floating-zone 
material from Seiko (Koivula, 1984)~may show 
gas bubbles and identifiable curved, irregular, and/ 
or swirled growth features. In addition, some 
synthetic alexandrites may show unusual features 
such as the weak chalky yellow short-wave fluo- 
rescence confined near the surface of the Inamori 
synthetic cat’s-eye alexandrites (Kane, 1987). 

In the absence of such distinctive features, 
however, there may be no other standard gemologi- 
cal properties that can conclusively identify the 
natural or synthetic origin of an alexandrite. Thus, 
laboratory identification techniques such as infra- 
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red spectroscopy are of some significance, espe- 
cially considering the appreciable differences in 
market value involved. 


MATERIALS AND METHODS 


The current study examined 15 natural and 28 
synthetic alexandrites from a variety of sources 
{see table 1}. Spectra were obtained with a Nicolet 
60SXB FTIR spectrometer (see Fritsch and Stock- 
ton, 1987} in the range 400-5000 cm ~!. However, 
only the range 2000-4200 cm ~! is of interest here 
since total absorption occurs below 2000 cm~-! 
(due to the presence of SiO}, and no features were 
observed between 4200 and 5000 cm —!. Although 
the spectra vary considerably according to crystal- 
lographic orientation (a property that is difficult to 
control with faceted gemstones}, key distinguish- 
ing features can, nevertheless, be easily identified 
(see figure 2), 


RESULTS 


Table 2 shows clearly how distinct the spectra of 
natural and synthetic alexandrites are. Most nota- 
bly, the natural alexandrites examined invariably 
exhibit absorption features centered at about 2160, 
2.403, 4045, and 4150 cm ~-! that were not observed 
in any of the synthetics. In fact, features present in 
the synthetic alexandrites generally were limited 
to the range 2800-3300 cm ~!, regardless of orien- 
tation, with a few specimens showing bands be- 
tween 2500 and 2700 cm~'!, and some with fea- 
tures between 3300 and 3700 cm~ |. In addition, 


TABLE 1. Origin and number of samples of natural and 
synthetic alexandrites examined by means of Fourier 
transform infrared spectroscopy. 


No. of 
Origin samples 


Natural 
Brazil 

Sri Lanka 
Tanzania 
USSR 


Synthetic 
Czochralski pulled 
Allied Signal 2 
Inamori/Kyocera 9 
Unknown y) 
Floating zone 
Seiko 1 
Flux-grown 
Creative Crystals 13 
Unknown 1 
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Figure 1. New sources of natural alexandrite, in- 
cluding Tanzania (crystal, top left, 51.81 ct) and 
Brazil (four faceted stones on left, ranging from 
0.95 et to 2.49 ct) are producing enough fine mate- 
rial to create increased demand for this unusual 
gemstone. In addition, the manufacture of flux 
synthetic alexandrite (on the right; the crystal is 
36.18 ct and the faceted stones range from 0.72 ct 
to 3.88 ct.) by companies such as Creative Crys- 
tals and Inamori has raised the importance of be- 
ing able to distinguish between the natural and 
man-made materials. Faceted natural alexandrites 
courtesy of Krementz & Co. Photo © Tino Hammid. 


the absorption features between 2800 and 3300 
cm~! are always stronger in the natural stones 
(again, see figure 2], This is probably due to the lack 
of water in the synthetics, which are manufactured 
by flux, floating zone, or Czochralski-pulling tech- 
niques (see Kane, 1987, for a summary], while the 
natural gems invariably incorporate H,O and OH 
during their growth (Aines and Rossman, 1984). 
Hydrothermal synthetic alexandrites have re- 
portedly been manufactured (Trossarelli, 1986) 
and, should they become commercially available 
at some future date, further study will be neces- 
sary. However, the distinguishable infrared spectra 
of natural and synthetic hydrothermal emeralds 
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Figure 2. These infrared spectra illustrate both the variety of features within each category as well as 
the obvious differences between the spectra of natural and synthetic alexandrites in this wavenum- 
ber range. Spectra for two different orientations of each gem are illustrated. 


(Stockton, 1987) suggest that similar distinctions 
will be possible for alexandrite should the need 
arise. In the meantime, separation of natural and 
synthetic alexandrite by infrared spectroscopy is 
straightforward. 
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Synthetic ALEXANDRITE 


With the recent influx of material 
from Brazil, the New York laboratory 
has identified more natural alex- 
andrites in the past few months than 
it had in the last several years. Be- 
cause of the new public awareness of 
natural alexandrite, an expanded 
marketing effort for synthetic alex- 
andrite has also developed. A New 
Jersey distributor of synthetic gems 
is now selling a Czochralski-grown 
synthetic alexandrite and recently 
submitted six samples to the New 
York laboratory for examination. 
Two of these stones (1.50 ct each) are 
shown in figure | as seen in incandes- 
cent light. In daylight or fluorescent 
light they are blue-green with areas 
of purple. The color change is very 
similar to that of the natural Bra- 
zilian material. 

As was to be expected of the 
synthetic material, all six samples 
fluoresced a very strong bright red to 
both long- and short-wave ultraviolet 


Figure 1. These two 1.50-ct 
synthetic alexandrites have a 
color change very similar to 
that of natural Brazilian alex- 
andrite. Here they are seen in 
incandescent light. 
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radiation; in contrast, most natural 
alexandrites display only a moderate 
to weak red fluorescence to both 
types of radiation. The synthetic 
stones appeared to be without inclu- 
sions or any other internal charac- 
teristics, which is consistent with 
the Czochralski method of manufac- 
ture, David Hargett 


Artistically Stained 
CHALCEDONY 


Recently submitted to the Los An- 
geles laboratory for identification 
was the scenic stone ring shown in 
figure 2. Subsequent testing identi- 
fied the stone as chalcedony that had 
been stained with a black dendritic 
design on the top surface. 

Microscopic examination re- 
vealed that the design had an ex- 
tremely shallow penetration; it also 
revealed faint agate-like banding in 
the stone. As would be expected with 
dyed chalcedony, no dye was re- 
moved when the stone was tested 
with a cotton swab dipped in either 
acetone or a 10% hydrochloric acid 
solution. 

Exposure to long-wave ultravio- 
let radiation revealed a very weak to 
weak patchy, dull, chalky yellow flu- 
orescence aligned with the agate-like 
banding. Of interest was a very thin 
(0.2-0.3 mm} layer of moderate to 
strong dull, chalky yellow fluores- 
cence that was confined to the top of 
the tablet. No phosphorescence was 
observed. Exposure to short-wave ul- 
traviolet radiation revealed much the 
same reaction, except that the fluo- 
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Figure 2, The dendritic pattern 
on this 18.5 x 13.6 X 2.1mm 
chalcedony cabochon is actu- 
ally a stain that was painted 
on the stone. 


rescence was much weaker and had a 
greenish cast. RK 


CLINOHUMITE 


The Santa Monica laboratory re- 
cently identified another rare gem- 
quality clinohumite (see p. 236 of the 
Winter 1986 issue of Gems & Gem- 
ology for an earlier report on this 
material}, a brownish yellow round 
brilliant-cut stone that weighs ap- 
proximately 0.5 ct (figure 3). The 
laboratory determined that this par- 
ticular stone has refractive indices of 
1.630 and 1.668, with a correspond- 
ing birefringence of 0.038, and is 


Editor’s Note: The initials at the end of each 
item identify the contributing editor who 
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Figure 3. This 0.5-ct stone is 
a rare faceted clinohumite. 


Figure 4. The numerous inter- 
secting twin lines in the 
clinohumite shown in figure 3 
are readily apparent in po- 
larized light. Magnified 63x. 


biaxial positive. The specific gravity, 
estimated with heavy liquids, is ap- 
proximately 3.18. There was no dis- 
tinctive absorption spectrum. Al- 
though the stone did not fluoresce to 
long-wave ultraviolet radiation, it did 
fluoresce a very strong orangy yellow 


to short-wave U.V. The stone had a 
fine fingerprint inclusion, several 
three-phase inclusions, and an acicu- 
lar inclusion of unknown identity. In 
addition to being heavily included, 
the stone was also highly twinned, 
with numerous intersecting twin 
lines (figure 4]. This material is re- 
portedly from the USSR. KH 


DIAMOND 


Cyclotron-Treated 


The New York laboratory recently 
received for identification a 20.22-ct 
yellowish brown emerald-cut dia- 
mond. The “umbrella effect” that is 
typical of a cyclotron-treated dia- 
mond was readily apparent (figure 5]. 
(In an emerald-cut diamond, there is 
a strong color band parallel to the 
elongated culet; the term umbrella 
effect originates from the appearance 
of this phenomenon as seen in a 
round brilliant cut, where it does 
indeed resemble an umbrella.} 

Also in keeping with cyclotron 
treatment, this stone displayed a 
594-nm absorption line. Inter- 
estingly, though, it was also a “green 
transmitter”; that is, it luminesced 
green when exposed to visible light 
with wavelengths of 503 nm or 
shorter. Green transmission is usu- 
ally encountered in natural-color di- 
amonds, but as evidenced here, it is 
occasionally seen in treated ones as 
well. In the latter case, it can be 
present either naturally prior to labo- 
ratory irradiation or can arise as a 
result of that treatment. The green 


Figure 5. The “umbrella effect” characteristic of 
cyclotron-treated diamonds is evident as a line 
of darker color parallel to the culet (here, at the 
top of photo) in this emerald-cut diamond. 

Magnified 30x. 
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nified 30x. 


luminescence in this diamond (fig- 
ure 6} is clearly the result of the 
cyclotron treatment, inasmuch as it, 
too, shows the umbrella effect. 

Clayton Welch 


Damaged 


Unfortunately, the laboratory occa- 
sionally still sees diamonds that have 
been needlessly damaged by hard- 
ness tests. The 0.80-ct round bril- 
liant-cut diamond shown in figure 7 
was recently submitted to the Los 
Angeles laboratory for grading. A 
hardness test that had been per- 
formed on the table lowered the clar- 
ity grade from VVS, to VS5. A series 
of feathers and bruises along the 
scratch extend deep into the stone. 

Whenever we have encountered 
this kind of damage in the past, it 
invariably was caused by an unin- 
formed person testing the stone to 
see if it is a diamond or a simulant. 
Such people operate on the mistaken 


Figure 7. Even diamonds can 
be damaged by scratch hard- 
ness tests, as this 0.80-ct stone 
proves; its clarity went from 
VVS, to VS,. Magnified 20x. 


Figure 6. Green transmission and the “umbrella 
effect” proved that this diamond had been cy- 
clotron treated. Fiber-optic side lighting; mag- 
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Figure 8. This 4.5-ct lapis 
lazuli cabochon has unusual 
straight parallel banding. 


belief that a “real” diamond cannot 
be scratched, even by another dia- 
mond. Needless to say, a diamond 
should never be used for a hardness 
test. Rapid methods for identifying 
diamonds and their simulants exist, 
with many tests requiring only a 
trained eye. An exceptional article 
on this topic py Jill Hobbs, “A Simple 
Approach to Detecting Diamond 
Simulants,”° was published in the 
Spring 1981 issue of Gems # Gemol- 
OY. : RK 


Banded LAPIS LAZULI 


The Santa Monica laboratory re- 
ceived an opaque blue oval cabochon 
for identification. The approx- 
imately 4.5-ct stone appeared to be 
top-quality lapis lazuli (figure 8}. Pre- 
liminary testing seemed to verify the 
initial thoughts. The refractive index 
was determined (by the spot method} 
to be 1.51; the specific gravity, esti- 
mated by heavy liquids, was approx- 
imately 2.85; and there was a distinct 
rotten-egg odor when a small drop of 
hydrochloric acid was applied to the 
back of the stone. Although the stone 
was inert to short-wave ultraviolet 
radiation, it fluoresced a chalky 
greenish yellow to long-wave U.V. 
Magnification revealed a struc- 
ture quite unlike the usual granular 
appearance of the components that 
make up lapis lazuli. Straight paral- 
lel banding was seen, some of which 
appeared curved as a result, no doubt, 
of the cabochon cut (figure 9). When 
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Figure 9. Parallel banding in 

the lapis lazuli cabochon 

shown in figure 8 conforms to 
the cabochon cut. Magnified 6x. 


strong light was passed through a 
thin edge of the cabochon, the mate- 
rial did indeed show a granular struc- 
ture. There seemed to be at least two 
different constituents: near-colorless 
grains surrounded by opaque blue 
grains, The grains were arranged in 
such a way, however, that they pro- 
duced a striated, or banded, effect. 
We were given permission to 
have a thin section made in order ta 
document further the unusual struc- 
ture (figure 10). X-ray diffraction re- 
vealed a pattern consistent with la- 
pis, showing a mixture of lazurite, 
hauyne, mica, and another undeter- 
mined mineral. This is a most un- 
usual piece of lapis. It is unfortunate 
that the source of the material is not 
known. KH 


PEARLS 


Early “Japanese” Pearls 


In the Lab Notes section of the Sum- 
mer 1983 issue of Gems #& Gemol- 
ogy, a lattice-work necklace of cul- 
tured blister pearls was illustrated. It 
was surmised then that these blister 
pearls might be of the type cultivated 
in Japan as early as 1890, before 
whole cultured pearls became avail- 
able. Recently at the New York labo- 
ratory, we received a pair of earrings 
that we believe even more convin- 
cingly indicate manufacture before 
1900. The blister pearls are button 
shaped with the mother-of-pearl nu- 
cleus clearly exposed on the back 
(figure 11}, The X-ray shows that one 
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Figure 10. Banding is also evi- 
dent in this thin section of the 
lapis cabochon shown in figure 
8. Magnified 80x. 


blister pearl is very similar to that 
illustrated in the 1983 issue (p. 116}, 
with a rectangular mother-of-pearl 
insert. The other three do not have 
this type of insert, but their backs 
seem to resemble those of modern 
Mabe pearls. The fact that these 
cultured blister pearls, like those in 
the lattice-work necklace, did not 
fluoresce to X-rays indicates that the 
nuclei are of saltwater shell, rather 
than the freshwater shell used in 
most whole cultured pearls today. 
Figure 12, from G. E Herbert 
Smith’s ninth edition (1940) of Gem- 
stones, illustrates the method by 
which most of these so-called “Japa- 
nese” pearls were produced. This is 
one of the few references in the 


Figure 11, The early “Japanese” 
cultured blister pearls in this 
and the matching earring mea- 
sure 7 '/2 mm in diameter; the 
nucleus is clearly exposed on 
the back of each pearl. 
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literature to a once-flourishing prac- 
tice that gave way to an even more 
vigorous whole cultured pear! indus- 
try. In view of the fact that these 
blister pearls were produced at the 
rate of more than 50,000 a year begin- 
ning in 1890 (Kokichi Mikimoto was 
the principal producer, with over 
1,000 acres of leased seabed], it is 
surprising that the Gem Trade Labo- 
ratory has only encountered them 
mounted in jewelry in these two 
instances. RC 


Natural Pearl and 

Diamond Tiara 

The impressive diamond and pearl 
tiara in figure 13 was brought to the 
Santa Monica laboratory for identi- 
fication of the pearls. The tiara mea- 
sures approximately 5 '/2 inches long 
and 2 '/2 inches high (14 cm x 6.3 


Figure 12. This illustration 
from G. F Herbert Smith's 
Gemstones (9th ed., 1940) 
shows how most of the “Japa- 
nese” pearls were cultured. Top 
= in the oyster; bottom = fin- 
ished “pearl.” A = nacre; B = 
shell; C = outer shell of oys- 
ter; D = mother-of-pearl back 
added. 
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Figure 13. The largest pear! in this tiara of natural pearls and dia- 


monds measures 10 x 18 mm long. 


cm]. There are a total of seven rows of 
pearls: five rows of round drilled 
pearls of various sizes, one of round 
and drop-shaped pearls, and a top row 
of all drop-shaped pearls ranging 
from approximately 3 mm to 10 mm 
in diameter and up to 18 mm long. 
The pearls are all well matched for 
color, are fairly lustrous, and, consid- 
ering the apparent age of the piece, 
show very little wear. At the client’s 
request, only the three center drop- 
shaped pearls and the five in the row 
underneath and between them were 
identified. None of these showed any 
fluorescence to X-rays and, since the 
radiograph revealed a natural struc- 
ture, the pearls were identified as 
saltwater natural pearls. The piece 
also included numerous near-color- 
less rose-cut diamonds in white 
metal settings. The open setting of 
the diamonds in what appeared to be 


silver mountings on yellow gold indi- 
cates that the tiara dates to the early 
19th century, when this type of stone 
setting was popular. KH 


SAPPHIRE 


Color Zoned 


A 1.06-ct blue sapphire was submit- 
ted to the New York laboratory for 
identification. A spall cavity, the fire- 
skinned surface, and discoid frac- 
tures easily proved that the stone had 
been heat treated. However, the dark 
blue hexagonal color zoning seen 
through the table (figure 14} is un- 
usual. lt appears that a “phantom 
crystal” within the sapphire was af- 
fected by the heat treatment, leaving 
the edges fuzzy and partially diffused 
into the stone. When the stone was 
viewed with a Beck hand-held type of 
spectroscope, the 450-nm {iron} line 
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was quite strong. Perhaps this was 
originally a very dark sapphire that 
had been heated to lighten the color, 
with the perimeter of the “phantom 
crystal” remaining dark in spite of 
the treatment. David Hargett 


With Needles 


One of the characteristics that 
proves that a sapphire has not been 
heat treated is the presence of coarse, 
well-formed, undisturbed needle- 
like inclusions and/or their shorter 
wedge-shaped relatives. Such inclu- 
sions often light up with spectral 
colors when illuminated by a strong 
overhead or fiber-optic light source, 
as seen in the approximately 40-ct 
sapphire shown in figure 15, which 
was submitted to the New York labo- 
ratory for identification. These nee- 
dles produce asterism when the 
stone is cut en cabochon. An inter- 
esting trick is to place a small drop of 
methylene iodide (the 3.32 specific 
gravity liquid) on the surface of a 
faceted stone and observe the star 
effect in the'bead of liquid (figure 16). 

Clayton Welch 


TOURMALINE from Nepal 


The Los Angeles laboratory had the 
opportunity to examine four faceted 
tourmalines that were reported to be 
from Nepal: a 5.69-ct light pink, a 
4.73-ct dark purplish red, and two 
yellow stones of 5.16 and 5.61 ct 
(figure 17}. Tourmaline crystals from 


Figure 14. The strong blue hex- 
agonal color zoning in this 
heat-treated sapphire is not 
common. Magnified 30x. 
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Figure 17. These four tourmalines, which range from 4.73 ct for the 
purplish red emerald cut to 5.48 ct for the pink oval mixed cut, are 
reportedly from Nepal. 


Figure 15. Needles and wedge- Figure 16. Drops of methylene 
shaped inclusions in a sapphire iodide on a faceted needle- 
prove that it has not been heat filled natural sapphire can pro- 


treated. Magnified 30x. duce a star effect. Magnified 10x. 
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Figure 18. This imitation turquoise necklace is actually gibbsite; 
the beads range from 5.7 to 14.5 mm in diameter. 


Nepal first began to appear in the 
1960s. They occur in a wide variety 
of colors, the most distinctive and 
most common of which are the 
bright greenish yellow to brown-yel- 
low, pink, “lemon-yellow,” green tri- 
colored, and watermelon crystals 
which are well terminated and mea- 
sure up to 20 cm (8 in.) in length. 
Collector crystals remain quite rare, 
as nearly all of the material has gone 
to India for faceting. In addition, 
there reportedly has been little pro- 
duction during the 1970s and 1980s. 
Although more than two dozen peg- 
matites are known to exist in Nepal, 
virtually the entire tourmaline pro- 
duction comes from only two 
sources: the Hyakule mine and the 
Phakuwa mine. Since the discovery 
of the Hyakule mine over 50 years 
ago, estimates put the yield of gem 
tourmaline at just over 1,300 kg 
(2,800 lbs.) with only about 10% of 
gem quality. Now, mining has vir- 
tually ceased, primarily due to the 
landslides that occur every summer 
during the heavy monsoon rains. For 
more information, see the excellent 
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1985 article by A. M. Bassett, “The 
Tourmalines of Nepal,” in the Miner- 
alogical Record, Vol. 16, No. 5, pp. 
413-418. 

The gemological properties of 
the four stones we examined are as 
follows: refractive indices range 
from 1.619 and 1.637 for the pink, to 
1,620 and 1.648 for the greenish yel- 
low, with birefringences from 0.018 
to 0.028. The absorption spectra 
were typical for their respective col- 
ors, except that the yellow showed 
only a weak general absorption up to 
410 nm, with no distinct lines or 
bands. The red and the two yellow 
stones were inert to both long- and 
short-wave ultraviolet radiation; the 
pink tourmaline had a very slight 
suggestion of a blue fluorescence to 
long-wave U.V. and fluoresced a mod- 
erate chalky violetish blue to short- 
wave U.V. The inclusions are typical 
of tourmaline: thin needles, growth 
tubes, “fingerprints” composed of 
gaseous and fluid inclusions, and 
small transparent, colorless, bire- 
fringent, cuhedral crystals. 

RK 


Imitation TURQUOISE with 
“Veins” and Pyrite 


A quite attractive turquoise-colored 
necklace {figure 18) was sent to the 
Santa Monica laboratory for identi- 
fication. At first glance, the beads 
appeared to be fashioned from fine- 
quality turquoise; most were evenly 
colored, some had characteristic 
“matrix” veins, and many also 
showed readily visible pyrite inclu- 
sions. 

A spot refractive index reading 
of 1.55 was obtained with a standard 
gemological refractometer, Even 
though this figure is too low for 
natural turquoise (1.61), it is still 
within the range for treated material. 
Under magnification, the beads had a 
sugary, speckled appearance that is 
often seen in treated turquoise. The 
application of the thermal reaction 
tester (hot point} inside the drill hole 
of a bead produced a reaction charac- 
teristic of plastic treatment. How- 
ever, the absorption line at 432 nm 
that is usually seen in turquoise was 
not evident. It was decided that X-ray 
diffraction would be needed to iden- 
tify this material conclusively. 

A minute amount of powder was 
scraped from inside the drill hole of 
one of the beads. The pattern pro- 
duced matched that of gibbsite, a 
clay-like aluminum hydroxide. Gibb- 
site is encountered fairly frequently 
as a substitute for turquoise, but 
these particular beads—plastic 
treated and with pyrite inclusions — 
represent one of the most authentic- 
looking turquoise imitations our 
staff has ever seen. KH 


FIGURE CREDITS 


The photos used’ for figures 1 and 14 
were taken by David Hargett. Chuck 
Fryer is responsible for figures 3, 4, and 
18. Figure 2 was produced by Shane Mc- 
Clure. Robert E. Kane furnished figure 7. 
Clayton Weich supplied figures 5, 6, 11, 
15, and 16. Scott Briggs photographed 
figure 8. John |. Koivula took the photo- 
micrographs for figures 9 and 10. Figure 
12 is reproduced from page 361 of G.F. 
Smith's book Gemstones, (9th ed., 1940). 
Figures 13 and 17 are © Tino Hammid. 


GEMS & GEMOLOGY Spring 1988 


A HISTORICAL NOTE 


Highlights from the Gem Trade Lab 25, 15, and five years ago. 


SPRING 1963 


The Los Angeles laboratory received 
a large stone that was represented to 
be diamond but lacked transparency 
and brilliance. Testing proved that it 
was indeed a diamond, in spite of its 
appearance, A pair of earrings and a 
matching brooch with diamonds and 
green stones set in platinum were 
submitted for identification of the 
green stones. The large one in the 
brooch was natural emerald, but the 
green stones in the earrings were 
glass. 

Reports of new finds of gem 
materials include brown topaz from 
San Luis Potosi, Mexico. The green 
material found at what was believed 
to be a new locality (unidentified) for 
emerald proved to be fluorite. Rare 
materials encountered and identified 
include scogodite, translucent lapis, 
transparent staurolite, a greenish 
blue phenakite, clinozoisite, prou- 
stite, scheefite, and zincite. 

In the same issue, the New York 
laboratory reports on shallow emer- 
alds set with dark green aventurine 
quartz behind them to enhance the 
color, orthoclase cat’s-eyes, massive 
pink grossularite garnet, a natural- 
color brown diamond, and a cyclo- 
tron-treated green diamond. 


SPRING 1973 


The New York laboratory discusses 
the imitation jade “Inamori stone” or 
“Meta-jade,” as it is sometimes 
called. It is actually a devitrified 
glass, that is, a glass that partially 
crystallized in a dendritic pattern as 
it cooled. Several different stones 
were submitted for identification at 
different times. Some fine natural 
jadeite was also seen. A glass cat’s- 
eye material examined contains 
what resembled fiber-optic bundles 
when viewed from the side of the 
stone. This material is known by the 
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trade name “Cat’s-eyte.” Other items 
of interest seen in New York were a 
13-ct diamond with a nicely faceted 
girdle, some synthetic emeralds, an 
unusual agate, and a diamond that 
had a somewhat squarish cross sec- 
tion which contained some erratic 
tubules that meandered through the 
stone near one side. 

The Los Angeles laboratory dis- 
cusses and illustrates various aspects 
of laser drilling of diamonds. A cab- 
ochon of “emerald turquoise” was 
submitted for identification. The 
stone seemed to have all the gem- 
ological properties of normal blue 
turquoise except its color. An X-ray 
powder diffraction pattern was the 
same as that of turquoise, but a 
spectrochemical analysis revealed 
the presence of over 4% zinc. This 
led to its identification as faustite, 
the zincian analogue of turquoise 
where zinc replaces some of the cop- 
per normally found in turquoise. 
Other items of interest include sev- 
eral trapiche emeralds, a synthetic 
ruby with an unusual pattern of 
bubbles, a large parisite crystal, 
Umba River corundums, and a 
quartz crystal with a movable bubble 
in a two-phase inclusion. 


SPRING 1983 


The Santa Monica laboratory reports 
on a beautiful 4.02-ct cat’s-eye alex- 
andrite, with a very good color 
change and a fine eye. An alex- 
andrite-like spinel and a fine 19-ct 
cat’s-eye quartz were also seen. The 
most unusual item was a broken 
semitranslucent concretion that was 
found in a can of tuna fish. At the 
time the column was written, we did 
not have any idea what the item 
might be. However, a student subse- 
quently provided information and an 
example indicating that it was proba- 
bly the eye of a tuna. 

Speaking of fish, the New York 
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laboratory had the opportunity to 
examine a 2.87-ct diamond carved in 
the shape of a fish. The natural sur- 
face skin that was left on the carving 
even resembled fish scales. In addi- 
tion, several pink diamonds are dis- 
cussed, as are tubular inclusions in a 
flux-grown synthetic emerald, a flu- 
orite and quartz necklace, several 
different types of pearls, a cat’s-eye 
opal, and some assembled stones. 


Carved fish-shaped diamond. 
The stone weighs 2.87 ct and 
measures 18.38 mm X 8.95 
mm X 2.26 mm thick. 


A matched suite of jewelry, con- 
sisting of a necklace, earrings, and a 
combination ring and pendant, all set 
with what apppeared to be emeralds 
and diamonds, were submitted to the 
Los Angeles lab when it was discov- 
ered that the green stone in the ring/ 
pendant combination seemed to lose 
color when it was steam cleaned. The 
stone in question proved to be natu- 
ral beryl with a green coating. The 
other green stones proved to be natu- 
ral uncoated emeralds. A word of 
warning should be repeated here: 
NEVER, NEVER steam clean emer- 
alds. The thermal shock can easily 
fracture natural stones (and remove 
the color from coated ones}. 
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CH A-L-L-E-N-G- 


Ge e&) Gemology places you at the forefront of gemological knowledge. We invite you 
to test this knowledge by taking the second annual Gems & Gemology Challenge. Last 
year, hundreds of subscribers successfully met the Challenge and received congratulatory 
letters, suitable for framing. The more than 100 who received perfect scores were publicly 
applauded in the Summer issue. 


We are pleased again to offer our readers this opportunity to test their familiarity with 
some of the most important issues in gemology today. The following multiple-choice 
questions, prepared by the GIA Education Department, are based on the articles published 
in the four 1987 issues of Gems @ Gemology. Feel free to refer to those issues to find the 
single best answer and then mark the appropriate letter on the card provided in this issue 


(photocopies or other facsimiles of this card will not be accepted]. Return the card with 
your answers (be sure to include your name and address} by Monday, August 15: Don’t 
forget to put sufficient postage on the card (15¢ in the U.S.}. All entries will be 
acknowledged, and those with a passing grade (75% or higher] will receive an attractive 
letter that acknowledges your successful completion of the exam and your commitment to 
continuing your gemological education. Those readers who receive a perfect score (100%) 
will also be recognized in the Fall issue of Gems & Gemology. 


So... get out those 1987 issues and take the challenge! 


Note: Questions are taken only 
from the four 1987 issues. Choose 
the single best answer for each 
question. 


1. Probably the most common 
type of setting, appropriate for 
almost any cut of stone, is 


A. pavé. 
B. bezel. 
C. prong. 


D. channel. 


2. The rarest fancy color for 
diamonds is 


A. purplish red. 

B. reddish violet. 

C. pure red with no 
secondary hue. 

D. pure pink with no 
secondary hue. 
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3. Natural and synthetic emeralds 
can always be distinguished by 


A. inclusions. 

B. refractive index. 

C. infrared spectrum. 

D. ultraviolet fluorescence. 


4, All of the sugilite studied at 
GIA was found to be 


A. dyed. 

B. irradiated. 

C. not enhanced. 
D. heat treated. 


5. The valence state of an ion 
exerts a strong influence on a 
stone’s hue and 


A. tone. 

B. brilliance. 

C. crystal structure. 
D. intensity of color. 


6. When exposed to long-wave 


U.V. radiation, the De Beers 

gem-quality synthetic 

diamonds 

A. were inert. 

B.  fluoresced a weak yellow. 

C.  fluoresced a strong yellow 
or greenish yellow. 

D. fluoresced a moderate 
yellow or greenish yellow. 


. The essential compositional 


difference between Inamori 
Created Opals and natural 
opals is the absence of 


A. water in the Inamori opals. 

B. water in the natural opals. 

C. amorphous spheres in 
Inamori opals. 

D. amorphous spheres in 
natural opals. 
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. The greatest potential danger 
of steam cleaning is 
A. fading. 
B. frosting. 
C. color change. 
D. thermal shock. 


9, Iridescent orthoamphibole, also 


10. 


Ll. 


known by the trade name 
Nuummunite, has to date been 
found only in 


A. Tanzania. 
B. the USSR. 
C. Australia. 
D. Greenland. 


The natural habitat of the 
conch is 


A. the Indian Ocean. 

B. the Persian Gulf. 

C. from Bermuda to the 
Caribbean. 

D. from Bermuda to the Gulf 
of California. 


The distinctive pink to purple 
color of sugilite is due to the 
presence of 


A. sodalite. 

B. sogdianite. 

C. manganese and iron. 

D. chromium and vanadium. 


12. Lennix synthetic emeralds can 


13. 


be identified by a combination 
of inclusions and 


A. low RL 

B. high S.G. 

C. spectrum. 

D. color zoning. 


Conch “pearls” cannot be 
considered true pearls because 
they are 


A. nacreous. 

B, nonnacreous. 

C. always enhanced. 
D. usually cultured, 


14. Lennix synthetic emeralds are 


grown by the 


A. Czochralski method. 
B. flux-fusion process. 

C. hydrothermal method. 
D. flame-fusion process. 
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15, 


16. 


17, 


18. 


19, 


Identification of treated opals 
by infrared spectroscopy 
applies only to opals treated 
with 

A. smoke. 

B. sugar. 

C. radiation. 

D. polymer-type materials. 


The most striking 
characteristic of jewelry of the 
late 1940s and the 1950s was 


A. the return of the Art 
Deco style. 

B. a lingering regimentation 
of design. 

C. an almost ostentatious 
use of gemstones. 

D. the use of synthetic gems 
in modern designs. 


The term infrared is derived 
from being 


A. equal in energy to the red 
end. 

B. lower in energy than the 
red end. 

C. higher in energy than the 
red end. 

D. equal in absorption to the 
red end. 


In April 1987, the highest 
per-carat price on record 

for a gem sold at auction 

was paid for a 


A. violet painite. 

B. blue taaffeite. 

C. Russian alexandrite. 
D. purplish red diamond. 


Using conventional gem- 
ological testing techniques, 
faceted De Beers gem-quality 
synthetic diamonds can be 
identified by a combination of 


A. metallic inclusions, S.G., 
and spectrum. 

B. U.¥. fluorescence, color 
zoning, and S.G. 

C. graining, spectrum, and 
cathodoluminescence. 

D. color zoning, UV. 
fluorescence, and metallic 
inclusions. 
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20. 


21. 


22. 


23, 


24, 


25. 


Although some included topaz 
from Brazil has been sold as 
“rutilated,” in reality it contains 
A. copper inclusions. 
B. open channels colored by 
limonite. 
C. narrow tubules filled with 
ilmenite. 
D. a fine network of small 
thin fractures. 


One feature that distinguishes 
synthetic lavender jadeite from 
natural lavender jadeite is the 
synthetic’s 


A. lower hardness. 

B. more intense color. 
C. radically higher S.G. 
D. noticeably lower RI. 


The only way a treatment can 
affect color caused by dispersed 
metal ions is by modifying the 


A. valence state. 

B. crystal structure. 

C. chemical composition. 
D. coordination geometry. 


Yellow sapphires that fade 
rapidly when exposed to light 
also 


A. darken when heated. 

B. fade when irradiated. 

C. lose their color when 
heated. 

D. regain their color in the 
dark. 


The only method proven 
effective in separating natural 
from the USSR-produced 
synthetic malachite is 


A. X-ray diffraction. 

B. hydrothermal testing. 

C. infrared spectroscopy. 

D. differential thermal 
analysis. 


One way to separate Inamori 

synthetic cat’s-eye alexandrite 

from its natural counterpart is 

by its reaction to 

A. incandescent illumination. 

B. differential thermal 
analysis. 

C. long-wave U,V. radiation. 

D. short-wave U.V. radiation. 
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GEM NEWS 


John I. Koivula and Robert C. Kammerling, Editors 


TUCSON ’88 


The Tucson Gem and Mineral Show, held the first two 
weeks of February, has grown tremendously since last 
year, with never-ending crowds of buyers and dealers 
everywhere. The following report of some of the high- 
lights of this year’s Tucson Show was prepared with the 
help of Mr. Dino DeGhionno, Dr. Emmanuel Fritsch, 
Ms. Patricia Gray, Mr. Gary Roskin, and Ms. Carol M. 
Stockton. 


Beryl. Because beryl was the theme mineral of this year’s 
show, many fine specimens and faceted stones were on 
display or offered for sale. A large number of fine 
emeralds were available, with Zambia, Brazil, and Col- 
ombia well represented. Unlike past years, few trapiche 
emeralds were seen. 

A novelty from last year’s show, “mint green” 
Nigerian beryl, was being offered both in the rough and 
as faceted stones by many dealers. Color-unstable Max- 
ixe-type dark blue beryl was also being sold in both 


Figure 1. One of the most exciting new trends 

in lapidary work is the free-form cut. Los An- 
geles cutter Bart Curren created these stones: 
(clockwise from upper left) 37.85-ct rhodolite; 
113.69-ct amethyst-citrine, 9.46-ct citrine, 5.14- 
ct bicolored tourmaline, and 12.56-ct tour- 
maline, with a 13.49-ct tourmaline in the center. 
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rough and cut forms. In some cases, it was being 
marketed as Maxixe-type, while in others it was pro- 
moted as “rare sapphire-blue aquamarine.” Regardless of 
the name, in a few months time under normal lighting 
conditions the material will revert to its original pale 
pink to near-colorless hue. 


Carvings. Gemstone carving, a trend that seemed to 
take life last year, was in full swing in 1988. Especially 
prominent were the free-forms and so-called fantasy 
cuts in sizes suitable for fine jewelry. These carvings 
tend to have softer edges and angles than conventional 
faceted gems. They also tend to use, rather than hide, the 
natural color zoning and inclusions, often incorporating 
them directly into the design. More and more American 
carvers have become active in this style of lapidary work 
(figures 1 and 2} which was originated by Bernd Mun- 
steiner of ldar-Oberstein. Michael Duber of New Hamp- 
shire and Bart Curren of Los Angeles have both won 
lapidary awards for their free-form carvings. 


Figure 2. Some of the lapidaries involved with 
free-forms are experimenting with “inter- 
locking” stones as well as with more valuable 
materials, as this interlocking emerald with 
tourmaline (cut by David Stanley Epstein) 
illustrates. 


GEMS & GEMOLOGY Spring 1988 


Figure 3. This 23.97-ct purple star sapphire from 
Sri Lanka is notable for its color, quality, and 
size. Courtesy of N. V. Malhotra, New York; 
photo © Tino Hammid. 


ec bce 

Charoite. Once considered little more than a curiosity, 
charoite was being sold in several booths. The presence 
of large amounts of rough charoite, which is found only 
in the USSR, may be a sign that we will be seeing more 
gem materials from the Soviet Union at future shows. 
Perhaps glasnost has reached the gem community as 
well. 


Chrysoberyl. Alexandrites from the year-old find near 
Hematita, Minas Gerais, Brazil, were available, but 
mostly in sizes under 1 ct (although faceted stones larger 
than 5 ct were seen}. 

For the first time, cat’s-eye chrysoberyl from Zim- 
babwe (reportedly mined in the Karoi area) was avail- 
able. The stones ranged from about 0.30 to 3 ct and were 
slightly greenish yellow with fair to excellent chatoyancy 
and good to fair translucency. 


Corundum. “Hot pink” sapphires were available from 
many dealers. These “pinks” come from Burma, Kenya, 
Tanzania, and (the largest ones) Sri Lanka. A few small 
pieces from the Umba region of Tanzania were actually 
red, but they lacked the brownish component typical of 
rubies from this region. Perhaps heat treatment is being 
used to drive this component off (for more information, 
see Gem News, Fall 1987). 

Many star sapphires in a variety of colors were also 
seen. One stone of special note because of its color, 
quality, and size was a magnificent 23.97-ct translucent 
purple Sri Lankan gem (figure 3}. The presence of a fluid 
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Figure 4. These two stones—a 50.21-ct 
hessonite garnet and a 12.23-ct sillimanite (be- 
lieved to be the largest transparent faceted sil- 
limanite on record)—represent two new finds in 
Sri Lanka. Courtesy of William E. Pinch, 
Rochester, NY; photo © Tino Hammid. 


inclusion near the “heart” of this stone proved that the 
color was natural and not the result of heat treatment. A 
few translucent to semitranslucent green star sapphires, 
said to be from East Africa, were also available. The color 
of the two we observed was a slightly grayish pastel 
green. These are the first truly green asteriated cor- 
undums the editors remember seeing. 


Garnet. A surprising number of fine, large (10-15 ct] 
tsavorites were available. This material was reportedly 
from the Komolo mine in Tanzania, but rumors were 
circulating of a new East African locality. 

About six months ago, an important new find of 
spessartine garnet was made at the Little Three mine in 
Ramona, California. Cut stones from 1.25 to2.ct are now 
on the market. A spectacular necklace containing over 
165 ct of Little Three spessartines (the largest stone 
weighs 39.50 ct] was displayed at Tucson. 

Beautiful light orange hessonite grossulars from 
Tissamaharama in the Kataragama region of southeast 
Sri Lanka were seen; they are remarkable for their size 
and degree of transparency. The largest of these (50.21 ct} 
is shown in figure 4. 

A new find of “raspberry” rhodolite from the Kan- 
gala mine in Tanzania was also reported. Facet-grade 
rough as well as some cut stones, many in the 5-10 ct 
range, were available. The magnificent color of this 
material was found by energy-dispersive X-ray fluores- 
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Figure 5. “Raspberry” rhodolite garnet like the 
5.08-ct faceted stone shown here (courtesy of 
Tsavo Madini, Costa Mesa, CA) is now being 
mined in East Africa. The 17.08-ct rough sam- 
ple (courtesy of New Era Gems, Grass Valley, 
CA} is from the Kangala mine in Tanzania. 
Photo © Tino Hammid. 


cence (analyst, Carol M. Stockton} to be enhanced by 
traces of chromium. Rhodolite of a similar color is also 
being mined elsewhere in East Africa (figure 5). 


Scapolite. A few beautifully translucent pink, “candy- 
like” cat’s-eye scapolites from the Mogok area of Burma 
were at the show. The 19.04-ct stone that we examined 
(figure 6] has a razor-sharp eye when viewed with a single 
incandescent spotlight or in the sun. 


Sillimanite. Gem-quality sillimanite from a new find in 
Sri Lanka was seen. The stones are reportedly from 
Morawaka, in the district of Deniyaya, 30 miles (48 km] 
southeast of Ratnapura. The color of the largest cut 
gems, a very slightly grayish green, is most unusual! for 
sillimanite. The largest cut stone from this find is also 
the world’s largest transparent faceted sillimanite 
(again, see figure 4). 


Synthetics, imitations, and treatments. Paul Marrujo, of 
Syntho Tek, displayed a large variety of l-kg-plus blocks 
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Figure 6. A number of fine pink cat’s-eye scap- 
olites from Burma were available at the Febru- 
ary 1988 Tucson Gem and Mineral Show. This 
19,04-ct stone is courtesy of Lorna Davison, 
Mullica Hill, NJ; photo © Tino Hammid. 


of “synthetic and reconstructed materials” that looked 
quite good to the unaided eye. Of particular interest 
were a number of purple to violet blocks of “synthetic 
sugilite.” Also displayed at this booth were “recon- 
stituted turquoise with and without matrix and veins, 
coral, lapis lazuli with and without pyrite, ivory, black 
onyx, variscite, and rhodonite.” The motto on their 
business card is “You can fool mother nature,” but they 
make no such claims concerning GIA. 

Thomas Chatham informed us that he is now 
successfully heat treating his dark blue and dark red 
synthetic corundums to lighten the color. We do not 
know yet what temperatures he is using and what this 
heat treatment does to the internal characteristics that 
are key features in the identification of the Chatham 
products. 

A plastic opal imitation with a very convincing 
play-of-color (giving it to the appearance of fine white 
opal] was being sold as Opalite. We borrowed two pieces 
of this material and are currently working on a report to 
be published in a future issue of Gems & Gemology. 

Cabochons of “cat’s-eye” {actually star material 
with only one leg) quartz of a yellow-green color, which 
was said to have been produced by irradiation, were 
being sold as cat’s-eye chrysoberyl. 

Manfred Kammerling of Viktor Kammerling, Idar- 
Oberstein, the firm that invented the beryl triplet, is 
making sapphire-synthetic ruby doublets using light- 
colored Sri Lankan material for the crown instead of 
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Figure 7. Inclusions of fluorite in alexandrite 
from Hematita, Minas Gerais, Brazil, were 
identified by Dr. Henry Hanni and Dr, Edward 
Gtibelin. They are distinctive of their locality. 
Magnified 12x; photomicrograph by Edward ]. 
Gtibelin. 


dark green Australian material. The result is that, face- 
up, the finished doublet looks more like a fine Burmese 
ruby and less like a dark-colored ruby from Thailand. 


Tourmaline. Some excellent faceted bi-colored tour- 
malines from Kaffi, Nigeria, were being shown for the 
first time. They were of good clarity and weigh up to 25 
ct. Also, significant amounts of fine tourmaline from the 
Kaduna state in Nigeria, showing virtually every elbaite 
color except blue, were available in weights up to 15 ct. 
The gems were beautifully cut and seemed to come 
exclusively through Idar-Oberstein. 


Zircon. Heat-treated blue zircons from Kampuchea 
(formerly Cambodia] in sizes up to 15 ct were available 
in quantity, in contrast to past years when this material 
was quite scarce. Their presence may reflect increased 
smuggling or the renewed interest of the Vietnamese 
government (which now controls most of Kampuchea} 
in developing the country’s natural resources. The 
reappearance of the zircons leads us to hope that Pailin, 
also in Kampuchea, will once again become an impor- 
tant source for sapphires. 


COLORED STONES i 77s 


Inclusions identified in new Brazilian alexandrites. Two 
characteristic mineral inclusions observed in the alex- 
andrites from the recent discovery at Hematita in Minas 
Gerais, Brazil (see the article by K. Proctor in this issue], 
have been identified by means of detailed chemical 
analysis. Dr. Henry Hanni found inclusions of fluorite 
(figure 7) in one of the alexandrites, and Dr. Karl Schmet- 
zer and Mr. Charles Schiffmann confirmed the identi- 
fication of apatite (figure 8). Dr. Edward Gibelin initi- 
ated the study and followed it through to completion. 
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Figure 8. Dr. Edward Gtibelin, Dr. Karl Schmet- 
zer, and Mr. Charles Schiffmann identified apa- 
tite as an inclusion in the Hematita alex- 
andrites. Stone courtesy of Robert Van Wagoner, 
Aspen, CO. Magnified 25x ; photomicrograph 
by John I. Koivula. 


This is the first time that fluorite has been recognized as 
a mineral inclusion in chrysobery]. 


¥ 


SYNTHETICS ie 


Synthetic diamond thin films. Laurie Conner, marketing 
manager of Crystallume, loaned the GIA Research 
Department a synthetic diamond thin film made at their 
facility in Palo Alto, California, so that GIA could 
effectively evaluate the potential danger for the jewelry 
industry of this new, low-temperature, low-pressure 
method of synthetic diamond deposition. Close exam- 
ination with a microscope of the I-pm-thick poly- 
crystalline film, deposited on silicon, revealed an easily 
detectable granular structure. If this type of synthetic 
diamond film were deposited on a faceted diamond or a 
diamond simulant, assuming this is possible, it would be 
easily recognizable by its granular nature. 


Synthetic red chrysoberyl. A most unusual sample of 
transparent dark red synthetic chrysoberyl was loaned 
to us by Mr. Rex Harris, co-owner of the red ber- 
yl-producing “Violet Claims” in the Wah Wah Moun- 
tains of western Utah. At first we thought that this 
might be a large synthetic alexandrite with a deep body 
color, but it showed no signs of a color change. 

This sample, which had been cut from a larger 
crystalline mass, measured about | in. (2.5 cm) in its 
largest dimension and contained rib-like rows of light 
tan-colored flux. Its synthetic origin was confirmed by 
the infrared spectrometer (analyst, Carol M. Stockton), 

The sample had been given to Mr. Harris by a 
Mexican miner, who said it was natural red chrysoberyl. 
The miner claimed that it came from a new find in 
Mexico, 
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FAMOUS DIAMONDS 


By fan Balfour, 224 pp., illus., publ. 
by William Collins Sons and Co., 
Ltd., London, 1987. US$34.95" 


Ian Balfour is especially well quali- 
fied to write about famous diamonds, 
having spent a lifetime in the dia- 
mond industry both with De Beers 
and as aconsultant to the important 
sight brokers, I. Hennig and Com- 
pany. For many years he has been an 
avid student of the recorded history 
of the diamonds that have played a 
part in historical events. Many of his 
fascinating stories about these var- 
ious diamonds have appeared in the 
magazine Indiaqua. 

Over the years, a number of 
books have been written about dia- 
monds known in history. One of the 
early efforts was Edwin Streeter’s 
The Great Diamonds of the World, 
first published in 1882. It was fol- 
lowed many years later by Robert 
Shipley’s Famous Diamonds of the 
World; Lawrence Copeland’s Dia- 
monds, Famous, Notable, and 
Unique; and the De Beers publica- 
tion, Notable Diamonds of the 
World. No one, however, has written 
as entertainingly, nor researched so 
exhaustively to present complete 
stories, as has Ian Balfour. The book 
holds the reader’s interest and seems 
to be very accurate. 

In most instances, the coverage 
in Famous Diamonds is much more 
detailed than any previous work. The 
main body of the book consists of 75 
entries of historically significant and 
well-documented diamonds, begin- 
ning with the Koh-i-noor, “the most 
famous of all diamonds,” and con- 
cluding with the Premier Rose, the 
exceptional D-flawless gem cut only 
in 1978, but still the second-largest 
pear-shaped diamond in history. 

This book is especially notewor- 
thy in that Balfour spends consider- 
able time discussing the historic sit- 
uations surrounding these famous 
(and infamous) diamonds. As a re- 
sult, the reader (gemologist and non- 
gemologist alike) cannot help but 
develop an appreciation for the many 
notable gems that have participated 
in human history. Famous Dia- 
monds is very well illustrated and, 
where possible, modern photographs 
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Elise B. Misiorowski, Editor | 


of stones are shown. This book repre- 
sents an important addition to the 
literature on diamonds and is enjoy- 
able reading for all those interested 
in these fascinating gems. 


RICHARD T. LIDDICOAT 
Gemological Institute of America 


HOW TO CARVE 

JADE AND GEMS 

By June Culp Zeitner with Hing Wa 
Lee, 130 pp,, illus., publ. by Northern 
Gem Press, 1987. US$21.50° 


Carving is the most demanding of all 
the lapidary arts, because it requires 
not only the mastery of numerous 
techniques but also the artistry to 
ensure that the finished object is 
aesthetically pleasing as well as com- 
petently executed. Furthermore, no 
convenient supports (such as dop- 
sticks for cabochons or the rigid 
mechanical devices of the faceting 
head) are available for the gem mate- 
rial during carving. The carver must 
hold his work in his hands while he 
guides it through the many intricate 
maneuvers necessary to reach and 
work on every surface. These de- 
mands are daunting, and it is no 
surprise that carvers are so few in 
number. The literature is correspon- 
dingly meager, thus another text on 
gemstone carving is most welcome. 

June Culp Zeitner, author of 
many articles for various lapidary 
magazines, bases the information she 
provides in this book on the methods 
of carving employed by Hing Wa Lee, 
a superbly qualified master carver in 
the classic Chinese tradition. His 
masterpieces have been displayed 
widely and pictured in many jour- 
nals; a considerable number of them, 
small to large, are illustrated here in 
black-and-white and color. An exam- 
ination of the text shows that while 
considerable information can be at- 


tributed to Lee, much more informa- 
tion that already is found in current 
books is incorporated by Zeitner. 
Aside from a short {well-illustrated 
and useful} section on how Hing Wa 
Lee makes small wheels, disks, ball- 
shapes, and the like, from the ancient 
Chinese shellac-abrasive melt, the 
reader will find few “secrets” re- 
vealed, or “tricks of the trade” ex 
plained, that are not already in print 
elsewhere. Basically, the ways in 
which hard gemstones are shaped, 
smoothed, and polished in carvings 
are the same everywhere —there are 
no secrets or tricks, just a great deal 
of patience, skill, and experience. 
Both text and illustrations show that 
Hing Wa Lee uses modern, electri- 
cally powered tools, not the ancient 
foot-powered lathe-like bench. 

The text begins with an appre- 
ciation of the artistry of carvings. A 
second chapter describes the gem 
materials, divided into classes ac- 
cording to hardness, the final class 
being “hard” gemstones of Mohs 7 or 
greater. Most of the attention here is 
paid to varieties of quartz; other 
species such as tourmaline and beryl 
unfortunately are passed off with 
few words. Chapters 3 and 4 give 
instructions for making numerous 
types of small tools to be used from 
shaping to polishing. Regrettably, 
very little is said about the use of 
slabbing and table saws for rapid 
removal of material. Chapter 5 con- 
tains step-by-step instructions on 
how to carve a series of small objects 
of increasing difficulty, from a styl- 
ized peach to a three-link jade chain. 
Chapters 6 and 7 are pot pourris and 
include brief discussions of many 
topics and supplements to matters 
previously discussed. Four appen- 
dices provide lists of supplies; 
matching pairs of buffs and polishing 
agents, and the Mohs scale of hard- 
ness; a very short and inadequate 
glossary that omits many terms that 
appear in the text; and a long list of 
subjects that could inspire designs 
for carvings. 


“This book is avaifable for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. Telephone: 
(800) 421-7250, ext. 282. 
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The bibliography includes sev- 
eral lapidary/carving books but con- 
sists mostly of articles from Lapi- 
dary Journal, The often excellent and 
informative articles that have ap- 
peared in Gems & Minerals and 
Rock & Gem are not included. The 
bibliography (and readers) also would 
have profited from inclusion of such 
excellent works on carving as FE W. 
Long, Lapidary Carving, 1982 {easily 
the best of the lot but now out of 
print}; E. and L. Wertz, Handbook of 
Gemstone Carving, 1968; G.\. He- 
mrich, Handbook of Jade, 1966 (with 
considerable information on lapi- 
dary treatments of the jades}; 
H. Hunt, Lapidary Carving for Cre- 
ative Jewelry, 1980 (especially valu- 
able for its instructions on tool-mak- 
ing); and F W. Pond’s How to Make 
and Use Gem Carving Tools, 1971. 

The beginning carver will find a 
great deal of useful information in 
this book, albeit sometimes pre- 
sented in disjointed fashion. The 
contribution by Hing Wa Lee on 
making shellac-abrasive tools is a 
most valuable feature of the work, 
but the remainder is primarily stan- 
dard information on materials, tools, 
and techniques. The use of matte- 
finish text paper has resulted in less 
crispness of line than desired in the 
black-and-white photographs, with 
some dark areas showing little detail. 
In many instances, line drawings 
would have been far more helpful to 
the reader. The color photographs of 
carvings and some jewelry items are 
printed on a glossy-paper insert and 
paged with the text; they are mostly 
of high to very high quality. Zietner’s 
book is a useful addition to a library 
of gemstone carving books. 


JOHN SINKANKAS 
Peri Lithon Books 


LEGENDARY GEMS 
OR GEMS THAT 
MADE HISTORY 


By Eric Bruton, 239 pp., illus., Chil- 
ton Book Co., Radnor, PA, 1986. 
US$35.00° 


Bruton, former editor of The Gem- 
mologist and author of Diamonds, 


Book Reviews 


has taken ona very difficult task, one 
fraught with frustration because the 
records surrounding most of the 
world’s most fabulous gemstones 
and their various owners are 
woefully incomplete. The researcher 
is often faced with more mysteries 
than answers, for gaps in the record 
are plentiful. Unfortunately, this 
book does little to provide answers to 
those mysteries. In addition, as in- 
triguing as the title may be, little in 
the physical appearance of the book 
promises quality. The design is unin- 
spired, and many of the 23 color and 
75 black-and-white photographs 
vary from mediocre to terrible. 

The book consists of 12 chapters 
with altogether fascinating titles, in- 
cluding: “Diamonds of Destiny,” 
“The Greatest Gem of All Time,” 
“Pearls of Great Price,” and “Dealers 
and Collectors of Great Gems.” Re- 
grettably, the author's writing style, 
which is often disjointed and awk- 
ward, does not live up to their prom- 
ise. In the first two chapters the 
reader is overwhelmed with dozens 
of names of Indian maharajas, Per- 
sian and Afghan shahs, Turkish sul- 
tans, Sikh chieftans, and so on. Yet 
each is usually given only a sentence 
or two in developing histories 
wherein the diamonds appear to have 
been passed around like hot potatoes. 
There are far too many characters 
and far too few stones to hold the 
reader’s interest. 

Bruton’s meanings are often 
hard to interpret, and events and 
ideas frequently are poorly devel- 
oped. In addition, the author often 
fails to provide a full description of 
the featured gem when he first intro- 
duces it. At the very least, the color, 
shape, weight, and (where known} 
date of discovery should be given at 
the outset. In some cases, one must 
read many paragraphs before learn- 
ing an important detail of the stone. 
The date of discovery of Brazil’s Star 
of the South is never given; nor does 
the author ever describe the color or 
mention the current situation of the 
Sancy diamond, which Streeter 
called “the very Sphinx of dia- 
monds.” Bruton also fails to identify 
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the Transvaal as part of the Smithso- 
nian collection, where it has been 
since 1977. 

The histories of many gems ap- 
pear sketchy, hastily assembled, and 
not at all carefully researched. The 
Sancy diamond again provides a good 
example. Bruton states that “an un- 
known writer” declared that Charles 
the Bold lost the Sancy diamond on 
the battlefield in 1477. Bruton con- 
tinues, “If the event is true, the stone 
lost by Charles could have been an- 
other double rose-cut stone, the Flo- 
rentine, but not the Sancy because of 
its history” {italics added). First, he 
fails to point out that the confusion is 
unlikely because the Florentine was 
yellow and the Sancy is white. Sec- 
ond, Bruton does not explain what 
“because of its history” means in this 
context. Elsewhere Bruton writes 
about several stones sold to “the 
Gaekwar of Baroda,” yet he never 
explains who this assiduous collec- 
tor is, even in the “Collectors of 
Great Gems” chapter. As yet another 
example of the inconsistencies in 
this book, on page 107 the Noor-ul- 
Ain is described as though it hadn’t 
already been introduced on page 53 
and once again similarly described in 
the caption for plate 2. Interestingly, 
Bruton gives three different spell- 
ings: Noor-ul-Ain (p. 53}, Noor-ul- 
Aim (plate 2], and Noor-ul-Din {p. 
107). Further, the Orloff, a diamond 
that is currently on display at the 
Kremlin, is unaccountably included 
in the chapter “Famous Diamonds 
that Vanished.” 

What is most distressing is that 
there are so many similarly bad 
books, especially on gems, being pub- 
lished. It is apparent here, as in so 
many other books in this field, that 
the publisher is not giving the author 
the editorial support that he needs 
and, especially in this instance, de- 
serves. Legendary Gems is yet an- 
other volume with far too many 
erroneous statements and details, a 
condition that is more serious than 
the fact that it is poorly written. 


JOHN SAMPSON WHITE 
Smithsonian Institution 
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COLORED STONES AND 
ORGANIC MATERIALS 


The emeralds of the Belmont Mine, Minas Gerais, 
Brazil. H. A. Hanni, D. Schwarz, and M. Fischer, 
Journal of Gemmology, Vol. 20, No. 7/8, 1987, pp. 
446-456. 


The Belmont emerald mine in the Itabira mining district 
of Minas Gerais is described as probably the richest 
emerald occurrence in Brazil. The authors review the 
regional and local geology, including a general map of 
this and other emerald localities in Brazil as well as a 
geologic map of the Itabira district. Optical and density 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest to 
our readership. 


inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstracter 
and in no way reflect the position of Gems & Gemology 
or GIA. 


©1988 Gemologicat Institute of America 


62 Gemological Abstracts 


values are provided as reported by previous studies. 
The current study provides microprobe chemical 
analyses of nine samples of Belmont emeralds, a valu- 
able addition to the scant chemical data published on 
gemstones. A thorough discussion of the inclusions 
observed in more than 300 emeralds from this locality is 
supplemented by some excellent photomicrographs as 
well as by microprobe analyses of three types of mineral 
inclusions: andesine, biotite/phlogopite, and Fe-dol- 
omite. Not previously observed in other Brazilian emer- 
alds are disc-like stress fractures centered around filled 
cavities that can be considered characteristic of emer- 
alds from this locality. The article concludes with a 
discussion of the probable conditions of formation. 
CMS 


Ein neuer Typ orientierter leistenférmiger Einschliisse 
in Spinell (A new type of lath-like oriented inclu- 
sion in spinel). K. Schmetzer, Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, Vol. 
36, No. 1/2, 1987, pp. 11-17. 

Four sets of lath-like oriented inclusions were studied in 

a faceted bluish violet spinel from Sri Lanka. Using X-ray 

single crystal diffraction, the author determined that 

these doubly refractive elongated crystals are oriented 
parallel to the three crystal axes of the spinel. Micro- 
probe analysis indicates that the inclusion consists 
mostly of Al and Si, and is therefore assumed to be one of 
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the Al,SiO. polymorphs, quite possibly sillimanite. Six 
photographs clearly show the inclusions. EF 


Optical absorption spectrum of Ti?* and Fe2* in uvite. 
L. Reddy, A.S. Jacob, and B,J. Reddy, Indian 
Gemmologist, Vol. 1, No. 3, 1987, pp. 19-21. 


A brownish yellow uvite {a member of the tourmaline 
group} from Sri Lanka was studied using optical absorp- 
tion in the visible and near-infrared (400-2000 nm} 
range. All of the absorption bands in the visible range are 
attributed to trace amounts of dispersed Fe and Ti ions. It 
is concluded that the Ti3* ion is in a tetragonally 
distorted octahedral site, and the Fe2* ion is in a 
distorted octahedral environment. A few bands in the 
near-infrared are absorptions due to molecular water. 

EF 


Les perles (The pearls). J.-P Poirot, Monde &@ Minéraux, 
No. 81, 1987, pp, 28-38. 
This article provides a nice overview of the basic 
gemology of pearls. After a brief introduction to pearl 
history and nomenclature, M. Poirot describes how the 
formation of pearls is related to the disease margaritosis, 
in which a small worm fixes itself to the mollusk 
mantle. The various pearl-producing mollusks are re- 
viewed in some detail, and the scientific names of the 
species are given together with the type of pearl each 
produces: The author emphasizes that all of these 
mollusks are from quite primitive species. The most 
important fishing grounds are listed, and the structure, 
physical properties, color, shape, and weight of the gems 
are briefly discussed. The various materials used to 
imitate pearls are also mentioned. The history of cul- 
tured pearls goes back to the 13th century in Japan. The 
currently used Nishikawa process is described in some 
detail, as are the processes for culturing freshwater 
pearls. The latter techniques are so efficient that China 
now produces up to 120 tons of freshwater pearls a year. 
The author then discusses gemological methods of 
separating natural from cultured pearls. He concludes 
with a few thoughts on pearl value criteria. EF 


La topaze imperiale (Imperial topaz). J. P Cassedanne 
and D. A. Sauer, Revue de Gemmologie a.fig., No. 
91, 1987, pp. 2-9. 


Imperial topaz is found only in a25-km wide region west 
of Ouro Preto, in southern Brazil. Primary deposits are 
aligned in four bands and there are numerous alluvial 
secondary deposits. Although the deposits have a long 
history, only recent mining information is provided in 
this article. 

The primary deposits are in brown earth, believed 
to be either deeply altered pegmatites or a discontinuous 
layer of volcanic origin, where topaz would have crystal- 
lized later hydrothermally. Associated minerals include 
euclase, hematite, quartz, rutile, magnetite, and a num- 
ber of accessory minerals. Small deposits are mined with 
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only picks and shovels. Larger occurrences are scraped 
with bulldozers and washed on a grizzly; heavy minerals 
are separated out with a jig, and the resulting concen- 
trate is sorted by hand. Only a very small proportion of 
the material is gem quality (5 ct per ton}. Fourteen of the 
most important deposits {including Capdo and Ver- 
melhao} are described in some detail. Physical proper- 
ties and a description of the inclusions follow, as do some 
precautions about cutting. Sixteen figures, a map, and 
some geological cross sections are also provided. EF 


DIAMONDS 


Elucidation of the scintillation (in Japanese with an 
English abstract]. M. Kato, journal of the Gem- 
mological Society of Japan, Vol. 12, No. 1-4, 1987, 
pp. 12-18. 

In this supplementary article to “Re-examination of 
Optimum Cutting Angle between Main Facets of Gem- 
stones Based on Geometrical Optics,” which appeared in 
a 1982 issue of the same journal, the author uses six 
computer-generated diagrams to illustrate the concepts 
of scintillation and brilliance. Kato contends that the 
most widely accepted definition of scintillation, as put 
forth in The Diamond Dictionary, is too vague and 
should be augmented by the in-depth analysis available 
with today’s computer graphic technology. 

In Japanese trade terminology, the word chiri com- 
bines the concepts of surface reflection and radiation; 
Kato believes that the English term scintillation best 
approximates the Japanese word. He emphasizes that 
radiation (defined as light that is refracted internally in 
the gemstone] is the most important component of 
scintillation. Dynamic radiation from the facets is 
responsible for brilliancy; the terms twinkling and 
flashing are used in Kato’s analysis of brilliancy. 

In measuring radiation for this study, a Tolkowsky- 
cut diamond and a faceted quartz were used. Three 
different light angles through the stone are measured 
and illustrated with diagrams—table to table, table to 
main, and main to table. 

Andrea Satto/Hiroshi Saito 
Malibu-Orient Trading 
Malibu, CA 


Famous diamonds of the world (XXV): The “Sancy.” I. 
Balfour, Indiaqua, Vol. 43, No. 1, 1986, 
pp.127-132. 


Balfour begins this article in his series on famous 
diamonds by stating that the Sancy, a 55.23-ct pear- 
shaped diamond named for 16th-century lawyer and 
financier Nicolas Harlay de Sancy, “has the most con- 
fused story of all famous diamonds.” 

Two accounts appear in the literature hypothesizing 
how Sancy acquired the diamond. Balfour relates both 
and also discusses the inconsistencies that both raise 
with known historical facts. Nicolas de Sancy allegedly 
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sold the diamond to French monarch Henry III so that 
the king could pledge the gem to raise troops in 
Switzerland. The Sancy remained in the French Crown 
Jewels until the French Revolution, at which time it was 
pawned to a Spanish nobleman to raise funds. It is 
suspected that the diamond fell into the hands of the 
widow of Charles IV of Spain, who then passed it on to 
her lover, Godoy. 

In 1828, Russian Prince Nicholas Demidoff bought 
the Sancy. After his death the following year, the 
diamond was passed on to his son who presented it to his 
bride. The stone remained in her possession until 1865, 
when it was apparently sold to Sir Jamsetjee Jejeebhoy. In 
1889, it was purchased by goldsmith Lucien Falize, who 
sold it, in 1902, to William Waldorf Astor. 

The Sancy remained in the Astors’ possession until 
1978, when it was sold to the Banque de France and 
Musées de France reputedly for $1,000,000. The Sancy is 
now on display at the Gallerie d’Apollon in the Louvre 
Museum, in Paris. A brief description of the quality and 
properties of the Sancy concludes this article, which is 
accompanied by illustrations of people and places as well 
as the diamond. [LC 


GEM LOCALITIES 


An account of chrysoberyl-bearing pegmatite near Pat- 
tara, Sri Lanka. E. G. Zoysa, Journal of Gemmol- 
ogy, Vol. 20, No. 7/8, 1987, pp. 486-489. 


This article briefly describes a new in situ pegmatitic 
deposit of gem-quality chrysoberyl {including cat’s-eye 
and alexandrite) in Sri Lanka. So far, the crystals 
recovered have been small, only 1-8 mm. Chemical 
analysis of one sample revealed 80.9 wt.% Al,O,, 1.04 
wt.% Fe,O,, and 17.3 wt.% BeO (with 600 ppm Cr and 
700 ppm Ga} by atomic absorption. Area maps and a 
stratigraphic cross-section are included. CMS 


Die Himalaya Mine bei Mesa Grande in Kalifornien (The 
Himalaya Mine near Mesa Grande, California). R. 
Hochleitner and C. Weise, Lapis, Vol. 12, No. 10, 
October 1987, pp. 11-22, 32. 


After a brief summary of the history, geology, and future 
prospects of North America’s most-productive tour- 
maline mine—the Himalaya—the authors describe the 
major minerals and list 39 mineral species that have 
been found in the mine to date. The article concludes 
with a description of the authors’ visit to the mine in 
Spring 1987. 

Rubellite was first found in the Mesa Grande (San 
Diego County) region of California in 1895; the Hima- 
laya mine started to produce important amounts of fine 
tourmaline in 1898. Most of the gems were exported to 
China, but the subsequent fall of the Chinese govern- 
ment ruined the mine financially. Several attempts to 
reopen the Himalaya failed until Pala International, Inc., 
took over in 1977. Today, the Himalaya mine is the 
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source of spectacular gemstones and collector speci- 
mens. The minerals are found in the pockets of two 
parallel pegmatite dikes that generally do not exceed 
about 50 cm {1.5 ft.) in diameter. Open-pit mining of the 
early days has been replaced by tunnel mining that 
follows the pegmatites into the hillside (this is illus- 
trated in the article by two cross-sections of the mine}, 
Future prospects are quite promising, as large parts of 
the pegmatites have not yet been worked and additional 
pegmatites have been located nearby. 

The discussion of the minerals concentrates on the 
tourmalines, describing their various colors (red and 
green as well as multicolors}) and forms (e.g., bent, 
broken, and healed crystals}, including Eugene E. Foord’s 
theory on their formation in the pockets. Other minerals 
described include apatite, lepidolite, quartz, albite, 
stilbite, hambergite, microcline, and stibiotantalite. 
The most fascinating part of the article is the authors’ 
report on their recent visit to the mine. The mine is well 
run, and is worked by local miners. When pockets are 
found, mine manager John McLean picks out big crys- 
tals on the spot. The remaining filling (usually clay) is 
carried out in buckets and washed to expose smaller 
crystals and mineral specimens. 

The article is lavishly illustrated throughout by 
seven black-and-white and 13 color photos that show the 
mine, mine workers, open pockets in the pegmatite, and, 
of course, magnificent tourmaline crystals. Although 
the article does not provide much new information (or 
any references to the literature that has already been 
written on this locality}, it is a well-written and compre- 
hensive introduction, 

Rolf Tatje 
Duisburg, West Germany 


JEWELRY ARTS 


No magic but vital still. R. S. Medoff, Lapidary Journal, 
Vol. 41, No. 6, September 1987, pp. 22-30. 


This is a well-written essay on a topic that many current 
jewelry designers either ignore or forget, that is, that 
“jewelry speaks a universal language that transcends all 
ages.” 

The author begins by pointing out how some 
current styles echo those of previous civilizations. 
Beginning with ancient Egypt, Medoff analyzes the use 
of scarabs in jewelry as amulets to call on the gods for 
protection; this gave jewelers a high social status and 
power. Later they developed faience (the first material 
made specifically to imitate gems) and used glass as 
enamel and for beads. 

Medoff then shows how the Phoenicians dissemi- 
nated these jewelry-making ideas throughout the Medi- 
terranean and to coastal cities of Europe and Africa. This 
exchange of ideas and techniques provided inspiration 
and a “broadening of jewelry horizons” for civilizations 
in Greece, Italy, Africa, Spain, and Britain. 
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Using these ancient examples as a key, we can see 
the unfolding of jewelry history as a continual rejuvena- 
tion of various styles and techniques. Granulation, inlay, 
and enameling are three examples that are discussed in 
the article; there also is a sidebar exclusively on beads. 

Although only four photos illustrate the article, the 
text itself is richly descriptive. EBM 


JEWELRY RETAILING 


Counter talk: What are your salespeople really saying? 
L. FE Dellwig, Modern Jeweler, Vol. 86, No. 12, 
December 1987, pp. 59-61. 


This article stresses the deficiencies in information that 
jewelry salespeople may be passing along to the cus- 
tomer. The author (a University of Kansas professor) 
discusses and gives examples of instances where sales- 
people have acted unethically or have relayed inaccurate 
information to a customer (in these cases, one of his 
students}. Dellwig further reports that the salespeople 
are often confused (or ignorant about) the nomenclature 
for certain gemstones, for example, referring to all 
citrine as topaz. 

This article concludes with a paragraph that pro- 
vides some basic rules that jewelers and salespeople 
should follow in dealing honestly and knowledgeably 
with customers. Unfortunately, though, there are no 
suggestions as to how these rules could be implemented 
and regulated within the industry itself. JLC 


SYNTHETICS AND SIMULANTS 


The development of the Lennix synthetic emerald. L. 
Lens, Gem Instrument Digest, Vol. 3, No. 2, 1987, 
pp. 26-28. 


This brief first-person report is by Leonard Lens, the 
developer of the Lennix synthetic emerald. In 1952, 
taking Carroll Chatham's success in synthesizing emer- 
alds as a challenge, the author decided to try his hand at 
emerald synthesis. He started by examining the 
Chatham product and then followed, in turn, with a 
survey of the applicable literature, duplication of re- 
ported experiments, and original research. 

Mr. Lens faced a problem common to producers of 
synthetic emerald: finding a suitable container material. 
He started with platinum, but soon found that mechani- 
cal abrasion was wearing down his containers—and 
accounting for some 80% of his production costs. Hence, 
he discovered a material that, in his words, is inexpen- 
sive, resists heat and corrosion, avoids danger of contam- 
ination, and contributes “actively to the regular growth 
of emerald crystals of high quality,” but he will not 
disclose what that material is. Mr. Lens also claims to be 
able to stop and restart the growth process at any time to 
examine the growing crystals and make any necessary 
adjustments. RCK 
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Genése du béryl, synthése de I’émeraude (Genesis of 
beryl, synthesis of emerald). D. Robert, Monde & 
Minéraux, No. 80, 1987, pp. 39-42. 

This well-written article sums up the various methods 

used to synthesize emeralds, as well as the criteria by 

which natural emeralds can be separated from their 
synthetic counterparts. The role of fluorine in beryllium 
dissolution is strongly emphasized as integral to the 
growth of both natural and synthetic emerald. The 
author then describes the results of his own attempts to 
grow synthetic emeralds. One of the main by-products 

obtained with inappropriate temperature conditions is a 

lithium-rich feldspar. EF 


Notes from the Laboratory—11. K. Scarratt, Journal of 
Gemmology, Vol. 20, No. 7/8, 1987, pp. 406-422. 


Mr. Scarratt reports on the examination of samples of 
Sumitomo synthetic yellow diamonds by the Gem 
Testing Laboratory of Great Britain. The results confirm 
those reported previously by GIA. Luminescence to 
ultraviolet radiation and patterns of zoning are the most 
important characteristic features. Also described are a 
blue sapphirine from Sri Lanka that was identified by 
X-ray powder diffraction, a partly nacreous natural 
brown pearl from Scotland, a calcareous saltwater mus- 
sel “pearl” from Norfolk, an opal with unusual inclu- 
sions and a honeycomb-like structure, and a necklace of 
imitation lapis lazuli beads. Testing of the beads revealed 
a greenish fluorescence, low hardness, sweating or 
stickiness to a hot point, a “rotten egg” odor with dilute 
HCl, and the presence of dye. However, limited time 
precluded a positive identification. 

An in-depth description of the properties of two 
samples of the new Russian hydrothermal synthetic 
emerald, include R.I.’s {1.567-1.570 and 1.580-1.587), 
S.G.'s (2.68 and 2.71), absorption spectra, and internal 
features. Photomicrographs illustrate distinctive 
growth features and platelets that can be used to identify 
this material, which is inert to both ultraviolet radiation 
and the Chelsea filter. The notes conclude with a 
description of a synthetic ruby containing a cavity 
filling, CMS 


TREATMENTS 


Optical absorption spectroscopy of natural and irradi- 
ated pink tourmaline. M. Bueno de Camargo and 
S. Isotani, American Mineralogist, Vol. 73, 1988, 
pp. 172-180. 


Three light pink tourmalines from Minas Gerais, Brazil, 
and one light green sample from Goids, Brazil, were 
irradiated using ©°Co rays. All turned a dark pink. 
Polarized optical absorption studies show that the ab- 
sorption band increasing with irradiation is correlated to 
Mn3+. Detailed examination of the absorbance values 
suggests that two centers of unknown structure are 
involved. The presumed precursor of the Mn3* ion is 
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Mn?+. The irradiation process is reversible for these 
pink tourmalines: Heating at 600°C for some hours 
turns the crystals colorless, but subsequent irradiation 
will restore the pink coloration. EF 


Resin bonded malachite. R. Brightman and M.-L. Will- 
heim, Australian Gemmologist, Vol. 16, No. 6, 
1987, pp. 239-240, 


This brief note reports on a bangle bracelet purchased in 
Tanzania that consists of resin-bonded blocks and small 
fragments of malachite. Gemological properties were 
determined as follows: R.I.—1.54/1.55 {resin areas); 
S.G.—3,295,; fluorescence in the resin areas — moderate 
bluish green to long-wave U.V. and weak greenish to 
short-wave U.V,; thermal tester reaction of the resin— 
melted surface, leaving a dark brown mark. Magnifica- 
tion showed randomly oriented, angular fragments of 
malachite in a fine groundmass of tiny malachite 
particles with gas bubbles in the resin. The overall 
appearance reportedly resembled a natural breccia that 
had been healed, Also present were fractures which 
indicate a potential breakage problem. The authors 
conclude that while the average tourist may be misled, 
examination with a 10x loupe will reveal the true 
nature of the material. RCK 


Sri Lanka bans topaz imports. jewellery News Asia, No. 
38, October 1987, pp. 1, 44. 


Last June, at the urging of the Sri Lanka Lapidarists 
Association, Sri Lanka's State Gem Corporation issued a 
ban on the importation of colorless topaz. Reportedly, 
one dealer was selling Nigerian topaz as Sri Lankan; 
other dealers feared that if the practice became wide- 
spread it would damage the reputation of Sri Lankan 
stones, Sri Lankan topaz commands a premium in the 
world market because after treatment in a nuclear 
reactor to produce a “London blue” color, it loses its 
latent radioactivity more quickly than material from 
other sources. Ironically, the dealer accused of misrepre- 
senting his topaz operates under a charter granted by the 
Greater Colombo Economic Commission (GCEC], 
which allows chartered companies to import any goods 
as long as they are re-exported, so his stones are 
unaffected by the State Gem Corporation’s decision. 

The Sri Lanka Lapidarists Association originally 
asked only for tighter scrutiny of imported stones, but 
they were told it was impossible to examine every 
incoming parcel. According to the Association, Sri 
Lanka imported 50 kg (25,000 ct} of topaz in 1987, 
compared to exports of 813,000 ct during the first three 
months of 1987. Over 2 million carats were exported in 
1986, 

Some cutters claim the ban will hurt Sri Lanka's 
cutting industry, which employs over 30,000 cutters. 
The Export Development Board, charged with promot- 
ing local exports, says a ban on imports runs contrary to 
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the policy of a free economy. The Sri Lankan government 
is expected ultimately to liberalize all gemstone im- 
ports. Sharon Elaine Thompson 


MISCELLANEOUS 


The Peking Geological Museum, China. P. Bancroft, Z. 
Huang, and E Wang, Mineralogical Record, Vol. 18, 
No. 5, 1987, pp. 325-332. 


This article gives a brief description of Dr. Bancroft’s 
recent visit to China and the Geological Museum of 
Beijing (formerly Peking]. China is an excellent source 
for many minerals. Unfortunately, in the past, many 
valuable crystals were inadvertently destroyed by min- 
ers ignorant of their worth. The Geological Museum of 
Beijing now houses some of the finest specimens in the 
country, including the largest diamond recovered from 
the Changma district—a 119-ct octahedron. 

The primary value of this article, however, is the 
spectacular array of color photographs of both classic 
and contemporary Chinese mineral specimens. The 
author photographed all the specimens, which were 
selected by the museum staff from a supplied list of 
species, including the cinnabar crystal that has appeared 
on Chinese postage stamps. PASG 


The price of gold. S. D. Strauss, California Geology, Vol. 
40, No. 10, October 1987, pp. 234-239. 


This article is actually a transcript of an address 
presented by Mr. Strauss, an expert in mineral eco- 
nomics, at a meeting of the University of California 
Mining Association held in the spring of 1987. The text 
basically reviews the price of gold throughout history 
and its relationship to government economics. 

Few may realize that an ounce of gold remained at a 
fixed monetary value ($20.67) in the United States for 
141 years (from 1792 to 1933], and at $35 for the 
following 38 years. Mr. Strauss points out that since the 
tie between gold and the dollar was dissolved in 1971, 
trends in the recent gold market can be interpreted in 
varying manners in relation to other world currencies. 
This situation should translate into an ideal condition 
where gold-producing countries (e.g., the United States} 
see a rise in the price of gold as expressed in their units of 
currency, while countries that consume large quantities 
of gold (e.g., Japan} can buy it at a lower price in relation 
to their own currency. There are, however, many devia- 
tions from this scenario, and Strauss discusses several 
trends. He also stresses that, ideally, orderly price 
patterns should be maintained to stimulate economic 
growth and settle international trade deficits. 

The article includes a helpful graph of gold produc- 
tion from 1850 to the present, which reflects important 
economic events that have had an impact on the output 
of gold. [LC 
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THE DIAMOND DEPOSITS OF 
KALIMANTAN, BORNEO 


By L. K. Spencer, S. David Dikinis, Peter C. Keller, and Robert E. Kane 


The island of Borneo is one of the oldest 
known—and least reported on—sources of 
diamonds. Although diamond mining his- 
torically was concentrated in the western 
area of what is now Kalimantan, recent 
activity has focused on the alluvial de- 
posits in the southeast. A progress report 
on the first bulk sample pit in this area 
found that significant amounts of dia- 
monds appear to be concentrated beneath 
the center of the Danau Seran swamp. 
The traditional hand-mining methods 
contrast greatly with the sophisticated 
techniques used to mine the first bulk 
sample pit. Virtually all of the diamonds 
recovered are gem quality, although most 
are relatively small, averaging about 0.30 
ct. Future potential for southeastern Kali- 
mantan appears excellent. 


ABOUT THE AUTHORS 


Mr. Spencer is a consulting geologist based in In- 
verell, New South Wales, Australia; Mr. Dikinis is a 
gemologist and independent importer of dia- 
monds and colored stones based in Sonoma, CA; 
Dr. Keller, a geologist and gemologist, is associ- 
ate director of the Los Angeles County Museum 
of Natural History, Los Angeles, CA; and Mr. Kane 
is senior staff gemologist at the GIA Gem Trade 
Laboratory, Inc., Santa Monica, CA. 


Acknowledgments: L. Spencer would like to thank 
W. W. Shaw, Charles Watson, Acorn Securities, 
PT, Aneka Tambang, and Keymead Pty, Ltd., 

for their cooperation. S. D. Dikinis wishes to 

thank Tom Altgelt, and Chris Johnston for 
sponsoring his trip; Daum and Vyga Dikinis, Janet 
Montgomery, Albert Johnston, Cheryl Kremkow, 
Rosaline Chow, Colin Curtis, Michaef Horovitz, 
and Fillip Freeman for their support; and Mrs. 
Helly and Mr. and Mrs. Kuntadi for their guidance. 


© 1988 Gemological Institute of America 


Diamond Deposits of Borneo 


orneo is an island of the Indonesian Archipelago 

located in the western Pacific Ocean. It is divided into 
the Malaysian states of Sarawak and Sabah and the British- 
protected, oil-rich sultanate of Brunei to the north, and the 
Indonesian state of Kalimantan to the south. The coastal 
areas of Kalimantan are relatively accessible and well 
known. However, the interior, which comprises approx- 
imately two-thirds of the island, is still very remote, and 
little has been published on its potentially vast mineral 
resources. Yet, along with India, Kalimantan has histori- 
cally been one of the world’s oldest sources of fine 
diamonds (figure 1}. Renewed interest in the diamonds of 
the area has prompted a great deal of geologic investiga- 
tion. The purpose of this article is to review what little is 
known of these remote deposits and to report on recent 
geologic exploration of, and development activity in, the 
Banjarmasin-Martapura area of southeastern Kalimantan 
(the province of Kalimantan Selatan). The gemological 
characteristics of diamonds recovered from this area will 
also be discussed. 


In December 1985, Acorn Securities (an Australian 
public company] together with Keymead Pty. Ltd. (a British 
private concern} executed a joint exploration and produc- 
tion agreement with the firm P. T. Ancka Tambang (repre- 
senting the Indonesian government) to explore for dia- 
monds in the Banjarmasin-Martapura area of southeastern 
Kalimantan (figure 2). The areas subject to the agreement 
have had a long history of gem-quality diamond produc- 
tion. 

During the 1970s, P T. Aneka Tambang conducted 
extensive exploration on the fanglomerate gravels {i.c., 
those materials that were originally deposited as an 
alluvial fan) of the Riam Kanan River, with generally 
negative results. Little exploration was conducted beneath 
the extensive swamps in the area, however, even though 
local residents have recovered diamonds for several] hun- 
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Figure 1. Two recently found crystals (0.76 and 0.68 ct, respectively) flank three older faceted exam- 
ples of fancy-color diamonds found in Borneo. The three faceted diamonds, 0.20-0.34 ct, were recov- 
ered from the Cempaka diamond fields early in this century and subsequently faceted in Martapura. 
Photo © Harold & Erica Van Pelt. 


dred years on the flanks and margins of the 
swamps by sinking shafts to the gravel horizon. 
Deep water and extensive overburden precluded 
extending the workings to the center of these 
swamps. Exploration and development work by 
Acorn in this area has shown that these swamps do 
indeed contain significant diamond deposits. The 
information presented here is based largely on a 
geologic exploration progress report on the Banjar- 
masin area that was prepared by the senior author 
(L. K. Spencer] in October 1987, on the visit of S. D. 
Dikinis to Banjarmasin and other areas of Kali- 
mantan in the summer of 1987, and on geologic 
research and gemological testing performed by 
PC. Keller and R. E. Kane. 


HISTORY 


The diamond deposits of Borneo are believed to 
share with India the distinction of being the 
earliest worked diamond mines in the world (see 
box], although researchers have not been able to 
pinpoint the exact date that mining began. For 
example, Webster (1983) believes that mining may 
have started on the island as early as 600 A.D., and 
that mining was certainly carried out since the 
14th century. Bruton (1978) does not believe that 
mining in Borneo started until the 16th century. 
Schubnel (1980}, however, provides strong evi- 
dence that the area on the Sungai Landak (Landak 
River] in western Kalimantan was worked by the 
Malays and Chinese as early as the Sung period 
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(960-1279 A.D.). Numerous fragments of Chinese 
pottery traced to this period have been found in the 
diamond workings. In the 16th century, the Por- 
tuguese reached Borneo and noted the workings on 
the Landak River. Cutting, probably learned from 
India, was done in shops in Ngabang and Pon- 
tianak. In the early 17th century, the Dutch 
colonized Borneo and began exploiting the dia- 
monds through the Dutch East India Company. 
Tavernier (1676) reported that in the 17th century, 
Borneo paid annual tributes to the Chinese em- 
peror and that part of each tribute was in dia- 
monds, 

For the most part, early production records 
appear to be unreliable. Although several thousand 
workers were reported in Tanah Laut, near Mar- 
tapura, in 1836, the Dutch government listed a 
total diamond production of only 29,857 ct be- 
tween 1836 and 1843 (Bauer, 1904). These figures 
do not differ significantly, however, from the 
25,378 ct estimated by merchants at Ngabang for 
production between 1876 and 1880. Bauer reported 
that “in 1880 the mines on the Sekayam River were 
worked by about 40 Chinese only, those in Landak 
gave employment to about 350 workers.” With the 
discovery of diamonds in South Africa in the late 
19th century, Borneo’s diamond production be- 
came insignificant. Whereas an estimated 6,673 ct 
of diamonds were produced in western Kaliman- 
tan in 1879, that number dropped steadily to only 
600 ct in 1907 and minor amounts subsequently. 
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During the period 1913-1936, diamond production 
in southeastern Kalimantan fluctuated between 
236 and 2,152 ct, but started a significant upward 
rise from 907 ct in 1937 to 3,292 ct in 1939 (Van 
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Bemmelen, 1939). Today, production in western 
Kalimantan is minimal, and mining activity and 
exploration are concentrated in the southeast, near 
Banjarmasin and Martapura. 


Figure 2. This map shows the two major areas 


(left = the Landak district of western Kali- 
mantan, below = the Banjarmasin-Martapura 
area of southeastern Kalimantan) where dia- 
monds have been found in the Indonesian 
state of Kalimantan, on the island of Borneo, 
Artwork by Jan Newell. 


Martapura 
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A Brief History of Diamond Mining in Kalimantan. 


Hindus are probably the first to discover 
diamonds (Webster, 1983). 


The Malays vanquish the Hindus and initi- 
ate the first diamond mining. 


Chinese miners work the Landak area for 
gold and diamonds (Schubnel, 1980). 


Duarte Barbosa, of Portugal, provides the 
first written reference to diamond mining in 
Borneo. 


Feran Mindez Pinto, of Portugal, provides 
the first description of diamond mining. 


Garcias ab Horto, of Portugal (Goa}, provides 
the first description of the quality, shape, 
and other characteristics of Borneo dia- 
monds, 


De Moraga, of Spain {Philippines}, mentions 
the first Portuguese trading in diamonds. 


Captains Middleton and Sare are the first 
Englishmen to describe the diamond mines. 


The first Dutch trading posts are set up at 
Pontianak,. 


Jean Baptiste Tavernier provides the first 
detailed description of diamonds and of 
flourishing trade at Batavia (now Jakarta). 
The Dutch East India Company exercises a 
full monopoly on diamond trading from 
Borneo. 


The Martapura diamond field is discovered. 


The first British trading post in Borneo is set 
up at Banjarmasin. 

The Dutch East India Company exports 
300,000 guilders worth of diamonds from 
the Landak district in what is now western 
Kalimantan. 


The 367-ct Matan diamond (which may have 


been quartz} is reportedly found in the area 
of the Landak River. 


The Dutch East India Company experiences 
a decline in its trade monopoly and diamond 
mining. 

Stamford Raffles, governor of Java, writes an 
extensive history of the diamond fields. 


Englishman George Windsor Earl reports 
the Dutch purchase of the Sukadana dia- 
mond fields for the equivalent of US$50,000. 


Earl reports the blockading of Pontianak by 
Dutch gunboats to stop diamond smuggling 
by the Chinese. 


Chinese miners are massacred at Landak. 


The discovery of major diamond deposits in 
South Africa leads to the decline of the 
Borneo diamond fields. 


The Dutch undertake mining at Cempaka 
and attempt to trace the source of the 
alluvial diamonds. 


Production (unrecorded) continues after the 
Japanese invasion. Many Japanese vessels 
carry gems during the occupation, The cargo 
carried by the cruiser Ashigara when it was 
sunk off the coast of Sumatra is valued at 
£4,000,000, 
The Netherlands transfers sovereignty to an 
independent Indonesia. 
166.85-ct Tri Sakti diamond is found in 
Kalimantan and subsequently faceted to 
produce a 50.53-ct emerald cut ("Petrified 
Tears,” 1977). 

1970s PT. Aneka Tambang initiates exploration at 
Cempaka. 


1985 The Aneka Tambang-—Acorn Securities— 
Keymead joint venture is signed. 


«Unless otherwise indicated, the information in this table was derived primarily from Ball (1931) and 
discussions with local residents and officials at the Banjar Baru Museum. 


LOCATION AND ACCESS 

The diamond deposits of Kalimantan are exclu- 
sively alluvial and are clustered into two well- 
defined areas on the western and southeastern 
portions of the island. In extreme western Kali- 
mantan (Kalimantan Barat}, deposits are known 
along the Landak River near Serimbu (north of the 
city of Ngabang], on the upper reaches of the 
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Sekayam River, and on the Kapuas River near 
Sanggau just below its confluence with the 
Sekayam River (see figure 2]. On the southeastern 
portion of the island (Kalimantan Selatan}, the 
deposits are concentrated in rivers draining the 
Meratus Mountains, principally around Mar- 
tapura, 39 km {24 mi.) southeast of Banjarmasin, 
the capital city of Kalimantan Selatan province. In 
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this area, workings are found near Cempaka (the c 
is pronounced as ch], on the Apukan River, and also 
along the Riam Kanan and Riam Kiwa Rivers. 

The Acorn Securities exploration project, the 
most extensive currently being undertaken, has 
concentrated activities in the districts of Cem- 
paka, Banyu Jrang, and Ujung Ulin [again, see 
figure 2). The project area is centered around 
longitude 114°45’ east and latitude 3°30’ south. 
The project can be reached from Jakarta by jet to 
Syamsuddin Noor airport, which is located adja- 
cent to, and immediately north of, the concession 
boundary. A paved road is also available from 
Banjarmasin to Banjar Baru, where the company’s 
camp is located, a distance of about 45 km (28 mi.}. 
As in all parts of Kalimantan, access to areas away 
from the main road is difficult, especially during 
the rainy season, which lasts from October 
through March in southeastern Kalimantan. 

The Meratus Mountains, which form the dom- 
inant geographic feature adjacent to the project 
area, are characterized by rugged topography and 
narrow, sharp ridges with well-developed V-shaped 
valleys. Two major rivers—the Riam Kanan and 
the Ridm Kiwa—drain the Meratus Mountains, 

Flanking the Meratus Range is a series of low, 
undulating hills. These grade into grass-covered 
swamps, at or slightly below sea level, which 
dominate the Banjar Baru area. The water level in 
the swamps ranges from 1] to 3 m during the rainy 
season, but during the peak of the dry season 
(August to September] it is possible to walk over 
some of the upstream areas. Elevated laterized 
sediments (i.e., red, iron- and aluminum-rich prod- 
ucts of rock decay} flank the northern and south- 
ern boundaries of the swamp area, with a tongue of 
slightly elevated ground dividing the swamp in the 
center of the study area. This tongue defines the 
Danau Seran swamp to the northeast and the 
Cempaka swamp to the south. The major drainage 
within the project area is the Apukan River, which 
defines the course of the Cempaka swamp along its 
southern margin. No active watercourse exists in 
Danau Seran, but several small drainages disgorge 
their flow directly into the swamp. Parts of both 
swamps—although more commonly the Cem- 
paka—are irregularly cultivated for rice. 

Inasmuch as the region is close to the equator, 
the climate is characterized by high temperatures 
{up to 35°C—95°F—from July to October] and 
humidity. The driest months are May to October; 
December and January have the greatest rainfall. 
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The island of Borneo has an average rainfall of 
approximately 500 cm (200 in.} per year. 


GEOLOGY OF THE KALIMANTAN 
DIAMOND DEPOSITS 


Previous Work. The Indonesian Geological Survey 
published the most comprehensive compilation of 
available geologic mapping for Kalimantan (Ham- 
ilton, 1970}. This report presents the general geol- 
ogy and tectonic history of this area, although it 
does not discuss the diamond occurrences, The 
earliest geologic report on diamonds in Borneo was 
written by R. D. M. Verbeck, an early director of 
the Geological Survey of the Dutch East Indies. His 
report, which appeared in Boutan (1886), remains 
one of the few published descriptions of the geo- 
logic occurrence of Borneo’s diamond deposits. 


Diamond Occurrences. From the 1930s into the 
1980s, the “Pamali Breccia” was believed to be a 
possible primary source of at least some of the 
diamonds in Kalimantan. However, recent work 
has shown that this breccia may be a sedimentary 
rock with no primary kimberlitic affinities. To 
date, no kimberlites or related lamproites have 
been located in Kalimantan. Nixon and Bergman 
{1987| suggest that the primary source of the 
Kalimantan diamonds are ophiolites—a suite of 
mafic and ultramafic rocks which are believed to 
represent mantle material that has been thrust up 
onto the earth’s surface when continental plates 
collide. Kalimantan underwent significant plate 
collision during Cretaceous time, and ophiolites 
have been found in Kalimantan. It is important to 
note that this theory is untested, and while the 
mantle peridotites may contain diamonds, it is 
questionable that diamonds could survive the 
relatively slow 150-km trip to the earth’s surface 
without converting to graphite. Diamond-bearing 
alluvial deposits at Cempaka, downstream from 
the Meratus Mountains (which include ophiolites], 
do not contain any classic diamond indicators or 
large amounts of bort; only one piece of bort was 
found among the 6,766 diamonds recovered at 
Acorn Securities’ first bulk sample pit. Percussion 
fractures, the lack of cleavages, and the relatively 
clean nature of the material indicate that the 
diamond source is probably far removed, lesser- 
quality material having been eliminated over the 
distance traveled. 

Within the Meratus Mountains, diamonds 
have been found in the Upper Cretaceous con- 
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glomerates of the basal layers of the Manunggul 
Formation (one of the main stratigraphic forma- 
tions in the area) and have been mined from these 
rocks at the Pinang River, a tributary of the Riam 
Kiwa. This same formation is believed to be the 
source of the Cempaka deposits. The continual 
emergence of the Meratus Mountains has ensured 
a constant supply of diamondiferous material to 
the major drainages of the Riam Kanan and Riam 
Kiwa. Several periods of uplift, erosion, and resedi- 
mentation are evident in the late Tertiary and 
Quaternary sediments flanking the Meratus. Such 
multiple erosion and sedimentation cycles are 
considered important in the formation of eco- 
nomic placer deposits. 

The exploration concept applied by Acorn 
geologists at the Banjar Baru project is that weath- 
ering of the late Tertiary laterized gravels by 
tectonic uplift would result in their erosion and 
deposition into surrounding swamps. Deposition 
of reworked gravels would occur as paleochannels 
(ancient riverbeds) and lag deposits on previously 
scoured basement irregularities. It was suspected 
that reworking would result in higher in-situ 


diamond grades within the paleochannels beneath 
the swamps than in the laterized sediments. It was 
Acorn’s task to identify the location of these 
ancient riverbeds and to bulk sample them with a 
view to probable exploitation. 

Acorn’s work at the Danau Seran test pit 
readily proved this hypothesis of an ancient riv- 
erbed beneath the swamp. Geologists have identi- 
fied three main sediment facies (stratigraphic 
bodies}: paludal (swamp), sheet wash, and alluvial 
(figure 3], Diamonds are found principally in the 
alluvial facies. The {upper and lower} paludal 
sediments generally constitute the bulk of over- 
burden that covers the diamond-bearing channel 
gravels. The thickness of this overburden varies 
from less than 2 m near the headwaters of Danau 
Seran to 10 m downstream. The sheet-wash facies 
consist of sediments that have been derived from 
erosion and subsequent resedimentation of laterite 
gravels and sediments. They usually occur around 
the margins of the swamps, but have also been 
found beneath paludal sediments and on the flanks 
of eroded valleys away from the swamp altogether. 
These sediments are usually red to brownish red 


Figure 3. This diagram shows the schematic relationship of the main sediment types (the trigons indi- 
cate the diamondiferous layers) at the Danau Seran sample pit in southeastern Kalimantan. Note that 
the relative thicknesses of the various types and the swamp level are not exact. Artwork by Jan Newell. 


Basement = Early Tertiary claystones, 
sandstones, and some coal limes 
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Swamp Level 
Paludal Facies 
© Upper paludal 
@ Lower paludal 
Sheet Wash Facies 
@ Gravelly clays 
Late Tertiary laterized 
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Alluvial Facies 
Upper alluvials 
Sands 
@ Gravelly sands 
® Channel gravels 
@ Levee sediment 
Ci Basal alluvials— 
Grey clayey gravels 
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but may be mottled white; characteristically, they 
contain abundant iron oxide nodules. Sheet-wash 
sediments are invariably clay rich and may contain 
diamonds in addition to other heavy minerals. A 
large percentage of native workings on the periph- 
ery of the swamp involve these sediments. The 
third main facies, the alluvial diamond-bearing 
gravels, are derived from river action and sedimen- 
tation. The alluvial gravels have three main subdi- 
visions: the upper alluvial (peripheral and chan- 
nel], the levee, and the basal alluvial sediments. 
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Figure 4, In this view of 
the wall of one of the 
sample pits dug by 
Acorn Securities at the 
Danau Seran swamp, the 
upper alluvial gravels 
(the yellowish brown 

“a sediments that are the 
principal source of dia- 

* monds} can be seen lying 
above the basal alluvial 
layer. Gravel thicknesses 
were measured at 1-m 
intervals all around the 
inside walls of the pit. 
Photo courtesy of Acorn 
Securities. 


The bulk of the diamondiferous sediments occur 
in the upper alluvials, which are characterized by 
coarse gravels, sandy gravels, gravelly sands, and 
coarse gritty sands; these upper gravels are often 
yellowish brown to white or grayish white (figure 
4). The diamonds are usually associated with 
gravel lithologies of quartz, schist, intrusives, and 
fragments of volcanics of broad composition. Cor- 
undum, rutile, and gold are considered good indi- 
cators for diamonds. 

In summary, the Acorn Securities project has 
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miners move a small distance to continue extracting the gem-bearing gravels. Because the upper gem 
gravels have been largely worked out, mining is more difficult and the miners are more likely to work 
as a team. Photo by David Dikinis. 


suggested that the principal source of the dia- 
monds found in southeastern Kalimantan is asso- 
ciated with erosion of the late Cretaceous Man- 
unggul Formation. These diamonds were subse- 
quently deposited and re-eroded several times 
before being finally deposited in later Tertiary and 
Quaternary sediments. Two of the three main 
sedimentary facies identified at Banjar Baru are 
known to contain diamonds: the sheet wash and 
the upper sections of the alluvial gravels. The 
majority of diamonds occur in the upper alluvial 
materials, the distribution of which corresponds to 
the outline of paleochannels emanating from the 
Danau Seran and Cempaka swamps, and repre- 
sents the reworking of previously eroded diamond- 
iferous sediments. 

In the western area of Kalimantan, around 
Ngabang, diamonds also occur in ancient stream 
channels of probable Eocene age, and in recent 
stream beds that drain exposed areas of these 
ancient stream channels, usually near the flanks of 
mountains (see Bauer, 1904). The Eocene gravels 
exhibit no bedding, and diamonds appear to be 
evenly distributed. The gravels consist of moder- 
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ately to well-rounded metamorphic and igneous 
rock fragments and quartz pebbles. As in south- 
eastern Kalimantan, fragments of corundum are 
found in the gravels and are used by the miners as a 
good indicator of diamonds. The corundum, which 
is not gem quality, is commonly accompanied by 
magnetite, muscovite, and economically impor- 
tant amounts of gold and platinum. The gravels of 
the Eocene-age stream channels typically occur 
only sporadically throughout the region and are 
always well above sea level (Bauer, 1904). 


MINING METHODS 


Traditional Mining. Near the town of Cempaka are 
found traditional mining sites. The mines have 
been slowly moved as old workings have been 
depleted. In recent years, however, many of the 
local miners have left the area for the alluvial gold 
fields west of Samarinda in the eastern and central 
parts of Kalimantan. In July 1987, fewer than 500 
miners were actively using traditional methods in 
Cempaka. Because the upper gem-bearing gravels 
have largely been worked out, mining is more 
difficult now than in the past. The gem-bearing 
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gravels are as much as 10 m below the surface of 
the swamp, with the water table lying just under- 
ground. The miners now usually work together in 
a communal mining association (figure 5). It is 
interesting to note that women are involved in 
every element of the work except the strenuous 
lifting of equipment. 

Toiling under the hot equatorial sun, the 
miners first start digging a shaft at the chosen site. 
They soon bring in lumber for supports and also 
construct a lean-to to shield the workers from the 
sun. A four-cylinder car engine is connected to a 
10-cm-diameter pump to remove the constant 
inflow of water (figure 6). The sides of the shaft are 
well supported, and swamp grass is woven together 
and shoved between the timbers to staunch the 
constant oozing of the swamp. The miners work 


Figure 6. A car engine is commonly used to 
pump water from the mine shafts at Cempaka. 
Photo by David Dikinis. 


* “a ae 
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Figure 7. The black ironwood dulang (pan) and 
clove cigarette are trademarks of the diamond 
panner at Cempaka. Photo by David Dikinis. 


from near sunup to sunset every day except Friday, 
which is the Moslem holy day. They break for 
coffee and lunch at one of the many “snack bars” 
that are set up in the gem fields by enterprising 
“members of the family.” 

The camp is in continual activity, with pumps 
running, miners (including the women) digging, 
and young boys hauling baskets of gem-bearing 
gravel to the stream bank, where yet another team 
of workers washes it. The washers clean and 
concentrate the gravel in long hollowed-out logs 
set into the stream. The gravel is poured into one 
end of the log and then worked by the washers first 
with their feet to clean off silt and later by hand to 
remove the lighter gravel and larger rocks. The 
concentrate is then divided among the panners, 
who squat waist deep in the stream with a dulang 
(pan} made of black ironwood which they swish 
relentlessly in search of that large white diamond 
that will make them all rich (figure 7). When a 
stone is found, it is presented to the group’s leader, 


GEMS & GEMOLOGY Summer 1988 75 


who will be in charge of selling it in Martapura on 
the traditional Tuesday or Saturday market day. 


The Sampling Project at Banjar Baru. In contrast to 
the manual digging, washing, and sorting of the 
gem gravels at Cempaka, the most sophisticated 
equipment available was used to mine the gravels 
for bulk sampling at Banjar Baru. The aim of the 
bulk sampling was to determine the diamond- 
bearing potential of the gravels beneath the swamp 
and to recover at least 1,000 ct of diamonds for 
quality and manufacturing evaluation. 

The first pit was sited at Danau Seran because 
of the occurrence of significant indicator mineral 
grain counts as well as the recovery of a number of 
small diamonds from the preliminary drill holes. 
The pit was laid out with an initial length of 40 m 
and a width of 8 m, the overburden was stripped, 
and then the gravels were excavated by 35T Link- 
belt clamshells (figure 8}. To stop slumping and the 


Figure 8. Clamshells are used to remove gravels 
from the first sample pit at Danau Seran. Photo 
by David Dikinis. 


inflow of surface water, a retainer wall was con- 
structed from loose material excavated around the 
perimeter of the pit; in addition, a slurry pump was 
installed to remove water. To determine accurate 
in-situ volumes of diamond-bearing gravels, the 
internal dimensions of the excavated pit were 
accurately surveyed, and gravel thicknesses were 
measured at 1-m intervals around the interior 
(again, see figure 4). 

The excavated gravels were loaded onto 6-ton 
haul trucks and delivered to the sampling plant 
some 5 km away (figure 9}. The sampling plant is a 
standard alluvial plant of 10 m3 per hour capacity 
that uses a trommel-scrubber unit and primary 
and secondary jigs (figure 10), A spiral concentrator 
was added to improve the recovery of black sand (a 
mixture of ilmenite, chromite, rutile, gold, and 
platinum). The plant was constructed in Inverell, 
Australia, and is basically the same as that used to 
separate sapphire at Inverell (see Coldham, 1985}. 
The recovery procedure was found to be highly 
effective, with virtually all diamonds recovered 
from the first two (of three) screens in both the 
primary and secondary jigs. 

The jig screens were removed after three or 
four days’ production and the concentrate pro- 
cessed in the laboratory. The 5~7 mm and the 3-5 
mm concentrates were fed into a Plietz jig, which 
delivers a high-grade diamond concentrate in the 
center of a flat screen. This screen is then placed 
upside down on a white cloth on a rubber sorting 
deck, and the diamonds are hand picked under 
strong white light in a shallow water bath. The 
Plietz jig tailings were panned by hand again to 
check for diamonds that may have escaped initial 
inspection. The <1.5-mm black sand concentrate 
was first dehumidified, put through a magnetic 
separator, and then tabled with the super-concen- 
trate amalgamated to recover gold and hand 
washed to recover platinum. Considerable 
amounts of gold and platinum were recovered in 
this way (figure 11}. A total of 5345.9 m3 of gravels 
were taken from the bulk sample pit. From these 
gravels, 1050.96 ct of diamonds, 470 grams of gold, 
and 178 grams of platinum were recovered. 

The authors are not aware of any major sophis- 
ticated diamond mining operations being under- 
taken in western Kalimantan at this time. Local 
inhabitants continue to mine by traditional 
methods in the area of Ngabang, following pro- 
cedures similar to those described above for south- 
eastern Kalimantan. 
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Figure 10. Material emitted from the jigs at the 
Acorn Securities sampling plant will be further 
examined by hand for diamond rough. Photo 
by David Dikinis. 


DESCRIPTION OF THE 
KALIMANTAN DIAMONDS 


Quality Analysis of Diamonds from Banjarmasin. 
Acorn Securities reports that the great bulk of the 
diamonds they recovered are of gem quality, with 
only one piece of bort recovered from 6,766 indi- 
vidual stones found in the bulk sample pit. The 
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Figure 11, In addition to over 1,000 ct of 
diamonds (some of which are shown here in 
the center), 470 grams of gold and 178 grams 
of platinum were recovered from the first 
bulk-sample pit at Danau Seran. Photo by 
David Dikinis. 


diamonds occur as stones and shapes with uncom- 
mon cleavages, as well as some macles and, rarely, 
ballas (figure 12}. The dominant crystal forms of 
the stones and shapes are the dodecahedron and 
tetrahexahedron (58%; C. E. Watson, pers, comm., 
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Figure 12. A variety of colors and shapes of dia- 
monds (here, 1-3 ct) were found in the first 
bulk sample recovered from Danau Seran. 
Photo courtesy of Acorn Securities. 


1988} followed by the octahedron (22% |. The goods 
generally show low amounts of inclusions, White 
{46%} and yellow (33%) stones are the dominant 
color groupings, although brown (15%, including 
cognac and champagne colors}, green (5%), and 
other colors (1%] were also recovered. Of the larger 
stones cut, that is, stones greater than 2 ct, the 
highest color rating was a J. Because of the shapes 
in which the diamonds occur and their overall 
quality, independent valuers in both London and 
Antwerp have deemed the material eminently 
“sawable.” 

The largest stone recovered from this area in 
recent months is a 33-ct octahedron found by a 
local miner. The largest stone recovered during the 
Acorn sampling was an 8.53-ct octahedron (figure 
13} that cut a 3.50-ct stone of J color. Twenty 
percent of the stones by weight are larger than 0.8 
ct, with 48% of the stones larger than 0.30 ct. 
Approximately 15% of the stones are larger than 
1 ct. 
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Figure 13. This 8.53-ct diamond from the first 
bulk sampling pit at Danau Seran cut a 3.5-ct 
stone of J color. Photo courtesy of Acorn Securities. 


Gemological Properties. Comprehensive gem- 
ological testing of the three fancy-color faceted 
stones shown in figure | and the near-colorless 
crystal shown in figure 14 confirmed that the 
properties of these Kalimantan diamonds are the 
same as diamonds of similar hues from other 
localities (see table 1). With regard to internal 
characteristics, no mineral inclusions were ob- 
served in the grayish blue diamond when it was 
examined with the microscope. However, a cloud 
of pinpoint inclusions was evident throughout the 
light pinkish brown stone, and numerous black 
crystal inclusions (which could not be identified 
without damaging the stone) were noted under the 
crown and table of the greenish yellow diamond. 
Both of these characteristics, however, have been 
observed in diamonds from other localities. Also 
observed in the greenish yellow diamond was the 
strong green graining that is typical of this color 
type from various sources. 


Famous Diamonds. Although diamonds over 5 ct 
from Kalimantan are rare, this does not preclude 
the occasional discovery of a significant stone. The 
Jakarta Museum has many diamonds that weigh 
10 ct or more. Bauer (1904) reported that several 
stones over 100 ct once belonged to the Malay 
Prince of Landak. Since the Landak district was the 
major producer of diamonds in Kalimantan into 
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the early 20th century, it would have been appro- 
priate for the ruling prince to retain the largest 
stones. Bauer also reported that the Rajah of Matan 
had several significant diamonds, including a 70 ct 
named the Segima and an unnamed 54-ct stone. 
The Rajah of Matan was reported also to have a 
367-ct diamond, but it is generally thought that the 
stone was actually quartz. 

In 1965, a diamond weighing 166.85 ct was 
found in southeastern Kalimantan and named the 
Tri Sakti, or “Three Principles,” after the three 
watchwords of the new Indonesian republic— 
nationalism, religion, and unity (“Petrified Tears,” 
1977; Schubnel, 1980). The rough was sent to 
Asscher’s Diamond Company, Ltd., an Amsterdam 
firm that is renowned for having cut the Cullinan, 
and a 50.53-ct emerald-cut was produced in 1966. 
The stone was subsequently sold to an undisclosed 
buyer in Europe and, unfortunately, its current 
whereabouts are not known. 


THE MARTAPURA DIAMOND 
INDUSTRY TODAY 


Martapura is the largest diamond-cutting center in 
Indonesia. In the town square of Martapura, one is 
immediately aware that this is a gem-trading 
town. Small jewelry shops are found around the 
square, and open-front cutting shops predominate 
in the alleyways. Purchasing diamonds as a tourist 


Figure 14, This near-colorless 0.96-ct octahedral 
diamond crystal from Cempaka is set in an 
18K gold pendant designed by Diane Allen. 
Photo © Tino Hammid. 


TABLE 1. Gemological properties of four diamonds from Borneo. 


0.96-ct near- 
0.34-ct fancy light 0.20-ct fancy 0.28-ct fancy colorless 
Property pinkish brown grayish blue greenish yellow octahedral crystal 
Absorption Strong 415.5-nm No lines or Moderate lines at None at room 
spectrum? line bands 498 and 504 nm temperature; very 
(400-700 nm) weak 415.5-nm 
line when stone 
cooled to —54°C 
Transmission None None Strong green None 
luminescence 
Fluorescence to 
UV. radiation 
Long-wave Very strong None Very strong Very weak 
chalky blue chalky yellow yellowish orange 
Short-wave Moderate chalky None Moderate chalky None 
blue yellow 
Phosphorescence Very weak dull None None None 
chalky yellow, 
long-wave U.V. 
Electrical Nonconductive Conductive Nonconductive Nonconductive 
conductivity 


aAs observed through a GIA GEM instruments spectroscope unit with a Beck prism spectroscope, with the diamonds 
cooled with an aerosol refrigerant. 
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for personal use is perfectly legal in Indonesia, but 
there are special requirements for obtaining a 
business visa. The jewelry is both made locally and 
also imported as halfmounts from Hong Kong and 
Bangkok. The round brilliant is virtually the 
exclusive cut in Martapura. A marquise-cut dia- 
mond shown to one of the coauthors was described 
as a “very unusual fancy cut.” The faceting ma- 
chines used are typical of those found in India, 
with heavy bronze wheels attached by a spindle 
with bearings on the top and bottom. One electric 
motor will run from one to six cutting wheels by 
means of a belt. 

The grading of diamonds in Kalimantan is 
reminiscent of the grading in existence around the 
turn of the century. Color is graded as blue-white 
(biru|, white (putih), yellowish (kuning}, brownish 
(coklat}, and, of course, the fancy colors. Clarity is 
divided into “loupe clean,” “slightly imperfect,” 
etc. No microscopes or modern diamond-grading 
equipment (or terminology} were in evidence dur- 
ing Dikinis’s 1987 visit. Some fine cut stones in 3- 
to 5-ct sizes, as well as one 10-ct, were available at 
that time. The prices for rough were based on what 
kind of a finished round stone the rough should 
produce. The largest consumers of the finished cut 
stones are the jewelry stores in Jakarta, so the 
prices are fairly consistent with the international 
market. 


RECENT PRODUCTION AND 
FUTURE POTENTIAL 


Schubnel {1980) estimated that annual diamond 
production from southeastern Kalimantan ranged 
between 20,000 and 30,000 ct. In 1984, however, 
Diamond World Review gave production esti- 
mates for Borneo of 15,000 ct per year. During 
Dikinis’s visit in the summer of 1987, only about 
five rough stones (over 0.50 ct) a day came on the 
open market in Martapura (although a somewhat 
greater number were undoubtedly sent directly to 
the local cutting facilities). During a subsequent 
visit to the mining town of Cempaka, Dikinis also 
observed that a full day of prospecting produced 
only three gem-quality stones. These figures are 
low enough that the government and the interna- 
tional community pay little attention to the native 
workings of southeastern Kalimantan. 

The best hope for increasing diamond produc- 
tion in Kalimantan is through large-scale, mecha- 
nized mining. Several corporations are actively 
exploring for both alluvial diamonds and possible 
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kimberlite pipes in the Meratus Mountains and 
elsewhere. The most advanced of these diamond 
projects in Kalimantan is that of the Aneka Tam- 
bang—Acorn Securities-Keymead joint venture in 
the Cempaka district. 

At the time of printing, Acorn has completed 
an additional large bulk sample as well as several 
smaller bulk samples using sheet pile caisson 
techniques driven by crane-mounted vibro-ham- 
mers. The Cempaka swamp, as well as Danau 
Seran, has now been sampled. A detailed feasibility 
study prepared in conjunction with Alluvial 
Dredges Ltd. of Scotland proposes a 16-ft3 bucket- 
ladder dredge for the Danau Seran paleochannel 
that would remove the overburden and some 
800,000 m2 of diamondiferous gravel per annum 
for five years to produce approximately 100,000 ct 
per annum of gem-quality diamonds. The proposal 
also calls for an additional two 36-ft? bucket-line 
dredges to mine the deeper Cempaka paleochannel 
at an annual production of 200,000 ct. 

The high unit value of the diamonds enables 
the relatively low in-situ grades to be profitably 
mined using these sophisticated high-volume ex- 
traction techniques. With the success of this 
project, it is hoped that Indonesia will become a 
small but consistent producer of high-quality gem 
diamonds, 
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AN UPDATE ON COLOR IN GEMS. 
PART 3: COLORS CAUSED BY 


BAND GAPS AND 


PHYSICAL PHENOMENA 


By Emmanuel Fritsch and George R. Rossman 


The previous two articles in this series de- 
scribed the origins of color in gems that 
derive from isolated structures of atomic 
dimensions—an atom (chromium in emer- 
ald), a small molecule (the carbonate 
group in Maxixe beryl), or particular 
groupings of atoms (Fe?*—O-Fe?* units 
in cordierite). The final part of this series 
is concernéd with colors explained by 
band theory, such as canary yellow dia- 
monds, or by physical optics, such as 
play-of-color in opal, In the case of band 
theory, the color-causing entity is the very 
structure of the entire crystal; in the case 
of physical phenomena, it is of micro- 
scopic dimension, but considerably larger 
than the clusters of a few atoms previ- 
ously discussed. 
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Color in Gems, Part 3 


ll of the colors discussed in parts 1 and 2 of this series 

(Fritsch and Rossman, 1987 and 1988} arise from 
processes in which electrons are localized ona single atom 
or are delocalized over no more than a few atoms. The 
colors that arise from these processes depend on the 
presence of specific minor components or defects in the 
host crystal. However, colors can arise, though less com- 
monly, from processes that involve the entire crystal, 
through either its electronic structure (band theory] or its 
internal texture (physical phenomena such as interference 
effects, diffraction effects, scattering, and inclusions; see 
figure 1). These, the most unusual causes of color in gems, 
are covered in this last article of our series. 


BAND THEORY 


In contrast to the processes described in the first two parts 
of this series, the electrons in some gem minerals can be 
delocalized over the entire crystal, and produce color 
through their interaction with visible light. Such delocal- 
ization is a characteristic property of most metals and 
semiconductors. The physical theory that describes the 
cause of color in such materials is called band theory. 
Examples of the various gem colors explained by this 
theory are presented in table 1. 

In numerous solid materials, billions of atoms contrib- 
ute to the possible energy levels, which are so numerous 
and so close together that they are considered collectively 
as an energy band. This is of particular interest in the case 
of some semiconducting and metallic minerals (Marfunin, 
1979a), There are two bands in these solids: a low-energy 
valence band that is fully populated with electrons, and a 
high-energy conduction band that is generally empty 
(figure 2). The energy that separates these bands is well 
defined and is called a “band gap.” This energy separation is 
of dramatic importance to the optical properties of certain 
types of gemstones, 
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For these gemstones, transitions between 
bands rather than between energy levels of single 
atoms are responsible for the color. These “inter- 
band transitions” occur when electrons from the 
valence band receive sufficient energy by absorb- 
ing light to “jump” over the band gap and reach the 
conduction band. As illustrated in figure 2, three 
different scenarios are possible for interband tran- 
sitions. 


Figure 1. Colors in gem 
materials can be caused 
by a wide variety of pro- 
cesses. This article ex- 
plains color-producing 
mechanisms related to 
band theory and physical 
phenomena. Examples of 
the latter include diffrac- 
tion in opal {in the cen- 
ter top and bottom 
right), scattering of light 
in “moonstone” feldspar 
(the necklace), and color- 
ation by inclusions in 
fire opal (center bottom) 
and “sunstone” feldspar 
(bottom left). The neck- 
lace is courtesy of Elise 
Misiorowski; photo by 
Robert Weldon. 


When the energy of the band gap is greater than 
the maximum energy of the visible range (i.e., the 
violet light], visible light does not supply enough 
energy to cause an electron to jump from the lower 
band to the upper one [figure 2A]. Consequently, all 
of the visible spectrum is transmitted {none is 
absorbed} and, in the absence of impurities or 
defects, the mineral is colorless. Such materials — 
e.g., corundum, beryl, quartz, diamond, and topaz, 


TABLE 1. Types of gem materials for which color can be explained by the band theory and examples of the colors produced, 


Origin of color Type of material 


Color Examples 


Band gap less than the Conductors and some 
energy of visible light 


materials with metallic luster 


Band gap in the Some semiconductors 


visible range 


Some semiconductors and all 
insulators 


Band gap greater than the 
energy of visible light 


Color modified by minor Some semiconductors 


components 


semiconductors = colored opaque 


Violet to blue Covellite (Berry and Vaughan, 1985) 


Yellow Gold, pyrite (Nassau, 1975; 
Fritsch, 1985) 

Red Copper (Nassau, 1975) 

White Silver, platinum (Nassau, 1975) 

Red Cuprite, cinnabar (Fritsch, 1985) 

Intrinsically Diamond, corundum, beryl, quartz, 

colorless topaz, fluorite (Fritsch, 1985) 

Blue Type IIb diamond, containing 
dispersed boron atoms (Collins, 
1982) 

Yellow Type Ib diamond, containing 
dispersed nitrogen atoms (Collins, 
1982) 
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as well as many other oxides and silicates—are 
inherently electrical insulators. 

When the energy of the gap is less than the 
energy of violet light (i-e., is in the visible range], 
the most energetic radiations in the visible range 
(violet to blue to green) are absorbed, leaving the 
low-energy range unaffected, that is, transmitted 
(figure 2B]. The exact energy of the band gap varies 
among different materials, so the transmitted 
color will also vary. Usually band-gap colors range 
from deep yellow to deep red. Cuprite and cinnabar 
(figure 3} are colored red by such a process. 

The energy in the band gap may be even less 
than the lowest energy of the visible spectrum 
(red). In such a situation, all wavelengths of visible 
light will cause a transition from the valence band 
to the conduction band, so the whole visible 
spectrum is absorbed (figure 2C). As a conse- 


quence, the mineral usually appears black and 
opaque. All metals have just such a small band gap 
or no band gap at all. They appear, however, to be 
shiny (metallic luster} because their electrons 
quickly return to their original energy level, emit- 
ting the exact same energy (light) that they for- 
merly absorbed (Nassau, 1975b). In some metals, 
the number of available excited states may vary 
throughout the conduction band, so that some 
wavelengths are absorbed and re-emitted more 
efficiently than others, thus producing color. Al- 
though silver and platinum absorb and emit all 
wavelengths with about the same efficiency and 
appear white, gold (or pyrite) absorbs and emits 
more yellow than the other wavelengths and so 
gets its distinct golden coloration (again, see fig- 
ure 3). 

The band gaps discussed thus far are an intrin- 


Figure 2..The three possible types of 
intrinsic coloration of gem materials 
are explained by examining the 
width of the band gap in relation to 
the visible range. (A) Band gap 
greater than the energy of the visi- 
ble range: All visible radiation is 
transmitted and the gem is intrin- 
sically colorless. (B) Band gap in the 
visible range: Only the high-energy 
part of the spectrum {violet to blue 
to green) is absorbed, and the gem 
is yellow to red. (C) Band gap less 
than the energy of visible light: All 
visible radiation is absorbed and the 
material is black, or displays metal- 
lic colors due to re-emission. 
Artwork by Jan Newell. 
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sic property of the material; they are ultimately 
directly related to its chemical composition and 
atomic structure. In some semiconductors, how- 
ever, color is caused by small amounts of impurity 
atoms that normally do not produce color in 
intrinsically colorless minerals. Specifically, these 
atoms can introduce electronic energy levels at an 
energy between the valence band and the conduc- 
tion band of the host mineral (see figure 4). Some of 
the most striking examples are canary yellow and 
fancy blue diamonds, which contain isolated nitro- 
gen and boron atoms, respectively. Although pure 
{colorless} diamonds are insulators, they may also 
be considered semiconductors with a band gap so 
large that they have neither color nor appreciable 
electrical conductivity (figure 4A}. Nitrogen can 
easily substitute for carbon, which it follows in the 
periodic table of elements. Because nitrogen pos- 
sesses one more electron than carbon, however, it 
becomes an electron “donor” when it substitutes 
for carbon in diamond. This additional electron 
contributes an additional energy level situated 
above the diamond valence band, but below the 
diamond conduction band (figure 4B}. However, 
because this donor level has a finite width, light of 
a variety of wavelengths extending from the ultra- 
violet into the visible range up to 560 nm [green] 
will be absorbed, creating a strong yellow color. 
This type of coloration occurs only in type Ib 
diamonds, in which isolated nitrogen atoms sub- 
stitute for carbon atoms in the proportion of about 
1 to 100,000 (Collins, 1982), This color is distinct 
from the yellow color commonly caused by the 
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_ Figure 3. The red color of cuprite 
_ (the cushion cut) and cinnabar (the 
pentagon cut) has little to do with 
the fact that these gems contain 
- copper and mercury, respectively. 
_ The color occurs because the band 
gap of these minerals is within the 
visible range: All wavelengths from 
violet to orange are absorbed, so 
that only red light is transmitted. 
_ The band gap in gold is much 
_ smaller than the energy of the visi- 
_ ble range: All visible light is ab- 
sorbed but some wavelengths are re- 
_ emitted preferentially, giving gold its 
yellow color and metallic luster. (Re- 
member that the energy scale is in- 
_ verse to the wavelength scale.) Photo 
by Robert Weldon. 


nitrogen-related N3 color center, which produces 
the familiar Cape series of absorption lines. 
Boron has one less electron than carbon, which 
follows it in the periodic table of elements. There- 
fore, boron is an electron “acceptor” when substi- 
tuting for carbon in diamond. It contributes its 
own electron energy band, which is situated 
within the diamond band gap (figure 4C}). The 
excitation of an electron from the diamond valence 
band to the acceptor level requires only a very low 
energy, in the infrared range (Collins, 1982}. Be- 
cause the boron energy band is broad, it can cause 
absorption extending from the infrared up to 500 


Figure 4. The band gap in pure diamond is much 
greater than the visible range (A), so this gem is in- 
trinsically colorless. However, a substitutional ni- 
trogen atom introduces a level that donates elec- 
trons to the diamond conduction band (B), creating 
an absorption in the ultraviolet that extends into 
the blue end of the visible range (see spectrum); 
such stones are of an intense yellow color, and are 
therefore called “canary” (type Ib) diamonds. By 
contrast, a boron atom substituting for carbon can 
introduce a broad energy level available for elec- 
trons from the diamond valence band (C)}, which 
will induce an absorption of the near-infrared and 
the red end of the visible range (see spectrum), giv- 
ing a blue hue to such a stone (type IIb diamond). 
These three mechanisms are illustrated by the col- 
orless, De Beers syntlietic type Ib yellow (photo 

© Tino Hammid), and natural dark blue diamonds 
shown here. Artwork by Jan Newell. 
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nm (the edge of the green}. The resulting blue color, 
which can be produced with boron concentrations 
as low as one part per million (Nassau, 1975b}, may 
be quite intense (figure 5). The Hope diamond is 
the most famous example of a blue diamond. There 
is no known commercial treatment that would 
affect band-gap coloration. 


COLORS THAT ARISE FROM 
PHYSICAL PHENOMENA 


All of the colors discussed thus far in this series 
have been due to the absorption of light. But as the 
introduction to part 1 pointed out, other causes of 
color are possible. In some gem materials, physical 
properties such as inclusions or lamellar texture 
can influence the hue. In this next section, we will 
explore how light interference, diffraction, and 
scattering can interact with these physical fea- 
tures to create colors in gem materials. These 
processes are rarely related directly to the chemis- 
try of the stone, but rather are connected to the 
texture or internal arrangement of the mineral. 
The various colors obtained in gems as a conse- 
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Figure 5. Minute 
amounts of boron con- 
tribute the intense 
blue color to blue dia- 
monds. Yellow in dia- 
monds can arise from 
a variety of processes, 
all of which are re- 
lated to the presence 
of nitrogen impurities. 
The possible origins of 
color for orange, 
brown, and pink dia- 
monds are listed in 
table 4. The blue mar- 
quise shown here is 
3.88 ct; the intense 
yellow oval weighs 
29.16 cts; the two in- 
tense yellow dia- 
monds mounted in 
earrings weigh a total 
of 12.26 ct. Jewelry 
courtesy of Harry 
Winston, Inc.; photo 
© Harold & Erica 

Van Pelt. 


quence of physical phenomena are summarized in 
table 2. 


Interference Effects from Thin Films. Interference 
phenomena occur when two rays of light travel 
along the same path or in closely spaced parallel 
paths. If these rays, or light waves, vibrate in phase, 
the wave crests reinforce each other to produce 
bright light (constructive interference). If the light 
waves vibrate exactly out of phase, they cancel 
each other to produce darkness (destructive inter- 
ference}. 

Iridescence, the most common interference 
phenomenon, occurs when light passes through a 
thin transparent film that has a different index of 
refraction from the surrounding medium (e.g., a 
thin film of air in “iris quartz”). Rays reflected from 
the bottom of the film will travel beside waves 
reflected from the top of the film. At certain 
wavelengths, dictated by the thickness and the 
index of refraction of the film, the rays vibrate out 
of phase and the corresponding colors are removed 
from the reflected light through destructive inter- 
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ference. The remaining wavelengths produce the 
familiar colored effects that appear when a drop of 
oil expands as a thin film on water. The possible 
colors in iridescence are illustrated in figure 6. 
None of these colors is a pure spectral color. 

In gemology, examples can be found as inter- 
ference color in cracks (again, “iris quartz”), or in 
tarnish films on oxidized cut stones and sulfide 
crystals, such as pyrite and bornite (Nassau, 
1975b}. Iridescent cracks are sometimes created by 
heating and rapidly cooling a stone (“quench crack- 
ling”), especially quartz. The color observed in 
many pearls is also due in part to interference 
effects (again, see figure 6]. Pearls are constructed 
from concentric alternating layers of aragonite and 
conchiolin, two substances of different refractive 
indices. Incoming overhead light is reflected from 
the surfaces between those successive layers. The 
reflected light interferes with the incoming light to 
create delicate iridescent colors, called orient. 
Mother-of-pearl and some abalone pearls exhibit 
similar interference effects, but the colors gener- 
ally are stronger and less subtle (figure 7}. In 
addition’ to “quench crackling,” interference ef- 
fects cah also be generated by coating thin films of 
various substances on the surface of a gem. 


Diffraction Effects. Diffraction effects are special 
types of interference phenomena. The most impor- 
tant of these for gem materials is that caused by a 
regular stacking of alternating layers that have 
different indices of refraction. This diffraction 
effect produces pure spectral colors, in contrast to 
iridescence, which gives rise to colors that are a 
combination of several spectral colors (again, see 
figure 6). 

Opal is one of the very few gems that can 
exhibit all colors of the spectrum in a single stone. 
It is interesting to note in play-of-color opal that 
although the pattern may be quite irregular, 
within each color region the color is homogeneous 
(see, for example, figure 1 of this article and the 
cover of this issue}. The color of any one patch 
depends on the orientation of the overhead light 
source; when the stone moves, the color changes, 
giving “life” to the opal. If the light emerging from 
one of the color patches is analyzed, it appears to be 
a pure spectral color, that is, essentially of only one 
wavelength. These properties are characteristic of 
the diffraction effect created by the interaction of 
white light with a regularly layered structure 
(figure 8}. 


Color in Gems, Part 3 


TABLE 2. Physical phenomena and examples of the colors 
they cause in various gem materials. 


Color and 
Process gem material 
Interference Various (nonspectral) colors: iris quartz, 


on a thin film iridescent coatings and tarnish, “orient” in 


pearls, mother-of-pearl (Nassau, 1975) 


Diffraction All (spectral) colors: play-of-color opal 
(Darragh and Sanders, 1965), 
labradorite/spectrolite (Ribbe, 1972), 
some rare andradites (Hirai and Nakazawa, 
1982) 

Scattering 

Rayleigh Blue: feldspar/moonstone (Lehmann, 

scattering 1978), some blue quartz (Zolensky et al., 


1988), some opal (Lehmann, 1978) 


Violet: fluorite, scattering by calcium 
microcrystals (Braithwaite et al., 1973) 
Red: ruby glass, scattering by copper 
or gold microcrystals (Nassau, 1983) 
White: milky quartz (Fritsch, 1985) 


Mie scattering 


Scattering 

from structures 
larger than 
visible 
wavelengths 


v 


Blue: dumortierite inclusions in quartz 
(J. Koivula, pers. comm., 1988) 


Green: nickel-bearing clays in 
chrysoprase and prase opal (A. Manceau, 
pers. comm., 1987; Koivula and Fryer, 
1984), chromian mica (fuchsite) in 
aventurine quartz (Lehmann, 1978) 


Orange: hydrous iron oxides in carnelian 
agate and fire opal (J. Koivula, pers. 
comm., 1988 


Red: hematite platelets in orthoclase 
(Andersen, 1915), hematite or copper 
platelets in sunstone feldspar (Lehmann, 
1978), cordierite/“bloodshot iolite" (GUbelin 
and Koivula, 1987) 


Presence of 
colored 
inclusions 


The structure of opal was first revealed with 
scanning electron microscopy more than 20 years 
ago (Darragh and Sanders, 1965). It is an extraordi- 
narily regular stacking of parallel layers of small 
spheres composed of hydrous silica. Color phe- 
nomena occur when the diameter of these spheres 
is less than the wavelengths of visible light. The 
conditions for diffraction of a given color are met 
when the distance between two successive layers 
is approximately equal to the wavelength of that 
color divided by the index of refraction of the 
spheres. The exact conditions are described in 
Nassau (1983), Consequently, the diffracted wave- 
length is proportional to the size of the particle. For 
example, the intense red is selected by spheres of 
about 250 nm in diameter (Darragh and Sanders, 
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1965). The other colors are diffracted by smaller 
spheres, down to 140 nm in diameter. 

As stated earlier, the color of the diffracted 
light varies with the angle between the direction of 
illumination and the direction of observation. The 
observed wavelength is at a maximum (e.g., red} 
when those two directions are perpendicular. 
When the stone is rocked away from this position, 
the observed wavelength decreases (e.g., goes to 
orange; Lehmann, 1978). 

For the more commonplace play-of-color opals, 
those with mostly blue and green patches, the 
remainder of the incoming light {i.e., yellow to red} 
is transmitted so that an orange coloration is seen 
in transmitted light. Fire opal, however, probably 
owes its yellow-to-red body color (figure 9) to both 
diffraction and body absorption by Fe3+-rich sub- 
microscopic to microscopic inclusions between 
the silica spheres (J. Koivula, pers. comm., 1988}. 
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Figure 6. The colors produced by interference on a 
thin film are the same as those observed on this 
quartz wedge (top left) in polarized light. None of 
them is a pure spectral color. Notice that the 
“higher orders” on the right produce mostly pink 
and green. Interference colors are caused in pearls 
by light passing through and reflected back by al- 
ternating concentric layers of aragonite and 
conchiolin, which are readily visible on the elec- 
tron photomicrograph of a pearl section (left). The 
resulting “high order” interference colors (mostly 
green and pink) are called orient and overtone (the 
latter, when they are stronger and homogeneous 
all over the pearl). They are readily apparent in 
these black pearl cufflinks (top right). Photomicro- 
graph courtesy of B. Lasnier, Gemology Laboratory, 
Nantes University, France. Jewelry courtesy of 
Harry Winston, Inc. Color photos by Robert Weldon. 


Similar effects are encountered in some feld- 
spars belonging to the plagioclase series. These 
feldspars display regions of color, often violet to 
green, against a generally black background. Finn- 
ish “Spectrolite,” a variety of labradorite, appears 
to show every color of the spectrum. This phenom- 
enon is called “labradorescence,” after the classic 
occurrence of these stones on the Isle of Paul, 
Labrador, although varieties of plagioclase feld- 
spars other than labradorite may display this 
effect. The diffracting objects in labradorescence 
are alternating layers, known as exsolution 
lamellae, of two feldspars with different chemical 
compositions. One layer is calcium rich and the 
other is calcium poor. The color created by the 
lamellar structures depends on their respective 
thicknesses and indices of refraction (figure 10}. 
Another gemstone that occasionally shows diffrac- 
tion colors is andradite from Hermosillo, Mexico 
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Figure 7. Pink and green interference colors 
make a spectacular display in this abalone 
pearl. Courtesy of Lowell Jones, St. Louis, 
MO; photo © Tino Hammid. 


(Koivula, 1987}. Similar material from Japan has 
lamellar structures about 100 nm thick (Hirai and 
Nakazawa, 1982), which give rise to some very rare 
crystals with patches of color. Diffraction effects 
probably account for the color phenomena ob- 
served in some varieties of agate (e.g., iris agate, 
fire agate}. 

Diffraction cannot he induced by any known 
commercial treatment. However, an already exist- 
ing diffraction color can be enhanced by inducing a 
dark background (sugar and smoke treatment of 
opals, for example, as well as doublets), or by 
reducing the scattering of light in the matrix 
through impregnation with various kinds of poly- 
mers. 
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Scattering. When the internal structure of the 
stone is irregular and/or the size of the components 
is outside the very narrow range needed for diffrac- 
tion (approximately 100-400 nm], visible light 
cannot be diffracted. It can, however, still be 
scattered, the process by which light entering a 
stone in a given direction is deflected in different 
directions through interaction with the scattering 
centers. This creates both striking color effects and 
optical phenomena. The exact phenomenon de- 
pends on the size and shape of the scattering 
centers. When the scattering centers are smaller 
than the wavelength of visible light (including 
down to molecular dimensions) and not regularly 
distributed, the process is called Rayleigh scatter- 
ing; when the scattering centers are comparable in 
size to visible wavelengths, the process is called 
Mie scattering. (The names are derived from the 
mathematical theories used to describe scatter- 
ing.) A third type of scattering occurs when the 
centers are larger than visible wavelengths. 


Rayleigh Scattering. When the incoming light ray 
encounters randomly distributed objects smaller 


Figure 8. The homogeneous color in a patch of 
opal arises because light rays entering the stone 
are diffracted by an orderly array of silica 
spheres and the holes in between them. The dif- 
fracted color depends on the size of the spheres 
(after Lehmann, 1978). 


Incident light 


Diffracted 
light 
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than the wavelengths of visible light, the most 
energetic radiations—violet and blue—are scat- 
tered much more strongly than the others. In fact, 
violet light is scattered 16 times more efficiently 
than red. Asa result, the majority of the orange-red 
light passes through the stone and appears as 
transmitted light, whereas violet and blue light is 
scattered and can be observed at right angles to the 
incident beam. 

This phenomenon is familiar to all of us as the 
scattering of sunlight by molecules and molecular 
aggregates in the upper atmosphere, which causes 
the sky to appear blue in the daytime (scattered 
light) and orange-red at dawn and twilight (trans- 
mitted light). Examples in gemology are few but 
well known. Common opal (potch) contains 
spheres that are too small and too irregularly 
stacked to diffract. Instead, it has a bluish white 
appearance called “opalescence,” which is due to 
scattering by the silica spheres. Such an opal 
indeed also transmits orange light. “Moonstone” is 


Figure 9. This extraordinary opal specimen 
from Mexicc shows a diffraction-caused play-of- 
color zone close to a region of fire opal, which 
is colored.by a combination of diffraction and 
body absorption by Fe?*—containing inclu- 
sions. Specimen courtesy of the Paris School of 
Mines; photo © Nelly Bariand. 


aa ~ “J 


so called because light scattered from exsolution 
lamellae creates a bluish white “moon-like” hue 
{in the best specimens; see figure 1). Moonstone 
is actually an alkali feldspar, with alternating 
parallel planes of potassium- and sodium-rich 
feldspars forming an assemblage called a micro- 
perthite. These component layers in moonstone 
range from 50 to 1000 nm (1 pm) thick (Lehmann, 
1978). The thinner layers produce the Rayleigh 
scattering. The same colors from scattering can 
also occur in plagioclase, and are sometimes called 
“adularescence.” Some blue quartz receives its 
color from the scattering effect created by dis- 
persed ilmenite inclusions that are approximately 
60 nm in diameter (Zolensky et al., 1988). 


Mie Scattering. When the scattering elements are 
roughly the size of the visible wavelengths, the 
scattering is best described by the “Mie theory.” 
This theory has applications in gem materials only 
in those very special cases in which the color is 
created by metallic inclusions. 

A common example is provided by some vari- 
eties of violet fluorite. This color is generated by 
irradiation, which expels a fluorine atom from the 
crystal, leaving partially bonded calcium atoms 
behind. Over time, the calcium atoms coagulate 
and form small hexagonal platelets about the size 
of visible wavelengths (Lehmann, 1978). Part of the 
light is absorbed by the calcium crystals and part is 
reflected. The combined effect of this absorption 
and reflection is a strong absorption from the green 
to the red, which leaves a violet transmission 
window. The position of the bands, and therefore 
the hue, varies slightly with the size of the 
metallic particles. Such an effect has been known 
for a long time in man-made glasses (which are 
often used as gemstone simulants). “Ruby” glasses 
are colored by microscopic particles of copper (or 
gold}, and the brown glass used for beer bottles (and 
to imitate topaz) is usually tinted by metallic 
oxysulphide precipitates (J. F. Cottrant, pers. 
comm., 1987). 


Scattering from Structural Components Larger 
than Visible Wavelengths. When the inclusions are 
larger than the wavelengths of visible light, they 
scatter light in all directions, including toward the 
observer’s eye. Unlike the case of Rayleigh scatter- 
ing, all wavelengths are scattered equally and 
recombine to produce a white light with a translu- 
cent milky appearance. This is typical of crystals 
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Figure 10. The schematic drawings illustrate 
why various diffraction colors occur in pla- 
gioclase feldspars. The two sets of lamellar 
feldspars have different thicknesses (d, and 
d,,) and indices of refraction (n, and n,); 
therefore, the light beam will go through in- 
terfaces 1 and 2 at different angles (0, and 
§,,). As a consequence, the beam at interface 
2 is retarded relative to the one at interface 
1, although the wavelengths are the same, 
and generally attenuate each other. For one 
given combination of thicknesses, refractive 
index, and incident wavelength, the beam 
from interface 2 is exactly one wavelength 
behind the beam of interface 1, so they com- 
bine in a coherent monochromatic beam. 
The color of this beam of light is blue for rel- 
atively thin lamellae, red for larger ones. The 
cameo (by Tiffany & Co.) is a rare example 
of carved red and blue labradorite. The line 


drawing is courtesy of the Mineralogical 
Record; the photo is by Chip Clark, re- 
printed by permission of Harry N. Abrams, 
Inc., courtesy of the Smithsonian Institution. 


containing pervasive fluid inclusions (such as 
milky quartz), colorless microcrystals, microfrac- 
tures, bubbles, and the like. 

In some cases, a particular orientation of the 
scattering elements may produce special optical 
effects. If they are fibrous, the result is a “white 
adularescence’” or silky sheen, as in gypsum (“satin 
spar” variety), some malachite, or pectolite. 
Chatoyancy or asterism arises when the scattering 
elements are sets of parallel fibers, tubes, or plate- 
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lets. These effects, beyond the scope of this article, 
do not affect color. However, for the sake of clarity 
and completeness, the various kinds of phenomena 
(in the gemological sense) have been grouped in 
table 3. With the exception of the alexandrite 
effect, which was discussed in part | of this series 
(Fritsch and Rossman, 1987), all gemstone phe- 
nomena can be understood as the interaction of 
visible light with particles in a particular size 
range. The size of the particle can be used as a basis 
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TABLE 3. Descriptions, causes, and examples of phenomena in gem materials and considerations they require in 


fashioning.* 
Considerations 
Phenomenon Description Cause Examples in fashioning 
lridescence Interference colors on, or in, a Interference of visible light rays, due to Iris quartz, Thin film or 
Orient stone, like those produced by a the presence of a thin film or thin “ammolite,” structure 
drop of oil on water structure in, or on, a material of pearls oriented to the 
different refractive index girdle plane 
Play-of-color On a given spot, for a given Diffraction of visible light by regularly Opal, feldspar Diffraction 
Labrador- illumination angle, only one layered structures smaller than the ("spectrolite") layers oriented 
escence pure spectral color is seen; visible wavelengths parallel to the 
rotating the stone changes the girdle plane 
color 
Adularescence Floating bluish sheen in a stone — Scattering of visible light by randomly Feldspar No relation 


distributed structures smaler than 
visible wavelengths 


(moonstone) 


Chatoyancy One or more lines of white light Scattering of light by oriented parallel Chrysoberyl, Curved surface 
(“cat's-eye”) appearing on a curved surface needle-like or plate-like inclusions or corundum, (not well 
Asterism (chatoyancy = one ray, like a structures /arger than visible quartz, focused on flat 

cat's eye; asterism = several wavelengths (chatoyancy = one set of diopside surface) 

rayS—up to 6--building a star) inclusions or structures; asterism = 

multiple sets) 

Aventurescence Colored metallic-like spangles Reflection of light by /arge eye-visible Aventurine No relation 

in the stone, especially obvious plate-like inclusions quartz, feldspar 

when the stone is rotated in (sunstone), 

reflected light goldstone glass 
Change-of- The stone changes color when A major absorption band around 550— Chrysobery! Observed in 
color the illumination is switched from 600 nm Cuts the visible range in two (alexandrite), all directions, 
(‘Alexandrite sunlight or fluorescent light to transmission windows: one at the blue corundum, better colors 
effect”) incandescent light end (dominating in daylight), the other garnet, spinel, in some 


at the red end (dominating in 
incandescent light) 


fluorite 


“This table includes all terms used for phenomena in gem materials. It describes each of the phenomena and shows how similar some of them are and how others 


relate to one another almost in a continuum. 


for classification. There is a continuum in the size 
of the particles between color-creating phenomena 
{such as adularescence] and phenomena that do not 
affect color (such as chatoyancy). This continuum 
is emphasized in table 3. 

Some of these phenomena can be induced or 
enhanced by treatment—especially heat treat- 
ment. Basically, the heat precipitates a second 
phase in the matrix, which creates oriented inclu- 
sions, which in turn induce chatoyancy or asterism 
(Nassau, 1984). 


Presence of Colored Inclusions. The last type of 
coloration encountered in gemstones is coloration 
caused by the body color of inclusions in a near- 
colorless host crystal. These inclusions can be 
extremely small, like the nickeliferous clays that 
color chrysoprase or the small hydrous iron oxide 
crystals that make carnelian orange (figure 11). 
Somewhat larger but still microscopic inclusions 
of hematite cause the color of red orthoclase from 
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Madagascar (Malagasy Republic} and some cor- 
dierites (“bloodshot iolite”|. Fire opal is colored by 
submicroscopic inclusions of iron hydrous oxides 
(J. Koivula, pers. comm., 1988). 

When the platelets are large enough to be 
distinguished with the naked eye (say, when they 
reach 1 mm], they can produce “aventurescence.” 
This term is used to describe the reflective powder- 
like appearance of crystalline flakes disposed a 
l’aventurra (the term refers to a Murano glass— 
first made in Venice, Italy —in which copper plate- 
lets have been dispersed at random]. In aventurine 
quartz, mica crystals colored green by chromium 
sparkle when the stone is tilted back and forth. 
“Sunstone” can be either native-copper-included 
labradorite (most commonly], or oligoclase con- 
taining red hematite spangles (again, see figure 1). 


SUMMARY AND CONCLUSION 


In most gem materials, color is caused by selective 
absorption of light by different processes. In a few 


GEMS & GEMOLOGY Summer 1988 


instances, phenomenal colors are caused by the 
interaction of light with certain physical charac- 
teristics, such as inclusions, texture, or the struc- 
ture of component materials. 

Absorption processes in gemstones can be 
divided into four broad categories. First, absorption 
caused by dispersed metal ions explains how an 
isolated Fe2+ metal ion makes peridot green. 
Second, when certain ions come close enough 
together, oxygen-to-metal or metal-to-metal 
charge-transfer transitions are possible, like the 
©2--Fe3+ charge transfer that causes the yellow 
of citrine, or the Fe? +—O—Fe?+ intervalence charge 
transfer responsible for the blue in cordierite. 
Third, color centers represent an extremely varied 
class of often complex structures or defects that 
absorb light; for example, carbon vacancies associ- 
ated with nitrogen aggregates cause an orangy 
yellow color in diamond. These first three catego- 
ries give colors that are sometimes easily modified, 
removed, or enhanced by treatment, usually heat 
and/or irradiation. In our fourth category, band 
gaps provide colors that cannot be induced or 
modified by commercial treatment because they 
are directly related to the crystal structure of the 
gem and not to minor amounts of defects or small 
concentrations of impurities. They could, how- 
ever, be modified by overriding color-generating 
processes, but there are no known examples of 
such a treatment used for gem materials. 

It isimportant to keep in mind, however, that a 
single color in a given gem can have more than one 
cause. In emerald, for example, color can be due to 
Cr3+, V3+, or both. Table 4 lists the origins of color 
in most currently available gem materials and 
illustrates the variety of potential origins for each. 
This listing refers only to known studies. Conse- 
quently, acommon color for a given gem might be 
absent, because no one has yet investigated its 
cause, whereas the cause of a very unusual color 
might be known because it attracted the curiosity 
of researchers. 

Ongoing research in a number of laboratories 
may lead to results that contradict former origin- 
of-color assignments. Usually this is because 
many of our earlier ideas were “educated guesses” 
that were never proven, but nevertheless were 
often repeated. This probably is also a consequence 
of the fact that the exploration of the origin of color 
in a gem material can be a long, difficult, and 
expensive process, especially when a color center 
is involved. 


Color in Gems, Part 3 


Figure 11. This magnificent Turkoman bracelet was 
made in Central Asia in the 18th century. The car- 
nelian is colored by inclusions of hydrous iron ox- 
ides. The precious metals owe their white or yellow 
coloration to preferential re-emission of some visible 
wavelengths. Photo © Nelly Bariand. 


The origin of color in gem materials is an 
increasingly important topic as more color-alter- 
ing treatments are used. A detailed understanding 
of the origin of color in natural-color gems and the 
color-inducing processes involved in the various 
enhancement techniques is necessary to provide a 
better means of separating natural- from treated- 
color gem materials. Likewise, the origin of color 
in some synthetic materials may differ signifi- 
cantly from that in their natural counterparts, and 
therefore can also be used as a way of distinguish- 
ing these two groups. 

As can be seen from our final table, conflicting 
hypotheses on some color varieties and the ab- 
sence of documentation on others attest to the 
continued existence of substantial gaps in our 
understanding of color. In-depth research is still 
needed on some of the most critical gemological 
issues, such as treated colored diamonds and color 
stability. As new treatments are developed and 
new color varieties are discovered, the need for 
ongoing research in this area will continue for 
many years to come. 
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TABLE 4. Causes of color in most gem materials. 


Color (variety or 


Color (variety or 


Gem material trade name, if any) Cause Reference Gem material trade name, if any) Cause Reference 
Actinolite Yellowish green to Fe?+ in octahedral Burns, 1970 Green (demantoid) Cr3* in octahedral Anderson, 1954- 
green (nephrite) coordination coordination 55, Stockton and 
Green Traces of Cr3+ Anderson, 1954-55 Manson, 1983, 
Almandine Red Fe?* in distorted Manning, 1967a : 19e4 
cubic coordination Yellow (topazolite) Various charge- Dowty, 1971; Moore 
Amber Blue to green Fluorescence under Schlee, 1984 to black {melanite) transfer processes and White, 1971 


Yellow to orange to 
red to brown 


visible light in 
Dominican amber; 
blue is due to light 
(Rayleigh) scatter- 
ing in Baltic amber 
Charge-transfer 
processes in large 
organic molecules 


Anthophyllite and 
gedrite (ortho- 
amphiboles) 


Apatite series 


Nassau, 1975a 


Amphibole group (see actinolite, anthophyllite and gedrite, glaucophane, hornblende 


and pargasite, or tremolite} 


Andalusite Green and brown, 


pleochroism 


Dark green 
(viridine) 


Andradite Multicolors 


Yellow-green 


Fe?+-Q- Tia+ 
charge transfer 


Mns~* in octahedral 
coordination 


Diffraction 


Fe3* in octahedral 
coordination 


This 1759-ct emerald from the collection of the Banco de la 
Republica in Bogotd, Colombia, owes its magnificent color 
to a small amount of Cr+ in octahedral coordination. 

Photo © Harold & Erica Van Pelt. 


Smith, 1977 Apebnyilite 
Smith et al., 1982 Axinite 
rou 
Hirai and ale 
Nakazawa, 1982; : 
Koivula, 1987 Azurite 
Manning, 19676, 
1972 
Benitoite 
Beryl 
Caicite 
Chalcedony 


Multicolor 
(“nuummite") 


Pink 
Dark blue 


Green 


Blue 

Brown 

Blue 

Blue 

Dark blue (Maxixe 


and Maxixe-type) 


Light blue (aqua- 
marine} 


Darker blue (aqua- 
marine) 


Green: yellow + 
blue 


Green (emerald) 
and light green 
“mint beryl”) 
Yellow to orange 
({heliodor) 

Red 

Pink (morganite) 


Pink 


Purple 


Purple 
(“damsonite”) 


Blue to greenish 
blue (chrysocolla 
quartz) 

Green 
(chrysoprase) 


and dispersed ion 
absorption involv- 
ing Fe and Ti 
“Iridescence,” likely 
diffraction 


F vacancy with a 
trapped electron 
O2-Mn%+ charge 
transfer 

V4+ in distorted oc- 
tahedral coordina- 
tion 


V3+ in octahedral 
coordination 


Fe2+ 


Cu?+ in elongated 
octahedral coor 
dination 
Fe?+-O-Ti4* 
charge transfer 
CO, (Maxixe-type) 
and NO, (Maxixe) 
color centers due 
to irradiation 


Fe?+ in the chan- 
nels of the structure 
Fe2+—O-Fe3+ inter 
valence charge 
transfer 

O2->Fe3+ charge 
transfer and Fe?+ 
in the channels 


Crs+ and/or V3+ in 
octahedral coor- 
dination 
O2->Fe3+ charge 
transfer 


Mn3+ in octahedral 
coordination 


Mn2+ in octahedral 
coordination 


Co2+ 


Microscopic sugilite 
inclusions 

Color center similar 
to that found in am- 
ethyst 


Microscopic to sub- 
microscopic inclu- 
sions of chrysocolla 
Microscopic inclu- 
sions of nickel- 
iferous clay-like ma- 
terial 


Appel and Jensen, 
1987 


Marfunin, 1979b 
Marfunin, 19796 


Rossman, 1974a 


Schmeizer, 1982 


Faye, 1972 
Marfunin, 1979a 


Not fully proven: 
Burns, 1970 


Andersson, 1979 


Goldman et al., 
1978 


Goldman et al., 
1978 


G. Rossman, un- 
pub. data 


Wood and Nassau, 
1968 


Loeffler and Burns, 
1976, Goldman et 
al,, 1978 

Shigley and Foord, 
1984 

Wood and Nassau, 
1968 

Webster, 1983; 
Rossman, 1988 


Shigley et al., 1987 


Shigley and 
Koivula, 1985 


J. Koivula, pers. 
comm., 1988 


A. Manceau, pers. 
comm., 1985 


®@This list of the origin of color in gern materials is based on spectra or explicit 
discussions as they appear in the literature or have been communicated to 
the authors. One color can be due to a combination of processes, while 
visually similar colors can have a variety of different causes. Within each gem 
group or Subgroup, colors are listed in the order of the spectrum, from violet 
through purple, blue, green, yellow, arid orange to red, and then pink, brown, 
black, and white when relevant. Dyes and colored coatings can be used on 
many of these materials, but they are mentioned here only if they are the most 
common cause of color in a particular material. 
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Gem material 


Color (variety or 
trade name, if any) 


Cause 


Reference 


Gem material 


Color (variety or 
trade name, if any) 


Cause 


Reference 


Chrysoberyl 


Chrysocolla 


Clinozoisite 


Orange to red (car- 
nelian, jasper) 


Yellow 
Color-change 
(alexandrite) 


Blue 


Green (tawmawite) 


Conch “pear!” and Pink 


shell 


Copal (same as amber) 


Coral 


Cordierite 


Corundum 


Blue 
(Heliopora cae- 
rulea} 


Red to pink 


Black 


Violet to blue (iolite) 


Red (“bloodshot 
tolite") 


Purple 


Green 


Yellow 


Orange to orange- 
brown 


Orangy pink 
(padparadscha’) 


Red (ruby) 


Submicroscopic to 
microscopic inclu- 
sions of hydrous Fe 
oxides 


Fe3+ in octahedral 
coordination 
Cr3+ in octahedral 
coordination 


Cu?* in octahedral 
coordination 


Cr3+* in octahedral 
coordination 


Organic pigment 
from the carotenoid 
family 


An organic pigment 
of the bilins family, 
helioporobilin 
Organic pigments 
from the carotenoid 
family, at least for 
Corailum rubrum 
Various organic ma- 
terials of unknown 
nature 

Fe? *+=Q=Fee 
charge transfer 


Hematite and/or 
lepidocrocite inclu- 
sions 

Fe? +—O-Ti4+ 
charge transfer co- 
existing with Cr+ 
in octahedral coor- 
dination 
Fe2+-O-Ti4+ 
charge transfer with 
influence of Fe2* > 
Fe3+ charge trans- 
fer 

Fe3* in octahedral 
coordination coex- 
isting with 
Fe?+>Ti4+ charge 
transfer, Ti+ and 
Cr in octahedral 
coordination 
O2->Fe3+ charge 
transfer 


Fes+ and Tis 


A variety of unsta- 
ble color centers of 
unknown structure 


Fe3+ pairs 


Cr3+ in octahedral 
coordination and 
color centers; 

with a contribution 
of Fe3+ 

Cr3+ in octahedral 
coordination and 
color centers 


Cr4+ in octahedral 
coordination due to 
Cra and Mg?+ 
substituting for two 
Al3* in the crystal 
structure 

Cr3* in octahedrat 
coordination, with 


J. Koivula, pers. 
comm., 1988 


Loeffler and Burns, 
1976 


Farrell and Newn- 
ham, 1965 
Lehmann, 1978 


Schmetzer, 1982 


Délé-Dubois and 
Merlin, 1981 


Fox et al., 1983 


Délé-Dubois and 
Merlin, 1981 


Rolandi, 1981 


Faye et al., 1968; 
Smith, 1977; 
Goldman et al., 
1977 


Gubelin and 
Koivula, 1987 


Schmetzer and 
Bank, 1981 


Smith and Strens, 
1976; Schmetzer, 
1987 


Schmetzer and 
Bank, 1981 


Schmetzer et al., 
1982; Nassau and 
Valente, 1987 
Schmetzer and 
Bank, 1981 


Schiffmann, 1981; 
Schmetzer et al., 
1982, 1983; Nassau 
and Valente, 1987 
Ferguson and Field- 
ing, 1971 
Schmetzer and 
Bank, 1981 


Schmetzer et al., 
1982, 1983 


Schmetzer and 
Bank, 1981 


Nassau, 1983 


Harder, 1969; Gi- 
oelin, 1975 


This 32.50-ct “padparadscha” sapphire owes its beautiful 
color to a combination of Fe3+- and Cr3+-related absorp- 
tions. Jewelry courtesy of Harry Winston, Inc.; photo © 

Harold & Erica Van Pelt. 


Covellite 


Crocoite 


Cuprite 


Diamond 


’ 


Pink 


Color-change 


Blue and orange, 
pleochroism 


Yellow to red 


Red 


Purple, pink to red 


Blue 


Green 


minor contributions 
of V3+ and Fe3* in 
octahedral coor 
dination 

Cr+ in octahedral 
coordination 

Cr3* and/or V3+ in 
octahedral coor 
dination in a partic- 
ular range of con- 
centration 


Band theory 


Q2-3Cr6+ charge 
transfer 


Band theory 


In natural-color dia- 
monds, attributed 
to a structural de- 
fect of unknown na- 
ture 


In treated pink dia- 
monds, attributed 
to the N-V defect (a 
carbon vacancy 
trapped at an iso- 
tated nitrogen im- 
purity) 

Band transitions 
caused by the 
presence of dis- 
persed boron 
atoms 


GR1 center (neutral 
carbon vacancy) in 
a colorless dia- 
mond irradiated in 
nature or in the lab- 
oratory 


Generally GR1 cen- 
ter (neutral carbon 
vacancy), plus de- 
fects that absorb in 
the blue (e.g., N3) 


G. Rossman, un- 
pub. data 


Schmetzer et al., 
1980 


Berry and Vaughan, 
1985 


Loeffler and Burns, 
1976; Abou-Eid, 
1976 


G. Calas, pers. 
comm., 1984 


Collins, 1982 


Collins, 1982 


Collins, 1982 


Collins, 1982 


Collins, 1982 
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Color (variety or 


Color (variety or 


Gem material trade name, if any) Cause Reference Gem material trade name, if any) Cause Reference 
More rarely, due to Collins, 1982 Greenish yellow Mn2* in octahedral Rossman and 
very strong green coordination (rare) Mattson, 1986 
fluorescence under Orange Yellow + pink See Dietrich, 1985 
MSPS light ("green Pink to red Related to man- Manning, 1973; De 
transmitter” effect) 
(rubellite) ganese, generally Camargo and Iso- 
of the H3 and/or H4 
detect (a carbon believed to be due tani, 1988 
vacancy trapped at to Mn+ in octa- 
anca oe hedral coordination, 
gored sometimes created 
two or four nitrogen 
by irradiation 
atoms) 
A oe A ae 
Yellow Most commonly Collins, 1982; Brown a. charge ce — 
due to the N3 de- —_ Lowther, 1984 i. ; 
fect, an aggregate Enstatite Greenish brown Fe2+ Rossman, 1980 
of three nitrogen Green Fe? + with minor Anderson, 1954-55 
atoms {color cen- Cat 
nes a carbon va- Epidote group (see clinozoisite, epidote, piemontite, or zoisite) 
M y Epidote Green and brown, Fes+ in distorted Burns, 1970 
lore rarely, due to Collins, 1982 pleochroism octahedral coor- 
band transitions dination 
caused by the 
Scat ieee Euclase Blue Fe2+-O-Fe3+ Mattson and Ross- 
lated nitrogen charge transfer man, 1987 
atoms Green Crs in octahedral Anderson, 1954-55 
Orange Most commonly H3 Cottrant and Calas, coordination 
center (a carbon 1981 Feldspar group (see labradorite, microcline, oligoclase, orthoclase, or plagioclase 
vacancy trapped at series) 
an aggregate of : ' 
two need Fluorite Violet Mie scattering on Braithwaite et al., 
atorns), in natural calcium micro- 1973, Lehmann, 
and treated orange crystallites 1978 
diamonds Blue Y3+ + Fyacancy Bill and Calas, 
More rarely, origi- Collins, 1982 + 2 electrons 1978 
nating from a color “Emerald” green Sm2* Bill and Calas, 
center of unknown (“chrome fluorite") 1978; Rossman, 
nature 1981 
Brown Color center of un- Collins, 1982 Yellowish green Color center con- Bill and Calas, 
known nature, with taining Y and Ce 1978 
various other color associated with an 
centers adding or F vacancy 
ange, yellow, pink, Yellow Os color center = Bill and Calas, 
or green O, substituting for 1978 
, : fluorite 
Diopside Green (chrome Cr3+ in octahedral Rossman, 1980 Pink YO., color center Bill and Calas, 
diopside) coordination; (Yo + O3-) 1978 
V3+ in octahedral  Schmetzer, 1982 a : 
coordination Color change a ce ae aaa a - 
color center an ; Schmetzer e' 
Yellowish green Fe2 a one Burns, 1970 Sme2~, with minor al, 1980 
COOreINavon influence of a 
Dioptase Green Cu?* in octahedral Lehmann, 1978 Ce3+~—associated 
coordination color center 
Dravite Green Vs* generally with = Schmetzer and Gahnite and Blue Fe2+ in tetrahedral Dickson and Smith, 
(“chrome minor amounts of Bank, 1979 “gahnospinel” coordination 1976 
tourmaline") Cr+, both in octa- ; : 
hedral coordination Garnet group (see almandine, andradite, grossular, hydrogrossular group, pyrope, 
Yellow to brown Related to titanium; Smith, 1977; Ross- epespatline cruvanulte alse:nodellte) 
due to Fe? +—-O- man, as cited in Glass Yellowish green Fe?+ in octahedral Pye et al., 1984 
Ti4+ charge trans- Dietrich, 1985 (natural) (moldavite, tektite) | coordination 
fer, with those low Brown Fe? in octahedral Pye et al, 1984 
in iron yellow and coordination 
ae righ in. tron Glaucophane Blue Fe? *+—O-Fe3 + Smith and Strens, 
frown 
Aga ie . a ape charge transfer 1976 
x SPAN allson AngsiOSs2 Grossular Green (tsavorite) V3> in octahedral Gubdelin and 
man, 1984 aah : 
Pica a a fanadialy -SeecBidhichectoas coordination Weibel, 1975 
aite ue e2+ in octahedral ee Dietrich, ee ‘ 
and (indicolite) coordination with He ee een Manning1920 
liddicoatite possible influence : Ian, 
Fes + Manson and Stock- 
of some iron-related 
ton, 1986 
charge-transfer pro- d 
cesses Gypsum All (alabaster) Color usually due to J. Koivula, pers. 
Green Fe2+ and Ti4* in Mattson, as cited in ce ee comm.,.1988 
octahedral coor- Dietrich, 1985 DEE SOMe 
PAT Ge : brown staining due 
dination. The influ- to hydrous:; 
ence of various AYATOUS JEON 
oxides 
charge transfer pro- ‘ : : 
cesses involving Hematite Gray in reflection, Fes + Bell et al., 1975 
iron is a distinct red in transmission 
possibility Hornblende Green to brown Fe?+ in various Rossman, 1988 
Yellow-green Mn2+—-O-Tia + Rossman and and pargasite sites 
charge transfer Mattson, 1986 Howlite Blue Dyes exclusively 
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en, 


Color (variety or 


Color (variety or 


Gem material trade name, if any) Cause Reference Gem material trade name, if any) Cause Reference 
Hydrogrossular Green (“Transvaal Cr3* in octahedral Manning and 
group jade") coordination Owens, 1977 
Pink Mn3+ in octahedral Manning and 
coordination Owens, 1977 


Jadeite 


Kornerupine 


Kyanite 


Labradorite 


Lazulite 
Lazurite 


Lepidolite 


“Emerald” green 
(chrome jadeite) 
Yellowish green 


Violet (“lavender 
jadeite") 


Blue 
Green 


Blue 


Green 


Color change 


+ Multicolors 
‘. 
Red (in the material 
from Oregon) 


Green and orange- 
pink, pleochroism 
Blue 


Blue (lapis lazuli) 


Pink 


Liddicoatite (see elbaite) 


Malachite 


Maw-sit-sit 
{rock} 


Microcline 


Green 


Green 


Blue (amazonite) 


Nephrite (see actinolite) 


Oligoclase 


Olivine group: 
Forsterite-fayalite 
series 


Opal 


Blue (moonstone) 


Red (sunstone) 


Yellowish green 
(peridot) 


Green (peridot, the 
material from 
Hawaii) 


Multicolors (play-of- 
color opal) 
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Cr3* in octahedral 
coordination 

Fe3* in octahedral 
coordination 
Fe?+—O-Fe3+ 
charge transfer; 
synthetic is colored 
by Mn3+ 

Cr3* in octahedral 
coordination 


V3+ in octahedral 
coordination 

Fe? + -O-Ti4 + 
charge transfer, 
Fe2+—O-Fe3* 
charge transfer, 
Fe?+ and Fe3+ in 
octahedral coor 
dination can all be 
involved; 

with contridution 
from Cr3* in octa- 
hedral coordination 


V3 in octahedral 
coordination: 
Fe* in octahedral 
coordination 


Cr3 in octa- 
hedral coordination 


Diffraction of light 
by the internal 
lamellar structure 


Submicroscopic 
metallic copper 
particles 


Could be Cu* 
IVCT or Cu® pairs 
Fe?+—O-Fes+ 
charge transfer 

S3 (charge 
transfer) 

Mn2+ in octahedral 
coordination; 

Mn3* in octahedral 
coordination 


Cu? in octahedral 
coordination 


Cr3* in octahedral 
coordination in the 
kosmochlor 

Color center involv- 
ing Pos+ and 
structural water 


Rayleigh scattering 
of light by lamellar 
structure 


Red lepidocrocite 
or hematite 
platelets give the 
aventurescence 


Fe?* in octahedral 
coordination 

Fe2+ with minor 
amounts of Cr3* in 
octahedral coor- 
dination 


Diffraction by the 
regular stacking of 
silica spheres 


Rossman, 1981 
Rossman, 1981 


Rossman, 1974b 


Nassau and 
Shigley, 1987 


Schmetzer, 1982 
Schmetzer, 1982 


Parkin et al., 1977 


Bosshart et al., 1982 


Schmetzer, 1982 


G. Rossman, un- 
pub. data 


Besshart et al., 
1982 


Ridbe, 1972; 
Lehmann, 1978 


Hofmeister and 
Rossman, 19855 


Hofmeister and 
Rossman, 1985b 


Amtnauer and 
Rossman, 1984 


Loeffler and Burns, 
1978 


Faye, 1968 


Marfunin, 1979a 


Marfunin, 1979a 


Khomenko and 
Platonoy, 1985 


Orthoclase 


Hofmeister and 
Rossman, 1985a 


Pearls (oyster) 


Body color 
Lehmann, 1978 
J. Korvula, pers, 
comm., 1988: 
Lehmann, 1978 
Loeffler and Burns, 
1976 Orient and 
Anderson, 1954-55 overtone 
Pectolite 


Phosphophyllite 


Darragh and 


Sanders, 1965 Piemontite 


Orange to red (fire 
opal) 


Green 
(prase opal) 


Yellow 


Pink to red 


All colors 


Green 


Pink 
Pink and green 
usually 


Blue 


Bluish green 


Purplish red 
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These freshwater baroque and round saltwater cultured 
pearls exhibit the delicate iridescent color (here mostly 
pink) that gemologists call orient. Photo © Harold w Erica 
Van Pelt. 


Microscopic to sub- J. Koivula, pers 
microscopic inclu- comm., 1988 
sions of iron hy- 

drous oxides 


Microscopic to sub- 
microscopic nickel- 
iferous clay-like in- 


Koivula and Fryer, 
1984 


clusions 
Fe3+ in tetrahedral Hofmeister and 
coordination Rossman, 1983 


Andersen, 1915; 
J. Koivula, pers. 
comm., 1988 


Microscopic hema- 
lite and/or lepido- 
crocite inclusions 


Charge-transfer Fox et al., 1983 
processes in traces 
of porphyrins and 


metalloporphyrins 
High proportions of 
metalloporphyrins, 
apparently involving 
lead and zinc 

Less tolal porphyrin 
than green 


nterlerence colors 


Fox et al., 1983 


Fox et al., 1983 


E. Fritsch, unpub. 
data 


Cu?* in octahedral Koivula, 1986a 


coordination 

Fe? + G. Rossman, un- 
pub. data 

Mn3+ in octahedral Burns, 1970 


coordination 
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Color (variety or 
trade name, if any) 


Cause 


Reference 


Gem material 


Color (variety or 
trade name, if any) 


Cause 


Reference 


Plagioclase series 


Pumpellyite 


Pyrope 


Pyrope-Almandine 


Blue 


Yellow 


Green 
(chlorastrolite) 


Brownish red 


Red 


Color change (in 
pyrope and pyrope- 
spessartine) 
Reddish purple 
(rhodolite) 


Color center involv- 
ing Pb and water 
Fe3+ in tetrahedral 
coordination and 
Fe?+ in octahedral 
coordination 

Fe2 +-O-Fe3+ 
charge transfer 
plus Fe2+ 

Fe2+ in distorted 
cubic coordination 
Fe2+ in distorted 
cubic site plus 
Cr8+ in octahedral 
coordination 

V3+ and/or Cr3* in 
octahedral coor 
dination 

Fe2+ in distorted 
cubic coordination 


Hofmeister and 
Rossman, 1986 


Hofmeister and 
Rossman, 1983 


G. Rossman, un- 
pub. data 


Manning, 1967a 


Anderson, 1954- 
55; Manning, 1967a 


Schmelzer et al., 
1980 


Manning, 1967a 


Pyroxene group (see enstatite, diopside, jadeite, kosmochtor in maw-sit-sit, or 


spodumene) 
Quartz 


Violet to purple 
(amethyst) 


Blue 


Green (“greened 
amethyst" or 
prasiolite) 

Green (aventurine 
quartz) 

Greenish yellow 


Yellow to orange 
(citrine) 


O2--Fe4+ charge 
transfer, due to irra- 
diation 

Inclusions of blue 
dumortierite 
Inclusions of 
tourmaline 


Inclusions of 
ilmenite of a diame- 
ter smaller than vis- 
ible wavelengths 


Fe?+ 


Chromian mica 
(fuchsite) inclusions 


Color center 


O2-Fe3+ charge 
transfer 

Various Al? +—re- 
lated color centers 


Cox, 1977 


C. Fryer, pers. 
comm., 1988 


Gubelin and 
Koivula, 1987 


Zolensky et al., 
1988 


Nassau, 1980 


Lehmann, 1978 


Nassau and 
Prescott, 1977 
Balitsky and 
Balitskaya, 1986 


Samoilovich et al., 


1969 


Pink rhodochrosite and yellow willemite contrast in hue, 
although they are both colored by Mn?+. Different coor- 
dination of the Mn?* ion is the clue here: octahedral in rho- 
docrosite, tetrahedral in willemite. Photo by Robert Weldon. 
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Rhodochrosite 


Smoky (smoky 
quartz) 


Pink {rose quartz) 


White (milky quartz} 


Pink to red 


Rhodolite (see pyrope-almandine) 


Rhodonite 


Rutile 


Scapolite series 


Scheelite 


Serpentine 


Shattuckite 
Shell 


Sillimanite 


Sinhalite 


Smithsonite 


Sodalite 


Pink 


Blue (synthetic 
rutile) 


Various colors 


Yellow 


Green (williamsite) 


Blue 


Pink (see 
conch shell) 


Black 


Blue 


Yellow 


Brown 


Brown 


Blue-green 
Pink 


Blue 


Pink (hackmanite)} 
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Color center related 
to the Al$+ impurity 
Charge transfer be- 
tween a substitu- 
tional Ti4+ and an 
interstitial Ti3 +; 
unstable color 
center O- 

ion bridging 
between substitu- 
tional aluminum 
and substitutional 
phosphorus atom; 
dumortierite inclu- 
sions 


Scattering of light 
by inclusions larger 
than the visible 
wavelengths 


Mn2+ in octahedral 
coordination 


Mn2* in octahedral 
coordination, with 
minor Fe2 +; 

Mn+ in octahedral 
coordination 

Band transition due 
to the presence of 
Tis + 

Due to color cen- 
ters related to irra- 
diation of Cl, 

CO8> or SQ4~ 
groups present in 
the large voids of 
the crystal structure 


Fe 


Cr3* around chro- 
mite inclusions 


Cu2+ 


A violet organic 
pigment, hal- 
iotiviolin, has been 
recovered from the 
shell of the black 
abalone, Haliotis 
cracheroaii 
Fe2+—O-Ti4+ 
charge transfer, 
probably similar to 
blue kyanite 

Fe3+ or Cr3+ in 
tetrahedral coor 
dination 

Fe features of yel- 
tow sillimanite plus 
inclusions of iron- 
rich phase 
O2-Fe3+ charge 
transfer and Fe? + 
in octahedral coor- 
dination 


Cu2+ 
Co2+ 


Interstitial oxygen 
ion O- near Al or 
Si 

Unstable electron 
substituting for Cl- 
in a tetrahedron of 
Na+ ions 


Partlow and Cohen, 
1986 


Cohen and Makar, 
1985 


Maschmeyer and 
Lehmann, 1983 


Applin and Hicks, 
1987 


Fritsch, 1985 


Rossman, 1988 


Marshall and 
Runcinam, 1975 


Gibbons et al., 
1974 


G. Rossman, un- 
pub. data 


Marfunin, 1979b 


Not proven: 
Gunawardene, 
1986 


J. Koivula, pers. 
comm., 1988 


Fleischer, 1987 


Fox et al., 1983 


Rossman et al., 
1982 


Rossman et al., 
1982 


Rossman et al., 
1982 


Farrell and 
Newnham, 1965 


G. Rossman, un- 
pub. data 


G. Rossman, un- 
pub. data 


Pizani et al., 1985 


Pizani et al., 1985 
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Gem material 


Color (variety or 


trade name, if any) 


Cause 


Reference 


Gem material 


Color (variety or 
trade name, if any) 


Cause 


Reference 


Spessartine 


Sphalerite 


Orange 
Yellow to black 


Green 


Mn2* in distorted 
cubic coordination 
lron > sulfur 
charge transfer 


Co2* in tetrahedral 
coordination 


Spinel group (see gahnite and gahnospinel, or spinel) 


Spinel 


Spodumene 


Staurolite 


Sugilite 


Taafteite 


Titanite 
(sphene) 


Topaz 


Tortoise shell 


Violet to purple 


Cobalt blue 


Bluish green 


Green (synthetic 
spinel) 
Pink to red 


Purple to pink 
(kunzite) 


Emerald green 
(hiddenite) 


ve 
Paler green 
' 


Greenish yellow to 
brownish orange 
Brown 


Blue 


Purple 


Red to violet 
Green 
Green {chrome 


sphene) 
Pink 


Blue 
Green 
Yellow 


Orange (“imperial 
topaz") 


Pink 
Reddish brown 


(“sherry topaz”) 
Yellow to brown 


Cr3* in octahedral 
coordination and 
Fe®+ in tetrahedral 
coordination 

Co?+ and Fe2* in 
tetrahedral coor 
dination 

Fe3+ and Fe?+ in 
tetrahedral coor 
dination 

Cr3* in octahedral 
coordination 


Cr3* in octahedral 
coordination 


Mn3* in tetrahedral 


coordination; 


Mn+ in octahedral 


coordination 


Cr3+ in octahedral 
coordination with 


also unstable Mn‘ + 


color center; 

V3* in octahedral 
coordination 
Unstable Mn4* in 
octahedral coor- 
dination plus Fe? * 
-)» Fe3+ charge 
transfer; 

Fe3+ in octahedral 
coordination 


Color center of un- 
known structure 


Fe2+ in tetrahedral 


coordination 


Co?* in tetrahedral 


coordination 
Mn3+ and Fe3+, 


presumably in octa- 
hedral coordination 


Cr3+ in octahedral 
coordination 


High Fe content 


Cr3+ in octahedral 
coordination 


Mn?~+ tn octahedral 


coordination, for 
certain Mn/Fe ra- 


tios, as well as pink 


carbonate inclu- 
sions 


Color centers of un- 


known structure 
Yellow and blue 
color centers 
Color center of un- 
known nature 


Yellow color center 
and Cr3* in octa- 


hedral coordination 


Cr3+ in octahedral 
coordination 
Yellow and red 
color centers 
Charge transfer in 
organic products 


Manning, 1967a 
Martunin, 1979a 


Marfunin, 1979a 


G. Rossman, un- 
pub. data 


Shigley and 
Stockton, 1984 


G. Rossman, un- 
pub. data 


Vogel, 1934 


Vogel, 1934; 
Anderson, 1954— 
55; Sumin, 1950 
Hassan and Labib, 
1978, 

Cohen and 
Janezic, 1983 


Cohen and Janezic, 


1983 


Schmetzer, 1982 


Cohen and Janezic, 


1983 


E. Fritsch, unpub. 
data 


Rossman and Qiu, 
1982 

Burns, 1970 

Cech et al., 1981 


Shigley et al., 1987 


Schmetzer, 1983 


Mottana and 
Griffin, 1979 


Schmetzer, 1982 


Mottana and Griffin, 


1979 


Schmetzer, 1986 


Petrov, 1977 


Petrov, 1977 


Petrov, 1977 


Petrov, 1977 


Petrov, 1977 


Nassau, 1975a 


Wulfenite is an intrinsically colorless mineral (left), but it 
commonly acquires an orange coloration when impurity 
chromium atoms produce O2-3Cré* charge transfer (center 
bottom}, which is the intrinsic cause of color in crocoite 
(right). In contrast, blue wulfenite (top) is said to get its 
color from Mo4#*, Photo by Robert Weldon. 


Tourmaline group (see dravite, elbaite and liddicoatite, or uvite) 


Tremolite 
Tugtupite 


Turquoise 
Uvarovite 


Uvite 


Variscite (and 
Metavariscite) 


Vesuvianite 
(idocrase) 


Willemite 


Wulfenite 


Zircon 


Zoisite 


Pink (hexagonite) 
Pink 


Blue 
Green 


Green (“chrome 
tourmaline") 


Green 


Green 


Yellow 
Brown 
Yellow 


Blue 
Yellow to red 


Blue 
Red 


Blue 
(tanzanite — 
heat treated) 


Brown-violet 


Green 


Pink (thulite) 


Mn3 + 

Color center(s) in- 
volving sulphur 
Cu2* in octahedral 
coordination 

Cr3* in octahedral 
coordination 

V3*+ generally with 
minor arnounts of 
Cr+, both in octa- 
hedral coordination 


Cr3* presumably in 


ociahedral coor 
dination 

Fe3+ in octahedral 
coordination; with 
possible influence 
of Fe2+>Fes+ 
charge transfer 
02->Fe?+ charge 
transfer 
Fe2+Ti4+ charge 
transfer 

Mn2* in tetrahedral 
coordination 

Mot+ 

02-4Cré+ charge 
transfer 

Us+ 

Nb*+ color centers 
V4+ in octahedral 
coordination; 

with V3+ in octa- 
hedral coordination 
V3+ in octanedrat 
coordination {ireat- 
ment turns blue, 
tanzanite) 

Cr3~ in octahedral 
coordination 

Mn3> in presum- 
ably octahedral co- 
ordination 


Hawthorne, 1981 


Povarennykh et al., 
4971 


Diaz et al., 1971 


Manning, 1969; 
Calas, 1978 


Schmetzer and 
Bank, 1979; 
Schmetzer, 1982 


Anderson, 1954— 
55; 
Koivula, 1986b 


Manning, 1976, 
1977 


Manning, 1977 
Manning, 1977 


G. Rossrnan, un- 
pub. data 


Embrey et al. 1977 
Edson, 1980 


Mackey et al, 1975 
Fielding, 1970 
Hurlbut, 1969 


G. Rossman, un- 
pub. data 


Hurlbut, 1965 


Schmetzer, 1982 


Marfunin, 1979a 
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NEW TECHNIQUES 


PASTEL PYROPES 
By Carol M. Stockton 


Pyrope garnets occur in near-colorless to light orange 
and pink, as well as the familiar red. Because the 
pale-hued pyropes are unfamiliar to gemologists, 


their low refractive index usually results in their mis- 


identification as grossular. This note clarifies the 
means by which these unusual garnets, predomi- 
nantly from East Africa, can be properly and easily 
identified with a refractometer and a spectroscope. 


The term pyrope comes from the Greek word 
pyropos, meaning “fiery-eyed,” undoubtedly be- 
cause of the intense red color for which these 
garnets are known. Therefore, most gemologists 
are surprised to learn that pure pyrope is com- 
pletely colorless; its chemical formula, 
Mg3A1,Si30)3, contains no color-causing agents. 
The familiar red hue results from impurity ions of 
Fe2+ and/or Cr3+, Pure pyrope is unknown in 
nature, but almost-pure, colorless material with 
up to 98 mol.% pyrope was recently found in the 
western Alps (Chopin, 1984]. This material, how- 
ever, is either too small or too fractured to be used 
as a gemstone. The same situation exists for high- 
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pyrope (70-77 mol.%]) garnets from a number of 
localities worldwide (Deer et al., 1982), although 
none approaches the high content of the Alpine 
samples. Pale-colored, high-pyrope garnets from 
Arizona have been faceted as gems, but few cut 
stones exceed half a carat, so their gemological 
significance has been minor. 

Once again, however, East Africa has intro- 
duced new gem-quality material: Low-iron, low- 
chromium pyrope [around 70 mol.%] occasionally 
turns up in parcels of grossular and malaia (pyrope- 
spessartine}] garnet. Clean, faceted, pastel orange 
or pink stones can be obtained in 2- to 5-ct sizes.” 
Because of their low refractive indices, such stones 
are often erroneously identified as grossular. How- 
ever, pyrope (figure 1) and grossular garnets can be 
readily separated by a combination of R.I. and 
spectroscopy. 

Pure grossular, which is also colorless, has a 
refractive index of 1.734, while the R.I. of pure 
pyrope is 1.714. Since the presence of coloring 
agents in either of these garnet types raises the 
refractive index, any pale-colored garnet with an 
R.I. below that of pure grossular is pyrope rather 
than grossular. Theoretically, of course, all sorts of 
chemical combinations could occur to contradict 
this conclusion, but no such material has yet been 
encountered among transparent gem-quality gar- 
nets. 


*The largest pink pyrope that the author has seen to date 
was recently sent for identification to the GIA Gem Trade 
Laboratory in Los Angeles. The stone is a 63.06-ct pear 
shape {R.I. = 1.733); the large size resulted in a darker tone 
reminiscent of rhodolite garnet. 
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In addition, the coloring agent in gem-quality 
orange grossular, or hessonite, garnet is Fe3+ 
(Manning, 1969, 1972; Moore and White, 1972, 
Manson and Stockton, 1982), whereas pale orange 
pyrope is colored by Fe2+ and/or Mn2+ (Stockton, 
1987). This difference can be observed spec- 
troscopically (Stockton and Manson, 1985). Fe3+ 
in grossular is associated with absorption bands at 
about 408 and 430 nm, but these are visible with a 
hand spectroscope only when the orange color is 
relatively intense or dark. Lighter orange or yellow 
grossulars show no visible spectrum under normal 
gemological testing conditions, although the 408 
and 430 bands can often be detected with a 
laboratory spectrophotometer. Fe2+ in orange py- 
rope is related to absorption features at 504, 520, 
and 573 nm that can usually be observed with a 
hand spectroscope, unless the color is extremely 
pale. Mn?2+ in orange (or any other color, for that 
matter] pyrope produces strong absorption in the 
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Figure 1. All four of the gar- 
nets pictured here are py- 
ropes. The typical chrome 
pyrope at bottom left (GIA 
#13113, 1.08 ct) has a re- 
fractive index of 1.740. The 
orange pyrope (GIA #14400, 
1.61 ct) has an R.I. of 1.732 
and is colored by iron, and 
the pink pear shape (GIA 
#14002, 3.43 ct) is colored 
by a trace of chromium and 
has an R.I. of 1.740. The 
pale orange stone at the top 
(3.56 ct; courtesy of Tsavo 
Madini) has a 1.732 refrac- 
tive index and contains 
manganese as its coloring 
agent. Photo © Tino 
Hammid. 


blue, with three bands at 410, 421, and 430 nm. In 
all cases, the lighter the stone is the weaker (and 
therefore more difficult to see] the absorption 
bands will be, and the closer the refractive index 
will be to that of the pure end member. Thus, on 
the basis of refractive index and spectrum, any low 
RI, light-colored garnet can be identified as either 
pyrope or grossular. With an R.J. over 1.742, the 
presence of Mn2+ absorption lines denotes pyrope- 
spessartine (malaia) or pyrope-almandine, depend- 
ing on the strength of these lines relative to that of 
other absorption bands present. 

Pink pyrope owes its color essentially to the 
presence of trace amounts of chromium, associ- 
ated with broad regions of absorption that gener- 
ally cannot be resolved with a hand spectroscope. 
Small amounts of Mn2+ and/or Fe2+ are also 
present in these garnets, and the related spectral 
features are usually visible as weak bands. Pink 
grossular has been found in Mexico for about a 
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Figure 2. These two pink grossular crystals 
(12.07 and 18.35 ct) are from Xalostoc, Mexico. 
Their lack of spectral features distinguishes 
them from pink pyropes. Photo by Shane McClure. 


century (DeLandero, 1891), but recent reports on 
the material are scarce (Prandl, 1966, Sinkankas, 
1976}. Although most of the rough is translucent to 
opaque, transparent material has occasionally 
been found and faceted. Refractive indices of 1.736 
and 1.742 have been reported (Ford, 1915; Stock- 
well, 1927}. Two crystals of this material (figure 2) 
were examined, and both had a 1.744 refractive 
index. Reported chemical analyses reveal only 
Fe3+, Mn2+, and, in one case, Ti2+, as potential 
coloring agents (DeLandero, 1891; Menzer, 1929, 
Prandl, 1966}. Energy-dispersive X-ray fluores- 
cence on the two stones in figure 2 confirmed these 
three impurities. However, Fe3+ imparts a yellow 
to orange hue to grossulars, while the effects of 
Mn2+ and Ti2+ have not been thoroughly investi- 
gated, Cr3+ and V3+ both produce green in grossu- 


REFERENCES 


Chopin C. [1984] Coesite and pure pyrope in high-grade 
blueschists of the western Alps: A first record and some 
consequences. Contributions to Mineralogy and Petrol- 
ogy, Vol. 86, pp. 107-118. 

Deer WA., Howie R.A., Zussman J. (1982) Rock-forming Min- 
erals, Vol. 1A, Orthosilicates, 2nd ed. Longman Group 
Ltd., London. 

DeLandero C.E, (1891) On pink grossularite from Mexico. 
American Journal of Science, Vol. 41, pp. 321-322. 

Ford WE. (1915} A study of the relations existing between the 
chemical, optical and other physical properties of the 
members of the garnet group. American Journal of Sci- 
ence, Ser. 4, Vol. 40, No. 235, pp. 33-49. 

Manning PG. (1969} Optical absorption studies of grossular, 
andradite (var. colophonite} and uvarovite. Canadian Min- 
eralogist, Vol. 9, pp. 723-729. 

Manning PG. (1972) Optical absorption spectra of Fe3+ in 
octahedral and tetrahedral sites in natural garnets. Cana- 
dian Mineralogist, Vol. 11, pp. 826-839. 


106 —_— Notes and New Techniques 


TABLE 1. Characteristic and distinguishing properties of 
colorless to light orange and pink garnets. 


Characteristic 


Species/ absorption 
variety Color? R.I. range bands (in nm) 
Pyrope Colorless to 1.714-1.742 None to one 
light orange or more of 
and pink 410, 421, 430, 
504, 520, 573 
Grossular Colorless to 1.734-1.760 Usually none; 
light orange orange may 
and pink show weak 
430 and even 
weaker 408 
Pyrope- Light orange 1.742-1.780 Strong 410, 
spessartine and pink 421, 430; 
(incl. malaia) weak 504, 
520, 573 
Pyrope- Pink 1.742-1.785 Strong 504, 
almandine 520, 573; 
(incl. weak 410, 
rhodolite) 421, 430 


4All these types of garnet occur in other hues, darker tones, 
and/or more saturated colors. 


lars, so neither can be a significant trace constitu- 
ent in the pink stones. 

Further study is necessary to determine the 
cause of color in pink grossulars, In any event, the 
spectrum of pink grossular would not resemble the 
Mn2+/Fe2+-related spectrum of pink pyrope. 
Once a pink garnet has been identified as non- 
grossular on the basis of spectrum, a refractive 
index below 1.742 will identify it as pyrope rather 
than either pyrope-spessartine or pyrope-alman- 
dine. Table 1 summarizes the characteristic prop- 
erties of the various types of light-colored garnets 
discussed above. 
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EXAMINATION OF THREE-PHASE 


INCLUSIONS IN COLORLESS, YELLOW, AND 


BLUE SAPPHIRES FROM SRI LANKA 


By Karl Schmetzer and Olaf Medenbach 


Three-phrase inclusions in untreated natural color- 
less, yellow, and blue sapphires from Sri Lanka were 
found to consist of liquid and gaseous carbon diox- 
ide as well as needle-like to tabular crystals of di- 
aspore. The identification of diaspore was accom- 
plished through the use of a microscope-mounted 
drill system and an improved version of the Gandolfi 
X-ray camera. Technical details for both methods are 
given. The conditions under which diaspore forms as 
a daughter mineral in corundum are briefly dis- 
cussed. 


Three-phase (solid, liquid, and gas} inclusions are 
commonly found in emeralds from certain lo- 
calities, such as Muzo and Chivor in Colombia. 
Occasionally, similar three-phase inclusions are 
seen in other gem materials such as rubies and 
sapphires. For example, the Photoatlas of Inclu- 
sions in Gemstones (Gubelin and Koivula, 1986} 
provides two photographs of three-phase inclu- 
sions in blue sapphires from Sri Lanka. In both 
cases, the liquid and gaseous phases are described 
as CO,; but while the black solid phase in one 
example is identified as graphite (Gubelin and 
Koivula, 1986, p. 352), the transparent, needle-like 
mineral inclusions in the second (pp. 78-79) are 
not specified. Three-phase inclusions in natural 
pink and violet sapphires from Nepal were recently 
described by Kiefert and Schmetzer (1986, 1987}. In 
samples from this new occurrence of gem-quality 
corundum, tabular flakes of doubly refracting 
mineral inclusions were determined to be the Ca- 
bearing mica, margarite, by X-ray powder diffrac- 
tion and electron microprobe analysis. In one 
sample of yellow sapphire from Sri Lanka, small 
three-phase inclusions consisting of a transparent, 
doubly refractive tabular crystal, a liquid, and a 
gaseous substance were observed as well, but no 
exact determination of these phases could be 
performed at that time (Schmetzer, 1987]. 

To establish the identity of the transparent 
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solid phase in some of the three-phase inclusions in 
sapphire from Sri Lanka, the authors examined 
more than 300 samples of colorless, yellow, and 
blue sapphires from this area. In the past, anumber 
of different techniques have been applied to the 
identification of individual daughter minerals in 
multiphase inclusions, for example, laser-excited 
Raman spectroscopy, scanning electron micros- 
copy, and electron microprobe investigations, as 
well as Gandolfi X-ray techniques (e.g., Rosasco et 
al., 1975; Metzger et al., 1977; Rosasco and Roed- 
der, 1979; Zolensky and Bodnar, 1982). If the 
inclusions are not exposed at the surface of the 
host crystal, laser-excited Raman spectroscopy is 
the only one of these techniques that is non- 
destructive, but the equipment required is not 
widely available. 

The most comprehensive chemical and crys- 
tallographic information on daughter minerals in 
multiphase inclusions is obtained by a combina- 
tion of SEM-EDS (Stockton and Manson, 1981}, or 
an electron microprobe, with X-ray diffraction 
microtechniques. A key problem with any of these 
methods is the time-consuming procedure for 
selecting and preparing the small particles to be 
identified, and the possible loss of the minute 
daughter minerals when the sample is crushed. 
This problem can be avoided, however, by the use 
of a special microscope-mounted drill technique 
to open the cavities. In combination with X-ray 
diffraction using a modified Gandolfi camera, we 
successfully applied this technique to identify the 
transparent solid component of three-phase inclu- 
sions in colorless, blue, and yellow sapphires from 
Sri Lanka. 
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Figure 1. Three-phase—solid, liquid, and gas— 


inclusions are readily visible in this yellow sapphire 
from Sri Lanka. Note in the top two photos how the 
gaseous bubble is able to move about the crystal 
without restriction. With gentle heating in an 
immersion liquid, the gas bubbles gradually 
decreased in volume until they were totally 
homogenized (bottom right), at which point the 
temperature of the immersion liquid was measured 
in an attempt to verify the identity of the gas. The 
transparent, needle-like to tabular mineral inclusions 


are attached to the walls of the negative crystals. 
Magnified 65x. 


DESCRIPTION OF THE 
THREE-PHASE INCLUSIONS 


We observed two- and three-phase inclusions in 
approximately 20% of the more than 300 untreat- 
ed colorless, light yellow, bluish, or blue sap- 
phires from Sri Lanka that we examined. All of 
these inclusions were in the form of thin tabular 
negative crystals with the tabular face of the 
negative crystal parallel to the basal pinacoid 
(0001) of the corundum host. The tabular negative 
crystals were filled with liquid and generally 
contained one gaseous bubble, which was able to 
move around without any restriction within the 
negative crystals. In about 30% of the negative 
crystals, needle-like to tabular transparent min- 
eral inclusions were observed (figure 1}; examina- 
tion with crossed polarizers showed that they were 
doubly refractive (figure 2). These mineral inclu- 
sions were attached to the walls of the negative 
crystals. In some cases, they lay diagonally across 
the entire cavity; in others, they projected into the 
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cavity and terminated inside the negative crystals 
(again, see figures 1 and 2). 


Identification of the Liquid and Gas Phases, Two- 
phase inclusions in natural corundum from Sri 
Lanka have been described as consisting of liquid 
and gaseous CO, (Gtibelin and Koivula, 1986; 
Koivula, 1986). We confirmed that the liquid and 
gaseous phases of the inclusions we examined were 
also CO, by measuring the homogenization and 
freezing temperatures of several inclusions. 
First, the temperature of several crystals was 
slowly increased by gentle heating of the immer- 
sion liquid. During this process, a continuous 
decrease in the volume of the gas bubble was 
observed (again, see figure 1} and the temperature 
of the immersion liquid was measured exactly at 
the point of homogenization (figure 1, bottom). 
Within the limits of experimental error, the ho- 
mogenization temperatures measured for the liq- 
uid and gaseous components of three-phase inclu- 
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sions in several crystals were found to be in the 
range of 28°-31°C, that is, below the critical 
temperature of CO, (31.2°C). 

However, contrary to the assertion by Koivula 
(1986), we feel that homogenization temperatures 
of the liquid and gaseous components of two-phase 
inclusions are not sufficient to make a precise 
determination of the chemical nature of the mate- 
rial trapped in the corundum host crystals, since 
homogenization temperatures generally vary with 
the density and/or composition of the inclusions 
(cf. Roedder, 1972). Thus, determination of the 
temperatures at which the inclusions freeze is also 
necessary to characterize them accurately.* For the 
material trapped in corundum from Sri Lanka, we 
recorded a freezing temperature of — 56°C, which 
is close to the freezing temperature of carbon 
dioxide (—56.7°C). This confirms that the liquid 
and gaseous components of three-phase inclusions 
in corundum from Sri Lanka are almost pure 
carbon dioxide. 


Identification of the Solid Phase. We identified the 
transparent needle-like to tabular solid compo- 
nents of the three-phase inclusions by X-ray dif- 
fraction using an improved Gandolfi camera. For 
this part of the study, we selected three samples 
that contained numerous typical needle-like 
daughter crystal inclusions. Each sapphire was 
then sawed to position a cavity with three-phase 
inclusions just below the surface. After polishing 
the face, we carefully opened one cavity in each 
sapphire using a special microscope-mounted drill 
system. 

The drill system used here is based on a 
suggestion by Verschure (1978) and was originally 
developed to isolate small single crystals from thin 
sections. A similar procedure using a dental micro- 
drill to open cavities with daughter minerals has 
also been described by Graziani (1983). The instru- 
ment we used adapts a diamond microdrill to the 
objective of a polarizing microscope (figure 3). 
Progressive manual adjustment of the stage height 
produces a cylindrical sample no more than 50 pm 
in diameter, with a height corresponding to the 
thickness of the section drilled through, that can 
be picked out with a needle. The drilling process 
can be supervised optically through a planar glass 


*Editor’s note: This procedure is potentially destructive and 
should not be attempted as a routine gemological test. 
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Figure 2. When these three-phase inclusions in 
yellow sapphire from Sri Lanka were viewed 
with crossed polarizers, the needle-like mineral 
phase was found to be doubly refractive. 
Magnified 30x. 


cover, and the H,O coolant for the drill also 
provides a satisfactory immersion medium. Sam- 
ples obtained in this manner (either attached to the 
core or picked out of the cavity) are ideally suited 
for optical study (e.g., on a spindle stage} or single- 
crystal X-ray investigations. This system may also 
be used to isolate homogeneous parts of larger, 
chemically zoned crystals for further study after 
electron microprobe analysis of the same section 
(see Medenbach, 1986; Graziani, 1983). 

In the present study, after the microdrill was 
used to open inclusion cavities near the surface of 
each sapphire, several of the small daughter crys- 
tals were carefully selected and mounted onto a 
glass fiber for X-ray powder diffraction analysis by 
means of a Gandolfi camera. The Gandolfi camera 
is generally applied to X-ray microparticle phase 
analysis if the materials to be identified are not to 
be powdered (Gandolfi, 1964, 1967}. In the present 
case, as in most of these cases, only very small 
amounts of the single crystals or polycrystalline 
aggregates were available. 

To obtain good powder-type diffraction pat- 
terns, the operator must place the sample to be 
X-rayed at the precise intersection of two indepen- 
dent rotation axes, that is, the conventional Debye- 
Scherrer axis and the Gandolfi axis, which is 
inclined 45° to the former. While sample adjust- 
ment was difficult and time-consuming with the 
original Gandolfi camera, modified Gandolfi cam- 
eras as well as additional centering devices have 
been developed (Nuffield, 1975, Griittner et al., 
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Figure 3. The solid phase of the 
three-phase inclusions was isolated 
by means of this microdrill adapted 
to a polarizing microscope. 
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1978; De Bruiyn et al., 1984}. Another solution to 
the adjustment problem is presented by Sussieck- 
Fornefeld and Schmetzer (1987). The basic princi- 
ple is the introduction into a modified camera of a 
complete goniometer head as sample holder in- 
stead of a simple glass fiber. The adjustment is 
accomplished by use of an inner thread for crystal 
translation parallel to the Gandolfi axis in addition 
to the two perpendicular sets of arcs and slides of 
the conventional goniometer head. The camera 
adjustment system enables three perpendicular 
translations and two perpendicular rotations, and 
thus the precise adjustment of the crystal at the 
intersection point of the two rotation axes. 

As a result, good-quality powder diffraction 
patterns of the daughter crystals in the three-phase 
inclusions were obtained and subsequently 
matched to JCPDS file number 5-355 —diaspore, 
a-AlOOH. Because the pattern was definitive, a 
planned follow-up chemical analysis by electron 
microprobe was deemed unnecessary. 


DISCUSSION: THE FORMATION 

OF DIASPORE IN CORUNDUM 

FROM SRI LANKA 

Although most gem-quality corundum and other 
gem minerals from Sri Lanka originate from sec- 
ondary deposits, research has been undertaken to 
characterize the primary sources of these gem 
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minerals (e.g., Katz, 1971, 1972; Dahanayake, 
1980; Dahanayake et al., 1980; Munasinghe and 
Dissanayake, 1981; Dahanayake and Ranasinghe, 
1981, 1985, Katz, 1986}. Corundum is found in 
sillimanite-bearing high-grade metamorphic 
rocks, which were formed under pressure/tem- 
perature (PT) conditions characteristic of pyroxene 
granulite facies. During the formation of cor- 
undum under these PT conditions — that is, at high 
pressure with decreasing temperatures in the sys- 
tem Al,O3-H,O (see Deer et al., 1962)—diaspore 
becomes the stable mineral phase instead of cor- 
undum. At lower pressures, b6hmite, «-Al00H, 
becomes stable instead of corundum. The forma- 
tion of bdhmite within cavities or negative crys- 
tals in one sample of corundum from Sri Lanka is 
described by Sahama et al. (1973). Inthe experience 
of the present authors, however, the AIOOH poly- 
morph diaspore is more abundant in three-phase 
inclusions in corundum from this locality. Simi- 
lar-appearing daughter minerals have been de- 
scribed in three-phase inclusions in corundum 
from Malawi (Grubessi and Marcon, 1986], but 
were reported as probably being rutile. Further 
examination should be done to confirm their 
identity before diaspore can be considered an 
identifying characteristic of the Sri Lankan origin 
of sapphire. 

The presence of this particular type of three- 
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phase inclusion in corundum from Sri Lanka also 
proves that the stone has not been heat treated; as 
described by Koivula (1986}, the CO, would re- 
spond dramatically to such high temperatures. 
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Star (or Cat's-Eye?) 
ALMANDITE GARNET 


Although star garnet is not espe- 
cially rare, the East Coast laboratory 
recently encountered one that was 
different from most others we have 
seen. Figure 1 shows the 2.52-ct 
stone that was identified as alman- 
dite from the typical properties ob- 
tained by standard gemological test- 
ing procedures. The difference is that 
one arm of the star is so weak that the 
stone almost has the appearance of a 
cat’s-eye. A garnet such as this would 
be a welcome addition to any collec- 
tion of phenomenal stones. 

Clayton Welch 


Figure 1. One leg of this 2.52- 
ct star almandite garnet is so 
weak that the stone appears to 
be a cat’s-eye. Magnified 10x. 


DIAMOND 


Grayish Purple 

In our experience, truly purple dia- 
monds are very rare. A short time ago 
the East Coast laboratory tested the 
0.21-ct grayish purple stone shown in 
figure 2. The natural color appears to 
be the result of grayish purple grain- 
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Figure 2. The natural grayish 
purple color of this 0.21-ct dia- 
mond appears to be caused by 
graining. 


ing in the stone. Also present was the 
550-nm absorption band typical of 
natural-color pink and purple dia- 
monds. The diamond displayed a 
strong yellow fluorescence to long- 
wave ultraviolet radiation. 

David Hargett 


Saint Valentine’s 
Inclusion 


One of our New York clients was 
handling a 13.08-ct marquise-shaped 
diamond just in time fora sale asa St. 
Valentine’s day present. On closer 
examination, he was delighted to 
find that the diamond contained a 
heart-shaped inclusion (figure 3). 
One of the advantages of inclu- 
sions is that they can provide proof of 
a stone’s identity and ownership. 
How much better it is when the 
inclusion is as unusual, attractive, 
and appropriate as this one. 
Clayton Welch 


Treated Pink 


According to some of the people who 
color enhance diamonds commer- 
cially, pink in a treated stone is 
usually an accident of the treatment 
process, In most of these rare cases, 
the treater is trying fora fancy yellow 
color when, for some unknown rea- 
son, the stone turns pink instead. 

Fourteen pink diamonds, rang- 
ing from 1.5 mm to 4.0 mm in 
diameter, were recently seen in our 
East Coast laboratory. They had been 
represented to our client as natural- 
color pink diamonds from Australia. 
However, the 575-nm fluorescent 
line and 594-nm and 637-nm absorp- 
tion lines proved that the color was 
the result of treatment. Further proof 
was provided by additional lines in 
the red area of the spectrum, at 
approximately 620 and 630 nm, that 
are typical of treatment. 

These treated stones are color 
zoned yellow and pink. The zoning 
appears to be related to a zoned 
fluorescence that is also evident 
when the stones are exposed to long- 


Figure 3. At 45x magnifica- 
tion, this heart-shaped inclu- 
sion is readily visible in the 
13.08-ct host diamond. 
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Figure 4. Pink and yellow zon- 
ing is evident in this 0.12-ct 
treated pink diamond. Magni- 
fied 20x. 


wave ultraviolet radiation. The zon- 
ing in the 0.12-ct stone shown in 
figure 4 displays a dramatic yellow 
and pink cruciform pattern. It has 
been our experience that treated 
pink diamonds invariably fluoresce 
orange to: long-wave U.V. radiation. 

David Hargett 


Biron Synthetic 
EMERALD 


The West Coast laboratory received a 
Biron synthetic emerald for identi- 
fication that displayed higher refrac- 
tive indices (1.570—1.578} and bire- 
fringence (0.008] than we had previ- 
ously observed. The Fall 1985 issue 
of Gems & Gemology (pp. 156-170] 
reported on the extensive examina- 
tion of 202 samples of Biron syn- 
thetic emerald. Those stones all 
showed R.I.’s of 1.569 to 1.573 or 
1.574, with a corresponding birefrin- 
gence of 0.004 or 0.005. Although 
higher refractive indices ranging up 
to 1.570-1.577, with a birefringence 
of 0.007, had been reported in the 
literature by others, this is the first 
such stone we have examined. The 
inclusions and other gemological 


Editor's Note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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properties of this stone are the same 
as those described for Biron syn- 
thetic emeralds in the 1985 article. 

These refractive indices and bi- 
refringence may be the result of 
minor differences in chemical com- 
position caused by slight changes 
that are occasionally made in the 
manufacturing process. Studies of 
natural beryls have shown that both 
the filling of structural voids and the 
substitution of Cr, Fe3+, Fe2+, Mg, 
Li, other ions, and water molecules 
appear to be the major cause of varia- 
tions in the refractive indices and 
specific gravity. These same proper- 
ties in hydrothermal synthetic emer- 
alds are also dependent on the na- 
ture, and amount, of impurity ions 
and molecules the synthetic prod- 
ucts contain, RK 


Unusual GLASS 


The 12.38-ct opaque black modified 
round brilliant shown in figure 5 
recently provided the staff of the East 
Coast laboratory with an interesting 
identification problem. This stone 
had an almost metallic luster and an 
indistinct red/green blink to the re- 
fractive indices of 1.59 and a very 
low 1.35. Further testing revealed a 
specific gravity of 3.21, a Mohs hard- 
ness of approximately 4 to 5, vitreous 
conchoidal fractures, and no reaction 
to either the hot point or dilute HCl 
acid, The stone was warm to the 
touch when compared to a known 
crystalline sample of similar size at 
the same temperature. 

The test results suggested glass, 
except for the red/green blink, even 
though the latter looked unusual 
when compared to the typical carbo- 
nate blink. We discovered that we 
could not go from the high R.I. read- 
ing to the low one by simply rotating 
the stone as is usually done. 

Conclusive proof was provided 
by high magnification (approx- 
imately 100x}, which revealed a 
shallow ring of bubbles at the girdle. 
This stone seems to have been cut 
from a glass preform or cylinder. We 
suspect that the unusual appearance 
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Figure 5. This 12.38-ct opaque 
black round brilliant cut 
proved to be. glass, although 
there appeared to be a 
red/green blink when the 

R.I. was measured, 


and strange optical characteristics 
are probably due to a high opacifier 


"content and the tarnishing of this 


substance. The cause of the apparent 
blink remains a mystery. 
Clayton Welch 


JADEITE JADE 


Pendant 


A fine jadeite piece was recently 
examined at the West Coast labora- 
tory (figure 6). This pendant, of yel- 
low and white metal, is set with 18 
small brilliant-cut diamonds around 
a green hololith (27.1 mm in outside 
diameter}. The hololith has been ce- 
mented into the brightly polished 
yellow metal closed-back bezel 
mounting. 

The hololith, which was esti- 
mated to be approximately 1 mm 
thick, was proved to be jadeite by the 
refractive index of 1.66 and the char- 
acteristic 437-nm absorption line. 
Although the jadeite was inert when 
exposed to ultraviolet radiation, the 
glue around the edges of the hololith 
fluoresced a strong chalky yellow to 
long-wave, and a weaker chalky yel- 
low to short-wave, U.V. 

The most interesting feature of 
this jadeite is the strong contrast 
between the green and white por- 
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Figure 6, This natural-color jadeite jade hololith (27.1 mm in out- 
side diameter) displays an unusually strong contrast between the 


green and white areas. 


tions of this variegated piece. Micro- 
scopic examination revealed a fine 
crystalline structure, with an almost 
fibrous appearance to the green por- 
tion. To a gemologist not familiar 
with this type of jadeite, this appear- 
ance could be mistaken for dye con- 
centrations; however, the prominent 
chromium lines in the red area of the 
absorption spectrum easily prove 
that the color is of natural origin. 

RK 


Teapot 

The West Coast laboratory also re- 
cently examined the magnificent 
“white” jadeite jade teapot shown in 
figure 7. The entire piece measures 
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19 cm long x 10 cm wide x 12 cm 
high (with the lid}. The thickness of 
the domed portion of the delicate and 
beautifully carved lid ranges from 
0.3 mm to 2.7 mm. We could not 
measure the thickness of the center 
portion of the teapot, but we esti- 
mated that it ranges from approx- 
imately 2 mm to 4 mm. Some areas, 
such as the carved ridges and por- 
tions of the spout, are, of course, 
much thicker. 

The identity of the carving as 
jadeite was based on the standard 
gemological properties for this gem 
material: R.I. of 1.66, an aggregate 
reaction in the polariscope, specific 
gravity estimated with heavy liquids 


at 3.34, and a fairly strong 437-nm 
line in the absorption spectrum. A 
patchy, very dull yellowish green 
fluorescence of weak intensity was 
observed in the white areas when the 
piece was exposed to long-wave ul- 
traviolet radiation. The colorless 
areas were inert. 

This exquisitely carved teapot is 
strongly mottled with translucent to 
opaque white areas and transparent 
to semitransparent colorless por- 
tions; there are also a few small areas 
of pale green. The presence of rela- 
tively large areas that are both trans- 
parent and colorless is another 
highly unusual feature of this piece 
(figure 8). RK 


PEARLS 


Imitation 


The East Coast laboratory recently 
had the opportunity to examine the 
earrings shown in figure 9. The drop- 
shape “pearls” {approximately 10 x 
14mm] proved to be a glass imitation 
with essence d’orient coating. How- 
ever, the smaller pearls were of natu- 
ral origin. The style and quality of 
manufacture of the earrings strongly 
suggest that the imitations were 
probably replacements. 

Just when this type of imitation 
pearl (solid glass with essence d’ori- 
ent) supplanted the older wax-filled 
type is not known. If the earrings 
were made in Edwardian times (late 
1800s to early 1900s} as the style 
suggests, would these imitations 
have been the wax-filled type? Max 
Bauer, writing in 1896, did not men- 
tion essence-coated solid glass beads 
in the imitation-pearl section of his 
great book Precious Stones. He does 
mention, however, that the hollow 
glass types were made in many 
shapes, including spherical, oval, 
pear shape, and even baroque. RC 


A Rare Cultured Pearl 


Another mystery encountered in the 
East Coast laboratory is shown in 
figure 10, a routine X-radiograph of 
an unusually fine necklace of uni- 
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Figure 7. This teapot is beautifully carved out of highly translucent 


white jadeite jade. The piece measures 19 x 10 x 12 cm high, including the lid. 


Figure 8. The lid of the jadeite jade teapot is almost transparent. 
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form-size 9-mm cultured pearls. The 
mystery is the single light-toned 
sphere that appears in the upper left 
of the X-radiograph. Unlike the other 
cultured pearls, this one did not fluo- 
resce to X-rays in a dark room. A pin 
inserted through the drill hole estab- 
lished that the core was soft; in 
addition, a small bit of the core 
melted under low heat. The surface 
of this bead was clearly nacreous, 
with the same structure as the other 
cultured pearls in the necklace. 
Although we have encountered 
spherical cultured pearls with plastic 
nuclei in the lab, we had not previ- 
ously seen any with wax cores. One 
possible deterrent to using either 
plastic or wax as a nucleus is the low 
specific gravity of these materials, 
which contributes to necklaces with 
the “wrong heft.” They just feel too 
light for their size. 
RC 
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Figure 9. The two small pearls 
at the top of these earrings are 
natural, but the larger drops 
(approximately 10 x 14 mm) 
proved to be imitations made 
of solid glass coated with es- 
sence d’orient. 


: \ eS 


Figure 10. The unusual wax 
nucleus of the 9-mm cultured 
pear] in the upper left of this 
X-radiograph is responsible for 
the light center. 


PLASTIC Costume Jewelry 


The West Coast laboratory received a 
round yellow metal earring with a 
center segment of highly reflective 
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tinsel-like flakes embedded in a 
transparent colorless material, 
which was purported to contain dia- 
mond. As shown in figure 11, part of 
the center section had broken off, 
which exposed the metal backing. 
We were asked to determine if there 
was indeed any evidence of diamond 
in the colorless material. Permission 
was granted to perform any destruc- 
tive tests that might be necessary. 

Examination under the micro- 
scope revealed that the tinsel-like 
particles are rectangular in shape, 
very thin, and quite transparent in 
transmitted light. X-ray diffraction 
of one of these platelets resulted in an 
amorphous pattern, which proved 
that they are not diamond. 

Numerous gas bubbles were vis- 
ible in the surrounding material (fig- 
ure 12}, which was very soft and 
could be indented easily by the pin- 
point end of a brushprobe. Applica- 
tion of the thermal reaction tester 
probe (a hot point) produced the acrid 
odor that is characteristic of some 
plastic. 

To determine if any diamond 
powder was present in this plastic 
material, we dissolved a portion in 
sulfuric acid. No residue resulted 
from this solution process. As an 
additional test, another portion of 
the material was melted and vapor- 
ized, Again, there was no evidence of 
any residue. The conclusion reached 


Figure 11. A search for evi- 
dence of diamond in the deco- 
rative material on this earring 
revealed only plastic on the 
metal backing. 


was that this plastic material shows 
no evidence of containing any dia- 
mond. KH 


Black PYROPE GARNET 


One of our friends of the West Coast 
laboratory submitted several small 
faceted and cabochon stones that he 
had cut from rough material repre- 
sented to him as black pyrope. Figure 
13 shows a small cabochon as it 
appears in reflected light. The stones 
were submitted to us for testing to 
see if they really were black pyrope. 
The single refractive index was 
1.740 and the specific gravity was 
determined to be 3.72 by the heavy 
liquid method; both of these proper- 
ties are consistent with pyrope. The 
absorption spectrum showed a gen- 
eral absorption up to about 480 nm 
and again above 620 nm. 
Examination by transmitted 
light revealed that the color is actu- 
ally a dark brown. With magnifica- 
tion (figure 14], we observed nu- 
merous black ilmenite inclusions, 
which contributed to the black color 
apparent when the stones were 
viewed by reflected light. X-ray dif- 
fraction confirmed that the material 
is indeed pyrope, with perhaps just a 
little admixture of andradite indi- 
cated by the line spacing in the dif- 
fraction pattern. CF 


Figure 12. Gas bubbles in the 

decorative material on the ear- 
ring shown in figure 11 proved 
that it was man-made. Magni- 
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Figure 13. In reflected light, 
this pyrope cabochon appears 
to be almost black. 


Synthetic SAPPHIRES 


In the Lab Notes section of the Sum- 
mer 1987 issue of Gems &) Gemol- 
ogy, we reported on unusually strong 
curved color banding in a synthetic 
yellow sapphire. More recently, the 
East Coast laboratory had the oppor- 
tunity to examine two synthetic yel- 
low sapphires that were unusual in 
other ways.. 

When no color zoning or inclu- 
sions are present in a yellow sap- 
phire, it is standard procedure to use 
immersion, magnification, and 
crossed polarizers to look for Plato 
lines as proof of synthesis. One of the 
two stones we examined displayed 
such strong Plato lines that they 
were actually visible without magni- 
fication or immersion (figure 15). In 
contrast, the second stone showed no 
discernable Plato lines at all, which 
is unusual for a flame-fusion syn- 
thetic yellow sapphire. This stone 
was proved to be synthetic when 
high magnification revealed the pres- 
ence of several small gas bubbles. 

An interesting blue synthetic 
sapphire, also examined in New 
York, showed two sets of curved color 
banding that intersected each other 
at a very shallow angle. This is 
clearly indicated in figure 16 by the 
wedge of blue with its point almost 
dead center in the photo. The wedge 
marks the boundary between the 
two sets of banding, which are proba- 
bly a result of changes in the growth 
conditions while the boule was being 
formed. Clayton Welch 
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Figure 14. When the stone 
shown in figure 13 is viewed 
with transmitted light and at 
10x magnification, both the 
actual brown color and 

the ilmenite inclusions that 
make the stone look black in 
reflected light are evident. 


Brecciated 
TIGER’S-EYE QUARTZ 


The West Coast laboratory recently 
received for identification two inter- 
esting pieces of brecciated (i.e., con- 
taining angular fragments naturally 
cemented together into one mass} 
tiger’s-eye quartz. Our client had ob- 
tained the samples from a deposit in 
South Africa. The polished slab 
shown in figure 17 (8.2 cm long x 3.4 
mm thick) illustrates quite well the 


Figure 15. Plato lines charac- 
teristic of synthetic yellow 
sapphire were visible in this 
6.93-ct stone even without 
magnification (shown here at 
10x for clarity). 


Figure 16. Two sets of curved 
color bands intersect in the 
wedge-shaped area at the cen- 
ter of this synthetic blue sap- 
phire (7.5 x 5.0 x 3.1 mm). 
Magnified 10. 


Figure 17. This 8.2 cm x 3.4 mm polished slab is a good example 


of brecciated tiger’s-eye quartz. 
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Figure 18, In this rough piece {5.4 cm at its largest dimension), the 
components of this material are evident in a 1-cm-deep cavity 
lined with drusy quartz on the left, brecciated tiger’s-eye quartz in 
the center, and unaltered blue crocidolite on the right. 


brecciated nature of this material. 
Most areas are the typical brownish 
yellow to brown color of tiger’s-eye, 
while some are reddish brown and a 
few portions are distinctly gray-blue. 
In several places on the top and 
bottom of the slab, a few small cavi- 


ties lined with tiny, well-formed, 
colorless quartz crystals are evident. 

Tiger’s-eye is the variety of 
quartz in which quartz has replaced 
crocidolite (an asbestos variety of the 
amphibole mineral riebeckite} with- 
out disturbing the fibrous structure 


A HISTORICAL NOTE 


of the original mineral. Figure 18 
shows an excellent example of this 
interesting mineralogic relationship. 
The left side of this specimen (5.4 cm 
at its largest dimension} has a |-cm- 
deep cavity lined with drusy quartz, 
the center is the brecciated tiger’s- 
eye, and on the right is some of the 
unaltered blue crocidolite. 

The material displayed the gem- 
ological properties expected of ti- 
ger’s-eye. X-ray diffraction showed a 
quartz pattern, with one extraneous 
line. This material appears to be very 
similar to a sample illustrated on 
page 90 of an article by Robert Webs- 
ter titled “Pseudocrocidolite,” pub- 
lished in the Journal of Gemmology, 
Vol. 11, No. 3, July 1968. Webster 
reported at that time that the mate- 
rial had been marketed under the 
name “Pietersite.” RK 


FIGURE CREDITS 


Figures 1,3, 5,9, 15, and 16 were supplied 
by Clayton Welch. Dave Hargetl took pho- 
tos 2 and 4. Shane McClure is responsible 
for figures 7, 8, 17, and 18. Figure 6 is © 
Harold and Erica Van Pelt. The xX-radio- 
graph in figure 10 was taken by Tom Moses. 
Karin Hurwit took the photos in figures 11 
and 12. Figures 13 and 14 came from John 
Koivula. Sotheby-Parke-Bernet supplied 
the photo of the originaf pink diamond used 
in the “Historical Note”; Andrew Quinlan 
took the photo of the “painted” stone. 


Highlights from the Gem Trade Lab 25, 15, and five years ago 


SUMMER 1963 

One of the most unusual items en- 
countered 25 years ago in the New 
York lab was petrified dinosaur bone. 
The material is believed to occur in 
several localities in the western 
United States. The stones examined 
had a mosaic structure of reddish to 
yellowish chalcedony replacing part 
of the bone, with the balance of the 
material intact as calcium carbo- 
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nate. Other examples previously 
seen had the bone completely re- 
placed with chalcedony. 

The Los Angeles lab encoun- 
tered a number of unusual collector 
stones in this same time period. No- 
table among those mentioned were a 
4,.5-ct emerald-cut benitoite and an 
unusual colorless benitoite. Others 
of interest were faceted lazulite, blue 
apatite, chrome green sphene, and 


transparent faceted rhodochrosite, 
tremolite, and yellow zoisite. 


SUMMER 1973 


The highlight of the Summer 1973 
GTLN column from Los Angeles was 
the identification of the very rare 
material jeremejevite. A 1.52-ct long 
slender emerald cut was submitted 
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This 9.58-ct fancy pink dia- 
mond was stolen from 
Sotheby's in New York. 


for identification. Prior to this, jer- 
emejevite was known only as parti- 
cles the size of sugar granules from 
the USSR. This material has the 
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This 10.88-ct light yellow dia- 
mond was coated with pink 
nail polish and substituted for 
the stone shown at left. 


unusual property that some parts of a 
single crystal are uniaxial while 
others are biaxial. Other properties 
include refractive indices of 
1.639-1.648 and a specific gravity of 
3.30. 

The New York lab provided a 
rather lengthy discussion on the irra- 


diation of gem materials with 
gamma rays. The known effects of 
such irradiation on topaz, quartz, 
spodumene, cultured pearls, and ber- 
yl were given. The lack of any test to 
detect this type of treatment, except 
for the fading of some materials, is 
mentioned. 


SUMMER 1983 


The big story of the Summer 1983 
GTLN section was the switching of a 
painted stone for a fancy pink dia- 
mond during a presale viewing at one 
of the large auction galleries. A 
10.88-ct light yellow emerald cut 
was painted with pink fingernail pol- 
ish and switched for an attractive 
9.58-ct fancy pink stone. The pre- 
auction estimated value of the fancy 
pink was in excess of $500,000, com- 
pared to an estimated $12,000 to 


” $15,000 for the substituted stone. 
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GEM NEWS 


John I. Koivula and Robert C. Kammerling, Editors 


DIAMONDS 


Diamond dredging in a big way. During Gem News 
editor John Koivula’s visit to Brazil in the fall of 1987, he 
observed the operation of the “Tejucana diamond 
dredge,” an unusually large and efficient floating earth 
mover-—processor that is currently operating near the 
city of Diamantina, in Minas Gerais (figure 1]. Modeled 
after the gold dredges used in the western United States 
in the early 1900s, this dredge has been considerably 
enlarged and modernized to handle diamonds as well as 
gold. It is reported to be approximately 90% effective in 
its recovery of both diamonds (the primary target} and 
gold, 

The Tejucana dredge floats on a lake that it manu- 
factures by diverting nearby streams, in an area where 
diamondiferous gravels have been identified in ancient 
riverbeds. As it moves slowly along, the dredge excavates 
(down to the bedrock) all of the soils and gravels in its 
path. A conveyor system of buckets 3— ft. in diameter 
(figure 2] carries these materials into the processing 
plant atop the dredge. Here the gravels are mechanically 
sorted by size and density, and the gold and diamonds are 
eventually separated out. Once processing has been 
completed, the residual gravels and other materials are 
ejected from the dredge into piles on either side of, and 
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behind, it. Although very efficient, this process leaves 
massive scars on the land, which is the main reason such 
dredges are illegal in the U.S. 

This dredge is one of two that the owners (Miner- 
acao Tejucana S.A.) operate on two different water 
systems approximately 40 km apart. In September 1987, 
it was producing an average of about 2,500 ct of gem 
diamonds, and as much as 25 kg of gold, per month. 


Diamond brings largest per-carat price at auction. A 
52.59-ct emerald-cut diamond (see figure 3} sold at the 
April 1988 Christie’s auction for US$7.48 million. The 
US$142,232 per carat commanded by this D-internally 
flawless diamond is the highest per-carat price ever paid 
at auction for a colorless diamond. 


COLORED STONES 


More on Mexican andradites. More iridescent andradite 
garnet from Sonora (see Gem News, Fall 1987) has been 
brought to our attention by Mr. Ralph Coello of Oasis 
Investments USA, Sherman Oaks, California. Mr. Coel- 
lo’s samples (which he had obtained from Bernhard and 
Muriel De Koning of R&B Gems, Temple City, Califor- 
nia) included rough similar to the iridescent material 


Figure 1. The Tejucana 
diamond dredge (here, 
operating near Diaman- 
tina, in Minas Gerais, 
Brazil) removes river 
gravels and mechanically 
sorts them for diamonds 
and gold. Photo by 

Kristi A. Koivula. 
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that we previously noted and a few small, transparent, 
slightly brownish yellow faceted stones. Each of the 
latter stones showed a very distinct, colorful, internal 
diffractive quality when viewed through the table using 
dark field illumination (figure 4); we were told that these 
stones had been cut from small euhedral crystals. 

The larger, iridescent pieces of rough showed two 
distinct layers of color (figure 5]. The underlying layer 
consisted of a translucent dark red-brown material; the 
outer layer, which provided the iridescence, was bright 
yellow with a very slight brownish cast. X-ray diffrac- 
tion analyses of both layers by Chuck Fryer showed the 
material to be andradite garnet. 


Ruby from North Carolina. While digging through “gray 
muck” at a corundum-producing area near Franklin, 
Macon County, North Carolina, gemologist John 
Fuhrbach recovered a fine 2.53-ct tabular ruby crystal 
(figure 6]. For size, color, and overall quality, it is an 
unusual crystal from this North American locality. 


Figure 2. Dredge buckets on the Tejucana dia- 
mond dredge systematically scrape the river 

bottom and bring all of the material into the 
dredge for,sorting. Photo by Kristi A. Koivula. 
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Figure 3. This §2.59-ct D-internally flawless 

diamond brought the largest per-carat price at 
auction ever received for a colorless diamond. 
Courtesy of Christie’s; photo © Tino Hammid. 


Sri Lanka update. Mr. Gordon Bleck, a geologist who 
currently resides in Viyalagoda Eheliyagoda, Sri Lanka, 
recently wrote to Dr. Emmanuel Fritsch, of the GIA 
Research Department, with news of his latest discov- 
eries from this prolific gem-producing island. Bleck 
reports that because most of the gem workings involve 
various small, quickly executed, dispersed mines, each 
visit to the gem-mining areas of Sri Lanka inevitably 
reveals many surprises. Following are some of the more 
interesting discoveries reported by Bleck: 


@ He observed a beautiful 10-ct color-change sapphire 
with a large, well-defined, doubly terminated zircon 
crystal as an inclusion near the surface of the pavilion. 
e@ A dark green 190-ct piece of rough ekanite, with a 
natural shape that mimics the outline of the island of Sri 
Lanka, was found near the village of Maligavila, in the 
Monarayala district of the well-known gem-producing 
area of Okkampitiya. This piece was mined on jungle 
flat land from a depth of approximately 3-4 ft., under a 
layer of small alluvial boulders. This area started pro- 
ducing significant quantities of ekanite about two years 
ago. At least 50 to 60 kg of ekanite have been recovered 
since then, with some pieces as large as 1.5 kg. Because of 
the limited demand for this material, mining for ekanite 
has now come to a halt. 

@ A well-formed, relatively fresh, twinned crystal of 
opaque metallic-black, highly radioactive uraninite 
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Figure 4. Bright, diffraction-caused colors are 
visible in this faceted andradite from Hermosillo, 
Mexico. Darkfield illumination; magnified 25 x. 
Photomicrograph by John I. Koivula. 


{uranium oxide) was discovered in Rajaweka, a small 
village approximately 10 km (6 mi.} from the town of 
Balangoda. Bleck made the identification based on the 
fact that a similar crystal that he had sent to GIA 
Research earlier was determined to be uraninite. This 
earlier crystal was so radioactive that a special “stone 
paper” was constructed for it out of 2-mm thick lead 
sheet. Even when the stone was encased in the lead 
sheet, radiation was easily detected. 


@ Anapparently flawless rough orange scapolite (118 ct} 
was found at the village of Ellawel near the town of 
Eheliyagoda, approximately 5 mi. (8 km} from where 
most of the colorless Sri Lankan scapolite is found. Thus 
far, this is the only known orange scapolite from this 
area. It was recovered from a long-standing mine (ap- 
proximately 10 m deep} in a rice paddy. A 100-ct piece of 
green beryl was also recovered from the same mine in 
recent months. 


Figure 6, This 2.53-ct ruby crystal (10.51 x 
7.47 X 2.63 mm) was found recently in Macon 
County, North Carolina, Courtesy of John 

Fuhrbach; photomicrograph by John I. Koivula. 
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Figure 5. This layered structure is typical of the 
iridescent andradite garnets from Mexico; both 
layers are andradite. Magnified 10x ; photo- 
micrograph by John I. Koivula. 


Clarification. With regard to the report on inclusions in 
the new Hematita alexandrites that appeared in the 
Spring 1988 Gem News section, it was Dr. Edward 
Gubelin who actually identified the apatite inclusions 
in this new material and initially suspected that fluorite 


Figure 7, These watches are decorated with 
plastic imitation malachite. Photo by Robert 
Weldon. 
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inclusions might also be present {on the basis of the 
isometric morphology of the inclusions in question and 
their similarity in appearance to inclusions of fluorite 
identified in topaz from Nigeria). Following preliminary 
testing of these inclusions by Dr. Karl Schmetzer and 
Mr. Charles Schiffman, at Dr. Gibelin’s request, Dr. 
Henry Hianni performed the chemical analysis that 
proved that they were indeed fluorite. 


SYNTHETICS AND IMITATIONS Es 


Plastic imitations of lapis lazuli and malachite. Watches 
decorated with inlaid gem materials are currently a 
popular item in the jewelry trade. Ellie Page, a resident 
instructor at GIA—Santa Monica, informed us that some 
of these watches may actually be decorated by plastic 
substitutes for malachite (figure 7) and lapis lazuli. 

To the unaided eye, the authentic gem-decorated 
watches and the plastic imitations appear virtually 
identical. In addition to standard gemological testing 
techniques, however, there are three simple methods 
that can be used to spot a fake. First, heft the watch. A 
watch decorated with one of these gem materials will 
feel much heavier than its plastic imitator, because the 
specific gravities of lapis and malachite are much 
greater than that of plastic. Second, examine the un- 
polished edges between each link of the band. Since lapis 
and malachite are aggregates, the unpolished surfaces 
will be grainy to uneven, in contrast to the smooth- 
textured surface of plastic. Last, the asking price for the 
watches made of the actual gem material (which ranges 
from about $35.00 to $100.00 or more) is significantly 
greater than that of the plastic imitation (approximately 
$15.00-$25.00}. 


Figure 8. These blister packs contain synthetic 
spinels, designed for mass marketing just like 
pills. Photo by Robert Weldon. 


Clever marketing. A new, somewhat humorous method 
of “packaging” synthetic gems was recently brought to 
our attention. Dark blue “cobalt”-colored synthetic 
spinels, faceted into uniform 6-mm round brilliants, 
were placed in blister packs in much the same way as 
cold pills or similar medicines. They were positioned 
individually in plastic depressions, uniformly spaced on 
a large sheet that was backed and sealed by metal foil. 
And, just like pills, if you need one, a little finger 
pressure on the plastic bubble will pop a spinel out 
through the foil backing (figure 8). 


ANNOUNCEMENTS 


The American Museum of Natural 
History has opened an exhibit of 
153 colored diamonds compiled 
from the Aurora Gem Collection 
and the Goldberg Collection. This 
display, in the Morgan Memorial 
Hall of Gems, is the largest and 
most comprehensive suite of cal- 
ored diamonds ever shown at a 
public institution. A superb range 
of colors, as well as numerous lo- 
calities, are represented. For more 
information on the museum and 
this unique exhibit (which is 
scheduled to remain on display un- 
til at least March of 1989], tele- 
phone (212} 769-5800. 


Gem News 


Matrix: A Journal of the History of 
Minerals was introduced at the 
February 1988 Tucson Gem & 
Mineral Show. This informative 
and well-illustrated 16-page news- 
letter (scheduled to be published 
six times a year) is dedicated to the 
history of minerals and significant 
people in mineralogy. For subscrip- 
tion information, contact Matrix 
Publishing, BO. Box 129, Dillsburg, 
PA 17019. 


The Sixth Jewel and Diamond Fair 
will be held in Antwerp September 
4-6, 1988. Over 100 exhibitors will 
participate in the Bouwcentrum. 
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For more information and reserva- 
tions, contact: Promaz BVBA, La- 
mounierestraat 69-71, B2018 
Antwerp, Belgium; telephone 

(03) 239-51-22. 


The Hong Kong Jewelry & Watch 
Fair is scheduled for September 
18-21, 1988, at five area hotels in 
Hong Kong. Over 500 exhibitors 
from 25 countries will be repre- 
sented. For information, contact: 
Headway Trade Fairs, Ltd., 9/F 
Sing-Ho Finance Building, 168 
Gloucester Road, Hong Kong; tele- 
phone 5-8335121. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Beryl: A summary. J. Sinkankas, Rocks and Minerals, 
Vol. 63, No. 1, 1988, pp. 10-22. 


Sinkankas presents a wonderful article based on his now 
out-of-print Emerald and Other Beryls. The most com- 
mon variety of beryl is the so-called common beryl — 
poorly formed, non—gem quality beryl with value only 
as the primary ore of beryllium. In order of abundance 
{from most to least}, the varieties of gem beryl include 
blue to bluish green aquamarine, golden beryl (some- 
times called heliodor), and morganite (pale peach or pink 
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or GIA. 
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to a fairly intense apricot or purplish pink}. The next 
most abundant would be emerald, followed by the 
completely colorless variety known as goshenite. Now 
considered to be the rarest of all beryls is the stunning 
red variety that was originally discovered in the Thomas 
Range, Utah, in the early 1900s; more recently, red beryl 
has been found in the Wah Wah Mountains of that same 
State. 

Using charts and illustrations, Sinkankas describes 
the crystal structure and composition, physical proper- 
ties, and causes of color. The basic geology of beryl 
deposits and some classic worldwide occurrences (to- 
gether with maps] are also included. BCC 


Blue spinel from the Hunza Valley, Pakistan. R. R. 
Harding and F Wall, Journal of Gemmology, Vol. 
20, No. 7/8, 1987, pp. 403-405. 


Small, gem-quality spinel crystals have been found in 
the Hunza valley of Pakistan. They are described as 
black or dark blue in reflected light and as “a range of 
blue, lilac and pink” in transmitted light. All of the 
material studied exhibited absorption bands at 650-630, 
600-590, 580-565, 555-540, and 470-455 nm in a hand 
spectroscope; in addition, pink crystals showed a band at 
680 nm which was attributed to chromium. A Pye- 
Unicam spectrophotometer was used to confirm these 
locations, with the spectrum of a synthetic blue spinel 
provided for comparison. Comparison was likewise 
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made to the spectrum of a cobalt-containing blue spinel 
as published in a 1984 article by Shigley and Stockton 
(Gems & Gemology, Vol. 20, No. 1, pp. 34-41). Unfor- 
tunately, this spectrum does not have a linear wave- 
length scale, which the authors (including this ab- 
stracter} did not explicitly state in their article. As a 
result, Harding and Wall’s observation that “the centres 
of the absorptions between 500 and 700 nm are not 
identical” is based on spectra that cannot be compared 
visually. A correction, including linearly scaled versions 
of the 1984 spectra, has been sent to Journal of Gemmol- 
ogy for publication in a future issue. 

Harding and Wall also provide, however, microprobe 
chemical data for a Hunza valley blue spinel, showing 
similarity to the Sri Lanka material except that the 
Pakistan material contains more chromium and ti- 
tanium. They note that cobalt, if present, is below 
microprobe detection limits. CMS 


Colour-changing chromiferous tourmalines from East 
Africa. H. Bank and U. Henn, Journal of Gemmol- 
ogy, Vol. 21, No. 2, 1988, pp. 102-103. 


Drs, Bank and Henn provide the first gemological 
description of green-to-red color-change tourmalines 
from East Africa. These gems have refractive indices of 
1.644-1.645 and 1.622-1.623, a birefringence of 0.022, 
and a specific gravity of 3.04-3.06. Electron microprobe 
analyses are provided, as are spectroscopic results that 
support the significance of Cr+ as the principal color- 
causing element. CMS 


Zur Deutung der Farbursache blauer Saphire — eine Dis- 
kussion (The cause of colour in blue sapphire—a 
discussion). K. Schmetzer, Neues Jahrbuch ftir 
Mineralogie Monatshefte, Vol. 8, 1987, pp. 
337-343. 


This article provides an overview of the causes of color 
in blue sapphires from various localities. The origin of 
color in blue sapphire historically has been related to the 
presence of Fe2+Ti4+ intervalence absorption, some- 
times induced by heat treatment. Other components 
may also be present in the spectrum, such as Fe3* 
absorptions, and sometimes Fe2 +->Fe3+ charge transfer. 
Blue sapphires of desirable color from Kashmir, Mogok, 
Umba Valley, and Montana, as well as Verneuil synthetic 
sapphires, show Fe2+ >Ti*+ charge transfer with weak 
Fe?+ bands but no Fe2+-Fe3+ charge transfer. The less 
desirable greenish blue stones from Australia, Nigeria, 
Thailand, and Kenya display intense Fe?+ bands and 
variable amounts of Fe2+—Ti4+ and Fe2+>Fe3+ charge 
transfer. Chatham flux-grown synthetic blue sapphire 
shows small Fe3+ bands, Fe2+-Ti++ charge transfer, 
and variable intensities of Fe2+—Fe?+ charge transfer, a 
spectrum that is also found in some blue sapphires from 
Pailin, Kampuchea. Sapphires of similar chemical com- 
position with no Fe2+>Ti‘4+ charge transfer have been 
found in Thailand and have a green color. 
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Heat treatment not only can dissolve rutile needles, 
thus enhancing the Fe2+—Ti*+ charge transfer, but it 
also can produce a variety of dissolution reactions 
involving many types of inclusions. The results depend 
on the heating parameters, the relative concentrations of 
the various impurities, and the atmosphere in the 
furnace. EF 


Emerald: The stunning adornment. D. A. Hiss and H. 
Walowitz, Jewelers’ Circular-Keystone, Vol. 154, 
No. 4, April 1988, pp. 203-210. 


This lengthy article gives an excellent overview of 
various aspects of emeralds. It includes 18 color photo- 
graphs illustrating the color range of emeralds, distinc- 
tive features and characteristic inclusions, as well as a 
number of exceptional estate pieces and various aspects 
of the mining operations at Muzo. 

The authors describe the color of emeralds in detail, 
using GIA ColorMaster nomenclature as written by 
Drucker of “The Guide.” They also discuss oiling and 
practical care tips, as well as interesting lore {including a 
brief history of the fascinating Colombian emerald 
deposits). Emerald’s use as a birthstone, its identifying 
characteristics, short source descriptions, the synthetic 
counterparts available, and a column of technical data 
round out this comprehensive article on emerald. 

Jay G. Lell 


Fibers of dumortierite in quartz. K. R. Applin and B. D. 
Hicks, American Mineralogist, Vol. 72, No. 1/2, 
1987, pp. 170-172. 

Etching experiments on quartz from various localities 

reveal the presence of dumortierite fibers 100-400 nm 

wide, 100-200 nm thick, and at least hundreds of 
microns long. These fibers are most abundant in rose 
quartz from the Ruby Range, Montana; fine optical 
quartz from Arkansas does not contain any fibers. 

Although the article does not establish a clear connec- 

tion between the presence of pink dumortierite inclu- 

sions and the color of the host mineral, one can deduce 
that pink dumortierite is a possible cause of color in rose 
quartz. EF 


The not-so-rare earths. G. K. Muecke and P Moller, 
Scientific American, Vol. 258, No. 1, January 1988, 
pp. 72-77. 
A recent survey finds that the rare-earth elements are 
not that rare. Indeed, most of them are more abundant 
than gold in the earth’s crust. They are usually present in 
the trivalent state, and they commonly substitute for 
calcium, regardless of the size of their ions. This means 
that calcium minerals (such as calcite, fluorite, schee- 
lite, some plagioclase feldspars, and many other gem 
materials} are likely to contain large concentrations of 
rare earths. The chemical characteristics and geochemi- 
cal cycle of these elements are explained, and two 
opposite tendencies are shown: Light rare earths are 
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incorporated more easily into crystals that grow in 
hydrothermal solutions, whereas heavy rare earths are 
incorporated first in minerals formed in magmatic 
systems. This suggests a guideline as to what kind of rare 
earths one should expect to find in gem minerals 
deposited in hydrothermal veins or magmatic —espe- 
cially pegmatitic— occurrences. ]LC/EF 


Pyrite in Canadian ammonite. J. 1. Koivula, Australian 
Gemmologist, Vol. 16, No. 8, 1987, pp. 304-307. 


Beginning with a brief review of the history, geologic 
setting, and recovery of Canadian ammonites, the au- 
thor proceeds to describe his examination of a section of 
Placenticeras meeki shell. The specimen consisted of an 
iridescent layer on a natural brownish gray shale base. 
Whitish, rounded blebs were visible on the specimen 
with the unaided eye; under magnification they ap- 
peared pale whitish yellow with a metallic luster, 
resembling pyrite. 

Rather than apply sophisticated testing techniques 
{e.g., X-ray powder diffraction and electron probe micro- 
analysis} to identify these inclusions, the author chose 
to use what he describes as “a more traditional” ap- 
proach, that is, microchemical analysis, a form of testing 
that is still used by exploration geologists. What follows 
is a fascinating description of the testing techniques, 
which led to the identification of the inclusions in 
question as pyrite. The author suggests that a small kit 
for microchemical testing might be assembled and used 
effectively by gemologists, mineralogists, and geologists 
who do not have access to sophisticated instrumenta- 
tion. RCK 


DIAMONDS 


Colored diamonds. S. C. Hofer, New York Diamonds, Vol. 
1, No. 1, 1988, pp. 28, 30. 

Mr. Hofer introduces his column “Colored Diamonds” in 
the premier issue of this new trade journal. He begins by 
providing several historical references to colored dia- 
monds, touching briefly on the formation, history, and 
marketing of these rare gems. He states that his inten- 
tion in this column is “to educate and inform members 
of the industry ... on the mysterious and often mis- 
quoted colored diamonds,” 

Included in this first column is an announcement 
and description of the fancy-color diamonds in the 
Aurora Gem Collection and the Goldberg Collection, 
which are currently on display at the American Museum 
of Natural History in New York City. Two color photo- 
graphs of diamonds from the two collections illustrate 
the column. Bill Videto 


A diamond as big as the Ritz— well, just about that big. 
PE Kluger, Smithsonian, Vol. 19, No. 2, May 1988, 
pp. 72-83. 


In August 1984, diamond cutter Marvin Samuels, in 
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partnership with the Zale Corporation, purchased an 
890-ct fancy yellow rough diamond — the fourth largest 
diamond ever found. The partners believed that they 
could cut a stone to surpass the weight of the famed 
Cullinan 1, at 530.2 ct the world’s largest faceted gem 
diamond. 

This article allows the reader to live the drama of 
the cutting of this unique diamond and the decision to go 
for quality rather than size. The finished stone, cut in an 
unusual “triolette” shape, is, at 407.43 ct, the world’s 
largest fancy-color diamond and the second largest 
diamond overall. Patrick B, Ball 


Famous diamonds of the world XXVI: La Belle Héléne. 
1. Balfour, Indiaqua, Vol. 44, No. 2, 1986, pp. 
124-127. 

La Belle Héléne was discovered in the region along the 

southwest corner of Africa known as the “Skeleton 

Coast.” Although forbidding, it is one of the world’s 

richest sources of gem-quality diamonds under one 

carat. Large diamonds of fine quality are a rarity here; 
therefore, the 160-ct rough found in 1951 was very 
unusual. 

The diamond rough was sold to Mr. Romi Gold- 
muntz, a recognized personality in the Belgium dia- 
mond industry since World War ll. The diamond was 
named after his wife Héléne. Later, the stone was sent to 
New York where it was cut into two matching pear 
shapes, weighing 30.38 and 29.71 ct, and a 10.50-ct 
marquise. All three stones were eventually sold to 
private buyers through Cartier. JLC 


Famous diamonds of the world XXVII: The Vainer 
Briolette. I. Balfour, Indiaqua, Vol. 44, No. 2, 1986, 
pp. 129-130. 

In his continuing series on famous diamonds, Balfour 

here discusses how the London firm of M. Vainer Ltd. cut 

a 202.85-ct yellowish rough diamond into the largest 

briolette-cut diamond in the world. 

The firm was first told of this diamond, believed to 
be from South Africa, in the autumn of 1984. The stone, 
an almost perfect octahedron, would have been fash- 
ioned into two matching round brilliants by most 
cutters. Mr. Vainer, however, opted for the briolette cut, 
which ultimately produced a 116.60-ct fancy light 
yellow diamond with 192 facets in this unusual shape. 
The Sultan of Brunei subsequently purchased the stone. 

JLC 


First joint venture to mine in China. P Brindisi, Jewel- 
lery News Asia, Vol. 41, No. 1, January 1988, pp. 
51-54. 

In October 1987, a joint venture between partly Austra- 

lian-owned City Resources {Asia} Ltd. of Hong Kong and 

the People’s Republic of China was issued a license to 
explore for and mine diamonds and precious metals in 

China. They will begin exploration in the Hunan Provi- 
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nce in May of 1988. Diamonds have been mined on a 
limited basis in this area for over 30 years. A 60-km 
mining area has been allocated in the lower Yuan Jiang 
River, thus giving the name Yuan Jiang River Project to 
the venture. The group also plans to mine the terraces 
along the river. Several large diamonds have already been 
found, but the dredging method used does not recover 
small stones. Systematic sampling of alluvial deposits 
and deep drilling will allow a detailed assessment of the 
potential of the deposit. To date, the extent of diamond 
reserves in China is not known. 

Gold is also found in the river. The flaky structure 
suggests a nearby origin. All gold recovered is to be sold 
to the Bank of China. While City Resources is the first 
outside group to be licensed for such a joint venture with 
the PRC, other companies are currently negotiating for 
similar licensing to explore for diamonds. [LC 


Industry listens carefully to anti-apartheid debate. New 
York Diamonds, Vol. 1, No. 1, 1988, pp. 54, 56. 


In the premier issue of this quarterly trade magazine 
(which is sponsored by the Diamond Dealers Club, Inc., 
of New York) a staff writer reviews the present status of 
the anti-apartheid debate in the U.S. An amendment to 
the 1986 Comprehensive Anti-Apartheid Act has been 
proposed'that would prohibit the importation of dia- 
monds “(1'}; produced in South Africa, (2} exported, 
directly or indirectly, from South Africa, or (3) offered for 
sale by, or on behalf of, the Government of South Africa 
or a South African entity” (as quoted directly from the 
proposed amendment). 

The article mentions the impact such legislation 
would have on the international diamond market as well 
as specifically here in the U.S. In particular, emphasis is 
placed on the role that the Jewelers of America organiza- 
tion has taken to inform jewelers and legislators of the 
ramifications of such an amendment. The article ends 
with a quote from Sheldon London, legislative counsel 
to Jewelers of America: “It’s not something that needs to 
alarm the industry, but it is something we have to watch 
constantly.” DMD 


Produccién record de diamantes (Record production of 
diamonds}. Joyas & Joyeros, Vol. 25, September 
1987, pp. 43-45. 

The 1980s have provided a major challenge for the 

Central Selling Organization (CSO) in terms of the 

production and marketing of diamonds; this article 

(written in Spanish} analyzes and chronicles diamond 

production in this decade. Because of the world reces- 

sion that dominated the beginning of the decade, dia- 
mond production was low, reaching its lowest level in 

1982. Recovery came after 1985, as demand surged and 

the costs of production were reduced. 

For the Spanish-speaking gemologist, this article 
also provides an unbiased glimpse into the world of De 
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Beers, with a particular emphasis on the CSO. However, 
it does highlight such emotive topics as political sanc- 
tions against South Africa and, conversely, portrays De 
Beers as a beneficial “cooperative,” whose presence and 
industry benefits producers, hosting countries involved, 
and consumers alike. 

Considerable attention is also given to other pro- 
ducers such as the Argyle mines in Australia and the 
now recuperating mines of Zaire, RW 


GEM LOCALITIES 


Lightning Ridge —die Wiege der Australischen Schwarz- 
opale (Lightning Ridge, the cradle of Australian 
black opals). E. Gibelin, Lapis, Vol. 13, No. 2, 
February 1987, pp. 15-30. 

The first part of this article about Lightning Ridge 
covers the history and geology of the area, the origin of 
the opals, and the methods of mining and processing the 
rough material. Although opal was first discovered here 
in 1887, production on a {comparatively} large scale 
began only about 30 years ago. More sophisticated 
mining techniques—such as the use of explosives and 
pneumatic drills, bulldozers, surface mining, and pro- 
cessing with “agitators,” in addition to “dry” and “wet 
puddling” —are quite new and have become profitable 
because of an increasing demand for black opal. Dr. 
Giibelin discusses the geologic and chemical conditions 
of opal formation in the Lightning Ridge area and 
concludes that the opals were formed during the kaoli- 
nization of feldspars in the early Tertiary period. The 
mining activities are illustrated by 17 informative color 
photographs and two geologic sketches. 

The second part of the article gives general informa- 
tion on opal, including sources, varieties, and some 
mineralogic and gemological data. Two electron photo- 
micrographs show the different structures of common 
and gem-quality opal. Examples of fine black opals as 
well as other varieties (rough and cut) are shown in 16 
color photographs. 

While the second part of the article may be too 
general for the reader already familiar with the material, 
it is of value for newcomers. The description of opal 
mining at Lightning Ridge, however, is of interest to all 
for its fresh view of the activities in this mining area. 
The article is written in German, but the beauty of the 
photographs is international. 

Rolf Tatje 
Duisburg, West Germany 


A review of jade in South Australia. J. G. Olliver, 
Australian Gemmologist, Vol. 16, No. 8, 1987, pp. 
283-286. 

This article reviews the geology and mining of the 

Cowell nephrite deposit on the Eyre Peninsula, South 

Australia. This deposit was discovered relatively re- 

cently, in 1966. Since that time, 115 outcrops have been 
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identified ina 6 x 3 km area designated the Cowell Jade 
Province. An evaluation of the deposit conducted in 
1986 conservatively placed the recoverable reserves at 
60,000 tons, with an average price of $A4,000 per ton. 

Nephrite at this site is associated with quartzo- 
feldspathic gneiss and dolomitic marble. It is formed in 
three ways: (1) intrusion of granite, causing extensive 
replacement of marble and contamination of the intru- 
sive; (2) mylonitization during and after granite intru- 
sion, producing further alteration; and (3) cross-fractur- 
ing and warping in the orogeny, imparting a schistosity 
on early phases, including nephrite. Nephrite formed by 
the third method is reportedly of the highest quality 
because of its minute grain size, the random orientation 
and interlocking nature of its fibers, and the relative 
absence of inclusions. 

Cowell nephrite is mostly dark green to black, with 
the color related to iron content (the blackest material 
contains up to 7.9% iron}; chromium content is only 
30-40 ppm. Many boulders and outcrops exhibit a white 
rind and a red weathering skin; some have multiple 
weathering patterns in the rind. Mining is accomplished 
through removal of overburden, followed by drilling and 
blasting. RCK 


Some notable Maine gemstones. J. C. Perham, Rocks and 
Minerals, Vol. 62, No. 6, 1987, pp. 420-427. 


Maine has long been known for its production of 
spectacular multicolored tourmaline. In particular, dur- 
ing 1972-1973, the Dunton quarry in Oxford County 
produced beautiful pink tourmalines, many of which 
are an intense raspberry color. Cut stones over 50 ct were 
not uncommon from this locality; the largest is a 60.05- 
ct intensely colored stone that is all but flawless. Mt. 
Apatite and Mt. Mica are also well known for beautiful 
tourmaline. The rich green color of the Mt. Apatite 
tourmalines has been compared to that of fine emeralds. 
The largest cut stone from Mt. Mica is a flawless 246-ct 
green tourmaline mined in 1978, 

Maine has also produced beautiful examples of 
other gemstones. Fine aquamarine has come from the 
Sugar Hill area in Stoneham. Richly colored amethyst, 
said to rival the finest of the Siberian material, has been 
found at Pleasant Mountain in Denmark (Maine) and at 
Deer Hill in Stow. Rose quartz and purple apatite from 
Maine are described as well. BCC 


INSTRUMENTS AND TECHNIQUES 


Identifying yellow sapphires—two important tech- 
niques. R. W. Hughes, Journal of Gemmology, Vol. 
21, No. 1, pp. 23-25. 

Yellow corundum can often be difficult to distinguish 

from its synthetic analog, because the colored banding is 

not easily resolved. Mr. Hughes discusses (and illus- 

trates} the usefulness of a blue color filter as an aid in this 
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problem. The value of various filters for other colors of 
corundum is reviewed as well. 

Also discussed is the use of low-temperature heat- 
ing of yellow corundum to determine color treatment. 
The test described is certainly useful, but reference to 
the article by Nassau and Valente in the Winter 1987 
issue of Gems & Gemology reveals just how complex 
this problem is. Together, however, the two articles 
provide valuable insight into the problem of stability in 
yellow sapphires, heat treated and otherwise. Mr. 
Hughes wisely cautions about the necessity both of 
obtaining permission to perform such color-altering 
tests and of avoiding damage that could be caused by 
overheating important CO, inclusions. CMS 


LWUV fluorescence of gemstones: A photographic re- 
view. J. Snow and G. Brown, Australian Gemmolo- 
gist, Vol. 16, No. 8, 1987, pp. 296-300. 


This article, as the title implies, was prepared to provide 
a visual record of the reactions of a number of gem 
materials to long-wave ultraviolet radiation. The author 
photographed the subject materials in groups, using 400 
ASA color slide film in a35-mm camera fitted with a 50- 
mm macro lens and an extension tube. The gems are 
illustrated as they appear both under white fluorescent 
light and when exposed to long-wave U.V. radiation, to 
provide a quick comparison between daylight-equiva- 
lent and fluorescent colors. 

The gemstone groups illustrated include: diamond 
and its imitations; corundum {both natural and syn- 
thetic, as well as yellow sapphire and its imitations); 
emerald and its imitations; spinel (natural and syn- 
thetic}; opal (natural and synthetic}; zircon; scapolite; 
chrysoberyl, fluorite; turquoise; various organics; anda 
number of miscellaneous gem materials. 

The article is all the more useful because it includes 
source information on most of the natural materials as 
well as the manufacturers of the synthetics. RCK 


Some DIY gemmological instruments. J. Eadie, Journal 

of Gemmology, Vol. 20, No. 7/8, 1987, pp.482-485. 
For the more enterprising —as well as thrifty —gemolo- 
gist, this brief article provides instructions on how to 
make your own polariscope, dichroscope, and light 
intensity unit. These projects are particularly informa- 
tive, too, for the student learning about gemological 
instruments. Diagrams and photos illustrate the pro- 
cedures. CMS 


JEWELRY ARTS 


The gemstones in a Maharajah’s sword. R. R. Harding 
and S. H. Stronge, Journal of Gemmology, Vol. 21, 
No. 1, 1988, pp. 3-7. 

The known history of the Indian jeweled sword de- 

scribed in this article dates only to 1817, when it was 

taken from the defeated cavalry of the Maharajah Holkar 
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and subsequently presented as a gift to a British officer. It 
was purchased in 1888 by the Victoria and Albert 
Museum, where it still resides. 

The sword’s hilt (described simply as “gold”} con- 
tains 694 gemstones, including 378 rubies, 276 dia- 
monds, 38 emeralds, and two pieces of onyx. The rubies 
and emeralds were all identified as such on the basis of 
inclusions and absorption spectra. Some of the rubies 
and all of the emeralds are backed by colored foil or 
enamel to compensate for paler colors. The emeralds 
range up to 15 mm across and include four carved stones. 
While the majority of the emeralds are of poor color, a 
few are typical of fine Colombian material. Most of the 
rubies are comparable to good Burmese stones. The 
diamonds range up to 9 mm in diameter, with most 
being just polished cleavage pieces. Two larger stones, 
however, are cut in a fashion typical of old Indian stones 
such as the Koh-i-noor in Tavernier’s day; line drawings 
are provided for comparison. The two seemingly ill- 
sorted black-and-white onyx cabochons are inlaid as the 
eyes of a tiger. 

A gold-inlaid symbol on the sword blade indicates 
royal ownership, but the poor quality of even some of the 
prominent stones attests to the limited resources of the 
house of Holkar. Nevertheless, the total effect is impres- 
sive, as can be seen from the color photographs that 
accompany the article. CMS 


The Picasso of gems. J. Everhart, National Jeweler, Vol. 
31, No. 21, November 16, 1987, pp. 45-46. 


Bernd Munsteiner: The name alone conjures up images 
of intricately carved gems. Modern, angular, and grace- 
ful, they bring life to any jewelry setting. This article 
focuses on the creator of these carvings, from his early 
struggles as a pioneer in fantasy cuts, to the present-day 
recognition of his uniqueness as an artist in gem cutting. 

The article stresses Munsteiner’s frustrations on 
having his ideas copied by stone cutters around the 
world, and the steps he has taken to ensure that his work 
remains “original.” He now incorporates his trademark 
into each piece and includes a Munsteiner certificate to 
verify its authenticity. 

Although Everhart’s comparison of Munsteiner to 
Picasso is oblique at best, the reader nevertheless under- 
stands the message: Munsteiner has popularized a 
whole new concept in gem cutting, a concept that is here 
to stay. Just as Picasso’s work inspired other artists to 
new expression in abstract art, so Munsteiner’s work has 
given rise to a whole new generation of gemstone artists. 
Eight color photographs accompany the article. RW 


SYNTHETICS AND SIMULANTS 


Diamond film about to turn itself into manufacturing’s 
best friend. J. E. Ferrell, San Francisco Examiner, 
January 7, 1988, pp. El-2. 


Synthetic diamond thin films are of increasing interest 
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not only to scientists, but also to manufacturers. Dia- 
mond is the hardest substance known, chemically inert, 
and transparent up to the infrared range. \t conducts heat 
very well and resists radiation. These properties make 
for numerous applications for synthetic diamond thin 
films. Cutting tools, ball bearings, and sound reproduc- 
tion {acoustics} equipment have already been manufac- 
tured with this technology. Crystallume, a Palo Alto 
firm, is producing windows for soft X-rays, and is hoping 
to develop other ideas such as scratch-proof lenses. It has 
been suggested that coatings of synthetic diamond thin 
film could considerably improve the properties of plas- 
tic; reportedly, Russian scientists have already achieved 
success in this area. 

Because of its resistance to radiation, synthetic 
diamond thin film has attracted $2.7 million in research 
grants from the U.S. Defense Department. Such films 
could also help cool the electronics in missiles and 
aircraft more quickly. Primary research, however, is on 
their use in semiconductors, that is, the development of 
synthetic diamond computer chips that can run four 
times faster than current chips. 

The key to obtaining true synthetic diamond films 
was revealed by Russian scientists in 1977. Hydrogen 
needs to be mixed,with the methane gas which, excited 
by microwave frequencies, breaks down and deposits 
synthetic diamond on a substrate under a very low 
pressure. Crystallume’s Schultz points out that this 
technology “could have the same impact as the inven- 
tion and cheap manufacture of aluminum did 100 years 
ago.” EF 


Growth of crystalline diamond from low-pressure gases. 
K. E. Spear, Earth and Mineral Sciences, Vol. 56, 
No. 4, 1987, pp. 53-59. 


This article outlines, in fairly simple terms, the most 
important facts about the synthesis of diamond films 
and coatings from low-pressure gases. The basic princi- 
ples are explained, and a history of diamond film 
research is provided. Emphasis is given to Pennsylvania 
State University’s role in developing this technique. 
After presenting a short description of the many poten- 
tial applications of this technology, the author explains 
that little is known about the actual mechanisms for the 
growth of crystalline diamond at low pressure, and 
emphasizes the difficulties of characterizing such a 
product. The author then develops his hypotheses on the 
growth mechanisms involved. He concludes with a 
discussion of the need for more research on the funda- 
mental aspects of this technology to make better dia- 
mond films, which have considerable economic poten- 
tial, EF 


Synthetic gem diamonds top congress subject. New York 
Diamonds, Vol. 1, No. 1, 1988, p. 76. 


In the “World Wide Diamonds” section of this new trade 
journal, a staff writer details the agenda for the 24th 
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World Diamond Congress to be held the end of July 1988 
in Singapore. Emphasis will be placed on synthetic 
diamonds, including the reports of three bourse mem- 
bers who conducted independent investigations with 
Sumitomo synthetic diamonds. In London, a bourse 
member submitted a piece of Sumitomo rough to a 
diamond cutter who reported that its properties were 
indistinguishable from those of natural diamond. In 
Vienna, two other bourse members had a Sumitomo 
synthetic diamond cut into a baguette shape that was 
“submitted to several laboratories and each time re- 
ceived reports that the stone was a natural diamond.” 
The article concludes with a list of other issues, mostly 
procedural, that are on the congress agenda. 

Bill Videto 


TREATMENTS 


Gemmology study club lab reports. G. Brown and J. 
Snow, Australian Gemmologist, Vol. 16, No. 8, 
1987, pp. 287-292. 


This well-illustrated series of reports covers a number of 
interesting items examined by the authors. One of these 
is a rather unusual opal triplet: The high dome {cap} 
consists of whitish translucent potch with a distinct 
orbicular patterning, while the bottom dome (base) is 
manufactured from colorless glass; the opal slice at the 
center had not been blackened. The triplet reportedly is 
a convincing imitation of white opal. 

Also described is a cameo carved out of “bog oak,” 
an organic gem material that consists of semifossilized 
wood recovered from peat bogs in Ireland. Key identify- 
ing features include a distinctive dark brown color, an 
obvious woody texture, a generally poor surface polish, 
and a splintery fracture. This cameo also exhibited 
yellowish brown plant resin in association with the 
woody fibers and a junction where the two indepen- 
dently carved sections of the piece had been glued 
together with a resinous cement. 

Other items in this report include: a highly translu- 
cent turquoise of alleged Egyptian origin—the authors 
question whether the high diaphaneity might be due to 
silica impregnation of porous turquoise; a plastic imita- 
tion of ivory that had been deliberately patterned with 
“engine turning” (the intersecting brownish arcs charac- 
teristic of ivory], a strand of plastic imitation “flesh- 
nucleated” (i.e., mantle-tissue nucleated) cultured 
pearls, and a strand of “flesh-nucleated” cultured pearls 
purported to have been natural. RCK 


Internal diffusion. J. 1. Koivula, Journal of Gemmology, 
Vol. 20, No. 7/8, 1987, pp. 474-477. 

This article by inclusion expert John Koivula discusses 

the means by which coloring agents are cannibalized by 

corundum from certain types of inclusions. Koivula 
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supports his thesis with five photomicrographs of syn- 
thetic and heat-treated natural sapphire that show 
concentrations of intense color around inclusions, the 
result of incomplete diffusion of the chromophoric 
elements being cannibalized. CMS 


A new treatment for turquoise. G. Brown, J. Snow, and 
J. Lamb, Australian Gemmologist, Vol. 16, No. 8, 
1987, pp. 307-309. 


This brief report covers the examination of two tur- 
quoise cabochons purchased at a gem fair in Australia. 
The cabochons were opaque, of a medium blue color 
with slight greenish overtones and a waxy luster. Both 
exhibited black matrix on their convex surfaces, but, 
surprisingly, the base of one had a network of fine 
whitish to brownish veins. 

A scratch test followed by hot point testing proved 
that the two specimens were paraffin impregnated. 
Magnification revealed two interesting features: (1) the 
black matrix appeared to be painted over whitish veins 
on the convex surfaces; and (2} the turquoise had a 
cellular texture consisting of lighter colored rounded 
“cells” surrounded by darker bluish borders. A detailed 
examination of a segment of the black matrix removed 
from one cabochon showed that it was formed from very 
fine black particulate matter suspended in a paraffin 
wax. The article includes six good color photomicro- 
graphs and a listing of the specimens’ gemological 
properties. RCK 


MISCELLANEOUS 


Lifetime Achievement Award: James B. White. D. Feder- 
man, Modern Jeweler, Vol. 86, No. 12, December 
1987, pp. 43-54. 


Each December, Modern Jeweler presents their Lifetime 
Achievement Award to an individual who has been 
instrumental in the jewelry industry. The 1987 award 
has been given to James B. White of the Jewelers’ Security 
Alliance. 

This article follows the career of Mr. White first 
with the FBI, then with the New York City district 
attorney’s office and various other law enforcement 
concerns, to his present position with the Security 
Alliance. His success is in part due to his emphasis on 
preventing crimes and to the mail alert and telephone 
networks he has set up as a warning system. Moreover, 
when he assumed full leadership of the Alliance in 1965, 
little more than a year after joining it, he began changing 
the atticudes of jewelers by espousing “rational behavior 
in the face of the crimes that jewelry ... so frequently 
invites.” Mr. White’s efforts over the past 22 years have 
earned him a reputation as the best crime fighter for the 
jewelry industry. [LC 
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AMERICAN JEWELRY 


By Penny Proddow and Debra Healy, 
208 pp., illus., publ. by Rizzoli, New 
York, 1987. US$75.00* 


Authors Penny Proddow and Debra 
Healy have created an elegant book 
on American jewels and jewelers. 
Specifically focused on the produc- 
tion of fine jewelry (primarily signed 
jewels], it is richly illustrated with 
David Behl’s photographs of jewelry 
and the jewelry renderings of notable 
designers, interspersed with pictures 
of famous personalities such as 
Greta Garbo and Shirley Temple dis- 
playing the pieces. Drawing from 
personal communications, magazine 
articles, and company archives, the 
authors have compiled a virtual en- 
cyclopedia of information. 

In the first chapter, Proddow and 
Healy introduce American jewelers 
of the late 18th century, describing 
their rise in a historical context. 
Then, beginning with the founding 
of Shreve, Crump & Low Co. of Bos- 
ton in 1869, they proceed to recount 
the early, years of companies such as 
Frost of New York, Bailey, Banks & 
Biddle of Philadelphia, Greenleaf & 
Crosby of Jacksonville {Floridal, 
C.D, Peacock of Chicago, and 
Gump’s of San Francisco. In this 
concise overview, one also glimpses 
the interrelationships of various jew- 
elers as they combine to form com- 
panies, separate, and then recombine 
to create new partnerships — many of 
which are still in existence today. 
This first chapter ends with a para- 
graph announcing the introduction 
of Jewelers’ Circular and Horological 
Review, one of the first jewelry maga- 
zines, in 1874. 

The following chapters focus on 
a variety of topics, including specific 
jewelry companies in the context of 
historical events and groups of jew- 
elers within a particular period of 
time, such as the 1960s. The authors 
begin with the establishment of 
Tiffany & Co. and emphasize how its 
success was aided by the many inter- 
national world expositions that were 
held during the 19th century. One 
chapter, devoted to Art Nouveau 
jewelry, mentions many of the new 
gem materials (such as Montana sap- 
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Elise B. Misiorowski, Editor 


phires or Arizona turquoise) popu- 
larized during this period. In another 
chapter, the emphasis is on changing 
technology and specifically the im- 
portance of the metalsmith’s ability 
to unleash the beauty of platinum as 
a metal. It should be noted that these 
and subsequent chapters, which take 
place primarily in the 20th century, 
focus on New York. There is, how- 
ever, one chapter devoted to Texas 
and the West. 

The important role that jewelry 
and fashion magazines have played in 
the development of the U.S. jewelry 
industry becomes apparent when the 
sources of information cited by the 
authors in the notes and general 
bibliography are examined. Quotes 
from jewelers and fashion experts, as 
well as from jewelry ads, are pep- 
pered throughout the text, adding a 
historical dimension that is not often 
found in jewelry books. 

As a gemologist, however, this 
reviewer would like to have seen 
more from the authors — more detail, 
more footnotes, more figure explana- 
tions. For example, only one para- 
graph is devoted to William Ruser, a 
major West Coast jeweler. Sizes and 
weights of the gemstones illustrated 
would have been helpful, as well as 
more information on the individual 
designers and metalsmiths, partic- 
ularly the women involved in the 
earlier years {pre-World War I). For 
example, any discussion of Louis 
Comfort Tiffany should include the 
role of Julia Munson Sherman {a 
designer of studio jewelry for the 
company}. Not mentioned among 
Chicago jewelers is Clara Barck 
Welles, who contributed greatly to 
the Arts and Crafts movement in 
that city. 
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All in all, though, the authors 
have done an amazing job of balanc- 
ing readability and visual beauty 
with content. Coupled with Rizzoli’s 
care in choosing a heavy paper stock 
and proper binding, this major refer- 
ence work will withstand the test of 
time. 


DONA M. DIRLAM 
Senior Librarian 
GIA, Santa Monica 


INTRODUCTION TO 
LAPIDARY 


By Pansy Kraus, 196 pp,, illus., publ. 
by Chilton Book Co., Radnor, PA, 
1987, US$19.95* 


Readers with any gemological expe- 
rience might, at first, think that this 
book is too elementary, given the 
very simple language and style of the 
first chapter. This does not mean that 
it is poorly written. Rather, the au- 
thor may want to familiarize her 
audience with the various gemologi- 
cal terms used throughout the book, 
as well as make the hobby accessible 
to young people, whose involvement 
is needed to keep it alive and active. 
This book imparts its information in 
such a way that anyone from begin- 
ner to graduate gemologist can learn 
about the various aspects of the lapi- 
dary hobby. 

The first chapter starts with the 
most basic of the techniques—tum- 
bling stones. In this chapter in partic- 
ular, Ms. Kraus explains the various 
processes and precautions using the 
simplest of language. In the follow- 
ing chapters, which describe such 
topics as making spheres and cab- 
ochons, drilling beads, and carving, 
the terminology gradually becomes 
more advanced, as the skills required 
become more technical. The final 
chapter, on faceting, is the most 
thoroughly covered subject in the 
book, as well as the most readable. 

The author includes many side- 
bars about the people important to 
the lapidary arts, giving a personal 


‘This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. Telephone: 
(800) 421-7250, ext. 282. 
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touch from her long involvement in 
the hobby and her many years as the 
editor of the Lapidary Journal. There 
is also a section of color photographs 
to show the beautiful results of the 
techniques. 

This book is not a specialized 
manual but, as the title indicates, an 
introduction to the hobby of lapidary. 
However, if the more sophisticated 
reader can endure the first few chap- 
ters and the obsessive dragging out of 
the metric conversions (to four deci- 
mal places!}, he can find a wealth of 
information in this book, as well as 
possibly expand his visions about the 
various forms of lapidary. 


MICHAEL GRAY 
Kaiser Gems Thailand Ltd. 
Bangkok, Thailand 


JET 

By Helen Muller, 149 pp,, illus., publ. 
by Butterworths, Great Britain, 
1987, US$29.95° 


Although I started this review witha 
strong bias toward transparent or 
translucent gems, | came out of it 
surprised... and educated. Helen 
Muller begins her introduction with 
the following words: “Few people 
know much about jet.” My own 
knowledge of the material was lim- 
ited to the basic properties needed for 
identification, and the fact that jet 
came from Whitby in North York- 
shire. I thus began researching jet, 
since to do a review, a reviewer must 
know the subject. I soon discovered 
that, with the exception of a few 
scattered paragraphs in some gem 
texts and journals, very little had 
ever been written about it. Yet Ms. 
Muller has provided a comprehen- 
sive examination of this elusive 
topic. 

This volume is well organized 
with a detailed table of contents. 
Culminating each chapter is a selec- 
tion of useful references, The book 
concludes with a series of appen- 
dices, including what seems to be an 
exhaustive historical listing of jet 
manufacturers and merchants and 
an index to the volume itself. Four 
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pages of appealing color plates show a 
variety of jewelry and decorative jet 
items, such as pendants, lockets, and 
necklaces, that are hand painted, 
carved, or inlaid with other gem 
materials such as turquoise. Such 
decorations add color and variety to 
this black material. 

This sturdy monograph is both 
accurate and educational. Ms, Muller 
deserves credit for what must have 
been an exhausting research exer- 
cise. She has provided gemology with 
a first—a volume on jet. If you are 
fond of ornamental materials, if you 
enjoy history, or if you just want to 
expand your gemological knowledge, 
Jet is the book for you. 

One concluding comment 
aimed at the publishers: this re- 
viewer assumes that Helen Muller is 
the same H. Muller, M.Sc., EG.A. 
who won the Tully Memorial Medal 
in 1974 and then became an instruc- 
tor with the Gemmological Associa- 
tion of Great Britain. Yet, an author's 
profile seems to be missing from all 
of the Butterworths Gem Books. In- 
cluding a profile is not just a courtesy 
to the author; it also helps the would- 
be buyer judge the credentials of the 
author as they relate to the subject(s} 
discussed in the book, 


JOHN I. KOIVULA 
Chief Gemologist, GIA 


AMBER 

By Helen Fraquet, 176 pp., illus., 
publ. by Butterworths, Great Bri- 
tain, 1987. US$29.95° 


Like all the books published thus far 
in the Butterworths Gem Books se- 
ries, this volume about amber begins 
with a chapter listing the basic prop- 
erties a gemologist needs to make 
routine identifications. The author 
then discusses amber and its various 
uses. All of the major localities are 
profiled in separate chapters, includ- 
ing a welcome chapter on Asia. 
Basic gemological testing pro- 
cedures — including the use of a satu- 
rated saline solution, reaction to 
heat, and surface resistance to or- 


ganic solvents—are covered. More 
sophisticated means of testing am- 
ber are also introduced. Two of the 
most useful chapters for the gemolo- 
gist are the one on plastics and their 
properties and the one covering re- 
sins, both of which are sometimes 
confused with amber. Culminating 
each chapter is a selection of useful 
references; the book concludes with 
a helpful information index. Eight 
pages of appealing color plates, show- 
ing amber jewelry, in carvings, as art 
objects, and even photos of amber 
mining as well as a few inclusion 
photos, are provided. 

It is not clear, however, why 
appendix 2, “Amber in the USA,” is 
sandwiched between appendix 1 
“Geologic Ages,” and appendix 3 “In- 
frared Spectra of Amber Samples.” 
‘Amber in the USA” seems to be an 
afterthought and totally out of place. 
It would have been better placed as a 
separate chapter in the main body of 
the book along with the other lo- 
calities. 

One other drawback is the lim- 
ited coverage given to the various 
types of inclusions found in amber. 
Inclusions in amber not only make 
the material more valuable commer- 
cially, but they also provide unpar- 
alleled information to scientists on 
past life forms, their environment, 
and evolution. As an example of this 
oversight, no bibliographic reference 
could be found in this book to the 
classic German work by Dr. Adolf 
Bachofen-Echt on inclusions in Bal- 
tic amber. 

Although there is really no infor- 
mation here that cannot be found ina 
number of other sources, Amber is 
nonetheless enjoyable and easy to 
read. In her own words, the author 
considers it “an amber primer.” 
Aside from the one out-of-place ap- 
pendix, the book is well organized. It 
is accurate in content, and makes an 
excellent source book that should 
satisfy the curiosity of most gemolo- 
gists about amber. 


JOHN I. KOIVULA 
Chief Gemologist, GIA 
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Editorial 


GEMOLOGY TODAY 


his current issue of Gems &) Gemology contains an interesting review by 

GIA President William E. Boyajian of the economics of the diamond 
industry over the last decade, with its exceptional ups and downs in contrast to 
the relative stability of the preceding decades. 


To those who view Gems & Gemology as purely a scientific journal, such an 
article may seem surprising. Today, however, the study of gemology is more 
than refractive indices and specific gravities; it goes beyond synthetics and 
simulants, localities and Leveridge gauges. Gemology is now a truly 
interdisciplinary profession, requiring a good balance of the technical, aes- 
thetic, and commercial aspects of gems. Today’s professional gemologist cannot 
function in a vacuum. A competent gemologist must be able not only to identify 
and evaluate gemstones, but also to judge the effectiveness of the design, 
workmanship, and quality of the jewelry in which the gems are set. Today’s 
gemologist must know business management, salesmanship, and a variety of 
other subjects that are not strictly gemological in nature. 


Most contemporary gemologists are not just scientists, but are deeply involved 
in the gem and jewelry industry as a business. To such individuals, knowledge of 
world economic conditions, currency relationships, trade balances, and other 
factors that impact the gem trade is essential if they are to succeed in this highly 
competitive field. To be fully effective in their vocation, modern gemologists 
must be well rounded—and well informed. 


Like the management of the Gemological Institute of America, the editors of 
Gems & Gemology see among the journal’s objectives the enhancement of the 
gemologist’s effectiveness in all aspects of his or her business activities. The 
article by Mr. Boyajian is another step in our program to include articles dealing 
with these broader aspects of gemology. 


Richard T. Liddicoat 
Editor-in-Chief 
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AN ECONOMIC REVIEW 
OF THE PAST DECADE 


IN DIAMONDS 


By William E. Boyajian 


The diamond industry was buffeted by 
extreme price volatility during the last 
decade, unlike any encountered since the 
Great Depression of the 1930s. Although 
the industry is currently enjoying a re- 
surgence of activity worldwide, partic- 
ularly in the Far East, today’s market dif- 
fers significantly from what it was 10 
years ago. This article reviews the factors 
that led to the enormous demand for dia- 
monds in the late 1970s, examines the 
causes of recession in the early 1980s, and 
provides an analysis of the comeback of 
diamond in 1986. Inasmuch as events 
during this period ushered many changes 
into the diamond trade, an understanding 
of how economic forces affect the supply, 
demand, and value of diamond is critical 
to all gemologists. Factors such as infla- 
tion, recession, interest rates, and dispos- 
able income, as well as fluctuations in 
worldwide exchange rates, had, and un- 
doubtedly will continue to have, an im- 
pact on the health of the diamond market. 


ABOUT THE AUTHOR 


Mr. Boyajian is president of the Gemological Insti- 
tute of America, Santa Monica, California. 
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134 Past Decade in Diamonds 


Ithough the market for gem diamonds has long 

enjoyed stability and gradual appreciation, it can 
nevertheless be sensitive to a variety of economic forces. 
At no time has this been more evident than in the period 
that spanned the late 1970s to the mid-1980s, when market 
demand and prices climbed to incredible highs — before 
falling precipitously to equally stunning lows. 

In November 1973, the American economy entered its 
sixth post-World War II recession. In 1974 and 1975, De 
Beers’s rough diamond sales declined by 5% and 15%, 
respectively. Consumer confidence and consumer spend- 
ing in the United States bottomed out. The second half of 
the 1970s, however, heralded a period of rapid inflation, 
during which many investors sought tangible assets as a 
hedge. Diamonds, with a tradition of steady, rising value, 
became an obvious target for speculators. The diamond 
boom of 1976~1979 was followed by a collapse in 1980: 
The most durable of all gems (figure 1} became a victim of 
economic chaos. 

During the first half of the 1980s, the diamond trade 
suffered one of its worst recessions in modern history. 
Although worldwide retail diamond sales increased during 
most of this period, prices at all levels dropped as the 
market sought to absorb the excess inventories built up 
during the late 1970s. By 1986, however, the diamond 
market had rebounded. The weakness of the U.S. dollar, 
and the consequent strength of other currencies, has 
accelerated demand for diamonds during the past three 
years, particularly in the Far East. 

The diamond market has changed drastically since the 
mid-1970s. To prepare for future developments, every 
contemporary gemologist should understand the eco- 
nomic factors that altered the supply, demand, and value of 
diamond during this turbulent period. It is especially 
critical to know the forces that have influenced diamond’s 
revival in the latter half of the 1980s. First among these is 
De Beers. 
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DE BEERS: HOW IT FUNCTIONS 


The events of the past decade were capped in 1988 
by the 100th anniversary of De Beers. Consider 
Chairman Julian Ogilvie Thompson’s opening 
statement in the 1987 De Beers Annual Report: “It 
must be unique for a company which on its 
formation became the leader of an international 
business, indisputably still to hold that position at 
its centenary.” 

De Beers Consolidated Mines Limited is essen- 
tially a multinational financial, industrial, engi- 
neering, and mining conglomerate, governed by a 
board of directors headed by Chairman Ogilvie 
Thompson, who succeeded Harry Oppenheimer in 
1984. De Beers owns diamond mines in South 
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Figure 1, Diamond is the 
hardest substance known 
to man, which allows it 
to take the best polish 
among common gems. 
This, combined with its 
superb transparency and 
high refractive index, 
yields an adamantine 
luster. Although it can 
cleave, its toughness (re- 
sistance to chipping, 
breaking, and cracking) 
is good, while the excep- 
tional hardness (resis- 
tance to scratching) and 
stability (resistance to 
dissolution by chemi- 
cals) also make it one of 
the most durable and 
eminently wearable gem- 
stones. Physically, it is 
the best known conduc- 
tor of heat, Optically, it 
is potentially the most 
transparent and the most 
brilliant gem. The robust 
dispersion it displays 
adds even more allure. 
The three rings, contain- 
ing an 8.56-ct marquise, 
a 7.47-ct pear shape, and 
a 3.49-ct fancy yellow 
round brilliant, are cour- 
tesy of Harry Winston, 
Inc. Photo by Shane 
McClure and Robert E. 
Kane. 


Africa and works in partnership with the indepen- 
dent state of Botswana. It also has close relation- 
ships with other governments and mining com- 
panies, in addition to owning an alluvial diamond 
producer, Consolidated Diamond Mines, in 
Namibia. 

De Beers was founded in 1888, more than two 
decades after the discovery of diamonds in South 
Africa marked the birth of a new diamond era. 
Previously limited to depleting Indian and Bra- 
zilian sources, diamonds were too expensive for 
any but royalty or the very wealthy. Not so 
ironically, the large new diamond discovery of the 
19th century coincided with the emergence of the 
modern middle class. 
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Figure 2. At No. 2 Charterhouse Street, London, 
the CSO markets about 80% of the world’s dia- 
mond production. Photo courtesy of the CSO. 


Today, De Beers no longer mines the lion’s 
share of world diamond production. In particular, 
South Africa contributed only about 10% of the 
total quantity of diamonds mined in 1987. The 
four top diamond-producing countries (by produc- 
tion weight] in 1988 are Australia, Zaire, Bot- 


swana, and the USSR (table 1). Although De Beers 
continues to support extensive prospecting activ- 
ities worldwide, it has maintained its position as 
the leading diamond organization through, among 
other efforts, the distribution, marketing, and 
research activities of the Central Selling Organisa- 
tion (CSO}, its London-based arm (figure 2). 

The CSO functions as a quasi-producers’ coop- 
erative, selling to the world markets diamonds 
from the De Beers mines and from joint-venture 
partnerships, as well as those it obtains from other 
producers through contractual agreements and 
those it buys on the open market. The CSO 
purchases those quantities of rough diamonds 
necessary to balance the supply of diamonds with 
world demand; it is capitalized to the extent that it 
can hold such diamonds, in stock, for indefinite 
periods of time, thus fulfilling an important re- 
serve function. 

The CSO conducts rough diamond sales 10 
times a year, every fifth Monday, in London, 
Lucerne, and Kimberley. The sales, called “sights,” 
are handled through the Diamond Trading Com- 
pany (DTC), an integral part of the CSO. The DTC 
currently has about 150 sightholders, half that of 
1979, who comprise a carefully selected group of 
diamantaires (diamond manufacturers and dealers} 
that cover a wide spectrum of the world market for 
rough. Some own cutting and polishing factories; 


TABLE 1. World rough diamond production, by country, for the years 1977-— 1987 (in millions of carals).* 


Country 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 
Australia = = = 0.480 0.205 0.457 6.200 5.692 7.070 29.211 30.333 
Zaire 11.214 11.243 8.734 10.235 7.161 6.164 11.982 18.459 19.617 23.304 23.350 
Botswana 2.691 2.799 4.394 5.101 4.961 7.769 10.731 12.914 12.635 13.110 13.207 
USSR 10.300 10.550 10.700 10,850 10.600 10.600 10.700 10.700 10.800 10.800 12.000 
S. Africa 7.643 7.727 8.384 8.520 9.526 9.154 10.311 10.143 10.202 10.300 9.053 
amibia 2.001 1.898 1.653 {1.560 1.248 1.014 0.963 0.930 0.910 0.950 1.020 
Brazil 0.620 0.620 0.620 0.667 1.089 0.530 0.530 0.750 0.450 0.550 0.645 
Ghana 1.947 1.423 1.253 1.258 0.836 0.684 0.340 0.346 0.650 0.600 0.600 
CAR 0.297 0.284 0.315 0.342 0.312 0.277 0.295 0.337 0.352 0.350 0.350 
ndonesia 0.150 0.150 0.150 0.150 0.150 0.150 0.270 0.270 0.270 0.270 0.300 
Sierra Leone 0.961 0.779 0.855 0.592 0.305 0.290 0.345 0.345 0.349 0.315 0.300 
Liberia 0.326 0.308 0.302 0.298 0.336 0.433 0.330 0.240 0.138 0.252 0.250 
Venezuela 0.687 0.820 0.803 0.721 0.490 0.493 0.279 0.272 0.215 0.235 0.250 
vory Coast 0.390 0.450 0.480 _ -- _ = — — 0.100 0.200 
Angola 0.353 0.650 0.841 1.480 1.400 1,225 1.034 0.902 0.714 0.250 0.190 
Tanzania 0.408 0.282 0.314 0.274 0.217 0.220 0.261 0.277 0.296 0.300 0.190 
Guinea 0.800 0.800 0.850 0.380 0.380 0.400 0.400 0.470 0.132 0.204 0.175 
ndia 0.180 0.160 0.160 0.140 0.160 0.130 0.140 0.150 0.160 0.160 0.150 
Guyana 0.170 0.170 0.160 0.100 0.100 0.110 0.100 0.140 0.110 0.900 0.110 
Lesotho 0.420 0.670 0.520 0.540 0.530 0.420 a ~ = — = 


TOTAL 41.558 41.783 41.488 44.688 40.006 40.520 55.2114 63.337 65.070 92.161 92.673 


4Source. U.S. Department of the Interior (1977-1987). 
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some supply other, smaller manufacturers. These 
buyers represent about 14 countries and/or cutting 
centers, although the vast majority have opera- 
tions in the four major centers of New York, 
Antwerp, Tel Aviv, and Bombay. Purchases from 
the DTC are in cash and in USS. dollars only. 
Transactions for sightholder boxes can range from 
hundreds of thousands of dollars to tens of millions 
and must be paid within seven days. Each sight box 
represents a “series,” a selection of sizes and shapes 
that are tailored, as closely as possible, to the 
wishes, needs, and expertise of the individual 
sightholder (figure 3). CSO clients work through 
one of four brokerage firms that, for a commission, 
negotiate with the CSO on their behalf. Although 
rough diamonds are graded into some 5,000 catego- 
ries within the CSO channel (figure 4], they are 
ultimately packaged into about 60 different types 
of series. Sightholders are free to question the 
grading or price of the goods in their allotment, but 
changes are seldom made. Prices on large rough 
{approximately 11 ct or more} may be negotiated 
individually. 

De Beers is also heavily involved in the mar- 
keting and, promotion of diamonds. For 1988 alone, 
De Beers stated that it would spend some $120 
million to promote diamonds worldwide, nearly 
triple the expenditure it reported in 1980. Another 
$25 million will likely be spent in cooperative 
advertising with retailers. 

In addition, De Beers has a major research 
facility in Johannesburg, South Africa, that inves- 
tigates new techniques in diamond mining and 
recovery as well as develops new technical applica- 
tions for diamond in science and industry. The 
CSO has a separate research facility in Maid- 
enhead, England, which concentrates on improv- 
ing techniques for sorting and cutting diamonds. 
Indeed, the new diamond cuts by Gabi Tolkowsky 
(Shor, 1988}, which help maximize brilliance, 
color, and yield in rough that was previously 
difficult to manufacture, are a result of this re- 
search effort. De Beers also has subsidiaries de- 
voted to the manufacture of synthetic diamond for 
industrial purposes. 

The Marketing Liaison Department, formed in 
1986, helps the CSO communicate with every 
level of the diamond pipeline: cutting, distribution 
of polished goods, jewelry manufacturing, and, 
ultimately, retailing. Through these and other 
activities within the industry, De Beers has played, 
and will undoubtedly continue to play, a major role 
in supporting the diamond trade. 
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Figure 3. Here, CSO clients examine part of 
their sight. Photo courtesy of the CSO. 


THE DIAMOND BOOM: 1976-1979 


For 30 years following World War II, the diamond 
industry enjoyed relative calm. Almost always 
stable, and usually growing, the market performed 
in an orderly manner, with goods supplied on the 


Figure 4. Before they are sold, rough diamonds 
are sorted into some 5,000 categories. Photo 
courtesy of the CSO. 
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Figure 5. Prime interest rates in the U.S. from 
1970 to mid-1988. Courtesy of Moady’s Inves- 
tors Service; artwork by Peter Johnston. 


basis of global demand. Prices rose steadily, except 
for minor downturns during periods of recession. 
By mid-1976, however, most world economies 
began to experience rising inflation with relatively 
low real interest rates (figure 5). While this should 
have boded well for diamonds, certain practices 
that started in Israel eventually led to a debacle 
that threatened the very core of the industry. 


The Israeli Factor. In 1976, Israel was a relatively 
young but rapidly growing diamond center. The 
Israeli government was anxious to promote the 
diamond trade because of its contribution —both 
proven and potential—to the country’s overall 
gross national product. To make things move even 
more quickly, the government supplied several 
Israeli banks with huge amounts of money at very 
low interest rates to be passed on to diamond 
manufacturers and dealers so they could build 
their inventories. The government also set up a 
system whereby the dollars that were brought into 
the country through the sale of diamonds received 
a more favorable exchange rate, which made spec- 
ulating in rough diamonds even more lucrative. 
With Israel suffering from runaway inflation 
(400% at the peak}, it is easy to see why many 
Israelis found diamonds, and this opportunity to 
speculate, too profitable to ignore (Green, 1981, 
Nord, 1982). 

Typically, a diamantaire witha certain amount 
of rough diamonds would deposit his rough in a 
bank as collateral at a declared value, and get aloan 
from the bank for a similar amount at a very low 
interest rate. He would then buy more diamonds, 
deposit them in the bank, and, in turn, get another 
low-interest loan. In addition, according to Nord 
(1982), “at this same time there existed in Israel a 
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unique system that allowed people with no money 
to enter the business. This system was referred to 
as the trust receipt. This would permit the bank to 
advance money to people to buy diamonds, which 
were then to be put up as collateral in the bank. But 
of course, the cutter had to have the goods to polish 
and manufacture. The bank would then issue a 
trust receipt, which, in turn, allowed the pur- 
chaser to take the goods out of the bank for a 
specified period of time for either sale or manufac- 
ture. In fact, the system was so liberal that the 
dealer was even able to ship the goods out of the 
country on approval to a foreign client. There was 
no question that this was one of the vehicles that 
kept the diamond industry moving in Israel. But it 
was another of the excesses that led to the specula- 
tive boom... .” 

The easy money in Israel allowed manufac- 
turers to obtain more and more rough from the 
CSO, which not only had to draw heavily on its 
stocks but also was compelled to increase produc- 
tion. In many cases, it was far more profitable for 
diamantaires to hold their rough, or sell it for a 
huge premium, rather than cut and polish it. In 
effect, manufacturers and dealers began to work 
totally on the bank’s money, creating an apparent 
demand for diamonds that really did not exist, 
since many of the goods were not being cut and 
were not entering the market; it was not a true 
consumer demand. It is not surprising, then, that 
the price of rough rose much faster than the price 
of polished goods (Nord, 1982). And the banks were 
loaning money based on the value of the rough, 
rather than on the value of the polished. According 
to Rothschild (1982), unopened boxes of rough 
were being traded on the secondary markets for 
premiums up to, in extreme cases, double the cost 
of the rough from the CSO. In the end, the hoarding 
of boxes of rough created a shortage of goods in the 
marketplace, which drove speculation, and prices, 
higher and higher. By 1978, there was serious 
question whether control of the market would be 
wrested by the industry in Israel, where banks 
were holding hundreds of millions of dollars in 
overvalued rough diamonds. Soon, the speculative 
fever had spread to two other centers as well, New 
York and Antwerp. 


Diamond “Investment” and “Certificate” Goods. 
During this same 1976-1979 period, a new dimen- 
sion developed that also fueled the rise in prices. 
Almost overnight, diamonds (like other tangibles, 
such as gold and silver} became a fashionable 
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“investment,” and so-called diamond investment 
firms sprang up throughout the U.S. and Europe. 
These firms created high-powered promotional 
packages and presented cleverly designed seminars 
to tout the excellence of diamond as an investment 
vehicle, a hedge against inflation. They specialized 
in promoting one carat and larger diamonds, often 
with worthless buy-back agreements. Another lure 
was the premise that the diamond industry was 
controlled by an “omnipotent” cartel that never 
dropped its prices. Since credibility was a key to 
marketing such diamonds, these firms (typically 
managed by people from outside the industry who 
had little or no diamond experience} placed them- 
selves in respectable positions by using diamond- 
grading reports issued by gemological laboratories 
(figure 6). Demand for “certificate” goods swelled 
as dealers, and the public, insisted that stones of 
large sizes and fine qualities have documentation 
by third parties (who may or may not have been 
impartial). 


TABLE 2. Price increases and surcharges® levied by 
the CSO from November 1971 to May 1988." 


« 


7: Overall price 
Year Month increase (%) Surcharge (%) 
1971 ; November 5.0 
1972 January 5.4 
September 6.0 
1973 February 11.0 
March 7.0 
May 10.0 
August 10.2 
1974 December ~ 1.5 
1976 January 3.0 
September 5.75 
1977 March 15.0 
December 17.0 
1978 March 40.0 
May 25.0 
June 15.0 
July 10.0 
August 30.0 
1979 September 13.0 
1980 February 12.0° 
1982 September 25 
1983 April 3.5 
1986 April 7.5 
November 7.0 
1987 October 10.0 
1988 May 13.5 


“Surcharges are one-time premiums charged by the CSO to offset 
“premiums” offered by the trade 

’Source: Jewelers’ Circular-Keystone Directory (1988) and Rothschild 
(1982). 

°On 1 ct and above 
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Figure 6. During the “diamond investment era,” 
diamond grading reports assumed a new level 

of importance that continues to the present day. 
Photo courtesy of Robert Lombardi Advertising. 


Diamonds had long been viewed as portable 
wealth and a store of value, with a history of more 
than keeping pace with inflation, but never before 
had they been marketed on a broad scale as a truly 
“liquid investment.” Too, seldom had the general 
public acquired them from other than the tradi- 
tional retail jeweler, a situation that also changed. 
When price charts began to spring up, and publica- 
tions like the Wall Street Journal started listing 
diamond prices on a weekly basis, public specula- 
tion escalated. The traditional retail jeweler, who 
had spent a lifetime building a reputation of 
integrity as a diamond merchant, saw much of his 
business for better-quality stones slip away. 


De Beers Reacts. In the spring of 1978, in an 
attempt to bring order to an exploding market, the 
CSO began to impose huge surcharges on sight- 
holder boxes (table 2}. This, in effect, told the banks 
that they would be financing diamonds at greatly 
inflated values; it also told speculators that they 
could no longer broker sightboxes at huge pre- 
miums, without sharing these profits with the 
producing countries and De Beers. The first sur- 
charge was 40% in March 1978, followed by 25% 
in May, 15% in June, and 10% in July. Over the 
same period, the CSO carefully reevaluated their 
existing sightholders and ultimately eliminated 
those who were taking premiums on unopened 
boxes or those who were no longer financially 
stable. The CSO then imposed an enormous over- 
all price increase of 30% in August 1978, followed 
by 13% in September 1979. 
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Figure 7. Both consumer confidence and con- 
sumer spending in the U.S. reached their lowest 
point for the past decade in 1980. The top graph 
covers consumer confidence (using 1985 as a 
benchmark, ie. 100). The bottom graph covers 
variations in real consumer spending {year-to- 
year percentage change with a six-month mov- 
ing average). Courtesy of the Consumer Re- 
search Center, The Conference Board (an inde- 
pendent, nonprofit economic and business re- 
search organization); artwork by Peter Johnston. 


THE MARKET 
COLLAPSES: 1980 


Crippling at the Dealer Level. After the huge 
surcharges of 1978 and the price increases of 1978 
and 1979, the Israeli diamond market began to 
crumble. According to Green (1981), “for the first 
time in thirty years the value of Israel’s diamond 
exports fell in 1979, and employment [in diamond 
manufacturing] declined by one-third....” De 
Beers levied an additional 12% price hike in 
February 1980, which helped strike the final blow. 
All of these actions, together with rising interest 
rates (again, see figure 5], pushed up the cost of 
diamonds at every purchasing level. By the spring 
of 1980, prices had reached heights that exceeded 
consumer demand. At the same time, consumer 
confidence was dropping and, by June 1980, real 
consumer spending in the United States had fallen 
to near-record lows (figure 7). According to Roth- 
schild (1982), retailers sold from stock, but were 
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not restocking to the same levels. Suppliers 
weren't selling and therefore weren't buying. This 
affected the manufacturer’s market which, in 
turn, affected the market for rough. 

In a matter of several months, from March to 
September of 1980, the average sale price of the 
benchmark D-flawless, 1-ct diamond dropped dra- 
matically (table 3}. According to Ogilvie 
Thompson (1982, p. 10}, “the price of a top-colour 
one carat flawless brilliant, which had risen stead- 
ily from $1,650 in 1971 to $16,000 in 1978, rose by 
1980 to about $65,000—even if very few genuine 
trades took place at that level — but has since fallen 
back and has even been traded at below $20,000.” 
When the world recession hit by the second half of 
1980, a great number of diamantaires were overex- 
tended at the banks. Manufacturers and dealers 
who had heavily invested in inventory at peak 
prices (often at huge—20% + in the U.S. —interest 
rates}, suddenly found themselves absorbing tre- 
mendous paper losses in their stock of goods. 
Forced to declare bankruptcy, many forfeited their 


TABLE 3. Sample dealer prices for a D-flawless, 
1-ct diamond (D~-internally flawless after March 1978). 


Price/ct 

Year Month (US$) 
1977 March 7,200 
September 7,925 

1978 March 15,000 
Septernber 20,000 

1979 March 22,500 
September 32,000 

1980 arch 60,000 
September 54,000 

1981 arch 43,000 
September 30,000 

1982 March 20,500 
September 18,200 

1983 arch 19,500 
September 18,500 

1984 arch 15,000 
September 14,700 

1985 arch 14,000 
September 12,600 

1986 arch 12,600 
September 15,500 

1987 arch 16,000 
September 17,000 

1988 arch 17,000 
September 17,800 


@Sources: March 1977-March 1978, JC-K 1982 Directory; Septernber 
1978-September 1988, Rapaport Diamond Report, for the fast week of 
each month cited. Shaded areas represent the highs and lows for this 
period. 
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diamond stockpiles to the banks, who were left 
holding enormous quantities of goods in a plum- 
meting market. The glut of stones in dealer inven- 
tories, in private hands, and in the banks was so 
large that prices fell much faster than they had 
risen during the boom years. Instead of the CSO 
managing the world’s stockpile (their stocks of 
larger, better-quality stones now essentially de- 
pleted}, excess goods were spread into so many 
hands that the stability of the market, and that of 
diamond prices, was temporarily lost. 


Diamond Investments Plummet. The same forces 
that were inflicting such heavy damage at the 
dealer level likewise wounded the diamond invest- 
ment sector. On the one hand, the high interest 
rates made borrowing money to purchase dia- 
monds almost prohibitive. On the other hand, the 
opportunity to invest money at these interest rates 
made speculating in tangibles such as diamond 
less attractive. The onset of the world recession 
ultimately killed diamond investment. From this 
investment activity, however, two important fac- 
tors emerged that continue to influence the dia- 
mond industry: (1) the intrinsic value of diamond 
information and grading reports provided by gem- 
ological laboratories (although the GIA Gem Trade 
Laboratory actually began issuing diamond gra- 
ding reports in 1955], and (2) the regular publica- 
tion of diamond price lists, available to the public 
as well as the trade. 


The Retailer Survives, even Thrives. Although the 
diamond industry at the supplier level was severely 
hurt by the fall of diamond in 1980 (and the 
slowdown through 1985), the effects in the retail 
sector in the U.S. were far less dramatic (figure 8}. 
When prices escalated in the late 1970s, goods in 
the so-called investment qualities attained such 
artificially high prices that few, if any, legitimate 
retailers could market them. In addition, while the 
prices of better-quality diamonds rose astro- 
nomically, those of commercial goods—that is, 
stones of average quality under a carat — moved up, 
but less significantly. 

U.S. Department of Commerce figures for 
rough and polished diamond imports from 1979 
through 1983 clearly show how little the impact of 
the inflationary bubble for large, high-end goods 
was on sales volume at retail. According to Rich- 
ard T. Liddicoat (pers. comm., 1988}, the bulk of the 
rough (in value) imported into the United States 
consists of large, high-end stones that are cut in 
New York, generally finishing a carat or more in 
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Figure 8, Using 1987 as a benchmark, this 
chart compares diamond sales by the CSO with 
sales at U.S. retail for the period 1977-1987, Al- 
though the 1980-1981 fall in prices dramati- 
cally affected the CSO, it had relatively little 
impact on the retail sector. Courtesy of the 
CSO, June 1988; artwork by Peter Johnston. 


weight. Many of these are sold overseas. Most U.S. 
imports of polished diamonds, on the other hand, 
are less than a carat and are marketed in the USS. 
While imports of rough dropped from $956 million 
in 1979 to $292 million in 1983, imports of 
polished diamonds during this same period rose 
from $903 million to $1.983 billion. 

At this same time, retailers began to carry 
inventories that were often just high enough to 
service their customers, and began to operate on 
much stricter budgets. Although diamond sales are 
roughly half of most jewelry retailers’ total busi- 
ness, retailers are able to diversify their product 
line to meet changes in the marketplace. Suppliers 
are not, and neither is the CSO. 


SURVIVAL OF THE 
FITTEST: 1981-1985 


For at least a year after the initial fall in diamond 
prices in mid-1980, the industry was in a state of 
confusion. The CSQO’s response was to reduce 
supplies of specific types of rough available in the 
markets by removing certain categories from the 
sights—in particular, the larger, higher quality 
stones (Rothschild, 1982]— and by cutting back on 
others. According to Rothschild (p. XXXII), “The 
range of rough diamonds sold to buyers was made 
more selective, and a completely new assortment 
with new categories, with prices reflecting these 
new categories, was presented in the November 
1981 sight.... Sales [by the CSO] dropped to a 
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figure of $1.472 billion —a decrease of 46% over the 
previous year.” 

A glance at the CSO’s rough diamond sales for 
the years 1981-1985 (table 4) illustrates just how 
slow this period was. According to Miller (1987, p. 
13}, during “the diamond destocking process, 
which started in late 1980, .. . dealers, cutters and 
speculators disposed of around $5 billion worth of 
diamonds {often at very substantial financial 
losses}... . To put this destocking by suppliers into 
perspective, by value it represented at least 
30-40% of the annual global sales figures for 
uncut gem diamonds during the years of 1981-84.” 

With excess stock essentially disposed of by 
the second quarter of 1985 (Miller, 1987], many 
began to feel that a low point in diamond prices 
had been reached and that demand would start to 
build. Even before this, in late February 1985, a 
significant new economic factor entered the pic- 
ture: The value of the U.S. dollar (the currency 
used by the CSO in the sale of all of its sights} 
began to slip against many other currencies, most 
notably the Japanese yen (see table 5). In addition, 
the resilient Israeli diamantaires, who were the 
first and perhaps the hardest hit by the rapid 
downturn, had successfully restructured their in- 


TABLE 4. Annual sales of rough diamonds (gem and 
industrial) by the CSO from 1970 through June 1988. 


Total sales %Increase/ Total sales 

in millions decrease over in millions 
Year of US$? previous year of 1986 US$° 
1970 529 —23 1,506.3 
1971 625 +18 1,706.7 
1972 849 +36 2,244.3 
1973 1,322 +56 3,314.3 
1974 1,254 45 2,811.7 
1975 1,066 -15 2,190.3 
1976 1,555 +46 3,020.6 
1977 2,073 +33 3,782.8 
1978 2,552 +23 4,325.4 
1979 2,598 + 2 3,960.4 
1980 2,723 + 5 3,654.1 
1981 1,472 -46 1,788.7 
1982 25% =15 1,440.2 
1983 1,599 +27 1,774.9 
1984 1,613 eae 1,717.2 
1985 1,823 +13 1,874.0 
1986 2,557 +40 2,557.0 
1987 3,075 +20 _ 
1988 2,201° +419 _ 


“Sources: “Diamonds and Gemstones” (1988); De Beers Consolidated 
Mines, Ltd. (1977-1987). 

©Source: Miller (1987). 

°For January-June. Source: CSO press release, July 1988. 

“Over January-June 1987. 
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TABLE 5. Currency exchange rates for Japan, the 
United Kingdom, France, and Germany as compared 
to the U.S. dollar, 1977-September 1988.2 


United 

Japan Kingdom France Germany 
Year (¥/$) ($/£) (FF/$) (DM/$) 
1977 240.00 1.9060 4.7050 2.1050 
1978 194.60 2.0345 4.1800 1.8280 
1979 239.70 2.2240 4.0200 1.7315 
1980 203.00 2.3850 4.5160 1.9590 
1981 220.00 1.9150 5.7250 2.2480 
1982 234.80 1.6180 6.7300 2.3750 
1983 231.59 1.4515 8.3250 2.7220 
1984 251.70 1.1587 9.6550 3.1530 
1985 200.00 1.4455 7.5000 2.4400 
1986 158.50 1.4815 6.4350 1.9255 
1987 120.80 1.8860 5.3150 1.5695 


1988" 134.40 1.6810 6.4065 1.8830 


“These ligures represent the exchange rates applicable al the close of each 
year. Source for 1977-1987. Bank of America. 

®Rates on September 29, 1988. Source. Los Angeles Times, September 30, 
1988 


dustry into smaller, more efficient manufacturing 
units. Their ability to respond immediately to 
changes in the marketplace would eventually help 
lead the industry out of recession. 

Certainly, by late 1985, there was no doubt that 
the tide was turning. Demand for diamonds had 
risen markedly. Total sales for the CSO in 1985 
rose 13.0% over those of 1984 (see again, table 4), 
and the number of GIA GTL diamond grading 
reports issued in the last quarter of 1985 increased 
by 8.3% over the same period in 1984. 


DIAMONDS REBOUND WITH THE 
JAPANESE MARKET: 1986 


With the declining strength of the U.S. dollar, Japan 
and other consuming nations with strong curren- 
cies began acquiring diamonds at, in effect, tre- 
mendous discounts. For example, 1986 diamond 
imports to Japan were up over those of 1985 by 
more than 50% in quantity (or dollars}, but only 
10% in yen (Jeremy Richdale, CSO, pers. comm., 
1987). The CSO increased prices twice in 1986— 
7.5% in April and 7% in November—in response 
to heightened demand {in effect, an adjustment of 
the price in dollars to reflect the rising value of the 
yen and other currencies). Overall, rough diamond 
sales by the CSO were up 40% in 1986 over the 
previous year (see again, table 2). 

Japan is De Beers’s big success story in the past 
two decades. To illustrate, De Beers reports that 
only 6% of all Japanese brides in 1966 received 
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EUROPE — 18% 
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U.S.—35% 


Figure 9. As this chart of 
worldwide retail sales of 
diamonds illustrates, Ja- 
pan consumed almost 
one-quarter (by value) of 
the polished diamonds 
sold in 1987. The US. 
figure of 35% is down 
from 38% in 1986, The 
CSO expects Japan’s 
share of the market to 
continue to expand, 
while that of the U.S. 
will get smaller. Cour- 
tesy of the CSO, June 
1988; artwork by Peter 
Johnston. 
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diamond engagement rings, in contrast to 74% in 
1987. In addition, according to the CSO’s magazine 
In-Sight (“Consumer Market Trends,” 1988}, Japa- 
nese consumption of diamonds one carat and larger 
has tripled since the yen’s most recent low in 1985. 
By the end of 1987, the Japanese market consumed 
24% of all polished diamonds {in value terms] sold 
at retail (figure 9}, up from 22% in 1986; in 
comparison, the U.S. share of the retail market 
dropped to 35% in I987 from 38% the previous 
year (a long way from the 80% share it represented 
shortly after World War II). By the end of 1988, 
Japan is expected to be acquiring 27% annually of 
the world’s total polished diamonds in dollar 
terms, with the U.S. share decreasing below 35% 
(Keith Ives, CSO, pers. comm., 1988}. Considering 
that Japan has a lower per capita income than the 
U.S. and roughly half the population, these figures 
are even more astounding. 

According to Ogilvie Thompson (1988), the 
diamond market was firm for the first eight sights 
of 1987, particularly in the larger sizes. The CSO’s 
policy by early autumn of that year appeared to be 
one of cautious optimism. They knew that demand 
was up largely due to the strength of the yen. They 
also must have felt an element of worldwide 
speculation in the air, with a modest interest in 
tangible assets re-emerging. Nevertheless, the 
CSO raised prices again in October, at that time 
the single biggest sight in its history. Few could 
imagine what would happen next. 
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THE STOCK MARKET CRASHES: 

OCTOBER 19, 1987 

Events on Wall Street. The Dow Jones Industrial 
Average rose to an all-time high of 2,722. on August 
25, 1987, before dipping over the next seven weeks 
to 2,246 on Friday, October 16. Then the crash of 
Monday, October 19, rocked the world. Many 
stocks had been selling for far more than their 
earnings’ value. Alternative investments were be- 
coming, in effect, better (and safer) buys. As a 
number of investors began to get out of the market, 
modern computer trading, with automatic “sell” 
signals at specified price points, threw the USS. 
stock exchanges into a selling frenzy on October 
19th. Dubbed “Black Monday,” this date saw the 
Dow Jones Industrial Average drop over 500 points, 
to 1,738, and the U.S. stock market incur a paper 
loss of some $1 trillion. Repercussions were 
quickly felt throughout the United States and on 
the Tokyo, Hong Kong, and London stock ex- 
changes, which all experienced similar precipitous 
declines. 

Following the CSO’s October sight, just two 
weeks before the crash, some diamantaires specu- 
lated that De Beers had planned an even larger one 
for November. Instead, they cut it in half to tighten 
worldwide supply and firm up prices, undoubtedly 
in response to the uncertainty generated by events 
on the stock exchanges. By reacting quickly, the 
CSO maintained the confidence of their clients 
and the industry. Gradually, stocks began to re- 


GEMS & GEMOLOGY Fall 1988 143 


Figure 10. Current consumer interest in major 
diamonds is evidenced by this superb brooch 
designed and set by Tiffany # Co. in New York 
this past summer. The fancy yellow diamond 
weighs 128 ct; the largest pear shape, crowning 
the yellow stone, weighs approximately 20 ct. 
The additional 23 pear-shaped and marquise 
diamonds total approximately 160 ct. Photo by 
Josh Haskin; courtesy of Tiffany @ Co. 


bound as other economic indicators remained 
good. Consequently, the December sight was 
larger than that of November. Despite the crash, 
1987 CSO sales of gem and industrial rough 
diamonds were $3.075 billion, the biggest year 
evel. 


Renewed Demand by 1988. Worldwide demand for 
rough was so strong by early 1988 that the CSO’s 
January sight was larger still. With reports of a 
good 1987 Christmas selling season, optimism 
abounded, and the February and March sights 
followed at even greater sizes. In response to 
continued strong demand, the then-record May 
sight was accompanied by an overall price hike of 
13.5%. According to the Rapaport Diamond Re- 
port (April 29, 1988}, because Japan is the power 
behind diamond buying today, this latest increase 
{in dollars} is really another attempt to stabilize 
diamond prices in yen. More important, prior to 
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the price increase, premiums of 10%-15% had 
been offered in dealer-to-dealer trading for unop- 
ened boxes of rough from the CSO. Consequently, 
the May increase can also be thought of as an 
attempt by the CSO to ensure that they and the 
producing countries also benefited from the 
greater demand and higher prices. 

De Beers followed the May 1988 sight with 
another record sight in June. Generally, a sight 
lasts a week, during which sightholders may dis- 
cuss their “series” with the CSO at their option. 
According to CSO market liaison Michael 
Grantham (pers. comm., 1988}, the June sight was 
“practically over” by Tuesday (the second day of 
the sight], a clear sign that sightholders were 
anxious to get their rough and manufacture or sell 
it right away. The July sight was a little smaller in 
comparison to June; whether this reflects a slow- 
down in Far East buying, due to a slightly stronger 
dollar and building inventories, is uncertain. The 
market for rough diamonds in late 1988, however, 
is still strong. 

The period following the October 1987 stock 
market crash saw De Beers fulfilling its traditional 
role in the marketplace, balancing the supply of 
rough with demand in order to stabilize prices. 
According to the Economist (“Diamonds 1988,” p. 
25), “Indeed, during the week following ‘Black 
Monday’ on Wall Street, when prices in securities 
and commodities markets were gyrating wildly, 
diamond prices scarcely moved at all.” De Beers’s 
tightening of supplies after the October 1987 crash 
worked principally because there were few loose 
goods in dealer inventories. Although CSO offi- 
cials felt that there had been some hoarding during 
the preceding year, it was nothing near the magni- 
tude of the late 1970s. 


RECENT EVENTS IN 
THE DIAMOND INDUSTRY 


The May 1988 price increase was the CSO’s biggest 
in nearly a decade. The pace set in 1988 indicates 
another record year for the CSO, with diamond 
sales in the first six months totaling $2.201 billion, 
up 41% over the same period in 1987 (see table 4). 

In his April 26, 1988, address to the American 
Gem Society at their Toronto Conclave, the CSO’s 
Michael Grantham claimed that the diamond 
industry is in better condition today than at 
perhaps any other time in history. The prodigious 
Far East demand stimulated by a weakened U.S. 
dollar is key. Moderate dealer inventories are also a 
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Figure 11. In 1988, sales 
at auction for diamonds 
and other gemstones 
have reached record 
levels. For example, sales 
at the April 1988 
Christie’s auction in 
New York —at which this 
ring and necklace were 
offered —totaled $24 
million. As of September 
1988, jewelry sales at 
Christie's had reached 
$77 million, more than 
12 times the $5.3 million 
in jewelry they auctioned 
in all of 1977. The 18.56- 
ct pear-shaped diamond 
ring sold for $198,000; 
the garland necklace, 
with a 3.59-ct pear shape 
as the largest stone, sold 
for $143,000. Photo by 
Tino Hammid; courtesy 
of Christie’s New York. 
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plus. After the stock market crash, the psychology 
of the diamond market shifted. Concerns about the 
possibility of a recession (or worse] and uncer- 
tainty about the stability of financial markets 
made dealers wary —not enough to curtail buying, 
but certainly enough to discourage excessive 
hoarding. At the same time, many wealthy people, 
who saw the volatility of the stock markets in 
October 1987, along with the rise {and firming) of 
diamond prices soon afterward, shifted some as- 
sets to major diamonds (figure 10}. This contrib- 
uted to an even stronger diamond market by 
mid-1988. 

The renewed interest in large, fine-quality 
diamonds in the last few years is most evident in 
the increased activity at the auction houses (figure 
11), During the diamond recession of 1981-1984, 
and through most of 1985, auction house activity 
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was slow. Prices did not show signs of strengthen- 
ing until the end of 1985. According to Moyersoen 
{1987, p. 111], “Generally auction prices are about 
10% less than those prevailing on the wholesale 
market. Nevertheless, when the market starts to 
recover, precursory signs can be visible at auction 
houses where diamonds can command prices 
much higher than those prevailing on the whole- 
sale market. For instance in December 1985, the 
beginning of the market recovery, we were able to 
observe much higher prices in New York auction 
houses than on the wholesale market.” 
Examples of these new price levels include the 
0.95-ct fancy purplish red diamond that Christie’s 
sold at their April 28, 1987, auction for a record- 
breaking $926,000 per carat. Two days after the 
stock market collapse, a 64.83-ct D-internally 
flawless stone sold at Christie’s in New York for 
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nearly $6.4 million (almost $100,000 per carat); 
just six months later, a 52.59-ct D-—internally 
flawless emerald cut sold at Christie’s for 
$7,480,000—a record $142,000 per carat for a 
colorless diamond sold at auction (Moyersoen, 
1988). Most recently, on October 19, 1988, a 59.00-ct 
D-internally flawless diamond (figure 12) sold at 
Christie's for $5,560,500. It is interesting to note that 
the second largest diamond in the world—a 407.48- 
ct fancy brownish yellow internally flawless “shield” 
cut (figure 13)— was offered at the same auction but 
was withdrawn when bidding ended at $12,000,000. 

Another key factor in the stability of the 
market today is the more conservative distribution 
policy of the Soviets (Maillard, 1988). During the 
down times between 1982 and 1985, the USSR 
periodically flooded goods onto the market at 
depressed prices, presumably to raise foreign capi- 
tal. According to Moyersoen (1988), an under- 
standing between De Beers and the Soviets was 
reached in September 1985 whereby the USSR 
would cease “dumping” and would not increase its 
overall sales of diamonds, while De Beers would 
purchase Soviet polished goods over 0.25 ct as well 
as larger quantities of rough. 


Figure 12. Several important colorless diamonds 
have come to auction in the last few years. This 
59.00-ct D-internally flawless pear shape 
(shown here at actual size) was sold by Chris- 
tie’s New York on October 19, 1988. Phato by 
Tino Hammid; courtesy of Christie's New York. 
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WHERE DO WE 

GO FROM HERE?: 
PERSPECTIVES ON A 
CHANGING DIAMOND WORLD 


The diamond industry has faced—and overcome — 
challenges throughout its history. There are, how- 
ever, a number of key issues that can drastically 
affect the future economics of this industry. These 
include not only the traditional factors of supply 
and demand, but also an important, relatively 
recent variable: the impact of new technology. 


On the Supply Side. Diamonds were originally 
discovered in India as early as the 3rd century B.C., 
with the next major discovery in Brazil in the 
1700s. Just at the time of diminishing supplies 
worldwide, diamonds were found in South Africa 
in 1866. This discovery changed the diamond 
industry as the world then knew it. In the modern 
diamond era, major developments such as those in 
the USSR in the 1960s, Botswana in the 1970s, and 
Australia in the 1980s, have led to continued 
changes in the industry (see box on “World Dia- 
mond Production”). 

In his controversial 1982 book, The Rise and 
Fall of Diamonds, Epstein concluded that, “By the 
mid-1980s the avalanche of Australian diamonds 
will be pouring onto the market and unless the 
resourceful managers of De Beers can find a way in 
the interim to bring this plethora of diamonds 
under control, it will probably signal the final 
collapse of world diamond prices. Under these 
circumstances, the diamond invention will disin- 
tegrate and be remembered only as a historical 
curiosity, as brilliant in its way as the glittering, 
brittle, little stones it once made so valuable.” 
Obviously, Epstein’s scenario never took place. 

To be sure, responsible members of the trade 
were concerned during the recession of the early 
1980s about the market impact of the Australian 
finds and of Botswana's prolific Jwaneng mine 
(figure 14) on an already depressed market. The 
CSO, however, maintained a position from the 
outset that the Australian production would not 
adversely affect the market, and Botswana’s pro- 
duction was already being marketed through CSO 
channels. Since then, the industry has seen this 
new production absorbed at a steady, increasing 
rate. Although worldwide exploration continues, 
there have been no reports of econonnically signifi- 
cant new mining sources on the horizon. Supply 
appears to be adequate, yet not excessive. 
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Figure 13. This 407.48-ct 
internally flawless 
diamond, the second 
largest diamond in the 
world (after the 530.20-ct 
Cullinan I), was offered 
at auction by Christie's 
New York on October 19, 
1988 —ironically, one 
year to the day after the 
stock market crash of 
1987. Even though the 
bidding reached 
$12,000,000, the stone 
was withdrawn. This and 
the satellite stones, 
which range from 1.33 ct 
to 15.66 ct, were faceted 
from an 890-ct piece of 
rough jointly owned by 
Marvin Samuels, Louis 
Glick, and the Zale 

Corp. Photo by Tino 
Hammid; courtesy of 
Christie's New York. 


At the time that the Australian discoveries 
were made, India was developing as a major dia- 
mond-cutting center. The low labor costs in India 
and the specialization in small stones fit perfectly 
with the type of production Australia is offering 
the marketplace in the 1980s (figure 15). Concur- 
rently, there has been a great expansion of retailing 
formats in mass merchandising throughout the 
world that has provided a broad market outlet for 
inexpensive, mass-produced diamond jewelry. 
Near-gem quality diamonds can now be affordably 
cut by labor-intensive India and developing Far 
East cutting operations, and sold at prices that 
attract a wider range of consumers. 

Possible sanctions in the U.S. on the importa- 
tion and sale of diamonds from South Africa 
{Comprehensive Anti-Apartheid Act of October 2, 
1986) pose yet another apparent threat to the 
diamond industry. Because South Africa now con- 
tributes just about 10% of the world’s total supply 
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of rough diamonds by weight (though a higher 
percentage in gem qualities and in value terms} 
and the U.S. now accounts for only a little more 
than a third of world diamond consumption, it is 
doubtful that such sanctions would have a crip- 
pling effect on the diamond industry as a whole; 
they would, however, inevitably have an impact on 
the U.S. market and on U.S. sightholders in partic- 
ular. Ironically, diamonds now contribute less than 

% of South Africa’s total earnings from minerals, 
whereas Botswana, for example, earns 78% of its 
foreign exchange from diamonds (Oppenheimer, 
1988). 

Despite record sales for the CSO in 1987 and in 
the first half of 1988, stocks of uncut diamonds 
outside CSO control are still at moderate levels, 
although rising. In addition, prices of polished 
diamonds are relatively stable and increasing at a 
realistic pace. Supply appears to be in balance with 
demand. Japan’s thirst for diamonds, however, has 
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WORLD DIAMOND PRODUCTION 


Over 90 million carats of rough diamonds (gem and 
industrial} were mined worldwide in 1987 (see 
table 1); almost 90 years ago—in 1901 —world 
diamond production was only about 1 million 
carats, Total production (in carats) has doubled 
over the last decade alone. About 40% of the rough 
yields cuttable qualities, half of which is consid- 
ered gem, the other half near gem. In terms of total 
rough mined, the top four countries today are 
Australia, Zaire, Botswana, and the USSR. Each 
now surpasses the leader of decades past, South 
Africa. Several other areas are also active (see map). 

Although the Argyle mine has given Australia 
the lead in total rough production today, for the 
most part the stones are small, with only about 5% 
of gem quality and 40%-45% considered near 
gem. Of the gem-quality crystals, many are 
browns and most are very difficult to cut because 
of the typically serrated and knotted nature of the 
rough. The first Australian production, in the early 
1980s, was alluvial. The AK-1 pipe became fully 
operational in December 1985, and production 
since then has leaped from about 7 million carats 
in 1985 to 30 million carats in 1987, where 
projections indicate that annual output should 
level off. Australia is currently the world’s major 
source of pink diamonds. 

Zaire produces about 20 million carats of 
rough each year, mostly of industrial quality. For 
over 30 years, until 1986, Zaire was the world’s 
largest producer of diamonds. Like Australia, only 
about 5% of Zaire’s production is gem quality; 
20%-25% is considered near gem. Zaire discon- 
tinued its 14-year exclusive selling contract with 
the CSO in 1981, only to negotiate a new one in 
1983; this agreement has since been extended. 

According toa July 2, 1987, press release issued 
by De Beers, Botswana—with its three mines of 
Orapa, Letlhakane, and Jwaneng—has, over the 
past decade, become one of the most significant 
diamond producers in value terms. More than half 
of the over 13 million carats of rough mined in 
Botswana in 1987 is cuttable. Jwaneng alone, 
which came into full production in 1982, yields 
over 7 million carats of rough per year. In terms of 
quantity, quality, and value, it is the most impor- 
tant mine to have gone into production in the past 
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100 years {Prins, 1987). To put the quality of 
Botswana's yield into perspective, this tiny coun- 
try produces some $700 million of diamond rough 
per year — about three times more than the income 
earned by Argyle (Gibson, 1988). 

Production is handled through a partnership 
between the Botswana government and De Beers 
known as Debswana. This 1987 agreement was a 
major achievement for both parties. According to 
the press release mentioned above, De Beers ac- 
quired the balance of Botswana’s stockpile of 
diamonds, which accumulated during the 
1981-1985 recessionary period, in exchange for 20 
million newly issued ordinary shares of stock 
holdings in De Beers (which makes Botswana the 
company’s third largest shareholder], an undis- 
closed cash payment, and two seats on the De Beers 
board. The Debswana agreement gave De Beers the 
supplies of rough necessary to meet rising dia- 
mond demand in the late 1980s (bringing De 
Beers’s current diamond reserves to a total value of 
$2.3 billion), and gave Botswana an important 
interest in De Beers. 

The major source of Soviet diamonds is in 
Siberia, where an estimated 12 million carats of 
rough was mined in 1987. The Soviet Union also 
has a substantial cutting industry that has become 
increasingly important during the past 15 years 
because of the quantity, quality, and uniformity of 
their polished goods. 

Although most people probably believe that 
South Africa is the major source of diamonds 
today, it is now only fifth in total production by 
weight. However, nearly half of the 10 million 
carats South Africa produces annually are cut- 
table. Having selectively closed some mines in 
South Africa during the 1981-1985 recession, De 
Beers recently reactivated Annex Kleinzee (“Dia- 
monds 1988”) and Koffiefontein (Moyersoen, 
1987}, in response to improved market conditions 
and, in particular, the strong recovery of demand 
for large, fine-quality stones. 

The Consolidated Diamond Mines (CDM} in 
Namibia once produced close to 2 million carats of 
rough diamonds annually, 95% of which were gem 
quality. This production has been dwindling over 
the last decade, to about 1 million carats in 1987. 
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WORLD DIAMOND PRODUCTION 
Major producers 


Other commercially producing countries 


@ Major cutting centers 


Diamonds are found on virtually every continent, yet five countries contribute over 90% of the total 
production: Australia, Zaire, Botswana, the USSR, and South Africa (indicated in orange). Several 
other countries (indicated in yellow) produce small amounts of diamonds, totaling only 10% of 
world production. Each of the five major countries in which cutting centers are located —the U.S., 
Belgium, Israel, India, and the USSR—is indicated by a red diamond. Artwork by Robin Teraoka. 


Mining is accomplished on raised beach terraces 
{in effect, ancient alluvial deposits) through the 
use of heavy earth-moving equipment and dredges. 
According to Ogilvie Thompson (1988), CDM 
No. 3 plant was recently reopened and modifica- 
tions to the CDM No. 1 plant, for improved 
recovery, are well advanced. 

Diamonds are also mined in smaller quantities 
in Brazil, Ghana, the Central African Republic, 
Indonesia, Sierra Leone, Liberia, Venezuela, the 
Ivory Coast, Angola, Tanzania, Guinea, India, 
Guyana, Lesotho, as well as China. Although 
production statistics for China are not available, 
the total production from these countries does not 
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contribute even 10% of the total world rough 
mined each year. 

Just as world diamond production has changed 
markedly over the past decade, so, too, have the 
centers that manufacture rough around the globe. 
Today, stones are cut in over 30 different countries, 
although the U.S. (New York City}, Belgium (Ant- 
werp], Israel (Tel Aviv}, India (Bombay], and the 
USSR (Kiev, Moscow, Sverdlovsk, and Mirny} sup- 
port the bulk of the business. Other noteworthy 
cutting centers are located in South Africa, Brazil, 
China, Sri Lanka, North and East Africa, Thailand, 
and elsewhere throughout Southeast Asia and the 
Far East (Prins, 1987). 
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Figure 14. The Jwaneng mine in Botswana is the 
most important diamond mine—in terms of 
quality and value—to have been brought into 
production during the last 100 years. This ae- 
rial view shows the vast open pit. Photo cour- 
tesy of the CSO. 


created larger inventories of cut stones in that 
country than ever before. Although CSO officials 
attempt to closely monitor these stocks, there is 
some industry concern that excess inventories 
could be “dumped” on the market in the event of a 
downturn in the Japanese economy. 

The concept of a futures market for diamond 
has been resurrected in the second half of the 
1980s. Previously attempted by the Pacific Stock 
Exchange in the 1970s, and considered by the 
Chicago Mercantile Exchange, the London Com- 
modity Exchange, and, most recently, by the New 
York Commodity Exchange (Comex}, the develop- 
ment of a commodities market for diamond is 
another of the variables that could greatly affect 
the supply of fine-quality goods in the mar- 
ketplace. Most in the trade are skeptical that a 
diamond futures market could succeed. Moreover, 
it would inevitably alter the traditional perception 
of diamond purely as an item of adornment and an 
expression of love, to one possessing the additional 
factors of hedging, speculation, and investment. 


Demand and the Marketplace: A Case for Confi- 
dence. It is clear that world economic forces 
strongly influence the demand for diamond, since 
demand closely follows the worldwide business 
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cycle. Among the more important factors to watch 
in the near future are the levels of disposable 
income and the real interest rates in the two major 
consuming markets, the United States and Japan. 
However, a number of other factors contribute toa 
case for optimism in the global diamond markets. 

Consumer confidence in the value of diamond 
is rising again, and consumer demand for dia- 
monds as objects of love and adornment is at an all- 
time high. With stock market uncertainty, there is 
also a renewed interest in tangible assets. This is 
especially strong in Japan, where recent changes in 
the tax laws provide further momentum for con- 
sumer spending. The self-purchase market (big and 
growing in the U.S.) is already bigger in Japan 
(Keith Ives, CSO, pers. comm., 1988); as Japanese 
women play an increasingly important role in the 
work force, their impact on the diamond market 
will also grow. 

The strength of other currencies against the 
U.S. dollar, especially in Europe and the Pacific 
Rim, is also stimulating demand. Market activity 
in Hong Kong, Taiwan, and Singapore is partic- 
ularly strong today. Unlike the speculative boom 
of the late 1970s, however, this latest fever appears 
to be mostly a product of actual consumer de- 
mand. 

Retail jewelry markets in the U.S. continue to 
show overall growth (again, see figure 8], and 
worldwide demand at retail is rising. According to 
Ogilvie Thompson (1988}, for each of the last five 


Figure 15. Only 5% of the diamonds mined at 
Argyle are gem quality; 40%—45% are near 

gem, Most are brownish and small. The low la- 
bor costs in India and other emerging Far East 
cutting centers have made manufacturing near- 
gem material economically feasible. Photo by 
Brian Stevenson; courtesy of Argyle Mines Pty., Ltd. 
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years world retail sales of diamond jewelry estab- 
lished new records, principally as a result of 
increased consumer confidence and spending. 
Over $30 billion in diamond jewelry was sold in 
1987, containing close to 300 million diamonds. 
Retail diamond sales in the U.S. alone were over 
$11.3 billion in 1987 (up 15% over 1986 levels], 
with over 19.8 million pieces of diamond jewelry 
sold (“Consumer Confidence in Diamonds High,” 
1988}. De Beers’s continued heavy promotion to 
consumers in some 28 countries worldwide fur- 
ther strengthens a view for confidence in diamond 
in at least the near future. There is consistent 
growth in the traditional market in the United 
States, where 66% of married women in the 25—44 
age group and the top one-third income group 
expressed a strong interest in giving/receiving 
diamond jewelry (Ives, 1988); this is the highest 
percentage in history. Assuming that disposable 
incomes will rise in other consuming nations and 
in developing countries such as South Korea and 
perhaps even China, and that the diamond indus- 
try can attract some of that disposable income, 
worldwide demand should continue to grow. The 
diamond trade has had three good years in a row 
(1986-1988), and most firms are not overextended 
with the banks (by design} as in years past, which 
fosters even more confidence. 

There are, however, a number of events in the 
global economy and in that of Japan in particular 
that could produce either excess supply or reduced 
demand. The Rapaport Diamond Report (April 29, 
1988} points to “external economic forces such asa 
dramatic fall in the Japanese stock market, or a 
sharp drop in the yen” as possible scenarios that 
“could cause a collapse [in diamond demand].” A 
world recession would also undoubtedly reduce 
demand at all levels. Still, the diamond industry 
does appear to be in a better position to respond to 
such forces, if they should occur. 


New Technology. Although it may not be obvious 
how scientific challenges can affect the economics 
of the diamond industry, the mere mention of 
synthetic gem diamonds is usually enough to 
upset any dealer. High technology will surely play 
a role in the diamond business in the 1990s and 
beyond. 

Three major technological challenges now 
face the diamond industry: sophisticated color 
treatments, fracture-filling, and the availability of 
gem-quality synthetic diamonds. The treatment of 
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Figure 16. Synthetic gem-quality diamonds 
may represent the most important technological 
development in the diamond world this cen- 
tury. These two faceted synthetic diamonds 
(0.30 ct and 0.27 ct) and their 1.03-ct- 
companion crystal were grown by De Beers for 
experimental purposes. Photo © Tino Hammid,. 


diamond by heat and/or irradiation to induce or 
change color has created detection problems for 
gemologists worldwide. Identification of these so- 
phisticated color treatments has already inspired 
extensive research (e.g., Walker, 1979; Collins, 
1982] and is the subject of a major project that is 
now under way at GIA. The “filling” of cleavages 
and fractures to reduce their visibility in heavily 
flawed stones poses another challenge for the 
industry (Koivula, 1987). 

The greatest potential technological chal- 
lenge, however, is that of gem-quality synthetic 
diamonds (see, e.g., Koivula and Fryer, 1984; Shig- 
ley et al., 1986 and 1987). Although not marketed 
specifically for the jewelry industry, small gem- 
quality yellow synthetic diamond rough can now 
be purchased from Sumitomo Corp. of Japan. In the 
course of its research, and for experimental pur- 
poses only, De Beers has grown gem-quality yellow 
synthetic diamonds as large as 11 ct (figure 16). 
Although the procedure continues to be expensive, 
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the rising costs of natural diamonds could make 
the distribution of synthetic diamonds for jewelry, 
rather than purely industrial and technological 
purposes, an attractive option. All types of syn- 
thetic diamonds examined to date, however, can be 
readily identified by standard gemological tests. 

The science of gemology must secure the 
knowledge necessary to insure stability in the 
marketplace, because public confidence in dia- 
mond is the key to its long-term success. The trade 
also needs more information and more absolute 
standards, such as the scientific nomenclature for 
grading fancy color diamonds that is currently a 
subject of research at GIA. Accurate information 
with standardized terminology, presented hon- 
estly, will help the industry because the consumer 
will be better equipped to buy diamonds confi- 
dently. 


CONCLUSION 


Economic forces have buffeted the diamond indus- 
try for much of the past decade. The unusually 
high demand generated by Israeli diamantaires 
(backed by low-interest/low-risk loans from the 
government-supported banking system] was fur- 
ther escalated by the heightened interest in inves- 
ting in diamonds as a commodity during the 
inflationary spiral of 1976-1979, What started in 
Israel in 1976 ended in the U.S. and Europe in 1980. 
Higher interest rates from the banks, surcharges 
and sharp price increases by the CSO, and the onset 
of a world recession worked together to curb 
demand at both dealer and consumer levels. The 
diamond market plunged. 

In the early 1980s, many manufacturers and 
dealers went out of business, as the large quantities 
of stones hoarded during the upward climb could 
not be absorbed by an already-saturated market. To 
help correct this imbalance in supply and demand, 
the CSO began to restrict the supply of specific 
categories of new diamonds that entered the sys- 
tem. Gradually, excess goods were absorbed at the 
consumer level and, by 1985, most of this stock 
had been disposed of. Despite the problems at the 
diamantaire level from 1980 to 1985, there were 
healthy increases in worldwide retail sales during 
most of this period. By 1986, the industry was 
feeling the full impact of the attractiveness of 
diamonds to a growing Japanese market as the U.S. 
dollar weakened against the yen. The diamond 
market rebounded. 
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Today, demand for diamonds is strong and 
prices are rising. Supplies of rough are healthy, but 
supply and demand appear to be in balance. The 
fact that diamond prices have continued to rise 
following the worldwide plummet in stock prices 
in October 1987 is further evidence of the strength 
of diamonds in the late 1980s, 

The key to success in the 1990s and beyond, 
however, will be the ability of the diamond indus- 
try—the CSO, diamantaires, and retailers alike — 
to anticipate, and prepare for, the future. The 
appeal of diamond as an object of love and adorn- 
ment continued strong throughout the past de- 
cade. The fact that so many Japanese women are 
now wearing diamond engagement rings indicates 
that the romance of diamond is still a major 
demand factor. This is echoed by the continued 
strength of diamonds at the retail level in the U.S. 
However, further changes in currency exchange 
rates, especially a weaker Japanese yen, would 
undoubtedly have some impact. Too, the econ- 
omies of the developed nations worldwide have 
been very healthy in recent years. A recession of 
any duration, as in the early 1980s, would also 
affect demand for diamonds. Technology is another 
factor that undoubtedly will have an impact on the 
industry, but this will be minimized if the technol- 
ogy of gem identification can keep pace with the 
technology of treatments and synthesis. 

The diamond industry has weathered the radi- 
cal fluctuations of the past decade well. Every 
indication is that it will be able to face future 
challenges even more efficiently and effectively. 
As standards of living internationally continue to 
rise, as De Beers continues to promote to old and 
new markets alike, as supplies continue to be 
strong, the future for the diamond industry does 
indeed appear bright. 
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NEW TECHNIQUES 


THE SAPPHIRES OF PENGLAI, 
HAINAN ISLAND, CHINA 


By Wang Furui 


The sapphire deposit at Penglai, on Hainan Island, is 
potentially the largest in China. Gem-quality sap- 
phires, at least one as large as 35.5 ct, have been 
found in alluvial gravels approximately 2 km south- 
east of the city of Penglai. Gem-quality zircon and a 
few pieces of what might be considered ruby have 
also been recovered in the course of the geologic 
study of this area, which has not yet been commer- 
cially developed. The average size of the sapphires is 
2-5 mm. They are similar in appearance and gem- 
ological properties to sapphires from Australia, Thai- 
land, and Kampuchea. 


Sapphire is one of the greatest potential gem 
resources in China today. To date, several major 
occurrences have been identified, including Ming- 
xi, Liuhe, and Jiangsu Province. However, the 
deposit at Penglai, on Hainan Island in Guangdong 
Province, appears to be the most promising (figure 
1). Although the Penglai sapphire deposit is still in 
the exploration stage, local government and Bu- 
reau of Geology officials feel that it will develop 
into a major gem field. Already, gem dealers from 
abroad are coming to Penglai to buy sapphires. 

During the spring of 1987, the author had the 
opportunity to visit and study the sapphire deposit 
at Penglai. The information provided in this article 
is based on the author’s observations during this 
visit, as well as on interviews with Penglai resi- 
dents, various geologists, and members of the local 
government. 
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Figure 1, This 2.60-ct faceted blue sapphire is 
from the deposit near Penglai, on Hainan Is- 
land, People’s Republic of China. 


HISTORY 

Sapphires were first discovered by a farmer named 
Zhang Changde (figure 2} near the town of Penglai 
in the early 1960s. He found a beautiful stone on 
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the ground near where his animals were grazing. 
The stone was light blue, transparent, and lumi- 
nous in sunlight. He picked it up and searched 
further until he found more blue stones. Handing 
them over to the local geologic team, he received 
one yuan and sixty fens (approximately US$1.00) 
as a reward. In 1982, aspecial exploration team was 
sent to the area to determine the extent of the gem 


field. 


LOCATION AND ACCESS 


The Penglai mine lies approximately 2 km south- 
east of the town of Penglai, 30 km southwest of 
Wenchang, in the northeast part of Hainan Island. 
Access to Penglai requires a three-hour bus ride 
from Haikou, the capital of the island (figure 3). 
Although vehicles can easily reach the mining area 
during the dry season, heavy rains can make the 
roads impassable. The mine field covers about 25 
km? in an area near the villages of Gaojin and 
Xinan. 

The town of Penglai is an important hub in 
Hainan Island, with more than 40,000 inhabitants. 
The climate in this area is tropical, with consider- 
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Figure 2. Farmer Zhang 
Changde, who was the first 
to discover sapphire near 
Penglai, continues to search 
the alluvium for these valu- 
able gemstones. 


able rainfall, and rice paddies represent the domi- 
nant agriculture. Penglai is famous for pineapples 
and produces much natural rubber and pepper. 


GEOLOGY AND OCCURRENCE 


Detailed geologic study of the new mine field is 
still being done by a geologic team. The region’s 
tropical climate has led to deep chemical weather- 
ing and massive erosion. Rock outcrops of any type 
are very rare, and the sapphires have been found 
only in alluvial gravels in the rice paddies and on 
nearby hillsides. 

By examining the composition of the alluvium 
in which the sapphires have been found, geologists 
have determined that alkali basalt is the basic rock 
unit, with more than 10 alluvial strata of various 
thicknesses (Shi Guihua and Li Zhaosong, pers. 
comm, 1987). The basalt consists mainly of olivine 
basalt, dolerite, and pyroclastics, of Cenozoic age. 
The gravels also contain abundant pyrope garnet, 
black spinel, pyroxene, olivine, and zircon. A few 
pieces that might be considered ruby have also 
been recovered. 

Field exploration indicates that the sapphire 
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deposits extend to a depth of 1.5-3 m and are 
scattered in several layers. The sapphire occur- 
rences in this area are similar to the sapphire 
deposits in Chanthaburi, Thailand (Keller, 1982), 
the New England district of New South Wales, 
Australia (Coldham, 1985), and the Mingxi beds in 
Fujian Province, China (Keller and Keller, 1986). 
These areas are also deeply weathered and have 
similar mineral associations. The corundum is 
either alluvial or eluvial. 


MINING AND PROCESSING 


Although the deposit has not been extensively 
developed thus far, the geologic team has dug a 
number of trenches 30 x 15 mand up to3 m deep, 
from which specimens of sapphire and other gems 
have been gathered. In addition, local residents 
sporadically dig for the gemstones in their fields, in 
ditches, and on the hillside. After a heavy rain, 
farmers and even government personnel go to the 
ficlds to look for gemstones. To process the gem 
gravels removed by the geologic team, a facility has 
becn set up at the western edge of the mining area, 
next to the road. First, the gem gravel is poured into 


aie 
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a pool and washed. The large pieces are removed by 
hand, while the smaller gravels are sieved with a 
mesh and the fine sand is thrown away. Next, the 
smaller pieces are placed on a driving belt which 
carries them to a big trough in which they are 
sorted into several different sizes by means of 
different meshes (in a manner similar to that used 
at the Mingxi sapphire deposit, described by Keller 
and Keller, 1986]. Last, the various groups of 
gravels are sent to a separation room, where the 
gemstones are removed from the gravels by hand. 


DESCRIPTION OF THE 

GEM MATERIALS 

The Penglai sapphires occur as small- to medium- 
sized hexagonal prisms and irregularly shaped 
pieces. The average size observed is 2—5 mm, 
although the geologic team working the deposit 
reports that gem-quality pieces as large as 35 X 33 
x 32 mm (35.5 ct} have been found. 

The sapphires range in color (in order of 
abundance) from dark blue (figures | and 4}, blue, 
and greenish blue, to bluish green, green, and 
yellow-green, with the smallest quantity found in 


Figure 3. The Penglai sap- 
phire deposits cover an area 
approximately 25 km? that 
begins about 2 km south- 
east of the town of Penglai. 
Artwork by Peter Johnston. 


} Sapphire mine 
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Figure 4. This dark blue sapphire crystal found 
at Penglai weighs 13.69 ct. Photo by Shane 
McClure. 


light bluish green and purplish blue to blue-gray. 
Most of the sapphires are very dark and appear to 
contain large amounts of iron (Fe3 +). 

Although no statistics have been released on 
the production to date, the consensus of the 
geologic community is that the Penglai sapphires 
are superior in quality and quantity to those found 
at Mingxi. 

Zircon is another important gem material in 
this deposit. It appears to equal sapphire in the 
number of pieces found, although most of these 
pieces are smaller than the average observed for 
sapphires, The largest zircon found to date at this 
deposit, a brown-red tetragonal crystal (partially 
gem quality) that measures 42 x 20 x 12 mm 
{41.8 ct}, is now at the Geological Museum of 
China, in Beijing. The Penglai zircons occur in 
purple, purple-red, brown-red, and red. The com- 
mercial potential of the zircons is limited, how- 
ever, because most of the stones are very small and 
even the larger ones are usually heavily included. 

Government geologist Shi Guihua reports that 
small amounts of what might be considered ruby 
have also been found at Penglai. The rounded 
pieces examined to date are approximately 2-3 
mm and “rose” red. Unfortunately, insufficient 
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material is available to draw any conclusions about 
the potential of the deposit for this variety of 
corundum. 


GEMOLOGICAL PROPERTIES 


I was able to obtain seven gem-quality sapphires 
from the Penglai mine for examination. Although 
four were small, three weighed in the 10-15 ct 
range. Tests on these seven crystals, which ranged 
in color from purplish blue to blue-gray, revealed a 
specific gravity of 3.99-4.02, a refractive index of 
1.761-1.769, and strong pleochroism. These prop- 
erties are very similar to those reported for gem 
corundum found in Australia, Thailand, and Kam- 
puchea. The properties for the 13.69-ct crystal 
shown in figure 4, as determined by Robert Kane of 
the GIA Gem Trade Laboratory in Los Angeles, are 
given in table 1. When Mr. Kane examined this 
stone for inclusions he found very strong color 
zoning and dense concentrations of “silk” (both in 
a hexagonal arrangement following the original 
crystallographic growth of the sapphire crystal], as 
evidenced in figure 5. There are also two distinc- 
tive types of solid crystal inclusions, illustrated 
here in figures 6 and 7. 


HEAT TREATMENT 


The Gem Identification and Research Department 
of the Ministry of Geology and Mineral Resources 


TABLE 1. Gemological properties of a sapphire 
from Penglai, Hainan Island, China.# 


Color and visual 
appearance with 


Dark blue, nearly opaque in 
overhead light; areas of blue and 


unaided eye bluish green, transparent to 
semitransparent in transmitted light® 

Refractive index 1.762-1.771 

Birefringence 0.009 


Distinct yellowish green and dark 
blue 


Very strong bands at approximately 
450 and 460 nm that nearly merge, 
and a separate narrower band of 
strong intensity at approximately 
470 nm 

Reaction to long-wave Inert 

and short-wave 

ultraviolet radiation 


Dichroism 


Absorption spectrum¢ 
(400-700 nm) 


*Properties listed were obtained from one 13.69-ct rough crystal with lwo 
large polished faces. 

®Degree of transparency as well as color appearance is dramatically 
affected by the rough surfaces of the partly polished crystal. 

“As observed through a hand-held type of spectroscope. 
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Figure 6. The Penglai blue sapphire shown in 
figure 4 also contained a small brown crystal 
surrounded by a tension halo and trailed by a 
“comet tail.” Oblique illumination; magnified 
40x. Photomicrograph by Robert E. Kane. 


and the Laboratory of the Bureau of Geology and 
Mineral Resources in Guangdong Province have 
been experimenting with heat treatment to 
lighten these sapphires. Both laboratories obtained 
favorable results. On October 10, 1986, the news- 
paper China Geology reported that “the treated 
sapphires acquired a good medium indigo-blue 
color, good transparency, and generally were free of 
color banding. The chemical and physical charac- 
teristics of the treated sapphires are the same as 
the untreated sapphires.” No precise details of the 
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Figure 5. A view of the base of the 
Penglai blue sapphire crystal shown 
in figure 4 (after it had been par- 
tially polished} reveals prominent 
angular growth zoning as well as 
“fingerprints” and stringers of rutile 
“comet tails,” The growth zoning, 
evidence of the changes that took 
place in the chemical environment 
as the sapphire crystal grew, repre- 
sents a combination of color zoning 
and varied concentrations of fine 
particles of rutile. Fiber-optic illu- 

- mination; magnified 15x. Photo- 
micrograph by Robert E. Kane. 


Figure 7. This white crystal, set against a back- 
drop of dense rutile particles and color zoning, 
was also observed in the Penglai blue sapphire 
shown in figure 4. Oblique illumination; mag- 
nified 40x. Photomicrograph by Robert E. Kane. 


heat treatment method used have been revealed to 
date. 


PROSPECTS FOR 
THE FUTURE 


Current operations at the Penglai mine are mainly 
for exploration and research. However, the Bureau 
of Geology and local government officials hope to 
establish an economic operation, including min- 
ing, treatment, faceting, and selling, in the near 
future. Chinese gemologists are enthusiastic 
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about the results of prospecting efforts and the 


heat treatment of the gems. REFERENCES 
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would help increase production. The future pros- Keller PC. (1982) The Chanthaburi-Trat gem field, Thailand. 

f P hire - . ve P Jai Gems & Gemology, Vol. 18, No. 4, pp. 186-196. 

pects for sapphire (and zircon) mining at Penglai Schuman W. (1979) Gemstones of the World. Sterling Pub- 
appear to be excellent. lishing Co., New York. 


CONGRATULATIONS! 


The following readers received a perfect score (100% on the second annual Gems & 
Gemology Challenge, which appeared in the Spring 1988 issue. 


Joseph N. Autore, West Paterson, NJ; Bernice Backler, Pinetown, South Africa; Linda Anne Batelcy, Kent, 
England; Rebecca Ann Bell, Joshua Tree, CA; Emesto J. Belmont-Moreno, Mexico City, Mexico; Maria Lourdes 
Berre, Coral Gables, FL; Susan Bickford, San Francisco, CA; Linda Blum-Barton, Aiken, SC; R. FE Brightman, Fraser, 
Queensland, Australia; Arline E. Broad, Thames, New Zealand; Kim L. Brown, Overland Park, KS; Patricia A. 
Brozovic, Fairlax, VA; John Patrick Bugara, $40 José Dos Campos, S.P, Brazil; Ned Burns, Phoenix, AZ; Richard 
H. Cartier, Toronto, Ont., Canada; JoAnne Chisholm, Thornhill, Ont., Canada; Alice J. Christianson, St. 
Catharines, Ont., Canada; Yale Chussil, West Hartford, CT; Peggy Sue Clark, Bethesda, MD; Ron Conde, Santa 
Monica, CA; Fontaine F Cope, Lamesa, TX; Patricia Corbett, Toronto, Ont., Canada; Robert Cotellesse, Cibolo, 
TX; Elizabeth Cressey-Plummer, Tucson, AZ; Florence May Davenport, West Paterson, NJ; Ellen J. Dean, 
Cambridge, England; Shane Denney, Jacksonville, IL; Mario Detrano, Canton, OH; Don Devenney, Victoria, B.C., 
Canada; Lorraine D. Dodds, Greensboro, NC; J. H. Eigenbauch, York, PA; Sandra Rose Engeberg, Los Angeles, 
CA, Michael T. Evans, Huntington Beach, CA; Ed Fasnacht, Logansport, IN; Roberto Filippi, Lucca, Italy; 
Danielle M. Finney, Palm Springs, CA; Wayne Neal Fleischer, Oxnard, CA; John R. Fuhrbach, Amarillo, TX; 
Rhoda Gheen, Foster, OR; Raymond Giroux, Dollard Des Ormeaux, Que., Canada; Elaine A. Gregory, Choctaw, 
OK; Sharon Griffith, Eagan, MN; Phyllis M. Gunn, Spokane, WA; Loreen N. Haas, Sherman Oaks, CA; Brian 
Halawith, Phoenix, AZ; William D. Hannah, Louisville, KY; Joop G. Heetman, Rotterdam, Netherlands; Graziclla 
Hess, Marina del Rey, CA; Harold E. Holzer, Cape Coral, FL; Robert P Hord, Laguna Park, TX; Alan R. Howarth, 
Braintree, MA; R. Fred Ingram, Tampa, FL; Mary Margaret Jackson, Dallas, TX; Michael A. Jaegel, 
Mountain Home, AR; Joyce G. Jessen, Western Springs, IL; Chris Johnson, Capistrano Beach, CA; Felicitas Johnson, 
Boulder Creek, CA; Mark. A. Kaufman, San Diego, CA; Elmer E. Kitchell, Tulsa, OK; Neil A. Kitzmiller, 
Columbus OH; Helen Klages, Orlando, FL; Kay Koeppel, Green Bay, WI; Charles M. Koslow, Phoenix, AZ; Jim J. 
Kovacs, Dartmouth, N.S., Canada; Peggy J. Kramer, Austin, TX; Don O. Kuchn, New Braunfels, TX; Ingrid 
Langdon, Corpus Christi, TX; Richard Larson, Drummond, MT; Bert J. Last, Sydney, N.S.W., Australia; Robert S. 
LeFevre, Jr., Virginia Beach, VA; Sandra MacKenzie-Graham, Burlingame, CA; Brent Malgarin, Bellcvuc, WA; 
Janet Rae Malgarin, Bellevue, WA; George E Martin, Woodstock, VT; Warner J. May, Ozark, AL; Brenda Meier, 
Victoria, B.C., Canada; Daniel Meier, Victoria, B.C., Canada; Betty Sue Melton, Macomb, IL; Paul B. Merkel, 
Rochester, NY; Grenville Millington, Birmingham, England; Richard Moreno, Calabasas, CA; Richard L. Murray, 
Santa Clara, CA; Morris D. Neuman, Atlanta, GA; Ben Nibert, Mission, TX; Mary Olsen, Salt Lake City, 
UT; Mary D. O’Mara, Quincy, MA; Mark Osborn, Bothell, WA; James O’Sullivan, Boca Raton, FL; Philip L. 
Papeman, Chico, CA; Carole S. Parker, Portland, OR; Gracme Petersen, Wellington, New Zealand; Mike Peterson, 
Santa Monica, CA; Mary M. Poche, New Orleans, LA; Janice A. Prudhoe, Paris, France; Renee M. Pypiak, 
Monmouth Junction, NJ; Elizabeth L. Ralls, Spokane, WA; Michael W. Rinehart, Walnut Creek, CA; Morton 
Samson, New Haven, CT; Vora Sarju, Los Angeles, CA; Jack Schatzley, Toledo, OH; Pinchas Schechter, Miami 
Beach, FL; David A. Schultz, New York, NY; Corey Lee Shaughnessy, Sun City, AZ; Kathleen A. Smith, Toronto, 
Ont., Canada; Peter R. Stadelmeier, Levittown, PA; John Stennett, Temple, TX; John R. Swallow, Stratford, NJ; J. 
Brian Swirk, Kansas City, MO; Milan Tankosic, St. Catherines, Ont., Canada; Alice Rhodes Thie, Mediapolis, 
IA; Blair Tredwell, Advance, NC; Starla Turner, Redwood City, CA; Bruce William Upperman, Decatur, IL; 
Barbara J. Wallace, Lynnwood, WA; Joe C. Weng, Capitola, CA; PR A. Westrich, St. Louis, MO; Joseph R. White, 
Bessemer, AL; Colleen Witthoeft-Nayuki, Montreal, Que., Canada; Charles C. F. Yen, Taipei, Taiwan; 
Geraldine M. Zwack, San Francisco, CA. 


Answers to the Gems & Gemology Challenge (see pp. 54 and 56 of the Spring 1988 issue for the questions] are as 
follows: {1) C, (2) C, (3} C, (4] C, (51 D, (6) A, (7) A, (8) D, (9) D, (10) C, (11) C, {12} A, {13} B, (14) B, (15) D, {16} C, 
(17) B, (18) D, (19) D, (20) B, (21) B, (22) A, (23) C, (24) D, (25) D. 


Once again, the response to the Challenge was excellent. Congratulations also to the 
literally hundreds who received a passing grade on the exam. For those of you who were 
reluctant to try this time (and those who did}, we will offer another opportunity (covering 
the 1988 issues} in the Spring 1989 issue. 


A GEM-QUALITY IRIDESCENT 


ORTHOAMPHIBOLE FROM WYOMING 
By R. V. Dietrich, John Sampson White, Joseph E. Nelen, and Kwo-Ling Chyi 


A gem-quality iridescent orthoamphibole from Wyo- 
mung, similar to that described from Greenland, has 
been identified. This ornamental material occurs in a 
weathered gneiss-schist, near its contact with a peri- 
dotite mass. Most of the individual iridescent grains 
that constitute this rock are golden or dark brown, 
but a few ure rose red or silvery gray. They consist 
principally of goethite and/or opaline silica, which 
probably was derived directly from the original fer- 
roanthophyllite as a result of weathering. Economic 
amounts of this material are not available at this 
time, although it is likely that the deposit has the 
potential to produce significant quantities. 


Appel and Jensen’s 1987 Gems #& Gemology 
article on an “iridescent orthoamphibole” from 
Greenland. reminded one of us (RVD} of a rock 
specimen and some cabochons (NMNH #120539) 
of Wyoming origin that were sent to the U.S. 
National Museum of Natural History (Smithso- 
nian Institution) in the early 1960s. In 1987, we 
obtained additional hand specimens from this 
same locality. In total, three cabochons and six 
hand specimens, together with a couple of thin 
sections and several grain-mounts made from 
those specimens, were studied for this report 
(figure 1).* 

All specimens are from exposures about 11 
miles {18 km} southwest of Douglas, in Converse 
County, Wyoming. Currently, there is little, if any, 
of the gem-quality material still exposed, but there 
may be significant amounts underground. If our 
hypothesized origin for the gem-quality material 
is correct, however, it probably occurs only in the 
upper few feet or, at maximum, few tens of feet of 
bedrock. In any case, additional material could 
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probably be collected with permission of the owner 
of the mineral rights, whose identity can be found 
by consulting records in the office of the county 
clerk in Douglas (R. B. Berry, pers. comm., 1987). 


GEOLOGIC SKETCH 


Mr. R.B. Berry, who collected and supplied us with 
the specimens studied, noted that the rock occurs 
as irregular masses within a weathered gneiss- 
schist, near its contact with a peridotite mass. This 
concurs with the geologic data of George L. Snyder, 
of the U.S. Geological Survey, who has mapped 
within the region (part of the Precambrian [Late 
Archean] metamorphic terrain of the northern 
Laramie Mountains}. After examining one of our 
study specimens, Snyder wrote that he has seen 
similar amphibole-rich rocks associated with both 
amphibolite-grade iron-formation and calc-silicate 
rock in the Laramie Mountains. In addition, he 
suggested that “an iron-formation ora very impure 
carbonate rock may have been the metasedimen- 
tary wallrock progenitor that the reported peri- 
dotite intruded” (pers. comm., 1987}. 


DESCRIPTION 


Like the iridescent orthoamphibole from Green- 
land, the material we examined (figure 2} is far 
from homogeneous. Rather, it consists for the most 
part of diversely oriented, nearly equidimensional 
amphibole(+) grains that average about 1 cm 
across. Although most of the grains are golden or 
dark brown in color, a few are rose red; nearly all 
are iridescent (figures | and 3). A few sporadic 
silvery gray iridescent grains are also evident in 
some of the polished pieces (again, see figure 1). 
The “amphibole(+}” designation is given be- 


After this report was submitted to Gems & Gemology, a 
similar-appearing material was sent to the GIA Gem Trade 
Laboratory by Mr. Bill Martinek, of Martinek Jewelers, Tra- 
verse City, Michigan, for identification, Chemical analyses 
by energy-dispersive X-ray fluorescence (performed by Carol 
Stockton, of the GIA Research Department}, proved that 
this material—also purportedly from Wyoming (V. Hobe, 
pers. cornm., 1988)—was the same as that we examined. A 
photo of Mr. Martinek’s specimen is included here as well 
(figure 3). 
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cause the individual grains range from partially to 
completely dissociated to a mixture of goethite 
and opaline silica. The rock also contains small 
percentages of a few other minerals. The most 
common is garnet, which occurs as small grains, 
most of which are 0.1—0.2 mm across. Some of 
these garnet grains are discrete, whereas others 
constitute irregular aggregates that typically in- 
clude 20 to 50 grains. Quartz veins, dense black 
goethite veins, and fracture surface coatings of 
white calcite are also common. 

Some cabochons fashioned from this rock 
exhibit extremely attractive hologram-like effects. 
That is, some of the grains seem to be floating in an 
overall dark brown milieu. 


GEMOLOGICAL AND 

OTHER PROPERTIES 

Because this gem material is a rock rather than a 
mineral, gemological properties of practical use 
differ from those usually reported. Essentially, 
they consist of data for individual mineral constit- 
uents rather than for the material as a whole; these 
data are given in the succeeding paragraphs of this 
section. Furthermore, because of the variability of 
constituents, the density (usually reported as spe- 
cific gravity} is not given here. For this rock, as for 
many mixtures of minerals, the density varies over 
so wide a range that it is of little significance. In 
fact, two essentially identical appearing speci- 
mens of this rock may have specific gravities that 
differ by as much as 0.5 in larger samples to 1.5 in 
smaller pieces. 
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Figure 1. These are two of the cab- 
ochons of iridescent orthoamphibole 
from Wyoming that were examined 
for this report. The larger stone is 
0.6 x 2.5 cm. Note especially the 
variety of colors in which the irides- 
cent grains may appear. The larger 
specimen is courtesy of the U.S. Na- 
tional Museum of Natural History; 
photo by Robert Weldon. 


None of this material fluoresces when exposed 
to long-wave ultraviolet radiation. It does, however, 
exhibit a dull, hardly detectable, orange to rusty 
red fluorescence to short-wave U.V. 

Optical examinations indicate that the Wyo- 
ming rock once consisted largely of an orthorhom- 
bic amphibole (biaxial, (+), R.l.—y = 1.667; the 
small size and discoloration of the individual units 
of pure amphibole precluded determination of the 
lower « and B refractive indices}. Today, nearly all 
of the grains contain noteworthy percentages of 
goethite and opaline silica, and some are essen- 
tially all goethite and opal. The different phases 
occur as interdigitated mixtures with interrela- 
tions that resemble those exhibited by micro- 
perthites usually termed mesoperthites with 
shadow textures (see, for example, figures 19-2 and 
19-17 in Smith, 1974). Typically, elongate masses 
of goethite and opal are essentially parallel to the c 
crystallographic axes of the original amphibole 
grains. As viewed through a microscope, the 
goethite is golden to rusty brown in color, and is 
essentially opaque; the opacity makes determina- 
tion of definitive optical properties impossible. 
The opal is optically isotropic and has a refractive 
index of 1.422 + 0.001, which indicates that it 
probably has a relatively high H,O content. 

X-ray powder diffraction patterns corroborate 
the optical data. The amphibole generates good 
peaks, from which we calculated the following cell 
dimensions {in angstroms}: a = 18.82(5], b = 
18.23(7), c = 5.29(1). (These dimensions were 
calculated by a least-squares refinement of nine 
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indexed peaks; Charles W. Burnham’s LCLSQ- 
MARK VI program was used.} This cell is signifi- 
cantly larger than that recorded by Appel and 
Jensen {1987} for the orthoamphibole from Green- 
land. The major goethite peaks from the Wyoming 
material—those with d(I) values of 4.18(100} and 
2.69(30}] —are distinct. We have observed no reflec- 
tions that can be attributed to the opaline silica, 
however, the likelihood of its presence is indicated 
by, and probably responsible for, the rather high 
background present on X-ray patterns of the other 
minerals and mineral combinations. 

Microprobe analyses" indicate that the Wyo- 
ming amphibole is ferroanthophyllite with the 
approximate formula (Feg.3;Mno42Mgo335) 
SigO.,{OH},, but also containing minor 
Al(0.02-0.97 wt.% Al,Os}, Ca(0.29-1.12 wt.% 
CaO}, K(0.01—-0.11 wt.% KO}, Na(0.03—0.25 wt.% 
Na,O}, and Ti(0.06—-0.11 wt.% TiO,). This compo- 
sition contrasts in several ways with the range of 
compositions recorded by Appel and Jensen (1987] 
for the Greenland orthoamphibole: Nag. 
(Mg, Fe}¢3Alo7(AlooSi7:JO2lOH). to Nao.» 
(Mg,Fe}¢ 3Alo.7(Aly oSiz.9}O22{OH). For the record, 
microprdbé analyses indicate the garnets in the 
Wyoming' material to be Ca-bearing almandine- 
spessartine. Their composition is approximately 
(Fey a3Mmy ppCagsolAl,(SiO4]3 with 0.66-1.17 
wt.% MgO, 0.0-0.04 wt.% K,O, 0.04—0.07 wt.% 
Na,O, and 0.05—-0.09 wt.% TiO». 

Microprobe reconnaissance traverses across 
the composite amphibole(+] grains corroborate 
the optical data. That is, they show that these 
grains comprise thin {submicroscopic to about 0.1 
mm] bands of hairlike domains that consist pri- 
marily of iron and silica in near-ferroanthophyllite 
proportions, with alternate bands having excess 
amounts of either iron (goethite} or silica {opal} or 
both, plus a few bands that are almost wholly 
silica. 


““ARL-SEMQ with six fixed spectrometers (Si, Al, Fe, Mg, 
Ca, and K} and three scanning spectrometers, which were 
tuned for Ti, Mn, and Na; operating voltage —15kV, sample 
current —0.025 amp on brass; all analyses were done with 
a focused beam and corrected for matrix effects using a 
Bence-Albee correction program; on-peak backgrounds were 
measured on corundum for Si and on quartz for other ele- 
ments. Hornblende from Kakanut, New Zealand {(NMNH 
#143965) was the primary standard used for amphibole an- 
alyses, and garnet from the Roberts Victor Mine, South Af- 
rica (NMNH #87375) was the primary standard used for 
garnet analyses (see Jarosewich et al., 1980). 
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Figure 2. Unlike the material from Greenland, 
the iridescence of the Wyoming amphibole(+) 
rock is exhibited well in some hand specimens. 
Longest dimension is 9.5 cm (approximately 
39/4 in.). Photo by Robert Weldon. 


CAUSE OF THE IRIDESCENCE 


The iridescence of this gem material appears to 
depend on diffraction of light by the intricate, more 
or less parallel arrangement of the extremely small 
masses of the diverse constituents of the amphi- 
bole(+]. The alternative that it might depend on 


Figure 3. Typically, most of the grains in the iri- 
descent orthoamphibole from Wyoming are 
golden or dark brown. Specimen (1.1 x 2.4 cm) 
courtesy of Bill Martinek, Martinek Jewelers; 
photo by Robert Weldon. 
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the presence of opal can be ruled out. Not only are 
most of the constituent masses of opal extremely 
small, but the silica spheres that constitute the 
opal also lack a regular arrangement such as that 
responsible for the diffraction of light that causes 
play-of-color in gem opal. 


ORIGIN OF THE 
BANDING 


The interrelationships among the mineral constit- 
uents indicate that the goethite and opal were very 
likely derived directly from the original fer- 
roanthophyllite. The dissociation could have been 
a two-step process that involved, for example, a 
breakdown of the ferroanthophyllite to quartz and 
olivine, plus or minus magnetite, at elevated 
temperatures and pressures (Gilbert et al., 1982}, 
followed by processes that resulted in the alter- 
ation of those minerals to the opaline silica plus 
goethite. We consider it more likely, however, that 
the dissociation was direct, that is, that the fer- 
roanthophyllite was converted into opaline silica 
plus gocthite, probably in response to near-surface, 
low-temperature/low-pressure weathering and 
weathering-associated processes. Geologic rela- 
tions and considerations, along with the occur- 
rence of ferroanthophyllite grains that are only 
partially dissociated close to grains that are largely 
opaline silica and goethite, have led us to this 
conclusion. 

This possible derivation of goethite and sil- 
ica— opal, in this case —as the result of the break- 
down of an amphibole raised another question: 
Could some tiger’s-eye consist of goethite and 
quartz derived as the result of a similar breakdown 
of its precursor asbestiform amphibole? In seeking 
a tentative answer to this question, we examined 
several tiger’s-eye specimens. We found that some 
do indeed consist of alternate fibers of goethite and 
silica (quartz) rather than almost wholly of silica 
{quartz}, as usually reported. Thus, it would seem 
that different tiger’s-eye materials may be of differ- 
ent origins, and that some may be the result of an 
alteration similar to that hypothesized for the 
Wyoming material described in this article. 
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SUMMARY AND 
CONCLUSIONS 


The gem material described herein was collected 
near Douglas, in Converse County, Wyoming. It is 
an altered amphibole-rich rock now made up 
largely of diversely oriented grains comprising 
intimately intermixed lamellae or hair-like units 
of goethite and opal plus or minus some of the 
original amphibole (ferroanthophyllite}. The alter- 
ation is probably a result of weathering or weather- 
ing-associated processes. While this material is 
somewhat similar in appearance to the iridescent 
amphibole reported from Greenland, there are a 
number of differences in diffraction patterns and 
chemical composition. 

The Wyoming rock has been cut and polished 
to make attractive cabochons that are predomi- 
nantly golden to dark brown, with some of the 
stones also containing sporadic grains that are rose 
red or silvery gray. Grains of each of the colors are 
typically iridescent. The diffraction of light re- 
sponsible for the iridescence appears to be caused 
by the extremely thin bands and/or hair-like 
masses of the constituent goethite and opal plus or 
minus the original ferroanthophyllite. 

The amount of this material still available for 
recovery can only be guessed. Based on the hypoth- 
esized origin, we think that it may be significant, 
although it is very likely restricted to the rela- 
tively thin zone of weathering. 
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DETECTION OF TREATMENT IN 


TWO UNUSUAL GREEN DIAMONDS 


By Emmanuel Fritsch, James E. Shigley, 
Carol M. Stockton, and John I. Koivula 


A pair of sharp absorption bands in the near-infrared 
region, referred to as H1b and Hic, have been de- 
tected in one (and the H1b band in the other) of two 
green diamonds known to have been treated. Until 
now, these bands have been associated with the an- 
nealing of yellow to brown laboratory-irradiated dia- 
monds. This is the first reported observation of these 
bands in green treated diamonds. Although these two 
diamonds may represent a special case, in that they 
are believed to have been irradiated, annealed, and 
then re-irradiated, the presence of one or both of 
these bands in a green diamond is one of the few reli- 
able characteristics that identify that the storie has 
been treated in a laboratory. 


Distinguishing diamonds of natural color from 
those colored by treatment is one of the greatest 
challenges facing the gemologist today (see, e.g., 
Collins, 1982; Nassau, 1984], and green diamonds 
present some of the most serious difficulties. This 
arises from the fact that the green color in diamond 
is usually the result of irradiation only (whether in 
nature or in the laboratory}, while most of the 
gemological criteria used to separate natural- from 
treated-color diamonds are based on features re- 
lated to the annealing step in the treatment pro- 
cess. Recently, it was reported that two sharp bands 
in the near-infrared region (referred to as H1b and 
HIc} are characteristic of annealing of laboratory- 
irradiated type Ia diamonds in the yellow to brown 
range (Woods, 1984; Woods and Collins, 1986). 
This article is the first report of the observation of 
the H1b and Hlc lines in treated green diamonds 
(figure 1). 


BACKGROUND 

Green coloration is produced in diamonds when 
high-energy radiation (e.g., electrons, neutrons, 
gamma or alpha rays, etc.) removes carbon atoms 
from their original positions in the diamond crys- 
tal structure, thereby creating vacancies {called 
the GR1 [General Radiation] center, with a sharp 
absorption band at 741 nm}. These vacancies 
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absorb light in the red portion of the spectrum, 
Inasmuch as most nitrogen-containing diamonds 
already absorb in the violet end of the spectrum, 
this leaves a transmission “window” in the green. 
The GR] center can be created by irradiation either 
in nature or in the laboratory. Thus, its presence is 
not proof of laboratory treatment. 

Gemologists have used various criteria in the 
past to separate natural- from treated-color green 
diamonds. Recent observations have shown these 
criteria to be wrong in some cases, although they 
may be correct in others. 

Specifically, many gemologists have noted that 
treated green diamonds commonly have an unat- 
tractive brownish or grayish (“olive” or “tour- 
maline”) green hue, in contrast to the purer, more 
attractive green of the natural stones (G.R. 
Crowningshield, 1957 and pers. comm., 1987}. In 
1957, Crowningshield stated that “unless green 
naturals are present on a dark-green diamond... 
few dealers today accept as natural any dark-green 
stones.” At that time, dark green in diamonds was 
associated with treatment, and only the few pale 
green stones with green naturals encountered were 
believed to be of natural color. Today, however, it 
appears that more light green stones are available 
on the market. This may be due to the fact that 
treaters are currently using electron and other 
irradiation technologies which may produce a 
greater proportion of stones that are light green, as 
compared to the darker green associated with the 
older method of treatment in a nuclear reactor 
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(R. T, Liddicoat, pers. comm., 1988). In the course 
of our study of colored diamonds, we have observed 
sufficient overlap in color between the two groups 
to suggest that color alone is not a reliable separa- 
tion criterion. 

In addition, except for cases of cyclotron and 
radium treatment (see, e.g., Nassau, 1984), where 
the green coloris concentrated in lines or spots, the 
color of treated green diamonds is generally homo- 
geneous throughout the stone. This is not always 
the case for natural diamonds (some of which have 
only a green outer “skin”}. Again, though, this 
characteristic cannot serve as conclusive evi- 
dence. 

Green or brown spots, thought to be the result 
of a-radiation bombardment [Vance and Milledge, 
1972}, may also be present on the surface of a 
natural green diamond crystal. Called “irradiation 
stains” by gemologists, they are sometimes ob- 
served at the girdle or culet of a faceted stone, close 
to the original surface of the diamond. To our 
knowledge, they cannot be induced by laboratory 
irradiation (except by exposure to radium salts, a 
process that is easy to detect because of the 
remnant radioactivity). Therefore, these spots 
have suggested to some gemologists that the green 
body color of the diamond is also of natural origin. 
However, some near-colorless diamonds also have 
(natural) brown or green irradiation stains, and 
these stones, too, may be turned green by irradia- 
tion in the laboratory. 

The presence of a prominent 595-nm absorp- 
tion line (traditionally called the “5920”}, first 
reported by Dugdale {1953}, has been associated 
with the treatment of yellow diamonds 
(Crowningshield, 1957). In some rare cases, this 
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Figure 1. The two treated green dia- 
monds described in this article 
weigh 0.17 ct (left) and 0.19 ct 
(right). Photo by Robert Weldon. 


line has even been observed in the spectra of 
treated green diamonds (G. R. Crowningshield, 
pers. comm., 1988], However, this line has been 
observed in a number of natural-color diamonds as 
well, including some green stones (Crowning- 
shield, 1957, Anderson, 1963; Scarratt, 1979; Cot- 
trant and Calas, 1981; Collins, 1982; Guo et al., 
1986). From these observations on color, color 
distribution, irradiation stains, and spectral bands, 
one can readily understand why it may be difficult 
to determine whether the color in a diamond is 
natural or the result of treatment. 

However, a breakthrough in the separation of 
some natural-color from treated-color diamonds 
was achieved recently (Woods, 1984; Woods and 
Collins, 1986; Collins et al., 1986). In particular, 
two sharp absorption bands in the near-infrared 
region at about 4935 cm~—! (2026 nm} and 5165 
cm~! (1936 nm}, called respectively H1b and Hlc, 
have been associated with the annealing of known 
laboratory-irradiated type la diamonds in the yel- 
low to brown color range. Neither band has ever 
been observed in natural-color diamonds. We re- 
port here the first observation of either of these 
infrared bands in green diamonds known to be 
treated (as stated by M. Fuchs, pers. comm., 1987). 


MATERIALS AND METHODS 

The treated diamonds loaned to us for study are 
two dark grayish green round brilliants that weigh 
0.17 and 0.19 ct (figure 1). The optical absorption 
spectra of the two stones were obtained with a Pye- 
Unicam 8800 spectrophotometer (at low tempera- 
ture, 120K) as well as a Beck prism spectroscope 
mounted ona GIA GEM Instruments spectroscope 
base. The infrared absorption data were obtained 
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with a Nicolet 60SX Fourier Transform infrared 
spectrometer, covering the energy range from 400 
to 25,000cm ~ ! (see Fritsch and Stockton, 1987, for 
more details on this instrument). 


RESULTS 

The gemological properties of the two stones are 
summarized in table 1, but they are not sufficient 
to provide a useful conclusion. The color of each of 
these stones falls within the range that has been 
observed for treated green diamonds (as mentioned 
above). The larger stone displays an internal 
planar brown graining and an otherwise homoge- 
neous green body color (figure 2}, which suggests 
that this stone was brownish before irradiation. 
The smaller stone does not exhibit such colored 
graining. The optical absorption spectra of both 
stones {as observed with the Pye-Unicam 8800) 
display a strong to moderate GRI (figure 3], a 
moderate 595 nm, and moderate H3 (503 nm) and 
H4 (496 nm} lines {which are sometimes referred 
to collectively by gemologists as the “4980-5040 
pair”). Both stones are “green transmitters”; that is, 


TABLE 1. Gemological and spectral properties of the 
two treated dark grayish green diamonds. 


Property ‘ 0.19 ct stone 0.17 ct stone 
Gemological 
Fluorescence to 
ULV. radiation: 
Long-wave Strong yellowish green Weak green 
Short-wave Very weak green Very weak green 


Fluorescence to 
transmitted visible 
light 


Internal graining 


Optical absorption 
spectrum, hand 
spectroscope (nm) 


Advanced 
Spectroscopy 
Low-temperature 
optical absorption 
spectrum (nm) 


Type 


Near-infrared 
absorption 


Strong green 


Moderate to strong 
brown planar 


Moderate sharp 496- 
503 nm, weak sharp 
595 


Moderate 496 (H4) 
and 503 (H3), 
moderate 595, strong 
741 (GR1) 


laA+B 
(moderate nitrogen 
content) 


Hib 


Moderate to 
strong bluish 
green 


None observed 


Strong 415, 
weak 478, 
moderate sharp 
496-503 


Moderate 415, 
weak 478, 
moderate sharp 
496 (H4) and 
503 (H3), weak 
595, moderate 
741 (GR1) 


laA+B 
(high nitrogen 
content) 


Hib, Hic 
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Figure 2. Brown planar graining in the other- 
wise homogeneous green 0.19-ct diamond indi- 
cates that the stone was brownish in color be- 
fore it was irradiated. Magnified 10x ; photo- 
micrograph by John Koivula., 


» 


they fluoresce green to a concentrated beam of 
visible light transmitted through the stone. This 
property has been noted in natural and treated 
diamonds of various colors, and our observations 
suggest that it is associated with the defect that 
gives rise to the H3 band. The near-infrared spec- 
trum shows a weak but definite H1b band for the 
larger stone, and moderately intense, sharp, H1b 
and Hic bands for the smaller one (figure 4). Both 
are type Ia diamonds (containing aggregated nitro- 
gen atoms). 


DISCUSSION AND CONCLUSION 

Woods and Collins {1986} demonstrated that the 
H1b and HlIc bands are related to the intense 
annealing {at least 650°-700°C) of irradiated dia- 
monds. Thus, it is most unexpected to find these 
bands in green diamonds, because the green color 
usually is changed to yellow by such annealing. 
Although Mr. Fuchs does not know the exact 
details of the treatment these stones received, he 
indicated that it is likely that they were originally 
irradiated and heat treated in an attempt to get a 
“canary” yellow color, then, when the new color 
was deemed unsatisfactory, the stones were subse- 
quently re-irradiated to green. So far, there has 
been no evidence of the HIb and/or Hlc lines 
appearing in any colored diamonds other than 
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ABSORPTION (arbitrary units) 


400 500 600 700 800 
WAVELENGTH (nm) | 


Figure 3. This optical absorption spectrum of 
the 0.17-ct treated green diamond was taken at 
120 K {-—243°F). 


those treated in a laboratory. Thus, the observation 
of the H1b and/or H1c lines seems to be one of the 
few reliable means at this time to identify treat- 
ment in a green diamond, although it may be 
applicable only in rare instances as represented by 
the two stones we studied. 


Note added in proof: Shortly after the H1b and/or 
Hlc bands were observed in the two treated green 
diamonds discussed here, we observed these bands 
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Figure 4. The near-infrared absorption spectra 
of the two treated diamonds (top = 0.19 ct 
stone, bottom = 0.17 ct stone) show the pres- 
ence of the H1b and Hic lines (arrows). 


in another green diamond, which had been submit- 
ted to the East Coast Gem Trade Laboratory. This 
0.58-ct grayish yellow-green stone exhibited a 
strong green fluorescence to transmitted light, a 
greenish yellow fluorescence to ultraviolet radia- 
tion, a weak 595-nm line in the visible range, and 
both the H1band Hc lines in the near infrared. We 
concluded, therefore, that the green color of the 
stone was the result of treatment. 
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Unusual Inclusions 
in a Synthetic 
ALEXANDRITE 


The West Coast laboratory recently 
examined a 3-ct stone with a very 
distinct change of color from green 
with purplish overtones in fluores- 
cent light (daylight equivalent} to 
reddish purple in incandescent light. 
Because of its strong red fluorescence 
(strong red to long-wave and slightly 
weaker red to short-wave U.V], this 
stone displayed the “oily” appear- 
ance frequently seen in synthetic 
alexandrités. These and other stan- 
dard gemological tests indicated that 
it was synthetic alexandrite. 

This stone, however, did not 
contain the flux inclusions that we 
commonly see in most synthetic al- 
exandrites. Rather, minute, white- 
appearing pinpoint inclusions were 
scattered throughout. In addition, 
there were a few transparent rounded 
crystals with high relief (figure 1). 
Since we had not encountered these 
types of inclusion in synthetic alex- 
andrites before, we asked the GIA 
Research Department to examine 
the stone by infrared spectroscopy. 
The spectrum obtained matched that 
of synthetic flux-grown alexandrites, 
thus proving the identity of the 
stone. The identity of the inclusions 
in this stone could not be ascer- 
tained, KH 


Editor's Note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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Figure 1. The transparent 
rounded crystals seen in this 
3-ct flux-grown synthetic alex- 
andrite are very unusual for 
this material, Magnified 45x. 


Dyed Spangled 
AMBER 


Although the Gem Trade Laboratory 
occasionally encounters “spangled” 
amber, we had never before seen 
spangled amber that was dyed both 
red and green in the same piece. 


Figure 2. This bracelet is set 
with dyed “spangled” amber. 
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Although the result is quite striking 
(figure 2}, it in no way appears nat- 
ural. 

The spangling procedure is quite 
simple: First, the amber is heated in 
oil until cracks {“spangles”} appear, 
and then dye is drawn into the span- 
gles. In the material we examined, 
some of the spangles contain red dye 
while others contain green; some 
even contain both colors (figure 3}. 
Perhaps the dyeing process was hal- 
‘ted prematurely, so that some 
fissures were only partially filled 
with one color; then the process was 
resumed, using a different color to 
fill the rest of the spangles. 

David Hargett 


Figure 3. Some of the stress 
cracks in the “spangled” am- 
ber shown in figure 2 are dyed 
both red and green. Magnified 
15x. 


.\ 
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AUGITE, 
Chinese “Onyx” 


The West Coast laboratory recently 
tested three opaque black stones that 
had been purchased in China, where 
they were represented as Chinese 
“onyx.” On all three stones, the base 
was cabochon cut, while the top was 
faceted like the crown of an oval 
brilliant cut (figure 4). The stones 
were well polished, showing a very 
high luster, 


‘ i 
eet Tee =a 


Figure 4. This 1.5-ct augite 
was purchased in China as 
Chinese “onyx.” 


Unlike dyed chalcedony “onyx,” 
which in some cases may transmit 
some light and may even reveal par- 
allel banding when examined with a 
strong transmitted light source (such 
as a fiber-optic illuminator], these 
black stones were completely 
opaque. Therefore, we were limited 
in the testing methods we could use. 
The refractive index was determined 
on the Duplex II refractometer to be 
1.702-1.728, and the specific gravity 
was estimated with heavy liquids to 
be approximately 3.35. Although 
these properties suggested augite, we 
used X-ray diffraction analysis to 
prove the identity. The pattern ob- 
tained did indeed match that of the 
mineral augite, a type of monoclinic 
pyroxene that is common in igneous 
rocks. KH 


CALCAREOUS CONCRETION 


Our West Coast laboratory received 
another unusual nacreless concre- 
tion for examination. The translu- 
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Figure 5. This calcareous con- 
cretion (10 x 8 X 7 mm) 
shows the honeycomb struc- 
ture typical of this material, 
as well as a conchiolin spot on 
the end. 


cent, white, oval-shaped concretion 
{approximately 10 x 8 xX 7 mm] 
showed a sheen-like effect over its 
entire surface. Also, at one end it had 
a prominent conchiolin spot. When 
the stone was examined with low 
magnification, we readily noted the 
alveolar {honeycomb} structure that 
is frequently seen in concretions 
from various mollusks. Figure 5 
shows both this structure and the 
conchiolin spot. Unfortunately, we 
were not able to determine which 
clam or oyster produced this particu- 
lar concretion. KH 


DIAMONDS, 
Treated green 


The West Coast laboratory recently 
examined the three green round bril- 
liant-cut diamonds illustrated in fig- 
ure 6. Although all were reported to 
be treated, each exhibited distinct 
gemological properties. Because so 
little has appeared in the literature 
on the gemological properties of 
treated green diamonds, we are re- 
porting the findings on these three 
stones below. 

When the 0.93-ct dark green dia- 
mond was placed table down over a 
strong light source, we observed a 
strong blue transmission lumines- 
cence. Using a Beck prism spectro- 
scope on a GIA GEM Instruments 
base, we examined the visible spec- 
trum (400-700 nm) both at room 


temperature and with the stone 
cooled by an aerosol refrigerant. In 
both cases, we observed a Cape series 
of moderate intensity, with lines lo- 
cated at 415.5, 423, 435, 452, 465, 
and 478.5 nm. 

Exposure to long-wave ultravio- 
let radiation produced a slightly 
chalky blue fluorescence of moder- 
ate intensity. When the radiation was 
turned off, there was a very weak 
yellow phosphorescence. Short-wave 
U.V. produced a similar, but weaker 
reaction. 

Examination with magnifica- 
tion in diffused lighting revealed 
faint geometric color zoning. Obser- 
vation with polarized light showed a 
strong mottled strain pattern, which 
correlated with the color zoning. 

Using the same techniques de- 
scribed above, we observed a strong 
bluish green transmission (with more 
blue in some areas} in the 1.02-ct 
dark yellowish green stone. Exam- 
ination of the spectrum at room tem- 
perature revealed a strong 415.5-nm 
line, general absorption up to about 
490, a strong pair of lines at 498/504, 
and a strong 594-nm line, proving 
treatment. Cooling caused the spec- 
tral features to be stronger and 
sharper. 

Long-wave U.V. radiation re- 
vealed a strong, very slightly green- 
ish yellow fluorescence, followed by 
a very weak yellow phosphores- 
cence. Short-wave U.V. produced a 
moderate chalky green-yellow fluo- 
rescence and a very weak yellow 
phosphorescence. No distinct color 
zoning was seen with magnification 
under diffused lighting. A weak ra- 
dial strain pattern near the center of 
the stone was observed with po- 
larized light. 

The 0.45-ct dark blue-green dia- 
mond had no transmission lumines- 
cence, other than a hazy colorless 
transmission that is often referred to 
as the “cathedral” effect. This stone 
showed no lines or bands at all in the 
spectrum at room temperature, with 
just a suggestion of a very weak 
smudge centered at 500 nm when 
cooled. 

The stone fluoresced a very 
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Figure 6, Each of the treated green diamonds shown here —weigh- 
ing, from left to right, 0.93 ct, 1.02 ct, and 0.45 ct—revealed differ- 


ent gemological properties. 


weak, slightly chalky, greenish blue 
to long-wave U.V., with no phospho- 
rescence. Exposure to short-wave 
U.V. produced an even weaker reac- 
tion, but with a similar color. 

The microscope revealed surface 
graining on both the crown and the 
pavilion, and a fairly even coloration 
to diffused lighting. Polarized light 
showed a strong mottled strain pat- 
tern. Because of the strong blue com- 
ponent to the color, this diamond was 
tested for electrical conductivity; it 
was found to be nonconductive. 

RK 


Assembled Ironstone 
OPAL 


A black opal is usually submitted to 
the lab with the request that we 
determine whether the stone is natu- 
ral or treated color, or an assembled 
stone. If the stone is assembled, the 
backing is commonly attached to the 
top with a black cement; the separa- 
tion plane is frequently flat, so that 
the two pieces can be joined 
smoothly. Natural opals, however, 
almost always have a wavy or uneven 
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interface between the more transpar- 
ent top and the potch or ironstone 
matrix on the bottom. In fact, careful 
observation will often reveal areas of 
the natural potch or matrix back that 
grow up into (sometimes even 
through} the more transparent top. 
The East Coast laboratory re- 
cently examined an opal triplet with 
an uneven, wavy separation plane. 
The uneven surface of the top, natu- 


Figure 7. The contact surface 
of the opal top on this 1.73-ct 
opal triplet was left uneven, 
and then the cement layer was 
dyed the same color as the 
ironstone backing in an at- 
tempt to disguise the fact that 
it is an assembled stone. Mag- 
nified 45x. 
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ral material was reasonably flat. The 
ironstone backing was joined to this 
surface with a cement that was care- 
fully tinted to duplicate the color and 
appearance of the ironstone, as seen 
in figure 7. This cement filled the 
uneven contact surface of the opal 
top, so that the stone appeared to be 
one piece, not assembled. It should 
also be noted that the joining mate- 
rial melted when lightly touched 
with the thermal reaction tester. 
David Hargett 


Opaline “ROCK” 


A very interesting 5-ct oval cab- 
ochon, represented to be “golden 
jade,” came into the West Coast labo- 
ratory for identification. The staff 
was told that this material came 
from a deposit in Wyoming, and it 
resembles the material described in 
this issue by Dietrich et al. (see 
figure 3, p. 163}. Microscopic exam- 
ination revealed that the material 
consisted primarily of yellow irides- 
cent grains that were quite irregular 
in shape. These grains seemed to 
form a pattern resembling the mo- 
saic appearance commonly seen in 
opal. 

We were able to determine one 
vague refractive index of 1.44 and 
another that appeared to be over the 
limit (1.81) of the refractometer. 
There was a decided variability in 
the surface luster from almost metal- 
lic to vitreous. While testing for 
specific gravity in the heavy liquids, 
we noticed that the stone remained 
almost suspended in the 2.57 liquid, 
but one end was consistently heavier 
than the other end. All of these 
observations indicated that the ma- 
terial was a rock consisting of two or 
more different minerals. 

An EDXRF chemical analysis 
performed by the GIA Research De- 
partment showed appreciable Si and 
Fe, with lesser amounts of Mn and 
Ca. An X-ray diffraction pattern from 
material in the heavier end (as indi- 
cated by the specific gravity test] 
showed that goethite and hematite 
were present. Another from the 
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lighter end of the cabochon revealed 
a spessartite garnet pattcrn. We con- 
cluded that the stone is a rock consis- 
ting primarily of opal with goethite 
and hematite present throughout the 
stone, Except for the hematite, this is 
consistent with the findings reported 
by Dietrich et al. (pp. 161-164 of this 
issue}. KH 


South Seas 
Cultured PEARL 


The West Coast laboratory recently 
received for identification the 13.25 
x 14.65 mm cultured pearl shown in 
figure 8, which has very good color 


Figure 8. This ovoid South Seas— 
type cultured pearl, which 
measures 13.25 X 14.65 mm, 
has good color and luster. 


and luster. Figure 9 shows the large 
area of conchiolin that was deposited 
in one spot on the nucleus and thus 
caused the ovoid shape. Notice also 
the thick nacre (2.5 mm} that is 
typical of growth in the warmer 
waters of the South Seas. Figure 10, 
looking directly down the end of the 
pearl, shows how the orientation of 
the X-ray beam can affect the appear- 
ance of the radiograph; the 
conchiolin is much less apparent in 
this view than in figure 9, 
Saltwater cultured pearls fluo- 
resce to X-radiation because of the 
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Figure 9. The thickness of the 
nacre layer and the conchiolin 
spot responsible for the out-of- 
round growth are evident in 
this X-radiograph of the cul- 
tured pearl shown in figure 8. 


traces of manganese in the freshwa- 
ter mother-of-pearl bead nucleus. 
Therefore, the thinner the nacre, the 
stronger the fluorescence. Many of 
today’s cultured pearls fluoresce very 
strongly when exposed to X-rays for 
only a few tenths of a second; this is 
particularly true of most of the mate- 
rial grown in Japan, which may have 
nacre coatings as thin as 0.2 mm, 
When we checked this South Seas— 
type pearl for X-ray fluorescence, we 
observed only an extremely weak 
yellowish green glow during a rela- 
tively long two-second exposure. 
This weak reaction is to be expected 
for a cultured pearl with such thick 
nacre, RK 


Flux at the 
Surface of a 
Synthetic RUBY 


Flux is used in the growth process of 
certain synthetics because the syn- 
thetic material will dissolve in the 
molten flux at a temperature signifi- 
cantly lower than its melting point. 
This enables crystallization of the 
synthetics under more easily obtain- 
able conditions. Although the flux 
material is frequently trapped in the 
crystals as they grow, it seldom 
breaks the surface of the crystal. 


Figure 10. Another X-radio- 
graph, taken from a different 
angle, illustrates how different 
the pearl appears when the ori- 
entation of the X-ray beam is 
changed. 


Gemologists describe these flux in- 
clusions {as seen through the host 
material] variously as wispy veils, 
high relicf white (or sometimes col- 
ored) “fingerprints,” or fine parallel 
stringers of tiny droplets called 
“vain.” 

A 2.65-ct synthetic ruby tested 
by the East Coast laboratory had two 
patches of flux, each about-1 mm, 
that did reach the surface (figure 11), 
They were grayish white and had a 
dense, flaky appearance. It is unfor- 
tunate that we did not have the time 
to send the stone to the GIA Re- 
search Department for chemical 
analysis of the inclusions to deter- 
mine which flux was used. 

David Hargett 


Figure 11. Flux inclusions 
break the surface of this 
2.65-ct synthetic ruby. 
Magnified 20x. 
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SAGENITIC Stones 


A pair of near-colorless sagenitic 
stones (figure 12) were loaned to the 
East Coast laboratory for examina- 
tion. A sagenitic material is one that 
contains long acicular inclusions, 
usually tourmaline but sometimes 
other minerals, such as actinolite. 
The crystal habit, extreme dichro- 
ism, and refractive index (measured 
where they reached the surface} of 
the coarse needles in these stones 
proved that they were indeed tour- 
maline. 

Although the two stones are 
similar in appearance, except for a 
slight difference in luster (exagger- 
ated in this photograph], routine 
gemological testing proved that the 
oval stone is quartz, while the an- 
tique cushion cut is fluorite. Not 
only is sagenitic fluorite unusual, 
but the fact that the appearance of 
this specimen resembles quartz, de- 
spite its low hardness and refractive 
index, is also a testament to the 
careful faceting of this stone and its 
subsequent’ lack of wear, 

Clayton Welch 
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Abraded SAPPHIRE 


The East Coast laboratory recently 
examined a natural sapphire that had 
three shallow pits on the pavilion 
(figure 13}. Although such pits are 
frequently a side effect of heat treat- 
ment, they usually occur on the gir- 
dle. The unusual symmetry of the 
pits in this stone also suggests a 
different explanation. We surmised 
that the previous owner wore the 
sapphire in a ring alongside and in 
contact with a ring containing three 
diamonds, which caused the abra- 
sions on the softer sapphire. 

Clayton Welch 


Synthetic Brown 
STAR SAPPHIRE 


The West Coast laboratory recently 
received for identification the syn- 
thetic brown stay sapphire ring illus- 
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Figure 12, These two sagenitic stones contain prominent tour- 
maline inclusions. The quartz, on the right, weighs 15.68 ct; the 


fluorite weighs 24.49 ct. 


Figure 13. The abrasions on 
this approximately 11-ct natu- 
ral sapphire are unusual for 
their occurrence on the pavil- 
ion and their synimetry. 


trated in figure 14. Although syn- 
thetic star sapphires of this color are 
known (the GIA collection has some 
samples that were produced by Linde 
more than 20 years ago; similar ma- 
terial is also illustrated in K. Nas- 
sau’s Gems Made by Man, Chilton 
Book Co., Radnor, PA, 1980], this is 
the first one that we recall having 
received at this laboratory for identi- 
fication. 

Although this stone is basically 
opaque, it has some semitranslucent 
areas near the surface. The stone has 
an RJ. of 1.76 {determined by the 
spot method}, is inert to both long- 
and short-wave ultraviolet radiation, 
and shows no absorption lines or 
bands in the visible spectrum 
(400-700 nm). When the stone was 
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viewed with the unaided eye, widely 
spaced curved color bands were visi- 
ble, as well as the sharp star. These 
bands, which are medium brown and 
dark yellow-brown, could be fol- 
lowed around the top of the cabochon 
in a concentric pattern; they were 
only faintly visible on the base of the 
stone. With magnification, we ob- 
served tiny spherical gas bubbles just 
under the surface, as well as irregular 
veins and dark brown shallow cracks 
{figure 15}. RK 


Figure 14. This synthetic 
brown star sapphire, which 
measures 13.00 xX 10.70 x 
§.65 mm, was set in a white 
metal man’s ring. 
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Figure 15. Dark brown irregu- 
lar veins and cracks are evi- 
dent in the stone shown in fig- 
ure 14 when examined with 
oblique lighting at 25x mag- 
nification. 


TAAFFEITE with 
Unusual Fluorescence 


A transparent, light purple, oval 
mixed-cut stone was tested in our 
West Coast laboratory. It was so light 
in tone that, face-up, it appeared 
almost colorless. Standard gemologi- 
cal testing methods revealed it to be 
taaffeite. However, this particular 
5-ct stone was quite remarkable be- 
cause of its unusual reaction to ultra- 
violet radiation. When exposed to 
long-wave U.V, it fluoresced a weak 
red; but to short-wave U.V, it fluo- 
resced a chalky yellowish green. 
Even though our laboratory has iden- 
tified numerous taaffeites, we had 
never before noticed this type of 
fluorescence in this gem material, 
even in the lighter tones. Rather, 


such a fluorescent reaction is most 
commonly seen in colorless syn- 
thetic spinel. Because this fluores- 
cence is so typical of synthetic 
spinel, this stone served as a good 
reminder that it can be dangerous to 
base an identification on only one 
test. KH 


TRIPHYLITE 


A long-time friend of the West Coast 
laboratory sent us two 0.65-ct cut 
stones and two small pieces of rough 
that he thought (and correctly so} we 
would be interested in seeing. The 
material proved to be triphylite, a 
lithium, iron, manganese phosphate 
mineral not previously encountered 
by the laboratory in either cut or 
rough form. 

The transparent grayish brown 
cut stones were tested and found to 
have the following gemological prop- 
erties. The material is biaxial nega- 
tive, with R.I.’s of a = 1.689, B = 
1.691, and y = 1.695, giving it a 
birefringence of 0.006. The specific 
gravity was determined to be approx- 
imately 3.40 by the heavy liquids 
method. There was no reaction to 
either long- or short-wave ultraviolet 
radiation. Examination with a GIA 
GEM spectroscope unit revealed a 
strong line at 410, a weak one at 425, 
a moderate band at 450-460, another 
strong line at 470, a moderate band 
from 485 to 498 (with a moderately 


A HISTORICAL NOTE 


Figure 16. A very fine-grained 
fingerprint inclusion was ob- 

served in one of the triphylite 
specimens at 35x magnifica- 
tion. 


strong line within this band], and a 
weak band from 540 to 590 nm. The 
only inclusion seen was the fine- 
grained fingerprint shown in figure 
16. X-ray diffraction analysis con- 
firmed the identity as triphylite. Al- 
though we do not test for hardness, it 
is reported to be 4—4'/: for this 
material. John I. Koivula 


FIGURE CREDITS 


The photos used in figures 1,5, and 16 were 
taken by John |. Koivula. David Hargett took 
figures 2, 3, 7, and if. Robert Weldon 
supplied figure 4, Shane McClure furnished 
figures 6, 8, 14, and 15. Robert Kane is 
responsible for figures 9 and 10. Clayton 
Welch did figures 12 and 13. Mike Havstad 
took the photos of the 32.69-ct alexanarite; 
Andrew Quinlan took the photo of the dam- 
aged diamond in the “Historical Note” 


Highlights from the Gem Trade Lab 25, 15, and five years ago 


FALL 1963 

In this issue, the New York lab re- 
ported on its examination and test- 
ing of several different color-treated 
diamonds, as well as the opportunity 
they had to study the De Beers collec- 
tion of 150 natural fancy-color dia- 
monds. They also reported on several 
unusual collector stones seen: brown 
danburite, red sphalerite, rhodizite, 
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natrolite, colemanite, boracite, anda 
true hiddenite. 

The use of scheelite to separate 
synthetic from natural emeralds (by 
determining the transparency of the 
material to short-wave U.V. radia- 
tion} was discussed by the Los An- 
geles lab. They also described an 
interesting imitation staurolite 
“fairy cross.” Rough staurolites are 


frequently encountered as twins 
with one crystal penetrating the 
other at right angles to form a natural 
cross; this imitation was formed by 
filing a soft talcose material into the 
appropriate shape and then dipping it 
into a substance similar to paraffin 
so that it more closely resembled the 
darker color that is associated with 
staurolite. 
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FALL 1973 


The results of fade tests carried out 
on irradiated brown topaz and smoky 
quartz were enumerated by the New 
York laboratory. The possibility of 
improving yellow topaz to “impe- 
rial” color was discounted when it 
was found that the color faded back 
to the original in sunlight. 

Another discussion from New 
York concerned the “lavender” jade 
situation. Because not all stones 
show definite evidence of dye, the 
origin of color of certain stones can- 
not be determined. 

A number of different reflection 
problems in diamonds were illus- 
trated in the Los Angeles column. 
One of the most striking “reflectors” 
was around brilliant cut with a large 
diopside crystal located very near the 
culet; the image of this inclusion was 
reflected at least once in almost ev- 
ery crown facet. 

Two unusual cameos, one of 
green beryl and the other carved 
from a tridacna shell, were examined 
and illustrated in the column. An- 
other item of interest was a partly 
silicified coral cabochon. We easily 
discerned the quartz grains because 
of the difference in hardness, even 
before we observed a slight etching 
around them when a small drop of 
acid was applied to an inconspicuous 
spot on the back. 


Gem Trade Lab Notes 


This unusually fine cat’s-eye alexandrite weighs 32.69 ct and is 17 
mm in diameter. The color under incandescent lighting is shown on 
the left; that seen with fluorescent (daylight equivalent) lighting is 


on the right. 


FALL 1983 


The most spectacular item men- 
tioned in the Gem Trade Lab Notes 
column in this issue was a 32.69-ct 
cat’s-eye alexandrite. The stone had a 
very good color change and very few 
inclusions, other than the needles 
that cause the chatoyancy. 

The severely abraded facet junc- 
tions of the diamond shown here 
prove that just as you shouldn’t judge 
a book by its cover, the hardness of a 
stone shouldn’t be judged by its ap- 
pearance. This stone was submitted 
by a dealer who could not believe 
that a diamond could show such 
wear, and thus felt it must be a softer 
stone, perhaps zircon. We can only 
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The facet junctions of this 
large center diamond were 


badly abraded. 


speculate that the ring containing 
this stone was stored in contact with 
other diamonds, 
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DIAMONDS RSs 


Angola. The guerilla leaders of the Angolan UNITA 
movement have announced the discovery of huge de- 
posits of diamonds in the areas of Cuando and Cubango 
in Angola, which are firmly under their control. They 
plan to start developing these properties as soon as 
possible. 


Large Chinese diamond discovered. A 32.79-ct diamond 
crystal has been found at the Mengyin mine in Shandong 
province, People’s Republic of China. It is the largest 
diamond crystal discovered at that mine in the last ive 
years. The rough is said to be of “excellent” clarity witha 
‘light yellowish color.” The final disposition of the 
crystal has not yet been announced. It is unlikely, 
however, that a diamond cutter outside of China will be 
able to obtain it because at this time China does not 
export rough diamonds, only cut goods. 


Mwadui Mine to get new source of power. The Mwadui 
mine in western Tanzania (formerly called the William- 
son diamond mine) has had a steady decline in output 
since 1976 because the fuel supply for its diesel genera- 
tors is very unreliable. Recently, however, the minister 
of energy and minerals for Tanzania promised that the 
mine would have a continuous source of electric power 
when it is connected to the Kidatu hydroelectric plant in 
late 1988. This could more than double the current 
output at the Mwadui pipe, which is the major source of 
diamonds in Tanzania. 


New alluvial deposit in Namibia. An extremely rich 
alluvial diamond deposit has been discovered near 
Luderitz, Namibia, by diver Dirk Lutz, of the Namibian 
West Coast Diamond Company. Mr. Lutz found the 
deposit 120 m off the coast in water 5-6 m deep. Within 
seven hours of his discovery, Lutz and two other divers 
had recovered 931 diamond crystals weighing a total of 
1,550 ct. A spokesman for Namibian West Coast Dia- 
mond Company said that if this new area proves to be as 
productive as it now seems, they would apply to the 
government to open a diamond-cutting plant in 
Luderitz. 


News from Murfreesboro. On the basis of preliminary 
investigations, geologists report that the deposit at 
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Murfreesboro, Arkansas, may yield as much as $900 
million worth of diamonds. To confirm this potential, 
however, more detailed, and much more costly, explora- 
tion will be required. 

To this end, in 1987, the Arkansas State Legislature 
passed a law allowing commercial mining at Mur- 
freesboro, and a seven-member Diamond Mining Advi- 
sory Task Force was appointed by the governor. Their job 
is to examine the possible economic and environmental 
effects of the proposed commercial mining, to deter- 
mine how to take bids from private mining companies, 
and to decide the extent to which diamond mining 
should be allowed. 

Seven different mining companies, with home of- 
fices in Australia, Belgium, Canada, Great Britain, and 
the United States, have expressed interest in the deposit. 


COLORED STONES _ Ei 


Change-of-color garnets. Over the past 18 months, the 
editors of Gem News have encountered four exceptional 
color-change garnets, all from East Africa and all of 
similar appearance. Although color-change garnets from 
East Africa have been known for many years, these four 
gems are exceptional in that they exhibit a change-of- 
color much like that of fine Russian alexandrites (green 
in fluorescent, or day, light and red in incandescent light. 
Most of the color-change garnets that we have observed 
are either quite dark or do not exhibit a dramatic change, 
especially when cut. 

GIA’s Research Department was able to borrow 
three of these stones, as shown in figure 1, for closer 
examination. Two of the stones had a refractive index of 
1.770, while the third gave a reading of 1.763. Examina- 
tion with a Beck prism spectroscope revealed the absorp- 
tion spectrum shown in figure 2, which is typical of 
color-change pyrope-spessartine garnets, for all these 
stones. These absorption features were corroborated by a 
Pye Unicam UV-visible dual-beam spectrophotometer. 
Semiquantitative chemical analyses (Carol M. Stock- 
ton, analyst} by means of a Tracor Northern energy 
dispersive X-ray fluorescence (EDXRF} system con- 
firmed the composition to be that of pyrope-spessartine 
garnets with a fairly high manganese content. 

Of even greater interest, however, is the fact that 
very little chromium was found (0.1 wt.% Cr,O3)}. The 
distinct and unusual color change was induced almost 


GEMS & GEMOLOGY Fall 1988 


Figure 1. These three color-change pyrape-spessartine garnets from East Africa (1.65, 2.14 and 1.35 ct, 
from top to bottom) exhibit an exceptional change-of-color much like that of fine Russian alex- 
andrites. The photo on the left was taken with fluorescent light; the photo on the right with incan- 
descent light. Stones courtesy of Peter Flusser, Overland Gems, Los Angeles, and Horst Krupp, 


Heidelberg, West Germany. Photo © Tino Hammid. 


Figure 2. The visible-light absorption spectrum 
shown by the three garnets illustrated in figure 
1 is typical of color-change pyrope-spessartine 
garnets. Drawing by Carol M. Stockton. 


entirely by the more than | wt.% V,O, identified in each 
of these three stones. 


Washington State garnets. Bright orange to dark yellow- 
ish brown grossular garnets and garnet clusters were 
mined in Washington State between 1975 and 1982 by 
Bart Cannon of Cannon Microprobe/S.E.M., Seattle, 
Washington. The garnet mine is a small open cut in an 
outcrop above a perpetual snowfield near the summit of 
Vesper Peak, in Snohomish County, Washington. 


Gem News 


According to Mr. Cannon, the garnets from this area 
average about half an inch (a little more than I cm] in 
diameter. They occur as isolated crystals or as druses of 
crystals on a matrix of dark green diopside crystals. The 
specimens are popular with mineral collectors because 
of their pleasing color and the bright luster of the crystal 
faces; some of the crystal druses have been cleaned and 
set in jewelry in their natural form. The faceted garnets 
can have very nice color. Thus far, this is the only 
facetable garnet native to the Pacific Northwest. 


New Mexico moonstone. Moonstone of very fine quality 
is currently being mined from the Black Range in New 
Mexico by David Menzie and Richard Boltz, of Black 
Range Gems and Stones, Faywood, New Mexico. Moon- 
stones have been mined intermittently on a very small 
scale from this locality for over 50 years. 

The mine owners report that the moonstones occur 
in small, high-temperature, shallow-seated pegmatites 
in a rhyolite porphyry plug that was injected into 
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Figure 3. Sanidine moonstone from New Mexico 
shows a pleasing blue adularescence and a high 
degree of transparency that lends itself to facet- 
ing, as shown by this 4.39-ct stone. Photo by 
Robert Weldon. 


rhyolite tuffs of Tertiary age. The pegmatites are chiefly 
composed of quartz and sanidine: an undetermined 
percentage of the latter is of gem {moonstone} quality. 
Minor amounts of biotite, cleavelandite, ilmenite, mag- 
netite, and titanite are also present as accessory min- 
erals. 

The rough moonstones have a high degree of trans- 
parency that lends itself to faceting. When the adulares- 
cence is properly oriented, the faceted material displays 


Figure 5. Nephrite from Dahl Creek, Alaska, of- 
ten comes in a dark, rich green color, as illus- 
trated by this “tabletop”-size boulder. Photo by 
Mrs. Ivan Stewart. 
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Figure 4. Moonstones with a bright silvery 
white adularescence, such as this 3.63-ct gem, 
are also found in the Black Range in New Mex- 
ico. Photo by Robert Weldon. 


the phenomenon beautifully in colors that range from 
“cool” blue (figure 3} to silvery white (figure 4). 


Alaskan nephrite jade. The main source in Alaska for its 
state gem, nephrite jade, is Dahl Creek. The Dah] Creek 
claims, owned by Mrs. Ivan Stewart of Stewart’s Photo in 
Anchorage, are located above the Arctic Circle near the 
Eskimo villages of Shugnak (an Eskimo word meaning 
jade} and Kobuk. 

At Dahli Creek, nephrite is found both as pebbles 
and as boulders, some weighing as much as 25 tons 
{22,600 kg). The color ranges from dark, rich green 
(figure 5} to lighter shades of green, sometimes mottled 
with “red or black moss.” Gold, silver, and copper have 
also been observed imbedded in the jade. Other minerals 
found in association with the nephrite at Dahl Creek are 
coarse actinolite, serpentine (bowenite], rock crystal and 
rose quartz, and chrysoprase. 

Diamond saws are used to slice the large boulders 
(figure 6) into various items such as table tops, bookends, 
and paperweights. Smaller pieces, and pieces of high gem 
quality, are cut into cabochons or are carved into 
decorative objects or jewelry. Leslie Williamson, a jade 
carver from England, works as foreman at the claims, 
overseeing the day-to-day mining operation. Weather 
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permitting, the Dahl Creek claims are generally worked 
from May through August. Mrs. Stewart reports that in 
1987 they recovered and shipped 8,000 Ibs. (3,600 kg) of 
nephrite to their Anchorage facility. Although much of 
the lapidary work is done in Alaska, Mrs. Stewart also 
sends considerable quantities of the rough nephrite to 
Idar-Oberstein, West Germany. 


Opal from Oregon. A significant discovery of gem- 
quality opal has been reported by Kevin Lane Smith, of 
Seattle, Washington. Mr. Smith is one of the individuals 
who is currently mining and marketing this new opal. 

Some of this opal is transparent and of the “contra 
luz” type that shows its play-of-color in transmitted 
light {figure 7). Another type is hydrophane. Under 
normal conditions of humidity, this material appears 
almost opaque with a white body color. If viewed using 
surface-incident light, it shows a speckled play-of-color. 
When it is immersed in water for just a few hours, 
however, the hydrophane loses its white body color and 
becomes transparent; it then shows a weak play-of-color 
in transmitted light, but only a very slight play-of-color 
with surface-incident light. In the process, it gains a 
significant amount of weight. If it is removed from the 
water and left at room temperature to dry out, the 
hydrophane will once again become white and nearly 
opaque, regaining the original play-of-color but losing 
the extra water weight. The sample of Oregon opal that 
we tested went from 11.21 ct dry to 12.09 ct wet. Some 
jelly opal, with a strong orange-red body color, has also 
been found. 

Mr, Smith is currently working on an article for 


Gem News 


Gems & Gemology that will provide a detailed descrip- 
tion of this new deposit and the opals. 


Sri Lanka. Our most recent communication from Gor- 
don Bleck, a geologist who lives in Ratnapura, Sri Lanka, 
was full of interesting news concerning gem-mining 
activities in that island country. 

In particular, Mr. Bleck reports that some unusual 
materials are being recovered. One of these is 
clinozoisite, a collector’s gem material. It is being mined 
near Ratnapura, about 20 miles (32 km] from Badulla in 
the small village of Kandaketiya (town area of Mi- 
gahakiula). The mining area, along a tributary of the 
Mahaweli River, is surrounded by very thick jungle and 
thus is very difficult to reach. Fine gem-quality pieces of 
any size are rare, but a large amount of specimen 
material has been recovered. The largest reported fac- 
eted clinozoisite from this area is said to weigh 10 ct, but 
the brownish stone is very flat, badly windowed, and not 
very attractive. 

Small quantities of light purple anhydrite (rare in 
gem quality) are also being found in this same general 
area, even though this material is not generally known 
to occur in Sri Lanka. All of the gem-quality pieces 
examined by Mr. Bleck to date were less than I ct. 

Limited amounts of sapphirine are being seen in the 
Sri Lankan gem market. Mr. Bleck has studied a total of 
10 pieces so far this year, but no locality information has 
been made available to him. 


Sapphirine from Greenland and Canada. Gem-quality 
sapphirine has also been found in Greenland and Can- 


Figure 6. A circular dia- 
mond saw is used to cut 
| sections from a nephrite 
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Figure 7. Much of the opal from the new Io- 
cality in Oregon is transparent and shows con- 
siderable play-of-color. Specimen (approx- 
imately 5 cm in longest dimension) courtesy of 
Kevin Lane Smith; photo © Tino Hammid. 


ada. Richard K. Herd, curator for the Geological Survey 
of Canada, recently reported to the Rochester Academy 
of Science on these two sapphirine deposits. 
Fiskenaesset, in western Greenland, is the type locality 
for sapphirine. According to Dr. Herd, over 80 highly 
metamorphosed, stratigraphically controlled rock layers 
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and lenses in the region are known to contain sapphirine. 
A number of associated minerals, including cordierite, 
corundum, garnet, chatoyant gedrite, kornerupine, and 
spinel —some of which are gem quality —have also been 
identified. 

Geologic conditions similar to those encountered in 
Greenland also exist in the Canadian Arctic, where 
sapphirine-bearing metamorphic rocks have been 
known since the 1950s. This area is currently being 
investigated for sapphirine and any potentially gem- 
quality associated minerals. Dr. Herd collected some 
very fine blue-gray sapphirine crystals on Somerset 
Island, south of Resolute. These crystals, which show a 
tabular, pseudohexagonal habit and are up to several 
centimeters across, are thought to be the best Canadian 
sapphirines ever found. 


New find of zircons. At the Northwest Faceters’ Conven- 
tion held this last May in Vancouver, British Columbia, 
Australian master cutter Max Faulkner reported that a 
new deposit of zircons had been discovered in Austra- 
lia’s Northern Territory. Individual crystals have been 
found in large sizes; most of these are suitable primarily 
for use as mineral specimens, but some are of faceting 
quality, 

Mr. Faulkner subsequently provided the editors of 
Gem News with a great deal of information concerning 
these new zircons, as well as an excellent representative 
sample of the rough for the GIA research collection. 
These gem zircons are found in a wide range of colors, 
from pink through purple and also from yellow through 
brown (figure 8]; even colorless crystals have been 
reported, Apparently no one has yet tested these new 
Australian zircons to determine if they can be heat 
treated to turn them blue, as is possible with some of the 
zircons from Kampuchea. Because of the lack of internal 


Figure 8. These gem 

zircons (ranging from ap- 
proximately 3 to 7 ct) are 
from the new Harts Range 
locality near the town of 
Alice Springs in Australia’s 
Northern Territory. Photo by 
Robert Weldon. 
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radioactivity, these zircons do not show the metamict 
structural breakdown that is so common to gem zircons 
from Sri Lanka. 

These Australian zircons are found in a carbonatite 
host rock in the Harts Range, near the town of Alice 
Springs, close to the same area where ruby was found 
several years ago (see Gems @& Gemology, Fall 1979), 
Commercial mining is not allowed in this “reserved 
area,” which is known as Zircon Hill, and the crystals 
are presently being recovered only by collectors and 
hobbyists using picks and shovels. In view of this, it is 
not likely that significant quantities of these gem 
zircons will be available for faceting. 


Erratum. In the Spring 1988 Gem News report on some 
of the gemstone carvings encountered at the most recent 
Tucson Gem and Mineral Show, we misspelled the name 
of one of the award-winning artisans, Michael M. Dyber. 
An example of Mr. Dyber’s talent as a gem carver is the 
magnificent smoky rutilated quartz sculpture shown in 
figure 9. 


PEARLS 


New form of cultured pearl. In a recent ICA alert, Nobuo 
Horiuchi, of the Central Gem Laboratory in Tokyo, 
advised the gemological community that a new type of 
cultured pearl] is being grown and marketed. Of particu- 
lar interest is the nucleus that is used in the culturing 
process. 

The pearl farmers prepare the nuclei for these 
cultured pearls by first finely powdering the shells of 
edible oysters and then mixing an inorganic blue (cobalt) 
or green (cobalt and copper) pigment into the shell 
powder. Next, the powder is baked and sintered into 
spheres that, with continued heating, become colored 
ceramic nuclei. These nuclei are then placed into the 
pearl oyster and a thin layer of nacre is allowed to form. 
The thin nacre layer provides orient and also allows the 
color from the nucleus to reflect through, giving the 
cultured pearl a pleasing body color. 

Microscopic examination provides useful clues in 
the identification of this type of cultured pearl. In 
addition, the nucleus is opaque and will not transmit 
light in any direction, so a negative result from candling 
may also serve as an indicator. In some samples, how- 
ever, the nacre layer may be so thin that the underlying 
colored nucleus can actually be resolved with a high- 
intensity fiber-optic light source. 

These cultured pearls are being produced by Cata- 
lysts & Chemicals Industries Co., Ltd. in Japan, and are 
being marketed under the trade name “Maricen Pearl.” 


SYNTHETICS Ss 
A new hard material. David McKenzie, a physicist at 
Sydney University, in Sydney, Australia, has manufac- 
tured a material that can readily scratch diamond. Like 
diamond, this new material is a form of carbon; unlike 
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Figure 9. Michael M. Dyber carved this 491-ct 
rutilated smoky quartz sculpture. Courtesy of 
Ledge Studio; photo by Larry Croes. 


diamond, it is amorphous with a glassy structure. 
According to Mr. McKenzie, the overall structure of this 
substance “is not regular like a diamond. Instead, it is a 
tangled network [of carbon atoms] which makes the 
glassy diamond film harder than the crystalline dia- 
mond because it is more resistant to distortion.” This 
new hard material is largely transparent and, like 
diamond, is resistant to chemical attack. It could have 
important commercial applications. 


New use for synthetic quartz. With the widespread 
interest in the so-called healing and metaphysical prop- 
erties of quartz, it was bound to happen eventually: Si 
and Ann Frazier, gem, mineral, and rare book dealers 
from El Cerrito, California, have reported seeing an 
obviously synthetic rock crystal quartz pyramid that 
was cut in Korea. The pyramid, which belonged to one of 
their customers, had a portion of the seed plate clearly 
visible as an inclusion. This same customer also re- 
ported to the Fraziers that quartz spheres have been cut 
from synthetic rock crystal, too. 
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ANNOUNCEMENTS 


The United States Nuclear Regula- 
tory Commission (NRC) has an- 
nounced that it plans to license do- 
mestic firms and individuals that 
reactor-irradiate gem materials, as 
well as importers who distribute ir- 
radiated gems within the United 
States. Retail jewelers and jewelry 
manufacturers will not be required 
to obtain a license if they purchase 
their irradiated gems from a li- 
censed firm or distributor. 

The NRC's new regulations 
will require that those involved in 
domestic irradiation and importers 
of irradiated gems use detection de- 
vices capable of reading very low 
radiation levels. Under these new 
regulations, it will be illegal to re- 
lease gem materials that emit more 
than 0.4 nanocuries of radioac- 
tivity per gram of gem weight. At 
present, the safety standard in Eu- 
rope is equivalent to 2.0 nanocuries 
per gram. The NRC is also explor- 
ing options for disclosing these new 
requirements to the buying public. 


Gemological Digest, a professional 
journal geared to gemologists, is 
now available from the gem-rich 


country of Thailand. Published by 
the Asian Institute of Gemological 
Sciences in Bangkok, under the 
guidance of editor-in-chief Rich- 
ard W. Hughes, it has been com- 
pletely restructured from its origi- 
nal “bulletin” format (first pub- 
lished in 1987} into a magazine 
that will be of interest to all prac- 
ticing gemologists. 

The first copy of this newly re- 
vitalized publication, designated 
volume 2, numbers | and 2, 1988, 
contains four articles, an editor’s 
note, and a “Bangkok Gem Market 
Review.” Considering the impor- 
tance of Bangkok as a gem center, 
this last column alone will proba- 
bly draw quite a readership. 

New subscriptions and back is- 
sues are available free of charge, 
both in Thailand and abroad, and 
can be obtained by writing to: 
Gemological Digest, Asian Insti- 
tute of Gemological Sciences, 987 
Silom Rd., Rama Jewelry Building, 
Fourth Floor, Bangkok 10500, Thai- 
land. 


The Tucson Gem and Mineral 
Show will be held February 9-12, 


1989, at the Tucson Community 
Center. The featured mineral for 
the show is galena. For more infor- 
mation, contact the Tucson Gem 
and Mineral Society, PO. Box 
42543, Tucson, AZ 85733. 

The Gemological Institute of 
America will present various lec- 
tures and seminars in Tucson Feb- 
ruary 4-1]. For information, call 
(800) 421-7250, ext. 227, or write 
GIA, 1660 Stewart St., Santa 
Monica, CA 90404, The American 
Gem Society will have seminars 
and other activities on Friday, Feb- 
ruary 3, at the Viscount Suite Ho- 
tel. Contact Marjery Lemlech of 
AGS at 5901 West Third St., Los 
Angeles, CA 90036, (213) 936-4367. 

The American Gem Trade As- 
sociation will be in Tucson Febru- 
ary 4-9, at the Doubletree Hotel. 
They will announce the winners of 
the Spectrum Awards (a jewelry 
contest aimed at the effective use 
of colored stones} at that time. For 
information, contact the AGTA 
headquarters at the World Trade 
Center #181, PO. Box 581043, 
Dallas, TX 75258, (214) 742-4367, 
for reservations call (800) 972-1162. 


GIA Home Study —Smart, fast, easy 
Pann for today’s professional 
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COLORED’ STONES AND 
ORGANIC MATERIALS 


Corundum ‘type’ categories. W. J. Sersen, Gemological 
Digest, Vol. 2, No. 1 and 2, 1988, pp. 3-9. 


The concept of corundum “type categories” was first 
described in 1981 by Henry Ho. The system is designed 
to describe the overall color appearance of individual 
tubies and sapphires. The various components that 
contribute to the stone’s color appearance —such as hue, 
tone, and intensity, as well as pleochroism, extinction, 
windowing, brilliance, fluorescence, color zoning, and 
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inclusions—are all considered. This article provides a 
detailed description of the corundum type categories: 
“A” through “E” for ruby, and “A’ through “D” for blue 
sapphire. 

The author states that type categories are a useful 
aid for teaching colored stone grading. Also, they are a 
practical means of describing corundum preferences 
from one country to another. Sersen lists the “type” 
preferences for nine different countries, which should be 
of interest to those who buy rubies and sapphires for 
resale. Ron Conde 


Crystal chemistry of double-ring silicates: Structures of 
sugilite and brannockite. T) Armbruster and R. 
Oberhansli, American Mineralogist, Vol. 73, No. 
5/6, 1988, pp. 595-600. 

The crystal structure of purple sugilite from the Wessels 

Mine, South Africa, was investigated to understand 

better the chemistry and crystallography of silicate 

minerals of this kind. The structure consists of rings of 
silicate tetrahedra which are interlinked by tetrahedra 
that contain lithium ions and larger octahedra that 
contain iron, manganese, or aluminium ions. Refine- 
ment of this crystal structure provided a clearer under- 
standing of the structural and chemical variations 
possible within double-ring silicate minerals of this 
structure type. JES 
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The Empress of Lemuria. D. Webb, Lapidary Journal, 
Vol. 42, No. 3, June 1988, pp. 38-40. 


Mr. Webb reports on the fashioning of a single crystal of 
Brazilian quartz to a finished weight of 42.5 lbs, (96,260 
ct). This crystal, which is scheduled to be listed in the 
1989 edition of the Guinness Book of Records as “the 
largest cut and polished quartz generator in the world,” 
was worked by Glenn Lehrer and Lawrence Stoller of San 
Rafael, California. The original weight before fashioning 
was approximately 68 lbs. The fashioning took approx- 
imately 18 months to complete, and required a block- 
and-tackle pulley set-up to hold the stone during part of 
the process. The “Empress,” unveiled at the 1987 Tueson 
Gem and Mineral Show, basically conforms to the 
original shape of the natural crystal, with the prism 
faces, termination, and base surfaces polished. 

Bill Videto 


Eye of a dragon. S. E. Thompson, Lapidary Journal, Vol. 
42, No. 3, June 1988, pp. 21-27. 


Ms. Thompson explores the ancient mythology regard- 
ing the association of animals with many colored stones. 
Drawing heavily on classic references, she provides an 
engaging, informative overview of this unusual topic. 
This abstracter would have liked to have stones called by 
such names as “corvia,” “liparia,” or “bezoar stone” in 
the myths and fables correlated with what they may 
have actually been, but appreciates the fact that tur- 
quoise, amber, and emerald are examined in consider- 
able depth. Bill Videto 


Gas bubbles in fossil] amber as possible indicators of the 
major gas composition of ancient air. R. A. Berner 
and G. P Landis, Science, Vol. 239, No. 4846, 1988, 
pp. 1406-1409. 


These two researchers studied the gaseous contents of 
the air-bubble inclusions found in a number of samples 
of amber from various localities such as the Dominican 
Republic, the Baltic area, and Manitoba, Canada. The 
authors focused their efforts on studying the specific 
mix of gases trapped in the bubbles in order to determine 
the composition of the “ancient air” that existed when 
the bubbles were sealed (as long ago as 95 million years}. 

The authors first crushed the samples in a vacuum, 
and then analyzed the released gases by time-resolved 
quadrupole mass spectrometry. The detection limit of 
the authors’ instrument was 10 parts per million, with 
an accuracy of about 3-5% of the amount of each gas 
detected. 

The authors theorize that these gases (mostly O,, 
N,., and CO,) represent original “ancient air” modified 
only by the aerobic activity of microorganisms. They 
discount the possibility that the major gases may have 
reacted with their surroundings, thus affecting their 
present percentages. 

The results of these “ancient air” analyses, when 
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compared with the gaseous makeup of our modern 
atmosphere, show that the atmosphere has evolved over 
time. The amount of oxygen present has decreased 
significantly from approximately 30% during the Late 
Cretaceous era (75-95 million years ago) to 21% today. 

John I. Koivula 


Gemmological investigation of a large faceted East 
African enstatite. J. 1. Koivula, C. W Fryer, and J. E. 
Shigley, Journal of Gemmology, Vol. 21, No. 2, 
1988, pp. 92-94, 


The properties of a 46.56-ct transparent brown enstatite, 
possibly the largest known, are described in this article. 
The stone was faceted from an approximately 75-ct 
rough crystalline mass from Tanzania. The R.1L, $.G, 
spectrum, and X-ray diffraction pattern are typical of 
enstatite; microprobe analysis confirmed the identity. 
Examination with a microscope revealed numerous 
parallel acicular inclusions (some eye-visible) and, per- 
pendicular to them, distinct color and growth zones. 
Five color illustrations accompany the article. CMS 


Observations on turquoise, lapis-lazuli and coral, and 
some of their simulants. S$. Taki and M. Hosaka, 
Journal of Gemmology, Vol. 21, No. 2, 1988, pp. 
74-80. 


This brief article [one-half page of text and five and one- 
half pages of photos} mentions a few helpful distinctive 
characteristics of turquoise, lapis lazuli, and coral —and 
their simulants and synthetics —as determined by X-ray 
diffraction and X-ray fluorescence. The photos illustrate 
structural differences that can be observed with a 
scanning electron microscope. While these criteria are 
potentially useful, there is no indication provided as to 
how all-inclusive they are for these three gem materials. 

CMS 


Orientated lath-like inclusions of a new type in spinel. 
K. Schmetzer, Journal of Gemmology, Vol. 21, No. 
2, 1988, pp. 69-72. 


On the basis of chemical and morphologic data, lath-like 
inclusions in a bluish violet spinel from Sri Lanka are 
identified as silltmanite. These constitute a new type of 
needle-like inclusion for spinel; previously only rutile 
and sphene needles have been identified. A discussion of 
the orientations of all three types of needle-like inclu- 
sions in spinel clarifies some potential confusion. Six 
black-and-white photomicrographs accompany the arti- 
cle. CMS 


Origin and significance of blue coloration in quartz from 
Llano rhyolite (llanite}, north-central Llano 
County, Texas. M. E. Zolensky, P. J. Sylvester, and 
J.B. Paces, American Mineralogist, Vol. 73, No. 
3/4, 1988, pp. 313-323. 


Blue quartz crystals found as small grains in a rock from 
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Llano County, Texas, derive their color from Rayleigh 
scattering of light by submicrometer-sized ilmenite 
inclusions, which were detected and identified by means 
of transmission electron microscopy. In some cases, 
larger, ribbon-shaped ilmenite inclusions (0.1 x 1 x 20 
um) produce some chatoyancy. 

Further geochemical investigations revealed that 
the smaller ilmenite inclusions originated during 
magma crystallization. As blue quartz is usually found 
in rock of middle to late Proterozoic age (part of the 
Precambrian], this may reflect that conditions favorable 
to early ilmenite saturation prevailed at that time. The 
exact nature of these conditions is, however, still un- 
clear. 

A particularly useful feature of this article is that it 
contains an impressive review of the literature on blue 
quartz. EF 


DIAMOND 


Bourses more than a place to sell. V. Berquem, Jewellery 
News Asia, No. 48, August 1988, pp. 63, 64, 
and 66. 


This article provides a brief history of the evolution of 
bourses from simple gatherings of diamond traders at 
local cafes, to a sophisticated network of diamond- 
trading centers around the world. 

The first bourses began in Amsterdam and Antwerp 
in the late I'800s, after the South African diamond boom 
created a need for organization in the diamond trade. 
Today, bourses are found throughout the world, includ- 
ing London, Tel Aviv, Hong Kong, and New York, as well 
as Idar-Oberstein, Johannesburg, and Los Angeles. In 
addition to their role as centers for the sale and purchase 
of diamonds, bourses serve as sources of market infor- 
mation, arbitrators of disputes among traders, and a 
network for communicating with other diamond traders 
locally or worldwide. 

This issue of Jewellery News Asia features the 24th 
World Diamond Congress of the World Federation of 
Diamond Bourses, which was held in Singapore from 
July 31 to August 3, 1988. Becky Booker 


Famous diamonds of the world XXVIII: Matan. I. Bal- 

four, Indiaqua, Vol. 45, No. 3, 1986, pp. 123-125. 
In this article in his series on famous diamonds, Ian 
Balfour offers an account of the mysterious 367-ct 
Matan diamond. 

Balfour draws on the historical accounts of Sir 
Thomas-Stamford Raffles, British appointed lieutenant- 
governor of Java to support the notion that this diamond 
was originally found on the island of Borneo in the 
mid-1700s. In his 1817 History of Java, Raffles writes 
about the workings of the Borneo diamond mines and, in 
particular, about the Matan diamond. 

Balfour admits that the truth surrounding the 
existence of this diamond remains unclear, since it 


Gemological Abstracts 


changed hands during political disputes for much of its 
history. It is rumored that the diamond may ultimately 
have been lost at sea during World War II, as Japanese 
ships transported cargoes of gems they seized during the 
occupation of Borneo, One of these ships, purported to 
have five boxes of diamonds {including the Matan) on 
board, sank off the coast of eastern Sumatra. [LC 


Famous diamonds of the world XXIX: Emperor Maxi- 
milian, 1. Balfour, Indiaqua, Vol. 45, No. 3, 1986, 
pp. 126-128, 


With his keen attention to detail, lan Balfour describes 
the history of the Emperor Maximilian diamond. This 
41.93-ct cushion shape was named after the Archduke 
Maximilian of Hapsburg, who in 1864 became emperor 
of Mexico. 

Balfour relates that the diamond was one of two 
acquired by Maximilian during a botanical expedition to 
Brazil in 1860. The second diamond, a 33-ct cushion 
shape known as the Maximilian, was lost by one of its 
20th century owners. 

In his articulate manner, Ian Balfour outlines the 
tragic circumstances that surrounded Emperor Maxi- 
milian and the manner in which the 41.93-ct diamond 
eventually surfaced into the modern-day diamond mar- 
ket. Chicago jeweler Ferdinand Hotz acquired the dia- 
mond in 1919 and later displayed it at the Century of 
Progress exhibition held in Chicago in 1934, On Mr. 
Hotz’s death in 1946, the Emperor Maximilian was sold 
to a private collector in New York. Subsequently, in 
1982, the diamond was acquired at auction by Laurence 
Graff; in January 1983, Graff sold it with two other 
famous diamonds, the Idol’s Eye and the Sultan Abdul 
Hamid Hl, to a private individual. [LC 


Will India be a force as a high-end diamond supplier? R. 
Shor, Jewelers’ Circular-Keystone, Vol. 159, No. 7, 
July 1988, pp. 308-314. 


Russ Shor is well known for his up-to-date, accurate 
reporting on diamonds, and this article is no exception. 
India has blossomed as a diamond-cutting center in the 
1980s. The last three years in particular have seen India’s 
leading diamond houses move into the quality diamond 
market. This is a natural by-product of the strong 
competition that Bombay manufacturers are now feel- 
ing from the even lower-cost cutting centers developing 
in the Far East. In effect, leaders of India’s diamond- 
cutting trade have seen a need, and the opportunity, to 
adopt the high-tech methods used to cut larger, better- 
quality rough. 

This article also discusses the deepening relation- 
ship between Argyle and India. Interwoven throughout 
are the complex and often friction-filled relationships of 
the world’s traditional and emerging diamond-cutting 
centers. Credit India’s youthful and energetic execu- 
tives, determined to adapt to a changing diamond- 
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cutting environment, with the present innovation and 
success. 

In addition to the powerful role that it plays as a 
major cutter of Australian rough, India is striving to 
become a jewelry manufacturing center. Indeed, labor- 
intensive India may well become a source for finished 
diamond jewelry, as other Asian centers have done over 
the past decade. Relaxed government restrictions for 
both diamond and gold imports further enhance India’‘s 
future potential in this area. William E. Boyajian 


X-ray studies of the growth of natural diamond. M. 
Moore, Industrial Diamond Review, Vol. 48, No. 
525, 1988, pp. 59-64. 


After describing how the crystal structure of diamond 
diffracts X-rays, Dr. Moore explains the basics of X-ray 
topography and how it provides an image of extended 
defects present in a crystal. The use of synchroton 
radiation is also described, because it allows for shorter 
exposures and a wavelength of 1 A, which is the best 
condition to reveal crystal imperfections in diamond. 
The study of extended defects provides information 
about the growth history of any given diamond crystal. 
The author’s observations are summarized below. 

With relatively undisturbed growth conditions, dia- 
monds grow slowly along their most stable {octahedral} 
faces; this is called faceted growth. Dissolution and 
regrowth can create notched octahedra. Diamond may 
also grow as fibers along octahedral directions, resulting 
in a rough cubic morphology. If faceted octahedral 
growth is followed by fibrous growth, the result is a 
coated stone. 

Sometimes growth occurs on curved surfaces where 
the average orientation is cubic. This is called cuboid 
growth. 

X-ray topographs have proved that dissolution start- 
ing at the corners of an octahedron and propagating 
down the edges can transform the original crystal shape 
into a rounded rhombic dodecahedron. Twins form early 
on during growth, and depending on whether faceted or 
fibrous growth occurs, they lead to a macle or to 
interpenetrating cubes. Tetrahedral diamonds are actu- 
ally cleavages of larger octahedra. 

In conclusion, X-ray topography of various shapes of 
natural diamond crystals demonstrates that growth 
usually occurs on octahedral faces or in octahedral 
directions, with the exception of cuboid growth. EF 


GEM LOCALITIES 


L’amethyste au Brésil. Classification et localisation des 
gites—inclusions (Amethyst in Brazil. Classifica- 
tion and localization of the deposits — inclusions). 
J. Cassedanne, Revue de Gemmologie a.fig., No. 
94, 1988, pp. 15-18. 

Professor Cassedanne delivers the first in a two-part 

article dedicated to proposing and illustrating a classi- 
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fication for amethyst deposits in Brazil. Five main 
categories will be described: geodes in trapps (basaltic 
formations covering extended areas}, deposits in frac- 
tures, granitic pegmatites, deposits in granitoids, and 
detrital deposits. This first installment describes trapps 
and one type of deposit in fractures, hydrothermal veins. 

Amethyst-bearing geodes in Mesozoic trapps are all 
located in the Parana basin in southern Brazil. Most of 
the production today is in the Iraf area, in northwestern 
Rio Grande do Sul. How the geodes form is not yet 
understood, although we do know that they usually 
occur in stringers, with a green cortex of celadonite. The 
amethyst crystals found in these geodes rarely are longer 
than 10 cm, and only a very small portion of the 
production is gem quality. Most of the crystals are sold 
as mineral specimens. The various inclusions observed 
in this amethyst are listed. It is also noted that amethyst 
found in such geodes often fades on prolonged exposure 
to sunlight. 

The hydrothermal deposition of amethyst in frac- 
tures almost always occurs in Precambrian rocks. Crys- 
tals, usually pyramidal, can reach 25 cm. The filling 
material may be clay, chalcedony, or milky quartz. 
Amethyst from this type of deposit may turn golden 
yellow, brownish orange, or green when heat treated. 
Crystals from the veins at Coruja and Montezuma turn 
yellow or green with heat treatment. These amethysts 
are described in some detail and possible inclusions are 
listed. A map and several illustrations of the deposits are 
provided. EF 


Emeralds from Somondoco, Colombia: Chemical com- 
position, fluid inclusions and origin. A. Kozlowski, 
P Metz, and H. A. Estrada Jaramillo, Neues Jahr- 
buch ftir Mineralogie Abhandlungen, Vol. 159, 
No. 1, 1988, pp. 23-49, 
The authors studied beryl samples from the Achiote 
emerald deposit, which is located in the Chivor region of 
Colombia, near the town of Somondoco, about 80 km 
east of Bogoté. The Caqueza group, composed of lime- 
stones, black shales, and arenites, hosts the emerald- 
bearing veins, which probably resulted from fracturing 
associated with the San Fernando fault. The beryl 
samples studied were found at the Juntas No. 1 mine, ina 
quartz vein with calcite, pyrite, and albite/oligoclase. 
The samples range from almost colorless to dark green, 
and from 1 to 10 mm long. The techniques used for this 
careful study include the electron microprobe, chemical 
colorimetry, emission spectrography, thermogravime- 
try, and infrared absorption, as well as a heating and 
cooling stage light microscopy. 

Fluid inclusions typically show about 75% water 
solution, 10% gas, up to 3% liquid CO,, and 12% to 15% 
NaCl crystals. Frequently, carbonate daughter crystals 
are also found, and liquid hydrocarbon was detected in 
some inclusions. The total concentration of salts in the 
water solution is close to 40 wt.%,; in addition to Na and 
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Cl, the solution contains Ca in significant amounts. 
Other elements present are Si, Al, Fe, K, Mg, Mn, Ti, and 
Cr. The deficient stoichiometry of the beryl is discussed 
in great detail. 

The authors estimate that the emeralds formed 
under a pressure of approximately 1 kbar, in the water 
solution described above, at temperatures around 470°C 
[derived from the temperature of homogenization of the 
fluid inclusions}. Several indications are given that the 
source of beryllium and NaCl might be the surrounding 
rocks. If this is the case, calculations show that the 
emerald deposits of this region should actually be richer 
in gems than they are, and the authors propose a few 
possible explanations for why they are not. EF 


The emeralds of Fazenda Boa Esperanca, Taud, Ceara, 
Brazil: Occurrence and properties. D. Schwarz, 
H. A. Hanni, F L. Martin, Jr, and M. Fischer, 
Journal of Gemmology, Vol. 2I, No. 3, 1988, pp. 
168-178. 


This thorough and concise article describes the occur- 
rence and properties of the emeralds from the title 
locality in Taud, Brazil. Maps of the geography, regional 
geology, and local geology accompany a detailed descrip- 
tion of the occurrence, which is essentially pegmatitic. 
Associated minerals include quartz, albite, garnet, mus- 
covite, biotite, beryl, columbite-tantalite, tourmaline, 
apatite, molybdenite, and bismuth or bismutite. 

Micropfobe analyses of six specimens reveal typical 
compositions for natural emeralds, with low Cr, little or 
no V, but relatively high Fe. The Taua emeralds contain 
numerous mineral inclusions: Biotite/phlogopite, trem- 
olite, allanite, molybdenite, and apatite have been 
identified (microprobe analyses of the first three are 
provided), Also observed were orangy-red irregular crys- 
tals that could not be identified. Eleven excellent photo- 
micrographs illustrate the inclusions. 

In general, the quality of the Taud emeralds is poor 
by gemological standards. Large-scale mining operations 
were halted after it was determined that they were not 
economically feasible. CMS 


Mineraliensuche in Nevada und Utah (Mineral prospec- 
ting in Nevada and Utah), E. Schuhbauer, Lapis, 
Vol. 13, No. 5, May 1988, pp. 11-27. 


For the mineral collector seeking unusual specimens of 
great beauty, Nevada and Utah hold singular promise. 
Areas covered in this article include the White Caps 
mine in Nevada, the Steamboat Hot Springs, the Copper 
Basin in Battle Mountain, Nevada, the Thomas Range 
and, of course, the Violet claims in the Wah Wah 
Mountains of Utah. Also provided is a list of 17 
important mineral sites throughout the area and a map 
that identifies the location of each. A collection of 
exquisite mineral photographs, as well as several lo- 
cality shots, illustrates the article. Some of the beautiful 
minerals depicted are red beryl, green beryl, topaz, 
garnet, and zircon. RW 
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INSTRUMENTS AND TECHNIQUES 


Etch figures on beryl. J. 1. Koivula, journal of Gemmol- 
ogy, Vol. 21, No. 3, 1988, pp. 142-143. 


A brief text accompanies the four superb photomicro- 
graphs that are the main purpose of this note. Mr 
Koivula’s color photos illustrate the most common etch 
features encountered on natural beryl crystals. The 
author refers the reader to John Sinkankas’s “excellent 
book” Emerald and Other Beryls for detailed drawings 
of numerous other etch figures. CMS 


Notes on the inclusions in a greyish kyanite. A. Ghera, 
G. Graziani, and E. Gubelin, journal of Gemmol- 
ogy, Vol. 21, No. 2, 1988, pp. 83-87. 
This article presents a thorough chemical, optical, and 
physical description of a grayish blue gem-quality ky- 
anite crystal and its crystalline inclusions. Microprobe 
analyses are provided for the kyanite and four of its 
inclusions: andalusite, apatite, calcite, and zircon. Also 
described are needle-like euhedral channels filled with 
minute andalusite crystals, yellow slabs formed by thin 
lamellae {probably lepidocrocite] intergrown with 
brownish red iron oxide and hydroxide platelets, and 
colorless transparent crystals {apparently kyanite}. Mi- 
nute needles, possibly TiO,, were also observed inter- 
grown with apatite crystals. Conditions of formation for 
this kyanite sample are drawn from the properties and 
inclusions observed. Nine photomicrographs clearly 
illustrate this excellent descriptive study. CMS 


JEWELRY ARTS 


Gold chains and mesh—I. J. Wolters, Aurum, No. 31, 
1987, pp. 46-57. 


In this first of a two-part article, the author skillfully 
leads us through the history of chain making in a brief 
but concise manner. He describes the various types of 
chain and mesh devised, and outlines the development 
of machines for chain making in the 18th and 19th 
centuries. The earliest examples of gold chain were 
found in the tombs of Ur, dating from around 2400 B.C. 
Known as the foxtail or column chain, this style contin- 
ued to dominate for the next 3,000 years. The various 
types that subsequently gained favor are also discussed 
in detail. 

Although the article does not cover chains embel- 
lished with gems or enamel, since it is limited to “chains 
made of precious metal wire, tubing or sheet,” it is 
nevertheless an important account of this aspect of the 
jewelry manufacturing arts. The article is peppered with 
references and is well illustrated with photos, engrav- 
ings, and drawings of chains, meshes, and the machinery 
developed to make them. EBM 


Precolumbian jewelry from Peru. T. Gessler, Ornament, 
Vol. 11, No. 3, 1988, pp. 50-55. 


As Gessler, curator of the Queen Charlotte Island 
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Museum in British Columbia, Canada, states, this 
article provides a “rare glimpse at authentic South 
American precolumbian design in jewelry.” The author 
points out how unusual it is to find intact bead jewelry 
from the Inca and pre-Inca periods, because most of the 
cords on which they were strung are perishable. It is 
much more common to find individual beads from 
dismantled necklaces or bracelets. Included in Gessler’s 
13 photographs, however, are necklaces of shell with 
some silver that are strung on their original cord. Not 
only does this intact jewelry give an accurate idea of the 
materials used, but it also provides examples of the 
designs employed. This well-researched article is a 
“must read” for anyone interested in pre-Columbian 
jewelry. DMD 


The unconventional Elizabeth Gage. J. Fallon, W, May 
2—9, 1988, p. 57. 


Jewels by Elizabeth Gage exhibit a unique blend of styles 
derived from classical, baroque, and contemporary de- 
signs. Her motto for designing jewelry is “no rules.” 
Most of her creations are one-of-a-kind pieces fabri- 
cated in gold with an unusual mix of gems accented by 
enameling and granulation. In fact, about 40% of her 
business is in special commissions. Only her enameled- 
gold Zodiac Ring Series is produced in quantity. 
Gage’s creations are sold exclusively at her shop in 
London, with the exception of the few days each year 
that she exhibits in New York and occasional special 
showings. Perhaps the secrct to her success is her 
exclusivity: Owners of her pieces feel that they are 
members of a special elite. By not allowing commercial- 
ism to consume her, she has been able to maintain 
control over her business; thus, there is little likelihood 
of her creations ever becoming overdonc or trite. 
EBM 


SYNTHETICS AND SIMULANTS 


Characterization of Russian hydrothermally-grown syn- 
thetic emeralds. K. Schmetzer, journal of Gem- 
mology, Vol. 21, No. 3, 1988, pp. 145-164. 


Dr. Schmetzer’s meticulous attention to detail is evident 
in this thorough study of 13 faceted Russian synthetic 
emeralds. Following a review of previous work reported 
on similar material, he cites the observation of anoma- 
lous absorption features, as well as traces of nickel and 
copper, as the stimulus for his current work. 

Chemical, optical, and physical data for one repre- 
sentative sample are provided in their entirety. In 
general, although the standard gemological properties of 
the synthetic overlap with those of natural emeralds, 
chemical analysis and microscopy provide means of 
separation. 

An extensive discussion of optical and infrared 
absorption features and how they relate to color and 
chemistry is included. Descriptions of inclusions and 
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growth features essentially confirm previous reports; 18 
photomicrographs will aid the gemologist in identifica- 
tions. 

Of special value in this article is Dr. Schmetzer’s 
review of the Russian literature on synthetic beryl, most 
of which is published only in Russian. In fact, the 
bibliography as a whole is a useful resource. CMS 


L’Emeraldolite, une nouvelle matiére (Emeraldolite, a 
new material), D, Robert, Revue de Gemmologie 
a.fg., No. 94, 1988, pp. 9-10. 
“Emeraldolite” is a several-millimeters-thick epitaxial 
overgrowth of synthetic emerald on natural “ivory- 
white” beryl. Because it is not similar to anything found 
in nature, it should not be an identification problem for 
gemologists. “Emeraldolite” can be used for jewelry 
purposes in the rough, taking advantage of the multitude 
of small sparkling crystals; it is particularly suited to 
cameos and other types of carving, as one can play on the 
contrast of the green overgrowth with the “ivory-white” 
seed. Two color and six black-and-white photographs 
accompany the short description of this new synthetic 
gem material. EF 


Hallmarked synthetic emerald. A. Hodgkinson, Journal 
of Gemmology, Vol. 21, No. 3, 1988, pp. 179-181. 


Nine photomicrographs illustrate features recently ob- 
served by Mr, Hodgkinson in two specimens of Lennix 
synthetic emerald. These include growth lines; multi- 
phase inclusions of gas, flux, and phenakite; ball-like 
aggregates of phenakite crystals; and featurcs that 
mimic the negative-prism cavitics that are characteris- 
tic of emeralds from India. This note serves to remind 
gemologists that the Lennix synthetic emeralds require 
special attention, since their inclusions are numcrous 
and frequently look natural. CMS 


Lechleitner synthetic rubies with natural seed and 
synthetic overgrowth. K. Schmetzer and H. Bank, 
Journal of Gemmology, Vol. 21, No. 2, 1988, pp. 
95-101. 

This very thorough article describes new material 

produced by Lechleitner that consists of natural cor- 

undum overgrown with a layer of Verneuil synthetic 
ruby. While more difficult to identify than the earlier 
synthetic ruby overgrown on synthetic corundum, this 
new Lechleitner product does have a variety of distinc- 
tive characteristics. The optical absorption spectrum 
reveals features arising from a combination of Cr+ in 
the overgrowth layer and Fe? *+/Ti** in the natural seed, 
although it is not stated whether these features can be 
seen with a hand spectroscope. Also useful is the 
presence of molybdenum as detected by X-ray fluores- 
cence. Of more use to the trade gemologist, however, are 
microscopic features such as angular growth planes, 
negative crystals, and rutile needles characteristic of Sri 
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Lankan corundum, in conjunction with flux residues, 
needle-like inclusions {not previously described}, and 
growth boundary features. These are well illustrated in 
18 black-and-white photomicrographs. Two color photo- 
graphs of the material also accompany the article. 

CMS 


Low-pressure, metastable growth of diamond and “dia- 
mondlike” phases, J. C. Angus and C. C. Hayman, 
Science, Vol. 241, No. 4868, August 19, 1988, pp. 
913-921. 


Because of diamond's remarkable properties as a crystal- 
line solid, its synthesis has attracted much scientific 
attention. Following the successful development of a 
process to crystallize diamond in the mid-1950s, re- 
search on diamond synthesis has taken two different but 
parallel directions. The first is the high-pressure growth 
of diamond from a molten metal solvent-catalyst at 
pressures where diamond is the thermodynamically 
stable phase of carbon. This process has been used to 
produce small synthetic diamonds for industrial use 
and, more recently, single crystals up to several carats in 
size. The second area of research is the growth of 
diamond at low pressures, where it is a metastable phase. 
This article provides an excellent summary of the 
historical development of the latter research area and 
the current understanding of the processes involved. 
Synthétic diamond grown at low pressures is pro- 
duced as a thin film on a substrate material. Initial 
efforts succeeded in forming diamond thin films only at 
extremely slow growth rates. Recent developments, 
however, have led to a number of processes that can grow 
diamond thin films at much faster growth rates. The 
thin films produced thus far consist of a polycrystalline 
aggregate of diamond. Because hydrogen plays an impor- 
tant role in the crystallization of carbon at low pressures, 
some of these films are not identical to diamond; rather, 
they are called “diamondlike” carbons and hydrocar- 
bons, with physical properties that are slightly different 
from those of thin-film polycrystalline diamond. Nev- 
ertheless, these thin films also have a number of 
potential technological applications. This article com- 
pares the properties of all three classes of materials and 
concludes with some observations of likely future 
developments in this area. In addition, it provides an 
extensive !07-item bibliography. For those interested in 
a review of diamond thin films, the article presents 
current information in a journal that is readily avail- 
able. JES 


Synthetic opal. A. Hodgkinson, journal of Gemmology, 
Vol. 21, No, 2, 1988, p. 73. 

The author notes two characteristics that may help 

identify some synthetic opals manufactured in Japan in 

the early 1980s: a “venetian blind” effect visible with 

immersion and polarization under magnification, and 
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lack of fluorescence and phosphorescence to long-wave 
ultraviolet radiation. The venetian-blind effect is illus- 
trated. CMS 


TREATMENTS 


Die Abkiihlungsgeschwindigkeit als Ursache fiir die 
Bildung entweder von Sternkorunden oder von 
kornblumenblauen Saphiren (The influence of 
cooling history to produce either star corundum or 
cornflower blue sapphire). H. Harder and A. 
Schneider, Neues Jahrbuch ftir Mineralogie Mon- 
atshefte, No. 8, August 1987, pp. 344-346. 


The authors discuss the role of iron and titanium in the 
coloration of blue sapphires. They believe that Fe2*+- 
Fe3 + charge-transfer alone, without the participation of 
Ti, could give a blue coloration. 

Corundum containing Ti can follow two types of 
cooling behavior during its geologic history. If it cools 
slowly, as is typical of regional metamorphism, titanium 
oxide exsolution creates rutile inclusions, resulting in a 
star sapphire. If the corundum cools very fast, as in a 
volcanic environment, no exsolution occurs and corn- 
flower blue sapphires are created. EF 


Investigation of cat’s-eye zircons from Sri Lanka. M. 
Gunawardene and M. Gunawardene, Journal of 
Gemmology, Vol. 21, No. 2, 1988, pp. 88-91. 


The recent abundance of cat’s-eye zircons from Sri 
Lanka prompted this study, which revealed that most 
were being produced by heat treatment. Comparison of 
samples (the exact numbers are not given} of natural and 
heat-treated material disclosed a number of distinguish- 
ing characteristics: R.J., $.G., absorption features visible 
with a hand spectroscope, and microscopic features. 
Differences in the spectra suggest that the heat-treated 
material is high-type zircon, whereas the natural cat’s- 
eyes are of the intermediate type. The most notable 
difference, however, is that the chatoyancy in natural 
cat’s-eye zircons is due to parallel hollow or growth 
tubes, whereas the heat-generated phenomenon is 
caused by minute oriented disc-shaped fissures; both 
types of features can be observed with a gemological 
microscope. Photomicrographs illustrate these charac- 
teristic features. CMS 


NRC encore: More topaz blues. S. Mitchell, American 
Jewelry Manufacturer, Vol. 36, No. 5, May 1988, 
pp. 32-42. 
After prolonged negotiations with the AGTA, the Nu- 
clear Regulatory Commission (NRC) announced in 
January of this year that, due to the importance of blue 
topaz to the jewelry industry, they would “act expe- 
ditiously on the licensing of domestic reactors and 
importers.” Added to this was the warning that “failure 
to obtain a proper license could result in enforcement 
action.” As of the date this article was published, no 
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licenses had been forthcoming, despite the good inten- 
tions of many laboratories and importers who have 
applied. In this overview, the author leads us through the 
governmental labyrinth, pointing out the pitfalls and 
dead ends that exist. Even though the article cannot 
answer all the questions that have been raised, it does 
bring many of them into sharp focus: Are the regulations 
fair? When will they be put into effect? Will they be 
enforceable? What will be the costs? Everyone is won- 
dering what will happen next. EBM 


Role of natural radiation in tourmaline coloration. I. M. 
Reinitz and G. R. Rossman, American Mineralo- 
gist, Vol. 73, No. 7/8, 1988, pp. 822-825. 


Previous studies have shown that both gamma and 
X-radiation develop and intensify the pink color in 
elbaite tourmaline. In addition, heat treatment at 600°C 
removes the pink coloration from both natural and 
laboratory-irradiated elbaites. Comparison of the opti- 
cal absorption spectra of colorless and pink elbaites 
indicates that the oxidation state of the manganese 
changes from 2+ to 3+ during radiation exposure. The 
Mn3* produces the pink color. Both naturally pink and 
laboratory-irradiated elbaites show the same spec- 
troscopic features. In experiments using different 
amounts of,radiation exposure, the authors found that 
the concentration of Mn3* in a pink elbaite correlated 
with the dose of radiation received by the sample. 

From these observations, the authors conclude that 
the color in naturally pink elbaite is due to natural 
radiation exposure. This conclusion is supported by 
measurements of radiation levels in tourmaline pockets 
in Southern California pegmatites. The radiation dose 
computed from these measurements generally corre- 
sponds to the dose that will induce pink color in elbaite 
by laboratory irradiation. 

The authors also conclude that natural pink color 
develops in elbaite only if irradiation occurs after the 
pegmatite has cooled below the temperatures known to 
bleach such color. Thus, most pink elbaite initially 
formed in a colorless state and only later attained a pink 
color through the oxidation of manganese via ionizing 
radiation. 

The results of this study suggest that the gemologi- 
cal separation of naturally colored from laboratory- 
irradiated deep pink elbaites may be impossible because, 
in both instances, the cause of color is radiation expo- 
sure, JES 


Thermal stability of yellow colour and colour centres in 
natural citrine. K. Schmetzer, Neues Jahrbuch fiir 
Mineralogie Monatshefte, No. 2, February 1988, 
pp. 71-80. 

Several bleaching and irradiation experiments were 

performed on natural citrines to better understand the 

thermal stability of the various color centers. The author 
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deduced from these experiments the presence of five 
different color centers, which are defined by either their 
optical absorption or their thermal behavior. Two elec- 
tron energy band models are proposed for the bleaching 
of these centers, but no comment is made as to the 
physical description of the color centers them- 
selves. EF 


MISCELLANEOUS 


Contemporary jewelry. J. Tenhagen, Lapidary Journal, 
Vol. 42, No. 5, 1988, pp. 49-52. 


Written as a broad overview, this article describes 
Tenhagen’s approach to evaluating a modern jewelry 
item. Focusing on a woman’s cluster ring that contains 
colored and white stones, the author outlines the steps 
he would take in the appraisal process. The article 
includes brief discussions of proper gemstone identifica- 
tion, quality estimations, measuring, manufacturing 
considerations, and price estimates. 

This article is not intended to address the complete 
appraisal format, for which proper training is recom- 
mended. However, it does present one person’s approach 
to the appraisal procedure. JLC 


» 


An introduction to mineralogy. F H. Pough, Lapidary 
Journal, Vol. 42, No. 4, July 1988, pp. 21-34. 


Dr. Pough discusses the major categories and divisions 
that comprise the subject of mineralogy. The subcatego- 
ries of composition, physical properties, crystallogra- 
phy, and modes of formation are covered briefly in lay 
terms. Dr. Pough’s illustrative writing style is easy to 
follow and understand. Bill Videto 


Notes from the laboratory —12. K. Scarratt, journal of 
Gemmology, Vol. 21, No. 3, 1988, pp. 131-139. 


Mr. Scarratt’s latest report includes a thorough descrip- 
tion of recently encountered specimens of Lennix syn- 
thetic emerald, Adachi synthetic beryl {red, purple, blue, 
and watermelon], and Kyocera synthetic emerald, star 
ruby, alexandrite (including cat’s-eye], blue sapphire, and 
opal. Also briefly described are the continued encounter- 
ing of glass- and plastic-filled cavities in rubies, a 
compact disk—like tension halo in a heat-treated sap- 
phire, and a “fashion stone” of unknown nature that is 
being marketed as “fluorolith” and exhibits pronounced 
green phosphorescence when it is exposed to visible 
light. For archeo-gemology buffs, Mr. Scarratt cites an 
1830 edition of R. J. Bridges’ Familiar Lessons on 
Mineralogy and Geology, in which an unusual test for 
diamond is described that involves two pennies. Twenty- 
nine informative color and black-and-white photo- 
graphs accompany the text, although the reader may 
encounter some brief confusion from the irregular order 
of figures 18-26. CMS 
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GEMS AND 
JEWELRY APPRAISING 


By Anna M. Miller, 198 pp., illus., 
publ, by Van Nostrand Reinhold, 
New York, 1988. US$29.95* 


With the emerging acknowledgment 
of appraising as a field of professional 
endeavor, Gems and Jewelry Ap- 
praising is a welcome addition to the 
“how to be an appraiser” genre. 

This well-organized and re- 
markably complete reference guide 
differs from its predecessors in that it 
is written by a professional appraiser 
for the professional appraiser. The 
author, working from years of per- 
sonal experience and with an exten- 
sive bibliography, has assembled a 
useful tool for anyone who may do 
appraisals, from the retail jeweler 
who does them only occasionally to 
the full-time independent appraiser. 
Tables and charts, historical data, 
and helpful caveats make this book 
an important part of every gemologi- 
cal library. 

Basics such as appraisal con- 
cepts and opening or adding an ap- 
praisal servite lead to discussions of 
the different. purposes and functions 
of appraisals. Valuable suggestions 
on take-in, preparation, and actual 
appraisal procedures are given. Un- 
fortunately, an overdone discussion 
of telecommunications is followed 
by a section on regional pricing that 
doesn’t seem to make its point. A full 
chapter is devoted solely to the 
pricing of less common items, but 
there is no mention elsewhere of 
modern cut diamonds or commonly 
used colored gemstones, a sign that 
this book is not intended for the 
novice. A chronological history of 
jewelry from antiquities to “new- 
wave,” touching on many different 
types of jewels, adds a unique dimen- 
sion. Also covered are watches, carv- 
ings, and silverware, The book con- 
cludes with chapters on the legal and 
ethical aspects of appraising, tech- 
niques for expert witnesses, sample 
report formats, and additional 
sources of information. 

The subject matter is presented 
in a concise manner, and the text is 
quite readable. The lack of color 
photography is disappointing, but 


Book Reviews 


BOOK 
REVIEWS 


Elise B. Misiorowski, Editor 


this was never meant to be a coffee 
table book. The trade-off is reason- 
able considering the relatively low 
price. 


CHARLES I]. CARMONA 
Guild Laboratories, Inc. 
Los Angeles, CA 


DICTIONARY OF 
GEMMOLOGY, 
2nd edition 


By Peter G. Read, 266 pp, illus., publ. 
by Butterworths, London, 1988. 
US349,95°" 


There is no question that Mr. Read's 
book makes a valuable addition to 
the gemological literature. It has 
been many years since a new edition 
of the Shipley Dictionary of Gems 
and Gemology last appeared, and a 
good up-to-date gemological dictio- 
nary is certainly needed. 

Twenty-two pages have been ad- 
ded since the first edition (which was 
published in 1982}. On the whole, the 
vast majority of essential entries are 
included, and generally the defini- 
tions are clearly worded and under- 
standable. There are, however, weak- 
nesses in some specific areas. 

One category that leaves some- 
thing to be desired is that of pearls 
and cultured pearls. There seems to 
be no reference to tissue nucleation 
(or mantle tissue nucleation] of cul- 
tured pearls, or to the existence of 
freshwater cultured pearls. Black 
pearls are mentioned as coming only 
from the Gulf of Mexico, with the 
waters of the South Seas conspicu- 
ously absent. Freshwater pearls are 
to be found in “Scandinavia, Canada, 
and the U.K.,” but there is no men- 
tion of the rest of Europe or of the 
U.S., let alone Japan or China. 

Often, after an entry, a 


a“ “uw 


see 
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another entry will follow. The rela- 
tionship is frequently left to the 
reader's imagination. For example, 
after the entry fowlerite comes “see 
rhodonite.” Under rhodonite, there is 
no mention of the fowlerite variety. 

The Hoge Raad people will be 
startled by the omission of the Inter- 
national Diamond Commission Gra- 
ding Standards for Diamonds in 
Read’s table comparing the different 
standards used in various parts of the 
world, or worldwide. In addition, 
Burma sapphire is described as a 
synthetic. Also, there is an entry for 
“shatter marks,” followed by “see fire 
marks.” Does he mean “chatter 
marks,” or is this another difference 
between U.K. English and the version 
used in the “colonies”? 

However, these are minor cavils 
about individual items in what is a 
very useful publication overall. Any- 
one can gain a wealth of information 
from this dictionary. Even though 
the tag seems a bit pricey for a 
volume of less than 300 pages with- 


out color, the book is a worthwhile 


addition to any gemological library. 


RICHARD T. LIDDICOAT 
Chairman of the Board, GIA 
Santa Monica, CA 


MODERN JEWELER’S 
GEM PROFILE, 
THE FIRST 60 


By David Federman and Tino Ham- 
mid, 129 pp, illus., publ. by Vance 
Publishing Corp., Lincolnshire, IIli- 
nois, 1988. US$39.95" 


Subscribers to Modern Jeweler who 
enjoy the “Gem Profile” section that 
appears in each issue will savor this 
collection of award-winning pieces 
and superb photos (a total of 60} from 
the past five years. 

As Richard T. Liddicoat says in 
the foreword, “No one investigates a 
subject in more depth than Mr. Fed- 
erman and no one writes with 
greater clarity on the matters that he 


‘This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. Telephone: 
(800) 421-7250, ext. 282. 
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studies so assiduously.” Further, his 
turn of phrase is frequently amusing 
as well as illuminating. For instance, 
rough sapphires that refuse to change 
color with heat treatment become 
“incorrigible corundums” as opposed 
to “redeemable roughs.” Frequently 
his color descriptions, while spec- 
trally unacceptable, lend sense and 
humor. For instance, who can fail to 
visualize “bubble gum pink’? (Less 
identifiable to this reviewer is “eye- 
shadow blue.”) 

When the author uses spectral 
colors in his description, however, a 
few less than satisfactory terms re- 
sult. For instance, basically red gem- 
stones such as ruby are referred to as 
“violet or violetish red,” but should 
be termed purplish red. More un- 
justified is the description of rhodo- 
lite garnet as an “intense-violet.” 
Perhaps all who are concerned with 
color nomenclature would do well to 
review that old nursery rhyme, 
“Roses are red, violets are blue .. .,” 
because violet is right next door to 
blue. Between violet and red comes 
purple [actually a nonspectral but 
necessary term). 

Tino Hammid’s gem portraits 
have been acknowledged as among 
the best currently being taken. In 
fact, some may be too good! This 
reviewer has rarely if ever seen color 
changes as complete as the photo- 
graphs of both Brazilian and Russian 
alexandrites shown here. These ide- 
alistic photos could come to haunt 
an inexperienced jeweler looking to 
satisfy a customer who expects that 
result. As textbook illustrations, of 
course, they are excellent. 

Admirably, the authors make no 
pretense at completeness since these 
are profiles. To some purists, how- 
ever, several of the titles belie the fact 
that they were written by the doyen 
of disclosure. For example, by “Chi- 
nese Fresh Water Pearl,” he means 
cultured pearl, just as he does in 
“Japanese Akoya Pearl” (few readers 
know what Akoya means} and “Ta- 
hiti Black Pearl.” It would also seem 
to be in line with the instructional 
goal of these profiles to indicate in 
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the title that indicolite and rubellite 
are tourmaline. 

One especially well-rounded 
profile, though, is that for peridot. 
Entitled “Burma Peridot,” it is actu- 
ally a good discussion of all current 
commercial peridot sources. 

In the nit-picker’s corner would 
have to be placed certain errors of 
fact or observation or spelling. For 
instance, “synthesized plastic imita- 
tion” under amber is a singular us- 
age; the effect seen in cat’s-eye is 
reversed; the shape of the Hope dia- 
mond is cushion antique, while the 
Tiffany is square antique; Malaya 
garnet is not a species, but a group 
mixture or variety. In the excellent 
profile of lapis lazuli and sodalite, 
the latter is misspelled four times as 
“sodolite.” Finally, it is difficult to 
picture “colorlessness” in coral. 

All in all, Modern Jeweler's Gem 
Profile, The First 60 accomplishes 
the author’s goal “to teach, to inform 
and delight.” The quality of the color 
reproductions, the format, and the 
innovative text make this book a 
must for all who love gemstones— 
particularly readers of Gems @ 
Gemology. 


ROBERT CROWNINGSHIELD 
GIA—Gem Trade Laboratory, Inc. 
New York 


THE HISTORY 
OF BEADS 


By Lois Sherr Dubin, 364 pp, illus., 
publ. by Harry N. Abrams, New 
York, 1987. US$60.00° 


Brilliantly organized and genuinely 
readable, this long-awaited book is 
the first comprehensive history of 
beads and the role they have played in 
society since the advent of modern 
man. Author Dubin focuses on 12 
geographic areas where beads are 
known to have been important. The 
social, political, spiritual, psycho- 
logical, and aesthetic significance of 
beads within the various cultures is 
examined, as is the archaeological 
and technological information that 
beads carry. The international trade 


patterns of beads are not only ex- 
plained but. are also charted in 15 
maps of bead sources and distribu- 
tion patterns worldwide. 

Dubin took a scholarly approach 
to this project, which required five 
years to complete. In her research, 
she enlisted the help of many re- 
spected bead scholars and gained ac- 
cess to the finest private and mu- 
seum bead collections. All the con- 
tributors, from Dr. Robert K. Liu of 
Ornament magazine to the re- 
searchers at the British Museum, 
shared their best. 

The result of this major collab- 
orative effort is immensely informa- 
tive and absolutely gorgeous. The 
364-page book features 356 illustra- 
tions, 254 of them in color. The eight- 
page, full-color foldout bead/time 
chart is inspired. By showing 2,000 
beads assembled in time lines, it 
visually places every important bead 
type in its cultural and historic con- 
text. The sensitivity of the photogra- 
phy does justice to the magnificent 
artifacts it records, and qualifies The 
History of Beads as an art book filled 
with powerful visual imagery as well 
as a landmark text. 

In Harry N. Abrams, Dubin 
found the perfect publisher. Using 
first-class talent and materials, 
Abrams has given the charts, illus- 
trations, and photographs the elegant 
presentation they merit. Excellent 
editing keeps the text clear and con- 
cise down to the last meticulously 
prepared annotation, although care- 
ful reading reveals occasional contra- 
dictions, a reminder that bead re- 
search is an evolving area of study, 
with new facts constantly being dis- 
covered and new interpretations be- 
ing set forth. 

The History of Beads is a recom- 
mended investment. Not only is it an 
exciting and essential reference for 
knowledgeable bead enthusiasts, but 
it is also the perfect vehicle to intro- 
duce the general public to the true 
significance of beads. 

LOIS ROSE ROSE 
Past President, The Bead Society 
Los Angeles 
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Suggestions for 


Authors 


The following guidelines were pre- 
pared both to introduce you to Gems 
#) Gemology and to let you know 
how we would like a manuscript 
prepared for publication. No manu- 
script will be rejected because it does 
not follow these guidelines pre- 
cisely, but a well-prepared manu- 
script helps reviewer, editor, and 
reader appreciate the article that 
much more. Please feel free to con- 
tact the Editorial Office for assis- 
tance at any stage in the develop- 
ment of your paper, whether to 
confirm thetappropriateness of a 
topic, to help organize the presen- 
tation, or ta augment the text with 
photographs from the extensive files 
at GIA. We look forward to hearing 
from you. 


INTRODUCTION 


Gems & Gemology is an interna- 
tional publication of original contri- 
butions concerning the study of 
gemstones and research in gemology 
and related fields. Topics covered 
include (but are not limited to} col- 
ored stones, diamonds, gem instru- 
ments, gem localities, gem substi- 
tutes {synthetics}, gemstones for the 
collector, jewelry arts, and retail 
management. Manuscripts may be 
submitted as: 

Original Contributions—full-length 
articles describing previously un- 
published studies and \aboratory or 
field research. Such articles should 
be no longer than 6,000 words (24 
double-spaced, typewritten pages) 
plus tables and illustrations. 
Gemology in Review—comprehen- 
sive reviews of topics in the field. A 
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maximum of 8,000 words (32 dou- 
ble-spaced, typewritten pages} is 
recommended. 

Notes & New Techniques—brief 
preliminary communications of re- 
cent discoveries or developments in 
gemology and related fields (e.g., new 
instruments and instrumentation 
techniques, gem minerals for the 
collector, and lapidary techniques or 
new uses for old techniques}. Arti- 
cles for this section should be ap- 
proximately 1,000—3,000 words 
(4—12 double-spaced pages}. 

Gems & Gemology also includes the 
following regular sections: Lab 
Notes {reports of interesting or un- 
usual gemstones, inclusions, or jew- 
elry encountered in the Gem Trade 
Laboratories}, Book Reviews (as so- 
licited by the Book Review Editor; 
publishers should send one copy of 
each book they wish to have re- 
viewed to the Editorial Office}, 
Gemological Abstracts {summaries 
of important articles published re- 
cently in the gemology literature}, 
and Gem News (current events in 


the field]. 


MANUSCRIPT PREPARATION 


All material, including tables, leg- 
ends, and references, should be typed 
double spaced on 8% x 11” (21 x 28 
cm} sheets with 14” (3.8 cm] mar- 
gins. Please identify the authors on 
the title page only, not in the body 
of the manuscript or the figures, so 
that author anonymity may be 
maintained with reviewers (the title 
page is removed before the manu- 
script is sent out for review]. The 
various components of the manu- 
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script should be prepared and ar- 
ranged as follows: 


Title page. Page | should provide: 
(a) the article title; (b} the full name 
of each author (first name, middle 
initial, surname}, with his or her af- 
filiation (the institution, city, and 
state or country where he/she was 
working when the article was pre- 
pared); (c} acknowledgments of per- 
sons who helped prepare the report 
or did the photography, where ap- 
propriate; and (d)} five key words that 
we can use to index the article at the 
end of the year. 


Abstract. Page 2 should repeat the 
title of the article followed by an 
abstract. The abstract {approxi- 
mately 150 words for a feature arti- 
cle, 75 words for a note) should state 
the purpose of the article, what was 
done, and the main conclusions. 


Text. Papers should follow a clear 
outline with appropriate heads. For 
example, for a research paper, the 
headings might be: Introduction, 
Previous Studies, Methods, Results, 
Discussion, Conclusion, and Impli- 
cations. Other heads and subheads 
should be used as the subject matter 
warrants. Also, when writing your 
article, please try to avoid jargon, to 
spell out all nonstandard abbrevia- 
tions the first time they are men- 
tioned, and to present your material 
as clearly and concisely as possible. 
For general style (grammar, etc.) and 
additional information on preparing 
a manuscript for publication, A 
Manual of Style (The University of 
Chicago Press, Chicago) is 
recommended. 
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References. References should be 
used for any information that is 
taken directly from another publi- 
cation, to document ideas and facts 
attributed to—or facts discovered 
by—another writer, and to refer the 
reader to other sources for addi- 
tional information on a particular 
subject. Please cite references in the 
text by the last name of the author(s} 
and the year of publication—plus 
the specific page referred to, if ap- 
propriate—in parentheses {e.g., Lid- 
dicoat and Copeland, 1967, p. 10}. 
The references listed at the end of 
the paper should be typed double 
spaced in alphabetical order by the 
last name of the senior author. Please 
list only those references actually 
cited in the text (or in the tables or 
figures]. 

Include the following information, 

in the order given here, for each ref- 

erence: (a) all author names (sur- 
names followed by initials]; (b) the 
year of publication, in parentheses; 

(c}) for a journal, the full title of the 

article or, for a book, the full title of 

the book cited; and {d} for a journal, 
the full title of the journal plus vol- 
ume number and inclusive page 

numbers of the article cited or, for 

a book, the publisher of the book 

and the city of publication. Sample 

references are as follows: 

Daragh P.J., Sanders J.V. {1976} 
Opals. Scientific American, Vol. 
234, pp. 84~95. 

Heinrich K.F.J. (1968) Common 
sources of error in electron probe 
microanalysis. In J. Newkirk et 
al., Eds., Advances in X-ray 
Analysis, Plenum Press, New 
York, pp. 40-45. 

Liddicoat R.T. Jr., Copeland L.L. 
(1967) The Jewelers’ Manual, 2nd 
ed. Gemological Institute of 
America, Santa Monica, CA. 

Tables. Tables can be very useful in 

presenting a large amount of detail 

in a relatively small space, and 
should be considered whenever the 
bulk of information to be conveyed 
in a section threatens to overwhelm 
the text. 


Type each table double spaced on a 
separate sheet. If the table must ex- 


194 Suggestions for Authors 


ceed one typewritten page, please 
duplicate all headings on the second 
sheet. Number tables in the order in 
which they are cited in the text. Ev- 
ery table should have a title; every 
column (including the left-hand col- 
umn) should have a heading. Please 
make sure terms and figures used in 
the table are consistent with those 
used in the body of the text. 


Figures. Please have line figures 
(graphs, charts, etc.) professionally 
drawn and photographed. High-con- 
trast, glossy, black-and-white prints 
are preferred. 

Submit black-and-white photo- 
graphs and photomicrographs in the 
final desired size if possible. Where 
appropriate, please use a bar or other 
scale marker on the photo, not out- 
side it. 

Use a label on the back of each fig- 
ure to indicate the article’s title (or 
a shortened version thereof} and the 
top of the figure. Do not trim, mount 
{unless one figure is composed of 
two or more separate photos}, clip, 
or staple illustrations. 

Color photographs will be consid- 
ered for publication. Please include 
three sets of color prints with the 
manuscript package submitted for 
publication consideration, retaining 
the color transparency until a final 
publication decision is made. 

All figure legends should be typed 
double spaced on a separate page. 
Clearly explain any symbols, ar- 
rows, numbers, or abbreviations used 
in the illustration. Where a magni- 
fication is appropriate and is not in- 
serted on the photo, please include 
it in the legend. 


MANUSCRIPT SUBMISSION 


Please send three copies of each 
manuscript (and three sets of figures 
and labels) as well as material for all 
sections to the Editorial Office, in 
care of: 

Alice S. Keller, Editor 

Gems # Gemology 

1660 Stewart Street 

Santa Monica, CA 90404 


In view of U.S. copyright law, we 
must ask that each submitted man- 


uscript be accompanied by the fol- 
lowing statement, signed by all au- 
thors of the work: “Upon publication 
of (title) in Gems #& Gemology, I 
(wel transfer to the Gemological In- 
stitute of America all rights, titles, 
and interest to the work, including 
copyright, together with full right 
and authority to claim worldwide 
copyright for the work as published 
in this journal. As author(s}, I (we} 
retain the right to excerpt (up to 250 
words} and reprint the material on 
request to the Gemological Institute 
of America, to make copies of the 
work for use in classroom teaching 
or for internal distribution within 
my (our} place of employment, to 
use—after publication—all or part 
of this material in a book 1{we) have 
authored, to present this material 
orally at any function, and to veto 
or approve permission granted by the 
Gemological Institute of America to 
a third party to republish all or a 
substantial part of the article. I (we} 
also retain all proprietary rights other 
than copyright (such as patent 
rights}. 1 (we) agree that all copies of 
the article made within these terms 
will include notice of the copyright 
of the Gemological Institute of 
America. This transfer of rights is 
made in view of the Gemological In- 
stitute of America’s efforts in re- 
viewing, editing, and publishing this 
material. 

As author(s], I (we} also warrant 
that this article is my (our} original 
work. This article has been submit- 
ted in English to this journal only 
and has not been published 
elsewhere.” 

No payment is made for articles 
published in Gems &@ Gemology. 


REVIEW PROCESS 


Manuscripts are examined by the 
Editor, one of the Associate Editors, 
and at least two reviewers. The au- 
thors will remain anonymous to the 
reviewers. Decisions of the Editor 
are final. All material accepted for 
publication is subject to copyedit- 
ing; authors will receive galley proofs 
for review and are held fully respon- 
sible for the content of their articles. 
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Editorial 


THE RADIOACTIVITY ISSUE 


I n the early 1980s, Gems & Gemology published two articles on radioactivity in 
gemstones: “Irradiated Topaz and Radioactivity,” by R. Crowningshield (Winter 
1981) and “Radioactive Irradiated Spodumene,” by G. Rossman and Y. Qiu 
(Summer 1982). Both were primarily concerned with stones that had been 
irradiated in nuclear reactors in Brazil and released while they were still highly 
radioactive. In recent years, gemstone irradiation has become more prevalent and 
widespread, with a number of facilities active in the U.S. as well as in Brazil, 
Europe, and Southeast Asia. According to the American Gem Trade Association, 
30 million carats of blue topaz are now being irradiated annually worldwide, 40% 
of these in the U.S. alone. 


The issue of irradiation and radioactivity, however, is very complex. The issue of 
whether some radioactive gemstones pose any health problems is in some respects 


‘even more complex, because gems are worn outside the body, usually in contact 
- with relatively small areas of the skin, and for greatly varying periods of time. The 


article by Charles Ashbaugh attempts to explain, in basic terms, the variables 
involved in these issues. This article represents Mr. Ashbaugh’s personal opinion 
regarding current regulation of irradiated gemstones in the United States, and not 
necessarily GIA’s. However, we do applaud the Nuclear Regulatory Commission’s 
recent efforts to license this area and hope that these efforts will conclude with fair 
licensing procedures and the establishment of reasonable radiation levels given the 
potential health hazards involved. 


his issue also contains the eighth annual Gems & Gemology Most Valuable 

Article ballot. urge you to review the four 1988 issues and vote for the articles 
that you found most useful to your activities and interests. Not only does your vote 
help us reward the hundreds of hours invested by many authors to provide these 
contributions, but it also tells us what types of articles you, our readers, most want 
to read. Please, take this opportunity and vote. We look forward to hearing from 
you. 


Richard T. Liddicoat 
Editor-in-Chief 
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GEMSTONE IRRADIATION 
AND RADIOACTIVITY 


By Charles E. Ashbaugh III 


With the increasing use of radiation to 
color enhance gemstones, the issue of ra- 
dioactivity has become a source of con- 
cern for gemologists worldwide. This artt- 
cle examines the basic characteristics of 
radiation and radioactivity, the sources of 
radiation in the earth and in the labora- 
tory, the radiation treatment of gemstones 
in particular, and the detection and mea- 
surement of radiation. Also included is a 
discussion of potential health hazards 
and current government regulations re- 
garding gemstone radioactivity. 
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del eee in life needs to be feared. It only 

needs to be understood.” — Marie Curie, 
discoverer of radium and the recipient of two 
Nobel prizes. 


Exposure to radiation, either from natural or man-made 
sources, will enhance the color and beauty of many 
different gemstones. The use of man-made sources of 
radiation to treat gem materials was experimented with 
soon after radiation was discovered, almost 100 years ago. 
In recent years, gemstone irradiation has become a com- 
mon practice, as evidenced by the literally millions of 
carats of irradiated blue topaz, and increasing amounts of 
dark pink tourmaline, yellow beryl, red zircon, and colored 
diamonds, encountered in the marketplace (figure 1}. 
Accurate information on gemstone treatments, how- 
ever, is difficult to obtain. Individuals involved in commer- 
cial gemstone irradiation are reluctant to reveal details of 
their treatment processes, which they consider to be 
proprietary information. Also, the general subject of radia- 
tion itself is rather technical and complicated. At the same 
time, government policy on the handling and distribution 
of radioactive irradiated gems to the general public is still 
being slowly and very cautiously formulated. Finally, only 
relatively recently have some irradiated gemstones been 
examined in detail to understand better the changes 
produced by such treatments. This article reviews the 
nature of radiation and its various sources, both natural 
and man-made, as well as the laboratory irradiation of 
gemstones. Also covered are the issues of radioactivity, its 
detection and measurement, and current pertinent govern- 
ment guidelines. While there is no question that some 
gemstones continue to be radioactive after treatment (and, 
in some cases, after simply being taken from the ground), 
only in very rare instances would these gems pose any 


health hazard. 
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NATURE OF RADIATION 


Radiation can be simply defined as energy emitted 
in the form of particles or electromagnetic waves. 
It is given off by a variety of sources. For example, 
an ordinary light bulb, a fire, and a disintegrating 
radioactive atom all give off energy as some form of 
radiation. However, only a particular type or class 
of radiation, known as ionizing radiation, has 
enough energy to disrupt and dislodge electrons 
and sometimes atoms within a gem crystal. As the 
ionizing radiation passes through, it imparts this 
energy to the crystal, thereby creating color cen- 
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Figure 1. A variety of 
gems are now being irra- 
diated for color enhance- 
ment. Illustrated here 
are (clockwise from top 
right) irradiated kunzite, 
citrine, blue topaz, 
rubellite, diamond, Ma- 
xixe beryl, green spodu- 
mene, and yellow beryl. 
The largest stone, the 
green spodumene, is 
48.68 ct. Stones courtesy 
of George Drake and the 
GIA collection. Photo © 
Tino Hammid. 


ters (see Nassau, 1983; Fritsch and Rossman, 
1988.} 

During the decay of radioactive atoms or 
nuclides, one or more of four basic types of ionizing 
radiation are released: 


Alpha particles: High-speed helium atoms 
without any electrons. 


Beta particles: High-speed electrons. 


Gamuna rays: High-energy photons of electro- 
magnetic radiation identical to X-rays. (X- 
rays Originate from electrons and are nor- 
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UNITS OF MEASUREMENT 


Becquerel (Bq): Radioactive content of a 
material equal to one nuclear disintegration or 
transformation per second. 


Curie (Ci): Radioactive content of a material 
(originally defined as the amount of radio- 
activity in one gram of radium-226) equal to 37 
billion Bq. 
1 nanocurie (nCi) = 1 billionth of a curie 
= 37 Bq; 1 Bq = 0.027 nCi 


Roentgen (R): Unit of exposure that defines the 
ability of radiation to ionize air (i.e., remove 
electrons from atoms and molecules). It is the 
quantity of X-ray or gamma-ray radiation able 
to produce 2.580 x 10-4 coulombs of charge in 
one kilogram of dry air (1 coulomb = 6.24 x 
10!8 [billion-billion] electrons worth of charge}. 
1 microroentgen (zr) = 1 millionth of a roentgen. 


Rad (Radiation Absorbed Dose): Unit of 
absorbed dose. The quantity of radiation able to 
deposit 100 ergs of energy into a gram of any 
material. This unit is independent of the type 
and energy of the radiation. (An erg is a unit of 
energy equivalent to a force of one dyne [force 
able to accelerate a one gram object 1 cm per 
second per second] moving 1 cm.) 

1 Mrad = 1 million rads 

SI unit: Gray (Gy); 1 Gy = 100 rad 


Rem (Roentgen Equivalent Man): Unit of 
biological radiation dose equivalent that places 
on a common scale the biological damage 
produced by ionizating radiation. A rem equals 
a rad multiplied by a quality factor that varies 
between 1 and 20 depending on the type and 
energy of the radiation. 

1 mrem = | thousandth of a rem 

SI unit: Sievert (Sv); 1 Sv = 100 rem 


A simple analogy may help to explain these 
terms. Imagine going to the beach on a sunny 
day. Becquerels or curies would represent the 
total photon or light output of the sun, 
roentgens would relate to the amount of 
ultraviolet sunlight at the beach, rads would 
correspond to the energy absorbed by the 
sunbather’s skin, and rems would be a measure 
of the amount of tan (or sunburn) produced. For 
beta and gamma radiation, the roentgen, rad, 
and rem are relatively equivalent radiation 
exposure and dosage units. 
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mally lower in energy, while gamma rays 
originate from the nucleus and are gener- 
ally higher in energy.] 


Neutrons: Neutral subatomic particles that 
are rarely found outside the nucleus of an 
atom and have a weight about the same as 
that of a simple hydrogen atom. 


A nuclide is a type of atom that is defined by 
the number of protons and neutrons in the nucleus. 
There are roughly 1,400 different nuclides known 
to date. Radiation energy is described in units of 
electron volts (eV), which is the energy or energy 
equivalent of a subatomic particle that has been 
accelerated through an electric potential of one 
volt: 1 KeV = 1 thousand eV, 1 MeV = 1 million eV. 
Several terms are used to quantify radioactivity 
and radiation effects — becquerel, curie, roentgen, 
tad, and rem (see box). Because SI units (Interna- 
tional System of Units) are also used in the 
literature, although not in this article, these equiv- 
alents are provided as well. 

With respect to the possible health hazards of 
radioactive gemstones, we have to be concerned 
only with gamma radiation. Alpha radiation is 
essentially nonpenetrating and can be stopped by a 
piece of paper, while neutron radiation is virtually 
nonexistent outside neutron-producing devices, 
Beta particles are mostly absorbed within the 
gemstone itself, and what does exit the gemstone is 
weak and produces only a shallow, relatively 
harmless skin dose. Generally, only gamma radia- 
tion has the potential to affect those who wear or 
otherwise come into contact with a radioactive 
gem. 


RADIATION IN NATURE 


We exist ina “sea” of natural background radiation. 
This radiation originates from the decay of radioac- 
tive elements such as uranium, thorium, and the 
nuclide potassium-40 that are naturally present in 
the earth’s crust; from cosmic radiation; from 
radon gas in our homes; and so on. Natural 
radioactivity is exhibited by more than 50 natu- 
rally occurring radioactive nuclides (Villforth and 
Shultz, 1970). Consequently, low levels of radiation 
are always found in the air, water, and ground. 
However, only terrestrial background radiation is 
relevant to the coloration of natural gemstones. 


Terrestrial Background Radiation, Uranium-238 
(U-238], thorium-232 (Th-232)], and potassium-40 
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NUMBER OF PROTONS IN NUCLEUS 


124 126 128 130 132 


136 138 140 142 144 146 
NUMBER OF NEUTRONS IN NUCLEUS 


Figure 2 The decay chains of uranium-238 and thorium-232 show the major alpha and beta decays 
(as indicated by the black corner arrows) from parent to stable lead. Gamma emission is relatively 
weak for all nuclides except Pb-214, Bi-214, Ac-228, and T1-208. 


(K-40) are the three major radioactive nuclides 
found in the earth’s crust. Ever since their origin 
inside exploding stars (long before their incorpora- 
tion into primordial earth}, these nuclides have 
undergone continuous radioactive decay or sponta- 
neous disintegrations. In doing so, they constantly 
give off alpha, beta, and gamma radiation. Any 
radioactive atom or nuclide decays by the emission 
of radioactive particles or rays in a specific se- 
quence of steps. At each step, a particular new type 
of atom or nuclide is formed until one is created 
that is not radioactive and does not decay any 
further. The length of time for one-half of a group 
of atoms of a particular type to decay into another 
type is called the half-life. Each nuclide has a 
specific half-life which can vary from much less 
than a second to as long as billions of years. 
Over 99% of natural uranium is composed of 
the nuclide U-238, while nearly 100% of natural 
thorium is Th-232. These nuclides are referred to 
as “parents”; they decay by the emission of alpha 
particles which lead to a sequence of a dozen or so 
radioactive decay products called “daughters.” 
These two radioactive decay sequences release 
many alpha, beta, and gamma rays before U-238 
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and Th-232 arrive at their respective nonradioac- 
tive daughter isotopes of lead (figure 2}. For exam- 
ple, U-238 decays by alpha emission to Th-234, 
then Th-234 decays by beta emission to protac- 
tinium-234 ({Pa-234], and so on. 

Potassium-40 comprises about one-hundredth 
of one percent of natural potassium (which is 
much more abundant in nature than uranium and 
thorium}. This nuclide decays by the emission of a 
beta particle followed, 10% of the time, by a high- 
energy gamma ray. The result is the stable, non- 
radioactive daughter calcium-40. 


Naturally Radioactive Gems. Uranium, thorium, 
and potassium occur in many minerals and gem- 
stones (Fleischer, 1986}. When uranium and tho- 
rium are present, enough time has usually elapsed 
since the material crystallized that radioactive 
equilibrium has been established between parents 
and daughters. For example, if a gemstone contains 
1 nCi/gm of U-238, it also contains 1 nCi/gm of 
each of its 13 radioactive daughters. For both 
uranium and thorium, though, only a couple of the 
daughters produce the bulk of the energetic beta 
and gamma radiation. 
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Potassium is found in many gem materials, 
including feldspars such as orthoclase and la- 
bradorite. Since the nuclide K-40 has such a long 
half-life and makes up such a small percentage of 
the natural element potassium, gemstones con- 
taining potassium rarely contain more than about 
0.1 nCi/gm of K-40. (Pure potassium contains only 
0.855 nCi/gm of radioactivity.) 

Although U-238, Th-232, and K-40 generally 
occur as minor trace elements, they may be present 
in rather high concentrations. Table 1 lists various 
naturally radioactive gem materials in increasing 
order of radioactivity; most exceed the legal U.S. 
release limits for manufactured items containing 
uranium (0.168 nCi/gm) and thorium (0.055 nCi/ 
gm). Although the emerald-cut thorianite is pri- 
marily a rare collector's item, it does illustrate just 
how radioactive natural gemstones can be (in this 
case, more than 1,500 times the stated legal limit 
for manufactured goods containing uranium]. GIA 
has examined gemstones of similar radioactive 


Figure 3. Many gemstones are naturally radio- 
active, In fact, radioactivity was measured in 
all of the zircons illustrated here (the largest is 
4.77 ct). Photo © Tino Hammid. 


TABLE 1. Naturally radioactive gem materials.* 


Concentration? 


Gemstone Nuclide (nCi/gm) 
Zircon? U-238 

red, yellow, blue 0.03 to 0.3 

green 0.5 to 2.1 
Ekanite? Th-232/U-238 26/6.5 
Euxenite U-238 29 
Fergusonite U-238/Th-232 40/3 
Thorianite Th-232/U-238 87/19 


@Measured by the author. 

’The legal release limit for manufactured items containing uranium is 
0.168 nCilgm and thorium, 0.055 nCilgm. Because the racioactivily is 
naturally occurring, such gemstones are not subject to any form of 
regulation. 

°Sometimes includes trace amounts of Th-232 and daughters. Similar 
values were reported by Mullenmeister (1986). 

%Similar values were reported by Perrault and Szymanski (1982); see 
also Fryer el al. (1986). 


content in the recent past (Editorial Forum, 1987]. 
The author measured all of the zircons in figure 3 
and found them to be radioactive. 


Naturally Irradiated Gemstones. Terrestrial back- 
ground radiation in the host rocks of a gem deposit 
can alter the color of the gem material if the 
radiation dose is high enough and the ambient 
temperature low enough. That is, the gem material 
must be in close proximity to a sufficient amount 
of radioactive nuclides for a long enough time and 
at a temperature that will not anneal or bleach out 
the radiation-induced color. 

For example, tourmalines from gem peg- 
matites become pink or red from exposure to high- 
energy (1.46 MeV} gamma rays from K-40 over 
periods of millions of years (Reinitz and Rossman, 
1988). The natural blue color of some topaz is 
thought to be produced by natural irradiation, as is 
the deep blue color of Maxixe beryl and some 
fluorites (Rossman, 1981}. Surface coloration of 
yellow and yellow-green diamonds has also been 
attributed to natural radioactivity (Dugdale, 1953). 
The presence of radiation from uranium produces 
the color centers responsible for red in zircons 
(Fielding, 1970). The color of blue-green amazonite 
is also radiation induced (Hofmeister and Ross- 
man, 1985). In addition, radioactive solutions in 
gem deposits can produce color, as in smoky 
quartz (Koivula, 1986). Although this list is not 
exhaustive, it does show the magnitude of gem- 
stone coloration by natural radiation. As research 
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progresses, more gemstones may prove to owe 
their color and beauty to natural terrestrial back- 
ground radiation. 


GEMSTONE IRRADIATION 
IN THE LABORATORY 


It was not long after natural “radioactivity” was 
discovered by A. Henri Becquerel in 1896, and the 
term coined by Marie Curie in 1898, that gem- 
stones began to be treated with radiation. Pub- 
lished reports of diamond coloration by radium 
treatment appeared as early as 1909 (Crookes, 
1909). Today, a wide variety of gems are color 
enhanced by laboratory irradiation (table 2), inclu- 
ding many fancy-color diamonds (figures 4 and 5). 

Radiation produced in the laboratory is often 
more efficient in the coloration of gem materials 
than natural terrestrial background radiation. The 
higher radiation energy and doses obtainable can 
produce more desirable coloration, and the tem- 


TABLE 2. Effects of irradiation treatment on various 
gem materials? 


‘ 
Is 


Material * Starting color Ending color 
Beryl . Colorless Yellow 
Blue Green 
Maxixe-type Pale or colorless Blue 
Corundum Colorless Yellow 
Pink Padparadscha 
Diamond Colorless or pale to Green or blue (with 
yellow and brown heating, turns yellow, 
orange, brown, pink, 
red) 
Fluorite Colorless Various colors 
Pearl Light colors Gray, brown, “blue,” 
“black” 
Quartz Colorless to yellow Brown, amethyst, 
or pale green “smoky,” rose 
Scapolite® Colorless, “straw,” Blue, lavender, 
pink, or light blue amethyst, red 
Spodumene Colorless to pink Orange, yellow, green, 
pink® 
Topaz Yellow, orange Intensify colors 
Colorless, pale Brown, blue (may 
blue require heat to turn 
blue), green 
Tourmaline Colorless to pale Yellow, brown, pink, 
colors red, bicolor green-red 
Blue Purple 
Zircon Colorless Brown to red 


Adapted from Nassau (1984). 
®Charles Key, pers. comm., 1988. 
George Drake, pers. comm., 1988. 
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Figure 4. Diamonds were the first gemstones to 
be irradiated, Today, irradiation produces a va- 
riety of fancy colors in diamond, of which these 
are only a few. Stones courtesy of Theodore and 
Irwin Moed; photo © Tino Hammid. 


perature conditions can be controlled so that the 
induced colors are not annealed during the process. 
Currently, three major types of laboratory radia- 
tion sources are used to irradiate gemstones: 
cobalt-60 facilities, which produce gamma radia- 
tion; linear accelerators, which generate high- 
energy electrons; and nuclear reactors, which pro- 
duce high-energy neutrons. 


Gamma-Ray Facilities. A typical gamma-ray facil- 
ity (figure 6} is essentially a heavily shielded 
concrete room that contains up to several million 
curies of cobalt-60 (Co-60}. The radioactive mate- 
rial is first encapsulated and then sealed inside 
hundreds of small stainless steel rods called pen- 
cils, which are grouped together to form modules 
(Wallace Hall, pers. comm., 1988}. During irradia- 
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Figure 5. Irradiated diamonds are increasingly 
seen in fine jewelry. An example is the fancy- 
color irradiated pear-shaped diamond in this at- 
tractive geometric necklace that was recently 
sold at auction. Photo by Tino Hammid; cour- 
tesy of Christie’s New York. 


tions, the cobalt sources are raised up out of the 
shielding water to expose the subject material to 
the gamma rays. 

During radioactive decay, Co-60 releases a beta 
particle and two gamma rays, with energies of 1.17 
and 1.33 MeV respectively, in quick succession. 
The beta particles from the Co-60 do not contrib- 
ute to the radiation dose since they are completely 
absorbed within the pencils. This type of facility 
can achieve gamma-ray dose rates as high as 
several Mrads per hour. 

Many types of gemstones are currently irradi- 
ated with gamma rays to produce or improve their 
color. Colorless quartz is irradiated to produce 
smoky quartz. Iron-containing quartz is irradiated 
to produce amethyst and then heat treated to 
produce citrine (Rossman, 1981}. Light pink tour- 
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malines are irradiated to a couple hundred Mrads 
(Camargo and Isotani, 1988) to produce dark pink 
to red stones (figure 7). Gamma irradiation is also 
used to increase the color saturation of red zircons 
(Mike Gray, pers. comm., 1987]. Near-colorless 
topaz is irradiated to several hundred Mrads and 
higher to produce a light blue color, called “Cobalt 
Blue” in the trade, and to even higher doses for a 
steely gray-blue color. Gamma irradiation is some- 
times also used to screen out unwanted material 
such as beryl or quartz, or to prescreen topaz for 
subsequent treatments, since material that turns 
light blue under these conditions is likely to 
become much darker blue with additional radia- 
tion exposure from high-energy electrons. 


Linear Accelerators. A linear accelerator, or “linac” 
(figure 8}, is an electron “gun” that fires a pulsed 
beam of electrons at energies of 10 to 15 MeV and 
at a current of several hundred microamperes, 
producing dose rates to gemstones up to and 
exceeding several hundred Mrads per hour. At 
these dose rates, the gem materials must be water 
cooled to prevent elevated temperatures and ther- 


Figure 6. This view down into a gamma-ray fa- 
cility shows the many modules positioned on 
two racks held by steel cables that have been 
lowered into the storage pool. During irradia- 
tions, the racks are raised up out of the shield- 
ing water. Photo courtesy of Radiation Ster- 
ilizers, Tustin, CA, and Pirih Productions, Pas- 
adena, CA. 


GEMS & GEMOLOGY Winter 1988 


mal sho¢ék. High temperatures will anneal or 
destroy the color centers in the gem materials, 
while thermal shock will crack or shatter them. 
For instance, topaz receiving a typical dose rate of 
250 to 500 Mrads per hour will increase in tem- 
perature at the rate of 50°C to 100°C per minute if 
it is not properly cooled. 

Some linacs produce electron beams with 
maximum energies up to about 3 MeV, values on 
the order of the maximum energies of beta parti- 
cles from radioactivity. Such facilities are useful 
only for irradiating small gemstones because the 
electron beam will not completely penetrate and 
provide an even radiation dose throughout stones 
over a few carats in size. If the electron beam stops 
within the gemstone, a large negative static charge 
can build up which can cause the stone to fracture 
or even shatter. By contrast, beam energies above 
15 MeV are not generally used for gem materials 
because such high energies can induce radioac- 
tivity within the material. 

Normally, gem materials that are irradiated in 
gamma-ray facilities, such as topaz, tourmaline, 
zircon, and diamond, can also be irradiated in 
linacs. Linacs are usually preferred for gemstones 
that require relatively high doses of radiation. 
Yellow beryl and blue topaz, for example, generally 
require irradiation doses from 1,000 to 10,000 
Mrads (George Drake, pers. comm., 1988], Also, 
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Figure 7. Today, pale col- 
ored tourmalines similar 
to those on the left are 
commonly irradiated 
with gamma rays to pro- 
duce darker stones, like 
the irradiated tour- 
malines on the right (the 
largest is 5.91 ct). Stones 
courtesy of George Drake 
and the GIA collection; 
photo © Tino Hammid. 


* 


treatment in a linac will often produce much 
deeper colors, undoubtedly because higher-energy 
electrons deposit their energy inside the stones; 
with gamma rays, lower-energy electrons are pro- 
duced as these rays travel through or are absorbed 


Figure 8. Literally millions of carats of gem- 
stones have been irradiated in linear accelera- 
tors (linacs) such as this one. Photo courtesy of 
IRT, San Diego, CA. 
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into the material. Currently, topaz is the most 
frequently irradiated gemstone; the linac-irradi- 
ated material becomes an attractive “Sky Blue” 
after subsequent heat treatment of the greenish or 
brownish product. 


Nuclear Reactors. Nuclear research reactors found 
at universities and other research centers produce 
high-energy neutrons along with associated 
gamma rays. A typical research reactor consists of 
a large metal or concrete reactor vessel that con- 
tains a matrix of uranium fuel rods or plates, 
control rods for power control, water for cooling 
and neutron energy tailoring, and ports where 
materials can be placed for irradiation (figure 9). 


Figure 9. This photo was taken looking down 
into the pool of a TRIGA nuclear research reac- 
tor. The bluish glow seen here and in the 
gamma-ray facility in figure 6 is called Cher- 
enkov radiation. It is produced by gamma rays 
interacting with the electrons of the water mol- 
ecules and causing them to very briefly travel 
faster than light does in water. The electrons 
must slow down, and consequently lose energy 
by emitting photons of light. Photo courtesy of 
General Atomics, San Diego, CA. 


Since all gem materials become radioactive when 
bombarded by neutrons, residual radiation is a 
serious problem for reactor-irradiated gemstones 
{but not for gems properly selected and irradiated 
by the other two methods described above}. 
Currently, near-colorless topaz is the gemstone 
most often irradiated in a reactor. Therefore, the 
following discussion will focus on the reactor 
irradiation of topaz (called “London Blue” in the 
trade}, although the comments apply equally well 
to other gems, such as spodumenes (Rossman and 
Qiu, 1982} and diamonds (Dugdale, 1953). 
Theoretically, a few weeks after neutron irra- 
diation in a reactor facility, chemically pure topaz 
would not be radioactive because the neutron- 
activated major constituents of topaz (fluorine, 
aluminum, oxygen, and silicon) have half-lives of 
only seconds to hours. Topaz from various lo- 
calities, however, is likely to contain different 
concentrations of trace-element impurities such 
as tantalum, scandium, and manganese. Isotopes 
of these elements (Ta-182, Sc-46, and Mn-54) are 
the longer-lived radioactive nuclides found in 
reactor-treated topaz (Crowningshield, 1981). 
High-energy {fast} neutrons produce the im- 
portant color centers in topaz as well as most of the 
crystalline damage; low-energy (known as ther- 
mal, or slow) neutrons produce most of the radio- 
active nuclides. Therefore, to reduce the amount of 
neutron-induced radioactivity, gem treaters try to 
maximize the fast-neutron, and minimize the 
slow-neutron, components irradiating their mate- 
rial. They can accomplish this by placing the topaz 
in containers covered with materials such as 
cadmium or boron compounds that very easily 
absorb slow neutrons. They can also surround the 
containers holding the topaz with uranium con- 
verter plates; only the fast neutrons will get 
through the plate to the topaz, while the slower 
neutrons will be absorbed by the uranium in the 
plate, causing fissions that produce more high- 
energy neutrons to irradiate the topaz. In addition, 
since cooling water for topaz slows neutrons down 
to lower energies, the treaters try to use either as 
little water as possible, or a gas such as nitrogen for 
cooling. Because there are important differences in 
the designs of various nuclear reactors, and be- 
cause of the variability in impurities among topaz 
from different localities, reactor irradiation can 
yield a variety of results in both induced color and 
induced radioactivity. 
A relatively recent development in topaz en- 
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hancement is to combine treatment processes to 
produce a “brighter” blue color. The topaz is 
irradiated first in a nuclear reactor and then in a 
linac, after which it is heat treated (Fournier, 1988). 
The product is referred to in the trade by names 
such as “American,” “Electra,” “California,” 
“Swiss,” or “Super Blue” topaz. Figure 10 illus- 
trates three types of irradiated blue topaz. Heat 
treating is applied to gamma-ray and electron- 
beam treated topaz to remove the undesirable and 
less stable brown and green colors. Heat treatment 
is generally not required for neutron-treated topaz 
except to remove the tell-tale inky or steely 
component and produce a lighter shade of blue 
(Schmetzer, 1987). For a further explanation of 
topaz treatments, see Nassau (1985), 


INDUCED RESIDUAL 
RADIOACTIVITY IN LABORATORY- 
IRRADIATED GEMSTONES 


Atoms become radioactive whenever there is an 
excess of energy in their nuclei, brought on by a 
nuclear reaction or by the disruption of the proper 
ratio of protons to neutrons. They shed this energy 
by undergoing some type of radioactive decay or 
radiation emission. A nuclear reaction between the 
nucleus of an atom and a subatomic particle or 
photon can provide that excess energy. Radioac- 
tivity is induced by two out of the three treatment 
processes discussed, linac and nuclear reactor, 
although the latter poses the potentially most 
serious problem. 


Linac Induced. High-energy electrons produce 
X-rays, called bremsstrahlung or braking radia- 
tion, as they lose energy going through a material. 
Some of these X-ray photons will have enough 
energy to enter the nucleus of an atom and make it 
radioactive. This is called photoactivation. A sub- 
atomic particle such as a neutron can be released in 
this nuclear reaction (called a photoneutron reac- 
tion} and proceed to enter another gemstone nu- 
clide and make it radioactive. For instance, an 
X-ray photon can interact with a sodium-23 
nuclide and transform it into sodium-22. The free 
neutron released during this nuclear reaction can 
go on to make another nuclide radioactive, trans- 
forming, for example, cesium-133 into cesi- 
um-134, 

Photoneutron reactions are produced only 
above a certain energy and thus are called thresh- 
old reactions. They generally occur with photons 
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Figure 10. Far more’ topaz than any other gem 
material is being irradiated in laboratory facili- 
ties. The American Gem Trade Association 
(Willett, 1987) has estimated that 6,000 kg (30 
million carats) of topaz are irradiated annually, 
40% of this total in the U.S. Each of the stones 
shown here was treated by a different method 
(from lightest to darkest): linac-treated “Sky 
Blue,” combination reactor- and linac-treated 
“California Blue,” and reactor-treated “London 
Blue.” Photo © Tino Hammid. 


of energies of from 7 to 18 MeV. As a general rule, 
the lower in atomic weight the atom is, the higher 
the photon energy needed to cause the reaction, the 
fewer the number of neutrons released, and the 
shorter the half-life of the new radioactive atom 
(De Voe, 1969), For most gem materials, if the 
electron-beam energy is kept below 12 MeV, the 
half-lives of the induced radioactive nuclides are 
short enough that the radioactivity decays to 
background levels within a few weeks and only an 
insignificant number of neutrons are produced. 
Gemstones containing the elements beryllium 
(such as beryls], lithium (such as spodumene and 
some tourmalines}, and uranium and thorium 
{such as zircons) produce neutrons during linac 
irradiation, all of these elements have low energy 
thresholds for photoneutron reactions. The lowest, 
for beryllium, is only 1.67 MeV (Berman, 1974). 
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For example, the author has measured 
sodium-22 and cesium-134 in linac-treated beryls, 
and manganese-54 in linac-treated tourmalines, 
which testify to the photoneutron and neutron- 
absorbing reactions that have taken place. As for 
topaz irradiated properly in a linac, the most 
significant radionuclide produced is believed to be 
germanium-69, the result of a photoneutron reac- 
tion with the stable nuclide germanium-70. Since 
this nuclide has a half-life of 39 hours, the gem- 
stones are not released for many half-lives (a few 
weeks] to allow the activity to die out {Robert 
Block, pers. comm., 1988}. 


Reactor Induced. Nuclear reactors produce copious 
amounts of neutrons which vary in energy from a 
hundredth of an eV to over 10 MeV. Unlike most 
other nuclear reactions with the nuclei of atoms, 
neutron absorption occurs at all energies but 
becomes much easier at thermal neutron energies, 
A neutron is not affected by the positive and 
negative charges of atoms, as are alpha, beta, and 
gamma radiation. Therefore, a neutron can enter a 
nucleus relatively easily, depending on the type of 
nuclide, and alter the neutron-to-proton ratio. The 
nuclide then has too many neutrons in its nucleus, 
and thus undergoes beta decay to correct this 
imbalance; that is, a neutron turns into a proton 
and a beta particle is released from the nucleus, 
normally along with a gamma ray. Consequently, 
much larger amounts of induced radioactivity (i.e., 
beta- and gamma-emitting nuclides} are generated 
per Mrad during irradiation in a reactor. 


DETECTION AND MEASUREMENT 
OF RADIATION 


As radiation travels through a material, it loses its 
energy to the surrounding atoms by ionization, 
where atoms and molecules lose one or more 
electrons, and by electron excitation, where elec- 
trons are raised to higher energy levels. These 
processes can lead to other effects such as altering 
the electrical resistance of a material, producing 
minute flashes of light, causing slight temperature 
increases, and so on. 

To detect or measure radiation, one takes 
advantage of one of these effects and either ampli- 
fies it or uses it as a gauge or reference. There are 
many kinds of instruments and methods used to 
detect and measure radiation. Three types of 
instruments —the Geiger counter, the sodium io- 
dide scintillation crystal, and the lithium-drifted 
germanium detector—are particularly useful for 
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measuring radioactive gem materials. For further 
information on these and other radiation detection 
instruments, see Knoll (1979). 


Geiger Counter. This is perhaps the most com- 
monly recognized and widely used radiation detec- 
tion instrument (figure 11). Geiger counters are 
inexpensive, ruggedly built, easy to operate, and 
work relatively well for measuring low levels of 
beta radiation and somewhat higher levels of 
gamma radiation. A G-M (Geiger-Miiller] tube, the 
detector part of a Geiger counter, is a hollow gas- 
filled metal tube with a charged wire running 
down its center. As radiation passes through the 
tube, it causes ionizations in the gas. Because of the 
high voltage within the tube, each single ioniza- 
tion gives rise to millions of additional ionizations, 
producing an electrical pulse that is then con- 
verted to an audible “click.” 

The response of a Geiger counter depends on 
the type and the energy of the radiation. Essen- 
tially, a single beta particle has anywhere from less 
than 1% to as much as a 20% chance of being 


Figure 11. The most common, and least expen- 
sive, radiation detector is a Geiger counter such 
as this Victoreen Model 290 Survey Meter with 
a Model 489 pancake probe. Photo courtesy of 
Victoreen, Inc., Cleveland, OH. 
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TABLE 3. Level of radioactivity detectable in various gemstones with a Geiger counter? 


Radio- Direct nCi of 
Weight nuclides Activity” readings® detectable 
Gemstone (ct) present? (nCi) (cpm) radioactivity? 
Green zircon 2.15 U-238° 0.75 = 300 0.12 
Green zircon 3.71 U-238° 0.6 = 200 0.13 
Ekanite 3.86 U-238° 5 
Th-232° 20 
Total 25 = 5500 0.18 
Blue topaz 4.62 Sc-46 0.75 Bet £25 0.86 
(neutron 
irradiated) 
Blue topaz 4.72 Ta-182 2.0 = 110 Val 
(neutron 


irradiated) 


4Victoreen Model 290 Survey Meter with a pancake probe Model 489-110B (see figure 11). Data generated by 
Dr. Ernmanuel Fritsch of GIA, November 17, 1988. This instrument is able to detect aipha particles above 3.5 Mev, beta 


particles above 35 KeV, and gamma rays above 6 Kev. 
’As measured with Nal and Ge(Li) systems. 


cAverage of visible readings — background is approximately 40 counts per minute (cpm). 
4Nanocuries of radioactivity needed to cause direct readings to be twice background ({i.e., 80 cpm). 


&U-238 and Th-232 include daughters. 


counted, because nuclides emit beta particles over 
a broad energy spectrum and only the highest ones 
have any likelihood of arriving inside the G-M 
tube to bevegistered. A gamma ray has less than a 
0.1% to 2% chance of being counted, because a 
gamma ray must interact within a critical layer in 
the wall («athode} of the G-M tube to be registered. 
In general, then, a Geiger counter is less than 5% 
efficient in quantifying radioactivity. However, as 
shown in table 3, the Geiger counter does indicate 
whether radioactivity is present within a certain 
range. Note also that the response per nCi depends 
on the type of nuclide being measured and the size 
of the stone. For example, stones of a few carats 
would have to contain at least 0.1 to 0.2 nCi of 
uranium and thorium, or about 1 nCi of typical 
mixed by-product nuclides, to double the count 
rate above that of the background and therefore be 
measurable with any confidence within a short 
period of time (e.g., half a minute]. Smaller stones 
with similar amounts of radioactivity should be 
more easily measured. , 


Nal Scintillation Crystal. A more refined and 
sensitive method to measure radiation is through 
the use of a scintillation crystal such as sodium 
iodide—thallium doped to 0.1%, Nal(Tl), set 
within a low-background lead shield. When a 
gamma-ray enters this crystal, it loses its energy 
by causing electrons to be moved out of their 
normal sites in the structure of the Nal(T]) crystal. 
These electrons then move very quickly to lower- 
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energy levels at the thallium activator sites, pro- 
ducing tiny pulses of visible fluorescent light 
(photons) that combine to form one single large 
light pulse, the intensity of which is proportional 
to the energy of the absorbed gamma ray. Each type 
of radioactive atom releases gamma rays at specific 
energies. When a scintillation crystal is coupled to 
a photomultiplier tube, which in turn is connected 
to an analog-to-digital converter and the output 
manipulated by a computer, it is possible to 
determine the type and amounts of radioactive 
nuclides present in a material (again, see table 3). 
Note, however, that this system is considerably 
more expensive than a good Geiger counter and 
requires technical expertise to operate and inter- 
pret the data. 


Lithium-Drifted Germanium Detector. The best 
method for measuring a large number of different 
gamma rays at a single time is with a semiconduc- 
tor detector. The most popular is the lithium- 
drifted (doped) germanium detector, Ge(Li}, which 
produces electron-hole pairs when gamma rays are 
absorbed into it. The motion of these pairs in an 
applied electrical field generates the basic electri- 
cal signal that is fed into a multichannel analyzer 
(Knoll, 1979), The Ge(Li) most clearly distin- 
guishes between different gamma energy peaks for 
different radioactive nuclides, but it is less sensi- 
tive, requires constant liquid nitrogen cooling, and 
is much more expensive than the Nal system. Both 
systems use the same type of multichannel an- 
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Figure 12, The ND 65B Multi Channel Analyzer 
(MCA) shown here is a pulse-height analyzer 
that converts electrical signals from either a 
Nal or a Ge(Li) detector into useful information 
such as the type and quantity of radioactive 
nuclides present in a gemstone. Courtesy of Nu- 
clear Data, Inc., Schaumburg, IL. 


alyzer (figure 12). Figure 13 compares the energy 
spectra for two nuclides generated by the Nal and 
the Ge(Li) systems. The areas under the peaks or 
curves on the screen are proportional to the 
concentrations of the radioactive nuclides. 


SOME CONSIDERATIONS 
REGARDING HEALTH HAZARDS 


What are the safe limits of radiation and how 
hazardous are radioactive gems? The answer is 
highly controversial. Some maintain that any and 
all radiation is harmful, others feel that low levels 
are harmless since people live in a sea of back- 
ground radiation, and still others regard even 
relatively high levels of radiation as safe. 


Figure 14 gives the current estimate of the 
contributions of background radiation that an 
average American receives per year (Sinclair, 1987). 
The total average whole-body dose equivalent is 
about 360 mrem per year, or | mrem per day. In 
other parts of the world, it may reach as high as 
3,000 mrem per year (Eisenbud, 1987). Whole-body 
dose equivalent can be illustrated as follows: From 
radon we receive 2,400 mrem per year to the lung 
tissue; this is the equivalent of about 200 mrem to 
the entire body. To place these numbers in perspec- 
tive, those who work in the U.S. radiation industry 
are allowed by government regulations to receive 
up to 5,000 mrem to their entire body, 30,000 
mrem to the skin of the whole body, and up to a 
total of 75,000 mrem per year to their hands, 
forearms, feet, and ankles (U.S. Code of Federal 
Regulations, Title 10, Part 20, Section 20.101 —10 
CFR 20). These dose levels are considered accept- 
able (safe) for workers. The 75,000 mrem is compa- 
rable to wearing radioactive rings, watches, or 
bracelets that produce dose rates to these relatively 
small areas that are more than 8.5 mrem per hour, 
24 hours per day, 365 days per year. For comparison, 
dental X-rays can give doses from 100 mrem to as 
high as 1,500 mrem. 

Table 4 quantifies the variables involved in 
determining the potential health hazard of a gem 
material. The half-life and the decay mode of a 
radioactive nuclide in a gemstone determine its 
relative radiation hazard. The total gamma-ray 
energy (y KeV) emitted per radioactive decay can 
help quantify the relative gamma-ray dose that a 
person will receive from a radioactive gemstone. 
Because radiation doses to humans are very diffi- 
cult to compute and vary with depth of penetration 
into tissue, they can be more closely approximated 


Figure 13. These two displays illustrate the gamma-ray spectra of cesium-137 (0.662 MeV) and co- 
balt-60 (1.17 MeV and 1.33 MeV) as shown using a Nal scintillation crystal with an ND 6 multi- 
channel analyzer (left) and a Ge(Li) detector with an ND 76 multi-channel analyzer (right). Photos 
courtesy of Nuclear Data, Inc., Schaumburg, IL. 
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by the specific gamma-ray constant (SGRC). This 
gives the gamma-ray exposure rate in air in micro- 
roentgens (wr) per hour, 1 cm from a 1-nCi-point 
(very small) source. 

Consider a series of gemstones, each of which 
contains a different radioactive nuclide yet pro- 
duces the same gamma-ray exposure. If we use the 
data in table 4, and divide each SGRC for 
uranium-238 and daughters by the SGRC for each 
nuclide, we get a term for each nuclide called the 
inverse relative exposure rate index, IRERI. This 
value is equal to the number of nCi of a nuclide 
that produces the same exposure rate as one nCi of 
U-238. Therefore, a gemstone that contains 3 nCi/ 
gm of zinc-65 (Zn-65) or antimony-125 (Sb-125) 
produces the same exposure rate per hour as a 
similar gemstone containing 1 nCi/gm of U-238. 
The relative exposure rate is simply the inverse of 
the IRERI; that is, for example, Zn-65 and Sb-125- 
are one-third as radiant as U-238. 

When time, half-lives, and the resultant de- 
creases in radioactivity are taken into considera- 
tion, the indices will become even more varied. 
Assuming that the average lifetime or ownership 
of a typical piece of jewelry is 10 years, the original 
concentration of each nuclide that would give the 
same radioactive exposure as | nCi of U-238 would 
be the inverse relative exposure index, IREI. For 
example, for scandium-46 or tantalum-182, the 
most prevalent radionuclides in reactor-treated 
blue topaz, the concentration would be about 25 
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Figure 14. This illustra- 
tion shows the percent- 
age contribution of var- 
ious radiation sources to 
the background radiation 
whole-body dose 
equivalent that an average 
American receives in a 
year (360 mrem/yr). 
Adapted from Sinclair, 


LESS THAN 1% 1987. 
(FALLOUT, ETC.) 


nCi/gm. In other words, two stones of the same 
size, a green zircon containing 1.0 nCi/gm of 
uranium-238 and a blue topaz containing about 25 
nCi/gm of either scandium or tantalum, would 
give roughly the same total radiation exposure 
over a 10-year period. 

Release limits are concentration limits of ra- 
dioactive nuclides contained in material made 
radioactive by man that are allowed to be released 
to the general public. The concentrations are 
deemed safe and are based on political issues as 
well as scientific data. The values for various 
nuclides are found in U.S. Code of Federal Regula- 
tions Title 10, Part 30 (10 CFR 30), Section 30.70, 
Schedule (Table) A. For example, for scandium-46 
or tantalum-182, the limit is 0.4 nCi/gm. If a 
gemstone contains more than one type of nuclide, 
the sum of the ratios (the concentration divided by 
the release limit concentration for each isotope) 
must be less than or equal to 1. 

Accordingly, we can see that with respect to 
long-lived natural radioactive nuclides and 
shorter-lived man-made radionuclides, the energy 
and type of decay, as well as the SGRC and half- 
lives, must be taken into account to arrive at a 
proper perspective when considering radiation 
exposures, doses, and release limits for radioactive 
gemstones. 

U.S. Code of Federal Regulations Title 10, Part 
40 (10 CFR 40) states that any person is exempt 
from license requirements for materials manufac- 
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IRERI* IRE!" 


y r Ss Release limit? 

Nuclide Half-life® Kev SGRC? (nCi nuclide/nCi U-238) (nCi/gm) 
Chromium-51 28d 33 0.16 51.6 4710 20.0 
Cerium-141 32.5 d 77 0.35 23.6 1840 0.09 
Niobium-95 35d 764 4.2 1.96 142 1.00 
lron-59 445d 1188 6.4 1.29 73.3 0.60 
Antimony-124 60 d 1852 9.8 0.842 35.4 0.20 
Zirconium-95 64d 733 41 2.01 79.6 0.60 
Strontium-85 65 d 518 3.0 2.75 107 1.00 
Cobalt-58 7id 977 5.5 1.50 53.6 1.00 
lridium-192 74d 813 48 1.72 58.9 0.40 
Scandium-46 84d 2009 10,9 0.757 22.9 0.40 
Tantalum-182 115d 1301 6.8 1,21 26.7 0.40 
Tin-113 115d 280 a 4.85 107 0.90 
Zinc-65 244d 585 2 3.06 31.7 1.00 
Manganese-54 312d 836 47 1.76 14.2 1,00 
Cesium-134 2.06 a 1555 8.7 0.948 3.30 0.09 
Sodium-22 2.60 a 2187 12.0 0.688 1,97 0.40" 
Antimony-125 2.73 a 443 27 3.06 8.42 1.00 
Cobalt-60 5.27 a 2504 13.2 0.625 1.12 0.50 
Barium-133 10.54 a 404 2.4 3.44 4.69 _' 
Europium-152 13.33 a 1162 5.8 1,42 1.82 0.60 
Potassium-40 1.28 Ga 157 0.78' 10.6 10.6 Wa 
Uranium-238 plus daughters 4.47 Ga 1796” ~8.25! 1,00 1.00 Wa 
Thorium-232 plus daughters 14.06 Ga 2470" ~§.1! 1.62 1.62 Wa 


This list is not all-inclusive; it covers the major man-made nuclides encountered in irradiated gemstones with half-lives between a month 
to a dozen years. Shorter-lived nuclides die out quickly and longerlived nuclides are too difficult to produce in sufficient quantity to be a 
problem. The nuclides are those identified in gemstones by the author, by J. Razvi and W. Whittemore of General Atomics (pers. comm., 
1988), and by D. Alger of the University of Missouri (pers. comm., 1988). The data were taken, and calculations made, from Brown et al. 
(1986), Kocher (1981), Johns (1983), and Jaeger (1968). The three major natural radioactive nuclides (K-40, U-238, and Th-232) are also 
included. 

>Hallt-life: The time it takes for the activity (nCi) of a nuclide type to decay to one-half its original value. d = days, a = years, Ga = 
billion years. 

©y KeV: The total energy (in KeV) of the gamma rays emitted per radioactive decay (Bq). X-rays are not included. 

@#SGRC: Specific Gamma-Ray Constant. This is the exposure rate in air (roentgens per hour) from the gamma rays emitted by a millicurie 
point source of radioactive nuclides at a distance of one centimeter. Author converted R to pr and mCi to nCi. 


p = wor? 
hr — ni 
Example: Exposure rate in air from a 2 nCi point source of Ta-182 at a distance of 0.5 cm 
pritr = 2nCi x 6.8/ (0.5 cm)? = 54.4 prihr or ~0.05 mr/hr 

*IRERI: Inverse Relative Exposure Rate Index. This is the number of nCi of a particular nuclide needed to give the same gamma-ray 
exposure rate in air as one nCi of U-238 plus daughters. 
‘IREI: Inverse Relative Exposure Index. This is the original number of nCi of a particular nuclide required to give the same gamma-ray 
exposure in air over a 10-year period as one nCi of U-238 plus daughters. 
9Current release limits for reactor-irradiated faceted blue topaz as listed in Schedule A of 10 CFR 30. For nuclides that are not listed and 

that have a half-life of less than three years, the limit is 0.001 nCi/gm. 
"Energy computed by assuming all daughters in equilibrium with parent nuclide. 
‘Computed by the author using Johns (1983). 
‘Includes tadium-226 and radium-228 and their respective daughters only —not the parents U-238 and Th-232 (Jaeger et al., 1968). 
‘Limit changed in 1988 from 0.001 to 0.4 for faceted blue topaz only, by license request from General Atomics. 
‘Not listed in 10 CFR 30 and has a half-life greater than three years. 


tured that contain less than 1/20 of 1% of uranium gm of Th-232. From the IREI in table 4, one can 
and thorium source material. For instance, eye- calculate that the exposure from a gemstone con- 
glass lenses cannot be sold unless they contain less taining about 4.5 nCi/gm of Sc-46 or Ta-182 would 
than these amounts (Moghissi, 1978). This trans- produce about the same gamma-ray exposure or 
lates into 0.168 nCi/gm of U-238 and 0.055 nCi/ dose over a 10-year period as a gemstone contain- 
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ing source uranium at exempt (0.168 nCi/gm) 
concentrations. As another comparison, the aver- 
age human contains about 200 nCi of K-40 and eats 
and drinks about 140 nCi of uranium per year 
(Eisenbud, 1987). Therefore, with respect to the 
small quantities of radioactivity found in gem- 
stones and the resultant radiation doses people 
may receive, 2 nCi of any radioactive nuclide per 
gram of material can be judged to be harmless and 
safe, and a very small fraction of background 
radiation. 


U.S. REGULATION OF 

IRRADIATED MATERIAL 

All irradiation facilities in the United States are 
controlled by one or more of several regulatory 
agencies: the U.S. Nuclear Regulatory Commis- 
sion, the U.S. Department of Energy, and the health 
and safety agencies of the various states. The 
Atomic Energy Act of 1946 established control 
over nuclear energy by the federal government. 
Further legislation in 1954 provided for the civilian 
licensing of nuclear power plants, allowed civilian 
access to nonmilitary uses of atomic energy, and 
gave the Atomic Energy Commission {AEC) the 
responsibility for protecting public health, safety, 
and property in matters concerning radiation. 

A 1959 amendment to the Atomic Energy Act 
of 1954 transferred some of the federal licensing 
authority and responsibility to certain qualified 
states called agreement states. Currently, there are 
29 agreement states, each with its own radiation 
control programs. New York and California were 
among the first states in this group, while Illinois 
was the most recent to join. 

In 1974, the AEC was separated by legislation 
into two groups, with the regulatory side being 
renamed the Nuclear Regulatory Commission 
(NRC). The other side eventually became the 
Department of Energy. 

If a gem is made radioactive during irradiation 
treatment in a nuclear reactor facility anywhere in 
the United States, the NRC has total jurisdiction 
over its handling and release to the general public. 
The NRC also has control over reactor-irradiated 
radioactive gem materials entering or leaving this 
country. If the material is made radioactive in a 
linac or some other device not regulated by the 
NRC, then the state has jurisdiction. 

On March 16, 1965, the AEC issued its first 
and only policy statement concerning the use of 
either radioactive source materials (uranium and 
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thorium) or by-product materials (those rendered 
radioactive by exposure to radiation in a reactor) in 
products intended for use by the general public 
without the imposition of regulatory controls. 
This policy statement set forth criteria for exempt- 
ing, on a case-by-case basis, the possession and use 
of approved items from licensing requirements. 
Approved possession and use by the general public 
would depend both on the associated radiation 
doses people could receive and on the apparent 
usefulness of the products. In particular, the AEC 
at that time considered that “the use of radioactive 
material in toys, novelties, and adornments [gem- 
stones| was of marginal benefit” (“Products in- 
tended. . .,” 1965). 

On June 25, 1986, the NRC issued a letter to all 
non-power reactors (NRC, 1986) that states in part 
that “the distribution of irradiated materials, even 
with low levels of induced radioactivity, to un- 
licensed persons is prohibited unless the distribu- 
tor of such materials has a specific license... , 
which permits such distribution. The staff |NRC] 
considers gems to be adornments and has not 
granted licenses for the distribution of irradiated 
gems. If you directly distribute the irradiated 
products to unlicensed persons, you must obtain a 
license to reflect this activity.” Thus, the distribu- 
tion of reactor-treated gemstones to the general 
public was prohibited. For the next two years, 
however, enforcement was uneven and no distribu- 
tion licenses were issued. 

On February 23, 1988, after much debate 
(Stello, 1987a and b), the NRC announced that 
“applications will now be considered for interim 
licenses authorizing the distribution of neutron- 
irradiated gems, particularly topaz, to unlicensed 
persons” (Miraglia and Cunningham, 1988). In 
March 1988, the NRC stated that this applies only 
to cut, finished gems and that the “NRC staff plans 
to control distribution of irradiated gemstones at 
the source, and thus envisions two principal 
groups of applicants for distribution licenses: do- 
mestic reactor facilities and initial importers” 
{Michael Lamastra, letter to author, March 3, 1988). 

These interim guidelines appear to place an 
undue burden on domestic irradiation operations, 
since few reactor facilities are willing to assume 
the many responsibilities that certification entails. 
A licensed importer can certify stones irradiated 
outside the U.S. for distribution in this country, 
but cannot certify domestically irradiated mate- 
rial. The importer still must contract with a U.S.— 


GEMS & GEMOLOGY _—~ Winter 1988 =. 211 


licensed reactor facility to determine radiation 
concentrations for release to the general public. 
The NRC goal here is to “limit the impact of 
licensing requirements on the jewelry industry. If 
domestic reactors and importers obtain licenses, 
then no one else in the jewelry distribution chain 
need obtain a license” (M. Lamastra, letter to the 
author, October 31, 1988). The net result, however, 
is that more constraints are placed on gems irradi- 
ated domestically than those irradiated outside 
the U.S. 

An additional problem or inequity is that the 
exempt concentrations for the various nuclides in 
10 CFR 30 (again, see table 4) are based on 
“ingestion” or “inhalation” (Stello, 1987b), and 
have not been adjusted for solid, nonsoluble mate- 
rials (such as gemstones} that remain outside the 
body. The author has tried to find legal definitions 
of “radioactive” material and the only state or 
federal regulation found so far was 49 CFR 173.403 
(X}, issued by the Department of Transportation: 
“Radioactive material’ means any material having 
a specific activity greater than 0.002 microcuries 
per gram” (2 nCi/gm). At this time, the U.S. federal 
release limits for the great majority of the nuclides 
are 1 nCi/gm or less (again, see table 4}, but the 


NRC prefers 0.4 nCi/gm (J. Razvi and W. Whit- 
temore, pers. comm., 1988}. 

Most other countries—e.g., West Germany, 
Italy, Japan, Taiwan, and Hong Kong—regard 2 
nCi/gm as releasable (Scott Kohn, pers. comm., 
1987). Canada temporarily set the releasable value 
at 1 nCi/gm while waiting for the U.S. NRC to 
make a final determination; Great Britain uses 2.7 
nCi/gm (see Ilari, 1985, for further information on 
international recommendations in this area}. 

It is the author’s opinion that two nanocuries 
of induced radioactivity per gram of irradiated 
gemstones would be a fair and safe limit for 
distribution to the general public, considering 
natural background radiation doses we receive 
during our lives, the amount of radioactivity con- 
tained in natural gemstones and other consumer 
products, and other data presented in this article. 


CONCLUSION 


Gemstone irradiation and radioactivity are very 
complex issues. This article has summarized the 
various components of these issues in an effort to 
clarify the nature of gemstone radioactivity and 
the potential health hazards involved. Current U.S. 
regulations appear to be unrealistic. 
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AMETHYST MINING 


IN BRAZIL 


By David Stanley Epstein 


Brazil is currently the leader in overall 
production of amethyst. This article de- 
scribes the author’s visits to three of Bra- 
zil’s most important mining areas: Mar- 
abd, Pau d’Arco, and Rio Grande do Sul. 
Each represents a different geologic envi- 
ronment and, therefore, a variety of min- 
ing methods are used. In Marabé and Rio 
Grande do Sul, much of the amethyst is 
heat treated to become citrine. 
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214 = Amethyst from Brazil 


Bu of its ready availability, modest cost, and 
attractive color, amethyst is currently one of the most 
popular colored gemstones (figure 1). Fine amethyst histor- 
ically came from Russia’s Ural Mountains and from the 
Idar-Oberstein area of West Germany, although both de- 
posits are now largely exhausted. Today, economic quan- 
tities occur in Zambia, Mexico, and Uruguay, with lesser 
deposits in Australia, Sri Lanka, India, Madagascar, South- 
west Africa, and the United States (Webster, 1983). The 
major source, however, is Brazil. Hundreds of tons of 
various grades of amethyst are produced there annually 
(419 tons in 1985), of which a small but important 
percentage is of cutting quality. 

Amethyst was discovered in Brazil early in the 19th 
century, by settlers from Idar-Oberstein (V. R. Sudback, 
pers. comm., 1987; Goncalves, 1949}, to date, mining 
claims have been filed in at least eight of Brazil’s 27 states 
and territories. This article describes current mining of 
gem amethyst in three of the most important producing 
areas—Maraba (which currently is producing the most 
amethyst in Brazil}, Pau d‘Arco (which produces some of 
the finest material), and Rio Grande do Sul {which has the 
longest sustained production]. These localities also pro- 
vide good examples of the occurrence of amethyst in three 
different geologic settings: as large veins in quartzite, as a 
constituent of sedimentary alluvium, and as geodes in 
basalt. 

This report is based primarily on the author’s own 
observations made during a fall 1987 visit to these three 
areas, which involved travel of over 12,000 km, plus 
information obtained from numerous discussions with 
local miners, amethyst dealers, and government geologists. 
For each area, information is included on location and 
access, occurrence of the amethyst, history of the deposit, 
mining methods, production levels, and quality grades of 
the amethyst recovered (see table 1). Because almost all 
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citrine on the market today is produced by heat 
treating amethyst, the treatment procedures prac- 
ticed at Maraba and Rio Grande do Sul are briefly 
described as well. Research done by Cassedanne 
(1988 a and b} indicates that there are no signifi- 
cant differences in the gemology of amethyst from 
different areas of Brazil; general properties are 
summarized in the accompanying box. 


MARABA 


Approximately 450 km south of Belém, the capital 
of the northern state of Para, lies the municipality 


Amethyst from Brazil 


Figure 1. This faceted 
9-ct amethyst and the 
Rio Grande do Sul crys- 
tal cluster are representa- 
tive of some of the fine 
material that has come 
from Brazil. Jewelry cour- 
tesy of Silverhorn, Santa 
Barbara, CA; photo © 
Tino Hammid. 


and town of Maraba (figure 2). Although the most 
productive occurrence of faceting grade amethyst 
being mined in Brazil today is that of Alto Bonito, 
all of the material from this general region is 
commonly referred to by the name Maraba. 
Maraba is easily reached from Belém by regu- 
larly scheduled airline. The hour-long flight is 
almost entirely over dense, tropical rainforest that 
is interrupted occasionally by small, grassy clear- 
ings and meandering rivers. From Marab4, one 
must take an air taxi southwest to the ranch 
(fazenda} on which the mine is located. A difficult 
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GEMOLOGICAL DESCRIPTION OF AMETHYST 


Gemology 

Amethyst is the purple to violet variety of crystalline 
quartz and is colored by an O2-+Fe4+ charge- 
transfer process (Cox, 1977; Fritsch and Rossman, 
1988}. Aside from color, its properties are those of all 
crystalline quartz, regardless of locality: uniaxial 
positive with refractive indices of o=1.544 and 
e=1,553 +0,001, and birefringence of 0.009, Since 
gem-quality specimens are essentially flawless, the 
specific gravity of 2.66 + 0.01 can be regarded as 
almost constant, although mineral specimens and 
uncut crystals used in jewelry may be sufficiently 
included to expand the range of density. The most 
reliable and distinctive property, however, is the 
“bull’s-eye” optic figure that is unique to quartz. With 
crossed Polaroids and a condensing lens, a uniaxial 
figure with an open center where the black cross fails 
to meet can usually be seen. 


Separation of Natural from 

Synthetic Amethyst 

None of these properties, however, will distinguish 
natural from synthetic amethyst. In addition, the 
absence of inclusions in the vast majority of faceted 
amethysts negates the potential diagnostic value of 
this characteristic. It was recently determined, how- 
ever, that Brazil law twinning could be used to make 
the separation (Lind et al., 1983; Schmetzer, 1985, 
1986). The author has found that this twinning can be 
observed in more than 50% of natural amethyst 


simply with a diffused light source such as a light 
table. In more difficult cases, placing a single polariz- 
ing filter between the light source and the amethyst 
will usually make the twinning visible. Finally, 
observation with the stone between crossed Po- 
laroids, possibly even with immersion, should resolve 
the most stubborn cases. Details of this technique are 
covered in Crowningshield et al., 1986. Brazil law 
twinning has not been observed in any synthetic 


amethyst studied to date. 


The presence of Brazil law twinning in natural 
amethyst separates the natural stone from its 
synthetic counterpart. Photomicrograph by 

John L. Koivula; magnified 20x. 


TABLE 1. Geologic and descriptive comparison of amethyst from Maraba, Pau dArco, and Rio Grande do Sul, Brazil. 


Condition and size 


Rio Grande do Sul 


Mining area Occurrence of crystals Color? Treatment Production 
Maraba Fracture fillings in Generally good Maximum tone of To citrine: buried in| Approximately 9.6 
quartzite condition; some 7 in best 19+-ct sand and heated tons of gem-quality 
free-standing, stones, tone 8 in by woodfire material produced 
some interlocked; 50+ -ct stones in 1986 
individual crystals 
up to 15 kg in 
weight, 50 cm long 
Pau dArco Alluvial deposits Partially eroded; Maximum tone of To lighten color, Approximately 7 


from 300 grams to 
40 kg 


Geodes inside 
basalt 


Pyramidal crystals; 
up to 10 cm long 


10 in 1-ct stones 


Maximum tone of 
7 in 10-ct stones 


heated in test tube; 


never turns to 
citrine 


To citrine: heated 
in oven 


tons of all qualities 
produced annually 
in 1985 and 1986 


Approximately 19 
tons of gem-quality 
amethyst and heat- 
treated citrine 
shipped legally 
through Rio Grande 
do Sul in 1986 


216 


@Based on tone scale used by author in the field (see figure 5). 
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Figure 2. Brazil is now the most important source 
of amethyst in the world, This map shows the 
location of the Alto Bonito (Marabd) and Pau 
d'Arco amethyst deposits in the state of Pard, and 
the Iraf and Santa Maria workings in the state of 
Rio Grande do Sul, Artwork by Peter Johnston. 


one-hour drive by truck (a “taxi” service provided 
by the landowner) leads to the hillier region of 
Serra dos Caraj4s, where the amethyst is mined. 
The approximate geographic coordinates of the 
Alto Bonito amethyst deposit are 5°15’S and 
50°30' W. Travel is advisable during the drier 
months, June to November, when temperatures 
range from 18° to 40°C (64° to 104°F). 


Amethyst from Brazil 


MARANHAO 


Pau dArco 


RIO GRANDE 
DO SUL 


Occurrence. Alto Bonito lies within the broad 
Carajés mineral province (Collyer and Martires, 
1986], which also includes the famous Serra Pelada 
gold deposit. The amethyst occurs in a series of 
sedimentary and extrusive volcanic rocks of lower 
Proterozoic age (approximately 1.7 to 2 billion 
years old). Specifically, it is distributed irregularly 
in veins and cavities in highly fractured and folded 
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Figure 3. Both white quartzite and reddish 
quartzite are evident in this photo of an ame- 
thyst-mining operation at Alto Bonito, near 
Marabd, in the state of Pard. 


layers of quartzite, a tough, siliceous, meta- 
morphosed sedimentary rock. Two kinds of 
quartzite, which differ primarily in color, can be 
recognized in the field (figure 3}. One is white or 
light colored, and the other is more reddish due to 
staining by hematite and other iron oxides. Collyer 
and Martires (1986) report that amethyst occurs 
with greater frequency in the reddish quartzite. 

The veins may reach a meter in thickness and 
vary greatly in length. The cavities are oval or 
elongate and may reach a diameter of several 
meters. In both the veins and cavities, the ame- 
thyst occurs as tightly packed crystals that range 
up to half a meter long. 


History. In mid-1981, workers for the family of 


Pedro Miranda found fragments of amethyst crys- 
tals scattered on the ground at Alto Bonito. Be- 
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cause the fragments were of poor quality, and no 
one in the area had any knowledge of amethyst, 
this find remained unexploited for over a year until 
a prospector from Bahia, Manuel Xavier, saw the 
material and recognized its cutting potential. 
Xavier began the first amethyst diggings in the 
Maraba area. 

These early workings were simple pits that 
reached a depth of only 2 to 3m and were soon 
exhausted. Subsequently, José Miranda Cruz, the 
eldest of six Miranda sons, initiated a more orga- 
nized exploration and recovery of amethyst. He 
built houses for the miners, and later a general 
store, school, and other facilities to sustain a 
community of several hundred persons. He also 
initiated the use of mechanized equipment so that 
the workings could be extended underground. At 
Alto Bonito there are currently 22 barrancos 
(shafts or tunnels) spread over an area of approx- 
imately 500 m2. Each has numerous owners and 
partnerships, who pay 10% of the value of the 
recovered amethyst to the landowners for the 
opportunity to mine. 


Mining Methods, The majority of the mining is 
done with picks, shovels, buckets, jackhammers, 
and occasionally small amounts of dynamite. 
Vertical shafts and horizontal tunnels are exca- 
vated to follow the veins of amethyst, and are 
reinforced with timbering taken from the sur- 
rounding forest. Electricity for lighting and ven- 
tilation systems are added as needed and as money 
is available. During my visit I was able to explore a 
number of these workings and experience some of 
the trauma and excitement of the amethyst miner 
firsthand. 

To reach the first level of the Paulinho bar- 
ranco, I was lowered by rope 20 m into almost total 
darkness. I then walked about 5 m along a tunnel 
to another opening, where two miners lowered me 
another 30 m. The lack of oxygen made breathing 
difficult, and the danger of the fragile walls collaps- 
ing was everpresent. At the bottom of this shaft 
were a few simple picks and a lantern. The tunnel 
followed a vein of amethyst that had been quite 
broad and of good color at the top, but here was very 
narrow and pale. The miners had been rewarded for 
their efforts at these depths, however, by the 
discovery of some richly colored amethyst in 
cavities—up to 1 min diameter— embedded in the 
walls of the workings. 

The next barranco I visited, known as the 
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Figure 6. In general, the amethyst from Marabd 
is less saturated than that from Pau d’Arco and 
Rio Grande do Sul. These fantasy cuts were 


fashioned:by the author from Marabd amethyst. 


The largest stone is 28 ct. Photo © Tino 
Hammid. 
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Figure 5. In the field, the 
author uses an informal 
tone scale to grade ame- 
thyst. This photo repre- 
sents tone values 2 (ex- 
tremely pale pink) 
through 9 (deep purple) 
on the author's scale 
(tone value 0 would be 
colorless and tone value 
10, black). On this scale, 
the amethyst must be a 
tone value of 4 or higher 
to be considered cutting 
quality. Stones courtesy 
of Samuel Goldowsky, 
Bob Bryan, and Simon 
Watt; photo © Tino 
Hammid. 


make the amethyst from this area of great com- 
mercial importance. These include the uniformity 
of color (or regularity of color banding in banded 
material}, the clarity and classic shape of the 
crystals, the unusually large size of unflawed 
sections, and the large production. 


PAU D’ARCO 


This area, which produces some of the best ame- 
thyst available today, is about 250 km south of 
Maraba, on the western bank of the Araguaia River 
(again, see figure 2). The approximate coordinates 
are 7°32' S and 49°23’ W. It can be reached from 
Maraba by taking a rough paved road southeast and 
then a barge across the Araguaia River to the town 
of Xambiod. From here, one continues south- 
southeast through the city of Araguaina and then 
southwest by a new paved road for 100 km, and by 
dirt road for 65 km, to the town of Pau d’Arco. The 
actual mining village, Villa Esperanca, is approx- 
imately 6 km south of Pau dArco on the west side 
of the river. This final leg of the journey requires 
recrossing the Araguaia River by a 7-9 passenger 
motorized rowboat at Pau D’Arco. Public transpor- 
tation is available from Marabd, but is very primi- 
tive. A journey that might take eight hours by car 
could take 21 hours by public transport. 

Villa Esperanga, which has approximately 250 
inhabitants, is situated at an elevation of about 200 
m above sea level. As with Maraba, it is best to visit 
during the dry season, June to November. Malaria 
is common in this area. 
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Penhdo, was about 200 m deep. It had been con- 
structed into six different levels, each connected 
by vertical shafts. The descent into this system of 
workings seemed endless, until suddenly the shaft 
opened up into a large cavern, about 25 x 20 x 
25 m. As in many of the tunnels, sections of large 
amethyst cavities and veins could be seen in the 
walls and ceiling of this natural cavern (figure 4}. 
At this depth the air contains very little oxygen, 
and the ventilation equipment in these rudimen- 
tary mining operations is inadequate. Conse- 
quently, the miners work in shifts, with one man 
digging while two others rest. 

The last tunnel I entered was that of Ze Liete. 
After walking several meters, I realized that I was 
standing inside the remains of a giant amethyst 
cavity. Such cavities may contain single crystals 
up to 15 kg, although these large crystals rarely 
contain much cuttable material. 


Production. Buyers purchase amethyst directly 
from the various tunnel owners and cobb it (i.e., 
remove unwanted material from the crystal) either 
on site or at some distant location to produce gem 
rough. Table 2, provides some rough estimates of 
the quality and quantity of amethyst produced 
monthly at Alto Bonito in 1985 (Collyer and 
Martires, 1986). Accurate estimates of the ame- 
thyst reserves at Alto Bonito are not available, but] 
observed material in place in the underground 
workings that would require one year’s mining 
effort to recover. To date, there has been no 
systematic exploration of the surrounding area for 
additional occurrences of amethyst. 
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Figure 4, Veins of ame- 

| thyst line the walls of 
this tunnel at Alto 
Bonito. Because the air is 
so thin, the miners oper- 
ate in groups of three, 
with one man working 
while the other two rest. 


Description of the Amethyst. It is convenient to 
describe the color of gem amethyst from Brazil in 
terms of a tone scale (similar to that taught in the 
GIA colored stone grading course] that ranges from 
0 {colorless} to 10 (black). Figure 5 provides a 
general idea of the range represented by tones 2 to 9 
on this scale; cutting-quality amethyst generally 
has a tone value of 4 or greater. Although table 1 
indicates that 5% of the monthly production at 
Alto Bonito is represented by good-quality, facet- 
ing-grade material, only 1% to 2% of the total 
production consists of pieces of amethyst that 
would yield a tone 7 in cut stones 19 ct or larger. 
Smaller cut stones rarely attain the darker tone 
values. 

On average, the amethyst from Maraba is less 
saturated than that from the other localities dis- 
cussed here (figure 6}. Other factors, however, 


TABLE 2. Estimated monthly production of amethyst 
at Alto Bonito, Para, in 1985. 


% of total 


Average monthly 
Type of amethyst production (kg) — production 
Good quality (facet grade) 300 5.00 
Reasonable quality (facet grade) 500 8.33 
Tailing (carving/tumbling grade) 3,800 63.33 
Samples and collector pieces, 1,400 23.33 
druzes a a 
TOTAL 6,000 100.00 


@Adapted from Collyer and Martires, 1986. 
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Occurrence. In contrast to the primary deposits at 
Maraba, amethyst occurs at Pau d’Arco only in 
secondary, alluvial deposits (figure 7; Cassedanne, 
1986). The crystals are unusually large: 20 kg 
pieces are not uncommon and crystals as large as 
40 kg have been found. According to geologists 
who have studied this area (B.E Filho, O.B. 
Ferreira, and R. A. C. Martires, pers. comm., 1987}, 
itis likely that the amethyst was transported from 
the same mountain range in which the Maraba 
amethyst is found. Recently, other amethyst de- 
posits have been noted in this range (Cassedanne, 
1988 a and b}. 


History. According to local miners, amethyst was 
first discovered at Pau d’Arco during a boar hunt 
sometime in 1979. In their efforts to capture a boar 
that had escaped into a narrow burrow, the hunters 
started digging to widen the opening. The boar 
ransomed its life when the hunters were diverted 


by a large crystal of fine amethyst. The quality of 
the crystal was confirmed at Xambiod, itself a 
source of fine amethyst at that time, and miners 
began the rush to Pau d’Arco. 

The first year or so of mining activity produced 
only a few of these large amethyst crystals. Then 
production picked up, until it reached its peak 
between 1982 and 1984 (B. P. de Alcontara, pers. 
comm., 1987). Throughout this period, most of the 
mining was by garimpeiros, independent miners, 
none of whom had registered their claims with the 
government. In December 1985, a company named 
Mineragdo Concei¢do Araguaia obtained the rights 
to explore the area and mine for amethyst. Local 
garimpeiros were furious, and violence followed. 
Eventually, an accord was reached whereby the 
local miners could continue to work on a portion of 
the property. The company brought in water can- 
nons, heavy equipment, and professional geolo- 
gists, but after much earth moving, the amount of 


Figure 7. Mounds of gravel and other sediments mark the Pau d’Arco mining area, where loose crys- 


tals are found in secondary, alluvial deposits. 
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Figure 8. Picks and shovels are used at Pau 
d’Arco to remove the various layers of dirt and 
gravel that cover the amethyst-producing layer. 
The pits average 4m wide x 7 m long, and 
usually reach 2-3 m deep. 


good quality amethyst recovered could not sup- 
port costs and the project was halted (O, B. Fer- 
reira, pers. comm., 1987). Currently, amethyst 
mining has reverted to simpler methods and a 
smaller scale, where individual miners or groups of 
miners will work a particular area. Most of the 
residents of Villa Esperanga are involved in ame- 
thyst mining. 


Mining Methods. Amethyst is currently recovered 
at Pau d‘Arco from pits and tunnels. The pits (figure 
8) average 4x 7m and are only 2-3 m deep. Be- 
cause the water table is so high, these pits may 
contain water much of the year. The pit miners 
recover the amethyst by digging downward with 
picks and shovels into the various layers of sedi- 
ments until a productive one is reached, typically 
from 1 to3 m below the surface. They then remove 
all of the rocks and sediments in this layer and 
subsequently wash them to reveal the amethyst. 

In contrast, tunnels are excavated 3-5 m be- 
low the surface, where a thick, hard layer overlies 
the amethyst-bearing alluvium and provides sup- 
port. The author saw no evidence of electrical 
generators during his visit; the tunnel miners 
work only by candlelight. They dig the material 
out with picks and shovels, hoist it to the surface, 
and then wash and sort it. 

Each group of miners has its own prospect pit 
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or tunnel. Often several pits or tunnels are clus- 
tered in a single productive area called a mansion. 
The amethyst workings at Pau d‘Arco currently 
cover an area that is approximately 1.5 km?. 


Production. Amethyst production at Pau d’Arco 
was relatively constant at about 7,000 kg per year 
in 1985 and 1986 (S. H. S. de Matos, pers. comm., 
1987). There are no estimates available of potential 
reserves. All amethyst is sold as rough, not cobbed; 
production usually is brought into the village daily 
and sold to buyers from Minas Gerais. Except fora 
very small quantity that is sent to Japan, most of 
the amethyst is faceted in the Minas Gerais gem 
centers of Governador Valadares or Teofilo Otoni. 
It is difficult to estimate the percentage of ame- 
thyst recovered that is suitable for cutting. How- 
ever, most of the stones that are faceted are less 
than 2 ct when finished, although larger stones — 
over 50 ct—have been cut. 

The best amethyst from Pau d’Arco rivals the 
finest African amethyst in intensity and satura- 
tion (figure 9). However, the color in the rough may 
be quite unevenly distributed, and requires care in 
orientation by even an experienced cutter. Color 
zones of bluish and reddish purple can often be 
seen in the rough, even in the same piece, in a 
pattern that is quite different from the distinct 
spots or bands of color in African or other Brazilian 
amethyst. The tone of the Pau d’‘Arco amethyst can 
be so dark that even 1-ct stones may appear black. 


Figure 9, Pau d’Arco produces some of the finest 
amethyst, in terms of hue and saturation, in 
the world. This 14-ct stone was cut by the au- 
thor. Photo by Robert Weldon. 
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At its best color and when properly cut, the 
material has a velvety violet body color and pro- 
jects red flashes from the pavilion facets. The 
smaller stones make fine calibrated goods. 


RIO GRANDE DO SUL 


Rio Grande do Sul, the southernmost state of 
Brazil, borders on Uruguay and Argentina. In fact, 
the Uruguayan amethyst deposits are continous 
with these of Rio Grande do Sul. Within the Parana 
basin, in the northern part of the state, is the 
longest continuously producing amethyst-mining 
region in Brazil. Paved roads are available from 
Porto Alegre to the mining areas. Amethyst is 
found in numerous places in the state, but these 
many occurrences are of similar geologic setting. 
In the following descriptions details will be given 
on two typical occurrences: Santa Maria (160 km 
west of Porto Alegre} and Irai (375 km northwest of 
Porto Alegre). 


Geology and Occurrence. About 130 million years 
ago, this region experienced extensive volcanic 
activity, which produced massive lava flows that 
are horizontal for the most part but do follow the 
topography (A. A. Muller, pers. comm., 1987). In 
some of these flows, now hardened to a black, fine- 
grained basalt, amethyst is found. The most pro- 
ductive basalt layer, 2 to5 m thick, is located at an 
elevation of 300 to 350 m above sea level. 

Amethyst occurs as crystals in geodes in the 
basalt (figure 10). The geodes probably represent 
pockets of gas that was released from, and trapped 
in, the lava as it cooled. They are distributed 
randomly within the host rock, commonly in the 
shape of elongate, rounded tubes. Typically these 
geodes are less than 1 m in diameter, but geodes 
exceeding 3m have been found. 

Almost invariably, the geodes exhibit an outer 
“skin” of celadonite, a green, micaceous, iron- 
silicate mineral; inside this is a layer of colorless 
quartz or agate. Amethyst is found clustered in the 
center of some geodes in crystals up to 10 cm long; 
other geodes are filled entirely with agate. 

Miners at Rio Grande do Sul also use the 
presence of celadonite as an indicator of amethyst. 
Since celadonite is an iron-rich mineral, and the 
amethyst color requires iron, one expects to see 
amethyst in iron-rich zones. Nodules of solid 
celadonite 2-8 mm in diameter often precede 
small, 0.5-1.5 cm, geodes of crystalline quartz 
with celadonite rims and reddish (presumably 
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Figure 10. In Rio Grande do Sul, the amethyst 
occurs in vugs or geodes within basalt. As evi- 
dent here, sometimes the amethyst completely 
fills the cavity; other times it simply lines the 
inner surface. 


iron-rich) bands ‘around the geode (figure 11). As 
the miners continue in the direction in which the 
quartz geodes occurred, the first indication of an 
amethyst geode is a rounded, green, celadonite- 


Figure 11. At Rio Grande do Sul, small (2-8 
mm in diameter) celadonite nodules often pre- 
cede 0.5-1.5 cm geodes of crystalline quartz 
with celadonite rims. These small quartz 
geodes commonly lead miners to the larger, 
amethyst-filled geodes for which this locality is 
known. Photo by Robert Weldon. 
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coated nob of rock sticking out of the gray-black 
basalt. Those geodes that contain the thickest 
celadonite layers have been found to be richer in 
amethyst (A. A. Muller and H. M. Santos, pers. 
comm., 1987). 


History. In about 1820, immigrants from the 
Hunsrtick region near Idar-Oberstein, in what is 
now West Germany, arrived in Rio Grande do Sul 
and settled the area between the Taquari and Jacui 
Rivers. When occurrences of amethyst and agate 
were found shortly thereafter, about 1825, these 
immigrants recognized the economic potential 
and began shipping the rough material to Idar- 
Oberstein (Gongalves, 1949, V. R. Sudback and B. 
Munsteiner, pers. comm., 1987), Descendants of 
these early immigrants are the current landholders 
in this area of Rio Grande do Sul. Although some of 
the original landholdings were quite large, subdivi- 
sion among family members over several genera- 
tions has resulted in the current situation whereby 
most private parcels are less than 50 acres. 


Figure 12, Before cutting-quality amethyst is 
sold on the open market, pale-colored or frac- 
tured sections are usually broken off with a 
small hammer in a procedure called “cobbing.” 


Although mine ownership in Rio Grande do 
Sul is similar to that in other areas of Brazil, there 
are some important differences. With the tacit 
approval of the government, small landowners 
usually retain the mineral rights without filing the 
necessary documents. Some families work the 
diggings themselves, and rent a bulldozer or jack- 
hammer as necessary. More commonly, a land- 
owner will arrange with a second party, often a 
gem merchant, to underwrite the costs of explora- 
tion and mining. The landowner usually receives 
25% or more of the production profits, a higher 
percentage than in other parts of Brazil because the 
land is more valuable for cultivation. Often, the 
second party will buy out the original landowner 
to retain all of the profits. 


Mining Methods. Amethyst mining in Rio Grande 
do Sul may be carried out with simple hand tools, 
or with heavy equipment and explosives. Open-pit 
mining is most common, although other methods 
are also used. 

In 1969, a local miner at Irai, Alberto Lemos de 
Moraes, decided to try recovering amethyst by 
underground mining of those portions of the mas- 
sive basalt that were not broken by fractures and 
were still unweathered; here is where the greatest 
number of intact amethyst-lined cavities are en- 
countered {A. Lemos de Moraes, pers. comm., 
1987; again, see figure 10). Lemos de Moraes used 
explosives and power tools to remove the dense 
rock, eventually extending the tunnel to 60 m. 
Hand tools are used to chisel the amethyst geodes, 
intact if possible, out of the basalt. Because the 
basalt is so hard, removal of a large, intact ame- 
thyst geode may take as long as a week. 

At some of the mines, the amethyst crystals 
are often sold before they are even removed from 
the ground. Once a geode is located, a small hole is 
punctured in the surface and a light is lowered into 
it. The potential buyer then attempts to assess the 
quality and value of the amethyst crystals, and a 
price is negotiated. The geode is then chiseled from 
the host rock in as intact a condition as possible, 
which gives the buyer the option of selling it as a 
mineral specimen or cobbing the individual crys- 
tals for cutting rough. 

Cobbing of amethyst crystals to remove un- 
wanted material is usually done off the mine site. 
The person doing the cobbing sits at a bench under 
a strong incandescent light, holds the crystal on a 
metal plate, and then strikes it with a small 
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hammer to break off fractured, poor-colored, or 
included sections (figure 12). 


Production. In 1986, official government statistics 
indicate, 4,152, kg of cobbed amethyst, 14,752 kg of 
cobbed citrine {produced by heat treating ame- 
thyst]), and 155,560 kg of mineral specimen mate- 
rial were exported from Rio Grande do Sul (A. A. 
Muller, pers. comm., 1987]. Indeed, most of the 
amethyst specimens on the market today come 
from Rio Grande do Sul. The vast majority of the 
cobbed amethyst exported is shipped to Idar- 
Oberstein for cutting. 

Faceted amethyst from this area can reach a 
tone 7 value (again, see figure 5] in stones of about 
10 ct, and a tone 5 or 6 value in stones of 1-9 ct. 
Faceted amethysts from Rio Grande do Sul average 
3-7 ct; that is, they are smaller than the average 
stones from Maraba but a bit larger than those 
from Pau d‘Arco. The Rio Grande do Sul amethyst 
is often bluish rather than reddish (figure 13), 
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Figure 13. Amethyst 
from Rio Grande do Sul 
is often of excellent 
color, though a bluish 
rather than reddish pur- 
ple. Because the ame- 
thyst commonly occurs 
in vugs or geodes, it is 
also popular as mineral 
specimens, This radiated 
amethyst slab, with an 
agate center, is from Irai. 
Photo © Harold & Erica 
Van Pelt. 


which may distinguish it from amethyst found in 
other areas. The color rarely has any brownish 
tinge, but it can be slightly grayish. 


Santa Maria. One of the most interesting mining 
areas within Rio Grande do Sul is near Santa 
Maria, the state capital. Located in the center of 
Rio Grande do Sul, Santa Maria is a well-ordered 
town of some 200,000 inhabitants that is easily 
accessible by various modes of transportation. 

In the early 1930s, German gem dealers visited 
this region looking for amethyst. They were sur- 
prised to find crystals scattered on the ground in 
several places. After negotiating agreements with 
local landowners, they began to mine using picks 
and shovels. Recovery of amethyst in this area has 
continued up to the present day (S. Klein and J. C. 
Moto, pers. comm., 1987). 

We visited the mine of Siegfried Klein, about 
20 km outside of Santa Maria, which had been 
worked for amethyst intermittently since the 
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Figure 14. At Iraf in Rio Grande do Sul, a tractor is used to remove much of the hill in which the 
amethyst-bearing basalt layer is found, 30 m below the original surface. 


arrival of the German merchants over 50 years ago. 
One pit that four miners had recently opened with 
simple picks had yielded thousands of loose crys- 
tal sections of amethyst geodes. In fact, during the 
first week that this deposit was in production, 
about 1,000 kg of amethyst were recovered, of 
which about 200 kg were specimen or cobbing 
quality; these 200 kg might yield 5 to 10 kg after 
being cobbed. It was an unusually large find for the 
first week’s production. 


Amethyst Mining at Irai. The town of Irai is 
situated in the extreme northern part of Rio 
Grande do Sul, near the border with the state of 
Santa Catarina. The topography consists of gently 
rolling hills and the climate is quite mild, making 
this one of the loveliest regions in southern Brazil. 

Amethyst was first found here in the 1920s. 
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Revolutionaries fleeing from the Brazilian army 
hid along the banks of the Rio Uruguai. While 
foraging, they came across occurrences of ame- 
thyst near the future site of the town of Irai. At 
present, this area produces approximately 200 to 
250 kg of cobbed amethyst and 700 to 800 kg of 
cobbed citrine (i.e., heat-treated amethyst) per 
month (V.R. Sudback and A. Bortoluzzi, pers. 
comm., 1987}. 

I visited the Bortoluzzi-Fischer mines on a 
small hill near the outskirts of Irai. Mines in Rio 
Grande do Sul are often named in this fashion for 
both the mine owner and the landowner. Unlike 
the relatively simple mining observed at Irai, here 
20 miners use highly sophisticated open-pit 
methods to recover the amethyst from a layer of 
basalt that lies 30m below the present surface 
(figure 14), These men had worked, with a bull- 
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dozer, for an entire year to remove the hundreds of 
tons of dirt that covered the productive layer. At 
the basalt level, jackhammers, some explosives, 
and hand tools were used to locate and remove the 
amethyst-lined geodes. Some of these geodes 
weighed up to 100 kg, but many of the crystals 
were very dark. 

Most of the other mines in this area consist of 
underground tunnels that are excavated into the 
hillsides surrounding the town of Irai, to reach the 
productive layer of basalt. The tunnels average 
about 2m in height and may be up to 5 m wide. 
The miners use explosives and hand tools to dig 
through the hardened lava. The longest tunnel I 
observed was about 60 m. 


CITRINE PRODUCED BY 
HEAT TREATING AMETHYST 


Citrine rarely occurs naturally, although some has 
been reported in Brazil (Sauer, 1982; Webster, 
1983). Essentially all the citrine on the market 
today is created by heat treating amethyst (Web- 
ster, 1983; figure 15), particularly because lighter 
colored amethyst frequently becomes a more desir- 
able color.as citrine. Several treatment methods 
are used. At Maraba, amethyst is embedded in 
sand in wheelbarrows and then heated over wood 
fires to turn the stones yellow (figure 16). Samples 
are extracted at various intervals to monitor the 
degree of change in color, In the course of my 
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Figure 15, Virtually all of the citrine sold in the 
gem market today is created by heat treating 
amethyst. This approximately 15 X 20 mm cit- 
rine is actually Marabd amethyst that has been 
heated. Photo © Tino Hammid. 


Figure 16. The heat treat- 
ment of amethyst to pro- 
duce citrine at Marabd is 
simple but dramatic. The 
4 amethyst crystals are 
buried in sand in wheel- 
barrows and then heated 
over a wood fire. 
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travels, I noted that the temperature for a complete 
color alteration could vary from as low as 235°C to 
as high as 550°C, depending on the origin of the 
amethyst. When choosing amethyst for heat treat- 
ment, miners look for the presence of one or more 
bands of color with a rusty appearance that seems 
to indicate a high iron content. If the stone is going 
to turn yellow, it will do so before reaching 550°C. 
In Rio Grande do Sul, the stones are placed in 
airtight ovens, sometimes embedded in a firmly 
packed powder or sand, and heated at approx- 
imately 450°-550°C for 45 minutes to two hours. 
The oven is then allowed to cool to room tempera- 
ture (several hours) before the stones are removed. 
Citrine produced by heating amethyst from this 
area is often given the misnomer Rio Grande do Sul 
“topaz,” especially in Brazil. The darkest material 
may display a strong brownish red color and 
approach the color of some garnets. When heat 
treating amethyst from Rio Grande do Sul, the 
miners look for particular features (e.g., a grayish 
band) that they know from experience will produce 
the best citrine color. More than 15 tons of cobbed 
citrine was shipped from this state in 1986. 
Miners at Iraf reported that finding natural 
citrine is a once-in-a-lifetime occurrence. Like the 
amethyst from Rio Grande do Sul, the citrine 
occurs in geodes; sometimes several citrine geodes 
may be found in a particular section of the basalt. 
The miners theorize that these sections have been 
“heated” in the earth. Government geologists re- 
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ported a recent find of natural citrine in the 
neighboring state of Santa Catarina. 

Simple heating experiments with Pau d’Arco 
amethyst revealed that heating this material only 
lightens the color and may remove it altogether. 
Changes in color due to treatment are directly 
related to the chemical and physical properties of 
the individual piece of rough (Nassau, 1984]. 
Within the same mine, however, pieces of rough 
with similar visible characteristics will usually 
react the same to treatment. 


CONCLUSION 

Several other localities in Brazil also actively 
produce amethyst. These include the states of Rio 
de Janeiro, Minas Gerais, Pernambuco, Ceara, 
Piaui, and Goids (Cassedanne, 1988b). A number of 
workings can be found in Bahia. 

The three Brazilian localities discussed in this 
article are among the three most active amethyst 
mining operations in the world today. Most of the 
Brazilian amethyst currently seen in the market is 
from these occurrences, with literally thousands 
of kilograms of specimen and faceting-quality 
amethyst produced annually. Significant amounts 
of this material are also heat treated to produce 
citrine. 

Although formal estimates of amethyst re- 
serves in Brazil are not currently available, it 
appears that significant quantities will be avail- 
able for many years to come. 
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OPALS FROM OPAL BUTTE, OREGON 


By Kevin Lane Smith 


Recent mining at Opal Butte in northeastern Oregon 
has produced a wide variety of large flawless opals. 
The most common gem-quality varieties are hyalite 
and rainbow opal, but the less common play-of-color 
varieties contra luz, hydrophane, and crystal opal are 
economically more important. Fire, blue, and dendri- 
tic opal ate also found. The opal occurs in rhyolite 
geodes embedded in decomposed perlite. More than 
100 kg of material was uncovered from November 
1987 through November 1988. The opal varies greatly 
in stability, but the finest stable material makes ex- 
cellent carvings, cabochons, and even faceted stones. 


The northeastern Oregon deposit of precious opal 
at Opal Butte has been known to collectors since at 
least 1892 (Kunz, 1893), but because of the incon- 
sistency with which opal was found and the highly 
variable stability of the gem material itself, it was 
not considered to have significant commercial 
potential. Recent exploratory work, however, has 
established that there is enough stable gem-quality 
opal (figure 1} to make commercial mining feas- 
ible. In November 1987, West Coast Gemstones 
began the first systematic mining of this deposit. 


LOCATION AND ACCESS 


The mine is located on privately owned land in 
Morrow County, 35 miles (56 km} south of the 
town of Heppner. It lies on the western slope of 
Opal Butte, at an elevation of 4700 ft {1400 m)}. 
Opal Butte is part of the Blue Mountain Range, 
which covers much of northeastern Oregon. 


Notes and New Techniques 


Snowy winters make mining possible only from 
May through November. Summers are quite dry, 
however, and temperatures up to 90°F (32°C) are 
common in July and August. 


GEOLOGY AND OCCURRENCE 


The dominant geologic features of northeastern 
Oregon are the extensive and voluminous Colum- 
bia River basalt flows. Erosional dissection of a 
northeast-trending anticline in this area has ex- 
posed an underlying series of early Tertiary (60—65 
million years old) rhyolitic volcanic flows (Walker, 
1977}. The rhyolite geodes (popularly known as 
“thunder eggs”) in which opal is found occur in 
perlite, the glassy basal vitrophyre of the rhyolite. 
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Figure 1. This faceted 105-ct contra luz opal 
represents some of the finest play-of color mate- 
rial found at Opal Butte, in northeastern Ore- 
gon, during the 1987-1988 mining season. Un- 
like the “normal” play-of-color typically seen in 
Australian opal, contra luz play-of-color is visi- 
ble only with transmitted light. Photo by Stan 
Thompson. 


Locally, the perlite, a dark green, silica-rich rock, 
has been altered to a pastel clay. Opal-bearing 
geodes are found exclusively in the clay zones. 
This suggests that the hydrothermal alteration of 
the perlite to clay minerals is related to the opal 
deposition (Staples, 1965). No reports have been 
found of any other opal deposits in this area. 
The geodes may contain one or more of the 
following: agate stalactites, quartz crystals 
(rarely], banded agate, common opal, or various 
types of gem-quality opal. Approximately 70% of 
the geodes contain no opal, 20% contain common 
opal, and 10% contain some gem-quality opal, less 
than 1% contain opal with prominent play-of- 
color. The play-of-color opal most commonly oc- 
curs in a0.5—2.5 cm layer near the top of a partially 
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filled geode (figure 2). The occurrence of opal in 
Oregon most closely resembles that of Querétaro, 
Mexico (Koivula et al., 1983). 

The fact that the geodes differ greatly in 
content suggests that the temperature and/or com- 
position of the mineralizing solutions varied con- 
siderably over time (Renton, 1936; Staples, 1965}. 
About half of the geodes are lined with botryoidal 
agate and/or agate stalactites. On top of this agate 
layer in some geodes are alternate horizontal layers 
of agate and common opal. There was at least one 
major episode of common-opal deposition which 
completely filled many geodes. Almost every other 
geode, however, contains a unique sequence of 
layering. Some geodes contain convergent layers 
that indicate a tilt in the original beds of up to 10° 
during the mineralization sequence. 

The geodes also vary greatly in size, from a few 
centimeters to well over a meter in diameter. Most 
of the smaller geodes have little or no empty space, 
whereas the larger geodes have cavities comprising 
up to 75% of their total volume. There is little 
correlation between the size of a geode and its opal 
content. We have observed, however, that the 
smaller geodes may contain all gem-quality opal, 
whereas the giant geodes contain mostly common 
opal. 


MINING 

Mining is by open-pit excavation with a backhoe. 
To the best of the author’s knowledge, the West 
Coast Gemstones operation represents the first 
use of mechanized mining at this locality. At the 
present time, only two people do the actual min- 


Figure 2. A layer of opal with some play-of-color 
ts evident in this typical partially filled geode 
(10 in.—25 cm—in diameter) from Opal Butte. 
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ing: One person operates the backhoe while the 
other retrieves the geodes (figure 3). After a few 
dozen geodes have been accumulated, they are 
carefully split to determine if they contain any 
opal. Most of the geodes contain natural fractures 
and can be opened easily without damaging much 
of the opal inside. Because so few of the geodes 
actually contain opal, it would not be economi- 
cally feasible to saw each one open. 

From November 1987, when mechanized min- 
ing first began, through November 1988, the mine 
produced a total of 100 kg of gem-quality material. 
Of this, 10 kg show definite play-of-color. Play-of- 
color opal is so rare that sometimes the miners 
may go as long as two weeks without finding any. 
The word that characterizes this deposit most 
succinctly is unpredictable. For this reason, it is 
difficult to assess its future potential. However, 
mining is planned for at least the next five years. 


STABILITY OF OREGON OPAL 


The opals found at Opal Butte vary tremendously 
in stability. Some of the material can safely be left 
in the sun immediately after being mined; other 
pieces craze thoroughly within a few minutes of 
being exposed to dry air. Most of the geodes are 
layered, and some contain one or more layers that 
craze badly while the adjacent layers remain in- 
tact. 

Crazing occurs when stress is created due to 
shrinkage from uneven loss of water. If a freshly 
dug water-saturated opal is exposed to dry air, the 
surface may begin to dry and shrink. We routinely 
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Figure 3. Two people currently 
mine at Opal Butte: One operates 
the backhoe, while the other re- 
trieves the geodes that have been 
dug out. This is believed to be 
the first mechanized mining ever 
conducted at this locality. 


test the stability of the opal by taking one of the 
many pieces that may be found in a single geode 
and placing it outside (the balance of the material 
is wrapped in wet’paper towels and sealed in plastic 
buckets}. If after several days the test piece has not 
crazed, the rest of the opal from that geode is 
unwrapped and left at room temperature and 
dryness. If these pieces do not craze after two 
months, they are deemed stable. Of the opals that 
were stable after two months, more than 95% 
remained uncracked a year latex. 

Crazing can be prevented in some opals by 
carefully controlled or extremely slow drying, to 
avoid a steep moisture gradient between the sur- 
face and the interior by promoting even shrinkage. 
For example, if the initial test piece from a geode 
does craze, the remaining material is usually 
allowed to dry out slowly, at room temperature, 
over the course of eight or more months. This slow 
curing stabilizes about half of the material that 
initially crazed readily. The author has developed 
another method whereby some of the unstable 
material is packed in wet sand in covered Pyrex 
containers. These containers are then placed in an 
oven at 200°F After the sand dries out, approx- 
imately two days later, the stones are left in the dry 
heat an additional 12 hours to firmly establish the 
outcome. Approximately 25% of the material 
treated by this method emerges uncrazed.* 


“Tests still underway indicate that approximately 20% of 
the opals that do not make it through the oven without 
cracking would have become stable if put through the much 
longer room-temperature Curing process. 
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Figure 4. This 135-ct contra luz opal was found 
at Opal Butte in 1972. Note the large “harle- 
quin” patches of color. Photo by Stan 
Thompson. 


These methods will usually work as long as the 
opal is homogeneous in terms of water affinity. If 
some layer or zone in an opal holds water less 
tightly than another, however, differential 
shrinkage will cause cracking no matter how 
carefully it is cured. Even very stable opal may 
crack some if left on the matrix, because cracks 
may form near the interface between the opal 
(which may shrink some} and the rhyolite matrix 
(which will not shrink}. Cracks near the opal/ 
geode boundary generally do not propagate deeply 
into an otherwise solid opal, so matrix pieces can 
still be very attractive mineral specimens. 

Considerable work remains to thoroughly 
evaluate the various techniques for stabilizing 
opal that at first appears to be unstable, but the 


TABLE 1. Approximate relative abundance and overall 
stability of the different types of gem-quality opal mined 
at Opal Butte from November 1987 to November 1988. 


Abundance* Stability® 
Type (%) (%) 
Contra luz 5 70 
Crystal Z 60 
Hydrophane 2 90 
Contra luz/crystal 1 80 
Rainbow 25 90 
Hyalite 43 70 
Fire 6 20 
Blue 12 90 
Dendritic 1 75 


@Percentage of the 100-kg of gem-quality opal mined during this period. The 
remaining 3% include hydrophane with no play-of-color. 

©The percentage of the material of this type found that was stable when 
mined and has remained so over time. 


232 Notes and New Techniques 


assessment of the opal that is stable from the start 
appears to be very good. The author knows of three 
private collections with opals collected from this 
locality over 15 years ago that have remained 
stable. The flawless 135-ct contra luz opal in figure 
4 was found in 1972. 

It is not possible to predict with great certainty 
which opals will crack, and which will not, based 
on macroscopic appearance. However, some gener- 
alizations are made in the following description of 
the different types of opal found at Opal Butte. 


VISUAL APPEARANCE AND 
GEMOLOGICAL PROPERTIES OF 
THE DIFFERENT OPAL TYPES 


Several varietics of gem-quality opal have been 
recovered at Opal Butte. The rarest, those with 
distinct play-of-color, are referred to as contra luz, 
hydrophane, and crystal. The most common vari- 
eties are rainbow and hyalite, but fire and blue opal 
also occur, as well as a dendritic variety. Table 1 
provides approximate figures on the relative abun- 
dance and stability of the various types of gem opal 
found at Opal Butte. Table 2 lists the refractive 
indices (flat facet readings) for the different types 
as well as their reaction to long- and short-wave 
U.V. radiation. In general, the opals vary in spe- 
cific gravity from 1.3 for the lightest (dry} hydro- 


TABLE 2. Refractive index and reaction to ultraviolet 
radiation of the different types of Opal Butte opal. 


Reaction to U.V. radiation® 


Type RI. Long-wave Short-wave 


Contra luz 1.44-1.45 Weak green 


Crystal 1.45 Very weak 
green 


Very strong green 
Medium green 


Hydrophane 1.43-1.45 Strong chalky Very weak white 


bluish white 
Contra luz 
and crystal 1.44-1.45 Chalky white Weak green 
play-of-color 
Rainbow 1.44 Weak green Very strong green 
Hyalite 1.45 Weak green ‘Very strong green 
Fire 1.42-1.43 None None to weak 
green 
Blue 1.47 None None to weak 
green 


No phosphorescence was observed in any of the pieces tested. 
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phane to 2.2 for the heaviest (wet} clear material. 
Similarly, they vary in hardness from 4 on the 
Mohs scale for the chalky hydrophane to 6 '/2 for 
the clear pieces. All show a conchoidal fracture, 
pearly to vitreous in luster. No reaction was visible 
with either the polariscope or the Chelsea color 
filter. The most distinctive properties of each type 
found at Opal Butte are described below. 


Opal with Play-of-Color: Contra Luz, Crystal, and 
Hydrophane. About 10% of the gem-quality opal 
found at Opal Butte shows distinct play-of-color. 
Half of this material is similar in appearance to 
Mexican contra luz opal (Leechman, 1984), The 
play-of-color is only apparent in transmitted light 
and most commonly occurs in a pinfire pattern, 
but harlequin (again, see figure 4} and other types 
(see figure 1} are also observed. Most of the contra 
luz opal is clear or very nearly clear, but white, 
orange, and yellow opal with contra luz play-of- 
color is also found. About 70% of the contra luz 
opal is stable to spontaneous crazing. 

Almost half of the opal with “normal” play-of- 
color {i.e.,‘that which is apparent with reflected 
light, as with most Australian opal], is clear or 
almost clear, and is referred to as crystal opal 
(figure 5}.-Sixty percent of this material is stable. 
Some pieces show both contra luz and “normal” 
(crystal) play-of-color. 
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Figure 5. The finest piece found at Opal Butte 


in 1988 is this 315-ct crystal opal, Photo by 


Stan Thompson. 

The remaining half of the opal with “normal” 
play-of-color is referred to as hydrophane,; that is, it 
is exceptionally porous and does not hold water 
tightly. Hydrophane may be either clear or white 
when saturated with water, but the clear material 
turns white when dry (figure 6]. Unlike the hydro- 


Figure 6. This 145-ct hy- 
drophane opal is clear 
when wet (here, having 
been soaked in glycerin), 
as evident on the left, 
and white when dry, as 
photographed on the 
right. Good play-of-color 
is seen in both condi- 
tions. The photo on the 
left is © Tino Hammid; 
the one on the right is by 
Robert Weldon. 
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phane described in Bauer (1969), this material has 
good play-of-color both when clear and when 
white. The hydrophane that is white when wet is 
not only more porous and softer than the clear 
hydrophane, but it is also less likely to crack when 
it dries. Some of the clear hydrophane is unstable 
when wet but becomes stable when it dries out. 
Conversely, some white hydrophane may crack if 
suddenly immersed in water. Resorption of water 
occurs quite readily: A dry stone takes only a few 
hours to become completely saturated. You can 
distinguish most hydrophane from other opals by 


Figure 8. Rainbow opal is particularly well 
suited to faceting, as evidenced by this 27-ct 
stone. Stone courtesy of Harold Johnston; photo 
by Robert Weldon. 
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Figure 7. Rainbow opal 
represents 25% of the 
gem-quality opal mined 
at Opal Butte. This ma- 
terial glows soft hues as 
light passes through it. 
Note the different colors 
in the reflected image of 
the 62-ct rainbow opal 
carving as compared to 
the actual stone. Photo 
by Stan Thompson. 


touching it with the tip of your tongue, which will 
stick to dry hydrophane. 

The play-of-color in white hydrophane opal is 
usually stronger when the material is dry. Some of 
the clear hydrophane, however, has more brilliant 
play-of-color when it is wet. Thus far we have 
found no hydrophane at Opal Butte that has play- 
of-color when in water but none when dry. Over 
90% of the hydrophane opal from this locality is 
stable. 


Rainbow Opal. This material has a type of color 
play that makes the stone glow soft shades of the 
spectrum as light passes through it (figure 7). The 
colors change as the angle of illumination changes, 
with red light being bent more than blue light. 
Rainbow opal is about five times more plentiful 
than contra luz at Opal Butte, but the two types 
commonly are closely associated. In most geodes 
that contain contra luz opal, the contra luz overlies 
a layer of rainbow opal. 

Rainbow opal has been the most consistently 
stable type of opal found at Opal Butte, and 
represents the largest flawless pieces (some more 
than 500 grams} found to date. Rainbow opal also 
lends itself well to faceting (figure 8). 


Hyalite Opal. Hyalite is clear opal with no fire. 
This is the most abundant type of opal (other than 
common opal) found at Opal Butte. The best is a 
light ethereal blue that is well suited for faceting 
and carving (figure 9}. When faceted, it reflects 
yellow light off the pavilion faces even though the 
body of the stone is light blue. Much of the hyalite 
opal contains zones or layers of orange. Several 
flawless pieces of blue hyalite weighing 300-500 
grams were found in 1987 when mining began, but 
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only one piece this size was uncovered in 1988. 
Most of the hyalite opal is stable. 


Fire Opal. Orange and red opal similar to Mexican 
fire opal is also found at Opal Butte (figure 10). 
Unfortunately, most of the orange opal is unstable, 
crazing within minutes of exposure to air. The 
dark red material tends to be much more stable. 


Blue Opal. A few geodes have been found to 
contain nearly opaque, dark blue opal. Although 
these geodes are rare, thus far they have been quite 
large. Most of this “blue” opal has a greenish tint, 
but some is pure blue. We found approximately 100 
grams of this material that at first appeared to be 
opaque, but when backlit proved to be very trans- 
lucent. 


Dendritic Opal. Another rare feature in Oregon 
opal is the presence of manganese oxide dendrites. 
These dramatic inclusions may form as dense 
black spots or as delicately branching dendrites. 


DISTRIBUTION AND CUTTING 

Most of the high-grade play-of-color material from 
Opal Butte'has been worked into finished jewelry 
or stone carvings by the author. Although some 
adjustments have to be made for the softness of the 
dry white hydrophane, the rest of the opal works 
very much like opal from other localities. High- 
dome cabochons are the most effective cut for 
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Figure 9. The best hyalite is light blue and 
makes excellent carvings and faceted stones. 
This 44-ct hyalite is mounted in a 14k gold 
pendant. 


Figure 10. A small per- 
centage of the gem-qual- 

ity material found at 
Opal Butte strongly re- 
sembles Mexican fire 
opal, Although most of 
this matertal is not sta- 
ble, this 113-ct dark red- 
dish orange carving has 
proved to be. 
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displaying the contra luz play-of-color in jewelry 
(figure 11]. Much of the material is suitable for 
doublets. Specimens on matrix as well as cutting- 
grade rough and cut stones are also marketed. 


CONCLUSION 


Although it does not occur in large quantities, the 
quality and diversity of Oregon opal gives it 
special gemological significance. Many interest- 
ing geologic and gemological questions concerning 
the physical properties and mode of occurrence of 
these opals remain to be addressed. 
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A GEMOLOGICAL LOOK AT KYOCERA’S 


NEW SYNTHETIC STAR RUBY 


By John I, Koivula and Robert C. Kammerling 


Kyocera Corporation of Kyoto, Japan, is currently 
marketing under the trade name “Inamori” a macro- 
scopically natural-appearing semitransparent asteri- 
ated synthetic ruby, With the exception of obvious 
internal characteristics and a relatively strong fluo- 
rescence to ultraviolet radiation, all of the gemologi- 
cal properties shown by this material are essentially 
the same as those encountered in natural star rubies. 
For the majority of gemologists without access to re- 
search-grade testing equipment, the internal charac- 
teristics of Kyocera’s synthetic star ruby are the only 
universally reliable means of identifying this new 
product. 


Since late 1986, Kyocera America Corporation’s 
Inamori Gemstone Division has been marketing a 
number of new, high-quality synthetic materials 
under the'trade name “Inamori.” Until the intro- 
duction of this Inamori line, Kyocera was selling 
their synthetics only in a flawless grade under the 
trade name “Crescent Vert.” According to Kyocera 
America’s April 1, 1987, press release, “The new 
Inamori line will offer three grades [in some cases, 
two in others] with characteristic inclusions in 
response to customer demand for gemstones 
which more closely match the mined stone.” 

The two most interesting among these new 
offerings are the synthetic cat’s-eye alexandrite 
{described in Kane, 1987, and Koivula et al., 1988), 
and the synthetic star ruby. Both are stated to be 
manufactured, “from a proprietary method,” by 
their parent company, Kyocera Corporation, which 
is headquartered in Kyoto, Japan. 

To provide the gemological community with 
information on their new product, Kyocera loaned 
the Gemological Institute of America five sample 
cabochons of this new synthetic star ruby for 
study. The results of this detailed examination are 
reported below. 


DESCRIPTION 


The largest round and oval stones supplied by 
Kyocera (figure 1) are well-polished cabochons that 
weigh 1.99 and 1.60 ct, respectively. The remain- 
ing three samples weigh 0.92 ct (oval), 1.46 ct 
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Figure 1. Shown here are the largest round (1.99 
ct) and oval (1.60 ct) cabochons of Kyocera syn- 
thetic star ruby studied for this report, Note the 
near-transparency and slightly imperfect stars. 


oval], and 1.95 ct (round). All five of the cabochons 
are semitransparent with flat, semi-polished 
backs. 

When viewed with an overhead incandescent 
light source, all of the stones display relatively 
sharp and intense, white, six-rayed stars. Unlike 
the perfect stars of the Union Carbide (“Linde”) 
synthetic star rubies, the Kyocera stars show very 
convincing imperfections, such as slightly wavy or 
broken rays, which make them appear much more 
natural (again, see figure 1). Some of the cabochons 
also exhibit less than perfect surfaces with slight 
pitting evident. The body color of these synthetic 
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TABLE 1. The gemological properties of the Kyocera 
synthetic star ruby. 


Properties that overlap those 
of natural star rubies 
Color Slightly purplish red 


Visual appearance Very convincing body color with slight 
imperfections to the asterism 


Spot readings of 1.76-1.77 
Uniaxial optic figures 

Strong orangy red and purplish red 
Bright red 


4.00 + 0.02 using Clerici’s solution 
with indicator 


Identical to the spectrum shown by 
natural ruby 


Refractive index® 
Polariscope reaction 
Pleochroism 

Color filter reaction 
Specific gravity 


Absorption spectrum 


Key identifying properties 
Ultraviolet fluorescence” 


Long-wave Very strong red 
Short-wave Strong to very strong red with a 
moderate to strong superficial chalky 
blue-white overtone 
Inclusions® Extremely fine white-appearing 


exsolution rutile. Numerous bluish 
white smoke-like swirls. Both round 
and distorted gas bubbles. 

“In their promotional brochure, Kyocera reports a more accurate 
refractive index reading of 1.762~1.770 with a corresponding 
birefringence of 0.008. This had to be taken on a flat well-polished 
surface which was not available to the authors of this report 

"Testing done in total darkness (darkroom conditions). Useful if known 
fluorescence comparison stones are used 

Observed using fiber-optic illumination and/or shadowing 


rubies is a very natural looking slightly purplish 

red that compliments their near-transparency. 
From the back, because of their flat, semi- 

polished bases, these synthetic star rubies “look 


Figure 2, The exsolution needles that form the 
star in Kyocera synthetic ruby are extremely 
fine. Incident fiber-optic illumination; 
magnified 25x. 
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synthetic.” This is a cutting style gemologists have 
come to associate with synthetic star corundum 
similar to that produced by the Linde division of 
Union Carbide. Should these backs be roughed and 
rounded, however, without magnification they 
would look very natural. 


GEMOLOGICAL PROPERTIES 


The gemological properties determined on these 
five samples agreed for the most part with those 
reported by Kyocera in their promotional litera- 
ture. As indicated in table 1, with the exception of 
fluorescence and internal characteristics, the 
properties of the Inamori synthetic star ruby 
overlap those of their natural counterparts. The 
distinctive features are described below. 


Reaction to Ultraviolet Radiation. When exposed 
to long-wave ultraviolet radiation, the Kyocera 
synthetic star rubies all fluoresced a very strong 
red. The short-wave reaction appeared to be 
slightly weaker with a variable (moderate to 
strong) superficial chalky blue-white overtone 
that was most obvious when the lamp was held 
very close to the stone and the room was in total 
darkness (darkroom conditions). No phosphores- 
cence was observed in any of the stones. If rubies of 
known origin were used as indicators in fluores- 
cence testing, perhaps this reaction would prove 
useful in providing evidence of synthesis. 


Microscopy. When we examined the samples with 
a gemological microscope, the first thing we no- 
ticed was the fineness of the exsolution “rutile” 
needles (figure 2) when compared to the rutile 


Figure 3. The star-causing exsolution rutile nee- 
dles in this Burmese ruby are much coarser 
than those observed in the Inamori synthetic. 
Incident fiber-optic illumination; magnified 30 x. 
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Figure 4. Present in all five specimens exam- 
ined, these white smoke-like patterns, together 
with the fineness of the asterism-causing nee- 
dles, provide proof of synthesis. Darkfield and 
oblique fiber-optic illumination; magnified 50x. 


needles typically responsible for asterism in natu- 
ral star rubies (figure 3). 

When fiber-optic illumination was used, nu- 
merous smoke-like, bluish white, swirling wispy 
veils were seen running haphazardly between the 
star’s rays (figure 4) throughout all five synthetic 
stones. These swirls are composed of white-ap- 
pearing matter that is far too fine to be resolved 
with a standard gemological microscope. 

Similar-appearing swirls have been observed 
in very poor quality Czochralski-pulled synthetic 
ruby and suggest that Kyocera’s star rubies are 
crystallized from a high-temperature melt process, 
such as Czochralski pulling, rather than grown as 
euhedral crystals in a flux or hydrothermal envi- 
ronment. The absence of curved striae suggests 
that the flame-fusion process was not used. The 
1.99-ct stone shows a crude hexagonal pattern 
through its apex that appears to be surrounded by 
swirls (figure 5) and may be the trace remnant of a 
seed. 

Particularly distinctive of this synthetic is the 
presence of gas bubbles, both round and distorted. 
In shadowed transmitted light (figure 6) the swirls 
are observed as dark-edged wavy bands, while the 
gas bubbles, although small, stand out in relatively 
high relief. 

We also noticed that one stone had a tiny chip 
with a pronounced conchoidal fracture. While this 
type of fracture can also be seen in natural rubies 
and sapphires, it is rare in natural stones because, 
when put under excessive stress, natural gems are 
more likely to separate along weak parting planes, 
leaving a flat break similar to a cleavage surface. 
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Figure 5. A crude hexagonal pattern seen 
through the apex of the 1.99-ct stone may be 
the trace remnant of a seed. Transmitted and 
oblique fiber-optic illumination; magnified 35 x. 


In general, the internal features in Kyocera’s 
product in no way resemble the suite of charac- 
teristic inclusions recognized thus far in natural 
star corundums (Giibelin and Koivula, 1986). On 
the basis of their inclusions, these new synthetic 
star rubies are easy to distinguish from the natural. 


INFRARED SPECTROSCOPY 
Using a Nicolet 60SX Fourier-transform infrared 
spectrometer, Dr. Emmanuel Fritsch tested the 
mid-range infrared absorption characteristics of 
one of the synthetic star rubies (in a direction 
normal to the cabochon’s base) to check for the 
possible presence of water within the structure. 
No structural water could be detected. 

This lack of water adds support to the premise 


Figure 6. In addition to the wavy patterns, 
small gas bubbles, both round and distorted, 
are sometimes observed. Shadowed transmitted 
light; magnified 50x. 
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that Kyocera’s new synthetic star rubies are crys- 
tallized from a high-temperature melt using a 
process such as Czochralski pulling or Verneuil 
flame fusion. 


QUALITATIVE CHEMICAL ANALYSIS 


Ms. Carol Stockton examined one of the synthetic 
star rubies in GIA’s Tracor Northern energy disper- 
sive X-ray fluorescence unit to determine quali- 
tatively what elements were present within the 
specimen’s structure. 

The cabochon was mounted, semi-polished 
base down, ina transparent Mylar-floored cup. The 
sample chamber was evacuated and the stone 
subjected to a tube voltage of 20 kV and a tube 
current of 0.10 mA for a 100-second measurement. 

In addition to aluminum, traces of chromium 
(the color-producing chromophore} and titanium 
(the asteriating agent} were present, as expected. 
Very minor traces of calcium and iron were also 
detected and may be the result of a slight contam- 
ination in the feed chemicals. The fact that no 
gallium was found is a very strong indication of 
synthesis, since, in nature, aluminum-containing 
compounds such as corundum always contain 
traces of gallium. Oxygen, another major compo- 
nent in this chemical system, is not detectable 
with the Tracor unit. 


X-RAY DIFFRACTION 


To confirm the corundum identification, we asked 
Mr. Chuck Fryer to do an X-ray powder diffraction 
analysis on the sample material. A spindle of 
powder from one of the cabochons was prepared 


and mounted in a Debye-Scherrer powder camera. 
The resulting pattern matched the JCPDS standard 
for corundum, thus proving the identification. 


CONCLUSION 


This study of the new Inamori synthetic star ruby 
was based on an examination of only five polished 
cabochons. According to Kyocera’s April 1, 1987, 
press release, the company is marketing only two 
grades of synthetic star ruby. These grades are 
designated “A” (“almost pure stones”) and “B” 
(“very slightly flawed stones”). Both grades were 
represented in the samples studied by the authors. 

Although very close, the key gemological 
properties, as listed by Kyocera in their brochure, 
are not in exact agreement with those obtained by 
the authors during testing. The properties listed in 
the brochure may reflect average values for a great 
number of stones. 

With the exception of ultraviolet fluorescence 
and internal characteristics, all of the other gem- 
ological properties of these synthetic star rubies, 
such as specific gravity and refractive index, over- 
lap with those shown by natural star rubies. 
Qualitative chemical analyses will also provide a 
positive identification, but the sophisticated 
equipment necessary is not readily available to the 
jeweler-gemologist. While ultraviolet fluorescence 
may provide a useful clue that the material is 
probably synthetic, the authors feel that this 
criterion alone is not sufficient to give a positive 
identification. Microscopy is the key to identifying 
Kyocera’s new synthetic star rubies. 


REFERENCES 


Gibelin EJ., Koivula J.l. (1986} Photoatlas of Inclusions in 
Gemstones. ABC Edition, Zurich, Switzerland. 

Kane R.E. {1987} Inamori synthetic cat’s-eye alexandrite. 
Gems & Gemology, Vol. 23, No. 3, pp. 158-162. 


240 ~—Notes.and New Techniques 


Koivula J.L, Fritsch E., Fryer C. (1988] The gemmological 


characteristics of Inamori synthetic cat’s-eye alexandrite 
chrysoberyl. Journal of Gemmology, Vol. 21, No. 4, pp. 
232-236. 


GEMS & GEMOLOGY Winter 1988 


Gem Trade 


LAB NOTES 


EDITOR 

C. W. Fryer 

Gem Trade Laboratory, West Coast 
CONTRIBUTING EDITORS 
Robert Crowningshield 

Gem Trade Laboratory, East Coast 
Karin N. Hurwit 

Gem Trade Laboratory, West Coast 
Robert E. Kane 

Gem Trade Laboratory, West Coast 
David Hargett 

Gem Trade Laboratory, East Coast 


Imitation Dyed 
Black CHALCEDONY Beads 


The West Coast laboratory received 
for identification a broken strand of 
black beads. Our client was curious 
as to why some of the beads had 
retained their high luster, while 
others had turned dull (figure 1). Spot 
refractive index readings of 1.54 on 
both the lustrous and the dull beads 
indicated that they might consist of 
the same ‘material. Examination 
with overhead illumination showed 
the same small dull surface frac- 
tures, especially around the drill 
holes, in quite a few beads of both 
types. In strong transmitted light, 
however, the duller beads were semi- 
translucent with a brownish gray 
body color, while the lustrous beads 
remained opaque black. In the duller 
beads, transmitted light also re- 
vealed the parallel banding that is 
characteristic of the agate variety of 
chalcedony, as well as a very thin 
black layer that was missing in some 
areas. When tested with a cotton 
swab soaked with acetone, the black 
layer was easily removed. 
Apparently these agate beads 
had been enhanced with a colored 
surface coating so that they closely 
resembled the dyed black chal- 
cedony beads on the strand. Because 
this coating was susceptible to abra- 
sion, some of these beads had lost 
their apparent luster and turned dull. 


Editor's Note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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Figure 1. Some of the beads in 
this 6-mm strand are dyed 
black chalcedony; the rest are 
brown agate that has been 
given a colored coating. 


As is to be expected with dyed black 
chalcedony, no dye could be removed 
from the lustrous beads. KH 


DIAMOND 


Imitation Crystal 

Separating cut and polished cubic 
zirconia from diamond is usually 
accomplished in a straightforward 
manner using standard tests. On oc- 
casion, the Gem Trade Laboratory 
examines cubic zirconia that is fash- 
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ioned in the form of octahedral dia- 
mond crystals. Usually these imita- 
tions have an unnatural “sand 
blasted” appearance [see Gems W 
Gemology, Fall 1982, p. 169}. 

These clever cubic zirconia imi- 
tations (figure 2) were a puzzlement 
to one East Coast dealer. In fact, the 
dealer's cutter became alarmed at the 
rapid abrasion after he put one of the 
stones on the wheel. Careful fashion- 
ing of the material had produced 
“crystals” that appeared at first 
glance to have the morphology of 
diamond. They were excellent repro- 
ductions, especially with the “stria- 
tions produced by laminar dissolu- 
tions of faces of an octahedron” (see 
Orlov, Mineralogy of the Diamond, 
John Wiley & Sons, New York, 1973, 
p. 91). However, standard gemologi- 
cal tests —including magnification, a 
specific gravity of approximately 
5.85, and a typical fluorescence to 
long-wave ultraviolet radiation — 
proved that the two simulated crys- 
tals in figure 2 were actually cubic 
zirconia, a manufactured product. 

DH 


With Radiation Stains 

An approximately 0.75-ct round bril- 
liant-cut diamond submitted to our 
West Coast laboratory for a quality 
grading report turned out to be one of 
the most unusual diamonds we have 
seen. This very pale, slightly yellow- 
ish green diamond showed numerous 
brown radiation stains in several 
prominent positions: one small one 
at the culet, two others at the girdle, 
almost exactly opposite each other, 
and the most remarkable ones 
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Figure 2. Cubic zirconia has been very cleverly fashioned to imitate 
rough diamond crystals, These two samples measure 10.21 x 7.88 
x 7.38 mm and 8.50 x 7.30 x 6.96 mm, respectively, with a total 


weight of 15.19 ct. Magnified 10x. 


Figure 3. It is very unusual to 
encounter brown radiation 
stains on the table of a dia- 
mond. Note also the white 
void in the center of each 
stain. Magnified 50x. 


slightly off-center in the table {figure 
3}. The presence of stains in the table 
is what makes this stone so unusual. 

At first glance, the two table 
stains resembled dark red garnet in- 
clusions. When the stone was exam- 
ined with higher magnification, how- 
ever, both stains revealed cube- 
shaped white granular voids in their 
centers, with prominent drag lines 
originating from each (figure 4). 
When polarized light was used, 
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Figure 4, Drag lines originating 
from the stains shown in fig- 
ure 3 indicate that there prob- 
ably were included crystals in 
these areas that were pulled 
out during cutting. 


strain halos, which usually accom- 
pany included crystals, became visi- 
ble. These findings led us to conclude 
that the white voids had been crys- 
tals, possibly knots in the diamond, 
that were removed during the cut- 
ting process. The presence and cause 
of color of the stains remains a mys- 
tery. 

Since radiation stains per se are 
an indication of irradiation, but not 
proof of whether the irradiation is 


natural or artificially induced, the 
origin of color of this diamond is 
currently undeterminable. 

KH 


Mysteriously Damaged 


The Gem Trade Laboratory is fre- 
quently asked to determine if a flaw 
in a diamond is the result of recent 
damage to the stone. Usually, we 
examine fractures, chips, indented 
naturals, or similar questionable 
flaws. Occasionally, we are asked to 
report on a burned diamond. The 
burning of facets, which is usually 
caused by the use of a jeweler’s torch 
on a dirty diamond or by excessive 
heat generated by the polishing 
wheel, will leave a very thin whitish 
area on the stone that is easily pol- 
ished off with minimal weight loss. 
Damage resulting from exposure to a 
house fire is usually more severe. 

The East Coast laboratory was 
recently asked to report on a 0.88-ct 
burned diamond, The 415-nm_ ab- 
sorption line, medium blue fluores- 
cence to long-wave ultraviolet radia- 
tion, and a positive reaction to the 
thermal reaction tester, all easily 
proved that this translucent white 
stone was diamond. 

We have seen a large number of 
burned diamonds over the years, but 
never before had we seen anything 
quite like this. Although the heat 
damage permeated the entire stone, 
some of the original facets were stil] 
faintly visible. In addition, a circular 
indentation (figure 5) appeared to 


Figure 5. There appears to be a 
“melted” indentation on the 
crown of this 0.88-ct burned 
diamond. Magnified 20x. 
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have been melted into the crown. 
Since diamond has only been ob- 
served to melt under very special and 
extremely difficult to achieve condi- 
tions, the real mystery is how to 
account for the depression in this 
stone. DH 


Dyed GROSSULARITE 


Among the dyed green gemstones 
frequently encountered as jadeite 
imitations are materials such as 
quartzite, chalcedony, serpentine, 
nephrite, and calcite. Off-color jade- 
ite may also be dyed to improve its 
appearance. The green dye is easily 
identified with a spectroscope by the 
presence of a broad absorption band 
from approximately 630 nm to 670 
nm. Green aniline dyes also usually 
produce a red color filter reaction. 
Occasionally, we encounter the 
translucent naturally green (chrome- 
bearing} variety of grossularite gar- 
net represehted as jadeite. Recently, 
however, the East Coast laboratory 
was asked to identify a stone pur- 
chased as jadeite that proved to be 
dyed grossularite (figure 6). It showed 


ae 


Figure 6. This unusual 11.25 
x 16.28 mm grossularite cab- 
ochon was dyed to imitate 
jadeite. 


the absorption band and color filter 
reaction characteristic of the usual 
dyed imitations. The refractive index 
of 1.72, the hydrostatic specific grav- 
ity of 3.70, and the orange X-ray 
fluorescence of the 6-ct oval cab- 
ochon proved that it was gros- 
sularite. DH 
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Walrus IVORY 


A GIA staff member brought to our 
West Coast laboratory a 3'/2. inch 


Figure 7. This chess piece was 
carved from walrus tusk. 


{approximately 9 cm) high, slightly 
brownish yellow, artistically stained 
carving (figure 7}. This carving, part 
of a complete chess set (figure 8}, was 
supposedly made from mammoth 
ivory. We were asked to verify its 
identity. 

Standard gemological testing 
methods readily identified the mate- 
rial as ivory. When we examined the 
piece closely, however, we noted that 
the basal surface showed the appear- 
ance of a cross-section of tusk and 
that the characteristic engine-turned 
effect present in all elephant ivory 


Figure 9. The base of the carv- 
ing in figure 7 reveals the char- 
acteristic structure of walrus 
ivory. 


Figure 8. The entire chess set was represented to have been carved 


from mammoth ivory. 
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was missing. In addition, very fine 
parallel layers of dentine surrounded 
a central area of spongy dentine that 
closely resembled the clot-like lac- 
unae and canals in bone (figure 9}. 
According to Pictures of Ivory and 
Other Animal Teeth, Bone and Ant- 
ler, by T. K. Penniman (Pitt River 
Museum, Oxford, England}, this 
cross-section is characteristic of 
walrus tusk. KH 


CULTURED PEARLS 
Irradiated 


An unusually well matched rope of 
9-mm gray saltwater cultured pearls 
(figure 10) was submitted to the East 
Coast laboratory to determine 
whether the color was natural or 


Figure 11. The darkened bead 
nucleus of this irradiated salt- 
water cultured pearl provides 
the color; the nacre is un- 
altered. Magnified 10x, 


Figure 12. Irradiation seems to 
enhance the orient of {reshwa- 
ter tissue-nucleated cultured 
pearls. 
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Figure 10. The well-matched 9-mm black cultured pearls in this 
rope necklace were colored by irradiation. 


treated. The X-radiograph was nor- 
mal, showing no evidence of dye. 
When we looked down the drill holes, 
however, we could see that the nuclei 
were dark, which proved irradiation. 

As mentioned in the Fall 1986 
Lab Notes section, irradiation 
darkens freshwater shell, but not 
shell or nacre grown in saltwater. 
Figure 11 shows a loose saltwater 
cultured pearl that was exposed to 
gamma-ray irradiation. Notice the 
darkened freshwater shell nucleus, as 


compared to the unaltered color of 
the saltwater nacre. 

The irradiation of freshwater tis- 
sue-nucleated cultured pearls results 
in a wide range of colors from blue- 
gray to black. Figure 12 shows that, 
in addition to imparting the dark 
body color, irradiation markedly en- 
hances the orient in some cases. This 
effect contrasts with the fairly mo- 
notonous appearance of the dyed tis- 
sue-nucleated freshwater cultured 
pearls in figure 13. RC 


Figure 13. The monotonous tones and orient of these dyed freshwa- 
ter tissue-nucleated cultured pearls contrast sharply with their irra- 


diated counterparts in figure 12. 
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Pear-Shaped, Saltwater 


Rarely has the Gem Trade Labora- 
tory identified saltwater nucleated 
cultured pearls that were grown 
using other than round shell bead 
nuclei. On one occasion we were able 
to confirm the use of round plastic 
bead nuclei, which caused the pearls 
to feel light in weight; these cultured 
pearls evidently were grown experi- 
mentally and were never commer- 
cially produced. We also can recall 
two incidents many years ago when 
the nuclei of button, or lentil-shaped, 
cultured pearls proved to be lentil 
shaped. One can appreciate our sur- 
prise, then, when we determined 
that each of 10 pear-shaped cultured 
pearls spaced along a chain necklace 
had a pear-shaped nucleus. The nacre 
on some of the pearls was so thin that 


Figure 14, It is unusual to en- 
counter pear-shaped nuclei in 
pear-shaped cultured pearls 
(here, approximately 9-10 mm 
long). 


Figure 15, This X-radiograph 
shows both the nuclei nor- 
mally found in pear-shaped 
cultured pearls and a rare tis- 
sue-nucleated growth that 
caused the nacreous layer to 
form a pear shape. 
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the straight bands of the shell bead 
could be seen easily by candling. The 
X-radiograph in figure 14 shows this 
rarity in three of the pearls. 

We have been told that the mor- 
tality rate of the host mollusks is 
greatly increased with the use of 
other than round nuclei. Another 
factor may be the added cost of man- 
ufacturing shell nuclei in lentil or 
pear shapes. 

Ordinarily, pear-shaped saltwa- 
ter cultured pearls have either a void 
or a concentration of conchiolin at 
the point. Less common are pear 
shapes without a void where the 
shape is caused by concentration of 
the nacre itself. The X-radiograph of 
another necklace that was also seen 
in the East Coast laboratory (figure 
15) illustrates these types of pear 
shapes, as well as yet another cause of 
pear-shaped growth we had not seen 
before: what appears to be a large 
bead nucleus with a tissue-nucleated 
entity that has grown to form the 
point. RC 


Large Flux-Grown 
Synthetic RUBY 


Recently seen in the East Coast labo- 
ratory was an oval mixed-cut flux- 
grown synthetic ruby that weighed 
more than 17 ct. Previously, the larg- 
est cut stone of this material we had 
identified was about 12 ct. Assuming 
that, at best, recovery from flux- 
grown crystals would be 50%, this 
stone must have been cut from one 
weighing at least 30 ct. We have no 
record of the largest flux-grown syn- 
thetic ruby crystal produced to date, 
but this certainly would have to be 
considered for the title, RC 


Synthetic SPINEL 
Represented as Topaz 


It is not surprising to encounter syn- 
thetic spinel offered as a substitute 
for aquamarine or blue sapphire. In- 
deed, it has been used to imitate a 
number of stones. 

A manufacturer recently pur- 
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Figure 16, Both of these syn- 
thetic spinels were originally 
sold as topaz. The stone set in 
the ring measures 11.0 x 6.8 
x 7.5 mm; the loose preform 
measures 15.0 X 10.0 x 10.0 mm, 


chased a large quantity of blue “to- 
paz,” which he subsequently cut into 
preforms and then into cushion- 
shaped bent-top stones that he had 
mounted into yellow metal rings 
(figure 16). When a friend mentioned 
that the stones did not look “right,” 
the manufacturer submitted them to 
the East Coast laboratory for identi- 
fication. The “topaz” turned out to be 
synthetic spinel. The identification 
of synthetic spinel is relatively easy, 
with its very distinctive long- and 
short-wave ultraviolet lumines- 
cence, anomalous double refraction, 
and a refractive index of 1.728. 

DH 


SYNTHETICS and 
“Modern” Gems in 
Period Jewelry 


Over the years, synthetics have been 
set in jewelry for a variety of reasons. 
People who could not afford natural 
stones could at least enjoy the beauty 
of the less costly synthetics. Syn- 
thetics or other simulants have been 
used to replace more valuable stones 
that were either lost or removed to 
use the cash value when needed. At 
one time, synthetics were even set 
into fine jewelry as a proud symbol of 
scientific progress. 

The fine platinum and diamond 
bracelet shown in figure 17, seen in 
our East Coast laboratory, was probab- 
ly made during the 1920s. lt is set 
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Figure 17. This 1920s-era diamond bracelet is set with synthetic as well 
as natural rubies. 


with flame-fusion synthetic rubies 
as well as with fine natural rubies 
with Burma characteristics. We do 
not know why synthetic and natural 
stones were mixed in this piece, but 
because of the ever-present possi- 
bility of mixed stones, it is always 
necessary to test all of the stones, 
even in an antique setting. 
Evidence of tampering with a 


setting is the most common indica- 
tion that a synthetic was used as a 
replacement stone. The stone shown 
in figure 18 was set in a lady’s ring 
that also was submitted to our East 
Coast laboratory. Engraved in the 
shank of the ring is the date Octo- 
ber 15, 1922. Although it is possible 
that this date could have been in- 
scribed recently, it is not likely. As 


A HISTORICAL NOTE 


Figure 18. Flux inclusions 
prove that this 6.9-mm “ruby,” 
set in a ring inscribed with a 
1922 date, 1s synthetic. Mag- 
nified 30x. 


indicated by the reworked prong tip, 
as well as the flux inclusions shown 
in figure 18, a modern flux-grown 
synthetic ruby has been reset in this 
period ring. DH 


FIGURE CREDITS 


Figure 7 was taken by Shane McClure. 
David Hargelt supplied the photos used 
in figures 2, 5, 6, 10, and 16-18. John I. 
Koivula is responsible for the photomicro- 
graphs in figures 3 and 4. The pictures 
used in figures 7-9 were provided by Ro- 
bert Weldon. Robert Crowningshield took 
the photos of the X-radiographs that were 
used in figures 14 and 15. Clayton Welch 
did the photography for figure 11. Figures 
12 and 13 were taken from the photo li- 
brary on the West Coast. The photo of 
the dendritic diamond in the Historical 
Notes section was taken by Andrew 
Quinlan, while Mike Havstad supplied the 
photo of the eroded pearl. 


Highlights from the Gem Trade Lab 25, 15, and five years ago 


WINTER 1963 


The New York lab discussed the 
bleaching and dyeing of both cultured 
and natural pearls. An explanation 
was offered for the several angled 
drill holes originating from the main 
drill hole on some pearls, that is, that 
they facilitate the treatment of cer- 
tain areas between the nacre and the 
nucleus that can be reached through 
the drill hole. Also covered were the 
numerous variations on the standard 
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brilliant cut that are commonly seen 
on fancy-shaped diamonds. 

The Los Angeles lab was asked 
to identify some rough diamond frag- 
ments that the client hoped would 
prove to be synthetic. The material 
had been represented to be synthetic 
diamond made by a new process that 
could produce larger rough than had 
previously been manufactured. Ex- 
amination with a microscope to- 
gether with other tests revealed that 


the samples were natural bort. 
This issue also included a de- 
tailed discussion of the methods used 
to estimate the weight of a damaged 
diamond, both before it was damaged 
and after recutting. By using table 
reflection size, crown angles, girdle 
thickness, and whatever other mea- 
surements are possible, one can ar- 
rive at a very close estimate of the 
weight of the stone before damage. 
Measuring the present size of the 
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diamond will enable calculation of 
the size of stone that can be cut from 
it. Application of the appropriate 
weight estimation formula will lead 
to the estimated weight of the recut 
stone. 


WINTER 1973 


Laser drill holes in diamond, as well 
as the different types of damage that 
can occur as a result of improper 
setting, were covered by the New 
York lab. The section also included 
an account of the difficulties of test- 
ing carvings, as well as illustrations 
of several beautiful carvings. 

The Los Angeles lab reported on 
a very unusual ring that could be 
turned to reveal a textured gold sur- 
face in one position and a lovely 
chrysoprase in the other. Other odd- 
ities discussed include pieces of am- 
ber imbedded in plastic, a coarse 
jadeite crystal as an inclusion in a 
cut stone,.and some unusual glass 
beads. The:appearance of two six-ray 
stars side-by-side in a star ruby was 
believed to be the result of the usual 
inclusions forming one star and 
twinning causing the second star. 


WINTER 1983 

A very unusual dendritic diamond, 
mounted in an attractive pin, was 
encountered in New York. The inclu- 
sions were reflected throughout the 
4-ct stone. The New York lab also 
saw a most unusual comet-design 
brooch set with numerous fancy yel- 
low to yellow-brown diamonds, all of 
which fluoresced to ultraviolet radia- 
tion. The effect when seen by UV was 
one of a brilliant comet flashing 
across the night sky. 


The dendritic pattern of this 
4-ct diamond can clearly be 
seen. Magnification here 

is 12x. 


Another item of interest was a 
severely eroded pearl, originally set 
in a ring, that was seen by the Santa 
Monica lab. The owner must have 
had an extremely acidic skin condi- 
tion to cause this kind of damage. 
This should serve as a warning to all 
who wear pearls that they should 
clean them on a regular basis. 


Severe erosion, probably 
caused by extremely acidic 
skin, has damaged this 8.5- 
mm pearl, 
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DIAMONDS ee 


China. A new diamond-polishing factory has been set up 
by the Hong Kong—based jewelry firm of Chow Tai Fook 
in the city of Shunde, Guangdong Province. The new 
cutting facility will be fully operational as soon as the 
first 10 diamond cutters and polishers return from 
training courses in Thailand. Chow Tai Fook expects to 
increase the work force at this new plant to 300 workers 
in 1989. 


Diamond mining activity in India. Mining and explora- 
tion are being carried out again in the ancient Panna 
diamond fields in northern India, reportedly due to the 
recent increases in the price of diamond rough. The 
government’s National Mining Development Corp. does 
most of the mining, although some small plots have 
been leased out to private prospectors. Some of the 
diamonds mined by the government are sold at auction. 

The Geological Survey of India has recently been 
exploring areas of the Panna district that contain pipe 
rocks, several districts of Andhra Pradesh, and the 
recently discovered kimberlites in the Anantapur dis- 
trict near Venkatampalle and Wajrakarur. 


“Filled” diamond update. The Fall 1987 Gem News 
column reported on the filling of cleavages and fractures 
in faceted diamonds. The purpose of this treatment is to 
replace the air that normally fills such breaks with a 
transparent, essentially colorless substance that has a 
refractive index much closer to that of diamond, thus 
resulting in a less visible separation, At the time of this 
first report it was speculated that perhaps silicone was 
being used as the filling agent. 

Recently, Robert Crowningshield and Tom Moses, 
of the GIA Gem Trade Laboratory, decided to investigate 
the possibility that X-radiography would reveal new 
information about the filled diamonds, since different 
materials exhibit varying degrees of transparency to 
X-rays. They subsequently obtained three diamonds 
known to be treated in this manner and did a standard 
X-radiograph on them using a lower voltage and current 
than is normally used on pearls. On the processed film 
(figure 1), the filled areas of the diamonds proved to be 
completely opaque to X-rays and appeared as distinct 
white areas. Next, because of the reports that silicone 
was involved, they coated an untreated diamond with 
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silicone grease to see if the silicone coating would affect 
the X-ray transparency. It did not, so silicone was ruled 
out as the possible filling agent. Further work is now 
being done at GIA to determine what the composition of 
the filling material is. 


India to synthesize diamonds. During the opening of a 
Soviet science exhibition in Bombay, Soviet delegates 
announced plans to teach Indian scientists how to 
synthesize diamonds for industrial and other uses. 
[Editors’ Note: At present we do not know if this 
technological package includes the methodology re- 
quired to synthesize gem-quality diamonds.| 


Remarkable diamond. A natural diamond with highly 
unusual inclusions (figure 2) was recently examined by 
Anthony de Goutiére of de Goutiére Jewellers, Ltd., in 
Victoria, British Columbia. Mr. de Goutiére at first 
suspected that these tube-like inclusions in the 0.06-ct 
round brilliant cut were the result of laser drilling. On 
further examination, he ruled out laser drilling because 
the tubes had brown radiation stains, their surface 
openings lacked the conical appearance normally asso- 
ciated with laser drilling, and drag lines extended from 
each of the holes {indicating that they were there when 
the diamond was last polished]. His conclusion was 
further supported by the fact that no remnants of 
inclusions (i.e., the potential targets) could be seen at the 
sharp corners of the geometric patterns, and by the 
questionable economics of laser drilling such a small 
stone. Careful examination of the evidence strongly 


Figure 1, The white areas in this X-radiograph 
represent the filled cleavages and cracks in 
these three treated diamonds (the largest 
weighs 1.49 ct), X-radiograph by Tom Moses. 
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suggests that these inclusions are of natural origin, 
possibly fission tracks. Mr. de Goutiére has donated the 
diamond to GIA’s Byron C. Butler Inclusion Collection 
for further study. 


Synthetic diamond thin-film update. A number of firms 
are making continued advances in vapor-deposited syn- 
thetic diamond thin films. Japanese companies such as 
NEC Corp., Seiko Instrument Co., and Sumitomo have 
been exploring the possible applications for this technol- 
ogy since learning of its discovery in 1975 by Soviet 
scientists. Crystallume, an American firm in Menlo 
Park, California, has found a way to make an ultra-thin 
(less than 1 ») synthetic diamond window that is ideally 
suited for X-ray instruments used for materials analysis. 
This represents the first industrial product out of this 
technology. Other possible applications include com- 
puters and diamond-coated tools. 

Presently, two low-pressure methods are used to 
deposit synthetic diamond films on almost any object. 
The first requires that a metal filament be heated to 
incandescence in the presence of a mixture of hydrogen 
gas and a hydrocarbon vapor, such as methane. At the 
filament, the hydrogen molecules split into individual 
atoms and the hydrocarbon molecules break, freeing 
some carbor. The subject to be coated is also heated to at 
least 1000°F (546°C). When the hot mix of gases encoun- 
ters the heated object, a thin coating of carbon, in the 
form of synthetic diamond, is deposited over the exposed 
surface area. The other method uses the same mix of 
gases but irradiates them by a radio frequency field and/ 
or a microwave beam, at which point a thin film is 
deposited on a heated subject. 

The greatest drawback is that the subject must be 
heated to a high temperature for either process to work. 
However, the Beamalloy Corp., of Dublin, Ohio, uses a 
technique known as ion-beam enhanced deposition to 
deposit a super-hard carbon coating on almost any 
subject, including those with low melting points such as 
plastics. Recently, Beamalloy has been working closely 
with GIA Research to place ion beam—enhanced thin- 
film coatings on materials such as opal and emerald so 
that the properties of the coatings can be carefully 
studied and their potential gemological effects better 
understood. 


COLORED STONES is 
Pyrope or spinel... a question of identity. Mr. Donald 
Clary of Rancho Palos Verdes, California, recently 
brought Gems # Gemology’s technical editor, Carol 
Stockton, a pink stone that had been sold to him as 
garnet. While it resembled the pear-shaped pink pyrope 
illustrated in the Summer 1988 issue of GWG (figure 1, 
page 105}, its refractive index of 1.718 seemed too low for 
the depth of color displayed, and suggested instead that 
the stone was spinel. In addition, it contained some 
wispy-looking inclusions not at all typical of garnet. 
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Figure 2. These intricately patterned thin tubes 
were initially believed to be caused by laser 
drilling. The radiation stains and the small size 
(0.06 ct) of the diamond were two of the indica- 
tions that these tubes are, in fact, natural. Pho- 
tomicrograph by Anthony de Goutieére. 


Energy dispersive X-ray fluorescence chemical 
analysis revealed that the stone was, in fact, a spinel 
with a trace of chromium to provide the pink color. 
Gemologically, the only means to distinguish such a 
spinel from a pink pyrope would be a combination of 
refractive index, inclusions, and possibly U.V. fluores- 
cence. Pink pyropes have been observed to have refrac- 
tive indices between 1.730 and 1.742. Below this range, 
they become very pale and ultimately colorless. Gem- 
quality pink spinels have a fairly constant refractive 
index of 1.718. Only in the presence of appreciable 
chromium, enough to produce the much-desired 
“flame” red color, does the R.I. rise toward the range of 
pink pyrope. In this case, of course, color will preclude 
confusion, 

Since pure, colorless pyrope has an R.I. of 1.714, and 
pure, colorless spinel has an RI. of 1.712, it is theo- 
retically possible for similar-appearing stones to exist 
with equally similar indices of refraction. Thus, inclu- 
sions provide the best means of separating the two 
species. 


Continued tsavorite mining. Contrary to rumors that 
have circulated recently, the supply of tsavorite garnet in 
East Africa appears plentiful. According to geologist 
Campbell Bridges, tsavorite is becoming so popular that 
even the more included material is now being cut and 
marketed. 

Mr. Bridges is the discoverer of tsavorite and still 
one of its major producers. According to him, “It is 
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Figure 3. This 6.5-mm-wide near-colorless 
quartz crystal from near Poona, India, displays 
brilliant diffraction-caused colors. Photo by 
John I. Koivula. 


expensive to mine... [because it] is confined to erratic 
shoots that, when the overburden becomes too great, 
have to be followed underground by tunneling. This 
involves careful blasting and progressively expensive 
removal of waste as well as the necessity of ventilation 
to considerable depths. It is possible that in the best of 
the tsavorite mines in East Africa, the shoots will persist 
for several hundred and even thousands of feet under- 
ground, thereby assuring regular commercial produc- 
tion over the next several years.” 


Unusual Indian quartz. The Winter 1987 Gem News 
column reported on Jack Lowell’s discovery of an ad- 
ularescent-like phenomenon observed in some ame- 
thysts from Artigas, Uruguay. In these amethysts, this 
colorful “Lowell Effect” is strictly confined to the minor 
rhombohedral faces and the areas immediately sur- 
rounding them. Now it appears that another source of 
quartz showing this phenomenon has been discovered. 

While on a buying trip to India, Meg Easling and 
Julie Wellings, the proprietors of Gem Quest Jewelers in 
Ojai, California, came across some crystal-covered 
geode sections of colorless quartz from near Poona that 
displayed what looked like brilliant iridescent colors 
when viewed in certain directions (figure 3). At first they 
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Figure 4. Delicate twinned sprays of rutile such 
as these are the most common inclusions ob- 
served in a new find of smoky quartz from Cal- 
ifornia. The largest rutile clusters are approx- 
imately 1 mm across. Magnified 15 x ; photo- 
micrograph by John I. Koivula. 


thought that the colors were a thin-film effect caused by 
small fractures in the crystals, similar to what is 
observed in both quench-crackled and natural “iris 
quartz.” Closer examination, however, proved that this 
was not the case. The colors were confined to the minor 
rhombohedral faces and zones immediately surrounding 
them, just as in the amethysts from Uruguay. 


California quartz. In February 1988, while tracing 
quartz float up a ravine in the Inyo National Forest in 
Inyo County, California, Michael and Cora Anderson of 
Lomita discovered a small pocket containing a few small 
crystals of smoky quartz near “Crystal Ridge,” at the 
west end of the Santa Rita pluton. Continued explora- 
tion showed that the pocket was actually a quartz vein 
that ranged in thickness from a few inches up to 3 ft. 
{approximately I m} and seemed to contain numerous 
crystal-bearing pockets. 

Following the vein, the Andersons have excavated a 
small (3 ft. x 10 ft.) adit into the granite mountain. So 
far, approximately 300 lbs. (135 kg] of single crystals and 
crystal clusters have been mined. Of these, 20% to 30% 
are of good specimen quality, while many are facetable. 
The crystals, which range from transparent to opaque, 
are most commonly smoky brown; some are near- 
colorless. 

The crystals average about 1 '/2 in. (2.2 cm] long, but 
individual crystals as large as 2 in. X 6 in. have been 
recovered. Many of the crystals are doubly terminated. 
A few are wedge-shaped, while others have almost 
perfectly equidimensional prism faces and nearly ideal 
terminations. Some show selective or directional etch- 
ing effects on their surfaces, and many show facial- and 
etch-produced evidence of Dauphiné twinning, such as 
the repetition of s and x faces. 
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One of the most unusual features of these quartzes 
is their suite of inclusions. Chlorite, calcite, hematite, 
and rutile have been identified so far. The rutile is the 
most Obvious inclusion; it appears as exceptional twin 
sprays reminiscent of “golden stars” (figure 4}. The rutile 
also appears to be directionally deposited and of late- 
stage syngenetic origin, because it is found only on 
certain prism and rhombohedral faces, and always just 
beneath or right at the surface. Although now the 
Andersons are finding fewer crystals and more of what 
looks like ordinary chalcedony, they recently found 
signs of additional quartz deposits nearby. 


“Agua Aura” quartz. Peter and Bobbi Flusser, of Over- 
land Gems in Los Angeles, showed the Gem News 
editors a new form of treatment being used on rock 
crystal quartz. The treatment consists of coating both 
single crystals and crystal clusters with a thin film of 
gold so sheer that the opacity normally associated with 
this dense metal is negated and the actual transmitted- 
light color of gold, a blue to greenish blue, becomes 
apparent (figure 5). In addition, the crystals acquire a 
superficial, colorful iridescence that is readily visible in 
surface reflected light. Because of the obvious bluish 
color, these treated quartzes are being promoted under 
the name’ “Aqua Aura,” meaning blue gold, by the 
supplier, Bob Jackson Minerals of Renton, Washington. 
Testing by the editors has shown that the coating is very 
durable ang does not seem to affect any of the gemologi- 
cal properties (R.I. and S.G.} of the underlying quartz. 


New evidence of treatment in Umba sapphires. Any 
evidence that provides absolute proof that a sapphire has 
or has not been heat treated is always of value to 
gemologists. A recent investigation done by one of the 
Gem News editors (JIK], which was published in the 
Journal of Gemmology (Vol. 20, No. 7, 1987), showed just 
such evidence in the form of colored halos surrounding 
solid mineral inclusions in sapphires from Sri Lanka and 
Montana. The halos result from the heat-induced theft, 
by the sapphire host, of color-causing ions from the 
mineral inclusions. 

After reading the above-mentioned article, 
Dr. Henry A. Hanni, of the University of Basel and the 
Swiss Foundation for the Research of Gemstones, con- 
tacted Gem News and reported his discovery of similar 
internal diffusion halos surrounding tiny mineral inclu- 
sions in blue sapphire from the Umba River region in 
Tanzania, East Africa (figure 6), Dr. Hanni's observation 
provides positive evidence that at least some of the 
sapphires from this locality are being heat treated. 


Largest faceted gemstone. In his recent Gems e#) Gemol- 
ogy article (Spring 1988} on faceting large stones, Mi- 
chael Gray reported that a 22,982-ct topaz, since named 
the “American Golden,” had just become the largest gem 
ever cut. This gem has now been donated to the 
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Figure 5, The color in this “Aqua Aura” quartz 
crystal results from a thin-film coating of gold. 
Photo by William Videto. 


Smithsonian Institution in Washington, D.C., by 
Drs. Marie and Edgar Borgatta together with the Ameri- 
can Federation of Mineral Societies. 

Dr. Edgar Borgatta preformed the stone from the 
original 26-\b. {12 kg} piece of rough, and then commis- 
sioned Leon M. Agee, of Walla Walla, Washington, to 
facet it. The cut designed by Mr. Agee has 62 crown 
facets and 110 pavilion facets, the finished stone mea- 
sures 17.3 x 14.9 x 9.2cm. The overall color is basically 
light yellow, but three light blue chevrons of color 
zoning provide a slightly chartreuse tinge under some 
lighting conditions. 


Figure 6, Proof of color enhancement in this 
sapphire from the Umba River region in Tan- 
zania, East Africa, is shown by the dark blue 
spots that result from internal diffusion. Mag- 
nified 30x; photomicrograph by Henry A. 
Hannu. 
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Figure 7. The world’s largest faceted gem, a 
22,982-ct topaz named the “American Golden,” 
was cut by Leon M. Agee. Photo by Ken Nicoles 
Photographers, Walla Walla, WA. 


Mr. Agee designed the machine used to cut the 
‘American Golden” around an older-model Prismatic 
faceting machine, which he had to modify extensively. 
The problems of counter-balancing such a large machine 
with such a large preform were not trivial (figure 7). 
Apprcximately 1,000 hours were needed to complete the 
project. 


Ruby receives highest price at auction. A 15.97-ct 
Burmese ruby (figure 8} was sold at Sotheby’s October 18, 


Figure 8. This 15.97-ct Burma ruby sold for 
$3,630,000 at the October 1988 Sotheby’s auc- 
tion. It is the highest price ever paid at auction 
for a single colored stone. Photo by Tino Hammid, 
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1988, jewelry auction in New York for a record price of 
$3,630,000 —the highest price ever paid at auction for a 
colored stone. 


SYNTHETICS Ss 


Unusual synthetic beryls from the Soviet Union. A 
selection of unusual hydrothermally grown synthetic 
beryl crystals, in a variety of colors (figure 9], were 
provided to Gem News for study by Dr. Nikolai Sobolev 
of the USSR. The beryls were grown in the Laboratory 
for Hydrothermal Growth, at the Institute of Geology 
and Geophysics, Siberian Branch of the USSR Academy 
of Sciences, in Novosibirsk, under the supervision of 
Dr. V. A. Klyakhin and Dr. A. S. Lebedev. 

Deposited over colorless seeds, these crystals are 
the product of growth experiments involving the colora- 
tion of synthetic beryl using a variety of ionic dopants. 
The purple results from doping with a combination of 
chromium and manganese. The bright, intense pink is 
caused by manganese alone (like morganite and the 
natural red beryls from Utah]. The blue is the product of 
copper coloration, and the rich, slightly orangy red 
crystal owes its color to a trace of cobalt. 

We do not know how much of this material has been 
grown and whether or not it will ever be commercially 
available. Recently, however, Dr. Karl Schmetzer of 
Heidelberg, West Germany, showed GIA’s Dr. Emmanuel 
Fritsch a l-cm fragment of a synthetic hydrothermal 
“aquamarine” grown in the Soviet Union at the same 
Laboratory for Hydrothermal Growth. Dr. Fritsch de- 
scribed it as a dark “sapphire blue,” strongly pleochroic, 
millimeter-thick overgrowth on colorless beryl. So it 
appears that, in addition to the crystals shown here, at 
least one other unusual color of hydrothermal synthetic 
beryl has been grown in the USSR. 

The specific gravities and refractive indices of these 
crystals are similar to those already reported for hydro- 
thermal synthetic emeralds and some natural beryls. 
However, their absorption spectra and internal charac- 
teristics would be sufficient to identify them as syn- 
thetic if faceted stones should ever be cut. 


The Pool synthetic emerald. In August 1988, Interna- 
tional Colored Gemstone Association {ICA} Alert No. [8 
addressed “Pool Emeralds,” specifically, “the way in 
which these laboratory grown emeralds are being pro- 
moted [widely in Australia] ... as the ‘treated Pool 
Emerald.” A follow-up alert was issued in October 1988 
by Australian gemologist Dr. Grahame Brown, who 
concluded that “the gemmological properties, and the 
characteristic inclusions, of the Pool Emerald were 
virtually identical to those of the Biron hydrothermally- 
grown emerald ... another product of Equity Finance 
Ltd.” This was followed by a report in Jewellery News 
Asia from a gemological laboratory in Hong Kong which 
identified the “Pool Emerald” as synthetic. A prelimi- 
nary study of the gemological properties of the “Pool 
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Emerald” carried out at GIAs West Coast Gem Trade 
Laboratory {and confirmed by EDXRF chemical an- 
alyses) also showed that these synthetic emeralds have 
properties virtually identical to those reported for Biron 
hydrothermal synthetic emeralds by Robert E. Kane and 
Richard T. Liddicoat, Jr., in the Fall 1985 issue of Gems @ 
Gemology. 

The promotional material for this product has been 
revised considerably, apparently in response to criti- 
cism. The first literature read: “The Pool Emerald... 
From the Emerald Pool Mine of Western Australia 
(1929}. . . Source of natural and treated emeralds... The 
Pool Emerald {R} is refined by recrystallising 100% 
natural emerald from the Emerald Pool Mine .... The 
Pool Emerald (R}—available either clean, or slightly 
included.” The most recent advertisment, however, 
reads “The Pool Emerald ... A Laboratory Grown 
Hydrothermal Emerald... .The laboratory grown Pool 
Emerald is recrystallised emerald from the Emerald Pool 


Figure 9. These synthetic beryls grown in the Soviet 
Union range from 14.48 ct (purple) to 31.63 ct (pink). 


Mine, Western Australia.” 


Photo by Robert Weldon. 


ANNOUNCEMENTS 


Great Britain’s National Associa- 
tion of Goldsmiths (NAG) has an- 
nounced its plan to register quali- 
fied jewelty appraisers in the 
United Kingdom. In a program de- 
signed to protect the public, the as- 
sociation says it will register only 
those jewelers who are qualified to 
produce competent evaluations, 
and will give them a special red 
and orange symbol showing the 
words “NAG registered valuer” to 
display. 


The new journal, Gemological Di- 
gest, is no longer being offered free 
of charge, reportedly because of the 
higher production costs involved 
with the new format. For further 
information, please contact the 
journal’s editor, Richard Hughes, at 
the Asian Institute of Gemological 
Sciences, 987 Silom Rd., Rama 
Jewelry Bldg., 4th Floor, Bangkok, 
Thailand 10500. 


The 1989 International Colored 
Gemstone Association Congress 
will be held May 21-26 at the 
Hilton International, Colombo, Sri 
Lanka. Planned events include the 
first ICA Intertrade Auction, voting 
on several nomenclature issues and 
trade rules and regulations, and an 
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ICA forum with the association’s 
board of directors. For more infor- 
mation, contact the ICA office at 
22643 Strathern St., West Hills, CA 
91304; telephone (818) 716-0489. 


Also from the ICA comes the Gem- 
bureau, a gemstone promotion and 
information service that will be re- 
sponsible for international media 
relations on behalf of the gemstone 
industry and will serve as a re- 
source for both consumer and trade 
publications. The funds to establish 
the Gembureau were contributed 
by ICA members. For more infor- 
mation, contact Cheryl Kremkow, 
Gembureau, 609 Fifth Ave., Ste. 
905, New York, NY 10017; tele- 
phone (2,12) 688-8452, 


INHORGENTA~—Autumn Miinchen 
89 (The Munich Watch and Jewell- 
ery Days) will be held September 
23-25, 1989, at the Munich Trade 
Fair Center. This annual event {al- 
ways the last weekend of Septem- 
ber} ts organized by the Munich 
Trade Fair Corp. There is room for 
400 exhibits, but the registration 
deadline is April 15. For more in- 
formation, contact the sponsors at 
Messegelande, Postfach 12 10 09, 


GEMS & GEMOLOGY 


,D-8000 Miinchen 12, West Ger- 
many; telephone (089) 51 07-506. 


Hong Kong is the site for several 
trade shows in 1989, The 2nd 
World Gems Expo will be held June 
3-6, at the Hong Kong Convention 
and Exhibition Centre. The expo 
will accommodate over 700 manu- 
facturers, suppliers, cutters, and 
miners from around the world. The 
World Fashion Jewelry & Accesso- 
ries Expo, planned for July |—4, is a 
showcase of high fashion/costume 
jewelry, personal ornaments and ac- 
cessories, gift items, and much 
more, The 7th Hong Kong Jewelry 
and Watch Fair will be held Sep- 
tember 19-22; it features jewelry 
and gems as well as all types of 
clocks and watches, and even man- 
ufacturing equipment. For more in- 
formation on all of the above, con- 
tact Headway Trade Fairs, Ltd., 9/F 
Sing-Ho Finance Bldg., 168 
Gloucester Rd., Hong Kong. 


Mr. Donald Feldpush’s name was 
mistakenly left out of the list of 
people who received a perfect score 
on the 1988 Gems &# Gemology 
Challenge. We regret the error and 
congratulate Mr. Feldpush on his 
accomplishment. 
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COLORED STONES AND 
ORGANIC MATERIALS 


“Citron chrysoprase.” G. Brown and H. Bracewell, Aus- 
tralian Gemmologist, Vol. 16, No. 6, 1987, pp. 
231-233. 


“Citron chrysoprase” is the local name used for a 
massive lime-green mineral found in association with 
common opal and chrysoprase in Western Australia. 
This report covers the gemological investigation of the 
material from Yundamindera Station. 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest to 
our readership. 


Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstracter 
and in no way reflect the position of Gems & Gemology 
or GIA. 
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Properties were determined to be as follows: color— 
lime green, tending to be strongest near the external 
surfaces of nodules and veins, and “fading” toward their 
centers; luster— waxy on polished surfaces; hardness — 
4-5, fracture—brittle, low conchoidal to uneven; 
streak — white; S.G.—2.90; spot R.I.— 1.60, with a bire- 
fringence blink indicating a large birefringence; U.V. 
fluorescence—strong bluish white (long-wave}, pale 
whitish (short-wave}; solubility—effervesces slowly 
with cold hydrochloric acid. All veins and nodules 
examined exhibited external coatings of brownish lim- 
onite, which also filled fractures. 

On the basis of their examination and of chemical 
analyses of similar material from an adjacent group of 
claims, the authors conclude that “citron chrysoprase” 
is nickeloan magnesite and should be described as such. 
Four photographs and one map accompany the article. 

RCK 


Esmeraldas en las minas y en la historia (Emeralds in the 
mines and in history). L. §. Tocancipa, Geomundo, 
Vol. 12, No. 2, February 1988, pp. 92-105. 

A unique opportunity was granted to Ms, Tocancipa to 

investigate and photograph the mysterious emerald 

world of Colombia. The resulting report is accompanied 

by an impressive collection of photographs, taken most- 

ly by Mauricio Mendoza. 
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The article begins with Ms. Tocancipa’s views of 
being the only woman among 43 men working at the 
Cosquez mine, as she relates her experiences and strug- 
gles for survival in an otherwise male-dominated min- 
ing job. This eye-opening introduction is followed by a 
history of the emerald industry in Colombia, including 
the uses of emerald during pre-Columbian times. A 
subsequent, and somewhat cryptic, section talks about 
the properties of beryl. Vague references are made to 
coloring agents and crystal form, but no mention is 
made of specific gravity, refractive index, or even typical 
inclusions. This section is followed by interesting data 
about the mines themselves, as well as government 
involvement and commercial aspects. The emeralds 
illustrated include the collection at the Bank of the 
Republic in Bogota. RW 


Une gemme métamicte: I’ékanite (A metamict gem: 
ekanite}. J.-P Gauthier and P Fumey, Revue de 
Gemmologie a.fg. No. 94, 1988, pp. 3-7. 

Ekanite, a thorium and calcium silicate of formula 

(ThCa,Si,O. 9], is a rare gem material, Because it con- 

tains radioactive thorium, and sometimes uranium, its 

structure is often metamict due to radiation damage. 

Minerals with analogous chemical formulas have been 

discovered: -ThK(Na,Ca}SigO.,, formerly called kanae- 

kanite, .now bears the official name steacyte. 

ThK(Ca,Na)SigO2) has not been named. Both also have a 

slightly different structure from ekanite. 

Ekanite was named after E L. D. Ekanayake, who 
discovered it in Sri Lanka in 1953. The Eheliyagoda 
deposit remains the only source of gem-quality mate- 
rial. Most of the radiation damage to the crystalline 
structure is due to the heavy alpha particles; beta and 
gamma particles usually create color centers. Metamict 
ekanite shows halos in X-ray diffraction instead of 
distinct lines. Its density is lower, but can be restored by 
heat treatment. Most of the birefringence is lost in the 
course of irradiation, and some opalescence might 
appear together with color centers. 

One yellowish brown to mustard green 5.35-ct 
stone from Sri Lanka showed an R.1. of 1.590, with a 
birefringence of 0.001 to 0.002 and an S.G. of 3.32 to 
3.34. Two sets of tiny needles perpendicular to each 
other were observed at 20x magnification. This stone is 
metamict and shows a gamma activity of 1600 + 200 
becquerels or 43 + 5 nanocuries. 

Electron microscope examination of a few millime- 
ter-size crystals from the Tombstone Mountains, Yukon 
Territory, Canada, did not reveal any internal structure, 
which is undoubtedly a result of radiation damage. 

EF 


Nomenclature of pyroxenes. N. Morimoto and others, 
American Mineralogist, Vol. 73, No. 9/10, 1988, 
pp. 1123-1133. 


This represents the final report on the nomenclature of 
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pyroxenes by the Subcommittee on Pyroxenes estab- 
lished by the Commission on New Minerals and Mineral 
Names of the International Mineralogical Association. 
Pyroxenes are orthorhombic or monoclinic silicate min- 
erals with the general formula M2M1T,O, {where 
M2=Mg?*, Fe2+, Mn2+, Lit, Ca*+ or Nat; MI=A13*, 
Fe3+, Ti#+, Cr8+, V3*, and so on; and T=Si4*, Al$+, or 
Fe3*]), Important gem pyroxenes include jadeite and 
spodumene. 

This report identifies 20 accepted and widely used 
names that have now been formally adopted as mineral 
species names of the pyroxene group. Thirteen of these 
species represent definite end-member compositions; 
the remainder are solid-solution members of specific 
intermediate composition. These 20 species are grouped 
into six chemical subdivisions on the basis of cation 
occupancy of the M2 sites and crystal-chemical sim- 
ilarity. Their species names may be qualified by certain 
adjectival modifiers to denote specific important depar- 
tures from normal compositional ranges. Rules are 
presented to determine the name of a pyroxene on the 
basis of its chemistry and crystal structure. 

This report includes a list of 105 previously used 
pyroxene names {some of which are encountered in the 
gemological literature, such as chloromelanite, kunzite, 
and ureyite} that have formally been discarded by the 
IMA Commission and are therefore now obsolete for 
proper mineralogic classification. JES 


Paua shell: New Zealand’s distinctive organic gem. G. 
Brown, Australian Gemmologist, Vol. 16, No. 10, 
1988, pp. 367-370. 


Paua is a species of New Zealand abalone noted for its 
large shell, the continuous border of its peristome 
(mouth], and the strong iridescence of its nacre. This 
well-illustrated article reviews the sources, structure, 
gemological properties, and commercial uses of paua 
shell. 

Paua shell is currently used in a variety of forms. It is 
carved to produce jewelry items such as earrings. Shell 
fragments are inlaid in black epoxy resin. It is used in 
composite stones called “sea opals’”: Doublets consist of 
a thin slice of shell with a domed colorless cap of quartz, 
glass, or plastic; triplets consist of a shell slice sand- 
wiched between a colorless cap and a flat, non- 
transparent base. Buttons are produced from thin slices 
of dyed (blue or brown} shell encased in a mass of 
colorless plastic. Paua shell is also commonly dyed to 
mask unsightly brown patches that occur. 

The author concludes that while paua shell is 
visually distinctive, hand lens examination may be 
required to identify the various composite forms de- 
scribed above. RCK 


Rubies of Thailand. P Bancroft, Lapidary Journal, Vol. 
42, No. 7, October 1988, pp, 45-57. 


Dr. Bancroft provides a definitive, concise look at Thai 
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rubies. He includes history, localities, mining methods, 
geology, and mineralogy, as well as fashioning and 
finishing, marketing, and the trading around Chan- 
thaburi, Bangkok, Bo Rai, and Bang Ka Cha. All is 
described with the unmistakable insight of one who has 
been there. The article is illustrated with four color 
photos and contains extensive references. 

Bill Videto 


DIAMONDS 


Famous diamonds of the world XXX: Pigot. I. Balfour, 

Indiaqua, Vol. 46, No. 1, 1987, pp. 149-153. 
Named after George Pigot, a controversial figure in the 
history of British administration in India, this diamond 
is described as an oval shape weighing approximately 
187.5 grains (48.63 metric carats}. After Pigot’s death in 
1777, the diamond passed to his siblings, who disposed 
of it in the unusual manner of a lottery in 1790. The 
winner of the diamond was a consortium, who eventu- 
ally sold the Pigot in 1802 to the company of Rundell and 
a private individual named Parker. 

At this point in the diamond’s history, two separate 
accounts emerge. In one version, the gem was sold in 
1822 by Rundell (which had since merged with Bridge} to 
the Pasha of Egypt; he allegedly presented it to the Sultan 
of the Ottoman Empire for political reasons. In the 
second version, the Pigot was purchased from Rundell & 
Bridge by an Albanian named Ali Pasha. According to 
this version, on his death bed in 1822, Ali Pasha ordered 
the gem destroyed. 

Balfour concludes that it is more likely that the 
Pigot made its way to Turkey and was not pulverized due 
to the “technical impossibility” of this action. To date, 
the stone is considered to have vanished. JLC 


Famous diamonds of the world XXXI: Eugénie. I. Bal- 
four, Indiaqua, Vol, 47, No. 2, 1987, pp. 117-119. 


This article begins with a brief history of the rule of 
Empress Catherine the Great, Tsarina of Russia from 
1762 to 1796. According to Balfour, the empress enjoyed 
fine jewelry and gems, and wore this 51-ct oval-shaped 
diamond as the center stone of a hair ornament. The 
diamond became known as the Potemkin after the 
empress gave it to her one-time lover and politica] aide, 
Prince Grigori Aleksandrovich Potemkin. He willed the 
diamond to his favorite niece, who eventually gave it to 
her daughter, Princess Coloredo, the great-niece of 
Napoleon II. 

It is reported that Napoleon Hl purchased the 
Potemkin from his great-niece as a wedding gift for his 
bride Eugénie in 1853, from whom the diamond received 
its new name. On the collapse of Napoleon’s Second 
Empire, Empress Eugénie escaped to England with a 
small cache of jewels, including the diamond, which was 
eventually sold to Mulhar Rao in 1872. Eventually the 
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Eugénie diamond became the property of Mrs. N. J. Dady 
of Bombay. Its current whereabouts are unknown. 
[LC 


GEM LOCALITIES 


Notes on Tasmanian gemstones. C. Thrower and D. 
Steane, Australian Gemmologist, Vol. 16, No. 6, 
1987, pp. 223~224. 


This brief article reports on the examination of sapphire, 
chrysoberyl, and turquoise from Tasmania. The sap- 
phires examined included material from two localities. 
Two large specimens (74 ct and 94.2 ct} from the Weld 
River were very dark and exhibited polysynthetic twin- 
ning. Specimens from the Upper Gordon River ranged 
from pale to dark blue to black; these, too, exhibited 
polysynthetic twinning as well as strong angular color 
zoning, and many exhibited six-rayed asterism. None of 
the sapphires examined was of faceting quality. 

The chrysoberyl specimen revealed the following 
properties: color—green (daylight), red (artificial light}, 
hand lens examination — strong color change in translu- 
cent areas from green to red, with an opaque, silky, 
silvery central core; form —waterworn crystal fragment 
showing good orthorhombic shape; polariscope reac- 
tion —distinctly doubly refractive in nonopaque areas; 
dichroscope —strongly trichroic (green, muddy yellow, 
and red}; Chelsea filter reaction—red; density—3.33 
(low reading attributed to probable nature of the core}, 
spectrum —strong absorption in orange/yellow/yellow- 
green range with broad absorption from the violet into 
the blue; U.V. fluorescence —inert to long-wave and 
short-wave radiation}. The authors conclude that the 
specimen is alexandrite with a cymophane core. 

The turquoise specimen exhibited a mottled pat- 
tern of two tints of pale greenish blue with flecks and 
patches of light brown and white. Properties include a 
white streak, a hardness of approximately 4, an uneven 
fracture, a density of 2.44 (attributed to the stone’s 
porosity and numerous powdery white clay-like inclu- 
sions}, dull green/yellow long-wave U.V. fluorescence, 
and no diagnostic spectrum. The authors stated their 
intention to perform enhancement experiments on this 
rather low-quality material. RCK 


INSTRUMENTS AND TECHNIQUES 


Impiego della ‘xeroradiografia’ nell’indagine gem- 
mologica qualitativa delle perle (The use of “xero- 
radiography” in the qualitative gemological study 
of pearls). E. Butini, La Gemmologia, Vol. 12, No. 
1-4, 1987, pp. 6-22. 

This article represents the paper Mr. Butini originally 

delivered at the National Gemological Convention 1986 

in Valenza, Italy. First, the author discusses the principle 

of xeroradiography, the instrumentation required, and 
its application to pearls. Similar to conventional X-radio- 


GEMS & GEMOLOGY Winter [988 


graphy, with xeroradiography a structural image of the 
pearl is obtained on paper in an automated closed-cycle 
process in the “Xerox 125” system. Comparative studies 
employing both conventional X-radiographic and xero- 
radiographic methods were carried out using various 
round bead— and tissue-nucleated cultured pearls as 
well as natural pearls. The results are shown in 33 
impressive black-and-white and color figures. 

The article concludes with a discussion of the 
advantages and disadvantages of this new procedure. 
Since xeroradiography permits a higher resolution, 
greater detail is shown. To obtain these details though, a 
higher level of radiation is necessary, which excludes the 
use of low-voltage generators. Another disadvantage 
appears to be a low response for extremely thick 
samples. The author is continuing his research in this 
area. KNH 


A numerical approach to gemstone identification. H. S. 
Pienaar, Australian Gemmologist, Vol. 16, No. 10, 
1988, pp. 374-378. 


This paper, read at the 21st International Gemmological 
Conference in Rio de Janeiro, Brazil, begins with a brief 
overview of two basic gem identification processes: 
those based on a gem’s appearance and those based on 
nondestructive diagnostic tests. It then proceeds to 
describe a get of numerical indices that can be used to 
“characterize any given gem species,” the Stellenbosch 
Gem Index (S.G.1.}. 

Starting with the concept of the Gladstone-Dale 
relationship between the refractive index and specific 
gravity of a material, the system calculates an S.G.I. 
value for each species using a simple formula. This 
discussion is followed by samples from four lists of S.G.I. 
values: {a} a standard working list arranged by increasing 
S.G.I. values, (b} a “1.81” list for gems with R.I.’s above 
1.81, (c} a separate list for glass and plastics, and (d) a list 
in alphabetical order by species. 

The author concludes that the system offers a 
number of procedural advantages in gem testing, espe- 
cially for novices. RCK 


Quantitative cathodoluminescence—A modern ap- 
proach to gemstone recognition. J. Ponahlo, Jour- 
nal of Gemmology, Vol. 21, No. 3, 1988, pp. 
182-193, 

After providing a brief history of cathodoluminescence 
{CL}, Dr. Ponahlo describes the two types of CL appa- 
ratus available (“hot” and “cold” cathodes}. He then gives 
the basics of CL, the emission of light under an electron 
beam excitation, and cites a few common activators and 
quenchers. A simple mathematical formulation of CL 
intensity is also explained. 

Studies showed that cathodoluminescence could 
help separate natural from synthetic emeralds and Thai 
rubies from their synthetic counterparts. However, 
rubies from Burma, India, Kenya, and Tanzania give 


Gemological Abstracts 


inconsistent results. CL has also been used to separate 
jadeite from green grossular and amazonite. 

Dr. Ponahlo states in conclusion that the cost of the 

CL equipment is negligible compared to the money 

involved in some of the stones CL helps to separate. He 

also emphasizes the need for more research in this field. 

EF 


JEWELRY ARTS 


Heritage section—Art Deco jewelry: Its past, present 
and future. N. Letson, Jewelers’ Circular-Key- 
stone, Vol. 154, No. 8, August 1988, pp. 232-236. 


In his delightful narrative style, Neil Letson presents an 
overview of Art Deco jewelry. With broad strokes he 
paints a vivid picture of the time, complete with 
flappers, gangsters, prohibition, and the birth of jazz. 
With the stage set, he condenses primary design influ- 
ences on the Art Deco style, popular materials, and 
leading designers into three pages to give the reader a 
quick overview of this distinctive period. 

The article continues on a more pensive note, with 
the author musing on the fact that Art Deco jewelry is 
currently more popular than it was when it was made. 
This has inspired. copies by “Hong Kong knockoff 
artists,” which could pose problems for jewelry ap- 
praisers. Speculation about the future popularity of Art 
Deco jewels wraps up this interesting article. Seven 
classic examples of Art Deco jewels illustrate the text. 

EBM 


Heritage section — What jewelry marks reveal. J. Sataloff, 
Jewelers’ Circular-Keystone, Vol. 154, No. 8, Au- 
gust 1988, pp. 245-248. 


The subject of jewelry marks and their meaning has 
increased in importance with the heightened popularity 
of antique jewelry. Sataloff points out that a good dealer 
must be able to distinguish between an antique and a 
reproduction. He then proceeds to briefly sketch the 
history and development of hallmarks, which he follows 
with a discussion of the basic meanings of marks from 
England, France, and Russia. 

The article gives us some clues on how to distin- 
guish marks that signify metal fineness and country of 
origin, as well as importation stamps and maker's 
marks, but it does not tell us where to go for further 
research; a list of references would have been helpful. 
Nevertheless, this is an important article for anyone 
handling antique or period jewelry. EBM 


Heritage section — Vintage wrist watches: Their history 
and appeal. H. B. Fried, Jewelers’ Circular-Key- 
stone, Vol. 154, No. 8, August 1988, pp. 238-244. 

This informative article chronicles the history of vin- 

tage wristwatches. The term vintage is used rather than 

antique because the wristwatch as an innovation is 
barely a century old. Fried traces the earliest placement 
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of a watch on the wrist to a pair of bracelets given by the 
Empress Josephine of France to her daughter at the 
beginning of the 19th century. One of the bracelets had a 
small watch placed in it, and the other was set with a dial 
that indicated the month and day. However, wrist- 
watches were no more than novelties until the Franco- 
Prussian War, when German naval officers had them 
made by the Swiss firm of Girard-Perregaux. 

After describing the stages that wristwatches went 
through on their way to universal popularity, the author 
discusses the reasons for the sudden boom in vintage 
watch collecting and offers some pointers on what to 
look for when starting a collection. The article con- 
cludes with a list of three books that Fried recommends 
for further research. Fifteen photos of vintage wrist- 
watches and antique pendant watches nicely illustrate 
this article. EBM 


The revival of Art Deco. M. M. Hammid, Lapidary 
Journal, Vol. 42, No. 5, August 1988, pp. 20-22. 


This article provides a concise summary of the recently 
repopularized style of Art Deco. Given the current 
demand for Art Deco jewelry, it is difficult to imagine 
that up until the late 1960s it was out of vogue and many 
pieces were broken up for their gems. 

Ms. Hammid does an excellent job of distilling Art 
Deco into a few easily recognizable elements. She 
provides brief historical information, setting the period 
roughly between the two world wars, and isolates key 
design features in terms of cultural influences and 
materials. 

Essentially geometric and stylized, Art Deco jewels 
were a direct contrast to the naturalistic “nymphs and 
flowers of Art Nouveau and the delicate garlands and 
wreaths of Belle Epoque” jewelry. Design motifs were 
often inspired by ancient Egyptian archaeological dis- 
coveries (scarabs and sphinxes are common} and the 
Orient (dragons, pagodas, and other chinoiserie are 
frequently seen). Stark color contrasts were provided by 
the use of gems in primary colors: diamonds, rubies, 
sapphires, emeralds, onyx, and red coral. These were set 
primarily in platinum. Four color photos of typical 
jewels accompany the text. 

Although abbreviated and general, the article pro- 
vides insight and prompts the reader to pursue the topic 
further. EBM 


JEWELRY RETAILING 


Baubles, bangles and beads. S. Young, Los Angeles, Vol. 
33, No. 10, October 1988, pp. 160-170. 

Mr, Young describes the Los Angeles jewelry district as 
“an amalgam of the Emerald City and the Tower of 
Babel.” He gives a reasonably accurate account of the 
day-to-day business transactions in this unique area of 
downtown Los Angeles. 

Illustrated with a number of black-and-white pho- 
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tographs of professionals in the jewelry district, much of 
the article concentrates on the diamond business and the 
prestigious Diamond Dealers Club, Some attention is 
also given to diamond cutters, jewelry manufacturers, 
and booth owners, who make up the menagerie of the 
jewelry district. 

The article concludes with a discussion of the 
security aspects of the high visibility of the Los Angeles 
jewelry district, with stories of million-dollar insurance 
claims and the use of bullet-proof glass in the high-rise 
diamond offices. JLC 


SYNTHETICS AND SIMULANTS 


A coconut pearl? G. Brown, S. M. B. Kelly, and J. Snow, 
Australian Gemmologist, Vol. 16, No. 10, 1988, 
pp. 361-362. 


Beginning with a review of the legends surrounding the 
so-called “coconut pearls,” the investigators surmise 
that these would seem to be clam pearls that had been 
fraudulently transplanted into coconuts. This conjec- 
ture is followed by an examination of a “coconut pearl” 
that was purportedly of Indonesian origin. 

The 24.75-ct specimen is described as egg shaped, 
semi-baroque, opaque, whitish, and nonnacreous {“por- 
cellanous”). It showed a pattern of 8-10 mm long 
vertical incisions around its circumference. Gemologi- 
cal properties include an S.G. of 2.87 and a spot RI. of 
1.50, it was inert to short-wave ultraviolet radiation, but 
fluoresced whitish to long-wave U.V. radiation. Hand- 
lens examination revealed no “flame” patterning; an 
X-radiograph showed that it was formed from a struc- 
tureless radiopaque material. Intense fiber-optic illu- 
mination revealed a pattern of fine, wavy, parallel 
banding. 

The investigators conclude that this particular 
“coconut pearl” had been manufactured from a piece of 
thick sea shell. A photograph and two radiographs 
accompany this report. RCK 


An interesting hematite imitation. G. Brown and J. 
Snow, Australian Gemmologist, Vol. 16, No. 10, 
1988, pp. 371-373. 


This report briefly reviews the gemological properties 
previously reported for hematite and some of its sim- 
ulants, and then investigates a glass imitation currently 
held in a Gemmological Association of Australia Branch 
Reference Collection. 

Gemological properties for the imitation are as 
follows: color —black; diaphaneity —opaque, with thin 
sections displaying purple color in transmitted light; 
luster—metallic; R.I.—1.52; $.G.—2.57; hardness — 
6-7; streak—white; fracture—conchoidal. It was also 
nonmagnetic and inert to long-wave ultraviolet radia- 
tion. Hand lens examination revealed mold marks on 
the girdle and a scratched, iridescent, thin, external 
coating on its polished surfaces. 
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The report includes a table comparing the gemologi- 
cal properties of gem hematite with this effective glass 
imitation. Five photographs illustrate the article. 

RCK 
A jade miscellany. G. Brown and J. Snow, Australian 
Gemmologist, Vol. 16, No. 10, 1988, pp. 381-385. 
This well-illustrated report covers a number of interest- 
ing specimens of assembled, treated, and imitation jade 
that were examined by the authors. The first piece was a 
jadeite doublet consisting of a colorless quartz cabochon 
cemented with a green, jelly-like dyestuff to a flat, oval 
jadeite back; the jadeite slice had also been dyed. The 
second specimen was a brownish mottled jade carving 
that had been wax-coated to improve surface luster; the 
authors warn that all jade carvings should be examined 
for wax coating before a spot R.L. is attempted. Several 
opaque, round, mauve-colored jadeite beads were also 
tested; magnification revealed dye in surface fractures as 
well as in cracks within the stringing holes. 

The authors also examined five square cabochons 
purchased as different colors of “jadeite” in Burma more 
than 20 years ago; yellow and orange specimens turned 
out to be dyed quartz-like materials, while one of the 
greenish cabochons was dyed jadeite. A ring that resem- 
bled mottled green translucent jadeite turned out to be 
an effective’ glass imitation. Finally, several specimens 
of “tangiwai” (bowenite serpentine} from New Zealand 
are described as “rather dull and uninteresting” in 
incident light but quite beautiful in transmitted light. 

RCK 

A new synthetic emerald. S. M. B. Kelly and G. Brown, 

Australian Gemmologist, Vol. 16, No. 6, 1987, pp. 
237-238. 


This report covers the examination of five synthetic 
emeralds believed to have been produced in Japan by the 
Gilson process. Properties were determined to be as 
follows: color—bluish green; diaphaneity —transparent, 
but heavily included, to semitransparent; luster—vit- 
reous; S.G.—2.628—2.647; R.I.—w=1.555-1.561 and 
€=1.550-1.558; birefringence — 0.005; optic character — 
uniaxial negative, two specimens exhibiting strong 
strain birefringence under crossed Polaroids; dichro- 
ism —w=blue green,e=green; Chelsea filter reaction — 
red; U.V. fluorescence—inert {to both long-wave and 
short-wave); spectrum — characteristic of emerald, vary- 
ing in intensity of absorption from distinct to faint. 

With magnification, the specimens exhibited 
planar, intersecting, partially healed fractures consis- 
ting of solid flux and two-phase inclusions; strong 
growth zoning caused by linear arrays of various-sized 
phenakite crystals; and phenakite crystals often of large 
size. These features are illustrated with photomicro- 
graphs. 

The authors conclude that the specimens were flux- 
grown and that the manufacturer probably did not have 
complete control over the growth process. RCK 
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Quw’est-ce que l’emeraldonite? (What is emeraldolite?). 
D. Robert, Revue de Gemmologie a.fg., No. 95, 
June 1988, pp. 19-20. 


Emeraldolite is aneologism developed as a trade name to 
describe a gem material formed by two constituents: a 
common bery] seed and a flux synthetic emerald epitax- 
ial overgrowth. Fluoberyllates are essential in the 
growth process. The epitaxy allows for strong adhesion. 
EDXRF analyses revealed that Cr,O3 concentrations ran 
from 1.76 to 4.15%, which is above that encountered in 
natural emeralds. The very low concentration of Mg and 
the absence of Na are typical of synthetic emeralds. 
Emeraldolite is completely different from any other 
gem material, natural or synthetic. It lends itself to 
different fashioning styles, with or without polishing, 
sometimes using the contrast of the green overgrowth 
with the white seed. Hardness is claimed to be as high as 
8. One color and four black-and-white photographs 
illustrate this article. EF 


TREATMENTS 


Origin of the cat’s-eye effect in heat-treated zircons from 
Sri Lanka. H. A. Hanni and M. Weibel, Australian 
Gemmologist, Vol. 16, No. 10, 1988, pp. 363-366. 


Beginning with a brief review of the relevant literature, 
the authors proceed with an investigation of a cat’s-eye 
zircon to determine the nature of the phenomenon- 
causing inclusions, Using optical microscopy, the au- 
thors resolved numerous minute “disclets” or “flakes.” 
These were oriented in two directions, both parallel to 
the c-axis; the authors theorize that they lie in the two 
cleavage directions perpendicular to the zircon’s basal 
plane. 

EDX-spectroscopy revealed the presence of Si, Zr, 
and minor Hf, the electron beam diffraction pattern was 
that of monocrystalline zircon. Transmission electron 
microscopy on the {010} plane revealed extremely fine 
fissures at right angles to the plane. In the center of the 
fissures in {010} are crystal-like inclusions exhibiting a 
slightly rounded prismatic habit. No electron diffraction 
patterns could be obtained from the inclusions, which 
indicates that they are amorphous; the EDX spectrum 
established the presence of Ca (not present in the zircon 
matrix]. The investigators believe these inclusions were 
originally apatite. 

The authors theorize that the zircon had been 
thermally treated, and that the fissures formed as a 
result of strain encountered during heating or cooling 
around the inclusions. Four photographs and one graph 
accompany the article. RCK 


Padparadschas traités par irradiation (Irradiation-treated 
padparadschas). D. Robert, Revue de Gemmologie 
afg, No. 96, September 1988, p. 4. 

Irradiation can turn a pink sapphire into a so-called 

“padparadscha,” but the orangy color is unstable to 
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daylight. Given the same initial color, natural pink 
sapphire and Verneuil synthetic sapphire react the same. 
Moreover, the change-of-color happens only for a limited 
range of light pink coloration. The author used 6°Co at 
both 10 and 309 megarad doses to irradiate pink sap- 
phire, and obtained similar results in both cases. He 
considers two questions to be unresolved: Why does this 
change occur only for a certain range of Cr concentra- 
tion? Why is natural padparadscha color stable? 

The author then reminds the reader that gamma-ray 
irradiation does not induce radioactivity, and states that 
the Centre d’Etudes Nucléaires de Grenoble recom- 
mended an upper limit of 75 Becquerels/gram for the 
radioactivity of neutron-treated gemstones. EF 


Radiation induced structural damage in beryl. J. {. 
Koivula, journal of Gemmology, Vol. 21, No. 3, 
1988, pp. 165-166. 


Colorless beryl is occasionally (and usually inadver- 
tently) irradiated in a linear accelerator, which produces 
a golden yellow color. Build-up of excess electrical 
charge and heat during the treatment process apparently 
can induce structural damage, two examples of which 
are illustrated with black-and-white photomicro- 
graphs. CMS 


MISCELLANEOUS 


Una miniera di diamanti in biblioteca (A diamond mine 
ina library). P. P Colonna, Gioielli, Vol. 11, No. 36, 
1988, pp. 54-59. 
Christie’s recent auctions of portions of Joseph Gill's 
personal gemological library served to underscore the 
flourishing interest in rare books. Colonna notes espe- 
cially the record sums of money paid for various literary 
masterpieces in the Gill collection, which included such 
authors as Jean Baptiste Tavernier and John Mawe. Books 
that even obscurely relate to precious gems or mineral- 


ogy made their way into Gill’s comprehensive collec- 
tion, a product of 20 years of dedicated work. Colonna 
points out the sadness of seeing it disassembled. 

The article, written in Italian, is mostly Colonna’s 
perspective, although Neil Letson (who wrote the intro- 
duction to the Gill Collection catalogue prepared by 
Christie’s} is quoted quite often. 

Conchita Candela and RW 


Expeditions/Brazil, the ultimate field trip. J. L. Ramsey, 
Lapidary Journal, Vol. 42, No. 5, August 1988, pp. 
32-40. 


Mr. Ramsey reports on a 1987 field trip to some 
important gem-producing areas in Minas Gerais, Brazil, 
focusing on Belo Horizonte (Ouro Preto}, Governador 
Valadares, and Teofilo Otoni. For each area, he briefly 
describes the geology of the deposits and the materials 
recovered. Writing from a faceter’s point of view, he also 
provides some tips on the fashioning of topaz, tour- 
maline, aquamarine, and andalusite, as well as some 
excellent advice regarding the selection of rough. Eight 
color photographs illustrate the stones and lo- 
calities. Bill Videto 


The crystal contingent. M. Berk, Lapidary Journal, Vol. 
42, No. 3, June 1988, pp. 54-68. 


Ms. Berk provides an overview of “New Age” interest in 
mineral crystals. She examines crystal healing, channel- 
ing energies, and various metaphysical properties attrib- 
uted to natural crystals. The fact that these concepts are 
not new, but are gaining in popular acceptance in a 
technical society, is fascinating. 

A Jong article, including many interview excerpts, 
it reports rather than editorializes, and reminds this 
reviewer that well-documented properties such as 
piezoelectricity or pyroelectricity would have been 
considered “mystical” a few dozen years ago. 

Bill Videto 
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Adularescence 
as cause of color (Fritsch) 81 
in quartz from India (GN) 248 
in sanidine moonstone from New 
Mexico (GN) 176 
Alexandrite 
inclusiopis in, from Minas Gerais, 
Brazil'(GN} 56 
from Minas Gerais, Brazil—history, 
mining, geology, and production of 
(Proctor) 16 
separation from synthetic using in- 
frared spectroscopy (Stockton) 44 
Alexandrite, synthetic 
Czochralski-grown (GTLN} 47 
unusual inclusions in flux-grown 
{GTLN] 169 
Alexandrite effect, see Color change 
Almandite 
asterism in (GTLN} 112 
Amber 
heat-treated and dyed (GTLN) 169 
American Golden topaz 
22,782-ct, largest faceted gem, do- 
nated to Smithsonian (GN) 248 
Amethyst 
from Brazil—geology, mining, pro- 
duction, treatment, and gemology 
of (Epstein) 214 
Andradite 
iridescent, from Mexico (GN) 120 
‘Aqua Aura,” see Quartz 
Assembled stones 
dyed cement in opal triplet (GTLN} 
169 
sapphire-synthetic ruby doublet 
{GN} 56 
Asterism 
in Kyocera (Inamori} synthetic ruby 
{Koivula} 237 
in synthetic brown sapphire (GTLN) 
169 
Augite 


Annual Index 


purchased as “onyx” in China alexandrite and chrysoberyl from 


(GTLN} 169 Minas Gerais (Proctor) 16 

Australia 

zircon from (GN) 176 Cc 
Aventurescence Calcareous concretion 

as cause of color (Fritsch) 81 » with honeycomb structure (GTLN} 

169 
Cambodia, see Kampuchea 
B Chalcedony 


Band theory agate dyed to imitate dyed black 
as related to cause of color (Fritsch} chalcedony {GTLN) 241 
81 with dendritic surface stain {GTLN) 
Beryl 47 
green from Sri Lanka (GN] 120 Charge transfer 
“mint green” from Nigeria and Max- as cause of color (Fritsch} 3 
ixe-type [GN] 56 Charoite 
see also Emerald from USSR (GN) 56 
Beryl, synthetic China, see People’s Republic of 


hydrothermal, from USSR ([GN} 248 China 
see also Emerald, synthetic Chinese “onyx,” see Augite 
Book reviews Chrysoberyl 


Amber (Fraquet] 131 
American Jewelry (Proddow and 


cat’s-eye, from Zimbabwe (GN) 56 
from Minas Gerais, Brazil —history, 


Healy) 131 mining, geology, and production of 
Dictionary of Gemmology, 2nd ed. {Proctor} 16 
{Read 191 see also Alexandrite 


Famous Diamonds (Balfour} 60 Chrysoberyl, synthetic 

Gems & Jewelry Appraising {Miller} red flux-grown (GN} 56 
191 see also Alexandrite, synthetic 

The History of Beads (Dubin) 191 Chrysoberyl! simulant 

How to Carve Jade and Gems “cat’s-eye” quartz (GN} 56 
(Zeitner] 60 Citrine 

Introduction to Lapidary (Kraus) produced by heat treating amethyst 
131 from Brazil (Epstein) 214 


Jet (Muller! 131 Clinohumite 
Legendary Gems or Gems that Made twinned (GTLN] 47 
History (Bruton) 60 Clinozoisite 
Modern Jeweler’s Gem Profile, The from Sri Lanka (GN) 176 
First 60 (Federman and Hammid}) Color 
191 cause of, in gems (Fritsch) 3, 81 
Borneo in pyrope and grossularite {Stockton} 
Kalimantan, diamonds from 104 
(Spencer] 67 Color centers 
Brazil as cause of color (Fritsch) 3 
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Color change 
in alexandrite and synthetic alex- 
andrite {Proctor} 16, (GTLN) 47 
cause of (Fritsch) 81 
Corundum, see Ruby and Sapphire 
Cubic zirconia 
fashioned to imitate diamond crys- 
tals (GTLN} 241 


D 
De Beers 
role in diamond market, 
1970s—1980s (Boyajian} 134 
Diamond 
artificial filling of fractures in (GN} 
248 
from Brazil (GN} 120 
burned (GTLN} 241 
damaged by hardness test (GTLN] 47 
an economic review from late 1970s 
to late 1980s and considerations 
for the future (Boyajian) 134 
exploration and commercial mining 
in Murfreesboro, Arkansas (GN) 
176 
exploration and mining in Panna, 
India (GN} 248 
52.59-ct, sold at auction (GN} 120 
with heart-shaped inclusion {GTLN} 
112 
from Kalimantan, Borneo — history, 
geology, mining, gemology, and 
production of (Spencer) 67 
new alluvial deposit in Namibia 
(GN) 176 
new deposits in Angola (GN) 176 
32.79-ct, from China (GN] 176 
with unusual tube-like inclusions 
(GN) 248 
Diamond, colored 
cyclotron treatment of (GTLN} 47 
grayish purple (GTLN) 112 
green—detection of treatment in 
{Fritsch} 165, three irradiated 
(GTLN} 169 
pink, irradiation indicated by spectra 
(GTLN} 112 
yellowish green, with radiation 
stains on table (GTLN} 241 
Diamond, cutting of 
new factory in China (GN} 248 
Diamond, synthetic 
impact on diamond industry (Boya- 
jian} 134 
Soviet technological aid to India 
(GN} 248 
thin films {GN} 56, 248 
Diamond simulant, see Cubic zirconia 
Diffraction 
as cause of color (Fritsch) 81 
Doublet, see Assembled stones 


E 
East Africa 
pastel orange or pink pyropes from 
{Stockton} 104 
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see also Garnet, Grossularite, Min- 
ing, Sapphire 
Ekanite 
190-ct, from Sri Lanka (GN} 120 
Emerald, synthetic 
Biron, with high R.I. and birefrin- 
gence (GTLN} 112 
Pool, resembles Biron hydrothermal 
(GN) 248 


F 


Faceting 
of large gemstones — history, equip- 
ment, and procedures (Gray} 33 
Feldspar, see Sanidine 
Fibrolite, see Sillimanite 
Fluorescence 
in natural versus synthetic alex- 
andrite {GTLN] 47 
of taaffeite (GTLN] 169 
of treated pink diamonds (GTLN} 
112 
Fluorite 
with tourmaline needles (GTLN} 
169 


G 
Garnet 
color-change, from East Africa (GN} 
176 
see also Almandite, Andradite, 
Grossularite, Pyrope, Rhodolite, 
and Spessartite 
Gems #& Gemology Challenge 54 
Gibbsite 
as turquoise simulant (GTLN) 47 
Glass 
with metallic appearance and un- 
usual optical properties (GTLN) 
112 
“Golden jade,” see Orthoamphibole 
(GTLN} 169 
Grossularite 
discovery of orange and brown, in 
Washington (GN} 176 
dyed green to imitate jadeite (GTLN) 
241 
green (tsavorite}, from East Africa 


{GN} 56, 248 
orange hessonite, from Sri Lanka 
(GN} 45 
pink, from Mexico (Stockton} 104 
H 


Heat treatment 
of amethyst to citrine (Epstein) 214 
in blue sapphire (GTLN} 47 
of Chatham synthetic sapphire {GN} 
56 
of sapphire from Tanzania (GN] 248 


i 
Inclusions 
apatite and fluorite in alexandrite 
from Hematita, Minas Gerais, Bra- 
zil (GN) 56, 120 
as cause of color {Fritsch} 81 


flux in synthetic ivory (GTLN] 169 
in Kyocera’s synthetic star ruby 
(Koivula} 237 
in natural and synthetic alexandrite 
(Stockton) 44 
sagenitic fluorite and quartz (GTLN} 
169 
in sapphire from China (Wang) 155 
three-phase, in sapphire from Sri 
Lanka—description and identi- 
fication of (Schmetzer} 107 
zircon in sapphire from Sri Lanka 
(GN} 120 
Interference 
as cause of color {Fritsch} 81 
Ion pair transitions 
as cause of color (Fritsch] 3 
Tridescence 
in andradite garnet from Mexico 
{GN} 120 
as cause of color (Fritsch) 81 
in orthoamphibole from Wyoming 
(Dietrich} 161 
Irradiation 
of cultured pearls (GTLN} 241 
detection in green diamonds 
(Fritsch) 165 
detection in pink diamonds (GTLN] 
112 
natural and laboratory, of gem- 
stones —sources and effects (Ash- 
baugh} 196 
of yellowish brown diamond {GTLN} 
47 
lvory 
walrus ivory carving (GTLN} 241 


J 
Jade, see Jadeite and Nephrite 
Jadeite 
with strong contrast between green 
and white areas (GTLN] 112 
translucent white teapot (GTLN) 
112 
Jadeite simulant 
dyed grossularite garnet (GTLN} 241 
“Japanese” pearls, see Pearls, cul- 
tured 


K 
Kampuchea 
heat-treated blue zircons from {GN} 
56 


L 
Labradorescence 
as cause of color (Fritsch) 81 
Lapidary 
faceting of large gems (Gray) 33 
fantasy cuts (GN] 56 
rutilated quartz carving by Michael 
Dyber (GN} 176 
Lapis lazuli 
with unusual parallel banding 
(GTLN} 47 
Lapis lazuli simulant 
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plastic imitation used in watches 
{GN} 120 


M 
Malachite simulant 
plastic imitation used in watches 
(GN) 120 
“Maricen” pearl, see Pearls, cultured 
Mining 
of alexandrite and chrysoberyl in 
Minas Gerais, Brazil (Proctor) 16 
of alluvial diamond in Brazil (GN) 
120 
of amethyst in Brazil (Epstein} 214 
of diamond in Borneo (Spencer} 67 
of diamond in Brazil (GN) 120 
of diamond in Tanzania (GN} 176 
of green grossularite garnet in East 
Africa (GN) 248 
of nephrite in Alaska {GN] 176 
of sapphire and zircon on Hainan 
Island, China (Wang) 155 
Moonstone, see Sanidine 


N 
Nepal 
tourmaline from (GTLN} 47 
Nephrite 
from Alaska (GN) 176 
Nuclear Regulatory Commission 
{NRC} 
and irradiation of gemstones (Lid- 
dicoat} 195, (Ashbaugh} 196 


Oo 
Opal 
from Oregon (GN} 176-—geology, 
mining, gemology, and stability of 
{Smith} 229 
triplet, dyed cement in (GTLN} 169 
Opal simulant 
plastic called “opalite” (GN] 56 
Orient 
as cause of color [Fritsch] 81 
Orthoamphibole 
from Wyoming—description, prop- 
erties, and cause of iridescence in 
(Dietrich) 161 


P 
Pearls 
in early 19th-century tiara (GTLN} 
47 
Pearls, cultured 
cause of ovoid shape (GTLN}] 169, 
24) 
irradiation of (GTLN] 241 
“Japanese” blister pearls with salt- 
water shell nuclei, from late 1800s 
(GTLN} 47 
“Maricen” pearl, new form of cultur- 
ing {GN} 176 
South Seas (GTLN] 169 
with wax nucleus (GTLN} 112 
Pearl simulant 
glass with essence d’orient covering 
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(GTLN} 112 
People’s Republic of China 
sapphire and zircon from Penglai, 
Hainan Island {Wang} 155 
32.79-ct diamond from (GN) 176 
Plastic 
costume jewelry falsely purported to 
contain diamond powder (GTLN) 
112 
Play-of-color 
cause of (Fritsch) 81 
Pool emerald, see Emerald, synthetic 
Pyrope 
“black” —actually ‘brown with il- 
menite inclusions (GTLN} 112 
pastel orange or pink, from East 
Africa—color, R.L, and spectra of 
(Stockton) 104 
separated from spinel (GN) 248 


Q 
Quartz 
adularescent, from India (GN) 248 
‘Aqua Aura,” with gold coating to 
produce iridescent blue {GN} 248 
brecciated tiger’s-eye (GTLN} 112 
cat’s-eye (GN) 56 
smoky, from California (GN] 248 
with tourmaline needles (GTLN) 
169 
see also Amethyst and Citrine 
Quartz, synthetic 
hydrothermally grown, cut in Korea 
(GN) 176 


R 
Radioactivity 
in gemstones (Liddicoat) 195 
in gemstones —detection of, govern- 
ment regulations, and some health 
considerations {Ashbaugh} 196 
in uraninite from Sri Lanka (GN)} 120 
Rhodolite 
“raspberry,” from Tanzania (GN} 56 
Ruby 
15.97-ct, from Burma (GN] 248 
2.53-ct, from North Carolina {GN} 
120 
Ruby, synthetic 
flux inclusions break surface of 
(GTLN} 169 
in period jewelry (GTLN] 241 
17-ct faceted flux-grown (GTLN} 241 
star, by Kyocera—description and 
separation from natural [Koivula} 
237 


Ss 
Sagenitic gems 
quartz and fluorite (GTLN} 169 
Sanidine 
moonstone from New Mexico (GN) 
176 
Sapphire 
asterism in purple, from Sri Lanka 
{GN} 56 


GEMS & GEMOLOGY 


color-change, from Sri Lanka (GN) 
120 
color-zoned (GTLN} 47 
evidence of heat treatment in 
(GTLN} 47, (GN} 248 
“hot pink,” from Burma, Kenya, Tan- 
zania, and Sri Lanka (GN] 56 
needles in, indicate natural color 
(GTLN) 47 
from Penglai, Hainan Island, 
China—history, geology, mining, 
and gemology of {Wang} 155 
pits in, as clue to abrasion and not 
heat treatment (GTLN} 169 
three-phase inclusions in, from Sri 
Lanka (Schmetzer] 107 
Sapphire, synthetic 
blue, with color banding (GTLN)} 112 
brown, with star (GTLN) 169 
heat treatment of Chatham syn- 
thetic corundum (GN} 56 
Plato lines in yellow (GTLN} 112 
Sapphirine 
from Greenland and Canada (GN) 
176 
from Sri Lanka (GN} 176 
Scapolite 
» 118-ct orange rough, from Sri Lanka 
(GN) 120 
pink cat's-eye, from Burma (GN] 56 
Scattering 
as cause of color (Fritsch} 81 
Sillimanite 
from Sri Lanka (GN] 56 
Spectra 
infrared, to separate natural from 
synthetic alexandrite (Stockton] 
44 
near-infrared, to detect irradiation of 
green diamond (Fritsch) 165 
visible, of color-change garnet from 
East Africa (GN} 176 
Spessartite 
from Ramona, California {GN} 56 
Spinel 
separated from pyrope (GN] 248 
Spinel, synthetic 
marketed in pill packages (GN) 120 
Sri Lanka 
clinozoisite, anhydrite, and sap- 
phirine from (GN} 176 
sapphire, ekanite, uraninite, scap- 
olite, and green beryl! from (GN} 
120 
sillimanite and star sapphire from 
(GN) 56 
three-phase inclusions in sapphires 
from (Schmetzer} 107 


Stability 
of opal from Oregon (GN} 176, 
(Smith) 229 
T 
Taaffeite 
with unusual fluorescence (GTLN} 
169 
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Topaz 
22,982-ct American Golden, largest 
faceted gem, donated to Smithso- 
nian {GN} 248 
Tourmaline 
bi-color from Nigeria (GN] 56 
from Nepal (GTLN} 47 
Treatment 
artificially filled inclusions in dia- 
mond (GN} 248 
in chalcedony, painted surface stain 
{GTLN] 47 
coating of gems with a synthetic 
diamond thin film (GN} 248 
of gold on quartz, producing irides- 
cent blue (GN} 248 
new film of amorphous carbon that 
purportedly can scratch diamond 
(GN] 176 
see also Heat treatment, Irradiation 
Triphylite 
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rough and faceted stones tested 
(GTLN} 169 
Triplet, see Assembled stones 
Tsavorite, see Grossularite 
Tucson Gem and Mineral Show, 1988 
highlights of (GN} 56 
Turquoise simulant 
plastic-treated gibbsite with pyrite 
inclusions (GTLN} 47 


U 
U.S.A. 

diamonds from Arkansas {GN} 176 

iridescent orthoamphibole from Wy- 
oming (Dietrich]} 161 

moonstone from New Mexico {GN} 
176 

nephrite from Alaska (GN] 176 

opal from Oregon (GN} 176, (Smith} 
229 

2.53-ct ruby from North Carolina 


(GN] 120 
Uraninite 
twinned crystal from Sri Lanka (GN} 
120 


X 
X-radiography 
to identify artificial filling in dia- 
mond (GN) 248 
of pearls (GTLN) 112, 169, 241 
X-ray fluorescence 
to estimate nacre thickness in cul- 
tured pearls (GTLN] 169 


z 
Zimbabwe 
cat’s-eye chrysoberyl from (GN} 56 
Zircon 
heat-treated blue, from Kampuchea 
(GN) 56 - 
new find from Hart’s Range, North- 
ern Territory, Australia (GN) 176 
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THE SINKANKAS LIBRARY 


By Dona M. Dirlam, Elise B, Misiorowski, 


Juli L. Cook, and Robert Weldon 


The world-renowned Sinkankas collection 
of books and other publications is now 
available to the public as part of the 
Richard T. Liddicoat Gemological Library 
and Information Center at GIA Santa 
Monica. Acquired by noted author and 
lapidary John Sinkankas and his wife 
Marjorie over the course of 40 years, the 
approximately 14,000 items include vir- 
tually all of the major works related to 
the study of gems and jewelry. This re- 
view of the important works in the Sin- 
kankas library also serves to highlight the 
historical development of gemology — in 
art, in culture, and as a science. 


ABOUT THE AUTHORS 


Ms. Dirlam is senior librarian, Ms. Misiorowski and 
Ms. Cook are research librarians, and Mr. Weldon 
is slide librarian in the Richard T. Liddicoat Li- 
brary and Information Center of the Gemological 
Institute of America, Santa Monica, California. 
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Murphy Hammid, Vandal! King, and Neil Letson 
for input on the manuscript; and the Smithsonian 
gem collection staff for assistance with illustra- 
tions. Ruth Patchick was invaluable in typing the 
drafts of the manuscript. 
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major event in both the literary and gemological 

worlds occurred in January 1988, when the unique 
collection of books, reprints, pamphlets, and illustrations 
that comprised the John and Marjorie Sinkankas Gem- 
ological Library was purchased by the Gemological Insti- 
tute of America. Accumulated over a period of nearly 40 
years, the Sinkankas collection grew into the largest 
gemological library in existence, and became the standard 
to which all others are compared (figure 1). 

The Sinkankas collection combined with the GIA 
library forms the nucleus of the state-of-the-art Richard T, 
Liddicoat Gemological Library and Information Center, 
which has just opened at the Santa Monica GIA campus. 
Now that the Sinkankas materials are accessible to the 
public, we want to familiarize the gemological community 
with the development of the collection and the highlights 
of this remarkable resource. 


THE DEVELOPMENT OF 
THE SINKANKAS LIBRARY 


The library first took form in the late 1940s and early 
1950s, when John Sinkankas returned to his interests in 
the earth sciences following World War II. These interests 
were of long standing: His mineral collecting activities 
began at age seven, when he first wandered into one of the 
famous zeolite-producing quarries of Paterson, New Jersey, 
the city of his birth. Subsequent family excursions to the 
American Museum of Natural History in New York City 
led him to the splendors of the Morgan Gem Hall and its 
rough and cut gemstones. Here, he saw the famous blue 
topaz egg faceted by Anthony Espositer that inspired him 
to turn to lapidary work after the war. As Captain 
Sinkankas gained proficiency on the wheel, he began 
writing for Rocks # Minerals magazine, taking up editor- 
ship of the Amateur Lapidary section in 1951. These 
articles attracted the attention of D. Van Nostrand Com- 
pany, who in 1957 published the first edition of his Gem 
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Cutting—A Lapidary’s Manual. In the course of 
writing, Sinkankas greatly expanded his personal 
library as he sought books that would shed light on 
lapidary techniques used by others, types of gem- 
stones and their properties, sources of rough, and 
other matters necessary to provide a well-rounded 
and authoritative text. 

The post-World War II period was an excellent 
time to collect books, as a war-torn Europe was 
eager to rebuild. European bookshops were more 
than willing to exchange books for relatively small 
sums of money and regularly supplied them to 
established collectors in the United States. Among 
the most active were Dr. Mueller of Phoenix, 
Arizona, whose jewelry establishment still exists; 
Dr. H. C. Dake, the late founder and editor of The 


The Sinkankas Library 


Figure 1. This display 
shows some of the excep- 
tional books in the Sin- 
kankas collection. Inclu- 
ded among the thou- 
sands of items in this 
collection are many of 
the rarest and most im- 
portant works in gemol- 
ogy, dating from the 
early 16th century. Vir- 
tually every gem mate- 
rial is represented, as are 
jewelry, gem lore, syn- 
thetics, and many other 
related topics. 

Photo by Robert Weldon 
and Shane McClure. 


Oregon Mineralogist; and Dr. Daniel Willems of 
Chicago, who issued numerous catalogs of gem 
books which in themselves are now collectors’ 
items. The Sinkankases obtained books from all of 
these individuals, as well as from many other 
sources and from bookshops worldwide. 

In the late 1960s, the Sinkankases purchased 
all of the foreign-language books in the extensive 
collection of B. D. Howes, owner of the prominent 
Los Angeles jewelry store of the same name. Many 
of the classic antique books on engraved gems that 
are now in the Sinkankas collection were acquired 
in this move; in this category alone, the collection 
holdings far exceed those in many major art 
libraries. Other purchases reflected the expanding 
interest in books other than those purely on 
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Figure 2. John Sinkankas is seen here in the of- 
fice of Peri Lithon, the Sinkankases’ rare-book 
enterprise. He is surrounded by rebinding 
presses and other paraphernalia of his book- 
restoring projects. Photo by Robert Weldon. 


gemstones, but all of them relate to the central 
theme of gem materials. 

In the course of collecting, Sinkankas wrote 
nine books on gemologically related subjects. His 
first, Gem Cutting, is now in its third edition and 
was recently chosen by the USSR for translation 
into Russian. The two-volume Gemstones of 
North America and his most recent, the monu- 
mental Emerald and Other Beryls, are now clas- 
sics. Because even his early works are still in 
demand, formerly out-of-print books are now be- 
ing reissued with slightly different titles: Field 
Collecting Gemstones and Minerals and Sink- 
ankas’s Standard Catalog of Gem Values are now 
available. 

An offshoot of the Sinkankases’ collecting 
activity was their formation of an antiquarian 
book enterprise in the earth sciences, Peri Lithon 
Books (figure 2), in 1971, when their first catalog 
was issued (the latest is number 88}. The business 
gave them many more opportunities to encounter 
books that could fill gaps in the collection as well 
as provide numerous editions and variants. 

Before starting Peri Lithon, Sinkankas devoted 
much effort to the cutting of very large faceted 
stones, thus becoming the country’s pioneer in this 
area (Gray, 1988). Among his larger classic pieces 
are the 4,000- and 7,000-ct (figure 3} faceted quartz 
eggs in the Smithsonian Institution collection 
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(reflecting his early determination to cut an egg 
like the 1,463-ct blue topaz he saw as a boy in the 
American Museum of Natural History} and the 
world’s largest faceted golden beryl, a 2,054-ct gem 
that is also in the Smithsonian. 

Currently, Sinkankas is concentrating his en- 
ergy on the compilation of a comprehensive gem- 
ological bibliography. This mammoth reference 
tool will not only list, but also describe, the 
thousands of books, articles, and pamphlets that he 
has personally examined and/or verified, including 
works written in all Western languages and Rus- 
sian. However, he still takes time to repair and bind 
books, does his own watercolor and pen-and-ink 


Figure 3. When John Sinkankas faceted this 
7,000-ct quartz egg in 1963, it was one of the 
largest of its kind. It is now housed in the 
Smithsonian Institution and its image serves as 
the logo for the Sinkankas bookplate, which ap- 
pears in each book in the collection. Specimen 
courtesy of the Smithsonian Institution; photo 
by Robert Weldon and Shane McClure. 
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Figure 4. These two pages from Jeffries’s 1750 A Treatise on Diamonds and Pearls show sizes and 
weights for old-mine-cut diamonds together with corresponding tables of value per carat. This is one 
of the first works ever published on the commercial evaluation of gem materials. 


drawings of gems and minerals, and helps his wife 
in her operation of Peri Lithon. Versatile and 
disciplined yet with a delicious sense of humor, 
John Sinkankas is a true Renaissance man—anda 
legend in his own time. 


THE SINKANKAS COLLECTION 

The Sinkankas collection consists of approx- 
imately 14,000 publications. It boasts numerous 
one-of-a-kind books as well as all editions of some 
of the most important treatises in the field—an 
invaluable resource for tracing the development of 
knowledge in gemology. To provide some idea of 
the scope of the collection, and also of the litera- 
ture in this dynamic field, we have described 
below a number of the rarer and more important 
works represented in a variety of subject areas. 
Information provided by the Sinkankases in a 
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report on the collection and in the Peri Lithon 
catalogs has been incorporated [Sinkankas and 
Sinkankas, 1971-1989, Sinkankas, 1985). 


Diamonds. There is a considerable amount of 
information on the properties of diamond, on 
diamond deposits worldwide and, most exten- 
sively, on South Africa. Several dozen works in 
Russian focus on Siberian diamond deposits and 
diamonds in general. Diamond technology is repre- 
sented by many books on industrial diamonds and 
their applications in industry as well as by several 
books on diamond cutting. One of the earliest 
works on the commercial aspects of cut diamonds 
is the David Jeffries 1750 classic, A Treatise on 
Diamonds and Pearls, which establishes guide- 
lines for evaluating and pricing these highly prized 
gem materials (figure 4}. It may also be one of the 
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Figure 5. The frontispiece of volume 2 of G. E Williams’s 1902 The Diamond Mines of South Africa 
depicts the author's collection of rough diamonds. 


earliest discussions of diamond-cutting styles and 
processes. This book was so widely used during its 
time that copies are often badly worn. 

Ararity is a special deluxe edition of Gardner F. 
Williams’s two-volume The Diamond Mines of 
South Africa, 1902, of which only 100 copies were 
issued. Not only does Williams relate the history 
of diamonds and their discovery in South Africa, 
but he also provides a detailed explanation of the 
mining operations and the various influences in- 
volved in the diamond market. The many illustra- 
tions in this book document the gems (figure 5), 
personalities, and mines of South Africa in the late 
1800s. Sir William Crookes, the famous British 
chemist, is represented in his small but epochal 
1909 book, Diamonds, which is based on his visits 
in 1896 and 1905 to the South African diamond 
mines and his research into the nature of diamond 
and its properties. Also present is the now-classic 
Genesis of the Diamond, written in 1932 by 
Gardner Williams’s son Alpheus. 


Jades. This portion of the collection is important 
because of the completeness of its coverage. All 13 
books by Stanley Charles Nott, the noted jade 
authority, are represented, including the seldom- 
encountered Voices from the Flowery Kingdom 
(1947), Among the many attractively illustrated 
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books on jade collections is the rare 1925 photo- 
graphic encyclopedia of jade carvings by De Tan- 
ner. Nephrit und Jadeit, written in 1880 by Hein- 
rich Fischer, is a well-known but seldom-seen 
historical source book on jade. Also remarkable is 
the volume privately published in 1900 by Re- 
ginald Heber Bishop that was the forerunner of the 
gigantic, two-volume set describing his jade collec- 
tion. Of special interest is the early description in 
French of the jade sources of Khotan (in what is 
now Turkestan], written by Jean Pierre Abel- 
Remusat in 1820. This section also encompasses a 
broad variety of nonbook materials related to jade, 
from recent auction catalogs to reprints of articles 
on the question, “What is jade?” 


Pearls. Several outstanding books and popular 
treatises delve into the subject of pearls, their 
history, art, lore, and science. Not only does the 
collection include personal accounts of those in- 
volved in the pearl industry, but it also provides 
thorough coverage of saltwater and freshwater 
natural and cultured pearls. George F Kunz and 
Charles Stevenson’s Book of the Pearl, first pub- 
lished in 1908, stands out as one of the most 
comprehensive works ever written on the subject 
(figure 6]. The text discusses pearls in ancient 
times as well as pearl fisheries of the world, 
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including the Persian Gulf, the South Pacific, 
Australia, and the Mississippi River. An invalu- 
able chapter discusses famous pearls and pearl 
collections. Kunz continued to research and write 
extensively on pearls as well as other gems; most 
of his published works are represented in the 
collection. 

Another classic is Pearls and Pearling Life, 
written by noted London gem expert Edwin W. 
Streeter in 1886, at a time when pearls were equal 
in value and popularity to diamonds. Also included 
are several technical papers and treatises on fresh- 
water pearl mollusks, such as those by the U.S. 
Bureau of Fisheries, as well as a considerable 
amount of material on Ceylonese (Sri Lankan) 
pearls and fisheries. Other works in the Sinkankas 
collection provide specific details on now-famous 
pearls, An example is Bram Hertz’s description of 
the Hope pearl in his 1839 Catalog of the Collec- 
tion of Pearls and Precious Stones Formed by 
Henry Philip Hope. 


Beryl. John and Marjorie Sinkankas spent 15 years 
researching and collecting the documentation for 
his outstanding work, Emerald and Other Beryls 
(figure 7), published in 1981 and now out of print. 
In the process, the Sinkankases amassed hundreds 
of publications with entries on beryl that now 
represent what is probably the most complete 
beryl reference file ever compiled. It, too, is includ- 
ed with the Sinkankas library, as are all of the 
reference cards created in the course of this re- 
search. 


Other Gem Materials. Virtually every important 
gem material is well represented in the Sinkankas 
collection. It is especially strong, however, in gem 
materials that usually have the weakest represen- 
tation. 

One of the rarest works on amber, The Tears of 
the Heliades or Amber as a Gem, written in 1896 
by W. A. Buffum, provides the first documentation 
on amber of Sicily (figure 8}. Nathaniel Sendel’s 
1742 classic on insect and various other inclusions 
in amber is the first major monograph ever pub- 
lished on this topic. It may also be one of the first 
accounts of falsified inclusions in amber, including 
in one of its plates a fake specimen of a modern 
lizard pressed in amber. 

Notable, too, are some very fine works on 
ivory, including Kunz’s 1916 classic, Ivory and the 
Elephant. This book is remarkable for its informa- 
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Figure 6. This frontispiece showing the pearl- 
adorned Czarina Alexandra Feodorovna of 
Russia is from Kunz and Stevenson’s 1908 Book 
of the Pearl, which remains the definitive refer- 
ence on pearls. 


tion on modern and fossil ivories as well as for its 
discussion of the cultural aspects of ivory carving 
and ornamentation in various countries. G. C. 
Williamson’s 1938 Book of Ivory describes the use 
of ivory for other than personal adornment, such as 
for dice, in Christian art, and for caskets. Also 
represented is the splendid 1930 Odell Shepard 
book, Lore of the Unicorn, which contains much 
on minor varieties of ivory. 

Although relatively little has been written 
about coral, the Sinkankas collection contains 
many attractively illustrated modern books on the 
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Italian coral industry. One famous early work, 
written in 1864 by H. Lacaze-Duthiers, examines 
the history of the material as well as its production 
in the Mediterranean (figure 9}. 

Also featured are a number of works on orna- 
mental and building stones, including the elegant 
1883 and 1886 volumes by noted American author 
Sarah Burnham. Since many opaque gem materials 
such as lapis lazuli, malachite, and serpentine 
have been used as decorative stones, these books 
are a fascinating resource that is often overlooked 
by gemologists. 

Tektite and meteorite references are partic- 
ularly strong. Interestingly, tektites and mold- 
avites are currently enjoying a rise in popularity. 
This changing nature of what is in vogue is one of 
the reasons that a library must be richly diverse. 
Who could have predicted this interest in such 
unusual gem materials? Fortunately, the Sin- 
kankases’ skillful collecting gives us that reservoir 
from which to draw. 


Jewelry. This major section includes histories of 
jewelry, descriptive books on ethnic and period 


Figure 7. John Sinkankas painted this water- 
color rendering of a red beryl crystal to illus- 
trate his monumental 1981 book, Emerald and 
Other Beryls. 


jewelry, and instructional texts on jewelry design 
and manufacture. An excellent reference on 
French Art Nouveau designs in particular is the 
three-volume set on 19th-century French jewelry 
published in 1906-1908 by Parisian jeweler Henri 
Vever (figure 10}. Equally impressive is the pri- 
vately printed Catalogue of the Collection of 
Jewels and Precious Works of Art, the Property of |. 
Pierpont Morgan, compiled by noted English art 
connoisseur G. C. Williamson in 1910. In mint 
condition, this huge volume is one of only 150 
released. 

Books describing crown jewels are especially 
valuable both in chronicling certain large gems 
through history and in establishing the use, value, 


Figure 8. Amber is especially well represented in 
the Sinkankas collection. Titled “The Necklace of 
Galatea,” this exquisite illustration of multi- 
colored amber is the frontispiece for Buffum'’s 1898 
Tears of the Heliades. 
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fashion, and technology of gemstones and jewelry 
during specific periods. Most of the important 
works on crowns and coronation regalia of Euro- 
pean royalty are included in the Sinkankas collec- 
tion. Of particular note are the rare pamphlet on 
the crown jewels of Scotland that was written in 
1839 by Sir Walter Scott; a copy of Germain Bapst’s 
1889 book on the history of the French crown 
jewels; the seldom-seen 1942 work by Rudolf 
Cederstrém on the crown jewels of Sweden; and 
the recent, comprehensive History of the Crown 
Jewels of Europe, by Lord Twining. Several books 
and catalogs describe the exquisite jewels and 
bibelots fabricated by the workshop of Peter Carl 
Fabergé, the great jeweler to the czars of Russia. 


Figure 9. Rich color and fine detail are charac- 
teristic of the illustrations in Lacaze-Duthiers’s 
classic 1864 book on the natural history of 
coral. 
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Figure 10. This Art Nouveau hair ornament, de- 
picting a rooster holding an amethyst in its 
beak, was fabricated by René Lalique for dis- 
play at the 1900 Paris Exposition. A black-and- 
white photograph of this piece appears on page 
725 in volume 3 of Henri Vever'’s unparalleled 
La Bijouterie Francaise au XIXe Siécle. Photo 
courtesy of the Calouste Gulbenkian Museum, 
Lisbon, Portugal. 


The Sinkankas collection also includes almost 
every volume ever written on rings. These range 
from a book in Latin by Johann Kirchmann, 
written in 1623, to the still-important Charles 
Edwards’s History and Poetry of Finger-Rings, 
published in 1855. Other significant volumes in- 
clude the detailed Finger-Ring Lore, first published 
by William Jones in 1877, and Kunz’s 1917 classic, 
Rings for the Finger. 


Engraved Gems. This section, which encompasses 
literature on intaglios, cameos, cylinder seals, and 
scarabs, includes works from the 16th century to 
the present. Important collections of engraved 
gems, such as those of French courtesan Madame 
de Pompadour and the English Duke of Marl- 
borough, are detailed in beautifully illustrated 
volumes. Early works include writers such as 
Macarius, Chiflet, Gorlaeus, Gori, De Wilde, and 
Maffei, as well as the famous P J. Mariette, whose 
1750 book provides the first adequate report on the 
technology of gem engraving. The notorious 
Rudolph Erich Raspe, best known for his fabulous 
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account of Baron Munchausen’s adventures, is 
represented by a 1791 catalog of gem impressions 
manufactured by Tassie’s of England. 

Also included are the complete set of 11 books 
by noted 19th-century authority Rev. Charles W. 
King, of England. Many of these are still consid- 
ered primary sources for information about an- 
cient glyptic art. The Sinkankas collection also 
contains a rare, 1841, two-volume set by James 
Prendeville describing purportedly ancient en- 
graved gems that were in the collection of Prince 
Stanislas Poniatowski of Poland. Although many 
of these pieces were later proved to be clever 
forgeries, the catalog is nevertheless noteworthy in 
that its actual photographic prints are among the 
earliest to appear in any gemological treatise. 

The beginning of the 20th century is marked 
by the appearance of the three-volume set written 
by Adolf Furtwangler of Germany, which is still 
one of the most important works of all time on 
engraved gems. This careful historical treatment 


Figure 11. Filled with plates of impressions 
made directly from engraved gems, Furt- 
wdangler’s three-volume Die Antiken Gemmen, 
from 1900, is one of the most important works 
in the field. Cameo courtesy of Mary Wildman; 
photo by Robert Weldon. 
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includes an extensive annotated bibliography that 
covers all aspects of the topic, as well as many 
plates of impressions made directly from the 
engraved gems themselves (figure 11). 


Lapidary Arts. Few books on the actual cutting and 
polishing of gem materials were written before 
modern times, because highly skilled tradespeople 
refused to share the knowledge that guaranteed 
their livelihood. Some generalized statements, 
such as the 1906 Gem-Cutter’s Craft by Leopold 
Claremont, purport to reveal “secrets,” but they 
actually say little that would be of help to a 
beginner. Because of Sinkankas’s special interest 
in, and publications on, the lapidary arts, his 
collection contains virtually all of the books writ- 
ten in Western languages since the end of the 19th 
century that bear on lapidary work and its technol- 
ogy, including studies of material properties and 
how these influence cutting. Here is to be found 
the landmark 1921 work on polishing phenomena 
by Sir George Beilby, Aggregation and Flow of 
Solids, in which he describes the experiments that 
led to the famous “Beilby flow” theory of surface 
polish on gemstones and other hard materials. 


Gemstone Lore. Much of gem lore goes so far back 
into antiquity that the origins of many tales and 
legends, superstitions, and magical imputations 
can no longer be traced. Yet, many books have 
delved deeply into this subject. One of the great 
resources on Indian lore, for example, is the two- 
volume set of “Mani-Mala,” or a Treatise of Gems, 
written by Sourindro Mohun Tagore in 1879-1881. 
The text is a compilation of information on Indian 
gemstones and their lore gleaned from ancient 
Sanskrit texts. Written tandem in four languages— 
English, Bengali, Hindi, and Sanskrit—this is an 
exceptionally important gem reference. 

The Sinkankas collection contains other major 
works in this area, including 20th-century Egyp- 
tologist E. A. W. Budge’s books on scarabs and 
amulets, Kunz’s 1913 Curious Lore of Precious 
Stones and 1915 Magic of Jewels and Charms, the 
1922, work by Isidore Kozminsky, and Léonard 
Rosenthal’s beautifully illustrated 1924 Au Jardin 
des Gemmes (figure 12). A number of original 
editions of the books on magical jewels by Dame 
Joan Evans are in the collection, as are several 
works on gemstones of the Bible. Early lapidary 
treatises that have much to say on the magical 
virtues of gems are discussed in Lynn Thorndike’s 
1923 History of Magic and Experimental Science. 
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Other topics represented include crystal gazing 
and bezoars, the animal calculi deemed to be 
protection against poisoning. 


History, Adventure, Biographies. Much of the ex- 
citement of gems comes from the intrigue and 
adventure that surrounds these small objects of 
great value. This collection contains many stories 
of gemstone smuggling and fraud, personal ac- 
counts of travels, and biographical works on fa- 
mous persons involved in diamonds and colored 
stones. Included are several books on the scandal of 
the Marie Antoinette necklace, such as The Story 
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Figure 12. This exquisite 
illustration by Léon 
Carré is one of 12 color 
plates from the 1924 de- 
luxe edition of Au Jardin 
des Gemmes by Léonard 
Rosenthal. It depicts a 
mythical scene of a stone 
lion with luminescent 
emerald eyes guarding 
the tomb of King Her- 
mias (220 B.C.). 


of the Diamond Necklace, written in 1867 by 
Henry Vizetelly. This two-volume work recounts 
the curious disappearance of an extremely valu- 
able diamond necklace that was allegedly sold to 
Marie Antoinette in 1785 for nearly 1,600,000 
francs. The French queen denied ever having 
ordered such a necklace, and the discoveries of 
deceit and fraud that followed resulted in the most 
celebrated trial in 18th-century France. 

Perhaps the greatest travel books in gemology 
are those by renowned French gem merchant Jean 
Baptiste Tavernier, who wrote Les Six Voyages in 
three volumes, 1676-1679 (figure 13). These books 
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Figure 13. Taken from Les 
Six Voyages de Jean Baptiste 
Tavernier, this 1679 en- 
graved portrait depicts Tav- 
ernier, also known as 
Knight Baron dAubon, at 
the age of 74. The facing 
page shows native miners 
selling gems to Tavernier 
during one of his journeys. 
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chronicle Tavernier’s journeys into Turkey, Persia, 
and the East Indies in the mid-1600s. Although he 
bought and sold many items, his most notable 
transactions involved diamonds. One of the blue 
diamonds that passed through his hands is re- 
putedly the parent stone of the notorious Hope. 
Also included is a splendid two-volume set of Sir 
Richard F. Burton’s Explorations of the Highlands 
of Brazil, 1869, in which he recounts his experi- 
ences in the alluvial diamond mining districts. 
Another classic is the 1892 account by Lord 
Randolph Churchill, father of Winston Churchill, 
of his personal adventures in Africa, including his 
meetings with De Beers—founder Cecil B. Rhodes 
and a description of the diamond-mining industry 
in South Africa. 

There are dozens of autobiographies that fea- 
ture the trade experiences of gem dealers, miners, 
jewelers, and others connected to the gem industry. 
Emerald mining in Colombia is the subject of 
several of these, including Russ Anderton’s Tic- 
Polonga, 1953. Other exciting and true stories of 
adventure in the gem trade appear in the many 
books by Louis Kornitzer, who wrote his first, 
Trade Winds, in 1933, and his last, Jewelled Trail, 
in 1940. Also included are biographies of persons 
who made notable contributions to the earth 
sciences, from a book on Russian pegmatite expert 
A. E. Fersman to George Merrill's 1924 The First 
One Hundred Years of American Geology. 
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Synthetics and the Art of Synthesis. This category 
features Henri Moissan’s famous 1897 monograph 
on the electric furnace, in which he claimed to 
have synthesized diamond ~a claim that was later 
discredited. A major treatise on the early synthesis 
of ruby is the colorfully illustrated 1891 work by 
Edmond Fremy, Synthése du Rubis, in which he 
details his successful attempts to grow small, but 
undoubtedly true, synthetic rubies. The gemolo- 
gist is sure to appreciate Fremy’s depiction of the 
synthesis apparatus as well as numerous examples 
of flux-grown synthetic rubies (figure 14). Both the 
1914 and 1926 editions of Hermann Michel’s 
Kiinstlichen Edelsteine (Synthetic Gemstones} 
contain a great deal of information on separating 
natural gems from their synthetic counterparts. 
The addition in the 1926 version of a discussion of 
pearls and cultured pearls is another example of 
the major changes that can occur in gemology over 
the course of a very few years, changes that can 
often be detected in the various editions of a single 
book. 


General Gemology. A large portion of the library 
consists of publications that treat all aspects of 
gemology, including some of the earliest known 
treatises. Represented are all editions of Boetius 
De Boodt’s History of Gems and Stones, first 
published in Latin in 1609; Thomas Nicols’s A 
Lapidary or, the History of Pretious Stones: With 
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Cautions for the Undeceiving of All Those That 
Deal with Pretious Stones, 1652, the first gemol- 
ogy text known to be written originally in English, 
and Robert Boyle’s An Essay about the Origine and 
Virtues of Gems, from 1672 (figure 15). In addition 
to De Boodt, the complete works of several other 
important authors are available, including Lewis 
Feuchtwanger, Max Bauer, Edwin Streeter, and 
G. E Herbert Smith (14 editions). 

An added benefit to so complete a collection is 
the access to the illustrations that decorate these 
books. Long before photography became a means 
of visual communication, paintings of the mineral 
specimens and gems served this purpose. The hand 
renderings and prints found in these pages are 
often works of art so exquisite that they almost 
overshadow the photography that has replaced 
them (see cover). 


Mineralogy. In his research on gem cutting, Dr. 
Sinkankas quickly realized that a sound library on 
mineralogy was vital to understanding the physi- 
cal properties that affect the behavior of minerals 
when they.are cut. The very early treatises, such as 
Theophrastus’s 1746 Peri Lithon (Book of Stones} 
and Albertus Magnus’s 1591 De Mineralibus (Book 
of Minerals), actually devoted much more space to 
gem materials than to other classes (Adams, 1938). 
Most such writers were far more familiar with 
gemstones (including those thought to possess 
magical or medicinal properties} than they were 
with ores or minerals that had no economic 
applications at the time. 

Along with the 1746 edition of Theophrastus 
and an original copy of Albertus Magnus [as well as 
the surprisingly scarce Dorothy Wyckoff 1967 
English translation], the collection includes a fine 
1881 color reproduction of the 13th-century illu- 
minated manuscript, Lapidario del Rey D. Alfonso 
X, and several printings of Speculum Lapidum 
(Mirror of Stones), by Camillus Leonardus, first 
published in Latin in 1502. A great rarity is the 
two-volume Elementos de Orictognosia, written 
by Andrés Manuel Del Rio in Mexico City, 1795, 
the first book on mineralogy by a resident of the 
Americas. Other famous mineralogical works in- 
clude the 16th-century treatise by Aldrovandi, as 
well as books by Cesi, Forsius, Guido, Henckel, 
and Sage. 

The collection is exceptionally strong in crys- 
tallography, and features René Just Hatiy’s 1784 
historic work in which he gives the first non- 
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Figure 14, This plate from Edmond Fremy’s 
1891 Synthése du Rubis shows cutaway views 
of two crucibles containing flux-grown syn- 
thetic ruby crystals. Three pieces of jewelry set 
with flux-grown synthetic rubies are also fea- 
tured. This plate serves as an important re- 
minder that synthetic ruby has been used in 
jewelry for just about 100 years. 


destructive systematic tests for gems based on 
their physical properties. Also represented are 
W.H. Miller’s 1839 Treatise on Crystallography, a 
complete 18-volume set of the original 1918 Atlas 
of Crystal Forms by Victor Goldschmidt, and 
works by Fedorov, Schrauf, and Boldyrev. 


Mineral Localities. The coverage in this category is 
excellent. Included are a number of files with 
pamphlets, reprints, and extensive monographs of 
mineral localities worldwide, as well as many 
government papers. 

Sinkankas’s two-volume Gemstones of North 
America is the classic reference for this continent. 
It is not surprising, then, that the collection 
provides publications on almost every state in the 
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U.S.A., with the fullest detail given to California, 
Arizona, and Colorado. There are also some excel- 
lent treatises on mineral localities of the eastern 
United States, most notably Hamlin’s 19th- 
century books on Maine tourmaline. Many South 
American, Asian, and European countries are 
represented by authors such as Sowerby, Mawe 
(figure 16}, Jameson, Lacroix, vom Rath, and Mon- 
ticelli. 


General Reference. Numerous books have also 
been assembled in fields that are secondarily 
related to gemology. One of the earliest, and 
perhaps most famous, academic treatises is Pliny’s 
Natural History. The collection contains 29 differ- 
ent editions of this work by the Roman scholar 
formally known as C. Plinius Secundus, who died 
in the eruption of Mt. Vesuvius in 79 A.D. One of 
the Latin editions dates to 1525, and there are 
translations in several different languages. Other 
related fields, such as art, aerial geology, federal 
geologic surveys, general travels, and basic sci- 
ences, are also represented. 


NOTES REGARDING THE 

PRESERVATION AND FUTURE 

OF THE LIBRARY 

The reality of the Sinkankas collection also poses 
questions about the upkeep and security of this 
storehouse of information. In our role as relatively 
“short-term” caretakers of this invaluable re- 
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Figure 15, These title pages 
are from three early books 
on gemology and mineral- 
ogy (clockwise from the up- 
per right}: Robert Boyle's 
' 1672 An Essay About the 
Origine and Virtues of 
Gems, a 1717 edition of 
Camillus Leonardus’s Latin 
Speculum Lapidum (Mirror 
of Stones), and Thomas 
Nichols’s 1652 A Lapidary 
or, the History of Pretious 
Stones, which is the earliest 
known work on gems writ- 
ten in English. Photo by 
Robert Weldon. 
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source, it is our responsibility to create guidelines 
and procedures that will enhance and preserve it. 
As Marge Sinkankas stated so well during a 
planning meeting, “No one really owns a 350-year- 
old book. You are merely a custodian of it for 20 or 
30 years, and are given the opportunity of protect- 
ing it during that time.” Our vision is that genera- 
tions of scholars will continue to benefit from the 
treasure trove of information, illustrations, and 
related data contained in this unique collection. 

In the event of earthquake or fire, for example, 
the library staff will implement a disaster pre- 
paredness plan established in conjunction with 
other major libraries in the Los Angeles area. In 
addition, an extensive sprinkler system has been 
installed. Water-damaged books can be restored; 
books destroyed by fire cannot. 

Another important problem is that of climate 
control. Inadequate temperature and humidity 
can, in time, take their toll on books and docu- 
ments. Temperature studies indicate that the 
cooler manuscripts and books are kept, the better 
they are preserved (White, 1979). In addition, 
temperature should remain as constant as possi- 
ble, day and night; fluctuations could cause con- 
densation on the paper, warping of covers, and 
other damage. High humidity accelerates the dete- 
rioration of paper, and also encourages insect and 
fungus activity. Conversely, low humidity causes 
books to become brittle and desiccated, thus 
imperiling their survival if they are frequently 
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opened. According to studies on the subject, an 
optimum temperature for books is 72°F with an 
optimum relative humidity of 50% (Banks, 1978). 
To maintain the proper environment, the Sin- 
kankas collection is housed at GIA in a separate 
air-controlled room. 

Protecting the library from vandalism or theft 
is also of paramount importance. Policies that 
ensure the careful use and storage of books and 
manuscripts are being instituted. In addition, we 
require that users of the library view a videotape 
that details proper handling of books and docu- 
ments. The separate room for the Sinkankas collec- 
tion is also secured with its own alarm system. 


ACCESSIBILITY 


The conversion of GIA’s library into a state-of-the- 
art information center has been described in GIA’s 
Alumni Association magazine In Focus (Dirlam, 
1988]. Access to information in the GIA library is 
possible through telephone calls and letters as well 
as through visits to the Santa Monica campus. 
Resident students enrolled in classes at the Santa 
Monica campus have the additional privilege of 
checking out books and journals from the circulat- 
ing collection of the library. Students and the 
gemological community are invited to use the 
Sinkankas collection in a special study area, by 
appointment. While the rare books cannot be 
removed from the library, photocopying will be 
available. GIA’s computer-interactive network, 
GIA-Net, offers another dimension for those desir- 
ing gem or jewelry information. Once the com- 
puter cataloging of the Sinkankas collection has 
been completed, the resulting database will be 
accessible via GIA-Net. 

Over the course of four decades, John and 
Marjorie Sinkankas brought together what is con- 
sidered the finest collection of books and other 
publications on gems ever assembled. As part of 
the Richard T. Liddicoat Information Center, this 
collection not only serves as an invaluable re- 
source, but also broadens our perspective of the 
wealth of knowledge, depth of history, and exqui- 
site beauty that is gemology. 


EDITOR’S NOTE: For further information on the Sinkankas 
collection or the Richard T. Liddicoat Gemological Library 
and Information Center, please contact the authors at GIA, 
1660 Stewart St., Santa Monica, California 90404. Phone: 
(213) 829-2991, x361. 
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Figure 16, These hand-painted illustrations 
from John Mawe’s 1804 Travels in Brazil show 
(above) a topaz mine at “Capon,” Brazil, and 
(below) alluvial mining operations for the re- 
covery of gold and diamonds. 
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THE GUJAR KILL] EMERALD 
DEPOSIT, NORTHWEST FRONTIER 
PROVINCE, PAKISTAN 


By Gary W. Bowersox and Jawaid Anwar 


Over the last decade, Pakistan has devel- 
oped into an important source for many 
gem materials. A number of localities 
have been identified for emeralds in par- 
ticular. This article reports on the emerald 
deposits in the valley of Gujar Killi, lo- 
cated in the Northwest Frontier Province. 
The occurrence, mining, and gemological 
properties are described. Reserves appear 
to be good, and increased mining activity 
suggests strong production for the near 
future. 
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he lush green valley of Swat, often called the Switzer- 

land of the Middle East, is on the historic “silk route” 
that carried conquerors and commerce alike between 
Europe and Asia over the centuries. Gujar Killi, a side 
valley of Swat, is only 3 km long and has no roads, Yet it is a 
gemologist’s dream: remote, safe, lush in vegetation, 
scarce in population, and apparently rich in emeralds. 

It was not until 1981 that Sabir Zada, a local land- 
owner, found an emerald crystal while digging into a 
hillside. Shortly thereafter, an exploration team under the 
supervision of the Gemstone Corporation of Pakistan 
(Gemcorp} located the deposit and acquired the mining 
rights from the government of Northwest Frontier Prov- 
ince. 

Since 1981, thousands of carats of gem-quality emer- 
alds have been recovered from this locality. According to 
Kazmi et al. (in press}, Gujar Killi is the second largest 
emerald deposit in Pakistan—exceeded only by the Min- 
gora deposits elsewhere in the Swat District, and clearly 
surpassing the deposits identified at Barang and Khaltaro. 
Although the crystals tend to be dark, some cut very fine 
stones (figure 1). The rough usually ranges from 1 to 10 ct, 
but crystals as large as 197 ct have been recovered. One 
such large crystal, a 188-ct specimen, is shown in figure 2. 


LOCATION AND ACCESS 


The Gujar Killi emerald deposit is located near the small 
village of Gujar Killi (lat. 34°49'40”"N and long. 72°35'10"E) 
in the Swat District. It lies at an aerial distance of about 24 
km (15 mi.) east-northeast of Mingora and 140 km north- 
east of Peshawar (figure 3}. The mine is at an elevation of 
2,057 m (6,750 ft.] above sea level. 

The mine is reached by traveling approximately 2 !/2 
hours by car on a paved and partially unpaved road from 
Mingora to the village of Bazar Kot, at the edge of Gujar 
Killi Valley, and then walking 3 km (about 45 minutes) to 
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the deposit (figure 4]. It is normally closed from 
December through March because of snow. 


GEOLOGY 

The special geologic conditions required for their 
formation make high-quality emeralds one of the 
rarest of all gem materials (Snee and Kazmi, in 
press}. Because beryllium, the major constituent of 
beryl, is geochemically incompatible with chro- 
mium, the primary coloring agent of emerald, a 
unique set of geologic circumstances is needed to 
bring these two elements together. In Pakistan, the 
special situation that produced emerald began 
with the collision of the Indian and Asian conti- 
nental plates in Cretaceous and Tertiary time. Not 
only did this “suturing” of India and Asia ulti- 
mately produce the Himalaya Mountains, but it 
also brought together chromium- and beryllium- 
bearing rocks that are now exposed across north- 
ern Pakistan (Snee and Kazmi, in press). 

The Gujar Killi emerald deposit occurs in the 
Mingora ophiolitic melange of the Indus Suture 
Melange Group (Kazmi et al., 1986). Rocks in this 
ophiolitic melange are sandwiched between Saidu 
graphitic schist in the form of discontinuous 
lenses, sheets, and blocks that range from 6 m to 
300 m long and 3 m to 200 m wide. Talc chlorite 
schist is the dominant material in the ophiolitic 
melange, but four subunits are easily differenti- 
ated on the basis of mineralogic composition: talc 
schist, talc carbonate schist, carbonate talc schist, 
and carbonate. Because the nature and distribution 
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Figure 1. These three fac- 
eted stones (4.49 ct total 
weight) represent some of 
the fine emeralds found at 
the Gujar Killi deposit, 
Northwest Frontier Prov- 
ince, Pakistan. In general, 
the emeralds from this lo- 
cality range from medium 
to dark bluish green. Photo 
© Harold & Erica Van Pelt. 


of these subunits are related to the occurrence of 
emerald at Gujar Killi (figure 5), they are briefly 
described below. ’ 


Tale Schist. This white and grayish green to 
whitish green subunit (figure 6} is highly schis- 
tose, folded, and well jointed. Two outcrops mea- 
suring 20 x 4m and 30 x 10 m are found in the 


Figure 2. Pakistani gem dealer Akbar Khan is 
seen here holding a 188-ct rough emerald found 
at Gujar Killi. Such large stones are not uncom- 
mon from this locality, Photo © G. Bowersox. 
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through lush vegetation. Photo © Gemcorp. composed almost entirely of talc with accessory 


amounts of quartz, magnesite, chlorite, mus- 
covite, and fuchsite. The talc occurs as flakes, 
lenses, and sheaves in the groundmass, as well as 
veins and veinlets. Veins of milky white quartz, 
commonly shattered, cross-cut the talc-schist foli- 
ation, with fuchsite present at the contacts and 
within fractures of the quartz veins. Small frag- 
ments of chloritic schist and graphitic schist are 
also found in this unit. 


Talc Carbonate Schist. This brownish green to 
yellowish green subunit occurs in lenses and 
sheets. It contains the same macroscopically iden- 
tifiable mineral constituents as the talc schist plus 
limonite and the carbonates siderite and calcite. 
Lenticular bodies of flakey tale form the bulk of 
the rock, while carbonates occur in the ground- 
mass as well as in the veinlets. Quartz veins are 
common and cut across the foliation. Mica is 
disseminated throughout. The many limonite 
patches show the effects of weathering and the 
leaching of iron-bearing minerals by oxidation. 
Small xenoliths, 2 to 3 cm in diameter, are also 
occasionally observed. 
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Carbonate Tale Schist. This yellowish brown to 
greenish brown subunit is composed primarily of 
the carbonates siderite, magnesite, and calcite, 
with accessory talc, quartz, muscovite, fuchsite, 
and limonite. Talc occurs along joints and frac- 
tures as flakes and sheets. Cross-cutting quartz 
veins are common. Muscovite is disseminated 
throughout the unit. The rock is extensively 
limonitized and looks “rusty.” In the northeastern 
part of the mine area, a 40 xX 10 m block of 
carbonate talc schist is exposed with talc carbon- 
ate schist. 


Carbonate. Grayish brown, massive, hard, nonfoli- 
ated blocks are common. These range from 3 m to 
over 60 m in dimension. The carbonates dolomite, 
siderite, magnesite, and calcite are the principal 
constituents, with minor quartz, muscovite, 
fuchsite, chlorite, talc, and limonite. Quartz veins 
are abundant. 

No pegmatites have been observed in or 
around the mine area to date. 


EMERALD OCCURRENCE 


Emerald mineralization occurs in a northwest- 
southeast trending body of the ophiolitic melange 
that dips 30° to 50° to the northwest. The exposed 
body measures about 90 m x 80 m, out of which 
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Figure 5. This geologic 
map shows the major 
subunits of the Mingora 
ophiolitic melange at 
Gujar Killi and the emer- 
ald mineralization. Map 
prepared by the Gem- 
stone Corporation of 
Pakistan, Artwork by 
Peter Johnston. 
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40 m X 10 m was initially proved to be miner- 
alized. The mineralized block is composed primar- 
ily of talc schist and talc carbonate schist. Re- 
cently, a 4 m x 150 m mineralized zone was 
located about 200 m north of the existing zone. It is 
hoped that further exploration in the area and 
removal of the soil cover will show that mineraliz- 
ation is continuous between the proven zones, 
with prospects of locating additional mineraliza- 


Figure 6. Talc schist, a major subunit at Gujar 
Killi, is the source of some of the emerald min- 
eralization. Photo © G. Bowersox. 
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Figure 7. Emerald mineralization, here indi- 
cated by Pakistani gem merchant Azzi Ulla 
Safi, is most common where limonitized veins 
intersect in the talc schist or talc carbonate 
schist. Photo © G. Bowersox. 


tion in the southern and northern extensions of the 
ophiolitic melange. 

Emerald mineralization is structurally con- 
trolled. A number of northwest-trending faults, 
with cross-cutting joints and fractures, traverse 
the mineralized block. Along major faults, frac- 
tures, and joints, fault breccia with shattered 
quartz as well as calcite nodules are commonly 
observed. The fault, fracture, and joint planes are 
extensively limonitized. Emerald mineralization 
is largely confined to these crisscrossing lim- 
onitized planes and is most favorable where they 
intersect (figure 7}. According to Snee and Kazmi 
(in press], the schistose chromium-rich host rocks 
were derived from “primitive” oceanic rocks that 
were trapped between the Indian and Asian plates 
and ultimately included in melange zones that 
formed when the plates collided. The conditions 
for emerald mineralization were completed when 
metamorphism and postmetamorphic faulting 
produced the pathways in the melange zones that 
enabled the infiltration of beryllium-bearing solu- 
tions from nearby Indian-plate continental rocks. 

Emerald is usually found as scattered isolated 
crystals in the talc-rich sheared joints, fractures, 
and faults. Only rarely does it occur in pockets, 
bunches, or aggregates. It is commonly associated 
with quartz veinlets and rhombohedral calcite 
nodules (Kazmi et al., in press). Occasionally the 
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emeralds are found in alignment with foliation, 
but rimmed structures around calcite are com- 
mon. The miners believe that the appearance of a 
greenish coloration in talc is a good indicator that 
they are close to emerald mineralization. 


DESCRIPTION OF THE 

GUJAR KILLI EMERALDS 

Physical Appearance and Gemological Properties. 
The Gujar Killi emeralds usually occur as hexago- 
nal prisms with basal pinacoids; the authors ob- 
served few well-formed, specimen-quality crys- 
tals. The emeralds range in color from medium to 
dark bluish green, with most of the stones even 
darker than the Mingora emeralds (illustrated in 
Gtibelin, 1982). The gemological and chemical 
properties, discussed below, indicate that emeralds 
from Gujar Killi have particularly high iron and 
chromium contents. The gemological properties of 
this material were determined on eight faceted 
stones that ranged from 0.36 to 0.95 ct (see, e.g,, 
figure 8). These properties are reported in table 1 
and described below. 

As measured with a Duplex II refractometer, 
refractive indices for all eight stones were sur- 
prisingly consistent, with 1.589 for the extraordin- 
ary ray and 1.599 for the ordinary. These values are 
within the range of refractive indices determined 
by Dr. Edward Gubelin (in press) for emeralds from 
this locality. However, the corresponding birefrin- 
gence of 0.010 is slightly higher, by 0.001, than the 
maximum birefringence of 0.009 recorded by Dr. 
Gubelin. 

Specific gravity was determined with heavy 
liquids to be approximately 2.71. By the hydrosta- 
tic method it was found to be 2.72. 

All stones were inert to both long- and short- 
wave ultraviolet radiation. This is consistent with 
emeralds that have a high iron content. 

The white-light absorption characteristics of 
the eight Gujar Killi emeralds were studied by 
means of a Beck prism spectroscope. The results 
were consistent across all the stones, with all 
showing the same chromium-related absorption 
lines and bands in the same nanometer positions 
relative to the scale. A strong, close pair of lines at 
approximately 683 and 680 nm, and another strong 
pair at 642 and 639 nm, comprised the sharp 
absorption features, while a relatively strong band 
between 625 and 585 nm was also present. Individ- 
ual iron-caused absorption lines were not observed 
in the blue, but a general absorption extending 
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Figure 8. These are two of the eight Gujar Killi 
emeralds examined to determine gemological 
properties. Photo by Robert Weldon. 


from approximately 430 nm down through the 
lower limits of the visible region was evident. 
When viewed parallel to the optic axis, the 
color observed in each of the eight emeralds was 
consistently an intense, very slightly yellowish 
green; as is the case in the direction of single 
refraction, no dichroic color shift was observed 
when a Polaroid analyzer was held over the stones 
and rotated in a full circle. When viewed perpen- 
dicular td the optic axis, the color was also intense, 
a he 


TABLE 1. Gemological properties of emeralds from 
Gujar Killi, Pakistan.@ 


Color Dark to medium bluish green 


Refractive Index 
Extraordinary ray 1.589 


Ordinary ray 1.599 
Birefringence 0.010 
Specific gravity® 2.71 (2.72 by hydrostatic method) 
Reaction to Inert to both long- and 
UV. radiation short-wave 
Absorption Strong, close pair of lines at 


characteristics approximately 683 and 680 nm; 
strong pair at 642 and 639 nm; 
relatively strong band between 625 
and 585 nm: general absorption from 
approximately 430 nm to lower limits 


of visible region 


Moderate: very slightly yellowish 
green and bluish green 


Very weak to weak red 


Dichroism 


Chelsea color 
filter reaction 
Internal 
characteristics¢ 


Veil-like partially healed fractures 
composed of numerous minute 
secondary two-phase fluid inclusions 


aProperties listed were obtained from eight faceted stones 
ranging from 0.36 to 0.95 ct. 

’Determined with heavy liquids. 

cOnly those found in all eight emeralds are listed. 
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with two dichroic colors observed: a very slightly 
yellowish green and a bluish green. Although the 
color is intense, the pleochroism observed with a 
Polaroid analyzer could only be described as mod- 
erate. With a dichroscope, however, the two di- 
chroic colors were obvious when viewed in any 
direction other than parallel to the optic axis. 

Each of the eight Gujar Killi emeralds was 
placed on the tip of a fiber optic illuminator and 
examined in several directions with a Chelsea 
color filter. The appearance of the emeralds 
through the filter can best be described as a very 
weak to weak red, which once again can be related 
to the presence of iron. When the stones were 
examined from different directions, it could be 
seen that the intensity of the red varied from 
nonexistent to weak and seemed to be strongest at 
facet junctions. 


Internal Characteristics. All eight faceted stones 
were carefully examined between the magnifica- 
tion range of 10x to 50x with a standard gem- 
ological microscope using a variety of illumina- 
tion techniques. The inclusions observed, al- 
though they do not appear to be locality specific, 
are nonetheless useful in determining the natural 
origin of these emeralds. 

The only internal feature evident in all eight 
emeralds was the presence of fluid inclusions 
(figure 9}. For the most part, these took the form of 
veil-like partially healed fractures composed of 


Figure 9. Primary and secondary fluid inclu- 
sions in this typical pattern were observed in 
all of the eight Gujar Killi emeralds examined 
with the microscope. Photomicrograph by 
John I. Koivula; magnified 25x. 
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Figure 10. Growth zoning parallels the prism 
face of this Gujar Killi emerald. Photomicro- 
graph by John I. Koivula; magnified 30x. 


numerous minute secondary two-phase fluid in- 
clusions. Some slightly larger primary two-phase 
inclusions were present as well. In one emerald, a 
thin-film layer of ultra-thin two-phase fluid inclu- 
sions was observed in a plane perpendicular to the 
optic axis. Although no detailed chemical analysis 
of the fluids could be performed, careful observa- 
tion revealed no visible fluid immiscibility or fluid 
carbon dioxide phases in any of these gems. 

When shadowing was used, one stone dis- 
played a very subtle form of growth zoning (figure 
10) that paralleled the prism faces of the original 
crystal. In another stone, a hollow tube broke the 
surface of the crown near the girdle (figure 11). It 
was partially filled with what appeared to be dirt, 
polishing compound, or tale. 

No mineral inclusions of the type previously 
described in Pakistani emeralds (Giibelin, 1982 
and in press) or in other emeralds found in a schist 
environment were observed in any of the stones 
examined. 


Chemistry. Hammarstrom (in press} reports the 
results of 11 microprobe analyses of a sample of 
Gujar Killi emerald (table 2). Like the emeralds 
from four other Swat Valley mines that she an- 
alyzed, the Gujar Killi specimen was notable for 
high magnesium, iron, and sodium contents rela- 
tive to emeralds from other world localities (Ham- 
marstrom, in press, table 6.7), although the Gujar 
Killi specimen had less iron than the other 
Pakistani samples (a Mingora specimen, at 0.91 
wt.%, was the highest}. Hammarstrom also reports 
that Pakistani emeralds are among the richest in 
chromium, and the Gujar Killi sample showed the 
highest value for this oxide among all of the 
Pakistani samples tested. Many of the emeralds 
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Figure 11. A foreign substance partially fills 
this hollow tube in a Gujar Killi emerald. Pho- 
tomicrograph by John I. Koivula; magnified 20x. 


display color zoning that appears to correlate 
directly with variations in chromium content. 
Otherwise, she found that the Gujar Killi speci- 
men was similar to emeralds from other schist- 
type deposits. 


CUTTING 

Most Gujar Killi emerald rough has good crystal- 
lization, and the surfaces take a good polish. Some 
of the large crystals, however, have fine cracks that 
can hinder cutting. In addition, talc inclusions 
may give the faceted stone a pitted appearance 


TABLE 2. Summary of 11 microprobe analyses of a 
Gujar Killi emerald (in wt. %).@ 


Composition mean s.d,b 
SiO, 62.3 1:3 
Al,O3 13.5 0.4 
FeO 0.25 0.02 
MgO 2.57 0.05 
CaO 0.01 0.01 
NasO 1.88 0.03 
K,0 n.d.e 

TiO, 0.02 0.02 
MnO 0.01 0.02 
V2O4 0.09 0.02 
CroO3 1.65 0.28 
F n.d. 

Cl n.d. 

BeO (calc)¢4 13.0 

BeOQ.2 11.63 


@As reported in Hammarstrom (in press). 

°s.d. = standard deviation. 

®n.d. = not detected. 

¢Average of BeO values calculated for each microprobe analysis 
assuming an ideal 3 Be cations per 18-oxygen beryl formula 
unit. This represents the maximum BeO content theoretically 
possible for the analyses, assuming stoichiometry. 

©BeO values reported by Snee et al. (in press), 
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(Kazmi et al., in press]. A greater concern is the 
overcoloration of the crystals caused by the high 
chromium content. In smaller stones, to avoid a 
blackish green gem and produce a good yellowish 
green finished piece, the cutter should window the 
stone out. Because of the overcoloration, however, 
this material is excellent for cutting small, 
0.10-0.35 ct, stones. 

Cutting may also be hindered by the presence 
of a colorless tube or hexagonal column -— usually, 
in the authors’ experience, less than 3 mm in 
diameter regardless of the size of the stone— 
parallel to the c-axis near the center of many of the 
crystals. This is probably due to a lack of chro- 
mium. The cutter must experiment with these 
stones to work around—or with—the zoning for 
the best result in the finished gem. 


MINING AND PRODUCTION 


Because the Gujar Killi emerald deposit becomes 
snowbound in winter, it is operational only about 
eight to nine months a year. It is largely an open- 
cast mine worked via benches (figure 12). Some : 
underground mining has been carried out to prove Figure 12. A series of benches characterize the 


continuation of mineralization at depth, and so far open-cast workings at the Gujar Killi mine. 
Bade Photo © G. Bowersox. 


about 30 m below the surface has been shown to be 
potentially productive. 

The rocks are generally soft and can be easily 
removed manually with pneumatic drills (figure 
13}. Explosives are seldom used except to break up 
compact and massive blocks of carbonate rock. 
The open-cast mining is generally safe except for 
some slope stability problems caused by water 
seepage. 

After the emeralds are removed from the talc, 
they are washed (figure 14] and then sent for 
sorting to the operation at the Mingora mine. Local 
inhabitants supply most of the labor for the Gujar 
Killi mining operation. They otherwise lead a 
typical village life supplemented by farming— 
primarily potatoes and maize—on terraced fields, 
There is little independent mining; for the most 
part, activity at the mine is strictly supervised by 
government security guards. 


Figure 13. Miners use pneumatic drills to remove the 
relatively soft host rock at Gujar Killi. Because of the 
lack of roads, the compressor was carried to the site 
part by part and then reassembled at the mine. 
Photo © G. Bowersox. 
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Figure 14, Emeralds are washed from the talc at 
Gujar Killi before they are sent to the Mingora 
mine for sorting. Photo © G. Bowersox. 


The deposit has been worked actively since 
1982. The production of rough emerald from the 
mine since it began operation through the 
1987-1988 fiscal year is given in table 3, as 
reported in official documents of the Gemstone 
Corporation of Pakistan. The radical increase in 
production in 1988 resulted because more miners 
were hired to work a second deposit. Current 
geologic studies by Gemcorp indicate the exis- 
tence of many other emerald veins, so it is ex- 
pected that both the quantity and the quality of 
emerald will improve during the next few years. 


CONCLUSION 


The Gujar Killi deposit is the second most impor- 
tant source of emeralds in Pakistan. Like the 
neighboring Mingora deposits, emeralds occur in 
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TABLE 3. Production of rough emerald at Gujar Killi 
from 1981 through August of 1988.4 


Fiscal year Total production (ct)® 
1981-82 2,808 
1982-83 2,053 
1983-84 2,015 
1984-85 1,330 
1985-86 3,456 
1986-87 5,939 
1987-88 28,646 


aAs reported by the Gernstone Corporation of Pakistan. 
Approximately 5%-10% of this material is considered gem quality. 


subunits of the Mingora ophiolitic melange, in 
talc-rich sheared joints, fractures, and faults. 

Gemological and chemical testing indicates 
particularly high contents of iron and chromium. 
The chromium appears to be responsible for the 
overcoloration that characterizes much of the 
Gujar Killi emerald. 

Currently, mining is controlled by the Gem- 
stone Corporation of Pakistan, with local inhabi- 
tants supplying the labor. It is largely an open-cast 
operation. At the time of writing, two deposits are 
being worked and production is good. Reserves 
appear to be excellent and potentially extensive. 
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NOTES 


-AND-: 


NEW TECHNIQUES 


BERYL GEM NODULES FROM THE 


BANANAL MINE, MINAS GERAIS, BRAZIL 


By Anthony R. Kampf and Carl A. Francis 


Bicolored (aquamarine-morganite) beryl from a 1986 
discovery at the Bananal mine is described. Most of 
the cutting material was of carving grade, but a 
small percentage of the crystals contained faceting- 
quality morganite gem nodules. This is the first pub- 
lished report of gem nodules of a species outside the 
tourmaline group. Much of the Bananal morganite is 
of a pleasing orange to pink-orange color that changes 
to pink on éxtended exposure to heat or sunlight. The 
inclusions in the nodules appear to be limited to 
muscovite erystals, while the rest of the material 
(both aquamarine and morganite) contains two- and 
three-phase inclusions, but little or no muscovite. 

The cause of the gem nodules is not established, but 
it may relate to the presence of the same type of vari- 
ation in mosaic texture observed in some color-zoned 
tourmaline crystals. 


The term gem nodule is well known among 
tourmaline miners and cutters. It refers to a small, 
typically 2 to 30 mm in diameter, rounded mass of 
water-clear gem material that occurs in the central 
portion of an otherwise flawed crystal. In the case 
of the very gemmy pencil-like crystals of tour- 
maline, “nodules” may actually be prism sections 
up to several centimeters long with crudely hemi- 
spherical ends. Nodules of both types may be 
opaque, but interest is focused on transparent 
nodules which are highly prized as cutting mate- 
rial. Occasional references to gem nodules have 
been made in the gemological and mineralogical 
literature {e.g., Shepard, 1830, Sinkankas, 1955, 
1959; Dietrich, 1985; Proctor, 1985; and Francis, 
1985}, but gem nodules have heretofore not been 
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reported outside of the tourmaline group. Re- 
cently, however, a new find of gem-quality beryl in 
Minas Gerais, Brazil, has yielded a number of fine 
gem nodules. 


OCCURRENCE . 

In January 1986, a group of miners made a signifi- 
cant discovery at the Bananal mine, near Salinas, 
Minas Gerais, Brazil. From a single pocket they 
recovered about 500 kg of bicolored (aquamarine- 
morganite} beryl crystals and crystal fragments. 
Because the pegmatite had been thoroughly al- 
tered to kaolinite, the material was recovered by 
wet sieving (C. Barbosa, pers. comm., 1988). Most 
of the crystals were moderately to heavily inclu- 
ded; yet, according to Michael Ridding (pers. 
comm., 1989), about 100 kg were excellent carving 
rough (see figure 1], More importantly, a number of 
gem nodules of faceting quality were recovered. A 
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Figure 1. This Bananal morganile carving de- 
picts four faces of the Egyptian queen Nefertiti. 
The carving, designed and executed by the firm 
FA, Becker, Idar-Oberstein, Germany, weighs 
610 ct and is 5 cm tall. Courtesy of Ramsey 
Gem Imports, Inc.; photo by Shane McClure. 


discovery of about 400 kg of similar bicolored 
beryl was reportedly made at this mine in the early 
1960s (Koivula and Misiorowski, 1986}. This mate- 
rial apparently corresponds to the orange beryl 
that Sinkankas (1981) mentioned. It is not clear 
whether gem nodules were found at that time, but 
at least some of the material from the earlier 
discovery was of faceting quality. 


DESCRIPTION 

The Bananal mine beryl gem nodules occur at the 
centers of tabular, bicolored crystals. The rims of 
the crystals are a pale to medium green to blue- 
green aquamarine, while the cores are morganite 
commonly of a distinctly orange hue. A few 
crystals with a complete set of hexagonal prism 
faces and a basal termination were found (figure 2), 
but most of the material recovered was in the form 
of partial crystals and irregular fragments. The 
relatively complete crystals have diameter-to- 
thickness ratios of about 2 to 1 and rim-to-core 
radius ratios between 1 to 2 and 1 to 4. The 
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largest crystal observed by the authors (figure 3) is 
18.5 cm across, but most are fist size or smaller. 
The morphology is simple, with the basal pinacoid 
{001} and prism {100} predominating, and the 
dipyramid {112} sometimes also present. Surface 
etching is quite common, giving the crystals a 
frosted appearance. A few crystals, including the 
large one noted above, have lustrous faces. The 
external features of the crystals are consistent 
with crystallization in a pegmatite pocket. 

The nodules are limited to the morganite 
portion of the crystals; the nodule surface coin- 
cides with the aquamarine-morganite color 
boundary. As has been generally noted for tour- 
maline nodules (e.g., Proctor, 1985, p. 97], the more 
flawed outer portions of these crystals can often be 
readily broken away to expose the nodules. The 
crystal in figure 3 possesses an extremely large 
gem nodule, 12.5 cm in diameter, that is quite clear 
except for inclusions of muscovite with occasional 
trails of minute bubbles. Muscovite inclusions are 
characteristically present in most of the faceted 
stones and facetable rough from this occurrence, 
and the only facetable material was in the gem 
nodules (J. Ramsey, pers. comm., 1988). The largest 


Figure 2. This beryl crystal from the Bananal 
mine exhibits the basal pinacoid {001}, prism 
{100}, and dipyramid {112} forms. Note the 
frosted faces which have resulted from surface 
etching. The crystal is 11 cm across. Courtesy 
of Hyman and Beverly Savinar; photo © 
Harold &@ Erica Van Pelt. 
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fine faceted stone from this discovery, 461 ct, 
contains the muscovite inclusion in figure 4. 

The aquamarine rind of the large crystal is 
much more heavily flawed than the nodule. Many 
two- and three-phase (liquid-gas and solid-liquid- 
gas} inclusions and internal basal cleavage frac- 
tures were observed. These cleavage fractures 
appear to radiate away from the central nodule, 
giving the impression of a radiating lamellar tex- 
ture. This is further reflected by a somewhat 
lamellar texture on the external cleavage and 
fracture surfaces. No muscovite inclusions were 
observed in the rind portion of this crystal. 

The vast majority of the crystals recovered did 
not contain gem nodules (M. Ridding, pers. comm., 
1988}. The crystal pictured in figure 2, for example, 
is moderately included throughout, with two- and 
three-phase inclusions in both the morganite core 
and the aquamarine rind. Internal basal cleavage 
fractures were not prominently developed in this 
crystal, and no muscovite inclusions were ob- 
served. It has also been reported that some of the 
morganite carving material from this occurrence 
exhibited, cloudy or hazy areas, apparently the 
result of numerous minute inclusions of unknown 
identity (M. Ridding, pers. comm., 1988}. 

It is not uncommon for the larger faceted 
morganites to exhibit an intense, bright orange 
color in daylight or fluorescent light and a pink- 
orange (“padparadscha”) color in incandescent 
light. John Ramsey (pers. comm., 1988] notes that 
the orange color in the morganite from this occur- 
rence changes to pink of a similar color saturation 
when the material is exposed to sunlight for an 
extended period or when it is heated (figure 5). 
Sinkankas (1981} reported the same behavior in 
the orange morganite from the earlier production. 
According to George Rossman (pers. comm., 1988], 
this is a common phenomenon in morganite: 
“Millions of years of exposure to the low levels of 
radioactive potassium in the feldspars and micas of 
the host pegmatite displaces electrons in the 
atomic structure of the beryl. The displacement of 
electrons results in color centers which impart a 
brown color. The brown color combines with the 
pink color caused by trace amounts of divalent 
manganese in the structure, resulting in an overall 
orange hue. Exposure to sunlight for a few hours is 
usually sufficient to return the electrons to their 
original sites, thus eliminating the brown compo- 
nent and revealing the pink color. The pink color 
will then remain stable under normal conditions.” 
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Figure 3, A morganite nodule is evident in this 
beryl crystal from the Bananal mine. The entire 
crystal is 18.5 cm across; the nodule is 12.5 cm 
in diameter. Courtesy of Hyman and Beverly 
Savinar; photo © Harold & Erica Van Pelt. 


DISCUSSION 

In reference to tourmaline nodules, Francis (1985) 
wrote: “Neither quartz nor beryl, which occur 
with approximately the same frequency and abun- 
dance in the same geological environment, show 


Figure 4. This muscovite inclusion was ob- 
served in a large fine morganite faceted from a 
Bananal mine nodule. Photomicrograph by 
John I. Koivula; magnified 40x. 
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such nodules nor does any other species known to 
the writer.” In addition to the Bananal beryl 
nodules described here, several other examples of 
nontourmaline gem nodules have recently come to 
our attention. Elvis (“Buz”) Gray provided an 
aquamarine crystal from Raffin Gabbas in the 
Dgemma region of Plateau State, Nigeria; this 3.5- 
cm-long crystal is terminated by a basal cleavage 
plane at the heavily included end and by a gemmy 
nodule at the opposite end. Mr. Gray also presented 
small gem nodules of two garnets, a rhodolite from 
Langusu, Tanzania, and a spessartine from the 
Little Three mine near Ramona, San Diego 
County, California. Mr. Gray further reported 
encountering gem nodules while cutting benitoite 
from the Benitoite Gem mine, San Benito County, 
California. Gem nodules are thus known to occur 
in at least five gem species, two of which (rhodolite 
and benitoite} formed in environments other than 
granitic pegmatites. The generality of the phenom- 
enon is thus established, but the genesis of gem 
nodules has not been explained. 

Wagner et al. (1971) studied sections through 
color-zoned tourmaline crystals by a special X-ray 
technique known as source-image distortion. This 
technique is capable of discriminating changes in 


28 Notes and New Techniques 


Figure 5. Both of these gems are 
from the 1986 discovery at the 
Bananal mine. The 131-ct pink 
morganite was the same color as 
the 235-ct pinkish orange stone 
before exposure to strong South- 
ern California sunlight for ap- 
proximately one month. Courtesy 
of Ramsey Gem Imports, Inc.; 
photo © Tino Hammid. 


the texture of the mosaic structure’ in single 
crystals. They determined that “abrupt texture 
changes are always accompanied by color 
changes,” but that there is “no strict correlation 
between a particular color and a particular tex- 
ture.” In all of the samples they studied, they 
discovered that “the core region had a macro- 
mosaic** texture containing some small cracks 
whereas the overgrowth region was composed of 
lamellar grains.” They considered and dismissed 
several crystal-growth models as explanations for 
the texture changes. They conjectured that “the 
texture changes are indicative of some growth 
parameter such as temperature, pressure, or 
others.” 


*Mosaic structure refers to the fact that all single crystals 
are actually composed of minute, slightly misaligned crys- 
tal “blocks.” The misalignment is usually a small fraction 
of a degree. The fewer the mosaic blocks and the smaller 
the amount of their misalignment, the more perfect the 
crystal. Texture is used here to refer to the size, shape, and 
orientation of the minute crystal blocks within parts of the 
single crystal. 

**Macromosaic structure refers to a mosaic structure with 
relatively few randomly oriented microcracks and relatively 
few only slightly misaligned mosaic grains. 
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Although Wagner et al. did not specifically 
consider or even mention the gem-nodule effect, 
their study appears to relate directly to this phe- 
nomenon. In essence, they found that when a 
difference in mosaic texture exists between the 
color zones of a tourmaline crystal, the core of the 
crystal exhibits less mosaicity and therefore 
greater crystalline perfection than does the exte- 
rior. Their findings are consistent with the typical 
behavior observed for crystals containing gem 
nodules: That is, the crystal readily breaks along 
the boundary between the nodule and the rest of 
the crystal, and in many instances the outer 
portion of the crystal breaks away in small frag- 
ments to expose the perfectly solid gem nodule 
core, 

The observations made by Wagner et al. appear 
to fit the gem nodule—containing beryl crystals 
from the Bananal mine quite well. It is likely that 
these beryl gem nodules are very similar in nature 
to tourmaline gem nodules and that their forma- 
tion resulted from a similar crystal growth vari- 
able. 

The inclusions contained in the beryl from this 
occurrence may provide a clue to the origin of the 
nodules. The muscovite inclusions appear to be 
limited to the gem-nodule portion of the crystals, 
while the two- and three-phase inclusions are 
limited to the non-nodule material. It is widely 
believed that complex pegmatite formation in- 
volves two immiscible fluids, one a silicate melt 
and the other an aqueous fluid. Growth from an 
aqueous fluid is likely to yield two- and three- 
phase primary inclusions, while growth from a 
silicate melt will generally yield only solid pri- 
mary inclusions. It is, therefore, tempting to hy- 
pothesize that the beryl crystals containing gem 
nodules were in contact with the silicate melt 
during that stage of their growth, while the outer 
portions of the nodule-containing crystals and the 
crystals without nodules formed in contact with 
the aqueous phase. 

This hypothesis is contrary to the commonly 
held belief that all well-formed gemmy crystals 
found in pegmatites have crystallized from an 
aqueous fluid; however, London {1986} comments 
that “It appears that pocket-zone aluminosilicate 
minerals crystallize from hydrous silicate-rich 
fluids that may be in contact with an exsolving 
aqueous phase... .” It must also be remembered, 
though, that two- and three-phase inclusions in 
beryl are commonly secondary, having originated 
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from the intrusion of aqueous solutions along 
fractures in the crystals. The lack of these inclu- 
sions in the Bananal mine nodules could merely 
reflect the lack of fractures in the nodules. 

Without further supportive evidence, the hy- 
pothesis above must be regarded merely as conjec- 
ture. At any rate, it does not seem to shed light on 
the formation of gem nodules of nonpegmatitic 
origin. 


SUMMARY 

A discovery of bicolored aquamarine-morganite 
beryl crystals at the Bananal mine in early 1986 
yielded much good carving material. A small 
percentage of the crystals contained morganite 
gem nodules of faceting grade. This is the first 
report of gem nodules of a species outside the 
tourmaline group. Much of the morganite is of a 
pleasing orange to pink-orange color, reminiscent 
of material produced from the same mine in the 
early 1960s. The orange color changes to pink 
when the material is exposed to heat or sunlight. 
The inclusions in, the nodules are limited for the 
most part to muscovite crystals, while the rest of 
the material (both aquamarine and morganite} 
contains two- and three-phase inclusions, but little 
or no muscovite. The cause of the gem nodules is 
not established, but the same type of variations in 
mosaic texture observed in some color-zoned tour- 
maline crystals may be responsible. 
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“OPALITE”: PLASTIC IMITATION OPAL 


WITH TRUE PLAY-OF-COLOR 
By John I. Koivula and Robert C. Kammerling 


A plastic imitation opal that shows true play-of-color 
was advertised as “new” and offered for sale under 
the trade name “Opalite” at the Gem and Lapidary 
Dealers Association (GLDA) Tucson show in Febru- 
ary 1988. Subsequent gemological testing proved that 
this material was virtually identical to the plastic 
imitation opal previously described in the literature 
that was known to be manufactured in Japan. It is 
now being marketed worldwide under a new name. 


Plastic imitations of natural opal have been 
known to gemologists for over a decade. These 
imitations, of Japanese manufacture, show true 
play-of-color. This effect is produced by the close- 
packed structure assumed by the minute (150-300 
nm} polystyrene spheres during the slow sedimen- 
tation process by which the material is formed in 
the laboratory (Horiuchi, 1978). 

Because of the realistic play-of-color, these 
imitations cannot be separated conclusively from 
either natural or synthetic opals on the basis of 
unaided visual observation alone, something that 
is possible with other forms of imitation opal such 
as the glass known as “Slocum Stone” (Dunn, 
1976). With loose stones, it is a simple matter to 
separate a plastic imitation solely on the basis of 
heft. The specific gravity of the plastic counterfeit 
is so radically different from that of either natural 
or synthetic opal that the plastic is immediately 
apparent and no further testing is required. How- 
ever, most jewelers seldom are asked to identify 
loose stones, and when these opal imitations are in 
jewelry, the “heft test” is useless. In this respect, it 
is interesting to note that the earlier Japanese- 
produced material reported in the literature was 
only sold mounted in jewelry. In the majority of 
cases, then, identification of these plastic imita- 
tions requires additional gemological testing. 

A series of professional papers (Horiuchi, 1978, 
1982, Gunawardene and Mertens, 1983; Gunawar- 
dene, 1983] have accurately reported the impor- 
tant identifying properties of plastic imitation 
opals. Over the past 10 years, this knowledge has 
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helped jewelers and gemologists in the identifica- 
tion of the Japanese product. At the February 1988 
GLDA Tucson Gem and Mineral Show, however, a 
plastic imitation opal “advertised as new” was 
being offered for sale under the trade name “Opal- 
ite.” It reportedly was being manufactured in the 
United States by a company calling itself “Ex- 
calibur.” In view of our ongoing effort to keep up 
with new developments in the area of synthetics, 
enhancements, and imitations, and because of the 
advertised newness of this material, a closer inves- 
tigation was warranted. 


VISUAL APPEARANCE 


Emerald Age Trading Company, which marketed 
the material at Tucson, provided two polished 
cabochons that represent, in visual appearance, 
the two types of this material offered (figure 1}. The 
two cabochons are well polished with flat, polished 
bases. The larger sample, a 2.63-ct oval that mea- 
sures 18.26 x 13.20 x 3.37 mm, shows what is 
commonly referred to as a “pinfire” play-of-color. 
Across its base, an orange “flash effect” similar to 
that seen on the flat, polished backs of Gilson 
synthetic opals was noted. The smaller of the two 
imitations, a 1.39-ct pear shape that measures 
13.08 x 10.22. x 3.42 mm, displays a combination 
of broad flashes of color and a mosaic pattern as 
well as a yellowish green “flash effect” across the 
back. 

Both samples are a translucent milky bluish 
white when viewed in either fluorescent or incan- 
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descent surface incident illumination (figure 1). In 
transmitted light, they appear a translucent pink- 
orange (figure 2). Similar reactions to transmitted 
and incident light are also common in natural and 
synthetic translucent white opals. 

Both plastic opal imitations appear to be as- 
sembled: A distinct layer of another plastic sub- 
stance covers at least part of the base on each. This 
outer layer is probably an acrylic resin, which is 
coated over the polystyrene imitation opal to 
increase durability so that it can be used commer- 
cially (Horiuchi, 1982). In some areas, the acrylic 
layer had been polished away, while in others it was 
easy to see with some magnification, especially 
with pinpoint fiber-optic transmitted light when 
the sample was edge-on against a black back- 
ground (figure 2). 


GEMOLOGICAL PROPERTIES 


The properties of “Opalite” as determined by the 
authors on the basis of these two cabochons are 
provided in table 1 and discussed below. 


Refractive Index. Using the spot method and a 
fiber-optic white light source, we determined the 
RJ. on the apex of the dome to be 1.51 for each 
sample. The polish on the bases of both stones was 
good enough to get a reasonably clear R.J. reading 
of 1.500 with sodium vapor light. 

The polystyrene that makes up the body mass 
of plastic imitation opals previously reported in 
the literature has a refractive index of 1.53, while 
the acrylic resin coating has an R.I. of 1.48—1.49 
(Horiuchi, 1982}. The intermediate readings ob- 
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Figure 1. These two cabochons of 
“Opalite” plastic imitation opal, a 
1.39-ct pear-shape and a 2.63-ct 
oval, were the subjects of this 
study. Photo by Robert Weldon. 


tained on the two “Opalites” are possibly the result 
of a combination of the two substances where the 
polystyrene and the acrylic overlayer intermix in a 
thin stratum along the contact surface. 

Because natural opals have refractive indices 
in the range of 1.37 to 1.47, R.I. is a useful indicator 
in the separation of “Opalite” from natural or 
synthetic opal, provided there is no interference 
from a mounting. 


Reaction to Ultraviolet Radiation. When exposed 
to long-wave U.V. radiation, the bodies of the two 
cabochons fluoresced a strong, even bluish white, 
while their edges seemed to glow a very slight 


Figure 2. The thin white acrylic layer at the 
base of the cabochon and the pink-orange ap- 
pearance of “Opalite” in transmitted light are 
both visible in this photomicrograph. 
Magnified 5x. 
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TABLE 1. The gemological properties of “Opalite” plas- 
tic imitation opal. 


Properties that overlap 
those of natural opal 


Color Translucent milky bluish white by 
surface incident light 


Realistic play-of-color 
Moderate anomalous double 
refraction 

General absorption from 
approximately 537 to 584 nm 


Visual appearance 
Polariscope reaction 


Absorption spectrum 


Key identifying properties 
Refractive index® Spot reading of 1.51 on apex of 
the dome; flat facet reading of 
1.500 on the base (Na light) 


Ultraviolet fluorescence? 


Long-wave Strong, even bluish white; very 
slight orange at the edges 
Short-wave Weak, superficial chalky blue- 


white overtone 


1.21 + 0.01, determined by 
hydrostatic method 

May show “honeycomb” or 
columnar structure.° In polarized 
light, strain Knots may also be 
present. Distinct evidence of 
assembly is visible. 


Hardness 2'/2 


Specific gravity 


Magnification 


3In the promotional literature for “Opalite,” a refractive index range of 
1.49 to 1.53 is reported. 

©Testing done in tolal darkness (darkroom conditions). 

“Observed using fiberoptic illumination and shadowed transmitted light. 


orange. The short-wave reaction was slightly less 
intense, with a weak, superficial chalky blue- 
white overtone that was most obvious when the 
lamp was held very close to the cabochon and the 
room was in total darkness (darkroom conditions). 
No phosphorescence was observed in either sam- 
ple. If fluorescence comparison opals of known 
origin were used as indicators, this fluorescence 
could prove useful in separating “Opalite” from 
natural opal. 


Specific Gravity. Both “Opalites” sank fairly rap- 
idly in benzyl benzoate (S.G. of 1.11} but floated 
slowly to the surface of glycerine (S.G. of 1.26); 
therefore, specific gravity was estimated at 
1,.20+0.05. Specific gravity was also determined 
by the hydrostatic method to be 1.21+0.01 for an 
average of three runs. This property would easily 
separate this material from most natural and 
synthetic opal, which usually has a specific grav- 
ity range of 1.99 to 2.25. 
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Polariscope Reaction. As would be expected from 
an aggregated plastic, both cabochons exhibited 
moderate anomalous double refraction that was 
evident when the analyzer of the polariscope was 
rotated into the extinct position in relation to the 
polarizer. When the polariscope was in the light 
position, no such reaction was observed and the 
cabochons transmitted the typical pink-orange 
color referred to previously. Because similar effects 
have been observed in some translucent natural 
and synthetic opals, polariscope reaction is not 
diagnostic. 


Visible-Light Spectroscopy. Using a Beck prism 
spectroscope mounted on a GIA GEM Instruments 
base unit, we obtained a visible-light spectrum for 
each sample by transmitting white light through 
the domes of the cabochons. The pear-shaped 
cabochon had a broad general absorption band that 
extended from approximately 537 to 584 nm, 
while the oval cabochon had an absorption band 
that ranged from 550 to 580 nm. Both natural and 
synthetic translucent white opals may show simi- 
lar absorption features, so visible-light spectro- 
scopy does not provide a method for separation of 
“Opalite” from opal. 


Microscopy. In examining any opal or opal-like 
material, oblique illumination can be used, to- 
gether with shadowing and transmitted light, to 
show specific patches of color-play and how they 
relate to the overall structural appearance of the 
substance (Giibelin and Koivula, 1986). 

When studied in oblique surface incident light 
with a standard gemological microscope, the 2.63- 
ct oval showed a “pinfire” play-of-color pattern 
(figure 3] that could be easily mistaken for the play- 
of-color shown by some natural opal. In shadowed 
transmitted light, the “pinfire” structure was 
transformed into the highly diagnostic so-called 
honeycomb or lizard-skin pattern (figure 4} that is 
always associated with laboratory-grown products 
exhibiting play-of-color. So, on the basis of this 
structure, a gemologist would at least associate 
this cabochon with a man-made material gener- 
ally, if not a plastic imitation specifically. 

The pear shape displayed an abstract combina- 
tion of broad flashes of color and a mosaic play-of- 
color in the face-up position under surface incident 
light (again, see figure 1). In shadowed transmitted 
light, it showed an irregular structure with only a 
hint of a vague “honeycomb” pattern correspond- 
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Figure 3. Qne of the two types of play-of-color 
known to o¢cur in “Opalite” is shown by this 
“pinfire” pattern in the oval cabochon. Oblique 
incident illumination; magnified 15x. 


ing to the play-of-color that, unlike the obvious 
pattern shown by the oval (figure 4], offers few 
clues to its identification. 

Looking edge-on through each cabochon, 
using either oblique incident illumination or shad- 
owed transmitted light, we noted a columnar 
structure in certain directions. Transmitted light 
reveals this in figure 2. This is similar to the edge- 
on columnar structure seen in some synthetic 
opals (Gtibelin and Koivula, 1986). 

Using polarized light microscopy, we dis- 
cerned some minor strain knots in both of the 
cabochons. These are similar to those reported by 
Gunawardene (1983) in plastic imitation opal, 
except that they are not as intense in their appear- 
ance and are not associated with gas bubbles. 


Hardness. The radical difference in hardness be- 
tween a plastic imitation anda natural or synthetic 
opal makes hardness testing very useful in this 
case if it is done carefully (so as not to damage the 
piece} by a skilled gemologist on an inconspicuous 
place on the test subject. 

With magnification, it can be observed that the 
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= Fd ’ 
Figure 4. The “honeycomb” structure shown by 
pinfire “Opalite” when examined with shad- 


owed transmitted light is characteristic of a 
laboratory-grown material. Magnified 15x. 


= 


fine point of a common sewing needle will readily 
dent “Opalite” when only the slightest pressure is 
exerted. Gem-quality natural opals and synthetic 
opals will not be dented by such a test, although 
some poor-quality highly porous natural opals 
may be. 

It is interesting to note that the manufacturer's 
promotional literature, which contains several 
errors, some quite comical (e.g., “they [opals] also 
evolve from fossilized aquatic animals and plants 
such as teeth of sharks, squids and prehistoric 
creatures which have been deposited in rock seams 
and hardened for thousands of years”|, states that 
“These Flawless Gem-Quality OPALITES will not 
scratch or chip easily like their counterpart, the 
natural opal.” While plastics are generally quite 
tough and resistant to chipping, they are not hard 
materials. To say that “Opalite,” with a Mohs 
hardness of 2.!/2 as determined by the authors, will 
not scratch as easily as natural opal, with a Mohs 
hardness of 5 '/2-6 !/2, is totally untrue. 


Thermal Conductivity. Plastics, including “Opal- 
ite,” feel much warmer to the touch than do 
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Figure 5. The infrared absorption pattern of 
“Opalite” (top) is typical of plastic imitation 
opal and virtually identical to the infrared ab- 
sorption pattern of a Japanese plastic imitation 
opal (bottom; GIA collection no. 6873). 


natural and synthetic opals. When “Opalite” or 
any plastic imitation opal is tested with a thermal 
inertia probe, it usually does not register on the 
instrument, or it causes the needle to drop slightly 
lower than its normal “at rest” position. Because 
natural and synthetic opals do react slightly, in a 
positive way, thermal conductivity can be useful 
for spotting plastic imitation opal (Horiuchi, 
1982). 


Infrared Spectrometry. In the infrared region of the 
electromagnetic spectrum, plastics, like many 
organic materials, show unique absorption fea- 
tures that allow them to be recognized and classi- 
fied (Fritsch and Stockton, 1987), Using a Nicolet 
60SX research grade Fourier transform infrared 
spectrometer, Carol M. Stockton determined the 
infrared absorption characteristics of the two 
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“Opalite” specimens. Both gave a strong pattern 
that is typical of plastic imitation opal and that 
closely matches that of a plastic imitation opal of 
Japanese manufacture (figure 5} from GIA‘s refer- 
ence collection. 

Infrared testing, however, is expensive and the 
equipment is sensitive, but as a last resort an 
infrared spectrometer will always be able to iden- 
tify a plastic imitation of opal or of any other gem 
material. 


CONCLUSION 


Since we first began this project, we have learned 
that the “Opalite” plastic imitation opal being sold 
today is now available throughout the world and is 
being marketed under the name “Opal Essence.” 
Advertisements for “Opalite” can be found in 
magazines such as Accent (March 1988} and Jew- 
ellery News Asia (April 1988}, and it is being sold 
in markets such as Korea and Taiwan. 

“Opalite” may represent a new production run 
of imitation opal, but it is not a new manufactur- 
ing process. This material is virtually identical to 
the plastic imitation opals that have been pro- 
duced in Japan for a decade. A very effective 
substitute, “Opalite” cannot be identified as an 
imitation by sight alone. However, numerous opti- 
cal and physical differences that exist between 
plastic and opal, such as refractive index, specific 
gravity, hardness, microscopic appearance, and 
thermal conductivity, as well as infrared absorp- 
tion, should serve to make a separation possible 
even in the most difficult testing situations. 
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Gem Trade 


LAB NOTES 


Transparent Green 
AUGITE 


In the Fall 1988 Lab Notes section, 
we reported on opaque black augite 
that was offered in the trade as Chi- 
nese “onyx.” Since then, the West 
Coast laboratory has been asked to 
verify the identity of a dark green, 
transparent 8-ct oval brilliant that 
was reported to be augite. We deter- 
mined the following gemological 
properties for this stone: refractive 
indices of 1.682-1.702,; biaxial posi- 
tive optic character; specific gravity, 
estimated with heavy liquids, of ap- 
proximately 3.20; and no reaction to 
ultraviolet radiation. In the spectro- 
scope, a faint absorption line was 
visible at 500 nm. When the stone 
was examined with magnification, 
we noticed small, transparent, pris- 
matic crystals arranged in a plane, as 
well as numerous fine short needles, 
both of unknown identity. The opti- 
cal and physical properties were con- 
sistent with augite, but were still 
within the range of some other 
monoclinic pyroxenes. To determine 
the exact identity, we performed 
X-ray diffraction analysis; the pat- 
tern obtained matched the standard 
pattern for augite. Thus, the green 
oval brilliant was identified as au- 
gite, but it is a variety we had not 
seen before. KH 


Editor's Note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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Figure 1. These three samples of covellite illustrate the varied ap- 
pearance that this cupric sulphide mineral can show. 


COVELLITE 


The West Coast laboratory recently 
received a 24.91-ct cabochon that we 
identified as covellite. This is the 
first piece of covellite that the labora- 
tory has been asked to identify in 
many years. However, every Febru- 
ary, at the Tucson Gem & Mineral 
Show, there are several dealers selling 


GEMS & GEMOLOGY 


covellite rough, cabochons, and fac- 
eted tablets (figure 1}. 

Covellite, an opaque sub- 
metallic cupric sulphide (CuS), is 
generally a very dark “indigo” blue, 
sometimes with a purple surface tar- 
nish. It is frequently intergrown with 
small veins of a “brassy” metallic- 
appearing mineral such as pyrite 
and/or chalcopyrite. Covellite, like 
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malachite, is essentially a “sight ID”: 
Once you have seen it, you don’t 
forget its unique appearance. Cov- 
ellite shows a submetallic luster, a 
specific gravity of around 4.6, a shade 
or spot refractive index reading of 
1,45, and a Mohs hardness of 1.5 to 2. 

Covellite cabochons are inex- 
pensive and are generally sold as a 
collector’s curiosity, The material re- 
portedly is difficult to cut because of 
its softness. The three covellite cab- 
ochons in figure 1 range in weight 
from 19.66 to 23.64 ct. RK 


DIAMOND 


Coated Diamonds Again 
Seen in the Trade 


Diamonds in the very light to light 
yellow color range can be “improved” 
in color by the addition of a grayish or 
bluish material to the surface. For 
example a “J” or “K” color can be 
made to look like a “G” color. Such 
diamonds also can be treated by fluo- 
ride deposition in a manner similar 
to that used for lens coatings in 
optics. It has also been reported that 
this coating may be a flux, similar to 
that used to paint china. The first 
article in Germs & Gemology on this 
subject appeared in the Winter 
1962-63 issue, pp. 355-364. 
Fraudulent or deceptive treat- 
ment practices usually subside after 
they have been exposed by the labo- 
ratories or by jewelry organizations. 
Eventually, though, the trade forgets 
the warnings, so the practices almost 
always return. The East Coast labo- 
ratory has seen a number of coated 
diamonds recently. Figure 2 shows a 
circular mark on the surface of a 
1.53-ct round brilliant-cut diamond 
where a coating dried unevenly; this 
provides a very typical means of 
detection. The dried coating can also 
be seen concentrated on the pavilion 
along the girdle; figure 3 shows this 
concentration as a dark line along the 
top of an indented natural in the 
girdle. The 1962-63 Gems & Gemol- 
ogy article contains many more pho- 
tographs and is worth reviewing. 
DH 
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Figure 2. The circular spot on 
the surface of this diamond re- 
sults from an unevenly dried 
coating; it is a common means 
of detecting such a treatment. 
Magnified 30x. 


Unusual Inclusions 
in Diamond 


Two diamonds recently seen in the 
East Coast laboratory were found to 
have some rather curious inclusions. 
A 1.06-ct greenish yellow round bril- 
liant contained unusual parallel acic- 
ular inclusions (figure 4). These sets 
of unidentified “needles” formed an 
angle of approximately 90°. 

The other diamond was a laser- 
drilled 1,32-ct pear shape. With nor- 
mal laser drilling, usually only one or 
two drill holes can be seen. Figure 5 
shows what must have been an at- 
tempt to eliminate a very obvious 
inclusion through multiple entries. 
Numerous drill holes are seen con- 
centrated in a confined area on the 


Figure 5. Numerous laser drill 
holes are quite visible on the 
girdle of this 1,32-ct pear- 
shaped diamond. Magnified 45x. 


Figure 3. The dark line on the 
girdle of this diamond reveals 
the coating at the upper edge 
of the indented natural. Mag- 
nified 45x. 


Figure 4, These sets of parallel 
“needles,” which intersect at 
90°, are unusual in diamond. 
Magnified 45x. 


girdle of the stone. Figure 6 shows the 
many laser channels as seen through 
the crown of the stone; it appears 
that only one or two actually reached 
the inclusion. DH 


Figure 6. Only one or two of 

the laser drill holes shown in 
figure 5 actually reach the in- 
clusion. Magnified 45x. 
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PEARL 


American Freshwater 
Natural Pearls 


The sentimental practice of engrav- 
ing a date on the metal part of a 
jewelry gift, formerly quite common, 
has provided the East Coast labora- 
tory staff with some useful observa- 
tions. “November 30, 1858” was en- 
graved on the circular gallery wire of 
the largest undrilled, natural fresh- 
water pearl in a beautiful necklace of 
32 undrilled, round freshwater pearls 
(figure 7}. We were intrigued by this 
date, since the “modern” discovery of 
Unio pearls in American waters was 
in Paterson, New Jersey, only a year 
earlier— 1857. According to George 
Frederick Kunz, in his Book of the 
Pearl, the first undamaged pearl 
found at this location weighed 93 
grains and was sold to Mr. Charles 
Tiffany (it later became part of the 
collection of Empress Eugénie of 
France); the stream is only 17 miles 
from the Tiffany store. There are 2.7 
graduated pearls, ranging from 5.25 
to 11.50 mm in diameter, in the 
necklace (the other five are in the 
clasp). The quality and quantity of 
these pearls suggests that they are 
American, because Scotland, the 
only other producing locality, was 
largely worked out by this time. The 
elegantly conceived enamel and gold 
galleries for each of the pearls indi- 
cate the respect that the designer had 
for them. RC 


Figure 7. This antique neck- 
lace and clasp contain 32 un- 
drilled, round freshwater 
pearls; the largest is 11.5 mm 
in diameter. They are believed 
to be American in origin. 
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Figure 8. The striated bead nucleus is clearly visible on the back of 
these 8-mm black 3/4 cultured blister pearls; the right pendant 
shows how the pearls appear from the front. 


Cultured Black 
Pearl Mystery 


A jeweler sent our West Coast labora- 
tory a pair of yellow-metal pendants, 
each set with a cultured black pearl 
measuring approximately 8 mm in 
diameter. We were asked to deter- 
mine what kind of damage the pearls 
had sustained, since part of the nacre 
seemed to be missing from the flat- 
tened back of each. Figure 8 shows 
the front of one, which is completely 
covered by nacre, and the back of the 
other, where most of the nacre is 
missing and the striated bead 
nucleus is visible. 

When we examined these two 
cultured black pearls with magnifi- 
cation, we noticed that there was a 
heavier accumulation of conchiolin 
around the flat base of each in the 
area where the nacre accumulation 
begins. Furthermore, we could find 
no evidence that a nacreous layer had 
ever developed on top of the bead 
nucleus when the pearl was origi- 
nally formed. Because this growth 
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formation is characteristic of 4/4 cul- 
tured blister pearls, we concluded 
that this was such a blister pearl. The 
jeweler, however, claimed that nacre 
was present on the backs at one time, 
so we could only speculate that a 
nacreous backing of some sort was 
originally present in this area. It does 
seem strange, though, that the back- 
ing would become separated and lost 
from both pearls at the same time. 
There was no evidence of any resid- 


ual glue on either back. 
KH 


A Large 
PHOSPHOPHYLLITE 
Crystal 


The East Coast laboratory was re- 
cently asked to identify the large 
blue-green mineral specimen shown 
in figure 9. Careful gemological test- 
ing indicated that the crystal was 
phosphophyllite. However, crystals 
of this material are usually small, 
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whereas this specimen measured 7.8 
x 5.7 x 2.7 cm and weighed approx- 
imately 220 grams (7.7 oz.}. The larg- 
est phosphophyllites we are aware of 
are the two 13-cm crystals in matrix 
that are in the collection of the 
Smithsonian Institution and ap- 
peared in P Bancroft’s 1984 book, 
Gem and Crystal Treasures. 

Usually there is no absorption 
spectrum visible when phospho- 
phyllite is examined with a hand- 
held spectroscope. This crystal, how- 
ever, because of its mass and the 
depth of color, displayed a prominent 
absorption band at 448 nm that is 
probably related to Fe2+, which con- 
tributes to the cause of color in phos- 
phophyllite (Gems @ Gemology, 
Summer 1988, p. 97). According to 
Robert Kane of our West Coast labo- 
ratory, George Rossman of the Cali- 
fornia Institute of Technology re- 
ports that “the major band which 
defines the color of phosphophyllite 
occurs in the infrared portion of the 
spectrum at 960 nm and tails down 
to the visible portion.” This band 
would not be visible in a hand spec- 
troscope. 

Phosphophyllite, a zinc phos- 
phate [Zn,(Fe2+,Mn}(Po,},*4H,0], 
comes mainly from two localities: 
Potosi, Bolivia, and Hagendorf, West 
Germany. Its refractive indices are 
1,595-1.616, specific gravity is 3.10, 
hardness is 3 to 3 '/2, and reaction to 
short-wave U.V. radiation ranges 
from inert to strong violet. Because 
the material is heat sensitive and it 
fractures and cleaves easily, it does 
not lend itself to use in jewelry. This 
specimen was unusual not only for 
its large size but also for its attractive 
vivid blue-green color—usually 
phosphophyllite is near-colorless to 
light blue-green. DH 


RUBY, VERNEUIL 

SYNTHETIC 

with Needle-like 

Inclusions 

Gemologists at the Gem Trade Labo- 
ratory sometimes encounter plati- 
num needles in flux-grown syn- 


38 Gem Trade Lab Notes 


Figure 9. This 7.8 x 5.7 x 2.7 cm phosphophyllite crystal is unusu- 


ally large. 


thetics. On rare occasions, we have 
observed straight twinning or even 
needle-like inclusions in flame- 
fusion blue or orange synthetic sap- 
phire (see Gems & Gemology, Sum- 
mer 1984, p. 111}. Recently, however, 
we saw these phenomena in a flame- 
fusion synthetic ruby for the first 
time. 

The stone in question, a 2.00-ct 
cushion antique mixed-cut Verneuil 
synthetic ruby, was examined at the 
East Coast laboratory. “Needle-like” 
inclusions, which are actually the 
edges of straight twinning planes, 
were readily visible with magnifica- 
tion (figure 10}. The strong red fluo- 
rescence to short-wave ultraviolet ra- 


diation and the curved striae easily 
proved the material to be synthetic. 


Figure 10. Straight twinning 
planes look like needles when 
viewed edge-on in this flame- 
fusion synthetic ruby. Magni- 
fied 45x. 
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It is interesting to note also that the 
stone was poorly cut and had been 
quench crackled to make it appear 
more natural. DH 


SAPPHIRE 


A Large 
Fine-Color Star 


In the experience of the Gem Trade 
Laboratory, very large “blue” star 
sapphires are almost always bluish 
gray, or gray-blue at best. The East 
Coast laboratory recently identified 
a natural star sapphire of a “pure” 
dark blue color. The 204.39-ct trans- 
lucent oval asteriated cabochon (fig- 
ure 11} measured 34.40 x 29.15 x 
17.34 mm; it is one of the largest star 
sapphires ever seen by the Gem Trade 
Laboratory. Pristine, undisturbed 
silk and the lack of any evidence 
indicating heat treatment or diffu- 
sion proved the stone was of natural 
color. As is to be expected with the 
cabochon ¢éut of a star corundum, the 
uniaxial figure was self-resolving in 
the polariscope. 

At 563,00 ct, the Star of India 
sapphire, which is in the collection of 
the American Museum of Natural 
History in New York, is the largest 
known gem-quality blue star sap- 
phire in the world. DH 


An Unusual 

Green Star 

A 12.13-ct natural star sapphire of a 
most unusual grayish green color 
(figure 12] was recently submitted to 
the West Coast laboratory for exam- 
ination. The locality origin of this 
particular stone is not known, al- 
though at the February 1988 Tucson 
Gem & Mineral Show several GIA 
employees examined two or three 
natural green star sapphires that 
were reportedly from Thailand. In 
the laboratory’s experience, green 
natural star sapphires are rare. 

As expected, a 1.76 spot refrac- 
tive index was obtained. There was 
no reaction to short-wave ultraviolet 
radiation, but we observed very weak 
dull green fluorescence to long-wave 
U.V. when the stone was closely ex- 
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Figure 11. This “pure” dark 
blue star sapphire weighs 
204,39 ct. 


amined in a dark room. The presence 
of iron in this natural green stone was 
indicated by prominent absorption 
bands in the blue region of the spec- 
trum. The observed spectrum was 
the same as the well-documented 
absorption spectra of dark blue, 
green, and yellow Australian sap- 
phires described by Richard T. Lid- 
dicoat in The Handbook of Gem 
Identification, 12th ed., 1987, p. 142. 

Examination with the micro- 
scope revealed the following fea- 
tures: strong angular growth zoning 
and dense concentrations of small 
particles in a hexagonal arrangement 
(many particles were also randomly 
oriented], various examples of “fin- 


Figure 12. The grayish green 
color of this 12.13-ct natural 
Star sapphire is unusual. 
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gerprints” and “healed fractures,” and 
small euhedral crystals of unknown 
identity. The characteristic absorp- 
tion and these microscopic features 
easily proved natural origin. 

RK 


Pink SPINEL 
From the USSR 


The West Coast laboratory received 
an attractive slightly purplish pink 
6.95-ct spinel (figure 13} for examina- 
tion. This material reportedly came 
from a deposit in the Pamir Moun- 
tains in Tadzhikistan, USSR, the 
same general area where gem-quality 
clinohumite is recovered. 

Some pink to purple natural 
spinels exhibit a color change when 
viewed under incandescent or fluo- 
rescent light (see Gems & Gemology, 
Winter 1984, pp. 232-233). This 
stone, however, did not show such a 
change. A single refractive index 
reading of 1.711 was obtained. When 
the stone was exposed to long-wave 
ultraviolet radiation, we observed a 
moderate orangy red fluorescence. 
The stone fluoresced a very weak 
orangy red to short-wave U.V, The 
polariscope revealed a singly refrac- 
tive reaction with essentially no 
strain. When this attractive pink 
spinel was placed over the opening of 
the iris diaphragm on the spectro- 
scope unit, a very weak red transmis- 
sion luminescence was observed. 
The absorption spectrum was essen- 
tially the same as the well-known 
absorption spectrum of fluorescent 
pink spinels described by Liddicoat 
in The Handbook of Gem Identifica- 
tion, 12th ed., 1987, p. 151. 

When this faceted spinel was 
examined with the microscope, the 
first impression was that the stone 
was very “clean.” Careful examina- 
tion revealed faint, tightly spaced, 
straight parallel growth features. Im- 
mersion in methylene iodide showed 
faint color zoning which appeared to 
be in alignment with the growth 
features discussed above. Also ob- 
served near the girdle were a few very 
small to moderately sized transpar- 
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Figure 13. This 6.95-ct pink 
spinel is reportedly from the 
USSR. 


Figure 15. The effervescence to 
HC] proves that the whitish 
inclusions reaching the surface 
of the crystal in figure 14 are 
carbonates. Magnified 40x. 


ent, near-colorless euhedral, highly 
birefringent crystals. 

At the same time we examined 
this stone, the owner donated a 4.53- 
ct pink spinel crystal (figure 14] from 
the same locality to GIA’s Dr. 
Byron C. Butler inclusion collection. 
John Koivula provided the following 
observations on the three distinct 
types of inclusions he observed in the 
crystal. The most obvious inclusions 
were irregular masses of a translu- 
cent whitish material with a fine- 
grained, almost sugary texture that 
was reminiscent of massive calcite. 
Because a small area reached the 
surface of the crystal, an acid test 
was carried out. A droplet of 10% 
hydrochloric acid solution was 
placed on the exposed portion and 
the reaction then viewed under the 
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Figure 14. This 4.53-ct pink 
spinel crystal is reportedly 
from the same locality as the 
cut stone in figure 13. 


Figure 16. Mica inclusions 
were also noted in the 4,53-ct 
pink spinel crystal. Magnified 25x. 


microscope. As shown in figure 15, 
the effervescence was quite obvious, 
thus proving the presence of a carbo- 
nate, possibly calcite. Another type 
of inclusion that reached the surface 
was a platy grouping of near-colorless 
to whitish crystals (figure 16} that 
looked like muscovite or a similar 
mica. These crystals did not react to 
acid, and when probed with a fine 
pointed needle, they had the distinc- 
tive flaky texture of a mica. Another, 
less conspicuous type of inclusion, 
which was not exposed at the crys- 
tal’s surface, was also platy in habit. 
These inclusions were opaque and 
gray with a submetallic luster, and 
may be either graphite or hematite. 

While the color of this material 
is unusual, all of. the gemological 
properties determined and inclu- 


sions observed overlap those known 
for spinel from other localities. 
RK 


SYNTHETICS and Other 
“Modern” Substitutions in 
Period Jewelry and Reproductions 


As we mentioned in the Winter 1988 
issue of Gems & Gemology, the sub- 
stitution of simulants for natural 
gemstones in jewelry has been going 
on for hundreds of years for a variety 
of reasons, some legitimate and some 
not. This matter is one of growing 
importance to the people concerned 
with period jewelry. Last issue we 
discussed {and illustrated} the impor- 
tance of testing every stone in a 
piece. A knowledge of the dates when 
synthetics and various types of cul- 
tured pearls first appeared on the 
market can also be helpful. In addi- 
tion, “period” pieces should be 
checked carefully to make sure that 
they are not just clever reproduc- 
tions. 

The natural-color black cultured 
pearls seen in figure 17 are clearly 


Figure 17. The 12.5-mm long 
black cultured pearls in these 
Victorian-era earrings are 
modern-day substitutes. 
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substitutions in the attractive pair of 
Victorian pendant earrings, since 
natural-color black cultured pearls 
did not appear on the market until 
the 1970s. Recently, we also identi- 
fied cultured pearls in an Art Nou- 
veau necklace; these, too, are substi- 
tutions, since this type of cultured 
pearl was not available before the 
1920s. 

A synthetic blue sapphire was 
identified in what appears to be an 
antique ring made prior to World War 
I. Because synthetic blue sapphires 
did not become commercially avail- 
able until after the war, either this 
stone is a substitute for the original 
or the ring is a more recent reproduc- 
tion. All five of the lozenge-shaped 
step-cut synthetic blue sapphires 
shown in the brooch in figure 18 
appear to be original stones set in a 
very convincing reproduction. The 
old diamond cuts and quality of 


A 


Figure 18. This reproduction of an Art Nouveau pin is set with syn- 
thetic blue sapphires; the pin is about 7.5 cm long. 


workmanship give the piece a sur- 
prisingly authentic look, but the lack 
of evidence on the metal that any of 
the stones had been reset led us to 
conclude that the piece is a reproduc- 
tion. 

RC 


HISTORICAL NOTE 


FIGURE CREDITS 


Figures 1, 12-14, and the “Historical 
Note” photo are by Shane McClure. 
Figures 2-7, 10, 11, 17, and 18 were 
taken by Dave Hargett. Robert Weldon 
furnished figure 8. Figure 9 was supplied 
by Robert Kane. John |. Koivula provided 
figures 15 and 16. 
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Highlights from the Gem Trade Lab 25, 15, and five years ago 


SPRING 1964 


The Los Angeles laboratory dis- 
cussed the effects of excessive heat 
on a diamond, as well as the effect 
that varying degrees of transparency 
can have on the brilliancy of a fin- 
ished stone. A piece of jewelry set 
with a thin diamond crown over a 
hollow metal basket to simulate a 
larger stone is described; the facet 
junctions of the pavilion were simu- 
lated by engraved lines in the metal 
backing. The detection of cyclotron- 
treated diamonds, based on the ap- 
pearance of the color zoning (con- 
fined to the surface}, was also dis- 
cussed. 


SPRING 1974 


Unfortunately, the special contents 
of this issue precluded a report from 
either New York or Los Angeles. 
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SPRING 1984 


A number of unusual items appeared 
in this issue. Iridescent coatings on 
aquamarine and synthetic emerald 
were encountered in the Los Angeles 
lab. Other items described by the Los 
Angeles staff were a dyed blue, 
plastic-coated coral bead and a cat’s- 
eye scapolite. New York examined 
magnetic hematite and a hollow nat- 
ural pearl. An imitation red beryl 
crystal was manufactured from 
flame-fusion synthetic ruby; facets 
were arranged to simulate a hexago- 
nal prism and then abraded or etched 
to resemble surface characteristics 
associated with natural beryl crys- 
tals. The prism had even been ce- 
mented into a brown sedimentary 
rock “matrix” that was removed be- 
fore the crystal was sent to Los An- 
geles for identification. 
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This 10.96-mm-high imitation red 
beryl crystal is actually a flame- 
fusion synthetic ruby. 
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Editorial Korum 


HEXAGONAL ZONING AND 
COARSE NEEDLES IN 
HEAT-TREATED SAPPHIRE 


I wish tocomment on the two items concerning sapphire 
that appeared in the Gem Trade Lab Notes section of the 
Spring 1988 issue of Gems & Gemology. With regard to 
the “Color Zoned” sapphire, I occasionally encounter the 
feature described and shown in the photograph — dark 
hexagonal zoning—when I heat treat Australian sap- 
phire. Before treatment the zone would have been very 
fine, even silk, often with the appearance of a phantom 
crystal as the lab note speculated it might be. Usually 
within and outside the zone there is little or no silk. The 
effect is most often seen in stones of fine light color. 
After treatment there is a definite intensification of blue 
in the regions that were originally fine silk, in a manner 
similar to the blue that results from treatment of Sri 
Lankan “geuda.” Sometimes some silk remains in the 
zone, giving it a slightly “milky” appearance. 

I worry that the first part of the item on sapphire 
“With Needles,” in which it is stated that the presence of 
“coarse, well-formed undisturbed needle-like inclu- 
sions” proves that a sapphire has not been heat treated, 
may mislead some of your readers. In the course of 
treating both Australian and Sri Lankan sapphire, I have 
regularly encountered the odd stone in which coarse silk 
cannot be removed with treatment, I have just had 
experience with such a stone, originally a gray Sri 
Lankan star of 40 ct. Heat treatment resulted in an 
excellent blue color with greatly improved clarity, but 
still showing silk in a manner similar to that featured in 
your article. Neither I nor the Thais could remove the 
coarse silk from the stone. Stones produced from the 
Kanchanaburi mine in Thailand also often contain 
coarse silk after heat treatment. 

While the item refers to “undisturbed needle-like 
inclusions,” it is quite difficult to determine what is 
disturbed and what is not, In Bangkok {and probably 
elsewhere} a stone having such silk after treatment is 
sold as untreated, the buyer believing that a treated stone 
would not have any silk. I suggest that you point out 
clearly to your readers that it is quite possible for a 
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treated stone to have coarse silk, very similar in appear- 
ance to the uncooked stone. 


Terry S. Coldham 
Sapphex Pty. Ltd. 
Sydney, NSW, Australia 


LARGEST FACETED 
COLORLESS QUARTZ 
IS 8,512 CT 


In his article “Faceting Large Gemstones,” which ap- 
peared in the Spring 1988 issue of Gems & Gemology, 
Michael Gray claims that the largest faceted colorless 
quartz on record is 7,500 ct. This is incorrect. In 1972, 
my brother Alex faceted the “Crystal King,” an oval 
brilliant colorless quartz with 196 facets that weighs 
8,512 ct. This stone is now, and has been since my 
brother’s death in 1973, in the National Museum in 
Melbourne, Victoria, Australia. I hope you will correct 
the error in the technical literature on the subject. 


Ron W. Amess 
Hampton, Victoria, Australia 


GEM SHOW REVEALS 
PROVENANCE OF LARGE 
SMITHSONIAN BENITOITE 


At times unanticipated secondary benefits derive from 
attending gem and mineral shows. Such was the case for 
the Smithsonian at the October 1988 Pasadena (Califor- 
nia} show, sponsored by the Mineralogical Society of 
Southern California, The show featured the mineral 
benitoite, and the Smithsonian displayed our record-size 
7.6-ct faceted gem benitoite [figure 1] as part of the 
exhibit we brought. 

Another guest exhibitor had included in their dis- 
play a copy of George Louderback’s “Benitoite, Its 
Paragenesis and Mode of Occurrence,” University of 
California Bulletin of the Department of Geology, Vol. 5, 
No. 23, pp. 331-380, 1909. It was open to pages 353 and 
354, and the plate that comprised page 353 [figure 2] 
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Figure 1. This large, 7.6-ct benitoite is in the 
collection of the Smithsonian Institution. Photo 
by Robert Weldon. 


showed four views of a faceted gem benitoite that very 
precisely resembled our 7.6-ct gem. On returning home, 
I obtained a copy of the publication and read that “The 
largest flawless gem yet obtained weighed a little over 
seven and a half carats when first cut, though it has since 
been repolished and brought down to a little below this 
value. It has a moderately deep blue color and is about 
14.5 mm. long, 10.5 mm. wide at the girdle, and 8 mm. 
deep. It is the property of Mr. G. Eacret of San Francisco. 
This stone is remarkable in that it is about three times as 
heavy as the next largest flawless stone so far obtained, 
and also that it was found in the early days of the mine 
almost at the surface.” 

I went to our catalog and was pleased to find that our 
gem was purchased for $350 with Roebling Funds in 
1929 —from G. Eacret! As far as I know, the link between 
the gem described by Louderback and the wonderful 
stone in our collection had not previously been estab- 
lished, at least not in official Smithsonian documents. 
Had it not been for the Pasadena Show, this important 
history may not have been recorded. 


John Sampson White 
Curator-in-Charge 

Department of Mineral Sciences 
Smithsonian Institution 
Washington, DC 


AN UPDATE ON THE 
AVAILABILITY OF 
HYDROGROSSULAR GARNET 


I wish to set the record straight with regard to the current 
status of hydrogrossular garnet from the Transvaal. In 
the Spring 1985 Gem Trade Lab Notes, you printed a 
description of a grossularite carving with a comment on 
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Figure 2. The faceted benitoite in this plate 
from Louderback’s 1909 report on this Califor- 
nia gem was recently determined to be an early 
reference to the Smithsonian Institution speci- 
men shown in figure 1. 


the extreme rarity of this material. You subsequently 
printed an update in the Fall 1985 issue in which you 
quoted a letter from Dr. Schreuders of Cape Town to the 
effect that “The hanging wall of most of the chrome 
mines is virtually solid grossularite garnet.” As is so 
often the case, the truth of the matter lies somewhere 
between these conflicting statements. 

Dr. Schreuders is certainly accurate in stating that 
several tons of this material have been mined and that 
the majority of the production was shipped to the Far 
East. However, “Transvaal Jade” mining was in its 
heyday in the 1920s, and finds since then have been 
sporadic. The only commercial workings situated be- 
tween Brits and Rustenburg closed down in 1967, when 
known reserves of the better grade materials were 
exhausted, 

I have visited quite a number of the chrome- and 
platinum-mining operations in the Brits-Rustenburg 
section of the Merensky Reef during the last 30 years. 
However, I have yet to see any indication of hydrogrossu- 
lar garnet in either the mining or the geological hanging 
wall of any of these mines. The new generation of mine 
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geologists tend to look blank when I inquire about the 
occurrence of hydrogrossular, though a chief geologist at 
one of the platinum mines recalled having a piece in his 
office many years ago. 

The chrome-rich hydrogrossular sometimes occurs 
in the form of a thin alteration zone around the margins 
of cale-silicate xenoliths which are themselves rare 
“plums” in the Bushveld complex magma. This locality 
has produced a considerable color suite of hydrogrossu- 
lar as evidenced by the enclosed photograph of a multi- 
colored necklace [figure 3]. 

The highly prized translucent emerald-green mate- 
rial is no longer available, nor are the really fine pinks 
and clean reds, but a range of the other colors may still be 
obtained from the limited stockpile. For example, it 
would still be possible to select some good-sized pieces 
of translucent mottled spinach-green material of the 
type used for the carving illustrated in your April 1985 
issue. Ton lots of opaque sage green and gray-green 
material are still available, and a few pieces may exhibit 
bands or patches of somewhat better color. 


Arthur Thomas 
Benmore, Transvaal 


STAR OF ABDEL AZIZ 


Mr. Robert Mouawad, the purchaser of the 59-ct D-inter- 
nally flawless pear-shaped diamond in our auction of 
October 19, 1988 [illustrated on p. 146 of the Fall 1988 
Gems &) Gemology], has decided to name the stone “Star 
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Figure 3. The hydrogrossular garnets 
in this necklace represent the range 
of colors that once was available 
from the Transvaal region of South 
Africa. Photo courtesy of Arthur 
Thomas. 


of Abdel Aziz.” It refers to the late King Abdel Aziz, the 
founder of the Kingdom of Saudi Arabia. The stone 
fetched $5,560,500. 


Francois Curiel and 
Russell Fogarty 
Christie’s, New York 


ANNUAL HUMAN INTAKE 
OF URANIUM WAS 
ERRONEOUSLY REPORTED 


It has come to my attention that the otherwise excellent 
article by Charles E, Ashbaugh II, “Gemstone Irradia- 
tion and Radioactivity” which appeared in the Winter 
1988 issue, contains an error, the source of which is a 
typographical error in the third edition of my textbook, 
Environmental Radioactivity {Academic Press, 1987}. 
The annual human intake of uranium is 140 pCi rather 
than 140 nCi as stated on page 12.7 of my textbook and 
reproduced on page 211 of the Ashbaugh article. 


Merril Eisenbud 
Chapel Hill, NC 


Gems & Gemology welcomes letters from our readers 
on items published in G&G and other relevant matters. 
Please address all such correspondence to the Editor, 
Gems & Gemology, 1660 Stewart St., Santa Monica, CA 
90404. 
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TUCSON ’89 


Every February the editors of Gems News, along with 
other gemologists, jewelers, gem collectors, and hobby- 
ists, look forward to a trip to Tucson, Arizona, for the 
annual Gem and Mineral Show. The show—actually a 
series of several shows held throughout the city —is an 
excellent opportunity to see the new, unusual, and 
exceptional in the world of gems. This year was as 
interesting as ever. 


“Angelite.” A reportedly “new” gem material seen at 
Tucson and advertised prominently in lapidary maga- 
zines is called “‘Angelite.” The material is semitranslu- 
cent, a medium light blue-gray (figure 1). Standard 
gemological testing, together with X-ray diffraction 
analysis, showed that the material is anhydrite. 


Garnet. African rhodolites were seen in great profusion 
this year. Many of these stones, ranging from lighter 
pinks (sometimes called “rose garnets”) to medium to 
dark reddish purples (“raspberry rhodolite”}, reportedly 
came from the Kangala mine in northern Tanzania. A 
smaller number of exceptionally fine-colored rhodolites 
were said to have come from the Mwaki Jembe mine in 
Tanzania, Also seen were dark brownish to orangy red 
garnets from Mozambique. 

In addition, several gem dealers were offering gar- 
nets from the Indian state of Orissa. Most were of a color 


Figure 1, “Angelite,” a medium light blue-gray 
semitranslucent form of anhydrite, was intro- 
duced at the 1989 Tucson show. This specimen 
is 6 cm in the longest dimension. Photo by 
Robert Weldon. 
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Figure 2. Almandine garnets from the state of 
Orissa, India, were plentiful at Tucson this 
year. This representative stone is 10 mm Iong. 
Photo by Robert Weldon. 


typically associated with almandine. One such stone 
(figure 2) would be described using GIA’s colored stone 
grading nomenclature as very dark, moderately strong 
reddish orange. Other garnets, also reportedly from 
Orissa, were reminiscent of the colors associated with 
darker rhodolite garnets from Sri Lanka. 


Man-made “inclusion” specimens. Among the gem- 
ological novelties seen in Tucson this year were two 
materials with created inclusions. One was a translu- 
cent, flat cabochon of blue-green chalcedony witha large 
dendritic inclusion of the type that has been produced by 
soaking porous chalcedony in a copper solution, then 


Acknowledgments: The editors would like to thank the following 
individuals for their assistance in preparing this column: 
Andrew Christie, Emmanuel Fritsch, Rachel Kadar, Robert E. 
Kane, and James E. Shigley. 
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Figure 3. Manufactured three-phase inclusions 
in quartz obtained at the Tucson show were 
found to consist of water, a gas bubble, and a 
small faceted red (as in this 3-cm-high crystal) 
or blue stone. Photo by Robert Weldon. 


Figure 5, Remarkably good, one-piece plastic 
cameos, like these 4-cm-high samples, were 
among the imitations seen at Tucson this year. 
Photo by Robert Weldon. 
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Figure 4. This 2.5-cm piece is one of several 
mother-of-pearl gambling chips, reportedly 
carved in China in the late 18th and early 
19th centuries, that were sold both loose and 
mounted in jewelry at Tucson. Photo by 
Robert Weldon. 


applying an electric current to precipitate out a dendrite 
of elemental copper. The point at which the electric 
current apparently has been applied is revealed by a 
small area on the surface of the stone where the copper 
extends up from the otherwise internal mass. 

The other “inclusion” specimens were colorless 
quartz crystals with man-made “three-phase” inclu- 
sions that were brought to our attention by Michael and 
Pat Gray. In each specimen, thin tubular columns had 
been drilled in from the base of the crystals. These had in 
turn been partially filled with a liquid. The final touch— 
“phase three” — was a minute faceted gem! In one such 
specimen the solid phase was a dark blue gem; in the 
other, a bright red one (figure 3). In both specimens, the 
bases were sealed with what appeared to be a mixture of 
small quartz fragments and epoxy. 


Mother-of-pearl gambling chips. Among the more inter- 
esting materials being sold for use in jewelry were 
antique mother-of-pearl gambling counters (figure 4). 
According to the promotional literature that accom- 
panied them, these hand-carved pieces were produced 
during the Ching Dynasty of China for the East India 
Trading Company and other European merchants. The 
majority were reportedly made during the reign of 
Ch’ien Lung {1736-1796}. A heavy carved variety cut 
from relatively thicker mother-of-pearl was crafted dur- 
ing the rule of Chia Ch’ing, in the early 19th century. 
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Some pieces, custom made for British royalty and 
nobility, bear a family crest or initials on one side, while 
the reverse side portrays scenes from Chinese life. Other 
pieces depict animals, birds, fish, and insects. The 
counters were produced in various shapes, each denoting 
a different denomination. 


Plastic cameo imitations. Among the interesting imita- 
tion gem materials seen were two types of plastic 
cameos (figure 5], one resembling a shell cameo and the 
other reminiscent of a Wedgwood piece. Magnification 
revealed no separation plane between either figure and 
its background, indicating that they were not assembled 
from separate components. Rather, it would appear that 
the cameos were molded in a two-step process, with the 
figure portion of the mold being filled first, followed by a 
pouring of the background material. Furthermore, a 
swirling of the two colors at the base of the shell 
imitation indicates that the background had been poured 
before the figure had “set.” An examination of various 
details on both figures suggested that the two pieces 
could easily have been produced from the same mold. 


Synthetic quartz. Hydrothermally grown synthetic ame- 
thyst, citrine, and rock crystal quartz were all easily 
available this year, although some pieces were being sold 
as natural. Several small rock crystal spheres, pyramids, 
and obelisks'were seen that were flawless except for the 
seed plate. Interestingly, many of the faceted synthetics 
had a small portion of the seed plate directly under and 
exactly paralleling the table facet. This feature betrayed 
itself by a near-surface layer of so-called breadcrumb 
inclusions. 


Tourmaline from Nigeria. A number of excellent bicol- 
ored tourmalines were seen, reportedly from a mine near 
Kaffi, Nigeria. Most notable were two emerald cuts 
weighing 20.71 ct and 58.08 ct. The two colors are best 
described as slightly purplish red and slightly yellowish 
green, and are of moderate to strong saturation. 


COLORED STONES Sy 


A beautiful new form of orthoclase. A phenomenal 
Australian orthoclase feldspar that shows both a unique 
pattern of aventurescence (figure 6} as well as the 
traditional adularescence was recently brought to our 
attention by two separate gem dealers. Maxwell J. 
Faulkner, of Banora Point, New South Wales, Australia, 
first showed this attractive new material to us in fall 
1988. He had obtained his samples from Lonny Mason, 
Alice Springs, Northern Territory, Australia. They had 
named this feldspar “Rainbow Lattice Sunstone” be- 
cause of the spectrum of colors seen in reflected light and 
the lattice pattern of the inclusions, 

Initial testing of Mr. Faulkner’s samples showed that 
they were orthoclase feldspar containing crystal- 
lographically oriented exsolution inclusions of ilmenite 
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Figure 6. This attractive new Australian ortho- 
clase feldspar, named “Rainbow Lattice Sun- 
stone” by Max Faulkner, shows a unique aven- 
turescence as well as adularescence. Stone cour- 
tesy of Bill Vance; photo by Robert Weldon. 


and hematite, which are responsible for the colorful 
aventurescence. . 

Our second exposure to this new aventurescent 
orthoclase feldspar came through Bill Vance of Hamp- 
ton, Virginia, who had obtained his material from 
Darren Arthur of Melbourne, Australia. The feldspars 
from Mr, Faulkner and Mr. Vance were identical in every 
respect. According to information provided by Mr. Faulk- 
ner, Moonstone comes from an area known as the Mud 
Tank Zircon Field, in the Harts Range area of Australia’s 
Northern Territory, which may be the source of this new 
material. 


New emerald deposit near Nova Era, Brazil. A new 
deposit of gem-quality emeralds has been found in the 
Nova Era area of Minas Gerais, Brazil, within several 
kilometers of the Belmont emerald mine at Itabira and 
the alexandrite deposit near Nova Era. Reports by David 
Epstein, Edward Swoboda, and Gerhard Becker, all of 
whom visited the deposit in late 1988 or early 1989, 
indicate that thousands of carats of attractive bluish 
green stones have been produced by this locality at 
Capoeirana, in the municipality of Nova Era, since 
concerted mining first began in October 1988. Several 
stones over 5 ct (see, e.g., figure 7) have been cut. 

By January 1989, several hundred independent min- 
ers were active at this locality, digging pits and tunnels 
into the schist (figure 8}. A comprehensive report on the 
deposit is scheduled for an upcoming issue of Gems & 
Gemology, 


Record-size spessartine garnet. The existence of a 708-ct 
transparent, gem-quality, polished spessartine garnet 
(figure 9} has been reported to Gem News by its owner, 
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Figure 7. This 7.86-ct emerald is from the new 
deposit at Capoeirana, near Nova Era. Courtesy 
of Edward Swoboda; photo by Shane McClure. 


Figure 8. Hundreds of small operations have been 
set up to search for emeralds at Capoeirana. 
This January 1989 photo is © Bryan Swoboda. 


Figure 9. This 708-ct transparent, gem-quality, 
polished spessartine garnet crystal is thought to 
be from Brazil. Courtesy of Harrison L. Saunders. 


Harrison L. Saunders of Austin, Texas. According to Mr. 
Saunders, the rough crystal was acquired from a Bra- 
zilian by an American dealer about 16 years ago. When 
Mr. Saunders purchased the rough garnet he agreed not 
to facet it, but only to polish the surface. 

The polished crystal was subsequently studied by 
Ed Jonas at The University of Texas at Austin. Dy. Jonas 
determined the specific gravity to be 4.194; chemical 
analysis showed that this spessartine contained 16% 
manganese, 14.2% iron, and a trace of calcium. Our 
research indicates that this may be the largest polished 
transparent red gem crystal in the world. 


Star almandine garnet from Idaho. The east fork of 
Emerald Creek in the Idaho Panhandle National Forest 
near Clarkia, Idaho, is one of two places in the world 
where star garnets are found with any regularity (the 
other is India]. Every spring since 1974, the stream has 
been diverted into a metal pipe at the top of the digging 
area and returned to the streambed at the lower end. 

In 1987, 1,027 diggers took out 675 lbs. (305 kg) of 
garnet, including some very large crystals. In a recent 
season, five half-pound stones, one a solid dodecahedron, 
were removed. A group of four permit holders weighed 
out 16.5 lbs. of garnet from the West Fork in one day. 

The Emerald Creek Garnet Area opens for its 16th 
season on May 27, 1989 (the season ends in September). 
A $5 permit will allow the removal of up to 5 lbs. of 
garnet each day, with digging limited to six days, or 30 
lbs. of garnet per person each year. 


Star rhodolite garnet. While examining some low- 
quality, facet-grade rhodolite garnet from the Kangala 
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Figure 10. The Kangala mine in Tanzania is be- 
lieved to be the source of this unusual 15.60-ct 
star rhodolite garnet. Courtesy of Barton Curren. 


mine in Tanzania, Bart Curren, of Glyptic Illusions in 
Topanga, California, noticed that some of the material 
contained oriented long, thin needles of what looked like 
rutile, The needles appeared to be sufficiently dense that 
if the rough were properly oriented and cut en cabochon 
asterism might result. 

Although star almandine garnets are known from 
both the United States and India, an East African star 
rhodolite had not yet been reported, so Mr. Curren cut a 
sample of the garnet containing the necessary rutile 
needles en cabochon. The 15.60-ct finished stone shows 
not only pleasing color and a high degree of transparency, 
but also a very fine four-rayed star (figure 10). Thus far we 
do not know how much of this material is available. 


Wollastonite for carving. White to light greenish gray 
massive wollastonite (figure 11} is being mined at the 
White Caps wollastonite deposit in the Viola mining 
district, 50 miles east of Caliente, Lincoln County, 
Nevada. According to Gorman Boen, of Gorman Boen 
Enterprises in Las Vegas, Nevada, the area was first 
prospected for precious metals before the turn of the 
century. : 

The wollastonite, which is marketed as carving 
material, occurs in the contact zones between altered 
limestones and volcanics. The wollastonite outcrops for 
several hundred feet along these contacts, and is com- 
pacted into a very tough and fine-grained form nearest 
the contact borders. Other minerals such as diopside, 
idocrase, hydrogrossular garnet, and nephrite have been 
identified with, and sometimes in, the wollastonite. 
With a good toughness and a hardness of 5!/2 to 6, 
wollastonite is an excellent carving material. 
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Figure 11. Wollastonite, a good carving mate- 
rial, is being mined in Lincoln County, Nevada. 
The largest slab shown here is 10.5 cm long. 
Photo by Robert Weldon. 


INSTRUMENTATION 


New developments in spectroscopy. A recent advance in 
gemological spectroscopy is the Digital Scanning Dif- 
fraction Grating spectroscope (figure 12}. The DISCAN 
spectroscope is the result of a cooperative research and 
development effort between optical engineer Nicholas 


Figure 12. The new DISCAN spectroscope has a 
crosshair scanner coupled with a liquid crystal 
display so that an absorption feature can be 
lined up precisely and its exact numeric posi- 
tion (in nm) read in the digital display window. 
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Michailidis and GIA GEM Instruments. This desk- 
model spectroscope unit features a magnified spectral 
field and a crosshair scanner coupled to a liquid crystal 
display that allows the user to precisely line up on any 
absorption feature and read its exact numeric position 
{in nanometers} in the digital display window. The base 
of the DISCAN spectroscope allows the use of either 
direct transmitted or oblique reflected light. 

During the search to develop a new-generation 
visible-light spectroscope, GIA’s research-and- 
development team examined a number of interesting 
approaches. One of these, shown by its developer, 
Harold A. Oates of Glen Ellyn, Illinois, uses a small 
fixed-slit, fixed-focus diffraction grating spectroscope 
attached to a GIA GEM Instruments VideoMaster 
camera-monitor system, creating a video spectroscope. 
William Hanneman, of Castro Valley, CA, is now mar- 
keting a version of this instrument. 


SYNTHETICS AND SIMULANTS Es 


Recent advances in gem diamond synthesis. At an 
August 1988 conference on diamond optics held in San 
Diego, California, Dr. §. Yazu, of Sumitomo Electric 
Industries, reported that Sumitomo has dramatically 
increased the size of their cuttable-quality synthetic 
yellow diamonds beyond the 2-ct weight previously 
reported in Gems # Gemology (Winter 1986, p. 192). 
According to Dr. Yazu, Sumitomo’s high-pressure dia- 
mond synthesis facility can now routinely grow 
cuttable-quality synthetic yellow diamond crystals in 
the 5-ct range. 


Synthetic diamonds by detonation. Scientists engaged in 
a study of the chemistry of carbon in high explosives at 
Los Alamos National Laboratory have discovered the 
formation of synthetic diamonds in the course of a high- 
explosive detonation. Specifically, the detonation of 
common TNT (carbon, oxygen, nitrogen, and hydrogen) 
apparently caused carbon clusters to convert to diamond 
under 250,000 times normal atmospheric pressure at 
more than 5,000°F (2,760°C)}. The primary research was 
done by Los Alamos scientist Roy Greiner while on 
sabbatical at West Germany’s Fraunhofer Institute for 
Propellants and Explosives. He returned to Los Alamos 
with the carbon soot residue caused by the chemical 
reactions of detonation, and had it analyzed with an 
electron microscope by David Phillips. Twenty percent 
of the carbon was found to have turned into diamond, a 
result that was repeated in a number of follow-up 
experiments. This is the first report of the formation of 
diamonds caused by the reactions in an explosion. The 
project is administered by the Los Alamos Advanced 
Munitions Office. 


Synthetic diamond vs. cubic zirconia. Dy. Russell Seitz, 
of the Harvard Center for International Affairs, has 
informed GIA that the announcement by the Soviet 
Union of the successful synthesis of a 2-kilogram (not 
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carat) “synthetic diamond” (Gem News, Winter 1983, p. 
243} is really about a very large piece of high-optical- 
quality cubic zirconia. 

The original press release came from a Soviet 
Institute specializing in radio frequency—heated crystal 
growth. Dr. Seitz saw a photograph of the 2-kg crystal, 
which had the typical appearance of a rough crystalline 
chunk of skull melt-grown cubic zirconia. The confu- 
sion, apparently unintentional, arose from the fact that 
there is no clear distinction in the Russian language 
between the words simulant and synthetic. 


Emerald imitation from quartz. Dr. Henry A. Hanni of 
the Swiss Foundation for the Research of Gemstones, 
Zurich, Switzerland, reports that two quartz imitations 
of rough emeralds were recently identified as fakes in 
their Zurich laboratory. The two imitation emeralds 
weighed 228.4 and 94.6 grams, respectively. As can be 
seen from the photograph of the larger sample (fig- 
ure 13}, they are somewhat convincing to the unaided 
eye. Careful examination of the two crystals showed that 
they had been broken and glued back together with a 
green substance. X-ray powder diffraction was used to 
identify the material itself as quartz, while the green 
binder was identified as an epoxy resin by means of 
infrared spectroscopy. A film of glue over the outside 
surfaces of the two repaired fakes had been used to create 
a layer of mica flakes and other bits of crushed matrix in 
an effort to give the pieces a more natural Jook and hide 
the evidence of assembly. According to Dr. Hanni, the 
purchaser who bought these two fake emeralds in 
“southern Africa” took a serious financial loss. 

In a separate communication, Bill Vance of Hamp- 
ton, Virginia, reported seeing similar emerald 
imitations—formed by gluing broken quartz crystals 
together with a green substance—on a recent trip from 
Namibia through South Africa. Mr, Vance reported that 
acetone (fingernail polish remover] easily revealed the 
dye, and that the stones did not “feel right” when held. 


Heat-treated lepidolite? Massive specimens of lepidolite 
mica, fashioned to have the morphology of single-crystal 
materials, have been seen at various gem and mineral 
shows for several years now, perhaps in response to the 
“crystal consciousness” movement. This year, however, 
a new twist may have been added. Kenneth Scarratt, 
managing director of the Gem Testing Laboratory of 
Great Britain, gave GIA one of these “fashioned” lep- 
idolites that was uncharacteristically dark in color, 
somewhat resembling massive sugilite. Some vendors of 
this material state that a color alteration had been 
effected through heat treatment. As time permits, exper- 
iments will be carried out to determine if and how the 
material is altered. 


Imitations from Africa. Bill Vance also reported that in 
Swakopmund, Namibia, fake diamond octahedra made 
of synthetic cubic zirconia had been sold to unsuspect- 
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Figure 13. This 228.4-gram (1142-ct) quartz imi- 
tation of emerald proved to be a costly mistake 
for the person who purchased it in southern Af- 
rica. Photo courtesy of Dr. Henry A. Hdnni. 


ing diamond buyers for as much as US$4,000—$5,000. 
Also noted was green bottle glass, cut to imitate rough 
tsavorite grossular garnet, being offered as tsavorite by 
street peddlers. 


“Reconstructed” azurite-malachite. Blaise Harper of 
Pahrump, Nevada, has kindly shared with Gem News 
the process used to make “stabilized azurite-malachite 
block,” a new form of compressed and plastic- 
impregnated, azurite and malachite that is just now 
entering the market. First, chalky-looking porous 
azurite and malachite nodules are placed in a steel die- 
set type of mold. Then a hydraulic ram powered by a 600- 
ton press compresses the nodules into a dense block that 
is stabilized using the same pore-filling treatment tech- 
niques commonly used to stabilize turquoise. The 
compressed block that results from this process, to- 
gether with samples of the rough starting material, are 
shown in figure 14. 

The resulting product shows good color, polishes 
well, and has a toughness that allows it to be readily cut 
into cabochons. The rough azurite and malachite used 
in this stabilization process come from Arizona’s 


Figure 14, A block of compressed azurite- 
malachite, approximately 6 cm in its longest 
dimension, is shown here with rough azurite 
and malachite similar to that used to make it. 
Photo by Robert Weldon. 


Prescott-Jerome mining district. Enough material is 
available to allow several thousand pounds of the com- 
pressed azurite-malachite block to enter the market 
each year. 

Synthetic amethyst alert. The International Colored 
Gemstone Association reports that 20,000 ct of syn- 
thetic amethyst are now arriving in New York from 
Korea every month. Potential buyers should be wary of 
amethyst being offered for sale at 10% or 20% below 
current market value. This situation occurred previ- 
ously with some purportedly “Uruguayan” amethyst 
that was also offered at bargain prices and was subse- 
quently identified as synthetic. 


Mr, Francisco Muller Bastos should have been included 
in the list of people who received a perfect score on the 
1988 Gems & Gemology Challenge. We regret the error 
and congratulate him on his achievement. 


IN MEMORIAM: 
IRWIN MOED, 1918-1988 


Irwin Moed, of Theodore and Irwin Moed Inc., died in a tragic automobile accident on October 9, 
1988. The Moed firm was one of the first diamond dealers in New York to undertake production and 
distribution of irradiated diamonds. The open manner in which Irwin and his father presented 
irradiated stones was an inspiration to anyone who has dealt with the firm, and is always welcome 


in a highly competitive trade. 


Irwin Moed was instrumental in GIA’s acquisition of its first Geiger counter, and he and his father 
donated one of the first treated “raspberry red” diamonds to GIA for study. The absorption spectrum of 
this stone appears in all GIA illustrations of hand-spectroscope spectra. Additionally, the firm has 
made available suites of stones that continue to be used in every GIA residence gemology classroom. 
GIA’s Research Department owes a debt of gratitude for study stones loaned and donated. 

The business of Theodore and Irwin Moed Inc. will be continued by Irwin Moed’s wife and son. 
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GemsgGemoogy | COMplete your back 


issues of 


Gems & Gemology 
NOW! 


Single $ 8.00 ea. U.S. 
Issues: * $11.50 ea. Elsewhere 


Complete 
Volumes:* 


1986 full set \ $26.50 ea. US. 


1967 full set $36.50 ea. Elsewhere 


1988 full set 


1986, 1987, and $65.00 U.S. 
1988 full set $95.00 Elsewhere 


“10% discount for GIA Alumni Association members 


Back Issues of 
Gemse,Gemology 


Limited quantities of the following back issues of 
Gems & Gemology are still available. 


Winter 1983 

Engraved Gems: A Historical Perspective 
Gem Andradite Garnets 

The Rubies of Burma: The Mogok Stone Tract 
Induced Fingerprints 

Cobalt Glass as a Lapis-Lazuli Imitation 


Summer 1984 

Gem-Bearing Pegmatites: A Review 

Gem Pegmatites of Minas Gerais, Brazil: Exploration, 
Occurrence, and Aquamarine Deposits 

The First-Order Red Compensator 


Fall 1984 

Freshwater Pearls of North America 

The Chemical Distinction of Natural from Synthetic 
Emeralds 

Identifying Gem-Quality Synthetic Diamonds: 
An Update 

Inclusions in Taaffeites from Sri Lanka 

Magnetic Properties of Gem-Quality Synthetic 
Diamonds 


Winter 1984 

Natural Rubies with Glass-Filled Cavities 

Pyrope-Spessartine Garnets with Unusual Color 
Behavior 

Gem-Quality Red Beryl from Utah 

An Extraordinary Calcite Gemstone 

Green Opal from East Africa 


Spring 1985 

Gem Pegmatites of Minas Gerais, Brazil: The 
Tourmalines of the Araguai Districts 

Sapphire from Cauca, Colombia 

Altering the Color of Topaz 

A Preliminary Report on the New Lechleitner 
Synthetic Ruby and Synthetic Blue Sapphire 

Interesting Red Tourmaline from Zambia 


Summer 1985 

Pearl Fashion Through the Ages 

Russian Flux-Grown Synthetic Emeralds 

Gem Pegmatites of Minas Gerais, Brazil: The 
Tourmalines of the Governador Valadares District 

The Eyepiece Pointer 


Winter 1985 

A Status Report on Gemstones from Afghanistan 

A Proposed New Classification for Gem-Quality 
Garnets 

Amethystine Chalcedony 

The Pearl in the Chicken 


Spring 1986 

A Survey of the Gemstone Resources of China 

The Changma Diamond District, Mengyin, Shandong 
Province, China 

Gemstone Carving in China: Winds of Change 

A Gemological Study of Turquoise in China 

The Gemological Characteristics of Chinese Peridot 

The Sapphires of Mingxi, Fujian Province, China 


Summer 1986 

The Coscuez Mine: A Major Source of Colombian 
Emeralds 

The Elahera Gem Field in Central Sri Lanka 

Some Unusual Sillimanite Cat’s-Eyes 

An Examination of Four Important Gems 

Green Glass Made of Mount Saint Helens Ash? 


Fall 1986 

A Simple Procedure to Separate Natural from 
Synthetic Amethyst on the Basis of Twinning 

Pink Topaz from Pakistan 


Carbon Dioxide Fluid Inclusions as Proof of Natural- 
Colored Corundum 

Contributions to a History of Gemology: Specific 
Gravity 

Colombage-Ara Scheelite 


Winter 1986 

The Gemological Properties of the Sumitomo Gem- 
Quality Synthetic Yellow Diamonds 

Art Nouveau: Jewels and Jewelers 

Contemporary Intarsia: The Medvedev Approach 


Spring 1987 

“Modern” Jewelry: Retro to Abstract 

Infrared Spectroscopy in Gem Identification 

A Study of the General Electric Synthetic Jadeite 

A New Gem Material from Greenland: Iridescent 
Orthoamphibole 


Summer 1987 

Gemstone Durability: Design to Display 

The Occurrence and Gemological Properties of 
Wessels Mine Sugilite 

Three Notable Fancy-Color Diamonds 

The Separation of Natural from Synthetic Emeralds 
by Infrared Spectroscopy 

The Rutilated Topaz Misnomer 


Fall 1987 

An Update on Color in Gems. Part 1 

The Lennix Synthetic Emerald 

An Investigation of the Products of Kyocera Corp. 
that Show Play-of-Color 

Man-Made Jewelry Malachite 

Inamori Synthetic Cat’s-Eye Alexandrite 


Winter 1987 

The Gemological Properties of the De Beers Gem- 
Quality Synthetic Diamonds 

The History and Gemology of Queen Conch “Pearls” 

The Seven Types of Yellow Sapphire and Their 
Stability to Light 


Spring 1988 

An Update on Color in Gems. Part 2 

Chrysoberyl and Alexandrite from the Pegmatite 
Districts of Minas Gerais, Brazil 

Faceting Large Gemstones 

The Distinction of Natural from Synthetic Alexandrite 
by Infrared Spectroscopy 


Summer 1988 

The Diamond Deposits of Kalimantan, Borneo 

An Update on Color in Gems. Part 3 

Pastel Pyropes 

Examination of Three-Phase Inclusions in Colorless, 
Yellow, and Blue Sapphires from Sri Lanka 


Fall 1988 

An Economic Review of the Past Decade in 
Diamonds 

The Sapphires of Penglai, Hainan Island, China 

A Gem-Quality Iridescent Orthoamphibole from 
Wyoming 

Detection of Treatment in Two Unusual Green 
Diamonds 


Winter 1988 

Gemstone Irradiation and Radioactivity 

Amethyst from Brazil 

Opal from Opal Butte, Oregon 

A Gemological Look at Kyocera's Synthetic Star Ruby 


TO ORDER: Call: toll free (800) 421-7250, ext. 201 


OR WRITE: GIA, 1660 Stewart Street, Santa Monica, CA 90404, 


Attn: G&G Subscriptions 


Gems & Gemology 


CHA L-LEN-GE 


IA has encouraged continuing education for decades. Now, under a newly implemented 

program called Continuing Education, GIA will formally recognize your many advance- 
ments and achievements in the ever-growing field of gemology. The Gems & Gemology 
Challenge is an opportunity for you to test your gemological knowledge and be recognized for 
your dedication to gemology as part of GIA Continuing Education. By taking the Challenge and 
passing with a score of 75% of better, you will earn a GIA Continuing Education Certificate — 
acknowledging your successful completion of the test. Those readers who receive a perfect score 


(100%) will also be recognized in the Fall issue of Gems & Gemology. 


The following multiple-choice questions are based on material published in the four 1988 issues 
of Gems &) Gemology. Feel free to refer to those issues to find the single best answer and then 

mark the appropriate letter on the card provided in this issue (photocdpies or other facsimiles of 
this card will not be accepted]. Return the card with your answers (be sure to include your name 
and addréss} by Monday, August 21: Don’t forget to put sufficient postage on the card (15¢ in the 


US.). All entries will be acknowledged. 


Hundreds of subscribers have successfully met the Challenge in the past. Join the ranks of those 
achievers or meet the Challenge once again! 


Note: Questions are taken only 
from the four 1988 issues. Choose 
the single best answer for each 
question. 


l. The key identifying 
characteristics of Kyocera’s 
new synthetic star ruby are 


spectrum and S.G. 
inclusions and spectrum. 
R.I. and U.V. fluorescence. 
U.V, fluorescence and 
inclusions. 


UOe> 


2. Three-phase (solid, liquid, and 
gas) inclusions in sapphire 
indicate that the stone 


is synthetic. 

has been irradiated. 

has not been heat treated. 
has not been diffusion 
treated. 


DOm > 
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3. From 1979 to 1983, U.S. 


imports of polished diamonds 
fell by half. 


remained stable. 

more than doubled. 
increased at a moderate 
pace. 


GOR > 


. “Honey” to yellow tones of 


amber owe their color to 


A. ion pair transitions. 

B. multiple color centers. 

C. intervalence charge 
transfer. 


D. delocalization of electrons. 


. One of China's greatest 


potential gem resources is 


A. sapphire. 
B. ruby. 
C. emerald. 
D. jade. 


6. The Kalimantan diamond 


deposits are notable for their 
high number of 


A. blue diamonds. 

B. cubic diamonds. 

C. industrial diamonds. 
D. gem-quality diamonds. 


. Typically, most of the grains in 


the iridescent orthoamphibole 
from Wyoming are 


A. slate gray. 

B. golden or dark brown. 

C. mottled green, 

D._ red, with occasional violet. 


. Inclusions observed in the 


Hematita alexandrites include 


talc and hematite. 
amatite and bakelite. 
apatite and fluorite. 
tourmaline and quartz. 


JaOe> 
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10. 


Ih. 


12. 


13. 


54 


. The generic term for a defect 


that causes light absorption, 
particularly one that is 
produced by irradiation, is 


color center. 
delocalization. 
transition metal ion. 
intervalence charge 
transfer. 


VOe> 


Separation of natural and 
synthetic alexandrite by 
infrared spectroscopy is 
especially useful when the 
stone 


is mounted. 

has no inclusions. 
shows no fluorescence. 
contains platinum 
platelets. 


DOe> 


Which of the following was 

among the four top diamond 
producers {in terms of total 

rough mined} for 1987? 

A. Brazil 

B. Namibia 

C. the USSR 

D. South Africa 


Heat treatment of amethyst 

from Pau d’Arco 

A. produces “greened” 
amethyst. 


B. lightens the original color. 


C. produces the best red 
citrine color. 

D. produces a light golden 
citrine color. 


With respect to the possible 
health hazards of radioactive 
gemstones, we need be 
concerned only with 


nuclides. 

beta particles, 
alpha particles. 
gamma radiation. 


COP > 
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14. 


15. 


16, 


17. 


18. 


19, 


Most of the cat’s-eye 
chrysoberyls on the gem 
market today come from 


A. Brazil. 

B. the USSR. 
C. Sri Lanka. 
D. East Africa. 


A green color in diamond is 
usually the result of 


irradiation only. 
irradiation and dyeing. 
irradiation and annealing. 
laboratory-induced 
irradiation. 


DO > 


A 15.97-ct Burmese ruby was 
sold at auction in 1988 for a 
record price of 

$500,000. 

$2.5 million. 

over $3.5 million. 

nearly $5 million. 


DOe> 


When fashioning large colored 
stones, the cutter usually 
begins with the 


A. table. 

B. crown, 
C. girdle. 
D. pavilion. 


The most common varieties of 
opal found at Opal Butte 
(Oregon) are described as 
contra luz and broadflash. 


fire and crystal. 
rainbow and hyalite. 


Joep 


The current overall world 
leader in the production of 
amethyst is 


A. Sri Lanka. 
B. Namibia. 
C. the USSR. 
D. Brazil. 


oh 
Gor -s 


hydrophane, blue, and fire. 


20. 


21. 


22. 


23. 


24. 


25. 
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Special machinery is needed to 
facet gemstones that weigh 
more than approximately 


A. 100 ct. 

B. 1,000 ct. 
C. 2,000 ct. 
D. 10,000 ct. 


Pink pyrope owes its color 
essentially to the presence of 
trace amounts of 


A. iron. 

B. titanium. 
C. chromium. 
D. manganese. 


The gemstone most often 
irradiated in a nuclear reactor 
is currently 


A. topaz. 
B. diamond. 
C. sapphire. 


D. tourmaline. 


Along with India, the earliest 
worked diamond deposits were 
probably in 


A. Nepal. 
B. China. 
C. Borneo. 


D. Sri Lanka. 


The diffracted color in an opal 
depends on the 


A. size of the stone. 

B. size of the spheres. 

C. strength of opalescence. 
D. size of the color centers. 


The physical theory that 
describes the cause of color 
in most metals and semi- 
conductors is called 


band theory. 

ion pair transition. 
iron charge transfer. 
intervalence charge 
transfer. 


Ow D> 
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JEWELRY OF THE 
1940s AND 1950s 


By Sylvie Raulet, 332 pp,, illus., publ. 
by Rizzoli International Publica- 
tions, New York, 1988. 

US$100.00° 


This large, lavishly produced book 
addresses a period of jewelry design 
that has heretofore been overlooked 
by many jewelry historians. Span- 
ning two important decades, the 
book examines the transition from 
the solid, geometric lines of Art Deco 
to the rich, fluid diversity of the 
modern period. 

Raulet focuses primarily on the 
haute joaillerie of France, devoting 
relatively few pages to pieces from 
other countries, She not only pro- 
vides historical background, but also 
distinguishes noteworthy styles of 
jewelry and mountings, as well as the 
prominent designs, of this turbulent 
period. 

The section on jewels created by 
famous painters and other artists is 
especially interesting, despite the oc- 
casionally cumbersome biographical 
information.-The section on watches 
and accessdries describes the inge- 
nious vanity/cigarette cases, com- 
pacts, and elaborate timepieces of the 
period. It is a bit disconcerting, 
though, to find an early Mickey 
Mouse watch by Ingersoll in the 
company of so many finely jeweled 
specimens, The book also contains a 
biography section, a select bibliogra- 
phy, a brief glossary, and an index. 

Although the text does offer use- 
ful and interesting information, it is 
often vague, tedious to read, and 
condescendingly ethnocentric. 
There is no mention of the term 
retro, coined in the 1970s by Francois 
Curiel of Christie’s, to define the 
distinctive jewelry produced be- 
tween the late 1930s and the end of 
World War II. 

Perhaps the greatest strength of 
the book lies in its 546 illustrations 
(235 in color]. Nicely reproduced, 
they reveal the diversity and cre- 
ativity of a time period shaped in 
turn by war, reconstruction, and 
prosperity. 

SALLY A. THOMAS 
Seattle, WA 


Book Reviews 


BOOK 
REVIEWS 


| 


Elise B. Misiorowski and 
| Loretta Bauchiero, Editors 


COLOR ENCYCLOPEDIA 
OF GEMSTONES 
2nd Edition 


By Joel E. Arem, 280 pp., ilhus., publ. 
by Van Nostrand Reinhold Co., New 
York, 1987. US$53.95* 


Arem has successfully compiled a 
tremendous amount of information 
into an important resource for the 
advanced collector in particular, but 
also as a reference for the practicing 
gemologist. Following a comprehen- 
sive introduction that simply, yet ac- 
curately, explains often-complicated 
concepts such as crystal structure, 
the book provides basic information 
on almost all of the mineral species 
and synthetics that have been cut 
into gems. 

After IO years of ongoing re- 
search, Arem provides some new in- 
formation in this second edition. The 
gem section has been expanded from 
210 species in the first edition to 250 
species in this volume. New sections 
of special interest include “Thermal 
Properties,” “Color Measurement 
and Specification,” and “Gemstones 
from the Laboratory.” For speed and 
convenience, the author presents a 
number of comprehensive listings, 
including: “Mineral Groups of Gem- 
ological Interest,” “Gemstone Spe- 
cies and Ornamental Materials,” and 
“Trade Names of Synthetics.” 

The book’s format works well 
for quick and easy reference, espe- 
cially with an expanded index that 
also includes gemstone varieties. Un- 
fortunately, a few reference tables are 
poorly placed and may cause some 
confusion. The organization of the 
updated and revised full-color plates 
is better in this edition than the first. 
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The quality of the color prints has 
also been improved. 

This edition of the Color Ency- 
clopedia of Gemstones is well writ- 
ten and meticulously worked 
through so that the information is 
readily available and easy for the 
average reader to understand. Be- 
cause of the quality of both the infor- 
mation and the color photographs, 
this book is an asset for any library. 

LORETTA BAUCHIERO 


Collection Curator 
GIA, Santa Monica 


ANTIQUE AND 
TWENTIETH CENTURY 
JEWELLERY, A GUIDE 

FOR COLLECTORS 

2nd Edition 

By Vivienne Becker, 319 pp., illus., 
publ. by N.A.G. Press Ltd., Colches- 
ter, Essex, Great Britain, 1987. 
US$45.00* 


A lot of information is packed into 
this modest book on the jewelry 
styles that were popular in Western 
Europe during the last 200 years. 
Having done the research for us, 
Becker distills her findings into tidy 
categories that are easily referenced. 
The book is well indexed, provides a 
bibliography for further research, and 
has illustrations for almost every 
nuance discussed. 

Although the book itself is not 
chronological, each of the 22 chap- 
ters follows one topic, such as dia- 
mond brooches, chronologically 
through its period of popularity. Sub- 
headings within each chapter further 
delineate the history of the style, 
outside influences, techniques and 
materials used, prevalent motifs, and 
important designers or design 
houses. 

An extensive chapter titled 
“Cocktail Jewellery of the 1940s" has 
been added to the otherwise vir- 
tually unchanged text of the previous 
edition. For this chapter, 22 new 
color plates and 13 new black-and- 
white photographs have been pro- 
vided to illustrate Becker's vivid de- 
scriptions of the post~World War II 
“retro” style. This is an important 
update, as “retro” jewelry is cur- 
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rently enjoying a resurgence of popu- 
larity, and there are few references to 
it in the literature. This chapter gives 
us clues to help identify this style, 
which is appearing with greater fre- 
quency at auction and estate sales. 
Clearly written and intelligently 
laid out, this is a very useful book for 
all those interested in antique and 
period jewelry. 
ELISE B. MISIOROWSKI 


Research Librarian 
GIA, Santa Monica 


OTHER BOOKS 
RECEIVED 


Jewelry & Gems: The Buying Guide, 
by Antoinette L. Matlins and 
Antonio C. Bonanno, 206 pp., il- 
lus, publ. by GemStone Press, 
South Woodstock, VT, 1987, 
US$14.95.* This inexpensive 
“book of the basics” is efficiently 
arranged in four parts. The first 
section provides practical knowl- 
edge in such areas as gem-cutting 
styles, popular settings, and the 
proper way to use a 10 loupe. In 
the second part, on diamonds, the 
authors elaborate on the many 
nuances of judging cut, color, and 
clarity, and show how these 
factors—combined with carat 
weight—determine the value of 
individual diamonds. The section 
also includes a table comparing 
the various color grading systems 
for diamond, a discussion of dia- 
mond substitutes, and questions 
designed to aid the consumer in 
buying a diamond. The colored 
gems portion covers gemstone 
lore, the determination of a col- 
ored stone’s value by the “4 C’s,” 
and synthetic, imitation, and 
treated gems. The fourth section 
addresses such subjects as how to 
select a jeweler and a gemologist- 
appraiser, and includes a word of 
caution concerning investment- 
for-profit in gems. A center sec- 
tion of color plates depicts the 
better-known gems, and the 
reader will find the numerous 
charts, diagrams, tables, and refer- 
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ence lists helpful. Aside from a 
few typographical errors such as 
“adventurine” for aventurine, a 
few gemological mistakes such as 
referring to amber as “petrified” 
instead of fossilized, and the use 
of a few debatable terms such as 
“semiprecious,” this book pro- 
vides a helpful bridge between the 
jewelry industry and the buying 
public. 


JOHN I. KOIVULA 
Chief Gemologist, GIA 


Mineral Museums of Europe, by UI- 


rich Burchard and Rainer Bode, 
269 pp., illus. publ. by Walnut 
Hill Publishing Co., 1986, 
US$49.50.* In this well- 
structured and methodically laid 
out book, the authors provide a 
guide to the mineral collections of 
Western Europe. Each museum is 
described under four headings: 
general information, historical 
notes, exhibits, and the minerals 
themselves. The general informa- 
tion appears in the upper right 
corner of the page, where it can be 
spotted easily. For each museum, 
the authors provide the address, 
telephone number, location, 
hours, fees, and name of the cura- 
tor. Historical notes cover the ori- 
gins of each museum and profile 
important collectors and curators. 
The exhibits section gives the spa- 
tial dimensions for the various 
galleries and describes the thema- 
tic arrangement of the exhibits. 
Finally, noteworthy mineral spec- 
imens are listed along with their 
localities and, as applicable, the 
display cases where they can be 
found. These minerals are further 
categorized by quality designa- 
tions: excellent, good to very 
good, and rarities. Over 100 color 
photographs, most of them taken 
by Bode, richly illustrate this vol- 
ume. The result is “a unique selec- 
tion of some of the most beautiful 
minerals from classic, but often 
abandoned, localities.” Many 
black-and-white photographs and 
illustrations of collectors, cura- 
tors, and the various collections 
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further augment the text. Indexed 
and cross-referenced, this is truly 
a “Baedeker” for mineral enthusi- 
asts traveling in Western Europe. 


EBM 


Descriptions of Gem Materials, 3rd 


edition, by Glenn and Martha 
Vargas, 180 pp., illus., publ. by 
Glenn and Martha Vargas, Ther- 
mal, CA, 1985, US$15.00.* This 
well-planned book contains a 
wealth of information for gem 
cutters, particularly those inter- 
ested in rare and exotic gem- 
stones. The compact format gives 
the physical and optical proper- 
ties of 450 gem materials, which 
are divided into two basic sec- 
tions, one for natural gems and the 
other for synthetics and sim- 
ulants, Further sections provide 
tables of hardness, specific grav- 
ity, refractive index, and a gloss- 
ary of important names and terms 
used in gemology. An index of 
alternate, varietal, and incorrect 
names is included, as is a bibli- 
ography. New to this edition are 
the derivations of mineral names. 
The book could be improved by 
providing more information on 
the various localities of gem ma- 
terials. To a buyer of rare and 
unusual gems, this is an impor- 
tant consideration. Nevertheless, 
a gem cutter will find this book a 
useful, quick reference for nearly 
all gemstones available. 
ARTHUR T. GRANT 
President 


Coast to Coast Rare Stones 
Hannibal, New York 


The Jade Kingdom, by Paul E. Des- 


autels, 118 pp., illus., publ. by Van 
Nostrand Reinhold Co., New 
York, 1986, US$37.95.* Desautels 
presents an interesting and color- 
ful introduction to the world of 
jade. Well researched, the book 
attempts to cover every aspect of 
this fascinating and revered gem. 
In so doing, however, it simply 
skims the surface. Jade localities, 
gemology, cutting, and carving, as 
well as centuries of lore from 
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several cultures, are condensed 
into a mere 118 pages. The first 
three chapters address the defini- 
tion of jade throughout history 
and the gemological testing of 
jade and its substitutes. While the 
first chapter is particularly well 
written, it was disappointing to 
see a discussion of hardness 
points in the first main section of 


the chapter on testing, especially 
since there is no caution about the 
potential damage they can cause. 
The geology of worldwide sources 
of jade is touched on in chapter 
four. This is followed by specific 
chapters on Chinese jade and its 
symbolism, and jade from Central 
America, New Zealand, and the 
rest of the world. A chapter on the 


cutting and carving of jade con- 
cludes this slim volume. Al- 
though not the final word on this 
subject, as a basic reference The 
Jade Kingdom is a succinct and 
highly readable discussion of this 
ancient gemstone. 

EV TUCKER 


Anchorage, Alaska 
and EBM 
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COLORED STONES AND 
ORGANIC MATERIALS 


The amber ark. G. O. Poinar, Jr, Natural History, Vol. 97, 
No. 12, December 1988, pp. 42-47. 


Dominican amber, known for the well-preserved verte- 
brate animals it often contains, offers new clues to the 
theories of evolution and continental drift in Central 
America and the Greater Antilles {the islands of Cuba, 
Jamaica, Hispaniola, and Puerto Rico}. Poinar describes a 
specimen he examined that contains a tiny adult frog 
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encased in resin some 30 to 40 million years ago. He 
continues by explaining that Dominican amber is ex- 
tremely clear and possesses a high quality of preserva- 
tion, allowing for accuracy in the identification of flora 
and fauna. 

One of Poinar’s goals in studying inclusions in 
Dominican amber is to “reconstruct the forest ecosys- 
tem of the Tertiary period (from about 25 to 40 million 
years ago) in this part of the Caribbean” based on species 
he identifies. The evidence produced by his studies 
supports some geologists’ views that during the Tertiary 
period the islands that now comprise the Greater Antil- 
les were part of a contiguous archipelago between North 
and South America, and were pushed to their present- 
day positions through the action of plate tectonics. 

Four remarkable color photographs of Dominican 
amber specimens accompany the text, together with a 
map of present-day Central America and the theorized 
positions of the Greater Antilles 35-40 million years 
ago. [LC 


The American Golden. L. M. Agee and E. F Borgatta, 
Lapidary Journal, Vol. 42, No. 9, December 1988, 
pp. 80-90, 

This article provides a detailed report on the acquisition 

and fashioning of the 22,892,5-ct (finished weight] 

yellowish topaz known as the American Golden. From 
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an approximately 26-lb. waterworn cobble emerged a 
stone that now measures 173 mm xX 149mm x 92mm. 
The stone has 62 crown and 110 pavilion facets, and the 
table is oriented perpendicular to the cleavage plane. The 
American Golden was donated to the National Museum 
of Natural History (Smithsonian Institution) in Wash- 
ington, DC, on May 4, 1988. Seven illustrations, four in 
color, accompany the text. WRV 


Certitude de la détermination de l’origine des gemmes 
(Certainty of the determination of the origin of 
gems). H. A. Hanni, transl. into French by FE Roche, 
Revue de Gemmologie a.fig., No. 97, 1988, pp. 4—5. 


This carefully worded article deals with the difficult 
problems of reporting on the geographic origin of gem- 
stones. The many factors that should be considered are 
listed. The author emphasizes that, even with meticu- 
lous observation and comparison to a large number of 
well-documented stones, any interpretation can only be 
stated cautiously. Ways of obtaining basic knowledge in 
this matter are proposed, and the limitations and diffi- 
culties one would encounter are listed. The author then 
provides the reader with the precise wording of the two 
standard conclusions that his laboratory, the Swiss 
Foundation for the Study of Precious Stones, issues on 
their reports. EF 


Gemmology Study Club lab reports. G. Brown and J. 
Snow, Australian Gemmologist, Vol. 16, No. 11, 
1988, pp. 424-429. 


This compilation of brief reports first describes a pair of 
plastic hololith rings. One that visually resembles lapis 
lazuli had a 1.69 S.G., a 1.55 spot RL, and a Mohs 
hardness of 3, but an S.G. of 1.50. Magnification 
revealed that it probably had been manufactured by 
breaking the surface; and a concave circumferential 
“mold mark” on the inner surface. The other ring, a 
malachite imitation, also had a 1.55 spot RI. and Mohs 
hardness of 3, but with a 1.50 S.C. Magnification 
revealed that it probably had been manufactured by 
trephining (drilling) the piece from a block of filled 
plastic, with the banding produced by including opaque 
plastic particulate fillers in very carefully controlled 
layers within a thermosetting plastic matrix. 

Also reported on is a “bronze”-colored chatoyant 
nepheline cabochon from Korea. Gemological properties 
include a 2.53 S.G., a 1.55 spot R.I., a vitreous luster, 
broad chatoyancy of moderate intensity, and no fluores- 
cence or diagnostic absorption spectrum. Examination 
with a microscope revealed that the chatoyancy was due 
to reflection of light from fine, parallel, tube-like inclu- 
sions. 

Other materials examined include a cabochon of 
dumortierite in quartz; an elephant ivory necklace of 
African provenance; a ring-set diamond that cleaved 
badly when it was dropped into a sink; a strand of gray 
plastic imitation pearls with an artificial nacre that is 
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considerably more radiopaque than the plastic from 
which the beads were formed; and a synthetic spinel 
triplet with a junction plane below the girdle. 

RCK 


Gemmology Study Club Jab reports. G. Brown and J. 
Snow, Australian Gemmologist, Vol. 16, No. 12, 
1988, pp. 464-470. 


Plastic-impregnated Brazilian opals are the first of sev- 
eral interesting specimens examined, described, and 
illustrated by the authors. It was noted that transmitted 
light, alone or in conjunction with lateral illumination, 
might be used to detect polymer-like fracture fillings in 
such treated opals. 

The next item covered is “Lapis Nevada,” an orna- 
mental material with pink thulite, yellow-green epidote, 
green diopside, and white to lavender scapolite as its 
major constituents. It has a distinctive appearance, a 
Mohs hardness of 5 to 7, an S.G. of 2.83, and a variable 
spot RI. 

An unusual metallic cabochon consisting of bis- 
muthinite, magnetite, chalcopyrite, quartz, and calcite 
is described, followed by a report on Emmaville emer- 
alds. X-ray fluorescence scans revealed vanadium as the 
major chromophore in emeralds from this Australian 
locality. Also covered are an imitation of a mabe cul- 
tured pearl, reportedly constructed from a flattened 
hemispherical section of the shell of a Philippine land 
snail; a bicolored cryptocrystalline quartz ring in which 
the brown component is aventurescent, while the green 
component contains green mossy dendrites; an ame- 
thyst crystal with a movable bubble in a large two-phase 
inclusion; brownish mottled dyed calcite beads; and a 
partly devitrified green glass containing gas bubbles and 
whitish spherical aggregates that morphologically re- 
semble wollastonite. RCK 


Gold coral re-evaluated. G. Brown, Australian Gem- 
mologist, Vol. 16, No. 12, 1988, pp. 472-474, 
476-477. 

Gold coral is harvested from the Makapuu Bed off the 

Hawaiian island of Oahu. This relatively costly material 

has been imitated by bleaching black coral with a 30% 

aqueous hydrogen peroxide solution. The treated mate- 

rial may be distinguished by a rough, abrasive surface; 
the presence of radially arrayed spines; and the superfi- 
cial distribution of the bleached areas. 

The author proceeds to describe the appearance of 
several necklaces of gold coral that displayed some 
interesting anomalies: The material had an atypical 
yellowish brown color, and the surfaces of both the beads 
and the limb segments had longitudinal grooves as well 
as an uncharacteristic greenish blue iridescence. Spot 
R.I. determinations gave readings of 1.60, 0.03 to 0.04 
higher than the accepted values for gold coral. Low- 
power magnification revealed that the material had been 
impregnated and coated with a plastic; higher magnifi- 
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cation revealed small bubbles in the thin plastic coating 
of some beads. 

This well-illustrated article should prove most use- 
ful in identifying both bleached black coral and plastic- 


impregnated gold coral. 
RCK 


A new type of twinning in natural sapphire. K. Schmet- 
zer, Journal of Gemmology, Vol. 2.1, No. 4, 1988, pp. 
218-220. 

Two twin laws have been observed in natural corundum: 

contact twins on the basal plane c (0001), or on the 

positive rhombohedron r {1011}. Polysynthetic lamellar 
twins according to the second law are also commonly 
encountered in faceted gem corundums. 

Several inclusions of isolated corundum crystals 
appearing as part of a lamellar twinning on (1011) have 
been observed in about 50 natural sapphires from Sri 
Lanka. Since this twinning structure can be described as 
a combination of a single contact twin and lamellar 
polysynthetic twinning on the rhombohedral plane, it is 
classified as combined rhombohedral twinning. Such a 
feature has been observed so far only in natural cor- 
undum. Six photomicrographs illustrate the article. 

EF 


The New Zealand aurora shell: A unique organic gem 
material. G. Brown and A. J. McCabe, Australian 
Gemmologist, Vol. 16, No. 11, 1988, pp. 401-407. 


The first part of this article deals with McCabe's 
“discovery” of iridescent New Zealand mussel shell in 
the remains of a Maori fire at Te Wae Wae beach on South 
Island. This led to several years of searching beaches 
around the country for usable iridescent shell. The 
second half of the report deals with the gemology of what 
is known variously as Aurora Shell, Fiordland Colour 
Mussel, and New Zealand Kuku Shell, the highly irides- 
cent, nacreous shell of the New Zealand green-lipped 
mussel, Perna canaliculus. 

Gem-quality shell reportedly comes from only 
three localities on South Island. Polished specimens of 
iridescent shell nacre examined had the following prop- 
erties: visual features — pale brownish body color with a 
patchy color distribution and strong iridescent flashes 
seen when rotated under overhead illumination; 
diaphaneity—translucent; Mohs hardness —3-4; 
fracture—splintery; $.G.—2.75-2.8; spot R.I.— 
1.52-1.53; ULV. fluorescence — pale bluish white to long 
wave, very pale bluish white to short wave; no diagnostic 
visible-light absorption spectrum. 

The authors note that finished pieces of jewelry 
fashioned from this shell are either plastic coated (giving 
aspot RI. of 1.54) or composites consisting of shell nacre 
and a pink polyester resin base. According to the 
manufacturer, all of the shell that appears in jewelry 
{composites or otherwise} is dyed, with a variety of dye 
colors being used. RCK 
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Quartz: The starter stone. D. A. Hiss, jewelers’ Circular- 
Keystone, Vol. 160, No. 2, February 1989, pp. 
385-392. 

As part of /C-K’s continuing series of articles on gem- 

stones of the world, the quartz family is highlighted in 

this issue. As with other articles from this series, it could 
be described as a microcosm of the topic, yet succinct 
and informative for the jeweler or quartz enthusiast. 

Considering the wealth of information that exists on 

quartz varieties, trade names, and synthetics, as well as 

on mining localities and history, one is pleased to find it 
so cleverly synopsized here. Seventeen color photo- 
graphs help illustrate some of the more notable varieties, 
typical inclusions, and quartz enhancements that one is 
likely to encounter in the trade. For those readers 

interested in the metaphysical aspects of quartz, a 

section on “Quartz as Healer” is also included. RW 


DIAMONDS 


Famous diamonds of the world XXXIII: The Tiffany. 
I. Balfour, Indiaqua, Vol. 49, No. 1, 1988, pp. 
119-122, 


The Tiffany jewelry company is known for its taste in 
fine diamonds. It is not surprising, then, that one of the 
most famous bears the prestigious name. In its rough 
state, the Tiffany diamond, an intense yellow octa- 
hedron, weighed 287.42 ct; in 1878, it was cut to a 
128.51-ct cushion-shape brilliant under the supervision 
of George FE Kunz. 

Balfour explains that the exact year the Tiffany 
rough was discovered is questionable because of the lack 
of “precise information” and accurate record keeping at 
the South African diamond mines prior to 1888. On the 
basis of a brief account of early diamond-mining history, 
Balfour concludes that the Tiffany must have originated 
in the mine claims of the French Company. This is 
supported by the fact that the rough was shipped to 
France in 1878, where it was cut. He estimates that it 
was found in either 1877 or 1878. In the course of this 
discussion, Balfour provides a fascinating account of the 
power struggle involving the French Company that 
eventually led to the formation of De Beers Consolidated 
Mines in 1888. 

Throughout its history, the Tiffany diamond has 
been on display at the Tiffany store in New York and at 
numerous exhibitions in the United States and Europe. 
Possession of the diamond remains with the Tiffany 
company despite rumored attempts to sell the gem. 

[LC 


Famous diamonds of the world XXXIV: The De Beers 
diamond. |. Balfour, Indiaqua, Vol. 49, No. 1, 1988, 
p. 123. 

Ian Balfour reports that the De Beers diamond, at 234.50 

ct, is the fourth largest cut diamond in the world. Since 

this article was printed, the De Beers diamond has 
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become fifth on the list, as the recently completed 
407.48-ct triolette-cut diamond sometimes called the 
Incomparable is now the second largest. 

The De Beers diamond was found at the Kimberley 
mine in March 1888, a 439.86-ct light yellow octa- 
hedron., It was subsequently cut to its current 234.50-ct 
cushion shape. Balfour mentions that the De Beers 
diamond has been confused with a diamond called 
Victoria 1, but claims that they are actually one and the 
same. 

An unsuccessful attempt to auction the De Beers 
diamond was made in May 1982 at Sotheby’s in Geneva; 
apparently the $3.16 million top bid did not meet the 
reserve set for the stone. It has since been sold to a 
private buyer. JLC 


GEM LOCALITIES 


Bamboo coral: A new precious coral from Hawaii. G. 
Brown, Australian Gemmologist, Vol. 16, No. 12, 
1988, pp. 449-454. 


Beginning with a brief historical review of coral sources 
and recovery methods, this article reports on the occur- 
rence and gemology of bamboo coral, Lepidisis olapa. 
Bamboo coral occurs in association with both pink and 
gold coral in the Hawaiian Archipelago. It is harvested at 
a rate of 150-kg per year by deep-diving submersibles at 
depths of 300-470 m. 

Bamboo coral has a distinctive appearance, consist- 
ing of opaque, white, inflexible, slightly curved cal- 
careous internodes 3-7 cm long, and translucent, dark 
brown, flexible horny nodes 0.2—1 cm long. These two 
components are gemologically distinctive. The inter- 
nodes are composed of white calcite that is longi- 
tudinally striated. The calcite has a Mohs hardness of 
3-4, uneven fracture, subvitreous luster, 2.70 S.G., spot 
RI. of 1.63 to 1.65, fluoresces bluish white to long-wave 
ULV. and pale bluish white to short-wave U,V, and is 
soluble in HCl. The nodes are composed of brown 
organic gorgonin that is also longitudinally striated. The 
gorgonin has a Mohs hardness of 2-3, splintery fracture, 
resinous luster, 1.38 S.G., spot R.I. of 1.56, is inert to both 
long-wave and short-wave U.V, and is insoluble in HCl. 

The author states that bamboo coral consisting of 
both nodes and internodes should be relatively easy to 
identify in jewelry, but that an item formed from only 
the internode could be difficult or impossible to separate 
conclusively from white corallium corals. This well- 
written article also includes a very useful table that 
compares the properties of Hawaiian corals: bamboo, 
pink, gold, and black. RCK 


Gem tourmaline on Kangaroo Island. J. L. Keeling and 1. J. 
Townsend, Australian Gemmologist, Vol. 16, No. 
12, 1988, pp. 455-458, 470. 

This article reports on the history and geology of Dudley 

Pegmatite on Kangaroo Island, Australia, and on the 
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gemological properties of tourmaline recovered from the 
pegmatite. 

Tourmaline was reported from the deposit as early 
as 1898. Although the quantity recovered over the years 
is not known, blue, green, and “watermelon” varieties 
have been mined. After early pockets were worked out, 
the deposit was used as a source of feldspar, quartz, and 
kaolin clay for the pottery industry. 

This investigation included tourmalines from 
dumps of old workings, pockets, and the South Australia 
Museum, The gemological properties of dark blue, pale 
to dark green, and pink/green “watermelon” tourmaline 
from this locality are reported. This is an interesting 
account of one of the few recorded occurrences of gem- 
quality tourmaline in Australia. RCK 


Gems around Australia. H. Bracewell, Australian Gem- 
mologist, Vol. 16, No. 12, 1988, pp. 459-463. 


This article is an informal report of a trip taken by the 
author and her husband to a variety of both better- and 
lesser-known gem deposits in Australia. Beginning in 
New South Wales, the first visit was to the Torrington tin 
lode, where topaz, beryl, smoky quartz, and fluorite may 
be found. Not far from this site is Emmaville, where 
emerald has been mined commercially. 

The next stops‘on the journey were in Queensland, 
where many gem materials, in addition to the well- 
documented opal and sapphire, are recovered. One of 
these is chrysoprase, which has been mined commer- 
cially at Marlborough. In the north of the state, at Mt. 
Surprise, commercial quantities of aquamarine are 
found in vugs in association with smoky quartz or 
feldspar crystals. At Mt. Hay, fossickers dig for thunder 
eggs; and north of Muttaburra, waterworn quartz, agate, 
and petrified wood are found in abundance. 

Additional gem-producing areas of Queensland and 
the materials they produce include Chudleigh Park 
station (peridot, sapphire, zircon, and moonstone}, Agate 
Creek (agate and thunder eggs], Cloncurry (chrysocolla], 
and Kuridala (amethyst). RCK 


Sapphire-bearing ultramafic lamprophyre from Yogo, 
Montana: A ouachitite. H. O. A. Meyer and R. H. 
Mitchell, Canadian Mineralogist, Vol. 26, Pt. I, 
1988, pp. 81-88. 

The authors report on their detailed mineralogic and 
petrographic examination of the sapphire-bearing Yogo 
lamprophyre dike located in the Judith River basin in 
central Montana. The authors point out that the Yogo 
dike is unique in that it is the only known igneous dike 
from which sapphires are actually mined in situ. 

The authors found that the dike rock consists of 
“subhedral grains of phlogopite and clinopyroxene set in 
a finer groundmass of mica, clinopyroxene, titaniferous 
magnetite and apatite with a mesostasis of chlorite, 
calcite, serpentine, and rare K-feldspar.” A titanium and 
aluminum-—containing diopsidic augite pyroxene also 
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occurs as polycrystalline aggregates and is believed to be 
of low-pressure origin. The phlogopite mica crystals 
appear to have been distorted during incorporation in the 
host rock and subsequently further deformed and al- 
tered. 

On the basis of their research, the authors have 
classified the Yogo lamprophyre as a ouachitite. It was 
also determined that the sapphires are xenocrysts and 
occur as an accessory phase. Eight figures and five tables 
accompany the article. JIK 


An unusual ruby from Nepal. H. Bank, E. Gtibelin, R. R. 
Harding, U. Henn, K. Scarratt, and K. Schmetzer, 
Journal of Gemmology, Vol. 21, No. 4, 1988, pp. 
222-226. 

The identification of a fine-quality 1.288-ct ruby as both 

natural and Nepalese is described in this note. A detailed 

discussion of some potentially misleading growth zon- 
ing and spindle-like features is especially helpful. The 
conclusion was based largely on the presence of phlo- 
gopite (identified by energy-dispersive chemical anal- 
ysis} and of liquid, gas, and/or solid inclusions charac- 
teristic of previously studied rubies of Nepalese origin. 

Ten optical photomicrographs and an EDX spectrum of a 

phlogopite inclusion illustrate the discussion. CMS 


INSTRUMENTS AND TECHNIQUES 


The EW-120SG electronic densimeter. G. Brown and J. 
Snow, Australian Gemmologist, Vol. 16, No. 11, 
1988, pp. 422-423. 


This report, by the Instrument Evaluation Committee of 
the Gemmological Association of Australia, evaluates 
an electronic balance designed specifically to “assay” the 
precious metal content of jewelry by determining its 
specific gravity. 

The densimeter’s three-step process is as follows. 
First, the precious metal object is weighed on the lid of 
the instrument; the weight, which is shown on the 
display, is then manually entered into the memory. Next, 
the object is weighed in the instrument’s hydrostatic 
weighing tank; this second weight is not displayed but, 
rather, every 1.5 seconds the densimeter calculates and 
displays the S.G. The final step is to consult tables 
provided which correlate S.G. to precious metal content. 

The instrument proved to be accurate for “assaying” 
24-, 18-, and 9- karat yellow and white golds, but it failed 
to identify either plated or rolled golds. Another limita- 
tion is that only an average of the readings is given. 
Because this instrument will not distinguish gemstones 
from metal, it can only be used on nonstone jewelry. It 
was also determined to be much more accurate for 
heavier objects than for lighter ones. While not designed 
for this purpose, the instrument was shown to be useful 
in rapidly and accurately determining the specific grav- 
ity of a number of loose gem materials, as long as they 
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weighed more than 10 ct (2 grams, the lowest operating 
limit stated by the manufacturer}. RCK 


Fluorescence from pearls of freshwater bivalves and its 
contribution to the distinction of mother oysters 
used in pearl culture. T. Miyoshi, Y. Matsuda, and 
S. Akamatsu, Japanese Journal of Applied Physics, 
Vol. 27, No. 1, 1988, pp. 151-152, 

Fluorescence spectra of white pearls from various 

mother oysters have been obtained with a pulsed nitro- 

gen laser operating at 337 nm. The fluorescence inten- 
sity of the Japanese freshwater pearls from Hyriopsis 
shlegeli (Ikecho) shows a peak at about 410 nm, while 
pearls of saltwater oysters (Pinctada fucata [Akoya 
oyster], Pinctada margaritifera {black lip oyster], Pinc- 
tada maxima [yellow lip oyster], and Pteria penguin 

{mabe]} have peaks at wavelengths longer than 430 nm. 

This difference makes it possible to distinguish among 

bivalve pearls of fresh- or saltwater origin. This result 

also applies for pink, orange, and gray, but not brown, 
freshwater pearls. Pearls of Pinctada penguin and Pinc- 
tada margaritifera can be distinguished by a peculiar 
fluorescence peak at 620 nm under 400 nm excitation 
wavelength. EF 


The identification of a natural ruby by electron spin 
resonance (ESR). D. R. Hutton and G. J. Troup, 
Australian Gemmologist, Vol. 16, No. 11, 1988, 
pp. 399-400. 


This brief report covers the identification of a ruby, 
purportedly purchased in China, using ESR spectrome- 
try. The procedure used was to run the ESR spectrum of a 
natural Burma ruby and that of a “synthetic (boule) 
specimen,” and then run the spectrum of the stone being 
investigated. Based on the similarity of the unknown’s 
spectrum to that of the Burmese stone, the authors 
conclude that the unknown is of natural origin. They 
also state in their conclusion “that ESR spectrometry is 
far more accurate than microscope optical investiga- 
tion” and question how many natural rubies have been 
misidentified as synthetic using optical microscopy. 
While the authors’ identification of this particular 
specimen may be correct, it is unfortunate that they 
chose to use only one natural stone and one melt 
synthetic. At the very least, one or more flux-grown 
synthetics should have been examined, as it is known 
that some of these contain iron, an element that ap- 
peared in the ESR spectra of the Burmese stone and the 
unknown but not in the spectrum of the melt syn- 
thetic. RCK 


JEWELRY ARTS 


Authenticating Tiffany jewelry. J. Zapata, Jewelers’ 
Circular-Keystone, Vol. 159, No. 8, August 1988, 
pp. 227-230. 


Although useful for determining the provenance of a 
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piece, trademarks can nevertheless be confusing. Here, 
Tiffany’s archivist demystifies the several trademarks 
that appear on jewelry and jeweled objects made by 
Tiffany & Co., past and present. The author explains 
why, in some cases, a small plaque with the Tiffany 
stamp on it is attached to the piece rather than the piece 
itself being stamped. In addition, she also clarifies what 
additional marks, such as a beaver or a globe, signify. 
Well written and illustrated, the article also pro- 
vides bibliographic sources for further reference. It 
would be wonderful to have this type of focused coverage 
for other jewelers and their trademarks as well. EBM 


The elegant Edwardians. J. Jonas, Jewelers’ Circular- 
Keystone, Vol. 159, No. 8, August 1988, pp. 
220-225. 

Jewelry from the brief (1890-1914) but opulent Edwar- 

dian age is described in this short but informative 

article. The period was named for British King Edward 

Vil (who reigned from 1903 to 1910}. His extravagant and 

sophisticated lifestyle was copied by other royalty and 

the leisure classes of the time. The refined elegance of 

Edwardian life was best exemplified by its jewelry: Lacy 

delicate mountings of platinum were set with a profu- 

sion of diamonds and pearls, often accented with colored 
gems or pastel-colored enamels. 

In this, article, which appears in the quarterly 
“Heritage” section of /C-K, Ms. Jonas skillfully weaves 
design, materials, workmanship, and history into a 
glittering tapestry that introduces us to this exceptional 
period. This era established platinum for use in jewelry, 
the briolette and marquise cuts for gems, the “dog-collar” 
necklace, and the “sautoir.” Seven photographs augment 
the well-presented text. EBM 


Enameling: Ancient art, enduring beauty. T. Paradise, 
Jewelers’ Circular-Keystone, Vol. 160, No. 2, Feb- 
ruary 1989, pp. 326-332. 


This is a concise historical review of the art of enamel- 
ing. In the first half of the article, the author briefly 
chronicles the development of enameling from its dis- 
covery around 1500 B.C. through the end of the 19th 
century, touching lightly on the cultures that added 
most to the technical evolution of the art. The second 
half of the article covers general techniques and mate- 
rials used by enamelists. Particularly useful is a glossary 
that provides definitions, pronunciations, and some 
schematic diagrams for 30 enameling terms. Jewelers 
who deal with antique and period jewelry and jewelry 
history students will find this helpful as a quick refer- 
ence tool. 

This article is one of five in this edition of “Heri- 
tage,” a welcome new section that will appear every 
three months. Other titles in this issue include ‘All that 
glitters . . .” by E. Weber—a description of several 
unusual materials found in antique jewelry; “Georgian 
style: exquisite & opulent” by J. Rosenberg—an over- 
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view of jewelry styles worn primarily during the 18th 
century; ‘Antique jewelry, 2500 BC to 2000 AD” by F 
Sandmel and J. Sataloff—a broad sketch of the various 
influences that shaped the development of jewelry 
through history; and “Confessions of a collector” by L. 
Williams—basic guidelines for starting a collection of 
antique and period jewelry. EBM 


SYNTHETICS AND SIMULANTS 


Alexandrite: Natural or synthetic? H. Bank, E. Gubelin, 
U. Henn, and J. Malley, Journal of Gemmology, Vol. 
21, No. 4, 1988, pp. 215-217. 
The authors describe the identification of a natural 
alexandrite on the basis of potassium-rich aluminosili- 
cate inclusions, probably potassium feldspar. They con- 
clude that solid metal inclusions that had deceptively 
suggested synthetic origin of the gem were remnants of 
cutting and polishing discs. Photomicrographs and an 
energy-dispersive chemical spectrum of the identifying 
inclusion accompany this note. CMS 


ESR and optical spectra of Mn?+ sapphire. R. Liebach, J. 
Dobbie, D. R. Hutton, and G. J. Troup, Journal of 
Gemmology, Vol. 21, No. 4, 1988, pp. 227-231. 

This relatively technical article includes a description of 

the manufacture of Mn2+-containing (pink) synthetic 

sapphire and its characterization by optical and electron 
spin resonance (ESR) spectroscopy. The optical spec- 
trum illustrated is clearly distinct from that of (Cr3+- 
bearing] synthetic ruby. Comparison of the ESR spectra 
of the Mn2+ synthetic sapphire to those of Fe?+- and 
Cr3+ -bearing blue and yellow sapphires likewise reveals 
markedly different features, although the authors sug- 
gest that weak Mn2+ lines may be discernable in the 
spectrum of the natural yellow sample illustrated. They 
conclude with a comment that Mn?2+ -containing syn- 
thetic sapphire is unlikely to be produced commer- 
cially. CMS 


The gemmological characteristics of Inamori synthetic 
cat’s-eye alexandrite chrysoberyl. J. 1. Koivula, E. 
Fritsch, and C. Fryer, Journal of Gemmology, Vol. 
21, No. 4, 1988, pp. 232-236. 


The properties of 12 Inamori synthetic cat’s-eye alex- 
andrites are reported, including basie gemological prop- 
erties; spectra in the ultraviolet, visible, and infrared; 
and X-ray diffraction. The gemological properties are 
essentially the same as those reported by R. E. Kane in 
the Fall 1987 issue of Gems & Gemology. Spec- 
trophotometry in the near-ultraviolet revealed the lack 
of the Fe3+ feature commonly found in natural alex- 
andrites. In addition, infrared spectra indicated a lack of 
water in the synthetics. X-ray diffraction produced a 
typical chrysobery] pattern. The authors conclude that 
only microscopy and/or U.V. spectra can conclusively 
identify this new synthetic material. Five color photo- 
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graphs and a U.V-visible spectral graph illustrate the 
features discussed. CMS 


The Pool Emerald,,,. G. Brown and J. Snow, Australian 
Gemmologist, Vol. 16, No. 12, 1988, pp. 443-449, 


The Emerald Pool Mining Company (Pty.} Ltd. of Austra- 
lia markets the “Pool Emerald” worldwide. According to 
some of the promotional literature, this material is 
either “natural gem quality stones, or the treated Pool 
Emerald,,, which are designated by a suffix to disclose 
their treated nature.” The material is marketed in three 
grades based on the relative absence of inclusions. The 
source of the rough emerald from which the “Pool 
Emerald” is reportedly produced is said to be the 
Emerald Pool Mine, formerly known as the Emerald 
Gem Mine, located 16 km southwest of the Poona 
Emerald Field in Western Australia. 

In this well-illustrated report, the authors describe 
the gemological properties of the “Pool Emerald”: 
diaphaneity — transparent in top two qualities, transpar- 
ent to translucent in the commercial quality; luster— 
vitreous; color— moderate to strong green, with a slight 
bluish secondary hue; §.G.—2.75 + 0.05; RI.~w = 
1.574, « = 1.569; birefringence —0.005; pleochroism — 
w = bluish green, « = yellowish green; Chelsea filter 
reaction — red; long-wave and short-wave fluorescence — 
inert, but some specimens glowed a faint red in intense 
transmitted white light; absorption spectrum — features 
attributable to both chromium and vanadium. 

Magnification revealed a number of characteristics, 
some of which, along with the refractive indices, the 
authors conclude are diagnostic. These include planes of 
reflective gold particles, some small grayish white 
“breadcrumb” inclusions, tapering growth tubes termi- 
nated by low-relief phenakite crystals, intersecting or 
angular growth features, and (rarely) segments of a seed 
plate. 

The authors conclude that the “Pool Emerald” is a 
hydrothermally grown synthetic with properties vir- 
tually identical to those of the Biron product. They 
suggest that impurity-free crushed material from the 
Emerald Pool Mine is used as the feed source—with 
vanadium doping—to produce synthetic emeralds in 
gold-lined pressure vessels. RCK 


A Verneuil sapphire with induced fractures. G. Brown 
and S. M. B. Kelly, Australian Gemmologist, Vol. 
16, No. 11, 1988, pp. 419-421. 


Beginning with a review of separate reports by John 
Koivula and Bob Kane on Verneuil synthetics with 
induced fingerprint inclusions, the authors go on to 
describe their investigation of a faceted synthetic sap- 
phire with induced, natural-appearing filled fractures. 
The listed gemological properties of the specimen are 
consistent with those in the literature for flame-fusion 
products. Magnification revealed curved color banding; 
induced internal fractures “healed” by a whitish “soap 
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scum” solid material; and iridescent, surface-breaking, 
air-filled fractures. 

On the basis of the diffused nature of the color 
banding, the resemblance of the fracture-filling material 
to that of the acetanilide “healing” described by Koivula, 
and the absence of solid fillings in surface-breaking 
fractures, the authors identify the specimen as a Verneuil 
synthetic sapphire with induced, partly healed fractures. 


‘Furthermore, they believe the fracturing/filling resulted 


from a heat-treatment process aimed at color improve- 
ment and/or the diffusion of the color banding. RCK 


TREATMENTS 


Some aspects of the heat treatment of ruby. S. J. A. Currie, 
Australian Gemmologist, Vol. 16, No. 11, 1988, 
pp. 417-419. 


In a small town outside Chanthaburi, Thailand, the 
author observed the preparatory steps taken for heat 
treatment of ruby. Of particular significance in this 
account is his description of the colorless, nonviscous 
liquid that was added to the crucible and his hypothesis 
as to its composition. 

One of the gemstone treaters demonstrated the 
properties of this liquid by placing a cupro-nickel coin in 
it. After about 30 seconds, a brown gas could be seen and 
the liquid began turning green-blue. The reaction accel- 
erated for about two minutes, during which time signifi- 
cant quantities of nitrogen peroxide were produced. 
When the coin was removed and washed, it was seen to 
be very bright. 

The person giving the demonstration stated that 
there were only three ingredients to the solution, which 
had a slightly sour smell, produced no noticeable irrita- 
tion around or under a fingernail when a finger was 
dipped into it, and left only a slight brown stain on the 
skin. Currie hypothesizes that the major constituent of 
the solution was nitric acid, the second ingredient was 
water, and the third was a chloride to activate the nitric 
acid, possibly sodium chloride, common salt. He further 
suggests that the nitric acid provides oxidizing condi- 
tions for converting ferrous iron to ferric iron, while the 
chloride assists in volatizing this base metal at high 
temperatures. As of this writing, he has been unable to 
test his theory on untreated ruby rough. RCK 


Treatments used on spodumene: Kunzite and hiddenite. 
K. Nassau, Colored Stone, Vol. 1, No. 7, 1988, pp. 
16-17. 

This short article about spodumene treatment deals 

with the influence of irradiation and heat on this gem, 

and reviews some of its basic properties and characteris- 
tics. Irradiation of kunzite produces a deep green spodu- 
mene, because of the change of Mn3+ to Mn4+; this 
color fades rapidly. In stones from Madagascar, the 
change can be accompanied by the formation of a brown 
color center, which also fades rapidly. Some intense 
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orange to yellow spodumene has been produced by 
irradiation in a nuclear reactor, but has been found to be 
radioactive. Heating of spodumene does not create any 
color but generally helps to bleach the various color 
centers. Color can be restored in light- or heat-bleached 
kunzite by first irradiating the stone and then gently 
fading the brown or green color. EF 


Violet emeralds? H-W. Schrader, journal of Gemmology, 
Vol. 21, ‘No. 4, 1988, pp. 237-251, 


Various researchers have observed that neutron (and, in 
one instance, X-ray} irradiation of both natural and 
synthetic emeralds brings about a color change of a 
somewhat unstable nature. Dr. Schrader describes the 
resulting colors as “smoky” to “violet,” with optical 
absorption features superimposed on the original chro- 
mium bands. Those specimens that turn violet generally 
fade in daylight to the lighter smoky color in about five 
months. He suggests that a color-center mechanism 
similar to those known for smoky quartz or amethyst 
may be the cause of the effect in emerald, The 40 
quantitative chemical analyses provided for one repre- 
sentative sample of each type emerald studied demon- 
strate the replacement of silicon by aluminum and iron, 
which Dr. Schrader suggests would “form color centers 
when subjected to intense radiation.” Graphs of the 
chemical data are provided for all the specimens an- 
alyzed (16 ‘natural, eight flux, and six hydrothermal 
emeralds) by electron microprobe. CMS 


MISCELLANEOUS 


The birthstone story. D. Federman, Modern Jeweler, Vol. 
88, No. 1, January 1988, pp. 55-60. 


In this article, David Federman traces the roots of the 
birthstone tradition. As early as 3000 B.C., in ancient 
India and Babylonia, Vedic astrologers were consulted for 
advice on which gemstones would best influence one’s 
ruling planets (the exact position of the planets at one’s 
birth). The concept of birthstones spread to Western 
civilization by means of the confusingly documented 
breastplate of Aaron, which was decorated with 12 
gemstones that were eventually correlated to the 12 
signs of the zodiac. The modern birthstone list used by 
jewelers today was developed in 1912. The author notes 
that this list was “the source of much controversy” at 
that time, when even gem expert George E Kunz 
outlined the dangers of tampering with such an ancient 
tradition. 
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Two inserts accompany the article. One discusses 
the histary of the breastplate of Aaron and the correla- 
tion of its gemstones to the zodiac. The other describes 
how one jeweler has incorporated ancient Vedic astrol- 
ogy into his designs by charting the client’s horoscope 
and prescribing gemstones to wear based on that chart. 

A chart included with the article outlines the 
changes in birthstones from ancient Hebrew times 
through the 20th century. This could be a useful sales 
tool for the retail jeweler. 

lt would be an added benefit if articles of this nature 
included a reference list or a list of further reading for 
those whose interest has been aroused. 

JLC 


Brilliance, windows and extinction in gemstones. R. W. 
Hughes, Gemological Digest, Vol. 2, No. 1 and 2, 
1988, pp. 10-15. 


Hughes discusses the optical characteristics controlled 
by the pavilion angles of faceted gemstones. Emphasiz- 
ing the importance of cutting in the evaluation of 
colored gemstones, Hughes pays particular attention to 
“extinction” or “black-out.” Windowing and brilliance 
are also discussed. 

Hughes points out that inclusions and fluorescence 
tend to scatter light within gemstones, thereby reducing 
the amount of extinction. He fails to mention, however, 
that these features interfere with the transmission of 
light and reduce a stone’s brilliance as well. 

The article presents some useful information 
which, along with diagrams, will help readers under- 
stand the pavilion optics of cut stones. It is unfortunate, 
though, that the author never mentions the effects that a 
gem’s crown features (crown angle and table percentage} 
can have on its optics; a stone’s brilliance, extinction, 
and even windowing can be significantly affected by 
these other factors. BCC 


Museum Idar-Oberstein. S. Frazier and A. Frazier, Lapi- 
dary Journal, Vol. 42, No. 9, December 1988, pp. 
41-57. 


Although this article focuses mainly on the modern 
Edelsteinmuseum (gemstone museum} in Idar- 
Oberstein, it also includes interesting information on 
the surrounding area, historical deposits, and local 
dealers. The extensively referenced text is accompanied 
by six illustrations {two in color], including a 15th- 
century woodcut of a water-driven cutting mill. 
WRV 
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GEMS & GEMOLOGY is an inter- 
national publication of original con- 
tributions (not previously published 
in English) concerning the study of 
gemstones and research in gemology 
and related fields. Topics covered 
include (but are not limited to} col- 
ored stones, diamonds, gem instru- 
ments, gem localities, gem substi- 
tutes (synthetics), gemstones for the 
collector, jewelry arts, and retail 
management. Manuscripts may be 
submitted as: 

Original Contributions—full-length 
articles describing previously un- 
published studies and laboratory or 
field research. Such articles should 
be no longer than 6,000 words (24 
double-spaced, typewritten pages} 
plus tables and illustrations. 
Gemology in Review—comprehen- 
sive reviews of topics in the field. A 
maximum of 8,000 words [32 dou- 
ble-spaced, typewritten pages} is 
recommended. 

Notes & New Techniques—brief 
preliminary communications of re- 
cent discoveries or developments in 
gemology and related fields (e.g., new 
instruments and instrumentation 
techniques, gem minerals for the 
collector, and lapidary techniques or 
new uses for old techniques}. Arti- 
cles for this section should be about 
1,000—3,000 words (4-12 double- 
spaced, typewritten pages}. 


MANUSCRIPT PREPARATION 
All material, including tables, leg- 
ends, and references, should be typed 
double spaced on 814 x 11" (21 x 28 
cm) sheets. The various components 
of the manuscript should be pre- 
pared and arranged as follows: 

Title page. Page | should provide: 
(aj the article title; (bj the full name 
of each author with his or her affil- 
iation (the institution, city, and state 
or country where he/she works]; and 
(c}) acknowledgments. 


Abstract. The abstract (approxi- 
mately 150 words for a feature arti- 
cle, 75 words for a note] should state 
the purpose of the article, what was 
done, and the main conclusions. 
Text. Papers should follow a clear 
outline with appropriate heads. For 
example, for a research paper, the 
headings might be: Introduction, 
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Suggestions for 


Previous Studies, Methods, Results, 

Discussion, Conclusion. Other heads 

and subheads should be used as the 

subject warrants. For general style, 
see A Manual of Style (The Univer- 
sity of Chicago Press, Chicago]. 

References. References should be 

used for any information that is 

taken directly from another publi- 
cation, to document ideas and facts 
attributed to—or facts discovered 
by—another writer, and to refer the 
reader to other sources for addi- 
tional information on a particular 
subject. Please cite references in the 
text by the last name of the author(s} 
and the year of publication—plus 
the specific page referred to, if ap- 

propriate—in parentheses (e.g., Lid- 

dicoat and Copeland, 1967, p. 10). 

The references listed at the end of 

the paper should be typed double 

spaced in alphabetical order by the 
last name of the senior author. Please 
list only those references actually 
cited in the text (or in the tables or 
figures). 

include the following information, 

in the order given here, for each ref- 

erence: (a} all author names (sur- 
names followed by initials}; (b} the 
year of publication, in parentheses; 

{c} for a journa/, the full title of the 

article or, for a book, the full title of 

the book cited; and (d) for a journal, 
the full title of the journal plus vol- 
ume number and inclusive page 

numbers of the article cited or, for 

a book, the publisher of the book 

and the city of publication. Sample 

references are as follows: 

Daragh P.J., Sanders J.V. (1976] 
Opals. Scientific American, Vol. 
234, pp. 84~95. 

Liddicoat R.T. Jr., Copeland L.L. 
(1967) The Jewelers’ Manual, 2nd 
ed. Gemological Institute of 
America, Santa Monica, CA. 

Tables. Tables can be very useful in 

presenting a large amount of detail 

in a relatively small space, and 


Authors 


should be considered whenever the 
bulk of information to be conveyed 
in a section threatens to overwhelm 
the text. 

Figures. Please have line figures 
(graphs, charts, etc.) professionally 
drawn and photographed. High-con- 
trast, glossy, black-and-white prints 
are preferred. 

Submit black-and-white photo- 
graphs and photomicrographs in the 
final desired size if possible, 

Color photographs—35 mm slides 
or 4 X 5 transparencies—are 
encouraged. 

All figure legends should be typed 
double spaced on a separate page. 
Where a magnification is appropri- 
ate and is not inserted on the photo, 
please include it in the legend. 


MANUSCRIPT SUBMISSION 


Please send three copies of each 
manuscript (and three sets of figures 
and labels} as well as material for all 
sections to the Editorial Office: 
Gems & Gemology, 1660 Stewart 
Street, Santa Monica, CA 90404. 
In view of U.S. copyright law, a 
copyright release will be required on 
all articles published in Gems & 
Gemology. 

No payment is made for articles 
published in Gems & Gemology. 
However, for each article the au- 
thors will receive 50 free copies of 
the issue in which their paper 
appeared, 


REVIEW PROCESS 


Manuscripts are examined by the 
Editor, one of the Associate Editors, 
and at least two reviewers. The au- 
thors will remain anonymous to the 
reviewers. Decisions of the Editor 
are final. All material accepted for 
publication is subject to copyedit- 
ing; authors will receive galley proofs 
for review and are held fully respon- 
sible for the content of their articles. 
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Editorial 


New Challenges 
for the Diamond Industry 


W: think every issue of Gems & Gemology is special. But this one is particularly 
significant. Notwithstanding previous articles in the journal on diamond syn- 
thesis, this issue addresses some of the most critical scientific challenges facing the 
diamond industry today. 


One of the immediate concerns to all who deal with diamonds is the enhancement 
procedure first introduced by Zvi Yehuda in Israel and now available in New York. Like 
the oiling of emeralds, the filling of diamonds results in an apparent improvement in 
clarity. Also like the oil in emeralds, however, this filling material cannot withstand all 
jewelry manufacturing and repair techniques. 


The lead article in this issue, the result of months of research, provides a comprehensive 
review of filled diamonds, including before and after photographs and grading informa- 
tion, techniques for detecting the treatment, analysis of the filling material, anda report 
on the reaction of the filling to routine jewelry cleaning and repair procedures. It is must 
reading for everyone in the diamond community and the retail jewelry trade. 


Today, the practical applications for synthetic diamond thin films lie primarily in 
electronics and other industries. Yet the technological advances in this field have been 
so rapid in recent years that the potential implications for gemology—synthetic 
diamond thin films over softer materials to protect them, over diamond simulants to 
disguise them from the thermal probe— cannot be ignored. The article by Fritsch et al. 
in this issue addresses this new technology as it applies to the gemologist. 


Still one of the greatest challenges to the practice and science of gemology is the 
identification of colored diamonds that have been treated by irradiation. The examina- 
tion of hundreds of colored diamonds has produced another indicator that a stone has 
been irradiated by man: the presence of unusual color-zoned pavilions in some yellow 
and blue-to-green diamonds. 


Gemology continues to be caught up in the rapid advancements in technology that are 
propelling us into the 21st century. The science of gemology must secure the knowledge 
necessary to insure stability in the marketplace. Support of scientific work is vital to 
meet these challenges. 


Richard T. Liddicoat 
Editor-in-Chief 
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THE CHARACTERISTICS 
AND IDENTIFICATION OF 
FILLED DIAMONDS 


By John I. Koivula, Robert C. Kammerling, Emmanuel Fritsch, 
C. W. Fryer, David Hargett, and Robert E. Kane 


The filling of surface-reaching cleavages, 
fractures, and other separations in dia- 
monds has generated a great deal of con- 
cern during the last two years. This arti- 
cle reports on the study of six diamonds 
both before and after a filling treatment 
and the examination of 12 additional 
filled stones. Microscopy provides the best 
means of identifying that a stone has 
been filled. Chemical and other analyses 
indicate that the filling material is a type 
of glass. The filling will not withstand 
all standard jewelry manufacturing and 
repair procedures. 
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68 Filled Diamonds 


ew would argue that the sale of loose diamonds and 

diamond-set jewelry is vital to most jewelers. The 
introduction of a new diamond enhancement process, 
then, is likely to generate concern at all levels of the 
diamond trade, from the small retail store to the board- 
rooms of the International Diamond Manufacturers Asso- 
ciation and the World Federation of Diamond Bourses. The 
filling of surface-reaching cleavages and fractures has had 
just such an effect throughout the industry. 

Developed by Mr. Zvi Yehuda, of Ramat Gan, Israel, 
this enhancement can alter the apparent clarity of many 
faceted diamonds. By decreasing the visibility of cleavages, 
fractures, and other separations that reach the surface of a 
stone, this treatment not only can potentially change the 
perceived clarity from SI to VS, but it can also give 
diamonds in the low-clarity “imperfect” range a much 
more desirable —and, therefore, salable — appearance over- 
all (figure 1). 

Since September 1987, there has been ongoing discus- 
sion in the trade press concerning such filled diamonds. 
According to a recent announcement (Everhart, 1989], this 
topic drew “major attention at the recent (24th) World 
Diamond Congress in Singapore.” In addition, members of 
the International Diamond Manufacturers Association 
and of the World Federation of Diamond Bourses have just 
passed resolutions declaring that “knowingly selling dia- 
monds treated by this method without disclosing that fact 
is a fraud and conduct not becoming to a member” 
(Everhart, 1989; Maillard, 1989b)]. 

This form of diamond enhancement was first encoun- 
tered by GIA in January 1987, when a colleague submitted 
a few of these treated diamonds for examination. On 
August 14, 1987, GIA issued a press release to alert the 
trade to the existence of this filling procedure; just one day 
earlier, Mr. Nubuo Horiuchi, of the Central Gem Labora- 
tory in Japan, had issued International Colored Stone 
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Figure 1. The filling of fractures, cleavages, and other separations in a diamond can have a significant 
effect on the apparent clarity of the stone. Before enhancement (left), this 0.25-ct diamond, with its 
eye-visible inclusion under the table, was clarity graded as an I,. After the stone was treated by the 
Yehuda filling method at Dialase Inc., the apparent clarity (right) had risen to a grade of SI». 


Association Lab Alert No. 7 on this treatment. 
Both reports described the effectiveness of the 
treatment in enhancing apparent clarity, with the 
GIA statement indicating that stones that would 
have originally graded I, and 1, might be improved 
to the equivalent of an I,. Both notices also stated 
that the stones examined thus far were reportedly 
treated in Israel; Mr. Horiuchi suggested that the 
filling material might be silicone oil. 

In September 1987, GIA’s Research Depart- 
ment acquired a 1.22-ct round brilliant-cut dia- 
mond that had been treated, reportedly by the 
filling process, and subsequently boiled in sulfuric 
acid in a diamond boiling kit. This cleaning 
procedure had partially removed the filler to a 
uniform depth from the system of intersecting 
cleavages reaching the table and crown facets of 
the stone, which resulted in an obvious white 
cruciform pattern just below the surface (figure 2). 
A close examination of this diamond provided 
some visual clues to the microscope-aided identi- 
fication of filled diamonds (Koivula, 1987}. More 
recently, with the opening of a diamond-filling 
operation in New York City (Maillard, 1989a], a 
number of articles have appeared in the trade press 
regarding these and other clues to identifying 
diamonds enhanced in this manner (see, e.g., 
Koivula et al., 1989; Shor, 1989), 

To more accurately evaluate the effectiveness 
of this filling procedure, and to thoroughly charac- 
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terize these fracture and cleavage fillings for iden- 
tification purposes, we documented six diamonds 
both before and after filling and an additional 12 
diamonds that were known to be filled. Tests not 
only included microscopic examination of these 
stones, but also analysis of the filling material and 


Figure 2. A white cruciform pattern appeared in 
this diamond after an acid bath removed part 
of the filling compound that lay near the sur- 
face of the stone. A close examination of this 
1.22-ct diamond provided the first visual clues 
to the microscope-aided identification of filled 
diamonds. Magnified 10x. 
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TABLE 1. Color and clarity of six round brilliant-cut diamonds before and after filling 


by the Yehuda method. 


Measurements Weight ay Ae 
No. (mm) (ct) Color Clarity Color Clarity 
1 6,.21-6.28 x 3.72 0.92 L Below I, M ly 
2 3.76-3.81 « 2.43 0.22 K l, K l, 
3 6,.21-6.28 x 3.74 0.90 K la L ls 
4 5,24-5.31 x 3.09 0.51 I SI, { VS. 
5 4,22-4,28 x 2.34 0.25 E L, F SI, 
6 4.06-4.18 x 2.39 0.25 | ly J I 


#Ail stones were graded independently at the GIA Gem Trade Laboratory for research purposes only. The 
laboratory does not offer grading reports on filled diamonds. 


evaluation of the durability of the treatment when 
a filled stone is exposed to routine cleaning and 
jewelry manufacturing and repair procedures. 


EFFECTIVENESS OF THE 
FILLING PROCEDURE 


The stated purpose of this treatment is to improve 
the clarity of a diamond. In reality, this treatment 
has its roots in the oiling of emeralds, a practice 
that dates back to the ancient Roman Empire 
(Nassau, 1984). According to Ringsrud (1983), “The 
principle of oiling is simply that while air-filled 
fractures in gemstones are highly visible, a frac- 
ture filled with a transparent oil or some other 
suitable material will be much less apparent.” The 
prihciple of the diamond-filling procedure is the 
same: replace the air that normally fills such 
breaks with a transparent substance that has an 
index of refraction close to that of diamond. The 


result is a much less visible separation that im- 
proves the overall appearance of a diamond to the 
unaided eye and, according to the trade press, 
greatly enhances the apparent value of the stone 
(Everhart, 1987; “U.S. Diamond Dealers... ,” 1987; 
Weil, 1988; “Filler Must Be Disclosed,” 1988). The 
GIA Gem Trade Laboratory in New York has even 
examined samples of laser-drilled diamonds that 
have been treated in an attempt to fill fractures 
reached by the laser. 

According to the Rapaport Diamond Report 
{September 4, 1987}, the filling compound devel- 
oped by Yehuda is introduced into the diamonds at 
relatively high pressures {in the range of 50 atmos- 
pheres) and a temperature of 400°C. This pro- 
cedure has not, however, been confirmed; and it 
may actually involve the use of a vacuum rather 
than the more technically difficult high-pressure 
environment suggested. The precise composition 


Figure 3. A large cleavage system reduced the transparency of this 0.92-ct diamond (no. 1 in table 1) 
before treatment (left), After treatment fright), there was a dramatic reduction in the visibility of the 
cleavage, with a significant improvement in the apparent clarity. Magnified 15x. 
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Figure-4, The small cleavages shown here contributed to the SI, clarity grade in this 0.51-ct diamond 
(no. 4in table 1) before treatment (left). After treatment (right), the clarity was graded as VS». Mag- 
nified 15x. 


of the filling material has not been disclosed by Mr. 
Yehuda; in fact, he reportedly denies that a filler is 
used in his process (Everhart, 1989}. 

The six round brilliant-cut diamonds that 
served as the core of our test sample were selected 
from GIA’s collection based on the position and 
appearance of the breaks that reached the surface 
of each. Prior to undergoing the filling procedure, 
all six stones were thoroughly documented photo- 
graphically, weighed on an electronic balance, and 
independently graded for color and clarity by GIA 
Gem Trade Laboratory diamond graders (table 1). 
The six stones were then submitted by members of 
the trade for enhancement in New York at Dialase 
Inc., which purports to use the filling procedure 
developed by Mr. Yehuda in Israel (Maillard, 
1989b). 

After treatment, the stones were thoroughly 
re-examined and then photographed, weighed, and 
regraded for clarity and color. It is important to 
emphasize that this “before-and-after” color and 


clarity grading was performed by GIA Gem Trade 
Laboratory graders for research purposes only; it is 
not a GTL service offered on filled diamonds {as is 
discussed later in this article). 

The results of the examination after treatment 
are also reported in table 1. They indicate that the 
treatment appeared to be very effective in some 
stones (figure 1; stone 5 in table 1), while in others 
there was no significant change. In the cases that 
showed significant clarity improvement, the spe- 
cific changes were often dramatic. As evident in 
figure 3, the appearance of large cleavages was 
improved radically. Figure 4 illustrates an equally 
impressive degree of clarity enhancement of much 
smaller features once they have been filled. Even 
the general appearance of bearded girdles was 
improved by the filling procedure (figure 5). 

One of the diamonds selected for this experi- 
ment was chosen because it contained a large 
diamond crystal (knot} under the table from which 
a large cleavage extended into the crown (figure 1). 


Figure 5. Before treatment (left), the slight bearding along the girdle of this 0.25-ct diamond (no. 6 in 
table 1) is relatively easy to see. After treatment (right), the visibility of the bearding appears to be 
significantly reduced. Magnified 20x, 
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Figure 6. The white-appearing interface around the diamond crystal inclusion (knot) in the diamond 
shown in figure 1 (stone 5 in table 1) is readily visible before filling (left). After filling (right), the in- 
terface and knot-associated cleavage both seem to have virtually disappeared. Magnified 20x. 


The crystal was surrounded by a white interface 
that made the inclusion highly visible when the 
stone was viewed table-up (figure 6, left}. We had 
already established that the visibility of surface- 
reaching cleavages and fractures could be reduced 
by the filling treatment, but could the visibility of 
a knot be reduced by filling the interface between 
the host diamond and the knot? The answer to this 
question is dramatically provided in figure 6, right. 
Thus, it seems likely that virtually any separation 
reaching the surface of a diamond can be filled by 
this process. 

Another factor considered was weight. Could 
the filling compound also increase the weight of 
the original stone? The six stones treated for this 
report did not show any evidence of weight gain 
after the enhancement. This is undoubtedly be- 
cause the filler incorporated is essentially a thin 
film, so in even the most badly cleaved and 
fractured diamonds its weight is negligible. 

A somewhat surprising finding was a generally 
poorer color after treatment: Four of the six stones 
showed a drop of one full color grade (again, see 
table 1}. Even two of the stones that showed no 
significant clarity improvement graded lower in 
color after treatment. 

The enhancement appears, then, to be very 
effective in improving the apparent clarity of most 
diamonds with appropriate inclusions. There was 
no effect on the weight of the diamonds tested. 
However, the treatment may have a negative 
impact on the overall color of the stone. The next 
question was: How can the presence of a filling 
best be detected? We looked to microscopy for the 
answer. 

For the purposes of microscopic and other 
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testing, we also examined an additional 12 dia- 
monds known to have cleavages and fractures 
filled by this or a similar process. These stones 
ranged in weight from 0.22 ct to almost 2 ct, and 
represented a variety of cutting styles, including 
pear shapes, marquises, emerald cuts, and round 
brilliants. In apparent color—again, graded for 
research purposes only—they ranged from color- 
less (E, on the GIA color grading system) to fancy 
brownish yellow. During the course of this study, 
more than 50 diamonds found to be filled were 
received at the GIA Gem Trade Laboratory, Los 
Angeles, and examined by several of the authors. 
Information obtained from these stones has also 
been included as appropriate. 


VISUAL IDENTIFICATION: 
MICROSCOPIC EXAMINATION 
PROVIDES PROOF 


At first glance with the unaided eye, a filled 
diamond may appear slightly greasy or oily with a 
very slight yellowish overtone. The yellowish 
overtone is most apparent in stones with many 
treated areas, and may be due to the color of the 
filling compound. 

A person experienced with diamonds is likely 
to feel that something is “not quite right” when 
encountering one of these filled stones. This is 
particularly true if there are a large number of 
treated eye-visible breaks. To follow up on these 
“first suspicions,” we found that examination of 
the fractures and cleavages with a microscope is 
the single best means of quickly and positively 
recognizing this new form of diamond enhance- 
ment. Careful study of the 18 filled diamonds used 
for this report revealed a number of micro- 
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Figure 7. A.“flash effect” is one of the most important visual features of filled breaks in a diamond. 
In darkfield illumination (left), this effect is a very characteristic yellowish orange; it changes to a 
distinctive blue when the stone (here, no. 1 in table 1} is rotated slightly to a position where the 

background becomes bright (right). Magnified 20%. 


scopically resolvable features that indicate that a 
stone has been enhanced in this manner. Although 
no one feature has been seen in all of the stones 
examined to date, the presence of one or more of 
these features in a diamond can provide evidence 
that the stone has been filled. 


“Flash Effect.” One of the most obvious and most 
common characteristics of the filled fractures and 
cleavages is what we call a “flash effect.” Filled 
breaks in most of the treated diamonds examined 
to date, and in all six that we had treated by Dialase 
Inc., have revealed a very characteristic yellowish 
orange interference color in darkfield illumination 
that changes to an intense vivid “electric” blue 
when the stone is rotated very slightly to a position 
where the background turns bright through sec- 
ondary reflection (figure 7), As a treated diamond is 
tilted back and forth, these interference colors will 
change from orange to blue and back to orange 
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again in a flashing manner—hence, the “flash 
effect” designation. These “flash effect” colors are 
seen when the viewing angle is very steep, ap- 
proaching a direction parallel to the plane of the 
treated fracture or cleavage (i.c., edge-on with the 
separation]. 

Provided the proper illumination is used, the 
“flash effect” can be so obvious that it is easily seen 
even at low magnification (figure 8}; in some cases 
a standard 10x loupe is sufficient. In fact, stones 
with fractures or cleavages in the table-to-culet 
direction probably are not good candidates for 
filling, as the “flash effect” will be too readily 
visible through the table. The yellowish orange 
“flash effect” may be difficult to see in dark 
brownish yellow to orange diamonds, although, as 
is evident in figure 9, the vivid “electric” blue is 
still quite apparent. It must be noted, though, that 
in extremely small separations—a bearded girdle, 
for example —the “flash effect” may not be visible 
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Figure 8. Even at 10x 
magnification, “flash 
effects” may be seen in 
some filled diamonds. 


at all. Nor was it visible even in some larger breaks 
in some of the filled diamonds recently examined 
at the West Coast GIA Gem Trade Laboratory. 
Cleavages and fractures that reach the surface 
of an untreated diamond may be decorated with a 
rusty orange-colored stain of iron-containing natu- 
rally derived epigenetic compounds (figure 10} that 
could at first be mistaken for the yellowish orange 
“flash effect.” In addition, unfilled fractures in 
untreated diamonds sometimes behave as thin 
films and display bright iridescent colors when 
viewed in certain directions (figure 11). However, 
neither the rainbow-like arrangement of the colors 


Figure 9. Even though the orange “flash effect” 
is difficult to see in this 1.32-ct brownish yel- 
low diamond, the blue “flash” is clearly visible. 
Magnified 15x. 


74 Filled Diamonds 


nor the “feathery” appearance of the cleavage itself 
has been observed to date in an artificially filled 
fracture or cleavage. These iridescent colors in an 
unfilled separation are most likely to be seen at an 
angle nearly perpendicular to the plane of the 
break. Again, the best viewing angle for a “flash 
effect” is near-parallel {edge-on} to the break. 


Flow Structure. Another very distinctive and rela- 
tively common feature of this enhancement pro- 
cess is the flow structure of the filling material 
(figure 12). Apparently the compound is intro- 


Figure 10. Epigenetic iron stains, such as the 
one decorating this cleavage, should not be mis- 
taken for the yellowish orange “flash effect” ob- 
served in filled breaks. Diamond courtesy of 
Gregg Lyell. Magnified 40x. 
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duced into the exposed separations at a high 
temperature in a molten state (a relatively high 
vacuum is probably used as well, which would 
then be followed by increasing pressure as the 
vacuum is released). The compound flows by 
capillary action into any open areas in the dia- 
mond, obscuring the normal feathery appearance 
(again, see figure 11) that is associated with breaks 
in untreated gems. Under magnification, the re- 
sulting flow structures generated by this enhance- 
ment look as if a glassy substance has been melted 
into the separations, creating a texture not seen in 
untreated diamonds. 


Trapped Bubbles. Careful microscopic examina- 
tion revealed at least a few flattened gas bubbles 
trapped within the filling material in a number of 
stones. Most of the bubbles observed are quite 
small, and in some areas they are rather plentiful, 
forming a fingerprint-like inclusion (figure 13). 
Some, however, were comparatively large and 
conspicuous (figure 14]. Bubbles probably result 
from shrinkage of the filling material during 
cooling and/or from air trapped in the breaks by the 
liquified filling material. 


Crackled Texture. Although encountered in only 
three stones in our investigation, a crackled or 
web-like texture in a separation provides conclu- 
sive proof that it has been filled (figure 15}. Some- 
what akin to the mud cracks seen in dry lake beds, 
this feature was observed in only the thickest 
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Figure 11. The “feathery” 
appearance and rainbow- 
like interference colors 
shown here are typical of 
an untreated fracture in 
diamond. Similar texture 
and intense iridescence 
are not seen in filled 
cleavages or fractures. 
Magnified 35x. 


Figure 12, The melted appearance of the flow 
structure in a filled cleavage (here, in stone 1 
from table 1) is very different from the distinc- 
tive pattern of an untreated break shown in fig- 
ure 11. Magnified 35x. 


portions of the filled areas. Such a crackled texture 
may result from a combination of a partial crystal- 
lization of the filling material and uncontrollable 
or rapid shrinkage as it cools. 


Apparent Color of the Compound. The filling agent 
is rarely thick enough for its true color to be 
judged, but when it is, as shown in figure 15, it 
seems to be light brown to brownish yellow or 
orangy yellow. This may explain the lowering of 
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Figure 13. These numerous small trapped bub- 
bles form a fingerprint-like inclusion in the 
filled cleavage plane of this diamond (stone 3 
in table 1). Magnified 35x. 


the graded color in four of the six stones examined 
before and after treatment. One of the diamonds 
examined contained a thin void 0.5 mm long that 
was partially filled with the treatment compound, 
which appeared as a light brownish yellow irregu- 


Figure 15, Although not as common as other 
identifying features, a crackled texture is addi- 
tional evidence that a break has been filled. 
Note also the color of the filling revealed here. 
Magnified 30x. 
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Figure 14. Large trapped gas bubbles such as 
those shown here probably result from the in- 
complete filling of the fracture in this diamond. 
Magnified 35x. 


lar mass in direct association with a network of 
cleavages. We also observed a brownish compound 
in the laser drill hole of a diamond that was found 
to be filled (figure 16). 


Estimating the Refractive Index of the Filling. 
Where the filling agent is in direct contact with the 
diamond, and there is no interfacial separation, it 
is possible to do a crude form of the Becke line test 
to determine which of the two—diamond or 
filler —has the higher refractive index. The results 
of such observational testing revealed that dia- 
mond, with a refractive index of 2.417, is the 
higher of the two. However, the bright-line appear- 
ance, together with the extremely low relative 


Figure 16, The yellowish to brown color of the 
filling material is also evident in this filled la- 
ser drill hole. Photomicrograph by David Har- 
gett; magnified 60x. 
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relief between the diamond and the filler, suggests 
that the refractive index of the filler is very close to 
that of diamond. 


X-RADIOGRAPHY 

X-radiography can also help identify filled dia- 
monds. Working together in the New York GIA 
Gem Trade Laboratory, Bob Crowningshield and 
Tom Moses have had considerable success using 
X-radiography to separate diamond from many of 
its simulants, especially when dealing with melee- 
size stones (Tom Moses, pers. comm., 1989). There- 
fore, they decided to see if X-radiography could 
also be useful in determining the presence of filled 
cleavages and fractures in a diamond. Using a 
technique similar to that used for pearls, but witha 
lower voltage and current because of the high 
transparency of diamond, they took an X-radio- 
graph of three diamonds that were known to have 
been filled. On the processed film, the filled areas 
appeared much more opaque to X-rays than did the 
surrounding diamond (Koivula and Kammerling, 
1988; Koivulaetal., 1989). This same test has since 
been doné several times in the GIA Gem Trade 
Laboratoty. Although in most cases the lab has 
observed the same positive results, in some stones 
fillings that had been observed with microscopy 
did not show up as opaque on the developed X-ray 
film. In addition, certain mineral inclusions have 
also proved to be much more X-ray opaque than 
diamond. Thus, while this test may be particularly 
helpful for a preliminary assessment on large lots 
of diamonds, we recommend that it always be used 
in conjunction with microscopy. 

Inasmuch as Mr. Horiuchi’s August 1987 ICA 
Lab Alert had suggested that the filling material 
might be a silicone oil, Messrs. Crowningshield 
and Moses decided to coat an untreated diamond 
with silicone grease to see if this coating would be 
less transparent to X-rays than the underlying 
diamond. There was no difference in transparency 
between the coating and the stone, so silicone was 
ruled out as the filling agent in the Dialase process. 

On the X-ray film, the filled areas appear as 
distinct white, underexposed patches and zones on 
the diamonds, as illustrated in the stone shown in 
figure 17. On the basis of this appearance, it was 
evident that one or more atomically heavy, X-ray- 
opaque elements was present in the filling mate- 
rial. Further work was now necessary to determine 
its precise nature. For this purpose, a number of 
filled diamonds were studied using a variety of 


Filled Diamonds 


Figure 17. This X-radiograph of the 0.90-ct 
Yehuda-treated stone (no. 3 in table 1) shows 
the filled areas as opaque, unexposed white 
patches, X-radiograph by Karin Hurwit. 


techniques to identify the presence and the com- 
position of the filling material. 


ANALYSIS OF THE 
FILLING MATERIAL 


Impregnation with an organic substance in other 
gem materials can usually be detected using infra- 
red absorption spectroscopy in the mid-infrared 
range (400-4000 cm~!). Therefore, five known 
filled diamonds were run on a Nicolet 60SX Fourier 
Transform spectrometer (Fritsch and Stockton, 
1987} to determine whether the filling was organic 
or inorganic in nature. To visualize the material in 
the fractures and obtain a local semiquantitative 
chemical analysis, a Camscan scanning electron 
microscope (SEM} in the Division of Earth and 
Planetary Sciences at the California Institute of 
Technology was used (analysts: John Armstrong 
and Mary Johnson} on stone I of table 1. For a 
precise chemical analysis and measurement of the 
concentration of light elements (oxygen in particu- 
lar}, a Jeol Superprobe 733 in the same laboratory 
was used (analyst: John Armstrong} on the same 
stone, Additional semiquantitative chemical anal- 
ysis was performed on the six Dialase-treated 
stones and more than 25 additional filled diamonds 
with a Tracor X-ray Spectrace 5000 X-ray fluores- 
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cence spectrometer in GIA’s Research Depart- 
ment. 


Infrared Spectroscopy. None of the stones tested 
exhibited any noticeable additional absorption in 
the mid-infrared range, even when microscopic 
inspection had proved the presence of numerous 
filled breaks. This suggests that the filling material 
is not organic. 


Scanning Electron Microscopy. Using a scanning 
electron microscope with the appropriate detec- 
tors (Stockton and Manson, 1981), one can obtain 
both a visual representation of the surface shape of 
the filling and a map of the spatial distribution of 
chemical elements in the near-surface layer of the 
material. The higher the atomic number (the 
heavier the element) is, the brighter this area of the 
black-and-white image will appear. Figure 18 
clearly shows how at relatively low magnification 
(30 x } the filled fractures stand out because of their 
very high contrast {almost white versus the very 
dark gray of the remainder of the stone}. The fact 
that the tone of the material in the fractures is 
different from that of the bulk of the diamond 
confirms the presence of a foreign (noncarbon} 
material in the cracks. The very light tone of the 
filling also proves the presence of high-atomic- 
number elements. 

Higher magnification (180 x} reveals patches 
of various tones within the foreign material, al- 
though most of it appears white (figure 19]. This 
means that the filling is not homogeneous. 

Using the SEM’s energy dispersive spectrome- 
ter (EDS) attachment, the analyst performed semi- 
quantitative analysis on eight spots along the 
fracture illustrated in figure 19. All eight showed 
the presence of lead and chlorine as major constit- 
uents. Six also showed significant amounts of 
bismuth. Various other elements (e.g., sodium, 
potassium, calcium, aluminum, and silicon} were 
detected, but in negligible amounts. Similar re- 
sults were obtained on other filled areas analyzed. 

When both lead and bismuth were present in a 
filling, the lead-to-bismuth concentration ratio 
was generally around 2:1, although it dropped to 
1:1 in one spot. The chlorine concentration consis- 
tently seemed to approximate the sum of the lead 
and bismuth concentrations. 


Electron Microprobe. The presence of oxygen as a 
major constituent in the filling material was 
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ascertained with the electron microprobe. The 
exact values of oxygen concentration could not be 
obtained because our gem specimens did not 
conform to the precise technical conditions re- 
quired for this type of analysis. 


X-Ray Fluorescence. This technique provides the 
overall bulk composition of the material under 
study. Because the instrument does not detect 
carbon, the bulk composition of the diamond itself 
is ignored, and the XRF spectrum obtained repre- 
sents the composition of the inclusions, primarily 
the filling agent. This technique is very fast and 
does not require any preparation of the sample, so 
it also provides a rapid means of identifying filled 
diamonds. The diamonds were run in conditions 
appropriate for the detection of heavy elements. 
Only three of the samples examined by XRF 
contained lead and bismuth. The remaining stones 
had only lead, indicating a variable chemistry of 
the filling material from one stone to the next, 
similar to the inhomogeneities seen with the SEM 
in a single fracture from one spot to the next. 


X-Ray Diffraction. To determine whether the fill- 
ing agent has a definite structure, we decided to 
crush the 0.92-ct diamond (no. | in table 1} because 
it contained the greatest number of comparatively 
large filled areas. 

To minimize contamination, the diamond was 
first broken with a pair of steel pliers and then 
crushed between two thick slabs of chalcedony. 
The largest of these fragments with the greatest 
number of freshly exposed surfaces was selected 
for the X-ray study. An iron scraper instead of 
diamond (again, to minimize contamination} was 
used to scrape the freshly exposed surfaces. The 
minute amount of powder obtained in this manner 
was mounted on a spindle in a Debye-Scherrer 
camera and exposed to X-rays from a copper target 
tube powered at 46 kV and 26 mA for 18 hours. 

The X-ray pattern generated was very weak. 
The only two visible lines in the pattern could be 
identified as coming from the diamond (probably 
loosened cleavage fragments} and the iron scraper. 
No evidence of additional crystalline structure 
from the filling agent was present. This suggests 
that the filler is amorphous, and probably a glass. 

Subsequent to this examination, we received a 
filled stone that had three readily discernable 
droplets adhering to the surface. X-radiography 
indicated that these droplets had the same opacity 
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Figure 18. A scanning electron micrograph of 

filled breaks shows the very high contrast be- 

tween the separation and the diamond. This 
indicates the presence of a foreign (noncarbon) 
material containing elements of high atomic 

number. Electron micrograph by John Armstrong; 
magnified 30X. 

as the filling material in the fractures of this stone. 
A scraping was easily made of the material from 
one of these droplets which X-ray diffraction 
proved to be amorphous, thus confirming our 
earlier findings. 


Discussion. Chemical analysis showed that the 
filling material is a compound of lead, chlorine, 
and oxygen, with variable amounts of bismuth. 
(Boron is another possible component, but we do 
not have the means to detect its presence.) X-ray 
diffraction analysis proved that it is amorphous. 
Therefore, this particular filling material is un- 
doubtedly a lead-containing glass-like material. 
One can estimate what the optical and physi- 
cal properties of this material might be by looking 
at materials of similar composition. There is only 
one natural lead-bismuth oxychloride, the very 
rare mineral perite, of formula PbBiO,Cl. It is 
“sulfur” yellow in color (Gillberg, 1960), and its 
refractive index has been estimated to be over 2.4, 
very close to that of diamond (2.417). There are also 
various man-made “solder glasses” with high lead 
and bismuth contents that have low melting 
points and refractive indices in the 2-plus range. 
Because chlorides or oxychlorides of lead or bis- 
muth typically have a high index of refraction 
(BiOCI]: 2.15; PbCl,: 2.199, 2.217, 2.260; Weast, 
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Figure 19. Higher magnification shows three dif- 
ferent tones in the breaks illustrated in figure 
18. These different tones indicate that the fill- 
ing material is not homogeneous. Electron mi- 
crograph by John Armstrong; Magnified 180x. 


1980), their presence in the cleavages and fractures 
of a diamond would make these defects much less 
noticeable. In addition, such compounds are usu- 
ally infrared transparent, which is consistent with 
our results. 

Many materials belonging to this class also 
have low to moderate melting temperatures: 
Pb(ClO,) decomposes at 230°C, PbCl, melts at 
501°C, BiCl, and BiCl, melt at about 230°C, and 
BiOC] melts at “red heat” (Weast, 1980). This 
characteristic would be particularly attractive for 
a process that requires that the filling material be 
drawn into the breaks while it is in liquid form. 

Finally, some of the compounds mentioned 
above have an intrinsic yellow to red coloration. 
This could account for the slightly yellowish 
additional component (and consequent drop in 
apparent color grade) observed in some of the test 
stones after treatment. 


DURABILITY AND STABILITY 
OF THE FILLING 


One of the most important issues that surrounds 
any new enhancement is durability. Therefore, we 
conducted several tests using one of the six dia- 
monds we had filled (stone 3, table 1) to determine 
the durability and stability of this treatment under 
a wide range of conditions to which a diamond 
might be routinely subjected (see table 2). 

The first of these was ultrasonic cleaning, 
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TABLE 2. Durability and stability of the treatment in a 
diamond filled by the Yehuda method.@ 


Test Procedure Result 
Ultrasonic Stone placed in solution No effect on 
cleaning of commercial jewelry treatment 
cleaner in ultrasonic 
cleaner for 30 minutes 
Steam Used two steam No effect on 
cleaning Cleaners with pressure treatment 
between 40 and 70 PSI, 
stone placed one inch 
from nozzle for 10 
minutes 
Boiling in Stone boiled in solution No effect on 
detergent of water and dish- treatment 
solution washing liquid for 30 
minutes 
Boiling in N/A Filling damaged 
acid 
Repolishinge N/A Filling damaged 
Low temper Stone covered with 1/4 No effect on 
ature and inch of liquid nitrogen to treatment 
thermal cool to — 185°C 
shock 
Stress Stone set in fourprong No effect on 
head, with no prongs treatment 
touching a filled area 
Heat from Prongs retipped with Beads of filling 
jewelry stone in place; 14K gold agent sweated out 


repair beads and 18K gold 
solder, flow point of 
810°C, used with MECO 
midget torch with no. 40 
tip; diamond heated a 
total of nine times 


and appeared on 
surface of gap 


aAjf tests performed by the authors and other GIA staff members used 
one of the six stones submitted for treatment by the Yehuda method to 
Dialase Inc., New York, 

»Test not performed by present authors; see Everhart (1987), Rapaport 
(1987), Koivula (1987), and Weil (1988). 

Test not performed by oresent authors; see Maillard (1989a). 


using a solution of commercially available jewelry 
cleaner. The stone, in the solution, was placed in an 
ultrasonic cleaner for 30 minutes. Microscopic 
examination confirmed that the enhancement was 
completely unaffected by this cleaning procedure. 

Jewelers commonly steam clean diamond-set 
jewelry to remove gold-polishing compound and 
other debris that has been trapped in the mounting 
during manufacture or repair. To test the effect of 
steam cleaning on filled diamonds, GIA’s Mark 
Mann and Jim Lucey used two steam cleaners so 
that steam pressure could be maintained between 
40 and 70 pounds per square inch {PSI}. Because the 
filled areas in the test diamond (the same one used 
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for the ultrasonic cleaning test} were open to the 
surface on the table and crown, the stone was held 
in the steam jet in the table-up position approx- 
imately one inch from the steamer’s nozzle. As the 
pressure dropped in one steam cleaner to near 40 
PSI, the stone was placed under the nozzle of the 
other unit. Alternating between cleaners, the 
treated diamond was subjected to a jet of pres- 
surized steam almost continuously for approx- 
imately 10 minutes. Again, microscopic examina- 
tion showed that the treatment was completely 
unaffected. 

Because jewelers will sometimes clean dia- 
monds by boiling them in a solution of water and a 
detergent, we decided to boil the test diamond for 
30 minutes in a solution of 100 ml of distilled 
water containing 10 drops of commercially avail- 
able dishwashing liquid. Again, there was no effect 
on the treated areas. 

Occasionally, diamonds are boiled in sulfuric 
acid to remove dop, prong, and tweezer metal from 
the surfaces of rough girdles and to clean out laser- 
drilled inclusions. We did not perform this test, 
however, because several sources (Koivula, 1987; 
Everhart, 1987; Rapaport Diamond Report, 1987; 
Weil, 1988) had already reported that acid boiling 
attacks the treatment (again, see figure 2). Like- 
wise, we did not test the effect of the heat gener- 
ated during a repolishing procedure, which Mail- 
lard (1989a) has already reported will undo the 
treatment. 

To determine the effect of extreme cold on the 
test stone, we placed the diamond in a styrofoam 
cup and covered it with about one-quarter inch of 
liquid nitrogen; this almost instantaneously low- 
ered the temperature of the diamond to —185°C (a 
temperature likely to be reached if the stone was 
cryogenically cooled for spectrophotometric ex- 
amination}. This not only tested the effects of 
extreme cold but, in the rapid way the cooling was 
done, it also subjected both the diamond and the 
filling agent to extreme thermal shock. Again, 
though, there were no signs of damage. 

A diamond undoubtedly undergoes great 
stress during setting and, even more so, during the 
retipping of setting prongs. So, as a final step in 
durability testing, we turned the same test dia- 
mond over to Duane Pebworth and James Morton, 
of GIA’s Jewelry Manufacturing Arts Department, 
to determine how it would hold up under the 
pressure generated during setting and the heat 
required for normal prong retipping. 
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The filled diamond, the same one illustrated in 
figure 13, was first setina 14K white gold cast four- 
prong head. Care was taken not to place a prong 
directly on the filled area. There was no evidence of 
damage,to the stone or the filling from the pressure 
required for the setting procedure. After ultrasonic 
and steam cleaning, the prongs were retipped using 
14K white gold beads and 18K white gold solder 
with a flow point of approximately 1490°F (810°C). 
A MECO Midget torch with no. 40 tip was used 
with natural gas and oxygen. Following standard 
practice, the stone was fire coated first and then 
preheated slowly to bring it up to soldering tem- 
perature. During this step, the diamond began to 
turn a light yellow and, as retipping progressed, it 
became a dark, bright yellowish green. (This color 
change was totally unexpected. We do not know if 
it was caused by the presence of the filling mate- 
rial.) The diamond was heated a total of nine times: 
once for preheating, four times for tinning the 
solder, and four times for soldering the gold beads 
to create new tips on the prongs. As the stone was 
allowed to air cool, it reverted to its original color. 

Examination of the diamond after retipping 
immediately showed that the filling had been 
damaged (figure 20}; beads of the filling agent had 
sweated out of the separation and were visible as 
tiny droplets along the surface edge of the gap 
(figure 21). Their experience with this stone led 
Messrs. Pebworth and Morton to conclude that 
although most filled diamonds could probably 
withstand the pressure of setting (provided the 
work was done by an experienced artisan who was 
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Figure 20. Damage to the 
filling (the same one il- 
lustrated undamaged in 
figure 13), became evi- 
dent after the stone was 
exposed to the heat re- 
quired in normal prong 
retipping. Magnified 15x. 


Figure 21. Beads of the filling agent can be seen 
as tiny droplets along the surface edge of the 
gap shown in figure 20, They sweated out dur- 
ing the retipping procedure. Magnified 50x. 
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aware that the stone had been filled}, such treated 
stones should NEVER be subjected to the heat of a 
jeweler’s torch. 


GIA GEM TRADE LABORATORY 

POLICY ON GRADING 

FILLED DIAMONDS 

At the GIA Gem Trade Laboratory, diamonds 
determined to have cleavages and/or fractures that 
have been filled are considered in the same cate- 
gory as coated diamonds. Just as one cannot grade a 
coated diamond accurately without first removing 
the coating, one cannot grade a filled diamond 
accurately without first removing the filling mate- 
rial from the cleavages and fractures. In neither 
case can the true color of the stone be determined 
while the enhancement is present. Unlike the 
situation with most coated diamonds, however, 
there is no practical way to remove all of the filling 
material. 

Laser drilling is a permanent, stable (unless, of 
course, the drill hole has been filled), and irrevers- 
ible procedure that attempts to enhance the clarity 
of a diamond. The filling procedure, however, is not 
stable, especially when exposed to high tempera- 
tures, and cannot be considered a permanent 
change in clarity. More importantly for grading 
purposes, laser drilling alone does not affect the 
color of a diamond, while the filling procedure may 
produce a significant change (see table 1}. The long- 
range stability of this color change has not been 
determined. It is, therefore, the present policy of 
the GIA Gem Trade Laboratory not to issue gra- 
ding reports on any diamonds that contain any 
form of filling. The only GTL document given on 
such a stone is an identification report stating that 
the stone in question is a diamond and that it has 
been filled. 


CONCLUSION 

This relatively new process is designed to enhance 
the clarity of a diamond by filling breaks that reach 
the surface of the stone with a high R.I. material 
that, in effect, helps disguise these inclusions. It 
can improve the apparent clarity the equivalent of 
one full grade in many, though not all, appropriate 
stones. The presence of the filling material in a 
diamond is readily identifiable with a standard 
darkfield-equipped gemological microscope. The 
orange and blue “flash effects,” flow structures, 
and flattened, trapped gas bubbles evident in the 
filled areas of these diamonds are easily detected 
by the properly trained diamond dealer or gemolo- 
gist. In some cases, where the filled areas are 
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particularly large, a standard 10x loupe may be 
adequate. Although not all of these characteristics 
were evident in all of the diamonds studied, at least 
one was present in each. In addition, the opacity to 
X-rays of the filling agent in most of the stones 
examined offers another useful test, provided it is 
applied in conjunction with microscopy. 

The combined results of infrared spectroscopy, 
chemical analysis, scanning electron microscopy, 
and X-ray diffraction analysis show that in all 
probability the filling agent used is a lead-contain- 
ing glass-like material. 

This enhancement should in no way be con- 
fused with a repair process, although it has been 
referred to as such incorrectly, as evidenced by the 
title of an article in a recent trade publication: 
“Diamond Treatment that Removes Flaws Hits 
U.S. Market” (Everhart, 1989}. The most recent 
advertising used to promote this enhancement 
process also uses the word removed in reference to 
“white gletzes” in its clarity improvement claims. 
This suggests that surface-reaching cleavages and 
fractures present before treatment are “removed” 
from the stone by the procedure and are no longer 
present after treatment. In fact, like the oiled 
fractures in emeralds, the cleavages and fractures 
in diamonds subjected to this form of filling still 
exist; they are just more difficult to see, thereby 
improving the apparent clarity of the stone. 

There is nothing inherently wrong with this or 
any other enhancement process provided it is 
always disclosed at every level of sale. This filling 
process does improve the appearance of diamonds 
that, before treatment, were perhaps not market- 
able as jewelry-quality stones, although the GIA 
Gem Trade Laboratory has seen evidence of fillings 
in stones that might have graded in the VS range 
before treatment. In effect, this treatment also acts 
as a sealant, preventing dirt or other unsightly 
debris from entering laser drill holes and other 
open fissures in a stone. 

The process does, however, appear to have a 
negative impact on the overall color of the stone. In 
addition, it is not durable in all normal manufac- 
turing and repair situations. The filled breaks in 
these diamonds cannot take the heat required to 
repolish the stones or to retip the prongs on the 
mountings in which they are set. It therefore 
follows that filled diamonds that are sold without 
full disclosure may in time be discovered by the 
diamond cutter or bench jeweler who must work 
with them. 

There has been continuous speculation that 
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there is more than one vendor offering this type of 
filling service. One such rumor states that a 
similar procedure, using a molten, lead-based 
glass, is now being routinely done in India on low- 
quality goods. The slight variation in chemical 
composition noticed during scientific analysis 
supports the claim that there could be more than 
one filling material in the trade, or at least vari- 
ability in the material used by the Yehuda opera- 
tions. In addition, many of the filled diamonds seen 
recently in the GIA Gem Trade Laboratory show 
evidence of a filling procedure that is far less 
sophisticated [i.e., fractures are not completely 
filled, or have not been thoroughly cleaned before 
enhancement and thus show considerable dirt) 
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A PRELIMINARY GEMOLOGICAL STUDY OF 
SYNTHETIC DIAMOND THIN FILMS 


By Emmanuel Fritsch, Laurie Conner, and John I. Koivula 


To evaluate possible problems in separating gem ma- 
terials coated with a synthetic diamond thin film 
from their uncoated equivalents, we examined one 
sample of a free-standing, polycrystalline diamond 
film about one micron (0.001 mm) thick. This film 
could be easily recognized by standard microscopic 
examination, especially in surface-reflected and po- 
larized light. The potential problems related to de- 
tecting thicker, monocrystalline, or colored synthetic 
diamond thin films and coatings that might be en- 
countered in the future on faceted stones are also 
briefly discussed. 


One of the most significant developments in 
gemology in the 1980s has been the commercial 
growth and production of gem-quality synthetic 
diamonds. All of the samples — both commercially 
grown and those for research only —described in 
the gemological literature to date, however, have 
been synthesized using high pressure and tempera- 
ture. Because of this mode of formation, they 
exhibit characteristic features that allow a skilled 
gemologist to separate them from natural diamond 
by means of conventional testing techniques 
(Crowningshield, 1971; Koivula and Fryer, 1984; 
Shigley et al., 1986 and 1987). 

Within the past few years, a completely differ- 
ent type of process has been developed to grow a 
thin layer of synthetic diamond on a substrate at 
low pressure and moderate temperature. Based on 
the well-known technique of chemical vapor depo- 
sition (CVD}, this new technology involves the 
deposition of tetrahedrally bonded carbon atoms 
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from a carbon-containing, hydrogen-rich gas 
(Angus and Hayman, 1988}. Variations of this 
technique have been used successfully to grow 
both synthetic diamond films and a new class of 
materials called diamond-like carbon (DLC), in 
which the carbon atoms are present in both dia- 
mond-type and graphite-type bonding arrange- 
ments. Although the physical and chemical prop- 
erties of the diamond-like materials can be no- 
ticeably different from those of diamond, they 
seem to be easier to manufacture than synthetic 
diamond and yet offer many of its advantages. This 
new growth technique suggests the possibility 
that a synthetic diamond or DLC coating several 
microns thick could be placed on various materials 
to improve their resistance to wear, enhance some 
other property of the material, or even create new 
types of devices for many useful technological 
applications. 
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With few exceptions, the synthetic diamond 
and DLC films grown today are polycrystalline; 
that is, they are made up of many tiny crystallites. 
To date, only limited experimental work has been 
done (eg; by Sumitomo Electric Industries} to 
deposit-single-crystal synthetic diamond films on 
a substrate of a crystal of synthetic diamond (Hara 
and Fujimori, 1989}. 

Even so, there has been some concern that this 
technique could be used in the jewelry industry, 
for example to coat faceted stones of various 
diamond simulants so that they would show a high 
thermal conductivity and might then test as dia- 
mond on a thermal inertia probe. These films 
might also show some other gemological proper- 
ties that would make the simulant behave more 
like a diamond. One jeweler has already reported 
encountering a diamond simulant that was al- 
legedly coated in this manner (Koivula, 1987}. 

To investigate the potential problems that 
such a product might pose, we examined a poly- 
crystalline synthetic diamond thin film, about one 
micron (1 y) thick, that had been deposited on a 
silicon substrate (figure 1}. The particular tech- 
nique used to grow this thin film, plasma-en- 
hanced chemical vapor deposition (PECVD; see 
figure 2}, is one of the most common methods 
currently used to grow such materials. The sample 
we studied was manufactured by Crystallume of 
Menlo Park, California. The center part of the 
silicon square was chemically etched away, so that 
part of the thin film would be free standing. This 
allowed us to examine the film by transmitted 
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Figure 1, The synthetic diamond 
thin film studied measures approx- 
imately 6.8 X 6.8 mm. One of the 
reasons interference colors are evi- 
dent here is the fact that the thick- 
ness (1 w) of this film is of the same 
order of magnitude as the wave- 
lengths of visible light. Note the 
warped aspect of the free-standing 
part of the film, which measures 
about 4 mm in diameter. Without 
the tension imposed by the silicon 
base, the film relaxes and wrinkles. 
Photomicrograph by John I. Koivula; 
magnified 6X. 


Figure 2. The thin film studied was grown from 
this gas plasma, using a technique known as 
plasma-enhanced chemical vapor deposition 
(PECVD). Photo courtesy of Crystallume. 


light, as would be done if it were deposited on a 
transparent substrate such as a diamond simulant. 

This thin film was tested by classic gemologi- 
cal methods and instrumentation to document 
ways by which it could be detected. The results are 
reported below. Although some background on the 
history of synthetic diamond thin films is pro- 
vided, this article will not present a detailed 
explanation of the various and sometimes complex 
growth processes used to produce such films. 
Readers interested in learning more about this 
technology and its expected industrial applica- 
tions outside of gemology are referred to DeVries 
(1987), Spear (1987}], Angus and Hayman (1988), 
and Bachmann and Messier (1989). 
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HISTORY OF 
DIAMOND THIN FILMS 


It is difficult to tell from the published scientific 
literature who was first to grow synthetic diamond 
at low pressure. W. Eversole received a patent in 
1962 to produce diamond by a low-pressure pro- 
cess, but his methodology is very different from 
the techniques used presently (Eversole, 1962), The 
low-pressure CVD diamond technology in greatest 
use today got its start in the Soviet Union in the 
early 1960s. Not until 1968, however, did crystal 
growth scientist Boris Derjaguin and his co- 
workers report their success in depositing syn- 
thetic diamond at low pressure (Derjaguin et al., 
1968}. Although many Western scientists were 
aware at that time of Derjaguin’s work, they 
questioned the validity of the material’s identifica- 
tion as diamond. 

In the late 1970s and early 1980s, however, 
Japanese researchers indicated that they had dupli- 
cated Derjaguin’s earlier work, and proved that the 
deposition of a synthetic diamond thin film at low 
pressure was technically feasible (see, e.g., Mat- 
sumoto et al., 1982 a and b; Kamo et al., 1983}. 
These reports made a major impact in the world of 
materials science. Many organizations worldwide, 
such as the Royal Signal & Radar Establishment in 
the United Kingdom (Lettington, 1988} and com- 
panies like Sumitomo, Kobe Steel, Fujitsu, and 
Toshiba in Japan, started research and then produc- 
tion of synthetic diamond or DLC thin films. In 
1988, for example, approximately US$20 million 
was spent on CVD synthetic diamond research in 
Japan (M. Yoder, pers. comm., 1989). 

Individual researchers in the U.S. began work 
on growing tiny synthetic diamond crystals by the 
CVD method in the 1960s (Eversole, 1962; Angus 
et al., 1968}. Not until the early 1980s, however, 
was a major collective effort directed toward the 
growth of synthetic diamond and DLC thin films. 
Prominent organizations such as General Electric, 
IBM, Pennsylvania State University, the Massa- 
chusetts Institute of Technology, and the Naval 
Research Laboratory, among others, began signifi- 
cant research programs in this area, supported for 
the most part by grants from the Department of 
Defense Strategic Defense Initiative (“Star Wars”). 
One company, Crystallume, was created in 1984 
for the sole purpose of developing “engineered” 
products coated with synthetic diamond or dia- 
mond-like thin films. 

Although most of the interest in diamond thin 
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film production to date has focused on the many 
industrial, scientific, and military applications, 
organizations with significant interest in the gem 
market worldwide are following this new technol- 
ogy closely. Kyocera, a Japanese company well 
known for the many synthetic gem materials 
grown by its subsidiary Inamori, has submitted 
several patents on the manufacture of synthetic 
diamond by CVD, including one claiming the 
production of a 1.2-ct “inclusion-free, flawless and 
blemish-free” single crystal (Hiroshi, 1986). When 
contacted, Kyocera admitted that “work in this 
area is still in the developmental stage.” De Beers 
is also “closely monitoring developments in the 
CVD area” (De Beers, 1988). 

Why all the fuss? Until now, diamond's unique 
combination of superior hardness, very high ther- 
mal conductivity, and optical transparency was 
unavailable in the form of a film or coating over 
large surface areas on a three-dimensional object 
with good adherence to the substrate. Although 
adherence problems have not been solved com- 
pletely, this new CVD process does allow synthetic 
diamond to be deposited on a variety of surfaces in 
thin coatings, thereby opening up a wide variety of 
applications, including the possibility of a syn- 
thetic diamond coating on diamond simulants or 
other gem materials. 


A BRIEF DESCRIPTION OF 
THE CVD PROCESS 


A schematic illustration of a typical CVD diamond 
reactor is given in figure 3. Quite simply, the 
process involves the use of hydrocarbon (typically 
methane) and hydrogen gases and a source of 
energy. The energy is most commonly derived 
from microwave, radio frequency (RF), or direct 
current (dc) sources, or from a heated tungsten 
filament. This energy serves to ionize the input 
gases, creating a carbon-rich gas “plasma” of 
charged particles. Typically, a pressure of 50 to 150 
Torr and a temperature of 700° to 1000°C are 
needed for a gas composition of 0.1 to 1 vol.% 
methane (CH,} in hydrogen. Under these condi- 
tions, the hydrocarbon gas breaks down, and car- 
bon atoms are deposited on the substrate material 
as a thin film of synthetic diamond. Atomic 
hydrogen is believed to be necessary near the 
deposition area to maintain the carbon atoms in 
the proper type of tetrahedral bonding and thereby 
minimize the formation of graphite. The resulting 
coated surface can have all the inherent properties 
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. Figure 3. This schematic diagram illustrates the 
PECVD process used to grow synthetic dia- 
mond thin films similar to that studied by the 
authors. Drawing by Robin Teraoka. 


of diamond. DLC films are produced with varia- 
tions of CVD technology that use a higher methane 
concentration in the gas, a much lower tempera- 
ture (down to room temperature}, or ion beam 
sputtering. 


GEMOLOGICAL EXAMINATION OF 
THE DIAMOND THIN FILM 


The film we examined was deposited on a square 
silicon substrate that is 6.8 mm on each edge and 
0.55 mm thick. The central free-standing portion 
is about 4 mm in diameter (again, see figure 1), 
This film (Crystallume sample EASI 23K), approx- 
imately 1 yw thick, was determined by Raman 
spectroscopy to be crystalline diamond with one 
part per thousand of a “graphitic” component. It 
would, therefore, be readily considered a synthetic 
diamond film rather than a diamond-like carbon 
film (see Williams and Glass, 1989}. 


General Appearance. The film can be easily recog- 
nized either on the silicon substrate or free stand- 
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ing in air because it gives rise to interference colors 
(like an oil slick on water—again, see figure 1). 
This results from factors such as the contrast in 
index of refraction between diamond and _ the 
underlying silicon (or air, for the free-standing 
part) and a film thickness close to the wavelengths 
of visible light. Also, the smoothness of the silicon- 
diamond film interface might have an influence. 


Haziness. In darkfield illumination, the thin film 
appears to be hazy rather than transparent (figure 
4). Because the film is polycrystalline and the 
individual synthetic diamond crystallites are uni- 
formly approximately 1 p (again, comparable in 
size to wavelengths in the visible range}, the 
material scatters visible light. This scattering 
results in a hazy appearance. 


Color. When viewed against a white background in 
diffused light, this film has a brownish appearance 
that is barely visible to the naked eye (figure 5). We 
could not detect any absorption features with a 
hand-held spectroscope. However, the optical ab- 
sorption spectrum obtained by transmission mode 
with a Pye Unicam 8800 spectrophotometer shows 
a gradual rise in absorption toward the ultraviolet, 
which is what would be expected from a brownish 
material. For the most part, this color is probably 
due to an intrinsic absorption of the film material, 


Figure 4. In darkfield illumination, this syn- 
thetic diamond film is not transparent but 
somewhat hazy. This is due to light scattering 
at the grain boundaries of this polycrystalline 
material. Photomicrograph by John I. Koivula; 
magnified 3x. 
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Figure 5. When viewed against a white back- 
ground in diffused light, this synthetic dia- 
mond thin film appears light brown. Photo- 
micrograph by John L. Koivula; magnified 3x. 


resulting from the peculiar electronic structure of 
the minor “graphitic” component (Koidl, 1989). 
Also, a thin-film interference phenomenon could 
give rise to a brown interference color evenly 
distributed on the film (as is commonly observed 
on camera lenses with optical coatings]. 


Reaction to Polarized Light. When examined be- 
tween crossed polarizers, the thin film is not 
extinct. Although diamond is singly refractive, an 
aggregate reaction is shown by polycrystalline thin 
films because of light scattering at the grain 
boundaries and also possibly strain. 


Nomarski Differential Interference Contrast 
Microscopy. This examination technique (Mc- 
Crone et al., 1978) highlights very small details on 
a surface, down to 1 nm orso, by means of different 
interference colors (thus the orange color of the 
illustrations in figure 6). Not only is the granular 
nature of the thin film readily visible with this 
technique (figure 6, left], but one can actually 
measure the approximate diameter of the individ- 
ual grains, 1.25 p on average. 

The surface of the table of a natural polished 
diamond, examined with the same technique at 
the same magnification, has a very different ap- 
pearance (figure 6, right}. The few lines visible are 
surface graining, features inherent to the underly- 
ing structure of this particular diamond. 


Luminescence. No luminescence to either short- 
wave or long-wave ultraviolet radiation was ob- 
served on this particular film. 


Thermal Conductivity. Using a GIA-GEM Duotes- 
ter, we tested several spots on the synthetic dia- 
mond thin film for thermal conductivity. The 
readings on the diamond tester fell in the range 60 
to 80 on the scale, which is at the lower end of the 
green zone labeled “diamond.” However, the sili- 
con substrate gave the exact same readings. There- 
fore, we believe that the film is too thin to test as 
diamond with this instrument {on which the value 
should really be between 90 and 110}, and that the 
measured readings actually correspond to the 
thermal conductivity of the substrate, since dia- 
mond has a higher thermal conductivity than 
silicon. This film (at this thickness} could not be 
used to “disguise” a diamond simulant. 


Figure 6. With Nomarski differential interference contrast, the graininess of the surface of the synthetic 
diamond thin film is readily apparent (left). The only observable features on the surface of the table of 
the natural cut diamond (right) are grain lines. Photomicrographs by John I. Koivula; magnified 80x. 
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Electrical Conductivity. Two steel electrodes were 
applied to different points of the film still on the 
substrate to test for electrical conductivity. A very 
weak conductivity was detected in certain areas 
(readings around 1 or 2 compared to 130 when the 
two electrodes are put in contact with each other). 
This might be due to minute amounts of a more 
“graphitic” phase at the grain boundaries, as graph- 
ite is a good electrical conductor. 


DISCUSSION 


From this restricted set of observations, one can 
still predict that as long as a synthetic diamond or 
DLC film grown by the CVD technique is thin, the 
thermal tester remains the fastest instrument to 
separate diamond from a synthetic diamond- 
coated simulant. According to Michael Pinneo 
(pers. comm., 1988), the film would have to be at 
least 5 w thick to test as diamond with the diamond 
thermal probe. This thickness requirement could 
be even greater; the fact that the film is poly- 
crystalline makes its thermal behavior very un- 
predictable. Currently, this behavior is even more 
uncertain for DLC. 

Interference colors also readily reveal the pres- 
ence of a very thin film such as that examined for 
this study, although they disappear on a film 3-4 p 
thick (M. Pinneo, pers. comm., 1988}. General 
Electric’s Thomas Anthony announced at the 
April 1989 Materials Research Society Short 
Course on Diamond and Diamond Thin Films that 
a transparent, near-colorless polycrystalline syn- 
thetic diamond thin film 500 w thick—one-third 
the thickness of a Sumitomo synthetic diamond 
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Figure 7. Thin-film technology has 
advanced to the point of producing 
this 500-u (0.5-mm) thick transpar- 
ent synthetic diamond film. Because 
this film has been polished on one 
side only, there is some residual 
haziness and color caused by impu- 
rities from the substrate on the un- 
polished surface. Photo courtesy of 
Thomas Anthony, General Elec- 
tric Co. 


slice—has been grown on a silicon substrate (fig- 
ure 7), While this material currently is not com- 
mercially available, it does indicate the speed with 
which this technology is progressing. 

The most identifiable feature of the synthetic 
diamond thin film we studied is its granular 
texture, the result of its polycrystalline nature. 
What if, one might hypothesize, someone devel- 
oped a monocrystalline synthetic diamond film 
thick enough to give the thermal conductivity of 
diamond that could be deposited on a transparent 
substrate? There should be no haziness and no 
aggregate reaction in polarized light. The case 
most feared by the gem trade would be a mono- 
crystalline film on cubic zirconia. It is highly 
improbable, however, that such a synthetic dia- 
mond film would adhere to this particular subs- 
trate, since the crystal structures of the two 
materials are very different. Although similar 
adhesion problems also exist with polycrystalline 
thin films, an intermediate layer of DLC as thin as 
10 nm could be used to improve adhesion, as it has 
in a variety of industrial applications requiring a 
nonsilicon substrate. 

Another possible application of a synthetic 
diamond thin film would be to modify the appar- 
ent color of a faceted diamond. Sumitomo Electric 
Industries is already able to deposit a blue syn- 
thetic diamond coating as thick as 20 » on a 
natural near-colorless diamond octahedron (N. 
Fujimori, pers. comm., 1989}. The resulting blue 
product is electrically conductive. One can imag- 
ine that this type of coating might be easy to detect 
by immersion of the diamond in methylene iodide. 
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The color in a natural blue diamond is distributed 
in a slightly nonhomogeneous patchy pattern, 
whereas the sharp edges of the coating would be 
readily visible, as they are on a diffusion-treated 
sapphire with immersion in methylene iodide. 
Currently, it is unclear whether this technology 
could provide a new way to balance a small yellow 
component in a faceted near-colorless diamond by 
depositing small amounts of blue synthetic dia- 
mond in certain areas of the cut stone, as has been 
done in the past with metallic fluorides. 

Many more applications of synthetic diamond 
and DLC coatings in the gem trade can be imag- 
ined. Perhaps the most obvious is to coat gem- 
stones that have a low scratch hardness to improve 
their resistance to wear. A patent already exists in 
Germany for this very application on, for example, 
apophyllite and kyanite (Streckert et al., 1988}. 
Also, DLC thin films could potentially be used to 
“seal” water in natural opals to prevent crazing. 
Should diamond coating evolve into a very inex- 
pensive technology, it might even be economical to 


add a point of weight to push a 0.99-ct stone over 
the 1.00-ct barrier. 


CONCLUSION 

The polycrystalline synthetic diamond or DLC 
films commercially available today, as represented 
by the sample we examined, appear to be easily 
detectable and should not be a source of concern at 
this time to the jewelry industry. 

However, even scientists intimately familiar 
with the subject are in strong disagreement about 
possible future developments. There is, therefore, a 
need to closely monitor the progress of this devel- 
oping technology. It is interesting to note that we 
have begun to see advertisements for diamond- 
coating equipment and also for companies offering 
to coat various substrates with synthetic diamond 
or DLC thin films {both of which are often—and 
erroneously—referred to simply as “diamond 
films”). At this time, however, we are not aware of 
the commercial availability of any synthetic dia- 
mond- or DLC-coated gem material. 
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GRADING THE HOPE DIAMOND 
By Robert Crowningshield 


For the first time ever, the famous Hope diamond has 
been graded by a widely recognized system. Al- 
though the 45.52-ct weight was confirmed, the GIA 
Gem Trade Laboratory graders found the clarity —re- 
cently reported as “apparently flawless” —to be VS,. 
Color graded “fancy dark grayish blue,” the Hope 
phosphoresces an exciting red to short-wave U.V. 
radiation. 


Much has been written about the history of the 
Hope diamond and especially the misfortunes that 
have supposedly befallen many who have owned it 
(see, e.g, Patch, 1976; Balfour, 1987; Krashes, 1988}. 
In the more than 30 years since Harry Winston 
donated it to the Smithsonian Institution in 1958, 
however, the Hope has been an object of great 
admiration. One of the most popular exhibits at 
the Smithsonian, it is probably seen by more 
people each year than any other diamond. 
Although the Hope has been in the United 
States for most of the 20th century (since its 
purchase in 1911 by Evalyn Walsh McLean], it had 
never been formally graded. In December 1988, the 
opportunity presented itself when GIA learned 
that the Hope was being removed from its mount- 
ing for anumber of reasons, including photography 
(figure 1] and the making of a model. Several 
representatives of the New York office of the GIA 
Gem Trade Laboratory traveled to Washington to 
prepare a complete grading report on the Hope, the 
first using a widely recognized grading system. 
Earlier individual efforts had already provided 
some of the required information that would only 
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need to be confirmed for the GTL report. For 
example, in 1960 GIA’s Bert Krashes had tested the 
stone with a conductometer and determined that it 
was semiconductive, as is characteristic of natu- 
ral-color type IIb diamonds, which are usually 
blue. He also remarked on the red phosphorescence 
to short-wave ultraviolet radiation. In 1975, Her- 
bert Tillander suggested (in a paper presented at 
the 15th International Gemmological Conference} 
that since the stone had last been weighed before 
the metric carat had been accepted worldwide, its 
weight was undoubtedly greater than had here- 
tofore been reported. He subsequently persuaded 
then-curator Paul Desautels to have the stone 
unmounted and weighed: It was indeed found to be 
45.52 ct rather than the previously published 
weight of 44.50 ct. 

The mystery of the Hope is further com- 
pounded by Dr. Frederick Pough’s recent report 
(Westman, 1988] that the Hope was recut slightly 
while in the possession of Harry Winston in the 


Figure 1. Since the Hope has been removed 
from its mounting so seldom in modern times, 
this is one of the few photographs ever taken of 
the famous 45.52-ct diamond unmounted. 
Photo © Tino Hammid. 
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Figure 2, This GIA 
Gem Trade Labora- 
tory report represents 
the first time the 
Hope has been for- 
mally graded by a 
widely recognized 
system, 
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1950s. It is puzzling that the actual weight was not 
reported to the Smithsonian at the time of dona- 
tion (J. White, pers. comm., 1989). 

For the present study, the GTL staff members 
provided a Mark V Gemolite microscope, Polaroid 
plates, a long- and short-wave fluorescence unit, a 
conductometer, a camera for photography of the 
inclusions, and two ColorMasters with a fluores- 
cent daylight equivalent source. The results of 
their efforts are shown in figure 2 and reported 
below. 
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NOTICE: IMPORTANT LIMITATIONS ON REVERSE 


Light Yarow 


| Yorow 


No Apprassals of Vatwaors 


SHAPE AND CUT 

In the presence of the graders, Smithsonian gem 
collection curator John Sampson White weighed 
the 25.60 x 21.78 x 12.00 mm cushion antique 
brilliant on an analytical balance. The 45.52-ct 
weight reported in 1975 was confirmed. 


PROPORTIONS 

We calculated depth percentage to be 55.1% and 
the table 53%. The girdle, which is faceted, ranges 
from very thin to slightly thick. Although the 
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Figure 3. Although historically the Hope was 
believed to be “of the greatest purity,” close ex- 
amination with 10 magnification revealed 
some wear marks, such as the abraded table 
edge shown here, in addition to a few small 
feathers and bruises. Photomicrograph by 
David Hargett. 


culet is very large, symmetry was found to be fair 
to good. The polish is good. 


CLARITY GRADE 

The clarity‘of the Hope has been variously noted as 
“all perfection without specks or flaws” (Fran- 
cillon, 1812), “of the greatest purity” (Hertz, 1839), 
“a perfect brilliant” (Bauer, 1904), and “apparently 
flawless” (1975 Smithsonian data, as reported in 
Patch, 1976). The GTL clarity grade of VS, was 
based on the few wear marks that the stone has 
accumulated during its adventures over the years 
(figure 3), a few minor feathers, and whitish grain- 
ing (figure 4], Although whitish graining is charac- 
teristic of natural-color blue diamonds, it is not 
always present to the extent that it will affect the 
clarity grade, as it does on the Hope. Because of the 
graining, the highest grade possible for this stone 
would be a VVS,. 


COLOR GRADE 


Like the clarity, the color of the Hope has also been 
described in a number of different ways since the 
stone in its present form first appeared in the 
literature in 1812. According to Francillon (1812), 
the Hope is a “superfine deep blue’; in the Hope 
catalog (Hertz, 1839], it is described as a “fine deep 
sapphire blue.” The 1975 Smithsonian description 
{as reported in Patch, 1976} is “dark blue, often 
described as steel blue.” 

Our graders determined the color to bea “fancy 
dark grayish blue.” The ColorMaster description 
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Figure 4, Also affecting the clarity of the Hope 
is the graining shown here at 10* magnifica- 
tion. Because of the graining, the clarity could 
never be better than VVS,. Photomicrograph by 
David Hargett. 


and notations are: Blue 7.5/1.5 (D 02/25/53). It 
should be noted here that most blue diamonds have 
a perceptible amount of gray. 

Although there was no fluorescence to long- 
wave ultraviolet radiation, and its presumed red 
fluorescence to short-wave U.V. appeared to be 
masked by the visible light from the ultraviolet 
unit, we were fascinated to see the strong red 
phosphorescence to short-wave U.V. (figure 5), 


Figure 5. One of the most distinctive charac- 
teristics of the Hope diamond is its distinct red 
phosphorescence to short-wave ultraviolet radia- 
tion. Photo © John Nels Hatleberg. 
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which lasted 15-20 seconds. Such red phosphores- 
cence is not unknown in blue diamonds, but it is 
limited almost exclusively to dark blue stones and 
is seldom as intense as that seen in the Hope. 


CONCLUSION 


The Hope diamond is undoubtedly one of the most 
famous stones in the world. Certainly it is the 
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CONTRIBUTION TO THE IDENTIFICATION 
OF TREATED COLORED DIAMONDS: 
DIAMONDS WITH PECULIAR COLOR-ZONED PAVILIONS 


By Emmanuel Fritsch and James E. Shigley 


Some treated yellow and blue-to-green diamonds 
show a peculiar color zoning when viewed through 
the pavilion. The culet or keel-line area on such 
stones exhibits a bright yellow or blue color that con- 
trasts with the otherwise lighter (and/or different) 
body color of the diamond (which does not show any 
other strong color zoning). Such peculiar color zoning 
near the culet or keel-line is a strong indication that 
the stone has been treated by electron irradiation, 
Although rare, this feature can be useful in identify- 
ing irradiated diamonds, especially some green dia- 
monds, for which few criteria are available to sepa- 
rate natural-color from laboratory-treated stones. 


To expand the criteria for separating natural from 
laboratory-treated [i.e., irradiated and, in some 
cases, annéaled) colored diamonds, the GIA Re- 
search Départment has systematically docu- 
mented the gemological and spectroscopic proper- 
ties of more than 1,000 such stones over the last 
several years. These properties include color and 
color zonation, ultraviolet- and visible light—ex- 
cited luminescence, characteristics seen with a 
microscope, and visible and infrared absorption 
spectra. 

During the course of this study, we have 
examined a number of colored diamonds that share 
a peculiar feature: Although their face-up color is 
either yellow (figure 1} or dark green to blue (figure 
2), when viewed perpendicular to the pavilion 
facets they exhibit a rather striking and unusual 
color zoning. In these stones, the overall color seen 
through the pavilion is much lighter than {and/or 
noticeably different from) the face-up hue, with a 
narrow area of strong yellow in the yellow stones 
(figures 3 and 4] or strong blue in the dark green to 
blue stones (figure 5}, that occurs only near the 
culet or keel-line. In all cases, there is no other 
strong color zoning in the rest of the stone. We 
could find no report in the literature of a natural- 
color diamond with similar zonal coloration; nor 
have we encountered or heard of such a diamond in 
the course of our research. Therefore, we suspected 
that this unusual color zoning might be the result 
of laboratory treatment. 
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Our suspicions were further substantiated 
when we received for examination a similarly 
color zoned diamond that was known to have been 
electron irradiated (Saul and Ivin Perlman, pers. 
comm., 1988]. This round brilliant-cut stone, 
which appeared blue face-up and light brown when 
viewed through the pavilion (figure 6], was accom- 
panied by a second, untreated, light brown emer- 
ald-cut diamond that had been faceted from the 
same piece of rough. We subsequently submitted 
the latter stone for electron irradiation. On the 
basis of the nine stones in which we had observed 
this peculiar zoning, and the results of our radia- 
tion treatment of the 10th, we are able to describe 
this feature and draw some conclusions regarding 
its usefulness in separating laboratory-treated 
from natural-color diamonds, 


BACKGROUND 


Color zoning is not uncommon in natural-color 
diamonds. During our study, we have periodically 
noted diamonds with lighter and darker zones of 
the same or a different hue where the zones are 
sometimes separated by graining (which term is 
used here in accord with the definition provided 
in Shigley et al., 1987, pp. 203-204]. In addition, 
yellow, brown, pink, and purple stones can show a 
concentration of color specifically along the grain- 
ing which may be planar or very irregular (Kane, 
1982). 
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Figure 2. This treated diamond (sample 9) ap- 
pears bluish green when viewed through the 
table. Photo by Robert Weldon. 


A very different type of color zoning can be 
seen in some laboratory-treated colored diamonds. 
One important example is provided by cyclotron- 
irradiated diamonds, in which some of the color is 
concentrated along distinct zones that parallel 
certain facet junctions; in a round brilliant-cut 
stone, this color zoning is arranged in a “star- or 
umbrella-shaped” pattern surrounding the culet 
(Liddicoat, 1987, pp. 181-183). Although diamonds 
with a pattern of natural color zoning can be 
irradiated and annealed, this treatment will 
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Figure 1. These two 
treated yellow diamonds 
(samples 2 and 4) show a 
homogeneous face-up 
color. Photo by Robert 
Weldon. 


change only the color of the various zones, not the 
pattern of color zoning itself. 


MATERIALS AND METHODS 


All 10 stones were examined thoroughly with a 
10x loupe and a gemological microscope, and 
then tested for their reaction to long- and short- 
wave ultraviolet radiation. Optical absorption 
spectra of all 10 diamonds were recorded at low 
temperature (80°K) with a Pye-Unicam 8800 UV/ 
VIS spectrophotometer. Infrared absorption data 
were obtained with a Nicolet 60SX Fourier Trans- 
form spectrometer covering the energy range from 
400 to 25,000 wavenumbers (cm~!; Fritsch and 
Stockton, 1987}. As reported above, the 10th stone 
was originally received in its natural state. It was 
first carefully examined and then submitted for 
electron irradiation through the same commercial 
diamond treater (Saul Perlman, pers. comm., 1989] 
who had previously irradiated its treated counter- 
part. The irradiation was performed in a linear 
accelerator (Richard Krakowsky, pers. comm., 
1989). No further details of this particular pro- 
cedure are available due to the proprietary nature 
of the process. The stone was reexamined after this 
treatment. The results for all 10 stones are re- 
ported in table | and discussed below. 


OBSERVATIONS 

Four of the diamonds (samples 1—4) display a 
yellow (again, see figure 1) or greenish yellow color 
when viewed face-up through the table. When 
viewed through the pavilion, all four appear very 
light yellow, light brownish green, or light brown- 
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Figure 3. When observed through the pavilion, 
this treated yellow diamond (sample 2) shows a 
body color that is much lighter than is evident 
when the stone is viewed face-up (figure 1), 
with an obvious zone of a darker, yellow along 
the keel-line. Photomicrograph by John I. Koivula. 


ish yellow except for a darker and much brighter 
“lemon” yellow area very near the culet (see figures 
3 and 4), The remaining six (samples 5—10) are dark 
green to blue face-up (figure 2), but appear light 
brown, light to medium brownish green, or light 
grayish green when viewed through the pavilion, 
except for:a narrow, bright blue zone at the culet 
(figures 5 and 6). This unusual color zoning was 
easily observed with the microscope using dif- 


Figure 5. This treated bluish green diamond 
(sample 9, see also figure 2) displays a distinct 
blue zone at the culet. Photomicrograph by 
John I. Koivula. 


Figure 4. When this treated yellow diamond 
(sample 4) was viewed through the pavilion, it 
also revealed a lighter overall body color than 
its appearance face-up (figure 1), with a deep 
yellow zone at its culet. Photomicrograph by 
John I. Koivula. 


fused transmitted light. It can also be seen with a 
loupe. In fact, this type of color zoning is first 
evident to the unaided eye in the dramatic differ- 
ence in color appearance when the diamond is 
viewed through the crown and then through the 
pavilion, for example, as one opens the stone paper. 


Figure 6. This treated blue diamond (sample 5), 
with a blue culet and light brown body color, is 
known to be electron irradiated. Photomicro- 
graph by John I. Koivula. 
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TABLE 1. Physical and optical properties of the 10 “color-zoned” diamonds examined for this Study. 


Property Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 
Weight (ct) 2A 2.18 0.88 4.02 0.87 

Cul Round brilliant Emerald cut Round brilliant Round brilliant Round brilliant 
Face-up colar Yellaw Greenish yellow Yellow Greenish yellow Blue 

Color at culet or keel-line “Leman” yellow “Lemon” yellow “Lemon” yellow “Lemon” yellow Blue 

Body color (through pavilion) Very light yellow Light brownish green Light brownish yellow Light brownish yellow Light brown 


Long-wave ULV. luminescence 
Short-wave U.V. luminescence 
Visible-excited luminescence 


Optical absorption spectrum? 
(nm; band designation, strength 
of band, sharpness af band) 


Moderate yellow 
Very weak yellow 
Moderate green at culet 


415 (N3: strang, sharp) 
478 (N2: mod., bread) 


Moderate orangy yellow 
Very weak yellow 
Weak green, uneven 


385 (ND1; mod., medium) 
395 (ND1; mod., sharp) 
405 (N3; strong, medium) 


Moderate yellow 
Weak yellow 


Weak lo moderate green 
at culet 


415 (N3: strong, sharp) 


465 (N2; mod., sharp 


Weak to mod. ofangy yellow 
Very weak orangy yellow 
Weak green al culet 


385 (ND1; mod., sharp) 
395 (ND1; mod., sharp) 
405 (N3; mod., sharp) 


Weak greenish gray 
Weak greenish gray 
Weak green 


385 (ND1; mod., broad) 
395 (NDI; mod., sharp) 
405 (N3; weak, broad} 


( 
( 
496 (H3; weak, broad) 
503 (H3; weak, shara) 415 (N3; strong, sharp) 
465 (N2: mod., medium) 
478 (N2; mod., medium) 
496 (H3: mod., medium) 
503 (H3; mad., sharp) 
563 (weak, sharp) 
595 (weak, sharp) 
740 (GR1; weak, broad) 


Weak Hib and Hic 
‘a; high nitrogen 


Very weak Hib 
la; high nitragen 


Near-infrared absorption bands¢ 
Diamond type: nitrogen content 


( 

422 (weak, sharp) 
( 
{ 


) 
478 (N2: mod., sharp) 415 (N3; strong, sharp) 415 (N3; mad., sharp) 
496 (H4: mod., sharp} 454 (weak, broad} 418 (weak, sharp) 
503 (H3; mad., sharp) 465 (N2; mad., broad} 428 (GR2-8; weak, sharp) 
595 (weak, sharp} 478 (N2; mod., sharp) 503 (H3: weak, sharp) 
496 (H3: weak, broad) 595 (weak, sharp) 
503 (H3; mod., sharp) 620 (GR1; weak, broad) 


593 (weak, medium) 666 (mod., sharp) 

700 (GR1; weak, broad) 6/6 (GR1; mod., broad) 
724 (GR1; weak, broad) 700 (GR1; mod., broad) 
742 (GR1; weak, broad} 722 (GR; mod., sharp) 


741 (GR1; strong, sharp) 


No Hib and Hic 
la; moderate nitrogen 


Weak H1b and Hic 
la; high nitrogen 


No Hib and Hic 
la; high nitragen 


aBecause of the difficulties in photographing the pavilion area, and the fact that the color zone so strongly affects the rest of the stone, 
the body color in the photomicrographs may not appear as described in this table. For assignments of the absorption bands in the 
ultravioletivisible and infrared regions, see Collins (1982) and Woods and Collins (1986). 

Optical absorption Spectra recorded al low ternperature (80°K) with a Pye-Unicam 8800 UVIVIS spectrophotometer. 

infrared spectra recorded with a Nicolet 60 SX Fourier transform spectrometer to determine the diamond type and the presence or 
absence of the H1b and Hic bands. For the energy positions of the H1b and Hic bands, see the text. When present, the H1b and Hic 


bands are of weak intensity but are sharp. 


Despite the small size of the zone near the 
culet or keel-line, it influences the color of the 
remainder of the diamond because of its position 
directly beneath the table. Such an effect is com- 
monly observed in colored stones, and has been 
used in faceting to take best advantage of predomi- 
nantly light-color rough that has some darker areas 
(see Fryer et al., 1987, p. 107). This bright yellow or 
blue zone appears to extend about | or 2 mm from 
the culet or keel-line into the stone (when the 
diamond is viewed parallel to the girdle). Whether 
this colored zone is only on the surface or actually 
extends into the culet area is difficult to assess 
without destructive testing. 

In the six diamonds with a blue area at the 
culet or keel-line, the border separating this zone 
from the remainder of the diamond appears to be 
distinct but is not sharp. The border between the 
two color zones in the four yellow diamonds is 
slightly less distinct. In both cases, this border 
appears to be roughly parallel to the table of the 
stone. No indication of graining could be seen 
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marking the border in either diffused or polarized 
transmitted light. 

In three of the four yellow stones, the small 
bright yellow area near the culet or keel-line 
luminesced green when exposed to visible light; 
the remaining portions of these stones did not 
luminesce at all. This behavior (referred to as 
“green transmission”) was not noted in the blue- 
culet diamonds. Green transmission per se is 
common in both natural and laboratory-treated 
yellow diamonds; in our experience, it is related to 
the H3 center (see, e.g., Collins, 1982). 

As mentioned above, we knew that one of the 
blue-culet diamonds (sample 5) had been electron 
irradiated. The use of electron irradiation for this 
treatment, where the position of the beam can be 
focused and thus only a portion of the diamond 
may be exposed to the radiation, explains why an 
area of different color may be located only near the 
culet or keel-line. We suspect that samples 5-9 
originally had a light brown or light gray body 
color and were electron irradiated with a focused 
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Sample 6 Sample 7 Sample 8 Sample 9 
3.31 1.98 1.23 3.06 0.88 
Round brilliant Round brilliant Round brilliant Round brilliant Emerald cut 
Dark green Green-blue Yellowish green Bluish green Greenish blue 
Blue Blue Blue Blue Blue 


Light brown Light grayish green 


Light brownish green 


Brownish green Light brown 


Inert Very weak grayish blue Moderale orangy yellow Moderate yellowish green Weak greenish yellow 
Inert Very weak grayish blue Weak yellowish green Very weak green Very weak yellow: 
None None None None None 
410 (weak, sharp) (not recorded; GR1 band 405 (N3; mod., sharp) 375 (mod., sharp) 376 (mod., broad) 
417 (weak, sharp) present in FTIR spectrum) 415 (N3: strong, sharp) 385 (ND1; strong, sharp} 385 (ND1; strong, sharp} 
428 (GR2-8; mod., sharp} 436 (weak, sharp) 394 (NDI; strong, sharp) 394 (ND1; strong, sharp) 
486 (weak, broad) 441 (weak, sharp 415 (N3; weak, sharp) 416 (N3; weak, sharp) 
494 (weak, sharp) 450 (weak, broad 429 (weak, sharp 418 (GR2-8; weak, sharp)” 
504 (H3; weak, broad) 475 (mod., sharp) 440 (weak, sharp 428 (GR2-8; weak, sharp)* 
514 (weak, broad) 488 (weak, sharp 480 (weak, broad 488 (weak, sharp 
620 (GRI; weak, broad} 503 (H3; weak, sharp) 494 (H3; weak, broad) 496 (H3; weak, broad} 
666 (mod., sharp) 545 (weak, broad} 503 (H3; weak, broad) 502 (H3; weak, sharp) 
670 (GR1; mod., broad) 563 {weak, sharp} 544 (weak, broad 524 (weak, sharp)* 
700 (GR1; mod., broad) 592 (weak, broad 592 (weak, broad) 554 (weak, broad)* 
720 (GR1, mod., broad) 620 (GR1; mod., broad} 620 (GR1; mod., broad) 595 (weak, sharp}* 
740 (GR1; strong, sharp) 648 (weak, sharp 676 (mod., broad 620 (GRi; mod., broad)’ 
666 (weak, sharp 700 (GRE, mod., broad) 666 (weak, sharp)* 
680 (mod., broad} 722 (GR1; mad., broad) 674 (mod., broad} 
700 (weak, broad 741 (GR1; strong, sharp) 695 (mod., broad)* 
722 (GR1, mod., broad) 722 (GRt; slong, broad)* 
741 (GR1; mod., sharp) 741 (GR1; strong, sharp)‘ 


No Hib and Hic No Htb and Hic 
lla lla 


No Hib and Hic 
la; high nitrogen 


Possible Htb, no Hic 
la; high nitrogen 


No Hib and Hic 
la; moderale nitrogen 


“Data listed for, Sample 10 were determined after the diamond had been irradiated. In addition to the change of color, the optical 


absorption bands marked by an asterisk(‘) are the result of treatment. 


beam, giving the culet area an intense blue color. 
This would be due to the limited penetration depth 
of the electrons. Samples 1-4, originally with a 
light yellow body color, were presumably electron 
irradiated in the same way; the intense blue color 
produced at the culet in these stones would have 
been subsequently converted to an intense yellow 
by heat treatment (Collins, 1982; Collins et al., 
1986}. 

To better ascertain that this type of color 
zoning is the result of laboratory irradiation, we 
submitted the natural-color light brown stone 
cited above (sample 10, cut from the same rough as 
sample 5) for electron irradiation, as described 
earlier. Before irradiation, this emerald-cut dia- 
mond exhibited a light brown body color due to 
brown graining; after irradiation, the face-up color 
is amedium dark greenish blue (figure 7). When the 
treated stone is viewed perpendicular to the pavil- 
ion, however, the light brown body color in the 
center of the stone is identical to the overall color 
of the stone before irradiation. Yet the stone has 
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developed a distinct blue color along both the keel- 
line and the edges of the pavilion (figure 8}. 
Although less pronounced than in sample 5 be- 
cause of differences in facet shape and possibly 
conditions of irradiation, the color zoning of this 
second known treated stone is basically the same 
as that observed in the other blue-culet diamonds. 
Development of the blue color is due to formation 
of the radiation-induced GRI center at 741 nm. 
This same color center is responsible for the green 
color of irradiated diamonds (Collins, 1982). 

The near-infrared spectra of diamonds in the 
yellow-to-brown range are known to provide evi- 
dence of irradiation and subsequent heat treat- 
ment (Woods and Collins, 1986). Near-infrared 
spectra of three of the four yellow-culet diamonds 
exhibit H1b (4935 cm!) and/or H1c (5165 cm—!) 
bands (see table 1). In our experience, H1b and Hl1c 
bands are never found in natural-color yellow 
diamonds, but they commonly do occur in those 
yellow diamonds that have been laboratory irradi- 
ated and heat treated. Only one isolated example of 
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Figure 7. Sample 10, which was cut from the same piece of rough as sample 5, was light brown prior 
to electron irradiation in a linear accelerator (left); after electron irradiation, it appears greenish blue 


when viewed face-up (right). Photos by Robert Weldon. 


Figure 8. The keel-line of sample 10 before (left) and after (right) electron irradiation illustrates how 
the blue color produced by this treatment is concentrated in this area of the stone. The blue body 
color apparent here is the result of reflection from the keel-line within the stone; the overall body 
color after irradiation was light brown when the stone was viewed perpendicular to the pavilion. Pho- 


tomicrographs by John I. Koivula. 


a natural stone exhibiting H1b and Hlc bands has 
been reported in the literature thus far (Woods and 
Collins, 1986]. Therefore, the presence of the H1b/ 
Hic bands in most of these yellow diamonds is 
considered further evidence that they were treated. 
The near-infrared spectra of the blue-culet dia- 
monds revealed no evidence of these absorption 
bands. This is not particularly surprising since 
these bands are the result of the heat treatment of 
laboratory-irradiated type Ia diamonds [Collins et 
al., 1986}, and blue to green diamonds are generally 
not annealed. 

Although treated diamonds with the kind of 
color zoning described here do not seem to be 
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common, this color-zoning criterion is helpful for 
stones in the greenish blue to green range, for 
which the problem of the origin of the body color 
has not been completely solved (see, e.g., Fritsch et 
al., 1988), 


CONCLUSION 

Yellow diamonds that have a darker, brighter 
“lemon” yellow zone at the culet or keel-line, and 
dark green to blue diamonds with a bright blue 
zone in the same area, should be viewed with 
suspicion if no other strong color zoning is present. 
We have summarized here the properties of 10 
diamonds that display this rather remarkable ap- 
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pearance. A survey of the information presented in 
table 1 regarding the dark green-to-blue treated 
diamonds reveals that there are no features com- 
mon to all six of these diamonds that are indicative 
of treatment except for this unusual color zoning. 
In the case of three of the four yellow stones, the 
H1b/Hle bands in the near-infrared spectrum 
confirms that the stones had been treated. 

There is no report in the literature of a natural- 
color diamond with this appearance; nor have we 
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ever encountered or heard of such a stone. We 
conclude, therefore, that a brightly colored area at 
the culet or keel-line in a colored diamond of 
different body color (and no other prominent color 
zoning} is a strong indication of treatment. Al- 
though this type of color zoning may not often be 
encountered, it does provide an important clue to 
the origin of color and can be checked easily by the 
jeweler-gemologist with a loupe or conventional 
gemological microscope. 
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LAB NOTES 


Phenomenal CHRYSOBERYL 


The West Coast laboratory recently 
identified a 20.12-ct dark greenish 
brown cat’s-eye chrysobery] that dis- 
played unusual phenomena. The 
gemological properties of this gem- 
stone were typical of cat’s-eye chrys- 
oberyl: 1.75 spot refractive index, 
inert to long- and short-wave ultra- 
violet radiation, and the strong ab- 
sorption spectrum typical of a “rich 
brown” chrysoberyl. Characteristic 
chrysoberyl inclusions were also ob- 
served. 

The phenomena displayed by 
this stone, however, were not typical. 
When the cabochon was placed flat 
on its base and viewed from directly 
above, illuminated by a single over- 
head light source, a strong chatoyant 
band (cat’s-eye effect} was observed. 
Yet, when the stone was viewed at an 
oblique angle from the apex, an addi- 
tional weaker ray could be seen 
crossing the chatoyant band to forma 
four-ray star(figure 1), RK 


DIAMOND 


“Coated” Diamond 


A jeweler asked the East Coast labo- 
ratory to determine why his cus- 
tomer’s very light pink diamond, set 
in a ring, had apparently turned 
brown. Using magnification with an 
overhead light source, we observed a 


Editor's Note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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Figure 1. This 20,12-ct cat’s-eye 
chrysoberyl shows a very un- 
usual four-ray star when 
viewed at an oblique angle. 


brownish residue (figure 2} on the 
diamond. 

The jeweler mentioned that nei- 
ther steam nor ultrasonic cleaning 
would remove the offending mate- 
rial. In fact, this diamond had 
changed color once before and had 
been sent to a diamond cutter to be 


Figure 2, Exposure to hard wa- 
ter has resulted in brown 
chemical deposits on the sur- 
face of this pink diamond that 
cannot be removed by either 
steam or ultrasonic cleaning. 
Magnified 45x. 
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repolished. We recognized that this 
“coating” was the result of the ring 
being worn in an area that has hard 
water. 

Concentrated sulfuric acid will 
remove the coating. A similar case 
was reported in the Summer 1976 
issue of Gems & Gemology (p. 182). 

DH 


Diamond Cube with 
Cloud-like Inclusion 


The Summer 1976 issue also showed 
a polished cube of diamond with a 
central symmetrical cloud (p. 181). 
At the time, we were disappointed 
that the photo did not reproduce 
clearly the cross that could be seen 
within the cloud. However, it did 
suggest the fact that the cross could 
be seen in every face of the cube, 
We are indebted to the owner for 
allowing our East Coast laboratory to 
rephotograph the cube. Figure 3, 
taken directly through one of the 
faces, also clearly shows the ghostly 
frame around the cloud, which the 
original photograph failed to record. 
A more magnified view of the cross 
{figure 4) illustrates its needle-like 
composition. Note, too, that the 
weight was reported incorrectly in 
the earlier article; the cube actually 
weighs 8.70 ct. RC 


Fancy Intense Yellow 
Diamond with a Green 
Irradiation Stain 


The East Coast laboratory recently 
examined a 1.68-ct fancy intense yel- 
low, natural color, cushion octagon- 
shaped modified brilliant-cut dia- 
mond. The green irradiation stain on 
the pavilion (figure 5} is the first such 
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Figure 3, A cross can be 
clearly seen in this unusual 
cloud inclusion observed in an 
8.70-ct diamond cube. 


Figure 5. A green irradiation 
stain visible at 60x magnifi- 
cation on this facet junction is 
a good indication that the 
color of this fancy yellow dia- 
mond is natural. 


stain this lab has seen on a naturally 
colored fancy yellow diamond. 
With the Beck “hand-held” spec- 
troscope unit, the diamond displayed 
a rich cape series spectrum. It also 
displayed a fine absorption line at 
about 520 nm. This line is occa- 
sionally observed in intense yellow 
cape-series diamonds. The diamond 
showed no evidence of irradiation in 
its spectrum, and the fact that the 
irradiation patch was still green is 
another indication of natural color. If 
irradiation patches were present on a 
treated yellow diamond, the heat 
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Figure 4. Magnification (here, 
at 45x) reveals the needle-like 
composition of the cross 
shown in figure 3. 


from the annealing process that must 
be used to create an artificial yellow 
color would cause them to turn 
brown. Brown irradiation stains also 
occur, if rarely, on natural yellow 
diamonds. DH 


Naturally(?) Irradiated 
Diamond Rough 


From time to time, dealers will sub- 
mit unusual rough diamonds to the 
laboratory for examination, One 
such diamond, seen recently by the 
East Coast staff, isan irradiated cubic 
crystal that had been sawed into two 


pieces. The larger, 24.45-ct piece of 
the crystal is still green, while the 
smaller, 4.85-ct piece is now near 
colorless (figure 6). 

Both pieces of rough had brown 
irradiation stains (figure 7). Such irra- 
diation stains occur on natural dia- 
mond rough; however, subsequent 
laboratory irradiation is always pos- 
sible. Figure 7 also shows the irregular 
coloration of the larger stone. © DH 


Figure 7. Brown irradiation 
stains, as seen here in the 
larger diamond in figure 6, 
were present in both stones. 
Note also the irregular green 
color zoning. Magnified 60x. 


Figure 6. The larger (16.7 X 16.1 X 11.6 mm) of these two sawed 
sections from the same diamond crystal is still green, while the 
smaller one (15,7 * 10.8 x 4.2 mm} is near colorless, 
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EMERALD, with 
Plastic-like Filling 


A number of items have been pub- 
lished on natural rubies — and, rarely, 
sapphires— with glass-like fillings. 
Recently, we identified an approx- 
imately 33-ct natural emerald that 
showed a similar type of “repair” 
(figure 8}. Even though the emerald 
was heavily included, a group of 
small gas bubbles became visible un- 
der low magnification in a small area 
close to the pavilion, showing where 
the cavity had been filled. When the 
stone was exposed to long-wave U.V. 
radiation, the same area fluoresced a 
strong bluish white. Although we did 
not determine the exact identity of 
the filling, the fact that it could be 
indented easily with a pin probe 
suggests that the filler is a plastic- 
like substance. Strong yellow fluo- 
rescence inall the fractures indicated 
that the emerald was also heavily 
oiled. KH 


Imitation 
LAPIS LAZULI 


Dyed Blue Calcite Marble 


The West Coast laboratory was asked 
to identify a single-strand necklace 
with uniform beads that were pur- 
ported to be lapis lazuli. The 68 
opaque blue round drilled beads aver- 
aged approximately 10.4 mm in di- 
ameter (figure 9), There was no reac- 
tion to long- or short-wave U.V, radia- 
tion. With the microscope, we noted 
a slightly mottled appearance. Using 
the refractometer for a spot test on 
several beads, we obtained vague 
R.I.’s from around 1.4 to 1.6, with a 
blink suggesting a carbonate. 

Care must be taken when test- 
ing for a carbonate reaction with a 
weak HC] solution. Because this is a 
destructive test, it should be per- 
formed only in an inconspicuous 
area, under magnification. Efferves- 
cence did occur when a tiny droplet 
of 10% HCl solution was applied to 
one of the beads, thus confirming 
that the material is a carbonate. 

Magnesite was ruled out here 
because it does not react to room- 
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Figure 8. Bubbles are evident in this soft, plastic-like filling in a 33- 


ct emerald. Magnified 10x. 


temperature 10% HCl solution. 
However, one of the beads had a chip 
near the drill hole that not only 
revealed the shallow penetration of 
blue dye, but also showed the true 
pale yellow color of the material and 


Figure 9. The approximately 
10.4-mm beads in this neck- 
lace were believed to be lapis 
lazuli, but proved to be dyed 
calcite marble. 


its structure (figure 10}. Incidentally, 
when we tested this bead for dye with 
an acetone-soaked cotton swab, no 
stain was produced, but when a 10% 
HCI solution was used, a light blue 
stain appeared on the cotton. The 
structure appeared to be too fine for 
dolomite, but did match known sam- 
ples of dyed calcite marble (see the 
Fall 1985 issue of Gems &) Gemol- 
ogy, p. 172), X-ray diffraction analysis 
provided a pattern that matched that 
of calcite. RK 


Figure 10. A chipped area near 
the drill hole in one of the 
beads shown in figure 9 reveals 
the shallow penetration of the 
dye as well as the internal 
structure and natural yellow 
color of the calcite. Magni- 
fied 25x. 
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X-ray Transparency 
Separates Two Imitations 


Only occasionally does the labora- 
tory use X-radiography for a purpose 
other than pearl determinations. One 
feature that we occasionally do test 
for is transparency to X-rays. For 
example, no transparent stone re- 
sembling diamond is as transparent 
to X-rays as diamond itself is. 
Recently, the East Coast labora- 
tory decided to use this X-ray com- 
parison test on a handsome necklace 
of opaque blue beads with yellow 
metal spacers. The jeweler’s client 
had complained that the necklace 
was staining her skin, so dyed lapis 
was suspected. The lack of U.V. fluo- 
rescence suggested dye, but the R.I. 
and overall appearance of the beads 
eliminated lapis. In fact, the beads 
did not all have the same appearance. 
Twenty-one proved to be dyed cal- 
cite, and 43 were so-called “Swiss 
lapis” (dyed jasper]. With the X-ray 
transparericy test, it was possible to 
separate. the two types of beads 
quickly. As figure 11 demonstrates, 
the dyed calcite shows up whiter {less 
transparent] than the dyed jasper. 
This transparency to X-rays of differ- 
ent gem materials and gem sim- 
ulants is discussed briefly in R. 


Figure 11. With an X-ray trans- 
parency test, calcite (the 
whiter beads in the photo) can 
be separated from jasper, 
which is less opaque. 
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Figure 12. The color of this attractive 15-mm button-shaped pearl is 
one indication that it originated in a cherrystone clam. 


Webster, Gems, 4th ed., 1983, pp. 
865-867. RC 


Cherrystone Clam “PEARL” 


Our West Coast laboratory recently 
examined a very attractive 15-mm 
button-shaped pinkish purple cal- 
careous concretion that was set in a 
yellow metal lady’s ring (figure 12). 
With magnification we noticed a 
faint, but distinct, alveolar (pitted, 
honeycomb-like} structure. The 
color and this structure indicate that 
the concretion had been formed in a 
cherrystone clam rather than in a 
Conch or Tridacna. Concretions 
formed in either of these mollusks 
would show a characteristic flame- 
like pattern, as has been described in 
earlier G&G Lab Notes, Fall 1982 
and Winter 1987. KH 


RUBY, Natural Color 


The West Coast laboratory recently 
received for identification a beautiful 
3.02-ct natural-color ruby, reported 


GEMS & GEMOLOGY 


to be of Burmese origin. The refrac- 
tive indices were typical of ruby, 
1.762 and 1.770, with a correspond- 
ing birefringence of 0.008. The chro- 
mium-rich nature of this ruby was 
evident not only in the magnificent 
color, but also in the characteristic 
absorption spectrum and the strong 
red fluorescence when exposed to 
long-wave U.V. radiation. 

When examining this stone un- 
der the microscope, we observed a 
classic inclusion scene. In this day 
and age when heat-treated rubies and 
sapphires are the rule rather than the 
exception, it is a rare treat for the 
gemologist to see the unaltered char- 
acteristic inclusions that indicate a 
natural-color Burma ruby. Easily vis- 
ible with darkfield illumination were 
several euhedral calcite crystals en- 
tangled within a dense concentration 
of color swirls, commonly referred to 
as the “treacle effect” (figure 13). 
When oblique illumination was add- 
ed via a fiber-optic light unit, a small 
“nest” of intersecting short, thin 
rutile needles was observed {figure 
14). RK 
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Figure 13. Euhedral calcite 
crystals in a dense concentra- 
tion of color swirls represent a 
characteristic inclusion scene 
for rubies from Burma. Dark- 
field illumination, magnified 30x. 


Figure 14. With fiber-optic illu- 
mination, a characteristic 
“nest” of short rutile needles 
can be seen in the same 3.02- 
ct ruby shown in figure 13. 
Magnified 30x. 


An Unusual ZIRCON 


A zircon recently sent to us for exam- 
ination in Santa Monica proved to 
contain some rather interesting in- 
clusions of a type we had not encoun- 
tered in zircon before. The gem itself 
was a transparent pinkish purple em- 
erald cut that weighed 3.50 ct and 
measured approximately 8.00 x 6.70 
x 5.55 mm. It was reported to have 
come from Orissa State, in India, and 
was interlaced with a number of eye- 
visible acicular inclusions with a 
dark brown to orangy yellow color 
(figure 15). With the microscope, we 
observed that the needle-like inclu- 
sions were actually an almost black, 
submetallic brown, and the yellow 
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Figure 15. These inclusions in a zircon from Orissa, India, appear to be 
intermixed rutile-hematite. Darkfield and oblique illumination; magni- 
fied 3.5x. 


color, wherever it was present, was a 
thin surface coating that apparently 
resulted from alteration of the under- 
lying inclusion. In cross-section, the 
inclusions had either an almost cir- 
cular, or a stretched pseudohexago- 
nal, habit that made them appear to 
be either tetragonal or possibly or- 
thorhombic. 

Several of these inclusions 
reached the surface of the stone, so 
they were ideally suited for X-ray 
diffraction analysis. A diamond- 
tipped scraper was used to remove a 
minute amount of powder from one 
of the inclusions. This powder was 
mounted on a glass spindle, placed in 
a Debye-Scherrer powder camera, 
and run for seven hours in an X-ray 
beam generated from a copper target 
tube at 46 kV and 26 mA. The results 
showed the presence of three differ- 
ent mineral compounds: rutile, 
hematite, and zircon. 

The zircon was undoubtedly 


from contamination by the host. 
This left the rutile and hematite. The 
yellowish iron staining observed on 
the inclusions indicates the presence 
of iron. Iron is a necessary compo- 
nent of hematite, and rutile can also 
contain significant amounts of iron. 
If a polishing compound containing 
any iron oxide had been used on the 
stone, this might account for the 
hematite, leaving only rutile. It is 
more likely, however, that the acicu- 
lar inclusion tested is an intermixed 
crystal of both hematite and rutile. 

John I. Koivula 


FIGURE CREDITS 


Figures 1, 9, 12, and the Historical Note 
photo are the work of Shane McClure. 
Figures 2-7 were taken by Dave Hargett. 
The photomicrograph in figure 8 is by 
John |. Koivula. Figure 11 is by Robert 
Crowningshield. Robert E. Kane supplied 
figures 10, 13, and 14. Figure 15 is 
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A HISTORICAL NOTE 


Highlights from the Gem Trade Lab 25, 15, and five years ago 


SUMMER 1964 


The New York laboratory reported 
seeing synthetic emerald overgrowth 
on beryl. There also was some dis- 
cussion regarding chrysoprase versus 
dyed green chalcedony, including the 
mention of a ruling by a New York 
City court that two retail jewelers 
were guilty of misrepresentation in 
the sale of dyed green chalcedony as 
chrysoprase. Other items of interest 
were dumortierite in quartz, a beau- 
tiful green enstatite, and some dia- 
mond doublets set in a pin. 

Two items of particular impor- 
tance were seen in Los Angeles. The 
first was a rope consisting of nine 
interwoven strands of small natural 
pearls. The rope was over 50 in. (125 
cm} long and probably contained 
7,500 to 8,000 individual pearls, 
Since an X-radiograph could not be 
taken without disassembly of the 


+ 


piece, a qualified identification of 
natural origin was made based on the 
lack of fluorescence to X-rays and the 
appearance of the pearls under mag- 
nification. 

The second item was a pleasant 
surprise: Four small pieces of rough 
submitted as diamonds by the person 
who found them actually were dia- 
monds. Most such pieces found by 
clients and thought to be (actually 
hoped to be} diamonds usually turn 
out to be quartz. These stones ranged 
in size from 0.06 to 0.22 ct. The 
owner reported that they were from 
an area (which he would not name} 
that was not known to have previ- 
ously produced diamonds. 


SUMMER 1974 


A number of emerald imitations 
were discussed by New York lab per- 


This 23.4 x 7.2 x 9.5 cm nephrite carving has been artistically 
stained to enhance the detail. 
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sonnel, including some clever imita- 
tion crystals in fake matrix. The 
opportunity to examine the largest 
taaffeite then known was an exciting 
one, as was the chance to see the 
12.42-ct Uncle Sam diamond, the 
largest from the Arkansas diamond 
pipe. 

Differences in ultraviolet fluo- 
rescence and phosphorescence be- 
tween Gilson synthetic opal and nat- 
ural opal were discussed by the Los 
Angeles lab. The lack of phosphores- 
cence in the Gilson product is indica- 
tive of its synthetic nature. An ex- 
panding movable gas bubble in a 
natural ruby was photographed in 
three different stages of expansion 
caused by heat from the substage 
light in a Gemolite microscope. 


"SUMMER 1984 


Several types of pearls—imitation, 
mabe, and cultured—were men- 
tioned in this issue. X-radiographs 
illustrated the use of lenticular nu- 
clei to produce flattened cultured 
pearls, Dimples in another cultured 
pearl suggested that a drilled bead 
might have been used as the nucleus; 
the X-radiograph proved that this was 
indeed the case. 

An asteriated quartz with multi- 
ple stars was illustrated with photos 
showing the appearance of a single 
star when the stone was viewed from 
the top and multiple stars when the 
stone was viewed from an oblique 
angle. A large nephrite carving (see 
photo} illustrated the use of artistic 
staining. No attempt was made to 
alter the main body color of the jade, 
only to highlight the details in the 
carving. 
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Complete your back 
issues of 


Gems & Gemology 
NOW! 


Single $ 8.00 ea. U.S. 
Issues: * $11.50 ea. Elsewhere 


Complete 
Volumes: * 


1986 full set \ $26.50 ea. U.S. 


er se $36.50 ea. Elsewhere 


1988 full set 


1986, 1987, and $65.00 U.S. 
1988 full set $95.00 Elsewhere 


“10% discount for GIA Alumni Association members 


Back Issues of 
Gemse,Gemology 


Limited quantities of the following back issues of 
Gems & Gemology are still available. 


Winter 1983 

Engraved Gems: A Historical Perspective 
Gem Andradite Garnets 

The Rubies of Burma: The Mogok Stone Tract 
Induced Fingerprints 

Cobalt Glass as a Lapis-Lazuli Imitation 


Summer 1984 

Gem-Bearing Pegmatites: A Review 

Gem Pegmatites of Minas Gerais, Brazil: Exploration, 
Occurrence, and Aquamarine Deposits 

The First-Order Red Compensator 


Fall 1984 

Freshwater Pearls of North America 

The Chemical Distinction of Natural from Synthetic 
Emeralds 

Identifying Gem-Quality Synthetic Diamonds: 
An Update 

Inclusions in Taaffeites from Sri Lanka 

Magnetic Properties of Gem-Quality Synthetic 
Diamonds 


Winter 1984 

Natural Rubies with Glass-Filled Cavities 

Pyrope-Spessartine Garnets with Unusual Color 
Behavior 

Gem-Quatity Red Beryl from Utah 

An Extraordinary Calcite Gemstone 

Green Opal from East Africa 


Spring 1985 

Gem Pegmatites of Minas Gerais, Brazil: The 
Tourmalines of the Araguai Districts 

Sapphire from Cauca, Colombia 

Altering the Color of Topaz 

A Preliminary Report on the New Lechieitner 
Synthetic Ruby and Synthetic Blue Sapphire 

Interesting Red Tourmaline from Zambia 


Summer 1985 

Pearl Fashion Through the Ages 

Russian Flux-Grown Synthetic Emeralds 

Gem Pegmatites of Minas Gerais, Brazil: The 
Tourmalines of the Governador Valadares District 

The Eyepiece Pointer 


Winter 1985 

A Status Report on Gemstones from Afghanistan 

A Proposed New Classification for Gem-Quality 
Garnets 

Amethystine Chalcedony 

The Pearl in the Chicken 

Spring 1986 

A Survey of the Gemstone Resources of China 

The Changma Diamond District, Mengyin, Shandong 
Province, China 

Gemstone Carving in China: Winds of Change 

A Gemological Study of Turquoise in China 

The Gemological Characteristics of Chinese Peridot 

The Sapphires of Mingxi, Fujian Province, China 


Summer 1986 

The Coscuez Mine: A Major Source of Colombian 
Emeralds 

The Elahera Gem Field in Central Sri Lanka 

Some Unusual Sillimanite Cat’s-Eyes 

An Examination of Four Important Gems 

Green Glass Made of Mount Saint Helens Ash? 


Fall 1986 

A Simple Procedure to Separate Natural from 
Synthetic Amethyst on the Basis of Twinning 

Pink Topaz from Pakistan 


Carbon Dioxide Fluid Inclusions as Proof of Natural- 
Colored Corundum 

Contributions to a History of Gemology: Specific 
Gravity 

Colombage-Ara Scheelite 


Winter 1986 

The Gemological Properties of the Sumitomo Gem- 
Quality Synthetic Yellow Diamonds 

Art Nouveau: Jewels and Jewelers 

Contemporary Intarsia: The Medvedev Approach 


Spring 1987 

“Modern” Jewelry: Retro to Abstract 

Infrared Spectroscopy in Gem Identification 

A Study of the General Electric Synthetic Jadeite 

A New Gem Material from Greenland: Iridescent 
Orthoamphibole 


Summer 1987 

Gemstone Durability: Design to Display 

The Occurrence and Gemological Properties of 
Wessels Mine Sugilite 

Three Notable Fancy-Color Diamonds 

The Separation of Natural from Synthetic Emeralds 
by Infrared Spectroscopy 

The Rutilated Topaz Misnomer 


Fall 1987 

An Update on Color in Gems. Part 1 

The Lennix Synthetic Emerald 

An Investigation of the Products of Kyocera Corp. 
that Show Play-of-Color 

Man-Made Jewelry Malachite 

Inamori Synthetic Cat's-Eye Alexandrite 


Winter 1987 

The Gemological Properties of the De Beers Gem- 
Quality Synthetic Diamonds 

The History and Gemology of Queen Conch ‘Pearls’ 

The Seven Types of Yellow Sapphire and Their 
Stability to Light 


Spring 1988 

An Update on Color in Gems, Part 2 

Chrysoberyl and Alexandrite from the Pegmatite 
Districts of Minas Gerais, Brazil 

Faceting Large Gemstones 

The Distinction of Natural from Synthetic Alexandrite 
by Infrared Spectroscopy 


Summer 1988 

The Diamond Deposits of Kalimantan, Borneo 

An Update on Color in Gems, Part 3 

Pastel Pyropes 

Examination of Three-Phase Inclusions in Colorless, 
Yellow, and Blue Sapphires from Sri Lanka 


Fall 1988 

An Economic Review of the Past Decade in 
Diamonds 

The Sapphires of Penglai, Hainan Island, China 

A Gem-Quality Iridescent Orthoamphibole from 
Wyoming 

Detection of Treatment in Two Unusual Green 
Diamonds 


Winter 1988 

Gemstone Irradiation and Radioactivity 

Amethyst from Brazil 

Opal from Opal Butte, Oregon 

A Gemological Look at Kyocera’s Synthetic Star Ruby 


TO ORDER: Call: toll free (800) 421-7250, ext. 201 


OR WRITE: GiA, 1660 Stewart Street, Santa Monica, CA 90404, 


Attn: G&G Subscriptions 


Editorial Korum 


ALL GEMSTONE RADIOACTIVITY 
SHOULD BE DISCLOSED 


Gems & Gemology and GIA are to be congratulated for 
bringing the gem irradiation issue to the industry (i.e., 
Ashbaugh, “Gemstone Irradiation and Radioactivity,” 
Winter 1988}. To learn that 30 million carats of blue 
topaz are irradiated annually worldwide, 40% of this in 
the USA alone, is astounding! 

There are two factors that concern me with regard to 
radiation. First, no matter what the source and no matter 
what the leyel, the amount of radiation a person receives 
is cumulative. That is, if a person gets a chest X-ray and 
wears a genh that “releases” a tiny amount of radiation, 
that individual has received a total exposure of one X-ray 
plus whatever the gem is releasing. Second, radiation, 
regardless of level, is most intense when a person is close 
to the radiation source. For example, when a clerical 
worker sits 12 inches away froma fluorescent desk lamp, 
he/she will receive more ultraviolet radiation to the face 
than if the fluorescent lamp were on the ceiling. Gems 
are worn very close to the body. 

Surely, in general, just because we exist in an 
environment of natural background radiation does not 
mean we must accept the addition of man-made irradi- 
ated objects. And since the safety of even natural 
background radioactivity is still being studied and is not 
fully understood (witness the radon gas situation], why 
should we accept the addition of man-made irradiation 
of gem minerals? 

It is imperative that disclosure of gem irradiation be 
mandatory at all levels of distribution in the jewelry 
industry. In this way, at least the buyer of a gem is made 
aware that the gem releases “some” radioactivity. It 
should also be mandatory that the names of all gems 
emitting radioactivity (however “low” the levels} should 
be disclosed to the public. If this is not “enforceable,” 
then efficient instruments should be developed, so that 
gemologists, wholesalers, and retailers can determine 
the level of natural or man-made radioactivity in a gem. 


Henry Segal 
Somerled Jewellery 
Montreal, Quebec, Canada 


Editorial Forum 


IN REPLY: The tiny amount of radiation received from 
just about any irradiated gemstone is insignificant when 
compared to other sources of radiation in nature. The 
radiation doses from individual gemstones are given 
only to small and relatively insensitive areas of the body. 
The dose rates also decrease in time due to radioactive 
decay. Therefore, it makes no difference biologically 
whether one wears these gemstones or not. It becomes 
only a matter of personal choice. Note, too, that efficient 
instruments already exist for the detection of radiation. 
An inexpensive Geiger counter will be more than 
adequate to meet the needs of the jeweler. 


Charles E. Ashbaugh III 


ERRATA 


In David Epstein’s Winter 1988 article on amethyst, 
some confusion could arise from the first paragraph in 
the “Gemological Description” box on page 216. Al- 
though a “bull’s-eye” optic figure is unique to quartz, it 
is found in natural amethyst only when the stone has 
been cut from an untwinned area of the crystal. A stone 
cut from a twinned portion of the natural crystal, as is 
most common, would show a standard uniaxial optic 
figure, where the cross meets in the center—nota “bull's 
eye.” If the optic figure were resolved over an area at the 
interface between twinned and untwinned portions of 
the natural crystal, it would be an Airy’s spiral. Thus, 
natural amethyst can show any one of these three optic 
figures. 

In the Ashbaugh article on gemstone irradiation and 
radioactivity (Winter 1988), a number of changes 
should be noted. On page 198: “There are over 2500 
different nuclides known to date.” On page 199: “This 
nuclide decays by the emission of a beta particle 89% of 
the time and by electron capture followed by a high- 
energy gamma ray 11% of the time. The result is the 
stable, nonradioactive daughters calcium-40 and ar- 
gon-40.” On page 200: The thorianite tested was “tore 
than 1,500 times the stated legal limit for manufactured 
goods containing thorium and uranium.” 
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GEM NEWS 


John I. Koivula and Robert C. Kammerling, Editors 


DIAMOND 


Companies vie for Angola diamond rights. Several com- 
panies are negotiating with the government of Angola 
for rights to develop the kimberlite pipe recently discov- 
ered at Catoca, which reportedly has production poten- 
tial comparable to that of De Beers’s Premier mine in 
South Africa. Central Selling Organization Chairman 
Nicholas Oppenheimer has met with Angolan President 
Eduardo dos Santos to discuss the possibility of Angola 
rejoining the CSO, which it left in 1987. Along with 
Botswana and the USSR, Angola is expected to be the 
major producer of gem-quality diamonds in the 21st 
century. 


Australian diamonds. An offshore diamond project in 
the Kimberley region of Western Australia has recovered 
four gem-quality diamonds averaging 0.275 ct each. This 
has led the owners of the project, Capricorn Resources 
Australia NL, to expand their exploration activities. 
Inland, Belray Diamond Tours is now conducting one- 
day tours of the world’s largest diamond mine, the 
Argyle, that begin with a 90-minute flight from 
Kununurra and include a first-hand look at the entire 
mining process, including the grading and sorting of 
rough. 


Diamonds from China. Ashton Mining Ltd. of Australia 
has been granted exclusive rights to the exploration, 
mining, and sale of diamonds in China’s Hunan Prov- 
ince. The Hunan provincial government will share 
equally with the company in any profits and will also 
provide at least half the labor force. In Laioning Province, 
the Wafandian diamond deposit, potentially one of 
China’s largest, is being developed for mining and is 
expected to be operational by late 1990. The mine’s total 
projected output of 118,000 ct per year would increase by 
nearly 60% China’s current total diamond output. Most 
of the current production comes from Chang Ma, Tao 
Cheng, and Linshu in Shandong Province. The Wafan- 
dian mine will join the Bin-Hai, which is already 
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operating in Laioning Province. We do not know, at 
present, how the recent political unrest in China will 
affect diamond production. 


Deep space diamonds. Roy Lewis and his colleagues at 
the University of Chicago have reported the discovery of 
billions of micro-sized diamonds, each measuring no 
more than a few billionths of an inch across. The 
discovery was made when fragments of primitive mete- 
orites were dissolved in hydrochloric acid and the 
residue was analyzed; it was found to consist, in part, of 
these tiny diamonds. The scientists believe that these 
diamonds originated on distant stars that subsequently 
exploded. 


COLORED STONES Es 


Visual representation of amethyst to citrine alteration. 
A great deal has been written on the heat treatment of 
amethyst to create citrine. However, although verbal 
descriptions and technical data are readily available, 
color illustrations of the actual change that occurs, 
together with practiced procedures, are much less com- 
mon in the literature. 

To get top-quality citrine for his gem carvings, Bart 
Curren, of Glyptic Illusions in Topanga, California, 
often does his own heat treatment. The 89.2.6-ct ame- 
thyst and 76.17-ct citrine shown in figure 1 were both 
carved from identically colored amethyst crystal tips 
from Maraba, Brazil. To change the one piece to citrine, 
Mr. Curren packed the amethyst in crushed glass as a 
temperature buffer, and heated it in air for approximately 
six hours at 525°C; he then turned off the heat and 
allowed the stone to cool slowly to room temperature in 
the crushed glass. Over the course of his heating experi- 
ments, Mr. Curren has found that amethysts with 
slightly grayish and brownish sections turn the best 
orange color when heated. 


Aquamarine found in Wyoming. Transparent gem-qual- 
ity aquamarine was recently found at the Boston mine in 
the Big Horn Mountains, Wyoming. According to Kraft’s 
Fine Jewelry and Art of Sheridan, Wyoming, the aqua- 
marine was found in a discard pile of pegmatitic rocks 
near a pegmatite composed primarily of plagioclase and 
microcline feldspars, quartz, and mica. 

Two faceted gems from this find were studied at 
GIA. The 2.06-ct pleasing light blue trapezoidal step cut 
had refractive indices of 1.572-1.579, The smaller, 
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elongated octagonal step cut was a light, very slightly 
bluish green with refractive indices of 1.573-1.581. Both 
gems were transparent, hada specific gravity of 2.70, and 
showed weak iron-related absorption in the blue region 
of the visible-light spectrum. 

According to geologists who have studied this 
deposit, blasting, followed by hand picking of the result- 
ing rubble, may yield additional aquamarines. There is 
currently no organized mining at the locality. 


Colored stone update from China. Dealer D. J. “Doug” 
Parsons, of Del Mar, California, spent seven weeks 
traveling throughout China during April and May of this 
year (his fifth trip to China in 18 months). He provided 
Gem News with the following report on colored gem 
production he noted during his visit. 

Mr. Parsons was one of the first foreigners to visit 
the pegmatite region of Altay, in Xinjiang Uygur Autono- 
mous Region, after it was reopened earlier this year. Here 
he saw commercial quantities of aquamarine (most 
cutting 1-2 ct stones, with some up to 10-12 ct}, citrine, 
amethyst, light blue and light green tourmaline, and 
pyrope garnets. Small amounts of emerald and white 
topaz were also evident. He observed two cutting facto- 
ries in the town of Altay, which produced beads as well as 
faceted stones. 

In a restricted area of southern Yunnan Province, he 
saw considerable amounts of topaz, primarily white but 
some blue, His Chinese hosts informed him that there 
were operations in China to irradiate and anneal the 
white topaz to turn it blue. Some of the white topaz 
crystals were as large as 15 cm (6 in.) in diameter. He also 
encountered crystals of yellow, dark brown, and dark 
green tourmaline, but these were suitable primarily for 
specimens rather than cut stones. He encountered gem- 
quality topaz and aquamarine in Inner Mongolia, but not 
in commercial quantities. 
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Figure 1. The 76.17-ct 
citrine on the right was 
originally the same color 
as its companion 89.26- 
ct amethyst, The color 
was changed by heat 
treatment. Photo by Bart 
Curren. 


One of the most interesting materials he was shown 
was a lot of more than 200 crystals {ranging in weight 
from 4.05 to 59.80 grams) of gem-quality diopside from 
Xinjiang; several of these crystals (figure 2] were submit- 
ted to the GIA Gem Trade Laboratory in Santa Monica, 
where the identification was confirmed. The crystals 
reportedly came from the Kunlun Mountains, in the 


Figure 2. These gem-qualily diopside crystals 
(4.05 to 59.80 grams) came from Xinjiang, 
China, near the border with Kashmir and 
Pakistan. Courtesy of D. J. Parsons; photo by 
Shane McClure. 
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southwestern portion of Xinjiang Uygur Autonomous 
Region, near the border with Kashmir and Pakistan. 

On the basis of his experience in China, Mr. Parsons 
is optimistic that in spite of recent events, the oppor- 
tunities for trade will not dry up totally. Although travel 
and other activities may be restricted for some period of 
time, he feels that it is unlikely that the Chinese people 
will relinquish totally the economic freedoms they have 
gained during the last 10 years. 


Tunnels used to mine emeralds at Muzo. Two major 
leaseholders at the Muzo emerald mine in Boyaca, 
Colombia—Tecminas and Coesminas—have begun to 
use underground shafts and tunnels as an adjunct to the 
current strip mining with bulldozers. The tunnels give a 
new direction to the exploitation of what is recognized 
historically and presently as the world’s richest emerald 
mine, 

The relative flatness of many parts of the zone of 
exploitation at Muzo has resulted in the continual 
accumulation of mine tailings not only in the Rio Itoco 
riverbed but also in some of the nearby gullies and 


Figure 3. Tunnels are being used again at the 
Muzo emerald mine in Colombia. Photo © 
Peter C. Keller. 


valleys. This has inevitably covered up access to some of 
the rich old emerald veins of the past. With the new 
shafts and tunnels, the leaseholders hope to relocate 
some of the old veins and follow geologic indicators to 
new productive areas underground (figure 3). 

Ron Ringsrud, president of Constellation Colom- 
bian Emeralds Co. of Los Angeles, spoke to Alvaro Tenjo, 
engineer in charge of the tunnels at Coesminas. He 
reports that the tunnels that radiate from the shaft are 
guided to some extent by geochemical indicators out- 
lined by a joint technical survey and study made by 
United Nations scientists and Colombian geologists. 
Samples from the rocks in the tunnels are analyzed and 
then excavation is directed based on the amounts of 
sodium, lithium, and lead identified in the black shale. 
The use of these geochemical guides for exploration has 
been successful in uncovering emeralds. The rock at 50 
m depth, however, is much softer than expected, so all 
tunnels are being reinforced heavily; the presence of 
considerable water requires constant pumping as well. 

These shafts and tunnels mark the beginning of a 
new approach to mining at Muzo. Generally, sophisti- 
cated geologic mining has been actively pursued there 
only in the last few years. It is a testimony to the 
incredible richness of the Muzo region that it has been 
able to supply fine emeralds for literally hundreds of 
years with only the most primitive mining and prospec- 
ting processes. 


Hackmanite: A remarkable variety of sodalite. From a 
collector’s standpoint, one of the most interesting gem 
materials that we have seen in recent memory was first 
encountered at the February 1989 Tucson Gem and 
Mineral Show. This mineral is a very light yellow {near- 
colorless) transparent single-crystal material that makes 
excellent faceted stones. Known as hackmanite, it is the 
sulfur-rich variety of sodalite. Noted cutter Art Grant, of 
Coast-to-Coast Gemstones, brought the 3,32-ct gem- 
stone to our attention to demonstrate its “color change.” 

This “color change” was induced by a one-minute 
exposure to long-wave ultraviolet radiation, during 
which the stone fluoresced bright orange and then 
emerged saturated pink (figure 4}. This “color change” 
has been previously reported in the gemological litera- 
ture, but is quite dramatic to witness. 

When the pink hackmanite is exposed to incandes- 
cent light, the color fades within a few minutes, and the 
stone returns to its original light yellow color. This 
coloring cycle can be repeated again and again, but it is 
difficult to record on film because the instant the photo- 
lights are switched on, the pink color immediately starts 
to fade. 

Hackmanite’s remarkable “color change,” together 
with its reported hardness of 5.5 to 6 on the Mohs scale 
and a cleavage listed as poor, makes this variety of 
sodalite a most interesting, if rare, gem for jewelry items 
such as pendants and brooches. 
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Figure 4, This light yellow 3.32-ct hackmanite (left) becomes bright pink (right) after exposure to 
long-wave ultraviolet radiation. Courtesy of Art Grant; photo by Robert Weldon. 


Australia’s opal industry crippled. March flooding has 
collapsed rine shafts and caused extensive equipment 
damage arid financial losses in the opal fields at Coober 
Pedy, Mintabie, and Andamooka. A steady downpour 
during the entire month severely disrupted most of the 
claims near Coober Pedy, causing flooded shafts to be 
permanently sealed off and trapping tunneling machin- 
ery underground. In low-lying areas, earthmovers and 
bulldozers in open-cut mines were literally submerged. 
“Opal production will be down and prices will be up,” 
said Anna Vanajek, of the Coober Pedy Miners Associa- 
tion. “It will take at least six months, and in some cases a 
year, to get back to full production.” 


A significant find of Mexican quartz. Well-known miner- 
alogist-gemologist Si Frazier has reported a relatively 
new find of beautifully formed, gem-quality colorless 
quartz crystals near Oaxaca, Mexico. According to Mr. 
Frazier, these crystals closely resemble the nearly per- 
fect quartz crystals from the famous locality in Her- 
kimer County, New York. He reports, however, that in 
addition to being euhedral, they are “often larger than 
most Herkimers” and, like most quartz crystals “that 
grow slowly in solution cavities in calcareous sedi- 
ments, they are quite lustrous. These features make 
many of them suitable for use in jewelry in their natural 
state.” 

Another significant difference in these Mexican 
crystals, according to Mr. Frazier, is that “toward the end 
of their growth, many of them experienced very rapid 
deposition on the edges and tips, leading to the type of 
unusual development on some of the larger crystals that 
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is called ‘fenster’ (window growth} in Europe.” This rapid 
growth on the edges and tips results in the development 
of cavernous (sunken} rhombohedron and prism faces. In 
some cases, a sheet of quartz will then grow out from the 
edges and cover the cavernous opening. These thin 
sheets of glass-like quartz (the fenster or window} 
frequently trap clay and/or liquids behind them, result- 
ing in a most unusual quartz-inclusion habit. 

These new Mexican quartzes may also have some 
organic inclusions, again reminiscent of the Herkimer 
quartzes. So, although the precise locality of these new 
quartz crystals has not yet been revealed, the matrix 
rock is probably a calcareous sedimentary rock similar 
to that from which the New York crystals are mined. The 
Mexican crystals examined by the Gem News editors 
ranged up to 5 cm, but the larger specimens were heavily 
included. Thousands of these crystals were available 
from a single dealer at the 1989 Tucson Show, 


Rose quartz from Connecticut. William Shelton, of 
Monroe, Connecticut, reports that rose quartz is cur- 
rently being mined in Fairfield County, Connecticut. 
Several areas in the state, including this one, have 
produced rose quartz intermittently for at least 50 years. 

The rose quartz occurs in.a small pegmatite body 
that cuts local metamorphic schists of Devonian age. 
One large vein of rose quartz contains a layer approx- 
imately 2.5 cm {1 in.) thick that is composed of very fine 
faceting-quality gem material. As is typical with gem 
materials, however, only a small portion of the total 
amount of rose quartz present is cutting quality. 

The finest rose quartz from this locality is transpar- 
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ent and has an unusual optical effect reminiscent of 
adularescence. Cut gems show a pleasing internal color, 
with pale rose and yellowish highlights. At this time, 
there is no organized recovery of gem material. 


Blue sapphires from Kenya. According to Dr. N. R. Barot, 
managing director of the Ruby Center in Nairobi, Kenya, 
two recently discovered sapphire sources in that country 
are yielding some blue gems of exceptional quality. One 
of these deposits, near Kenya’s border with Sudan and 
Ethiopia, is yielding noteworthy quantities of rough 
crystals. In northeast Kenya, the other new deposit is 
producing some exceptional star sapphires. 


Sapphire in Ontario. Clifford H. Stevens, a gemologist 
from Gansevoort, New York, recently visited a new 
locality for blue sapphire near Lake Bap and Bancroft, in 
Ontario, Canada. He reports seeing numerous cor- 
undum crystals in white matrix in a large (approx- 
imately 7m x 1.5m} hole that had been blasted into the 
hillside. For the most part, the barrel-shaped crystals 
averaged 1.5 cm x 5.0 cm, although many were much 
larger. They were primarily dark gray to a distinct blue- 
gray in color, with some showing small gemmy areas. 

A number of the crystals, both loose and in matrix, 
were of fine mineral specimen quality. Some gave the 
appearance of asterism or chatoyancy. In some large (up 
to 1 min diameter} chunks of the white matrix, as much 
as 20% of the mass was made up of terminated translu- 
cent crystals of a medium grayish blue (similar to the 
border color of the Summer 1988 cover of Gems 
Gemology). 

The deposit is on private land and the visit was by 
invitation only. Also observed at the site were calcite/ 
marble, translucent white feldspar {probably micro- 
cline}, sphene crystals, and small flakes of common 
black to dark brown biotite. 


Figure 5. The unusual multi-layer color zoning 
of this 4.23-ct Australian sapphire is clearly 
seen with immersion and diffused transmitted 
light. Courtesy of Fred Toth; photo by John I. 
Koivula, 
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Figure 6. This 10.01-ct Sri Lankan sapphire, set 
with diamonds in a platinum and yellow gold 
ring, has classic “padparadscha” coloration. 
Ring courtesy of Yahiya Farook; photo by 
Shane McClure. 


An interesting zoned Australian sapphire. An unusual 
4.23-ct round brilliant-cut Australian sapphire was 
shown to us recently by Fred Toth of Pacific Palisades, 
California. Before cutting, the approximately 20-ct 
rough sapphire was a rounded irregular mass of saturated 
orangy yellow color with prominent rutile “silk” near its 
surface that masked the overall transparency. The rough 
was recovered from alluvial soil at Willows, about 40 km 
(25 mi.) west of Anakie, a site famous for yellow 
sapphires, After cutting, it was noticed that, when 
viewed from the side using immersion and diffused 
transmitted light, the gem showed an unusual multi- 
layer color zoning of blue, orangy pink, and yellow 
(figure 5). Color-zoned or parti-colored Australian sap- 
phires were described in the Fall 1985 Gems # Gemol- 
ogy article by Terrence Coldham. In that article, how- 
ever, no mention was made of parti-colored sapphires 
showing orangy pink zones together with the more 
common blue and yellow layers. 


“Padparadscha” sapphire. In the Spring 1983 issue of 
Gems # Gemology, Robert Crowningshield traced the 
history and discussed the use and origin of the color- 
based trade name “padparadscha.” It 1s rare that a 
gemologist encounters a natural pinkish orange sapphire 
that would visually qualify as a “padparadscha,” espe- 
cially one of significant size. 

Just such a stone was seen at the 1989 Tucson Show, 
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and later submitted to the Gem News editors for 
examination. Yahiya Farook, of Sapphire Gem Trading 
Company, was showing a pleasing “classic” pinkish 
orange oval mixed-cut sapphire with a stated weight of 
10.01 ct that was reportedly from Sri Lanka. It was 
mounted as the center stone, surrounded by diamonds, 
in an ornate platinum and yellow gold ring (figure 6). In 
the mounting, the stone measured approximately 11.8 
x 9.7 X 9.88 mm. When examined with a hand-held 
type of spectroscope, it showed strong chromium- 
caused absorption in the red. The microscope revealed 
only one small “fingerprint” inclusion. The gem fluo- 
resced a strong red-orange to long-wave ultraviolet 
radiation, with a weak fluorescence of the same color to 
short-wave U.V. 


Large tourmaline pocket discovered at the Himalaya 
mine. Bill Larson, of Pala International, reports the 
discovery of a large gem pocket at the historic Himalaya 
mine in the Mesa Grande District of San Diego County, 
California. First entered on May 7, 1989, the pocket was 
eventually opened to approximately 0.7 x 1 x 3.7m 
deep (2 x 3 x 11 ft.}. Large (up to 20 cm) crystals of pink 
and bicolored tourmaline (figure 7} were found embed- 
ded not only in the walls and ceiling of the pocket but 
also on the floor, At many places throughout the pocket, 
the host clay was so soft that the crystals could be dug 
out with one’s fingertips. 

Five hundred kilos of tourmaline were recovered in 
the three months following discovery of the pocket. The 
bulk of the material is suitable for mineral specimens; of 
particular note are the “matrix” specimens of tour- 
maline with quartz. Approximately 50% of the produc- 
tion is carving or cabochon grade. Although less than 1% 
is suitable for faceting, stones as large as 20 ct have been 
cut. Small cutting-quality crystals of stibiotantalite 
have also been recovered. This is one of the most 
important pockets discovered at the Himalaya since it 
was reopened 12, years ago. 


PEARLS rs 


Two remarkable natural freshwater pink pearls from 
Texas. Boaz Arch, president of Aura America Inc., in 
Houston, Texas, recently loaned GIA’s Dr, Emmanuel 
Fritsch two unusually large (13.3 and 12.2 mm in 
diameter} round pink pearls for examination (figure 8}. 
These pearls were stated to be natural freshwater pink 
pearls from the Concho River, approximately 240 km 
(150 mi.) northwest of Austin, Texas. The fact that they 
are natural pearls was confirmed by X-radiography at the 
GIA Gem Trade Laboratory in New York. These pearls 
display a “tight” structure with very thin conchiolin 
layers, as expected. They do not, however, luminesce to 
X-rays, although freshwater pearls generally show a light 
orange luminescence which has been attributed to their 
manganese content. Nevertheless, manganese was eas- 
ily detected by Dr. Fritsch using X-ray fluorescence 
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Figure 7, Hundreds of kilograms of bicolored 
(this crystal is approximately 6 cm high) and 
pink tourmaline have been recovered from the 
new pegmatite pocket at the Himalaya mine in 
San Diego County, California. Courtesy of Pala 
International; photo © Harold w Erica Van Pelt. 


spectrometry. Tom Moses, of the New York laboratory, 
commented that he and his colleagues have observed 
over the years that the darker the pink color in this type 
of pearl is, the weaker the X-ray luminescence is. 
Therefore, the absence of reaction is not totally surpris- 
ing. Mr. Arch has been told that the color of the pearls 
from this region seems to lighten as they are found 
further down the river, closer to Austin. 
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Figure 8. These two pink pearls (13.3 and 12.2 
mm in diameter) are reportedly from the 
Concho River in Texas. Courtesy of Boaz Arch; 
photo by Robert Weldon. 


SYNTHETICS AND SIMULANTS 777 
“Bull’s-eye” optic figure in synthetic berlinite. Dr. 
Emmanuel Fritsch recently received a synthetic ber- 
linite crystal as a donation from Dr. Robert Shannon, of 
the E. I. Dupont Central Research Laboratory. The 
crystal was grown by Bruce H. T. Chai, of the University 
of Central Florida in Orlando. 

Berlinite, a naturally occurring aluminum phos- 
phate with the chemical formula AIPO,, is structurally 
isomorphous with quartz. Both minerals crystallize in 
the hexagonal (trigonal} crystal system and are optically 
active [i.e., they have both left- and right-handed vari- 
eties]. Because of this, when examined between crossed 
polarizers, untwinned berlinite also shows the “bull’s- 


Figure 9. Untwinned berlinite (the crystal illus- 
trated here is synthetic) can show the “bull’s- 
eye” optic figure usually associated only with 
quartz. Photomicrograph by John I. Koivula. 


116 Gem News 


— 


Figure 10. This well-detailed, 35-mm-high 
cameo is made of ceramic alumina, which has 
excellent durability. Photo by Robert Weldon. 


eye” optic figure (figure 9) described in the gemological 
literature as being characteristic only of quartz (natural 
and synthetic]. Therefore, it is possible that the “bull’s- 
eye” figure might be characteristic of all optically active 
uniaxial crystals. 


An unusual ceramic cameo. A particularly fine, non- 
assembled white-on-blue ceramic cameo (figure 10} was 
brought to our attention by Masashi Furuya, a gemolo- 
gist and executive manager of Furuya and Co., of 
Yamanashi-ken, Japan. The Mohs hardness of the cameo 
had been stated to be near 9, which suggested that it 
might be composed of ceramic alumina. The pleasing 
blue color hinted that the coloring agent could be cobalt. 
A judiciously applied number 8 {topaz} hardness point 
failed to produce a scratch on the cameo, thus supporting 
the reported hardness. An attempt to obtain a refractive 
index using a Duplex II refractometer and white light 
yielded a vague reading between 1.75 and 1.76. Qualita- 
tive chemical analysis done by GIA’s Emmanuel Fritsch 
and Michael Moon showed that the detectable elements 
in the cameo were indeed aluminum and cobalt. This is 
the first time we have seen a cameo of this composition. 

The figure on this cameo is very nicely detailed. 
Because of this, and because of its excellent durability, it 
appears that such ceramic alumina cameos would work 
well in a wide variety of jewelry and decorative items. 
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A clever imitation emerald crystal. During a recent visit 
to the city of Anapolis, in Goids, Brazil, GIA’s Carl 
Chilstrom and GIA Gem Trade Laboratory’s Caio Maia 
were shown some unusual “emerald” crystals by 
Sebastido Domingos de Oliveira and Ronaldo Priori of 
Metais de Goids S/A. According to these gentlemen, the 
crystals had been represented as natural emeralds from 
the Campos Verdes area, near Santa Terezinha de Goias. 
They also stated that manufactured emerald crystals of 
this type were being seen with some frequency, and they 
generously donated a sample crystal so that it could be 
studied in detail, 

The 17.51-ct “rough” crystal we examined (figure 
11) is a semi-transparent, slightly rounded, doubly 
terminated hexagonal prism with two of the prism faces 
polished. Small patches of light brown “matrix” material 
adhere to the unpolished faces. The crystal is a very 
convincing slightly bluish green. When held up toa light 
source, it gives the impression that it could produce one 
or two excellent faceted emeralds. There is also an 
obvious, somewhat jagged fracture that superficially 
circumvents the entire crystal near its middle; this is the 
actual assembly point. There are no core-hole openings 
at the surface, as have been present on the assembled 
crystals we have seen in the past. 


ale 


Figure 11: Although this 17.51-ct crystal ap- 
pears to be emerald, it actually is a clever fake 
made with-near-colorless beryl. Photo by 
Robert Weldon. 
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To create this “gem,” the pale green to near-colorless 
beryl crystal was broken in half across its prism faces in 
a direction essentially perpendicular to the long axis. 
The cores of the two halves were then drilled out from 
their freshly broken surfaces, filled with a dyed green 
epoxy or liquid plastic material, and reassembled. With 
this method, there are no suspicious openings to the 
surface other than that provided by the main fracture 
described above. Once you get by the deceptive outward 
appearance, however, identification of this imitation 
emerald crystal is relatively simple. 

With a 10x lens or microscope, it was easy to see 
numerous spherical gas bubbles just beneath the surface 
of the crystal, visible through any of the six prism faces, 
Their presence would immediately indicate that some- 
thing is “wrong.” It is also apparent that any fractures in 
the surface of the crystal only go inward to a uniform 
depth of about 1 mm or less (figure 12). If specific gravity 
testing liquids are available, the low S.G. of 2.36+0.01 
(compared to the 2..70 typical of natural emeralds} easily 
reveals that this is an assembled imitation. The bluish 
green to yellowish green dichroism of emerald is also 
absent in this imitation. There is no color filter reaction, 
and the crystal has an absorption spectrum somewhat 
reminiscent of dyéd green jadeite, but not at all like 
emerald. 


Chatham expands. Chatham Created Gems, the world’s 
largest producer of flux-grown synthetic emeralds and 
rubies, had previously cut all of their stones in Hong 


Figure 12, With magnification, fractures con- 
fined to near-surface areas and gas bubbles can 
be seen in the “emerald” crystal shown in fig- 
ure 11, proving that it is an imitation. Photo- 
micrograph by John I, Koivula; magnified 25x. 
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Kong, but in fall 1988 they added cutting facilities in 
Thailand to meet increasing demand. 

Chatham also announced that for the first time they 
will be growing their synthetic gems in an undisclosed 
overseas location as well as in their U.S. laboratories in 
San Francisco. At the same time, they will be increasing 
production in the United States through expansion of 
their existing laboratories. Chatham’s total production 
and resulting sales amounted to over 10,000 ct of 
synthetic gems per month at the end of 1988. 


Union Carbide growing large synthetic sapphires. GIA’s 
Emmanuel Fritsch recently attended the 11th Confer- 
ence on Crystal Growth, organized by the American 
Association for Crystal Growth, which was held in 


northern California from June 5 to 8. He reports that 
Union Carbide is now growing colorless synthetic sap- 
phires of excellent quality in sizes up to 15 cm in 
diameter in an iridium crucible. Union Carbide also 
produces titanium-doped synthetic sapphire that 
emerges with a color they refer to as “light ruby” (pink 
sapphire?}. Both materials are grown using variations of 
the Czochralski-pulling technique. Although both types 
of synthetics are manufactured principally for industrial 
applications (electronics and lasers, respectively}, repre- 
sentatives of Union Carbide report that “lesser quality” 
top and bottom portions of the synthetic crystals are 
sold by a bidding system to the jewelry industry. They 
indicated that this is a common practice in other 
companies that grow optical-quality materials. 


ANNOUNCEMENTS 


The Amsterdam Sauer Gemstone 
Museum has recently opened in 
the gem-rich country of Brazil. Lo- 
cated in Rio de Janeiro, this new 
museum encompasses more than 
1,200 specimens of both rough and 
cut gemstones gathered since 1940 
by the museum’s founder, Jules R. 
Sauer. Many of these were used to 
illustrate his book Brazil, Paradise 
of Gemstones. 

The new museum’s most re- 
cent acquisitions are indeed signifi- 
cant. One is a gigantic, 13,400- 
gram (67,000-ct), gem-quality aqua- 
marine crystal that was discovered 
last year in Marambaia, northern 
Minas Gerais. Another is a very 
fine cat’s-eye chrysoberyl, cut from 
rough unearthed in the town of Pa- 
dre Paraiso, also in Minas Gerais. 
The Sauer Museum is also home to 
what is said to be the world’s larg- 
est faceted natural alexandrite, 
122.40 ct. 


The Gemmological Association of 
Israel was formed during the May 
reunion/conference of the Gem- 
mological Institute of Israel. The 
association’s aims include promot- 
ing gemology in Israel and provid- 
ing graduates of the Israeli insti- 
tute with updates on current tech- 
nologies. Members must have pas- 
sed a “recognized” gemology course 
either in Israel or abroad. Contact 
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Jeremy Graus for more information 
at | Jabotinsky St., Ramat-Gan, 
52520, Israel; fax: 972-3-262547. 


Gem miners and wholesalers in 
Zambia have formed a trade asso- 
ciation and are collecting informa- 
tion on prices for various grades of 
rough and faceted amethyst, aqua- 
marine, emerald, malachite, and 
tourmaline. Assistance from the 
trade is welcome. For further infor- 
mation, write to Zambia Gemstone 
and Precious Metals Association, 
P.O. Box 31099, Room 17, Luangwa 
House, Cairo Road, Lusaka, 
Zambia. 


The 1989 Santa Fe Symposium in 
Jewelry Manufacturing Technology 
will be held September 20-23 in 
Santa Fe, NM. A variety of 
speakers will address issues on all 
aspects of jewelry manufacturing, 
from rediscovering the technology 
used in antique jewelry to modern 
health issues for jewelers. For infor- 
mation, contact the Santa Fe Sym- 
posium at 3820 Academy Parkway 
North N.E., Albuquerque, NM 
87109; (505) 344-3357. 


KOSIMA ‘89, an exhibit of jewelry, 
gem materials, machinery, and 
equipment, will take place October 
20-23, 1989, at the Helexpo’s fair- 
grounds in Thessaloniki, Greece. 
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Helen Lazaridou of Helexpo can be 
reached at 154, Egnatia Str., Gr 546 
21 Thessaloniki, Greece, or via fax 
at 031-229-116. 


The Fashion Institute of Technol- 
ogy will conduct a symposium on 
“The Romance of the Stone” —dia- 
monds—on Sunday, October 29, 
1989, Noted speakers will include 
Francois Curiel of Christie’s; Peter 
Schaffer, specialist in Fabergé and 
Russian jewelry; Diana Scarisbrick, 
an authority on English jewelry; 
Benjamin Zucker, historian, collec- 
tor, and gem dealer; Ken Scarratt of 
the Gem Testing Laboratory of 
Great Britain; William Boyajian, 
president of GIA; Robert 
Crowningshield of the GIA Gem 
Trade Laboratory; and Lloyd Jaffe 
of the American Diamond Industry 
Association. For information, call 
Jean Appleton at {212} 760-7254. 


The Mineralogical Society of 
Southern California will be holding 
their annual show at the Pasadena 
Center in Pasadena, CA, on No- 
vember 25 and 26, 1989. The 
theme will be “Famous Mining 
Districts.” Along with exhibits of 
gems and minerals, there will be 
several lectures. For more informa- 
tion, contact Michael T, Evans at 
13059 Casa Linda Lane #36H, Gar- 
den Grove, CA 92644, 
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GEMSTONES 


By Michael O'Donoghue, 372 pp., 
illus., publ. by Chapman @ Hall, 
Ltd, London, 1988. US$50.00* 


In his preface, O’Donoghue says that 
“Gemstones is the first attempt in 
English to bring together the geologi- 
cal, mineralogical, and gemmologi- 
cal developments that have taken 
place during the last 30 years.” One 
wonders, however, if such efforts as 
Webster's monumental Gems: Their 
Sources, Descriptions and Identi- 
fication, as updated by the late Basil 
Anderson in a fourth (1983) edition, 
would seem to limit that time frame. 

In what ways, though, does 
O’Donoghue’s Gemstones differ 
from earlier gemological texts? 
There are several examples. In his 
initial chapter, “Formation and Oc- 
currence of Gemstones,” there is a 
heavy emphasis on inclusions from 
the point of view of formation, fol- 
lowed by a recitation of the inclu- 
sions in the major gemstones plus a 
section on inclusion photography. In 
the next chapter, on the nature of 
gemstones, he gives slightly greater 
emphasis to valency and bonding 
than in most gemological books. Spe- 
cial attention is given to what he 
terms “recent developments in gem 
testing,” in which category he in- 
cludes thermal conductivity, reflec- 
tivity, and X-ray topography, as well 
as the scanning electron microscope 
and microprobe. Electron paramag- 
netic resonance, plus X-ray and ultra- 
violet spectroscopy, are also consid- 
ered, but not infrared. 

Most {more than 200 pages) of 
the remainder of the book is devoted 
to the description of inorganic, or- 
ganic, synthetic, and imitation gem 
materials. There are also several 
identification tables. The descriptive 
sections are clearly aimed more for 
the collector and the hobbyist than 
for the jeweler, since many of the 
materials mentioned would have no 
possible use in a jewelry environ- 
ment. For the collector, O’Donoghue 
does try to cover everything cuttable, 
including such rarities as linarite, 
ludlamite, millerite, meliphanite, 
mellite, mesolite, and serandite. It 
should be noted that under “miller- 
ite,” the opaque nickel-sulphide with 
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a metallic luster, he states, “A cloudy 
yellowish green stone has been re- 
corded in cut form from Rossing, 
Namibia.” This is clearly a reference 
to milarite, not millerite. 

In the specific gravity table, syn- 
thetic emerald is listed as 2.66-2.68. 
This range would not encompass all 
hydrothermal material. The pale 
green spodumene from Brazil is la- 
beled “hiddenite” in a color plate. 
This would not fit the chrome-bear- 
ing spodumene originally described 
as hiddenite. Peridot is described un- 
der olivine, suggesting a mineralogic 
rather than a gemological orienta- 
tion. Some of his descriptions of 
various gem materials, however, are 
exhaustive and would be useful to a 
student. For example, the corundum 
section discusses 17 sources, with 
individual essays on more than half 
of these. 

Overall, this book has some 
good information and is a useful 
addition to any library. It leaves the 
impression, however, that it isa com- 
pilation written primarily for the 
collector of rare and unusual gems. 


RICHARD T. LIDDICOAT 
Chairman of the Board, GIA 
Santa Monica, CA 


CHANNEL SETTING 
DIAMONDS 

By Robert R. Wooding, 136 pp., illus., 
publ. by Dry Ridge Co., Erlanger, KY, 
1987. US$29.95* 


The setting of diamonds in a channel 
is very popular in today’s jewelry 
market. Yet for this, as for most 
setting styles, there is little written 
on the specific steps involved in the 
manufacturing process. In this well- 
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illustrated book, Mr. Wooding pro- 
vides a detailed description of the 
techniques he uses for channel set- 
ting diamonds. He clearly acknowl- 
edges that there are alternate tech- 
niques, but offers his for reference or 
for modification by the individual 
jeweler. 

The contents are divided into 
two sections. Section one begins with 
inspection of the diamonds to be set 
(for size, quality, internal flaws, 
chips), and then goes into layout of 
the channel, cutting the channel, 
burring the seats, and securing the 
diamonds. The clean-up procedures 
are explained thoroughly also. The 
technique of cutting a channel into 
metal may seem outdated to some, as 
most channels are now prefabri- 
cated. Yet the technique is valid, and 
the author explains lucidly the re- 
quirements for accomplishing a 
properly cut channel. Readers will 
find themselves referring to this first 
section often. 

Section two discusses the var- 
‘ious types of channels: closed, open, 
curved, tapered, angular, and inlaid. 
The inlaid channel uses round dia- 
monds as well as square-cut ones. 
This section is very helpful, and the 
illustrations are so good that I found 
myself following them alone and ig- 
noring the text. Although the author 
tends to be overly elaborate in his 
explanations for a simple technique, 
the in-depth information provided on 
handling these different types of 
channels is easily worth the price of 
the entire book. 

Immediately following section 
two is a discussion of problems and 
solutions that offers some trou- 
bleshooting techniques. I found this 
feature to be fun reading and would 
have liked to see it expanded. Finally, 
an appendix furnishes lists of dia- 
mond-setting schools as well as sug- 
gested readings, including two other 
books by Mr. Wooding. 

I appreciate the fact that Mr. 
Wooding has shared some of his tech- 
niques {too few bench jewelers dol, 
and use this book as a reference to 
complete my own projects. 

MATTHEW BEZAK 


Jeweler-Instructor 
GIA, Santa Monica 
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COLORED STONES AND 
ORGANIC MATERIALS 


Crystal chemistry of alkali-deficient schorl and tour- 
maline structural relationships. F FE Foit, Jr., 
American Mineralogist, Vol. 74, No. 3/4, 1989, pp. 
422-431, 


The crystal chemistry of the tourmaline group is ex- 
tremely complex due to the wide variation in composi- 
tion, multiple atomic sites present in the crystal struc- 
ture, and range of geologic occurrences of these minerals. 
On the basis of a survey of the compositions of various 
natural tourmalines, the author and his colleagues 
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previously reported the existence of both proton- and 
alkali-deficient tourmalines. In this article, data from a 
crystal structure refinement of an alkali-deficient schorl 
are compared with those of 12 other documented tour- 
malines to better understand the crystal structures of 
tourmalines of this type. Specific changes in the struc- 
ture due to the absence of cations or other types of 
substitutions are described. The article concludes witha 
discussion of the chemistries of natural and synthetic 
Na-Mg tourmalines which can be rationalized on the 
basis of the data reported here. JES 


Gemmology Study Club lab reports. G. Brown and J. 
Snow, Australian Gemmologist, Vol. 17, No. |, 
1989, pp. 27-33. 
Several items of interest are described in these well- 
illustrated Gemmology Study Club Lab Reports. First is 
a review of the source and cause of the phenomenal color 
in spectrolite, a type of labradorite feldspar from Fin- 
land. A labradorite cabochon from the Malagasy Repub- 
lic is described. It displayed a strong greenish blue 
schiller and a grayish, semitransparent body, had a spot 
RI. of 1.56 and an S.G. of 2.7; and was inert to both long- 
and short-wave radiation. Magnification revealed black 
exsolved needles of magnetite-ilmenite oriented along 
polysynthetic twin lamellae, as well as yellowish reflec- 
tive short needles and tablets of rutile. 


GEMS & GEMOLOGY Summer 1989 


A large cabochon of wurtzite, the hexagonal form of 
zinc sulphide, was found to have brownish agate-like 
banding, a Mohs hardness of about 4, an S.G. of 4, an RL. 
over the limits of the standard refractometer, a slightly 
waxy to vitreous luster, and orange fluorescence to long- 
wave U.V. radiation (but was inert to short-wave U.V}. 

Also covered are a gold-lipped oyster that illustrates 
the attachment mechanism used to produce hemispheri- 
cal blister pearls; a review of the crystal habits of, and 
flux used to produce, Ramaura synthetic rubies; the 
properties of Oregon sunstone; two assembled stones 
that imitate emerald; the stucture of whalebone (used 
for scrimshaw]; and white- to flesh-colored opaque 
crystals that were first described as scapolite but which 
X-ray diffraction analysis indicated are alkali feldspar 
pseudomorphs after scapolite. RCK 


Greenbushes spodumene-quartz (A new Australian lapi- 
dary material). G. Brown and H. Bracewell, Austra- 
lian Gemmologist, Vol. 17, No. 1, 1989, pp. 14-17. 


A spodumene-quartz rock of potential lapidary or carv- 
ing use is being recovered from the Greenbushes peg- 
miatite in southwest Western Australia. Zoning within 
the pegmatite has effectively segregated its major tin, 
tantalum, and lithium mineralizations into distinct ore 
horizons, with the lithium-rich spodumene-quartz unit 
occurring at depth on the foot wall of the pegmatite. 
Estimated reserves of spodumene are 42 million tons, 
albeit of undetermined gem potential. 

While*commercial mining has occurred sporad- 
ically for tin and tantalum ores, commercial mining for 
lithium did not begin until 1983. Spodumene is cur- 
rently being recovered from an open-cut operation that 
involves drilling and blasting. 

The spodumene-quartz rock is described as having a 
variegated pink and gray color. It consists of subangular 
crystals and crystal aggregates of kunzite within a 
glassy, transparent grayish quartz matrix, with approx- 
imately equal proportions of spodumene and quartz. The 
spodumene grains exhibit very reflective cleavage sur- 
faces. Other properties of this primarily translucent 
material include: a uniform Mohs hardness of about 7; 
an S.G. of 2.81; spot R.I.’s of 1.54 (quartz) and 1.66 
(spodumene); and no diagnostic visible-light absorption 
features or ultraviolet fluorescence, The material can be 
ground and shaped easily, with its polished surfaces 
exhibiting a vitreous luster of moderate intensity. 

RCK 


Historical notes on mineralogy: On Kunz and kunzite. 
L. H. Conklin, Mineralogical Record, Vol. 18, No. 
5, 1987, pp. 369-372. 

Lawrence Conklin, author of the 1986 book Letters to 

George Frederick Kunz, reviews the discovery and 

subsequent naming of kunzite, the pink to lilac variety 

of spodumene. Conklin first examines the controversy 

over who discovered this variety of spodumene. Some 


Gemological Abstracts 


people credit Frank Salmons of the Pala Chicf mine near 
Pala in San Diego County, California. However, Conklin 
points out that the first specimens from the White 
Queen mining claim, also near Pala, were sent to Kunz 
by Frederick M. Sickler in December 1902. (It should be 
noted that the H. C. Gordon letter to Kunz describing the 
discovery and cited on page 369 of this article was 
written in 1903, not 1902 as stated in the article. This 
was confirmed by Conklin.) Drawing extracts from the 
correspondence of the principals involved, Conklin 
traces the history of the names that were suggested for 
this variety—from salmonsite to California iris—and 
describes how, ultimately, kunzite prevailed. 

The four photographs are delightful, beginning with 
a black-and-white portrait of Fred Sickler and finishing 
with a beautiful color photograph of the famous kunzite 


crystal that Kunz sold to J. P. Morgan in 1903. 
DMD 


Oxygen-isotope zonation of agates from Karoo volcanics 
of the Skeleton Coast, Namibia. C. Harris, Ameri- 
can Mineralogist, Vol. 74, No. 3/4, 1989, pp. 
476-481. 


Several mechanisms have been proposed that attribute 
the formation of agate to various types of silica-rich 
solutions at a range of crystallization temperatures. In 
this article, oxygen isotope data are used to estimate the 
conditions of formation of some banded agates from 
Namibia. They occur in cavities in rhyodacite volcanic 
rocks of the Etendeka Formation. 

The agates exhibit layered or concentric banding, 
and consist of both coarsely crystalline and micro- 
crystalline quartz. A systematic difference was noted in 
the delta oxygen-18 values of the two types of quartz, 
with the crystalline quartz having lower values on 
average. This difference is attributed to the crystalliza- 
tion of the crystalline quartz layers from a water vapor, 
and the microcrystalline quartz layers from a silica 
solution, at about 120°C. This temperature of formation 
is lower than the temperature conditions determined in 
other studies. A model is presented for the formation of 
agate in the Karoo volcanic rocks based on these oxygen 
isotope results. JES 


Proceedings of the First International Amber Sympo- 
sium. H. Fraquet, Journal of Gemmology, Vol. 2.1, 
No. 6, 1989, pp. 347-350, 
This brief overview of the First International Amber 
Symposium, which was held in Warsaw in October 1988, 
points out the importance of this material to collectors 
and scientists worldwide. Regarded as a somewhat 
eclectic item by most American gemologists, amber is 
usually underrated as a gem. Collectors will find Ms. 
Fraquet’s comments on the papers presented — ranging 
from locality descriptions to paleontological issues and 
descriptions of unusual related resins — to be mere appe- 
tizers. The conference concluded with visits to the 
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amber locality near the city of Gdansk and to the 
collection of amber at Malbork Castle. CMS 


DIAMONDS 


Famous diamonds of the world XXXII: Kimberley. I. 
Balfour, Indiaqua, Vol. 47, No. 2, 1987, pp. 
120-121. 

The bulk of this article recounts tales about the Kim- 

berley mine. The remainder describes the Kimberley 

diamond, allegedly discovered in the South African 
mine for which it is named. No date is reported for this 
discovery. 

The 490-ct yellowish rough was fashioned into a 70- 
ct emerald cut in 1921. Baumgold Bros. of New York 
recut the stone to its current weight of 55.09 ct in 1958. 
In 1971, they sold the Kimberley to a private collector 
from Texas. ILC 


Famous diamonds of the world XXXVII: Little Sancy. I. 
Balfour, Indiaqua, Vol. 52, No. 1, 1989, pp. 
147-148. 


Balfour writes about the smaller of the two diamonds 
named after the 14th-century French financier, Nicholas 
Harlay de Sancy. The pear-shaped Little Sancy weighs 
approximately 34 old carats or 24.81 metric carats. 

After Nicholas Sancy’s death, the Little Sancy was 
sold to Prince Fredrick Henry of Orange (1584-1647}. It 
is suspected that his grandson, William III of England, 
may have given the stone to his consort, Queen Mary II. 

Eventually, the diamond came into the possession of 
Frederick I of Prussia, another grandson of Prince Fre- 
derick Henry. For centuries, the Little Sancy was an 
important part of the crown jewels of Prussia. It was last 
reported to be on display in the Royal Prussian House in 
Bremen. JLC 


Famous diamonds of the world XXXIX: Harlequin. 1. 
Balfour, Indiaqua, Vol. 52, No. |, 1989, p. 149. 
A brief discussion of the origin of the word harlequin is 
followed by a note about the 22-ct pear-shaped diamond 
bearing this name. This diamond was once set in a 
“golden fleece” for Karl Alexander, Duke of Wirtemberg. 
The Harlequin was removed from this ornament and set 
asa pendant toa diamond necklace after the duke’s death 
in 1737. Currently, it is on display at the Wurtemberg 
Landesmuseum in Stuttgart, Federal Republic of Ger- 
many. ILC 


Famous diamonds of the world XL: Dresden White. I. 

Balfour, Indiaqua, Vol. 52, No. 1, 1989, p. 149. 
Also known as the Saxon White, this colorless square- 
cut diamond is reported to weigh 49.71 ct {although a 
photo caption in this article labels it as 40 6/8 ct}. Balfour 
writes that in 1746 the Dresden White replaced the 
Dresden Green diamond in a setting and was later 
mounted as the center stone of an elaborate jeweled 
shoulder knot. 
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The diamond remained in Dresden until World War 
II, when Russian forces took the Saxon crown jewels to 
Moscow. In 1958, the Soviet government returned the 
jewels to Dresden, where they are on display at the 
Griines Gewélbe Museum. ILC 


Fingerprinting diamonds using ion implantation. R. C. 
DeVries, R. F Reihl, and R. E. Tuft, Journal of 
Materials Science, Vol. 24, 1989, pp. 505-509. 

At levels that do not impart visible damage, ion implan- 

tation can be used both to reveal the growth history of a 

diamond and to “fingerprint” the stone on the basis of the 

growth structure unique to each diamond. The charac- 
teristic patterns are made visible by subsequent electro- 
static charging and dusting, and can be obscured by 
simply wiping off the dusting powder. Boron, phos- 
phorus, and carbon ions have been used to test this 
technique on natural and synthetic diamonds. Although 
the inhomogeneity of natural diamonds and the 
method's sensitivity to humidity can create some prob- 
lems, the technique is believed to be generally useful to 

“fingerprint” gem diamonds, This “fingerprint” does not 

seem to be affected by “normal wear,” although repolish- 

ing could remove the surface layer of implantation. A 

General Electric patent has been issued on this process. 

EF 


A study of diamonds of cube and cube-related shape from 
the Jwaneng mine. C. M. Welbourn, M.-L. T. 
Rooney, and D. J. E Evans, Journal of Crystal 
Growth, Vol. 94, 1989, pp. 229-252. 


The Jwaneng mine in southwest Botswana is unusual in 
that about 8% of the diamonds produced there have 
shapes that could be loosely described as cubes, corre- 
sponding to the variety III of cubic shapes described by 
Orlov. The authors studied in great detail “re-entrant 
cubes” and “rounded cubes” from this area using X-ray 
and cathodoluminescence topography. It appears that 
the shape of “re-entrant cubes” is the result of growth 
rather than dissolution, and that they have experienced a 
mixed octahedral and cuboid growth. Their cores also 
contain cloud-like light-scattering defects, which might 
be thin disks, 1 micron in diameter, oriented parallel to 
the octahedral face. These inclusions correspond to an 
increased hydrogen concentration (measured using in- 
frared spectroscopy with a microscope attachment] 
consistent with the presence of C-H bonds at internal 
interfaces. The clouds also correspond to regions of 
yellowish green long-wave ultraviolet luminescence 
within an otherwise blue luminescence. 

In contrast, “rounded cubes” possess cores of nor- 
mal octahedral growth, free of cloud-like defects, that 
are surrounded by mixed-habit growth zones where the 
cuboid growth is largely predominant. Infrared spectros- 
copy indicates that these cores contain nitrogen in an 
advanced state of aggregation compared to their rims. 
The authors favor the theory that the growth of the core 
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and the overgrowth took place at different times, and 
that the time interval between the two phases of growth 
was much longer than the time over which the core 
originally grew. Twenty-five figures accompany the text, 

EF 


A look back down The Garden. S. Herbert, Indiaqutia, Vol. 
52, No. 1, 1989, pp. 57-60. 


In this article, Herbert brings Victorian Hatton Garden 
(London’s center for the diamond trade} to life in an 
imaginary trip to the past. Using the post office directo- 
ries from 100 years ago, Mr. Herbert reconstructs the 
Garden and its prominent residents, including Anton 
Dunkelsbuhler, who introduced the young brothers 
Louis and Ernest Oppenheimer to the diamond world. In 
1890, No. 84 Hatton Garden housed the Barnato 
brothers; the following year, the merger of Barnato’s 
Kimberley Central Mining Co. and Cecil Rhodes’s De 
Beers Mining Company caused the name of Barnato to 
disappear from The Garden forever. 

The balance of the article concentrates on the four 
generations of the Tom family who have occupied 
Hatton Garden since late Victorian times. Today, at No. 
37, R. H. Tom & Son sorts and grades diamonds for the 
toolmaking industry. Customers’ specific requirements, 
including wear resistance, are met by careful grading and 
sorting for,size, purity, and color. Weight tolerances have 
become more precise to meet the requirements of high- 
tech industries. For top-quality tools, octahedrons, do- 
decahedrohs, macles, flats, and points are used in a broad 
size range from around 15 ct per stone down to 25 stones 
per carat. The company is now expanding its interna- 
tional division. Carol M. Patton 


GEM LOCALITIES 


L’améthyste au Brésil (2). Classification et localisation 
des gites — Inclusions (Amethyst in Brazil [2]. Clas- 
sification and localization of the deposits —Inclu- 
sions). J. Cassedanne, Revue de Gemmologie a.fg., 
No, 95, 1988, pp. 3-9. 

This is the second of a two-part article that proposes and 

illustrates a classification system for amethyst deposits 

in Brazil. For each deposit, Cassedanne includes location 
and access, occurrence, mining methods, nature of the 
rough, its behavior to heat treatment, and a list of typical 
inclusions. Numerous photographs are provided. 
Hydrothermal vein deposits (other than those listed 
in part 1) are named, and the characteristic inclusions of 
the amethysts from Xambio (Goids) are described. 
The stockwork deposits consist of a complex net- 
work of veinlets, mostly in Precambrian quartzites. The 

Cabeludos mine, a typical example, produces amethyst 

that loses and then regains its color with heat treatment 

under 400°C. 
Deposits in massive brecciated zones are also found 
in Precambrian quartzite, dispersed in a brecciated 
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filling. Most of the amethyst from the Fazenda Serra do 
Salto is heat treated to citrine. Pale gray-green quartz, or 
“lambreu,” is also found. 

Amethyst-bearing cavities as large as several meters 
occur in cavernous brecciated zones in quartzites. The 
Grota do Coxo mine is one example, with amethyst 
crystals that commonly exhibit complex growth fea- 
tures, goethite inclusions, and strong color zoning. The 
Alto Bonito deposit, best known as Maraba, is also of this 
type, and currently is the largest amethyst producer in 
Brazil. 

Granitic pegmatite amethyst deposits produce rela- 
tively little but are common in the states of Minas 
Gerais and Bahia. The Boa Vista and Concordia deposits 
are described in some detail, while others are simply 
listed. 

Deposits in granitoids, although common, have a 
negligible production except from Batoque (Ceara). Vein- 
lets or chunks of xenomorphous amethyst crystals fill 
the spaces between the other granitoid constituents. The 
gems were deposited during a hydrothermal phase and 
lose color when heated. 

Secondary amethyst deposits result from the ero- 
sion of any of the types of amethyst occurrences previ- 
ously cited. They are of no economic significance except 
for the Brejinho conglomerates (Bahia) and the lateritized 
alluvium at Pau d‘Arco {Para}. EP 


The discovery of a new emerald occurrence in Brazil: 
Capoeirana (Nova Era) Minas Gerais. D. Schwarz, 
Australian Gemmologist, Vol. 17, No. 1, 1989, pp. 
4—5. 

This brief report begins with a description of the location 

and overland access to this new emerald deposit, which 

was discovered in August 1988. Within days, several 
hundred garimpeiros, some from the nearby Hematita 
alexandrite deposit, began mining in earnest. 

The host rock is described as a biotite-phlogopite- 
schist, with the beryllium being provided by pegmatitic 
intrusion. The geology of the deposit, along with the 
color, quality, and inclusions of the emeralds, is repor- 
tedly comparable to that of the Belmont mine, only 10 
km away. 

The author states that while no estimate of the 
reserves has been made to date, the geologic conditions 
are favorable for the existence of “extensive emerald 
mineralization.” RCK 


The Anjanabonoina pegmatite, Madagascar. W. E. 
Wilson, Mineralogical Record, Vol. 20, No. 3, 1989, 
pp. 191-200. 
Madagascar has produced some magnificent gem and 
mineral specimens, many of which have been recovered 
from a series of pegmatite deposits in the central part of 
the island. This article describes one of the most famous 
deposits, the Anjanabonoina pegmatite, located 60 km 
west of Antsirabe. 
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Although gemstones were reported from Mad- 
agascar as far back as the mid-1500s, the actual deposits 
were not systematically investigated until early in this 
century. The pegmatites are of granitic composition and 
occur in metamorphosed sedimentary rocks of Precam- 
brian age. The mineralogic richness of these pegmatites 
is extraordinary. 

Gem minerals found at Anjanabonoina include 
morganite beryl, danburite, spessartine garnet, spodu- 
mene, and topaz. However, the most important gem 
mineral is tourmaline, which occurs in magnificent and 
sometimes large crystals in a wide range of colors. The 
principal tourmaline species at the pegmatite is lid- 
dicoatite. Slabs cut from large crystals showing a com- 
plex pattern of colored bands are well known. The article 
includes several photographs of both the locality and the 
tourmalines for which it is famous. JES 


Famous mineral localities: The Ouro Preto topaz mines. 
J. R Cassedanne, Mineralogical Record, Vol. 20, 
No. 3, 1989, pp. 221-233. 


This article describes the famous topaz localities west of 
Ouro Preto in Minas Gerais, Brazil. These deposits have 
been worked intermittently since they were first discov- 
ered in the mid-1700s. Because the geology of this area is 
quite complex, there has been considerable speculation 
on the origin of the topaz. The current theory is that it 
formed hydrothermally. 

The topaz occurs in a layer of talc-clay rock that 
outcrops over a large area. The distribution of topaz-rich 
zones is sporadic, leading to numerous deposits of 
various sizes. Miners recover the gem rough by removing 
the overburden and then quarrying and washing the 
topaz-bearing rock. 

Topaz occurs at Ouro Preto as euhedral crystals or 
crystal fragments in an attractive range of colors: or- 
ange, brown, pink, purple, red, and nearly colorless. The 
orange material is known commonly as “Imperial” 
topaz. Almost all of the red topaz on the market today is 
created by the heat treatment of yellow topaz to 
450°-500°C. Another gem material from this locality is 
euclase. JES 


Les héliodores du Sapucaia (Heliodors of Sapucaia). J. 
Cassedanne, Revue de Gemmuologie a.fg., No. 96, 
1988, pp. 5-6. 

The deposit of Fazenda Campo Alegre de Jaime A. 
Valadares, near Sapucaia, Minas Gerais, Brazil, became 
famous because of its (sometimes sporadic) production 
of yellow beryl (heliodor). Cassedanne describes the 
locality, access, and workings of this pegmatite, in which 
aquamarine and colorless and green beryl have also been 
found. 

In 1986, the mining of an abandoned pillar produced 
2,600 kg of partly gem heliodor. The crystals were 
corroded hexagonal prisms, commonly reaching 10 cm, 
with spectacularly flat basal faces. The yellow color, due 
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to Fe3+, is sometimes altered by a brown, greenish, or 
orangy component. Twenty-five to 30% of the heliodor 
in that find was of cutting quality. The internal charac- 
teristics consist mainly of irregularly shaped two-phase 
inclusions, numerous milky wispy veils, and fine paral- 
lel channels. One map and five photographs (one in color} 
illustrate this article. EF 


Mineralogy and paragenesis of the Little Three mine 
pegmatites, Ramona District, San Diego County, 
California. E. E. Foord, L. B. Spaulding, Jr, R. A. 
Mason, and R. EF Martin, Mineralogical Record, 
Vol. 20, No. 2, 1989, pp. 101-127. 


The pegmatite mines of San Diego County have been 
famous for almost a century for their production of both 
gem-quality and specimen-quality minerals. One of the 
few mines in this area that is still in active production, 
the Little Three mine, located just outside the town of 
Ramona, is world renowned for its production of fine- 
quality orange spessartine garnet and light blue topaz. 
This article provides a complete description of this 
important pegmatite occurrence. 

Beginning with a review of the mining history, the 
authors describe in detail the geology and general fea- 
tures of the several pegmatite dikes that outcrop in the 
mine area. Information is provided on the numerous 
minerals found at the mine, including data on their 
crystallography, chemical composition, and paragenesis. 
Both black-and-white as well as color photographs 
illustrate some of the more interesting crystals and 
mineral specimens that have been found, including the 
cover photograph of a 4-cm spessartine crystal. The 
article concludes with a well-written description of the 
stages of pegmatite formation. JES 


New East African deposits. T. Themelis, Lapidary Jour- 
nal, Vol. 42, No. 11, February 1989, pp. 34-39. 


Themelis reports on preliminary gemological studies 
done on specimens of prase opal, emerald, and sapphire 
(both asteriated and nonphenomenal) from various lo- 
calities in East Africa. 

The opal (which shows no play-of-color} is repor- 
tedly from an area near Navarera in the Masai Steppe. 
Two specimens were tested with results similar to prase 
opal from other localities. One of the specimens showed 
“iridescent colors” under crossed polarizers (presumed 
by this abstracter to be strain, which is commonly seen 
in opal). 

The emerald deposit {reportedly new) is near Sum- 
bawanga, in southwest Tanzania. The mine uses heavy 
equipment in the recovery of the emeralds. Crystals 
larger than 100 ct have apparently been removed, witha 
“usual” size of 20 to 30 ct, according to the author. For 
the most part, the crystals are fine green in color, but at 
present material is only available in small quantities. 

Sapphires are being recovered from a locality 135 
km northwest of Lodwar in northern Kenya. Both 
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asteriated and “geuda” rough are found. Heat treatment 
was done by the author on the “geuda” types with good 
results. 

Two color photos accompany the article. WRV 


Recent discoveries of hydroxylherderite in Minas 
Gerais. J. PB Cassedanne, Mineralogical Record, 
Vol. 20, No. 3, 1989, pp. 187-188. 


This article summarizes the recent discoveries of crys- 
tals of hydroxylherderite at three pegmatite localities in 
Minas Gerais, Brazil: Boa Esperanga and Jove Lauriano, 
both near Divino das Laranjeiras; and the Urubu peg- 
matite in the Jequitinhonha river valley near Aracuai. A 
brief description of the hydroxylherderite crystals from 
these three localities is presented. JES 


INSTRUMENTS AND TECHNIQUES 


Analysis of Burmese and Thai rubies by PIXE. S. M. 
Tang, S. H. Tang, T. S. Tay, and A. T: Retty, Applied 
Spectroscopy, Vol. 42, No. 1, 1988, pp. 44-48. 


After a brief summary of the gemological properties and 
geologic occurrences of Burmese and Thai rubies, the 
authors report on their trace-element analyses of these 
stones using PIXE (Proton-Induced X-ray Emission]. 
Sixty rubies were investigated, roughly half of Burmese 
origin and thalf of Thai origin. The Burmese rubies were 
found to contain higher concentrations of all impurities 
(Cr, Si, S, Cl, K, Ca, Ti, Vj and Mn) except iron. In 
particular, they generally contain significantly higher 
amounts of chromium, vanadium, and silicon than their 
Thai counterparts. Burmese rubies have an iron concen- 
tration that, on average, is only one-fourth that of Thai 
stones; however, the two ranges of iron concentration do 
overlap. Other minor trace elements observed include 
gallium, nickel, copper, and zinc. The authors conclude 
by summarizing the advantages of PIXE: it requires 
minimal sample preparation, is highly sensitive, and 
produces no damage to the stones, even though it only 
analyzes a surface layer. EF 


Identification de micro-inclusions dans des rubis et 
émeraudes de synthése par spectroscopie Raman 
(Identification of microinclusions in synthetic 
rubies and emeralds by Raman spectroscopy). M.- 
L. Delé-dubois, J.-P. Poirot, and H.-J. Schubnel, 
Revue de Gemmiologie a.fg., No. 88, 1986, pp. 
15-17. 


Raman spectroscopy allows the identification of micro- 
inclusions without destroying or grinding down the hast 
gem. Some restrictions apply: The inclusion must be big 
enough {at least 2 microns or more, depending on the 
material) and not too shallow (5 mm is a maximum], and 
fluorescence must be avoided. A list of inclusions 
studied by Raman spectroscopy in synthetic emeralds 
and rubies is provided, along with the identifying 
spectral features. New results include the discovery of 
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sodium ortho-vanadate in Ramaura synthetic rubies and 
various polymorphs of MoO, in Lennix synthetic emer- 
alds. EF 


Détermination, par microréflectométrie diffuse, de la 
concentration en Co?+ tétraédrique dans les 
sphalerites (Determination of tetrahedral Co2+ 
concentration in sphalerites by diffuse micro- 
reflectance measurements), B. Cervelle, E Ces- 
bron, and N. Drin, European Journal of Mineral- 
ogy, Vol. 1, No. 1, 1989, pp. 127-133. 


The color of yellowish green to green sphalerites was 
studied using visible absorption spectroscopy. The green 
hue is related to the presence of trace amounts of cobalt 
(0.3 to 405 ppm of Co2+) in tetrahedral coordination in 
crystals with low iron content {less than 1%}. The 
samples studied came from France, Kenya, Spain, and 
Mexico. EF 


Methods for the distinction of natural and synthetic 
citrine and prasiolite. <. Schmetzer, journal of 
Gemmiology, Vol. 21, No. 6, 1989, pp. 368-391. 


In this comprehensive article, Dr. Schmetzer begins 
witha review of the literature and existing knowledge on 
the topic, focusing on spectral characteristics and causes 
of color. He then reports his observations of microscopic 
and spectral features for a broad range [but unspecified 
number) of natural and synthetic samples, both irradi- 
ated and naturally colored, from a variety of sources. 
While Dr. Schmetzer provides a wealth of valuable 
information, the discursive presentation forces one to 
dig for it. Tables of both the sample localities and 
sources, as well as the characteristic features, would 
have been helpful. The author concludes that combined 
use of ultraviolet and visible spectroscopy and optical 
microscopy can identify the nature of any citrine or 
prasiolite sample. Thirty-five illustrations accompany 
this worthwhile contribution. CMS 


Optronix® gemmological instruments. J. Snow and G. 
Brown, Australian Gemmologist, Vol. 17, No. 1, 
1989, pp. 3-4. 


This Instrument Evaluation Committee report covers 
two multi-purpose light sources manufactured in Thai- 
land. 

The Multi View II is described as an all-purpose, 
variable-intensity fiber-optic light source that incorpo- 
rates a 100-watt quartz-halogen bulb and an 18-inch 
light pipe. Evaluators Snow and Brown found that the 
unit lived up to the manufacturer’s claims although it 
was heavy and “became quite hot with continuous use.” 

The Onnni View is described as an updated version of 
the other unit, incorporating additional features that 
allow it to be used for long- and short-wave ultraviolet 
radiation; determination of optic character and 
pleochroism, by means of a detachable polariscope; 
photography, with a 49mm camera adapter; and viewing 
gems in transmitted light, using an external white 
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plastic viewing panel. One feature rated high by the 
evaluators is that each function is controlled separately 
by its own color-coded switch. 

Although the evaluators give suggestions for im- 
proving the two units, they conclude that they offer “a 
variety of very useful light sources; at an appropriate 
cost.” RCK 


Un réfractométre universel automatique le “Dialsan” (A 
universal automatic refractometer the “Dialsan”). 
E. Landais, Revue de Gemmologie a.fg., No. 96, 
September 1988, pp. 7-8. 


In this article, Landais traces the development of an 
automatic Brewster angle refractometer that can be used 
to measure all indices of refraction between 1.50 and 
2.90. The original prototype was presented at the Inter- 
national Mineralogical Association meeting in Orleans, 
France, in 1980. However, this first instrument had two 
major problems: The estimation of a minimum of 
illumination required visual observation, and the me- 
chanical parts required high-precision engineering. 
Therefore, an effort was made to replace the optics and 
mechanical parts as much as possible with electronics. 
The second-generation prototype used a more efficient 
type of lamp, with a photodiode to estimate the mini- 
mum amount of illumination. Landais determined that 
the best sensitivity is achieved at around 800 nm. The 
polarizing filters were changed from simple Polaroid 
films to calcite prisms, which polarize light better and 
are also more transparent. However, this second proto- 
type, with a precision of 0.02, still required manual 
intervention to look for the minimum of illumination, 
visualized on a digital voltmeter. 

On the third-generation instrument, which is now 
commercially available, the entire operation is driven by 
a microprocessor. The index of refraction is now read 
directly on the digital display, with a precision of + 0.01 
for a flat, clean facet of a gem. EF 


JEWELRY ARTS 


Circa dating. A. M. Miller, Lapidary Journal, Vol. 42, No. 
11, February 1989, pp. 45-47. 
Ms. Miller provides some descriptions of the various 
motifs of jewelry designs of the past and the general 
dates of their manufacture. For example: “Retro 
{1940—1950) jewelry had high drama of design and bold 
oversize gemstones. .. .” The article offers nice descrip- 
tions of general designs and popular stones of each 
period, but it provides little specific information on the 
accurate bracketing of dates for appraisals. Two color 
photos accompany the text. WRV 


Georg Jensen: Making silver shine. L. Gordon, Jewelers’ 
Circular-Keystone, Vol. 159, No. 5, May 1989, pp. 
136-142. 


This highly readable article is a nicely compact biogra- 
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phy of noted Danish jeweler Georg Jensen, whose dis- 
tinctive jewels of rounded, stylized plant forms were 
popularized during the first quarter of this century. 
Jensen usually fabricated his pieces in silver because he 
preferred the metal’s “obstinate character.” Silver was 
also more affordable, as were the cabochon-cut 
chalcedony, amber, opal, and moonstones that Jensen 
bezel set in most of his jewelry. Keeping his costs low 
allowed him to reach a broader range of clients and 
increased his exposure. 

Initially trained as a sculptor, Jensen began making 
jewelry after seeing the Art Nouveau pieces displayed by 
René Lalique and others in Paris. Although Jensen was 
inspired by the Art Nouveau style, his jewelry transcen- 
ded the period and continued to be popular well into the 
1930s, long after the Art Nouveau movement had ended. 

Amply illustrated and footnoted (a blessing for 
researchers}, this article is a lucid and scholarly presenta- 
tion of Georg Jensen’s work. EBM 


Glossary of antique jewelry terms. M. L. Waller, Jewelers’ 
Circular-Keystone, Vol. 159, No. 5, May 1989, pp. 
145-156. 


Compiled originally to help customers understand ap- 
praisals, this glossary is also useful for jewelers writing 
appraisals, 

Beginning with acrostics and ending with witches 
heart, the author provides succinct definitions for 
dozens of terms relating to antique and period jewelry. 
Although many of the defined words will be quite 
familiar to readers already involved in antique jewelry, 
several examples are enlightening. This glossary is not 
encyclopedic, nor does it claim to be; nevertheless, it 
offers sufficient information to satisfy an immediate 
need and is a handy quick reference guide for the jeweler- 
appraiser. 

Nine color photos augment the text with interesting 
and unusual examples of antique jewels. A table showing 
several gem cuts frequently encountered in antique 
jewelry concludes this informative compendium. 

EBM 


JEWELRY RETAILING 


Your next diamond sales frontier: Fancy colors. D. 
Federman, Modern Jeweler, Vol. 88, No. 3, 1989, 
pp. 50-56. 
In this attractively illustrated article, the author tries to 
help the average retail jeweler expand diamond sales by 
venturing into the market of fancy-colored diamonds. 
Attributing the increasing interest in colored diamonds 
mainly to the greater output of pink, brown, yellow, and 
even blue diamonds from the Argyle mines in Australia, 
with special interest placed on the browns, Federman 
provides some helpful hints on how to become ac- 
quainted with buying and selling these stones. 
Relying on the experience of a few colored diamond 
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dealers and retail sales managers from New York, Feder- 
man gives some specific ideas on how to learn more 
about colored diamonds (e.g., by visiting the Diamond 
Dealers Club or talking with knowledgeable indepen- 
dent dealers}, and what to look for when buying (such as 
modifying colors and face-up appeal). He includes a 
discussion of the value of using fancy cuts rather than a 
round brilliant for the best concentration of color in a 
fancy-color diamond. Federman emphasizes that anyone 
can become successful in the colored diamond market, 
but the jeweler must first become familiar with all the 
various factors that dictate the wide range of prices for 
these unique and exciting stones. Christopher P Smith 


SYNTHETICS AND SIMULANTS 


Emerging technology of diamond thin films. P K. 
Bachmann and R. Messier, Chemical @ Engineer- 
ing News, Vol. 67, No. 20, 1989, pp. 24-39. 


This is an excellent, detailed review of recent achieve- 
ments in the technology of diamond thin films. After 
providing an overview of high-pressure diamond syn- 
thesis, the authors detail some key properties of diamond 
in conjunction with potential applications, from wear- 
resistant coatings to optical, acoustical, chemical, and 
electrical devices. A summary of the history of low- 
pressure diamond synthesis contains some new insights 
into the very early works in this field. 

After describing synthetic diamond and diamond- 
like films, ‘the authors propose a working definition of 
diamond films. The most common methods to grow 
synthetic diamond thin films (microwave-, hot fila- 
ment-, and plasma-assisted chemical vapor deposition} 
are illustrated and explained in some detail, including 
process parameters and the maximum size and quality 
of the final product. A few applications already or soon to 
be on the market —such as cutting tools, heat sinks, and 
tweeters for stereo speakers — illustrate the most recent 
achievements in this Japanese-dominated research and 
development area. 

The authors conclude that, despite the many prob- 
lems that remain unsolved at this point, the large 
number of applications already realized and the exciting 
possibilities within reasonable reach amply justify a 
large effort to further develop this new technology. 

EF 


Production techniques of commercially available gem 
rubies, K. Schmetzer, Australian Gemmologist, 
Vol. 16, No. 3, 1986, pp. 95-100 
The author briefly reviews the various production tech- 
niques used to grow the commercially available syn- 
thetic rubies. Characteristic microscopic features of 
material from different manufacturers are described. Of 
particular interest is the disclosure of the composition of 
the flux that seems to be used in the various flux-growth 
processes, as determined by electron microprobe, X-ray 
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fluorescence, or X-ray diffraction analysis of the flux 
residues. The Chatham 2-6, Gilson, and Lechleitner 1-3 
rubies studied were found to be grown in a Li,0-MoO,- 
PbF, {or PbO} flux. The Kashan samples used cryolite 
(Na3AlF,). Knischka types 1, 2, and 5 {and possibly the 
other generations} were grown in Li,O-WO;-PbF, {or 
PbO) flux. The Ramaura process was found to use Bi,O3- 
La,O3-PbF, (or PbO} flux. EF 


Synthése et imitation de l’opale noble (Synthesis and 
imitation of precious opal). J.-P Gauthier, Revue de 
Gemmologie a.fg., No. 89, 1986, pp. 16-23. 


Gauthier first recounts the early history of opal syn- 
thesis and then compares the formation conditions of 
natural and synthetic opal. One milky white Gilson 
synthetic opal, exhibiting predominantly green play-of- 
color, is investigated in detail using transmission elec- 
tron microscopy {TEM]. Several spectacular photo- 
micrographs are provided. The regular stacking of silica 
spheres is less obvious in the Gilson synthetic than in 
the natural samples. The most notable feature of the 
Gilson product is a network of smaller ZrO, spherules 
that seem to fill, in part, the voids between the silica 
spheres, although the stacking as a whole still has a cubic 
symmetry. Important microtwinning of this network 
and the coalescence of silica spherules suggest that 
compaction was most likely used. 

Various simulants that exhibit an opal-like play-of- 
color are reviewed. EF 


TREATMENTS 


‘Aqua Aura’ enhanced quartz specimens. R. C. Kam- 
merling and J. I. Koivula, Journal of Gemmology, 
Vol. 21, No. 6, 1989, pp. 364-367. 


The authors describe a quartz crystal to which a bluish 
color and surface iridescence have been imparted by the 
application of a thin coating of gold. Gemological testing 
revealed properties characteristic of crystalline quartz, 
although the coating is visible under magnification. 
EDXRF analysis revealed the presence of silicon, gold, 
and titanium (the last, perhaps, as inclusions or impuri- 
ties in the quartz]. Heating and acetone produced no 
damage to the coating. Color photos illustrate the 
macro- and micro-features of this material, which is 
being sold as mineral specimens in the U.S. under the 
name “Aqua Aura.” CMS 


Imitation pearl coatings. S. J. Kennedy, J. G. Francis, and 
G. C. Jones, Journal of Gemmology, Vol. 21, No. 4, 
1988, pp. 211-214 

The authors report on various techniques used to iden- 

tify the coating on some imitation pearls. First, an X-ray 

powder diffraction analysis of the coating produced a 

pattern that resembled but did not match hydro- 

cerussite, a synthetic material that is a lead dihydrox- 
ydicarbonate. Further testing by infrared spectroscopy 
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showed a mixture of nitrocellulose and another compo- 
nent. By placing the coating first in dichloroethane and 
then in acetone, the authors dissolved the nitrocellulose 
lacquer and identified the insoluble material as a hydro- 
cerussite-like filler. This filler appeared under the opti- 
cal and scanning electron microscope as minute hexago- 
nal plates. In the electron microprobe, only lead was 
detected. Since one form of hydrocerussite is the pig- 
ment “white lead,” a specimen of this material was also 
subjected to X-ray diffraction analysis and infrared 
spectroscopy. The patterns obtained matched that of the 
coating more closely than did the pattern of the mineral 
hydrocerussite. It was therefore determined that the 
imitation pearls had been coated with a synthetic basic 
lead carbonate in the form of minute hexagonal platelets 
suspended in a transparent nitrocellulose lacquer. 
Four photographs illustrate the text. KNH 


MISCELLANEOUS 


A la mémoire de Dina Level, notre presidente d’honneur 
(To the memory of Dina Level, our honorary 
president). J.-P Poirot, Revue de Gemmologie a.fg., 
No. 96, 1988, p. 3. 

Dina Level, honorary president of the French Gemologi- 

cal Association and a noted figure in French gemology, 

died at the age of 84 on July 17, 1988. Level first dedicated 
herself to pearls, but rapidly moved to colored stones, 
where she developed a pioneering interest in inclusions. 

Level also helped in the creation of the Laboratory of the 

Chamber of Commerce of Paris. All through her life she 

promoted the teaching of gemology and launched many 

a person’s interest in this discipline. Her commitment is 

expressed by the phrase that became associated with her 

over the years: “She is married to gems.” EF 


Notes from the Laboratory—14. K. Scarratt, Journal of 
Gemmology, Vol. 21, No. 6, 1989, pp. 339-346. 


Mr. Scarratt describes the London laboratory's new FTIR 
spectrometer and explains how to read absorption 
curves, He also describes 10 De Beers synthetic yellow 
diamonds, concentrating on microscopic, ultraviolet, 
and infrared characteristics. His observations essen- 
tially concur with those reported by previous re- 
searchers, but are well worth reviewing. Infrared spec- 
troscopy also helped in the identification of a composite 
that consisted of an orangy artificial coating over a piece 
of amber that displayed a yellow outer layer (just under 
the artificial coating) and a colorless interior, which 
appear to be characteristic of heat treatment. These 
notes conclude with the description of a gray/green/ 
brown diamond that was identified as type IIb on the 
basis of reaction to ultraviolet radiation {inert to long- 
wave and short-wave, but phosphorescing to short- 
wave), strong electrical conductivity, and characteristic 
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infrared spectrum. Useful color photos and spectral 
graphs illustrate these notes. CMS 


The Proctor Collection, Colorado Springs, Colorado. 
M. I. Jacobson, Rocks & Minerals, Vol. 63, No. 1, 
1988, pp. 40-56. 


This article profiles Keith Proctor, a Colorado-based gem 
and mineral dealer who travels the world to add to his 
mineral collection. Profusely illustrated with 59 color 
photographs of specimens from the collection, the arti- 
cle includes a brief biography and elucidates Mr. Proc- 
tor’s collecting philosophy. From the photographs and 
text, it appears that the emphasis of the collection is on 
aesthetic gem-quality crystals (some having been 
“saved” in the “nick of time” from cutting). PASG 


Photographing minerals: Beyond the basics. J. Scovil, 
Lapidary Journal, Vol. 43, No. 2, May 1989, pp. 
42-49, 

The mineral photographer is often faced with the di- 

lemma of photographing a specimen to either show its 

intrinsic beauty or represent it with scientific accuracy. 

In this article, Jeff Scovil suggests some creative ap- 

proaches and ideas to “solve” this problem. He believes 

that acompromise can be struck between these conflict- 
ing realities, the results of which will please both the 
hardened scientist and the aesthetic perspective of the 
artist. He underscores his argument with two stunning 
photographs, The bibliography provided is also helpful 
for those photographers seeking additional tips. RW 


The Van Pelts. J. Culp Zeitner, Lapidary Journal, Vol. 43, 
No. 2, May 1989, pp. 20-32. 


If you close your eyes and try to conjure up the vision of a 
spectacular gemstone or mineral, it is quite likely that 
the image will be copyrighted. Chances are, you will be 
thinking of one of the famous photographs of Harold and 
Erica Van Pelt. For almost 20 years now, their photo- 
graphs of gemstones and minerals have graced the covers 
and contents of a myriad of books and publications 
among which, of course, is Gems # Gemology. In an 
interesting and informative article, Zeitner takes us 
through the exciting life story of the Van Pelts, including 
not only their involvement with gemstone photography, 
but their creative and technical excellence in the lapi- 
dary world as well. 

Perhaps the most savory section of the article deals 
with the “Van Pelt Hints for Amateurs,” which will no 
doubt be read and reread assiduously by any aspiring 
gem photographer. Here, the Van Pelts candidly discuss 
lighting problems, specimen orientation, and the use of 
various backgrounds. In a world where quality seems to 
dwindle before us at an alarming rate, how refreshing 
and enlightening it is to study the words of such masters 
of perfection. RW 
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POLYNESIAN BLACK PEARLS 


By Marisa Goebel and Dona Mary Dirlam 


Historically, natural black pearls have 
been one of the rarest and most exotic of 
gem materials. In the 1960s, however, a 
black-pear! culturing industry was initi- 
ated, Today, cultured black pearls play a 
prominent role throughout the interna- 
tional jewelry community. This article re- 
views the history of Polynesian black 
pearls, the development of culturing and 
the techniques involved, grading, treat- 
ments and identification, and the factors 
responsible for their growing popularity in 
the 1980s. 
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he 1980s have seen an explosion of interest in the 

cultured black pearls of French Polynesia, five groups 
of island archipelagos in the South Pacific. Twenty years 
ago, black pearls were a mere curiosity appreciated by a 
handful of people. Today, cultured black pearls, often called 
Tahitian pearls or Tahitian cultured pearls, can be found in 
fine jewelry stores throughout the world. 

The large black-lipped oyster that produces black 
pearls, Pinctada margaritifera, is found in the coastal 
waters of Peru, Baja California, Panama, Indonesia, Micro- 
nesia, the Red Sea, the Philippines, and Okinawa (a 
prefecture of Japan}, as well as French Polynesia. Yet 
natural black pearls are extremely rare compared to their 
white counterparts. In the 1960s, however, with the aid of 
Japanese technicians, pearl farmers in French Polynesia 
mastered the culturing of black pearls. Like the natural 
black pearls, the Polynesian cultured pearls are large and 
often noted for their superb luster and orient, as well as for 
the unusual gray-to-black range of color (figure 1). To this 
day, the vast majority of black-pearl culturing is in 
Polynesia. 

With the greater availability of black pearls has 
emerged a broader market in the jewelry industry, as is 
evidenced by their regular presence both in retail stores 
and at auction. Problems have also arisen, such as concern 
that the pearls might have been dyed or irradiated (Maitlins 
and Bonanno, 1987}. To provide a better understanding of 
this exotic material, this article will review the history, 
biology, and culturing of black pearls. It will also describe 
grading parameters and how to detect treatments used on 
pearls from other mollusks to mimic the Polynesian blacks 
and, more recently, on some Polynesian cultured pearls as 
well, 


THE SOURCE: FRENCH POLYNESIA 


Midway between Australia and North America—at 
approximately 17° south latitude and 151° west longi- 
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Figure 1. This three-strand necklace illustrates some of the fine black cultured pearls that have been 
produced in French Polynesia in recent years. Note especially the superb luster and orient of these 
pearls, which range from 12 to 15 mm. Photo by Tino Hammid; courtesy of Christie’s, New York. 
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Figure 2. This map shows the location of some of the island archipelagos of French Polynesia, mid- 


way between South America and Australia. Adapted from Langdon (1975). 


tude—is a group of 130 islands known as French 
Polynesia (see figure 2}. This land mass of 1,550 
square miles (9,600 km?] is divided into five 


Figure 3. Black pearls are typically cultivated in 
lagoons such as this one on S. Marutea Island 
in the Tuamotu Archipelago. Photo © Fred 
Ward/Black Star. 
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archipelagos: the Society Islands, the Leeward 
Islands, the Tuamotu Archipelago, the Gambier 
Islands, and the Australes. The black pearls are 
cultivated primarily in the lagoons of the Tuamotu 
Archipelago (figure 3) and the Gambier Islands, the 
waters of which have been found to provide a 
perfect environment for P margaritifera (Salomon 
and Roudnitska, 1986). 


HISTORICAL BACKGROUND 


The shell of P margaritifera was treasured by 
native Polynesians long before the European ex- 
plorers arrived. According to Tahitian legends, 
black pearls were considered to be emanations 
from the gods. One important god, Oro, traveled to 
earth by means of his rainbow, which was believed 
to be the source of the iridescence in the pearl and 
its shell (Salomon and Roudnitska, 1986). 

In September 1513, Spanish explorer Vasco 
Niifiez de Balboa (1475-1519) first arrived in what 
is now French Polynesia and claimed the group of 
islands for Spain. Later, European sailors re- 
counted in their logs and diaries the abundance of 
giant mollusks in the warm, shallow waters of the 
South Sea islands, and the ease with which they 
could be retrieved (Lintilhac, 1987}. Unfortunately, 
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little is known about how the pearls were used by 
native Polynesians or the early European visitors. 
The earliest record of shell jewelry dates from 
1722, when Roggeveen, a Dutch navigator, noted 
that the people wore silver disks in their ears and 
pendants of mother-of-pearl (see figure 4). Some of 
the ceremonial uses included decorating robes 
with shells and filling eyes in sculpture with 
mother-of-pearl. Kunz and Stevenson {1908} de- 
scribe how Tahiti’s monarch Queen Pomare played 
marbles with black pearls in the early 1800s. 

In 1842, Polynesia became a protectorate of 
France, ending over 300 years of conflict with other 
European countries. During the 19th century, 
navigators from France, England, the Netherlands, 
and elsewhere traded flour, cloth, nails, and alco- 
hol to the divers for mother-of-pearl shells that 
they used in jewelry, as inlay in furniture, and as 
buttons. They also brought back pearls, some of 
which were undoubtedly incorporated into fine 
jewelry. A few historically important natural 


Figure 4. The shell of PR. margaritifera has been 
treasured by native Polynesians for centuries; 
this crude necklace represents one example of 
early usage. Photo © Alain Durand; courtesy of 
the Museum of Tahiti and Its Islands. 
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Figure 5. This brooch from the estate of Flo- 
rence ]. Gould, whose father-in-law was railroad 
magnate Jay Gould, is one of the few period 
pieces with natural black pearls known today. 
The pearls range from 13 to 19 mm and are set 
with old mine—cut diamonds. The piece sold at 
auction for $82,500 in April 1984, Photo cour- 
tesy of Christie’s, New York. 


black-pearl pieces are known today, although the 
source of the pearls cannot always be established. 
In May 1989, for example, Christie’s Geneva auc- 
tion sold (for $104,310} a stunning fringe necklace 
of 35 graduated natural black, silver, and gray 
pearls that had belonged to the Spanish ambas- 
sador to Russia, the Duke of Osuna, in the 1850s. 

Twining (1960) describes “The Azra” black 
pearl, part of a famous necklace in the Russian 
crown jewels that eventually came into the posses- 
sion of the Youssoupoff family. Another black pearl 
on a diamond necklace that had once been owned 
by the Youssoupoff family was auctioned for 
$130,000 by Christie’s in 1980. The April 1984 
Christie’s auction of jewels from the estate of 
Florence J. Gould featured a period piece with 
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natural gray pearls set in a dramatic diamond, 
platinum, and white gold brooch (figure 5). 

The 1840s were marked by heavy harvesting of 
the black- lipped oyster. By 1850, reports indicated 
concern that the oysters were becoming scarce and 
had to be recovered from greater depths of water 
(Lintilhac, 1987). As the overharvesting pro- 
gressed, the French government intervened by 
establishing seasonal diving periods. 

By 1885, the French government realized that 
the pearling industry would not survive in the 
South Sea islands unless more dramatic steps were 
taken. The government then hired biologists to 
determine ways to replenish P margaritifera. One 
of these biologists, Bouchon Brandely, suggested a 
strict prohibition on fishing in certain oyster- 
bearing lagoons. More importantly, he recom- 
mended collecting spats, or young oysters, and 
placing them in a protected area. The resulting 
concentration of oysters created an ideal environ- 
ment for reproduction, so much so that even today, 
spat cultivating is the primary way of guaranteeing 
the oyster population. 

At the time Bouchon Brandely suggested culti- 
vating spats, the economic impetus was the de- 
mand for mother-of-pearl; any pearls found were 
simply by-products. Black pearls did not become 
more than an attractive oddity until culturing in P 
margaritifera was achieved in the 1960s. Early in 
that decade, French veterinarian Jean Marie Do- 
mard began to study culturing; in 1962, he brought 


Figure 6. These baroque cultured black pearls 

(the largest is 16 x 8 mm) came from the first 
harvest of the Rosenthal farm on Manihi Atoll. 
Courtesy of John Latendresse; photo by Robert 
Weldon, 
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a Japanese specialist to Polynesia, who implanted 
5,000 oysters. By 1965, they had obtained 1,000 
gem-quality cultured black pearls (Lintilhac, 
1987). 

The first pearl farm in French Polynesia was 
started in 1966 on the Manihi Atoll in the 
Tuamotu Archipelago by Hubert and Jacques Rosen- 
thal, grandsons of “pearl king” Leonard Rosen- 
thal, author (1920) and scion of a French jewelry 
family known for their fabulous pearl jewels. The 
Tahitian government encouraged the Rosenthals 
to help develop the culturing industry in Poly- 
nesia. Through the efforts of Japanese specialist 
Renji Wada and site manager Koko Chaze, the farm 
was in full operation by 1968 (figure 6]. It continues 
today, managed by Leonard’s great grandson, Cyril 
Rosenthal. Over the course of the next 20 years, 
culturing developed into a viable export industry 
as the technical expertise evolved to produce large, 
fine-quality black pearls for the jewelry commu- 
nity (figure 7). 


ANATOMY OF THE OYSTER AND 
COMPOSITION OF THE PEARLS 


Of the more than 70 species of mollusks (from the 
phyllum Mollusca} that can produce pearls, the 
majority belong to the Pinctada family. Pinctada 
maxima, the white-lipped or gold-lipped oyster, is 
prized for both its shell and the large gold-colored 
and white pearls it produces. It lives in the South 
Seas, Burma, New Guinea, the Philippines, Austra- 
lia, and Indonesia. Pinctada fucata martensii, com- 
monly called Akoya, has a thin shell of no commer- 
cial importance but is valued for its small (usually 
less than 9 mm] white pearls, which are abundant 
on the world market today. These mollusks are 
found in China and Japan. Pinctada margaritifera, 
the black-lipped oyster, is prized for both its 
mother-of-pearl shell and its large gray to black 
pearls. Pearl-bearing P margaritifera are found in 
Peru, Baja California, Panama, Indonesia, Micro- 
nesia, the Red Sea, the Philippines, and Okinawa, 
as well as French Polynesia. 

Oysters, bivalve mollusks like the Pinctada, 
have two symmetrical shells hinged together by a 
ligament. The life span of 2 margaritifera ranges 
up to 30 years; a single oyster can weigh up to 11 
Ibs. (about 5 kg) and reach a diameter of 12 in. 
(about 30 cm). A powerful adductor muscle holds 
the two shells together, leaving an indentation on 
the inner surface. One of the most distinctive 
characteristics of the black-lipped shell is the 
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Figure 7. Today, pearl 
farmers in French Poly- 
nesia are producing su- 

perb cultured pearls, This 
natural-color cultured 
pearl necklace contains 
29 fine round pearls that 
range from 12.5 mm to 
15 mm, Two polished P. 
margaritifera shells ac- 
company it. Necklace 
courtesy of Assael Inter- 
national; photo © 
Harold & Erica Van Pelt. 


greenish black color on its inside edges, which is 
duplicated in many of the fine pearls from this 
mollusk. The two most important organs in pro- 
ducing pearls are the mantle and the gonad (figure 
8). Not only does the mantle form the shell, but 
each part of the mantle also secretes different 
layers of nacre. The gonad is the reproductive 
gland, a large whitish sack that holds the eggs or 
sperm. In the culturing process, the bead nucleus 
and a piece of mantle tissue are inserted into the 
gonad to produce a cultured pearl. 

Nacre, the essential ingredient of all pearls, is 
composed of approximately 90% aragonite (ortho- 
rhombic calcium carbonate crystals) and 5% 
conchiolin (an organic protein that binds the 


Polynesian Black Pearls 


aragonite crystals together}, together with other 
organic material; the most abundant trace ele- 
ments in P margaritifera are magnesium, stron- 
tium, and sodium (Wada, 1981, p. 154}. The nacre is 
secreted in concentric layers about a micron thick. 
Cultured pearls have a refractive index of 
1.53-1.69 anda specific gravity range of 2.72—2..78. 
The average hardness is 3.5. 


CULTURING 


While natural black pearls are still found occa- 
sionally, nearly all the black pearls on the market 
today are cultured. Most natural black pearls have 
slightly less luster and tend to be larger than their 
cultured equivalents. 
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Figure 8. A 14-mm cultured black pearl 
emerges from the gonad of this P. margaritifera 
grown in the Marutea lagoon. Note the mantle 
surrounding the pearl, and the characteristic 
black color on the inside edges of the shell. 
Photo © Fred Ward/Black Star. 


Figure 9. At one of the spat-cultivating areas, a 


diver checks the growth of the young mollusks. 


Photo by Cyril Rosenthal. 


Culturing is essentially a two-part process: 
first, the cultivation of the oyster, P margaritifera, 
and second, the growth of the pearl in this oyster. 
The technique is essentially the same one Mi- 
kimoto used to develop the Japanese pearl-cultur- 
ing industry (Shirai, 1970). Mikimoto even did 
some culturing experiments with P margaritifera 
in 1920, when he established an experimental 
station at Palau (Cahn, 1949, George, 1979). 

The oysters used in the culturing process are 
still drawn from the limited resources in the water 
around the islands. Although some are retrieved by 
independent divers (who continue to be restricted 
by the Tahiti government to certain zones of the 
atolls}, most are produced by spat cultivation. In a 
contemporary adaptation of Bouchon Brandely’s 
original program, young oysters are placed in 
nurseries, suspended from metal nets by stainless 
steel or nylon wires, until they are old enough—at 
least two to three years old—to be used for pearl 
culturing (figure 9). Some farms are also experi- 
menting with growing mollusks in tanks; positive 
results are anticipated. 

Pearl culturing consists of inserting into the 
gonad of the oyster a bead made of freshwater 
mussel shell along with a graft of mantle tissue 
from another live black-lipped oyster. The nucleus 
is typically made from the mother-of-pearl of a 
Mississippi River (U.S.) mollusk. Once, only the 
pigtoe mussel was used; today, three species found 
in central and southern tributaries of the Missis- 
sippi River also provide good nuclei. The mantle- 
tissue graft is an essential component of the 
culturing process, both in terms of stimulating the 
secretion of nacre and in determining the color and 
other features of the finished pearl. The entire 
operation of inserting the bead and tissue takes one 
to two minutes and is usually done by Japanese, 
Australian, or Polynesian technicians. The techni- 
cian chooses the appropriate nucleus size for the 
oyster being used, typically a bead 5-9 mm in 
diameter, and then makes a small incision in the 
gonad, into which the nucleus and mantle-tissue 
graft are placed (figure 10). The experience of the 
technician is invaluable in ensuring that the oyster 
used is healthy, that the largest bead possible is 
selected, and that the various components are not 
damaged in the course of the operation. 

Once the procedure is completed, the oysters 
are attached to a nylon rope through holes drilled 
in the shells. In some farms, the oysters are placed 
individually in net bags, which catch any beads 
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that are rejected. A diver then attaches the chain of 
oysters to an underwater platform (figure 11). The 
operation takes place typically between June and 
September, the winter months for this region, 
when the water is cooler and there is less risk of 
violent storms. 

If an oyster rejects the bead, it will generally do 
so in the first two months following the surgery. 
Some well-equipped farms have been known to 
X-ray the oysters to see if the nucleus has been 
rejected or if it is in place properly, but this 
technique is used much less frequently today than 
it was in the past (R. Wan, pers. comm., 1989). 
Oysters that reject their beads can be re-operated 
on after a couple of months of rest. On some farms, 
these oysters are instead used to create mabes or 
assembled cultured blister pearls. 

Approximately two years must pass before the 
success of this operation is known. At that time, a 
few mollusks are brought to the surface and 
checked to see if a pearl has formed and, if so, how 
thick the nacre is. With three or four layers of nacre 
deposited a day, a pearl cultured in P margaritifera 
will devélop a nacre thickness of 2 to 2.5 mm in 
two years, compared to 1 mm developed by an 
Akoya pearl over the same time span. 

During the growth period, the oysters must be 
watched constantly. They are brought to the sur- 
face and the barnacles cleaned off several times a 
year. Predators, parasites, hurricanes, pollution, 
and piracy are a constant threat. In both 1983 and 
1985, hurricanes did profound damage to oysters, 
equipment, and buildings in French Polynesia on 
farms in the Tuamotu Archipelago (Cohen, 1983, 
C. Rosenthal, pers. comm., 1989). 

Currently the lagoons of two archipelagos — 
the Tuamotu Archipelago and the Gambier Is- 
lands—are used primarily for cultivating pearls 
and the mother-of-pearl] shells that are now the by- 
product of this important industry in French 
Polynesia. Efforts are being made to find other 
suitable lagoons. 


HARVESTING 


If, at two years, all of the indications are good, the 
oysters are harvested. A number of farms now have 
two or more harvests a year. At this time, the 
oysters are brought to the installation or labora- 
tory where the initial insertion took place and are 
opened by a technician who then examines the 
interior (figure 12). 

If the operation is successful and a pearl is 
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Figure 10. An essential step in the culturing 
process is the insertion of the bead nucleus into 
the gonad. Photo © Fred Ward/Black Star. 


Figure 11. Once the oysters have received their 
implantations, they are attached to a chain and 
taken to an underwater platform. Photo by 
Cyril Rosenthal. 
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found, it is removed carefully. The harvested pearls 
are washed, dried, and lightly polished by rubbing 
in salt in preparation for sorting and grading. On a 


Figure 13. Polynesian cultured black pearls oc- 
cur in a variety of colors. Photo © Fred Ward/ 
Black Star. 


Figure 12. A pearl can be 
seen lying within the 
gonad of this oyster, 
which has just been 
harvested. Photo by 
Marisa Goebel. 


few of the farms, the oyster may be reoperated on 
after a period of rest [V. Dockendorf, pers. comm., 
1989}. On average, 55% of the oysters will accept 
the operation the first time. A return of 30% 
commercially acceptable pearls is considered a 
very good harvest (C. Rosenthal, pers. comm., 
1989}. 

If the oyster has rejected the bead nucleus, the 
technician will check to see if a “keshi” (mantle 
tissue—nucleated pearl] has been created from the 
piece of mantle tissue that was inserted. In any 
case, if the mollusk that rejected the bead is 
deemed healthy, another implant may be at- 
tempted. Again, some farms will elect to make 
mabes at this stage rather than risk a second 
implant because of the high mortality rate for 
mollusks after the second insertion. 


GRADING 


Five factors are commonly used by the trade to 
grade Polynesian black pearls: color, luster, shape, 
size, and surface features. 


Color and Orient. In the context of black pearls, 
one of the most important factors, “color,” consists 
of two components: body color (the basic color 
presented by the pearl} and overtone (the hues seen 
superimposed on top of the body color). Body color 
can be subdivided into six groups: silver, silver 
blue, gold, brown-black, green-black, and black 
(figure 13}. Overtone is typically a mixture of 
colors that is best observed as the pearl is rotated. 
Created by light passing through the layers of 


GEMS & GEMOLOGY Fall 1989 


nacre, the overtone may be any combination of 
pink, lavender, blue, “peacock” blue, gold, green, or 
a reddish purple called aubergine (after the French 
word for eggplant}. The color most characteristic of 
fine Polynesian black pearls is a greenish black 
(also referred to as “peacock”] that sometimes has 
an aubergine overtone. Because other South Sea 
pearl-bearing oysters may also produce silver, 
silver-blue, and golden pearls, these latter colors 
are more plentiful in the market and therefore may 
command a lower price than the various combina- 
tions of black-colored pearls. 

Also caused by the passage of white light 
through the many layers of nacre is the rainbow- 
like play of color that seems to hover about the 
surface of some pearls. Called orient, it is not 
always prominent in black pearls, although it is 
readily visible in the finer grades. 


Luster. Luster is the quality of light reflections 
from the surface of the pearl. As taught in the 
current GIA pearl course, luster is considered high 
when reflections are bright and sharp, and low 
when they are weak and fuzzy. In black pearls, 
much of the light is reflected from the surface, thus 
producing excellent luster in most. In the trade, 
this brilliance is called éclat, from the French word 
for shiny. 


Shape. Shape can be divided into three main 
categories: round or spherical, symmetrical, and 
baroque. The most highly prized is the perfectly 
round pearl that will roll in every direction when 
placed on a flat surface (Lintilhac, p. 70). Symmet- 
rical pearls are pear-, egg-, or button-shaped; some 
are evenly elongated. The haroque-pearl category 
contains all the irregular shapes and is the most 
interesting to many pearl enthusiasts. 

Currently, there is an abundance of baroque 
pearls from the South Seas (see figure 14). Ameri- 
can pearl grower John Latendresse feels that the 
disproportionate number of baroques is due to the 
poor quality of bead that has been supplied to the 
Polynesian pearl farmers. His examination of 
black-pearl nuclei reveals that many are infested 
with parasites whose presence alters to bits of 
organic material on the surface of the beads (figure 
15}, referred to in the trade as wax. “Nacre won’t 
adhere to the nucleus in places where there is 
wax,” Latendresse explains. “As a result, you get 
baroque pearls” (Federman, 1985}. The desire for 
improved quality and a steady supply has led 
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Figure 14. Cultured black pearls are also found 
in a broad assortment of shapes. Pearls cour- 
tesy of Ocean Gems; photo by Robert Weldon. 


black-pearl producers to find beads outside the 
traditional sources of supply in Japan (C. Rosen- 
thal, pers. comm., 1989}. 


Size. Size is the most readily determined feature of 
a pearl. Pearl sieves, much like diamond sieves, 
with holes ranging from 9 mm to 13 mm, are used 
initially to separate pearls into batches. Polynesian 
black cultured pearls generally average between 9 
mm and 12 mm. Since the diameter of the typical 


Figure 15, These three beads were created from 
U.S. freshwater mollusks for use as nuclei in 
the culturing process. The imperfect surfaces 
may influence the final shape of the pearl. The 
furrow may produce rings, the fish-eye may pro- 
duce a fish-eye effect, and the organic residue 
may result in a baroque-shape pearl. Beads 
courtesy of John Latendresse; photo by 

Robert Weldon. 
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Figure 16, At 20.8 mm, the center pearl is the 
largest known round cultured black pearl. For 
comparison, the pearl on the left is 12 mm and 


the one on the right is 14 mm. Pearls courtesy 
of Robert Wan; photo by Marisa Goebel. 


nucleus is 5-9 mm, the pearl’s final size depends 
on the amount of nacre secreted by the oyster. Prior 
to sale, the pearls are then measured more pre- 
cisely using a millimeter gauge (Lintilhac, p. 70). 


Figure 17, This colorful strand contains 41 
ringed Polynesian cultured pearls of greenish 
blue body color with aubergine overtones. The 
two round pearls in the center measure 12.4 
mm and 11.9 mm. Pearls courtesy of Ocean 
Gems; photo © Tino Hammid. 


The largest round cultured black pear] on record is 
20.8 mm (figure 16). 


Surface. As is the case with all pearls, surface 
imperfections such as pits, bumps, ridges, cracks, 
and spots lower the grade on a Polynesian black 
pearl. Rings, actually parallel furrows that encircle 
the pearl, represent an unusual though often 
attractive surface feature (figure 17). Most rings, 
according to Latendresse (pers. comm., 1989], re- 
sult from the pearl being nucleated near the hinge 
of the two shells. In a cultured black pearl, a line on 
the surface of the nucleus bead may produce rings 
(again, see figure 15}. 


Pearl Grading System. Systems used in the trade to 
grade black pearls typically consist of a series of 
letters that indicate shape and surface features. 
Lintilhac (1987) describes one such system: 


Shape 

R = Round 

D = Drop or pear 

Brq = Baroque 

But = Button 

Circ = Circled (Ringed) 


Surface and Luster (figure 18) 

A = Pearls with a flawless skin and high bril- 
liance with one pit or pinprick 

B = Pearlsthatare less brilliant and have two or 
three surface blemishes 

C = Pearls that are somewhat dull or have four 
or more surface blemishes 

D = Pearls that are definitely dull or marred by 
deeper flaws 


A similar system used by Assael International is 
outlined by Federman (1987). 


CAUSE OF COLOR 

As discussed above, color in pearls is a mixture of 
body color and overtones. The body color is deter- 
mined by a combination of factors, including the 
biology of the mollusk (specifically the mantle 
tissue], the composition of the mother-of-pearl 
shell, and trace elements present in the water 
environment. Japanese researchers have investi- 
gated the body color in pearls extensively for over 
50 years (Fox, 1979). They cite the presence of 
porphyrins (a group of water-soluble, nitrogenous 
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16-member ring organic compounds) in the shell of 
the mollusk as a primary cause of color in colored 
oyster pearls. In mollusks, the porphyrins combine 
with metals such as lead and zinc to form metal- 
loporphyrins. These same porphyrins produce a 
red fluorescence that is useful in identifying natu- 
ral color in black cultured pearls. Miyoshi et al. 
(1987) illustrate the diagnostic spectra produced 
by porphyrins present in the nacre. 

Also contributing to the color of most black 
pearls is the presence of brownish organic subs- 
tances that exist between the translucent por- 
phyrin-containing nacre and the bead nucleus 
(Miyoshi et al., 1987; P Galenon, pers. comm., 
1989}. This substance is thought to be conchiolin, 
but research to date has not been conclusive. 

Fritsch and Rossman (1988} describe the cause 
of the “high order” interference colors —overtone 
and orient —seen in black pearls as “light passing 
through and reflected back by alternating layers of 
aragonite [in the nacre] and conchiolin.” The finer 
the layers of nacre are, the more orient a pearl has 
(R. Wan, pers. comm., 1989}, 

COLOR TREATMENTS 

In a 1971 article, C. Denis George lamented his 
unsuccessful search for even one natural-color 
black pearl in visits to Mexico City, New York, and 
Paris. He was routinely offered treated black pearls 
that were represented to be natural color, and he 
railed against the “unscrupulous suppliers” who 
were perpetrating this “miserable and fraudulent” 
situation. 

In fact, from 1900 to 1978 (when cultured 
black pearls first began to appear in quantity}, 
there were far more treated than natural-color 
black pearls on the market. One result of the 
overharvesting of P margaritifera in the 19th 
century was that by 1900 there was a shortage of 
natural-color black pearls. To fill this void, people 
began to use silver nitrate solutions to dye the 
smaller Akoya pearls common to Japan (figure 19}. 
Even today, silver nitrate and other silver salts are 
probably the most common form of treatment to 
turn white and off-color Akoya pearls black {Ko- 
matsu and Akamatsu, 1978; Taburiaux, 1985). 

Although pearl treaters are among the most 
secretive in the gem industry, we do know that the 
basic procedure involves soaking the pearls in a 
weak solution of silver nitrate and dilute ammonia 
and then exposing them to light or hydrogen 
sulfide gas. This produces a change of color in the 


Polynesian Black Pearls 


Figure 18. This selection of six pearls shows the 
range of surface and luster quality seen in 
round cultured Polynesian black pearls. Begin- 
ning in the upper left-hand corner and moving 
from left to right and top to bottom, the grades 
would range from A to D on the system de- 
scribed by Lintillac (1987). Pearls courtesy of 
South Sea Pearls, Inc.; photo by Robert Weldon. 


conchiolin that makes the pearl appear black in 
reflected light. The resulting color is stable to light 
and heat (Nassau, 1984). Because the hues of 
brown-black, green-black, and black are similar to 
natural colors, it is virtually impossible to distin- 
guish them by visual observation alone (Tab- 
uriaux, 1985). 

Another, reportedly organic, dyeing technique 
was commonly practiced from approximately 
1915 through the 1920s. Called the French 
Method, it was used by a few treaters in Paris on 
off-color natural pearls, Although little is recorded 
about the actual procedure, we do know that it can 
be detected with a microscope when dye concen- 
trations are present. Pearls were shipped from 
Japan to Paris for treatment and then back to Japan 
for sale (R. Crowningshield, pers. comm., 1989}. In 
192.0, Rosenthal cautioned jewelers to be aware of 
pearls treated by this process. 

Although historically treatment has involved 
Akoya cultured pearls, it was inevitable that at- 
tempts would be made to enhance light-color P 
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maxima and P margaritifera cultured pearls as 
well, In 1987, Fryer et al. reported seeing a strand 
of 11- to 14-mm black cultured pearls that showed 
evidence of silver nitrate dye. More recently, in 
September 1989, the GIA Gem Trade Laboratory in 
New York examined two 12-mm black cultured 
pearls that showed evidence that they might have 
been dyed. The laboratory staff subsequently re- 
ceived confirmation from the trade that some 
South Sea pearls were being treated to darken the 
color (D. Hargett, pers. comm., 1989). 

One of the more recent treatments used on P 
fucata martensii (Akoyas) in an effort to darken 
mediocre-color cultured pearls is irradiation, spe- 
cifically with a cobalt gamma source. According to 
Matsuda and Miyoshi (1988)], gamma-ray irradia- 
tion can change off-color cultured Akoya pearls to 
an attractive bluish gray. These authors report that 
irradiation of Akoya pearls began in the 1950s with 
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Figure 19, The black 
pearls in this fine neck- 
lace, signed by David 
Webb, are typical of the 
treated pearls commonly 
seen in the trade. Inter- 
estingly, the baroque 
pearls in the earrings 
and ring have also been 
treated. Photo by Tino 
Hammid; courtesy of 
Christie's, New York. 


the “Atoms-for-Peace Program” and resulted in 
irradiated cultured pearls first appearing on the 
market in the 1960s. 

Ken Tang Chow’s patent on irradiating pearls, 
filed in 1960 and granted in 1963, sheds some light 
on the procedure used. The technique he patented 
involves exposure of the pearl to cobalt-60 with an 
intensity of 1,000 curies of gamma rays at a 
distance of 1 cm from the source for about 20 
minutes at room temperature. Chow found that 
longer periods of irradiation did not produce any 
appreciable change in color. He also reported that 
the irradiated pearls were stable to light and heat. 

Scientists have often noted that the color of 
freshwater shells and pearls can be changed by 
irradiation more easily than that of saltwater 
oysters. They attribute this to a change of man- 
ganese compounds (MnCO33Mn0O) which are more 
abundant in freshwater mollusks (Wada, 1981). 
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Irradiating Akoyas produces a darkening of color 
because the freshwater bead nucleus darkens and 
influences the body color. In 2 margaritifera, the 
much thicker nacre would not allow the color shift 
of the nucleus to be visible (R. Crowningshield and 
D. Hargett, pers. comm., 1989}, Dr. George Ross- 
man, of the California Institute of Technology, 
recently experimented with the irradiation of 
three Polynesian black pearls following the pro- 
cedure outlined in Chow’s patent, but left them in 
the reactor for slightly longer than 24 hours. No 
appreciable change was observed in these pearls 
compared to their control samples, although a 
color shift was observed in the freshwater pearls 
irradiated at the same time (pers. comm., 1989). 


Modern Pearl Identification. In 1920, Rosenthal 
recommended a relatively simple method for iden- 
tifying dyed pearls: “When a [natural] black pearl is 
scraped, the powder is white, but in the case of an 
artificially colored pearl, the powder is black.” 
While this procedure is accurate for some dyed 
pearls, it is also destructive. Similarly, successful 
experiments in the 1970s with a Vickers hardness 
machine. (Komatsu and Akamatsu, 1978) were 
never adapted for routine testing because of their 
destructive nature. Today, because of the sophis- 
ticated equipment and experience needed to iden- 
tify treatment, definitive pearl testing requires the 
resources of a well-equipped gemological or pearl- 
testing laboratory. Currently, gemologists at most 
Western gemological laboratories commonly use 
long-wave U.V. fluorescence, X-ray fluorescence, 
X-radiographs, visual observation, and micro- 
scopic examination to separate treated from natu- 
ral-color pearls. These tests are often used in 
conjunction with other procedures to determine 
first whether the pearl is natural or cultured (figure 
20}. Our primary concern in the following discus- 
sion, however, is their application in separating 
natural-color from treated black pearls. 

ULV. fluorescence can be diagnostic in this 
separation. For example, the fluorescence of natu- 
ral-color black pearls commonly varies from bright 
red (pearls from Baja California) to dull reddish 
brown (Tahiti pearls) when exposed to long-wave 
U.V. radiation, while dyed pearls are usually inert 
or fluoresce a dull green (Benson, 1960; 
Crowningshield, 1970; Fryer et al., 1987; R. 
Crowningshield, pers. comm., 1989). 

X-ray fluorescence spectral analysis involves 
exposing the sample to X-rays and measuring the 
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wavelengths emitted with a spectrometer (Ko- 
matsu and Akamatsu, 1978). Silver used in the 
various silver salt treatments will be detected. 
This test must be performed carefully, by an 
experienced technician, since the sample pearls 
have been known to turn brown-black if exposed 
to the x-rays in a wave-length dispersive x-ray 
fluorescence unit. Therefore, most gem-testing 
laboratories use an energy-disersive XRF unit (as 
described in Liddicoat, 1987). 

X-radiography, a technique developed in the 
1920s to separate natural from cultured pearls, has 
been discussed in detail in the standard gemology 


Figure 20. Some of the methods used by pearl 
testers to determine type and composition of 
the pearl are also used to separate natural- 
from treated-color pearls. Here, from top to bot- 
tom: X-ray fluorescence (to separate saltwater 
from freshwater pearls, as well as silver-treated 
from natural color), candling (to see thickness 
of nacre), Lauégram (to identify presence of nu- 
cleus in a cultured pearl), X-radiograph (to show 
presence of nucleus and evidence of silver treat- 
ment in some pearls), and a microsection (to 
examine the structural profile of a cultured 
pearl). All lead to a cultured South Sea pearl at 
the front. Photo © Michael Freeman. 


texts (see, e.g., Webster, 1983; Liddicoat, 1987). The 
method works on the principle that different 
materials such as nacre, conchiolin, and silver vary 
in their degree of transparency to X-radiation 
(Brown, 1979). Cultured pearls usually show high 
relief between the nucleus, with its dark ring of 
conchiolin, and the nacre. In a silver-treated pearl, 
the silver tends to concentrate in the area of the 
conchiolin. Because silver is opaque to X-rays, this 
area commonly appears white on the X-radiograph. 
The white ring or area around the nucleus of a 
treated black pearl is sometimes called a reversal 
ring (Fryer et al., 1986, pp. 173 and 174). 

Also used in pearl identification is visual 
observation supplemented by microscopic obser- 
vation. To the unaided eye, dyed materials will 
sometimes show an unusually even distribution of 
color throughout the pearl and in some cases 
throughout an entire strand of pearls. With magni- 
fication, dye can be seen concentrated around the 


Figure 21. Mantle tissue—nucleated “keshi” 
pearls are an interesting by-product of the cul- 
turing operation. This necklace shows the vari- 
ety of shapes and colors in which black 
“keshis” can occur. The drop is the only pearl 
on this necklace that is bead nucleated and, 
therefore, not considered a “keshi.” Photo by 

]. C. Bosmel; courtesy of Michel Fouchard. 


144 Polynesian Black Pearls 


drill hole and even extending out into the pearl ina 
vein-like fashion {as illustrated in Fryer et al., 
1984, p. 230}. 

In some instances, dye can be detected by using 
a cotton swab dipped in a weak (e.g., 2%) solution 
of nitric acid on an inconspicuous area of the pearl. 
This is, however, another destructive test (Fryer et 
al., 1984, p. 229), 

Visual examination is also useful in identify- 
ing irradiation in the smaller Akoya pearls. Irradia- 
tion will darken freshwater pearls and shells, but 
not saltwater pearls. Therefore, since cultured 
pearls use freshwater-shell nuclei almost exclu- 
sively, the dark bead nucleus of an irradiated pearl 
is easily seen through the drill hole of the pearl. 
The color of the nacre is unchanged (Fryer et al., 
1986, p. 173, and 1988, p. 244, figure 11]. One must 
be careful, however, to make several tests on each 
pearl, since while irradiation changes the color of 
the bead, it does not change the reaction of the 
pearl to long-wave U.V. radiation (Matsuda and 
Miyoshi, 1988}. 

Even undrilled pearls can provide clues to the 
experienced pearl scientist by virtue of their visual 
appearance. The intense color and metallic luster 
have been cited as indications of treatment (see, 
e.g., Fryer et al., 1985). 

It should be noted that size can be another 
important indicator of treatment. Small, rounded 
pearls 8 mm or less with very black, gray, green, or 
blue-green hues are generally treated pearls—that 
is, smaller Akoya pearls that have been dyed or 
irradiated—since the pearls grown in P marga- 
ritifera are seldom smaller than 9 mm. Again, 
though, it is important to test pearls carefully, 
because some localities such as Baja California 
produce a lustrous black pearl of natural color in 
small sizes. Black “keshi” pearls can also occur in 
small sizes. 

In recent years, Japanese scientists have led the 
way in pearl research. In 1978, Komatsu and 
Akamatsu reported the success of their experi- 
ments with infrared film to separate natural-color 
from dyed black pearls. Akamatsu (pers. comm., 
1989} reports that the Mikimoto Research Labora- 
tory now finds spectrometry to be an even more 
efficient method to make the separation between 
natural-color and silver-treated blacks. Pearls from 
P. margaritifera have a specific absorption at 700 
nm that is caused by the black pigment and can be 
easily measured by a spectrophotometer. 

The team of T. Miyoshi, Y. Matsuda, and H. 
Komatsu has focused on methods for determining 
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the parentage of cultured pearls using laser-in- 
duced fluorescence measured by a spec- 
trofluorophotometer. In their 1987 paper, they 
reported their observation of two fluorescence 
peaks—at 450 nm and 620 nm—in P marga- 
ritifera. The 620 peak was not observed in P 
maxima or P. fucata martensi, because the shells 
of these oysters do not contain porphyrins. This 
makes it possible to separate P. margaritifera 
pearls from those produced by these two sub- 
groups. Research suchas this will provide the basis 
for more definitive pearl testing in the future. 


DISTRIBUTION 

Currently, culturing in Polynesia is carried out on 
privately owned pearl farms like the Rosenthals’ or 
on pearl cooperatives. While there are many farms 
that produce less than 200 pearls annually, 24 
farms have an annual production of over 5,000 
cultured pearls. The farms tend to be more suc- 
cessful than the cooperatives because of the finan- 
cial resources with which they are backed. The 
cooperatives were established in 1971 by the 
Department of Fisheries with loans from the 
Société de Crédit d’Océanie (SOCREDO} so that 
each atoll would have its own pearl-culturing 
industry. In 1988, there were approximately 40 
cooperatives with 1,145 members. These coopera- 
tives were reorganized in 1989 into 157 smaller 
family groups in an effort to improve production 
(M. Coeroli, pers. comm., 1989). 

The cultured pearls are sold either through 
private sales or auctions. Most of the material 
produced on the farms is sold privately to pearl 
wholesalers and major jewelry companies. How- 
ever, approximately 40% of the total production 
each year is sold at auction. 

Auctions are usually held once a year, in 
October. They are coordinated by EVAAM and GIE 
Poe Rava Nui, the two government agencies that 
oversee the pearl-culturing cooperatives (M. Coer- 
oli, pers. comm., 1989). These pearl auctions give 
the cooperatives the opportunity to help repay 
their government loans. They have also been 
important in making the international public and 
‘jewelry community more aware of Polynesian 
cultured black pearls. 

The auctions are held in private, by invitation 
only, in Papeete, Tahiti. At the 1988 auction, 107 
participants (co-ops and independent farms} pre- 
sented their goods to an invited audience. The 
pearls were divided into lots of different pearl sizes 
and quantities. After examining the various pearls 
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TABLE 1. Exportation of black cultured pearls from 
French Polynesia 1972-19882. 


Weight Value 
Year (in grams) (in US $) 
1972 1,563 3,609 
1973 800 23,528 
1974 3,891 166,337 
1975 15,631 100,918 
1976 6,111 163,206 
1977 6,128 213,184 
1978 49,982 1,693,496 
1979 86,092 2,162,821 
1980 28,779 1,038,483 
1981 86,527 3,873,993 
1982 32,310 807,534 
1983 139,888 4,689,822 
1984 112,183 2,530,535 
1985 206,463 10,201,822 
1986 104,114 8,606,441 
1987 407,620 22,937,512 
1988 446,827 22,810,618 


aTransiated from Ministére de la Mer (1989), with dollar amounts 
converted from Pacific French francs. 


ina lot, buyers make specific offers for the particu- 
lar lots in which they are interested. At the 1988 
sale, approximately 70 lots were offered, with total 
sales exceeding $2 million (almost 10 times the 
total amount exported the first year the auction 
was held, 1981). In addition, 515 kg of “keshi” 
pearls, a by-product of culturing (figure 21}, were 
sold (Cazassus, 1989). 

In 1984, the principal buyers at auction were 
Japanese, 30%; U.S., 30%; and Swiss, 30%; with 
France and other countries, 10%. By 1988, the 
market was such that 84% of the production sold 
at auction went to Japanese buyers, with the 
remainder sold primarily to Tahitian jewelers 
(Cazassus, 1989). 

It is important to remember that natural-color 
cultured black pearls have been commercially 
available for less than 20 years. Production has 
risen rapidly during this period (table 1), yet it 
appears that demand still exceeds supply. In Japan, 
in particular, demand increased sharply in the 
second half of 1988 and continues to rise (Chun, 
1989}, 


MARKETING 


The great popularity of black pearls today can be 
directly attributed to the marketing efforts of two 
large companies, Assael International and Golay 
Buchel Inc. 
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Figure 22. In recent years, black cultured pearls have appeared in the salons of some of the finest jewelers 
in the world. This necklace of white and black cultured pearls (9-13 mm) with emerald clasp 

and the accompanying earrings (11 and 16 mm) were created in 1985 by Harry Winston, Inc. 

Courtesy of Harry Winston, Inc.; photo © Harold & Erica Van Pelt. 


Salvador Assael has been credited with having 
“almost single-handedly popularized the natural 
color Tahitian black pearl” (Federman, 1987). In 
the 1960s, he worked with Jean-Claude Brouillet, 
owner of the S. Marutea Atoll, to develop a viable 
black-pearl culturing operation. Eventually, they 
produced as many as 22,000 cultured pearls per 
harvest. Backed by this production, in the early 
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1970s Assael began to promote cultured black 
pearls directly to the jewelry industry, bypassing 
the traditional Japanese distribution system. Not 
only did he and Brouillet promote their pearls to 
tourists throughout French Polynesia, but they 
also wrote articles, placed advertisements in mag- 
azines around the world, and convinced major 
companies such as Harry Winston and Van Cleef 
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Figure 23. This 12-15 mm Polynesian black and gray cultured pearl necklace with emerald and dia- 
mond clasp sold for $649,000 in October 1988, at the time the highest price ever paid at auction for a 
Polynesian cultured black pearl necklace. Courtesy of Sotheby's & Go. 


and Arpels to include black cultured pearls in their 
inventories of fine jewels (figure 22). Today, Assael 
continues to be a major force in the marketing of 
black cultured pearls, along with other distribu- 
tors such as Golay Buchel, who plays the promi- 
nent role in the important Japanese market (A. 
Goetz, pers. comm., 1989}. 

Another key factor in raising the public’s 
awareness of black pearls has been the jewelry 
auctions held by Christie’s and Sotheby’s. In 1969, 
a three-row strand of 141 black pearls sold for 
$168,000. Ever since, single pearls or pearl neck- 
laces have been a routine item in the “magnificent 
jewelry” auctions. In October 1988, a double strand 
of black and gray cultured pearls sold at Sotheby’s 
New York for $649,000 (figure 23). The three- 
strand necklace in figure | sold for $880,000 at 
Christie’s October 24, 1989, auction in New York. 

Pearls are marketed in Tahiti through different 
jewelry stores, some owned by the pearl producers 
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themselves. For example, the Tahiti Pearl Center 
and Museum in Papeete is owned by Robert Wan, 
currently the largest producer of black cultured 
pearls. The museum not only sells pearl jewelry, 
but also educates through videos, photos, and 
displays. Most hotels display pearls and pear] 
jewelry, thus exposing travelers to the gem. 


CARE OF PEARLS 

Pearls are products of living organisms and thus 
react strongly to acids and chemicals, including 
those in perfumes, soaps, and hairsprays. Because 
soaps and dishwashing detergents that contain 
bleaching agents may discolor pearls, it is partic- 
ularly important that rings containing black pearls 
be removed before immersion of the hands in these 
solutions. To avoid dehydration and cracking due 
to dryness, some members of the trade recommend 
rubbing pearls with a dab of a natural oil placed 
on a soft cloth; this will also enhance the pearl’s 
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beauty and luster. Historically, sandalwood oil has 
been preferred for this purpose (C. Rosenthal, pers. 
comm., 1989). 

Because pearls are not very hard—only 3.5 on 
the Mohs scale — they can be scratched fairly easily. 
In manufacturing, it is recommended that the 
jeweler not place the pearls in a design where they 
will rub against other gems or metal or will be ina 
position of tension with a metal, such as in a prong 
setting. In storing pearls, it is best to keep them 
separate from other jewelry and wipe them with a 
soft cloth after wear. 


CONCLUSION 


Polynesian cultured black pearls have been called 
the “rainbow gem of the 20th century” (Salomon 
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supply of these attractive gems in the future. 
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THE CAPOEBEIRANA EMERALD 
DEPOSIT NEAR NOVA ERA, 
MINAS GERAIS, BRAZIL 


By David Stanley Epstein 


In 1988, a significant find of emeralds 
was made at Capoeirana, near Nova Era, 
in the state of Minas Gerais, Brazil, Hun- 
dreds of kilograms of potentially gem- 
quality material have been removed since 
the first pieces were discovered in July 
1988. The nature of the biotite schist with 
which the emerald is associated and the 
gemological properties of the Capoeirana 
emeralds indicate that this occurrence is 
related to the Itabira (Belmont mine) em- 
erald site, only 10 km away. 
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S ome of the earliest expeditions by Portuguese explorers 
into the interior of 16th-century Brazil were in search 
of green “precious stones” believed to be emeralds (Proctor, 
1984), Yet Brazil did not actually become a major producer 
of emeralds until the 1960s {Cassedanne, 1985; Hanni et 
al., 1987). One important deposit, the Belmont mine, was 
discovered in 1978 near the town of Itabira in Minas 
Gerais. In late 1988, anew source of emeralds was found in 
the mineral-rich Nova Era area of Minas Gerais, only about 
10 km southeast of the Belmont mine and 20 km south- 
west of the recently discovered Hematita alexandrite 
deposit (Proctor, 1988}. The emeralds produced at this site, 
known as Capoeirana, range from medium to large and 
show good crystallization and color (figure 1). This article 
describes the discovery of the site, the geology and mining 
activities, production, nature of the emeralds, and their 
gemological properties. 


LOCATION AND ACCESS 


The current diggings lie about 43°1’ west, 19°45’ south, at 
an altitude of 700 m above sea level. To reach the mining 
area (figure 2}, take highway BR262 east from Belo Hori- 
zonte, the capital of the state of Minas Gerais, to BR381 and 
turn north to the small town of Nova Era. About 5 km 
north of Nova Era, turn west on a dirt road for approx- 
imately 10 km and, finally, veer south on another dirt road 
and travel about 1 km farther to the site. 

As one leaves the mountains, valleys, and plateaus 
around Belo Horizonte, the countryside develops into 
steep hills and granitic batholiths. Although this is a 
tropical region, the altitude requires that a warm jacket be 
worn on winter nights. The temperature ranges from 14°C 
(57°F) to 36°C (96°F), and averages 23°C (73°F). High rainy 
season is from October through January. 

The nearest town, Nova Era, has about 10,000 inhabi- 
tants. There are several cities within a few hours’ driving 
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time, including Belo Horizonte, which has a popula- 
tion of ever one million. Cattle, iron mining, and 
steel production are the major industries in the 
region. * 


HISTORY 

In ancient times, emeralds came from Egypt and 
Austria. Currently, Colombia, Africa, Brazil, India, 
and Pakistan are commercial producers (Webster, 
1983). Within Brazil, anumber of significant occur- 
rences are active in the states of Bahia (Carnaiba 
and Socot6}], Goids (Santa Terezinha}, and Minas 
Gerais (Itabira). 

Emeralds were first found at the Belmont 
mine, only 10 km northwest of Capoeirana, in 
1978; within a few years, the mine had become a 
substantial producer (Hanni et al., 1987). In 1980, 
Adair Martins Guerra, a topographer for Com- 
panhia Vale do Rio Doce, began searching else- 
where in the Nova Era—Itabira region for emeralds, 
concentrating on schist-pegmatite formations 
similar to those at the Belmont mine. Although he 
had very little success for the first several years, 
Martins Guerra continued to support garimpeiros 
(independent miners} and offered them a percent- 
age of future production. On July 20, 1988, a 
garimpeiro named Mario brought him some im- 
pressive pieces of greenish beryl and subsequently 
took him to the site now known as Capoeirana, in 
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Figure 1, This 2.16-gram emerald crystal 
from the new Capoeirana locality shows the 
good crystallization that may be found 
there. The faceted stones, also from 
Capoeirana, weigh approximately 1.5-9 ct. 
Courtesy of Kalil Elawar; © Harold # Erica 
Van Pelt. 


the municipality of Nova Era, on the border 
between the Mam4o and Paolim ranches. Martins 


_ Guerra and his miners began to dig in earnest. In 


October 1988, the first promising signs appeared; 
word spread, and within two weeks nearly 100 
miners were working at various pits (H. C. Reis, 
pers. comm., 1988}. A few weeks later, at the height 
of the rainy season, a number of 20-gram pieces 
practically fell out of the soft, wet decomposed 
schist and clay; the rush was on. 


GEOLOGIC SETTING 


Julio César Mendes, of the University of Ouro 
Preto Geology Department, has studied this area 
extensively (e.g, Mendes and Schwarz, 1985; 
Schwarz and Mendes, 1985; de Souza et al., 1987). 
He reports that if one projects a line through the 
points at Capoeirana where emeralds have been 
found and continues northwest approximately 10 
km, one arrives at the Belmont mine. The geology 
of the area surrounding both mining sites consists 
of rocks of the Archean-age basement complex that 
underlies the topography of much of this part of 
Brazil. Included here are metamorphic schists and 
gneisses, some granitic rocks, and various meta- 
morphosed sediments. Small pegmatite dikes cut 
through or lie along contacts in these basement 
complex rocks, but the dikes themselves do not 
seem to contain any emerald mineralization. A 
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geologic map of this area is provided in Hanni et al. 
(1987). 

The emeralds of the Capoeirana mine gener- 
ally occur as well-formed euhedral crystals or 
crystal fragments—some slightly stream tum- 
bled—in association with a biotite-phlogopite 
mica schist sequence. This is a common type of 
emerald occurrence in many other parts of the 
world (Sinkankas, 1981). The emeralds apparently 
formed along with their associated schist minerals 
during a hydrothermal episode following the meta- 
morphism of the original rocks. 

The schist unit immediately under the clay 
overburden is largely decomposed. At greater 
depths, the schist becomes darker and firmer, and 
emeralds seem to be more prevalent (J. C. Mendes, 
pers. comm., 1989). 


MINING AND PRODUCTION 

In December 1988, at the height of mining activity, 
approximately 500-1000 men were directly in- 
volved in digging. By July, the number had dimin- 
ished by almost half. Precise figures are impossible 
to obtain because numerous inspectors and guards, 
often indistinguishable from the miners, are in- 
variably present. 


The workings extend across the valley floor, 
along both sides of a small stream, and up the 
hillside (figure 3) in the form of open pits, wells, 
and tunnels (figures 4—6]}. In July 1989, the author 
observed open pits as deep as 7 m and shafts as 
deep as 35 m. Picks, shovels, and dynamite are the 
common means used to remove the red clay 
overburden and the biotite schist host rock. Water 
pumps and generators help combat the flooding 
that usually occurs in the deeper pits and shafts. 
Although for the most part the gravels are washed 
by hand, rotary drums have been installed at some 
operations. More sophisticated techniques, such as 
pneumatic drills for tunneling and layers of vibrat- 
ing sieves to wash the gravels, have been intro- 
duced in recent months, as experienced miners 
arrived from the emerald deposits of both Bahia 
and Santa Terezinha de Goias. 

Exact production figures are impossible to 
obtain for security, tax, and other reasons, but the 
author estimates that in December 1988 more 
than a kilogram a week was being extracted. 
Although the quality of the material seen by the 
author could not be determined at the time, many 
of the pieces were several grams in size (figure 7), 
and some were as large as 30 grams. Production has 
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Figure 2, The new Ca- 
poeirana emerald lo- 
cality lies only a few ki- 
lometers away from the 
established Belmont em- 
erald mine and the re- 
cent alexandrite discov- 
ery at Hematita. Art- 
work by Jan Newell. 
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Figure 3..Workings at the Capoeirana emerald deposit extend across the valley floor and up the hill- 


side, Photo © Bryan Swoboda. 


been sporadic since then, but in July 1989 it 
appeared to have picked up again, with as much as 
7 kg mined in one week despite the smaller 
number of miners. 

The thickness and recurrence of the biotite 
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schist suggests that potential reserves may be 
large. As of July of this year, the miners had not yet 
broken through the schist layer. Moreover, it is 
possible that emerald mineralization is more or 
less continuous between Capoeirana and Belmont, 


Figure 4, Many of the 
Capoeirana workings are 
large open pits, dug 
through the overlying 
clay and into the schist 
where the emeralds are 
found. Photo courtesy of 
Gerhard Becker. 
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Figure 7. Emeralds several grams in weight have 
been taken from the sieves at Capoeirana. 
Photo courtesy of Gerhard Becker. 


and local geologists believe that the potential 
exists for other emerald finds in the area between 
the two sites (J. C. Mendes, pers. comm., 1989). 


TYPE AND DESCRIPTION 
OF MATERIAL PRODUCED 
While the Capoeirana emeralds vary considerably 


Figure 5, Extensive tunnels have also been dug in tone (figure 8), the majority are light to medium 
into the hillside at Capoeirana. Photo © Bryan green and of low color saturation. Deeper tones 


Swoboda. rarely occur in stones under 3 ct. Frequently, a 


Figure 6. Shafts as deep as 35 m penetrate the schist rock at Capoeirana, Crude buckets are used to 
remove the soil overburden and the potentially gem-bearing rock. Photo © Bryan Swoboda. 


strong secondary modifying blue hue is present. 
Although the gem-quality beryl found thus far is 
almost entirely emerald, some of the lightest of the 
green and, especially, bluish green specimens may 
be better described as green beryl. 

Well-formed hexagonal prisms as large as 280 
grams have been found. The finest faceted emerald 
the author has seen to date is a transparent 9.92-ct, 
very slightly included gem of medium-dark tone. 
Also notable were some slightly included and 
slightly milky medium-dark cabochons in the 10- 
to 15-ct range. 

Although Brazil is known to produce emeralds 
of fine quality, traditionally they have been limited 
to small sizes, This new site provides larger gems 
of good quality. However, the smaller cut stones 
(under one-half carat} from Capoeirana are gener- 
ally considerably lighter than those from Santa 
Terezinha and Socot6, which will limit the com- 
mercial competitiveness of the Capocirana mate- 
rial in this size range. 


GEMOLOGICAL PROPERTIES 


John I. Kotvtla of GIA—Santa Monica examined six 
oval modified brilliant-cut, two pear-shaped modi- 
fied brilliant-cut, and two emerald-cut emeralds 
from Capoeirana (figure 9}. The stones ranged in 
weight from 0.66 ct to 4.20 ct and in size from 6.59 
x 4.76 x 3.61 mm (oval) to 9.79 x 8.76 x 6.79 
mm (emerald cut}. All were relatively light in 
color. Mr. Koivula provided the following discus- 
sion of gemological properties determined and the 
summary provided in table 1. 


Refractive Index. Refractive indices, obtained with 
a Duplex II refractometer and sodium-equivalent 
light source, ranged from € = 1.576—1.578 and w = 
1.582-1.584, with a corresponding birefringence of 
0.006. These values fall within the range tabulated 
by Hanni et al. (1987) for emeralds from this 
region, although they are somewhat lower than 
those reported by Schwarz and Henn [1988) for 
Capoeirana material. 


Specific Gravity. All 10 samples sank at about the 
same slow rate in a mixture of methylene iodide 
and benzyl benzoate calibrated at 2.67, indicating a 
specific gravity of about 2.71. Three hydrostatic 
measurements were then obtained at room tem- 
perature for each of the three largest stones (2.64, 
3.77, and 4.20 ct], Average values obtained were 
2.71, 2.73, and 2.73, respectively. These fall within 
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Figure 8. The Capoeirana emeralds vary consid- 
erably in tone, with smaller stones tending to 
be a lighter, lower-saturation green. Many 
stones show a strong secondary modifying blue 
hue. These stones, 3.23-10.37 ct, are courtesy of 
Edward Swoboda; photo by Shane McClure. 


the range listed for emeralds from the Itabira area 
by Hanni et al. (1987). 


Ultraviolet Fluorescence. The 10 emeralds tested 
(again, all relatively light in color} were inert to 
long- and short-wave ultraviolet radiation, and 
showed no phosphorescence. Some of the stones 
contained oiled fractures that showed a moderate 
yellow-white fluorescence to long-wave U.V. radia- 
tion and a weaker reaction to short-wave U.V. 


Optical Spectroscopy. The absorption characteris- 
tics, as observed with a Beck prism spectroscope, 
were relatively weak due to the light color of the 
specimens. When oriented for their darkest color, 
rather than for crystallographic axes, all 10 stones 
revealed typical emerald absorption features, in- 
cluding lines of weak to moderate strength in the 
red at about 682, 661, 641, and 639 nm. Visible only 
in the largest (and therefore darkest) stones was a 
very weak line at 484 nm. All 10 stones also 
showed general absorption from approximately 
430 nm down. This characteristic emerald spec- 
trum was confirmed by analysis with a Pye- 
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Unicam 8800 UV-Vis spectrophotometer (Mike 
Moon, analyst}. 


Pleochroism. When viewed perpendicular to the 
optic axis through a calcite dichroscope, all 10 
emeralds revealed very weak dichroism. The two 
colors observed were very slightly yellowish green 
and bluish green. Parallel to the optic axis, no 
pleochroism was possible, but a very slightly 


TABLE 1. Gemological properties of emeralds from 
Capoeirana, Minas Gerais, Brazil.@ 


Color Light to medium bluish green 
Refractive index 
Extraordinary ray 1.576-1.578 
Ordinary ray 1.582-1.584 
Birefringence 0.006 
Specific gravity® 2.71 (2.71-2.73 by the hydrostatic 
method) 


Reaction to U.V. radiation Inert to both long and short wave 


Weak to moderate lines at 682, 
661, 641, and 639 nm; very weak 
line in the darkest stones 
examined at 484 nm; general 
absorption from 430 nm down in 


Absorption 
characteristics 


all stones. 
Pleochroism Weak; very slightly yellowish 
green and bluish green 
Color filter reaction None 


Two- and three-phase inclusions; 
fine acicular growth tubes; flakes 
and booklets of (possibly) biotite 
mica and crystals of (possibly) 
calcite or dolomite. 


Internal characteristics 


aProperties listed were obtained by John |. Koivula from 10 relatively 
pale faceted stones ranging from 0.66 to 4.20 ct. 
Determined with heavy liquids. 
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Figure 9. The 10 faceted 
Nova Era emeralds stud- 
ied for the gemological 
report range from 0.66 to 
4.20 ct. Stones courtesy 
of Edward Swoboda; 
photo by Robert Weldon. 


yellowish green was visible. Both the author and 
geologist J. C. Mendes have noted strong bluish 
green pleochroism in darker Capoeirana emeralds. 


Color Filter Reaction, No reaction was observed in 
any of the 10 Capoeirana emeralds when each was 
placed on the tip of a fiber-optic illuminator and 
viewed through a Chelsea color filter, regardless of 
orientation. 


Internal Characteristics. Two- and three-phase 
fluid inclusions were noted in all of the samples, as 
were very fine acicular growth tubes oriented 
parallel to the c-axis (figures 10 and 11}. The two- 
and three-phase fluid inclusions were commonly 
found in small, short barrel-shaped primary nega- 
tive crystals paralleling the c-axis. This is in direct 
contrast to the appearance of the ragged-edged 
two- and three-phase inclusions found in the 
planar relationship to the prism faces in Colom- 
bian emeralds. The solid phase in the three-phase 
Capoeirana inclusions did not appear to be cubic, 
unlike those common to Colombian emeralds. A 
few larger primary two-phase inclusions were 
also observed in the Capocirana samples. A fluid 
immiscibility with a reaction to slight warming, 
as would be expected of carbon dioxide, was noted 
in some of the minutest fluid inclusions. 

On the basis of general morphology and reac- 
tion to polarized light, two different mineral inclu- 
sions could be identified. The most common of 
these (observed in four of the 10 stones) were 
transparent to translucent slightly grayish brown 
flakes and booklets of what appeared to be biotite 
mica (figure 12], Two of the 10 stones contained 
slightly rounded, translucent grayish white crys- 
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Figure 10. This internal pattern of small pri- 

mary fluid-inclusions and growth tubes is 

typical of the Capoeirana emeralds examined. 
Photomicrograph by John I. Koivula; magnified 20x. 


TABLE 2. Results (in wt.%) of the chemical analysis 
of three spots on one emerald from the Capoeirana 
mine, Minas Gerais, Brazil.@ 


Element Average? Oxide Average 
Bed 5.03 BeOa 13.96 
Na 1.05 Na,O 1.41 
Mg 1.09 MgO 1.80 
Al 8.06 AlzO3 15.23 
Si 29.61 SiOz 63.33 
K 0.05 K,0 0.06 
Ca 0.05 CaO 0.06 
Vv 0.01 V203 0.01 
Cr 0.12 Cr,03 0.17 
Fe 0.43 FeO 0,54 
O 51.11 

Totale 96.61 96.57 


aChemical analysis performed on a 1.25-ct light green stone by Paul 
Carpenter of the California Institute of Technology, Pasadena, CA, on a 
JEOL 733 Superprobe. 

‘Average of analyses on three spots. 

°Oxides provided to facilitate comparison to previously published 
literature. 

4Calculated from an ideal formula, not measured. 

®Totals do not equal 100 because of the poor surface quality of the 
emerald (the electron beam could not be held perfectly perpendicular 
to the sample) and only significant elements were measured. Numbers 
have been rounded off to two decimal points. 
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Figure 11, Three-phase~ mineral, liquid, gas— 
inclusions have been observed throughout the 
Capoeirana emeralds. Photomicrograph by Jtilio 
César Mendes and Juarez Leal de Souza; mag- 
nified 200x. 


Figure 12. Inclusions of a transparent to trans- 
lucent brown mineral observed in the Ca- 
poeirana emeralds appear to be biotite mica. 
Photomicrograph by John I. Koivula; 
magnified 35x. 


tals of what appeared to be either calcite or 
dolomite. For the most part, the inclusions ob- 
served in the Capoeirana stones are similar to 
those identified in emeralds from the Belmont 
mine (Hanni et al., 1987). In general, however, the 
Capoeirana stones contain fewer inclusions. 


CHEMISTRY 


Chemical analysis was performed using a JEOL 
733 Superprobe on a light green 1.25-ct lozenge- 
shaped stone. The results, averaged from three spot 
analyses, are listed in table 2. They appear to be 
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consistent with the compositions reported for the 
Belmont mine material by Hanni et al. (1987). 


CONCLUSION 


The Capoeirana emerald occurrence appears to be 
related to, or is possibly even a continuation of, the 
emerald mineralization in biotite-phlogopite mica 
schist at the Belmont mine, only 10 km away. 
Although production has been sporadic at Ca- 
poeirana, it appears to be significant in the quan- 
tity and size of emeralds produced, with as much 
as 7 kg of potentially gem-quality rough mined in 
one week. The material tends to be light, espe- 
cially in smaller stones, but many stones over 5 ct 
with quite good color have been faceted to date. 
Capoeirana shows the potential to become another 
major emerald deposit in a country that today is 
one of the chief sources of this important gem 
material. 
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THE GROWTH OF BRAZIL-TWINNED 


SYNTHETIC QUARTZ AND THE 


POTENTIAL FOR SYNTHETIC AMETHYST 


TWINNED ON THE BRAZIL LAW 


By John I. Koivula and Emmanuel Fritsch 


Colorless synthetic quartz that shows obvious Brazil- 
law twinning has been grown over a seed plate of 
natural amethyst that is twinned according to the 
Brazil law. Although commercially available Brazil- 
twinned syhthetic amethyst has not been reported to 
date, the results of this experiment cast doubt on the 
long-term usefulness of the so-called twinning test 
for the separation of natural from synthetic quartz. 
The twinning, which was readily visible in polarized 
light, and some “breadcrumb” and tiny fluid inclu- 
sions were the only internal features observed in this 
synthetic quartz when it was examined using a stan- 
dard gemological microscope. 


It has been known since the first half of the 19th 
century that almost all natural amethyst is twin- 
ned on what mineralogists refer to as the Brazil law 
(Frondel, 1962). Twinning is visible with polarized 
light in the form of varying degrees of interruption 
in the spectral rings; an untwinned stone will 
show undisturbed rings of spectral colors. In 1980, 
Dr. Kurt Nassau issued the first report in the 
gemological literature regarding the usefulness of 
this feature in separating natural from synthetic 
amethyst, that is, that “a twinned crystal is almost 
certainly of natural origin.” 

Since then, the value of this feature in the 
identification of amethyst that is otherwise flaw- 
less has been documented by a number of gemolo- 
gists (Schneider and Droschel, 1983; Lind et al., 
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1983 and 1985; Schmetzer, 1985; Lind and Schmet- 
zer, 1985; Crowningshield et al., 1986). The pres- 
ence or absence of Brazil-law twinning (also called 
optical twinning) when the stone is examined in 
polarized light is now widely used throughout the 
industry as evidence of natural or synthetic origin. 

Cautions against using this test exclusively 
have also been presented by these and other 
authors (see, e.g., Fritsch and Koivula, 1987}. Not 
only are some natural amethysts cut in such a way 
that they do not show twinning, but also some 
faceted synthetic amethysts from Japan have been 
observed to show a form of optically active twin- 
ning (Lind and Schmetzer, 1985 and 1987} in the 
shape of “an acutely angled, flame-like pattern” 
(figure 1; Crowningshield et al., 1986), even though 
these crystals were reportedly grown on un- 
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Figure 1, Flame-like Brazil law-twinned struc- 
tures are seen in some synthetic amethysts in 
polarized light. Photomicrograph by John 1. 
Koivula; magnified 6x. 


twinned seeds. The same type of wedge- or cone- 
shaped twinning has been reported in USSR- 
produced synthetic amethyst as well. Tsinober et 
al. {1986, p. 316) state that “the formation of 
Dauphiné and especially Brazil law twins is quite 
typical in synthetic amethysts. ... Brazil twins are 
quite frequent both in synthetic amethysts and in 
natural samples.” They suggest that these wedge- 
or cone-shaped sectors in synthetic amethysts may 
be caused by the presence of minute inclusions, 
which—with the microscope—they were able to 
see in some specimens “at the apex of each twin 


cone.” Earlier experiments by McLaren and 
Pitkethly (1982) with growing synthetic amethyst 
had shown that small regions of Brazil twinning 
were nucleated in synthetic quartz grown on an 
untwinned seed when iron was present, which 
might also explain the optically active (Brazil} 
twinning observed in some commercially avail- 
able synthetic amethysts. 

Crowningshield et al. (1986) maintain that this 
form of “flame-like” twinning is sufficiently differ- 
ent from the Brazil-law twinning shown by natural 
amethyst that no confusion should be created for 
the experienced gemologist. Yet any twinning in 
quartz that is observable optically in polarized 
light is Brazil twinning (Frondel, 1962}. Thus, the 
twinning reported in synthetic amethyst is on the 
Brazil law. Additionally, as shown in figure 2, the 
Brazil-law twin patterns observed in natural ame- 
thyst vary considerably from one stone to the next. 

For the most part, the twin sectors in synthetic 
amethyst usually do not look like those observed 
in natural quartz primarily because twinning 
morphology is a structural phenomenon dictated 
by the underlying framework of the seed and the 
crystal faces present during growth. However, 
many faceted natural amethysts show a partial 
pattern consisting of an incomplete wedge- or 
triangle-shaped sector (figure 3} that could be 
mistaken for the twinning that has been observed 
in synthetic stones (again, see figure 1). In such 


Figure 2, Various forms 
of Brazil-law twinning 


are evident in these cross 
sections of natural ame- 
thyst. The flame-like pat- 
terns in some of these 
slices resemble in shape 
those that have been 
seen in some synthetic 
amethyst. Photo taken 
with polarized light; 
courtesy of the American 
Museum of Natural His- 
tory, New York. 
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Figure 3. Flame-like Brazil-law twin patterns 
are also observed in faceted natural amethyst. 
Photomicrograph by John I. Koivula; polarized 
light, magnified 4x. 


cases, the gemologist must rely on other tests to 
make the separation (see, e.g., Crowningshield et 
al., 1986, pp. 134-139}. 

Virtually all of the synthetic amethyst sold in 
the gem market today results from the technology 
developed during World War Il—borrowing on 
Giorgio Spezia’s earlier achievements in hydro- 
thermal. quartz synthesis—to grow untwinned 
rock crystal quartz for use in communications as 
radio frequency oscillators (Gordon, 1945, Nassau, 
1980; Trossarelli, 1984). Since 1970, synthetic 
amethyst has been produced specifically for gem 
purposes, but the manufacturers have continued 
to use the “recipes” developed originally for the 
special needs of the communications industry, 
that is, with an untwinned seed plate. The ques- 
tion arises, then, as to what would be the proper- 
ties of a synthetic amethyst grown on a seed plate 
of natural amethyst that was twinned according to 
the Brazil law. Would the resulting synthetic crys- 
tal have the habit of a natural quartz crystal, and 
would the twinning propagate from the seed into 
the overgrowth? If so, would the resulting twin 
pattern observed in polarized light be confused 
with those patterns commonly observed in natural 
amethyst? 

To seek answers to these questions, the au- 
thors arranged for the growth of two synthetic 
quartz crystals using seed plates with Brazil-law 
twinning cut from two small natural amethysts. 
The results of this experiment are reported below. 


MATERIALS AND METHODS 


At the suggestion of Dr. Nassau, the authors 
contacted Dr. David Larsen of Sawyer Research 
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Products, a company that grows synthetic quartz 
commercially for the electronics industry. He 
agreed to use his company’s equipment and tech- 
nology to grow synthetic colorless quartz (since 
they were not set up to grow synthetic amethyst] 
on the two 2-mm-thick amethyst seed plates 
provided by the authors, 

The two seed plates were approximately 1 cm? 
in surface area on each side; one plate was oriented 
near-perpendicular to, and the other near-parallel 
to, the c-axis. The Brazil-twinned seeds were 
attached to rhodium-plated silver wires and placed 
in one of Sawyer’s hydrothermal autoclaves. A 
silicon dioxide feed material was used. In 30 days, 
over 10 mm of apparently flawless colorless quartz 
had grown over the seed oriented near-perpendicu- 
lar to the c-axis, while the seed oriented near- 
parallel to c showed considerably less growth. 

The two resulting synthetic crystals were 
distinctly different in morphology. As expected, 
the seed that was preoriented near-parallel to its 
c-axis produced a crystal that was flat and tabular 
(figure 4], unsuited to the needs of the gem indus- 
try. The seed that was oriented near-perpendicular 
to its c-axis produced a large volume of overgrowth 
and a more equant morphology (figure 5}, reminis- 
cent of the external habit of a natural quartz 
crystal (see Frondel, 1962, p. 51, figure 14}. Once 
the seed plate was removed, the overgrowth from 
this crystal could easily be faceted into two nearly 
flawless stones of about 2-3 ct each. 


EXAMINATION 


The most obvious feature of the two synthetic 
crystals was the color alteration of the seed plate to 
yellow as a result of the heat generated in the 
autoclave. Amethyst from many localities turns 
yellow (citrine) when subjected to heat treatment 
at 450°C or above (Nassau, 1984; Epstein, 1988). In 
fact, the synthetic amethyst on the market today 
comes out of the autoclave as pale yellow or 
colorless and is subsequently irradiated to produce 
the amethyst hue (Nassau, 1980}. Because the 
Sawyer system uses sodium carbonate to remove 
iron that might otherwise affect the piezoelectric 
and other qualities of the synthetic quartz, the 
crystals we grew using the natural amethyst seeds 
did not contain the iron necessary to convert the 
overgrowth to amethyst on irradiation. The 
growth of synthetic amethyst requires the pres- 
ence of potassium or ammonium in the system for 
the iron to be incorporated as a color-causing 
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Figure 4, A natural Brazil law-twinned ame- 
thyst seed plate oriented near-parallel to the 
c-axis direction resulted in this 3-mm-thick, 15- 
nin-long tabular synthetic quartz crystal. 
Photo by Robert Weldon. 


structural impurity and not crystallize out in a 
separate phase (Nassau, 1980; Tsinober, 1986). 

When these two crystals were examined with 
the microscope in darkfield conditions, the rib-like 
structure of Brazil-law twinning was immediately 
visible as a phantom at the interface between the 
seed plate and the overgrowth (figure 6). 
“Breadcrumbs” of tiny eucryptite (Nassau, 1980; 
Sato, 1986] or acmite (Sawyer Research Products, 
technical information brochure}, together with 
minute fluid inclusions, can be seen outlining the 
twinning lamellae to create a “zebra stripe” effect 
in the overgrowth close to the seed. Even without 
polarized light, it appeared that the twinning in the 
seed had influenced the overgrowth. 

With the stones immersed in benzyl benzoate 
and examined in polarized light, it was imme- 
diately apparent that the colorless quartz over- 
growth on both seeds was twinned according to the 
Brazil law (figure 7}. This feature became even 
more obvious when a 2-mm slice of the over- 
growth layer was cut 3 mm away from the seed, 
polished, and then examined in polarized light 
(figure 8}. Totally separate from the original seed 
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Figure 5. When a Brazil law-twinned amethyst 
seed plate oriented near-perpendicular to the 
c-axis direction was used, the resulting 16-mm- 
long synthetic quartz crystal took a form more 
closely resembling that of natural quartz. Heat 
generated during the growth process converted 
the amethyst seed to citrine. Irradiation would 
restore the purple color. Photo by Robert 
Weldon. 


Figure 6. The rib-like structure of the twinning 
appeared as a phantom at the interface between 
the seed plate and the synthetic overgrowth, 
Photomicrograph by John I. Koivula; darkfield 
and oblique illumination, magnified 4x. 
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Figure 7, Both of the experimental crystals 
showed Brazil twinning in the overgrowth as 
well as in the seed plate. Photomicrograph by 
John I. Koivula; immersion and polarized light, 
magnified 3x. 


plate, the overgrowth revealed Brazil twinning in a 
pattern very similar to that seen in natural quartz 
(again, see figure 2). 


DISCUSSION 


This experiment helps confirm earlier reports in 
the literature about the successful growth of Brazil 
law-twinned synthetic amethyst (McLaren and 
Pitkethly, 1982; Tsinober et al., 1986). The chief 
requirements, in addition to knowledge and skill, 
are a properly functioning hydrothermal auto- 
clave, some silicon dioxide feed material, a Brazil- 
twinned seed plate, a trace of iron for color, a 
potassium or similar system in which the iron can 
be free, and a source of radiation to convert the 
autoclave product into amethyst. 
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Figure 8. In this thin (2 mm) slice of one of the 
sample synthetic quartzes, Brazil-law twinning 
is evident even with the natural seed com- 
pletely removed. Photomicrograph by John I. 
Koivula; polarized light, magnified 3x. 


Because twinning is structural, it is doubtful 
that the small trace of iron required to ultimately 
produce synthetic amethyst would cause the twin- 
ned synthetic overgrowth to be flawed to the point 
that it could not be faceted. On the contrary, if an 
experienced synthetics manufacturer started out 
witha Brazil-twinned seed of high gem quality, itis 
very likely that the final product would also be of 
the same quality. According to McLaren and 
Pitkethly (1982), iron may actually promote the 
formation of Brazil-law twinning in synthetic 
quartz crystals grown in a potassium-containing 
system, and—as mentioned earlier—iron has been 
associated with the presence of small regions of 
Brazil-law twinning in synthetic stones grown 
using untwinned seed plates. In their study of 
Brazil-twinned amethysts, Schlossin and Lang 
(1965) found, through X-ray topography, that iron 
is present preferentially in the twinned areas 
{Brewster fringes), which further supports this 
iron-to-twinning relationship. 

McLaren and Pitkethly also found that the use 
of iron with twinned amethyst seeds produced new 
areas of twinning in the overgrowth compared to 
those produced when iron was removed from the 
system. Although they appeared to be transparent, 
these newly grown regions were highly strained 
and contained high concentrations of sub- 
microscopic structural defects that might, in some 
synthetic amethyst crystals, result in inclusions 
visible with the microscope or even with the 
unaided eye. 
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At this time, we have no tangible proof that 
any commercial synthetic amethyst growers are 
producing synthetic amethysts using Brazil-twin- 
ned seeds, although there have been numerous 
rumors as to the existence and commercial syn- 
thesis of “natural-looking twinned synthetic ame- 
thysts.” Because twinned synthetic quartz is so 
easily grown, though, it is probable that we will see 
such twinned synthetic amethysts in the near 
future. Should this happen, the gemologist will 
once again need to rely primarily on the presence 
of distinctive inclusions, color zoning, and infrared 
spectrometry to separate synthetic from natural 
stones. 
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THERMAL ALTERATION OF INCLUSIONS 


IN “RUTILATED” TOPAZ 
By Robert C. Kammerling and John I. Koivula 


Faceted colorless topaz containing acicular inclu- 
sions has been offered for sale as “rutilated” topaz. 
Earlier investigations have shown the inclusions to be 
limonite-stained etched dislocation channels. This ar- 
ticle reports on the use of heat treatment to alter the 
limonite staining to hematite, thus changing the 
color of the inclusions and making them more 
prominent. 


The heat-induced alteration of iron-based impuri- 
ties in gem materials is well documented in the 
literature. Such changes are often the goal of the 
gemstone enhancer, as in the heat treatment of 
colorless and light yellow sapphire to develop or 
intensify ‘a‘yellow color (Abraham, 1982, Keller, 
1982), the heating of light yellow to brown 
chalcedony’to produce deep brown to red sard and 
carnelian colors (Nassau, 1984], and the heating of 
brownish yellow tiger’s-eye quartz to produce a red 
stone (Webster, 1983). 

Thermal exposure may also affect iron-based 
inclusions, a fact that is often used to detect 
treatment in a stone. For example, the conversion 
of goethite to hematite, together with associated 
dehydration fracturing, has been used as evidence 
of amethyst-to-citrine heat treatment (Koivula, 
198 7a). 

During 1986, faceted Brazilian topazes con- 
taining brownish yellow acicular inclusions began 
to appear on the market. Because of the material's 
resemblance to rutilated quartz, dealers were de- 
scribing these stones as “rutilated” topaz. Subse- 
quent investigation by one of the authors revealed 
the “rutile” inclusions to be thin, etched disloca- 
tion channels colored by what appeared to be 
epigenetically derived (i.e., incorporated into the 
stone after formation) limonitic compounds (Koi- 
vula, 1987b). 

In the fall of 1988, one of the authors (RCK) was 
shown some interesting faceted Brazilian topazes 
at a Santa Monica gem and mineral show. These 
stones had eye-visible inclusions similar to those 
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Figure 1. This 11.77-ct colorless topaz was re- 
portedly heat treated to alter the inclusions. 
Photo by William Videto. 


described earlier (Koivula, 1987b], but with one 
significant difference: They were a dark red-brown 
rather than a medium brownish yellow (figure 1). 
The vendor, Mr. Terry Johnson of The Gemmary, 
explained that he had heat treated these stones to 
make the inclusions more prominent. Specifically, 
Mr. Johnson said that he had heated the stones in 
air at a temperature of approximately 300°C and 
had experienced virtually no fracturing problems. 
Since there were no prior reports in the literature of 
such an enhancement of this material, the authors 
decided to attempt to replicate the procedure. 
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Figure 2. Before treatment, the inclusions factually stained etch channels) in this otherwise colorless 
topaz were brownish yellow (left); exposure to 300°C-400°C heat for three hours resulted in the alter- 
ation of the inclusions to a dark red-brown (right). GIA collection no. 14490; photos by William Videto. 


THE EXPERIMENT 


For the experiment, the authors selected a 40.410- 
ct colorless topaz (GIA collection no. 14490} con- 
taining limonite-stained etched dislocation chan- 
nels (figures 2 left and 3 left). The weight was 
confirmed by six separate weighings on an elec- 
tronic balance. The stone was then buried in white 
sand (to protect it from thermal shock) in an 
alumina crucible and heated in air for a period of 
three hours. The maximum temperature reached 
was 400°C, with a variation between 300° and 400°. 
The temperature was allowed to decrease slowly 


for three hours before the stone was removed from 
the oven. 

The color alteration of the inclusions was quite 
apparent (see figures 2 right and 3 right}. In 
addition, when the stone was reweighed, all six 
readings showed 40.406 ct, for a weight loss of 
0.004 ct. 


DISCUSSION 

Limonite is a general term for hydrous cryp- 
tocrystalline iron oxides consisting mainly of 
goethite [a-FeO(OH}] and lepidocrocite [y- 


Figure 3, The effectiveness of the heat treatment is particularly evident in these photomicrographs of 
the stained etch channels in colorless topaz before (left) and after (right) the enhancement procedure. 
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Photomicrographs by John I. Koivula; darkfield and oblique fiber-optic illumination, magnified 20x. 
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FeQ(OH}] with variable absorbed water. Heating of 
the earthy yellow limonite causes a gradual dehy- 
dration {Palache et al., 1944) that starts at 100°C 
with the loss of excess water from the limonite. It 
continues with the conversion of the goethite and 
lepidocrocite in the limonite to dark red-brown 
hematite (a-Fe,O3}, following the formula 
2FeOQ(OH} + heat (400°C) > Fe,O, + H,0, witha 
resulting additional loss of water (Koivula, 1987a). 
Because the limonite may contain as much as 14% 
water (Deer et al., 1972] and there are a large 
number of limonite-filled etch channels in the test 
specimen, a recordable weight loss is not surpris- 
ing. Although the inclusions in the topaz treated in 
this experiment showed the expected alteration in 
color, none of the fracturing that normally accom- 
panies heat-induced dehydration of inclusions was 
observed (Koivula, 1987a). We believe that frac- 
turing was avoided because the etch channels 
acted as vents, allowing the water and resulting 
pressure to escape. 

There are no reports in the literature of hema- 
tite filling etched channels in topaz. It appears, 
then, thatthe presence of hematite in these chan- 
nels is also. evidence that the stone has been 
heated. 


CONCLUSION 
The purpose of the treatment described herein 
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appears to have been simply to alter the appear- 
ance of so-called “rutilated” topaz as normally 
seen in the trade. The conversion of the untreated 
brownish yellow limonite to red-brown hematite 
does tend to make the otherwise colorless topazes 
treated this way look much darker. This conver- 
sion provides further proof that the original inclu- 
sions were not rutile. The presence of hematite as 
opposed to limonite staining in a topaz also proves 
that the stone has been heated to approximately 
400°C or higher. 
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CHICKEN-BLOOD STONE FROM CHINA 


By Wang Fuquan and Guo Jingfeng 


“Chicken-blood” stone is one of the most prized or- 
namental materials in China, especially for use in 
elaborate carvings and seals. A fine-grained mixture 
of dickite/kaolinite and quartz, with varying 
amounts of red cinnabar, chicken-blood stone is 
found in only two localities in China; Changhua and 
Balinyougi. This article describes this material and 
its gemological properties as well as the occurrence at 
the two known localities. 


One of the most unusual and sought-after carving 
materials found in China is the rich red “chicken- 
blood” stone (figure 1}. Also called Changhua stone 
or Balinyouqi stone after the sole Chinese sources 
in Changhua, Zhejiang Province, and Balinyoudi, 
Inner Mongolia Autonomous Region, chicken- 
blood stone is actually a fine-grained mixture of 
dickite/kaolinite and quartz that contains varying 
quantities of minute crystals of cinnabar, which 
impart the color. To date, Changhua and Bal- 
inyouqi are the only known sources of this orna- 
mental material, although it has been distributed 
throughout Asia and is especially popular in 
Southeast Asia. 

Ancient writings reveal that chicken-blood 
stone has been known in China for more than 500 
years. Listed among the palace treasures of the 
Ming Dynasty (1368—1644} is a seal carved from 
this material. Examples of early carvings are on 
exhibit today in the Imperial Palace in Beijing. 
Compared to the cinnabar-stained limestone from 
China reported by Keller and Wang (1986), 
chicken-blood stone is considered a superior gem 
material and one of the noblest of all native 
ornamental stones (Wang, 1979). 

The authors have examined a number of repre- 
sentative samples of chicken-blood stone from the 
above-mentioned localities in Zhejiang Province 
and the Inner Mongolia Autonomous Region. This 
report looks at the composition and gemological 
properties of this material, as well as its occur- 
rence in these two localities. 
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DESCRIPTION OF CHICKEN- 
BLOOD STONE: 
COMPOSITION AND 
GEMOLOGICAL PROPERTIES 


Chicken-blood stone is actually a rock composed 
of dickite, kaolinite, quartz, and cinnabar. It 
should be noted here that earlier references to 
chicken-blood stone as pyrophyllite, a variety of 
agalmatolite (e.g., Minerals in China, 1980}, are 
incorrect. Gem-quality chicken-blood stone is 
rich in cinnabar and semitranslucent to translu- 
cent. The body color may be white, yellow, or 
gray — various mixtures of microcrystalline dick- 
ite and kaolinite—with isolated spots, broad 
streaks, or clouds of dark to bright red cinnabar. 
Some specimens contain so much cinnabar that 
they are completely red. In China, the translucent 
base rock is referred to as dong, and specimens are 
categorized as white dong, yellow dong, and gray 
dong (figure 2). Wet chemical analyses of various 
dong samples by Mr. Wu Zhimin of the Zhejiang 
Geological Bureau showed that the light yellow 
color depends mainly on the presence of iron 
(0.22 wt. % Fe,O3} and that with increasing 
amounts of iron the color shifts from gray to green 
(0.41-1.98 wt.% Fe,O3}. 

The specimens of chicken-blood stone exam- 
ined by the author have a subadamantine to pearly 
luster, a specific gravity of 2.6-3.0, and a Mohs 
hardness of 3. Since the material is a rock, the 
refractive index varies considerably, with an aver- 
age around 1.55—1.56 for the dong. In thin section, 
the material is transparent. Compact massive, it 
appears microgranular when observed with a mi- 
croscope (figure 3}. 
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Because of the low hardness (especially when 
compared with jadeite, 6!/2-7, for example}, this 
fine-textured material is easily carved witha small 
knife and lends itself well to intricate details. Its 
value depends on the amount of bright red colora- 
tion, the transparency of the dong, and the overall 
clarity. The more of the bright red a piece contains 
and the cleaner it is, the greater its desirability. A 
fine 10 x 2.5 x 2.5m seal made of chicken-blood 
stone recently sold for more than US$3,000 in 
China. On exhibit at the Geological Museum of 
China are some exceptional carvings from this 
material (see, e.g., figure 1). 


GEOLOGY AND OCCURRENCE 
In China, carving-quality chicken-blood stone has 
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Figure 1. This 16-cm-high 
fan screen, delicately carved 
with nine dragons playing 
with a pearl, is a partic- 
ularly fine example of 
chicken-blood stone from 
China. The material from 
which this screen was 
carved is from Changhua, 
in Zhejiang Province. 
Courtesy of the Geological 
Museum of China, Beijing. 


been found only in Cretaceous and Jurassic altered 
volcanic rocks—for example, welded tuffs and 
rhyolite —in which it generally occurs in bedding 
fracture zones. The larger masses commonly dis- 
play porphyritic texture, as shown in figure 2, with 
substructures that resemble veinlets, dissemina- 
tions of included material, cloudy areas, and, in 
places, brecciation. More than one vein may be 
found in a fracture zone; the veins usually exceed 
15 cm in width and 10 m in length. Common 
associates in the veins are dickite, kaolinite, 
quartz, sericite, and pyrite. The presence of these 
species suggests that the host rock has been 
epithermally altered. The occurrence of chicken- 
blood stone at Changhua has been described in 
Cheng, et al. {1986}. 
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Figure 2, Left: The base rock in this example of chicken-blood stone is referred to as white dong in 
China. Center: This pen rack is carved from yellow dong chicken-blood stone. Right: This seal has a 
deep gray dong groundmass. All three specimens are from Changhua. 


Figure 3. With microscopy, spots of dissemi- 
nated cinnabar can be seen in a microgranular 
groundmass of dickite and kaolinite. Crossed 
nicols; magnified 25x. 


At the Changhua occurrence, which one of the 
authors (WE) has visited, all mining for this mate- 
rial is in underground tunnels. Access to the actual 
mining operation was restricted at the time of the 
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visit, so details are unavailable for this report. 
Although economic quantities of the material are 
being produced, precise production figures have 
not been released. 


CONCLUSION 


Significant quantities of chicken-blood stone are 
now being mined from the localities at Changhua, 
in Zhejiang Province, and Balinyougi, in Inner 
Mongolia Autonomous Region. The presence of 
cinnabar in this rock provides splashes of a rich red 
color. Because it is so soft, it is commonly used for 
carvings, for large pieces as well as for seals and 


beads. 
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CHALCEDONY, 
Imitation “Black Onyx” 


A large jewelry manufacturer re- 
cently submitted to the East Coast 
laboratory six opaque black cushion- 
shaped beveled tablets that had been 
centrally drilled for insets. Each tab- 
let measured 16.00 x 12.00 x 2.15 
mim. These samples were selected 
from several hundred that the manu- 
facturer had,purchased from Hong 
Kong as black “onyx” (dyed black 
chalcedony). 

We found the refractive index to 
be 1.53. Hydrostatic measurement 
revealed the specific gravity to be 
2.51. Although the drilled area in the 
center showed a dull granular surface 
consistent with chalcedony, with 
magnification we noticed that a few 
tablets had vitreous (glassy looking 
rather than dull) conchoidal frac- 
tures on the corners. While a hard- 
ness test is not usually done in a 
routine gemological examination, it 
was carefully applied to the back of 
one of the tablets, revealing a hard- 
ness of only 53/2 to 6, 

To confirm our suspicions that 
these were well-disguised glass imi- 
tations, we X-radiographed the sam- 
ples using a known dyed black 
chalcedony tablet as a control stone. 
In the resulting X-radiograph (figure 
1), the known dyed black chalcedony 
tablet tn the center is transparent to 
X-rays, whereas the glass tablets are 
moderately opaque, which also indi- 
cates that the glass contains an ele- 
ment with a relatively high atomic 
number. Although glass ts frequently 
used to simulate dyed black chal- 
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Figure 1, This X-radiograph 
shows how different the trans- 
parency of the known dyed 
black chalcedony tablet (cen- 
ter) is from the glass imita- 
tions, 


cedony (see, e.g., the Summer 1986 
Gem Trade Lab Notes], these sim- 
ulants did not show the dendritic 
pattern typical of man-made de- 
vitrified glass. They were manufac- 
tured with unusual care to closely 
match the properties of chalcedony. 

Tom Moses 


DIAMOND 


With a Concave Table 


A gem merchant from Miami, Flor- 
ida, purchased a 2.68-ct old mine—cut 
diamond with the thought of possi- 
bly recutting it. When he examined 
the stone closely, however, he discov- 
ered a unique feature that prompted 
him to call the West Coast laboratory 
for information: His stone had a con- 
cave table facet! He asked if we had 
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ever seen this feature before and 
kindly offered to send the stone to us 
for study, 

Although concave crown facets 
on two small triangular diamonds 
were described in the Fall 1981 Gem 
Trade Lab Notes section, the staff had 
never before encountered a concave 
table facet. In fact, these are the only 
three diamonds with concave facets 
we have ever seen in the laboratory. 

When we examined the Florida 
diamond, we noted that the shape 
and facet arrangement were as to be 
expected for an old-mine cut, except 
that the table was indeed concave. 
Figure 2 illustrates the difference in 
table reflections between a flat table 
and the concave one. Note that the 
flat table reflects light evenly all 
across its surface, while the concave 
table acts like a lens and condenses 
the light to a spot in the table reflec- 
tion. A side view of the same two 
tables is shown in figure 3 for further 
comparison. 

lt was evident that a spherical 
diamond-charged too! was used to 
form the table of this diamond during 
the polishing process. Since all crown 
facets, in particular those bordering 
the table, were abraded from ex- 
tended wear, we concluded that the 
table of this diamond had not been 
recut recently. This may well be an 
example of the style of “cut diamond 
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Figure 2, The flat diamond table on the left re- 


Figure 3. This side view provides another com- 
parison of the flat table on the left and the con- 
cave one in the old mine-cut stone on the right. 


flects light evenly, while the concave one on the 
right condenses the light to a single spot. 


Figure 4. The cross on this 2.22-ct faceted diamond tablet appears 
to have been engraved by hand and subsequently painted or 
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having a concave table or facet” with 
the object of securing “increased bril- 
liancy” for which Jean Louis Gonard 
was granted U.S. patent no. 946,939 
in 1910. Our thanks go to this Florida 
jeweler for sending us this unusual 
stone. KNH 


Engraved Faceted Tablet 


One of our GIA graduates recently 
contacted Dr. John Hummel, man- 
ager of Course Development at GIA, 
regarding an engraved diamond (fig- 
ure 4}. The stone was subsequently 
loaned to the West Coast lab for 
examination. 

Our graduate reports that this 
unusual estate piece was engraved in 
the 1930s. The 2.22-ct diamond tab- 
let measures 14.01 x 9.96 x 1.97 
mm. The engraving of the cross in 
the faceted tablet is very distinctive. 
The depth of the engraving ranges 
from 0.25 mm in the center of the 
cross to approximately 0.05 mm at 
the ends. The black coloration was 
added with a paint or similar sub- 
stance. With magnification, we ob- 
served a very uniform texture. We 
speculated that the engraving was 
made mechanically using some type 
of machinist’s tool fitted with a dia- 
mond point. The drill hole is also 
quite unusual: Jt was made by dril- 
ling a circle of tiny holes and then 
removing the “plug” in the center. 

Engraved diamonds are rare, 
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probably because of the material’s 
extreme hardness. In his book Fa- 
mous Diamonds, noted diamond his- 
torian Ian Balfour reports on several 
well-known antique engraved dia- 
monds from the Middle East: the 
“Shah” (88.7 ct}, the “Jahangir” (ap- 
proximately 83 ct], and the “Darya-i 
Nur” (estimated at 175-195 ct). An- 
other interesting report in the litera- 
ture is provided by P. Grodzinski in a 
1955 issue of the Germologist, pp. 
219-221. The examples of historic 
engraved diamonds he cites include 
ones with “the coat of arms of Mary 
Queen of Scots; the portrait of Don 
Carlos, the unfortunate son of Philip 
II of Spain; and the portrait of the 
Dutch Queen Fredrica.” 

From the following translation 
of first-century naturalist Pliny {as 
given by G. E. Lessing in Grodzinskii, 
one can envision how these engrav- 
ings in diamond were made by hand 
with a “scratching” motion: “If one 
has managed to burst the diamond in 
a favorable way, it breaks into such 
small splinters that they are almost 
invisible. These are desired by the 
gem engraver and fixed in iron, as 
they are able to engrave even in the 
hardest substance.” 

Today, it is possible to make 
inscriptions or engravings in dia- 
mond with a laser. The laser equip- 
ment used by GIA-GTL to inscribe 
small letters and numbers (40-80 
microns high) into the girdle of a 
diamond produces a fine granular 


Figure 5, It is not likely that 
the abraded facet junctions on 
these diamonds were caused 
by unusual wear after setting. 
Magnified 10x. 
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Figure 6. The exoskeletons of green beetles (each approximately 15 
mm long) have been set, along with diamonds, in this unusual pin. 


surface, quite unlike the texture of 
the surface of the engraved cross in 
the tablet we examined. RK 


With Mysterious Wear 


Diamonds set in jewelry will usually 
wear or become abraded only when 
they come into contact with one 
another or with other diamond 
jewelry. Both scenarios were ruled 
out in the case of a heavy platinum 
and diamond bracelet seen recently 
in the East Coast laboratory, in which 
every diamond was mysteriously 
worn (figure 5}. The damage to the 
diamonds in this well-made bracelet 
did not appear to be due to the stones 
rubbing against each other in the 
setting, since the abrasions were only 
along the facet junctions, not at the 
girdles. In addition, the pavilion 
facets were also evenly abraded. 
One possible explanation is that 
these old-European brilliants might 
have been stored together in a parcel 
paper or some container for many 
years before they were set into 
jewelry. Clearly the pavilion facets 
could not have suffered such abra- 
sion after mounting, or from the 
bracelet rubbing against other 
jewelry in a jewelry box. 
DH 
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- INSECTS as Jewelry 


A fancy yellow diamond submitted 
to the East Coast laboratory for color 
origin was found to be keeping unor- 
thodox company (figure 6}. The iri- 
descent green “stones” embellishing 
the brooch were determined to be the 
chitinous exoskeletons of an uniden- 
tified beetle. 

The fragility of the beetles is 
evident, since one exoskeleton has 
been damaged, thus exposing the 
dried inner remains. Another has 
been partially broken, exposing an 
underwing. 

Such a piece is not entirely 
unique. French jeweler Gilbert Al- 
bert received an International Dia- 
mond Award in 1987 for similar work 
using diamonds and green Chinese 
scarab beetles. We could not deter- 
mine whether the piece shown here 
was one of his, although we do know 
that the beetles in the photo are not 
scarabs. RG and Nick DelRe 


PEARLS 


Chipped 

A retailer submitted a strand of natu- 
ral pearls to the East Coast labora- 
tory and asked if we could explain 


Fall 1989 173 


why many of the pearls were chipped 
on one side. Damage was quite exten- 
sive, as can be seen on the 4mm 
pearl in figure 7, which suggests that 
it was not the result of ordinary wear 
or even carelessness. After checking 
with our colleagues at the West Coast 
laboratory and a local pearl expert, 
we concluded that the damage was 
probably caused by the pearls being 
improperly drilled. 

Fine pearls are ordinarily drilled 
in two steps: first from one side and 
then from the other, with the drill 
holes meeting in the center of the 
pearl. Apparently, these pearls were 
drilled in a single step. The force of 
the drill exiting the pearl pushed on 
the outer nacreous layer, chipping 
and weakening it on the side of the 
pearl where the drill bit came 
through. It was only a matter of time 
before other parts of this vulnerable 
area fell away. DH 


Figure 7. Severe chipping 
around the drill hole in this 
4-mm pearl is probably due to 
the drilling of the hole all the 
way through from one side 

of the pearl, rather than 
drilling from both sides to 
the center as 1s usually 

done. Magnified 25x. 


“Demi-pearl” 

The West Coast laboratory received 
for examination a rare pearl forma- 
tion that can appropriately be de- 
scribed as a “demi-pearl.” This oval 
piece measured approximately 8 mm 
in diameter by 11 mm long. Al- 
though it appears to consist of two 
separate halves—one a dark pinkish 
brown and the other a very light 
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Figure 8. Although this “demi- 
pearl” (8 mm in diameter x 
11 mm long) appears to con- 
sist of two separate halves, it 
is actually natural. 


yellowish brown, separated by an 
opaque whitish circular growth line 
{see figure 8]—it is not assembled, 
but grew that way naturally; X-radio- 
graphy showed no sign of culturing. 
Both parts also display different phe- 
nomena: The dark pinkish brown 
area has a sheen-like effect com- 
monly seen in various calcareous 
concretions and the other half shows 
the orient associated with fine pearls. 

With magnification, the struc- 
tural differences between the two 
halves were readily visible: the al- 
veolar or honeycomb structure in the 
nacreless half, and the fine orient in 
the nacre portion (figure 9). We also 
noticed that an alveolar structure 
was present underneath the very fine 
nacre, which was highly transparent. 
We do not know under what circum- 


Figure 10. Pink dye in a cul- 

tured pearl is commonly visi- 

ble in the conchiolin layer at 

the drill hole, here magnified 25x. 


a 


Figure 9. High magnification 
(45 x) reveals the orient on one 
part of the pearl shown in fig- 
ure 8, and the honeycomb 
structure of a calcareous con- 
cretion on the other part. 


stances this particular “demi-pearl” 
was formed in the mollusk. 
KNH 


“Pinked” 


When we examine a Strand or group 
of uniformly pink or rosé pearls we 
immediately suspect that they have 
been dyed. With the microscope, a 
gemologist can often see a ring of 
pink color in the drill hole (figure 10), 
between the bead nucleus and the 
nacre deposition, as this is where 
most of the dye is absorbed. 
However, no microscope was 
needed at the East Coast laboratory 
for the 6-mm cultured pearl shown in 
figure 11. A large patch of excess dye 
was easily visible at the drill hole. 
Note also that if heavily dyed pink 
pearls are stored in tissue or cotton, 
the dye can sometimes be seen on the 
material it contacts. DH 


Figure 11. The excess dye is 
unusually apparent at the drill 
hole of this 6-mm “pinked” 
cultured pearl. Magnified 25x. 
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SYNTHETIC STAR RUBY 
Early Flame-Fusion 


Unlike most modern flame-fusion 
synthetic star rubies, which usually 
have a near-perfect star and may 
exhibit easily visible curved striae, 
some early flame-fusion star rubies 
have a more natural appearance. Fig- 
ure 12, shows such a stone, a 5.99-ct 
semitransparent red oval that we 
recently encountered in our East 
Coast laboratory. The star is some- 
what irregular, more like that of a 
natural star ruby, Also, the color is a 
desaturated purplish red that more 
closely resembles a natural stone 
than the vivid red commonly seen in 
modern synthetic star rubies. 

Early synthetic star stones were 
cut first and then annealed to develop 
the rutile needles. This stone also 
appeared to contain silk-like inclu- 
sions, which might suggest natural 
origin. However, close examination 
at high magnification (45 x in figure 
13) revealed that the “silk” was in 
fact linear strings of tiny gas bubbles. 
Curved striae were also noted. 

‘ DH 


TANZANITE with 
Iridescent Coating 


The West Coast laboratory recently 
examined a lady’s yellow metal ring 


Figure 12. This 5.99-ct flame- 
fusion synthetic ruby, probably 
of early manufacture, looks 
more like its natural counter- 
part than most recent flame-fu- 
sion synthetics. 


P a 
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Figure 14, The 4.53-ct tanzanite in this ring was found to have a 
surface coating on the crown facets that was not present when 


the stone was set a year earlier. 


set with a transparent violetish blue, 
cushion-shaped mixed-cut stone (fig- 
ure 14). Routine gemological testing 
confirmed the identity of the 4.53-ct 
stone as tanzanite. Catherine Saget, 
of GIA’s Jewelry Manufacturing Arts 
Department, explained that the tan- 


Figure 13. With 45 x magnifi- 
cation, what originally ap- 
peared to be needle-like inclu- 
sions are revealed to be strings 
of minute bubbles in this early 
flame-fusion synthetic ruby. 
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zanite had an iridescent coating on 
the crown (figure 15) that was not 
present when she originally set the 
stone about one year ago. Several 
attempts were made to remove the 
coating, including soaking and light 
brushing in BCR {an ultrasonic 
cleaning fluid} and acetone, all with- 
out success. The ring was brought to 
the lab for advice. 

The effect observed on portions 
of every crown facet on this tan- 
zanite appears visually to be nearly 
identical to the coating or “tarnish” 
that the lab has seen before on natu- 
ral emeralds [Gems #& Gemology, 
Fall 1960, p. 70 and Spring 1986, pp. 
48-49], and at least one synthetic 
emerald (Spring 1984, p. 45}, as well 
as on aquamarine (Spring 1984, p. 45} 
and on golden beryl (Summer 1977, 
pp. 310-311). However, this was the 
first time we had seen it on tan- 
zanite. As in our previous reports, we 
still do not know the exact cause of 
this type of coating, but it undoubt- 
edly results from contact with some 
substance during wear. As in all of 
the previous cases, this coating was 
easily removed with an ordinary ink 
eraser, 


Fall 1989 175 


Figure 15. Magnification (10x) in reflected light clearly shows the 
surface tarnish on the tanzanite illustrated in figure 14, The coating 
was easily removed with an ordinary ink eraser. 


A 


HISTORICAL NOTE 


The refractive indices obtained 
on the table of the coated stone were 
1.69-1.70, which are typical for tan- 
zanite. The coating did not affect the 
refractive index readings. In 1986, 
however, we examined a natural em- 
erald on which the coated portion 
revealed an R.J. of 1.48, while the 
uncoated portion showed indices of 
1.579 and 1.588. RK 


FIGURE CREDITS 


Figure 1 was supplied by Robert 
Crowningshield, Shane McClure pro- 
duced figures 2-4 and 14, as well as the 
photo in the Historical Note section. Fig- 
ures 5-7 and 10-13 were taken by Dave 
Hargett, with the assistance of Nick Del- 
Re on number 6. John |. Koivula provided 
figures 8 and 9, and Robert Kane took 
the photomicrograph in figure 15. 


Highlights from the Gem Trade Lab 25, 15, and five years ago 


FALL 1964 


Several interesting items were seen 
by the New York laboratory at this 
time. Fourteen unusual tourmalines 
displayed an alexandrite-like color 
change when viewed in different 
lighting conditions. A unique watch 
crystal, estimated to be approx- 
imately 7.25 ct, was identified as 
diamond. Small true synthetic alex- 
andrites were seen, as were several 
colors of a synthetic material having 
a garnet structure. Also new on the 
scene was an improved synthetic 
emerald overgrowth on beryl. The 
name proposed at that time was 
“Symerald,” but it later was named 
after the manufacturer and became 
known in the trade as Lechleitner 
synthetic emerald. 

The Los Angeles laboratory re- 
ported on the problem of determin- 
ing whether periclase was synthetic 
or natural. Also mentioned was the 
pleasantly surprised dealer who was 
told by the lab that a 40-ct stone 
thought to be citrine was actually a 
natural sapphire. 


FALL 1974 
A number of unusual inclusions in a 
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variety of gemstones were illustrated 
and described by the Los Angeles 
laboratory, including ones in trans- 
parent sodalite and hessonite garnet, 
as well as a unique spicule-like inclu- 
sion seen at 126 x magnification in a 
diamond. Needle-like inclusions in 
diamond are rare enough, but ones 
with a “nailhead” attached are 
unique in our experience. Another 
item of interest was the illustrated 
warning of what happens when borax 
is used in an attempt to protect 
corundum from heat in jewelry re- 
pair work. 

The New York laboratory had 
the opportunity to examine some of 
the new rubies coming from Kenya, 
as well as four different imitations of 
lapis lazuli. Identification was also 
made of a “Maxixe” type beryl, actu- 
ally a morganite that had been arti- 
ficially gamma irradiated to turn it a 
deep blue color. Unfortunately, the 
color fades rather quickly. 


FALL 1984 


The laboratories mentioned a num- 
ber of different pearls and imitation 
pearls. These include a strand of 


This unusual diamond revealed 
a variety of patterns in a large 
growth plane. Magnified 63x. 


saltwater tissue-nucleated cultured 
pearls represented as keshi {keshi 
pearls are supposed to be “acciden- 
tal” natural pearls found in cultured 
mollusks}, coated mother-of-pearl 
imitations of Biwa cultured pearls, a 
20-strand seed pearl necklace, and a 
large abalone pearl. Also of interest 
was a near-colorless enstatite crystal, 
metal-filled epoxy-backed turquoise, 
and a very unusual phantom growth 
pattern in diamond (see figure). 
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DIAMOND Si 
Increases in diainond sales. The Central Selling Organi- 
zation reported diamond sales of $2,317 billion for the 
first six months of 1989, exceeding sales for the last six 
months of 1988 by $346 million, or 18%, and for the six 
months preceding that by $116 million, or 5%. 

The new six-month sales figure is the highest ever 
reported by the CSO. The previous high was $2.201 
billion, recorded in the first half of 1988. 


Diamond cutting in China. An unexpected dividend of a 
visit to a craft emporium in Foshan, Guangzhou Provin- 
ce, People’s Republic of China, was a chance for one of 
the Gem News editors to observe Chinese diamond 
cutters at work in an adjoining building. Diamonds were 
being cut using a variation of the jam peg method (figure 
1), a technique normally used on colored stones. The 
apparatus consisted of a vertical metal rod to which a 
circular metal plate was attached by a thumbscrew. The 
base of the dop stick was inserted into an approximately 
7.5-cm-wide plastic disc, which rested on the metal 
plate when the stone was brought in contact with the 
cutting wheel. The angle of the facet being cut was 
controlled by adjusting the height at which the metal 
plate was set on the vertical rod. 

The diamonds appeared to be held to the dops by 
dopping wax of the kind generally used to cut colored 
stones, they were not held in mechanical heads. Cutters 
were seen working for less than a minute on a facet, at 
which point they would return the dop stick to a rack 
and take out another dopped stone on which they again 
worked on a single facet. Apparently the heat generated 
in the polishing operation, coupled with the material 
used to hold the stone to the dop, made it necessary to 
work back and forth between stones, Extended heat (i.e., 
that generated by completing even a single facet at one 
sitting) would no doubt loosen the stone in the dopping 
wax, 


Strained relations between India and Australia. Argyle 
officials are refuting claims that they secretly recruited 
Indian cutters and polishers to work in China, as was 
reported in a Calcutta newspaper in March of this year. 
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Figure 1. Diamonds are being cut in Foshan, 
China, using a variation of the jam peg method. 
Photo by Robert C. Kammerling. 


The article, which appeared in the Business Standard, 
brought a harsh reaction from Indian diamond manufac- 
turers, who angrily predicted a mass exodus of Indian 
labor. Other industry leaders joined them in calling the 
alleged recruitment unethical and potentially damaging 
to relations between India and Argyle. Currently, the 
Indian diamond industry cuts and polishes approx- 
imately 10 million carats of Australian goods per year, 

Last June, in response to these concerns, Argyle 
issued a statement explaining that the company is 
working on a technical development program with 
China, which includes training approximately 50 people 
in diamond cutting and polishing. Argyle officials stated 
that the program is headed by an international team of 
eight experts, and does not involve the recruitment of 
100 Indian cutters and polishers, as had been reported in 
the Business Standard. 


Tests under way for diamonds in Canada. Corona Corp. is 
performing tests to determine if a diamondiferous kim- 
berlite intersection drilled near Sturgeon Lake—30 km 
northwest of Prince Albert, Saskatchewan —is economi- 
cally viable. Thus far, few kimberlite occurrences have 
been reported in Canada, and those that do exist have not 
proved to be commercially significant. 

As reported in the July 14 issue of Mining Journal 
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{London}, Corona became interested in the Sturgeon 
Lake area last year, when a small diamondiferous kim- 
berlite was discovered by Monopros Ltd., De Beers’s 
Canadian subsidiary. The project is a joint venture 
between Corona Corp. and Claude Resources. 


Australians explore for diamonds in the United States. A 
major diamond exploration of seven kimberlite pipes in 
Wisconsin and the Upper Peninsula of Michigan will be 
undertaken as a joint venture between Dow Chemical 
Co. and Crystal Exploration Co. of Colorado. Crystal, 
which recently was purchased by Karonic Gold NL of 
Australia, retained the right to acquire up to 71% 
interest in the venture. 

Gem-quality diamonds reportedly have been found 
in the sites marked for exploration. Further sampling 
and air/ground magnetics will be done to prepare for 
drilling. 


Joint venture with De Beers in Australia. Stockdale, aDe 
Beers subsidiary, will join with Max Resources of New 
Zealand to explore for diamonds in an area near Skull 
Creek, south of Darwin in Australia. Under the terms of 
the joint venture agreement, De Beers will get 80% 
interest by spending $400,000 on exploration. Max 
Resources will receive 20% interest by contributing pro- 
rata to the program. Initial samples from the area 
revealed a microscopic-size diamond and one, probably 
kimberlitic, chromite grain. 


New De Beers mine in Namibia. Consolidated Diamond 
Mines, a De Beers subsidiary, will open a new diamond 
mine at Elizabeth Bay, Namibia. Production, scheduled 
to begin in 1991, is estimated at 250,000 ct annually. 

In addition to the new mine, Namibia also is getting 
its first diamond-sorting facility, to be operated by the 
Central Selling Organization in the Namibian capital of 
Windhoek. The facility will process 95,000 ct per year. 
Previously, all Namibian diamonds were sorted in Kim- 
berley, South Africa. 


COLORED STONES Bi 7 7 es 
Amethyst in Maine. The only active amethyst mine in 
New England entered full operation this summer at the 
unlikely location of a summer music camp in the town 
of Sweden, near Stearns Pond in Maine. Crystals were 
first found in November 1987 by workers digging gravel 
for a septic system on land owned by the Saltman family 
adjacent to their Camp Encore-Coda. Plumbago Mining 
Corp. is working the operation for the Saltmans. 

The mine got off to a slow start because of tight 
restrictions placed on the venture by the Planning Board 
of Sweden. Phillip McCrillis, of Plumbago Mining, 
reports that only 1,500 Ibs. (about 680 kg) of gem- and 
specimen-quality amethyst were mined in summer 
1988, compared to 5,000 Ibs. (about 2,270 kg} from June 
1—September 1, 1989. Most of the material is specimen 
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quality, with the largest crystals measuring up to 4 in. 
(10 cm} x 6in. (15 cm}. Many of the crystals are doubly 
terminated, 

Because Plumbago has been concentrating on the 
mining operation, little material has been cut thus far. 
To date, the largest faceted stone is 12 ct. McCrillis 
anticipates, however, that the material found most 
recently will yield stones in the 20+ ct range. Heavy 
zoning in the crystals makes it difficult to cut extremely 
large stones. 

The amethyst is found in a quartz seam in schist. As 
of September 1989, Plumbago Mining had determined 
that the seam is at least 40 ft. long by 10-12 ft. deep, with 
no indication yet that it is “pinching out.” Because the 
seam is very close to the surface, with a gravel layer of 
less than 6 ft. (2 mj, mining requires only a small 
bulldozer and backhoe to move the gravels and small 
amounts of dynamite to penetrate the quartz. The 
crystals are then removed by hand. Two full-time miners 
and a number of volunteers work the deposit when 
weather permits. 

Prior to the Sweden find, amethyst had been recov- 
ered from Pleasant Mountain in Sebago and from Deer 
Hill in Stow, which are located in the same region. All of 
the Sweden amethyst is currently being distributed 
through Plumbago Mining Corp., Rumford, Maine. 

McCrillis also reported that Plumbago Mining 
Corp. would be reopening the famous Mt. Mica [Maine] 
tourmaline mine in fall 1990. 


Amethyst scepters from Malawi. Si and Ann Frazier of E] 
Cerrito, California, report a recent find of amethyst 
scepters from a previously unknown locality in Malawi, 
west of Mchinji, near the border with Zambia. The 
scepters reportedly have good luster and color; the most 
spectacular ones are asymmetrically set on their stems. 
Furthermore, the amethyst color is distributed fairly 
sectorially, with some showing both blue and purple 
sections. Most of the specimens have significant inclu- 
sions of lepidocrocite and/or goethite needles; in some, 
these inclusions outline phantom crystals. One of the 
Gem News editors has seen at least 50 of these crystals at 
one time, the largest about 3 cm high. 


Amethyst-citrine update. GIA librarian Robert Weldon 
recently visited Bolivia and provided Gem News with an 
update on amethyst-citrine (figure 2], This quartz vari- 
ety is produced at a locality known as La Gaiba, in the 
southeastern province of Santa Cruz, that is no longer 
being worked systematically. When the mine was in full 
operation, much of the material was obtained through 
arbitrary and destructive blasting with dynamite. In 
addition, large quantities of the material were reportedly 
smuggled across the border into Brazil and sold as 
Brazilian production. Although a May 30, 1989, report in 
the Bolivian newspaper Los Tiempos maintained that 
the mine was officially closed, amethyst-citrine con- 
tinues to be readily available (even within Bolivia] and it 
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Figure 2. The amethyst-citrine (35 x 7 x 7 
mm) in this pin came from La Gaiba, Bolivia. 
Brooch by C. Y. Sheng; photo by Robert Weldon. 


is believed that much night-time “guaquero-style” min- 
ing occurs. 

The above-cited report also stated that the Bolivian 
government was preparing to extend a public invitation 
to any Bolivian entities interested in exploiting the La 
Gaiba resources in a systematic and controlled manner. 


Fine aquanrdrine from India. Good-quality aquamarine 
is known toicome from the state of Orissa in eastern 
India. Less well known, however, is the occasional 
discovery of some exceptionally fine, large aquamarines 
in Madras State in the southeast of the country. Ms. 
Charlotte B. Crosby arranged for the Gem News editors 
to examine an exceptional 41.76-ct aquamarine (figure 
3) from this locality. 

Mr, Shanti Kumar Shah of Indogems, Inc., New 
York, reports that the stones are found near Kangyam, a 
small farming town located in a remote area several 
hundred kilometers inland from Madras City. There is 
no organized mining activity, and the stones are recov- 
ered from alluvial deposits by local villagers, farmers, 
and fishermen who search the river banks and bottom 
silt. Within about a 200 km radius of Kangyam are also 
found ruby, sapphire, iolite, amethyst, sphene, moon- 
stone, enstatite, and cat’s-eye quartz. 

The gemological properties of the sample Kangyam 
aquamarine were consistent with those reported for 
aquamarines from other localities; magnification re- 
vealed only graining. The most notable feature of this 
stone—other than its exceptional color—was the pres- 
ence of strain with a “laminated” appearance that was 
quite evident in polarized light. The strain also mani- 
fested itself in the form of a biaxial interference figure 
that was seen in only some areas of the stone. Mr. Shah 
reports that the stone has never been heat treated. 


Brazil update. On a recent trip to Brazil, one of the Gem 
News editors had an opportunity to tour some of the 
mines in the area around Teéfilo Otoni, in Minas Gerais. 
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Figure 3. This 41.76:ct aquamarine came from 
Madras State in India. Courtesy of Indogems, 
Inc.; photo by Robert Weldon. 


Two of the mines were eluvial deposits located in 
the general area of Ponto de Marambaia. One was 
approximately 65 km north of the town of Teéfilo Otoni 
and produces aquamarine and colorless topaz almost 
exclusively. The other, far more extensive, diggings were 
located approximately 20 km east of the town of Tres 
Barras, This area is currently producing a number of gem 
materials, most notably cat’s-eye chrysoberyl and aqua- 
marine; recently, a fine 30-gram piece of cat’s-eye chrys- 
obery] and several fine aquamarines over 100 grams each 
were found there. The area also produces colorless bery] 
that reportedly is irradiated to a golden color, as well as 
alexandrite, cat’s-eye alexandrite, colorless topaz, occa- 
sional morganite, and some diamonds. 

The other area visited was reached by traveling 32 
km south of Teéfilo Otoni to the town of Itambacuri on a 
paved road, then west approximately 36 km on a dry- 
weather dirt road; the final 2 km were on little more than 
a cow path. The mine, a primary pegmatite (figure 4], 
was producing aquamarine crystals that showed evi- 
dence of extensive heat damage. Some of these, however, 
had good clean cores up to 10 grams (50 ct); according to 
one of the individuals involved in the mining, these 
produced faceted stones up to 10 ct (figure 5}. It was also 
stated that the paler material was being irradiated to 
produce a golden color. 

The editors would like to thank Marcus Catta Preta 
of Catta Preta Pedras Preciosas and Joseph Crescenzi of 
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Figure 4. A garimpeiro examines the rock face 
in a Brazilian pegmatite mine after blasting 
with dynamite. Photo by Robert C. 
Kamumnerling. 


Minatex Export Ltda., both in Tedfilo Otoni, for arrang- 
ing the trips to the mines and providing information for 
this report. 


Crystal chandeliers made by nature. An underground 
chamber lined with large quartz crystals was discovered 
in the mountains of the Namib desert in Southwest 
Africa. Hannes Kleynhans, the chief stockholder in the 
Amethyst Mining and Export Company, was exploring 
the site for tourmaline with his 100-man crew when two 
drillers suddenly had their 32-m-long drill disappear into 
an underground cavity. After months of work to open the 
chamber, Kleynhans and his team were rewarded with a 
bounty of quartz crystals that protruded out of the walls 
like porcupine spikes or chandeliers. One specimen is 
estimated to weigh 13 tons. 

To retrieve the huge crystals, the miners loosen each 
one individually and lower it into a sleigh made of truck 
tires. The process is slow, but Kleynhans said he is 
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Figure 5. Heat-damaged aquamarine crystals 
from a primary deposit west of [tambacuri, 
Minas Gerais, Brazil, are trimmed with pliers 
to expose their cuttable cores. Photo by 
Robert C. Kammerling. 


willing to take as long as necessary to insure that none of 
the long crystal arms is chipped or damaged. 


Santa Terezinha—emerald treatment. It is generally 
known that emeralds with surface-reaching fractures 
are routinely oiled or otherwise filled to lower the 
relative relief of the fractures, making them less notice- 
able and thereby improving the stone’s overall appear- 
ance. A number of different filling agents have been 
used; two of the most popular in Colombia are Canada 
balsam (a resin) and cedarwood oil. 

Recently the fracture-filling process used by miners 
on emeralds from Santa Terezinha de Goias, Brazil, was 
described in detail to one of the Gem News editors by 
two individuals involved in the Brazilian gem trade. This 
process employs a synthetic fracture sealant marketed 
under the trade name Opticon (figure 6). 

The stones are washed in hot soapy water and dried 
under a 100-watt incandescent bulb. At the same time, 
the Opticon is heated in a separate container also under a 
bulb. Once dried, the stones are placed in the filling 
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material for several hours again under the 100-watt bulb. 
They are then removed and those that have taken the 
treatment well enough are sold as rough, as is. Material 
requiring additional treatment is heated further, now 
under pressure, with more Opticon. Most of these 
stones, too, are sold as rough, although additional 
treatment, including the use of a fracture sealant, may be 
performed on some of the material after it is faceted. A 
detailed article on this procedure is in preparation, 
The editors would like to thank Joseph Crescenzi of 
Minatex Export Ltda. and Acyr Tadeu Flores Catapreta 
Ramos, both in Teofilo Otoni, for providing the informa- 
tion contained in this report. Thanks also to David 
Stanley Epstein of Precious Resources Ltda., Teofilo 
Otoni, for providing a specimen for examination. 


Large bicolored sapphire. Not only is Australia a major 
producer of sapphires, but some of the sapphires from 
that country are notable for the zones of different colors 
they exhibit. Particolored stones that range from yellow 
with a touch of green to green with a touch of yellow are 
sometimes referred to as “wattle” sapphires, 

Donald L. Cook of Rio Linda, California, recently 
showed us a very large Australian sapphire with an 
unusually sharp demarcation between the sole yellow 
and greem zones (figure 7]. This waterworn crystal 
fragment .was named the Kingsley sapphire after its 
discoverer, John Kingsley. He found the stone while shaft 
mining in gn old river bed in an area known as Fancy 
Stone Gully, approximately 10 km west of Rubyvale on 
the Anakie Gem Fields, Queensland. The 162.26-ct 
bicolor measures 33.00 x 29.50 x 16.80 mm. 


Kanchanaburi sapphires. The Kanchanaburi area of 
Thailand is currently a significant producer of blue 


Figure 6, Although the fracture in this Santa 
Terezinha emerald is visible where it breaks the 
surface, the Opticon filling makes it less appar- 
ent within the stone. Photomicrograph by 

John I. Koivula; magnified 35x. 
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Figure 7. This 162.26-ct bicolored sapphire from 
Australia is unusual for both its large size and 
the sharp demarcation between the two zones, 
Photo by Shane McClure. 


sapphires. These stones, like those from a number of 
other localities, are often heat treated. The resulting 
color is somewhat reminiscent of heat-treated Sri 
Lankan sapphires, although in general the darker colors 
tend to be “sleepier,’ while the less saturated colors have 
more of a grayish component. Evidence of heat treat- 
ment in a number of these sapphires was revealed by an 
interesting internal feature: a series of small dark blue 
pinpoint-like inclusions resembling ink drops. 

Recently, the inclusions in untreated Kanchanaburi 
sapphires were described to one of the Gem News editors 
by Mr. Tom Ba Ross, of S. P. Color Stones Co. in Bangkok. 
These include silk, which may be in a fine, dust-like 
form similar to that seen in some Burmese sapphires, or 
as longer, acicular crystals reminiscent of those seen in 
stones from Sri Lanka. In general, the Kanchanaburi 
stones lack liquid feathers or other solid inclusions, with 
the exception of what appear to be boehmite needles and 
silver-gray apatite crystals of typical habit. 


Underwater treasure hunt in Thailand. Bangkok 
Gems & Jewellery reports that the government of 
Thailand is working with the United Nations Depart- 
ment of Technical Cooperation for Development 
(DTCD} to search for valuable metals and gems off 
Thailand's east coast in the Gulf of Thailand. Experts 
working out of Rayong, southeast of Bangkok, hope to 
find titanium, zirconium, and gold, as well as rubies and 
sapphires. They believe that the producing corundum 
deposits on shore extend under the waters of the gulf. 

Thailand’s Department of Mineral Resources has 
worked with the DTCD since 1978. They first collabo- 
rated on exploration of the Andaman Sea, which yielded 
a promising tin deposit. 


Unusual tourmalines from Brazil. Stanley Brainin of 
Brainin & Davenport, Malibu, California, reports that 
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Figure 9. This fine blue 1.15-ct tourmaline from 
the new deposit at Paraiba, Brazil, resembles 
tanzanite in color. Stone courtesy of Brainin & 
Davenport; photo by Robert Weldon. 


tourmaline of unusual colors is being recovered from a 
new mine in Paraiba, Brazil. The stones examined by the 
Gem News editors ranged in color from a highly satu- 
rated medium bluish green to medium dark blue-green 
to a dark blue to violetish blue (figure 8}. Some of the 
blue-green stones had the saturation and depth of color 
associated with emeralds but with a much stronger blue 
component. The blue stones were reminiscent of fine 
sapphires of a color often associated with material from 
Sri Lanka; a few stones—those with the strongest violet 
component— were very similar in color to tanzanite 
(figure 9}. Mr. Brainin and others report that the material 
is available in limited quantities and sizes, with most of 
the rough less than 3 grams and most of the cut stones 
less than 1 ct. David Epstein, of Tedfilo Otoni, has seena 
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Figure 8. The new tour- 
maline deposit at Para- 
iba is producing fine 
stones in a variety of un- 
usual colors, These 
stones, 0.42-0,71 ct, are 
courtesy of Julius Petsch; 
photo by Robert Weldon. 


specimen-quality crystal of 100 grams and a cuttable 
piece of 12 grams from this locality. The largest faceted 
stone he had seen as of September 1989 is a 15.18-ct blue 
oval in the collection of K. Elawar of Te6filo Otoni. 
According to Daniel Sauer of Rio de Janeiro, the name of 
the mine is S4o José da Batalha and it is privately owned. 


PEARLS 
Interesting cultured blister pearl. Experiments in pearl 
culturing date back to 13th-century China, when a 
native of Hou-Tcheon-Fou reportedly first inserted ob- 
jects between the shell and the mantle of pearl-produc- 
ing mollusks, thereby stimulating the mollusk to coat 
the insert with nacre. The Chinese have continued this 
practice over the centuries, often placing metal figures of 
Buddha in the indigenous freshwater mussel, Cristaria 
plicata. One of these shells, with multiple nacre-coated 
Buddha images, is illustrated on page 523 of Webster's 
Gems {4th ed., 1983). 

On a recent trip to Guangzhou, in southern China, 
one of the Gem News editors purchased an interesting 
cultured shell that contains a large (13.5 x 9.1 cm} 
blister pearl in the form of the goddess Kwan Yin (figure 
10). X-radiography of the shell by Robert E. Kane, of the 
GIA Gem Trade Laboratory, revealed that the blister 
pearl image had essentially the same X-ray transparency 
as the surrounding shell, thereby ruling out a metal 
insert. The insert may be a piece of carved shell or other 
substance, such as plastic, witha similar X-ray transpar- 
ency. 


SYNTHETICS AND SIMULANTS ii! 
Chinese “jade” update. A number of translucent to 
opaque green ornamental materials have long been used 
as simulants for jadeite and nephrite. These simulants 
are often sold as jade varieties under such place names as 
“Korean jade” (bowenite serpentine], “Fukien jade” 
(soapstone], “Indian jade” (aventurine quartz}, “African 
jade” (hydrogrossular garnet], and “California jade” {cali- 
fornite idocrase}. 

Recently, one of the Gem News editors had an 
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Figure 10. A 13.5 x 9.1m figure of Kwan Yin 
has been cultured on this Chinese freshwater 
mussel shell. Photo by Robert Weldon. 


opportunity to visit the Guangzhou South Jade Crafts 
Factory in Guangzhou (formerly Canton], China. Ac- 
cording to a promotional brochure provided in the 
showroom, this factory is the exclusive producer of “jade 
carving balls,” a series of concentric spheres carved from 
a single piece of rough. This same brochure also stated 
that the “jade carving balls manufactured by this factory 
are of Burmese Jadeite and Chinese Jade.” 

The editor thus found it interesting that the vast 
majority of the material he saw being fashioned appeared 
to be bowenite serpentine (figure 11}, with a much 
smaller amount of lower-quality jadeite also being 
worked. No nephrite jade, which is known to occur in 
western China, was seen. A number of workers were 
asked about the identity of the material being carved, 
and all stated that it was jade. This is in keeping with 
published reports that in the Chinese language, “jade” 
refers to a much broader category of materials than is 
recognized by Western gemologists. 


Imitation opalized shells. Opalized shells—more cor- 


rectly called opal pseudomorphs after shell— make un- 
usual and interesting collectors’ items, These specimens 
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Figure 11. This Chinese artisan uses a lathe 
drill to fashion a “jade carving ball” that had 
the appearance of serpentine. Photo by 
Robert C. Kammerling. 


are recovered from time to time in the opal fields of 
Australia and result from the replacement of shells by 
opal through the action of silica-rich groundwaters. 

Susan B. Johnson, assistant director of education at 
GIA, recently showed the Gem News editors three 
unusual imitations of opalized shell she obtained in 
Australia from an individual who believed them to be 
genuine, One resembled a clam shell, another had the 
outward form of a mussel shell, and the third looked like 
a turban snail shell (figure 12), 

The specimens immediately caused suspicion be- 
cause they appeared to be composed of dark yellow- 


Figure 12. These three imitation opalized shells 
are composed of opal and matrix fragments in 
a plastic binder. The clam shell measures 4.5 
cm X 3.5 em. Photo by Robert Weldon. 
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brown brecciated boulder opal. It would be difficult to 
explain how comparatively large pieces of breccia could 
replace the original shells while allowing them to 
maintain their outward shape. Magnification revealed 
that all three “opalized shells” consisted of numerous 
chips of white opal, boulder opal, and matrix rock held 
together with a transparent, colorless binder. Additional 
testing for hardness, thermal reaction, hydrophobic/ 


hydrophilic reaction, refractive index, and ultraviolet 
fluorescence revealed that the binding agent was a 
plastic. 


Acknowledgment: The Gem News editors would like to thank 
Jennifer Rowland, GIA public information assistant, for her helo 
in preparing this column. 


ANNOUNCEMENTS 


The Tucson Gem and Mineral 
Show will be held February 7-11, 
1989 at the Tucson Community 
Center. The featured mineral for 
the show is wulfenite. For more in- 
formation, contact the Tucson Gem 
and Mineral Society, RO. Box 
42543, Tucson, AZ 85733. 

The Gemological Institute of 
America will present various lec- 
tures and seminars in Tucson Feb- 
ruary 3-11. For information, call 
(800) 421-7250, ext. 22.7, or write 
GIA, P.O. Box 2110, 1660 Stewart 
St., Santa Monica, CA 90406. 

The American Gem Trade As- 
sociation will be in Tucson Febru- 
ary 3-9 at the Convention Center. 
They will announce the winners of 
the Spectrum Awards (a jewelry 
contest aimed at the effective use 
of colored stones) at that time. For 
information, contact the AGTA 
headquarters at the World Trade 
Center #181, P.O. Box 581043, 


184 Gem News 


Dallas, TX 75258, (214) 742-4367; 
for reservations call {800} 972-1163. 


The Bangkok International Jewelry 
Fair will be held March 12-14, 
1990. At the fair will be hundreds 
of Thai and international exhib- 
itors. For information contact 
Headway Trade Fairs Ltd., 9/F Sing- 
Ho Finance Building, 168 Glouces- 
ter Road, Hong Kong. Call 
5-8335121 or fax 5-8345164. 


Israel’s annual Showcase ‘90 will be 
held January 9-11, 1990, at the Je- 
rusalem Convention Center, Jerusa- 
lem. Contact Israel Export Insti- 
tute, Jewellery Centre, 29 Hamered 
St., Tel-Aviv, 68125, Israel. Tele- 
phone (03) 630830. 


Bijorhca will be held January 
11-15, 1990 at Ville Pinte, Paris 
Nord, France. Contact BOCI, 26 
Rue de Renard, 7500r Paris, France. 
Telephone (42) 773296. 


Inhorgenta 90 will be held February 
9-13, 1990, at the Munich Trade 
Fair Centre, Munich, West Ger- 
many. Contact Minchener Messe- 
und Ausstellungsgesellschaft mbH, 
Messegelande, Postfach 121009, 
D-8000 Miinchen 12, West Ger- 
many. Telephone (089) 51070. 


Metal Media, a juried exhibition 
showcasing artistic approaches to 
the medium of metal, including 
jewelry, pewterwork, flatware, and 
enameling, is now soliciting en- 
tries. Any U.S. resident may sub- 
mit slides of up to three works, 
Prizes from $100 to $500 will be 
awarded. Chuck Evans, author of 
Jewelry: Contemporary Design and 
Technique, will serve as judge. The 
entry deadline is March 15. Send 
your entries to the Sawtooth Asso- 
ciated Artists Gallery, 226 N. Mar- 
shall St., Winston-Salem, NC 
27101. Telephone (919) 723-7395. 
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JEWELRY ON DISPLAY, 
3rd edition 


By MariAnn Coutchie, 107 pp., illus., 
publ. by ST Publications, Cincin- 
nati, OH, 1989. US$23.95* 


Jewelry on Display is an excellent 
reference that will help every jeweler 
create displays that are both attrac- 
tive and sell merchandise. In this 
book, Coutchie clearly and thor- 
oughly presents information on de- 
signing a display. She covers the com- 
position of symmetric and asymmet- 
ric displays and why these standard 
arrangements are effective. She also 
points out that a designer works not 
only with the individual pieces of 
jewelry, the presentation displayers, 
and the props, but also with the space 
or area of the display. 

The most important informa- 
tion that this “handbook” provides is 
the psychology behind creating a dis- 
play. The book clarifies aspects of a 
display that one may not have been 
conscious of before. For example, just 
as planned lighting can direct the 
customer,ta shop in certain areas of 
the store, it can also cause a viewer's 
eye to focus on a particular area of a 
display. In addition, the use of certain 
color combinations can produce a 
balance in the color scheme, and can 
influence one’s emotions when view- 
ing the display. The author warns 
that if some of these factars are 
overlooked when designing a display, 
it could reduce the display’s overall 
effectiveness. 

Coutchie discusses signage as 
well, and provides many excellent 
guidelines on size, layout, lettering, 
and typefaces to help make signs 
more noticeable, legible, and infor- 
mative. Also mentioned here is the 
value of exterior signs. 

Another section gives necessary 
and descriptive information on win- 
dow and showcase dimensions, and 
on how to cover and keep presenta- 
tion displayers and flooring in good 
condition. Included, too, are discus- 
sions of basic store planning, secu- 
rity, and photographing window dis- 
plays. 

Many black-and-white photo- 
graphs, along with a section of color 
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Elise B. Misiorowski and 
Loretta B. Loeb, Editors 


photographs, visually clarify some of 
the items discussed in the chapters, 
making this book a treat to the eye. 
One may find several useful ideas in 
the chapters on “Themes,” “Special 
Promotions,” and “Christmas.” 

A helpful addition might have 
been examples of displays that didn’t 
work and a critique of why they were 
not effective selling tools. However, 
this is a small caveat given the con- 
siderable amount of information in- 
cluded in this useful book. Jewelry 
on Display isa“must” for every retail 
jeweler. 


HOLLI LUTHER 
Jewelry Display 

Home Study Instructor 
GIA, Santa Monica 


WORLD MAP OF 
GEMSTONE DEPOSITS 


By Dr. Edward Giibelin, publ. by the 
Swiss Gemmological Society, Lu- 
cerne, Switzerland, 1988. US$24.00 
(paper), US$59.95 (laminated)* 


At last we have a definitive world 
map that gives the locations of nearly 
all major gemstone deposits. The 36 
in. X 5} in. (91 em x 125 cm} map 
follows a conformed Mercator pro- 
jection colored with light blue seas 
and soft green land surfaces. Two 
formats are available: a flat “frame- 
able” version and a convenient fold- 
out. Brightly colored symbols depic- 
ting the particular gemstones found 
at each mine location stand out in 
good relief. To maximize its useful- 
ness, all text is provided in English, 
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German, French, Italian, Spanish, 
and Portuguese. 

The legend at the bottom of the 
map identifies the individual gem 
species or groups to which the 34 
coded symbols refer; of necessity the 
symbols are small (3 mm in diame- 
ter). The various gems are separated 
into four sections: precious gems, 
collectors’ gems, ornamental gems, 
and rare ornamental gems. Each gem 
species is awarded a particular color 
or group of colors. On the map itself, 
different exterior configurations are 
given to each gem symbol to indicate 
the type of geologic deposit that pro- 
duced the gem. Confusing? A little, 
but with a few moments of study the 
system begins to unfold into a clever 
plan that places considerable data 
into a relatively small area—a factor 
to be appreciated by the reader. 

The reverse side of the map con- 
tains attractive full-color photos of 
240 cut gems and carvings. Accom- 
panying the gems are 40 color photos 
that beautifully illustrate gem mines 
‘and mining activities from around 
the world. Again, the descriptive text 
is provided in six languages. The gem 
materials and photographs are from 
the fabulous private collection of Dr. 
Gibelin. It is a pity that the back of 
the map cannot be seen easily with- 
out flipping it over, but the wise 
jeweler/gemologist can solve this 
problem by displaying two maps. 

The World Map of Gemstone 
Deposits can be a valuable tool for 
the jeweler who wants to “ready a 
customer to buy.” In fact, it is a 
welcome source of information for 
all gemologists, as well as for those 
travelers who seek the unusual. 


DR. PETER BANCROFT 
Author: The World’s Finest 
Minerals & Crystals 

and Gem & Crystal Treasures 
Fallbrook, CA 


‘This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. Telephone: 
(800) 421-7250, ext. 282. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Australian colour-changing sapphire. G. Brown and 
S. M. B. Kelly, Australian Gemmologist, Vol. 17, 
No. 2, 1989, pp. 47-48. 


This brief Gemmology Study Club Report covers an 
interesting sapphire from the central Queensland sap- 
phire fields. Most of the stone exhibited a bluish colora- 
tion and strong angular color zoning, but one small area 
was a distinct orange. Because of this unusual color 
patterning, the stone appeared bluish when viewed in 
daylight or illuminated through the major bluish com- 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that we 
include only those articles that we fee! will be of greatest interest to 
our readership. 


Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstracter 
and in no way reflect the position of Gems & Gemology 
or GIA, 
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ponent, but appeared reddish blue or dark purplish blue 
when viewed in incandescent light or when deliberately 
illuminated through the orange color zone. 

In spite of the article’s title, the authors correctly 
state that the stone does not display a “true alexandrite 
effect.” The report includes a list of the stone’s gemologi- 
cal properties and a good discussion of its inclusions. 

RCK 


Colour of natural spinels, gahnospinels and gahnites. K. 
Schmetzer, C. Haxel, and G. Amthauer, Neues 
Jahrbuch fiir Mineralogie Abhandlungen, Vol. 160, 
No. 2, 1989, pp. 159-180. 


The authors systematically investigated the cause of 
color in spinel, gahnospinel, and gahnite using ultravio- 
let-visible, near-infrared, and Méssbauer spectroscopy. 
All colors are attributed to metal ions. In the more than 
300 stones investigated, the great variability in color was 
found to be due to the superposition of absorption 
features produced by different metal ions. 

The authors define four color “poles” as follows. Pole 
A: Spinels with mostly Cr3+ and V3 in octahedral sites 
are pink to red. If the V3+ concentration is high, the color 
shifts toward orange. Pole B: Spinels with mostly Fe2+ in 
a tetrahedral coordination and variable amounts of Fe3 + 
in an octahedral site tend to be purplish blue. Pole C: If 
Fe2+-Fe3+ charge transfers are superimposed on the 
preceding case, the color is bluish green. Pole D: Stones 
containing even very small amounts of Co2+ {1 to 6 
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ppm) in tetrahedral coordination display a bright “co- 
balt-blue” color. 

Various combinations of these “color poles” can be 
observed in nature. Four “color lines” are identified, 
which represent the possible combinations of two “color 
poles” found in natural spinels. These are between poles 
A and B, B and D, Band C, and C and A. In the last two 
lines, the intermediate colors have a distinct gray com- 
ponent. In the unusual case of green gahnite from Brazil, 
the color is mostly due to Fe?+ in octahedral sites. Minor 
amounts of Mn+ also in octahedral sites have been 
identified but do not seem to affect the coloration 
significantly. EF 


Coupled substitutions involving REEs and Na and Si in 
apatites in alkaline rocks from the Ilimaussaq 
intrusion, South Greenland, and the petrological 
implications. J. G. Ronsbo, American Mineralo- 
gist, Vol. 74, No. 7/8, 1989, pp. 896-901. 


To understand the causes of some gemological proper- 
ties, such as color and luminescence, it is necessary to 
understand the composition variation in gem minerals. 
Of particular importance in this regard are the rare-earth 
elements that are often found in apatites. The Ilimaussaq 
intrusion in, southern Greenland consists of highly 
undersaturated and differentiated alkaline rocks that are 
enriched in ‘incompatible elements such as Zr, Nb, Ce, 
La, U, and Th. As a result, the augite syenites and 
nepheline syenites of the intrusion contain a variety of 
either unusual minerals or common minerals with 
unusual compositions. Apatite is an important mineral 
for understanding the geologic processes that formed 
these rocks because it is one of the minerals in which 
rare-earth elements (La to Lu + Y) concentrate. 
Apatites from the intrusion contain up to 16 wt.% 
REE,O;, as determined by microprobe analysis. The 
rare-earth elements are incorporated in the apatite 
crystal structure as a result of two coupled substitu- 
tions. The geologic implications of these reactions for 
the petrogenesis of both the apatites and their host rocks 
are discussed. JES 


Eskimo staples. J. C. Zeitner, Lapidary Journal, Vol. 43, 
No. 5, August 1989, pp. 59-65. 

This article describes many of the tools, weapons, and art 

objects created by Eskimo peoples from ivory, bone, and 

stone. Some of the more obscure materials used include 

amber from Point Barrow, pectolite and magnetite, and 

several varieties of chalcedony. 

Most of these materials were sought primarily for 
their usefulness in helping the Eskimo survive Arctic 
conditions, but much fine artwork using walrus ivory, 
mastodon tusk, whalebone, soapstone, and nephrite, 
among others, has been produced. Practical applications 
and artwork alike are described in this article, as well as 
localities for most of the raw materials. WRV 
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Gems of the Mud Tank carbonatites. G. Brown, H. 
Bracewell, and J. Snow, Australian Gemmologist, 
Vol. 17, No. 2, 1989, pp. 52-57. 


The Mud Tank carbonatites, a series of explosively 
intruded, carbonate-rich magmatic pipes located in 
central Australia, consist primarily of calcite, apatite, 
zircon, magnetite altered to martite, and minor phlo- 
gopite mica that also has altered to martite. The main 
gem diggings are located north of the line of carbonatites 
at a site called Zircon Hill. 

Zircon fragments and rare crystals which are capa- 
ble of yielding transparent cut stones up to 10 ct have 
been recovered. Colors include pink, purple, brown, and 
orange-yellow; some stones will heat treat to colorless. 
Additional properties of these high zircons are as fol- 
lows: Mohs hardness of 7 to 7!/2; S.G. of 4.66—4.69; R.1. 
of o = 1.923, e = 1.982; birefringence of 0.059; uniaxial 
positive; sub-adamantine luster; weak pleochroism as 
slight variants of the body color; yellow fluorescence to 
long-wave U.V. radiation, inert to short-wave U.V. (except 
brownish stones with no visible absorption lines, which 
fluoresced yellow, and heat-treated colorless specimens, 
which fluoresced weak pale blue]. A number of inclu- 
sions were observed: short, prismatic, high-relief crys- 
tals with strain halos; lathe-like brownish minerals; 
rounded crystals surrounded by a shrinkage feature or a 
decrepitation halo; and partially healed fractures. 

Also recovered at Zircon Hill are highly fractured 
masses of yellowish green to greenish yellow apatite 
which yield transparent to translucent cabochons of 
under 2 ct. Properties include a hardness of 5; S.G. of 
3.21; RI. of o = 1.640, e = 1.645 (1.64 spot RL); 
birefringence of 0.005, vitreous luster; weak pleochro- 
ism (golden yellow/greenish yellow}; no fluorescence to 
long- or short-wave U.V. radiation; and an absorption 
spectrum of two weak bands of fine lines at 520 nm and 
580 nm. Inclusions noted were multiple partially healed 
fractures, epigenetically stained fractures, and bluish 
green “tubes” of hexagonal cross-section parallel to the 
c-axis. 

Nineteen macro photos and photomicrographs ac- 
company the article. RCK 


Growth structure and crystal symmetry of grossular 
garnets from the Jeffrey mine, Asbestos, Quebec, 
Canada. M. Akizuki, American Mineralogist, Vol. 
74, No. 7/8, 1989, pp. 859-864. 

Orange, green, and colorless grossular garnets from the 

Jeffrey mine were examined to account for their an- 

isotropic optical character. Along certain crystal- 

lographic planes, there is a noncubic, ordered arrange- 
ment of Al$+, Fes+, and/or OH ions in the orange 
garnets. This leads toa monoclinic symmetry. Striations 
seen on some crystal faces are due to unequal growth 
along competing directions in the crystal. Surface pat- 
terns on crystal faces of the green and colorless garnets, 
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however, suggest orthorhombic symmetry. Details of the 
relationship between crystal structure and nature of 
crystal growth for these garnets are discussed, JES 


Siliciophite: Australian ‘cat’s-eye opal.’ G. Brown, Aus- 
tralian Gemmologist, Vol. 17, No. 2, 1989, pp. 
48-51. 

Siliciophite, a gem material recovered from various 

localities in southern Australia, Western Australia, and 

Tasmania, is described as “chrysotile asbestos impreg- 

nated with common opaline silica.” When properly 

oriented and fashioned en cabochon, the material yields 
stones that range from being distinctly chatoyant to 
having broad, diffuse silky “flashes.” 

The color of Western Australian siliciophite varies 
from yellowish green to yellowish brown to brown. It has 
a Mohs hardness of 6; an S.G. of 2.13; an R.I. of 1.455 
(singly refractive); a diaphaneity ranging from semi- 
transparent to translucent; a resinous luster superim- 
posed with a strong chatoyancy; is inert to both long- and 
short-wave U.V. radiation; and shows no diagnostic 
absorption spectrum, displaying only complete absorp- 
tion below 480 nm. 

Microscopic examination of specimens revealed 
parallel oriented fibers of chrysotile asbestos completely 
surrounded by an opaline matrix, fractures that had been 
completely healed by an inflow of common opal, par- 
tially healed fractures containing two-phase inclusions, 
black octahedra (possibly chromite), and greenish brown 
flakes (possibly chlorite}. Also noted was the broad range 
in diameter of the chrysotile fibers. 

This article is well illustrated, with five macro 
photos and seven photomicrographs. RCK 


DIAMONDS 


40 Ar/39 Ar laser-probe dating of diamond inclusions from 
the Premier kimberlite. D. Phillips, T. C. Onstott, 
and J. W. Harris, Nature, Vol. 340, August 10, 1989, 
pp. 460-462. 


Because of their chemical inertness and high tempera- 
ture/pressure stability, diamonds provide a host setting 
for mineral inclusions that shields them from interac- 
tion with the surrounding environment. Consequently, 
diamonds and their inclusions offer a unique oppor- 
tunity to study the chemistry of the earth’s mantle at the 
time of diamond formation. This investigation involved 
determination of the ages of some eclogitic-suite 
clinopyroxene inclusions in diamonds from the Premier 
kimberlite in South Africa. 

Clinopyroxene contains small amounts of po- 
tassium, which decays over geologic time to argon. 
Measurement of the concentrations of several isotopes 
of argon using a laser microprobe allows a determination 
of the date of inclusion formation. Apparent ages for 
seven clinopyroxene inclusions studied range from 
1,111*35 to 1,254+38 million years, with an average of 
1,185=94 million years. These values agree well with the 
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ages determined by other isotope-dating methods. They 
are also indistinguishable from the inferred time of 
emplacement of the host kimberlite (1,150—-1,230 mil- 
lion years]. This implies that diamond formation was 
essentially synchronous with kimberlite generation. 
The paper concludes with a brief discussion of the 
assumed chemistry of the mantle from which the 
diamonds and their inclusions formed. JES 


Black diamonds of type IIb. S$. Scandella, Journal of 
Gemmology, Vol. 21, No. 7, 1989, pp. 411. 


Mr. Scandella reports on the observation of two type Ib 
diamonds in a parcel of five—two rough and three 
faceted —black diamonds recently examined at the Gt- 
belin Gemmological Laboratory. The absence of dark 
green irradiation spots led to the conclusion that they 
were of natural color. They were determined to be type 
IIb stones based on the fact that they showed electrical 
conductivity of 220 volts. CMS 


Discovery of ancient source rocks of Venezuela dia- 
monds, PH. Nixon, G. R. Davies, E. Condliffe, R. 
Baker, and R. B. Brown, Extended Abstracts of the 
Workshop on Diamonds—28th International 
Geological Congress, Carnegie Institution, Wash- 
ington, DC, 1989, pp. 73-75. 

This article summarizes information on the discovery in 

1982 of source rocks of the alluvial diamonds that have 

long been mined in Venezuela. The rocks, in the Gua- 

niamo district of Bolivar province, consist of yellow- 
green smectites, which are the weathered products of the 
original diamond-bearing kimberlite. The rocks occur as 

dikes and sills that have been exposed over a distance of 7 

km. Details of the composition and mineral chemistry 

of these unusual rocks are presented. JES 


Famous diamonds of the world XXXV: Cleveland. [. 
Balfour, Indiaqua, Vol. 50, No. 2, 1988, pp. 
139-140. 


The Cleveland diamond was at one time the largest 
diamond ever cut in the United States. The 100+ -ct 
rough that produced the Cleveland was purchased in 
London in 1884 by David Dessau and his son Simon. It 
yielded the 50-ct cushion-shaped diamond that was 
subsequently named after Grover Cleveland, the 22nd 
president of the United States. 

The stone eventually came into the possession of 
Minnie Palmer, “a musical comedy star of the time,” 
possibly a gift from Simon Dessau himself. The where- 
abouts of the Cleveland is unknown today, despite the 
1966 announcement by Simon Dessau’s grandson that he 
wanted to buy it back. [LC 


Famous diamonds of the world XXXVI: Punch Jones. I. 
Balfour, Indiaqua, Vol. 50, No. 2, 1988, pp. 
140-141. 

The 34.46-ct Punch Jones, a “greenish grey octahedron” 

with “peculiar surface markings,” is one of the largest 
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diamonds ever found in the United States. As of its sale at 
auction in 1984, it had never been faceted. The Punch 
Jones diamond was discovered in April 1928 in West 
Virginia. Balfour first describes its discovery in relation 
to the geology of other diamond localities in the United 
States. Next, he tells the story of how the diamond was 
found while William P. (Punch) Jones and his father were 
playing horseshoes in a vacant lot. For this reason the 
Punch Jones is sometimes called the “Horseshoe.” Var- 
ious explanations, repeated here by Balfour, have been 
proposed to explain the occurrence of this diamond in 
West Virginia, including the most likely theory that it 
was transported by a stream from an unknown region. 

ILC 


The four optical attributes of a diamond. J. B. Nelson, 
Journal of Gemmology, Vol. 21, No. 7, 1989, pp. 
434-447, 


Dr. Nelson discusses at length the nature of luster, 
brilliance, fire, and “sparkliness” of diamond. He also 
describes an optical device that traces ray paths two- 
dimensionally through various cut proportions and 
demonstrates the different optical effects that occur ina 
gem. The author concludes with an appeal for standard- 
ization of the terminology used to describe the optical 
attributes of.diamond. He recommends three terms of 
compound ‘definition—brilliancy, scintillation, and 
liveliness —for qualitative description in English. Ten 
black-and-white illustrations accompany the article. 

: CMS 


History of the New York diamond industry. New York 
Diamonds, No. 5, 1989, pp. 62-68. 
Although New York’s diamond-cutting industry is much 
younger than that of Europe, it is still full of innovation 
and tradition. Less than 100 years ago, diamond cutting 
was a very small industry in New York, New Jersey, and 
Boston, with no labor pool from which to draw cutters. 
Just after World War I, one company brought in 20 boys 
from a Jewish orphanage to begin their training. In the 
early 1920s, these boys became the core of a very strong 
union that remained powerful for the next two decades. 

World War I], however, brought great changes. Since 
no cutting was being done in Europe, De Beers focused 
on the U.S. As apprentices were drafted to fight in the 
war, however, women were hired to fill these positions. 
The union called a strike to fight this violation of their 
rules, but the higher wages the New York manufacturers 
could afford to pay brought the cutters back to work and 
essentially broke the union. 

By the mid-1940s, much of the diamond industry 
had moved uptown to its present location on 47th Street. 
Cutters were now being paid by the piece, rather than by 
the hour. To this day, it is too difficult and expensive to 
train American youths to cut diamonds in New York. 
Therefore, the trade looks to labor coming from outside 
the country, now from Israel and Puerto Rico. 

Phil Yurkiewicz 


Gemological Abstracts 


Inclusions in diamond from Chinese kimberlites. Z. 
Andi and H. O. A. Meyer, Extended Abstracts of 
the Workshop on Diamonds—28th International 
Geological Congress, Carnegie Institution, Wash- 
ington, DC, 1989, pp. 1-3. 

The authors investigated the chemistry of mineral 
inclusions in diamonds from kimberlites in the pro- 
vinces of Shandong and Liaoning. In Shandong, dia- 
monds from the Chang-ma, Xi-Yu, and Poli kimberlites 
in the Mengyin district were studied. In Liaoning, the 
diamonds came from the Fuxian, Tieling, and Huan Ren 
kimberlite groups. 

The majority of the inclusions belong to the ultra- 
mafic (or peridotitic) suite, but several eclogitic-suite 
inclusions were also identified. Chemical composition 
data are presented for olivine, pyroxene, garnet, and 
chromite inclusions. These inclusions are similar in 
both morphology and chemical composition to inclu- 
sions in diamonds from kimberlites on other continents. 
Thus, the authors conclude that the conditions of dia- 
mond formation in China are comparable to those in 
other parts of the world. JES 


Infrared topography and carbon and nitrogen isotope 
distribution in natural and synthetic diamonds in 
relation to mantle processes. H. J. Milledge, M. J. 
Mendelssohn, S. R. Boyd, C. T. Pillinger, and M. 
Seal, Extended Abstracts of the Workshop on 
Diamonds —28th International Geological Con- 
gress, Carnegie Institution, Washington, DC, 
1989, pp. 55-60. 


Infrared absorption spectroscopy is now being used to 
topographically map the distribution of light elements 
(N, H, O) in diamond. This paper reviews current work 
using micro-sampling spectroscopy techniques refined 
by the authors. For example, coated diamonds from 
many localities are found to have very similar nitrogen 
and carbon isotope compositions, whereas the composi- 
tion of the cores varies widely both within and between 
localities. Type Ila diamonds also vary significantly in 
carbon isotope composition. Diamond type (IaA, IaB, Ib} 
can differ considerably on a micro-scale even within an 
individual diamond crystal. Studies of this kind have 
added significant new insights to the understanding of 
the chemical and physical structure of diamond. JES 


Lamproitic diamonds and their inclusions: New insights 
from the West Australian deposits. A. L. Jaques, 
Extended Abstracts of the Workshop on Dia- 
monds—28th International Geological Congress, 
Carnegie Institution, Washington, DC, 1989, pp. 
36-239. 

This paper summarizes current observations on the 

occurrence of diamonds in lamproites in Western Aus- 

tralia. About 5% of the stones from the Argyle mine are 
gem quality {including the highly prized pinks]. The 
diamonds are predominantly small (mean size less than 
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0.1 ct/stone], brown, frosted, strongly resorbed dod- 
ecahedra that have been plastically deformed and com- 
monly contain graphite inclusions. In contrast, dia- 
monds from the Ellendale mine are typically yellow, 
resorbed, rounded dodecahedra with smooth surfaces; a 
high proportion (60% —90% } are of gem quality. Data are 
presented on the isotopic composition of the diamonds 
and on the composition of their mineral inclusions. 
Some ideas on the geologic environment of diamond 
formation in this area are also summarized. JES 


Optical properties of one type of natural diamonds with 
high hydrogen content. E. Fritsch and K.V.G. 
Scarratt, Extended Abstracts of the Workshop on 
Diamonds —28th International Geological Con- 
gress, Carnegie Institution, Washington, DC, 
1989, pp, 21-22. 

This paper describes a correlation that can be made 

between the optical properties of a certain group of 

natural diamonds with a high hydrogen content. Dia- 

monds belonging to this group (referred to as the “563 

type” because of a prominent band in their visible-range 

absorption spectrum at 563 nm} always have a promi- 
nent gray component, unless the stone has been irradi- 

ated and annealed to modify the color. Many show a 

distinct color zonation, often with yellowish and grayish 

zones; the latter are cloudy due to the presence of 
numerous pinpoint inclusions. In polarized light, these 

diamonds exhibit an anomalous birefringence that has a 

sectional distribution which matches the color zona- 

tion, When the color zoning is particularly pronounced, 
the long-wave U.V. luminescence is also zoned: The 
yellow parts of the stone fluoresce blue, while the gray 
parts phosphoresce yellow. In addition to the 563-nm 
band, the absorption spectrum of these diamonds ex- 
hibits weak bands at 525 and 555 nm anda stronger band 
at 545 nm. Other absorption bands may be present, and 
in combination they give rise to the gray coloration. 

Infrared absorption spectra indicate that these are type la 

diamonds. The authors correlate these features with a 

high hydrogen content, and suggest that hydrogen- 

related defects might be responsible for some of the 
optical absorption features related to the gray coloration. 
JES 


Variations in the physical and chemical properties of 
natural diamonds. J. W. Harris, Extended Abstracts 
of the Workshop on Diamonds—28th Interna- 
tional Geological Congress, Carnegie Institution, 
Washington, DC, 1989, pp. 29-31. 

Statistical data are now becoming available on the 

physical and chemical properties of diamond, and how 

these properties vary with geographic locality and as a 

funetion of diamond size. Within the major mines in 

southern Africa, there is a general similarity between 
morphology and color of diamond from the six groups of 
kimberlites. Octahedra and dodecahedra dominate crys- 
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tal morphology, with macles and polycrystalline aggre- 
gates being of lesser significance. Almost all (90%) of the 
diamonds are colorless, yellow, or brown. In contrast, at 
the Jwaneng and Orapa mines in Botswana, poly- 
crystalline diamonds predominate, and there is a signifi- 
cant percentage of transparent, green-coated diamonds, 
Observations on the occurrence of various inclusions 
and plastic deformation, which is thought to cause a 
brown coloration in these diamonds, are also presented. 
Further studies of this kind are in progress. JES 


GEM LOCALITIES 


Diamond in Brazil. J. P Cassedanne, Mineralogical 
Record, Vol. 20, No. 5, 1989, pp, 325-336. 


This article reviews the occurrence and mining of 
diamonds in Brazil, which has been a producer of high- 
quality stones intermittently since the early 1700s. No 
economic, primary deposits of diamond-bearing kim- 
berlite are known; those deposits that have proved so 
productive are secondary occurrences where the dia- 
monds are found in various sedimentary rocks, For the 
most part, recovery of diamonds is accomplished by 
individuals using hand tools and limited mechanical 
equipment. The authors also present data on the crystal 
morphology of diamonds from this area. The most 
interesting portion of the article, however, is the descrip- 
tion of the major diamond-producing regions of the 


country. Sixteen illustrations accompany the text. 
JES 


Further evidence for the controls on the growth of 
vanadium grossular garnets in Kenya. R. M. Key 
and P. G. Hill, journal of Gemmology, Vol. 21, No. 
7, 1989, pp. 412-422. 

This is perhaps the most complete report in the gem- 

ological literature on the geologic conditions in which 

tsavorite forms. The authors first review previous re- 
ports on the vanadium grossular deposits of East Africa. 

Quantitative XRF and microprobe analyses of host 

graphitic gneisses and associated vanadium grossular 

samples confirm that the host rock is the source of the 
vanadium, which is present in unusually high amounts 
in all the graphitic gneisses examined from various 
regions of Kenya. The study also confirms that the 
tsavorites of Kenya formed under granulite facies condi- 
tions. Color photos, electron micrographs, and geologic 
maps accompany the text. CMS 


Un grenat vert: La tsavorite (A green garnet: Tsavorite). 
S. Heppe, Revie de Gemmologie a.fg., No. 99, 
1989, pp. 5-7. 

This article briefly sketches the history of green grossu- 

lar garnet, tsavorite, through the discovery of its main 

deposits (Lelatema Mountains, Tanzania; Mount Tsavo 

and Lualenyi Mine, Kenya}, with a short description of 

the relevant geology. The common inclusions are listed, 
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although they are considered noncharacteristic. The 
chemical composition is given in detail, and a correla- 
tion between the amount of vanadium and chromium, 
the index of refraction, and the coloration is established. 
Physical and gemological properties are thoroughly 
listed, and the Raman spectrum of tsavorite is briefly 
discussed. Four photos and two figures illustrate the 
article. EF 


Inter-agate. A. Frazier and S. Frazier, Lapidary Journal, 
Vol. 43, No. 5, August 1989, pp. 28-42. 
This is one of the better shart articles on the agate 
deposits of the ldar-Oberstein area. Extensively refer- 
enced and with an old map of mining localities, the 
article includes a list of 22 minerals associated with the 
agates. The authors offer several theories as to the 
formation of these famous and historic deposits, and 
even suggest a number of collecting areas where a visitor 
may have some luck in recovering various chalcedonies. 
The section dealing with associated minerals is partic- 
ularly enlightening. 
This article is technically concise, with three color 
photos and one line drawing in addition to the map. 
WRV 


Medium-dark blue aquamarines from Tongafeno, Mad- 
agascar, with high physical and optical properties, 
and showing three-phase inclusions. J, M. Duroc- 
Danner, fournal of Gemmology, Vol. 21, No. 7, 
1989, pp. 423-430. 

The author studied seven faceted aquamarines, as well as 

a number of rough crystals, from the Tongafeno peg- 

matite, Madagascar, and found unusually high R.I. and 

S.G. values similar to those of beryl from Zambia, Elba, 

and Brazil (Maxixe-type]. A hand spectroscope revealed 

strong absorptions at 400-410 and 640-700 nm, and 
lines at 430, 620, and 630 nm. EDXRF chemical analysis 
revealed iron to be the likely chromogen as well as the 
cause of the 430-nm absorption line. The author con- 
cludes that, since the color is apparently due to iron and 
is stable under normal conditions, these beryls are true 
aquamarines despite their lack of a greenish component 
and their similarity in color to Maxixe-type beryl. 
CMS 


Vanadian garnets in calcareous metapelites and skarns at 
Coat-an-Noz, Belle-Isle-en-Terre (Cétes du Nord), 
France. C. Benkerrou and M. Fonteilles, American 
Mineralogist, Vol. 74, No. 7/8, 1989, pp. 852-858. 

Some unusual vanadium-rich calcic garnets occur at 

this locality on the Brittany peninsula. These garnets 

belong to the solid-solution series grossular 

{Ca,A1,$i;0,,)—goldmanite (Ca,V,$i,0,,], and extend 

up to about 68 mol.% goldmanite component. The 

garnets occur in metamorphosed calcareous sediments 
as small, sector-zoned crystals. V-rich sectors are de- 
scribed as being green, and V-poor sectors as yellow, in 
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optical thin section. In skarns developed in these sedi- 
mentary rocks, the garnet crystals consist of a gold- 
manite core surrounded by a grossular overgrowth. The 
genesis of these unusual garnets is also discussed. 

JES 


Thailande— Kanchanaburi Bo Phioi: Une page se tourne 
(Thailand—Kanchanaburi Bo Phloi: A page is 
turned). Ph. Moncorge, Revue de Gemmologie 
afg. No. 99, 1989, pp. 3-4. 

Bo Phloi, literally translated, means “shafts’ town.” This 

short article explains that since early 1988 this sapphire 

field has been exploited with modern, heavy equipment 
by the Sap mine and that the traditional shafts are 
rapidly disappearing. The geologic setting and former 
mining techniques of this deposit are also briefly de- 
scribed. EF 


INSTRUMENTS AND TECHNIQUES 


Electrical properties of opal. M. Y. Xu, H. Jain, and M. R. 
Notis, American Mineralogist, Vol. 74, No. 7/8, 
1989, pp. 821-825. 


The authors investigated differences in electrical proper- 
ties of natural and synthetic opals, using one natural 
white opal from South Australia and two synthetic 
plate-like opals manufactured by Nakazumi Crystal 
Laboratory, Japan. The electrical conductivity is lower 
for the synthetic opal presumably because of the lower 
content of Nat charge carriers (in comparison to natural 
opals). The dielectric constant of the synthetic opal is 
variable, and depends on sample orientation and water 
content. 

This article suggests that it may be possible to 
construct an instrument capable of separating natural 
from synthetic opal on the basis of electrical behavior. 

JES 


La perle au microscope électronique (Pearls seen with an 
electron microscope). J.-P Gauthier and J.-M. Ajac- 
ques, Revue de Gemmologie a.fig., No. 99, 1989, 
pp. 12-17. 
After a very brief historical perspective on microscopy, 
the authors describe features visible on the surface of a 
pearl with an optical microscope. A thin section of a 
cultured pearl shows the nucleus, covered by a thin black 
deposit on which grows a layer of radial structure, 
followed by the classic concentric aragonite layers. 
Observation with a scanning electron microscope al- 
lows one to see the step-like border of each aragonite 
layer as well as its structure, a coalescence of polygonal 
{mostly hexagonal) platelets. The transmission electron 
microscope is the only instrument that provides an 
image of the organic matter between the aragonite 
layers. Actually, there are two pericrystalline mem- 
branes around the crystals and a more elusive, some- 
times pinched, interlamellar membrane that bridges the 
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two layers. Information on the relative orientation of the 
aragonite crystals can be derived from electron diffrac- 
tion patterns. The average thickness of an aragonite layer 
is 250 to 300 nm. Seventeen excellent micrographs 
illustrate the article. EF 


Vector representation of tourmaline compositions. D. M. 
Burt, American Mineralogist, Vol. 74, No. 7/8, 
1989, pp. 826-839. 

The tourmaline group consists of a chemically complex 
suite of minerals, several of which are of gemological 
importance. The group comprises a number of end- 
member compositions, represented by mineral species 
such as elbaite and liddicoatite. Other tourmaline end 
members have been synthesized in the laboratory, but 
have not yet been found in nature. 

This article presents a method of depicting the 
relationships between the compositions of tourmaline- 
group minerals by using a graphic vector representation. 
Examples are cited where this method can be used to plot 
a number of compositions that, for instance, fall along 
the solid-solution series between end members. This 
method is more convenient to use than traditional 
triangular diagrams in illustrating such chemical rela- 
tionships. Details of constructing these vector composi- 
tion diagrams are presented. JES 


JEWELRY ARTS 


A fourteenth century crown. A. Gray, journal of Gem- 
mology, Vol. 21, No. 7, 1989, pp. 431-432. 
Ms. Gray describes the 14th-century “English crown” 
recently displayed at the Royal Academy, London, for the 
first time since 1401, when it left England as part of the 
dowry that Blanche, daughter of Edward IV, took with 
her on her marriage to Ludwig III of Bavaria. Made of 
floral gold tracery work set with light blue sapphires, 
pale “rubies,” and pearls, the crown is more of historic 
interest than gemological value, due to the poor quality 
of the gems. Prior to its cataloging as one of Henry IV’s 
possessions in 1399, the history of the crown is un- 
known. The enameling and gold work suggest French 
craftsmanship. A color photograph of the crown accom- 
panies this note. CMS 


SYNTHETICS AND SIMULANTS 


Chemical vapor deposition of diamond. J. E. Butler, 
Extended Abstracts of the Workshop on Dia- 
monds — 28th International Geological Congress, 
Carnegie Institution, Washington, DC, 1989, pp. 
11-13, 

This brief paper reviews the methods of chemical 

deposition of synthetic diamond from low-pressure 

gases. A number of techniques have now been developed 
to grow a thin layer of synthetic diamond, and this result 
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poses some interesting questions about the conditions of 
diamond growth. This particular study involved charac- 
terizing the chemical species present in the gaseous 
environment from which diamond growth occurs. A 
theoretical model is presented to explain the mecha- 
nism of diamond growth. JES 


Diamond growth at low and high pressure. I. Sunagawa, 
Extended Abstracts of the Workshop on Dia- 
mond—28th International Geological Congress, 
Carnegie Institution, Washington, DC, 1989, pp. 
109-112. 


In this paper, the author rationalizes many of the 
features of natural and synthetic diamonds in terms of 
their conditions of crystal growth. In each of the in- 
stances of natural and synthetic growth, differences in 
crystal morphology, perfection, and homogeneity can be 
understood in terms of growth conditions and growth 
kinetics. 

Natural diamonds grow in silicate solutions under 
stable conditions; during their transport to the earth’s 
surface, they experience dissolution, annealing, and 
plastic deformation. Single-crystal, combined-type, and 
polycrystalline diamonds grow under conditions of dif- 
fering driving force. Because they undergo dissolution, 
the external forms of natural crystals are more or less 
rounded. Growth occurs parallel to the {111} octahedral 
faces, but never on a planar surface parallel to the {100} 
cube face, in accord with analysis of the crystal struc- 
ture of diamond. 

In contrast, synthetic diamonds are grown at high 
pressures from metal solutions under stable conditions. 
Their crystal morphology is significantly different. The 
cube face {100} is a major growth plane, and the relative 
dominance of the {100} versus {111} depends on the 
driving force of crystallization. In addition, {110} and 
{113} faces can also be present. The composition of the 
metal solution is just one of the factors that influences 
crystal growth. 

Synthetic diamond can also be grown metastably at 
low pressures. Polycrystalline diamond films are now 
being grown by the chemical vapor crystallization 
method for many industrial applications. JES 


TREATMENTS 


Heat treatment of geuda stones — spectral investigation. 
R. N. Ediriweera and S. I. Perera, Journal of 
Gemmology, Vol. 21, No. 7, 1989, pp. 403-404. 

This study contributes to the understanding of how blue 

color is produced when geuda sapphires are heat treated. 

On the basis of before-and-after spectra taken from 50 

samples, the authors conclude that the color is due to the 

formation of (Fe-Ti)®+ biparticles from pre-existing 

Tis+ and Fe3+. The color developed at temperatures 

exceeding 1500°C and darkened at higher temperatures, 

up to 1900°C. In conjunction with the blue color, a broad 
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band beyond 560 nm developed, while an original weak 

540 nm absorption disappeared. No comparison with 

spectra for natural-color blue sapphires is provided. 
CMS 


MISCELLANEOUS 


Availability of a library of infrared (2.1-25.0 jm) mineral 
spectra. J. W. Salisbury, L. S. Walter, and N. Vergo, 
American Mineralogist, Vol. 74, No. 7/8, 1989, pp. 
938-939, 


This note announces the availability of a new library of 
mid-infrared spectra for a number of common minerals 
through an open file report (#87-263) of the U.S. Geologi- 
cal Survey. The spectra were recorded by the reflectance 
method from carefully prepared (powdered) samples of 
the chosen minerals, 

Plans to continue building the spectrum library are 
reported. Gem minerals included in the current library 
are andalusite, garnet, beryl, cordierite (iolite}, olivine 
(peridot], quartz, spodumene, and tourmaline. The arti- 
cle provides the information necessary to obtain a copy 
of this library in digital (computer) or hard-copy form. 

JES 


The Muslim, lapidary—Some aspects of the gem folk- 
ways in Sri Lanka. M. M. M. Mahroof, journal! of 
Gemmology, Vol. 21, No. 7, 1989, pp. 405-409, 

Mr. Mahroof provides insight into the Muslim commu- 

nity of gem cutters in Sri Lanka. Descendants of Arab 

sea-faring traders, the Muslim lapidaries of Sri Lanka 
have been, and still are, an important part of the gem 
trade of that nation. This article traces the history of this 
professional community to the present day, and de- 
scribes the largely traditional methods used in cutting 
the gems that have brought fame to Sri Lanka. This 
article should be of particular interest to the retail 
jeweler who seeks to add “color” to sales knowledge. 

CMS 


The preservation of type mineral specimens. P Dunn and 
J. Mandarino, Mineralogical Record, Vol. 19, No. 4, 
1988, pp. 226-227. 
In this editorial, Drs. Dunn and Mandarino take a strong 
stand on the dealing in, and collection of, “type” mineral 
specimens by private collectors. “Type” mineral speci- 
mens are those used in the original scientific study and 
description of a mineral species. The authors express 
their firm belief that such specimens should be collected 
only by mineral scientists and professional curators who 
can house them in public institutions where they will be 
safeguarded, studied, and their authenticity ensured. 
They suggest that certain specimens should be “off 
limits” to collectors, and that purported “type” speci- 
mens in the hands of private collectors be considered 
tainted and of little or no scientific use. The authors do 
recognize the debt of gratitude that public collections 
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owe private mineral collectors, and they don’t wish to 
discourage their collecting of most specimens. But they 
feel that in the search for the rare and unusual, the 
private collector should not let himself jeopardize these 
few critical and important specimens and the significant 
scientific information they may hold. This editorial is 
followed by two pages presenting formal definitions for 
“type” mineral specimens. Christopher P. Smith 


Letters: Type specimens. Mineralogical Record, Vol. 20, 
No. 4, 1989, pp. 301-303. 

In response to Drs. Dunn and Mandarino’s 1988 editorial 
on the preservation of “type” mineral specimens, letters 
from two dealers (Forrest and Barbara Cureton) and a 
private collector (Dr. Mark Feinglos} were published. 
Both letters were very critical of the statements made in 
the original piece, agreeing in basic principle with the 
editorial but also feeling that the point was taken too far. 
Their strongest objection was to the use of the term 
tainted in reference to type mineral specimens held in 
private collections: They felt that Drs. Dunn and Manda- 
rino were unfairly implying that scientists by virtue of 
their degrees are more careful and trustworthy in the 
handling of type specimens than dealers or collectors. 
Never wavering on their stance, Drs. Dunn and 
Mandarino replied to the letters’ poignant questions and 
accusations while trying not to simply reiterate their 
editorial. In doing so, they made a final appeal to the 
collecting community at large to hold these very few and 
rare specimens sacred and entrusted to the scientific 
community alone for proper research and safeguarding. 
Christopher PB Smith 


Spotlight on Scripps. B. Wiersema, Lapidary Journal, 
Vol. 43, No. 5, August 1989, pp. 20-26, 


The San Diego Museum of Natural History, as part of a 
three-year, $12 million expansion project, recently 
opened the Josephine L. Scripps Hall of Mineralogy, part 
of which is the Bruder Family Gem Gallery. The new 
mineralogy hall includes 12 interactive exhibits that 
demonstrate mineral properties and some principles of 
physics. 

Among the interactive exhibits is one on crystal 
growing, where participants can rapidly grow brightly 
colored crystals. A recreated mine tunnel, complete 
with a typical San Diego County pegmatite dyke and 
gem pocket, is scheduled to open in 1991, 

The article also includes information on the psy- 
chology of exhibits, the influence of the jewelry market, 
and the major personalities involved. Josephine Scripps’ 
long relationship with protégé Bill Larson is colorfully 
recounted. One would have liked to read more, however, 
about the Bruder Family Gem Gallery, especially since 
the opening of this hall was timed to take full advantage 
of the increased public interest in crystals and the 
jewelry trade. Loretta B. Loeb 
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Editorial 


Reflections on the 1980s 


he past decade has been one of significant changes in the diamond and colored 

stone industry, with a potential impact that is perhaps unparalleled in modern 
gemology. We began this decade with major upheavals in the diamond market and 
are ending it with that market stronger than ever. We have seen colored stones 
reach new heights in availability and consumer awareness. New localities have 
been found, as have several unusual varieties of old favorites (witness the new 
Paraiba tourmalines). Perhaps most challenging of all have been the technological 
advances: The broader use of heat treatment and irradiation, the application of a 
process that actually fills cleavages in diamond, the appearance of new synthetic 
emeralds and corundum, and the unprecedented commercial availability of gem- 
quality synthetic diamonds have brought new demands in gem identification and 
evaluation. They have also spurred the introduction of new techniques (infrared 
spectroscopy, for one} into the gemology laboratory. 


We at Gems & Gemology are proud to have published the first in-depth reports on 
many of these new localities, new treatments, new synthetics, and new identifica- 
tion techniques. The 1980s also marked the introduction of the larger format, full- 
color GWG, with a mandate to supply the most thorough and current gemological 
information to the international gem community. To close the 1980s and look 
forward to the final decade of the second millenium, we have asked a number of 
prominent gemologists and researchers to summarize the key developments of the 
last 10 years in gem localities, treatments, synthetics, technology, and jewelry 
manufacturing and design, as well as provide a preview of the ’90s. These articles 
will be presented in a special, expanded Spring 1990 issue and will serve as the 
springboard with which we plan to “face the future” at the June 1991 International 
Gemological Symposium. In the future, as we have in the past, Gems & Gemology 
will continue to keep you informed of the latest and most significant events in this 
exciting field. 


Richard T. Liddicoat 
Editor-in-Chief 
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EMERALD AND GOLD TREASURES 
OF THE SPANISH GALLEON 
NUESTRA SENORA DE ATOCHA 


By Robert E. Kane, Robert C. Kammerling, Rhyna Moldes, 
John I. Koivula, Shane E McClure, and Christopher P. Smith 


During the 1970s and 1980s, treasure 
hunters discovered the centuries-old re- 
mains of the sunken Spanish galleons 
Nuestra Seriora de Atocha and Santa Mar- 
garita. Not only did they find massive 
amounts of silver and gold in coins, bars, 
and chains, but they also uncovered a 
number of rough emeralds and several 
pieces of emerald-set jewelry. Recently, 
some of the treasures recovered from the 
Atocha were examined at the Santa 
Monica office of the GIA Gem Trade Lab- 
oratory. Gemological testing of the emer- 
alds revealed inclusions typical of stones 
mined in Colombia as well as possible ev- 
idence of extended submersion in seawa- 
ter. Study of the jewelry revealed a high- 
karat gold content and fine workmanship 
that represented methods typical of 

the era. 
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uring the Spanish conquest of the New World in the 

1500s, conquistadores discovered vast amounts of 
valuable commodities such as gold, silver, copper, indigo, 
pearls, and emeralds. The last of these, emeralds, was one of 
the rarest items—with only the exhausted Egyptian de- 
posits then known to the Western world. Gold and silver 
were mined in Upper Peru (now Bolivia], Mexico, and the 
area that was eventually known as New Granada (Colom- 
bia, parts of Venezuela, Ecuador, and Panama). In 1537, 
Gonzalo Jiménez de Quesada was pursuing his conquest of 
the interior of Colombia when his men located emerald 
deposits in an area then called Somondoco and later named 
Chivor. Subsequently, emerald deposits were also found at 
Muzo, with its even larger (and, many consider, finer] 
crystals. The Spaniards quickly enslaved the local tribes 
and forced them to work the mines, as they had done 
elsewhere (Keller, 1981). Many emeralds, both set in 
jewelry and as rough crystals (figure 1}, were subsequently 
sent to Spain. 

Spain set up a sophisticated system of delivery and pick- 
up to and from the New World and Asia using fleets of 
cargo vessels guarded by warships (Lyon, 1982; Mathew- 
son, 1987). On September 4, 1622, the cargo vessels and 
galleons of the Tierra Firme fleet set sail from Havana, 
Cuba, carrying many noblemen and their families, as well 
as soldiers, slaves, and priests. Besides the personal effects 
of the passengers, the cargo of the heavily armed rear 
galleon Nuestra Sefiora de Atocha included 901 silver bars, 
161 gold bars or disks, and about 255,000 silver coins (Lyon, 
1976), along with copper ingots and, although not entered 
into its manifest, emeralds. Soon after leaving port, a 


Figure 1. These rough emeralds and emerald-set and gold 
jewelry, found in the main body of the wrecked 17th-century 
Spanish warship Nuestra Senora de Atocha, are the subject of 

this investigation. Photo by Shane FE McClure. 
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ferocious hurricane ravaged the convoy; the At- 
ocha and another galleon, the Santa Margarita, 
also heavy with cargo, were two of eight ships 
dashed against the reefs of the Florida Keys (figure 
2). Over the next few years, Spanish salvors en- 
listed the help of local native péarl divers, with 
their rudimentary diving techniques, to search for 
the ships and recover their cargo (Christie’s, 1988); 
they had some success with the Santa Margarita, 
but very little with the Atocha (Lyon, 1976, 1982). 
In all, only 380 silver ingots, 67,000 silver coins, 
and eight bronze cannons were recovered (Mathew- 
son, 1986). Eventually, the remains of the ships 
were swept farther out to sea and forgotten. 


MODERN RECOVERY 
OF THE TREASURES 


In the early 1960s, almost 350 years after the 
sinking of the galleons, treasure hunter Mel Fisher 
and a group of collaborators arrived in Florida 
determined to find Spanish shipwrecks in the seas 
off the peninsula. After considerable success with 
other recoveries, the group decided in the late 
1960s to search for the Atocha and the Santa 
Margarita. R. Duncan Mathewson, the operation’s 
archaeologist, detailed the recovery efforts exten- 
sively in his book, Treasure of the Atocha (1987). 

While studying the history of Spanish Florida in 
Spain’s Archives of the Indies, Dr. Eugene Lyon 
came across Francisco Nunez Melian’s 17th-cen- 
tury account of the salvage of the Santa Margarita 
(Lyon, 1976). This document specified that the 
ships had gone down near the Cayos del Marquez 
(Keys of the Marquis], a group of islands situated 
between Key West and Dry Tortugas. Recovery 
efforts started in earnest. 

In June 1971, divers found the anchor of the 
Atocha and a lead musketball (Lyon, 1976, 1982). 
Days later, professional underwater photographer 
Don Kincaid discovered a gold chain 8!/2 feet (259 
cm] long. Not until 1973, however, did the Fisher 
group recover any significant treasure: approx- 
imately 4,000 silver coins and other objects (inclu- 
ding swords, some gold coins, and a rare navigation 
instrument known as an astrolabe} found in an 
area called the “Bank of Spain” (Mathewson, 1986). 
They still did not know if they had found either the 
Atocha or the Santa Margarita; only when they 
encountered the main hulls and compared their 
contents with those listed in the ships’ manifests 
would they be able to establish proof of the source. 

In July 1975, Fisher’s son Dirk found five can- 
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nons very near the “Bank of Spain”; later, the crew 
found four more cannons close to the first group. 
Some of these bore recognizable marks, which 
matched those indicated in the Atocha’s docu- 
ments. Only a few days later, though, diving came 
to a tragic halt after Dirk, his wife, and another 
member of the crew perished when their vessel 
sank. 

The search eventually resumed and a variety of 
artifacts were recovered over the next five years, 
but not the actual hulls with the bulk of the cargo. 
“Mailboxes” (huge metal conduits designed by 
Fisher to pump clear water to the bottom of the 
ocean to increase visibility and remove sand from 
the wreck site) aided their efforts. Finally, in June 
1980, the searchers located six silver ingots, copper 
ingots, and thousands of silver coins surrounded 
by ballast and shipwreck debris. From the mani- 
fest, the crew determined that they had found the 
hull of the Santa Margarita. During the next two 
years they recovered 43 gold chains with a total 
length of 180 feet and a concentration of gold bars 
worth an estimated $40 million (Mathewson, 
1987). Yet the treasures of the Atocha remained 
elusive. 

In 1985, however, two divers came across what 
they thought was a coral reef; it turned out to be 
silver bars and coins. Then they noticed the 
wooden beams in the area: They had finally found 
the main hull of the Atocha. The searchers eventu- 
ally brought up seven chests filled with 2,000 
silver pieces each and an eighth filled with gold 
bars (Starr et al., 1985]. An added bonus, not on the 
manifest, were hundreds of rough emeralds—over 
2,300 according toa 1986 article in the Los Angeles 
Times. 

Many gold artifacts and jewels set with gems, 
including emeralds, also were found in the wreck 
(figure 3}. One emerald ring, an engraved piece that 
still retains part of the black enameling in the 
shank, was sold at Christie’s New York in June 
1988 for $79,200. Many of the emeralds and other 
artifacts are on exhibit at the museum of the Mel 
Fisher Maritime Heritage Society in Key West, 
Florida. 


THE EMERALDS AND 

GOLD TREASURES STUDIED 

Several of the items recovered from the Atocha 
were recently submitted to the GIA Gem Trade 
Laboratory for examination. These included 
(again, see figure 1]: seven rough emerald crystals 
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ranging from 3.69 to 64.46 ct; one gold rosary and 
crucifix set with nine cabochon emeralds (the 
largest is an 8.9-mm round cabochon}; two gold 
rings each set with a single emerald (6.7 x 7.3mm 
and 8.6 x 8.9 mm, respectively}; one gold brooch 
set with a large (9.9 x 14.9 mm) rectangular step- 
cut emerald; and one gold chain. Also examined 
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Figure 2. The 28 ships of the 
Tierra Firme fleet were laden 
with goods obtained on the 
summer trade circuit through 
the Caribbean colonies as well 
as those brought from Manila. 
Weeks behind schedule, they 
left Havana during hurricane 
season, and were caught in a 
violent storm on only the 
second day out of port. The 
Santa Margarita and the 
Atocha went down in sight of 
each other, with six other 
Ships lost over a course of 50 
miles (Lyon, 1982). Painting by 
Richard Schlecht; calligraphy 
by Julian Waters; compiled by 
John R. Treiber; courtesy of the 
National Geographic Art division. 


was an engraved gold spoon with minor remaining 
inlay (figure 4). 


GEMOLOGICAL DESCRIPTION 
OF THE EMERALDS 


A gemological investigation of all the emeralds, 
both rough and fashioned, was carried out in order 
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Figure 3. The crucifix depicted on the cover of 
this issue and in figure 1 was recovered by 
divers in 1986, approximately 100 feet (35 m) 
from the main wreck site of the Atocha. Photo 
© Don Kincaid. 


to document the properties of these historically 
significant stones as well as to determine if there 
was any evidence of their long submersion in the 
sea. 


Visual Appearance. The seven emerald crystals 
ranged from transparent to translucent and from 
medium to dark tones of green to slightly bluish 
green (figure 5]. We observed scattered white 
patches on the surfaces of most of the crystals; 
these were especially prominent on the 30.34-ct 
and 64.46-ct pieces. 

The crystals were all first-order hexagonal 
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prisms, the most common form of beryl crystalli- 
zation (Sinkankas, 1981). Five were terminated at 
one end with pinacoidal faces; one displayed pin- 
acoidal terminations at both ends, with only a 
small broken surface where it had been attached to 
the matrix; and one exhibited only hexagonal 
prism faces, with both ends broken. 

Most of the emeralds set in jewelry, with the 
exception of two cabochons suspended from the 
crucifix, were bezel set in closed-back mountings, 
limiting visual examination. The two square step- 
cut stones mounted in gold rings were both moder- 
ately included, with one a medium green and the 
other a medium-dark green. The nine cabochons 
set in the crucifix were very well matched for color 
and transparency: medium to medium-dark green 
and lightly to moderately included. Six of these 
cabochons had small polished concave surfaces on 
their exposed areas. 

The largest faceted stone (9.9 < 14.9 mm] was 
set in a brooch (figure 6). The stone revealed no 
inclusions to the unaided eye and appeared to be 
very dark green (almost black) with virtually no 
brilliance. The reasons for the exceptional dark- 
ness and lack of internal reflection were discovered 
during the microscopic examination (see below}. 


Refractive Indices and Birefringence. We obtained 
R.1.’s using a Duplex II refractometer in conjunc- 
tion with white light for the rough crystals and the 
cabochons and a sodium-equivalent light source 
for the faceted stones. Because of irregularities on 
the unpolished surfaces, including surface etching, 
we could only obtain a very vague shadow reading 
of 1.58 on the seven crystals. Clearer spot readings 
of 1.57 or 1.58 were obtained on all nine of the 
cabochons set in the crucifix. The faceted emerald 
in the brooch and the larger ring-set emerald were 
determined to have refractive indices of e = 1.570 
and w = 1,578, with a birefringence of 0.008. The 
faceted stone in the other ring read slightly higher, 
€ = 1.572, and w = 1.580. These refractive indices 
are consistent with those reported in the literature 
for emeralds originating in Colombia {Sinkankas, 
1981). While the birefringence determined for the 
three faceted stones is higher than that reported for 
Colombian emeralds, in the authors’ experience 
this value is in fact quite common for stones from 
this country. Although birefringence could not be 
determined on the rough crystals or the cabochons, 
their doubly refractive nature was confirmed with 
a polariscope and/or dichroscope. 
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Pleochroism. Using a calcite dichroscope, we ob- 
served dichroism in strongly distinct colors of 
bluish green parallel to the c-axis and yellowish 
green perpendicular to the c-axis in all seven 
crystals. These results are typical of many natural 
emeralds (Webster, 1983). 


Figure 5. The seven 
emerald crystals 
examined (3,69-64.46 ct) 
ranged from transparent 
to translucent and from 
green to slightly bluish 
green. The chain 
surrounding the crystals 
is one of many from the 
Atocha wreck site. It has WY 
been suggested that the 
chains were worn as 
jewelry to try to escape 
taxation; individual 
links could be removed 
and used as coinage 
(Lyon, 1982). Note the 
draw lines on the links, 
evidence of the relatively G 
crude technique used. 
Photo by Shane EF 
McClure. 
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Figure 4. These emerald 
crystals from the Atocha 
are sitting in a large gold 
spoon that was also among 
the items recovered from 
the galleon. The ornate 
handle still shows 
remnants of some type of 
inlay. Photo by Shane F 
McClure. 


Chelsea Filter Reaction. When viewed through a 
Chelsea filter, all seven crystals displayed a spec- 
tacular saturated dark red, a reaction consistent 
with that described in the literature for Colombian 
emeralds (Webster, 1983). The mounted emeralds 
exhibited a red reaction of varying intensity. 
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Figure 6. This brooch contained the largest 
faceted stone examined, measuring 9.9 x 14.9 
mm. The dark appearance of this otherwise fine 
emerald is caused by the combination of a 
relatively shallow pavilion, seawater trapped in 
the setting, and corroded remnants of the 
backing, Photo by Shane F McClure. 


Absorption Spectra. The visible-light absorption 
spectra of the seven crystals, examined with a Beck 
prism spectroscope, appeared to be essentially the 
same as those for emeralds described by Liddicoat 
(1989, p. 135}. When looking down the optic axis 
direction, we observed a vague general absorption 
from 400 nm to approximately 480 nm, a sharp line 
at 477 nm, a broad band of absorption between 580 
and 615 nm, and lines in the red at 637, 646, 662, 
680, and 683 nm. We observed a similar spectrum 
perpendicular to the optic axis, but the sharp line 
at 477 nm was absent. The saturated color and 
thickness of some of the crystals caused a very 
strong dark, nearly black absorption in many areas 
of the visible-light spectrum, which tended to 
mask the 477-nm line even when the spectrum 
was viewed parallel to the c-axis. 

The same basic absorption pattern, although 
weaker, was observed in all of the mounted emer- 
alds, Limitations imposed by the mountings made 
it impossible to examine the stones both parallel 
and perpendicular to the c-axis. Using a polarizing 
filter, however, we did observe the 477-nm line 
associated with the ordinary ray. 


202 ‘Treasures of the Atocha 


Reaction to Ultraviolet Radiation. The crystals 
themselves appeared inert to long-wave U.V. radia- 
tion. However, there was an extremely weak to mod- 
erate chalky yellow-green fluorescence in some 
surface-reaching fractures and cavities. All but one 
of the crystals had a similar, but much weaker, 
reaction to short-wave U.V. The exception, the 
largest crystal (64.46 ct), fluoresced an extremely 
weak, patchy orange, possibly due to the presence 
of carbonaceous inclusions. Looking down the 
c-axis of all of the crystals while they were exposed 
to long-wave U.V. radiation, we also noted that the 
weak fluorescence seemed to be confined to less 
than 1 mm of the periphery of the crystals. 

All of the fashioned stones were essentially inert 
to both long- and short-wave U.V radiation, al- 
though a few exhibited a very weak chalky yellow- 
green fluorescence to long-wave U.V in small 
surface-reaching fractures. Furthermore, the large 
faceted emerald in the pendant appeared to fluo- 
resce a weak chalky yellow-green from within, 
rather than from irregularities in the exposed 
surfaces. 

The chalky yellow-green fluorescence in some of 
the fractures was surprising, since it is usually 
associated with emeralds that have had surface- 
breaking fractures oiled to make them less appar- 
ent. Microscopic examination showed that there 
was no liquid of any kind in most of the fractures. 
While two of the rough crystals did exhibit some 
form of liquid in a few fractures (figure 7], subse- 


Figure 7. This fracture system in one of the 
emerald crystals contained a liquid that did 
not react like the oils commonly used to treat 
emeralds today. Photomicrograph by John I. 
Koivula: darkfield illumination, magnified 10x. 
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quent testing indicated that it was not an oil like 
those commonly used to treat emeralds. Specifi- 
cally, when a thermal reaction tester (hot point), 
was applied the liquid flowed more rapidly within 
the fractures than do the typical oils. The liquid 
also did not “sweat out” of the fractures and bead 
up on the surface, as will oils used in emerald 
treatment; it did “sweat out” but most of it then 
quickly evaporated. 

It is possibile that the fluorescence reaction was 
caused by the residue from an oil that had seeped 
out and/or had been flushed out by the action of 
water during the approximately 350 years the 
pieces sat on the ocean floor. Another alternative is 
that the crystals were stored in oil after recovery. 
Or the reaction might be due to something natu- 
rally present in the seawater environment. A 
number of additional observations supported this 
last theory. 

According to expedition diver R. D. LeClaire, a 
number of the emeralds that appeared very trans- 
parent when found underwater and when first 
brought to the surface subsequently became much 
less transparent. This observation would be con- 
sistent with water-filled fractures drying out on 
extended exposure to air. In addition, as mentioned 
above, the weak chalky yellow-green fluorescence 
of the brooch-set emerald appeared to come from 
within and not from the exposed upper surfaces. 
Microscopic examination (covered in more detail 
below) revealed a liquid (seawater?) trapped be- 
neath the emerald within the bezel setting. Exam- 
ination of this stone with magnification and while 
exposed to long-wave U.V. radiation revealed that 
this trapped liquid fluoresced a chalky yellow- 
green, the fluorescence could actually be made to 
“flow” as the pendant was rocked back and forth, 
allowing the gas bubble to move. 

The authors feel that the chalky yellow-green 
fluorescence exhibited in areas of some of the 
emeralds is probably due to some fine precipitate 
of seawater that has entered surface breaks. 


Luminescence to Visible Light. Some gems appear 
red when illuminated with intense transmitted 
light. This reaction is typical of many chromium- 
colored materials, including various synthetic em- 
eralds. It is also seen, infrequently, in some natural 
emeralds, such as fine-quality stones from Chivor 
and some medium- to light-toned emeralds from 
another Colombian locality, Gachal4 (Kane and 
Liddicoat, 1985), Of the study group, only the 
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Figure 8. High magnification (200 x) revealed 
minute fluid inclusions in the solid phase of 
this three-phase inclusion in one of the Atocha 
emeralds. Photomicrograph by John I. Koivula; 
transmitted light. 


faceted stone in the brooch exhibited a red trans- 
mission luminescence; the reaction was very 
strong. 


Specific Gravity. Using a Mettler AM100 elec- 
tronic scale equipped with the appropriate attach- 
ments, we made at least three hydrostatic weigh- 
ings for each of the crystals. Specific gravity values 
of 2.67 to 2.71 were determined. We attributed the 
relatively low values for several of the crystals to 
bubbles trapped in large surface-breaking cavities 
as well as to gaseous phases in multi-phase fluid 
inclusions within these stones (see the Micro- 
scopic Examination section below}. Significant 
quantities of trapped gaseous inclusions can de- 
crease specific gravity in emeralds just as, for 
example, pyrite inclusions (§$.G. 4.95 to 5.10} can 
significantly increase it. The S.G. range deter- 
mined is consistent with that reported in the 
literature for Colombian emeralds (Sinkankas, 
1981). 


Microscopic Examination. All of the emeralds 
exhibited classic three-phase inclusions of the type 
associated with Colombian localities. These inclu- 
sions ranged from less than 0.1 mm to slightly over 
1 mm in the long direction. All had a jagged outline 
and contained a gas bubble and one or more cubic 
crystals (figure 8}. In addition, all were oriented 
parallel to the prism faces, indicating that they 
were primary |(i.e., they did not result from the 
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Figure 9. Dolomite crystals were exposed on the 
fracture surface of this 15.12-ct Atocha emerald 
crystal, Photomicrograph by Robert E. Kane; 
oblique illumination, magnified 10x. 


healing of fractures}. In some instances, relatively 
high magnification (200 x | revealed primary fluid 
inclusions within the solid phases of the three- 
phase inclusions (again, see figure 8}. 

Several translucent crystals were exposed on a 
fracture surface of the 15.12-ct crystal (figure 9). 
These were first tested with a minute drop of 
dilute (10%) hydrochloric acid solution which 
produced an effervescence characteristic of carbo- 
nate minerals. X-ray diffraction analysis showed 
an exact match with dolomite. 

All of the rough crystals showed surface etching 
(figure 10). Some, most notably the two largest, 
showed a considerable amount of what appeared to 
be very deep etching on the prism faces. Micros- 
copy revealed that this was caused by superficial 
etching that had broken into near-surface fluid 
inclusions which apparently subsequently 
drained. Even on those faces that appeared rela- 
tively smooth to the unaided eye, magnification 
revealed very fine etch figures, Emerald, like other 
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Figure 10. Surface etching was noted on all of 
the emerald crystals examined. Photo- 
micrograph by John I. Koivula; oblique 
illumination, magnified 6x. 


hydrothermally grown natural crystals, frequently 
shows surface etching caused by dissolution (Sin- 
kankas, 1981). 

One of the most interesting discoveries during 
the microscopic examination was the cause of the 
very dark, dull appearance of the faceted brooch- 
set emerald. We knew that the relatively shallow 
pavilion would create a “window” effect, the result 
of unplanned light leakage, that would seriously 
diminish brilliance. However, closer examination 
revealed that the fairly large space between the 
pavilion facets of the stone and the back of the 
mounting contained a liquid (thought to be seawa- 
ter) that had probably been forced in by the 
pressure exerted on the piece during burial at sea 
over three and a half centuries. This liquid, which 
contained a large movable air bubble (figure 11], 
caused a partial immersion effect that undoubt- 
edly contributed significantly to the stone’s lack of 
brilliance. Finally, what appeared to be the re- 
mains of a reflective backing were trapped in the 
space and floated about as the liquid was agitated. 
The authors speculate that this backing may have 
been silver that corroded over time, further con- 
tributing to the dark appearance of the emerald. 


SOME OBSERVATIONS 
ON THE GOLD WORK 


Most of the jewelry we examined appeared to be 
cast, except for the two chains and some compo- 
nents of the brooch and rosary. The casting process 
was probably an early form of the modern-day lost- 
wax casting technique, which uses a wax carving 
encased in a thick, porous clay mixed with 
coarsely ground charcoal (Mitchell, 1985), Al- 
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Figure 11, Close examination of the 
brooch revealed liquid and a large 
gas bubble between the pavilion 
facets of the emerald and the back 
of the bezel setting. The black 
residue trapped between the 
emerald and the mounting in the 
pendant may have been the remains 
of a silver coating on either the 
pavilion facets of the stone or on the 
inner surface of the bezel itself. 
Slight movement of the brooch 
caused the bubble and the residue 
to move freely. Photomicrograph by 
Robert E. Kane; oblique 
illumination, magnified 10x. 


though sand casting {i.e., casting from a negative 
impression made in sand; Hayward, 1976] was also 
popular in Europe at this time, the detail on the 
jewelry examined makes it unlikely that this 
coarser technique was used. 

The metal was soft and appeared to be of high 
karat gold. Thornton Mann, of the GIA Jewelry 
Manufacturing Arts Department, performed an 
acid test oh 4 portion of the rosary and determined 
it to be slightly less than 24K. All of the pieces were 
a deep yellow color except for one gold chain (46 in. 
long, 15.8 troy oz.) that was slightly greener and 
less saturated. XRF analysis of this piece by the 
GIA Research Department determined the pri- 
mary elements to be gold, platinum, silver, and 
titanium, with trace amounts of iron and copper. 
As would be expected of a chain from this era, the 
surface of the metal was very uneven, with fea- 
tures characteristic of a rudimentary drawing 
process (see figure 5}. 

The emerald brooch was a particularly fine 
example of New World goldsmithing (figure 6). The 
bezel setting was burnished with such accuracy 
that the stone was held by pressure applied at the 
girdle, with very little metal actually extending 
onto the crown; in fact, at one corner a small 
portion of the upper girdle plane was exposed, with 
the gold bezel firmly against the girdle edge. The 
metal folded onto the crown was burnished to a 
paper thin edge for a perfectly flush seal. This was 
carried out with such precision that magnification 
revealed tiny gold remnants pressed into shallow 
abrasions in the emerald where the bezel and facet 
met, leaving the metal at a relief no higher than 
that of the facet. The plate on the back of the 
emerald was initially held in place by a series of 
raised pegs that were subsequently soldered for a 
more permanent seal. A pair of square arches had 
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also been soldered to opposite sides of the backing, 
probably so that the piece could be used with a pin. 

The rosary necklace presented an intriguing 
mystery: All of the beads were missing, with only 
a series of opposing bell caps remaining (figure 1). 
Although one theory is that the beads might have 
been pearls (M. Fisher, pers. comm., 1989}, this is 
unlikely given the relatively large size of the 
spaces and the fact that no remnants remained. 
Although badly corroded, recognizable pearls were 
recovered from the wreckage of the Atocha |Math- 
ewson, 1987). It is more likely that these were 
wooden beads, which were commonly used in 
rosaries, and which would have deteriorated rap- 
idly in seawater (D. Kincaid, pers. comm., 1989). 

The emerald-set crucifix hanging from the neck- 
lace was ornately carved. It is typical of those worn 
by high church officials and European nobility 
during this era (Muller, 1972). The several bezels 
were actually cast as a single piece, not as individ- 
ual bezels soldered together. They were firmly 
attached to the main body of the crucifix by several 
raised metal pegs, with no solder present. 

The gold spoon {11.3 cm long, 1.91 troy oz.) 
consisted of a large basin and an intricately carved 
handle (figure 4). These were held together by only 
two crimped pegs; again, no solder was used. The 
pegs appear to have worn with time, so that there is 
now movement between the two pieces and the 
joint is very fragile. 

Both the back of the crucifix and the handle and 
back of the spoon were intricately engraved (figure 
12), with deep figures and channels that were 
rough in texture, typical of engraving used for 
enameling (C. Weber, pers. comm., 1989), David 
Callaghan, of the Gemmological Association of 
Great Britain, suggested to the authors that niello, 
another material also popular during this period, 
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may have been used instead of enamel. Niello is an 
opaque dark gray to black metallic mixture of 
sulphur, silver, copper, and lead that is ground into 
small grains, not powdered; enamel is a semi- 
transparent to opaque glass of varying composi- 
tion that is ground to a fine powder (Ashbee, 1967}. 
Both materials are applied and finished by similar 
techniques. The delicate artistry on the back of the 
cross suggests that enameling was probably used 
here to better display the engraver’s workmanship 
while adding color to the intricate scenes depicted. 
Channels on the handle of the spoon, however, still 
contained severely etched, slightly granular re- 
mains of what could have been the coarser niello. 
The crudeness of the engraving on the back of the 
spoon basin suggests the use of either niello or a 
more opaque enamel, although the subject mat- 
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Figure 12. Note the 
intricate engraving on 
the back of the spoon 
and the crucifix. The 
rough nature of the 
engraving suggests that it 
was all inlaid at one 
time, Photo by Shane E 
McClure. 


ter — birds —is more compatible with colors possi- 
ble only with enamel. 


SUMMARY 


The gemological properties of the emeralds exam- 
ined for this article are consistent with those 
reported in the literature and noted in the experi- 
ence of the authors for emeralds from Colombia. 
Some features could be attributed to the immer- 
sion of the stones in seawater for an extended 
period of time. 

The jewelry represents superb craftsmanship, 
using several techniques popular in the early 17th- 
century. These include early forms of lost-wax 
casting and chain drawing, as well as examples of 
stone setting and engraving that rival any seen 
today. 
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ZIRCON FROM THE 
HARTS RANGE, NORTHERN 
TERRITORY, AUSTRALIA 


By Maxwell J. Faulkner and James E. Shigley 


Gem-quality zircon from a relatively un- 
derdeveloped locality in the Harts Range 
of central Australia is described. While 
exhibiting many properties of other gem 
zircons, this material is unusual in its 
almost total lack of radioactive trace ele- 
ments. Thus, there is little or no radia- 
tion-related structural damage as is the 
case with some other gem zircons. The 
Harts Range material occurs in a size, 
quality, and color range suitable for 
faceting. 
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long-known but underdeveloped locality in Austra- 

lia’s Harts Range is now producing some magnificent 
gem zircons in an attractive variety of yellow, brown, pink, 
and purple colors (figure 1) in sizes typically of several 
carats. Occasionally, even near-colorless crystals are 
found. Of particular significance is the fact that these 
zircons contain little or no detectable amounts of radioac- 
tive trace elements. Thus they display no evidence of the 
structural damage that is common in some gem zircons 
from other localities, This article briefly describes the 
geologic occurrence and gemological properties of these 
interesting zircons. 


WHAT IS ZIRCON? 


Zircon is a widely distributed accessory mineral in ig- 
neous rocks, particularly granites and syenites (Deer et al., 
1982, Webster, 1983). It is a fairly common detrital mineral 
in some sediments due to its resistance to chemical attack. 
Zircon also occurs in certain metamorphic rocks such as 
marbles, gneisses, and schists, While often found as small, 
rounded grains, zircon can occur as large, well-formed 
prismatic crystals. Because of its relatively high refractive 
index, dispersion, and hardness, zircon has long been used 
as a gemstone. 

Chemically, zircon is zirconium silicate (ZrSiO,); how- 
ever, there is always a smal! amount (usually about 1%} of 
the element hafnium present (Deer et al., 1982). A number 
of trace elements can also occur in zircon, including 
uranium and thorium. When present, these two trace 
elements undergo radioactive decay, thereby giving off 
energetic alpha particles that can cause extensive struc- 
tural damage. As a result of this internal radiation bom- 
bardment, the initially crystalline zircon (referred to as 
high zircon) progressively changes into an amorphous, 
noncrystalline (or metamict) state (low zircon; see Holland 
and Gottfried, 1955). Transition to the metamict condition 
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is accompanied by changes in physical and chemi- 
cal properties (such as a decrease in density, 
refractive index, and transparency, and an increase 
in water content], Thus, gemological properties 
such as refractive index or specific gravity can lie 
anywhere between the values for high and low 
zircons (see table 1). 

While crystalline zircons occur in a range of 
colors, metamict zircons are typically green or 
brown. Some low and intermediate zircons can be 
transformed back into high zircons by heating them 
to 1450°C for six hours (Chuboda and Stackelberg, 
1936}, which heals the radiation-induced structural 


TABLE 1. The three types of zircon.4 


Property Normal (High) Intermediate Metamict (Low) 
Color Colorless, Brownish Green, orange, 
brown, green, green, brown 
yellow, red- brownish 
brown, orange, red 
blue (heat 
treatment) 
Structural Crystalline, Slightly Amorphous, 
state undamaged damaged damaged 
Refractive 
indices 
wo 1.92—1.94 1.83-1.93 
€ 1.97-2.01 ye md 
Birefringence 0.036-0.059  0.017-0.043 - 
Specific 4.6-4.8 4.2-4.6 3.9-4.2 
gravity 
Radioactivity Low Medium High 


@Properties compiled from Anderson (1941), Webster (1983), Liddicoat 
(1987). 
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Figure 1. These faceted zir- 
cons from the Harts Range 
illustrate some of the at- 
tractive colors in which this 
material occurs. They range 
up to 5 ct in weight. Photo 
by Robert Weldon. 


damage. Like most gem zircons, stones from the 
Harts Range belong to the high type. 


LOCATION AND ACCESS 


The Harts Range lies in the south-central portion 
of the Northern Territory, toward the center of 
Australia (see figure 2). The zircon occurs at a site 
aptly called Zircon Hill, which can be reached 
from the town of Alice Springs by driving 69 km 
{43 mi.} north on Stuart Highway, and then 77 km 
(48 mi.} east on Plenty Highway. The turnoff from 
Plenty Highway to the zircon deposit is marked by 
a large windmill and several concrete storage 
containers at a livestock watering station called 
Mud Tank Bore. From this turnoff, the last 9 km 
(5.6 mi.) south to Zircon Hill is a gravel road, 
suitable for passenger cars. The digging area for 
zircons is in open savannah country crossed by a 
few dry stream beds. 


GEOLOGY 


The low-lying hills of the Harts Range extend east- 
west for approximately 150 km (93 mi.}. They are 
composed of schists, gneisses, and other strongly 
metamorphosed sediments and volcanic rocks 
which have been intruded by occasional peg- 
matites (for details of the local geology, see Joklik, 
1955). The area has long been known as a source of 
mica, but it also contains numerous separate small 
deposits of gem minerals such as ruby, aqua- 
marine, garnet, and amethyst that have been 
mined sporadically in the past (see McColl and 
Warren, 1980}. In addition, gem-quality iolite, 
epidote, sunstone feldspar {called “rainbow lat- 
tice” sunstone in the trade}, as well as kornerupine 
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Figure 2. Zircon Hill is lo- 
cated in the Northern Terri- 
tory of Australia, approx- 
imately 155 km by road 
northeast of Alice Springs. 
Neighboring Specimen Hill 
also produces zircons, but 
few are of gem quality. Art- 
work by Jan Newell. 


Mud Tank Bore 


and sapphirine (McColl and Warren, 1984} are 
found in small amounts. A guidebook to localities 
in this area has been published by the Northern 
Territory Department of Mines and Energy 
(Thompson, 1984}. 

Brown et al. {1989} briefly describe the gem- 
quality zircons that are found at Zircon Hill both 
as large crystals and crystal fragments. The entire 
crest of the hill, a slight, brush-covered promi- 
nence that rises some 50 m above the surrounding 
plateau (which is 1,500 m above sea level], is 
covered by small diggings (figure 3}. Zircon is also 
found at a nearby location called Specimen Hill, 
but these crystals, although better developed than 
those from Zircon Hill, are generally unsuitable 
for faceting because of internal fracturing. Both 
locations have been known by local miners and 
mineral collectors for about 40 years. 

At these two localities, the zircon occurs in 
carbonatite, a carbonate-rich magmatic igneous 
rock that intruded the country rock to form a 
series of low hills. The carbonatite is late Pro- 
terozoic, and has been age-dated between 1.50 and 
1.78 billion years. In addition to calcite and zircon, 
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phlogopite, magnetite altered to martite, and apa- 
tite are present. 

While there are many sites in Australia where 
sediments rich in fine-grained zircons occur, the 
area around Zircon Hill produces the mineral in 
large crystals. Zircons up to 2.5 kg (5.5 lbs.) have 
been recovered from the decomposed carbonatite. 
Although these large crystals are invariably 
cracked and flawed, they may contain small areas 
of material suitable for faceting. Much more com- 
mon are crystals or crystal fragments that range up 
to several carats in weight. Only recently has the 
gem potential of this material begun to be recog- 
nized (Brown et al., 1989}. 


MINING 


According to guidelines issued by the Department 
of Mines and Energy, digging at these deposits can 
only be done with hand tools, and only after one 
has obtained a prospecting license. Use of explo- 
sives or mechanical equipment is prohibited. 
Hence, there has not been any large-scale mining 
in this area. 

On Zircon Hill and along a nearby creek bed, 
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crystals and fragments are recovered by hand 
digging and dry sieving of the weathered soil that 
covers the carbonatite. Because of zircon’s subada- 
mantine luster, the glistening but often highly 
fractured crystals and fragments are easily recog- 
nized. After six hours of easy digging, about 0.5 kg 
(1 lb.) of mine-run zircons can usually be recov- 
ered. Pick-and-shovel mining of the underlying 
weathered but still intact carbonatite can yield 
zircon matrix specimens. 

As is usual for many gem mineral deposits, less 
than 5% of the mine-run material is facet grade. 


Figure 4. These four of the eight rough zircons 
examined for this study are representative of 
the material found at the Harts Range. The 
largest specimen shown here weighs 19.1 ct. 
Photo by Robert Weldon. 
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Figure 3. This view of Zir- 
con Hill shows a number of 
diggings. A sieve used in 
the process of separating . 
zircon from other mineral 
and rock fragments stands 
in the center of the photo- 
graph. 


Some of this material may be enhanced by heat 
treatment. No accurate figures are available for the 
quantity of zircon that has been recovered from 
this deposit thus far, nor has any estimate been 
made of possible reserves. However, the potential 
seems quite good. 


CHARACTERIZATION OF 
HARTS RANGE ZIRCON 


For this study, we examined eight rough zircons 
and two faceted stones. The rough pieces weighed 
between 6.6 and 37.1 ct (figure 4]. With the 
exception of the largest sample, the rough pieces 
were rounded crystals or fragments. The largest 
sample exhibited some crystal faces and a recog- 
nizable tetragonal habit. Most of these specimens 
are light brownish purple, but orange-brown, yellow- 
brown, and near-colorless zircons are also repre- 
sented. In the authors’ experience, purple zircons 
are the most sought after from this locality (figure 
5}. The two cut stones examined for this study, one 
near colorless and the other a light orangy brown, 
weighed 8.03 and 4.44 ct, respectively (figure 6). 
Both the rough and faceted near-colorless samples 
had been heat treated. The gemological properties 
of these 10 samples are summarized in table 2 and 
discussed below (for comparison to gem zircons 
from other localities, see Webster, 1983, and Lid- 
dicoat, 1987). 


Physical Properties, Using immersion oils and the 
Becke line method, we found the refractive index 
to be above 1.81, a value consistent with that of 
intermediate or high zircons. 
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Figure 5. This brownish purple zircon from the 
Harts Range represents some of the best mate- 
rial from this area. The 35-ct stone was faceted 
by Jennifer Try. Photo by Robert Weldon. 


Hydrostatic measurement of the specific gravity 

of four of the zircons yielded values between 4.62 
and 4.72, which are also typical for high zircon. 
Brown et al. (1989) report the hardness of the 
material td be 7—7'/2. 
Absorption Spectrum. Many gem zircons exhibit a 
characteristic absorption spectrum that consists 
of numerous sharp bands of varying intensity. 
Anderson (1956) lists more than 40 bands observed 
in high-type gem zircons, noting that the number, 
intensity, and sharpness of the bands decreases in 
the spectra of low-type zircons (see also Webster, 
1983, pp. 155-156). 

When viewed with a hand-held spectroscope, 
the Harts Range zircons exhibited a relatively 
small number of sharp absorption bands (all of 
which, however, are included in Anderson’s list). 
The 653-nm band was the most prominent, but 
additional weak bands were seen at 535, 590, 657, 
and 689 nm in one or more of the samples. We 
found that the intensity of all these bands was 
greater in zircons of lighter color, and greatest in 
the near-colorless, heat-treated material. This con- 
firms the observations by Brown et al. (1989). 

We recorded room-temperature absorption spec- 
tra for all the zircons using a Pye-Unicam 8800 
UV/VIS spectrophotometer. There was little varia- 
tion among spectra except for the relative inten- 
sities of the features that can be correlated quali- 
tatively with the depth of the body color and size of 
the specimen. 

Representative spectra of a light brownish pur- 
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Figure 6. The study also included these two fac- 
eted zircons, which weigh 8.93 and 4.44 ct, re- 
spectively. The near-colorless stone has been 
heat treated. Photo by Robert Weldon. 


ple zircon are illustrated in figure 7. These two 
spectra, recorded in orientations both parallel and 
perpendicular to the optic axis, can be considered 
as having four components: 


TABLE 2. Gemological properties of Harts Range 


Zircon. 

Color Pink, purple, yellow-brown, orangy 
brown, near colorless, (produced by 
heating in a reducing atmosphere) 

Transparency Transparent 


Refractive index Above 1.81 (w= 1.923, «= 1.982: see 


Brown et al., 1989) 
4.62-4.72, average 4.65 


Absorption spectrum Increasing absorption below 500 nm; 
(as seen with a possibly a weak, broad band at 535 
hand spectroscope) nm; a weak but sharp band at 590 

nm; a strong, sharp band at 653 nm 
(or a broad band from 650 to 653 
nm); and weak, sharp bands at 657 
and 689 nm 


Specific gravity 


ULV. fluorescence : 

Long wave Yellowish, brownish yellow, yellowish 
orange; weak to strong in intensity; 
cloudy appearance; no 
phosphorescence 


Short wave Yellow, brownish yellow, yellowish 
orange, often with zones that are 
bluish white; moderate to very strong 
in intensity; cloudy appearance; no 
phosphorescence 

Tiny pinpoint inclusions; needle-like 
inclusions of an unknown mineral; 
partially healed fractures and 
occasional cleavages 


Inclusions 
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1. Increasing absorption toward the ultraviolet, 
giving rise to the brown component of the color, 
which we believe results from a color center 
that produces a very broad absorption band in 
the ultraviolet with an absorption “tail” that 
extends into the visible. 


2. A broad region of absorption centered at about 
540 nm, giving rise to the pink-to-purple colora- 
tion, and which we believe is due to a radiation- 
induced color center, possibly involving rare- 
earth elements. The shape of this broad band is 
different in the spectrum taken parallel to the 
optic axis as compared to the one taken perpen- 
dicular to it, which is consistent with the slight 
brownish purple to purple dichroism observed 
in this sample. 


3. A series of weak but sharp bands that have no 
influence on the color (since they are found even 
in near-colorless samples], and are attributed to 
trace amounts of uranium (as U4+}). Fielding 
(1970) illustrated a spectrum with these same 
sharp bands for a synthetic zircon doped only 
with about 10 ppm U4+. 


4. A weak broad band centered at 760 nm present 


only in the spectrum recorded parallel to the 
optic axis. 


Spectra (recorded in a random optical orienta- 
tion) of the darker purple, yellow, brown, and near- 
colorless zircons exhibited various combinations 
of these same features. The weak sharp bands 
attributed to uranium were present in each spec- 
trum but with slight variations in intensity. In an 
orange-brown sample, only the broad band in the 
ultraviolet was present; the absence of the purple 
color coincided with the absence of the 540-nm 
broad band. A yellow zircon also displayed the 
broad band in the ultraviolet, but was missing the 
540-nm broad band. Finally, a near-colorless sam- 
ple had a very flat spectrum that nonetheless 
exhibit a few of the same sharp bands caused by 
uranium. 


Ultraviolet Fluorescence. Zircon is known to vary 
widely in both the color and intensity of its 
reaction to U.V. radiation (Webster, 1983). This is 
also the case for the Harts Range material. The 
purple samples fluoresced a weak to moderate 
brownish yellow to both long- and short-wave U.V. 
radiation; the yellow-brown, orange-brown, and 


ABSORPTION (arbitrary units) 


400 500 600 700 
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Figure 7. These absorp- 
tion Spectra were re- 
corded both perpendicu- 
lar (top) and parallel 
(bottom) to the optic 
axis of a 37.1-ct brown- 
ish purple zircon crystal 
from the Harts Range. 
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TABLE 3. Microprobe chemical analyses of eight Harts Range zircons.@ 


Orangy 


Light Light Light 
purple brown purple purple 
32.45 32.57 32.56 32.36 
0.01 0.01 0.01 0.02 
66,29 66.45 66.58 66.14 
0.01 0.03 0.05 0.03 
ND ND 0.04 BDL 
ND 0.02 0.03 BDL 
1.50 1.44 1.37 1.49 
100.26 100.52 100.64 100.04 


WI. % Light Near Light 
Oxides® purple Yellow colorless purple 
SiO, 33.03 33.04 32.44 32.41 
CaO 0.01 0.01 0.02 0.01 
ZrO 66.70 66.27 66.58 66.58 
Er,03 0.10 0.03 0.03 ND 
Tm03 0.10 0.08 0.03 BDL 
LusQ, ND 0.10 ND 0.06 
HiO, 1.31 1.41 1.48 1.48 
TOTAL 101.25 {00.94 100.58 100.55 
aFigures based on an average of five point analyses 
ND = Not detected 
BDL = 


Measurement obtained at or below the reliable detection limits (approximately 10 ppm) of the equipment and operating conditions. Cameca 


MBX microprobe run at 15 KeV and about 40 nanoamps; 100 second counting time; standards —Si, Zr (zircon), rare-earth elements (Drake 
Weill REE glass), Fe (hematite), Ca (wollastonite), U (davidite), Th (ThO.), Ce (CeOz), Gd (gadolinium gallium garnet), Y (yttrium aluminum 


garnet), Hf (pure metal) 


Complete analyses and further details of operating conditions are available on request to the authors. 


Analyst: Paul F. Hlava 


Other elements measured: Fe, Y, La, Ce, Th, U = ND-BDL; Pr < 100 pom, Nd & 200 ppm, Sm = 350 ppm, Eu < 200 ppm, Gd = 250 ppm, 


Tb = 200 ppm, Dy = 250 ppm, Ho < 150 ppm, Pb < 100 ppm. 


near-colorless zircons fluoresced a more intense 
yellow or yellowish orange color. No phosphores- 
cence was noted for either long- or short-wave 
conditions. In all cases, the fluorescence was 
cloudy. In ‘addition, zones (sometimes very con- 
spicuous) of blue-to-white fluorescence could be 
seen in several of the samples during exposure to 
short-wave U.V. radiation. 


Chemical and X-ray Data. Qualitative chemical 
analyses using wavelength-dispersive X-ray fluo- 
rescence were performed on samples of each color. 
The presence of zirconium, hafnium, and iron was 
indicated, while the following elements were 
checked for but not detected: uranium, thorium, 
yttrium, tin, arsenic, gallium, technetium, lead, 
niobium, and tantalum. 

The samples were also analyzed quantitatively 
using a Cameca MBX electron microprobe (table 3}. 
These results confirm the almost complete ab- 
sence of uranium and thorium. The concentration 
levels of uranium, which is indicated by the 
presence of sharp U4+-related absorption bands in 
the spectrum, are too low to be detected by 
microprobe analysis. It is interesting that no iron 
was detected during this analysis, which contrasts 
with the X-ray fluorescence data. 

An X-ray diffraction pattern was prepared for 
samples of each of the four colors using a Rigaku 
powder diffractometer. The resulting patterns are 
consistent with the pattern of zircon illustrated in 
the 1986 JCPDS Powder Diffraction File (pattern 
no. 6266). Least-squares refinement of 20 mea- 


Zircon from Harts Range 


sured reflections (for the brownish purple zircon 
that produced the absorption spectra shown in 
figure 7) yielded unit-cell dimensions of a 
6.603(4JA and c = 5.983(5|A. These values are 
nearly identical to those for an idealized zircon 
crystal structure (see Deer et al., 1982). 


Documentation of Radiation Level. Some gem 
zircons can be slightly radioactive due to their 
contents of uranium and thorium. Usinga portable 
Geiger-Muller detector (Technical Associates 
Model 6A} attached to a scaler/counter, we 
checked the radiation levels of each of the eight 
rough samples. To isolate the samples from back- 
ground radiation in the surrounding environment, 
we positioned both the sample and the detector 
inside a container of lead bricks. In each instance, 
the measured level was identical to the level of 
natural background radiation. Under these same 
testing conditions, several gem zircons from the 
GIA collection display radiation levels slightly 
above background. Our results further substanti- 
ate the very low uranium and thorium contents of 
these zircons. 


Microscopy. The zircon samples we examined 
were transparent with no hint of cloudiness except 
for a few local areas that contained small inclu- 
sions. In each sample, the color of the material 
appeared to be evenly distributed. 

The two faceted stones did contain planes of tiny 
inclusions along partially rehealed fractures (fig- 
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FACETING OF HARTS RANGE ZIRCON 


To take best advantage of the optical properties of 
zircon, the style and method of faceting is impor- 
tant. For the initial dopping, the senior author 
uses a wax developed by Heath Sabadina that is 
both tough and allows time for accurate center- 
ing. Sabadina wax is made by mixing green 
Samson or Jewelers’ Special wax with an equal 
volume of flake orange shellac, heating the mix- 
ture to just below the boiling point, and then 
pouring it into a large volume of cold water. The 
stone is usually oriented on the dop for maxi- 
mum weight recovery, since the pleochroism of 
these zircons is weak. However, some cutters do 
orient it on an optic axis of the crystal to 
minimize the double images of the pavilion facet 
junctions caused by birefringence. 

The senior author roughly shapes the zircons 
by hand on a 180-grit diamond-bonded lap {all of 
his laps are either Crystalite Maja or glass}. Then 
he dops the stone with the Sabadina wax and 
locks the dop in the chuck of his Gemax faceting 
machine. After setting the protractor angle to 
90°, he lowers the dopped stone to a 260-grit lap 


ure 8]. One of these stones also displayed a small 
needle-like solid inclusion of unknown identity. 
Finally, when the faceted stones were examined 
with magnification, the expected doubling of facet 
junctions was characteristically quite pro- 
nounced. Brown et al. (1989) also reported (and 
illustrated) small needle-like crystals thought to 
be apatite, brownish lath-like crystals of an un- 
known mineral, and rounded unknown crystals 
surrounded by a halo of tiny cracks. 


Figure 8. At 5x magnification, small inclusions 
were observed lying along partially rehealed 
fractures in the faceted zircons studied, Photo- 
micrograph by John I. Koivula. 


214 = Zircon from Harts Range 


and in free wheel (if a standard brilliant or a 
round stone) proceeds to cut the outside to the 
desired diameter. The table is cut and polished 
at O° or at 45° using a 45° dop. 

All cutting is done first on a 1200-grit, then a 
3000-grit, lap; all polish is with either a ceramic 
or a tin lap. After the table is polished, the 
protractor is set to a 40° angle to cut the eight 
main facets of the crown; then the eight star 
facets are cut at 24°. The author rechecks the 
accuracy of the main and star facets before 
proceeding to cut the 16 girdle facets. These 
facets are then polished and the stone transferred 
to asecond dop using epoxy putty as an adhesive. 
After the epoxy putty is set hard (approximately 
20 minutes in sunlight}, the first dop is removed 
either by heating the wax with an alcohol 
lamp or by means of blacksmith’s pincers. 

The author then proceeds to facet the pavilion 
with the common zircon-cut facets, making the 
main facets 43°. After the crown has been com- 
pleted, he sets the protractor to 88° and in free 
wheel polishes the area needed for the girdle. 


Effects of Heating. Heat treatment has long been 
used to transform reddish brown zircon into more 
marketable colorless, blue, or red material (for 
further details, see Webster, 1983, pp. 156-158, 
Nassau, 1984, pp. 172-173; Brown et al., 1989). 
Experiments performed over the last several years 
to study the reaction of Harts Range zircons to heat 
treatment have demonstrated that these zircons 
can be decolorized by heating to several hundred 
degrees Celsius in a reducing atmosphere for 
several hours. In fact, heat treatment of the Harts 
Range material can only produce near-colorless 
stones, The color in all Harts Range zircons can be 
restored by radiation treatment. Unless exposed to 
radiation, the near-colorless material produced by 
heat treatment is stable. 


CONCLUSION 


An area of the Harts Range, Australia, is producing 
gem zircons in a range of attractive colors. Perhaps 
the most unusual feature of these zircons is that 
they contain very low quantities of radioactive 
trace elements. Thus, they exhibit no evidence of 
being or becoming metamict and, more impor- 
tantly, are not detectably radioactive. This locality 
is likely to be a commercial source of gem zircon as 
well as other gem materials in the future. 
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BLUE PECTOLITE FROM THE 
DOMINICAN REPUBLIC 


By Robert E. Woodruff and Emmanuel Fritsch 


Blue pectolite from the Dominican Re- 
public, also known by the trade name 
Larimar, has recently entered the U.S. 
market. Large quantities of this attractive 
ornamental stone have been found in cav- 
ities and veins of altered basalt. Most of 
the gemological properties are consistent 
with those previously reported for pec- 
tolite; the cause of color in this material 
is believed to be related to the presence of 
small amounts of Cu2+. The color ap- 
pears to be stable to light, but does react 
to irradiation and to the heat of a jewel- 
er’s torch. It is easily separated from simi- 
lar-appearing materials. 
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he Dominican Republic is perhaps best known to 

gemologists as an important source of amber and 
conch “pearls.” Since 1986, however, it has gained recogni- 
tion as the source of a relatively new gem material, blue 
pectolite. Although actively mined since about 1974, blue 
pectolite has recently benefited from greater availability 
and broader distribution {Koivula and Misiorowski, 
1986a). Previously, gem pectolite occurred only in an 
unattractive white to gray color and was considered rare 
because of its scarcity in pieces suitable for cutting 
(Webster, 1983; Liddicoat, 1976). The new and more 
plentiful supply of blue, and less commonly green, pec- 
tolite has helped it achieve recognition as an excellent 
lapidary material (figure 1); carvings are now on display in 
the Smithsonian Institution and the Lizzadro Museum 
(Lizzadro, 1987). 

The first mention of this material in the gemological 
literature was by Arem (1977). Although he does not list 
blue under the possible colors of pectolite, he includes a 
photograph of some Larimar cabochons. More recently, 
two articles have appeared in the lapidary and consumer 
literature (Woodruff, 1986, 1987}. The present article 
reviews the deposit where this material is found, its 
history, location, and geology. Also examined are the 
gemological properties of pectolite, including chemistry, 
cause of color, and reaction to treatment. 


LOCATION AND ACCESS 


The Dominican Republic occupies the eastern portion of 
the island of Hispaniola {figure 2). The blue pectolite is 
found approximately 170 km southwest of the capital, 
Santo Domingo (Ciudad Trujillo}, just west of Baoruco, a 
small village south-southwest of Barahona in the province 
of the same name. The climate is tropical and the vegeta- 
tion luxuriant. Waterworn fragments of pectolite were first 
found in the alluvials of the Rio Baoruco and later traced to 
their in-situ source upstream. 
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The actual deposit is located on the road to 
Filipinas in an area known as Los Checheses (two 
localities so small that they do not appear on local 
maps}. The entrance to this road is about 3 km 
north of Baoruco. Dirt roads lead to the mine, but 
four-wheel drive vehicles are needed to negotiate 
the last few kilometers of the journey. The area is 
accessible all year round. 

The pectolite is found in various portions of a 
single volcanic deposit approximately 0.15 km? in 
surface area. The Rio Sitio, a small stream that 
drains into the Rio Baoruco, was probably the 
carrier of those tumbled pieces first found at 
Baoruco. 


HISTORY 


In 1974, Norman Rilling, a Peace Corps volunteer, 
reportedly found some blue stones at Baoruco that 
were later identified as pectolite (Woodruff, 1986). 
By 1975, specimens had already appeared in 
jewelry shops in Santo Domingo. Many unverified 
stories exist about the find and subsequent devel- 
opments (Woodruff, 1986}, but it is known that 
Miguel Mendez, a local resident, originally was 
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Figure 1, The 26 x 14 mm- 
cabochon of fine blue pec- 
tolite in this silver ring is 
from the Dominican Repub- 
lic. Behind it is an excellent 
example of some of the best 
rough material. Photo by 
Kris Illenberger; courtesy of 
Mountain-Mark Trading Ltd. 


the sole supplier to the domestic trade. According 
to Luis Augusto Gonzales Vega, lawyer and owner 
of property on which a portion of the deposit 
occurs, he and Mendez formed a corporation to 
mine and market pectolite. The original docu- 
ments of this venture give the trade name Trav- 
elina, but this was later changed to Larimar, coined 
by Mendez from his daughter’s nickname Lari 
combined with the Spanish word for sea, mar. This 
trade name has been used consistently since 1975, 
although neither Gonzales Vega nor Mendez is 
currently involved in the marketing of this mate- 
rial. 

All mineral rights in the Dominican Republic 
belong to the government, and pectolite mining is 
permitted only by concession from the Mineria, 
the Dominican Bureau of Mines. By 1985, nearly 
100 miners were working the deposit. To avoid 
confusion, overlapping claims, and disputes, the 
Mineria suggested that the miners form a coopera- 
tive and sell Larimar only from a small outlet in 
the town of Baoruco. After the cooperative was 
formed, Ramén Ortiz of Puerto Plata purchased 
the eastern part of the deposit and obtained a 10- 
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year mining concession. His miners and those of 
the cooperative work side-by-side. Currently, as 
many as 150 miners are involved on an irregular 
basis. Pectolite may be purchased either at the 
mine —from the cooperative or from Ortiz—or at 
the cooperative building in the village of Baoruco. 


GEOLOGY AND OCCURRENCE 


The commercial quantities of blue pectolite avail- 
able today are all mined at the primary deposit in 
the mountains above Baoruco. The few stones 
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Figure 2. Blue pectolite is found in a 
basalt intrusion (green area) that ex- 
tends inward from the village of 
Baoruco, in the province of Bar- 
ahona, Dominican Republic. Art- 

| work by Jan Newell. 


PANIO 


—— 
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collected in the bed of the Rio Baoruco, where it 
was originally discovered, are mostly small, tum- 
bled pieces, although some are of excelent quality. 

The Barahona peninsula extends south of a 
major west-east depression containing Lake Enri- 
quillo (approximately 40 m below sea level}. This 
peninsula is composed of Tertiary limestones 
{Oligocene to Miocene}, with a few enclaves of 
Upper Cretaceous volcanic rocks described as 
basalts and andesites (Zoppis de Sena, 1969). The 
main basalt intrusion, in which the pectolite is 


Figure 3. This exceptionally 
large (about 20 cm) slice of 
a pectolite vein shows the 
mineral and color zonation 
typical of this gem mate- 
rial. Natrolite (light gray) 
and chalcocite (black) crys- 
tallize, for the most part, on 
the walls of the vein. In this 
sample, they are followed 
by red sprays (“plumes”) of 
hematite crystals inter- 
grown with several genera- 
tions of blue pectolite of 
different color intensity and 
transparency. Fibrous color- 
less pectolite and white cal- 
cite fill the center. Photo by 
Robert Weldon. 
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found, extends from the coast inward at the lati- 
tude of the village of Baoruco (again, see figure 2). 
The volcanic rocks have been intensely weathered 
and for the most part are altered to fine-grained 
serpentine. The only recognizable mineral visible 
in thin sections of the basalt matrix is clinopyrox- 
ene in small twinned crystals. 

Indications of copper, especially chalcocite, have 
been reported in these basalts (Vaughan et al., 
1921}. Blue pectolite occurs as a hydrothermal 
mineral in cavities and veins in the altered basalt. 
This is the typical occurrence for the white to gray 
material, as already noted for pectolite deposits in 
Italy, Scotland, and the United States (Webster, 
1983}. Sprays of elongated natrolite crystals are 
sometimes present on the walls along which 
pectolite crystallizes in finely fibrous spherulites 
(figure 3). No other zeolites have yet been found in 
this deposit. Colorless calcite is also commonly 
associated with the blue pectolite in these veins. 
Rarely, peridot crystals and small amounts of 
white pumice are found as well. 

The blue pectolite does not occur system- 
atically; génerally the veins are found under an 
uppermost layer of altered basalt that contains red 
hematite. These veins may disappear or enlarge 
very suddenly (unlike the system of fractures 
associated with pegmatite veins, for example}. 

Petrified, carbonized logs are found embedded in 
the altered basalt. Rarely, some logs even exhibit a 
filling of blue pectolite in fractures between the 
rings of the wood (figure 4}. 
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Figure 4. This 17-cm slab of fossilized wood 
found at the mine shows blue pectolite between 
the rings. 


MINING 

Most mining is open pit, with miners using only 
pick, shovel, and hammer to break the weathered 
basalt in search of pectolite. Until recently, the pits 
averaged 1 m across and were no deeper than 10 m. 
The heavy rainfall common to this area floods the 
pits periodically, so mining is intermittent. The 
recent acquisition of a scraper and a pump has 
resulted in a number of pits that are larger (as 
much as 10 m in diameter) and deeper {as much as 
25 m) than average (figure 5). This acquisition 
coincided with the development of the western 
area of the deposit. The fine blue of the gem- 
quality material found in this newer area contrasts 


Figure 5. Although much of 
the area is marked by small 
pits dug by hand, the newly 
developed part of the mine 
uses more sophisticated 
equipment and techniques 
to excavate deeper, larger 
pits in the weathered basalt 
that hosts the blue pec- 
tolite. Photo by Richard 
Barrett; courtesy of Moun- 
tain-Mark Trading Ltd. 
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Figure 6. A striking contrast is seen between 
this fine blue pectolite (15 x 21 mm} found in 
1987 and a green cabochon (18 x 25 mm} with 
considerable matrix and natrolite inclusions 
found in 1975. The stone on the left is represen- 
tative of the finest color found to date. Photo 
by Robert Weldon. 


markedly with the poorer quality green stones 
{figure 6] originally found in the mouth of the Rio 
Baoruco. Many miners work only when they are 
not picking coffee—which is harvested from No- 
vember to February — or fishing. 


GEMOLOGICAL PROPERTIES 


Six samples of Larimar were tested by X-ray 
powder diffraction to confirm their identity as 
pectolite, NaCa,Si,0,(OH)]. While pectolite is de- 
composed and gelatinized by HCl [Deer et al., 
1978}, it does not effervesce to the standard 10% 
solution commonly used in testing [Liddicoat, 
1988), if effervescence occurs, it is due to the 
presence of calcite inclusions. 

Visually, blue pectolite displays finely fibrous 
spheroidal aggregates in polished slabs or cab- 
ochons; some pieces show patches of what appears 
to be chatoyancy. The range of color is similar to 
that of turquoise (figure 7], although most valued 
are the few darker specimens that resemble chrys- 
ocolla. White calcite veinlets between the spher- 
ules are common, and hematite inclusions form 
fern-like patterns in some pieces that are referred 
to as “red plume.” Homogeneous pieces of rough 
seldom exceed 10 cm. 


Index of Refraction. We measured R.I. on a flat, 


well-polished surface of each of 12 samples of blue 
and green pectolite, and determined a range of 
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1.59-1.63 for this polycrystalline material. This 
corresponds to that reported for pure pectolite 
(Deer et al., 1978}. Less accurate measurements by 
the spot method ranged from 1.57 to 1.63, with the 
variations due to different contents of iron and 
manganese (Arem, 1977, Schmetzer, 1984). 


Specific Gravity. Measurements obtained by the 
hydrostatic method on five of the sample stones 
varied from 2.62 for the green material to 2.87 fora 
fine, homogeneous blue cabochon. A specimen 
with numerous chalcocite inclusions showed an 
S.G. of 2.90. These values are consistent with 
measurements of 2.84—2.90 reported by Deer et al. 
{1978} and 2.74-2.90 by Schmetzer (1984). Note 
that the green pectolite with the lowest S.G., 2.62, 
in our sample group contained numerous natrolite 
inclusions (S.G. of 2.20—2.25). 


Hardness and Toughness. Scratch tests on freshly 
mined material suggest a Mohs hardness of some- 
what over 5 to as much as 6 for finely fibrous, 
compact material. Although the book value for 
pectolite is 4!/2-5 (Roberts et al., 1974; Deer et al., 
1978], fibrous types may be expected to have a 
higher value as well as greater toughness than their 
monocrystalline counterparts, because each grain 
boundary forms a barrier to the propagation of 
microfractures induced by the scratch (Fritsch and 
Misiorowski, 1987; M. Gardos, pers. comm., 1989). 
The toughness of blue pectolite is excellent, al- 
though pieces less than 2 mm in thickness may 
tend to flake. Carvers report that they work this 
material using methods and agents similar to 
those used to carve jadeite. Like jadeite, pectolite 
also takes an excellent polish. 


Fluorescence. More than 20 specimens of blue and 
green, rough and cut, pectolite were examined for 
their reaction to long- and short-wave radiation. 
The blue pectolite exhibited a moderate, zoned 
fluorescence to long-wave U.V. A very chalky green 
usually predominated, with some zones more 
yellow and others almost blue. Fluorescence was 
weaker in areas of very deep blue as compared to 
those with the fibrous whitish material. The green 
pectolite fluoresced yellow to long-wave U.V. 
Fluorescence to short-wave U.V, of both colors of 
pectolite was much more homogeneous and 
slightly more intense; the color was a very turbid 
green. Sinkankas (1964) reported that pectolite 
fluoresces orange to short-wave U.V,; we presume 
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that this is due to the high manganese content of 
the gray to white varieties then known. 


Inclusions. Red dendrites, identified by X-ray dif- 
fraction as hematite, create distinctive fern-like 
patterns'ini the so-called “red plume” variety; most 
such dendrites appear in outer portions of the 
pectolite veins (again, see figure 3). The carver of 
the elephant in figure 8 took advantage of such 
patterns to create a drapery effect on the back of 
the beast. Hematite is abundant in the altered 
basalt just above the pectolite-bearing veins. 

More common are white to gray squarish 
patches of calcite that may be as large as 2 mm in 
maximum dimension (figure 9}. Calcite also oc- 
curs as submicroscopic crystals between the ends 
of the pectolite fibers. Natrolite, another common 
inclusion, appears as transparent light gray sprays 
of elongated square crystals in the pectolite. When 
a cabochon is cut perpendicular to the main 
orientation of a natrolite spray, the surface is 
marked by shallow undercut pits of square or 
lozenge shape. 

Chalcocite forms clusters of microscopic black 
flakes (again see figure 9} and sometimes adopts 
euhedral form (figure 10}; material that is heavily 
included with chalcocite is not used for gem 
purposes. Rarely, native copper may be present, 
usually fairly close to the wall of the vein, 


CHEMISTRY AND 
CAUSE OF COLOR 


The chemical composition of three samples of blue 


Blue Pectolite 


Figure 7. The different col- 
ors of Larimar are similar 
to that of turquoise. These 
reference stones, all about 
16 X 11 mm, illustrate the 
general grading system used 
for the various qualities of 
pectolite: good blue (top 
left} to green (bottom, mid- 
dle) and “red plume” (mid- 
dle right). Stones courtesy 
of Mountain-Mark trading 
Ltd.; photo by Robert 
Weldon. 


pectolite was determined with an electron micro- 
probe (Joel 733 Superprobe}. The results, shown in 
table 1, are similar to those published previously 
for pectolite from other localities (Deer et al., 
1978). The presence of manganese is not surpris- 
ing, as it is known to substitute easily for calcium 


Figure 8. In these two blue pectolite carvings 
produced in Thailand, the carver has used the 
“red plume” layer to mimic a drapery on the el- 
ephant’s back and the sheen of the fibrous pec- 
tolite to suggest the cat’s fur. The elephant is 
approximately 5 cm high x 5 cm along its 
base. Photo by Robert Weldon. 
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Figure 9. These squarish, slightly fibrous light 

gray inclusions are calcite crystals. Microscopic 
flakes of black chalcocite sometimes form 

“black eyes” (bottom left) in blue pectolite. 
Photomicrograph by John I. Koivula; magnified 10x. 


in the crystal structure {in fact, pectolite forms an 
isostructural series with serandite, the manganese 
analogue of pectolite; see Deer et al., 1978}. 

The copper content, too low to be determined 
accurately with the electron microprobe, was ob- 
tained by means of wavelength-dispersive X-ray 
fluorescence (WDXRF] using a Rigaku spectrome- 
ter. Three measurements, in different areas of a 
single sample of good color, gave a remarkably 
homogeneous concentration of 46 to 47 ppm 
copper. 


TABLE 1. Chemical composition of light blue and 
dark blue pectolite from the Dominican Republic.4 


Oxide Light blue Dark blue 
MnO 0.06 nd> 
FeO nd nd 
SiO. 53.74 52.36 
Al,Os 0.07 0.04 
CaO 35.50 36.27 
MgO nd nd 
CuO 0.01 0.03 
TiO. nd nd 
CrzO3 nd nd 
Na,O 8.10 8.13 
P,O5 0.11 0.11 
KO 0,02 0.02 
Total 97.61 96.95 


aMVicroprobe analyses performed at the Center for Materials Research, 
Stanford University, by Dr. Julie Paque. The total composition does not 
equal 100% because water, a component of pectolite, cannot be 
measured with an electron microprobe. The range of water 
concentration measured in pectolite is 2.25% to 4.08% (Deer et al., 
1978). 

®4nd= not detected. 
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Figure 10. Rarely, minute euhedral monoclinic 
crystals of chalcocite are scattered in the blue 
pectolite. The presence of this copper sulphide 
strongly suggests that the color is related to 
traces of Cu. Photomicrograph by John I. Koi- 
vula; magnified 2x, 


Similar features were observed in the optical 
absorption spectra of all six blue pectolite slices 
examined using a Pye Unicam 8800 spec- 
trophotometer (figure 11). A strong absorption in 
the ultraviolet decreases toward the red end of the 
visible spectrum, except for a very broad, asym- 
metric absorption band centered at approximately 
630 to 650 nm in the red. This creates a transmis- 
sion “window” in the blue at around 480 nm, from 
which the blue color of the pectolite is derived. 

The spectrum of the rarer green variety (two 
specimens studied] is similar to that of the blue 
specimens (again, see figure 11}. However, the 
absorption centered in the ultraviolet expands 
about 80 nm further into the visible. A weak, very 
broad band centered at around 470-475 nm is 
present on its slope. Both features are apparently 
responsible for shifting the transmission window 
from 480 to approximately 510 nm, which ex- 
plains the green color of this material. More 
detailed chemical and spectroscopic data are nec- 
essary to interpret those relatively minor varia- 
tions. 

These pectolite spectra are reminiscent of those 
of turquoise, which might suggest that the two 
materials have the same coloring agent (Koivula 
and Misiorowski, 1986b}. However, turquoise con- 
tains copper as a major constituent, while it is 
present only as traces in pectolite. The occurrence 
of copper in silicate minerals is rather unusual, and 
there is little research available on this coloring 
mechanism (Gordon Brown, pers. comm., 1986). 
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We do know that the absorption coefficient of the 
main copper absorption in the red is 373 to 691 
mol-! cm~!, assuming a homogeneous copper 
concentration of 50 ppm. This contrasts sharply 
with values of 6 to 40 mol-! cm7! for coloration 
due to isolated Cu2+ ions (Lehmann, 1978; Ross- 
man 1988}. This, along with other technical argu- 
ments, suggests that the absorption might be due 
to processes involving multiple atoms, probably 
within small clusters of Cu2+ ions. Even for a 
small overall concentration, such processes may 
absorb light efficiently enough to produce the 
depth of color seen in fine blue pectolite. However, 
the details of the electronic transitions involved 
are not known at present. 


COLOR STABILITY 


To test for color stability, we cut a specimen of blue 
pectolite into two parts and exposed one to light at 
the end of a FiberLite for more than 50 hours. No 
noticeable difference in color was observed when 
this specimen was compared to the unexposed 
control. + ° 


Figure 11. The optical absorption spectra of 
blue and green pectolite show an increasing ab- 
sorption toward the ultraviolet and a broad, 
asymmetrical band centered at around 645 nm, 
which is attributed to trace amounts of copper. 
The position of the resulting transmission win- 
dow (480 nm for the blue and 510 nm for the 
green) accounts for the color. Artwork by Jan 
Newell. 
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Figure 12, The left part of this pectolite slice 
was Submitted to a jeweler’s torch for a few sec- 
onds, while the right section remained un- 
touched. The heated section shows a loss of 
color and transparency that is due in part to 
the development of‘small fractures which also 
reduce the toughness of the specimen. Photo by 
Robert Weldon. 


TREATMENT 

We do not know of any effort to commercially 
enhance blue pectolite. Rumors in the Dominican 
Republic about dyeing low-quality material witha 
copper sulphate could not be substantiated, and we 
have no direct evidence that such a treatment has 
been performed. 

We submitted a slab of blue pectolite to a dose of 
16 Mrads using Cs-137 gamma rays. Irradiated in 
this fashion, the specimen turned mostly violet, 
although small blue spots remained and the white 
areas (calcite} turned brown. The violet coloration 
is thought to be due to the formation of Mn3+ by 
irradiation of Mn2+, which is present in trace 
amounts in blue pectolite (again, see table 1}. For 
further discussion of Mn+ as a coloring agent, see 
Fritsch and Rossman (1988). 

When exposed to the flame of a jeweler’s torch, 
pectolite tends to get whiter as a result of the 
propagation of small cracks (see figure 12). Also, 
some transparency is lost in the process. However, 
no noticeable change in color or transparency was 
observed in a thin slab of blue pectolite that was 
heated in an oven to approximately 300°C for 10 
hours. 
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SEPARATION FROM 
OTHER MATERIALS 


Because of blue pectolite’s distinctive appearance, 
only a few materials are likely to be mistaken for 
it. “Victoria stone,” a devitrified man-made glass, 
shows a fibrous structure similar to that observed 
in high-quality pectolite. However, the fibrous 
aggregates in pectolite are much smaller and more 
irregular, and none of the colors in which “Victoria 
stone” is produced actually matches those of 
Dominican pectolite. Recently, GIA’s Technical 
Development Department noted the similarity of 
Larimar to “Imori stone,” a partially devitrified 
glass (manufactured in Japan) into which fibrous 
inclusions are induced to give it an overall fibrous 
appearance. However, the vividness and homoge- 
neity of “Imori stone’s” color, as well as the 
perfection of its fiber bundles, makes its separation 
from pectolite relatively easy. 

Although the best blue pectolite (figure 6) may 
resemble chrysocolla-stained chalcedony, fine pec- 
tolite has a higher RI. (1.59-1.63 versus 1.46—-1.57} 
and S.G. (2.87 versus 2.24 or lower). 


PRODUCTION AND DISTRIBUTION 
Since this deposit of blue pectolite was first 
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Figure 13, Blue pectolite is 
used in virtually any type 
of jewelry as well as in 
carvings. Photo by 

Jeff Lotz. 


discovered, production has been extremely erratic. 
No exact figures are available, although Ramon 
Ortiz estimates that 2,500 kg were removed in 
1975, and 300-500 kg per week in early 1987. 
Unfortunately, no records have been kept, so it is 
difficult to estimate the volume and quality of the 
material produced between 1975 and 1987. In 
1988, Ortiz reports, he had almost no production, 
and he believes that the cooperative also encoun- 
tered little material. In mid-December 1989, how- 
ever, four major veins of good-quality material 
were found in the western part of the deposit, 
which is being worked by the cooperative (C. 
Mark, pers. comm., 1989]. There are no firm 
estimates of future reserves, 

The material produced varies greatly in quality. 
Buying rough is considered a loteria {lottery} 
because the pectolite is difficult to grade without 
cutting. Ortiz estimates that about 20% is cut- 
table, but only 5% is truly gem quality. The 
presence of matrix and fractures further limits the 
usefulness of the material. 

A simple grading system has been developed by 
one entrepreneur to help communicate with his 
customers (again, see figure 6). It is based on the 
relative proportion of blue, white, and green (in 
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order of decreasing value) in a particular piece and 
the presence or absence of “red plume.” Although a 
large lapidary market has yet to develop because of 
the limited availability of raw material, several 
dealers were selling the material at the 1989 
Tucson Gem and Mineral Show. Larimar is also 
one of the few gemstones to be trademarked in the 
U.S., with the moniker “Gemstone of the Carib- 
bean.” 

Blue pectolite is used in many types of jewelry, 
from rings and necklaces to bola ties (figure 13). 
One style typical of pectolite jewelry manufac- 
tured in the Dominican Republic is a silver neck- 
lace combining Larimar cabochons with white 
boar's tusk ivory (“Amber ...,” 1978]. A market 
has also developed with “New Age” initiates, who 
appreciate blue pectolite in various nonstandard 
products, such as meditation wands and even as 
pebbles. 


CONCLUSION 


Although relatively little has been written on blue 
pectolite from the Dominican Republic, this new 
gem material has become a familiar item on the 
U.S. colored stone market. Production remains, 
however, unpredictable, and much of what we see 
on the market today was cut from material found 
some years ago. An organized effort is needed to 
understand the geology of the deposit and the 
distribution of the pectolite veins so that the 
commercial potential of this material can be 
better evaluated. 


REFERENCES 


Amber and Larimar (1978) The Great Escape, Vol. 2, No. 16, pp. 
6-9, 


Blue Pectolite 


Arem J. (1977] Color Encyclopedia of Gemstones, Ist ed. Van 
Nostrand Reinhold, New York. 

Deer WA., Howie R.A., Zussman J. (1978) Rock Forming 
Minerals. Vol. 2A: Single Chain Silicates, 2nd ed. Halsted 
Press and John Wiley & Sons, New York. 

Fritsch E., Misiorowski E.B. {1987} The history and gemology of 
Queen conch “pearls.” Gems & Gemology, Vol. 23, No. 4, 
pp. 209-221. 

Fritsch E.,, Rossman G.R. (1988} An update on color in gems. 
Part 3: Colors caused by band gaps and physical phenom- 
ena. Gems & Gemology, Vol. 24, No. 2, pp. 81-103. 

Koivula J.1., Misiorowski E.B. (1986a} Gem News: Pectolite. 
Gems & Geimology, Vol. 22, No. 2, p. 114. 

Koivula ].1., Misiorowski E.B. (1986b) Gem News: Pectolite. 
Gems # Gemology, Vol. 22, No. 3, pp. 187-188. 

Lehmann G. {1978) Farben von Mineralien und ihre Ursachen. 
Fortschritte der Mineralogie, Vol. 56, No. 2, pp. 172-252. 

Liddicoat R.T. Jr. [1976] Developments and highlights at GIA’s 
lab in Los Angeles. Gems & Gemology, Voj. 15, No. 5, p. 
138. 

Liddicoat R.T. Jr. (1987) Handbook of Gem Identification, 12th 
ed. Gemological Institute of America, Santa Monica, CA. 

Lizzadro J. (1987} The interesting story of a new blue gem 
material called Larimar. Lizzadro Museum, Summer—Fall, 
pp. 13-14. 

Roberts W.L., Rapp G.R., Weber J. (1974) Encyclopedia of 
Minerals. Van Nostrand Reinhold, New York. 

Rossman G.R. {1988} Optical spectroscopy. In KE C. Hawthorne, 
Ed., Reviews in Mineralogy, Vol. 18: Spectroscopic 
Methods in Mineralogy and Geology, Mineralogical Soci- 
ety of America, Washington, DC, pp. 207-254. 

Schmetzer K. (1984} Pektolith aus der Dominikanischen Re- 
publik. Zeitschrift der Deutschen Gemmologischen Ges- 
ellschaft, Vol. 33, No.1-2, pp. 63-64. 

Sinkankas J. (1964) Mineralogy. Van Nostrand Reinhold, New 
York. 

Vaughan T.W,, Cooke W, Condit D.D., Ross C.P, Woodring W.P, 
Calkins FC. (1921) A Geological Reconnaissance of the 
Dominican Republic. Official Publication of the Secre- 
taryship of State of Fomento and Communications, Wash- 
ington, DC, 

Webster R. (1983) Gems. Their sources, descriptions and 
identification, 4th ed. Revised by B. W. Anderson. Butter- 
worths, London, 

Woodruff R.E. (1986) Larimar, beautiful, blue and baffling. 
Lapidary Journal, Vol. 39, No. 10, pp. 26-32. 

Woodruff R.E. {1987} The new Caribbean gem. Aboard, Vol. 11, 
No. 2, pp. 6-7, 35, 58-59. 

Zoppis de Sena R. (1969) Atlas geolégico y mineralogico de la 
Republica Dominicana. [No publisher noted.] 


GEMS & GEMOLOGY Winter 1989-225 


NOLES 


~-AND- 


NEW LECHNIOUES 


REFLECTANCE INFRARED SPECTROSCOPY IN GEMOLOGY 


By FE Martin, H. Mérigoux, and P. Zecchini 


External reflectance infrared spectroscopy permits a 
very rapid and nondestructive determination of the 
species of a mineral. It is particularly useful with 
polished gems in that it requires no more than plac- 
ing the stone, loose or mounted, on a reflection de- 
vice in the infrared spectrometer and observing the 
recorded spectrum. Therefore, compared to the classi- 
cal methods of physical measurement such as refrac- 
tive index, specific gravity, and the like, reflectance 
spectroscopy provides a much faster means of estab- 
lishing the species of the gem and, in some cases, 
whether it is natural or synthetic. 


Gem identification requires broad knowledge 
built on a number of observations. Generally, the 
identity of a gem material can be easily deter- 
mined on the basis of physical and optical proper- 
ties such as specific gravity, refractive index, and 
visible-light absorption spectrum. In some cases, 
however, such as the separation of scapolite from 
quartz (figure 1), more sophisticated methods may 
be required. X-ray diffraction and microprobe an- 
alyses have been used for this purpose, but they 
require very special equipment and sample prepa- 
ration (which may be destructive}. 

External reflection infrared spectroscopy 
(commonly referred to as reflectance spectroscopy} 
provides an intermediate solution for these prob- 
lem cases. It has been used in mineralogy for many 
years to measure optical constants such as refrac- 
tive index (Simon, 1951) and to determine funda- 
mental vibrations of crystals (Simon, 1953). Ba- 
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sically, reflectance spectroscopy measures the vi- 
bration energy of the atoms inside the crystals. 
Inasmuch as these energies vary from one gem 
material to another, the reflectance spectrum 
serves as a “fingerprint” of the stone. This allows 
identification of the mineral species and, in some 
cases, determination as to whether the stone is 
natural or synthetic. 

The measurements for reflectance spectros- 
copy are much easier than for most other sophisti- 
cated techniques. Because a gem—whether 
mounted or loose—generally has at least one 
polished face, it need only be placed on the reflec- 
tance device in the spectrometer to obtain the 
spectrum. No elaborate sample preparation is 
required, and the method is completely non- 
destructive. Results can be obtained in a few 
minutes.* 

This article presents a general application of 
reflectance infrared spectroscopy to identify a cut 
stone, with sample spectra provided for more than 
60 natural gemstones, synthetics, and simulants 
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(some of which were first reported by Leung et al., 
1982; Ramirez et al., 1983, 1985; Zecchini, 1986; 
Zecchini et al., 1986, 1987}. 


INSTRUMENTATION AND 
EXPERIMENTAL PROCEDURES 


For this study, we used Perkin-Elmer instrumenta- 
tion: two conventional grating infrared spectrome- 
ters, PE 580 B and PE 983, connected to PE 3600 
data stations (which enabled us to record the 
spectra and provide graphic representation of the 
data) and the reflectance accessory illustrated in 
figure 2. This accessory is readily available from 
most infrared spectrometer accessory manufac- 
turers. 

For a given crystal, two types of infrared 
spectra can be recorded: a transmission spectrum 
{from which, if the sample is “transparent” to the 
infrared beam, an absorption spectrum can be 
derived) and a “mirror-like” (or specular} reflection 
spectrum correlated to the lattice vibrations of the 
crystal, According to observations made on the 
infrared spectra of gem crystals, the fundamental 
vibration energies of atoms in crystals are situated 
in the infrared domain, typically between 1500 
cm~! (6600 nm) and 100 cm~! (100,000 nm}, so 
reflection spectra can be observed only in this 
region. 

The transmission method would be very pow- 
erful if it were feasible to cut the stone; observa- 
tions through a thin (few microns thick) slab give, 
directly, very accurate results on real lattice vibra- 
tion absorption positions. Such exact positions, 
which are not necessary for our purpose, can be 
calculated from the reflection spectrum (Laroussi, 
1984). Although direct observation through a fac- 
eted stone is sometimes possible, the transmission 
spectrum from such thicker materials does not 
show the fundamental crystal lattice vibrations 
(i.e., there is almost total absorption in that range], 
but rather only reveals the typical impurities such 
as water, carbon dioxide, nitrogen, hydroxide, and 
the like. Moreover, the stone must be placed in 
front of the incident beam in such a way that light- 


*Time varies according to the spectrometer used and the 
observable surface of the sample. With a conventional grat- 
ing spectrometer and an observable surface larger than 
about 2 mm, it takes no longer than five minutes. If an 
FTIR spectrometer is used, even less time should be needed. 
For smaller samples, additional time is often required for 
placement of the sample on the reflection device in the right 
position to obtain sufficient intensity. 
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Figure 1, The separation of scapolite (right and 
bottom) and quartz (top and left), may be difficult to 
perform using standard gemological testing but is 
accomplished in a matter of minutes with reflectance 
infrared spectroscopy. Photo © Tino Hammid. 


scattering dispersion is minimized, which is very 
difficult with most dispersive infrared spectrome- 
ters. 

Reflectance is much easier to perform: Simply 
place a facet of the polished gem on the reflection 
device. Because the observed bands are very spe- 
cific to a given crystal, the identification is easily 
made by comparing the spectrum obtained with 
prerecorded spectra for various gem materials. 


TESTING AND RESULTS 


To determine the usefulness of this technique for 
gem identification, we obtained infrared spectra, 
using reflectance spectroscopy, on more than 60 
natural and synthetic gem materials. We studied at 
least five samples of each gem, and found that 
within the same mineral species, the variations 
between spectra for different varieties or from 
different localities are very small. 

The reflectance spectrum of a pyrope garnet is 
shown in figure 3 both ina conventional manner, a 
continuous line that rises and falls with the 
reflectance of the sample, and converted to a set of 
parallel bars with height and thickness correlated 
to the reflective power. This latter format facili- 
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Figure 2. This optical scheme shows how the 
sample interacts with the source of infrared 
light and the photometer through a series of 
mirrors (M1—M5) in the reflection accessory to 
produce the reflectance spectrum. 


tates presentation of the data and comparison from 
one gem material to another. The ability to present 
the results for many stones on a single piece of 
paper (figure 4] allows fora very rapid and effective 
identification of, for example, corundum from 
spinel, calcite from aragonite, cubic zirconia 
(djevalite) from strontium titanate (fabulite}), and 
grossular garnet from pyrope garnet. Only type Ila 
diamond, which is transparent to the infrared 
beam in the 100-1500 cm~! range, cannot be 
determined, although all of its common simulants 
can be readily characterized by this method. 


This technique is particularly useful for the 
separation of some synthetics from their natural 
counterparts. This is the case for alexandrite 
(figure 5} and for spinel (again, see figure 4}. The 
different sites occupied by the atoms in natural as 
compared to synthetic stones can be observed as a 
difference in the lattice vibration spectra. 

As part of our study, we also investigated the 
effects of polarization. That is, on crystals that 
have one or two optic axes, the incident beam is 
partially polarized and the spectrum observed 
depends on the orientation of the facet used and its 


100% 


REFLECTANCE 


Figure 3. The reflectance spectrum of 
a pyrope garnet as it normally ap- 
pears {upper part) and as converted 
(lower part) for this study. For the 
conversion, the recorded infrared 
spectrum (broken line) is expanded 
between 0 and 100% (continuous 
line). In this expanded spectrum, a 
point represents each 10 cm~!- The 
height of the bar at each point repre- 
sents variations in reflection inten- 
sity. That is, the bar is counted as 
nine units if the reflection intensity 
varies between 90% and 100%, as 
eight units if between 80% and 
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89%, and so on. The black regions 
show where the largest reflective 
power is located; to achieve this, 
one correlates the thickness of the 
__| bar to its height. 
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Figure 4. The authors recorded the reflectance spectra of at least five samples each of more than 60 
gems, synthetic gems, and simulants, and then converted their results to these simple bar graphs for 
easy comparison. The authors found no significant variability within a species for the materials they 


tested. 
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Figure 5. Natural and synthetic alex- 
andrite (here manufactured by Cre- 
ated Crystals) are easily separated 
by the reflectance method. Note, 
however, that because the bargraphs 
are simplified representations, the 
difference between the two spectra~ 
that is, an additional weak reflec- 
tion observed between 1050 and 
1100 cm~! in the man-made 
stone—is better seen with the con- 
ventional spectra. 


Figure 6. Although the position in 
which the sample is run does have 
some effect on the reflectance infra- 
red spectrum, all of the spectra are 
within the range for that gem mate- 
rial, thus allowing its identification. 
In the left-hand column, rotations 
(at 30° steps) about the axis normal 
to the table of this faceted beryl in- 
duce these spectra, all of which are 
characteristic of this gem species. In 
the right-hand column, rotations 
(again, at 30° steps} about the axis 
normal to the M (minor rhom- 
bohedron) and R (major rhom- 
bohedron) faces of a natural quartz 
show only small differences from 
one spectrum to another. For a Z 
cut—the observed plate was cut per- 
pendicular to the Z (or optic axis) of 
the crystal; the same spectrum is 
obtained for any rotation about this 
axis (isotropic direction). 
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position on the reflectance accessory. We found 
that while the spectra do differ slightly according 
to the position of the sample, overall they are still 


within the spectral range of that particular species 
(figure 6). 


CONCLUSION 


External reflection infrared spectroscopy provides 
a nondestructive method for identifying the min- 
eral species of most gem materials, whether loose 
or mounted in jewelry. Our results were obtained 
with faceted stones, but they may also be obtained 
with uncut crystals that have at least one polished 
face. In some cases, such as chrysoberyl (including 
alexandrite} and spinel, this technique can be used 
to determine the natural or synthetic origin of the 
stone as well. 
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MILDLY RADIOACTIVE RHINESTONES AND 
SYNTHETIC SPINEL-AND-GLASS TRIPLETS 


By Kurt Nassau and Edward A. Lewand 


Low levels of radioactivity were found in some green- 
ish yellow to yellow-green (peridot-like) synthetic 
spinel-and-glass triplets, mirror-backed glass rhine- 
stone chatons, and fully fashioned glass rhinestones. 
Uranium was detected in the radioactive stones. Al- 
though individual stones in jewelry carry virtually 
no risk, it is recommended that parcels of such 
stones not be carried on one’s person for prolonged 
periods. 


Knowing that a broad variety of gemstones are 
candidates for irradiation treatment, many gem 
dealers routinely check all stones with a Geiger 
counter for radioactivity. This can often lead to 
surprising results, as was the case a few months 
ago, when a parcel of stones that should not have 
registered on the Geiger counter did just that. The 
dealer brought the stones to the authors’ attention 
and, as a result, we have located three types of 
commercially available gem materials that show 
low, but not negligible, radioactivity. 

Comprising the first type are triplets that con- 
sist of two layers of colorless synthetic spinel fused 
together with a thin layer of colored glass. Webster 
and Anderson (1983, p. 463} refer to these as soudé 
sur spinelles. According to trade sources, such 
spinel triplets are currently manufactured in Eu- 
rope in a wide range of colors for use in birthstone 
jewelry, class rings, and the like. Only greenish 
yellow to yellow-green peridot-like material 
showed radioactivity, although not all material of 
this color did. Comprising the second type are 
peridot-colored rhinestones that consist of a crown 
with a flat, silvered (mirror) back. Known as 
chatons, these also are currently made in Europe 
and are usually sewn or glued onto clothing. Third, 
we found radioactivity in some fully faceted glass 
rhinestones, again of the same yellow-green color. 

The use of lead oxide in glass to give it high 
dispersion, so-called flint glass, is well known 
(Webster, 1983, p. 437), as is the use of uranium 
compounds to produce a yellow-to-green color 
(Nassau, 1983, Webster 1983, p. 441). In fact, 
Webster (1952) reported examining a yellow doub- 
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let that consisted of a crown of rock crystal with a 
glass base containing uranium; he also noted the 
strong yellow-green fluorescence and “discrete 
(banded or fluted}” fluorescence spectrum that is 
characteristic of uranium. Unfortunately, the 
piece was not tested for radioactivity, as this was 
not considered a significant issue at that time. 

To confirm the source and determine the levels 
of radioactivity in these three types of gem sim- 
ulants, we examined several samples of each for 
both key gemological and chemical properties and 
for radiation activity (figures 1 and 2). 


MATERIALS AND METHODS 


We obtained a wide variety of synthetic spinel-and- 
glass triplets and glass rhinestones from several 
Manhattan stone dealers, from a mail-order find- 
ing catalog, and from the authors’ collections. We 
ultimately focused on greenish yellow and yellow- 
green peridot-like material since our initial survey 
of dozens of stones of all available colors showed 
radioactivity only in these two hues. Some of the 
mirror-backed rhinestones tested also had an iri- 
descent interference coating on the crown. 

All 17 of the radioactive, as well as a selection of 
some of the nonradioactive, samples tested are 
described in table 1. Included as well are two pieces 
of rough: SC, a slab of triplet material of dimen- 
sions suitable for faceting small stones; and NAg, 
one of several pieces of unfaceted uranium glass 
obtained a few years ago at the Tucson Gem and 
Mineral Show. 

Conventional gemological testing was used to 
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determine the optical constants and fluorescence 
for all of the radioactive samples and some of the 
nonradioactive specimens as well. The color de- 
scriptions are also given in ISSC-NBS Centroid 
color numbers (Kelly and Judd, 1976), Qualitative 
chemical analysis for five representative speci- 
mens (in the case of the triplets, for the glass 
exposed at the girdle) was performed on an X-ray 
fluorescence unit using a chrome target and a 
solid-state energy-dispersive detector with a PGT 
System 4 analyzer. Note that under these condi- 
tions one cannot detect chromium, vanadium, or 
elements below aluminum in the periodic table. 
A Solar Electronics Radiation Alert Monitor 4 
Geiger counter (thin-window type} was used to 
screen the stones for radioactivity. With a stone 
placed against the probe area, we averaged several 
one-minute counts for each specimen; the small- 
est stones were measured three at a time. The 
results are given in table 1 as radiation levels in 
terms of multiples of background, which is 12 
counts per minute for this instrument in the test 
location used. We considered any reading lower 
than 1.5 times background to indicate absence of 
radioactivity by this test. More detailed radioac- 
tivity and elemental measurements were per- 
formed on three of the stones with a gamma-ray 
spectrometer, using a lithium-drifted germanium 
detector with a Canberra Series 80 multi-channel 
analyzer and two-hour counting periods. 


RESULTS AND DISCUSSION 

Gemological Data. All of the triplets in table 1 
showed a refractive index of 1.729 to 1.730, which 
is consistent with synthetic spinel; some stones 
also showed a weaker indication of 1.69, derived 
from the glass. These results, as well as the 
anomalous double refraction typical of synthetic 
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Figure 1. Some of the radio- 
active stones tested include, 
from left to right: back— 
LE; (a rhinestone), GR, and 
LE, (synthetic spinel-glass 
triplets); front—GO, and 
GR, (synthetic spinel-glass 
triplets), SW. (a chaton). 
Photo by Robert Weldon. 


Figure 2, Some of the nonradioactive stones 
tested include, from left to right: back—GO, 
and LE, (synthetic spinel—glass triplets), LE, (a 
rhinestone); front-SW, and NA, (chatons), 
NA, (a rhinestone). Photo by Robert Weldon. 


spinel, are consistent with those reported by Kane 
(1986) for synthetic spinel-and-glass triplets. The 
glass layers ranged from 0.3 to 0.5 mm thick, 
contained gas bubbles, and were reasonably well 
centered at the girdle. The rhinestones in table 1 
showed an RL. of 1.57 to 1.58, with strain visible in 
the polariscope, gas bubbles and flow lines, and 
conchoidal fractures; all of these results are con- 
sistent with lead-containing glass. 

All of the radioactive triplets showed medium to 
strong greenish yellow fluorescence to short-wave 
radiation and were inert to long wave. The non- 
radioactive glass chaton SW, hada similar fluores- 
cence reaction, but radioactive SW, fluoresced a 
greenish yellow that was very weak to short-wave 
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TABLE 1. Glasses and synthetic spinel-and-glass triplets surveyed for radioactivity. 


Sample Color Size Weight Radio- 
no. Colora no. (mm) Shape (ct) activity® 
Synthetic Spinel-and-Glass Triplets 
LE, Yellow-green 5 12x10 Oval 5.39 = 
GOs “Emerald” green 139 9x7 Oval 2,02 — 
Rl, Yellow-green TLE 8x6 Oval 1.53 = 
GR; Yellow-green 7 8x6 Emerald 1.67 _ 
LE Greenish yellow 98 12x10 Pear 4,93 fle) 
GR, Greenish yellow 101 9x7 Oval 2.01 1.5 
GR» Yellow-green 116 9x7 Oval 2.00 1.5 
GO, Yellow-green 115 10x8 Oval 2.70 2 
GO, Greenish yellow 97 10x8 Oval 2.90 2 
GO, Greenish yellow 101 9x7 Oval 2.05 2 
GO,? Yellow-green 116 3.5 Round 0,54 2 
$c ,4 Yellow-green 115 5x3 Pear 0.81 4 
SC, Yellow-green 120 24x3 Slab 21.32 15,4 
Glass, Faceted and Rough 
KES Yellow-green 115 11x6 Pear 1,52 = 
NA, Colorless B 263 9 Chaton 1.97 = 
NAs Green BC _ 7 Round 1.43 — 
NA, Blue BC = 7 Round 1.37 = 
SW, Greenish yellow B 104 9 Chaton 1.97 _ 
SW. Yellow-green B 117 9 Chaton 2.17 4 
LE, Greenish yellow 104 10x8 Oval 2.07 4.5 
LE. Greenish yellow 101 12x10 Oval 3.83 5 
NAs Greenish yellow 97 26 Rough 40.20 13 


4B indicates a mirror back; C, an iridescent surface coating. 


Color number from the ISSC-NBS Centroid Color Chart (Kelly and Judd, 1976). 

cActivity as number of times background; — indicates less than 1.5 times background; background was 12 counts 
per minute; the activity of 13 for NAs corresponds to a reading of 0.14 mRYIhr. 

dConsists of three Stones; weight and radioactivity level are the totals for all three. 


U.V. but strong to long wave. Moreover, the triplet 
fluorescence observed here differs from that re- 
ported on similar material by Kane (1986). Accor- 
dingly, fluorescence cannot be considered diagnos- 
tic for radioactivity. 


Elemental Composition. X-ray fluorescence con- 
firmed that the synthetic spinels did not contain 
any significant amounts of metallic elements 
other than the expected Mg and Al (again, note that 
Cr, V, and elements lighter than Al could not be 
detected). Partial analyses of the glass for represen- 
tative yellow-green and greenish yellow samples, 
both with and without radioactivity, are shown in 
table 2. All of the radioactive samples tested by 
elemental analyses or gamma-ray spectroscopy 
were found to contain uranium, which was clearly 
the coloring agent. 


Radioactivity. Table 1 shows a range of radioac- 
tivity up to five times background in the faceted 
material and up to 13 times background in a piece 
of rough uranium glass. Different counts were 
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TABLE 2. Elemental analyses (as determined by 
X-ray fluorescence) of the glass in some of the stones 
in table 1. 


Elements detected® 


High to 
medium Low 


Sample Radio- 
no. Color and type activity? 


LE, Greenish yellow triplet 1.5 Pb, Si, K, Zn U, Cu 


SW, Yellow-green glass 


chaton 4 Valor emer) U, Cu 
LE, Yellow-green triplet — Pb, Si, Ca, K Fe, Cu 
LE. Yellow-green glass 

rhinestone — Pb, Si, K, Bi Cu 
SW, Greenish yellow glass 

chaton — Pb, SiiK, Ti — 


aTimes background, as in lable 7, 
Elements not detectable under the analysis conditions used, but that 
could be present, include B, Li, Na, Cr, and V. 


observed on the two sides of the triplet slab, since 
there is less absorption of the gamma rays from the 
uranium in the glass on the thinner synthetic 
spinel side intended to be the crown of the triplet. 
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Gamma-ray spectroscopy of three samples 
showed that the observed radioactivity was de- 
rived from natural (nondepleted) uranium and its 
daughter products. The measured radioactivity in 
nanocuries per gram (nCi/gm) is given in table 3. 
Although acceptable limits for radioactivity estab- 
lished in the U.S.A. vary considerably depending 
on a number of factors, 0.4 nCi/gm (NRC) and 2 
nCi/gm (DOT) have been reported for certain gem 
applications by Ashbaugh (1988]. Some of the 
stones are clearly above the lower of these accept- 
ability limits. 


CONCLUSIONS 


Three types of greenish yellow to yellow-green 
(peridot-like) materials have been found to be 
radioactive: some synthetic spinel-glass triplets 
{in which the glass layer contains uranium as the 
colorant], some uranium-glass rhinestones in the 
form of silver-backed chatons, and some fully 
fashioned uranium-glass rhinestones. Although 
the radioactivity in some of these stones exceeds 


tle 


TABLE 3. Gamma-ray spectroscopy of three 
radioactive stones from table 1. 


Radio- 
Sample Radio- activity? 
no. Color and type activity? (nCi/gm) 
GR, Greenish yellow spinel triplet 125 0.44 
GR. Yellow-green spinel triplet 1.5 0.38 
SW. Yellow-green glass chaton 4 4.0 


aTimes background, as in table 7. 
As determined by gamma-ray spectroscooy; error + 20%. 


US. government limits, they probably present no 
hazard under normal wearing conditions. The 
dealer who carries a large parcel of such materials 
in a pocket for a prolonged period of time may, 
however, be at some risk. Since similar colors can 
be produced in glass without the use of uranium, it 
is difficult to understand why uranium-containing 
glass is still being used in jewelry today. 
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Gem Trade 


LAB NOTES 


AMBER, Plastic Imitation 


A large translucent-to-opaque or- 
ange, white, yellow, and brown piece 
of rough was submitted to the West 
Coast laboratory for identification. 
The piece measured approximately 
28.7 x 20.5 x 28.0 cm. Our client 
reported that it had been represented 
as amber when he purchased it in 
Tahiti; he was told that it had been 
found floating offshore there. 

The appearance of the piece was 
rather unusual. One side had a thin 
white coating over a brown area 
where a few broken sections revealed 
a third layer that was orangy brown. 
The other side (figure 1] had some of 
the white coating plus what appeared 
to be stamped impressions. In addi- 
tion to numerous gas bubbles, this 
side also had a broken portion that 
revealed a dark yellow interior. 

In general, the piece resembled slag 
material from a plastics factory. Be- 
cause of its size and the rough sur- 
face, we could not get either a spe- 
cific gravity (although the “heft” test 
indicated it was very low] ora refrac- 
tive index. However, a thermal reac- 
tion tester produced the slightly 
acrid odor that is typical of many 
plastics. An infrared spectral anal- 
ysis performed by the GIA Research 
Department confirmed that the ma- 
terial was indeed plastic. The IR 
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Figure 1. This 28.7 x 20.5 x 
28.0 cm plastic imitation am- 
ber shows numerous gas bub- 
bles and unnatural stamped 
depressions. 


spectral curve closely matched a 
standard curve for polyvinyl chlo- 
ride. RK 


DIAMOND 


With an Almandine-Pyrope 
Garnet Inclusion 


While grading a 1.25-ct diamond re- 
cently in the West Coast laboratory, 
we noticed the unusual appearance 
of a transparent crystal inclusion. As 
evident in figure 2, when the dia- 
mond is viewed face-up, the crystal 
appears to be half black and half 
orange. Because of the high refractive 
index of diamond, the color of inclu- 
ded crystals may sometimes be 
masked, either partially or entirely. 
In this case, when the diamond is 
tilted, one can see that the entire 
crystal is actually orange (figure 3}. 

This inclusion, approximately 
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0.55 mm at its longest point, appears 
to be a reddish orange almandine- 
pyrope garnet, similar to published 
descriptions (see, e.g., Photoatlas of 
Inclusions in Gemstones, by E. J. 
Giibelin and J. 1. Koivula) of compara- 


Figure 2, When the host dia- 
mond is viewed face up, this 
included crystal appears to be 
half black and half orange. 
Note also the dodecahedral 
face. Magnified 35x. 


Figure 3. When the diamond in 
figure 2 is tipped slightly, the 
true orange color of the entire 
included crystal becomes visi- 
ble. Magnified 27x. 
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Figure 4. The light yellow tips and near-color- 
less center give this 0.69-ct marquise-shaped di- 
amond the distinctive appearance of a true 
bicolor. 


ble stones, which would place the 
origin of this diamond in the eclogi- 
tic suite of kimberlites. Of course, 
since the inclusion does not break the 
surface of the diamond, it is imposs- 
ible to praqve the composition con- 
clusively without damaging the host. 

Typically, diamond imposes its 
own crystal structure on inclusions. 
Consequently, the faces visible on an 
included crystal are actually nega- 
tive diamond faces, not those charac- 
teristic of the included mineral. (The 
term xenohedral is used to describe a 
crystal inclusion bounded by faces of 
its host mineral.} In this case, how- 
ever, we cannot tell if the dodeca- 
hedral face visible in figure 2 belongs 
to the garnet or is imposed by the 
diamond’s structure, because both 
belong to the cubic system. 

The study of included crystals in 
diamond enables scientists to deter- 
mine what elements are present deep 
within the earth where the diamonds 
crystallized. If there are no breaks 
between the surface of the diamond 
and the inclusion, then scientists 
know that the inclusion has re- 
mained compositionally unchanged 
since its creation more than 150 km 
deep in the earth’s crust. 

Holly Baxter 


Bicolored 


The West Coast laboratory recently 
studied a most unusual 0,69-ct mar- 
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Figure 5. When exposed to long-wave UV. radi- 
ation, the light yellow tips fluoresce a very 
strong chalky yellow, while the near-colorless 


center fluoresces a very strong blue. 


quise-shape brilliant-cut diamond 
that was truly a bicolor (figure 4). The 
center portion was near colorless (ap- 
proximately an H on the GIA color- 
grading scale}, and both tips were 
light yellow {in approximately the T 
to U range on the same scale). 
When the diamond was exposed to 
long-wave U.V. radiation, we ob- 
served a distinctly zoned fluores- 
cence: the center portion a very 
strong blue, with both tips a very 
strong chalky yellow (figure 5]. The 
zoned fluorescence appeared to cor- 
respond directly to the near-colorless 
and light yellow portions seen in 
visible light. When the long-wave 
lamp was turned off, the entire dia- 
mond exhibited a very weak chalky 
yellow phosphorescence that lasted 
approximately 10 seconds. Inter- 
estingly, the phosphorescence did not 
appear to be zoned. The fluorescence 
to short-wave U.V. radiation was es- 
sentially the same as to long-wave, 
except that the intensity was moder- 
ate rather than very strong. Although 
the diamond did phosphoresce after 
exposure to short-wave U.V. radia- 
tion, the phosphorescence was ex- 
tremely weak and very short lived. 
The absorption spectrum of this 
stone was examined at room tem- 
perature using a spectroscope unit 
equipped with a Beck “hand-held” 
type of prism spectroscope. The 
near-colorless portion exhibited a 
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strong, sharp 415-nm line, but the 
rest of the “Cape series” lines at 423, 
435, 452, 465, and 478 nm were very 
weak. The light yellow tips of the 
marquise cut did not show any ab- 
sorption lines or bands. When the 
diamond was placed over the strong 
light source from the opening of the 
iris diaphragm on the spectroscope 
unit, the near-colorless center por- 
tion showed a strong blue transmis- 
sion luminescence. However, the 
light yellow areas did not show any 
transmission luminescence. 

When the diamond was examined 
under the microscope with diffused 
lighting, both in air and while im- 
mersed in methylene iodide, no line 
of demarcation was observed be- 
tween the light yellow and near- 
colorless areas. 

Although we occasionally see dia- 
monds that are strongly and irregu- 
larly zoned yellow and near colorless, 
this is the first one that possessed a 
symmetrical bicolor appearance to 
the unaided eye. RK 


With a Color-Change 
Garnet Inclusion 


The West Coast laboratory recently 
received a 0.58-ct diamond for qual- 
ity analysis. This diamond was found 
to contain a very unusual inclusion, 
a color-change garnet, which was 
red-purple in incandescent light (fig- 
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ure 6, left} and saturated green in 
fluorescent light (figure 6, right). 

The included crystal, approx- 
imately 0.25 x 0.30 mm, was par- 
tially exposed on the surface of the 
pavilion, Using X-ray fluorescence 
analysis, Dr. Emmanuel Fritsch of 
the GIA Research Department deter- 
mined that magnesium, aluminum, 
and silicon were present, with a trace 
of iron and chromium, but found no 
indication of any manganese. This 
suggests that the crystal is a color- 
change pyrope garnet. 

The diamond contained other 
wholly included crystals; one near 
the table showed a very faint change 
of color. One should always examine 
colored inclusions in diamond with 
both incandescent and fluorescent 
light to see if there is a color change. 

Soheila Jalali 


Radium Treated 


The East Coast laboratory recently 
encountered a green pear-shaped dia- 
mond {approximately 9.70 x 8.00 x 
3.70 mm} that was bezel set as an 
accent stone to a 6-ct fancy light 
yellow round diamond (figure 7). 
When examining green diamonds to 
determine origin of color, we rou- 
tinely use a Geiger counter to test for 
radioactivity. This stone turned out 
to be radioactive, probably as a result 
of having been treated with radium 
salts earlier in this century. 

Although encountered infre- 
quently today, artificial coloration of 
gemstones by treatment with ra- 
dium was first reported in 1909. In 
1916, Sir William Crookes, repor- 
tedly the first to experiment with 
laboratory irradiation of diamonds, 
presented a small blue-green octa- 
hedron to the British Museum that 
he had treated with radium salts in 
1914 {see Gems & Gemology, Sum- 
mer 1950, p. 317}. 

The pear-shaped diamond we ex- 
amined was medium dark green in 
color and showed no luminescence 
when exposed to either long- or 
short-wave U.V. radiation. Although 
the setting restricted our observa- 
tions with the hand spectroscope, we 
did see a pair of lines at 498 and 504 
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Figure 6. This inclusion in diamond appears red-purple in incandes- 
cent light (left) and green in fluorescent light (right). Magnified 25x. 


nm. Because the stone was dark and 
the heavy gold setting covered an 
unusually large portion of it, we 
could not see the tell-tale green 
“mossy” patches that result from 
radium treatment until we illumi- 
nated the diamond with a FiberLite. 
We then noted a few very subtle 
green stains on the pavilion (see p. 
164 of the Fall 1987 issue of Gems & 
Gemology for a photo of such stains}. 
Mr. John Haynes, who has treated 
diamonds with another type of radio- 
active salt, americium, reports that 
green diamonds treated by his 
method do not show these mossy 
patches (pers, comm., 1989), 

To rule out the possibility that the 
reading from the Geiger counter of 


Figure 7. The green pear- 
shaped diamond seen here as a 
side stone to the 6-ct fancy 
yellow diamond at the bottom 
was found to be radioactive. 


two millirems per hour was from the 
setting, we wrapped the green dia- 
mond with lead foil and again 
checked the entire ring with the 
radiation detector. The significant 
reduction in detectable radiation 
proved that the source of the original 
reading was the green diamond. 
Although this stone did not have as 
high a level of residual radiation as 
has been reported in other radium- 
treated diamonds, we would not ad- 
vise using it in jewelry. 
Tom Moses 


Treated Crystal 


In recent months, the laboratories on 
both coasts have received a greater- 
than-normal number of fancy color 
diamonds for examination. With this 
trend, we have also encountered 
more treated diamonds. Particularly 
rare is an irradiated rough diamond 
crystal submitted for examination to 
the East Coast laboratory. Although 
we have seen two such crystals in the 
past, this is the first we have had an 
opportunity to photograph and 
report. 

This 2.95-ct well-formed bluish 
green octahedron was low in clarity 
and lacked the natural green irradia- 
tion stains usually seen on the sur- 
face of natural-color green diamond 
crystals, More significantly, as is evi- 
dent in figure 8, the coloration was 
very superficial and was concen- 
trated along the crystal edges, This 
was most likely the result of electron 
or alpha-particle treatment. 

The diamond did not luminesce to 
either long- or short-wave ultraviolet 
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radiation. The absorption spectrum, 
observed with a GIA spectroscope 
unit, showed a line at 415.5 nm, a 
pair of lines at 498-504 nm, and a 
weak, but sharp, line at 594 nm, a 
spectrum that is commonly observed 
in treated diamonds. Tom Moses 


Figure 8. A magnified view 
(10x) of this treated diamond 
crystal shows that the color 
has very shallow penetration 
and is concentrated along the 
edges of the crystal. 


Impregnated JADEITE JADE 


Our West Coast laboratory learned 
that a new type of treatment was 
being used in the Orient to improve 
the appearance of some jadeite jade. 
Four sample beads, each measuring 
approximately 9 mm in diameter, 
were loaned to us for examination. 
As can be seen in figure 9, the center 
pair of beads looks quite different 
from the outer two. We were told that 
the center two slightly yellowish 
green beads are representative of the 
material after treatment, whereas 
the outer two darker brownish green 
beads represent the untreated mate- 
rial. 

With magnification we noticed 
that the “treated” material appeared 
to be more homogeneous in struc- 
ture; few of the tiny cracks that are 
usually present in jadeite jade were 
visible. The “untreated” beads 
showed numerous cracks that 
seemed to be filled with iron stains, 
thus giving the beads their brownish 
appearance. However, the area 
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Figure 9. Although all four of these 9-mm jadeite beads were im- 
pregnated with plastic, the treatment was more successful on the 
inner pair than on the outer two. 


within and around the drill holes of 
both types of beads showed a foreign 
colorless material. When touched 
lightly with the hot needle of the 
thermal reaction tester, the very soft 
material started to flow and give off 
an acrid odor. This indicated that 
both types of beads had actually been 
impregnated with a plastic. We con- 
cluded that the lighter colored beads 
had been treated more successfully, 


with the iron-stained cracks masked 
to improve the overall color appear- 
ance of the material. 

Using a Nicolet 60SX-FTIR spec- 
trometer, Dr. Emmanuel Fritsch was 
able to record the infrared spectrum 
of the treated beads (figure 10). The 
peaks in the area of approximately 
62.00 to 5500 wavenumbers are those 
of jadeite jade; all others can be 
attributed to a plastic. Bob Rosen- 


Figure 10. Only the peaks in the 6200-5500 wavenumber range of 
this infrared absorption spectrum of one of the beads in figure 9 
can be attributed to jadeite; all of the others represent a plastic. 
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thal, of Nicolet Instrument Corpo- 
ration, reported that the plastic is 
probably a mixture of different poly- 
acrylates, although a definite conclu- 
sion is not possible without destruc- 
tive testing. KH 


Assembled PEARL 


In most cases, identification of 
mounted pearls does not present a 
problem. The X-radiograph in figure 
11, taken at the East Coast labora- 
tory, shows a large (approximately 
18.75 x 17.30 mm) half-drilled 
slightly baroque pear-shaped pearl 
that was set in a yellow metal ring. 
Although this X-radiograph seemed 
to indicate natural origin, it was not 
conclusive. After several more X-ra- 
diographs were taken, all with unsat- 
isfactory results, we asked the client 
to remove the pearl so that we could 
examine it unmounted. 

We were surprised to find that the 
unmounted pearl actually was as- 
sembled (figure 12], a fact that had 
been carefully concealed in the gal- 
lery work of the setting. Neither sec- 
tion fluoresced to X-rays, and a sub- 
sequent X-radiograph proved that 
both sections were of saltwater natu- 
ral origin. The fact that both pearls 
had slightly flared outlines near the 


Figure 11. This X-radiograph of 
a large (18.75 x 17.30 mm) 
mounted pearl suggests, but 
does not conclusively prove, 
natural origin. 
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union suggests that they were 
worked from blister pearls. If it went 
undetected, such an assemblage 
would appear to be an important 
pearl because of its large size. Our 
report concluded: “Assembled pearl 
consisting of two sections of natural 
pearl or blister pearls cemented to- 
gether.” Tom Moses 


CULTURED PEARL, 
Treated Black 


The West Coast laboratory had the 
rare opportunity to see the interior of 
acultured pearl that had been treated 
to give ita black color. A jeweler from 
Texas discovered that a triple strand 
of cultured black pearls, which had 
been represented to him as being of 
natural color, were actually arti- 
ficially enhanced. He sent us a few 
loose brownish black pearls from the 
necklace together with one that he 
had cut in half for research purposes. 

Figure 13 shows one of the loose 
pearls, which measured approx- 
imately 9 mm in diameter, next to 
half of the cut pearl. The striated 
grayish bead nucleus and a brownish 
black nacreous layer approximately 
2-mm thick are readily visible. When 


Figure 12. When the pear! 
shown in figure 11 was un- 
mounted, it became readily 
apparent that it had been as- 
sembled, possibly from two 
blister pearls. 


Figure 13, When a companion 
to the 9-mm treated black cul- 
tured pearl at the left was 
sawed in half it revealed a rim 
of black nacre, evidence that 
the pearl had been dyed. 


exposed to long-wave U.V. radiation, 
neither of the pearls showed the 
brownish red fluorescence that is 
characteristic of natural-color Tahi- 
tian black cultured pearls; instead, 
both remained inert, proving that 
they had been artificially enhanced. 

The GIA Research Department 
has been studying the chemistry of 
the nacreous layers in black pearls by 
means of X-ray fluorescence. XRF 
analysis of these two pearls showed 
the presence of a high amount of 
silver in both, indicating that they 
had been dyed, probably with a silver 
nitrate solution. Comparative an- 
alyses have shown that natural-color 
black pearls do not show any traces 
of silver. KH 


Damaged “Burma” RUBY 


Recently the East Coast laboratory 
had the pleasure of identifying an 
attractive untreated ruby that was 
mounted in an older yellow and 
white metal lady’s ring set with old- 
mine-cut brilliants, single cuts, and 
Swiss cuts. The stone displayed the 
patches of short rutile needles and 
irregular “treacle” color zoning that 
are characteristic of Burma rubies. In 
addition, it luminesced strongly to 
both long- and short-wave U.V. radia- 
tion. The stone appeared to be in 
exceptionally fine condition. 
Several weeks later the stone and 
ring, which we recognized imme- 
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diately, were returned to us for a 
damage report. The ruby was now so 
badly fractured (figure 14} that it 
could not be repaired. 

We examined the fractures in 
question using an overhead light 
source and a high-magnification con- 
trast-interference microscope. The 
fractures lacked undercutting and 
polishing drag lines where they 
reached the surface, thus proving 
that they had occurred after the stone 
was last polished and, therefore, were 
not inherent. The nature and extent 
of the fractures indicated that the 
damage was probably the result of a 
rapid temperature change. 

While examining the mounting, 
we noticed new metal at the end of a 
pitted prong next to one of the dia- 
monds, a sign that it had been re- 
tipped. This was probably the cause 
of the damage. Why the ruby was 
subjected to the heat of retipping the 
prongs and not removed from the 
setting first isthe real mystery. 

ee DH 


Figure 14. The numerous frac- 
tures in this natural ruby (8.60 
x 6.20 x 3.80) probably re- 
sulted when the stone was 
heated during a retipping of 
the prongs. Magnified 10x. 


Large Purple SCAPOLITE 


Although scapolite occurs most fre- 
quently in colorless to yellow trans- 
parent crystals, it is also found in 
other colors; purple is one of the most 
popular. An unusually large (17.61 x 
16.36 x 15.20 mm} transparent pur- 
ple oval mixed-cut scapolite recently 
came to the attention of the East 
Coast laboratory (figure 15). This 
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Figure 16. This magnificent 15.18-ct dark violetish blue tourmaline 
is from the newly discovered Sdo José da Batalha mine, in Paraiba, 


Brazil, 


26.11-ct stone was reportedly from 
Burma. The largest cut scapolite, 
also from this locality, is believed to 
be the 288-ct colorless stone reported 
in the January 1978 issue of the 
Journal of Gemmology. However, 
fine-color purple scapolites in sizes 
over a few carats are not common. 
Scapolite also occurs in a fibrous 
and translucent form that may dis- 
play chatoyancy when cut en cab- 
ochon. A 52..92.-ct cat’s-eye scapolite 


Figure 15. This 26.11-ct purple 
scapolite is unusually large for 
such a color. 
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was reported by our West Coast labo- 
ratory in the Summer 1985 Gems & 
Gemology. Nicholas DelRe 


Blue TOURMALINE 
from Brazil 


In recent months, laboratories on 
both coasts have seen a number of 
tourmalines from the new locality in 
Paraiba, Brazil. The East Coast labo- 
ratory examined two tourmalines 
from this locality of a fine “sapphire” 
blue color, known in the trade as 
“indicolite,” the larger one weighing 
5.71 ct. The samples tested had the 
normal gemological properties for 
tourmaline. DH 


The West Coast laboratory re- 
ceived for identification an extraor- 
dinary 15.18-ct oval modified bril- 
liant cut, dark violetish blue tour- 
maline (figure 16) that was reported 
to be from this same locality. When 
viewed table up with standard “day- 
light equivalent” illumination, the 
stone somewhat resembles a fine tan- 
zanite. This color is unlike any previ- 
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ously reported for blue tourmalines 
(particularly in this size range). 

As mentioned in the Gem News 
section of the Fall 1989 issue of 
Gems # Gemology, faceted stones 
from this new Paraiba find (more 
precisely known as Sao José da 
Batalha] are usually less than 1 ct. To 
the best of our knowledge, this is the 
largest fine faceted violetish blue 
tourmaline reported from that lo- 
cality to date. 

Identification of the stone as tour- 
maline was confirmed by standard 
gemological testing. It was deter- 
mined to be uniaxial negative and to 
have refractive indices of 1.620 and 
1,640, with a corresponding birefrin- 
gence of 0.020; a specific gravity of 
3.07 was determined by the hydro- 
static method; very strong pleochro- 
ism was obvious to the unaided eye. 
With a calcite dichroscope, we ob- 
served strongly dichroic colors of 
dark blue-violet parallel to the c-axis 
and medium greenish blue perpen- 


dicular to the c-axis. 
The visible-light absorption spec- 


trum was examined with a GIA Gem 
Instruments spectroscope unit with 
a Beck prism spectroscope at room 
temperature. This unusually colored 
tourmaline had a very interesting 
absorption spectrum. Parallel to the 
c-axis there were only two major 
areas where light was transmitted: 
one in the violet, violet-blue, blue, 
and part of the blue-green; and the 
other in portions of the blue-green 
and green regions. Within the violet, 
violet-blue, and blue transmission 
areas we observed a moderately 
strong diffuse band centered near 453 
nm and a thinner diffuse band of 
moderate intensity at approximately 
461 nm. We also noted, in the green 
region, a strong sharp line slightly 
above 539 nm, with a vague emission 
(bright) line at around 538 nm. In 
addition to these areas, there was a 
broad strong absorption area block- 
ing out all of the red and most of the 
orange {approximately 605 to 700 
nm) as well as a general, moderate to 
weak, absorption from around 500 to 
540 nm and a somewhat narrower 
strong dark absorption in the violet 
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from approximately 400 to 428 nm. 

The spectrum observed perpen- 
dicular to the c-axis was very similar, 
except for the absence of the line 
slightly above 539 nm and the fact 
that the lines at 453 and 461 nm were 
weaker. As reported in the Gem 
News section of this issue, prelimi- 
nary work by the GIA Research De- 
partment indicates that the color of 
this stone is probably caused by the 
presence of Mn3+ together with 
Cu2+, European researchers have 
reached a similar conclusion based 
on like-color material from this lo- 
cality (E. Gttbelin, pers. comm., 
1989). 

To insure observation of even the 
weakest fluorescence, we exposed 
the stone to both long- and short- 
wave U.V. radiation in a darkened 
room, placing it within a few inches 
of the ultraviolet lamp. The tour- 
maline showed no visible fluores- 
cence to either source. 

We also checked the stone for color 
zoning by immersing it in sesame oil 
(R.L. of 1.47), which was chosen be- 
cause it is nontoxic. When the stone 
was viewed over diffused illumina- 
tion, the overall blue coloration as 
seen with the unaided eye was even. 
However, there was a very subtle 
zone, moderate in size, of faint purple 
arranged in a “Y”-shaped pattern ori- 
ented parallel to the c-axis that ap- 
peared to extend throughout most of 
the stone. The “Y” shape was remi- 
niscent of the growth features that 
run down the c-axis of some Bra- 
zilian “imperial” topaz. 

Examination of the stone with a 
microscope and darkfield illumina- 
tion revealed subtle, straight parallel 
growth features throughout most of 
the interior. In addition, a few small 
needles and minute white crystals 
were observed in random orienta- 
tion. RK 


Imitation 
CUBIC ZIRCONIA 


By definition, an imitation is fash- 
ioned to closely resemble a more 
valuable gem. Many diamond imita- 


Figure 17. These 5-mm “zir- 
conia” earrings were found to 


be foil-backed glass. 


tions, for example, are familiar to 
jewelers and consumers alike. At the 
East Coast laboratory, however, we 
were surprised to encounter glass 
imitations of cubic zirconia, which 
in itself is a relatively inexpensive 
material and certainly not a gem. 
The earrings shown in figure 17 
were offered as an incentive to attend 
areal estate sales presentation. These 
5.00-mm round brilliants were la- 
beled zirconia. A trained observer 
would immediately notice the 
molded appearance and the lack of 
the dispersion that is characteristic 
of true CZ. The pavilions of both 
stones were coated with a reflective 
substance (foil backed) to give them 
the appearance of having more bril- 
liance than the low refractive index 
{1.57} would provide. DH 


FIGURE CREDITS 


Figures 1, 4, 5, and 16 are the work of 
Shane McClure. Holly Baxter took figures 
2 and 3. The two views in figure 6 were 
taken by Robert E. Kane. David Hargett 
provided the pictures in figures 8, 14, 
and 17. Nicholas DelRe supplied figures 
7, 12, and 15. Robert Weldon is responsi- 
ble for figures 9 and 13. The infrared ab- 
sorption spectrum chart shown in figure 
10 was produced by Dr. Emmanuel 
Fritsch. The X-radiograph in figure 11 is 
the work of Tom Moses. John f. Koivula 
took the photomicrographs in the “Histori- 
cal Note” section. 
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A HISTORICAL NOTE 


Highlights from the Gem Trade Lab 25, 15, and five years ago 


WINTER 1964 


The New York laboratory reported on 
their examination of the famous 
43.48-ct Nassak diamond, which is 
of top color and flawless. Additional 
notes referred to Brazilian emeralds 
without chromium, pressed amber, 
odontolite, and some rare-earth syn- 
thetic crystals. 

A pink pearl that was sawed in half 
to make a pair of earrings was seen in 
the Los Angeles laboratory. Large 
knots in diamond, “pigeon’s eye” 
nephrite, and needles in quartz that 
were identified by X-ray diffraction 
as tourmaline were also discussed. 
The American Gem Society’s defini- 
tion of flawless was mentioned and 
illustrated with photos. 


’ 
Pome | 


WINTER 1974 


Synthetic opal, Slocum stone, and a 
number of other opal imitations were 
compared with natural opals in the 
report from the New York laboratory. 

The Los Angeles laboratory dis- 
cussed at length a new pulled syn- 
thetic alexandrite. Its transparency 
to short-wave ultraviolet light was 
compared with that of flux-grown 
synthetics and natural alexandrite. 
Photos showed that the pulled mate- 
rial was more transparent than its 
flux-grown counterpart, which in 
turn was more transparent than the 
natural stone. Different types of 
coral were mentioned, including 
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black from Hawaii and a calcareous 
type of a rare blue color that was from 
an unknown source. 


WINTER 1984 


A very small (0.02 ct} single-cut dia- 
mond was seen to have a unique 
diamond crystal inclusion. Because 
it was loose in a cavity that was open 
to the surface, the included crystal 
actually protruded above the table of 
the host diamond when the host was 


Circular black spots identify 
the natural structure of oolitic 
opal. Magnified 20x. 
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inverted. Other items of interest 
were a color-change spinel, natural 
pale color corundum beads with red 
dye that was visible in the drill holes, 
and illustrations to help separate oo- 
litic opal from sugar treated. To 
someone who is not familiar with the 
appearance of these two opal types, 
separation can be difficult. The com- 
parison photomicrographs are re- 
peated here to help clarify the differ- 
ence. 


In sugar-treated opal, shown 
here at 45x, the small black 
irregular concentrations of dye 
appear only in the interstices 
and cracks of the opal. 
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GEM NEWS 


John I. Koivula and Robert C. Kammerling, Editors 


DIAMONDS 
Filled diamond update. The Summer 1989 Gems # 
Gemology article on filled diamonds stated that “there is 
no practical way to remove all of the filling material” 
froma treated stone. Following publication of the article, 
Mr. Isaac Landerer, one of the principals of the New York 
firm that performs diamond filling, Dialase, advised us 
that the filling material could, in fact, be completely 
removed. To support his claim he offered to supply a 
treated stone that we could examine and document both 
before and after the filling material was removed. 

The stone subsequently provided was a 0.85-ct round 
brilliant. With magnification, a surface-reaching break 
in the stone exhibited a number of features characteris- 
tic of filled diamonds, including both orange and blue 
“flash effects” and gas bubbles trapped in the filling 
material (figure 1, left}. EDXRF chemical analysis re- 
vealed the presence of lead in the filling. The diamond 
was then returned to Mr. Landerer for removal of the 
filling substance, reportedly by a deep-boiling technique 
inan undisclosed medium. When he sent the stone back, 
magnification revealed no visual indications of treat- 
ment in the previously filled break (figure 1, right). 
Furthermore, EDXRF analysis did not detect any lead 
where it had previously been noted. It thus appears that 
the so-called “Yehuda” filling treatment can be reversed, 
although we do not know the specific conditions of the 
removal process. 


Diamond exploration in Pilbara, Australia. Perilya 
Mines and Canada-based Noranda, Inc., have arranged a 
joint venture to invest US$570,000 for diamond explora- 
tion in the Pilbara area of Western Australia. The 
exploration is in its infancy, but researchers believe the 
earlier discovery of a 0.3-mm gem-quality diamond on 
the Nullagine project could lead to a major diamond 
source. {Diamond Intelligence Briefs, Vol. 5, No. 91-92) 


Increased diamond output in Botswana. The Botswana 
Diamond Valuing Company plans to raise its diamond 
output by 12%, to 17 million carats, in 1990. To achieve 
this goal, the company will add 60 new diamond sorters 
to its existing work force of 280 sorters in Gabarone. 
Additionally, Debswana, the mining company co-owned 
by De Beers and Botswana, is funding construction of a 
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new recrush plant in Jwaneng; the $105 million plant is 
scheduled to begin operation in April 1990. 

Botswana’s output, in terms of value, is second only to 
that of the Soviet Union; Debswana accounts for approx- 
imately 55% of De Beers’s total diamond output and 
about half of its profit. Despite these figures, diamonds 
are becoming increasingly difficult to recover from 
Botswana’s three mines, and several companies — includ- 
ing De Beers—are exploring for new deposits. None of 
the many deposits discovered to date is considered 
commercially viable. (Diamond Intelligence Briefs, Vol. 
5, No. 88} 


Ghana may privatize mines. Sofremines, a French-based 
firm, is preparing a study on the rehabilitation and 
possible privatization of the Birim diamond field in 
southern Ghana. Production in Birim has dropped from 
2.6 million carats in 1966 to 200,000 carats in 1988, as a 
result of unstable funding and outdated equipment. The 
new study reportedly emphasizes acquiring mobile 
equipment, which could be used in each sector for three 
to four years. Total reserves in the Birim field are 
estimated to be between 26 and 29 million carats. 
(Diamond International, October 1989} 


Diamond cutting expands in Mauritius. The tiny Indian 
Ocean island of Mauritius, known for its stable social, 
political, and economic environment, is attracting grow- 
ing interest from diamond manufacturers. Located 2,500 
km from South Africa’s coast, the island is home to three 
operating diamond plants, and a fourth is under con- 
struction. Currently, the island’s diamond industry em- 
ploys 1,550 workers, 

The existing firms in Mauritius—L.S.P Ltd., Bels- 
diam, and Universal Diamonds ~all have their roots in 
Antwerp. The new plant is owned by India-based Pattel 
Ltd. In 1988, Mauritius accounted for just under US$7 
million in rough diamond imports from Belgium, a 
130% increase over 1987. (Diamond International, Oc- 
tober 1989} 


Diamond exploration on the west coast of South Africa. 
John Gurney, chairman of the South Africa—based explo- 
ration company Benguela Concessions, says there is 
evidence that approximately 20 million carats of poten- 
tially gem-quality diamonds have accumulated off the 
west coast of South Africa. The diamonds have eroded 
from river deposits and been carried into the shallow 
waters of the Atlantic Ocean. 

A 1970 survey estimated that there were about 3 
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Figure 1. The “orange flash” effect (left) noted in a filled break is no longer apparent after removal of 
the filling material (right) from the diamond. Photomicrographs by John I. Koivula; magnified 15x. 


billion carats of diamonds off the west coast of South 
Africa. Benguela Concessions has options on two con- 
cession areas off the coast. A small-scale diamond 
recovery operation near these two areas has extracted 
44,000 ct from the ocean over the past 11 years. (Dia- 
mond Intelligence Briefs, Vol. 5, No. 91-92} 


COLORED STONES Es 
Burmese contract for new mining technology. Gold 
mines in Myanmar {Burma} have contracted with Min, 
Yugoslavia’s Nis-based mining and metallurgical equip- 
ment company, to provide new mining equipment and 
technology needed to increase Burmese gold production. 
Experts speculate that this move by the Burmese could 
preface an opening of their gem resources. (Mining 
Journal, Sept. 15, 1989). 


“Adularescent” chalcedony. Shane McClure of the GIA 
Gem Trade Laboratory in Santa Monica recently en- 
countered some unusual chalcedony (figure 2}. The 
material, marketed as “Mojave Blue” by its discoverers 
Bill Nicks and Mike Pirtle of Bakersfield, California, is 
recovered from a desert location near the town of 
Mojave, north of Los Angeles in the Mojave Desert. 

The material has an appearance unlike anything we 
have previously seen in chalcedony. It ranges from 
semitransparent to translucent with a very light to 
medium grayish violet-blue body color. All the speci- 
mens we examined had a weak to distinct botryoidal 
structure. What is unusual about the material is a weak 
to quite distinct “adularescent” effect that in some 
instances mirrors the underlying spheroid structure. 
The effect was notably stronger than the sometimes 
hazy sheen seen in so-called chalcedony “moonstone.” 
Microscopic examination revealed extremely fine, fi- 
brous inclusions which might produce a scattering of 
light that could account for the apparent body color and 
phenomenon. 


Star chrysoberyl from Sri Lanka. Chrysoberyl is known 


to occur in two popular phenomenal varieties, cat’s-eyes 
and color-change alexandrites. Jay Rosenthal of Coral 
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Springs, Florida, allowed us to examine a most unusual 
star chrysoberyl (figure 3), The 1.54-ct stone, a translu- 
cent greenish yellow oval cabochon, exhibited a strong, 
four-rayed star centered on the dome. Magnification 
revealed that the asterism was due to the presence of 
densely packed, minute fibrous inclusions of unknown 
composition. 


Update on hackmanite. The Summer 1989 Gem News 
column reported on a faceted hackmanite and illus- 
trated the color alteration induced by exposure to long- 
wave ultraviolet radiation. Mrs. Willow Wight, editor of 


Figure 2. This unusual “adularescent” 
chalcedony is from the Mojave Desert in Cali- 
fornia, Photo by Shane McClure. 


Figure 3. This unusual 1,54-ct cabochon is a 
rare example of star chrysoberyl. Courtesy of 
]. Rosenthal; photo by Robert Weldon. 


The Canadian Gemmologist, provided us with the 
following information regarding this stone and its dis- 
covery. 

First, she reported that the weight of the stone is 
actually 3.23 ct. The rough was recovered by Gilles 


Figure 5. Carved basalt as a gem material is be- 
ing used in a variety of fashion items. Jewelry 
designed by Valerie San Giacomo and Michael 
Tope, Class Project Inc.; photo © Sky Hall. 


Figure 4. This carved psilomelane exhibits char- 
acteristic banding. Photo and carving by Bart 
Curren. 


Haineault from a pocket in the back wall of the Poud- 
rette Quarry at Mont Saint-Hilaire, Quebec, about 20 
mi. (32 km} south of Montreal, in the late summer of 
1988. Apparently, it is not unusual to find opaque, 
whitish hackmanite at this locality, with the material 
appearing “magenta” when first uncovered but fading on 
exposure to sunlight. The stone illustrated in the Gem 
News column was faceted from one of two large, 
transparent broken crystals found. These crystals cut 
approximately 40 stones in all, the largest weighing 
15.33 ct. The same pocket that yielded the hackmanite 
also produced pectolite and villiaumite specimens. 
Among the other unusual minerals collected from the 
Mont Saint-Hilaire locality are catapleiite, serandite, 
and light blue willemite. 


Psilomelane and basalt: novel black carving materials. 
Recently a number of black gem materials such as 
hematite and dyed chalcedony have seen a resurgence in 
popularity in the form of carved stones in geometric and 
free-form shapes. In response to this demand for black 
gems, Bart Curren of Glyptic Illusions, Topanga, Califor- 
nia, began carving some materials not generally thought 
of as having gem application. One of these, psilomelane, 
is an oxide primarily of manganese with lesser amounts 
of barium and sometimes sodium and potassium to- 
gether with some water. It is usually found in botryoidal 
or stalagmitic form and has a Mohs hardness in the range 
of 5'/2-6'/2, Because of its mode of formation it often 
exhibits attractive banding, as can be seen in figure 4. 

Even more unusual as jewelry items were carvings 
made from basalt, a fine-grained igneous rock (figure 5). 
Examination of a thin section of the carving material 
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revealed the presence of some glass, in addition to 
plagioclase feldspar, augite, and olivine. This is the first 
time to our knowledge that basalt has been carved for 
use as an ornamental gem material. 


Quench-crackled, dyed-green quartz. From time to time 
throughout history, rock crystal quartz has been quench 
crackled and dyed to imitate such gems as ruby and 
emerald. Timothy D. Schuler of Schuler Gemological 
Services, Palm Harbor, Florida, recently informed us that 
quartz that had been quench crackled and dyed green 
was being marketed in his area, mounted in 14K yellow 
gold ear studs, as “green amethyst.” According to Mr. 
Schuler, customers were not being told that the material 
had been treated. 


Huge, doubly terminated sapphire crystal. Mr. E. Gam- 
ini Zoysa, of the State Gem Corporation in Sri Lanka, 
reports the recent discovery of an extremely large, 
doubly terminated sapphire crystal (figure 6]. Found in 
Rakwana, the crystal weighs approximately 40.3 kg and 
measures 25 x 50cm (10 x 20 in.}. According to Mr. 
Zoysa, the crystal contains some good “gemmy” blue 
areas, as well as some areas that appear milky and may 
respond favorably to heat treatment. 


Sapphires found in Burundi. Geologist and gem miner 
Campbell Bridges reports the discovery of a very large 
new deposit of sapphire in Burundi, near the border with 
Rwanda. Thé deposit is said to be of volcanic origin. The 
material recovered thus far includes stones of good color 
as well as some described as “geuda-type” which Mr. 
Bridges feels will probably heat treat favorably. 


Mining ventures are reactivated in Southeast Asia. After 
years of war and economic hardship, Vietnam is gradu- 
ally implementing new policies to check inflation and 
encourage international investments, The government’s 
move to pull out of Cambodia and demobilize hundreds 
of thousands of troops is expected to bring the country 
global recognition, most importantly from the United 
States. Asa result, mining operations are beginning to re- 
open, particularly in the areas of metals and petroleum. 
Currently, small-scale operators are producing an esti- 
mated 1,000 kg per year of gold. Similarly, minor 
operators are reportedly finding considerable quantities 
of “world class” rubies and sapphires in Ha Tuyen 
province, The Vietnamese government will work with 
Thai interests in a joint venture to market these gems. 

Experts say that the joint venture with the Thais is one 
example of the Vietnamese government's willingness to 
open up to foreign investments and modernize their 
industrial sector. Furthermore, their receptiveness to 
joint ventures could lead to greater mining development 
in this country. 

Elsewhere in the region, Laos and Cambodia have 
asked the Thai Gems & Jewellery Traders’ Association to 
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SN. ’ 4 
Figure 6. This 40.3-kg doubly terminated cor- 
undum crystal from Sri Lanka dwarfs the 
pocket calculator used as a size reference. 
Photo courtesy of E. Gamini Zoysa. 


consider investing ip gem-mining operations in their 
countries. Already, Laotian companies have established 
joint ventures with the Thais, including one operation 
that is producing sapphires. Several other joint opera- 
tions are expected to begin, and at least four of those 
include Australian interests. (Mining Journal, Septem- 
ber 15, 1989; Mining Magazine, September 1989, four- 
nal of Gem Industry, June 1989} 


Large faceted Pamir spinel. A number of reports have 
appeared in the literature recently about pink spinels 
coming from the Pamir Mountains in the Soviet Central 
Asian republic of Tadzhikistan (see Gem Trade Lab 
Notes, Spring 1989, pp. 39-40, and Zeitschrift der 
Deutschen Gemmologischen Gesellschaft, August 
1989, pp. 85-88}. Recently a 146.43-ct intense reddish 
pink brilliant was cut from a deformed crystal by Justina 
Wright of Fallbrook, California. Mrs. Wright acquired 
the crystal from Marius Van Dyk. The rough also yielded 
a 30.03-ct free-form. 


Sri Lanka update. Gordon Bleck recently returned from 
Sri Lanka with news of conditions that may adversely 
affect the supply of gems from that country. He reports 
that from January to mid-April of 1989 there was severe 
drought and, in most mining areas, inadequate water to 
wash the gem gravels. Then, in June, the nation experi- 
enced the worst flooding in 15 years, which stopped 
mining in the central southern district for approx- 
imately one month. A significant increase in terrorist 
activity in June also led to decreased mining in outlying 
areas because miners were afraid to venture to the more 
remote mines. 
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Figure 7. This 3.55-ct zircon from Sri Lanka 
lacks the secondary brownish component often 
seen in green stones of this species. Courtesy of 
G. Bleck; photo by Robert Weldon. 


Mr. Bleck also confirmed that approximately two 
years ago emeralds were discovered at Hambantota, on 
the southeastern coast of Sri Lanka, in a former rice 
paddy. The emeralds are found under a layer of sandy soil 
about 2 ft. (72 cm} below the surface, not far from the sea. 
Reportedly about 2 kg of material has been recovered to 
date, but most of this is not gem quality. The largest 
stone faceted thus far weighs approximately 0.5 ct. The 
color of the one crystal we examined was very saturated. 

In addition, Mr. Bleck reports examining a number of 
unusual stones during his last trip, including a 3+-ct 
light brown faceted monazite. The stone reportedly 
came from the Trincomalee area in the northern part of 
the island. He also showed us a 40.91-ct piece of gem 
rough that could not be identified by gemologists who 
examined it in Sri Lanka. The stone, which was recov- 
ered from a pit mine near Eheliyagoda, exhibited dark 
blue and near-colorless areas. EDXRF spectroscopy, per- 
formed by GIA’s Dr. Emmanuel Fritsch, identified the 
stone as Cassiterite. However, we found no reference to 
either Sri Lanka as a source of cassiterite or its occur- 
rence in blue in the current editions of Webster’s Gems 
and Liddicoat’s Handbook of Gem Identification. 

A new find of attractive green zircons was also 
reportedly made this past year, although the exact 
locality has not been disclosed. The more than 20 stones 
we examined were primarily medium dark in tone and of 
fairly high saturation, lacking the secondary brownish 
component generally seen in green zircons (figure 7). 
They were also highly radioactive, registering about 60 
times the level of background radiation. 

Another stone examined was an 8.77-ct triangular 
brilliant-cut hessonite garnet which had an excep- 
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Figure 8. The color in this 8.77-ct hessonite is 
unusually saturated. Courtesy of G. Bleck; 
photo by Robert Weldon. 


tionally saturated orange color as well as a strong eye- 
visible “heat-wave” effect (figure 8}, which is typical of 
hessonite garnets from this classic source. 


Paraiba tourmaline update. In the Fall 1989 Gem News 
column, we described some unusual tourmalines from 
Paraiba, Brazil. These were notable for their color, 
ranging from bluish green to violetish blue. Since that 
time, we have seen additional material from this locality 
that is light to medium in tone and yellowish green or 
violet in hue, 

Recently, Dr. Emmanuel Fritsch, Meredith Mercer, 
and Mike Moon of the GIA Research Department had an 
opportunity to analyze a range of Paraiba tourmalines 
using EDXRF and UV-visible absorption spectroscopy. 
They found that the tourmalines contain manganese 
and copper as possible coloring agents, along with traces 
of iron. The absorption spectra in the visible range of 
green to blue tourmalines from Paraiba are charac- 
terized by a broad band with an apparent absorption 
maximum at about 700 nm. This band could be related 
to either Fe2 + or Cu2 +; oriented quantitative absorption 
measurements are necessary to ascertain its exact ori- 
gin. Less intense features attributed to Mn3+ (the main 
coloring agent of rubellite) have been recognized in some 
of the samples as well. The Paraiba tourmalines are 
therefore unique for their unusually high copper content 
and their possible coloration by Cu2+, which has not 
previously been encountered as a coloring agent in 
tourmalines. 
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Figure 9, Aethin dark blue color zone on the base of this multi-colored tourmaline cabochon causes it 
to appear quite different in reflected (left) and transmitted (right) light. Stone courtesy of Crystal 


Kingdom, Venice, CA; photos by Robert Weldon. 


Unusual multi-colored tourmaline. GIA librarian Ro- 
bert Weldon recently brought an unusual tourmaline 
cabochon to our attention. The 48.72-ct bullet-shaped 
stone reportedly came from somewhere in the vicinity of 
the Turkish-Iranian border in western Asia. The tour- 
maline showed a striking difference in appearance when 
illuminated with reflected versus transmitted light 
(figure 9}. In reflected light, it exhibited a small area of 
pink at the tip, below which most of the stone appeared 
slightly bluish green, with a very thin layer at the base 
that was almost black. When intense transmitted light 
was directed through the base, however, the majority of 
the stone took on a pleasing deep blue color, with some of 
the pink still visible in the tip. In transmitted light, the 
very dark blue color of the thin basal layer projected into 
the remainder of the stone. 


SYNTHETICS AND SIMULANTS ii 
Synthetic corundum “crystals.” Dr. Henry Hanni and 
Mr. George Bosshart, of the Swiss Foundation for the 
Research of Gemstones, recently issued an ICA Labora- 
tory Alert on two samples of synthetic corundum that 
were sold as waterworn rough (figure 10]. The larger of 
the two weighed 56.04 ct, measured approximately 
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Figure 10. These two apparently waterworn cor- 
undum crystals, 56.04 and 21,80 ct, are actu- 
ally flame-fusion synthetic sapphires. Photo 
courtesy of the Swiss Foundation for the Re- 
search of Gemstones (SSEF). 
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Figure 11. Reportedly manufactured in the So- 
viet Union, this 17.19-ct synthetic spinel crys- 
tal was flux grown. Photo by Robert Weldon. 


53.50 x 12.47 x 7.82 mm, and hada slight color change, 
appearing purple in daylight and purplish red in incan- 
descent light. Its most interesting feature was its mor- 
phology. It was described in the alert as having “a slender 
barrel shape and irregularly spaced steps on the finely 
frosted surface,” resembling a natural, waterworn bi- 
pyramidal] purple sapphire crystal. Inclusions could not 
be detected, even under immersion; its identification as 
a synthetic sapphire was based on a combination of the 
optic axis direction (approximately 30° off the long axis}, 
size, color, and trace-element content. 

The smaller “crystal” weighed 21.80 ct, measured 
approximately 24.64 x 11.98 x 7.74 mm, and was 
medium blue in color. It had the appearance of “a 


Figure 13. These fantasy cuts were fashioned 
from a new man-made material with a garnet- 
like structure called “Oolongolite.” Photo cour- 
tesy of Dominique Robert. 
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Figure 12. These dark reddish brown inclusions 
were the only gemological evidence of the flux 
growth of the synthetic spinel crystal shown in 
Figure 11. Photomicrograph by John I. Koivula; 
magnified 35x. 


broken and waterworn [blue sapphire] pebble, showing 
one residual pseudo-crystal face with an irregular step- 
like relief.” Concentric color banding, trace-element 
analysis, and fluorescence to short-wave U.V. radiation 
supported the identification of a flame-fusion synthetic 
sapphire. 

Neither the steps on the larger “crystal” nor the step- 
like elevations and depressions on the smaller one were 
parallel, and both appeared to have been produced by a 
grinding wheel, the translucent, frosted surfaces dis- 
played by both specimens were believed to be the result 
of tumbling or sanding. These two synthetic sapphires, 
fashioned to imitate natural crystals, had been pur- 
chased recently in Sri Lanka. 


Flux synthetic spinel. The Gem News editors recently 
examined a 17.19-ct synthetic red spinel octahedron 
(figure 11) that was brought to our attention by gemolo- 
gist Bill Vance, who obtained it from a Soviet citizen. 
Although sold to Mr. Vance as a hydrothermal product, 
gemological investigation combined with infrared spec- 
trometry and EDXRF analysis proved it to be a flux- 
grown synthetic. All of the basic gemological properties 
were virtually identical to those of similarly colored 
natural spinel, with the exception of flux-like inclusions 
in one area of the crystal (figure 12}, A stone cut from 
unincluded areas of such a crystal would not be identi- 
fiable by standard gemological tests. 

A 13.14-ct synthetic red spinel crystal with very 
similar properties was recently described by Professor 
Hermann Bank and Dr. Ulrich Henn of the German 
Foundation for Gemstone Research, ldar-Oberstein, in 
ICA Lab Alert No. 26, “Flux-Grown Synthetic Red 
Spinel from USSR.” 


New man-made crystal. GIAs Dr. Emmanuel Fritsch 
reports that an apparently new man-made crystal witha 
garnet-like structure is now commercially available. 
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The material is produced and marketed by Dominique 
Robert of Lausanne, Switzerland, in a variety of cuts 


including “fantasy”-type carved gems (figure 13}, under 
the trade name “Oolongolite.” It comes in colorless, dark 


blue, medium blue, medium green, dark bluish green, 
and “lilac” hues. Gemological properties reported by the 


manufacturer are as follows: R.I. of 1.93 to 2.00, singly 
refractive, S.G. of 6.7 to 7.0, and Mohs hardness of 7!/2-8. 


Acknowledgments: The editors would like to thank Jennifer 
Rowland for her help in preparing this column. 


ANNOUNCEMENTS 


The Art of Van Cleef & Arpels 
makes its debut at the Los Angeles 
County Museum of Art on April 7, 
1990. The exhibition features the 
historical creations of the famed 
jewelry company and will highlight 
brooches, bracelets, necklaces, ear- 
rings, vanity and powder boxes, 
watches, evening bags, and special 
commissions dating from the 1920s 
through the 1950s. After the ex- 
hibit leaves Los Angeles on June 
17, the display travels to the Na- 
tional Museum of Natural History, 
Smithsonian Institution (July 
12-October 30], and the Honolulu 
Academy of the Arts (January 
16—February 24, 1991}. 


John Sinkankas’s book Gem Cut- 
ting, originally published by D. Van 
Nostrand Co. in 1955 and 

now in its third edition, was cho- 
sen by the Mir Publishing House of 
Moscow for translation into Rus- 
sian, under the title Handbook for 
Working Precious and Ornamental 
Stones. Mir published 70,000 
copies in 1989. Gem Cutting is the 
first lapidary book to be translated 
into Russian and reflects the desire 
of the Soviet government to en- 
courage local artisans to take ad- 
vantage of the many gem deposits 
that occur throughout the Soviet 
Union. 


The Aurora Gem Collection, one of 
the largest collections of “fancy” 

colored diamonds ever to be shown 
in public, is again on display at the 
American Museum of Natural His- 
tory in New York City. The collec- 
tion now consists of 244 diamonds 
with a combined weight of approx- 
imately 221 ct. Many different col- 
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ors are represented, as are a variety 
of cuts and localities. 


The 8th Hong Kong Jewelry & 
Watch Fair will be held at the Hong 
Kong Convention & Exhibition 
Centre September 17-20, 1990. At 
the 1989 fair, more than 1,500 
companies from 30 countries were 
represented, and more than 25,000 
buyers from 60 countries attended. 
The Hong Kong Fair will also give 
out eight awards to showcase the 
latest jewelry designs based on 
beauty, originality, wearability, 
adaptation to fashion trends, and 
craftsmanship. For more informa- 
tion on the fair or how to enter the 
competition, contact Headway 


Trade Fairs, Ltd., 9/F Sing-Ho Fi- 
nance Building, 168 Gloucester 
Road, Hong Kong. Telephone: 
5-8335121, fax: 5-8345164. 


Jewelex ‘90, the second Korea Inter- 
national Jewelry & Watch Fair, will 
be held September 20-24, 1990, at 
the Korea Exhibition Center in 
Seoul. The fair features the newest 
designs in jewelry and the latest 
models of clocks, watches, manu- 
facturing equipment and accesso- 
‘ies. For more information, contact 
the Korea Exhibition Center, 159, 
Samsung-dong, Kangnam-ku, Seoul, 
135-731 Korea. Telephone: (02) 
551-5213; fax: (02) 555-7414 or 
551-1313. 


The ruby petals in this peony clip, created by Van Cleef w Arpels 
in 1936, illustrate the “invisible setting” for which the company is 
noted; the stem and leaves are made of diamonds. 
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The Lennix Synthetic Emerald 

An Investigation of the Products of Kyocera Corp. 
that Show Play-of-Color 

Man-Made Jewelry Malachite 

namori Synthetic Cat's-Eye Alexandrite 


Winter 1987 

The De Beers Gem-Quality Synthetic Diamonds 

The History and Gemology of Queen Conch 
“Pearls” 

The Seven Types of Yellow Sapphire and Their 
Stability to Light 


Spring 1988 

An Update on Color in Gems. Part 2 

Chrysoberyl and Alexandrite from the Pegmatite 
Districts of Minas Gerais, Brazil 

Faceting Large Gemstones 

The Distinction of Natural from Synthetic 
Alexandrite by Infrared Spectroscopy 


Summer 1988 

The Diamond Deposits of Kalimantan, Borneo 

An Update on Color in Gems. Part 3 

Pastel Pyropes 

Examination of Three-Phase Inclusions in 
Colorless, Yellow, and Blue Sapphires from Sri 
Lanka 


Fall 1988 

An Economic Review of the Past Decade in 
Diamonds 

The Sapphires of Penglai, Hainan Island, China 

Iridescent Orthoamphibole from Wyoming 

Detection of Treatment in Two Green Diamonds 


Winter 1988 

Gemstone Irradiation and Radioactivity 

Amethyst from Brazil 

Opal from Opal Butte, Oregon 

A Gemological Look at Kyocera’s Synthetic Star 
Ruby 


Spring 1989 

The Sinkankas Library 

The Gujar Killi Emerald Deposit 

Beryl Gem Nodules from the Bananal Mine 
“Opalite:” Plastic Imitation Opal 


Summer 1989 

Filled Diamonds 

Synthetic Diamond Thin Films 
Grading the Hope Diamond 
Diamonds with Color-Zoned Pavilions 


TO ORDER: Call: toll free (800) 421-7250, ext. 201 


OR WRITE: GIA, 1660 Stewart Street, Santa Monica, CA 90404, 


Attn: G&G Subscriptions 


THE RETAIL 
JEWELLER’S GUIDE 
5th edition 


By Kenneth Blakemore, 412 pp., il- 
lus. publ. by Butterworths, Great 
Britain, 1988. US$49,95* 


Blakemore’s book is intended to ac- 
quaint the reader with most aspects 
of the retail jewelry business. Ten 
chapters cover the basics for precious 
metals, gemstones, antique jewelry 
and silverware, hallmarks, modern 
jewelry making, silversmithing, and 
horology both past and present. For 
this fifth edition, two new chapters — 
on glassware and pottery —have been 
added, prompted by the giftware de- 
partments now in many jewelry 
stores. Blakemore has also added up- 
dated information on hallmarking in 
Holland, Portugal, and the United 
Kingdom to reflect recent changes in 
legislation. The last 50 pages provide 
six glossaries relating to jewelry, 
gemology, ‘horology, and giftware, 
along with five appendices that cover 
such topics as “Exemptions from 
Hallmarking” and “Touchstone Test- 
ing in the Workshop.” The book is 
well structured and generally infor- 
mative, but it is somewhat out of 
balance. Where some of the sections 
are covered in depth {antique silver- 
ware, jewelry from the Renaissance 
through the 19th century), others 
(gemology, 20th century jewelry) are 
given only superficial treatment. 

In his preface to this new edi- 
tion, Blakemore states that he has 
updated the gemology chapter to 
cover new developments in the field. 
However, the section on synthetics is 
already out of date in that no men- 
tion is made of either the Russian 
hydrothermal synthetic emeralds or 
the Sumitomo synthetic diamonds, 
both of which were discussed in the 
literature before this edition went to 
print. He also states that in 1974 a 
parcel of blue topaz faded completely, 
although the current literature 
agrees that the color of treated blue 
topaz is stable unless heated to 
500°C. 


Book Reviews 


BOOK 
REVIEWS 


Elise B, Misiorowski and 


Blakemore could also have taken 
the time to update his section on 
diamond grading. Only the CIBJO 
categories for color and clarity are 
listed, while GIA, AGS, and ScanDN 
grading systems are represented by 
vague and, in GIA‘s case, incorrect 
descriptions. It would have been 
clearer and more equitable if the 
author had simply printed a chart 
comparing all four systems. 

This book contains a lot of use- 
ful information. Unfortunately, its 
uneven character undermines confi- 
dence in the book as a whole. How- 
ever, the reader should keep in mind 
that, as the title states, this is simply 
a guide for retail jewelers and not the 
last word on the subject. 


COS ALTOBELLI 
Altobelli Jewelers 
North Hollywood, CA 


ARTISTS’ JEWELLERY: 
PRE-RAPHAELITE TO 
ARTS AND CRAFTS 

By Charlotte Gere and Geoffrey C. 
Munn, 244 pp., illus., publ. by The 
Antique Collectors’ Club, Wood- 
bridge, Suffolk, U.K., 1989, 
US$69.50* 


This book was produced as a pendant 
to a splendid exhibition mounted in 
London by the firm of Wartski, and 
was sold to persons attending the 
show and a number of charity eve- 
nings with Royalty present. A more 
recent exhibition was also held in 
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New York at the Fifth Avenue shop of 
Asprey & Co. 

The book deals somewhat un- 
evenly with an interesting and sadly 
neglected period in jewelry history. 
Beginning in 1848 with the forma- 
tion of the Pre-Raphaelite Brother- 
hood—a group of artists whose de- 
signs related directly to their roman- 
tic private lives—it carries through 
to the end of the 19th century and the 
Arts and Crafts Movement. Insofar 
as their jewelry designs were con- 
cerned, the artists of this period were 
most interested in symbolism, ro- 
mantic associations, and secret 
meanings. It was a fascinating era of 
passion and intrigue, and perhaps 
this book will stimulate additional 
scholarly consideration, 

The authors have made a judi- 
cious selection of spectacular jewelry 
with many original design render- 
ings, paintings, and photographs of 
the period to place the jewels in their 
proper socio-historical perspective. 
The illustrations are both numerous 
and handsome, there is a useful in- 
dex, and the book feels comfortable 
in the hand. The graphics, in fact, 
carry the day. The authors, although 
respected and frequently published 
authorities in the field, have a writ- 
ing style that often obscures, rather 
than clarifies, the subject. A tremen- 
dous amount of research was obvi- 
ously undertaken, but it is pon- 
derously presented. The bewildering 
text contains sentences that run to 
almost a hundred words, leaving the 
reader exhausted and unsatisfied. 
Perhaps the fault lies more with the 
editors than with the writers, but 
even with all its virtues the book 
somehow fails to live up to the ex- 
citement and charm of the subject. 


NEIL LETSON 
New York, NY 


‘This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404, Telephone: 
(800) 421-7250, ext. 282. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Barium- and strontium-enriched apatites in lamproites 
from West Kimberley, Western Australia. A. D. 
Edgar, American Mineralogist, Vol. 74, No. 7/8, 
1989, pp. 889-895. 


Because lamproites are now recognized as an important 
host rock for diamonds, their mineralogy and chemistry 
represent an important field of study. Lamproites from 
the West Kimberley area of Australia contain apatites 
that are enriched in BaO and SrO. Both elements are 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest to 
our readership. 


inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or ner initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstracter 
and in no way reflect the position of Gems & Gemology 
or GIA. 


© 1990 Gemological Institute of America 
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uncommon in apatites that occurr in igneous rocks. 
Electron microprobe analyses indicate BaO values up to 
12.5 wt.% and SrO values up to 5.8 wt.%. Both elements 
are thought to substitute for Ca in the apatite crystal 
structure. Ideas on the genesis and crystallization of the 
apatites and their host lamproites are presented. JES 


The characteristics of Burmese spinel. T. Hlaing, Austra- 
lian Gemmologist, Vol. 17, No. 3, 1989, pp. 84-87. 


This report, part of the author’s master’s thesis, covers 
the gemological, mineralogical, and chemical properties 
of spinel from the Mogok region of Burma. Examination 
of crystals revealed that most are well formed or only 
slightly distorted. Statistically, about 70% of those 
recovered are considered too small to facet, with crystals 
between 0.40 cm and 0.90 cm being fairly common. 

For the 13 specimens examined, refractive index 
ranged from 1.714 to 1.730 and specific gravity ranged 
from 3.477 to 3.721. S.G, increased with Fe, Mg + Fe, or 
Mg + Crcontent. Spectrochemical analysis showed that 
the depth of color in red spinel correlates with increasing 
chromic oxide content. A comparative study of the 
trace-element content of red spinels from Mogok, Sri 
Lanka, and Hunza (Pakistan) revealed a significantly 
higher chromium content in the Mogok material. 

The article includes a number of charts and tables of 
data to support the author’s conclusions. RCK 
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Dayboro variscite. G. Brown, Australian Gemmologist, 
Vol. 17, No. 3, 1989, pp. 98-100. 


This report begins with a review of the sometimes 
confusing literature describing an aluminum phosphate 
mineral from the Dayboro deposit, located 40 km north- 
northwest of Brisbane, Queensland, Australia. The de- 
posit, on the summit of a low hill, occurs in a thinly 
bedded brecciated black chert. Most of the material 
occurs as an intimate intergrowth of variscite with 
quartz; slabbed surfaces of the chert reveal randomly 
scattered nodular masses and veins of variscite. Cab- 
ochons of the variscite often contain various amounts of 
the host matrix. 

Gemological investigation of the variscite revealed 
the following properties: opaque with a bluish green 
color, 1.56 spot R.I., waxy luster, chalky green fluores- 
cence to long-wave U.V. and inert to short-wave U.V, no 
diagnostic visible-light absorption features, S.G. of 2.4 to 
2.5, Mohs hardness of 4, and an uneven fracture. 

The author concludes that the Dayboro variscite has 
more historic than economic significance and that the 
distinctive matrix may help in determining the prove- 
nance of the material. RCK 


Flame-like markings on the surface of conch pearl [in 
Japanese]. H. Komatsu, J. Yazaki, and Y. Matsuda, 
Hoseki Gakkai Si, Vol. 11, No. 1-4, 1984, pp. 
30-31. 

The conch, “pearl,” a type of calcareous concretion 
produced by the giant conch (Strombus gigas}, often has 
flame-like markings on its surface. In this article, the 
authors attempt to determine the cause of this peculiar 
marking by studying the structure of the internal 
surface layer of this animal’s shell. 

When examined with an optical microscope (40 x |, 
the internal surface of the shell showed a striped pattern 
similar to the “flame” of the conch “pearl.” This pattern, 
however, could not be observed with a scanning electron 
microscope, which indicates that the pattern is visible 
only when light penetrates the surface layer of the 
specimen, 

The authors then examined the various sections of 
the surface layer. They observed rows of thin aragonite 
crystals forming one block, with each adjacent block 
intersecting at a certain angle. Because of this angle, two 
adjacent reflected light beams, with different rates, 
create the striped pattern. The authors concluded that 
the flame-like markings on a conch “pearl” are directly 
related to the striped pattern on a flat surface of a shell. 
Six photographs and one drawing illustrate the features 
described. Himiko Naka 


Iridescent natural glass from Mexico. H. A. Hanni, 
Journal of Gemmology, Vol. 21, No. 8, 1989, pp. 
488-495, 

“Iris opal” from San Luis Potos{ exhibits spectral colors 

caused by optical interference. Although the transparent 
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light brown material is isotropic, stress-induced bire- 
fringence can be observed with crossed polarizing filters. 
Refractive index and density values of 1.462—1.467 and 
2.241-2.270, respectively, fall within the ranges for 
glasses. SEM micrographs of this material showed the 
minute layers that provide the interference phenome- 
non. Electron microprobe analysis revealed a composi- 
tion that, while silicon-rich, includes sufficient minor 
elements to identify the material as a glass rather than 
opal. This conclusion was supported by X-ray diffraction 
analysis, which indicated amorphous structure; by in- 
frared spectroscopy, which showed a lack of water; and 
by thermogravimetry, which revealed a reaction inconsis- 
tent with opal. The authors thus conclude that this 
material is a natural glass, possibly formed from late- 
magmatic vapors, steams, or aqueous solutions depos- 
ited in rhythmic layers. This article is well illustrated 
with photographs, photomicrographs, micrographs, and 
analytic graphs. CMS 


New data on the cause of smoky and amethystine color 
in quartz. A. J. Cohen, Mineralogical Record, Vol. 


20, No. 5, 1989, pp. 365-367. 


This informative article puts in perspective the inter- 
relationship betweeh the amethystine and smoky colors 
in quartz. When the aluminum impurity (Al$+) substi- 
tuting for silicon is in large excess compared to the 
interstitial Fe?+ impurity, natural radioactivity will 
turn the quartz a smoky color. The color center is a 
missing electron (hole) on an oxygen bound to the 
aluminum atom. 

Inversely, when the interstitial Fe? + is more abun- 
dant than the Al8+, the amethystine color appears after 
irradiation. The color is due to an Fe*+ ion, stabilized by 
charge transfer with the Al-trapped hole. Therefore, the 
presence of Fe$+ protects against the formation of 
“smoky” color centers. Smoky quartz can also be turned 
amethystine in color, although only temporarily, by 
cooling to liquid nitrogen temperature or below. Appar- 
ently, Fe3+ or Fe2+ atoms, by losing one or two electrons, 
respectively, form Fe++ and bring about the amethystine 
color regardless of the Al:Fe ratio. 

The presence of Fe3+ in channels perpendicular to 
the major rhombohedron produces Brazil-law twinning 
to relieve the strain in the quartz structure. Such 
channels do not exist perpendicular to the minor rhom- 
bohedron, which does not show such twinning. Twinned 
zones are often of amethystine color, or, if they are 
yellow, they can be turned amethystine by irradiation; 
untwinned zones might not change color. EF 


Pink corundum is ruby. Jewellery News Asia, No. 59, 
July 1989, pp. 1, 28, 32. 

Pink corundum is now to be called ruby, according to the 

International Colored Gemstone Association (ICA}, 

based on a vote taken at the association’s third biennial 
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congress held in May 1989 in Sri Lanka. The ICA 
members from Asia were unanimous in their support of 
this change, noting that consumer confidence was being 
eroded in Japan when a stone purchased as a ruby was 
determined to be pink sapphire by a lab. On the other 
hand, a number of U.S. and European members voted 
against the change, stating that pink sapphires already 
have high recognition and demand in the U.S. One fear is 
that if pink sapphires were now to become fair rubies, 
prices would drop. Thai delegates argued that the term 
pink sapphire was introduced only recently and reflects 
the problem of linguistic differences between the Thai 
language and English. In Thai, there is no separate word 
for lighter tones of red, which are called pink in English. 

Yianni Melas 


OH substitution in garnets: X-ray and neutron diffrac- 
tion, infrared, and geometric-modeling studies. 
G. A. Lager, T. Armbruster, F J. Rotella, and G. R. 
Rossman, American Mineralogist, Vol. 74, No. 
7/8, 1989, pp. 840-851. 


This study was undertaken to understand better the 
nature and extent of OH substitution in natural garnets. 
Three titanian andradites and a synthetic hibschite were 
investigated. Details of the crystal structures of these 
samples are presented. According to the authors’ data, 
OH substitutes for Si4* in the tetrahedral site. Infrared 
absorption spectra indicate the amount of structurally 
bound water {as OH ~} to be between 0.8 and 5.7 wt.% 
OH. The geologic implications of the occurrence of 
water in garnets in the mantle are also discussed. /ES 


Star sapphire from Kenya. N. R. Barot, A. Flamini, G. 
Graziani, and E. J. Gubelin, journal of Gemmology, 
Vol. 21, No. 8, 1989, pp. 467-473. 


In 1987, star sapphire from Kenya began to appear on the 
market in commercial quantities and qualities. The 
material reportedly comes from sedimentary topsoil of 
the desert-like plains of northwest Kenya near the 
Ethiopian border, although the primary source has not 
yet been located. The 10 cut specimens studied by the 
authors include various tones of blue, greenish blue, 
greenish yellow, and dark brown body colors, with six- or 
12-rayed asterism of various strengths. 

Optical microscopy and electron microprobe anal- 
ysis revealed the presence of a number of different types 
of inclusions in the study specimens. Cloudy areas were, 
in at least some cases, caused by parallel striae possibly 
related to lamellar twinning. Color zoning was observed 
with straight or angular edges. Two types of acicular 
inclusions that contribute to asterism were identified: 
micro-striae similar in composition {according to elec- 
tron microprobe analysis} to the host sapphire and 
resulting from alternating growth and temperature vari- 
ations; and larger needles of, possibly, hematite and 
rutile. All three acicular inclusions also contribute to 
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the colors of the samples: Micro-striae and rutile needles 
correlate with fine bluc hues, while hematite occurs in 
conjunction with darker colors. Thread-like needles of 
rutile formed the silk present in all samples. Several 
other inclusions were observed, among them: tube-like 
primary cavities filled with scaly aggregates of iron 
hydroxides or oxides; transparent birefringent crystals 
that revealed a tabular hexagonal shape and chemical 
composition consistent with corundum, and reddish 
brown prismatic idiomorphous crystals that consist of 
titanium oxide, suggesting rutile or brookite. Also 
observed were feathers of minute inclusions composed 
of Al and/or Ti, as well as healed fractures filled with a 
fluid and, sometimes, yellow or brownish red iron 
hydroxides or oxides. Color photographs and photo- 
micrographs illustrate the features discussed. CMS 


Structural variations in natural FE, OH, and CI apatites. 
J. M. Hughes, M. Cameron, and K. D. Crowley, 
American Mineralogist, Vol. 74, No. 7/8, 1989, pp. 
870-876. 


As with any gem mineral, the gemological properties of 
apaties are closely related to the chemical composition 
of the material. Natura] apatites of composition 
Ca,(PO,)3(EOH,Cl) exhibit large variations in F Cl, and 
OH contents. This article reports the results of a crystal- 
structure refinement study of near-end-member speci- 
mens of each of these three compositional varieties. 
These three ions (F-,Cl~,OH~] occupy slightly differ- 
ent positions within the anion site in the crystal 
structure, but this has little effect on the positions of the 
other constituent atoms. However, these minor struc- 
tural differences suggest that the three end members are 
immiscible in solid solution. Therefore, one might 
expect a continuous variation in some gemological 
properties with changes in composition. JES 


DIAMONDS 


Mantle-derived fluids in diamond micro-inclusions. O. 
Navon, I. D. Hutcheon, G. R. Rossman, and G. J. 
Wasserburg, Nature, Vol. 335, No. 6193, October 
27, 1988, pp. 784-789. 


The authors studied six cubic and nine coated diamonds 
from Zaire and Botswana for the numerous sub- 
micrometer, subrounded inclusions found in their fi- 
brous zones. The study of these inclusions gives impor- 
tant indications on the environment of diamond forma- 
tion. The diamonds in this report were grayish brown to 
green to yellowish green; the yellow color of many of the 
coatings was attributed to their type Ib character. 

The microinclusions studied differ in composition 
from the more common large inclusions found in dia- 
mond, such as garnet, olivine, and pyroxene. As a whole, 
though, the chemistry of these microinclusions is 
broadly similar: rich in SiO,, K,O0, CaO, and FeO. They 
apparently also contain a mixture of heavily hydrated 
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clay minerals, carbonates, phosphates, and sometimes 
molecular CO,. This chemistry resembles that of po- 
tassic magmas, from which diamond-containing rocks 
such as kimberlite and lamproite crystallize. However, 
the inclusions are also enriched in water, carbonate, 
potassium, and magnesium, indicating that they formed 
during the growth of the diamond from trapped fluids 
that may have been remnants of a volatile-rich fluid or 
melt from the upper mantle in which diamond grew. The 
authors conclude with two possible scenarios for the 
growth and emplacement of microinclusion-bearing 
diamond. EF 


Mechanism of self-diffusion in diamond. J. Bernholc, A. 
Antonelli, T.) M. Del Sole, Y. Bar-Yam, and S. T. 
Pantelides, Physical Review Letters, Vol. 61, No. 
23, 1988, pp. 2689-2692. 


In this article the authors describe theoretical calcula- 
tions that show that the diffusion of intrinsic defects in 
the diamond structure is dominated by the vacancy 
mechanism, independent of the number of electrons at 
the defect. The dominance of this mechanism is due to 
the stiffness of diamond bonds, which precludes twist- 
ing or large deformations, and the great electronic 
density, which causes large repulsive forces for self- 
interstitial defects, an alternate possibility for diffusion. 
This explains why the vacancy is the lowest energy 
defect in diamond, and also why there is a lack of 
annealing of, grain boundaries in polycrystalline thin- 
film diamond. The migration energy calculated for the 
GRI center, 1.9 eV, agrees well with that measured 
experimentally by another team, lending support for the 

identification of the GRI center as a vacancy. 
Difficulties in the growth of synthetic single-crystal 
diamond films have arisen as a result of mechanisms 
that involve migration of atoms in the structure. The 
authors’ calculations indicate that the use of dopants 
such as boron could help produce the desired growth, 
EF 


Nitrogen and 13C content of Finsch and Premier dia- 
monds and their implications. P Deines, J. W. 
Harris, P. M. Spear, and J. J. Gurney, Geochimica et 
Cosmochimica Acta, Vol. 53, 1989, pp. 
1367-1378. 

Nitrogen content and state of aggregation were deter- 

mined using infrared spectroscopy for diamonds from 

the Finsch (93 samples) and Premier {116 samples} 
kimberlites in South Africa. The authors observed that 
the nitrogen concentration ranged from 7 to 1639 ppm. 

Most of the study diamonds with ultramafic or peridoti- 

tic (P-type) mineral inclusions contained generally less 

than 100 ppm nitrogen, whereas diamonds with eclogi- 
tic {E-type} inclusions had nitrogen contents anywhere 
between 0 and 1200 ppm. In both of the kimberlites, 
nitrogen-free type II diamonds very rarely contained 
eclogitic inclusions. There was no significant difference 
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in nitrogen aggregation between E- and P-type diamonds, 
but there was one between the two locations: The Finsch 
produces diamonds with more nitrogen in B aggregates 
than the Premier. One of the groups of diamonds of very 
similar nitrogen concentration, !3C ratio, and mineral 
inclusion composition may be common to the two 
mines, indicating a possible common origin for some 
diamonds of the two kimberlites, but different subse- 
quent histories. The authors conclude with a discussion 
of the nitrogen content of diamonds as controlled by the 
local nitrogen concentration, the temperature, the avail- 
ability of chemical forms that favor the incorporation of 
nitrogen in the crystal, and, finally, by the oxygen 
fugacity. EF 


GEM LOCALITIES 


The Brazilian emeralds and their occurrences: Carnaiba, 
Bahia. D. Schwarz and T. Eidt, journal of Gemmol- 
ogy, Vol. 21, No. 8, 1989, pp. 474-486. 


The Carnaiba emerald region was discovered in 1963 
and, until the discovery of Santa Terezinha in 1981, was 
the most important source of emeralds in Brazil. Produc- 
tion for Carnaiba has been increasing in the 1980s, but 
systematic exploitation with modern mining tech- 
niques will soon be required if the deeper deposits are to 
be exploited. The authors discuss the local geology and 
provide geologic maps of the two major occurrences at 
Carnaiba and Socotd. Emeralds occur as aggregates and 
single crystals in a mica-schist rock, with associated 
minerals that include molybdenite, quartz, apatite, 
schorl, alexandrite, pyrite, etc. Emerald mineralization 
in this region is consistent with that observed elsewhere, 
and is related to zones of strongest tectonic activity. 

The authors provide microprobe analyses of six 
samples that show typical compositions. The low trans- 
parency of most of the emeralds studied was due largely 
to “flocs” and “stars”: minute one- or two-phase inclu- 
sions clustered in agglomerations of various compact- 
ness. Larger multi-phase inclusions also occur. Other 
mineral inclusions are rare and consist largely of biotite/ 
phlogopite mica in plate-like and lath-like forms. Mus- 
covite and chlorite also occur, as do tourmaline, albite, 
and a number of other occasionally observed minerals. 
Chemical analyses of feldspar, phlogopite/biotite, and 
muscovite inclusions are presented as well. 

Growth features were observed in the form of 
concentric striation visible when looking down the 
c-axis, growth pyramids forming zig-zag lines, and 
growth striae or layers paralle} to both the basal face and 
the prism faces. A number of excellent and informative 
photomicrographs accompany the article. CMS 


Yundamindera ‘fire’ opal. G. Brown and H. Bracewell, 
Australian Gemmologist, Vol. 17, No. 3, 1989, pp. 
101-103. 


Yundamindera Station, 640 km east-northeast of Perth 
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in Western Australia, was first revealed as a source of fire 
opal in a 1903 survey report. Gem-quality material has 
been recovered from several vertical pits over eight 
decades, and good-quality material can still be found in 
abandoned mines or their tailings. 
The material from this deposit is described as being 
a type of “common opal” in that it displays no play-of- 
color. The authors examined some recently recovered 
specimens, the finest of which ranges from transparent 
to translucent with a “rich amber” to “reddish amber” 
color that is almost identical to some Mexican fire opal. 
It has a 1.42 R.J. and a resinous luster; is inert to long- 
and short-wave U.V, radiation; exhibits no diagnostic 
absorption features; has a hardness of 5 to 5'/2, a 
conchoidal fracture, and an S.G. of 1.98 to 2.00. Micro- 
scopic examination revealed flow structures, dark den- 
dritic inclusions most likely caused by epigenetic infil- 
tration of fractures, and vein-like internal structures. 
The report is nicely illustrated in color with locality 
photographs, macrophotographs, and photomicrographs. 
RCK 


INSTRUMENTS AND TECHNIQUES 

Some inexpensive improvements to existing instru- 
ments. C. Lewton-Brain, Journal of Gemmology, 
Vol. 21, No. 8, 1989, pp. 500-505. 

The author describes a number of inventive low-cost 

adaptations to his gemological testing equipment, includ- 

ing a homemade polariscope, a dual-lens arrangement to 

improve spot readings on a refractometer, and an align- 

ment wire to improve the accuracy of readings from an 

S.G. balance. Drawings and photos illustrate the equip- 

ment described. CMS 


JEWELRY ARTS 


Collectible watches: An introduction. H. B. Fried, Jew- 
elers’ Circular-Keystone: Heritage, Vol. 160, No. 8, 
August 1989, pp. 172-181. 

This article is directed toward the new collector of 

antique watches. Because scarcity is a key factor for 

collectibles, one should look for watches that represent 
limited production runs or contain certain unique fea- 
tures such as skeletonized movements or unusual es- 
capements. In addition, there are four grades for watch 
quality: mint, near mint, fine, and fair. Fried also issues 

cautions about clever reproductions that can fool a 

novice, and tells how two famous watchmakers (Tom- 

pion and Breguet] dealt with and guarded against forg- 
eries. 

The horological editor for JCK, Fried concludes this 
article with the offer of a readers’ service, This service 
gives JCK subscribers the chance to obtain information 
as to identity, age, rarity, and history (but not price! of a 
particular watch. Many photos and a list of recom- 
mended reading accompany the text. EBM 
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Mourning jewellery. J.C. Birmingham, Australian Gem- 
mologist, Vol. 17, No. 3, 1989, pp. 82-84. 

This brief, interesting article traces the historic use of 
mourning jewelry. Early examples include Greek and 
Roman cameos that portrayed commemorative scenes of 
men and gods, and burial rings that were either engraved 
or inlaid. Mourning jewelry during Medieval times was 
usually in the form of rings and pendants made accord- 
ing to the will of the deceased. Mourning jewelry in 
Tudor England is described as large, heavy, and ornate, 
while the Memento Mori jewelry of the 17th century 
included the use of rather gruesome images of skulls, 
skeletons, and coffins. Eye portraits, depicting just the 
eye of the loved one painted on ivory, date from the 
Regency Period of the late 18th century. Jet jewelry and 
hair jewelry, often thought of in connection with mourn- 
ing periods, date from the early 1800s in England; the use 
of jet became more fashionable after the death of Prince 
Albert, when Queen Victoria allowed only black to be 
worn at court. This was followed by a period of “half- 
mourning,” when women were allowed to wear gray, 
mauve, or purple, and amethyst and garnet replaced jet. 

RCK 


Practical goldsmithing: Hinged bracelet sections, A. 
Revere, Jewelers’ Circular-Keystone, Vol. 160, No. 
8, August 1989, pp. 432-438. 
The use of hinges is extensive in the jewelry industry. In 
this article, Alan Revere demonstrates the fabrication 
and assembly of a series of bracelet sections, focusing on 
the cradle, or silversmith’s, hinge. The clear and precise 
descriptions, along with photos and a diagram of dimen- 
sions, provide a lucid and concise picture of what is 
required to perform the task. Matthew Bezak 


Philippe Wolfers: Master of Art Nouveau. K. Akkerman, 
Jewelers’ Circular-Keystone: Heritage, Vol. 160, 
No. 8, August 1989, pp. 162-170. 


At the turn of the century Belgium was an important 
European cultural center, especially in the development 
of Art Nouveau. Akkerman focuses here on one of the 
most notable Art Nouveau jewelers in Belgium, Philippe 
Wolfers. 

Born to a wealthy family of court jewelers, Philippe 
studied art before he apprenticed with the family firm. 
His interest in nature, as well as in Eastern and Renais- 
sance art, can be seen in the exotic and hauntingly 
beautiful jewelry that he began to produce in the early 
1890s. 

Akkerman discusses some of the distinctive charac- 
teristics of Philippe Wolfers’s jewels, and gives examples 
of the different hallmarks that identify his work. He also 
compares this work with that of some of Wolfers’s 
contemporaries. 

Wolfers kept a careful catalog of his one-of-a-kind 
jewels, and several of these pieces are described and 
illustrated. Although Wolfers designed each piece and 
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supervised its making, several craftsmen were involved. 
Credit is given to some of his skilled enamelists as well. 

There is a lot of information in this well-researched 
article, but it simply whets our appetite for Akkerman’s 
forthcoming book on this talented goldsmith. Color 
photographs of Wolfers’s exquisite jewelry accompany 
the article. EBM 


Wearable minerals. B. Jones, Lapidary Journal, Vol. 43, 
No. 7, October 1989, pp. 30-32. 


When admiring the natural beauty of mineral speci- 
mens, one might wonder why their use in jewelry is not 
more widespread. This article singles out jeweler Cindy 
Watlington, who is rapidly becoming recognized as a 
“pioneer” in the design of jewelry that incorporates gem 
minerals in their natural state. Not only does she use the 
natural form, but she also takes special care to set the 
specimen so as not to damage it through frequent use. 
The jewelry pictured here includes such minerals as 
chrysocolla, rhodochrosite, and quartz. This is a wel- 
come article for any mineral enthusiast who scorns the 
faceting of mineral specimens. RW 


JEWELRY METALS 


Los Angeles Jewelry Project: An innovative approach to 
education and outreach. C. Wright, The State of 
the Workplace, Vol. 3, No. 2, 1989. 
In response te a number of hazardous waste incidents, in 
early 1987 the Los Angeles County Health Department 
asked the California Occupational Health Program 
(COHP} to conduct a study of safety hazards in the Los 
Angeles jewelry industry. This study found unsafe 
conditions that include improper handling and storage of 
hydroflouric acid and of cyanide and peroxide solutions, 
and excessive levels of cadmium fumes (from solder] and 
airborne silica dust (from investment casting). COHP 
also found that many employers and employees were 
unaware of hazards in their workplaces, and is respond- 
ing with an education program that focuses on the free 
distribution of informative booklets. Polish Up Your 
Jewelry Shop: A Guide for Employers discusses the 
primary hazards identified and cost-effective ways to 
control them. Polish Up Your Jewelry Shop: A Guide for 
Workers is a simplified booklet printed in English, 
Spanish, Mandarin, and Armenian. 

The State of the Workplace is an internal bulletin 
published by the Hazard Evaluation System and Infor- 
mation Service, which will provide the above booklets 
(in limited quantities) free of charge to California 
residents. Copies are also available at the GIA Library in 
Santa Monica. Meredith Mercer 


SYNTHETICS AND SIMULANTS 


Intrinsic and extrinsic cathodoluminescence from sin- 
gle-crystal diamonds grown by chemical vapour 


Gemological Abstracts 


deposition, A. T. Collins, M. Kamo, and Y. Sato, 
Journal of Physics: Condensed Matter, Vol. 1, 
1989, pp. 4029-4033. 


The authors describe the cathodoluminescence of some 
single-crystal diamonds grown by microwave-assisted 
chemical vapor deposition {CVD}. From the observation 
of intrinsic edge emission, they conclude that the 
crystals with very low (<1%) methane concentrations 
are extremely pure with few structural defects. How- 
ever, the crystal quality seems to deteriorate as the 
methane percentage in the vapor, and therefore the 
growth rate, increases. All crystals also exhibit bright 
blue cathodoluminescence, as is typical for natural type 
Ila diamond. The width variation of one band indicates 
that this material is highly strained. In addition, some 
sharp emission lines were observed that have not been 
noted in natural or high pressure synthetic diamond. 
Cathodoluminescence could thus prove to be a very 
sensitive technique for separating natural from syn- 
thetic diamonds. EF 


A gemmological study of “Opalite” and “Opal Essence.” 
J. I. Koivula and R. C. Kammerling, Australian 
Gemmologist, Vol. 17, No. 3, 1989, pp. 93-98. 

This article reports on the examination of three plastic 

imitation opal cabochons, two marketed under the name 

“Opalite” and one as “Opal Essence.” The three speci- 

mens appeared to be milky bluish white with distinct 

play-of-color in incident light and pink-orange in dark- 

field or transmitted light. Two of the pieces had a 

distinct second layer of plastic that coated at least part of 

the base. 

Gemological properties were determined to be as 
follows: R.L, 1.51; long-wave U.V, fluorescence, a strong 
bluish white with the edges a slight orange; short-wave 
U.V. fluorescence, a weaker bluish white with a chalky 
blue-white overtone; no U.V, phosphorescence; anoma- 
lous double refraction in the polariscope; weak general 
absorption from 550 to 580 nm; S.G. of 1.15 to 1.25; poor 
thermal conductivity; an acrid smell when tested witha 
thermal reaction tester; hardness of 2!/2; a positive 
hydrophobic reaction; and some unique absorption fea- 
tures in the infrared region. Magnification revealed a 
distinct to very vague “honeycomb” pattern and a vague 
columnar structure. Polarized light microscopy revealed 
some minor strain knots. RW 


Russian hydrothermally-grown emerald. G. Brown, 
S. M. B. Kelly, and J. Snow, Australian Gemmolo- 
gist, Vol. 17, No. 3, 1989, pp. 103-106. 
Six faceted synthetic emeralds were purchased from a 
Hong Kong dealer who described them as a “new” 
hydrothermal synthetic from the USSR. The six speci- 
mens, ranging from 0.44 to 1.3 ct, were all transparent 
with a vitreous luster and a distinctive saturated green 
color that had a faint bluish overtone. Refractive indices 
were w 1.570-1.573 and e 1.578—-1.582, with a birefrin- 
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gence of 0.008—-0.009. Other properties included: uniax- 
ial negative; strong pleochroism of slightly bluish green 
and slightly greenish blue; no Chelsea filter reaction; 
inert to both long- and short-wave U.V. radiation, with no 
white-light transmission luminescence; and an S.G. of 
2.71 to 2.84. 

Immersion microscopy revealed a number of key 
features: partially healed fractures composed of two- 
phase inclusions; tapering two-phase “dagger” inclu- 
sions; phenakite crystals; parallel, somewhat flattened 
wavy growth banding that was frequently intersected by 
what are described as “arrowhead,” “spear,” or “quill- 
like” growth features; and small groups of brassy clus- 
ters of acicular metallic crystals. 

The authors conclude that while the gemological 
properties of these hydrothermally grown synthetic 
emeralds mimic those of some natural emeralds, their 
characteristic inclusions will positively identify them 
as synthetic. RCK 


Some observations on Helenite. G. Brown and J. Snow, 
Australian Gemmoilogist, Vol. 17, No. 3, 1989, pp. 
88-90. 


The authors detail their investigation of two types of 
green glass claimed to be produced from Mount St. 
Helens volcanic ash and sold under the name “Helenite.” 
One type, described in the vendor's literature as “pure 
melted ash” glass, was semitransparent, had an S.G., of 
2.51,anR.L. of 1.51, exhibited a conchoidal fracture and a 
vitreous luster, was inert to both long- and short-wave 
ultraviolet radiation, and was warm to the touch. Magni- 
fication revealed a concentric lamellar structure, flow 
structures, stretched gas bubbles, and both small masses 
and smaller grains of grayish volcanic ash—like material. 
The gas bubbles and flow structures were oriented at 
right angles to the concentric layers. 

The second type was sold as “ash diluted by glass.” It 
was transparent and had an S.G. of 2.53 and an R.L. of 
{.526. Its fracture, luster, reaction to U.V. radiation, and 
feel were identical to those of the other type. Magnifica- 
tion revealed a less obvious concentric lamellar struc- 
ture, no unmelted ash-like material, rounded gas bub- 
bles, and irregular, unoriented swirl striae. 

From these data the investigators draw a number of 
interesting conclusions. The small grains of ash-like 
material supported the claim that the first type did 
contain at least some Mount St. Helens volcanic ash. 

RCK 


Synthetic periclase. S. M. B. Kelly and G. Brown, 
Australian Gemmologist, Vol. 17, No. 3, 1989, pp. 
90-92. 

After briefly reviewing the properties of both natural and 

synthetic periclase as described in the literature, the 

authors report on their own examination of some trans- 
parent, slightly greenish yellow material brought to one 
of them for identification. The material was determined 


260 Gemological Abstracts 


to have the following properties: vitreous luster, an R.I. 
of 1.73, singly refractive, inert to U.V. radiation, green 
through the Chelsea filter, no visible diagnostic absorp- 
tion features, a hardness of 5 to 5!/2, three directions of 
cubic cleavage, parallel parting planes (detected in thin 
sections between crossed polars), and an S.G. of 3.57. 
With magnification, a faceted stone cut from a piece of 
the rough revealed internal cleavage and what appeared 
to be a gas bubble; the surface showed oriented drag 
marks which further confirmed its softness. 

On the basis of their examination, the authors 
determined the material to be synthetic periclase, possi- 
bly doped with iron. They later learned that the material 
had been produced in Austria “by subjecting pure 
magnesium carbonate to an unspecified electrofusion 
process.” A final observation by a cutter who worked 
with the authors was that after several months the 
polished surface of the rough became increasingly dull 
and eventually was coated with a whitish efflorescence 
of brucite(?}, a common alteration product of periclase. 

RCK 


Tracht and habit of synthetic minerals grown under 
hydrothermal conditions. W. A. Franke, European 
Journal of Mineralogy, Vol. 1, No. 4, 1989, pp. 
557-566. 


Franke summarizes the variations in tracht (the various 
crystal faces present] and habit (the relative proportions 
of those faces} of synthetic minerals grown under hydro- 
thermal conditions, For silicates and oxides, crystal 
morphology is very dependent on the temperature of 
formation: With increasing temperature, an increasing 
number of faces enter the crystal shape and the habit 
tends to get more isometric. Supersaturation or volun- 
tarily introduced impurities have little influence. This is 
illustrated in particular by corundum, which is tabular 
when grown at 600°C and almost equant at 800°C. The 
author also discusses alkali feldspars and carbonates, 
Over 20 crystal drawings illustrate the observations. 

EF 


MISCELLANEOUS 


Illuminating the Maya's path in Belize. N. Epstein, 
Smithsonian, Vol. 20, No. 9, December 1989, pp. 
98-113. 

Archaeologists Diane and Arlen Chase discuss their 

discoveries of the Maya site called Caracol in Belize. 

Caracol, which means snail, in Spanish, refers to the 

site’s location at the end of a logging road in the rain 

forest. The Chases detail this site; the Mayan activities 
during the Classic, Middle Classic, and Late Classic 
eras; the Mayan system of warfare, and the design of the 
city and its northern neighbor Tikal. Brief mention is 

made of the jade jewelry found in 1986 in the tomb of a 

woman dated from the Classic period. Epstein concludes 

by mentioning plans of the Belizian government to 
incorporate Caracol into a national park which will take 
in the surrounding rain forest. Rose Tozer 
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(129-194], Winter (195-265). 
A 


Almandine 
from Orissa, India (GN] 45 
star, from Idaho (GN) 45 
Amber simulant 
plastic (GTLN) 236 
Amethyst 
correctian .in Epstein article (EF) 
109s 
from Maine (GN} 177 
sceptors from Malawi (GN} 177 
Amethyst-citrine 
from Bolivia {GN} 177 
Amethyst, synthetic 
with Brazil-law twinning (Koivula} 
159 
“Angelite,” see Anhydrite 
Anhydrite 
blue-gray, sold as “‘Angelite” 
(GN} 45 
Aquamarine 
from Brazil (GN) 177 
from India (GN) 177 
from Wyoming (GN] 110 
Assembled stones 
pearl (GTLN} 236 
radioactive synthetic spinel-and- 
glass triplets (Nassau] 232 
Asterism 
in garnet from Idaho (GN) 45 
in 204.39-ct blue sapphire (GTLN)} 
35 
in unusual green sapphire (GTLN} 
35 
Atocha, Nuestra Senora de 
emerald and gold treasures from 
{Kane} 196 
Augite 
green, sold as “Chinese onyx” 
(GTLN} 35 
Australia 
offshore diamonds (GN) 110 
zircons from Harts Range 
(Faulkner) 207 


Annual Index 


Azurite-malachite 
reconstructed (GN] 45 


B 
Basalt 
as carving material (GN) 244 
Benitoite 
Smithsonian, provenance of 
(EF) 42 
Berlinite, synthetic 
with bull’s-eye optic figure (GN) 
110 
Beryl 
bicolored gem nodules from 
Bananal mine, Minas Gerais, 
Brazil—occurrence, origin, and 
description of (Kampf} 25 
see also Aquamarine, Emerald 
Bolivia 
amethyst-citrine from (GN) 177 
Book reviews 
Antique and Twentieth Century 
Jewellery, 2nd ed. (Becker) 55 
Artists’ Jewellery: Pre-Raphaelite 
to Arts and Crafts (Gere and 
Munn} 253 
Channel Setting Diamonds 
(Wooding) 119 
Color Encyclopedia of Gemstones, 
2nd ed. {Arem]} 55 
Descriptions of Gem Materials, 
3rd ed. (Vargas and Vargas} 55 
Gemstones (O’Donoghue} 119 
The Jade Kingdom (Desautels} 55 
Jewelry on Display, 3rd ed. 
(Coutchie} 185 
Jewelry # Gems: The Buying 
Guide (Matlins and Bonanno} 55 
Jewelry of the 1940s and 1950s 
(Raulet) 55 
Mineral Museums of Europe 
(Burchard and Bode} 55 
The Retail Jeweller’s Guide, 5th ed. 
{Blakemore} 253 
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World Map of Gemstone Deposits 

(Gubelin) 185 
Brazil 

aquamarine from Ponto de 
Marambaia (GN) 177 

bicolored beryls from Bananal 

» mine (Kampf) 25 

emeralds from Capoeirana, Minas 
Gerais (Epstein) 150 

tourmaline from Paraiba (GN} 177, 
(GTLN} 236, (GN] 244 


Cc 
Calcareous concretion 
15-mm, from cherrystone clam 
(GTLN} 102 
Cameo 
ceramic (GN]} 110 
plastic imitation (GN] 45 
Chalcedony 
adularescence in (GN) 244 
Chalcedony simulant 
glass imitation of dyed black onyx 
(GTLN} 171 
Chatons 
radioactive foil-backed rhinestones 
(Nassau} 232 
Chicken-blood stone 
from China (Wang) 168 
China, People’s Republic of 
chicken-blood stone from (Wang) 
168 
diamond cutting in (GN) 177 
diamonds and other gems from 
(GN} 110 
“Chinese onyx,” see Augite 
Chrysoberyl 
chatoyancy and asterism in single 
stone (GTLN) 102 
star, from Sri Lanka (GN) 244 
Coating 
on diamond (GTLN} 102 
Colombia 
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emeralds from, found on Atocha 
{Kane} 196 
underground mining of emeralds at 
Muzo (GN] 110 
Color, cause of 
in morganite nodules from Brazil 
(Kampf 25 
in pectolite (Woodruff) 216 
in Polynesian black pearls (Goebel) 
130 
in tourmaline from Paraiba (GN} 
244 
Corundum, synthetic 
shaped into crystals (GN) 244 
Covellite 
as a gem material (GTLN} 35 
Cubic zirconia simulant 
foil-backed glass (GTLN} 236 


D 
“Demi-pearl” 
combination pear] and calcareous 
concretion (GTLN) 171 
Diamond 
with almandine-pyrope inclusion 
(GTLN)} 236 
coated, to alter color (GTLN} 35, 
102 
with color-change garnet inclusion 
(GTLN} 236 
with concave table (GTLN} 171 
cube, with unusual inclusion 
(GTLN} 102 
engraved tablet (GTLN} 171 
exploration in Canada and U.S. 
(GN) 177 
filling of fractures in, to enhance 
clarity (Koivula) 68, (GN) 244 
irradiated (GTLN) 102, 236 
radium-produced radioactivity in 
(GTLN} 236 
with sets of parallel needles 
(GTLN) 35 
in space (GN) 110 
with unusual wear (GTLN] 171 
Diamond, colored 
with color-zoned pavilion due to 
treatment (Fritsch) 95 
fancy yellow, with natural green 
irradiation stain (GTLN) 102 
Hope diamond, grading of 
(Crowningshield} 91 
yellow-and-colorless bicolor 
(GTLN)} 236 
Diamond, cuts and cutting of 
in China (GN) 177 
in Mauritius (GN) 244 
Diamond, synthetic 
produced by TNT detonation 
(GN) 45 
Sumitomo produces 5-ct yellow 
(GN) 45 
thin films {Fritsch} 84 
2-kg piece from USSR actually 
cubic zirconia {GN} 45 
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Diopside 

from China (GN} 110 
Dominican Republic 

pectolite from (Woodruff) 216 


E 
Emerald 
from Capoeirana, Minas Gerais, 
Brazil—history, geology, mining, 
and gemological properties of 
{Epstein} 150, (GN} 45 
from Gujar Killi, Pakistan — 
geology, gemology, mining, and 
production of (Bowersox) 16 
from Nuestra Senora de Atocha— 
discovery and gemology of 
(Kane) 196 
Opticon treatment of (GN} 177 
plastic filling of (GTLN) 102 
underground mining of, at Muzo 
(GN} 110 
Emerald simulant 
made from quartz (GN) 45 


F 
Faceting 
of emerald from Pakistan 
(Bowersox) 16 
of zircon (Faulkner) 207 
Fakes 
cubic zirconia imitations of 
diamond octahedra (GN) 45 
imitation opalized shells {GN} 177 
inclusions added to quartz and 
chalcedony (GN} 45 
“manufactured” emerald specimen 
(GN) 110 
quartz imitation of emerald (GN] 
45 
synthetic corundum imitation 
crystals (GN) 244 
Feldspar, see Orthoclase 


G 
Garnet 
availability of hydrogrossular from 
South Africa (EF) 42 
see also Almandine, Rhodolite, 
Spessartine 
Gemology 
history of (Dirlam) 2 
“Green amethyst,” see Quartz 


H 
Hackmanite 
“color change” produced by U.V. 
radiation (GN} 110, 244 
Heat treatment 
of amethyst to citrine (GN} 110 
of “rutilated” topaz (Kammerling} 
165 
in sapphire may leave coarse silk 
(EF) 42 
Hope diamond 
grading of (Crowningshield} 91 


Inclusions 


classic, in ruby (GTLN} 102 

cloud-like needles in diamond 
(GTLN) 102 

of coarse silk in heat-treated 
sapphires (EF) 42 

in emeralds from the Atocha 
{Kane} 196 

in emeralds from Capoeirana 
(Epstein) 159 

in filled diamonds (Koivula] 68 

of garnet in diamond (GTLN} 236 

of hematite and rutile in zircon 
from India (GTLN} 102 

limonite-stained, in topaz 
(Kammerling) 165 

of muscovite in beryls from 
Bananal mine (Kampf) 25 

needle-like, in flame-fusion 
synthetic ruby (GTLN} 35 

of sets of needles in diamond 
(GTLN) 35 

in spinel from USSR (GTLN] 35 

two-phase, in emeralds from Gujar 
Killi (Bowersox) 16 

Insects 
used in jewelry (GTLN) 171 
Irradiation 

of diamonds produces color zoning 
(Fritsch) 95 

see also Radioactivity 


J 
Jade simulant 
bowenite (GN) 177 
Jadeite 
plastic-treated beads (GTLN} 236 
Jewelry 
gold and emeralds, from the 
Atocha (Kane) 196 
period, modern gem substitutes in 
(GTLN] 35 


K 
Kingsley sapphire 
162.26-ct bicolor from Australia 
(GN) 177 


L 
Lapis lazuli simulant 

dyed blue marble (GTLN} 102 
“Larimar,” see Pectolite 


M 
Malawi 
amethyst scepters from (GN} 177 
Mining 
of emeralds at Capoeirana, Brazil 
{Epstein} 159 
of emeralds at Gujar Killi, Pakistan 
(Bowersox} 16 
of pectolite in the Dominican 
Republic (Woodruff) 216 
“Mojave blue,” see Chalcedony 
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Morganite, see Beryl 
Mother-of-pearl 
gambling chips (GN) 45 


N 
Namibia 
large quartz crystals from (GN) 
177 
new diamond mine at Elizabeth 
Bay (GN} 177 
Nigeria 
tourmaline from (GN} 45 


fe] 
“Oolongolite” 
new garnet-like synthetic (GN) 244 
“Opal Essence,” see Opal simulant 
Opal simulant 
“Opalite” (“Opal Essence”), plastic 
imitation with play-of-color— 
gemology and identification of 
(Koivula) 30 
“Opalite,” see Opal simulant 
Opticon 
to treat emeralds (GN} 177 
Orthoclase 
“rainbow lattice sunstone” from 
Australia (GN} 45 
P 
Pakistan" 
emeralds from Gujar Killi 
{Bowersox} 16 
Pearls 
assembled (GTLN} 236 
black, from French Polynesia 
(Goebel) 130 
chipped due to improper drilling 
(GTLN} 171 
freshwater, from U.S. (GTLN} 35, 
(GN} 110 
Pearls, cultured 
dyed (GTLN} 171, 236 
Polynesian black —anatomy, 
culturing, treatments, grading, 
and identification of (Goebel) 
130 
3/4 blister (GTLN) 35, (GN) 177 
Pectolite 
blue, from the Dominican 
Republic —history, geology, and 
gemology of (Woodruff) 216 
Phosphophylite 
220-gram blue-green crystal 
(GTLN} 35 
Psilomelane 
as carving material (GN} 244 


Q 
Quartz 
largest faceted colorless is 8,512 ct 
(EF) 42 
quench-crackled, dyed green (GN} 
244 


Annual Index 


rock crystal, from Mexico (GN} 
110 

rose, from Connecticut (GN} 110 

see also Amethyst and 
Amethyst-citrine 

Quartz, synthetic 

with Brazil-law twinning (Koivula) 
159 

hydrothermally grown amethyst, 
citrine, and rock crystal (GN) 45 


R 
Radioactivity 
correction in Ashbaugh article {EF) 
42, 109 
disclosure of (EF) 109 
in radium-treated diamond (GTLN] 
236 
in rhinestones and synthetic 
spinel-and-glass triplets (Nassau) 
232 
“Rainbow lattice sunstone,” see 
Orthoclase 
Rhinestones 
radioactive {Nassau} 232 
Rhodolite 
“raspberry,” from Tanzania and 
India (GN} 45 
star, from Tanzania (GN} 45 
Ruby 
classic natural inclusions in 
(GTLN} 102 
damaged by retipping mounting 
(GTLN) 236 
Ruby, synthetic 
flame-fusion with needle-like 
inclusions {(GTLN] 35 
star, early flame-fusion (GTLN) 
171 


Ss 
Sapphire 
asterism in 204.39-ct blue (GTLN} 
35 
asterism in unusual green color 
(GTLN] 35 
from Burundi (GN} 244 
classic “padparadscha” {GN) 110 
40.3-kg blue crystal from Sri 
Lanka (GN) 244 
heat-treated, features in (EF] 42 
from Kanchanaburi, Thailand 
(GN) 177 
from Kenya (GN) 110 
162.26-ct bicolor from Australia 
(GN) 177 
from Ottawa, Canada (GN} 110 
unusual color zoning in, from 
Australia (GN) 110 
Sapphire, synthetic 
Czochralski-grown pink (GN] 110 
Scapolite 
26,11-ct purple (GTLN] 236 
Sinkankas Library 
purchased by GIA — history, 
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description, care, and use of 
(Dirlam) 2 
Spectra 
infrared, to identify plastic opal 
simulant (Koivula} 30 
infrared, in plastic-treated jadeite 
(GTLN} 2.36 
of pectolite from Dominican 
Republic (Woodruff) 216 
reflectance infrared—application to 
gem identification (Martin) 226 
Spectroscope 
digital scanning diffraction-grating 
instrument developed (GN) 45 
Spessartine 
708-ct crystal (GN} 45 
Spinel 
pink, from USSR (GTLN} 35, 
(GN) 244 
Spinel, synthetic 
flux-grown from USSR (GN) 244 
and-glass triplet, radioactive 
(Nassau) 232 
Sri Lanka 
1989 update (GN) 244 
Star of Abdel Aziz diamond 
59-ct D-IF named (EF) 42 


"TT 
Tanzanite 
with iridescent coating (GTLN} 
171 
Thailand 
blue sapphires from Kanchanaburi 
(GN) 177 
offshore exploration for rubies and 
sapphires (GN} 177 
Thin films 
of synthetic diamond (Fritsch} 84 
Topaz 
heat treated to alter inclusions in 
(Kammerling) 165 
Tourmaline 
from new pocket at Himalaya 
mine, California (GN} 110 
from Nigeria (GN] 45 
from Paraiba, Brazil {GN} 177, 
(GTLN]} 236, (GN} 244 
unusual multi-colored, from 
Turkey (GN) 244 
“Transvaal jade,” see Garnet, 
hydrogrossular 
Treatment 
coating of diamond {GTLN} 35 
of cultured pearls to simulate 
black pearls (Goebel) 130, 
(GTLN) 236 
of emeralds, with Opticon (GN} 
177 
glass filling of diamonds (Koivula] 
68, (GN] 244 
plastic filling of emerald (GTLN} 
102 
plastic filling of jadeite (GTLN} 
236 
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see also Heat treatment, Irradiation 
Twinning 
in synthetic quartz (Koivula) 159 


U 
USSR 
pink spinel from (GTLN} 35 


WwW 
Wollastonite 
carving material from Nevada 
{GN} 45 
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Xx 
X-radiography 
of pearls (Goebel} 130 
X-ray fluorescence 
to identify silver treatment in 
pearls (Goebel) 130, (GTLN} 236 
X-ray transparency 
to separate calcite and jasper 
IGTLN} 102 


Y 


Yehuda treatment (Koivula} 68 


Zz 
Zircon 
from Harts Range, Australia — 
mining, geology, gemology, and 
faceting of (Faulkner} 207 
pink, from Orissa, India, with 
unusual inclusions {GTLN} 102 
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A 


Anwar J., see Bowersox G.W. 


Bowersox G.W, Anwar J.: The Gujar 
Killi emerald deposit, Northwest 
Frontier Province, Pakistan, 16-24 
(Spring} 


Cc 


Conner L., see Fritsch E. 

Cook J.L., see Dirlam D.M. 

Crowningshield R.: Grading the 
Hope diamond, 91-94 {Summer} 


Dirlam D.M., Misiorowski E.B., 
Cook J.L., Weldon R.: The 
Sinkankas library, 2-15 (Spring) 

Dirlam D.M., see Goebel M. 


Epstein D.S.: The Capoeirana 
emerald deposit near Nova Era, 
Minas Gerais, Brazil, 150-158 (Fall} 


F 


Faulkner M,J., Shigley J.E.: Zircon 
from the Harts Range, Northern 
Territory, Australia, 207-215 
(Winter] 

Francis C.A., see Kampf AR. 

Fritsch E., Conner L., Koivula J.1.: A 
preliminary gemological study of 
synthetic diamond thin films, 
84-90 (Summer} 

Fritsch E., Shigley J.E.: Contribution 
to the identification of treated 
colored diamonds: Diamonds with 
peculiar color-zoned pavilions, 
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Fritsch E., see Koivula J.1. and 
Woodruff R.E. 
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Kammerling R.C., Koivula J.L.: 
Thermal alteration of inclusions in 
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"Opalite”: Plastic imitation opal 
with true play-of-color, 30-34 
{Spring} 
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Liddicoat R.T.: New challenges for 
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The 1980s in Review: New Realities 
of the Gem and Jewelry Industry 


ik the gem and jewelry industry — as throughout the world— the 1980s was a decade of 
unparalleled change. Many new products entered the market, and the processes that 
service and enhance them were radically altered. The entire face of gemology and the - 
jewelry trade shifted: Change dominated jewelry-chain operations, mass merchandis- 
ing fostered new growth areas, and demographics became a buzz-word of the decade. 
Successful retailers moved to re-emphasize quality products and superior service as the 
consumer became more jewelry conscious, more knowledgeable, and more sophisti- 
cated than in years past. These consumers enjoyed getting a deal, but were willing to pay 
more for quality —if they knew they were getting value. They also had more money, but- 
less time, and convenience became essential. 


As the decade progressed, more retailing formats began to chase a growing gem and 

jewelry “pie.” The traditional jewelry industry had to cope with deep discounting, 

deceptive pricing and advertising, underkarating of gold, misgrading of diamonds, and 

the shortweighting of mounted goods. Nonconventional gem and jewelry outlets—such 

as discount operations, direct-mail sales, and even home shopping — proliferated, 

opening gems and jewelry to more and more people. One result was a massive new 
‘-market for enhanced stones, such as irradiated blue topaz and heat-treated sapphire, 
. twhich were now available in hundreds of thousands—even millions-— of carats. 


hs the diamond industry alone, the 1980s ushered in tremendous changes. Over the 
course of the decade, production increased almost 2 !/2 times, from about 40 million 
carats to almost 100 million carats per year. Australia went from almost no production 
at the beginning of the decade to 34 million carats per year at the end; Botswana, too, 
went from nil to over 15 million carats per year. With its supply of low-cost labor, India 
has emerged as one of the most effective cutting centers. This has brought a new 
dimension to the quality of diamond that can be cut and still produce a profit, with 
many pieces of rough that were formerly considered industrial grade now being faceted. 
According to §. N. Sharma, president of Hindustan Diamond, 60 to 70 million carats of 
diamonds passed through India in 1987; at the end of the decade, India boasted a mind- 
boggling 700,000 diamond cutters. 


With the dynamics of the industry during the last several years, the very nature of what 
a gemologist must know has changed. Taking its roots from the earth sciences of geology 
and mineralogy, gemology is a unique hybrid, a commingling of the technical, the 
aesthetic, and even the commercial. Judgment has become as important as scientific 
knowledge. In fact, a gemologist’s stock in trade—whether buying, selling, grading, 
identifying, or appraising —is an informed opinion. But in addition to great varieties of 
gems and jewelry today, a gemologist is confronted with grading standards, price lists, 
computer trading, data bases, information dissemination, globalization, telecom- 
munications networks, and the proliferation of markets. These are the new realities. 


W: hope the articles in this retrospective issue will help clarify many of the changes 
that have taken place over the past decade, in all areas of gemology. The decade 
began on an economic high, only to witness a withering of the traditional jewelry 
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industry. We saw the rise, fall, and rise again of the diamond industry, the growth of 
colored stone sales, a rebirth of interest in fancy-color diamonds, new power for the 
auction market, gemstone enhancement defined and refined, and remarkable advances 
in technology. To give you a flavor of just how unique a period this was, we have chosen 
several key gemological topics to review. 


Major localities are always a bellwether for future sources and new products in the 
marketplace. The 1980s did not disappoint us. Brazilian finds such as the alexandrite 
from Minas Gerais and the tourmaline from Paraiba were gemologically important, 
while the massive production of diamonds in Australia had a major impact throughout 
all levels of the gem and jewelry industry. The article “Gem Localities of the 1980s," by 
Jim Shigley, Dona Dirlam, Alan Jobbins, and Karl Schmetzer, reviews both new sources 
and the most important producing localities of the decade. It also includes a world map 
of key localities as a complement to the comprehensive table they have compiled. 


In “Gemstone Enhancement and Its Detection in the 1980s,” Bob Kammerling, John 
Koivula, and Bob Kane review the key gem enhancements of the decade and methods of 
detecting them using standard gemological techniques. Included in their work is a 
comprehensive chart describing ways to detect many of the treatments that played an 
unparalleled role in the gem industry. We think it will become a standard reference 
guide for jewelers and gemologists. 


For the subject of “Synthetic Gem Materials in the 1980s,” we sought the expertise of 
noted author and scholar Kurt Nassau. Dr. Nassau reviews the important synthetics 
from the point of view of newness on the scene and marketing impact. At first thought, 
it might seem that the 1970s was the decade of synthetics — that not much in the way of 
new products emerged during the 1980s. But who can deny the potential of a gem- 
quality synthetic diamond? Or the market impact of massive amounts of fine-quality 
synthetic emerald and ruby? Or the role that synthetic cubic zirconia has played 
throughout the industry? 


In “New Technologies of the 1980s,” Emmanuel Fritsch and George Rossman review 
new technologies for manufacturing synthetic gem materials, enhancing natural 
stones, and identifying the origin and nature of puzzling materials. In most instances, 
they are technologies that are “new” to gemology but have been used in other industries. 
During the 1980s, we learned to borrow and borrow well. You will note, in particular, the 
unique perspective that Drs. Fritsch and Rossman give to advances in gem identifica- 
tion, especially to the different types of spectroscopy. 


To conclude the retrospective, jewelry historian Elise Misiorowski reviews “Jewelry of 
the 1980s.” She focuses on the impact of new supplies of gems on fashion jewelry, and 
describes trends in cutting, jewelry design, and key designers. Ms. Misiorowski’s 
contribution is unique in that she takes on the difficult task of documenting trends fora 
time period that is so close behind us. 


As we look forward to the 1990s in gemology, let’s first look back on the 1980s. The 
promise of the past is really the hope of the future. Facing the future with a new vision is 
certainly on our agenda, and we trust it’s on yours, too, 


Richard T. Liddicoat William E, Boyajian 
Editor-in-Chief, Gems & Gemology President, GIA 
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THANK YOU! 


This issue, the largest Gems & Gemology ever published, was first conceived more than a 
year ago, at an editorial meeting of the journal. At that time, GIA President Bill Boyajian 
stressed the importance of the 1980s in the development of gemology and the need to 
chronicle these events as our relatively young field moves into maturity. The editors at 

the meeting were unanimous in their support of this concept and their willingness to do 
the work to bring the project together. Hundreds of hours were eventually invested by 

GIA authors Dona Dirlam, Dr. Emmanuel Fritsch, Robert Kammerling, Robert Kane, 

John Koivula, Elise Misiorowski, and Dr, James Shigley, and we were pleased to also get 

the participation of Journal of Gemmology Editor Alan Jobbins, Dr. Kurt Nassau, Dr. George 
Rossman, and Dr. Karl Schmetzer, to make this issue our most comprehensive ever. 


To represent as broad a perspective as possible, we not only relied on the many members 
of our regular review board (listed on the masthead page) to critique the papers, but we 
also enlisted the aid of prominent experts worldwide. Dr. Edward Giibelin interrupted an 
important project to review the localities article quickly and with the great thoroughness 
for which he is so well known. The Gem Testing Laboratory of Great Britain’s Kenneth 
Scarratt, jewelry historians Ettalgale Blauer and Penny Proddow, synthetics manufacturers 
Judith Osmer and Virginia Carter, and Professors Giorgio Graziani (of the Universita Degli 
Studi di Roma} and Anne Hoffmeister (of the University of California at Davis) also 
provided valuable input. Within the GIA Gem Trade Laboratory, we tapped the experience 
of gem identification specialists David Hargett, Christopher Smith, and Shane McClure. 


But,,as our regular readers know, Gems & Gemology’s reputation is based on more than 
our prose. The photos for this issue were also a major undertaking. As is evident in the 
credits to the more than 130 illustrations, dozens of people contributed photos; many more 
provided specimens for photography. Special thanks go to Tino Hammid, Shane McClure, 
Robert Weldon, and Harold and Erica Van Pelt for the many photos they provided to make 
this issue one of the most powerful ever. The cover is a story unto itself. The gems were 
gathered by Robert Kane and others at the GIA Gem Trade Laboratory in Santa Monica 
from stone dealers across the country. The samples were selected based on their historical 
significance to gemology and their representativeness of the gem industry over the last 

10 years. The Van Pelts required an entire day to set up and shoot this special grouping, 
to our knowledge one of the best and broadest collections of fine diamonds and colored 
stones ever gathered in a single photograph. 


I would also like to take this opportunity to thank the people “behind the scenes” at 
the journal who worked many hours of overtime to get this publication out, especially 
Assistant Editor Nancy Hays, Art Director Lisa Joko, Word Processor Ruth Patchick, 
Technical Editor Carol Stockton, and Production Artist Carol Winkler. 


The issue would not be what it is, however, both as an expanded issue of Gems & 
Gemology and, another first for the journal, as a hardbound book, without the willingness 
of senior GIA officials Bill Boyajian, Dennis Foltz, Richard T. Liddicoat, and Court Walker— 
and GIA Gem Trade Laboratory Chief Executive Officer Tom Yonelunas—to support the 
additional costs involved. This issue is GIA’s way of thanking all of you in the gem and 
jewelry industry for the support you showed us during the very exciting —and turbulent — 
decade of the 1980s. 


Alice S. Keller, Editor 
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GEM LOCALITIES OF THE 1980s 


By James E. Shigley, Dona Mary Dirlam, Karl Schmetzer, and E. Alan Jobbins 


The 1980s saw major developments in 
new sources for diamonds and colored 
stones, as well as expanded production at 
many existing mines. This article identi- 
fies important new discoveries, as well as 
localities that were major gem producers, 
during the decade. Brief descriptions are 
provided for many of these, and their im- 
pact on the jewelry industry is reviewed. 
The article also provides an index to key 
recent publications on these occurrences. 


ABOUT THE AUTHORS 


Dr. Shigley is director of research, and Ms. Dirlam 
is senior librarian, at the Gemological Institute of 
America, Santa Monica, California. Dr. Schmetzer 
is a research scientist residing in Petershausen, 
near Munich, Germany. Mr. Jobbins, former cura- 
tor of minerals and gemstones at the Geological 
Museum in London, is presently a consultant and 
editor of the Journal of Gemmology; he lives in 
Caterham, England. 


Acknowledgments: The authors wish to thank sev- 
eral individuals (cited in the text by name and as 
“personal communications") who provided infor- 
mation to the ongoing "Gem Locality Atlas” pro- 
ject, some of which is briefly cited here. We are 
especially grateful for valuable assistance from G. 
Becker, J. Byrne, B. Curren, P. Flusser, Dr. E. 
Fritsch, Dr. H. Hollander, R. Kammerling, Dr. J. 
Kanis, J. Koivula, C. Kremkow, R. Naftule, R. 
Patchick, S. Patty, E. J. Petsch, Dr. L. Snee, and 
K, E. Wild. Very helpful reviews of an early version 
of this article were provided by G. Austin, Dr. N. 
Barot, Dr. E. Gubelin, R. Kane, Dr. P. Keller, and 
Dr. J. Sinkankas. 
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4 Localities of the 1980s 


he past decade has witnessed an unprecedented in- 

crease in the availability and popularity of many 
varieties of gemstones, The greater appreciation of all 
aspects of color in today’s society has been reflected in the 
gem market by both new enhancement techniques and 
new synthetics, as discussed elsewhere in this issue, and 
has been supported by important discoveries in a number 
of new localities. Fine alexandrites from Brazil, sapphires 
from Southeast Asia and Australia, emeralds from Col- 
ombia and Zambia, and pegmatite gemstones (tourmaline, 
aquamarine, etc.} from Brazil, Pakistan, Afghanistan, and 
several countries in Africa were key components of the 
gem market during the last 10 years. At the same time, 
major quantities of colorless diamonds emerged from new 
mines in Australia and Africa, joining traditional suppliers 
to more than double the production of rough over the 
course of the decade. 

This article highlights a number of these major gem 
deposits. It identifies important gem localities that were 
found during the last decade, and also those that were 
known before but either reached or continued at a major 
level of production during the 1980s (figure 1). In general, 
the discussion is restricted to the more commercially 
important inorganic gem materials, with the text orga- 
nized alphabetically by gemstone. Of necessity in some 
instances, the decision as to which localities to include has 
been somewhat subjective. To minimize redundancy, most 
references to specific localities and gem materials are not 
included in the text, but rather are provided in table 1, 
which follows the text portion of this article. 

A number of excellent books published in recent years 
include information on gem localities {as indicated at the 
end of the reference list), A comprehensive world map of 
gem localities, showing the types of gem materials pro- 
duced and an indication of their geological settings, was 
created by Dr. E. Gitbelin and published in 1988 by the 


GEMS & GEMOLOGY Spring 1990 


Swiss Gemmological Society. A simplified map of 
the major sources for important gem materials is 
provided in figure 2. 


BERYL 


Emerald. Major expansion has occurred in the 
sources of this very important gemstone. Col- 
ombia, long recognized as the principal supplier of 
high-quality material, must now compete with 
new localities in Brazil, Zambia, Zimbabwe, Mad- 
agascar (Malagasy Republic], Pakistan, and Af- 
ghanistan. However, important new mining devel- 
opments helped Colombia retain a 30% share of 
the world output in the late 1980s (Barot, 1987}. For 
example, under the direction of lessee companies 
Tecminas and Coesminas, the Muzo mine is now 
fully mechanized and has introduced a sophisti- 
cated tunneling operation. Prospecting in the re- 


Localities of the 1980s 


Figure 1. The excitement 
colored stones produced 
in the 1980s in large part 
grew out of the greater 
availability of gemstones 
from both traditional 
and new gem localities. 
East Africa emerged as 
one of the most impor- 
tant gem-producing re- 
gions. These six stones 
represent the remarkable 
variety of gems found 
there. From top to bot- 
tom, left to right, are a 
42,33-ct pyrope-spessar- 
tine garnet, a 28.41-ct 
tanzanite, a 22.69-ct 
tourmaline, a 27.03-ct 
yellow scapolite, a 9.73- 
ct tsavorite garnet, and a 
7.02-ct purple scapolite. 
From the John Jago Trel- 
awney Gem Collection at 
the Los Angeles County 
Museum of Natural His- 
tory; photo © Harold &@ 
Erica Van Pelt. 


gion continues to provide new data on the geology 
and origin of these Colombian deposits, and there 
is every indication that they will remain an impor- 
tant source of high-quality emerald (figure 3). 
Even so, newer sources now account for most of 
the emeralds on the world market. In the 1980s, 
deposits of major significance came into full opera- 
tion in Brazil. The Carnaiba mine, first found in 
the 1960s, continued to be active during the 1980s. 
A major deposit found in 1981 at Santa Terezinha, 
in the state of Goids, was highly productive 
throughout the decade. The Santa Terezinha crys- 
tals are generally small (less than 1 cm] and range 
from pale to very dark green, with a distinct bluish 
green tone (Cassedanne and Sauer, 1984}, In 1988, 
new emerald discoveries were made in Bahia at 
Socot6, in Ceara at Taud, and in Minas Gerais at 
Nova Era. The Nova Era deposit, which may be an 
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Figure 2. The symbols on this simplified 
world map indicate the important gem 
materials produced during the 1980s in 
the countries designated. For details on 
the specific locations within a country, 
please refer to the references listed in 
table 1. For a comprehensive map of his- 
toric and contemporary gem materials 
and their formation environments, see 
Giibelin (1988). Art by Carol Winkler, 


Figure 3. Colombia continues to produce some 
of the world’s finest emeralds. One example 
of the spectacular specimens recovered in the 
latter part of the decade is this 6.03-cm emer- 
ald crystal. Courtesy of Tecminas; photo © 
Harold & Erica Van Pelt. 


extension of the Itabira deposit discovered in the 
late 1970s, is noted for relatively large emeralds, 
with many cut stones exceeding 5 ct. 

Important emerald deposits were found on other 
continents as well. In Africa, the Kitwe district in 
Zambia has become a major source of good, 
strongly bluish green, material. At Kafubu, crys- 
tals as large as 130 ct have been found, they are 
noted for being very dark green, with high R.1.’s 
(Sinkankas, 1981, p. 603). By 1989, 40% of all 
emeralds imported into the U.S. came from Zam- 
bia (Berenblatt, 1989). The Mberengwa area of 
Zimbabwe continues to produce fine material, 
particularly from the older Sandawana and more 
recently discovered Machingwe and Adriadne 
mines (Kanis, 1986). The emerald deposits of 
Madagascar occur in the southeast part of the 
island, at Ankadilalana, in a biotite schist. Hanni 
and Klein (1982a,b) described them as blue-green 
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in color, similar to Zambian emeralds. Cavey 
reported in the 1989 Mining Annual Review that 
Madagascar produced the largest emeralds in Af- 
rica. 

The 1980s also saw the first major influx into the 
world market of emeralds from Pakistan and, to a 
lesser extent, from Afghanistan. Several deposits 
in the Swat Valley of Pakistan produced material of 
good to excellent quality, although some stones are 
extremely dark. Emeralds are also mined in the 
Panjshir Valley northeast of Kabul in Afghanistan. 
Meanwhile, sparse information has appeared on 
emeralds recently recovered from the Soviet 
Union. All of these deposits produce material that 
rivals some of the best Colombian emeralds, al- 
though not, perhaps, with the same consistency. It 
is also interesting to note that most of these recent 
emerald discoveries occur in metamorphic rocks, 
in environments very different from the classic 
hydrothermal vein-type deposits found in Col- 
ombia; an excellent discussion of the occurrences 
of emerald worldwide can be found in Kazmi and 
Snee (1990) and Sinkankas (1981). 


Aquamarine. The major source of gem aquamarine 
continued to be Minas Gerais, Brazil, where aqua- 
marine is a principal constituent of numerous 
weathered pegmatite deposits (Proctor, 1984). The 
states of Espirito Santo, Bahia, Ceara, and Rio 
Grande do Norte also produce commercial quan- 
tities of aquamarine. 

During the decade of the ’80s, additional signifi- 
cant amounts of gem-quality aquamarine were 
found in Nigeria, Zimbabwe, Zambia (figure 4}, 
Namibia, Madagascar, Pakistan, and India. Much 
of the material from Nigeria emerges from the 
ground in classic aquamarine blue, and does not 
require (nor respond to) the heat treatment rou- 
tinely used on the greener Brazilian material 
(Barot, 1987). 


Morganite. The pegmatites of Minas Gerais also 
provide most of the morganite on the world mar- 
ket. While the Urucum deposit continued to 
produce during the decade, a major find was made 
near Salinas in 1986. This occurrence, known as 
the Bananal mine, produced many large, bicolored 
morganite-aquamarine crystals. Many of these 
crystals contained large nodules of virtually flaw- 
less morganite at their centers—the first reported 
occurrence of gem nodules in a material other than 
tourmaline (Kampf and Francis, 1989}. Early in the 
decade, significant amounts of light orange mor- 
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ganite were also mined in Mozambique, but sup- 
plies have been erratic in recent years because of 
the political turmoil in that country (Barot, 1989}. 


Other Beryls. The yellow variety, known as helio- 
dor, also occurs in the pegmatites of Minas Gerais. 
Although much rarer than aquamarine, some 
attractive crystals were recovered in the 1980s. 
While pale stones were heat treated, those with 
good color survived as specimens or were cut into 
faceted stones (Proctor, 1984}. Red beryl is the 
rarest of all the gem beryls. Commercial mining in 
the Wah Wah Mountains of Utah, begun in the late 
1970s, continued sporadically during the 1980s. By 
the end of the decade, annual production averaged 
more than 200 stones greater than 0.25 ct and 
about 2,000 smaller stones (R. Harris, pers. comm., 
1990). 


CHRYSOBERYL 


The gem fields of Sri Lanka continued to be the 
major source of fine chrysoberyl, particularly 
cat’s-eye material. Alexandrites were occasionally 
found ag well. 

However, the 1980s saw several major new finds 
of chrysoberyl, cat’s-eye chrysoberyl, and alex- 
andrite in Brazil. Cassedanne {1984a,b) discusses 
the main localities and their geologic settings. 
Proctor (1988) describes the exciting discoveries of 
alexandrite in Minas Gerais, first in the Mal- 
acacheta region (1975] and then at the deposit near 
Lavra de Hematita (1986). The latter occurrence 
has furnished some of the finest alexandrite ever 
found (figure 5). 

Although Russia has historically produced fine 
chrysoberyl and alexandrite, no reliable produc- 
tion information for this decade is available. 


CORUNDUM 


Ruby. The classic ruby occurrences of Southeast 
Asia {i.e., Mogok, Burma [Myanmar]; Chan- 
thaburi, Thailand; and Pailin, Cambodia) continue 
to be major producers of ruby, but the 1980s also 
saw the exploitation of new occurrences in East 
Africa, specifically Kenya, Tanzania, and, more 
recently, Malawi (figure 6). Although the quality of 
material from these African localities may not 
always equal that of stones from Southeast Asia, it 
is regularly encountered in the trade. Cavey re- 
ports in the 1988 Mining Annual Review that heat 
treatment has been used extensively on stones 
from Thailand and Africa to improve color and 
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Figure 4, Aquamatine was one of the gems that 
benefited from increased mining throughout Af- 
rica. These two fine aquamarines are from 
Zambia: The pendant contains a 10.12-ct pear 
shape, while the ring is set with a 6.91-ct emer- 
ald cut. Jewelry courtesy of Andrew Sarosi; 
photo © Harold & Erica Van Pelt. 


clarity. Small amounts of ruby have also come 
from Pakistan, Afghanistan, India, and Nepal. 


Sapphire. As with ruby, much of the sapphire in the 
jewelry trade today comes from Southeast Asia. 
During the 1980s, significant amounts continued 
to be found in Sri Lanka and Burma, with the 
Cambodian deposits largely remaining dormant 
until the end of the decade. The sophisticated 
operation at Kanchanaburi, in southwest Thai- 
land, is a major new producer of natural-color blue 
sapphire (figure 7). 

Two localities played a major role in the greater 
availability of sapphires during the 1980s: Austra- 
lia and East Africa. Although both Queensland and 
New South Wales have long been known as sources 
of gem sapphire in a wide range of colors, only 
within the last 10 years did they reach a significant 
level of commercial production. 

In East Africa, expanded production was seen 
from Kenya, Tanzania, Malawi, Burundi, and 
Rwanda. Particularly noteworthy are the sap- 
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Figure 5. In late 1986, gemolo- 
gists enthusiastically wel- 
comed the discovery of alex- 
andrite at Lavra de Hematita, 
in Minas Gerais, Brazil. The 
attractive color change of two 
Brazilian stones (1.06 ct, cen- 
ter; 1.32 ct, right) is shown 
compared to a Russian alex- 
andrite (1.29 ct, left). The two 
Hematita alexandrites are 
courtesy of Mayer @ Watt, 
while the Russian stone is 
courtesy of Mary Murphy 
Hammid. Photo © Tino 
Hammid. 


phires found along the Umba River in Tanzania, 
which occur in a wide range of colors (figure 8}, 
with the orange and color-change varieties being 
especially interesting. These relatively new 
sources of corundum have contributed greatly to 
our understanding of the relationship between 
color, absorption spectra, and trace-element chem- 
istry in this important gem material (see Schmet- 
zer and Bank, 1981a}. More recently, fine-quality 
material began to come out of the Kaduna area of 
Nigeria (Kiefert and Schmetzer, 1987bj. In 1989, 
sapphires and star sapphires from new deposits in 
northern Kenya, close to the Ethiopian border, 
began to appear (N. Barot, pers. comm., 1989). 
During the 1980s, more than ever before, heat 
treatment was used to alter the appearance or 
improve the color of sapphires of virtually every 
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hue. While some of the blue material from Austra- 
lia is of good color and clarity, much of the 
remainder—which is often affected by heavy 
silk—can be improved by heat treatment (Cold- 
ham, 1985}. Large quantities of low-quality start- 
ing material, such as the pale white “geuda” that 
can be transformed into deep blue stones, origi- 
nate in Sri Lanka (Gunaratne, 1981}, as do consid- 
erable amounts of fine-quality untreated yellow 
sapphire, “padparadscha” sapphire, and asteriated 
stones. 

Heat treatment has also contributed to the 
availability of sapphire from Montana. The past 
few years have seen a major effort to exploit the 
sapphire occurrences at a number of deposits in the 
areas of Rock Creek and the Missouri River as well 
as Yogo Gulch. Although the stones found typ- 
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Figure 6. In the 1980s, 
rubies continued to be 
produced from classic 
occurrences Such as 
Burma and Thailand, as 
well as from newer lo- 
calities such as Kenya 
and Tanzania. Many of 
these were cut en cab- 
ochon as depicted here 
in a stunning ruby and 
diamond necklace. The 
pendant stone is 47.69 
ct. Courtesy of Color by 
Design, B. Laird and B. 
Forrest; photo © 

Harold & Erica Van Pelt. 


Figure 7, Kanchanaburi, in southwest Thailand, emerged as a major producer of natural-color blue 
sapphire in the 1980s. It is noteworthy for both the large-scale production and the sophisticated min- 
ing operation, Note the size of this one excavation by the S.A.P. Company at Bo Phloi. Photo by 
Robert C. ‘Kammerling. 
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Figure 8. From the Umba River valley in north- 
east Tanzania, comes this array of ruby and 
fancy-color sapphires. These unusual colors were 
widely marketed in the 1980s. Courtesy of 
Tsavo Madini, Inc.; photo © Tino Hammid. 


ically are very small, heat treatment produces a 
variety of interesting colors. Using sophisticated 
retrieval techniques, mining concerns in Montana 
increased gem production over the course of the 
decade 1200%, from $100,000 to $1.3 million, 
primarily due to sapphire production (Austin, 
1990). 

In 1981, for the first time in almost four decades, 
Westerners visited the historic Kashmir deposits 
(Atkinson and Kothavala, 1983). Although it ap- 
pears that these famous deposits still have signifi- 
cant mining potential, there has been little recent 
production. 

New deposits with considerable future potential 
have been found in Fujian and Hainan Island, 
China. The first detailed report on Colombian 
sapphires was published in 1985 (Keller et al., 
1985]. Small sapphires recovered during gold- 
dredging operations in Minas Gerais, Brazil, were 
encountered at the 1990 Tucson Gem and Mineral 
Show. 
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DIAMOND 


Some of the most exciting discoveries in the 1980s 
involved diamonds. At the end of the preceding 
decade, the three top producers {in quantities of 
rough} were the Soviet Union, Zaire, and South 
Africa. During the 1980s, Russian production 
remained significant and production in Zaire more 
than doubled (but continued to be primarily indus- 
trial-quality stones). Production also continued 
steadily at most of the classic South African 
mines, although there was some increase later in 
the decade with the reopening of the Koffiefontein 
mine and the expansion of operations in Namaqua- 
land. Also during the 1980s, however, several 
relatively new areas completely changed the pro- 
duction hierarchy. Within three years after it 
opened in 1982, the Jwaneng mine—in conjunc- 
tion with the operating Orapa and Letlhakane 
mines—had propelled Botswana to third rank in 
total production and second in value (Boyajian, 
1988]. Among all diamond mines in this decade, 
the Jwaneng mine had the highest average mining 
grade (154 ct of diamonds per ton of kimberlite; 
“Diamonds,” 1989), And Australia, which had no 
significant production at the beginning of the 
decade, by the end was the top producer. 

Western Australia, in fact, is one of the most 
exciting areas developed in the 1980s. After exten- 
sive exploration, diamond-bearing volcanic 
“pipes” of lamproite composition and some accom- 
panying alluvial deposits were discovered at sev- 
eral localities—including Ellendale and Argyle — 
in the late 1970s and early 1980s. Because of the 
occurrence of the diamonds in lamproite host 
rocks, these discoveries caused a major revision in 
the scientific understanding of the conditions of 
diamond formation. The quantities of diamonds 
that have been processed since Argyle’s AK-1 pipe 
became fully operational in 1985 (figure 9} have 
had a dramatic impact on the world market. For 
1986, Australia was the number one source, and by 
1988 it was producing 35 million carats annually 
(“Diamonds,” 1989). Even though most of this 
material is industrial quality, the large quantities 
of gem and near-gem stones that became available 
stimulated the development of a mammoth dia- 
mond-cutting industry in India to process them 
efficiently and inexpensively (Boyajian, 1988). 
Australia is also notable fora relative abundance of 
colored diamonds, in particular pinks (figure 10), 
but also brownish (“champagne”), blue, and violet 
stones. 
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Figure 11. This attractive brown 7.66-ct dia- 
mond from the Xiyu mine, in the Mengying 
Province of China, gives some idea of the dia- 
mond potential of this Asian nation. It is likely 
that China will emerge as a major gem force in 
future decades. Courtesy of Gary R. Hansen; 
photo by Robert Weldon. 


Figure 12’ As new localities such as those in 
East Africd produced unusual hues of garnet— 
as well as sapphire and tourmaline —jewelers 
created dramatic designs that incorporated 
these rainbow hues in calibrated stones. Jewelry 
courtesy of The Collector, Fallbrook and La 
Jolla; photo © Harold # Erica Van Pelt. 


for diamonds (and colored stones} in response to 
easier exchanges of technology. Elsewhere, explo- 
ration is being conducted worldwide, throughout 
the United States and Canada as well as in tradi- 
tional producing countries, to locate diamond- 
bearing kimberlite and lamproite pipes. 


GARNET 


Gem garnets continue to be produced from nu- 
merous major deposits in India, Sri Lanka, 
Mozambique, and Madagascar, but the most excit- 
ing development of the 1980s was the emergence of 
East Africa as a principal source and the discovery 
there of a number of “new” species and varieties of 
this complex gem group. Following the discovery 
of green grossular (“tsavorite” or “tsavolite”} in 
both Kenya and Tanzania in the early 1970s, this 
region continued to produce gem garnets ina range 
of composition and color beyond that previously 
encountered. Among these remarkable new types 
are the reddish brown “umbalite” or “malaia” 
(“malaya”) garnets, which have been shown to be 
members of a solid-solution series between pyrope 
and spessartine. Their discovery led to a re-evalua- 
tion of the chemistry of this gem material, and toa 
revised system of classifying gem garnets on the 
basis of their refractive index, specific gravity, 
color, and absorption spectra (Stockton and Man- 
son, 1985; Hanni, 1987a, b}. 

East Africa also produced quantities of previ- 
ously rare color-change garnets as well as unusual 
hues such as “raspberry” rhodolites. Multi-color 
suites of garnets are often transformed into dra- 
matic pieces called “rainbow” jewelry (figure 12). 


OPAL 


During this decade, the major source of gem opal 
continued to be Australia (figure 13} and, specifi- 
cally, the territories of New South Wales, South 
Australia, and Queensland. Mining activity at 
White Cliffs, New South Wales, famous for “crys- 
tal opal” (a transparent, colorless variety that 
displays intense play-of-color], was revitalized by 
the introduction of heavy equipment in the 
mid-1980s, Lightning Ridge, best known for black 
opal, showed a small increase in production in the 
late 1980s, also due to improvements in mining 
techniques. 

The most important development in Australian 
production, however, has been the intense mining 
activity at Mintabie, South Australia, where a 
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Figure 9, ‘The Argyle mine entered full production in December 1985, and within a year Australia 
was the number one source of rough diamonds worldwide. This occurrence of a diamond pipe in a 
lamproite has caused geologists to re-examine many of their theories about diamond formation. 


Photo by James Lucey. 


Exploration in recent years suggests that there 
will be even greater production from alluvial 
deposits. For example, Consolidated Diamond 
Mines Proprietary Ltd. continues to expand min- 
ing of alluvial diamonds along the coast of 
Namibia between Swakopmund and the Orange 
River. For the first time in many years, an orga- 
nized effort is being made to exploit the alluvial 
fields (as well as to determine the kimberlite 
source] in Kalimantan in southeast Borneo. So- 
phisticated alluvial mining has also been success- 
ful in parts of Brazil and Venezuela, as well as in 
Sierra Leone. In 1987, the first mining in Brazil of a 
diamond-bearing pipe began 20 km from Julina in 
the Alto Paraguai District of Mato Grosso (Austin, 
1987}. 

While diamond mining in China is still in its 
infancy, preliminary reports indicate significant 
potential at a variety of locations throughout the 
country (figure 11}. The changing political scene in 
the Soviet Union and Eastern Europe is likely to 
open these areas to more sophisticated exploration 
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Figure 10. The 1980s saw an increased aware- 
ness and appreciation of color in diamonds. 
This coincided with the greater availability of 
colored diamonds from Australia. Particularly 
notable 1s the relative abundance of pink and 
brownish pink stones, as well as the blues and 
greens. These diamonds range from 0.51 ct to 
1.20 ct. Courtesy of Argyle Diamond Sales; 
photo © Harold & Erica Van Pelt. 


series of new deposits were found at the end of the 
1970s (Keller, 1990). In addition to the fine white 
opal for which South Australia is known, Mintabie 
also produced black opal in qualities and colors 
similar.to the Lightning Ridge material. Mintabie 
and the classic deposit at Coober Pedy are now the 
most important producers of opal in the world. 

One of the more interesting developments of the 
past decade was the mining of commercial 
amounts of contra luz, hydrophane, and rainbow 
opal at Opal Butte, Oregon. During this period, 
some unusual colors of opal, including green and 
blue, came from Piaui, Brazil. Discovered in the 
1960s, green opal from Tanzania first became 
available in commercial quantities during this last 
decade. Traditional deposits elsewhere in the U.S. 
and in Mexico continued to be active. 


QUARTZ 


Amethyst and Citrine. Brazil was the major pro- 
ducer of fine amethyst and citrine during the 1980s 
(figure 14). As summarized by Franco (1981) and 
Cassedanne (1988a}, amethyst occurs in both ig- 
neous and sedimentary geologic environments, 
principally in the states of Pard4, Goids, Ceara, 
Bahia, Minas Gerais, and Rio Grande do Sul. 
Epstein (1988) described the occurrence of ame- 
thyst in fractures in quartzite in Maraba, the 
alluvial deposits at Pau d’Arco, and the mining of 
amethyst geodes from basalt near Santa Maria and 
at Irai. Amethyst is also produced in Uruguay in 
colors comparable to fine “Siberian” grade. 
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Figure 13. New mining 
techniques, as well as 
new discoveries, have in- 
creased the availability 
of opals, especially black 
opals, in the 1980s. 
These opals from Austra- 
lia and Mexico (the larg- 
est is 17.84 ct) are cour- 
tesy of the American 
Gem Trade Association; 
photo © Harold & Erica 
Van Pelt. 


Figure 14. The quartz family of gemstones expe- 
rienced renewed appreciation in the 1980s, 
fueled by the popularity of purple and yellow in 
the fashion palette, as well as by the enthusi- 
asm of New Age groups. Brazil exported mil- 
lions of carats of amethyst and citrine over the 
course of the decade. Stones courtesy of Kalil 
Elawar; photo © Harold & Erica Van Pelt. 


Figure 15. With the rapidly changing political 
situation in Eastern Europe, the USSR promises 
once again to be a major source of colored 
gems, Recently, a number of fine pink spinels 
emerged from the Pamir Mountains of the So- 
viet Union. The 27.80-ct cushion-shaped mixed 
cut in the pendant is shown here with a 146.43- 
ct cushion-shaped step cut from this locality. 
Stones courtesy of A.G.T. International; faceting 
by Justina. Photo © Harold & Erica Van Pelt. 


New in the 1980s were major deposits of in- 
tensely colored, reddish purple amethyst in Zam- 
bia. As is the case in many Third World countries, 
the rough crystals must be purchased through a 
state agency, in this instance known as Mindico. A 
new locality near Port Hedland in Western Austra- 
lia has also produced fine material (R. Kane and 
W. L. Cotton, pers. comm., 1990). 

The great majority of citrine available during the 
past decade was actually heat-treated amethyst 
from Brazil. In 1986 alone, more than 15 tons of 
cobbed citrine was shipped from Rio Grande do Sul 
(Epstein, 1988). 

One of the most interesting materials to emerge 
in the gem market of the ’80s was bicolored 
amethyst-citrine (“ametrine”), Although reports 
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early in the decade speculated that these stones 
were produced by treatment (Nassau, 1981), crys- 
tals displaying both colors have been confirmed 
from a deposit known as La Gaiba, in the Rincén 
del Tigre region of Bolivia, near the border with 
Brazil (R. Weldon, pers comm., 1989). 


Rose Quartz. At the beginning of the decade, rose 
quartz was found in relatively small amounts of 
average quality, principally in Brazil. Toward the 
end of the decade, increased mining in Namibia, 
Mozambique, and Madagascar, as well as Brazil, 
made available fine gem-quality material and 
phenomenal varieties, both star and cat’s-eye 
stones (G. Becker, pers. comm., 1990). 


SPINEL 


During the past decade, spinel came principally 
from traditional sources, including both primary 
and secondary deposits in Southeast Asia (Burma, 
Cambodia, Thailand) and secondary (alluvial) de- 
posits in Sri Lanka. Some material also came from 
Tanzania and Brazil. Characterization of material 
from ald and some new localities led to a better 
understanding of the causes of color and the range 
of properties among gem spinels. For example, 
1980 saw the first description of color-change 
spinel (Schmetzer and Gibelin, 1980). Anderson 
{1972}, Jackson (1982), and Schmetzer and Bank 
(1985} reported the properties of gem-quality, zinc- 
bearing gahnite and gahnospinel from Nigeria and 
Sri Lanka. The 1980s also saw the rediscovery of an 
intense blue spinel from Sri Lanka that contains 
the element cobalt as a coloring agent (Shigley and 
Stockton, 1984; Harder, 1986). 

In the mid-1980s, demand for red spinel in- 
creased dramatically as it gained appreciation as a 
medium-priced red stone. One of the newest and 
most promising developments has been the discov- 
ery of exceptionally large, transparent pink spin- 
els from the Pamir Mountains of the Soviet Union. 
At least one fine stone of 146 ct has been cut 
(figure 15). 


SPODUMENE 

Because gem spodumene occurs in granitic peg- 
matites, its distribution is similar to that of other 
pegmatite gems such as beryl and tourmaline. 
Major production of kunzite is centered in Brazil, 
with lesser amounts originating from Afghanistan 
and Madagascar. The principal Brazilian deposits 
are in Minas Gerais—Urucum, Kunzita, and 


GEMS & GEMOLOGY __ Spring 1990 


Urupuca. Although these localities were discov- 
ered prior to this decade, they have continued to be 
important producers. In 1989, kunzite was discov- 
ered at Resplendor near Governador Valadares in 


Figure 16. Afghanistan, which continued to pro- 
duce during the decade, promises to be even 
more important now that Westerners have been 
allowed back into the country. This 31,12-cm- 
high kunzite crystal from Afghanistan is cour- 
tesy of Sam Goldowski and Osorio Neto. Photo 
© Harold & Erica Van Pelt. 


Minas Gerais. A 10.2-kg crystal was displayed at 
the 1990 Tucson Gem and Mineral Show. 
Throughout the political turbulence of the 
1980s, Afghanistan continued to supply superb 
crystals of kunzite (figure 16). With the changing 
political climate at the end of the decade, West- 
erners were again able to enter the pegmatite 
district (G. Bowersox, pers. comm., 1989], and it is 
anticipated that more material will emerge. 


TOPAZ 


Topaz production in the 1980s involved three 
distinct color groups: colorless and light blue topaz 
used for treatment, golden yellow to “sherry” red 
Imperial topaz, and pink topaz. Brazil, Sri Lanka, 
and Nigeria produced millions of carats of color- 
less to light blue topaz for treatment by irradiation 
and annealing to create various intensities of blue. 
Not all topaz yields the desired result when 
treated, but exploration is constantly being under- 
taken worldwide to identify new sources of treat- 
able material. 

Brazil continues to be known for its famous 
Imperial topaz mines in the vicinity of Ouro Preto, 
in Minas Gerais. First documented in the 1700s, 
these mines are the only source of material in this 
attractive range of orange-to-red colors (figure 17). 
Of the eight or more mines active in this area, 
Capao do Lana is technologically the most ad- 
vanced, and was characterized in the 1980s by 
sophisticated mining and processing techniques 
(Keller, 1983a). 

Small quantities of fine pink topaz were mined 
from the Katlang district of Pakistan in a deposit 
that produces material ranging from colorless to 
light brown, and from pale pink to deep pink. 
Under the auspices of the Gemstone Corporation 
of Pakistan, which controls all gem mining in that 
country, tunneling began in the mid-1980s. By 
1986, production of gem-quality material ranged 
from 20,000 to 30,000 ct, at least double what it 
was in 1980. The largest known pink topaz to be 
cut from Pakistan material in the 1980s is a 37.76- 
ct emerald cut stone (Spengler, 1985}. Other topaz 
deposits were found about 20 km from Katlang, at 
Shakertangi. As more of the mountainous area of 
northern Pakistan is explored, it is likely that 
additional deposits will be found. The gem poten- 
tial of this region seems high. 

Even with the increased mining in Pakistan, 
most of the pink topaz on the market during the 
last decade was produced by heat treating yellow 
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topaz from Brazil (Nassau, 1985}. Gibelin et al. 
(1986) stated that the pink stones from Pakistan 
could be distinguished from their heat-treated 
Brazilian counterparts by the presence of a violet 
component in the natural-color stones. 


TOURMALINE 


Brazil is by far the most important source of gem 
tourmaline, which occurs there in an astonishing 
range of colors. Proctor (1985a,b} described the 
major tourmaline-producing areas, principally in 
Minas Gerais. The most productive districts are 
Aracuai-Itinga, Aracuai-Salinas, and the region 
around Governador Valadares {including the fa- 
mous Cruzeiro mine]. 

Perhaps the most exciting tourmaline discovery 
of the decade was made in the late 1980s in another 
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Figure 17. While blue 
stones dominated the to- 
paz market in terms of 
total production, fine yel- 
low to “sherry” red Impe- 
rial topaz continued to 
emerge from the historic 
localities near Ouro 
Preto, Brazil. This Impe- 
rial topaz crystal is 4.cm 
high; the faceted stone is 
32 ct. Courtesy of Kalil 
Elawar; photo © 

Harold & Erica Van Pelt. 


area of Brazil, the state of Paraiba, where the Sado 
Jose da Batalha mine has produced significant 
amounts of tourmaline in a variety of unusual 
violet, blue, and green colors (figure 18]. Research 
is now being conducted to determine the extent to 
which some of these colors are produced by heat 
treatment (see also Koivula and Kammerling, 
1990). 

Commercial amounts of tourmaline also con- 
tinued to come from long-recognized sources such 
as Afghanistan, Namibia, Sri Lanka, and the 
United States. In the U.S., the 1980s witnessed the 
opening of exciting new gem “pockets” in the 
famous Himalaya mine of California, the most 
recent in spring 1989 (figure 19}. Particularly 
important discoveries of tourmalines of unusual 
color and composition (some rich in chromium 


GEMS & GEMOLOGY Spring 1990 


and some in manganese} were made in East Africa, 
specifically in Kenya, Zambia, and Tanzania. 
Nigeria is now producing interesting bicolored 
tourmaline (figure 20}, with commercial amounts 
of other colors also coming from Mozambique. 
Madagascar continued to produce a broad range of 
tourmaline species and varieties, and is experienc- 
ing an increase in exploration and mining activity 
(S. Salerno, pers. comm., 1989}. In 1989 and 1990, 
excitement was generated at the Tucson Gem and 
Mineral Show by the appearance of pink, purple, 
“watermelon,” and orange tourmalines from 
Namibia. The deposit, located 50 miles (80 km} 
from Windhoek, is described as the largest gem- 
bearing pegmatite ever found. Twelve-ton plates of 
quartz with tourmaline are being mined there (G. 
Austin, pers. comm., 1990). 


ZOISITE 


Tanzanite, the gem-quality blue variety of zoisite 
from East Africa (figure 21), is experiencing a 
resurgence of popularity. Discovered just over 20 
years ago in Tanzania, tanzanite has been plagued 
by irregular production. Although this situation 
persisted throughout the 1980s, as the government 
periodically added and withdrew sanctions, the 
decade ended with fewer restrictions and a new 
find, acombination that has produced a significant 
increase in supply as well as in the availability of 
larger stones. This was especially noticeable at the 
1990 Tucson shows. 


OTHER NEW MATERIALS 
AND NEW LOCALITIES 
OF THE DECADE 


It is impossible to review the key events in mining 
and production of the 1980s without mentioning 
some of the new materials that entered the mar- 
ketplace during this decade. These include irides- 
cent andradite from Mexico and New Mexico, 
rainbow moonstone from India, blue pectolite 
from the Dominican Republic, and sugilite from 


Figure 19. Increased production from the Pala 
District has brought California tourmalines to 
markets around the world. A number of major 

pockets were found at the Himalaya mine in the 
course of the decade. This 10.8-cm-high crystal of 
tourmaline with microcline and cleavelandite was 
one of the fine specimens recovered in spring 1989. 
Courtesy of Pala International; photo © Harold w 
Erica Van Pelt. 
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Figure 18. No group of gem materials is more 
complex than tourmalines. Therefore, it was 
with great enthusiasm that the gem community 
worldwide embraced the dramatic new colors 
that emerged from Paraiba, Brazil, at the end of 
the 1980s. These stones, which range from 2.45 
ct to 26.58 ct, are courtesy of Kalil Elawar. 
Photo © Harold & Erica Van Pelt. 


Figure 20. Bicolor tourmalines were once 
destroyed to recover only the more salable of 
the two colors. Now, bicolored tourmalines are 
treasured for the unique combination of colors 
in each piece. Nigeria is a new source to emerge 
in the 1980s, represented here by this 11.43-cm- 
high crystal. Courtesy of Alex Blythe; photo © 
Harold & Erica Van Pelt. 
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South Africa. New localities were also reported for 
many gemstones. Some examples are peridot from 
China, cat’s-eye scapolite from Sri Lanka, and 
zircon from Tanzania. Details can be found in the 
books, yearly reports, conference proceedings, and 
journals listed in the reference section. 


CONCLUSION 


The past decade was one of intense activity in 
gemstone mining and production. Expanded en- 
hancement operations opened new markets for 
low-grade gem materials, such as colorless to pale- 
color sapphires and topaz. Advances in mining 
technology reopened previously dormant deposits, 
such as the diamond fields of Kalimantan, and led 
to increased production at many historic deposits, 
such as Muzo (for emeralds), Montana (for sap- 
phires), and Capdao do Lana (for Imperial topaz}. A 
growing awareness by developing countries of the 
important economic role gem resources can play 
led to major discoveries in various parts of Africa 
and Pakistan, both of which hold great promise for 
the future. Exploration in Australia revealed an 
abundance of gem riches. 

The dynamic political developments of the last 
years of the decade may have the greatest impact 
on discoveries and production in the future. The 
“opening” of Afghanistan promises the increased 
availability of emeralds, tourmalines, and lapis 
lazuli from that country. During the 1980s, the 
more relaxed political climate in China revealed 
dozens of areas, such as the Shandong Province 
diamond deposits and the sapphire fields of Hainan 
Island, that have great potential for the future. 
Changing attitudes in Laos and Cambodia suggest 
the possible greater availability of sapphires from 
those historic localities, Perhaps the most exciting 
prospects are in the hitherto closed territories of 
the Soviet Union, which historically produced 
some of the finest amethysts, alexandrites, deman- 
toid garnets, and other gem materials from long- 
inactive deposits. The recent identification of large 
pink spinels from the Pamir region is just one 
indication of the riches that may be found in the 
future (see, e.g., Root, 1986}. 

Another force in the 1980s that is likely to have 
an impact on gem mining and distribution in the 
years to come is the environmental destructive- 
ness of certain mining techniques. For example, 
strip mining for emeralds in the Muzo district of 
Colombia destroyed mountains and clogged local 
rivers. The desire to reduce the damage of such 
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Figure 21. The 1980s witnessed the rise in popularity of another East African gemstone, tanzanite. 
Although production was erratic for most of the decade, toward the end large stones of intense color 
again entered the market. Both this 43-cm-high crystal and the 22-ct faceted stone are from 
Tanzania. Courtesy of Pala International; photo © Harold w Erica Van Pelt. 


mining techniques was a contributing factor in the 
decision to begin a major tunneling operation 
there. In 1989, environmentalists promised to 
physically block earth-moving vehicles at Ar- 
kansas’s Crater of Diamonds if any commercial 
mining was undertaken (B. Videto, pers. comm., 
1990), In East Africa, mining of rubies and green 
garnets in the Taita Taveta area of Kenya was 
halted by the government because ivory poachers 
were posing as miners (Barot, 1989). 

The 1980s will be remembered as a decade of 
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development of many new localities throughout 
Africa—and particularly East Africa—as well as 
Australia. It will be remembered for important 
discoveries in historical producers such as Brazil 
and Southeast Asia, and for the potential glimpsed 
in once-“closed” areas such as China and the 
Soviet Union. Finally, it will be remembered for 
the global response to environmental issues re- 
lated to mining. The decade of the ’80s has 
provided a window toa very exciting future in gem 
exploration and mining worldwide. 
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TABLE 1. Important gem localities of the 1980s with references to the contemporary literature.@ 


Gem material/ocality 


Reference 


Gem material/locality 


Reference 


BERYL—Emerald 


Africa 
Madagascar (Malagasy) 


Ankadilalana district 
Mozambique 


Murrua mine 

Nigeria—Jos district 

South Africa—Transvaal: 
Gravelotte district 

Tanzania—- |.ake Manyara district 


Zambia 
Kitwe district: Miku mine 


Kafubu district. Kamakanga 
mine 
Zimbabwe 


Bikita district: Chikwanda mine 
Mberengwa district: Adriadne, 
Fitabusi, Machingwe, and 
Sandawana mines 
Victoria district: Novello mine 
Asia 
Afghanistan—Panjshir Valley 
district 
India—Orissa district 
Pakistan 
Swat Valley district: 
Charbagh, Khaltaro, 
Makhad, and Mingora mines 
Gujar Killi mine 
Mohmand district 
Soviet Union—Ural Mountains 
region: Sverdlovsk district 


Sinkankas (1981 
Hanni and Klein 


Sinkankas (1981 
knowl. of author 


Bank (19861) 
Lind et al. (1986) 
Mumme (1982), Webster (1983) 


1982a,b) 


, Pers. 
KS)® 


Pers. knowl. of author (KS), 
Bank (1986f) 


Bank (1981), Kanis (1986) 


Mumme (1982), Graziani et al 
1983), Sliwa and Nguluwe (1984) 


Mumme (1982) 


Sinkankas (1981), Webster (1983), 
Kanis (1986), Bank (1986f), 
Ncube (1988) 


Bowersox (1985) 


Pers. knowl. of author (KS) 
Kazmi and Snee (1989) 


Gubelin (1982), Kazmi et al. (1986), 
Bank (1986a), Henn (1988) 


Bowersox and Anwar (1989) 
Rafiq and Oasim-Jan (1985) 
Sinkankas (1981), Mumme (1982) 


Independent miners sort rough rubies at Bo Rai in Thai- 
land. Note the bottle of “ruby oil,” a temporary coloring 
agent. Photo by Peter C. Keller. 
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Australia 
Western Australia: Poona district 


South America 
Brazil 
Bahia: Brumado and 
Salininha mines 


Carnaiba mine 


Socoté mine 


Ceara: Fazenda Boa 
Esperanga, Taua 

Goias: Fazenda das Lajes, 
Mara Rosa, Pela Ema, 
Pirendpolis, and Porangatu 
mines 
Santa Terezinha de 

Goias mine 


Minas Gerais 
Nova Era district: 
Capoeirana mine 


ltabira district: Belmont mine 
Colombia 


Boyaca 

Muzo district: 
El Chulo, Penas Blancas, 
Santa Barbara, and 
Tequencama mines 
Coscuez mine 

Chivor district: 
Buena Vista, Chivor, Las 
Vegas de San Juan 
(Gachala), and Mundo 
Nuevo mines 


Somondoco mine 


BERYL— Aquamarine 


Africa 
Madagascar (Malagasy) — 
Ankazobe, Berere- 
Tsarantanana, Lac Stasy, and 
Sahatany River Valley-Mont 
Bity regions 
Betafo-Antsirabe region: 
Tongateno district 
Mozambique— Alto Ligonha 
{Muiane mine} and Mocuba 
districts 
Namibia—Karibib, Klein, 
Spitzkopje, and Swakoprnund 
districts 
Nigeria—Jos district 
Zambia—Luangwa Valley 
Zimbabwe — Miami district 
Asia 
Afghanistan—Nuristan region: 
Kolum River district 
India—Orissa district 
Pakistan —Gilgit region: 
Dusso and Shingus districts 
Soviet Union— Altai Mountains, 
Transodaikalia, and 
Ural Mountains regions 
Sri Lanka 
South America 
Brazil—Bahia, Ceara, Espiritu 


Santo, and Rio Grande 
do Norte 


Mumme (1982), Webster (1983), 
Kazmi and Snee (1989) 


Franco {1981), Sinkankas (1981), 
Sauer (1982), Kazmi and Snee 
(1989) 


Cassedanne (1985a)}, Eidt and 
Schwarz (1988), Schwarz and Eid! 
(1989) 


Cassedanne (1985a), Schwarz et 
al. (1988b) 


Schwarz et al. (1988c) 


Cassedanne and Barros (1986) 


Hanni and Kerez (1983), 
Cassedanne and Sauer (1984), 
Cassedanne (1985a), Bank (1986c)}, 
Cassedanne and Barros (1986), 
Miyata et al. (1987) 


Schwarz et al. (1988a), Epstein 
(1989), Schwarz (1989) 
Hanni et al. (1987) 


Keller (1981, 1990), Sinkankas 
(1981), Barot (1987) 


Ringsrud (1986) 


Kozlowski et al. (1988) 


Sinkankas (1981), Webster (1983) 


Duroc-Danner (1989) 


Sinkankas (1981), Kanis (1986) 


Sinkankas (1981), Kanis (1986) 


Lind et al. (1986), Bank (1984, 1986d) 
Kanis (1986) 
Kanis (1986), Ncube (1988) 


Bariand and Poullen (1978), 
Bowersox {1985} 


Pers. knowl. of author (KS) 
Kazmi et al. (1985) 


Sinkankas (1981) 


Sinkankas (1981) 


Franco (1981), Sinkankas (1981), 
Bank (1983) 
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Gem material/locality 


‘Reference 


Gem material/locality 


Reference 


Minas Gerais: Araguai River- 
Caoelinha-Malacacheta, 
Governador Valadares, 
Jequitinhonha River, and 
Tedfilo Otoni-Mararnbaia 
districts 


BERYL—Morganite 


Africa 
Madagascar (Malagasy) 


Mozambique—Alto Ligonha 
district: 
Muiane mine 
South America 
Brazil 


Minas Gerais: Calisto and 


Jequitinhonha River districts; 


Minas Novas, Salinas, and 
Sapucaia mines 


Bananal mine 
Urucum mine 


BERYL—Red 


North America 
United States 


Utah: Wah Wah Mountains 


BERYL — Yellow (Heliodor) 
South America 
Brazil 
Minas Gerais: Marambaia 
district; Sapucaia and 
Urubu mines 


woe 

CHRYSOBERYL 
Asia : 

India—Orissa and Sinapoli 

districts 

Sri Lanka—S&baragamuwa 
Province: Ratnapura district 
Central Province: 

Elahera district 


South America 
Brazil 


Bahia: Teixeira de Freitas 
district 


Espirito Santo: Colatina district 


Minas Gerais: Coimbras, 
Fogo Valley, Jacinto, 
and Lambuza districts 


Americana Valley district 
Santana Valley district 


CHRYSOBERYL — Alexandrite 
Africa 
Tanzania—Lake Manyara district 
Zimbabwe —Masvingo district 
Victoria district: Novello mine 


Asia 
India— Orissa district 


Soviet Union-—Ural Mountains 
region: Sverdlovsk district 
Sri Lanka 
South America 
Brazil—Minas Gerais: Lavra de 
Hematita and Malacacheta 
districts 


CORUNDUM— Ruby 


Africa 
Kenya—Ambaseli and Mangari 
districts 


Proctor (1984), Cassedanne 
(1986a) 


Sinkankas (1981), Webster (1983) 
Kanis (1986), Barot (1989) 


Sinkankas (1981) 
Proctor (1984} 


Kampf and Francis (1989) 
Cassedanne (1986b) 


Sinkankas (1981) 
Shigley and Foord (1984) 


Sinkankas (1981) 


Proctor (1984), Cassedanne 
(1988b) 


Bank (1987a), Pers. 
knowl. of author (KS) 


Zoysa (1981), Zwaan (1982), 
Webster (1983) 


Gunawardene and Rupasinghe 
(1986) 


Webster (1983), Cassedanne 
(1984a,b) 


Bank (1986e) 


Proctor (1988) 
Proctor 1988) 


Bridges (1982) 
Kanis (1986), Noube (1988) 
Sinkankas (1981) 


Pers. knowt. of author (KS), 
Bank (1987a) 
Bancroft (1984) 


Pers. knowl. af author (KS) 


Bank (1986e), Proctor (1988), Bank 


et al. (1988) 


Bridges (1982), Bank and Henn 
(1988), Barot (1989) 
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Lapis lazuli has long been treasured for its remarkable 
color. This 19th-century piece is 3 cm long and inscribed in 
gold. Courtesy of Paris School of Mines; photo © Nelly 
Bariand, 


Malawi—Lake Nyassa district 


Tanzania 
Lake Manyara district 
Longido district 
Morogoro district 
Ngorongoro district 


Umba Valley district 
Asia 
Afghanistan —Sorobi district, 
Jegdalek 
Burma (Myanmar)—Mogok 
district 


Cambodia (Kampuchea)—Pailin 
district 


\India—Orissa district 
Nepal—Taplejung district 


Pakistan—Hunza Valley district 


Bank et al. (1988), Barot (1989), 
Pers. knowl. of author (KS) 


Bank and Henn (1988) 


Bridges (1982) 
Schmetzer (1986) 


Althier et al. (1982), Bank and Henn 
(1988) 


Hanni (1987a) 

Bowersox (1985) 

Keller (1983b, 1990) 
Jobbins and Berrangé (1981) 


Bank and Henn (1987) 

Harding and Scarratt (1986), Kiefert 
and Schmetzer (1987a), Bank et al. 
(1988) 

Bank and Okrusch (1976), Okrusch 
et al. (1976), Gtlbelin (1982) 


aThis chart includes key producing localities of the decade and 
references to their description. Where no reference accompanies a 
district or mine, refer to those fisted for the respective country or region. 
Localities are listed in alphabetical order by continent, country, and then 


state, region, or district. 


®Pers. knowl. of author = personal knowledge of author followed by 


initials of author involved. 
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Gem material/locality 


Reference 


Gem material/locality 


Reference 


Sri Lanka 


Thailand 


Chanthaburi-Trat Provinces: 
Nong Bon-Khong Phaya-Bo 
Rai and Welu Klang-Bo 
Nawong districts 


CORUNDUM-— Sapphire 


Africa 
Burundi 


Kenya~—Lodwar district 


Malawi—Lake Nyassa district 
Nigeria— Kaduna district 
Tanzania—Umba Valley district 


Zimbabwe 
Asia 
Burma (Myanmar) —Kyankpyathat 
and Mogok districts 


Cambodia (Kampuchea)— 
Chamnop, Khum Samlot, Pailin, 
and Phnum Chnom districts 


China 


Fujian Province: Mingxi district 
Hainan Island: Penglai district 


India 
Kashmir: Paddar district 


Madras: Kangyam district 
Nepal 
Sri Lanka 


Central Province: Elahera 
district 


Zoysa (1981), Zwaan (1982), Barot 
(1989) 


Jobbins and Berrangé (1981) 
Kelter (1982, 1990), Hoskin (1987) 


C. Bridges (pers. comm., 1989) 


Barot et al. (1989), Pers. knowl. of 
author (KS) 


Kanis (1986), Barot (1989) 
Kiefert and Schmetzer (1987b) 


Jobbins et al. (1978), Schmetzer 
and Bank (1981a), Bridges (1982), 
Gunawardene (1984), Hanni 
(1987a) 


Mumme (1988) 
Mumme (1988), Barot (1989) 


Jobbins and Berrangé (1981), 
Mumme (1988) 


Keller and Wang (1986), Chikayama 
(1986) 


Liu (1981), Keller and Keller (1986) 
Wang (1988) 


Atkinson and Kothavala (1983) 
Mumrne (1988) 
Kiefert and Schmetzer (1987a) 


Zoysa (1981), Zwaan (1982), 
Schmetzer (1988), Mumme (1988), 
Barot (1989), Keller (1990) 


Gunawardene and Rupasinghe 
(1986) 


This 4.94-ct spessartine is an example of the exciting gar- 
nets now emerging from Madagascar, Courtesy of Pala Inter- 
national; photo by Robert Weldon. 
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Sabaragamuva Province: 
Ratnapura district 


Thailand 


Chanthaburi-Trat Provinces: 
Khao Wao-Khao Ploi Waen- 
Bang Kha Cha, Welu Klang- 
Bo Nawong, and Nong Bon- 
Khong Phaya-Bo Rai districts 


Chiang Rai Province: 
Mae Sai district 


Kanchanaburi Province: 
Bo Phioi district 


Phrae Province 


Australia 
New South Wales 
New England district 
Queensland: Anakie distric! 
North America 
United States — Montana: 


Missouri River and 
Rock Creek districts 


Yogo Gulch district 


South America 
Colombia—Mercaderes district 


DIAMOND 


Africa 
Angola—Luanda Norte region: 
Andrada, Camafuca- 
Camazombo, Cuango, and 
Lucapa districts 


Botswana -—-Jwaneng and 
Letlhakane mines 


Qrapa mine 
Central African Republic 
Ghana—Birim River region 


Guinea—Aredor mine and Baule 
Basin district 


Ivory Coast 

Lesotho 

Liberia 

Namibia—Consolidated Mines 
Lid. Complex; and Elizabeth 
Bay and Orange River districts 

South Africa 


Cape of Good Hope Province: 

Finsch mine 

Kimberley district: 

Bultfontein, De Beers, 
Dutoitspan and Wesselton 
mines 

Namaqualand district, 

Kleinzee: Butfels Marine 
and Koingmaas 
Complexes; Langhoogte 
mine 
Qrange Free State Province: 
Koffiefontein mine 
Transvaal Province: 

Pretoria district, Premier mine 
Sierra Leone 
Swaziland—Dokolwayo mine 
Tanzania—Mwadui mine 
Zaire — Kasai Province 

Asia 
China 

Hubei Province: Ying Chen 
district 

Hunan Province: 
Yuan Jiang River district 

Laoning Province: 
Bin Hai district 
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Gunaratne (1981) 


Jobbins and Berrangé (1981), 
Mumme (1988), Barot (1989) 


Keller (1982), Hoskin (1987) 


Gunawardene and Chawla (1984) 


Mumme (1988) 
Broughton (1979), Coldham (1985) 


Broughton (1979), Coldham (1985) 


Austin (1990) 


Baron (1982) 


Keller et al. (1985) 


Webster (1983), Mitchell (1986), 
Endiama (1990) 


De Beers Annual Report (1988), 
J. Harns (pers. comm., 1988) 


Fumey (1982) 

Mitchell (1986) 
Webster (1983) 
Webster (1983) 


Webster (1983) 
Mitchell (1986) 
Webster (1983) 


De Beers Annual Report (1988), 
J. Harris (pers. comm., 1988) 


Oe Beers Annual Report (1988), 
J. Harris (pers. comm., 1988), 
Boyajian (1988) 


Webster (1983), Mitchell (1986) 
Webster (1983), Mitchell (1986) 
Webster (1983), Mitchell (1986) 
Webster (1983), Mitchell (1986) 


Chikayama (1986) 
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Gem material/ocality 


Reference 


Gem material/locality 


Reference 


Mengying Province: Xiyu mine 


Shandong Province: 
Changma district 
India 


Andhra Pradesh: Golconda 
district 


Madhya Pradesh: Bundalkhand 
district 


Indonesia—Borneo, Kalimantan 


Soviet Union—Siberia: 
Yakutia, Aikhal, Mirny, and 
Udatchnyy mines; Vilyuy River 
district 
Australia 
Western Australia: Ellendale 
district 


Argyle district 


North America 
United States— Arkansas, 
Colorado, and Wyoming 


South America 
Brazil 
Bahia: Chapada Diamantina 
district 
Goids: Coromandel district 
Mato Grosso: Alto Paraguai, 
Diamantino, Nortelandia, and 
Poxoreu districts 
Minas Gerais: Diamantina 
district 
Para: Tocantins River district 
Parana: Tibagi River district 
Roraima: Tepeguem district 
Guyana--Cuyuni, Mazaruni and 
Potaro Rive} districts 


Venezuela—Cuyuni and Mazaruni 
rivers; Guaniamo, Mahdia, 
Pacaraima,’and Roraima 
districts 


GARNET 
Africa 
Kenya— Voi district, Tsavo 


Madagascar (Malagasy) 
Mozambique —Cuamba district 


Tanzania—Kangala and Komolo 
mines 


Umba Valley district 


Zambia 
Asia 
China 
Jiangsu Province: Donghai 
district 
India—Orissa district 


Pakistan —Gilgit Regions Dusso 
and Shingus districts 
Sri Lanka 
Central Province: 
Kataragama district 
Elahera district 


North America 
Canada—Quebec 
Asbestos; Jeffrey mine 
United States — California: 
Ramona district 


South America 
Brazi]—Bahia and Minas Gerais 


Liu (1981), Keller and Wan (1986) 


Webster (1983), Scalisi and Cook 
(1983) 


Spencer et al. (1988) 


Sobolev and Sobolev (1981), 
Huddlestone (1984), Mitchell (1986) 


Hofer (1985), Geach (1986), 
Mitchell (1986), Atkinson (1987), 
Jaques (1989), Keller (1990) 


Harris and Collins (1985), 
Furey (1985) 


Mitchell (1986) 


Cassedanne (1985b, 1989b) 


Lee (1981), Webster (1983) 


Webster (1983), Themelis (1987) 


Bridges (1974), Key and Hill (1989), 
Heppe (1989) 


Rouse (1986) 
Kanis (1986) 
Bridges (1974) 


Jobbins et al. {1978}, Schmetzer 
and Bank (1981b), Bridges (1982), 
Hanni (19876), Heppe (1989) 


Pers. knowl. of author (KS) 


Chikayama (1986) 
Keller and Wang (1986) 


Rouse (1986), Pers. knowl. 
of author (KS) 
Kazmi et al. (1985) 


Zoysa (1981), Zwaan (1982) 


Gunawardene and Rupasinghe 
(4986) 


Rouse (1986) 


Stern et al. (1986) 


Rouse (1986) 
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JADE (Jadeite/Nephrite) 
Asia 
Burma {Myanmar) 
Mogaung Region: Hpakan 
district 
Tawmaw district 
China 
Australia 
South Australia: 
Eyre Peninsular region 
Central America 
Guatemala 
North America 
Canada—British Columbia 
United States 
Alaska: Kobuk River region 
California: Monterey district 
Wyoming: Lander district 
LAPIS LAZUL! 
Asia 
Afghanistan—Badakhshan: 
Sar-e-Sang district 


OPAL 


Africa 
Tanzania 


Australia 


New South Wales: 
Lightning Ridge and 
White Clifs districts 

Queensiand: 
Eromanga, Quilpie, and 
Winton districts 

South Australia: 
Andamooka district 
Coober Pedy district 
Mintabie district 

North America 

Mexico 


Desautels (1986) 


Khin (1987), Keller (1990) 
Chikayama (1986) 


Desautels (1986) 


Desautels (1986) 
Desautels (1986) 


Bariand and Poullen (1978), 
Wyart et al. (1981), 
Yurgenson and Sukharev (1985) 


Koivula and Fryer (1984) 


E. R. Segnit (pers. comm., 1990), 
Keller (1990) 


Broughton (1979), Segnit (1981), 
Dabek (1985), Barot (1989) 


Broughton (1979), Segnit (1981), 
Dabek (1985), Barot (1989) 


Broughton (1979), Segnit (1981), 
Dabek (1985), Barot (1989) 


Robertson and Scott (1988) 
Townsend (1981) 


Webster (1983), Gubelin (1986) 


Ruby is one of many important gem materials being mined 
in East Africa, At the Tsavo National Park, in Kerrya, most 
mining ts still done with rudimentary tools. Photo courtesy 
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Gem material/locality 


Reference 


Gem material/locality 


Reference 


United States —Oregon: 
Opal Butte district 


South America 


Brazil—Piaui 
PERIDOT— Olivine 
Africa 


Egypt— Zabargad Island 
Asia 
Burma (Myanmar)— Mogok 
district 
China— Hebei Province 
Sri Lanka--Sabaragamuva 
Province: Ratnapura district 


North America 
United States — Arizona: 
San Carlos district 


QUARTZ—Amethyst, Citrine and 
Ametrine 


Africa 
Namibia —Platveld district 


Tanzania 
Zambia—Kalomo district 


Asia 
India —Orissa district 


Australia 
Western Australia: Port Hedland 
district 
South America 
Bolivia —Rinc6n del Tigre district 
Brazil 


Bahia: Bom Jesus dos 
Meiras district 
Espirito Santo: 
Baixo Guandu district 


Although mining of Imperial topaz at Capdo do Lana, near 
Ouro Preto, is among the most sophisticated in Brazil, gar- 
impeiros continue to work the streams below the mining 

operation in the hopes of recovering a few stones, Photo by 
D, Vincent Manson, 


Smith (1988) 


Webster (1983) 


Giibelin (1981), Keller (1990) 


Soalisi and Cook (1983), Keller 
(1990) 


Keller and Wang (1986) 
Gunawardene (1985) 


Koivula (1981) 


Kanis (1986), Barot (1987, 1989), 
E. Petsch (pers. comm., 1990) 


E. Petsch (pers. comm., 1990) 
Kanis (1986), Barot (1989) 


E. Gubelin (pers. comm., 1990) 


R. Kane and W. L. Cotton (pers. 
comm., 1990) 


R. Weldon (pers. comm., 1989) 


Franco (1981), Cassedanne 
(1988a) 


Phenomenal stones such as this 42.84-ct star sapphire from 
Sri Lanka were significant in the 1980s. Courtesy of 
Leon Mason Co.; photo by Shane McClure. 


Goias: Catalao, Cristalina, 
Santa Luzia, 
Serra Dos Cristais, 
and Xamboia districts 


Para: Maraba district (Alto 
Bonito mine); Pau dArco 
district (Villa Esperang¢a mine) 


Rio Grande do Sul: 
Santa Maria district 


Irai district 


Uruguay 


QUARTZ—Rose 


Africa 
Madagascar (Malagasy) 


Mozambique—Alto Ligonha 
district 


Namibia—Warmbad district 


South America 
Brazil —Paraiba: 
Alto Feio, Picul 
SPINEL 


Africa 
Kenya ~Amboseli district 


Nigeria—Jemaa district 
Tanzania—Matombo district 


Umba Valley district 
Asia 
Burma (Myanmar) 
Cambodia (Kampuchea) 
Pakistan —Hunza Valley 


Soviet Union— Pamir Range 
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Epstein (1988) 


Epstein (1988) 


Cassedanne and Cassedanne 
(1977) 


Webster (1983) 


Barot (1989) 
E. Gubelin (pers. comm., 1990) 


Kanis (1986), G. Becker (pers. 
comm., 1990) 


Cassedanne and Cassedanne 
(1978) 


Barot (1989) 
Jackson (1982) 


Barot (1989), Schmetzer et al. 
(1989) 


Bank and Henn (19890) 


Webster (1983) 
Webster (1983) 


Giibelin (1982), Harding and Wall 
(1987) 


Bank and Henn (19898a), Koivula 
and Kammerling (1989a) 
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Gem material/locality 


Reference 


Gem material/locality 


Reference 


Sri Lanka 


Central Province: 
Elahera district 


Sabaragamuva Province: 
Ratnapura district 


Thailand 


SPODUMENE 
Asia 
Afghanistan —Nuristan region 
Kolum River district 


Burma (Myanmar) —Mogok 
district 


South America 
Brazil 
Minas Gerais 


Governador Valadares 
district: 
Kunzita, Urucum, and 
Urupuca mine 


Resplendor mine 


TOPAZ 


Africa 
Nigeria—Jos district 


Zimbabwe —Miami district 
Asia 
Pakistan 
Gilgit Region 
Katlang Valley district 
Swat Valley district 
Sri Lanka—Matale district 


South America 
Brazil 


Minas Gerais 
Ouro Preto district 


Virgem da Lapa district 


TOURMALINE 
Africa 
Kenya 
Narok district: Osarara 
Vol district 
Madagascar (Malagasy) —iMount 
Bity region 
Betafo-Antsirabe region 
Anjanabonoina mine 
Mozambique —Alto Ligonha 
(Muiane mine) and Nacala 
districts 
Namibia —Karibib, Klein 
Spitzkopje, and Usakos 
districts 
Nigeria 
Zambia—Chipata, Lundazi, 
and Nyimba districts 


Asia 
Afghanistan 


Nuristan region: 
Kolum River district 


Nepal 
Sankhuwa Sabha district 
Pakistan —Gilgit region: 
Dusso and Shingus districts 


Soviet Union— Transbaikalia and 
Ural Mountains regions 


Anderson (1972), Schmetzer and 


Gubelin (1980), Zoysa (1981), 
Zwaan (1982), Schmetzer and Bank 
(1985) 


Gunawardene and Rupasinghe 
(1986) 


Shigley and Stockton (1984), 
Harder (1986) 


Weoster (1983) 


Rossovskii et al. (1978), 
Bowersox (1985), Barot (1989) 


Webster (1983) 


Proctar (1985b), Cassedanne 
(1986b,c) 


E. Fritsch (pers. comm., 1990) 


Pers. knowl. of author (KS) 
Webster (1983), Bancroft (1984) 


Kazeni et al. (1985) 
Spengler (1985) 

Gubelin et al. (1986) 

Pers. knawl. of author (KS) 


Ruplinger (1983) 


Keller (1983a), Nassau (1985), 
Cassedanne and Sauer (1987), 
Cassedanne (1989a) 


Cassedanne and Lowell (1982) 


Dietrich (1985) 
Bank (1987b) 
Hanni et al. (1981) 
Dietrich (1985) 


Strunz (1979), Wilson (1989), 
S. Salerno (pers. comm. 1989) 


Dietrich (1985), Kanis (1986) 


Dietrich (1985), G. Austin (pers. 
comm. 1990) 


Barot (1989) 


Bank (1982), Thomas (1982), 
Schrnetzer and Bank (1984), 
Koivula and Fryer (1985), Kanis 
(1986) 


Dietrich (1985) 


Bariand and Poullen (1978), 
Bowersox (1985) 


Dietrich (1985) 
Bassett (1985) 
Kazmi et al. (1985) 


Dietrich (1985) 


North America 


United States 
California: Mesa Grande 
district 


Maine: Androscoggin and 
Oxford counties 


South America 
Brazil 


Minas Gerais: 


Aracuai-Salinas district 
(Salinas mines) 

Virgem da Lapa district 

Araguai-ltinga district 

Governador Valadares 
district: Golconda, Jonas- 


Itatiaia, and Santa Rosa 
mines 


Cruzeiro-Aricanga mine 
Paraiba: Sao Jose da 
Batalha mine 
ZOISITE—Tanzanite 


Africa 
Tanzania — Arusha: 
Mererani district 


Marcussen (1985) 


Francis (1985) 


Cassedanne and Lawell (1982) 
Proctor (1985a,b), Keller (1990) 


Cassedanne and Lowell (1982) 


Cassedanne et al. (1980) 
Koivula and Kammerling (1989b) 


Bridges (1982) 


As more localities are discovered in Pakistan, beautiful gem 
mineral specimens such as this 4.6-cm aquamarine crystal 
with muscovite are being recovered. Courtesy of L. Wagner; 
photo by Jeffrey Scovil. 
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GEMSTONE ENHANCEMENT 
AND ITS DETECTION IN THE 1980s 


By Robert C. Kammerling, John I. Koivula, and Robert E. Kane 


The impact that enhancements had on 
the gem market in the 1980s may be un- 
paralleled in the history of the industry. 
Heat treatment brought hundreds of thou- 
sands of carats of blue and fancy-color 
sapphires and rubies to the trade, irradia- 
tion turned literally millions of carats of 
white topaz into attractive blue stones, 
and the filling of surface-reaching separa- 
tions introduced an entirely new variable 
to the evaluation of color and clarity in 
diamonds. One of the key challenges to 
the gemologist during this decade was the 
identification of these and other enhance- 
ments. This article reviews the enhance- 
ments that were introduced or played a 
major role during the 1980s, focusing on 
their detection by standard gemological 
techiques. 
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oncern about gemstone enhancements and the search 

for methods to detect them are not new. Written 
descriptions of treatment methods date back almost 2,000 
years, and reports on enhancement detection were being 
published as early as 1502 (Nassau, 1984), 

However, a number of developments in the last decade 
have brought greater attention to the subject of gemstone 
enhancement. These include the proliferation of enhanced 
stones in the market, the increasing sophistication of the 
treatment methods used, the need to relay accurate infor- 
mation both within the trade and to the consumer, and 
government interest in mandatory enhancement dis- 
closure. 

Because treatment can significantly affect the value of a 
gem, this article focuses on the one aspect of enhancement 
that is the gemologist’s primary concern: detection. 
Through a review of the literature and the authors’ own 
experience, this article examines those enhancements that 
were new in the 1980s or had a major impact on the gem 
market during the decade, and describes the detection 
methods that are now available. The emphasis is on tests 
that can be performed using standard gemological equip- 
ment, reference will be made to tests introduced in the 
1980s or new variations on previously known techniques 
{for more information on the “classic” tests, we recom- 
mend that the reader consult Liddicoat, 1989, or Anderson, 
1980). However, some discussions will necessarily include 
techniques that require more advanced instrumentation. 
We will also consider some enhancements for which there 
are currently no practical, nondestructive tests. The chart 
included with this article lists many of the key identifiable 
treatments currently in the trade and the principal 
methods available to detect them. 


HEAT TREATMENT 


Corundum. The 1980s witnessed an extraordinary influx 
of sapphires and rubies onto the market—over 95% of 
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which were believed to have been heat treated by 
one method or another (Abraham, 1982; figure 1). 
Nassau (1981) has described no fewer than nine 
specific treatments used on natural or synthetic 
corundum. 

Heat treatment is most widely used to develop 
blue color in light or near-colorless corundum 
(“geuda”) by means of an intervalence charge 
transfer involving iron and titanium ions (Moon 
and Phillips, 1986}. Thermal treatment also came 
into extensive use in the 1980s to induce or 
enhance yellow to orange to brown colors in 
corundum. The resulting stones are often of a color 
that has been described as “rare and somewhat 
unnatural” (Keller, 1982). 

With magnification, the following identifying 
features may be seen in both blue and yellow 
{unless otherwise noted] heated sapphires: (1) in- 
ternal stress fractures (figure 2) or cotton-like 
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Figure 1. Heat treatment 
brought great numbers of 
attractive blue and fancy- 
color sapphires to the 
gem market. All of the 
sapphires shown here 
have been heat en- 
hanced. Courtesy of 
Gemsource Interna- 
tional, Miami, FL; photo 
© Tino Hammid. 


features around inclusions (may have lacy fringes}, 
(2) stubby, partially absorbed {dot-like; figure 3) 
silk; (3) pockmarked, melted facets, and abnormal 
multi-plane girdles where part of the original 
surface was missed in repolishing; (4) blotchy color 
banding or diffused zoning in blue stones (rarely, 
with brown color zoning); and (5) colored halos 
surrounding solid mineral inclusions (Crown- 
ingshield, 1980, 1981c, 1982b, 1983b, 1987; Nas- 
sau, 1981; Gtbelin, 1983; Schmetzer et al., 1983; 
Scearratt, 1985; Koivula, 1987e; Hurwit, 1987; 
Koivula and Kammerling, 1988b). 

Heat-treated blue sapphires may show a dull, 
chalky green fluorescence to short-wave 
U.V. radiation, and may lack both the orange 
fluorescence to long-wave U.V. and the 450-nm 
absorption line associated with some natural-color 
blue sapphires. Heat-treated “golden” sapphires 
typically show no iron absorption and only weak 
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Gem Material 


BERYL 
Emerald 


CORUNDUM 
Sapphire 


Ruby, 
Sapphire 


Enhance- 
ment 
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Improve clarity, 
darken color, 
induce “sun 

spangles” 


Color After Enhancement 


GE NT 


“Sun spangles” discoid fractures. 


CG AT 
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0 eS oa 
eloleeleletalelala| mete | Mi | rere | 
(nm) Fluorescence 


May also be dyed: look for color 
concentrations in surface-reaching 
fractures. 


Produce larger. 
workable pieces 


Improve apparent 
clarity, conceal 
fractures 


“Roiled” structure, flattened elongated gas bubbles, 
grain boundaries, irregular clear and cloudy areas. 


Very low relief of surface-reaching breaks; possibly 
slight outlining of breaks. Decomposed oils may leave 
whitish/yellowish dendritic patterns.* 


Diffusion 


Deepen/induce 
green color; 
improve apparent 
clarity 


Alter color 


Deepen/induce 
color 


Lighten color, 
remove secondary 
hues, improve 
clarity 


Induce surface 
color and/or 
asterism 


LW: strong, patchy. 


chalky blue 1a 


Polariscope: irregular 
strain patterns 


Also called “pressed” amber. 


LW: chalky 
yellowish green 
possible in fractures 


Heat may cause oil to 
“sweat” from fractures. May 
stain stone papers. 


All colors possible 


Cavity filling 


Dyeing 


Improve 
appearance, add 
weight, seal voids 


Deepen/induce 
color 


Cleavage/ 
fracture 
filling 


Improve apparent 
Clarity 


Laser drilling 


Vaporize or bleach 
dark inclusions 


Oiled stones may have oily 
odor. Heat may cause oil 


Surface-reaching fractures, pits may be 
filled with plastic or resin; magnification 
key to detection. “Hot point” to test 
emeralds strongly discouraged. 


All colors possible 


All colors possible 


All colors possible 


All colors possible 


Coating 


Irradiation 


Deepen/induce 
color 


Induce/modify color 


All colors possible 


630-670 LW: chalky 2 7 5 - 
i A 7 A to “sweat” from fractures. Dye concentrations best detected using 
Color concentrations in surface-reaching fractures. poe eae ae res May discolor stone paper, diffused transmitted light. 
p py acetone-dipped cotton 
swab. 
Dyed green: 
fine lines at 
640, 670 Dyed blue, green: appear May be dyed any color. May be 
Rarely, uneven color distribution Dyed blue: red to orangy red through Selectively:or uniformly treated. 
i " yed blue. : Treatment often not detectable by 
bands at Chelsea color filter. routine tests. 
540, 585, 
640 
. 5 . ‘ Blue: LW—lacks * 
Cotton-like features around inclusions2; melted/burst Blue: very orange reaction; “Geuda” material usually used to 
solid inclusions; ruptured fluid inclusions; “dot-like” weak or no SW—dull chalky produce blues. Yellow-to-orangy brown 
silk; diffused color zoning, blotchy color banding 450 line green, yellowish stones typically show neither iron 
(blues); internal color diffusion around solid inclusions; Yellow to green absorption of Thai/Australian stones nor 
sintered, unpolished surfaces and pockmarked, brown: no Yellow to brown: strong orangy LWUV reaction of Sri 
melted facets. i i oe Lankan stones. 
iron lines LW & SW—inert 
Discoid fractures?; melted/ourst solid inclusions; SW: patchy bluish ae 
ruptured fluid inclusions; dot-like silk; internal color zones possible in nen stones ne i ; 
diffusio d solid incl Siang: sintered wantaces rub Australia. Inclusions best seen with 
MSC ORNS Pelle ame ne mieisaes y darkfield illurnination. 
Color diffusion: color concentrations along facet SW: chalky bee eerie her Immersion key to detection. 
junctions, girdle edge‘; localization/blotchiness of yellowish green reli cae eet flere, Magnification may show other evidence 
color; color “bleeding” in pits and surface-reaching possible in blue irdle outline 3 methylene of high-temperature treatment. 
fractures. Star diffusion: rutile needles confined stones; may be aide than created? Repolishing may remove color. Star may 
to thin surface layer. patchy Stones: be unnaturally sharp. 
: ; ; LW & SW: Don't confuse cavity fillings 
Difference in surface luster, polish, er bereney: and/ filling material Always reaches with included crystals/ 
or relative fale (when immersed) between host and inert (also to surface of stone. natural glass inclusions 
filling material>; gas bubbles in contact zone. X-rays} breaking surface. 
Color concentrations in surface-reaching fractures. 
Filled breaks may exhibit: “flash effects"-—-orange/ Tr 
3 teatment may lower 
blue® or aay eee Ee iene ccclenmantiat apparent color grade; acid, Body color of colored diamonds may 
(may have fingerprint pattern); flow structure; crackle extreme heat may remove mask “flash effect.” 
texture; slight yellowish color; no broad-spectrum filling 
iridescence or feathery texture. ° 
Laser drill “holes” appear as thin white lines, usually en pene Laser drill holes may be filled (see 
perpendicular to a facet near the inclusion.” inclusions reached. above). 
Dark lines parallel to pavilion main edges; scratches Repolishing may remove 
in coating; uneven color. color. 
May show 
Cyclotron-treated stones may exhibit color 595 line, Rented taster aioe 
concentration around culet or outlining facets.® 496/503 pair diagnostic features in near- | Most of these colors result from 
Possible spotted surface coloration on greens colored Pink may ; IR; some treated greens annealing after irradiation. Cooling may 
by exposure to radioactive salts. Some blue to green show LW: treated pinks imay béiradioactive: treated resolve absorption features; yellows, 
electron-irradiated stones show color concentration at fluorescent fluoresce orange place are:elect tically greens most common colors produced. 
culet/keel line. Treated pinks lack characteristic “pink line at 570, nonconductive and have Origin of color in most green diamonds 
cet is pinks; some show pink and yellow ees ig unnatural greenish blue cannot be determined. 
: ! > color. 
622, 637 


Induce or improve 
color 


ps 


Improve apparent 


Coating luster, polish 


improve color 
appearance, 
conceal white 
Calcite 


All colors possible 


Dye concentrations sometimes seen in surface- 
reaching fractures.® 


Diffused 
band at 
630-670 nm 
in green 
stones 


LW: lavender may 
fluoresce moderate 
to strong orange 


May discolor acetone- and/ 
or acid-dipped cotton 
swab. Green may appear 
ted through Chelsea filter. 
Lavender shows bluish 
purple X-ray fluorescence. 


Magnification key to detection. Nephrite, 
serpentine, quartzite, and other 
materials may be dyed green; detection 
similar. Moderate heat may remove 
lavender color. 


Scratches in coating; wax or other applied substance 
concentrated in surface pits, cavities. 


Thermal reaction tester will 
cause wax, paraffin, oil 
Coatings to meltflow. Best 
seen under magnification. 


Amazonite, malachite, nephrite, 
rhodochrosite, serpentine, other 
ornamental gem materials may be 
surface coated. Detection similar. 


™~ 
ey 


Dye concentrations in surface-reaching fractures and 
porous areas.1° 


— 


May discolor acetone- or | 
acid-dipped cotton swab; 
may appear bright 
brownish red through 
Chelsea filter. 


Chemical tests may be negative if 
material has been wax coated: wax must 
be removed to obtain positive test for 
dye. 


Produce dark 
background for 
play-of-color 


Irradiation Modify color 


Produce various 
body colors 


Sugar treatment: peppery, speckled appearance, dark 
color concentrations in cracks.11 


Smoke treatment: dark brown, mottled appearance 
with “unnatural” play-of-color. 


| 


Smoke treatment: used on 
porous material, so 
absorbs liquids, 
temporarily loses color, 
and gains weight on 
wetting. Low R.I. (1.38— 
1.39), S.G. 


Smoke, sugar treatments superficial; 
true body color seen on fracture 
surfaces. Black plastic impregnation: 
unnatural transparency with black, wisp- 
like inclusions; unnaturally low S.G. 
Surface of smoke-treated opals 
damages easily. 


Saltwater cultured: dark bead nucleus but unaltered 
light-colored nacre may be seen when drill hole is 
examined. 


Colors in irradiated freshwater pearls 
unlike those produced in nature. 


Color concentration around drill hole/surface 
irregularities'?; possibly extending into veins from hole 


Dyed black: LW & 
SW usually inert; 


May discolor weak nitric 
acid-dipped cotion swab 
rubbed in drill hole. May 
show unusually even color 


Alter color to 


QUARTZ imitate other gems 


Citrine 


Produce citrine 
from amethyst 


Alter color to 


(radiation imitate hiddenite 


PURPOSE OF CHART 


This chart covers only major gems for which there are 
detection criteria available using standard gemological 
procedures. It does not include those common 
enhancements (e.g., irradiated and/or heated topaz, 
tourmaline, zircon, and tanzanite) for which treatment 
cannot be confirmed by such techniques; nor does it 
describe in detail all the tests to which it refers. Rather, it 
is a working guide to be supplemented with additional 
references such as those listed in “Gemstone 
Enhancement and Its Detection in the 1980s” (R. C. 
Kammerling, J. 1. Koivula, and R. &. Kane, Gems & 
Gemology, Vol. 26, No. 1, pp. 32-49}. 


KEY 


ENHANCEMENT (Process Used) 

Cavity filling: Filling surface-reaching cavities, pits, other 
depressions with glass, plastic, or other substance. 
Cleavage/fracture filling: Filling surface-reaching breaks 
with glass, plastic, or other substance (see also Oil, 
below). Coating: Treating surface with colorless 
substance, e.g., wax, paraffin, oil, lacquer. Diffusion: 
Using high temperature to diffuse color- and/or asterism- 
causing compounds into a shallow surface layer. Dye: 
Introducing colored substance; includes dyes, colored 
oils, and impregnations. Heat: Subjecting material to 
elevated temperatures. Varies with material/treatment. 
May be as low as 200°C or up to/exceeding 2,000°C. 
Irradiation: Using high-energy particles or 
electromagnetic waves to alter color. Oil: Filling surface- 
teaching breaks with oil or other liquid. 


and/or staining stringing thread. 
distribution. 


may be dull green 
ia or chalky white 


Dyed black with silver nitrate: may show 
white (X-ray Opaque) conchiolin ring on 
X-radiograph. 


Lay discolor stone paper, 

acetone-dipped cotton swab. 
Dyed green: may appear red 
through Chelsea color filter. 


Dyed green quartzite used to imitate 
jade. 


1 


Heat-treated amethyst-citrine, green 
quartz (“praseolite”) may show similar 
dehydrated iron-based inclusions. 


Color unstable, fades when 
exposed to light and/or heat. 


Dyed green: 
Oye concentrations in surface-reaching fractures. In may exhibit 
quench-crackled and dyed rock crystal, dyed fractures absorption 
appear as web-like network. band around 
All colors possible 630-670 
Dehydration alters goethite inclusions to reddish 
: brown hematite with surrounding pressure-induced 
cracking. 
No 
chromium 
absorption 


Reconstruction (Recon.}: Combining pieces of similar 
material through heat and/or pressure to produce larger 
pieces. A binder may or may not be used. 


GEM MATERIAL: Listed in alphabetical order by species 
and, within species, by variety where applicable. 


COLOR AFTER ENHANCEMENT: Lists color of end 
product; no reference is made to color of untreated 
starting material; red includes pink. 


Color Range — (Horizontal line) Common treated color 
| (Vertical line) Uncommon treated color 


Ye box Modifying color 
MAGNIFICATION: Superscript number refers to 
representative photomicrograph shown here. 
SPECTRUM: Visible spectrum only; as observable with a 
hand-held type of spectroscope. All band/line locations 
given in nanometers (nm). 

ULTRAVIOLET FLUORESCENCE: 
LW = Long-wave ultraviolet 
SW = Short-wave ultraviolet 


OTHER: Other useful gemological tests, including 
polariscope, reaction to thermal tester, reaction to 
acetone- or acid-dipped cotton swab, appearance through 
the Chelsea filter, and X-ray fluorescence. 


COMMENTS: Includes other materials that are also 
routinely Subjected to the particular enhancement. 


nou 
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irradiated stones lack saturated green 
color of true hiddenite. Artificial 
irradiation also used to intensity kunzite 
color; not detectable by standard tests. 


9 1¢ 11 12 


Figure 2. Internal stress fractures, sometimes 

with lacy fringes, are diagnostic of heat treat- 
ment in corundum. Here, they are shown in a 
“golden” sapphire. Photomicrograph by John I. 
Koivula; magnified 25x. 


red-orange or no fluorescence to long-wave U.V. 
(Crowningshield, 1981c, 1982b, 19844]. 

The 1980s also saw other varieties of corundum 
that apparently owed their color at least in part to 
heat treatment. These include red-purple and pink- 
ish orange (“padparadscha”) sapphires. The pres- 
ence of strain discs and zones of chalky short-wave 
U.V. fluorescence helps confirm treatment 
(Crowningshield, 1984e}. When a pinkish orange 
sapphire was heated to improve the clarity by 
reducing a dense concentration of tiny (apparently 


rutile) particles, the treatment produced an “un- 
natural-appearing intense orange color” (Kane, 
1986a). The stone exhibited a strong, slightly 
reddish orange fluoresence to both short- and long- 
wave U.V, as well as chromium-related absorption 
lines in the red end of the visible spectrum. 

Another major application of heat treatment is 
to partially or totally remove a blue color compo- 
nent from corundum, that is, to lighten the color of 
dark blue sapphires (commonly those from Austra- 
lia, as described in Tombs, 1982, and Coldham, 
1985) or remove the blue component from purplish 
stones to produce a purer red ruby (Nassau, 1981; 
Abraham, 1982; Currie, 1988}. Many Sri Lankan 
pink sapphires also have been heated to drive off 
any secondary blue overtones (Koivula, 1987c}. 
Identifying characteristics seen with magnifica- 
tion are similar to those listed above for other heat- 
treated corundum (figure 4). In addition, unusual 
blue hexagonal color zoning has been observed in 
blue sapphires heated to reduce the depth of color 
(Hargett, 1988a; Coldham, 1989}. Heat-treated 
rubies may also exhibit an abnormal reaction to 
short-wave U.V: a bluish patchiness and concen- 
tric rings (Crowningshield, 1984d}. 

Often, however, heat treatment to diminish or 
remove a blue component cannot be detected, as 
the stones are not heated to the extent that 
repolishing is necessary. Furthermore, the iron- 


Figure 3. The distinctive rutile “silk” in a Sri Lankan sapphire before heat treatment (left) became 
stubby, partially absorbed, and dot-like (right) after the same stone was submitted to a heating pro- 
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rich blue sapphires that are commonly heat treated 
to produce a lighter color can display strong iron 
absorption both before and after treatment 
(Crowningshield, 1987) and remain inert to U.V. 

Research conducted in the 1980s also contrib- 
uted to the identification of features that would 
prove that a stone had not been heat treated. 
Specifically, unruptured carbon dioxide fluid in- 
clusions in ruby and sapphire (figure 5} provide 
conclusive proof that no heat treatment has taken 
place (Koivula, 1986). Yet the “coarse, well-formed, 
undisturbed needle-like” or wedge-shaped inclu- 
sions once believed to prove that a stone had not 
been heated (Welch, 1988) have been observed in 
heat-treated sapphires from Australia, Sri Lanka, 
and the Kanchanaburi district of Thailand (Cold- 
ham, 1989). 

One precaution to keep in mind when examin- 
ing the surface of corundum for heat damage is that 
similar damage may result when jewelry repair or 
sizing is performed with the stone still in the 
mounting. As a final step in such work, the solder 
joint is often cleaned in a borax-containing hot 
pickle solution that may produce surface etching 
(Liddicoatiand Fryer, 1980). 

Synthetic corundum may also be altered using 
heat-treatment processes. For example, Chatham 
flux-grown synthetic dark blue sapphires and dark 


Figure 5. The presence of 
an unruptured CO ,-con- 
taining negative crystal 
(left) in this Sri Lankan 
sapphire proves that the 
stone has not been heat 
treated. When heated to 
only 270°C, the same in- 
clusion burst (right), pro- 
ducing a large fracture. 
Photomicrographs by 
John I. Koivula; 
magnified 45x. 
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Figure 4. The lacy “fingerprint” surrounding a 
melted crystal inclusion in this Thai ruby is in- 
dicative of heat treatment. Photomicrograph by 
John I. Koivula; magnified 40x. 


rubies are reportedly heat treated to lighten the 
color (Koivula and Kammerling, 1988a). 


Quartz. For decades now, most citrine on the 
market has been,produced by heat treating ame- 
thyst. While this treatment is generally not detect- 
able, the presence of altered iron-based inclusions 
may provide proof in some cases. Experimentation 
has shown that when amethyst containing brown- 
ish yellow goethite inclusions is heated, the 
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Figure 6. Unaltered yellowish goethite (left) is observed in amethyst that has not been heat treated. 
Heat treatment to lighten the color of the amethyst or to convert it to citrine (right) dehydrates the 
goethite, altering it to hematite. Photomicrographs by john I. Koivula; magnified 25x. 


goethite dehydrates to reddish brown hematite, 
often with the accompanying formation of stress 
cracks (figure 6}. Therefore, the presence of reddish 
brown “brush-like” radiating groups of hematite 
fibers in citrine is a strong indication that the color 
was produced by heat treating amethyst (Koivula, 
1987d]. 


Zircon. The heat treatment of various natural 
colors of zircon to produce blue, as well as some 
“golden,” red, and colorless gems, has been prac- 
ticed for many years (Rupasinghe and Senaratne, 
1986). Recently, however, heat treatment has been 
used to produce cat’s-eye stones. While natural 
chatoyant zircons do occur rarely in nature, heat- 
treated stones contain diagnostic inclusions in the 
form of parallel oriented stress fractures around 
inclusions of thermally decomposed apatite crys- 
tals (Hanni and Weibel, 1988). 


Other Gem Materials. Heat treatment continues 
to be used extensively to alter the appearance of a 
number of other gem materials. For example, heat 
treatment produces: a pink color in chromium- 
bearing orangy brown topaz, a purer blue hue in 
greenish blue aquamarine, lighter colors in some 
dark blue to green tourmaline, and the blue-violet 
colors of tanzanite from greenish brown zoisite. It 
was only recently reported (see Koivula and Kam- 
merling, 1990b) that heat treatment was being 
used to produce unusual, “electric” blue and green 
colors in tourmaline from the new locality in 
Paraiba, Brazil. In general, however, these alter- 
ations require lower temperatures, so the physical 
evidence, especially damage or alteration of inclu- 
sions associated with heat treatment of corundum, 
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is generally lacking in these materials (the color 
produced usually is the only indication of treat- 
ment). 


DIFFUSION TREATMENT 

Another heat-related enhancement of corundum 
that came to the fore in the 1980s was the diffusion 
of color-causing agents into the surface layer of an 
already preformed or fashioned stone. The use of 
different chromophores produces different colors, 
including blue, red, yellow, and pinkish orange, 
although only the blue has been seen in the trade 


Figure 7. Immersion in methylene iodide re- 
veals the high relief characteristic of a diffu- 
sion-treated sapphire (right), as exemplified by a 
blue outlining of facet junctions and the girdle 
edge. The heat-treated blue sapphire (left) 

does not show any outline facet junctions ex- 
cept near the girdle where some areas are 
slightly abraded. Photomicrograph by Robert E. 
Kane; magnified 10x. 
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with any frequency. One of the first identifying 
features noted in some of these stones was a patchy 
fluorescence to short-wave U.V. where the diffused 
color had been removed during repolishing 
(Crowningshield, 1981b,; Hanni, 1982). Diffusion- 
treated blue sapphires may also show an unnatural 
“watery” appearance, that is, decreased transpar- 
ency that is not due to inclusions. Examination of 
such stones using diffused illumination and im- 
mersion in methylene iodide also reveals the areas 
where color has been removed during repolishing, 
as well as a higher relief than stones that have not 
been diffusion treated (as evidenced by a dark 
outlining of facet junctions) and a blotchiness of 
color from one facet to another (figure 7}. Another 
characteristic, noted with magnification, is a 
“bleeding” of color around pits and surface-reach- 
ing fractures. Also seen are stress fractures around 
inclusions, pockmarked facets, and abnormal gir- 
dles (Nassau, 1981), although these are a result of 
the high temperatures used and are not specific to 
the diffusion process. 

Diffusion treatment may be more difficult to 
detect in cabochons than in their faceted counter- 
parts because cabochons lack the many sharp 
junctions on which color irregularities can occur. 
Such treatment is best detected on cabochons at 
the girdle {i.e., setting) edge {Crowningshield, 
1982a). 

Diffusion treatment may also be used to create 
asterism by adding titanium oxide to the surface 
layer of a stone. Such treatment is identified by: (1) 
an unnaturally sharp star; (2} uneven color; and {3} 
bleeding of color around pits, cavities, and frac- 
tures—as well as by other evidence of high-tem- 
perature treatment as described above. Because the 
treatment usually affects only a relatively thin 
surface layer, repolishing can remove the star 
(Crowningshield, 1985). 

Diffusion treatment has also been identified in a 
synthetic blue sapphire. Immersion in methylene 
iodide revealed the curved color zoning and tiny 
gas bubbles typical of Verneuil synthetics, as well 
as the uneven color from one facet to another that 
is characteristic of diffusion treatment (Hurwit, 
1982). 


IRRADIATION 

One of the most significant developments during 
the 1980s was the widespread use of laboratory 
irradiation to induce or alter color in gemstones. 
Today, nondestructive detection (i.e., without re- 


Enhancement and Its Detection 


Figure 8. During the 1980s, irradiation was 
used to change pale-colored sapphire (top) to a 
golden yellow (bottom). The color, however, is 
not stable and will fade on exposure to light. 
Photos by Shane FE McClure. 


moving the color or damaging the stone} of such 
irradiation is one of the gemologist’s greatest 
challenges. Also of concern is the stability of the 
color obtained to normal conditions of light and 
heat. 


Corundum. Irradiation has been used to produce 
an unstable golden yellow color in corundum 
(Rossman, 1981, figure 8). Although some dealers 
recommended detection by placing the stone in a 
flame for about one minute or in direct sunlight for 
several hours, either of which would cause an 
irradiated sapphire to fade (Keller, 1982), the heat- 
ing test has since been discouraged. Nassau and 


GEMS & GEMOLOGY Spring 1990 39 


Figure 9. The detection of treatment in dia- 
monds that had been irradiated to produce 
fancy colors was a major problem during the 
decade of the ‘80s. These diamonds, 0.65 

to 1.45 ct, have all had their color enhanced by 
laboratory irradiation. Courtesy of Theodore 
and Irwin Moed; photo © Tino Hammid. 


Valente (1987) recommend only exposure to light, 
“typically two days of bright sunlight or longer for 
less intense (natural or artificial) illumination.” 


Diamond. A major issue of the ‘80s was the 
identification of radiation-induced color in dia- 
monds (figure 9). Although detection of some color- 
treated diamonds has become relatively straight- 
forward, other stones still cause considerable prob- 
lems. 

Cyclotron-treated diamonds, which continued 
to have a presence on the market during this 
decade, can still be readily identified by the shal- 
low color confined to a layer near the surface and, 
in some stones, a concentration of intense color 
paralleling the edges of facets on the crown or 
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around the culet or girdle (as illustrated in Kane, 
1981a; Scarratt, 1982). 

The use of radium or other radioactive salts to 
produce green color in diamond dates back to the 
turn of the century. These stones, too, are readily 
identifiable, because they retain residual radioac- 
tivity, which can be detected with a Geiger counter 
or by the autoradiograph produced when they are 
placed in contact with photographic film. Histori- 
cally, these stones have also been known to exhibit 
mottled dark green stains on facet surfaces. Given 
the known high radioactivity of diamonds treated 
by this method, it was surprising to see in the 
1980s the release of diamonds color-enhanced by 
the radioactive salt americium. These stones do 
not show the mottled, or “mossy,” green stains 
described above (Moses, 1989). 

The 1980s witnessed a proliferation of diamonds 
irradiated by electrons and neutrons, followed by 
annealing. Many diamonds treated by these 
methods — producing such colors as yellow, brown, 
and orange—can only be identified by spectral 
analysis. Often, a hand-held type of spectroscope 
in conjunction with an aerosol refrigerant for 
cooling the diamond is sufficient to identify treat- 
ment in these stones; during the 1980s, most major 
gemological laboratories also had access to a re- 
cording spectrophotometer equipped with a liq- 
uid-nitrogen cooling unit. In the great majority of 
diamonds, treatment is evidenced by the presence 
of a strong line at 595 nm (historically cited by 
gemological researchers dealing in Angstrom 
units as the “5920”), accompanied by a pair of 
bands at 496 and 503 nm (previously known to 
gemologists as the “4980/5040 pair”). During the 
1980s, it was determined that the 595-nm line 
could be removed by further annealing at much 
higher (= 1000°C) temperatures (Collins, 1982). 
Yet even in these rare cases, two characteristic 
absorption bands have been observed in the near 
infrared—at 1936 nm and 2026 nm, designated 
Hlc and H1b, respectively (Woods, 1984; Woods 
and Collins, 1986; Collins et al., 1986). Unfor- 
tunately, the sophisticated instrumentation re- 
quired to detect these bands is not readily available 
to the jeweler/gemologist. 

Another development of the 1980s was the 
intensification of color in natural fancy-color dia- 
monds by laboratory irradiation. One natural 
fancy light yellow diamond examined in the GIA 
Gem Trade Laboratory had its depth of color 
increased to the equivalent of a fancy intense 
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yellow. When the stone was resubmitted to GIA- 
GTL after treatment, spectroscopic examination 
revealed both a strong 595-nm line, proving artifi- 
cial irradiation, and a moderate Cape spectrum 
(Kane, 1983b). 

In rare instances, the treatment process inadver- 
tently produces pink stones (L. Perlman, M. Fuchs, 
and I. Moed, pers. comm., 1986). Such treated pink 
stones are readily identified with a hand-held 
spectroscope by —in all stones—a fluorescent line 
slightly above 570 nm and a 595-nm absorption 
line, plus—in most stones—610-, 622-, and 637- 
nm absorption lines. Treated pink diamonds also 
typically fluoresce orange to long-wave U.V. radia- 
tion. It was first reported in the 1980s that some 
treated pink diamonds with the above spectral 
pattern also showed distinctive yellow and pink 
color zoning, which appeared to be related to a 
zoned long-wave U.V. (Hargett, 1988b). 

Determining origin of color in most green dia- 
monds is one of the greatest challenges in gem 
identification. Small green to brown radiation 
stains on the surface of light green diamonds used 
to be considered a strong indication (but not proof} 
of natura} color, as such stains have not been 
reported to have been produced artificially. How- 
ever, the possibility exists that near-colorless and 
light green or yellow diamonds with these stains 
may be irradiated to induce or intensify (to light, 
medium, or dark) a green color. In fact, the authors 
examined several diamonds with brown radiation 
stains both before and after treatment. Even 
though the originally faint green and near-color- 
less stones developed a dark green color with 
irradiation, there was no change in the radiation 
stains. 

It was also long believed that color was a good 
indication of enhancement, with treated green 
diamonds commonly having an unnatural brown- 
ish, grayish, or bluish hue in dark tones. Today, 
though, the fact that more lighter-toned green 
stones are seen in the market suggests that color is 
no longer a reliable indicator (Fritsch et al., 1988). 

However, the decade did produce some criteria 
that can be used to separate treated green dia- 
monds from their natural-color counterparts. Most 
important was the observation of distinct color 
zoning in the pavilion or culet of an irradiated 
diamond. With magnification and diffused light- 
ing, this characteristic is readily visible in some 
electron-treated blue and green diamonds (Fritsch 
and Shigley, 1989; figure 10). 
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Unfortunately, the origin of color still cannot be 
determined with certainty in the vast majority of 
green diamonds. Detection of this treatment will 
be one of the greatest challenges of the 1990s. 


Pearl (Cultured). In the 1980s, irradiation was 
comunonly used on off-color saltwater cultured 
pearls to produce bluish gray colors. Gamma rays 
darken the freshwater bead nucleus of the rela- 
tively thin nacre Akoya cultured pearls to influ- 
ence the overall body color. Detection requires 
examining the pearl through the drill hole, where 
the darker bead nucleus may be seen to contrast 
with the lighter (unchanged) nacre. 

Irradiation of tissue-nucleated cultured freshwa- 
ter pearls produces a range of colors from blue-gray 
to black. This treatment is readily identifiable 
because the colors produced are rarely seen in such 
pearls naturally. 


Quartz. A number of colors have been produced in 
quartz using artificial irradiation, most notably 
“smoky” and amethystine. To date, however, we 
know of no method by which natural-color 
“smoky” quartz and amethyst can be separated 
from their artificially irradiated counterparts. 


Figure 10. The distinct blue zone at the culet of 
this bluish green diamond —visible with magni- 
fication and diffused lighting—proves that it 

was treated. Photomicrograph by John I. Koivula. 
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Figure 11. This 57.3-ct topaz derives its color 
from irradiation (in a linear electron accelera- 
tor) and subsequent heat treatment. It origi- 
nally resembled one of the white topaz pre- 
forms on which it sits. Stones courtesy of 

P. Flusser, Overland Gems, Los Angeles, CA. 
Photo © Tino Hammid. 


Spodumene. Kunzite, the best-known gem variety 
of spodumene, ranges from light to medium pink 
to lavender. Hiddenite is the rare, chromium- 
colored green variety. Laboratory irradiation has 
been used to intensify the color of kunzite {Ash- 
baugh, 1988]. However, it can also turn kunzite 
deep green to mimic hiddenite. A simple (but color 
destructive] fade test will separate chromium- 
colored hiddenite from the unstable irradiated 
material, as the latter will commonly bleach out in 
a matter of one to a few hours in sunlight. 

In 1982, Rossman and Qiu reported that neutron 
irradiation of spodumene had produced an unusual 
range of colors, from brownish orange through 
orange to brownish yellow, orange-yellow, and 
even greenish yellow. This treatment can be iden- 
tified both by the unnatural colors of the stones 
and, with a Geiger counter, by their detectable 
radioactivity. 


Topaz. Probably no treated material had as broad a 
presence in the gem and jewelry market of the 
1980s as irradiated topaz {figure 11). Millions of 
carats of irradiated blue topaz were processed and 
sold in the course of the decade. Almost any 
colorless or light yellow topaz can be altered to a 
range of colors from yellow to dark brown by 
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gamma, high-energy electron, or neutron irradia- 
tion. None of these colors is stable to heat or light 
(Nassau, 1985}. However, heating these stones to 
approximately 200° to 300°C for as little as one and 
a half hours will turn some of them blue. While 
these blue colors appear to be stable, the decade of 
the ‘80s produced no definitive gemological test to 
separate all of the irradiated stones from natural 
blue topaz. 

We do know that the irradiated colors are usually 
darker and more intense than those seen in nature; 
no natural-color blue topazes of a medium dark or 
darker tone have been observed in jewelry-size 
stones. In addition, some artificially irradiated 
stones contain residual radioactivity. As early as 
1981, Crowningshield {198la) reported on the 
presence of radioactive blue topaz in the trade and 
suggested routinely testing parcels of stones witha 
Geiger counter. By the end of the decade, a variety 
of more sophisticated, and more sensitive, radia- 
tion detectors were also available (Ashbaugh, 
1988). In France, the Centre d’Etudes Nucléaires de 
Grenoble has developed an instrument that can 
measure the residual radioactivity of large quan- 
tities of gemstones (Robert, 1987). 

Research into the application of more advanced 
technology to identify irradiated topaz continued 
throughout the 1980s, but with little success. A 
test based on the property of thermoluminescence, 
that is, light caused by heat, showed some promise. 
Unfortunately, the heat required for the measure- 
ment bleaches the blue color from the specimen 
(Rossman, 1981}; it is also possible that the effect 
could be negated by a selective preliminary heat- 
ing (Nassau, 1985}. 


Tourmaline. Also during this decade, reports 
emerged about the artificial irradiation of colorless 
to light pink tourmaline to produce dark pink to 
red material (Ashbaugh, 1988). Currently, we know 
of no method by which this treatment can be 
detected. 


DYEING 


Throughout the decade, dyeing of a variety of 
materials was observed. Perhaps most prevalent 
was the dyeing of a number of porous minerals, 
such as calcite, dolomite, and magnesite, for use in 
beads to imitate more expensive (e.g., turquoise, 
lapis lazuli) materials (figure 12). Dye in such 
materials can usually be identified by the use of 
acetone and, in some cases, a 10% hydrochloric 
acid solution on a cotton swab. Dyes were also 
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detected in a number of other gem materials, as 
described below. 


Beryl. Emerald or colorless beryl may be treated 
with a green oil or dye to enhance or induce a green 
color. With magnification and diffused transmit- 
ted light or immersion, such treatment is detected 
as color concentrations in fractures (Brown and 
Snow, 1985; figure 13}. However, dark-colored 
reflections in untreated fractures in emerald 
should not be confused with dye colors in treated 
stones. Note that changing the angle of observation 
should negate any reflection effect, whereas true 
color concentrations in fractures should be visible 
at any angle (Ringsrud, 1983). 


Jade. Jadeite may be dyed any number of colors, 
but, not surprisingly, green and lavender are the 
most common. The detection of dyed green jadeite 
is relatively straightforward, as discussed in the 
various identification texts. Detecting dyed laven- 
der jadeite has proved more of a challenge. In a 
1982 study, however, specimens believed to be 
colored with an organic dye fluoresced strong to 
very strong orange to long-wave U.V. radiation 
(figure 14); and weak brownish orange to brownish 
red to short-wave U.V; had a moderate bluish 
purple X-ray fluorescence; and showed evidence of 
color concentrations in microscopic surface 
cracks. In addition, the color bleached when the 
specimens were exposed to heat exceeding 220°C 
for no more than half an hour (Koivula, 1982). 

Although much less common, dyed green neph- 
rite has also been seen. This was first reported in 
“potentially commercial quantity” in 1984. The 
dyed material shows a broad absorption band in the 
660- to 700-nm region and, with magnification, 
green color concentrations in fine surface-reaching 
cracks. Under the Chelsea color filter, such dyed 
nephrite may appear a faint brown (Hurwit, 1984, 
Crowningshield, 1984c]. 


Lapis Lazuli. A great deal of lapis, much of it dyed, 
was seen on the gem market in the 1980s, Al- 
though commonly dyed to impart color to whitish 
(calcite) areas, some lapis is so heavily dyed that it 
virtually owes its color to the treatment. With 
magnification, evidence of blue dye may be seen in 
fractures and some porous areas. Heavily dyed 
material may show unnatural color in patches not 
associated with such areas. On beads, dye may 
concentrate in drill holes. Heavily dyed material 
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Figure 12. The beads in these strands are com- 
posed of a variety of materials, such as dol- 
omite and magnesite, that have been dyed to 
alter their color. Photo by Shane FE McClure. 


may not exhibit the chalky green fluorescence to 
short-wave U.V. associated with lapis lazuli, and 
may appear an unnaturally bright brownish red 
when viewed through the Chelsea color filter 
(Crowningshield, 1986). 

Often the dye can be detected when color 
appears on an acetone-dipped cotton swab that has 


Figure 13. Colored oils, like that shown here in 
an emerald, may be detected as color concen- 
trations in surface-reaching fractures. Photo- 
micrograph by Robert E. Kane; magnified 25x. 
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Figure 14. The strong orange fluorescence to 
long-wave U.V. radiation of this lavender jade- 
ite indicates that the color is a result of dye 
treatment. Photo by Tino Hammid. 


been rubbed on an inconspicuous spot. Some dyes 
used on lapis lazuli, however, do not yield a 
positive test to acetone but do produce a blue 
discoloration when tested with a 10% hydro- 
chloric acid solution {Kane, 1986c} or denatured 
alcohol (Borgardt, 1986]. Some lapis is wax treated 
to conceal the dye from chemical tests and im- 
prove apparent luster. With magnification, how- 
ever, the wax coating may be detectable by its 
unevenness and the presence of areas of calcite or 
pyrite where the wax cannot penetrate. After the 
wax has been removed from a small area with a 
needle probe, the stone can be retested for dye 
(Kane, 1981b)}. 


OILING/FRACTURE FILLING 


This general treatment category refers to the 
introduction of any substance into surface-reach- 
ing fractures in gems for the primary purpose of 
lowering the relief of the fractures, thereby making 
them less noticeable. The substances used may be 
colorless or slightly tinted. Their primary purpose, 
however, is to improve apparent clarity and appear- 
ance, not to add color, and in some instances they 
may even have a negative effect on apparent color. 


Beryl. To most gemologists, the term oiling is 
automatically associated with emerald. Reports 
published during this decade have helped fine-tune 
some of the tests traditionally used to detect oiling 
in emerald. 

The two most commonly used substances for 
emerald treatment in Colombia are cedarwood oil 
and Canada balsam (figure 15}. The latter fluo- 
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resces dull yellow to long-wave U.V. radiation, 
which is used as an indication of oiling. When 
examined from the side with pinpoint illumina- 
tion, some oiled emeralds reveal dull areas indicat- 
ing fracture filling. If the refractive index of the oil 
differs significantly from that of the stone, careful 
manipulation of the light source under magnifica- 
tion may produce an iridescent effect. If the oil has 
not completely filled the fracture, gaps may be 
seen in the filling material (Ringsrud, 1983). White 
dendritic deposits may be noted in fractures after 
oiled stones have been “dried out” by ultrasonic 
cleaning or exposure to high temperatures 
{Crowningshield, 1984a). 

In the 1980s, reports began to appear of emeralds 
that had surface-reaching fractures filled with a 
plastic substance, possibly introduced in liquid 
form and then hardened by exposure to light or 
U.V. radiation (Koivula, 1987b}. One commercially 
available prepolymer plastic resin, Opticon, is 
hardened using a chemical catalyst (Jones, 1986). 
An early observation relevant to the separation of 
plastic-filled from oiled emeralds was that oiled 
stones tend to “sweat” oil when exposed to even 
slight temperature increases, such as those pro- 
duced by a microscope lamp, whereas plastic-filled 
stones would not be expected to “sweat.” Such 
plastic-treated fractures might be detectable by a 
characteristic fluorescent reaction and diagnostic 
infrared spectrum (Koivula, 1987b}. 


Figure 15. The dendritic patterns and yellowish 
color seen in this surface-reaching fracture are 
typical of emeralds treated with Canada bal- 
sam in which the treatment material has par- 
tially decomposed. Photomicrograph by John I. 
Koivula; magnified 35 x. 
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Figure 16. A “flash effect” is one of the most important visual features of filled separations in a 
diamond. In many fracture-filled diamonds examined to date, this effect is a characteristic yellowish 
orange in darkfield illumination (left); it changes to a distinctive blue when the stone is rotated 
slightly to a position where the background becomes bright (right). Photomicrographs by John I. 
Koivula; magnified 20x. 


Diamond. One of the most significant enhance- 
ments introduced in the ‘80s is the filling of 
surface-reaching separations in diamonds (com- 
monly called the Yehuda treatment}. This was first 
reported from Japan in 1987, on diamonds impor- 
ted from Israel. Later that year, all three locations 
of the GIA Gem Trade Laboratory had examined 
stones with treated surface-reaching breaks. One 
had a subsurface white cruciform pattern where 
some of the treatment material had been removed 
when the stone was boiled in concentrated sulfuric 
acid (Koivula, 1987a]. 

A comprehensive investigation found that this 
treatment did improve apparent clarity in many 
stones, but often at the expense of the overall color 
(Koivula et al., 1989}. These authors subsequently 
identified a number of diagnostic features. Some 
treated stones have a slightly greasy or oily appear- 
ance with a very slight yellowish overtone. With 
the microscope, at least one of the following was 
noted in all of the filled diamonds studied: (1) an 
interference “flash effect” that appears in most 
stones as yellowish orange in darkfield illumina- 
tion but changes toa vivid “electric” blue when the 
stone is rotated slightly (figure 16; as reported in 
Koivula and Kammerling, 1990a, some filled dia- 
monds may show a pinkish purple/yellowish green 
pair of “flash effect” colors); (2) a flow structure of 
the filling material; (3) flattened gas bubbles 
trapped in the filling material; (4) a crackled or 
web-like texture in the filling material; (5) a light 
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brown to brownish or orangy yellow appearance 
where the filling-material is unusually thick; and 
(6) a cloudy white surface residue. In some stones, 
the filled areas were opaque to X-rays. The treat- 
ment material is not stable to extremely high 
temperatures (Koivula et al., 1989). 


CAVITY FILLING 


Beryl. Although cavity fillings in corundum were 
first noted in the mid-1980s (see below}, recently 
an emerald was found to have a cavity filled with a 
plastic-like substance. The filling material con- 
tained gas bubbles, fluoresced a strong bluish 
white, and was easily indented with a pin (Hurwit, 
1989). 


Corundum, The last decade saw the introduction 
of the filling of surface pits and cavities with a 
glass-like substance to seal open voids, add weight, 
and improve the overall appearance of rubies and 
sapphires (Hughes, 1984a, b; Scarratt and Harding, 
1984, Kane, 1984; Scarratt et al., 1986}. Because of 
the difference in refractive index and hardness 
between the host corundum and the filling mate- 
rial (RI. 1.52, hardness 6!/2], large filled cavities 
may be detected with the unaided eye by a difter- 
ence in surface luster (figure 17}. The effect is best 
seen with magnification using surface-reflected 
light from a fluorescent overhead illuminator. The 
filling material was found to be inert to both U.V. 
and X-radiation (Kane, 1984]. 
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Microscopic examination provided several addi- 
tional clues. With darkfield illumination, a differ- 
ence in transparency between the glass and the 
host corundum may be seen. With immersion and 
diffused transmitted light, the filled areas often 
stand out in high relief; at some viewing angles the 
glass may appear colorless. Magnification may also 
reveal gas bubbles in the filling material. Some 
filled cavities have uneven voids of trapped gas or a 
“heat-wave” appearance at the junction of the 
filling and the host material (Hughes, 1984a, b; 
Koivula, 1984c; Kane, 1984). 

Care must be taken not to mistake included 
crystals or glassy two-phase inclusions that break 
a stone’s surface for such treated areas. Natural 
glassy inclusions tend to be no longer than 1 mm 
and have very irregular shapes (Koivula, 1984c, 
Kane, 1984). 


Opal. Cavity fillings have also been seen in opal. A 
black opal cabochon examined in the GIA Gem 
Trade Laboratory had what appeared to be matrix 
on the base. However, this material was soft, witha 
waxy luster, and magnification revealed several 
hemispherical cavities. A scraping of the material 
flowed easily when a hot point was applied, prov- 
ing that it was a wax-like substance (Kane, 1981c]. 


Tourmaline, Historically, shellac has been used to 
seal the growth tubes in cat’s-eye tourmaline. A 
stone examined in 1984, however, had tubes filled 
with a plastic. The treatment was detected by the 
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Figure 17. These two 
photomicrographs of a 2.8 x 0.4- 
mim glass-filled cavity in a 7.01-ct 
Burmese ruby illustrate how the 
glass filling appears when different 
illumination techniques are used. 
On the left, darkfield iNumina- 
tion shows the difference in 
transparency between the glass 
and the ruby, but there is no 
apparent difference in luster. On 
the right, reflected illumination 
from a fiber-optic light source 
reveals the great contrast in surface 
luster. Photomicrographs by 
Robert E. Kane; magnified 60x. 


presence of gas bubbles in the filling and by the 
odor produced when a hot point was applied 
(Koivula, 1984b). 


COLORLESS IMPREGNATIONS 


Colorless impregnations have been used to en- 
hance color and/or improve stability of porous 
aggregate materials to a greater extent in the 1980s 
than ever before. Although plastic impregnation of 
turquoise per se is not new to the 1980s, the 
treatment of higher-quality material is. Here the 
purpose is to improve both color and stability. 
Research has shown that plastic-impregnated tur- 
quoise can be identified by X-ray diffraction 
(which shows the presence of an AlPO, phase with 
berlinite structure) and by infrared spectroscopy 
(which reveals absorption due to the plastic im- 
pregnating material; Lind et al., 1983). 


SURFACE COATINGS 

A number of gem materials have had their color 
altered or induced through the use of colored 
surface coatings. These include faceted natural 
beryl that has been coated with a green substance 
to imitate emerald (Kane, 1982}, corundum beads 
that have had their drill holes coated with a red 
substance (Koivula, 1984a}; and faceted quartz 
with a red plastic coating, white jadeite with a thin 
layer of dark green plastic, and near-colorless star 
sapphire with a red plastic coating (Hughes, 1987). 
Black dye was put in the paraffin used to coat a 
turquoise carving, and applied selectively to simu- 
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late matrix (Kane, 1986b); a similar treatment has 
been used on magnesite dyed blue to imitate 
spiderweb turquoise (Koivula and Misiorowski, 
1986a}. Coated diamonds have plagued the gem 
market for decades, with old stones continuing to 
reappear in the 1980s. Apparently, coating gem- 
stones continues to be a common practice in India 
(Tatiwala, 1985). 

Such surface coatings are usually detectable 
with magnification, by the presence of near-color- 
less areas where the coating has partially worn off 
(figure 18]. Such coatings may also be scratched 
with a brush probe; they will often leave a dis- 
coloration on an acetone-dipped cotton swab 
(Kane, 1982, 1983a}, Note on diamonds that only 
some surface areas may be coated (e.g., only the 
pavilion facets) or only a thin band on one or both 
sides of the girdle (Crowningshield, 1983a, 1984b). 

Rough gem crystals, especially beryl, have also 
been surface coated to alter their color. The coat- 
ings are generally detectable using the same 
methods described above. In addition, the coatings 
on rough materials may be seen to concentrate in 
surface fractures, cavities, and depressions (Kane, 
1982), * 

In 1988, anew enhanced gem material known as 
“Aqua Aura” quartz appeared on the market. Natu- 
ral colorless quartz crystals (and, more recently, 
faceted stones} are coated with a very thin, trans- 
parent film of gold, so that they exhibit a blue to 
bluish green color with a superficial iridescence. 
The coating is durable and does not affect other 
gemological properties; in addition to the fact that 
such material does not occur in nature, the coating 
can be detected by some of the same methods 
described above (Kammerling and Koivula, 1989a). 


INDUCED/ALTERED INCLUSIONS 


The 1980s also saw examples of inclusions that 
were artificially induced or altered. One such 
process that seemed to resurface during this de- 
cade was the use of staining and electrolysis on 
whitish chalcedony to induce both a blue-green 
color and dendritic inclusions. The material is 
identified by the combination of its color, inclu- 
sions (Koivula and Misiorowski, 1986b], and the 
presence of precipitated copper on the surface, 
extending from the otherwise internal mass (Koi- 
vula and Kammerling, 1989). 

Heat treatment has also been used to induce 
“fingerprints” into surface-reaching fractures in 
Verneuil synthetics (Koivula, 1983). Typical identi- 
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Figure 18. Magnification reveals surface areas of 
this coated beryl where the green coating has 
been removed. Photomicrograph © GIA. 


fying features of such materials are the simul- 
taneous presence of “fingerprints,” curved but 
diffused Verneuil banding, and occasional gas bub- 
bles (Crowningshield, 1980; Nassau, 1981). 

Topaz with limonite-stained etched dislocation 
channels to make the inclusions darker and more 
noticeable was heated. In the process, the limonite 
was altered to hematite. The presence of red- 
brown hematite-stained etch channels is sufficient 
evidence that the stone has been heated (Kammer- 
ling and Koivula, 1989b). 


CONCLUSION 


The above discussion focused on a number of the 
gemstone enhancements that challenged gemolo- 
gists in the 1980s and continue to challenge them 
today. What new treatments might face us in the 
not-too-distant future? A number of recent devel- 
opments indicate some areas that must be moni- 
tored closely. 

Plasma-enhanced chemical vapor deposition 
has been used to produce thin films of poly- 
crystalline synthetic diamond and diamond-like 
carbon. While such materials appear to be rela- 
tively easy to detect, the possibility exists that a 
transparent layer of colorless monocrystalline syn- 
thetic diamond might in the future be grown on 
various gem materials (Fritsch et al., 1989}. One 
obvious application would be to produce a highly 
durable surface layer on a relatively soft gem 
material. Such technology might also be used to 
produce a layer of synthetic diamond on cubic 
zirconia in an attempt to “fool” a thermal reaction 
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tester, or on a near-colorless (or off-color} diamond 
to alter the apparent body color. Note that, with 
diffusion treatment, only a thin layer of color is 
required to drastically alter the appearance of 
otherwise pale corundum. 

Recently it was reported in the trade press that 
the firm offering commercial fracture filling of 
diamonds was beginning to offer a fracture filling 
treatment for emeralds (Everhart, 1989, “Yehuda 
launches ‘permanent’ treatment for emeralds,” 
1989}, Although the filling materials are undoubt- 
edly different, a 14+-ct emerald described in the 
Gem Trade Lab Notes section of this issue exhib- 
ited a number of features visually identical to 
those seen in filled diamonds: an orange and blue 
“flash effect,” a crackled texture, and trapped 
bubbles in the filling material. As an extension of 
this, might we reasonably expect to see a series of 
new, perhaps more durable, fracture-filling treat- 
ments in other gem materials as well? 

Artificially irradiated blue topaz has become a 


staple of the colored stone market. Yet concern 
over possible health risks associated with such 
enhanced gems has caused some to look for alter- 
native methods of producing this now-popular 
blue color in topaz. In this regard the authors have 
recently seen faceted topazes that have been 
treated with the “Aqua Aura” process, that is, 
coated with an ultra-thin layer of gold, resulting in 
an attractive greenish blue color with overlying 
iridescence. Whether or not this enhancement will 
have any real commercial significance has yet to 
be seen. 

Certainly, detection will continue to face many 
challenges in the coming decade. Even if no new 
enhancements were to emerge, the need continues 
for definitive tests to identify heat-treated rubies 
and sapphires, artificially irradiated diamonds and 
tourmaline, and topaz that has been heated or 
artificially irradiated and annealed. Important 
strides were made in the 1980s; important strides 
must be made in the years to come. 
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SYNTHETIC GEM MATERIALS 


IN THE 1980s 


By Kurt Nassau 


Although the 1980s did not experience the 
emergence of several totally new syn- 
thetics that characterized the preceding 
decade, it was during this period that syn- 
thetics matured, with many new manu- 
facturers and greater manufacturing 
capacity. The highlights of this decade in- 
clude the introduction of a number of 
new synthetic sapphires, rubies, and em- 
eralds, as well as the appearance of the 
first commercially available cuttable syn- 
thetic diamond. The 1980s also saw the 
influx into the market of literally tons of 
synthetic amethyst and thousands of tons 
of synthetic cubic zirconia. As new syn- 
thetic products emerged, so did the need 
for new detection techniques. Develop- 
ments during this decade will provide 
major challenges in the years to come. 
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50 = Synthetics of the 1980s 


he 1980s followed a decade that experienced a peak in 
arrivals of new laboratory products. A series of 
synthetic gem materials were perfected during the 1970s, 
including synthetic alexandrite, cuttable-quality syn- 
thetic diamond, synthetic amethyst, and flux-grown syn- 
thetic sapphire. There were also two new diamond imita- 
tions, gadolinium gallium garnet (GGG) and synthetic 
cubic zirconia (CZ), as well as some near-synthetic imita- 
tions made of ceramic or glass: imitation turquoise, 
imitation lapis lazuli, “Opal-Essence,” and imitation coral. 
Details of these materials are provided in Nassau (1980). 
Although the only totally new synthetic material intro- 
duced during the 1980s is synthetic cat’s-eye alexandrite, 
this is the decade when synthetics matured, with the first 
significant commercial availability of a variety of new 
products developed from earlier technologies including: 


1. Chatham flux-grown synthetic orange sapphire and 
synthetic blue sapphire 


Ramaura flux-grown synthetic ruby 
Lechleitner synthetic overgrowth corundums 
Knischka flux-grown synthetic ruby 

Biron hydrothermal synthetic emerald 


Sei Be Oe; bo 


Russian hydrothermal synthetic emerald 
7. Russian flux-grown synthetic emerald 


Also during the 1980s, literally tons of synthetic amethyst 
“haunted” the gem and jewelry industry. In addition, the 
decade brought the first, if limited, commercial availabil- 
ity of synthetic diamonds (for industrial purposes) in a 
quality and size that could be suitable for use in jewelery. 
Each new product possessed a new set of characteristics, so 
that the gemologist was faced with the need in many cases 
for new “rules of identification” and even the development 
of new tests. Even though synthetics and imitations 
represented only about 5% of the total dollar value of the 
U.S. retail trade (estimated per Nassau, 1980}, they contin- 
ued to generate great concern through the industry. 
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Synthetic materials may be separated into two 
groups. The term /uxury synthetics refers to diffi- 
cult-to-grow, high-cost materials, including some 
synthetic alexandrite, synthetic emerald, and flux- 
grown synthetic ruby and sapphire. Lower-cost 
synthetics encompasses materials such as syn- 
thetic star ruby and sapphire; synthetic opal; 
synthetic citrine, amethyst, and other varieties of 
quartz; as well as synthetic cubic zirconia and 
Verneuil-grown synthetic ruby, sapphire (figure 1}, 
and spinel. While the decade of the ‘80s has seen a 
greater variety and quantity of luxury synthetics 
on the gem and jewelry market, it has experienced 
an explosion of lower-cost synthetics. By the end of 
the decade, production of cubic zirconia had in- 
creased about 20-fold over production in the late 
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Figure 1. Large amounts 
of relatively low-cost Ver- 
neuil synthetic ruby and 
sapphire were available 
during the 1980s and 
were even used, in con- 
junction with cubic zir- 
conia, in reproductions 
of fine jewelry. Jewelry 
courtesy of Our Secret 
Creations, Beverly Hills, 
CA; photo by Shane F 
McClure. 


1970s, to about 100 million carats per month (J. 
Wenckus, pers. comm., 1989}. 

This article examines the major developments 
in gem synthesis and production during the last 
decade. While most synthetics manufacturers do 
not divulge their processes, knowledge of crystal- 
growth techniques and examination of the product 
can usually provide identification of the process 
used, if not all the details of the specific procedure. 
This article will also consider those products (such 
as Ardon Associates’ Kashan synthetic rubies and 
the Linde hydrothermal synthetic emeralds) that 
are no longer being manufactured, since old mate- 
rial or pre-existing stock is still likely to be seen by 
the gemologist. In addition, some of the discussion 
refers to products first made on an experimental 
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TABLE 1. Synthetic ruby. products: and producers, 
with? references to the recent literature: ae G 


Name/current 
Process producer References 
Melt 
Verneuil flame Many? Nassau, 1980 
fusion 
Float zone Bijoreve/Seiko Koivula, 1984 
Czochralski Many Nassau, 1980 
pulling 
Inamori/K yocera> Koivula and 
Kammerling, 1988a; 
Schmetzer, 1986c 
Fluxe Chatham Nassau, 1980; 


GUbelin, 1983a,b; 
Schmetzer, 1987 
Schmetzer, 1986c 
Nassau, 1980; 
Gubelin, 1983a,b; 
Burch, 1984; Henn 
and Schrader, 1985 
Gubelin, 1982, 
1983a,b; 
Gunawardene, 1983: 
Galia, 1987 
Lechleitner Kane, 1985; 
“overgrowth” Gunawardene, 

Pa 1985a; Schmetzer 
and Bank, 1988 
Kane, 1983; 
Bosshart, 1983; 
Gunawardene, 1984. 
Schmetzer, 1987 


Gilson/Nakazumi 
Kashan/Ardon 


Knischka 


Ramaura/J.O. 
Crystal 


aFor general reference, also see Schmetzer (1986a,b). 

bAsteriated material also produced. 

cA number of these processes also employ synthetic overgrowth over a 
synthelic or a natural seed. 


basis some years ago (c.g., the General Electric 
synthetic jadeite), about which information was 
released only recently. 

It is not possible to cover in detail the prepara- 
tion techniques of all synthetic products, current 
as well as recent manufacturers. Since my book on 
the subject (Nassau, 1980) appeared exactly at the 
beginning of the decade, it can be used as a point of 
departure for this article, with the materials dis- 
cussed in the same sequence as there used. For the 
most part, I have not included the identifying 
characteristics of these products and the methods 
by which they can be separated from their natural 
counterparts (as well as from each other, should it 
be required); this aspect alone would easily fill an 
entire issue of Gems e& Gemology. Some individ- 
ual items are discussed, however, when their 
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nature is related to special manufacturing aspects 
or to important developments of the decade. As 
much as possible, the reader is referred to the 
published literature in this regard. 


SYNTHETIC RUBY AND SAPPHIRES 


Ruby was the first synthetic gem material to be 
produced commercially, with the Geneva and 
Verneuil flame-fusion products both appearing at 
the turn of the century. Verneuil’s synthetic blue 
sapphire followed in 1911. A large Verneuil flame- 
fusion industry has risen over the decades, with 
bearings and cover “glasses” for watches the major 
products. Today, production exceeds 200 metric 
tons—or one billion carats—per year worldwide []J. 
Wenckus, pers. comm., 1989]. The need for high 
optical—quality synthetic ruby for use in lasers has 
resulted in a variety of alternative melt-growth 
techniques; the products of some of these have also 
been faceted. Table 1 lists those products that are 
currently available in the gem trade, together with 
their manufacturers and recent publications 
where they (and, in some instances, their identify- 
ing characteristics) have been described; the dis- 
cussion by Schmetzer (1986a} is particularly com- 
prehensive. 

Flux growth of synthetic ruby dates back only to 
the 1960s. Schmetzer (1986a) published the results 


Figure 2. Large Knischka flux-grown synthetic 
crystals, like the one from which this 52.06-ct 
cushion cut was faceted, have been grown re- 
cently. Stone courtesy of P. O. Knischka; photo 
by Shane E McClure. 
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Roe 
Figure 3. Qne of the attractive synthetics to 
reach the gem market in the 1980s is the 
Ramaura flux-grown synthetic ruby. This 23.86- 
ct crystal, ‘the largest Ramaura rhomobohedron 
grown to date, is courtesy of Ramaura Cultured 
Ruby, Judith Osmer; photo © Tino Hammid. 


of his research into the nature of the fluxes used by 
different manufacturers, that is: Li,O-MoO,-PbX, 
where X is F, or O (Chatham, Gilson, Lechleitner); 
Na3AlF, (Kashan}; Li,O-WO,-PbX (Knishka}; and 
Bi,O3-La,O3-PbX (Ramaura). The high cost of 
producing this luxury synthetic has kept demand, 
and therefore production, of this as well as of the 
analogous blue and orange flux-grown synthetic 
sapphires relatively low. Production of Kashan 
synthetic ruby was halted by bankruptcy proceed- 
ings in 1984. Continued research on the Knischka 
product, however, recently resulted in the growth 
of some extremely large crystals, such as the one 
from which the 52.06-ct cushion cut in figure 2 
was faceted. For the experimental synthetic flux 
ruby overgrowth by Lechleitner, under way since 
1983, both natural seeds (Schmetzer and Bank, 
1988} as well as Verneuil synthetic seeds (Kane, 
1985) have been reported. 

It should be noted that the Ramaura synthetic 
ruby (figure 3) is reported to be tagged with a small 
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amount of a rare-earth element to make it more 
readily identifiable by a yellowish orange fluores- 
cence. This fluorescence is not always detectable 
using standard gemological methods, however, and 
it could easily be absent in a cut stone depending 
on how the stone was fashioned from the rough 
(Kane, 1983; Gunawardene, 1984). 

A wide range of colored synthetic sapphires can 
be readily grown by the Verneuil technique (Nas- 
sau, 1980}. Both synthetic blue sapphire as well as 
synthetic orange “padparadscha” sapphire have 
been grown using other methods as well: from the 
flux by Chatham (Kane, 1982; Gtibelin, 1983b; 
Gunawardene, 1985b; figure 4) and by Lechleitner 
(including overgrowth); and with the Czochralski 


Figure 4. In the early 1980s, Chatham 
Created Gems, known for its produc- 

tion of flux-grown synthetic emeralds, 
introduced flux-grown blue, orange, 

and pinkish orange synthetic sapphires 

to the market. The Chatham synthetic 
emerald shown here weighs 4.15 ct; the 
synthetic sapphires range in weight 

from 1.91 to 6.20 ct. Photo © Tino Hammid. 


Figure 5. A flux healing process was used to in- 
duce this “fingerprint” in a Verneuil synthetic 
ruby, Also note the curved striae characteristic 
of the Verneuil flame-fusion process. Photo- 
micrograph by John I. Koivula; magnified 45 x. 


and/or float-zone techniques by the Bijoreve divi- 
sion of Seiko and the Inamori division of Kyocera 
(Gunawardene, 1985b). 

During the 1980s, two potentially misleading 
characteristics of flame-fusion synthetic ruby and 
sapphire were described: {1} natural-appearing fin- 
gerprint-like inclusions that can be induced after 
growth by a flux healing (Koivula, 1983; figure 5); 


Figure 6. Major amounts of synthetic amethyst 
(the largest here is 10.86 ct) entered the gem 
trade during the 1980s, Photo by 

Shane FE McClure. 


(2} natural-appearing needle-like inclusions that 
were identified as the edges of twinning planes 
(Hargett, 1989), 


SYNTHETIC QUARTZ 


Giorgio Spezia accomplished the earliest success- 
ful growth of synthetic quartz by the hydrother- 
mal method about 1905 in Italy (Nassau, 1980; 
Trossarelli, 1984}. Colorless synthetic quartz was 
successfully commercialized about 1950 and, be- 
cause of its piezoelectric properties, has been used 
in large quantities in a variety of communications 
devices since then. Today, some 1,000 metric tons 
are grown worldwide each year, although only a 
small part of this production, about 20 metric tons, 
or 100 million carats, is used in the gem trade, 
mostly as synthetic amethyst (figure 6] and citrine 
(B. Sawyer, pers. comm., 1990). Figure 7 shows one 
of several large modern Japanese synthetic quartz 
factories currently in operation. 

Colorless synthetic quartz can be irradiated to 
produce a synthetic smoky quartz; since the same 
can be done with natural colorless quartz, which is 
plentiful, there should be no significant gem mar- 
ket for either the colorless or the smoky synthetic 
product, although the author has seen some in the 
trade. Both synthetic citrine and synthetic ame- 
thyst have been manufactured since the 1970s in 
the USSR (Nassau, 1980; Balitsky, 1980]. This 
production was joined in the 1980s by a Japanese 
product (Lind and Schmetzer, 1987). A synthetic 
rose quartz has been produced experimentally by 
adding both iron and titanium (Hosaka et al., 
1986}. 

The observation of inclusions, when present, to 
separate natural and synthetic amethyst and cit- 
rine was augmented in the 1980s by the examina- 
tion of growth and twinning structures. An identi- 
fication technique based on Brazil-law twinning, 
present in natural amethyst and absent in syn- 
thetic amethyst, was described by Schneider et al. 
(1983) and Schmetzer (1986c]. The use of a simple 
polariscope to determine the presence or absence 
of twinning in amethyst/synthetic amethyst (fig- 
ure 8) was subsequently proposed by Crowning- 
shield et al. (1986) and has since been widely 
adopted. It is possible, however, that the twinning 
test could be negated if the manufacturers of 
synthetic amethyst were to use carefully chosen 
natural twinned seeds, as has already been done on 
an experimental basis (see, e.g., Koivula and 
Fritsch, 1989). 
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SYNTHETIC EMERALD 
AND OTHER BERYLS 


Although work in this area started in France in the 
19th century, the first commercially successful 
synthetic emerald was produced, by C. C. 
Chatham of San Francisco, only about 1940. P 
Gilson of France introduced his product some 20 
years later. Both of these manufacturers use a flux 
process, based on lithium di-molybdate, Li,.Mo,0, 
(Nassau, 1980). 

In the 1960s, J. Lechleitner of Austria introduced 
a hydrothermal technique to add a thin coat of 
synthetic emerald to the surface of a faceted pale 
natural beryl. By 1970, Linde Air Products Co. had 
created a hydrothermal synthetic emerald; this 
was originally released under the Quintessa name 
and subsequently reactivated as Regency synthetic 
emerald by Vacuum Ventures. Next, the Inamori 
Division of Kyocera, a Japanese firm, began mar- 
keting a synthetic flux-grown emerald under the 
name Crescent Vert. 

A whole series of new manufacturers, using 
either flux or hydrothermal (figure 9) processes, 
have come-on the scene in the 1980s, as shown in 
table 2. Perhaps the most interesting of these new 
products is associated with the names Biron and 
Pool (see, e.g., Hicks, 1988}. The Biron hydrother- 
mal synthetic emerald, which contains both chro- 
mium and vanadium as well as some chloride, was 
first produced in Western Australia early in the 
decade (Kane and Liddicoat, 1985; Kane, 1988; 
Bank et al., 1989). About 1988, the Emerald Pool 
Mining Company (Pty.} Ltd. of Perth, Australia, 


Figure 7. The growth of synthetic quartz is a 
major industry, as represented by this large 
quartz-growing facility of Daiwa Shinku Corp., 
the Ichikawa plant. Only about 2% of the an- 
nual production of synthetic quartz is used in 
the gem trade, primarily as synthetic amethyst. 
Photo courtesy of Daiwa Shinku Corp. 


Figure 8. The difference between the twinned natural (left) and the untwinned synthetic (right) ame- 
thyst is clearly seen looking in the optic axis direction of each under crossed polarizers. Photos by 


Shane E McClure. 
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Figure 9, Russian hydrothermal synthetic emer- 
alds were introduced to the gem market in the 
1980s. Photo © Tino Hammid. 


began an intense marketing campaign in which 
they implied that some of their product was 
natural emerald, claiming that a “unique and 
secret treatment process” was used to convert 
some of the lower-grade crystals from their mine 
into high-quality material. However, Brown and 
Snow (1988}, found that all the Pool material they 
examined was Biron-type synthetic emerald. 

In response to complaints that their advertising 
contravened the laws of many countries, Pool 
spokespeople merely asserted that natural emerald 
from their mine was “recrystallized” (Koivula and 
Kammerling, 1988b}. Because the use of natural 
feed-stock with its attendant impurities makes 
growth much more difficult, I do not believe that 
any gem manufacturing technique can afford to 
use more than an insignificant trace of natural 
feed. It has been reported (J. Birkner, pers. comm., 
1990) that following a reorganization, the name 
“Biron synthetic emerald” was reintroduced in 
October 1988, 

In the past, Gilson has produced two types of 
flux-grown synthetic emerald, one with chro- 
mium as the colorant and another with iron added 
as well to reduce the intense red fluorescence 
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(Nassau, 1980). More recently, they have also 
manufactured a flux-grown product with chro- 
mium and nickel present, giving a yellowish green 
color (Schmetzer, 1989}. Also during the 1980s, the 
Gilson operation was acquired by the Japanese firm 
Nakazumi Earth Crystals Corp. 


TABLE 2. Synthetic emerald and other beryls, 
products and producers, with references to the recent 


literature. 


Process 


Name/current 
producer 


References 


Synthetic Emerald 
Solution 
Flux 


Solution 
Hydrothermal 


(Chemical vapor 
deposition?) 


Bijoreve/Seiko 
Chatham 


Gilson/Nakazumi¢ 


Inamori/Kyocera 
Lechleitner@ 


Lennix/Lens® 


USSRE< 


Zerfass 


Lechleitner 
“overgrowth” 
Biron/Biron 
Minerals> 
(previously Pool) 
Quintessa/Linde 
Regency/Vacuum 
Ventures 
USSR¢ 


ANICS/Adachi 
Shin 


Other Synthetic Colored Beryls 


(Chemical vapor 
deposition?) 


Solution 
Hydrothermal 


ANICS/ Adachi 
Shin 


Regency/Vacuum 
Ventures 


USSR 


Kennedy, 1986 
Nassau, 1980 
Nassau, 1980; 
Schmetzer, 1989; 
Kelly and Brown, 
1987 

Nassau, 1980 
Schmetzer and Bank, 
1982 

Graziani et al., 1987; 
Hodgkinson, 1988; 
Attanasio et al., 1989 
Koivula and Keller, 
1985 


Nassau, 1980 


Schmetzer et al., 
1981 

Kane and Liddicoat, 
1985; Kane, 1988: 
Bank et al., 1989 
Nassau, 1980 
Brown and Snow, 
1983; Koivula, 1986 
Schmetzer, 1986b; 
Brown et al., 1989 


Koivula and 
Misiorowski, 1986; 
Hiss and Shor, 1989 


Koivula and 
Misiorowski, 1986; 
Hiss and Shor, 1989 


Bank and Becker, 
1981; Nassau, 1989: 
Koivula and 
Kammerting, 19885 


3Also overgrowth over pale natural beryl. 
’Contains or may contain vanaqium in addition to chromium, 
®Contains or may contain iron in addition to chromium. 
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Considerable research was conducted during the 
last decade on the use of synthetic emerald for 
tunable lasers, for which large, high optical— 
quality hydrothermal synthetic emerald crystals 
are needed (Buchert and Alfano, 1983). A continua- 
tion of this work may in time provide the stimulus 
for yet larger and better-quality production. 

It has long been known by crystal growers that 
the addition of chromium is responsible for the 
color of synthetic emerald and omitting it will give 
colorless beryl. The addition, then, of other impu- 
rities to colorless beryl should give other colors, 
such as those of iron in blue or green aquamarine 
and golden beryl, manganese in pink and red beryl, 
and so on. A number of manufacturers have 
experimented with such colors, as summarized in 
table 2. The specific colors that have been achieved 
in synthetic beryl are given in table 3, modified 
after Nassau (1980, p. 156} and reflecting the 
reports indicated in table 2. It is interesting to note 
that the Adachi Shin ANICS product has even been 
made in “watermelon” form, with a green syn- 
thetic emerald layer over a deep pink synthetic 
beryl core (Koivula and Misiorowski, 1986]; the 
data provided by the manufacturer in that report 
and elsewhere {Hiss and Shor, 1989] suggest a 


TABLE 3. Color varieties achievabie in synthetic 
beryl.@ 


Color (variety) 


mopurity Producer® 
None Colorless (goshenite) R 
Cr, Cr+¥ Deep green (emerald) U, etc. 
V Deep green (emerald¢) U 
Fe Pale blue to greenish A, U 
(aquamarine) 
Yellow to greenish (heliodor) A, U 
Mn Pink (rnorganite) A, R, U 
Red A, U 
Gray-green? _ 
Mn+Cr Purpled U 
Ni Pale green4 A, U 
Co Pink to violet? A, U 
Cu Blue@ A, U 
Color center Deep blue to green = 


(Maxixe and Maxixe type) 


#As moditied from Nassau (1980), including current data from K. 
Schmelzer (pers. comm., 1990). 

’See table 2: A is ANICS, R is Regency, U is USSR; see table 2 for 
others. 

°Not universally accepted designation 

Probably does not occur in nature. 

Irradiation Caused, fades in light; opposite dichroism to aquamarine. 
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chemical vapor deposition technique, but as given 
these data are not convincing to a crystal growth 
expert. 


SYNTHETIC DIAMOND 

Although based largely on technology developed 
by General Electric in the 1970s and earlier, the 
gem-quality, single-crystal synthetic diamonds 
produced by Sumitomo Electric Industries in the 
1980s represent the first commercial availability 
of such material. The most important develop- 
ments have been the steady increase in the size, 
quality, and quantity of gem-quality material that 
can be grown affordably by the high-pressure 
technique (Shigley et al., 1986]. As with so many 
advances in gemstone synthesis, this product was 
not developed for the jewelry industry but rather 
for high-technology applications: primarily as heat 
sinks for semiconductor devices. A later report 
(Shigley et al., 1987} revealed that De Beers has 
been conducting research in this area since the 
1970s, and has accomplished the production of 
crystals as large As 11.14 ct. 

The high-pressure product can be made in color- 
less, yellow, green, and blue. To date, however, only 
the yellow gem-quality synthetic diamonds (figure 
10) have been released into the industrial market 
commercially. The working volume inside the belt 
apparatus is now quite large (about 10 cm in 
diameter and 15 cm high], and growth is as muchas 
one-half carat per day on each crystal. Where a 
yellow color is acceptable, several crystals can be 
grown in each of several layers at one time by using 
the wide range of iron-based alloys as solvents. The 
much more limited range of aluminum-based 
alloys reduces the number of colorless or blue 
crystals that can be grown at one time. 

A production rate is not available for present 
single-crystal growth, but the potential scale of 
operations can be gauged from that for synthetic 
diamond grit, estimated at about 300 million 
carats per year, representing about 90% of the 
diamond grit market for cutting, grinding, and 
polishing tools. The scale involved can be seen 
from figure 11, exterior and interior views of the 
De Beers synthetic diamond factory in Rand, 
South Africa; these are the first published photos 
showing close-up details of such a facility. The 
identification characteristics for recent Sumitomo 
and De Beers products have been published by 
Shigley et al. (1986, 1987). 

To date, synthetic gem-size and gem-quality 
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diamond has not presented a problem to the 
jewelry trade. However, every large-scale synthetic 
diamond manufacturer (De Beers, Sumitomo, the 
Russians, and, no doubt by now, the Chinese} could 
aim part of their production at this market. 
Whether the result would make economic sense 
for the producer (luxury synthetics usually market 
at about one-tenth the price of the equivalent 
natural stones, while thus far the Sumitomo syn- 
thetics have been sold for prices comparable to 
similar-colored natural diamonds} remains to be 
seen. 

Single-crystal synthetic diamond thin films 
have shown “promise” since early work by Der- 
jaguin and Spitsin in the USSR about 1956 (Nas- 
sau, 1980]. To this day, even when grown on single- 
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Figure 10. For the first 
time in the 1980s, gem- 
quality synthetic dia- 
monds were sold com- 
mercially, although not 
generally for gem use 
and only in various 
shades of yellow. These 
synthetic diamond crys- 
tals (0.63-1.07 ct), and 
the ones from which 
their faceted counter- 
parts (0.16-0.24 ct) were 
cut, were obtained by 
GIA from Sumitomo 
Electric Industries. Photo 
© Tino Hammid. 


crystal diamond, the new film grows toa thickness 
of just one or two microns (one micron is one- 
hundredth of a millimeter) and then stops being 
single crystal! Instead, there forms a poly- 
crystalline, granular-type layer, which can be 
grown quite thick. Alternatively, thick layers can 
also be grown by incorporating hydrogen, thus 
forming a “diamond-like” hydrocarbon film, 
which definitely is not diamond and is signifi- 
cantly softer, although in some cases it may be 
harder than corundum (Nassau, 1989). 

The idea of growing a thin, hard, synthetic 
diamond film on another material, perhaps on a 
faceted cubic zirconia, may seem exciting to the 
gemologist. As discussed elsewhere (Nassau, 
1989}, however, there have been problems of adhe- 
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sion, transparency, and appearance (e.g., Koivula, 
1987), of the temperatures required, and so on. For 
the immediate future, there should be no trade 
concerns on this matter. 


SYNTHETIC CUBIC ZIRCONIA 


Cubic zirconia (CZ) does occur rarely in nature 
{Stackelberg and Chudoba, 1937; Nassau, 1980}, so 
this widely used diamond imitation is properly 
classified as a synthetic. As a diamond imitation, 
synthetic CZ is far superior to a sequence of 
synthetic products that has included colorless 
sapphire, spinel, rutile, strontium titanate, YAG 
(yttrium aluminum garnet), and GGG (gadolinium 
gallium garnet}. It is, in fact, so close in appearance 
to diamond and produced at such a low price —just 
one to two cents per carat wholesale in large 
quantities, that it is unlikely that a more effective 
material {short of a very inexpensive synthetic 
diamond!) could ever compete with it. 

By 1980, only four years after the first synthetic 
CZ was identified in the U.S. (Nassau, 1976), the 
production rate was already some 50 million carats 
per year (Nassau, 1980), while today it is over one 
billion carats per year, with the Ceres Corp. ac- 
counting ‘for almost one-half of this total (J. 
Wenckus, pers. comm., 1989), 

It is likely that the great production and avail- 
ability of synthetic CZ in the 1980s was enabled by 
the events surrounding U.S. patent No. 4,153,469, 
issued May 8, 1979, to the USSR group of V. I. 
Alexandrov, V. V. Osiko, V. M. Tatarintsevy, and V. T. 
Uovenchik for the growth of synthetic CZ. This 
was curious, since the material patented had been 
previously described in a 1969 French report (Nas- 
sau, 1980}. When both the Ceres Corp. and their 
distributor, MSB Industries, ignored Russian de- 
mands that they purchase a license or cease 
production, the Russians brought suit. The U.S. 
district court found that the application and testi- 
mony on the basis of which the patent had origi- 
nally been granted to the Russians contained 
misrepresentations and that “what was done could 
be characterized as fraud....” The court concluded 
that the patent was unenforceable (Carter, 1983). 

A variety of colors, including yellow, orange, red, 
purple, and a range of greens, have long been 
available in synthetic CZ (Nassau, 1981), Not until 
the 1980s, however, were good deep sapphire-blue 
and emerald-green colors introduced, accom- 
plished with the use of a much larger amount of 
stabilizer than usual (figure 12). This product was 


Synthetics of the 1980s 


Figure 11. The potential scope of the gem syn- 
thetic diamond market is evident in these exte- 
rior and interior views of the De Beers syn- 
thetic diamond factory in Rand, South Africa. 
Courtesy of De Beers. 


called C-Ox by the original USSR manufacturer 
(Fryer, 1983a]; these colors are also produced by 
Ceres Corp. 


SYNTHETIC ALEXANDRITE 


At the beginning of the 1980s, there were two types 
of synthetic alexandrites in the gem market: 
Creative Crystals’ flux product (production was 
discontinued in 1985}, and Czochralski-pulled ma- 
terial from Kyocera {Allied also pulled such mate- 
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Figure 12. Synthetic cubic zirconia is purple when cobalt is present. With increased stabilizer concen- 
tration, the color becomes a deep blue and can also be changed to a dark green by a second yellow- 
producing addition. During the 1980s, large quantities of many different colors of synthetic cubic zir- 
conia appeared in the jewelry trade, some in elaborate reproductions of fine jewelry, as illustrated 
here. Jewelry courtesy of Our Secret Creations, Beverly Hills, CA; photo by Shane E McClure. 
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rial for use in laser research). Today, there are six 
synthetic alexandrite products that a gemologist 
might see (table 4). Float-zone growth, used by 
Seiko, is a melt-growth alternative to Czochralski 
pulling; the latter produces a product that is 
optically better, but the former can be more 
convenient in that it avoids the need for a crucible 
(although it is more difficult to control). 

The two melt techniques listed in table 4 also 
lend themselves to making synthetic cat’s-eye 
alexandrite. Chatoyancy is derived from the pre- 
cipitation of a foreign phase by a heat treatment 
after growth, similar to the technique used in 
making synthetic star ruby and sapphires. With 
magnification, one can see minute particles ori- 
ented in parallel planes; these are quite different 
from the parallel growth tubes or needles present 
in the natural material (Kane, 1987). 


SYNTHETIC OPAL, JADEITE, 

AND MALACHITE 

Gilson made white and black synthetic opal by a 
chemical precipitation and settling process from 
about 1974 (Nassau, 1980). In 1983, his product 
was improved to appear much more natural (Fryer 
et al., 1983b; figure 13); shortly thereafter, a 
synthetic fre opal was also seen (Gunawardene 
and Mertens, 1984). The Gilson production has 
since been taken over by Nakazumi Earth Crys- 


TABLE 4. Synthetic alexandrite products and 
producers, with references to the recent literature. 


Name/current 


Process producer References 
Synthetic Alexandrite 
Solution 
Flux Alexandria/ Nassau, 1980 
Creative Crystals 
USSR Trossarelli, 1986; 
Henn et al., 1988 
Melt 
Czochralski Allied Signal Nassau, 1980 
pulling 
Inamori/Kyocera Nassau, 1980 
USSR Trossarelli, 1986 
Float zone Bijoreve/Seiko Koivula, 1984 
Synthetic cat's-eye Alexandrite 
Melt 
(Czochra'ski?) Sumitomo Cement Dillon, 1983 
(Float zore or Inamori/Kyocera Kane, 1987 


Czochralski?) 
_—_—_—_—_—_— ee F008 SE 0— Oo 
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Figure 13. During the 1980s, Gilson synthetic 
opal was improved to appear much more natu- 
ral. Courtesy of ].O. Crystal Co., photo © Tino 
Hammid. 


tals. There is also a new synthetic opal from 
Kyocera that is marketed under the Inamori name 
(Fryer et. al., 1983c; Schmetzer and Henn, 1987). A 
synthetic opal manufactured in Australia has been 
reported recently as well (Downing, 1988). 

The jadeite form of jade has been synthesized on 
an experimental basis by General Electric in green 
and lavender by using a jadeite-composition glass 
crystallized at medium pressure (Nassau and Shig- 
ley, 1987’. This material has not been produced 
commercially. 

A Russian synthetic malachite was reported in 
1987, said to be manufactured commercially in 
pieces up to 8 kg (Balitsky et al., 1987). So far, I 
know of no independent examinations of this 
material. 


THE FUTURE OF SYNTHETICS 


Modern technology has had a tremendous impact 
on the gem industry: Virtually all of the many 
synthetic gem materials that emerged over the last 
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half century originated as spin-offs from techno- 
logical research in other areas. Since the 
mid-1970s, however, there has been a strong world- 
wide contraction of exploratory materials re- 
search, which explains the scarcity of totally new 
synthetic gem materials in the 1980s. Since there 
is little likelihood of a reversal of this trend in the 
near future, the arrival of many new synthetics is, 
in my opinion, not to be expected. Only in syn- 
thetic diamond films is intense research continu- 
ing, based on U.S. government funding for the “Star 
Wars” Strategic Defense Initiative program. As 
discussed above, however, I do not believe that 
synthetic diamond—in either bulk or thin-film 
form —will be used widely in the gem trade in the 
foreseeable future. 

A variety of other gem materials have been 
synthesized on an experimental basis over the 
years without ever reaching the marketplace. In 
addition, enough is known about the growth condi- 
tions of materials such as topaz and tourmaline 


that gem-size and gem-quality synthetics would 
be possible. It is undoubtedly the absence of a 
demand for these synthetics at the price that 
would have to be charged that prevents their 
becoming trade items. 

The appearance of synthetic cubic zirconia as a 
diamond imitation is so close to the “real thing” to 
anyone other than an expert that a better imitation 
is unlikely. It would hardly pay to perform the 
extended development work required to bring a 
new product to the market and obtain at best a 
marginal improvement, especially given the low 
cost of CZ rough. 

The last two decades have been a trying time for 
gemologists, filled with problems brought on by 
new and improved synthetics, as well as by new 
treatment technologies. I believe that the period 
ahead may be less hectic, enabling gemologists to 
catch up with the flood of recent changes and 
develop new tests to case the problems of identi- 
fication. 
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NEW TECHNOLOGIES 


OF THE 19808: 


THEIR IMPACT IN GEMOLOGY 


By Emmanuel Fritsch and George R. Rossman 


The 1980s witnessed great development in 
the application of new technologies to 
gemology. These technologies provided 
new or better ways to grow synthetic gem 
materials and to treat natural ones. They 
also permitted numerous breakthroughs 
in gem identification, in areas where clas- 
sical gemological methods were no longer 
sufficient to make a positive identifica- 
tion. In particular, various types of spec- 
troscopy proved to be of important practi- 
cal value, for example, infrared absorp- 
tion, X-ray fluorescence, Raman scatter- 
ing, and cathodoluminescence. 
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he decade of the 1980s was marked by the develop- 
ment of existing technologies for crystal growth and 
gem treatment, and by the introduction of a number of new 
technologies to the field of gem identification (figure 1). 
Improvements in melt and hydrothermal growth tech- 
niques put new and better synthetic gemstones on the 
market, while new applications of irradiation technology 
resulted in a dramatic increase in the availability of 
different hues of irradiated blue topaz and other gem 
materials. Even as well known a technique as the oiling of 
emeralds reemerged in another application as the filling of 
surface-reaching fractures in diamonds. Prior to this de- 
cade, traditional instruments—such as the refractometer 
and the microscope—were the principal means of gem- 
ological study. Only a few advanced testing techniques 
were used, and only in major gemological laboratories, to 
supplement traditional methods: U.V.-visible spectro- 
photometers recorded quantitative absorption data, and 
the electron microprobe provided detailed, nondestructive 
chemical analyses. For the most part, the combination of 
these methods proved adequate to fully characterize natu- 
ral gemstones as well as the limited variety of synthetic 
and treated gem materials then available. 
In the 1980s, however, new challenges required more 
advanced techniques for examining gem materials, These 
challenges arose for several reasons: 


1. The range of new technologies available to science 
markedly increased. For example, the early 1980s 
witnessed a dramatic rise in the use of computers and 
microprocessors. These smaller, more powerful, fas- 
ter machines helped improve both the design and 
performance of all types of equipment, including 
those used for growth, treatment; and characteriza- 
tion of gems. 


2. A new generation of synthetic gem materials was 
developed that provided additional challenges in gem 
identification. 
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3. The spectacular growth in the volume of the 
colored stone market acted as an incentive 
both to treat natural materials and to im- 
prove synthetic ones. 


4. The emergence of consumerism, and in par- 
ticular the increased knowledgeability of the 
general public, created a demand for more 
and better information on gem materials, 
especially in areas such as radioactivity that 
assumed new importance with the increased 
volume of treated stones. 
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Figure 1. Significant advances in the technology of 
Czochralski pulling led to the increased produc- 
tion of Czochralski-pulled gem-quality synthetic 
alexandrite during the 1980s. In the Czochralski- 
pulling melt growth process, a furnace such as the 
one illustrated at left is used to grow synthetic al- 
exandrite similar to that produced by Kyocera 
Corp., shown here to the right of its natural coun- 
terpart from Tanzania. Natural alexandrite (top 
spectrum) can be separated from its synthetic 
counterpart (bottom spectrum) using infrared 
spectroscopy, which was applied much more 
broadly in gemology during the 1980s. Furnace 
photo courtesy of Union Carbide; stone photo by 
Robert Weldon. 


In this article, we review new technologies that 
hada demonstrable impact in gemology during the 
1980s. Several of these technologies existed prior 
to 1980, but at that time had little effect on 
gemologists or on the gem-buying public. Al- 
though most of the recent advances in technology 
for gem identification are used almost exclusively 
in sophisticated gemological testing laboratories, 
it is important that the jeweler-gemologist under- 
stand the principles of these techniques and the 
new capabilities they represent. We will not dwell 
on those technologies demonstrated during the 
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search has been conducted into the growth of 
diamonds with a minimum of defects or inclusions 
(Kanda et al., 1989}. The result is larger crystals of 
better quality and in greater numbers (Shigley et 
al., 1987), For example, in 1989, Sumitomo Electric 
Industries was producing 5-ct gem-quality syn- 
thetic yellow diamond crystals on a routine basis 
using high-pressure technology (Yazu, 1989}. At 
present, however, these are grown for industrial 
purposes only and are not marketed to the jewelry 
trade. Major problems are still encountered in the 
production of large, gem-quality, colorless and blue 
synthetic diamonds. 

The low-pressure synthesis of diamond also 
received considerable attention in the second half 
of the 1980s. Using variations of a long-known 
growth technology called chemical vapor deposi- 
tion (CVD}, very small synthetic diamond crystal- 
lites {0.5 to 20 microns in diameter} are grown 
either isolated to produce powders, or in a contin- 
uous layer to produce thin films. Plagued at first 
with serious limitations, such as poor adherence of 
the film to its substrate, this new growth tech- 
nique is now used to place synthetic diamond 
films on consumer products such as drill bits; free- 
standing synthetic diamond thin-film tweeters 
have been produced by several companies (Obata 
and Okamura, 1989}. Also, although these films 
were initially thin and opaque, rapid advances are 
now being made to produce thicker, colorless and 
transparent films (figure 2). This same process is 
also being used to produce another material, dia- 
mond-like carbon, a type of amorphous carbon 
with high hardness and low deposition tempera- 
ture. This new low-pressure technology may have 
a number of applications in the gem trade, as 
discussed in Fritsch et al. (1989). 


Treatment Processes. Treatment of gem materials 
has been practiced for literally hundreds of years 
(Nassau, 1981a). Over the last decade however a 
number of efforts were made to improve known 
treatment methods or develop new ones, 
Irradiation technologies, in particular, played a 
major role in this area. The use of gamma rays to 
enhance the color of tourmaline became more 
prevalent during the last decade (Ashbaugh, 1988, 
figure 3}. Although the first commercial electron- 
irradiation operation for gemstones began in 1976 
(J. Borden, pers. comm., 1989], only a small portion 
of this early production was seen on the U.S. 
market. During the 1980s, however, electron irra- 
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Figure 2. By the end of the 1980s, free-standing 
transparent, near-colorless synthetic diamond 
thin films as large as 2 cm (3/4 in.) in diameter 
were being grown by the new low-pressure tech- 
nology. Such thin films are now used in masks 
for X-ray lithography (bottom) or as windows 
for X-ray fluorescence spectrometers (top). Photo 
courtesy of Crystallume. 


diation facilities (figure 4) were responsible for 
dramatic increases in the amount of irradiated 
material in the U.S. market, especially blue topaz 
(Schmetzer, 1987). Worldwide, there was a spec- 
tacular increase in the production of neutron- 
irradiated blue topaz. During this same period, 
gemologists became aware of multistep enhance- 
ment processes, in which combinations of irradia- 
tion in either a nuclear reactor or a linear accelera- 
tor (or both} were used to produce materials called 
in the trade “American,” “California,” “Electra,” or 
“Swiss blue” topaz (Ashbaugh, 1988; Fournier, 
1988}. Other gemstones, such as diamonds, are also 
treated in nuclear reactors to modify their color 
(Kammerling et al., 1990). Because reactor treat- 
ment can be less costly than electron irradiation, 
large volumes of gem material have been treated in 
this way. 

Another relatively new gem-enhancement vari- 
ation is the treatment of synthetic material to 
make it look more natural [Kammerling et al., 
1990}. In addition, the centuries-old practice of 
oiling emerald has been creatively revisited. Better 
documentation of optical properties of materials (a 
consequence of increased interest in materials 
science during the decade] has led to the develop- 
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ment of new filling materials to make surface- 
reaching fractures less apparent. The late 1980s 
provided us with two examples: Opticon, a prod- 
uct marketed as an industrial fracture sealer that 


Figure 4. During the 1980s, great quantities of 
gem materials were irradiated in an electron 
accelerator for the purpose of inducing or en- 
hancing color. This computer-generated tmage 1s 
the electron accelerator at the Rensselaer Poly- 
technic Institute, Troy, New York. Photo cour- 
tesy of Rensselaer Polytechnic Institute. 
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Figure 3, Today, pale 
tourmalines (left) are 
commonly irradiated to 
darker pink to red colors 
(right) using gamma irra- 
diation, a technology 
that became more 
widely used for gem en- 
hancement during the 
1980s. Some of these 
stones (largest is 5.91 ct) 
are courtesy of George 
Drake; photo © Tino 
Hammid. 


has been used to fill fractures in emeralds (Koivula 
and Kammerling, 1989); and a low-melting-point 
lead oxychloride—based glass, with an index of 
refraction close to 2.4, that has been used to fill 
fractures in diamond {Koivula et al., 1989}. 


NEW TECHNOLOGIES IN 
GEM IDENTIFICATION: 
PROVIDING SOLUTIONS 


When classical gemological methods do not pro- 
vide enough clues to solve a gem identification 
problem, laboratory gemologists turn to more 
sophisticated techniques. During the 1970s, these 
were U.V.-visible absorption spectroscopy and elec- 
tron microprobe analysis, While some progress has 
been made in these techniques, especially micro- 
probe analyses, other new technologies are now 
routinely used in some gemological laboratories. 


Electron Microprobe. The chemical composition 
of most gem materials can be determined with an 
electron microprobe (see, e.g., Dunn, 1977). In 
recent years, the gemological applications of this 
instrument have also benefited from the introduc- 
tion of new technologies. One of the long-standing 
limitations of the electron microprobe was its 
inability to measure the concentration of light 
elements, in particular oxygen. The 1980s saw the 
development of detection systems, such as multi- 
layered diffraction crystals, that greatly improved 
the detection efficiency for light elements (Arm- 
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1980s for which there are no immediately apparent 
commercial applications to gemstone production, 
treatment, or testing. 

The article is divided into two major sections. 
The first deals with new technologies in the field of 
gem material synthesis and treatment. The impact 
of these technologies on gemology can be esti- 
mated in terms of the volume, quality, or availabil- 
ity of material produced. 

The second section discusses new technologies 
available for gem identification. We will briefly 
describe the new technologies being used, the 
types of information they provide, and their limita- 
tions. Examples are provided to illustrate how each 
technique has helped improve our means of identi- 
fying gem materials. 


NEW TECHNOLOGIES IN 
SYNTHESIS AND TREATMENT: 
THE CHALLENGES 
A major development that affected all techniques 
of crystal growth during the 1980s was the intro- 
duction of computer controls, especially through 
microprocessors and personal computers, for fur- 
naces and other growth devices. This resulted in a 
better reproducibility and yield of crystals, thereby 
lowering the cost of synthesis (B. Chai, pers. 
comm., 1989). In the U.S. over the past 10 years, 
most industrial crystal growers have shifted their 
focus to the growth of thin films on silicon and 
other semiconductor materials for electronic ap- 
plications, so the number of people involved in 
growing “bulk” transparent crystals has signifi- 
cantly decreased. In contrast, research groups in 
China have initiated an ambitious program to 
grow synthetic crystals for the jewelry industry, 
building on their experience in the growth of other 
types of oxide crystals (D. Elwell and B. Chai, pers. 
comm., 1989). Currently much effort is being 
devoted there to the growth of colored synthetic 
rare-earth garnets (see, e.g., Zhang and Liu, 1988}. 
The new synthetic gem materials that appeared 
on the jewelry market during the 1980s are de- 
scribed elsewhere in this issue (Nassau, 1990); 
therefore, we will concentrate here on the recent 
changes in technology that made their synthesis 
possible. 


Growth Processes. The Czochralski pulling tech- 
nique, invented in 1918, is certainly not a new 
technology (Nassau, 1980). However, important 
advancements have been made recently, centered 
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around furnace design and new refractory mate- 
rials. These have resulted, for example, in the 
production of colorless sapphire crystals 15 cm in 
diameter, three times the size of the 5-cm-diame- 
ter oxide crystals typically grown during the 1970s 
(Heikkinen, 1989). Motivated by the demands of 
the laser industry for less light distortion, pro- 
ducers greatly improved the quality of the crystals 
as well. This was accomplished primarily by a 
better understanding and control of the thermal 
gradient in the furnace and by improved pregrowth 
treatment of the melt (K. Heikkinen, pers. comm., 
1989}. These improvements in growth techniques 
have led to the development of Czochralski-pulled 
alexandrite in the USSR (Bukin et al., 1981), China 
(Guo et al., 1987), Japan, and the United States (R. 
Kane, pers. comm., 1989). Although grown primar- 
ily for laser applications, some of these products 
have already appeared on the jewelry market 
(Trossarelli, 1986; again, see figure 1). 

Hydrothermal synthesis of gem-quality mate- 
rials such as quartz (amethyst) and emerald con- 
tinued during the 1980s. In general, the high cost of 
hydrothermal synthesis makes it economically 
less attractive than Czochralski pulling when that 
alternative exists. 

Image furnaces became commercially available 
during the last decade. Such furnaces focus intense 
light to provide the heat needed to grow synthetic 
crystals. Although a few synthetics grown by this 
technology have been faceted, especially synthetic 
corundum of different colors produced by Seiko, it 
is not yet appropriate for mass production. Nev- 
ertheless, image furnaces have been widely used 
experimentally to produce limited amounts of 
single-crystal spinel, ruby, cubic zirconia (NEC 
Corp.], and olivine (peridot; Hosoya and Takei, 
1982}, some up to 7 cm long. The decade has also 
witnessed significant progress in skull-melting 
technology, which has resulted in dramatic in- 
creases in the production of cubic zirconia (Nas- 
sau, 1990). 

Of all the new technologies, the jewelry industry 
has probably paid closest attention to that which 
produced cuttable synthetic diamonds. Major 
strides made in high-pressure technology resulted 
in presses with an effective volume of one liter and 
holding pressures appropriate for diamond growth. 
Many crystals can be grown in the same cell, and 
several cells can be stacked up in one press (Yazu, 
1985), improving considerably the productivity of 
this type of equipment. Moreover, extensive re- 
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strong, 1988) and therefore the accuracy of the 
entire analysis. 


Spectroscopy. The appeal of spectroscopic 
methods, which involve detecting and measuring 
the absorption or emission of electromagnetic 
radiation. by a material, is that they can be used 
nondestructively on most gems. In the 1980s, the 
materials-science community adopted many tech- 
niques that had previously been used primarily in 
chemistry—such as infrared, X-ray, and Raman 
spectroscopy —to study a wider range of materials, 
including gems. 


Infrared Spectroscopy. This technique probably 
brought the most new solutions to gem identifica- 
tion problems during the 1980s. Originally devel- 
oped by organic chemists, infrared spectroscopy 
was first applied to mineralogy during the 1950s. 
Many applications to gem identification problems 
were developed by French and German scientists 
during the 1980s (Leung et al., 1983). Also at this 
time, Fourier transform infrared spectrometers 
(FTIR} became widely available {figure 5). Their 
speed of execution made them easier to use, and 
their greater sensitivity permitted the detection of 
weak features in the spectrum that were signifi- 
cant for many gem identification problems. The 
principles of infrared spectroscopy as they relate to 
gemology have been described by Fritsch and 
Stockton (1987). 

Many materials can be identified rapidly by 
their infrared absorption spectra. For example, 
turquoise can be separated from its simulants by 
this technique (see, e.g., Arnould and Poirot, 1975), 
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Figure 5. Although not a 
new technology, infrared 
spectroscopy has recently 
provided solutions to 
many tough gemological 
problems. The GIA Re- 
search Department has 
used this Nicolet 60SX 
FTIR spectrometer to 
identify treated mate- 
rials such as irradiated 
diamonds and plastic- 
impregnated turquoise, 
as well as to separate 
some natural from syn- 
thetic emeralds, dia- 
monds, and alexandrites. 
Photo by Robert Weldon. 


amber can be distinguished from plastic simulants 
(Fraquet, 1987], amethyst can be separated from 
purple scapolite (Martin et al., 1989}, and glass can 
be distinguished from nonphenomenal opal [C. 
Stockton, pers. comm., 1987; figure 6). These tests 
are difficult, even sometimes impossible, using 
classical gemological techniques. 

In some cases, infrared spectroscopy can distin- 
guish natural from synthetic materials. This is 
particularly important when the material con- 
tains few or no inclusions. In a number of cases, 
this distinction is possible because of differences 
in the way water is incorporated. Wood and Nassau 
(1968} demonstrated how flux-grown synthetic 
emerald could be distinguished from its natural 
equivalent: The incorporation of water during 
growth in natural stones causes absorption around 
3600 cm~! in the infrared spectrum, whereas the 
flux material uses no water so the corresponding 
synthetics lack absorption in this region. This 
technique has been refined to the point that not 
only can natural emeralds be distinguished from 
their synthetic hydrothermal equivalents, but also 
the products of various hydrothermal synthetic 
emerald manufacturers can be separated from one 
another (Leung et al., 1983; Stockton, 1987). 

The distinction between natural and synthetic 
alexandrite is based on the same principle (Leung 
et al., 1983; Stockton and Kane, 1988). The fact 
that water was incorporated during growth in 
natural alexandrite results in an infrared spectrum 
that is different from that of most synthetic 
alexandrites (grown by a melt technique}, which 
lack “water.” 
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Figure 6. These orange and near-colorless opals (center) are difficult to separate from their glass imita- 
tions (either side). However, the infrared spectra of natural glass (top) and opal (bottom) differ signifi- 
cantly, providing a ready means of identification. Photos by Robert Weldon. 


Numerous attempts have been made to separate 
natural and synthetic amethyst on the basis of 
their infrared spectra (Zecchini, 1979; Schmetzer 
and Bank, 1980; Lind and Schmetzer, 1983}. In the 
vast majority of cases, the spectrum of synthetic 
amethyst will show an absorption band around 
3540 cm~-!, probably related to a potassium- 
bonded hydroxyl group (Kats, 1962). This band is 
absent from the spectrum of most natural stones 
(Fritsch and Koivula, 1987). 

Infrared spectroscopy can also detect the pres- 
ence of polymers in materials that have been 
impregnated to improve their appearance or physi- 
cal cohesion, such as opal (Fritsch and Stockton, 
1987], turquoise (Dontenville et al., 1985), and 
jadeite (Hurwit, 1989). Other types of treatments 
are occasionally detectable; for example, sugar- 


treated opals show a typical infrared spectrum (C. 
Stockton, pers. comm., 1987}. 

Quite possibly the most important application 
of infrared spectroscopy in the last few years has 
been the detection of treatment (irradiation fol- 
lowed by annealing} in yellow to brown nitrogen- 
containing diamonds. In 1957, Crowningshield 
demonstrated that the presence of a band at 5920 A 
(since determined on more accurate instrumenta- 
tion to be 595 nm] in the visible range is proof of 
treatment in such stones. It appears, however, that 
the defect creating this absorption can be annealed 
out at high temperature, so that the indications of 
treatment provided by the visible spectrum are 
less clear. The presence of two sharp peaks in the 
near infrared (at 1936 and 2026 nm, called H1c and 
H1b, respectively}, can then be taken as a positive 


Figure 7. These treated (by irradiation and annealing) yellow diamonds were subjected to a second 
heating to high temperatures to make the 595-nm band—considered proof of treatment in yellow dia- 
monds — disappear. However, infrared spectroscopy helped identify two sharp bands in the infrared 
{top spectrum), caused by the annealing process, that are absent from the spectrum of a natural yel- 
low diamond (bottom). Photos by Robert Weldon. 
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proof of treatment in yellow to brown (Collins et 
al., 1986; Woods and Collins, 1987; figure 7) and 
reirradiated green (Fritsch et al., 1988) diamonds. 


X-ray Spectroscopy. Energy dispersive X-ray fluo- 
rescence (EDXRF) analysis is another relatively 
sophisticated technology that was first applied to 
gemology during the last decade (Hanni, 1981). In 
an XRF spectrometer (figure 8], an X-ray beam 
directed at a sample causes the individual chemi- 
cal elements in the sample to emit X-rays of a 
characteristic energy. The instrument’s solid-state 
detector and multichannel analyzer sort the 
X-rays, making it possible to detect which ele- 
ments are present. When the instrument is care- 
fully calibrated, the intensity of a given peak can 
be quantified to indicate the concentration of the 
corresponding element. One of the major advan- 
tages of this technique is that a cut stone requires 
no sample preparation; the gem is simply placed 
table down in a holder above the beam. 

The chemical analysis provided by XRF can 
have important applications in gemology. Gem- 
ological papers early in the decade refer to the 
separation, of natural from synthetic ruby and 
alexandrite on the basis of the presence of molyb- 
denum from the flux (Stern and Hanni, 1982) and 
the presence or absence of trace elements such as 
gallium, thought characteristic of natural origin, 
(Ohguchi, 1981; Stern and Hanni, 1982). XRF has 
also been used to separate natural freshwater from 
saltwater pearls on the basis of the much larger 
concentration of manganese in freshwater pearls 
(Miyoshi et al., 1986; figure 9). Other examples are 
provided in Stern and Hanni (1982). 

One must be cautious when interpreting XRF 
spectra, however, because of the abundance of 
diffraction peaks and other artifacts that may lead 
to expensive mistakes. For example, figure 10 
shows the spectrum of a flame-fusion synthetic 
ruby, which has no gallium, with a diffraction peak 
exactly at the energy expected for this element. 
Some laboratories use XRF as a complementary 
technique, for example, to separate natural from 
synthetic ruby (C. Schiffman, pers. comm., 1988; 
S. McClure, pers. comm., 1990). 

X-ray fluorescence instruments historically 
could not detect elements lighter than sodium. 
The recent development of extra-thin detector 
windows or windowless detectors has made light- 
element detection possible. Interestingly, one of 
the materials used for very thin XRF windows is a 
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Figure 8. XRF technology was used throughout 
the 1980s by a number of advanced gem testing 
laboratories. The GIA Research Department 
found this Tracor X-ray Spectrace 5000 energy 
dispersive X-ray fluorescence (XRF) spectrome- 
ter to be useful, for example, in the separation 
of freshwater from saltwater pearls (see below) 
and untreated from fracture-filled diamonds. 
Photo by Robert Weldon. 


synthetic diamond thin film, produced by the low- 
pressure technology (Pinneo and Conner, 1989; see 
figure 2), 


Raman Spectroscopy. Raman spectroscopy has 
seen increased application to gemological research 
during the 1980s. Like infrared spectroscopy, it is a 
nondestructive vibrational spectroscopy that re- 
quires expensive equipment, especially if data are 
obtained with a Raman microprobe. Raman spec- 
troscopy is extensively used in mineralogy and 
geochemistry (McMillan, 1989}. In gemology, it 
has been used to identify gemstones, to distinguish 
between crystalline and amorphous materials, and 
to separate natural stones—for example, diamond 
and jade—from their simulants (Nassau, 1981b; 
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Figure 9. XRF technology can separate freshwater (left) from saltwater (right) cultured pearls on the 
basis of their chemical composition: Freshwater pearls (blue spectrum) contain significantly more 

manganese (indicated by the vertical red lines at left) than saltwater pearls (red dotted line). Photos 
by Robert Weldon. 


Dhamelincourt and Schubnel, 1977). It can also 
nondestructively identify pigments in gem mate- 
rials (Délé-Dubois and Merlin, 1981}. 

The most important use of Raman spectroscopy 
in gemology is the identification of inclusions 
(figure 11). The Raman microprobe can focus on 
and identify an individual inclusion even when it 
is beneath the surface of a stone. This is partic- 
ularly valuable in the separation of natural from 
synthetic materials (Délé-Dubois et al., 1986}. To 
help with these identifications, the Gemology 


Laboratory of Nantes University, France, is prepar- 
ing a catalog of Raman spectra for all gem mate- 
rials and their most common inclusions (B. Las- 
nier, pers. comm., 1989), 


Cathodoluminescence. First reported by Crookes 
in 1879, this technology was not applied to gem- 
ological problems until the late 1970s, when a 
simple commercial instrument became available 
(Gaal, 1976-1977). Its use became more wide- 
spread during the 1980s (Ponahlo, 1988}. Cath- 


Figure 10. XRF has been used to separate natural (left) from synthetic (right) rubies on the basis of 
their trace elements, However, the gemologist must be careful of the artifacts in the XRF spectra 
when making a determination. For example, the XRF spectrum of a flame-fusion synthetic ruby 
shows (at the far right) a band at the position expected for gallium, an element presumed to be typi- 
cal of natural rubies, and (closest to the first, on the left) a band at the exact position expected for 
iron, an element generally not present in flame-fusion synthetic rubies. Both peaks are actually due 
to diffraction, not gallium or iron. Photos by Robert Weldon. 
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odoluminescence is the emission of visible light by 
a material excited with an electron beam in a 
vacuum chamber. It does not require any sample 
preparation, and does not affect most common 
gem materials. Visual observation of the color (or 
distribution of color) of the emitted light is 
enough, for example, to distinguish clearly be- 
tween natural and synthetic yellow diamonds on 
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Figure 11, This sulphur inclusion in a Burmese 
ruby (right) was identified using Raman spectro- 
scopy (left), one of the technologies new to gem 
identification in the 1980s. Spectra: a = inclu- 
sion in matrix, b = matrix alone, c = reference 
sulphur. This is the first time sulphur has been 
identified as an inclusion in ruby. Photo and 
spectra courtesy of J. Dubois-Fournier, Gemology 
Laboratory, Nantes University, France. 


the basis of the distribution of their various growth 
sectors (Shigley et al., 1987). Emission spectra and 
quantitative measurements of the emissions can 
also be recorded and used for some gem identifica- 
tion purposes, such as the separation of natural 
from synthetic rubies, emeralds, and alexandrites 
(Ponahlo and Koroschetz, 1986; Ponahlo, 1988, 
1989). 
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A number of additional technologies have been 
used experimentally in the characterization of 
gem materials. These include nuclear magnetic 
resonance (NMR), electron spin resonance ({ESR|, 
and proton-induced X-ray emission (PIXE]. Thus 
far, none of these methods has helped solve gem- 
ological problems that could not be handled in a 
simpler fashion. Research into the gemological 
applications of these methods is still in its infancy, 
however, and the potential for future important 
contributions exists. 


CONCLUSION 


The 1980s witnessed greater opportunities for 
more and better synthetics and enhancements, 
which provided new challenges for gem identifica- 
tion. For example, improvements in Czochralski 
pulling and high-pressure diamond synthesis 
brought new and better products into the commer- 
cial scene. The application of various irradiation 
techniques resulted in the processing of large 
amounts of blue topaz, in a number of different 
shades; developments in filling materials pro- 
duced new treatments in emeralds and diamonds. 
Several of the technologies described in this article 
have provided new approaches to meet these 
challenges. Even so, at the end of this decade the 
following challenges still remained: 


* The distinction between natural colors and 
those created by laboratory irradiation. Promi- 
nent problems involve green diamonds, blue 
topaz, and pink and red tourmalines. 


* The detection of heat treatment in gem mate- 


rials such as sapphire or beryl when micro- 
scopic characteristics do not provide conclu- 
sive evidence. 


* The detection of dye in gem materials. 


* The determination of the geographic origin of 
gem materials. 


¢ The reproducible measurement of the color 
appearance of a faceted gem. 


New technologies developed in the 1990s will 
undoubtedly help address some of these outstand- 
ing problems. It is equally as likely that new 
technologies will generate new problems for the 
gemologist. We will probably see more synthetic 
gem materials, possibly large synthetic hydrother- 
mal emeralds developed for laser applications. We 
will also need to follow closely developments in 
the fields of diamond synthesis, optics (especially 
coating technology}, electro-optics, and electronics 
that traditionally have provided materials of po- 
tential use in the gem market. 

During the past decade, gemologists tried to 
respond to changes imposed on them by the out- 
side world. In the years to come, gemologists must 
learn to anticipate these changes. At the end of the 
1980s, much of the available technology and the 
vast network of technological information was 
under-utilized by gemologists. Although the 
equipment required is usually expensive and may 
not be readily accessible, there is nevertheless a 
tremendous potential for new developments by ex- 
ploiting techniques already available in materials 
science and building the data bases that will make 
their results useful to the jeweler-gemologist. 
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JEWELRY OF THE 1980s: 
A RETROSPECTIVE 


By Elise B. Misiorowski 


Fluctuations in the diamond market 
brought a new focus in jewelry on small 
diamonds and colored stones. The large 
quantities of blue topaz, amethyst, and 
citrine available made these gem mate- 
rials especially popular. Cultured pearls 
saw a phenomenal rise, especially early in 
the decade. A broad mix of design trends 
included a return to older metal tech- 
niques such as granulation, as well as 
experimentation in new metals and 
metal-working techniques. While classical 
European houses were credited with some 
important new designs, exciting innova- 
tions emerged from elsewhere in Europe 
as well as Asia and the U.S. 
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76 Jewelry in the 1980s 


he 1980s was an exciting, and at times turbulent, era 
for the gem and jewelry world. In 1980, prices for 
large, fine diamonds were at an all-time high. The boom, 
and subsequent bust, of this segment of the diamond 
market had a profound effect on the jewelry world: It 
shifted the focus to pearls and colored stones, as well as to 
smaller, commercial-grade diamonds. The emergence of 
new cuts for gems, the increased use of pavé- and channel- 
set melee diamonds, and the continued interest in new 
textures and coloration techniques for metals characterize 
jewelry of the 1980s. As the decade advanced, the fashion 
trend of wearing many little items of jewelry gradually 
changed to wearing fewer but more important pieces that 
made bolder fashion statements, reflecting the wearer’s 
individual taste and style. In the 1980s, more women than 
ever before pursued careers and high-profile positions. 
These women, in buying their own jewelry, became an 
important new market (Eisman and Hinge, 1988). 
Education and the appreciation of tangible assets with 
lasting quality also influenced the buying decisions of the 
now more knowledgeable consumer. Gem associations and 
the international auction houses have played an important 
role in heightening this awareness. This retrospective, 
based on a review of major jewelry publications worldwide, 
examines the key trends in the use of diamonds, colored 
stones, and precious metals, and highlights some of the 
designers that advanced these trends in the 1980s. 


DIAMONDS 


The year 1980 saw diamond prices fluctuate radically. To 
steady the market, De Beers cut back on the number of 
rough diamonds offered to sightholders in larger sizes of 
good color and clarity (Shor, 1988b). Since melee diamonds 
were less expensive and more readily available, jewelry 
designers looked for more ways to use them (figure 1}. Pavé 
and channel settings utilized small diamonds to great 
advantage. The multi-stone anniversary ring became espe- 
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Figure 1. This group of jewelry 
includes some of the most popu- 
lar styles introduced tn the 
1980s. Note especially the var- 
ious uses of melee diamonds, 
mabe pearls, freshwater cul- 
tured pearls, and colored stones. 
Shown here are: (top left to 
right) a multistrand, twisted 
necklace (torsade) of natural- 
color freshwater cultured pearls 
with a channel-set sapphire and 
diamond clasp; a spool-cut 
green tourmaline and ancient- 
style gold bead necklace; mabe 
pearl earrings with pavé-set dia- 
monds; (middle left to right) 
dangling earrings with bezel- 
set, cabochon-cut tourmalines; 
an ancient-style gold ring set 
with tourmalines; stackable 
rings of sapphires, diamonds, 
and emeralds; a cultured pearl 
necklace with a centerpiece of 
diamonds pavé-set around a 
3-ct sapphire; (bottom left to 
right) a bezehset “tennis” brace- 
let; a wide ‘engagement ring— 
wedding band with channel-set 
baguette diamonds; a 2.53-ct 
sapphire ring with oval dia- 
monds; a 2.54-ct emerald ring 
with baguette diamonds chan- 
nel set down the wide shank; 
and a 5.34-ct tanzanite ring 
with calibrated tsavorite gar- 
nets, channel-set baguette dia- 
monds, and pavé-set round dia- 
monds, Jewelry courtesy of The 
Collector, Fallbrook and La 
Jolla, CA; photo © Harold & 
Erica Van Pelt. 


cially popular, as did the tennis bracelet later in the 
decade. Annual jewelry design competitions of- 
fered by the Diamond Information Center—Dia- 
monds Today, Diamonds International, and Dia- 
monds of Distinction—continued to stimulate 
creative efforts to make the most of diamonds. 
The aftermath of the diamond investment fad 
found buyers more aware of the importance of 
proportions in cutting (Shor, 1989}. Although the 
round brilliant remained the industry standard, 
diamond cutters promoted a variety of new cuts 
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designed to maximize weight retention while still 
producing a pleasing gem. Triangular-shaped bril- 
liants, for example, were developed to make best 
use of the diamond macle; introduced in the 1970s, 
the Trilliant and the Trillion, among others, be- 
came very popular during the ’80s, especially in 
matched pairs as side stones in a ring to set off an 
important stone. The Radiant cut, which gave 
additional life to straight-edge cut diamonds, con- 
tributed greatly to the acceptance of fancy-color 
diamonds, especially yellows and pinks, during the 
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Figure 2. This group of diamond rings and earrings illustrates the increased interest in fancy-color 
diamonds that arose in the 1980s. All of the pink diamonds in the earrings are from Australia. Note 
the use of triangular brilliants as side stones for two of the rings, and the “unmatched” pair of 
earrings, with a 1.90-ct. fancy blue diamond in one and a 2.10-ct. fancy yellow diamond in the other. 
The largest stone in this photo, the fancy yellow diamond in the ring on the left, is 12.65 ct. Courtesy 
of Harry Winston, Inc. 


’80s (R. Crowningshield, pers. comm., 1990}. 
Square-cut brilliant diamonds were developed 
partly because they could be calibrated to fit 
snugly in channel settings, and partly because 
their retention of weight from octahedral rough is 
considerably greater than for a round brilliant. The 
Quadrillion, introduced in 1981, and the Princess, 
introduced in 1984, are two trademarked square- 
cut brilliants available in the diamond trade. 

Later in the decade, the Central Selling Organi- 
zation commissioned Marcel Tolkowsky’s grand- 
nephew, Gabi Tolkowsky, to develop new diamond 
cuts for odd-shaped and off-color rough. Five cuts 
were officially presented at the 24th World Dia- 
mond Congress in 1988—Zinnia, Dahlia, Mar- 
igold, Sunflower, and Fire Rose (“Clever diamond 
cuts launched by the CSO,” 1988). 

The 1980s also saw a renewed interest in fancy- 
color diamonds {figure 2}, stimulated in part by the 
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publicity given to fancy pink diamonds from 
Australia (see, e.g., Hofer, 1985). The excitement 
surrounding fancy-color diamonds reached a peak 
in April 1987, when Christie’s auctioned a 0.95-ct 
fancy purplish red diamond for the unprecedented 
price of $926,000 per carat (Kane, 1987). Large 
colorless diamonds made a comeback toward the 
end of the decade and also sold well at auction after 
1987. Following their red diamond success, in 
October 1987 Christie’s sold a D-color internally 
flawless 64.83-ct pear shape for $6,380,000. Not to 
be outdone, in April 1988, Sotheby’s auctioned an 
85.91-ct D-color internally flawless pear shape for 
$10,043,000. 


COLORED GEMSTONE TRENDS 

Colored Stones. Compared to the previous two 
decades, the 1980s saw a much greater use of 
colored stones in jewelry. This could be attributed 
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to a number of factors in addition to the higher 
diamond prices mentioned earlier. In 1981, the 
blue sapphire engagement ring given to Lady 
Diana Spencer by Charles, Prince of Wales, helped 
stimulate global interest in colored stones, Educa- 
tion in gemology on the part of both the jeweler and 
the consumer has generated greater awareness of 
the many attractive and affordable varieties in the 
marketplace. As the decade progressed, the avail- 
ability of many colored stones in larger sizes (e.g., 
blue topaz, amethyst, and citrine} also met the 
trend for larger, bolder jewels, thereby satisfying 
the growing interest in dramatic-colored jewelry. 
Competitions such as the Spectrum Award, of- 
fered annually by the American Gem Trade Asso- 
ciation, encouraged jewelry designers to use a 
greater number and variety of colored stones. 
Fine-quality sapphires, rubies, and emeralds 
maintained their supreme status among colored 
gems, and as demand increased so did their prices. 
This stimulated a wider use of more affordable 
gemstones that, prior to the 1980s, often were 
purchased only as birthstones. Topaz, amethyst, 
citrine, and tourmaline experienced the greatest 
growth in buyer recognition and salability. In 
particular, the large quantities of color-enhanced 
blue topaz that entered the market in the ‘80s 
made this gemstone tremendously popular be- 
cause of the affordable prices. Although the greater 
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supplies provided by enhancements were a signifi- 
cant factor in gemstone marketing during the 
decade, the public was generally unaware that 
treatments were involved. In fact, as the decade 
progressed, heat treatment of corundum put 
greater numbers of fine blue and yellow sapphires 
on the market (figure 3}, making them more 
affordable as well. 

Tsavorite and rhodolite garnets, as well as tan- 
zanite, were also seen more frequently in jewelry 
during the ’80s (see figure 1). In addition, there was 
greater use of opaque and translucent gems—such 
as lapis lazuli, malachite, black onyx, hematite, 
and jade—for beads, cabochons, and inlay work. 
Translucent and cryptocrystalline quartz, opal, 
and tourmaline were also used in this way. Sug- 
ilite, the purple opaque-to-translucent by-product 
of manganese mining in South Africa, was intro- 
duced as a gem material during the 1980s (Shigley 
et al., 1987) and found some popularity, especially 
in jewelry from the American Southwest. 


Organic Gem Materials. More than any other gem 
during this decade, pearls enjoyed a renaissance of 
interest. Pearl imports into the U.S. grew from $80 
million in 1980 to over $240 million in 1984 (“Pearl 
sales up,” 1988). Before 1980, cultured pearls were 
mostly seen as 16-inch single-strand necklaces of 
graduated or 5- to 6-mm pearls. Into the ’80s, opera- 


Figure 3. Heat-treated 
yellow and blue sap- 
phires were commonly 
seen in the jewelry mar- 
ket during the 1980s. In 
this fine necklace, they 
are set off by prong- and 
channel-set diamonds in 
yellow and white gold. 
Courtesy of Gem Source 
International; photo © 
Tino Hammid. 
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length strands of slightly larger pearls became 
more common, worn either as one long strand or 
wrapped twice around the neck. The Pearl Promo- 
tion Society’s annual pear! jewelry design compe- 
titions encouraged new ideas on how to wear 
pearls, resulting in pearl jewelry that was more 
versatile and contemporary. 

Round, unblemished, saltwater cultured pearls 
have always commanded a premium price. As 
demand increased during the ’80s, declining pro- 
duction of the finer qualities led to even higher 
prices. This caused the more affordable baroque- 
shaped cultured pearls, with their exceptional 
orient and luster, to gain greater acceptance (fig- 
ure 4}. 

Initially harvested in Japan, enormous quan- 
tities of freshwater cultured pearls are now com- 
ing primarily from China. Besides the white, rice- 
shaped cultured pearls that have appeared in profu- 
sion, freshwater cultured pearls come in a variety 
of baroque shapes and natural pastel colors. Pale 
pink, peach, apricot, mauve, and lavender have 
been combined in mixtures of hues (see figure 1), 


80 Jewelry in the 1980s 


Figure 4. Baroque-shaped 
cultured pearls gained in 
popularity during the 
1980s, as demand for all 
pearls grew. The torsade, 
or twisted choker, a 
major new Style of the 
1980s, used pearls or 
gem beads. These 
multiple strands of pink 
baroque pearls and 
matching earrings are 
accented by 18K gold 
“funnels” with back 
enamel detailing. Jewelry 
designs © Elizabeth 
Gage, Ltd. 


sometimes strung with gold or gemstone beads as 
accents in the strand. 

Naturally colored black pearls, cultured in 
French Polynesia, were first harvested and sold in 
the late 1970s but came into their own during the 
1980s. These large (9+ mm) pearls range in color 
from silver to black, with a variety of overtones 
(Goebel and Dirlam, 1989; figure 5). The warm 
South Seas also favored the cultivation of large 
{12-19 mm} creamy white, yellow, and brownish 
pearls. 

Mabe pearls and cultured blister pearls appeared 
often in jewelry during the 1980s. Mabe pearls are 
ideally suited for the larger look, particularly for 
earrings (see figure 1). Cultured blister pearls, cut 
with some of the surrounding mother-of-pearl 
showing, have been used as the focal point in 
clasps for twisted pearl necklaces and in dramatic 
brooches. 

Ivory, coral, and tortoise shell have come under 
scrutiny because of environmental issues, Heavy 
poaching and smuggling of ivory in recent years 
severely threatens the African elephant. After 
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Figure 5. Polynesian black cultured pearls 
gained great popularity over the course of the 
decade, especially in fine jewelry. These 11-mm 
black culttired pearls, surrounded by 10 ct of 
channel-sét baguette diamonds, are courtesy of 
Harry Winston, Inc, 


much controversy, the Convention on Interna- 
tional Trade in Endangered Species announced in 
October 1989 that a formal ban on ivory trading 
had been approved (“Ban on ivory trade gets formal 
approval,” 1989}, Because of the negative publicity, 
consumer interest in jewelry and artifacts of ivory 
in the U.S. dropped considerably. 

Tortoise shell comes from the epidermal layer 
that covers the shell of the hawksbill marine turtle 
and has been used for centuries to make jewelry 
and trinkets. In recent years, due to pollution and 
overfishing, the hawksbill turtle has been placed 
on the endangered species list (Weiss, 1988}; tor- 
toise shell jewelry and other objects can no longer 
be imported into the U.S. 

Fine coral is becoming harder to find, also due to 
pollution and overfishing. The Mediterranean, the 
traditional source for fine “oxblood” red coral, has 
been seriously depleted. The Sea of Japan now 
produces most of the coral on the market, with the 
Taiwanese doing a majority of the harvesting and 
cutting. As this area, too, is at risk, the Japanese 
have begun to enforce stricter quotas in these 
waters (Federman, 1990}. Environmental issues are 
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demanding more attention as the 20th century 
draws to a close. Perhaps the use of organic 
materials from endangered species will be phased 
out in the years to come. 


New Colored Stone Cuts. During the 1980s, a 
variety of new cuts for colored stones became 
popular. The most notable among these is the 
fantasy cut introduced by German lapidary Bernd 
Munsteiner (figure 6). The gems, usually transpar- 
ent, are cut with a free-form outline and given a 
number of indented, grooved facets, which provide 
visual texture and interest. Munsteiner, raised in 
the famous gem-cutting center of Idar-Oberstein, 
has also been credited with developing the “nega- 
tive cut” {a cabochon crown with a carved or 
faceted pavilion; Thomas, 1987), Many other gem- 
cutting artists have followed Munsteiner’s lead 
and have developed their own styles and tech- 
niques. 


Figure 6. The fantasy cut was initiated by 
Bernd Munsteiner in the early ’80s. These three 
fantasy-cut ametrines—a pendant and brooch 
set in 18K gold and a sculpture—are examples 
of Munsteiner’s style. Courtesy of H. Stern, 
New York; photo © Harold & Erica Van Pelt. 


Figure 7. These four pendants and box are 
excellent examples of contemporary intarsia. 
Lapis lazuli, malachite, opal, turquoise, and 
sugilite are precisely cut and inlaid to produce 
these beautiful pieces. Intarsia by Nicolai 
Medvedev, goldwork by Janet Vitkavage. Pieces 
courtesy of E. E Watermelon Co.; photo © 
Harold # Erica Van Pelt. 


As the ’80s progressed, cabochon-cut stones 
were used more frequently in jewelry (see figure 1). 
New variations appeared, with names evocative of 
their shapes: bullets, tongues, sugarloafs, and buff- 
top baguettes. Cabochon-cut rubies, emeralds, and 
sapphires, rarely seen in jewelry prior to the ‘80s, 
also became very popular. A number of jewelry 
manufacturers worked directly with cutters to 
create custom-cut gems to suit a specific design. 
Gemstones were also worked into mosaics in a 
variety of applications. Intarsia saw a revival in 
jewelry and objets d’art, too (Elliot, 1986; fig- 
ure 7}. 


Crystal “Fever.” The end of the 1960s marked the 
“dawn of the Age of Aquarius,” and the correspond- 
ing revival of many esoteric schools of thought. 
One of these philosophies, crystal consciousness, 
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had a definite impact on the gem and jewelry trade 
in the 1980s. Lore regarding the spiritual and 
healing powers of gemstones, particularly in their 
original crystal form, attracted many followers. In 
1986, crystal consciousness was stimulated by the 
publication of Shirley MacLaine’s book Out on a 
Limb, in which she promoted the metaphysical 
properties of gemstones (“Catering to today’s crys- 
tal craze,” 1988). Crystals of all sorts, but partic- 
ularly quartz, were fashioned into jewelry. Small 
clusters of crystals or slices of geodes were also 
incorporated into “wearable art” (Edelstein, 
1989b). Although the actual fad for crystal jewelry 
was shortlived, the residual interest it focused on 
gems and jewelry was felt throughout the industry. 


METAL TRENDS 

OF THE 1980s 

The decade also saw a number of changes in the 
use of precious metals for jewelry. Fashion shifted 
from dainty and delicate, where the show of metal 
was minimal, to strong and assertive, where pre- 
cious metals made a powerful statement. 

Gold was the most popular metal, but price 
fluctuations affected the way it was used. For 
example, fashion was dictating the “big” look in 
jewelry just as goid prices began to climb. The use 
of hollow chains and electroforming techniques 
allowed a more massive look without excessive 
weight. The more affordable metal, silver, also 
made a comeback; the “big silver” look was often 
set with amethyst and blue topaz, as well as cubic 
zirconia, in bright pinks and blues as well as 
colorless. 

Colored gold alloys also came back into vogue, 
and tri-color gold (yellow, white, and rose] was a 
major trend in all types of jewelry. An interest in 
the look of dark metal led to experimentation with 
alloys, including ones for blue and black gold that 
proved to be brittle and hard to work with. Ulti- 
mately, the dark metal look was provided by the 
use of surface-coloring techniques such as patina- 
tion (antiqueing) and enameling in opaque black 
and in rich jewel-toned reds, blues, and greens 
(figure 8). 

Platinum, traditionally reserved for important 
high-end pieces, began to be used more extensively 
throughout the industry. To make this metal more 
accessible to a larger market, jewelers began to 
combine platinum with gold to provide richness 
and a pleasing visual contrast. 

Other, nontraditional metals also appeared in 
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jewelry of the ’80s. Titanium, developed for use in 
the aerospace industry, was found to be a light, 
strong metal that could be anodized to a variety of 
vivid colors. It was not widely used, however, and 
was incorporated more as an accent metal rather 
than for entire pieces. Tungsten carbide, also from 
the aerospace industry, was used for watches, while 
stainless steel cable, occasionally rhodium plated, 
was worked into a variety of bracelets, neckwear, 
rings, watchbands, and cufflinks, primarily for 
men. Many of these pieces were augmented by gold 
findings in the form of tiny screws for the indus- 
trial “high-tech” look, or toggle clips for the 
nautical effect. Cabochon-cut sapphires or flush- 
set melee diamonds were sometimes added as well. 

During the 1980s, the U.S. customer developed a 
greater interest in higher-karat gold, which tradi- 
tionally has been preferred in Europe and Asia. 
With the emphasis on high-karat gold alloys, there 
was also an interest in making jewelry of 24K gold. 
As asolution to the softness of pure gold, the World 
Gold Council (formerly Intergold) sponsored the 
development of a new alloy, 990 gold, that incorpo- 
rates 1% titanium with 99% gold. While this alloy 
satisfies the Asian standard for pure gold (99% 
gold, 1% impurity], it has the durability of a much 
lower karatage (Tasker et al., 1987). “Nine-ninety 
gold” is still in the experimental stages, however, 
and is not yet in widespread use. 

Although the great majority of settings in the 
jewelry market of the ’80s were cast, a number of 
goldsmiths experimented with forming and work- 
ing metals. Borrowing from jewelry styles of the 
1940s, metals were folded, pleated, ruffled, and 
sculpted to imitate textiles and give the appear- 
ance of having been woven or formed into intricate 
lace or mesh. Texturing of metals was explored 
further during this period: Against bright polished 
gold, matte, brushed, and satin finishes provided a 
softened effect (figure 9}, while reticulated, “dis- 
tressed,” and crystallized finishes gave a strong 
visual impact to artistic, modern pieces (Krem- 
kow, 1988). Bright-cutting, or diamond-cutting, 
was another surface texture that was most com- 
monly seen on mass-produced gold jewelry de- 
signed for the popular market. Stamped textures, 
imitating natural surfaces such as basket weave, 
crocodile skin, or leaves and scattered flowers, 
were also used to enhance the bold metal look of 
the ’80s. 

Exhibitions of ancient and antique jewelry 
awakened a new appreciation for early metal- 
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Figure 8. Opaque and jewel-toned enameling 
was one of several surface-coloring techniques 
of the 1980s. The “Metropolitan Collection” of 
four 18K gold bangle bracelets and a collar 
necklace, courtesy of the Italian firm La 
Nouvelle Bague, strikingly demonstrate this. 


Figure 9. Texturing of metals was a popular ’80s 
trend. Here, 18K gold with a soft brushed finish 
is contrasted against pavé-set diamonds and 
highly polished gold in this elegant collar 
necklace. Courtesy of Henry Dunay. 


Figure 10. The art of granulation was one of the 
ancient metalsmithing techniques revived dur- 
ing the last decade. In these fine contemporary 
examples of this technique, cabochon garnets, 
pink tourmalines, and amethysts have been set 
in 22K gold embellished with precise patterns 
of granulation. Jewelry courtesy of Elaine 
Greenspan, Goldsmith; photo © Harold w 
Erica Van Pelt. 


smithing techniques. Two of these in particular, 
the Japanese art of Mokume gane and the Etruscan 
technique of granulation, saw limited revival. 
Mokume gane, meaning “wood grain metal,” 
bonds, folds, rolls, and slices stacks of metal 
strips—usually colored golds or gold, silver, and 
copper—to achieve a variegated pattern. Pieces 
that contain silver or copper are sometimes acid 
etched to augment the wood-grain texture. Granu- 
lation embellishes the surface of a piece of jewelry 
with minute gold beads fused in a pattern. Many 
jewelers, inspired by the Etruscan originals, closely 
emulated this ancient style, while others adapted 
the technique to more modern interpretations 
(figure 10). 
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JEWELRY STYLES 


Contemporary Trends. As the decade opened, the 
focus in jewelry was on gold and diamonds, Thin 
gold chains were worn in multiples as bracelets 
and, in various lengths, as necklaces, often with 
gold charms and small gem-set pendants. Taken to 
the extreme, charm holders enjoyed a brief but 
immense popularity, allowing collectors to wear 
20 or more charms on a single chain. Dainty gold 
rings, sometimes set with small gems, were in 
vogue and some women wore them on every finger. 
As the 1980s progressed, a heavier look for gold 
jewelry gained momentum. Earrings became 
larger and more elaborate, replacing small gem-set 
studs, or supplementing them, as the trend toward 
multiple piercing of one or both ears allowed many 
women to wear studs along with large earrings. 
Doorknocker earrings with large clips and heavy 
swinging stirrups of hollow stamped gold became a 
prevalent style. Mirror-image clips, with a right 
and left motif, were also popular in geometric 
shapes or sculpted pseudomorphic forms. Large 
hoops and long dangling earrings in amazing 
variety were also worn by many women (see fig- 
ure 1}. 

Although the majority of earrings produced 
were in matching pairs, a few jewelers produced 
“unmatched” pairs of various types. For example, 
some earrings would be made using identical 
elements assembled in reverse, such as a square on 
top with a pendant rectangle for one ear, and a 
rectangle on top with a pendant square for the 
other. Or the earrings would be made using sim- 
ilarly cut stones in different colors (see figure 2). 

Chain bracelets and necklaces continued to be 
popular throughout the 1980s. Chains became 
wider and heavier as the decade advanced, often 
with more complex links. Chains that appeared 
woven in a flattened, tightly meshed herringbone 
pattern were especially accepted. The addition of 
pavé-set diamonds to alternate links, or bezel-set 
colored gems interspersed every six inches, gave 
chains even more variety. 

Gold and silver bangle bracelets in various 
widths were favored items, as were wide cuff 
bracelets. Both types were available in simple 
unadorned styles, and embellished with surface 
textures or gems, 

The flexible “tennis bracelet,” comprised of a 
single row of links, each set with a single diamond 
(see, e.g., figure 1}, was enormously popular during 
the ’80s. Chris Evert coined the name when her 
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straight-line diamond bracelet slipped off during a 
televised tennis match and she stopped to pick it 
up. When later interviewed about the incident, she 
referred to it as her “tennis bracelet” (R. Frankel, 
pers. comm., 1990}. Toward the end of the 1980s, 
some jewelers offered “jackets” for tennis bracelets 
in the form of a wide clasp-on bangle designed with 
a channel into which the tennis bracelet could be 
slid and secured. Straight-line bracelets of colored 
stones were also popular, with and without the 
addition of diamonds. “Rainbow” bracelets and 
necklaces, incorporating suites of calibrated col- 
ored stones, were further adaptations of this ’80s 
style. 

Rings of the 1980s generally had a more substan- 
tial look. The diamond engagement ring, which 
continued to be the industry staple, adapted to 
contemporary trends. Matching engagement and 
wedding band sets incorporated more diamond 
melee as accent stones, reflecting the move toward 
bigger jewelry. Pavé- and channel-set diamonds 
became indispensable, and the shanks of rings 
gradually widened to accommodate them (see 
figure 1},.The decade started with the immensely 
popular, straight channel-set eternity —now called 
“anniversary” —ring. Toward the mid-1980s, how- 
ever, channel settings began to follow more cur- 
vilinear designs, bending around the center stone, 
for example, or coiling in a graduated loop. These 
designs demanded precisely calibrated cut dia- 
monds in straight and tapered baguettes as well as 
the new square-cut brilliants (figure 11). 

“Stackable” rings were also updated for the ’80s. 
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Figure 11. Larger, more substantial rings with 
channel-set baguette diamonds were very 
popular with the ’80s woman. This 18K gold 
ring is a 1989 Diamonds of Distinction award 
winner. Courtesy of Nova Stylings, Inc. 


Sold individually, but designed to be worn in 
groups, these rings were usually produced in the 
same style but with contrasting gems, that is, one 
ring set with rubies, one with sapphires, and one 
with emeralds (see figure 1]. A different type of 
stackable ring offered a variety of stones set in 
complementary styles that would “nest” neatly 
together, giving a variety of looks depending on 
how they were “stacked” on the finger. 

During the 1980s, coins were seen more com- 
monly in jewelry (figure 12}. Many countries 


Figure 12. Antique and 
modern coins were 
popular in ’80s jewelry 
for both men and 
women. This ancient 
coin is bezel set in 18K 
gold and accented with 
pavé-set diamonds and 
cabochon sapphires. 
Courtesy of Bulgari. 
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issued newly minted gold, silver, and even plati- 
num coins, examples of which appeared primarily 
as pendants but in other forms of jewelry as well. 
Ancient coins were also used in a variety of jewels. 
This trend may have been promoted by the con- 
sumers’ increased exposure to ancient and antique 
jewelry through exhibitions and auctions as well 
as foreign travel. 

The most notable innovation for necklaces in 
the ‘80s was the torsade. Several strands of fresh- 
water pearls or gem beads were twisted and fas- 
tened, frequently with an ornate clasp in front (see 
figures 1 and 4). Also popular was the collar 
necklace or choker. Reminiscent of ancient Celtic 
torques, these close-fitting necklaces were de- 
signed to nestle in the hollow above the collarbone 
(see figure 9}. Styles ranged from simple, sculpted, 
flexible gold links to elaborate works of art, rigid 
collars encrusted with colored gems, pearls, and 
pavé-set diamonds. 

Brooches and pins made a comeback in fashion 
during the ’80s. Overall, the look for brooches was 
large: a way to make a powerful statement. Long 
bar brooches were also popular worn vertically on 
jacket lapels, or on the shoulder of a dress, while 
smaller pins were often worn in groups. 

In this decade of innovation, a number of un- 
usual materials made their appearance in jewelry. 
As a contrast to the rigidity of metal and gems, 
some jewelry designers used a thick cord of woven 
silk, black leather, or even black rubber tubing, 
with gold clasps and massive, gem-set pendants. 
Another petrochemical product, acrylic plastic, 
was set with a variety of faceted transparent 
gemstones in jewelry. Although plastics of various 
types have been used for some time in costume 
jewelry and by avant-garde jewelers as “gem” 
materials, this decade saw its first use as a mount- 
ing for precious gems. 

Watches were enormously popular for both men 
and women. They ranged from expensive cre- 
ations, with jeweled casings and faces of fine lapis 
or other opaque gem materials, to inexpensive 
plastic “designer” styles. 


Trends in Antique Jewelry. The 1980s saw a 
heightened interest in antique and period jewelry, 
to which the prominent auction houses contrib- 
uted greatly. Previously dominated by dealers anda 
select group of collectors, auctions are now attract- 
ing more private clients. The quiet stream of 
private buyers became a torrent in 1987, when 
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Figure 13. Created by Jeanne Toussaint for 
Cartier in 1940, this flamingo brooch from the 
collection of the Duchess of Windsor was 
auctioned by Sotheby’s in 1987. Set in platinum 
and gold with rubies, emeralds, sapphires, 
diamonds, and citrine, the brooch was valued 
at $189,000; it sold for $806,667. Photo 
courtesy of Sotheby's, New York. 


Sotheby’s sold the jewels of the Duchess of Wind- 
sor in Geneva. For the first time, jewelry associated 
with British royalty was auctioned, and the media 
blitz had worldwide impact (Shor, 1988a). Experts 
at Sotheby’s conservatively estimated the collec- 
tion’s value at $7 million. When the gavel fell on 
the final lot, the sale totaled an amazing $50.3 
million. The excitement generated made the pub- 
lic aware that, through auction houses, a private 
individual could purchase a small bit of well- 
documented history (figure 13}. 

Well before the Windsor auction, however, the 
auction houses noticed a growing demand for 
authentic antique and period jewelry. Art Nou- 
veau’s fanciful and naturalistic jewels were in favor 
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initially, but these were soon eclipsed by the 
geometric precision of Art Deco that was more in 
keeping with the high-tech ’80s (figure 14). “Retro” 
jewels —from the 1940s and early 1950s—became 
popular in the last half of this decade, while 
Victorian and Edwardian pieces also strengthened 
in sales. To satisfy the expanded market for these 
jewels, contemporary manufacturers began to pro- 
duce exact replicas and close imitations. Modern 
designers not only used ancient metalsmithing 
techniques, as discussed earlier, but they also 
revived ancient and antique styles (see figure 1). 


DESIGNERS OF THE 1980s 


It would be impossible in this brief overview to 
mention each of the talented jewelry designers 
worldwide who deserve recognition. However, it is 
important to note the contributions made by 
certain designers or design houses to jewelry 
styling in the 1980s. This section will discuss the 
general styles of jewelry from various countries 
and regions, and give examples of one or two 
designers from each whose innovations had an 
impact on jewelry trends during the decade. 


' 
{ 


“Name” Designers. In the 1980s, “designer label” 
consciousness extended beyond clothing fashion to 
other luxury items such as cars, watches, and 
jewelry. A number of new designers emerged, 
including some whose well-known names, coupled 
with their talent, brought them immediate accep- 
tance. Paloma Picasso was invited to work under 
the Tiffany aegis, and her name was attached to a 
line of bold jewels that use large, richly colored 
tourmalines, citrines, amethysts, garnets, and 
kunzites (see cover, Gems & Gemology, Summer 
1987}. Bezel-set simply in the center of a heavy 
neck chain or a large gold ring, the gem itself is the 
focus in her jewelry, which can be credited with 
helping to broaden consumers’ acceptance of col- 
ored stones other than the ubiquitous ruby, emer- 
ald, and sapphire in high-fashion jewelry. 
Another designer, with a richer heritage in 
jewelry design, is known as Marina B. As the 
daughter of Constantine Bulgari, she was raised in 
the exotic world of haute joaillerie. From an early 
age, she worked closely with her father and learned 
the exacting techniques of jewelry design and 
manufacture. After his death, Marina broke away 
to start her own jewelry company, with the condi- 
tion imposed by the family business that she not 
use the name Bulgari. Thus, as Marina B, she 
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Figure 14, “In a Persian Garden” is the name 
of this authentic Art Deco bracelet offered 
at auction by Christie’s in 1988. Platinum- 
articulated links are set with diamonds, 
emeralds, and rubies, further enhanced by 
black-enameled flower sprigs. Photo courtesy 
of Christie’s, New York. 


opened her first showroom in 1979, and through- 
out the ’80s developed her own recognizable style 
of distinctive jewels. Heart-shaped figures without 
the cleft are one of her signatures and appear as the 
motif in snug chokers and earrings. Her jewelry is 
comfortable and ingeniously designed, such that in 
many pieces the central stones can be removed or 
their backgrounds can be changed {Seebohm, 
1987; figure 15}. 


United States. In the U.S., there were several 
exceptional artists whose work during the past 
decade influenced jewelry styles internationally. 
Among these, New York designer Henry Dunay 
captured European attention in the early 1980s, 
when he was one of the first U.S. designers to 
exhibit at the Basel Jewelry Fair (Edelstein, 1989a). 
His sculptured and “faceted” gold jewelry led to 
other textured finishes such as matte or brushed 
gold. Dunay also introduced a line of braided gold 
jewelry that extended to men’s bracelets and 
cufflinks as well as to women’s necklaces and 
earrings. His motifs take the form of plump, 
rounded squares, soft knots, “candy twists,” and 
shell-like whorls, all of which involve a contrast of 
textured and smooth finishes, some appearing to 
be tied with thin wires of polished gold (figure 16). 
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Figure 15. This versatile choker and earring suite—of yellow sapphires, black onyx, and pavé-set 
diamonds mounted in 18K gold—shows the signature heart-without-a-cleft motif that is prevalent in 
Marina B jewels, The earrings are designed so that the background can be changed from pavé-set 


diamonds to black onyx. Courtesy of Marina B. 


Frequently, Dunay enriches his jewels by pavé 
setting them with diamonds, a technique at which 
he excels. Subtle and understated, Dunay’s jewels 
have led the way for other American designers in 
the international market. 

The Los Angeles—based company Nova Stylings 
became known for their innovative channel-set 
baguette diamond jewelry, a major fashion state- 
ment of the 1980s, Round diamonds in channel 
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settings were characteristic of jewelry in the late 
’70s, but taking calibrated baguettes and channel 
setting them to follow lyric, tapering curves in a 
ribbon of light, was a technique new to the ’80s. 
Nova Stylings president Martin Gruber and de- 
signer Akiko Wakabayashi have been consistent 
winners of the Diamonds International and Dia- 
monds Today competitions with jewelry incor- 
porating this technique (figure 17}. 


Figure 16. Phimp braids, 
“candy twists,” and 
turbans are frequent 
motifs in Henry Dunay’s 
jewels. The contrast of 
textured 18K gold and 
pavé-set diamonds 
became a popular trend 
in the 1980s, Courtesy of 
Henry Dunay. 
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Italy. Italy continued to be the largest producer of 
gold chains during the 1980s. Dozens of Italian 
companies produced an endless variety of chains, 
the links becoming more complex and the chains 
more substantial as the decade progressed. 

Many companies in Italy also produced exqui- 
site jewelry. Among these is the firm of Bulgari. 
Although they have been fine jewelers for genera- 
tions, many of their designs became signature 
looks in jewelry fashion of the ‘80s. With classic 
simplicity, Bulgari bezel set ancient coins and 
suspended them from a smooth heavy chain, 
tastefully reviving this style (see figure 12}. Bulgari 
is also known for their distinctive necklaces of 
elegant design in a style drawn from ancient Rome. 
Matched pearls, rubies, emeralds, or sapphires are 
bezel set and accented with pavé- and channel-set 
diamonds. These slender necklaces are frequently 
designed in suites with matching earrings and 
rings. 


Great Britain. Generally speaking, British jewelry 
in the 1980s followed conservative, traditional 
lines. Much of the jewelry trade in England was 
focused oh antique and period jewelry from the 
turn of the last century. However, two exceptional 
British jewelers attained worldwide recognition 
during this decade, if for very different reasons. 

Laurence Graff became known for dealing in 
large stones of the finest quality, set in stunning 
jewels. In 1984, Graff unveiled the “Imperial Blue,” 
a 39.31-ct pear-shaped diamond that he claimed 
was the world’s largest flawless fancy blue. He had 
it set in a simple pendant surrounded by round 
brilliants suspended from a riviére of pear-shaped 
diamonds. Later that same year, he presented the 
“Empress Rose” as the largest (72.79 ct) flawless 
pink diamond in the world (Vassiltchikov, 1988]. 
Although these rare jewels are accessible only to a 
very select few, they nevertheless helped whet the 
public appetite for fancy-color diamonds and fine 
colored stones. 

Elizabeth Gage gained attention by designing 
highly unusual jewelry in a creative blend of 
ancient Roman and Renaissance styles (see figure 
4), Her unique jewels frequently combine antique 
coins, carved gemstones, or 18th-century glass 
intaglios with baroque pearls, diamonds, and a 
variety of colored stones. Some of her creations are 
further ornamented with translucent enamels and 
embellishments to the metal surface. Most of 
Gage’s pieces are large and dramatic: Rings are 
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Figure 17. The “Diva Pin,” designed by Akiko 
Wakabayashi, was an award winner in the 1989 
Diamond Today competition. Shown here in 
three possible variations, the pin is composed of 
prong-, channel-, and pavé-set diamonds and 
sapphires mounted in 18K gold, with blue and 
red enamel. Courtesy of Nova Stylings, Inc. 


often high domed, featuring cabochon-cut stones 
or sculpted gold, and can be as much as an inch 
wide; brooches are often two to three inches in 
diameter, of quatrefoil shape with spiral points, 
sometimes terminating in a lustrous pearl (Watts, 
1984). Gage exemplifies the trend of “interpretive” 
jewelry that became popular again in the 1980s 
(figure 18). 


Germany. German jewelry design of the last de- 
cade was quite different from the traditional styles 
being produced in most European countries. Over- 
all, the look was more avant garde. Several innova- 
tive techniques developed for the Germany com- 
pany Niessing by designers Matthias Monnich, 
Simon-Peter Eiber, Christian Kube, and Norbert 
Muerrle have since been adopted by many other 
jewelers worldwide (“Das Niessing Konzept,” 
1987). Niessing is recognized as the first company 
to “marry” gold and platinum, fusing it without 
solder. Jewelry made by this process usually has a 
brushed or matte finish to help define the contrast 
between the two metals. In 1984, Niessing also 
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introduced “iris” gold alloys: A special technique 
produces 18K gold that can exhibit up to seven 
different “colors,” graduating from deep yellow to 
white, in the same piece (figure 19). Niessing 
designers are also credited with developing the 
tension setting of diamonds in platinum. They use 
the “spring” of the metal to hold the stone rather 
than a structurally fixed seat, so the stone appears 
to float between the two arms of the ring shank in 
what they call a “pre-stressed ring” (Schmager, 
1987; figure 20). Another Niessing development 
popularized in jewelry of the late 1980s is the flush 
setting of round melee diamonds in a “polka-dot” 
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Figure 18. During the 
1980s, English designer 
Elizabeth Gage focused 
on interpreting antique 
styles. Clockwise from 
the top (all set in 18K 
gold): a carved horn 
scarab ring with red 
enamel, zodiac ring with 
bezel-set diamonds, cab- 
ochon-cut bicolored tour- 
malines bezel set in ear- 
rings with diamonds and 
cultured pearls, and two 
“templar” bands—one 
set with rubies and the 
other set with diamonds 
and using red enamel, 
The brooch in the center 
contains an antique 
glass intaglio, sur- 
rounded by tourmalines 
in spiral points, antique 
diamonds, and one pearl. 
Jewelry designs © 
Elizabeth Gage, Ltd. 


pattern on the shanks of matte-finished gold and 
platinum rings, and on bracelets, necklaces, and 
brooches. 


Spain. Otherwise conservative in jewelry design, 
Spain produced one particularly distinctive ’80s 
artist. Although several jewelers worldwide have 
incorporated sculptural details into their work, 
few have produced such sensuous, streamlined 
figures as Carrera y Carrera. Languid, stylized 
women wrap their long, slender limbs around a 
gem in a gentle embrace to make a delicate but 
striking pendant or ring. Other motifs include 
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Figure 19, This “iris” gold bangle bracelet and 
ring illustrate the gradual shading from yellow 
to white that characterizes this unusual alloy. 
Courtesy of Niessing, Ltd. 

Figure 20, The “pre-stressed ring” was a new 
method of ‘diamond setting developed in the 
early 1980s by Niessing, Lid., of Germany. The 
tension of platinum is used to secure the stone 
in such a way that the diamond appears to 

be lightly suspended in air. Courtesy of 
Niessing, Ltd. 


Jewelry in the 1980s 


horse heads, appearing to race with the wind, or 
sleek panthers stalking their prey. Many of these 
motifs are used to frame a plain, unnumbered 
watch face. Combining matte and shiny surfaces 
that are occasionally accented with diamonds, 
Carrera y Carrera’s jewels have stimulated many 
imitators (figure 21). 


France. For centuries, France, particularly Paris, 
has been the center for high fashion in jewelry. The 
large French jewelry design houses such as Cartier, 
Van Cleef & Arpels, and Boucheron were innova- 


Figure 21, These sculptured panthers, set in 18K 
gold with diamonds, are characteristic of the 
Spanish firm Carrera y Carrera. Courtesy of 
Carrera y Carrera. 


tors during the first half of this century, but in 
recent years have tended to be more conservative. 
There are exceptions, of course: Cartier was one of 
the first jewelers to use stainless steel in a line of 
men’s jewelry, and Boucheron was at the forefront 
in the evolution of collar necklaces. In the early 
1980s, Boucheron began to design parures of close- 
fitting collar necklace, earrings, and rings made of 
carved rock crystal set in gold with diamonds, 
sapphires, and rubies. Van Cleef & Arpels, stimu- 
lated by the renewed interest in period jewelry that 
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Figure 22. This 1936 ruby, diamond, and platinum “holly leaf brooch” is one of the first invisibly set 
jewels made by Van Cleef & Arpels. Sold at the 1987 auction of the Duchess of Windsor’s jewels, the 
piece helped revive interest in invisible setting during the 1980s. Photo courtesy of Sotheby's. 


swept the ’80s, once again began using the invisible 
settings they had developed in the late 1920s 
(figure 22). This exacting technique involves set- 
ting precisely calibrated sapphires, rubies, and, 
rarely, emeralds, in hidden mountings so that no 
metal is visible between the stones. The popularity 
of invisible settings during this decade has 
prompted many jewelry manufacturers to imitate 
the style, but none can match the originals for 
design and execution. 


Japan and the Pacific Rim. Japan became a strong 
presence in the gem and jewelry market of the 
1980s. As the yen strengthened against the dollar, 
the Japanese became important consumers of high- 
quality diamonds and platinum, especially for 
engagement rings and other jewelry gifts associ- 
ated with weddings. Motivated by this demand, 
Japanese jewelry designers developed a style that 
integrated Japanese tradition with modern West- 
ern culture. Stark color contrasts, with an em- 
phasis on black and white, characterize their 
pieces. Black onyx, black jade, black lacquer, and 
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black enamel are employed to provide a dramatic 
background for diamonds and pearls. 

Other Asian countries along the Pacific Rim also 
experienced tremendous growth in their gem and 
jewelry industries. Major cutting operations in 
Thailand and Hong Kong were developed to meet 
the burgeoning trade in colored stones, These 
countries also expanded their jewelry manufactur- 
ing efforts to meet the growing demand for low- 
cost jewelry in the mass market, including replicas 
and imitations of fine European antique and period 
jewelry. 


CONCLUSION 


The 1980s made some interesting contributions to 
the evolution of jewelry design: new cuts for both 
diamonds and colored stones, new and different 
setting styles (channel-set baguettes, flush-set and 
tension-set diamonds, and modern adaptations of 
older techniques (invisible settings and bezel set- 
tings). There was also a new look to the precious 
metals used: Gold, platinum, and other metals 
were intermingled in the same piece, colored 
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alloys of gold were popular again, and a variety of 
surface textures were revived and explored. At the 
same time, in this eclectic era, jewelry designs ran 
the gamut from antique and traditional to futuris- 
tic, from romantic to starkly modern, with myriad 
variations in between. 

Looking into the 90s and the fast-approaching 
21st century, it is interesting to speculate on what 
changes will take place in jewelry fashion. Current 
trends suggest anumber of possibilities. There will 
be a continued progression in the trend of unusual 
cuts for gems coupled with new and ingenious 
ways of setting them, following the sleek, modern 
look that developed in the late ’80s. 

Advances in technology will further facilitate 
the manufacturing arts. CAD-CAM (computer- 
aided design/manufacturing} systems, for exam- 
ple, are successfully streamlining the large-scale 
manufacture of jewelry findings, and hold great 
potential for artistic applications as well. 

Ease of travel and communication has made 
ethnic art more immediately accessible, and we 
may see new interpretations of cultural motifs and 
styles in jewelry. 

Men will be wearing more jewelry in distinctive 
ways. Lapel pins for men are becoming larger and 
more interesting. Bola ties have graduated from 
their cowboy beginnings and are appearing in more 
contemporary form. Men’s bracelets and rings, 


static in design for so long, are overdue for a new 
look. Earrings for men will probably never evolve 
past the single gemstone stud or small ring stage, 
although they may be sported by a greater number. 
Belt buckles for men are another jewelry item ripe 
for transformation. 

Jewelry for women will expand on the present 
theme of versatility, giving women more jewelry 
accessories that can be worn with casual or busi- 
ness clothing as well as evening wear. Rings, 
bracelets, and earrings will stay large and impres- 
sive. Substantial brooches and collar necklaces 
will continue to grow in popularity. For evening, 
there will be more jewels worn in the hair. Overall, 
the look we are moving toward is sleeker: more 
compact and less cluttered. The gap between artist 
and manufacturer has been narrowing, and jewelry 
will undoubtedly reflect this by being less generic 
and more personalized. In the late 1980s, women 
were expressing more individuality in the way 
they wore jewelry and in the jewelry they chose. 
This trend will strengthen, and jewelers will strive 
to meet this by designing jewels that women can 
tailor to their own particular taste. 

The steady expansion and development of the 
jewelry industry during the 1980s will continue. It 
will be exciting to watch the progression of daz- 
zling jewels that evolve as we enter the 21st 
century. 
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Gem Trade 


LAB NOTES 


AMETHYST, Simulated 


Because of the ever-present problem 
of synthetic amethyst being mixed 
with natural amethyst, some dealers 
now routinely examine amethyst 
parcels very closely. Many look for 
Brazil-law twinning, which indicates 
that the amethyst is natural (see 
Gems #& Gemology, Fall 1986, p. 
130}. 

Several dealers recently became 
alarmed when they encountered un- 
usual amethyst simulants salted into 
parcels of natural amethyst. The imi- 
tations turned out to be synthetic 
sapphires of a color that matched that 
of amethyst (figure 1). The presence 
of purple synthetic sapphires in ame- 
thyst parcels should not pose a prob- 
lem for the gemologist, since routine 
testing easily proves the identity of 
these stones. We appreciate the 
dealers’ bringing this method of de- 
ception to the attention of the GIA 


Figure 1, This 2.20-ct synthetic 
sapphire is one of several 
found in parcels of natural 
amethyst. 
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Figure 2, This 7.34-ct cab- 
ochon is a rare example of 
cat’s-eye andalusite. 


Gem Trade Laboratory and our 
readers. DH 


Cat’s-Eye ANDALUSITE 


Occasionally, the laboratory has the 
opportunity to examine a rare vari- 
ety of a relatively common gem- 
stone. The West Coast laboratory 
recently saw just such a stone, a fine 
example of a rare cat’s-eye andalusite 
{gure 2). 

The 7.34-ct stone exhibited a re- 
fractive index of 1.64, determined 
using the spot method. Although 
inert to long-wave ultraviolet radia- 
tion, it did fluoresce a weak chalky 
green to short-wave U.V. The ex- 
tremely strong pleochroism typical 
of andalusite was quite evident, and 
was most visible at the sides when 
the stone was viewed straight up 
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(again, see figure 2). The dealer had 
cut the stone from a very fibrous 
piece of rough that he had picked out 
of a parcel from Brazil. The fibers 
were dense throughout the stone, 
thus giving rise to the relatively 
sharp eye. Shane McClure 


DIAMOND 


Cutting Risks 


As many diamond cutters know, 
there is always a chance that a dia- 
mond will shatter while it is on the 
cutting wheel, during either major 
faceting or even a minor touch up. 
On a large, important stone, the loss 
could be in the millions of dollars. 
One cutter was making a minor re- 
pair to an internally flawless fancy 
yellow round brilliant when it sud- 
denly shattered on the wheel, note in 
figure 3 that one section cleaved and 
fell off. Before the damage, the stone 
weighed 3.32 ct and measured 9.57 
mm in diameter by 5.86 mm deep. 
When submitted to the East Coast 
laboratory in its present condition, it 
weighed 2.99 ct and measured 9.57 x 
8.08 x 5.74 mm. Unfortunately, the 
stone also had fractured internally, so 
it was now almost worthless. Even an 
internally flawless stone can be at 
risk on the wheel, regardless of the 
nature of the repair, because of possi- 
ble strain. DH 


Editor's Note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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Figure 3. The remaining por- 
tion of a 3.22-ct flawless fancy 
yellow diamond that shattered 
on the wheel during a minor 
repair to its cut is now almost 
worthless, 


With a Rare Inclusion 


A 1.53-ct round brilliant-cut dia- 
mond recently encountered in our 
East Coast laboratory contained a 
very puzzling inclusion (figure 4], At 
first glance, it appeared to be a cleav- 
age in the girdle plane that extended 
into the stone from the center of the 
girdle. However, as shown in figure 5 
{taken at a different angle and under 
different lighting conditions], a series 
of triangular figures covers most of 
the surface of the area first thought to 
be a cleavage. 

In his fine book, The Mineralogy of 
Diamond (translated from Russian 


Figure 4. Darkfield illumina- 
tion at 60% magnification 
shows what appears to be a 
cleavage in the girdle plane of 
a 1.53-ct diamond. 
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in 1977), Orlov maintained that most 
of the surface features seen on dia- 
mond crystal faces are not growth 
features, but rather are due to disso- 
lution following crystallization. In 
fact, Orlov even begins one chapter 
(p. 98} with the statement: “The ac- 
tion of dissolution on diamond crys- 
tals sometimes results in narrow 
etch channels resembling cracks.” 
We could now visualize how dissolu- 
tion could extend into the interior of 
a diamond by following a natural 
cleavage, thus creating the triangular 
etch figures seen in our stone. 

RC and Tom Moses 


EMERALD, with 
Filled Fractures 


The West Coast lab recently received 
for identification what visually ap- 
peared to be a high-quality, fine-color 
natural emerald; in the process of 
testing, we found that fractures 
reaching the surface of the stone had 
been filled with a foreign material. 
Initial tests of the 14.84-ct stone 
gave results typical of natural emer- 
ald. The only variance was when we 
exposed the stone to long-wave U.V. 
radiation: Although it was inert over- 
all, some of the surface-reaching frac- 
tures appeared to fluoresce an ex- 
tremely weak (difficult to see) dull, 


Figure 5. This background 
clearly reveals the triangular 
figures present in the “cleav- 
age” of the stone shown in fig- 
ure 4, Magnified 50x, 
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chalky yellow — much weaker than is 
typically observed in oiled emeralds. 
The stone was entirely inert to short- 
wave ULV. 

Magnification revealed a promi- 
nent “flash effect” in the surface- 
reaching fractures that was remarka- 
bly similar in visual appearance to 
the effect seen in fracture-filled dia- 
monds (described in detail in the 
Summer 1989 issue of Gems # Gem- 
ology). With darkfield illumination, 
almost all of the large, surface-reach- 
ing fractures showed a yellow to 
orange interference color that be- 
came an intense, vivid blue when the 
position of the stone was changed to 
where the background turned bright. 
As the emerald was tilted back and 
forth, the colors went from orange to 
blue and back to orange {figure 6). As 
with fracture-filled diamonds, the 
“flash effect” colors were observed 
only at a very steep viewing angle. 
Some of the filled fractures also 
showed flattened trapped gas bubbles 
in areas where the filling was incom- 
plete (figure 7). Other microscopic 
features were typical of those for 
natural emerald, including multi- 
phase inclusions {many three-phase) 
forming fingerprint patterns, as well 
as several very thin white needles 
running parallel to the c-axis. 

XRF analysis showed no medium 
to heavy {atomic weight) elements 
other than those that are compo- 
nents of emerald. In addition, mid- 
and near-infrared spectroscopy re- 
vealed no recognizable differences 
between the filled and unfilled areas 

We have read in the trade press that 
Zvi Yehuda is now treating cut emer- 
alds (e.g., Rapaport Diamond Report, 
November 17, 1989, and Jewelers’ 
Circular-Keystone, Vol. 161, No. 2, 
1990, pp. 15-16). Except for the “flash 
effect” and the apparent close corre- 
spondence in R.I. between the filling 
material and the host, from our ob- 
servations to date we are not suggest- 
ing that the filling material in this 
emerald is similar in any way to the 
filling material in “Yehuda”-treated 
diamonds. We have no confirmation 
that this emerald was, in fact, treated 
by the new “Yehuda” process for 
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Figure 6. Orange (left) and blue (right) flashes similar to those ob- 
served in “filled” diamonds were readily apparent in the surface- 
reaching fractures of this emerald. Magnified 15x. 


\ 


Figure 7. Trapped gas bubbles 
are evident in this area of the 
fracture where the filling is in- 
complete. Magnified 20x. 


treating emeralds, Right before going 
to press, however, we received from a 
reliable source a small number of 
“commercial grade” emeralds re- 
ported to have been treated—frac- 
ture filled—by Mr. Yehuda. These 
treated emeralds showed the same 
“flash effect” observed in the 14.84- 
ct emerald described above. RK 


Unusual Natural OPALS 


Two unique opals were recently sub- 
mitted for identification to the West 
Coast laboratory (figure 8). At first 
glance with the unaided eye they 
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appeared to be doublets, with a black 
top portion and a white bottom por- 
tion. On closer examination, though, 
it became evident that each stone 
was, in fact, a solid piece of opal. 
Reportedly found in the An- 
damooka region of southern Austra- 
lia approximately 10 years ago, the 
two matching free-form cabochons 
were cut from the same piece of 
rough. Weighing 11.18 and 10.13 ct, 
respectively, both stones gave a spot 
R.I. reading of 1.45. When exposed to 
long-wave U.V. radiation, the bottom 
portions fluoresced a strong chalky 


white, while the tops fluoresced a 
slightly weaker patchy chalky white. 
Exposure to short-wave U.V. radia- 
tion produced a similar, but weaker, 
reaction. The opals also exhibited a 
very strong phosphorescence to both 
long- and short-wave U.V. The 
patches of light brown matrix on the 
unpolished bottom portions were in- 
ert to both types of radiation. 

As can be seen in figure 9, the top 
and bottom of each opal showed a 
beautiful play-of-color, with a sharp 


Figure 9. The sharp demarca- 
tion between the white and 

black portions of this 10.13-ct 
natural opal led us to believe, 
at first, that it was assembled. 


Figure 8. Play-of-color is evident in both the upper black and lower 
white portions of these two natural, single-piece (not assembled) 
opals from Australia, which weigh 11.18 and 10.13 ct, respectively, 
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demarcation between the two por- 
tions. The color in the top portion 
was imparted by innumerable tiny 
black spheres that had precipitated 
out of the solution in uniform layers 
and bands. We do not know why the 
coloring of the layers would change 
so drastically during the process of 
formation, but the results are quite 
dramatic. Christopher P. Smith 


Gray Cultured PEARLS 


In most instances, gray color in cul- 
tured pearls can be attributed to one 
of several causes: (1) The pearls are a 
lighter variety of the Polynesian nat- 
urally colored black pearls, (2) they 
have been exposed to gamma radia- 
tion from the isotope cobalt 60 to 
produce a uniform gray coloration, 
(3) they have been dyed gray, or (4) a 
dark bead was used as the nucleus. 
Each alternative has its own method 
of identification. 

Natural-color gray Polynesian cul- 
tured pearls have a characteristic 
faint reddish brown fluorescence to 
long-wave U.V. radiation and show a 
sharp contrast between the bead and 
the nacreous outer layers in an X-ra- 
diograph {see Goebel and Dirlam, 
“Polynesian Black Pearls,” Gems # 
Gemology, Fall 1989, p. 143}. Irradia- 
tion of Japanese cultured pearls 
darkens the freshwater shell bead so 
that a gray color is seen through the 
relatively thin nacre (see p. 244 of the 
Winter 1988 Lab Notes section], The 
only way to prove this treatment is to 
look deep into the drill hole for evi- 
dence of the artificially darkened 
nucleus, The fact that these pearls do 
not fluoresce red is an indication of 
treatment. 

The presence of silver nitrate in 
dyed pearls is sometimes seen in an 
X-radiograph as a pale ring, along 
with a lack of sharp contrast, be- 
tween the bead and the outer layers of 
the pearl. An organic dye can be 
detected by rubbing the pearl with a 
cotton swab that has been dipped ina 
weak (2%} solution of nitric acid. 

The cultured-pearl industry has 
also been known to use dark (nonir- 
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were found to be of natural color. 


radiated) nuclei to produce gray to 
blue-gray pearls. A relatively thin 
nacre allows the color of the nucleus 
to show through. 

Still another reason that cultured 
pearls may be gray is the presence of 
an exceptionally thick layer of 
conchiolin. It is rare to encounter an 
entire strand of such naturally col- 
ored gray pearls, yet such a strand 
(figure 10) was seen recently in the 
East Coast laboratory. Artificial irra- 
diation was ruled out as a cause of the 
color of these 10- to 12-mm pearls, 
since a heavy black layer of 
conchiolin was easily seen in each 
drill hole (figure 11). Our X-radio- 
graph also showed that the bead cen- 
ters were covered by thick layers of 
conchiolin and nacre, which would 
effectively mask the color of a radia- 
tion-darkened bead. DH 


Rock Crystal QUARTZ, 
with Lazulite Inclusions 


Ordinarily, the GIA Gem Trade Labo- 
ratory does not identify rough gem 
material. Recently, however, the 
West Coast lab was asked to identify 
some unusual blue rough that one of 
our clients had received from Africa. 
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Figure 11. The thick dark layer 

of conchiolin responsible for 

the gray color of the cultured 
pearls in figure 10 can be seen 
easily when they are examined 
down the drill hole. Magnified 30x. 


Visual examination showed that the 
rough itself was near colorless, but 
was densely spangled with numerous 
deep blue, transparent, irregularly 
shaped crystals that gave the rough 
its brilliant blue appearance (figure 
12), With magnification, we noticed 
that some of the blue inclusions 
showed a definite tabular monoclinic 
habit. In addition, we noticed an- 
other type of crystal inclusion that 
was near colorless, transparent, and 
hexagonal in outline. 

Since a few pieces of the rough had 
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flat areas, we were able to obtain a 
vague refractive index reading of 
1.54-1.55. With the polariscope, we 
were able to prove double refraction, 
but we could not resolve an optic 
figure because of the numerous in- 
clusions. The specific gravity was 
estimated with heavy liquids to be 
approximately 2.65. All these proper- 
ties indicated that the host material 
might be quartz. 

X-ray diffraction analysis of a 
scraping of this material confirmed 
that it was indeed rock crystal 
quartz. The pattern obtained from a 
very small powder sample taken 
from one of the blue crystals that 
reached the surface matched the 
standard pattern for lazulite. An 
X-ray diffraction analysis performed 
on one of the near-colorless inclu- 
sions matched that of mica. 


Figure 12. Lazulite inclusions 
are responsible for the blue 
color in this otherwise color- 
less quartz; magnified 8x, 


A HISTORICAL NOTE 


This is the first occurrence of this 
combination of lazulite and mica 
inclusions in rock crystal quartz that 
we have encountered in our lab. Al- 
though the material we saw was 
rough, it should be attractive when 
cut because of the lovely color. We do 
not know if there are commercially 
significant amounts of the material 
available. KH 
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Highlights from the Gem Trade Lab 25, 15, and five years ago 


SPRING 1965 


The New York lab discussed trapiche 
emeralds in detail. They also illus- 
trated a ring set with a marquise- 
shaped “piggy-back” diamond, in 
which two smaller stones appeared 
to be a single large one. Of particular 
interest were two rings set with syn- 
thetic emeralds that had been cut as 
intaglios. Also illustrated were flux- 
grown synthetic rubies that con- 
tained seed crystals of natural cor- 
undum. The presence of natura] in- 
clusions in the seed crystal and flux 
wisps in the synthetic portion proved 
that both types of inclusions are 
possible in the same stone. Fifty 
diamond rondelles, an unusual cut- 
ting style for diamonds, were seen as 
separators in a long necklace of natu- 
ral pearls. 


SPRING 1975 


Our New York laboratory pointed 
out that sometimes testing carvings 
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can be a test of one’s ingenuity. For 
example, how does one place a 180- 
Ib. statue of a horse onto a refrac- 
tometer to get an R.I.? The answer: 
One doesn't. One puts the refrac- 
tometer on the statue! Also dis- 
cussed was the selective dyeing of a 
calcite bangle bracelet to simulate 
more closely the color zoning that 
might be found in natural-color jade- 
ite. An illustration showed the dam- 
age that might be done to heat-sensi- 
tive stones such as tanzanite if they 
are not handled properly. 

The Los Angeles laboratory en- 
countered an opal that had been sold 
as an Australian white. However, its 
appearance when examined in the 
lab was that of a partially transparent 
brown stone with a large opaque 
white core and several similar 
opaque patches. When the stone was 
soaked in water, it became com- 
pletely transparent with little play- 
of-color. As the stone dried out, it 
became opaque once again. Other 
items of interest were ruby in zoisite 
carvings and a fine green variscite 


cabochon, the identity of which was 
confirmed by X-ray diffraction, 


SPRING 1985 


The various color changes brought 
about by heat treating amethyst were 
discussed, accompanied by an illus- 
tration of a 55.65-ct triangular- 


This damaged mabe pearl 
(approximately 14 mm) has a 
very thin nacre shell over a 
wax-type filler. 
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shaped faceted amethyst that was 
changed to citrine when an attempt 
was made to lighten the original dark 
amethyst color by gentle heating. An 
intriguing carving of two dragons 
holding a ball proved to be massive 


grossularite garnet. Damaged mabe 
pearls and shell hinges were dis- 
cussed and illustrated (see photo). 
Dyed magnesite as a turquoise sim- 
ulant was seen in Los Angeles. 
New York saw some interesting 


quartz cabochons with multiple 
stars. They also noted some inclu- 
sions in natural ruby that appeared 
bubble-like at first glance, but proved 
to be negative crystals of the type 
commonly seen in Thai stones. 
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John I. Koivula and Robert C. Kammerling, Editors 


TUCSON ‘90 
As in years past, the Gem News editors, as well as 
thousands of other gemologists, jewelers, collectors, and 
assorted “rockhounds,” traveled to Tucson, Arizona, in 
February for the many gem and mineral shows that take 
place throughout the city. The following reports are 
based on the editors’ observations and on information 
provided by other attendees. 


Beryl triplet cabochons. Some of the most popular—and 
convincing—emerald simulants used over the years 
have been triplets consisting of a colorless crown and 
pavilion joined with a green cement or, less frequently, 
with a thin slice of green glass. Among the materials 
used for the crown and pavilion have been synthetic 
spinel, rock crystal quartz, and near-colorless beryl. 
According to Webster’s Gems, in 1966 the Idar-Ober- 
stein firm of Kammerling first marketed beryl triplets 
under the trade name “Smaryll.” 

At Tucson this year, Manfred Kammerling showed the 
Gem News editors some interesting beryl] triplets pro- 
duced by his firm. Unlike the faceted samples usually 
seen, these were cabochons that had a very convincing 
green color when viewed face-up (figure 1, right}. When 
viewed parallel to the girdle plane, however, the true (i.e., 
essentially colorless) nature of the domes became ob- 
vious (figure 1, left}. 

Kammerling revealed that they had experimented 


Figure 1. When viewed face-up (right), these beryl 
triplets appear green; examined from the side 
(left), the true colorless nature of the domes 
becomes apparent. Photo by Robert Weldon. 
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earlier with essentially flawless natural beryl for both 
the dome and base of the cabochon, which resulted in an 
apparently flawless triplet. However, because such mate- 
rial, in practice, would normally be faceted, they felt it 
was not a convincing simulant. Next, they made some 
stones using included crowns, but this resulted in green 
cabochons that appeared to have colorless fractures (the 
color of the glue layer was not reflected by the breaks). 
They solved this problem by using clean Brazilian beryl 
for the dome and included Madagascar bery] for the base. 
The resulting triplets look very much like cabochons cut 
from natural, included emerald rough. 


Diffusion-treated corundum. Jeffrey Bergman, of the 
firm Gem Source, was selling treated blue sapphires 
described as having been subjected to “deep diffusion 
treatment.” According to a promotional flier that he 
made available, these stones had been subjected to “new 
techniques resulting in much deeper penetration of the 
metal ions. The penetration is so deep that many stones 
treated with this method are entirely recut, with a 
weight loss of over 10%, yet they retain a fine color.” 

GIA obtained several of these for study and subse- 
quently prepared a preliminary report that was issued by 
the International Colored Gemstone Association (ICA) 
as Laboratory Alert No. 32. 


Figure 2. Immersion with diffused transmitted 
Ulumination reveals the color concentrations 
along facet junctions and uneven facet-to-facet 
color that are characteristic of diffusion-treated 
sapphires. Photomicrograph by John I. Koivula; 
magnified 3X. 
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All but two of the 11 stones examined were inert to 
long-wave U.V. radiation and fluoresced a weak to 
moderate, chalky yellowish green to short-wave U.V. 
The other two stones fluoresced a weak to moderate 
pinkish orange to long-wave U.V. and had a similar, but 
weaker, reaction to short-wave. Magnification with dif- 
fused transmitted lighting showed color concentrations 
along facet junctions and outlining the girdle edge; there 
was also some variation in color from one facet to 
another. With a combination of immersion and diffused 
lighting, some of these features became significantly 
more obvious (figure 2). 

A more detailed investigation is currently being con- 
ducted and will be reported in a future issue of Gems & 
Gemology. 


Star ekanite. Sally Gems Colombo, one of the many gem 
dealers from Sri Lanka, had an unusually large (33+ ct) 
ekanite with a distinct six-rayed star, It was not possible 
at the time to determine the cause of asterism in this 
stone. 


Cat’s-eye iolite. Kim D. Barr of Inter-Gems, in Sherman, 
Texas, had another of the more interesting phenomenal 
gems seen in Tucson: a large (23.65 ct) cat’s-eye iolite 
with a fairly light cloudy blue color and a sharp 
chatoyant band. We do not know if this is the same type 
of material that was described in the Australian Gem- 
mologist (Vol. 14, No. 10, 1982), cat’s-eye iolites are 
considered quite rare. 


Mother-of-Pearl cameos, “Fantasy” cuts were not the 
only carved gems seen in profusion again this year. A 
number of dealers were offering shell cameos: not only 
the traditional two-toned types carved from helmet or 
conch shell, but others fashioned from mother-of-pearl. 
These latter had apparently been carved from some of 
the various types of nacreous shells that are used in pear! 
culturing, including the pink freshwater Unio mussel, 
the silvery white saltwater Pinctada maxima, and the 
black-lipped saltwater Pinctada margaritifera (figure 3}, 


Dyed green quartzite. Jerry Burkhart of Treasurings, in 
Bonsall, California, showed the editors an 11.54-ct oval 
cabochon that had been represented to him as jadeite, an 
identity he questioned. The stone was a mottled, me- 
dium dark, slightly yellowish green color; transparency 
ranged from translucent in green areas to almost semi- 
transparent in essentially colorless areas (figure 4). 
Standard gemological testing conducted later at GIA 
Santa Monica revealed fairly sharp R.I.'s of 1.540—1.549, 
with a birefringence of 0.009; an S.G. of approximately 
2.66; and an aggregate reaction in the polariscope. 
Magnification revealed green color concentrations in 
surface-reaching fractures. Using a DISCAN diffraction- 
grating spectroscope, we noted a diffused absorption 
band from approximately 662 nm to 688 nm. The stone 
was inert to both long- and short-wave U.V. radiation, 
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Figure 3. Cameos are being fashioned from (left 
to right) Unio, Pinctada maxima, and Pinctada 
margaritifera shells. Photo by Robert Weldon. 


with no phosphorescence to either. It appeared green 
through a Chelsearcolor filter. These properties are all 
consistent with those reported in the literature for dyed 
green quartzite. This was, however, one of the most 
convincing such jadeite simulants either Gem News 
editor had seen, 


New World sapphires. Conspicuous for their relative 
abundance this year were blue and various fancy-color 
sapphires from Montana. Sam Speerstra, of Shining 
Mountain Gem Corp. in Helena, Montana, reported that 


Figure 4, Selective dyeing makes this 11.54-ct 

{19.60 x 15.03 X 5.76 mm) quartzite cabochon 
an effective imitation of mottled jadeite. Photo 
by Robert Weldon. 
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Figure 5. These Montana sapphires range from 
0.45 to 1.76 ct. Photo by Robert Weldon. 


he mines sapphires at Eldorado Bar, on the Missouri 
River, near Helena. The stones are recovered from a 
sapphire-bearing zone in ancient river gravels located 
near bedrock, a Calaveras-type shale. The operation 
yields 40-50 ct of corundum per cubic yard of ore, plus 
small amounts of gold and garnet. 

GIA obtained a representative color suite of Mr. 
Speerstra’s sapphires for the collection (figure 5}. The 
fancy-color sapphires are natural color, but the blue 
sapphire has been heat treated. One stone (1.73 ct} 
showed a color change from medium dark grayish bluish 
violet in daylight to medium dark grayish purple in 
incandescent light. For the most part, the fancy-color 
sapphires did not exceed 2 ct, and the largest blue 
sapphire seen from this locality was a little over 3 ct. 

A few sapphires from South American sources were 
also seen. GIA obtained two stones that reportedly came 
from the Rio Mayo area in Mercaderes, Cauca Depart- 
ment, Colombia (figure 6, top}. Colombian dealer 
Gonz4lo Jara reported that local miners continue to 
produce small amounts of sapphire from this area. The 
largest faceted stone he has seen to date from Mercaderes 
is a 9.45-ct blue sapphire. Also seen at Tucson were a few 
small color-zoned blue sapphires that reportedly came 
from the Jequitinhonha River in Minas Gerais, Brazil 
(see, ¢.g., figure 6, bottom). 


Cat’'s-eye spinel. The firm of Mark H. Smith A.G., of 
Bangkok, had an unusually transparent 3.41-ct dark 
grayish violet spinel cabochon that exhibited distinct 
chatoyancy across its dome (figure 7). Chatoyancy was 
caused by numerous large, eye-visible inclusions run- 
ning in one direction, These were intersected at approx- 
imately 70° by a very few additional needle-like inclu- 
sions, no doubt, if there had been more of these long, 
intersecting needles, the stone would have exhibited a 
four-ray star. 

Magnification revealed that the long, acicular inclu- 
sions were either limonite-stained etch ribbons or fine 
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Figure 6. Sapphires available at Tucson included 
these 4.61-ct and 4.47-ct stones from Colombia 
(top) and this 1.06-ct stone from Brazil (bot- 
tom). Photo by Robert Weldon. 


growth tubes that contained small, platy, square- to 
parallelogram-shaped inclusions. The inclusions were 
highly birefringent when rotated between crossed Po- 
laroids. Other gemological properties determined on 
this stone were typical of spinel. 


Red taaffeite. Mark H. Smith also showed the editors one 
of the most interesting stones available at Tucson: an 
attractive red 0.58-ct taaffeite (figure 8}. Unlike the 
grayish violet to “mauve” colors typically associated 
with this rare gem species, this stone resembled some 
red spinels we have seen from Sri Lanka. 

We were given the opportunity to study the stone and 
found that the gemological properties agreed with those 


Figure 7. This 3.41-ct cat’s-eye spinel is unusu- 
ally transparent. Photo by John I. Koivula. 
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previously published for taaffeite. Magnification re- 
vealed a single black, opaque, included crystal sur- 
rounded by a wing-like tension halo that the editors 
tentatively identified as uraninite. 


Treated Paraiba tourmalines. The fact that many of the 
colors available in the new tourmalines from Paraiba 
were produced by heat treatment was widely acknowl- 
edged at Tucson. The colors attributed to heat treatment 
are a very bright greenish blue, yellowish green, and a 
saturated, almost “emerald” green (see, ¢.g., figure 9). 
The brightness of these treated colors has caused people 
to refer to them variously as “neon,” “fluorescent,” or 
“electric.” The untreated colors of tourmaline from this 
new locality include a dark violetish blue similar to 
some fine Sri Lankan sapphire and a bluish violet 
reminiscent of good-quality tanzanite, as well as the less 
saturated, somewhat grayish or “inky” greenish blues 
and yellowish greens. 

Gerhard Becker, of E A. Becker, Idar-Oberstein, con- 
ducted experiments on a number of stones to determine 
the heat required to make significant changes in various 
colors of starting material (control specimens were 
retained for all of the starting samples). It is interesting 
to note in table I, provided by Mr. Becker, the different 
colors produced in a single stone at each increase in 
temperatiiré. Mz. Becker also recorded a slight weight 
loss {0.002-—0.009 ct) in some of the stones tested. 
Although these stones were heated as high as 600°C, no 
color changes were noted beyond 550°C. Heat treatment 
removed or altered bicoloration in all but one of the 
stones, 

Dr. Emmanuel Fritsch, of the GIA Research Depart- 
ment, speculates that the heat treatment converts 
Mn3+, a common color agent of tourmaline that pro- 
duces pink to red, to Mn2+, which produces virtually no 
color. The resulting hues are due to the remaining 
coloring agents, in particular Cu2+. 


Tanzanian zircon. As in previous years, East African 
gems were well represented. One material we saw for the 
first time was zircon, which was being offered by a dealer 
who claimed to have mined it in Tanzania. GIA obtained 
light yellow {figure 10) and very dark brownish red 
stones for study; a full range of colors from yellow 
through orange to dark red were available. 


DIAMONDS Sees 


Filled diamond update. In the course of further research 
on diamonds known to have been glass filled, the Gem 
News editors noted features not previously detected in 
such enhanced stones, One of these consisted of two new 
“flash effect” colors which, like the orange and blue 
interference colors commonly associated with the pres- 
ence of a filling, were detected using magnification and 
darkfield illumination. 

When some diamonds were examined edge-on in true 
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Figure 8. The color of this 0.58-ct taaffeite is ex- 
tremely rare. Photo by Robert Weldon. 


darkfield, their surface-reaching breaks exhibited a vivid 
pinkish purple “flash effect” (figure I1, left}; this effect 
changed to a bright yellowish green (figure 11, right] 
when the stone was rotated slightly so that the back- 
ground became bright through secondary reflection. 
Also noted for the first time were cloudy surface 
markings that took the form of whitish circular patterns 
on the tables of some treated stones. The editors hypoth- 
esize that these may be residue from the treatment 
process that inadvertently was left after the filling had 


Figure 9, These heat-treated pieces of rough 
tourmaline from Paraiba, Brazil, represent some 
of the colors produced by enhancement of this 
material. The pieces range from 3.75-8.81 ct. 
Courtesy of Karl Egon Wild, Idar-Oberstein; 
photo by Robert Weldon. 
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TABLE 1. Reaction of Paraiba tourmalines to heat treatment.4 


Color observed at 


Original Weight : 
No. color (ct) 350°C 400°C 450°C 500°C 550°C Comments 
ta Violet-blueP 3.997 nice Slight Greenish Light 
gray gray blue 
1b Violet-blue 3.008 nic Slight Greenish Light Electric 
gray gray blue green 
2 Bicolor: 7.776 nic Tendency More to Green Electric Center 
blue-green/ to green green green bicoloration 
violet fades into one 
color, crystal 
rim bicoloration 
stays visible 
3 Gray-blue 8.204 nic Tendency Gray- Light Electric 
to gray green greenish green 
blue 
4 Bicolor: 3.123 nc Grayish Gray, Light Electric Bicolor 
blue with green more to blue green disappeared 
red rim green 
5 Bicolor: 1.340 nic nc Green Light Slightly Bicolor 
blue with green strong disappeared 
red rim green 
6 Strong blue 2.774 Grayish Greenish Light Light Electric Obviously 
blue blue bluish strong blue 
green changes to an 
electric bluish 
green 
7 Bicolor: 1.464 Grayish nic Distinct Green Electric Bicolor 
green/violet light blue- bluish disappeared 
green green 
8 Bicolor: 2.247 nic n/c Touch to More Electric Bicolor 
green/violet greenish toward bluish disappeared 
green green 
9 Blue-green 2.007 Greenish n/c Light green More Electric 
electric green 
10 Blue-gray 1.507 nic nic Green Lighter Electric 
green green 


@Research conducted by Gerhard Becker, of F. A. Becker, !dar-Oberstein, West Germany. In all cases, part of the original rough was retained as an 
unheated control specimen. Cofor changes observed happened almost as soon as the Specific temperature was reached, 

Specimens la and ib were both cul from the same stone. 

Snic = No observable change. 


Figure 10. Gem zircon (here, 3.00 g and 1.81 ct) is taken place. These features should be added to the suite 
now mined in Tanzania. Photo by Robert Weldon. of identifying characteristics previously reported (see 
Koivula et al., “The Characteristics and Identification of 
Filled Diamonds,” Gems & Gemology, Summer 1989), 

GIA submitted 66 stones for possible treatment; when 
all were reexamined following the procedure, 34 showed 
at least some filling. For research purposes only, all of the 
diamonds were graded at the GIA Gem Trade Laboratory 
both before and after the filling procedure. The recorded 
changes in apparent color and clarity grades for the 34 
filled stones are shown in table 2. Eighteen stones 
improved at least one grade in apparent clarity, with half 
of these showing no apparent reduction in color. How- 
ever, 2] stones dropped at least one color grade, 12 of 
these without any apparent improvement in clarity 
grade. 

One final point worth noting is that the diamonds 
were submitted for treatment in two batches; all nine 
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Figure 11, Some diamonds with filled breaks have been observed to exhibit previously unreported 
pinkish purple (left) and yellowish green (right) “flash effects.” Photomicrographs by John I. Koivula; 
magnified 15x. 


stones that showed some apparent clarity improvement 
with no drop in apparent color grade were in the second 
group submitted. It is therefore possible that some 
alteration in the filling material and/or process took 
place in the interim that at least partially eliminates the 
negative effect on apparent color grade that has been 
observed in the past. Such an alteration might also 
explain the new “flash effect” colors described above. 
These differences, however, might also be a matter of 
normal variability within the procedure. 
Computer'technology enhances new diamond sorter. A 
new diamond sorter that can accurately sort up to 4,800 
ct per hour has been tested by Argyle Diamond Sales in 
Perth, and is expected to be installed there and at the 
Argyle sales office in Antwerp. 

The machine, developed by CRA’s Group Special 
Equipment (GSE) unit in Melbourne, can perform dia- 
mond clarity analysis from three different angles. A 
solid-state video system, combined with software de- 
signed by GSE, determines whether a stone should be 


TABLE 2. Color and clarity changes noted in 34 
diamonds filled by the “Yehuda” method of cleavage 
and fracture filling.@ 


Apparent color Apparent clarity 


Number of change, in number change, in number 
specimens of grades of grades 
4 nic nic 
im = n/c 
| -2 We 
8 =i +1 
1 -2 +1 
8 nic +1 
1 nic +2 


aStones were graded in the GIA Gem Trade Laboratory (for research 
purposes only) both before and after treatment by the “Yehuda” 
process, The numbers represent the number of grades that the stones 
improved (+) or dropped ( — ) following treatment. nic = no change. 
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accepted or rejected. Rejected stones are shot out of the 
sorter through high-speed valves. 

Dr. Mark Schapper, managing director of CRA’s Ad- 
vanced Technological Development Department, said 
that while the sorter does not have the discerning eye of a 
human, it is 50 times faster. And because of its consis- 
tency the sorter is ideal for less expensive stones. The 
GSE also developed the X-ray diamond recovery ma- 
chine, which was introduced in 1985, and the diamond 
color classifier, which debuted in Perth in 1987. (Dia- 
mond Intelligence Briefs, October 16, 1989} 


Kimberlites discovered in Canada. Cameco and Uranerz 
Exploration and Mining reportedly found seven kim- 
berlite pipes on their joint-venture property at La Forge a 
la Corne, east of Prince Albert, Saskatchewan. One pipe 
yielded microdiamonds. The companies believe the 
kimberlite is spread over a much larger area than they 
originally had estimated, and have staked 170,000 hec- 
tares for exploration. Uranerz is seeking permission for 
additional exploration north of the site. (Mining Journal, 
October 27, 1989} 


Israeli-Japanese joint diamond-polishing venture, Dov 
Riger of Israel and Tasaki Shinju Company Ltd. of Tokyo 
have formed one of the first Israeli-Japanese joint ven- 
tures with the opening of a new plant in Beit Shean, near 
the Jordan River. The plant, Tasaki Riger Diamond 
Polishing Israel Ltd., is a computerized cutting facility 
that is intended to supply the polished-diamond needs of 
the Japanese company. Moishe Schnitzer, president of 
the Isracli Diamond Exchange, predicted that the ven- 
ture would greatly increase Israel’s exports to Japan, 
which now stand at US$600 million per year. (Dia- 
mond Intelligence Briefs, October 27, 1989) 


Ghana considers private mining. Primarily a producer of 
high-quality industrial diamonds (with 15%-—20% of 
gem quality], Ghana has experienced sharp decreases in 
diamond production over the past several years. Thus, 
the government is now considering a return to private 
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mining, with the hope that an infusion of foreign capital 


will reverse the trend. 

State-owned Ghana Consolidated Diamonds Ltd. cur- 
rently handles most of the mining operations on the 
Birim River and in the Bonsa diamond field. However, 
production along the Birim River declined by 50% in 
1988, to 225,105 ct. Even production from individual 
miners has dropped, to less than 10,000 ct annually. 
(Diamond World, September-October 1989} 


Australians develop new technology for diamond explo- 
ration. A scanner that can find diamond deposits from 
the vantage point of an airplane is being developed by Dr. 
Peter Gregory of Diamond Company N.L., a subsidiary 
of Carr Boyd Minerals. The device, known as the MkI 
Airborne Multispectral Scanner, works by bouncing 
light beams off the earth. By comparing light spectra of 
different areas, scientists can determine the presence of 
certain minerals and geologic formations. This system 
represents a great advance over the “primitive” soil 
sampling and airborne geophysical methods for locating 


Figure 12. Fine, large orthoclase feldspar crys- 
tals like this 235-ct specimen are being recov- 
ered from a new deposit in Madagascar. Photo 
by Robert Weldon. 
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mineral deposits, and, while airborne scanners are not 
new in the industry, the MkI is said to be the most 
sophisticated and accurate. 

The MkI is flown in a twin engine light aircraft at 
altitudes up to 10,000 ft. A real-time image processing 
capability provides for immediate determination of 
image quality that is both accurate and clear. The 
scanner has been used successfully in explorations by 
Carr Boyd Minerals and in its joint ventures with other 
companies. De Beers is using the scanner to search for 
diamonds in its diamond tenements. 

Diamond exploration has always been a key interest in 
Australia. Currently, more than a dozen companies are 
investigating thousands of leases throughout the coun- 
try, and it is estimated that US$30 million will be spent 
on diamond exploration in 1989, (Mazal U’Bracha, 
September 1989} 


COLORED STONES EE 
New amethyst discovery in the eastern United States. 
Excellent amethyst scepter crystals were uncovered at a 
road construction site in Salem, Connecticut. Scepters 
found loose in the topsoil and also in cavities in gneiss 
measured up to 9 cm long, and showed exceptional 
transparency as well as clearly displayed phantoms and 
“flaws.” Also found at the site were numerous smaller 
colorless quartz crystals that exhibited three adjacent, 
heavily encrusted prism faces opposing a single, very 
large, rhombohedral face, which suggests the gravita- 
tional or current flow of the nutrient solution from 
which they grew. (Rocks @ Minerals, November/De- 
cember 1989} 


Beryl discovery in Finland. The Finnish Geological 
Survey (GSI) has reported the discovery of a completely 
transparent green beryl (“emerald”) crystal weighing 
2,250 ct. The GSI plans to lead an intensified search at 
the 2-hectare site, and two independent mining com- 
panies have expressed interest in carrying out explora- 
tion. (Mining Journal, London, December 1, 1989) 


New find of orthoclase. Mr. E. Julius Petsch, Jr., of Idar- 
Oberstein, West Germany, has advised us of a major new 
discovery of gem-quality orthoclase feldspar on the 
island nation of Madagascar. He reported seeing individ- 
ual facetable pieces of a rich yellow color weighing as 
much as 500 grams (2,500 ct). Mr. Petsch donated to GIA 
for study a well-terminated crystal that weighs 47 grams 
(235 ct] and measures approximately 51.7 x 26.2 x 22.5 
mm (figure 12). 

The 1987 edition of Arem’s Color Encyclopedia of 
Gemstones (Arem, 1987] lists the largest faceted yellow 
orthoclase in the Smithsonian collection at 249.6 ct. It is 
reported to have come from Itrongahy, Madagascar, 
which is the same general area where this new deposit 
was found. 
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new find of asteriated quartz from a locality in 
Plumas County, CA. Photo by Robert Weldon. 


‘ 
ol 


California star quartz. David Carl Muster, of Stockton, 
California, reported to Gem News that he has discovered 
a deposit of star quartz in a vein in Plumas County. The 
color ranges from bluish white to white and even pink 
(figure 13). The largest star cabochon cut to date is bluish 
white and weighs 73 ct; the largest pink cabochon is 60 
ct. All the stones cut thus far display six- to 12-rayed 
stars of various intensities, Many additional stars can be 
seen on the sides of cabochons or around spheres of this 
material. 


East African spinels. Mr. Petsch also recently provided 
several samples of gem-quality spinel from the Umba 
Valley of Tanzania (figure 14], The spinels occur in a 
variety of colors that reportedly include pink, colorless, 
blue, and violet, similar to those in which the fancy-color 
sapphires from this area occur. 


Oregon sunstone update. Larry Gray of One Track 
Mines, Boise, Idaho, has provided the Gem News editors 
with an update on activities at the Ponderosa mine, 
which produces sunstone feldspar (labradorite). The 
mine is located at 5800 ft. (1763 m) above sea level in the 
Ochoco National Forest, 40 mi. north-northwest of 
Burns in eastern Oregon. Weather limits mining to about 
six months of the year. 

During the 1988 mining season, exploration indicated 
a sizable deposit, and hand-mining techniques produced 
a significant amount of gem material. Geologic reports 
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Figure 14. Spinel crystals from the Umba Valley 
in Tanzania have colors reminiscent of some of 
the fancy-color sapphires for which this locality 
is known. The largest shown here weighs 5.12 
ct. Photo by Robert Weldon. 


indicate that the deposit has excellent long-term poten- 
tial. The majority of the material is described as being of 
“cabochon and bead quality” and exhibiting a strong 
sunstone effect. Body colors range from a light yellow 
“straw” color, to pink and “salmon,” to a darker red- 
orange and red (figure 15]. Rarely, green and bicolored 
(green with one of the other colors) material is found. 
The greenish stones exhibit pleochroism in green-green- 
red or green-red-red. According to Mr. Gray, the 
pleochroism is so pronounced in some of these stones 


Figure 15. Oregon continues to produce fine la- 
bradorite sunstone, as exemplified by the cab- 

ochon, rough, and 10.76-ct faceted stone shown 
here. Photo by Robert Weldon. 
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Figure 16, At 20.37 ct, this liddicoatite is be- 
lieved to be the largest fashioned specimen of 
this tourmaline species. Photo by Robert 
Weldon. 


that, if properly oriented, a faceted stone may appear 
uniformly green when viewed from one side and red 
when examined from the other. 

The majority of the rough ranges from 0.5 to 6.0 grams 
(2.5-30 ct}, and will cut beads of 3.5-7 mm and cab- 
ochons averaging 2 ct. The largest cabochon fashioned to 
date weighs 24.67 ct. Facetable material ranges from 0.2 
to 1.0 grams {1-5 ct}, the largest faceted stone cut to date 
is dark red and weighs 10.76 ct. 

Although much of the 1989 season was spent remov- 
ing overburden and trees, approximately 100 kg of gem- 
quality material was still recovered. 


Largest known faceted liddicoatite tourmaline repor- 
tedly found in Brazil. Great discoveries and important 
gemstones are often stumbled across by accident, and 
such was the case with a 20.61 -ct liddicoatite that found 
its way to GIA last October. Staff librarian Robert 
Weldon, who is in the process of expanding the slide 
collection of the Richard T. Liddicoat Library and Infor- 
mation Center, was offered the opportunity by dealer 
Mauro C. Souza to photograph several tourmalines. He 
noticed among them a large oval-cut gem that the owner 
said was a rubellite he had purchased in Minas Gerais, 
Brazil. Mr. Weldon admired the unique dark reddish 
purple color, and showed the stone to GIA research 
scientist Emmanuel Fritsch. To check the identification, 
Dr. Fritsch ran the stone on the recording spec- 
trophotometer and determined that it had an exact 
spectral match with liddicoatite. On October 24, GIA 
President William E. Boyajian formally presented the 
rare tourmaline, recut to 20.37 ct (figure 16} and still 
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believed to be the largest known faceted liddicoatite, to 
Chairman Richard T. Liddicoat. If the origin can be 
confirmed, Minas Gerais will represent a new source of 
this rare gem. 

The stone has been set in a large chalice by the GIA 
Jewelry Manufacturing Arts Department, and is cur- 
rently on display at GIA headquarters in Santa Monica. 


Unusual iridescent zircon. The Gem News editors 
recently examined an interesting 2.30-ct yellowish 
green zircon (figure 17) that displayed what at first 
appeared to be unusually strong dispersion. Closer 
examination, however, revealed that the spectral color 
effect was caused by diffraction and interference of light 
from the finely laminated structure of this metamict 
stone. Although metamict green zircons from Sri Lanka 
are relatively common, this is the first such stone we 
have seen that exhibits this color effect. 


SYNTHETICS AND SIMULANTS 
Glass imitation emerald crystal. In January of this year, 
Dr. Gordon Austin, of the U.S. Bureau of Mines, sent a 
“crystal” that he had received from a group of Zambian 
emerald dealers to GIA. As described in ICA Alert No. 
28, originated by GIA, the “crystal” weighs 82.85 ct and 
measures 34.00 X 21.69 X 18.33 mm (figure 18]. It was 
accompanied by a 1.01-ct fragment that had obviously 
been chipped from one edge of the main piece. 

The “crystal” is a slightly tapered barrel-shaped prism 


Figure 17. The spectral colors seen in this 2,30- 
ct metamict zircon are caused by diffraction 
and interference of light. Stone courtesy of 
Ralph Joseph, Encino, CA; photo by Robert 
Weldon. 
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proves that this 34-mm-long fabricated glass 
specimen is not a natural beryl crystal. Photo 
by Robert Weldon. 


with a rough-textured surface and a rather unconvincing 
medium-dark yellowish green color. Small patches of a 
light orangy brown clay-like “matrix” and flakes of 
biotite mica adhere to all of the prism faces; one 
apparent termination is coated with mica while the 
other is somewhat cavernous and coated with the clay- 
like substance. The prism faces are slightly concave, 
with some edges appearing molded and/or partially 
melted. The most unusual feature of this emerald 
imitation is that in cross-section it is five- rather than 


Acknowledgments: The editors would like to thank the following 
for their help in preparing this section: Emmanuel Fritsch, GIA 
research scientist; Karin Hurwit, a gem identification supervisor 
in the GIA Gem Trade Laboratory, Inc.; Loretta Loeb, GIA 
collection curator; and Maha Smith, archival researcher. 
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six-sided, so a simple count of the external crystal faces 
shows that it is not a natural beryl crystal. 

Standard gemological testing proved that the speci- 
men was constructed of man-made glass. Magnification 
revealed numerous spherical gas bubbles in both the 
fragment and the main mass. 

Since preparing the original ICA report, the Gem 
News editors have been made aware of additional glass 
imitation emeralds that reportedly originated in Africa. 


New synthetic ruby. ICA Laboratory Alert No. 30, 
originated by Dr. Ulrich Henn and Prof. Dr. Hermann 
Bank, reports on a new synthetic ruby that is believed to 
come from the USSR. The material is described as dark 
red and showing an “aggregate-like, grained texture with 
homogeneous regions” (figure 19). The largest rough 
specimen examined weighed 30 ct, transparent areas of 
the crystals cut stones of up to 4 ct. 

Gemological properties are listed as follows: R.L, 
1.774-1.765; birefringence, 0.009; density, 4.02. gm/ 
cm®, bright red fluorescence to long-wave U.V., radiation 
and red to short-wave U.V. Magnification revealed “bub- 
ble-like” black inclusions that were believed to be flux 
residue. Optical absorption spectra showed that the 
material was colored by chromium, with typical absorp- 
tion bands at 555 and 410 nm; the absorption minimum 
in the ultraviolet range was at 330 nm. 


Figure 19. These rough clusters (the largest is 30 
ct) show the aggregate-like nature of this new 
synthetic ruby, which is reportedly manufac- 
tured in the USSR. Photo courtesy of Dr. Ulrich 
Henn and Prof Dr. Hermann Bank, Deutsche 
Stiftung Edelsteinforschung. 
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GEMS & GEMOLOGY is an inter- 
national publication of original con- 
tributions (not previously published 
in English) concerning the study of 
gemstones and research in gemology 
and related fields. Topics covered 
include (but are not limited to} col- 
ored stones, diamonds, gem instru- 
ments, gem localities, gem substi- 
tutes (synthetics}, gemstones for the 
collector, jewelry arts, and retail 
management. Manuscripts may be 
submitted as: 

Original Contributions—full-length 
articles describing previously un- 
published studies and laboratory or 
field research. Such articles should 
be no longer than 6,000 words (24 
double-spaced, typewritten pages} 
plus tables and illustrations. 
Gemology in Review—comprehen- 
sive reviews of topics in the field. A 
maximum of 8,000 words (32 dou- 
ble-spaced, typewritten pages) is 
recommended. 

Notes & New Techniques—brietf 
preliminary communications of re- 
cent discoveries or developments in 
gemology and related fields (e.g., new 
instruments and instrumentation 
techniques, gem minerals for the 
collector, and lapidary techniques or 
new uses for old techniques}. Arti- 
cles for this section should be about 
1,000—3,000 words (4-12 double- 
spaced, typewritten pages). 


MANUSCRIPT PREPARATION 
All material, including tables, leg- 
ends, and references, should be typed 
double spaced on 84% x 11” (21 x 28 
cm) sheets. The various components 
of the manuscript should be pre- 
pared and arranged as follows: 
Title page. Page 1 should provide: 
{a} the article title; (b) the full name 
of each author with his or her affil- 
iation (the institution, city, and state 
or country where he/she works]; and 
{c}) acknowledgments. 


Abstract. The abstract (approxi- 
mately 150 words for a feature arti- 
cle, 75 words for a note) should state 
the purpose of the article, what was 
done, and the main conclusions. 
Text. Papers should follow a clear 
outline with appropriate heads. For 
example, for a research paper, the 
headings might be: Introduction, 
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Suggestions for Authors 


Suggestions fOr 


Previous Studies, Methods, Results, 

Discussion, Conclusion. Other heads 

and subheads should be used as the 

subject warrants. For general style, 
see A Manual of Style (The Univer- 
sity of Chicago Press, Chicago}. 

References. References should be 

used for any information that is 

taken directly from another publi- 
cation, to document ideas and facts 
attributed to—or facts discovered 
by—another writer, and to refer the 
reader to other sources for addi- 
tional information on a particular 
subject. Please cite references in the 
text by the last name of the author(s} 
and the year of publication—plus 
the specific page referred to, if ap- 

propriate~—in parentheses (e.g., Lid- 

dicoat and Copeland, 1967, p. 10}. 

The references listed at the end of 

the paper should be typed double 

spaced in alphabetical order by the 
last name of the senior author. Please 
list only those references actually 
cited in the text {or in the tables or 
figures). 

Include the following information, 

in the order given here, for each ref- 

erence: (a) all author names (sur- 
names followed by initials); (b) the 
year of publication, in parentheses; 

{c) for a journal, the full title of the 

article or, for a book, the full title of 

the book cited; and (d} for a journal, 
the full title of the journal plus vol- 
ume number and inclusive page 

numbers of the article cited or, for 

a book, the publisher of the book 

and the city of publication. Sample 

references are as follows: 

Daragh P.J., Sanders J.V. (1976) 
Opals. Scientific American, Vol. 
234, pp. 84-95. 

Liddicoat R.T. Jr., Copeland L.L. 
(1967) The Jewelers’ Manual, 2nd 
ed. Gemological Institute of 
America, Santa Monica, CA. 

Tables, Tables can be very useful in 

presenting a large amount of detail 

in a relatively small space, and 


Authors 


should be considered whenever the 
bulk of information to be conveyed 
in a section threatens to overwhelm 
the text. 

Figures. Please have line figures 
(graphs, charts, etc.) professionally 
drawn and photographed. High-con- 
trast, glossy, black-and-white prints 
are preferred. 

Submit black-and-white photo- 
graphs and photomicrographs in the 
final desired size if possible. 

Color photographs—35 mm slides 
or 4 x 5 transparencies—are 
encouraged. 

All figure legends should be typed 
double spaced on a separate page. 
Where a magnification is appropri- 
ate and is not inserted on the photo, 
please include it in the legend. 


MANUSCRIPT SUBMISSION 


Please send three copies of each 
manuscript {and three sets of figures 
and labels} as well as material for all 
sections to the Editorial Office: 
Gems & Gemology, 1660 Stewart 
Street, Santa Monica, CA 90404. 
In view of U.S. copyright law, a 
copyright release will be required on 
all articles published in Gems & 
Gemology. 

No payment is made for articles 
published in Gems #& Gemology. 
However, for each article the au- 
thors will receive 50 free copies of 
the issue in which their paper 
appeared. 


REVIEW PROCESS 

Manuscripts are examined by the 
Editor, one of the Associate Editors, 
and at least two reviewers. The au- 
thors will remain anonymous to the 
reviewers. Decisions of the Editor 
are final. All material accepted for 
publication is subject to copyedit- 
ing; authors will receive galley proofs 
for review and are held fully respon- 
sible for the content of their articles. 
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THE GEMS & GEMOLOGY 
MOST VALUABLE ARTICLE AWARD 


Alice S. Keller, Editor 


At Gems e& Gemology, we continually strive to bring you valuable articles on new 
enhancements, important localities, and gem identification. To accomplish this, however, we 
are totally dependent on the support of our authors (many of whom provide several papers a 
year). They receive no pay for their efforts, yet they work long hours and do tremendous 
amounts of research. That is why we ask you, our readers, to vote each spring for the articles 
that have helped you the most during the past year: to honor these people. 


This year we received more ballots than ever, with all articles receiving acclaim. The clear 
winner of first place (it received more votes than any article in the previous years) was 
“The Characteristics and Identification of Filled Diamonds,” written by a team of GIA 
specialists: John Koivula, Robert Kammerling, Emmanuel Fritsch, C. W. Fryer, David 
Hargett, and Robert Kane. Second place went to “Polynesian Black Pearls,” by Marisa Goebel 
and Dona Dirlam. “Emerald and Gold Treasures of the Spanish Galleon Nuestra Senora de 
Atocha” received third place; it, too, was a cooperative effort, by coauthors Robert Kane, 
Robert Kammerling, Rhyna Moldes, John Koivula, Shane McClure, and Christopher Smith. 
The authors of these three articles will share cash prizes of $500, $300, and $100, 
respectively. The three-year subscription to Gems & Gemology, chosen at random from the 
many ballots received, will go to Eva M. Dansereau of Anola, Manitoba, Canada. 
Congratulations to all! Brief biographies of the winning authors appear below. 


C. W. FRYER - ROBERT E. KANE - 
ROBERT C. KAMMERLING - JOHN I. 
KOIVULA - EMMANUEL FRITSCH 


John Koivula, chief gemologist in GIA’s 
Technical Development Department, is 
world renowned for his expertise in 
inclusions and photomicrography. A 

graduate gemologist, Mr. Koivula also is a 
fellow of the Gemmological Association of 
Great Britain and holds bachelor’s degrees 

in chemistry and mineralogy from Eastern 
Washington State University. As GIA’s director 
of the Technical Development Department, 
Robert C. Kammerling helps coordinate research and 
development activities between the Institute’s 
Education and Research departments. He is also 
coeditor—with John Koivula—of the Gem News 
section of Gems & Gemology, as well as a regular 
contributor to numerous publications worldwide. 

A native of Chicago, Illinois, Mr. Kammerling has a 
B.A. from the University of Illinois. Dr. Emmanuel 
Fritsch received his Ph.D. at the Sorbonne. He is now 
a research scientist at GIA, and specializes in the 
study of twinned crystals and the origin of color in 
gem materials. Currently director of West Coast 
operations and gem identification for the GIA Gem 


Most Valuable Article Award 


Trade Laboratory, and editor of the Gem Trade Lab 
Notes section of Gems e&) Gemology, C. W. (“Chuck”) 
Fryer has more than 20 years of experience in gem 
identification. Mr. Fryer is a graduate gemologist and 
a fellow of the Gemmological Association of Great 
Britain. Robert E. Kane is a supervisor of gem 
identification at the GIA Gem Trade Laboratory, Santa 
Monica. He also serves on the editorial review board 
of Gems & Gemology and as a contributing editor for 
the Gem Trade Lab Notes section, Mr. Kane's 
specialties include the separation of natural, synthetic, 
and treated gem materials and the identification of 
rare collector gems. 
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DAVID HARGETT 


David Hargett, a 13-year veteran of GIA, is manager of gem identification at 

the GIA Gem Trade Laboratory, New York, and a contributing editor to the Gem 
Trade Lab Notes section of Gems e& Gemology. He is also a Certified 
Gemologist, a member of the Board of Directors of the New York Mineralogical 
Club, and a graduate of New York University, Mr. Hargett has traveled worldwide 


MARISA GOEBEL 


Marisa Goebel, an independent goldsmith in Beverly 
Hills, specializes in creating black pearl jewelry. She 
completed the Graduate Gemology and Jewelry 
Manufacturing Arts programs at GIA and also worked 
in the GIA Gem Trade Laboratory. Subsequently, 

she became a goldsmith apprentice in Munich, West 
Germany, before attending the Technical School for 
Design in Pforzheim. Ms. Goebel was born and 

raised in Mexico City. 


DONA MARY DIRLAM 


Now senior research librarian at GIA, Ms. Dirlam 
previously taught earth science for 10 years. In 
addition to managing the new Richard T. Liddicoat 


giving lectures on gemological topics to various clubs and associations. 


Library and Information Center, she serves as editor 

of the Gemological Abstracts section and the Annual 
Index of Gems & Gemology. A native of Redwood 
Falls, Minnesota, she is a graduate gemologist, holds a 
fellowship diploma from the Gemmological Association 
of Great Britain, and has a master’s degree in geology/ 
geophysics from the University of Wisconsin-Madison. 


CHRISTOPHER P. SMITH - ROBERT E. 
KANE - ROBERT C. KAMMERLING - 
SHANE E. McCLURE - JOHN I. KOIVULA 


Biographies for Robert E. Kane, Robert C. 
Kammierling, and John I. Koivula appear above. 


Shane McClure, a native Californian, is a senior staff 
gemologist in the gem identification section of the GIA 
Gem Trade Laboratory, Santa Monica. Mr. McClure 
has 12 years of experience in the gem field. He is also 
an accomplished gem and jewelry photographer. 


Christopher P. Smith, originally from the Chicago area, is a graduate of GIA’s 
Graduate Gemology and Jewelry Manufacturing Arts programs. He has worked 


RHYNA MOLDES 
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at the GIA Gem Trade Laboratory for over four years in both the grading and 
identification sections. 


Mrs. Moldes is president of International Eximgems, a diamond and colored 
stone wholesale company. She is a graduate gemologist and a fellow of the 
Gemmologicial Association of Great Britain and the Writers Guild of Spain. She 
also has two B.A. degrees, in music and folklore. Mrs. Moldes recently lectured 
on the Atocha’s treasures at the Centro Europeo de Gemologia y Joyeria in 
Madrid, Spain. She is currently preparing the first dictionary on gems and 
gemology written originally in Spanish. 
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C*HeAcL+L-E-N-GeE 


IA’s Continuing Education program was established to provide jeweler-gemologists with the 

opportunity to fine-tune and expand their skills in this ever-changing field. The 1990 
Gems & Gemology Challenge will test you on the 1989 issues of the journal —issues that 
brought you vital information on fracture-filled diamonds, black pearls from Polynesia, and 
emeralds from Capoeirana, Brazil. They also discussed the latest synthetics and techniques to 
identify them. Those who get a 75% score or better on the Challenge will receive a GIA 
Continuing Education Certificate—proof that you care about your profession and keep up with 
the most current information. Those readers who receive a perfect score (100%) will also be 
recognized in the Fall issue of Gems & Gemology. 


The following 25 multiple-choice questions are based on information published in the four 1989 
issues of Gems & Gemology. We encourage you to refer to those issues to find the single best 
answer as published in the corresponding article or section; then mark the appropriate letter on 
the card provided in this issue (photocopies or facsimiles of this card will not be accepted). Mail 
the card with your answers (be sure to include your name and address) by Monday, August 27: 
Don’t forget to put sufficient postage on the card (15¢ in the U.S.), All entries will be 
acknowledged with a letter and an answer key. 


Note: Questions are taken only 3. The term gem nodule refers to 6. The vast majority of black- 
from the four 1989 issues. Choose a small rounded mass of water- pearl culturing occurs in 
the single best answer for each clear gem material that occurs A. China. 
question. in the central portion of B. Japan. 
A. a geode. C. Indonesia. 
1. Mild radioactivity was B. an emerald. D. Polynesia. 
observed in spinel-and-glass C. a massive feldspar. 
triplets in which of the D. an otherwise included 
following color ranges? crystal. 7. In addition to twinning, all of 
A. violet-blue to purplish red the following can aid in the 
B. blue-green to greenish 4. The largest emerald deposit to separation of natural from 
blue date in Pakistan is the synthetic amethyst except 
C. orange-red to yellowish A. Barang deposit. A. color zoning. 
orange B. Mingora deposit. B. refractive index. 
D. yellow-green to greenish C. Khaltaro deposit. C. infrared spectrometry. 
yellow D. Gujar Killi deposit. D. distinctive inclusions. 
2. The Sinkankas Collection at 5. The best means of determining 
the Richard T. Liddicoat that surface-reaching fractures 8. The GIA Gem Trade 
Library and Information in a diamond have been filled is Laboratory graded the clarity 
Center consists of more than A. microscopy. of the Hope Diamond as 
A. 8,000 items. B. thermal inertia. A. F,. 
B. 14,000 items. C. chemical analysis. B. IE 
C. 19,000 items. D. unaided visual C. VS). 
D. 25,000 items. observation. D. VVS, 
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9. Reflectance infrared 
spectroscopy is most useful in 
gemology 
A. to determine the species of 
the material. 

B. to separate dyed from 
natural-color stones. 

C. to detect irradiation- 
induced color centers. 

D. to detect separation planes 
in assembled stones. 
10. Internal characteristics noted 
in all of the Capoeirana 
samples described in this 
report include 
A. pyrite and calcite crystals. 
B. actinolite and tremolite 
needles, 

C. two- and three-phase fluid 
inclusions. 

D. hexagonal color zoning 
and negative crystals. 

11, If no other color zoning is 
present, green diamonds with a 
bright blue zone at the culet or 
keel-line are 
A. probably filled. 

B. probably treated. 

C. proved to be treated. 

D. enhanced with a synthetic 
diamond thin film. 

12. Emeralds from the Atocha 
showed evidence of their long 
immersion in seawater by 
A. surface etching. 

B. high birefringence. 

C. low specific gravity. 

D. chalky yellow-green 
fluorescence in fractures. 

13. The only consistent internal 
feature evident in all of the 
eight Gujar Killi emeralds 
tested was the presence of 
A. color zoning. 

B. growth zoning. 

C. fluid inclusions. 

D. fine cracks with limonite 
staining. 
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14, 


15, 


16. 


17. 


18. 


19, 


According to the Central 
Selling Organization, diamond 
sales for the first six months of 
1989 


A. were slightly up. 

B. were slightly down. 

C. exceeded all previous 
records, 

D. maintained the level of the 
previous year. 


The jewelry examined from 
the Atocha represents several 
jewelry manufacturing 
techniques popular in the early 
17th century, including 


A. lost-wax casting and 


filigree. 

B. sand casting and chain 
drawing. 

C.  lost-wax casting and chain 
drawing. 


D. sand casting and the use 
of cloisonné. 


The trade name “Larimar” 
refers to 


A, petalite. 

B. pectolite. 

Cc. pollucite. 

D.  phosphophyllite. 


The radioactive decay that 
occurs in zircon is usually 
caused by the presence of 


A. uranium and thorium. 
B. hafnium and uranium. 
Cc. plutonium and thorium. 
D. zirconium and hafnium. 


The presence of hematite in 
etched channels in topaz is 
evidence that the stone is 
dyed. 

irradiated. 

heat treated. 

natural color. 


De 


The red component in chicken- 
blood stone is 


A, ruby. 

B.  cinnabar. 

C. red beryl. 

D. pyrope garnet. 


20. Irradiation darkens off-color 


2, 


22, 


23, 


24, 


203 
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saltwater cultured pearls by 


A. darkening the bead 
nucleus. 

B. darkening the conchiolin 
layer. 

C. altering the structure of 
the nacre. 

D. releasing organic dyes 
from the conchiolin. 


The Capoeirana emerald 
deposit may be an extension of 


the 


Muzo mine. 

Belmont mine. 
Paraiba mine. 

Santa Terezinha mine. 


GOs > 


Along with Botswana and the 
USSR, the country expected to 
be the major producer of gem- 
quality diamonds in the 21st 
century is 


A. China. 

B. Angola. 

C. Australia. 

D. South Africa. 


One of the most obvious and 
most common characteristics 
of filled fractures in diamonds 


a “flash effect.” 
trapped bubbles. 

a crackled texture. 

a feathery appearance. 


her aim 


One useful indicator in the 
separation of “Opalite” 
imitation opal from natural or 
synthetic opal is 

A. refractive index. 

B. visual appearance. 

C. absorption spectrum. 

D._ polariscope reaction. 


The most identifiable feature 
of a synthetic diamond thin 
film is its 

A. granular texture. 

B. electrical conductivity. 

C, ultraviolet luminescence. 
D. reaction to polarized light. 


Spring 1990 


Gemsg,Gemology 


VOLUME XXVI SUMMER 1990 


The quarterly journal of the Gemological Institute of America 


SUMMER 1990 
Volume 26 No. 2 


Gemse,Gemology 


TABLE OF CONTENTS 


FEATURE 115 The Identification of Blue Diffusion-Treated Sapphires 
ARTICLES Robert E. Kane, Robert C. Kammerling, John I. Koivula, 
James E. Shigley, and Emmanuel Fritsch 


134 Jadeite of Guatemala: A Contemporary View 
David Hargett 


NOTES 142 Well-Formed Tsavorite Gem Crystals from Tanzania 
AND NEW Robert E. Kane, Anthony R. Kampf, and Horst Krupp 


TECHNIQUES 


-] 149 Diamond Grit—Impregnated Tweezers: A Potentially 
Destructive Gemological Tool 


. John I. Koivula, Edward Boehm, and Robert C. Kammerling 
REGULAR 153 Gem Trade Lab Notes 
FEATURES 


159 Gem News 
169 Book Reviews 
171 Gemological Abstracts 


ABOUT THE COVER: Blue sapphires, such as those in this sapphire and diamond necklace 
and earrings, have been one of the most sought-after colored stones for centuries. Many efforts 
have been made to produce this fine color, most frequently by heating colorless or light-colored 
corundum. Diffusion treatment is a newer form of enhancernent in which coloring agents are 
used to create color at and just below the surface of a stone, In this issue, a team of GIA 
specialists investigate blue diffusion-treated sapphires and describe the treatment techniques 
used, identification of the enhancement, and the durability of the treated stones. 


The sapphire and diamond necklace (total weight of sapphires is 109 ct) and earrings (total 
weight of sapphires is 18 ct) are courtesy of Harry Winston, Inc. 


Photo © Harold & Erica Van Pelt —Photographers, Los Angeles, CA. 


Typesetting for Gems & Gemology is by Scientific Composition, Los Angeles, CA. Color 
separations are by Effective Graphics, Compton, CA. Printing is by Waverly Press, Easton, MD. 


© 1990 Gemological Institute of America All rights reserved ISSN 0016-626X 


emse,Gemology 


EDITORIAL Editor-in-Chiet Editor Editor, Gem Trade Lab Notes 
STAFF Richard T. Liddicoat Alice S. Keller C. W. Fryer 
: . 1660 Stewart St. 
ieee Santa Monica, CA 90404 Editor, Gemological Abstracts 
Peter C.-Keller Telephone: [800] 421-7250 x251 Dona M. Dirlam 
D. Vincent Manson Subscriptions Editors, Book Reviews 
John Sinkankas Gail Young Elise B. Misiorowski 
Technical Editor Telephone: (800) 421-7250 x201 Loretta B. Loeb 
Carol M. Stockton Fax: {213) 828-0247 Editors, Gem News 
Assistant Editor Contributing Editor John 1. Koivula 
Nancy K. Hays John |. Koivula Robert C. Kammerling 
PRODUCTION Art Director Production Artist Word Processor 
STAFF Lisa Joko Carol Winkler Ruth Patchick 
EDITORIAL Robert Crowningshield Robert C. Kammerling Sallie Morton 


REVIEW BOARD 


New York, NY 


Alan T. Collins 

London, United Kingdom 
Dennis Foltz 

Santa Monica, CA 
Emmanuel Fritsch 

Santa Monica, CA 

C. W. Fryer 

Santa Monica, CA 


C. S. Hurlbut, Jr. 
Cambridge, MA 


Santa Monica, CA 


Anthony R. Kampf 
Los Angeles, CA 


Robert E. Kane 
Santa Monica, CA 


John L. Koivula 
Santa Monica, CA 


Henry O. A. Meyer 
West Lafayette, IN 


San Jose, CA 

Kurt Nassau 

P.O. Lebanon, N] 
Ray Page 

Santa Monica, CA 


George Rossman 
Pasadena, CA 


Karl Schmetzer 
Petershausen, W. Germany 


James E. Shigley 
Santa Monica, CA 


SUBSCRIPTIONS 


MANUSCRIPT 
SUBMISSIONS 


COPYRIGHT 
AND REPRINT 
PERMISSIONS 


Subscriptions in the U.S.A. are priced as follows: $39.95 for onc year (4 issues], $94.95 for three years (12 issues). 


Subscriptions sent elsewhere are $49.00 for one year, $124.00 for three years. 


Special annual subscription rates are available for all students actively involved in a GIA program: $32.95 U.S.A., 
$42.00 elsewhere. Your student number muist be listed at the time your subscription is entered. 


Single issues may be purchased for $10.00 in the U.S.A., $13.00 elsewhere. Discounts are given for bulk orders of 10 
or more of any one issue. A limited number of back issues of G&G are also available for purchase. 


Please address all inquiries regarding subscriptions and the purchase of single copies or back issues to the Sub- 


scriptions Department. 


For subscriptions and back issues in Italy, please contact Istituto Gemmologico Mediterraneo, Via Marmolaia #14, 


1-38033, Cavalese TN, Italy. 


To obtain a Japanese translation of Gems «& Gemology, contact the Association of Japan Gem Trust, Okachimachi Cy 


Bldg, 5-15-14 Ueno, Taito-ku, Tokyo 110, Japan. 
Gems & Gemofogy welcomes the submission of articles on all aspects of the field. Please see the Suggestions for 
Authors in the Spring 1990 issue of the journal, or contact the editor for a copy. Letters on articles published in 


Gems & Gemology and other relevant matters are also welcome. 

Abstracting is permitted with credit to the source. Libraries are permitted to photocopy beyond the limits of U.S. 
copyright law for private use of patrons. Instructors are permitted to photocopy isolated articles for noncommercial 
classroom use without fee. Copying of the photographs by any means other than traditional photocopying techniques 
(Xerox, etc.] is prohibited without the express permission of the photographer {where listed] or author of the article in 
which the photo appears (where no photographer is listed]. For other copying, reprint, or republication permission, 
please contact the editor. 

Gems @ Gemology is published quarterly by the Gemological Institute of America, a nonprofit educational 
organization for the jewelry industry, 1660 Stewart St., Santa Monica, CA 90404. 


Postmaster: Return undeliverable copies of Gems e) Gemology to 1660 Stewart St., Santa Monica, CA 90404. 
Any opinions cxpressed in signed articles are understood to be the views of the authors and not of the publishers. 


THE IDENTIFICATION OF BLUE 
DIFFUSION-TREATED SAPPHIRES 


By Robert E. Kane, Robert C. Kammerling, John I. Koivula, 


James E. Shigley, and Emmanuel Fritsch 


Blue diffusion-treated sapphires are be- 
conting more prevalent than ever before. 
The diffusion technique, which involves 
the addition of color-causing chemicals 
during heat treatment, results in a thin 
layer of color at the surface of colorless or 
light-colored sapphire. The color was 
found to be stable to routine cleaning pro- 
cedures; however, it may be partially or 
completely. removed if the stone is re- 
polished onrecut, Recently, significant 
quantities of so-called “deep” diffusion- 
treated sapphires have entered the market. 
This article documents the properties of 
these and other blue diffusion-treated sap- 
phires, and presents means of identifying 


this method using simple gemological tests. 


ABOUT THE AUTHORS 


Mr. Kane is supervisor of identification at the GIA 
Gem Trade Laboratory, Inc. Santa Monica. Mr. Kam- 
merling is director of technical development, Mr. 
Koivula is chief gemologist, Dr. Shigley is director 
of research, and Dr. Fritsch is research scientist 
at the Gemological Institute of America, Santa 
Monica, California. 


Acknowledgments: The authors are grateful to the 
following for providing information, gem materials, 
and research assistance: Karla and Bob Brom, 
The Rainbow Collection; Jeffery Bergman, Gem 
Source; Robert K. Stevenson, Long Gems Ltd; 
Edward Boehm, lormerly of Overland Gems, now 
of the Gluibelin Gemmological Laboratory; Barry 
Hodgin. Dino DeGhionno, Lorri Dee Rascoe, J. 
Michael Allbritton, Terry Payne, Loretta Loeb, Sam 
Muhimeister, Mike Moon, and Maha Smith, all of 
GIA; and Shane McClure and Karin Hurwit, of the 
GIA Gem Trade Laboratory. John Armstrong and 
Paul Carpenter, of the California Institute of Tech- 


nology, provided the electron microprobe analyses. 


Gems & Gemoiogy, Vol. 26, No. 2, po. 115-133 
© 1990 Gemological Institute of America 


Diffusion-Treated Sapphires 


he heat treatment of pale, colorless, or milky white 

“geuda” sapphires to produce attractive blue stones 
has been practiced for a number of decades. These stones 
have become a staple in today’s international gem markets. 
A different but related color-enhancement technique that 
emerged in the late 1970s and early 1980s is now also 
becoming prevalent in the trade: diffusion treatment (see 
figure 1). This process involves the diffusion at very high 
temperatures (1700°C and higher) of color-causing transi- 
tion elements such as iron, titanium, chromium, or nickel 
(depending on the color desired] into a region that extends 
just below the surface of the otherwise colorless or very 
light colored corundum (Carr and Nisevich, 1975]. The 
result is a thin color layer at and just below the surface of 
the gemstone (see figure 2). This layer may be partially or 
completely removed if the stone is repolished or recut. It is 
commonly used on corundum that does not respond to 
standard heat treatment. Unlike some treatment methods, 
the diffusion treatment of sapphires does not have any 
parallel in nature. As Nassau (1981) stated, “the results of 
diffusion treatment .. . remind one more of Lechleitner 
synthetic emerald overgrowth on a natural bery] than of 
heated aquamarine.” 

Since 1979, numerous brief reports of diffusion-treated 
corundum have been published (Crowningshield, 1979a 
and b, 1980; Brauner, 1981; Crowningshield and Nassau, 
1981, 1982; Fryer et al., 1981, 1982 and b; Graziani et al., 
1981; Leone and Cumo, 1981; Mai, 1981; Nassau, 1981, 
1982, Herzberg, 1981; Scarratt, 1981, 1983; Hanni, 1982, 
Read, 1982; “New CIBJO guidelines given to sapphire 
description,” 1983; Hughes, 1987; Ohguchi, 1983a and b; 
Kammerling et al., 1990a; Koivula and Kammerling, 1990). 

Although relatively little corundum treated in this 
manner was seen in the mid- to late 1980s, it appears to 
have become quite prevalent in the international gem 
markets in recent months. In late 1989, several blue 
diffusion-treated sapphires (and samples of starting mate- 
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rial) were donated to GIA by Karla and Bob Brom, 
of The Rainbow Collection, Honolulu, Hawaii 
(figure 3). They report (pers. comm., 1990] that they 
have received 500 ct of faceted and cabochon-cut 
material from a scientist in Bangkok, Thailand, 
who purports to use a complex treatment process 
involving eight to 10 separate heating periods of 40 
hours each. 

More recently, at the 1990 Tucson Show, signifi- 
cant quantities of faceted blue diffusion-treated 
sapphires were offered for sale by Gem Source, of 
Las Vegas, Nevada, and Bangkok, Thailand (again, 
see figure 1). According to a promotional flier 
provided by the vendor, these blue sapphires had 
been subjected to “new techniques resulting in 
much deeper penetration of the metal ions. The 
penetration is so deep that many stones treated 
with this method are entirely recut, with a weight 
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Figure 1. These blue 
sapphires (0.67-2.85 

ct) have all been diffu- 
sion treated, reportedly 
by a process that 
produces an unusually 
deep layer of color 

at and just under the 
surface of the stone. 
Courtesy of Gem Source; 
photo by Shane F 
McClure. 


loss of over 10%, yet they retain a fine color.” 
According to a report in jewellery News Asia 
(“New colour diffusion for sapphires,” 1990], the 
vendor claims that about 25,000 ct of this material 
have been treated and repolished, with 12,500 ct 
currently in the world market. Trade sources and 
our own observations at Tucson indicate that a 
number of vendors are now selling diffusion- 
treated blue sapphires. 

Another point of interest not previously men- 
tioned in the literature is the experimentation in 
Bangkok, Thailand, with diffusion treatment that 
involves not only iron and titanium, but also other 
color-causing impurities such as cobalt. We had an 
opportunity to examine a number of these stones 
as well. 

To better understand the different types of 
diffusion-treated stones on the market, the pro- 
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Figure 2. The color of a blue diffusion-treated sapphire is confined to a shallow layer that has been 
produced by diffusing chemicals into the surface of a fashioned gem. The 1.45-ct stone on the left 

was supplied by Gem Source, and is marketed as a “deep” diffusion-treated sapphire. A 1.3-mm-thick 
section was sawed from the center of this stone. The polished section (right) reveals the near-colorless 
natural sapphire core and the induced blue surface layer, which is approximately 0.4 mm deep. Pho- 


tos by Shane F McClure. 


cesses used, the best means of identification, and 
the durability of these stones in various cleaning 
and repaiy. situations, we performed a variety of 
tests and experiments on a number of blue diffu- 
sion-treated sapphires. The following report re- 
views the history of this enhancement, discusses 
the results of our research, and presents simple 
techniques that can be used to readily identify 
natural fashioned sapphires that have been treated 
in this manner. 

Although some references will be made to the 
{apparently experimental} cobalt-doped material, 
the article will focus an iron-titanium diffusion, 
which appears to be most common. 


HISTORY OF DIFFUSION 
TREATMENT AND 
DISCLOSURE PRACTICES 


History. The diffusion treatment of colorless or 
very light colored corundum to produce blue 
sapphire is the application of U.S. Patent No. 
3,897,529—"Altering the Appearance of Cor- 
undum Crystals” — issued on July 29, 1975, to Carr 
and Nisevich of Union Carbide Corp. Union Car- 
bide’s Japanese patent on this same process (No. 
115998] was issued on November 6, 1975. In these 
patents, this particular treatment process was 
described in detail combined with a process in- 
tended for inducing or improving asterism in 
synthetic rubies and sapphires {which was pat- 
ented in 1949 by Burdick and Glenn, also of Union 
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Figure 3. In Fall 1989, we received this group of 
blue sapphires whieh had been treated in Bangkok. 
The faceted stones (1.21-2.22 ct) may represent 

yet another commercial source of diffusion-treated 
corundum in the 1990s. The rough pieces (2.85-5.46 
ct) represent heat-treated material that did not 
produce satisfactory results—the type commonly 
used as the “starting” material for diffusion treat- 
ment. Stones courtesy of the Rainbow Collection; 
photo by Shane FE McClure, 


Figure 4. In the early 1980s, a gem dealer 
in Bangkok supplied six different heat-treating 
operations with light-colored Montana sapphire 
rough (as seen in the center of this photo). 

Five lots of the heat-treated sapphires were 
returned with little or no improvement in 
color. The sixth operation, however, returned 
intensely colored blue sapphires to the dealer 
(as seen here on either side of the original 
light-colored rough}. Subsequent cutting re- 
vealed that the blue color was confined to 

a thin superficial layer: The sapphires had 
been diffusion treated. The largest piece 
weighs 0.75 ct. Photo by Shane F McClure. 


Carbide}. Carr and Nisevich later described this 
treatment procedure as a separate process (1976 
and 1977). When the Linde division of Union 
Carbide ceased production of synthetic star cor- 
undum, all four of these patents were assigned to 
Astrid Corp. of Hong Kong, which had acquired 
Linde’s stock of synthetic star rubies and star 
sapphires (Nassau, 1981). Astrid Corp., a member 
of the Golay Buchel group, produced diffusion- 
treated sapphires in Bangkok until the early 1980s 
(D. Biddle, pers. comm., 1990). 

However, it appears that diffusion treatment is 
being practiced by other firms. In late 1984, a 
Bangkok gem dealer reported to one of the authors 
(R. Kane} that he had given very light colored 
sapphire rough from Montana to six different 
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persons involved in the heat treatment of cor- 
undum in Thailand. Five of the heat treaters 
returned the treated sapphires with very little or 
no apparent improvement in color. The sixth 
person, however, presented the Bangkok dealer 
with the intensely colored blue sapphire rough 
shown on either side of the untreated material in 
figure 4. Elated over the apparently successful heat 
treatment, the Bangkok dealer began organizing 
the purchase of large quantities of Montana sap- 
phire rough. When he cut a portion of the 
treated rough, however, he discovered that the 
blue color was confined to a very thin area near the 
surface {R. K. Stevenson, pers. comm., 1984], In 
June of 1990, Bob Crowningshield of the East Coast 
GIA Gem Trade Laboratory reported seeing an- 
other lot of diffusion-treated Montana sapphire 
rough that was being marketed as heat-treated 
material. 


Disclosure Practices. Although there is no world- 
wide agreement concerning disclosure practices 
for the heat treatment of blue sapphire, there is 
general consensus in the trade that disclosure of 
diffusion-treated corundum is essential because 
the added color is confined to a surface layer. 
Consequently, while the terminology may vary, 
corundum treated in this manner is nearly always 
described as synthetically or artificially colored. 
For example, the GIA Gem Trade Laboratory 
issues the following conclusion on identification 
reports: 


DIFFUSION-TREATED NATURAL SAPPHIRE 


Note: The color of this stone is confined to a 
shallow surface layer that has been produced by 
diffusing chemicals into the surface by heat 
treatment. 


THE DIFFUSION MECHANISM 

The color in blue sapphire is due to Fe2 +-O-Ti4 + 
charge transfer, influenced by Fe2+—Fe3+ charge 
transfer and Fe3+ absorptions (Smith and Strens, 
1976; Schmetzer, 1987). Diffusion treatment first 
brings the necessary iron and titanium coloring 
agents into contact with the stone’s surface. The 
stone is then heated, sometimes to just below its 
melting point, causing the corundum lattice to 
expand and allowing the thermally energized tran- 
sition metal ions to migrate into a layer at the 
surface, resulting in a near-surface concentration 
of color. 
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Generally speaking, the higher the temperature 
maintained and the longer the time used for the 
heating step, the greater the depth of color penetra- 
tion will be. In this regard, the possible difference 
between so-called “deep” diffusion treatment and 
earlier diffusion-treated stones may be in a higher 
temperature being reached and/or maintained. It 
may also be in the use of more than one heating 
stage in the treatment procedure. J. Bergman re- 
ports (pers. comm., 1990} that the Gem Source 
stones undergo multiple heatings; that is, after the 
stones are cooled, they are usually reheated several 
times. As mentioned above, a similar process was 
claimed by the Bangkok supplier of the Rainbow 
Collection stones. Bergman also reports that their 
process can require treating over the course of two 
months for some stones. 


The Diffusion Treatment Process. Classically, col- 
orless or light-colored fashioned corundum is first 
embedded in a powder that consists of a major 
amount of aluminum oxide, a minor amount of 
titanium oxide, and a lesser amount of iron oxide, 
which has-been placed in an alumina crucible 
(figure 5J].iThe crucible is then subjected to ex- 
tended heating in a furnace. Carr and Nisevich 
(1975) reported that the heating time can vary 
from two to 200 hours. The elevated temperature 
will usually range from about 1600°C to about 
1850°C, with 1700°C to 1800°C preferred. At 
temperatures below 1600°C, the process becomes 
uneconomically slow; at excessively high tem- 
peratures, the surface of the sapphire may be 
damaged (Carr and Nisevich, 1975). In practice, the 
surface of the corundum usually does become 
“pockmarked” and show some melting (figures 6 
and 7], which indicates that the higher tempera- 
tures have been used. The light repolishing re- 
quired may result in the complete removal of the 
diffused color from the girdle and/or some facets. 
Figure 8 illustrates the appearance of sapphires at 
various stages in diffusion treatment; again, see 
figure 2 for an illustration of the color penetration. 
J. Bergman reports a recovery rate of only 60% for 
the diffusion-treatment process Gem Source uses, 
because many of the stones are severely damaged 
by the high temperatures used (“New colour diffu- 
sion for sapphires,” 1990). 

The thickness of the treated zone (before re- 
polishing] would logically depend on the length 
and number of heatings and the temperature 
attained, as mentioned above. To determine the 
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Figure 5. To produoe moderate to deep blue 
coloration by diffusion treatment, the colorless 
or light-colored corundum (B) is placed in 

a crucible (A) while its entire surface is in 
contact with a powder (C) comprising a 
major amount of aluminum oxide and minor 
amounts of titanium and iron oxides. The 
crucible is then exposed to extended heating 
at very high temperatures (1700°C to near 
the melting point of corundum, 2050°C). 
Adapted from U.S. Patent 3,897,529. 


thickness of the diffusion color layer after repolish- 
ing, we sectioned and polished three blue diffusion- 
treated sapphires representing both early (Astrid 
Corp.) and more recent (Rainbow Collection and 
Gem Source} production (figure 9, top). 

The polished sections revealed that most of the 
treated zones consisted of two different levels of 
color (figure 9, bottom], both of which we mea- 
sured at the table edge on all stones. The blue 
diffusion layer of the Astrid Corp. material mea- 
sured 0.20 mm in total depth; the top portion of 
this was a darker 0.07-mm primary layer. The blue 
diffusion layer of the Rainbow Collection stone 
measured approximately 0.15 mm in total depth, 
of which 0.03 mm was a darker primary layer. The 
blue diffusion layer of the Gem Source stone 
measured a total depth of 0.42 mm; the darker 
primary surface layer in this stone was 0.12 mm. In 
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Figure 6, Partially reflected light reveals 

the rough, sintered surface on this unrepolished 
3.37-ct diffusion-treated sapphire. Courtesy 

of Gem Source; photo by Shane F McClure. 


this instance, the color layer in the Gem Source 
sample was twice as deep as in one comparison 
stone and almost three times as deep as in the 
other. 

For additional comparison, we sectioned and 
measured a Gem Source diffusion-treated sapphire 


Figure 8. These three stones (1.10-3.37 ct) 
represent the various stages involved in pro- 
ducing diffusion-treated blue sapphires: Left, 
the starting material is a faceted colorless 
(or light-colored) sapphire; center, the use of 
chemicals and extreme heat produces a dark 
blue stone with rough, corroded, and “pock- 
marked” surfaces; right, repolishing produces 
a finished blue diffusion-treated sapphire. 
Courtesy of Gem Source; photo by 

Shane F McClure. 
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Figure 7. “Light” repolishing of a diffusion- 
treated stone often produces a “double girdle” 
and may leave a melted or sintered surface, 
which is evidence of the very high temperatures 
used, Photomicrograph by Robert E. Kane; 
darkfield illumination, magnified 25x. 


that had not been repolished. This section showed 
a dark blue layer that measured approximately 
0.10 mm at the table edge. In contrast to the 
finished Gem Source section (figure 9}, the “rough” 
piece did not show an obvious secondary layer. J. 
Bergman (pers. comm., 1990) reported that this 
sample had not completed the multiple-heatings 
procedure because of fracturing early in the pro- 
cess. The fact that the limited heating produced 
only a single layer suggests that the multiple layers 
are produced by multiple stages of the diffusion 
process, aS was reported (see above} for both the 
Gem Source and Rainbow Collection stones. 

It is important to note that the measurements 
provided here can vary significantly because of 
several different factors: (1] temperature and 
length of heating, as well as number of heatings; (2) 
extent of repolishing; (3) preparation of the sample 
for measuring {if the large “face” on the polished 
section is not perpendicular to the table, the true 
thickness of the treated zone will be exaggerated); 
and (4] variation in measurements from one side of 
a particular section to the other, 

Although any of several colors can be induced by 
this process (Carr and Nisevich, 1975; see table 1}, 
blue diffusion-treated sapphires are the most prev- 
alent on the market at the present time. It is 
interesting to note, however, that the first diffu- 
sion-treated sapphire seen in the GIA Gem Trade 
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Laboratory was red-orange (Crowningshield, 
1979). 


IDENTIFICATION OF BLUE 
DIFFUSION-TREATED SAPPHIRES 


Materials and Methods. To establish identifying 
features of blue diffusion-treated sapphires, we 
examined 40 stones, ranging from 0.63 to 5.46 ct: 
nine faceted samples obtained from Astrid Corp. in 
1981; 11 (five faceted and three cabochon-cut 
diffusion-treated stones, plus three rough heat- 
treated stones that were allegedly the starting 
material for the diffusion-treated stones) obtained 
from the Rainbow Collection in late 1989; 14 (one 
faceted untreated colorless sapphire plus two fac- 
eted [not repolished] and 11 faceted [repolished] 
diffusion-treated stones} obtained from Gem 
Source in February 1990; and six “rough” pre- 
forms that had been diffusion treated in Thailand 
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Figure 9. To determine 

the thickness of the dif- 
fusion color layer after re- 
polishing, three representa- 
tive samples were selected 
(top): left, 2.24 ct, from 
the Astrid Corp.; center, 
2.22 ct, from the Rainbow 
Collection; and, right, 1.45 
ct, from Gem Source. All 
show a dark outlining of 
blue around the girdle 
that is common in diffu- 
sion-treated stones, The 
three samples were sawed 
down the center and pol- 
ished, producing sections 
about 1.3 mm thick. As 
seen here (bottom), im- 
mersed in methylene io- 
dide over diffused trans- 
mitted light, the color 
layer ranged from 0.15 to 
0.42 mm thick. Note the 
: two layers of color in the 
stones. In this limited 
sample, the color layers 
are thicker in the “deep” 
diffusion-treated stone on 
the far right. Photos by 
Shane E McClure. 


using various oxides including iron, titanium, and 
cobalt. We also referred to numerous stones exam- 
ined in the GIA Gem Trade Laboratory over the 
past 10 years to draw our conclusions. 

The study material was subjected to standard 
gemological testing procedures (refractive index, 
specific gravity, pleochroism, absorption spectra as 
viewed through both prism and diffraction-grating 
spectroscopes, reaction to ultraviolet radiation, 
microscopy using various types of illumination, 
and immersion]. Specific samples were also sub- 
jected to high-resolution spectrometry analysis of 
the ultraviolet-visible and near-infrared portions of 
the spectrum; microprobe analysis; and energy- 
dispersive X-ray fluorescence spectrometry 
(EDXRF}) analysis. The results for the Astrid Corp., 
Rainbow Collection, and Gem Source stones —all 
of which were diffusion treated with iron and 
titanium — are presented below. The results for the 
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TABLE 1. Examples of diffusion-treated corundum experiments cited in United States Patent 3,897,529, July 29, 
1975, titled “Altering the Appearance of Corundum Crystals,” by R. R. Carr and S. D. Nisevich of the Union Carbide 


Corporation. 


Starting color 
of corundum 


Powdered 
addition 
agents 
(in wt.%) 


1. Reddish purple 


sapphire and ruby 


with low color 
saturation or 
nonuniform color 


2. Yellow sapphire 
with nonuniform 
color or too high 


or too low a color 


saturation 


3. Yellow sapphire 
with nonuniform 


color or too low a 


color saturation 


4, Pink sapphire with 


nonuniform color, 
black sapphire 
with nonuniform 
color, and white 
sapphire with 
nonuniform color 


5. Milky white 
sapphire with 
nonuniform color 
or undesirable 
color Such as 
grayish tinge 

6. Pale blue 
sapphire with 
nonuniform color 

7. Deep blue 


sapphire with 
nonuniform color 


6% chromium oxide, 


24% titanium oxide, 
and 70% alumina 


3%-6% chromium 
oxide, 24% titanium 
oxide, and the 
remainder alumina 


2.5% nickel oxide, 
3.5% chromium 
oxide, 15% titanium 
oxide, and the 
remainder alumina 


22% titanium oxide 
and the remainder 


alumina (no coloring 


agent) 


6% chromium oxide, 


22% titanium oxide, 
and the remainder 
alumina 


10%-15% titanium 
oxide and the 
remainder alumina 


0.1%—-0.5% ferric 
oxide, 12%-18% 
titanium oxide, and 


Temperature Resulting 
and length Heating appearance 
of heating environment and color 

1750°C for 96 hours Oxidizing Uniform “ruby red” 

1750°C for 48 hours Oxidizing Uniform “salmon 
pink” 

1750°C for 96 hours Oxidizing Uniform light gray- 
green 

1750°C for 96 hours Oxidizing Uniform color (pink, 
black, or white, 
respectively) 

1750°C for 96 hours Oxidizing Uniform pink 

1750°C for 96 hours Reducing Uniform pale blue 

1750°C for 30 hours Reducing Uniform deep blue 


the remainder 
alumina 


stones into which cobalt was incorporated, which 
are not commonly seen commercially, are pre- 
sented in the accompanying box. 

Most of the gemological properties of the iron 
and titanium—doped blue diffusion-treated sap- 
phires studied overlap those of unheated and heat- 
treated blue natural sapphires. Visual examination 
of immersed stones reveals easily detectable iden- 
tifying characteristics of surface-diffused colora- 
tion. 


Visual Appearance and Optical and Physical Prop- 
erties. The refractive indices, birefringence, and 
specific gravity of diffusion-treated stones do not 
differ significantly from those of natural-color and 
heat-treated stones. Furthermore, the pleochroism 
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is consistent with that of natural-color and heat- 
treated blue sapphires of comparable depth of color 
even though the color is concentrated in a shallow 
surface layer. This indicates that the diffusion layer 
is crystalline, not amorphous. In addition, the 
fashioned diffusion-treated sapphires studied var- 
ied from blue to violetish blue in moderate to very 
dark tone, which overlaps the colors seen in both 
natural and heat-treated sapphires. 

However, when we examined these diffusion- 
treated sapphires with the unaided eye in sunlight 
or overhead artificial illumination, we observed in 
many of them a “watery” appearance, that is, a 
decrease in transparency that was not caused by 
visible inclusions. This is probably a result of the 
concentrated diffusion of color-causing impurities 
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EXPERIMENTAL/(?) COBALT-DOPED 
BLUE DIFFUSION-TREATED 
SAPPHIRES FROM BANGKOK 


In the course of this study, we also examined six blue 
diffusion-treated sapphire “preforms” that were re- 
ported to contain varying amounts of cobalt. The 
samples were obtained by one of the authors (R. Kane} 
in Bangkok, where they reportedly were treated, in 
1984. 

The U.V-visible absorption spectrum of a cobalt- 
doped blue diffusion-treated sapphire is illustrated in 
the accompanying figure for random orientation. The 
color is mainly caused by three intense merging 
absorption bands with apparent maxima at about 
550, 590, and 620 nm. Minor absorptions are present 
at about 375, 388, 410, 450, and 479 nm. 

These bands correspond to those attributed to 
cobalt in synthetic blue spinels by Anderson and 
Payne {1937} and Webster (1983}, and in natural blue 
spinel by Shigley and Stockton (1984). Therefore, we 
interpret this spectrum as being due to Co? *. Because 
these absorption bands are not naturally occurring in 
sapphire, when observed in corundum they can be 
considered diagnostic of cobalt diffusion treatment. 

It is interesting to note that the diffusion process 
introducés cobalt in the corundum lattice as Co2t, 
although this element is incorporated as Co3+ in Co- 
doped synthetic sapphires. Co2+ has never been 
reported in the spectrum of natural sapphire. 


ABSORPTION (Arbitrary Units) — 


3C0 400 500 6cO 7cO 800 
WAVELENGTH (nm) 


In this U.V.-visible absorption spectrum of a 
cobalt-doped blue diffusion-treated sapphire, 
the three merging bands between 500 and 700 
nm are due to Co?t, 


The cobalt-doped diffusion-treated sapphires were 
also examined through a Chelsea color filter while 
illuminated by intense transmitted light. Through 
the filter the stones appeared a moderate patchy to 
intense uniform red, the intensity and distribution of 
the filter color correlating with the depth and distri- 
bution of blue color of the stones. The reaction is 
consistent with that of cobalt-doped synthetic blue 
spinel of similar color. 


into the surface of the sapphire. Also, a dark 
outline of blue could be seen around the girdle in a 
number of stones {again, see figure 9, top}. 


Absorption Spectra. The absorption spectra (400 
nm to 700 nm} of all the treated sapphires were 
examined through both a Beck prism spectroscope 
mounted on a GIA GEM Instruments spectroscope 
unit and a GIA GEM DISCAN diffraction-grating 
spectroscope. Five of the Astrid stones and one of 
the Gem Source stones exhibited a weak absorp- 
tion band at 455 nm, while four of the Gem Source 
stones, one of which was the colorless “starting 
material” stone, exhibited a fluorescent line at 693 
nm; none of the other stones examined showed any 
lines or bands. All of these features are consistent 
with those seen in natural-color or heated sap- 
phires from various localities. Thus, spectra ob- 
served through a hand-held type of spectroscope 
do not provide a means of identifying blue diffu- 
sion-treated sapphires. 


Diffusion-Treated Sapphires 


Ultraviolet Fluorescence. The reactions of the 
sample stones to long- and short-wave U.V. radia- 
tion were found to overlap those of natural-color 
and/or heat-treated blue sapphires from various 
localities. In this regard, it is interesting to note 
that many heat-treated blue sapphires exhibit a 
chalky whitish blue to green fluorescence when 
exposed to short-wave U.V. radiation, whereas 
natural-color blue sapphires do not exhibit this 
characteristic reaction [Crowningshield and Nas- 
sau, 1981). Despite the extreme heat used in the 
process, some of the blue diffusion-treated sap- 
phires did not fluoresce to short-wave U.V. radia- 
tion. This was the case for all but one of the Astrid 
Corp. stones and for one of the Rainbow Collection 
samples. It is possible that the dominance of iron as 
a coloring agent in these stones (see discussion of 
chemistry below) quenches any fluorescence that 
may otherwise have been induced by heat. 

One of the Astrid stones, however, showed a 
small, chalky patch of moderate yellowish green 
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Figure 10. Dark concentrations, or “bleeding,” 
of color are often seen in and around surface- 
reaching breaks and cavities in blue diffusion- 
treated sapphires. Photomicrograph by Robert E. 
Kane; diffused illumination, magnified 30x. 


fluorescence when exposed to short-wave U.V. 
radiation; eight of the Rainbow Collection stones 
and 12 of the stones from Gem Source fluoresced a 
moderate chalky yellowish green, and one of the 
Rainbow Collection stones fluoresced a strong 
bluish white, also to short-wave U.V. 

In addition, one of the Rainbow Collection 
stones fluoresced a strong orange to long-wave U.V. 
and a weak orange to short-wave U.V, one of the 
Gem Source diffusion-treated stones fluoresced a 
weak pinkish orange to long-wave U.V. and a 
chalky yellowish green to short-wave U.V. A strong 
pinkish orange fluorescence to long-wave U.V. and 
very weak pinkish orange to short-wave U.V. has 
been noted in the past for some natural, untreated 
Sri Lankan sapphires, both colorless and blue. The 
combination of a pinkish orange reaction to long- 
wave, and a chalky yellowish green reaction to 
short-wave, U.V. would be consistent with some 
heat-treated Sri Lankan sapphires, although it 
would not separate those that had been diffusion 
treated. 

In general, then, U.V. fluorescence reaction does 
not provide diagnostic information for the identi- 
fication of diffusion treatment. 


Magnification. While magnification alone is usu- 
ally not sufficient to identify that a stone has been 
diffusion treated, it will provide clues to the fact 
that the stone has been heated in some fashion. 
The evidence of treatment at high temperatures 
that is seen in sapphires with magnification in- 
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cludes: stress fractures surrounding inclusions; 
melted crystals; partially absorbed and dot-like 
rutile “silk”; blotchy color banding or diffused 
zoning; and pockmarked surfaces (see, e.g., Kam- 
merling et al., 1990b). These features are fre- 
quently seen in diffusion-treated sapphires, but 
they provide proof only of high-temperature treat- 
ment. Of particular use in the identification of 
diffusion treatment is the “bleeding” of color in 
and around surface-reaching pits and fractures 
{figure 10], which is a localized reaction to the 
diffusion process. 


Immersion. The most effective means of detecting 
a diffusion-treated stone is its appearance when 
immersed in methylene iodide and examined in 
diffused transmitted light; this simple procedure 
is described and illustrated in figure 11. When 
examined in this fashion, all of the diffusion- 
treated stones studied (figure 12} showed one or 
both of the following: 


1. Greater relief, as indicated by a concentration 
of color along facet junctions and around the 
girdle (figure 13). 


2. Localization and blotchiness of color caused 
by a combination of uneven diffusion and light 
repolishing (figure 14), the girdle and some 
facets may have the diffused color completely 
removed (figure 15). 


Blue sapphires not treated in this manner will 
show low relief in methylene iodide; the facet 
junctions generally are not easily visible (see left 
view in figure 16}, Note, however, that abraded 
facet junctions may have high relief when im- 
mersed. To illustrate this effect, we selected two 
virtually identical flame-fusion synthetic blue 
sapphires and held one as a control sample while 
the other was polished for approximately 48 hours 
in a vibratory tumbler with Linde A as an abrasive. 
Figure 17 shows the two stones immersed in 
methylene iodide; although the effect was exagger- 
ated for the purpose of this research, the greater 
relief of a stone with abraded facet functions (e.g., 
with an appearance similar to that of the stone on 
the left in figure 17) could cause some confusion 
for the gemologist. 

The two stones in figure 18 are also potentially 
misleading. The 5.40-ct Montana sapphire on the 
left has an additional tiny flat facet at the junction 
of most of the pavilion facets (where ordinarily 
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Figure 12. Immersed in 
methylene iodide over trans- 
mitted diffused illumination, 
this selection of diffusion- 
treated sapphires, from various 
“manufacturers,” reveals 

the characteristic identifying 
features. These include: 
greater relief due to color 
concentrations at facet junc- 
tions, blotchiness of the 
diffused color layer, and 
areas without color, Photo 
by Shane FE McClure. 


Diffusion-Treated Sapphires 


Figure 11. The most 
effective way to deter- 
mine if a sapphire 

has been diffusion 
treated is to place 

the “unknown” in 

an immersion cell 
filled with a liquid 
such as glycerine 

or methylene iodide. 
The immersion cell 

is then positioned over 
diffused illumination— 
for example, the fluores- 
cent light source that 

is available on many mi- 
croscopes —and the 
sapphire is examined 
with the unaided 

eye (inset). Photos 

by Shane FE McClure. 
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Figure 13. Proof of diffusion treatment in 

a faceted blue sapphire is provided by concen- 
trations of color along facet junctions and/ 

or the girdle. Photo by Shane F McClure. 


there would be a sharp edge). This created a subtle 
blue outlining of these facet junctions when the 
stone was immersed and examined over diffused 
illumination. The 1.77-ct Kashmir sapphire on the 
right has abraded facet junctions. Neither of these 
stones was diffusion treated. Many blue sapphires 
also show strong growth and color zoning (figure 
19), but their appearance is still significantly 
different from that of diffusion-treated stones. 
Detecting diffusion treatment in cabochons may 
be considerably more difficult, as they lack the 
many sharp junctions on which color concentrates 
in their faceted counterparts. On the three cab- 
ochons the authors examined for this report, the 
one diagnostic feature noted was a dark color 


Figure 15, Heavy repolishing of a badly melted 
or sintered diffusion-treated sapphire can 
result in the removal of the diffused color 
from the girdle and some facets. Note that 
immersion reveals this effect on all sides 

of the girdle, Photomicrograph by Robert E. 
Kane; transmitted diffused illumination, 
magnified 15x. 
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Figure 14. In addition to high relief and color 
concentrations at facet junctions, immersion 
may also reveal a blotchiness of the diffused 
color layer caused by a combination of uneven 
diffusion and light repolishing. Photo by 
Shane E McClure. 


outlining of the girdle edge (figure 20}. Deep color 
concentrations have also been observed in cracks 
and cavities on these and other cabochon-cut 
stones we have examined. 

Because methylene iodide is somewhat toxic to 
breathe (particularly for extended periods of time] 


Figure 16. A natural blue sapphire (left) is 
shown here next to a diffusion-treated sapphire 
(right), both immersed in methylene iodide 
over diffused transmitted illumination. With 
immersion, the natural sapphire on the left 
has low relief and does not show any facet 
junctions. In contrast, the diffusion-treated 
stone has much greater relief, as exemplified 
by a blue outlining of facet junctions. Photo 
by Shane F McClure. 
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Figure 17. To illustrate how abraded facet 
junctions on a non-diffusion-treated sapphire 
could cause confusion —i.¢., high relief— 

we selected two virtually identical flame- 
fusion synthetic blue sapphires. One was 
held as a control sample (right) and the other 
was tumble polished to intentionally abrade 
the facet junctions. The tumble-polished stone 
(left) now shows high relief of facet junctions 
with immersion. Photo by Shane E McClure. 


or if absorbed through the skin, we experimented 
with different immersion media. We selected three 
stones, one each from Astrid Corp., the Rainbow 
Collection, and Gem Source (again, see figure 9). 
We placed.the three stones table-down in an 
immersion cell over diffused (through white trans- 
lucent plastic) transmitted illumination in: (A) air 
(R.I. 1.00), {B} water (R.I. 1.33), (C) glycerine (R.L 
1.47), and {D] pure methylene iodide (R.I. 1.75; 
Weast et al., 1988}. Figure 21 shows the appearance 
produced by each medium. In some cases, diffused 
illumination in air is sufficient to identify a 
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Figure 18. On occasion, natural untreated 
sapphires may exhibit confusing features 
when examined with immersion over diffused 
illumination. The 5.40-ct Yogo Gulch, Montana, 
sapphire (left; courtesy of Rogers Jewelers, 
Great Falls, Montana) possessed a tiny flat 
facet at the junction of most of the pavilion 
facets, This created a subtle blue outlining 

of these facet junctions. The 1.77-ct untreated 
Kashmir sapphire {right} shows a higher 

relief caused by abraded facet junctions. 
Photo by Shane E McClure. 


diffusion-treated sapphire; in others, immersion in 
methylene iodide is necessary (the closeness in R_I. 
helps accentuate treatment features}. We found 
that glycerine, which is colorless and quite innoc- 
uous, provided an excellent immersion fluid for 
routine testing. Although it is quite viscous, it 
cleans off easily with a tissue and water. We also 
experimented with several other immersion fluids 
and found that satisfactory results were achieved 


Figure 19. With immer- 
sion, non-diffusion- 
treated blue sapphires 
can show a variety 

of appearances, such 

as color zoning and 
inclusions. These stones 
are still easily identifi- 
able by their lack 

of features typical 

of diffusion-treated 
sapphires, Photo by 
Shane E McClure. 
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analyzed to investigate the compositions of the 
interior and surface areas of each sample. These 
analyses were performed by electron microprobe 
(JEOL 733) and X-ray fluorescence (XRF) spectro- 
metry {a TRACOR X-ray Spectrace 5000). Sample 
R302 was left as a faceted stone, while the other 
four samples were cut along a direction perpen- 
dicular to the table into flat sections with polished 
parallel sides. This permitted microprobe analysis 
of both the near-surface region affected by the 
diffusion treatment process, as well as the un- 
affected interior portion of each sample. 

The electron microprobe was used to obtain 
quantitative analyses of each sample (table 2). The 
faceted sapphire, R302, was analyzed at three 
Figure 20. Cabochon-cut blue diffusion- separate locations on the table. The other four 
treated sapphires show a characteristic dark samples, in the form of polished sections, were 
blue outlining of the girdle. They may also analyzed at several locations — one near the surface 
show “bleeding” (concentrations) of color in e 
Siniak ds Geaching bicaiberiP mounied Ma of the table, and three or four further locations at 
bezel setting, particularly one that is closed progressively greater depths into the stone. The 
backed, cabochon-cut sapphires treated in elements Ca, Cr, Co, Ni, Ga, and Cu were found to 
this manner could, indeed, be difficult to iden- be below or near the detection limit of the instru- 
tify. Photo by Shane F McClure. ment (approximately 0.01 wt.% oxide}, and to 
display no particular distribution patterns. For Fe 
and Ti, however, a distinct pattern was noted with 
both elements increasing in concentration (be- 
tween two- and 10-fold) from the interior to the 
Chemical and Spectral Data. Five representative surface (where diffusion occurred}, as shown in 
blue diffusion-treated sapphires were chemically figure 22. The plot of findings in figure 22 also 


with many and, in particular, with oils such as 
sesame oil, 


TABLE 2. Chemical analyses of five blue diffusion-treated sapphires. 


R302 (Gem Source) R296 (Gem Source) R293 (Gem Source) 


Analysis no. i} 2 3 Average 1 2 3 4 5 1 2 S 4 5 

Wt.% ; 

oxide — Depth? 0) 0) 0 0 >200 170 120 70 ~20 >200 150 110 70 ~20 
Al,O3 99.37 9869 98.96 99.01 100.07 99.73 99.62 99.37 98.64 99.44 98.99 99.23 98.59 98.50 
CaO bdl bdl bdl bdl bdl bd bdl bdl bdl bdl bdl bdl 0.01 bd 
TiO, 0.22 0.24 0.23 0.23 0.03 014 O15 020 019 0.03 008 O12 O16 0.23 
Crz03 0.01 bdl bdl bdl bdl bd 0.03 0.01 ~~ bdl 0.01 = bdl bdl bdl bdl 
FeO 0.87 082 0.81 0.83 010 019 O25 042 049 0.09 006 O18 O41 999 
CoO 0.01 0.02  bdl 0.01 bdl bd 0.02 0.03 0.03 0.02 bd bdl bdl bdl 
NiO 0.05 bdl bdl 0.01 0.01 ~~ bd bal 0.07 — bdl 0.03 002 0.02  bdl bdl 
CuO 0.07 bdl 0.04 0.03 0.04 004 002 002 0.02 0.02 002 005 002 O01 
Total 100.60 99.77 100.07 100.12 100.25 100.10 100.09 100.12 99.37 9964 99.17 99.60 99.19 99.73 


aFlectron microprobe analyses were performed on a JEOL 733 microprobe operating at a beam accelerating potential of 15 kV, a current 
of 35 nA, and spot size of between 10 and 25 y. Entries indicated by “bal” were below the detection limits of the instrument (less than 
0.01 wt.% oxide). The data were corrected using the program CITZAF (Armstrong, 1988). Analyst: Paul Carpenter, California institute of 
Technology. Specimen R302 was analyzed af three distinct locations on the table of the faceted sione; these three analyses are shown 
along with an average analysis. The other four samples consisted of polished sections cut perpendicular to the fable of the faceted 
stone. Each was analyzed at various locations below the surface of the table in arder to document changes in trace-element chemistry 
wilh increasing distance into ihe sample. At each of these locations, one analysis was performed. 

’Depth = Approximate depth below the surface of the table (in microns). 
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te; 


Figure 21, These photos illustrate the differences observed when blue diffusion-treated sapphires are 
immersed in different media and viewed with the unaided eye. The stones are, from left to right: 2.24 

ct from the.Astrid Corp., 2.22 ct from the Rainbow Collection, and 1.45 ct from Gem Source. The stones 
are placed ‘table down in an immersion cell over diffused transmitted illumination in (A) air (R.I. 1.00); 
(B) water (R.I. 1.33); (C) glycerine (R.I. 1.47); and (D) pure methylene iodide (R.J. 1.75). In some stones, the 
identifying features may be visible in air or while immersed in water; in others, methylene iodide is 
necessary, Glycerine was found to be excellent for routine testing. Note that even with different orienta- 
tions, key features are evident. Photos by Shane E McClure. 


R294 (Rainbow Collection) R295 (Astrid Corp.) 
1 2 . 4 1 2 3 
150 110 70 ~20 400 200 ~20 


99.46 99.87 99.05 9841 10054 10052 99.76 
0.02 bdl 0.04 0.02 bdl 0.01 bdl 
0.05 0.12 0.15 0.22 0.03 0.04 0.17 
0.01 bdl 0.01 bdl bdl bdl bdl 
0.02 0.02 0.01 0.08 0.05 0.03 0.14 
bdl bdl 0.06 ddI bdl 0.01 0.02 
0.04 0.04 0.01 0.02 0.04 0,02 bdl 
bdl 0.02 0.03 0.03 0.05 bdl 0.05 


99.60 100.07 99.33 9878 100.71 10063 100.14 
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suggests that diffusion of iron and titanium into 
these sapphires resulted in these elements being 
distributed (at progressively lower concentrations) 
to depths as great as approximately 200 microns 
below the surface. This gives some idea of how 
deep into the sapphires these coloring agents were 
able to diffuse during treatment. It is interesting to 
note, too, that among these five stones, which were 
randomly selected from the full suite of stones 
available for study, there did appear to be a greater 
depth of diffusion in the three from Gem Source. 
Because of the small size of this sample, however, 
we cannot draw firm conclusions in this regard. 
Chromium was occasionally detected in each 
sample at levels that would have no significant 
influence on color, but would allow resolution of a 
fluorescent line at 693 nm through the hand-held 
spectroscope. 

Qualitative XRF analyses (more sensitive to low 
concentrations than the microprobe) of both the 
inner (near-colorless) and outer (diffusion-treated]} 
surfaces of the sawn, polished sections confirmed 
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Figure 22. These four graphs illustrate the changes in iron (blue) and titanium (red) content noted 
in the study samples with microprobe analysis of areas at various depths below the surface of the table. 


the presence in each sample of Al, Ca, and Ga, 
along with the transition elements Fe, Ti, and Cr. 
In addition, Cu was noted in samples R295, R294, 
and R293, and Ni was noted in R293. The diffu- 
sion-treated layer was consistently richer in tita- 
nium and iron than the core. 

The ultraviolet/visible absorption spectra of all 
five samples were measured at room temperature 
using a Pye Unicam 8800 spectrophotometer, at a 
resolution of 0.5 nm. The spectra were run through 
the center of the polished slabs, in order to docu- 
ment the absorption in the untreated part of the 


Figure 23. These U.V.-visible absorption 
spectra were taken in a central colorless 

part (spectrum a), and in the outer blue 

region (spectrum b), of a diffusion-treated 
blue sapphire in the same random optic 
orientation. The features at 335, 375, 390, 

and 450 are attributed to Fe3+, and the 

broad bands at 560 and 700 nm are attributed 
to Fe2+-O-Ti4+ charge transfer. 
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sapphire (see figure 23, spectrum a}, and then 
through one of the other two pieces left by section- 
ing, to document absorption in the superficial blue 
layer (see figure 23, spectrum bj. 

Spectrum b actually represents the addition of 
the spectrum of the colorless portion of the crystal 
to that of the blue layer. The major difference 
between spectra a and b is two broad bands with 
maxima around 560 and 700 nm, which have been 
interpreted to be the result of Fe2 +-0-Ti4+ charge 
transfer (Ferguson and Fielding, 1971}. The sharper 
bands at about 375, 390, and 450 nm are due to 
Fe3+ (Lehmann and Harder, 1970}, and the broader 
band at about 335 nm could be due to either 
isolated Fe?+ ions (Lehmann and Harder, 1970) or 
exchange coupled pairs of the same ions (Ferguson 
and Fielding, 1971}. The spectra of the diffusion- 
treated sapphires we studied are identical to those 
of natural blue sapphires from Mogok, Burma 
(Schmetzer, 1987) or Sri Lanka (Schmetzer and 
Kiefert, 1990). This confirms the statement made 
earlier that absorption spectra are not diagnostic 
indicators of this kind of diffusion treatment. 


DURABILITY AND STABILITY 

OF THE TREATMENT 

One of the first questions most jewelers and 
gemologists ask about a gemstone enhancement is 
how well it holds up to routine wear, jewelry 
cleaning, and repair procedures. Therefore, we 
conducted a number of tests on three faceted 
diffusion-treated sapphires in order to determine 
the durability and stability of this treatment under 
a wide range of conditions to which sapphires 
might routinely be subjected. The stones used 
were (1) a 1.23-ct mixed-cut pear shape from Gem 
Source, (2} a 1.21-ct oval mixed cut from the 
Rainbow Collection, and (3) a 0.75-ct oval mixed 
cut from Astrid Corp. To test this material under 
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TABLE 3. Durability and stability of the treatment in diffusion-treated sapphires.@ 


Test Procedure Result 


Ultrasonic Placed in ultrasonic cleaner containing a solution (10%) of 


Cleaning commercial jewelry cleaner (BRC) and water for 47 minutes on the 
high setting at a maximum temperature of 68°C: 
5Placed in stainless steel wire basket and suspended in solution No effect on treatment 
¢Placed in plastic cup half-filled with concentrated jewelry cleaner No effect on treatment 
4.eHung from wire in cleaning solution No effect on treatment 
Steam b.e.deUsed two steam cleaners with pressure maintained between No effect on treatment 
cleaning 35 and 80 psi, stones placed one-half to one inch from nozzle for 
approximately 15 minutes 
Boiling in 5.c.d.eStones boiled in solution of dishwashing liquid and water for No effect on treatment 
detergent 25 minutes 
solution 
Heat and ‘Set in 14K gold cast head; one prong tip removed by sawing; Moderate surface etching in vicinity of 
chemicals stone and mounting fire-coated with boric acid/methy! alcohol new prong? 
from jewelry solution and prong retipped with 14K yellow gold ball and 14K 
repair yellow gold hard solder (flow point approximately 750°C) and 
green flux 


‘Remaining three prong tips sawed off and retipped, care taken to Minor surface etching in vicinity of new 


minimize contact of flux with stone's surface prongs? 
&eOne prong tip removed by sawing; stone and mounting fire- Moderate surface etching in vicinity of 
coated with boric acid/methyl alcohol solution and prong retipped new prong? 


with 14K yellow gold ball and 14K yellow gold hard solder (flow 
point approximately 750°C) and green flux 


«eProng tips built up with 18K hard white gold solder (flow point 
approximately 768°C), care taken to minimize contact of solder 
aut with stone’s surface 


oa ©Set in 14K gold cast head; four prong tips removed by sawing; 
stone and mounting fire-coated with boric acid/methy! alcohol 
solution and prongs retipped with 14K yellow-gold ball and 14K 
yellow-gold hard solder (flow point approximately 750°C) and 
green flux, Care taken to minimize contact of flux with stone's 


Moderate to severe etching, especially 
on stone's table" 


Minor surface etching in vicinity of new 
prongs? 


surface 
Rhodium 5.e.44Stones and mountings cleaned, then flash rhodium No additional changes noted in stones’ 
electro- electroplated for five minutes at 6 volts, then 10~15 seconds at surfaces 


plating average of 3 volts; two-step plating procedure repeated for all 
three stones, followed by second cleaning 


Low 5.<e.4.9$tones dropped into cup containing liquid nitrogen, cooled 
temperature/ io — 185°C 
thermal shock 


No additional changes noted in stones’ 
surfaces 


aAll tests performed by GIA Jewelry Manufacturing Arts staff members with exception of low temperature/thermal shock 

which was performed by the authors. 

>1,23-ct oear-shaped mixed cut from Gem Source. 

©7.21-ct oval mixed cut obtained from the Rainbow Collection. 

9Q,75-ct oval mixed cut purchased from the Astrid Corporation. 

©0.75-ct oval mixed cul (same as Stone “d" above) mounted in used six-prong 14K while gold oval setting and attached 

to a ring shank before this test was performed. 

‘All three stones in mountings when this test was performed. 

GAll three stones removed from mountings before this test was performed. 

hSurface etching may result in stone requiring repolishing; repolishing may partially or completely remove diffusion-induced color layer. 
This would be expected with any corundum —treated or untreated natural or synthetic—when so exposed fo borax- containing chemicals. 


the greatest number of circumstances, the 0.75-ct 
stone was mounted in a used six-prong 14K white 


any effect on the treated stones, which were 
examined with magnification both before and after 


gold oval setting attached to a ring shank before 
the durability testing began. 

Table 3 outlines the tests used and the results 
observed. Neither ultrasonic or steam cleaning 
nor boiling in a detergent solution appeared to have 
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the cleaning procedure. 

To test the response of the sample stones to 
stress received during such jewelry repair pro- 
cedures as the retipping of prongs, we also had the 
other two test stones mounted but in 14K yellow 
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gold cast heads. One prong tip was removed by 
sawing on all three of the stone-set mountings, and 
the prongs were retipped following the pro- 
cedures described in table 3. Eventually, all four 
prongs were sawed off and retipped on the 1.23-ct 
pear shape. As would be expected with any cor- 
undum, the use of borax-containing chemicals 
{both firecoat and flux) contributed to moderate 
surface etching of the diffusion-treated sapphires. 
We did find, though, that the retipping of prongs 
with 14K gold solder produced only minor etching 
when care was taken to minimize the contact of 
the borax-containing flux with the surface of the 
stone. However, when one of the prong tips was 
built up with 18K gold, even though care was taken 
to avoid contact of the flux with the stone’s 
surface, the higher temperatures required by the 
higher melting point of 18K (versus 14K) solder 
resulted in moderate to severe etching, especially 
on the surface of the table, as would happen with 
any corundum. If etching is severe enough, the 
stone might have to be repolished. Inasmuch as the 
color of a diffusion-treated sapphire is confined toa 
thin surface layer, such repolishing might lighten 
or totally remove the diffused color. 

The best way to avoid this potential problem is 
to unmount the stone before retipping. Should the 
decision be made to retip prongs with the stone in 
place, however, a cotton swab dipped in alcohol 
should be used to carefully remove the firecoat 
from the stone before heat is applied (M. Allbrit- 
ton, pers. comm., 1990). Although another option 
might be to use a non-borax-containing soldering 
flux, the only one we know to be available, a 
fluoride-based flux, is more toxic than borax-based 
fluxes and thus is not widely used (M. Allbritton, 
pers. comm., 1990). 

When the three mounted diffusion-treated sap- 
phires were subjected to rhodium electroplating, 
magnification revealed no additional changes in 
the appearance of the stones’ surfaces. 

As a final step in durability testing, the three 
treated sapphires were unmounted and then 
checked for their reaction to low temperatures and 
thermal shock by instantaneously lowering the 
temperature of each to —185°C by means of 
immersion in liquid nitrogen. The stones were 
then removed from the nitrogen bath and allowed 
to return to room temperature. This procedure 
tested not only the effects of extreme cold but, in 
the rapid way the cooling was performed, it also 
subjected the stones to extreme thermal shock. 
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Again, though, there were no additional signs ot 
damage. 

Since the origin of the blue color in diffusion- 
treated sapphire is identical to that in natural- 
color blue sapphire, the diffusion-induced color 
can be considered to be as stable as that of natural 
blue sapphire. 


CONCLUSION 

The fact that more blue diffusion-treated sapphires 
have entered the gem market than ever before has 
increased the need for awareness on the part of the 
gemologist. With this procedure, color-causing 
chemicals are diffused into the surface of a stone 
by high-temperature heat treatment for extended 
periods of time, as long as a week or more. 
Apparently, by using higher temperatures, longer 
periods of heating, and/or multiple heatings, a 
deeper diffusion layer can be produced. This was 
evident in the one polished Gem Source stone in 
which we actually measured the diffusion layer 
and in the three Gem Source stones that were 
chemically analyzed. Even so, although the sur- 
face color layer produced by diffusion is stable to 
routine cleaning procedures, the shallowness of 
the layer makes it susceptible to partial or com- 
plete removal if the stone is subsequently re- 
polished or recut. 

Diffusion treatment can best be detected by 
examination of the stone while it is immersed in a 
liquid such as glycerine or methylene iodide over 
diffused transmitted illumination. In most cases, 
the unaided eye is more effective than magnifica- 
tion. 

The 1975 Union Carbide patent listed numerous 
examples of the colors that could be produced in 
corundum with diffusion treatment, including red 
and orange. We have been told by Karla Brom (pers. 
comm., 1990) that diffusion-treated rubies and 
“padparadscha” sapphires have already been pro- 
duced in Bangkok on a limited experimental basis; 
a red-orange diffusion-treated sapphire was exam- 
ined by Bob Crowningshield at the GIA Gem Trade 
Laboratory in 1979. Inasmuch as large quantities 
of blue diffusion-treated sapphires —from a variety 
of treaters— are now being sold in the gem market, 
it is possible that the trade will also begin to see 
other colors of diffusion-treated corundum in the 
not-too-distant future. If procedures similar to 
those described above are used to produce these 
other colors, it is likely that they, too, will be 
readily identifiable. 
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JADEITE OF GUATEMALA: 
A CONTEMPORARY VIEW 


By David Hargett 


Although lost for literally hundreds of 
years after the Spanish conquest of the 
Aztecs, many deposits of jadeite have 
been found in Guatemala during the last 
two decades. Following the discovery of 
the first significant outcrop in 1974, liter- 
ally tons of jadeite in a wide variety of 
colors have been removed from the area 
and sent to cutting shops for use in tour- 
ist carvings, in fine reproductions of 
Indian artifacts, and in jewelry. 
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134 Guatemalan Jadeite 


f all the world’s occurrences of jadeite, Guatemala 

may be the least known. Ironically, the English word 
jade, which most people associate with the Far East, is 
actually derived from the Spanish phrase piedra de ijada, 
or “loin stone,” from the material’s reputed value as a cure 
for kidney ailments. Between about 1300 B.C. and the 
Spanish conquest in the 16th century A.D., a number of 
highly civilized, complex societies flourished in Central 
America, including the Olmecs, the Mayans, and the 
Aztecs. These great civilizations left behind carved jadeite 
in many forms. In modern times, several pieces were taken 
from ritual burial sites (Proskouriakoff, 1974); most are 
believed to have been the property of the wealthy, the 
nobility, and the priests. Items found include burial masks, 
rings, collars, and ear flares, as well as disks and pendants. 
The Aztecs are believed to have used jade during human 
sacrifices while the Olmecs are noted for their striking ax- 
god pieces (figure 1}. The finest ax gods were found primar- 
ily in Costa Rica, although it is virtually certain that jade 
does not occur there (Desautels, 1986}. 

Jadeite artifacts of these ancient civilizations have been 
unearthed throughout Central America, Mexico, and even 
Peru; yet the actual sources were lost for nearly 500 years. 
Recently, however, commercially significant deposits have 
been found in Guatemala. This newly rediscovered jadcite 
is fascinating not only because its very study recalls the 
grand civilizations that existed before the Spanish Con- 
quest, but also because it occurs in a wide variety of 
qualities and colors. The author visited Guatemala in 1988 
and returned with samples of the materials that are 
currently being mined there, as well as information on the 
recent history and development of these deposits. The 
samples were subsequently tested, and their gemological 
properties are also reported here. 


HISTORY, LOCATION, AND ACCESS 


When the Spaniards arrived in the region that is now 
Guatemala (about 1519), Mayan chiefs dispatched entire 
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Figure 1. “The Kunz Ax,” made of translucent 
dull blue-green jadeite that undoubtedly origi- 
nated from the area that is now Guatemala, is 
typical of the ax gods fashioned by the Olmecs 
in pre-Columbian times. This 27.2-cm-high arti- 
fact was found in Oaxaca, Mexico, around 
1869, Courtesy of Department of Library Ser- 
vices, American Museum of Natural History. 


families to guard the mines and the secret of their 
location. The Mayans did not realize that the 
Spanish had little use for, or interest in, jadeite; 
they were after gold and emeralds. With the decline 
of the indigenous cultures and the eventual deaths 
of the guard families, the knowledge of where the 
great mines had been was lost. 

In 1952, however, Robert Leslie of the Smithso- 
nian Institution identified some green jadeite that 
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had been found near the small town of Manzanal, 
in the department of El Progreso (figure 2}, when it 
became lodged in a cultivating disker being used 
ona field of tomato plants (J. Ridinger, pers. comm., 
1989). Leslie subsequently found a number of 
detrital nodules in the alluvial terraces of the 
Motagua River near Manzanal (McBirney et al., 
1967). In 1963, McBirney reported finding detrital 
jadeite in the gravels of the same river, but about 70 
km upstream. As late as 1967, McBirney et al. 
lamented that no occurrences of the jadeite in 
bedrock had yet been reported. 

In 1973, Jay and Mary Lou Ridinger, American 
expatriates living in Antigua, Guatemala, began 
their search for jadeite. For almost a year, they 
explored the mountainous region on foot, the 
difficult task was made even more dangerous by 
the ongoing guerrilla warfare in these remote 
regions. Another concern is the deadly “cigarette” 
snake; once bitten by this serpent, the victim lives 
only long enough to smoke a single cigarette. 

In 1974, Mary Lou Ridinger discovered a major 
block of jadeite in a serpentinite bady on a hillside 
in the Zacapa region of the Motagua River Valley. 
Located about 10 km east of Manzanal, this 
occurrence of jadeite was about 2 x 3m (6 x 9 ft.], 
while the surrounding albitic material extended 
another 6-7 m in each direction. These and the 
other eluvial deposits (drift from the weathering of 
jadeite tectonic blocks; Harlow, pers. comm., 
1990}, are probably the source of the alluvial 
material reported by Foshag in 1955 and McBirney 
in 1963. 

The Ridingers have since found jadeite in a 
number of locations in the Motagua River Valley; 
they and others (primarily independent operators} 
continue to prospect in the area (figure 3}. Small 
boulders or “cobbles” are also recovered from the 
beds of streams (notably, Rfo La Palmilla and Rio 
Huijo} that pass near the outcrop (figure 4]. George 
Harlow, of the American Museum of Natural 
History, has visited the region and believes that 
there may be other sources yet undiscovered in the 
valley (pers. comm., 1990]. 

Today, for the most part, sophisticated tech- 
niques are not used to search for jadeite in Gua- 
temala. According to Harlow, searchers commonly 
explore until they encounter serpentinatious ter- 
rain, then walk along the area’s river and stream 
beds until they sight jadeite. Sometimes aerial 
photos are examined for tectonic blocks of jadeite 
in the serpentinite. Because of the proprietary 
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Figure 2. Jadeite has been 
rediscovered in 
Guatemala, near the 
small town of Manzanal, 
in the valley of the 
Motagua River. Artwork 
by Carol Winkler. 


nature of the mining sites, precise directions to the 
locality are not provided with this article. 


GEOLOGY OF JADE 


Formed as a result of metamorphic activity, jadeite 
the world over occurs in lenses and masses, usually 
in serpentinatious rock (Desautels, 1986}. Specific 
information on the occurrence and formation of 
Guatemalan jadeite is available in Harlow (1986 
and in press). Guatemalan jadeite itself is coarsely 
grained, often with large, eye-visible crystals of 
jadeite. This is consistent with the detrital mate- 
rial examined by McBirney et al. (1967). 


MINING METHODS 

Commercial mining of jadeite in Guatemala is a 
rudimentary process. In the Ridinger operation, a 
pick-up truck carries the equipment as close as 
possible to the site, but a full day or longer may be 
needed to then transport the materials by mule or 
on foot to the mining area. Gasoline-powered 


136 — Guatemalan Jadeite 


jackhammers are used to remove the jade lenses 
and boulders from the host rock (figure 5). These 
pieces are then moved by animal and human 
power back to the truck, to be driven to the factory 
in Antigua. No more than five to 10 people at a 
time are involved in any one mining operation (J. 
Ridinger, pers. comm., 1988). 


DESCRIPTION 


The jadeite found in Guatemala is wonderfully 
varied (figure 6}, although even in its finest quali- 
ties, it does not approach the translucency, texture, 
or rich “emerald” green of the classic Burmese 
“Imperial” jadeite. Nevertheless, the Spaniards 
originally thought that fine Guatemalan jadeite 
was emerald (Foshag, 1957). As with many gem 
products, colorful commercial names have been 
created for Guatemalan jadeite; these include 
“Olmec Blue,” “Galactic Gold,” “Watermelon,” 
and “Emerald Green.” The following are brief 
descriptions of the Guatemalan jadeite commer- 
cially available today: 
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Figure 3. Prospectors in 
Guatemala uncovered 
this field of eluvial 
(weathered tectonic 
block) jadeite on the 
northwest side of Cerro 
Colorado, near the town 
of La Palmilla. To the 
north can be seen Sierra 
de las Minas. Photo 
courtesy of George 
Harlow. 


Green: Slightly variegated medium to dark green; 
semitranslucent to opaque; fine to medium tex- 
ture. This color variety includes the best quality 
found to date in Guatemala (figure 6, bottom]. 


“Blue”: Actually a slightly variegated bluish 
green; trahslucent to semitranslucent; fine to 
medium texture (figure 7]. This is the rarest color 
found by the Ridingers (pers. comm., 1990], al- 
though they have not seen the almost pure 
“Olmec Blue” illustrated in Easby (1968), and its 
source remains a mystery. 


Variegated Green: Small, randomly oriented 
patches of white and light grayish green; semi- 
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translucent to opaque; coarse texture with eye- 
visible single crystals of allanite or jadeite (figure 
6, top). 


White: Slightly variegated with brown and gray 
(again, see figure 4); semitranslucent; coarse 
texture with eye-visible single crystals. This is 
the most abundant color (J. Ridinger, pers. comm., 
1990). 


“Black”: Actually very dark green, as is readily 
apparent when viewed with transmitted light 
through a thin section; uniform color; opaque; 
fine texture; potentially commercially important 
(figure 6, left; figure 8). 


Figure 4. This stream- 
polished boulder of 
white jadeite was found 
in one of the small rivers 
{Rio La Palmilla, a tribu- 
tary of the Motagua 
River) in the department 
of Zacapa. Photo cour- 
tesy of George Harlow. 
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Figure 5. To remove jadeite from the area, large 
pieces are usually broken up with a gasoline- 
powered jackhammer. Photo courtesy of Jades S.A. 


Figure 6. The jadeite found to date in the Mo- 
tagua River Valley occurs in many different “va- 
rieties.” Shown here are: top, variegated green; 
left, “black” (actually, very dark green); right, 
pyrite bearing; bottom, green. The largest piece 
(top) is 24.04 x 17.12 «x 5.29 mm. Photo © 
Tino Hammid. 


Pyrite-bearing: Uniform dark green with flecks 
of pyrite throughout; fine to medium texture, 
opaque (figure 6, right). Guatemala is the only 
known source of this material. 


No precise production figures are available for 
the individual “varieties” of Guatemalan jadeite or 
for the total mined to date. At the end of 1989, 
however, Jay Ridinger (pers. comm.) reported that 
he currently had on hand 20,000 tons of “top 
quality” carving material. 


GEMOLOGICAL PROPERTIES 
AND CHEMISTRY 


The author performed standard gemological tests 
on 43 pieces of jadeite from this locality: two 
green, one “blue,” 28 variegated green, four white, 
four black, and four pyrite bearing. The gemologi- 
cal properties of the various colors were remark- 
ably similar. Also, despite the higher content of 
diopside in Guatemalan jadeite, the gemological 
properties are the same as for jadeite from other 
localities with the exception of the coarse granular 
crystalline structure. Table 1 compares the gem- 
ological properties of Guatemalan jadeite to those 
of jadeite from Burma (now Myanmar). 

The refractive index (spot or shadow} of the 
Guatemalan material ranged from 1.65 to 1.67, but 
was usually 1.66. The specific gravity of the 
material tested was within the normal range for 
jadeite, from as low as 3.20 to, more commonly, 
approximately 3.34. Most stones showed the 437- 
nm absorption line in the Beck hand-held spectro- 
scope. Several of the green stones also showed 
chromium-related bands at about 630, 660, and 
690 nm. Although the “black” material did not 
show the 437-nm line, X-ray diffraction analysis 
proved it to be jadeite. Incidentally, X-ray diffrac- 
tion analysis also proved that the yellow mineral 
found in some Guatemalan jadeite is, indeed, 
pyrite. The color filter reaction was inert for all but 
the bluish green material, which was faint red. 

Guatemalan jadeite contains about 10% diop- 
side, which is significantly more than the 1%—2% 
found in Burmese material (Foshag, 1957). Chemi- 
cal analyses of various specimens of jadeite from 
the earlier Manzanal discovery as well as from 
archeological finds in Guatemala were performed 
and compared to the theoretical composition of 
pure jadeite by McBirney et al. (1967); their results 
are reproduced here as table 2, and include Foshag’s 
(1955) analyses. 
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Figure 7. This slab (12.73 x 9.51 x 2.00 mm) 
is typical of the rare “blue” jadeite that has 
been found in the rediscovered jadeite deposits 
of Guatemala. Photo © Tino Hammid. 


TABLE 1,.Gemological properties of jadeite from 
Guatemala and from Burma (Myanmar).4 


Ef et 


Property Guatemala Burma 

Physical Granular appearance Individual crystats 

appearance with eye-visible rarely visible; no 
crystals; pyrite pyrite; greasy to 
inclusions; greasy vitreous luster 
luster 

Colors “Black” (very dark Green; white; 


Transparency 


Refractive 
index (spot 
or shadow) 
Specific 
gravity 
Color filter 


Mohs 
hardness 
Chemica! 
composition 


Visible 
absorption 
spectrum 


green); bluish green: 


white; variegated 
green; dark green; 
pyrite-bearing 
Semitransiucent to 
opaque 

1,.65—1.67 


3.20-3.34 


Negative except for 
the bluish green 
material, which 
showed faint red 


Approx. 7 


NaAl (SiO3)> with 
CaMg {SiO3). up to 
10% 


437 nm in all except 


black; Cr bands in 
some green 


brownish orange; 
lavender; “moss in 
snow" 


Semitransparent to 
opaque 
1.65~-1.67 


3.25-3.40 


Negative 


6'/2—7 


NaAl (SiO3)> with 


CaMg (SiOz). 1-2% 


437 nm; Cr bands 
common in green 


aProperties for Burmese jadeile are frorn GTL files. 


Guatemalan Jadeite 


Figure 8. “Black” jadeite is actually a very dark 
green. This material is frequently used in fine 
jewelry (here, a 13.0 x 11.0 x 6.2 mm cab- 
ochon set with fancy-intense yellow diamonds 
in an 18K gold and platinum ring). It also holds 
a polish well; With normal wear, the polish on 
this cabochon should last many years, owing to 
the hardness and tough interlocking structure 
of the jadeite. Photo by Robert Weldon. 


Diopside-jadeite and acmitic jadeite are also 
found in Guatemala, but neither was examined for 
this article. The refractive index of diopside- 
jadeite, which contains about 50% diopside, is 
1.68 {Foshag, 1957). None of the Guatemalan 
material tested for this study had a refractive index 
that high. According to C. W. Fryer, West Coast 
director of the GIA Gem Trade Laboratory (pers. 
comm., 1988], if the material being tested pos- 
sesses all of the gemological properties of jadeite — 
that is, the appropriate refractive index, specific 
gravity, spectrum, and hardness—it can be cor- 
rectly called jadeite even though the diopside 
content is higher than that usually associated with 
jadeite. 


CUTTING AND POLISHING 


The first step of the cutting process requires that 
the large boulders, many of which weigh hundreds 
of pounds, be broken up. The Ridingers use a 
magnesium torch to heat the boulders (Ward, 1987) 
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and then douse them with water to create cracks. 
Smaller pieces can be placed directly on a 12-inch 
or smaller diamond saw. The pieces are then carved 
or cut en cabochon or into beads. Most of the 
material is processed in Antigua, where there are a 
number of factories, the largest of which is Jades 
S.A., with 10 people employed in cutting and 
polishing. 


COMMERCIAL ASPECTS 


There are three commercial uses for modern 
Guatemalan jade: tourist jewelry and art (figure 9}, 
reproductions of Mayan and Olmec carvings (fig- 
ure 10), and cabochons or smaller carvings for 
karat-gold jewelry. The black jadeite is often used 
in fine jewelry like that shown in figure 8 because 
jadeite’s hardness (approximately 7) and interlock- 
ing crystalline structure prevent it from becoming 
dull over time, a common problem with nephrite 
(Crowningshield, 1973). 

Presently, Guatemalan jadeite is not being ex- 
tensively marketed worldwide, although it has 
been exhibited at international gem shows such as 


Figure 9, These reproductions of Olmec carvings the one held in February at Tucson, Arizona. 
in jadeite, with jadeite and rose quartz beads, are Recently, some material (mostly black} has been 
typical of jewelry found in tourist shops in sold and shipped to cutters in Hong Kong {G. 
Guatemala. Courtesy of Jades S.A. Harlow, pers. comm., 1990). 


TABLE 2. Chemical analyses of Guatemalan jadeite. Table reproduced from McBirney 


et al., 1967. 

1 2 3 4 5 5a 5b 
SiO. 59.40 58.21 58.12 5826 59.18 5897 Si 1.996 066 
TiO. 0.00 0.04 0.31 0.04 0.00 0,00 Aly 9.004 § 
Al,O3 25.25 23.72 2032 22.23 23.73 23,77 AM 0.942 
Fe,03 0.00 0.91 2.49 0.71 0.31 0.32 Ti 0.000 
FeO 0.00 0.24 O77 0.21 0.14 0.14 Fes+ 0.008 
MnO 0.00 0.04 0.07 0.03 0.02 0,02 Fe2+ 0.003 |, ao9 
MgO 0.00 1.20 2.16 2.18 0.95 0.97 Mn 0.001 ( 
CaO 0.00 1,79 3.13 3.72 - 0,95 1,43 Mg 0.049 
Na,O 15.34 13.07 1243 11.91 1436 14.42 Ca 0.051 
KO 0.00 0.18 0.10 0.40 0.00 0.00 Na 0.945 
H,O+ 0.00 0.04 = 

0.46 0.16 0,44 

H,O- 0,00 0,06 coe 
Total 400.00 99.86 100.07 10013 100.17 100.01 


1. Theoretical composition of pure jadeite. 

2. Jadeite from Manzanal, Guatemala, W. F. Foshag analyst (Foshag, 1955). 

3. Jadeite from pea-green colored celt, Guatemala, J. Fahey analyst (Foshag, 1955). 

4. Jadeite from “jade worker's tomb,” Kaminaljuyu, Guatemala, J. Fahey analyst (Foshag, 1955). 
5, Jadeite from Manzanal, Guatemala, K. Aoki analyst (new analysis). 

5a. Analysis no. 5 recalculated by subtracting 2 wt.% albite (An3). 

5b. Atomic proportions calculated from 5a on the basis of six oxygen atoms. 
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Figure 10. This modern 
reproduction of a famous 
Mayan burial mask (16 
cm in diameter) was 
fashioned from the newly 
discovered deposits of 
Guatemalan jadeite. 
Photo courtesy of 

Jades S.A. 


CONCLUSION 


Mesoamerican jadeite was mined, fashioned, re- 
vered, and worn for thousands of years in pre- 
Columbian civilizations, Although “lost” for hun- 
dreds of years, deposits of jadeite were “redis- 
covered” in Guatemala in 1974 and are presently 
being mined by very elementary techniques at 
sites near the small town of Manzanal. 


Guatemalan jadeite varies greatly in color, 
translucency, and texture. It is sold in tourist 
shops, used in reproductions of ancient pieces, and 
set in karat-gold jewelry. The “black” material has 
the greatest commercial potential, while the 
bluish material is the rarest. To date, thousands of 
tons of jadeite have been mined in Guatemala. 
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NOTES 


-AND - 


NEW TECHNIQUES 


WELL-FORMED TSAVORITE GEM CRYSTALS FROM TANZANIA 
By Robert E. Kane, Anthony R. Kampf, and Horst Krupp 


Green grossular garnet crystals of fine form and clar- 
ity have been found recently in Tanzania, at the Karo 
pit of the tanzanite mining belt. Although the crys- 
tals tend to be relatively light in color, they are 
consistent in gemological properties and composition 
with the grossular variety popularly known as 
tsavorite, The very distinct and complex morphology 
of these crystals is remarkable. Eight different crys- 
tallographic forms have been identified, including 
one that has never before been recognized for any 
member of the garnet group. 


Since early 1987, small amounts of gem-quality 
green grossular garnet (tsavorite) crystals (figure 1} 
have been recovered from pockets at the Karo 
tanzanite pit in the Merelani’ Hills of Tanzania. 
The Merelani Hills are located south of Arusha 
and just west of Kimoingan Mountain. The area 
referred to locally and in the trade as the original 
tanzanite mine is actually a mining belt about 
4x1 km which encompasses six major pits (fig- 
ures 2 and 3). These pits are named after the men 
who originally filed mining claims on them (listed 
here in numerical order from one end of the belt to 
the other}: 1—De Souza pit no. 1, 2—Ali 


*Merelani is an anglicized phonic spelling of the local Masai 
word for a tree common to the area. This spelling was em- 
ployed by Bridges {1982}, while Gitbelin and Weibel {1975} 
used Miralani. A third spelling, Mererani, may in fact be 
more accurate. Nevertheless, Merelani is used here to avoid 
further confusion of the literature. 
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Juuyawatu, 3— Papanicolaou, 4—Karo, 5 ~ Georgi, 
and 6—De Souza pit no. 2. The complex tsavorite 
crystals discovered at the Karo pit are particularly 
noteworthy for the perfection of their external 
crystal form (again, see figure 1}. Previously, 
tsavorite found here and elsewhere was almost 
exclusively massive (front portion of figure 4}. 
Occasional incompletely developed crystals with 
extremely crude faces had also been recovered 
{back specimen in figure 4}, but euhedral crystals 
were virtually unknown. 

During a recent visit to Moshi, Tanzania (about 
70 km east of the Merelani Hills}, one of the 
authors (H. Krupp} obtained a number of well- 
formed tsavorite crystals. The largest of these 
(figure 1) weighs 14 grams and is only very slightly 
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included. This crystal was used in this study 
together with a more complete, but also more 
included, 6-gram crystal and a 10.75-ct pear shape 
faceted from a Karo-pit crystal. This article de- 
scribes the occurrence, gemological characteris- 
tics, composition, and morphology of the Karo-pit 
tsavorite crystals. 


OCCURRENCE 


The gem variety of green grossular garnet known 
as tsavorite (or, in some areas, tsavolite) was 
discovered in Tanzania in the late 1960s (Bridges, 
1974). Since then, most commercial mining has 
been based in an area to the south of the Taita Hills 
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Figure 1, Well-formed 
tsavorite crystals are ex- 
ceedingly rare. Recently, 
the Karo tanzanite pit in 
the Merelani Hills, Tan- 
zania, yielded this 14- 
gram crystal and another 
from which the accom- 

| panying 14,.84-ct gem 
was cut. Photo © 

Harold # Erica Van Pelt. 


in neighboring Kenya known as the Taita/Taveta 
district (figure 5). According to Gibelin and Weibel 
(1975), the tsavorite occurs in metamorphic rocks 
consisting primarily of graphite-bearing gneisses 
and marbles. It is generally found in rounded forms 
up to fist size (locally called “potatoes”), which 
have an interior of more or less fractured tsavorite 
surrounded by a shell consisting mainly of epidote 
and scapolite (again, see figure 4). Some of these 
masses exhibit crude crystal form, but generally 
they do not show distinct crystal faces. 
Tanzanite and tsavorite are found in very similar 
geologic environments; although tanzanite and 
tsavorite generally do not occur in commercial 
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Figure 2, This general overview shows a small section of the 4 x 1 km tanzanite mine belt in the 
Merelani Hills, south of Arusha in Tanzania. Photo by Horst Krupp. 


quantity or quality at the same deposit, they are 
often found together. Gubelin and Weibel (1975, 
p. 402} note that green grossular garnets “varying 
in hue and shade between bright lime-green and 
dull dark green .. . are occasionally also seen as 
accessory minerals in the zoisite (tanzanite) mines 
in the Miralani Hills.”. And Bridges (1974) reports 
that tanzanite occurs as a minor accessory mineral 
in fragments or larger shattered crystals at the 
tsavorite mines in Kenya and Tanzania. Bridges 
(1982, p. 274) also states that “The same clay-like 
mineral is associated with these pockets {of tan- 
zanite] as occurs with tsavorite pockets.” 
Bridges (pers. comm., 1989) provided the authors 
with details of the occurrence of tanzanite and 
tsavorite at his Scorpion mine in the Taita/Taveta 
district. In the no. 4 tsavorite ore shoot of this 
mine, what appears to be bluish zoisite (tanzanite] 
forms kelyphitic shells of about 1-2 mm thickness 


Figure 3. Although some operations, such as this one 
at Karo, are open pit, 90% of the current mining in 
the Merelani Hills is underground and involves 
blasting with dynamite. The miners will continue 
through the hole shown in the central right portion of 
this photo until they reach the gem-bearing reef, 
where they will then begin horizontal tunneling. 
Photo by Horst Krupp. 


GEMS & GEMOLOGY Summer 1990 


Figure 4. These tsavorite specimens from the 
Lualenyi mine, Taita/Taveta district, Kenya, are 
typical of the form in which most tsavorite is 
found. The specimen at the top (20 cm across) 
contains large, crudely formed crystals. The 
two smaller specimens are typical broken 
“potatoes.” Photo by Shane McClure. 


around green grossular (tsavorite}| nodules, Bridges 
interprets the tanzanite shell as being the result of 
retrograde metamorphism. In this ore shoot, com- 
pacted crystal groups and individual crystals with 
a few distinct faces were encountered. Rare exam- 
ples of crystals with all faces present, but possess- 
ing the kelyphitic tanzanite shell, have been 
found. A parallel ore shoot in this mine contains 
beautifully colored but badly shattered tanzanite, 
sometimes in the form of crystals. 

One of the authors (H. Krupp} spoke with miners 
who have worked the tanzanite mine belt in the 
Merelani Hills. They confirmed that tsavorite has 
been found there, but usually in small fractured 
masses, with only a few pockets yielding tsavorite 
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crystals. They did not provide information regard- 
ing the quantity or quality of these crystals. Yet no 
other mining area has produced well-formed, gem- 
quality crystals of tsavorite. 

The well-formed tsavorite crystals examined by 
the authors were free of matrix. Only traces of 
graphite were noted still adhering to the crystals, 
it is not known whether tanzanite was found in 
direct association with the tsavorite crystals. 


GEMOLOGICAL PROPERTIES 

The gemological properties of the 6-gram crystal 
(figure 6) and the 10.75-ct faceted stone from the 
Karo pit are summarized in table 1. These proper- 
ties are generally consistent with those of other 
tsavorites from various localities in Kenya and 
Tanzania (Manson and Stockton, 1982}. 

The most noteworthy characteristics of these 
tsavorites are their weak orange transmission 
luminescence and their dull chalky orange fluores- 
cence to both short- and long-wave ultraviolet 
radiation. In the authors’ experience, this behavior 
is not often observed in tsavorite; when it is, it is 
generally restricted to material with a light to 


medium-light tone similar to the Karo-pit crystals. 


Although these tsavorite crystals are notable for 
their high degree of clarity, we did observe a 
number of internal features, none of which is 
unusual for tsavorite (see, e.g., Giibelin and Koi- 
vula, 1986). These include straight and angular 
growth features, as well as graphite inclusions. 
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Figure 6. This 5,42-ct 
faceted tsavorite from 
the Karo pit was cut 
from a crystal fragment 
recovered along with 
well-formed crystals 
such as the 6-gram one 
shown here. Photo © 
Harold & Erica Van Pelt. 


TABLE 1. Gemological properties of tsavorite found 
as well-formed crystals at the Karo pit, Merelani Hills, 


Tanzania.4 

Color 
Hue Slightly yellowish green 
Tone Light to medium light 
Saturation Moderately strong 


Refractive index 
Polariscope reaction 


Optical absorption 
spectrum® 


Transmission 
luminescence 


Chelsea color filter 


Fluorescence to 

UNV. radiation 
Long-wave 
Short-wave 


Phosphorescence to 
UV. radiation 


Specific gravity® 
Microscopy 


1.737 


Single refraction, with a weak to 
moderate anomalous-double- 
refraction effect 


Broad absorption blocking out all 
of the violet and most of the blue 
portions of the spectrum and a 
broad diffuse band of weak 
intensity at approximately 580— 
610 nm 


Weak orange 


No reaction 


Moderate dull chalky orange 
Very weak dull chalky orange 


None 


Approximately 3.58 


Straight and angular growth 
features; graphite inclusions 


@Properties listed were obtained from one rough crystal weighing 6 
grams and one faceted mixed-cut pear shape weighing 10.75 ct. 

©As observed through a GIA GEM Instruments fiber-optic spectroscope 
unit with a Beck prism spectroscope. 

cDetermined by the hydrostatic weighing technique. 
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CHEMICAL COMPOSITION 


The composition of tsavorite from Kenya and 
Tanzania has been studied by many workers 
(Switzer, 1974, Gtibelin and Weibel, 1975; Am- 
thauer, 1975; Schmetzer, 1978; Bank et al., 1979; 
Manson and Stockton, 1982; Schmetzer and Bank, 
1982). All have reported a composition close to 
that of pure grossular, but with significant quan- 
tities of V,O, and, usually, lesser quantities of 
Cr,O3. The green color has been attributed to V3 + 
and/or Cr+, and it has been observed to vary in 
intensity with the amounts of these chromophores 
present. 

Analysis of the 6-gram crystal on an electron 
microprobe yielded the chemical composition 
shown in table 2. This is similar to those deter- 
mined for tsavorites by the other researchers cited 
above. The amounts of Cr,O3 and V,O, deter- 
mined, 0.05 and 0.19 wt.%, respectively, are to- 
ward the low end of the ranges reported in the other 
studies. This is consistent with the relatively light 
tone exhibited by the cut stone and crystals 
examined. 


CRYSTAL ‘MORPHOLOGY 


The most remarkable aspect of the tsavorite crys- 
tals described here is the perfection of their faces 


TABLE 2. Chemical composition® of a 6-gram 
tsavorite crystal from the Karo pit, Merelani Hills, 
Tanzania. 


Oxide Weight %© 
SiO. 40.33 
TiO, 0,28 

AlsO3 22,49 
V20,3 0.19 

FesOg 0.26 

Crz05 0.05 
MgO 0.02 
CaQ 37.16 
MnO 0.27 


TOTAL 101.05 


aAnalyses were performed on a JEOL 733 microprobe operating at a 
beam accelerating potential of 15 kV, a current of 35 nA, and spot size 
between 10 and 25 um. The data were corrected using the program 
CITZAF (Armstrong, 1988), employing the absorption corrections of 
Armstrong (1982), the atomic number corrections of Love et al. (1978), 
and the fluorescence corrections of Reed (1965), as modified by 
Armstrong (1988). Paul Carpenter, California institute of Technology, 
analyst. 

‘Average of five point analyses. 


(figure 7). Heretofore, even a crude face on a 
tsavorite fragment was considered unusual. The 
distinctness and high luster of the faces on these 
crystals enabled us to measure precisely their 


Figure 7. In this top view of the 14-gram tsavorite crystal shown in figure 1, all 39 of the faces 

measured on this crystal—and labeled in the accompanying crystal drawing—can be seen. The 
crystal forms noted are: d {011}, e {012}, g {023}, 1 {035}, « {045}, n {112}, s {123}, and w {1-10-16}. 
Photo © Harold # Erica Van Pelt. 
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complex morphology with a Huber two-circle 
optical goniometer. 

Both the 6- and 14-gram crystals were found to 
exhibit the same crystallographic forms (sets of 
equivalent faces), although the relative develop- 
ment of these forms differed somewhat between 
the two crystals. A total of eight forms were found. 
The labels and Miller indices of these forms are as 
follows: d {011}, e {012}, g {023}, 1 {035}, « {045}, n 
{112} s {123}, and aw {1-10-16}. 

The eight crystallographic forms have been 
noted on the appropriate faces in the drawing of the 
14-gram crystal that appears in figure 7. The three 
growth hillocks on the large g face are composed of 
the same group of faces, which is labeled only on 
the largest of the hillocks. A total of 39 faces were 
measured on this crystal, and the crystal is less 
than half complete. 

Of special note is the presence of faces corre- 
sponding to the a {1-10-16} form. To our knowl- 
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edge, this crystallographic form has never before 
been reported for any member of the garnet group. 


CONCLUSION 


Unlike most other facetable gem minerals, 
tsavorite generally does not occur in well-formed 
crystals. The tsavorites documented here from the 
Karo pit of the tanzanite mine belt, Merelani Hills, 
Tanzania, are extraordinary for the perfection of 
their faces. From a crystallographic point of view, 
these samples are even more remarkable for promi- 
nently exhibiting the m {1-10-16} crystal form, 
which has never before been reported for any 
member of the garnet group. 

Although stones faceted from the green grossu- 
lar crystals described here are generally less in- 
tense in color than is considered optimal for 
tsavorite, their chemical composition and gem- 
ological properties are consistent with those of 
previously studied tsavorites. 
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DIAMOND GRIT-IMPREGNATED TWEEZERS: 
A POTENTIALLY DESTRUCTIVE GEMOLOGICAL TOOL 


By John I. Koivula, Edward Boehm, and Robert C, Kammerling 


The authors examined diamond grit-impregnated 
tweezers that reportedly were being marketed out of 
Japan. The tweezers were shown to damage virtually 
any type of gemstone with the possible exception of 
diamond; owners of these tweezers are advised to use 
caution. 


Just as a tennis racket is an extension of the arm 
for the professional tennis player, so a pair of 
tweezers is an extension of the hand for the 
jeweler-gemologist. The gemologist thinks no 
more about how to use tweezers when examining a 
stone than a tennis player does about racket 
technique during match play. Years of practice 
make these actions automatic, almost instinctive. 

And yet it is this very instinctiveness that can 
cause problems when a new type of tool is used in 
the same,nianner as the more familiar one. It was 
with this in mind that the authors investigated a 
new type of tweezers that appeared to be poten- 
tially damaging to gemstones. 

Instead of the standard metal “waffle pattern” 
seen on most gem tweezers (figure 1, top], thisnew 
type is impregnated with particles of randomly 
oriented, sharp-edged diamond grit (figure 1, bot- 
tom}. According to the literature that accompanied 
the tweezers (which were sold in pairs—one fine 
point and one medium point —and are reportedly 
manufactured in Japan], the purpose of the dia- 
mond grit is to give them a superior grip in 
handling diamond melee. It is interesting to note 
in this regard that our extensive use of these 


ABOUT THE AUTHORS 


Mr. Koivula ts chief gemologist, and Mr. Kammerling is director 
of technical development, at the Gemological Institute of Amer- 
ica, Santa Monica, California; Mr. Boehm, formerly with Over- 
land Gems, Los Angeles, is now working for the GUbelin Gem- 
mological Laboratory in Lucerne, Switzerland. 


Acknowledgments: The authors thank Peter and Bobbi Flusser 
of Overland Gems for providing the diamond-impregnated 
tweezers investigated for this report and for bringing to our at- 
tention the potential for gemstone damage. 


Gems & Gemology, Vol. 26, No. 2, pp. 149-151 
© 1990 Gemological Institute of America 


Notes and New Techniques 


Figure 1. The tweezers at top show the scored 
metal “waffle” pattern of standard tweezer tips, 
while those below are impregnated with dia- 
mond grit. Photomicrograph by John I. Koivula; 
magnified 3x. 


tweezers during testing did not reveal any signifi- 
cant difference in grip from the standard type. 

Although the tweezers were designed for use 
with small diamonds, it would not be unusual for 
someone to forget, once the tweezers were in the 
workplace, and use them to manipulate other 
gems as well. Given that diamond is the hardest 
naturally occurring substance known, what is the 
risk of using these tweezers to handle colored 
stones such as sapphires, rubies, or emeralds? Also, 
diamond has directional hardness. And it is reason- 
able to assume that if the diamond grit was 
randomly implanted into the tips of the tweezers, 
some of the grains would be oriented so that their 
hardest directional surfaces were at the gripping 
surface of the tweezers. Wouldn’t this present a 
hazard even to diamond? 

To answer these questions, we decided to test the 
tweezers with regard to their potential for damage 
to synthetic ruby (Mohs hardness 9) and diamond 
(Mohs hardness 10) round brilliants. If either of 
these materials was darnaged by the tweezers, all 
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other gem materials (which have comparable or 
lower hardness} would be at risk as well. 


TESTING 


For this test, we selected a 2.39-ct round bril- 
liant—cut flame-fusion synthetic ruby (8.32-8.39 
mm in diameter) and a 0.21-ct round brilliant—cut 
diamond (3.70-3.72 mm in diameter}. 

It is standard procedure in both gem identifica- 
tion and diamond clarity grading to examine a 
stone first through its largest facet, the table. For 
this procedure, the stone is usually picked up by 
the girdle edge. However, the next step commonly 
is examination through crown and pavilion 
facets, for which the stone is held table-to-culet (as 
shown in figure 2) so that it can be easily rotated 
and then examined through facets around its 
circumference. 

With standard metal-tipped tweezers, such a 
procedure presents little potential for damage to 
all but the softest of gem materials, because 
stainless steel has a Mohs hardness of only about 
5'/2 to6. The contact surface of the diamond- 
impregnated tweezers, however, exceeds the hard- 
ness of all gems but diamond. 

Before handling either the synthetic ruby or the 
diamond with the tweezers, we photomicro- 
graphically documented the condition of their 
table facets in surface-reflected light (figures 3 and 


Figure 2. As part of the identification and eval- 
uation of a gemstone, it is commonly held in 
the tweezers table-to-culet for examination 
through the crown and pavilion facets. Photo- 
micrograph by John I. Koivula. 


~ 
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4), We then picked up the synthetic ruby with 
standard medium-point, metal-tipped tweezers 
table-to-culet, using normal finger pressure. The 
stone was rotated 360° a total of 10 times and then 
carefully examined with magnification. We ob- 
served no damage on the table of the stone. 

Next, using normal finger pressure, we picked 
the synthetic ruby up table-to-culet with the 
diamond-impregnated tweezers and rotated it once 
through 360°. This caused considerable damage to 
the stone: The table was covered with numerous 
concentric scratches (figure 5). 

We then proceeded to pick up the diamond table- 
to-culet with the fine-tipped diamond-impreg- 
nated tweezers and, again using normal finger 
pressure, rotated it through 360°. When we subse- 
quently examined the stone with magnification, 
there was no indication of damage. Next, we 
rotated the diamond a total of nine more times 
through 360° and reexamined it; again, visual 
inspection with magnification revealed no dam- 
age. We continued the procedure, reexamining the 
table facet after every LO rotations. We noted the 
first evidence of damage after a total of 50 rota- 
tions. After a total of 100 rotations, damage was 
severe (figure 6). Notice the broken circular (as 
opposed to complete circular) pattern of the 
scratches. This results from “skipping” as the 
randomly oriented diamond grains in the tweezers 
encountered harder directions in the subject dia- 
mond. 


CONCLUSION 


Rubies and sapphires are correctly considered 
hard, durable gems. Yet the diamond-impregnated 
tweezers easily produced significant surface dam- 
age to the table facet of the synthetic ruby tested. If 
the tweezers can do this amount of damage to such 
a relatively hard gemstone, it is reasonable to 
expect that they would be even more destructive to 
softer gem materials such as alexandrite, garnet, 
tanzanite, tourmaline, and the quartz varieties. A 
cursory examination of a hardness comparison 
table in any standard gemological reference (e.g., 
Liddicoat, 1989; Webster, 1983] reveals that the 
majority of gemstones are notably lower in Mohs 
hardness than diamond and corundum. 

While rather extreme handling was necessary to 
produce the damage shown in figure 6, the fact 
remains that the diamond-impregnated tweezers 
do have the potential to scratch even diamond. 
And a single scratch is all that is needed to remove 
a diamond from the flawless category. Because the 


GEMS & GEMOLOGY Summer 1990 


Figure 3. This photomicrograph shows the con- 
dition of the table facet on the 2.39-ct synthetic 
ruby before it was handled with the diamond- 
impregnated tweezers. Photomicrograph by 
John I. Koivula; magnified 5x. 


Figure 5. After only one 360° rotation in the 
jaws of the diarnond-impregnated tweezers, 
considerable damage was done to the table 
facet of the synthetic ruby seen in figure 3. Pho- 
tomicrograph by John I. Koivula; magnified 4x. 


Figure 4, This photomicrograph shows the con- 
dition of the table facet on the 0.21-ct diamond 
before it was handled with the diamond-im- 
pregnated tweezers. Photomicrograph by John I, 
Koivula; magnified 12x. 


table is generally the largest facet on a gemstone, 
recutting a stone to remove damage from the table 
area will usually result in a significant loss of 
weight. 

Damage such as that described here is appar- 
ently occurring to gems in the marketplace. Gem- 
ologists in the GIA Gem Trade Laboratory have 
reported seeing rubies and sapphires with concen- 
tric circular scratches on their tables (R. 
Crowningshield, pers. comm., 1989). Gem dealers 
have encountered diamonds, as well as colored 
stones, with similar damage (H. Adler, pers. 
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Figure 6. This damage was evident on the table 
of the diamond illustrated in figure 4 only after 
one hundred 360° rotations in the jaws of the 
diamond-impregnated tweezers. Photomicro- 
graph by John I. Koivula; magnified 12x. 


comm., 1989). The jeweler-gemologist is advised to 
exercise great caution when using diamond-im- 
pregnated tweezers and to avoid using them on any 
gem material other than diamond. 
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Cultured CALCAREOUS 
CONCRETIONS 


At the February 1990 Tucson Gem 
and Mineral Show, several staff 
members saw a number of concre- 
tions that had been found during the 
harvest of cultured black pearls from 
Pinctada margaritifera mollusks in 
the South Seas. These concretions, 
which averaged approximately 12 
mm in diameter, were a fairly even 
dark brown,to black in color, but 
lacked any hacreous deposits. The 
client asked us to investigate why in 
these instantes the mollusk did not 
produce the expected cultured pearl 
but rather a concretion. 

With magnification, all of the sam- 
ples showed a cellular structure in 
the dark surface areas {figure 1} that 
is characteristic of most calcareous 
concretions. In one of the samples, we 
also noticed an underlying lighter 
colored area that had no structural 
characteristics (figure 2}. This area 


Figure 1. The cellular structure 
characteristic of calcareous 
concretions is readily apparent 
in these dark surface areas. 
Magnified 20x. 
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did not fluoresce when exposed to 
long-wave ultraviolet radiation, al- 
though the outer layer with the cellu- 
lar structure did fluoresce a faint 
yellow, similar in appearance to that 
seen in some areas of the prismatic 
calcite layer of the shell itself. An 
X-radiograph of the concretion re- 
vealed the bead nucleus surrounded 
by a heavy conchiolin layer, thus 
proving that the concretions were 
indeed the result of a culturing pro- 
cess. The mollusk had apparently 
started to build the different shell 
layers around the inserted nucleus, 
but had stopped before producing 
any nacreous layer. We could only 
speculate that the mantle-tissue 
graft inserted into the mollusk dur- 
ing the culturing process did not 
contain (probably by accident; i.e., 
the critical area was cut off} those 
cells crucial to the production of this 
nacreous layer. KH 


Figure 2. The light-colored nu- 
cleus visible under the dark 
surface of this calcareous con- 
cretion has no apparent 
structure and thus cannot be 
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Figure 3. This 21,26-ct slab of 
imitation coral is comprised of 
barium sulfate, a plastic 
binder, and a coloring agent. 


Imitation CORAL, 
Barium Sulfate 


The West Coast laboratory recently 
received for identification the 21.26- 
ct orangy red, partly polished, sawed 
slab illustrated in figure 3. Routine 
gemological testing quickly identi- 
fied the material as manmade, appar- 
ently intended to imitate coral. 
When viewed with overhead illu- 
mination, the slab appeared opaque, 
but when placed over an intense light 
source, it transmitted a moderate 
amount of light. To the unaided eye, 
the polished side appeared to be a 
fairly even orangy red with a waxy 


Editor's Note: The initials at the end of each 
item identify the contributing editor who 
provided that item. 
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luster. However, with low (less than 
20 x ) magnification and oblique illu- 
mination, a subtle inhomogeneous 
appearance was evident: an irregular, 
randomly oriented, whitish pink 
“veining” that somewhat resembles 
the “spiderweb” pattern seen in some 
imitation turquoise. Also observed 
were minute, opaque, metallic-ap- 
pearing black inclusions. 

The material showed an indistinct 
refractive index reading of around 
1.58. The specific gravity, as deter- 
mined by the hydrostatic method, 
was approximately 2.33. The hard- 
ness — tested in a discreet area— was 
estimated to be 2 !/2 to 3. 

To determine the exact nature of 
the material, we used sophisticated 
testing methods. X-ray powder dif- 
fraction analysis produced a pattern 
that matched the standard pattern for 
barium sulfate. An infrared spec- 
trum obtained to determine if a plas- 
tic-type binder was used revealed a 
strong, sharp peak at 1733 cm~—|!, 
typical of a polymer. This absorption 
band has also been observed in plas- 
tic-treated (stabilized) turquoise and 
in some manufactured turquoise im- 
itations {see “The Identification of 
Turquoise by Infrared Spectroscopy 
and X-ray Powder Diffraction,” by 
Th. Lind, K. Schmetzer, and H. Bank, 
Gems & Gemology, Vol. 19, No. 3, 
1983, pp. 164-168). RK 


DIAMOND 


Etch Channels in 


Etching of a diamond crystal by 
chemical dissolution can take any of 
several different forms. The appear- 
ance of trigons was discussed in the 
Lab Notes section of the Spring 1990 
issue of this journal, while the Win- 
ter 1988 Lab Notes mentioned lami- 
nar dissolutions on octahedral faces. 
Recently, the East Coast laboratory 
observed etch channels along the 
edges of octahedral faces on a 3.57-ct 
rough diamond (figure 4). 

As stated in Orlov’s Mineralogy of 
Diamonds (J. Wiley & Sons, New 
York, 1973, p. 82}: “The internal 
structure of the crystal has consider- 
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Figure 4. Etch channels are ev- 
ident on the edges of this 
octahedral diamond crystal. 
Magnified 10x. 


able influence on the nature of the 
dissolution surfaces. Different kinds 
of defects, twinning, inhomogeneous 
interna] structure, all reveal them- 
selves on the surfaces and in the 
resulting diversity of striations and 
sculptures.” DH 


Another Purple Diamond 

As mentioned in the Summer 1988 
Lab Notes section, purple diamonds 
are rare. The !.04-ct modified-bullet- 
shape brilliant cut shown in figure 5 
was graded as fancy purple, natural 
color. The East Coast laboratory 
thought that the key color was 
closely matched by ColorMaster co- 
ordinates C-23/59/66, with a tone of 


Figure 5. The color of this 1.04- 
ct modified bullet-shaped pur- 
ple diamond is quite rare. 


5.0 and a saturation of 1.0. Unlike the 
grayish purple diamond described in 
the 1988 entry, this stone had no 
discernible gray component when 
examined in the GIA Gem Trade 
Laboratory’s standardized grading 
environment, using a Verilux day- 
light-balanced light source. Al- 
though this diamond did not display 
the 550-nm line in the hand-held 
spectroscope seen in other purple 
diamonds, it showed broad absorp- 
tion in that area when tested with a 
Pye-Unicam U.V.-visible spec- 
trophotometer. It was grained inter- 
nally and had numerous surface 
grain lines as well. 

The I.R. spectrum (figure 6], ob- 


Figure 6. This infrared absorption curve shows that the purple dia- 
mond seen in figure 5 is a type IaA diamond. 
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tained using a Nicolet Fourier trans- 
form infrared spectrometer, shows 
that this stone is a type laA diamond. 
Type IaA diamonds contain nitrogen 
in pairs. Unlike type IaB diamonds, in 
which the nitrogen is bonded in trip- 
lets, laA diamonds do not display the 
classic Cape series of absorption 
lines. DH 


Radioactive GLASS Egg 


The 7-oz. (198-gram] glass egg shown 
in figure 7 was submitted for identi- 
fication to the East Coast laboratory. 
It was found to be singly refractive, 
with the spherical bubbles and swirls 
typical of glass; it also fluoresced a 
very strong greenish yellow, similar 
to the fluorescence seen in some 
synthetic spinels with this body 
color. 


Figure 7. This yellowish green 
glass egg, measuring approx- 
imately 68.50 x 47.85 mm, 
proved to be almost 10 times 
as radioactive as normal back- 
ground. 


Since the body color reminded the 
staff of that seen in the radioactive 
uranium glass once used for table- 
ware, we tested this glass egg for 
residual radioactivity. We found it to 
be quite “hot,” with measurements 
nearly 10 times that of our normal 
background radiation, In this re- 
spect, it approaches the radioactivity 
of the rough sample of uranium glass 
reported by Nassau and Lewand in 
their article about radioactive syn- 
thetic spinel and glass triplets, which 
appeared in the Winter 1989 issue of 
Gems # Gemology, RC 
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Figure 8, It is unusual to see a 
banded structure in lapis 
lazuli. Magnified 4x. 


Banded LAPIS LAZULI 


The Spring 1988 Lab Notes section 
described and illustrated a very un- 
usual example of lapis lazuli. As our 
readers may recall, the distinctive 
characteristic was a striated struc- 
ture that was easily visible to the 
unaided eye. Recently, our West 
Coast laboratory received for identi- 
fication a 4-ct oval cabochon show- 
ing the same unusual structure 
{figure 8], with gemological proper- 
ties almost identical to those of the 
material previously seen: RI. (spot} 
1.51 and S.G. {hydrostatic method} 
2.85. With magnification and a 
strong overhead light, the unusual 
arrangement that produced the stri- 
ated effect became easily visible: 
Dark blue grains closely packed in 
layers alternated with areas that con- 
tained both transparent near-color- 
less and opaque dark blue grains. 
X-ray diffraction analysis resulted in 
a pattern that showed a mixture of 
the major components that make up 
lapis lazuli: lazurite, hatiyne, and 
mica {as well as another, undeter- 
mined mineral}. We subsequently 
learned from our client that this 
banded material originates in Af- 
ghanistan; he could not provide in- 
formation on the exact locality. 

KH 


PEARLS 


Gray Baroque Cultured Pearl 


The dark gray baroque cultured pearl 
in figure 9, grown in a Japanese salt- 
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water mollusk, was chosen for 
mounting as a tie tack because of its 
particularly lustrous appearance. 
Fortunately, X-radiographs were 
taken in the East Coast laboratory to 
locate the nucleus before the pearl 
was drilled. Had that not been done, 
it is quite possible that the drill 
would have missed the nucleus and 
subjected the very thin nacre to 
irreparable damage. Figure 10 shows 
X-radiographs taken from two differ- 
ent directions after the pearl was 
drilled and the tie tack assembled. It 
is easy to visualize what could have 
happened if the drill had missed the 
point of contact between the nucleus 
and the nacre. X-radiographs of such 
cultured pearls suggest that stringing 
them into a necklace can be quite 
risky. 

Incidentally, people in the trade 
had mistaken this specimen for a 
natural-color gray Tahitian cultured 
pearl. However, the bead nucleus is 
only 7.5 mm in diameter, smaller 
than the nuclei customarily used in 
Tahiti. RC 


Figure 9. This approximately 
12 x 14 mm baroque dark 
gray cultured pearl was X- 
radiographed before it was 
drilled, 


“Well-Worked” Pearl 

The 22,70 x 15.60 mm natural ba- 
roque pearl recently seen in the East 
Coast laboratory (figure 11} is se- 
curely held in a custom-designed 
gold pendant that appears to be old. It 
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Figure 10. Two different X-radiographic views of the cultured pearl 
shown in figure 9 illustrate the importance of proper location of the 
drilling site. Note the large area between the nucleus and the nacre 


in the view on the left. 


Figure 11, This attractively 
mounted 22.70 x 15.60 mm 
baroque pearl has been re- 
paired in a number of areas; 
note the small pearl (on the 
side near the bottom) that has 
been used to plug an existing 
hole. 


is an example of the lengths to which 
jewelers once went to use a rare gem 
material. The pearl has been half 
drilled in four places, unwanted areas 
have been judiciously removed, and 
other areas show signs of repair—one 
hole is even plugged with a small 
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natural pearl. This pearl plug can be 
seen on one side about a third of the 
way up from the bottom of the pen- 
dant. RC 


Unusual Gem-Quality 
SODALITE 


Figure 12 shows part of an 11-strand 
hank of more than 2,000 semi-trans- 
parent blue beads, averaging approx- 
imately 2.0 to 2.5 mm, that recently 
came into the East Coast lab for 
identification. At first glance, be- 
cause of their uniformity in color and 
appearance, they resembled some 
sapphire —actually, synthetic sap- 


phire — beads we have seen. However, 
the spectrum seen with a hand-held 
spectroscope readily identified them 
as sodalite. It is surprising that a 
material with a relatively low refrac- 
tive index (1.48 versus 1.76) and 
much lower hardness (5 to 6 versus 9} 
could so closely resemble corundum. 
Figure 13 illustrates the relative 
transparency and fine polish of these 
handsome beads. RC 


Figure 13. The transparency 
and fine polish of the sodalite 
beads shown in figure 12 are 
evident even at 10x magnifi- 
cation. 


SPINEL from Tanzania 


The West Coast laboratory recently 
received for identification the 2.28-ct 
purplish pink faceted pear shape il- 
lustrated in figure 14, Subsequent 
testing revealed that it was a natural 


Figure 12. These fine-quality 2-2.5 mm beads resembled natural or 
synthetic sapphire in appearance, but proved to be sodalite. 


v) 
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Figure 14. This 2.28-ct purplish pink spinel is 
reportedly from Tanzania. 


spinel (R.I. 1.714; singly refractive 
with very weak anomalous double 
refraction; S.G. by hydrostatic 
method of approximately 3.60; 
strong and very weak red fluores- 
cence to long- and short-wave ULV. 
radiation, respectively; characteris- 
tic absorption spectrum}. An inter- 
esting feature was noted, however: 
When the spinel was placed over the 
intense light emitted through a small 
opening of the iris diaphragm on the 
spectroscope unit, a moderate to 
strong whitish blue transmission- 
type effect was very evident (see 
figure 15]. This phenomenon was 
also apparent to the unaided eye 
when the stone was held a few inches 
from either an incandescent or fluo- 
rescent light source. A faint bluish 
hazy cast was seen when the spinel 
was held at “arm’s length” in sun- 
light. This is probably a scattering 
effect caused by minute inclusions, 
or dislocations, similar to the reac- 
tion seen in some other gem mate- 
rials, 

With the microscope, we observed 
that although the stone was slightly 
included, the parallel rows of tiny 
octahedra that are so frequently en- 
countered in spinels from the classic 
localities of Burma and Sri Lanka 
were conspicuously absent. In addi- 
tion to the “cloudy” transmission 
effect discussed above, the most 
prominent internal features were nu- 
merous “sheets” of polysynthetic 
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Figure 15. With intense light, the spinel showed a 


strong blue transmission-type effect. 


twinning planes. These planes inter- 
sected in two directions throughout 
the gem, and in several areas they 
were associated with coarse needles 
or growth tubes. Immersion of the 
stone in methylene iodide revealed 
faint color zoning, which appeared to 
be in alignment with some of the 
twinning features discussed above. 
Also dispersed through most areas 
were densely packed clouds of what 
appeared to be exsolutions of tiny 
particles and needles oriented in 
three directions. A few small, thin, 
transparent, near-colorless tabular 
euhedral crystals were present. 

The physical and optical proper- 
ties, as well as color and visual ap- 
pearance, of this spinel match those 
of spinels from a “new” deposit in 
Tanzania that were shown to the 
writer by Mrs. Eckehard Petsch dur- 
ing a recent visit to Idar-Oberstein. 
Tanzanian spinel was also available 
at the 1990 Tucson Show. The owner 
of the spinel described here reported 
that the stone was indeed from Tan- 
zania. RK 


SYNTHETICS and 
SIMULANTS 
in Period Jewelry 


The East Coast laboratory again had 
the opportunity to examine some 
interesting period pieces. The blue 
stone in the pierced earring shown in 
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figure 16 certainly appeared to be in 
good company, set ina silver top/gold 
back earring with near-colorless old- 
mine brilliants and Swiss cuts—a 
combination that was common be- 
fore the turn of the century. The blue 
stone proved to be glass, with a re- 
fractive index of 1.57. It could well be 
the replacement for a stone lost from 
an original near-antique piece. How- 
ever, an even greater mystery is in 
the markings on the gold (figure 17): 
the number 583, a quality stamp, and 
a symbol consisting of a five-pointed 
star within which is a hammer and 
sickle, The style was recognized as 
Russian by a member of our staff 
who is of Russian extraction. How- 
ever, we have been unable to deter- 
mine if this symbol was in use in pre- 


Figure 16. This faceted blue 

glass, surrounded by old-mine- 
and Swiss-cut diamonds, prob- 
ably replaced the original cen- 
ter stone in this period earring. 
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Figure 17. The unusual hall- 
marks on the gold post of the 
earring in figure 16 raise some 
questions as to when and 
where it was fashioned. Mag- 
nified 10x. 


revolutionary Russia, or even if the 
piece is indeed Russian. If the ham- 
mer and sickle came into use only 
after the 1917 revolution, then the 
piece would have to be considered a 
reproduction. 

The ring shown in figure 18 con- 


A 


Figure 18. Since synthetic blue 
sapphires were not made be- 
fore 1910, this ring may be a 
reproduction of an earlier piece, 
with diamond chips used 

to suggest the earlier dating. 


tains three very deeply cut synthetic 
sapphires that resemble some Sri 
Lankan sapphires we have seen. The 
silver top and gold shank again sug- 


HISTORICAL NOTE 


gest a turn-of-the-century dating for 
the ring. Of particular interest, and 
to usa rarity, is the fact that the near- 
colorless accent stones are com- 
pletely unpolished diamond chips 
(again, see figure 18}. The blue stones 
appear to be undisturbed in the set- 
ting and therefore are probably origi- 
nal. The earliest date for these syn- 
thetics would be 1910, so the piece 
could not have been made before 
then. RC 


FIGURE CREDITS 

The photomicrographs in figures 1, 2 and 8 
are the work of John |. Koivula. Figures 3, 
14, and 15 are by Robert Weldon. Dave 
Hargett is responsible for ligure 4. Vincent 
Cracco took the photo for figure 5. The 1.R. 
spectrum in ligure 6 was produced by Ilene 
Reinitz. Nicholas DelRe provided figures 7, 
9, 11-13, and 16-18. The X-radiograohs 
reproduced in figure 10 were taken by 
Robert Crowningshield. 


Highlights from the Gem Trade Lab 25, 15, and five years ago 


SUMMER 1965 


The New York lab commented on 
seeing for the first time a gray-blue 
kornerupine set in jewelry. They also 
mentioned a color-change sapphire, 
two cat’s-eye apatites, and a number 
of painted diamonds that were being 
fraudulently sold as natural color by 
a 47th-Street jeweler. 

The Los Angeles lab reported on a 
beautiful aquamarine that was fac- 
eted on the pavilion but had a buff top 
carved with the head of a lady who 
was wearing a heavy bead necklace 
and a hair ornament. They also de- 
scribed and illustrated a badly dam- 
aged diamond ring. The owner 
remembered hitting the side of the 
swimming pool a few times with it, 
but didn’t realize the damage caused. 
The stone had chips extending from 
the girdle to the culet on all four sides 
between the prongs of the setting. 


SUMMER 1975 


Several examples of very beautiful 
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scrimshaw work on sperm whale 
teeth were examined and illustrated 
by the Los Angeles laboratory. An 
unusual occurrence of corundum in 
pinite was discussed and shown by 
reflected and transmitted light, with 
the difference in hardness of the two 
materials readily apparent from the 
difference in luster. Another rare 
item was a snuff bottle carved from 
the beak of a hornbill. The red color 
of the casque on the bill was evident 
as a darker rim on the edges of the 
bottle. 

The New York lab saw first-hand 
the effects of too much heat on a 
diamond. The ring in which the 
stone was set had been repronged 
with the stone in place and no effort 
made to protect it. As a result, the 
diamond was burned beyond recogni- 
tion, with all of the facets destroyed. 

The color changes that can occur 
in GGG (gadolinium gallium garnet} 
when it is exposed to ultraviolet 
radiation and then heated were cov- 
ered in detail. The stones turn brown 
when exposed to U.V. radiation but 


return to their original color on heat- 
ing. A “Mood Stone” was examined 
and found to be a quartz cabochon 
backed with an unknown material 
that changes color as the tempera- 
ture changes. The color-change effect 
is very similar to that of the liquid 
crystal thermometers that change 
color with variations in temperature. 


SUMMER 1985 


Different cat’s-eyes were discussed 
and illustrated, with the various 
gemological properties listed. These 
included specimens of zircon, 
quartz, a 52.97-ct green-brown scap- 
olite, and a rare 1.86-ct hexagonite 
(the pink variety of tremolite, found 
in St. Lawrence county, New York). 
Also illustrated was the damage in- 
curred when a fluorite carving was 
placed in dilute sulfuric acid to re- 
move traces of soldering flux and 
tarnish from a gold bail. An unusual 
synthetic opal and a radioactive nat- 
ural opal from Mexico were dis- 
cussed and illustrated. 
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DIAMONDS Ss 
Scientists research material as hard as diamond. Using 
principles based on the calculated compressibility of a 
hypothetical solid composed of carbon and nitrogen, 
scientists at the Lawrence Berkeley Laboratory investi- 
gated the possibility of synthesizing new materials with 
a hardness comparable to diamond. Physicist Marvin 
Cohen and Berkeley graduate student Amy Liu used a 
combination of a simple empirical model and a quan- 
tum-mechanical “first principals” computer calculation 
to test their hypothesis. Experiments were performed on 
silicon-nitride, in which the silicon was substituted 
with carbon. Results found that a carbon-nitrogen com- 
pound would have a bulk modulus of 4.3 megabars, 
compared to the 4.4 megabars of a diamond, (A megabar 
is one million times atmospheric pressure at sea level.} 

A material with a hardness comparable to diamond 
would be valued in industry for use in cutting tools and 
as a wear-resistant protective coating. 


Malaysia diamond plant. According to the Bernama 
news agency, a new diamond-processing plant opened 
this past March at Ipoh, 190 km north of Kuala Lumpur 
in Malaysia. The plant, a joint venture between two 
Belgian companies (Schongut and Tache], is said to have 
an annual capacity of 900,000 processed diamonds, with 
a work force of 250. 


Botswana beats target. Botswana produced 13 million 
carats of diamonds in the first three quarters of 1989, 
which betters the production target of 12.6 million 
carats, according to the minister of Finance Develop- 
ment Planning. The minister added that an $87 million 
crushing plant was scheduled for completion in April at 
Debswana’s Jwaneng diamond mine near the city of 
Kanye, about 100 km southwest of Gaberone. He specu- 
lated that diamonds produced at Jwaneng in the future 
would be smaller and of lower value than those presently 
mined, although total carat output would remain at the 
current level. (Mining journal, March 23, 1990} 


Soviet-Singapore joint venture. Intraco of Singapore, a 
government-linked trading firm, announced plans for a 
joint trading venture with Almazjuvelirexport {Almaz}, 
which is currently the exclusive producer and exporter 
of diamonds for the Soviet Union, The joint venture, 
which began operations in April 1990, is called 
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Russalmaz Asia, and has started with an authorized 
capital of $500,000. Almaz would take a50% stake, with 
the remainder divided equally between Intraco and 
Agrochem Investment of Singapore. The intention of the 
newly formed venture is to deal not only in diamonds, 
but also in colored stones, jewelry, precious metals, and 
industry-related equipment and machinery. 


New area in Angola to be mined. A new area in and 
around Lucapa, in the province of Lunda-Norte, is a 
prospecting target for the Sociedade Portuguesa de 
Empreendimentos. SPE signed a two-year agreement 
that allows it to prospect the area, for which target 
production is 400,000 ct of diamond a year, according to 
SPE’s chairman. At the end of the two-year contract, SPE 
and Endiama (Angola’s national diamond enterprise} 
might consider a joint mining venture. (Diamond Inter- 
national, March/April 1990} 


Argyle cutting school near Beijing. The Australian 
government has funded a school to train diamond 
cutters to boost the cutting of Australian rough in China 
and encourage competition with India in the manufac- 
ture of Australian goods. According to Beijing officials, 
the school, managed by Argyle Diamond Sales, was 
scheduled to begin operations in April. On staff are five 
Chinese training managers from the Pearl, Diamond, 
Gem and Jewelry Import and Export Corporation 
(CPDGJIEC}. Students for the school—which hopes to 
train 850 cutters over the three-year duration of the 
project — will be recruited from CPDGJIEC factories in 
Beijing and the provinces. Argyle will supply the rough 
to be cut and polished; the finished stones will be 
returned to Argyle. (Diamond International, January/ 
February 1990} 


Kimberlite find in the U.S. The Upper Peninsula region of 
Michigan was targeted for drilling by Crystal Explora- 
tion, Inc., to determine the diamond potential of a 
kimberlite pipe found there. Out of 10 holes drilled in 
that area, seven intersected kimberlite. 

Crystal Exploration has acquired the diamond explo- 
ration assets of Dow Chemical Co., which had been 
exploring for diamonds in Michigan for almost five 
years, During this time, they discovered six pipes, two of 
which require further processing to assess their poten- 
tial. [Mining Journal, April 13, 1990) 
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Figure 1. This 39.00 x 30.45 x 6.42 “plume” agate is 
actually an assembled stone. Photo by Robert Weldon. 


Diamond-cutting industry in Sri Lanka. Switzerland and 
Sri Lanka are setting up a joint venture in the Ka- 
tunayake area of Sri Lanka to cut and polish diamonds 
and colored stones. The project is expected to employ 
about 150 people. Sri Lanka had three approved dia- 
mond-cutting units in 1986, and now has 13, most of 
which are joint ventures with Belgian, Israeli, and 
Japanese interests. The Sri Lankan government has 
offered outside investors incentives such as duty-free 
import of machinery and accessories and tax exemp- 
tions on export profits. 

Future industry proposals include the establishment 
of an exclusive diamond zone within the Katunayake 
Free Trade Zone as well as the establishment of a special 
Diamond Guild. [Mining Journal, April 27, 1990} 


Tanzania intensifies mineral search. Apparently because 
of radical reductions in the production of gold and 
diamonds (the latter is reportedly only 50% of what it 
was in the mid-1970s}, the Tanzanian government has 
intensified its search for mineral deposits. The Mwadui 
diamond mine is expected to be exhausted in approx- 
imately nine years. (Diamond Intelligence Briefs, May 8, 
1990} 


Prospecting in Botswana. The firm Molopo Australia is 
currently exploring for diamonds in Botswana in a large 
tract to the south and southwest of Debswana’s Jwaneng 
diamond mine. The firm reports “significant advances” 
in its evaluation of one of the kimberlite pipes discov- 
ered in the prospect area. Molopo will carry out 
aeromagnetic surveys in parts of the concession as well 
as continue to evaluate the economic potential of 
already-discovered kimberlite pipes. (Diamond Intel- 
ligence Briefs, May 8, 1990} 
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COLORED STONES as 


Assembled “plume” agate. From time to time, we see 
gem materials that have been treated to fabricate, alter, 
or induce inclusions. We have seen transparent quartz 
crystals with man-made “three-phase” inclusions, topaz 
with stained etch channels that were heat treated to alter 
the color of the iron-based staining, and agates with 
dendritic inclusions produced through electrically stim- 
ulated chemical precipitation. 

Recently, Pieter Bennett, a student at GIA in Santa 
Monica, donated an interesting assembled stone to the 
Institute. The stone, a very low-domed oval cabochon 
{figure 1}, had been purchased at the February Tucson 
Show, where it was represented to be “natural” dendritic 
agate. The 61.39-ct specimen is essentially colorless and 
almost transparent where inclusions are not present. It 
exhibits an attractive “plume’-type pattern of dark 
reddish to greenish brown dendrites, One small, irregu- 
lar area is a dark yellowish brown color with wavy, agate- 
like banding. 

When examined from the side, the assembled nature 
of the piece becomes obvious: The top consists of a 
transparent, colorless, convex cap joined to a flat, light 
gray, semitransparent to translucent base. With magnifi- 
cation, the cap appears inclusion-free. Between the cap 
and the base is a fairly thick (approximately 0.5 mm}, 
transparent, colorless layer that contains many minute 
spherical gas bubbles. Using a straight pin and very little 
pressure, we easily scratched and indented this layer, 
which we believe to consist of an epoxy or similar 
synthetic resin. Irregular drops of this material were 
found on the cap near the separation plane, and the entire 
base— which showed several scratches—was coated 
with it. In addition to the dendritic inclusions men- 
tioned above, the approximately 1.2-mm-thick base 
section contained some irregular, wispy, milky-white 
areas, some of which showed typical “botryoidal” or 
“fortification agate” structure. 

A spot: R.I. taken on the apex of the cap revealed a 
reading of 1.51, the 1.56 flat-facet reading taken on the 
base was believed to represent the thick coating rather 
than the underlying material. No birefringence or 
pleochroism was noted, and no absorption features could 
be detected with a desk-model prism spectroscope unit. 
When examined face-up in the polariscope, the stone 
exhibited an aggregate reaction; when examined 
through the side, parallel to the separation plane, the cap 
gave a singly refractive reaction, while the base gave an 
aggregate reaction. Using hardness points, we deter- 
mined that the cap had a Mohs hardness of approx- 
imately 5 '/2, 

Viewed face-up, the piece was inert to long-wave U.V. 
radiation and fluoresced a moderate chalky yellow to 
short-wave U.V. When the piece was examined parallel to 
the girdle plane, however, the epoxy-like layer fluoresced 
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a bright bluish white —and both the base and cap were 
inert—to long-wave U.V.; to short-wave U.V, the cap 
fluoresced a strong chalky yellow, the epoxy-like layer 
fluoresced a moderate chalky bluish white, and the base 
was inert. Interestingly, when the stone was viewed 
through its base while exposed to short-wave U.V. 
radiation, the yellow fluorescence of the cap was 
masked. 

On the basis of these test results, we determined that 
the specimen was a glass and dendritic (“plume”) agate 
doublet, the two components being joined by a colorless 
cement layer. One might ask why anyone would go to the 
trouble of producing such an assembled stone. Dr. 
Emmanuel Fritsch, of the GIA Research Department, 
suggested that only in a relatively thin section might the 
agate base exhibit the desired “plume” effect; the assem- 
blage allowed this effect to be seen in a larger (and 
perhaps more durable} stone. 


Apatite “from Paraiba” and apatite purchased as emer- 
ald. Among the colors seen in the Paraiba tourmaline 
that has recently emerged from Brazil is a saturated 
bluish green similar in appearance to what some in the 
trade call “light emerald.” Also seen at the February 
Tucson Show were parcels of greenish blue to bluish 
green apatite that reportedly came from Madagascar; at 
least one exhibitor was offering apatite in this color 
range as “Paraiba apatite,” while another was selling 
virtually identical materia} labeled simply “Paraiba.” To 
our knowledge, no apatite comes from Paraiba. 
Interestingly, about a month after the Tucson Show, we 
received International Colored Gemstone Association 
{ICA) Laboratory Alert No. 35, “Bluish Green Apatite 
Rough as Emerald.” The report, which originated with 
Yehuda Yacar of the Gemological Institute for Precious 
Stones and Diamonds Ltd. in Ramat-Gan, Israel, docu- 
mented the gemological properties of a 230-gram parcel 
of bluish green apatite that was purchased in Kenya as 
emerald and was said to have come from Madagascar. 


Brazilian chrysoprase. Chrysoprase is one of the more 
popular gem varieties of chalcedony. The best known 
locality for this yellowish green material is Australia, 
and it is often given the misnomer “Queensland jade.” 

Recently, Douglas M. Henrique of Huntington Park, 
California, showed us some rough specimens of an 
attractive light yellowish green material that he de- 
scribed as Brazilian chrysoprase. According to Afranio 
Moreira, of Brasil Comercio de Pedras Preciosas, in 
Governador Valadares, the material is found in a galena 
mine near Niquelandia, in the Brazilian state of Goias. 
According to Mr. Moreira, only 30% of the material 
recovered is green, with the rest white. 

We subsequently had two oval single cabochons and a 
preform cut from one of the pieces of rough {donated by 
Mr. Moreira) and subjected these to testing to confirm 
the identity. One of the cabochons, together with a piece 
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Figure 2. Chrysoprase, like this 11.18-ct 
cabochon and accompanying rough, is being 
mined in Goids, Brazil. Photo by Robert Weldon. 


of strongly color zoned rough, is shown in figure 2. The 
pieces are all light, slightly yellowish green and semi- 
translucent. A refractive index of 1.539 was obtained 
from the flat, well-polished base of one specimen, and 
thin sections of the cabochons gave aggregate reactions 
in the polariscope. When viewed through a Chelsea color 
filter, the stones appeared grayish green. Specific gravity 
(taken with heavy liquids) was approximately 2.64. 
Magnification revealed yellowish, possibly limonitic, 
staining in some surface-reaching fractures. 

X-ray fluorescence spectrometry, performed by Dr. 
Emmanuel Fritsch, demonstrated the presence of both 
silicon and nickel ina test sample. Meredith Mercer, also 
of the GIA Research Department, compared the 
U.V-visible absorption spectrum of this material to that 
of a reference sample of Australian chrysoprase from the 
GIA collection and found the features of the two to be 
essentially identical. This testing confirmed the iden- 
tity of the material as chrysoprase chalcedony. 

One interesting feature noted during the gemological 
investigation was the reaction to ultraviolet radiation of 
this Brazilian material: It fluoresced a moderate greenish 
blue to long-wave, and a weaker greenish blue to short- 
wave, U.V., and did not phosphoresce to either wave- 
length. Chrysoprase from other localities is typically 
inert to both wavelengths. 


Major jade deposits in Japan. Commercial mining of jade 
is very limited in Japan, although large deposits of good- 
quality jadeite exist. In addition to the green variety, 
blue, purple, black, and white jadeite has been found. 
Deposits in Kotaki, near Itoigawa and Oomi in Niigata 
prefecture, are under snow six months of the year, and 
even in the warmer months strong river currents and 
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Figure 3. This “cat’s-eye” opal triplet measures 
7.78 x 9.85 x 4.80 mm. Photo by Robert 
Weldon. 


landslides make it difficult to get men and equipment 
into the area. Following the rainy season, however, 
jadeite pebbles of good color and quality are found on the 
banks of the Kotaki and Himekawa rivers, in Niigata 
prefecture, and on the seashore at Asahi, in nearby 
Toyama prefecture. A deposit of fine jadeite was recently 
discovered in Hashidate, close to Itoigawa, but the snow, 
rough terrain, and dangerous insects make commercial 
mining possible only in September. 

In Ooya, in Hyogo prefecture, good-quality white 
jadeite with splashes of bright green has been discovered, 
but the deposits are protected. Deposits recently discov- 
ered in Kanto and Gunma are yet to be mined. Other 
jadeite deposits in Japan are: Kamuikotan in Hokkaido, 
the northern mountain area of Nagano prefecture; Wak- 
asa in Tottori prefecture; Oosa in Okayama prefecture; 
and Nagasaki and Shikoku. (Jewellery News Asia, March 
1990} 


Attractive chatoyant assembled opal. Opal is an essen- 
tially noncrystalline, amorphous form of silica that 
consists of regularly arranged spherical particles which 
diffract white light into colors of the spectrum. 

Some opal, notably material from Idaho, exhibits a 
play-of-color in the form of a chatoyant band, an effect 
that has been attributed to planar faults in the stacking 
of the silica spheres. This chatoyancy can be enhanced 
by gluing a colorless cabochon cap, which acts as a 
condensing lens, over the opal; the cap also increases 
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durability. Another piece of material, such as 
chalcedony, may be glued to the base, thus producing a 
“cat’s-eye opal triplet.” 

Recently Lorri Dee Rascoe, a staff gemologist in the 
GIA Gem Trade Laboratory, showed the editors a very 
attractive opal triplet measuring 7.78 x 9.85 x 4.80 
mm. The assembled stone was noteworthy for the 
strength of its play-of-color chatoyant band (figure 3). 


Peridot mining update. Suzanne Kinkade, of Arizona 
Gems & Crystals, provided the Gem News editors with 
an update on peridot mining at the San Carlos Apache 
Indian Reservation in Arizona. According to Ms. Kin- 
kade, monthly production at this important locality is 
presently about 600 kg of cabochon- and tumbling- 
quality material and 12-15 kg of facetable rough. Ap- 
proximately 95% of the latter consists of pieces smaller 
than 5 ct. Typically, mining is carried out from October 


Figure 4. Amethyst scepters such as this 10-cm- 
long crystal were found recently in the Inyo National 
Forest, California. Photo by Robert Weldon. 
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to March, since the heat is unbearable during much of 
the rest of the year and many of the potential miners are 
often occupied as firefighters. 


California quartz update. In the Winter 1988 Gem News 
section, we reported on the recovery of good-quality 
smoky quartz crystals in the Inyo National Forest, Inyo 
County, California. Continued exploration by Michael 
and Cora Anderson has led to the discovery of amethyst 
crystals as long as 4 in. {10 cm] in this area. Some of these 
crystals show very fine scepter form, as seen in figure 4. 

Most of the crystals found thus far can be described as 
specimen quality, while a few have transparent areas 
suitable for faceting. The extent of the deposit is not 
known at the present time. 


Unusual pseudomorph. Some of the most unusual un- 
fashioned specimens of gem minerals are silica pseu- 
domorphs after various organic materials. Included 
among these are petrified wood and silicified coral, as 
well as opalized wood, shells, and even lizards. 
Recently, an unusually fine fossilized crypto- 
crystalline quartz pine cone {figure 5} that dates back to 
the Jurassic period was brought to our attention by David 
Humphrey. The pine cone, Aura Caria Mirabilis, was 
reportedly,found in the Cerro Cuadrado Petrified Forest, 
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Figure §, This 55-mm-high fossilized pine cone 
was discovered in Patagonia, Argentina. 
Courtesy of David Humphrey, Pacific Palisades, 
CA. Photo by Robert Weldon. 
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in Patagonia, Argentina. It measures 55 mm high and 53 
mm in diameter, and weighs approximately 125 grams. 


Rubies from Vietnam? Dr. Henry A. Hanni, of the Swiss 
Foundation for the Research of Gemstones (SSEF}, pro- 
vided the Gem News editors with some very interesting 
information relating to rubies that he believes to be from 
a new source in Southeast Asia. On a recent visit to 
Thailand, Dr. Hanni heard about rubies supposedly 
coming from either Vietnam or Cambodia; he also noted 
that Richard Hughes, editor of Gemmological Digest, 
had mentioned rubies from Vietnam in the most recent 
issue of that journal. While in Chanthaburi, Thailand, 
Dr. Hanni had an opportunity to see a large number of 


Figure 6. This ruby rough is reportedly from a 
new locality in Vietnam. Photo courtesy of 
Dr. Henry Hanni, SSEF 


rubies (figure 6) that were reportedly from this new 
locality in Vietnam and to purchase samples for prelimi- 
nary investigation. 

Dr. Hanni believes, based on his study of the inclu- 
sions and on trace-element analyses, that the deposit 
from which these rubies came is similar to the ruby 
deposits of Burma, Hunza (Pakistan}, and Jegdalik (Af- 
ghanistan},; he postulates that the rubies are derived 
from a marble occurrence. Samples he examined con- 
tained phlogopite mica and intersecting twin lamellae, 
and had a “certain milkiness.” Almost all of the individ- 
ual stones were waterworn, rolled pebbles, although 
some exhibited fresh crystal faces and had a tabular 
habit (figure 7}, Dr. Hanni feels that if these stones were 
heat treated, they might be indistinguishable — except by 
trace-element analysis—from similar-appearing mate- 
rial from East Africa or Burma. 

The largest specimen examined weighed approx- 
imately 20 grams (100 ct); like many of the stones, it was 
not transparent but was believed to be suitable for heat 
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Figure 7. Note the tabular habit of this ruby 
crystal, which was reportedly mined in Vietnam. 
Photo courtesy of Dr. Henry Hdnni, SSEE 


treatment. With magnification, Dr. Hanni observed 
healing fissures as well as “dense patterns of intersecting 
narrow twin lamellae” in this stone. 


Rock-like material with play-of-color. At a Santa Monica 
gem show, one of the Gem News editors recently 
examined an interesting semitranslucent gem material, 
fashioned en cabochon, that ranged from gray to yellow- 
brown in body color and exhibited a speckled play-of- 
color (figure 8). Magnification revealed transparent col- 
orless grains surrounded, and cemented together, by 
what appeared to be a whitish opal exhibiting diffraction 
colors. Some specimens exhibited a range of spectral 
colors, while others showed only green. 

According to the vendor, Ajith K. Senanayake of Sri 
Gems, Baton Rouge, Louisiana, the material is recovered 
from swampy areas within a 30- to 40-mi. (48-64 km} 
radius of the city of Lafayette, Louisiana. It is found in 
association with what Mr. Senanayake describes as a 


Figure 8. These 3- to 5-ct cabochons of a rock-like 
material from Louisiana display a speckled 
play-of-color. Photo by Robert Weldon. 


164 Gem News 


“sandstone-like” rock. Slabs as large as | m across have 
been recovered. 

The GIA Gem Trade Laboratory has examined similar 
material in the past, and found it to be a rock composed 
primarily of quartz sand grains, opal, and pyrite, with 
the opal being the cementing agent. 


Cat’s-eye topaz. Recently, Charles Carmona of Guild 
Laboratories, Inc., Los Angeles, showed us an interesting, 
very light yellowish brown, almost round double cab- 
ochon that he had identified as topaz. The 3.53-ct stone 
(8.63 x 8.36 x 5.01 mm] was translucent and exhibited 
a very strong chatoyant band [figure 9), which was 
apparent even under the diffused illumination of over- 
head fluorescent lighting. 

Magnification revealed a dense pattern of very fine, 
parallel etch ribbons that were stained with a light 
yellow material (possibly limonite}. When the stone was 
examined in transmitted light down the length of the 
ribbons, a transmission effect similar to that seen with 
the mineral ulexite (sometimes sold as “TV stone” 
because of the fiber-optic effect it exhibits) was noted. 
Secondary partially healed fractures in fingerprint pat- 
terns were also noted. 

This is the first example of cat’s-eye topaz that cither 
of the Gem News editors has seen. 


The discovery of the Paraiba tourmaline mine. The 
introduction of the “electric” blue and green tour- 
malines known as “Paraiba” to the colored stone market 
was one of the more notable industry events of recent 
years. Heitor Barbosa, who claims to have first discov- 


Figure 9. This 3.53-ct cat’s-eye topaz exhibits 
strong chatoyancy. Photo by Robert Weldon. 
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ered the Paraiba tourmalines, provided the following 
report on the history and development of this mine. 

The sole source of the material, Mina da Batalha a 
Nova Era {Mine of the Battle of the New Era) is located in 
the state of Paraiba, Brazil, south of the mountain range 
Serra da Borborema on the north flank of Serra da Frade. 
It is 4.5 km northeast of Salgadinho, near the village of 
Sido Jose da Batalha. The mine is operated by 
COGASBRA, Cooperativa de Garimpeiros de Sao Jose da 
Batalha, municipality of Salgadinho, registered by the 
National Department of Minerals, DNPM, alvara no. 
7.432, on March 13, 1990. Because the ongoing dispute 
over mining rights could become violent, the mine is not 
open to outsiders at the present time. 

Barbosa, who previously had mined green tourmaline 
from the Golconda mine in Minas Gerais, was traveling 
through northeast Brazil's rugged sertdo outback region 
in 1982 when he met Jose Pereira of Patos, Paraiba, an old 
garimpeiro who dealt in industrial “black mineral” — 
tantalite-columbite— which is found almost exclusively 
in pegmatites. When Barbosa examined some samples of 
the black mineral, he noticed tiny grains of a material 
resembling colored sugar that no one had identified but 
he suspected was a gem material. Barbosa then decided 
to explore for gem prospects with Pereira as his guide. 
They searched the mine dumps and tailings of the 
region’s tiny industrial pegmatites, exploited for tanta- 
lite, beryl; thica, phosphate, and quartz, among other 
minerals. In 1983, while investigating the tailings of a 
smal! manganotantalite pit at the base of a hill, Barbosa 
spotted colorful fragments and began to dig. 

Over the course of two and a half years, with a crew of 
10 to 16 men, Barbosa laboriously dug two shafts up to 
50 m deep, the second with 15-m galleries at several 
levels. The slow and cumbersome process involved two- 
kilo sledge hammers, chisels, pry bars, shovels, picks, 
and dynamite. The shafts followed vertical pegmatite 
dikes, with narrow (1.8 x 0.6 m] galleries carved where 
they intersected a horizontal finger of the dike. (Tour- 
maline is usually found here in pencil-thick veinlets 
enveloped in white kaolin clay.} Debris was moved back 
out of the galleries by shoveling across the length of the 
shaft and into a rubber bucket, which was then hauled to 
the top of the shaft by a hand-turned winch, 

During 1985-87, Barbosa relates, miners encountered 
several varieties of tourmaline, ranging from bright 
“lettuce” green to blue green, near-emerald color, and 
drab green stones with indicolite tips large enough for 
faceting. In August 1988, at a depth of 50 m, Barbosa 
found five different types of blue tourmaline, including 
the “electric” blue stone he calls “Heitorita” (figures 10 
and I1}. He tells how he had to “bring [the beautiful 
tourmaline] out again and again to look at it... . After 
five anda half years, this was not just a good surprise but 
a present beyond imagination.” In late 1988, the first 
examples of Paraiba blue tourmaline found their way 
into the Brazilian markets. 
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Figure 10. Heitor Dimas Barbosa holds some of 
the exciting tourmalines that he has mined from 
the Batalha a Nova Era mine, in Parafba, Brazil. 


Since the emergence of significant amounts of this 
fine material, a second claim has been made on explora- 
tion rights in the general vicinity. However, Barbosa has 
already been granted these rights for the area where the 
tourmaline was found, and he expects the Federal 
Department of Minerals to grant the mining lease to the 
COGASBRA mining cooperative, of which he is presi- 
dent, shortly. Currently, COGASBRA is working five 
different shafts with 14 miners, although Barbosa feels 
that a greater capacity—up to 25 pits—is feasible. 


Tourmaline doublets. Some of the most interesting 
assembled stones —and potentially the most difficult to 
identify —are those that are composed partially or com- 
pletely of the natural gem species being imitated. For 
example, beryl triplets, composed of two sections of 
natural beryl joined by a green cement, will give refrac- 
tive index and birefringence readings consistent with 
emerald. 

ICA Laboratory Alert No. 33, written by Drs. Her- 
mann Bank and Ulrich Henn of the Deutsche Stiftung 
Edelsteinforschung, Idar-Oberstein, reports on tour- 
maline doublets. One basic type exhibits a cat’s-eye 
effect, made by cementing a transparent crown to a 
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fibrous pavilion; the other is a bicolored transparent 
stone, with the two color components cemented to- 
gether (figure 12}. In either case, the component pieces 
may or may not be from the same crystal. As the authors 
note, both types can be identified with magnification, as 
the cement layer is easily visible. 


“Treasure” postage stamp. While reading the article 
“Emerald and Gold Treasures of the Spanish Galleon 
Nuestra Senora de Atocha” (Gems # Gemology, Winter 
1989}, Nawal Kishore Tatiwala of Bansal Jewellers Gem 
Identification Laboratory in Jaipur, India, was reminded 
of a postage stamp in his gems and jewelry stamp 
collection (figure 13). 

The stamp, issued by the Bermuda government in 
1969, shows a gold cross that appears to be set with 
cabochon emeralds in a style very similar to that of the 
emerald-set cross described in the GWG article and 
pictured on the cover of that issue. The stamp carries the 


Figure 13. The emerald-set gold cross pictured 
on this Bermuda postage stamp is strikingly 
similar to the cross that appeared on the 
cover of the Winter 1989 Gems & Gemology. 
Stamp courtesy of Nawal Kishore Tatiwala; 
photo by Robert Weldon. 
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Figure 11. The “electric” blue color that appears 
to be unique to the Paratba find can be seen 
here in this 1-cm tourmaline fragment on 
quartz from the Batalha a Nova Era mine. 
Specimen courtesy of Nature’s Geometry; 

photo by Robert Weldon. 


Figure 12. These two bicolored tourmalines were 
identified as assembled stones. Photo courtesy 
of H. Bank and U. Henn, Deutsche Stiftung 
Edelsteinforschung, Idar-Oberstein, Germany. 
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legend “1594 TREASURE FROM THE SEA’ and a value 
of “4d.” According to Mr. Tatiwala, four stamps of 
different values were issued. 


SYNTHETICS AND SIMULANTS yy 
Plastic cameo imitations. The Spring 1989 Gem News 
column reported on two plastic cameo imitations, one 
resembling a shell cameo and the other mimicking a 
Wedgwood piece. 

At the most recent Tucson Show, the Gem News 
editors saw a new type of plastic imitation cameo that 
was quite large and resembled those cut from the reddish 
brown and white helmet shells. These imitations are 
particularly effective in that they appear to have been 
molded in a manner that produces an irregular concave 
back, similar to that seen on large natural shell cameos 
(figure 14). 


Imitation emeralds from southern Africa. Jim Lewis of 
Kaiser Gems, Los Angeles, has provided more informa- 
tion on imitation emerald crystals similar ta those 
described by Dr. Henry A. Hanni in the Spring 1989 Gem 
News section. 

On a buying trip to Zambia in May and June of 1989, 
Messrs, Lewis and Caesar Habib (co-owner of Kaiser 
Gems} were shown what appeared to be a large emerald 
crystal by ‘a ‘local man not involved in the gemstone 
industry. In Malawi, they were shown a similar-appear- 
ing specimen. In Los Angeles some months later, Kaiser 
Gems was visited by the man from Zambia who brought 
with him the original specimen plus another similar 
“crystal.” These were examined with magnification and 
immediately determined to be composite imitations. 
Mr. Lewis subsequently loaned them to GIA for exam- 
ination. 

The two “crystals” have a distorted hexagonal habit 
(figure 15}. The larger weighs 63.35 ct and measures 
31.96 xX 17.60 X 16.37 mm, the smaller weighs 26.96 ct 
and measures 28.30 x 15,49 x 12,05 mm. They are both 
medium dark green with rather rough surfaces that are 
partially coated with a light orangy brown limonitic 
staining and tiny flakes of mica. The smaller one has an 
area of distinctly lighter color and lower transparency. 
Some relatively clean, smooth surface areas on both 
reveal highly transparent interiors; neither of the speci- 
mens has a termination. 

The larger piece had one relatively smooth surface 
that allowed determination of refractive index readings 
of approximately 1.54-1.55, although the condition of 
the surface did not allow for an accurate birefringence. 
The smaller “crystal” had a smooth, partially polished 
face which gave R.1. readings of 1.545—1,553 and a bire- 
fringence of 0.008, a flat surface on the lighter green area 
gave a vague R.1. reading of 1.57. Both “crystals” gave 
doubly refractive reactions in the polariscope and ap- 
peared grayish green through the Chelsea color filter. 
Both showed a strong, chalky, slightly greenish white 
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Figure 14, These two plastic imitation shell 
cameos, which measure 70 X 56 mm, had been 
molded to imitate the irregular concave backs 
seen on some natural shell cameos. Photo 

by Robert Weldon. 


reaction to long-wave U.V. radiation in some areas, witha 
similar but distinctly weaker reaction to short-wave U.V. 
There was no phosphorescence to either wavelength. 
When the specimens were examined with a DISCAN 
diffraction-grating spectroscope unit, a dark absorption 
band at 662-689 nm was observed; this is similar to the 
main absorption feature noted in jadeite and some other 
gem materials that have been dyed green, including 
quench-crackled quartz. 

Magnification revealed the true nature of the decep- 
tion. Both specimens consisted of fairly thick green 
seams holding together irregular fragments of a transpar- 
ent colorless material, the individual fragments exhibit- 


Figure 15. These two imitation emerald crystals, 
the larger weighing 63.35 ct, are composed 
primarily of quartz fragments held together by 
a green binding agent. Photo by Robert Weldon. 
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Figure 16. The 10-mm beads in this necklace 
resemble rhodochrosite but were determined to 
be dyed massive calcite. Photo by Robert 
Weldon. 


ing parallel striations that were randomly oriented from 
one fragment to another. The green binding material 
contained numerous gas bubbles and was easily indented 
witha needle probe; the mica flakes appeared to be glued 


onto the surfaces of the specimens. Doubling could be 
seen through the smoothest face of the smaller specimen. 

On the basis of this examination, the editors con- 
cluded that these imitation emerald “crystals” were 
composed primarily of quartz fragments that were held 
together with a green epoxy resin or other plastic. The 
lighter green area on the smaller crystal is believed to be 
a piece of low-quality natural emerald. These two 
specimens appear to be quite similar to the two imita- 
tion emerald crystals from southern Africa described by 
Dr. Hanni in his earlier report. 


Imitation rhodochrosite beads. Massive calcite has been 
dyed various colors and used to imitate a wide variety of 
other ornamental gem materials such as jade (“Mexican 
jade”}, lapis lazuli, and coral. GIA instructor Mary 
Fitzgerald recently showed the Gem News editors a 
continuous strand of approximately 10-mm beads that 
at first glance resembled rhodochrosite. The beads, 
which she purchased in Mexico, have an overall pinkish 
body color; many of them showed prominent banding 
ranging from very light pink to slightly orange-red 
(figure 16), With routine gemological testing, the beads 
were found to be massive banded calcite (“onyx marble”). 
Magnification showed obvious dye concentrations in 
surface-reaching fractures and around the drill holes, 
while vigorous rubbing produced a pink discoloration on 
an acetone-dipped cotton swap. 


ANNOUNCEMENTS 


Tiffany & Co. has donated a 
large kunzite necklace to the 
Smithsonian Institution’s National 
Museum of Natural History. 

The necklace, which features 

a 396.30-ct kunzite on a necklace 
of South Sea baroque pearls, 

was designed by Paloma Picasso 
in 1986. It appeared on the cover 
of the Summer 1987 issue of 
Gems # Gemology. The donation 
coincided with the opening 

of a branch store of Tiffany & 
Co, in Tysons Corner, Virginia. 


The National Museum of Natural 
History also recently received 

a donation from the Independent 
Jewelers Organization of a 120- 
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lb. (54.5-kg) specimen of transpar- 
ent smoky citrine consisting 

of two pencil-like, six-sided crys- 
tals that are joined at the base. 
The longer section is 26 in. tall 
and 7 in. in diameter. Both crystals 
are so transparent that it is 
possible to read newsprint through 
them. The specimen was found 

at a mine in Minas Gerais. 


The Cleveland Museum of Natural 
History has announced the opening 
of its new 7,000 square-foot 
exhibition gallery with an inau- 
gural exhibit from its permanent 
collection of gems, jewelry, and 
precious metals. The show, titled 
GemFire, will run from April 7, 


1990, to February 17, 1991. 

On display are over 2,000 gems, 
minerals, and metals, including 
fancy-colored diamonds, black 
opals from Australia, a 122.08- 

ct kunzite, and a 22.18-ct emerald 
from the Muzo mine in Colombia. 
Also in the hall will be several 
educational exhibits on geology, 
the lapidary arts, and mining. 


Erratum: The Gem News entry 
regarding the Pamir spinel in 

the Winter 1989 issue of Gems & 
Gemology should have called 

the stone a cushion cut. It was 
faceted by Justina Wright of 
Fallbrook, California, but is owned 
by Marius Van Dyk. 
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ENCYCLOPEDIA OF 
MINERALS 
2nd Edition, December 1989 


By Willard L. Roberts, Thomas |. 
Campbell, and George R. Rapp, Jr. 
979 pp, ilus., publ. by Van Nos- 
trand Reinhold, New York, 1989. 
US$99,95° 


Prior to the publication of the first 
edition of the Encyclopedia of Min- 
erals in 1974, it had been a long time 
since any major compendium of 
minerals had been released, the last 
being volumes I and II of Dana’s 
System of Mineralogy {1944 and 
1951, respectively}. During the inter- 
val (1951-1974}, new species were 
being introduced at an average rate of 
more than 50 per year, with some 65 
being acknowledged in the year just 
before the first Encyclopedia was 
published. Moreover, many long-fa- 
miliar species had been discredited, 
families of related species were being 
recognized, and basic data relating to 
many established minerals had been 
refined. Thé¢re thus existed a great 
thirst for a contemporary book com- 
bining the vast accumulation of data 
on new species that had blossomed 
over the previous 24 or more years. 

The first edition of the Encyclope- 
dia of Minerals brought existing and 
new information together in a 
praiseworthy fashion. No one had 
ever tackled such a compilation, and 
it was bound to have some problems, 
The problems were minor, however, 
and in no way diminished the gran- 
deur of that monumental accom- 
plishment. It was, in fact, such a 
prodigious effort that few ever 
dreamed that it would be followed by 
a second edition. 

The second edition is of enormous 
size, with 979 pages, 286 more than 
the first edition, for a total weight of 
just over seven pounds. The 240 color 
photographs are presented in a center 
section of the book, while another 
104 black-and-white illustrations are 
interspersed throughout the text, as 
are 45 crystal drawings. The book’s 
primary objective is to present tens 
of thousands of hard facts accurately. 
There is no better method to measure 
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BOOK 
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Elise B, Misiorowski and 
Loretta B. Loeb, Editors 


accuracy than to select a big block of 
these facts and check them against 
their original sources. When one does 
this (as I did with a random sam- 
pling}, a measure of the authors’ dedi- 
cation, thoroughness of proofread- 
ing, and care taken in data gathering 
quickly becomes evident. The au- 
thors have done a remarkable job; the 
number of errors was far below what 
1 was prepared to accept as tolerable. 

The format is essentially the same 
as the first edition, with the minerals 
arranged in alphabetical order. Under 
the mineral for which a group is 
named, one finds a general entry 
(apatite group, for example], followed 
by a brief statement of some of the 
parameters the members share (e.g,, 
crystal system], the elements that 
may substitute in specific sites (thus 
creating the various members}, and 
then a list of these members, This 
convention informs the reader that a 
group of related minerals exists, Un- 
der the data for each of the group 
members, the group association is 
again identified. 

The information provided under 
each individual entry includes: 
chemical formula, crystal system 
and class, space group, lattice con- 
stants, three strongest diffraction 
lines, optical constants, hardness, 
density, cleavage, habit, color/luster, 
mode of occurrence, and at least one 
selected reference. 

The quality of the references pro- 
vided is vastly improved over the 
first edition, as many new and better 
ones have been added. Many now 
include JCPDS X-ray data file num- 
bers, which is a nice addition. Al- 
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though one continues to hear com- 
plaints about reference inadequacies, 
this reviewer feels that these com- 
plaints are unjustified. The only to- 
tally new feature is the inclusion of 
reflected-light data for opaque min- 
erals. 

This reviewer would like to extoll 
the high level of accuracy that obvi- 
ously characterized the data entries. 
It is heartening to find such editorial 
integrity in an age when books are 
carelessly researched and thrown to- 
gether with little or no concern about 
accuracy or adherence to a specific 
objective. 

One negative aspect about the text 
was that it may have failed slightly in 
its cataloguing of important contem- 
porary mineral localities; some very 
important ones were omitted or over- 
looked. There also appears to have 
been poor coordination between the 
authors and the photo editor, as sev- 
eral localities of specimens illus- 
trated are not given in the text. For 
example, the authors failed to cite 
Nasik (India) as the locality for the 
world’s finest powellite, even though 
a color photograph of a Nasik pow- 
ellite is used in the book. 

Overall, the photographs are excel- 
lent, substantially better than those 
of the first edition. For the most part, 
the printing is also excellent, al- 
though the color is badly off on a 
couple of specimens (microcline and 
scorodite}. This reviewer feels that, if 
the purpose of the color photographs 
was to aid the reader in mineral 
identification, then there should 
have been more photographs of very 
rare species, However, the scanning 
electron micrographs and the crystal 
drawings are very helpful in identi- 
fication. 

This book may seem expensive, 
but a comparable volume probably 
could not be published for much less. 
Those who work with minerals can 


“This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404, Telephone: 
(800) 421-7250, ext. 282. 
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ill afford to be without their own 
copy—no competing reference 
stands alone as effectively as this 
one. While every book about min- 
erals is deficient in some important 
area, the Encyclopedia of Minerals 
comes closer than any other to satis- 
fying all of the needs of professional 
mineralogists and amateur collectors 
in just one volume. This book is a 
wonderful legacy to have been left by 
lead author Willard Lincoln Roberts, 
who did not live to see its publica- 
tion. 

JOHN SAMPSON WHITE 


Curator-in-Charge 
Division of Mineralogy 


National Museum of 


Natural History 
Smithsonian Institution 
Washington, DC 


BLACK PEARLS 
OF TAHITI 


By Dr. Jean-Paul Lintilhac, photo- 
graphs by Alain Durand, 116 pp., 
illus., publ. by Royal Tahitian Pearl 
Book, Papeete, Tahiti, 1987. 
US$39.95* 


The subject of black pearls is of 
growing interest worldwide, and this 
book has something for everyone, 
from the casual tourist to the serious 
pearl dealer. The information is well 
ordered, beginning with a data sheet 
on the islands of paradise to whet the 
appetite of any traveler. This is fol- 
lowed by a brief but concise history 
of the discovery of the many islands 
comprising French Polynesia and the 
politics involved in their develop- 
ment. 

While dispelling the myth of 
glamour surrounding the South Seas 
pearl diver, the narrative provides an 
instructive description of the pearl- 
ing industry, from the production of 
mother-of-pearl with the pearl as a 
by-product to the eventual creation 
and production of the cultured black 
pearl. Dr. Lintilhac then describes 
the locations and culturing methods 
used by many of the farmers to bring 
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this product to the world market. He 
also relates the rigors of the work and 
the many and sometimes devastating 
problems encountered along the way. 
He includes a description of the char- 
acteristics that set these black pearls 
apart as a desirable commodity in the 
jewelry trade. 

Calling on the experiences of his 
deeply personal involvement in pearl 
production, which sometimes ap- 
proached the status of a full-fledged 
apprenticeship, he is able to give a 
meaningful overview of the pro- 
cedures used in evaluating the poe 
rava (Tahitian for black pearl} for 
beauty and price. The last few pages 
are devoted to a photographic essay 
illustrating the use of the black pearl 
in jewelry for the world market. 

The illustrations are meaningful 
and the exquisite photography ade- 
quately supplies the text materia] 
with the necessary visual interest. 
Although not a voluminous publica- 
tion, the book is spectacular without 
being pretentious. 

ARCHIE CURTIS 


Administrative Officer 
GIA, Santa Monica 


GEM IDENTIFICATION 
MADE EASY: 

A HANDS-ON GUIDE 
TO MORE CONFIDENT 
BUYING AND SELLING 


By Antoinette L. Matlins and A. C. 
Bonanno, 270 pp. illus. publ. by 
Gemstone Press, South Woodstock, 
VT; 1989. US$29.95° 


This book serves as an introduction 
to gem identification for readers with 
little or no gemological background. 
Matlins and Bonanno begin by rec- 
ommending gemological instru- 
ments they feel are essential to set- 
ting up a small identification lab, 
with emphasis placed on the loupe, 
dichroscope, Chelsea filter, refrac- 
tometer, ultraviolet lamp, and micro- 
scope. The function, proper use, and 
limitations of each piece of equip- 
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ment are discussed in a comprehen- 
sible manner using informative illus- 
trations. The authors focus on obser- 
vations that can be made with the 
various instruments, rather than on 
scientific explanations, and supply 
numerous examples of separations 
and identifications that can be ac- 
complished with each. The exam- 
ples, however, are somewhat limited 
in their completeness. Grouped at 
the back of the book are a number of 
tables of gem properties and lists of 
sources for further information, in- 
cluding magazines, gemological as- 
sociations, and gem identification 
laboratories. 

The biggest drawback of this book 
is that it oversimplifies gem identi- 
fication. By saying that approx- 
imately 85% of the commonly en- 
countered gemstones can be pos- 
itively identified using a loupe, di- 
chroscope, and Chelsea filter, the 
authors are making gem identifica- 
tion sound deceptively easy and fail- 
ing to emphasize and explain how 
complex an issue it can be. In most 
cases, a confident separation be- 
tween yellow sapphire and citrine or 
yellow beryl could not be made using 
only those three instruments. In ad- 
dition, several commonly encoun- 
tered gems have sophisticated syn- 
thetic counterparts. If one were to 
make natural vs. synthetic separa- 
tions using only a loupe, dichro- 
scope, and Chelsea filter, costly er- 
rors could result. However, the au- 
thors do acknowledge that it is im- 
portant for a person to recognize his 
or her limitations and employ the 
services of a professional gemologist 
or laboratory for verified identifica- 
tions. Overall, although they fall 
short of discussing the more complex 
identifications, Matlins and Bonanno 
have assembled a good introductory 
guide to gem identification. 
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Ein Beitrag zur Farbe niederschlesischer Chrysoprase (A 
contribution concerning color in Lower Silesian 
chrysoprase). L. Natkaniec-Nowak, W. Heflik, N. 
Sobezak, and T: Sobezak, Zeitschrift der Deu- 
tschen Gemmologischen Gesellschaft, Vol. 38, 
No. I, 1989, pp. 31-36. 

Lower Silesia has produced chrysoprase since the early 

1400s; in fact, the Silesian material remained unsur- 

passed in quality until the discovery in 1960 of Austra- 
lia’s exceptional Marlborough Creek deposits. Fine table 
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surfaces, mosaics, and ceremonial objects fashioned 
from Lower Silesian chrysoprase can be found in many 
European castles and chapels, and one fine collection of 
armbands and rings is held in the Kremlin treasury in 
Moscow. 

Geologic and mineralogic literature on the Lower 
Silesian deposits is abundant, some of it dating back to 
the 17th century. Yet the exact cause of chrysoprase’s 
translucent green color has remained scientific conjec- 
ture, 

Responding to the challenge of finding the cause of 
color, the authors used Beckman U.V-visible spec- 
trophotometry, infrared spectroscopy, and electron-spin 
resonance testing. Their evaluation of structural chem- 
istry concludes that color in Lower Silesian chrysoprase 
is caused by the presence of nickel silicates in the 
cryptocrystalline framework. Paris A. Walker 


Orangefarbene Korunde aus Malawi (Orange corundums 
fron Malawi). U. Henn, H. Bank, and FE H. Bank, 
Zeitschrift der Deutschen Gemmologischen Ge- 
sellschaft, Vol. 38, No. 4, 1989, pp. 164-166. 


Blue, bluish green, red, and orange corundums are found 
in the Chimwadzulu Hills, near the Mozambique border 
in southern Malawi. The orange corundums have 
the following gemological characteristics: n, = 


1.763-1.765; n, = 1.771-1.773; birefringence = 0.008; 
specific gravity=3.97-3.98, They contain twin 
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lamellae, healed fractures, and rounded, doubly refrac- 
tive mineral inclusions. 

The orange color is due to the superposition of the 
absorptions of Fes+ and Cr+. This sets these stones 
apart from their Sri Lankan counterparts, which are 
colored by color centers. EF 


Red and orange corundum (ruby and padparadscha) from 
Malawi. U. Henn, H. Bank, and F. H. Bank, Journal 
of Gemmology, Vol. 22, No. 2, 1990, pp. 83-89. 


The authors describe red and orange corundum from the 
Chimwadzulu Hill region of southern Malawi, an in situ 
deposit in an epidotized amphibolite, which was first 
described in 1958. The eight study samples, acquired by 
one of the authors at the mine, are crystals up to 15 mm 
long. Six range in color from pale to dark red; the 
remaining two are orange. The “rubies” revealed a 
correlation between increasing Cr (and, to some extent, 
Fe] content and refractive index, as well as birefringence. 
R.I. values reached previously unreported high values of 
n. = 1.770 and n, = 1.780. Absorption spectra show 
corresponding variations. Properties for the orange cor- 
undums are comparable to those for similar material 
from Tanzania. 

A variety of mineral, liquid, and growth structure 
inclusions are described for the Malawi corundums, 
with 12 useful black-and-white illustrations. Although 
scientific details of analytic conditions are omitted, this 
study is especially useful to the gemologist for its 
expansion of the range of values to be expected for rubies. 

CMS 


Role of natural radiation in tourmaline coloration: 
Discussion. I, Petrov, American Mineralogist, Vol. 
75, No. 1/2, 1990, pp. 237-239. 
By reviewing previously published data on pink tour- 
maline coloration, the author proposes that this colora- 
tion is not simply due to Mn?+ turning to Mn3+ with 
irradiation, but rather results from a number of different, 
more complex processes. He proposes three: {1} meta- 
stable O!— centers, stable up to 250°C; (2) Mn4*+—>Mn3+ 
electron centers, stable up to 500° or 600°C; and (3) 
electronic transitions of transition metal ions, for exam- 
ple Mn3+, stable up to 800°C or higher. 
Besides thermal stability, interpretations of electron 
paramagnetic resonance (EPR) spectra are also used as 
arguments. EF 


Spectacular spinel. P Bancroft, Lapidary Journal, Vol. 43, 
No. 11, February 1990, p. 25. 
Dr. Bancroft reports on the acquisition of the Katherina 
spinel by AGT International (based in the Netherlands). 
Recovered in the Pamir Mountains of the USSR, the 
Katherina weighed 532 ct rough, and produced a 146.43- 
ct cushion step cut described as dark pink. This stone is 
five times larger than the former record holder for a 
Pamir Russian spinel (27,81 ct). The stone was faceted by 
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Justina of Mission Viejo, California, and also produced a 
30-ct triangle-shaped stone. The article contains two 
color photographs of the faceted gem and the uncut 
rough, WRV 


Star rhodolite garnet from Tanzania. R. C. Kammerling 
and J. I. Koivula, Journal of Gemmology, Vol. 22, 
No. 1, 1990, pp. 16-18. 
The authors describe the first-reported star rhodolite 
from Tanzania. The 15.6-ct stone displays four- or six- 
rayed asterism, depending on the angle of observation, 
with near-transparency and a “slightly brownish pur- 
plish red” color. Gemological properties are consistent 
with those typical of rhodolite. Microscopic examina- 
tion revealed the source of asterism to be fine acicular 
rutile crystals with 110/70-degree orientation, running 
the entire distance through the stone. (Unfortunately, 
part of the text has been omitted in publication— 
hopefully no more than the apparent two words.} Four 
color photographs accompany the article. CMS 


An unusual agate from Guyana. J. G. Gosling, journal of 
Gemmology, Vol. 22, No. 2, 1990, pp. 76-79. 


This article reports on the discovery of a new form of 
agate in the Republic of Guyana, which is noted for its 
occurrences of agate. Mr. Gosling, wha was involved 
with the initial development of a lapidary industry in 
Guyana, reports that most of the agate deposits are 
located along the Ireng River that borders Guyana and 
Brazil, from the Good Hope Mountains in the north to 
the Blue (Kanuku} Mountains in the south. The agates 
occur in gullies that are dry for most of the year and drain 
into the river during the rainy season. 

The new type of agate consists of a criss-cross lattice of 
quartz crystals with banded agate filling the cavities in 
the lattice. Cutting of the material is similar to that for 
agates in general except that, because it is difficult to 
clean residual polishing grit out of the cavities after each 
polishing step, subsequent polishing with the next finer 
grade of grit can produce scratches if sufficient care is 
not taken. 

This attractive material is illustrated on the cover of 
the journal as well as in photos that accompany the 
article, clearly revealing that a visual observation is all 
that is needed to make an identification. Unfortunately 
{to this abstractor}, the large size of the pattern makes 
this material —like so many spectacular agates — unsuit- 
able for use in jewelry and limits its application to 
ornamental objects. CMS 


DIAMONDS 


Brilliance in Tilt. E. §. Love, Lapidary Journal, Vol. 43, 
No. 9, December 1989, pp. 90-94. 

This rigorous mathematical exercise explores theoreti- 

cal aspects of the concept of brilliance-in-tilt. This 

concept presupposes that a standard round brilliant 
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optimized for combined face-up brilliance and tilt bril- 
liance is preferable to one optimized for face-up bril- 
liance only. 

According to Love, brilliance-in-tilt is best achieved 
through solutions developed for analyzing satellite com- 
munications and detections by light rays and optical 
sensors. Such solutions, known as the L-solutions, em- 
brace single and combined tilting about all three axes. 

The body of this article consists of tabulated data 
illustrating the effects of fluctuating values on bril- 
liance. These data are based on comparative studies, and 
no examples of successful applications of this theory are 
included with the article. 

Paris A. Walker 


> 


How to value irradiated diamonds. C. Altobelli, Jewelers 
Circular-Keystone, Vol. 161, No.3, March 1990, p. 
130. 


This brief but concise article gives pertinent informa- 
tion on how to value irradiated diamonds by using the 
“market data approach,” or the use of comparables. 
Dealers who have sold treated stones in the past would 
be good sources of information on the wholesale costs of 
diamonds that match the cut, color, clarity, and carat 
weight of your stone. 

Altobelli. describes a formulaic approach that may be 
used when determining a broad estimate for insurance 
replacement cost, and is used when market data are 
unavailable. First assign an arbitrary GIA color grade asa 
good representative for the stone. Then set a clarity and 
cut grade for that weight and shape diamond, and add the 
cost of treatment to get your wholesale value. If the 
appraisal is for insurance purposes, add the markup for 
retail replacement. Also, make note of the type of 
treatment and method used in determining the markup 
for retail replacement. When using the formulaic ap- 
proach, you must state that it was used, why it was used, 
and any limitations on accuracy that occurred from its 
use, 

The customer should be made aware of the fact that if a 
replacement is needed, an untreated diamond of the 
same value may be chosen. In most cases, the insurance 
company would not object— their main concern is the 
replacement cost. However, most insurance adjustors 
deal with replacement companies that offer “at whole- 
sale” prices. If another type of stone is being considered, 
the insurance Company and the customer should have an 
agreement on the different options available through the 
specific policy. Raren B. Stark 


Secret of Indian success being emulated by other centers. 
New York Diamonds, No, 7, 1990, pp. 58-64. 


India’s ever-growing diamond industry has contributed 
to an expanded world market for diamond jewelry, 
mainly by manufacturing smaller, lower-quality, low- 
priced stones. This has caused a reclassification of 
diamonds (gem, near-gem, and industrial}, with more 
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“industrial-grade” diamonds now being cut for the 
average consumer. 

The conditions responsible for India’s success — most- 
ly massive pools of cheap, semiskilled labor—also exist 
in many other countries. Thailand, Sri Lanka, China, 
and South Africa all have begun to emulate India and 
encourage investment by foreign manufacturers. In fact, 
in 1988, Thailand exported 200,000 ct of polished 
diamonds, more than four times its 1987 production. 
Often, Belgian and Israeli diamantaires will provide 
needed expertise and technology. 

To maintain its predominance, India must improve 
both production methods and efficiency. Although it is 
true that Indian cutters generally receive lower-quality 
rough, this fact alone cannot explain India’s 1988 average 
yield of only 20.23%, compared to a 40.24% yield by the 
Israeli industry. Paris A. Walker 


Visual optics. A. Hodgkinson, Australian Gemmologist, 
Vol. 17, No. 4, 1989, pp. 137-138. 


Distinguishing between diamond and its various sim- 
ulants still poses a challenge to jewelers. This brief 
report describes a simple method that can be useful in 
such situations, Called visual optics, it is performed by 
placing the table ofa gemstone against partially closed 
“eyelashes” and looking at a nondiffused light source 
(e.g., a candle flame or penlight) that is approximately 4 
to 6 m away. The patterns and intensities of spectral 
reflections seen are felt to be indicative of various gem 
materials, these features being influenced by the gem’s 
refractive index, birefringence, and dispersion. 

After discussing the technique, the author proceeds to 
describe the typical images produced by diamond, zir- 
con, CZ, and strontium titanate. These patterns are also 
illustrated photographically. RCK 


GEM LOCALITY 


Some aspects of pearl production with particular refer- 
ence to cultivation at Yangxin, China. E. A. Jobbins 
and K. Scarratt, Journal of Gemmology, Vol. 22, 
No, 1, 1990, pp. 3-15. 


This well-illustrated article by Messrs. Jobbins and 
Scarratt is the result of a recent trip by those authors toa 
Chinese pearl farm. As background, they describe the 
major sources of natural and cultured pearls. Histori- 
cally, the most significant source of natural pearls has 
been the Persian Gulf. However, changing economics 
and politics, pollution, and over-fishing have reduced 
pearl production in this region to a trickle. An interest- 
ing discussion of natural pearl fishing in Scotland 
provides insight into that little-known source. 

Since the 1920s, Japan has dominated the pearl market 
through its production of cultured pearls in enormous 
quantities and a full range of qualities. The original type 
of cultured pearl is formed around a mother-of-pearl 
bead nucleus. The development in the 1950s of “non- 
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nucleated” {mantle-tissue nucleated) freshwater cul- 
tured pearls, originally from Japan’s Lake Biwa, repre- 
sented a new phase in both pearl marketing and identi- 
fication. 

The Chinese adopted this technique as suitable for 
their own freshwater mussels. They began marketing 
cultured freshwater pearls in the early 1980s. Eventual 
flooding of the market dropped prices for lower-quality 
strands radically. However, fine-quality Chinese cul- 
tured pearls are also produced. 

In May 1989, the authors visited one of the Chinese 
pearl farms at Yangxin, Hubei Province. The mussels — 
Cristaria plicata—grow as long as 20 cm and are 
cultivated for about 40 pearls at a time. The farms 
include nursery ponds, spat sheds, producing ponds, and 
cultivating sheds. When spats reach 8 cm in length, each 
is implanted with 40 squares of mantle tissue (from 
another mussel of the same type} and is placed in a net in 
a maturing pond. 

Nineteen black-and-white and two color illustra- 
tions—mostly locality photographs—accompany this 
very readable and altogether too short article. It is an 
excellent summary, especially for the jeweler looking for 
basic information, CMS 


Wave Hill prehnite. H. Bracewell, Australian Gemmolo- 
gist, Vol. 17, No. 4, 1989, pp. 127-129. 

Wave Hill Station, 940 km south of Darwin and 1,230 
km northwest of Alice Springs, is located in one of the 
most isolated regions of Australia’s Northern Territory. 
Here, prehnite is collected from two distinct areas, one 
that produces opaque greenish material from pebble to 
small boulder size, while the other yields small, facet- 
able nodules in colors ranging from “whitish to pale 
green and greenish hues through to a clear yellow.” 

Four faceted prehnites from the second area, ranging 
from 7.35 to 31 ct, were examined by the author, with 
properties determined to be as follows: appearance — 
semitransparent, slightly grayish green with a slightly 
fibrous texture; Mohs hardness—6 to 7; mean refractive 
indices—a = 1.614, B = 1.620, y = 1.637; mean 
biregringence — 0.023; dichroism —slight, in pale to dark 
green hues; Jong-wave U.V. fluorescence— dull brown; 
absorption spectrum —vague band at 440 nm. Magnifi- 
cation revealed very distinct radiating fibers in the 
largest specimen, while in the smaller three stones the 
fibers had a parallel orientation. The author speculates 
that this latter structure raises the possibility of cat’s- 
eye stones being cut from the material, 

The article is nicely illustrated with seven color 
photographs. RCK 


INSTRUMENTS AND TECHNIQUES 


Mikrospektralphotometrie der Edelstein-Katho- 
dolumineszenz (Microspectrophotometry of gem- 
stone-cathodoluminescence). J. Ponahlo, 
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Zeitschrift der Deutschen Gemmologischen Ge- 
sellschaft, Vol. 38, No. 2/3, 1989, pp. 63-84. 


This is the latest article by Dr. Ponahlo on gemstone 
cathodoluminescence, with a focus this time on the 
emission spectra of various gem materials. After a brief 
description of the homemade experimental set-up he 
uses, the author reports on the cathodoluminescence spec- 
tra of natural and synthetic rubies, emeralds, pad- 
paradscha sapphires, alexandrite chrysoberyls, dia- 
monds, and lapis lazuli. A general rule of thumb valid for 
the first four is that the cathodoluminescence of natural 
and synthetic gem materials are mostly similar in 
spectrum shape, but that the synthetic materials typ- 
ically luminesce more strongly than their natural coun- 
terparts (although there is some overlap.}. 

For rubies, a slight difference in the shape of the 
emission spectra of natural and synthetic stones seems 
to help the separation. Also, it seems that cath- 
odoluminescence could provide an indication of heat 
treatment, although more research is needed. This 
technique seems to be helpful, too, in the detection of 
oiling of emerald. Growth features that help separate 
natural from synthetic padparadscha sapphires and dia- 
monds are emphasized under the electron beam. 

The author pays a great deal of attention to good 
calibration procedures, and uses a large enough sample 
size {up to 76 samples for alexandrite) to propose 
significant results, which are illustrated with numerous 
color photographs and spectra. Dr. Ponahlo’s spectra 
would be even more useful if he would publish all of 
them within scale {many spectra are cut off at the top] 
and provide the curve of his photomultiplier’s sensi- 
tivity over the maximum range used, as luminescence 
spectra are known to be instrument-dependent. EF 


Reconnaissance d’un diamant de synthése De Beers 
parmi d’autres gemmies grace 4 la cathodolumines- 
cence (Separation of a De Beers synthetic diamond 
from other gems using cathodoluminescence). C. 
Bille, R. Chapoulie, J. Dorbes, and M. Schvoerer, 
Revue de Gemmologie a.fg., No. 100, 1989, pp. 
19-21, 


This study provides cathodoluminescence spectra of 
four groups of samples: small faceted natural diamonds, 
synthetic diamond powder from De Beers, a YAG crystal, 
and a zircon crystal from Spain. The purpose of the 
article and the principles of cathodoluminescence are 
briefly stated, and the three different instruments used 
are mentioned. This method is nondestructive only for 
small samples {less than 1 cm). 

All natural diamonds studied showed a blue cath- 
odoluminescence, centered around 450 nm. The syn- 
thetic diamonds showed a yellowish green cath- 
odoluminescence, mostly due to a broad band peaking at 
about 520 nm. The YAG crystal showed a pink to violet 
luminescence (depending on the experimental condi- 
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tions), due to a combination of three main spectral 
regions of emission. The color of the zircon lumines- 
cence is not described, but its complex spectrum is 
attributed to various rare-earth elements, The authors 
conclude that this technique could prove useful to 
characterize gems if a wider, more representative sample 
could be studied. EF 


Reflections on reflectivity. PB G. Read, Journal of Gem- 
mology, Vol. 22, No. 2, April 1990, pp. 97-102. 


For the gemologist interested in why and how things 
work, Peter Read has provided a discussion of the 
relationship between reflectivity and refractive index. 
This relationship has been exploited in recent years by a 
variety of reflectivity meters, a number of which are 
described by the author. Generally less accurate than a 
refractometer, these instruments do, however, have the 
advantage of a broader range useful in making diamond/ 
simulant separations. The most recent instrument de- 
scribed is the author's own Brewster-angle refractometer, 
with an RL range of 1.4 to 3.3. Photographs and 
explanatory drawings illustrate the text. CMS 


Using the spectroscope. S. M. B. Kelly, Australian 

Gemmologist, Vol. 17, No. 4, 1989, pp. 118-119. 
This brief article, subtitled “A personal assessment of the 
contribution to gemmology of J. J. Snow, EG.A.A,, 
EG.A.,” is printed in a special Memorial Issue of Austra- 
lian Gemmologist dedicated to the late, well-respected 
gemologist. * 

The author begins with a reminiscence about her 
student days and the help Mr. Snow gave her in learning 
to use the spectroscope. She then goes on to describe a 
number of personal situations in which an instrument 
designed by Mr. Snow was especially useful in identify- 
ing mounted gems. 

The examples are ones to which many gemologists 
can no doubt relate: identifying orange-brown Zircon; 
separating peridot from sinhalite; distinguishing natu- 
ral from synthetic sapphire; determining whether small 
green stones are emerald or demantoid; and separating 
ruby from almandine garnet. Key absorption lines for the 
materials described are listed. RCK 


JEWELRY METALS 


Accelerator-based spectroscopy techniques for analysis 
of archaeological gold jewelry. G. Demortier, Spec- 
troscopy, Vol. 4, No. 6, 1989, pp. 35-40. 

Demortier describes work in the compositional analysis 
of archaeological gold jewelry performed at the Labora- 
tory for Analysis by Nuclear Reaction (LARN]} in Bel- 
gium by particle induced X-ray emission {PIXE}, particle 
induced gamma-ray emission (PIGE}, and nuclear reac- 
tion analysis [NRA). These are non-destructive, accu- 
rate, and sophisticated {but extraordinarily expensive] 
techniques. 
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The items discussed include a gold Byzantine cruci- 
form reliquary, a terminal or connecting end from a 
Roman necklace, and a Byzantine bead shown to have 
been made with a cadmium-copper solder. The last item 
supports earlier work of Demortier’s showing that the 
presence of cadmium is not necessarily a sign of modern 
manufacturing (Gold Bulletin, Vol. 17, No. 1, 1984, 
abstracted in Gems & Gemology, Summer 1984). He 
proposes that the ancient meaning of chrysocolla [a 
mineral salt used in some ancient soldering techniques} 
was cadmium sulphide (greenockite}. Interestingly, he 
gives the modern meaning of chrysocolla as copper 
carbonate, rather than hydrated copper silicate. Other 
ancient bonding processes, including sintering of the 
reliquary and solid-state diffusion bonding (the process 
used in Etruscan granulation work) of the necklace 
terminal, are also discussed. Meredith E. Mercer 


Digging a mile deep. L. J. Fisher, Earth Science, Vol. 42, 
No. 1, 1989, pp. 12-13. 
The United States uses 2.5 million troy ounces of 
platinum per year, 93% of which is imported from South 
Africa, the Soviet Union, and Canada. With the renewed 
interest in the Stillwater Complex, located in the Bear- 
tooth Mountains southwest of Billings, Montana, the 
percentages of imported platinum and palladium should 
decrease. Although platinum was found in the complex 
in the 1920s, at the it time was considered economically 
unfeasible. Today, more than 780 tons of platinum and 
palladium ore are mined daily, and yield approximately 
20 tons of ore concentrate; after refining, the result is 
160 oz. of platinum and 480 oz. of palladium. The 
expected annual metals yield of the mine is 225,000 oz. 
The author points out that, although this is a mere 
fraction of world demand, an advantage is that the mine 
is “not subject to political problems associated with 
importing minerals from South Africa and the Soviet 
Union.” Rose Tozer 


SYNTHETICS AND SIMULANTS 


Beauté de l’oulongolite (Beauty of oulongolite). D. Ro- 
bert, Revue de Gemmologie a.fg., No. 101, De- 
cember 1989, pp. 17-18. 

This article briefly describes some properties of a new 

synthetic gem material, oulongolite. The author points 

out that it is definitely not a YAG; indeed, its composi- 

tion is “more complex.” Among its properties are an R.I. 

of 1.93-1.99, an S.G. of 7, and a hardness between 7 !/2 

and 8. Oulongolite is offered in a wide variety of colors 
that simulate those of natural gem materials (peridot, 
sapphire, aquamarine, pink diamond), and can be faceted 

or carved in “free cuts.” Gamma irradiation causes a 

“ruby-red” coloration, which fades with exposure to 

light within a few hours. EP 
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Effect of solvent metals upon the morphology of syn- 
thetic diamonds. H. Kanda, T. Ohsawa, O. 
Fukunaga, and I. Sunagawa, journal of Crystal 
Growth, Vol. 94, 1989, pp. 115-124. 


Synthetic diamond crystals up to3 mm in diameter have 
been grown in a hydrous environment from various 
metal solvents to study the effect of those metals on 
diamond morphology. The growth features were an- 
alyzed by etching and various surface microscopy tech- 
niques, Only octahedral {111} and cube {100} faces are 
seen in diamond grown in pure Ni. The dodecahedral 
{110} and trapezohedral {113} faces appear only when 
using Ni alloyed with other transition metals. This is 
attributed to the strong affinity of those metals for 
nitrogen, which can lead to a modification of the metal- 
diamond interface conditions during growth, thus pro- 
ducing different crystal faces. 

The octahedral and cubic faces grow smoothly in 
successive layers that are thinner than 30 A and are 
persistent throughout the growth, with the octahedral 
face dominating the morphology. The dodecahedral and 
trapezohedral faces, which are transient and minor on 
the final morphology, have a hopper growth, in which 
growth proceeds from the edges inward, resulting in 
raised edges. A perturbation in the growth parameters 
indicates a distinct growth band on the cubic sector. 

The presence of cubic faces in synthetic diamonds is 
attributed to a surface reconstruction of the cubic face, 
which might be prevented in nature by the silicate 
magma in which the diamond grows. EF 


How secret GE recipe for making diamonds may have 
been stolen. L. Ingrassia, Wal] Street journal, 
Wednesday, February 28, 1990, pp. Al and A4. 


This front-page article relates the circumstances sur- 
rounding lawsuits filed by General Electric, a major 
synthetic diamond producer, and Norton, a major dia- 
mond tool manufacturer, against one of their former 
employees, Mr. Chien-Min Sung. The two companies 
suggest that Mr. Sung may have sold vital industrial 
secrets on how to grow high-quality industrial diamonds 
to China, a South Korean company, and, perhaps, even 
the USSR. EF 


Inamori stones’ rough (some observations and specula- 
tions}. J. Snow and G. Brown, Australian Gem- 
mologist, Vol. 17, No. 4, 1989, pp. 132-136. 

Beginning with a brief review of the Kyocera Corpora- 

tion’s manmade gem products, the authors proceed to 

describe their examination of unfashioned specimens of 
several of these materials. 

The synthetic corundum examined included rod- 
shaped single crystals of synthetic ruby, star ruby, and 
orange-red sapphire. These crystals were oriented with 
the c-axis parallel to their length and had rounded, 
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machine-ground external surfaces; the authors specu- 
late from the latter that the crystals originally had 
somewhat irregular external forms. All of the crystals 
examined contained great numbers of bubbles in ba- 
sically three configurations: (1) a central mass of bubbles 
in various sizes and shapes; (2) randomly scattered 
bubbles; and {3) fine, radially arrayed stringers of bubbles 
near external surfaces. Based on these observations, the 
authors hypothesize that the materials may have been 
grown by a zonal melting technique. Additional features 
noted were severe surface crazing on the synthetic 
orange-red sapphire, cloud-like swirls found predomi- 
nantly toward the periphery of the crystals, and ex- 
tremely fine exsolved rutile in the synthetic star ruby. 

Synthetic chrysoberyl crystals examined included 
both alexandrite and cat’s-eye alexandrite. The former 
had a distinct purplish red to grayish green color change, 
were transparent, contained gas bubbles and smoky 
swirls and, based on their pleochroism, were possibly 
grown on aseed plate cut at right angles to the a-axis. The 
chatoyant crystals had a similar but weaker color 
change, were translucent, had a slightly undulating 
parallel banding parallel to the c-axis and were possibly 
grown on a seed plate cut perpendicular to the c-axis. 

Kyocera’s opaque black and transparent colorless opal 
products were also studied. The authors observed one 
previously unrecorded feature: a bronze luster on the 
base of the black opal rough. 

This well-illustrated report provides some very useful 
information on the visual characteristics of these man- 
made gems. RCK 


An investigation of three imitation opalized shells. J. 1. 
Koivula and R. C. Kammerling, Australian Gem- 
mologist, Vol. 17, No. 4, 1989, pp. 148-152. 


Opal pseudomorphs after shell are an unusual and 
comparatively rare form of precious opal. This well- 
illustrated article reports on three imitations that had 
been represented as natural opalized mollusk shells, 
including a clam shell, a mussel shell, and a turban snail 
shell, Each exhibited a patchy play-of-color pattern 
coming from what appeared to be distinct breccia of 
white opal. A number of other visual inconsistencies 
were noted, but magnification revealed the true nature of 
the deceptions. Each “shell” was seen to be composed of 
many small chips of white opal, boulder opal, and a 
limonitic matrix rock, bound together with a transpar- 
ent, colorless material. The binding agent contained 
numerous spherical gas bubbles, while flattened bubbles 
were observed at some interfaces between the binder and 
opal fragments. 

Gemological testing for microhardness, reaction to a 
thermal probe, R.I., U.V. fluorescence, and hydrophobic 
reaction led the authors to conclude that the binding 
agent was a plastic. RW 
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MAJORICA IMITATION PEARLS 


By June Hanano, Mary Wildman, and Philip G. Yurkiewicz 


Pearls are one of the most popular gem 
materials, but only in the past few de- 
cades has technology advanced to the 
point that good-quality imitations could 
be made, The Majorica S.A. product is re- 
markably similar in appearance to salt- 
water cultured pearls. These imitations, 
often set in high-karat gold in contempor- 
ary Styles, are sold throughout the world. 
This article discusses the history of the 
Majorica imitation pearl, the manufactur- 
ing and marketing processes, and the sep- 
aration of the Majorica product from its 
cultured counterparts. 
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W* the increasing cost of cultured pearls and the 
astronomical cost of the rare natural pearls, people 
have turned to imitations as an affordable alternative. The 
trademark faux pearls of U.S. First Lady Barbara Bush have 
also helped bring this fashion alternative to the attention of 
millions (Reilley, 1990). Among the many imitation pearls 
currently available, the Majorica product is perhaps the 
most widely marketed and meticulously manufactured 
imitation today. Their sales figures mirror the rise in 
interest by the general populace, with a 50% increase in 
total sales (to US$60 million} from 1986 to 1989. The 
Majorica imitation pearls closely resemble cultured pearls 
(figure 1}, although they are produced in an entirely 
different manner. 

In the fall of 1989, the authors visited the headquarters 
of Majorica S.A. in Barcelona and their production plant on 
the island of Majorca, off the eastern coast of Spain. 
Through interviews with a number of senior executives, 
including Director General Jaime Peribafiez and Executive 
Vice-President Luis Bonel, and a rare behind-the-scenes 
look at the actual production process, we obtained a 
comprehensive picture of the Majorica imitation pearl. 
This article reviews the history of the material and the 
manufacturing process used, describes the different prod- 
ucts available and how they are marketed, and examines 
the separation of the Majorica imitation from saltwater 
cultured pearls. 


HISTORICAL PERSPECTIVE 


The story of Majorica pearls begins in 1890, when German 
immigrant Eduardo Hugo Heusch established a small 
factory in the Spanish city of Barcelona (J. Peribafiez, pers. 
comm., 1989). There he manufactured sewing notions 
such as needles, clasps, zippers, and imitation pearl but- 
tons. In the early 1900s, he started to produce imitation 
pearls for use in jewelry. These early imitations were 
essentially glass beads coated with man-made resins. With 
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Figure 1. Majorica S.A. 
manufactures imitation 
pearls that closely 
resemble cultured pearls. 
These 6-mm imitations 
are from their line of 
“Lady Di” jewelry. 
Courtesy of Majorica 
S.A.; photo by | 

Shane McClure. 


time, the operation advanced and expanded con- 
siderably. 

In 1920, the Heusch family moved the factory 
to Majorca, the largest of the Balearic Islands, 
located approximately 180 km southeast of Bar- 
celona in the Mediterranean Sea. Majorca was 
chosen in part because its geographic isolation left 
it relatively free from the political and social 
unrest that plagued Spain at the time, but also 
because it was the home of fine lace makers, whose 
dexterity would become valuable for stringing the 
beads. 

In 1939, at the end of the Spanish civil war, the 
managers of the Heusch operation gathered to 
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discuss the creation of a special imitation pearl 
that truly duplicated the appearance of the natural 
material. By 1951, 12 years after the decision was 
made to produce a more natural-appearing prod- 
uct, research finally produced the imitation pearl 
that is now marketed as Majorica. 

Before 1939, all of the Heusch family’s imita- 
tion pearls had been sold simply as “Spanish 
pearls.” For the new product, however, the name 
Majorica was chosen. Majorica comes from the old 
Roman spelling for the island now known as 
Majorca or, in Spanish, Mallorca. It was trade- 
marked in Spain in 1950 and worldwide in 1961, 
for use exclusively by the Heusch company for 
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their imitation pearls. The only exception to 
worldwide trademarking is Brazil, which does not 
allow the importation of man-made pearl imita- 
tions (J. Peribaniez, pers. comm., 1989). 

Today, Majorica S.A. struggles to maintain its 
established trademarked name. Other imitation- 
pearl producers on the island sell their products as 
“Majorca Pearls” after the current spelling. The 
very subtle differences in spellings may lead to 
consumer confusion. 


PRODUCTION 

Two components make up the imitation pearl 
produced by Majorica S.A.: a translucent to 
opaque, white bead nucleus (figure 2} and a special 
iridescent coating. The material used to form the 
nucleus is imported from Belgium; the Majorica 
people refer to it as “opalene” (L. Bonel, pers. 
comm., 1989}. When examined with magnification 
in transmitted light, a sample of uncoated nucleus 
showed gas bubbles and swirl striations (figure 3}. 
These visual characteristics and the spot refrac- 
tive index of 1.52 are typical of glass. To confirm 
the nature of this material, we asked Robert Kane 
of the GIA Gem Trade Laboratory to perform an 
X-ray powder diffraction analysis. Using a dia- 
mond scraper, he removed a minute amount of 
powder from a sample nucleus. The X-ray diffrac- 
tion pattern produced showed no evidence of a 
crystalline structure. This proves that the mate- 


Figure 2. The Majorica imitation pearls typic- 
ally contain transparent to opaque white nuclei 
similar to those shown here. Referred to as 
“opalene” by Majorica S.A., the material used 
to form these nuclei is actually a lead-based 
glass. Photo by Robert Weldon. 
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Figure 3. Examination of one of the Majorica 

bead nuclei with 10 magnification revealed 
the swirl striations and gas bubbles that are 

typical of a glass. Photomicrograph by 

John I. Koivula. 


rial is amorphous, and probably a glass. Subsequent 
energy dispersive X-ray fluorescence (EDXRF} 
analysis of this same material by Sam Muhlmeis- 
ter and Dr. Emmanuel Fritsch of the GIA Research 
Department established that the nucleus material 
is a lead silicate. 

The nuclei are produced in one of two ways, 
depending on the size and shape desired. Currently, 
all spherical nuclei larger than 9 mm and all pear- 
shaped nuclei are still manufactured entirely by 
hand (figure 4). Specially trained technicians work 
long, narrow glass rods under a stationary hot 
flame until the end of the rod melts into a ball onto 
a rotated metal wire. During the authors’ visit to 
the factories, there were only two women with the 
skill to produce these nuclei manually. For the 
smaller round nuclei, automation has replaced 
what once required the efforts of as many as 240 
workers. Special machinery designed by in-house 
engineers allows the material to be melted in the 
form of a ball onto the metal wire. The wire 
remains either partially embedded for post nrount- 
ing or passed completely through the nucleus for 
stringing. The finished beads are checked for 
roundness (figure 5}, and those that don’t meet 
quality standards are removed and reserved for use 
in lesser-grade imitations (E. Blauer, 1985}. Last, 
the beads are placed in an acid bath to dissolve the 
metal wire and then are passed through sieves that 
sort them into size categories with a tolerance of 
0.2, mm (figure 6). 
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Figure 4. Although most nuclei are produced by 
Majorica’s specialized machinery, those larger 
than 9 mm and those used to form pear-shaped 
beads are generally produced by hand. Today 
there are only a few women with the developed 
skill to make the near-perfect glass beads. Here, 
the technician controls the flame in one hand 
and manipulates the glass rod from which the 
nuclei are formed in the other. The end of the 
rod is worked under the flame until it begins to 
melt into a sphere onto a rotating wire. Photo 
by June Hanano. 


The second component of the process is the 
coating of the nucleus with a material referred to 
by Majorica S.A. as “essence of orient” or “pearl 
essence,” which is produced through an exclusive 
process developed by Majorica (J. Peribafiez, pers. 
comm., 1989). The raw material used for the 
coating comes from scales taken from fish found in 
the Atlantic Ocean and concentrated around the 
Canary Islands. Majorica S.A. has developed spe- 
cial machinery that removes the necessary fish 
scales while leaving the fish in marketable condi- 
tion for the food industry. The gathered fish scales 
are sent to Barcelona, where the substance that 
causes the iridescence of the fish scales is removed. 
It is this substance that is mixed with coloring and 
binding agents to manufacture a form of “pearl 
essence” (figure 7). When this transparent to trans- 
lucent material is applied to the bead in consecu- 
tive layers, it produces the interference and diffrac- 
tion of light that causes the prismatic colors seen 
on these imitations. 

“Pearl essence” was discovered in the late 17th 
century by a French rosary maker named Jacquin. 
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Figure 5. The glass bead nuclei are rotated and 
inspected for roundness. Rejected nuclei are 
marked and later used for a lower-grade imita- 
tion pearl that Majorica S.A. markets under a 
different trade name. Photo by June Hanano. 


Figure 6. After the nuclei pass inspection, each 
“strand” is placed in an acid bath to remove 
the wire on which they were originally formed. 
Then, as shown here, the loose beads are sorted 
through sieves that place them into size catego- 
ries with a tolerance of 0.2 mm. Photo by 

June Hanano, 


Figure 7. The iridiscent material (“pearl es- 
sence”) used on the Majorica imitation pearl to 
simulate nacre is formed by mixing the guanine 
extracted from fish scales with binding and col- 
oring agents, Photo by June Hanano. 


Jacquin noticed that after his servant had scaled 
bleak fish (Alburnus lucidus}, the water contained 
iridescent reflections. Closer examination re- 
vealed that these reflections were produced by the 
dissolution of a fine thin film that covered the 
scales. Jacquin then filtered the water to recover 
the pearly substance and mixed it with a varnish 
(Taburiaux, 1985}. Since then, it has been deter- 
mined that the iridescence is caused by minute 
crystals embedded in the skin covering the fish 
scales. These crystals are an organic waste mate- 
rial named guanine, which is closely allied to uric 
acid (Farn, 1986}. Because approximately 2,000 
bleak are needed to produce one liter of essence, 
other fish such as shad, herring, and salmon have 
also been used. 

GIA’s Research Department used a Nicolet 
60SX Fourier transform infrared (FTIR) spectrome- 
ter to analyze the coating material on one black 
and one white Majorica imitation pearl. Their data 
showed that in the near-infrared range, outside of 
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the total absorption caused by the glass nucleus, 
there are a number of weak features consistent 
with a reference spectrum of guanine (C,H;N;O}. 

In preparation for the coating process, the glass 
beads are placed on posts set in frames. The beads 
then undergo a number of consecutive dipping and 
drying steps (figure 8}, each of which is followed by 
cleaning and polishing with an increasingly finer 


Figure 8. The glass bead nuclei are placed on 
posts in preparation for the coatings of “pearl 
essence.” They then undergo a series of dipping 
and drying steps, each followed by a cleaning 
and polishing. For the final coat, Majorica uses 
a special chemical that hardens the surface and 
protects the color from U.V. radiation. Although 
some beads are processed by hand, as shown 
here, most are done by automation. Photo by 
June Hanano. 


grade of brush. During the final production phase, 
a special chemical dipping — possibly cellulose 
acetate and cellulose nitrate (Read, 1986} — poly- 
merizes the organic material, hardens the surface, 
and protects it from chipping and ultraviolet radia- 
tion (which could cause discoloration}. Majorica 
offers a 10-year guarantee against deterioration of 
their product. 

Because the dipping produces a tail-like accu- 
mulation of the coating, each bead is trimmed by 
hand with a razor to form a more perfect sphere 
(figure 9). However, some of the imitations exam- 
ined showed evidence that the final chemical 
dipping was done after the trimming: With magni- 
fication, a transparent layer could be seen covering 
the drill hole. Majorica claims that approximately 
25% of their total production of finished beads 
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Figure 9. Once the final coating is dry, the tail- 
like accumulation of pearl essence (left) is 
trimmed by hand. This ensures a more perfect 
sphere (right). Photo by Robert Weldon. 


does not pass quality standards and is destroyed J. 
Peribanez, pers. comm., 1990). 

The finished imitation pearls are either 
mounted for use as earrings, pendants, pins, or 
rings, or are strung on a strand comprised of 80% 
silk and 20% rayon. The stringing work is farmed 
out to cottage laborers, who hand knot 2.5 million 
strands ‘per year (L. Bonel, pers. comm., 1989), 
Selected finished strands are then mounted on a 
special niachine that literally “beats” them for 
several minutes to confirm their durability (figure 
10). Once a strand has passed quality control, it is 
tagged and numbered, then boxed in a distinctive 
red jewelry case for final distribution. 
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Figure 10. As a final step, selected strands of 
the finished Majorica beads are subjected to 
strenuous durability testing. Here, the strands 
are mounted on a special machine that literally 
“beats” them against a rotating bar to simulate 
years of wear. Photo by June Hanano. 


VISUAL APPEARANCE OF 
MAJORICA PEARLS 


Colors. The main colors that Majorica S.A. pro- 
duces are cream rosé, white, black, and gray (figure 
11). The principal colors are based on the demands 
of three key markets: Europe (cream rosé} and the 
United States (cream rosé with white on the 


Figure 11. These strands of 8-mm 
Majorica imitation pearls are typical 
of the four main colors produced: 
white, cream rosé, gray, and black. 
Photo by Robert Weldon. 
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increase}; Japan (cream rosé); and Scandinavia and 
Canada (white]. Cream rosé represents 85% of 
Majorica’s total production, white, gray and black 
represent the remaining 15%. White is the most 
expensive color to produce, because it is more 
difficult both to extract the guanine from the fish 
scales to produce white and then to apply the 
resulting “pearl essence” to the bead; the slightest 
contamination of the solution (e.g., dust} will also 
contaminate the color (L. Bonel, pers. comm., 
1989). 


Sizes. The Majorica imitations range from as small 
as 1mm toas large as 22 mm. The 6-mm and 7-mm 
beads dominate the market, with 8 mm following 
closely behind (J. Peribafiez, pers. comm, 1989]. 
Demand for larger sizes (10+ mm) is rapidly 
growing in the U.S. market. Majorica attributes 
this to First Lady Barbara Bush’s use of imitation 


pearls, her open fondness for larger pearls, and the 
increasing popularity of large South Seas cultured 
pearls. 


Shapes. Most Majorica pearls are round, but other 
shapes are also produced, including half spheres, 
heart shapes, pear shapes, and ovals. There are a 
limited number of baroque shapes as well. How- 
ever, because these shapes are more difficult to 
manufacture, they cannot compete monetarily 
with many of the cultured freshwater baroques. 


MARKETING 


In 1955, the Majorica imitations were virtually 
unknown outside of Spain. Today, the Majorica 
product is sold in 76 different countries. Coopera- 
tive advertising with major department stores in 
the U.S. and abroad has stimulated this interna- 
tional recognition. Currently, the largest market is 


Coenen ee ee 
TABLE 1. Comparison of the gemological properties of saltwater cultured pearls and four different colors of Majorica 


imitation pearls.4 


Saltwater cultured Majorica Majorica Majorica Majorica 
Test pearl white gray cream rosé black 
Refractive 1.53-1.68 1.48 1.48 1.48 1.48 
index (spot) (birefringence blink) 
Specific gravity 2.72-2.78 2.67 2.57 2.67 2.51 
(hydrostatic) 
Hardness 3 2-3 2-3 2-3 2-3 
(coating) (coating) (coating) (coating) 
X-radiography Large nucleus, contrast Opaque Opaque Opaque Opaque 
between nucleus and 
nacre layer apparent 
X-ray Faint to medium Strong yellow None Strong yellow None 
fluorescence greenish white 
Fluorescence 
to ULV. radiation 
Short-wave None to faint Weaker pink None Weak pink None 
medium greenish blue 
Long-wave None to medium Weak pink None None None 
greenish blue 
Hydrochloric acid Effervesces None None None None 
(10% solution) 
Magnification Dark conchiolin layer No dark separation Same Same Same 
of drill hole between nacre and layer; ragged edges 
mother-of-pearl nucleus; 
sharp edges 
Tooth test Gritty Smooth Smooth Smooth Smooth 


aTesting performed on several saltwater cultured pearls and a representative 8-mm Majorica bead from each color category by David 


Hargett, GIA Gem Trade Laboratory, Inc., New York. 
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Spain, followed by the U.S., France, and, sur- 
prisingly, Japan (L. Di Cristofano, pers. comm., 
1990). For 1989, Majorica S.A. reported total sales 
of imitation pearls at US$60 million. 

Distribution is controlled by 45 diversified 
distributors who sell to jewelry and department 
stores, as well as to airlines, duty-free shops, 
cruise-ship gift shops, military bases, and bou- 
tiques. Jewelry is produced only in direct response 
to orders received, all of which are processed 
through corporate headquarters in Barcelona. In- 
ventory is kept at a minimum. 

Majorica continues to expand their product 
line. Today, the company is trying to increase the 
appeal of their product by designing with 14K gold 
and colored stones for the U.S. market, and with 
18K gold and diamond accents for the European 
market (A. Corbero, pers. comm., 1989). 


IDENTIFICATION 


Of paramount importance to the jeweler-gemolo- 
gist is the separation of the Majorica imitations 
from their costlier counterparts: saltwater cul- 
tured peatls. Although natural pearls are another 
possibility, they are extremely uncommon today 
and therefore were not included in this study. Most 
of the surface characteristics of natural pearls, 
however, overlap those of cultured pearls and so 
would provide similar identification clues. 

To establish standard means by which the two 
products could be separated, we submitted a repre- 
sentative bead from each of four 16-inch strands of 
Majorica pearls— one each of 8-mm white, cream 
rosé, gray, and black beads (again, see figure 11) — 
to standard gemological tests. We then compared 
our results to those gained on several saltwater 
cultured pearls of similar color and shape. The 
results are reported in table 1 and discussed below. 

To the untrained eye, Majorica imitation 
pearls look very much like saltwater cultured 
pearls (figure 12). An iridescence resembling the 
orient seen on some cultured pearls may also be 
observed on Majoricas. On cultured pearls, how- 
ever, this phenomenon more commonly occurs on 
irregular surfaces rather than smooth. On the 
Majorica imitations, obvious iridescence is often 
seen in conjunction with a smooth surface. The 
Majorica beads also have a very high luster which, 
in combination with the iridescence and on the 
smooth surface, provides visual indication that the 
bead is an imitation (figure 13). Note that the 
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Figure 12. To the untrained eye, Majorica 
imitation pearls may be confused with cultured 
pearls. The larger beads are Majorica imita- 
tions; the two smaller strands are cultured 
pearls. Photo by Shane McClure. 


process used to produce most other imitation 
pearls involves dipping or painting the beads witha 
resin; thus, these imitations lack the iridescence of 
the Majorica product and its cultured counterpart. 

Since visual observation is not always conclu- 
sive, gemological testing may be needed to sepa- 
rate the Majorica imitation from cultured pearls. 
We determined that four tests are conclusive in 
making this separation: refractive index, magnifi- 
cation, X-radiography, and the tooth test. 

As table 1 indicates, the spot refractive index of 
the Majorica imitations is significantly lower than 
that of a cultured pearl. Also, the Majorica beads 
do not exhibit birefringence. 

Ten-power magnification of the drill hole also 
proved to be conclusive in making the separation. 
A cultured pearl shows the thin, often dark layer of 
conchiolin that separates the mother-of-pearl bead 
nucleus from the nacre, and the edges of the drill 
hole are sharp and well defined (figure 14). In 
contrast, there is no separation between the glass 
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Figure 13. The prismatic colors known as orient 
are most apparent on cultured pearls with 
irregular surfaces. However, Majorica imitation 
pearls often exhibit iridescence in combination 
with a relatively smooth surface. This 
uncommon combination (for cultured pearls) of 
obvious iridescence and a smooth surface 
provide visual indications that the bead is 
actually a Majorica imitation. Photo by 

Robert Weldon. 


Figure 14. When examined with 10x magnifi- 
cation, the drill hole of a cultured pearl shows 
the outer nacreous layer separated from the 
mother-of-pearl nucleus by the slightly darker 
layer of conchiolin. Note also that the edges of 
the hole are sharp and well defined. Photo- 
micrograph by John I. Koivula. 
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nucleus and the coating of the Majorica imitation 
pearl, and the drill hole itself shows the ragged 
edges of the coating (figure 15). Higher magnifica- 
tion (50 x | of the surface also revealed the recessed, 
step-like depressions on the nacre of a cultured 
pearl in contrast to the more pitted and dimpled 
texture of the Majorica imitation (figure 16}. 

With X-radiography, the Majorica imitations 
appear almost opaque, with no distinction be- 
tween the bead nucleus and the coating (figure 17). 
The mother-of-pearl bead that forms the nucleus in 
cultured pearls, is significantly less opaque than 
the glass bead of the Majorica product and there is 
usually a distinct difference in opacity between 
the layers of nacre and the nucleus. 

The separation is most easily made by the 
tooth test. When gently rubbed against the cutting 
edge of the front teeth, cultured pearls feel gritty 
while the Majorica imitations feel smooth. How- 
ever, this can be a damaging test. Also, note that 
Majorica S.A. indicated to the authors that they 
have the technology to produce their product with 
a gritty surface texture, but they have made a 
conscious decision not to do so (L. Bonel, pers. 
comm., 1989). Other manufacturers are not as 
conscientious, so the test does not exclude other 
imitations if a gritty texture is encountered. 

With regard to the other tests performed, the 
results for specific gravity and hardness indicate 
an overlap between the Majorica products and 


Figure 15. In contrast to figure 14, the drill hole 
of the Majorica bead shows the ragged edges of 
the coating and no distinct separation from the 
glass nucleus. Photomicrograph by John I. 
Koivula; magnified 10x. 
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Figure 16. At 50 mag- 
nification, the surface of 
a cultured pear! (left) 
typically reveals re- 
cessed, step-like depres- 
sions, while that of a 
Majorica imitation 
(right) shows a more pit- 
ted and dimpled texture. 
Photomicrographs by 
John I. Koivula. 


cultured pearls. Although X-ray fluorescence is 
considered conclusive when it is used in conjunc- 
tion with X-radiography, this test is of questionable 
value when used alone. This is also the case with 
fluorescence to both long- and short-wave ultravio- 
let radiation. Although reaction to a 10% hydro- 
chloric acid solution is definitive (cultured pearls 
effervesce, but the Majorica imitations do not}, 
this test is highly destructive and so is not recom- 
mended. Also, some other imitation pearls may 
effervesce (C. Fryer, pers. comm., 1990). 

To further substantiate the thickness of the 
coating .or nacre seen with magnification, C. Y. 
Sheng of GIA’s Jewelry Manufacturing Arts De- 
partment. cut one Majorica imitation and one 
cultured pear] in half for comparison (figure 18]. In 
the cultured pearl, the wavy, parallel structure of 
the mother-of-pearl nucleus is seen, surrounded by 
the dark conchiolin layer and then the outermost 
layer of nacre. The thickness of the nacre layer will 
vary depending on the amount of time the nucle- 
ated mollusk was allowed to grow before harvest. 
Generally, however, it is significantly thicker 


Figure 17. With X-radiography, the Majorica im- 
itation pearls (here, the larger beads) are typ- 
ically very opaque compared to their cultured 
counterparts. X-radiograph by Robert E. Kane. 


Figure 18. Typically, the 
nacreous layer of a cul- 
tured pearl (left) is signif- 
icantly thicker than the 
“pearl essence” coating 
on a Majorica imitation 
(right). Note also on 
these cross-sections the 
wavy, parallel structure 
of the mother-of-pearl 
nucleus in the cultured 
pearl and the swirl stria- 
tions of the glass nucleus 
in the Majorica imita- 
tion. Photos by 

John I. Koivula. 
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(0.5-0.8 mm on the section in figure 18) than the 
coating on the glass bead of the Majorica imitation 
(0.2. mm in figure 18). The Majorica imitation pearl 
also shows the swirl striations of the glass nucleus. 
Gas bubbles were again observed in the nucleus. 

Durability testing was approached from the 
point of view of key concerns during average wear. 
A strand of cream rosé Majorica imitation pearls 
was immersed in perfume for a week, then exposed 
toa week of California summer sun. When the test 
strand was compared to untested strands of the 
same color, we observed no color change in the 
tested beads, only a slight yellowing of the thread. 
While this test is not conclusive, it does provide 
some indication of the general stability of the 
product. 


CONCLUSION 


More and more consumers are choosing imitation 
pearls as a less expensive alternative to the natural 
or cultured gem material. Greater consumer ac- 
ceptance of imitations can also be attributed to the 
influence of those—such as First Lady Barbara 
Bush—who are spotlighted by the media. 

Majorica imitation pearls are manufactured by 
a meticulous process that involves multiple dip- 
pings of a glass nucleus into a compound extracted 
from fish scales. Each dipping is followed by a 
separate polishing of the bead. A final coating 
serves to harden the bead and protect it from 
discoloration by ultraviolet radiation. It is this 
process that sets the Majorica product apart from 
most other imitations, which use coatings of resin 
paints. 

Although Majorica imitation pearls are pro- 
duced in many colors and in a variety of shapes and 
sizes, the most popular are the round, 6-7 mm 


cream rosé beads. Majorica jewelry is marketed 
throughout the world; in 1989, sales reached 
US$60 million. 

At a glance, it is possible to mistake Majorica 
imitation pearls for cultured pearls; however, they 
are easily separated with standard gemological 
testing. The high luster, absence of blemishes, and 
distinct iridescence of the Majorica product are 
strong visual clues. The significantly lower refrac- 
tive index (and absence of birefringence) in the 
Majorica product, together with the ragged drill hole 
edges viewed with magnification and its opacity to 
X-radiography, provide conclusive means of identi- 
fication. The smooth surface of the Majorica 
product when rubbed against the cutting edge of 
the front teeth (as compared to the gritty surface of 
cultured or natural pearls) is also conclusive, but 
this test is potentially damaging. 

The Majorica imitation also appears to be 
durable under normal conditions of wear. Overall, 
it is a useful substitute for cultured or natural 
pearls. 
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GEM-QUALITY CUPRIAN-ELBAITE 
TOURMALINES FROM SAO JOSE DA 
BATALHA, PARAIBA, BRAZIL 


By Emmanuel Fritsch, James E. Shigley, George R. Rossman, 
Meredith E. Mercer, Sam M. Muhlmeister, and Mike Moon 


Unusually vivid tourmalines from the 
state of Paraiba, in northeastern Brazil, 
have attracted great interest since they 
first appeared on the international gem 
market in 1989. This article describes 
what is known of the locality at this 
time, but focuses on the most striking 
characteristic of these gem tourmalines: 
the unusual colors in which they occur. 
Quantitative chemical analyses revealed 
that these\elbaite tourmalines contain 
surprisingly high concentrations of copper, 
up to 1,92, wt.% Cu (or 2.38 wt.% CuO). 
Their colors are due to Cu2* or a combi- 
nation of Cu?+, Mn3+, and other causes, 
Some colors can be produced by heat 
treatment, but most also occur naturally. 
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Parafba Tourmalines 


Ax find of gem-quality elbaite tourmalines that 
occur in unusually bright shades of green and blue, 
among other colors, appeared on the international market 
in 1989. Some of the colors were so exceptional [figure 1) 
that they were described as “neon,” “fluorescent,” or 
“electric” in the trade (Reilley, 1990). A number of the hues, 
especially a slightly violetish “sapphire” blue, had seldom 
if ever been seen before-in gem tourmaline (Koivula and 
Kammerling, 1989a). Prices for large, clean stones reached 
US$1,000 or more per carat (Reilley, 1990; Federman, 
1990); recently, they have begun to appear in fine jewelry 
(figure 2). It was subsequently revealed that some of the 
material has been heat treated (Koivula and Kammerling, 
1990a}, but it has not been clear whether certain colors are 
due only to such treatment or if they also occur naturally. 

These exceptional gem tourmalines come from a small 
mine near the village of Sao José da Batalha, in the state of 
Paraiba, northeastern Brazil. They are commonly referred 
to (and will be so here} as “Paraiba tourmalines” (although 
more common varieties of gem tourmaline have been 
found elsewhere in the same state; W. Larson, pers. comm., 
1990). This article reviews what is currently known about 
this locality and the tourmalines produced there, and 
reports the results of a comprehensive study into the cause 
of these unusual colors and the effect of heat treatment. 


LOCATION AND ACCESS 


The mine is called Mina da Batalha (B. Cook, pers. comm., 
1990). It is located on the upper flank of a hill known as 
Serra da Frade (figure 3), 4.5 km (2.7 mi.) northeast of the 
town of Salgadinho and very close to the village of Sao José 
da Batalha. As in most of the state of Parafba, the area 
around the mine isa harsh dry scrubland, locally known as 
the sertdo. The small local mining industry focuses 
primarily on industrial pegmatite minerals, especially 
tantalite. As of September 1990, access to the tourmaline 
deposit was restricted and required prior arrangements. 
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HISTORY 


The story of the Paraiba tourmalines began in 
1982, when Heitor Dimas Barbosa, who had once 
mined tourmaline in Minas Gerais, noticed 
brightly colored specks in samples of pegmatite 
ore shown to him by José Pereira, a local Paraiba 
garimpeiro (Koivula and Kammerling, 1990b}. The 
two men searched numerous pegmatite deposits 
throughout this region for the next several months. 
Eventually, they located similar colored fragments 
(later identified as tourmaline} in the tailings of a 
small manganotantalite prospect on a hillock at 
the base of Serra da Frade. Over the next few years, 
Barbosa and a team of about 15 garimpeiros dug 
deep (up to 50 m) shafts and a number of galleries 
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Figure 1, Paraiba tour- 
malines have generated 
major interest in the gem 
industry because many 
occur in unusual colors, 
some of which have 
never been seen before in 
this gem species. Some of 
the names used in the 
trade to describe these 
exceptional colors, illus- 
trated here, are “neon,” 
“electric,” “turquoise,” 
“sapphire,” or “tan- 
zanite” blue and “mint” 
green. These stones, 
which range from 0.39 to 
1.47 ct, are courtesy of 
Gerhard Becker, Idar- 
Oberstein; photo by 
Robert Weldon. 


into a decomposed granitic pegmatite. They oper- 
ated under difficult climatic conditions (little 
water and high daytime temperatures}, using only 
hand tools. During 1985-1987, their efforts pro- 
duced tourmalines of various shades of green. Not 
until August 1987, however, did they encounter 
the distinctive “electric” and “sapphire” blue 
stones for which this deposit has become famous. 
Mr. Barbosa and his associates filed a joint claim on 
the mine in 1988 and formed the mining coopera- 
tive COGASBRA, which was registered by the 
National Department of Minerals (DNPM) on 
March 13, 1990. Currently, Mr. Barbosa holds 
exploration rights to the area that he has been 
mining, although the mining rights are in dispute. 
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Figure 2. The new Par- 
aiba tourmalines are par- 
ticularly attractive in 
fine jewelry, as indicated 
by this pin set with three 
Paraiba stones (total 
weight 2.13 ct). Created 
by the Gold Rush, North- 
ridge, CA; photo by 
Shane McClure. 


Figure 3. The Mina da Batalha workings can be seen here at the top of Serra da Frade, a hill composed 
of gently, djpping beds of gray quartzite. Dumps of decomposed white rock mark entrances to the mine 
shafts that have been dug into the weathered pegmatite. Photo, taken August 1990, by Brian Cook, 
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Figure 4. White clay (altered feldspar) can be 
seen surrounding the main shaft of the tour- 
maline mine on Serra da Frade. The village of 


Sao José da Batalha appears in the background. 


Vertical shafts and horizontal tunnels have 
been dug into the weathered pegmatite in 
search of gem tourmaline. Photo, taken 
August 1990, by Brian Cook. 


Figure 5. This 24.69-ct round brilliant cut is re- 
portedly one of the largest faceted tourmalines 
to emerge to date from the new locality in the 
state of Paraiba. Courtesy of Kahlil Elawar 
Ltda.; photo © Harold @ Erica Van Pelt. 


GEOLOGY AND OCCURRENCE 


Gem tourmalines from Sao José da Batalha are 
found in a small, decomposed granitic pegmatite, 
in association with quartz, feldspar (altered to 
white clay], and lepidolite (figure 4), The pegmatite 
is a narrow dike cutting across the quartzite host 
rock. Tourmaline occurs mostly as crystal frag- 
ments that weigh less than a gram, although cut 
stones over 20 ct (4 grams} have been faceted 
(figure 5) and the authors have examined rough 
fragments as large as 10 grams. In rare instances, 
small crystals are recovered. The external features 
of these crystals often indicate that they have been 
broken in nature, and some are also severely 
etched (figure 6). Occasionally, tourmaline crystals 
have been found completely included in quartz 
matrix (as illustrated in Koivula and Kammerling, 
1990a, p. 166). 

Some crystals display a distinct, sometimes 
complex color zoning. Several contain a deep pink 
core, surrounded by a zone of “turquoise” blue and 
a thin pink rim; others have a blue center sur- 
rounded by violet, light blue, green, and gray areas. 
Other combinations have also been seen. Slices of 
these crystals are quite attractive (figure 7). 


MINING 


The area continues to be mined primarily with 
hand tools. Dynamite is used only occasionally to 
break the surrounding host rock, which is consid- 
erably harder than the altered pegmatite. The 
miners have sunk vertical shafts into the decom- 
posed pegmatite at various intervals; at different 
levels along these shafts, they have dug narrow 
horizontal tunnels (1.8 m high x 0.6 m wide) to 
follow the pegmatite dike. All of these under- 
ground workings have been excavated using can- 
dlelight as the sole source of illumination. Mining 
has been hampered by the lack of a proper ventila- 
tion system, and by the difficulty of hauling loose 
rock up and out of the mine. The conflict over 
mining rights has also led to periods when the 
operation had to be halted. 

It is difficult to estimate how much gem 
material this mine has already produced, but the 
quantities available at the February 1990 Tucson 
gem show plus those stocks reported by other 
dealers (e.g., G. Becker, pers. comm., 1990) amount 
to at least 10,000 ct of rough and finished stones. 
There are indications that more is to be found at 
the mine (see, e.g., Koivula and Kammerling, 
1990b), but, in the absence of careful geologic 
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Figure 6,«Fhis 13-mm high, 8.80-ct blue crystal 
of Paraiba,tourmaline is a nice example of the 
small crystals found at the deposit. The rec- 
tangular, step-like surface features are attrib- 
uted to etching. Stone courtesy of Brian Cook, 
Nature’s Geometry; photo by Robert Weldon. 


mapping and more systematic exploration, no 
estimate of the reserves can be provided at this 
time. 


MATERIALS AND METHODS 


Over the course of this research project, we exam- 
ined several hundred rough and faceted gem tour- 
malines that covered the entire range of colors 
available from the Paraiba deposit. From these, we 
selected 13 specimens of representative color for 
more detailed study. Indices of refraction were 
measured with a GIA Gem Instruments Duplex II 
refractometer and a filtered, near-monochromatic, 
Na-equivalent light source. Specific gravity was 
determined by the hydrostatic method. To confirm 
the identity of these specimens as elbaite tour- 
maline, we obtained X-ray diffraction data for five 
of them (samples R30, R50, R52, R66, and R67) 
using an automated Rigaku powder diffractometer 
operated at 35 kV and 15 mA. 

Chemical analyses of all 13 specimens were 
obtained using a JEOL Model 733 electron micro- 
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Figure 7, This 5.96-ct slice (15.20 x 12.20 x 
3.28 mm) of Paratba tourmaline is representa- 
tive of the somewhat complex color zoning that 
appears in some crystals. This color zoning re- 
flects changes in chemical composition as the 
tourmaline crystallized. Courtesy of The Gold 
Rush, Northridge, CA; photo by Shane McClure. 


probe (for operating conditions, see table 1; be- 
cause two of the’original samples virtually dupli- 
cated the color of other samples in the test group, 
only 11 are reported in the table}. A Pye-Unicam 
Model 8800 ultraviolet-visible spectrophotometer 
was used to record absorption spectra in the range 
of 250-850 nm for the same samples. We found it 
necessary to prepare crystallographically oriented 
pieces of some of these specimens to obtain 
quantitative absorption spectra that could be di- 
rectly compared with their chemical composition. 
For this purpose, we selected three crystal frag- 
ments (R30, R50, and R52) and two faceted stones 
(R66 and R67} in the green to bluish purple color 
range on the basis of their color and color homoge- 
neity. From each specimen, we cut a flat, parallel- 
windowed section in an orientation parallel to 
the optic axis (as determined either from striations 
on the prism faces of the crystal fragments — which 
are parallel to the optic axis— or, when there were 
no striations, by X-ray alignment photography). 
These five sections were subsequently ground to 
an appropriate known thickness (0.2 to 5 mm} and 
then polished using 1-micron-diameter alumina 
powder. 

Quantitative absorption spectra in the 
300-2000 nm range were recorded for these five 
specimens using a Cary Model 171 ultraviolet- 
visible/near-infrared spectrophotometer. The 
heating experiments were carried out in a Lindberg 
Model 51442 furnace. 
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GEMOLOGICAL PROPERTIES 

As reported in table 1, we recorded indices of 
refraction for the 13 specimens as epsilon = 1.618 
to 1.621 (+ 0.001}, and omega = 1.638 to 1.646 (+ 
0.001). These values are typical of elbaite 
(Dietrich, 1985). Slightly lower values were re- 
ported by Bank et al. (1990) for material from this 
deposit. All of our specimens were also found to 
have a uniaxial negative optic character. The 
birefringence varied from 0.018 to 0.025. As ex- 
pected for this gem, these elbaites are distinctly 
pleochroic (figure 8}, with the most saturated color 
seen looking down the optic axis, that is, parallel to 
the direction of the omega refractive index [i.e., 
with the polarizer oriented perpendicular to the 


optic axis; see Bloss, 1961, p. 147). The specific 
gravity of our samples ranged from 3.03 to 3.12 (+ 
0.01), which is slightly higher than for most 
elbaites (2.84-3.10; Dietrich, 1985). 

The Paraiba tourmalines we examined were 
inert to both long-and short-wave ultraviolet radia- 
tion, as is commonly observed in other gem 
tourmalines. The inclusions are typical of those 
seen in all varieties of gem tourmalines (see, e.g., 
Giibelin and Koivula, 1986): three-phase inclu- 
sions (figure 9}, liquid inclusions, sometimes in 
veils or “fingerprint” patterns; thin growth tubes 
parallel to the optic axis; and some doubly refrac- 
tive crystal inclusions. Of particular interest are 
rare inclusions of tourmaline in tourmaline. Fig- 


TABLE 1. Some gemological properties and electron microprobe analyses of elbaite tourmalines from Paraiba, Brazil. 


Property/ 
chemical 
component R50 R378 R308 R362 R66 
Property 
Color® Yellowish green Greenish gray Purple-pink Purple Bluish purple 
(“tanzanite”) 
Rl. 
€ 1.619 1.620 1.621 1.620 1.620 
wo 1.639 1.640 1.640 1.640 1.638 
$.G.¢ 3.05 3.07 3.03 3.05 3.04 
Pleochroism? 
€ Grayish green Light gray Light Light pink Light, slightly 
purplish pink grayish green 
wo Medium Medium Medium Medium purple Medium 
yellowish green grayish green purplish pink bluish purple 
Chemical Component 
(wt.%) 
Na,O 2.27 2.36 1.94 2.00 2.16 
CaO 0.46 0.45 0.08 0.07 0.62 
K,0 0.03 0.02 0.02 0.01 0.02 
Li,de 1.62 1.62 1.62 1.62 1.62 
MgO 0.54 0.30 BDL BDL BDL 
TiOs 0.10 0.07 BDL BDL BDL 
V203 0.01 0.01 BDL BDL BDL 
Cra04 BDL BDL BDL BDL BDL 
MnO 1.47 2.99 0.53 0.52 1.32 
FeO 0.22 0.12 BDL 0.01 BDL 
ZnO 0.08 0.11 0.03 0.04 BDL 
CuO 0.37 0.49 0.51 0.52 0.62 
PbO BDL 0.02 BDL 0.01 BDL 
BisO3 0.39 0.06 BBL 0.02 0.15 
Al,O4 39.04 38.73 42.37 42.14 39.66 
B,O3° 10.94 10.94 10.94 10.94 10.94 
SiOz 37.27 37.29 37.42 37.39 37.11 
H,02 3.13 3.13 3.13 3.13 3.13 
Cl 0.01 BDL BDL BDL BDL 
Total 97.95 98.71 98.59 98.42 97.35 


@Efectron microprobe analyses were performed on an automated, five-crystal JEOL 733 spectrometer operating at a beam accelerating 
potential of 15 kV, a current of 35 nA, and a spot size of between 10 and 25 ym. K-alpha lines were analyzed for each element except 
Pb and Bi, for which M-alpha lines were used. Standards include: (Na)— Amelia albite, (Mg}—MgoO, (Al, Si)—kyanite, (K)—microcline, 
(Ca)—anorthite, (Ti)—TiOz, (¥)—pure element, (Cr}—Crz03, (Mn)—Mn-olivine, (Fe)—synthetic fayalite, (Cl)—sodalite, (Zn)—ZnO, (Cu)— 
pure element, (Pb)—galena or synthetic PbS, and (Bi)—pure element. Total iron is calculated as FeO; total manganese is calculated as 
MnO (even though it can be present as both Mn?+ and Mn3+ }. Entries indicated by “BDL” were below the detection limits of the 
instrument (less than 0.01 wt% oxide). The data were corrected using the program CITZAF (Armstrong, 1988) employing the absorption 


correction of Armstrong (1982), the atomic number correction of Love et al. (1978), and the fluorescence correction of Reed (1965), as 
eee eee ——— 


Figure 8. As with most 
elbaite tourmalines, the 
pleochroism in this “sap- 
phire” blue Paraiba tour- 
maline is distinct: me- 
dium dark blue (left, po- 
larizer perpendicular to 
the optic axis) and me- 
dium light greenish blue 
(right, polarizer parallel 
to the optic axis). Photo- 
micrographs by John I. 
Koivula; magnified 6x. 


R52 R67 R305 R30 R319 R376 
Blue . Violetish blue Bluish green Blue-green Bluish green Green 
= (“sapphire”) (“mint”) ("turquoise") (“emerald”) 
‘i 
» t 
1.619 1.618 1.620 1.621 1.620 1.620 
1.639 1.638 1.640 1.646 1.640 1.640 
3.11 . 3.06 3.09 3.12 3.12 3.11 
Very light Medium light Very light Medium Light, slightly Medium 
blue greenish blue green bluish green greenish blue bluish green 
Medium Medium Medium, slightly Medium Medium green Medium green 
light blue dark blue bluish green green-blue 
2.26 2.35 2.32 2.49 2.47 2.51 
0.55 0.47 0.19 0.05 0.24 0.30 
0.02 0.02 0.02 0.02 0.02 0.04 
1.62 1.62 1.62 1.62 1.62 1.62 
BDL BDL 0.18 BDL 0.95 0.06 
0.01 0.01 0.07 0.06 0.11 0.02 
BDL BDL 0.01 0.01 0.01 BDL 
BDL BDL BDL BDL BDL BDL 
2.30 2.55 1.32 1.48 0.85 2.16 
BDL BDL 0.15 0.07 0.34 0.04 
0.01 0.01 0.11 0.25 0.08 0.52 
0.72 0.74 1.08 1.76 2.37 2.38 
0.01 0.02 0.01 0.01 0.02 0.01 
O11 0.08 0.83 0.01 0.03 0.05 
38.95 38.47 38.99 38.58 39.35 38.31 
10.94 10.94 10.94 10.94 10.94 10.94 
36.97 37.06 36.75 36.53 36.83 36.89 
3.13 3.13 3.13 3.13 3.13 3.13 
BDL 0.01 BDL 0.01 BDL BDL 
97.60 97.48 97.92 97.01 99.36 98.98 


modified by Armstrong (1988). Each specimen was analyzed at three different randomly selected locations; in this table, an average 
analysis is shown for each sample. Analyses were performed by Paul Carpenter. 

®Color hue descriptions visually estimated. The “emerald” green specimen (R376) has been heat treated. 

cSpecific gravity values determined by the hydrostatic method. 

¢Pleochroic colors visually estimated using a calcite dichroscope. € = epsilon (color seen with light vibrating parallel to the optic axis). 
w = omega (color seen with light vibrating perpendicular to the optic axis). 

*Values of Li,0, 8203, and HO were calculated based on an assumed elbaite tourmaline stoichiometry. 


Figure 9. For the most part, the inclusions ob- 
served thus far in Paraiba tourmalines —here, a 
three-phase inclusion —are typical of those seen 
in tourmalines from other localities. Photo- 
micrograph by John I. Koivula; magnified 40x. 


ure 10 illustrates a needle of bright green tour- 
maline (identity confirmed by X-ray diffraction 
analysis) that cuts across a dark “sapphire” blue 
slice of Paraiba tourmaline. This specimen report- 
edly has not been heat treated (G. Becker, pers. 
comm., 1990). 

Also, numerous yellowish specks — referred to 
as “gold” by some of the Brazilian miners—have 
been seen on a few crystals (see figure 11}. Al- 
though microscopic examination revealed that 
these “specks” are pinkish yellow and have a 
metallic luster, X-ray fluorescence analysis of the 
specimen shown in figure 11 revealed the presence 
of Mn, Fe, Cu, Zn, and Bi, as well as some S. This 
implies that these inclusions could be composed of 
a sulfide, possibly iron containing, since the iron 
content of the stone for which the inclusions were 
analyzed is unusually high compared to other 
Parafba tourmalines. 

Because of their bright colors, Paraiba tour- 
malines could easily be mistaken for other gem 
materials, such as haiiyne, lazulite (Bank and 
Henn, 1990}, blue sapphire, tanzanite, or even 
emerald. However, these gem materials have very 
different gemological properties. Hatiyne is iso- 
tropic with a lower R.I. and S.G. than tourmaline; 
lazulite has a similar R.I. and S.G. but a higher 
birefringence and is biaxial; sapphire and tan- 
zanite have higher R.I.’s and S.G.’s, and in the case 
of sapphire there is usually a distinctive absorption 
spectrum; and emerald has a lower R.I. and S.G. 
and, again, a distinctive absorption spectrum. At 
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the February 1990 Tucson gem show, we saw anew 
production of apatites from Madagascar with col- 
ors similar to those of some Paraiba tourmalines, 
in particular, “turquoise” blue, bluish green, and 
light green (see also Bank and Henn, 1990; Koivula 
and Kammerling, 1990b]. These two gem materials 
are easily separated on the basis of specific gravity 
or absorption spectrum. 


X-RAY DIFFRACTION ANALYSIS 


Measured lines in the X-ray diffraction patterns of 
the five tourmalines analyzed were determined to 
be closely related in both position and relative 
intensity to those from the pattern of a representa- 
tive elbaite (1986 JCPDS Mineral Powder Diffrac- 
tion File 26-964). Least-squares refinement of data 
for a Cu-rich specimen (R30) yielded unit-cell 
dimensions of a = 15.883 (+0.004) Aandc = 7.111 


Figure 10. A needle of bright green tourmaline 
is readily seen as an inclusion in this slice of 
dark violetish blue tourmaline (R32) from Par- 
atba, The slice, 12.10 x 6.60 x 3.52 mm, is 
courtesy of Gerhard Becker; photo by 

Robert Weldon. 
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(+0.001) A. The five strongest lines in this pattern 
are 3.978(56)(220}, 3.445(76)(012), 2.938(100}(122, 
2.567(90}(051), and 2.029(54)(152), where these 
values represent the d-spacing (in Angstroms], 
relative intensity, and Miller index (hkl} of each 
diffraction line. No significant differences were 
noted between the diffraction patterns of this 
specimen and those of the other four elbaite 
specimens. The a and ¢ dimensions of the other 
four specimens were within 0.020 A and 0.003 A, 
respectively, of those for sample R30. 


CHEMICAL ANALYSIS 

The electron microprobe analyses (again, see table 
1) show that these tourmalines are typical elbaites 
and contain little Ti(< 0.11 wt.% oxide}, and Fe (< 
0.34 wt.% oxide}, virtually no V or Cr(<0.01 wt.% 
oxide}, and have Cu and Mn as major transition- 
element impurities. The highest concentration of 
copper measured in our samples was 2.38 wt.% 
CuO (or 1.92 wt.% Cu) for the “emerald” green 
cabochon (R376], and the largest concentration of 
manganese, 2.99 wt.% MnO, was found in the 
greenish gray crystal fragment (R378). Analyses 
performed at three random locations on each 
specimen ,with uniform coloration showed only 
very slight compositional variations. 

As mentioned previously, however, some Par- 
afba tourmaline crystals exhibit distinct color 
zoning (again, see figure 7}. Examination of such 
unusual crystals provides interesting information 
on the chemical environment that produced them. 
As shown in figure 12, the greatest differences in 
chemistry as one crosses boundaries between 
zones of various colors are for Cu and Mn. To a 
lesser extent, differences were also noted in the Fe 
and Ti contents, 

It is interesting to note that small amounts of 
Bi, Pb, and Zn were detected in many specimens. 
These elements appear to have no influence on 
color, and have not often been reported in gem 
tourmalines (see Dietrich, 1985}. Bank and Henn 
{1990} reported gold concentrations of 8.6 parts per 
million in this material; we did not attempt to 
confirm their finding. 

Results of both the site-occupancy calcula- 
tions based on charge-balance considerations and 
the microprobe analyses indicate that copper and 
manganese are present in the Y crystallographic 
site (using the site terminology for tourmaline of 
Deer et al., 1986). 
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Figure 11. Numerous gold-colored specks near 
the surface of this Paraiba tourmaline crystal 

create an interesting optical effect. Stone cour- 
tesy of Beija Flor Gems; photo by 

Robert Weldon. 


COLOR 


The cause of color in elbaite tourmaline has been 
extensively investigated. Most colors are due to 
small amounts of transition elements (Dietrich, 
1985]. In particular, blue to green hues have been 
attributed to various processes involving both 
Fe2+ and Fe3+ ions (Mattson and Rossman, 1987} 
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Figure 12. Changes in the 
chemical composition of 
the coloring agents —as 
determined by micro- 
probe analyses taken at 
30 points along a linear 
traverse (6 mm total dis- 
tance) from the center to 
the edge of this Paraiba 
tourmaline crystal sec- 
Manganese tion (R363)—relate to the 
various color zones in the 
section. The copper con- 
Titanium centration decreases 
from the center toward 
the edge. The manganese 
content decreases in a 
similar fashion, but 
reaches a low value at 
the narrow light blue 
and yellowish green 
zones (about 4.5 mm 
from the center), and 
then increases in the 
pink areas near the edge. 
Iron and titanium con- 
tents remain very low 
across most of the sec- 
tion, but show a slight 
increase near the edge. 
Note that the electron 
microprobe analyses 
were performed on an 
automated, five-crystal 
JEOL 733 spectrometer 
operating at a bean? ac- 
celerating potential of 
15kV, a current of 150 
nA, a 5-second counting 
time, and a spot size of 
30 wm. K-alpha lines 
were analyzed for each 
aa pe element; standards in- 

; clude: (Ti)—TiOs, 
{Mn}~—Mn-olivine, (Fe)— 
synthetic fayalite, (Cu)— 
pure element. Values are 
plotted for TiO, MnO, 
FeO, and CuO. Thirty 
analyses were performed 
at 200 wm intervals 
along a linescan between 
the core and rim of this 
crystal. The data were 
corrected using the same 
procedure as described 
in table 1. 
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and to Fe2+ > Ti4+ charge transfer (Mattson, as 
cited in Dietrich, 1985, p. 129). Cr+ and V3+ have 
been identified as coloring agents in green dravite 
and uvite (Schmetzer and Bank, 1979), but never in 
elbaite. 

Several earlier investigators have mentioned 
Cu2+ asa potential cause of color in blue and green 
elbaites on the basis of atomic emission spec- 
trography. Warner (1935) observed that blue sam- 
ples have a lower copper concentration than yel- 
low-green ones, whereas Carobbi and Pieruccini 
(1946, 1947) found, on the contrary, greater 
amounts of copper in blue crystals. None of these 
authors, however, proved that this ion actually acts 
as a coloring agent in tourmaline. Staatz et al. 
(1955) mentioned the presence of trace amounts of 
copper in tourmaline (up to 0.0017 wt.%) but, 
again, did not relate it to color. Cu? + was recently 
proposed as a possible coloring agent for the 
Paraiba material (Fritsch, as cited in Koivula and 
Kammerling, 1989b; and Bank et al., 1990}, but 
this hypothesis was not proved at that time. Using 
ultraviolet-visible and near-infrared absorption 
spectroscapy, however, we can now demonstrate 
that copper is indeed partially responsible for the 
unusual coloration of these gem tourmalines. 

Figure 13 illustrates the visible-range absorp- 
tion spectra of nine Paraiba tourmalines that span 
the range of colors available. Several key features 
are evident in these spectral curves. First, there is 
an ultraviolet absorption “edge” — increasing ab- 
sorption toward the U.V.— beginning at about 450 
nm (most conspicuous in R376). Several of the 
spectra display a weak, sharp band at about 415 nm 
(especially notable in R67). Several others exhibit a 
broad band of varying intensity centered at about 
515 nm (R308, R362). Finally, there is another 
broad absorption band beginning at about 600 nm 
and extending into the near-infrared (e.g., R376). 
The reader should note that element concentra- 
tions listed in table 1 as oxides cannot always be 
directly correlated with intensities of absorption 
features in a spectral curve (such as those in figure 
13). Intensities of absorption features depend not 
only on the concentration of an element, but also 
on its valence state, position in the crystal struc- 
ture, and—in the case of a charge-transfer mecha- 
nism—the proximity between the two ions in- 
volved in the crystal structure. It is possible that 
concentrations of coloring agents at much lower 
values than those shown in table | could still 
produce intense absorption features in the visible 
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spectrum, for example, through charge-transfer 
phenomena (for further information, see Fritsch 
and Rossman, 1987 and 1988}. 

We interpret the features shown in figure 13 as 
follows. The rise in absorption toward the ultravio- 
let starts at a higher wavelength and is more 
gradual in specimens that contain a larger amount 
of titanium, as listed in table 1. Because all 
specimens contain much more manganese than 
titanium, this absorption feature may be attrib- 
uted to Mn2+ > Ti4* charge transfer (Rossman 
and Mattson, 1986]. Still, other causes are possible. 
Fe2+ + Ti4+ charge transfer is known to occur in 
tourmaline between 400 and 500 nm (Mattson and 
Rossman, 1987; Taran and Lebedev, 1990}. Also, 
V3+ or Cr3+—at concentrations too low to be 
detected by electron microprobe—could cause a 
weak absorption in the same wavelength range. 
However, testing with a more sensitive instru- 
ment, an energy-dispersive X-ray fluorescence 
{EDXRF) spectrometer, did not detect either van- 
adium or chromium but easily detected the iron 
and titanium. Therefore, charge-transfer mecha- 
nisms involving Fe2+ > Ti*+ and Mn2+ > Ti4t+ 
are the more likely causes of the increase in 
absorption that starts at about 450 nm. 

Mn2+ is slowly transformed into Mn3+ by 
exposure to natural radiation such as that pro- 
duced, for example, in a granitic pegmatite (Rein- 
itz and Rossman, 1988]. The darker blue to violet 
specimens from Paraiba (see figure 13) display a 
broad absorption band in the green that is centered 
around 515 nm and is attributed to-Mn3+ (Man- 
ning, 1973}. A weak, sharp absorption band at 
about 415 nm in the blue region, visible in the 
spectra of several specimens in figure 13, is attrib- 
uted to Mn2*+ (Rossman and Mattson, 1986; Rein- 
itz and Rossman, 1988). More intense absorption 
attributed to Mn3+ in Paraiba tourmalines pro- 
duces a shift toward more violetish colors (“sap- 
phire” blue, violet] and even purplish pink. Note 
that the broad feature at 515 nm is responsible for 
the pink color of rubellite, which explains why 
“sapphire” blue and “tanzanite” bluish purple 
Paraiba tourmalines display a typical rubellite 
spectrum in the hand-held spectroscope (Kane, 
1989; Hodgkinson, 1990). Their color is not that of 
rubellite, however, because the color of a gemstone 
(such as tourmaline) is primarily determined by 
broad absorption bands that are not always easily 
observable with a hand-held spectroscope. 

Along with manganese, copper is the major 
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R378 Greenish gray 


R308 Purplish pink 
(rubellite) 
R362 Purple 


R66 Bluish purple 
(“tanzanite” blue) 


R67 Violetish blue 
(“sapphire” blue) 


R52 Blue 


R376 Green 
(“emerald” green) 


R30 Blue-green 
(“turquoise” blue) 


R50 Yellowish green 
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Figure 13. These visible-range absorption spectra for nine Paraiba tourmalines of various colors were 
recorded using nonpolarized light for samples that varied in size, shape, and optical orientation rela- 
tive to the position of the incident light. Therefore, the vertical scale is in arbitrary units. However, 
for a given spectral curve, the intensities of absorption bands relative to one another are meaningful 
and characteristic of that particular color. The three spectra on the left (R50, R30, R376) illustrate ab- 
sorption at the red end of the spectrum (above 600nm) due to increasing amounts of Cu2+. The six 
spectra on the right (R52, R67, R66, R362, R308, and R378) show the broad absorption band centered 
at about 515 nm that is due to Mn3+ (in addition to the absorption from Cu2+), In several spectra of 
this latter group, a weak, sharp band is visible at 415 nm; this is due to Mn2+. Note that specimen 


R376 is known to have been heated. 


coloring agent for these Paraiba tourmalines. 
When it is the dominant coloring agent, it is 
responsible for the spectacular “turquoise” blue 
hue (see figures 1, 13, and 14). We interpret the 
broad absorption band above 600 nm (for example, 
the unpolarized spectra of R30 and R376 in figure 
13}, which actually is the edge of the pair of bands 
at approximately 695 and 920 nm, as arising from 
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absorption by Cu2+. As can be seen in figure 14, 
the maxima of these two broad bands are located at 
about 690 and 900 nm in the E | c direction.* They 
are shifted slightly in the El|c direction, and are 


* “E” stands for the electric vector, which is in the direction 
of light vibration, and perpendicular to the direction of light 
propagation. For example, E | c is what one would see look- 
ing down the optic axis. 
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Figure 14, These polarized optical absorption 
spectra for a “turquoise” blue Paraiba tour- 
maline (R30) illustrate the absorption features 
due to Gu®*+. The spectra were recorded with 
light vibrating parallel (E||c), and then perpen- 
dicular (E | c), to the optic axis of the tour- 
maline. Typically, gem spectra are recorded on a 
U.V.-visible spectrophotometer with the stone 
in a random optical orientation, because it is 
often difficult or impossible to position a cut 
stone in the instrument precisely. This leads to 
the spectra one normally sees published (e.g., 
figure 13). However, spectral features are most 
accurately ‘recorded from parallel polished 
pieces of known optical orientation and using a 
polarizing filter, as was done for the spectra re- 
produced here. 


located at about 740 and 940 nm. The intensities of 
these broad bands depend on the direction of 
polarization, especially for the E| c band (in con- 
trast to the results reported by Bank et al., 1990). In 
an unpolarized spectrum, the two pairs of bands 
merge, and appear at about 695 and 920 nm (and for 
simplicity, are designated as such in the rest of this 
text]. Also seen in the spectra in figure 14 are a 
series of sharp bands in the near infrared between 
1400 and 1500 nm, which are visible in all tour- 
malines. These bands, strongly polarized in the E||c 
direction, arise from the first overtones of O-H 
stretching vibrations (Wickersheim and 
Buchanan, 1959 and 1968; Gebert and Zeman, 
1965}. 

Figure 15 shows that the broad bands at about 
695 and 920 nm in both polarization directions 
correlate in intensity with the copper concentra- 
tions determined in these same specimens by 
microprobe analysis. This is the first proof ever 
published that these absorption bands are actually 
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caused by Cu2+. In addition, this is the first 
documented evidence of Cu2*+ acting as a coloring 
agent in tourmaline (for more details, see Rossman 
et al., 1990). 

It is interesting to note, as a confirmation of 
the conclusion drawn above, that synthetic Na-Cu 
tourmaline spherulites hydrothermally grown by 
Taylor and Terrell (1967) also have a green to blue 
color. Very recently, Taran and Lebedev (1990) 
presented polarized absorption spectra of syn- 
thetic Na-Al tourmalines doped with copper; 
these spectra show the same absorption features (at 
approximately 695 nm and 920 nm) that we 
obtained on the natural tourmalines investigated 
here. 


Figure 15. This graph shows the direct correla- 
tion in samples R30, R50, R52, R66, and R67 
between copper concentration (obtained by mi- 
croprobe analysis) and the intensity of the ab- 
sorption bands between 690 and 940 in the 
near infrared that are due to Cu2+. Intensity 
values were measured for the two broad bands 
that are present in the polarized spectra, in 
each polarization direction (see figure 14). Solid 
circles = 900-nm band; open circles = 690-nm 
band; solid triangles = 940-nm band; open tri- 
angles = 740-nm band. The fact that the groups 
of symbols for these four bands nearly fall 
along straight lines is proof that copper is the 
cause of these bands, and is a principal coloring 
agent of these Paraiba tourmalines. 
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Figure 16. This 5.33-ct “emerald” green mixed- 
cut cabochon of Paratba tourmaline (sample 
R376) is representative of one of the most at- 
tractive colors of this material. Photo by Robert 
Weldon. 


The green color in Paraiba tourmalines is due 
to both an intense absorption edge toward the 
ultraviolet and strong Cu2+ absorptions, without 
any Mn3+ being present. An example of “emerald” 
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green tourmaline from Paraiba is illustrated in 
figure 16. 

None of the absorption features related to 
Cu2+ can be clearly identified with a hand-held 
spectroscope. Furthermore, classical gemological 
testing methods cannot be used to demonstrate 
that a tourmaline indeed contains copper. 


HEAT TREATMENT 


As mentioned above, some tourmalines from this 
mine have been heat treated. Identification of a 
heat-treated stone is confounded by the fact that 
some colors that occur naturally can also be 
produced by heat treatment. We subjected five 
polished sections and 12 rough crystal fragments 
of Paraiba tourmalines, representing the typical 
range of color found at this locality, to heat 
treatment to document the color-change behavior. 

First, a sand bath was preheated to 600°C in 
order to burn out any water or impurities that 
might influence the results of the heating experi- 
ments. The samples were then buried in the sand at 
room temperature, and the temperature was raised 
to 550°C over a period of 2.5 hours, This tempera- 
ture was held for four hours. The samples were 
then allowed to cool in the unpowered furnace at 
its natural cooling rate of approximately 50°C an 
hour. Our results are consistent with those previ- 
ously published by G. Becker {as cited in Koivula 
and Kammerling, 1990a). 

The most noticeable effect of this heat-treat- 


Figure 17, These pairs of 
Paraiba tourmaline frag- 
ments show the effect of 
heat treatment on this 
material. Originally, 
both specimens in each 
pair were the same color 
(with the range of colors 
chosen to represent those 
typical of this locality); 
the lower specimens were 
subsequently heat 
treated to illustrate the 
color change produced. 
As described in the text, 
heat treatment results in 
blue to green for vir- 
tually all colors of start- 
ing material. Photo by 
Robert Weldon. 
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R66 After heat treatment 
(light blue) 


R66 Before heat treatment 
(bluish purple) 


R30 After heat treatment 
(“turquoise” blue) 


R30 Before heat treatment 
(“turquoise” blue) 
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ment procedure was that all samples turned green 
or “turquoise” blue (figure 17). This can be related 
to the disappearance of the broad, Mn?+-related 
band at about 515 nm (figure 18). Thus, bluish 
purple material becomes light blue with heating. 
During heat treatment, Mn3+, which produces a 
pink coloration, is reduced to Mn2+, which gives 
rise to no significant color. The sharp Mn2+ band 
at 415 nm appears during heating, but it is so weak 
that it is not visible in the spectra in figure 18. Such 
behavior is well known in rubellite tourmaline 
(see Reinitz and Rossman, 1988, and references 
therein). 

Contrary to the report of Bank et al. (1990), we 
found that the Cu2+ absorptions were not changed 
by heat treatment. We conclude, therefore, that 
heat-treated Paraiba tourmalines exhibit colors 
attributed to Cu2+ and possibly to Mn2+ > Ti4+ 
and Fe2+ + Ti++ charge transfer. These colors 
include “turquoise” blue and several shades of 
green. This also implies that colors having an 
Mn3+ component in their absorption spectra (vio- 
letish blue to purple to pink) are very unlikely to be 
the result of heat treatment. 

Since the heat treatment of Paraiba tour- 
malines appears to be prevalent (Koivula and 
Kammerling, 1990a]}, it is worth noting that some 
of the colors produced by heat treatment also occur 
naturally, that is, in tourmalines that have not 
been heat treated. For example, some color-zoned 
tourmaline slices show green to blue areas colored 
by Cu2+ alone next to pinkish areas colored by 
Mn+ (see figures 7 and 12]. These slices could not 
have been heat treated; otherwise, they would 
have lost their pink coloration due to the reduction 


Figure 18. These visible-range absorption spectra were 
recorded for representative Paraiba tourmaline speci- 
mens R66 and R30 before and after heat treatment 
(at 550°C for four hours in an open atmosphere). Nei- 
ther stone had been treated prior to coming into our 
possession (G. Becker, pers. comm., 1989). Heat treat- 
ment has not affected the Cu2+ absorption above 
690 nm in either stone. Therefore, the blue-green 
(“turquoise”) color of specimen R30, which is due to 
Cu2+ alone, remains unchanged after heating. In 
specimen R66, however, heat treatment has removed 
the broad band centered at about 515 nm because 
Mn3+ has been reduced to Mn2+* (which causes little 
or no light absorption). Consequently, the color of 
this material has changed from bluish purple to light 
blue. 
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COMMENTS ON 
COLOR “BRIGHTNESS” 


Such descriptive terms as neon, fluorescent (which 
is actually very misleading}, and electric have been 
used in the trade to describe some of the blues and 
greens in which the Paraiba tourmalines occur. It 
has been speculated that the “brightness” that 
makes these tourmalines so desirable can be 
attributed to three principal factors (K. Hurwit, 
pers.comm., 1990}: a more attractive hue, a lighter 
tone, and a higher saturation than those green-to- 
blue tourmalines from other localities that are 
commonly seen on the gem market. The first 
factor, the hue, is a judgment on which the trade 
seems to agree [see, for example, Federman, 1990). 
The second aspect —a lighter than average tone —is 
due to the fact that, for faceted stones in the 
common size range, only a small portion of the 
visible light going through the stone is actually 
absorbed, thus leading to a less-dark color as 
compared to common green to blue tourmalines 
which absorb more light for the same size range. 
The third factor — higher saturation than average — 
may be related to the nature of the absorption 
spectrum. Three situations can be distinguished. 
In the Paraiba tourmalines, copper produces a very 
abrupt increase in absorption around 600 nm in 
those stones with the highest copper concentra- 
tion; that results in a “purer,” more saturated color 
that is nonetheless light in tone (since only a small 
portion of the light passing through the stone is 
actually absorbed), The presence of the 515-nm 
band, due toa small amount of Mn3+, reduces the 
saturation slightly in the “sapphire” blue and 
“tanzanite” violet stones. Finally, the presence of 
more intense Mn?+ features (the 515-nm band}, 
only slightly less intense than the Cu2+ features, 
results in a very desaturated grayish appearance in 
some stones because there is nearly equal absorp- 
tion across the entire visible spectrum. 


of Mn?+ to Mn2+. Thus, the “turquoise” blue 
areas in these color-zoned crystals, although col- 
ored by Cu2+ only, are not the result of heat 
treatment. The same could be said of the green 
needle in the dark blue slab illustrated in figure 10. 
To our knowledge, however, the “emerald” green 
color has been seen only in heat-treated tour- 
malines from Paraiba. 
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CONCLUSION 


Copper concentrations recorded for elbaite tour- 
malines from Sdo José da Batalha (0.37-2.38 wt.% 
CuO) are so high that they are significantly above 
the range of copper content documented so far in 
natural elbaites (see Staatz et al., 1955, Dietrich, 
1985; and analytical data gathered by the authors}. 
Therefore, a copper content of more than 0.1 wt.% 
CuO can at this time be considered proof that the 
elbaite under investigation comes from this de- 
posit. 

This is the first time that Cu2+ has been 
shown to be a coloring agent in tourmaline. Alone, 
it causes a “turquoise” blue color. If Mn2+ > Ti4+ 
or Fe2+ ~+ Ti4++ charge-transfer mechanisms are 
also present, the color shifts to various shades of 
green. Additional absorption by Mn3* causes vio- 
letish, purplish, or pinkish hues to appear and 
reduces saturation. 

During heat treatment, Mn?+ is reduced to 
Mn2+ (but Cu2+ is unaffected}. Thus, the 
“rubellite” component of the color is removed, and 
heat-treated Paraiba tourmalines are green or “tur- 
quoise” blue. 

We believe that the copper concentration 
found in the Paraiba tourmalines is among the 
highest reported in silicate minerals that do not 
contain copper aS a major constituent (as com- 
pared to, e.g. chrysocolla or dioptase). This raises 
the question of why copper occurs in these gem- 
quality tourmalines, since this element is not 
often concentrated in silicate minerals. 

Copper concentration in a granitic pegmatite 
environment is also quite unusual. In the absence 
of additional information on the mineralogy and 
chemistry of this pegmatite, one can hypothesize 
that tourmaline must have provided the most 
favorable crystallographic site for copper incor- 
poration during crystallization of the pegmatite 
minerals, 

Standard gemological testing alone cannot 
provide evidence of the presence of copper or the 
use of heat treatment in Paraiba tourmalines. 
However, advanced analytical techniques, such as 
ultraviolet-visible absorption or X-ray fluores- 
cence spectroscopy, can help identify the presence 
of copper {and hence this locality of origin}. 
U.V-visible spectroscopy can also reveal the pres- 
ence or absence of Mn+ absorption bands to 
evaluate the likelihood of heat treatment. 
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NOTES 


*“AND-: 


NEW TECHNIQUES 


HYDROTHERMALLY GROWN SYNTHETIC AQUAMARINE 
MANUFACTURED IN NOVOSIBIRSK, USSR 


By Karl Schmetzer 


Physical, chemical, spectroscopic, and microscopic 
characteristics of a sample of hydrothermally grown 
synthetic aquamarine from the USSR are presented. 
Physical and spectroscopic data are correlated with 
the chemical composition of the synthetic beryl to 
establish cause of color. Diagnostic criteria to sepa- 
rate natural from synthetic aquamarine are given, 
and the growth conditions of this synthetic blue be- 
ryl are discussed, This is the first description of syn- 
thetic aquamarine in the English gemological litera- 
ture. 


In the course of experimental investigations of 
Russian hydrothermally grown synthetic emer- 
alds (e.g., Schmetzer, 1988}, the author consulted 
with Dr. A. S. Lebedev, of the Institute of Geology 
and Geophysics, Siberian Branch of the USSR 
Academy of Sciences, Novosibirsk. Dr. Lebedey, 
who helped develop the hydrothermal synthesis of 
emeralds, gave the author several specimens of 
hydrothermally grown synthetic beryl doped with 
different transition metal oxides. For those syn- 
thetic beryl samples doped with cobalt, nickel, or 
copper, no natural counterparts are known. This is 
not the case, however, for the iron-bearing blue 
synthetic beryl that resembles the gem variety 
aquamarine. 

Although iron-doped synthetic aquamarines 
have been described in the Russian literature (e.g., 
Klyakhin et al., 1981; Pugachev, 1984), the speci- 
men received from Dr. Lebedev is the first syn- 
thetic aquamarine the author has seen. At present, 
there is no commercial production of synthetic 
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aquamarine in the USSR, although such produc- 
tion is planned for several new gem materials (Dr. 
A. Rodionov, Novosibirsk, pers. comm., 1989). 
Since there is no technical obstacle to a commer- 
cial synthesis of aquamarine in the USSR, it is 
possible that this will be one of the materials 
released. Accordingly, this article provides what 
the author believes to be the first description of 
synthetic aquamarine available in the English 
gemological literature. 


MATERIALS AND METHODS 


The rough specimen of synthetic light blue beryl 
examined (figure 1} was a slice of a crystal that 
measured about 1 cm in diameter. One 0.29-ct 
rectangular faceted sample (figure 2} was cut from 
the crystal slice. 

Refractive indices were obtained by a standard 
gemological refractometer, and specific gravity 
was determined hydrostatically. Unit-cell parame- 
ters were determined by X-ray powder diffraction 
using a Guinier camera and refined from 27 mea- 
sured d-values. Microprobe analysis was _per- 
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Figure 1. The rough synthetic aquamarine crys- 
tal from which this 1-cm-diameter slice was 
cut was hydrothermally grown at the Institute 
of Geology and Geophysics, Novosibirsk, USSR. 
A view parallel to the c-axis reveals the pres- 
ence of three distorted prism faces m (1010) . 
Crossed polarizers, magnified 30. 


formed on an ARL SEMOQ instrument with an 
operating voltage of 20 kV and a beam current of 10 
nA; values were calculated by the MAGIC IV 
correction program provided by the manufacturer. 
Spectral «data in the U.V—visible range were ob- 
tained with a Leitz-Unicam Model SP800 spec- 
trophotometer, and infrared spectra were obtained 
with a Perkin Elmer Model IR 180 infrared spec- 
trometer. Photomicrography was performed on a 
Schneider immersion microscope with Zeiss op- 
tics. 


VISUAL APPEARANCE 


The sample revealed three highly distorted prism 
faces m (1010), as well as one nearly planar surface 
that had been sawn parallel to the boundary of the 
synthetic aquamarine with the colorless beryl 
seed. This boundary is at a 32° angle with the 
c-axis of the synthetic beryl] crystal. The light blue 
faceted piece has a pleochroism of medium intense 
blue parallel to the c-axis and light yellowish green 
perpendicular to the c-axis. 


PHYSICAL, CHEMICAL, AND 
SPECTROSCOPIC PROPERTIES 


Optical and Physical Properties. The specific grav- 
ity (measured as 2.69 and calculated as 2.694) and 
refractive indices (o = 1.583, e = 1.575, birefrin- 
gence = 0,008} of the sample of synthetic light blue 
beryl examined are within the range known for 
natural aquamarines., The unit-cell dimensions of 
this particular synthetic aquamarine (ag = 9.224 
A, co = 9.200 A, c/a = 0.9974 A) are identical, 
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Figure 2. A 0.29-ct stone (4.61 x 4.57 x 2.06 
mm} was faceted from the synthetic aqua- 
marine slice shown in figure 1, Photo by 

O. Medenbach, Bochum, Germany. 


within the limits of experimental error, to those 
reported by Pugachev (1984). 


Chemical Analysis. A chemical analysis of the 
specimen was provided by the producer (table 1). 
These data are identical to those reported for the 
synthetic aquamarine described by Pugachev 
(1984] as sample No. 131 and suggested that the 
sample received from Novosibirsk was part of 
Pugachev’s specimen No. 131; this was subse- 
quently confirmed (A. S. Lebedev, pers. comm., 
1989). 

Microprobe analyses performed for this study 
confirmed the chemical properties submitted by 
the producer and reported by Pugachev (table 1), 
with one small but remarkable difference: The 
distinct amounts of nickel detected in this sample 
were not mentioned by Pugachev (1984). 

It is worth noting here that the high Fe content 
of these synthetics is accompanied by low Mg and 
Na. By comparison, while these same elements can 
vary considerably in natural aquamarines, it is the 
author’s experience that high Fe contents usually 
correlate with high Na and Mg in the natural 
stones. 


Spectroscopy. Absorption spectra in both the visi- 
ble and ultraviolet ranges revealed the presence of 
distinct absorption bands of iron and nickel (table 
2, figure 3; cf. Schmetzer, 1988}, which is consis- 
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TABLE 1. Chemical composition of a hydrothermally 
grown synthetic aquamarine from the USSR (in wt.%). 


TABLE 2. Spectroscopic features of a hydrothermally 
grown synthetic aquamarine from the USSR. 


As provided by 
manufacturer and 


This study (range of 5 published in 


Oxide microprobe analyses)@ Pugachev (1984) 
Li,O NA 0.20 

BeO NA 13.24 
Na,O <0.02 ND 

AloO3 16.90-17.35 16.96 

SiOz 64.42-65.35 64.76 
Fe,0, 2,.67— 2.99 2.82 
Nip03" 0.01— 0.02 ND 

CuO <0,01 ND 

HO NA 1.15 


aMigO, KO, CaO, and Cs,0 were found to be below detection 
limits (<0.02 wt%), as were MnO, V2.0, and Cro03 (<0.01 wt%). 
NA = not analyzed; ND = nof determined. 

Total iron as Fe,03 and total nickel as NizO3. 


tent with the chemical data (table 1}. Infrared 
spectroscopy confirmed the presence of water 
molecules and lithium ions in channel sites of the 
beryl structure (figure 4] and, therefore, the hydro- 
thermal origin of the sample (cf. Schmetzer, 1989). 
The infrared spectra revealed three absorption 
maxima, at 3694 cm—! (designated band A, as- 
signed to non-alkali-bonded water molecules) and 
at 3592. cm~! and 3655 cm ~—! (designated bands B 
and C, both assigned to alkali-bonded water mole- 
cules}. The presence of lithium in channel sites is 


Figure 3. The U.V—visible absorption spectrum 
of the sample of synthetic aquamarine reveals 
typical aquamarine absorption bands, caused 
by ferric and ferrous iron, on which a weak 
nickel spectrum is superimposed (not visible at 
scale illustrated), 
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Absorption maxima 


Polarization@ Assignment® 
nm cm! 
833 12,000 ||c Fe2+/oct. 
820 12,200 [e Fe2+/tet. 
752-599  13,300-16,700 ||c Fe2+/3+/oct, 
606 16,500 “|Ie Ni3 +/oct. 
595 16,800 [|e Ni8+/oct. 
455 22,000 386 NiS+/oct. 
426 23,500 {[c> |e Fes +/oct. 
413 24,200 [e Ni8+/oct. 
370 27,000 _[e>>|]e Fes+/oct. 


al |c = parallel to c-axis, and _| ¢ = perpendicular to c-axis. 
>See Schmetzer 1988. 


confirmed by the absence of distinct amounts of 
sodium (again, see table 1}. In general, these spectra 
are typical of those that have been measured for 
natural aquamarines from various localities. 


Figure 4. The infrared absorption spectrum of 
the sample of synthetic aquamarine reveals ab- 
sorption bands of non-alkali-bonded (A) and al- 
kali-bonded (B and C) water molecules, which 
prove the hydrothermal origin of the sample. 
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Figure 5. In the faceted sample of Russian hy- 
drothermally grown synthetic aquamarine, 
“feathers” consisting of either liquid or two- 
phase inclusions are found in both the seed 
(above) as well as in the light blue portion (be- 
low). Immersion, magnified 40x. 


Figure 7, The cellular pattern of the subgrain 
boundaries described in figure 6 is similar to 
that described for synthetic emeralds that have 
been hydrothermally grown in the USSR. Im- 
mersion, magnified 60. 


MICROSCOPIC CHARACTERISTICS 
Microscopic examination revealed a distinct 
boundary between the almost-colorless seed and 
the synthetic light blue beryl. The similarity in 
growth features and inclusions between the seed 
and the synthetic aquamarine grown from it sug- 
gested that the seed is also a synthetic hydrother- 
mally grown beryl (figure 5), The fact that the seed/ 
synthetic aquamarine boundary formed an angle 
of about 32° with the c-axis of the synthetic beryl 
indicates that the seed plate used had been sawn 
parallel to the face (5 5 10 6). The same seed-plate 
orientation was observed for hydrothermal syn- 
thetic emerald grown in the USSR (Schmetzer, 
1988}. 
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Figure 6. Irregularly changing subgrain bound- 
aries between subindividuals in Russian hydro- 
thermally grown synthetic aquamarine are 
among the diagnostic characteristics of this 
material that can be used to distinguish it from 
natural aquamarine. Immersion, magnified 60x. 


Figure 8. The sample hydrothermally grown 
synthetic aquamarine was also observed to 

contain groups of doubly refractive transparent 
inclusions as well as opaque hexagonal plate- 

lets. Immersion, crossed polarizers, magnified 100x. 


In the immersion microscope, extremely weak 
growth zoning was observed in the synthetic 
aquamarine parallel to the boundary with the seed 
plate. Although this zoning is much weaker than 
the distinct growth and color zoning noted in 
synthetic Russian emerald from the USSR, in 
oblique orientation to this plane there can be 
observed subgrain boundaries between subin- 
dividuals (figure 6), as well as a typical cellular 
structure (figure 7) that has also been described for 
the hydrothermally grown synthetic emerald. 

The synthetic aquamarine examined con- 
tained several groups of small, doubly refractive 
crystals as well as several hexagonal opaque plate- 
lets, possibly hematite (figure 8; cf. Schmetzer, 
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1988, and Klyakhin et al., 1981). Irregularly shaped 
cavities with multiphase fillings were also ob- 
served, as were two different types of “feathers”: 
nearly planar “feathers” with liquid and two-phase 
fillings, and residues of the growth solution 
trapped in the form of twisted veil-like “feathers” 
(again, see figure 5). 


DISCUSSION 


Crystal Chemistry and Color. The iron absorption 
bands observed in the visible and ultraviolet spec- 
tra of this synthetic sample are typical of those 
seen in natural aquamarine. Three different types 
of iron are responsible for the blue coloration of 
aquamarine (for further details as well as for a 
summary of the literature, see Schmetzer, 1988). 
According to Solntsev et al. (1984, 1985], the 
synthetic-aquamarine spectrum described here 
reveals absorption bands of divalent and trivalent 
iron in octahedral aluminum sites as well as bands 
of divalent iron in tetrahedral beryllium sites 
{table 2). The blue color of the sample is due to a 
strong and broad absorption in the red and yellow 
areas, which is assigned to a charge-transfer transi- 
tion between ferric and ferrous iron replacing 
aluminum in adjacent octahedral sites of the beryl 
structure. 

In the synthetic specimen examined here, 
weak absorption bands of trivalent nickel (table 2, 
figure 3) were found superimposed on the normal 
aquamarine absorption spectrum. Because the 
nickel doublet in the spectrum parallel to the 
c-axis at 606 and 595 nm—i.e., in the yellow to 
orange range—is superimposed on the dominant 
color-causing Fe2+/Fe3+ charge-transfer band, it 
intensifies the blue coloration. On the other hand, 
the nickel absorption band in the spectrum per- 
pendicular to the c-axis at 455 nm —i.e., in the blue 
to bluish green range — is responsible for an absorp- 
tion minimum in the green. Thus, the light blue 
coloration of nickel-free natural aquamarine is 
converted to a light yellowish green in the nickel- 
bearing synthetic specimen examined. 

The presence of water and lithium in combina- 
tion with the absence of sodium (table 1) indicated 
assignment of the absorption bands in the infrared 
between 3500 cm ~~! and 3800 cm ~~! to non-alkali- 
bonded and lithium-bonded water molecules in 
channel sites of the beryl lattice (Schmetzer, 1989), 
However, it is also generally accepted that part of 
the lithium replaces beryllium in tetrahedral sites. 
These basic crystal chemical considerations are 
confirmed by the unit-cell dimensions of the 
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synthetic aquamarine, the c/a value of which is 
typical for “normal” beryl, in which both octa- 
hedral and tetrahedral substitutions occur to a 
limited extent (Aurisicchio et al., 1988). 


GROWTH CONDITIONS OF 
SYNTHETIC AQUAMARINES 


According to the Russian literature (Klyakhin et 
al., 1981; Pugachev, 1984; Solntsev et al., 1984, 
1985], the synthetic aquamarine is grown in stain- 
less steel autoclaves without noble metal inserts. 
The following growth conditions were published: 
temperature, 590°-610°C; temperature gradient, 
70°-130°C; and pressure, 1000-1500 bars. Since 
nutrient oxides of beryllium, aluminum, and sili- 
con are used, the high iron content {and the small 
amount of nickel, as has been confirmed by A. S. 
Lebedev, pers. comm., 1989) must derive from the 
walls of the steel autoclaves. As mentioned above, 
the seed used is probably a synthetic colorless 
beryl. The synthetic crystals grow at a rate of 0.32 
mm per day. 

To grow blue aquamarine rather than iron- 
bearing colorless beryl, the process must incorpo- 
rate large amounts of divalent iron (Fe2+} into 
octahedral sites of the lattice. This is accom- 
plished by adding to the solution variable quan- 
tities of iron-carbonyl (to reduce oxygen partial 
pressures) and lithium salts (to provide the charge- 
compensating ion]. According to the Russian liter- 
ature cited, colorless iron-bearing beryl is grown at 
oxygen partial pressures above the hematite/mag- 
netite equilibrium, and aquamarine is obtained in 
the wide field of magnetite stability below the 
hematite/magnetite line. The most intense colora- 
tion was obtained for beryl samples grown under 
oxygen partial pressures in the magnetite stability 
field close to the magnetite/iron equilibrium. 

The aquamarine sample examined in the pre- 
sent paper reveals a light blue coloration. The 
identical specimen reported by Pugachev {1984} 
was grown at about 600°C under an oxygen partial 
pressure of lgP4, —25 (Pugachev, 1984; figure 9]. 

The conditions used by Russian scientists to 
grow hydrothermal synthetic aquamarine are sim- 
ilar to those they have used to grow hydrothermal 
synthetic emerald (Schmetzer, 1988}. It is likely 
that identical or almost identical steel autoclaves 
without precious metal inserts are used, as are 
similar pressures, temperatures, and temperature 
gradients. The same orientation of the seed plates 
is chosen for both. The most important differences 
are the absence of divalent iron in synthetic 
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Figure 9. Synthetic iron-bearing beryl was 
grown at the four positions marked on this 
pressure-temperature diagram adopted from 
Pugachev (1984). The samples in group 1, grown 
under oxygen partial pressures above the hema- 
tite/magnetite (Fe,O.,/Fe,O,) equilibrium line, 
are colorless, The samples in groups 2, 3, and 4, 
grown at,decreasing oxygen partial pressures in 
the magnetite stability field, reveal increasing 
intensities of blue color. The specimen exam- 
ined for this article probably belongs to group 3. 


emerald, and the absence of chromium and of high 
amounts of copper and nickel in synthetic aqua- 
marine. These differences would appear to be the 
result of the different oxides used as nutrients 
during growth as well as the different oxygen 
partial pressures. 


DISTINCTION OF NATURAL FROM 
SYNTHETIC AQUAMARINE 


The most characteristic features of this synthetic 
aquamarine are the growth structures, that is, the 
subgrain boundaries between cellular subin- 
dividuals (figures 6 and 7), which are caused by the 
orientation of the seed plate parallel to the crystal 
face (5 5 10 6). Also readily visible with the 
microscope, when they are present, are residues of 
the seed plate (figure 5) and small opaque platelets 
(figure 8). Doubly refractive crystals (figure 8), 
cavities with multiphase fillings, and various 
types of planar and twisted feathers (figure 5} may 
also be conclusive in some cases, 

The observation of nickel bands in the visible 
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range of the absorption spectrum (figure 3) is 
another clue to the recognition of a blue beryl of 
unknown origin as synthetic aquamarine. Unfor- 
tunately, these features are too weak to be seen 
with a hand spectroscope. These traces of nickel 
are caused by the use of stainless steel autoclaves 
without precious metal inserts. Of course, if a 
different type of autoclave were to be used in 
future production, this criterion could be changed. 
If chemical data can be obtained, the absence of 
distinct amounts of sodium and magnesium in 
combination with a high iron content (table 1} also 
indicate that the material is synthetic aquamarine. 

Specific gravity, refractive index, and the infra- 
red spectrum of the hydrothermally grown syn- 
thetic aquamarine from the USSR are all within 
the ranges for natural aquamarines. 


SUMMARY AND CONCLUSION 


Synthetic aquamarine has been manufactured in 
the USSR for experimental purposes. No technical 
obstacles to the commercial growth of synthetic 
aquamarine are known. The growth technique is 
similar to that used to manufacture hydrothermal 
synthetic emeralds in the USSR. The color is the 
result of a charge-transfer process. The synthetic 
aquamarine examined showed several micro- 
scopic features that would serve to separate it from 
its natural counterpart. 
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RECENT DISCOVERIES OF LARGE DIAMONDS 
IN TRINITY COUNTY, CALIFORNIA 


By Rudolph W. Kopf, Cornelius S. Hurlbut, and John I. Koivula 


Although California has produced over 600 dia- 
monds, some of which have been of gem quality, the 
largest until recently weighed approximately 6 ct. In 
the early 1980s, however, Edgar |. Clark found a 3.90- 
ct stone; in 1987, he discovered three stones weighing 
32.99, 17.83, and 14.33 ct. These four diamonds were 
recovered from stream gravels of Hayfork Creek in 
Trinity County, California. All four are of industrial 
grade and all have one interesting feature in com- 
mon, that is, two generations of diamond growth. 
The initial crystal, or group of crystals, is encrusted 
by a later generation of diamond overgrowth that, al- 
though it conforms crystallographically to the under- 
lying crystal, shows different crystal forms. This un- 
usual feature, common to ail four crystals, would in- 
dicate that they originated from the same source. 


During the 1980s, Edgar J. Clark, a retired geolo- 
gist and miner, recovered four large diamonds, 
three of record-breaking size, in northern Califor- 
nia. According to Mr. Clark, all were found on 
Hayfork Creek, in the Trinity County portion of 
the Klamath Mountains. The first and smallest, 
found in the early 1980s, weighed 3.90 ct. Burton 
Westman, a consulting geologist in Boulder City, 
Nevada; examined the stone and confirmed its 
identity as diamond. Mr. Clark has since named 
the diamond “Jeopardy.” 
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On January 4, 1987, while demonstrating the 
art of gold panning to a novice, Mr. Clark made his 
next find: a 14.33-ct diamond that, because of its 
accidental discovery, he named “Serendipity.” Six 
months later, on June 12, he recovered a third 
diamond, of 32.99 ct. Over twice the size of 
Serendipity, this exciting stone was dubbed “Dou- 
bledipity.” Most recently, in September 1987, Mr. 
Clark found yet a fourth large diamond, a 17.83-ct 
stone that he named “Enigma.” None of the four 
diamonds is of gem quality, but all have similar 
external characteristics. The specific gravities of 
all four stones, as determined by hydrostatic 
weighing, lie within 3.510 + 0.005, which is 
typical for diamond. The diamonds are presently 
on loan to the Mineralogical Museum at Harvard 
University. 

This article reports on an examination of these 
four diamonds and their significance both histori- 
cally and geologically, especially with regard to the 
information they provide on the original source of 
diamonds found in this area. 


PREVIOUS DIAMOND 
DISCOVERIES IN CALIFORNIA 


More than 600 diamonds have been found in 
California since the first was discovered near 
Placerville, El Dorado County, in 1848 (Kopf, 
1989). Most of these are very small, less than 1 ct, 
and only a few, like the 0.24-ct octahedron shown 
in figure 1, are of gem quality. The most notable 
California diamonds are listed in table 1. Until Mr. 
Clark’s discoveries in Trinity County, the largest 
diamond found in the state weighed approximately 
6 ct: 

An anonymous item published in the Mining 
and Scientific Press (“Diamonds in Trinity Co., 
Cal.,” 1871) reveals, however, that Mr. Clark may 
not have been the first to discover a large diamond 
in Trinity County. The entry describes the finding 
by I. Woodbury of a “queer looking pebble” while 
mining in the Weaverville area of Trinity County 
in the late 1860s. The stone was described as 
“having a glazed metallic coating. The crust was 
broken off on one side. . . revealing the grain of the 
stone.” Mr. Woodbury subsequently became con- 


GEMS & GEMOLOGY Fall 1990 


Figure 1. This 0.24-ct gem-quality diamond 
octahedron from Trinity County, California, 
was discovered as a by-product of gold panning 
in 1974, Photomicrograph by John I. Koivula. 


ROE 


vinced that the stone, described as “half an inch or 
more in diameter,” was a diamond. At that size, 
and assuming it was a diamond, it probably 
weighed between 10 and 15 ct. Unfortunately, the 
stone was subsequently lost. The significance of 


this report, however, will become apparent from 
the following descriptions of Mr. Clark’s discov- 
eries. 


THE FOUR LARGE TRINITY 
COUNTY DIAMONDS 


The four large diamonds found by Mr. Clark in 
Trinity County are described below and summa- 
rized in table 2. 


Jeopardy. The 3.90-ct diamond crystal that Mr. 
Clark first discovered measures 9.19 x 8.36 x 
6.99 mm (figure 2). This diamond consists of two 
parts with different surface features. About two- 
thirds of the crystal is encrusted with a yellow- 
brown semitranslucent to nearly opaque over- 
growth that is inert to U.V. radiation. The other 
portion is yellow, translucent, and fluoresces a dull 
yellow to long-wave U.V. but does not phospho- 
resce. 

Two surfaces of the encrusted portion are 
essentially square and at right angles to each other, 
while a small third surface is at right angles to 
them. This leads one to suspect that the underly- 
ing faces are cubic. Measurements made on a two- 
circle goniometer indicate that this is indeed the 
case, since not only were reflections from the 
overgrowth parallel to underlying “cubic” surfaces 
but reflections from tiny octahedral and do- 
decahedral surfaces were as well. The reflections 


TABLE 1. The four largest authenticated California diamonds reported in the literature prior to 


1980 (listed in order of decreasing weight). 


Weight Weight 

given in (in metric Year 

reference carats) found Finder Locality Reference 

6 ct 6+ 1868 John Moore Cherokee, Butte Hill, 1972, p. 43 
Co, 

0.53 grams 2.65 1934 Robert Echols Near Plymouth, Sperisen, 1938, p. 39; 
Amador Co. Woods, 1986, p. 186 

7/4 grains@ 2.3 1867 Unknown French Corral, Whitney (in Silliman, 

or earlier Nevada Co. 1867, p. 355) 
255 mg 1.28 1883 George Evans Amador Co. “Diamonds in 


California,” 1959, pp. 
26, 28; Hill, 1972, p. 41 


aMany reports published during the last century state that the largest California diamond was found in 
French Corral, Nevada County, and report its weight between 7 and 7.5 ct. In reality, the weight of the 
stone was originally reported by Whitney (in Silliman, 1867) as 7'/a grains. The weight of the stone was 
erroneously given by Kunz (1885, p. 730) as 7'/¢ ct, an error that has been perpetuated for over 100 years. 
This error was discovered by one of the authors (RWK) in 1988 during a search of the literature. 
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TABLE 2. Comparison of large diamonds found by Edgar J. Clark in Trinity County, California. 


Listed in order of decreasing weight. 


Date of Weight Measurements 
Name find (ct) (mm) Color Surface 
Doubledipity June 1987 32.99 21.27 15.10 14.76 Moderate yellowish Rough, 
brown encrusted 
Enigma September 1987 17.83 19.72 15.33 9.95 Grayish brown Rough, 
encrusted 
Serendipity January 1987 14.33 16.25 x 12.64 x 10.60 Pale grayish olive Rough, 
green encrusted 
Jeopardy 1982 or 1983 3.90 9.19x 8.36x 6.99 Yellow-brown Rough, 
partially 
encrusted 


Figure 2. The 3.90-ct crystal subsequently 
named Jeopardy is the first of four large rough 
California diamonds discovered by Edgar Clark 
in Trinity County in the 1980s. Photo by 
Robert Weldon. 


from a given crystal form were not from a well- 
defined face but were seen at the same angular 
position as many points of light from the irregular 
overgrowth. * 

The portion of the stone with no overgrowth 
has no well-defined crystal faces, but reflections 
from small areas show that it and the overgrown 
portion have a parallel crystallographic orienta- 
tion. At the junction of the two different-appearing 
parts, the overgrowth terminates with no indica- 
tion of fracturing. 


Serendipity. Mr. Clark’s identification of this 
14.33-ct pebble as a diamond was verified at the 
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GIA Gem Trade Laboratory in Santa Monica. A 
brief description of the stone was given in Koivula 
{1987}. 

Serendipity is pale grayish olive green. It fluo- 
resces a weak brown to long-wave U.V. radiation 
and a weak reddish brown to short-wave U.V. No 
phosphorescence was observed in either situation. 

Macroscopically, this diamond is semitranslu- 
cent with an almost greasy adamantine luster 
(figure 3). At first glance, it appears to be composed 
of a number of irregular nodular masses with a 
rough surface and no obvious crystal form. On 
closer inspection, however, one can discern that 
the bulk of the specimen is composed of at least 
seven randomly intergrown cubes, the largest of 
which is about 5 mm on an edge. The rough 
surfaces and rounded edges and corners of the 
cubes are the result of an irregularly distributed 
overgrowth of diamond that tends to obscure the 
cubic form of the underlying diamond crystals. 
There is no direct means to measure the thickness 
of the overgrowth. However, since the cubic nature 


“The two-circle optical goniometer is an instrument used to 
measure crystal angles. A collimated light beam is reflected 
from successive faces as the crystal is turned. The reflec- 
tions are observed through a telescope and the angles of re- 
flection read from two graduated circles. The crystal form of 
the specimen can then be identified from the known angu- 
lar positions of the faces. For the present study, the diamond 
specimens were mounted on the goniometer so that what 
appeared to be underlying cube faces were in positions to 
reflect the light beam. By rotating on both vertical and hori- 
zontal axes of the instrument, all faces (on the upper half of 
the crystal) were brought into positions to reflect. In these 
diamonds, the tiny faces of a given crystal form on the crys- 
talline overgrowth all reflect simultaneously at angles con- 
sistent with those of single isometric crystals and conform 
crystallographically to the underlying cubes. Were the over- 
growths polycrystalline aggregates, the reflections from the 
faces of the encrusting crystals would be random. 
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Figure 3. With a weight of 14.33 ct, Serendipity 
is the third largest diamond found to date in 
the state of California. Photo by 

Robert Weldon. 


of the primary crystals in this diamond is less 
evident than in the 3.90-ct stone, it is presumed 
that the overgrowth is thicker, and possibly as 
thick as2-mm. When viewed in reflected light, the 
overgrowth gives reflections from a multitude of 
tiny, step-like crystal faces. Measurement on the 
two-circle goniometer showed that all faces of the 
overgrowth on a single “cube” have common 
angles of reflection, those of the octahedron. 


Doubledipity. This diamond, the largest yet to be 
reported from California, is approximately 33 ct 
(32.99] and measures 21.27 x 15.10 x 14.76 mm 
(figure 4). It is a moderate yellowish brown but 
lacks the adamantine luster usually associated 
with diamond. It is opaque except on the edges, 
where it is translucent, and does not fluoresce to 
either long- or short-wave U.V. radiation. 
Examination of the stone shows that it is 
composed essentially of seven interpenetrating 
cubes that are in random crystallographic orienta- 
tion to one another. The bulk of the aggregate 
comprises three cubes of nearly equal size (10.0 to 
10.6 mm on an edge). Four smaller cubes are about 
5 mm on an edge. The cuboid surfaces are, with the 
exception of one small area, completely encrusted 
with an overgrowth of small diamond crystals. 
Because of the larger size of the primary crystals 
and, presumably, a thinner and more uniform 
secondary overgrowth, their cubic habit is more 
obvious than in the 14.33-ct stone (Serendipity). 
The corners and edges of the stone’s surface are 
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rounded by the overgrowth. When the diamond is 
examined in reflected light with both the micro- 
scope and the two-circle goniometer, there is no 
reflection from the faces of the cubes, but brilliant 
reflections do occur from their corners (the octa- 
hedron}. Other reflections, as in the 14.33-ct stone, 
are not from single faces but are from a myriad of 
tiny surfaces of parallel octahedral faces. Thus, the 
secondary coating of this stone, too, consists of a 
parallel growth of octahedral crystals conforming 
crystallographically to the underlying cubes. 

The encrusting overgrowth on one of the large 
cubes is locally absent and forms a depression, 
about 6 x 7mm, where three nearly plane surfaces 
intersect at a common point. The angles between 
these intersecting planes, measured on a wax 
impression of the cavity, are 120°, the angles of the 
dodecahedron. From this we infer that a dod- 
ecahedral crystal, which had grown either before 
or contemporaneously with the diamond cubes, 
had separated from the cluster after the diamond 
became encrusted. Since the core of the diamond 
aggregate is composed of crystals with a cubic 
habit, the faced cavity probably resulted from the 
displacement of a different mineral with different 
crystal form, possibly a garnet. At the edges of this 
cavity, the encrustation can be observed to be 
approximately 0.5-1.0 mm thick. 

In two areas (the larger about 2 x 3 mm)on the 
surface of Doubledipity, the encrusting diamond 
appears to be underlain by fractures that partially 
separate the crust from the main mass. The fact 


Figure 4, At 32.99 ct, Doubledipity is the larg- 
est diamond yet recovered in California. Photo 
by Robert Weldon. 
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that these areas are yellow suggests that the entire 
aggregate may be yellow and appears brown be- 
cause of its greater thickness. 


Enigma. Mr. Clark’s latest find is a 17.83-ct tabular 
stone that is roughly in the shape of an equilateral 
triangle. It is grayish brown and semitranslucent 
to opaque (figure 5]. Microscopic black specks 
scattered throughout the specimen contribute to 
the grayish appearance. The broad surfaces are 
encrusted with a diamond overgrowth that is fine- 
grained and regular on one side. On the opposite 
side, a small area has a similar overgrowth made 
up primarily of overlapping hummocks rising 
about 4 mm above the essentially planar surface. 
Two of the bounding edges of the triangular stone 
are cleavage surfaces, which indicates that the 
stone was originally larger. When the stone was 
exposed to short-wave U.V. radiation, the cleavage 
surfaces fluoresced yellow, the encrustation 
brown; but to long-wave U.V, all parts of the stone 
fluoresced a brilliant yellow. There was no phos- 
phorescence. 

The triangular shape suggests that, before the 
overgrowth, the stone was an octahedron flattened 
on an octahedral face. The angular relationship of 
the relatively flat triangular surface to the octa- 
hedral cleavages supports this hypothesis. The 
surface of the overgrowth is a multitude of tiny 
crystal faces, many unidentified. But, assuming 
that the overgrowth conforms crystallographically 
to the underlying crystal, the strongest reflections 


Figure 5, The 17.83-ct stone called Enigma is 
the most recent large diamond discovered in 
California. Photo by Robert Weldon. 
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are from the octahedron and the cube. The most 
impressive evidence that the two generations of 
diamond are in parallel position is that the cleav- 
age surfaces pass uninterrupted through both the 
original crystal and the encrusting hummocks. 

The cleavage surfaces are not single planes but 
are composed of a mosaic of small surfaces 0.5-3 
mm2, each of which is disoriented 1°-2° with 
respect to its neighbors. This shows that the - 
original crystal, and probably the overgrowth as 
well, is made up of many small subparallel crystal- 
line units. An unresolved problem presented by the 
two bounding cleavages is that they are at 60° to 
one another rather than at 90°, as they should be for 
a single crystal. This suggests that the stone is 
twinned with one cleavage belonging to each of the 
two individuals, but the overgrowth prevents loca- 
tion of the twin plane. 


SOURCE 
Many early published reports of California dia- 
monds note the presence of microscopic diamonds 
in black sand in the Trinity River. Inasmuch as the 
river flows through both Trinity and Humboldt 
Counties, it is not readily apparent which county 
or counties yielded these historic diamonds. Sper- 
isen (1938, p. 40} reported that they were in the 
Trinity County portion, whereas Hanks (1870, p. 
162) cited the lower Trinity River, considered by 
later compilers to have been in Trinity County, as 
the source. Originally part of Trinity County in 
1850, however, the lower Trinity River region was 
reassigned to northern Humboldt when that 
county was created in 1853 (Beck and Haase, 1974, 
p. 62). Murdoch and Webb (1948, p. 131} describe 
the Trinity County (actually Humboldt County] 
diamonds as “many” and “minute,” yet MacFall 
(1963, p. 94) cites Joseph Murdoch as the source of a 
report of a 2-ct diamond found near the junction of 
the Trinity and Klamath Rivers in Trinity County. 
The four large stones found by Mr. Clark were 
recovered from auriferous sand and gravel on 
Hayfork Creek (figure 6], a tributary of the south 
fork of the Trinity River in Trinity County. Re- 
cently, a number of minute transparent stones 
have also been recovered from this area, specifi- 
cally, from auriferous sand and gravel on Hayfork 
Creek {E. J. Clark and B. Carlson, pers. comms., 
1987]; on the east fork of the Trinity River at 
Helena (M. MacDonald, pers. comm., 1988}; on 
Canyon Creek {E. J. Clark, pers. comm., 1987); and 
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Placer diamond 
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on other tributaries of the Trinity River in Trinity 
County (figure 7). 

Hayfork Creek has yielded not only the largest 
diamonds found in the western United States but 
also considerable quantities of coarse-grained plat- 
inum-group metals. In fact, it was the principal 
source of the nation’s platinum production around 
the turn of the century (Day, 1898}. 

Hershey (1902) described five isolated erosion- 
al remnants of Early Cretaceous strata in the 
Hayfork-Weaverville area of Trinity County. These 
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Figure 6. Four large dia- 
monds have been found 
in Trinity County in 
northern California, 
along Hayfork Creek, a 
tributary of the Trinity 
River. Artwork by Carol 
Winkler; geology based 
on Irwin (1972). 


Weaverville 


rocks have subsequently been designated part of 
the Great Valley sequence (Irwin, 1963, 1974, 
1985; Jones and Irwin, 1971; and Irwin et al., 1974, 
1985). The basal portion of these outliers is over- 
lain by marine conglomerate rich in well-rounded 
and well-sorted quartz pebbles and contains placer 
gold (Hershey, 1902, p. 36). Interestingly, the dia- 
monds found by Mr. Clark and Mr. MacDonald 
were recovered near or downstream from such 
Cretaceous erosional! outliers. This suggests that 
the Cretaceous conglomerate is a secondary source 
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Figure 7. This is a downstream view of Hayfork Creek in Trinity County, northern California, a typi- 

cal stream in the Klamath Mountains. Diamonds, including the four large stones described here, as 

well as gold, platinum, and chromite, have been recovered from this creek. The largest stream boul- 

ders are about 3 m across and consist mainly of Mesozoic mafic volcanic rocks, Here, the stream 

flows over the Triassic and Jurassic Rattlesnake Creek terrane of Irwin (1985). Photo by Rudolph W. Kopf. 


of the placer diamonds in Trinity County. Accord- 
ing to this interpretation, the age of the lode or 
lodes must be Early Cretaceous or older. 

Another method of locating the diamond 
lode(s) is to determine the source of anomalous 
minerals associated with the placer diamonds. 
Gold appears to have been derived from gold- 
bearing quartz veins, and chromite and platinum- 
group minerals from podiform chromite deposits 
in the ultramafic portion of ophiolite complexes in 
the western Paleozoic and Triassic terrane (Irwin, 
1972; Page et al., 1986). Mr. Clark (pers. comm., 
1990] reports having recognized chrome diopside, 
rare crystals of highly rounded pyrope, and possi- 
bly perovskite from heavy mineral concentrates in 
placers in the drainage of the Trinity River in 
Trinity County. 

This coarse-grained placer mineral assemblage 
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appears to occur sporadically in an arc-shaped 
north-trending belt that extends from Trinity 
County northward into Josephine County, Oregon. 
On the basis of available data, diamonds in Trinity 
County appear to have originated from this belt, 
here termed the Klamath Mountains diamond belt, 
which seems to coincide largely with the western 
Paleozoic and Triassic terrane or subprovince of 
Irwin (1974) and Ando et al. (1983), although other 
more distant source rocks cannot yet be ruled out. 


CONCLUSION 


The four record-sized California diamonds de- 
scribed herein have an unusual feature in com- 
mon, that is, a coarsely crystallized core encrusted 
with a fine-grained diamond overgrowth. In all of 
the cases, the overgrowth conforms crystal- 
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lographically to the underlying crystal. This 
would indicate that the four diamonds underwent 
the same physicochemical changes during crystal- 
lization and thus came from a common source. 
Although diamond aggregates are common, aggre- 
gates of cubic diamond crystals with octahedral 
overgrowths such as the 14.33-ct (Serendipity] and 
32.99-ct (Doubledipity} stones reported here may 
be unique to this locality. The account of Mr. 
Woodbury’s 1860s find suggests that his stone was 
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Gem Trade 


LAB NOTES 


Dyed Natural BERYL 


The trade has given much attention 
recently to the “oiling” of emeralds, 
that is, the filling of surface-reaching 
fractures with balsam oil, Opticon, 
or another substance to lessen their 
visibility. In most such procedures, 
the filling material is colorless. 

The dyeing of green beryl is an 
ancient process whereby a green oil 
is introduced into the natural frac- 
tures to imitate emerald. From time 
to time, we see dyed green beryl or 
“emerald” melee lots in the labora- 
tory, but only rarely do we see green 
dye in larger stones. Recently, how- 
ever, the East Coast laboratory iden- 
tified green dye in a fracture in an 
8.38-ct natural “emerald” (figure 1). 
Figure 2 shows a patch of waxy green 
material {probably dop wax} left on 
the girdle of this relatively large “em- 
erald.” Both of these materials would 
artificially enhance the color of the 
stone, 

Although we observed weak chro- 
mium lines in the Beck hand spectro- 


Figure 1. Green dye is evident 
in this fracture in an 8.38-ct 
beryl. Magnified 12x. 
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scope and a weak red reaction to the 
color filter, we could not determine 
the true body color of the stone 
because of the artificial coloring 
agents present. Consequently, the 
stone could only be identified as dyed 
natural beryl. DH 


Carved CHRYSOBERYL 


On occasion we see a well-known 
gem material used in an uncommon 
way. The West Coast laboratory re- 
cently saw a fine example of a carved 
horse’s head made out of a piece of 
chrysoberyl (figure 3} that would 
have produced a cat’s-eye if it had 
been cabochon cut. The carving mea- 
sured approximately 20.3 x 28.7 x 
6.2 mm and weighed 31.04 ct. 

A spot reading of 1.75 on the refrac- 
tometer and a strong 445-nm absorp- 
tion band observed in the hand-held 
spectroscope confirmed the identity 
of the material. The stone was trans- 


Figure 2, Green wax (probably 
dop wax) was also observed in 
a cavity on the girdle of the 
8.38-ct beryl. Magnified 25 x. 
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lucent to semitranslucent and an 
uneven yellow-brown {with some 
greenish component). 

While no one area had a surface 
with enough curvature to display an 
eye, there was a strong sheen over the 
entire stone that gave rise to shim- 
mering bands of light along the con- 
tours of the carving. According to our 
client, the piece was carved in Idar- 
Oberstein, Germany. 

Shane F McClure 


DIAMOND 


Electron Irradiated 


Electron irradiation of diamonds or- 
dinarily produces a blue or green 
color. When a 1.19-ct light bluish 
green round brilliant was recently 
submitted to the East Coast labora- 
tory, it appeared to be a stone that 
could owe its color either to natural 
irradiation — that is, alpha or beta and 
attendant gamma rays—or to labora- 
tory irradiation by neutrons. It is 
very often not possible to determine 
whether a green diamond has been 
artificially or naturally irradiated. 
It is known, however, that electron 
irradiation of diamonds may produce 
characteristic zoning, such as around 
the culet or girdle edge, or along keel 
lines or facet junctions, In the case of 
this 1.19-ct light bluish green dia- 
mond, immersion in methylene io- 


Editor's Note: The initials at the end of each 
iter identify the contributing editor who 
provided that item. 
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Figure 3. The chrysoberyl from which this 31.04-ct carving was 


fashioned is chatoyant. 


dide and examination over diffused 
illumination readily revealed the 
blue coloration around the culet (fig- 
ure 4}. The original body color of the 
diamond was probably a light yellow 
before treatment. The combination 
of the yellow body color and the blue 
treated zone produces the appear- 
ance of a bluish green diamond. 

For further information, see “Con- 
tribution to the Identification of 


Figure 4. The zone of blue 
color around the culet of this 
diamond, seen here immersed 
in methylene iodide, shows 
that this bluish green stone 
had been subjected to electron 
irradiation. Magnified 6x. 
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Treated Colored Diamonds: Dia- 
monds with Peculiar Color-Zoned 
Pavilions,” by E. Fritsch and J. Shigley, 
Gems & Gemology, Summer 1989, 
pp. 95-101. 

The penetration of electrons into 
the diamond and the resultant color- 
ation is very shallow, only about 0.5 
mm. If a diamond treated in this 
manner were to be recut, the thin 
surface layer might be removed, thus 
altering the color. DH 


Fancy Black 

A 4.26-ct fancy black round bril- 
liant—cut diamond (figure 5) was ex- 
amined in the East Coast laboratory 
and found to be natural color and 
electroconductive in certain areas. 
Ordinarily, such conductivity would 
indicate a rare type IIb diamond. 
Although gray diamonds are often 
IIb’s, we have never encountered a 
type Ilb black diamond. 

Exposure of the stone to long-wave 
ultraviolet radiation produced a dis- 
tinct patchy blue fluorescence (figure 
6) that was confined to clear areas of 
the diamond. The fluorescence 
changed to a chalky greenish yellow 
with exposure to short-wave U.V. 
These reactions indicate that the 
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stone must be a highly included type 
I diamond. We subsequently con- 
firmed this conclusion with infrared 
spectroscopy. 

We concur with Kenneth Scarratt, 
head of the Gem Testing Laboratory 
of Great Britain, who speculated in a 
letter to the editor of the Journal of 
Gemmology (April 1990, p. 120) that 
the conductive property of such dia- 
monds is due to the black inclusions, 
which are probably graphite. GRC 


Laser Drill Hole Anomaly 

In the 20 years since the application 
of laser drilling to improve the clar- 
ity appearance of diamonds was first 
reported in this column (Fall 1970, p. 
224), we have noted numerous varia- 
tions in the use and appearance of 
laser drill holes. For instance, in one 
case obvious cleavages radiating out 


Figure 5. This 4.26-ct natural- 
color black diamond was 
found to be electrically con- 
ductive in selected areas. Mag- 
nified 10x. 


Figure 6. The patchy blue fluo- 
rescence to long-wave U.V. ra- 
diation of the stone in figure 5 
indicated that it was a highly 
included type I diamond. 
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Figure 7, An unusual tubular 
channel pattern can be seen 
branching from the laser drill 
hole (here, slightly out of focus 
to the left of the inclusion) in 
this diamond. Magnified 63 x. 


from a long laser drill hole resulted in 
a poorer clarity appearance than ex- 
pected (Fall 1976, p. 218). One laser 
hole reached two rather widely sepa- 
rated crystals, allowing them both to 
be bleached. We have also noted 
stones with natural tubular channels 
that individually resembled laser 
drill holes, but in aggregate appear- 
ance looked like branching “roots” 
within the stone (Spring 1973, p. 138; 
Winter 1973-74, p. 250; Fall 1979, p. 
199). 

Our latest observation of a laser 
drill hole anomaly is shown in figure 
7. The diamond, a 1.55-ct pale green 
marquise, had natural brown irradia- 
tion stains on the girdle. The laser 
drill hole either has reached an inter- 
nal cleavage or fracture and contin- 
ued on erratically in several direc- 
tions, causing a root-like pattern 
along the fracture, or has reached pre- 
existing branching tubules that hap- 
pen to have the same diameter as the 
drill hole. If the latter is the case, then 
the fracture may have originally been 
a black-appearing “light trap” that 
has been made white by laser drilling 
and bleaching. GRC 


Laser Drilled to Reach an 
Included Diamond Crystal 


Although we occasionally encounter 
diamond crystals as inclusions in a 
host diamond, the West Coast labora- 
tory recently examined a 0.50-ct 
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round brilliant-cut diamond that was 
both unusual and somewhat puz- 
zling. A well-formed modified octa- 
hedral diamond crystal, measuring 
approximately 0.35 mm x 0.40 mm, 
was observed as.an inclusion in this 
stone (figure 8). 

Ordinarily, an included diamond 
crystal would have low relief and be 
barely discernable, since it has the 
same refractive index as its host. The 
unusually high relief exhibited by 
this diamond inclusion is probably 
due to a very minute separation, or 
interface, between the inclusion and 
the host. As light passing through the 
diamond goes from diamond to air at 
the point of the interface and then 
back to diamond, it “frames” the 
included crystal. 

The most puzzling aspect of this 
stone, however, was the presence of a 
laser drill hole extending from the 
table down to the surface of the 
included diamond crystal. Laser dril- 
ling is used to remove or bleach dark 
inclusions from gem diamonds or to 
introduce a filling into fractures and 
cleavages that will make them less 
visible. It is not clear why it was 
attempted in this instance, because 
the included diamond crystal is im- 
pervious to the agents used to re- 
move inclusions after laser drilling 
and thus could not be altered in size 
or appearance. 

Mark Kazibutowski 


OPAL, with an 
Unusual Inclusion 


Recently, an unusual ring was 
brought to the West Coast laboratory 
for examination (figure 9}. The ring 
contained a large (25.6 x 16.5 x 14.5 
mm) Mexican opal that was quite 
transparent and had a nice play-of- 
color, displaying prominent flashes 
of green, orange, and red with lesser 
flashes of yellow and blue. The opal 
gave a spot refractive index reading of 
1.43, and was inert to both long- and 
short-wave ultraviolet radiation. The 
hand-held spectroscope revealed a 
general absorption area up to approx- 
imately 440 nm, with a weak absorp- 


Figure 8. This diamond crystal 
included in a cut diamond 
shows unusually high relief. 
Note the laser drill hole ex- 
tending from the surface of the 
faceted stone to the included 
crystal. Magnified 40x. 


tion band from approximately 500 to 
540 nm. These properties are typical 
of many Mexican opals. 

This opal is unusual because of the 
presence of a large (9 x 12.5 mm} 
centrally located egg-shaped inclu- 
sion that is best seen with transmit- 
ted light (figure 10). The inclusion 
was made up of an opaque white 
material that had a slightly “fuzzy” 
appearance at its surface. Because of 
the location of the inclusion in the 
middle of the stone, we could not 
perform any tests to determine its 
true identity. Although similar in- 
clusions have been reported in opals 
before, it is rare to find such a large 
and dramatic example. 

Christopher P. Smith 


PEARLS 


Cultured, with Colored 

Bead Nuclei 

The laboratories on both coasts were 
given the opportunity to study a new 
type of bead nucleus used in pearl 
culturing in Japan. According to 
Yoshiko Doi, president of GIA’s affili- 
ate in Japan, AGTA, these beads are 
composed of powdered oyster shell 
that has been bonded with a type of 
cement and then dyed and fashioned 
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Figure 9. The 25.6 X 16.5 x 
14.5 mm Mexican opal in this 
ring contains an unusually 
large oval inclusion, the out- 
line of which is barely visible 
with reflected light. 


ace 


' 

into spheres. The sample beads we 
examined were dark grayish green 
and measured approximately 8 mm 
in diameter. An aggregate surface 
structure was observed with magni- 
fication. Transparent near-colorless 
and opaque white rounded grains 
were embedded in the dense green 
matrix material. 

Specific gravity was determined by 
the hydrostatic method to be 2.74 + 
0.02. The refractive index was deter- 
mined by the spot method to be on 
the low side of 1.50. The strong 
birefringence and the effervescence 
that occurred when a small droplet of 
a 10% hydrochloric acid solution 
was applied to the bead indicate that 
it is a carbonate material. When a 
cotton swab soaked with acetone was 
applied to the surface, a small 
amount of green dye was removed. 

X-ray diffraction analysis showed 
that the material is calcite. An 
EDXREF chemical analysis performed 
by GIA’s Dr. Emmanuel Fritsch re- 
vealed calcium plus titanium, co- 
balt, vanadium, and strontium, with 
smaller amounts of chromium and 
iron. Permission was granted to pre- 
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Figure 10. When the stone in 
figure 9 is illuminated by 
transmitted light, the opaque, 
whitish inclusion is much 
more obvious. 


pare a thin section from one of the 
beads. Dr. Ilene Reinitz, of GIA New 
York, obtained an infrared spectrum 
that showed distinct absorption 
peaks which were identified as cal- 
cite and the polymer or plastic that 
was used as the bonding agent in the 
material. 

Subsequently, we received a few 
cultured pearls, averaging approx- 


Figure 11. These two cultured 
pearls, 8.5 mm in diameter, 
were reportedly grown using as 
nuclei green beads similar to 
that shown here. 
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imately 8.5 mm in diameter, that 
reportedly contained this new type of 
bead nucleus. Two of these pearls are 
shown in figure || with a section of a 
green bead nucleus. Magnification 
revealed that the nacreous layer was 
remarkably transparent. The drill 
hole of one of the pearls (figure 12) 
shows the thin nacre over a green 
bead nucleus, as well as some of the 
plastic bonding agent that melted 
from the heat of drilling. Because the 
nuclei were not freshwater shell, we 
did not expect these pearls to fluo- 
resce to X-radiation and they did not. 
An X-radiograph showed a definite 
conchiolin layer, as well as the differ- 
ences in the X-ray transparencies of 
the nucleus material and the 
nacreous layer. 
KH, Ilene Reinitz, 
and Tom Moses 


Freshwater Natural 

The West Coast laboratory recently 
received for examination the inter- 
esting strand of freshwater natural 
pearls illustrated in figure 13. These 
pearls possessed a variable fair to 
very good luster and ranged in color 
from brownish to purplish pink, with 
a few being pinkish orange. They 
ranged in diameter from approx- 
imately 3.70 mm to 8.15 mm, Al- 
though some were slightly “off 


Figure 12, The drill hole in one 
of the cultured pearls in figure 
11 shows the thin nacre and 
the plastic binding agent 
which apparently melted from 
the heat of drilling. 

Magnified 15x. 
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Figure 13, The natural freshwater pearls in this strand were found 
in the San Angelo area of West Texas over the course of 15 years. 
They range in diameter from approximately 3.70 to 8.15 mm. 


round,” most were spherical. They 
were identified as natural pearls on 
the basis of X-radiography performed 
by Robert Crowningshield, which 
revealed the very compact structure 
and extremely thin layers of 
conchiolin that are typical of some 
freshwater natural pearls. 
Freshwater pearls generally show 
X-ray luminescence, caused by the 
presence of trace amounts of man- 
ganese. With this type of pearl, how- 
ever, the staffs of both the East and 
West Coast laboratories have noted 
that the greater the intensity of the 
pink “body” color is, the weaker the 
fluorescence appears. The X-ray fluo- 
rescence reaction of the pearls in this 
strand, which ranged from inert to a 
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weak slightly orangy yellow, sup- 
ports this observation. 

Our client reported that these 
pearls were recovered from lakes and 
rivers in the San Angelo area of West 
Texas. Over a period of 15 years, more 
than 30,000 pearls of variable quality 
were collected, ranging in diameter 
from 2 mm to 13 mm, with an 
average of 3.5 to4mm, Rarely are the 
pearls from this area spherical. Thus, 
it took nearly 15 years to accumulate 
the round pearls assembled in this 
strand. RK 


Gray Baroque Cultured 

Most of the natural-color gray to 
black cultured pearls from Polynesia 
that have been examined at the GIA 


Gem Trade Laboratory have been 
larger than Japanese pearls and have 
been round, oval, or ringed, but sym- 
metrical in shape. Recently, however, 
we examined some attractive ba- 
roque Polynesian pearls (figure 14). 
An X-radiograph of this necklace (fig- 
ure 15} shows that the nuclei vary 
from approximately 7.50 to9.00 mm. 
The latter is larger than most Japa- 
nese mollusks can accommodate. 
We were told by the client that 
baroques from Tahiti are more valu- 
able than those from Japan. This 
prompted us to determine whether 
gray baroque cultured pearls from 
Japan were available and if they could 
be confused with natural-color gray 
cultured pearls from the South Seas, 
Figure 16 shows the result of our 
investigation. The nine baroques ar- 
ranged in a square were loaned to us 
by a dealer in Japanese cultured 
pearls. The 10th pearl, shown by 
itself in the bottom row, is very 
similar in appearance and came from 
a parcel of Polynesian baroques. The 
X-radiograph (figure 17) shows that 
the Tahitian pearl has a very large 
nucleus (9.5 mm], contrasted with 
the 6.50 to 7.00 mm nuclei in the 
Japanese products. The X-radiograph 
also suggests that the gray color of 
the Japanese pearls is probably due to 
the appearance of the dark conchiolin 
through the nacre, the fragility of 
which may explain the dealer's re- 
mark about relative values. GRC 


SAPPHIRE 


Diffusion-Treated 
Montana Rough 
During the last several months, the 
East Coast laboratory has heard 
rumors about heat-treatable sap- 
phires from Montana being offered 
for sale. We were shown several lots 
of reportedly heatable pale greenish 
rough reputedly from mines along 
the Missouri River. Currently, lab 
staff members are conducting inves- 
tigations both here and in Thailand 
to determine what type of Montana 
rough will respond to heat treatment. 
One dealer contacted us after he 
was offered several hundred carats of 
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Figure 14. Tahiti has produced some fine gray 
baroque cultured pearls as well as rounds. The 
Tahitian pearls in this necklace are approx- 


imately 11.5 to 14 mm in diameter. 


Montana rough by a supplier who 
claimed the stones could be heated to 
improve the color. The dealer showed 
us several blue rough specimens that 
he was told were examples of this 
material after heat treatment. The 
seven palest of the 10 crystals were 
clearly heat treated, but the color was 
splotchy. The three most attractive 
darker blue stones had areas of dark 
blue color bleeding from included 
crystals, a characteristic of heat- 
treated stones, but closer examina- 
tion revealed that there was also clear 
evidence of surface diffusion treat- 
ment (see, e.g., Kane et al., “The 
Identification of Blue Diffusion- 
Treated Sapphires,” Gems #& Gemol- 
ogy, Summer 1990, pp. 115-133). 
Figure 18 shows a 2.73-ct rough 
specimen with lighter areas in the 
center and the ends that were not 
affected by the diffusion process. 
When the crystal was immersed in 
methylene iodide, we readily deter- 
mined that the color was the result of 
a surface diffusion treatment. 
Clearly, use of such material to influ- 
ence a potential investor is dishon- 
est, since the layer of diffused color 
would be removed when the rough 
was faceted. DH and GRC 


Large Colorless 

Although colorless sapphires are not 
extremely rare, large ones are seen 
only infrequently. A 63.65-ct color- 
less emerald-cut sapphire (figure 19), 
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the largest yet encountered by our 
laboratory, was recently submitted 
to the West Coast laboratory for an 
identification report. Our client 
stated that he purchased this stone 
nearly 40 years ago and that it report- 
edly was found in Sri Lanka. 
Refractive indices of 1.760—-1.768 
were as expected for this material. 
Using polarized light and a glass 
sphere as a condensing lens, we ob- 


Figure 16. The nine cultured 
baroque pearls in the square 
are from Japan, while the sin- 
gle cultured baroque at the 
bottom is from Polynesia (11,5 
to 14 mm). All are similar 

in appearance, 
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Figure 15. An X-radiograph of the necklace in 
figure 14 shows that the nuclei range from 7.5 
to 9 mm in diameter. 


served the uniaxial optic figure 
through the table in a direction 
nearly perpendicular to it. A very 
weak 450-nm absorption band was 
resolved with a hand-held type spec- 
troscope, indicating the presence of 
at least some iron. 

Some of the gemological properties 
are consistent with those reported in 
the literature for Sri Lankan sap- 
phires. Specifically, a strong yellow- 


Figure 17, An X-radiograph of 
the cultured pearls in figure 16 
reveals both the larger nucleus 
(approximately 9.5 mm in di- 
ameter) of the Polynesian sam- 
ple at the bottom and the large 
areas of dark conchiolin in the 
Japanese samples. 
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Figure 18. Immersion in meth- 
ylene iodide revealed areas of 
diffusion treatment in this ap- 
proximately 6.89 x 6.07 x 
4,90 mm piece of sapphire 
rough from Montana. The thin 
layer of blue color would un- 
doubtedly be removed during 
cutting. 


isi orange fluorescence was observed 
when the stone was exposed to long- 
wave U.V. radiation. The same color 
fluorescence, but of very weak inten- 
sity, was seen with short-wave U.V. 


No colored transmission lumines- 
cence was seen. In addition, a dozen 
or more crystals with white-appear- 
ing strain halos were apparent with 
the unaided eye under the step facets 
at one end. 

Magnification revealed that most 
of these inclusions appeared to be 
small to large opaque black uraninite 
crystals with characteristic tension 
halos. As is generally observed with 
this type of inclusion, when the gem- 
stone is tilted to allow the back- 
ground to become bright, the small 
tension fractures take on a distinct 
brown appearance. A number of 
straight and irregular, randomly ori- 
ented, “stringers” of minute white 
particles were also visible through- 
out the stone, as were several ran- 
domly oriented flat “flakes” and 
short needles. Although they were 
subtle in appearance, these features 
were easily seen with darkfield illu- 
mination in the gemological micro- 
scope. RK 


Figure 19, This unusually large, 63.65-ct, colorless natural sapphire 


is reportedly from Sri Lanka. 
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Cobalt Colored 
Color-Change SPINEL 


The West Coast laboratory had an 
opportunity to examine a cobalt 
spinel that exhibited a very unusual 
change of color: a dark, richly satu- 
rated, slightly violetish blue in fluo- 
rescent light, and a dark purple in 
incandescent light (figure 20}. The 
color change was nicely enhanced by 
the contemporary design of the bicol- 
ored white and yellow metal man’s 
ring in which the stone was set. 


Figure 20. The 2.24-ct cobalt- 
colored spinel in this ring ap- 
pears blue in fluorescent light 


and, as seen here, purple in in- 
candescent light. 


We found the stone’s properties to 
be consistent with natural cobalt- 
blue spinels the lab has examined in 
the past (which reportedly originate 
in Sri Lanka; see Gems # Gemology, 
Summer 1986}. A single refractive 
index reading at 1.720 was obtained 
using a Duplex lI refractometer. Ex- 
amination with the polariscope 
showed a singly refractive reaction, 
with very slight ADR. The stone 
exhibited a weak red transmission 
and a moderate red color when 
viewed through a Chelsea filter. The 
diagnostic absorption band of a natu- 
ral cobalt spinel was present at 460 
nm in the hand-held spectroscope, as 
were the other bands at approx- 
imately 480, 552, 559, 575, and 622 
nm, with a broad general absorption 
from 660 nm up. (For more informa- 
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tion on cobalt-blue spinels, see J. 
Shigley and C. Stockton, ” ‘Cobalt- 
Blue’ Gem Spinels,” Gems & Gemol- 
ogy, Spring 1984, pp. 34-41}. 

With magnification, under one end 
of the crown we observed a cluster of 
moderate-size inclusions that consis- 
ted of a well-formed octahedral crys- 
tal and several whitish irregularly 
shaped crystals. Radiating from this 
crystal group and throughout the 
stone were rain-like pinpoint 
“stringers” and numerous small fine 
needles. Patricia Maddison 


SYNTHETICS and 
SIMULANTS 
in Period Jewelry 


One of our Austrian readers, Karl H. 
Heldwein of Vienna, saw the earring 


A 


mentioned under this heading in the 
Summer 1990 issue of Gems &) Gem- 
ology and was kind enough to send a 
letter with his comments on similar 
items seen in his country. He states, 
“We in Vienna, Austria, frequently 
run into pieces like that. The stamp 
is the current Russian hallmark 
which, to my knowledge, has been 
used since the mid-1950s.” He en- 
closed a photo of an item very similar 
to figure 16 in the Summer 1990 
issue. However, it had a blue cab- 
ochon for the center stone instead of 
a faceted piece. In his letter, he says 
that the cabochon was glass and the 
near-colorless brilliant-cut diamonds 
were VS to I, in clarity. The piece 
would obviously have to be consid- 
ered a reproduction. 

Charles C. Cage, of New Orleans, 
Louisiana, sent us a very comprehen- 


HISTORICAL NOTE 


sive review of Russian hallmarking 
in the 19th and 20th centuries. He 
confirmed that the “hammer and 
sickle” mark is the current one used 
in Russia, and that it has been in use 
since 1958, 

We thank Messrs. Heldwein and 
Cage for sharing this information 
with us. Comments from our readers 
are always welcome. CF 


FIGURE CREDITS 


Photos in figures 1-2, 5-6, 14, 16, and 17 
are by Nicholas DelRe. Shane F McClure 
took the photographs in figures 3, 9, 10, 13, 
and 19. Holly Baxter provided the photo in 
figure 8. Vinnie Cracco is responsible for 
figure 7. The photomicrograph in figure 4 is 
by John |. Koivula. Robert Crowningshield 
did the X-radiography in figure 15. Robert 
Weldon shot the photos in figures 11, 12, 
and 20. Dave Hargett furnished figure 18. 


Highlights from the Gem Trade Lab 25, 15, and five years ago 


FALL 1965 


The New York laboratory described 
and illustrated a 10+-ct Montana 
sapphire crystal, the largest yet en- 
countered. Also discussed were aba- 
lone pearls, the danger of leaving 
cultured pearls in jewelry cleaner, 
and the confusion arising from call- 
ing maw-sit-sit jade albite, rather 
than chrome albite. X-ray diffraction 
analysis established that this mate- 
rial actually contains ureyite, now 
renamed kosmochloy, rather than 
jadeite. 


FALL 1975 


The Los Angeles lab had the oppor- 
tunity to examine a very unusual 
cyclotron-treated diamond. The fact 
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that this stone was treated from one 
side of the girdle, rather than from 
the culet or the table as is usually 
done, made it unique in our experi- 
ence. In this stone, the color zoning 
associated with cyclotron treatment 
was apparent only on the side of the 
keel line and that side of the girdle 
that was treated. In addition, the lab 
identified as marble a ceremonial 
sword that showed, under 50x mag- 
nification, some tiny fossil for- 
aminifera. 

Several imitations and simulants 
were seen in the New York lab, in- 
cluding coated garnet to imitate cu- 
prite, prosopite to imitate turquoise, 
coated green beryl to simulate emer- 
ald, and a parcel of Thai-cut syn- 
thetic rubies that to the inex- 
perienced eye were very natural 
looking. These proved to be flux- 
grown stones, many with the bluish 
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bands usually associated with 
Chatham synthetic rubies. 


FALL 1985 


Our East Coast lab had occasion to 
examine a star stone that was in fact 
a flux-grown synthetic sapphire. The 
star was surface induced by diffusion 
treatment. A hydrothermally grown 
synthetic emerald, heavily included 
with spicules, was also illustrated. 

Unusual items encountered in the 
West Coast lab were an 11.73-ct gam- 
bling die that was cut from an indus- 
trial-quality diamond, a black star 
sapphire doublet, and a carved mate- 
rial that somewhat resembled jade 
(see figure). X-ray diffraction analysis 
revealed that the carving was a rock 
consisting of plagioclase feldspar and 
green muscovite mica. 
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DIAMONDS 
Diamond prospects in Brazil. Current monetary restric- 
tions in Brazil have led some Brazilian mining concerns 
to solicit foreign investment. In the diamond sector, the 
engineering and mining group Odebrecht is hoping to 
dispose of five current prospecting permits and a govern- 
ment-issued “permission” to open four prospecting pits 
at its Cipolandia alluvial diamond property in Mato 
Grosso do Sul. This deposit extends for 15 km along the 
Taboco River, some 90 km from Campo Grande. It 
contains a high proportion of gem-quality stones, with 
reserves estimated to be in the range of 150,000 to 
500,000 ct. 

In 1989, Brazil produced approximately 500,000 ct of 
diamonds, according to the Departamento Nacional da 
Producao Mineral, 70% are of gem quality. As much as 
84% of the total production was from the activities of 
independent miners, or garimpeiros. (Mining Journal, 
June 15, 1990} 


New venture in Botswana. Molopo Australia has re- 
ported collecting several kilograms of diamondiferous 
ore from a 950-km?2 concession adjacent to the Jwaneng 
mine. This concession contains six of the nine kim- 
berlite pipes identified to date in the Jwaneng field; two 
of these six have already been developed by Debswana 
and accounted for 55% of the country’s 15.3-million-ct 
total output in 1990. Molopo currently holds over 9,000 
km? under 11 licenses. (Mining Journal, June 15, 1990} 


New Sierra Leone mining policy. The Sierra Leone 
government has instituted new policies that affect 
diamond-mining operations in that West African nation. 
Under the new regulations, designed to curb the smug- 
gling of foreign currency, 60% of foreign exchange 
earnings must be turned over to the government. Also, 
diamond exporters must now make an advance payment 
of US$500,000, in addition to the US$10,000 annual 
license fee, and pay 2% of the value of exports to cover 
administrative costs plus an annual royalty of 3% of the 
value of goods exported. (Mining Magazine, June 1990) 


Australian firm prospecting in China. Ashton Mining 
Ltd., the Australian operator of the Argyle mine, has 
signed an agreement with the Chinese government for 
the exploration rights to a 100,000-km?2 area in northern 
Hunan Province. Several potential primary deposits 
they have identified will be explored this year. The 
agreement also gives Ashton exclusive rights to the 
cutting and marketing of the diamonds. In addition, the 
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firm has signed a letter of intent with the Guizhou 
Bureau of Geology for exploratory work in a 60,000-km2 
area in the northeast of that province. The bureau has 
already identified lamproite pipes that grade as high as 
20 ct per 100 tons of ore in that region. (Diamond 
Intelligence Briefs, July 2, 1990) 


Goa, India, seeking diamond merchants. . . The govern- 
ment of Goa, formerly a Portuguese enclave and now an 
Indian state south of Bombay, is attempting to attract 
diamond merchants to establish operations there. The 
state’s deputy chief minister has announced plans to 
build a 100-acre jewelry park in an area of northern Goa 
where a number of five-star hotels are also planned. The 
Economic Development Corporation of Goa, Daman & 
Diu Ltd. reportedly is offering a number of tax incentives 
to help attract new industrial units. (Diamond Itel- 
ligence Briefs, June 8, 1990} 


... But overall, prospects in India worsen. Burdened with 
approximately six to seven months’ worth of unsold 
stock, the Indian diamond industry has been laying off 
workers. About 30% of the factories at Navsari are 
reported idle, as are about 10% to 15% of the cutting 
units in Palanpur, Vishnagar, Bhavnagar, and Amreli. 
Factory owners predict that the situation will worsen, 
since they are not getting enough work from exporting 
firms. (Diamond Intelligence Briefs, June 8, 1990} 


Diamond prospecting in India. The Geological Survey of 
India has reported progress at diamond pipe no, 7 in the 
Wajrakarur area, Anantapur District, Andhra Pradesh 
State. According to the Survey, 1,903 diamonds (total 
weight 345,11 ct) have been recovered from 790 tons of 
overburden, and 287 diamonds (total weight 35.47 ct) 
have been taken from 314 tons of kimberlite. Sixty 
percent of the stones are reportedly of gem quality, with 
an average weight of 0.17 ct. A 16.3-ct gem-quality stone 
was recovered from the colluvial material. [Diamond 
World, May-June 1990) 


Revised figures for Kalimantan. The Indonesian Dia- 
mond Corp. (formerly Acorn Securities Ltd.) has issued 
revised development proposals and figures for diamond- 
gravel reserves at their Kalimantan {Borneo} operation. 
The program is based on combined proven (2.94 million 
m3], probable (15.32 million m4], and possible (29.79 
million m3} gravel reserves, with proven/probable dia- 
mond production for the first five years of operation 
estimated at more than 550,000 ct. Capital costs are 
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anticipated to be US$23.6 million, while operating costs 
are projected at US$5.5 per cubic meter of pay gravel 
mined, or US$60 per carat of diamond recovered. The 
firm plans to market its diamonds, mostly sawable goods 
in the 0.3-1 ct range, directly through Antwerp dealers 
rather than through the CSO. (Mining Magazine, June 
1990; Diamond Intelligence Briefs, June 8, 1990} 


Sri Lanka attracting diamond industry investment. The 
Greater Colombo Economic Commission (GCEC) has 
identified the Sri Lankan diamond industry as an indus- 
trial sector for attracting new investments. To this end, 
they have drawn up of plans for establishing a diamond 
guild and an exclusive diamond zone near the airport. 

Recently, a GCEC delegation visited firms in Antwerp 
and obtained sponsorship for a diamond-cutting project 
from two Belgian firms. When maximum capacity is 
reached, this project is expected to employ 235 workers. 
(Mining Magazine, June 1990} 


Thailand auctions smuggled diamonds. The Thai Cus- 
toms Department recently auctioned 2,236 diamonds, 
with a total weight of 403.51 ct, that had been confis- 
cated over the last two years from smugglers bringing 
them ih from Belgium. Approximately 30% of the 
proceeds from the sale went to informers. (Diamond 
Intelligencé Briefs, June 8, 1990} 


New diamond discovery in USSR. According to Radio 
Moscow, a new, major diamond deposit has been discov- 
ered approximately 100 km from Arkhangel’sk in the far 
north of the Russian Federation. The diamonds report- 
edly are of very high quality, with about 50% described 


Figure 1. The delicate gills are clearly evident 
in the ventral view of this 40-million-year-old 
mushroom encased in amber from the Domini- 
can Republic. Photo courtesy of Dr. George O. 
Poinar, Jr, University of California at Berkeley. 
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as “suitable for use in the jewelry industry.” Western 
involvement through a joint venture has been proposed 
for the development of the deposit as well as possibly for 
the processing of the stones. (Mining Journal, June 22, 
1990) 


Soviet delegation visits Israel. This past May, a delega- 
tion representing the Soviet diamond industry paid its 
first visit to Israel. Included among the Soviets were 
high-level executives of Almazjuvellirexport, the mar- 
keting arm for polished diamonds in the USSR; Kristal, 
that country’s largest diamond-cutting plant; and the 
Department of Precious Metals and Diamonds, which 
was formed only recently—as a result of the Soviet 
Union’s economic restructuring—to bring into one de- 
partment segments of the diamond industry that had 
previously been under separate ministries. According to 
one of the Soviet officials, technical developments in 
diamond processing in Israel seem to be paralleling those 
in the Soviet Union. {/srae! Diamonds, April-May 1990} 


Eastern Europe opens to diamond cutters. The dramatic 
changes in Eastern Europe are apparently leading to 
positive developments for the diamond industry in that 
part of the world. Recent reports indicate that two Israeli 
diamond manufacturers were opening a plant in Warsaw, 
Poland. Initially the plant, which will specialize in 
baguettes and tapered baguettes, will employ 25 
workers, 

Another plant is being set up in Bucharest, Romania, 
by a partnership between a Romanian and an Israeli 
firm. The facility will initially employ 60 workers and 
will cut small rounds. (Diamond Intelligence Briefs, July 
2, 1990) 


Diamond rush in Australia. Diamond exploration is 
booming in Australia, with over 90 companies now 
involved in the search. Among the areas being pros- 
pected are Kununurra, North Pilbara, Halls Creek, 
Norseman, Geraldton, Nullagine, and Philips Range in 
Western Australia; Regional in the Northern Territory; 
Armidale, Sofala, and Copeton in New South Wales; 
Roxby Downs and Quorn in South Australia; Wooragee 
in Victoria; and Camooweal in Queensland. Twenty- 
three other projects are under way to locate diamonds off 
Australia’s coastline. {Diamond Intelligence Briefs, June 
8, 1990. The listing of locations is abstracted from a table 
compiled by Min-Met Information Services that was 
included in the referenced report.} 


COLORED STONES 7s 
Ancient mushroom inclusion in amber. The University 
of California at Berkeley has announced the discovery of 
the oldest and best-preserved mushroom ever found, 
which was identified in a 40-million-year-old amber 
specimen (figure 1) by Dr. George O. Poinar, Jr. The 
amber came from a commercial mine in the northern 
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mountains of the Dominican Republic. The mushroom, 
identified by botanist Rolf Singer of the Field Museum of 
Natural History in Chicago, represents a previously 
unknown genus and has been named Coprinites domini- 
cana. It is the only known fossil mushroom from the 
tropics. According to Dr. Poinar, “the mushroom points 
out how amber can preserve very delicate organisms, 
and gives us hope for discovering a great deal more from 
that time.” 


Greenish blue cat’s-eye apatite. In the Summer 1990 
Gem News column, we reported seeing quantities of 
greenish blue apatite from Madagascar at the February 
Tucson show. The color of some of this material was very 
similar to new colors of tourmaline coming from Par- 
aiba, Brazil, and some of the apatite was being sold as 
“Paraiba apatite” or simply as “Paraiba.” 

At a recent gem and mineral show in Santa Monica, 
GIA Instructor Yianni Melas was shown a chatoyant, 
medium dark greenish blue 5.72-ct oval double cab- 
ochon that was presented as a cat’s-eye apatite (figure 2}. 
The owner, Manu Nichani of Temple Trading Co., 
Encinitas, California, subsequently loaned the stone to 
GIA for investigation. 

The stone measured 11.58 X 8.66 x 7.09 mm; it was 
translucent and exhibited a fairly sharp chatoyant band. 
Magnification revealed the cause of chatoyancy as nu- 
merous parallel growth tubes, some of which were 


Figure 2. The greenish blue color of this 5.72-ct 
cat’s-eye apatite is very unusual for this gem 
variety. Photo by Robert Weldon. 
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partially filled with an unknown residue. Pleochroism 
was distinct but not strong, in grayish yellowish green 
and greenish blue; the stone appeared brownish green 
through the Chelsea color filter. With a desk-model 
spectroscope, we were able to resolve a weak absorption 
band at approximately 594-618 nm; there was also some 
weak general absorption from 633 to 700 nm. The stone 
hada spot RI. of 1.64, an S.G. of approximately 3.16, was 
doubly refractive, and was inert to long- and short-wave 
U.V. radiation. 

Although we had not previously seen chatoyant apa- 
tite in this color, all properties were consistent with 
apatite. Because of the possible overlap in properties 
with greenish blue cat’s-eye tourmalines, we asked C. W. 
Fryer of the West Coast GIA Gem Trade Laboratory to 
perform an X-ray diffraction analysis of a powder sample 
from this stone. The pattern matched that of apatite. 


Zimbabwe emerald update. This past June, Tom L. Lee of 
Victoria Mines Ltd. visited emerald-producing mines 
and developing prospects in southern Zimbabwe. Some 
of these had not previously been visited by outsiders, as 
they are located in an area with severe travel restrictions. 
Mr. Lee provided the following report. 

The emerald mines are located in the Mweza Range in 
southeastern Zimbabwe, within the Mberenga Commu- 
nal Lands (formerly known as the Tribal Trust Lands). 
Throughout most of the emerald mines inspected by Mr. 
Lee, concentrations of emerald were frequently — but not 
exclusively —identified in pegmatite wall/serpentinite 
contact zones, most notably in the “nose” of such 
contact zones, which had been extensively folded and 
altered. 

Emerald was first discovered in this region in May 
1957. At the time of Mr. Lee’s visit, 27 emerald mines 
were operating with the authorization of the Zimbabwe 
government, although most were rudimentary diggings 
that were being worked primarily with picks, shovels, 
and wheelbarrows. 

One of the more sophisticated operations is the 
Machingwe mine (figure 3], an open-cast working that 
extends for approximately 2 km. Two bulldozers are 
used to move soil and rock, and to extend the pit 
workings. During the actual recovery of emeralds, the 
primary tools are picks and shovels, although there is 
some black powder blasting. Currently, the active open- 
pit emerald workings lie some 60 m below the surface. 
The area is protected by armed guards who are randomly 
situated throughout the mountainous bush that sur- 
rounds the mine. 

The Lodge mine (figure 4), located approximately 30 
km east of the famous Sandawana emerald mine, is also 
open cast. Although the Lodge mine has been in opera- 
tion since 1981, almost all of the excavation and emer- 
ald-face working is still carried out with picks, shovels, 
and wheelbarrows. 
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Unusual cat’s-eye diopside. Efraim Katz of African Gem 
Cutters, Miami Beach, Florida, recently loaned the Gem 
News editors a very slightly oval single cabochon of 
unusual color that exhibited a strong chatoyant band 
across its*dome. The stone was a very light grayish 
brownish ‘green and appeared to be semitransparent 
when viewed face-up. 

RI. was,determined to be approximately 1.67 by the 
spot method; because there were no polished flat sur- 
faces, birefringence could not be determined. In the 
polariscope the stone exhibited a doubly refractive 
reaction that was difficult to resolve due to the presence 


Figure 4, Miners at the 
Lodge mine, approx- 
imately 30 km east of 
the Sandawana mine in 
the Mweza Range, Zim- 
babwe, are housed in 
this compound. Photo © 
Tom Lee and Michael 
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Figure 3. This view from 
the edge of the main pit 
at the Machingwe mine, 
southeastern Zimbabwe, 
shows miners at work re- 
covering emeralds, The 
pegmatite structure 
(white area) has been fol- 
lowed downward 60 m. 
Photo © Tom Lee and 
Michael Smith. 


of many doubly refractive inclusions. The stone was 
inert to both long- and short-wave U.V. radiation; no 
absorption features could be resolved with a hand-held 
spectroscope. a 

There are a number of gem species in the mid- to 
high-1.60s R.I. range that produce chatoyant varieties, 
including actinolite, diopside, enstatite, and kor- 
nerupine, Of these stones, however, all but actinolite are 
typically very dark brown to very dark green in color. We 
thus asked C. W. Fryer to perform X-ray diffraction 
analysis on the stone, which resulted in a match for 
diopside. 
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Fine-quality chatoyant iolite. In the Spring 1990 Gem 
News column, we described a 23.65-ct cat’s-eye iolite 
seen at the Tucson show this past February. Recently, 
GIA Instructor Yianni Melas assisted in obtaining 
another of these unusual stones for investigation. 

The stone, loaned to us by Manu Nichani of Temple 
Trading Co., was purchased in southern India. The 
attractive 8.25-ct oval double cabochon measures 14.84 
x 11.78 x 7.58 mm (figure 5}. Semitransparent when 
viewed from above, it would be almost transparent were 
it not for a rough-ground base. In surface-incident light, 
it exhibits an exceptionally strong chatoyant band, this 
is even evident under diffused overhead fluorescent 
lighting. When examined face-up, it shows a light bluish 
gray body color on either side of the chatoyant band, 
while the periphery of the base appears a medium dark 
violet as a result of the strong pleochroism. A dichro- 
scope was used to isolate the pleochroic colors which 
were identified as dark violet, light bluish gray, and light 
brownish yellow. 

Magnification revealed the cause of chatoyancy to be 
minute, whitish fibers, Also noted were small, colorless, 
low-relief crystals. When the stone was examined with 
the polariscope, we noted that the chatoyant band 


Figure 5. Chatoyancy is unusual in iolite, espe- 
cially as exhibited by this 8.25-ct cabochon. 
Photo by Robert Weldon. 
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appeared to bisect the 2V angle. All other gemological 
properties were consistent with those previously re- 
ported for this gem species. 


Gem finds in Inner Mongolia. Gem deposits have re- 
cently been discovered at 51 sites in the Inner Mongolia 
Autonomous Region of China. According to a report in 
the July 1990 issue of Mining Magazine, over the course 
of three years of prospecting a team of geologists found 
42 types of gems, including agate, bloodstone, mal- 
achite, rock crystal, and topaz. The team also deter- 
mined that the region contains 196 sites with gem 
deposits of commercial significance. 


Opal with true chatoyancy. Dr. Byron C. Butler of World 
Gems/G.S.G. in Scottsdale, Arizona, provided the Gem 
News editors with a very unusual 0.76-ct cat’s-eye opal 
for investigation. The opal, a translucent oval single 
cabochon, measures 7.33 x 5.47 x 3.31 mm and has a 
brownish yellow body color (figure 6}. Unlike most so- 
called cat’s-eye opals, which exhibit chatoyancy as a 
band of play-of-color when fashioned as triplets, this 
unassembled gem exhibits true chatoyancy. As in fine 
cat’s-eye chrysoberyl, the “eye” is very sharp, and the 
stone also exhibits a strong “milk-and-honey” effect 
when the cabochon is illuminated from the side at a right 
angle to the chatoyant band. 

The RL, taken both on the well-polished base and by 
the spot method, was 1.45. When examined between 
crossed polars, the opal exhibited an anomalous blinking 
reaction in the form of a strain-induced snake-like band 


Figure 6. This 0.76-ct opal exhibits unusually 
strong chatoyancy. Photo by Robert Weldon. 
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along the length of the dome. The stone fluoresced a 
weak red to both long- and short-wave U.V. radiation, and 
appeared a grayish bluish green through the Chelsea 
color filter. S.G. was determined by hydrostatic weighing 
to be approximately 2.08. Magnification revealed an 
extremely fine fibrous structure plus minute black 
inclusions. 

The most unusual feature of this chatoyant opal was 
what appeared to be weak pleochroism in yellow and 
brownish orange that was noted with a calcite dichro- 
scope. It is possible that this opal formed as a pseu- 
domorph after a doubly refractive fibrous mineral such 
as goethite (which might also be responsible for the 
color) and that like-oriented remnants of the original 
material are responsible for both the strain and the 
apparent pleochroic reaction in this essentially amor- 
phous material. 


Star scapolite. The mineral series scapolite produces 
some interesting collector gems, including both purple 
and yellow stones that, because of similar gemological 
properties, may be confused with the quartz varieties 
amethyst and citrine, respectively. Also seen occa- 
sionally are different colors of chatoyant scapolite. 

Efraim Katz of African Gem Cutters, Miami Beach, 
Florida, icéently loaned the Gem News editors an 
interesting phenomenal scapolite for examination. This 
translucent, slightly brownish greenish gray oval double 
cabochon weighs 7.46 ct and measures 12.21 x 11.08 x 
7.43 mm. The gemological properties were consistent 
for scapolite. Magnification revealed small black, reflec- 
tive inclusions of what may be exsolution ilmenite; a 
few small plates of what may be mica were also noted. 

What made this stone unusual was the presence of a 
strong reflective band across the long direction of the 
dome that was intersected by two much weaker but 
distinct additional bands {one of which was quite faint 
and difficult to photograph; figure 7). This would qualify 
the stone as a star scapolite, which is quite rare. Shortly 
after we examined this stone, GIA Collection Curator 
Loretta Loeb showed us a similar-appearing 2.82-ct 
asteriated scapolite that had recently been added to the 
GIA collection. Both of these stones are reported to have 
originated in Sri Lanka. 


More activity at the sugilite mine. A recent mining 
industry report notes that Samancor has closed its 
Hotazel manganese mine near Kuruman, South Africa, 
because the reserves have been almost totally ex- 
hausted. To compensate, the company is increasing 
production at two nearby mines. One of these, the 
Wessels mine, is the only known source of the purple 
manganoan ornamental gem material, sugilite. This 
increased activity may lead to further sugilite discov- 
eries. (Mining Journal, July 13, 1990, p. 25} 
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Figure 7. The intersecting reflective bands of 
this 7.46-ct scapolite qualify it for designation 
as a star stone. Photo by Robert Weldon. 


Unusual carved tanzanite. As mined, tanzanite exhibits 
extremely strong pleochroism in blue, purple-violet, and 
greenish yellow, a combination that gives untreated 
material a rather unattractive face-up color with a strong 
brownish component. Fortunately, heat treatment re- 
moves the undesirable greenish yellow component, 
resulting in stones that, depending on orientation, ex- 
hibit fine blue to violet colors. 

Because virtually all of the tanzanite used in jewelry 
has been heated, many jewelers are unfamiliar with the 
appearance of the untreated material. Recently, Bart 
Curren of Glyptic Illusions brought to our attention a 
fine 10.19-ct tanzanite that he had carved and then heat 
treated, documenting the color both before (figure 8, left) 
and after (figure 8, right} the treatment process. Note in 
the two photos how the unusual cutting style helps 
emphasize the pleochroism. With both distinct purplish 
and yellowish brown colors showing, the untreated 
stone superficially resembles some amethyst-citrine 
quartz. 


Cat’s-eye tanzanite. Because of the rarity of cat’s-eye 
tanzanite, it came as a pleasant surprise when Peter and 
Bobbi Flusser, of Overland Gems in Los Angeles, showed 
us the 2.69-ct stone pictured in figure 9. This semi- 
transparent, high-domed oval cabochon with a slightly 
convex base exhibits an attractive medium dark grayish 
violet-blue color and a sharp chatoyant band when 
examined from above. Magnification revealed the cause 
of the chatoyancy to be numerous parallel whitish 
channels running perpendicular to the “eye”; spike- 
shaped two-phase inclusions were also noted. 

The gemological properties determined for this stone 
were consistent with those reported in the literature for 
tanzanite. With respect to the pleochroism, it was 
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Figure 8. The unusual cutting style of this 10.19-ct tanzanite emphasizes the stone’s pleochroism 
both before (left) and after (right) heat treatment. Carving and photos by Bart Curren, 


Glyptic Illusions. 


interesting to note that a deeper color was observed 
when the stone was viewed down the sides in both the 
long and the narrow directions. It appears that, as is the 
case with cat’s-eye alexandrite, orienting the stone to 
center the chatoyant band across the dome of the 
cabochon results in less than the best face-up color. No 
doubt, reflections off the chatoyancy-producing chan- 
nels also contributed to a slight washing out of the color 
when the stone was viewed from above. 


Figure 9. This 2.69-ct cabochon is a fine exam- 
ple of the very rare cat’s-eye variety of tan- 
zanite. Photo by Robert Weldon. 
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ENHANCEMENTS es 
Faceted gems with Aqua Aura enhancement. In the 
Winter 1988 Gem News column we reported on “Aqua 
Aura” quartz, single crystals and crystal clusters of 
colorless quartz that had a thin film of gold applied to 
their external surfaces. These treated specimens dis- 
played both the blue to greenish blue transmission color 
of the gold as well as a superficial thin-film iridescence. 
A more detailed report subsequently appeared in the 
April 1989 issue of the Journal of Gemmology. 

According to an article in the September 1989 issue of 
Rock # Gem, the process was developed by Bill 
McKnight and Tom Stecher of Vision Industries, Lynn- 
wood, Washington. The application of this treatment to 
faceted gems is now taking place on a commercial basis. 
The Gem News editors obtained two fashioned hexago- 
nal prisms of Aqua Aura-treated quartz (one of which is 
shown in figure 10} in fall 1989, and shortly thereafter 
encountered Aqua Aura-treated faceted topaz set in 
silver pendants. The vendor of the treated topaz, Trans- 
Gem Corp. of West Bend, Wisconsin, was contacted for 
further information. In response, Johnathan J. Parentice 
of TransGem informed us that they planned to begin 
marketing this material nationwide soon, and that some 
10,000 ct were submitted for enhancement in December 
1989, Mr. Parentice also kindly provided us with several 
samples for examination. 

The 11 treated faceted topazes supplied by TransGem 
(two of which are shown in figure 10} ranged from 0.71 ct 
to 2.25 ct. They varied in color from medium light to 
medium dark blue to greenish blue; all of the stones 
showed a very uniform color face-up. They exhibited an 
overlying weak to moderately strong iridescence that 
was most noticeable on the larger stones. R.I., birefrin- 
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gence, optic character, and S.G,. were consistent with 
topaz. Also as is typical for topaz, the specimens were all 
inert to both long- and short-wave U.V. radiation, ap- 
peared brownish green to green through the Chelsea 
color filter, and showed no absorption features when 
examined with a desk-model spectroscope. Unlike to- 
paz, however, no pleochroism was noted in any of the 
stones when they were examined with a dichroscope. 
A 0.70-ct pear-shaped brilliant-cut treated quartz 
supplied by TransGem and the two faceted quartz 
“prisms” mentioned above were similarly tested. Their 
R.L, birefringence, optic character, and S.G. were consis- 
tent with those reported in the literature for quartz, 
while their reactions to U.V. radiation, appearance 
through the Chelsea filter, spectroscopic features, and 
appearance through the dichroscope were essentially the 
same as noted above for the treated topaz. 
Magnification proved key to identifying the Aqua 
Aura enhancement (figure 11). When examined with 
diffused, direct transmitted light, all of the treated 
specimens—both topaz and quartz—exhibited one or 
more of the following features: {1} diffused, dark outlin- 
ing of some facet junctions; (2) white-appearing facet 
junctions where either the treatment did not “take” or 
where it had been abraded away; (3) a combination of 
fine, whife-appearing facet junctions immediately bor- 
dered on either side by slightly dark blue outlining; (4) 
irregular, minute, random, white-appearing abrasions 
on facet junctions and/or surface pits and scratches on 
facet surfaces, and (5] irregular blue coloration on some 
facets (some facets exhibited areas of no color}. One of 
the pear-shaped topazes exhibited an exceptionally 
heavy deposit of the coating near its point. When 
examined with magnification in surface-reflected light, 
the iridescence became very noticeable on all specimens 
and the surface irregularities were easy to detect. 
Those specimens that tended to be more greenish 
blue—especially those displaying fairly prominent iri- 
descence—could be visually mistaken for some heat- 
treated zircon. R.L, birefringence, and S.G. readings 
would quickly help identify the gem materials as topaz 
or quartz, respectively. While there is no natural blue 
single-crystal quartz with which the Aqua Aura-treated 
quartz could be confused, it does bear a resemblance to 
some cobalt-doped blue synthetic quartz. In this in- 
stance magnification, as well as Chelsea-filter reaction 
and absorption spectrum, would make the separation. 
The ‘Aqua Aura” topaz might easily be mistaken ini- 
tially for the irradiated blue topaz that is so prevalent in 
today’s gem market; in fact, Mr. Parentice did report that 
TransGem’s product was being marketed as an alterna- 
tive. In all cases, however, the superficial iridescence is a 
strong indicator and magnification would quickly reveal 
the Aqua Aura treatment. 
A final point relates to the durability of this surface 
enhancement. Both quartz and topaz specimens were 
exposed to the electrically heated tip of a thermal 
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Figure 10. These two faceted topazes (the oval 
weighs 2.15 ct) and faceted hexagonal prism of 
quartz (18.18 ct) have both been treated by the 
Aqua Aura method. Photo by Robert Weldon. 


reaction tester; this produced no noticeable effect on the 
treatment layer. Furthermore, a number 6 Mohs hard- 
ness point failed to scratch an “Aqua Aura” faceted 
quartz and a number 7 Mohs hardness point had no 
apparent effect on one of the treated topazes. Testing of a 
treated stone with dilute hydrochloric acid also had no 
noticeable effect. It would thus appear that this enhance- 
ment is fairly durable. Note, however, that because this ° 
is a surtace treatment, it would be partially or com- 
pletely removed during recutting or repolishing. 


New opal enhancement. Former GIA student Eunice 
Um showed the Gem News editors two tumble-polished 
opals she had purchased in Mexico. The essentially 


Figure 11. As is evident in this topaz, the 
darker color outlining of some pavilion facet 
junctions and the irregular facet coloration are 
typical of Aqua Aura-treated stones. Photo- 
micrograph by John I, Koivula; magnified 5x. 
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colorless, transparent stones exhibited play-of-color. 
One side of each, however, had been unevenly coated 
with a translucent, very dark brown, plastic-like mate- 
rial that gave the body color a somewhat dark appearance 
and accented the play-of-color when the stones were 
viewed from the uncoated side. When they were viewed 
from the coated side, even at low magnification (figure 
12], gas bubbles could be seen in the coating. With 
magnification, it was also evident that the coating could 
be easily indented with a needle probe. 


Figure 12. This 10.3-mm-long opal, purchased 
in Mexico, had been coated on one side with a 
dark, plastic-like material. Photomicrograph by 
John I. Koivula. 


“Plastic”-coated sugar-treated opal, A number of treat- 
ments have been used on otherwise unusable opal from 
various localities to produce a dark background, thereby 
reducing light scattering and bringing out play-of-color. 

Recently John Fuhrbach, a gemologist from Amarillo, 
Texas, sent us an unusual 16.58-ct opal (figure 13) for 
examination. The essentially opaque, low-domed oval 
cabochon had a uniform black body color and displayed a 
fairly strong, evenly distributed pinfire play-of-color that 
was predominantly green with minor amounts of yellow 
and orange. 

The opal displayed some rather interesting gemologi- 
cal properties. Spot R.I. readings on the dome gave values 
of 1.45, but the base produced values of 1.56 to 1.57. 
When exposed to long-wave U.V. radiation, the dome 
fluoresced a very strong yellow-green whereas the base 
fluoresced a very strong chalky blue-white. The short- 
wave U.V. reactions were similar but somewhat weaker, 
and there was no phosphorescence to either wavelength. 
Microhardness tests on both the dome and the base 
showed that the stone could be easily indented with the 
point of a straight pin. Hydrostatic weighings produced 
an S.G. value of 1.91. 
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Magnification revealed two key features. First, we 
noted the typical “peppery,” speckled appearance that is 
associated with sugar-treated opal from Australia. Sec- 
ond, the entire cabochon was seen to be coated with a 
transparent, colorless material. This coating was signifi- 
cantly thicker on the base than on the dome, and gas 
bubbles were noted in the thicker base coating. A small 
scraping taken from the coating on the base was tested 
with a thermal reaction tester (“hot point”), producing 
an acrid odor reminiscent of that noted with some 
plastics. 

We concluded that the stone was a sugar-treated opal 
that had subsequently been coated with a plastic-like 
substance. The uncharacteristically high R.I. reading on 
the base was attributed to the thick coating of the 
plastic-like material on that side; the different U.V. 
fluorescence reactions of the dome and the base were 
believed to be due to the variation in thickness of the 
“plastic” layers; while the unusually low S.G. was 
attributed at least in part to the significant “plastic” 
component, with the porosity of the starting material 
possibly a contributing factor. 


SYNTHETICS AND SIMULANTS ii 7s 
Knischka synthetic ruby update. Professor P O. 
Knischka of Steyr, Austria, reports that he has produced 
synthetic ruby crystals over 5 cm in length that have 
yielded faceted stones as large as 67 ct. Material is being 
marketed in the form of faceted stones in sizes ranging to 
over 11 ct, as preforms that may exceed 25 ct, and as 
rough “macro-clusters,” “plates,” and “micro-clusters.” 
The fashioned materials are marketed in three qualities 
based on the extent of inclusions and in colors described 


Figure 13. Both sugar treatment and coating 
with a plastic-like substance were used to en- 
hance this 16,58-ct opal. Photo by Robert 
Weldon. 
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We) » tall 
Figure 14. This half-crystal of Knischka synthetic 
ruby weighs 40.65 ct. Photo by Robert Weldon. 


by Professor Knischka as “light, medium, [and] dark in 
Burmese pink tone or Thai purple tone.” 

Recently, Dr. Edward J. Gitbelin provided us with a 
large half-crystal of Knischka synthetic ruby. The crys- 
tal, which had been sawn down its length and the cut 
surface polished, weighs 40.65 ct and measures 39.66 
mm long x 17.90 mm in largest diameter (figure 14]. It is 
dark purplish red, exhibits accordian-like deep growth 
steps perpendicular to and along the length of the 
crystal, and contains the glassy two-phase inclusions 
and platinum platelets previously noted in this material 
(see E. Giibelin, “New synthetic rubies made by Pro- 
fessor P.O. Knischka,” Gems #& Gemology, Vol. 18, No.3, 
pp. 165-168). 


Fluorite imitating emerald. A number of ICA Laboratory 
Alerts and reports in the gemological literature have 
appeared over the past few years concerning imitation 
emeralds fabricated out of natural as well as man-made 
materials. Earlier this year, the ICA released a Laboratory 
Alert Update that describes yet another type of “crafted” 
specimen. 

Submitted by Jean-Paul] Poirot of the well-known Paris 
laboratory, it describes what at first appeared to be an 
emerald crystal in matrix. The specimen, which origi- 
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nated in Madagascar, was found to consist of a green 
fluorite crystal that had been attached with a mica-laden 
glue to a block of tourmaliniferous rock. One end of the 
crystal had been given a roughly hexagonal shape, and 
cleavages gave the impression of growth lines. 

Mr. Poirot cautions that the spectrum of green fluorite 
is somewhat similar to that of emerald and that such 
stones also appear red through the Chelsea color filter, 
The fluorite fluoresced a strong violet-blue to long-wave 
U.V. radiation, while the glue around its base fluoresced a 
strong yellowish white. The identification of the crystal 
was confirmed by X-ray diffraction analysis. 


Imitation jade carving. On a visit to the jade market in 
Kowloon, Hong Kong, this past January, one of the 
editors (RCK] obtained a carved sphere that was repre- 
sented (not surprisingly] as jade (figure 15}. Testing of 
this attractive ornamental object at GIA Santa Monica 
revealed that it was quite interesting gemologically. 

The sphere weighs 186.7 grams (933.5 ct} and ranges 
from 52.0 to 53.3 mm in diameter, It is opaque except in 
thin edges, where it is semitranslucent. Although it is 
predominantly a mottled dark reddish brown grading to 
medium yellowish brown, approximately 40% of the 
surface area is a strongly mottled medium yellow-green 
to vivid, dark yellowish green. 

Although we could not obtain a refractometer reading 
because of the condition of the surface (see below}, we did 
detect a birefringence blink, which indicates a material 


Figure 15. Sold as “jade” in Hong Kong, this 
carved sphere was determined to be a selec- 
tively dyed rock consisting of calcite and lesser 
amounts of serpentine. Photo by Robert Weldon. 
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of high birefringence. When examined through a 
Chelsea color filter, the greenish areas appeared grayish 
green while the brown areas looked red-brown. All areas 
were inert to both long- and short-wave U.V, radiation, 
and there was no phosphorescence. Testing on an incon- 
spicuous area revealed a Mohs hardness of approx- 
imately 3, 

Magnification revealed a very mottled texture with 
some areas that were near-colorless to white in both 
brownish and greenish portions. Brown color concentra- 
tions were noted in surface-reaching fractures in the 
brownish areas, while both brown and green color 
concentrations were seen in green areas; small chipped 
spots in the brownish areas showed a lighter brown color 
and had a granular texture. Many of the incised areas 
contained concentrations of an off-white to yellowish 
material that readily melted when touched with a 
thermal reaction tester. 

Chemical tests were also performed in inconspicuous 
spots. Both the brown and the green areas effervesced to 


a small drop of dilute hydrochloric acid. Rubbing of 
brown areas with an acetone-dipped cotton swab pro- 
duced a strong red-brown discoloration, while similar 
testing in green areas showed a less obvious but still 
definite green discoloration. 

X-ray diffraction analyses of scrapings from both the 
green and the brown areas were performed by C. W. Fryer. 
Material taken from the brown area produced a strong 
pattern for calcite; the X-ray diffraction pattern for the 
green area showed strong lines corresponding to calcite 
plus slightly weaker lines that matched a general pattern 
for serpentine. 

On the basis of the above, the editors identified the 
sphere as a rock consisting of calcite and lesser amounts 
of serpentine that had been selectively dyed, the whole 
piece having been wax or paraffin coated. It is possible 
that before treatment the areas containing serpentine 
had a light green color which led to the selective dyeing 
of these portions with a green coloring agent to intensify 
the effect. 


ANNOUNCEMENTS 


The Tucson Gem and Mineral 
Show will be held February 13-17, 
1991, at the Tucson Convention 
Center. The featured mineral for 
the show is azurite. For more infor- 
mation, contact the Tucson Gem 
and Mineral Society, P.O, Box 
42543, Tucson, AZ 85733. 

The American Gem Trade Asso- 
ciation will be in Tucson February 
9-14 at the Convention Center. 
They will announce the winners of 
the Spectrum Awards (a jewelry 
contest aimed at the effective use 
of colored stones) at that time. For 
information, contact the AGTA 
headquarters at the World Trade 
Center #181, PO. Box 581043, 
Dallas, TX 75258, (214) 742-4367; 
for reservations, call {800} 
972-1162. 

The Gemological Institute of 
America will present various lec- 
tures and seminars in Tucson, Feb- 
ruary 9-14, at the Convention Cen- 
ter. For information, call (800) 
421-7250, ext. 227, or write GIA, 
PO. Box 2110, Santa Monica, CA 
90406. 


The Gemological Institute of 
America is sponsoring the Interna- 
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tional Gemological Symposium 
June 20-24, 1991. Experts will be 
speaking on such diverse topics as 
colored stone and diamond sources, 
gem identification, antique and pe- 
riod jewelry, synthetics and sim- 
ulants, diamond market perspec- 
tives, jewelry for the 20th century 
and beyond, global economics, mar- 
keting and merchandising chal- 
lenges, and pearls. On Sunday, key 
figures will address some of the 
most important—and controver- 
sial—issues in the industry, includ- 
ing new technologies in gem iden- 
tification, quality analysis of col- 
ored stones, and current concerns 
in jewelry evaluation and ap- 
praisals. Poster sessions, a noncom- 
mercial marketplace of new ideas, 
will also be held on Sunday. Each 
day also has its share of social 
events, where attendees can meet 
each other and the speakers and 
panelists, including a grand finale 
at the Los Angeles County Mu- 
seum of Natural History. For more 
information, contact GIA at (800} 
421-7250, ext. 211, or write to GIA 
at PO. Box 2110, Attn: Symposium 
Office/Resource Development, 
Santa Monica, CA 90406. 


The Israel Precious Stones and Dia- 
mond Exchange Ltd. has announced 
new telephone and facimile num- 
bers as of June 3, 1990. These are 
{972-3} 5751177-83 and [972-3] 
5752547, respectively. 


The State Gem Corporation of Sri 
Lanka has announced that, effec- 
tive August 1, 1990, the export of 
“geuda” rough will be open to 
dealers from all countries who ob- 
tain registration with the Manager, 
State Gem Corporation, Geuda 
Trading Centre, Ratnapura. Pro- 
cedural details can be obtained on 
written request to the manager. In 
the past, only dealers from Thai- 
land were eligible for permits to 
export geuda. 


Also from the State Gem Corpora- 
tion comes an announcement of 
the establishment of a Gem & Jew- 
ellery Exchange in Colombo. The 
exchange will provide rooms that 
may be rented by foreign buyers 
and service facilities so that it may 
serve as a “One Stop Export Shop.” 
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EMERALDS OF PAKISTAN: 
GEOLOGY, GEMOLOGY 
AND GENESIS 


Edited by Ali H. Kazmi and 
Lawrence W. Snee, 269 pp., ilus., 
publ, by the Geological Survey of 
Pakistan and Van Nostrand Reinhold 
Co., New York, 1989, US$39,95°" 


This is a major and important addi- 
tion to the scientific literature on 
beryl, more specifically, the emerald 
variety. While the content is largely 
devoted to the geologic/geochemical 
aspects of emerald-bearing deposits, 
with the greatest emphasis and detail 
placed on those in Pakistan and 
neighboring Afghanistan, there is 
much that will prove interesting and 
useful to the practicing gemologist. 
The text consists of nine topical 
chapters followed by a very large 
bibliography (about 450 entries!}, au- 
thor as well as subject indexes, and 
short biographies of the 14 authors 
who weré ‘involved in the compila- 
tion of the'text. I heartily concur in 
the decision of the publishers to tell 
us a bit about the writers—all too 
often biographical notes are placed 
on dustjacket flaps and sooner or 
later discarded or lost. 

The opening chapter, by A. H. 
Kazmi, is a useful overview of the 
broad geology and metallogenic pro- 
vinces of Pakistan. It serves as the 
foundation for the next chapter—by 
R. D. Lawrence, Kazmi, and L. W. 
Snee—on the geologic setting of the 
Pakistani emerald deposits. While 
this second chapter offers the reader 
amore specific geologic discussion of 
the deposits, it is the third chapter, on 
the deposits themselves — by Kazmi, 
J. Anwar, S. Hussain, T: Khan, and H. 
Dawood —that will prove the most 
interesting and useful to the reader 
who wants to know just where the 
deposits are, and the kinds of stones 
that can be expected from them. Like 
the previous chapters, this one is well 
illustrated with maps, diagrams, and 
photographs, some in color, and con- 
cludes with a long reference list. In 
chapter four, E. J. Giibelin describes 
the gemological characteristics of 
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the Pakistani emeralds, and it is here 
that the practicing gemologist will 
find those specifics that will serve 
him well in distinguishing these 
stones from those found elsewhere in 
the world. As we have come to expect 
from Giubelin, there are excellent 
descriptions of inclusions and many 
fine supporting color photographs. 

Less useful to the lay reader but 
invaluable to the student of gem- 
stone deposits and causative geol- 
ogy/geochemistry are chapters five 
and six, which discuss the chemical 
differences among emeralds and host 
rocks in Pakistan and Afghanistan 
with implications for the origin of 
emerald. The authors are Snee, E. E. 
Foord, B. Hill, S. J. Carter, and J. M. 
Hammarstrom., The geochemistry of 
fluid inclusions in the emeralds is 
deemed sufficiently distinctive and 
valuable to merit its own chapter 
seven by R. R. Seal II, while chapter 
eight is an excellent précis of the 
geology of world emerald deposits by 
Kazmi and Snee. The last text chap- 
ter, by the same authors, discusses 
the origin and classification of both 
Pakistani and other world-source 
emerald deposits. 

As the author of Emerald and 
Other Beryls, 1 fully appreciate the 
enormous amount of work that went 
into the present treatise. Make no 
mistake in this regard: Emeralds of 
Pakistan is full of information that 
will serve the geologist, mineralo- 
gist, geochemist, and gemologist for 
many years to come. I recommend it 
heartily and 1 am sure you will also 
be charmed by its superior touches, 
including a blue marker ribbon— 
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something one does not often see 
these days. 
JOHN SINKANKAS 


Peri Lithon Books 
San Diego, CA 


THE JEWELRY DESIGN 
SOURCE BOOK 

By P. Bayer, V. Becker, H. Craven, P. 
Hinks, R. Lightbrown, |. Ogden, and 
D. Scarisbrick, 192 pp., illus, publ. 
by Van Nostrand Reinhold, New 
York, 1989. US$39.95* 


Prominent English jewelry historian 
Diana Scarisbrick, together with a 
team of specialists, has produced a 
well-illustrated, evenly written sur- 
vey of jewelry design sources from 
ancient times to the present day. 
Mrs. Scarisbrick is responsible 
for the lively and engaging introduc- 


tion as well as for the chapters on 


Renaissance and Baroque jewels and 
on Romanticism of the 18th century. 
Each of the other authors covers a 
particular period of jewelry history, 
with emphasis on the eminent de- 
signers and craftsmen of the time and 
on events that shaped and influenced 
jewelry design. Together, they exam- 
ine the full spectrum of interaction 
between cultural and aesthetic 
values and stylistic evolution, cap- 
turing, with charm and erudition, 
the era under consideration. Jack 
Ogden presents jewelry of the an- 
cient world, Ronald Lightbrown dis- 
cusses Medieval jewelry arts, Peter 
Hinks is the authority on Victoriana 
and the Belle Epoque, and Patricia 
Bayer describes jewelry of the late 
19th century through Art Deco in 
the first half of the 20th century. 
Post—World War II is Vivienne 
Becker’s area of interest, and Helen 
Craven looks at contemporary 
craftsmen. 


*This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. Telephone: 
(800) 421-7250, ext. 282. 
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This useful book also provides 
handsomely reproduced photo- 
graphs, a brief glossary, and, mer- 
cifully, a general index. If a minor 
complaint must be mentioned, it is 
that the book is somewhat over- 
designed: The pages of reverse type 
(white on black} are difficult to read, 
and the dimensions make the book 
somewhat awkward to handle. While 
this may disconcert overly critical 
reviewers, it does not detract from an 
otherwise first-rate book or the 
wealth of well-researched documen- 
tation in an attractive and much- 
needed reference. 


Neil Letson 
New York City, NY 


ILLUSTRATED GUIDE TO 
JEWELRY APPRAISING: 
ANTIQUE, PERIOD, AND 
MODERN 


By Anna M. Miller, 180 pp., illus., 
publ. by Van Nostrand Reinhold, 
New York, 1990. US$34.95* 


Jewelry appraising has become in- 
creasingly complex, especially in the 
last decade, and it is essential that 
the professional be aware of the 
many aspects involved in writing a 
responsible appraisal. Anna Miller, 
author of Gems and Jewelry Apprais- 
ing, has provided a second book on 
this topic that is an indispensable 
tool for both novice and veteran. 
While both books emphasize the im- 
portance of education and research, 
and give detailed information on the 
nuts and bolts of the profession, there 
is surprisingly little overlap. Where 
her first volume focuses on conduct- 
ing an appraisal, the I/lustrated 
Guide to Jewelry Appraising pro- 
vides more detail on estimating 
values for specific types of jewelry. 

Chapter 1 of the IlMustrated 
Guide defines the function and ob- 
jective of the professional jewelry 
appraiser today, as well as the pur- 
pose of the appraisal itself. These are 
two seemingly obvious points that, 
in truth, have far-reaching conse- 
quences. 

The next chapter outlines the 
mechanics of performing an ap- 
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praisal, including the use of price 
guides, judging the quality of stones 
and workmanship, and noting the 
present condition of the piece. 

The third chapter underscores 
the importance of understanding his- 
toric elements as they relate to an- 
tique and period jewelry. The influ- 
ences of dress, motifs, and cultures 
on jewelry design is concisely pre- 
sented, 

Chapter 4 focuses on the evalua- 
tion of specific types of jewelry, such 
as rings, earrings, necklaces, brace- 
lets, brooches, pearls, watches, and 
charms. For each type of jewelry, the 
author provides a brief chronology of 
its use throughout history, along 
with hints on how to date a piece and 
judge its quality. Additional insight 
is offered in a discussion of fre- 
quently asked questions with their 
answers. A sidebar giving a “model 
appraisal narrative” shows how a 
well-formulated appraisal for that 
type of jewelry might be presented. 

Chapter 5 examines the ap- 
praisal document itself. Information 
that should be included in every 
appraisal, a critique of appraisal doc- 
uments, and samples of different 
types of appraisals are outlined. 

The many useful appendices at 
the end of the book will serve as 
ready references on such topics as 
gem cuts, weight estimation for- 
mulas, ring-size equivalents, gem- 
stone handling, and auction houses. 
The author also provides glossaries 
together with an extensive bibliogra- 
phy and an index. Many black-and- 
white photographs and sketches il- 
lustrate the text, and most of the 
jewelry is photographed from both 
the front and the back, which is very 
helpful for the appraiser. 

The I/fustrated Guide to Jewelry 
Appraising adds tremendously to the 
literature available on this subject. 
By selecting, organizing, and compil- 
ing salient information that pertains 
to this evolving profession, Miller 
makes the appraiser aware of the 
many things that need to be consid- 
ered before writing an appraisal. The 
importance of keeping abreast of de- 
velopments in legislation and the 
world economy is also highlighted, 
reminding the reader of the ever- 


changing nature of this exacting pro- 
fession. 
Elise B. Misiorowski, G.G. 


GIA Research Librarian 
Santa Monica, CA 


OTHER BOOKS RECEIVED 


The 4 C’s Value of Diamonds, by 
Anna Cheng, 199 pp., illus., publ. by 
China Television Publishing Co., 
Taipei, Taiwan, 1987, US$39.50.* 
Those who read Mandarin Chinese 
will find this book about the 4C’s of 
evaluating diamonds most useful. In 
28 concise chapters, long-time gem- 
ologist Anna Cheng discusses the 
history, mining, and cutting of dia- 
monds, diamond grading, and mar- 
keting. Additional interesting topics 
in this book are other grading sys- 
tems, how to analyze a diamond 
certificate, and how to interpret a 
price list. The author also examines 
the buying and selling of diamonds, 
touching on quality versus commer- 
cial goods, auctions, and cautionary 
tips. Ms. Cheng captures the mystery 
and intrigue of diamonds by provid- 
ing histories of several famous dia- 
monds. Beautifully illustrated with 
full-color photographs and diagrams, 
this is a nice educational coffee-table 


book for those who seek more infor- 
mation on diamonds. LBL 


Diamond Cutting: A Complete 
Guide to Diamond Processing, 3rd 
Edition, by Basil Watermeyer, 406 
pp., illus., publ. by Cape Town Pur- 
nell, Cape Town, Republic of South 
Africa, 1988, US$59.00.* Like the 
first edition of this detailed manual 
(reviewed in the Spring 1983 issue of 
Gems & Gemology), this third edi- 
tion gives step-by-step instructions 
for every phase of cutting. The 56 
chapters cover almost every aspect of 
processing diamonds, ranging from 
the identification of rough, to the 
operation of automatic faceting ma- 
chines and the fashioning of several 
fancy cuts. New to this edition is a 
chapter on the Princess cut and 70 
additional diagrams. This unique 
book is highly recommended for stu- 
dents and diamond cutters alike. 


LBL 
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COLORED STONES AND 
ORGANIC MATERIALS 


A contribution to the distinguishing characteristics of 
sapphire from Kashmir. H. A. Hanni, Journal of 
Gemmology, Vol. 22, No. 2, 1990, pp. 67-75. 


Dr. Hanni’s article is essentially a discussion of the 
absorption spectra and inclusions of Kashmir sapphires. 
According to Dr. Hanni, “the term Kashmir Sapphire is 
used to denote the origin of a stone from a specific 
location and should not be regarded as a term describing 
either quality or color.” Following brief summaries of 
history, literature, and visual appearance, a description 
of absorption spectra and chromogens for blue sapphires 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest to 
our readership. 


Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abStracter 
and in no way reflect the position of Gems & Gemology 
or GIA. 


© 1990 Gemological Institute of America 
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in general leads to the conclusion that certain absorption 
features in the 280-500 nm optical region can be used 
diagnostically. Details of how to control and use these 
relative strength comparisons are, however, not pro- 
vided. 

Hanni states that both previously reported and new 
inclusions were observed in the study samples (of 
unspecified number). In the discussion of the specific 
inclusions, however, specific references to previous liter- 
ature are not always provided, so it is not clear whether a 
feature is newly observed, newly identified, or simply 
confirmation of previous reports. Similarly, it is not 
stated which features, other than the already-known 
tourmaline and pargasite inclusions, can be considered 
diagnostic of Kashmir origin. Uraninite and allanite 
appear to be newly identified, but it is not stated whether 
these have been reported for blue sapphire from other 
localities. Eight color and 13 black-and-white illustra- 
tions accompany this article. CMS 


On two colour types of Mn3+-bearing beryls. A. N. 
Platonov, M. N. Taran, and V. A. Klyakhin, 
Zeitschrift der Deutschen Gemmologischen Ges- 
ellschaft, Vol. 38, No. 4, 1989, pp. 147-154. 

The origin of color in morganite, red beryl, and pink to 

purple Russian hydrothermal synthetic beryls is studied 

using ultraviolet-visible absorption spectroscopy. The 
authors state that it is “known” that morganite and red 
beryl are colored by Mn3+, although the two materials 


GEMS & GEMOLOGY Fall 1990 241 


have a very different dichroism and color stability: The 
color of morganite fades completely on heating at 500°C, 
and can be restored by X-ray irradiation, while red beryl 
is unaffected by heating to 1000°C or more. From a 
detailed analysis of the absorption spectra, the authors 
infer that Mn3+ has different coordination symmetries 
in morganite and red beryl. Also, synthetic pink bery! 
and natural red beryl from Utah have a much lower 
lithium (Li) content than morganite. Therefore, color 
fading in morganite might be due to electron traps 
created by the substitution of Li+ for Be2+ according to 
the reaction: 
2Be2+ +> 2Li+ + V2+ (V = oxygen vacancy} 

Such centers have been studied in other materials where 
they have a similar thermal stability range. With heating 
to about 500°C, the electron is released from its trap and 
comes back to the manganese ion, which then becomes a 
Mn2+* ion, which does not produce a significant colora- 
tion. EF 


DIAMONDS 


Spectroscopic study of natural diamonds in China. J. 
Guo, F Chen, X. Cai, and H. Deng, Chinese Journal 
of Geochemistry, Vol. 9, No. 2, 1990, pp. 161-168. 


The authors report on the visible and infrared absorption 
spectra of natural diamonds from China. Low levels of 
nitrogen were found to be present in some type II 
diamonds, but the nitrogen is in different stages of 
aggregation, suggesting that diamond formation took 
place under a variety of geologic conditions. Type lb 
diamonds {with dispersed nitrogen) may occur in 
amounts up to 2% in some placer deposits in Hunan; 
this abundance is higher than has been generally be- 
lieved for the occurrence of type Ib diamonds. Some type 
Ia diamonds display a green color due to natural irradia- 
tion. Type Ia diamonds from Hunan and Hubei provinces 
exhibit a variety of absorption bands, including the GR1 
(741 nm}, 637 nm, 595 nm, 575 nm, 3H (503.6 nm}, H3 
{503.2 nm}, H4 (496 nm]j, and ND1 (393.6 nm}, all of 
which result from natural radiation damage. Documen- 
tation of such diamonds is of great interest because of the 
continuing debate regarding the separation of natural 
from laboratory-treated green diamonds, Last, the au- 
thors report their observations on the presence of hydro- 
gen in various complexes in diamonds from these 
deposits. Information on diamonds of known geographic 
origin is of great value. JES 


Testing of colourless natural diamonds by room tem- 
perature optical absorption. G. Lifante, F Jaque, M. 
A. Hoyos, and S. Leguey, journal of Gemmology, 
Vol. 22, No. 3, 1990, pp. 142-145. 

The authors describe a technique whereby weak optical 

absorption features, specifically those related to the N3 

center in diamonds, can be enhanced by taking the first 

and second derivatives of the spectral graphic. The 
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importance of this absorption feature, and of a method 
for testing it, is attributed to the potential need to 
distinguish colorless natural and synthetic diamonds in 
the future. The authors also discuss the value of this 
technique as a replacement for cryogenic cooling, which 
they feel is potentially destructive, although it should be 
pointed out that GIA has successfully run spectra on 
thousands of cryogenically cooled colorless and near- 
colorless diamonds without damaging a single stone. 
However, a particular advantage of the authors’ method 
is that, since most spectrophotometers come with deriv- 
ative capabilities as standard equipment, no additional 
cryogenic apparatus is required—a useful feature to 
laboratories with a limited budget. Illustrations of ab- 
sorption spectra and their derivatives clearly demon- 
strate the potential of this method. CMS 


GEM LOCALITIES 


Gemstones of New Hampshire, J. J. Bradshaw, Rocks @& 
Minerals, Vol. 65, No. 4, 1990, pp. 300-305. 


New Hampshire has produced a variety of museum- 
quality gem crystals and rare mineral specimens. This 
article, written by the curator of the Mineralogical 
Museum’s gemstone collection at Harvard University, 
provides information on the key localities in New 
Hampshire. The gem materials found there include: 
almandine, beryl (varieties goshenite, heliodor, aqua- 
marine, and cat’s-eye aquamarine}, fluorite, quartz, 
spodumene, topaz, apatite, brazilianite, iolite, la- 
bradorite, phenacite, and rhodonite. Seven color photo- 
graphs, including a picture of a 730-ct aquamarine 
carving of a mermaid, illustrate the article. Among the 
rare minerals are hurlbutite, lazulite/scorzalite, au- 
gelite, eucryptite, hydroxylherderite, limonite, and 
tremolite (actinolite]. 

This entire issue of Rocks & Minerals is devoted to 
New Hampshire minerals, fossils, and geology; it in- 
cludes an article on a new find of pseudomalachite. 

Ron Conde 


Maricota, un nouveau gisement d’andalousite [Minas 
Gerais, Brésil] (Maricota, a new andalusite deposit 
[Minas Gerais, Brazil]). J. Cassedanne, Revue de 
Gemmologie a.fig., No. 100, 1989, pp. 7-9. 

An extensive review of all reports in the literature of 

andalusite in northern Minas Gerais precedes the de- 

scription of anew andalusite deposit, called Maricota, in 
this area. Although this mineral is of metamorphic 
origin, all the deposits of this gem in Brazil are alluvial. 

The new deposit is close to the Jequintinhonha 

River, 40 km northeast of Araguaf, and is easily access- 

ible. The geology of the area principally consists of 

schists with pegmatite intrusions and irregular quartz- 
rich veins. Although all three environments contain 
andalusite, because they are deeply weathered the gem 
material is collected by digging through colluvial de- 
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posits. Mining is primitive: Holes no more than a few 
meters deep are dug at random, and the gems are sorted 
by hand, without the aid of water. About 80 garimpeiros 
worked the deposit in July 1989. No production esti- 
mates are available. 

The faceted gems (some up to 25 ct have been cut} 
show properties typical of the species. The dichroism is 
pale olive green to violetish red [sic], and the short-wave 
U.V. luminescence exhibits a “mustard” color. Common 
inclusions are channels parallel to the c-axis, sillimanite 
needles, platelet crystals of what appear to be hematite 
or ilmenite, and two-phase inclusions and “veils” that 
are generally perpendicular to the c-axis. EF 


INSTRUMENTS AND TECHNIQUES 


The diamond drill used in the Cambay bead industry. 

R. V. Karanth, Journal of Gemmology, Vol. 22, No. 

2, April 1990, pp. 91-96. 
Mr. Karanth meticulously describes the traditional bow- 
drill method that has been used for centuries in Cambay, 
India, to drill bead holes. The combination of bow- 
drilling action and double-tipped diamond drills creates 
a characteristic drill-hole impression that the author 
feels has been inadequately explained by archaeological 
analysts—hence this article in response. Modern bow- 
drill methadology, which apparently differs from ancient 
practices ohly by the use of metals, should shed light on 
those practices. According to the author, modern lapi- 
daries continue to use this technique because it allows 
them to collect the by-product silica powder, which 
would be lost with an ultrasonic perforator, for use in 
polishing compounds. The method is relatively rapid in 
the hands of a skilled lapidary, yielding about 50 drilled 
5-mm beads per day. To the complaint of crooked drill 
holes, the author responds that it is the mark of this 
unusual lapidary art and should be valued for its 
aesthetic associations. Black-and-white drawings of the 
apparatus and its drill-hole patterns accompany the 
article. CMS 


Economical microscopes for gemmologists. T: Linton 
and G. Brown, Australian Gemmologist, Vol. 17, 
No. 4, pp. 120-121 and 156-158. 

This instrument evaluation covers three microscopes of 

largely Chinese manufacture that are marketed by 

Industrial & Scientific Supply Co. Pty. Ltd. of Wellington 

Point, Queensland, and a Dutch-manufactured fiber- 

optic light source. 

The SZM-1 stereozoom microscope has a magnifica- 
tion range of 7-40 x with 10x eyepieces, and provides 
an 88-mm working distance and 28-mm field of view at 
7 x. It has a stable base with a reversible flat and concave 
light-reflecting mirror, illumination being provided by a 
20W, 12V focusable quartz-halogen light source. An 
accessory darkfield cone supplied with the instrument 
provided high-intensity, strongly contrasting darkfield 
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illumination. According to the evaluators, however, the 
darkfield system did produce confusing reflections from 
the surface of the cone’s baffle. [Although not criticized 
by the authors, it seems to this abstractor that the 
described procedure required to focus the instrument for 
the entire zoom range appears to be a bit tedious. ] 

The basic SM-4G stereoscopic microscope is report- 
edly made to be used with a wide selection of accesso- 
ries; one such attachment described is a transmitted- 
light illuminator base. This microscope has five magni- 
fication options of 6.4, 10x,16,25X,and 40x, with 
the working distance being constant for all magnifica- 
tions at 100 mm, making it useful for examining larger 
gems and gem rough. The field of view is 29 mm at 6.4.x. 
The darkfield accessory, as described for the SZM-1 
microscope above, produced confusing reflections with 
the SM-4G instrument as well. An accessory-articulated 
side-arm light source received some criticism from the 
standpoint of its electrical wiring, but overall the evalua- 
tors considered this to be an excellent instrument, 
especially for students. 

The SMS-10 is described as a small binocular stereo- 
microscope with fixed 20x magnification, a 70 mm 
working distance and a 9.2 mm field of view. It report- 
edly has good optics; unfortunately, the back focus of the 
eyepieces makes it unsuitable for use by some wearers of 
eyeglasses. This microscope can be fitted with the same 
light base designed for the SM-4G described above. 

The EK-1 fiber-optic light source features a 12V, 100W, 
3400K quartz-halogen projection light source that can be 
directed through either a single or a twin 500-mm 
flexible fiber optic—light guide. The heat generated by 
the lamp is adequately controlled by a fixed-heat filter 
and a low-noise cooling fan. 

The authors of this report found all instruments 
examined to be well worth their prices in Australia. 

RCK 


La microspectrofluorescence et ses applications en gem- 
mologie (Microspectrofluorescence and its appli- 
cations to gemology). J. Dubois-Fournier, B. Le- 
nain, and D. Le Maguer, Revue de Gemmologie 
a.fig., No. 100, 1989, pp. 15-18. 

In this article, the authors explore details of the fluores- 

cence of corundum, in particular, ruby, The causes of 

chromium luminescence in ruby are discussed in gen- 
eral terms. The authors then describe a prototype 
microspectrofluorimeter, which helps obtain high-reso- 
lution luminescence spectra of sample areas as small as 
half a micron in diameter. Details of the red-end emis- 
sion spectra of a series of flame-fusion synthetic rubies 
are given, including the positions of emission lines 
related to isolated Cr+ atoms, pairs of Cr3+ atoms, and 
phonons. These lines vary in intensity according to the 
orientation of the stone. The isolated Cr+ lines increase 
in strength with chromium concentration, until the 
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Crs+ pair lines become significant; then they begin to 
decrease. 

This technique has been applied to help separate 
ruby, red spinel, and pyrope garnet set in jewelry. This 
instrument can also detect differences in the fluores- 
cence of natural and flame-fusion synthetic blue sap- 
phires. Using a laser emitting at 325 nm, the authors 
have detected the fluorescence of vanadium in V-rich 
Burmese rubies: It appears as a golden yellow trace along 
the laser beam in the otherwise red-luminescing stone, 

The authors conclude by emphasizing that not only 
the presence of iron, but also a higher than average 
concentration of iron can quench ruby’s luminescence. 
They also point out the usefulness of their prototype 
instrument in obtaining quantitative measurements of 
the luminescence. EF 


The OMF Faceter. R. P Homer, Lapidary Journal, Vol. 44, 
No. 3, June, 1990, pp. 26-41. 


Mr. Homer investigates a “faceting” machine that is 
capable of cutting concave and convex surfaces on 
gemstones. The OMF Faceter employs a series of preci- 
sion-machined cylinders that can be used in a variety of 
positions. The resulting ability to cut curved surfaces 
allows cutters to focus, diffuse, condense, or disperse 
light in ways that are very striking. The amount of 
technical detail provided by the author makes this 
article of particular interest to the lapidary. WRV 


PRECIOUS METALS 


Dall’alchimia alla moderna farmacopea, la fortuna e 
Villusione dell’oro nella medicina (From alchemy 
to the modern pharmacopoeia, luck and illusion of 
gold in medicine). P. Ciampi, joy Oro, Vol. 3, No. 2, 
December 1989, pp. 20-25. 


The author provides an historic account of the use of 
gold in the alchemic and medical fields. As far back as 
the 2nd century B.C., Chinese medical practitioners 
believed that gold would increase longevity. This theory 
persisted throughout the Middle Ages when the alche- 
mists not only believed in the ability of this precious 
metal to increase the life span, but also as being the 
universal cure for diseases such as ulcers, tapeworms, 
skin ailments, and epilepsy. Evolving in the 18th century 
as metallotherapy, gold was used in treating nervous 
disorders and venereal disease. During the 19th and 20th 
centuries, gold salts were thought to work against the 
tuberculosis bacteria; colloidal gold, thought to be less 
toxic, was widely used as anti-infection agents and 
disinfectants for skin score. Today, this precious metal 
has lost its luster as a panacea. Those persons who were 
carelessly treated with the “medicinal gold” have been 
found to develop gold crystal deposits in the eyes and 
have increased chances of anemia, dermatosis, and liver 
and kidney lesions. However, it is still used to treat 
chronic rheumatoid arthritis. This article is printed 
bilingually in Italian and English. Rose Tozer 
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Suppliers battle underkarating. M. Thompson, Jewelers’ 
Circular-Keystone, Vol. 161, No. 4, April 1990, pp. 
78-80. 


Underkarating is one of the most common types of fraud 
in the jewelry industry today. OroAmerica, a manufac- 
turer of 14K gold jewelry, and Engelhard Corp., a gold 
supplier, decided to take matters into their own hands by 
instituting highly visible programs whereby they would 
guarantee the karatage of their gold, thus attacking the 
problem in the early stages of manufacturing. 

OroAmerica now gives every retailer who buys from 
them a trademark guide that “certifies” the gold content 
of their jewelry, explains what a trademark is and why it 
is needed, and provides information on the karat stamp 
and other facts about gold jewelry. The guide accom- 
plishes two things: It assures retailers that they are 
receiving genuine goods, and it serves as a marketing 
tool that retailers can use when discussing gold with 
their customers. 

Engelhard Corp has developed a “Golden Guaran- 
tee” program, which assures its manufacturer and 
wholesaler customers of the quality of its gold sheet, 
wire, and grain. All of their goods have been assay tested 
to ensure that the gold content is above the minimum 
required by law, Engelhard will place a logo guaranteeing 
the gold content on all paperwork and will attach tags to 
the gold products sent to manufacturers. KBS 


SYNTHETICS AND SIMULANTS 


Synthéses de I’émeraude [premiére partie] (Emerald 
synthesis [part one]). D. Robert, Revue de Gem- 
mologie a.fg., No. 100, 1989, pp. 4-6. 

In the first part of this two-part series, Mr. Robert 

discusses the earliest successful syntheses of emerald, 

achieved in France by Ebelmen in 1868 and then by 

Hautefeuille and Perrey 40 years later. Both used a flux 

technique, but obtained only millimeter-size crystals. 

Mr. Robert then reviews the constraints for success- 
ful synthesis from a melt: the problem of incongruent 
fusion, and determination of the appropriate tempera- 
ture range. Major progress has been made over the years 
with the introduction of a seed crystal, the use of 
vanadium- or molybdenum-based flux materials, and 
the introduction of the hydrothermal technique. 

The various types of synthetic emeralds are men- 
tioned in chronologic order, emphasizing details of the 
technology and importance of the production. Several 
identification techniques are also discussed or ex- 
plained, accompanied by four photomicrographs. EF 


Synthéses de l’émeraude [2] (Emerald synthesis [2]. D. 
Robert, Revue de Gemmologie a.fg. No. 101, 
1989, pp. 5-7. 

In the second and last part of this series, Mr. Robert 

explores progress in emerald synthesis over the last two 

decades, during which the number of growth processes 
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has increased, After a brief description of the Lennix 
process, the author states that, in his opinion, the 
mysterious element mentioned in the “Espig report” 
(Igmerald synthetic emeralds} as being needed to obtain 
good crystals is not vanadium, but fluorine. He substan- 
tiates his claim by summarizing the theory for the 
formation of beryl] deposits put forth by Beus, a Russian 
scientist, which incorporates fluorine as a major trans- 
port agent. This could be the key to understanding the 
modern hydrothermal synthesis of emerald or other 
colored varieties of beryl. This renewed interest in 
hydrothermal growth may also be due to a better choice 
for the crystallographic orientation of the seed and better 
lining materials for the autoclaves. The role of fluorine 
might be to avoid too fast a polymerization of silica 
tetrahedra and contribute to a better crystallinity. 

EF 


A synthetic by any other name. P Read, Australian 
Gemmologist, Vol. 17, No. 4, 1989, pp. 153-156. 


A number of manufacturers of synthetic gem materials, 
both past and present, have attempted to avoid using the 
term synthetic in describing their products. Enumerated 
by the author in this category are “Geneva rubies,” 
“reconstructed rubies,” “Chatham Created Rubies,” 
“Pool Emeralds,” and “Knischka Created Rubies.” 

In this.réport, Read touches on some of the marketing 
aspects related to the use of these names, including some 
information on the diagnostic inclusions in the products 
as they relate to the producers’ claims. 

This brief article is a useful addition to the ongoing 
debate on the nomenclature for manmade gem mate- 
rials. RCK 


Two remarkable Lechleitner synthetic emeralds. K. 
Schmetzer, Journal of Gemmology, Vol. 22, No. 1, 
1990, pp. 20-32. 


The first part of this article entails an exhaustive 
chemical and spectral study of two faceted samples of 
experimental Lechleitner hydrothermally grown syn- 
thetic emerald (not overgrowth}. Both samples exhibit 
obvious growth planes parallel to the seed-crystal layer 
and to the table plane. Distinct color zoning corresponds 
to these growth planes and is attributed by the author to 
orientation of the seed plane with respect to the c-axis. 
The chemical data, not surprisingly, correlate to the 
color zoning. In addition to the expected presence of 
chromium and iron, small quantities of nickel and 
copper were detected. Spectroscopic analysis of optical 
absorptions revealed the roles of Cr3+, Cu2+, and Ni3+; 
iron was too low in concentration to show up in the 
optical spectrum, as the pleochroic colors of the samples 
would also suggest. Chemical data in conjunction with 
Microscopic examination of growth features lead to 
conclusions and speculations regarding growth condi- 
tions. 

The latter part of the article (a summary of the various 
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Lechleitner products) was submitted by the author to 
Johann Lechleitner in 1988 for corrections and can 
therefore, as proposed by the author, be considered 
accurate. It is interesting to note that type A, grown 
between 1956 and 1958, was flux grown. Types B-E, 
grown between 1959 and 1972, were all hydrothermally 
grown. Type E grown subsequent to 1972, represents a 
return to flux-growth techniques. Only types B, D, and F 
were sold commercially. It should be noted that type B, 
referred to here simply as “synthetic emerald,” is in fact 
the well-known Lechleitner overgrowth product: a thin 
layer of hydrothermal synthetic emerald over a pre- 
formed or faceted natural beryl core. Types D (described 
in the first part of this article) and F are fully synthetic. 
Gemological properties and/or references provided for 
all types make this a useful summary for practicing 
gemologists. CMS 


TREATMENT 


Spectroscopic evidence of heat treatment of blue sap- 
phires from Sri Lanka — additional data. K. Schmet- 
zer and L. Kiefert, Journal of Gemmology, Vol. 22, 
No. 2, 1990, ‘pp. 80-82. 


The color of blue sapphires, both heat treated and 
untreated, results from Fe?+/Ti4*+ intervalence transfer 
absorptions primarily at 559 nm perpendicular to the 
c-axis and 669 nm parallel to the c-axis. Type I blue 
sapphires lack the Fe2+/Fe3+ absorption at 870 nm 
found in type II material, but there sometimes occurs a 
weak Fe3+ absorption at 450 nm (with accompanying 
absorptions at 388 and 376 nm] that does not affect color. 

Examination of treated and untreated type I blue 
sapphires {of undisclosed number) revealed that these 
Fe?+ absorptions generally do not occur in heat-treated 
type I blue sapphires from any of the localities studied. 
According to the authors, this is due to conversion of 
Fe2+ to Fe3+ in association with rutile dissolution 
during heating. Weak residual Fe?+ absorptions were 
occasionally observed and are attributed to incomplete 
conversion of iron resulting from too short a heat- 
treatment period. 

In conclusion, the authors propose that, whereas the 
presence of weak Fe3+ absorptions is somewhat ambig- 
uous, the complete absence of these spectral features can 
be considered proof of heat treatment. The authors have, 
to judge by the graphic spectra illustrated, employed a 
spectrophotometer in this study and it is not stated 
whether a hand spectroscope is of any use. Moreover, 
given the varying sensitivities of different makes of 
spectrophotometers and the varying intensities of ab- 
sorptions that result in relation to sample size and depth 
of color {i.e., what is detectable by one instrument may 
appear to another to be “absent”, further study seems to 
be needed before this apparently promising test can be 
considered useful to other investigators. CMS 
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Editorial 


” 


The Country of Origin Question 


here was a time when the source of diamonds was considered important by some 

dealers. If it were possible to establish that a diamond came from Golconda in India, 
for example, it was considered to be superior. Actually, if the diamond had fine color and 
was highly transparent, it met the standards thought to be characteristic of the very 
finest product from Golconda. Over the years, impartial laboratory grading has rendered 
opinions on diamond source, though interesting, unnecessary. 


Such a situation is not true with rubies and sapphires. It would appear that if a ruby 
originated in Burma, it has a mystical property that makes it worth appreciably more 
than an identical ruby from another source. The same situation applies to sapphires 
from Kashmir. Yet, if two stones are identical in appearance, with no hidden faults, it is 
difficult to understand why one should have greater value than the otheyr. 


In many cases, an experienced gemologist can be relatively certain that a ruby came 
from Burma, or from Thailand, or from Sri Lanka. But there are other situations in 
which the decision is little more than an educated guess. There are stories afloat in the 
jewelry industry of two stones cut from the same rough being declared from Burma in 
one instance and from a different source in the other. There are also cases of different 


. origins being issued on the same stone by different laboratories. In virtually all of these 


cases, the decision is being made based on opinion rather than established criteria. The 
problem that arises when such decisions are based on opinion, even when that opinion 
relies on extensive experience, is that they tend to reflect on the credibility of gem 
testing laboratories in general. 


L is my personal belief that the sourcing of colored stones misleads the public and 
imposes an artificial price differential. Why should someone pay more for an inferior 
ruby because it came from Burma? Gemstone purchases are made for the beauty of the 
stone —not for some artificial differentiation imposed by the trade or a laboratory. 


One of the interesting features of the historic Dresden Green diamond, which is 
described in detail in this issue, is that it is believed to come from the Golconda mines of 
India. While this information is useful in establishing the provenance of this stone, it 
does not affect its intrinsic value economically or scientifically. The article outlining 
the diagnostic features of Kashmir sapphires not only gives guidelines for determining 
locality of origin, but also indicates how difficult, and even precarious, efforts to 
determine the source of a stone can be at the present time, even for the most experienced 
gemologist. 


There is no question that diamond sales have been improved markedly by impartial 


grading. I feel that sales of colored stones, likewise, could be improved materially by 
impartial laboratory grading of the elements of quality of such stones. 


Richard T. Liddicoat 
Editor-in-Chief 
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THE LEGENDARY 


DRESDEN GREEN DIAMOND 


By Robert E. Kane, Shane F McClure, and Joachim Menzhausen 


The approximately 41-ct Dresden Green 
diamond is the largest, and perhaps the 
finest, green diamond known to have a 
color of natural origin. A diamond so rich 
in history is well worth studying for that 
reason alone, but the Dresden Green of- 
fers the unique opportunity of adding 
valuable data to the quest for means to 
distinguish natural from laboratory-irradi- 
ated green diamonds. In November of 
1988, two senior GIA staff members vis- 
ited the Green Vaults with this goal in 
mind. The Dresden Green diamond 
proved to be not only of extraordinary 
quality but also a very rare type Ila—one 
of the purest forms of diamond. In addi- 
tion, the spectral characteristics of this 
stone were found to overlap those of 
known treated diamonds. The history, 
locality origin, and properties of the Dres- 
den Green diamond are discussed in de- 
tail in this article. 


ABOUT THE AUTHORS 
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M™ gemologists dream of being able to examine 
some of the truly famous gemstones of the world. 
Unfortunately, few such dreams are realized, since these 
gems are rarely made available. This was the case for many 
years with the fabled Dresden Green diamond (figure 1). 

Yet just such an opportunity came to pass in late 
November 1988, when the three authors met in the ancient 
city of Dresden (figure 2), in what was then East Germany, 
for the purpose of examining the Dresden Green in the 
Green Vaults. 

Noted jeweler and diamond historian Herbert 
Tillander was instrumental in making these arrange- 
ments. Mr. Tillander is a grandson of the famous Alexander 
Tillander who founded A. Tillander Jewelers, a well-known 
firm in St. Petersburg around the turn of the century. The 
Imperial family of Russia was among their clients. At a 
conference they had both attended in 1985, Mr. Tillander 
explained to Mr. Kane that during his research he had had 
the opportunity to examine many of the diamonds in the 
Green Vaults. He subsequently made the necessary intro- 
ductions and inquiries that enabled GIA to negotiate the 
first complete gemological examination of the Dresden 
Green diamond. The administrators of the Green Vaults 
gave their consent to the project in January 1986. As one 
might expect, the details of such a trip were many and 
complicated. It was ultimately agreed that the examina- 
tion should take place November 19-25, 1988, when the 
museum would be closed for cleaning and the diamond 
could be removed from its display case. An invitation was 
subsequently extended to George Bosshart, of the Swiss 
Foundation for the Research of Gemstones (SSEF), to 
examine the stone at the same time. 

The importance of examining this diamond goes 
beyond its size and history, to the need to distinguish 
natural from laboratory-irradiated green diamonds, which 
is a key concern of GIA and a number of others in the 
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jewelry industry. One of the stumbling blocks of 
research on this subject is the fact that very few 
diamonds available for examination possess a 
green body color that can be proved to be of natural 
origin. The history of the Dresden Green is docu- 
mented from 1741 to the present. Its recorded color 
descriptions over 250 years parallel its present 
appearance (Inventory Book, 1733; Gruner, 1862; 
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Figure 1. For more than 
200 years, the approx- 
imately 41-ct Dresden 
Green diamond has resi- 
ded in this hat ornament 
made by Prague jeweler 
Diessbach in 1768. The 
flowery bottom portion 
was originally fashioned 
by Geneva jeweler André 
Jacques Pallard in 1746 
as a section of a badge of 
the Order of the Golden 
Fleece. Photo by Shane FE 
McClure. 


Streeter, 1882; Erbstein and Erbstein, 1884; Bauer, 
1896; Bauer, 1904; Sponsel, 1915; Menzhausen, 
1968), which precludes the possibility that the 
diamond might have been irradiated during its 
brief tenure in the USSR after World War II. In the 
authors’ opinion, the consistency of these color 
descriptions with the current appearance of the 
stone provides overwhelming evidence that this 
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Figure 2. Today, the Green Vaults are part of a museum complex in the heart of Dresden. The Elbe 
River is in the foreground. Photo by Shane EF McClure and Robert E. Kane. 


diamond is naturally green. It is also the largest 
natural green diamond known. In the more than 30 
years of GIA Gem Trade Laboratory reports avail- 
able, there is no record of a natural-color green 
diamond this large. 


a - ct tlccendtel =! 
fo 
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This article presents a brief history of the 
Green Vaults, a detailed chronology of the legend- 
ary green diamond, a discussion of the probable 
locality origin of this stone, and a complete gem- 
ological description of the Dresden Green. 


Figure 3. The graceful 
vaulted ceilings compli- 
mented the Jewelry 
Room of the Green 
Vaults before they were 
damaged during World 
War II, Photo © The Wor- 
shipful Company of 
Goldsmiths, London. 
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A BRIEF HISTORY OF 
THE GREEN VAULTS 


In 1721, Friedrich Augustus I, elector of Saxony 
(1694-1733) and king of Poland (1697-1733]— 
better known as Augustus the Strong — gave orders 
that a certain room of about 90 m2 on the some- 
what elevated ground floor of the Dresden Palace 
should have an opening made in its northern wall 
to make it accessible from the adjoining hall. This 
“room” — actually three chambers — was his origi- 
nal treasury. 

The three original chambers were designated 
the “Silver Room,” the “Jewellery Room,” and the 
“Hall of Preciosities.” Historically in this region, 
royal and religious treasuries alike had been closed 
repositories, well guarded and secured (Menz- 
hausen, 1968}. By opening these rooms to more 
general access, Augustus the Strong announced his 
intention to have his treasury represent a new kind 
of collection: a museum. 

The walls had originally been painted green, a 
fact discovered recently when portions added in 
the 18th-century were taken down for restoration. 
There is also reference by Augustus the Strong in 
1727 to rooms with vaulted ceilings in this general 
area that were used to house his collection. The 
descriptive name Green Vaults (Griines Gewolbe) 
had very probably been used colloquially by the 
inhabitants of the palace ever since this part of the 
building was completed in 1554; the name appears 
for the first time in a document written in 1572. 
Today, Green Vaults is the name given to the rooms 
that house the collections in what is now known as 
the Albertinum, the museum that occupies the 
structure that used to be the Dresden Palace. The 
Green Vaults still contain artifacts and works of 
art from the original collection of Augustus the 
Strong (Menzhausen, 1968). 

In 1942, during the upheaval of World War II, 
the collections of the Green Vaults were packed 
into crates and removed to nearby K6nigstein 
Fortress, where they had been deposited twice 
before, during the Seven Years’ War (1756-1763) 
and the “Wars of Liberation” {1813}. With the end of 
World War II, in 1945, former French prisoners of 
war held at Kénigstein took command of the 
fortress. They protected the collection until a 
detachment from the Soviet army that was spe- 
cially commissioned to safeguard works of art 
arrived to take it to Moscow (Menzhausen, 1968). 

Although most of the original Dresden Palace 
was destroyed during the war, along with the entire 
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center of Dresden, two of the original three rooms 
of the Green Vaults remained almost intact. There 
was considerable damage, however, to the Jewel- 
lery Room (figure 3}. In addition, the special library 
of the collection was destroyed by fire, including 
all the card indexes and records, as well as several 
files concerning the history of the Green Vaults. 
Hundreds of descriptive reports were also lost, 
together with the drawings made by the 18th- 
century court jewelers. Only the inventory books 
were saved, thanks to the care and energy of Dr. 
Erna von Watzdorf, one of the scholars then work- 
ing in the Historical Museum, who had them 
taken toa repository outside of Dresden. They now 
form the basis for all new work on the Green 
Vaults. The collection of the Green Vaults was 
returned to the German people by the Soviet 
government in 1958 (Menzhausen, 1968}. The 
collection is now on display in the contemporary 
surroundings of the Albertinum (figure 4). 


HISTORY OF . 
THE DRESDEN 
GREEN DIAMOND 


The Dresden Green diamond has had a fascinating 
and complex history. In researching this history, 
we used a variety of sources, including archives in 
Dresden, London, Idar-Oberstein, and the United 
States. The known chronology of the Dresden 


Figure 4. The collections of the Green Vaults 

are now housed in a contemporary museum, 

the Albertinum, built on the site of the original 
Dresden Palace. The Jewellery Room is at the 

far end of this photo. Photo by Shane E McClure. 
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———————— 
C 


During The large green diamond is brought (presumably to 
or prior [.ondon) from the Golconda district of India by 
to 1726 Marcus Moses. 


1726 The green diamond (possibly in the rough) is offered 
for sale out of London in 1726 to Friedrich 
Augustus I (“Augustus the Strong”), elector of 
Saxony and king of Poland. The asking price is 
£30,000 


1741 The green diamond is sold to Friedrich 
Augustus IJ at the Great Annual £ 
Easter Fair at Leipzig by a Jewish 
merchant named Delles. The 
price has been quoted 
alternately as 60,000, 
200,000, or 400,000 
thaler. 


1742 Court Jeweler Johann 
Friedrich Dinglinger is 
commissioned by 
Friedrich Augustus II 
to fashion a badge of 
the Order of the Golden 
Fleece to hold the 
Dresden Green. 


1746 Dinglinger’s Golden Fleece 
is broken up and another is 
created by Genoan master 
goldsmith André Jacques 
Pallard. Also set in this Fleece is 
the approximately 49-ct Saxon white 
diamond. 


1753 ‘The British Museum in London receives a model of 
the Dresden Green diamond that was probably made 
when the stone was cut. 


1756-63 The green diamond and the contents of the Green 
Vaults are moved to K6nigstein Fortress for safe- 


keeping during the Seven Years War. 


1768 After Saxony’s defeat in the Seven Years War, Pallard’s 
Fleece is dismantled by a jeweler named Diessbach 


a 


Green diamond is summarized in the accompany- 
ing box and discussed below. 

The first reference to the presence of the green 
diamond in Dresden is in inventory book no. 16 
of the Green Vaults (figure 5}. The entry for the 
Dresden Green reports that in 1741 a merchant 
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hronological History of the Dresden Green Diamond.” 


from Prague. The section holding the Dresden Green is 
kept intact and is made part of the hat ornament in 
which it curently resides. The section holding the 
Saxon white also remains intact and is made part of a 
shoulder knot that also exists today. 


1813? During the Wars of Liberation, the green 
diamond and the contents of the Green 
Vaults are again safely stored in the old 
K6nigstein Fortress. 


1925 Professor Résch and Dr, 
Kriimbhaar, of Germany, 
photograph and examine the 
green diamond in great detail 
with an optical goniometer. 


1942 During World War II, the 
entire collection of the 
Green Vaults is again 
stored in the vaults of the 
K6nigstein Fortress. 


1945 At the close of World 
War IJ, a Russian 
organization called the 
Soviet Trophies 

Commission removes the 
collection, including the 
Dresden Green diamond, 
from K6nigstein and takes the 
items to Russia. 


1958 The contents of the Green Vaults are 
returned to Dresden. 


1959 A major exhibition at the Albertinum in Dresden 
features items from the Green Vaults and other 
collections. The Dresden Green diamond is placed on 
public display for the first time since 1942. 


1974 The Green Vaults are reopened and a representative 
selection of the jewelry collection is placed on display. 


1988 The first complete gemological examination of the 
Dresden Green diamond. 


*See text for corresponding references. 


named Delles sold it to the son of Augustus the 
Strong, Friedrich Augustus II, elector of Saxony 
and (as Augustus III) king of Poland (1733-— 
1763}. 

Little is known about the diamond before 
1741. It was mentioned in a 1726 letter from Baron 
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Second Drawer 
Sixth Shelf 
A Large Diamond Set 
No. 50. An order of the Golden Fleece consists of an 
extraordinarily beautiful green oval shaped 
diamond surrounded by ‘small Mei 
‘The flames on both sides are partly set with 
small diamonds, parily enameled with red. 
‘The fook is fashioned as a scroll and set 
with many small diamonds. In the middle is 
a medium sized rectangular diamond. 
‘The green diamond was supplied in 1741 
by the Jew Delles and has a weight of 160 
green.* The Golden ‘Fleece was made by the 
Court Jeweler r Dinglinger and delivered in 
1742 to the Green Vault, 
Note 
The golden Lambskin hanging below, with 
the three diamonds transferred to it, belong 
to the Golden “Fleece with the cat’s eyes as 
recorded. See certificate dated July 31, 1743. 


[page 89] 
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No. 50. ‘This fleece was sent in about 1745 via 
‘Prague to ‘Vienna for redesigning. The 
large green diamond was used again in the 
new Order of the Golden ‘Fleece und 
recorded as No. 55 in this diamond set. 
‘The flames and seroll were stored in the 
stock of diamonds; numbers 42 and 43. 

‘The setting of the small diamonds around 
the green diamond, fowever, remained in the 
hands of his Majesty. 


‘This certification is signed by the official 
guardian on January 1748 


‘Bleichinann 


“From the English word “grain”, 160 grains equals 
approximately 40 Lipish carats. 


Figure 5. The hat ornament containing the Dresden Green diamond is seen here displayed on the 
original inventory book no. 16 of the Green Vaults. The book is open to entry No. 50, in which the 
acquisition of the green diamond is recorded. A translation of this entry is given below, It is interest- 
ing to note that the cover of the book is green (see inset). Photos by Shane EF McClure. 
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Gautier, “assessor” at the “Geheimes Rath’s Colle- 
gium” in Dresden, to Le Coq, then Polish ambas- 
sador to London. The letter spoke of the green 
diamond being offered to Augustus the Strong by a 
merchant from London for the sum of 30,000 
pounds sterling (Boutan, 1886). 

The only other reference to the existence of the 
green diamond before 1941 that the authors were 
able to locate was encountered in a book by 
respected mineralogist C. J. Spencer (1971). 
Spencer makes reference to a model of the Dresden 
Green diamond that was part of the massive 
collection of Sir Hans Sloane, which was acquired 
by the British Museum of Natural History in 1753. 
On checking with the museum, we discovered that 
they did indeed have such a model {figure 6). In fact, 
they have two. The registry index cards (registry 
no. 85438 A and B} for these models state that one 
of them is probably from Sloane. An entry that 
appears to be from Sloane’s own catalog of his 
collection is quoted on the registry card: ‘A mo- 
dell of the green diamond brought from the dia- 
mond mines in Golconda by Marcus Moses valued 
at 20000 ls.” This remarkable record, of which we 
could find no previous report in the literature, both 
establishes a firm link between the green diamond 
and India, and names the man who first brought 
the rough to the West. We could find no further 
mention of Marcus Moses in the course of our 
research. Because it is unlikely that a private 
collector could have acquired a model of the 


Figure 6. This glass model of the Dresden Green 
diamond was acquired by the British Museum 
of Natural History in 1753, Courtesy of the 
British Museum; photo by Shane E McClure. 
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Dresden Green after the stone was in the hands of 
Saxon royalty, the logical source of the model is the 
cutter of the diamond, sometime before 1741. 

Friedrich Augustus II purchased the green 
diamond at the Great Annual Easter Fair at Leipzig 
(Boutan, 1886}. The merchant, Delles, has been 
alternately described as Jewish (Green Vaults in- 
ventory book no. 16), Armenian (Boutan, 1886}, 
Dutch (Copeland, 1974}, and English (Watzdorf, 
1962). The purchase price of the Dresden Green is 
also a matter of controversy in the literature. The 
most frequently quoted figure is 200,000 thaler 
(Streeter, 1882; Erbstein and Erbstein, 1884; 
Fithrer, 1918; Watzdorf, 1962; Holzhausen, 1966, 
Menzhausen, 1968; Balfour, 1987}, while other 
references list 60,000 thaler (Cattelle, 1911; Bauer, 
1932). The most interesting reference we uncov- 
ered quotes still another price. It is mentioned ina 
collection of letters of Frederick the Great, king of 
Prussia (1712-1786), that was compiled by Max 
Hein (1914). The quote states that “For the siege of 
Briinn the King of Poland was asked for heavy 
artillery. He refused due to the scarcity of money; 
he had just spent 400,000 thaler for a large green 
diamond.” 

In 1742, Friedrich Augustus II ordered Court 
Jeweler Johann Friedrich Dinglinger to set the 
green diamond in a badge of the Order of the 
Golden Fleece. This order was founded in 1429 by 
Phillip the Good to encourage and reward virtue 
and faith among men of high lineage (Tillander, 
1988). The original Golden Fleece only survived 
four years. For reasons unknown, Dinglinger’s 
badge was broken up in 1746. Friedrich Augustus II 
then commissioned Geneva goldsmith André Jac- 
ques Pallard (who was then living in Vienna] to 
fashion another Golden Fleece featuring the Dres- 
den Green together with the largest diamond in the 
Green Vaults collection, the Saxon White (which 
has alternately been described as weighing 48.50 ct 
[Menzhausen, 1968] and 49.71 ct [Gaal, 1977]}. 
These two stones reportedly remained in this 
setting for more than 20 years (Menzhausen, 1968}. 
The rendering of this piece shown in figure 7 is 
based on a reconstruction suggested by Tillander 
(1988). 

From 1756 to 1763, the contents of the Green 
Vaults were stored at the Kénigstein Fortress to 
protect them against the ravages of the Seven 
Years’ War. Several years after the close of this war 
{in which Saxony was defeated}, Pallard’s Fleece 
was also dismantled. In 1768, a jeweler named 
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Diessbach from Austrian Prague was commis- 
sioned to dismantle the badge and use two of the 
main sections to fashion a shoulder knot and a hat 
ornament, both of which exist today (Menz- 
hausen, 1968). 

The Dresden Green now resides in Diessbach’s 
hat ornament (figure 1). The bottom portion of the 
ornament that contains the green diamond is 
actually an intact section of the Golden Fleece 
made by Pallard (Menzhausen, 1968). From the 
back (figure 8], one can still see a loop on the 
bottom of the piece that once connected it to the 
flames of the Golden Fleece. Above this section 
Diessbach added a ribbon-like design set with rows 
of small old-mine-cut diamonds that sweeps up 
from the sides and culminates in a bow. The bow is 
set with somewhat large antique-brilliant-cut dia- 
monds. In addition, two large antique-cut bril- 
liants were added, one in the center of the bow and 
another directly below it in the middle of the 
ribbons. On the back of the bow are two large loops 
that allowed the hat ornament to be attached by a 
ribbon or hat band. 

The green diamond remained in the Green 
Vaults for the next several decades, until the early 
19th century, when the Wars of Liberation forced 
the contents of the Green Vaults to once again be 
moved to Kénigstein Fortress. 

In 1925, Prof. S. Résch (a German mineralo- 
gist) and Dr. W. Kriimbhaar (former director of the 
Dusseldorf Laboratory for Diamond Research} 
were allowed to examine the Dresden Green in 
great detail with an optical goniometer. This 
enabled them to measure exact facet angles within 
the limits of the bezel that still held the diamond 
{Résch and Kriimbhaar, 1926, Rosch, 1957). 

In 1942, the treasures of the Green Vaults were 
once again moved to Kénigstein Fortress for safe- 
keeping. At the close of World War II, a Russian 
organization called the Soviet Trophies Commis- 
sion took the contents of the Green Vaults to 
Moscow; they were returned to Dresden in 1958. 

The Dresden Green and its hat ornament are 
now on display in the Green Vaults as part of a 
jewelry set referred to as the “Brilliant Garnitur” 
(figure 9). 


THE COUNTRY OF ORIGIN 

DEBATE: INDIA OR BRAZIL? 

Tillander (1988) states that “without doubt the 
rough diamond [from which the famed 41-ct Dres- 
den Green was cut| is of Indian origin even though 
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Figure 7. This rendering of a badge of the Order 
of the Golden Fleece reportedly manufactured 
by Pallard in 1746 is a theoretical reconstruc- 
tion based on a suggestion by Tillander (1988). 
The top section holding the approximately 49-ct 
Saxon White diamond and the center section 
holding the Dresden Green diamond still exist 
today in a shoulder knot and a hat ornament, 
respectively. The flames and fleece on the bot- 
tom of the piece are based on written descrip- 
tions and existing examples of Pallard’s work. 
Rendering by Judy Evans, Krementz Gemstones; 
© Robert E. Kane. 
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in a few publications Brazil has been suggested.” 
The latter suggestion probably results from reports 
in the literature of a colorless diamond from Brazil 
of similar shape (but larger, 76 ct} owned by a Mr. E. 
Dresden (see, e.g., Reis, 1959). This stone was also 
referred to as the English Dresden (Streeter, 1882). 

Tillander’s statement receives further support 
from the registry card to the Sloane Collection 
model of the diamond that was discussed above. 
The description that accompanied the model 
stated that the original stone was of Golconda 
(India) origin. 


THE DRESDEN GREEN: 

PHYSICAL APPEARANCE 

We began our examination of the Dresden Green 
with a thorough evaluation of its physical appear- 
ance and characteristics, These included the shape 
and cut, estimated carat weight, proportions, fin- 
ish, clarity, and color (see table 1). 


Shape and Cut. The Dresden Green diamond is a 


Figure 8. The back side of the Dresden Green modified pear-shaped brilliant cut. It has the 
hat ornament clearly shows, on the bottom of general facet shape, small table, and large culet 
the piece, the loop that is a remnant of the that are commonly associated with the old-mine 
Golden Fleece manufactured in 1746. Photo by and old-European styles of cutting. The attractive 
Shane F McClure. overall shape of this stone has been referred to as a 


“pendeloque” (Boutan, 1886; Balfour, 1987). 

Although the Dresden Green is securely set in 
a gold bezel with eight prongs, we used a screw 
micrometer in conjunction with a gemological 
microscope to obtain what we believe are accurate 
measurements of the stone: 29.75 mm long xX 
19.88 mm wide xX 10.29 mm deep. 


Carat Weight. Because the famous green diamond 
could not be removed from the bezel-prong mount- 
ing without risk of damage to the historic metal- 
work, we could not obtain an accurate weight with 


Figure 9. Today, the hat ornament that holds 
the Dresden Green is displayed as part of this 
set of jewelry known as the “Brilliant Gar- 
nitur.” The hat ornament had been removed for 
our examination at the time this photo was 
taken; a disturbance in the open area of velvet 
above the sword indicates where it was 
mounted. This set of jewelry also contains the 
Saxon White diamond {approximately 49 ct), 
set in the shoulder knot on the left, and the 
Dresden Yellow diamond (38 ct), one of the un- 
mounted yellow diamonds at the bottom cen- 
ter. Photo by Shane E McClure. 
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TABLE 1. Gemological description of the Dresden Green diamond. 


SHAPE AND CUT... 
Measurements .... 


MODIFIED PEAR-SHAPED BRILLIANT2 
29.75 xX 19.88 x 10.29 MM 


Weight ........... 41 CARATS» 
PROPORTIONS 
Depihi.iciccaae tas 51.8% 
TABIGs. 2. stietscv anne 51% 
Girdle............ EXTREMELY THIN TO VERY THINc 
Culet...........05 SLIGHTLY LARGE 
FINISH 
POHSA yea ceeds VERY GOOD 
Symmetry ...... GOOD 
CLARITY........... VS, (VERY SLIGHTLY INCLUDED)¢4 
COLOR® 
FUG #3. cts eoeiona es GREEN 
TONG 2 tdeenaaues MEDIUM (5) 
Saturation ........ SLIGHTLY GRAYISH (1.5) 
Fluorescence ..... Nonef 


aFacet shape and size are consistent with the antique style of 
cutting commonly associated with old-mine and old-European cuts. 
‘As reported by J Menzhausen (1986). 

°Nearly the entire area of the girdle is covered with nicks and 
chips, with a very few bruted areas. 

¢The nature and location of the inclusions and surface blemishes 
that could be seen (given the presence of the bezel) suggest that 
if this diamond were properly recut it could possibly receive an 
internally flawless or even a flawless grade. We are not, however, 
suggesting that such an important historical diamond ever be recut. 
in accordance with GIA Colored Stone Grading System nomenclature. 
‘When expesed to a GIA Gem Instruments 4-watt combination 
short-wave (254.6 nmjiiong-wave (366 nm) ultraviolet radiation lamp. 


a modern electronic balance. However, we were 
able to establish an estimated weight. On the basis 
of extensive archival research, we concluded that 
the last time the diamond was weighed was before 
it was set in its present “bezel” mounting in 1742. 
The original 1741 handwritten entry in the no. 16 
inventory book of the Green Vaults (again, see 
figure 5) states that the green diamond “has a 
weight of 160 green [sic].” This is in reference to 
the English word “grain.” Based on numerous 
calculations made by Streeter {1882}, there are four 
grains in an antique carat. This would equate to a 
weight of 40 antique carats for the Dresden Green. 
The carat as a unit of measure was not stan- 
dardized until the metric carat (200 mg) was 
accepted in the beginning of the 20th century. 
Before then, its value depended on the city or 
country in which it was being used. In Leipzig, 
where the Dresden was purchased, one carat was 
equal to 205 mg (Lenzen, 1970}. Thus we arrive at 
the generally accepted weight of 41 metric carats 
for the Dresden Green (Menzhausen, 1968, 1986}. 
Prof. Résch and Dr. Kriimbhaar (1926) arrived at 
approximately the same weight on the basis of the 
calculations they made during their 1925 exam- 
ination of the stone. 


Dresden Green Diamond 


Proportions. As discussed above, in 1925 Résch 
and Kriimbhaar used an optical goniometer to 
measure the angles of inclination of all the com- 
pletely accessible facets outside the bezel mount- 
ing (Résch, 1957; see table 2). Tillander (1988) also 
studied the cutting and proportions of this dia- 
mond. Table 3 shows the present authors’ analyses 
of the Dresden Green’s proportions. 

The depth percentage of a pear shape is its depth 
(table to culet) expressed as a percentage of its 
maximum width (perpendicular to its length) at the 
girdle. This value is calculated by simply dividing 
the actual depth by the width. The depth percentage 
of the Dresden Green diamond is 51.8%. 

The accepted method of expressing the table 
percentage of fancy-cut diamonds is first to measure 
the width at the center of the table, point to point, in 
millimeters. This measurement for the Dresden 
Green was 10.15 mm. This value is then divided by 
the largest width (at the girdle], which was 19.88 
mm. The table percentage for the Dresden Green 
diamond was calculated to be 51%. 

Because of its unique bezel-prong setting, about 
20% of the girdle was completely obscured from 
view. The areas that were visible ranged from 
extremely thin to very thin, and were marked by 
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TABLE 2. Data and illustrations from Professor Résch and Dr. Krambhaar's 1925 detailed examinations of the 
Dresden Green diamond, including precise facet angle measurements obtained using an optical goniometer (Rosch 


and Krimbhaar, 1926; Résch, 1957). 


Surface Angle of Azimuth 
Facet name? number inclination angle 
Table 1 0 _ 
Star facets 4-5 22.3 38.2 
3-6 30.8 72.0 
2-7 30.1 100.9 
9-8 27.5 157.0 
Bezel facets 14 26.9 0.0 
13-15 37.3 62.7 
12-16 42.6 86.9 
11-17 37.6 130.0 
10 38.0 180.0 
Upper girdle 25-26 40.1 33.2 
facets 24-27 39.9 57.7 
23-28 48.2 74.4 
22-29 48.5 81.7 
21-30 47.5 93.2 
20-31 45.5 118.0 
19-32 44.2 150.0 
18-33 44.6 171.2 
Culet 34 0) = 
Pavilion 39 21.4 0.0 
main facets 38-40 29.6 61.3 
37-41 32.1 84.4 
36-42 26.2 123.8 
35 24.3 180.0 
Lower girdle Professor Résch was unable to 


facet numbers obtain goniometrical measurements 

43-58 on the lower girdle facets, because 
the girdle was obscured by the bezel 
mounting. He did, however, state 


“that their angle is around 40 
degrees” (Résch, 1957). 


This 1925 photo taken at the Green Vaults by ROsch and 
Krimbhaar shows crown and pavilion views of the Dresden 
Green, along with a 17-ct drilled briolette-cut colorless 
diamond and a light blue diamond set in a ring. Courtesy of 
the Rudolf Dréschel Archive, idar-Oberstein. 


aThe English translation of most of the facet names has been 
converted lo modern terms. 


numerous nicks, abrasions, and small chips. The 
girdle was slightly wavy. 

The culet, an elongated heptagon, measured 3.25 
mm x 1.65 mm. In GIA diamond-grading terms, the 
culet of the Dresden Green would be called slightly 
large. 


Finish. We were very impressed with the quality of 
the finish. It seemed remarkable that a diamond cut 
prior to 1741 would have a polish of sufficient 
quality to deserve a “very good” grade by today’s 
rigid diamond-grading standards. The symmetry 
was “good,” displaying only very minor pointing and 
alignment faults, a slightly wavy girdle, and several 
extra facets on the pavilion at the girdle. 


Clarity. One is immediately impressed by the excep- 
tional transparency of the Dresden Green. In spite of 
the considerable thickness of the diamond, objects 
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viewed through it could be seen very clearly. While 
the superior polish on the stone certainly contrib- 
utes to this, the diamond itself has an apparent 
transparency that is, in the experience of the authors, 
very rare. It is reminiscent of that observed in 
colorless diamonds from the ancient Golconda min- 
ing district of India, which are also frequently large 
(see Krashes, 1988, for illustrations and descriptions 
of famous Golconda diamonds once sold by Harry 
Winston}. Diamonds from the Golconda district are 
legendary throughout the diamond trade for their 
exceptional transparency, which is rarely equaled in 
diamonds from other localities (Bauer, 1896, Bauer, 
1904; Gaal, 1977, R. Crowningshield, pers. comm., 
1990}. Although the assessment of transparency is 
unavoidably subjective, the remarkable transpar- 
ency of a “Golconda-type” diamond is not soon 
forgotten. 
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TABLE 3. Proportions of the Dresden Green diamond. 


Parameter Measurement (mm) Percentage? 
Length 29.75 — 
Width 19.88 100 
Total depth 10.29 _ 
Depth percentage _ 51.8 
Table® 40.15 51.1 
Crown height 

Average® 4.2 21,1 

End 5.0 25.2 

Tip 4.0 20.1 

Center, right 3.7 18.6 

Center, left 4A 20.6 
Girdle 

(concealed by bezel) — = 
Pavilion depth 6.1 30.7 


Length to width ratio—1.5:1 
Crown angle¢—43° 


Pavilion angle? —32° 
all percentages are expressed in relation to the t—51%—+t 
width of the stone (width = 100%). i 38 re ree ee 


oWidth. 

cEstimated averages. 

dRefers to average of surface angles of center 
bezel facets and center pavilion main facets, 
respeciively, in relation to the girdle plane, as 
reported by Résch (1957). 


+ 100% 


INCLUDING 
GIRDLE 
PERCENTAGE 


aoe 


y 


We determined the clarity of the green diamond 
to be VS,. As the plotting diagram in figure 10 shows, 
all of the chips and small feathers are near the girdle 
and all are fairly shallow. The only completely 
internal inclusion is a tiny opaque brown crystal 
(approximately 0.1 mm x 0.05 mm) that is plotted 
under a bezel facet. We estimated the crystal to be 
located approximately 0.15 mm from the nearest 
surface of the pavilion. Even with high magnifica- 
tion (near 120}, we could not identify a clear 
crystal habit for this inclusion. It appeared to be an 
aggregate composed of minute, slender, pointed 
crystals, 

Over the course of two-and-a-half centuries, the 
Dresden Green diamond has suffered only very 
slight abrasion damage on some of the facet junc- 
tions, primarily around the edge of the table. A few 
minute abrasions are present on other crown facet 
junctions, as well as on the junctions in the vicinity 
of the culet. Even the most prominent of these 
abrasions are not easily visible with the unaided eye. 
There is also one small scratch on the table, as shown 
on the diagram in figure 10. 

Even with the viewing limitations imposed by 
the bezel mounting, we feel that it would be possible 
to recut the Dresden Green diamond to improve its 
clarity, perhaps even to “flawless,” without a signifi- 
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Figure 10. In this plotting diagram of the Dres- 
den Green diamond, the prongs are shown in 
black; chips, a feather, and a small crystal are 
plotted in red; the scratch and the radiation 
stains are plotted in green; and the cavity is 
plotted in red and green. Artwork by Peter 
Johnston. 


cant weight loss. While we certainly do not suggest 
that this should ever be done to such a historic 
diamond, it is a measure of the superior quality of 
this stone. 
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Color. The color of the Dresden Green diamond is its 
most intriguing feature and was the principal focus 
of this investigation. This color has been described in 
the literature by many fanciful terms, with “apple 
green” perhaps the one most commonly used 
(Streeter, 1882; Bauer, 1896; Webster, 1947; Smith, 
1950; Twining, 1960; Balfour, 1987). Using GIA 
Colored Stone Grading nomenclature, we visually 
estimated the color of the diamond to be a medium 
slightly grayish green. Insofar as the mounting 
permitted, we determined that the current GIA Gem 
Trade Laboratory system would grade this historic 
stone as “Fancy Green.” 

The ingenuity of the cutter of this stone be- 
comes apparent when one realizes that the Dresden 
Green shows much more color face up than it 
exhibits face down. The cutter apparently under- 
stood that different proportions are necessary to 
maximize the face-up color of fancy-color diamonds, 
He cut the green diamond with a ratio of crown 
height to pavilion depth that was contrary to what 
was common practice at that time. London jeweler 
David Jefferies, in his 1750 treatise on the methods of 
manufacturing diamonds, stated that the proper 
proportions were approximately 33% for the crown 
and 66% for the pavilion. The Dresden Green, 
however, was fashioned with approximately 41% for 
the crown and 59% for the pavilion. Tillander (1988} 
states that during the early 1700s, cutting of this 
quality almost certainly was done in London. 


GEMOLOGICAL PROPERTIES 


A thorough investigation was carried out on the 
Dresden Green diamond to document as many 
gemological characteristics as possible and to 
search for any evidence that might prove useful in 
distinguishing natural and laboratory-irradiated 
green diamonds. Some of these observations con- 
cur with those reported by Bosshart {1989}; others 
reflect our research conducted during and subse- 
quent to the examination. 


Color Distribution. Examination of the diamond 
in darkfield and diffused transmitted illumination 
revealed no evidence of color zoning. The body 
color was evenly distributed throughout the gem. 


Graining. When the stone was examined with 
magnification and darkfield illumination, internal 
planar graining was evident in three different 
directions (figure 11}. The appearance of the color- 
less, parallel striations was consistent with that 
often referred to by gemologists as “phantom” 
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Figure 11. The unusual triangular pattern of 
graining seen in the Dresden Green indicates 
that it is a “three-point” diamond. Artwork by 
Peter Johnston. 


graining (Kane, 1982). These growth features, or 
graining, appeared to be of a triangular octahedral 
stratified structure. However, as discussed below, 
this diamond is a type Ila, and Orlov (1977) states 
that “type II diamonds do not show octahedral- 
plane stratification.” 

The distinctly triangular pattern formed by 
these three directions of graining is not often seen 
in faceted diamonds. It suggests that the Dresden 
Green is a “three point” diamond, that is, the table 
has been oriented parallel to the direction of a 
possible octahedral face (for more information, see 
Watermeyer, 1982). 


Strain. Polarized microscopy with the stone held 
table to culet revealed strong, tightly woven, 
“cross-hatched” birefringence patterns that are 
sometimes referred to as “tatami,” after the Japa- 
nese straw mat of the same name (Orlov, 1977]. 
Both these “tatami” patterns and the linear strain 
patterns that were also present appeared gray to 
black. Turning the stone in various directions 
revealed strong linear and loose cross-hatch strain 
of a somewhat higher order, with dull, moderately 
saturated colors of yellow and blue. 

Some of the areas of linear strain visible with 
crossed Polaroids seemed to correlate directly to 
the colorless graining seen in darkfield illumina- 
tion through the crown. 


Reaction to Ultraviolet Radiation. With a standard 
GIA GEM short-wave/long-wave ultraviolet lamp 
used in conjunction with a GIA GEM ultraviolet 
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viewing cabinet in ideal conditions of darkness, we 
observed no fluorescence in the Dresden Green 
diamond to either long- or short-wave ultraviolet 
radiation. 

We then used a more powerful long-wave 
ultraviolet radiation unit (VEB Quarzlampen Mark- 
kleeberg UA150.1, 220 volt, 140 watt, 365 nm]. 
With this extremely strong source, we observed a 
weak dull green fluorescence. There was no phos- 
phorescence. 


Transmission Luminescence. Because some dia- 
monds exhibit a phenomenon known to gemolo- 
gists as transmission luminescence, we examined 
the Dresden Green for this characteristic. The 
diamond was placed, both table down and table up, 
over the strong light source emanating from the 
small opening of the nearly closed iris diaphragm 
over the transmitted light portal of the micro- 
scope. The stone showed no transmission lumines- 
cence at all, not even the very weak, whitish 
scattering of light seen in many fancy-color dia- 
monds. 


Evidence of Radiation Damage. One of the first 
things we looked for when examining the Dresden 
Green with the microscope was the presence of 
green or brown “radiation stains” (as they are 
referred to in the gemological literature}, which 
indicate radiation damage to the stone. We fully 
expected to find some and were not disappointed. 
Three areas displayed small dark green stains: two 
at the girdle edge on one side of the diamond and 
one on an upper girdle facet (figure 12) The last was 


Figure 12. At first glance, this appears to be a 
normal radiation “stain” (evidence of radiation 
damage) on the surface of an upper girdle facet 
of the Dresden Green diamond. Photomicro- 
graph by Robert E, Kane; magnified 25x. 
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unusual because the stains were coating the walls 
of a small, narrow cavity that reached the surface 
by means of a thin fissure (figure 13}. This suggests 
that the diamond was exposed to a radioactive 
solution that was able to penetrate the cavity 
through the minute fissure. It is possible that other 
stains could have been present on the small 
portion of the girdle obscured by the remaining 
bezel. 

While these stains provide evidence that the 
Dresden Green originated from a green-skinned 
piece of rough, they are much too small to account 
for any of the face-up color of the stone. The 
Dresden Green diamond is a “body color” green 
diamond; that is, the color is uniform throughout. 

Diamonds with green “skins” or scattered 
green patches (radiation stains) are common. They 
are found in varying concentrations in many 
diamond deposits (Orlov, 1977; Vance et al., 1973). 
When such diamonds are cut, they generally pro- 
duce near-colorless stones. 

Faceted diamonds with a natural green body 
color, like the Dresden, are extremely rare. Unlike 
transparent green surface coats, green body color 
can be produced by only a few types of ionizing 
radiations. Alpha and beta particles penetrate dia- 
mond to a very shallow depth, on the order of 
hundredths of a millimeter and a millimeter, 
respectively (Ashbaugh, 1988), which virtually 
excludes them from causing the color in the 
Dresden diamond, although they typically cause 
the green “skins” or radiation stains. The penetra- 
tion of ionizing radiation forces carbon atoms out 


Figure 13. Upon closer inspection in reflected 
light, it can be seen that the radiation stain is 
actually inside a cavity that has only a very 
narrow opening at the surface. Photomicrograph 
by Robert E. Kane; magnified 25x. 
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of their positions in the crystal lattice, leaving 
behind what are known as vacancies. These vacan- 
cies produce what is referred to as a GR1 color 
center, which displays a sharp absorption band at 
741 nm and absorbs light in the red portion of the 
spectrum, thereby contributing to the green color 
in a diamond. 

The same process occurs with gamma rays and 
neutrons, but penetration depths are much greater 
than for alpha and beta particles. As the docu- 
mented history of the Dresden Green predates the 
nuclear industry by almost two centuries, natural- 
occurring radiation sources are responsible for the 
color. Nuclides and daughters (decay products) of 
uranium-238, thorium-232, and potassium-40 are 
the probable materials, as these produce alpha, 
beta, and gamma rays. Of these, gamma rays seem 
the most likely candidate, but there is another 
possibility. Uraninite, a concentrated uranium- 
bearing oxide, sometimes undergoes natural spon- 
taneous nuclear fission, which releases neutrons, 
so that neutrons as well as gamma rays may have 
damaged the Dresden Green to give the diamond a 
green body color (G. MacKenzie, pers. comm., 1990). 

Nuclear laboratory radiation sources are much 
more intense than natural sources, and therefore 
produce in a matter of hours, or even minutes, a 
coloration in diamond that may require hundreds 
of millions of years in nature (C. Ashbaugh, pers. 
comm., 1990}. Nuclear reactors generate both 
gamma rays and fast neutrons. 

Small green-to-brown radiation stains (dam- 
age) on the surface of diamonds used to be consid- 
ered a strong indication (but not proof) of natural 
color (Fryer et al., 1981; Crowningshield, 1985, 
1986], ‘since such stains had not been reported to 
have been produced artificially (Fritsch et al., 
1988; Kammerling et al., 1990; Shigley and Fritsch, 
1990). However, the possibility now exists that 
near-colorless and light green or yellow diamonds 
with these stains may be irradiated to induce or 
intensify (to light, medium, or dark} a green color. 
In fact, Kammerling et al. (1990) examined several 
faceted diamonds with brown radiation stains both 
before and after irradiation treatment. Even 
though the originally pale green and near-colorless 
stones turned dark green with irradiation, there 
was no change in the appearance of the radiation 
stains. 


Spectra Visible with a Hand-held Type of Spectro- 
scope. We initially examined the visible-light 
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absorption spectrum (400 to 700 nm] of the Dres- 
den Green diamond using the GIA GEM Maxilab 
unit with a Beck prism spectroscope. Close inspec- 
tion at room temperature revealed no distinct 
absorption features; only a very weak, broad ab- 
sorption was visible around 500 nm. 


U.V.-VIS Spectra. The U.V—visible absorption 
spectrum of the Dresden Green was recorded on a 
Pye Unicam SP8-100 UV/VIS spectrophotometer, 
which was supplied and operated by George Boss- 
hart of the SSEE This examination, performed at 
close to liquid nitrogen temperature, revealed a 
well-developed GR (General Radiation} absorption 
system as well as very weak lines at 495 nm and 
594 nm, the TR12 line (470 nm}, R11 and R10 lines 
(310.8 nm and 393.5 nm, respectively} and a steep 
absorption edge beginning at approximately 225 
nm (as illustrated in Bosshart, 1989, p. 358}. It is 
interesting to note that the spectrum of the Dres- 
den Green shares many similarities with a dark 
green diamond that was identified as being arti- 
ficially irradiated (see figure 14}. The presence of a 
color-zoned culet identified this diamond as being 
treated (Fritsch and Shigley, 1989). 

The steep absorption at 225 nm, the funda- 
mental absorption edge, is observable in type II 
diamonds, which have fewer crystal defects than 
their type I counterparts (Clark et al., 1956}. The 
GR series, ranging from GRI1 through GR&, is 
found in all diamonds that have been subjected to 
radiation damage, with the GR1 at 741 nm being 
by far the strongest (Collins, 1982). The TR12 line 
(TR standing for Type II Radiation) is the strongest 
in a series of lines that are referred to as TR12 
through TR17 (470.1, 468.8 [TR12A], 464.3, 446.5, 
444.7, 440.2, and 438.0, respectively). Davies et al. 
{1981} reported that these lines have only been 
found in type II diamonds that have been irradi- 
ated. The R11 (310.8 nm} and R10 (393.5 nm) lines 
are also produced by radiation damage. The R11 is 
reported to be found only in type Ila diamonds 
(Davies, 1977); the R1O is also known as ND1 and 
can be created in all types of diamonds. It is not 
usually visible in type Ia diamonds because it is 
masked by a secondary absorption edge typical of 
that type (Walker, 1979). 

For many years, the presence of a 594-nm line 
was believed to prove laboratory irradiation in a 
faceted diamond (see, e.g., Liddicoat, 1989]. The 
line is associated with the annealing of irradiated 
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diamonds (Dugdale, 1953, Crowningshield, 1957; 
Collins, 1982; Guo et al., 1986; Fritsch et al., 1988), 
so it is normally visible in annealed colors (e.g., 
yellow, brown, orange, pink). It is also occasionally 
seen in laboratory-treated diamonds that are still 
green (Kane, 1988; Fritsch et al., 1988}. While the 
594-nm line has been reported in a number of 
uncut natural-color diamonds (Cottrant and Calas, 
1981; Guo et al., 1986; Shigley and Fritsch, 1990}, 
it has rarely been reported in faceted diamonds 
that could be proved to be natural. By virtue of its 
documented 250-year history, the Dresden Green 
now stands as an undisputable example of such a 
diamond. 


Figure 14. This visible absorption spectrum of a 
type IJ green diamond that was identified as 
being treated by means of characteristic color 
zoning at the culet, shows many features that 
are present in the spectrum of the Dresden 
Green, Courtesy of the GIA Research Depart- 
ment. *-* 
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Dresden Green Diamond 


Infrared Spectra. To determine which of the well- 
recognized diamond types the Dresden Green 
belongs to, infrared spectroscopy was used. For a 
discussion and excellent review of these types (Ia, 
Ib, Ila, IIb, or a mixture] see, for example, Robert- 
son et al. (1934), Custers {1952}, Davies {1977}, 
Clark et al. {1979}, Collins (1982), Davies (1984, 
and Shigley et al. (1986). Very simply stated, type 1 
diamonds have a fairly substantial (up to 3000 
ppm, or 0.3%] nitrogen content (Shigley et al., 
1986). Type la diamonds have aggregated nitrogen 
atoms, while the nitrogen atoms in type Ib dia- 
monds are isolated or “singly substitutional.” Type 
II diamonds have an extremely low nitrogen con- 
tent, if any (undetectable or barely detectable 
using IR spectroscopy]; type IIb diamonds contain 
boron, while type IJa stones do not contain boron in 
detectable quantities. A diamond can be readily 
characterized as to type by the way it absorbs or 
transmits infrared radiation between about 900 
and 1400 wavenumbers (cm~!, see figure 15). 

The infrared spectrum of the Dresden Green 
diamond (figure 16} was recorded at room tempera- 
ture on a Carl Zeiss/Jena Specord 75IR infrared 
spectrophotometer by Dr. K. Herzog and Mrs. R. 
Lunkwitz of the Technical University of Dresden. 
The green diamond was mounted in the sample 
chamber with the infrared beam perpendicular to 
the table, so that it entered at the table and exited 
at the culet. The large culet and the depth (10.29 
mm) of the green diamond allowed for easy set-up 
and an excellent optical path. As shown in figure 
15, the spectrum is typical of a type Na diamond, 
that is, largely free of nitrogen features in the 1400 
to 900 wavenumber region. 

Type Ila diamonds (of any clarity and color, or 
absence thereof] are very rare in nature (Field, 
1979), Natural diamonds that are of type Ia and 
have a dominant green color, whether irradiated 
naturally or ina laboratory, are exceedingly rare. In 
an ongoing GIA Research project that formally 
began in 1986, more than 1300 colored diamonds 
(which were either submitted to the GIA Gem 
Trade Laboratory for official reports or loaned to 
GIA for scientific study} have been carefully docu- 
mented to date. Of these, approximately 300 were 
predominantly green (some with secondary hues 
of gray, brown, yellow, blue, etc.}, with varying 
tones and saturation (J. Shigley, pers. comm., 1990). 
Of these 300 “green” diamonds, only 18 were 
classified as type Ila, with the remainder being 
type Ia; none was in the Ib or IIb categories. 
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Figure 15. These infrared absorption spectra 
were recorded with the GIA Research Depart- 
ment’s Nicolet 60XS FTIR spectrometer for each 
of the four basic types of diamond. Each type 
can be readily characterized by the way it ab- 
sorbs or transmits radiation between about 900 
and 1400 wavenumbers (cm~1). 


Therefore, not only is the famed Dresden Green 
the largest known natural green diamond, but it is 
also a very rare type Ila. This was an unexpected 
discovery, since type Ia diamonds represent as 
much as 95% of natural gem diamonds (Collins, 
1982). 


CONCLUSION 

Natural green body-color diamonds are extremely 
rare in nature, and there are few documented 
examples. The Dresden Green falls into this cate- 
gory. The vast majority of natural-color green 
diamonds are only green on the surface of the 
rough, with the color produced by surface stains 
and coatings. These stones are usually no longer 
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Figure 16. The infrared spectrum of the Dresden 
Green diamond. Note the similarity of the area 
between 900 and 1400 wavenumbers with that 
illustrated in figure 15 for type Ila diamonds. 
This spectrum was originally recorded in trans- 
mittance; here, it is shown converted to absorb- 
ance. Spectrum recorded by Dr. K. Herzog and 
Mrs. R, Lunkwitz of the Technical University of 
Dresden. 


green when they are cut. The cause of the green 
surface coloration has been attributed to the dia- 
mond being in close proximity to an alpha-parti- 
cle-emitting source for a very long period of time. 

Laboratory-irradiated green diamonds have be- 
come increasingly common in the trade. Green 
color in diamonds has been produced by radium 
salts since 1904, by cyclotron treatment since 
1942, and more recently by high-energy electrons, 
neutrons, and (less commonly) by gamma rays. 
Whereas radium and americium salts and cyclo- 
tron treatment leave readily identifiable clues 
(radioactivity and what is commonly referred to as 
the “umbrella” effect, respectively; see Kammer- 
ling et al., 1990), treatment by the more modern 
methods is extremely difficult to detect in most 
green diamonds. 

Alan Collins stated in 1982 that it would be of 
considerable help to the understanding of natu- 
rally occurring color centers if absorption spectra 
could be obtained for a natural body-color green 
diamond. This unique opportunity to examine the 
Dresden Green provided such information. The 
documentation of this famous diamond is now 
complete, with the exception of the precise weight, 
which may never be known. Our investigation 
uncovered evidence to support the opinion that the 
stone was mined in India and cut in London. It was 
also shown to be a rare type Ila diamond. Most 
important, perhaps, is the fact that the spectral 
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characteristics of this stone overlap those of 
known treated green diamonds, which indicates 
that we must continue the search for reliable tests 
to separate natural from treated green diamonds. It 
is ironic that a stone with a history that spans more 
than two and a half centuries should play such a 
pivotal role in confirming the need for this re- 
search. 
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DIAGNOSTIC FEATURES 
AND HEAT TREATMENT 
OF KASHMIR SAPPHIRES 


By Rolf Schwieger 


The locality origin of natural-color blue 
sapphires from Kashmir can, in many 
cases, be positively identified. However, 
the field of origin determination is a very 
complex one—espécially with the now- 
common practice of heat treatment. To- 
day, only by combining different gem- 
ological tests with years of practical expe- 
rience, can a conclusive determination of 
the origin‘of a sapphire be made. For all 
practical ‘purposes, examination of inclu- 
sions in conjunction with optical spec- 
trophotometry remain the most important 
tests, 
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Kashmir Sapphires 


mong fine blue sapphires, it is generally recognized 

that those from Kashmir (figure 1} are most highly 
prized. As a result, in certain segments of the gem market, 
a major concern is to establish the provenance of any 
particular blue sapphire. 

Recent record-setting prices paid at auction for some of 
these exceptional stones have further raised public aware- 
ness of Kashmir sapphires and reinforced the desire on the 
part of many gemologists to be able to identify the 
provenance of such stones. For example, in October 1989, 
at Sotheby’s New York, a Kashmir sapphire and diamond 
necklace by Van Cleef & Arpels sold for US$3,520,000, at 
the time a world record for any necklace sold at auction 
(figure 2). In May of 1990, at Christie’s Geneva, another 
Kashmir sapphire and diamond necklace by Van Cleef & 
Arpels sold for US$1,100,000. 

Because the mine origin of a stone is so rarely docu- 
mented by reliable witnesses, gemologists have been 
forced to seek other methods of locality determination. For 
some time now, research involving highly sophisticated 
methods and instrumentation has been carried out on 
Kashmir sapphires ({e.g., Hanni, 1990]. Most practicing 
gemologists, however, cannot routinely gain access to a 
spectrophotometer or a means of chemical analysis such 
as the scanning electron microscope with energy-disper- 
sive system (SEM-EDS) or energy-dispersive X-ray fluores- 
cence (EDXRF). For them, the microscope remains the 
most important source of information. 

Thus, based on a review of the literature and the 
author’s personal examination of several hundred known 
Kashmir sapphires, this article will concentrate on inclu- 
sions and other microscopic features of Kashmir sapphires 
that can be helpful in making a locality determination. 
Other methods of identification are also discussed, espe- 
cially the potentially critical role of spectrophotometry. 
The article concludes with the results of experimentation 
in —and the identification of —heat treatment of sapphires 
from Kashmir. 
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HISTORY 

A landslide that took place around 1881 in a small 
glacial cirque above the village of Sumjam, on the 
southwest slopes of the Zanskar range in the 
Himalaya Mountains, exposed gem-quality blue 
corundum crystals embedded in altered peg- 
matites (Atkinson and Kothavala, 1983}. In 1884, 
in his book Precious Stones and Gems, Edwin W. 
Streeter became one of the first to mention the 
Kashmir mines. He tells the story of how the 
maharajah of Kashmir heard of the discovery and 
took immediate possession of the site by sending 
his own guards to the original mine, situated at a 
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Figure 1, Fine Kashmir 
sapphires are among the 
most sought-after of 
gemstones. Yet deter- 
mination of the locality 
of origin of any gemstone 
is difficult, and of Kash- 
mir sapphires is partic- 
ularly complex. On the 
basis of a variety of fac- 
tors, which are the focus 
of this article, the author 
and others determined 
that the large stone in 
this magnificent sapphire 
and diamond bracelet by 
Cartier is from the fa- 
mous Kashmir mines. At 
65 ct, it is one of the 
largest known faceted 
Kashmir sapphires in the 
world. Photo by Michael 
Oldford. 


height of 4,500 m (14,800 ft.], near the level of 
perpetual snow. In the first years of exploitation, 
some superb sapphires were found there, as well as 
in placer deposits on the valley floor. In 1904, Bauer 
(p. 289) reported that “some [of the rough sapphires 
from Kashmir] are of considerable size, weighing 
100 or even 300 carats.” More recent finds, how- 
ever, have been less spectacular; today, most of the 
stones on the market are small, and only rarely 
does one see faceted gem-quality stones over 2.0 ct 
(figure 3). By 1926, new mines had been opened 
within 200 m of the original deposit. However, 
mining operations have always been extremely 
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Figure 2. This Van Cleef & Arpels necklace of predominantly Kashmir sapphires (ranging from 10.96 
to 36.00 ct) and diamonds was auctioned in 1989 by Sotheby’s in New York for US$3,520,000. Photo 
by Michael Oldford; courtesy of Sotheby’s. 


difficult and limited by the weather to no more 
than three months per year. Mining has long been 
complicated, too, by political instability in the 
area. Two wars have already been fought between 
India and Pakistan for control of the Kashmir 
region since the discovery of sapphires there and, 
as this article is being written, the area is yet again 
in dispute. 

Further information, and a detailed chronology 
of the Kashmir deposits, can be found in Atkinson 
and Kothavala (1983). Due largely to the difficult 
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mining conditions, the low yield of gem-quality 
material, and, recently, the political upheaval in 
the area, no mining has occurred within the last 10 
years. Anew mining operation was planned for the 
summer of 1990, but it was not undertaken be- 
cause of the political situation. 


REVIEW OF 

DIAGNOSTIC FEATURES 

Since blue sapphire shows little variability from 
locality to locality in its essential physical and 
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optical properties, most of the basic characteris- 
tics of Kashmir sapphires are also found in sap- 
phires from other regions. As a result, researchers 
have been forced to look for subtle distinguishing 
features for locality determination, a search that 
has been complicated by the shortage of Kashmir 
sapphires of reliably documented provenance —a 
shortage due partly to the relatively brief history of 
their mining {only slightly over 100 years) and 
partly to the lack of reliable witnesses who can 
attest to the origin of any particular stone. Nev- 
ertheless, some research work is available for 
assessment. 

Perhaps the most obvious features of the gem- 
quality Kashmir sapphires are their intense blue 
color and their turbid, or “velvety,” appearance 
(Streeter, 1884; Smith, 1912; Bauer, 1932; Halford- 
Watkins, 1935}; unlike sapphires from most other 
localities, the blue color of Kashmir sapphires 
tends to improve under incandescent light. These 
features undoubtedly led to the rapid rise of 
sapphires from Kashmir to their legendary status. 
However, the variable presence of these charac- 
teristics in Kashmir sapphires, as well as their 
appearance—though rarely—in sapphires from 
other localities, makes them less than reliable as 
determinants of locality. 

Most of the studies on diagnostic features of 
Kashmir sapphires have focused on microscopic 
characteristics (Gtibelin, 1948, 1953; Phukan, 
1966, Schubnel, 1972; Guibelin, 1973, 1985, Gi- 
belin and Koivula, 1986; Hanni, 1990). Perhaps the 
most obvious microscopic feature is a sharp, well- 
defined color zonation that occurs in virtually all 
Kashmir sapphires (Phukan, 1966, Atkinson and 
Kothavala, 1983; Gitbelin, 1985; Gubelin and 
Koivula, 1986; Hanni, 1990). In fact, as early as 
1904, Bauer noted that even within low-quality 
and milky gray material, some of the “single 
crystals often show a difference of color in differ- 
ent portions; thus the center of a crystal may be of 
fine blue color, and the two ends colorless.” Usu- 
ally, the zonation consists of alternating blue and 
near-white, or “milky,” layers that contribute to 
the reduced transparency (“velvetiness”) of the 
stones. Although color zonation has been observed 
in sapphires from other localities (e.g., Pailin and 
Sri Lanka}, the zoning seen in sapphires from 
Kashmir is usually distinctive. The milky layers 
are thought to contain microscopic and sub- 
microscopic particles that may be exsolutions of 
rutile (see Halford-Watkins, 1935; Gutbelin and 
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Koivula, 1986; Hanni, 1990}, but these inclusions 
have not yet been positively identified because 
they are so small, 

Also contributing to the Tyndall effect of light 
scattering throughout these stones are clouds, 
lines, and strings of slightly larger but still very 
fine, dust-like inclusions, probably exsolutions of 
rutile (Gitbelin and Koivula, 1986; Hanni, 1990}, 
but positive identification of these inclusions, too, 
remains to be made. However, the cumulative 
Tyndall scattering effect produced by these fea- 
tures can be considered as indicative of Kashmir 
origin (Gtbelin and Koivula, 1986, p. 342}. “Flags” 
or healed fissures are commonly mentioned in 
connection with Kashmir sapphires (Phukan, 
1966; Schubnel, 1972; Gibelin and Koivula, 1986; 
Hanni, 1990}, while twin lamellae have been seen, 
if rarely (Hanni, 1990). 

Solid inclusions that have been reported in 
Kashmir sapphires include zircon (euhedral, with 
or without fracture halos, and sometimes de- 
scribed as “corroded”), tourmaline (rarely eu- 
hedral), and pargasite (prismatic or as long, fine 
needles} crystals (Phukan, 1966; Schubnel, 1972, 
Gibelin and Koivula, 1986; Hanni, 1990). Zircon 
has also been observed in blue sapphires from 
other localities, including Australia, Burma, Mon- 
tana, Sri Lanka, Pailin (Cambodia}, and Tanzania 
(Schubnel, 1972; Gtibelin, 1973; Giibelin and Koi- 
vula, 1986}. However, tourmaline and pargasite are 
considered diagnostic of Kashmir origin, and have 
not been seen in blue sapphires from other lo- 
calities (Schubnel, 1972; Gtibelin, 1973; Gtbelin 
and Koivula, 1986; Hanni, 1990). 

Strongly corroded colorless crystals have been 
identified as plagioclase, and in one case a colorless 
crystal with stress fissures was determined to be 
allanite (Hanni, 1990}. The allanite crystal was 
identified using energy-dispersive analysis on an 
SEM, and this type of analysis also led Hanni to 
identify cubic black crystals as uraninite. How- 
ever, plagioclase has been observed in sapphires 
from Pailin and Thailand, and uraninite has been 
seen in sapphires from Sri Lanka (Gibelin and 
Koivula, 1986], so their presence cannot be consid- 
ered diagnostic of Kashmir origin. On the other 
hand, it appears that allanite, like tourmaline and 
pargasite, has as yet been seen only in sapphires 
from Kashmir and can thus be regarded, when 
present, as proof of locality. Unfortunately, these 
crystalline inclusions only rarely occur in Kashmir 
sapphires. 
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Figure 3. Most of the | re 


Kashmir sapphires seen 
in the gem market today 


are fairly small, but a Lk 
few larger stones can still a) 
be found, The unusually 
fine stones in this 
collection range from 3 : e 
to over 30 ct. Photo by 


Michael Oldford. - 


Trace-element analysis by nondestructive en- 
ergy-dispersive X-ray fluorescence (EDXRF) spec- 
trometry (Stern and Hanni, 1982] has also been 
explored by Karl Vogler with considerable success 
as a method that contributes to identifying the 
provenance of sapphires. Graphs that relate the 
ratios Fe:Cr and Ti:Ga appear to provide the best 
solution (K. Vogler, pers. comm., 1990]. His re- 
search indicates that sapphires from Kashmir can 
be distinguished by EDXRF from those of Pailin 
{Cambodia}, Thailand, Australia, and Nigeria and, 
in some cases, from those of Burma (now Myan- 
mar}. Sri Lankan sapphires are more difficult to 
separate, as they have iron and chromium contents 
similar to those of Kashmirs, although gallium can 
occasionally be a useful indicator. However, fur- 
ther research is needed before conclusions can be 
drawn about the reliability of this method for these 
important distinctions. 

Optical spectrophotometry has been used pri- 
marily to study the causes of color in blue sap- 
phires {Schmetzer and Bank, 1981}, but, as with 
rubies (Bosshart, 1982; Schmetzer, 1985), it has 
also been suggested that this method can provide 
means to determine the locality origin for Kashmir 
sapphires (Hanni, 1990). 
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MATERIALS AND METHODS 


Over a 10-year period, the author has had the 
opportunity to examine more than 500 gem- 
quality sapphires reportedly from Kashmir (i.e., 
with at least one certificate of origin from a major 
gem laboratory*}, from which a file of over 3,000 
photomicrographs was developed. In addition, dur- 
ing a visit to Kashmir in September 1989, the 
author obtained six non-gem-quality Kashmir sap- 
phire crystals (figure 4) from the old stock of 
Jammu & Kashmir Minerals (the state-owned 
company that controls the Kashmir mines]. Simi- 
lar non-gem-quality Kashmir sapphire rough from 
old stocks of other Indian dealers was also exam- 
ined for this study. 

Photomicrography was performed with a Leitz 
Orthoplan mineralogic microscope, using oblique 
illumination as provided by a powerful (200-watt] 
Schott fiber-optic light. Optical spectra were ob- 


*Editor’s Note: Although GIA recognizes the value of 
studies to determine locality of origin of a gem material, 
the GIA Gem Trade Laboratory, Inc., has a long-standing 
policy of not indicating locality of origin on any identifica- 
tion report it issues. 
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Figure 4. These six non-gem-quality samples, 
two of which were obtained by the author in 
Kashmir from the old stock of Jammu & Kash- 
mir Minerals, were among the faceted and 
rough samples examined for this study. They 
range from 2 to 6 ct. Photo by Michael Oldford. 


Figure 5. Most of the specimens examined 
showed the sharp blue and milky or whitish 
zoning that appears to be characteristic of sap- 
phires from Kashmir. Photomicrograph © Rolf 
Schwieger; magnified 25x. 
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tained with a Beckman DU-70 spectrophotometer 
and a microbeam condenser. Where possible, 
chemical analyses of inclusions were performed 
on a scanning electron microscope with an energy- 
dispersive system (Philips SEM 515 with a Tracor 
EDS}. Heat treatment was performed in Bangkok 
on a 29-ct faceted commercial-quality specimen. 


OBSERVATIONS 


Microscopic Features. The characteristic sharp- 
bordered blue (sometimes with colorless layers] 
and whitish (milky) color zoning of Kashmir sap- 
phires was readily apparent in most of the speci- 
mens examined for this study {figure 5}. This 
zoning was present in almost all of the stones, but 
in some cases it was difficult to see. In some of the 
stones, even at relatively low (40 x ) magnification, 


i 
Figure 6, Even at 40x magnification, with the 
strong illumination provided by a powerful 
fiber-optic light source, the tiny particles that 
contribute to the haziness of the milky layers 
can be seen in some Kashmir sapphires. Photo- 
micrograph © Rolf Schwieger. 


extremely fine features could be seen in the milky 
layers (figure 6}. 

Using a strong fiber-optic light source in con- 
junction with magnification, the author also ob- 
served the clouds and lines of somewhat larger but 
still very fine, dust-like inclusions (figure 7) that 
are commonly present in Kashmir sapphires and 
also contribute to the “velvety” appearance of 
reduced transparency. These inclusions often re- 
semble snowflakes (figure 8). Sometimes they take 
the form of fine, short needles (figure 9). As stated 
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Figure 7. Clouds and lines of fine, dust-like in- 
clusions (exsolutions of rutilet) were commonly 
present throughout the Kashmir sapphires ex- 
amined. Photomicrograph © Rolf Schwieger; 
magnified 40x. 


Figure 8. The clusters of dust-like inclusions of- 
ten resemble snowflakes. This type of formation 
has not been seen in sapphires from other lo- 
calities. Photomicrograph © Rolf Schwieger; 
magnified 40x, 


earlier, the exact nature of these inclusions (like 
those in the milky layers) has not yet been deter- 
mined. However, their orientation — intersecting at 
60° angles and aligned with the hexagonal symme- 
try of the host corundum (again, see figure 9)— 
strongly suggests that they are exsolutions of 
rutile. The “snowflake” formations have not been 
seen in sapphire from other localities. 

The form and distribution of these particles 
suggests a geologic growth condition for Kashmir 
sapphires in which the variations in pressure and 
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Figure 9. In some instances, the dust-like parti- 
cles appear to be fine, short needles. They inter- 
sect at 60° angles and are aligned with the hex- 
agonal symmetry of the sapphire. This orienta- 
tion suggests that they are probably exsolutions 
of rutile. Photomicrograph © Rolf Schwieger; 
magnified 25x. 


. 


temperature did not allow complete formation of 
typical rutile needles, such as those commonly 
found in Sri Lankan and Burmese sapphires (figure 
10; K. Vogler, pers. comm., 1990; H. Hanni, pers. 
comin., 1990}. 


Figure 10. The appearance of the dust-like in- 
clusions observed in Kashmir sapphires is very 
different from the well-formed rutile needles 
commonly seen in unheated sapphires from Sri 
Lanka (as shown here) and Burma. Photomicro- 
graph © Rolf Schwieger; magnified 25x. 
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Although crystal inclusions in Kashmir sap- 
phires appear to be rare when normal magnifica- 
tion is used, high magnification (50x or more} 
revealed mineral inclusions in about 60%—70% of 
the specimens examined. In as many as half of 
these instances, magnification of 100 or more 
was required to determine the morphology of the 
inclusions. Positive mineralogic identification of 
such inclusions usually depends on their exposure 
at the polished surface of a cut gem. However, since 
these stones are too valuable to be sacrificed to 
scientific investigation, this could not be done in 
most instances. Further research using a Raman 
laserprobe, which allows analysis of subsurface 
inclusions (Fritsch and Rossman, 1990}, is needed. 
Schubnel (1977} was the first to identify (by SEM- 
EDS] pargasite as an inclusion in Kashmir sap- 
phire, and his findings have since been confirmed 
by Hanni (1990} and this study (also using SEM- 
EDS). These needle-like inclusions (figure 11) 
sometimes cut across an entire stone, and were 
seen in about 10% of the specimens. 

About 5% of the study stones were found to 
contain long, prismatic, colorless crystals such as 


Figure 11. Long, thin, needle-like crystals of 
pargasite were observed in about 10% of the 
stones examined for this study. Pargasite has 
not been reported in sapphires from other lo- 
calities. Photomicrograph © Rolf Schwieger; 
magnified 40x, 
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those shown in figure 12. Although they could not 
be conclusively identified by the methods avail- 
able, their morphology suggests that they are also 
pargasite. In the author’s experience, this type of 
inclusion has not been seen in sapphires from 
other localities. 

Tourmaline as an associated mineral of Kash- 
mir sapphires has been described by several re- 
searchers (e.g., Bauer, 1904; Smith, 1912; Halford- 
Watkins, 1935; Brown, 1956; Atkinson and Ko- 
thavala, 1983; Gibelin and Koivula, 1986; Hanni, 


Figure 12. This type of long, prismatic, colorless 
crystal was also observed in a number of the 
sample Kashmir sapphires, While these crystals 
could not be identified with available methods, 
their morphology suggests that they, too, are 
pargasite. Photomicrograph © Rolf Schwieger; 
magnified 100x. 


Figure 13. Although tourmaline commonly oc- 
curs in association with sapphires from Kash- 
mir, it was only rarely observed as an inclusion 
in the sample stones (as shown here). However, 
tourmaline has not been reported tn sapphires 
from other localities. Photomicrograph © Rolf 
Schwieger; magnified 40x. 
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Figure 14. The Kashmir samples examined com- 
monly contained small, slightly corroded crys- 
tals with indentations that match earlier de- 
scriptions of zircon. The smaller, black, cube- 
like crystals shown here on a zircon-like crystal 
in a Kashmir sapphire appear to be uraninite. 
Photomicrograph © Rolf Schwieger; magnified 
200. 


1990}, and can be found quite often as brown, 
greenish brown, or green crystals attached to 
Kashmirsapphire rough. Nevertheless, tourmaline 
is an infrequent inclusion in Kashmir sapphires 
(observed in only 5% of the study samples) and is 
rarely euhedral when it does occur (figure 13). 
Commonly observed in the Kashmir samples 
examined were slightly corroded small crystals 
with indentations (figure 14) that match previous 
descriptions for zircon. Although, as noted above, 
zircon has been seen in sapphires from other 


Figure 16, Very common in the samples studied 
were cubes of opaque black crystals, often with 
tails (as here) or tension halos, that have been 

identified as uraninite. Photomicrograph © Rolf 
Schwieger; magnified 200x. 
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Figure 15. More than half of the Kashmir sap- 
phires studied were found to contain strongly 
corroded crystals of what appear to be pla- 
gioclase. Photomicrograph © Rolf Schwieger; 
magnified 63x. 


localities, this particular form seems to be indica- 
tive of Kashmir sapphires. 

Strongly corroded colorless crystals (figure 15} 
were, like zircon, observed in approximately 50% 
of the sample stones; these were similar to those 
identified by Hanni as plagioclase. In this form, 
they also appear to be indicative of Kashmir 
sapphire. Even more common (seen in 60% of the 
test samples} were cubes of opaque black prismatic 
crystals with tails (figure 16) or tension halos that 
match the reports of Phukan (1966), Hanni identi- 
fied similar crystals as uraninite [see also figure 
14). Allanite was seen in only 1%—2% of the 
samples in this study (figure 17}. 


Figure 17. This group of euhedral crystals ob- 
served in a very few of the Kashmir sapphires 
studied matches the description given for al- 
lanite, which has not been identified in sap- 
phires from other localities. Photomicrograph © 
Rolf Schwieger; magnified 40x. 
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Figure 18, Fingerprint-like secondary healing 
planes were common in the Kashmir stones ex- 
amined, but have also been found in sapphires 
from other localities. Photomicrograph © Rolf 
Schwieger; magnified 40x. 


“Feathers,” or fingerprint-like secondary heal- 
ing planes (figure 18), were also common in the 
Kashmir samples examined. Similar inclusions are 
found in sapphires from a variety of localities (see, 
e.g., Gtibelin and Koivula, 1986). 

On the basis of this study and of prior reports 
in the literature, the following inclusions appear to 
be characteristic of, and most useful for origin 
determination of, Kashmir sapphires: 


1. Color zoning as described 


2. Clouds or lines of “snowflake” formations 
composed of dust-like particles, probably ex- 
solutions of rutile 


Pargasite 

Tourmaline 

Allanite 

Zircons with indentations 


ee 


Strongly corroded plagioclase 


Although the color zoning may be confused 
with that seen in sapphires from Pailin and some 
heat-treated Sri Lankan sapphires, the four types of 
inclusions that follow on this list {in particular, the 
dust-like particles in a “snowflake” formation) 
have not been seen in sapphires from any other 
locality by this author or by others, as reported in 
the literature. The last two are, in these particular 
forms, at least indicative of Kashmir origin {eu- 
hedral plagioclase has been observed in sapphires 
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from Pailin and Australia [Schubnel, 1977; Gu- 
belin and Koivula, 1986]). At least one of these 
features was seen in each of the six pieces of 
sapphire rough obtained by the author in Kashmir. 
However, because of the possibility of overlap with 
other localities and the absence of diagnostic 
mineral inclusions in some stones, it is usually the 
combination of inclusions with optical spectra 
that allows the safest determination of Kashmir 
origin. 


Spectrophotometry. From among the Kashmir sap- 
phires studied, as well as from sapphires known to 
come from Cambodia {Pailin}, Thailand, Vietnam, 
Nigeria, Australia, Burma, Sri Lanka, Montana, 
Brazil, and China, more than 400 optical spectra 
were obtained in the range 200 to 800 nm. With 
regard to unheated sapphires, clear differences can 
be noted between those of basaltic origins (Pailin, 
Thailand, Vietnam, Nigeria, Australia, Brazil, and 
China} and those of nonbasaltic origins (Kashmir, 
Burma, Sri Lanka, and Montana). The absorption 
maximum of nonbasaltic sapphires in the range of 
550-800 nm is generally centered at 580 nm for the 
ordinary ray (o) and at 690 nm for the extraordin- 


Figure 19. In most instances, the spectra of un- 
heated Kashmir sapphires (here, the 29-ct stone 
that was later used in the heat-treatment exper- 
iment) appear to be distinctly different from 
those of their unheated counterparts from other 
localities. Spectral analyses of the rough sap- 
phires obtained in Kashmir showed the same 
key features as this faceted stone. Transmit- 
tance Spectrum, extraordinary ray. 
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Figure 20. The spectrum shown in figure 19 for an unheated Kashmir stone is very different from 
those shown here for an unheated Burma sapphire (left) and Sri Lanka sapphire fright). Transmittance 


spectra, extraordinary ray. 


ary ray (e)— caused by Fe2+/Ti4+ pairs. In contrast, 
the presence of Fe2+/Fe3+ pairs in sapphires of 
basaltic origin centers the absorption maximum at 
800 nm. 

The.strength of the 450-nm system (374, 388, 
450 nm) depends on the concentration of Fe3+. The 
450 absorption in a Kashmir sapphire is usually 
weak and the relative strengths of the absorption 
maxima at 374 and 388 are distinctive compared to 
those of Sri Lankan or Burmese origin. Moreover, 
the spectra of Kashmir sapphires (figure 19] 
usually reveal other features that are notably 
different from those of sapphires from Burma and 
Sri Lanka (figure 20). The absorption edge for 
Kashmir sapphires lies at approximately 320-340 
nm, while unheated Burma and Sri Lanka sap- 
phires usually show a “lump” at 328 nm, passing 
into the general absorption at about 300 nm. The 
absorption spectrum for a heated sapphire from 
any of these localities (see, e.g., figure 21) is 
distinctly different from that of an unheated Kash- 
mir sapphire. This is especially important in view 
of the fact that some heated Sri Lankan sapphires 
superficially look like unheated Kashmir sap- 
phires. 

In some cases, differences are more subtle, and 
it is recommended that interpretation be made by 
an experienced specialist with files of standard 
comparison spectra. It is also the opinion of the 
author that the use of mathematically obtained 
parameters (Schmetzer, 1985, 1986) is not always 
reliable. In more than 95% of unheated Kashmir 
sapphires (when tested by an experienced spec- 
troscopist}, the spectra will be reliable indicators of 
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Figure 21. The author’s research found that the 
spectrum of a heat-treated sapphire from any of 
the major localities (here, that of a sapphire 
from Sri Lanka) is significantly different from 
that of an unheated Kashmir sapphire. Trans- 
mittance spectrum, extraordinary ray. 


origin. Nevertheless, in general, spectra should be 
used in conjunction with microscopic examina- 
tion to determine conclusively the origin of a 
sapphire. 


HEAT TREATMENT OF 

KASHMIR SAPPHIRES 

Heat treatment is one of the major concerns of the 
colored stone market, and its determination is 
often a serious technical problem. Although noth- 
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Figure 22, Before heat treatment (left), the 29-ct Kashmir sapphire was predominantly dark blue with 
various degrees of transparency. After treatment (right), the stone showed better transparency but also 
large colorless areas. Note as well the partial melting of the surface on this heat-treated stone. Photos 


by SSEF (left) and Michael Oldford (right). 


ing has been previously reported in the literature 
about heat treatment of sapphires from Kashmir, it 
seems that, given the rarity of Kashmir stones and 
the unavailability of fine new material from this 
source, the heat treatment of existing stocks of 
lesser quality material is a very real probability. 

The 29-ct faceted stone (with SSEF Guibelin, 
and AGL certificates that state that the sapphire is 
of Kashmir origin} submitted for heat treatment 
was originally of zoned blue color ranging from 
mostly very dark blue to areas of light blue and 
with various degrees of transparency (figure 22, 
left), It was placed in an alumina crucible and 
subjected to heat treatment, with an increase in 
temperature of 5°C per minute until 1700°C was 
reached and maintained for five hours. The speci- 
men was not coated prior to heating. The resulting 
stone was zoned a somewhat lighter blue with 
large colorless areas, and there was a general 
improvement in transparency (figure 22, right); 
partial melting of the surface was readily apparent. 
Repolishing, of course, would remove the telltale 
surface features, with a loss of no more than 3%— 
4% of its original weight. To remove the colorless 
areas, however, would require a weight loss of as 
much as 40%. In general, heat treatment of this 
stone did not result in overall improvement in 
appearance. 

Microscopy revealed that heat treatment did 
produce some changes in the internal features of 
the stone. Color zoning was still visible, as were 
some of the “snowflake” formations of dust-like 
particles. It appears, however, that some of these 
dust-like inclusions were dissolved during the 
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treatment process; we do not know whether treat- 
ment at higher temperatures and/or for a longer 
time would not have changed these inclusions 
even more. Some of the crystal inclusions were 
altered significantly (figure 23), which not only 
provided clear evidence of heat treatment but also 
limited their usefulness as indicators of locality 
origin. On the basis of this one sample, I would 
speculate that microscopic features (especially 
crystal inclusions] are usually less origin diagnos- 
tic in a heat-treated stone than in one that has not 
been so treated. 

The spectrum of the sapphire also exhibited 
marked differences in absorption before (again, see 
figure 19) and after (figure 24] treatment, espe- 
cially in the region of 360 nm. The relative 
strengths of absorption maxima at 374 and 388 nm 
(part of the 450 system) changed markedly. A shift 
of the absorption edge — with a weak “shoulder” at 
328 nm-—to a shorter wavelength below 300 nm 
was also apparent. Note, too, that the spectrum of 
the Kashmir sapphire after treatment is almost 
identical to that of a heat-treated Sri Lankan 
sapphire (again, see figure 21). Thus, spectral 
analysis is not useful in separating heated Kashmir 
sapphires from heated sapphires from Sri Lanka, 
which have the greatest commercial importance 
among treated sapphires. The fact that as many as 
95% of all sapphires currently on the market may 
have been heat treated (see, e.g., Kammerling et al., 
1990} makes this test all the more meaningful for 
determining not only the locality origin of, but 
also the absence of heat treatment in, a Kashmir 
sapphire. 
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Figure 23. Heat treatment significantly altered the appearance of this group of crystals (zircon and 
uraninite:). They are shown here before (left) and after (right) the stone was treated. Photomicro- 


graphs © Rolf Schwieger; magnified 40x. 
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Figure 24. The spectrum of this 29-ct heat- 
treated Kashmir sapphire is significantly differ- 
ent from that of the unheated stone (see figure 
19) and almost identical to those of heat- 
treated Sri Lankan sapphires (see, e.g., figure 
21). Transmittance spectrum, extraordinary ray. 


CONCLUSION 


The locality origin of natural blue sapphires from 
Kashmir can, in many cases, be positively identi- 
fied through a combination of microscopic exam- 
ination and optical spectrophotometry. The char- 
acteristic features that can be seen with a micro- 
scope (using strong fiber-optic illumination) are: 
{1} distinctive color zoning; (2} clouds and/or lines 
of dust-like particles in a “snowflake” formation; 
(3) pargasite crystals; (4) tourmaline crystals; (5) 
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allanite crystals; (6) zircon crystals with indenta- 
tions; and (7) strongly corroded plagioclase crys- 
tals. The crystalline inclusions are relatively rare, 
but the first two features are quite common. Color 
zoning similar to that seen in Kashmir sapphires 
has been observed in some sapphires from Pailin 
and some heat-treated sapphires from Sri Lanka. 
While dust-like particles have been seen in sap- 
phires from other localities, they have not been 
observed to occur in the “snowflake” formations 
that are exclusive to Kashmir stones. 

Optical spectrophotometry not only differen- 
tiates basaltic from nonbasaltic sapphires, but it 
also provides the means to distinguish among 
sapphires from different nonbasaltic localities, 
when studied by an experienced analyst equipped 
with comparison spectra. This is especially useful 
to distinguish natural-color Kashmir stones from 
similar-appearing treated-color Sri Lankan sap- 
phires. 

It is likely that some Kashmir sapphires have 
been subjected to heat treatment. It appears, how- 
ever, that the damage to crystalline inclusions and 
the marked differences in optical spectra caused by 
exposure to high temperature make it extremely 
difficult to establish conclusively the locality 
origin of a heat-treated Kashmir sapphire. 
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NEW TECANIOUWES 


AN INVESTIGATION OF A 


SUITE OF BLACK DIAMOND JEWELRY 
By Robert C. Kammerling, Robert E. Kane, John I. Koivula, and Shane E McClure 


This article reports on the gemological properties of 
six large black diamonds set in a suite of jewelry. 
The color of the diamonds was determined to be 
caused by numerous black inclusions lining cleav- 
ages and fractures. Such stones are difficult to cut 
and polish, and require great care in setting. They 
can be separated from artificially irradiated dark 
green black-appearing diamonds and from other 
black and black-appearing materials on the basis of 
their distinctive visual and gemological features. 


Reports in the gemological literature have de- 
scribed diamonds in a great variety of colors and 
have ascribed the causes of these colors to a 
number of mechanisms. According to the compre- 
hensive review by Fritsch and Rossman (1988), 
these include structural defects of unknown origin 
{which produce purple, pink to red, and brown 
colors in diamond); band transitions caused by the 
presence of boron (which are responsible for blue}; 
a general radiation (GR1} center (neutral carbon 
vacancy} plus defects that absorb in the red (which 
cause green}; and aggregated or isolated nitrogen 
impurities (resulting in yellow]. 

However, relatively little has been written 
about black diamonds and even less about the 
cause of their color. Some of the information that is 
available is contradictory or incomplete. An early 
reference (“Black Diamonds,” 1934, p. 86} reported 
that black diamonds are opaque, with a structure 
“like fine-grained steel.” They “are not used as 
gems, but solely for industrial purposes.” Orlov 
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(1977, p. 113} described black diamonds as resem- 
bling hematite, having no visible inclusions and 
being deeply colored throughout. He speculated 
that the color “may be due to partial changes in the 
crystal structure and the formation of finely dis- 
persed graphite particles, invisible even at very 
high magnifications.” Subsequently, however, 
Bruton (1978, p. 390) described black diamonds as 
being “usually translucent to very strong light” 
and often having gray spots. He attributed the 
black color to “their very large number of very 
small or sub-microscopic black inclusions which 
absorb nearly all the light falling on the stone.” 
Later (1986, pp. 110-111], Bruton expanded on the 
controversy: “Prominent diamantaires have long 
declared that there are no black diamonds —that 
they exist only in detective stories. The origin of 
this belief may be that some so-called black 
diamonds are actually dark brown with so many 
specks of dark mineral inclusions that they only 
appear black.” In some cases, artificial irradiation 
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may produce a green color that is so dark that the 
diamond appears to be black (Liddicoat, 1989). 

Some notable black diamonds are known, but 
the mechanism(s} responsible for their color has 
not been studied in detail. These include the Black 
Star of Africa, at 202 ct reportedly the largest of 
this color (Bruton, 1986}; and the Black Orloff, a 
67.50-ct cushion-shaped stone that has been de- 
scribed as having a “gunmetal” color (Bruton, 
1986; Balfour, 1987). 

Recently, the authors had the opportunity to 
examine a suite of jewelry that featured six bril- 
liant-cut black diamonds (figure 1): a pendant with 
a heart-shaped black diamond measuring approx- 
imately 19.20 x 20.70 x 9.60 mm; a ring with a 
round center stone measuring approximately 
16.05-16.20 x 10.02 mm, and a pair of clip-back 
drop earrings, each containing two round black 
diamonds ranging from 11.0-11.2 x 7.85 mm to 
12.7-12.8 x 9.6 mm. All of these stones were 
subjected to standard gemological tests and exam- 
ined with the microscope. The results of these 
tests are provided below, and conclusions are 
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Figure 1. The six black diamonds 
in this impressive suite were 
studied for this report. The larg- 
est stone measured approx- 
imately 19.20 mm x 20.70 mm 

x 9.60 mm. Jewelry courtesy of 
Jean-Pierre Kuntz; photo 

by Shane E McClure. 


drawn with regard to the cause of color in these six 
stones and to the features that can be used to 
separate them both from artificially irradiated 
black-appearing diamonds and from other black 
gem materials with which they might be confused. 


GEMOLOGICAL PROPERTIES 


Visual Appearance. Several interesting observa- 
tions were made with the unaided eye using 
overhead illumination (both incandescent and flu- 
orescent}. The body color as observed in oblique 
incident light could best be described as black. The 
luster of all six stones, as expected for diamond, 
was adamantine. The authors agreed that both the 
dark body color and (lack of} transparency contrib- 
uted to the high luster, which gave the stones an 
almost metallic appearance. As would be expected 
for diamond, the facet junctions were extremely 
sharp, unlike what would be seen on a gem 
material with a very dark body color and high 
luster but lower hardness, such as “Alaskan black 
diamonds,” a misnomer sometimes used for fac- 
eted hematite. Careful examination revealed that 


GEMS & GEMOLOGY Winter 1990 283 


Figure 2. Even with the unaided eye, numerous 
breaks can be seen reaching the surface of the 
black diamonds, as illustrated here by one of 
the round brilliants. Photo by John I. Koivula; 
oblique illumination. 


all six stones were heavily variegated, consisting of 
a few transparent areas surrounded primarily by 
opaque zones that are caused by dense concentra- 
tions of black inclusions. Also evident to the 
unaided eye were small cavities and irregular 
interconnecting fissures on the surfaces of these 
stones (figure 2). 


Transmission of Light. It is the authors’ experience 
that the only conclusive method of determining if 
the color of a black diamond results from artificial 
irradiation is to pass light through a thin edge, such 
as at the girdle or culet. Artificially irradiated 
“black” diamonds exhibit a very dark green color 
(figure 3) at the thin edges and in the relatively 
transparent areas when examined using a 150-watt 
tungsten-halogen fiber-optic illuminator or when 
placed over the intense tungsten-halogen base 
light on a GIA GEM spectroscope unit (Liddicoat, 
1989). 

A fiber-optic illuminator placed perpendicular 
to the table under each of the mounted black 
diamonds revealed the following: The diamond in 
the ring was almost completely opaque, with only 
a very few, minute areas allowing the passage of 
white light; the lower stone in one of the earrings 
was also almost totally opaque, with even fewer 
transparent areas than the stone in the ring, the 
other three black diamonds in the earrings all 
showed several small areas that were transparent 
and appeared essentially colorless; the heart- 
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Figure 3. Artificially irradiated black-appearing 
diamonds typically reveal a dark green colora- 
tion through thin, relatively transparent edges 
when examined with intense illumination. This 
treated diamond, however, appeared green 
throughout most of the stone, even under the 
table as shown here. Photomicrograph by 
Robert E. Kane; magnified 10x. 


shaped stone in the pendant showed numerous 
areas (some large) that transmitted light and 
ranged from light gray to colorless. At certain 
positions the fiber-optic light pipe caused a blue 
luminescence (as is seen in “Jager diamonds,” an 
old trade term for colorless diamond with a strong 
blue fluorescence) in the transparent areas of the 
heart-shaped diamond (figure 4] and in the upper 
diamond of one of the earrings. 


Figure 4, The transparent areas of the heart- 
shaped black diamond luminesced blue to an 
intense fiber-optic light source. Photomicro- 
graph by Robert E. Kane; magnified 15x. 
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Microscopic Features. As with virtually all of the 
natural black diamonds the authors have collec- 
tively examined, the polish on these six stones was 
poor. The facets were pitted and covered with 
prominent polishing and drag lines, which would 
appear to be due to the abundance of cleavages, 
fractures, and inclusions that break the surfaces of 
the stones (figure 5}. It is generally known in the 
trade that black diamonds are ‘very hard to polish 
and can damage polishing lap. 


Figure 5. The numerous pits and polishing and 
drag lines seen on all the black diamonds stud- 
ied for this report are evident on this stone. 
Photomicrograph by Robert E. Kane; coaxial 
illumination, magnified 15x. 


Examination of near-surface areas and thin 
edges revealed that the opacity of the stones was 
due to numerous minute black inclusions that 
lined the extensive system of cleavages and frac- 
tures (figure 6). In one area on the heart-shaped 
stone that was covered with these opaque black 
inclusions, a minute part of a small cleavage plane 
was exposed on the surface. Careful application of 
a needle probe to this small section revealed that 
these inclusions had the platy texture and easy 
cleavage characteristic of graphite, in addition to 
the typical black color. It is known that cleavage 
and fracture systems in diamonds can become 
lined with graphite through the process of graphi- 
tization, in which the surface layer of diamond in 
the breaks is converted to graphite (Harris, 1968; 
Harris and Vance, 1972}. Some sulfides, such as 
pyrrhotite and pentlandite, may look similar to 
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graphite when viewed with transmitted or dark- 
field illumination, and may be found in cleavages 
and fractures immediately surrounding silicate 
and sulfide inclusions. However, they have an 
entirely different appearance {i.e., brassy yellow 
compared to the characteristic gray of graphite] 
when oblique illumination is used. We know of no 
published report where oxides or sulfides that 
resemble graphite have been seen to line the faces 
of extensive surface-reaching cleavage and fracture 
systems of the type observed in these “black” 
diamonds. Therefore, we concluded that the inclu- 
sions in these diamonds were graphite. Because the 
stones were so heavily cleaved and fractured, we 
decided that the potential for damage was too great 
to attempt to obtain a scraping for X-ray diffraction 
analysis. Unfortunately, the client could not leave 
the suite in the laboratory for the time needed to 
perform chemical analysis on this material. 


Absorption Spectra. The visible-light absorption 
spectra (400 to 700 nm] of the six black diamonds 
were examined using a hand-held type of Beck 
prism spectroscope, first at room temperature and 
then cooled with an aerosol refrigerant to approx- 
imately —65°F/—54°C. Because the diamonds 
were essentially opaque, the external reflection 
method of spectroscope lighting was used. At 
either room or low temperature, we observed no 


Figure 6. Numerous minute black inclusions 
lining cleavages and fractures were responsible 
for the almost opaque nature of the black dia- 
monds. Photomicrograph by Robert E. Kane; 
oblique illumination, magnified 20x. 
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distinct lines or bands in any of the six black 
diamonds. 

It should be noted that treated green black- 
appearing diamonds may on very rare occasions 
reveal the treatment-associated 595-nm line in the 
hand-held spectroscope. 


Ultraviolet Fluorescence. Some of the black dia- 
monds displayed a very unusual reaction to long- 
and short-wave ultraviolet radiation. The heart- 
shaped stone in the pendant and the top stone in 
one of the earrings (the same stone that showed a 
blue luminescence with transmitted light) exhib- 
ited a strong blue fluorescence to long-wave U.V. 
radiation that formed very distinct patches and 
veins, intermixed with inert areas (figure 7). The 
sections that fluoresced seemed to correlate to the 
more transparent areas of the stones. These same 
sections fluoresced a moderate chalky greenish 
yellow to short-wave U.V. radiation. Although still 
very mottled, the short-wave fluorescence was 
even more extensive than the long-wave fluores- 
cence: There were very few inert areas. 

The other black stone in the same earring also 
fluoresced to long-wave U.V. radiation, but the 


Figure 7. The heart-shaped black diamond and 
the upper black diamond in one of the earrings 
fluoresced an uneven, strong blue in distinct 
patches and veins, intermixed with inert areas, 
to long-wave U.V. radiation. Photo by Shane E 
McClure. 
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reaction was quite different from that described 
above: a very weak, chalky greenish yellow over 
most of the stone, again with some mottling. The 
large stone in the ring and both stones in the other 
earring were inert to both long- and short-wave 
UV. radiation. 

When we examined the stones with magnifica- 
tion, we saw that all had been glued into their 
mountings. This was evident from the numerous 
gas bubbles present in the glue. The glue was also 
marked by the white fluorescent line it produced 
around portions of the girdle when the pieces were 
exposed to both long- and short-wave ultraviolet 
radiation. The long-wave reaction, however, was 
the stronger of the two. The authors hypothesize 
that the diamonds were glued into their mountings 
because of concern that any pressure from setting 
might cause these highly cleaved and fractured 
stones to break. 


Streak. All six of the black diamonds cut easily 
into the streak plate without leaving any residue. 


Thermal Conductivity. All six black diamonds 
registered well within the “Diamond” range on a 
GIA GEM Instruments pocket diamond tester. 


Refractive Index. As is the case with all diamonds, 
the refractive indices of all six study stones were 
over the limits of the conventional refractometer 
(1.80 or 1.81). 


SEPARATION FROM 

POSSIBLE SIMULANTS 

There are some black or black-appearing gem 
materials that, because of their relatively high 
luster, might be visually confused with black 
diamonds. Table 1 summarizes the distinguishing 
properties of black diamonds and these other 
materials, 


CONCLUSION 


The six black diamonds examined for this report 
all contained extensive cleavage/fracture systems 
that were lined with black inclusions that are 
believed to be graphite. The presence of these 
inclusions is undoubtedly responsible for the black 
color exhibited by these stones. The fact that the 
areas of transparency in these stones were color- 
less and the absence of a 595-nm line in the 
spectroscope served to separate them from arti- 
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TABLE 1. Comparison of natural black diamonds to gem materials with which they may be confused. 


Mohs 

Material RI. SG. hardness Luster Additional features 

Black 2.417 3252 Adamantine With magnification, numerous black 

diamond inclusions can be seen lining 
cleavages and fractures; 
nonincluded areas are transparent 
and range from light gray to 
colorless 

Irradiated 2.417 3.52 Adamantine Dark green color in transmitted 

“black” light; may rarely show a 595-nm 

diamond absorption line in spectroscope 

Hematite Approx. 3.0 5.08-5.20 5.5-6.5 Metallic Reddish brown streak, splintery 
fracture 

Imitation Over limits of 4.00-7 .00 2.5-6.0 Metallic Dark brown to black streak, 

hematite conventional granular fracture, magnetic 

refractometer; no 
measured data 
available 

Melanite 1.885 3.84 6.5-7.0 Subadamantine Conchoidal to uneven fracture, 

(titanian to vitreous white to gray streak 

andradite 

garnet) 

Psilomelane 1.535—-1.539 3.0-3.1 6.5-7.0 Metallic to May be banded; conchcidal 

with submetallic fracture, white to gray streak 

chalcedony 

Black 2.006-2.097 6.99 6-7 Adamantine to White, grayish, or brown streak, 

cassiterite submetallic or subconchoidal to uneven fracture 

ee vitreous 

YIG (yttrium- No measured Approx. 6 No measured Vitreous to Strongly attracted to magnet, does 

iron garnet) data available data available — submetallic not exhibit electrical conductivity 

Uraninite No measured 7.5-10.0 5-6 Submetallic, also Causes radiation burns if worn, will 

(pitchblende data available (single crystals) resinous to generate autoradiograph; fracture is 

in massive 5.2-9.0 greasy conchoidal to uneven, streak is 

form) (pitchblende) black, brownish black, gray, or 


brownish green 


aThis information is based on the six stones examined for this article. The properties of the other germ materials are as reported in Liddicoat (1989). 


ficially irradiated black-appearing diamonds, 
which are in reality a very dark green. They can be 
separated from other black or black-appearing 
materials on the basis of their distinctive gem- 
ological properties. 
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“EMERALDOLITE”: A NEW SYNTHETIC EMERALD 
OVERGROWTH ON NATURAL BERYL 


By Dominique Robert, Emmanuel Fritsch, and John I. Koivula 


This article describes a new manufactured gem mate- 
rial marketed under the trade name “Emeraldolite,” 
which is an epitaxial growth of flux synthetic emer- 
ald on opaque white beryl. The material has a dis- 
tinctive visual appearance, and is commonly used for 
jewelry in its “rough” form. The gemological proper- 
ties of “Emeraldolite” are very similar to those nor- 
mally shown by flux-grown synthetic emeralds. 


“Emeraldolite” is anew manufactured gem mate- 
rial that consists of a substrate of common opaque 
white natural beryl with an epitaxial deposit of 
flux-grown synthetic emerald (figure 1}. Although 
it is not presently being produced in commercial 
quantities, the capacity exists for a large-scale 
operation. It has been used in jewelry in its 
“natural” form, but is also fashioned en cabochon. 
Unlike most synthetic emeralds, it is usually not 
faceted because of its opacity. 

This article provides a general description of the 
procedure used to produce this new manmade gem 
material, and reports on its gemological properties 
and chemistry. 


METHOD OF SYNTHESIS 

“Emeraldolite” is manufactured by one of the 
authors (D.R.) in France. A flux process (a chemical 
reaction in anhydrous solvents) is used to produce 
the synthetic emerald overgrowth on a natural 
beryl seed; fluoroberyllate compounds play an 
important role (see Robert, 1987}, 

The resulting product is reminiscent of the 
Lechleitner overgrowth of hydrothermal emerald 
on prefaceted colorless beryl (see, e.g., Schmetzer 
et al., 1981). Both are based on the same principle: 
the synthesis of an epitaxial overgrowth on less 
expensive beryl, rather than the (more costly and 
more time-consuming] synthesis of an entire 
stone. The two products vary greatly in appear- 
ance, however, with the Lechleitner material usu- 
ally translucent to transparent, while virtually all 
of the “Emeraldolite” produced to date has been 
opaque. 
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Figure 1. This 76.42-ct “Emeraldolite” specimen 
consists of a flux-grown synthetic emerald over- 
growth on natural white beryl. Photo by Robert 
Weldon. 


The flux process that produces the synthetic 
emerald overgrowth for “Emeraldolite” is also 
significantly different from that used to grow 
synthetic emeralds such as the Lennix product (see 
Graziani et al., 1987). In the Lennix process, Al,O3 
and SiO, are dissolved from the crucible itself, and 
the flux is a typical mixture of lithium molybdate 
and a boron salt. By contrast, the synthetic emer- 
ald layer in “Emeraldolite” is grown using a chemi- 
cal—nota physical — reaction involving fluorine as 
a transport agent. This allows for faster growth 
than the Lennix process. Further information on 
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the procedure use to grow “Emeraldolite” must 
remain proprietary. 


CURRENT PRODUCTION 


Because “Emeraldolite” only requires the growth 
of a thin (0.3-1 mm} layer of synthetic emerald, it 
is relatively inexpensive to manufacture {see “Syn- 
thetic emeralds... ,” 1988). With only a small 
furnace, 15,000-20,000 ct of material can be 
produced annually. The process could be adapted 
to accommodate larger production in a variety of 
shapes and styles. Presently, production is variable, 
with ongoing experimentation into the most at- 
tractive product for jewelry use. It has been found, 
for example, that the overgrowth is unpleasantly 
asymmetrical on all isometric shapes, such as 
spheres, because of preferred growth along the 
optic axis. 


DESCRIPTION OF THE MATERIAL 


A view from the base of the “Emeraldolite” sample 
in figure 1 shows a thin layer of transparent dark 
green, ,flux-grown synthetic emerald covering a 
milky-white natural beryl crystal (figure 2). The 
substrate, which plays the role of seed crystal, can 
be of any size or shape. The linear dimension of the 
beryl core used is not a critical parameter (pieces 
over 10 cm have been successfully processed]; 
rather, the total surface area is key because it 
determines the amount of feed material necessary 
to obtain a smooth, homogeneous coverage. 

The dark color of the overgrowth is very even, 
and is reproducible from run to run. The synthetic 
emerald layer has a step-like appearance caused by 
the juxtaposition of numerous tiny (1-5 mm in 
longest dimension) crystal faces that are all ori- 
ented in the same crystallographic direction. This 
crystallographic orientation also contributes to 
the homogeneity of color. 
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Figure 2. A different view of the specimen in 
figure 1 shows the thin flux synthetic emerald 
overgrowth. The color contrast between the 
white seed and the overgrowth is obvious. The 
numerous parallel crystal faces demonstrate the 
epitaxial character of the overgrowth. Photo by 
Robert Weldon. 


Before deposition of the overgrowth, the sub- 
strate can be preformed in a particular shape 
(cabochon, for example) to fit in standard mount- 
ings. The “Emeraldolite” can then be polished 
(with greater ease than if the overgrowth were 
random, because there is only one crystallographic 
orientation) or incorporated as grown into pieces of 
jewelry (figure 3). Even polished, though, the sur- 
face is irregular, so visual appearance will easily 
separate “Emeraldolite” from natural emerald and 
even other synthetic emeralds. 


GEMOLOGICAL PROPERTIES 


To characterize “Emeraldolite” gemologically, we 
studied a total of 10 samples: one large {37.94 x 
24.31 x 18.13 mm; 76.42 ct}, very dark, irregular 
crystalline mass (figure 1); five smaller (20 mm in 
maximum dimension} rough pieces; one 20-mm 
piece polished as a flat tablet, and three “rough” 
pieces that had been mounted in jewelry (again, see 
figure 3). The results of our examination are 
summarized below. In general, the gemological 
properties of the “Emeraldolite” overgrowth are 
consistent with those of other flux-grown syn- 
thetic emeralds (Koivula and Keller, 1985). 
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Figure 3. These three pieces of “Emeraldolite” 
jewelry represent a typical style in which this 
new gem material is employed. The central 
piece measures 5.5 x 3.5 cm. Photo by Robert 
Weldon. 


Refractive Index. Because the essentially rough 
surface is covered with tiny crystal faces, we used 
the spot method (on a Duplex II refractometer with 
a white light source) on four different areas of the 
large crystal and one spot on each of the other 
pieces. All yielded an R.I. of 1.56, which is typical 
of flux synthetic emerald (Liddicoat, 1989; p. 101). 
Because of the limitations imposed by the irregular 
surface condition of the “Emeraldolite,” no bire- 
fringence could be determined. 


Specific Gravity. We could not determine an accu- 
rate specific gravity on any of the study specimens 
because the irregular surfaces trapped excessive 
amounts of air that could not be completely 
dislodged. Moreover, the specific gravity of an 
entire piece of “Emeraldolite” would vary depend- 
ing on the specific gravity of the core. We did, 
however, test a 0.05-ct fragment of the synthetic 
overgrowth, using a mixture of methylene iodide 
and benzyl benzoate calibrated at 2.67. The sample 
floated very slowly to the surface of the liquid, on 
the basis of which we estimated the S.G. to be 2.66, 
which is typical of flux-grown synthetic emerald 
(Liddicoat, 1989; p. 101). 


Ultraviolet Fluorescence. When examined in dark- 
room conditions with both long- and short-wave 
ultraviolet radiation, the synthetic emerald over- 
growth and the white core material were inert, 
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with no visible phosphorescence. This contrasts 
with the weak red fluorescence typical of most 
flux-grown synthetic emeralds. Although the iron 
content of the material is relatively low (0.28-0.34 
wt.% FeO; see “Chemical Analysis” below), other 
synthetic emeralds containing similar amounts of 
iron do fluoresce red (Koivula and Keller, 1985; 
Graziani et al., 1987). Quenching by vanadium is 
possible, but unlikely. Instead, the absence of 
fluorescence may be due to “self-quenching,” 
which occurs when nearby ions of the same type 
(here, Cr3+ ions) interact because of their high 
concentration, and the energy absorbed is given off 
in a form other than visible luminescence (Way- 
chunas, 1988). 

The surfaces of several specimens are speckled 
with numerous tiny, white, translucent, octa- 
hedral crystals (figure 4) and crusts of what appears 
to be “lithium feldspar’”—the type of crystals 
obtained by Hautefeuille and Perrey when they 
first synthesized emerald by a flux method in 1888 
(Nassau, 1976). These spots fluoresce a weak, 
chalky, brownish yellow to long-wave U.V. radia- 
tion, anda strong, chalky, slightly brownish yellow 
to short-wave U.V. 


Visible-Light Spectroscopy. Using a Pye Unicam 
8800 spectrophotometer, we took the visible-light 
absorption spectrum of a small fragment of the 
synthetic emerald overgrowth in a random orien- 
tation. The spectrum produced is typical of syn- 
thetic emerald: two broad bands with apparent 
maxima at about 430 and 610 nm, and a number of 


Figure 4. Translucent, white, octahedral “li- 
thium feldspar” crystals form as a by-product 
on and in the “Emeraldolite” overgrowth. Photo- 
micrograph by John I. Koivula; magnified 30 x 
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sharp bands at 470, 476, 636, 660, 680, and 683 nm. 
“Cr lines” were easily seen with a Beck hand 
spectroscope. 


Pleochroism. Although “Emeraldolite” is essen- 
tially opaque and very dark, we did see moderate 
pleochroism (very slightly yellowish green and 
bluish green) when all specimens were viewed 
through a dichroscope with reflected light. 


Chelsea Color Filter Reaction. When bathed in 
white light from a fiber-optic illuminator and 
examined with a Chelsea color filter, the surfaces 
of all the “Emeraldolite” specimens appeared in- 
tense brownish red. 


Hardness. Using a set of Mohs hardness points, we 
found that “Emeraldolite” was easily scratched 
with the corundum point (hardness 9), but the 
topaz point (hardness 8) did not produce a scratch 
even when a reasonable amount of pressure was 
applied. We therefore estimated the Mohs hard- 
ness to be approximately 8, which is within the 
expected range for synthetic emerald. 


Toughness. The epitaxial growth process seems to 
begin with a short etching period that guarantees 
complete continuity between the crystalline lat- 
tice of the substrate and that of the overgrowth. 
This results in a very good toughness and mechan- 
ical solidity that would not be achieved if the 
emerald overgrowth had a random orientation. 
The overgrowth cannot be broken off the sub- 
strate, so the toughness of “Emeraldolite” is ba- 
sically that of the substrate. If this latter contains 
big fractures, it will shatter when put in the flux; if 
it contains small fractures, the epitaxy will seal 
them, reinforcing the piece. 


Microscopic Features. Using oblique illumination, 
we carefully examined the transparent overgrowth 
of the “Emeraldolite” samples with a gemological 
microscope. The features observed can be used to 
identify this material as a synthetic. 

Specifically, magnification revealed several fam- 
ilies of tiny parallel crystal faces that cover the flux 
synthetic overgrowth layer like a mosaic. In some 
few areas, the overgrowth had been chipped away, 
exposing the white beryl substrate (figures 2 
and 5). 

The morphology of the emerald crystals in the 
overgrowth is typical of emerald, with essentially 
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Figure 5. The 0.5-mm-thick flux synthetic emer- 
ald overgrowth layer contrasts with the under- 
lying white beryl substrate. Photomicrograph 
by John I. Koivula; magnified 6x. 


prism faces and basal planes. The occurrence of 
bipyramidal faces is strongly related to the some- 
what complicated end of the thermal synthesis 
cycle. These faces are less common in the “evap- 
oration facies” obtained on the surface of the melt 
and on the walls of the crucible (Robert, 1987). A 
detailed description of the crystal shapes and 
associations is given in Robert (1988a and b). Note 
that the stress cracks typical of the hydrother- 
mally grown Lechleitner synthetic emerald over- 
growth were not seen in the flux overgrowth of 
“Emeraldolite.” 

The small, colorless octahedral crystals of “li- 
thium feldspar” that were seen to fluoresce on the 
surface of the samples were also seen inside the 
synthetic emerald overgrowth. This “lithium feld- 
spar” crystallizes in the tetragonal system, and its 
crystal structure is currently under study. 

In the synthetic emerald layer, we also observed 
comparatively large primary flux inclusions of an 
off-white to brown color (figure 6), as well as high- 
relief spherical to subspherical voids that greatly 
resemble the ordinary gas bubbles common to 
most glasses (figure 7). The latter may be partially 
open at the surface, forming crater-like pits. Al- 
though the flux inclusions were typical of those 
observed in flux-grown synthetic emeralds (Gii- 
belin and Koivula, 1986), the bubble-like features 
have not been seen before in synthetic emeralds 
and are more characteristic of inclusions found in 
the Knischka synthetic ruby (Giibelin, 1982), also 
a flux product. 
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Figure 6. These primary flux inclusions were 
commonly observed in the “Emeraldolite” over- 
growth, Photomicrograph by John I. Koivula; 
magnified 20x. 


CHEMICAL ANALYSIS 


Using an energy-dispersive electron microprobe, 
Dr. Henry Hanni and George Bosshart, both at the 
time with the Swiss Foundation for Research on 
Gemstones (SSEF], analyzed the chemistry of the 
“Emeraldolite” epitaxial overgrowth. The range of 
compositions obtained is shown in table 1. 

Note in particular that the concentration levels 
of Cr3+ are significantly higher than those found 
in most natural emeralds (approximately 1 wt.%, 
Hanni, 1982), but are lower than those found in the 
Lechleitner synthetic emerald overgrowth (7.64 to 


TABLE 1. Chemical composition of the “Emeraldolite” 
synthetic emerald overgrowth. 


Oxide Weight % 
SiO. 66.88 — 67.28 
Al,O3 16.58- 18.21 
TiO. nd -— 0.06 
FeO 0.28— 0.34 
MgO 0.17- 0.25 
MnO nd - 0.13 
CroO3 1.76- 4.15 
V505 nd — 0,12 
Na,O bdl 


aChemrical analyses performed by Henry Hanni and George Bosshart, 
SSEF, on an electron microprobe equipped with an energy-dispersive 

spectrometer. Details of the operating conditions can be obtained from 
the analysts. nd =not determined; bdl= below detection limits. 
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Figure 7, High-relief spherical to subspherical 
voids are commonly seen in the “Emeraldolite” 
overgrowth layer. Photomicrograph by John I. 
Koivula; magnified 50x. 


13.20 wt.%; Schmetzer et al., 1981). These high 
concentrations of Cr3+ are responsible for the dark 
green color. The low concentrations of magnesium 
also contrast with the high values (more than 0.8 
wt.% MgO} found in natural emeralds. Concentra- 
tions of Na,O in “Emeraldolite” compare favorably 
with those of synthetic emeralds (less than 0.2 
wt.%]} and contrast with the 0.4 wt.% usually 
found in natural emeralds (Hanni, 1982). 

The higher concentrations of Mg and Na in 
nature are due to Mg?+ substituting for Al?* in 
the beryl crystal structure, the charge deficit being 
compensated by the presence of a Na+ ion nearby. 
This mechanism does not occur during the growth 
of the “Emeraldolite” layer or any flux-grown 
synthetic emerald because Mg and Na are not 
voluntarily introduced in the growth environ- 
ment. 


CONCLUSION 


Manufactured in France, “Emeraldolite” is an 
overgrowth of deep green flux synthetic emerald 
on opaque white natural beryl. It is based on a 
principle similar to that of the Lechleitner syn- 
thetic emerald overgrowth on transparent to trans- 
lucent near-colorless natural beryl. Its unique 
appearance makes it easy to separate from any 
other natural gem or synthetic material. In addi- 
tion, one can find in the synthetic emerald over- 
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growth characteristics typical of a flux-grown 
synthetic emerald. 

“Emeraldolite” has been used by jewelry manu- 
facturers in its original state, without polishing, 


because its numerous crystal faces reflect light 
well. The material can, however, be polished, and 
lends itself to intarsia and sculpture, as well as to 
cabochons. 
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Gem Trade 


LAB NOTES 


AZURITE 


The West Coast laboratory recently 
had an opportunity to examine sev- 
eral collection-quality specimens of 
azurite, the theme mineral of the 
1991 Tucson Gem & Mineral Society 
Show. These fine specimens came 
from several different localities. 
Azurite is a copper carbonate hy- 
droxide, with the chemical formula 
Cus(CO3},{OH},. Its name, in allu- 
sion to its color, is from the Persian 
word Jazhward, which means blue. 
Azurite is soft, with a Mohs hardness 
of 3 '/2 to 4. Its specific gravity 
normally ranges from 3.77 to 3.89, 
although some porous material may 
be as low as 3.30. The refractive 
indices for azurite are 1.730 and 
1.836, and it is biaxial positive. Fac- 
eted azurite is extremely rare; it is 
generally excessively dark, almost 
black, even in smal] gemstones. 
Azurite is widely associated with 
copper ores. Major sources of azurite 
in the United States are the copper- 
mining districts at Bisbee and Mo- 
renci, in Arizona; it also occurs at 
several localities in Nevada, New 
Mexico, Utah, and California. Other 
notable deposits include Tsumeb, 
Namibia; Chessy, France; and Mo- 
rocco, China, Mexico, Australia, the 
Soviet Union, Romania, and Zaire. 
Azurite crystallizes in the mono- 
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clinic system, and can vary widely in 
habit and be highly modified. Among 
the most attractive specimens are 
the nearly spherical aggregates or 
rosettes that exhibit numerous deep 
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blue subparallel sharp-edged crystals 
(figure 1}. Azurite is almost invaria- 
bly found in conjunction with mal- 
achite; some of these specimens can 
be quite exceptional (figure 2). RK 


Figure 1, This fine azurite cluster (10 x 7.6 cm) is reportedly from 
one of the world’s earliest exploited copper deposits, near Lyon, 
Chessy, France. 
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Figure 2: This section of a 22-cm-long azurite specimen reportedly 
from Bisbee, Arizona, shows the rosettes of deep blue crystals (the 
largest cluster measures 1.9 cm) that are common from this lo- 
cality. Here, they emerge from a bed of iron-stained malachite, 
which often occurs in association with azurite. 


CUBIC ZIRCONIA 


Simulating a 
Fancy Yellow Diamond 
Yellow cubic zirconia can effectively 
imitate a fancy yellow diamond. 
Some years ago, a large yellow cubic 
zirconia, fashioned to look like a 10- 
ct cushion octagon modified bril- 
liant, was submitted to the East 
Coast laboratory (see Gems #& Gem- 
ology, Winter 1985, p. 234], Recently, 
the East Coast lab was asked to 
examine the two side stones in a 
lady’s ring; one proved to be a natu- 
ral-color yellow diamond, but the 
other was a cubic zirconia. 
Spectroscopy is the most useful 
test for determining the origin of 
color ina diamond. A Beck hand-held 
type of spectroscope revealed the 
Cape series of bands—at 415, 453, 
466, and 478 nm—present in the 
natural-color type Ia yellow dia- 
mond. Although cubic zirconia does 
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not contain a 415-nm absorption 
line, the yellow CZ in this ring did 
display two prominent absorption 
bands in the same area as the 453-nm 
and 478-nm bands. This confirms the 
need for caution when examining 
diamond-like materials in this color 
range. 

Other tests helped prove the iden- 
tity of the imposter. The girdle of the 
CZ showed the typical attempt to 
simulate the bruted girdle of a dia- 
mond, but it did not approach the 
frosted appearance of diamond. The 
orange fluorescence to long-wave 
U.V. radiation is typical of cubic zir- 
conia, although it has also been seen 
in some natural-color yellow dia- 
monds. Because the thermal conduc- 
tivity of CZ is lower than that of 
diamond, the reaction to the needle 
on the thermal conductivity tester 
was minimal, In addition, this stone 
had a chipped culet with an appear- 
ance atypical of diamond. Last, the 
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strong dispersion of CZ {0.60} is no- 
ticeably greater than that of diamond 
(0.44]; because the cubic zirconia and 
diamond were in relatively close 
proximity in this ring, the difference 
in dispersion was readily apparent. 

DH 


DIAMOND 


Fancy Intense Yellow 


Ever since the laboratory first en- 
countered a Sumitomo synthetic yel- 
low diamond in the course of routine 
testing four years ago, we have rou- 
tinely tested all intense yellow dia- 
monds with both long- and short- 
wave U.V. radiation, Readers may 
recall that Sumitomo synthetic yel- 
low diamonds do not fluoresce to 
long-wave U.V, but do fluoresce a 
chalky greenish yellow to short-wave 
U.V. (see Shigley et al., “The Gem- 
ological Properties of the Sumitomo 
Gem-Quality Yellow Synthetic Dia- 
monds,” Gems # Gemology, Winter 
1986, pp. 192-208]. In addition, be- 
cause they are type Ib diamonds, they 
do not exhibit any absorption lines in 
the hand-held spectroscope, which 
are present in many type Ia’s. 

Thus far, with the exception of 
the 0.80-ct round-brilliant-cut stone 
referred to in the above article, all the 
faceted Sumitomo synthetic dia- 
monds we have seen have been small 
(less than 0.25-0.30 ct} square step 
cuts, having been fashioned from the 
squarish tablets prepared and sold by 
Sumitomo for use as heat sinks for 
electronic applications. Although we 
would be surprised at this time to 
encounter any other shape, we do 
test all small intense yellow dia- 
monds, regardless of shape. While 
writing this note, we learned that 
Sumitomo has manufactured a few 
gem-quality synthetic yellow dia- 
mond crystals in excess of 9 ct (J. 
Shigley, pers. comm., 1990). However, 
the firm still maintains that it has no 
plans to market crystals to the 
jewelry industry. 

Recently, the East Coast labora- 
tory received for examination a 
brooch (figure 3) that contained a 
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Figure 3. Two of the fancy yel- 
low diamonds in this brooch 
of 0.5-1.0 ct stones fluoresced 
to short-wave, but not to long- 
wave, ULV. 


number of fancy yellow marquise- 
and pear-shaped brilliants. We were 
surprised to observe that two of the 
marquise shapes (each approx- 
imately halfa carat} did not fluoresce 
to long-wave, but did fluoresce green- 
ish yellow to short-wave, U.V. radia- 
tion. Because of the settings, we 
could not determine if these stones 
had the color zoning that is some- 
times visible in the Sumitomo syn- 
thetic diamonds. However, infrared 
spectroscopy established that these 
two stones were not pure type Ib 
diamonds, as all gem-quality syn- 
thetic yellow diamonds encountered 
to date have been. They were a mix- 
ture of types Ib and Ja, a strong 
indication of natural origin. Figure 4 
shows a magnified view of a section 
of the brooch with a 0.19-ct Sum- 
itomo synthetic diamond placed in 
the center for comparison. The stone 
at the lower left is one of the two that 
fluoresced to short-wave U.V. RC 


Treated Green 


In recent months, the laboratories on 
both coasts have received increasing 
numbers of fancy-color diamonds for 
examination, many over 5 ct. Some 
of these diamonds had obviously 
been treated to enhance their color. 
This was the case with a half-carat 
dark green round brilliant seen in the 
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Figure 4. The similarity in ap- 
pearance between a Sumitomo 
synthetic yellow diamond 
(here, the 0.19-ct stone in the 
center) and the natural fancy 
yellow diamonds in the brooch 
shown in figure 3 is striking. 
The stone at the lower left is 
one of the two that fluoresced 
to short-wave U.V. radiation. 


West Coast laboratory, which 
showed a color concentration around 
the culet with magnification {figure 
5}. This “umbrella effect” is charac- 
teristic of cyclotron bombardment. 
Usually, this type of treatment does 
not penetrate very deep into the 
stone, as evidenced by the restricted 
color concentration in the area of 
bombardment. However, this partic- 
ular treated green diamond differed 
from others that we had seen before, 
in that another zone of darker color 
concentration became visible when 
oblique lighting was used. This zone, 


Figure 5. The distinct zone of 
color around the culet of this 
green diamond indicates cyclo- 
tron treatment. Magnified 
15x, 


which followed the periphery of the 
stone (figure 6], actually extended in 
a definite plane from the crown area 
into the pavilion, toward the culet. 
The stone did not fluoresce to 
either long- or short-wave U.V. radia- 
tion. The absorption spectrum, as 
observed with a GIA GEM hand-held 
type of spectroscope unit, showed 
weak Cape lines at room tempera- 
ture. When the stone was cooled with 
a refrigerant, an additional faint, but 
distinct, line at 592 nm became visi- 
ble. KH 


Figure 6, Oblique lighting re- 
vealed an additional color 
zone around the girdle of the 
stone in figure 5; such a zone 
had not been observed before 
in a cylcotron-treated dia- 
mond, Magnified 15 x. 


PEARLS 


Dyed Black Cultured, 
Origin of Color 


The GIA Gem Trade Laboratory rou- 
tinely examines gray to black cul- 
tured pearls to establish whether or 
not their color is natural. Proof of 
natural color, as in those black cul- 
tured pearls grown in the area around 
Tahiti, lies in the reaction to long- 
wave U.V. radiation. Like the Pinc- 
tada margaritifera shell in which 
they are grown, natural-color Tahi- 
tian cultured pearls appear brownish 
to brownish red when exposed to 
long-wave U.V, in a dark room. On 
the other hand, all dyed black cul- 
tured pearls seen to date, whether 
treated with silver nitrate or by an- 
other unidentified dye process, either 
do not fluoresce at all or fluoresce a 
dull green, 
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X-radiography may also provide 
useful information. Typically, the 
layer of conchiolin in a cultured pearl 
provides marked contrast between 
the shell bead center and the overly- 
ing nacre in an X-radiograph. In a 
cultured pearl treated with silver 
nitrate, however, silver tends to con- 
centrate in the area of the conchiolin; 
because silver is opaque to X-rays, 
the X-radiograph of a cultured pearl 
treated with silver nitrate may show 
a light ring around the nucleus, or it 
may show almost no contrast be- 
tween the nucleus and the nacre. 

During the past year, we have 
encountered a number of gray to 
black and brown cultured pearls that 
clients have submitted as “Tahiti” 
pearls. Figure 7 shows one of three 
such undrilled 10-mm cultured 


Figure 7. This 10-mm dyed 
black cultured pear! fluoresced 
yellow to long wave U.V. radia- 
tion. 


pearls that were recently seen in the 
East Coast laboratory. Unlike natu- 
ral-color Tahitian pearls, these three 
fluoresced a distinct yellow to long- 
wave U.V. radiation. The X-radio- 
graph (figure 8) shows that two of 
these beads have good contrast be- 
tween the nucleus and the nacre, 
while the third specimen has a very 
thin nacre. With magnification, as 
seen in figure 9, we observed a dark 
fingerprint pattern on the surfaces of 
two of the beads that was unlike 
anything we had seen before. What- 
ever dyeing method was used does 
not require that the pearls be drilled, 
and the color may be confined to a 
relatively thin surface stain. 
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Although we were unable to re- 
tain these cultured pearls long 
enough to analyze the coloring agent, 
similar pearls examined by X-ray 
fluorescence in the GIA Research 
Department were found to contain, 
surprisingly, the metallic element 
tellurium. RC 


Uncommon Cultured 

The East Coast laboratory was asked 
to identify the beads in the earrings 
shown in figure 10. All proved to be 
cultured pearls. The button cultured 
pearls are unusual in that they have 
lentil-shaped nuclei. In addition, the 
single black cultured pearl showed a 
reversal pattern (a ring that is 
opaque, rather than transparent} in 
the X-radiograph, which is probably 
due to the use of silver salts. 


Figure 8. As revealed in this 
X-radiograph, one of the dyed 
black cultured pearls has a 
very thin deposition of nacre, 
but the other two show strong 
contrast between the nacre 
and the nuclei, 


Figure 9. A fingerprint pattern 
(of dye’) was observed on the 
surface of two of the three 
dyed black cultured pearls. 
Magnified 60x. 
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Figure 10, The button-shaped 
cultured pearls in these ear- 
rings contain unusual lentil- 
shaped nuclei. The single 
black cultured pearl was found 
to be dyed. 


Lentil-shaped nuclei are uncom- 
mon; we have mentioned them only 
once before in Gems # Gemology 
{Summer 1984, p. 109}, At that time, 
we learned that off-round nuclei are 
seldom used in the culturing process 
because they greatly increase the 
mortality rate of saltwater mollusks. 
Incidentally, the near-colorless bril- 
liants in these earrings are zircons. 

RC 


Unheated RUBY 

with a Glass Filling 

We often associate the presence of 
glass fillings in rubies with heat 
treatment, since glass is sometimes 
used to fill the spall cavities that may 
occur on the surface of a stone during 
heating. 

Recently, we observed a glass- 
filled cavity in a 1.12-ct ruby submit- 
ted to the East Coast laboratory (fig- 
ure 11). The presence of numerous 
crystals and pristine needles, with- 
out surrounding stress cracks or 
other evidence of heating, strongly 
indicates that the stone had not been 
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Figure 11. A glass-filled cavity 
is readily apparent in this 
1.12-ct faceted ruby, which 
showed no other evidence of 
heat treatment. Magnified 
15x. 


heat treated to improve color or clar- 
ity. However, since some glasses melt 
at a low temperature, one such glass 
could have been easily applied to this 
stone without producing any indica- 
tions of heat treatment in the stone 
itself. 

The glass filling fluoresced a 
chalky yellow to long-wave U.V. radi- 
ation and contained a large gas bub- 
ble. DH 


SYNTHETIC RUBY, 
with a Glass Filling 


Figure 12, shows what appears to be a 
modern bar pin, but with an Art 
Deco design influence, that contains 
four well-matched red cabochons 
{each approximately 8.50 x 7.00 x 
4.90 mm}. When examined with a 


hand-held type of spectroscope, all 
four showed the absorption spectrum 
typical of natural and synthetic ruby. 
Three of the four contained fine in- 
tersecting needles, along with undis- 
turbed subhedral crystals, which 
proved that these three stones were 
natural in both origin and color. 
However, close examination of the 
fourth cabochon, second from the 
left in the pin, revealed curved striae 
and gas bubbles. When we viewed 
this cabochon through the back, we 
noted that the bubbles were confined 
to a shallow cavity that had been 
filled with a glass-like material (fig- 
ure 13). The curved striae are typical 
of a flame-fusion synthetic. 

On the basis of our ongoing en- 
counters with filled rubies, we rec- 
ommend that our readers not only 
continue to use the techniques out- 
lined in the article “Natural Rubies 
with Glass Filled Cavities,” by 
Robert E. Kane (Gems & Gemology, 
Winter 1984, p. 187}, but that they 
also be on the lookout for synthetics 
with this type of treatment. 


Tom Moses 


SYNTHETIC SAPPHIRE 

Flame Fusion, with 

Needle-Like Inclusions 

The East Coast laboratory recently 
had the opportunity to examine a 
1.77-ct cushion antique mixed-cut 


Figure 12. The cabochon that is second from the left in this bar pin 
was found to be synthetic ruby; the other three stones all proved 


to be natural ruby. 
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Figure 13, The synthetic ruby 
in the pin shown in figure 12 
has a glass-filled cavity. Mag- 
nified 15x. 


Figure 14. Natural-appearing 
needle-like inclusions can be 
seen against a background of 
curved growth lines in this 
flame-fusion synthetic sap- 
phire. Magnified 30x. 


flame-fusion synthetic sapphire that 
contained some needle-like inclu- 
sions. Although these inclusions 
were very “natural” looking, the 
presence of curved growth lines, also 
visible in figure 14, left no doubt that 
the stone was synthetic. On previous 
occasions, the lab has observed natu- 
ral-appearing inclusions in synthetic 
ruby and synthetic blue sapphire (see 
Gems & Gemology, Spring 1989, p. 
38, and Summer 1984, p. 111, respec- 
tively). 

When the stone was viewed in 
certain directions, the needle-like in- 
clusions were more prominent than 
the curved striae and gas bubbles. As 
seen with higher magnification in 
figure 15, the needle-like inclusions 
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Figure 15. Higher magnifica- 
tion (63x) reveals that the 
“needles” in figure 14 are actu- 
ally strings of tiny gas bubbles. 


are actually strings of tiny gas bub- 
bles. The inclusions seen in this 
stone are an uncommon mix for a 
synthetic sapphire, which is usually 
an “easy” identification. This should 
serve as a reminder that no identi- 
fication should be taken lightly. 
“ Nicholas DelRe 
) 
Orange or Yellow 
Historically, the distinction of natu- 
ral from synthetic orange (“pad- 
paradscha”| and synthetic yellow 
sapphire has been the most difficult 
of the sapphire separations. Some 
stones contain virtually no identify- 
ing inclusions, and curved striae may 
not be readily visible in synthetic 
sapphire in this color range (R. T. 
Liddicoat, Jr, Handbook of Gem 
Identification, 1977). Even today, 
there are synthetic yellow and syn- 
thetic orange sapphires that prove 
difficult to identify. For these deter- 
minations, we are now using a blue 
filter with the microscope in a tech- 
nique that was initially reported by 
B. W. Anderson and was later de- 
scribed by R. Hughes in an ICA Lab 
Alert and a brief Journal of Gemmol- 
ogy article (Vol. 21, No. 1, 1988, pp. 
23-25). 

This technique involves placing a 
translucent, medium dark blue plas- 
tic filter (just under 3 mm thick} over 
darkfield or transmitted illumina- 
tion. The stone is then positioned ina 
stone holder over the blue-filtered, 
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Figure 16. The use of a translu- 
cent, medium dark blue plas- 
tic filter over transmitted illu- 
mination accentuates the 
curved color banding in this 
5.16-ct yellowish orange syn- 
thetic sapphire. Magnified 10x. 


diffused illumination and is exam- 
ined in different directions. Curved 
yellow to orange color banding fre- 
quently becomes visible (figure 16} 
with this combination of color con- 
trast and diffused lighting. Curved 
color banding is often more apparent 
in synthetic yellow and synthetic 
orange sapphires with the blue filter 
technique than it would be without 
it. RK 


Imitation TURQUOISE 


The following report was reminis- 
cent of one in the Winter 1965 issue; 


Figure 17. Magnification (at 
45x} of the scraped surface of 
the acid-treated chip of imita- 
tion turquoise revealed curls 
of the plastic binder. 
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it would appear that some things 
never change. The East Coast labora- 
tory recently received a large piece of 
light, slightly greenish blue material 
for identification. Although the color 
was suggestive of turquoise, the R.I. 
of 1.56, hardness between 2 and 3, 
and S.G. of less than 2.57 eliminated 
natural turquoise as a possibility. 
The surface of this material was 
smooth, and magnification revealed 
a molded appearance on one comer. 

With the permission of the client, 
we broke off several millimeter-size 
chips for closer examination. The 
effervescent reaction when one chip 
was placed in dilute hydrochloric 
acid indicated that the material was, 
or at least contained, a carbonate. 
However, the chip did not completely 
dissolve. After about 15 minutes the 
reaction ceased, leaving a rough, 
whitish surface quite different from 
the original. The whitish material 
that remained after the acid bath was 
easily scraped. These scrapings not 
only looked like plastic (figure 17}, 
but when touched with a hot point 
they also gave off an odor characteris- 
tic of plastic. The smooth surface 
below the scraped area reacted again 
to hydrochloric acid. 

The infrared spectrum taken on 
another chip yielded a curve that was 
indicative of calcite, thus confirming 
the carbonate identification. Al- 
though I.R. spectroscopy is often 
useful for identifying plastic treat- 
ment, the diagnostic plastic peaks 
fall at the same energies as broad 
peaks in the spectrum of calcite. 
Thus, the calcite spectrum of this 
piece hid any infrared evidence of 
plastic treatment. Ilene Reinitz 


Because of space constraints, we 
could not publish the Historical 
Note feature in this issue. 


FIGURE CREDITS 


Figures 1 and 2 are by Shane F. McClure. 
Nicholas DelRe supplied figures 3, 4, and 
10-15. Figures 5 and 6 are by John |. 
Koivula. Dave Hargett is responsible for 
figures 7, 9, and 17. Figure 8 is by Tom 
Moses. Figure 16 is by Robert E. Kane. 
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DIAMONDS Se 


De Beers announces world’s largest synthetic diamond 
crystal. Scientists at the De Beers Diamond Research 
Laboratory (DRL) in Johannesburg, South Africa, have 
successfully synthesized a 14.2-ct good-quality indus- 
trial monocrystal diamond (figure 1). This is believed to 
be the largest synthetic diamond yet manufactured. 
Over 500 hours of high-temperature, high-pressure run- 
ning was required to produce the diamond, which called 
for prolonged maintenance of the delicately balanced 
conditions necessary for successful synthesis. This syn- 
thetic crystal is considerably larger than the normal 
industrial monocrystals, which are laser sliced into 
components for high-tech diamond tools such as high- 
pressure anvils, scalpel blades, heat sinks, and radiation 
counters. 

According to Dr. Robert Caveney, director of re- 
search at DRL, “Synthesizing a stone of this size is 
extremely expensive and would not in the normal course 
be commercially viable. However, it is necessary to 
experiment and test our technology and equipment, to 
continually push the boundaries further outward, and 


Figure 1. This 14.2-ct good-quality industrial 
monocrystal synthetic diamond is reported to 
be the largest synthetic diamond yet manufac- 
tured. Photo courtesy of De Beers Industrial 
Diamond Division (Pty.) Ltd. 


300 Gem News 


this was part of such an exercise.” De Beers continues to 
emphasize that crystals of this nature are produced only 
in the course of experimentation and strictly for indus- 
trial purposes. 

Previous largest synthetics have also been products 
of De Beers Industrial Diamond Division technology. In 
the early 1970s, a 6.75-ct synthetic diamond was manu- 
factured; and in 1987, an 11.14-ct stone was produced 
{illustrated on page 191 of the Winter 1987 issue of 
Gems & Gemology). 

In addition to Dr. Caveney, members of the DRL 
research: team that successfully synthesized this dia- 
mond include: Moosa Adia, assistant director of re- 
search; Robbie Burns, head of large monocrystal devel- 
opment; and Vesna Cvetkovic, Carlton Dodge, Lorraine 
Donatos, and Dennis Welch. 


China-cut diamonds sold in Singapore. Diamonds cut in 
factories in Shanghai were sold at the first Shanghai 
Diamond & Jewelry Trade Fair, held August 16-18, 1990, 
in Singapore. A total of 646 ct of the 1,400 ct offered sold 
at the fair. Individual stones ranged from 0.03 to 3.0 ct; 
596 ct ranged from 0.2.0 to 0.50 ct, while about 50 ct were 
over 1 ct, The stones were described as being of good 
make, F to K color, and VVS to VS clarity. (Jewellery News 
Asia, September 1990) 


Guyana mining development. An agreement has been 
reached whereby Ivanhoe Capital Corp. can acquire a 
65% interest in Golden Star Resources’ Mazaruni al- 
luvial diamond properties in Guyana, South America. 
According to the agreement, Ivanhoe will provide up to 
$C4 million in funding for exploration and development. 
The three properties are located in the Kurupung- 
Enachu region about 200 km southwest of Georgetown. 
(Mining Journal, September 7, 1990) 


COLORED STONES is 
Possible foreign participation in Afghan mining. Af- 
ghanistan is well known as an important source of a 
number of gem materials, notably lapis lazuli, tour- 
maline, kunzite, and emerald. A recent report indicates 
that vast gold reserves have been discovered in that 
country as well: Deposits estimated to contain 20 tons 
of gold have been uncovered by Soviet geologists along 
the northeastern border of Badakhshan, with an addi- 
tional 15 tons identified in the region’s Samthi area. 
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In an effort to raise funds for mining projects, the 
Afghan government is expected to amend its constitu- 
tion to permit foreign investment in mineral resources. 
While the primary goal may be to develop a gold-mining 
industry, the proposed legislation could also open up the 
country to more extensive gemstone mining. (Diamond 
Intelligence Briefs, August 1, 1990} 


Novel assembled stone. Some unusual assembled stones 
have been manufactured to exhibit or enhance optical 
phenomena. These include cat’s-eye opal triplets and 
“star” stones produced by cementing a thin metal plate 
etched with three sets of intersecting lines to the base of 
a synthetic corundum cabochon. 

Nanette Forrester of American Lapidary Artists, Los 
Angeles, showed us what could be described as a new 
“high-tech” type of assembled stone: quartz cabochons 
backed by computer chips. When these stones were 
illuminated from above, some exhibited fairly distinct 
four-rayed stars as well as subtle interference colors 
(figure 2). 

Ms. Forrester subsequently donated two of these 
unusual composites to GIA for further examination. 
Magnification revealed that the asterism was caused by 
reflections of light from the tightly spaced microcircui- 
try of the computer chip, which formed complex pat- 
terns that intersect at 90°. The tight spacing also 
produced a diffraction-grating effect, resulting in the 
interference colors. 

Denton J. Anderson of Gemological Services, Denver, 
Colorado, created and produces these novel “gems.” He 
told us that the computer chips are cut from silicon disks 
that are 10 cm (4 in.} in diameter and about 1.2 mm 
thick. They are then topped with a cabochon of hardened 
glass or quartz {attached with an epoxy resin). Finally, a 
gold paint-like substance is applied to the back. 


Figure 2. These novel assembled stones have 
been constructed from silicon chips and quartz. 
Photo by Robert Weldon. 
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Figure 3, This craftsman in San Miguel de 
Cozumel uses a lathe-driven cotton buff to pol- 
ish a piece of Caribbean black coral. Photo by 
Robert C. Kammerling. 


Black coral industry on the Mexican Caribbean. Coral is 
an organic materia] that has long been used for ornamen- 
tal purposes. Black conchiolin coral is less commonly 
seen than the calcareous varieties; the best-known 
source is Hawaii, but it has also been found elsewhere in 
the Pacific Ocean as well as in the Indian Ocean and the 
Persian Gulf. The types of black coral found in Hawaii 
belong to the conchiolin species Antipathes dichotoma 
and Antipathes grandis. 

On a visit to the Mexican Caribbean during the 
summer of 1990, one of the Gem News editors 
observed the black coral industry centered on the 
island of Cozumel. Essentially a cottage industry, nu- 
merous “black coral factories’ (many no more than 
small gift shops catering to the tourist trade) were noted 
on the island as well as in towns along the adjacent 
mainland coast. 

The Mercado de Artesanias “Gonzaloz,” in the town of 
San Miguel de Cozumel, was typical of one of these 
small “factories.” The facility consisted of three individ- 
uals working at outdoor benches in front of a small shop 
where the finished products were sold. First, a hand-held 
jeweler’s saw was used to cut off the desired length of 
coral for fashioning. The piece was then shaped on a 
small grinding wheel, and the surfaces were smoothed 
with coarse-grit emery paper. The pieces were polished 
on a lathe-driven cotton buff with what appeared to be 
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jewelers’ rouge (figure 3}. Small detailing and piercing 
were done by hand using a coarse metal needle. 

According to the article “The Black Coral of Cozumel” 
(by N. Steinhilber, Lapidary Journal, January 1981) and 
promotional literature obtained at one of the shops, 
noted French oceanographer Jacques Cousteau discov- 
ered the black coral at depths of 65 m (about 200 ft.} 
while studying Palancar reef off Cozumel’s southwest 
coast in 1960. The coral requires approximately 50 years 
to grow to an average of 3 cm long and 5 mm wide. To- 
day, it is recovered primarily by divers from caves and 
crevices at depths of 95 m. 

Cozumel’s black coral is a gorgonacean coral, 
Gorgonia species, unlike the Hawaiian Antipathes black 
corals, For additional information on the various types of 
black coral, see H. S. Pienaar, “African Star Coral, ANew 
Precious Stylasterine Coral from the Agulhas Bank, 
South Africa,” Journal of Gemmology, Vol. 17, 1981, pp. 
589-601. 

The editor was surprised to find numerous specimens 
of apparently good-quality material while exploring 
beaches on the southeast coast of Cozumel Island. The 
January 1981 report previously cited provided a possible 
explanation, as the author of that article had had similar 
good fortune in the same area after violent storms had 
hit the island. It is quite possible that Hurricane Diana, 
which struck Yucatan only two days earlier, had assisted 
in this editor’s harvesting, 


Update on sapphire mining in Kanchanaburi. Thailand's 
Kanchanaburi Province, located approximately 100 km 
(60 mi.} west of Bangkok, is a well-known source of 
sapphires. Small-scale commercial mining activity has 
taken place continuously for over 30 years in Bo Phloi, 
which is about 40 km north of Kanchanaburi City. 
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Figure 4. Modern, large- 
capacity equipment is 
used by S.A.P. Mining 
Co. to process the gemi- 
ferous gravels it mines 
near Bo Phloi in the 
Kanchanaburi district. 
Photo by Robert C. 
Kammerling. 


Activity in this area expanded significantly in the late 
1980s, with the introduction of heavy excavating equip- 
ment. A report in the April 1990 issue of JewelSiam 
carried a brief interview with the provincial governor, 
who said that the province has adequate reserves to meet 
“strong demand” for the next 15-20 years. He also 
identified that there are 50 mines in the province, of 
which about 20 are operating profitably. 

In January 1990, one of the Gem News editors had an 
opportunity to visit a large, mechanized operation of 
S.A.P. Mining Co. The site visited is reached by driving 3 
km north of Bo Phloi on route 3086, then traveling about 
3/4 km west on an unpaved local access road. Company 
president Paiboon Pimpisitthavorn and other executives 
provided information and a tour of their facilities. 

This operation uses from 300 to 500 employees, most 
of whom are recruited locally. At the time of the visit, 
the firm had identified 72 km2 of productive area, and 
approximately 1,000 acres were being worked. Before 
excavation begins at a particular site, cores are drilled 
into the sapphire-bearing gravel layer, a secondary de- 
posit weathered from the surrounding basaltic moun- 
tains. If this layer is found to be at least 3-5 m thick, the 
area is worked; if not, it is held in reserve for possible 
future development. 

A promising site is mined by first stripping the 
overburden —typically 15 m thick—with heavy equip- 
ment. The gem-bearing gravels, called kasa, are then 
transported by truck to the on-site processing plant 
(figure 4], where they are stockpiled to insure continued 
production even during the rainy scason, when flooding 
often halts mining. (Admirably, because of ecological 
concerns, excavated areas are refilled with overburden 
and prepared for agricultural cultivation. Water is also 
recycled, and no chemicals are used.} 
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Processing of the gravels begins by washing them with 
high-pressure water cannons to remove clay and sand 
and then passing them through a coarse screen to 
remove larger rocks. The remaining material is trans- 
ported first to one jig, a cone-shaped rotating grid, for 
further separation, and then to another, which uses the 
principle of gravity separation to produce a final concen- 
trate. The final sorting and extraction of gem materials 
is done by hand. Black spinel, black pyroxene, and red 
garnet are also recovered. 

A visit to the sorting rooms at the site revealed that 
most of the sapphire recovered was medium to dark blue, 
with some green and a few (2%-3% of total sapphire 
yield) light yellow stones. The yellow material can be 
heat treated to produce light “lemon” yellow to bright 
yellow to “cognac” orangy brown stones. Some of the 
sapphire rough is sold as-is to dealers who visit the mine 
site. Other material is examined by S.A.P employees, 
then heat treated and cut in-house. 

Some of the faceted stones were examined at the 
mining facility. Although these stones were somewhat 
less saturated (more “grayish”) than heat-treated Sri 
Lankan sapphires, they were closer in appearance to the 
Sri Lankan material than to the dark, inky sapphires 
people have come to associate with “Thai” sapphire. 

The editors thank Messrs. Paiboon Pimpisitthavorn, 
Ampan Jarukuosol, and Chaiyaporn Chanpen, of S.A.P. 
Mining Co., for their hospitality. Thanks also to Ms. 
Songlot Bhayakaporn and Thomas J. Ba Ross, S. P. Color 
Stones Co., Bangkok, for arranging the visit. 


Peace pact for Colombian emerald region. According to 
Ron Ringsrud of Constellation Gems, Los Angeles, the 
two major factions that had been fighting in the main 
emerald-mining region of Colombia signed a peace pact 
on September 8, 1990, in Chiquinquira, Boyaca. As of the 
end of 1990, the pact appears to have halted the often- 
violent confrontations that took place not only in the 
Muzo region but also in the streets of Bogota, the capital 
and main emerald-trading center. A physician who spent 
1989 in the Muzo-Cosquez region estimated that, on 
average, 120«people died every month asa direct result of 
the conflict. 

Contrary to numerous published reports, Mr. Rings- 
rud’s contacts insist that the violence in the area has 
always been related to the emerald trade, not to drugs. 
The misperception arose in 1987, when the leader of one 
of the warring townships joined forces with drug cartel 
chief Rodriguez Gacha (known as “El Mexicano”) in an 
attempt to take over control of the Muzo mine through 
terrorism. This ended with Gacha’s violent death in May 
1989, 

Recently, there has been significant progress in the 
organization of dealers and exporters in Bogota. A new 
Emerald Trade Center is scheduled to open in late 1991, 
and a Colombian Association of Emerald Exporters was 
recently formed. Emerald production is expected to rise, 
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and miners and dealers alike are more optimistic about 
the future of the emerald industry in Colombia than 
they have been in years. 


Unusual color-zoned garnet. A number of gem materials 
commonly display color zoning. Some of these, such as 
bi- and tri-colored tourmaline, may be cut intentionally 
to display and emphasize the individual colors; others, 
such as amethyst, with zones of colored and colorless 
areas, will be cut in such a way that the colorless areas 
are masked, producing a stone that “faces up” with 
uniform color. 

Garnets are usually colored uniformly. However, Dr. 
Byron Butler of World Gems/G.S.G., Scottsdale, Arizona, 
recently sent us for examination the 1.42-ct garnet 
shown in figure 5. This modified hexagonal step cut, 
reportedly from an African locality, displayed strong 
color zoning in light brownish yellow and medium 
brownish orange that was only partially masked face-up 
by the cutting. 

Gemological examination of the stone revealed the 
following properties: transparent; singly refractive; 
green with some reddish orange “flashes” through the 
Chelsea filter; very weak brownish red fluorescence to 
long-wave U.V. radiation, with a similar but slightly 
chalky reaction to short-wave U.V. and no phosphores- 
cence to either wavelength; no visible absorption fea- 
tures noted with a desk-model spectroscope. Magnifica- 
tion revealed small, colorless, rounded protogenetic 
birefringent crystals of what may have been apatite; 
healed fractures were associated with some of these 
crystals. 

We encountered one particularly puzzling gemologi- 
cal property: R.I. readings of 1.738 on the lighter section 


Figure 5. Color zoning such as that shown by 
this 1.42-ct stone is very unusual for garnets. 
Photo by Maha Smith. 
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of the stone, and 1.748 on the darker portion. Careless 
testing could lead one to believe that the stone was 
doubly refractive with a 0.010 birefringence. 

We concluded that this was a color-zoned grossular 
garnet. It is quite possible that a greater concentration of 
the chromophore on the darker section of the stone was 
also responsible for the higher R.I. reading obtained 
there. 


Heavy liquids studied in Australia. Heavy liquids con- 
taining organic compounds have long been used in gem 
identification and in mineral separation, including the 
separation of diamond from sands, Concerns relating to 
occupational health and safety, as well as the complex 
controls required, have limited the large-scale use of 
heavy-liquid separation. 

The Australian Mineral Industries Research Associa- 
tion (AMIRA) is embarking on a two-year study aimed at 
identifying relatively nontoxic heavy liquids for use in 
mineral separation. According to the proposal, a range of 
inorganic compounds~—especially the polyanions—are 
to be investigated to determine their application in 
producing heavy liquids as solutions in water or other 
safe solvents. (Mining Magazine, July 1990} 


Black cat’s-eye opal. The Fall 1990 Gem News column 
described a yellow opal that exhibited true chatoyancy 
and in earlier columns we have discussed assembled 
cat’s-eye opal triplets. Recently, Neal Dwire of Neal 
Dwire Gemstones, Tucson, Arizona, showed us an at- 
tractive chatoyant black opal (figure 6). 


Figure 6. This 2.16-ct black opal exhibits play- 
of-color in the form of chatoyant bands. Photo 
by Robert Weldon. 
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This 2.16-ct oval double cabochon (9,79 x 7.79 x 5.12 
mm) was mined in Jalisco, the major opal-producing 
state of Mexico. The stone was acquired from another 
dealer who had had it in his personal collection for 
several years. 

The opal appears opaque and almost black when 
viewed face-up in reflected light; in intense transmitted 
light, such as that provided by a fiber-optic illuminator, 
it appears translucent with a dark orange-brown body 
color. The base exhibits broad areas of play-of-color in 
green, yellow, and orange, while the dome shows three 
chatoyant bands of color, one across the dome and the 
other two near the base (the latter two are not visible in 
figure 6). The top band is red in the center and green on 
either end; both side bands are predominantly green, one 
with a slightly yellowish orange center and the other 
with a blue area at one end. 

Magnification with darkfield illumination revealed 
minute, short stringers of whitish particles, direct 
transmitted light revealed a mottled Jayer that was 
vaguely reminiscent of the structure seen in tortoise 
shell. The opal had a spot R.I. of 1.44; gave a singly 
refractive reaction in the polariscope; was inert to both 
long- and short-wave ULV, radiation; appeared brownish 
orange through the Chelsea filter; and exhibited an 
absorption cutoff below 500 nm, transmitting virtually 
nothing in the blue region. 

The specimen also hada specific gravity of 2.02, rather 
low for opal. This, combined with the high transparency 
and the knowledge that porous opal from Jalisco may be 
treated, caused us to suspect enhancement. Near-infra- 
red spectroscopy, performed by Dr. Emmanuel Fritsch of 
the GIA Research Department, revealed no indication of 
either polymer impregnation or carbonaceous enhance- 
ment (such as smoke or sugar treatment). We therefore 
concluded that this was a natural cat's-eye black opal. It 
is the first such stone from Jalisco that either editor has 
seen. Opals with this type of chatoyancy have been 
reported from Idaho. 

In addition to Dr. Fritsch, the editors would like to 
thank Sam MuhImeister, of the GIA Research Depart- 
ment, and Christopher P. Smith, of the GIA Gem Trade 
Laboratory, for assistance in examining this stone. 


Exceptionally large white opal. Steven Sodokoff, of San 
Francisco Diamond Exchange, recently gave the editors 
the opportunity to examine an exceptionally large, gem- 
quality opal (figure 7). The stone, a free-form cabochon, 
measures approximately 5-1/2 x 4 x 1-5/8 inches (14.0 
x 10,2 x 4.1 cm) and weighs approximately 1 lb. 10 ozs. 
All of its surfaces are polished and there are no areas of 
matrix. Mr. Sodokoff reports that the original rough was 
recovered in 1976, from the Boi Morto mine (about 3.5 
km north-northwest of the town of Pedro II} in Piaui 
State, Brazil. It was cut by Scott Cooley, and is being 
called “Galaxy.” 

The opal is translucent with a brownish white body 
color. Face-up it displays a predominantly pinfire play- 


GEMS & GEMOLOGY Winter 1990 


of-color across its entire surface. When the stone is 
examined from directly overhead, approximately 30% of 
the top surface displays a predominantly orange play-of- 
color, while the remainder shows primarily green with 
lesser amounts of yellow flashes as well as some violet 
and red. 

What is even more unusual for a stone this size is the 
fact that the opal appears gemmy throughout: Play-of- 
color is also seen from the sides and base of the stone, the 
latter predominantly green pinfire. 

It is interesting to note the pronounced layering in the 
stone. The layers run roughly parallel to the base of the 
cabochon. 


Color-change cobalt spinel. Efraim Katz of African Gem 
Cutters, Miami Beach, Florida, loaned us an interesting 
spinel for examination. The 16.41-ct rectangular cush- 
ion-shaped mixed cut (15.72 x 13.51 x 10.58 mm}, 
appears medium dark violetish blue in fluorescent light 
and medium dark purple in incandescent illumination 
{figure 8}. 

Gemological investigation revealed some interesting 
properties: R.I. of 1.714 (lower than what is typical for 
blue spinel}; red appearance through a Chelsea filter; 
bright red transmission luminescence; moderate to 
strong chalky red fluorescence to long-wave U.V, none 
to short-wave U.V,, and no phosphorescence; and, when 
examined through prism and diffraction-grating desk- 
model gpectroscopes, a diffused absorption band at 
454-461 nm, a faint fluorescent line at 552-554 nm, and 
a strong fluorescent line at 686 nm. 

The U.V—visible absorption spectrum recorded at the 


Figure 7. This unusually large (14.0 x 10.2 x 
4.1 cm) opal shows pinfire play-of-color through- 
out. Photo © GIA and Tino Hammid. 


Figure 8. This 16.39-ct spinel appears medium dark violetish blue under fluorescent light (left) and 
medium dark purple in incandescent illumination (right). Photos © Tino Hammid. 
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GIA Research Department with a Pye-Unicam 8800 
spectroscope revealed features known to be due to Co2*+, 
which is undoubtedly the cause of the predominantly 
violetish blue color. EDXRF analysis revealed the pres- 
ence of minor amounts of chromium and _ possibly 
vanadium, one or both of which are probably responsible 
for the color change. The EDXRE analysis did not reveal 
any cobalt, probably because it is present in such a low 
concentration. 


Large topaz sculpture. Gem minerals form in a number 
of geologic environments. Pegmatites—small igneous 
bodies representing the end phase of crystallization from 
a solidifying magma — are particularly interesting to the 
gemologist because of the sometimes huge, high-quality 
crystals that form in pockets within them. In fact, these 
pockets in pegmatites are sometimes referred to as 
“nature’s jewel box.” 

Recently we had the opportunity to examine an 
exceptionally large topaz that was fashioned from a 
crystal that originated in a Brazilian pegmatite. The 
stone, a transparent very light blue-green sculpture that 
had been both faceted and carved, measures 24.6 x 10.6 
x 15.8 cm and weighs approximately 35,000 ct (figure 9}. 
The sculpture was fashioned by Lawrence Stoller and 
Glenn Lehrer, of Marin County, California. It has proper- 
ties typical of blue-green topaz, including several eye- 
visible two-phase inclusions and one eye-visible three- 
phase inclusion. 

Edward Swoboda, co-owner with Stoller and Lehrer of 
the gem, informed us that the original rough was a 79-Ib. 
(35 kg}, slightly waterworn, singly terminated crystal 
recovered from the Barra Vermelha area of Minas Gerais 
more than 40 years ago. Mr, Swoboda obtained the 
crystal in the 1950s. He had the stone sawn in the 1970s 
and cut a 20,000+-ct gem {known as the “Princess”} 
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Figure 9. This faceted 
and carved topaz sculp- 
ture weighs more than 
35,000 ct. Photo by 
Robert Weldon. 


from one portion. The sculpture recently cut by Stoller 
and Lehrer represents one of the largest fashioned 
specimens of any gem species. 

The artists found the stone to be a real challenge, 
especially the large front viewing face. Said Stoller, “This 
topaz played by its own rules. We could not apply the 
same techniques that we use in cutting smaller topaz 
gems.” Added Lehrer, “The process of cutting and polish- 
ing took place over a two-year period. We found that the 
difficulties began at the final polishing stage.” Invariably, 
they encountered scratching when the polished surface 
would pit and then the material from these pits would 
drag across the face. Several polishings were required of 
the large front face in particular. 


Cat’s-eye bicolored tourmaline. Bicolored tourmaline 
occurs with some frequency, the often distinct color 
zones resulting from changes in the environment of the 
growing crystal. However, such changes may also be 
noted as differences within the inclusion scenes in the 
different color zones. 

Recently, Ralph Mueller of Ralph Mueller & Associ- 
ates, Scottsdale, Arizona, loaned us a 20.65-ct bicolored 
tourmaline with a sharp chatoyant band at the juncture 
of the two color zones (figure 10), Examination with 
magnification revealed that the hollow tubular inclu- 
sions running parallel to the c-axis were confined to the 
blue portion of the stone, stopping abruptly where the 
pink coloration begins. 

The editors thank Robert Weldon for bringing this 
stone to their attention. 


More gems from the USSR? In a move that could result 
in more gemstone production in the USSR, Wales-based 
Robertson Consultancy Group has entered into an 
exclusive agreement to market Soviet mineral deposits. 
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Figure 10. Careful orientation by the lapidary 
placed the chatoyant band of this 20.65-ct bi- 
colored tourmaline along the division of the 
two color zones. The inclusions that cause the 
band 4ré actually confined to the blue portion 
of the stone. Photo by Robert Weldon. 


The firm will work with the Soviet Ministry of Geology 
to provide foreign mining concerns with data for assess- 
ing project potential. Although the Soviets reportedly 
prefer joint ventures, it appears that there is no longer 
any legislation that would preclude 100% foreign owner- 
ship. Seminars, exhibitions, and field trips are being 
planned to help interested parties gain an understanding 
of Soviet operating conditions and mining laws. (Mining 
Journal, July 20, 1990} 


ENHANCEMENTS 2 
Diffusion-treated sapphire update. The Summer 1990 
issue of Gems & Gemology contained a comprehensive 
article on blue diffusion-treated sapphires. Although 
this article discusses and illustrates the identification of 
loose sapphires so treated, the same identification tech- 
niques described can also be used quite effectively in 
detecting mounted stones. Robert Crowningshield, of 
the East Coast GIA Gem Trade Laboratory, provided us 
with a photograph of a diffusion-treated stone mounted 
in a ring. As can be seen in figure 11, the combination of 
immersion and diffused illumination reveals the color 
concentrations along facet junctions that are a key 
identifying feature of this enhancement. 


“Rainbow” quartz: A new enhancement. In the Fall 1990 


Gem News column we provided an update on colorless 
quartz gems on which a thin film of gold had been 
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Figure 11. Immersion and diffused illumination 
reveal the characteristic color concentrations 
along facet junctions that prove that this ring- 
set sapphire has been diffusion treated. Photo 
by Nicholas DelRe. 


Figure 12. “Rainbow” quartz is reportedly pro- 
duced by allowing molecules of silver/platinum 
to adhere to the external surface of the quartz. 
This cluster weighs 17.86 grams. Photo by 
Robert Weldon and Maha Smith. 
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Figure 13. The base of this 2.78-ct synthetic 
ruby (face up) and that of this 2.53-ct synthetic 
blue spinel (face down) have been rough-ground 
to give these cabochons a more natural face-up 
appearance. Photo by Robert Weldon. 


applied. These treated stones display both the blue to 
greenish blue transmission color of gold and surface 
iridescence. 

The Gem News editors recently became aware of 
another, similar surface treatment that is being applied 
to colorless quartz, including single crystals, crystal 
clusters (figure 12}, and some fashioned pieces, Accord- 
ing to promotional literature provided by TransGem 
Corp. of West Bend, Wisconsin (vendor of this material as 
well as “Aqua Aura” quartz], “Rainbow” quartz is pro- 
duced by “allowing molecules of silver/platinum to 
adhere to the natural electric charge which surrounds 
the quartz crystals. The extremely thin, transparent 
bond breaks light into a rainbow of colors.” 

Like ‘Aqua Aura” quartz, “Rainbow” quartz exhibits 
moderate to strong superficial iridescence in surface- 
reflected light. It differs from “Aqua Aura,” however, in 
that it does not alter the apparent body color of the 


Figure 14. The jewelry “stones” pictured here 
are all glass imitations of jadeite. Photo by Ro- 
bert Weldon. 
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Figure 15. The 4.07-ct cabochon of “Imori 
Stone” glass on the right bears a strong resem- 
blance to some pectolite from the Dominican 
Republic, as exemplified by the 28.59-ct speci- 
men on the left. Photo by Robert Weldon. 


quartz, leaving it essentially colorless. EDXRF analysis 
of the sample, by Sam Muhl meister of the GIA Research 
Department, did not show the presence of platinum or 
silver. This may be due to the fact that the applied layer is 
so thin that it is not detectable by this method. 


Figure 16. Sold as “purple onyx,” this 8.87-ct 
purple dyed quartzite could be mistaken for 
sugilite. Photo by Robert Weldon and Maha 
Smith, 
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Jade “processing.” It appears to be a somewhat wide- 
spread practice to wax- or paraffin-coat many ornamen- 
tal gem materials to improve their apparent luster. 
Nephrite and jadeite, the two jades, are often seen so 
treated. 

The prevalence of this practice was brought home to 
the editors when glancing through a Hong Kong trade 
publication, jewellery Review. The magazine included a 
one-page pictorial on how a jade hololith bracelet is 
produced. The first step in this eight-step process is 
cutting a slab of appropriate thickness. In step 2, the 
center of the bracelet is drilled out with a cylindrical bit. 
In steps 3 through 6, the bracelet takes its final form 
through four grinding operations, followed by polishing 
(step 7}. The final step, most interestingly, is described as 
“waxing,” the accompanying illustration shows a 
heavily encrusted bracelet being removed from a pot of 
liquefied wax. (Jewellery Review, Vol. 2, 1990) 


SYNTHETICS AND SIMULANTS Sy 


Natural-appearing synthetic cabochons. While looking 
through a “turmali” box of inexpensive flame-fusion 
synthetics at a local gem show, one of the editors spotted 
some oval cabochons that had a reduced transparency 
not nornfally seen in flame-fusion synthetics. Two of the 
cabochons were purchased for examination: a 2.78-ct 
synthetic ruby and a 2.53-ct synthetic blue spinel. 

Standard gemological testing confirmed the identities 
of the two specimens. Visual examination and magnifi- 
cation verified the cause of the reduced transparency: 
While both synthetics were essentially inclusion-free, 
they had irregularly shaped, rough-ground frosted bases 
(figure 13). The cabochon cut contributed to the rather 
natural appearance of the stones, as included material of 
lower transparency is often cut in this fashion rather 
than faceted. 

We remember hearing several years ago about a clever 
deception being used on some nice-colored faceted Sri 
Lankan sapphires. These stones had had their pavilion 
facets rough-ground to increase light scattering, giving 
them a “velvety” appearance like that exhibited by fine 
sapphires of Kashmir origin. They were then bezel-set 
to conceal the deception and passed off as Kashmir 
sapphires. 


Thailand cutting CZ. In addition to being a major 
cutting center for colored stones and an increasingly 
important country for diamond cutting, Thailand is also 
fashioning significant amounts of cubic zirconia. In 
1989, Thailand exported 13,256 kg (66,280,000 ct} of 
polished CZ, according to the Thai Department of 
Business Economics. The major market was the United 
States, which imported 4,326 kg. Both figures represent 
an approximately 13% increase by weight over 1988. 
(Jewellery News Asia, September 1990} 
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Glass imitation jadeite. From time to time, the Gem 
News editors see interesting glass imitations. Recently, 
one of the editors spotted some attractive imitations of 
“Imperial” jadeite (figure 14) being offered by street 
vendors both in the Chinatown area of Los Angeles and 
in Hong Kong. 

The color of the piece fashioned as a saddle-cut 
hololith ring was fairly uniform and similar to that of 
very fine green jadeite. Another piece, a “carved” circu- 
lar disk set in an imitation gold bale for use as a 
medallion, exhibited a less saturated color in a mottled 
pattern, a color distribution common in jadeite jade. 
Magnification revealed the gas bubbles and swirled 
striae (schlieren] typical of glass imitations in all pieces. 


A glass imitation pectolite? Pectolite is a translucent to 
opaque greenish blue ornamental material that often 
shows one or more fibrous radial patterns. lt has been 
marketed under the trade name Larimar. 

“Imori Stone” is a partially devitrified glass into which 
fibrous inclusions are induced to give it a fibrous 
appearance overall. “Imori Stone” has been produced ina 
number of colors, with the greenish material used to 
imitate jade. In the course of studying “Imori Stone,” we 
noted that it also occurs in colors that make it look quite 
similar to pectolite. Figure 15 shows a cabochon of this 
glass imitation next to a cabochon of pectolite. 


Dyed quartz imitation of sugilite? One of the more novel 
stones we have examined recently is a semitranslucent, 
dark purple oval single cabochon {figure 16] that was 
purchased as “purple onyx.” The stone was donated to 
GIA by Ed Barker, whose father obtained it in New 
Mexico. The material is being set in Indian jewelry and 
sold in considerable quantities. 

Standard gemological testing identified the gem as a 
quartzite. While the color appears uniform in overhead 
illumination, strong transmitted light reveals a dense 
mass of dark purple color concentrations in fractures 
surrounding what seem to be essentially colorless 
grains. The stone appears brownish orange through a 
Chelsea color filter and is inert to both long- and short- 
wave U.V. radiation. Spectroscopic examination revealed 
a very weak, diffused absorption band at approximately 
491-503 nm, a prominent band at 529-572 nm, and 
some extremely weak general absorption through the 
yellow-green region. A slight purple discoloration was 
produced on an alcohol-dipped cotton swab rubbed 
across the stone’s base; an acetone-dipped swab pro- 
duced a similar but darker and more noticeable dis- 
coloration. 

While this dyed quartzite may be marketed as “purple 
onyx,” it could easily be mistaken visually for manga- 
noan sugilite. Since receiving the original specimen 
from Mr. Barker, we have seen more of this material in 
the trade. 
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DIAMONDS 


Study of prospecting mineralogy of spinel group in 
kimberlites in China. Q. Shuying, D. Chujun, and 
G. Yuemin, Abstract, 15th General Meeting, In- 
ternational Mineralogical Association, June 
28—July 3, 1990, Beijing, China, pp. 89-91. 
The authors demonstrate the use of spinel-group min- 
erals as a prospecting aid in the search for diamond- 
bearing kimberlites. By plotting the composition of 
spinels on an Al-Cr-Fe (or Ti) ternary diagram, they 
illustrate how spinels from diamond-bearing kim- 
berlites differ in composition from spinels associated 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest to 
our readership. 


Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstracter 
and in no way reflect the position of Gems & Gemology 
or GIA, 
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with diamond-poor kimberlites. They also demonstrate 
the similarity of spinel composition between diamond- 
bearing kimberlites from the Yakutia region of the Soviet 
Union and those in China. JES 


COLORED STONES 
AND ORGANIC MATERIALS 


The American connection. J. Culp Zeitner, Lapidary 
Journal, Vol. 44, No. 2, May 1990, pp. 59-70. 


A number of gem materials have been named for their 
associations with American places and people, as was 
acknowledged at the recent CFMS/AFMS National 
Show in California. Most of these names are variety and 
trade names. Ms. Zeitner provides some interesting 
information on the derivation of some well-known (and 
not so well-known) minerals. Often they are named after 
a person: bixbite (an early term for red beryl], after a gem 
and mineral dealer; fiddicoatite (a calcium lithium 
aluminum tourmaline], after Richard T. Liddicoat; 
kunzite, after George Frederick Kunz; morganite, after 
J. P Morgan; and pumpellyite (chlorastrolite), which is 
the state stone of Michigan, after Raphael Pumpelly of 
Keweenaw. Names derived from localities are even more 
numerous: danburite, from Danbury, Connecticut; or 
benitoite, after San Benito County, California. Three 
photos, two in color, accompany this interesting article. 

WRV 
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An American gem geography. D, Federman, Modern 
Jeweler, Vol. 89, No. 6, June 1990, pp. 61-67. 


Highlighted in this article are some of the major gem 
deposits of the United States. Mr. Federman briefly 
discusses the locations and mining histories of U.S. 
deposits of turquoise, freshwater pearls, tourmaline, 
diamond, sapphire, ruby, peridot, opal, and amethyst in 
chronological order of discovery. In addition, there are 
several beautiful photographs of these American gem- 
stones used in jewelry. Also provided is a full-page map 
of North America with major gem localities in the 50 
United States indicated. Mr. Federman points out two 
additional sources of information on this subject, ac- 
knowledging that this article is intended only to intro- 
duce the reader to the vast and varied occurrences and 
histories of American gem treasures and their role in the 
world market. CPS 


Examination of an interesting cultured blister pearl. R. 
Kammerling, J. Koivula, and R. Kane, Australian 
Gemmiologist, Vol. 17, No. 5, 1990, pp. 174-175. 


While in China, senior author Robert Kammerling 
purchased an intriguing half shell with a large blister- 
pearl image of the goddess Kwan Yin. Inserting objects in 
mollusks to produce unusually shaped blister pearls has 
been pratticed in China for centuries. This article 
concentrates on the kinds of materials that are used to 
produce these blister pearls. Although lead is the most 
familiar, detailed examination and observation of this 
image revealed that the material was plastic. This is the 
first time that this type of insert and its methods of 
detection have been reported. Accompanying the report 
are three photographs and two X-radiographs that help 
substantiate the conclusions. RW 


Golden labradorite. J. D. Lindberg, Lapidary Journal, Vol. 
44, No. 3, June 1990, pp. 20-24. 


Mexico yields large, facetable, nonphenomenal crystals 
of this feldspar species. Mr. Lindberg reports that Benny 
Fenn has some sizable faceting material and has cut 
some large gems, including a 92-ct Portuguese cut 
(pictured in color]. One black-and-white photo shows 
“two or three pounds” of material in a double handful of 
eight crystals. A basic description of the material in- 
cludes refractive indices (one inadvertently omitted) and 
specific gravity, as well as crystal habit and inclusions. 
The only reference to the locality of this material is the 
mountainous area dividing Chihuahua and Sonora, 
Mexico, WRV 


Minerals and mineral parageneses of charoitites as a 
reflection of their genesis characteristics. K. A. 
Lazebnic and L. V. Nikishova, Abstract, 15th 
General Meeting, International Mineralogical As- 
sociation, June 28—July 3, 1990, Beijing, China, pp. 
60-61. 
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Charoitites are a rare type of rock that contain 
35%—-95% of the mineral charoite. This rock has be- 
come an important ornamental gem material because of 
its unusual purple color and its peculiar texture. The 
genesis of this rock type still remains a subject of 
controversy. The authors suggest that charoitites are of 
metasomatic origin, that is, they result from mineral 
formation that took place by simultaneous solution and 
deposition, and not by magma crystallization. As evi- 
dence, the authors cite the unusual mineralogy and 
textures of these rocks, their chemical uniqueness from 
other magmatic rocks, the acicular or fibrous crystal 
habit of the minerals, and the framework crystal struc- 
tures of these minerals that would allow the diffusion of 
chemical constituents to bring about the metasoma- 
tism. JES 


Mtorolite. G. Phillips and G. Brown, Australian Gem- 
mologist, Vol. 17, No. 5, 1990, pp. 205-207. 


Mtorolite is the name given to a green chrome-colored 
chalcedony found near Mtoroshanga, Zimbabwe. The 
authors begin by describing the history of the deposit 
and then provide the results of their examination of 
specimens held in the museum of the Gemmological 
Association of Australia’s Victorian Branch. 

The specimens investigated had the following prop- 
erties: mottled green to white chalcedonic structure; 
hardness of 7; 2.56 S.G. for light green and 2.57 for dark 
green material; uneven to subconchoidal fracture; 0.004 
form birefringence; pink to red through the Chelsea 
filter, reaction correlating to depth of body color; very 
weak milky green to long-wave U.V. radiation and weak 
milky green to short-wave; brown-red in transmitted 
white light; general absorption with some transmission 
in the green and red regions. The one internal feature 
noted was “mossy patches.” 

The authors also review the gemological properties 
reported in the literature for this material, some of 
which are not identical to (although they are compatible 
with} the results of their testing. Additional detail is 
provided as to the location and occurrence of the 
material. With respect to the latter, they note that great 
similarities exist between the mode of formation of 
mtorolite and the green chrysoprase chalcedony from 
Marlborough in central Queensland. RCK 


New crystallochemical and genetic data for turquoise. 
L. K. Yakhontova, I. I. Plyusnina, T. V. Soboleva, 
Abstract, 15th General Meeting, International 
Mineralogical Association, June 28—July 3, 1990, 
Beijing, China, pp. 121-122. 

Turquoise from deposits in Middle Asia and Armenia 

was investigated to clarify the origin of these deposits. 

Two main stages of turquoise formation could be distin- 

guished: a hydrothermal stage where turquoise formed 

as a vein mineral with quartz and pyrite, and a supergene 
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stage where turquoise crystallizes from solutions during 
weathering. JES 


Ein ungewohnlicher Granat aus Ostafrika (An unusual 
garnet from East Africa). H. Bank and U. Henn, 
Zeitschrift der Deutschen Gemmologischen Ges- 
ellschaft, Vol. 38, No. 4, 1989, pp. 161-163. 


A brownish orange 64.47-ct garnet from East Africa 
shows an R.1. of 1.739 and an S.G. of 3.74. On the basis of 
its gemological properties, it is most likely a grossular 
{hessonite}, but, according to the authors, it could also be 
a pyrope-almandine or a pyrope-spessartine (“malaya”}. 
U.V-visible absorption spectroscopy and energy-disper- 
sive microprobe analysis show this garnet to be a pyrope- 
spessartine with significant almandine and grossular 
components, the latter contributing to the low RL 

EF 


GEM LOCALITIES 


The Brazilian emeralds and their occurrences: Socoté, 
Bahia. D. Schwarz, T. Eidt, and P A. Couto, Journal 
of Gemmology, Vol. 22, No. 3, 1990, pp. 147-163. 


The Socoté emerald deposits first opened in 1983 and 
quickly became one of Brazil’s major sources. Production 
figures through 1986 are provided in conjunction with 
those of nearby Carnaiba. A discussion of regional and 
local geology reveals the typical nature of these emerald 
deposits: an ultramafite body approximately 3,650 m 
long and 200 m wide, penetrated by pegmatite veins 
accompanied by metasomatically altered zones in 
which the emerald mineralizations occur. Accessory 
minerals include molybdenite, scheelite, powellite, phe- 
nakite, chromite, asbestos, and sulfides. 

Reported values for Socoté emeralds are R.1.’s of n, 
= 1,579-1.582 and n, = 1.587—1.590, birefringence of 
—0.007-0.009, and density range of 2.67—2.72 g/cm?. 
Results of microprobe analyses for 20 emeralds and a 
variety of inclusions are given (but details of the analytic 
conditions are not provided]. Study of approximately 100 
specimens with the microscope revealed a considerable 
variety of mineral inclusions, including mica, tale, 
chlorite, actinolite, allanite, apatite, quartz, feldspar, 
carbonates, tourmaline, hematite/goethite, limonite/ 
lepidocrocite, molybdenite, pyrite, chromite, and beryl, 
as well as growth tubes and channel-like cavities, 
densely included core zones, color striae and zoning, 
fluid (two- and three-phase} inclusions, and fractures. 
Regional and geologic maps and 21 photomicrographs 
illustrate the article. CMS 


Diamonds from Kimberley, Western Australia. J. D. 
Grice and G. L. Boxer, Mineralogical Record, Vol. 
21, No. 6, 1990, pp. 559-564. 


This article presents a brief review of the discovery and 
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mining of the diamond deposits in the Kimberley region 
of Western Australia. Emphasis is given to the Argyle 
AKI mine, which is currently the largest producer of 
diamonds in the world. The extraordinary aspect of 
these deposits is the association of diamonds with 
lamproite as the host rock, rather than kimberlite. This 
type of occurrence has prompted a revision in diamond 
exploration methods throughout the world. 

While the host rocks are different, there appear to be 
no differences in diamonds from lamproites and kim- 
berlites based on statistical studies of crystal size, 
morphology, color, distribution, inclusions, and surface 
features. Details of the characteristic features of these 
diamond crystals are presented, including a brief men- 
tion of the pink diamonds that have attracted consider- 
able attention in the gem market. JES 


Famous mineral localities: De Kalb, New York. G. W 
Robinson, Mineralogical Record, Vol. 21, No. 6, 
1990, pp. 535-541. 


Transparent, light green crystals of gem-quality diopside 
from this locality have been known since the late 1800s. 
This article describes the geology, mineralogy, and min- 
ing history of this famous mineral occurrence in upstate 
New York. The diopside crystals are found in pockets or 
cavities in calcium-silicate host rocks (quartz-tremolite 
schist to massive diopside}. The crystals themselves 
range up to 7 cm across, and represent some of the best 
crystals of this mineral species ever found. The locality 
was unworked for many years, but small-scale mining 
now produces mineral specimens for collectors on a 
limited basis. Several crystals and one faceted stone are 
illustrated. JES 


Famous mineral localities: Murfreesboro, Arkansas. 
A.L. Kidwell, Mineralogical Record, Vol.21, No. 6, 
1990, pp. 545-555 


This well-illustrated article describes the geology and 
mining history of the diamond-bearing deposit near 
Murfreesboro, Arkansas. The occurrence of kimberlite 
in Arkansas has been known since the mid-1800s, but it 
was not until 1906 that the first diamonds were discov- 
ered. Since that time, this deposit has had an interesting 
history involving changes in land ownership and various 
attempts to mine diamonds on a profitable basis. Cur- 
rently, the deposit is owned by the state of Arkansas and 
managed by the state Department of Parks and Tourism, 
which allows visitors to search for diamonds for a small 
daily fee within the “Crater of Diamonds” State Park. 
The diamonds are found in a micaceous peridotite, 
first described as a kimberlite but more recently shown 
to have closer chemical and mineralogic affinities to the 
diamond-bearing lamproites of Western Australia. 
Seven peridotite bodies occur within or near the state 
park, although not all are known to contain diamonds. 
The diamond crystals themselves represent com- 
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plex forms of the isometric system, with the trisoc- 
tahedron and hexoctahedron more common than the 
octahedron and dodecahedron. Most of the crystals have 
curved faces and edges. Between 1972 and 1988, some 
13,000 diamonds were found by visitors to the state park. 
Of these, 60% were classified as white (i.e., near color- 
less), 21% brown, 17% yellow, and 2% other colors. 
About 10% of these could be considered fine gem quality 
on the basis of clarity. Nearly 40 diamonds weighing 5 ct 
or more have been reported, including a 40.25-ct crystal 
discovered in 1924 that was faceted into a 12.42-ct stone. 

The article concludes with a description of present 
mining operations in the state park, and a note regarding 
current exploration efforts in the area by several mining 
companies. Although there are no exact production 
records before 1972, when the property became a state 
park, a knowledgeable local geologist estimated that a 
total of approximately 400,000 diamonds have been 
recovered. JES 


A Kenyan gemstone from the feldspar family: Further 
observations. C. R. Bridges, G. Graziani, and E. 
Gubelin, Australian Gemmologist, Vol. 17, No. 5, 
1990, pp. 177-183. 


This article reports on a follow-up investigation of gem- 
quality feldspar recovered from a pegmatite on Kioo 
Hill, Kenya, about halfway between Nairobi and Mom- 
basa. The feldspar occurs in association with ver- 
miculite, quartz, schorl tourmaline, altered garnet, and 
kyanite. Recovery is carried out using blasting material 
and simple hand tools. 

The gem-quality material, ranging from colorless to 
blue or green, generally occurs within large, opaque 
white feldspar crystals. It has a vitreous luster; 6-6 !/2 
Mohs hardness; mean refractive indices of w = 1.531, B 
= 1.535, y = 1.539, witha corresponding birefringence of 
0.008; 2V angle of 89°; S.G. of 2.63 + 0.01; very weak 
pleochroism in colorless and bluish green; inert through 
the color filter; very weak to faint whitish fluorescence 
to long-wave U.V. radiation and inert to short-wave ULV, 
Magnification revealed some healing fissures, two-phase 
fluid inclusions, and flakes and “parcels” of vermiculite. 
X-ray diffraction and chemical analyses were also car- 
ried out. Optical observations verified the absence of the 
internal reflections that produce a schiller effect in some 
feldspars. 

The authors conclude that the material has a bulk 
composition predominantly of albite, with anorthite 
varying from approximately 5 to [1 mol.%, and that it is 
a peristeritic plagioclase feldspar which formed at rela- 
tively low temperatures. RCK 


New aspects of the emerald workings in Colombia. D. 
Schwarz, Australian Gemmologist, Vol. 17, No.5, 
1990, pp. 168-170. 


Beginning with a brief history of the Colombian emerald 
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mines, the author provides an update on activity at the 
various sites at the time of a personal visit in early 1989. 

The Muzo area was being worked by two mining 
companies: COEXMINAS and TECMINAS. The former 
had converted almost entirely to underground mining; 
the procedure is briefly described. According to the 
government-run ECOMINAS, all mining in the area will 
be underground within the next few years. The author 
notes that because this produces far less workable “waste 
rock,” the shift to underground mining will have a 
negative effect on the guaqueros who work the mine 
tailings. 

Yacopi, a new mine located about 15 km south of 
Muzo, was producing large quantities of pale-colored 
material. Poor security prevented a visit to Cosquez, 
while information on Pefas Blancas was not available 
because the area was controlled by guerillas. Production 
at Chivor was erratic, with no mining at the time in the 
Buenavista drea. Activity at Gachala was limited almost 
entirely to repair and clearance work. 

The article includes three tables of official govern- 
ment production statistics which, as the author notes, do 
not give the whole picture, since much material is 
smuggled out of the country. The author speculates that 
most of the smuggled material is sent to the United 
States. RCK 


The Pharoahs’ forgotten emerald mines. O. Grubessi, C. 
Aurisicchio, and A. Castiglioni, journal of Gem- 
mology, Vol. 22, No. 3, 1990, pp. 164-177. 


The emerald mines exploited by the ancient pharoahs, 
perhaps as early as 2000 B.C., were worked by the 
Egyptians until the 13th century A.D,, later, it appears, 
they may have been worked by the Turks. Around 1750, 
however, all activity at the mines stopped, and all 
records and knowledge of their location was lost. Redis- 
covered in the 19th century and periodically explored 
since then, the mines have never again been commer- 
cially exploited. The authors report on the information 
and samples acquired on a recent expedition by Angelo 
and Alfredo Castiglioni. Ancient caravan paths lead to 
the Sikeit region, where remains of temples and miners’ 
residences still exist. The nearby mountains are pock- 
marked with the abandoned entries and cavities of the 
Djebel Zabarah mine. 

The authors report analytic results for an un- 
specified number of Zabarah emerald specimens, includ- 
ing chemical analyses, basic physical properties, unit- 
cell parameters, and infrared spectral features. Compari- 
son with data for emeralds from eight other localities 
and two synthetic crystal-growing processes revealed 
chemical similarity to emeralds from Habachtal, Aus- 
tria, with substitution of Mg for Al in the octahedral 
site; unit-cell and infrared features are consistent with 
the chemical data. Since Habachtal emeralds were not 
known in ancient times, the otherwise distinctive char- 
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acteristics of the Zabarah emeralds should be useful 
archaeologically. The 12 illustrations include locality 
photos, infrared spectra, and comparative data graphs. 

CMS 


Sapphirine from the Kolonne area, Sri Lanka. R. R. 
Harding and E. G. Zoysa, Journal of Gemmology, 
Vol, 22, No. 3, 1990, pp. 136-140. 


This brief report provides the geologic setting for sap- 
phirine occurrences in the Kolonne region of Sri Lanka, 
as well as R.I’s, S.G.’s, birefringences, and thorough 
chemical analyses of two gem-quality blue sapphirines 
from the area. The authors point out striking sim- 
ilarities between sapphirine and serendibite. The latter 
occurs in the same area and, while not yet encountered 
in cut form, does provide a potential problem in identi- 
fication. Apparently, only X-ray diffraction or chemical 
analysis can provide a conclusive distinction between 
the two. 

The tabulation of properties for these two minerals 
provides a puzzling set of R.1.’s, apparently high and low 
values, which suggest a range of chemical compositions 
for both minerals that is not discussed; a complete 
listing of all indices would have been more useful and 
less confusing. 

Illustrations of sites and samples, a geologic sketch 
map, and tables of chemistry and properties round out 
the rest of this admirable and thorough note, CMS 


Titanite crystals from the Harts Range, Central Austra- 
lia. D. McColl and O. V. Petersen, Mineralogical 
Record, Vol. 21, No. 6, 1990, pp. 571-574. 


Well-formed gem-quality crystals of titanite have re- 
cently been found in the Harts Range, 200 km northeast 
of Alice Springs, in Central Australia. This area is 
known as a source of several gem minerals, including 
sapphirine, kornerupine, and ruby. The titanite occurs in 
a narrow vein of feldspar-rich rock, within occasional 
vugs up to 20 cm in diameter. The crystals are tabular, 
and each displays a number of crystallographic faces. 
The more perfect crystals are yellowish brown and 3 to4 
cm long. Chemical composition and unit-cell data are 
also presented. JES 


INSTRUMENTS AND TECHNIQUES 


Cathodoluminescence of diamonds. J. Just, Abstract, 
15th General Meeting, International Mineralogi- 
cal Association, June 28—July 3, 1990, Beijing, 
China, pp. 182-183. 

The author describes the use of cathodoluminescence as 

a technique for diamond identification. A majority of 

diamonds exhibit some degree of cathodoluminescence, 

which can be determined with a scanning electron 
microscope. Use of this technique allows one not only to 
identify diamond, but also to assess a specimen’s crys- 
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tallinity. Furthermore, the author points out, these 
techniques can provide information on the growth 
conditions of a crystal, and can thus be used to distin- 
guish natural from synthetic diamonds. JES 


Current issues and problems in the chemical vapor 
deposition of diamond. W. A. Yarbrough and R. 
Messier, Science, Vol. 247, 1990, pp. 688-696. 


Yarbrough and Messier provide a status report on the 
chemical vapor deposition (CVD} of synthetic dia- 
mond ~—in particular, synthetic diamond and diamond- 
like carbon thin films—addressing points that were not 
discussed in detail by Angus and Hayman in their 1988 
review paper. Because specifics of the growth meecha- 
nism are still largely unknown, the authors review 
commonalities among the numerous variations of the 
CVD growth technique. 

The Raman microprobe and X-ray diffraction anal- 
ysis are the principal techniques used to characterize the 
coatings. Although there are still technical barriers to 
quantifying the amount of nondiamond component in 
certain films, progress has been made in understanding 
the morphology and orientation of synthetic diamond 
crystals in the films. There is also interest in the 
nucleation of synthetic diamond on nondiamond sub- 
strates and the adhesion of the resulting films, but 
considerable uncertainty remains as to the precise 
mechanism involved. A more fundamental question is 
still open, too: Why does synthetic diamond form 
instead of graphite? A number of reaction schemes have 
been proposed, but none fits all the experimental data 
available. Also, why don’t other carbon polymorphs 
form? 

The authors conclude by discussing the importance 
of the prospect that from the CVD metastable growth of 
synthetic diamond, we may learn how to grow other 
metastable, well-crystallized materials with interesting 
properties, such as cubic boron nitride. EF 


A dark-field illuminator for gemmological microscopes. 
T. Linton and G. Brown, Australian Gemmologist, 
Vol. 17, No. 5, 1990, pp. 171-172. 


This report by the Instrument Evaluation Committee of 
the Gemmological Association of Australia begins with 
a brief summary of the virtues of using darkfield 
illumination in gemstone microscopy. It then proceeds 
to describe and evaluate a Japanese-manufactured dark- 
field illuminator designed for use with microscopes that 
do not already incorporate a similar lighting system. 

The authors found the instrument easy to assemble, 
install, and use, enabling the effective examination of 
even relatively nonreflective inclusions in dark-colored 
gems. Their only real criticism was that the semi-matte 
upper surface of the illuminator’s mask produced some 
confusing reflections from the surfaces of some 
high-R.I. gems. 
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This abstracter feels that such a microscope acces- 
sory would certainly be a valuable tool for those gemolo- 
gists whose microscopes do not incorporate darkfield 
illumination. Given the current gem identification chal- 
lenges provided by synthetic and enhanced gems, how- 
ever, one would be better advised to obtain a good 
stereoscopic binocular microscope with integral dark- 
field capability. RCK 


JEWELRY ARTS 


The Georges & Victoria: Jewelry as a social statement. 
A. G. Kaplan, Jewelers’ Circular-Keystone, Vol. 
161, No. 2, February 1990, Heritage Section, pp. 
270-278. 
Excerpted from Mr. Kaplan’s next edition of The Official 
Guide to Antique Jewelry, this article presents a basic 
overview of the styles, motifs, and gems that were 
characteristic of jewelry from the Georgian and Victo- 
rian periods, which encompassed most of the 18th and 
19th centuries. 

Mr. Kaplan delineates the period 1714 to 1830 as 
Georgian and briefly describes a few styles that were 
popular during that time, including naturalistic jewels, 
engraved gemstones and cameos, and the classically 
derived Directoire style. He also mentions the develop- 
ment of paste imitation gems and pinchbeck imitation 
gold to satisfy the rising middle class. 

The Victorian period, which spanned from Queen 
Victoria’s coronation in 1837 through 1900, has been 
broken into three subperiods: Early Victorian or Roman- 
tic {1837-1860}, Mid-Victorian or Grand (1860-1885), 
and Late Victorian or Aesthetic (1885-1890). Sentimen- 
tal jewelry, Gothic revival jewels, and designs that reflect 
the impact of the Great Exhibition of 1851 are referred to 
as Early Victorian styles; archeological jewelry, massive 
gold, and mourning jewelry typify the Mid-Victorian 
period; a lighter touch in metalwork and colored stones 
are sketchily cited as characterizing the Late Victorian 
period. 

While it is impossible to include everything in an 
article that is this broad in scope, the author has 
provided a general introduction to these periods, Thir- 
teen color photographs illustrate the text. EBM 


Hair jewelry: Much more than mourning. A. London and 
P London, jewelers’ Circular-Keystone, Vol. 161, 
No. 2, February 1990, Heritage Section, pp. 
282-285, 

The authors became fascinated with hair jewelry in 

1976, when they visited a small exhibit in Bennington, 

Massachusetts. This visit inspired them to research the 

history of this unusual artform. 

Originating in Norway, the practice of incorporating 
hair into jewelry spread through Scandinavia to Ger- 
many and eventually to France, England, and America. 
Used primarily in memorial jewelry, made to commem- 
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orate the passing of a loved one, the style blossomed into 
widespread popularity during the 19th century. In 1861, 
Queen Victoria went into deep mourning after the death 
of her husband, Prince Albert. For the next 2.5 years, only 
mourning jewelry was acceptable for British court dress. 
Rings, lockets, bracelets, brooches, and earrings incor- 
porating the hair of loved ones were produced in profu- 
sion; hair jewels became so popular that they were even 
mass produced. In fact, women were cautioned to make 
their own pieces to ensure that the hair used really did 
belong to their loved one. 

Besides the historical aspects of hair jewelry, the 
article also covers the ways that hair was prepared to be 
worked into jewelry and early advertisements that relate 
to the making of hair jewelry. 

Six color plates show examples of hair jewels to 
illustrate this interesting article. Unfortunately, al- 
though two books are mentioned as having information 
about how to make hair jewelry, no other bibliographic 
references are provided. EBM 


Vitreous paste gem carving. N. Tagliamonte and L. 
Tagliamonte, Lapidary Journal, Vol. 43, No. 12, 
March 1990, pp. 28-33. 


Stone carving is about as old as humanity itself and the 
carving of gem materials has become an art. Carved 
gems are used not only for personal adornment, but also 
as a symbol of a person’s power and status. 

This excellent article tells the history of paste gem 
carvings with an emphasis on its roots in Aquileia, a 
Roman colony founded in 191 B.C, (The Romans devel- 
oped the use of vitreous materials for their carvings, 
since glass was readily available, economical, and ver- 
satile.} Reasons for the popular uses of glass carvings are 
given, and authors Tagliamonte describe the mastery of 
various paste carving artists through time. Other eras 
covered are the “Dark Ages,” with the beginning of the 
famous Venetian glass, and the “Golden Age,” during 
which glass was used by such notables as Cartier and 
Tiffany. Three photographs of carvings representative of 
various eras help the reader understand the beauty and 
talent involved in the glyptic arts. RW 


JEWELRY RETAILING 


Private right to act against false advertising strength- 
ened. R. J. Jacobs-Meadway, Jewelers’ Circular- 
Keystone, Vol. 161, No. 3, March 1990, pp. 
184-185. 


The Lanham Act, which gave any person or company the 
right to sue for the misrepresentation of goods, has 
recently been revised. These latest amendments em- 
power the honest jeweler to ight back against competi- 
tors who consistently seek an unfair competitive edge, 
underkarat their goods, and/or misrepresent the quality 
of their colored stones. 

Not only does the prohibition attack misrepresenta- 
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tions, but it also attacks statements that might mislead 
or deceive. For example, if a diamond is advertised as 
“the finest there is,” this implies that the stone is “D- 
flawless.” If the stone is of lesser quality and this is not 
disclosed to the customer, the customer could sue the 
jeweler for not providing true top quality at the adver- 
tised price. Even though the stone might be a “fine” 
stone, or the “finest” for the price, the advertisement 
might be misleading and may injure the competitor. 
The Lanham Act is not considered an appropriate 
legal recourse for small independent businesses, though. 
Section 43(a) of the Lanham Act is considered to be the 
most helpful to jewelers. It promotes fair dealing of 
competitors as well as protects consumers from decep- 
tive trade practices. KBS 


PRECIOUS METALS 


Le fasi di lavorazione per trasformare il lingotto in un 
prezioso oggetto d’oro [The stages by which ingots 
are transformed into precious gold articles]. V. 
d‘Anna, Joy Oro, Vol. 4, No. 1, 1990, pp. 16-19. 
This article briefly outlines the processes needed to 
transform a gold ingot into a gold jewelry item. Ms. 
d’Anna discusses the different stages, from alloying the 
gold to rolling it into wire and sheets. The author 
emphasizes that for every gold item produced, even a 
mass-produced item like a chain, each step must be 
supervised; thus, even “industrial” manufacturing 
should be considered a craft. This article is printed 
bilingually in Italian and English. Twelve color photo- 
graphs illustrate the text. RT 


SYNTHETICS AND SIMULANTS 


Knischka-created rubies. G. Brown and S. M. B. Kelly, 
Australian Gemmologist, Vol. 17, No. 5, 1990, pp. 
199-204, 

This Gemmology Study Club Report begins with a 

comprehensive review of the literature on the synthetic 

rubies produced by Prof. P.O. Knischka of Steyr, Austria. 

It then proceeds to describe the authors’ examination of 

three specimens believed to represent post-1986 com- 

mercial production: a 0.63-ct oval faceted gem, a 4.36-ct 

“ebauchated” crystal (i.e., one with rough chiseled faces}, 

and a 1.20-ct crystal. 

The specimens ranged from medium, slightly pur- 
plish pinkish red to dark purple-red or bright “firey” red. 
Dichroism was strong in purplish red or red (ordinary 
ray} and orange-red (extraordinary ray). The samples 
were transparent with a vitreous luster. Refractive 
indices were 1.760-1.768, with a birefringence of 0.008. 
Through the Chelsea color filter, the samples appeared a 
bright fluorescent red, the same reaction produced by 
exposure to long-wave U.V. radiation. The short-wave 
reaction was either a slightly duller red or inert. The 
absorption spectrum was typical of that for ruby; spe- 
cific gravity was 4.0. 
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Inclusions noted were as follows: {1} swirling gray- 
ish “cloudiness” or “treacle,” (2) rounded high-relief flux 
glass remnants containing a contraction bubble; (3) low- 
relief cavities, some with two-phase fillings; (4) plati- 
num platelets and “needles,” (5) obvious parallel growth 
banding or zonal structures; (6) white flux infilling 
partially healed conchoidal fractures; and (7) multiple, 
high-relief, rounded, stretched, and distorted “bubbles,” 
which are possibly remnants of colorless flux glass. 
Interestingly, a two-phase negative crystal breaking the 
surface of the 4.36-ct crystal mirrored the ebauchated 
external faces of the host. 

The authors conclude from the gemological evi- 
dence that these specimens were either of the self- 
nucleated variety (“Type 4”) or ebauchated crystals 
grown on Verneuil seeds (“Type 5”}, and that at least some 
of the current production is grown in platinum crucibles 
charged with white polycrystalline flux. The report is 
well illustrated with color photographs and photomicro- 
graphs. RCK 


Synthesis of diamond from graphite-carbonate systems 
under very high temperature and pressure. M. 
Akaishi, H. Kanda, and S, Yamaoka, Journal of 
Crystal Growth, 1990, Vol. 104, pp. 578-581. 

Synthesis of large, single-crystal synthetic diamonds at 

high temperatures and pressures has been successfully 

demonstrated using a variety of metals (Fe, Co, Ni, etc.] 
as solvent-catalysts. However, the use of nonmetallic 
catalysts has also been reported in industrial patents. 

The present study was undertaken to investigate these 

claims. 

Using a mixture of graphite and the carbonates of Li, 
Na, Mg, Ca, and Sr, tiny diamond crystals were synthe- 
sized at high pressures {7.7 GPa} and temperatures 
(2150°C). These crystals, up to 20 wm, were transparent 
and colorless but poorly formed. The authors concluded 
that carbonates have a strong solvent-catalytic effect on 
the transformation of graphite to diamond. Although 
many scientific and technological problems remain, this 
study points the way toward the possible development of 
growth methods capable of producing transparent, high- 
quality colorless synthetic diamonds without metallic 
inclusions or other features indicative of a laboratory 
growth environment. 

Note: Ina second article, the authors report success- 
ful results at the same temperatures and pressures using 
graphite-sulfate and graphite-hydroxide systems. See M. 
Akaishi, H. Kanda, and S. Yamaoka (1990) High pressure 
synthesis of diamond in the systems of graphite-sulfate 
and graphite-hydroxide, Japanese Journal of Applied 
Physics, Vol. 29, No. 7, 1990, pp. L1172-L1174. JES 


TREATMENT 


Coloration in electron-irradiated beryl. W. F Rink, P FE 
Gielisse, and H. S. Plendl, Journal of Gemmology, 
Vol. 22, No. 1, 1990, pp. 33-37. 
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Near-colorless beryl! is often treated in order to create a 
yellow color. After irradiation with 3 MeV electrons 
from a Van de Graaff accelerator, two defects are created: 
a Maxixe-type color center that gives rise to a blue 
component, and an 02++Fe%+ charge transfer that 
provides a yellow component. The blue component 
disappears on heating, but the yellow color remains. The 
main interest of the article is in the details given 
regarding the irradiation procedure, since the color 
centers mentioned are already well known. EF 


MISCELLANEOUS 


Mineralogy of volcanoes. F H. Pough, Lapidary Journal, 
Vol. 43, No. 10, January 1990, pp. 74-80. 
This second in a four-part series examines differences 
among volcanoes and discusses why various minerals 
are associated with certain types of lava flows. The 
article also points out some of the cataclysmic activities 
that volcanoes display. Dr. Pough reminds us that these 
activities are still ongoing, and encourages us to be 
careful when venturing forth on Vulcan’s slopes: “On 
hot lava flows, keep your trouser bottoms tucked inside 
your boots; unseen cracks sometimes blast invisible hot 
gas. You won't sink; the lava is denser than you... .” The 
author continues to build on the modes of formation 
under which many minerals, including gem materials 
such as, peridot and some garnets, are born. Dr. Pough 
includes five of his own color photographs. WRV 


The Mining Law of 1872: Reforming it will drastically 
change the future of American mining. S. Voynick, 
Rock & Gem, Vol. 20, No. 12, December 1990, pp. 
26-32. 
When first instituted May 10, 1872, the purpose of the 
General Mining Law was to open land development in 19 
western states. Originally, one billion acres of federal 
land were available for prospecting and mining; today, 
400 million acres remain due to the establishment of 
national parks, wildlife refuges, military and federal 
training areas, etc. Recently, environmentalists, min- 
eral-royalty interests, and land-use reformers have 
pushed for a major overhaul of the Mining Law. Mr. 
Voynick provides a detailed history of the Mining Law to 
present day, as well as related withdrawal acts; discusses 
H.R. 3866, the proposal that would supersede it; and 
presents a fairly unbiased account of arguments for and 
against the reform act. This well-written, informative, 
and comprehensive article will be of interest to anyone 
concerned about the legal aspects of mining in the U.S. 
RT 


New tomb of royal splendor. W. Alva, National Geo- 
graphic, Vol. 177, No. 6, June 1990, pp. 2-11. 


When in 1988 the news of the pre-Columbian treasures 
uncovered at Sipan, Peru, reached the world, archae- 
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ological history was fast in the making. The Moche 
treasures were touted as the “richest in the New World,” 
and were compared to the treasures of Tutankhamun in 
Egypt. Located along 250 miles of Peru’s northern coast, 
the Moche culture has produced the finest metalwork in 
the Western hemisphere. As time went on, further 
chapters of this astonishing tale continued to unfold. 
The latest is written by Alva, as a sort of sequel to his 
original article (“Discovering the World’s Richest Un- 
looted Tomb,” National Geographic, October 1988). 
Here, the talented photography of Nathan Benn pulls 
you right into this unbelievable story, as you gaze on 
images of gold burial masks, effigies with lapis lazuli 
inlays, and finely crafted gold necklaces and pottery. It is 
a breathtaking catalog of some of the most exciting 
goldwork produced in pre-Columbian times. RW 


Rocks depicted in painting and sculpture. R. V. Dietrich, 
Rocks # Minerals, Vol. 65, No. 3, 1990, pp. 
224-236, 

This article is an overview of artistic representation of 

rocks in painting and sculpture throughout history. The 

earliest example is the Blue Monkey fresco from Crete, 
dated approximately 1600 B.C. During the Renaissance, 
the best-known artists depicting rocks were Leonardo da 

Vinci, Giovanni Bellini, and Albrecht Durer, In the 18th 

and 19th centuries, artists who created noteworthy 

examples include Paul Cezanne, Claude Monet, Wins- 
low Homer, and Vincent van Gogh. During this century, 
we have examples by René Magritte, Salvador Dali, and 

Georgia O'Keeffe. 

The color photographs of the paintings are espe- 
cially interesting. Photographs of paintings that are 
referred to in this excellent article but not shown can be 
found in the art books listed in an extensive appendix. 

Ron Conde 


An Urban view of jewelry. L. Urban, jewelers’ Quarterly, 
Vol. 28, No. 4, 1989, pp. 50-51. 


In the quick-paced ‘80s and ‘90s, does the jewelry 
designer have time to take a beautiful photograph of his 
or her jewelry? Urban states that “one of the most 
disappointing things about some jewelry photography is 
the ‘line it up and shoot it quick’ approach.” And yet, a 
beautiful photograph of an exquisite piece of jewelry is 
always a pleasure to behold. Urban suggests that photo- 
graphic recording can be made to look pleasurable and 
alluring, if not by learning some photographic essentials 
yourself, then by hiring a photographer to do the work for 
you. Even though the costs may seem prohibitive at first, 
a good photograph library could provide a jeweler/ 
designer with years of inexpensive advertising. 

The article also discusses general protocol when 
working with a professional photographer. A sidebar at 
the end of the article gives tips on “What Makes a Good 
Jewelry Photograph.” RW 
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GEM TESTING, 
10th Edition 


By Basil W. Anderson, revised by E. 
Alan Jobbins, 390 pp,, illus., publ. by 
Butterworths, London, 1990. 
US$49.95" 


Gem Testing was first published in 
1942, and Basil Anderson was excep- 
tionally well qualified to write it. He 
was a pioneer in establishing what is 
probably the first commercial gem- 
testing laboratory, but, more than 
that, he was an exceptionally cre- 
ative scientist. During his many 
years as director of the Precious 
Stone Laboratory of the London 
Chamber of Commerce, he added 
significantly to the gem tester’s arse- 
nal. Before Basil Anderson, the spec- 
troscope was not regarded as a gem- 
ological instrument. His long series 
of articles on spectroscopy in the 
Gemmologist magazine was a clas- 
sic, and added materially to the liter- 
ature on gemology and to the effec- 
tiveness of the gemologist in all 
kinds of identification problems. 

Not only was Basil Anderson an 
exceptional scientist, but he was also 
an outstanding teacher and a gifted 
writer. Most of his writings were 
highly technical in nature, but they 
were written to be easily assimilated 
by most gemologists, and often they 
were written with a twinkle. From 
time to time, when using Gem Test- 
ing, one encounters the light touch 
that characterized Anderson’s writ- 
ing. 

Gem Testing was a beautifully 
written and very lucid text in Ander- 
son’s day. Alan Jobbins, editor of the 
Journal of Gemmology and former 
curator of Gems and Minerals at the 
Geological Museum in London, is an 
excellent writer and communicator 
in his own right. He has added chap- 
ters on gemstone enhancement and 
on the manufacture of synthetics and 
other substitutes, and he has updated 
the text where new developments 
warranted. But he has not made 
changes in Anderson’s text where 
they were not essential. 

For those few gemologists and 
students of gemology who are not 
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Elise B. Misiorowski and 
Loretta B. Loeb, Editors 


already familiar with Anderson’s 
great classic, Gem Testing ap- 
proaches identification with the 
question: “Is this a diamond? —or a 
ruby?, oran emerald?” After 11 chap- 
ters on the properties of gemstones 
and the equipment available to de- 
tect or quantify them, Anderson 
wrote 17 chapters on specifics of how 
to identify all of the major and many 
minor gems and substitutes. His ob- 
servations, accumulated over a life- 
time in the gem laboratory, make 
available to everyone the experience 
of an especially insightful, meticu- 
lous, intelligent, and creative scien- 
tist. 

I commend Alan Jobbins for up- 
dating a classic work very effectively, 
enhancing rather than detracting in 
any way from the qualities that have 
made Gem Testing a must for every 
gemologist’s—and gemmologist’s — 
library. 

RICHARD T, LIDDICOAT 


Chairman of the Board, GIA 
Santa Monica, CA 


ENGAGEMENT AND 
WEDDING RINGS: 

The Definitive 

Buying Guide for 

People in Love 

By Antoinette Matlins, Antonio Bo- 
nanno, and Jane Crystal, 269 pp., 
illus., publ. by Gemstone Press, 
South Woodstock, VT, 1990. 
US$14.95° 

The authors have distilled a great 
deal of information into this book's 
large-size paperback format, and 


they present it to the layperson in a 
manner that is lively and well orga- 
nized, While very little of the infor- 
mation will be new for the gemolo- 
gist, others may find the book a 
useful reference guide. 

Although the subtitle might lead 
potential readers to think that the 
book focuses only on diamonds, the 
eight parts actually contain a wealth 
of information for the consumer on 
many additional subjects, including 
colored stones, jewelry history, de- 
sign, appraisals, and insurance. The 
difficult topics of grading reports and 
pricing are handled in a balanced, 
instructive fashion, with the advan- 
tages of shopping at a reputable jew- 
eler clearly discussed. 

The diamond sections cover ev- 
erything from size and shape to the 
effects of clarity and color on price. 
They also explain the importance of 
cut and proportion. Unfortunately, 
some of the information may be ex- 
cessive for the average consumer, and 
the inclusion of current price charts 
will date the book prematurely. 

However, the part on colored 
stones includes notes on the more 
common gem materials and some of 
the more exotic stones seen on the 
market today, and, therefore, enables 
the book to be more than a one-time 
reference. Careful, accurate explana- 
tions of synthetics, simulants, mis- 
nomers, and treatments are also pre- 
sented, 

The book includes a good index, 
a bibliography, and a series of appen- 
dices detailing gemological associa- 
tions and laboratories; many of the 
latter appear to be jewelry stores 
with Certified Gemologist Appraiser 
(CGA) or Master Gemologist Ap- 
praiser (MGA] titleholders on staff. 

Although the text of Engage- 
ment and Wedding Rings is well 


*This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. Telephone: 
(800) 421-7250, ext. 282. 
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illustrated with line drawings and 
black-and-white photos, the color 
section is disappointing. It consists 
mainly of badly reprinted advertising 
material, which is properly credited 
but does very little to enhance the 
usefulness of this volume. 

Overall, this is a book for the 
interested consumer rather than the 
gemologist, but, because it is both 
accurate and well written, it makes 
an enjoyable guide for everyone. 


LISA §. ROUTLEDGE 
Instructor, Resident Gemology 
GIA, Santa Monica 


ISLAMIC RINGS AND 
GEMS — THE ZUCKER 
COLLECTION 


Edited by Derek J]. Content, 551 pp., 
ilus., publ, by Philip Wilson Pub- 
lishers, London, 1987, US$115.00° 


This massive tome covers a topic 
that hitherto seems to have been 
overlooked: Islamic goldwork and 
gem carving from the seventh to the 
19th éetturies. While there have 
been several articles written on var- 
ious aspects of this subject, as well as 
passing-references in many books 
peripherally related to it, this seems 
to be the first book to concentrate on 
this specific area. 

Essentially, the work is a de- 
tailed description of a personal col- 
lection of Islamic gems and rings 
assembled by Benjamin Zucker. De- 
rek Content and Ludvik Kalus pre- 
pared the descriptive catalogue of 
each jewel, which makes up the body 
of the book. The section that follows 
the catalogue, titled “The Craftsmen 
and Their World,” analyzes the sig- 
nificance of the collection in four 
chapters. The first, Ralph Pindar- 
Wilson’s excellent historic account 
of “Seals and Rings in Islam,” is 
followed by Jack Ogden’s “Islamic 
Goldsmithing Techniques in the 
Early Medieval Period” and Joseph 
Saden’s “The Art of the Goldsmith 
Reflected in Medieval Arabic Litera- 
ture.” The fourth chapter is a gloss- 
ary of Medieval Judeo-Arabic gold- 
smithing terms by Hadassa Shy. 

Every aspect of the text is pre- 
sented in English, Arabic, and 
Hebrew, undoubtedly a tremendous 
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task. Each chapter is footnoted and 
has its own bibliography, making the 
book a very useful reference for fu- 
ture scholars. Black-and-white pho- 
tos of the rings and gems are taken 
from various angles to show impor- 
tant features. A very important note 
concerning the orientation of the 
photographs is found on the pub- 
lisher’s page. Several of the pieces are 
also depicted in color, often magnif- 
ied to show details of the spectacular 
workmanship and apparent quality. 
The only complaint that these re- 
viewers had was that the quality of 
the photographs did not meet expec- 
tations in relation to the other quali- 
ties of the book. 

The gems, frequently inscribed 
or carved as ring stones, seals, or 
talismans, include carnelian and 
other chalcedonies, lapis, turquoise, 
and malachite. Regrettably, fewer 
than one-third of the gem pieces 
described are shown in the 14-page 
color section, leaving these reviewers 
feeling teased and wanting more. 
Otherwise, this book is a milestone 
work on the subject and would be a 
welcome addition to the library of 
any appraiser, gem collector, or 
jewelry lover who is interested in the 
subject matter. 


MICHAEL and PAT GRAY 
Graystone Enterprises 
Venice, CA 


OTHER BOOKS RECEIVED 


The Diamond Ring Buying Guide, 
How to Spot Value and Avoid Ripoffs, 
by Renee Newman, 140 pp., illus., 
publ. by International Jewelry Publi- 
cations, Los Angeles, 1989, 
US$12.95." This highly informative 
guide is intended for the first-time 
shopper who knows very little about 
evaluating diamonds or jewelry 
craftsmanship, but it could also ap- 
peal to the enthusiast craving more 
information about diamonds. The 
scope of the book ranges from gen- 
eral facts about diamonds to more 
technical grading terms. It also con- 
tains pertinent information on differ- 
ent cutting styles, as well as on gold 
and other alloys, to help the con- 
sumer make intelligent purchasing 
decisions. 
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Other topics covered include 
how to select the right setting, the 
pricing of quality, and how to choose 
a personal jeweler. The author uses 
photos to explain clarity and cut 
grades, as well as the different tests 
involved in identifying diamond sim- 
ulants. Self-tests at the end of every 
chapter prompt the reader to focus on 
the significant points covered. 

The Diamond Ring Buying 
Guide is a useful book for the first- 
time diamond purchaser, the gemolo- 
gist who needs a good review on 
diamonds, and the retailer seeking 
more information to give to cus- 
tomers, 


KAREN BABCOCK STARK 


Le Lapis Lazuli, Son Histoire, Ses 
Gisements, Ses Imitations (Lapis 
Lazuli, Its History, Deposits, and Im- 
itations), by Claire da Cunha, 139 
pp., illus., publ. by Le Rocher, Mon- 
aco, 1989, This attractive study of 
lapis lazuli as a gem material is the 
first book entirely dedicated to this 
gem. It is structured into three main 
parts. In the first, Ms. da Cunha 
concentrates on ancient sources and 
uses of lapis lazuli. In the second 
part, she provides detailed descrip- 
tions of the modem sources of lapis, 
an exhaustive study of the structure 
and chemistry, as well as an exten- 
sive review of identification pro- 
cedures, from classic gemological 
methods to such sophisticated tech- 
niques as electron microprobe anal- 
ysis and Raman and cathodolu- 
minescence spectroscopies. The 
author concludes the volume with a 
complete list and description of the 
various lapis lazuli treatments, syn- 
thetics, and imitations. 

Several useful experiments and 
observations that have never been 
previously published are of particu- 
lar note. Although the book is writ- 
ten entirely in French, it is illus- 
trated by numerous informative fig- 
ures (e.g., color photographs, detailed 
maps, and spectra} that will be useful 
to all gemologists. The author’s thor- 
oughness in describing this fascinat- 
ing gem reflects her many years of 
experience teaching gemology. 


EMMANUEL FRITSCH 
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SUBJECT INDEX 


Index 


to 
Volume 26 


Numbers 1-4, 1990 


This index gives the first author {in parentheses} and first page of the article, Gem News {GN], or 
Gem Trade Lab Notes (GTLN) section in which the indexed subject occurs. The reader is referred to 
the author index for the full title and the coauthors, where appropriate, of the articles cited. The pages 
covered by each issue are as follows: Spring (1-114), Summer {115-176}, Fall {177-246}, Winter 


(247-324). 


A 


Amber 
with mushroom inclusion (GN} 228 
Amethyst 
scepter, from California (GN) 159 
Amethyst simulant 
synthetic sapphire (GTLN} 94 
Andalusite 
cat’s-eye (GTLN} 94 
Apatite 
greenish blue cat’s-eye (GN) 228 
greenish blue, from Madagascar (GN} 
159 
‘Aqua Aura,” see Treatment 
Aquamarine, see Bery! 
Aquamarine, synthetic 
hydrothermal, from USSR— 
manufacture, properties, and 
identification of (Schmetzer} 206 
Assembled stones 
beryl triplet (GN] 100 
“bicolored” tourmaline doublet (GN} 
159 
cat’s-eye opal triplet (GN] 159 
“plume” agate-and-glass doublet (GN} 
159 
quartz with computer-chip backing 
{GN} 300 
tourmaline-and-cat’s-eye tourmaline 
doublet (GN) 159 
Asterism 
in quartz (GN} 100 
in scapolite (GN} 228 
Azurite 
from France and Arizona (GTLN] 294 


B 
Beryl 
dyed green (GTLN} 220 
localities of the 1980s (Shigley) 4 
treatments of the 1980s (Kammerling} 
32 
triplet (GN} 100 
see also Emerald 


320 Annual Index 


Book reviews 

Basic Wax Modeling, An Adventure 
in Creativity [Tsuyuki) 318 

Black Pearls of Tahiti (Lintilhac) 169 

Diamond Cutting: A Complete Guide 
to Diamond Processing, 3rd ed. 
(Watermeyer} 239 

The Diamond Ring Buying Guide, 
How to Spot Value and Avoid 
Ripoffs (Newman] 318 

Emeralds of Pakistan: Geology, 
Geinology, and Genesis (Kazmi and 
Snee, Eds.) 239 

Encyclopedia of Minerals, 2nd ed. 
(Roberts, Campbell, and Rapp Jr} 
169 

Engagement and Wedding Rings: The 
Definitive Buying Guide for People in 
Love {Matlins, Bonanno, and Crystal} 
318 

The 4 C’s Value of Diamonds (Cheng) 
239 

Gem Identification Made Easy: 
A Hands-On Guide to More 
Confident Buying and Selling 
(Matlins and Bonanno} 169 

Gem Testing, 10th ed. (Anderson, rev. 
by Jobbins} 318 

Illustrated Guide to Jewelry 
Appraising: Antique, Period, and 
Modern (Miller) 239 

Islamic Rings and Gems—The 
Zucker Collection (Content, Ed.} 
318 

The jewelry Design Source Book 
(Bayer, Craven, Hinks, Lightbrown, 
Ogden, and Scarisbrick! 239 

Le Lapis Lazuli, son Histoire, ses 
Cisements, ses Imitations [Lapis 
Lazuli, Its History, Deposits, and 
Imitations] (da Cunha} 318 


Brazil 
tourmaline from Paraiba (GN} 100, 
159, {Fritsch} 189 


Burma (Myanmar} 
jadeite from, compared to jadeite 
from Guatemala (Hargett) 134 


c 


Calcareous concretions 
in Pinctada margaritifera mollusks 
(GTLN} 153 
Cameo 
mother-of-pearl (GN} 100 
Cameo simulant 
plastic (GN) 159 
Cathodoluminescence 
in gem identification (Fritsch) 64 
Cavity filling, see Filling 
Change-of-color phenomenon, see Color 
change 
Chatoyancy 
in andalusite (GTLN} 94 
in apatite (GN} 228 
in bicolored tourmaline (GN} 300 
in black opal (GN} 300 
in iolite (GN) 228 
in opal (GN} 228 
in tanzanite (GN) 228 
Chrysobery] 
carved (GTLN]) 220 
localities of the 1980s {Shigley} 4 
Chrysoprase 
from Brazil {GN] 159 
Coating (Kammerling} 32 
Colombia 
enierald mining in (GN) 300 
Color, cause of 
in black diamond (Kammerling] 282 
in the Dresden Green diamond (Kane] 
248 
in Paraiba tourmaline (Fritsch) 189 
in synthetic aquamarine 
(Schmetzer} 206 
Color change 
in cobalt-colored spinel {GTLN} 220, 
{GN} 300 
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Color zoning 
in diffusion-treated sapphire (Kane} 
115 
in irradiated diamond (GTLN} 220, 
294 
in Kashmir sapphire (Schwieger) 267 
in Paraiba tourmaline (Fritsch} 189 
Coral 
black, from Mexico {GN} 300 
Coral simulant (GTLN} 153 
Corundum 
localities of the 1980s (Shigley] 4 
see also Ruby, Sapphire 
Country of origin 
determination of, in Kashmir sapphire 
(Schwieger) 267 
question (Liddicoat}) 247 
Crystal morphology 
in green grossular garnet (tsavorite] 
{Kane} 142 
Cubic zirconia 
developments in the 1980s (Nassau) 50 
submitted as yellow diamond {GTLN} 
294 
Cuts and cutting 
in the 1980s (Misiorowski} 76 


Diamond 
etch channels in (GTLN} 153 
filling fractures in {GN} 100 
hardness research (GN) 159 
with internal etch figures (GTLN) 94 
localities of the 1980s (Shigley} 4 
treatments in the 1980s (Kammerling} 
32, 
from Trinity County, California — 
history, source, and recovery of 
{Kopf} 212 
with unusual fluorescence (GTLN) 
294 
with unusual laser drill hole {GTLN} 
22.0 
Diamond, colored 
black {GTLN} 220, [Kammerling) 282 
Dresden Green {(Kane] 248 
green, detection of treatment in 
(GTLN} 220, 294 
purple (GTLN}) 153 
Diamond, cuts and cutting of 
developments in the 1980s 
(Misiorowski} 76 
risk of shattering (GTLN} 94 
Diamond, synthetic 
14,2-ct yellow De Beers {GN} 300 
new technology {Nassau} 50, (Fritsch} 64 
9-ct yellow Sumitomo (GTLN} 294 
Diffusion treatment 
of corundum (Kammerling]) 32 
of sapphire [GN} 100, 300, (Kane} 115, 
(GTLN} 220 
Dresden Green diamond 
history, origin, properties, and cause of 
color of {Kane} 248 
Durability 
of diffusion treatment in sapphire 
{Kane} 115 
Dyeing 
in the 1980s (Kammerling) 32 


Ekanite 

asterism in {GN} 100 
Emerald 

from Colombia (GN} 300 
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fracture filled, showing “flash effect” 
(GTLN} 94 
from Zimbabwe (GN} 228 
see also Beryl 
Emerald simulant 
crystal from fluorite (GN) 228 
crystal from quartz and green epoxy 
resin (GN} 159 
crystal from glass (GN) 100 
dyed beryl (GTLN} 220 
“Emeraldolite”—synthetic emerald 
overgrowth on beryl (Robert) 288 
Emerald, synthetic (Nassau] 50 
“Emeraldolite,” see Emerald simulant 
Endangered species 
ivory, coral, and tortoise shell in the 
1980s (Misiorowski} 76 
Enhancement, see Coating, Diffusion 
treatment, Dyeing, Filling, Heat 
treatment, Irradiation, Treatment 


F 


Feldspar 
large orthoclase crystals from 
Madagascar (GN} 100 
see also Labradorite 
Filling, fracture or cavity 
of beryl, corundum, diamond, opal, 
and tourmaline (Kammerling} 32 
of diamond, “Yehuda” treatment (GN) 


100 
of emerald, with “flash effect” 
(GTLN] 94 


of ruby and synthetic ruby (GTLN} 

294 
Fluorescence 

in black diamond (GTLN} 220, 
(Kammerling} 282 

of dyed black cultured pearls (GTLN} 
294 

in yellow diamond (GTLN) 294 


G 


Garnet 
color-zoned grossular (GN) 300 
localities of the 1980s (Shigley} 4 
see also Grossular garnet 
{grossularite} 
Gem localities 
of the 1980s (Shigley} 4 
Gems w Gemology 
“Challenge” results (Liddicoat} 177 
Most Valuable Article award {Keller} 111 
Glass 
as emerald crystal imitation (GN} 100 
as filling in diamond (GN} 100 
as filling in ruby and synthetic ruby 
(GTLN} 294 
jadeite imitation (GN] 300 
as pectolite imitation (GN) 300 
in period jewelry (GTLN} 153 
radioactive “egg” (GTLN} 153 
Graining 
in the Dresden Green diamond (Kane} 
248 
Granulation 
in the 1980s (Misiorowski} 76 
Grossular garnet (grossularite) 
color zoned (GN} 300 
green (tsavorite) from Tanzania— 
locality, properties, and crystal 
morphology of (Kane} 142 
Guatemala 
jadeite from {Hargett} 134 
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Heat treatment 
of Kashmir sapphire (Schwieger] 267 
of Montana sapphire {GN} 100 
in the 1980s (Kammerling) 32 
of Paraiba tourmaline (GN} 100, 
{Fritsch} 189 
of tanzanite (GN} 228 


Inclusions 
in black diamonds {Kammerling) 282 
identification of, using Raman 
spectroscopy (Fritsch) 64 
in Kashmir sapphire (Schwieger} 267 
of lazulite in quartz (GTLN) 94 
of mushroom in amber (GN} 228 
needle-like, in flame-fusion synthetic 
sapphire (GTLN) 294 
in opal (GTLN} 220 
in Paraiba tourmaline {Fritsch} 189 
in synthetic aquamarine (Schmetzer} 
206 
in treated gemstones (Kammerling} 32 
Instruments 
tweezers with diamond grit — 
impregnated tips (Koivula] 149 
lolite 
cat’s-eye (GN} 100, 228 
Irradiation 
detection of, in black diamonds 
(Kammerling} 282 
to treat gemstones in the 1980s 
{Kammerling} 32, (Fritsch) 64 
of diamond, may produce color zoning 
[GTLN} 220, 294 
of green diamond (Kane} 248 


J 
Jade, see Jadeite 
Jade simulant 
dyed calcite and serpentine (GN] 228 
dyed green quartzite (GN) 100 
glass (GN 300 
Jadeite 
from Guatemala —history, geology, 
mining, properties, and commercial 
aspects of (Hargett) 134 
from Japan (GN} 159 
Jewelry 
of the 1980s—gems, designs, metals, 
and trends (Misiorowski} 76 
period, with modern gem substitutes in 
(GTLN} 153, 220 
period, with unusual hallmarks (GTLN} 
153 
Jewelry design 
in the 1980s {Misiorowski] 76 
Jewelry designers 
of the 1980s—Boucheron, Bulgari, 
Carrera, Cartier, Dunay, Gate, Marina 
B., Niessing, Picasso, Van Cleef & 
Arpel, Wakabayashi (Misiorowski} 76 


K 
Kashmir 

sapphire from (Schwieger] 267 
Kunzite, see Spodumene 


L 


Labradorite 
sunstone from Oregon (GN} 100 
Lapis lazuli 
banded, from Afghanistan (GTLN} 153 
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Laser drilling 
of diamond (GTLN} 220 
Localities, see Gem localities 


M 
Majorica imitation pearls, see Pearl 
simulant 
Mineral fakes 
manufactured emerald specimens {GN} 
100, 159, 2.28 
Mining 
of emerald in Zimbabwe (GN) 228 
and environmental concerns in the 
1980s {Shigley] 4 
of Paraiba tourmaline (GN) 159, 
(Fritsch) 189 
of sapphire in Kanchanaburi, Thailand 
{GN} 300 
Mokume gane 
as metal technique in the 1980s 
{Misiorowski} 76 
Mother-of-pearl cameo (GN} 100 
Museums and gem collections 
Green Vaults, Dresden, Germany (Kane} 
248 
Myanmar, see Burma 


oO 
Opal 

cat’s-eye (GN) 228, 300 

large, from Brazil (GN) 300 

localities of the 1980s (Shigley} 4 

with plastic-like coating (GN) 228 

sugar-treated, with plastic-like coating 
|GN} 228 

treatments in the 1980s (Kammerling} 
32, 

with unusual inclusion (GTLN] 220 

unusual specimen of (GTLN} 94 


P 
“Paraiba” apatite 
from Madagascar (GN] 159 
Paraiba, Brazil 
tourmaline from (GN} 100, (GN} 159, 
(Fritsch) 189 
Pearls 
with evidence of repair (GTLN} 153 
freshwater, from Texas (GTLN} 220 
Pearls, cultured 
with colored bead nuclei (GTLN} 220 
compared with Majorica imitation 
{Hanano} 178 
comparison of gray baroques from Japan 
with those from French Polynesia 
(GTLN) 220 
dyed black (GTLN) 294 
gray baroque, from Japan (GTLN} 153 
with lentil-shaped nuclei {GTLN} 294 
natural-color gray {GTLN] 94 
in jewelry in the 1980s (Misiorowski} 76 
separation of saltwater from freshwater 
(Fritsch) 64 
Pearl simulant 
Majorica imitation pearl —history, 
production, and identification of 
{Hanano] 178 
Pectolite simulant 
“Imori stone” glass (GN) 300 
Peridot 
from Arizona {GN} 159 
Play-of-color 
in rock with opal cement from 
Louisiana {GN} 159 
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Postage stamp 
of emerald and gold cross from Bermuda 
(GN} 159 
Pseudomorph 
cryptocrystalline quartz pine cone (GN} 
159 


Q 


Quartz 
“Aqua Aura,” with gold coating to 
produce iridescent blue {GN} 228 
dyed to imitate sugilite (GN] 300 
with lazulite inclusions (GTLN} 94 
localities of the 1980s (Shigley] 4 
“rainbow,” with silver-platinum coating 
{GN} 300 
star, from California (GN} 100 
see also Amethyst 
Quartzite 
dyed green {GN} 100 


Radioactivity 
in glass egg (GTLN] 153 
Raman spectroscopy 
use of, in gem identification (Fritsch) 64 
Retrospective 
of the 1980s {Liddicoat and Boyajian} 1 
Rhodochrosite simulant 
dyed calcite beads (GN) 159 
Ruby 
with glass filling (GTLN}) 294 
treatments ([Kammerling) 32 
from Vietnam {GN} 159 
see also Corundum 
Ruby, synthetic 
cabochon with natural-looking back 
(GN] 300 
with glass filling (GTLN} 294 
Knischka (GN] 228 
new, aggregate-like, fram USSR (GN} 
100 
in the 1980s (Nassau) 50 


S 
Sapphire 
from Brazil and Colombia (GN) 100 
diffusion-treated {GN} 100, 300, {GTLN} 
220 
diffusion treatment of —history, 
procedure, identification, durability, 
and stability (Kane) 115 
from Kanchanaburi, Thailand (GN) 300 
from Kashmir—characterization and 
heat treatment of (Schwieger} 267 
from Montana (GN} 100 
63.65-ct colorless (GTLN] 220 
treatments in the 1980s (Kammerling} 
32 
see also Corundum 
Sapphire, synthetic 
as amethyst simulant (GTLN} 94 
flame-fusion, with needle-like 
inclusions {(GTLN} 294 
identification of orange and yellow 
(GLTN} 294 
in period jewelry (GTLN} 153 
in the 1980s (Nassau} 50 
Scapolite 
brownish green star (GN} 228 
Scattering 
in purplish pink spinel {GTLN] 153 
“Smaryll,” see Beryl 
Sodalite 
semitransparent beads (GTLN} 153 


Spectra 
of cobalt-doped diffusion-treated 
sapphire (Kane] 115 
of colorless and blue areas of 
diffusion-treated sapphire (Kane} 115 
of green diamond {Kane} 248 
of Kashmir sapphire, to determine 
treatment and country of origin 
{Schwieger] 267 
of Parafba tourmaline {Fritsch} 189 
of purple diamond (GTLN} 153 
of synthetic aquamarine (Schmetzer} 
206 
use of, for identification in the 1980s 
{Fritsch} 64 
Spinel 
color change in {GTLN} 220, (GN) 300 
localities of the 1980s (Shigley) 4 
from Tanzania (GN} 100, (GTLN} 153 
cat’s-eye (GN} 100 
Spinel, synthetic 
cabochon with natural-looking back 
{GN) 300 
Spodumene 
localities of the 1980s (Shigley) 4 
Stability 
of color in diffusion-treated sapphire 
(Kane} 115 
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Editorial 


THE INTERNATIONAL GEMOLOGICAL SYMPOSIUM: 
FACING THE FUTURE WITH GIA 


ixty years ago, industry visionary Robert M. Shipley had an idea. He believed there should 

be a central educational resource and repository for gemological knowledge and science to 
train professional jewelers, and, in 1931, he founded the Gemological Institute of America to 
meet that need. The Institute has grown in size and scope over the last six decades to become 
a major factor in education and research for the international gem and jewelry trade, achieving 
a reputation for excellence and becoming a model for other industries. 


Four years ago, when we began to plan the celebration of our milestone Diamond Jubilee, we 
had an idea. We wanted to bring together the best and the brightest from the world of gems 
and jewelry and to provide them with a unique forum for the exchange of information and 
ideas. We wanted to make this opportunity available to the widest audience possible. And we 
wanted it to make a lasting contribution to the body of gemological knowledge. 


From June 20 to 24, that idea, too, becomes a reality as we proudly present the International 
Gemological Symposium —our Diamond Jubilee celebration—at the Century Plaza Hotel in 
Los Angeles. Its theme, FACING THE FuTure, will set the pace and the tone for an array of 
speeches, panels, presentations, and social events that will include the top echelon of our 
industry as participants and corporate sponsors. From its inception in 1987, to this moment, 
‘Symposium has grown to a depth and richness of character that surpasses anything we, or 
you, might imagine. It is with equal pride that we present in this issue of Gems & Gemology 
a very special pre-Symposium section including abstracts of the more than 70 feature 
presentations and other highlights of what some are now calling “The event in the history of 
the industry.” 


( | ems & Gemology, too, is marking a milestone. This issue begins its second decade of 
success in its now-familiar expanded format and commemorates the international 
reputation it has won as the premier professional journal in gemology. In tandem celebration 
with GIA’s Diamond Jubilee, G#G presents this preview special to whet your appetite and 
begin what will be an extended series of Symposium coverage. It is designed so that you, our 
valued readers, can witness first hand, through these pages, the gemological history to be 
made in June, just as you have witnessed the Institute’s growth and development around the 
world over the years. Our goal is to include as much coverage of Symposium as publication 
space allows, and we will be publishing articles in upcoming issues on all significant and 
groundbreaking presentations — preserving them for posterity in the literature of gemology. 


Ideally, we would like each and every one of you to attend Symposium, and we invite you to 
register, using the enrollment form enclosed for your convenience. Then, as you receive your 
next several issues of GWG, you can re-live, through in-depth articles and notes, many of the 
exciting experiences you will have had. Either way, whether you can be with us in person, or 
merely in spirit, the Gemological Institute of America and Gems & Gemology want you to be 
a part of our continuing progress in a global industry, because we can’t imagine FACING THE 
FuTURE without you. 


William E. Boyajian 
President, GIA 
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AGE, ORIGIN, AND EMPLACEMENT 
Or DIAMONDS: 


Scientific Advances in the Last Decade 


By Melissa B. Kirkley, John J. Gurney, and Alfred A. Levinson 


Scientific advances in the past decade 
have completely altered our understand- 
ing of certain concepts relating to the age 
and origin of diamonds. As a generaliza- 
tion, most diamonds formed more than 
990 million years ago, deep within the 
earth, from either of two rock types, peri- 
dotite and eclogite. They were stored be- 


low the base of cratons for varying periods 


of time, some as long as 3,200 million 
years, before being transported to the sur- 
face. Kimberlite and lamproite, the two 
rock types usually associated with dia- 
monds, are only the mechanisms that 
brought diamonds to the surface and are 
in no way related to the formation of 
most diamonds. Other topics that are 
somewhat more speculative, for example, 
the source of carbon for the crystalliza- 
tion of diamonds and the mechanism of 
kimberlite and Igmproite emplacement, 
are also discussed and the latest concepts 
presented, 
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2 Origin of Diamonds 


he decade of the 1980s saw major advances in our 
understanding of the age, origin, and emplacement of 
iamonds. Much of the new data and their interpreta- 
tions are found in highly technical scientific journals and 
conference proceedings that are rarely encountered by 
gemologists. Therefore, we have prepared this review 
article to update gemologists on some of the latest facts 
and concepts with respect to the above topics. 

The information contained in this article is applicable 
to virtually all natural diamonds, both gem and industrial 
(figure 1}, except possibly for certain rare types of dia- 
monds, such as those referred to as “fibrous” or “coated,” 
and microdiamonds, as well as for diamonds related to 
meteorite impacts. In addition to our own experiences, we 
have drawn from many volumes in the technical literature. 
For those interested in pursuing these topics further, we 
recommend the books by Ross (1989}, Nixon (1987), 
Mitchell (1986), Glover and Harris (1984), Kornprobst 
(1984), and Dawson (1980), and the review articles by 
Gurney (1989) and Meyer (1985). 


AGE OF DIAMONDS 


Until recently, one of the major unresolved problems in 
diamond research revolved around the age of diamonds. 
Age dating of diamonds assists in understanding their 
origin, which is a significant factor in diamond explora- 
tion. For many minerals, age can be determined directly 
using a number of well-established geochronological tech- 
niques, such as the uranium-lead (U-Pb) method. However, 
because diamond is essentially pure carbon, it does not 
contain any of the radiogenic elements on which such 
methods depend. Even the well-known carbon-14 (!4C} 
method is useless for diamonds because it is restricted to 
organic carbon that has been involved in the earth’s recent 
near-surface carbon cycle. 

Although diamonds themselves cannot be dated, some 
of their minute inclusions, such as pyroxene and garnet, 
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can, because these minerals contain measurable 
quantities of the elements involved in radioactive 
decay systems. Some inclusions (e.g., garnet} were 
formed at the same time, and in the same place, as 
their mineral host {e.g., diamond), so that the age of 
the inclusion is also the age of the host. Detailed 
studies of olivine, garnet, pyroxene, chromite, and 
other minerals in diamond have shown that these 
minerals were growing adjacent to the diamond, 
which then grew around and enclosed them (fig- 
ure 2), This physical relationship between dia- 
mond and its cogenic inclusions is sometimes 
reflected by the crystal form of the silicate inclu- 
sions, which take on the morphology (called cubo- 


Origin of Diamonds 
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Figure 1. Today, dia- 
monds are the most pop- 
ular gemstone and a 
valuable industrial mate- 
rial. As a consequence, 
there has been consider- 
able research into the 
geologic origins of dia- 
monds to aid in explora- 
tion and mining. The 
last decade, in particu- 
lar, has produced some 
important advances in 
our understanding of the 
complex processes re- 
quired for the formation 
and deposition of dia- 
monds, The ultimate re- 
sult of such research is 
evident in these superb 
earrings and necklace. 
The three large diamonds 
in the necklace are (from 
the left) 9.81, 16.18, and 
12.73 ct; they are sur- 
rounded by 254 dia- 
monds with a total 
weight of 67 ct; the ear- 
rings contain 84 dia- 
monds with a total 
weight of 11 ct. Jewelry 
by Van Cleef and Arpels; 
photo courtesy of 
Sotheby’s, New York. 


octahedron} of the diamond rather than that of 
their species (figure 3). 

Several attempts were made prior to 1981 to 
date inclusions in diamonds; the study by Kramers 
{1979} is the most significant. Using lead [{Pb] 
isotopic compositions of sulphide inclusions in 
diamonds, he determined ages on the order of 2,000 
million years (My} for inclusions in diamonds from 
the Finsch and Kimberley pipes in South Africa; 
those from the Premier mine appeared to be about 
1,200 My in age. However, Richardson et al. {1984} 
were the first to date successfully a significant 
number of inclusions in diamonds, specifically 
inclusions of garnet in Finsch and Kimberley 
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Figure 2. This garnet inclusion in a diamond 

{1 mm across) from the Finsch mine, South 
Africa, was dated by geochronological methods 
to be about 3,300 million years old. Because 
such inclusions undoubtedly formed at the 
same time as their hosts, they are the best 
means of age dating diamonds, which cannot 
be tested directly by standard dating methods. 
Photo courtesy of Dr. 8. H. Richardson. 


diamonds, by means of the relatively new samar- 
ium-neodymium (Sm-Nd) geochronological 
method combined with the rubidium-strontium 
(Rb-Sr) technique. Table 1 summarizes these re- 
sults along with more recent data (Richardson, 
1986; Richardson et al., 1990) on diamonds from 
several other pipes in southern Africa and Austra- 
lia. (For a discussion of some earlier studies that 
have a bearing on the dating of inclusions in 
diamonds, see Meyer, 1985, and Gurney, 1989.} 

The results presented in table 1 may well be 
the most striking information about diamonds to 
emerge in the past decade, not only because they 
put accurate ages on diamonds in millions of years 
(My) but also because of other implications, as 
discussed below: 


1. Diamonds are old and may have been forming 
continually, certainly intermittently, through- 
out most of earth’s history. The 2,300 My 
period between ~3,300 and 990 My represents 
about half of the earth’s 4,500 My existence, 
and inclusions in diamond may yet be found 
that extend this range. 


2. Diamonds are usually very much older than 
the kimberlite that brought them to the sur- 
face. For example, diamonds from the Kim- 


4 Origin of Diamonds 


Figure 3, Trigons, which are typical of a dia- 
mond octahedron, can be seen on the face of 
this flattened inclusion of pyrope garnet, with a 
colorless enstatite (orthopyroxene) or olivine 
crystal at the end. These features are taken as 
evidence that the diamond has forced its crys- 
tal habit on the guest mineral during the simul- 
taneous crystallization of inclusion and host. 
Photomicrograph by Eduard ]. Gtibelin; trans- 
mitted illumination, magnified 50x. From Gti- 
belin and Koivula (1986, p. 95). 


berley pipe are as much as 3,200 My older than 
the age of kimberlite emplacement (i.e., when 
the pipe reached the surface, about 100 My 
ago). This example implies that: (a} diamonds 
can be stored deep within the earth for an 
extended period of time before being carried to 
the surface by the kimberlite; and (b) kim- 
berlite is merely the transporting medium for 
bringing diamonds (as well as other materials) 
to the surface. This process has been pictur- 
esquely described by the analogy of an elevator 
or a bus (the kimberlite} picking up passengers 
(diamonds) in the earth’s mantle along its 
route of ascent toward the surface. Note, 
though, that there is no resolvable age differ- 
ence between the diamonds and kimberlite 
emplacement at the Premier mine. This sug- 
gests that, in this example, they may be 
contemporaneous. Whether the Premier mine 
is unusual awaits the determination of dia- 
mond ages from additional localities. 


3. In samples from the Finsch mine, two ages— 
~3,300 and 1,580 My—have been obtained, 
the former for peridotitic, and the latter for 
eclogitic, inclusions. These two main types of 
inclusions in diamond are discussed in greater 
detail below. The presence of diamonds of 
different ages within one pipe can, for the 
present, most easily be explained by the fact 
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that kimberlites may obtain their diamonds 
from more than one geologic environment 
(mantle source) during their rise toward the 
surface. 


4. The data reported in table | have settled a long- 
standing debate in which scientists advocated 
one of two hypotheses with respect to the 
origin of diamonds. The “phenocryst school” 
maintained that diamonds originally formed 
at depth from the crystallization of a kim- 
berlite magma (molten mass} and, hence, are 
genetically related to the magma and are 
phenocrysts (def: a relatively large crystal set 
in a fine-grained groundmass to which it is 
genetically related [Gk. pheno: to show + 
cryst(al)||. The “xenocryst school,” on the 
other hand, believed that diamonds were 
formed prior to the intrusion of kimberlite, are 
not genetically related to it, and are merely 
accidental inclusions known as xenocrysts 
(def: a crystal or a fragment of a crystal 
included in a magma and not formed by the 
magma itself, ic, foreign to it [Gk. xeno: 
strange, foreign + cryst(al}]). In view of the 
newly’ confirmed fact that diamonds are, in 
general, much older than their kimberlite (or 
lamproite) host rocks, the xenocryst theory is 
now known to be correct. The data from the 
Premier mine (diamond and kimberlite are the 
same age} could be the result of an extremely 
short interval between the formation of dia- 


mond at an extraneous source and its capture 
by the Premier kimberlite. 

Although the concept that diamonds are 
xenocrysts in kimberlite was proposed as early 
as 1905, it was not until the Third Interna- 
tional Kimberlite Conference, held in France 
in 1981, that “there was a realization that 
diamonds are xenocrysts in kimberlites” (Mit- 
chell, 1986, p. 8}. The proof, however, has 
come only since 1984, with the work of Rich- 
ardson and his associates on the age of dia- 
monds and their host rocks (table 1). 


In summary, recent geochronological studies 
clearly show that most diamonds: (a) are much 
older than the volcanic rocks (kimberlite and 
lamproite} that carried them to the surface; (b) are 
not genetically related to these volcanic rocks; and 
(c) have crystallized, possibly episodically, during 
a large part of earth’s history. Further, it must be 
emphasized that it is the ability to date mineral 
inclusions separated from diamonds, which has 
only existed during the last decade, that has made 
age dating of diamonds possible. This is further 
evidence that mineral inclusions have great scien- 
tific value in addition to their gemological impor- 
tance. 


ORIGIN OF DIAMONDS 

The study of the origin (genesis} of diamond ideally 
involves the collection, assimilation, and inter- 
pretation of a vast amount of data from many 


TABLE 1. Ages of diamonds and emplacement of associated kimberlite@ pipes in My 


(millions of years), and type of inclusions. 


Age of emplacement 


Age of Type of 

Location diamonds of kimberlite@ pipe inclusions Reference 

(mine) (My) (My) in diamonds 
Kimberley, ~3,300 ~100 Peridotitic Richardson et al. (1984) 
South Africa 
Finsch, ~3,300 ~100 Peridotitic Richardson et al. (1984) 
South Africa 
Finsch, 1,580 ~100 Eclogitic Richardson et al. (1990) 
South Africa 
Premier, 1,150 1,100 -1,200 Eclogitic Richardson (1986) 
South Africa 
Argyle, 1,580 1,100 -1,200 Eclogitic Richardson (1986) 
Australia® 
Orapa, 990 ~100 Eclogitic Richardson et al. (1990) 
Botswana 


ain the case of the Argyle sample, the pipe is a lamproite. 
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Figure 4. Boulder-size xenoliths of eclogite, 
which frequently contain diamonds, are seen 
here at the Roberts Victor mine, near Kim- 
berley, South Africa. Study of xenoliths such as 
these, which were brought up from the earth’s 
mantle (depth at least 150 km) by kimberlite, 
enable scientists to determine pressure-tem- 
perature (P-T) conditions within the mantle 
and, by analogy, P-T conditions for the forma- 
tion of diamonds. 


disciplines related to the physical, chemical, and 
mineralogic properties of diamonds, the rocks in 
which they crystallize, as well as the rocks that 
brought them to the surface and in which they now 
are found as primary deposits. Clearly, such a 
broad survey is beyond the scope of this article. 
Therefore, we will focus on those aspects of 
diamond genesis that are of the greatest interest to 
gemologists, particularly those in which major 
advances have been made in the past decade. Such 
topics include: (1) the types and properties of rocks 
in which diamonds form; (2] the pressure-tempera- 
ture conditions under which diamonds crystallize 
within the earth; and (3} the source of the carbon of 
which diamond is composed. 


Rocks in Which Diamonds Form, Now that it has 
been established that kimberlite and lamproite are 
only the transporting mechanisms for bringing 
diamonds to the surface, and are not genetically 
related to diamond, the question that must be 
answered is: From what type of magma or pre- 
existing material do diamonds actually crystal- 
lize? The two most rewarding areas of investigation 
in which answers to this question have been found 
are: (1) the study of diamond-bearing xenoliths, 
and (2) the study of mineral inclusions within 
diamonds. 


Diamond-bearing Xenoliths. A xenolith can be 


defined as a rock fragment that is foreign to the 
igneous mass in which it occurs [Gk. xeno: 
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strange, foreign + lith: stone, rock]. Xenoliths are 
not formed from the magma itself; rather, they 
become included in the magma as it rises. Xeno- 
liths may be as small as a single crystal, boulder 
size (figure 4), and even much larger (figure 5}. 

Xenoliths in kimberlites and lamproites repre- 
sent fragments of wall rock adjacent to an intru- 
sion that have broken off and been incorporated 
into the magma as it works its way along fractures 
or cracks to the surface. Thus, xenoliths may 
represent blocks of buried crustal formations 
brought closer to the surface, such as metamorphic 
rocks derived from deep-seated terrains within the 
earth’s lower crust, or sedimentary rocks in the 
upper crust and, perhaps most importantly, rocks 
believed to be derived from the earth’s upper 
mantle. Kimberlites and lamproites are the only 
means of obtaining samples of such deep rock 
types. 

Xenoliths are usually rounded, especially if 
they originate at great depths, probably because of 
chemical dissolution at the margins of the frag- 
ments (e.g., figure 4}, but they are likely to be 
angular if they originate from shallow wall rocks. 
Xenoliths that contain diamonds are extremely 
important because they permit us to determine the 
characteristics of the rock types from which dia- 
monds crystallize. Such characteristics include 
chemical composition, pressure-temperature reg- 


Figure 5. This rounded xenolith of sandstone, 
about 2 m in its longest dimension, is an exam- 
ple of rock broken off from the walls of the con- 
duit along which the kimberlite magma as- 
cended to the surface. As sandstone is charac- 
teristic of the upper part of the earth’s crust 
(generally found within 10 km of the surface), 
this xenolith will not contain diamonds. Exact 
location unknown (probably South Africa). 
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Figure 6, Altered olivine and other magnesium- 
rich minerals (a “kelyphite” rim) surround this 
8-cm-long xenocryst of garnet. The alteration 
resulted from reaction with kimberlite fluids. 
Chemical reactions, along with fragmentation 
by physical forces, tend to break up xenoliths, 
especially those of the peridotite type, releasing 
xenocrysts of diamond. From the Monastery 
mine, South Africa. 


ime, the nature of any volatiles (e.g., CO,, H,0} 
present, and other parameters pertinent to de- 
ciphering the genesis of diamonds. Eclogites and 
peridotites are the predominant xenoliths found to 
contain diamonds (see box A for details of the 
mineralogy, chemistry, and classification of these 
two rock’types). 

During transportation of both peridotitic and 
eclogitic xenoliths within kimberlite or lamproite, 
fragmentation of the xenoliths may take place, 
adding smaller xenoliths or even xenocrysts to the 
transporting magma; this is probably the best way 
to explain the occurrence of diamond xenocrysts, 
as well as single crystals of other minerals (e.g., 
garnet, chromite], in kimberlite and lamproite 
rocks. It is also important to recognize that xeno- 
liths in kimberlite and lamproite do not always 
represent with fidelity the mineralogy and pres- 
sure-temperature conditions of the mantle in 
which they are supposed to have formed, because 
extensive modification may take place as they 
react chemically with the fluids in the transport- 
ing magmas (figure 6). Inclusions, however, are 
shielded from extraneous influences by the sur- 
rounding diamond, so the conditions of formation 
they indicate are considered better representations 
of the actual mantle conditions in which diamonds 
formed. By comparing inclusion and xenolith com- 
positions, scientists are confident that they can 
recognize altered vs. unaltered compositions in 
their study of eclogites and peridotites. 

Eclogite is a coarse-grained ultramafic rock 
consisting essentially of a granular aggregate of red 
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Figure 7. The polished surface of this eclogite 
xenolith specimen displays the pyrope-alman- 
dine garnet (red mineral) and clinopyroxene 
(green) that are its chief components, From the 
Roberts Victor mine, near Kimberley, South 
Africa. 


garnet (almandine-pyrope) and green pyroxene 
(technically jadeitic clinopyroxene or a solid solu- 
tion between jadeite and diopside}, with minor 
amounts of rutile, kyanite, corundum, and coesite 
(figure 7). Eclogite is indicative of a high pressure— 
high temperature (with emphasis on the former] 
environment, consistent with that in which dia- 


Figure 8. Diamonds protrude from the surface 
of this broken eclogite xenolith obtained from 
the Ardo-Excelsior mine, South Africa, Such 
samples, corroborated by experimental studies 
in which the pressure-temperature conditions 
required for the formation of garnet and 
clinopyroxene are taken into account, are con- 
sidered evidence that diamond may crystallize 
as a primary constituent of an eclogite. 
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BOX A: CLASSIFICATION AND 
NOMENCLATURE OF IGNEOUS ROCKS 


The subdivisions of igneous rocks named in figure 
A-1 are those used by most geologists. Of special 
significance in this review article are the terms mafic 
and ultramafic, because kimberlite, peridotite, and 
eclogite are ultramafic rocks. The term mafic (from 
magnesium and ferric [iron]) is used to describe a rock 
composed chiefly of one or more iron-magnesium 
(ferro-magnesium) dark-colored minerals such as py- 


roxene, amphibole, and olivine. Typically a rock of 
this type will have 42-52 wt.% SiO, and 16-26 wt.% 
combined FeO and MgO, Basalt (extrusive or volca- 
nic} and gabbro (intrusive or plutonic] are the most 
common mafic rocks. The term ultramafic is applied 
to a rock with even lower SiO, than a mafic rock (we 
use the division at 42 wt.%) and, by analogy, even 
higher FeO and MgO. These rocks are composed of 


Rhyolite Andesite Basalt 


Figure A-1, This illustra- 
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monds form (figure 8). Typically, eclogite occurs in 
deep crustal metamorphic regions below conti- 
nents; it became eclogite by means of solid-state 
{metamorphic} transformation of previously exist- 
ing rock, probably basalt. Eclogite found in the 
mantle probably forms in the same way, through 
subduction of crustal rocks (discussed below}. As 
an aside, in its own right unaltered eclogite could 
well be considered a gem material because of the 
combination of two very attractive gem minerals 
(again, see figure 7). 

Peridotite is a general term for a coarse- 
grained ultramafic rock consisting chiefly of ol- 
ivine with or without other mafic (high in Fe and 
Mg} minerals, such as pyroxenes (again, see box A). 
Garnet and spinel frequently occur in small 
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amounts. Peridotite is believed to be the most 
common and abundant rock type in the earth’s 
mantle. Most peridotitic diamonds are formed in 
garnet-bearing harzburgite, with minor amounts 
formed in lherzolite (Gurney, 1989). 

Following our practice of illustrating impor- 
tant concepts and features, such as eclogite xeno- 
liths (figures 4, 7, 8], we would like to show a 
photograph of a diamondiferous peridotite xeno- 
lith, but such xenoliths are extremely rare and are 
typically extensively altered. Whereas over 100 
diamond-bearing eclogites have been described in 
detail in the literature, there are probably fewer 
than 20 comparable descriptions for diamond- 
iferous peridotite xenoliths. This is most remark- 
able, since harzburgite is probably the source of 
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Figure A-2. This classification 
scheme for ultramafic (intrusive) 
rocks, recommended by a 
Committee of the 1UGS 
(International Union of Geological 
Sciences), is based on the 
proportions of olivine (Ol), 
orthopyroxene (Opx}, and 
clinopyroxene (Cpx). The apexes of 
the triangle represent 100% each of _ olivine 


the above-mentioned minerals. Most orthopyroxenite 4 


diamonds found in rocks broadly 
called peridotite are actually from 
rocks more accurately classified as 

harzburgite (see text for details). Opx 
Eclogite is actually a specific case of 
clinopyroxene plus garnet, as is 
shown at the lower right corner of 
the diagram. 


olivine and pyroxene, usually together as in peri- 
dotite, but each may constitute a rock on its own: 
dunite and pyroxenite, respectively. 


The ultramafic rock peridotite is particularly 
important in gemology both because it is one of the 
two rocks from which diamonds crystallize (eclogite 
is the other) and because it is the rock from which 
melts of kimberlite and lamproite (the two rock types 
that transport diamonds to the surface} originate. 


From figure A-2, however, we see that there are 
two broad categories of ultramafic rocks, peridotites 
and pyroxenites, The classification of a rock as 
peridotite or pyroxenite depends on the volume 
percentages of the niafic minerals olivine and pyrox- 


; in 


orthopyroxenite 


\-- wehrlite PERIDOTITE 
Iherzolite 
0- —- —- —- ~~ — 
\- olivine 
olivine websterite clinopyroxenite PYROXENITE 


Cpx 
clinopyroxenite | 


Cpx + garnet = ECLOGITE 


ene. That is, peridotite must contain more than 40 
vol.% olivine (Ol), with the remainder orthopyroxene 
(Opx} and/or clinopyroxene (Cpx). Peridotite, in fact, 
is actually a general name that includes the more 
specific rock types dunite, harzburgite, lherzolite, 
and wehrlite, the distinction between them being the 
relative proportions of Ol, Opx, and Cpx. For exam- 
ple, dunite must contain at least 90 vol.% olivine, 
with Opx and Cpx combined providing the remaining 
volume percentage. Harzburgite, the variety of peri- 
dotite from which many diamonds crystallize, con- 
tains 40-90 vol.% olivine, 5—60 vol.% orthopyroxene, 
and not more than 5 vol.% clinopyroxene. As the 
diagram indicates, eclogite is actually clinopyroxene 
plus garnet. 


most of the diamonds in kimberlite (discussed in 
detail in the next section}. Clearly, diamond-con- 
taining peridotite xenoliths must have been disag- 
gregated by some incredibly efficient process. Sev- 
eral mechanisms have been proposed to explain 
this phenomenon, based mainly on laboratory 
experiments involving the gases CO, and H,O, 
which are likely to be found in the mantle. It has 
been suggested that these gases are released follow- 
ing certain mineral reactions (e¢.g., the breakdown 
of dolomite, for CO,} within the peridotite area of 
stability in the mantle, resulting in the self- 
destruction of diamondiferous peridotite xenoliths 
(Gurney, 1989, p. 957). 


Mineral Inclusions in Diamond. The study of 
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mineral inclusions in diamonds has been greatly 
aided by the advent of new analytical techniques, 
which have resulted in major discoveries during 
the past decade. As every gemologist knows, even 
those “large inclusions” that can be seen with the 
naked eye in diamonds classified as I, or I, are very 
small indeed. Yet, such instruments as the elec- 
tron microprobe and the even more recent ion 
microprobe now make it possible to analyze chem- 
ically minerals and rock fragments as small as one 
micrometer (4m, one millionth of a meter}. Other 
analytical techniques, such as Raman spectro- 
scopy and X-ray diffraction, permit the identifica- 
tion of minerals while they are still within the 
diamond but cannot provide chemical data. 

The subject and importance of mineral inclu- 
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sions in diamonds have been reviewed comprehen- 
sively by Meyer (1987) and by Gurney (1989}. As was 
explained above in connection with the dating of dia- 
monds, the assumption is made that in order for 
most minerals (e.g., garnet] or aggregates of min- 
erals (e.g., eclogite or peridotite) to be included 
within another mineral (e.g., diamond}, both the 
inclusion and host must have been forming at the 
same time and place. Therefore, we can conclude 
that both have a common origin. Thus, if the inclu- 
sions are of the peridotitic assemblage it follows that 
the diamond formed within peridotite host rock. 
Most of the mineral inclusions in diamond are 
very small (~100 zm} and usually are composed of 
just one mineral {monomineralic]; however, bi- 
mineralic and polymineralic inclusions do occur. 
The multiphase mineral inclusions are partic- 
ularly important not only in determining peridoti- 
tic or eclogitic origin, but also because analyses of 
the chemical and physical properties of two or 
more coexisting minerals enable us to estimate the 
pressure and temperature environments in which 
they and, by analogy, the host diamond formed. 
In total, 22 contemporaneously formed (syn- 
genetic) minerals have been found as inclusions in 
diamond, including diamond itself (Gurney, 1989). 
Six of these occur in both the peridotitic and 
eclogitic assemblages: olivine, orthopyroxene, 
clinopyroxene, garnet, chromite, and sulphides 
{e.g., pyrrhotite}. Four other minerals —rutile, ky- 


Figure 9. This ruby is the first definitely iden- 
tified as an inclusion in diamond. It proves 

that the diamond is of eclogitic origin. Photo- 
micrograph by Eduard J. Gtibelin; darkfield illu- 
mination, magnified 100x. From Giibelin and 
Koivula (1986, p. 97). 
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anite, corundum, and coesite—are minor constit- 
uents characteristic only of the eclogitic assem- 
blage (figure 9}. The remaining 1] minerals are so 
rare that they need not be considered here. Unfor-- 
tunately, inclusions in diamonds cannot be used to 
determine geographic origin, as is frequently pos- 
sible with colored stones {Giibelin and Koivula, 
1986, p. 88). 

Detailed chemical studies of the most impor- 
tant minerals listed above have made it possible to 
characterize with confidence 98% of all included 
diamonds as peridotitic (mainly harzburgite} or 
eclogitic (sometimes referred to, respectively, as 
“P-type” and “E-type” diamonds). The minerals in 
one type of mineral assemblage chemically will 
not be the same as those in the other type; that is, 
they are mutually exclusive. The only exception 
would be the very rare case in which the diamond 
began to grow in one environment (e.g., eclogitic] 
and then was moved and later continued to crystal- 
lize in a different environment (e.g., peridotitic}. 
However, both P- and E- type diamonds may be 
found within the same kimberlite pipe, indicating 
that the pipe sampled at least two different “dia- 
mond source areas” en route to the surface. 

A logical question could be raised concerning 
the categorization of a diamond as P- or E-type if 
the inclusion consisted of a single mineral, say, 
garnet, that is common to both types of occur- 
rences. This matter may be resolved by determin- 
ing the chemical composition of that inclusion (see 
figure 10). For example, the ideal formula for a 
pyrope-almandite garnet would be a mixture of 
both garnet types; that is, both Mg and Fe can 
substitute in the silicate structure so that the 
formula for any specific garnet in this series could 
be written as (Mg, Fe],A],Si,0,.. However, from 
figure 10 it can be seen that the relative propor- 
tions of Fe and Mg and minor Ca in garnet differ, 
characteristically, for both the P- and E-types of 
diamond associations, specifically, P-type garnets 
have higher Mg and lower Fe than do E-type 
garnets. Other inclusions in diamond (e.g., olivine, 
orthopyroxene) can be classified by similar analyt- 
ical methods. Returning briefly again to garnet, 
experienced individuals can accurately distin- 
guish between the two types on the basis of color. 
The pyrope type is typically purple-red whereas 
almandine is usually orange-red. 

As discussed earlier, diamondiferous xenoliths 
of the E-type are relatively abundant, whereas 
diamondiferous P-types are very rare. Yet P-type 
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Figure 10. This plot 
shows the relative abun- 
dances of calcium (Ca), 
magnesium (Mg), and 
iron {Fe) in garnet inclu- 
sions from diamonds 
worldwide. Peridotitic 
garnets are much higher 
in Mg, and lower in both 
Fe and Ca, than garnets 
from eclogites. Although 
not shown, peridotitic 
garnets are higher in 
chromium than eclogitic 
garnets; the latter also 
Fe have minor, but charac- 
teristic, sodium, that is, 
>0.09% Na,zO. (Adapted 
from Meyer, 1987.) 


o Peridotitic 
® Eclogitic 


# Garnets in 
diamonds tram 
lampraite 


inclusions are much more common than the 
E-type. It is clear that once mineral inclusions are 
encapsulated within diamond, they are protected 
from reactions with the surrounding magma, or 
from disaggregation, as occurs with the diamond- 
iferous peridotite xenoliths. Therefore, it seems 
logical to accept the relative abundances of P-type 
and E-type assemblages that occur as inclusions in 
diamonds as most representative of their relative 
proportions and, by analogy, the relative impor- 
tance of each rock type as the source material from 
which diamonds originate. Although various sci- 
entists will propose different proportions, we be- 
lieve that peridotite-type inclusions outnumber 
the eclogite type by a ratio of 3:1. P-type diamonds 
are particularly more abundant in smaller sizes. 


Pressure-Temperature Conditions in Which Dia- 
monds Form. A knowledge of the pressure and 
temperature (P-T) regime in which diamonds crys- 
tallize is essential for determining the geologic 
origin of diamonds. Geobarometry is the discipline 
in geology that employs methods, such as the 
analysis of pressure-indicative minerals, to deter- 
mine the pressure under which a mineral or rock 
formed. For example, the presence of coesite, 
known to be a high pressure form of SiO, (quartz, 
at low pressure), yields important information 
regarding pressure conditions. Geothermometry is 
the discipline concerned with the temperature of 
formation of similar materials. 

Both of these disciplines depend heavily on 
experimental laboratory procedures, such as the 
synthesis of specific minerals under carefully 
controlled pressure-temperature conditions, to 
simulate natural situations. Again, the inclusions 
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in diamonds are valuable in this research. In some 
cases, the analysis of a single inclusion for just one 
chemical element is sufficient. In other cases, 
particularly in geothermometry, several co-exist- 
ing and touching mineral phases ideally should be 
present in the diamond (figure 11). For a variety of 
reasons, assumptions usually are made and the 
results sometimes lack the desired precision. 
(Technically, the temperatures and pressures deter- 
mined are those that existed when the mineral 
systems were last in equilibrium, which may not 


Figure 11. A purple chrome pyrope garnet and a 
colorless pyroxene have united to form a tra- 
peze in the host diamond. This bimineralic in- 
clusion lies parallel to an octahedron face. Co- 
existing and touching mineral phases such as 
these are ideal for geothermometry studies. 
Photomicrogaph by Henry O. A. Meyer; bright- 
field illumination, magnified 40x. From 
Giibelin and Koivula (1986, p. 95). 
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Figure 12. This diagram 
shows how increasing sili- 


21 con (Si) and decreasing 
aluminum (Al) + chro- 
2.0 mium (Cr) are accommo- 
dated in the structure of 
19 garnet (which crystallizes 
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in atoms per unit cell.) 
Studies such as this en- 
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15 formation. For example, if 
a garnet contains 3.0 
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and 1.95 atoms per unit 
13 cell of Al + Cr, it crystal- 
lized at a pressure of 
1.2 about 45 kbars. Data are 


180 200 220 from eclogitic garnet in- 
clusions in diamonds from 
the Monastery mine, 
South Africa (Moore and 


Gurney, 1985). 


agree precisely with the temperature and pressure 
of diamond formation.] 

Examples of the types of minerals used, and 
elements determined, for geobarometry include: 
(a) aluminum substitution in orthopyroxene {en- 
statite} co-existing with garnet, (b) potassium 
substitution in clinopyroxene, and (c) sodium 
substitution in garnet. In all of these cases, ele- 
vated amounts of Al, K, and Na are indicative of 
high pressures. Examples of geothermometry in- 
clude methods based on: (a) the partitioning (rela- 
tive proportions} of the Ca and Mg contents of co- 
existing orthopyroxene (enstatite) and clinopyrox- 
ene {diopside}, (b} the relative abundances of Fe and 
Mg in these same pyroxenes, and (c} the relation- 
ship between Fe and Mg in coexisting garnet and 
orthopyroxene. In figure 12, we illustrate how the 
pressure at the time of formation of an eclogitic 
garnet inclusion within a diamond can be deter- 
mined. 

There have been many determinations made 
in the past decade of the pressures and tempera- 
tures at which mineral inclusions in diamond 
crystallized (see, e.g., Ross, 1989). Meyer (1985) has 
evaluated these and concluded that in the peridoti- 
tic type of inclusions the temperature of crystalli- 
zation ranged from 900° to 1300°C and pressure 
from 45 to 60 kbar. At 30, 50, and 60 kbar the 
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approximate depths within the earth are 100, 150, 
and 200 km, respectively. Eclogitic-type inclu- 
sions fell within the same temperature range, but 
it was not possible to estimate their pressure of 
formation. Considering the rate at which tempera- 
tures increase with depth (geothermal gradient} 
under continental areas, as well as the correspond- 
ing increase in pressure, the estimated depth of 
formation of P-type diamonds is in the range 
150-200 km, which is within the upper mantle. 
E-type diamonds appear to have higher tempera- 
tures of crystallization and to form at greater 
depths than do P-types. In fact, based on geo- 
barometry, Moore and Gurney (1985} have shown 
that E-type diamonds in at least one South African 
mine (Monastery) have origins that may be deeper 
than 300 km, but still within the upper mantle. It 
must not be assumed, however, that all E-type 
diamonds originate from such depths. 


Sources of Carbon in Diamond. The source of the 
carbon from which diamonds form has been a 
subject of interest and controversy for over a 
hundred years; suggestions have ranged from coal 
in the 1800s to carbon dioxide and methane today 
(see Janse, 1984, and Meyer, 1985, for the historic 
aspects]. It is now generally agreed that there are 
two sources of carbon, as determined by stable 
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carbon isotope studies, specifically the ratio of 
carbon-13 to carbon-12. For the sake of conve- 
nience, these ratios are reported as “delta values” 
and specifically, in the case of the carbon isotopes, 
as 813C, (Technically, a delta value is the difference 
between the isotope ratio in a sample and that ina 
standard, divided by the ratio in the standard, and 
expressed in parts per thousand.) 

A plot of the 8!8C of several hundred dia- 
monds, from many geographic locations as well as 
from both eclogitic and peridotitic origins, is 
presented in figure 13. Inspection of this figure will 
show a shaded area in the narrow range of —2, to 
—9 813C, with a peak between —5 and ~—6 818C. 
This is the area in which almost all peridotitic 
diamonds will plot. Although the 8!3C of many 
eclogitic diamonds will also plot in this narrow 
range, others will plot elsewhere on the diagram; 
they are not confined to the narrow range. These 
important data in figure 13 have been interpreted 
to imply that there are at least two carbon sources 
for diamonds: The peridotitic source, with few 
exceptions, is characterized by the narrow 813C 
range of -2 to —9, whereas the eclogitic source 
may have any 8!3C value between +3 and —34. In 
addition, detailed studies of the distributions of 
the populations have shown that there frequently 
are specific associations at specific localities. For 
example, at the Roberts Victor mine in South 
Africa, the eclogitic diamonds have two different 
813C values of about —16 and about —5, which 
suggests two different eclogitic source areas for the 
carbon in these diamonds. The question arises, 
then: What are the major sources of carbon, that is, 
for the peridotitic and eclogitic diamonds? 

Peridotitic diamonds are believed to have a 
carbon source that is derived from a homogeneous 
(because of the narrow range of 8!8C values} con- 
vecting zone within the upper mantle. This carbon 
may have been one of the original components of 
primitive earth that accumulated in the mantle 
perhaps 4,500 My ago, became well mixed through 
convection, and then remained in place until it 
crystallized into diamond within peridotite. 

Eclogitic diamonds are a different story be- 
cause of the broad range of 8!3C values. The 8/3C 
values for the carbon in carbonate minerals (e.g., 
calcite] and hydrocarbons span the range of +3 to 
~34, These values are identical to those found in 
eclogitic diamonds and are the basis for the theory 
that the carbon in such diamonds originates in 
material brought from the earth’s near-surface 
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environment by subduction to the depths (>150 
km} necessary for the formation of diamonds. 
Eclogites have a bulk chemical composition 
that is virtually identical to that of basalt, but the 
minerals comprising basalts (primarily the 
clinopyroxene augite and Ca-rich plagioclase feld- 
spars; see box A} are different from those of 
eclogites (that is, garnet and the clinopyroxene 
omphacite} because of the different pressure and 
temperature environment in which the latter crys- 
tallize. Eclogites are formed at higher pressures 


Figure 13. The distribution of carbon isotope ra- 
tios, 8!3C, in diamonds from many geographic 
locations and from both eclogitic and peridoti- 
tic rock origins is illustrated here. The shaded 
region, with 813C values of —2 to —9, is the 
range for diamonds from peridotitic assem- 
blages; eclogitic values may range anywhere 
from +3 to —34 (including the peridotitic 
range}. The letter n indicates the number of 
samples. See text for further details. From 
Gurney (1989). 


GEMS & GEMOLOGY Spring 1991 13 


Sedimentary Rocks 
(limestone, etc.) 


= 
‘A, 

THe 

aa ep 


SE Tektro ey 
<7he ce Continental'Crust-:~— 


ft, ant 
Sab 


Figure 14. The theory of plate tectonics explains how the earth’s solid outer portion (the lithosphere) is di- 
vided into a number of rigid thin segments (plates) which move in various ways including downward at 
certain boundaries, particularly where continents collide. This figure illustrates an oceanic basaltic plate 
being moved downward (subduction) into a region of higher pressures and temperatures below a craton {a 
part of the earth that has been stable for a long time; includes continental shields and platforms). Carbon 
present within the plate in the form of limestone (calcite) or other carbonate-bearing rocks, or as hydrocar- 


bons (including organic remains), could be the source of this element (carbon) for diamonds formed in 


eclogite. (Vertical scale is exaggerated.) 


relative to basalt during and following certain 
earth movements and mountain building (tec- 
tonic) events; basalts caught up in such tectonic 
processes may recrystallize into high-pressure 
eclogite. But, could eclogite within the earth’s 
mantle, at depths of 150 km and greater, also 
represent basalt that has been converted to 
eclogite? 

When continents collide, basalt, which is the 
main rock type in the oceanic basins, is pushed 
down beneath the continents by a process called 
subduction, into regions of higher pressures and 
temperatures (figure 14), where it eventually can 
be converted to eclogite. Carbon, in the form of 
limestone (calcite) or other carbonate rocks, or in 
the form of hydrocarbons (e.g., organic matter such 
as bacteria, algae}, may have been included in the 
subducted slab and thus could be the source 
material for eventual conversion to diamond. 
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EMPLACEMENT OF DIAMONDS 


To understand the emplacement of diamonds near 
the surface of the earth, we need to consider the 
following topics: 

@ What rocks did the emplacement 

@ Where emplacement occurred 

@ When emplacement occurred 

@ How emplacement occurred 


What Rocks Did the Emplacement. We have re- 
ferred repeatedly to the fact that diamonds were 
carried to the surface (i.e., emplaced} by kimberlite 
and lamproite. To understand this emplacement 
mechanism, it is important to understand the 
similarities, differences, and relationships be- 
tween kimberlite and lamproite. 

The most accurate definition available of the 
rock called kimberlite is presented in box B. For the 
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One would think that the meaning of the term 
kimberlite would be well understood and that it 
would have a universally accepted definition. How- 
ever, although kimberlite was first introduced over a 
hundred years ago, based on descriptions of the 
diamond-bearing pipes of Kimberley, South Africa, 
there is still no unanimity on its definition (see, e.g., 
Glover and Harris, 1984; Clement et al., 1984; and 
Mitchell, 1989). 

The problem stems, in part, from the fact that a 
satisfactory definition of kimberlite must take into 
account mineralogic composition, chemical compo- 
sition, texture, and origin. This is a difficult task, 
indeed. 

Most kimberlite professionals now accept the 
definition of Clement et al. (1984, pp. 223-224], but it 
is very complex. For a gemological audience, the 
definition of Dawson (1984, pp. 104-105) is instruc- 
tive and, in its imaginative presentation, illustrates 
the complexity of defining kimberlite satisfactorily: 

“In short, KIMBERLITE IS A HYBRID ROCK, 
comprising: 


FRAGMENTS OF HIGH-T [temperature] 
PERIDOTITE AND ECLOGITE 


plus 
MEGACRYSTS 
which have reacted with 
RELATIVELY LOW-T, VOLATILE-RICH MATRIX 
and, during and after intrusion, with 
HIGH-LEVEL GROUNDWATER 
and in many diatreme-facies kimberlites 
there is variable input of 
WALL ROCK MATERIAL [e.g. basalt, gneiss, shale]” 


[The following terms mentioned above and not previ- 
ously explained are briefly defined. Megacryst: coarse 
single crystal; nongeneric term for a phenocryst or 
xenocryst. Matrix: groundmass; finer grained than 
megacrysts. Diatreme: a general term for a volcanic 
pipe that is emplaced in rocks by a gaseous explosion 
and is filled with angular broken fragments called 
breccia.] 

Dawson uses the term hybrid in this explanation 
because kimberlite contains a mixture of (foreign) 
xenoliths (peridotite, eclogite, and other rock types} 
and xenocrysts (diamonds and others) in addition to 
the normal crystallization products from the kim- 
berlite magma. 

We offer the following simpler, though less pre- 
cise, definition which augments that of Dawson 
(1984): 


Kimberlite is a hybrid, volatile-rich, potassic, ultra- 
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BOX B: 
WHAT IS KIMBERLITE? 


mafic igneous rock derived from deep in the earth 
(>150 km below the surface} which occurs near the 
surface as small volcanic pipes, dikes, and sills. It is 
composed principally of olivine (both as phe- 
nocrysts and in groundmass}, with lesser amounts of 
phlogopite, diopside, serpentine, calcite, garnet, il- 
menite, spinel, and/or other minerals; diamond is 
only a rare constituent. 


Use of the adjectives “volatile-rich, potassic, ultra- 
mafic” to describe kimberlite indicates that there is 
an important and characteristic chemical signature 
for this rock. Volatile-rich (readily vaporizable, gas- 
eous} refers to the high contents of CO, (8.6% 
average, mostly in calcite) and H,O {7.2% average, in 
serpentine and phlogopite], in kimberlites. The aver- 
age potassium content (K,O = 0.6%—2.0%) is high for 
an ultramafic rock, whereas the average SiO, content 
(25%-35%)} is extremely low for an igneous rock. In 
the case of kimberlite, Fe,O, averages 12.7% and 
MgO, 23.8%. (All of the preceding values are from 
Mitchell, 1989, p. 35 and analysis 10, table 1, p. 36.) 
Although not mehtioned, or even implied, in this 
definition, there are also unusually high concentra- 
tions, for ultramafic rocks, of certain nonessential 
elements found in small quantities (i.e., “trace ele- 
ments”), Examples are niobium (Nb), zirconium (Zr), 
strontium (Sr}, barium (Ba]), rubidium (Rb}, and 
cerium (Ce}. These all occur in amounts significantly 
less than 0.1%; nevertheless, they are geochemically 
significant and are also important indicators of the 
presence of kimberlite for exploration purposes. 

Exactly how kimberlites form is a subject of 
intense study. Although several hypotheses have 
been presented in the past, Eggler (1989, p. 496} 
reports that “partial melting of carbonated peridotite 
is preferred.” That is, when a peridotite containing a 
small amount of a carbonate mineral such as dol- 
omite (source of CO,} as well as phlogopite (source of 
potassium) becomes hotter, a small portion (less than 
10%) of the rock will melt initially. The fluid 
(magma) resulting from this partial melting will have 
the chemical characteristics of kimberlite mentioned 
above (volatile-rich, potassic, ultramafic). This pro- 
cess probably takes place at pressures of 50-65 kbar 
and temperatures of about 1200°-1500°C. Thus, kim- 
berlite magmas, like diamonds, originate from peri- 
dotite in the upper mantle at depths of perhaps 
150-200 km. It is important to remember, however, 
that the consensus is that diamonds will only crystal- 
lize from peridotite (in addition to eclogite) and not 
from kimberlite (except possibly in special cases} for 
reasons that are not known, and that diamonds will 
occur in kimberlite only as xenocrysts. 
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purposes of this discussion, we need only consider 
the highlights presented in box B and recognize the 
following characteristics of kimberlite. 


e Kimberlite is a dark-colored (referred to as “blue 
ground” when fresh) hybrid rock; that is, it is a 
mixture of the crystallization products of the 
kimberlite magma itself (e.g., olivine, phlo- 
gopite} plus xenocrysts and xenoliths of peri- 
dotite and eclogite derived from the upper 
mantle. 


e Chemically, kimberlite is an ultramafic, po- 
tassic, volatile-rich (CO,,H,O) rock that formed 
deep within the earth (at least at the depth of 
diamond formation} at high pressures and tem- 
peratures. 


e Kimberlite is intruded from the mantle into the 
earth’s crust; near the surface, it takes the form 
of a cone-shaped pipe characterized by a volca- 
nic explosion and the formation of breccia 
{angular broken fragments} within the pipe (see 
below}. 


Lamproite was a relatively obscure rock type until 
1979, when it was found to host primary deposits 
of diamonds in Australia. To date, it is only the 
second rock type to have gained this distinction. 
Although it has been the subject of many studies 
over the last decade, like kimberlite it is not easily 
defined. Currently, Jamproite refers to a group of 
rocks closely related in chemical composition (a 
clan) rather than to a specific rock variety. Nev- 
ertheless, certain chemical, textural, and miner- 
alogic characteristics are recognized: 


® Lamproite has a characteristic gray to greenish 
gray mottled appearance and, like kimberlite, is 
a hybrid rock. The primary magmatic crystal- 
lization products, most notably olivine, occur 
both as phenocrysts and as groundmass constit- 
uents. Upper-mantle xenoliths and xenocrysts 
are the same as those found in kimberlites. 


e Chemically, lamproite is an ultrapotassic (po- 
tassium values are typically 6%-8% K,O, com- 
pared to 0.6%-2.0% K,O for kimberlites}, mag- 
nesium-rich (mafic} igneous rock. Significant 
trace elements include zirconium (Zr), niobium 
{Nb}, strontium (Sr), barium (Ba), and rubidium 
(Rb); these same elements also are enriched in 
kimberlites (see box B). On the other hand, CO,, 
which is enriched in kimberlite (average 8.6%], 
generally is Jow (<1%] in lamproite, but an- 
other volatile element, fluorine (F}, is enriched 
in the latter. Lamproites are also lower in 
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magnesium (Mg}, iron {Fe}, and calcium (Ca], but 
higher in silicon (Si) and aluminum {Al}, than 
kimberlites. 


e Lamproites, like kimberlites, occur as pipes, 
dikes, and sills, but lamproite pipes resemble 
champagne glasses, rather than cones, in shape. 


A comparison of the minerals present in the two 
rock types is particularly informative (table 2). The 
fact that several major, as well as some minor, 
minerals are common to both rock types suggests 
that their respective magmas have similar chemi- 
cal characteristics. Further, the xenocrystic min- 
erals are identical, which suggests that kim- 
berlites and lamproites were, at some time in their 
histories, in the same high pressure-high tempera- 
ture environments characterized by eclogite and 
peridotite (in the Argyle olivine lamproite of 
Australia, there are far more eclogitic than peri- 
dotitic xenocrysts in diamonds}. From table 2 we 
see that lamproite has a number of additional 
minerals that distinguish it from kimberlite (al- 
though not all are present in all lamproites)}. These 


TABLE 2. Minerals found in kimberlite and lamproite. 


Minerals Kimberlite Lamproite 


Minerals that crystallize directly from kimberlite and 

lamproite magmas 

Major 
Olivine 
Diopside 
Phlogopite 
Calcite 
Serpentine 
Monticellite 
Leucite 
Amphibole 
Enstatite 
Sanidine 


Vii ht 
Vii 


Vib 


Minor 

Apatite 
Perovskite 
ll menite 
Spinel 
Priderite 
Nepheline 
Wadeite 


Vib 
VV NPP t 


Xenocryst minerals derived from the upper mantle 
Olivine 
Garnet 
Clinopyroxene 
Orthopyroxene 
Chromite 


Vii ii 
Vii ih 
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include, for example, the minerals leucite (KAI- 
Si,O¢), sanidine (KAISi;0g), wadeite (K,ZrSi;05) 
and priderite |(K,Ba}(Ti,Fe),O,.], from which the 
potassium- and zirconium-enriched character of 
lamproites is derived. 

In summary, based on their chemical, textural, 
mineralogic (including those of the xenoliths and 
xenocrysts}, and emplacement (e.g., as pipes) char- 
acteristics, kimberlites and lamproites have much 
in common. Certainly, the similarities are greater 
than the differences. Both rock types probably 
formed by partial melting (see box B} of similar, yet 
distinctive, peridotitic material at greater depths 
than any other known volcanic rocks. Pressures of 
origin can be related to the upper mantle at depths 
of at least 150 km, and temperatures probably were 
in the range of 1100°-1500°C; kimberlites appear 
to have crystallized at the middle to upper part of 
the temperature range and lamproites at the lower 
end. Both rock types have transported mantle 
xenoliths and xenocrysts, including diamonds, to 
the surface, although not all kimberlites and 
lamproites contain diamonds. Finally, it should be 
noted that only recently has lamproite been recog- 
nized as a host for diamond deposits and that there 
is no known fundamental reason why other man- 
tle-derived rocks with sufficiently deep origins 
could not also transport diamonds from the same 
peridotitic and eclogitic sources. 


Where Emplacement Occurred. There are two 
aspects to the topic of where emplacement of 
kimberlite and lamproite occurred: geographic 
and geologic. Both of these topics were reviewed 
thoroughly by Clifford (1970), Janse (1984), and 
Dawson (1989). Most emphasis will be placed on 
kimberlites because there is far more information 
available on these rocks than on lamproites. 
Kimberlites are widespread around the earth, 
and over 3,000 are known in southern Africa alone. 
This figure includes both dikes and pipes (sills are 
rare), of which the former are more abundant. 
There are about 100 kimberlites in North Amer- 
ica, with perhaps 60 located in what is called the 
Colorado-Wyoming State Line District. Of the 
total number of kimberlites worldwide, fewer than 
1,000 contain any diamonds, only 50-60 have ever 
been economic, and only about 12 major pipes are 
being mined today. Most of the well-known dia- 
mond-producing pipes have a surface area of be- 
tween 5 and 30 hectares (about 12—75 acres); in 
South Africa, they typically contain about one carat 
of rough diamond per five tons of kimberlite ore. 
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Kimberlites tend to occur in clusters, with 6 to 
40 (excluding dikes) in any one. Certain areas, such 
as South Africa, Siberia, and northwestern Tan- 
zania, contain many clusters. The five main pipes 
at Kimberley, South Africa, cover a circular area 
with a diameter of 10 km, but the entire cluster, 
including dikes, occupies an area with a diameter 
of 40 km. Janse (1984) suggests that the distance 
between several major clusters in both South 
Africa and Siberia is generally about 400 km, 
although the use of such estimates has been 
questioned by Gurney {1989}. The ratio of eco- 
nomic to noneconomic pipes in clusters varies 
considerably: Janse (1984) gives figures ranging 
from 5 out of 15 at Kimberley and 3 out of 29 at 
Orapa (Botswana), to | out of 30 at Alakit (Siberia), 
some clusters, of course, have no economic value. 

Unfortunately, there are no similar statistics 
for lamproites. Not only is the discovery of the 
Argyle deposit in Western Australia relatively 
recent, but many of the rocks previously called 
lamproites, as well as related types, are presently 
being reevaluated and reclassified. Such studies, 
for example, have resulted in the reclassification of 
the diamond-bearing Prairie Creek (Murfreesboro], 
Arkansas, pipe from a kimberlite to an olivine 
lamproite, 

However, studies of kimberlites, and to a lesser 
extent lamproites, have provided valuable infor- 
mation about the geologic distribution of the 
diamond-bearing rocks in the earth’s crust. Figure 
15 shows that the geographic distribution of pri- 
mary diamond deposits, predominantly kim- 
berlites, is not random but is confined to regions of 
the continental crust that are old cratons (defined 
below}. This is an observed fact that was well 
formalized by Clifford in several publications, 
culminating in Clifford (1970). It illustrates, too, 
the fact that kimberlites are never found in oceanic 
environments or young mountain belts. A craton 
(again, see figure 14) is part of the earth’s crust that 
has attained stability and has been little deformed 
for a very prolonged period of time (generally more 
than 1,500 My). Effectively, the term applies to 
extensive, stable continental areas and consists of 
two parts: (a) a shield (the exposed core of a craton, 
e.g., the Canadian Shield), and (b) a platform (the 
part of the craton, covered by generally flat-lying 
sediments and sometimes associated volcanics, 
e.g., basalts, that is adjacent to, and an extension of, 
the shield}, Cratons are the nuclei of all continents, 
and all present-day continents, except Europe, 
have more than one craton (again, see figure 15), 
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Figure 15. This world map of primary diamond deposits {i.e., those in pipes) shows cratonic areas 
(dashed lines) with major economic diamond deposits {large solid diamonds), minor economic de- 
posits (small solid diamonds), and subeconomic deposits (small open diamonds). The economic de- 
posits are in kimberlites except for the Australian deposit(s), which are in lamproite. Note that sev- 
eral cratons have no known diamond deposits. From Gurney (1989) and based on data in Janse (1984). 


which are usually of different ages. This suggests 
that the continents of today may be composites of 
the remnants of ancient continents, each of which 
had its own craton. Kimberlites have been found 
within most cratons on all continents. Some 
cratons have far more diamond production and 
potential than others. For example, the Kaapvaal 
(Kalahari) craton of southern Africa has seven of 
the world’s 11 established diamond-producing 
clusters. 

Studies of the locations of kimberlites within 
cratons (this detail is not shown in figure 15} reveal 
that the occurrence of kimberlite pipes is most 
common within the younger, generally flat-lying 
sedimentary platform rocks that rest on the Ar- 
chean (>2,500 My old) part of a craton. Very few 
important kimberlite pipes are known in the 
exposed cores (shield areas] of cratons, the princi- 
pal examples being the West African and Tanza- 
nian cratons, probably because they have been 
extensively eroded. This has resulted in the gener- 
alization among kimberlite specialists that the 
most favorable location for diamond-containing 
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kimberlites is “on-craton” as opposed to “off- 
craton,” that is, “on” the Archean part of the craton 
{including the sedimentary platform rocks above) 
as opposed to “off” it. The latter location includes 
any younger part of the craton and adjoining 
mobile belts {i.e., linear regions adjacent to cratons 
that were subjected to folding due to cratonic 
collisions and later became mountain belts, such 
as the present Alps). Mobile belts may eventually 
become “fused” to cratons. However, generaliza- 
tions such as this can be dangerous. For example, 
the Argyle lamproite, the largest producer of dia- 
monds in the world today, is in a mobile belt that 
became part of a craton 1,800 My ago. The signifi- 
cance of cratons from the point of view of the 
“storage” of diamonds between the time of their 
formation and their being brought to the surface 
will be discussed later. 


When Emplacement Occurred. Diamond-bearing 
kimberlites and probably lamproites have in- 
truded into the earth’s crust for a very long period, 
as evidenced by the occurrence of diamonds in the 
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2,600-My-old Witwatersrand conglomerate in 
South Africa. The presence of diamonds in this 
paleoplacer (alluvial) deposit requires that a still 
older kimberlite (or lamproite} existed. 

The oldest known kimberlites still preserved 
are the 1,600-My-old intrusions near Kuruman, 
northern Cape Province, South Africa, which are 
situated on the Kaapvaal Craton but contain no 
diamonds. Subsequently, there was a period of 
extensive kimberlite emplacement about 1,200 
My ago, again in South Africa (e.g., Premier mine; 
see table 1) but also in India and Mali. Other 
important episodes of kimberlite intrusion are 
presented in table 3. 

Although information on lamproites is less 
readily available, they are known to cover a range 
from the Argyle pipe, which was intruded ~1,200 
My ago, to the Ellendale lamproites (about 50 
bodies are known and several are potentially 
economic}, approximately 400 km from the Argyle 
deposit, which were intruded in early Miocene 
time (~20 My ago) into platform sediments of 
Devonian and Permian age (~400-250 My}. Some 
lamproites in Wyoming, Antarctica, and a few 
other localities may have been emplaced within 
the last one million years. 

We may deduce from the large number of new 
age dates obtained in the past decade that: (a} 
kimberlite and/or lamproite intrusions can occur 
at several different times in the same vicinity; and 


TABLE 3. Times of intrusion of selected kimberlite 
provinces (modified from Dawson, 1989). 


Geologic age Time (My ago) Locality 


Eocene 50-55 
Upper Cretaceous 65-80 


Namibia, Tanzania 


Southern Cape (South 
Africa) 


Middle Cretaceous 80-100 Kimberley (South 
Africa), Lesotho, 
Botswana, Brazil 

Lower Cretaceous 115-135 Angola, West Africa, 
Siberia 

Upper Jurassic 145-160 Eastern North America, 
Siberia 

Devonian 340-360  Colorado-Wyoming, 
Siberia 

Ordovician 440-450 Siberia 

Upper Proterozoic 810 Northwest Australia 


Middle Proterozoic 1,100-1,250 Premier (South Africa), 


India, Mali 


Lower Proterozoic 1,600 Kuruman (South Africa) 
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(b} most kimberlites and lamproites were em- 
placed in the last 200 My, although there were 
major intrusions at least as early as 1,600 My ago 
and possibly prior to 2,600 My ago. 


How Emplacement Occurred. It is generally ac- 
cepted that kimberlite and lamproite magmas 
result from the partial melting of similar, yet 
distinctive, peridotitic material 150-350 km be- 
low the earth’s surface, that they intruded into 
cratons, and that the process of emplacement has 
been operative, during some periods more than 
others, at least since 2,600 My ago. Beyond this 
point matters become more speculative, partic- 
ularly on the details of how emplacement occur- 
red. Topics that must be considered are: (1} the rate 
of ascent of diamond-bearing kimberlites and 
lamproites; and (2) the configuration and forma- 
tion of diatremes. Again, most emphasis will be 
placed on kimberlite. 


Rate of Ascent. The rate of ascent of kimberlites is 
most frequently determined on the basis of the 
following observations: (a) diamonds are preserved 
during their ascent to the surface rather than 
reverting to graphite, being converted to carbon 
dioxide (CO,], or dissolving in the kimberlite 
magma (figures 16 and 17); and {b} the diamond- 
bearing kimberlites also transport large xenoliths 
from as deep as 200 km below the surface (again, 
see figure 4}. Both of these observations require 
that the ascent to the surface be reasonably rapid. 
During slow ascent, or ascent with many inter- 
mediate stops, diamond would likely revert to 
graphite (which in the pressure-temperature con- 
ditions in the earth’s crust is thermodynamically 
more stable than diamond} and the heavy xenoliths 
would tend to settle back through the magma. At 
Beni Bouchera, Morocco, for example, we know 
that diamonds were transformed to graphite be- 
cause they were not transported rapidly to the 
surface by kimberlite or lamproite (Slodkevich, 
1983). The fall in temperature and pressure was 
sufficiently slow to permit the conversion; only 
with a rapid decrease in temperature and pressure 
will the carbon atoms “freeze” in the metastable 
diamond structure (figure 18). 

Although we know that the ascent is rapid, 
estimates of the exact velocity depend on various 
assumptions. For our purposes, the ascent rates 
proposed by Eggler (1989) of 10-30 km per hour are 
realistic, In other words, diamonds are brought to 
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Figure 16, Extremely well-shaped diamonds 
with sharp octahedral edges, as seen just below 
the table facet of this host mineral, are un- 
usual. Special conditions were required for their 
preservation, for example, they may have been 
protected within another mineral (diamond, in 
this case) or in an eclogite xenolith. Otherwise, 
it is likely that they would have been resorbed 
(dissolved) in a kimberlite or lamproite magma. 
Photomicrograph by Eduard |. Gitbelin; dark- 
field illumination, magnified 20x, From 
Gtibelin and Koivula (1986, p. 97). 


the surface from their storage areas at depths of at 
least 110 km (at the base of cratons} in 4-15 hours! 
Further, as the surface is approached, within the 
last 2-3 km, the velocity increases dramatically to 
perhaps several hundred kilometers per hour, for 
reasons that are explained later. 

An obvious requirement for kimberlites to 
reach the surface is the availability of fractures 
that extend from below the base of the craton, 
through solid rock, for a distance in the vicinity of 
150 km, these deep fractures are only possible in 
geologically stable areas. Exactly how these deep 
fractures are generated, and are even repeated from 
time to time in identical localities to account for 
kimberlite intrusions of widely different ages 
within the same pipe, is a matter that is not well 
understood. For our purposes it is only necessary 
to recognize the existence of a problem concerning 
the origin of the deep fractures and to observe that 
several hypotheses have been proposed, for exam- 
ple, crack propagation by magmatic fracturing 
(Eggler, 1989) and crustal thinning linked with 
major plate movements (Dawson, 1989). Mitchell 
(1986) has reviewed older theories. 
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Configuration and Formation of Diatremes. The 
term diatreme is synonymous in this article with 
the terms breccia pipe and simply pipe. It is a 
general term fora volcanic pipe that is emplaced in 
rocks by a gaseous explosion and is filled with 
angular broken fragments called breccia [Gk. dia: 
through + trem(a): perforation = to pierce, drive 
through]. As a general term, diatreme can be used 
for pipes of many types in numerous geologic 
situations (e.g., diatremes of basalt erupting along 
fractures}; however, the combination of features 
described below is possibly unique to kimberlite 
diatremes (and related rocks, e.g., lamproites} pri- 
marily because of the great depths from which 
they originate as well as the amounts and types of 


Figure 17. The irregular rounded shapes fre- 
quently found on diamonds result when the 
transporting kimberlite (or lamproite) magmas 
react with, and dissolve, the diamond, starting 
with the octahedral edges. Isolation of dia- 
monds from transporting magmas (see figure 
16), or very rapid ascent to the surface, can 
minimize this effect. Photo © GIA and 

Tino Hammid. 
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Figure 18. The diamond-graphite 
equilibrium line is plotted here 
against the geothermal gradients for 
the continental shield (craton) and 
oceanic areas. (A geothermal 
gradient is the rate of increase of 
temperature with increasing depth 
in the earth and averages about 
25°C per kilometer in the earth’s 
crust.) Under the oceans, 
temperature rises much more 
rapidly with depth than it does 
under the shield areas. The 
geothermal gradient line for the 
shield areas intersects the diamond- 
graphite equilibrium line at 53 
kbars (and about 1325°C)}, which 
corresponds to a depth of about 160 
km. Under oceanic areas, it 
intersects at depths greater than 200 
km, which is unsuitable for the 
production of diamonds. Modified 
from the GIA Diamonds course. 
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gases they contain. The characteristic features of 
kimberlité diatremes are: (a) their general shape, 
and (b) their three distinct depth zones (root, 
diatreme, crater} which, in combination, are the 
configuration of the pipe (figure 19). 

The classic, early 20th-century studies of 
kimberlite pipes in the Kimberley area, South 
Africa, demonstrated that they occur as carrot- 
shaped, vertical intrusions that pinch out at depth. 
These observations have stood the test of time. 
With increasing depth of the mines over the years, 
new observations were made and older ones re- 
fined. These include: (a] the fragmental (brecci- 
ated} nature of kimberlite, particularly in the 
diatreme zone; (b} the fact that kimberlite is a 
“cold” rock, inasmuch as there are very few indica- 
tions of thermal effects (e.g., contact metamor- 
phism) on either the wall rocks or xenoliths of the 
diatreme zone as would be expected for a rising 
molten magma; and (c} the observation that the 
pipes become narrower with depth, eventually 
thinning into feeder dikes that are rarely thicker 
than one meter. In other parts of Africa, important 
surface features of kimberlite diatremes, e.g., maar 
and tuff rings (see below], were also recognized. 

Hawthorne (1975) combined all the above 
features and facts relating to kimberlite pipes and 
developed an idealized model, which is illustrated 
in modified form in figure 19. This figure, which is 
a basis for modern concepts of emplacement, 
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shows the three different zones within an idealized 
kimberlite. 

The root zone is the deepest part of the pipe. It 
is characterized by an irregular outline and by 
numerous distinct intrusive phases of kimberlite 
and igneous features, and it extends about 0.5 km 
vertically about 2-3 km below the surface. It is 
composed of crystallized kimberlite magma with 
the megascopic appearance of a typical intrusive 
igneous rock, along with xenoliths and xenocrysts 
and frequently with some small breccia fragments. 
With depth, the root zone grades into individual 
feeder dikes, also of kimberlite (but without cer- 
tain characteristics such as breccia), which extend 
downward indefinitely, but probably not continu- 
ously, as the fractures along which the magmas 
moved probably opened and then closed after 
magma passed through. Root zones and feeder 
dikes may contain diamonds among the xeno- 
crysts, but they have been mined only on a small 
scale because of their limited volume. Economic 
mining is generally limited by the width of the 
dikes, which are usually only about 60 cm wide 
{although they may, rarely, be 10 m wide, known as 
a “blow”. 

The diatreme zone (not to be confused with 
diatreme = pipe} is much greater in vertical extent 
than the root zone and is the most important 
source of diamonds because of its volume. It ranges 
from 1 to 2 km in height and extends to within 300 
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Figure 19. This idealized model of a 
kimberlite pipe includes the root, 
diatreme, and crater zones. Also 
shown are the present erosion levels 
at the Orapa pipe in Botswana and 
the Jagersfontein, Kimberley, and 
Bellsbank pipes in South Africa. 
Adapted from Hawthorne (1975). 
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m of the surface, in the idealized situation in 
which it has not been eroded (again, see figure 19). 
The diatreme zone contains xenoliths and xeno- 
crysts from the mantle, as well as rock fragments 
derived from the crustal rocks through which the 
kimberlite passed, including wall rock (e.g., basalt, 
gneiss, shale} in the vicinity of the pipe. The main 
characteristics of this zone, however, are the kim- 
berlite breccias and other fragmental rocks (e.g., 
tuffs) associated with explosive magmas. 

These features develop because within the 
kimberlite magma there are large amounts of 
dissolved gases, specifically carbon dioxide and 
water (see box B], under great pressure. At about 
2-3 km below the surface, explosions occur in the 
ascending kimberlite magma as the gases expand 
enormously at the lower near-surface pressures. 
Because of these explosions, the rate of ascent of 
the kimberlite accelerates rapidly, to perhaps sev- 
eral hundred kilometers per hour. As the kim- 
berlite breaks through the overhead crustal rocks, 
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the pipe takes on its conical shape and becomes 
wider. At the same time, those areas of kimberlite 
that had already crystallized as rock undergo 
fragmentation (brecciation}. Because of the expan- 
sion of the gases, the kimberlite magma cools 
down rapidly so that there are few thermal reac- 
tions with the wall rocks or crustal xenoliths. With 
the temperature sufficiently low in relation to the 
lower pressure, the diamonds resist conversion to 
graphite and survive intact (figure 18). 

The crater zone occupies the upper 300 m or so 
of a typical kimberlite diatreme which, at its 
formative stage, is a volcano. Whereas most volca- 
noes erupt molten lava, as typified by Mauna Loa 
in Hawaii, such probably is not the case with a 
kimberlite volcano. This is because, by the time 
the kimberlite has passed through the diatreme 
zone, it is no longer molten and does not flow out. 
Rather, it erupts as broken solid fragments of rock 
called pyroclastics [Gk. pyro: fire + clastos: bro- 
ken into pieces], tuffs {a general term for all 
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consolidated pyroclastic rocks}, or lapilli (loose 
pyroclastic material in the size range of 2-64 mm, 
among other terms. Another factor to be consid- 
ered is that the rising kimberlite magma and/or 
pyroclastic material, while not molten, is still hot 
and will eventually encounter cooler groundwater 
at depths that vary with locality. As the groundwa- 
ter turns to steam, the eruption becomes even 
more volatile and, in some special situations, very 
violent explosions occur. Returning briefly to Daw- 
son’s (1984) explanation of the term kimberlite 
(box B}, we can now understand the reason for his 
including the concept of “high-level groundwater.” 

Kimberlite volcanoes have never been ob- 
served to explode in historic times. In Tanzania, 
Mali, and Botswana, however, there are rare exam- 
ples of the surface expression of this phenomenon 
that have not yet been eroded away. These include 
maars (low-relief volcanic craters formed by shal- 
low explosive eruptions, which may be filled with 
water if they intersect the water table, and which 
are surrounded by crater rings} and tuff rings (wide, 
low-rimmed accumulations of pyroclastic debris 
of tuff or, lapilli, slightly larger in size than an 
associated maar). It is likely that the explosion lifts 
debris no more than several hundred meters into 
the air and that the tuff ring is typically about 50 m 
high and is quickly eroded. 

Inspection of depths below the surface in 
figure 19 will show that the typical distance from 
the top of the crater zone to the base of the 
diatreme zone is about 2,300 m. Depending on the 
geomorphologic, topographic, and other charac- 
teristics of the emplacement site, and assuming an 
erosion rate of 1 m every 30,000 years (which is the 
average for the earth], it could be predicted that the 
vast majority (except the root zone} of a typical 
kimberlite diatreme would be completely eroded 
away in 69 My. During this period, it would be 
continually releasing diamonds into secondary 
deposits, such as alluvials or beach sands. In figure 
19, we see that four southern African mines— 
Orapa, Jagersfontein, Kimberley, and Bellsbank — 
all of Cretaceous age (~100 My; see table 1}, are 
eroded to distinctly different levels. From this it 
follows that the Bellsbank mine has limited re- 
maining economic potential because the entire 
diamond-containing diatreme and crater zones 
have been eroded away, whereas the Orapa mine 
can look forward to potential economic produc- 
tion to a depth of about 2,000 m which, at the 
present rate of production, will take several hun- 
dred years. 
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It is premature to make more than passing 
comments on the emplacement aspects of diamon- 
diferous lamproites, because only the Argyle mine 
isin production and only since late 1985. There are 
several scientific reports describing this mine, as 
well as the Ellendale lamproite pipes about 400 km 
distant, in the volumes edited by Ross (1989). 
Suffice it to say that there are many similarities 
between these pipes and those of kimberlite. As 
mentioned earlier, one interesting difference is in 
shape. Unlike kimberlites, which are carrot-like, 
the root and lower diatreme zones of lamproites 
are thin and stem-like, but toward the top the pipes 
flare out in a curved manner that gives a “cham- 
pagne glass” shape in cross-section, 


Diamond Sampling in the Mantle. Discussion of 
the sampling of diamonds in the mantle and their 
transportation to the surface requires the integra- 
tion of many of the topics considered earlier. This 
is accomplished by reference to figure 20, a sim- 
plified version of a diagram first published by 
Haggerty (1986). This figure is based on an ideal- 
ized cross-section of the earth through a craton and 
its subcontinental regions (the lithosphere], which 
are characterized by very long-term tectonic sta- 
bility, such as no mountain building or plate 
movements. (Kimberlite magmas, which originate 
at depths below the base of cratons, do penetrate 
the cratons through narrow fractures, but this 
minor volcanic activity does not negate the con- 
cept of a tectonically stable craton.} In all such 
areas, because of the tectonic stability, there are 
low geothermal gradients (rates of increase in 
temperature with depth) by comparison with the 
oceanic parts of the world. 

Figure 2.0 also reflects, as noted earlier, the fact 
that eclogitic diamonds appear to form at greater 
depths than do peridotitic diamonds. As indicated 
by arrows, the eclogites formed from oceanic 
basalts that traveled down from the ocean basins 
by means of plate tectonic movements. The dia- 
gram also shows the relative position of the mobile 
belts on either side of the craton. 

Of great significance is the shaded zone at 
depths of 110-150 km and temperatures of 
900°-1200°C. This zone, like the rest of the craton 
and its subcontinent, has not been actively in- 
volved in plate movements or other major tectonic 
activities for at least 1,500 My. Of possibly even 
greater significance, however, is the fact that 
diamonds are stable within this area. Thus, dia- 
monds that formed in the deeper parts of this keel- 
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See Figure 19. 
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Figure 20. This model for the genesis of diamond is simplified from Haggerty (1986). The stable craton and 
subcratonic areas today are as much as 200 km thick (heavy solid line) and are bounded by mobile belts. 
The isotherms (lines connecting points of equal temperature) in the craton are concave downwards. The 
diamond stability field (area in which diamond is stable) is convex upward. The K1 kimberlite pipe is 
likely to have P-type diamonds because it sampled diamonds in the diamond “storage area” (shaded zone) 
at the keel of the craton, where this type of diamond is presumed to be present. Pipe K2 may have E-type 
diamonds. Kimberlite pipe K3 will be barren of diamonds. L1 is the possible location for Argyle-type 


lamproite pipes. See text for additional details. 


shaped area, as well as those that formed elsewhere 
and somehow were moved into the same area, have 
been preserved and stored for as long as 3,200 My 
(see table 1 and accompanying discussion). One 
reason for the suggestion that diamonds in the 
storage zone may be of multiple origins is that in 
diamondiferous kimberlites (and lamproites} both 
P-type and E-type diamonds, in any proportions, 
may be found. 

A kimberlite pipe such as K1 (figure 20}, 
ideally situated over the keel of the craton, would 
be likely to contain diamonds, primarily of the 
P-type, provided other factors, such as a rapid 
ascent rate, are favorable. Pipe K2 would likely 
sample an eclogitic enclave hosting E-type dia- 
monds, whereas kimberlite diatreme K3, which is 
“off craton,” would probably be barren. The 
lamproite diatreme Ll, as exemplified by the 
Argyle and Ellendale pipes in Australia, is also “off 
craton” in that it is intruded into the mobile belt; 
yet it is diamondiferous with both P-type and 
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E-type diamonds. To account for this, Haggerty 
(1986) suggests a “complex plumbing system” (a 
system of interconnecting fractures} that is able to 
sample appropriate preservation and storage areas. 


CONCLUSIONS 


Age-dating techniques applied to the mineral in- 
clusions (e.g., garnet} within diamond show that 
the inclusions are very old, ranging from 990 to 
3,300 My, but this range may be extended as more 
age determinations are made. Inasmuch as the 
inclusions formed at the same time as their dia- 
mond hosts, it follows that diamonds are equally as 
old. On the other hand, kimberlites and 
lamproites, the two rock types in which primary 
diamonds are found, are generally much younger 
{the most important diamond pipes range in age 
from about 100 to 1,200 My) and are not the rocks 
in which diamonds crystallize. Hence, kimberlite 


GEMS & GEMOLOGY Spring 1991 


and lamproite are merely the transporting media 
that bring diamonds to the surface by mechanisms 
that are not completely understood. Diamonds are 
formed at depths of 150-200 km below the surface; 
in the interval between their formation and their 
transport to the surface, they are stored under 
cratons at least 110 km below the surface, where 
the high pressure and relatively cool temperatures 
preserved them. 

Study of both diamond-bearing xenoliths and 
mineral inclusions within diamonds shows that 
diamonds form within two different rock types, 
peridotite and eclogite. Carbon isotope studies on 
diamonds show that the carbon from which peri- 
dotitic diamonds crystallize originates from a 
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EMERALDS OF THE 


PANJSHIR VALLEY, AFGHANISTAN 


By Gary Bowersox, Lawrence W. Snee, Eugene E. Foord, and Robert R. Seal II 


With the withdrawal of Soviet troops 
from Afghanistan, villagers in the Panj- 
shir Valley are turning their attention to 
the emerald riches of the nearby Hindu 
Kush Mountains. Large, dark green crys- 
tals have been found in the hundreds of 
tunnels and shafts dug there. Teams of 
miners use explosives and drills to remove 
the limestone that hosts the emerald-bear- 
ing quartz and ankerite veins. The gem- 
ological properties of Panjshir emeralds 
are consistent with those of emeralds 
from other localities; chemically, they are 
most similar to emeralds from the Muzo 
mine in Colombia, “Nodules,” previously 
reported only in tourmaline and mor- 
ganite, have been found in Panjshir emer- 
alds as well. Approximately $10 million 
in emeralds were produced in 1990; future 
prospects are excellent. 
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26 Emeralds From Afghanistan 


Ithough “emeralds” have been reported from this 
egion for literally thousands of years, the Panjshir 
Valley of Afghanistan has produced commercial amounts 
of emerald only for the last two decades (figure 1}. Because 
of the Soviet occupation of Afghanistan during much of 
this time, as well as regional political instability, access by 
Westerners has been limited. In July and August of 1990, 
however, the senior author visited the Panjshir Valley, 
collected specimens, and studied the emerald-mining oper- 
ation. 

He found that, although the conflicts in Afghanistan 
are far from settled, the Mujahideen (“freedom fighters”) 
have shifted their energies from the Soviet troops they once 
battled to the harsh mountains that promise great riches 
(figure 2). As challenging as the Soviets were, the Hindu 
Kush Mountains are even more formidable. Commander 
Ahmed Shah Masood, known as the “Lion of Panjshir” 
(Follet, 1986], now governs more than 5,000 villagers 
mining emeralds in the Panjshir Valley {Commander 
Abdul Mahmood, pers. comm., 1990; O’Donnell, 1990]. As 
first reported in Bowersox (1985], large (more than 190 ct!} 
crystals have been found in the Panjshir Valley, in colors 
comparable to the finest emeralds of the Muzo mine in 
Colombia. 

This article describes the Panjshir emeralds, their 
mining, geology, gemology, production, and marketing. 
The impact of emeralds from Afghanistan on the future 
gem market could be considerable (Ward, 1990], as the 
authors feel that the production potential of this area is 
excellent. 


HISTORY 


Most authorities believe that the only true emeralds 
known during ancient Greek and Roman times were from 
Egypt (Sinkankas, 1981). However, in his first-century A.D. 
Natural History, Pliny mentions “smaragdus” from 
Bactria (Gall, 1959), an area that includes present-day Iran 
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and Afghanistan (Malte-Brun, 1828). Smaragdus is 
a Latin term that was used in ancient times to refer 
to emerald and many other green stones. It is 
questionable, though, whether any of the smarag- 
dus from Bactria was emerald. 

After Pliny, there is a void in the literature on 
gems of Afghanistan until approximately 1300 
A.D., when the report of Marco Polo’s travels of 
1265 A.D. first appeared. Marco Polo mentioned 
silver mines, ruby, and azure (lapis lazuli) from 
Badakhshan. 

Little is known about mining in the Panjshir 
(also spelled Panjsher) area from the time of Marco 
Polo until the 1900s. During the last 100 years, 
geologists from Great Britain, France, Germany, 
Italy, Japan, Canada, and the United States have 
produced many reports (see, e.g., Hayden, 1916; 
Argand, 1924; Bordet and Boutiére, 1968; and 


Emeralds From Afghanistan 


Figure 1. Only for the 
last two decades have 
fine emeralds been 
mined commercially in 
the many deposits that 
dot the Panjshir Valley of 
Afghanistan. These cut 
Afghan emeralds range 
from 1.04 to 12.49 ct. 
Photo © Harold #& Erica 
Van Pelt. 


Chmyriov and Mirzad, 1972) on the geology of 
Afghanistan, but virtually nothing had been writ- 
ten on the emerald deposits prior to 1976. In the 
early 1970s, emerald was discovered at what is now 
called the Buzmal mine, east of Dest-e-Rewat 
village in the Panjshir Valley (Bariand and Poullen, 
1978). At about the same time, Soviet geologists 
began a systematic survey of Afghanistan’s gem 
sources. Although this resulted in a number of 
publications (Rossovskiy et al., 1976; Abdullah et 
al., 1977; Rossovskiy, 1981; Chmyriov et al., 1982), 
the most detailed reports were not released. Fol- 
lowing the death in 1973 of President Daoud, 
political changes hindered geologic work through- 
out Afghanistan. Nonetheless, in 1977 the names 
and locations of emerald mines in Panjshir were 
listed in a report by the United Nations Develop- 
ment Program (Neilson and Gannon, 1977). Agnew 
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Figure 2. The Hindu Kush Mountains are imposing obstacles to travel into and out of the Panjshir 
Valley. They are known, however, to carry great mineral wealth, including emeralds. Photo by 
Gary Bowersox. 


(1982) also included a discussion of the Afghan 
emerald deposits. Information from these reports 
formed the basis for the senior author’s 1985 
Gems & Gemology article on the Panjshir deposits 
(Bowersox, 1985). 


LOCATION AND ACCESS 

The emerald mines are located at elevations be- 
tween approximately 7,000 and 14,300 ft. (2,135 
and 4,270 m) in mountainous terrain on the 
eastern side of the Panjshir River (figure 3). A dirt 
road follows the southwest-flowing Panjshir River 
for 90 mi. (145 km} and provides limited access to 
the mines. The road begins in the valley’s north- 
ernmost village of Parian and extends southwest- 
ward through the villages of Dest-e-Rewat, Mi- 
keni, and Khenj; Khenj is 70 mi. {113 km} from 
Kabul. The northernmost emerald deposit is lo- 
cated near the village of Aryu (also spelled Arew/. 
The eastern extent of the emerald deposits is 
defined by the crest of the mountains east of the 
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Panjshir Valley. Currently, the total area of known 
emerald deposits is approximately 150 sq. mi. (400 
km?)— double the area known in 1985. To the best 
of the authors’ knowledge, Afghanistan has no 
producing emerald deposits outside the Panjshir 
Valley. 

Because travel from the USSR, China, and Iran 
to Afghanistan is restricted, the only reasonable 
option for foreigners to enter the emerald-mining 
region of Afghanistan is through northern 
Pakistan. Border crossing, even with the permis- 
sion of Pakistani authorities (which is not easy to 
obtain) and the Afghan commanders, is still ex- 
tremely difficult and dangerous because of the 
rugged country, tribal rivalries, and the presence of 
land mines. Then, after crossing the border, one 
must travel by foot, mule, and horse (figure 4) for 
150 mi. (240 km) through fields of land mines and 
over several mountain passes (some as high as 
14,900 ft.] to reach the Panjshir Valley. The senior 
author needed six days to travel from the Pakistani 
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Figure 3. This map shows 
the location of the Panjshir 
Valley in Afghanistan and 
the area that encompasses 
the emerald deposits identi- 
fied to date. Drafted by 
Gary Bowersox with the 
computer assistance of Rick 
Thomson of Data Grafix; 
artwork by Carol Silver. 
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border near Chitral to Panjshir in the summer of 
1990. 

The villages of Khenj (figure 5] and Mikeni are 
comparable to boom towns in the western United 
States during the gold-rush days of the mid-19th 
century. Although there are many shops with 
items such as tools for mining, wood for house 
construction, and food supplies, including familiar 
soft drinks such as Sprite and Pepsi, there is no 
electricity; candles or oil lamps provide light. The 
only communication with the outside world is via 
military radio, which is controlled by the local 
commander, Abdul Mahmood, and is used only for 
emergency and military purposes. 

Because the mines are located at high eleva- 
tions and the villages are several thousand feet 
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below them, the miners live in tents at the mine 
sites from Saturday afternoon until Thursday 
afternoon of each week. During their two days off, 
they return to their villages to be with their 
families and to obtain supplies for the following 
week, Food is meager and mostly consists of rice, 
nan (a wheat bread], beans, and tea. 


THE MINES AND 
MINING TECHNIQUES 


The Buzmal mine is the oldest and, because the 
miners continue to use unsafe methods, the most 
dangerous mine in Panjshir Valley. This “mine” is 
actually a collection of literally dozens of pits and 
tunnels that speckle a mountain 10,000-ft. (ap- 
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proximately 3,000 m} high. Each group of miners 
randomly picks a location for tunneling in the 
technique of “gophering,” a term that refers to any 
small, irregular, unsystematic mine working, Each 
group tunnels into the limestone with drills and 
dynamite as far as 30 to 50 yards. The direction 
may be changed abruptly toward the tunnel of 
another group that has found emerald. Throughout 
the Panjshir Valley, the miners do not monitor the 
amount of explosive used (figure 6) or the timing of 
the explosions. They tend to use too much explo- 
sive, which often destroys the emerald crystals. 
The senior author experienced considerable uneas- 
iness when, in a matter of minutes, six dynamite 
blasts from the shaft above shook a tunnel through 
which he was traveling. 

Shafts and tunnels blasted into the limestone 
are usually approximately 4 ft. (1.2 m}) wide and 4 
to 5 ft. high, but they may be larger (figure 7}. They 
are ovalin shape and lack timber support. With the 
exception of the Khenj mine, there are no genera- 
tors or compressors to light the hundreds of 
tunnels or supply air to the miners. For the most 
part, passageways are poorly lit by lanterns or oil- 
burning cans. Miners do not wear hard hats, so 
head injuries are common. 

In addition to the blasting, gas- and diesel- 
powered hand drills are used, often well inside the 
tunnels, to work the hard limestone (figure 8). The 
smoke and carbon monoxide gas have made many 
miners ill, and caused death for a few. Even the 


Figure 4. Mule trains are used to carry supplies 
into the Panjshir Valley from Pakistan. Not only 
is the path rough and steep in many places as 


one goes over the mountains, but fields of land local miners realize that these methods are dan- 
mines also pose a constant threat. Photo by gerous; they leave the shafts frequently to breathe 
Gary Bowersox. fresh air. Because the rocks are riddled with frac- 


tures, the potential for cave-ins is also great. 

Picks or crowbars may be used on some of the 
loosened wallrock (figure 9) that does not come 
completely free with blasting or the drill. All of the 
broken rock is then carried out of the tunnel by 
wheelbarrow or simply with a large container. 
Once in daylight, it is quickly examined, as the 
miners search for signs of emerald. If no “green” is 
found, the “waste” rock is simply dumped over the 
side of the mountain (again, see figure 6). Rocks 
that do contain emerald are stored by the various 
members of the team at their campsite until they 
return to the village. 


Figure 5. The village of Khenj bustles with ac- 
tivity these days, Emerald mining is now a 
primary industry in the region, and shops have 
sprung up to meet the many needs of mining 
and the miners. Photo by Gary Bowersox. 
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During colder months (October through May}, 
snow forces the men either to work mines at lower 
elevations (where the emeralds found are generally 
of poorer quality) or sort through the waste rock 
that was dumped from higher-elevation mines 
during the normal working season. Plans are being 
developed for improved processing of the waste 
material. 

There are several mining areas in addition to 
Buzmal, Khenj, and Mikeni: Sahpetaw, Pghanda, 
Butak, Abal, Sakhulo, Qalat, Zarakhel, Yakhnaw, 
Derik, Shoboki, Takatsang, Darun Rewat, Aryu, 
and Puzughur. They are all similar in both the 
workings and the character of the terrain; many 
are at the highest elevations. Work at some, how- 
ever, is further complicated by the thousands of 
land mines still left in the area. For example, the 
mountain top near the Mikeni mine is unworked 
because it is a known land-mine field. 


MINING PARTNERSHIPS 


A typical mining team in Panjshir consists of eight 
miners who do not receive salaries but do share 
equally the profits from the sale of emeralds they 
find. Because each team requires blasting and 
mining equipment, they also normally allot three 
shares to'those who provide mining equipment 
and three to those who provide blasting materials. 
Therefore, it is common for the income of a mining 
team to be divided 14 ways. Mining partners do not 
have to all be from the same village, but only 
miners from the local village have a voice at the 
‘buly of that village. Buly, in the Dari language (the 
most common in Afghanistan], refers to a meeting 
where the value of the recently mined emeralds is 
established, the stones are auctioned, and taxes are 
paid. 

Disputes continually arise over mining rights 
and shaft ownership; they are normally settled by 
village elders. In difficult cases, the elders may 
transfer the dispute to Commander Mahmood and 
appointed judges located in Bazarat, the headquar- 
ters of the Jamiat-e-Islami party of Panjshir Provi- 
nce. Because there is no formal registration or 
bureau of conveyances for record keeping—and 
there have been diverse land ownership policies 
over the last 20 years—resolution of the claims is 
often very complicated. 


REGIONAL GEOLOGY 


Just as demographically Afghanistan is a collection 
of tribes and diverse peoples, geologically it is a 
collection of crustal plates. These plates amalga- 
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Figure 6. Blasting is common in all of the Panj- 
shir Valley emerald mines. At the Khenj mine 
shown here, a smoke cloud can be seen toward 
the top of the diggings, the result of blasting in 
the mine shaft. Note also the large amount of 
waste material dumped from the mine. Photo 
by Gary Bowersox. 


Figure 7. This shaft opening in limestone at the 
Khenj mine is one of the larger ones in the Panj- 
shir Valley. Photo by Gary Bowersox. 


Figure 8. Diesel-powered drills are also used to 
remove the hard wallrock. Because the miners 
wear virtually no protective gear, injuries from 
falling or flying rock —as well as illness from 
the carbon monoxide fumes —are common. 
Photo by Gary Bowersox. 


mated between about 75 and 40 million years ago 
as fragments of Gondwana (an ancient superconti- 
nent that began to rift apart about 200 million 
years ago) collided with, and sutured to, ancestral 
Asia, creating the Himalaya Mountains (Klootwijk 
et al., 1985; Scotese, 1990). These bits and pieces 
form a geologic mosaic that is now Afghanistan 
(De Bon et al., 1987]. In fact, a study of the geologic 
history of Afghanistan provides an excellent ex- 
ample of the theory of plate tectonics (sec, e.g., 
Wilson, 1976). 

Panjshir Valley is a major fault zone between 
two of these crustal plates: the ancestral Asian 
plate to the northwest and the microcontinental 
fragment known as Cimmeria to the southeast. 
Panjshir Valley marks the location of the closure of 
a major ocean basin known as the Paleotethys. 


GEOLOGY OF THE 

PANJSHIR EMERALD DEPOSITS 

The emerald deposits lie southeast of the Panjshir 
fault zone (again, see figure 3). The geology of this 
part of the Cimmerian microcontinental fragment 
is not well known, but the rocks are thought to be 
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an extension of those exposed in the southwestern 
Pamir Range {DeBon et al., 1987). The rocks of 
eastern Panjshir include abundant intrusions 
that were emplaced into a metamorphic basement 
comprising migmatite, gneiss, schist, marble, and 
amphibolite of presumed Precambrian age. These 
older crystalline rocks are overlain by a metasedi- 
mentary sequence of schist, quartzite, and marble 
of probable Paleozoic to Mesozoic age (Kafarskiy et 
al, 1976]. Emeralds have been found only on the 
eastern side of the valley, even though the western 
side has been searched extensively. Until the 
geology of the Panjshir area can be mapped, the 
detailed nature of this fault zone, and the reason for 
the absence of emeralds to the west of the valley, 
will remain unknown. 

During his trip to Panjshir, the senior author 
collected samples of host rock from the three 
emerald-mining areas of Khenj, Buzmal, and Mi- 
keni. In general, these samples are from a layered 
metasedimentary sequence of probable Paleozoic 
age that was metamorphosed to the upper green- 
schist facies (figure 10). These metamorphic rocks 
were reportedly intruded by sills and dikes of 
gabbro, diorite, and quartz porphyry (Kafarskiy et 
al., 1976). The metasedimentary rocks are hydro- 
thermally altered and are cut by quartz and an- 
kerite (iron carbonate) veins that carry the emer- 
alds (figure 11); pyrite is present in places. Emer- 
alds are also found in silicified shear zones that 
contain phlogopite, albite, tourmaline, and pyrite 


Figure 9. Picks and crowbars are also used in 
the mine to remove loosened wallrock. Photo 
by Gary Bowersox. 
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Figure 10. Emerald mineralization commonly 
occurs in the quartz and ankerite veins that 
traverse the sills and dikes intruded into the 
host limestone. Photo by Gary Bowersox. 


as well. Some of the highest-quality material is 
found in veinlet networks that cut meta- 
somatically altered gabbro and metadolomite. 


ORIGIN OF THE 
PANJSHIR EMERALDS 


Emerald,,which is generally the result of the 
substitution of a small amount of chromium for 
aluminum in the beryl crystal structure (Deer et 
al., 1986], is the product of unusual geologic 
conditions. Two of the essential elements con- 
tained in emerald, chromium (which produces the 
color) and beryllium, are geochemically incompat- 
ible. Beryllium occurs most commonly in late- 
stage felsic igneous rocks, such as pegmatites. 
Chromium is found only in significant abundance 
in “primitive” rocks such as ultramafic igneous 
rocks that are characteristic of the ocean floor and 
mantle; in these rocks, however, beryllium is 
absent. Thus, special circumstances are necessary 
to bring chromium and beryllium together to form 
emerald. 

More study of the rocks in the Panjshir Valley 
is needed before we can confidently draw a conclu- 
sion on the origin of the emeralds. However, we 
speculate that it is highly likely that the Panjshir 
fault zone is a suture between two crustal plates 
along which pieces of ultramafic rock, derived 
from the ocean floor that once existed between the 
two plates, were trapped. These slivers of ultra- 
mafic rock are common along similar structures 
elsewhere in the world {e.g., the Pakistan emerald 
deposits], and would be ideal sources of chromium. 
In addition, the numerous intrusive rocks, 
including quartz porphyries, of northwest 
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Figure 11. The Panjshir emerald crystals are 
commonly found in quartz (here, from the Buz- 
mal mine). It is not unusual to find literally 
hundreds of small crystals in a single block. 
Photo by Gary Bowersox. 


Nuristan would be good sources for the beryllium- 
bearing hydrothermal fluid, which may have ac- 
quired chromium as it passed through chromium- 
rich rock before it altered the host rock of the 
emerald-bearing veins. Alternatively, Panjshir em- 
eralds may have been formed during regional 
metamorphism caused by continental collision in 
a process similar to that described by Grundmann 
and Morteani (1989) for “classic schist-host de- 
posits.” A detailed discussion of the origin of 
emeralds, including those of Afghanistan, is pre- 
sented in Schwarz (1987) and Kazmi and Snee 
(1989). 


PHYSICAL AND CHEMICAL 
PROPERTIES OF PANJSHIR EMERALDS 


Appearance. The emerald crystals from Panjshir 
vary in quality from mine to mine. As was 
reported to the senior author in 1985, the miners 
feel that the best material still comes from the 
Mikeni and Darkhenj {Valley of Khenj) mines, in 
the southern end of the mining region. 

In general, the crystals are transparent to 
translucent or opaque. They are commonly color 
zoned, with very pale interiors and darker green 
exteriors. 

Most of the crystals found to date range from 4 
to 5 ct. Crystals over 50 ct continue to be found on 
a somewhat regular basis (figure 12). Crystals over 
100 ct, such as the 190-ct emerald pictured in 
Bowersox (1985), are considered to be rare. 


Morphology. The emeralds occur as euhedral, pris- 
matic crystals with the following crystal forms: 
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{0001} basal pinacoid and {1010} first-order prism 
{common}; {1120} second-order prism (rare). First- 
and second-order dipyramids were not observed on 
the crystals examined. 


Gemological Properties. Examination of nine crys- 
tals ranging up to 10 ct revealed conchoidal frac- 
ture, vitreous luster, specific gravity of 2.68—2.74 
(determined on whole crystals using a Westphal 
balance}, and indistinct (0001) cleavage. 

The samples tested proved to be uniaxial 
negative, in some cases slightly biaxial (2E ap- 
proaches 6°} because of internal strain. The refrac- 
tive indices (determined on crushed crystal frag- 
ments) of one light green crystal (S.G. = 2.73} were 
n, = 1.582 and n, = 1.588; the R.I.’s of one medium 
green crystal (S.G, = 2.70) were n, = 1.574 and n, 
= 1,580. These values, measured in index oils in 
sodium light, were representative of the nine 
crystals tested. All stones were distinctly dichroic: 
n, = pale yellowish green, n, = pale bluish green. 

The crystals did not react to either long- or 
short-wave U.V. radiation. They appeared light red 
to reddish orange under the Chelsea color filter. 


Inclusions. Polished sections of Panjshir emeralds 
were examined under a petrographic microscope 
and found to contain numerous primary, three- 
and other multiphase inclusions that are charac- 
terized by three distinct morphologies and crystal- 
lographic orientations. The three morphologies are 
chemically similar and define growth zones 
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Figure 12. Large emerald 
crystals are not uncom- 
mon in the Panjshir 
mines. The crystals 
shown here range up to 
132 ct. Photo by Gary 
Bowersox, 


within the emeralds. The first group, tubular 
inclusions oriented parallel to the c-axis, range up 
to 1000 um x 100 pm. The second group, tabular 
inclusions that formed perpendicular to the c-axis, 
typically are less than 250 pm in maximum 
dimension. The final group consists of subhedral, 
equant inclusions that occur at the intersection of 
zones defined by the first and second groups. These 
latter inclusions are typically less than 150 pm in 
diameter. The multiphase inclusions contain up to 
eight daughter minerals, an H,O-dominated brine, 
and, in some, CO, — liquid and gas (figure 13). The 
most abundant solid displays a cubic habit, sugges- 
tive of halite (NaCl). A second isotropic phase of 
lower refractive index, probably sylvite (KCl}, is 
the next most abundant daughter mineral and 
forms equant, subhedral grains. Most of these 
multiphase inclusions also contain up to two 
additional isotropic daughters and one or two 
highly birefringent, subhedral to euhedral rhom- 
bic phases (carbonates}, Noted, too, in some inclu- 
sions are minute grains of other unidentified 
anisotropic solids. The total solids may comprise 
over 50% of the volume of the multiphase inclu- 
sion. Also common are oblique fractures that 
contain pseudosecondary multiphase inclusions 
similar to those described above. In addition, 
several samples contain numerous two-phase 
(H,O —liquid and gas) inclusions of secondary or 


. pseudosecondary origins that are oriented along 


oblique fractures. 
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Figure 13, Multiphase fluid inclusions are common in Afghan emeralds. The larger inclusion here con- 
tains four isotropic and four anisotropic daughter minerals, brine (L), CO.—liquid (CL) and vapor 
(V). The inclined cubic habit of the largest isotropic phase is suggestive of halite (fh). The lower re- 
fractive index isotropic mineral may be sylvite (Is). The identity of the other isotropic daughters {1) is 
unknown. The large rhombic daughter is probably a carbonate (Ac). The identity of the three smaller 
anisotropic minerals (A) is unknown. The CO, liquid forms a barely visible crescent between the 
vapor bubble and brine. The smaller inclusion contains two isotropic and two anisotropic daughter 
minerals in addition to brine and vapor. The length of the large inclusion is 200 wm. Photomicro- 


graph by Robert R. Seal Hl; magnified 200x. 


John Koivula, of GIA Santa Monica, also exam- 
ined several rough crystals with a gemological 
microscape. In these crystals, he observed a num- 
ber of solid inclusions, particularly limonite, beryl, 
what appeared to be pyrite, rhombohedra of a 
carbonate,(figure 14), and feldspar (J. Koivula, pers. 
comm., 1991), 

In general, the fluid inclusions and associated 
daughter minerals of Panjshir emeralds distin- 
guish these stones from Pakistani and Colombian 
emeralds (Snee et al., 1989), The fluid inclusions of 
Pakistani emeralds are much simpler than those of 
emeralds from Panjshir, containing only brine and 
CO, vapor (Seal, 1989). In addition, the fluid 
inclusions in Panjshir emeralds have a greater 
variety of daughter minerals than fluid inclusions 
in Colombian emeralds, which typically contain 
only halite, in addition to brine and CO, liquid and 
vapor (Roedder, 1963}. 


Chemical Analysis. The chemical composition of 
emeralds from Panjshir (table 1) falls within the 
known range for natural emeralds (Snee et al., 
1989). However, Afghan emeralds seem to be most 
similar chemically to Colombian (Muzo} emer- 
alds. In contrast, they can be distinguished chem- 
ically from Pakistan emeralds by the higher alumi- 
num and lower magnesium content of the Panjshir 
stones (Hammarstrom, 1989; Snee et al., 1989). 


Surface Etching and ‘Nodules’ in Panjshir Emer- 
alds. The surface texture of rough Panjshir emer- 


Emeralds From Afghanistan 


alds ranges from smooth and lustrous to rough and 
dull (figure 15}. The latter results from a natural 
chemical etching process. In addition, some Panj- 
shir emeralds contain “nodules” (round, marble- 
shaped bodies} within the larger crystals (figure 16). 

Etched surfaces are commonly found on peg- 
matite gem minerals (e.g., morganite, tourmaline, 
kunzite, topaz, etc.}. Nodules are characteristic of 


Figure 14. Rhombohedra of what appeared to be 
a limonite-stained carbonate were found near 
the surface of one of the Panjshir emeralds ex- 
amined. Photomicrograph by John I. Koivula; 
magnified 5x. 
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TABLE 1. Four chemical analyses of Afghan 
emeralds. 


Analysis 
Oxide 1 2 3 4 
TiO, nae na na 0.21 
SiO. 66.0 67.1 65.1 65.5 
Al,Oz 18.2 18.2 17.1 16.4 
FeO; 0.27 0,27 0.46 0.61 
(Total iron 
as FeO) 
MgO 0.22 0.31 0.75 0.70 
CaO na na na 0.07 
Na,O 0.21 0.30 0.70 0.99 
V203 0,08 0.07 0.03 0.10 
CroO3 0.19 0.23 0.10 0.54 
BeQc 13.8 14.0 13.5 12.04 
Total 98.9 100.5 97.7 97.16 
Weight loss¢ na 2.2% na na 


aAnalyses 1, 2, and 3 are microprobe data from Hammarstrom 
(1989). Analysis 4 is an average of instrumental neutron 
activation analysis and induction—coupled argon plasma — 
atomic emission spectrometry data from Snee et al. (1989). 

‘na = not analyzed for. 

cTheoretical amount of BeO computed for analyses 1, 2, and 3 
assuming 3.00 Be cations per formula unit; since Al and Si can 
substitute in the Be site in the bery! structure, this assumption 
may not be valid. BeO for analysis 4 was directly determined. 
dWeight loss was determined by heating one half of the emerald 
crystal from room temperature to 1400°C in a thermogravimetric 
analyzer and measuring the weight difference; the other half of 
the crystal was used for the microprobe analysis. 


some gem-quality crystals of tourmaline (elbaite} 
found in “pockets” in granitic pegmatites (e.g., 
Sinkankas, 1955) and have been described in zoned 
aquamarine-morganite crystals (Kampf and 
Francis, 1989}. Like the nodules in these pegmati- 
tic gem materials, the rounded bodies in Panjshir 
emeralds are typically cleaner than nonnodular 
emeralds from this locality. In the case of peg- 
matites, the origins of both the solution (fluid) that 
caused the etching and the nodules have been 
extensively studied (e.g., Foord et al., 1986, and 
references cited therein}. The etching of pegmatite 
minerals may occur because of chemical insta- 
bility during late-stage pocket evolution. Feldspar, 
tourmaline, beryl, and other minerals become 
unstable because of changing fluid conditions, 
resulting in partial or complete dissolution. The 
phenomenon of “pocket-rupture” is believed to 
produce the nodules in pegmatite gem crystals. 
Compositional differences between growth zones 
generate differential internal stresses within the 
gem crystal. The exterior “skin” on the crystal 
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grew after pocket-rupture and is the binding agent 
that holds the “fractured” crystal together. 
Although the conditions of formation for the 
Panjshir emeralds are undoubtedly substantially 
different from those of pegmatite pockets, we 
believe that a somewhat analogous situation 
caused the etched crystal surfaces and the nodules. 
Fluid inclusion, chemical, and isotopic evidence 
on emeralds from other localities (e.g., Muzo, 
Chivor, Pakistan, Zimbabwe} indicate that emer- 
alds may have formed during two or more distinct 
periods of crystal growth (Kazmi and Snee, 1989). 
The fluid from which the initial growth of emerald 
took place at Panjshir contained less chromium 
and was of moderate salinity. With continued 
crystallization, the chromium content of the fluid 


Figure 15. Panjshir emerald crystals, like this 
43.47-ct crystal from the Khenj mine, are often 
etched, Photo by Robert Weldon. 
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Figure 16. This 36-ct rough emerald from Panj- 
shir contained a large nodule from which sev- 
eral stones, including a particularly fine one at 
8.79 ct, were cut. The nodular material is usu- 
ally much cleaner than the average crystal. 
Photo by Gary Bowersox. 


increased, as is evidenced by the darker green rims 
or exterior parts of the emerald crystals. Although 
not yet observed in Panjshir emeralds, reversals of 
this zoning pattern (i.e., Cr-richer cores and Cr- 
poorer rirhs) are known in emeralds from other 
localities: A later and distinctly separate fluid from 
which other minerals (e.g., quartz and/or calcite 
but not emerald) grew, had a lower salinity and was 
formed at different temperatures. It is likely that 
the etching of the emeralds occurred either during 
the hiatus between the two periods of emerald 
growth or when the second fluid was introduced. 

The origin of the emerald nodules is more 
difficult to explain. However, we do know that the 
distinct and sharp compositional zonation with 
respect to chromium, magnesium, sodium, and 
iron contents in emerald generates differential 
stresses within the crystals just as pocket-rupture 
does in the case of pegmatite minerals. We are not 
aware of nodules in emeralds from other localities, 
but they should exist. 


MARKETING AND ENHANCEMENT 


In general, Panjshir emeralds are mined and mar- 
keted in what is basically a free-enterprise system. 
No government control is exerted except that all 
emeralds must be brought to one of the three 
villages nearest the discovery site: Khenj, Mikeni, 
or Dest-e-Rewat. Each village has a scheduled 
meeting, or buly, of emerald miners and business- 
men on Monday and Thursday of each week. 
During this meeting, chaired by the local com- 
mander, the production is evaluated and a tax of 
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Figure 17. Panjshir emeralds, like this 1.52 ct 
stone, are now being set in fine jewelry. Ring 
courtesy of Jim Saylor Jewelers; photo by 
Robert Weldon. « 


15% of the value is collected. This tax is paid to the 
Jamiat-e-Islami party to be used for reconstruction 
of the war-devastated area. After the tax is paid, the 
emeralds can be retained by the miners or sold via 
auction to any interested parties in the village. The 
emeralds are then normally transported to 
Pakistan for further distribution into the world 
market, or they may be sold through a newly 
organized Panjshir emerald syndicate. Afghan em- 
eralds are now being set in jewelry worldwide 
(figure 17). 

A common practice in Pakistan (as elsewhere} 
is to heat emeralds in one of several oils with a 
refractive index similar to emerald to reduce the 
visibility of inclusions. Emeralds that have been 
treated recently will usually leave oil spots on the 
parcel paper. Oiling can also be detected with 
magnification and, in some cases, by a chalky 
yellowish green fluorescence to long-wave ultra- 
violet radiation evident in the fractures (see, e.g., 
Kammerling et al., 1990). Recently, GIA’s John 
Koivula, discovered a dyed crystal in a parcel of 
Panjshir emeralds purchased by the senior author 
in Pakistan; this is the first discovery of an Afghan 
stone treated with dye. Cut stones —usually fash- 
ioned in Pakistan or Bangkok —are also available in 
Pakistan. One must be careful, however, because 


GEMS & GEMOLOGY Spring 1991 37 


Figure 18. This is one of several lots of good- 
size crystals mined in the Panjshir Valley in 
1990. Photo by Gary Bowersox. 


several synthetic emeralds have been detected 
mixed with natural emeralds in sale lots of cut 
stones. 


CUTTING 


The Panjshir crystals, many of which are large, 
commonly show complex primary growth and 
fracture patterns that include outer layers or skins, 
color variations, complex zoning patterns, and/or 
etched surfaces. Normally the best color is located 
near the outer surface of the crystal—a charac- 
teristic common to many emeralds. Some parts of 
the crystals are too dark (overcolored); this is 
particularly common in emerald crystals from the 
Khenj mine. In contrast, emerald crystals from the 
northernmost mining areas (Buzmal, Darun, 
Darik, and Aryu] tend to be lighter. When faceting 
lighter-colored emeralds, the cutter must carefully 
control pavilion angles to limit the amount of light 
that escapes; this method darkens the color of the 
cut emerald. In addition, a proper orientation of the 
table must be maintained to prevent an over- 
emphasis of blue or yellow tones. Panjshir emer- 
alds polish comparably to emeralds from Co- 
lombia. 


PRODUCTION 

No formal records of emerald production for Panj- 
shir exist; however, from tax reports, Commander 
Mascod estimates that approximately US$8 mil- 
lion of rough emerald was produced in 1990 (Tony 
Davis, pers. comm., 1990). Prior to this report, the 
senior author had independently derived a figure 
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for 1990 production of $10 to $12 million from 
discussions with miners and dealers at the 1990 
symposium on Afghan gems and minerals held at 
Chitral, Pakistan, and from sale lots of emeralds 
seen in Afghanistan and Pakistan (see, e.g., figures 
12 and 18). This compares with an estimated 
production of only $2 million for 1989. With 
additional miners, improved training and equip- 
ment, and development of known mines, produc- 
tion should increase even more dramatically in the 
future. 

Although, as with all gem materials, prices for 
the Panjshir emeralds vary depending on the qual- 
ity of the individual stone, an 8.79-ct stone cut 
from the nodular 36-ct crystal shown in figure 16 
was sold by the late Eli Livian in 1987 for US$165,- 
000 ($19,000 per carat; figure 19}. The largest fine 
stone cut to date is approximately 15 ct. 


Figure 19. The late Eli Livian is shown here 
holding an 8.79-ct Panjshir emerald that he sold 
in 1987 for $165,000. Photo by Gary Bowersox. 


SUMMARY 


Emerald mining in the Panjshir Valley of Af- 
ghanistan is thriving. The best emeralds from 
Panjshir compete with emeralds from any other 
source today. Like deposits from some other areas, 
the Afghan emeralds apparently formed in a conti- 
nental suture zone. The gemological properties of 
Panjshir emeralds are consistent with those from 
other localities. Chemically, Panjshir emeralds are 
similar to those from Muzo, Colombia. However, 
this same chemistry, together with their distinc- 
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tive inclusions, distinguishes them from emeralds 
from the relatively close Pakistani deposits. The 
nodules that have been found in some Panjshir 
emeralds are uncommon in emeralds in general. 

Panjshir emeralds are now available world- 
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Inscribed ALEXANDRITE 


Although inscribed diamonds are not 
rare (in fact, the GIA Gem Trade 
Laboratory offers a computer-driven 
inscription service for diamonds}, in- 
scriptions on colored stones are un- 
common. However, the East Coast 
laboratory recently encountered an 
inscription on a lower girdle facet of a 
19,95-ct alexandrite. 

The characters appear to have 
been inscribed by hand; the largest 
character measures about 1 mm 
high, which a careful observer can 
see without magnification. As illus- 
trated in figure 1, the first two char- 
acters are the Arabic numerals 9 and 
7, while the remaining three charac- 
ters are not recognizable. It is proba- 
ble that a sharp, fine-pointed instru- 
ment was used for the two legible 
numbers, and a cruder instrument 
for the other, comparatively rougher, 
characters. 

The client who had submitted 
the stone for identification suggested 
that these inscriptions were done 
decades ago in Russia. However, a 
staff member who is fluent in Rus- 
sian and the Cyrillic alphabet did not 
recognize the remaining three char- 
acters. 

The last time we saw an in- 
scribed alexandrite was in 1982. See 


Editors Note: The initials at the end of 
each item identify the contributing editor 
who provided that item. 
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Figure 1, The inscription on 
this 19,95-ct alexandrite, seen 
here magnified at 15x, was 
actually visible with the un- 
aided eye. 


Gems & Gemology, Summer 1982, p. 
102, for a description and illustra- 
tion. DH 


CHALCEDONY, 
“Turquoise” Color 


The operator of a mine in Mexico 
recently shared his unusual “tur- 
quoise” blue—colored chalcedony 
with the East Coast laboratory (fig- 
ure 2). The color is lighter than chrys- 
ocolla, with less of the green compo- 
nent common to chrysoprase and 
most chrysocolla. 

Standard gemological tests 
proved that the material was 
chalcedony: R.I. (spot method} of 
1.54; S.G. (heavy liquids} of approx- 
imately 2.60; and Mohs hardness 
(taken on an inconspicuous area, 
with the client’s permission) of 6 !/2 
to 7, which is slightly harder than 
most chalcedony that is naturally 


colored by chrysocolla. The absence 
of dye was proved by the lack of a 
spectrum visible with the Beck hand- 
held spectroscope (an aniline dye 
would have produced dye bands} and 
a negative reaction to the color filter 
(which produces a faint red appear- 
ance in dyed blue or green 
chalcedony). 

Analysis of the specimen with a 
Tracor X-ray fluorescence spec- 
trometer revealed that the material 
was colored by copper and, possibly, 
titanium and iron as well. 

According to the owner of the 
mine, supplies are abundant and the 
material will be marketed commer- 
cially by the end of the year. DH 


Figure 2. This chalcedony from 
Mexico is an unusual tur- 
quoise blue. The largest cab- 
ochon weighs 24.72 ct and 
measures 23.71 X 15.03 X 


10.06 mm, 
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Highly Conductive 
Blue DIAMOND 


The GIA Gem Instruments Duotes- 
ter measures the rate at which heat 
passes through a stone as a means to 
distinguish diamond from its sim- 
ulants; it features an alarm that 
buzzes when the probe tip touches 
metal, a reaction to the high electri- 
cal conductivity of the metal (a dif- 
ferent property from heat conduc- 
tion}, The East Coast lab was sur- 
prised when a routine test of a 1.07-ct 
fancy gray-blue diamond (figure 3) 
made the Duotester alarm sound. 
Repeated trials set off the alarm 
when the stone was held either with 
tweezers or fingers. When the stone 
was set in clay, the alarm did not go 
off, but the tester needle moved all 
the way to the right, indicating the 
high thermal conductivity of the dia- 
mond. 


Figure 3. Routine testing of 
this 1.07-ct fancy gray-blue di- 
amond revealed that it had 
unusually high electrical con- 
ductivity. 


Type II] diamonds, which have 
very low levels of nitrogen, typically 
show higher thermal conductivity 
than type I diamonds (see the Fall 
1972 issue of Gems & Gemology, p. 
72). These low-nitrogen stones are 
subdivided into two categories: high- 
purity, electrically insulating type Ila 
and boron-bearing semi-conducting 
type IIb. This stone showed much 
higher electrical conductivity than 
the typical Ilb diamond, in that it 
transmitted 90% of the voltage ap- 
plied to it (as compared to 80%, and 
as low as 15%, for other blue dia- 
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monds}. Infrared spectroscopy con- 
firmed that the stone is type IIb. In 
addition, it was inert to long-wave 
ultraviolet radiation, but fluoresced 
and phosphoresced a weak red to 
short-wave U.V, a characteristic of 
many blue type IIb diamonds. 

Ilene Reinitz 


“EMERALD” with Unusual 
Color Zoning 


Concerned that a 3.90-ct transparent 
green cabochon might be assembled, 
a client submitted it to the East 
Coast lab for examination. Viewing 
the stone with magnification and 
immersion (figure 4), we noted a 
plane of color separation that could 
lead one to believe that the stone was, 
indeed, assembled. However, closer 
examination led to the conclusion 
that it was not. 

Standard gemological testing 
proved that the stone was natural 
near-colorless bery] with a zone of 
emerald. As seen in figure 5, there are 
fractures that cross the planar inter- 
face between the colorless and col- 
ored areas. In our experience, such 
fractures would not be smoothly 
continuous if the interface was a 
cement plane joining two different 
pieces of material. 

Although ruby or sapphire doub- 
lets are fairly common, true emerald 
doublets are rare. A stone similar in 
superficial appearance to the one we 
examined was described in the Gem 
News section of the Spring 1990 
Gems & Gemology (p. 100), it turned 
out to be a beryl triplet. 

Nicholas DelRe 


More Banded 
LAPIS LAZULI 


A reader of the entry on page 155 of 
the Summer 1990 issue was in- 
trigued by the possibility of finding 
banded lapis rough, as he deals in 
Afghani minerals. Recently, he 
showed the East Coast lab a 4-oz. (113 
g) specimen that he said was the only 
one he was able to find ina sizable lot 
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Figure 4. The colorless and 
green zones in this 3.90-ct cab- 
ochon are readily apparent 
with immersion. Although 
they suggest that this might be 
an assembled stone, testing 
proved that it was natural 
near-colorless beryl with a 
zone of emerald. 


Figure 5, Fractures can be seen 
crossing the plane that sepa- 
rates the color zones in the 
emerald in figure 4, The conti- 
nuity of these fractures proves 
the stone is not assembled. 


of material he had just imported. The 
banding is very similar to that illus- 
trated in the Summer issue {p. 155}. 
In this particular specimen, the 
banding occurs in roughly one-third 
of the piece, which measures approx- 
imately 2 !/2 in. (6-7 cm). The mate- 
rial is of very fine color. GRC 


MOONSTONE and 
IOLITE Beads 


It seems to this editor that the popu- 
larity of beads as items of jewelry is 
cyclical, In the early 1950s, they were 
practically unobtainable and there 
was virtually no demand. Today, 
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Figure 6, The strong pleochroism of iolite is evi- 
dent in the unusual flattened oval beads (larg- 
est, 11.65 X 16.50 mm) of this necklace. 


their popularity and the variety 
available are most impressive, as 
anyone who has attended the Febru- 
ary Tucson shows will] attest. There 
are now meetings of bead collectors 
as well as books covering both con- 
temporary and antique examples. 
Recently, the East Coast labora- 
tory identified two bead necklaces of 
materials that no Eastern staff mem- 
ber recalled seeing before. Figure 6 
shows the characteristic pleochro- 
ism of iolite in an attractive necklace 
of flattened oval beads that ranged 
from 5.40 x 6.35 mm to 11.65 x 
16.50 mm. Figure 7 shows a necklace 
of three different colors of orthoclase 
moonstone in the form of lentil- 
shaped oval beads, which ranged 
from 4.5 x 9.5 mm to 8.0 x 11.5 
mm, 
The beads were identified by 
standard gemological tests. While io- 
lite and moonstone are by no means 
uncommon, their use as beads is 
unusual, GRC 


PEARLS 


From Baja California 

Figure 8 illustrates one of the most 
striking natural pearls that we have 
tested in the East Coast lab. This 
“bronze” pear shape had a lovely 
green overtone that gave an aura to 
the pearl. At 17.7 x 11.0 mm, it 
weighed 47 grains (there are 4 pearl 
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grains to the metric carat}. The pear] 
fluoresced a distinct pink to red to 
long-wave U.V. radiation {figure 9}. 

The owner stated that he had 
purchased the pearl in the fishing 
village of Mulege in Baja California 
{Mexico}, selecting it from a large lot 
of multicolored pearls purportedly 
fished recently in the La Paz area of 
Baja. If the information he was given 
is accurate, this could signify that a 
“lost” source of fancy-colored natural 
pearls has again started to produce 
after more than half a century of 
dormancy, 

From the earliest days of the 
Spanish occupation of Mexico, the 
Gulf of California was fished for 


Figure 8. This 47-grain (17.7 x 
11,0 mm) fancy-color pearl was 
reportedly fished from the wa- 
ters near La Paz, Mexico. 


Figure 7. Three colors of orthoclase moonstone 
(largest bead, 8.0 x 11.5 mm) are attractively 
combined in this necklace. 


pearls. Black and multicolored pearls 
were especially prized, and the name 
La Paz, from the capital of the prov- 
ince, was at one time synonymous 
with black pearls. The 400-year-old 
industry came to an abrupt end in 
1938 when a mysterious malady 
struck all of the oyster beds in the 
Gulf of Cortez—in some cases hun- 
dreds of miles apart—simul- 
taneously (see the Summer 1943 
Gems & Geimology for further dis- 
cussion of this bizarre occurrence}. 
Not until the carly 1960s was 
there any sign of recovery of the beds 
(The Gemmologist, June 1962). To 
date, no great production has been 
reported. GRC 


Figure 9. The pink-to-red fluo- 
rescence to long-wave UV. ra- 
diation proves natural color in 
the pearl shown in figure 8. 
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Uncommon Cultured 


We seldom see cultured pearls as 
large as 17 mm in the lab. However, 
at the East Coast laboratory we re- 
ceived two in the space of a few 
months, Of particular interest was 
the great difference in the sizes of the 
two nuclei. 

The first cultured pearl (approx- 
imately 17 mm in diameter] was in 
the center of a turn-of-the-century 
“star burst” pin (figure 10} that fea- 
tured numerous old-mine-, rose-, and 
Swiss-cut diamonds set in silver and 
gold. We asked the client to remove 
the pearl for X-radiography and were 
surprised to learn from the X-radio- 
graph that it was a cultured pearl 
with very thin nacre. In fact, the core 
was exposed near the drill hole. In 
spite of the thin nacre, the pearl did 
not fluoresce to X-rays, which indi- 
cated that it had a saltwater shell 
nucleus. It would be very unlikely for 
a 17-mm nucleus to be made of 
freshwater, shell. The X-radiograph 
(figure 11) not only shows the very 
thin nacre but also some additional 
drill holes. The latter were made, 
perhaps, to introduce bleaching 
agents, since saltwater shell seldom 
approaches the whiteness of freshwa- 
ter shell. This cultured pearl was 
undoubtedly a replacement for the 
original, since cultured pearls were 
probably not available at the time the 
pin was manufactured. 

The other large cultured pearl 
was a button shape (Agure 12) that 
measured nearly 17 mm in diameter. 
The X-radiograph (figure 13) shows a 
relatively small nucleus of freshwa- 
ter shell, the fluorescence of which 
was visible down the drill hole. 

GRC 


PERIOD JEWELRY 


At various times, we have discussed 
period jewelry in this column. In 
addition to replacement pieces, such 
as the cultured pearl in the “star 
burst” pin described above, we have 
also looked at original pieces and 
reproductions. 
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Figure 10. The unusually large 
(17 mm) cultured pear! in this 
pin was found to have a very 
thin nacre. Because the pin ap- 
pears to date from the turn of 
the century, the cultured pearl 
is probably a replacement for 
the original natural pearl. 


ia =I 


Figure 11. This X-radtograph of 
the cultured pearl in figure 10 
clearly shows the thin nacre 
and some other drill holes, 
which were probably made to 
introduce bleach under the 
nacre to whiten the nucleus. 


There is, however, a fourth cate- 
gory: a piece in which an original 
section has been used in a more 
recent assemblage. Figure 14 shows a 
pin/pendant in which the center 
cluster ornament featuring a large 
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Figure 12. This unusually large 
{17 X 12 mm) button-shaped 
cultured pearl was found to 

have a surprisingly small nucleus. 


— 


L. 


Figure 13. The relatively small 
nucleus of the cultured pearl 
in figure 12 is evident in this 
X-radiograph. 


aa 


emerald cabochon is surrounded by 
numerous old-mine-cut diamonds 
set in silver with gold backs, which 
strongly suggests that this section 
was manufactured before 1900. The 
brown pearls and pear-shaped pen- 
dant pearl in the piece are cultured, 
but of an unusual natural color. They 
are in a more modern section of the 
piece, which has tube-set round bril- 
liants of the same recent vintage as 
those in the crown. GRC 


SYNTHETIC RUBY 
“Manufactured” Mineral 

Specimen 

The transparent, slightly purplish 
red 38.05-ct specimen shown in fig- 
ure 15 was recently submitted to the 
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West Coast laboratory for identifica- 
tion. The refractive indices of 
1.762-1.770, very strong red fluores- 
cence to short-wave U.V. radiation, 
typical absorption spectrum, and 
easily visible curved striae and spher- 
ical gas bubbles proved that the mate- 
rial was a flame-fusion synthetic 
ruby. This cut and partly polished 
hexagonal prism was quite similar to 
one that we examined and subse- 
quently described in this section of 
the Spring 1984 issue (pp. 49-50). 
Except for one large well-polished 
“prism face,” this imitation was 
etched or abraded to resemble the 
surface characteristics of a natural 
crystal. RK 


Flux Grown 
The West Coast laboratory was asked 
to identify a 3.5-ct, orangy red, 


Figure 14. In this pin/pendant, 
the center “period” section 
containing a large cabochon 
emerald was combined with a 
more recently constructed 
outer piece featuring a crown 
and natural-color brown cul- 
tured pearls and cultured pearl 
pendant (10.5 x 14,8 mm). 
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Figure 15. Although this 
vaguely resembles a red beryl 
crystal, it is actually a flame- 
fusion synthetic ruby. The 
piece measures 23.09 X 11.83 
x 10.22 mm 


mixed-cut cushion shape. Standard 
gemological testing methods readily 
identified the material as synthetic 
ruby. The internal characteristics, 
however, proved to be quite unusual. 
In addition to the flux “finger- 
prints,” rain-like inclusions, and an- 
gular graining that are commonly 
seen in flux-grown synthetic ruby, 
this specimen showed some unusual 
color zoning: near-colorless straight, 
parallel bands sandwiched between 
areas of orangy red color (figure 16). 
KH 


Diffused Star 
SAPPHIRE Update 


The East Coast laboratory recently 
examined the 8.56-ct dark blue star 
sapphire shown in figure 17. Testing 
with immersion in methylene iodide 
determined that both the color and 
the asterism were produced by sur- 
face diffusion. Although this is not a 
new process (it was patented by Linde 
Air Products in 1954}, we have not 
encountered such a dual diffusion- 
treated stone for many years (see, 


Figure 16, These straight, par- 
allel, near-colorless and orangy 
red bands are not commonly 
seen in flux-grown synthetic 
rubies. Magnified 25x. 


e.g., Gems # Gemology, Summer 
1982, p. 107). 

The dark color and weak aster- 
ism of the stone we recently exam- 
ined fall short of the requirements for 
wide acceptance. One wonders if the 
shortage of good natural star sap- 
phires has resulted because suitable 


Figure 17. This 8.56-ct star 
sapphire is an excellent exam- 
ple of the diffusion of both 
color and asterism into the 
surface of an otherwise color- 
less or off-color stone. 
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rough is being heat treated to dis- 
solve the rutile silk and provide a 
transparent blue for faceting. Per- 
haps this has prompted the return of 
the surface-diffusion process to sat- 
isfy the demand for star sapphires. 
Thus far, however, no commercial 
successes have been reported for this 
dual surface-diffusion process. 

GRC 


SYNTHETIC SAPPHIRE, 
with Triangular Inclusions 


Typically, inclusions in flame-fusion 
synthetic corundum tend to appear 
round. Recently, the East Coast lab 
examined 34 calibrated French-cut 
blue stones in an Art Deco-style 
brooch. Twenty-eight of the stones 
were identified as natural sapphire; 


Figure 18. Several synthetic 
sapphires mixed with natural 
sapphires in an Art Deco-style 
pin contained unusual, and 
possibly confusing, triangular 
inclusions that contain bub- 
bles. Magnified 30x. 


the six that flanked the near-color- 
less round brilliant-cut stone in the 
center were determined to be syn- 


A HISTORICAL NOTE 


thetic flame-fusion sapphires. These 
six synthetics contained an abun- 
dance of atypical triangular inclu- 
sions that, to the novice gemologist, 
could be quite misleading. Closer 
examination revealed that the inclu- 
sions were actually triangular cavi- 
ties with gas bubbles (figure 18). 
These inclusions are described and 
illustrated in R. Webster’s Gems (4th 
ed., 1983, p. 390). 

Nicholas DelRe 


FIGURE CREDITS 


Figures 1, 3-10, 12, 14, and 18 are by 
Nicholas DelRe. David Hargett contrib- 
uted figures 2 and 17. The photomicro- 
graph in figure 16 is by John |. Koivula. 
Figure 15 is by Shane McClure. The 
X-radiographs are by Robert 
Crowningshield. 


Highlights from the Gem Trade Lab 25, 15, and five years ago 


SPRING 1966 


The New York lab presented an illus- 
trated discussion and comparison of 
the transparency to short-wave ultra- 
violet radiation of various synthetic 
and natural rubies. Solution-grown 
{flux} synthetics were determined to 
be slightly more transparent than 
flame-fusion synthetics. 

A diamond set in a ring appeared 
to have discolored over time, acquir- 
ing a distinct brownish tinge that 
refused to be removed with cleaning. 
It was determined to be from some- 
one who lived in an area that had 
extremely hard water. The discolora- 
tion was attributed to the iron stain- 
ing that results from prolonged con- 
tact with such water. Boiling in 
strong acid removed the stains. 

The Los Angeles lab had the 
opportunity to examine and photo- 
graph a most unusual natural pearl, 
on which the nacre was confined to 
one end. The other end was brown 


Gem Trade Lab Notes 


and had no nacre at all. With immer- 
sion and high magnification, the 
West Coast lab also resolved a law- 
suit by proving that a blue sapphire 
with an unusual zone of natural blue 
color just under the table was indeed 
one piece and not a doublet. 


SPRING 1976 


Some of the rare gem materials and 
collectors’ stones seen by the Los 
Angeles lab at this time were eos- 
phorite, jeremejevite, pectolite, anda 
synthetic “powellite” that proved to 
be synthetic scheelite. An X-radio- 
graph of a cultured pear! beautifully 
illustrated the procedure of drilling 
several holes at an angle through one 
common drill hole to reach different 
areas of heavy conchiolin with 
bleach to lighten the overal} color. 
The New York lab reported on 
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their visit to the newly opened gem 
and mineral hall at the American 
Museum of Natural History. 


SPRING 1986 


In addition to a beautiful yellow 
danburite and three faceted radioac- 
tive ekanites, the West Coast lab 
reported on two particularly unusual 
items. The advent of laser technology 
enabled the cutting of all 26 letters of 
the alphabet from diamond; each 
measured 6.5 mm high by 4.5 mm 
wide and 2 mm thick. A 1,126-ct 
pinkish orange sapphire crystal, first 
seen at the 1983 Tucson show, was 
cut and the stones submitted for 
examination. The largest was 47 ct, 
far below the 200 ct that the owners 
had hoped to achieve. The crystal 
proved to be more heavily flawed, 
with more opaque areas, than ex- 
pected when purchased. 
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TUCSON °91 r 


This past February the Gem News editors, along with 
countless others with an interest in gems and minerals, 
traveled to Tucson, Arizona, to attend the many concur- 
rent trade shows taking place there. Following are some 
highlights of this year’s event, based on the editors’ 
observations and those provided by other GIA staff 
members, 


Show exhibits of note. Although a number of associa- 
tions hold annual shows in Tucson during February, the 
original stimulus for the event is the Tucson Gem & 
Mineral Show. Each year, TGMS highlights a featured 
mineral; for 1991 it was azurite. Special exhibits fea- 
tured outstanding specimens from such institutions as 
the University of Arizona, Harvard University, and the 
American Museum of Natural History. The azurites 
displayed originated from such noted localities as Bis- 
bee, Arizona; Chessy, France; Alice Springs, Australia; 
and Tsumeb, Namibia. The Sorbonne case also included 
other, rarer copper minerals such as lavendulan, tetra- 
hedrite, and bornite. Other noteworthy exhibits were 
the Fabergé jeweled eggs from the Fersman Museum, 
Moscow, which had not been displayed previously out- 
side the USSR, and the 75-ct Hooker Emerald, from the 
Smithsonian Institution. 


DIAMONDS 


Colored diamonds. Although Tucson is not thought of as 
a “diamonds” show, the number of diamonds offered 
there increases every year. Particularly notable this year 
were colored diamonds. These ranged from very small 
stones of desaturated color— mostly yellows and browns 
with gray to green overtones — to larger, finer stones with 
laboratory reports. 

However, the majority of the colored diamonds 
offered appeared to have been treated, most commonly 
to green, blue, and yellow. The disclosure of treatment 
appeared to be almost consistently reversed: The fact 
that a color was natural was “disclosed.” 


Gem-quality synthetic diamonds from the USSR. Dr. 
Alexander Godovikov, of the Fersman Museum, allowed 
the editors and staff members of the GIA Research 
Department to briefly examine three gem-quality syn- 
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Figure 1. These three yellow gem-quality syn- 
thetic diamonds (a 0.29-ct octahedral crystal 

and two slices, 0.09 ct and 0.15 ct) were grown 

in Novosibirsk, Siberia, USSR. These samples 

do not exhibit the color zoning seen in the gem- 
quality yellow synthetic diamonds grown by 
Sumitomo and De Beers, Photo by Robert Weldon. 


thetic diamonds that had been manufactured in the 
Soviet Union (figure 1}. All were yellow and small (4mm 
on an edge), reportedly grown only for experimental 
purposes by the high pressure/high temperature method 
associated with the other known gem-quality synthetic 
diamonds, using an iron-nickel metal solvent-catalyst. 
According to Dr. Godovikov, however, the press used is 
different from the classical belt technology. It is appar- 
ently a hydrostatic press, with elements pushing in from 
six different directions. This reportedly lowers the cost 
of production. In the very limited time available to 
examine these synthetic diamonds, we did not see any of 
the color zoning or graining observed in other types of 
gem-quality synthetic yellow diamonds. 


COLORED STONES 


Madagascar apatite. In the Summer 1990 Gem News 
column, we mentioned having seen parcels of saturated 
bluish green to greenish blue rough apatite that was 
reportedly from Madagascar. The material was very 
similar in appearance to some of the tourmaline from 
Paraiba, Brazil. 
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This year we saw more of this intensely colored 
apatite, again identified by vendors as coming from 
Madagascar. A number of dealers, including Michael and 
Kathy Williams of House of Williams, Loveland, Colo- 
rado, were selling faceted material (figure 2}; most of the 
stones were 1 to 2 ct. The Williamses reported that 
although large quantities of rough are available, rela- 
tively little has been faceted. This is probably due to the 
extreme sensitivity of the apatite to thermal shock~—in- 
duced cleaving during fashioning. Mr. Williams has 
found that the Madagascar material is much more 
susceptible to such cleaving than is Mexican apatite. 


Interesting bead materials. As in past years, a great 
number of materials were available in bead form, Among 
the more unusual was dolomite with alternating bands 
of very dark (blackish) green and light greenish white; 
the latter gave the appearance of fibrous streaks in the 
darker mass, producing a sheen at certain angles of 
observation. Also seen were cylindrical fluorite beads 
that prominently displayed the material’s purple and 
colorless zoning. Another material available in beads of 
various shapes was a brecciated pyrite, naturally ce- 
mented together with various other materials (figure 3). 
A vague RJ. reading of 1.54 was obtained on some 
whitish binding material, indicating that it might be 
quartz or chalcedony. These may be similar to the pyrite- 
in-quartz beads described in the Winter 1986 Gem Trade 
Lab Notes, section. 


Cat’s-eye beryllonite. One of the most unusual phenom- 


Figure 2. Faceted blue apatite from Madagascar, 
like this 0.70-ct round brilliant cut, is similar 
in color to some of the tourmaline from Par- 
aiba, Brazil. Photo by Maha Smith. 
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Figure 3. These approximately 15.5-mm disc- 
shaped beads are composed of a brecciated py- 
rite. Photo by Maha Smith. 


enal stones seen was a cat’s-eye beryllonite from Af- 
ghanistan (figure 4}. The 8.49-ct stone, purchased for 
GIA’s permanent collection, has a white body color and 
an exceptionally strong chatoyant band, so that it looks 
very much like the fibrous mineral ulexite. This stone, 


Figure 4. The chatoyancy in this 8.49-ct be- 
ryllonite (15.70 x 9.45 x 6.60 mm) is an un- 
usual phenomenon for this material. Photo by 
Maha Smith. 
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Figure 5, At 2.89 ct, this is the largest faceted 
clinohumite that the editors have seen. Stone 
courtesy of Bill Pinch. Photo by Maha Smith. 


however, also exhibits interference colors at both ends 
which are somewhat reminiscent of an adularescent 
effect. 


Large clinohumite. Clinohumite is a fairly rare collec- 
tors’ gem from the Pamir Mountains of the Soviet Union. 
This year we saw an attractive medium dark brownish 
orange, oval modified brilliant-cut stone that, at 2.89 ct, 
is the largest that the editors have had the opportunity to 
examine (figure 5). Magnification revealed primary fluid 
inclusions and distinet growth zoning. All gemological 
properties were consistent with those reported in the 
literature for clinohumite. 


Update on corundum, Sapphires, as always, were quite 
prevalent at Tucson. Many of the larger stones being 
offered were identified by presumed country of origin 
and appeared to be priced more on this criterion than on 
quality. There was again a wide variety of both blue and 
fancy-color sapphires from Montana. By some estimates, 
tens of thousands of carats were available. There were a 
fair number of the yellowish orange stones that some in 
the trade refer to as “padparadscha.” Most prevalent were 
blue stones and yellow stones of approximately half a 
carat. Most of the material, with the exception of the 
blue sapphires from Yogo Gulch, is reportedly heat 
treated, There appeared to be a general effort to market 
the Montana sapphire as an American gem. For example, 
the firm Rio Grande Albuquerque offered Yogo blue 
sapphire in calibrated sizes separate from other blue 
sapphires in its Tucson show catalog. 
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A few dealers offered color-change sapphires. One 
firm had 19, ranging from under a carat to several carats. 

In the 1990 Tucson report, we mentioned sapphire 
from Brazil. This year we received a number of indepen- 
dent reports of sapphire mining in Minas Gerais and saw 
several fine-quality stones of over 1 ct that were report- 
edly from this source. Some of the stones display a color 
change. 

We also saw a large supply of bright red-orange 
sapphires from the Umba region of Tanzania, stones 
with a distinctly more saturated color than the so-called 
African “padparadschas” and with a darker tone than is 
generally seen in “padparadscha” sapphires. 

Rubies from a number of sources were also seen. 
Cabochon-grade material recently produced in Mozam- 
bique is similar in appearance to ruby from Tanzania. It 
was also learned that the Greek-operated sapphire and 
ruby mine in neighboring Malawi ceased operation this 
year due to government intervention. A report on rubies 
and sapphires from Vietnam is provided in the entry on 
Vietnamese gem materials below. 


Unusual colored stone cuts from Thailand. The Winter 
1990 Gem News section carried a report that Thailand, 
long a colored-stone cutting center, is now fashioning 
large quantities of cubic zirconia for export. Apparently 
some of the precision cutting and newer cuts being used 
on this man-made material are also being applied to 
different natural gems. D, W. Enterprises of Boulder, 
Colorado, not only has CZ cut in Chanthaburi, Thai- 
land, but also peridot, amethyst, aquamarine, and an- 
dalusite, among other gems. The resulting square and 
rectangular brilliant cuts are very efficient optically. In 
the case of andalusite, the cutting also enhances the eye- 
visible pleochroism of the finished gem (figure 6). 


Figure 6. The pleochroism of this 1.78-ct an- 
dalusite (8.65 x 5.60 x 4,75 mm) is accented 
by the gem’s rectangular brilliant cut. Photo by 
Maha Smith. 
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Figure 7, These brooches in 18k gold feature di- 
amonds, pink tourmalines, and carved drusy 
agate. Gem carving by Dieter Lorenz, Ger- 
many; brooch designs by Susan Helmich, Mon- 
ument, Colorado. Photo © Sky Hall. 


Drusy gems in jewelry. Among the most interesting 
materials at Tucson this year were gems that could 
please both lovers of fashioned stones and lovers of 
minerals in their natural forms: Although their outlines 
were shaped by man (some also featuring carved areas], 
these geni materials prominently displayed natural 
drusy surfaces of minute individual crystals, the faces of 
which produced a multitude of scintillating reflections. 

Among the gem materials fashioned in this manner, 
we saw drusy chrysocolla in quartz and drusy pale purple 
and dyed black quartz, as well as fine-quality lapis lazuli 
from Afghanistan that displayed broad areas of finely 
aggregated pyrite inclusions. Bill Heher of Trumbull, 
Connecticut, had what appeared to be the most exten- 
sive selection of these drusy gems: chrysocolla in quartz; 
white, gray, and orange agate; dioptase; hematite; 
psilomelane; pyrite; and rhodochrosite. Mr. Heher and 
others also had bright pink to purplish pink co- 
baltocalcite, reportedly from Zaire. Many of these gems 
had been carved in free-form shapes and set with other 
gem materials (figure 7). 


Uralian emeralds. One of the more notable “new” 
materials to surface at Tucson this year was emerald and 
green beryl from the Ural Mountains of the Soviet 
Union. Barbara Lawrence, of Boston Findings, loaned 
GIA a few faceted specimens for study (figure 8), Most of 
the stones we saw were fairly small, approximately 1 ct 
and under. They are slightly yellowish green of light to 
medium tone and medium to high saturation. 


Morganite from Mozambique. Morganite is again being 
produced in Mozambique, at Alto Ligonha in the border 
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Figure 8, A relatively new find of emeralds and 
green beryl from the Ural Mountains has en- 
tered the world gem market. These stones, the 
largest of which is 1.70 ct, are representative of 
a parcel of purportedly Uralian emeralds that 
were purchased in Israel. Photo © GIA and 
Tino Hammid. 


area adjacent to Malawi. The crystals are etched; some 
are naturally pink (in very light tones}, and others are a 
“peach” color that can be heat treated to pink. 


Brazilian opal. A few dealers were selling white opal 
from the deposit in Piauf State, Brazil. According to 
James T. Drew, Jy, of Star Gems (Brazil and New York), 
large, steady quantities of material are now being 
produced, with significant amounts sent to Hong Kong 
monthly for cutting. 

David Stanley Epstein reports that black opal has 
also been found in Brazil, near Boi Morta, also in Piaui 
State. Some of this material seems to be rather porous 
and does not polish well; according to Mr. Epstein, a 
number of dealers treat it with Opticon. Some of the 
material hasa very distinct, layered structure to its play- 
of-color, with blue at the base, followed by successive 
layers of green, yellow, orange, and—at the top—red. 


Cultured pearls, Large quantities of cultured pearls were 
again available. Numerous sources at the show reported 
that last year’s harvest in the Tahitian Islands was the 
best since culturing activities began there in earnest in 
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the 1960s. Many strands of black cultured pearls were 
offered for sale, particularly in the 11 mm to 16 mm 
range. Strands of the more traditional white South Seas 
cultured pearls were also available in the same larger 
sizes, 


Arizona peridot. Arizona is the major commercial 
source of peridot in smaller sizes. Large quantities of 
both rough and cut Arizona peridot were seen at Tucson. 
One vendor displayed almost 200 kg of “fairly clean” 
rough that he claimed would cut '/s-ct stones, 

Some exceptionally large peridots were also for sale 
this year, including a good-color 131.89-ct stone that was 
reportedly of Burmese origin. 


Bicolored quartz. Amethyst crystals are commonly 
color zoned, with alternating purple and near-colorless 
triangular sections. In fashioning, these stones are usu- 
ally oriented to mask the color zoning, producing a fairly 
uniform purple when viewed face-up. 

The firm of Star Gems has chosen to emphasize 
rather than obscure this zoning in some of the Brazilian 
material they cut. The interesting bicolored gems that 
result are part amethyst and part rock crystal (figure 9). 


Cat’s-eye rose quartz. There are several varieties of 
quartz, including some that display optical phenomena. 
Although asteriated rose quartz is seen with some 
regularity, cat’s-eye rose quartz is much less common. At 
Tucson, we saw one 8,35-ct oval single cabochon that 
displayed a strong chatoyant band across the length of its 
dome (figure 10}. We carefully examined the stone to see 
if it exhibited any intersecting bands around the base— 
as might be expected were this an intentionally mis- 
oriented star stone —but saw none. 


Rhodolite from Orissa. The Indian state of Orissa has 
gained a reputation as a producer of colored stones. In our 
Spring 1989 Tucson report, we noted almandine garnet 
coming from this locality; this year we saw rhodolites. 


Figure 9. The color zoning was intentionally 
emphasized in cutting these bicolored quartzes 
(2.14 and 2.30 ct}. Photo by Maha Smith. 
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Figure 10. This 8.35-ct rose quartz cabochon 
displays distinct chatoyancy rather than the 
more common asterism. Photo by Maha Smith. 


We obtained three of these stones (figure 11} for the GIA 
collection from Amar Jyoti Jain of Fine Gems, in New 
York. When viewed with fluorescent lighting, the gar- 
nets appear fine medium-dark reddish purple; with 
incandescent lighting, they look more purplish red, a 
color approaching that of some dark rubellite tour- 
maline. According to Mr. Jain, the stones come from a 
mine called Nakta Munda which was discovered in early 
1990, The largest rough found will cut stones up to 20 ct, 
but there are few clean, good-color stones over 10 ct. 
Most of the better-quality material cuts stones no larger 
than 4 to 5 ct. 

Gemological testing on the three rhodolites we 
obtained showed that all were within the published 
ranges for this type of garnet. 


Figure 11. Orissa, India, is reportedly the source 
of these three rhodolite garnets (1.86-2.33 ct). 
Photo by Maha Smith. 
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Violet cat’s-eye scapolite. Scapolite is actually a solid- 
solution series with end-members marialite and 
meionite. Considered a collectors’ stone, it is seen most 
commonly as colorless to light yellow and pink to purple 
transparent gems. Because many of its gemological 
properties may overlap those of quartz, it may be 
confused with rock crystal, citrine, and amethyst. Scap- 
olite is also seen in chatoyant form, with reported 
localities including Burma and Sri Lanka. 

One of the more unusual stones we saw this year 
was a 7.87-ct dark violet cat’s-eye scapolite (figure 12) 
that is strongly reminiscent of iolite. According to the 
owner, Mark Smith of Bangkok, the stone was mined in 
Burma. Like iolite, this scapolite also displays strong 
pleochroism, with dichroic colors of very light grayish 
blue and dark violet. The other gemological properties 
determined were consistent with those reported in the 
literature for the scapolite series. We resolved a uniaxial 
interference figure from this very dark stone by rigging a 
small portable polariscope to an intense fiber-optic light 
source. The birefringence, determined on a polished area 
of the stone’s base, was 0.009. While this is within the 
range reported for scapolite, it is considerably lower than 
the 0.016 value reported in Arem’s Color Encyclopedia 
of Gemstones for a cat’s-eye scapolite of Burmese origin. 


aoe 


e 
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Update on tanzanite. Reports in the trade press early this 
year indicated that the Tanzanian government had 
stepped in to halt the illegal production and distribution 
of tanzanite. Further clarification was obtained from a 
number of dealers at Tucson. They report that the 
Tanzanian army entered the Merelani area without prior 
notice, and removed as many as 25,000 illegal miners. 
The army is now patrolling the area and has made the 
legal miners erect barbed wire fences around their 
claims. The government has also encouraged patrols by 
small private armed forces hired by the mining com- 
panies; a representative of one mining company told a 
GIA staff member that they had 40 men under arms. 

This activity, however, apparently has not affected 
the availability of material, as tanzanite was present at 
Tucson in the greatest ranges of size and color that cither 
editor can remember seeing. In addition to a wealth of 
stones in the usual size range for jewelry applications, we 
saw some exceptionally large stones. Pala International 
of Fallbrook, California, reported that the 77.69- and 
122.09-ct tanzanites in their stock were mined only in 
the second half of 1990. Also noted were some eye-clean, 
calibre-cut cabochons and the rare greenish material. 

Abe Suleman of Tuckman International, Seattle, 
Washington, provided us with some additional informa- 
tion. Before the military involvement, four new tan- 
zanite-producing holes were struck. Some of the crystals 
from these new finds have terminations with a pro- 
nounced green color due to strong pleochroism; this 
material heat treats to a “steely” blue color. Other 


Gem News 


Figure 12. Burma is the reported origin for this 
7.87-ct cat’s-eye scapolite. Photo by Maha Smith. 


material has a very light appearance that, contrary to 
expectations, heat treats to a good blue-violet color. 


Paraiba tourmaline. The most talked-about stone of last 
year’s show, the cuprian elbaite tourmaline from Par- 
aiba, Brazil, was again at Tucson. Dealers indicated that 
little gem material has been found outside the hill that 
constitutes the original claim. Two dealers reported 
that, to minimize damage, the material is now heat 
treated at low temperatures (225° to 250°C) for as long 
as three days. 


More on Vietnam gem finds. A number of items have 
appeared in the international jewelry press recently 
concerning rubies being mined in Vietnam. Carlo Mora 
and Saverio Repetto, of Fimo, a Swiss concern, report 
that they have formed a joint venture between one of 
their subsidiaries and a government-owned Vietnamese 
company to set up a cutting and evaluation operation in 
Ho Chi Minh City. They confirmed the discovery in 
1987 of gem-quality rubies and pink sapphires in the Luc 
Yen area, north of Hanoi. Messrs. Mora and Repetto 
supplied us with several samples of material that they 
obtained in Vietnam [figure 13). 

Preliminary gemological testing was carried out on 
15 faceted stones ranging from 0.14 to 1.45 ct. The 
refractive index of the ordinary ray ranged from 1.768 to 
1.776 and that of the extraordinary ray ranged from 
1.760 to 1.768, with a corresponding birefringence of 
0.008 to 0.009. The reaction to long-wave ultraviolet 
radiation ranged from weak to strong red with some 
zones (corresponding to blue color zones in the stones} 
being inert. The short-wave reaction was very weak to 
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Figure 13. These rubies (the largest is 0.36 ct) 
are reportedly from the Luc Yen area of Viet- 
nam. Photo © GIA and Tino Hammid. 


medium red. Magnification revealed a number of struc- 
tural features, including strong transparent graining, 
strong color zoning in red and colorless and/or blue, and 
laminated twinning. Other internal features noted were 
secondary healing planes, orangy limonitic(?] staining in 
fractures, fine pinpoint inclusions in stringers and 
planes, and small transparent included crystals. 

At Tucson, Messrs. Mora and Repetto, and their 
colleague Madeleine Florida, also supplied samples of 
sapphires that had been recovered from the Di Linh and 
East Nam Bo region of southern Vietnam (figure 14}. 
They report that economically exploitable quantities of 
these blue sapphires as well as some zircon, red spinel, 
and pyrope garnet have also been found in the country. 
To date, however, Luc Yen is the only area in Vietnam 
where organized mining is taking place. 

A detailed report on gems from Vietnam is being 
prepared, 


ENHANCEMENTS Sis 


Plastic-treated ammonite, René M. Vandervelde of Ko- 
rite Minerals Ltd. provided information about the irides- 
cent fossilized ammonite mined in Alberta, Canada, He 
said that his firm continues to recover good quantities of 
material and showed one of the editors a large (approx- 
imately 10 in, [25 cm] in diameter], exceptionally fine 
specimen that had been mined recently. The material is 
recovered at depths below 30 ft. (about 10 m). 

He also informed us that since 1989 other individ- 
uals had been selling some plasticized ammonite. It 
consisted of surface-collected material that had become 
unstable due to frost shattering. Apparently, when the 
Alberta government offered the entire province for 
mining bids in 1989, there was a rush to stake as much 


52 Gem News 


land as possible. The results have been very disappoint- 
ing, and plasticizing the surface-collected ammonite was 
one way to salvage at least some of the bid money. By the 
end of 1990, most of the surface material had been 
collected, so there is less new plasticized material 
entering the market today. 


Enhanced Paua shell. A number of iridescent shells are 
used as ornamental materials. One of these is the Paua 
shell, a type of abalone from the South Pacific. The 
natural body color is a light, silvery blue, although we 
have seen material that has been dyed a deeper blue and, 
in some cases, plastic coated. 

One vendor at Tucson was selling a variation on this 
theme: material that had been dyed a rich green and 
plastic coated (figure 15). It was being marketed as 
“Ocean Emerald.” 


Colored Opticon for emeralds. The use of various sub- 
stances to fill and thereby obscure surface-reaching 
fractures in emeralds is widespread. Although most 
often these substances are used in their natural— 
essentially colorless to light yellow—states, green oils 
may be used to impart a darker color to paler stones. 
Today, in addition to the more “traditional” oils and 
natural resins, prepolymer synthetic resins are gaining 
in popularity, in part no doubt because they can be “set” 


Figure 14. These sapphires (the largest is 0.38 
ct) are reportedly from southern Vietnam. 
Photo © GIA and Tino Hammid. 
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Figure 15. Green dye and a plastic coating have 
been used to enhance this 8.26-ct (24.90 x 
17.90 x 3.47 mm) cabochon of Pauwa shell, 
Photo by Maha Smith. 


(hardened) at the point of entry into the stone, thus 
sealing the liquid resin within the fracture and enhanc- 
ing the treatment’s durability. The best known of these 
materials is a colorless substance marketed under the 
trade name Opticon. At Tucson we learned for the first 
time, from two Brazilian dealers, that some treaters are 
adding a green coloring agent to the Opticon. 


Heat treatrhent of ruby in Sri Lanka. To assist the GIA 
Research Department with its upcoming experiments in 
heat treating rubies, we approached various ruby dealers 
to learn more about the techniques used. Of particular 
interest, Sri Lankan dealers indicated that in their 
country virtually all rubies are heat treated by a very 
primitive method, using a blowpipe. The stated purpose 
is to “diffuse” the color |i.e., reduce color zoning) and 
remove blackish or violetish areas. The dealers we spoke 
with reported a 20% to 30% success rate. 


More on diffusion-treated sapphires. Gem Source of Las 
Vegas, Nevada, and Bangkok, Thailand, was again of- 
fering blue diffusion-treated sapphires. Jeffery Bergman 
of Gem Source told one of the editors at the start of the 
show that he had on hand over 10,000 ct. He also stated 
that he is seeing a strong demand for calibrated stones, 
with strongest demand in the 2- to 10-ct range. A 
number of big stones were being offered, the largest 
being 21.60 ct; Mr. Bergman said that they were in the 
process of trying to treat a 37-ct stone. Current capacity 
is such that over a six-month period Gem Source could 
produce 100,000 ct of diffusion-treated stones of one 
carat or less. 

In response to our question about the diffusion 
treatment of colors other than blue, Mr. Bergman stated 
that he had heard that other people had had some success 
in producing red colors with the diffusion process, but to 
date his own efforts had not been satisfactory. His 
attempts to diffuse chromium oxide into the stones had 
resulted in the simultaneous development of a blue color 
component due to the presence of the appropriate 
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Figure 16, The Czochralski “pulling” method 
was used to produce these synthetic alex- 
andrites, 3.63 ct. and 1.14 ct Photo by 

Maha Smith. 


chromophores in the starting gem material. The end 
product has been stones with a purplish cast rather than 
the desired purer red. He speculated that he might get 
around this problem by beginning with very pale pink, 
approaching colorless, rough. 


SYNTHETICS AND SIMULANTS 
New synthetic alexandrite. J. ©. Crystals of Redondo 
Beach, California, was marketing a new synthetic alex- 
andrite made by the Czochralski “pulling” method. Two 
specimens (figure 16) were subsequently loaned to GIA 
for gemological examination. 

The faceted stones are rather striking when ob- 
served face-up, According to Judith Osmer, each piece is 
carefully oriented in cutting to take advantage of the 
strong pleochroism in addition to the color change. 
These synthetic alexandrites are relatively lighter in 
tone than what we have come to associate with pulled 
synthetic alexandrite from other firms such as Kyocera; 
even in larger sizes this new material is of medium to 
medium dark tone. 

Testing revealed properties generally consistent 
with those reported in the literature for pulled synthetic 
alexandrite. Ms. Osmer indicated that the smaller stones 
she has had cut appeared at first inspection to be quite 
clean, but some of the larger ones contained minute gas 
bubbles. Our subsequent examination of 1.14-ct and 
3.64-ct faceted specimens revealed growth zoning in 
both and many minute bubbles in the larger of the two. 


Update on Chatham production. Among the items of 
interest being shown by Chatham Created Gems of San 
Francisco, California, were some recently grown syn- 
thetic emerald crystals that were distinctly “cleaner” 
than the usual production-run material. These had a 
slightly flattened habit and weighed 40-60 ct. Also on 
display were two 1,000+-ct synthetic ruby crystals, 
with large areas of transparency, that were reportedly 
grown over a three-year period. 

Thomas Chatham offered some statistics relating to 
production over the past year: 1 million carats of 
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Figure 17. These 8-mm silicon beads (left) are 
being marketed as a “lighter” alternative to 
hematite (right). Photo by Maha Smith. 


synthetic ruby, with a 7% to 20% yield in cutting; and 
1.4 million carats of synthetic emerald, with a 4% to 
20% yield (13%-14% average]. He reports manufactur- 
ing fewer than 20,000 ct per year of synthetic blue 
sapphire, Although the firm did produce minor amounts 
of synthetic “padparadscha” sapphire a few years ago, 
this production was largely experimental and relatively 
little of it ever reached the market. According to Mr. 
Chatham, there are currently no plans to manufacture it 
commercially. 


More on synthetic emeralds. The Biron hydrothermal 
synthetic emerald, produced in Australia and once 
promoted as the “Pool Emerald,” is now being marketed 
in the United States under a new name, Kimberley 
Created Emeralds, by the frm of the same name in New 
York City. 

The firm of Aviv, Inc., of Houston, Texas, is now 
marketing Soviet hydrothermally grown synthetic em- 
eralds under the name “Emsprit Emerald.” Aviv reports 
that they are currently selling al! of the material that 
they receive from the USSR, approximately 5,000 ct per 
month. 


Man-made hematite simulant. Hematite is a popular 
gem material for intaglios and beads. To some extent, 
however, its use in the latter is restricted by its high 
density: With a specific gravity around 5.20, even 
relatively short necklaces of larger hematite beads can 
be very heavy. The most convincing of the man-made 
simulants, “Hemetine,” offers no advantage in this area, 
having an S.G. of 4.00-7.00. 

Gems Galore of Mountain View, California, has 
addressed this “weighty” issue by marketing jewelry 
items made of silicon, which is produced from a refined 
melt by the Czochralski method primarily for use in 
solid-state or semiconductor devices. Sold as beads, 
earrings, and cabochons under the name “Hemalite” 
(figure 17], this material has less than half the density of 
hematite. As we confirmed on a piece donated to GIA, 
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the S.G. is consistent with that of silicon, 2.33. Silicon 
also has a higher Mohs hardness {7} than hematite (5-6), 
which could translate to greater “wearability” over time. 
The material is quite convincing visually, having a 
medium gray body color and metallic luster, although 
the natural material has a somewhat darker body color, 
close to black. 


Imitation lapis lazuli. Also seen was a material mar- 
keted as “reconstructed” lapis lazuli that had a very 
natural appearance. The materia! had a fairly even, dark 
violetish blue color with randomly distributed, angular 
grains of pyrite. Two fashioned pieces (figure 18) were 
purchased for gemological testing. These revealed a spot 
R.L. of 1.55 and an S.G, of 2.31 + 0.01. The material was 
inert to long-wave U.V. radiation and displayed a weak, 
chalky yellowish fluorescence to short-wave U.V With 
magnification, we saw that the pyrite inclusions were 
raised slightly above the blue host material, indicating 
that the pyrite was the harder of the two. Some random, 
shallow whitish areas were also noted. 

When placed over the end of a high-intensity fiber- 
optic illuminator, the material was semitranslucent, 
passing more light than is typical of natural lapis; only 
the pyrite inclusions were truly opaque. When viewed 
through a Chelsea filter while so illuminated, the stone 
became almost invisible: It apparently absorbed all 
those wavelengths of visible light passed by the filter’s 
two transmission windows. The stone took on a slightly 
dark reddish brown cast, however, when viewed through 
the Chelsea filter with reflected light. The thermal 
reaction tester produced a weak acrid odor, whitish 
discolorations, and slight melting (all of which indicate 
that a plastic-type binder may be present). X-ray diffrac- 
tion analysis revealed a strong pattern for barium sulfate 
(BaSO,), it also confirmed that the metallic inclusions 
were pyrite. Infrared spectrometry identified the bond- 
ing agent as a polymer. 


Gold in quartz doublets. Whitish vein quartz is the 
common host rock for gold. Occasionally, native gold in 


Figure 18, These pieces of imitation lapis lazuli 
have a very natural appearance. Photo by 
Maha Smith. 


GEMS & GEMOLOGY Spring 1991 


its quartz matrix — “gold quartz” —is cut into tablets and 
cabochons for use in jewelry. This year, Canadian Placer 
Gold Ltd. of Vancouver, B.C., Canada, was marketing 
assembled stonés fashioned from this material. These 
doublets (figure 19) consist of a relatively thin, flat top 
section of gold in quartz backed with a somewhat thicker 
layer of white ceramic. The pieces are sold both loose 
and as inlay (which protects the edges) in jewelry such as 
rings. 

According to Mark Castagnoli, who fashions these 
assembled stones, most of the gold quartz he uses comes 
from mines in Sierra County, California, including the 
16-to-1 and the Rush Creek, although some is from 
British Columbia’s Caribou mine. Some of the material 
is extremely fine grained, bordering on chalcedony, and 
some pieces also have crystals of pyrrhotite. 


More Soviet synthetics. Perhaps the greatest novelties at 
Tucson this year were synthetic gem materials from the 
Soviet Union. A large variety of these materials were 
available, some of which are totally new to the gemologi- 
cal community. Many of these materials, however, were 
only present in very small quantities. 

Flux-grown synthetic spinel was available but only 
in the purplish red color previously reported in Gem 
News. However, other colors of synthetic spinel report- 
edly have also been produced. 

Flux-grown synthetic alexandrite was also seen, the 
crystals being relatively small and flat (less than 5 mm 
thick}. The color change is moderate, with a slightly 
brownish component reminiscent of that seen in natural 
alexandrite from Sri Lanka. 

Hydrothermal synthetic beryl in a range of colors 
was seen. All of the crystals were small (less than a few 
centimeters long], with a typical flattened habit. Colors 
seen include green (synthetic emerald}; purplish red, 
similar to natural red beryl, light blue, similar to natural 
aquamarine; violetish blue, resembling tanzanite; 
brownish green, reminiscent of andalusite and some 
tourmaline; a “turquoise” blue that looked like some 
Paraiba tourmaline; and an orangy pink that was quite 
similar in appearance to “padparadscha” sapphire. 

A curiosity was an apparently flux-grown synthetic 
emerald overgrowth on tumbled aquamarine seeds. The 
material is not really gem quality but shows a beautiful 
combination of prismatic, basal, primary, and secondary 
pyramidal crystal faces on the overgrowth material. 

Several dealers were offering large quantities of 
synthetic quartz. Perhaps most noticeable was a me- 
dium dark cobalt blue, darker than the cobalt blue 
quartz previously grown. A rough crystal, several carv- 
ings, and faceted stones were loaned to GIA by Stephen 
Schwartz of Stephen Schwartz & Associates, Los An- 
geles. Mr. Schwartz reports that the greater depth of color 
is due to a different position of the cobalt ion in the 
quartz structure. Some of this material was rather 
deceptively advertised as “Siberian Blue Quartz.” We 
saw tens if not hundreds of kilos of this material being 
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Figure 19. A thin (approximately 1.5 mm) layer 
of gold in quartz is backed with white ceramic 
to produce this 17.10 x 5.00 x 3.50 mm as- 
sembled stone. Photo by Maha Smith. 


offered, perhaps in part because of its alleged metaphysi- 
cal properties. 

Other colors of synthetic quartz seen were purple 
(synthetic amethyst), yellow (synthetic citrine], green (a 
tourmaline-like color}, and a brownish orange reminis- 
cent of dark, heat-treated citrine. 

It was also reported by Peter Flusser of Overland 
Gems, Los Angeles, that gem buyers visiting crystal 
growers in the Soviet Union have been asked if they are 
interested in synthetic tanzanite or synthetic tour- 
maline, thus suggesting that these two materials can be 
readily grown. Some caution, however, is necessary in 
interpreting such an offer, as there is apparently no 
distinction in the Russian language between synthetic 
and simulant. Therefore, these inquiries may simply 
refer to imitation tanzanite and tourmaline, consisting 
of appropriate colors of synthetic beryl such as those 
mentioned above. Similar confusion in the past led toa 
“report” that extremely large gem-quality synthetic 
diamonds were being grown in the USSR. Clarification 
later revealed that the “synthetic diamonds” were in fact 
large CZ crystals. 
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THE Most VALUABLE ARTICLE AWARD 
Anp A New Look For Gems & GEMOLOGY 


By Alice S. Keller, Editor 


E ach year, Gems & Gemology brings you the most up-to-date information on natural 
gem materials, localities, synthetics, and treatments in our articles and regular features 
such as Gem Trade Lab Notes and Gem News. Last year saw the publication of some of our 
best articles to date, and you readers certainly let us know that in your balloting with 
comments such as “every article is important,” “so many good articles this year,” and “all of 
them are great!” It is obvious by your choices for first and second place that detection of 
treatments is a key concern. The remarkable article “Gemstone Enhancement and Its 
Detection in the 1980s,” by Robert C. Kammerling, John I. Koivula, and Robert E. Kane, was 
clearly the winner from the outset of voting. Indeed, we have already sold hundreds of 
laminated copies of the detection chart that appeared in that article. The second-place 
winner, “The Identification of Blue Diffusion-Treated Sapphires,” by Messrs. Kane, 
Kammerling, and Koivula, together with GIA researchers James E, Shigley and Emmanuel 
Fritsch, gave clear-cut explanations of the diffusion-treatment process and how the jeweler/ 
gemologist can detect it. For third place, the winner is “Gem-Quality Cuprian-Elbaite 
Tourmalines from Sdo José da Batalha, Parafba, Brazil,” by Drs. Fritsch and Shigley with 
George R. Rossman, Meredith E. Mercer, Sam M. Muhlmeister, dnd Mike Moon. The authors 
of these"three articles will share cash prizes of $1,000, $500, and $300, respectively. The 
winner of the three-year subscription is Pinchas Schechter of Miami Beach, Florida. 
Congratulations! Photographs and brief biographies of the winning authors appear below. 


I would also like to take this opportunity to thank Art Director Lisa Joko for updating 
the design of Gems # Gemology as we enter our second decade in the expanded format. We 
take our position as a leading force in gemology seriously, and feel that we should be as 
progressive in our “look” as we try to be in 
the information we provide. The editorial 
review and revision process remains as 
rigorous as ever, but we hope you like the 
new, more exciting graphics and even greater 
use of color. 


F I R S§ T PoeL A C éO&«C 


ROBERT C. KAMMERLING : JOHN I. 
KOIVULA - ROBERT E. KANE 


As GIA’s director of technical development, 
Robert C. Kammerling helps coordinate research 
and development activities between the Institute’s 
various departments. He is also coeditor—with 
John Koivula—of the Gem News section of Gems 
&) Gemology, coauthor—with Dr. Cornelius 
Hurlbut—of the book Gemology, as well as a 
regular contributor to numerous publications Jobn I. Koivula, Robert E. Kane, Robert C. Kammerling 
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worldwide. A native of Chicago, Mr. Kammerling 
has a B.A. from the University of Illinois. John I. 
Koivula, GIA’s chief gemologist, is world renowned 
for his expertise in inclusions and photomicrogra- 
phy. He is coauthor— with Dr. Eduard Giibelin — of 
the Photoatlas of Inclusions in Gemstones. My. 
Koivula also holds bachelor’s degrees in chemistry 
and mineralogy from Eastern Washington State 


S E ¢ O N D P ~L A C EE 
ROBERT E. KANE : ROBERT C. KAMMERLING 
- JOHN I. KOIVULA - JAMES E, SHIGLEY - 
EMMANUEL FRITSCH 


Photographs and biographies for Robert E. Kane, 
Robert C. Kammerling, and John I. Koivula appear 
above. A research scientist at GIA, Emmanuel 
Fritsch specializes in the application of spectros- 
copy to gemology, the origin of color in gem 
materials, and twinned crystals. A native of 
France, he received his Ph.D. from the Sorbonne in 
Paris. James E. Shigley, who received his doctorate 
in geology from Stanford University, is director of 
research at GIA. He has written several articles on 
natural, treated, and synthetic gem materials, and 
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EMMANUEL FRITSCH - JAMES E. SHIGLEY - 


GEORGE R. ROSSMAN » MEREDITH MERCER - 


SAM M. MUHLMEISTER - MIKE MOON 


Photographs and biographies for Emmanuel 
Fritsch and James E. Shigley appear above. 
George Rossman received his B.Sc. from Wiscon- 


George R. Rossman, Meredith E. Mercer, 
Mike Moon, and Sam M. Mublmeister 


University. Robert E. Kane, also a prolific author, is 
manager of identification at the GIA Gem Trade 
Laboratory, Santa Monica. With 13 years of labora- 
tory experience, Mr. Kane’s research specialties 
include colored diamonds, rare collector gems, and 
the separation of natural, synthetic, and treated 
gems; he has also visited many of the major gem 
localities and key gem laboratories worldwide. 


Emmanuel Fritsch and James E. Sbigley 


is currently directing research on the identifica- 
tion of these types of gem materials. 


sin State University, Eau Clair, and his Ph.D. (in 
chemistry) from the California Institute of Tech- 
nology, Pasadena, where he is now professor of 
mineralogy. His current research studies involve 
origin of color and the physical and chemical 
properties of minerals. Meredith E. Mercer, a 
research technician, runs heat-treatment and pre- 
cious metals—testing projects for the GJA Research 
Department. She holds a master’s degree in mate- 
rials science and engineering from the University 
of California at Davis. Sam M. Muhlmeister, a 
research technician in GIA’s Research Depart- 
ment, received bachelor’s degrees in physics and 
mathematics from the University of California at 
Berkeley. His current projects include separating 
natural from synthetic gemstones on the basis of 
trace-element chemistry. Mike Moon, also a re- 
search technician, is a native of Korea. He is 
currently working on the Colored Diamond Pro- 
ject Database and the Fourier transform infrared 
spectrometer. He did his undergraduate work at 
Seoul National University and received a masters 
in metallurgy and materials science from Stevens 
Institute of Technology in New Jersey. 
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Ce moves rapidly. From technological advances in synthesis and GIA 
enhancements to new discoveries of mineral resources, it’s a world Semologial Arotiue of Amr 
that is constantly changing. See 
Over the last year, Gems & Gemology has brought the profession in- Cpa rarer 
depth coverage and insight into these changes like no other journal in the de 
field. We’ve met our 1990 challenge. Now, together with GIA’s Continuing Judith Steinberg 
Education Department, Gems & Gemology would like to challenge you. woke scr combed 


The following 25 questions are based on articles published in the four nai hanes 
1990 issues of Gems & Gemology. We encourage you to refer to those 
issues to find the single best answer, then mark the appropriate letter in 
the card provided in this issue (photocopies or facsimiles of this card will 
not be accepted). Mail the card with your answers by Monday, August 26, 
and be sue to include your name and address. All entries will be Testa Reality eee Sees 
acknowledged with a letter and an answer key. 

If you score 75% or better, you will receive a GIA Continuing 
Education Certificate testifying to your accomplishment. Score a perfect — 
100%, and you will also receive a special acknowledgment in the Fall ge I Si te 
issue. Good luck! 


of she Arte ot Sara Aaecat Calforras 


Gems & Gemology Challenge 


Note: Questions are taken from 3. In the late 1980s, Colombia’s 6. The known history of the 
only the four 1990 issues. Choose share of world emerald Dresden Green diamond begins 
the single best answer for each production was approximately in 
question. A. 25%. A. 1672. 
1. Although always potentially B. ous - oe 
damaging, diamond grit— C. a } 72 
impregnated tweezers should D. 49%. . 1746. 
be limited t ful u ith 
pe : ia ani mca t ee ce 7. The color in hydrothermally 
A. diamonds only. ee poe grown synthetic aquamarine 
B. man-made gems. Eo mmicreial pekestialas from the USSR is the result of 
C. diamonds and corundum. A. white. ieee. 
D. stones with a Mohs B. “blue.” : eh iation. 
hardness of 8 or greater. Cc. “black.” B. CabigaUpent: 


C. a high copper content. 


D. variegated green. 
8 8 D. a charge-transfer process. 


2. Of the rubies and sapphires 


entering the market in the 5. The most expensive Majorica 

1980s, 95% are believed to imitation pearl color to 8. The primary coloring agents 
have been enhanced by produce is for Paraiba tourmalines are 
A. dyeing. A. gray. A. iron and copper. 

B. irradiation. B. black. B. titanium and iron. 

C. heat treatment. C. white. C. manganese and copper. 
D. surface coatings. D. cream rosé. D. manganese and titanium. 
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10. 


11. 


12, 


13. 


14. 


60 


. The following color in Paraiba 


tourmaline is not likely to be 
the result of heat treatment 


light blue 
bluish purple 
turquoise blue 
“emerald” green 


DOYS 


Most tsavorite comes from 


A. Kenya. 

B. Zaire. 

C. Tanzania. 

D. South Africa. 


The Dresden Green diamond 
was determined to be a rare 


type Ia diamond. 
type Ib diamond. 
type Ila diamond. 
type IIb diamond. 


DOM > 


While of some use in 
determining sapphire 
provenance, EDXREF does not 
always distinguish sapphires 
from Kashmir from those 
originating in 

A. Myanmar. 

B. Thailand. 

C. Australia. 

D. Sri Lanka. 


So-called “Alaskan black 
diamond” is actually 


A. hematite. 
B. melanite. 
C. chalcedony. 
D.  cassiterite. 


The most useful microscopic 
features for identifying that a 
sapphire is of Kashmir origin 
are 


A. “snowflakes” and 
“feathers.” 

B. “snowflakes” and 
pargasite crystals. 

C. tourmaline crystals and 
“fingerprints.” 

D. well-formed rutile 
needles and color zoning. 
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15. 


16. 


17, 


18. 


19, 


20. 


A good means of identifying 
that blue sapphires have been 
diffusion treated involves 


A. ULV. fluorescence. 

B. use of the refractometer. 

C. immersion in methylene 
iodide. 

D. use of a hand-held 
spectroscope. 


The only totally new 
synthetic gem material 
introduced commercially 
during the 1980s was 


synthetic 

A. diamond. 

B. tanzanite. 

C. cubic zirconia. 

D. cat’s-eye alexandrite. 


In the past decade, the 
technique that probably 
brought the most new 
solutions to gem 
identification problems was 


A. X-ray spectroscopy. 

B. Raman spectroscopy. 

C. infrared spectroscopy. 

D. the electron microprobe. 


The nucleus of a Majorica 
imitation pearl is made from 


glass. 

plastic. 

“pearl essence.” 
mother-of-pearl. 


UNOPS 


The largest California 
diamond reported to date was 
about 


A. 3.90 ct. 
B. 6.74 ct. 
Cc, 17.83 ct. 
D. 32.99 ct. 


Currently, the annual 
production of synthetic cubic 
zirconia exceeds 


A. 50 million carats. 
B. 100 million carats. 
C., 500 million carats. 
D. one billion carats. 


21. 


22, 


23. 


24, 


20, 
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All of the following are 
characteristic features of 
diffusion treatment in blue 
sapphires except 


A. dense concentrations of 
rutile silk. 

B. localization and 
blotchiness of color. 

C. concentrations of color 
along facet junctions. 

D. dark concentrations of 
color in surface-reaching 
breaks. 


During the 1980s, the gem 
material that enjoyed the 
greatest resurgence of interest 
was 


A. jade. 

B. pearl. 

C. emerald. 
D. diamond. 


The most obvious means of 
separating natural or other 
synthetic emeralds from 
“Emeraldolite” is 


A. magnification. 

B. refractive index. 
C. specific gravity. 
D. visual appearance. 


Bluish gray colors were 
commonly produced in 
saltwater cultured pearls in 
the 1980s through 


A. bleaching. 

B. irradiation. 

C. heat treatment. 

D. diffusion treatment. 


In the 1980s the highest 
average mining grade of 
diamonds was found in the 


A. Argyle mine, Australia. 

B, Jwaneng mine, Botswana. 

C. Kalimantan mine, 
Borneo. 

D. Jagersfontein mine, South 
Africa. fe) 
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COLORED STONES 
AND ORGANIC MATERIALS 


The beryl! suite of gems. B. Jones, Rock & Gem, Vol. 20, 
No. 12, December 1990, pp. 36-42. 


In a detailed description of the major beryl producing 
areas of the United States, the author focuses on the New 
England states and southern California. My. Jones begins 
by describing some of the varieties of beryls, such as 
maxixe, morganite, aquamarine, and heliodor. Go- 
shenite is also mentioned, but not in great detail. 
Then, the author turns to beryls from southern 
California, particularly, San Diego County’s Pala dis- 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest to 
our readership. 


Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstracter 
and in no way reflect the position of Gems & Gemology 
or GIA. 
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trict. Here he talks about Pala’s three major sources: the 
White Queen mine on Hiriart Hill and the mines on 
Tourmaline Queen Mountain and Pala Chief Mountain. 
While the Himalaya mine today is noted for producing 
the best-quality tourmalines from southern California, 
it has also produced fine-quality morganite. On rare 
occasions, the two gems occur in the same specimen. 
America’s earliest sources for beryl, Jones explains, 
were in New England, particularly in Maine, New 
Hampshire, and Connecticut. No longer a major pro- 
ducer of beryls, New England does remain as the 
historical locality for these gems. This locality has been 
overshadowed by the major discoveries of beryls in 
Brazil. Maine pegmatite crystals, Jones tells us, were 
astoundingly big, although impure and opaque. Some 
crystals weighed more than 20 tons and were so large 
that miners had to actually tunnel into them during the 
mining process. Jones concludes with a detailed descrip- 
tion of the various mines of distinction throughout New 
England. Five photographs, three in color, help illustrate 
this article. Ron Conde 


Gem-quality chrysoprase from Haneti-Itiso area, cen- 
tral Tanzania. K. A, Kinnunen and E. J. Malisa, 
Bulletin of the Geological Society of Finland, Vol. 
62, No. 2, 1990, pp. 157-166. 


Gem-quality, apple-green, Ni-bearing chalcedonic silica 
occurs as veins in silicified serpentinite in the Haneti- 
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and hydrated opals (3.8-4.9 wt.% physically absorbed 
water] present blue iridescence due to a less dense 
packing of silica spheres; they occur in claystones. The 
infrared, X-ray diffraction, and DTA patterns all show 
that the substitution of Al for Si in the tetrahedral 
network is a function of the Al,O, content. 

R. A. Huddlestone 


DIAMONDS 


Electron microscopic study of inclusions in small dia- 
monds occurring in Liaoning. X. Xiao and G. Liu, 
Abstract, 15th General Meeting, International 
Mineralogical Association, June 28—July 3, 1990, 
Beijing, China, pp. 361-363. 

Inclusion minerals in small diamonds from Liaoning 

province, China, were found to consist of Al-rich chro- 

mite, K-feldspar, and quartz. The mineralogic composi- 
tion of these phases is similar to that of acidic igneous 
rocks, These phases are quite different from the peridoti- 
tic-suite and eclogitic-suite mineral inclusions that are 
commonly found in diamonds. JES 


The end of an era. R. Scott, British Jeweller @ Watch 
Buyer, Vol. 58, No. 6, February 1991, pp. 32-35. 


It is the end of an era for a “breed of ‘garimpeiros,’ or 
prospectors” who still work the old diamond mines in 
the Brazilian rain forest region called Chapada Diaman- 
tana which became a national park in 1985. The old 
prospectors are allowed to continue their antiquated 
mining activities, but the end of the era is due to two 
factors: (1] because the work is labor intensive and the 
money meager, most young people will not go into the 
business; and (2} the new breed of prospector has also 
brought the new technology that is more lucrative but 
more damaging to the environment. Accompanied by 
seven black-and-white and color photographs, this is an 
interesting article on one lifestyle that is dying and 
another that is replacing it. RT 


Lifetime Achievement Award, William Goldberg. D. 
Federman, Modern Jeweler, Vol. 89, No. 12, De- 
cember 1990, pp. 35-44. 

Modern Jeweler has awarded its seventh Lifetime 

Achievement Award to diamond dealer William Gold- 

berg. His lifetime devotion to the American diamond 

trade is as well known as his strict cutting standards. 

David Federman chronicles Mr. Goldberg’s rise from a 

failed diamond cutter to a giant in the diamond business. 

Also included are discussions of successes he has had 

with diamonds such as the Queen of Holland and the 

Premier Rose. Special attention is placed on his six-year 

term as president of the Diamond Dealers’ Club (of 

which he is now treasurer} and his tireless resolve at 
trying to raise the New York diamond trade to the level of 

Antwerp and Tel Aviv. There is an interesting special 

segment focusing on William Goldberg’s top diamond 
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cutter, Herbert Lieberman, and his experience with a 
255.61-ct rough diamond that later became the 89.01-ct 
Guinea Star. CPS 


Nitrogen-defect aggregation characteristics of some 
Australasian diamonds: Time-temperature con- 
straints on the source regions of pipe and alluvial 
diamonds. W. R. Taylor, A. L. Jaques, and M. Ridd, 
American Mineralogist, Vol. 75, No. 11/12 1990, 
pp. 1290-1310. 


This 20-page article is an in-depth study of the condi- 
tions of formation of 50 diamonds from northwest 
(Argyle, Ellendale} and eastern (Copeton) Australia, as 
well as from Kalimantan, Borneo. Using Fourier trans- 
form infrared spectroscopy {FTIR}, the authors deter- 
mined total nitrogen concentrations and the amounts of 
A nitrogen aggregates (a pair of substitutional nitrogen 
atoms], B nitrogen aggregates (presumably four clustered 
nitrogen atoms}, and platelets {an extended defect pre- 
sumably of carbon atoms} in these stones. A aggregates 
turn inte B aggregates plus platelets with time of 
residency in the earth’s mantle (ranging from 0.4 to 1.6 
billion years}, increasing temperature (ranging from 
1050° to 1300°C}, and increased nitrogen concentra- 
tion (which ranged from 10 to 1220 ppm for the stones in 
this study). The Argyle eclogitic diamonds, known to 
have a relatively short residence time in the mantle (0.4 
billion years) and to have been submitted to an average 
temperature of 1255°C during that time, were used to 
refine the thermodynamic constants of the nitrogen 
aggregation reactions. 

Ellendale diamonds, although geographically close 
to those from Argyle, were found to be significantly 
younger. Remarkably, some diamonds from Ellendale 
(northwest Australia} and Kalimantan seem to have a 
similar time-temperature history, which strongly sug- 
gests that those diamonds share a common origin and 
have been dispersed only by recent tectonic processes. 

The authors conclude that a diamond population 
can be characterized by its nitrogen content, extent of 
aggregation of A aggregates, and extent of platelet degra- 
dation. In some favorable cases, such information may 
help determine the geographic origin of some diamonds. 
Since the method used is nondestructive, this process 
could potentially be extended to some faceted gem- 
quality diamonds. EF 


Silicon carbide cluster entrapped in a diamond from 
Fuxian, China. I. §. Leung, American Mineralo- 
gist, Vol. 75, No. 9/10, 1990, pp. 1110-1119. 
Silicon carbide occurs in both hexagonal {alpha-SiC) and 
cubic (beta-SiC}) polymorphs. The hexagonal form 
(moissanite} is a rare accessory mineral in some kim- 
berlites, while the cubic form (which has no accepted 
mineral name} has been reported from a sedimentary 
shale and a carbonaceous chondrite meteorite, but has 
never been fully characterized. An inclusion in a small 
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(1.3-mm in diameter) octahedral diamond crystal from 
the Fuxian diamond mine near Dalian, Liaoning Provi- 
nce, was found to contain SiC, and represents a well- 
documented occurrence of both SiC polymorphs. The 
inclusion contains four blue-green, hexagonal SiC crys- 
tals overgrown by younger, colorless grains of cubic SiC. 
This multicrystalline cluster is surrounded by a thin 
layer of K-Al-Si-rich glass that contains minute calcium 
carbonate and calcium sulfate crystals. The phases were 
all characterized by petrographic, SEM-EDX, and single- 
crystal X-ray diffraction techniques. 

The inclusion is bounded by unusual curved sur- 
faces, which suggests that the included minerals formed 
before they became entrapped in the growing diamond 
crystal. The presence of SiC polymorphs in natural 
diamond provides evidence that SiC may be an impor- 
tant carbon-bearing mineral in the earth’s mantle. Esti- 
mates by other researchers indicate that the source of the 
Fuxian kimberlite in which the SiC inclusion may have 
crystallized may be deeper than 250 km and in a 
reducing geological environment. JES 


GEM LOCALITIES 


Colored pectolites, so-called “Larimar” from Sierra de 
Baoruco, Barahona province, southern Dominican 
Republic, K. Bente, R. Thum, and J. Wannemacher, 
Neues Jahrbuch fiir Mineralogie Monatshefte, No. 
1, 1991, pp. 14-22. 

White, greenish, light bluish, and blue pectolite from the 

Sierra de Baoruco have been studied in detail by a variety 

of instrumental analysis methods. Properties include 

a~1.59, y~1.63; D 2.84g/cm3, H.< 6, Chemical an- 
alyses and cell parameters are given for the four vari- 
eties. The pectolites form part of the alteration products 
ina picritic basalt of Upper Cretaceous age; it is believed 
that they formed at a temperature below 240°C. The 
greenish tints are related to color centers, while the blue 
color is probably due to vanadium. 

R. A. Huddlestone 


Gemstone prospects in Central Nigeria. J. Kanis and 
R. R. Harding, Journal of Gemmology, Vol. 22, No. 
4, 1990, pp. 195-202. 
The authors describe several gem localities in central 
Nigeria, from which a number of gem materials have 
begun to emerge over the past 10 years. Published 
material on the region, however, is limited, and this 
account is based to some extent on recent visits by the 
senior author, Mr. Kanis. Among the localities described 
is the Rafin Gabas Hills district in western Plateau State, 
from which greenish and yellowish gem-quality beryl 
and “blue to very deep blue” aquamarine have been 
produced over the last eight years. Topaz and quartz are 
also found, accompanied by a variety of accessory 
minerals. As mining exhausts surface deposits, the 
difficulty of hard-rock mining may make further exploi- 
tation impractical. 
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Not far away, near the town of Keffi, are tourmaline- 
bearing pegmatites, of which there are some 20 known. 
Although mining is sporadic, the potential for signifi- 
cant production exists. A wide variety of colors of gem- 
quality tourmaline have already been produced. 

The Jemaa district in southwest Kaduna State has 
yielded sapphire for more than 20 years, but only since 
the development of heat treatment have the stones been 
of much commercial value. The sapphires are basalt 
related, with deposits similar to those of Australia, 
Thailand, and Kampuchea. The same deposits also 
contain deep red to orange and near-colorless gem- 
quality zircon. 

The authors describe the regional and local geology 
for each of these deposits, including accessory minerals. 
Complete chemical analyses for four zircon samples 
(inductively coupled plasma emission spectroscopy and 
neutron activation analysis} are provided. Locality pho- 
tographs also accompany the text. CMS 


INSTRUMENTS AND TECHNIQUES 


Bead buyers and parcel pickers filter set. R. K. Mitchell, 
Journal of Gemmology, Vol. 22, No. 4, 1990, pp. 
212-214. 

Mr. Mitchell describes and evaluates a set of four filters 

marketed by Hanneman Gemological Instruments for 

parcels of stones or strings of beads to see if they contain 

a single kind of gem material. In general, the author 

found that the filters were to some extent useful but, as 

with all such filters, considerable care must be exercised, 
especially if the stones or beads are different colors 
within the same gem species. They cannot be relied on to 
provide evidence in every case. CMS 


Gemmological visual aids. J. Eadie, journal of Gemmol- 
ogy, Vol. 22, No. 4, 1990, pp. 207-209, 

The author describes visual aids for teaching crystal- 
lography to gemologists. These include models for dem- 
onstrating axes of symmetry, twinning, and light vibra- 
tion and polarization. Both students and teachers of 
gemology will appreciate such three-dimensional aids. 
Six photographs illustrate the three models described. 

CMS 


“Letter to the Editor” from Dr. H. A. Hanni, journal of 
Gemmology, Vol. 22, No. 4, 1990, pp. 250-251. 
Dr. Hanni’s letter is in response to readers’ requests that 
he provide absorption spectra to illustrate points made 
in his 1990 Journal of Gemmology article on Kashmir 
sapphires. Accordingly, he provides representative po- 
larized spectra for Kashmir, Ceylon, Burma, and Pailin 
sapphires over the range of 300 to 500 nm. CMS 


Reappraisal of infrared spectroscopy of beryl, C. Aurisic- 
chio, O. Grubessi, and P Zecchini, Abstract, 15th 
General Meeting, International Mineralogical As- 
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sociation, June 28—July 3, 1990, Beijing, China, pp. 

421-423. 
The present study involves a detailed investigation of the 
infrared spectra of beryls, which have a complex crystal 
chemistry. Main substitutions involve divalent and 
trivalent ions for Al in the octahedral site, and Li ions for 
Be in the tetrahedral site. Both substitutions require the 
entry of alkali {Na,K,Cs,Rb} ions along the “channels” in 
the crystal structure, which are made up of six-mem- 
bered rings of Si tetrahedra. Water molecules may be 
present at several positions along these same channels. 
The effects of these substitutions on the unit-cell 
dimensions allows for the definition of three beryl series 
according to the ratio of (c/a) unit-cell dimensions. These 
three series are the “octahedral,” “tetrahedral,” and 
“normal” beryls. Absorption bands in the 3800-3400 and 
1200-500 wavenumber regions are correlated with these 
three beryl series, Assignments are suggested for absorp- 
tion bands based on the observed substitutions. Only 
more research will determine whether this three-beryl 
series will have direct gemological significance. JES 


Water in beryl—a contribution to the separability of 
natural and synthetic emeralds by infrared spec- 
troscopy. K. Schmetzer and L. Kiefert, Journal of 
Gemmology, Vol. 22, No. 4, 1990, pp. 215-223. 

Infrared spectra obtained from 75 samples of natural 

emerald and 28 samples of synthetic emerald (flux and 

hydrothermal] were obtained and studied by the authors 
with the intent of finding additional criteria to distin- 
guish between natural and synthetic material. Features 

in the range of 3500 to 3800 cm —! associated with H,O 

and OH in beryl were found to be useful in making this 

distinction in all cases studied. With spectra grouped 
into five types, four could be used to make a positive 
identification. One spectral type, however, appeared in 
both natural and synthetic low-alkali emeralds, 
including natural emeralds from Nigeria and Colombia 
and hydrothermally grown synthetic emeralds from 

Lechleitner and Russia. 

The authors discuss the advantages of KBr pellets, 
for which powder is scraped from emerald samples, to 
obtain infrared spectra. However, a minimum of 0.5 mg 
of powder is required, making this method less than 
ideal for gemological purposes. It should be used only 
when all other nondestructive methods fail and only 
with the permission of the owner. Spectral graphs 
accompany the text, as does a useful table of significant 
spectral features correlated with locality and composi- 
tional information for the samples studied. CMS 


JEWELRY MANUFACTURING ARTS 


‘All that glitters’: Part IV. E. Weber, Jewelers’ Circular- 
Keystone, Vol. 162, No. 2, February 1991, pp. 
142-145, 


Each segment of this continuing series focuses on a 
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specific aspect of antique jewelry, giving clues to identi- 
fication by analyzing specific examples. The topic for 
this installment is commemorative and historic antique 
jewelry. 

Images or emblems of royalty are frequently found 
in antique jewelry. The likenesses are usually carved 
cameos or painted miniatures, mounted in gold as 
brooches, pendants, bracelets, or rings. Often the borders 
are further embellished with engraving, enameling, or 
gems. Many of these were presented as royal gifts for 
special service or allegiance, or to commemorate an 
historic event. Mourning jewelry also can have historic 
significance if it relates to royalty or famous persons. 

Dates and/or inscriptions are almost always pre- 
sent, and many times the jewel will be placed ina special 
presentation box. Both of these factors provide positive 
clues to pinpoint time of manufacture. 

The examples discussed here were drawn from the 
18th through the 20th centuries and include such widely 
different personalities as Louis XVI, Queen Victoria, and 
D. H. Lawrence. Including the cover insert, 11 color 
photos illustrate the text. Although figure 2. has been 
printed upside-down, it does not detract from this 
otherwise intriguing article. EBM 


Chatelaines, R. Krieger, Vintage Fashions, Vol. 2, No. 2, 
1991, pp. 14-19, 
The author of this interesting article briefly describes 
the evolution of the chatelaine from nothing more than a 
bunch of keys up to its present-day manifestation as the 
purse. Originally, the chatelaine (a French word meaning 
“mistress of the castle”} was a clasp from which useful 
household items such as keys, seals, scissors, and the like 
were suspended on short chains. Chatelaines first came 
into use in the Middle Ages, but they gained status as 
jewelry during the 18th and 19th centuries when they 
were worn by both men and women as ornamental 
pieces from which charms or watches might be hung. 
This article describes different styles of chatelaines and 
the various objects that might be attached to them. For 
example, elaborately engraved or enameled watches 
were frequently suspended from the center chain, which 
would be engraved or enameled to match. The text is 
illustrated with 12 photos, all but two of which are black 
and white. Unfortunately, most are out of focus, but, 
nevertheless, they pique one’s interest. EBM 


Copyrights: When someone's got designs on your de- 
signs. D. Bottorff, American Jewelry Manufac- 
turer, Vol. 38, No. 1I, November 1990, pp. 63-65. 

In one of the better articles on design copyright, Bottorff 

provides important information. She notes three signifi- 

cant changes in the copyright law: (1} U.S. citizens can 
enforce the copyright of their design in foreign coun- 
tries; (2) within the U.S., it is no longer required that 
designers stamp or affix the copyright symbol to their 
work; and (3) transfer of ownership of copyright from a 
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designer to the manufacturer must be done in writing--a 
manufacturer does not automatically obtain the copy- 
right by purchasing the design. Bottorff provides a 
succinct process for copyrighting a design via the USS. 
Register of Copyrights, Washington, DC, 20599. She also 
briefly mentions the American Jewelry Design Council, 
an organization of designers who hold the concept that as 
soon as jewelry is seen as an art form, designers will be 
more motivated to protect their work. RT 


Favourite snuff bottles: The George and Mary Bloch 
Collection. G. Bloch and M. Bloch, Arts of Asia, 
Vol. 20, No. 5, 1990, pp. 90-98. 
Mary and George Bloch began collecting snuff bottles in 
1983 after a chance meeting with Sotheby’s snuff bottle 
expert provided the catalyst for this new venture. In this 
article, the Blochs discuss 43 of their pieces, all of which 
are illustrated with color photographs of the front and 
back views. Of particular interest are those snuff bottles 
made from organic materials: a series of intricate ivories 
from the 18th century; a luminous red amber bottle; and 
several made of bamboo, hornbill, gourd, and tangerine 
skin. In virtually all cases, these are carved with intri- 
cate, significant symbols. 

The Bloch collection also contains many more 
traditional materials, such as chalcedonies, whose vari- 
able inclusions and coloring provide the source of the 
design, and jadeite and turquoise. By observing the dates 
assigned to various bottles, one can document the use of 
specific gem materials. 

The Blochs have put together a collection-in which 
each acquisition becomes an opportunity to learn more 
about the pieces one already possesses. It is fortunate 
that in a time when many collectors are very secretive 
about their collections, the Blochs are willing to share 
their expertise in such detail. 

Lisa S. Routledge 


Glass beads of China. P. Francis, Jr, Arts of Asia, Vol. 20, 
No. 5, 1990, pp. 118-127. 

As any gemologist knows, glass has long been used to 
imitate natural stones: The earliest documented use of 
glass in China was to imitate green and white nephrite. 
But much like the early synthetic gems, glass was 
considered a rarity in China and was highly prized for its 
own unique qualities, 

The use of glass soon moved beyond that of jade 
simulant, and its manufacture reached a peak with the 
spectacular “Eye” beads in the late Chou period (481-221 
B.C.}. China’s importance as a beadmaker has only 
recently been noted, as researchers struggle to make 
sense of the evidence of 3,000 years of production and 
trade of glass beads. Francis, an expert on the history and 
development of beads, reviews the evidence for glass 
beads from China, drawing on collections outside China 
as well as on translations of Chinese literature. What 
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results is a remarkable overview of the topic, which 
provides a framework for future work. 
Lisa S. Routledge 


Traditional body ornaments from the Naga Hills. A. 
Herle, Arts of Asia, Vol. 20, No. 2, 1990, pp. 
154-166. 

The remote hills of Northern India near Tibet and Burma 
{Myanmar} are home to the Naga tribes, once head 
hunters, an agricultural people who have remained 
separate from their Hindu neighbors. Body ornaments of 
ivory, brass, and many organic materials such as conch 
shell and hornbill ivory express personal status, clan 
membership, and prowess at war. 

Festivals held to celebrate the planting and harvest- 
ing of crops, and the fertility-related taking of heads, 
were occasions for displaying a multitude of ornaments. 
Not just a gorgeous display of personal status, it was 
believed that this self-adornment would win the favor of 
the crop spirits and ensure a good harvest. The author 
concludes by noting that a significant collection of 
historic documents and pictures of artifacts from Naga- 
land exists at Cambridge University and is accessible by 
an interactive video-disc. Thirty-two photographs illus- 
trate the article. Lisa S. Routledge 


SYNTHETICS AND SIMULANTS 


Detection of synthetic emeralds by thermal conduc- 
tance. P. G. Read, Journal of Gemmology, Vol. 22, 

No. 4, 1990, pp, 233-234. 
The author discusses the usefulness of thermal conduc- 
tance testers in the separation of synthetic from natural 
emeralds. Tests were done with an Alpha-test meter, 
which provides a digital readout of conductance values. 
Five readings per sample were obtained and averaged for 
a variety of natural and synthetic emeralds. While not 
exhaustive, the report indicates that, in most instances, 
readings from synthetic emeralds are significantly lower 
than those from most (but not all) natural emeralds. 
CMS 


Optical absorption spectra of synthetic tourmalines. 
M. N. Taran and A. S. Lebedev, Abstract, 15th 
General Meeting, International Mineralogical As- 
sociation, June 28—July 3, 1990, Beijing, China, pp. 
457—458. 

Tourmalines synthesized in hydrothermal solutions 

were doped with various transition metal ions (Fe, Ti, Cr, 

Ni, Cu, Co, and Mn}. Optica] absorption spectra in the 

range 400-1000 nm are presented for these synthetic 

tourmalines. Absorption bands recorded are assigned 
here to various causes, It is interesting to note that the 
spectrum of the Cu-doped synthetic tourmaline ex- 
hibits the same absorption features as have been 
reported for the copper-containing blue tourmalines 
from Paraiba, Brazil. JES 
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Thermal diffusivity of isotopically enriched 12C dia- 
mond. T. R. Anthony, W. FE. Banholzer, J. E Fleischer, 
Lanhua Wei, P K. Kuo, R. L. Thomas, and R. W. 
Pryor, Physical Review B, Vol. 42, No. 2, 1990, pp. 
1104-1111. 


General Electric recently grew colorless gem-quality 
synthetic diamonds. These type Ha synthetic diamonds 
have a reduced concentration of !3C in order to achieve a 
superior thermal conductivity. To produce such high- 
purity material, a synthetic diamond thin film was first 
grown by chemical vapor deposition from a gas enriched 
in!2C, The resulting film was then powdered and used as 
a carbon source in a classic high-pressure diamond 
synthesis process to grow two crystals (0.92 and 0.95 ct), 
each containing 99.9% !C (as compared to 98.96% 12C 
and 1.04% !8C in natural diamond}. According to the 
authors, these crystals would be an E color on the GIA 
diamond-grading scale. Their thermal conductivity is 

50% higher than that of natural type Ila diamonds. 
Although the purpose of this material is purely 
industrial (increase in thermal conductivity to facilitate 
miniaturization of integrated circuits], this new type of 
synthetic diamond could surface on the gem market. 
EF 


TREATMENTS 


A jeweler’s guide to emerald oiling. T. Themelis and D. 
Federman, Modern Jeweler, Vol. 89, No. 5, May 
1990, pp. 65-69. 

Mr. Themelis of Gemlab Inc. {a firm that offers an 

emerald oiling service) and Mr. Federman discuss the 

many aspects of emerald oiling, including the many 
types of oils, epoxy resins, dyes, plasticizers, and hard- 
eners used today, as well as inherent problems that occur 
with certain types of fillers. They cover the cleaning of 
a previously treated stone (which sometimes must be 
done repeatedly to ensure that all of the old filling is 
gone} and describe in detail Themelis’s four-step treat- 
ment process. Several helpful care and handling tips are 
given, and a proper disclosure section is also added to 
assist jewelers who deal with emeralds and many other 
gems treated in this fashion. Unfortunately, the section 
on detection is too limited and the photographs are not 
as helpful as they could have been, but the information 
on the different filling materials and filling processes is 
very good. The article also contains several before- 
and-after photographs of treated emeralds. CPS 


MISCELLANEOUS 

The Hillman Hall of Minerals & Gems, The Carnegie 
Museum of Natural History. R. A. Souza, W. E. 
Wilson, R. J. Gangewere, J. S. White, and J. E. King, 
Mineralogical Record, Vol. 21, No. 5, 1990, pp. 
1-32. 

This is an excellent, detailed review of the founding and 
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history of the Carnegie Museum in Pittsburgh and the 
genesis of the Hillman Hall of Minerals and Gems. This 
article and its 52 accompanying photographs (primarily 
by Harold and Erica Van Pelt) is so comprehensive that it 
has also been bound for sale as a separate volume. 
Gangewere and Souza recount the early acquisi- 
tions of the mineral and gem collection, and describe the 
succession of curators who helped develop the Division 
of Mineralogy. A trustee of the museum, Henry L. 
Hillman, established the Hillman Foundation to support 
anew mineral exhibit designed to present “minerals ina 
manner of sculpture and shown for their beauty as well 
as physical properties and economic uses.” The Hillman 
Hall opened to the public in 1980, culminating 11 years 
of specimen acquisition, planning, and construction. 
After the detailed history, Souza describes the hall 
itself. Following the natural flow of the floorplan, the 
reader is led from one specialized display to another, 
concluding like a grand finale in the Masterpiece Gal- 
lery. The Van Pelt photographs illustrate the “Highlights 
of the Collection” and are accompanied by detailed 
descriptions of the specific specimens shown. LBL 


The Pre-Columbian civilizations of Peru. M. Jaquet, 
Aurum, No. 36, Winter 1989, pp. 62-69. 


This article highlights the major societies that existed in 
Peru before the Spanish conquest, the evolution of their 
gold-working technology over 3,000 years, and their 
contributions to what we think of as Pre-Columbian art. 

The Chavin people (1200-200 B.C.) worked gold by 
hammering nuggets into sheets and then embossing the 
pure metal. The Nazca society (200 B.C. to 700 A.D.] is 
famous for their gigantic animal silhouettes visible from 
the air. Although they discovered gold casting, they 
continued to hammer out thin medallions and heads. 
The Mochicas (200 B.C. to 700 A.D.} existed at the same 
time as the Nazca, but lived in northern Peru while the 
Nazca spread through the southern desert. Their jewels 
were the most inventive of the era, with breast pendants 
and ear jewelry of hammered and welded gold. 

The Chimu empire {1000-1450 A.D.} was an exten- 
sion of the Mochicas. They excelled at gold craftsman- 
ship and used techniques such as welding, plating, 
alloying, filigree, and lost wax to create incomparable 
works that have been recovered from tombs. The Incas 
(1200-1532, A.D.} considered gold “the Sweat of the Sun.” 
The artisans, many from the conquered Chimt, used 
gold to cover temple walls and decorate gardens. Unfor- 
tunately, most works were melted down by the Spanish 
conquerors. 

Sixteen beautiful photographs show intricate de- 
tails of the workmanship and use of gemstones such as 
lapis lazuli, chrysolite, pearls, emeralds, and turquoise. 
The author concludes this fascinating article with a 
discussion of various treatments and techniques that the 
ancient Peruvians had mastered in their use of gold. 

Peter Solomon 
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THANK YOU! 


The Gemological Institute of America extends its sincerest appreciation to all of the people and 
firms who contributed to the activities of the Institute through donations of gemstones and 
other gemological materials. We are pleased to acknowledge many of you below. 


Raj Kumar Agrawal 
J. Michael Allbritton 
*Arden Albee 
Nancy B. & Co, 
Heitor Dimas Barbosa 
Edward Barker 
Pieter Bennett 
** Anne Blumer 
Zhang Ru Bo 
Harold and Hylda Bracewell 
Ben Bridge 
Lennon Brown 
James E. Butler 
John Chadwick 
Thomas Chatham 
Benjamin Chase 
Mr. and Mrs. Kei Chung 
Donald Clary 
CNA Insurance Co. 
Brian Charles Cook 
*Robin Crabill 
Creative Gems 
*Bart Curren 
* Archie Curtis 
Mr. and Mrs, Dennis 
Danduran 
Darden Jewelers 
Direct Line Resources 
Hrand Djevahirdjian S.A. 
Dorar Corp. 
Paul B, Downing 
*Pete Dunn 
Robert Dunnigan 


Far East Gem & Jewelry Co, 


Pascal Entremont 

Mr. and Mrs, M., Yahiya 
Farook 

Mark A. Fillmore 

Mary Fitzgerald 

Robert Flam 

Ralph Forrester 

Skip G, Franklin 

Si and Ann Frazier 

Fredrock Ltd. 


Freedom Valley Gems 
Cyd Friedman 
**Emmianuel Fritsch 
"Chuck Fryer 
John R. Fuhrbach 
Sadaharu Fujita 
Gem Source 
Geological Museum 
of China 
GIA GEM Instruments 
Dr. and Mrs. Parvez Gondal 
*George Gordon 
*Keith Gouverneur 
*Pat and Mike Gray 
*Richard Greig 
*Bill Grieb 
Gibelin Gemmological 
Laboratory 
Lynda and Jeffery Hale 
Martin I. Harman 
Rex Harris 
*Nancy Hays 
Gonzalo Jara 
J. O. Crystal Co. 
* Ann Johnson 
Susan B, Johnson 
Katsuya Kamasaki 
**Robert C. Kammerling 
*Robert Kane 
Lazare Kaplan 
Laurence H. Kloess 
Alexander Knyazev 
*John Koivula 
L. E Industries 
Roxana Lafforgue 
Guy Langelier 
William Larson 
Gerald Leech 
**Kimball and Loretta Loeb 
Majorica S.A. 
Manning Opal & Gem Co. 
Stanley Marcus 
Charles A. Mark 
*Yianni Melas 


*Denotes book donations to GIA Library. 
**Denotes donation of books and gems materials. 
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*Meredith Mercer 
Metais de Goias S.A. 

*Elise Misiorowski 

*Fred Mouawad 

**In Memory of Barbara 
Murphy 
Himiko Naka 

“George S. Nalle, Jr. 
Kurt Nassau 
New Era Gems 
Norbert A. Nizze 
Marg Nowark 
Oro America 
Raymond Page 

“Terry Payne 
Julius Petsch, Jr. 
Ponderosa Mine 

*Frederick Pough 
Precision Cutting Co. 
Premier Gem Corporation 
Rainbow Ridge 

Opal Mine 
Erin Randall-Orgel 
Dominique Robert 
Adonai Rocha 

“Gary Roskin 
Don and Lee Ryan 
Marvin Samuels 
Gary Schmidt 
Judith Shaw 

*Jim Shigley 
Evelyn W, Sinderholm 
Arthur Skuratowicz 
Stuller Settings 

*Sharon Thompson 
Tuckman International, Ltd. 
Union Carbide 
V-GA Eng. 

*Maurice Vickers 
William Videto 
Robert Von Wagnor 
Sun Wei Jun 

*Cece Wooderson 
Zimmelman & Sons 
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SYMPOSIUM 


PROGRAM ABSTRACTS, PANELS, 
AND POSTER SESSION PRESENTATIONS 


INTERNATIONAL GEMOLOGICAL SYMPOSIUM 


Program Abstracts, Panels, and 
Poster Session Presentations 


The International Gemological Symposium, which takes place in Los Angeles June 
20-24, 1991, will be a unique combination of academic and social events. It is being 
hosted by the Gemological Institute of America in conjunction with the Conclave 

of the American Gem Society. 'No less than four types of program activity 

have been designed to enrich the experience—each with its own imprint on the 
total event. Drawing from among the most talented gemologists, jewelers, 
manufacturers, retailers, and suppliers the world over, Symposium is a once-in- 
a-lifetime happening. 


There will be two General Sessions—the opening and closing ceremonies— 
featuring addresses by internationally recognized authorities. In a special 
videotaped presentation, Nicholas Oppenheimer, Chairman of the Board of the 
Central Selling Organisation, will give a special welcome message and tribute to 
the future of the diamond industry. The keynote speech, delivered by noted 
author and social forecaster, John Naisbitt, will set the tone for the Symposium 
theme: FACING THE Future. The closing ceremony will feature Gerald Rothschild, 
former managing director of I. Hennig & Co. diamond brokers. The capstone will 
be delivered by Maurice Tempelsman, distinguished international diamond 
industry leader and financier. GIA President William Boyajian will deliver the 
valedictory remarks. 


Bounded by these exciting features we find the true heart of Symposium—the 
Presentations, Panel Discussions, and Poster Session. Individual Presentations will 
be made by scores of speakers who will focus their expertise in diamonds, 
colored stones, pearls, jewelry, economics, precious metals, marketing, and related 
specialties. In Panel Discussions, key figures will dialogue on the most important, 
sometimes controversial, issues facing the industry today in gem identification, 
quality analysis, evaluation, and appraisals, among other topics. The Poster 
Session is a noncommercial marketplace of exhibits where everyone can interact 
with authors presenting the very latest research findings and technological 
advances in gemology, gem identification, and sources, as well as jewelry fashion, 
design, marketing, and manufacturing. What follows are the abstracts of feature 
Presentations, a description of the Panels and the prominent individuals who will 
be participating, and topics and authors for the dozens of displays in the Poster 
Session. There has never been an event like this in the history of gems and 
gemology. 


D. Vincent Manson 
Chairperson, International Gemological Symposium 


ABSTRACTS OF FEATURE PRESENTATIONS 


At the core of Symposium are the 72 presentations that will be given in four concurrent series of sessions 
Friday and Saturday, June 21 and 22. These sessions cover the critical areas in the gem and jewelry 
industry: Diamonds, Colored Stones, Economics and Marketing, and Jewelry. The abstracts of these 
presentations are provided here grouped in these four main categories. An alphabetical index to the 
individual speakers appears on the last page of this program. 


DIAMONDS 


SYNTHETICS AND TREATMENTS 0 


Emmanuel Fritsch, GIA 


Synthetic Diamond Thin Films: The 
Potential Impact on the Gem Trade 


The production of thin films of syn- 
thetic diamond or “diamond-like” car- 
bon at low pressure is a new technol- 
ogy that has significant potential ap- 
plications in the gem and jewelry in- 
dustry. This presentation will briefly 
discuss the most prominent processes 


3 currently in use and will emphasize 
the types of products resulting from 
this technology that may have an impact on the gem trade. 
Included will be current means of identification. Also 
offered will be a realistic perspective on what can be 
expected from this new technology in coming years. 


Zvi Yehuda, Diamond Research Laboratory, 
Israel 


Fracture Filling of Diamonds 


For many years, the diamond trade had sought an en- 
hancement to improve the appearance of low-clarity dia- 
monds. In 1983, Zvi Yehuda developed a process of filling 
surface-reaching separations in polished diamonds with a 
material that makes the separations less apparent. This 
treatment withstands normal wear and cleaning, and there 
is no noticeable weight gain. The treatment can usually be 
detected by the presence of interference colors (often blue 
and orange) when the filled break is viewed down its 
length. Recently, Mr. Yehuda has made available a related 
enhancement for emeralds. 
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Alan T. Collins, King’s College London 


The Artificial Coloration of Diamond by 
Radiation Damage 


Modern technology has made treated 
diamonds more attractive, more abun- 
dant, and less costly. Consequently, 
jewelers today are more likely to en- 
counter colored diamonds than their 
colleagues of a generation ago. Distin- 
Ry guishing between “natural” color and 
irradiated stones is now a critical is- 
sue. This presentation will discuss the 
origin of color in diamonds as well as artificial coloration by 
radiation damage and thermal annealing. In many cases, 
this treatment can be detected by absorption spectroscopy. 
The optical absorption spectra of natural-color and labora- 
tory-irradiated diamonds will be compared, and research 
in the area discussed. 


James E. Shigley, GIA 


Gemological Properties of Gem-Quality 
Synthetic Diamonds Grown by High- 
Pressure Methods 


The past decade has seen rapid ad- 
vances in the technology of diamond 
synthesis, including the introduction 
of gem-quality synthetic diamond to 
the marketplace for industrial pur- 
poses. Diamond growth in the labora- 
tory takes place under very different 
conditions from those present deep in 
the earth. As a result, synthetic dia- 
monds have distinctive gemological properties by which 
they can be identified. This presentation will review the 
gemological properties of high-pressure synthetic dia- 
mond, with emphasis on those key features that can be 
used to distinguish them from natural diamonds of similar 
color and quality. Past technical advances will be reviewed 
briefly, and some thoughts presented on possible future 
developments that may influence the jewelry industry. 


DIAMOND MARKET q 
PERSPECTIVES 


Eli Izhakoff, Diamond Dealers Club, New York 
An Overview of the Diamond Market 


The world diamond markets are 
tightly interwoven. This presentation 
provides a global picture of the dia- 
mond industry, with a focus on supply 
and demand. The world’s supply of 
rough will be discussed, with em- 
phasis on changes in output at various 
mines, the impact of Australia’s pro- 
duction, the role of the “open market” 
and the CSO, and the USSR as a major producer. Future 
trends in world demand include expanded markets in the 
Far East, changes in the U.S. and Western European 
markets, and the potential for new markets in Eastern 
Europe. 


S. N. Sharma, Hindustan Diamond Co., India 
India’s Role in the World Diamond Market 


| India has been involved in diamonds 
| since ancient times. After a brief pe- 
riod of dormancy, it revived as a major 
cutting and polishing center for dia- 
monds in the 1960s. It now supplies 
over 70% of the world’s requirement of 
finished diamonds, or approximately 
11 million carats annually. The dia- 

. mond industry in India is highly labor 
intensive and export oriented. A dominant feature is 
private entrepreneurship, characterized by internal trad- 
ing in rough and polished diamonds. Given the large work 
force and the competitive pricing of the product, India will 
continue to be strongly linked to the future of the world 
diamond market. 


Sylvain Zucker, International Diamond Council 
Antwerp and the European Economic 
Community 


The 6,000 cutters in Antwerp operate 
in conjunction with key organizations 
such as the Hoge Raad voor Diamant 
| (HRD—Diamond High Council), the 
Diamantclub van Antwerpen, and the 
Belgian Federation of Diamond 
Bourses, affiliated with the World Fed- 
eration of Diamond Bourses (WFDB). 
The historical development of Ant- 


werp as the world’s most prominent diamond center is 
discussed, as are the larger, high-quality stones and the 
more difficult shapes that have long been Antwerp’s mark 
of distinction. The presentation will include production 
and distribution figures, as well as the opportunities and 
challenges presented by the European Economic Commu- 
nity. 

Attention will also be paid to the current and future 
role played by the International Diamond Council (IDC), a 
committee created by the WFDB and the International 
Diamond Manufacturers Association to establish univer- 
sally accepted norms for the grading of polished dia- 
monds. 


Moshe Schnitzer, Israel Diamond Exchange 
The Diamond Industry in Israel 


The history of the Israeli diamond 
industry is intertwined with that of the 
creation of the state of Israel. Almost 
half a century ago, Israel pioneered 
new manufacturing methods, thus fa- 
cilitating greater efficiency in cutting 
while shortening the traditionally long 
period of apprenticeship. Recently, Is- 
rael has also stepped up research and 
development in automation, and it is now one of the 
biggest users of automatic polishing and laser cleaving. 
Today, diamonds constitute about one-third of Israel's total 
industrial exports. The establishment of joint ventures and 
financial self-sufficiency, as well as continued expansion in 
automation, are all challenges to be met by the Israeli 
diamond industry in the years ahead. 


Hertz Hasenfeld, Hasenfeld & Stein, New York 
New York’s Role in the International 
Diamond Market 


In the context of the rich and diverse history of the New 
York diamond market, this presentation identifies the 
unique and specialized roles of the New York diamond 
manufacturer, importer, dealer, and broker—the key 
players on the supply side. It discusses New York's 
manufacturing specialities— larger well-cut stones, mostly 
sold with GIA reports, as well as the myriad of goods 
offered by its network of dealers. Attention will be given to 
the manufacturing, dealing, and financial strengths of the 
New York market and what it offers to its customers. The 
presentation will also review the international markets 
served, and how cutting is adapted to accommodate each 
area, along with a glimpse into future trends of this strong 
and vital center of diamond activity. 
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DIAMOND SOURCES Oo 


Al Levinson, University of Calgary, Canada 


Geographic Origins of World Diamond 
Sources Now and in the Future 


Historically, first India and then Brazil were the main 
sources of diamonds. South Africa emerged as the leading 
producer following discovery of diamonds there in the 
1870s. Today, five countries—South Africa, Zaire, the 
USSR, Botswana, and Australia—each contribute about 
10% of the world’s supply of diamonds; the latter three 
sources were only discovered within the last 30 years. Four 
countries produce approximately 1%-2%, and about a 
dozen supply minor amounts. 

This presentation will report on the relative amounts 
of gem and industrial diamonds produced at the various 
sources today, distinguishing between primary (pipe) and 
secondary (alluvial) deposits. Emphasis will be placed on 
the geologic constraints that determine where diamonds 
are found, and predictions will be made regarding possi- 
ble locations of new major producing areas. 


A. J. As Janse, Mintel Pty., Australia 
Diamond Sources in Africa 


For more than a century, Africa has been a world leader in 
diamond production. Within Africa, however, there are 
great differences from one deposit to the next in terms of 
geology of the occurrence, mining and recovery, methods 
used, and even types of diamond produced. The indicators 
for continued production in Africa, both off-shore and in 
kimberlite, are promising. This presentation reviews the 
history of diamond mining in Africa, and examines the 
geologic and economic factors that will determine the 
future of the gem on this continent. 


Arnold S$. Marfunin, IGEM Academy of 
Sciences, USSR 


Diamond Sources: Russia 


Following the 1954 discovery of the 
Yakutian Diamondiferous Province in 
Central Siberia, the USSR emerged as 
a major diamond-producing nation. 
Since then, there have been ongoing 
efforts to locate new deposits, opti- 
mize production, and foster industries 
based on national diamond resources; 

. however, Yakutia remains the eco- 
nomic core of diamond production in Russia. This session 
reviews the geology and geography of the Siberian de- 
posits, outlines Soviet exploration, production, and trad- 
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ing method and highlights the use of Russian diamonds in 
science and technology, as well as in jewelry. It also reports 
progress in the development of potentially significant 
diamond deposits in the Arkhangelsk region in the 
European north of the USSR. 


Robert E. Kane, GIA Gem Trade Laboratory 
Diamond Sources in Australia 


Extensive exploration by several min- 
ing companies resulted in the discov- 
ery of diamonds in the Kimberley 
region of Western Australia, the Ellen- 
dale deposit in 1976 and then the 
spectacular Argyle AK-1 pipe in 1979. 
The Argyle mine became fully opera- 
tional in 1985, and by the end of the 
following year was the world’s leading 
producer of diamonds in terms of total rough production. 
This slide presentation will briefly review the occurrence of 
diamonds in lamproites in Australia and then discuss in 
detail mining and recovery at the AK-1 pipe and associated 
alluvial deposits. The nature of the diamonds produced, 
including Argyle’s spectacular pinks, and the marketing of 
the Australian diamonds will also be examined. 


DIAMOND CHARACTERIZATION O 


Basil Watermeyer, Johannesburg, South Africa 


Optimizing Diamond Weight Recovery 
through Faceting Design 


Many considerations need to be in- 
voked in producing a faceted diamond 
from a piece of rough. Addressed here 
are, specifically, the influence of rough 
shape and cut design with regard to 
maximizing both yield and appear- 
ance. Traditionally, rough diamonds 
have been processed as round bril- 
liants with a small percentage being 
fashioned into fancy cuts. However, using brilliant-cut 
faceting designs appropriate to the shape of the rough will 
result ina much greater number of stones being converted 
into fancies with significantly increased weight retention 
and no loss of brilliance. The economic merits of using 
these designs are discussed together with marketing 
techniques to promote them. 


Edward Schwartz, GIA Gem Trade Laboratory 
Clarity Grading of Diamonds 


The GIA diamond-grading system has 
gained in recognition and use 
throughout the international jewelry 
community since its introduction to 
the trade in the early 1950s. Now, a full 
generation within the industry has 
been educated, either formally or by 
association, in the use of GIA clarity- 
grading terminology. This presenta- 
tion will highlight the importance of maintaining align- 
ment on grading concepts within the trade through the 
next decade and beyond. The participant will learn how 
GIAs Gem Trade Laboratory applies the grading system to 
larger sizes and fancy cuts, about eye visibility and its 
relation to clarity grades, and about the nature of some of 
diamond's more unusual clarity characteristics such as 
graining. 


D. Vincent Manson, GIA 
Proportion Considerations in Round Brilliants 


A brief historical review of the role of 
proportions in the design of a round 
brilliant-cut diamond looks at early 
faceting procedures and the relative 
importance of brilliance, fire, and 
sparkle. Special attention is given to 
the insights provided by Tolkowsky’s 
analysis in the 1920s. Since that time, 
few new ideas have been presented; 
yet there has been increasing emphasis on the role of 
proportions in quality analysis. Today, there is wide 
acceptance of a narrow range for table diameter, crown 
angle, and pavilion depth for round brilliants, considered 
in conjunction with symmetry and polish. 

Recent research has shown, however, that the applica- 
tion of modern light theory together with three-dimensio- 
nal ray tracing to produce photo-realistic images promises 
to provide new insights and understanding. The results of 
such innovative techniques are presented and some of the 
implications discussed. Other factors that could be an- 
alyzed include special shapes and the influence of color, 


James Lucey, GIA 
The Basics of GIAs Color Nomenclature 


The human eye recognizes millions of 
color sensations; yet attempts to de- 
scribe them often seem vague and 
inarticulate. In the world of gem- 
stones, lack of adequate color commu- 
nication skill is a serious hindrance, 
since appreciation of beauty and accu- 
rate quality description depend so 
much on color. This informative pre- 


sentation will show how to break down all color percep- 
tions into three components—hue, tone, and saturation — 
and how to quantify each one individually. It will describe 
the shorthand method of color description and its applica- 
tion in the jewelry industry. Understanding the basics of 
GIAs color nomenclature will also help the jeweler-gemolo- 
gist understand recent developments in the market for 
fancy-color diamonds. 


John King, GIA Gem Trade Laboratory 
Grading Fancy-Color Diamonds 


Fancy-color diamonds have fascinated 
mankind over the centuries. Now, 
more than ever, this fascination has 
| | resulted in a growing market for these 
| unique stones. Essential to this mar- 
ket is a grading system capable of 
| accurately describing color. In this pre- 
sentation, the complexities of color 
grading fancy-color diamonds—and, 
in paibicalar developments at GIAs Gem Trade Laboratory 
for color determinations — will be addressed. 


COLORED STONES 


COLORED STONE SOURCES DO 


Eckehard J. Petsch, International Colored 
Gemstone Association 


Overview of Colored Stone Sources 


Colored stones come from virtually every part of the world, 
and new sources are continually being found and devel- 
oped. Some of the most important gem-producing re- 
gions—Brazil, Sri Lanka, Africa—always seem to surprise 
us with new and different gem materials. The flow of these 
stones to the marketplace is altering as new cutting and 
trading centers—in Bangkok, Seoul, Taipei, and the indus- 
trial free zone in China near Hong Kong—are emerging. 
Trade organizations now play a critical role in promoting 
colored stones, and will undoubtedly grow in importance 
in the future. 


Vladimir S. Balitsky, USSR Academy of Sciences 
Gemstone Occurrences in the USSR 


The historic deposits of various gems in the USSR include 
areas of middle Asia, Kazakhstan, the Urals, Siberia, the 
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Kola Peninsula, and the Far East. The systematic study of 
those occurrences, however, has only been undertaken 
during the last 30 to 40 years. At present, over 100 deposits 
of gem materials such as emerald, scapolite, amethyst, 
demantoid garnet, jadeite, spinel, amber, tourmaline, 
agate, nephrite, rhodonite, and onyx are being explored. 
Dr. Balitsky will review the geology of some of these 
deposits and describe the various gems they produce. 


Ron Ringsrud, Constellation Colombian 
Emeralds, Los Angeles 


Emeralds and Other Gems from Colombia 


For over 400 years, Colombia’s mines 
have been supplying the world with 
emeralds. Although Muzo is the larg- 
est producer, Cosquez, Chivor, Gach- 
ald, and Pefias Blancas also contribute 
to Colombia’s output. Strip mining 
with bulldozers is still the main min- 
ing method, although economic and 

2 environmental factors are bringing 
tunneling,into greater use. Increased world demand for 
emeralds has tripled the price per carat over the last 10 
years. Also during this time, marketing and distribution 
processes and channels in Colombia showed their weak- 
ness and inability to respond to this surge in demand. In 
the past two years, however, emerging organizations and 
market structures in Bogota have foreshadowed a new 
vitality and maturity for the 1990s. In addition, increased 
exploration throughout Colombia, much of it based on 
international scientific cooperation, shows promise of 
other gem materials, notably sapphires, and new sources 
of emerald in the future. 


Henry Ho, World Jewels Trade Center, Bangkok 
The Gem Riches of Southeast Asia 


Southeast Asia has long been a signifi- 
cant producer of high-quality sap- 
phires, rubies, spinels, and other col- 
ored gems. Today, fine gems are 
emerging from Cambodia and Viet- 
nam as well as from both historic and 
new mining operations in Burma, Sri 
Lanka, and Thailand. This presenta- 

tion gives a brief historic review and 
then describes current locations and exploration and min- 
ing techniques. It also reviews the quality and quantity of 
gems being produced and sold on today’s market, and, 
especially, the increasingly important role of Thailand as a 
major processing and distribution center. 
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Daniel Sauer, Amsterdam Sauer, Brazil 
Brazil: An Everlasting Source of Gemstones 


Sometime in the future, we will see fine amethyst selling 
for hundreds of dollars a carat and beautiful agates set in 
18K gold. These many years hence, Brazil will still be a 
major—if not the major—producer of fine gem materials 
due to its unique combination of gem resources and a 
socio-political system that promotes prospecting and min- 


ing. 


The Upper Precambrian Atlantic Pegmatite Province, 
which covers five states (including Minas Gerais), together 
with the Mesozoic basalts of the Parana basin, which 
covers large portions of southern Brazil, will supply the 
market with fine gems for years to come. These include 
economic quantities of emerald, aquamarine, tourmaline, 
topaz, alexandrite, chrysoberyl, and opal, as well as large 
quantities of amethyst, citrine, heliodor, almandite, and 
chalcedony. In fact, the relatively new alexandrites from 
Hematita and the unusual new tourmalines from Paraiba 
represent entirely new “gem belts.” 


Key to the successful development of these supplies is 
the garimpeiro, the independent miner of Brazil who must 
constantly feed his obsession with striking it rich. As long 
as the government continues to recognize the importance 
of this activity and the miners receive the strong support of 
gem dealers and jewelers, new occurrences will be found 
and old ones expanded. 


Campbell R. Bridges, Bridges Exploration Ltd., 
Kenya 
Colored Stone Occurrences in Africa 


The African continent contains nu- 
merous deposits of traditional gem 
materials such as emerald, ruby, sap- 
phire, turquoise, spinel, and the like; 
it is the unique source of recently 
discovered vibrant gems such as tan- 
zanite and tsavorite. Other commer- 
cial gems include aquamarine, iolite, 
: chrome tourmaline, peridot, rhodo- 
lite, and pink and orange garnets. Africa has also pro- 
duced a host of collectors’ stones. This presentation will 
give reasons for the abundance of gem deposits in Africa, a 
historical perspective, specific geology of major occur- 
rences, mining methods, and salient gemological charac- 
teristics and properties. Future likely trends will also be 
explored in terms of production and marketability. 


Grahame Brown, Allgem Services, Australia 
Australian Colored Gemstones 


The production and export of Austra- 
lian colored gemstones has been domi- 
nated by three gem species: opal, 
sapphire, and chrysoprase. Australia’s 
potential for colored gems is consider- 
able. Economically important deposits 
of gem-quality nephrite, amethyst, 
emerald, turquoise, zircon, garnet, 
topaz, and feldspars occur in remote, 
inhospitable regions within the states of South Australia, 
Western Australia, and the Northern Territory. This pre- 
sentation will review and illustrate the occurrence, loca- 
tion, historical production, and current yield of Australia’s 
colored gem resources. In addition, the significant gem- 
ological features of colored stones from these various 
deposits will be presented. 


William Larson, Pala International, California 
Gemstones of North America 


Over the years, North America has 
produced a number of gem materials, 
including diamond, sapphire, red ber- 
yl, amethyst, peridot, turquoise, and 
tourmaline. Today, the most economic 
gem deposits are the pegmatites of 
San Diego County, California. In oper- 
ation since the late 19th century, mines 
in this area continue to produce thou- 
sands of carats of tourmaline annually. This presentation 
will review the major gem minerals mined in North 
America with special attention given to the pegmatite 
gems of San Diego County. Exploration continues through- 
out the U.S. and Canada, with prospects for significant 
future production in San Diego County; Sawtooth, Idaho; 
the turquoise districts of Arizona, Nevada, and New 
Mexico; the Mount Mica tourmaline area of Maine; the red 
bery] deposits in the Wah Wah Mountains of Utah; and the 
peridot deposits in Arizona. 


Peter C. Keller, Bowers Museum, California 
Future Colored Stone Sources 


| Historically, countries such as Col- 
ombia, Burma, South Africa, and Sri 
Lanka have dominated the world’s 
supply of fine gems. As economic and 
political conditions change in these 
and other third-world nations, the de- 
pendable flow of fine gems may dwin- 
dle and other sources may be identi- 
B fied. This presentation examines such 
potentially important sources as Vietnam, East Africa, 
Pakistan, the USSR, Afghanistan, and China. 


GEM IDENTIFICATION oO 


Kenneth Scarratt, Gemmological Association of 
Great Britain 
New Developments in Gem Identification 


Laboratories engaged in commercial gemstone identifica- 
tion have been faced with a great number of challenges, 
particularly over the past 20 years. New synthetics and 
treatments of gemstones, new mines, new gem materials, 
and even changing nomenclature have transformed gem- 
testing facilities from basic microscope and simple instru- 
ment establishments to laboratories packed with sophisti- 
cated equipment. This presentation will address both the 
basic and advanced techniques employed in dealing with 
present-day identification problems, as well as prospects 
for new developments in gem identification. 


John I. Koivula, GIA 


Inclusions: A Vital Means of Gem 
Identification 


Gemologists deal on a daily basis with 
the identification of a variety of mate- 
rials. It is fortuitous that the vast 
majority of these gems contain light- 
microscope resolvable inclusions. In- 
clusions are still the primary means of 
separating natural from synthetic, and 
treated from untreated, gems. This 
presentation discusses the strengths 
and weaknesses of using inclusions in gem identification, 
and speculates on their importance in the future of 
gemology. 


Alan Jobbins, Journal of Gemmology, United 
Kingdom 
Jade and Its Identification 


The history of the use of jade and its 
| recognition in 1863 by Damour as two 
| distinct minerals, nephrite and jad- 
| eite, will be briefly outlined. Detailed 
+ discussion will include the identifica- 
tion of these materials using such 
routine gemological methods as mag- 
nification and heavy liquids. The use 
of laboratory equipment such as X-ray 
diffraction and U.V. radiation to identify species as well as 
simulants and various treatments will also be discussed. 
Possible future applications of sophisticated technology to 
separations and treatment detection will be covered as 
well. 
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C. W. Fryer, GIA Gem Trade Laboratory 
Pearl Identification 


Of key concern in the pearl industry is 
not only the separation of imitation, 
cultured, and natural pearls, but also 
the identification of color enhance- 
ments. This presentation will briefly 
discuss visual methods of separating 
natural from cultured pearls, as well as 
the use of X-radiography and X-ray 
fluorescence, currently the only non- 
destructive means of positive identification. The different 
treatments and their detection will also be covered. The 
application of new technology to pearl identification in the 
future will be explored. 


PEARLS O 


Shigeru Akamatsu, K. Mikimoto & Co., Japan 
Pearl Research 


To understand and possibly improve 
the color of cultured pearls, pearl pig- 
ment secreted in the nacre layer and its 
appearance mechanism have been in- 
vestigated by chemical, biological, and 
culture-technological means. Follow- 
ing the development of various analy- 
tical instruments, we now know that 
pigment appearance is decided by 
genetic causes. Recent progress in biotechnology has also 
provided explanations for the mechanism of color appear- 
ance. This information is particularly useful in identifying 
natural, untreated pearls and in enhancing the overall 
quality of cultured pearls. 


Koji Wada, National Institute of Aquaculture, 
Japan 

Cultured Pearl Production and Future 
Prospects 


In the 1960s and 1970s, pearl culturing 
in Japan was affected by conflicts with 
fishing concerns, industrial pollution, 
and the overstocking of oysters in the 
pearl farms. However, recent research 
in pearl culturing has paved the way 
for the production of larger, better- 
quality round pearls. This presenta- 
tion will address recent improvements 
techniques, the challenges that still 
must be met, and the physiologic, metabolic, and genetic 
characteristics of pearl oysters that will control successful 
culturing in the future. 
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Shunsaku Tasaki, Tasaki Shinju Co., Japan 
Pearl Marketing 


Cultured pearls are known worldwide 
for their intrinsic beauty. In the more 
than 50 years that they have been 
available, they have been subjected to 
many cycles of supply and demand. 
This presentation will review the rise 
in demand during the 1970s and the 
1980s, current problems in marketing 
and distribution, and future prospects. 


Alex Edwards, Adachi Pearls, California 
Pearl Grading 


Like diamonds, cultured pearls can be 
evaluated on the basis of certain fac- 
tors—i.e., luster, blemish, color, 
, shape, and size. Once a pearl is qual- 
ity graded, knowledge of key market 
variables such as production, prices at 
membership auctions, and consumer 
demand enable the assignment of 
“1 value. This presentation will review 
pearl-grading systems that have been used in the past and 
focus on the steps that have led to developing a workable 
quality- and value-grading system for Akoya cultured 
pearls internationally. Such a system has real benefits for 
buying, selling, and appraising pearls. 


John R. Latendresse, American Pearl Co., 
Tennessee 


Freshwater Cultured Pearls 


Historically, the major producers of cultured freshwater 
pearls are Japan, which has greatly reduced production in 
recent years, and China, which primarily provides the 
lower-quality “krispie” cultured pearls. The past decade 
has witnessed a number of developments in the culturing 
of freshwater pearls in the U.S. Realization that the 
culturing techniques used in Japan were not directly 
transferable to the different species of mollusks native to 
North America led to development of new methods. Pearls 
of one, two, and three years’ cultivation can be harvested 
simultaneously from a single mollusk. A number of new 
shapes have been developed that lend themselves to 
original jewelry designs. Advances are also being made in 
the production of round cultured pearls in the U.S. 


COLORED STONE TREATMENTS 0 


Kurt Nassau, Lebanon, New Jersey 
An Overview of Colored Stone Treatments 


Reported as early as the first century 
A.D., treatments have been used to 
produce simulants and, most recently, 
to improve color and/or quality. Today, 
aquamarine, carnelian, topaz, zircon, 
sapphire, and ruby, among others, are 
routinely heat treated. Irradiation is 
used to color materials such as pearls, 
quartz, tourmaline, and, most impor- 
tant, blue topaz. There are also a number of miscellaneous 
treatments, such as dyeing, plastic impregnation, glass- 
filling of surface-reaching fractures, and diffusion treat- 
ment. This presentation will review the key gem treat- 
ments and means of identification, discuss the importance 
of treatment terminology, and explore possible future 
developments. 


Terrence 5. Coldham, Sapphex Pty., Australia 
Heat Treatment 


For centuries, certain gem materials 
have been known to be improved by 
heat treatment; recently, almost every 
gem species has become a target for 
treatment. The heat treatment of cor- 
undum, in particular, has evolved rap- 
idly, causing important changes in the 
marketplace. Almost all corundum is 
now heat treated using various 
methods depending on whether it is of igneous or meta- 
morphic occurrence and its locality of origin. A number of 
indicators can be used to identify that a stone has been heat 
treated, but they are not present in all heated stones. The 
future will undoubtedly see the more widespread use of 
heat treatment in the gem industry. 


Robert C. Kammerling, GIA 
Fracture Filling of Emeralds 


Among the gemstone enhancements 
that have gained notoriety lately are 
those that improve apparent clarity 
through the filling of surface-reaching 
fractures. Although the use of oil is a 
fairly established practice, recently 
other substances such as synthetic 
resins have become popular as filling 
materials in emerald. This presenta- 
tion will briefly review current filling practices and then 
focus on the filling of emeralds and detection criteria. Jt 


will also examine potential new applications of filling 
procedures to other gem materials. 


George R. Rossman, California Institute of 
Technology 


Gemstone Irradiation 


Commercial procedures for gemstone 
irradiation represent mature technolo- 
gies. Gem materials such as topaz, 
| diamond, quartz, and tourmaline are 
| commonly irradiated to produce sta- 
ble colors. A variety of other minerals 
can be treated, but only a few of them 
develop desirable colors with long- 
term stability. In many cases, the de- 
tailed atomic-level changes induced by irradiation are 
poorly understood. Methods for identifying radiation 
treatment in different stones range from highly reliable to 
nonexistent. 


SYNTHETICS AND SIMULANTS O 


Dennis Elwell, Hughes Aircraft Co., California 
An Overview of Manmade Gemstones 


Manmade gemstones have a long and interesting history. 
Today, the key techniques used for gem synthesis are flame 
fusion, pulling from a melt, and high-temperature solu- 
tion growth (flux growth and hydrothermal). This presen- 
tation will examine these methods and some of the 
materials grown by each. Possible future developments 
will be explored. 


Thomas Chatham, Chatham Created Gems, 
California 
Laboratory-Grown Emeralds 


Research leading to today’s sophisti- 
cated processes of crystal growth be- 
gan in the mid-1800s. However, Car- 
roll Chatham’s achievement of a flux- 
grown synthetic emerald was a major 
breakthrough in gem synthesis. More 
recently, hydrothermally grown syn- 
thetic emeralds have entered the mar- 
ket. Today, there are five major com- 
panies producing flux-grown and hydrothermally grown 
synthetic emeralds. Only the visual identification of inclu- 
sions provides conclusive proof of the origin of any 
emerald, natural or laboratory grown. Mr. Chatham pre- 
sents his view that, like cultured pearls in the 1960s, the 
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“created emerald” industry is on the verge of tremendous 
growth. 


Judith A. Osmer, J. O. Crystal Co., California 
Laboratory-Grown Ruby 


Following an overview of the history 
and techniques used to produce labo- 
ratory-grown ruby, a detailed compar- 
ison will be made between naturally 
occurring ruby and ruby grown by 
solution. The similarities in growth 
parameters and gemological proper- 
ties will be illustrated. Estimates of 

Swaeesse! current production and projections for 
future increases will be made in the context of the 
marketing issues associated with these laboratory mar- 
vels. 


Joseph E Wenckus, Ceres Corp., Massachusetts 
Cubic Zirconia: The Great Impostor 


Cubic zirconia (CZ) is the most widely 
accepted diamond simulant available 
today. Since the introduction of CZ in 
1977, production has grown dramati- 
cally, with present annual output esti- 
mated to be in excess of 250 tons. 
Faceted CZ has also become the 
world’s most effective simulant. With 
improved crystal-growth methods 
and gem- = cralie techniques, even the professional jeweler 
now finds it very difficult to determine if the mounted gem 
is natural or manmade. The discussion will include a brief 
history of the CZ skull-melting process, current produc- 
tion technology, techniques for the separation of natural 
diamond and CZ, new developments in colored CZ, and 
some insights into the unusual, and often controversial, 
business of diamond simulants. 


Shane McClure, GIA Gem Trade Laboratory 


Distinguishing Natural Rubies, Emeralds, 
and Alexandrites from their Synthetic 
Counterparts by Means of Inclusions 


Establishing whether a gem material is 
natural or synthetic poses risks for 
today’s jeweler-gemologist both pro- 
fessionally and financially. In making 
the distinction, it is as important to 
know the characteristics of the natural 
gem as it is to know those of the 
synthetics. Since a synthetic by defini- 
tion possesses approximately the 
same chemical, optical and physical properties as its 
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natural counterpart, inclusions are often the only means to 
provide a definitive identification. This presentation high- 
lights those inclusion characteristics that are distinctive of 
natural rubies and emeralds, as well as the alexandrites 
recently discovered near Itabira in Minas Gerais, Brazil. 


ECONOMICS AND MARKETING 


WORLD MARKETS O 


Martin Rapaport, Rapaport Diamond Report, 
New York 


The Impact of the Global Economy on 
Diamond Prices 


Gems are an international commodity. 
As such, economic problems in one 
major consumer country can have a 
profound impact on demand—and, 
therefore, pricing —in other major con- 
sumer countries. Diamonds provide 
an ideal example of the effect of the 
new global economy on gems and 
jewelry. This presentation will define 
the international diamond market, discuss how prices are 
negotiated in that market, and explain the importance of 
arbitrage. Key factors in pricing are interest, inflation, and 
foreign currency rates, government regulation, and liq- 
uidity and wealth in the global economy. This presentation 
will conclude by reviewing these factors and looking ahead 
to where the market will be in the year 2000. 


Michael C. Barlerin, World Gold Council, 
New York 


Gold and Jewelry 


This presentation will review the key 
trends in gold jewelry consumption 
from the 1960s through the 1980s. It 
will then address demand trends in 
the primary developed markets and 
emerging trends in the developing, 
i.e., price-driven markets. Gold 
jewelry is playing an increasingly im- 
portant role in the gold market, with a 
strong correlation between the price of gold and the 
consumption of gold jewelry. This relationship will be 
explored, as will current and potential future develop- 
ments in consumer markets worldwide. 


Carl Pearson, London 
The World Diamond Market 


The 1970s and 1980s witnessed tre- 
mendous changes in rough supplies, 
diamond manufacturing, and the 
composition of polished demand. Ma- 
jor increases in production in Africa 
and Australia have been absorbed by 
an expansion in the world cutting 
industry and the growth of consumer 
: markets, especially in the Far East. 
The flexible response of the diamond market to political, 
economic, and technical changes in many ways has been 
the key to its success. 

The 1990s, however, will provide a new set of chal- 
lenges to the industry. The new decade has already 
brought a slowdown in the diamond market and reduced 
profitability in the wake of the global economic downturn 
and the Gulf War. But consumer markets will gradually 
revive, with new market opportunities in Eastern Europe, 
the Middle East, and the Far East. Recent market declines 
in the U.S. and Japan are likely to be reversed. 

Diamond production will increase more slowly in the 
1990s than in the 1980s, but producers will attempt to 
develop their cutting and jewelry manufacturing potential. 
Their success in these fields is expected to be limited, given 
the highly competitive and specialized nature of the 
cutting industry worldwide and the poor record of dia- 
mond and jewelry industries in producer countries. 

This overview of supply and demand will also discuss 
how the diamond market has responded to changes in 
jewelry manufacturing and retailing. An assessment of 
future prospects will focus on identifying longer-term 
trends in the market and how these may evolve under 
different economic scenarios. 


Thomas Andruskevich, Tiffany & Co., 
ew York 

Practical Considerations in Entering the 

International Jewelry Market 


Expanding a business into the international arena—like 
expansion within a neighborhood or across one’s own 
country — first requires a clear understanding of the demo- 
graphics of the proposed market. The selection of manage- 
ment, preferably local, of the new enterprise is also critical, 
as is the development of an appropriate pricing structure 
vis a vis local competitors and other company locations. A 
substantial investment will usually be required, and there 
might not be a payback for several years. Given current 
world economic fluctuations, and developments such as 
the European Economic Community, future international 
expansions will depend on a clear understanding of very 
complex issues. 
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MARKETING CHALLENGES O 
IN THE ’90s 


Russell Shor, Jeweler’s Circular-Keystone, 
Pennsylvania 


The Impact of the New Global Economics 


Two major economic challenges face 
the American jewelry industry: for- 
eign-made jewelry and market com- 
petition. The dollar volume of impor- 
ted jewelry sales in the United States is 
50% and rising. Increased purchases 
in world centers by Asian, European, 
and Japanese buyers is driving up the 
price of diamonds and colored stones. 
This presentation will review the implications of changes 
in international production with a focus on the competitive 
outlook. It will also look at structural changes in the U.S, 
market. Key financial and management issues to be 
discussed include margins, cash flow, memoranda, and 
credit. 


Charles Septer, Service Merchandise Co., Tennessee 
Catalog Showrooms and the Jewelry Industry 


For the past several years, catalog 
showrooms have been one of the most 
important sources of diamond and 
colored-stone jewelry for the middle- 
class American consumer. This pre- 
sentation will look at the marketing 
strategies of catalog showrooms and 
the services they offer both the patron 
and the trade. It will also examine how 
catalog showrooms select merchandise and the promo- 
tional events unique to this aspect of the industry. Finally, 
Mr. Septer will look at the future of catalog showrooms as a 
vital link between diamond and colored-stone suppliers 
and the consumer. 


Thomas Tivol, Tivol Jewelers, Missouri 
The Independent Upscale Retailer 


The independent upscale retailer in the 
1990s will (1) have knowledge of his 
marketplace demographics (social 
groupings) and purchase-display atti- 
tudes, (2) develop public-relations 
events specifically for social groupings 
using customer referrals within each 
group, (3) choose to lose sales on 
E products that will damage the retailer's 
image or from customers whose buying habits prevent 
them from becoming goodwill ambassadors of the busi- 
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ness, and (3) distinguish himself (or herself) from all 
competition in all areas by adopting the position opposite of 
“I shall do what is necessary to make the sale.” 


Robert L. Bridge, Ben Bridge Jeweler, Washington 
Retail Chains in the Jewelry Industry 


The rise of retail jewelry chains since 
1970 has drastically changed the com- 
plexion of the jewelry industry. This 
presentation will look at the market 
effects of this phenomenon first as it 
developed from 1970 to 1982, and then 
as it has evolved since 1985, when the 
move toward consolidation of chains 
began. The conclusion will examine 
the possible long-term effects that the continued evolution 
of jewelry chains could have on the retail sector. 


Judy Laughren, Diamond Promotion Service, 
New York 


Diamonds: Markets and Merchandising 
J 

The myth, magic, and mystique of 
diamonds is centuries old. Their pop- 
ularity in the last 50 years is due in 
large part to the worldwide marketing 
efforts of De Beers and the Central 
Selling Organisation in London. This 
presentation will provide a historical 
perspective on diamond marketing, 
with emphasis on the United States 
market. Existing diamond jewelry market conditions will 
be reviewed and current product trends identified. Con- 
cluding remarks will focus on recent changes in the 
current market, both inside and outside the jewelry 
industry, providing some thoughts for future directions. 


PRODUCT KNOWLEDGE AND 0 
INFORMATION SYSTEMS IN THE 
JEWELRY INDUSTRY 


Dennis Foltz, GIA 
Demographics and the Jewelry Industry 


In the 1990s, dramatic changes in 
almost every aspect of society will 
impact on the jewelry industry. The 
flow of information will be faster, is- 
sues will be more complex, and the 
need for consumer-oriented training 
will be more acute, The workforce will 
also be smaller, with lower skill levels 
but higher expectations. We can also 
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expect new educational methods and technology to pro- 
vide more effective training alternatives. Strength and 
growth in the jewelry business will require recognition of 
these trends and appropriate responses in terms of both 
resources and personnel. This presentation will examine 
these developments and explain how industry leaders can 
meet the challenges and create opportunities by imple- 
menting educational programs that support corporate 
objectives. 


Earl Lynch, Diamond Promotion Service, 
New York 


Training and Education: 
The Key to Success 
in the Future 


| This presentation examines the devel- 
opment of education and training in 
the United States and then focuses on 
the vital role it plays in the jewelry 
industry and especially in successful 
retail marketing. The informed con- 
sumer in the jewelry marketplace of 
the ’90s places increasing demands on 

| the sales force to be knowledgeable 
about materials and manufacturing. This translates into an 
even greater need for more and better training. Yet there 
are problems with education today that need to be 
addressed. These problems are examined and successful 
future directions are identified. 


John Sinkankas, Peri Lithon, California 


The Role of Gemological 
Literature in Research and 
as an Aid to the Jeweler 


In the jewelry business and its sup- 
porting fields of research, it is no 
longer feasible to depend on the tradi- 
tional “one-on-one” apprenticeship 
used in the past. With the information 
explosion, students, graduates, and 
even established professionals and in- 
terested laymen must increasingly 
turn to book and periodical literature 
to keep abreast of developments. This presentation dis- 
cusses how to best accomplish this and offers specific 
suggestions for the formation of a useful reference library. 
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Dona Dirlam, GIA 
Databases for the Jewelry Industry 


As our rapidly changing industry 
moves into the 21st century, the rate at 
which jewelers will be challenged by 
new developments will escalate. No 
longer can the professional rely on the 
occasional perusal of a trade or techni- 
cal journal to stay informed. Obtain- 
ing, evaluating, storing, and retriev- 
ing this vast quantity of information 
will occupy an increasing amount of the professional's 
energy. Databases will play an important role as sources of 
all types of information. This talk will review the history of 
databases and the opportunities offered by those that are 
relevant to gemology and the jewelry, specifically dia- 
mond, industry. 


Harold and Erica Van Pelt, Photographers, 
Los Angeles 


Gem and Jewelry Photography 


One of the greatest revolutions of the 
last 25 years has been the use of color 
in print. This has presented new ad- 
vertising opportunities for colored 
WW] gems, but the gems themselves pose 
} unique challenges for the photogra- 
pher. This highly visual presentation 
will describe some of the photographic 
techniques now in use to maximize 
the impact of color in gems and jewelry. It will also examine 
the new technology in color reproduction that can be used 
in conjunction with fine photography for the production of 
effective catalog and print advertising. 


JEWELRY 


PERIOD JEWELRY O 


Derek J. Content, Glyptic Arts Ancient Jewelry, 
Maine 
Ancient Jewelry: Its Lasting Heritage 


Despite their lack of modern tools, ancient artists created 
jewelry of outstanding beauty, often incorporating en- 
graved quartzes, garnets, or other gem materials. These 
pieces transcend their period and constitute a continuing 
source of inspiration for modern jewelers. This presenta- 
tion will give an overview of some ancient jewelry en- 
graved gems recently available in the marketplace. Atten- 
tion will also be paid to forgeries and their detection. 


12 


Diana Scarisbrick, London 
Ancestral Jewels 


countries, who have suffered the dep- 
redations of war and revolution, the 
| members of the British aristocracy 
have been able to preserve their wealth 
over a long period. This is due to the 
unique combination of inheritance 
laws and an unbroken run of political 
stability since 1688. As a large propor- 
tion was invested in jewelry, the hereditary collections of 
the great English families present a panorama of the best 
European craftsmanship over several hundred years. This 
survey will focus on national taste, the pieces made by 
celebrated jewelers such as Rundell and Bridge, Garrard, 
Lacloche, Cartier, Chaumet and Hennell, and the prices 
now obtained for them at auction. The fine work produced 
continues to be a source of inspiration. 


David J. Callaghan, Hancock's & Company, 
London 


Period Jewelry: Overview 


Period jewelry is the product of avail- 
able materials combined with the de- 
signers talent, daring, and ingenuity. 
The key to its allure lies in its overall 
craftsmanship and quality. This over- 
view will describe metal techniques 
and the use of gems in period jewelry, 
and will show examples of motifs de- 
rived from ancient and antique jewels. 
The current dilemma posed by reproductions will also be 
addressed, including their impact on the current and 
future market for period jewelry. 


Roger Harding, Gemmological Association of 
Great Britain 
Crown Jewels 


The British crown jewels housed in the Tower of London 
have recently been catalogued. Scepters, orbs, and parts of 
some of the crowns date from the 17th century; important 
gems from these pieces will be described. In the 19th and 
early 20th centuries, large diamonds such as the Kohinoor 
and the Cullinans were added to the collection, reflecting 
historical aspects of the British Empire. There were also 
additions of colored gemstones, and the extent to which 
these represent standards of excellence still current today 
will be discussed. 
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MATERIALS AND METHODS Oo 
IN JEWELRY ARTS 


Gerhard Becker, Friedrich August Becker, Germany 
Gem Art Objects 


The gem trade has shown increasing 
interest in carved gemstones and gem 
art objects. Today, gem art objects 
range from bowls and vases of 
chalcedony and other opaque gem 
materials, through fine cameos and 
intaglios, to beautifully detailed figu- 
rines of tourmaline and other transpar- 
ent gems. This presentation will pro- 
vide a brief historical perspective on gemstone art objects, 
followed by a description of modern techniques and new 
developments in technologies such as ultrasonic carving. 


Bernd Munsteiner, Idar-Oberstein, Germany 
Gem Carving—Gem Designer 


In recent years, the art of gem carving 
has achieved new levels of creativity 
that bring a unique character to cut- 
ting gem materials such as aqua- 
marine, amethyst, heliodor, and ruti- 
lated quartz. One of the premier gem 
| designers in the world today, Mr. 
Munsteiner will briefly review the de- 
velopment of gem carving and sculp- 
ture. He will then describe recent technical advances in 
this area and the opportunities presented by gem carving 
for the creation of provocative pieces of jewelry. 


Sandro Sebastianelli, Sebastianelli Sandro & 
Co., Italy 


Jewels of the Seas—Cameos and Coral 


The art of working coral and carving cameos from natural 
seashells in Torre del Greco has been perfected throughout 
the ages. These traditions have brought fame and fortune 
to this small seaside town. Sculpting, engraving, and other 
techniques used by Italian carvers will be discussed and 
illustrated and methods of distribution described. Con- 
temporary drawings by the students of the Italian Institute 
of Design in Milan and Rome will complete the presenta- 
tion. 
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Paul V. A. Johnson, Goldsmiths’ Hall, 
United Kingdom 


Precious Metals Testing in the Jewelry 
Industry 


‘All that glisters is not gold” wrote 
William Shakespeare, and in our con- 
text perhaps no truer words have been 
written. But, how can we tell and why 
do we need to know? The British 
Hallmarking system originated in 
1364; to this day it serves as an effec- 
tive guarantee to the consumer and 

S ensures fair trading. The history and 
current practices of hallmarking will be discussed with 
particular reference to the analytical techniques involved. 
In countries where no hallmarking systems exist, there is 
evidence of often widespread underkarating. Reference 
will be made to available testing techniques and facilities, 
and to possible future developments that may help the 
jeweler faced with an underkarating scenario. 


Carl P. Denney, Jr, Johnson and Matthey, 
New York : 


Platinum and Its Application in the Jewelry 
Industry 


Although platinum has played a prom- 
inent role in jewelry manufacturing in 
the West for much of this century, 
today demand for platinum is domi- 
nated by the Japanese. There is also a 
developing trend toward the use of 
platinum in other world markets. An 
overview will identify present tech- 
niques used in the design and manu- 
facture if platinum and platinum/gold combination 
jewelry. The presentation will also examine the marketing 
and promotional opportunities presented by platinum. 
Prospects for the future include international standards for 
platinum jewelry and karat platinum alloys. 


JEWELRY IN THE 20th CENTURY O 
AND BEYOND 


John D. Block, Sothebys, New York 


The Auction Market and Its Position in the 
Jewelry Industry 


The importance of gem and jewelry sales through auction 
houses has increased dramatically in the last decade. The 
significance of auctions as a marketplace and the oppor- 
tunities they present to the public, as well as to the jewelry 
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trade, will be examined. The information provided by 
auction houses, such as sales figures and types of jewelry 
offered, has been used as a barometer for trends in the 
jewelry market. This sheds light on future developments 
in the industry, and opens the discussion on creating new 
markets and how the auction houses attract buyers. 


Penny Proddow, Kk. Esmerian, Inc., New York 
Contemporary Jewelry Fashions in America 


The American jewelry industry has passed through many 
phases in the 20th century, moving from almost total 
dependence on European jewelers and artisans for tech- 
nology and design to original work that set jewelry 
fashions worldwide. Art Nouveau, Art Deco, Streamline 
and Postwar styles, as manifestin American jewelry, reveal 
a country finding its own jewelry identity, so to speak, 
characterized by a dextrous use of metals, bold design, and 
a growing preference for quality stones. 


Vivienne Becker, London 
The European Perspective 


This presentation will look at the evo- 
lution of European jewelry design in 
the 20th century, leading to an infor- 
med speculation about future design 
developments. Using slides of some of 
the most spectacular milestone jewels 
from each decade, Ms. Becker will 
trace the major art and design move- 
ments and their influence on jewelry, 
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starting with Art Nouveau and continuing through the 
Edwardian (or Garland) Style, Art Deco and Modernism, 
the Machine Age, the sophisticated ‘50s, and the “new” 
jewelry of the ‘60s, up to present-day design and de- 
signers. Throughout, she will contrast the work of individ- 
ual artist-jewelers with that of the major houses such as 
Cartier or Boucheron. This will lead to an assessment of 
developing trends, shifts in the market, and varying 
attitudes toward jewel buying and wearing. The presenta- 
tion will close with a look at some entirely new European 
designs for the future. 


Morihiro Nagahori, Nagahori Corp., Japan 
Jewelry Trends in Southeast Asia 


In the last two decades, Southeast Asia 
has emerged as an important jewelry 
market both for production and con- 
sumption. The jewelry trade in Hong 
Kong, Thailand, Singapore, Korea, 
Taiwan, and particularly Japan will be 
discussed with emphasis on its 
growth, strengths, and weaknesses. 
Japan has played an increasingly im- 
portant role in jewelry design; key designers and design 
trends will be addressed. Prospects for the future, 
including expanded production and distribution, will be 
highlighted with a closing view on the role of the jeweler in 
the coming decade. 
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PANELS AND PANELISTS 


On Sunday, June 23, men and women on the cutting edge of the industry will meet in a series 
of panels to present their perspectives on critical issues affecting diamonds, colored stones, gem 
identification, research, marketing, and jewelry history and appraisals. Following a brief 
presentation by each panelist on the issue at hand, the discussion will be open to a question- 
and-answer session with members of the audience. Below is a short description of each panel, 
sample questions that are likely to be addressed, and the names and affiliations of the panelists 


scheduled to participate. 


Diamonds: Manufacturing, 
Markets, and 
Worldwide Distribution 


The major developments in the diamond industry take 
place ina relatively small number of key hubs that strongly 
influence the overall character of the market. This panel of 
industry leaders will provide insights into their market 
centers ahd address questions such as: How will new 
technologiés influence cutting styles and production? 
What future changes in national demand can we expect 
and what epportunities do they present? 


Jean-Francois Moyersoen, Gemstone Price Reports, Belgium 
¢@ Eli Haas, Diamstar International, New York @ Abraham 
Fischler, Hoge Raad voor Diamant, Belgium @ Michael 
Mitchell, Argyle Diamonds, Australia @ Jacques Mouw, 
Interdiam, Los Angeles @ Edward Asscher, Royal Asscher 
Diamond Co., The Netherlands  Hidetako Kato, Japan 
Jewellery Association 


Diamond Grading: 
The “Four C’s” 
and Quality Analysis 


The importance of objective quality analysis of diamonds 
has escalated in recent years, and it is likely that grading 
laboratories will play an even greater role in the industry in 
the future. What are the dynamics of international stan- 
dardization in quality analysis? How does the global 
village influence specific issues of quality analysis? 


Glenn R. Nord, GIA Board of Governors, California @ 
Richard T. Liddicoat, GIA @ William E. Boyajian, GIA @ 
Thomas C. Yonelunas, GIA Gem Trade Laboratory 
Yoshiko Doi, Association of Japan Gem Trust @ Kenneth 
Scarratt, Gemmological Association of Great Britain 
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Colored Stones: Identification 
and Quality Analysis 


Gemological laboratories worldwide are faced with new 
natural gem sources and increasingly sophisticated syn- 
thetics and treatments. They are also constantly seeking to 
improve their usefulness to the international community. 
Among the many questions that they face today and in the 
future: What are the advantages of standardized gemologi- 
cal nomenclature and the obstacles to its development in 
the international marketplace? What are the difficulties of 
determining locality of origin and the pros and cons of 
issuing origin reports? 


Kenneth Scarratt, Gemmological Association of Great Britain 
@ Jean-Paul Poirot, Chambre de Commerce et d’ Industrie de 
Paris @ Adi Peretti, Giibelin Gemmological Laboratory # 
Robert Crowningshield, GIA Gem Trade Laboratory 
Ulrich Henn, German Foundation for Gemstone Research @ 
William Sersen, Asian Institute of Gemological Sciences 


Colored Stones: Research on 
Treatments and Synthetics 


With the rapid new developments in gemology, the trade 
depends on the gemological research community to report 
on materials and enhancements and apply advanced 
technologies to meet the everyday requirements of the 
jeweler-gemologist. What new commercial treatments or 
synthetics might we expect in the near future? What 
are the prospects for improved practical identification 
techniques? 

Karl Schmetzer, Germany @ Peter G. Read, P G. Read 
Consultancy Services Ltd, United Kingdom @ James Shigley, 
GIA @ Henry Hanni, SSEF Laboratory @ Kurt Nassau, 
New Jersey ® Viadimir S. Balitsky, USSR Academy of 
Sciences 
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Research: 
Advanced Instruments 
and Identification 


Many of the identification problems that face the gemolo- 
gist today cannot be successfully addressed using readily 
available methods and instrumentation. As in the past, the 
jewelry industry must adapt technology and instrumenta- 
tion from other disciplines. What recent technological 
developments in other areas are likely to have an impact on 
the jewelry industry in the 1990s? How can the jeweler- 
gemologist benefit from these advances? 


Bernard Lasnier, Institut de Géologie, France @ Gordon 
Brown, Stanford University, California @ George R. Ross- 
man, California Institute of Technology @ Kurt Nassau, New 
Jersey © Emmanuel Fritsch, GIA 


Colored Stones: 
Sources, Distribution, 
and Marketing 


With the increased importance of colored stones in the 
jewelry industry, numerous questions of supply, distribu- 
tion, and marketing arise. For example: What role should 
producers have in marketing colored stones? What are the 
advantages and difficulties of standardizing quality-anal- 
ysis procedures? 


Douglas Parker, William Kuhn Co., New York @ A. E. T. 
Ellawala, Ellawala Exports, Sri Lanka @ Roland Naftule, 
NAFCO Gems, Arizona @ Maurice Roditi, Emerbras, Brazil 
@ Anant Hassan Salwala, Thai Lapidary International Co., 
Thailand 


Retail Marketing in a 
Global Economy 


Changing international patterns of supply and demand, 
for example, the greatly increased purchasing activity in 
Japan in the 1980s, will inevitably affect supply and 
demand in local markets. How does the retail jeweler 
accommodate these changes? What inventory adjustments 
can be made to respond to rapid and complex economic 
changes? 


Michael Roman, Jewelers of America, New York @ William 
Chaney, Tiffany & Co., New York @ Helene Fortunoff, 
Fortunoff, New York @ Roger Marks, Jewelers of America, 
New York @ Ralph Destino, Cartier, New York 


16 


Jewelry for the Connoisseur and 
Its Marketing in the “90s 


Given the increasingly sophisticated consumer of the ‘90s, 
can we identify the importance of integrity and quality in 
influencing the customer's purchasing decision? How do 
the marketing concepts used to appeal to the jewelry 
connoisseur translate into useful techniques for the main- 
stream retailer? 


Shintaro Uyeda, Llyeda Jeweller, Japan Michael Kazan- 
jian, Kazanjian Brothers, Los Angeles @ Joseph H. Samuel, 
f and S. S, DeYoung, Massachusetts @ Ralph Esmerian, 
R, Esmerian, New York @ Peter Schneirla, Tiffany & Co., 
New York 


Jewelry: History, Identification, 
Appreciation, and Evolving Design 


Many elements are involved in the evolution of design. 
How can the designer maximize his creativity within the 
realities of the jewelry industry? And how can the retail 
jeweler best utilize the range of design elements — historic 
through avant garde—that are available? 


Wilma Vigano, Platinum Guild International @ Martin 
Gruber, Nova Stylings, California @ Michael Bondanza, 
Michael Bondanza, New York ® Diana Scarisbrick, London 
@ Vivienne Becker, London @ Leonardo Poli, La Nouvelle 
Bague 


Gems and Jewelry: Evaluation, 
Appraisals, Ethical and 
Legal Questions 


The jewelry world faces an increasingly complex appraisal 
climate. What are the legal responsibilities of the ap- 
praiser? Why do different situations call for different 
appraisal procedures? What is happening with legislation 
and licensing? What is the best way to establish correct 
values? These and many additional important questions 
will be addressed. 


Donald A. Palmieri, Gemological Appraisal Association, 
Pennsylvania @ AnnaM. Miller, A. M. Miller and Associates 
Appraisals, Texas @ Patti Geolat, Geolat and Associates, Texas 
@ Cosmo Altobelli, Altobelli Jewelers, California 
Joseph W. Tenhagen, joseph W. Tenhagen Gemstones, Florida 
@ Joel A. Windman, Jewelers Vigilance Committee, New York 
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POSTER SESSION—A MARKETPLACE OF NEW IDEAS 


A common mode of scientific and technical communication, a poster session presents information visually 
using written text, photographs, graphic aids, and other displays, within a standard-size booth. At 
Symposium, approximately 90 poster session presentations are scheduled on a wide range of gemology- 
and jewelry-related topics. Presenters will be available to discuss their “posters” (as indicated here by 
abbreviated titles) on Sunday, June 23, although the “posters” will be available for viewing that Friday and 


Saturday as well. 


COLORED STONES 


eAcunia, Gabriel and R. Ringsrud, Constellation Colombian 
Emeralds, Los Angeles 
Mining and marketing of emeralds in Colombia 
eAustin, Gordon T, U.S. Bureau of Mines, Washington, DC 
Gem production in the United States 
eBalitsky, Vladimir 5., Institute of Experimental Mineralogy, 
USSR 
Characteristics of synthetic iron-bearing quartz 
*Balitsky, Vladimir S. and T. M. Boublikova, Institute of 
Experimental Mineralogy, USSR 
Synthetic, malachite 
¢Boehm, Edward W., Giibelin Gemmological Laboratory, 
Switzerland; and Y. Melas, GIA 
Red spinel: History, identification, and market potential 
*Bowersox, Gary, Gem Industries, Honolulu 
Gems of Afghanistan and Pakistan 
eBridges, Campbell, Bridges Exploration, Kenya 
Tsavorite 
eBrown, Grahame, ALLGEM Services, Australia 
Biron synthetic pink bery] 
eCarmona, Charles I. and J. E. Cole, Guild Laboratories, 
Los Angeles 
Endangered species used in jewelry 
eChai, Bruce H, T., CREOL, University of Central Florida; 
and E, Fritsch, GIA 
Synthetic alexandrite and its variations 
eChai, Bruce H. T., CREOL, University of Central Florida; 
and E, Fritsch, GIA 
Synthetic blue gehlenite 
¢Coeroli, Martin, EVAAM, Tahiti, French Polynesia 
Tahiti cultured pearls 
Barbosa, H. D. , Brazil; and B. C. Cook, Nature's 
Geometry, California 
Copper tourmaline of Paraiba, Brazil 
eGauthier, Jean-Pierre, University Claude Bernard Lyon, 
France 
Optical phenomena in opal, diopside, and mother-of- 
pearl 
Gonzalez, Estuardo, Los Angeles 
Guatemala’s jadeite 
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eGunawardene, Mahinda, MANYGEMS GmbH, Germany 
Gems of Sri Lanka 
eHanni, Henry A., Swiss Foundation for the Research of 
Gemstones SSEE Switzerland; and K. Schmetzer, 
Germany 
Burma-type rubies from Morogoro, Tanzania 
¢ Harlow, George E., American Museum of Natural History, 
New York 
Jadeite and related jades from Guatemala 
Henn, Ulrich and H. Bank, German Foundation for 
Gemstone Research, Germany 
Gem corundum from Malawi 
®Henn, Ulrich and H. Bank, German Foundation for 
Genistone Research, Germany 
Color and pleochroism of Cu-bearing tourmalines 
¢Henn, Ulrich and H. Bank, German Foundation for 
Gemstone Research, Germany 
Green and pink hydrogrossular from South Africa 
e Hoover, Donald B., Hoover Associates, Denver; and A. E 
Theisen, University of New Hampshire 
Fluorescence spectra of Cr3+-bearing gem minerals 
elllenberger, Stephen P. and C. A. Mark, The Gemstone of 
the Caribbean, Florida 
Blue pectolite 
ejohnston, Chris and M. E. Gunter, University of Idaho; 
and C. R. Knowles, Idaho Geological Survey 
Ponderosa mine sunstone 
eJuchem, Pedro Luiz, Centro de Gemologia/UFRGS, Brazil 
Gemstones of Rio Grande do Sul, Brazil 
Kim, Won-Sa, Chungnam National University, Korea 
Korean amethyst 
¢Kremkow, Cheryl and N. R. Barot, International Colored 
Gemstone Association, California 
World gem mining report 
e Lebedev, Alexander $., Institute of Geology and 
Geophysics, USSR 
Russian hydrothermal synthetic emerald 
eLiu, Guobin, Institute of Geochemistry, China 
Synthetic gem materials from China 
eLoeb, Loretta B., GIA 
The GIA reference gem collection 
®Marfunin, A. S., Moscow State University, USSR 
Radiation centers in gemstones 
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«Mendis, D. P. J., M. S. Rupasinghe, and C. B. 
Dissanayake, Institute of Fundamental Studies, Sri 
Lanka 

Gem deposits of Sri Lanka 
®Moon, Anthony R. and M. R. Phillips, University of 
Technology, Australia 
Titania precipitation in sapphire 
eMuhlmeister, Sam, GIA; and B. Devouard, France 
Trace element chemistry of natural and synthetic rubies 
© Ottaway, Terri L. and E J. Wicks, Royal Ontario Museum, 
Canada 
The Muzo emerald deposit, Colombia 

@Panjikar, Jayshree and K. T. Ramchandran, Gemological 

Institute of India, Bombay 
Rubies from India 

@Reshetnjak, N. B., V. Bukanov, V. 5. Balitsky, G. V. 
Bondarenko, Institute of Experimental Mineralogy, 
USSR 

Raman spectroscopy of gemstones 
®Ringsrud, Ron, Constellation Colombian Emeralds, Los 
Angeles 
A social history of Colombia's emerald-mining region 
®Robert, Dominique and D. Marsan, CRISMATEC, France 
New colors for synthetic garnets 
@Roskin, Gary, GIA 
Harvesting the Japanese coral 

eRupasinghe, Mahinda 5., R. A. P. Rupasinghe, C. B. 
Dissanayake, and O. A. Ileperuma, Institute of 
Fundamental Studies, Sri Lanka 

Classification of heat-treatable corundum 

eSalomao, Elmer P, Departamento Nacional da Producto 

Mineral, Brazil 
Gemstone production in Brazil 

eSapalsky, Cristina and T. Calderon, Genunological 

Institute of Spain, Madrid 
Optical study of Spanish sphalerites 

eSauer, Daniel A., Amsterdam Sauer Co., Brazil; and J. P. 

Cassedanne, Federal University of Rio de Janeiro, Brazil 
Aquamarines in Brazil 
© Spencer, R. J. and A. A. Levinson, University of Calgary, 
Canada; and J. I. Koivula, GIA 
Fluid inclusion study of Mexican opals 
Stark, Karen B., GIA 
Malaya garnet 

Taijing, Lu, Institute of Physical and Chemical Research, 

Japan; and 1. Sunagawa, Tohoku University, Japan 
Texture formation in geode chalcedony 

eThemelis, Ted, Accredited Gemologists Association, 

California 
Sapphires from Brazil 

eTroup, Gordon J., D. R. Hutton, and J. R. Pilbrow, 

Monash University, Australia 
Gemstones and magnetic resonance spectroscopy (EPR, 
ESR) 
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eTroup, Gordon J., J. R. Pilbrow, and D. R. Hutton, 
Monash University, Australia 
ESR instrumentation for gemmology 
eWang, Fuquan, Geological Museum of China, Beijing 
Gem localities in China 
Webb, Gayle, B. J. Barron, and E L. Sutherland, The 
Australian Museum, Sydney 
The ruby problem, Barrington Volcano, Australia 
¢Zoysa, E. Gamini, Sri Lanka 
Gem deposits of Sri Lanka 


DIAMOND 


*Boro, Serge and M. Feinberg, Lazare Kaplan International, 
New York 
New breakthrough in diamond identification 
*Bosshart, George, Giibelin Gemmological Laboratory, 
Switzerland 
Green diamonds 
Bronstein, Alan, H. Rodman, Aurora Gems, New York; 
and S. Hofer, Colored Diamond Laboratory Service, 
Connecticut 
Aurora collection of colored diamonds 
¢Chapman, John G., Argyle Diamonds, Australia 
Argyle’s pink and champagne diamonds 
Devries, Robert C., P-T-X, New York 
Laser luminescence of synthetic diamond crystals 
¢ Hatleberg John N., Big Gems, New York 
Replicas of famous diamonds 
¢ Hofer, Stephen, Colored Diamond Laboratory Services, 
Connecticut; and N. Hale, Hale Color Consultants, 
Phoenix 
Color measurement of “white” diamonds 
e Kaplan, George and M., Feinberg, Lazare Kaplan 
International, New York 
The “ideal cut” diamond 
¢ Peretti, Adolf, Giibelin Gemmological Laboratory, 
Switzerland; and W. Boguth, Switzerland 
Color description of colored diamonds 
eSchachter, Michael, Maico Industries, New Jersey 
The “Dream cut” diamond 
¢ Watermeyer, Basil, South Africa 
Modern brilliant diamonds 
e Zezin, Roman B., E. P. Smirnova, Gemmological Center of 
the USSR, Moscow; and G. V. Saparin, Moscow State 
University, USSR 
New growth mechanism of natural diamonds 
¢Zezin, Roman B. and V. FE Nasedkin, Gemmological 
Center of the USSR, Moscow 
Color effects in natural diamonds 
eZezin, Roman B. and V. E Nasedkin, Gemmological 
Center of the USSR, Moscow 
Formation of color centers in diamonds under 
mechanical treatment 
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GENERAL GEMOLOGY 


eAshbaugh, Charles E, II, GIA 
Gamma-ray spectroscopy in gemology 
eBernardin, John E., El Sobrante, California 
Minimizing extinction in faceted gemstones 
ede Goutiére, Anthony, de Goutiére Jewelers, Canada 
Wonders within gemstones 
® Dele, Marie-Louise, University of Lille, France; and J-P. 
Poirot, Service Public du Controle des Diamants, France 
Raman spectroscopy in gemology 
eHanneman, W. William, Hanneman Gemological 
Instruments, California 
Fundamental gemology 
eKoivula, John I., GIA 
Iflumination techniques 
*Landais, Edmond, Association Francaise de Gemmologie, 
Paris 
Automated Brewster angle refractometer 
eOmoumi, Heideh, D. G. W. Smith, and D. P. Leibovitz, 
University of Alberta, Canada 
A gemological database software program 
ePiat, Daniel H., Association Frangaise de Gemmoiogie, 
France 
Synthetic’stone manufacturer's policy 
eRead, Peter G., Gemmological Association of Great Britain 
Gem databank 
eRubin, Howard, GemDialogue Systems, New York 
Gem color description system 
eShida, Junko, Gemmological Association of All Japan; and 
I. Sunagawa, Tohoku University, Tokyo 
Laser tomography in gemology 


GEMSTONE MARKETING 


eChamberlin-Bowersox, Bonita, Gem Industries, Honolulu 
Merchandising challenges for colored gemstones in the 
‘90s 
Downing, Paul B., Majestic Gems and Carvings, 
Tallahassee 
Opal: identification and value 
eDrucker, Richard B., Gemworld International, Chicago 
Pricing gemstones 
Hendry, David W., Jr, Card ‘N’ Tag Systems, California 
Color imaging and teleconferencing 
eHumphrey, David, Geo Design, California 
The gem merchant of the 21st century 
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@Marcusson, Cynthia R., Cynthia Renee and Company, 
California 
Market guidelines for colored gemstones 
®Michelsen, Sofus S., Ceriter for the Study of Gemstone 
Evaluation, New Jersey 
Gemstone pricing index 
eStreight, S. Gordon, Streight Jewellery Products, Australia 
Jewelry appraisal software 
eTorsuwan, Rangsan and A. Sawadisevee, Silom Precious 
Tower Co., Thailand 
International gemstone marketplace 
Underwood, Thom, Accredited Gemologists Association, 
California 
A career gemologist in the 1990s 


JEWELRY 


eDenney, Carl P, Jr. and S. Bragoli, fohnson Matthey, New 
York 
Platinum as a jewelry metal 
®Forester, Nanette, American Lapidary Artists, Los Angeles 
Lapidarists of North America 
eMarfunin, A.S., University of Moscow, USSR 
Gold as a phenomenon of artistic culture 
Mercer, Meredith E. and S. Armstrong, GIA 
Tabletop karat-gold testing methods 
eMisiorowski, Elise B., GIA 
Pink diamonds in jewelry 
eSerras, Helen, Glyptography Center, Maryland 
English glyptography masters 
eStuart, Martin A., Martin Stuart and Company, Los 
Angeles 
Laser welding of jewelry 


INDUSTRY ASSOCIATIONS 


eKampf, Anthony R. and D. L. Eatough, Los Angeles 
County Museum of Natural History 
The Natural History Museum of Los Angeles County 
eLasnier, Bernard, University of Nantes, France 
Gemological Research Center J-P. Chenet 
Mercer, Ian, United Kingdom 
The Gemmological Association of Great Britain 
ePayette, Francine, Association Québecoise de Gemmologie, 
Canada 
Gemology in Quebec 
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Editorial 


INFORMATION AND COMMUNICATION: 
KEYS TO THE FUTURE 


t’s over! The Gemological Institute of America’s 60th Anniversary celebration — the 

International Gemological Symposium —is now history. As one who had relatively 
little to do with its preparation, it looked to me to be a stunning success. From the 
opening reception by the pools of the beautiful Century Plaza Hotel, through the 
many sessions and social functions and, ultimately, at GIA’s Open House, the lines of 
communication between the numerous segments of the industry have never been 
more open. The opportunities to discuss topics with the leaders of our diamond, 
colored stone, and jewelry industries were overwhelming. There have been many 
gatherings that have brought together some of the leading personalities in gemology, 
but, in my view, there has never been a meeting that did so to such an extent. In all, 
more than 1,800 people participated; 46 states and 47 countries were represented. As 
an information and communications vehicle, the International Gemological 
Symposium was an outstanding success and a worthy commemoration of GIA’s 60 
years of service. 


The range of topics at Symposium —from localities to synthetics to treatments to 
jewelry history to marketing—was exceptional and complete. While at Symposium, 
one could go from a discussion of diamond mining in Africa to one on European 
jewelry, from pearl research to emerald synthesis, from gem carving to the Israeli 
diamond market. As editor-in-chief of Gems & Gemology, I like to think that 
Symposium was a macrocosm of what we do in this journal: provide you with a 
dependable source of information on diverse gemological subjects, each important in 
its own right. 

t has been said before and was said often at Symposium, but bears repeating: As the 

world reaches a communications zenith with computers and modems, fax 
machines, satellites, and desktop publishing, gemological information will become 
more available at a quicker pace than ever in history. Yet, will it be more reliable? 
Through vehicles like Gems # Gemology and Symposium, I firmly believe that it 
will be. While it is important to get information to the public quickly, it is equally 
important to make sure that thorough research and analysis have been done before 
releasing any data. As innovations in gemology arrive faster and faster, it will be up to 
the print media to publish articles that take preliminary findings and rumors and 
turn them into fact—or dismiss them as fiction. In a world where global economic 
and political forces can change overnight and where the pressure to respond 
immediately to each supposed breakthrough is so great, we must be careful to 
evaluate new information carefully since every decision we make is capable of 
initiating drastic change. 


The theme of the 1991 Symposium was FACING THE FuTuRE. As a vehicle to provide 
critical information and foster improved channels of communication within the gem 
and jewelry community, Symposium represented an important step in facing the 
future with even greater pride and professionalism. GIA, including Gems & 
Gemology, will continue to promote the dissemination of accurate information to as 
broad a segment of the industry as possible. With both a strong information base and 
a solid communication corps, this industry cannot help but grow and prosper. 


Richard T. Liddicoat 
Editor-in-Chief Gems & Gemology 
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FRACTURE FILLING OF EMERALDS 
Opticon and Traditional “Oils” 


By Robert C. Kammerling, John I. Koivula, Robert E. Kane, Patricia Maddison, 
James E. Shigley, and Emmanuel Fritsch 


The filling of surface-reaching breaks in 
emeralds is a relatively common practice, 
for which various kinds of oils and a nat- 
ural resin have historically been used. 
Now, however, epoxy resins are replacing 
the more traditional fillers such as cedar- 
wood oil and Canada balsam. The most 
widely known of these epoxy resins is 
sold under the brand name Opticon. The 
results of a broad study of various frac- 
ture-filling materials found that Opticon 
treatment (1) was, like the traditional 
materials, best detected using magnifica- 


tion with a variety of lighting techniques; 


and (2) although somewhat more durable 
than the traditional enhancements, was 
still altered in the course of routine 
jewelry cleaning and manufacturing pro- 
cesses. This article also examines the fill- 


ing of surface pits with epoxies, the poten- 


tial effectiveness of “dyed” Opticon, and 
the use of Opticon to fill the fractures in 
gem materials other than emerald. 


70 Fracture Filled Emeralds 


Ithough color enhancements have played a preemi- 
ent role in gemology in recent years, clarity en- 
hancements are rapidly gaining in prominence. The filling 
of fractures in emeralds has been practiced for decades. 
During the 1980s, we also saw the introduction of “filled” 
surface pits and cavities in ruby, as well as the filling of 
surface-reaching separations in diamond (as reviewed in 
Kammerling et al., 1990). 

Historically, the fractures in emeralds have been filled 
witha variety of oils (of which cedarwood oil is perhaps the 
best known] and the natural resin Canada balsam (see, e.g., 
Ringsrud, 1983). However, recent reports in the trade press 
have mentioned a more sophisticated fracture-filling pro- 
cedure and the greater use of epoxy resins (Themelis and 
Federman, 1990; Themelis, 1990). What appears to be the 
most popular of these epoxy resins is marketed under the 
brand name Opticon. Still other reports make note of 
additional, proprietary fracture-filling treatments for em- 
eralds. These include one being offered in Israel by the firm 
(Zvi Yehuda, Ltd.} that pioneered the filling of fractures and 
cleavages in diamond (see, e.g., Gilbertson, 1990; Lee, 
1990; Yehuda, 1990); another being offered by CRI Labora- 
tories of Grand Rapids, Michigan (“Emerald Clarity En- 
hancement Offered by U.S. Treatment Laboratory,” 1990; 
“Emerald Treatment Services,” 1990; Lee, 1990), and yet 
another being provided by the Kiregawa Gemological 
Laboratory in Japan (Y. Doi, pers. comm., 1991), 

With this proliferation of processes and substances, 
concern has developed that filled fractures may have 
become even more difficult to detect. In addition, there is 
considerable question in the trade as to the durability of 
the different fillers and filling processes. For example, there 
is the perception that Opticon offers advantages over so- 
called traditional fillers because the breaks can be sealed at 
the surface. In other cases, as with the CRI and Yehuda 
emerald-filling services, claims to enhanced durability 
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Figure 1. These two photos of a 5.74-ct emerald before (left) and after (right) Opticon treatment 
graphically illustrate how effective this fracture-filling treatment can be in improving apparent clar- 


ity. Photos © GIA and Tino Hammid. 


have been made openly (see, e.g., Everhart, 1989; 
Gilbertson, 1990; Lee, 1990; Themelis and Feder- 
man, 1990; “U.S. Firm Offers New Emerald Treat- 
ment,” 1990}. Last, because of the various dura- 
bility claims, jewelers and gemologists alike are 
trying to,relate various features (e.g., “flash ef- 
fects”; Kane, 1990) to specific processes. 

This article, the first of two parts on the 
fracture filling of emeralds, will focus on stones 
treated with Opticon (figure 1} as they compare to 
those filled with the more “traditional” cedarwood 
oil and Canada balsam. Following descriptions of a 
commercial Opticon treatment procedure as prac- 
ticed in Brazil and the identifying features of 
Opticon-treated stones, we will examine the rela- 
tive durability of the filling materials when sub- 
jected to standard jewelry cleaning and manufac- 
turing procedures. The second article in this series 
will describe the identifying features and dura- 
bility of the Yehuda, CRI, and Kiregawa treat- 
ments. 


THE OPTICON TREATMENT PROCESS 


Opticon Resin No. 22.4, an epoxy resin marketed 
by Hughes Associates of Excelsior, Minnesota, is 
widely available commercially. The Opticon (plus 
hardening agent) kits used for this study were 
purchased at two Los Angeles—area lapidary sup- 
ply shops (figure 2), 

A number of dealers have told the authors that 
Opticon treatment is used on the majority of 
emeralds mined at Santa Terezinha in Goias, Brazil 
(see, e.g., Koivula and Kammerling, 1989}, Re- 
cently, one of the authors (PM] visited Stone World 
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in Te6filo Otoni, Minas Gerais, Brazil, a firm that 
purchases and cuts rough emeralds (predomi- 
nantly from Santa Terezinha] and then markets 
them in Brazil, the U.S., and Europe. According to 
Mr. Sérgio Martins, president of Stone World, 
production averages 5,000—6,000 fashioned stones 
per month, approximately a third of which are 
relatively large and good quality. Most stones are 
in the 0.5- to 2.0-ct range, with about 10% in the 
2.0- to 5.0-ct range. 

After cutting, Stone World treats virtually all 
their emeralds with Opticon (figure 3). First, the 


Figure 2. Opticon treatment kits are available 
at lapidary shops throughout the U.S. Photo by 
Robert Weldon. 
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Figure 3. Treatment at Stone World, in Te6filo 
Otoni, Brazil, begins immediately after cutting. 
The stones are first cleaned in weak hydro- 
chloric acid, rinsed in water, and—as shown 
here—examined to make sure that any polish- 
ing compound or residual fillers (used on the 
rough) have been removed. Photo courtesy of 
Stone World. 


fashioned stones are cleaned, that is, they are 
soaked in dilute hydrochloric acid and rinsed in 
water. Mr. Martins indicated that the acid used is 
quite weak and that some treaters simply use 
lemon juice. The stones are cleaned not only to 
remove polishing compound but also to remove 
any residue of Opticon that the miners may have 
applied to the rough. 

Next, the cleaned stones are immersed in 
Opticon in small (50 mlj, heat-resistant Pyrex 
beakers. As many as 200 small stones may be 
placed in a single beaker. The beakers are then 
placed (uncovered) in a small oven and brought toa 
low temperature that is maintained for 24 hours. 
Considerable experimentation was done by Stone 
World to find optimal temperatures; they did not 
reveal those temperatures for proprietary reasons. 
However, one dealer familiar with Opticon sug- 
gests 95°C (203°F, J. Crescenzi, pers. comm., 1991), 
This gentle heating reduces the viscosity of the 
filler and thus helps it penetrate the fractures. 

After the stones are removed from the oven, 
they are left {still immersed in Opticon) to cool to 
room temperature. At this point, the emeralds are 
removed from the beakers and the hardening agent 
(or a mixture of Opticon and hardener; figure 4) is 
wiped across the entire surface of each stone. The 
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hardener is left on for 10 minutes; this “sets” the 
filler near the surface of the fractures, sealing the 
remainder of the still-liquid Opticon inside. Ac- 
cording to Mr. Martins, the excess hardening agent 
must be wiped off at about 10 minutes; at 15 
minutes, it is completely set and will require 
repolishing to remove. Thus, no more than 25~30 
stones can be treated at one time with the hard- 
ener. After the hardening treatment, the stones are 
washed with a mild solution of water and baby 
shampoo and rinsed in water. 

The stones are then carefully examined. Mr. 
Martins noted that approximately 15% must be 
recut at this point to repair surface damage that 
occurred during treatment. (Note: Although Mr. 
Martins did not elaborate on this damage, we 
observed minor chipping on the edges of some 
stones during our experimentation with Opticon 
treatment. This may be caused by the expansion of 
pre-existing fractures during heating.) After these 
stones are recut, they are cleaned again and then re- 
treated with Opticon. 

The above describes only one method used to 
treat emeralds with Opticon; there appear to be 
countless variations. For example, Gemlab Inc. of 
Clearwater, Florida, reportedly uses vacuum 
pumps to evacuate the fractures prior to filling, 
high pressure to force the filler into the fractures, 
and a radio-frequency thermal-wave transmitter to 
heat the filler during the filling process (Themelis 
and Federman, 1990). 


Figure 4. After Opticon treatment at Stone 
World, the emeralds are coated with a mixture 
of Opticon and hardener—here, being pre- 
pared—to seal the surface-reaching breaks. 
Photo courtesy of Stone World. 
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BOX A: 
USE OF GREEN-DYED OPTICON 


Not all of the “oiling” of emeralds is carried out with 
essentially colorless filling substances. It is well 
known that green oils and dyes are also used, primar- 
ily on pale, low-quality beryls that might not be 
accepted as emeralds in their untreated state (see, e.g., 
Fryer, 1981, Nassau, 1984). From the standpoint of 
disclosure, such enhancement is generally consid- 
ered dyeing rather than fracture filling. 

Colored Opticon is now being used on emeralds 
as well. Themelis {1990} noted that any of the filling 
agents he described (which include Opticon) could be 
mixed with green organic dyes. Stone World has also 
experimented with the use of green-dyed Opticon. 
According to Stone World’s Luiz Martins (pers. 
comm., 1991}, however, there was a higher incidence 
of breakage during the treatment process when the 
colored Opticon was used —for which no explanation 
was offered—and they use only untinted Opticon in 
their commercial treatment. Dealers at the February 
1991 Tucson show reported that colored Opticon was 
being used by some emerald treaters in Brazil 
(Koivula and Kammerling, 1991). 

In an effort to determine the effectiveness and 
identifying features of green-dyed Opticon, the inves- 
tigators made a number of attempts to mix Opticon 
with green coloring agents, These experiments met 
with limited success. In one, a small amount of 
Opticon was put in a test tube and a green coloring 
agent, marketed to color polyester casting resins, was 
added a drop at a time and mixed until a very dark 
green color was obtained. A near-colorless (very, very 
light blue) beryl that had been quench-crackled to 
produce numerous surface-reaching fractures was 
treated with the colored Opticon plus a hardener to 
seal the breaks. The resulting stone appears a light 
yellowish green face-up. Magnification combined 
with darkfield illumination revealed orangy yellow 
and blue dispersion flashes from the filled fractures, 
while diffused transmitted light revealed concentra- 
tions of light green color in the filled areas. 

In two other experiments, Opticon was mixed 


To document the appearance of stones before 
and after treatment, the authors developed their 
own treatment methods. Stones to be treated {all 
from the GIA reference gem collection] were first 
sent to CRI Laboratories in Grand Rapids, Michi- 
gan, for thorough cleaning to remove residue of 
previous fillings in the fractures. Tom Lee, presi- 
dent of CRI, indicated that they had found that the 
most effective cleaning method was to place the 
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Figure A-1, The combination of Opticon 
treatment and green dye in a colorless quartz 
similar to the stone on the left produced a 
radical change (right). Photo by Maha Smith. 


with powdered green dyes, one a commercial fabric 
dye and the other a substance marketed for dyeing 
gems. While both appeared to produce a dark green 
liquid Opticon, the quench-crackled colorless beryls 
and quartzes treated with these dyes remained essen- 
tially colorless, albeit nicely filled with essentially 
colorless Opticon. A commercial treater of emeralds 
who at one time had experimented with colored 
filling substances (T. Lee, pers. comm., 1991} indi- 
cated that the mixture of powdered dye and Opticon, 
rather than producing a solution, resulted in a fine 
suspension of dye particles in the Opticon. In the 
filling process, the dye was “filtered” out of the 
Opticon at the surface of the fractures, resulting in an 
essentially colorless filling. 

The final experiment involved essentially color- 
less quartzes that had previously been quench-crack- 
led and dyed green. The original transporting agent 
for the dye had since evaporated, leaving particles of 
green dye lining the walls of the fractures. These 
stones were then treated with undyed Opticon. The 
results (figure A-1} give an indication of the signifi- 
cant amount of color that might potentially be added 
to a stone with colored Opticon. 


stones in methylene chloride under a pressure of 
50 p.s.i. 

At GIA, the cleaned stones were placed in a 
heat-resistant glass beaker and heated for 10 to 20 
minutes in an oven set at approximately 95°C 
(203°F). While the stones were heating, a small 
amount of Opticon was placed in a small Pyrex test 
tube fitted with a rubber stopper pierced by a glass 
tube. The test tube containing the liquid was 
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placed in a pan of water and heated on a gas range 
until the water started to boil, in a few minutes, 
the viscosity of the liquid was significantly re- 
duced. The stones were then removed from the 
oven and placed in the preheated Opticon. After 
the stopper was replaced, the glass tube that 
pierced it was attached to a hand pump. A partial 
vacuum was then drawn and maintained at 0.5-0.8 
atm. for 10-50 minutes. The length of the treat- 
ment time varied with the size and number of 
stones being treated, as well as with the apparent 
success of the treatment process. Every few min- 
utes the test tube was removed from the water and 
the contents visually examined. If any minute 
bubbles were still rising from the stone({s) or 
significant unfilled areas were noted in fractures, 
the treatment was continued. When it was felt that 
no further filling would take place, the vacuum 
was released and the test tube was removed from 
the water and allowed to cool to room temperature. 
At this point, the stones were removed from the 
Opticon and were wiped clean of any excess liquid 
that remained. 

The stones were next immersed for a minute or 
two in Opticon hardener and then allowed to sit in 
air for 10 minutes before the excess hardener was 
wiped off. Last, the treated stones were rinsed in 
water and dried with a soft cloth. 

It appears that there are also variations with 
respect to the filling material itself. Stone dealers 
in Brazil told one of the authors (RCK) of anumber 
of hardening agents, produced for use with other 
resins, that have proved somewhat successful in 
extending the “life” of the filling when they are 
mixed with Opticon before it is used to fill 
fractures. One published report confirms this 
(Themelis and Federman, 1990}. The newest popu- 
lar hardening agent mixed with Opticon is a 
product called Nu Seal, which is commonly used 
to harden dental resins (J. Crescenzi, pers. comm., 
1991). However, there is some bias in the trade 
against this practice because it makes removal of 
the filling very difficult, should this become neces- 
sary. In this study, we used the hardener only as a 
sealant. 

For comparison purposes, the authors also 
treated emeralds, synthetic emeralds, and other 
beryls with cedarwood oil and with Canada bal- 
sam, the two most familiar “traditional” fillers. 
The same filling procedure as for Opticon was 
used, except that no hardener or other agent was 
applied to seal the filled breaks. 
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THE EFFECTIVENESS 

OF OPTICON TREATMENT 

The refractive index of Opticon, 1.545, is higher 
than that of either the cedarwood oil (1.512) or 
Canada balsam (1.520) we used and thus closer to 
the R.I. range of natural emerald (1.577 to 1.583 + 
0.017). Opticon may be, therefore, somewhat more 
effective in improving the apparent clarity of 
emeralds that have surface-reaching fractures. In- 
dividual fractures that were easily seen with the 
unaided eye before treatment often could not be 
detected without magnification after the filling 
procedure. Some stones used in our study had 
localized areas of dense fractures that, before 
treatment, collectively reflected and scattered so 
much light that they gave the areas a whitish 
appearance (figure 5, left). After treatment, such 
areas appeared green (figure 5, right). In fact, in 
some stones this reduction in light scattering also 
appeared to increase the depth of color. 


IDENTIFYING FEATURES NOTED 
IN OPTICON-TREATED STONES 
The authors performed some preliminary tests on 
the liquid resin itself. Opticon is transparent and 
near-colorless, showing only the slightest hint of 
yellow. As mentioned above, it has a refractive 
index of 1.545. It fluoresces weak to moderate 
white-blue to long-wave ultraviolet radiation, with 
no phosphorescence; it is inert to short-wave U.V. 
The characteristics described in this section 
were determined on the following Opticon-treated 
stones: three emeralds treated and provided by 
Stone World (1.03, 1.19, and 2.65 ct]; 24 emeralds 
treated by the authors (ranging from 0.20 to 5.74 
ct}; and one hydrothermal synthetic emerald (0.37 
ct} that was first intentionally fractured (“quench 
crackled”) by the authors using thermal shock. 


Visual Observation. As mentioned above, Opticon 
treatment produced a marked improvement in 
apparent clarity. In some cases, the reduction in 
reflections and light scattering appeared to have 
improved the color as well. 

Although for the most part the treated breaks 
were not visible to the unaided eye, some treated 
stones — especially those with the greatest number 
of filled breaks—showed a less-than-ideal trans- 
parency, or an optical distortion, that did not 
appear to be due to inclusions and would not be 
expected in a “flawless” single-crystal gem mate- 
rial (again, see figure 1 and figure 5, right). The 
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Figure 5. Before treatment (left) the whitish, reflective areas of dense fractures are easily seen in this 5.71-ct 
emerald, After treatment (right), most of the whitish areas are no longer visible. Photo © GIA and 
Tino Hammid. 


effect is reminiscent of the so-called “heat-wave 
effect” noted in some hessonite garnets and the 
“treacle” color zoning often observed in rubies 
from Burma. 


Ultraviolet Fluorescence. A relatively small per- 
centage of the Opticon-treated fractures fluo- 
resced a weak, chalky white to white-blue, similar 
to Opticon itself, to long-wave ultraviolet radia- 
tion. The others did not fluoresce, and all were 
inert to short-wave U.V. 


Magnification. Magnification in conjunction with 
various lighting techniques revealed numerous 
identifying features. We did not see all of the 
features described below in all of the Opticon- 
treated emeralds examined, but we observed at 
least one in every stone. 


Locating Where Filled Fractures Reach the Sur- 
face. The most constant visual feature of filled 
fractures is their very low relief. An untreated 
break —that is, one that contains air rather than a 
filling material such as Opticon— would have high 
relief, making it quite noticeable, even to the 
unaided eye. However, in addition to fractures, 
emeralds often contain numerous crystalline and 
fluid inclusions (see, e.g., Giibelin and Koivula, 
1986} that can complicate the location and identi- 
fication of filled fractures. 

Thus, the first step in detecting possible filled 
fractures is to locate where any breaks reach the 
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surface. An effective way of determining this is to 
position a light source close to the surface of the 
gemstone, so that only the surface is viewed in 
reflected light. The best results are obtained 
with an intense incandescent light source—such 
as that provided by fiber-optic illumination, a 
Tensor lamp, or a coaxial illuminator system — 
rather than fluorescent light. In this surface- 
reflected light, the fine, hairlike lines that mark 
the entry points of the fractures will often be 
readily visible (figure 6}. 

Another method is to use darkfield illumina- 
tion and, holding the stone low in the microscope 
well, rock it until light reflects off the surface 
being examined. If entry points are detected, it is 
then easy to examine the interior of the stone 
immediately under those points. 


Dispersion Flash Effects. The majority of the filled 
breaks exhibited flashes of dispersion color similar 
to the orange and blue flash effects shown by some 
diamonds with filled separations (see, e.g., Koivula 
et al., 1989). Examined nearly edge-on—that is, 
approaching a direction parallel to the plane of the 
fracture—some filled breaks in the Opticon- 
treated emeralds exhibited a slightly orangy yel- 
low dispersion color: The entire fracture or a large 
portion of it seemed to “light up” with this color 
(figure 7, left), When the stone was rocked very 
slightly—in some, but not all instances—this 
changed to blue (figure 7, right}. In instances where 
the blue flash was not noted, the filled break would 
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Figure 6. The use of surface-reflected light with 
the microscope enables the location of surface- 
reaching fractures in treated emeralds. Photo- 

micrograph by John I. Koivula; magnified 25x. 


flash orange, seem to disappear, and then reappear 
as the stone was rocked back and forth. At first, we 
thought that the green body color might be par- 
tially masking the blue flash. However, Opticon- 
filled fractures in near-colorless beryls that we 
treated also showed the orange flash alone more 
consistently than with the blue flash. 

Both darkfield and oblique fiber-optic illu- 
mination were effective in revealing these flashes. 
Horizontal fiber-optic illumination was also effec- 
tive alone or in conjunction with darkfield light- 
ing. In some instances, this latter technique re- 


vealed a blue flash that was not noted with 
darkfield conditions alone. In many instances, we 
detected at least an orange flash using transmitted 
light; and in some, we detected dispersion flash 
colors with diffused overhead illumination. 

We found these flash effects to be less prevalent 
in the Opticon-treated emeralds than in diamonds 
with filled surface-reaching separations we have 
examined (see Koivula et al., 1989}. They were not 
observed in any of the cedarwood oil— and Canada 
balsam-treated stones we examined. 


Trapped Bubbles. Discontinuities, actually flat- 
tened bubbles in the filling, were noted in many of 
the filled breaks with darkfield, oblique or pin- 
point fiber-optic, or overhead illumination. Unlike 
natural, unfilled breaks, which have a mirror-like 
appearance, these bubbles were always at least 
partially surrounded by filled areas that were 
either transparent or “cloudy.” With overhead 
illumination, some trapped bubbles exhibited 
bright interference colors, a thin-film effect simi- 
lar to that seen in some natural, partially healed 
fractures. The trapped bubbles occurred in a great 
variety of sizes and shapes, singly and in groups 
(see, e.g., figure 8). 


Outlining of Fractures. Careful examination with 
darkfield or fiber-optic illumination often revealed 
a faint outlining of the filled breaks. This was 
generally noted at an oblique angle of observation, 
as when the plane of the break was at approx- 
imately 45° to the line of sight. 


Figure 7. A slightly orangy yellow flash (left) was observed in the filled fractures of this Opticon- 
treated emerald, When the stone was tilted slightly and the background became lighter, the flash 
turned blue (right). In some stones, only one color is seen. Photomicrograph by John I. Koivula; 

magnified 20x. 
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Flow Structure. Some filled breaks revealed a flow 
structure that gave them a faintly textured appear- 
ance, in some cases reminiscent of the so-called 
“heat-wave” effect sometimes noted without mag- 
nification. This was best seen using darkfield 
illumination with the stone positioned so that the 
background became brighter through secondary 
reflection from back facets (figure 9). The presence 
of air bubbles trapped along such “flow planes” also 
helps delineate these areas. 


Cloudy Areas. In some of the filled breaks, we 
noted small, irregular, slightly whitish cloudy 
patches with a somewhat textured appearance. 
These may represent a partial alteration of the 
filler. One trade press report cites claims that 
Opticon-filled breaks become “cloudy after several 
months” (Everhart, 1989). 

It is possible that at least some of these cloudy 
areas may be due to an incomplete reaction of the 
Opticon with the hardening agent. To test this, we 
placed a small amount of Opticon on a glass 
microscope slide and incompletely mixed it with a 
drop of the hardening agent. After approximately 
20 minutes, we noted whitish, swirled, “cloudy” 
areas interspersed with still-colorless, transparent 
areas. This suggests that the hardening agent may 
partially penetrate the filled break and cause an 
incomplete localized reaction. 


TRT Reaction. A thermal-reaction tester (“hot 
point”) brought close to the surface of the stone 
will typically cause an unsealed fluid-filled break 
to “sweat” out some of the filler. Although we 
found that, for the most part, the fluid would not 
“sweat” out of an Opticon-treated break that had 
been sealed at the surface with hardener, with 
magnification we did observe visible movement of 
the still-liquid filling in the fractures. Note that 
because this procedure is potentially destructive, 
it is not recommended for routine testing. 


Other Tests. One commercial treater recommends 
immersion microscopy as the best means of de- 
tecting fracture filling (Themelis and Federman, 
1990; Themelis, 1990}. With this method, the 
stone is immersed in a liquid with an RI. very 
close to that of the stone being tested; for emerald, 
he suggests using bromoform, which has an R.I. of 
1.56. Anything within the immersed stone should 
be visible to the degree to which its R.I. varies from 
that of the emerald. In addition to filled fractures, 
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Figure 8. Trapped air bubbles may be an impor- 
tant identifying feature for filled emeralds, Al- 
though they vary greatly in size and shape, 
large bubbles with irregular outlines—such as 
those illustrated here in an Opticon-treated em- 
erald—are not unusual, Some of the bubbles 
may be highly reflective with a silvery white 
hue. Photomicrograph by John I. Koivula; mag- 
nified 15x. 


this would include crystalline inclusions, unfilled 
voids, and fluid inclusions. 

Unfortunately, the immersion liquid might 
also act as a solvent that could partially remove 
near-surface filling material. As mentioned above, 
tests that are potentially destructive to either the 
host material or the treatment should be avoided 
for routine gem identification. Moreover, the bro- 
moform might enter breaks in untreated emeralds, 


Figure 9. Careful examination of the areas sur- 
rounding trapped air bubbles will sometimes 
reveal subtle flow structures within the filling 
agent, which in this case is Opticon. Photo- 
micrograph by John I. Koivula; magnified 20x. 
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BOX B: 
CAVITY FILLING 


While this article focuses on the use of Opticon for 
filling fractures, it is apparent that other irregu- 
larities, such as surface cavities, could also be filled 
with hardened Opticon and similar substances. One 
emerald examined by the GIA Gem Trade Laboratory 
had a surface cavity filled with a soft, “plastic-like” 
substance. The stone also had been fracture-filled 
(Hurwit, 1989), 

Discussions with one dealer familiar with Opti- 
con treatment indicated that sometimes, in the 
course of treatment, the point where a fracture breaks 
the surface of a stone becomes enlarged, producing a 
cavity. Such a fracture is first filled with Opticon, 
after whicha mixture of hardener and Opticon is used 
to simultaneously seal the break and All the cavity. 
Alternatively, the Opticon may be mixed ata 1:1 ratio 
with Nu Seal (J. Crescenzi, pers. comm., 1991}, 

Another report suggests using Opticon to fill 
fractures and then a different epoxy resin, Epoxy 330 


Figure B-1, This filled pit in an emerald shows 
spherical gas bubbles trapped within the epoxy. 
Photomicrograph by John I. Koivula; darkfield 
illumination, magnified 30x. 


causing them to be unintentionally filled. Last, 
bromoform is highly toxic. 


COMPARISON WITH CEDARWOOD OIL 
AND CANADA BALSAM 


As mentioned earlier, cedarwood oil and Canada 
balsam have historically been the preferred sub- 
stances for filling fractures in emeralds. For com- 
parison purposes—in terms of effectiveness and 
identifying features — we treated two groups of five 
samples, one with cedarwood oil and the other 
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Figure B-2, Epoxy-treated surface pits in an 
emerald may be only partially filled. 
Photomicrograph by John I, Koivula; surface- 
reflected illumination, magnified 15x. 


(which is marketed by the same firm that markets 
Opticon), to fill cavities (Jones, 1986), The authors 
obtained some of this product for experimentation. 
First, we mixed equal amounts of this epoxy resin 
with its hardener and allowed it to cure on a glass 
slide. The resulting hardened substance was transpar- 
ent to semitransparent and colorless. 

We then mixed additional epoxy and hardener 
and used it to fill surface cavities of various shapes 
and sizes on both natural and synthetic emeralds. 
After a minimum of 24 hours, the excess cured epoxy 
was polished down to the level of the stones’ surfaces. 
The filled cavities can be readily identified with 
magnification and darkfield or surface-reflected illu- 
mination, In addition, they may contain gas bubbles 
(figure B-1}, and some pits may be only partially filled 
(figure B-2], As is the case with rubies and sapphires, 
however, such fillers generally are not as durable as 
the host gem. If the cavities are large, the filler could 
add to the weight of the stone. 


with Canada balsam. Each group consisted of three 
emeralds ranging from approximately one-half to 
one-and-a-half carats, one flux-grown synthetic 
emerald less than a carat, and one very pale (near 
colorless) aquamarine of approximately 2 ct. Addi- 
tional beryls were fracture filled for durability 
testing (see below). 

All of the treated stones showed clarity im- 
provement, although some breaks were still evi- 
dent. Both fillers especially improved the appear- 
ance of the pale aquamarines, in which extensive 
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fractures had been induced by quench crackling. 
With magnification, it was relatively easy to detect 
the filled breaks, which generally exhibited a 
slightly higher relief than did Opticon-filled 
breaks. In all cases, the cedarwood oil-and Canada 
balsam-treated stones could be positioned so that 
the fractures produced bright reflections that 
plainly revealed their contours— more clearly than 
in the Opticon-treated stones. We also noted some 
irregular trapped bubbles. Additionally, some frac- 
tures filled with cedarwood oil had areas that 
appeared to contain a whitish material, perhaps 
representing some of the oil that had dried out (or 
residue from a previous filler that had not been 
completely removed). Combined darkfield and pin- 
point fiber-optic illumination revealed a muted 
orange dispersion effect in some of the breaks in 
the Canada balsam—filled aquamarine but not in 
any of the other samples. 

The filled fractures in the five samples treated 
with cedarwood oil were inert to both long- and 
short-wave ultraviolet radiation. Filled fractures in 
all the Canada balsam-treated samples exhibited a 
weak greenish yellow to yellow fluorescence to 
long-wave U.V. radiation, with no phosphores- 
cence; they were inert to short-wave U.V. 

In general, for purposes of identification, the 
only consistent difference we noted between 
stones we treated with either cedarwood oil or 
Canada balsam and those filled with Opticon was 
the presence of the orange or blue flash in the 
Opticon-treated emeralds. However, we do know 
from our investigation of other filling materials (as 
will be described in part 2} that these flash effects 
are not specific to Opticon and can occur when 
other fillers are used. 


DURABILITY OF TREATMENT 

Of key concern is the durability of a filled stone 
during norma! cleaning procedures, as well as the 
stability of the filling material itself. Ringsrud 
(1983) related the claims of several Colombian 
emerald dealers that “since the majority of emer- 
alds have such fine fractures .. . the oil seldom 
dries out or, at the very least, the natural oils of the 
wearer replace the oil in the stone.” Ringsrud, 
however, went on to state that there is variability 
in the permanence of this treatment. Nassau 
(1984) mentioned a number of specific factors — 
heat, reaction with atmospheric oxygen, contact 
with solvents, and cleaning procedures -—that 
could negatively affect emerald fillings. Others 
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(e.g., Crowningshield, 1972; Mumme, 1982, Web- 
ster, 1983; Martin, 1987} have also warned against 
using various cleaning techniques on oiled emer- 
alds, as these could remove the filling material. In 
particular, oiled emeralds that have been subjected 
to ultrasonic cleaning or exposed to high tempera- 
tures have been known to exhibit whitish dendri- 
tic deposits in the fractures, residue of oil that has 
dried out (Crowningshield, 1984). 

To test the durability of Opticon treatment 
relative to “oiling,” we first subjected some of the 
stones we had treated by the different methods to 
ultrasonic and steam cleaning. 


Ultrasonic Cleaning. For this portion of the inves- 
tigation, we used a Gesswein Ultrasonic Cleaner 
model 87 containing BRC, a standard jewelry 
cleaning solution. The unit was set to the high 
setting and the heating element was turned on. 
Stones to be tested were put in a perforated plastic 
container which was then placed in the ultrasonic 
unit. Stones were checked at five-minute intervals 
for any change in appearance; total time in the 
unit was 30 minutes for each stone. 

The results of cleaning at five-minute inter- 
vals for a 1.94-ct pale aquamarine treated with 
Canada balsam, a 1.78-ct pale aquamarine treated 
with cedarwood oil, and two Opticon-treated pale 
aquamarines (1.88 and 3.11 ct) are reported in table 
1. Of the four stones, the two treated with Opticon 
appeared to have held up significantly better to 
this cleaning procedure than the Canada balsam— 
and cedarwood oil-treated stones. The overall 
negative effect and amount of material removed 
from these latter two stones appeared roughly 
equivalent (see, e.g., figure 10]. 

The ultrasonic cleaning procedure used in this 
phase of testing was admittedly more severe than 
that to which a jeweler would normally submit a 
stone. However, this test may realistically repre- 
sent the cumulative effects of repeated ultrasonic 
cleanings on a fracture-filled stone. While the 
amount of material removed may have been minor, 
fractures that could not be seen without magnifi- 
cation before cleaning were eye visible afterward. 
This, in turn, could leave a jeweler open to claims 
of damaging (or even switching) a stone. 


Steam Cleaning. Stones subjected to various filling 
treatments were also cleaned with a Reimers 
Model JR steam cleaner to test the fillings’ dura- 
bility to this procedure as well. In all cases, stones 
were initially subjected to a pressure of 60 p.s.i. and 
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Table 1. Results of the ultrasonic cleaning of “filled” pale aquamarines. 


Weight Treatment Results (minutes) 
(ct) material = 
5 10 15 20 25 30 
1.94 Canada Fine-appearing — Additional Two fractures Same two Same two Same two 
balsam fractures fractures more fractures fractures fractures more 
visible break- visible noticeable appear larger appear larger prominent 
ing pavilion 
surface 
1.78 Cedarwood A few surface- | Numerous Same fractures Same fractures Same fractures Same fractures 
oil reaching additional fine more more visible; more visible more visible 
fractures on fractures vis- prominent one breaking 
pavilion ible breaking table surface 
appear as both crown appears 
hairline marks and pavilion iridescent in 
one area 
1.88 Opticon No apparent Some pavilion- | Same fractures No additional No additional No additional 
change breaking slightly more change change change 
fractures visible 
appear as faint 
whitish lines 
Sel Opticon No apparent No apparent No apparent No apparent No apparent Three surface- 
change change change change change reaching 
fractures 
noticeable on 
crown 


held approximately '/2 to 1 in. from the steam 
nozzle. After about five minutes, when the pres- 
sure had dropped to about 30-35 p.s.i., the stones 
were examined. The pressure in the unit was 
allowed to build to 60 p.s.i. again and the stones 
were steam Cleaned for an additional five minutes. 
They were then re-examined, and the steam 
cleaning was subsequently repeated for a third 
five-minute period. During this testing, both the 
crown and pavilion surfaces were exposed to the 
steam jet for roughly equal periods of time. 

The results of this testing for a 3.98-ct pale 
aquamarine treated with Canada balsam, a 1.75-ct 
pale aquamarine treated with cedarwood oil, a 
2.83-ct Opticon-treated pale aquamarine, and a 
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3.24-ct colorless beryl treated with Opticon are 
reported in table 2. Although all four stones had 
poorer apparent clarity after the steam cleaning, 
the Opticon-treated stones seemed to have been 
affected the least. In all cases, the steam cleaning 
appeared to have removed more of the filling than 
did ultrasonic cleaning. Even the Opticon-treated 
stones, which are “sealed” at the surface, lost some 
filling material (figure 11); possibly, the prolonged 
attack at least partially broke through the hard- 
ened areas, creating exit points for the still-fluid 
Opticon. Again, although a jeweler would not 
normally steam clean a colored stone for five 
minutes or more, the results could represent the 
likely effects of multiple cleanings. 


Figure 10. Before ultra- 
sonic cleaning, no frac- 
tures were visible in this 
1.78-ct cedarwood oil- 
treated aquamarine 
(left). Within 10 minutes 
in the ultrasonic, some 
of the oil had been re- 
moved; after 25 minutes, 
a noultitude of fractures 
had become visible (right). 
Photos by Maha Smith. 
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Table 2. Results of the steam cleaning of “filled” pale aquamarines. 


Weight Treatment Results (minutes) 
(ct) material = = 
5 10 15 
3.98 Canada baisam Some filled Larger fractures Some fractures 
fractures visible more visible; all more noticeable 
surface-reaching 
fractures had some 
filling removed 
sere) Cedarwood oil Large number of Fractures more “Fuzziness” more 
hairline-appearing visible; slight pronounced 
fractures visible “fuzzy” appearance 
to stone 
2.83 Opticon No apparent Several white Same fractures 
change hairline fractures more visible 
visibte on pavilion 
3.24 Opticon One crown-breaking Three fractures No additional 
fracture visible visible change 


REACTION OF OPTICON-TREATED 
STONES TO JEWELRY SETTING 
AND REPAIR 


Another important durability consideration is the 
potential for damage to stones during jewelry 
setting or repair procedures. For example, a num- 
ber of reports (e.g., Crowningshield, 1972; 
Themelis:and Federman, 1990) warn bench jew- 
elers that' failure to detect filled fractures might 
result in excessive pressure being exerted on the 
stones during setting. Therefore, we performed a 
number of additional tests on Opticon-treated 
stones to determine how well they held up to other 
conditions that might be experienced. 


Retipping Prongs. As mentioned above, Opticon is 
a very slightly yellow, almost colorless substance. 
During the treatment procedure — which included 
heating the Opticon-immersed stones in hot wa- 
ter— we noted a gradual darkening of the Opticon 
to a medium yellow after about two hours. This 
might not have a noticeable effect on the color of 


Figure 11, Before steam 
cleaning, no major 
fractures were evident in 
this 2.83-ct Opticon- 
treated aquamarine (left). 
Steam cleaning for 15 
minutes resulted in 
partial removal of the 
Opticon, making the 
fractures readily 
apparent {right}. Photos 
by Maha Smith. 
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an emerald or other medium to dark stone that has 
been Opticon-treated. However, it could conceiva- 
bly influence the appearance of a pale or colorless 
stone, although probably no more than would 
Canada balsam. 

The retipping of prongs requires significantly 
higher temperatures. Although the retipping of 
prongs with an emerald in place is generally 
discouraged, it is occasionally done. There is also 
the risk that a stone other than emerald may have 
been fracture filled (see Box C). Therefore, we 
subjected a 2.40-ct Opticon-treated colorless beryl 
to the heat that would be generated in retipping 
prongs. To this end, the stone was secured in 
tweezers and held against a charcoal block. A 14k 
white hard solder with a 14k bead was then placed 
on a corner facet. The stone was evenly preheated 
with a #40 torch tip for approximately five sec- 
onds; then the torch was brought to bear on the 
solder until it flowed onto the bead, simulating 
retipping. This procedure caused the Opticon to 
flow out of fractures in the vicinity of the bead and 
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produce a brownish residue on the surface of the 
stone (figure 12). 


Metal Polishing. Both friction-generated heating 
and abrasive action take place during the polishing 
of metal prongs. To determine what, if any, nega- 
tive effect this might have on a mounted stone 
with Opticon-filled fractures, a 1.20-ct treated 
colorless beryl was held in grooved locking tweez- 
ers, which were then “polished” for 30 seconds on 


Opticon has also been recommended for treating 
cracks in fashioned stones and mineral specimens of 
agate, quartz, beryl, topaz, tourmaline, and “any 
other transparent hard gem with a refractive index 
close to Opticon” (Jones, 1986). From time to time, 
the GIA Gem Trade Laboratory has detected fillings 
in fractures in other faceted gemstones — including 
pink, green, and blue tourmalines, blue sapphire, and 
green zoisite—although the feeling is that these 
usually have been treated with oils. To explore the 
effectiveness of Opticon in filling fractures in other 
gem materials, the authors induced fractures in three 
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BOX C: OPTICON AND OTHER GEMS 


a high-speed (3450 rp.m.)} 4-in. (10-cm) stitched 
muslin buff impregnated with tripoli compound. 
This had no effect on the appearance of the stone to 
the unaided eye. The procedure was then repeated, 
using a rouge buffing wheel impregnated with 
Bendick’s rouge compound. Although we saw no 
effect with the unaided eye, magnification re- 
vealed some extremely fine whitish areas along a 
large filled fracture that broke the surface of the 
stone close to where the metal had been polished 


(1.88, 2.83, and 4.54-ct) faceted, light greenish blue 
aquamarines; a 7.58-ct faceted medium purple ame- 
thyst; a 2.59-ct dark green tourmaline cabochon; a 
2.87-ct faceted light, slightly greenish blue synthetic 
spinel; and a 3.34-ct faceted medium-dark green-blue 
synthetic spinel, Also treated were two essentially 
colorless cat’s-eye tourmaline cabochons of 1.81 and 
3.68 ct, 

The improvement in appearance was most no- 
ticeable in the faceted aquamarines (see, e.g., figure 
C-1)and amethyst (figure C-2), fractures that showed 
high relief before treatment could not be detected 


Figure C-1, The fractures 
in this 4.54-ct 
aquamarine were readily 
apparent before Opticon 
treatment (left) and 
almost invisible 
afterward (right). Photos 
by Maha Smith (left) and 
© GIA and Tino 
Hammid (right). 


Figure C-2, Because its 
refractive index is close 
to that of Opticon, 
quartz also responds 
favorably to filling with 
this substance, as 

seen in this 7.58-ct 
amethyst before {left} 
and after (right) 
treatment. Photos by 
Maha Smith. 
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(figure 13]. Apparently, the hardened Opticon had 
been abraded by the action of the wheel. 


Ultraviolet Radiation. Another concern is the 
stability of the filling material itself. According to 
one report (Themelis, 1990], the various materials 
used to fill emeralds, including Opticon, are not 
stable to light unless various “plasticizers” are 
used. As one test to determine the stability of 
Opticon, an Opticon-treated near-colorless beryl 


was exposed to short-wave ultraviolet radiation 
from a 4-watt fluorescent lamp for approximately 
36 hours. This appeared to have no effect on the 
filling material. 


DISCUSSION 

Opticon would seem to offer some advantages over 
Canada balsam and cedarwood oil for filling frac- 
tures in emeralds. Because it is closer in refractive 
index to emerald than either of the other sub- 


Figure C-3. Even though 
the refractive index of 
tourmaline is somewhat 
higher than that of 
Opticon, treatment of 
this 2.59-ct tourmaline 
(left) still produced 
significant improvement 
in the apparent clarity of 
the stone (right). Photos 
by Maha Smith. 


ace 


with the ‘unaided eye after filling. This is to be 
expected, as the refractive indices of these two gem 
materials {aquamarine = 1.560-1.566 and amethyst 
= 1,544-1.553} are quite close to that of Opticon 
(1.545). The R.1. of tourmaline, about 1.624—1.644, is 
further from that of Opticon; even so, the improve- 
ment here, too, was very good (figure C-3}. Only when 
the difference in refractive index between the gem 
and the filling material was considerably greater, as in 
the case of the synthetic spinel (R.I. 1.728; figure C-4}, 
did the fractures remain visible to the unaided eye. 
Yet even in this case, we saw an overall improvement 
in apparent clarity. The filling of the growth tubes in 
the cat’s-eye tourmalines caused these to become 


Figure C-4. Because the 
refractive index of spinel 
is considerably higher 
than that of Opticon, 
treatment is less 
effective, Many of the 
fractures visible in this 
3.34-ct stone before 
Opticon treatment (left} 
were still apparent after 
treatment (right). Photos 
by Maha Smith. 


much less noticeable, so that the stones appeared 
more transparent after filling. 

All features of filled breaks in the aquamarines 
were consistent with those previously noted in emer- 
alds. This was also the case with the amethyst, with 
the exception that overhead fluorescent lighting re- 
vealed blue but no orange flashes from many of the 
filled breaks (both colors were noted under darkfield 
conditions). Irregular gas bubbles, but no dispersion 
colors, were noted in filled fractures and filled growth 
tubes in the green tourmaline. Both darkfield and 
overhead illumination clearly revealed the outlines of 
the filled breaks in both synthetic spinels; again, no 
flash effects were noted. 
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Figure 12. When this Opticon-treated beryl was 
exposed to the heat of a jeweler’s torch during a 
procedure approximating the retipping of 
prongs, Opticon boiled out of some of the 
fractures and darkened, leaving a brown 
residue on the surface. Photomicrograph by 
John I. Koivula; magnified 30x. 


stances, it may be more effective in masking 
surface-reaching breaks. Detection of any of these 
treatments is best accomplished using magnifica- 
tion with a variety of lighting techniques. 

With respect to durability, extended ultrasonic 
and steam cleanings appear to remove less filling 
material from sealed, Opticon-filled breaks than 
from breaks filled with either Canada balsam or 
cedarwood oil, indicating that the former is a more 
durable treatment. 

The long-term durability of Opticon-filled 
fractures is not known at this time. It is possible 
that the sealing of filled fractures at the surface of a 
stone may inhibit or retard alteration/decomposi- 
tion of the filler itself by preventing direct expo- 
sure to air, airborne caustic agents, or solvents. 
Such sealing at the surface might also extend the 
effective life of other fracture-filling substances. 


CONCLUDING COMMENTS 


This investigation has focused on the fracture 
filling of emeralds using the epoxy resin marketed 
under the brand name Opticon, which is sealed at 
the surface of the stone to which it has been 
applied, and has compared this to fracture filling 
using cedarwood oil and Canada balsam. 
However, it appears that a number of sub- 
stances —or combinations of substances — are now 
being used to fill surface-reaching fractures in 
emeralds and other gems. Themelis (1990] men- 
tions that Canada balsam or other resins may be 
mixed with cedarwood oil or other oils. Various 
other oils have also been used, including castor, 
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Figure 13. Rapid polishing of the prongs that 
held this Opticon-treated beryl resulted in 
abrasion of the hardened Opticon at the surface 
of the stone. Photomicrograph by John I. 
Koivula; magnified 50x. 


coconut, corn, linseed, lubricating, mineral, Neats- 
foot, olive, palm, peanut, rapeseed, soybean, tung, 
and whale (Nassau, 1984}. In the course of this 
investigation, the authors experimented with addi- 
tional substances for fracture filling, all of which 
improved the apparent clarity of the treated stones 
to some extent; two in particular, a U.V—curing 
glue and a polyester casting resin (the latter, R.I. of 
1.555], were very effective. 

More recent reports note that an apparently 
new type of low-polymer epoxy resin is being used 
to treat the majority of emeralds being imported 
into Japan from Colombia (“Fluid Epoxy Resin 
Reported in Emerald Fractures,” 1991; “Filled 
Emeralds,” 1991}. The substance, referred to as 
“palm oil,” reportedly has an RI. of 1.57 and 
exhibits trapped bubbles and weak bluish green to 
orangy red dispersion colors. The reports also 
mention emeralds filled with a cyano-acrylic that 
exhibits a white brushmark-like appearance in 
fractures. A third filling substance mentioned is a 
hardened epoxy resin that exhibits very few bub- 
bles and no dispersion colors. 

As mentioned at the beginning of this article, 
we do know of other, proprietary treatments being 
used on emeralds, including the one offered by the 
firm that pioneered what has become known 
colloquially as the “Yehuda” procedure for filling 
fractures in diamond; another, offered by CRI 
Laboratories of Grand Rapids, Michigan, which 
has received widespread notice in the trade press; 
and a third, being offered commercially in Japan. 
The investigators are in the process of examining 
stones treated by these processes, reports on these 
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findings will be published in the second part of this 
series. 

What appears obvious at this stage in our 
investigations, however, is that there is consider- 
able overlap in the gemological features of filled 
surface-reaching breaks regardless of the sub- 
stances used, It would, therefore, seem both inap- 
propriate and misleading, in describing a filled 
fracture, to use wording that implies that the 
filling substance has been conclusively identified 
if in fact it has not. It would also seem unwise to 
use the term oiling as a general term to refer to 
emeralds with filled surface-reaching breaks. In- 
stead, a generic term referring to the treatment 
process would be better advised. The general 
process so described herein is fracture filling. The 
GIA Gem Trade Laboratory uses the following 
statement, as appropriate, on identification 
reports: “Note: Foreign material is present in some 
fractures reaching the surface.” 

The GIA Gem Trade Laboratory has peri- 
odically encountered gem materials other than 
emeralds and diamonds that have been fracture 
filled. It would seem prudent, therefore, to keep in 
mind the possibility of filled surface-reaching 


breaks when examining any gem material. 

While Opticon-filled breaks appeared to with- 
stand both ultrasonic and steam cleaning better 
than breaks treated with either cedarwood oil or 
Canada balsam, prolonged exposure to either 
cleaning method adversely affected stones treated 
with any one of these three substances. It would 
thus appear inadvisable to use these procedures 
when such fillings are present or even suspected 
(as is believed to be the case with most emeralds). 
High temperatures and surface abrasion, as associ- 
ated with some jewelry repair procedures, were 
also shown to negatively affect Opticon-filled 
stones. It would thus seem prudent to remove 
stones suspected of treatment from their mount- 
ings whenever possible before repair procedures 
are attempted. 
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EMERALDS FROM THE 
Urat Mountains, USSR 


By Karl Schmetzer, Heinz-Jiirgen Bernhardt, and Rudolf Biehler 


Emeralds are again being mined in the 
historic district of the Ural Mountains. 


Physical, chemical, spectroscopic, and mi- 


croscopic characteristics of stones from the 
recent production are presented and com- 
pared with data on older samples as well 
as those reported in the literature. Chemi- 
cal analysis and visible and infrared spec- 
troscopy provide information on crystal 
chemistry and color-causing trace ele- 
ments that is useful both to characterize 
these stones and to separate them from 
their synthetic counterparts. A variety of 
mineral inclusions as well as liquid, two- 
phase, and three-phase inclusions were 
seen with magnification. All of the data 
are critically evaluated with respect to 
the confirmation of unknown samples as 
Uralian. 
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‘istorically, the most important emeralds came from 
e famous mining districts of Muzo and Chivor, in 
Colombia, and from the Ural Mountains of Russia (figure 
1). Emeralds were discovered in Russia in 1830, near the 
Takovaya River, about 90 km northeast of Sverdlovsk 
(formerly Ekaterinburg), on the east side of the Ural 
Mountains (Bauer, 1896}. Significant amounts were pro- 
duced through the 19th and into the early 20th century. For 
the last several decades, however, emeralds from this 
source were only occasionally available —either historic 
stones or stones that resulted from the limited mining that 
continued in the region. 

Today, though, there appear to be large quantities of 
Russian emeralds entering the trade, many of very fine 
color (figure 2). Faceted stones as large as 37 ct have been 
reported (figure 3). Soviet colleagues (e.g., V. Balitsky, 
pers. comm., 1991) have told the authors that these 
emeralds are from a mine called Malysheva, situated in the 
old Takovaya River mining area. Apparently, the Maly- 
sheva mine has been exploited in recent decades for 
beryllium, with emerald as a byproduct. Not until 1990, 
however, when a joint venture called Emural was formed 
between the Soviet government and a Panamanian com- 
pany (that includes two Israeli partners} to cut and market 
the emeralds, did significant quantities of Russian emer- 
alds appear in the market (see, e.g., “New Joint Venture to 
Market Soviet Emerald,” 1990; “USSR Supplies Rough 
Emerald to Israel,” 1991; B. Harel, pers. comm., 1991). 

Although a small number of Russian emeralds have 
been included in modern research into the diagnostic 
properties of natural and synthetic emeralds (e.g., Schra- 
der, 1983; Stockton, 1984; Schwarz, 1987), no general 
summary of physical, chemical, and gemological charac- 
teristics of Uralian emeralds has been published since the 
appearance of the detailed study of inclusions in gem- 
stones by Gtibelin (1953). Relatively recent papers in 
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Russian published by Lokhova et al. (1977), Zher- 
nakoy (1980), Granadchikova et al. (1983), and 
Gromov et al. (1990), which might fill this gap, are 
generally not accessible to non-Russian-speaking 
gemologists. 

The authors selected 100 fashioned samples 
from a parcel of more than 1,000 Russian emeralds 
that had recently entered the marketplace. On the 
basis of his decade-long study of known samples 
from the Takovaya River mining area, the senior 
author concluded that the properties of these new 
samples were identical to those of alder emeralds 
known to have come from this general mining 
district. To characterize this new production for 
the gemological community, the authors con- 
ducted a comprehensive gemological, spec- 
troscopic, and chemical study of these 100 stones. 


THE HISTORIC RUSSIAN DEPOSITS: 
LOCATION AND OCCURRENCE 


A detailed geologic description of the Takovaya 
River mining area and the emerald-bearing rocks, 
as well as an account of the historic development 
of mining activities in the area, was published by 
Fersimann (1929) and summarizcd in part by Sin- 
kankas (1981). In general, the mining area consists 
of two emerald-bearing belts. The main belt runs 
approximately north-south over a distance of more 
than 20 km; at its southern end it intersects a 
second belt, about 8 km long, that runs northwest- 
southeast. Historically, the most important mines 
iu the main belt were (from north to south) the 
Mariinsky, Troitzky, Lubinsky, and Stretjensky 
mines; and, in the smaller belt (from northwest to 
southeast}, the Ostrowsky, Krasnobolotsky, and 
Chitny mines (as illustrated in Sinkankas, 1981). 

The emeralds occur in Paleozoic metamorphic 
rocks trapped between the acidic rocks of a granite 
massif to the west (granites, albitites, pegmatites, 
and kaolinites) and ultrabasic rocks (peridotites, 
serpentinites, dunites, pyroxenites, and gabbros) to 
the east. The metamorphic rocks of the emerald- 
bearing central contact zone include talc, mica, 
chlorite, and actinolite schists. This zone follows 
the granite/ultrabasite contact for about 25 km. As 
summarized by Sinkankas (1981), emerald miner- 
alization resulted when elements such as be- 
ryllium from the silica-rich granites to the west 
and chromium from the basic rocks to the east 
were brought together during the process of meta- 
morphism. 
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Figure 1. The historic deposits in the Ural 
Mountains have produced some superb crystals. 
This 6.5-cm-long crystal from the Takovaya 
River mining area is courtesy of the American 
Museum of Natural History, New York. Photo © 
Harold & Erica Van Pelt. 


On the basis of his interpretation of more than 
200 geologic profiles, Fersmann (1929) concluded 
that the emerald deposits consist of four dominant 
rock types: 


1. Pegmatites or pegmatitic rocks, including albi- 
tite and kaolinite (white, up to 2 m thick) 


2. Emerald-bearing biotite schists (black, 1.5 m 
thick) 


3. Chlorite-actinolite schists (green, 1 m thick] 


4, Talc schists (blue and yellow, more than 3 m | 
thick) 
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According to Fersmann, emeralds are found only 
in the biotite and actinolite schists, but Zhernakov 
(1980) mentioned emeralds from talc schists as 
well. Fersmann also reported that dark green 
emeralds are confined to the biotite schists that are 
in contact with massive pegmatite bodies, and 
light green material is found in the biotite schists 
that are in contact with smaller pegmatites and/or 
in the albitic feldspar itself. Zhernakov main- 


Figure 3. This 37-ct emerald is reportedly from 
the new production in the Ural Mountains. 
Phato courtesy of B. Harel, Hargem. 
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Figure 2. Some of the 
emeralds that have 
emerged recently from 
the Ural Mountains are 
of very fine color, as evi- 
denced by these 2-3 ct 
cabochons and faceted 
stones. 


tained that the crystals from the actinolite and talc 
schists are not of gem quality. 

The emerald-bearing host rock has been de- 
scribed differently by different researchers: Fers- 
mann (1929) describes the mica as biotite, 
whereas Zhernakov (1980) and later authors men- 
tion only brownish gray phlogopite micas. At the 
June 1991 International Colored Gemstone Asso- 
ciation (ICA) Congress, A. E Laskovenkoy, chief 
geologist of the Malysheva Mines Management, 
reported that in most cases the host rock was 
phlogopite. 


MATERIALS AND METHODS 


The present study is based on the examination of 
about 120 Uralian samples, 100 from the recent 
production and 20 older specimens that have all of 
the characteristics associated with Uralian stones. 
Included among these older stones are data from 
three faceted samples that were made available by 
a private collector who had obtained them as 
Uralian emeralds after they were removed from 
period jewelry; these stones are designated sam- 
ples X, Y, and Z in this study. Also available were 
two reportedly Russian emeralds that had been in 
the possession of an Idar-Oberstein gem-dealing 
family for more than 50 years. 

From a large parcel of more recently produced 
Russian emeralds (available since the end of 1989) 
that contained cut samples between 0.5 and 8.0 ct, 
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Sample® x - Zz 5A 5E 3A 58 KN 38 3E 5C 3C 3 1B 5D SF 


Fac. Fac. Fac. Cab. Cab Fac. Cab Fac. Fac. Fac. Cab. Fac. Fac, Fac, Cab. Cab. 
square round oval oval oval emefaid oval © emerald emerald emerald oval emerald emerald emerald oval oval 
cut cul cul cut cut cut cut 
8.0 x 73 79x 87x 88x 64x 83x 73x 68x 77x 84x 68x 57x 46x 84x 95x 
8.0 54 74 7.0 5.0 7.0 54 55 5.7 75 58 5.6 99 69 7.3 
Color Light Light Light Light Light —_Light Light Light Medium — Light Medium Light Light Very Medium Light 
green green green yellow- green green  green> green green green green green green intense + green green 
ish green green 
Refractive Ny 1582 1.587 1589 1.581 1583 1587 1587 1.588 1586 1588 1589 1589 1569 1590 1589 1.590 
indices Ny 1.576 1579 1.581 1.575 1577 1580 1580 1580 1.579 1581 1587 1581 1.581 1582 1.581 1.582 
An 0.006 0008 008 Oh 0.006 0.007 0007 0008 0.007 0.007 0.008 0008 0008 0008 0,008 0,006 
Densit 
igen?) 272 #273 274 On 272 272 273 8273 272 2.73 2.73 2.74 2.73 274 274 8275 
Number oi 3 3 3 20 25 15 20 20 20 20 25 20 20 15 24 24 
Reet nen) ee ee Pee Janene, ee ee ee Oe ce, ae 
Microprobe Si0, 65.02 64.68 64.77 6588 6583 65.70 6517 65.30 6569 65.15 6535 6563 6513 6540 65.09 65,08 
analyses (wt%) AlO; 1715 1655 1596 1829 17,71 1747 17.33 17.15 17.25 1669 1690 16.27 1679 1656 1649 15.84 
average 1205 010 005 O12 004 O11 007 0.02 0.06 0.18 0.06 0.13 0.08 0.09 0.50 013 ©6009 
composition V203 0.01 - 0.02 002 002 001 0.01 0.03 0.01 0.03 0.03 0,04 0.04 0.04 0.03 0.03 
e0° 031 O40 035 O16 024 0.25 0.24 037 0.28 0.42 0.37 0.57 0.47 0.39 0.44 «0.35 
Mn0 nao ona na 001 860001) 860.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 860.01 
MgO 082 145 175 042 O74 097 097 = 1.09 0.99 1.40 1.10 71 1.28 121 138 62.05 
K,0 005 60.03 «= 007) (002 Ss .02Sss«é.2 0.02 0.02 0.02 0.02 0.02 0,03 0.03 0,02 0.02 ©=0.08 
NaO 063 149 142 062 O77 114 1.20 414 ANS 1.28 1.300 1.13 1386 1101.49 1.73 
Total 84.09 84.35 84.46 8546 8544 8565 84.99 85.17 8557 85.05 8520 8546 85.19 8522 85.08 85.22 
Cations Si 5998 5.977 5989 5970 5979 5968 5967 5970 5975 5975 5979 5993 5968 5985 5976 5.977 
calculated Al 1864 1.802 1.739 1954 1696 1870 1.870 1849 1849 1804 1822 1.751 1813 1.787 1,784 1,715 
to0 = 18, Cr 0.007 0.004 0.009 0.003 0.008 0.005 0.002 0.005 0013 0.005 0.009 0.006 0.006 0.036 0.010 0.007 
assuming V 0.001 - 0.002 0.001 0.001 0.001 0.001 0002 0.001 0002 0003 0,003 0.003 0003 0,002 0,003 
Bed = 3.0 Fe 0.024 0.031 0.027 0.012 0.018 0.019 0019 0.029 0.022 0032 0029 0,043 0.036 0,030 0.034 0,027 
Ma na na. na 0.001 0.001 0.001 0.001 0.000 0.001 0.001 0.001 0.001 0.001 0.000 0,001 0.001 
Mg 0.113 «0.200 0.241 0.057 0100 0131 0132 0148 0134 0191 0149 0.233 0.174 0165 0.189 0.280 
K 0.006 0.004 0.008 0.002 0.002 0.002 0003 0003 0.003 0.003 0.003 0.003 0.003 0002 0.003 0.004 
Na 0.113 0.213 0255 0.109 0135 0202 0215 0202 0202 0.227 0.230 0.200 0.242 0195 0.265 0.309 
Sum of alkalis and 110 #167 198 O87 116 = 1,51 152 (1.63 1.64 1.81 1.85 1.85 1.99 2:05 212 2.25 
transition metal 
oxides 


*Sizes in mm; cab. = cabochon; fac. = faceled. 
Almost colorless; selected as the stone with the lightest color among hundreds of stones. 


we selected about 100 cabochon-cut and faceted 
samples for examination. The stones were chosen 
to cover the complete quality range from ex- 
tremely clean samples to very heavily included 
stones, as well as the complete color range from 
very light green, almost colorless, beryls (sample 
5B) to very intense green emeralds (sample 1B; 
also, see figure 2). After microscopic examination 
and determination of refractive indices, 30 samples 
from this group of 100 were selected for spec- 
troscopic investigation; 13 of these 30 were also 
subjected to chemical analysis (see table 1). 

Refractive indices were obtained by a standard 
gemological refractometer, and densities were de- 
termined hydrostatically, 

Microprobe analyses of the older samples X, Y, 
and Z were performed by K. Schmetzer in 1987 on 
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an ARL SEMQ instrument with an operating 
voltage of 20 kV and a beam current of 10 nA; 
values were calculated by the MAGIC IV correc- 
tion program provided by the manufacturer. The 
13 samples of the new production of Uralian 
emeralds were analyzed by H.-J. Bernhardt in 1991 
with a Cameca Camebax electron microprobe 
using an acceleration voltage of 15 kV and a beam 
current of 15 nA; for the calculation of values, the 
correction procedure described by Pouchou and 
Pichoir (1984) was applied. For the examination of 
chemical zoning within the samples, 15-25 point 
analyses were performed at uniform distances 
across the table facets of the faceted samples and 
across the bases of the cabochons. 

In recent gemological papers, crystal chemis- 
try and isomorphic replacement schemes of emer- 
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Figure 4. Most of the samples from the new 
Russian production range from light to medium 
green. These stones, which range from 0.32 to 
1.77 ct, are courtesy of Adrian Klein, 

A. Freeman Precious Stones; photo © GIA 

and Tino Hammid. 


alds have been evaluated by correlation diagrams. 
Using the results of microprobe analyses, correla- 
tion diagrams were plotted for different cation 
pairs—e.g., for Na versus Mg (Hammarstrom, 
1989)—or for different oxide pairs—e.g., for Na,O 
versus MgO (Schwarz, 1990). Because plots of 
oxide pairs cannot indicate some details, specifi- 
cally, details of coupled isomorphic substitution 
schemes in beryl, we evaluated the results of 268 
microprobe analyses of our 13 Uralian samples 
using plots of various cation pairs. Such plots show 
the relationships among the elements that substi- 
tute for one another in a given site, which may be 
useful in establishing origin. 

We also used both microprobes mentioned 
above to analyze biotite-phlogopite inclusions that 
were exposed at the surfaces of the fashioned 
emeralds. 
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Spectral data in the U.V—visible range were 
obtained with a Leitz-Unicam model SP.800 spec- 
trophotometer; infrared spectra were obtained 
with a Perkin-Elmer model IR 180 infrared double- 
beam grating spectrophotometer, using between | 
and 2 mg of emerald powder for the preparation of 
KBr disks. 

Photomicrography was performed on a Schnei- 
der immersion microscope with Zeiss optics. 


RESULTS 


Visual Appearance. The older stones examined by 
the senior author were light green to medium 
green. The few rough samples available were dark 
green and revealed a typical prismatic habit with 
residual mica crystals bound to the prism faces. 
Microprobe analyses of some mica platelets taken 
from two of the emerald crystals confirmed the 
micas as members of the phlogopite-biotite series 
with iron contents in the range of 4 to 8 wt.% FeO. 

Most of the stones of the new production also 
appeared to be light to medium green (figure 4; 
table 1). Visually, these samples resembled light to 
medium green material from Colombia, specifi- 
cally Chivor, or from Nigeria (Lind et al., 1986). On 
the basis of the stones seen on the market to date, it 
appears that a relatively small percentage of sam- 
ples from the new production are a very intense 
green, comparable to that of the finest Colombian 
emeralds (sample 1B, table 1}. 

In the parcels examined, we saw very few light 
green, almost colorless (sample 5B, table 1) or light 
yellowish green (sample 5A, table 1) stones. Un- 
doubtedly, most such material either was not cut 
or was sorted out before the stones were brought to 
market. 

For the most part, both the older and newer 
stones revealed weak pleochroism of yellowish 
green parallel to the c-axis and bluish green 
perpendicular to the c-axis. 


Physical Properties. On the gemological refrac- 
tometer, the shadow edges for n, and n, of most of 
the stones examined were found to be slightly 
broader and less distinct than are usually seen for 
well-polished emeralds. These results indicate a 
distinct chemical zoning across the table facets or 
(for the cabochons) flat bases of the stones exam- 
ined, which was confirmed by microprobe anal- 
ysis. The refractive indices were found to range 
from 1.581 to 1.590 for n, and from 1.575 to 1.582 
for n,, with a birefringence of 0.006 to 0.008 (table 
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1). Densities measured ranged between 2.71 and 
2.75 gicm$. These values are within the range 
reported for Uralian emeralds, as well as for 
emeralds from other sources (Sinkankas, 1981, 
Schrader, 1983; Granadchikova et al., 1983; 
Schwarz, 1987; Gromov et al., 1990). 


Chemical Properties. The microprobe analyses 
also showed a distinct chemical zoning in all of the 
stones, which was clearly indicated by the 268 
point analyses of the 13 stones from the new 
production. For example, the Cr.O, content in 
sample 3B ranges from 0.11 to 0.22 and in sample 
3L, from 0.05 to 0.14. This chemical zoning is 
responsible for the weak color zoning observed 
with the microscope in many of the stones. 

All samples revealed significant amounts of 
sodium and magnesium, which were also indi- 
cated by qualitative analyses using the energy- 
dispersive system of the electron microprobe. 
However, the presence of distinct sodium and 
magnesium peaks in the energy-dispersive spec- 
trum of an emerald of unknown origin is useful 
only to gonfirm that the sample is natural; it is not 
sufficient to indicate locality of origin. 

The iron and chromium contents of the light 
green to medium green samples are characteristic 
for Uralian stones (Lokhova et al., 1977; Sin- 
kankas, 1981; Franz, 1982; Schrader, 1983). The 
average chromium content in the very intense 
green emerald (sample 1B), however, is distinctly 
higher than that of its paler counterparts. 

Note that electron paramagnetic resonance 
data on Uralian emeralds published by Lokhova et 
al. {1977} indicate that this material contains 
between 0.05 and 0.15 wt.% Fe3+, Lokhova et al. 
also determined contents of manganese and tita- 
nium in the range of 0.004 to 0.016 wt.% Mn and 0 
to 0.016 wt.% Ti. Schrader (1983) determined low 
concentrations of nickel {approximately 0.002 
wt.% Ni] in two Russian emeralds he analyzed. 


Spectroscopic Data. Absorption spectroscopy in 
the near-infrared, visible, and ultraviolet ranges 
revealed the same type of absorption spectra for all 
samples examined. In the visible area, a typical 
emerald spectrum with chromium absorption 
bands was found (figure 5}. In addition, strong 
absorption bands of divalent iron with a maximum 
at 12,200 cm~—! (820 nm) were observed in the 
spectrum perpendicular to the c-axis, whereas the 
generally known absorption maximum of divalent 
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iron at 12,000 cm~! (833 nm} in the spectrum 
parallel to the c-axis was only of low intensity. 
Absorption bands of trivalent iron observed in 
some stones at 23,500 and 27,000 cm~-! (426 and 
370 nm} were weak or extremely weak if present 
at all, 

In the yellowish green samples—e.g., sample 
5A—an additional absorption is superimposed on 
the chromium-iron emerald spectrum described 
above. This additional absorption consists of an 
absorption maximum in the ultraviolet range 
with a low-energy tail that extends into the visible 
area, causing an almost continuously increasing 
absorption from green to violet. This additional 
absorption is responsible for the shift in color from 
a bluish to a yellowish green. 

The spectra obtained were consistent with the 
nonpolarized spectrum of a Uralian emerald pre- 
sented by Lokhova et al. (1977), as well as with 
polarized spectra of natural Russian emeralds 
from the Ural mountains published by Gra- 
nadchikova et al. (1983) and Gromov et al. (1990). 
The presence of two types of iron absorption bands 
in the near infrared, in some cases in combination 
with weak absorption bands of trivalent iron in the 
bluish violet and ultraviolet range, is useful to 
characterize these samples as natural emeralds 
(Schmetzer, 1988). 

The infrared spectra of three samples in the 
range of water-stretching vibrations (3500-3800 
cm~!) revealed the presence of three absorption 


Figure 5. This visible-range absorption spectrum 
1s typical of the stones examined for this 

study —and of natural emeralds from certain lo- 
calities. It reveals absorption maxima of chro- 
mium and divalent iron. 
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Figure 6. As with beryls and emeralds from other geographic localities, material from the Urals can 
exhibit prominent growth features. On the left, growth structures parallel to the first- and second- 

order hexagonal prism faces m (1010) and a (1120) are seen parallel to the c-axis (immersion, crossed 
polarizers, magnified 25x). The view on the right reveals growth structures parallel to the basal pin- 
acoid c (0001), parallel to the first-order hexagonal dipyramid p (1012), and parallel to the first-order 
hexagonal prism m (1010). In this view, taken perpendicular to the c-axis, the zig-zag pattern of the growth 
structure is readily apparent and proves the natural origin of the sample (immersion, magnified 30x}. 


maxima: at 3694 cm—! (band A}, at 3592 cm~! 
(band B}, and at 3655 cm —! (band C). The intensity 
ratios of these three absorption maxima were 
observed as B ) A) C. This infrared spectrum is 
typical for medium alkali-bearing natural emer- 
alds, as described comprehensively by Schmetzer 
(1989) and by Schmetzer and Kiefert (1990). 


Microscopic Properties. Some of the “older” 
Uralian stones available for microscopic examina- 
tion were heavily included. Most of the samples we 
examined (more than 70%} from the more recent 
production were of typical cabochon quality and 
were cut accordingly; they also revealed a high 
concentration of healing fractures and mineral 
inclusions. The remainder of the samples from the 
newer production, however, were high-clarity, fac- 
eted stones. 

All of the Uralian stones examined showed a 
number of inclusions that are useful to confirm 
that the samples are natural. However, a natural 
emerald of unknown origin can be characterized as 
Uralian on the basis of its microscopic properties 
only in exceptional cases, because most of the 
microscopic features observed in the Uralian em- 
eralds have also been seen, if rarely, in emeralds 
from other sources. 


Growth Structures. Growth structures parallel to 
prism faces were frequently observed (figure 6). In 
general, the first-order hexagonal prism m (1010) is 
the dominant prism face, and the second-order 
hexagonal prism a (1120) is subordinate if present 
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at all. Occasionally, the growth structures parallel 
to the prism faces are also confined to a weak color 
zoning. Rarely, a mosaic-like growth structure 
consisting of frequently alternating growth planes 
parallel to the first-order and second-order hexago- 
nal prism faces is seen. In some cases, growth 
structures were also present parallel to the basal 
pinacoid c (0001} that are occasionally confined to 
a growth zoning parallel to the first-order hexago- 
nal dipyramid p (1012). Similar growth structures 
have been observed in emeralds from other lo- 
calities (Kiefert and Schmetzer, in press). 


Solid Inclusions. Different forms of birefringent 
mineral inclusions were frequently present: 
densely clustered and/or irregularly distributed 
small brown crystals; rounded platelets or tabular 
crystals (figure 7]; and, occasionally, needle-like 
mineral inclusions or elongated tabular crystals 
(figure 8). In one stone, we found two columnar 
developed crystals with prismatic cross-sections 
(figure 9). 

Several crystalline inclusions exposed at the 
surfaces of the faceted emeralds were examined by 
electron microprobe. Qualitative investigations of 
all types of mineral inclusions mentioned above 
(figures 7-9], using the energy dispersive systems 
of the microprobes, indicated that the crystals 
consist mainly of Mg, Al, Si, and K, with variable 
amounts of Fe also detected; quantitative analyses 
(table 2) revealed a chemical composition typical 
for phlogopite or for intermediate members of the 
biotite-phlogopite solid-solution series. In general, 
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Figure 7. Frequently present in the Russian 
specimens examined were rounded platelets of 
a birefringent mineral that was subsequently 
identified as phlogopite. Under polarized light, 
these inclusions show a vivid display of inter- 
ference colors. Immersion, crossed polarizers, 
magnified 85x. 


Figure 8. Larger, elongated tabular crystals, also 
subsequently identified as phlogopite, were oc- 
casionally seen in the Russian specimens. Im- 
mersion, crossed polarizers, magnified 60x. 


iron-poor phlogopites appear virtually colorless in 
the gem microscope (figures 7 and 8}, and crystals 
of the biotite-phlogopite series with higher iron 
contents take on a brown hue (figure 9}. The 
chemical data for these brown micas are similar to 
the data reported by Fersmann (1929) fora “biotite” 
schist rock (table 2) from one of the historic 
Uralian emerald mines. 

Actinolite needles, which are mentioned occa- 
sionally in the literature as inclusions in Uralian 
emeralds (Gtibelin, 1973; Gibelin and Koivula, 
1986], were neither seen nor revealed by electron 
microprobe analysis in either the older or the more 
recent samples. 


Liguid and Two-Phase Inclusions. The crystals 
examined contained several types of liquid and 
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Figure 9. Present in one of the Ural Mountains 
specimens were two interesting “columnar” 
crystals with prismatic cross-sections that were 
later identified as biotite-phlogopite. Immer- 
sion, magnified 25x. 


two-phase inclusions. The most noteworthy were 
found in the form of thin, flat cavities oriented on 
planes parallel to the basal pinacoid [figure 10). 
When the stones were examined perpendicular to 
the c-axis, these planes appeared as small lines at 
right angles to the c-axis. In general, extremely 
thin channel-like structures running parallel to 


TABLE 2. Chemical properties of phlogopite and 
biotite-phlogopite inclusions in Uralian emeralds 
(wt.%). 


Phiogopites, Biotite-phlogopiles, “Biolile” 
almost colorless* browna schist, 

Range ot 5 ~~ Range of 3 ~ Mariinsky 
Oxide crystals Average crystals Average ne 
Si0, 40.05~42.13 41.35 40.88-41.79 4t.29 43.88 
Al,03 12.08-13.15 12.86 12.55- 13.15 12.70 12.26 
C1203 0.08- 0.15 0.12 0.52- 0.79 0.68 0.12 
V203 = — 0.02- 0.04 0.03 na. 
Fe0e 3.98- 4.53 445 6.88- 7.53 7.23 OAT 
MnO. nad na. 0.09~ 0.21 0.15 0.33 
MgO 24.61-25.88 25.29 17.85-18.78 18.54 18.79 
Na 0 0.55- 0.93 0,75 0.25- 0.41 0.33 0.71 
K20 8.53 - 8.94 8.78 8.02 - 8.44 8.27 9.77 


aAs determined by microprobe analysis. 

Delermined by wet chemical analysis, as published in Fersmann (1929) 
Total ion as Fed. 

dna. = not analyzed. 
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Figure 10. When some of the Russian material 
was examined perpendicular to the c-axis (run- 
ning vertically in this photo), primary liquid 
and two-phase inclusions were observed in a 
characteristic orientation on planes parallel to 
the basal pinacoid, confined to channel-like 
structures oriented parallel to the c-axis (i.e., 
perpendicular to the cavity). Immersion, mag- 
nified 25x. 


the c-axis, that is, perpendicular to the flat cavities, 
are confined to these planes. A view in a direction 
parallel to the c-axis reveals that these thin, flat 
cavities consist of liquid (figure 11) and/or two- 
phase inclusions (figure 12}. Tilting the crystal 
slowly, so that the angle between the c-axis of the 
crystal and the microscope axis is increased, 
causes total internal reflection of the gaseous 
components of the two-phase inclusions, which 
are transparent when viewed exactly parallel to 
the c-axis (again, see figure 12). 

Less frequently, we also observed channel-like 
growth tubes parallel to the c-axis and elongated 
fluid inclusions trapped on growth planes parallel 
to prism faces. 

Undoubtedly, the phlogopite and biotite-phlo- 
gopite inclusions, the growth channels parallel to 
the c-axis, and the liquid and multiphase inclu- 
sions oriented parallel to the basal pinacoid or to 
prism faces are primary inclusions; that is, they 
were trapped during crystal growth. We do not 
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know the exact growth mechanism of the channel- 
like structures, with liquid and two-phase inclu- 
sions, that are confined to planes parallel to the 
basal pinacoid. However, we regard these inclu- 
sions (figures 10-12) and the different forms of 
mica (figures 7~9) to be the most typical and 
diagnostic inclusions in Uralian emeralds. 

Numerous partly healed fractures were ob- 
served irregularly traversing most of the crystals. 
Although for the most part these healing “feathers” 
consisted of liquid inclusions, occasionally two- 
and even three-phase inclusions were observed in 
larger cavities of these feathers. These secondary 
(or pseudosecondary] inclusions were trapped after 
the host crystal had formed. However, we also 
observed some isolated cavities with multiphase 
fillings in these healing fractures (figure 13} that 
we could not establish as primary or secondary on 
the basis of their microscopic appearance. These 
isolated inclusions frequently form flat, more-or- 
less elongated cavities with the same orientation 
described above for the primary liquid and two- 
phase inclusions. 

A typical two-phase inclusion consists of a 
cavity with a liquid filling that contains an addi- 
tional gaseous phase. Most of the three-phase 
inclusions consist of two immiscible liquids and 
one gaseous component, but in one sample we 
observed a solid/liquid/gas three-phase inclusion 
(figure 13). Extremely rare are healing fractures in 
which larger birefringent mineral inclusions (as 
yet unidentified] are trapped with smaller liquid 
and/or gaseous components. 

According to a recent paper by Gromov et al. 
{1990}, the multiphase inclusions in Uralian emer- 
alds were determined to consist of halite crystals, 
liquid CO,, a saline aqueous solution, and a 
gaseous component. 


DISCUSSION 


Crystal Chemistry and Cause of Color. Although 
the general chemical formula of beryl, 
Be3Al,Si,O 1, looks quite simple, natural beryl in 
general contains major amounts of impurities. A 
great number of isomorphic substitution schemes 
are discussed in the literature (see Shatskiy et al., 
1981; Aurisicchio et al., 1988], but only some of 
these schemes are generally accepted: 


1. Substitution of Al$+ in octahedral sites of the 
beryl structure by trivalent transition metal 
ions or by divalent transition metal ions or 
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Figure 11. Although these are not unique to em- 
eralds from the Urals, this material often con- 
tains primary liquid inclusions trapped on 
planes parallel to the basal pinacoid, as is 
shown in this view parallel to the c-axis. Im- 
mersion, magnified 65x. 


magnesium, with alkali metal ions entering 

empty channel sites in the beryl structure for 

charge compensation. 

Al8+ (octahedral) = V3+, Cr3+, Fe3+, Mn3+ 
(octahedral) or 

Al8+ {octahedral} 5 Mg?+, Fe2+, Mn2+ (octa- 
,hedral) + Lit, Na+, K+, Cs+ (channel) 


2. Substitution of Be2+ in tetrahedral sites of the 
beryl structure by divalent transition metal 
ions:or by lithium, with alkali metal ions 
entering empty channel sites for charge com- 
pensation. 

Be2+ (tetrahedral} > Fe2+ (tetrahedral) or 
Be?* (tetrahedral) > Lit (tetrahedral) + Lit, 
Na+, K+, Cs* (channel) 


In both substitution types, octahedral and 
tetrahedral, the alkali ions in channel sites are 
bound to water molecules; however, free water 
molecules —that is, which are not bound to alkali 
ions —are also present in channel sites of the beryl 
structure [Schmetzer, 1989; Schmetzer and 
Kiefert, 1990). 

Infrared spectroscopy established the presence 
of both alkali-bonded and non-alkali-bonded water 
molecules in channel sites of the beryl structure 
for the Uralian specimens examined. Specifically, 
the LR. spectra revealed absorption bands B and C, 
at 3592 and 3655 cm~!, which are assigned to 
alkali-bonded water molecules, and band A, at 
3694 cm~!, which is assigned to alkali-free water 
molecules. 

Unfortunately, the standard electron micro- 
probe cannot measure lithium, beryllium, oxygen, 
and water contents. However, the presence of small 


Emeralds from the Ural Mountains 


Figure 12. Some of the crystals examined con- 
tained several types of liquid and two-phase in- 
clusions. In a number of instances, as shown 
here, they occurred trapped on a plane parallel 
to the basal pinacoid. Immersion, view parallel 
to the c-axis, magnified 60x. 


amounts of lithium was established by Vlasov and 
Kutakova (1960}, Franz (1982), and Aurisicchio et 
al, (1988), and may not be neglected. 

The visible-range absorption spectra (figure 5] 
revealed the presence of strong absorption bands 
that are generally assigned to trivalent chromium 
(Cr3+] in octahedral sites. Since the absorption 
bands at 23,500 and 27,000 cm~-! (426 and 370 
nm|, due to trivalent iron (Fe? +}in octahedral sites, 
are weak or absent, most of the iron in the samples 
examined is assumed to be divalent (see also, 
Lokhova et al., 1977} and replacement of Al3+ by 
Fe3+ is limited if present at all. 

According to Solntsev et al. [1984, 1985), near- 
infrared absorption maxima at 12,200 cm~'!/820 
nm (perpendicular to the c-axis) and 12,000 
cm~'/833 nm {parallel to the c-axis) can be as- 
signed, respectively to {1} Fe2+ replacing Be2+ in 
tetrahedral sites, and (2) Fe2* replacing Al3+ in 
octahedral sites. Thus, most of the iron in Uralian 
emeralds is found as Fe2+, primarily in tetrahedral 
sites with lesser amounts in octahedral sites, and 
with only minor amounts of Fe?+ present. The 
absorption bands of divalent iron in the infrared do 
not affect the visible area of the absorption spectra 
of Uralian emeralds. Nor does the absorption band 
of Fe3+ in the bluish violet region —usually weak 
or extremely weak, if present at all —influence the 
color of the samples. In general, the low concentra- 
tions of other transition metal elements present — 
including Mn, Ti, and V, as well as the low nickel 
concentrations (approximately 0.002 wt.% Ni} 
found by Schrader (1983)—also do not influence 
the color of the samples. 

Consequently, as for most natural emerald, the 
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Figure 13. Although three-phase (liquid/solid/ 
gas) inclusions are observed less frequently in 
Russian emeralds than in their Colombian 
counterparts, they do occur, This photomicro- 
graph illustrates one type of three-phase inclu- 
sion we saw, It is interesting to note that it 
lacks the characteristic jagged outline often as- 
sociated with Colombian stones. Immiersion, 
magnified 70x. 


bluish green color of Uralian emeralds is mainly 
due to chromium, and the intensity of the colora- 
tion is caused by the average chromium content of 
the individual crystal (table 1). The color in yellow- 
ish green samples is caused by a chromium spec- 
trum superimposed by the absorption spectrum of 
naturally radiation-induced color centers, most 
probably confined to iron ions, that contribute a 
yellow component. For some time, the authors 
have been familiar with this absorption in natural 
untreated yellow beryl, natural untreated yellow- 
ish green emerald, and irradiated yellow or irradi- 
ated bluish green Maxixe-type beryl (Rink et al., 
1990). 

Complex aspects of crystal chemistry deter- 
mined for the Uralian stones in the study are 
discussed in box A. Such data are useful in under- 
standing modes of isomorphic replacement and in 
pursuing methods of determining emerald origin 
(locality as well as natural vs. synthetic). For 
example, as stated earlier, the sodium (Na] and 
magnesium (Mg]} contents of the Uralian emeralds 
clearly establish their natural origin. Moreover, 
the variation in physical properties, especially the 
variation in refractive index, is explained as a 
function of chemical composition, For beryl, it is 
generally established that increasing amounts of 
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alkalis as well as increasing amounts of transition 
metal oxides cause an increase in refractive index 
(Cerny and Hawthorne, 1976; Deer et al., 1986). 
Although the exact water and carbon dioxide 
contents of the samples, which also influence the 
optical properties of beryl (Lebedev and Kokukin, 
1984}, are unknown, a direct relationship between 
increasing amounts of impurities and increasing 
refractive indices is confirmed by the results of 
this investigation. In figure 14, the refractive 
indices of the 13 new and three older samples are 
plotted as a function of the sum of alkalis (sodium 
and potassium) and transition metal oxides (va- 
nadium, chromium, iron, and manganese]. With 
increasing impurities, increases in birefringence 
and density are also observed (table 1). 


Diagnostic Features of Uralian emeralds. Most of 
the data presented in this article confirm the 
natural origin of the samples and demonstrate the 
applicability of modern analytic techniques to 
supplement conventional microscopic examina- 
tion. In the present case, however, optical micro- 
scopy is the most appropriate technique to prove 
the natural origin of the samples and provide some 
indication of locality of origin. 

Phlogopite crystals are typically seen as inclu- 
sions in gem-quality Russian emeralds, which are 
known to originate from phlogopite-bearing host 
rocks (Zhernakov, 1980; Sinkankas, 1981}. In ear- 
lier papers (e.g., Fersmann, 1929}, these micas are 
often described as biotites, but microprobe an- 
alyses (table 2) strongly indicate iron contents 
typical for phlogopite or members of the biotite- 
phlogopite solid-solution series rather than for 
pure biotite. However, neither phlogopite nor bio- 
tite is unique to Uralian emeralds, and either may 
be found in natural emeralds from various other 
deposits. 

In the gemological literature, biotite flakes, 
actinolite rods, and tourmaline crystals have been 
mentioned as characteristic mineral inclusions in 
Uralian emeralds (Gibelin 1953, 1973; Gibelin 
and Koivula, 1986). Zhernakov (1980] noted, in 
addition to phlogopite and actinolite inclusions, 
the presence of rutile in emeralds from both 
phlogopite and actinolite schists, and of talc, 
tremolite, and chromite in emeralds from talc 
schists. 

Another type of inclusion previously regarded 
as characteristic for Uralian emeralds (Gtbelin, 
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BOX A: Crystal Chemistry 


Using the information available from chemical and 
spectroscopic investigations of the Uralian material 
in this study, as well as the generally established 
schemes for an isomorphic replacement in beryl, the 
crystal chemistry is summarized as follows. 

The 268 point analyses performed on 13 samples 
by electron microprobe clearly indicate that, as the 
number of magnesium ions increases, the number of 
trivalent ions in octahedral sites decreases, one for 
one. That is, if we neglect the small amounts of iron 
(Fe2+ and Fe3+} that may be present in octahedral 
aluminum sites, the sum content of Al3+ + Cr3+ + 
V3+ is inversely related to the magnesium {Mg?+} 
content (figure A-1), A similar inverse relationship is 
established for the sum of Al8+ + Cr3+ + V3+ and 
the sum of monovalent alkalis [Na+ + K+; figure 
A-2). A direct relationship, however, is established 
between magnesium (Mg?2+) and the sum of Na+ + 
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Figure A-l. This plot of AIS*+ + Cro+ 4+ V3+ in octa- 
hedral sites versus Mg?+ in octahedral sites in 13 
samples clearly shows that as the number of magne- 
sium ions increases, the sum of the trivalent alumi- 
num, chromium, and vanadium ions decreases. 


Figure A-2. This plot of AB+ + Cre+ + V3+ versus 
Na* + K+ shows a similar relationship to that indi- 
cated in figure A-1; in this case, it illustrates that 
monovalent alkalis in channel sites decrease as tri- 
valent ions in the octahedral sites increase. The 
shaded section indicates analyses of sample 3C. 
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K+ (i.e., as Mg2+ content increases, so does Nat + 
K+, figure A-3}, From these diagrams, the following 
substitutional scheme is established: 

(AlS+ + Cr3+ + V3+) oct 3 (Mg2+} oct + (Nat 

+ K+) channel 

For 12 of the samples, the sum of monovalent 
alkali (Na + K} ions exceeds the sum of Mg ions; for 
only one stone {sample 3C} does Mg content exceed 
the sum of alkalis (point analyses shaded in figures 
A-2, and A-3), These results can be explained by the 
presence of small amounts of lithium, which is 
assumed 


A. to replace Be?+ in tetrahedral sites (in 12 sam- 
ples), or 


B. to enter empty channel sites for charge compen- 
sation (in one sample} 


Thus, for those 12 samples in which Na + K 
exceeds Mg content — that is, for which the expression 
(Na + K-—Mg} is positive—the following substitu- 
tions are established: 


octahedral: {(Al8+ + Cr+ + V3+}oct > (Mg2*) oct 
+ (Nat + K+} channel, and 

tetrahedral: (Be2+) tetr > (Lit) tetr + (Na+ + K+] 
channel 


For sample 3C, in which Mg content exceeds Na 
+ K-—that is, the expression (Na + K—Mg) is 
negative—two octahedral substitution schemes are 
established: 


octahedral: (Al3+ + Cr3+ + V3+) oct > (Mg2+] 
oct + (Na+ + Kt) channel, and 


octahedral: (Al$+ + Cr3+ + V3+} oct > (Mg2t+} 
oct + (Li+) channel 


In summary, in all the samples we examined, an 
octahedral substitution is dominant; and in 12 of the 
13 samples, a subordinate tetrahedral substitution is 
also established. 


Figure A-3. The graph of octahedral Mg?* versus Na* 
+ K+ in channel sites reveals a direct correlation; 
that is, as the former increases, so does the latter. 
Sample 3C analyses are indicated by the shaded area. 
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Figure 14. This graph of refractive index versus 
impurities reveals that an increase in impuri- 
ties correlates directly to an increase in refrac- 
tive indices (n, and n,)}. 


1953) was also observed in the samples examined 
for this study: thin cavities of liquid or two-phase 
inclusions oriented with their flat planes parallel 
to the basal faces of the emeralds (figures 10-12). 
Although, like Gibelin, the authors found this 
type of inclusion to be most typical of Russian 
emeralds, identical inclusions have been observed 
by the senior author in some emeralds from a 
distinct source in Africa (probably the Gravelotte 
mining district in the Transvaal, South Africa} and 
illustrated by Schwarz (1987} for a sample from 
Socoté, Bahia, Brazil. Consequently, this type of 
inclusion cannot be regarded as unique for Uralian 
emeralds, but may be characteristic of samples 
that originate from a group of genetically related 
emerald deposits (Schwarz, 1987). 

Our examination established the presence of 
multiphase inclusions in emeralds from this min- 
ing area and confirmed the findings of Gromov et 
al. (1990). They mentioned all five types of multi- 
phase inclusions in Uralian emeralds that we also 
observed in our samples: (1} primary two-phase, 
aqueous solution and gas (the most common); (2) 
primary and pseudosecondary three-phase — 
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aqueous solution, gas, and liquid carbon dioxide 
(frequently seen); (3) primary and pseudosecond- 
ary three-phase—aqueous solution, gas, and a 
small halite crystal (rare; figure 13}, (4) pseudo- 
secondary and secondary aqueous solution with a 
small gas component (the most common of the 
nonprimary inclusions}; and (5) extremely rare 
pseudosecondary inclusions consisting of small 
aqueous solution and/or gas phases with larger 
crystal inclusions. 

Gromov et al. (1990] also mentioned as ex- 
tremely rare two types of two- and three-phase 
inclusions with a dominant gaseous component 
and subordinate liquid and solid phases, which we 
have not yet observed. However, inasmuch as 
three-phase inclusions are known to occur in 
emeralds from other localities {e.g., Thurm, 1972, 
Yu, 1974; Graindorge, 1974; Schrader, 1985, 1986}, 
they do not help prove the geographic source of an 
emerald. 

Those features determined by researchers in 
recent years to separate natural from synthetic 
emeralds were found to be valid for Uralian emer- 
alds. Thus far, we have not observed absorption 
bands of Fe2+ in the near-infrared in synthetic 
emeralds (Schmetzer, 1988). In addition, the high 
sodium and magnesium contents of our samples, 
which can be determined by quantitative micro- 
probe analysis (table 1) as well as by qualitative 
chemical analysis using the energy dispersive 
system of an electron microprobe, prove the 
natural origin of the sample (Hanni, 1982; Schra- 
der, 1983; Stockton, 1984}. Infrared spectroscopy is 
also useful for this separation (Leung et al., 1986; 
Stockton, 1987; Schmetzer, 1989; Schmetzer and 
Kiefert, 1990). For the samples examined in our 
study, intensity ratios of B) A) C were found for the 
three independent infrared absorption bands in the 
range of water-stretching vibrations; to date, this 
has not been observed in synthetic emeralds. 

In summary, we determined that the Uralian 
stones reveal a number of interesting properties 
and diagnostic features. However, it must be em- 
phasized that, at present, we know of no single 
property that would allow one to designate stones 
of unknown origin unequivocally as Uralian emer- 
alds. Only by using a combination of physical, 
chemical, spectroscopic, and microscopic features 
can one suggest that an unknown sample probably 
originates from the Takovaya area near Sverdlovsk, 
USSR. 


GEMS & GEMOLOGY Summer 1991 


REFERENCES 


Aurisicchio C., Fioravanti G., Grubessi O., Zanazzi PE (1988) 
Reappraisal of the crystal chemistry of beryl. American 
Mineralogist, Vol. 73, pp. 826-837. 

Bauer M. (1896) Edelsteinkunde. Chr. Herm. Tauchnitz, 
Leipzig. 

Cerny P, Hawthorne EC. {1976} Refractive indices versus alkali 
contents in beryl: General limitations and applications to 
some pegmatitic types. Canadian Mineralogist, Vol. 14, 
Part 3, pp. 491-497. 

Deer WA., Howie R.A., Zussman J. (1986) Rock-Forming 
Minerals. Vol. 1 B: Disilicates and Ring Silicates, 2nd ed. 
Longman Scientific & Technical, London. 

Fersmann A, {1929} Smaragdgruben im Ural. In Geochemische 
Migration der Elerneute und deren wissenschaftliche und 
wirtschaftliche Bedeutung, Wilhelm Knapp, Halle (Saale], 
Teil 1, pp. 74-116. 

Franz G. (1982) Kristallchemie von Beryll, Varietat Smaragd. 
Fortschratte der Mineralogie 60, Beiheft 1, pp. 76-78. 

Graindorge J.M. (1974} A gemmological study of emerald from 
Poona, Western Australia. Australian Gemmologist, Vol. 
12, No. 3, pp. 75-80. 

Granadchikova B.G., Andreenko E.D., Solodova Yu.P, Bukin 
G.V, Klyakhin V.A. (1983) Diagnostics of natural and 
synthetic emeralds. Izvestia Vysshikh Uchebnykh 
Zavadenij Min Vys I Sred Spet Ob SSR Geologia I 
Razvedka, Vol. 26, pp. 87-93 [in Russian]. 

Gromov A.V, Granadchikova B.G., Andreenko E.D. {1990} 
Typomorphic features of emeralds from various deposits. 
Zapiski Vsesoiuznogo Mineralogicheskogo Obshchestva, 
Vol. 119, pp. 102-112 [in Russian]. 

Gibelin EJ. (1953) Inclusions as a Means of Gemstone Ideuti- 
fications Gemological Institute of America, Los Angeles. 

Gtbelin E.§ (1973) Innenwelt der Edelsteine. ABC Verlag, 
Zurich. 

Gtbelin EJ. Koivula J.l. (1986) Bildatlas der Einschltisse in 
Edelsteinen (English edition: Photoatlas of Inclusions in 
Gemstones}. ABC Verlag, Zurich. 

Hammarstrom J.M. (1989) Mineral chemistry ot emeralds and 
some associated minerals from Pakistan and Afghanistan: 
An electron microprobe study. In A. H. Kazmi and L. W 
Snee, Eds., Emeralds of Pakistan: Geology, Gemology and 
Genesis, Van Nostrand Reinhold, New York, pp. 125-150. 

Hanni H.A. (1982} A contribution to the separability of natural 
and synthetic emeralds. Journal of Gemmology, Vol. 18, 
No. 2, pp. 138-144. 

Kiefert L., Schmetzer K. (in press} The microscopic determina- 
tion of structural properties for the characterization of 
optical uniaxial natural and synthetic gemstones, part Il: 
Examples for the applicability of structural features for the 
distinction of natural emeralds from flux grown and 
hydrothermally grown synthetic emeralds. Journal of 
Gemmology. 

Lebedev A.S., Dokukin A.A. {1984} Effect of pressure on entry of 
water into beryl during hydrothermal synthesis. Fizika- 
Khimiia Issled. Sul'fidnykh Silik. Sist., Novosibirsk 1984, 
pp. 79-86 [in Russian]. 

Leung C.S., Merigoux H., Poirot J.P, Zecchini P [1986] Use of 
infrared spectrometry in gemmology. In Morphology and 
Phase Equilibria of Minerals. Proceedings of the 13th 
General Meeting of the International Mineralogical Asso- 
ciation, Varna 1982, Vol. 2, Sofia, pp. 441-448. 

Lind T,, Schmetzer K., Bank H. (1986) Blue and green beryls 
(aquamarines and emeralds) of gem quality from Nigeria. 
Journal of Gemmology, Vol. 20, No. 1, pp. 40-48. 

Lokhova G.G., Ripinen O.1., Bukin G.V, Veis M.E., Solntsev VP. 
(1977| The quantity estimation of natural emerald colour 
characteristics. Zapiski Vsesoiuznogo Mineralogich- 
eskogo Obshchestva, Vol. 56, pp. 704-707 [in Russian]. 

New joint venture to market Soviet emerald (1990). ICA 


Emeralds from the Ural Mountains 


Gazette, November, p. 5. 

Pouchou J.L., Pichoir F. (1984) A new model for quantitative 
X-ray micro-analysis. Part 1: Application to the analysis of 
homogencous samples. La Recherche Aérospatiale, Vol. 3, 
pp. 13-38. 

Rink WJ., Gielisse PJ., Plendl H.S. {1990} Coloration in electron- 
irradiated beryl. Journal of Gemmology, Vol. 22, No. 1, pp. 
33-37, 

Schmetzer K. (1988} Characterization of Russian hydrother- 
mally-grown synthetic emeralds. Journal of Gemmology, 
Vol. 21, No. 3, pp. 145-164. 

Schmetzer K. {1989) Types of water in natural and synthetic 
emerald. Neues Jahrbuch ftir Mineralogie Monatshefte, 
No. 1, pp. 15-26. 

Schmetzer K., Kiefert L. (1990) Water in beryl—A contribution 
to the separability of natural and synthetic emeralds by 
infrared spectroscopy. Journal of Gemmology, Vol. 22, No. 
4, pp. 215-223. 

Schrader H.-W. {1983} Contributions to the study of the 
distinction of natural and synthetic emeralds. Journal of 
Gemmology, Vol. 18, No. 6, pp. 530-543. 

Schrader H.-W. (1985] A “three-phase inclusion” in an emerald 
from South Africa. Journal of Gemmology, Vol. 19, No. 6, 
pp. 484-485. 

Schrader H.-W. (1986) “Drei-Phasen-Einschliisse” in Smarag- 
den. Fortschritte der Mineralogie, Vol. 64, Beiheft 1, p. 
168. 

Schwarz D. {1987} Esmeralda — Inclus6es em Gemas. |Imprensa 
Universitdria, Universidade Federal de Ouro Preto, Ouro 
Preto, Brazil. 

Schwarz D. (1990) Die chemischen Eigenschaften der Smarag- 
de. |. Brasilien. Zeitschrift der Deutschen Gem- 
mologischen Gesellschaft, Vol. 39, pp. 233-272. 

Shatskiy V.S., Lebedev A.S., Pavlyuchenko VS., Kovaleva L.T., 
Koz’menko O.A., Yudin A.N., Belov N.V. (1981) Condi- 
tions for entry of alkali cations into beryl. Geochemistry 
International, Vol. 18, No. 2, pp. 7-17. 

Sinkankas J. {1981} Emerald and Other Beryls, Chilton Book 
Co., Radnor, PA. 

Solntsev V.P, Bukin G.V, Klyakhin V.A., Lokhova G.G., 
Pugachev A.1. (1984) Nature of color centers and EPR of 
iron-containing beryls. Fizika-Khinnia Issled. Sul’fidnykh 
Silik. Sist., Novosibirsk 1984, pp. 109-119 [in Russian]. 

Solntsev V.P, Bukin G.V, Lokhova G.G., Veis N.S. {1985} EPR and 
optical absorption spectra of iron-containing beryls. Trudy 
Inst. Geol, Geofiz., Akad. Nauk SSSR, Sib. Otd., Vol. 610, 
pp. 128-134 [in Russian]. 

Stockton C.M. {1984} The chemical distinction of natural from 
synthetic emerald. Gems & Cemology, Vol. 20, No. 3, pp. 
141-145. 

Stockton C.M. {1987] The separation of natural from synthetic 
emeralds by infrared spectroscopy. Gems & Gemology, 
Vol. 23, No. 2, pp. 96-99, 

Thurm R. (1972) Smaragde vom Lake Manyara in Tanzania. 
Zeitschrift der Deutschen Gemmologischen Ges- 
ellschaft, Vol. 21, pp. 9-12. 

USSR supplies rough emerald to Israel (1991). Jewellery News 
Asia, No. 78, p. 68. 

Vlasov K.A., Kutakova E.I. (1960) As cited in: Sinkankas J. 
(1981} Emerald and Other Beryls. Chilton Book Co., 
Radnor, PA. 

Yu R.M. (1974) Growth features in South African emerald 
crystals. Journal of Gemmology, Vol. 14, No. 3, pp. 
120-131. 

Zhernakov V1. {1980} Morphology and internal structure of 
Uralian emeralds. In Outogenia Pegmatitov Urala, Akad. 
Nauk SSSR, Uralski Nauchni Center 1980, pp. 79-90 [in 
Russian]. 


GEMS & GEMOLOGY — Summer 1991 99 


NOTES AND NEW TECHNIQUES 
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TREATED ANDAMOOKA MATRIX OPAL 


By Grahame Brown 


Matnx opal from Andamooka, in South Australia, is a precious 
opal-included porous rock that is commonly color enhanced 
(carbon impregnated) to imitate the highly prized black opal from 
Lightning Ridge in northern New South Wales, Australia. This 
material has been commercially available since the mid-1950s 
and 1s often referred to as “sugar treated.” A basic sugar acid- 
carbonizing technique 1s used to carbonize, and thus darken, the 
cream-colored matnx of prepolished stones so that the play-of-color 
1s more prominent. The carbon impregnator in treated An- 
damooka matrix opal can be readily identified with low-power 


magnification. 


The carbon impregnation of matrix opal from 
Andamooka, in South Australia, has produced 
many thousands of carats of treated opal with a 
broad range of appearances (figure 1). Most un- 
treated matrix opal from Andamooka displays 
little play-of-color and is virtually worthless (fig- 
ure 2). However, carbon impregnation of the matrix 
creates a dark body color that shows off the play-of- 
color, producing stones that may resemble black 
opal from Lightning Ridge and other localities 
(figure 3). Today, sugar-acid treatment of matrix 
opal forms the basis of many small commercial 
enterprises throughout Australia, and treated An- 
damooka matrix opal is available worldwide. This 
article discusses the occurrence of Andamooka 
matrix opal, its treatment, and methods that may 
be used to assure its identification. 


THE LOCATION AND 

OCCURRENCE OF MATRIX 

OPAL AT ANDAMOOKA 

The Andamooka opal fields are located a little over 
500 km north-northwest of Adelaide, near the 
northwest edge of Lake Torrens, in South Australia 
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(figure 4). The South Australia Department of 
Mines and Energy estimated that in 1988 the 
Andamooka fields, at $A3 million, were the third 
most important opal deposit in Australia, in terms 
of value of rough produced (SADME, 1989}; they 
followed Mintabie ($A39 million} and Coober Pedy 
($A21 million). 

According to Barnes and Townsend (1982), 
precious opal usually occurs at Andamooka in an 
essentially horizontal layer at or near the contact 
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of a sandy boulder bed (conglomerate band or 
concrete) with an underlying water-retentive light 
brown, yellow, or grayish white claystone. The 
boulder.bed (which is less than 0.5 m thick} 
contains founded pebbles, cobbles, and boulders of 
quartzite, silicified shale, and silicified limestone 
lying at the base of a deeply weathered white 
claystone known locally as kopi. The clays of the 
conglomerate band were deposited in a shallow sea 
during Early Cretaceous times, and the boulders 
were apparently dropped from rafts of floating sea 
ice, having been entrapped on nearby beaches by 
shoreline freezing. The presence of these boulders, 
which can be over 2 m across, provided a unique 
environment for the later deposition of opal and 
gave rise to several types of opal formation (Barnes 
and Townsend, 1982], including: painted ladies — 
thin films of opal filling joints in quartzite boul- 
ders; colored concrete—opal cementing pebbles, 
cobbles, and boulders in the conglomerate band; 
and matrix—opal partly replacing boulders that 
were formerly carbonate rich, mainly limestone 
and dolomite, and filling pore spaces in some 
sandstone and claystone within the opal level. 
Opal is also found in thin horizontal seams above 
the opal level, and filling minor joints and faults 
both above and below it. 

The matrix opal found at Andamooka (again, 
see figure 2} is predominantly a cream-colored to 
grayish white porous rock that displays an indis- 
tinct patchy play-of-color from its scattered con- 
tent of included grains and patches of precious 
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Figure 1. A variety of ap- 
pearances result from 
carbon impregnation 
(“sugar treatment”) of 
Andamooka matrix opal. 
These treated samples 
range from 4.73 to 13,69 
ct. Photo © GIA and 
Tino Hammid. 


opal. However, the range of hues in which An- 
damooka matrix opal does occur includes porce- 
lain white, gray to black, pink, bright green, gold, 
and black-and-white splashed peacock matrix 
(George Brooks, pers. comm., 1991). This rock is 
better described as matrix opal than as opal matrix 
since, at Andamooka, opal is found replacing both 
clasts and matrix (J. Keeling, pers. comm., 1990}, In 
Australia, the occurrence of matrix opal appears to 
be restricted to the Andamooka opal fields (Barnes 
and Townsend, 1982), with matrix boulders weigh- 
ing hundreds of kilos commonly recovered from 
the opal level. 


Figure 2. Before treatment, most Andamooka 
matrix opal displays little play of color. Here, 
the largest cabochon is 9.84 ct. Photo © GIA 
and Tino Hammid. 
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Figure 3, Treated Andamooka opal 
(lower right, 7.22 ct) not only 
resembles natural black opal from 
Lightning Ridge, Australia, but also 
oolitic opal (the carving, 35.76 ct) 
and black opal from Honduras 
(upper right, 24.53 ct). Photo © GIA 
and Tino Hammid. 
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| Figure 4. The Andamooka opal fields 
lie near the northwest edge of Lake 
Torrens, in South Australia, Artwork 
by Carol Silver. 
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On the basis of their examination of two 
specimens of Andamooka matrix opal with both 
optical and scanning electron microscopy, geolo- 
gists at the Geological Survey of South Australia 
(Keeling and Farrand, 1984) found that the matrix 
opal “is composed of an intimate mix of silica 
spheres and finer grained amorphous or partly 
crystalline silica.” They attribute its relatively 
high porosity to numerous voids within patches of 
opal and along the contact zones of the opal with 
the fine-grained silica. They concluded from their 
investigation that the matrix opal probably formed 
when limestone erratics within Cretaceous ma- 
rine sandy clay were partially dissolved, and the 
remaining carbonate rock was replaced by fine- 
grained silica at the same time that silica spheres 
were deposited and grew in existing solution 
cavities. 

It is the intrinsic porosity of Andamooka 
matrix opal that makes possible the impregnation 
of its surface with black carbon particles to en- 
hance the play-of-color (figure 5}. 


TREATED ANDAMOOKA 

MATRIX OPAL 

Andamooka matrix opal has been color enhanced 
by carbon impregnation since the mid-1950s (Keel- 
ing and Farrand, 1984), For almost four decades, 
this color-enhanced opal has been variously ter- 
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med carbonized matrix opal (McColl, 1966}, dyed 
opal matrix (Altmann, 1979), opal matrix (I. 
Townsend, pers. comm., 1990), dyed matrix opal (J. 
Keeling, pers. comm., 1990), and sugar-treated opal 
(Koivula, 1984). 

McColl (1966) provided one of the first com- 
prehensive descriptions of this enhancement tech- 
nique: 

1. The matrix opal is selected for treatment based 
on the following factors: 


* The quality, size, and distribution of precious 
opal in the individual matrix piece 


* The purity, porosity, and fineness of grains in 
the matrix 


¢ The ability of the nonopaline groundmass to 
accept a lustrous polish 


The best matrix opal for treatment has a clean, 
sand-free, cream-colored matrix with sufficient 
porosity to facilitate its impregnation with car- 
bon particles, but will accept a lustrous polish 
with minimal undercutting. 


2. Color enhancement is best performed between 
the final sanding and polishing steps, not after 
polishing, Not only will the impregnation 
process severely etch the polished surface, but 
polishing also decreases the permeability of 
the matrix. In addition, the black carbon 
impregnator usually only penetrates to a very 
shallow depth (figure 6). 


Figure 5. Treatment of different colors of An- 
damooka matrix opal (top) produces different 
types of carbonized matrix opal (bottom). Expe- 
rienced treaters know which types of untreat- 
ed material will produce the most attractive 
carbonized opal. 
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3. The following sugar-acid carbonizing tech- 
nique is generally used: 


Step 1. The surface of the matrix opal is ground 
and sanded to prepolish smoothness. 


Step 2. The prepolished specimen is im- 
mersed in two to three times its 
volume of an acidified glucose-lac- 
tose impregnator—a 20% solution of 
glucose and lactose, in 1:4 propor- 
tions, to which a few drops of concen- 
trated sulfuric acid have been added. 


Step 3. The impregnator is heated at 105°C 
for up to 10-12 hours until the solu- 
tion evaporates, At this point, the 
temperature is raised to 125°C, so that 
the sugars impregnating the matrix 
opal will solidify and then dehydrate. 


Step 4. The sugar-impregnated matrix opal is 
gently broken from the darkened sug- 
ary mass. After excess sugar has been 
scraped from its surface, the impreg- 
nated piece is immersed in a glass 
vessel filled with concentrated (98% } 
sulfuric acid that is slowly heated to 
100°C for 4-5 hours. This treatment 
reduces the impregnating sugars to 
black carbon. 


Figure 6. In most cases, the carbon treatment 
penetrates the matrix opal only at the surface 
of the prepolished stone. Here, the chipped sur- 
face of the cabochon at top reveals the whitish 
color of the original matrix opal. Cut length- 
wise, the cabochon at the bottom graphically 
illustrates the relatively shallow depth of pene- 
tration of the carbon. 


GEMS & GEMOLOGY Summer 199] 103 


Figure 7, Treated Andamooka matrix opal is 
used not only in cabochons but also for carv- 
ings, such as this 13 x 26 mm sample. 


Figure 8. Some extremely 
large pieces of An- 
damooka matrix opal 
have been treated and 
are currently in the 
trade. This approx- 
imately 10,500-ct treated 
Andamooka matrix opal 
is courtesy of Jim Rose, 
Opal America. Photo © 
GIA and Tino Hammid. 
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Step 5. After slow cooling, the carbonized 
(carbon-impregnated} matrix opal is 
washed in running water for 8-12 
hours to remove residual sulfuric acid. 

Step 6. The treated matrix opal is carefully 
and lightly polished to minimize re- 
moval of the (usually thin} external 
carbonized layer. 


Note that opal itself (potch or precious} cannot be 
“dyed.” Only the matrix around patches or discrete 
grains of opal in Andamooka matrix opal will 
change color. 

Although McColl’s description of sugar-acid 
carbonization of Andamooka matrix opal is 25 
years old, this same technique—or variations of 
it—is still being applied today in much the same 
sequence of steps. As the carbonization of An- 
damooka matrix opal is mainly a “cottage indus- 
try” pursued by various miners, gem merchants, 
and professional lapidaries throughout Australia, 
valid estimates of production are impossible to 
obtain. This lack of reliable production informa- 
tion is not unique to carbonized Andamooka 
matrix opal. Indeed, virtually all production fig- 
ures for Australian opal should, at best, be consid- 
ered either “guesstimates” (on behalf of the govern- 
ment} or precautionary underestimates (on behalf 
of tax-paying miners]. 
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Figure 9, With 10 magnification (a hand lens), the coarsely granular groundmass of carbon-treated 
Andamooka matrix opal is readily apparent. In addition, the carbon impregnator can be seen to sur- 
round and include randomly distributed, irregularly sized patches of precious opal. Photo on left is 


by the author; photo on right is by Robert Weldon. 


Carbonized Andamooka matrix opal is now 
available on the international gem market, both as 
cabochons (again, see figure 1} and carvings (figure 
7}. Some extremely large “boulders” have also been 
treated (figure 8]. Inasmuch as some of the car- 
bonized opals have been misidentified as black 
opal in the gem community, the following guide- 
lines are provided. 


IDENTIFICATION OF 

TREATED ANDAMOOKA OPAL 

The matrix of this material will have a siliceous 
groundmass with a macroscopic texture that 
ranges from smoothly opal-like to fine or coarsely 
granular. Regardless of the texture, the presence of 
the black carbon impregnator is readily visible 
with magnification (using a 10x loupe or low- 
power binocular microscope} and carefully di- 
rected incident illumination. The treatment can 
be seen either in and around scattered patches of 
precious opal (figure 9), or filling voids and frac- 
tures in the surrounding nonprecious opal sil- 
iceous matrix (figure 10). 

While treated Andamooka matrix opal has 
been used to imitate valuable Lightning Ridge 
black opal, side-by-side comparisons will reveal 
the following discriminatory features (figure 11): 


1. Treated Andamooka matrix opal never dis- 
plays the velvety lustrous polish of Lightning 
Ridge black opal. 


2. The body color of treated Andamooka matrix 
opal is opaque and uniformly black. In con- 
trast, the translucent to opaque body color of 
Lightning Ridge black opal is typically dark 
blue, dark green, dark brown, or gray, and only 
very rarely black. 
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Figure 10. Black carbon particles can also be 

seen filling voids, fractures, and surface defects 

in carbonized Andamooka matrix opal that has 

an essentially opaline groundmass. Magnified 10x. 


Figure 11, Treated Andamooka matrix opal 
(left, 13.69 ct) may be mistaken for Lightning 
Ridge black opal (right, 11.88 ct), although 
there are several distinguishing characteristics. 
Photo © GIA and Tino Hammid. 
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3. Treated Andamooka matrix opal has patchy to 
spotty play-of-color that emanates from an 
obvious black carbon-impregnated matrix. 


As treated Andamooka matrix opal has quite 
distinctive hand-lens characteristics, other gem- 
ological tests will seldom be needed to identify 
this treated opal. Depending on the porosity of the 
original material, this color-enhanced matrix opal 
has gemological properties (hardness = 6, specific 
gravity = 1.98 to 2.05, a “spot” refractive index of 
1.44/1.45, and patchy blue-white fluorescence to 
long-wave ultraviolet radiation) that are identical 
to those of solid light-colored Andamooka opal. 

Owners of treated Andamooka matrix opals 
should avoid damage to the surface of the stone, 
because the carbon impregnation often is no 
deeper than 1 mm (although the immersion of a 
particularly porous matrix opal in the sugar solu- 
tion for several days may alter the color throughout 
the entire stone; G. Brooks, pers. comm., 1990). 
While treated Andamooka matrix opal has the 
same toughness as solid Andamooka opal, the 
color in the treated opal may be removed by 
repolishing. 


CONCLUSION 

In Australia, the term matrix opal is used to 
describe a range of sandy, clay-like, or siliceous 
rocks that have their pore spaces and fractures 


filled with precious opal. Almost all treatable 
matrix opal comes from the Andamooka opal 
fields in South Australia. 

For almost 40 years, Andamooka matrix opal 
has been color enhanced by sugar-acid treatment 
of the prepolished matrix opal. 

Dyed Andamooka matrix opal is simple to 
identify, because at 10x magnification the black 
particulate carbon impregnator can be seen either 
within or surrounding discrete grains of precious 
opal, or impregnating the nonopaline siliceous 
matrix surrounding these patches of color. 
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AMBER, Damaged in Cleaning 


Recently the East Coast laboratory 
received a telephone call from an 
acquaintance who was quite agitated 
as she described the appearance of a 
necklace of amber beads that she had 
attempted to clean by immersion in 
denatured alcohol. Some of the beads 
had turned chalky white and others 
had lost all luster. She explained that 
she often “washed” natural and imi- 
tation stone bead necklaces in this 
fashion, with great results. If it 
worked with those materials, why 
not amber? 

While she was stil] on the tele- 
phone, we selected a piece of amber 
and dipped it into the alcohol we use 
to clean diamonds while grading. In 
an instant, our sample was “ruined.” 
Figure | shows the 30-in. {75 cm} 
necklace that she subsequently sent 
to us for examination. 

A check of the literature for 
information about the reaction of 
amber to alcohol turned up nothing. 
In fact, one source implies that am- 
ber is attacked only by acids and 
strong solvents. (One test for amber 
is its resistance to ether—surely a 
strong solvent.) Evidently, the alco- 
hol in perfumes does not affect am- 
ber, or surely it would have come to 
our attention by now. 


Editor's Note: The initials at the end of 
each item identify the contributing editor 
who provided that item. 
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Figure 1. When these amber beads {10.25 x 7.384 mm to 25,30 x 
16.75 mm) were “washed” by immersion in alcohol, many of them 
acquired a white film that could only be removed by repolishing. 


Our friend's necklace had been 
assembled to illustrate the broad 
range of color and quality of amber 
from Santo Domingo. Resistance to 
alcohol appears to be another vari- 
able. Several of the lighter, more 
transparent beads showed little dam- 
age, while most of the beads that 
were darker and more translucent 
developed an opaque white layer. 
Repolishing the beads removed the 
coating. The reaction of these beads 
makes it evident that alcohol should 


be included among the list of sol- 
vents that may attack organic mate- 
rials such as amber. GRC 


DIAMOND 


Electron-Treated, Large 

The East Coast laboratory has seen a 
marked increase in diamonds that 
have been color treated by electrons. 
With magnification and diffused illu- 
mination, electron treatment can be 
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recognized in some diamonds by the 
presence of a zone of color at the culet 
or along facet junctions (as discussed 
in the article by Fritsch and Shigley, 
Gems & Gemology, Summer 1989, 
pp. 95-101). 

Recently, we examined the larg- 
est electron-treated diamond we 
have seen to date in this lab. The 
37.43-ct radiant-cut yellow diamond 
measured approximately 22.14 x 
16.98 xX 11.48 mm. A yellow color 
zone, typical of that produced by 
electron treatment, was observed in 
the culet area. DH 


Electron Treated, 

in Period Jewelry 

At about the same time, the East 
Coast lab examined a yellow old- 
European—cut diamond, set in a 
white metal Art Deco brooch, that 
also revealed the tell-tale yellow 
“cone” around the culet that proves 
electron treatment. The stone mea- 
sured approximately 7.00 x 5.00 
mm. ; 

The curious thing was that the 
brooch was probably manufactured 
before elettron treatment was avail- 
able. Although the cutting style of 
the treated stone matched that of the 
other diamonds in the pin, careful 
inspection revealed that the bezel 
setting encasing that stone had been 
replaced. This suggests that the origi- 
nal stone was either (1) unmounted, 
treated, and reset or (2) replaced with 
a treated diamond that was carefully 
selected to match the other stones in 
cutting style. ™ 


Fracture Filled 


Over the last few years, the filling of 
fractures in diamonds has been the 
subject of great concern and study. A 
comprehensive article published in 
the Summer 1989 issue of Gems 
Gemology (Koivula et al., “The Char- 
acteristics and Identification of Fil- 
led Diamonds,” pp. 68-83] discussed 
the orange/blue flash effect that is a 
major identifying characteristic of a 
filled stone. In that article, however, 
near-colorless diamonds were used to 
illustrate this feature with the excep- 
tion of one yellowish brown dia- 
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Figure 2, A purple flash is 
readily visible in this filled 
yellowish brown diamond 
when viewed with darkfield il- 
lumination and 20x magnifi- 
cation. 


mond. This exception pointed out 
the fact that unless the stone is ori- 
ented properly, the flash effect might 
be more difficult to detect with dark- 
field illumination in colored than 
“colorless” diamonds. 

A subsequent update (Gem 
News, Gems #& Gemology, Spring 
1990, pp. 103-105) illustrated a near- 
colorless diamond with new flash- 
effect colors: pinkish purple and yel- 
lowish green, 

Recently, the East Coast labora- 
tory examined an obviously filled 
yellowish brown diamond with the 
“new” flash-effect colors (figure 2). 
Unlike the “old” (orange/blue} flash- 
effect colors in the fracture-filled yel- 
lowish brown diamond shown in the 
1989 article, the “new” (purple/ 
green) flash-effect colors are readily 
visible with darkfield illumination 
and magnification. Figure 3 shows 
both orange and green flashes in this 
same stone. Nicholas DelRe 


Green Surface-Colored 

Rough Fashioned to a 

Fancy Light Yellow 

A client recently allowed the East 
Coast laboratory to follow the pro- 
gress of a 2.2.94-ct light green rough 
octahedral diamond through sawing, 
cutting, and polishing and record its 
gemological and spectral charac- 
teristics at each stage. 


GEMS & GEMOLOGY 


Figure 3. In the same stone as 
figure 2, these filled fractures 
reveal both the “original” or- 
ange flash-effect color and its 
newer green counterpart. Mag- 
nified 15x. 


Examination of the rough dia- 
mond with both the unaided eye and 
a gemological microscope, using dif- 

-fused illumination, led us to specu- 
late that the green color was confined 
to the surface. Once the crystal was 
cut and polished, we believed, the 
green color would disappear and the 
resulting faceted stones would havea 
yellow body color. 

Infrared spectroscopy of the 
rough crystal revealed that it was a 
type IaA +B, with the body color due 
to absorption caused by the presence 
of nitrogen. The crystal displayed the 
classic Cape absorption lines in the 
Beck hand-held spectroscope. 

We then examined the rough 
crystal with a Pye Unicam Model 
8400 UV-VIS spectrophotometer to 
look for absorption lines associated 
with the radiation damage to the 
lattice structure that contributes toa 
green color. The crystal did reveal 
this type of absorption, known as the 
GRI, with its characteristic sharp 
band at 741 nm. 

Although we saw no natural 
brown or green radiation stains on 
the rough crystal, we believe that the 
green coloration was natural, The 
stone was reported to be from An- 
gola, and Central Africa is known to 
be uranium rich; natural radiation 
from uranium can affect the colora- 
tion of diamond crystals. Further- 
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Figure 4. Even after a diamond 
with what appeared to be a 
green “skin” was sawed, the 
green surface color was still 
prominent. The 6,56-ct piece is 
shown here. 


more, there was no artificial color 
zoning such as is induced by electron 
or cyclotron treatment. 

The crystal was then sawed into 
two pieces, 15.93 and 6.56 ct. Al- 
though these two pieces retained the 
original greenish coloration (figure 
4), we were surprised that both 
showed a very weak absorption line 
at 503 nm that was not present in the 
original piece of rough. Perhaps this 
was caused by the heat of sawing, 
which required three eight-hour days 
to complete. 

The larger piece of rough yielded 
an 11.01-ct radiant cut with no trace 
of green color visible; this stone was 
graded “fancy light yellow.” Thus, 
our original speculation about the 
final color proved to be correct. The 
U.V-visible spectrum of the fash- 
ioned stone also showed that the GR1 
radiation absorption band was no 
longer present, undoubtedly because 
the green surface had been com- 
pletely removed in fashioning. DH 


Green, with Radiation Stains 

in Etch Channels 

We have often noted a relationship 
between a face-up green color in 
diamonds and the presence of brown 
or green radiation stains. In many 
polished stones where the surface is 
entirely removed during cutting, 
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these stains are confined to etch 
channels, with figures 5 and 6 being 
two good examples. The striated or 
sculpted surfaces of these epigenetic 
features show specific preferential 
attack at defects in the crystal struc- 
ture caused by the etching fluid. Etch 
channels are usually V shaped and 
narrow as they penetrate the crystal. 
Thus, the narrow portion of the chan- 
nel remaining on a polished diamond 
may appear at first glance to be a 
mechanical fracture or cleavage. 
However, the absence of a fracture or 
cleavage surface suggests that it is 
actually the result of etching. 

A possible explanation for this 
association of radiation stains and 
etch channels is that the same fluid 
causes both. Diamonds have been 
etched in the laboratory {producing 
etch channels, trigons, and other fea- 
tures observed in natural diamonds} 


sO 


Figure 5. Brown irradiation 
stains are evident in this etch 
channel at the girdle of a very 
light green 2.49-ct old-mine— 
cut diamond. Magnified 45x. 


with potassium chlorate and sodium 
perchlorate, potassium and sodium 
nitrate and hydroxide, and silicate 
melts including kimberlite (as sum- 
marized in Orlov’s Mineralogy of the 
Diamond, English edition published 
by John Wiley & Sons, Toronto, 1977, 
pp. 85-103). Any fluid that contains 
potassium will include some of the 
long-lived radioactive isotope K-40, 
which makes up 0.01% of all po- 
tassium in nature. In addition, two 


Figure 6. Green stains line the 
etch cavities that extend into 
this 0.60-ct marquise-cut dia- 
mond and may contribute to 
its overall color. Magnified 50x. 


other long-lived radioactive nuclides, 
thorium-232 and uranium-238, are 
frequently found in natural fluids 
rich in potassium. Whatever the pre- 
cise composition of the etching 
fluids that attack natural diamonds, 
irradiation could easily occur at the 
same time. 

Such radiation stains, which line 
the channels and penetrate into the 
diamond approximately 1 or 2 mm, 
may be the cause of the apparent 
color in the stone shown in figure 6. 
The “stained” channel illustrated in 
that figure is just visible along the 
lower edge of the diamond at its belly, 
There is another, similar stain in the 
pavilion at the left point of the mar- 
quise-cut stone. The presence of 
these stains is a strong indicator of 
natural color, although further cor- 
roboration is usually necessary. 

TM and Lene Reinitz 


PEARL 


Cultured “Demi-Pearl” 


Staff members at the West Coast lab 
had the opportunity to examine a 
unique pearl formation. At first 
glance, the 6-mm round drilled bead 
{figure 7] resembled another unusual 
pearl formation that we had de- 
scribed as a “demi-pearl” in the Fall 
1989 Gem Trade Lab Notes section. 

Like the earlier sample, the two 
halves of this bead also were different 
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colors: The white part showed the 
pearly luster and orient commonly 
associated with fine pearls, while the 
medium dark pinkish brown part 
showed some areas of darker color 
concentration, but no other struc- 
tural characteristics. Visually, the 
darker portion resembled the cal- 
careous concretions produced by 
clams or oysters. Since this pearl was 
drilled, we were able to see through 
the drill hole a distinct demarcation 
between the bead nucleus and the 
fairly thin overlying partly nacreous, 
partly concretionary layer. The X-ra- 
diograph clearly showed the differ- 
ence in transparency between the 
bead nucleus and the top layer, thus 
proving that this “demi-pearl,” un- 
like the one previously described, 
was the result of a culturing process. 
As would be expected in a cultured 
pearl, the fluorescence of the shell 
nucleus to X-radiation was visible 
through the lighter-colored nacreous 
layer, butit was masked by the darker 
pinkish brown layer. Again, we do 
not know under what circumstances 
this unusual “demi-pearl” was 
formed in‘the mollusk. KH 


Figure 7. Half of this 6-mm 
cultured “demi-pear!” is 
nacreous and half resembles 
a calcareous concretion. 


Freshwater “Rosebud” Pearls 

The necklace of graduated freshwa- 
ter pearls shown in figure 8 generated 
great interest in the East Coast labo- 
ratory. lt consisted of natural fresh- 
water “rosebud” pearls ranging from 
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Figure 8. The bumps, ridges, and high luster of the graduated pearls 
in this necklace strongly suggest that they are freshwater “rosebud” 
pearls, which are characteristically found only in American waters. 


approximately 6.70 x 4.80 x 3.20 
mm to 15.50 x 13.80 x 5.50 mm. 
Although a few pearls appeared to be 
slightly out of place, the overall 
match of color, overtone, and luster 
was consistent. 

This necklace resembled those 
illustrated and described in the 
Spring 1989 (p. 35} and Fall 1990 (p. 
220] Lab Notes sections. lt appears to 
be an American product from the 
Unio mussel and probably was as- 
sembled in the early 1900s, when 
American pearl production peaked. 

“Rosebud” pearls have been de- 
scribed by Sweaney and Latendresse 
(Gems & Gemology, Fall 1984, pp. 
125-140]: “This characteristically 
American freshwater pearl is typ- 
ically high domed, with a flat back 
and roughly roundish outline.” The 
pearls in this necklace also had the 
prerequisite bumps and ridges as 
well as a high luster. As expected, the 
pearls luminesced strongly to X-rays, 
and the X-radiograph showed only a 
few features in the structure. 

T™ 


Rare Assembled 

Cultured Blister Pearls 

At first glance, the beads shown in 
the ring in figure 9 appeared to be 3/4 
cultured blister pearls, which were 
first described in Gems #& Gemology 
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in the Summer 1981 issue. However, 
the X-radiograph (figure 10) taken in 
our East Coast laboratory indicates 
that these are “plugged” cultured 
blister pearls with relatively thick 
nacre. That they were grown on an 
Australian Pinctada maxima yel- 
low-lip shell is shown by the yellow 
worked area of shell evident around 
their backs. One might be tempted to 
call them mabe pearls, but that 
would be misleading since almost all 
mabe pearls are grown in the black- 
winged pearl oyster, Pteria penguin, 
which is called mabe by the Japanese. 
Characteristically, mabe pearls 
have a very thin nacreous layer that 
is grown around (but does not adhere 
to) steatite (soapstone) hemispheres, 
which are discarded when the blister 
is sawed from the shell. After it is 
cleaned thoroughly, the inside of the 
thin nacre may be lacquered to en- 
hance the color; then a hemisphere of 
mother-of-pearl is cemented into the 
cavity and covered with a low cab- 
ochon shell base. This contrasts with 
the 3/4 cultured blister pearls, which 
retain their large saltwater shell nu- 
clei and require no assemblage. Be- 
cause of the setting, we could not 
determine how these “plugged” cul- 
tured blister pearls were finished on 

the base. 
GRC 
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Figure 9. Unlike mabe peazrls, 
these “plugged” cultured blis- 
ter pearls (approximately 17 
mm in diameter) have a rela- 
tively thick nacre and were 
grown in an Australian Pinc- 
tada maxima oyster. 


Figure 10, The X-radiograph of 
the cultured blister pearls in 
figure 9 clearly shows the 
“plugs.” 


An Early(?) Flux-Grown 
SYNTHETIC RUBY 


When the staff of the New York 
laboratory first reported their exam- 
ination of flux-grown synthetic 
rubies in the Spring 1965 issue of 
Gems & Gemology, they undoubt- 
edly referred to something similar to 
the synthetic ruby shown in figure 
11, which was recently submitted to 
us. However, at that time the journal 
was not published in color, and the 
fact that the seed crystal used to 
initiate crystal growth was outlined 
in blue was not noted. Later, in the 
Winter 1969-1970 issue, they did 
note the blue outline, but could give 
no explanation for it; again, the ma- 
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terial was not illustrated in color. 

We can now speculate that the 
presence of iron and titanium in the 
natural corundum seed crystal pro- 
vides the mechanism for the blue 
color. It is probable that the heat from 
the synthesis process draws the Fe 
and Ti to the surface of the crystal 
and, when they come into contact 
with the flux solution, creates the 
blue outline. 

By the mid-1970s, the manufac- 
turers were evidently growing crys- 
tals large enough to eliminate all 
evidence of the seed crystal in facet- 
ing. We have not seen a blue-zoned 
flux-grown synthetic ruby such as 
the one pictured here for many years. 
However, we have noted in some of 
the rubies from Vietnam blue zones 
{rather than outlines] that remind us 
of some of the early faceted flux- 
grown synthetic rubies we examined 
so long ago. GRC 


Figure 11. This early flux- 
grown synthetic ruby reveals a 
blue outline around the natu- 
ral corundum seed. Magnified 
10x, 


SPINEL, with Unusual 
Green Fluorescence 


The attractive 9.78-ct oval mixed cut 
shown in figure 12 in incandescent 
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Figure 12. This 9.78-ct spinel 
showed an attractive color 
change from bluish violet in 
fluorescent light to slightly 
pinkish purple in incandescent 
light. 


light was recently submitted to our 
West Coast laboratory for identifica- 
tion. A medium dark, slightly pink- 
ish purple in incandescent light, this 
stone exhibited a medium dark 
bluish violet when viewed in fluores- 
cent illumination. Routine gem- 
ological testing established its iden- 
tity as a natural spinel. 

Specifically, although the single 
refractive index reading of 1.714 is 
slightly lower than is normally ex- 
pected, it is the same as that recorded 
for a 16.39-ct color-change cobalt 
spinel described in the Fall 1990 
Gem News section of Gems @ Gert- 
ology. When we viewed the stone 
with a Chelsea filter, we observed a 
weak dull brownish pink throughout 
most of it, with flashes of dull brown- 
ish red in the crown facets. Moderate 
anomalous double refraction was 
seen in the polariscope. A specific 
gravity of 3.60 was determined by the 
hydrostatic method. Microscopic ex- 
amination revealed an interesting 
display of inclusions: a complex in- 
terweaving of “needles” (figure 13} 
and stringers of fine particles inter- 
secting in three directions, as well as 
a few small crystals and fractures 
(several with brownish orange iron- 
oxide stains). 

When exposed to long-wave ul- 
traviolet radiation, this color-change 
spinel exhibited a striking moderate 
to strong chalky, slightly yellowish 
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Figure 13. These needle-like 
inclusions were seen in the 
spinel shown in figure 12. 
Magnified 25x. 


green fluorescence (figure 14}. A sim- 
ilar, but much weaker, reaction was 
observed with short-wave U,V. radia- 
tion. Green fluorescence is quite un- 
usual for a‘natural spinel. We recall 
having scen it only once before, in a 
natural spinel that exhibited a color 
change from pinkish purple to pur- 
plish pink (see the Winter 1984 Lab 
Notes section}. 

Figure 15 shows the absorption 
curve as recorded with a Pye Unicam 
Model 8800 UV-VIS spec- 
trophotometer in GIA Research. The 
spectrum shows features related to 


Figure 14. The spinel in figure 
12 fluoresced a striking chalky, 
slightly yellowish green to 
long-wave UV. radiation. 


Gem Trade Lab Notes 


Fe2+, with trace amounts of Co2+, 
both in tetrahedral coordination. 
These two elements are responsible 
for the bluish violet coloration and 
the moderate color change. The very 
sharp peak at about 428 nm is attrib- 
uted to Mn2+ in tetrahedral coor- 
dination (see Schmetzer et al., 1989, 
Neues Jahrbuch ftir Mineralogie Ab- 
handlungen, Vol. 160, No. 2, pp. 
159-180}. Energy-dispersive X-ray 
fluorescence confirmed those assign- 
ments by showing the presence of 
Mn, Fe, Zn, and Ga in addition to the 
major constituents Mg and Al. Trace 
amounts of Co are helow the detec- 
tion limits of our EDXRF system. 
The green fluorescence is due to the 
tetrahedral Mn2+, which is known 
to give rise to a green fluorescence in 
other materials, such as feldspars and 
some glasses (see Waychunas, 1988, 
Reviews in Mineralogy, Vol. 18: Spec- 
troscopic Methods in Mineralogy 
and Geology, Mineralogical Society 
of America, Washington, DC, pp. 
639-664). Also, flame-fusion syn- 
thetic spinel doped with manganese 
shows a very strong green fluores- 
cence. 


RK and Emmanuel Fritsch 


Cobalt-Colored 
SYNTHETIC SPINEL, 
with Unusual Inclusions 


An attractive, 2.51-ct oval blue stone 
was submitted to the East Coast 
laboratory by a dealer who thought it 
was a rare cobalt-colored blue spinel. 
However, its optical characteris- 
tics —R.I. of 1.728, red fluorescence 
to long-wave ultraviolet radiation, 
and chalky yellow fluorescence to 
short-wave U.V.— matched those of 
cobalt-bearing synthetic spinel. The 
fact that natural cobalt-colored blue 
spinels are usually inert to both long- 
and short-wave U.V. (see the Kane 
entry in the Summer 1986 Lab Notes 
section) strongly indicated that our 
stone was indeed a synthetic. 
When we examined the stone 
with magnification, we were sur- 
prised to see misty stringers and veils 
unlike anything we had ever seen in 
synthetic spinel (figure 16). To find a 
single known synthetic spinel with 
the same wispy inclusions— and thus 
confirm that this was indeed a syn- 
thetic — we had to examine well over 
100 similar-colored synthetic spinels 
with binocular magnification. The 
known synthetic spinel we found 


Figure 15. The U.V— visible absorption spectrum of the spinel in 
figure 12 reveals features related to Fe2+ and Co2* that are respon- 
sible for the bluish violet coloration and moderate color change, 
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Figure 16, The unusual wisps 
and veils in this cobalt-colored 
synthetic spinel appeared to be 
associated with strain pat- 
terns. Magnified 50x. 


looked like our sample. When both 
synthetic spinels were examined 
with crossed polarizers, the wisps 
and veils appeared to be associated 
with strain patterns. GRC 


Dark Blue TOPAZ 
Damaged by Treatment 


Blue topaz is one of the most com- 
mon gems in the trade today. It is 
widely known that most of the var- 
ious shades of blue marketed do not 
occur naturally, but are usually pro- 
duced by treatment with irradiation 
followed by heat. Presently, there is 
no routine gemological test to sepa- 
rate natural- from treated-color blue 
topaz. 

Some stones, however, provide 
indicators of treatment. The pres- 


Figure 18. This green zircon sitting on top of a 
Geiger counter probe shows a radiation reading 


of over 0.4 mR/hour. 


ence of residual radiation, noted in 
rare instances, conclusively proves 
that the topaz has been treated. The 
Geiger counter we use in the East 
Coast lab registered only background 
levels when the 20,88-ct topaz illus- 
trated in figure 17 was tested. Proof 
of electron treatment was provided 
by the internal damage, referred to as 
“internal lightning,” that was evi- 
dent. As reported by Nassau in the 
Spring 1985 issue of Gems &) Gemol- 
ogy (p. 30}, the halos around the 
individual crystals most likely are 
also the result of the electrical 
charge. 

Even though topaz samples are 
cooled during treatment, the build- 
up of a negative charge from the 
accelerator can damage the stones. 
To avoid damage, higher energy 
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Figure 17. “Internal lightning’ 
reveals damage in a topaz 
treated by electron irradiation. 
Magnified 20x. 


levels are usually used so that most 
of the electron beam passes through 
the sample. T™ 


Radioactive ZIRCON 


We recently received for testing an 
11.56-ct stone that the dealer be- 
lieved was zircon and suspected was 
radioactive. 

Routine gemological testing 
proved that the stone was zircon, and 
the Geiger counter showed that it 
was in fact radioactive, emitting over 
0.4 milliroentgens (mR) per hour (fig- 
ure 18). As normal background level 
is about 0.02 mR/hour, it would 
probably be unsafe to wear this stone 
in jewelry. 

Ordinary “high zircon” is zir- 
conium silicate crystallized in the 
tetragonal system. If the crystal con- 
tains radioactive uranium or tho- 
rium, alpha particles will destroy the 
crystal structure over time, forming 
what is called “low zircon,” or amor- 
phous silica and zirconium. As ex- 
pected for a “low zircon,” no dichro- 
ism or doubling of facet junctions 
was observed in the stone we tested. 
Nor could we locate a uniaxial figure 
in the polariscope, since the crystal 
structure had deteriorated. Instead, 
we saw the bright circular bands of 
color (figure 19) typical of ametamict 
zircon. DH 


Figure 19. Only interference colors, but no optic 
figure, could be resolved in the metamiict zircon 


shown in figure 18. 
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HIGHLIGHTS FROM THE GEM TRADE LAB 25, 15 AND FIVE YEARS AGO 


SUMMER 1966 


The New York lab described and 
illustrated a remarkably thin—0.6 
mm-—rose-cut diamond that was 
14.5 mm in diameter. This thin 
crown was used in conjunction with 
a cone-shaped metallic backing, also 
shown, to simulate a much larger 
diamond when set. Treated red- 
brown and red-orange diamonds 
were discussed and their absorption 
spectra illustrated. 


SUMMER 1976 


Chrysoberyl is well known for cat’s- 
eye material, but it rarely shows 
asterism. A chrysobery! showing a 
very distinct four-rayed star was seen 
in the Santa Monica lab. They also 
encountered another imitation am- 
ber with imsect inclusions, in this 
case a large cicada in what turned out 
to be plastic. 

The New York lab discussed dia- 
monds and inclusions in diamonds. A 
cutter decided to eliminate a cloudy 


area in the center of a 50-ct piece of 
rough by cutting an 8.55-ct cube 
containing the cloud. The cloud 
shows a dark cross at its center. Other 
unusual cuts and shapes of diamond 
were shown. 


SUMMER 1986 


The Los Angeles lab reported on 
some unusual items, including a 
nearly black devitrified glass that 
was being sold in Hong Kong as black 
“onyx.” An unusual way to use thin 
slices of opal was illustrated in an 
assembled bead necklace where the 
opal had been applied in sections toa 
round bead backing material and 
then shaped and polished. A most 
unusual cat’s-eye rutile was seen in 
Santa Monica. Although rutile does 
not normally have a structure that 
would produce chatoyancy, this ma- 
terial was apparently fibrous enough 
to produce a cat’s-eye effect when 
fashioned. 


This unusual cat’s-eye rutile 
weighs 1.43 ct. Magnified 3x. 


FIGURE CREDITS 

The photos for figures 1-3, 5, 6, 8, 9, 17, 
rand 16-18 were supplied by Nicholas 
DeiRe. Figures 4 and 19 were taken by 
Dave Hargett. John |. Koivula shot the 
photomicrograph in figure 7 and the Histori- 
cai Note. Bob Crowningshield took the 
X-radiograph in figure 10. Figure 12 is by 
Robert Weldon, figure 13 is by Robert E. 
Kane, and figure 14 is by Shane F McClure. 
Mike Moon ran the UV-VIS spectrum illus- 
trated in figure 15. 
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De Beers unveils Centenary diamond. On May 1, 1991, 
De Beers’s Deputy Chairman, Nicholas Oppenheimer, 
unveiled the 273-ct Centenary diamond (figure 1). De- 
scribed by De Beers as the largest reportedly flawless 
diamond outside the British Crown Jewels, the Centen- 
ary was fashioned from a 599-ct piece of rough recovered 
from the Premier mine in South Africa in July 1986. The 
rough was unveiled in Kimberley on March 11, 1988, to 
commemorate the 100-year anniversary ([centenary} of 
De Beers Consolidated Mines Ltd. 

The Centenary diamond is the third largest dia- 
mond to come from the Premier mine; the two largest 
are the 530.2-ct Great Star of Africa (Cullinan 1) in the 
Imperial Sceptre and the 317.4-ct Lesser Star of Africa 
(Cullinan II) in the Imperial State Crown, both part of 
the Crown Jewels display in the Tower of London. These 
two stones, however, were fashioned prior to the develop- 
ment in the 1920s of modern, symmetrical cuts. The 
Centenary, therefore, is the largest modern-cut, top- 
color, apparently flawless diamond in the world. 

A team of specialists spent three years preparing, 
cutting, and polishing the Centenary under the direction 
of famous cutter Gabi Tolkowski. Almost five months 
were needed for the initial shaping. Next, a total of 13 
specific shapes were sketched and polished in hundreds 
of plastic models. By March 1990, a modified heart shape 
had been chosen and final polishing was begun; this 
process was completed more than a year later, in April of 
1991. Although experts believe itis almost impossible to 
value, the Centenary diamond has been insured for over 
US$100 million. 

The Premier mine, which is also where the Cullinan 
rough was found, is situated near the small Transvaal 
village of Cullinan, east of Pretoria. The kimberlite pipe 
on which the mine was established is the largest of 14 in 
the Cullinan area and, at an estimated 1,200 million 
years old, is one of the oldest known kimberlite deposits. 
The Premier mine is famous for large and beautiful 
stones, often of superb quality, It has produced almost 
300 stones larger than 100 ct. 


Large “chameleon” diamond. Among the most notable of 


colored diamonds are those referred to as “chameleon” 
diamonds because of the unique color alteration they 
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Figure 1, The 273-ct Centenary diamond is one 
of the largest faceted diamonds in the world. 
Photo courtesy of the Central Selling Organisa- 
tion, 


show. These normally green stones will temporarily 
become yellow when they are either heated slightly or 
left in darkness for a period of time. The yellow color, 
however, is not stable, and the stones will revert in 
seconds or minutes to their original color when they are 
removed from the source of heat or exposed to light. 

The editors recently examined an unusually large 
(9.92 ct} “chameleon” diamond, a round brilliant cut 
shown to us by Barry Shore of Dynamic Tangibles Corp., 
Los Angeles. Under normal conditions, the stone is light 
greenish yellowish gray (figure 2}, but it temporarily 
changes to light brownish yellow when heated with the 
flame of an alcohol lamp. 


Soviet production estimates updated. Vitaliy N. 
Efremoy, deputy director of the Siberian branch of the 
USSR Institute of Geology and Geophysics, reported 
that 1989 production of diamonds in the USSR totalled 
approximately 15 million carats, half of gem quality. 
These represent the first production figures ever released 
by Soviet officials and exceed previous estimates by the 
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U.S. Bureau of Mines. {Diamant, October-November 
1990} 


Australian marine search for stones. The Australian 
company Cambridge Gulf Exploration is the first in that 
country to have obtained a permit to explore offshore 
waters for gems. The company believes that diamonds 
exist at the bottom of the Timor Sea. (Diamond Intel- 
ligence Briefs, October 18, 1990, p. 697] 


World-record auction price for a diamond. At their 
November 14, 1990, auction in Geneva, Sotheby’s sold a 
D-color, internally flawless, 101.84-ct diamond. The 
pear-shaped mixed cut brought a world-record auction 
price of $US12,760,000. The stone, purchased by inter- 
national jeweler Robert Mouawad, has been named the 
Mouawad Splendour. (Sotheby’s press release dated No- 
vember 16, 1990} 


Update on diamond mining in Brazil. On a recent trip to 
Brazil, Patricia Maddison, senior staff gemologist in the 
GIA Gem Trade Laboratory, visited an alluvial diamond 
mine located in the far north of the country near the 
border with Guyana. 

Mining is carried out on a high plateau in an almost 
dry river bed. A hydraulic cannon loosens the sediments 
(figure 3), Which are then fed via a pipeline into a crude 
separator jig used to recover both gold and diamonds 
(figure 4}, As in other areas of Brazil, the diamonds are a 
secondary product of what began as a gold-mining 
operation. 


Figure 2, At 9.92 ct, this is an unusually large 
“chameleon” diamond. Photo by Robert Weldon. 
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Figure 3, A hydraulic cannon loosens the sedi- 
ment prior to separation at this alluvial mining 
operation in northern Brazil. Photo by Patricia 
Maddison. 


The owner of the mine stated that diamond produc- 
tion averaged approximately 15 carats a month; most of 
the diamonds Ms. Maddison saw were distorted octa- 
hedral and twinned crystals (“macles”), of gem quality. 
She visually estimated the weights as ranging from 
about 10 points to 3 ct. Many of the crystals had what 
appeared to be brown or green radiation stains on their 
surfaces, as is commonly seen on diamonds from Brazil. 
Ms. Maddison was told that a number of similar mines — 
with comparable production — were being operated else- 
where in the area, including across the border in both 
Guyana and Venezuela. 


Jewelry-quality diamond crystals. While cutting is usu- 
ally required to bring out the elegance of most “rough” 
gem-quality diamonds, occasionally we encounter natu- 
ral crystals so beautiful in form that cutting seems 
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unwarranted, Recently, the editors had the opportunity 
to examine two such crystals (figure 5} that were loaned 
for study by Marvin Finker, president of Trillion Dia- 
mond Co. of New York. The well-matched crystals 
weighed 0.97 ct and 0.92 ct, respectively, and measured 
6.71 and 6.89 mm. Mineralogically, they would be 
classified as twins. Their form suggests that of twisted 
macles, with one twin member displaced by a rotation of 
60° from the other, so that distinct hexagrams are 
formed. These six-pointed stars are in the shape of a 
Magen David (Star of David). Because of their similar 
size and weight, these make an exceptional pair. 


Bluish gray synthetic diamond thin films grown on 
faceted diamonds. Since the mid-1980s, great progress 
has been made in the low-pressure synthesis of diamond 
(see, e.g., Fritsch et al., Gems #& Gemology, Summer 
1989, pp. 84-90). Although a number of industrial 
applications for these thin films have been developed, 
until recently the process was not refined to the point 
where it was useful with gem materials. Now, however, 
the deposition of a very thin film of type Ilb blue 
synthetic diamond on the surface of a faceted near- 
colorless diamond has been accomplished, which has 
considerable potential for the gem industry. 

To explore possible identification criteria for such a 
treatment procedure, Dr. Emmanuel Fritsch of the GIA 
Research Department had two faceted emerald-cut dia- 
monds (0.33 ct and 0.36 ct) and a rough octahedron {1.15 
ct} covered with such a thin film by Dr. Andrew Phelps, 
who at the time was with the Diamond Materials 
Institute, State College, Pennsylvania. The faceted 
stones originally color graded G and H-I (figure 6, left}. 

Deposition was carried out using the hot-filament 
technique. After a careful cleaning, the stones were 
placed on the assembly surface table-down, so only the 
pavilion and part of the crown could be coated. The 
substrate assembly was heated to 950°C during deposi- 
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Figure 4, The separator 
jig shown here is used to 
recover both gold and di- 
amonds in this Brazilian 
alluvial mining opera- 
tion. Photo by Patricia 
Maddison. 


tion. Carbon monoxide, used as a source of carbon, was 
metered into the reactor in the hydrogen gas stream. 
Boron was introduced into the growth environment as 
the extremely poisonous gas diborane, also diluted in 
hydrogen. Deposition time was typically 25 minutes. 

The results were dramatic: All three stones ap- 
peared dark bluish gray (figure 6, right). Both the dark 
color and the high electrical conductivity (130 v on a 
Simpson meter, compared to 20 to 50 v for most natural 
blue diamonds} are attributed to the high concentration 
of boron in the thin film {approximately 220 ppm]. The 
film produced is approximately a third to a quarter of a 
micron thick. It is monocrystalline, growing in atomic 
continuity with the substrate diamond. 

Examination of the stones with a gemological mi- 
croscope provided the most useful identification crite- 
rion: The thin film does not cover facet junctions very 
well, creating a whitish appearance similar to minor 
abrasion (figure 7). This feature typically is not seen on 
natural blue diamonds. 


Figure 5. These “Star of David” diamonds (0.97 
and 0.92 ct, respectively) make beautiful gems 
in their uncut form. Photo by Robert Weldon. 
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Figure 6. A dramatic difference can be seen in these two near-colorless faceted natural diamonds 
(0.33 ct and 0.36 ct) and one rough octahedron (1.15 ct) before (left) and after (right) they were 
coated with a synthetic bluish gray diamond thin film grown by low-pressure synthesis technology. 


Photos by Robert Weldon. 


Figure 7. Whitish irregularities at the facet 
junctions of a diamond coated with a colored 
synthetic.diamond thin film provide proof that 
this treatment procedure has been used. Photo- 
micrograph by John I. Koivula; magnified 10. 


® 


COLORED STONE aaa 
African gem update. On a recent trip to Idar-Oberstein, 
Dr. Emmanuel Fritsch received updates on gem produc- 
tion in a number of African countries. Eckehard Petsch 
gave GIA two parcels of tourmaline rough. One repre- 
sents the wide range of colors produced at Karibib, 
Namibia. These include blue, bluish green, yellow, 
saturated pink, orange, and “watermelon.” Some pieces 
were in the form of distinct gem nodules. The other 
parcel shows the range of colors from Chipata, Zambia: 
predominantly brownish green and brownish orange. 
Mr. Petsch also donated samples of rough morganite and 
emerald from Madagascar. 

Local dealers reported that ruby production from 
the Morogoro area (Matombo and Maheng) of Tanzania 
has increased. The Umba Valley in Tanzania is now 
producing pink sapphires with an orangy secondary 
color that is reportedly much closer to a true “pad- 
paradscha” color than the so-called “African pad- 
paradscha” that has been on the market for several years. 

Madagascar is producing large quantities of brown- 
ish purple (“wine”) colored tourmaline, although much 
is of a very low quality that is purchased primarily by 
Indian dealers for their domestic market. Karoi, Zim- 
babwe, is the source of large quantities of aquamarine, 
Some of the material is rather translucent but makes 
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good cabbing material. This locality also produces cat’s- 
eye aquamarine. 


Amethyst from Afghanistan. Amethyst has one of the 
widest distributions of all gem materials. Among its 
commercial sources are Brazil, Uruguay, Namibia, Zam- 
bia, Mexico, Sri Lanka, South Africa, the U.S., and the 
USSR. 

Recently, Gary Bowersox of Gem Industries, Hon- 
olulu, Hawaii, came across a new source: Pasmazal, an 
area in Afghanistan that lies between Parian Village in 
the northern Panjshir Valley and the Anjuman Pass. He 
loaned GIA one fashioned and two rough specimens for 
gemological investigation. The 13.70-ct fantasy cut 
(fashioned by Bart Curren} is transparent and dark 
grayish purple (figure 8]. All gemological properties were 


Figure 8. Afghanistan is the source of the rough 
amethyst from which this 13.70-ct fantasy cut 
was fashioned, Photo by Robert Weldon. 
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Figure 9. These specimens, reportedly from 
Pakistan near the border with Afghanistan, 
consist of corundum and green muscovite mica. 
Photo by Robert Weldon. 


consistent with those reported in the literature for 
amethyst. Magnification revealed color zoning and sub- 
hedral negative crystals, both of which are typical 
inclusions in this gem species. 


Unusual corundum/mica carving material. One of the 
more unusual carving materials to be seen in recent 
years is a purple-to-red corundum in green zoisite matrix 
from Tanzania, which is popularly called “ruby in 
zoisite.” Recently, Gary Bowersox showed the Gem 
News editors rough and fashioned pieces of a similar 
green-matrix material with center portions that ranged 
in color from pink-purple to red (figure 9). The samples 
superficially resembled the East African material but 
were mined near Wear Village, Timargara District, Dir, 
Malakand Agency, Northwest Frontier Province, 
Pakistan. Mr, Bowersox subsequently loaned some fash- 
ioned pieces, and donated a rough specimen, to GIA for 
gemological study. 

One 22.81 x 18.12 x 5.19 mm fashioned piece 
tested had a translucent, purple-pink center with a thin, 
translucent, green “rim.” Refractometer readings taken 
on the partially polished base revealed vague shadow 
edge readings of 1.76 for the central portion and 1.70 for 
the perimeter. When examined between crossed polars, 
both portions gave aggregate reactions. When exposed to 
long-wave ultraviolet radiation, the center portion fluo- 
resced a very strong patchy red; the rim was predomi- 
nantly inert, with two areas that fluoresced a moderate 
chalky greenish white. To short-wave U.V, the center 
fluoresced a moderate to strong patchy reddish purple 
while the rim was essentially inert. When examined 
with a desk-model prism-type spectroscope, the center 
portion showed an absorption pattern typical of ruby and 
purple sapphire; no distinct absorption features were 
noted for the rim, Magnification revealed numerous 
twinning planes in the “core” and some whitish veining 
in the rim. 

X-ray diffraction analysis of a minute sample from 
the rim was performed by Christopher Smith, of the 
West Coast GIA Gem Trade Laboratory. The pattern 
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produced matched the standard ASTM pattern for mus- 
covite mica. On the basis of this final piece of informa- 
tion, this particular piece of carving material was 
identified as a rock consisting of purple-pink sapphire 
and muscovite mica. 


Joint venture for Russian emeralds. According to the 
Mazal U’Bracha News Service, a joint venture has been 
established to polish emeralds from the Ural Mountains 
in the Soviet Union and market them in the West, witha 
projected annual revenue of about $40 million. The 
joint-venture company, known as Emural, was estab- 
lished by the USSR Ministry of Nuclear Energy, which is 
responsible for the production of Uralian emeralds. The 
Soviet partners in the joint venture are Moscow Plant 
Polimetal, Techsnabexport, and Malysheva Mines Man- 
agement; the non-Soviet partner is Panama-based Van- 
ico Group Inc., which is collaborating with an Israeli 
group that has the polishing skill and technology as well 
as the experience in marketing emeralds worldwide. 
Ben-Zion Harel of Hargem, in Israel, is chairman of the 
Emural board of directors. 

Emural will be based in Moscow and is scheduled to 
employ about 160 Soviet citizens in two cutting facto- 
ries, one in Moscow and one near the mine. Workers will 
be trained in Israel both to operate the cutting equip- 
ment and to sort, price, and market the finished goods. 
The joint venture will reportedly have at its disposal the 
entire emerald production from the Urals and intends to 
process standard sizes as well as matched stones. The 
emeralds will be marketed through four sales offices on 
as-yet-unspecified “different continents.” 


Large carved labradorite. At the February 1991 Tucson 
show, Regal Reflections, of The Woodlands, Texas, was 
offering a large selection of phenomenal labradorite from 
Madagascar. These were fashioned into various geomet- 
ric shapes, including cubes of 50 and 70 mm ona side and 
spheres ranging from 20 to 200 mm in diameter. The 
material has a predominantly gray body color with blue 
labradorescence. The firm’s owner, Robert Walker, stated 
that he had approximately 900 kg (one ton} of the 
material on hand, all of which had been fashioned in 
Madagascar. 


Fine greenish blue opal. Most of the opal used in jewelry 
exhibits at least some play-of-color. Notable exceptions 
are those transparent-to-translucent materials with 
vivid body colors (such as the orange to red fire opal from 
Mexico} and those with saturated body colors (such as 
the yellowish green prase opal from Tanzania}. 

At the February Tucson show, we saw another 
attractive nonphenomenal opal. This material, fash- 
ioned as free-form cabochons, looked very similar to the 
finest chrysocolla in chalcedony: It was translucent to 
semitranslucent with a strong, medium slightly green- 
ish blue “turquoise” body color (figure 10}. According to 
Nanette Forrester of American Lapidary Artists, Los 
Angeles, the material was mined in the Andes Moun- 
tains of Peru. After it was identified as opal at the GIA 
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Figure 10. Copper is probably the cause of the 
unusual color of these opal cabochons (1.05 and 
4.58 ct}, which are reportedly from Peru. Photo 
by Maha Smith. 


Gem Trade Laboratory, it was examined by Dr. Em- 
manuel Fritsch of GIA Research. EDXRF and 
U.V-visible spectroscopy revealed Cu2* as the coloring 
agent. Dr. Fritsch hypothesized that the copper is present 
as submicroscopic inclusions, as is the case with similar- 
appearing chalcedony colored by the mineral chrys- 
ocolla. 


Another phenomenal organic gem material. A number of 
organic materials are used for ornamental purposes, 
among these, pearl and the mother-of-pearl variety of 
shell are especially prized for their iridescent colors, on 
the basis of which they are classified as phenomenal 
gems. 

Another phenomenal organic “gem” was reported in 
the Fall 1989 Gem Trade Lab Notes section of Gems & 
Gemology: the chitinous, iridescent exoskeletons of 
beetles that embellished a diamond-set brooch. Re- 
cently, the Gem News editors came across similar 
insects being used for jewelry purposes: iridescent, 
yellowish green beetles approximately I!/2 in. (38 mm} 
long with brass wire legs, antennae, and mounting pins. 
These had been fabricated for use as brooches (figure 11}. 
According to the vendor, the beetle pins originated in 
Thailand. 


Cultured pearls auction. The first auction of Cook 
Islands cultured black pearls was held in Rarotonga, 
Cook Islands, on June 12 of this year. Buyers from 32 
companies, most of which were based in Japan, were in 
attendance. Fifty-four lots comprising 39,000 pieces 
were offered; 20, comprising 22,671 pieces, sold. The 
remaining lots were withdrawn when bids failed to reach 
the reserve price. 

According to information provided the editors by 
the Cook Islands Pearl Farmers Association, some con- 
cern was expressed at the relatively large number of 
silvery gray baroque cultured pearls offered. Auction 
Administrator Reuben Tylor pointed out, however, that 
several buyers snapped up these pearls, preferring them 
to those with stronger hues. 
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Figure 11. This iridescent beetle has been fitted 
with brass wire legs, antennae, and a mounting 
pin for use as a brooch. Courtesy of Erika 
Koivula; photo by Robert Weldon. 


Green zoisite. One of the newer topics mentioned at the 
1991 International Colored Gemstone Association {ICA} 
Congress and the International Gemological Sympo- 
sium, both held last June, is the availability of green 
zoisite from Tanzania. According to Idar-Oberstein gem 
dealer Horst Krupp, who has worked extensively in 
Tanzania, some of this material is a rich “emerald” green 
color reminiscent of some of the green tourmalines from 
Paraiba, Brazil (figure 12). Although the existence of 
green zoisite has been known for years, the material that 
has come on the market recently represents the first 
significant production. Dr. Krupp informed us that the 
rough was found at a site called Opec in the Merelani 
district, which is the major source of tanzanite. Because 


Figure 12. Commercial quantities of green 
zoisite have recently emerged from the Mere- 
Jani district of Tanzania. This stone (over 2 ct) 
is courtesy of Pala International, Fallbrook, 
CA; photo © Tino Hammid. 
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this deposit was discovered during the Gulf War and the 
color of some of the material apparently resembled that 
of the Iraqi army uniforms, the local miners refer to it as 
“combat.” A number of people in the trade are marketing 
this material as “green tanzanite” or “chrome zoisite” ; 
some have suggested the name “Giiblinite” in honor of 
Dr. Edward Giibelin. 

Dr. Krupp reported that gem-quality pieces as large 
as 60 grams have been recovered from this primary 
deposit. The color ranges from a dark “petroleum-like” 
green to yellowish (“olive”) to bluish green to greenish 
blue (similar to aquamarine), Production figures are not 
available at the present time. 


ENHANCEMENTS 


Faceted Aqua Aura update, In the Fall 1990 Gem News 
section, we reported on faceted quartz and topaz gems 
that had been treated with the Aqua Aura process, that 
is, the application of a thin film of gold to produce a blue 
apparent color with overlying iridescence. This note 
included information relating to the durability of the 
treatment. 

In response to that entry, the editors were contacted 
by Al Gilbertson of Gem Profiles, Portland, Oregon, who 
subsequently did some durability testing of his own, 
which he kindly offered to share with our readers. 

Because his concern centered on how the treatment 
would hold up under normal handling conditions when 
stones were mounted in jewelry, he gently buffed one of 
the stones on a buffing wheel with jeweler’s rouge — the 
kind of abrasive action a stone might face when prongs 
were buffed. This procedure resulted in the removal of 
some of the gold coating from the stones where it came 
in contact with the polishing wheel. In a follow-up 
experiment conducted by the editors, similar damage 
was observed during the polishing of prongs on a ring set 
with an Aqua Aura-treated topaz. The fact that normal 
polishing in the course of jewelry manufacture or repair 
will remove some of the gold coating should be taken 
into consideration by anyone working with Aqua Aura— 
treated gems. 


Plastic-treated jadeite. Plastics and synthetic resins 
have found anumber of applications in the enhancement 
of gemstones. For example, Opticon, an epoxy resin, is 
used to fill surface-reaching breaks in emeralds; plas- 
ticizers have been used to seal the growth tubes in cat’s- 
eye tourmalines. 

Recently, the use of such a substance to enhance 
jadeite has been noted in the literature, A report in the 
November 1990 issue of Jewellery News Asia (“Coating 
on Jadeite”}, based on information from Mrs. C. M. Ou 
Yang of the Hong Kong Gems Laboratory, described a 
resinous coating on polished jadeite that appears to 
improve both transparency and luster. Such treated 
material had been seen in both Japan and Hong Kong. 

This article was soon followed by a press release 
from the Gemmological Association and Gem Testing 
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Figure 13, Concentrations of the transparent 
colorless coating on this carved jadeite were 
evident as irregularities on the inner surface of 
the hololith when examined under magnifica- 
tion. Photomicrograph by John I. Koivula; mag- 
nified 10x. 


Laboratory of Great Britain that was subsequently dis- 
tributed as ICA Laboratory Alert No. 43. This describes 
the GA/GTLGB’s examination of a similar plastic- 
treated polished jadeite disc obtained in Hong Kong. 
They found that the R.I., $.G.,, Chelsea color filter 
reaction, and absorption spectrum as viewed through a 
desk-model spectroscope were consistent with untrea- 
ted jadeite. Key identifying features of the treatment 
were the relative absence of the fine surface “fractures” 
normally associated with jadeite when viewed under 
magnification; concentrations of the coating material 
forming irregularities on the surface of the specimen 
(figure 13}; and a melting, or softening, of the coating 
when a thermal reaction tester was placed close to the 
sample’s surface. Infrared spectroscopy carried out on a 
surface scraping of the coating material identified it as a 
type of epoxy resin. Kenneth Scarratt, chief executive of 
the GTLGB, stated his belief that the treatment de- 
scribed in the Jewellery News Asia report is the same as 
that used on the specimen examined by his lab. 


Dyed quartzite imitation of dyed jadeite. Yet another 
interesting imitation was spotted at a gem show re- 
cently: uniform strands of semitranslucent beads being 
offered as “dyed lavender jadeite.” The Gem News 
editors purchased one strand of approximately 10-mm 
beads for study (figure 14). 

Although at first glance the beads appear to be 
uniform in color, closer inspection revealed darker color 
concentrations. Magnification quickly showed these to 
be confined to a dense network of fine, surface-reaching 
cracks; the material itself was essentially colorless. To 
determine the depth of penetration of the dye, we split 
one of the beads in half; the dye was distributed 
throughout, from the surface to the core (figure 15). 

Gemological testing readily identified the material 
as quartz. We concluded that the beads are dyed quart- 
zite imitations of dyed lavender jadeite. 
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SYNTHETICS AND SIMULANTS 


Chatham signs agreement with Japanese crystal 
grower... In a move designed to increase production and 
meet growing demand, Chatham Created Gems has 
agreed to a joint effort with a Japanese crystal growing 
concern in Kobe, Japan. In 1980, Earth Chemicals LTD, a 
multi-faceted conglomerate, purchased the production 
rights and facilities from Gilson S.A. of Geneva, manu- 
facturers of Gilson synthetic emerald, opal, turquoise, 
and imitation coral. According to a Chatham spokesper- 
son, the current agreement will reportedly lead to the 
production of Chatham Created Emeralds at the facility 
in Japan, while Chatham will become exclusive distribu- 
tor in the U.S. and Canada for Gilson synthetic emerald 
(Gilson synthetic opal will continue to be marketed in 
the U.S. by the Gerry Manning Co. of New York). 


... and issues warning on trademark infringements. In 
response to what it sees as growing misuse and abuse of 
the Chatham® name, Chatham Inc. has issued re- 
minders to the jewelry industry to use the Chatham 
name only when selling Chatham products. 

According to the Chatham firm, infringements on 
their trademarked name have taken two forms. In some 
cases the materials being passed as their products were 
of the same basic type as theirs but were manufactured 
by othet ‘firms. In other instances, the materials were 
imitations such as CZ and YAG. While some of the 
misidentification is attributed to misinformation, other 
cases are seen as deliberate misrepresentation with 
intent to deceive. Anyone who has ordered the firm’s 
products by name but questions the authenticity of the 
goods received may send the questionable material to 
Chatham’s California office for identification and, 
where possible, confirmation of supplier. 


Novel fiber-optic glass. Man-made glasses consisting of 
bundles of parallel optic fibers have been used for many 
years to produce imitations of chatoyant gems. These 
have been marketed under such trade names as “Cats- 
eyte” and “Cathaystone.” These gems are oriented in 
cutting so that the optic fibers are parallel to the base and 
at right angles to the length of the cabochon, thereby 
centering the chatoyant band across the length of the 
dome. 

This past year the editors came across similar 
material being sold at local gem shows under the name 
“Fiber Eye.” According to a flier provided by the vendor, 
Andria Bree Gem Co. of El Cajon, California, this 
material is a “product of the laser industry.” It was 
available in two colors, white and brown. Some of the 
brown material, sold as both “rough” cylindrical sec- 
tions and as cabochons, had been deformed so that the 
optic fibers were no longer straight. In some cabochons, 
this produced a sharp, wavy band across the dome that 
was reminiscent of a lightning bolt. 

Michael Gray, a local gem cutter, purchased some of 
this material and cut from it a very unusual faceted 
stone. With the optic fibers intentionally oriented per- 
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Figure 14. These 10-mm dyed quartzite beads 
were misrepresented as dyed lavender jadeite. 
Photo by Robert Weldon. 


pendicular to the table, the back facets are “projected” 
onto the crown of the stone (figure 16}. This is similar to 
the effect seen when the fibrous mineral ulexite is placed 
over newsprint, for which it has received the nickname 
“TV stone.” 


New glass imitation of lapis lazuli. Man-made glasses 
have been produced to imitate a great number of 
nontransparent gem materials. Recently, the ICA re- 
leased Laboratory Alert No. 44, “New Glass Imitation 
for Lapis Lazuli,” which contains information from 
gemologist Elisabeth Strack of Hamburg, Germany. 

On two occasions in late 1990, Ms. Strack was asked 
to identify a material resembling lapis lazuli, first in the 
form of a bead necklace and then as a loose fashioned 
“stone.” 


Photo 15. Note the complete penetration of the 
dye through this quartzite bead. Photo by 
Robert Weldon. 
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Figure 16. When this 4.13-ct (10.70 x 6.39 x 
6.00 mm) “Fiber Eye” glass was faceted, the op- 
tic fibers were oriented perpendicular to the 
table, so that the back facets appear to be “pro- 
jected.” A typical cabochon is shown for com- 
parison. Photo by Robert Weldon. 


According to her report, the material is opaque and 
predominantly medium blue with darker blue portions 
that are distributed in a marbled pattern. It has a spot R.1. 
of 1.62, is inert to long-wave ultraviolet radiation, and 
fluoresces a very faint, powdery blue to short-wave U.V. 
The material displays a uniform distribution of tiny 
transparent, highly reflective, slightly brown flake-like 
spots, most of which were seen to have triangular 
outlines when examined with magnification. No doubt, 
these were intended to simulate pyrite inclusions in 
natural lapis lazuli. 


“Encapsulated” Mexican opal. Thin slices of opal are 
often used to make both doublets and triplets, and we 
have also seen composites consisting of many small opal 
chips encased in transparent plastic. 

At Tucson this year, Rockyland Gems & Jewelry of 
E] Paso, Texas, had interesting composites that used opal 
from Jalisco, Mexico. Called “Opal Encapsulado” (encap- 
sulated opal} by the firm’s owner, Sergio Enrique Avila 
Camino, these consisted of a slice of colorless, white, or 
orange opal encased within an oval “single cabochon” of 
acrylic resin (figure 17), They appear to have been made 
by first pouring some of the liquid resin into a dome- 
shaped mold, then inserting a slice of opal—its base 
coated with a black substance to provide contrast for the 
play-of-color—and, last, pouring a thinner second layer 
of resin to form the base and seal in the opal. Mr. Avila 
Camino volunteered that these assembled stones were 
produced in Guadalajara, Mexico. 


Plastic imitation opal from Thailand. One of the editors 
purchased from street vendors in Bangkok two unusual 
bracelets set with cabochons that somewhat resemble 
opal (figure 18}. One of the pieces is set with eight very 
dark blue oval cabochons, ranging from approximately 
6.0mm x 9.0mm to 10.0 mm x 15.7 mm; the other is 
set with eight black round cabochons of about 6.7 mm 
diameter each. All of the cabochons display eye-visible 
iridescent inclusions. 
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Figure 17. A thin slice of Mexican opal in 


acrylic resin is used to produce these “encapsu- 
lated” opal assemblages (13.34 X 9.68 x 7.50 
mum, left; 12.13 x 9.13 xX 6.76 mm, right). 
Photo by Maha Smith. 


Gemological properties were fairly consistent for 
the cabochons in both bracelets: vague spot R.1.’s of 1.57; 
a strong, chalky bluish white fluorescence to long-wave 
U.V. radiation and a moderate, chalky yellowish green 
fluorescence to short-wave U.V, and, when examined 
with a desk-model prism spectroscope, a series of fine 
absorption lines at approximately 10 nm intervals from 
about 430 nm to 700 nm. One cabochon in each bracelet 
was tested for hardness and hot-point reaction. Both 
were readily indented and scratched with a metal pin, 
and the heated tip of the thermal reaction tester pro- 
duced burn marks, smoke, and a somewhat acrid odor in 
both. 

With magnification—and in some cases with the 
unaided eye — we saw a multitude of primarily spherical 


Figure 18. The cabochon seen here in a bracelet 
from Thailand is a plastic imitation of opal. 
Note the telltale spherical bubbles. Photo by 
Maha Smith, 
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gas bubbles in all the cabochons. They also contained 
thin, transparent, highly iridescent inclusions of various 
shapes that in darkfield illumination looked like colored 
cellophane; these were reminiscent of the iridescent 
foils in the glass imitation opal known as “Slocum 
stone.” On the basis of this examination, the “gems” in 
both bracelets were identified as plastic imitation opal. 


Update on Soviet synthetics. The Spring 1991 Gem 
News column included an entry on synthetic gem 
materials seen at the February Tucson show. Recently, 
one of the editors received an informative letter from Dr. 
G. V. Bukin, chief director of the Special Design and 
Technological Institute of Monocrystals in Novosibirsk, 
USSR, which sheds further light on developments in this 
area. 

Dr. Bukin has spent the last 25 years studying the 
growth of gems used for jewelry applications. During 
that time, the most promising advances have been in 
hydrothermal and flux-grown synthetic emeralds, syn- 
thetic alexandrite grown from melts, and flux-grown 
synthetic spinel. Dr. Bukin relates that the flux-grown 
synthetic red spinels recently reported in the literature 
were most likely produced at his institute. This material 
is grown using “defective crystals” mined in the Pamir 
Mountains as feed stock, so the properties of the finished 
synthetic,are very similar to those of natural Pamir 
spinel. 

This past year, Dr. Bukin initiated what he describes 
as “large-scale production of created gems for marketing 
and trade.” Materials being produced include all those 
mentioned above. 


INSTRUMENTATION Os 


Loupe with true darkfield illumination. The most ver- 
satile lighting technique for gem identification and 
clarity grading is darkfield. With this technique, the 
stone is illuminated from the side, causing small inclu- 
sions to stand out in high relief. Several portable instru- 
ments have been marketed that combine a magnifier 
with a penlight-type illuminator. None of these, how- 
ever, has provided true darkfield illumination. 

In response to this need, GIA GEM Instruments has 
developed the new Darkfield Loupe (figure 19}: A fully 
corrected 10x magnifier in a darkfield housing is placed 
over a penlight source of illumination. The result is a 
magnification-plus-darkfield illumination unit that can 
be used virtually anywhere. 


New cutting machines developed. Two new automated 
machines have been developed for cutting and polishing 
facets along the girdle of a diamond. The Robodiam 
machine, developed by the Belgian firm Hakodiam, has a 
grain-seeking capability, can polish a wide range of 
shapes, and can produce finished stones as small as 0.15 
ct, polishing from four to 200 facets. 
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Figure 19. The GIA GEM Instruments’ Dark- 
field Loupe combines true darkfield illumina- 
tion with a 10 magnifier. 


The Roundiam multifacet machine, introduced by 
the Israeli firm Varticovschi, can place between 16 and 
110 facets on a diamond's girdle and features a special 
sequencing device that allows for the selection of several 
operations to be executed one after the other (Diamond 
International, November—December 1990, p. 16). 

For colored stones, Sarin Research, Development & 
Manufacturing (1988) Ltd. of Ramat Gan, Israel, has 
announced the availability of their ROBOGEM comput- 
erized manufacturing system. According to a news 
release provided by the firm, the system uses image- 
processing technology to provide “optimal yield,” a 
concept that links a marketing approach to a controlled 
manufacturing process. The system is said to be cost- 
effective for cutting even the most expensive gem 
materials, while its software permits the cutting of all 
common commercial shapes. There are operation pro- 
grams for obtaining maximum weight, for shape prefer- 
ence, and for producing pairs and graduated sets. The 
basic work plan permits ROBOGEM to photograph the 
rough, select among the shapes possible the one that will 
result in maximum weight retention, and immediately 
perform the girdling, all within 30 to 60 seconds. 


ANNOUNCEMENT Eee 


The Canadian Gemmological Association will hold 
their Second Annual Gem Conference on October 26 at 
the Novatel Hotel in North York, Ontario. The keynote 
speaker, David Callaghan of the Gemmological Associa- 
tion of Great Britain, will cover the Duchess of Windsor 
jewelry. Other speakers include David Pendergast of the 
Royal Ontario Museum, who will talk about Mayan 
jade; and Willow Wight from the National Museum in 
Ottawa, who will discuss their gem and mineral collec- 
tion. For further information, call (416) 652-3137. Space 
is limited and early registration is recommended. 
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Editorial Korum 


PROPOSAL TO UPDATE 
“SLIGHTLY IMPERFECT” 
CLARITY-GRADING SYSTEM 


In my opinion, today’s diamond clarity-grading system is 
slightly imperfect. It is no longer adequate to describe 
accurately the stones being cut and offered for sale on 
today’s world diamond markets. 

As a full-time professional diamond grader for the 
past 16 years, I have witnessed an increase in the number 
of included diamonds being submitted for laboratory 
grading and in the average number of inclusions in these 
stones. Manufacturers are cutting rough diamonds with 
more inclusions than they did 30 years ago. The high 
price of rough and consumer resistance to higher dia- 
mond prices have forced many manufacturers into 
buying poorer quality material. At the same time, the 
introduction and success of using small synthetic dia- 
monds in the industrial sector has created a surplus of 
more-included rough than used to be processed for that 
market. 

The influx of included diamonds being submitted 
for laboratory grading has greatly altered the SI (Slightly 
Included} category and changed the boundaries between 
SI,, SI,, and 1, significantly from where they were 15 
years ago. For this reason, I would like to propose to the 
gemological community some modifications to the 
presently used diamond-grading systems. 

The most widely accepted and recognized system in 
the world today was introduced by the Gemological 
Institute of America in the 1950s. While this system is 
indeed admirable, I find that the clarity-grading portion 
is inadequate today for the SI grades and below. 

At SI,, a diamond may contain inclusions that are 
barely eye-visible to a trained observer or it may contain 
somewhat prominent inclusions that are visible only 
with magnification. The 1, grade involves inclusions 
that are usually readily eye-visible to a trained grader, 
numerous small inclusions, or one or more serious, but 
difficult to see, inclusions. 

Between these lies the SI, category, which purpor- 
tedly encompasses larger, or two or three SI,, inclusions. 
Yet, SI, has somewhat negative connotations —just 
above Imperfect—and a grader is not quick to place a 
diamond into this category. Consequently, the SI, grade 
becomes extended and one allows a stone to have more 
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and larger inclusions and still be graded as “low” SI,. 

Similarly, the I, grade has serious negative connota- 
tions. A grader is reluctant to place a stone into this 
category unless he or she is easily able to see with the 
unaided eye that a fairly large portion of the diamond is 
included. Therefore, the SI, grade has become too large 
and all encompassing to accommodate all the stones 
that fall between Slightly Included, and Imperfect,. 

I suggest a new category —”Moderately Included” — 
to be placed between the SI and I categories. This would 
allow graders to tighten up on the SI, grade and to 
establish a respectable SI, grade! The MI, and MI, grades 
would be used to classify those stones that have too 
many inclusions—or inclusions that are too large —for 
the SI category, but where the inclusions are still not 
readily eye-visible. 

I would also like to suggest that the “Imperfect” 
category be replaced with one called “Highly Inclu- 
ded” ~changing the Imperfect grades to HI,, HI,, Hls. 
Imperfect seems too harsh a term to describe some of 
today’s very valuable jewelry items. Finally, | would 
propose the addition of an “Excessively Included” cate- 
gory to describe those diamonds that are so included that 
they have lost nearly all transparency and should never 
really have been fashioned into gemstones. 

The revised grade categories would be: 


Flawless (FL) 

Internally Flawless (IF) 

Very, Very Slightly Included (VVS, and VVS,} 
Very Slightly Included (VS, and VS,) 
Slightly Included (SI, and SI} 

Moderately Included (MI, and M1) 

Highly Included (HI,, HI,, Hl,) 

Excessively Included (XI) 


I think that such a system is necessary for today’s 
environment, and I hope through this letter to start a 
dialogue in the gemological community. I think that a 
more descriptive, defined approach to the clarity grading 
of lower-grade diamonds is needed for the advancement 
of gemology into the 21st century. 


Thomas E. Tashey, G.G., EG.A. 

Owner, Independent Gemological Laboratory 
Director, European Gemological Laboratory, Inc. 
Los Angeles, California 
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COLORED STONES AND 
ORGANIC MATERIALS 


Gemmology Study Club lab reports. G. Brown, Austra- 
lian Gemmologist, Vol. 17, No. 6, 1990, pp. 221-230. 


This interesting report, with references included in 
individual entries, covers a number of gem materials 
examined by the author and other Study Club members. 
The first item is a ruby that contained a partially filled 
fracture. It apparently had been treated with a colorless 
“oil” to improve its transparency. 

So-called “rainbow lattice sunstone” is described 
next and the gemological properties of two specimens 
listed. The investigator concludes that the aventures- 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that we 
include only those articles that we fee! will be of greatest interest to 
our readership. 


Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstracter 
and in no way reflect the position of Gems & Gemology 
or GIA. 


© 1991 Gemological Institute of America 


Gemological Abstracts 


cence of this material is caused by thin-film interference 
from hematite and hydrated iron oxide (e.g., goethite} 
lath-shaped inclusions. The tentative conclusion is also 
reached that the material has properties very similar to 
those of an untwinned aventurescent microcline-micro- 
perthite (Harts Range sunstone} previously described in 
the literature. 

Description of a silicon imitation of hematite is 
followed by a study of “variscite” from Keppel Bay, 
Queensland, that exhibited the following properties: 
color—pale slightly yellowish green with internal frac- 
tures healed by ingrowths of darker green variscite; 
hardness—3-4,; fracture—splintery to uneven, $.G.— 
2.56; spot R.J.—1.58, diaphaneity—translucent; ultra- 
violet fluorescence {LW and SW)— inert; absorption fea- 
tures —nothing diagnostic. Magnification revealed irreg- 
ular masses of drusy quartz, pale green masses of 
possibly metavariscite, and a silvery gray mineral of 
undetermined identity. The author presents an argu- 
ment that the material investigated should be more 
correctly described as variscite-metavariscite. 

Also mentioned are an assembled imitation of 
amethyst consisting of two colorless quartz sections 
joined by a colored cement; two materials mined near 
the town of Dungowan in New South Wales, described 
respectively as nephrite and a non-gem-quality “semi- 
nephrite”; “Aqua Aura”—colorless quartz crystals 
coated with a thin film of pure gold; prasiolite (green 
quartz} from Camfield Station in Australia’s Northern 
Territory; beta-quartz,; and Argentine rhodochrosite. 
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All entries are illustrated, and a map indicates the 
localities of the various Australian materials described. 
RCK 


Gemmology Study Club lab reports. G. Brown, S. M. B. 
Kelly, R. Beattie, and H. Bracewell, Australian 
Gemmologist, Vol. 17, No. 7, 1990, pp. 279-286. 


Brown et al. report on several interesting natural, en- 
hanced, and man-made gem materials in this series of 
brief entries. An ornamental white chalcedony included 
with greenish cuprous dendrites had a high S.G. {around 
2.76) that varies according to the amount of copper 
minerals present. Next covered are */4 cultured (bead- 
nucleated} pearls that had been silver-nitrate treated to 
produce a black color and then wax coated. Also dis- 
cussed are key considerations in faceting calcite, the 
heat treatment of pale yellow sapphire to turn it color- 
less, and a diamond with surface etching caused by heat 
damage. 

Among the man-made and assembled materials 
covered are a purple synthetic spinel “triplet” with a very 
thick center layer of colored adhesive; didymium-doped, 
color-change CZ; translucent “powder” blue synthetic 
quartz resembling blue chalcedony; a banded (yellow, 
green, and brown) synthetic quartz; Japanese synthetic 
citrine with two distinct bands of “breadcrumb” inclu- 
sions; reconstructed New Zealand kauri gum; and a 
single glass imitation pearl in a necklace of otherwise 
natural pearls. 

Other materials covered are scenic common opals 
reportedly from Peru and some questionable turquoise 
with a brecciated texture that was reminiscent of recon- 
structed material but yielded a negative test to hydro- 
chloric acid. RCK 


Some rare ivories. G. Brown, Australian Gemmologist, 
Vol. 17, No. 7, 1990, pp. 256-262. 


Beginning with a brief historic note on what constitutes 
the “ivory of commerce,” the author goes on to describe 
and illustrate the general appearance/morphology and 
microscopic features of five rare ivories and the X-radio- 
graphic appearance of three of them. 

First described is a commercially marketed, wax- 
treated walrus ivory, sold as a “fossilized” material and 
claimed to be recovered from walrus skulls buried in 
Arctic soil for 100 to 2,000 years. The second, crocodile 
ivory, is from the estuarine crocodile of Papua—New 
Guinea. The feline ivory described is from the canine 
teeth of the Bengal tiger, while the boar ivory is from the 
tusks of the wild boar native to Oceania. The final ivory 
discussed is from the tusks of the dugong, an aquatic 
herbivorous ungulate of northern Australia and islands 
of the Torres Strait. 

Although brief, this very descriptive article is a nice 
addition to the literature on organic gem materials. 

RCK 
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Spessartine garnet in Brazilian topaz. J. 1. Koivula, C. W. 
Fryer, and R. C. Kammerling, Journal of Gemmol- 
ogy, Vol. 22, No. 6, 1991, pp. 366-368. 


Inclusions of spessartine garnet were identified in pale 
brownish yellow topaz crystals from Minas Gerais, 
Brazil. Identification of the macroscopically visible in- 
clusions was based on a combination of microscopy, 
refractive index, and X-ray diffraction. The included 
crystals are described as transparent to translucent 
“slightly pinkish-brownish orange” and often exhibit 
obvious dodecahedral symmetry. One included crystal 
was removed from the host topaz and revealed a refrac- 
tive index (by the Becke line method) of slightly below 
1.81. X-ray diffraction of another exposed crystal yielded 
a pattern almost identical to that of end-member spes- 
sartine, CMS 


Technology and weathering of Mesoamerican jades as 
guides to authenticity. L. A. Garza-Valdes, in 
Materials Research Society Symposium Proceed- 
ings Volume 185, Materials Issues in Art and 
Archaeology, ed. by PB. Vandiver, J. R. Druzik, and 
G. Wheeler, 1991, pp. 321-357. 


Pre-Columbian jade artifacts are much prized by mu- 
seums and collectors alike. Often, however, they have 
been removed from the site where they were originally 
found before they can be authenticated by a reputable 
expert. In this article, Dr. Garza-Valdes explores 
methods by which evidence from ancient and modern 
lapidary techniques as well as from the nature of surface 
weathering can be used to determine the age—and, 
hence, authenticity—of worked “jade” specimens from 
Mesoamerica, primarily Guatemala. 

The term jade is used by the author in the loose, 
nongemological sense and refers to a variety of minerals 
and rocks, usually with some tinge of green color, that 
can be worked by ancient lapidary techniques. Almost 
80% of the more than 10,000 specimens examined for 
this study consist primarily of albite; only slightly over 
7% contain any jadeite or chemically related mineral, 
and even fewer contain actinolite (including nephrite]. 
The remainder are composed of a wide assortment of 
materials, including amazonite, basalt, jasper/quartzite, 
serpentine, and the like. 

Each of the minerals used by pre-Columbian lapi- 
daries has a different rate of weathering (dissolution), 
Since weathering on a worked surface occurs only after 
the material was last freshly exposed —presumably at 
the time of fracturing or polishing—then the date of 
working can be determined from the amount of weather- 
ing, given the rate at which dissolution of the particular 
material occurs. The author provides dissolution for- 
mulas for the most common minerals encountered in 
pre-Columbian artifacts. By using comparison samples 
of known age and provenance, he determined, the 
authenticity of most unknown artifacts could be ascer- 
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tained. Occasionally, a genuinely ancient piece is re- 
polished by a modern collector to improve its attractive- 
ness; such a practice will destroy the evidence of 
weathering. 

Also useful in authenticating pre-Columbian arti- 
facts is evidence of ancient lapidary techniques. Infrared 
spectroscopy can identify remnants of polishing com- 
pounds; some (such as tin oxide} were not used in 
ancient times and others (e.g., tripoli] were used prehis- 
torically but continue to be used today. Moreover, 
ancient lapidary techniques left characteristic features 
of drilling and polishing — resulting from the use of stone 
and botanic instruments ~—that are distinctly different 
from the evidence left by modern drills and laps. 

Accompanying the article are numerous black-and- 
white photographs and photomicrographs (the latter of 
use to the gemologist in identifying gem materials used 
in carvings) as well as infrared spectra of polishing 
compounds and minerals that will be of interest to 
advanced gemological laboratories. CMS 


The tourmaline. E. L. EF Locke, Town e& Country, Vol. 
145, No. 5133, June 1991, pp. 136-139, 172. 


The relatively short but fascinating history of tour- 
maline is detailed in this lively and well-researched 
article. Utfknown in mineralogy texts before the 18th 
century, tourmaline first made its appearance in Holland 
as pipe cleaners, By the end of the 19th century, the bulk 
of southern California’s Himalaya mine tourmaline was 
being shipped to China for the Dowager Empress Tz’u- 
hsi’s vast collection. The development of the tourmaline 
market in this century was, until recently, largely due to 
the efforts of George F Kunz and Tiffany & Co. A bit of 
inspired claim-jumping brought the New York store 
rights to the Himalaya mine’s rich yield at the turn of the 
century, but the sea-green colors of Maine tourmaline 
had figured in the Art Nouveau designs of Charles 
Comfort Tiffany since the 1890s. Today, Paloma Picasso 
uses enormous stones from many locales to create her 
one-of-a-kind jewelry. 

Many contemporary designers make use of tour- 
maline’s extraordinary palette of colors, The article 
shows pieces from Marina B., Bulgari, Tivol, Black Starr 
and Frost, H. Stern, and Van Cleef and Arpels, among 
others; the versatility of this stone is obvious. 

The search for gem-quality tourmaline can take the 
serious collector into the wilderness of Brazil’s mining 
country; but as more designers start to work with these 
lovely stones, the search need only go as far as the 
neighborhood jeweler. LES 


An unusual Indian aquamarine. J. Koivula and R. Kam- 
merling, Australian Gemmologist, Vol. 17, No. 7, 
1990, pp. 270-272. 

The authors studied a rectangular emerald-cut aqua- 

marine that they were told had been mined and faceted 
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in Madras State in southeastern India. The stone showed 
a rich, slightly greenish blue color (reportedly natural} 
and was a sizable 41.76 ct. 

The authors documented the stone’s gemological 
properties, noting that the refractive index, specific 
gravity, U.V. fluorescence, and absorption spectrum all 
fell within the ranges previously published for this gem 
variety of beryl. When examined with magnification, 
the stone displayed a distinct layered growth structure, 
which was oriented parallel to the crystal axis; polarized 
light revealed heavy strain. 

While trying to obtain an optic figure, the authors 
noted an unusual characteristic: a uniaxial optic figure 
in some directions and a biaxial optic figure in others. 
Although such strain-induced biaxial anomalies had 
been reported before, the authors had previously seen 
this feature only in sliced crystals that had been pre- 
pared for cross-sectional strain studies. This was the first 
time they had observed such an obvious dual optic 
character in a faceted aquamarine. Glen R. Hodson 


Vulcanite or gutta-percha? That is the question. G. 
Brown, Journal of Gemmology, Vol. 22, No. 5, 
1991, pp. 292-297, 


This intriguing article provides information on two 
poorly documented materials that were used to imitate 
jet during the 19th and early 20th centuries, Gutta- 
percha is a naturally occurring polymer obtained from 
the milky latex of two species of Malaysian tree. Jewelry- 
grade material is obtained by remelting and filling raw 
gutta-percha with a variety of inert materials such as 
zinc oxide, chalk, waxes, or resins. The resulting mix- 
ture can be molded as desired and yields a reddish to 
brownish gray solid that can be painted black to simulate 
jet. Jewelry-grade gutta-percha is soft (Mohs hardness of 
1; easily scratched with a fingernail] and brittle, with a 
specific gravity that varies from 0.96 for pure gutta- 
percha to as high as 1.9 when filled. Its spot refractive 
index of about 1.58 is difficult to determine due to the 
solubility of gutta-percha in refractometer fluid. Gutta- 
percha softens at temperatures as low as 40°C and melts 
between 65° and 70°C, 

Vulcanite, the second jet simulant discussed, is a 
compound of natural rubber and sulphur that is thermo- 
set at 168°C and 90 psi into a solid. The resulting 
material lacks the thermal instability and elasticity of 
pure natural rubber, which is produced from the milky 
latex of a variety of trees from Asia and Central and 
South America. Jewelry-grade vulcanite, also known as 
“ebonite,” consists of 50% natural rubber, 30% sulphur, 
3% black pigment, and 17% fillers. It is initially black 
but oxidizes to shades of brown; it is slightly harder than 
gutta-percha (hardness 1-2; not scratched by fingernail, 
but can be scratched by gypsum}; and has a specific 
gravity of 1.20+, depending on fillers, and a spot 
refractive index of 1.60/1.61. 
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Vulcanite can be distinguished from the less com- 
mon gutta-percha on the basis of microscopic examina- 
tion of the surface as well as by hot-point and solubility 
testing. With low-power magnification, gutta-percha 
will often reveal areas from which the black coating has 
worn away, will have a fibrous or granular surface, and — 
where the coating is absent — may appear finely crazed. 
Vulcanite, on the other hand, is evenly colored and has a 
uniformly smooth texture. A hot point, applied judi- 
ciously, yields an odor of burning rubber from vulcanite, 
while the odor from gutta-percha is distinctly different. 
Moreover, gutta-percha will soften at a much lower 
temperature than will vulcanite, which tends to char. 
Finally, a carefully applied, minute drop of toluene will 
quickly soften gutta-percha in the same time that the 
surface of vulcanite softens only slightly. 

Gemologists who deal with period jewelry will find 
this article especially useful. Black-and-white illustra- 
tions and photos illuminate the text. CMS 


Why the Vietnam reds are giving us the blues. R. Weldon, 
Jewelers’ Circular-Keystone, Vol. 162, No. 5, May 
1991, pp. 46-48. 

This report gives a fairly comprehensive view of the 

current status of the gem-quality ruby finds in Vietnam. 

The first rubies to emerge were typically small —roughly 

1 ct or less—but of excellent color, according to Dr. A. 

Peretti, director of the Giibelin Gemmological Labora- 

tory, Lucerne, Switzerland. Recent reports from Thai- 

land, however, claim that some stones weighing 6 ct to 

11 ct have been found; colors range from pink to red. Dr. 

Henry Hanni, of the Swiss Foundation for the Research 

of Gemstones, suggests that if the stones were heat 

treated they might compare with Burmese or East 

African rubies in color. 

To date, there is only one operating mine, Luc Yen, 
although other secondary alluvial deposits have been 
found. Weldon quotes sources who have determined 
(from inclusion studies} that the original occurrence 
must have been in a mineralized marble zone, which is 
similar to the geologic formations of Mogok in Burma, 
the Hunza Valley in Pakistan, Djegdalik in Afghanistan, 
and the Pamir range in the Soviet Union. 

Drs. Ulrich Henn and Hermann Bank of the German 
Foundation for Gemstone Research, in Idar-Oberstein, 
report the refractive indices as 1.760-1.762 and 
1.768~1.770, the pleochroism as red to yellowish red, 
and inclusions that consist of “healing cracks of unusu- 
ally vermicularly-shaped fluid inclusions” and lamellar 
twinning. The rubies also tend to fluoresce to visible 
light. 

The Vietnamese government formed Vinagemco to 
represent its interests in ruby mining and, in 1988, 
Vinagemco and B. H. Mining Co. of Bangkok signed a 
contract to develop the mining operation. A reported 
1.25 million carats of ruby rough currently awaits 
scheduling of an auction date, KBS 
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GEM LOCALITIES 


Die Amethyst-Vorkommen von Las Vigas, Veracruz, 
Mexiko (Occurrence of amethyst at Las Vigas, Veracruz, 
Mexico}. W. Lieber and G. Frenzel, Lapis, Vol. 15, No. 
6, June 1990, pp. 21-22, 31-38. 


Although amethyst specimens from Las Vigas have 
found their way into gem and mineral collections all over 
the world, this article represents the first comprehensive 
report on their origin and mineralogical properties. 

The amethysts occur in andesitic rocks of the Sierra 
Madre Oriental, in an area of several square miles near 
the town of Las Vigas. Lieber and Frenzel state that the 
crystals are found in klufts (clefts} which they believe 
are similar in formation to those of the Alpine klufts. 
The crystals usually reach 3 cm, although specimens as 
long as 10 cm (4 in.} have been found. The authors give a 
detailed analysis of the andesite and conclude that it was 
altered by hydrogen metasomatism and that the ame- 
thyst formed at temperatures of 150°-250°C. Milky to 
colorless quartz and amethyst are generally the only 
minerals in the pockets, but calcite, epidote, zeolites 
(laumontite}, and lepidocrocite can sometimes be found. 

Further aspects discussed are the origin and distri- 
bution of color, crystal forms {often Muzo habit, also 
doubly terminated crystals, rarely crystal scepters}, and 
inclusions (negative crystals, lepidocrocite, rarely epi- 
dote}. Chemical analyses of typical material are pro- 
vided. The deposit is likely to produce fine specimens in 
the years to come, since it is only worked irregularly ona 
small scale and the area has not yet been prospected 
intensively. 

The article is illustrated with many color photo- 
graphs of specimens, characteristic features of the crys- 
tals, and views of the mining area. 

Rolf Tatje 
Duisburg, Germany 


Crystallized and massive rose quartz deposits in Brazil. 
J. BP Cassedanne and M. Roditi, fournal of Gemmol- 
ogy, Vol. 22, No. 5, 1991, pp. 273-286. 


Rose quartz is found in a number of localities in Brazil, 
almost all of which involve granitic pegmatites. This 
article reviews many of these localities and focuses on 
the geology and mineralogy of the occurrences. Massive 
rose quartz is more common than the crystallized form, 
which is primarily found in Minas Gerais. 

A brief description of gemological properties con- 
cludes the article, Refractive indices, birefringence, and 
specific gravity are typical for quartz. In more intensely 
colored material, a fairly strong pleochroism of dark 
pink/light pink can be observed. There is no distinctive 
absorption spectrum and no radioactivity; the color 
disappears when the material is heated to 575°C. Micro- 
scopic needles of rutile may provide asterism in some 
specimens, and macroscopic needles of rutile and tour- 
maline also occur in massive material. The most com- 
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mon internal features observed with the microscope are 
two-phase inclusions, milky veils, small secondary heal- 
ing fractures, and fissures, sometimes with iridescence. 

Color and black-and-white photographs of localities 
and specimens accompany the text, as does a map of 
localities where crystallized rose quartz is found. There 
is also a diagram of a typical pegmatite. CMS 


Emeralds from Colombia (Part I). G. Bosshart, Journal of 
Gemmology, Vol. 22, No. 6, 1991, pp. 355-361, 


Part I of three, this review article provides an introduc- 
tion to Colombian emeralds that includes their history, 
geography, geology, genesis, and mining. The history 
begins with the 16th-century discovery by the Spanish 
of first Chivor and then Muzo. By the middle of the 17th 
century, emerald mining in Colombia was so productive 
that the Spanish sold gems all over Europe and the 
Middle East. 

The emeralds occur in the Cordillera Oriental range 
of the Andes Mountains, a product of recent and ongoing 
tectonic movement. They are found in early Cretaceous 
shales and limestones (120-130 million years old), The 
associated mineral assemblages are summarized for the 
major localities. Also provided is a discussion of the 
predominant theories of emerald genesis, still a topic of 
controversy. 

Part | ends with a brief description of the historic 
production and mining at the most significant mines — 
Muzo, Coscuez, Chivor, and Gachala. Parts II and I] will 
cover gemological properties, treatments, and identifica- 
tion, This promises to be an excellent review of this 
important gemstone, written (so far] in a lucid and 
readable manner that gemologists will find appealing 
and informative. The bibliography is one of the most 
complete reference lists available on the topic. One color 
figure of specimens accompanies part I; it is to be hoped 
that more illustrations and a map will be forthcoming in 
parts II and III. CMS 


Gem thaumasite from the Black Rock Mine, South 
Africa. U. Henn, M. Redmann, and H. Bank, 
Journal of Gemmology, Vol. 22, No. 6, 1991, pp. 
334-336. 

The mineral thaumasite is usually found as aggregates of 

tiny needle-like crystals. Recently, however, crystals of 

gem quality and size (up to 1.5 cm} were found at the 

Black Rock mine in northern South Africa. The crystals 

show a distinct hexagonal prismatic habit. Refractive 

indices of ng = 1.505-1.510 and n, = 1.467-1.480, 
birefringence of —0.030 to 0.038, and density of 
1.88-1.90 g/cm? are within documented values for 
thaumasite from other localities, No description of color 
or transparency is provided, although photographs of 
inclusions suggest that the material is transparent. 

Observed microscopic features include: (1) distinct 

growth zoning both parallel and perpendicular to the 
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c-axis, (2) liquid films, (3) partially liquid-filled negative 
crystals with a gas bubble, and (4) bunches of needle-like 
crystals. CMS 


‘Machingwe’: A new emerald deposit in Zimbabwe. J. 
Kanis, C. E. S. Arps, and P C. Zwaan, Journal of 
Gemmology, Vol. 22, No. 5, 1991, pp. 264-272. 


The authors describe a deposit of emeralds discovered in 
1984 in the southern part of the Rhodesian Craton, 
approximately 12 km northeast of the original San- 
dawana mine in Zimbabwe. This find, known as the 
Machingwe mine, is claimed to be the most important 
emerald discovery since Sandawana. 

The article includes descriptions of regional geol- 
ogy, emerald occurrence, mining procedures, and emer- 
ald properties. The emeralds are extracted by a combina- 
tion of simple mechanization and hand methods from 
pits as deep as 21 m. Few well-developed crystals are 
encountered, but the relatively small broken pieces 
found are of “superb emerald green” color. The largest 
faceted stone to date is less than 5 ct. 

Chemical data for two emerald specimens from the 
Machingwe mine are provided along with comparable 
information for samples from Sandawana and Zambia. 
The Machingwe material is notably higher in iron and 
lower in chromium than is the emerald from San- 
dawana. The dull red color observed for Machingwe 
emeralds through a Chelsea filter is consistent with 
such a composition. 

Refractive indices and birefringence for the Ma- 
chingwe emeralds are within values previously observed 
for emeralds from Zimbabwe. Reaction to long-wave 
U.V. is bright green; short-wave reaction is a weaker 
green. The absorption spectrum, most distinct in “sam- 
ples with the finest colours,” reveals chromium lines in 
the red and a strong band in the yellow-green region. 
Inclusions observed in the Machingwe emeralds are 
similar to those found in material from Sandawana, Four 
color photomicrographs —as well as maps, locality pho- 
tos, and graphs— accompany the text. CMS 


Gems around Australia, part 3. H. Bracewell, Australian 

Gemmologist, Vol. 17, No. 7, 1990, pp. 265-269, 
This third part in a series of gem-related travelogues 
takes the reader to Australia’s Northern Territory, begin- 
ning with a brief review of mining activities dating back 
to 1865. Within the Territory is the Harts Range, a 250- 
km2 area known by such names as the “Gem Centre of 
Australia” and the “Jewel Box” for its wealth of gem 
materials, 

First visited were Zircon Hill and Specimen Hill, 
where both zircon and apatite are found. The author next 
visited a garnet field, where small pieces that cut nice 
gems were collected. Nearby, beryl crystals were picked 
up at Annamurra Creek. Traveling cast, a stop was made 
at the Disputed mine for specimens of beryl, tourmaline, 
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and mica “books.” The author was also able to collect 
specimens of extremely thin, tabular ruby crystals in 
amphibolite at a site where commercial mining had 
recently ceased. 

The author describes as the highlight of the trip her 
first sighting of a profusion of kyanite crystals scattered 
down the side of a mountain, having weathered from a 
mica schist. These crystals ranged up to 29 cm in length. 

Other stops were made to collect various gem 
materials, including good-quality deep green epidote 
crystals and glassy fragments of iolite, the latter in the 
region of Inkamulla Bore. The final gem-collecting site 
described is the Plenty River mine in the Jervois Range, 
where gem-quality lepidolite was found. Unexpectedly, 
the report concludes with a number of the author’s 
observations on the aborigines. It is regrettable that this 
article did not include a map of the localities visited. 

RCK 


Mt. Philp aventurescent iolite. G. Brown and H. Bra- 
cewell, Australian Gemmologist, Vol. 17, No. 6, 
1990, pp. 231-234. 

This well-illustrated report is a follow-up to a prelimi- 

nary note by the authors on iolite from Australia. The 

deposit, previously described as being at Mt. Isa, is 
actually located 55 km to the southeast, in the southern 
foothills of Mt. Philp in northwest Queensland. It is 
worked by simple hand-mining procedures, with most 
gem-quality material being recovered from small peb- 
bles that surround larger iolite boulders in a red soil. 
Internal features noted beyond those previously 
described for this material are blue and yellowish 
masses of pinite, greenish hexagonal flakes resembling 
chlorite, and evidence of at least two directions of 
cleavage. Some specimens display an “iridescent aven- 
turescence,” which is attributed to thin-film inter- 
ference from very small, thin, hexagonal platelets of 
possibly hematite. Other gemological properties of this 
phenomenal iolite are as follows: S.G.—2.59; R.I.— a = 

1.531, B = 1.534; 8 = 1.540, birefringence — 0.009; optic 

character—B —; pleochroism — strong, « = pale yellow, 8 

= grayish, 8 = violet-blue; absorption spectrum — indis- 

tinct and very directional, with strongest features being 
vague bands at 585, 493, and 436 nm. RCK 


INSTRUMENTS AND TECHNIQUES 


Medo hand® vacuum tweezers, model MH-100 and 
Linicon LV-125 vacuum pump. T. Linton and G. 
Brown, Australian Gemmologist, Vol. 17, No. 7, 
1990, pp. 272-273. 

This Instrument Evaluation Committee report covers 

the use of a Japanese-manufactured vacuum pump in 

conjunction with an American vacuum tweezers for 
handling gemstones. First addressed are the technical 
specifications of the two components, which include the 

noise generated by the pump’s motor (64 dbA at a 
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distance of 0.3 m]}, something the evaluators recognize as 
potentially annoying. 

Next, the use of the system with a variety of gem 
sizes and shapes is described. It was found effective with 
stones as large as 31 ct and as small as 0.01 ct; it could 
handle faceted stones, cabochons with flat bases, and 
gems with curved surfaces (including pearls and small 
carvings), and it eliminated the confusing reflections 
gemologists often encounter when holding gems in 
tweezers or stoneholders for examination with magnifi- 
cation. Among limitations noted (in addition to the noise 
problem} is the fact that the hand set cannot be used 
effectively on either irregular or wet surfaces. 

In summary, the evaluators feel the system should 
prove of considerable use to gemologists who regularly 
handle large numbers of gemstones. RCK 


The microscopic determination of structural properties 
for the characterization of optical uniaxial natural 
and synthetic gemstones. Part I: General consid- 
erations and description of the methods, L. Kiefert 
and K. Schmetzer, Journal of Gemmology, Vol. 22, 
No. 6, 1991, pp. 344-354. 


This first article in a three-part series provides informa- 
tion on structural characteristics of corundum, beryl, 
and quartz. The angles between crystal faces for these 
three gem minerals are characteristic, constant within 
small tolerances, and well documented, making them 
useful for purposes of identification. 

The authors describe how, with immersion and 
polarized light, the angles between crystal faces and/or 
twin planes can be determined through the use of a two- 
axial sample holder with a 360° dial and/or a microscope 
ocular with cross hairs and a 360° dial. 

The application of the information determined in 
this way, to be discussed in parts II and III, involves the 
distinction between natural and synthetic specimens of 
corundum, beryl, and quartz. The current article is 
accompanied by extremely helpful diagrams, tables, and 
color photomicrographs. The gemologist whose crystal- 
lography has become rusty will want to bone up a bit 
before tackling this one. CMS 


Sodium polytungstate as a gemmological tool. W. W. 
Hanneman, Journal of Gemmology, Vol. 22, No. 6, 
1991, pp. 364-365. 
Dr. Hanneman describes an alternate heavy-liquid solu- 
tion for determining the specific gravity of gem mate- 
rials. Sodium polytungstate, an inorganic salt that 
comes as a powder, is reported to be less toxic than the 
liquids now commonly used by gemologists. Solutions of 
various specific gravities—from 2.4 to 3.l1—can be 
prepared by the addition of water. Initially, a saturated 
solution of sodium polytungstate is prepared and ad- 
justed slowly by adding water until an indicator stone 
remains suspended. The density of the solution is 
checked by obtaining its refractive index and comparing 
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it to the graph provided that correlates R.I. with density. 
Special considerations in the use of this heavy liquid are 
discussed in the note, but they appear to present no 
significant problems. CMS 


JEWELRY MANUFACTURING ARTS 


A designer/jeweler’s route of investigation, learning, 
change, discovery. B. Greenberg, Metalsmith, Vol. 11, 
No. 2, 1991, pp. 28-33. 


Mary Ann Scherr has been contributing to jewelry 
design for over 30 years. Trained at the Cleveland 
Institute of Art, she began her career as an automobile 
designer in 1950. Later, after she had opened her own 
industrial design company with her husband, she began 
her training in metals. She has been teaching metals and 
jewelry design since 1968. 

Mrs. Scherr’s design career took a turn when she 
discovered that one of her design students had a trachea 
tube in her throat. She proceeded to design a piece of 
jewelry to cover the trachea tube, and realized that 
others might benefit from similar devices. Since then, 
Mary Ann Scherr has spent a large part of her time 
designing jewelry to disguise life-saving devices. For 
example, she has worked with engineers to design pieces 
of “jewelry” that monitor air quality and pulse rates and 
even convert into an oxygen mask. 

Etching is one of Scherr’s other passions, and 
through experimentation she has become a recognized 
authority. In fact, she served as a technical advisor on 
etching to Oppi Untracht while he was putting together 
his jewelry encyclopedia, jewelry Concepts and Technol- 
ogy. Since 1989, Scherr has been working on a process 
that uses computer silkscreening to accelerate and 
improve the etching of metal. The article recounts 
several other aspects of Scherr’s interesting and varied 
work with metals and jewelry. Six photographs of her 
jewelry and sculptures accompany the article. 

Glen R. Hodson 


A garden of delight: Victorian flower jewelry. P Foy, 
Jewelers’ Circular-Keystone, Vol. 162, No. 2, Feb- 
ruary 1991, pp. 146-149. 

The key to understanding many styles of period jewelry 
is in knowing the socioeconomic climate of the time in 
which the jewels were made. In this four-page article, the 
author outlines the reasons for the immense popularity 
of botanical jewelry during the 19th century. England 
under the rule of Queen Victoria was enjoying a period of 
prosperity and expansion. The arts and sciences, 
including botany, were burgeoning as well. Gardening 
was a pastime that had scientific as well as spiritual 
virtues, and it became associated with success and 
abundance. Flowers and fruit were used as motifs in all 
the decorative arts and were more often than not 
assigned a sentimental symbolism. 
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The author expands on these themes, and cites 
examples from literature. Six color photos provide illus- 
trations of Victorian botanical jewels. EBM 


Jewelry: New looks for a changing world. A. G. Kaplan, 
Jewelers’ Circular-Keystone, Vol. 161, No. 5, May 
1990, pp. 140-145. 


In this very general overview, the author has managed to 
compress nearly eight decades of jewelry history into 
five pages that also include nine illustrative photos. The 
article is excerpted from Mr. Kaplan’s forthcoming book 
and presents, in a nutshell, the basic characteristics of 
jewelry from the Arts & Crafts, Art Nouveau, Edward- 
ian, Art Deco, and Retro periods. The lists Kaplan 
provides of designers for several of the periods could act 
as signposts for future research, (However, the text typo 
of Murrie, Bennet & Co.’s name |it should be Murrle, 
Bennet & Co.| adds confusion rather than clarity.) 
Although the article may be helpful as an introduction 
for those unacquainted with period jewelry, it presents 
very little new information to anyone familiar with 
these jewelry styles. EBM 


JEWELRY RETAILING 


Putting the punch behind tradition. A. Marshall, British 
Jeweller, Vol. 58, No. 9, May 1991, pp. 18~22. 
The rigorous British hallmarking system may be a thing 
of the past after 1992. The majority of the member 
countries of the EEC do not have compulsory hallmark- 
ing and feel that it inhibits jewelry trade between 
countries, so they may vote for its demise. Most of the 
European countries now either hallmark on a voluntary 
basis or rely on self-certification by the manufacturer. 
The understandable concern by the British is that this 
results in poor quality control and increased competi- 
tion from foreign competitors with substandard goods, 
which will inevitably lead to defrauding the public. 
RT 


Software review: Tracking loose stones. M. Thompson, 
Jewelers’ Circular-Keystone, Vol. 162, No. 4, April 
1991, pp. 122-125, 
Mr. Thompson discusses three software packages de- 
signed to keep track of diamond and gemstone inven- 
tory: Loose Gem Management, Gemdata, and The 
Diamond Dealer. All three packages work on IBM or 
IBM-compatible personal computers. A detailed over- 
view of each system is provided as well as comments by 
the reviewers on publisher support, user-friendliness, 
and problems encountered. RT 


SYNTHETICS AND SIMULANTS 


Biron® synthetic pink beryl. G. Brown, Australian 
Gemmologist, Vol. 17, No. 6, 1990, pp, 219-221, 


Beginning with a succinct review of natural morganite, 
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the investigator goes on to briefly describe the hydro- 
thermal synthesis of pink beryl by Biron International 
Ltd. of Perth, Australia. This is followed by information 
gleaned from a gemological examination of a 21.44-ct 
sawn crystal section and a 2.34-ct faceted specimen of 
the Biron product. 

On the basis of this investigation, the author con- 
cludes that the identification of the Biron synthetic pink 
beryl “should not prove to be too difficult” because of 
what he feels are “considerably lower” ranges of specific 
gravity and refractive indices for the Biron product 
compared to those for natural morganite. However, an 
examination of the data on both the Biron product and 
natural morganite, conveniently presented in a table, 
leads this reviewer to conclude that the properties of the 
Biron product are too close to those of the natural to 
classify this as an easy separation, This is especially true 
when one considers that the author’s conclusion was 
drawn after examining only two samples. The most 
promising distinguishing characteristic of the Biron 
material, should additional research prove it to be 
consistent, is an “apricot pink” fluorescence to long- 
wave U.V. that has not been observed in natural mor- 
ganite. Inclusions, as usual, are also important distin- 
guishing features. RCK 


Gem mological investigation of a synthetic spinel crystal 
from the Soviet Union. J. I. Koivula, R. C. Kammer- 
ling, and E. Fritsch, Journal of Gemmology, Vol. 22, 
No. 5, 1991, pp. 300-304. 


The authors describe a 17.19-ct flux-grown synthetic red 
spinel crystal reportedly manufactured in the Soviet 
Union. The crystal is described as a near-perfect octa- 
hedron of exceptional transparency, with a refractive 
index of 1.719 and a specific gravity of 3.58, both within 
the ranges for natural spinel. Reaction to long-wave 
ultraviolet radiation was strong purplish to orangy red; 
there was a similar but weaker reaction with a slight 
chalkiness along some edges to short-wave U.V. Compar- 
ison to the reactions of natural pink and red spinels 
revealed no significant difference. The Chelsea color 
filter reaction was comparable to that of similarly 
colored natural red spinels. 

The visible-range absorption spectrum of the syn- 
thetic crystal, as viewed with a hand-held prism spectro- 
scope, consisted of general absorption from 400 to 450 
nm, a weak diffuse band between 580 and 630 mm, a 
strong fine line at 680 nm, and a strong fluorescent line 
at 690 nm, Examination with a spectrophotometer 
confirmed these features. The spectrum is similar to 
that of natural red spinel except that the two distinct 
“chromium lines” found around 650 nm in the natural 
material appear as a single broader band in the synthetic 
specimen, 

The crystal was originally described by its supplier 
as hydrothermally grown, but mid-infrared spectros- 
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copy revealed none of the features associated with 
hydroxy! groups that are characteristic of hydrother- 
mally grown synthetics. EDXRF bulk chemical analysis, 
moreover, revealed the presence of molybdenum, a 
common component of fluxes used to grow gem mate- 
rials. EDXRF also revealed, in addition to the basic 
elements of red spinel composition, a lack of the tita- 
nium typically found in natural spinels. 

Microscopic examination revealed a number of 
features that further confirmed the origin of the crystal 
to be flux growth and that can be used by gemologists to 
distinguish such material from natural red spinels. Deep 
orangy brown primary flux inclusions, with an angular 
to jagged profile, formed a phantom aligned with the 
external octahedral crystal faces. Also noted were reflec- 
tive and iridescent air-filled fractures associated with 
strain (observed in polarized light}, and semi-circular 
growth hillocks on octahedral faces that are quite 
distinct from the triangular etch pits commonly present 
on the crystal faces of natural spinels. Color photomicro- 
graphs clearly illustrate the features described. CMS 


YAGG. G. Brown, J. Snow, and R. Brightman, Australian 
Gemmologist, Vol. 17, No. 6, 1990, pp. 239-242, 


After a brief review of the crystal chemistry of garnets — 
including the so-called synthetic garnets YAG (yttrium 
aluminum garnet) and YAGG [yttrium aluminum gal- 
lium garnet)— this Gemmology Study Club report ad- 
dresses the properties of the flux-grown YAGG once 
manufactured by J. O. Crystal Co. of California, but no 
longer in production, 

Available information suggests that the material, 
which the authors consider an effective imitation of 
tsavorite, is crystallized from a brownish yellow flux 
held in a platinum crucible. The green color is caused 
primarily by Cr3+ substituting for AlS+,; according to 
communication with the crystal grower, the addition of 
Ni8+ will superimpose a blue-green color while the 
addition of Fe3+ will result in a yellowish green hue. 

The authors list the gemological properties of this 
YAGG and conclude that the material can be identified 
by its S.G. (5.05-5,08}, R.I. (over the limits}, red fluores- 
cence (to long- and short-wave U.V. and white light], 
Cr3+ absorption spectrum, and inclusions [yellowish 
brown flux and “reflective silvery platinum”). RCK 


Correction: Spring 1991 issue abstracts of the articles 
“Gem-quality Chrysoprase from Haneti-Itiso Area, 
Central Tanzania,” “Role of Aluminium in the Struc- 
ture of Brazilian Opals,” and “Colored Pectolites, So- 
Called ‘Larimar’ from Sierro de Baoruco, Barahona 
Province, Southern Dominican Republic” were erro- 
neously attributed. Professor R. A. Howie wrote the 
abstracts of the articles for Gems @ Gemology. We 
sincerely regret the error. 
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ABOUT THE COVER: Historically, the most highly prized rubies have come from 
the Mogok deposits of Burma (now called Myanmar). Their deep rich color is well 
represented by this necklace of reportedly Burmese rubies (a total of 46.05 ct; the 
largest stone is 6.22 ct) provided courtesy of R. Esmerian, Inc., New York, In 
recent years, rubies have emerged from new deposits in Tanzania and Vietnam 
that closely resemble Burmese stones and probably originate from geologic 
conditions similar to those at Mogok. The lead article in this issue provides a 
comprehensive description of the major occurrences and key gemological 
characteristics of Vietnamese rubies, while the other main article examines 
similar material that has recently emerged from the Morogoro area of Tanzania. 
The loose rubies and fancy sapphires illustrated here, all reported to be from 
Vietnam, are representative of some of the fine material from that nation. The 
§.18-ct and 7.94-ct pink sapphires are courtesy of Andrew Sarosi, Los Angeles, CA; 
the 1.69-ct ruby is courtesy of Evan Caplan & Co., Los Angeles, CA; the 
remaining stones (0.32-0.50 ct) are courtesy of FIMO Gemstone S.A., Chiasso, 
Switzerland. 

Photo of the loose gems © Harold & Erica Van Pelt — Photographers, Los Angeles, 
CA. Photo of the necklace courtesy of R. Esmerian, Inc., New York. 
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NEW SOURCES BRING NEW OPPORTUNITIES 


Rew world events are having a dramatic impact on the gem and jewelry 
industry. We all remember how the “opening” of China a decade ago stimulated 
exploration at countless potential diamond and colored stone localities. Now, the 
more recent opening of political borders in the USSR, as well as the changing 
economic outlook of countries such as Vietnam and Tanzania, promises both new 
markets and new gem materials. Certainly, as economic needs increase and political 
climates relax, formerly isolated gem-producing countries will seek further coopera- 
tive ventures for exploration, mining, and distribution of their gem riches. The 
additional goods that reach the international marketplace present new opportunities 
for the gem community, both in renewing supplies depleted elsewhere and in 
stimulating the demands of a growing consumer market. 


For example, in the Summer 1991 issue of Gems & Gemology, we featured an article 
on a new production of emeralds from the Ural Mountains of Russia. Historically, the 
Urals have been the source of many fine gem materials; with modern exploration 
techniques and the infusion of capital, they could again produce beautiful gems in 
significant quantities. As we learned from Dr. Vladimir Balitsky at the International 
Gemological Symposium in June, hundreds of other areas in the USSR are also being 
explored for their gem potential—from diamond and demantoid deposits in Siberia to 
jadeite and malachite occurrences in Kazakhstan. 


he current issue of Gems e# Gemology chronicles further developments in 

“countries that are reemerging in the world economy. Czechoslovakia maintains a 
jewelry industry based on renewed mining for pyrope garnets from the historic 
deposits in the Bohemian Hills. In Tanzania, we have seen mining expanded, leading 
to the discovery of a new ruby occurrence. In Vietnam, we are seeing the identifi- 
cation of major deposits of fine rubies and fancy sapphires— with three million carats 
produced from one deposit alone over a five-month period. It is especially exciting 
that these new Tanzanian and Vietnamese rubies are remarkably similar to rubies 
from the classic Mogok deposit in Burma (now Myanmar). Even Myanmar shows 
signs of reaching out to world markets, our Gem News section notes that govern- 
ment’s renewed interest in working with foreign gem dealers. Reports in the literature 
and by our colleagues also indicate that fine rubies have recently been found in Laos 
and China. After many years during which fine rubies were in short supply, 
significant amounts may soon become available, from many diverse localities. 


I the 1980s, massive amounts of irradiated blue topaz entered the market, heat 
treatment significantly boosted the supply of inexpensive blue sapphires, and large 
quantities of lower-quality diamond melee started to come out of Australia. These 
increased supplies of affordable gems helped broaden the customer base for gems and 
jewelry worldwide. Relatively inexpensive gem-set goods could now be mass 
marketed to lower-income groups that once considered jewelry beyond their means. 
Now, in the 1990s, the discovery of significant quantities of fine rubies and other 
gems is accelerating. If the challenges in mining and distribution can be met, this 
trend promises greater opportunities to market to that broader consumer base. With 
the opening of economic and political borders, the decade of the ’90s could well be 
the most productive in the history of our industry. 


Alice S. Keller 
Editor 
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RUBIES AND FANCY SAPPHIRES 
FROM VIETNAM 


By Robert E. Kane, Shane F. McClure, Robert C. Kammerling, Nguyen Dang Khoa, 
Carlo Mora, Saverio Repetto, Nguyen Duc Khai, and John 1. Koivula 


Gem-quality rubies and pink to purple 
sapphires are being recovered from the 
Luc Yen and Quy Chau mining regions of 
Vietnam. This article briefly reviews the 
history and geology of these areas, as well 
as the mining methods used. The gem- 
ological characteristics of more than 100 
of these stones are described in detail. 
The most notable internal features are 
blue color zones, swirl-like and angular 
growth features, bluish “clouds,” and in- 
clusions of rod-like calcite and pyrrhotite 
as well as the rare mineral nordstrandite, 
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ntil recently, little was known about the gem poten- 
fal of Vietnam, in spite of the fact that it is 
surrounded by countries with significant gem riches. In 
1983, however, corundum was reported near the towns of 
Ham Yen and An Phu, north of Hanoi. Major exploration 
began in 1987, when geologists brought to the attention of 
the local government their discovery of rubies near the 
town of Luc Yen, 28 km west of Ham Yen, in Yen Bai 
(formerly Hoang Lien Son} Province. 

In a five-month period, from November 1989 through 
March 1990, one deposit in the Luc Yen district produced 
more than three million carats of rough pink sapphire and 
ruby. Several other deposits are currently being worked in 
this gem-rich district. According to various trade sources, 
the finest rubies from this locality rival the finest stones 
from Myanmar (formerly Burma; see, e.g., “Vietnam 
Claims Major Ruby Find,” 1990; Hughes and Sersen, 1991; 
and Weldon, 1991). In December of 1990, rudimentary 
mining operations began at Quy Chau in Nghe An (for- 
merly Nghe Tinh} Province, south of Hanoi. Stones exam- 
ined thus far from this latter deposit compare favorably 
with those mined at Luc Yen (figure 1). 

Two of the authors, Messrs. Khai and Khoa, have been 
involved in the geologic study of the gem deposits of 
Vietnam and the marketing of the stones recovered. 
Messrs. Mora and Repetto are participating in a joint 
venture between the Italian firm Tecno-Resource (a sub- 
sidiary of FIMO Inc., of Switzerland) and the Vietnamese 
government to establish a cutting operation and gemologi- 
cal laboratory in Vietnam. They provided GIA with nu- 
merous samples of rubies and pink to purple sapphires 
obtained in Vietnam, which formed the basis of the current 
research. This article reviews the Luc Yen and Quy Chau 
mining regions, and provides a gemological characteriza- 
tion of the rubies and fancy sapphires found there. 

Vietnamese geologists believe that there is consider- 
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Figure 1. Fine rubies and 
fancy sapphires, some 
comparable in quality to 
fine Burmese stones, are 
now emerging from the 
Luc Yen and Quy Chau 
districts of Vietnam. The 
stones shown here, all of 
which were obtained in 
Vietnam, range from 0.33 
to 1.94 ct. Jewelry pro- 
vided by the Gold Rush, 
Northridge, CA; photo by 
Shane McClure. 


able potential for ruby and sapphire elsewhere in 
Vietnam. Currently, however, the Di Linh/Binh 
Dien sapphire mine, in the Lam Dong Province of 
southern Vietnam, is the only other active opera- 
tion. 

Reports in the trade press indicate that very 
small quantities of pink and violet spinels, blue 
sapphires, yellow and green tourmalines, and yel- 
Jowish green chrysoberyl have reached the gem 
market (“Vietnam: An Important Potential New 
Source of Fine Ruby,” 1990}, Local geologists have 
also identified potentially gem-quality zircon, gar- 
net, aquamarine, and topaz. Future prospects for 
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some of these other gem materials in Vietnam are 
also briefly discussed. 


HISTORY 

Following the discovery of ruby at Luc Yen in 
February 1987, the government began geologic 
prospecting of this area in northern Vietnam. In 
March 1988, the government set up Vinagemco, a 
state-owned company devoted to the exploration, 
mining, cutting, processing, and distribution of 
gem materials in Vietnam. That same year, Vin- 
agemco entered into a joint venture with B. H. 
Mining Co., of Bangkok, to work the Khoan Thong 
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Gulf of Bac Bo 


‘Luc Yan District 
(Yen Bai Province) 
« Khoan Thong 

* Nuoc Ngap. 

* Nuoc Lonh 

+ Hin Om 

+ Phai Chep 

+ Khaw Sum 

* Lung Thin 


Xuan Le District 
(Thanh Hoa Prov.) 
+ Thuong Xuan 


Su Khang District 
(Nghe An Prov.) 
* Quy Chau 

* Ouy Hop 


+ Bu Khang East Sea 


4 Bian Ho District 
(Gia Lai Kon Tum Prov.) 


5 Di Linh District 
(Lam Dong Prov.) 
« Di LintyBinh Dien 


6 Phan Thiet District 
(Thuanh Hai Prov.) 


7 Gia Kiem District 
(Dong Nai Prov.) 
» Ka Vo 
» Tien Co 
+ Sau Le 
» Gia Kiem 


Figure 2. This map of Vietnam shows the major 
localities where rubies are currently being 

mined (together with spinels, garnets, and some 
tourmaline), as well as known deposits of blue 
sapphire and other gem materials. The numbers 
are keyed to specific localities discussed in the 
text and listed in the key. Artwork by Carol Silver. 


138 Rubies and Sapphires from Vietnam 


deposit at Luc Yen. In November 1989, the B. H. 
Mining/Vinagemco joint venture opened Viet- 
nam’s first commercial gem-mining operation. 
During the period November 1989 through March 
1990, they recovered approximately 244 kg of 
potentially gem-quality corundum. At the height 
of exploitation at Khoan Thong, there were approx- 
imately 70 workers. Since March 1990, however, 
management problems have led to reconsideration 
of the joint venture and organized mining has 
come to a virtual halt. In October 1990, a law was 
enacted that prohibits foreigners from traveling to 
the mine area. 

Also in 1988, Savimex Cie. of Ho Chi Minh 
City entered into a joint venture, called Savitech, 
with the Italian firm Tecno-Resource to develop a 
faceting industry and gemological laboratory in 
Vietnam. Originally, this joint venture was set up 
to analyze and facet rough material from the Bo 
Pailin ruby and sapphire district in Kampuchea 
(Cambodia); however, heavy fighting in that region 
has made the supply of such material very erratic. 
With the successful mining of rubies and fancy 
sapphires at Luc Yen—and, more recently, Quy 
Chau—Savitech became involved in the evalua- 
tion and cutting of this material as well. 

Although mining in the Luc Yen area is offi- 
cially under the direct control of the Yen Bai 
Province People’s Committee, most of the activity 
is by local “smugglers.” During some periods, 
thousands of these independent miners have 
swarmed over the area. It is likely, then, that actual 
production considerably exceeds official figures. 

Mining is known to have started at Quy Chau 
as early as December 1990, by local peasants. In 
July 1991, authorities of the Nghe An Province 
People’s Committee established four mining enter- 
prises to control and exploit gem deposits in the 
Quy Chau area. As at Luc Yen, the number of 
official workers is relatively small—50 in this 
case —but during some periods more than 10,000 
independent miners, from all over Vietnam, have 
worked illegally throughout the area. Although the 
most recent statistics on official production at 
Quy Chau are the equivalent of US$20,000 per 
month, actual production undoubtedly is several 
times largey. 


LUC YEN 


Location and Access. The Luc Yen mining region is 
located approximately 270 km northwest of 
Hanoi, just 75 km from the border with China. 
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Figure 3. Rubies are being mined in the valleys and foothills of the imposing Bac Bo Mountains of 
northern Vietnam. 


Seven deposits are currently being worked in the 
area—at Khoan Thong, Nuoc Ngap, Nuoc Lanh, 
Hin Om,,Phai Chep, Khau Sum, and Lung Thin — 
all within 8 km south, southeast, and south- 
southwest of the town of Luc Yen (figure 2). To 
date, the rubies and fancy sapphires have been 
found in secondary, largely alluvial deposits in the 
lush tropical valleys and foothills of the Bac Bo 
(previously, Tonkin) Mountains (figure 3}. For the 
most part, roads in the region are not paved, but the 
area is readily accessible from Hanoi except during 
the rainy season (approximately May to Novem- 
ber], when the mud becomes too deep to allow 
passage by vehicle. 


Geology and Description of the Gem-Bearing De- 
posits. Exploration has identified rubies and fancy 
sapphires in secondary deposits that occur over a 
surface area of approximately 50 km2, with evi- 
dence of an even larger area of some 300 km2. The 
deposits are located in small valleys within the Bac 
Bo Mountain Range, on the sides of surrounding 
hills, in rice paddies at the base of the mountains, 
and along the rivers that cross the area. 

The placer deposits are found in Quaternary 
sediments lying in a karst-like terrain of depres- 
sions and valley terraces within a 130 km x 2-5 
km northeast-southwest trending belt of Upper 
Proterozoic-Lower Cambrian marbleized lime- 
stones and crystalline schists and quartzites (see 
figure 4), The gem-bearing valleys are often nar- 
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row, small depressions ranging from 0.5 to 7.0 km2 
but most commonly 2-3 km2. They are part of the 
Vietbac formation {Phan Cu Tien, 1989]. It has 
been suggested that the mineralized marble belt in 
which the Luc Yen stones have been found is 
similar to the geologic conditions in which rubies 
occur in the Mogok area of Myanmar and the 
Hunza Valley of Pakistan (Bank and Henn, 1990, 
Henn and Bank, 1991; H. Hanni, as reported in 
Koivula and Kammerling, 1990). The gem-bearing 
sedimentary beds average 2-3 m thick; the over- 
burden ranges from less than a meter in some areas 
to as deep as 5 m in others. To date, no corundum 
has been recovered in situ, but local geologists 
have found some corundum samples still embed- 
ded in matrix (figure 5}. Local geologists believe 
that the rubies are formed in association with 
pegmatites. 

Associated gem minerals include red, pink, 
and pale blue spinels (which may represent from 
70% to 90% of the gem material in a particular 
site}, as well as potentially gem-quality (but small] 
yellow and green tourmalines and garnets. All of 
the corundum found here to date has been pink to 
purple to red. 


Mining Methods. Open-pit mining is the domi- 
nant method used. Several pits, 1.5-3 m in diame- 
ter and 3-7 m deep, have been dug using backhoes 
and by hand throughout the Luc Yen district. In the 
most sophisticated operation, at Khoan Thong, the 
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LEGEND 


Quaternary 
sediments 


Upper Proterozoic- 


Lower Cambrian 
marbleized 
limestones 


Upper Proterozoic- 
Lower Cambrian 
schists and 
quartzites 


Pegmatites 


Nui Chua Complex: 
Gabbro diabase, 
gabbro diorite, 
granodiorite, 
diorite granite 


Figure 4, This geologic map of the Luc Yen region shows the areas where gems have been found in 
Quaternary sediments lying in karst-like depressions in a northeast-southwest trending belt of Upper 
Proterozoic-Lower Cambrian marbieized limestones, schists, and quartzites. Map prepared by N. D., 


Khoa; artwork by Carol Silver. 


miners would spray the dry pits with water can- 
nons and then pump the resulting mud into an 
inclined wood channel that leads to a large jig. In 
this sluice-type arrangement (figure 6], the water 
softens the earth and removes the dirt, while the 
largest rocks are removed by hand. At the jig, the 
corundum is sorted from the gravels by a combina- 
tion of vibrating action and specific gravity. The 


Figure 5. This corundum crystal in syenite ma- 
trix was found in the Luc Yen area of Vietnam. 
Photo by N. D. Khoa. 
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last step'is to separate the corundum from the 
remaining concentrate by hand. Gem recovery at 
Khoan Thong has been very high, averaging 19.6 
grams per cubic meter. 

Distribution of the final gem production is 
ostensibly controlled by the provincial govern- 
ment; however, local miners and dealers com- 
monly travel to Hanoi and other major cities to sell 
their rough. To date, it appears that large amounts 
of this material have not arrived on the world gem 
markets (Weldon, 1991). An auction widely 
reported in the trade press has been delayed three 
times, with no date confirmed to the authors’ 
knowledge as of October 1991 (“Ruby Auction in 
Vietnam,” 1990; Federman, 1991; “Viets Delay 
Ruby Sales until. . .,” 1991; “No Date for Ruby 
Auction in Vietnam,” 1991; “Long-Awaited Auc- 
tion May Come Off in July,” 1991). 


QUY CHAU 


Location and Access. Late last year, mining was 
begun in northern Nghe An Province [again, see 
figure 2), near the village of Quy Chau. The 
potential ruby-bearing area covers approximately 
400 km2. The Quy Chau mining district is located 
about 120 km by road northwest of the city of 
Vinh, the administrative center of Nghe An Prov- 
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ince, and 36 km northwest of the district center of 
Nghia Dan. As many as 10,000 miners have 
descended on the area during periods of peak 
mining, from all over Vietnam (figure 7). 

The gem-bearing region is a mountainous area 
that reaches heights of 1,058 m near the villages of 
Quy Chau and Quy Hop. However, the actual gem 
deposits are concentrated in narrow valleys and 
along streams that form upper tributaries of the 
Hieu River. As at Luc Yen, mining is difficult in 
this tropical area during the May to November 
rainy season. 


Geology and Occurrence. The Quy Chau deposits 
lie within the Bu Khang ruby zone of central 
Vietnam, geologists report that ruby mineraliza- 
tion covers approximately 2,000 km? near Bu 
Khang Mountain, with, as mentioned above, a 400 
km? zone that appears to have the best ruby- 
bearing potential. The rubies have been found 
associated with tin minerals in Quaternary sedi- 
ments. Detailed geologic study has not yet been 
conducted on the Quy Chau area. 

The. deposits near the village of Quy Chau, 
where thé best rubies in the area have been found 
thus far, appear to be eluvial. Smaller, less trans- 
parent gems have been found in alluvial deposits 
near Quy Hop, south of Quy Chau. 


Mining Methods. To date, mining at Quy Chau has 
been very primitive. Although some stones have 
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Figure 6. The Khoan Thong mining operation 
has been the most sophisticated to date in the 
Luc Yen area. The sluice carries the gem-bear- 
ing gravels, mixed with water, to a jig, where 
they are sorted. Photo by C. Mora. 


Figure 7. At the height of 
activity in 1991, “inde- 
pendent” miners de- 
scended on the Quy 
Chau area from all over 
Vietnam in search of 
rubies and other gems. 
Photo by C. Mora. 
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Figure 8. In many parts of the Quy Chau ruby- 
bearing district, the gem-bearing gravels can be 
reached only by removing layers of clay and ka- 
olin. Here a pile of wet gray kaolin (foreground) 
that has just been removed lies next to mounds 
of dry white kaolin. In the back can be seen 
the clay-like soil that covers the surface of the 
region. Photo by C. Mora. 


Figure 9. At Quy Chau, pits may be dug as 
deep as 7 m to reach the gem-bearing gravels, 
and are reinforced with bamboo poles. Photo by 
C. Mora. 
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been found literally on the surface of the ground 
and in streams, the miners usually must first 
remove layers of kaolin and clay-like soil to reach 
the corundum-bearing gravels (figure 8]. Pits— 
anywhere from one to several meters round or even 
square — are dug in the relatively soft overburden 
approximately 3 to 7 m deep to reach the gem- 
bearing layer. The pits are reinforced with bamboo 
canes (figure 9]. Flooding is a constant problem, but 
thus far we have not seen pumps used. The gem- 
bearing gravel layer has been observed to be 
anywhere from approximately 1 to 8 m thick. 

Once the gravels are removed, they are washed 
and sorted by hand (figure 10}. In addition to ruby, 
miners have found pink and yellow sapphire, 
various colors of spinel, and some garnet. As at Luc 
Yen, spinel is the most common gem material 
found. Although the provincial government is 
holding monthly auctions of the material produced 
in its operations, to date most of the rough has been 
sold outside of legal government channels: at the 
mining area, in towns throughout the province, 
especially the city of Vinh, and in Hanoi and Ho 
Chi Minh City. 


DESCRIPTION OF THE RUBIES 
AND FANCY SAPPHIRES 


Luc Yen. Most of the gem-quality material ranges 
from 2 to 6 mm long. Although large pieces of 
rough are rare, they have been known to exceed 20 
ct. Crystals from Luc Yen exhibit a regular prisma- 
tic shape typical of corundum (figure 11}. Most of 
the rough is moderately worn, but some of the 
crystals found to date show unusually sharp faces, 
which suggests that they have not traveled far from 
their original source. In addition, at least one 
{inclined axis] twin crystal has been identified (E. 
Fritsch, pers. comm., 1991}. The stones range in 
color from medium light to medium pink and 
medium to dark red, purplish red, and pinkish 


purple. 


Quy Chau. Because this deposit is relatively new, 
little can be generalized about the rubies and fancy 
sapphires found there. Both extremely worn and 
relatively well-formed crystals have been seen to 
date. Our examination of the rough seen thus far 
indicates that in general these stones appear to be 
less included and, therefore, more transparent 
than much of the material from Luc Yen. One of 
the authors (NDK] has seen pieces of rough as large 
as 10 ct, and believes that this deposit could yield 
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stones that are larger on average than Luc Yen. The 
material ranges from near colorless to red; most is 
pink to a lower saturation of red. 


GEMOLOGICAL CHARACTERISTICS OF 
SOME RUBIES AND PINK TO 
PURPLE SAPPHIRES FROM VIETNAM 


Four of fhe authors (REK, SFM, RCK, and JIK} 
examined more than 100 faceted rubies and pink 
to purple sapphires, ranging in weight from 0.17 to 
1.94 ct, that were reported to be from the Luc Yen 
and Quy Chau mining areas in Vietnam. All of the 
124 research stones were obtained by FIMO repre- 
sentatives in Vietnam from government sources, 
from independent miners in the Luc Yen and Quy 
Chau areas, and from “dealers” in Hanoi and Ho 
Chi Minh City. Routine gemological testing estab- 
lished that out of the 124 faceted samples that were 
provided to these investigators, one was a flame- 
fusion synthetic ruby, two were purple-red alman- 
dite garnets, and nine were natural spinels (ranging 
in color from pink to orangy red}; thus leaving 112 
natural rubies and fancy sapphires. This was not 
the first time the authors had seen flame-fusion 
synthetic rubies being represented as natural Viet- 
namese stones and reports in the trade press 
indicate that this is happening with some fre- 
quency (e.g., “Synthetic Found Mixed with Rough 
Ruby,” 1991, Weidinger, 1991). 

The remaining test samples, which were con- 
firmed to be natural corundum, exhibited many 
characteristics that are typical of natural rubies 
and pink to purple sapphires from various geo- 
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Figure 10. For the most part at 
Quy Chau, the miners wash 
the gravels by hand using rudi- 
’ mentary “pans” in their search 
for rubies and other gem mate- 
rials. Photo by C. Mora. 


Figure 11. A number of relatively well formed 
crystals (here, 4.75 cm long) have been found at 
Luc Yen, Photo © GIA and Tino Hammid. 
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TABLE 1. Gemological characteristics of rubies and 
pink to purple sapphires from the Luc Yen and Quy 
Chau gem districts of Vietnam. 


No. 

Property samples Observations 

Color 112 Moderate to highly saturated 
purplish red to purplish pink 
through reddish purple to pinkish 
purple in medium light to dark 
tones 

Clarity 112 Most heavily included; few “eye 
clean" 

Refractive 55 Most within the range: 

indices e = 1.759-1.762 
© = 1.768-1.770 

Birefringence 55 0.008~-0.009 

Optic 55 Uniaxial negative 

character 

Specific 9 cut 3.97-4.00 

gravity 3 xls 3.99-4.00 

Pleochroism 43 Moderate to strong dichroism; 
usually reddish purple to purplish 
red parallel to c-axis and orangy 
pink to orange-red perpendicular to 
c; colors vary slightly with body 
color of stone 

UN. 112 Strongest reactions in stones of 

luminescence medium to high saturations and 
medium to dark tones of pink to 
red; weaker reactions in lighter and/ 
or more purplish stones; weakest 
reactions in stones with an orange 
component 

Long-wave Weak to very strong red to orangy 
red 
Short-wave Similar but weaker 

Optical 55 468.5 (sharp, narrow) 

absorption 475 (extremely weak) 

spectrum 476.5 (sharp, harrow) doublet 


(nm) 659.2 (faint, narrow) 
668 (faint, narrow) 
692.8 (distinct, narrow) 
694.2 (distinct, narrow) 


Distinct blue color zones, swirled 
growth features, laminated twinning 
planes, clouds of minute particles, 
orange-stained fractures, and solid 
inclusions of: calcite, apatite, 
nordstrandite, pyrrhotite, 
phlogopite, and rutile 


Internal 112 
features 


allay appear as 2 single bright (emission) line. 


graphic localities, in addition to some microscopic 
features that are distinctly different from any that 
we have observed thus far in natural rubies and 
fancy sapphires from other sources. Table 1 sum- 
marizes the gemological characteristics deter- 
mined in this study for rubies and pink to purple 
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sapphires from the Quy Chau and Luc Yen areas of 
Vietnam. 


Visual Appearance. The most noticeable feature of 
many of the stones examined in this study is the 
similarity in color to rubies and pink sapphires 
from Mogok, although some of the stones are more 
purple than what is commonly thought of as 
“Burmese” color. These colors range from moder- 
ate to high saturations of purplish red to purplish 
pink through reddish purple to pinkish purple in 
medium light to dark tones (figure 12). A signifi- 
cant number of the sample stones also exhibited 
eye-visible blue color zones, giving them an un- 
even color appearance. 

The clarity of the stones examined was rela- 
tively low. Very few were eye clean and some were 
so included that they were uniformly translucent. 
In fact, some stones appeared to be orangy red or 
orangy pink due to the presence of large orange- 
stained fractures, which are discussed later in the 
text. To date, the material examined by Savitech in 
Ho Chi Minh City has been 64% carving quality, 
30% cabochon quality, and 6% faceting quality. 


Refractive Indices and Birefringence. We obtained 
refractive index values with a GEM Duplex II 
refractometer and a near-monochromatic light 
source that approximates sodium vapor. The ob- 
served refractive index and birefringence values 
(see table 1) are within the ranges previously 
reported for rubies and pink to purple sapphires in 
general (Webster, 1983; Liddicoat, 1989}, as well as 
those reported specifically for Vietnamese mate- 
rial {Bank and Henn, 1990; Henn and Bank, 1990, 
1991; Brown and Chill, 1991; Koivula and Kam- 
merling, 1991). One stone had values of 
1.764-1.773, outside the normal range. However, 
this variation has been reported in corundums 
from other sources (Arem, 1987}. 


Specific Gravity. The specific gravity values for 
nine faceted stones {0.71—1.94 ct] and three pieces 
of transparent to translucent rough (7.10, 8.30, and 
14.52 ct] were determined by the hydrostatic 
weighing method. The observed values agree with 
those previously reported in the literature for 
corundums from Vietnam and localities world- 
wide. 


Polariscope Reaction. Surprisingly, it was difficult 
—and in some cases, impossible—to resolve an 
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interference optic figure in the polariscope for 
many of the stones so examined with a standard 
condensing lens. This is believed to be due to the 
twinning structures that many of these stones 
exhibit (see “Growth Features” below}, 


Pleochroism. Forty-three of the Vietnamese stones 
were examined using a calcite dichroscope. The 
reactions observed are typical for rubies and pink 
to purple sapphires from other localities. 


Reaction to Ultraviolet Radiation. All 112 Viet- 
namese corundums were exposed to long-wave 
(366 nm) and short-wave (254 nm) ultraviolet 
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Figure 12, Rubies and 
fancy sapphires have 
been found in a broad 
range of colors and satu- 
rations at the Luc Yen 
and Quy Chau deposits 
in Vietnam. Note that 
the stone at the top cen- 
ter appears orangy be- 
cause of the presence of 
large orange-stained 
feathers. These stones 
range from 0.17 to 1.94 
ct. Photo by Shane 
McClure. 


radiation. Stones of lower saturations and darker 
tones tended to be correspondingly weaker in 
fluorescence, as were stones of predominantly 
purple hues, possibly due to the presence of non- 
fluorescing blue zones and/or quenching by iron. 
Approximately 40% of the stones exhibited 
very small to large zones that were completely 
inert to both wavelengths. These nonfluorescing 
areas correspond directly to the blue color zones in 
these stones [as is discussed below and was noted 
previously in Koivula and Kammerling, 1991). 


Absorption Spectra. Visible-light absorption spec- 
tra were obtained with a Beck prism spectroscope 
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mounted on a GIA GEM spectroscope base unit. 
Spectra for the Vietnamese rubies are essentially 
the same as the diagnostic absorption spectra 
described by Liddicoat (1989) for natural and 
synthetic ruby, purple sapphire, and dark “pad- 
paradscha” sapphire. The distinct lines at 692.8 
nm and 694.2 nm often appear as a single bright 
fluorescent (emission) line, also typical for ruby. 


Internal Characteristics. Careful microscopic ex- 
amination of all 112 samples in this study revealed 
a wealth of interesting internal features. Some of 
the most commonly encountered internal features 
are reminiscent of those found in Burmese rubies, 
while others are similar to some found in rubies 
from Thailand. Still others are unlike those we 
have observed in stones from any other locality 
and appear at this time to be unique to rubies from 
Vietnam. 

Note that the physical evidence indicates that 
most of the stones we examined had not been 
subjected to heat treatment. However, we have 
received reports that at least some Vietnamese 
rubies now in the trade have been heat treated (e.g., 
R. Crowningshield, pers. comm., 1991). It is rea- 
sonable to assume that the majority of the material 
from Vietnam, like ruby from virtually all other 
localities, will be heat treated at some point before 
it reaches the jeweler. 


Color Zoning. One of the most notable features of 
these Vietnamese rubies and pink to purple sap- 
phires is the presence of distinct medium-dark to 


Figure 13. Distinct dark blue color zones were a 
common feature in the Vietnamese corundums 
examined in this study. Darkfield with shadow- 
ing and partially polarized illumination, mag- 
nified 35x; photomicrograph by Robert E, Kane. 
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dark blue color zones (figure 13} in most, though 
not all, of the specimens examined. These zones 
range in size from large areas to tiny slivers that 
follow growth planes. All are fairly to extremely 
well defined with sharp edges and distinct borders. 
Some consist of uniformly colored areas, whereas 
others consist of rather distinct, parallel color 
bands. 

The fact that areas of blue zoning were ob- 
served in so many of the sample stones implies 
that such zones are typical of material from 
Vietnam; their presence has previously been noted 
in Vietnamese stones examined by other investiga- 
tors (see, e.g., Brown and Chill, 1991, Hughes and 
Sersen, 1991; H. Hanni, as quoted in “Vietnam: An 
Important Potential New Source of Fine Ruby,” 
1990). They are not unique, however, to Viet- 
namese stones, having also been observed in some 
rubies from Jegdalek in Afghanistan (e.g., Bower- 
sox, 1985) and from Nepal (Harding and Scarratt, 
1986] as well as, by some of the authors, in pink 
sapphires from Montana and Sri Lanka. 

In addition to the blue zoning, we also ob- 
served pink, orangy pink, red, and/or near-color- 
less zones in many samples (figure 14], as well as 
yellow zones in a few. In many cases, these color 
zones are so distinct as to be visible with the 
unaided eye, although details of the zoning are best 
seen using magnification in conjunction with 
immersion in methylene iodide (figure 15). 


Growth Features. The stones we examined contain 
an abundance of irregular, “swirled” growth fea- 


Figure 14. Color distribution was very inhom- 
ogeneous in the stones examined in this study, 
Distinct red, pink, and near-colorless zones 
were common in many forms. Darkfield and 
shadowing, magnified 25x ; photomicrograph 
by Robert E. Kane. 
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tures (figure 16). These are commonly referred to 
as a “treacle” or “roiled” effect (Webster, 1983) and 
were once considered unique to Burmese rubies 
(Gubelin and Koivula, 1986). In recent years, how- 
ever, such swirl-like growth features have been 
observed by the authors (and reported by others} in 
rubies from several localities other than Myan- 
mar—e.g., India and Tanzania—to which Vietnam 
should new be added. The pink, orangy pink, red, 
blue, and colorless zones previously mentioned are 
frequently related to this feature. 

Straight and angular parallel growth features 
are also quite common and at times exhibit a 
wedge-shaped pattern. Such growth features have 
been observed by the authors and reported in the 
literature in natural rubies from many localities, 
such as Tanzania (Hanni and Schmetzer, 1991) and 
Myanmar. Care should be taken not to confuse 
these with similar-appearing features in flux- 
grown synthetic rubies (Kane, 1983). 

Further research is being done on these growth 
features, and the results will be presented in a 
forthcoming article. 


Twinning. Curiously, a structural feature that is 
most commonly associated with Thai rubies was 
also frequently observed: abundant well-devel- 
oped laminated twinning planes (figure 17}. In 
many of the samples, thin, closely spaced twinning 
occurs throughout the entire stone. Other stones 
have more widely spaced, polysynthetic twinning; 
at some angles of observation, we noted different 
pleochroic colors from the adjacent, widely spaced 
twinning planes (figure 18). In most of the stones 
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Figure 15. With immer- 
sion in methylene iodide, 
the numerous color zones 
found in these stones are 
easily seen. Transmitted 
light; photo by Shane 
McClure. 


Figure 16. The swirl-like “treacle” or “roiled” 
effect that is frequently observed in Burmese 
rubies and fancy sapphires was also quite com- 
mon in the Vietnamese stones examined. Dark- 
field, shadowing, and oblique fiber-optic illu- 
mination, magnified 30x ; photomicrograph by 
Robert E. Kane. 


where this feature is present, the twinning runs in 
one direction only. In a minority of the stones 
examined, the twinning planes run in two direc- 
tions and intersect. Other investigators have also 
noted this feature in Vietnamese stones (see, e.g., 
Henn and Bank, 1990, Hughes and Sersen, 1991, 
Brown and Chill, 1991). 


Inclusions. To those who find the study of inclu- 
sions interesting, these rubies and fancy sapphires 
will be desirable for that reason alone. Although 
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Figure 17. Laminated twinning was observed in 
many of the Vietnamese corundums. Polarized 
light, magnified 35 x ; photomicrograph by 
Robert E. Kane. 


some of the inclusions and growth features ob- 
served in these Vietnamese stones closely resem- 
ble those found in corundums from other deposits, 
there are some that the authors have not encoun- 
tered before. 

The most common such inclusions are two 
types of “clouds,” One type is irregular to angular 
in outline and is composed of minute whitish 
particles dispersed fairly evenly throughout the 
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Figure 18. What appears at first glance in this 
photo to be color zoning is actually the effect of 
differences in pleochroic colors between adja- 
cent widely spaced (polysynthetic) twinning 
planes. Diffused transmitted illumination, mag- 
nified 25x; photomicrograph by Robert E. Kane. 


cloud. Typically, the cloud appears to have a bluish 
cast, perhaps the result of a light-scattering effect. 
Although this bluish cast may be visible with 
darkfield illumination, it is extremely prominent 
when a fiber-optic light source is used. These 
clouds often correlate directly with the pink, 
yellow, or near-colorless areas that are usually 
associated with irregular (swirl-like) growth zones, 
as seen with diffused transmitted illumination 
(figure 19). 

The second type of cloud, consisting of larger 


Figure 19, Left: Distinctly bluish clouds were frequently encountered, although oblique fiber-optic 
ifumination (as here) was usually necessary to see them. Right: These clouds were often observed in 
conjunction with red, pink, and near-colorless zones, as seen here in diffused transmitted light. 


Magnified 25x; photomicrographs by Robert E. Kane. 
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Figure 20. Irregular, whitish clouds that are 
somewhat wispy in appearance were often ob- 
served confined to straight growth planes in the 
stones in this test sample. Oblique fiber-optic 
Ulumination, magnified 20x ; photomicrograph 
by Robert E. Kane. 


whitish particles, has a less distinct outline and 
areas of varying density that give it a wispy 
appearance (figure 20). This type of cloud, which is 
typically confined to straight growth planes, may 
occur in small, often planar clusters or dominating 
large areas of a stone. When some of these clouds 
were examined with high magnification {above 
50x), it was readily apparent that they are com- 
posed of tiny, acicular (needle-like), parallel inclu- 
sions of various lengths, probably rutile. Similar 
“needles” and minute to small particles have 
previously been identified as rutile in corundum 
from various localities. 

We did not observe, in any of the stones, 
features that resemble the longer, acicular or 
shorter, wedge-shaped rutile needles that are most 
commonly associated with rubies and pink sap- 
phires from Sri Lanka and Myanmar. 

We did, however, see another type of acicular 
inclusion: very long, relatively coarse “needles” 
along the junctions of laminated twinning planes 
{figure 21}. In both appearance and position rela- 
tive to the twinning planes, they resembled the 
boehmite inclusions frequently seen in rubies 
from Thailand (Gibelin and Koivula, 1986] and 
many other sources. However, they were observed 
in relatively few of the Vietnamese stones and were 
fess abundant within an individual stone than is 
typical of rubies from Thailand. (Note that Hughes 
and Sersen {1991} also report the presence in 
Vietnamese rubies of boehmite at crossing twin 
lamellae, although they do not indicate how they 
confirmed the identity of the inclusion.| 

Partially healed fractures, planes of liquid 
inclusions, and two-phase inclusions were also 
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Figure 21, Needle-like inclusions of what are 
probably boehmite were observed in some 
stones along the junctions of laminated twin- 
ning planes. Oblique fiber-optic illumination, 
magnified 30x ; photomicrograph by 

Robert E. Kane. 


commonly seen in this Vietnamese material, as 
they are in rubies from most localities. 
Fractures, in fact, are perhaps the most com- 
mon feature of the Vietnamese stones examined, 
and many stones had several of significant size. 
Interestingly, virtually all of these fractures con- 
tained bright yellowish orange to reddish orange 
staining (figure 22), most likely an iron oxide or 


Figure 22. Orange staining was observed in 
nearly all of the numerous fractures present 
throughout this sampling of Vietnamese cor- 
undums. Darkfield illumination, magnified 
25x; photomicrograph by Robert E. Kane. 
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Figure 23, Transparent irregular crystals of cal- 
cite were the most commonly encountered solid 
inclusion found in these stones. Darkfield and 
partially polarized illumination, magnified 
25x; photomicrograph by Robert E. Kane. 


hydroxide. Although such staining has been noted 
by the authors in corundum from a number of 
localities, e.g., Thailand and Myanmar, its preva- 
lence in the Vietnamese stones seems unusual. 

In addition to the different types of needles 
described above, we observed various other solid 
inclusions in these stones. Where inclusions broke 
the surface of the stone, we were able to identify 
them conclusively by means of X-ray powder 
diffraction analysis. 


Figure 25. Subhedral transparent crystals of ap- 
atite were randomly arranged in a significant 
number of stones. Darkfield and partially po- 
Jarized illumination, magnified 30x ; photo- 
micrograph by Robert E. Kane. 
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Figure 24. Several stones in this study con- 

tained unusual rod-like transparent crystals 

that proved to be an uncommon form of calcite. 
Darkfield and oblique fiber-optic illumination, 
magnified 40x ; photomicrograph by Robert E. Kane. 


The most common included crystals encoun- 
tered were transparent, colorless, doubly refractive 
grains and masses with extremely variable and 
sometimes complex forms (figure 2.3). These crys- 
tals, which are subhedral to anhedral, proved to be 
calcite. Many are reminiscent of the calcite crys- 
tals encountered in Burmese rubies (Gubelin and 
Koivula, 1986}. 

Several stones also exhibited groups of very 
unusual transparent, elongated rod-like crystals 
that were curved and bent in some areas (figure 2.4). 
These unusual inclusions are visually somewhat 
similar to the etch pits observed by the authors ina 
number of gem species, including corundum. 
Where they reach the surface, however, reflected 
light readily revealed that they are solid crystals. 
X-ray diffraction proved these to be calcite as well. 

Also seen with some frequency was another 
type of transparent, colorless, doubly refractive 
crystal. These are subhedral, range from tabular to 
short prismatic, and appear to be randomly ori- 
ented with respect to the host corundum (figure 
25). X-ray diffraction confirmed these crystals to 
be apatite. 

Using darkfield illumination, we observed in 
several stones what appeared to be black opaque 
rod-like crystals that also display no readily identi- 
fiable outward crystal form (figure 26) and are 
somewhat similar in shape to the transparent rod- 
like crystals described above. In fact, these black 
crystals were frequently associated with thin 
strings and rods of transparent crystals that are 
possibly the same material as pictured in figure 24. 
Fiber-optic illumination gives the crystals a dis- 
tinct brownish color. Where these opaque crystals 
reach the surface it can be seen in reflected light 
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Figure 26. Black-appearing rod-like inclusions 
were also noted in some stones. These unusual 
inclusions are pyrrhotite, an iron sulfide. Dark- 
field illumination, magnified 35 x ; photomicro- 
graph by Robert E. Kane. 


that they are actually brassy yellow with a metal- 
lic luster. They were proved to be pyrrhotite. 

Several stones had very unusual clusters of 
bright orange prismatic inclusions (figure 27}. 
These very distinctive crystals were identified as 
rutile [again by X-ray diffraction]. Peretti and 
Boehm previously identified crystals of rutile in 
Vietnamese rubies with microprobe analysis (as 
reported in Weldon, 1991). 

Atleast 10 of the stones in this study contained 
irregular masses of a translucent yellowish orange 
material. These masses displayed no recognizable 
crystal form, were slightly fibrous to granular in 
appearance, and looked more like a secondary 
filling material than a primary inclusion (figure 
28). X-ray diffraction produced a pattern that 


Figure 27. Several stones exhibited clusters of 
bright orange crystals that were proved to be 
rutile, Oblique fiber-optic illumination, magnif- 
ied 30x; photomicrograph by Robert E. Kane. 
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Figure 28. This unusual yellowish orange inclu- 
sion, consisting of.the rare mineral nordstran- 
dite, may be confused with flux found in 
Ramaura synthetic rubies. Darkfield and 
oblique fiber-optic illumination, magnified 
30; photomicrograph by Robert E. Kane. 


matched published values for the rare aluminum 
hydroxide nordstrandite | Al(OH},]. Comparison of 
our relatively weak pattern to a pattern obtained 
from a known sample of nordstrandite from 
Quebec, Canada, by Dr. Anthony Kampf of the Los 
Angeles County Natural History Museum showed 
an exact match. 

Nordstrandite is a rarely encountered mineral 
that is trimorphous with gibbsite and bayerite. It 
was first described when produced synthetically in 
1956 by Robert A. Van Nordstrand of Sinclair 
Research Laboratories in Illinois (Chao and Baker, 
1982). Not until 1962 was it reported to occur 
naturally in Sarawak, Borneo, and in Guam, in 
both cases associated with limestone deposits 
(Wall et al., 1962). Since then it has been reported 
from other localities around the world, frequently 
as a secondary solution mineral filling cavities and 
fissures in limestone. On several occasions, it has 
been associated with syenite (Chao and Baker, 
1982, Petersen et al., 1976}. The authors could find 
no reference to nordstrandite previously being 
reported as an inclusion in gem corundum. 

This inclusion should be of special concern to 
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Figure 29. Brownish orange crystals of phlo- 
gopite mica were among the many solid inclu- 
sions found in these Vietnamese stones. Dark- 
field and oblique fiber-optic illumination, mag- 
nified 35x; photomicrograph by Robert E. Kane. 


gemologists because it is very similar in appear- 
ance to the orange flux found in Ramaura syn- 
thetic rubies (Kane, 1983). However, the fibrous to 
granular appearance and yellower color of the 
nordstrandite inclusions should be sufficient to 
distinguish them from the crackled appearance 


Figure 30. One sample was found to have been 
repaired, Note the glue layer and the misalign- 
ment of the reattached portion. Magnified 30x; 
photomicrograph by John I. Koivula. 
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and more orange color typical of the flux in the 
Ramaura synthetics. 

Also noted were transparent, brownish orange 
tabular crystals that appear somewhat rounded 
(figure 29]. X-ray diffraction identified these as 
phlogopite mica. Other solid inclusions were ob- 
served in various forms and colors, but most have 
not yet been conclusively identified. There are 
some hexagonal platelets that are most likely 
hematite, but none in the stones we examined 
reached the surface. 

Interestingly, one stone in the sample group 
was found to have been repaired. The bottom half 
of the pavilion had apparently separated along a 
fracture after faceting and was subsequently glued 
back on. The glue layer was easily seen, and the 
reattached portion was slightly misaligned (figure 
30). 


Chemical Analysis. The average chemical compo- 
sitions of three samples, representative in color of 
the ruby and pink-purple sapphire from Luc Yen 
and purchased in Vietnam prior to the discovery of 
the Quy Chau deposits, were obtained by electron 
microprobe analysis at the California Institute of 
Technology (Paul Carpenter, analyst). These sam- 
ples contain chromium as the most abundant 
minor element (0.19 to 2.08 wt.% Cr,O3}, followed 
by smaller amounts of titanium (0.01 to 0.23 wt.% 
TiO,}, iron (0.01 to 0.04 wt.% FeO}, and vanadium 
(0 to 0.03 wt.% V,O3). Small amounts of Zn and Ga 
were also found. These minor elements are all 
found in gem corundums from numerous lo- 
calities. These results have been generally con- 
firmed by Sam Muhlmeister and Bertrand De- 
vouard during an ongoing study in GIA Research 
on the quantitative chemical analysis of rubies by 
energy-dispersive X-ray fluorescence (EDXRF, 
Muhlmeister and Devouard, in press). Slightly 
higher Fe content {0.02-0.30 wt.% FeO} has been 
found by these researchers in some purplish red 
stones from Vietnam. The Vietnamese rubies we 
have analyzed by both methods show low Fe 
contents, similar to those in Burmese material but 
lower than the Fe contents in rubies from Thailand 
(Tang et al.,1988). 


Cutting. Experiments with a variety of cutting 
shapes and proportions have been performed at the 
Savitech cutting laboratory in Ho Chi Minh City. 
A variety of instruments, including a video cam- 
era, are used to study the passage of light as it is 
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refracted inside a stone in order to determine all 
the variables related to shape, color, and transpar- 
ency. 

To date, Savitech has produced thousands of 
transparent faceted (figure 31) and semi-transpar- 
ent cabochon-cut stones from Luc Yen and Quy 
Chau. Most of the stones are small, ranging from 
0.5 to 1.1 ct; the largest stone cut so far by the joint 
venture is approximately 5 ct. 


OTHER GEM OCCURRENCES 


Occurrences of other gem materials have also been 
identified in southern and central Vietnam (again, 
see figure 2}. Although none of these is currently 
being mined commercially, all show promise for 
the production of economic amounts in the future. 


The Sapphire, Ruby, Zircon, and Garnet Gem- 
Bearing Zones of Southern Vietnam. Blue and 
green sapphires, minor amounts of ruby, yellow 
and brown zircons, and pyrope garnets are wide- 
spread in alluvial or eluvial deposits on small 
basalt layers of various areas of southern Vietnam. 
Specifically, in addition to the deposits of rubies 
and fancy sapphires noted above, major occur- 
rences of blue (figure 32) and other fancy-color 
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Figure 31. A number of 
stones have been cut in 
Vietnam. This Viet- 
namese ruby, which was 
cut in Ho Chi Minh City, 
is set in a necklace de- 
signed and manufactured 
by Gianni Giacoppo. 


sapphires have been discovered recently in the 
areas of Di Linh/Binh Dien (Lam Dong Province}, 
Phan Thiet (Thuan Hai Province}, and Gia Kiem 
(Dong Nai Province, at Xa Vo and Tien Co). These 
deposits, which range from about 1 to 4 km2, occur 
in the weathering crust of alkali basalts. Approx- 
imately 60% of the sapphires found thus far are 
green; yellow sapphires are seen only rarely. Rough 
sapphires as large as 50 ct have been recovered. 
Recent exploration also revealed yellow and 
brown zircons up to 20-25 mm in the Gia Kiem 
district, specifically at Sau Le and Gia Kiem. And 
beautiful red pyrope garnets up to 20-30 mm have 
been found at Bien Ho (Gia Lai-Kon Tum Province]. 


The Xuan Le Topaz-Beryl Zones of Central Viet- 
nam, Aquamarine and colorless topaz have been 
found in Quaternary sediments in an area of the 
Thuong Xuan region (Thanh Hoa Province} that is 
estimated to be 1,200 km2. These gem minerals 
are probably related to pegmatite bodies that 
intrude acidic volcanic rocks and Triassic sedi- 
mentary rocks. 

In addition, minor amounts of aquamarine and 
other beryls, as well as amethyst and smoky 
quartz, have been found throughout Vietnam. 
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Figure 32, Vietnam is not only producing com- 
mercial amounts of rubies and fancy sap- 
phires, but also has potentially significant 
deposits of blue sapphire. These stones, all of 
which were obtained in Vietnam, range from 
0.28 to 0.42 ct. Photo © GIA and Tino 
Hamid. 


CONCLUSION 
Literally millions of carats of ruby and fancy 
sapphires have been mined in Vietnam since No- 
vember of 1989. The first major discovery was at 
Luc Yen, in Yen Bai Province. In 1990, another 
major area began production in the vicinity of Quy 
Chau, in Nghe An Province, with as many as 
10,000 “independent” miners working the deposit 
at one time. Although mining has been sporadic in 
recent months due to the annual rainy season, 
there appears to be considerable potential for the 
production of significant amounts of gem cor- 
undum for some years to come. 

Much of the Vietnamese material is compara- 
ble to Burmese stones. For the most part, the 
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gemological properties of the Vietnamese rubies 
and pink to purple sapphires are consistent with 
those of rubies and fancy sapphires from Mogok 
and other marble-type localities. Notable internal 
features in the Vietnamese samples examined 
include distinct blue color zones, a swirled growth 
(“treacle”) effect, wedge-shaped growth features, 
well-developed laminated twinning planes, 
“clouds” of minute (rutile?) particles, and orange- 
stained fractures. A number of solid inclusions 
have been identified by X-ray diffraction analysis: 
calcite, apatite, pyrrhotite, phlogopite, and clus- 
ters of rutile. Irregular masses of translucent 
yellowish orange nordstrandite observed in some 
of the Vietnamese stones could cause the gemolo- 
gist to confuse this material with some flux-grown 
synthetic rubies. It should be noted again that we 
have seen flame-fusion synthetic rubies that were 
purchased as Vietnamese rubies both in Vietnam 
and elsewhere. 

While it is not unusual to find most of these 
minerals as inclusions in rubies and pink to purple 
sapphires, the form in which some of them occur 
in the stones from Vietnam is unique in the 
authors’ experience: the rod-like habit of the pyr- 
rhotite and some of the calcite inclusions, rutile 
crystals in the form of large, bright orange prisms; 
and the slightly bluish clouds of fine particles. We 
have not seen nordstrandite as an inclusion in 
rubies from any other locality. 

The above is not meant to suggest that these 
inclusions, taken individually or as a suite of 
internal features, can be used to designate locality 
origin of rubies and pink to purple sapphires from 
Vietnam. In fact, as new sources of gem-quality 
ruby are discovered, we may learn that these 
features are not unique to material mined in 
Vietnam. Significantly, the recently reported de- 
posits in southwestern China are not far from the 
Vietnamese border, and could conceivably be con- 
tiguous with the Vietnamese deposits (see, e.g., 
“Ruby Discovered in China Is Similar to Viet- 
namese,” 1991). In addition, we have learned that 
rubies are currently being mined in Laos. It is quite 
possible, then, that many of the “Vietnamese” 
rubies now entering the world market are actually 
from any one of several deposits in Southeast Asia. 

It also appears that heat-treated Vietnamese 
rubies have reached the market. While in-depth 
studies have not yet been performed on the heat 
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treatment of rubies and sapphires from Vietnam, 
there is no reason at this time to believe that these 
stones will react differently from those from other 
geologically similar localities. 

The gems described here are from the first 
significant gem deposits in Vietnam, and it is 
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NEW RUBIES FROM THE 
Morocoro AREA, TANZANIA 


By H. A. Hanni and K. Schmetzer 


The authors present the mineralogical and 
gemological properties of rubies found re- 
cently in the Morogoro area of Tanzania 
that have many features in common with 
rubies from Myanmar (Burma) and other 
comparable marble-type deposits. Specifi- 
cally, microscopic investigations of these 
Morogoro stones revealed some internal 
characteristics that are also seen in Bur- 
mese rubies—such as angular growth zon- 
ing, curved growth zoning (“swirls”), nega- 
tive crystals, spinel crystals, rutile nee- 
dles, and clouds of minute particles in 
areas defined by both types of growth 
zones, which may also be related to color 
zoning. However, the Morogoro material 
appears to have (1) lower amounts of V 
and Ga than Burmese rubies, and (2) a 
characteristic angular growth with 1, a, 
and r' faces. A gemological comparison of 
the recently produced Morogoro rubies 
with rubies found earlier in this area 
shows significant differences. 
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n June 1987, one of the authors first received samples of 
em-quality spinels from an apparently new source. The 
red, orange, reddish purple, purplish blue, and blue spinels 
reportedly originated from the Morogoro area in Tanzania. 
Physical, chemical, and spectral characteristics of the 
spinels were found to be within the range of natural gem 
spinels from classic localities such as Myanmar (Burma)} 
and Sri Lanka (see, e.g., Schmetzer et al., 1989}. Micro- 
scopic examination revealed the presence in about 70% of 
the samples of a characteristic feature that had not 
previously been noted in spinels: intersecting, doubly 
refractive, thin lamellae of what was later determined to be 
hégbomite (Schmetzer and Berger, 1990], oriented parallel 
to the octahedral faces of the host spinel crystals. 

Several parcels of rough and faceted stones subse- 
quently examined were found to contain a high percentage 
of material with these hégbomite lamellae, which sug- 
gested that the samples originated from a common source. 
All but one of the independent dealers who showed us 
these parcels cited the Morogoro area of Tanzania as the 
origin of the gem spinels (see also, Bank et al., 1989}. 

In the course of examining parcels of these spinels, the 
authors identified several samples of ruby; in fact, approx- 
imately 10% of the stones in these large “spinel” parcels 
were determined to be ruby or “light ruby.”* 

The two superficially similar minerals—rhom- 
bohedral ruby crystals and octahedral spinel crystals— 
were generally identified as two different materials before 
cutting. However, some dealers did not know that their 
spinel parcels contained facetable rubies, some of good to 
excellent quality (figure 1). 

In recent months, significant quantities of Morogoro 
rubies of the type described here have been seen in the 
trade {E. Fritsch, pers. comm., 1991). According to C. 
Bridges (pers. comm., 1991}, the principal ruby mines 
within the Morogoro area are the Epanko, Kitonga, 
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Lukande, Matombo, and Mayote. C. Forge, a 
French geologist who has visited the region, 
reports that Matombo is the locality where rubies 
occur together with spinels (pers. comm., 1991, 
figure 2). 

Initial inspection of the samples using routine 
gemological methods revealed that they contained 
some types of inclusions that had long been 
regarded exclusively as characteristic of Burmese 
rubies. Because determination of the locality ori- 
gin of rubies, sapphires, and emeralds is one of the 
most difficult tasks for gemological laboratories 
that provide this service, the authors attempted to 
ascertain definitive criteria that would allow these 
new Tanzanian rubies to be distinguished from 


* Editor’s note: “Light rubies” (lighter tones and/or lower sat- 
urations of red) would be called pink sapphires by the GIA 
Gem Trade Laboratory, Inc. 
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Figure 1. A new find of 
fine rubies has emerged 
from the Morogoro area 
of Tanzania. These cut 
stones range from 0.51 to 
3.31 ct; the rough ranges 
from 5.65 to 8.55 ct. 
Photo by Shane F 
McClure. 


those from Mogok and comparable marble or 
marble-related deposits, 

We also noted that these new Morogoro rubies 
differ significantly from the largely cabochon- 
quality rubies that emerged earlier from this same 
area (Schmetzer, 1986b}. Features that distinguish 
these two types of Tanzanian rubies are also 
presented in this article. 


MATERIALS AND METHODS 


More than 60 samples of new material from 
Morogoro were examined, including approx- 
imately 50 rough crystals, 10 faceted stones, and 
three cabochons. All were taken from the parcels of 
spinels with distinctive hégbomite lamellae that 
were reported to be from the Morogoro area of 
Tanzania. 

Refractive indices and densities were obtained 
by standard gemological methods. Seven samples 
(four rough and three cut}, representing the range 


GEMS & GEMOLOGY _ Fall 1991 157 


Figure 2. Because these 
new rubies were found 
mixed in large parcels of 
spinel rough, they are 
believed to come from 
the Matombo mine, one 
of several in the 
Morogoro region of 
Tanzania, Artwork by 
Carol Silver. 


of typical appearances, were analyzed for trace- 
element contents by energy-dispersive X-ray fluo- 
rescence spectroscopy (Tracor X-ray instrument, 
operating conditions available on request to the 
authors]. A total of 48 point analyses were per- 
formed on three faceted ruby samples with a 
Cameca Camebax microprobe operating at 15 kV 
and 15 nA, using wavelength-dispersive spec- 
trometry. Two microprobe analyses of one spinel 
inclusion were performed with a JEOL JAX-8600 
Superprobe with combined energy-dispersive/ 
wavelength-dispersive spectrometry under operat- 
ing conditions of 15 kV and 15 nA. Zn was not 
quantified, but it was determined to be present. 
Zircon, apatite, and garnet inclusions were identi- 
fied by qualitative analysis on a Philips SEM 515 
with Tracor EDS system. Spectral data in the 
U.V-visible range were obtained with Leitz-Uni- 
cam SP800 and Pye-Unicam SP8-100 UV-Vis spec- 
trophotometers, on approximately 20 representa- 
tive samples. 

Indexing of internal and external growth 
planes was performed on selected samples with a 
horizontal {immersion} microscope by the 
methods described in Schmetzer (1986a) and 
Kiefert and Schmetzer (1991). Photomicrographs 
were obtained with a Schneider immersion micro- 
scope with Zeiss optics and with a Wild-Leitz 
Stereomicroscope M8 with Fotoautomate MP $55. 
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TANZANIA 


RESULTS 


Visual Appearance. The rough samples examined 
varied from small, mostly elongated, flat to iso- 
metrically shaped crystals, and included irregu- 
larly terminated rough (figures 1 and 3) The largest 
piece of rough examined was 20 ct. Diaphaneity 
varied from translucent to transparent, depending 
on the relative content of inclusions. When rutile is 


Figure 3. These ruby crystals were sorted from 
parcels of rough spinels that were reportedly 
from the relatively new find at Morogoro. The 
largest pieces are approximately 20 ct. Photo by 
H. Hanni. 


GEMS & GEMOLOGY Fall 1991 


Figure 4. Some of the Morogoro stones had suffi- 
cient rutile throughout to produce asterism 
when cabochon cut, as was the case with the 
approximately 4-ct stone in this ring. Photo by 
Shane FE MeClure. 

¢ 


‘ 


densely distributed throughout a crystal, asteri- 
ated stones may be cut (figure 4). The largest cut 
stone examined was approximately 4 ct. 

Our samples varied from a red of medium 
saturation to a purplish red of medium to weak 
saturation. These colors compare favorably to 
those associated with medium-toned and “light” 
Burmese rubies, 

Although we saw few fully transparent rubies, 
approximately one-fifth of the rough Morogoro 
stones we examined were sufficiently transparent 
for faceting. Most of the material was cabochon 
quality. However, such stones are commonly heat 
treated to improve clarity by burning off irregu- 
larly distributed rutile silk. Fractured rubies also 
may be subjected to a type of heat treatment — 
similar or identical to that used to produce glass- 
filled cavities in corundum—in which a borate 
melt fills the voids and, after prolonged heating, 
acts as a flux that causes a certain recrystallization 
of fracture planes (as described by Hanni, 1986a 
and b}. 


Physical and Optical Properties. We obtained re- 
fractive indices of n, = 1.769 to 1.770 and n, = 
1.761 to 1.762, resulting in a birefringence of 
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0.008. Densities, determined hydrostatically, were 
found to vary between 3.99 and 4.01 g/cm3. These 
values are typical for rubies from all localities. We 
observed a strong red fluorescence to long-wave 
ultraviolet radiation (365 nm], and a weaker red to 
short-wave U.V. (254 nm), these reactions are 
identical to those of Burmese rubies. Pleochroism 
of yellowish red parallel to the c-axis and reddish 
violet perpendicular to c was the same as that for 
rubies from similar marble-type deposits. 


Chemical Properties. Energy-dispersive X-ray fluo- 
rescence {EDXRF} analyses (Stern and Hanni, 
1982} of five samples revealed the presence of 
chromium and small concentrations of gallium, 
iron, and titanium. No vanadium was detected. 
Three faceted samples were analyzed by elec- 
tron microprobe to provide quantitative data on 
major and trace elements. The results are listed in 
table 1, along with optical data for the samples. 
Chromium is the only effective color-causing 
element observed and thus governs and correlates 
with the intensity (saturation) of red color. Tita- 
nium was present above, while iron and vanadium 
were found at or below, the limit of detection for 
the microprobe (approximately 0.02 wt.%}. Be- 
cause Fe and V are very low or absent, they provide 
no superimposed effect on color in this instance. 
The small variations in optical values and density 


TABLE 1. Optical properties and chemical data for 
three rubies from the new deposit in the Marogoro 
area, Tanzania. 


Sample 1 Sample 2 Sample 3 
Optical properties 
and color 
Color Medium Medium red Pink 
strong red 
Refractive indices 
No 1.770 1.770 1.769 
is 1.762 1,762 1.761 
An 0.008 0.008 0.008 
Electron microprobe analyses? 
No. of analyses 14 16 18 
Al,O 99.04 - 99,58 99.40 - 99.80 99.46 - 99.79 
TIOg 0.02- 0.05 0.02— 0.03 0.02—- 0.04 
V2O05 = 0.02 = 0.02 = 0,02 
Cr2O3 0.29- 0.49 0.21- 0.37 0.10- 0.22 
Fe,O. = 0.02 < 0.02 = 0.02 


aRanges in wt.%. See text for details of analysis. 
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noted above occur because of the minor substitu- 
tion of aluminum by other elements, especially 
chromium. 

For comparison with the chemistry of rubies 
from other localities, see Kuhlmann (1983), 
Schmetzer {1986b}, Tang et al. (1988, 1989], and 
Muhlmeister and Devouard (1991). 


Optical Spectroscopy. In the hand spectroscope, 
Morogoro rubies reveal the typical ruby spectrum 
without characteristic iron bands. The absorption 
spectrum as recorded by spectrophotometer (fig- 
ure 5] is also without any peculiarities. Again, 
there are no signs of iron in either the visible or the 
ultraviolet range. The curve in the ultraviolet to 
blue portion of the spectrum exhibits broad ab- 
sorption minima at 365 and 480 nm for the o 
vibration and at 350 and 484 nm for the e vibration. 
These spectra are nearly identical to those 
reported for most Burmese rubies (Bosshart, 1982, 
Schmetzer, 1985, 1986b}. A shoulder near the 
absorption edge at 315 nm is not always as promi- 
nent in the spectra of Morogoro rubies as is shown 
in figure 5, and may actually be absent. 


Microscopic Characteristics. Growth Features, 
Two types of growth zoning were observed in 
rubies from Morogoro: curved (swirl-like} and 


Figure 5, The absorption spectrum of a Mo- 
rogoro ruby is typical of that commonly ob- 
served in rubies from different localities, espe- 
cially Mogok or other marble-type deposits. 
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Figure 6. Some of the Morogoro stones revealed 
switl-like growth features. Immersion, magni- 
fied 50x; photomicrograph by K, Schmetzer. 


straight or angular. Irregular “swirls” that are quite 
similar to those long associated with Burmese 
rubies occasionally occur in the Morogoro mate- 
rial (figure 6) and, as discussed elsewhere in this 
issue (Kane et al., 1991], have recently been ob- 
served in Vietnamese rubies as well. These curved 
growth features, which commonly occur as 
swirled color zoning, too, are due to complex 
surfaces (e.g., stepped surface growth or etched, 
dissolved surfaces) that were subsequently over- 
grown during crystal formation by layers of cor- 
undum of different chemical composition [espe- 
cially chromium) and/or inclusion content. Such 
optical inhomogeneities are well known in, and 
have been considered a typical feature of, Burmese 
rubies (e.g., Giibelin and Koivula, 1986; Schmet- 
zer, 1986b}. Although present in some of the 
Tanzanian stones, such swirled growth zoning was 
not observed in the majority of samples examined. 

Most of the Morogoro rubies exhibited combi- 
nations of straight growth planes that were ob- 
served to lie parallel to the three major mor- 
phologic faces, r, and a (figure 7), These straight or 
angular layers may differ from one another in 
chemical composition —and thus, for example, in 
transparency or color. In these rubies from Tan- 
zania, inclusions are usually concentrated in spe- 
cific zones defined by these straight or angular 
growth planes. In addition, most color zoning is 
related to these same growth features. In fact, we 
found that angular color zoning parallel to faces 1, 
a, and r’ (two rhombohedral and one prism} is 
characteristic of these Morogoro rubies (again, see 
figure 7}. Less frequently, we observed color zoning 
parallel to a combination of the two rhombohedral 
faces r and r’. 

The angle between the faces r and a equals 
137.0° (see Box A, figure A-2, and figure 7), and the 
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BOX A: 
CRYSTAL MORPHOLOGY 


We distinguished three predominant shapes of rough: 
(1) flattened to tabular pseudo-cubes (referred to here 
as “pseudo-squares”); (2) pseudo-cubes; and (3) cor- 
roded, irregularly terminated samples. In all samples 
examined, the basal plane c (0001) and the positive 
rhombohedron r (1011) were observed to be dominant 
faces (figure A-la). In some of the samples, six 
additional subordinate prism faces a (1120) were 
found (figure A-1b); these were sometimes similar or 
equal in size to the positive rhombohedron r and the 
basal plane c (figure A-1c}. The angles between rhom- 
bohedral faces r and r' of corundum are 86° and 94°, 
respectively — very close to a right angle. Rubies with 
dominant rhombohedral faces, therefore, form cube- 
to square-like shapes, according to the relative size of 
the six rhombohedral faces. On one crystal, a small 
hexagonal dipyramid n (2243) was also observed. 

In all of the crystals we examined, two of the 
eight comers of each “cube” are cut off by triangular 
faces (figure A-1a}, the crystallographic basal planes c. 
If parts of the edges of the pseudo-cubes or pseudo- 
squares are also cut off, the faces of the hexagonal 
prism a are formed. These prism faces form right 
angles With the basal planes c and exhibit lath-like 
forms (figures A-1b,c}. 

When two of the eight corners of a pseudo-square 
or a pseudo-cube are replaced by triangular faces, 
habits that superficially resemble spinel octahedra 
are formed (figure A-la). In other words, the six 
quadrilateral faces r of a corundum crystal without 
basal faces care altered to pentagonal faces by the 
addition of two basal pinacoids c. 

If the crystal faces are of a certain size, fine 
parallel striations can be seen with the unaided eye or 
a 10x loupe. These lines represent the traces of 
narrow twin lamellae of corundum that cut the 
crystal faces c, r, and a. 

Normally, ruby and spinel are easily distin- 
guished with a spectroscope or dichroscope, but this 
is not always possible. For example, in heavily twin- 


Figure A-1, The ruby crystals from Morogoro 
show the basal plane c (0001), the positive 
thombohedron r (1011, and the prism a (1120) 
as dominant crystal faces. 
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Figure A-2. The characteristic angles of cor- 
undum (left in photo), formed by rhom- 
bohedral and prism faces, are distinctly dif- 
ferent from the characteristic angles of spinel 
(right in photo), formed by octahedral and 
dodecahedral faces. Photo by Shane EF 
McClure. 


ned crystals, which have three sets of lamellae, the 
dichroic colors of the main crystal may be hidden by 
the many narrow twin lamellae, which are present in 
different orientations, Therefore, observation of the 
traces of protruding twin lamellae (which show up as 
sets of parallel lines on the crystal faces) or closer 
examination of the crystal morphology may be help- 
ful in some situations to indicate that a crystal is 
corundum with rhombohedral habit rather than 
spinel. Note that the octahedral angle of spinel, at 
109,5°, is distinctly different from the rhombohedral 
angle of corundum, which is 93.9° (figure A-2). 

The morphologic characteristics observed in our 
Morogoro ruby samples have also been described for 
some Burmese rubies (Bauer, 1896; Melczer, 1902). 
Tanzanian crystals with rounded shapes and outlines 
that have a smooth but corroded surface also strongly 
resemble ruby crystals from Mogok. The only differ- 
ences that can be cited at present are that the 
hexagonal dipyramid n seems to be more common 
and/or somewhat larger in Burmese rubies than in 
those from Morogoro, and that the prism faces a may 
be more dominant or larger in Burmese rubies. 
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angle between faces r and r' is 93.9°. In one cut 
stone, growth structures parallel to n, r, and n'— 
i.e, with two angles of 154.0°—were observed. 
Growth planes parallel to two rhombohedral faces 
and one prism face that form two angles of 137.0° 
have been, until now, observed only rarely in 
rubies from other localities, including those from 
Mogok. Consequently, since this structural fea- 
ture is encountered very frequently in the type of 
Tanzanian ruby described here, it can be regarded 
as characteristic of this locality. It is useful for 
purposes of identification as well, since it has 
never been observed in synthetic rubies. These 
structural differences are useful for distinguishing 
rough, faceted, or even cabochon-cut samples 
(Schmetzer, 1986a}. 

The Morogoro rubies also frequently exhibit 
narrow twin lamellae oriented parallel to one or, 
commonly, two or three rhombohedral faces. 
When these sets of thin lamellae occur parallel to 
only one rhombohedral face, the interference fig- 
ure of the ruby commonly looks somewhat dis- 
torted, but it is still visible. When there are two 
intersecting systems of lamellae, the intersection 
forms a set of relatively coarse, parallel straight 
lines that can easily be seen with a microscope 
{igure 8}. With twin lamellae present parallel to 
three rhombohedral faces, there will be three sets 
of these straight lines intersecting one another at 
angles of 94° and forming a nearly rectangular, 
three-dimensional framework. 

Since the twin lamellae possess a certain 
thickness, the portions of corundum that lie in 
straight lines within the intersections (figure 9) 
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Figure 7. Growth planes parallel to 
two rhombohedral and one prism 
face, evident here as straight and 
angular layers of color, are charac- 
teristic of the Morogoro rubies ex- 
amined. Note also the irregular dis- 
tribution of what appears to be 
rutile dust in the growth zones. This 
growth structure is easily seen in 
faceted samples as well. Immersion, 
magnified 40 x ; photomicrograph by 
K, Schmetzer. 


appear as rods with square or rectangular cross- 
sections. Eppler (1974} referred to these as “inclu- 
sions of corundum needles.” Schmetzer (1986b} 
noted that the side walls of these rods are often 
covered with polycrystalline boehmite (again, see 
figure 9}. Such features are common in rubies and 
sapphires from several localities that show re- 
peated twinning parallel to more than one rhom- 
bohedral face (Hanni, 1987}, and provide a quick, 
conclusive method of separating natural from 
synthetic stones. 

Occasionally, small fissures are confined to 


Figure 8. The Morogoro rubies frequently exhib- 
ited narrow twin lamellae oriented parallel to 
one or more rhombohedral faces. Here, two sys- 
tems of lamellae intersect. Immersion, crossed 
polarizers, magnified 25 x; photomicrograph by 
K. Schmetzer. 
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fie = 
Figure 9. When the stones are viewed with im- 
mersion at high magnification (80x }, the inter- 
secting lamellae are apparent as coarse, parallel 
straight lines. In this stone, small boehmite 
particles can be seen confined to the intersec- 
tion line of the lamellae. Photomicrograph by 
K. Schmetzer. 


these intérsection lines from which they hang like 
flags on a rope (figure LO}. While it is not currently 
known what causes these fissures, they may arise 
from stress and strain due to deformation forces 
applied to the parent rock. 


Negative Crystals. Also well known in Burmese 
rubies is the presence of negative crystals that 
repeat, in the case of our Tanzanian rubies (figure 


Figure 10. Small fissures were occasionally seen 
confined to the intersection lines of the twin 
lamellae, hanging from them like flags. Magni- 
fied 20x; photomicrograph by H. Hdnni, 
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11}, the externally dominant faces c, r, and a, and 
thus resemble small octahedral crystals. These 
inclusions were recognized in Burmese rubies by 
Eppler {1976} as negative crystals, although they 
had frequently been mentioned earlier as spinels 
(e.g., Eppler, 1974}. 

When examined with the microscope, these 
inclusions showed a very strong Becke line and, 
where they were exposed at the surface, were 
determined to be cavities. 


»D 


= 4 
Figure 11. Negative crystals with a rhom- 
bohedral habit were observed in many of the 
Morogoro rubies. Immersion, magnified 80 x ; 
photomicrograph by K. Schmetzer. 


Rutile. Rutile occurs in various forms in rubies 
from the Morogoro area. The rutile precipitations 
appeared near-colorless, probably due to the ab- 
sence of iron. Typically, fine needles and lancet- 
like rutile twins were observed (figure 12) and may 
cause asterism in cabochon-cut stones (figure 13}. 
In addition, dusty to flaky disseminations, 
often referred to as clouds, of very fine particles 
caused turbidity in many of the stones; these may 
consist of rutile as well (figure 14]. These fine 
inclusions of rutile and/or other particles were 
concentrated in varying densities and were often 
seen in growth zones bound by planes parallel toc, 
r, or a (figures 7, 14]. They also occurred in 
irregularly defined areas, apparently related to a 
process of alternating growth and dissolution. 


Other Mineral Inclusions. Four additional mineral 
species have, to date, been recognized in the 
subject gem-quality rubies from the Morogoro 
area. 
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Figure 12. Rutile was commonly present as 
needles and lancet-like twins in the Morogoro 
rubies examined. Magnified 20x ; photomicro- 
graph by H. Hanni. 


Spinel crystals were seen that are similar to 
negative crystals both in octahedral habit and in 
lack of birefringence. Thus, these small octahedra 
cannot always be differentiated from negative 
crystals with a microscope. One of these spinel 
inclusions was exposed at the surface of a faceted 
sample and so was examined by electron micro- 
probe (see table 2). Analysis revealed small 
amounts of Ti, Cr, V, and Fe, in addition to the 
major elements Mg and Al. 

Small prismatic to rounded crystals with ten- 
sion cracks (figure 15) were identified as zircon by 
SEM-EDS on the basis of Zr and Si present as the 
major elements. 

Apatite was observed as small prismatic crys- 
tals (figure 16) and was identified by the presence 
of Ca and P as determined by SEM-EDS. 

Pyrope inclusions were also identified by SEM- 
EDS, which detected major components of Si, Al, 


Figure 13, Dense concentrations of rutile inclu- 
sions produced asterism in some of the Mo- 
rogoro stones. Magnified 10x ; photomicrograph 
by H. Hanni. 


Figure 14. Extremely fine inclusions of rutile 
and/or other particles were concentrated in 
varying densities and were often, as here, con- 
fined to growth zones in the ruby. Immersion, 
magnified 65 X ; photomicrograph by 

K. Schmetzer. 


TABLE 2. Electron microprobe analyses of one spinel inctusion in a ruby from the new 


deposit in the Morogoro area, Tanzania.4 


Oxide 
(wt.%) Analysis 1 Analysis 2 
Al,O3 70.46 69.90 
V203 0.02 0.02 
Cr503 0.47 0.36 
FeO 0.47 0.54 
MgO 27.09 27.00 
Total 98.51 97.82 


Cations 

(calculated 

to O=4) Analysis 1 Analysis 2 

Al 2.002 2,000 

V 0.000 0,000 

Cr 0.009 0.007 

Fe 0.009 0.011 

Mg 0.973 0.977 
2.993 2.995 


aSee tex! for details of analysis. Note that Zn was identified as present and estimaled in the range of 


1-5 wt.% ZnO. 
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and Mg. In the Morogoro stones examined, pyrope 
appeared as irregularly shaped to rounded pink 
grains. 

Fluid inclusions were seen in the microscope 
as primary voids and pseudo-secondary healing 
feathers. The voids predominantly contain a 
monophase filling, but two-phase (liquid/gas} fill- 
ings, although rare, were also observed. 

Unhealed open fissures, usually filled with 
secondary FeOOH phases that had stained the 
fissures brownish red, were occasionally observed 
during microscopic examination. 


COMPARISON WITH BURMESE RUBY 


The rubies from the new deposit at Morogoro are 
significantly different from the rubies that were 
found earlier in this general area (Box B]. However, 
a number of key features are common to rubies 
from Mogok and this new deposit at Morogoro. 
These include: 


* A characteristic color. 


* Inhomogeneities in growth zoning parallel to 
distinct faces, as well as irregular “swirls,” both 
often observed in conjunction with irregular 
color distribution. 


* Sets of thin twin lamellae parallel to one, two, 
or three rhombohedral faces. 


° “Clouds” of rutile needles and/or other dissemi- 
nated particles. 


* Coarse rutile. 


* Octahedral inclusions of slightly rounded solid 
material (spinel) or similar-appearing negative 
crystals. 


These similarities between the rubies from Mo- 
rogoro and those from the Mogok district are 
probably due to a similarity in the geologic 
settings of the two occurrences. The Mogok 
rubies derive from a dolomitic marble in which 
red spinels are even more abundant than ruby 
(Keller, 1983). Tanzanian rubies from the new 
source in the Morogoro area are also found with 
an abundance of red and purple spinels. Therefore, 
it may be conjectured that these Tanzanian rubies 
also originate from a marble or marble-related 
parent rock. Other comparable occurrences of 
rubies and spinels situated in marble include 
Hunza, Pakistan (Bank and Okrusch, 1976, 
Gibelin, 1982); and Luc Yen, Vietnam (Weldon, 
1991; Kane et al., 1991); gem-quality ruby with 
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Figure 15. Small prismatic crystals such as this, 
with tension cracks, were identified as zircon. 
Immersion, magnified 100; photomicrograph 
by K. Schmetzer. 


Figure 16. A second type of small prismatic 
crystal observed in the Morogoro rubies was de- 
termined to be apatite. Magnified 50x ; photo- 
micrograph by H. Hdnni. 


similar properties is also known from Nepal 
(Harding and Scarratt, 1986; Bank et al., 1988). 
Characteristics that, to a certain extent, may 
be used to distinguish the new Morogoro rubies 
from those of Mogok are summarized as follows: 


* Swirl-like growth structures are more fre- 
quently observed and more pronounced in Bur- 
mese rubies. 


* Straight or angular color zoning may be more 
distinct in Burmese rubies. 


* Angular color zoning parallel to the r, a, and r’ 
faces has thus far been seen only in these rubies 
from Morogoro. 
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BOX B: COMPARISON OF NEW AND OLDER TYPES 
OF RUBIES FROM THE MOROGORO AREA 


Rubies and pink sapphires from the Morogoro area of 
Tanzania have been known in the gem trade since the 
mid-1980Qs, or even earlier, as reported to us by a 
number of dealers (Schmetzer, 1986b). The first gem- 
ological description of material from this area in- 
volved stones that are somewhat different from those 
described in the present article; descriptions were 
provided by Schmetzer (1986b}, with additional infor- 
mation in papers by Barot (1989) and Bank and Henn 
(1989), The “earlier” rubies from the Morogoro area 
are generally of cabochon quality, and most are 
translucent at best; only a very small percentage are 
facet grade. The following summary of diagnostic 
features of this earlier material from Morogoro may 
be useful: 


* The color is usually medium to light red to “pink” 
with brownish tints, 

* The material reveals high iron contents, as evi- 
denced by the iron-related absorption bands at 450, 
388, and 376 nm in the visible spectrum. 


* Rutile inclusions are absent, although stones in 


one parcel examined revealed transparent color- 
less needles, which microprobe analysis proved to 
be sillimanite or kyanite. 


« Neither color zoning parallel to growth planes nor 
irregular color distribution (“swirls”) has been 
observed. 


* Narrow twin lamellae are frequently found, 
mostly in three directions; these form dense, 
three-dimensional frameworks of intersecting 
straight lines. 


* Intersecting lamellar straight lines are often con- 
fined to boehmite particles, so that the intersect- 
ing lines have a lath-like framework. 


* Twin lamellae are frequently confined to parallel 
planes of polycrystalline boehmite. 


Consequently, no difficulties arise in distinguishing 
samples of the older material from those stones 
discovered more recently at the Morogoro area. Nor 
does material from the earlier mining operations 
share any distinctive characteristics with Burma- 
type stones. 


Growth planes parallel to two rhombohedral 
faces and one prism face that form two angles of 
137.0° are common in Morogoro rubies and rare 
in those from other localities, including Mogok. 


The presence of two or three systems of twin 
lamellae is less common in Burmese rubies, 
which usually have only one such system, as are 
intersecting straight, parallel lines, or even a 
three-dimensional framework of lines, which 
are related to the twin lamellae. 


Vanadium and gallium contents are generally 
higher in Burmese rubies, as measured by 
EDXRF (Stern and Hanni, 1982; Hanni and 
Stern, 1982). 


Consequently, it seems evident that an unequivo- 
cal determination of origin of rubies from marble 
deposits can be ascertained only under favorable 
conditions and may be possible only for certain 
stones, even by the best-equipped gemological 
laboratory. Thus, the distinction between Burmese 
and Tanzanian marble-related rubies will be very 
difficult for the practicing gemologist. 
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CONCLUSION 


Appreciable amounts of good-color, translucent to 
transparent rubies have recently emerged from the 
Morogoro area of Tanzania, possibly the Matombo 
mine. These rubies share many distinctive fea- 
tures with rubies from the historic locality at 
Mogok, in Myanmar (Burma]. This is an important 
consideration to certain segments of the trade for 
whom origin is of critical concern. However, our 
examination of several Morogoro rubies and innu- 
merable Burmese stones suggests that swirl-like 
growth features are more frequent, and straight or 
angular color zoning more prominent, in Burmese 
stones, while the presence of two or three systems 
of twin lamellae is more common in the Morogoro 
material. However, only the Morogoro rubies very 
frequently show growth features and color zoning 
parallel to the r, a, and r' faces, forming two angles 
of 137°. EDXRF analyses of seven samples of the 
Morogoro material indicate that there are lower 
amounts of the trace elements vanadium and 
gallium in the Morogoro stones than in their 
Burmese counterparts. 
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The examination of Morogoro rubies rein- 
forces the observation that deposits of quite simi- 
lar geologic conditions (in this case, marble or 
marble-related deposits} may be encountered in a 
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BOHEMIAN GARNET — TODAY 


By Jochen Schliiter and Wolfgang Weitschat 


Red garnets have been mined in the Bohemian Hills of 
Czechoslovakia since the 16th century. These pyrope garnets 
reached their height of popularity in jewelry of the Victorian era. 
Although the deposits had been generally regarded as depleted, 
today a small mining operation is working on garnetiferous 
gravels near the village of Podsedice, northwest of Prague. 


The pyropes of Czechoslovakia have been known 
since the Middle Ages, but they were first commer- 
cially exploited and cut locally in the 16th century. 
Although in recent years it was commonly as- 
sumed that the deposits had been exhausted, 
production does continue in a small mining opera- 
tion in the Bohemian Hills, approximately 50 km 
northwest of Prague. The rough is sold to the 
Granat cooperative in the city of Turnov, where it 
is faceted and then set into a wide variety of 
jewelry pieces (figure 1). 

In the world of antique jewelry, the name 
pyrope garnet immediately recalls the elaborate, 
glittering pieces manufactured in Bohemia (once a 
kingdom, now a province of Czechoslovakia] by 
local craftsmen and studded with small locally 
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mined faceted pyropes. Today, only one garnet 
deposit is being mined, near the village of Pod- 
sedice in the Bohemian Hills, but it is producing 
commercial quantities of these attractive stones. 
The following discussion examines the history of 
the garnet industry in this area, the geology and 
current mining operation, the manufacturing of 
the gem-quality stones, and the properties of the 
Bohemian pyropes. 


HISTORY 


The collecting of garnets in the area now known as 
Bohemia dates back at least to the Middle Ages. 
Then, stones were simply gathered from the sur- 
face after heavy rainfalls or, in some places, small 
pits were dug and the loose ground sifted and 
washed. 

Traditionally, the stones were cut by local 
farmers as an occupation during the long winter. 
About 400 years ago, cutting centers were estab- 
lished in the towns of Turnov and Prague. Foreign 
lapidary specialists were attracted to the region by 
the growing industry, and in 1780 the Venetian 
gold- and silversmith Callegari moved to Turnov, 
which encouraged other craftsmen to follow. In the 
Turnov museum known as “Czech Paradise,” ex- 
amples of Callegari’s art can still be seen today. 

According to O’Day (1974, p. 62), Bohemian 
garnets appeared abundantly in Victorian jewelry 
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Figure 1. Today, fine 
jewelry continues to be 
made in the city of 
Turnov, Czechoslovakia, 
from pyrope garnets 
mined in the Bohemian 
Hills. Courtesy of 
Herrling-Schmuck, 
Bramsche, Germany. 


, 


of the 1880s, “when clusters of small brilliant or 
rose-cut stones were pavé-set in almost invisible 
silver settings.” Bauer (1896, pp. 405-409], pro- 
vided an unsurpassed (for its time) description of 
the pyropes, their geologic setting, mining, cut- 
ting, and distribution. His book, written when 
pyrope-set jewelry was near the height of fashion, 
gives some insight into the extent of mining and 
trade activity. He notes that the garnet-cutting 
works of Bohemia are “very old-established” and 
that “at the present time [ca 1896] in Bohemia 
there are 3,000 men engaged in garnet-cutting, 
some hundreds of garnet-drillers, about 500 gold- 
smiths and silversmiths, and some 3,500 working 
jewellers. The collecting of garnets employs some 
350 or 400 persons, so that, including the many 
persons whose work is indirectly connected with 
the industry, there must be between 9,000 and 
10,000 persons gaining their livelihood by labour 
connected with the working of this precious 
stone.” 

Production began to slow down after the turn 
of the century, as changing fashions led to a decline 
in the popularity of garnet jewelry and an eco- 
nomic depression in the 1920s affected the jewelry 
market as a whole (Rouse, 1986). After World War 
ll, the new political environment in Eastern Eu- 
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rope led to a shift in economic interests, notably 
away from luxury items. Although small-scale 
mining continued in the years that followed, it is 
only with the opening of Czechoslovakia’s borders 
to western Europe and the rest of the world that 
interest has been renewed in exploiting these 
deposits (K. Hurwit, pers. comm., 1991). 


LOCATION AND ACCESS 


Currently, the only locality being worked is ap- 
proximately 10 km southwest of the town of 
Lovosice just outside the small village of Podsedice 
(figure 2), which is less than 50 km from the border 
of Czechoslovakia with Germany. The area is 
readily accessible by car from Prague. At. the 
present time, a small open-pit mining operation is 
being conducted by the Rudné Doly cooperative. 
The site is located in the Bohemian Hills, south of 
the towns of Bilina, Teplice, and Usti, where in 
years past many sites were exploited for alluvial 
garnets by means of trenches and pits. 


GEOLOGIC SETTING 

Sediments in the basins along the southern slope of 
the Bohemian Hills contain garnetiferous gravels 
up to 6m thick that are covered by overburdens of 
no more than 6 m. The gravels consist of angular 


GEMS & GEMOLOGY Fall 1991 169 


GERMANY 
oé 
— ge 3 
Ust! 
Teplice 
Bilina 
ear Lovosice 
Mérunice cc Trebenice 


a’ Linhorka , 


Granatovy vrch Podsedice 


Oe Rive, 


. 
Turnov 
e 


Prague 
CZECHOSLOVAKIA 


za 


Labs 
&, 
C 
0 5 
ess | 


km 


Figure 2. This map shows the main occurrences of garnetiferous gravels in the Bohemian Hills of 
Czechoslovakia, around the villages of Mérunice, Staré, Trebenice, and Podsedice. The peridotites in 
which the garnets formed, which originated in the earth’s mantle, were brought to the surface by 


pipes such as the Linhorka and the Granatovy vrch. 


rock fragments of various sizes embedded in a fine 
clayey to sandy matrix. At Podsedice, approx- 
imately 2.5 acres of gravels are worked by open-pit 
mining each year. Once the gravels have been 
worked out, the ground is carefully restored to a 
state suitable for agriculture. 

The sequence of events responsible for the 
deposition of pyrope in these young sediments is as 
follows. The original pyrope host rock is a serpen- 
tinized garnet peridotite (dunite/lherzolite; Fiala 
and Padéra, 1977) that is believed to have formed 
initially at a depth of at least 60 km in the earth’s 
mantle. South of Teplice, such rocks have been 
emplaced in the upper crust by tectonic processes. 
A drill hole near Staré, for example, reached 
garnetiferous peridotites at depths between 209 
and 436 m (Rost and Griegel, 1969}. In this area, the 
Precambrian basement consists mainly of granu- 
lites, gneisses, and migmatites, with intercalations 
of such peridotitic rocks, and is covered by a 160- 
m-thick stratum of Cretaceous sandstones, marls, 
and limestones. Locally, additional sediments con- 
sist of Oligocene sands and clay, in some places 
covered by basaltic flows (Stutzer and Eppler, 
1934), 
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Following Alpine orogeny during the Tertiary 
period, crustal stretching in the Bohemian Hills 
region triggered alkalic volcanism (feldspathoid 
and feldspathoid olivine basalts). In the Miocene 
(25 million years ago], molten rocks from the upper 
mantle erupted to the surface through fissures and 
cracks. In some areas, these volatile-rich melts 
built up high pressures before they blasted free 
their vents. These violent eruptions brought abun- 
dant fragments of crustal rocks to the surface. 
Some of these explosion pipes protrude today as 
volcanic necks above the surrounding Cretaceous 
country rocks (figure 3). The pipes at Staré and 
Mérunice transported fragments of peridotites, 
gneisses, granulites, and Cretaceous sediments 
upward and incorporated them into their volcanic 
breccias and tuffs. At the Staré pipe, called Lin- 
horka, fragments of serpentinized garnetiferous 
peridotites can be found (figure 4) which are richin 
gem-quality pyrope. 

Since the Miocene epoch, about 400 m of rock 
have been eroded. Consequently, most of the 
volcanic rocks have been decomposed and their 
resistant components transported to the present 
alluvial gravels. The garnets occur therein as 
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Figure 3. A power shovel 
is used to remove the 
overburden and gar- 
netiferous gravels at 
Podsedice. In the back- 
ground can be seen rem- 
nant pipes of Tertiary 
volcanism in the Bohe- 
mian Hills. Photo by |. 
Schltiter. 


individual, grains. Around Podsedice, there is an 
area of approximately 70 km? (again, see figure 2; 
Oehmichen, 1900) that is underlain by gar- 
netiferous gravels of varying thickness, which, as 
mentioned above, are covered by recent sediments. 


MINING AND RECOVERY 

In the open-pit operation near Podsedice, 320 tons 
of gravel are mined each day with conventional 
power shovels (again, see figure 3) and trucked to a 
washing plant. The pyropes, which average 16-18 
grams per ton, are separated out by a sieving 


Figure 4, This serpentinized garnet peridotite 
from the Linhorka pipe near Staré contains sev- 
eral small gem-quality pyropes. Photo by U. Mahn. 
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process using a l-cm mesh. Because of their high 
specific gravity, the garnets are then easily recov- 
ered by density separation (figure 5}. Some 45 kg of 
pyrope concentrates (figure 6} are produced daily, 
from which about 5 kg of cutting-grade pyrope in 
sizes over 3 mm are picked out by hand by female 
workers (figure 7}. This selected material is sold to 
the cooperative society called Grandt, in the town 
of Turnov, where the stones are faceted. 

Cutting losses amount to about 10% by vol- 
ume, with the result that 4.5 kg of faceted stones 
are made available to the numerous Granat jew- 
elers each day. The stones are still set using 
traditional techniques, with the aim of producing 
mountings studded by numerous closely set fac- 
eted gems which emphasize the beauty of the 
pyropes and relegate the metal of the setting to a 
minor role (again, see figure 1}. Over time, jewelry 
makers in Turnov have developed about 20,000 
different models of garnet jewelry that can be 
manufactured on demand. 

This jewelry is exported through the Czech 
foreign trade company known as Artia, which is 
headquartered in Prague, or through Herrling- 
Schmuck, which is located in Bramsche, Germany. 
If mining continues at its present pace, it is 
estimated by leaders of the Rudné Doly coopera- 
tive that the Podsedice deposits have sufficient 
reserves to continue for more than 15 years (J. 
Hlavsa, pers. comm., 1989]. Other garnet-bearing 
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Figure 5. Density separation is used to concen- 
trate the pyropes in this jig at Podsedice. Photo 
by |. Schhiter. 


alluvials elsewhere in the Bohemian Hills are 
currently being explored. 


DESCRIPTION OF THE GARNETS 


The classic Bohemian garnet is the Mg-Al-rich 
member of the garnet group known as pyrope, in 
which minor substitutions of iron and especially 
chromium are responsible for the characteristic 
“fire-red” hue. Specimens of the finest color con- 
tain between 1.5 and 2.5 wt.% chromium as 
Cr,O3. In general, the crystals occur as rounded 
grains (figure 8} up to 5 mm in diameter, with 
larger sizes being very rare. Most of the cut stones 
are very small, around 0.10 ct. 

Six representative samples were selected for 
study. Refractive indices, as obtained with a refrac- 
tometer and sodium light source, ranged from 
1.748 to 1.750. Three of the six samples displayed 
anomalous birefringence when immersed in meth- 
ylene iodide and viewed between crossed polariz- 
ing filters. All appeared red when viewed through a 
Chelsea filter and were inert to both long- and 
short-wave ultraviolet radiation. Density deter- 
minations were considered unreliable due to the 
small size of the stones. The optical spectra, as 
seen with a prism hand spectroscope, were typical 
for chrome-bearing pyrope, with chromium lines 
in the red and a broad region of absorption in the 
yellow. 
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Figure 6. In this garnet concentrate from the 
Podsedice deposit, red pyropes (up to 5 mm) are 
easily seen among the other mafic minerals and 
rock fragments. Photo by |. Schlititer. 


M. Bauer (1896) stated that “the Bohemian 
gamet is generally without exception of ideal 
purity; it is the only gemstone deposit where all 
stones are equally free of inclusions and impuri- 
ties.” Nevertheless, J. Bauer (1966) has described 
three morphologic types of zircon inclusions (up to 
0.57 mm} as well as chrome-diopside inclusions. 
The changes in volume that zircons undergo due to 
metamictization cause internal stress which re- 
sults in both anomalous birefringence and distinct 
cracks around the inclusions. In accord with J. 
Bauer’s observations, our six study samples con- 
tained small colorless inclusions (probably zircon), 
as well as larger ones surrounded by stress cracks. 
These inclusions are reminiscent of the zircon 
inclusions typically found in Sri Lanka rubies. 
Generally, however, Bohemian garnets are rela- 


Figure 7, At Podsedice, a worker in the Rudné 
Doly cooperative carefully selects gem-quality 
stones from the pyrope concentrate. When the 
mine is in operation, approximately 5 kg of 
cutting-grade pyrope are produced daily. Photo. 
by J. Schhtiter. 
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Figure 8. These rounded garnet crystals, which 
average approximately 0.25 ct (2.5 mm in di- 
ameter), are typical of the pyropes currently be- 
ing mined in Bohemia. Photo by Shane EF 
McClure. \ 


tively free of microscopic features, including 
growth zoning and healing planes (feathers). 

Chemical data were obtained for the same six 
stones by electron microprobe analysis. The re- 
sults revealed a limited range of compositional 
variability. Data for two representative samples are 
provided in table 1; the chemical compositions of 
the Bohemian garnets appear to be comparable to 
those of chrome-bearing pyropes from other lo- 
calities. 
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CONCLUSION 


Pyrope garnets are still being mined from the 
historic Bohemian Hills region, now part of 
Czechoslovakia, although currently from a single 
alluvial deposit. Nevertheless, production is suffi- 
cient to support a local cutting and jewelry- 
manufacturing operation that exports finished 
pieces worldwide. If production continues at its 
present pace, the Podsedice deposit should be able 
to provide garnets for more than 15 years. 

Other localities are currently being explored in 
the Bohemian Hills. With the opening of trade 
barriers throughout Europe, increased demand for 
all types of jewelry may anticipate the discovery — 
or rediscovery —of other commercially viable de- 
posits of this historically renowned gemstone. 


TABLE 1. Representative microprobe? chemical 
analyses for two samples of pyrope garnet recently 
mined in the Bohemian region of Czechoslovakia. 


Sample 1 Sample 2 
Oxide a ae 
(wt%) Core Rim Core Rim 
SiO, 41.46 41.02 41.06 41.13 
AlzO3 21.51 21.47 21.39 21.53 
FeQv 9.17 9.20 9.10 9.21 
MgO 21.29 21.28 20.82 20.93 
MnO 0,32 0.31 0.31 0.34 
CaO 4.45 4.46 4.48 4.45 
TiO, 0.70 0.67 0.55 0.56 
Crz03 1.66 1.62 1.76 1.75 
V503 0.09 0.03 0.05 0.08 
Total 100.65 


100.06 99.52 99.98 


aQperating conditions and details of analyses available on request to the 
authors. 
‘Total iron as FeO. 
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DIAMOND 


With Hexagonal 
Indented Natural 


Triangular depressions (usually re- 
ferred to as trigons}) that are some- 
times present on the octahedral faces 
of diamond crystals can occur in two 
orientations: They are referred to as 
“positive” when they point in the 
same direction as the crystal face and 
“negative” when they point opposite 
the crystal face. Numerous studies 
and observations have proved that 
both types of trigons can result from 


Figure 1. This 1.35-ct light 
greenish yellow diamond crys- 
tal shows a predominantly 
positive trigon that has been 
modified by a negative trigon, 
thus creating a cut-cornered 
triangular indented natural on 
the octahedral face, Magni- 
fied 35x. 
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either the growth process or from 
chemical etching (see, e.g., “Etch Pits 
on Diamond Surfaces,” by A. R. Patel 
and §. Ramanathan, Philosophical 
Magazine, Vol. 7, No. 80, 1962, pp. 
1305-1314). If the temperature and/ 
or composition of the surrounding 
solution varies during formation of 
the trigons, a reversal in orientation 
is possible. Thus, both positive and 
negative depressions can occur in 
separate areas of the same octahedral 
plane, or they may be superimposed 
in such a way that features with a 
distinctly hexagonal outline develop. 
In the latter case, either the positive 
or the negative form will usually 
dominate, creating mostly cut-cor- 
nered triangle shapes (figure 1}. How- 
ever, if the reversal is equal in extent, 
a perfectly symmetrical hexagon can 
oceur. 

A striking example of this was 
recently seen in the West Coast labo- 
ratory: Examination of a 1,55-ct 
fancy gray-yellow pear-shaped dia- 
mond with magnification revealed 
an indented natural that displayed a 
hexagonal outline where it reached 
the surface of a bezel facet on the tip 
of the stone. What was so extraordin- 
ary was the combination of symme- 
try and depth that resulted in a hol- 
low hexagonal column extending 
deep within the stone (figure 2]. Shal- 
low geometric features are common 
on the surfaces of rough crystals and 
sometimes appear as naturals on cut 
stones, but an example as dramatic as 
this is rarely seen in a faceted stone. 

Christopher P. Smith 


Figure 2. The hexagonal out- 
line of a columnar indented 
natural is readily visible in the 
bezel facet of this diamond. The 
striations seen across the 
width of the inclusion, run- 
ning down the entire length of 
the column, are parallel to the 
octahedral faces and indicate 
the orientation of the faceted 
stone to the original crystal. 
Magnified 20x, 


Type IIb with Natural 
Irradiation Stains 


In the laboratory, we often observe 
natural irradiation stains on rough 
and sometimes even polished dia- 
monds. They are thought to be 
caused by the proximity of the dia- 
mond crystal to a natural source of 
radiation. Although such stains may 
be green, they are usually brown 
because of exposure to heat either in 
the earth or during fashioning. 


Editor's Note: The initials at the end of each item 
identify the contributing editor who provided that item. 
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Figure 3. Irradiation stains can 
be seen on the girdle of this 
type IIb fancy blue diamond. 
Magnified 60x. 


These stains have been seen on 
some type Ia and Jla diamonds and, 
rarely, on type Ib diamonds (for a brief 
discussion of diamond types, see 
Gems # Gemology, Winter 1986, 
Vol. 22, No. 4, p. 197). Recently, the 
East Coast laboratory observed 
brown irradiation stains on a type IIb 
fancy blue diamond. Figure 3 shows 
several small stains on the girdle of 
this 0.40-ct old European-—cut bril- 
liant. To eur knowledge, this is the 
first time ‘irradiation stains have 
been reported on a type IIb diamond. 
DH 
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PEARLS 


Cultured Pearl, 

Accidentally Tissue-Nucleated 

To the best of our knowledge, there is 
no commercial operation to tissue 
nucleate saltwater mollusks for the 
production of cultured pearls. There- 
fore, when we identify such a tissue- 
nucleated pearl, we assume that it is 
the result of bead-nucleus rejection 
or some other mishap in the nuclea- 
tion process. 

The East Coast lab recently ex- 
amined what may be the largest such 
“accidental” saltwater tissue-nucle- 
ated cultured pearl we have yet en- 
countered: At 12 mm x 10,50 mm, 
this baroque cultured pearl weighed 
15.17 ct. The X-radiograph (figure 4} 
clearly shows a void that is typical of 
tissue nucleation. GRC 


Green-Dyed Natural Pearls 


Most jewelers and gemologists are 
familiar with the wide range of colors 
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Figure 4. This X-radiograph 
clearly shows the void typical 
of tissue nucleation in this un- 
usually large (15.17 ct) “acci- 
dental” saltwater tissue-nucle- 
ated cultured pearl. 


seen in dyed freshwater cultured 
pearls, most commonly green, yel- 
low, purple, and blue. Dyed saltwater 
natural pearls, however, are typically 
gray to black and “bronzy”; other 
strong colors are virtually unknown, 


Figure 5. All of the 111 natural 
pearls in this necklace —rang- 
ing from 3.40 to 7.05 mm in 
diameter—had been dyed 
green. 
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We at the East Coast laboratory 
were, therefore, somewhat surprised 
to identify as natural a long necklace 
of graduated saltwater pearls with a 
decidedly unnatural green to gray- 
green appearance (figure 5], Magnifi- 
cation revealed green dye concen- 
trated around the drill holes and 
distributed just below the surface in 
conjunction with iridescent rings. 

GRC 


Natural- and Treated-Color 
Black Cultured Pearls 
in the Same Necklace 


The East Coast laboratory examined 
a fine necklace of what appeared to 
be 39 black pearls graduated from 
9.75 to 13.25 mm. X-radiography not 
only proved that all of the pearls were 
cultured, but it also indicated that, 
because two of the pearls showed 
lower contrast on the film between 
the shell bead and the nacre, they 
were probably treated. While the 
necklace was being prepared for X-ra- 
diography, the same two pearls had 
appeared browner in the immersion 
fluid (figure 6], thus providing an- 
other useful clue to their true nature. 


Figure 6. Immersed in film 
cleaner in preparation for X-ra- 
diography, the two dyed cul- 
tured pearls appear brown 
when compared to the others 
in this necklace. 


Natural-color black pearls ap- 
pear a faint brownish red when ex- 
posed to long-wave ultraviolet radia- 
tion, while dyed pearls appear chalky 
green. As expected, these two pearls 
turned chalky green when exposed to 
long-wave U.V. 

This particular necklace empha- 
sizes the importance of careful ex- 
amination and testing because, be- 
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Figure 7. [t is impossible to de- 
tect a difference in color be- 
tween the two dyed cultured 
pearls (arrows) and their natu- 
ral-color counterparts, 


fore testing these two treated-color 

cultured pearls looked just like their 

natural counterparts [figure 7). 
Nicholas DelRe 


Remarkable Cultured Pearl 


The East Coast laboratory received a 
very unusual pear! for identification. 


Figure 8. This “hollow” bullet- 
shaped natural-color cultured 
pearl measures approximately 
11.6 to 12 X 11,3 mm and 
weighs 9.62 ct. Note the open- 
ing in the base. 
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The hollow, partly worked, gray bul- 
let-shaped cultured pearl shown in 
figure 8 proved to be of natural color 
and is probably from the Tahiti area. 
Looking through the base of the pearl 
(figure 9], however, we saw a black 
round cultured pearl nearly filling 
the hollow space. The X-radiograph 
(figure 10) shows that the nacre of the 
round pearl is unusually thin for 
natural-color cultured pearls from 
this area. 

It is intriguing to speculate how 
this specimen grew. Probably, the 
round pearl started growth normally 
in a pearl sac. If it was somehow 
ejected from the pearl sac and be- 
came lodged on the shell, then the 
resulting bullet-shaped pearl would 
be considered a blister. However, how 
such a blister would have the round 
pearl at the apex of the dome rather 
than at the base is puzzling. One 
possible explanation is that the blis- 
ter pearl formed on the upper shell of 
the mollusk, and gravity caused the 


Figure 9. The “hollow” cul- 
tured pearl in figure 8 was 
found to contain a mysterious 
round black cultured pearl, 
seen here toward the apex of 
the dome. Magnified 10 x. 


round pearl to somehow fall free of 
the shell and thus become part of the 
inside of the rounded part of the 
blister. GRC 


A “Teething” Problem 

Informal testing methods may lead 
to inaccurate conclusions if not 
backed up with more rigorous tests. 
A good gemologist usually relies on 


L 


Figure 10. The X-radiograph of 
the cultured pearl in figure 8 
shows the very thin nacre on 
the round pearl inside. 


several tests to arrive at an accurate 
identification. 

The East Coast laboratory re- 
ceived for identification the beauti- 
ful pendant earclip shown in figure 


Figure 11, The 17.65-mm cul- 
tured pearl in this earclip was 
first thought to be an imita- 
tion because it felt smooth 
when rubbed carefully along 
the edge of a tooth. 
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11. It was set with what appeared to 
be a half-drilled pearl measuring ap- 
proximately 17.65 mm in diameter. 
A cursory examination of the color 
and luster with the unaided eye anda 
“tooth test” initially led us to believe 
that this was an imitation pearl. The 
tooth test indicated that the surface 
was smooth, a characteristic of imi- 
tation pearls. A natural or cultured 
pearl will almost always feel gritty 
when carefully rubbed along the edge 
of a tooth. 

An X-radiograph followed by 
closer examination with magnifica- 
tion revealed that this was a cultured 
pearl with a worked surface. Polish- 
ing lines could be seen running 
across the nacre. Undoubtedly, the 
worked surface caused the smooth 
“tooth test reaction,” falsely indicat- 
ing that the pearl was imitation. 

Nicholas DelRe 


“Treated” Mabe Pearls 


At the Fébruary 1991 Tucson show, 
several staff members noticed an 
abundance of quite attractive, but 
relatively inexpensive, white mabe 
assembled blister pearls. The major- 
ity measured between 15 and 20 mm 
in diameter, displayed a very high 
luster, and showed very strong pink 
overtones. However, some of them 
showed a slightly spotty, uneven 
color distribution that raised suspi- 


Figure 12. When one of these 
two 15.5-mm mabe pearls was 
sawed in half. the mother-of- 
pearl base, plastic dome, and 
very thin nacre layer were evi- 
dent (left). Note also the coat- 
ing on the plastic dome (right). 
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cion that they had undergone some 
kind of enhancement. 
Subsequently, the West Coast 
laboratory received a few samples 
from a gem merchant who wanted to 
share his observations regarding this 
type of mabe pearl. Out of curiosity 
he had cut one mabe pear! in half to 
expose the interior. Figure 12 shows 
the two halves together with another 
“whole” mabe pearl. The three layers 
that make up this mabe assem- 
blage— mother-of-pearl base, plastic 
dome, and outer layer of nacre—are 
clearly visible in the half on the left. 
It was interesting to note that 
the nacre layer was extremely trans- 
parent and ultrathin {measured to be 
approximately 0.25 to 0.30 mm), In 
spite of the layer being so thin, our 
client succeeded in separating it 
from the plastic dome. We could now 
see that a very fine, highly reflective 
coating had been applied to the plas- 
tic dome (the sample on the right in 
figure 12). The texture of this layer 
reminded us of the “pearl essence” 
commonly used for imitation pearls, 
The GIA Research Department ob- 
tained an infrared spectrum on this 
layer and determined that it was just 
a lacquer, rather than the true, or- 
ganic “pearl essence.” It was obvious, 
though, that the lacquer improved 
luster and overtone on these mabe 
pearls, KH 


Two Ditferent Mabe Pearls 


The East Coast laboratory received a 
pair of loose mabe assembled blister 
pearls, with the request that we “de- 
termine if they are natural.” Both 
were of very similar outward appear- 
ance and weight. Although a mabe 
pearl by definition is never “natural,” 
the X-radiograph (figure 13) did re- 
veal that the two samples were con- 
structed quite differently, It shows 
that one is a typical mabe with thin 
nacre and a shel] hemisphere insert, 
while the other mabe lacks a shell 
bead insert, but seems to be filled 
with a substance that is relatively 
transparent to X-rays and approxi- 
mates the specific gravity of shell, 
since the two mabes weigh approx- 
imately the same. A layer that is 
opaque to X-rays appears to line the 
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Figure 13. Although these two 
mabe pearls are similar in out- 
ward appearance, X-rays reveal 


‘that one has a shell bead in- 


sert and the other does not. 


inside of the nacre in both mabe 
pearls. GRC 


Early SYNTHETIC RUBIES 


Staff members in the East Coast 
laboratory were particularly excited 
to examine the ruby and diamond 
pendant shown in figure 14, Only 
eight of the 94 calibre-cut red stones 
{each approximately 3-4 mm long} 
are natural rubies; the balance are 
synthetics, possibly of the early type 
known as “Geneva rubies.” Judging 
from the cut of the diamonds and the 
design and workmanship of the pen- 
dant, the piece could well have been 
manufactured before the turn of the 
century. 

This was a very trying time for 
the jewelry industry, as it was being 
faced with two of the most difficult 
identification problems in its history. 
The introduction in 1895 of the solid 
cultured blister pearls grown by Mi- 
kimoto and sold as “Japanese” pearls 
presented a new challenge in identi- 
fication. At about this same time, 
“Geneva rubies” began to appear in 
the gem industry. These were pro- 
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Figure 14. This pendant was 
determined to contain dia- 
monds and eight natural 
rubies together with 86 syn- 
thetic rubies that appear to be 
of early manufacture. 


duced as small, “shoe button’”— 
shaped boules from approximately 
1884 until 1904, when Verneuil’s 
larger, more practical product be- 
came available. “Geneva rubies” 
were characterized by very tightly 
curved striae, prominent gas bubbles, 
strain cracks, and colorless areas, as 
well as by areas of black-appearing 
foreign material. These features 
must really have confused a jeweler a 
hundred years ago. One could almost 
say that modern gemology started 
then, with these products of “mod- 
ern” technology. 

The “Geneva rubies” had been 
identified as “artificial” as early as 
1886, and the French Syndicate of 
Diamonds and Precious Stones ruled 
that they must be sold as man-made. 
Tt is likely, though, that their avail- 
ability in small sizes may have influ- 
enced their use in items such as the 
pendant shown in figure 14 more 
than their cost. 

Figure 15 (taken through the pa- 
vilions of the stones} shows a natural 


178 Gem Trade Lab Notes 


Figure 15. The apparent inter- 
nal similarities between the 
natural ruby on the left and 
the synthetic ruby on the 
right, both from the pendant 
shown in figure 14, illustrate 
the difficulty jewelers must 
have had identifying these 
synthetics when they first ap- 
peared, Magnified 30x. 


ruby on the left and a synthetic on 
the right. The natural ruby has a low- 
relief, subhedral crystal and promi- 
nent color zoning. The synthetic also 
has color zoning, including colorless 
areas, as well as large, irregular gas 
bubbles —an appearance very similar 
to that of the natural stone. However, 
the synthetic rubies had a charac- 
teristically stronger fluorescence to 
short-wave U.V. radiation. Most of 
the other synthetics also had color 
zoning, as well as gas bubbles; mag- 
nification revealed a black foreign 
material in some of the synthetic 


Figure 16. Spherical gas bub- 

bles and a black material are 
clearly seen in the synthetic 

ruby on the left. (The smudge 

on the stone on the right was 
used to indicate for the client 
that it is natural.) Magnified 45 x. 


rubies (figure 16}. Such black mate- 
rial is occasionally seen in modern 
Verneuil synthetics; a Swiss manu- 
facturer reports that this is actually 
unmelted alumina. We did not ob- 
serve curved striae in any of the 
stones, but microscopic examination 
was restricted due to the settings. 

GRC 


Diffusion-Treated SAPPHIRES 
in Fine Jewelry 


Around 1979, diffusion-treated sap- 
phires were encountered frequently 
in the trade and a number were sub- 
mitted to the GIA Gem Trade Labo- 
ratory for identification. The first 
Lab Note regarding diffusion-treated 
sapphires appeared in the Fall 1979 
issue of Gems & Gemology (p. 195}. 
Although the first one we saw in the 
East Coast laboratory was red-or- 
ange, practically all of the diffusion- 
treated sapphires we subsequently 
examined were blue. That initial in- 
flux of diffusion-treated blue sap- 
phires was short-lived, and in time 
we saw fewer and fewer of them in 
the trade. 

It is important to remember that 
some treatments appear to be cycli- 
cal. At one point they are wide- 
spread, and then they seem to all but 
disappear, only to reappear at a later 
date. Diffusion-treated blue sap- 
phires seemed to reemerge in the 
trade at the 1990 Tucson Gem Show; 
an in-depth article on this treatment 
process and recent developments was 
published by R. Kane et al. in the 
Summer 1990 issue of Gems & Gem- 
ology. 

Over the last year, the laborato- 
ries on both coasts have seen a strong 
comeback for diffusion-treated sap- 
phires and some dramatic examples 
of how they are being used. The East 
Coast laboratory recently saw an 
important gold and diamond neck- 
lace that was set with five rather 
large (4-5 ct) diffusion-treated sap- 
phires, as well as a matching ring set 
with an even larger diffusion-treated 
stone. Within the same time frame, 
the West Coast laboratory received 
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matching sapphire earrings {each 5-6 
ct} and a ring (approximately 10 ct} 
set in gold with diamonds. Again, the 
large stones were found to be diffu- 
sion treated. 

This jewelry could be a glimpse 
of what is to come. Care must be 
taken by the jeweler when examining 
all sapphires, since any natural inclu- 


sions that might be seen with the 
microscope will not distinguish a 
stone that has simply been heat 
treated from one that has been diffu- 
sion treated. Immersion, as described 
in the above-mentioned article, is 
still the best method to identify dif- 
fusion treatment whether the stone 
is mounted or unmounted. DH 
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FIGURE CREDITS 

Figure 1 was taken by Robert Kane. 
Shane McClure is responsible for figure 
2. Dave Hargett took figure 3. The pic- 
tures in figures 5-9, 11, and 14-16 were 
supplied by Nicholas DelRe. Robert 
Crowningshield produced the X-radio- 
graphs in figures 4, 10, and 13. William 
Videto furnished figure 12. Tino Hammid 
took the photo used in the Historical 
Note section. 
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HIGHLIGHTS FROM THE GEM TRADE LAB 25, 15 AND FIVE YEARS AGO 


FALL 1966 


The New York lab discussed various 
types of synthetic growth processes, 
from hydrothermal overgrowth on 
Lechleitner stones to flux-grown 
synthetic-ruby. Several photos illus- 
trated the difference in transparency 
to short-wave ultraviolet radiation 
that is still a valid test to separate 
natural (more opaque} and synthetic 
(more transparent) stones. A dia- 
mond that had been presented as the 
finest natural-color green diamond 
next to the Dresden Green revealed 
an umbrella-like color zoning around 
the culet that proved that it had been 
cyclotron treated. 


FALL 1976 


The Santa Monica lab had the oppor- 
tunity to examine a snuff bottle re- 
portedly carved from rare hornbill 
ivory. Our examination revealed that 
the bottle had been assembled from 
different parts of hornbill, rather 
than carved from a single piece. This 
lab also noted unusual devitrifica- 
tion around a spherical gas bubble in 
glass. 

The New York lab illustrated 
various materials used to simulate 
emerald, as well as selectively dyed, 
fine-grained calcite used to imitate 
jadeite jade, Even today, we still en- 
counter such material, which has 
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With the technology provided by laser sawing, fanciful cuts such as 
this 12-mm sailboat and tennis racket can be obtained from 
otherwise difficult-to-cut pieces of rough. 


been dyed to represent multicolored 
jadeite — green and white, purple and 
white, or even all three colors in the 
same piece. 


FALL 1986 


Diamonds laser cut in the unusual 
shapes of a sailboat and a tennis 
racket were illustrated. A rather 
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complete discussion of light green 
diamonds and what might be the 
reason for the color was given. We 
recommend that the reader review 
this item in particular (p. 171), as itis 
still important today. The 10- to 12- 
mm gray cultured pearls in an attrac- 
tive brooch and earring set were of 
interest because their centers were 
determined to be filled with a white 
material resembling French pearl ce- 
ment. There was no bead nucleus. 
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DIAMONDS 
Argyle set to expand with mining at home... To handle 
increased production from the AKI pipe in Western 
Australia, CRA Ltd. plans to expand ore processing from 
6 million to 8 million tons per year over the next two to 
three years. Their goal is to maintain diamond produc- 
tion for the AK1 pipe and nearby alluvial deposits at 33 
to 35 million carats annually during the 20-year life of 
the pipe, as they reach progressively less-productive 
depths, with lower-yield ore. (Diamond Intelligence 
Briefs, July 23, 1991) 


...and cutting in China, Argyle has opened a diamond- 
cutting and polishing factory in China, approximately 
30 km from Beijing, that it will manage as well as co- 
finance. The factory, which will also provide training, 
was set up as a joint venture between the governments of 
Australia and China. The Chinese government hopes to 
develop diamond processing as a major new industry for 
the country. (Mining Journal, September 6, 1991) 


Operations re-established at Elizabeth Bay ... Namibia’s 
diamond deposit at Elizabeth Bay, discovered in the early 
1900s but inactive since the mid-1940s, has been offi- 
cially re-opened. Operated as an open-cast mine by 
Consolidated Diamond Mines, the mine is expected to 
produce about 2.5 million carats of predominantly gem- 
quality diamonds from 38 million tons of ore over its 10- 
year life. (Mining Journal, August 9, 1991) 


,.. amid warnings of large-scale theft. As part of his 
comments at the opening of the Elizabeth Bay mine, 
Julian Ogilvie Thompson stated that organized crime 
syndicates are stealing large values of diamonds each 
year from Namibia’s mines. The theft of diamonds rose 
sharply in the months preceding Namibia’s indepen- 
dence. It is believed that the value of diamonds stolen 
from the Oranjemund mine may be as high as three 
times that of the entire production from the new 
Elizabeth Bay mine. (Diamond Intelligence Briefs, Au- 
gust 30, 1991} 


New Soviet diamond source. According to recent reports 


on Radio Moscow, a major new diamond field has been 
discovered in Buryatskaya, close to the border with 
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Mongolia, in the eastern Sayany Mountains. Geologists 
have reportedly identified more than 10 diamond-bear- 
ing sites in the region. This discovery, which is sched- 
uled to be exploited commercially, follows 50 years of 
small-scale prospecting in the area, during which only 
minor quantities of diamonds were recovered. (Mining 
Journal, August 23, 1991). 


Additional diamonds recovered at Fort a la Corne, 
Saskatchewan, Canada. Additional diamonds were re- 
covered from drill samples taken at the Fort a la Corne 
property, 80 km east of Prince Albert, according to 
Uranerz Exploration and Mining, operator of a 50/50 
joint venture with Cameco Corp, 

Diamonds recovered in 1991 range up to 0.6 ct (5.5 
mm in diameter]; the larger stones (over 0.5 mm in 
diameter} appear to be of gem quality. A total of 160 
macrodiamonds have been recovered to date from 15 
separate kimberlite pipes. The average weight per stone 
is 0.04 ct, with a maximum projected grade of approx- 
imately 10 ct per 100 metric tons in one drillhole. 
Preliminary cost estimates indicate that a minable 
deposit would require a much higher grade. Sample 
recovery is expensive due to the 100-m-thick blanket of 
overburden that covers the kimberlite pipes. 

The exploration results to date are insufficient to 
determine the economic significance of the Fort a la 
Corne property. Further exploration and evaluation is 
warranted since many target areas remain to be tested by 
drilling. No additional field work is planned for 1991. 


Conference on synthetic diamond and diamond-like 
coatings. In September 1991, Dr. Emmanuel Fritsch of 
GIA Research attended the Second European Conference 
on Diamond, Diamond-like and Related Coatings in 
Nice, France, Titled “Diamond Film 1991,” this annual 
event focuses on the low-pressure synthesis of diamond 
and related materials. lt was well attended this year, with 
about 350 participants from 28 countries, 

One important aspect of the gathering was the large 
number of presentations on diamond-like carbon (DLC], 
an amorphous form of carbon noted for its high hardness 
and great potential for various industrial applications. 
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For example, DLC-coated sunglasses are currently being 
marketed in the United States by the firm Diamonex. 
Soviet scientists exhibited sheets of various plastics — 
including flexible ones—covered with hard DLC. 

The Norton firm reported that it had succeeded in 
producing thick (approximately 0.3 mm}, poly- 
crystalline, optical-quality synthetic diamond films of 
large dimensions {at least 4 in.— 10 cm—square) using 
plasma jet technology. These films are grayish brown 
and transparent, unlike previously produced films of 
this type, which have been black, opaque, and of rather 
poor quality. This opens the way for the development of 
fairly inexpensive optical-quality synthetic diamond 
films. 

There were also some definitive findings relating to 
the origin of the brownish color in DLC produced by 
chemical vapor deposition techniques. This coloration 
appears to be intrinsic to the hard variety of this 
material, the type with potential gemological applica- 
tions. Therefore, the color of DLC films cannot be 
improved. However, the brown of CVD-produced poly- 
crystalline synthetic diamond films is due to the con- 
centration of various forms of graphitic carbon between 
the crystals that form the film. With this knowledge, it 
may now be possible to control (perhaps eliminate] the 
brownish.,coloration of this particular type of film. 


New diamond cuts. New York-based Maico Diamond 
recently unveiled their new trademarked “Dream” cuts 
(figure 1). These new cuts represent modifications of the 
standard fancy-shape brilliant cuts—the oval, marquise, 
and pear—to take advantage of relatively flat rough. 
Note that the standard octagonal table outline has been 
“squared off” to make the table area appear larger. The 
Dream marquise also has two elongated star facets 
toward the points that add to the impression of an 
enlarged table area. The facet arrangements on the 
pavilion sides received slight modifications as well. The 
majority of the pavilion facets that traditionally meet at 
the keel-line have been shortened and opened up at the 
girdle, thus giving the impression of a finer subdivision 
of the pavilion area. The bow-tie effect appears to have 
been slightly diminished and moved away from the table 
area into the crown facets. The advantage of all these 
modifications would appear to be greater weight reten- 
tion from the rough. Visually, the diamonds appear larger 
than their actual weight. 


Historical diamond photographs. Many gemologists fre- 
quent local-area gem and mineral shows, swap meets, 
and even “yard sales,” looking for interesting gems and 
old pieces of jewelry. Recently, GIA instructor Yianni 
Melas made an unexpected find of another sort while 
looking through some old twin-image photographs used 
in the once-popular stereoscopic viewers. Among the 
images were photos relating to early diamond mining in 
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Figure 1. Visually these “Dream cuts” (0.50 — 
0.54 ct) appear larger than their actual weights. 
Photo © GIA and Tino Hammid. 


South Africa, including ones of Groot Schuur, the 
country home of Cecil Rhodes at Cape Town, the 
workers’ compound at Kimberley; and a mining scene at 
Kimberley (figure 2). According to a librarian at the 
University of California in Riverside, the facility that 
has archived all the images of the now-defunct Keystone 
View Company, the photographs from South Africa were 
taken in approximately 1899-1900. 


COLORED STONES Se 
Colombia reports record emerald exports. Colombia's 
Mineralco announced that emerald exports had reached 
their highest level ever in February 1991, with sales 
totaling $16.7 million for the one-month period. Total 
reported emerald sales for 1990 came to $116.7 million, 
with Japan accounting for $91.6 million and the U.S., $16 
million. (Mining Magazine, July 1991) 


Large South Sea pearl. William A. Weidinger, a goldsmith 
and jewelry designer from Columbus, Ohio, reports 
having seen an unusual South Sea pearl on a trip to 
Thailand this past May. The gray pearl, seen at Naga Noi 
Island off the coast from Phuket, Thailand, was egg 
shaped, approximately 42 mm long, and had a high 
luster. Of particular interest, the pearl appeared to be an 
“enhydro,” that is, to contain a liquid, probably water, in 
a pocket of air. The liquid was readily apparent when the 
pearl was shaken. 
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Myanmar to authorize Thai buyers. The Myanmar 
(formerly Burma] goverment has agreed to allow AGD 
Gem Dealer Co. of Thailand to open an office in Yangon 
(Rangoon). AGD, a buying company established by 72 
members of the Thai Gem and Jewelry Traders Associa- 
tion, will purchase rough and fashioned gems from 
private mining companies in Myanmar as well as from 
stocks held by the state’s Myanma Gems Enterprise. 
{Jewellery News Asia, July 1991) 


Postage stamp commemorates large Burmese ruby. Ear- 
lier this year the government of Myanmar issued a 
special commemorative postage stamp (figure 3}, both in 
honor of the 1991 Gems, Jade, and Pear] Emporium and 
to celebrate an exceptionally large ruby crystal mined in 
the historic Mogok region. 

According to a report that appeared in the August 
21, 1990, issue of The Working Peoples’ Daily, an 
English-language journal published in Yangon (Ran- 
goon], the crystal weighs 496.5 ct, measures 43 x 37 x 
44 mm, and has a “crimson rose” color. As a special 
Emporium guest of the government’s gem exploration, 
recovery, and marketing division— Myanma Gems En- 
terprise (MGE}--the GIA Gem Trade Laboratory’‘s 
Robert Kane was allowed to examine this exceptional 
crystal. He reports that it was typical of the fine color for 
which Burmese rubies are renowned. It was reportedly 
recovered in the Mogok region in 1990, and was part of 
the 30,728 carats of illegally mined rubies confiscated by 
members of the government’s Defence Services Intel- 
ligence Office on August 18 of that year, this particular 
stone was confiscated “from abroad.” Originally dubbed 
the “Nawata ruby,” the crystal was subsequently re- 
named the “SLORC ruby,” after the acronym for State 
Law and Order Restoration Council, the ruling govern- 
ment body. 


Small-scale sapphire mining continues in Thailand. 
Although much attention has been paid to the large, 
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Figure 2. This twin-im- 
age “slide” for a stereo- 
scopic viewer illustrates 
a turn-of-the-century 
mining scene at Kim- 
berley, South Africa. 


mechanized mining operations developing around Bo 
Phloi in western Thailand, much mining activity in this 
country is still carried out by traditional hand methods. 
On his trip to Southeast Asia in early 1991, GIA-GTL’s 
Robert Kane also had the opportunity to visit some of 
these traditional sapphire mines. One typical small- 
scale operation, approximately 6 km (10 mi.) outside 
Chanthaburi, consisted of a single round, vertical shaft 1 


Figure 3. This postage stamp from Myanmar 
(Burma) features an exceptionally large ruby 
crystal mined recently in the Mogok region. 
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Figure 4. A “handful” of 
sapphire rough is 
recovered in a good week 
of working this small 
mine near Chanthaburi, 
Thailand, Photo by 
Robert E. Kane. 


m in diameter and 4 m deep [figure 4). In place of a ladder, 
the miner simply dug footholes into the walls of the 
shaft. He then tunneled laterally when he encountered 
the sapphire-bearing gravels. The buckets of soil brought 
to the surface were washed in artificial pools and hand 
sorted in rattan baskets. The miner indicated that in a 
good week he could recover a “handful” of green, blue, 
and dark brown sapphire rough. 


Tanzanian spinel. In the Spring 1990 Gem News section, 
we mentioned spinels from the Umba Valley of Tanzania 
and showed three representative pieces of rough. This 
year at the February Tucson Show, a number of dealers 
were selling faceted stones from this locality. Some of 
the more attractive spinels ranged from a medium pink 
reminiscent of pink sapphire toa light purplish pink that 
strongly resembled fine kunzite. In general, these Tanza- 
nian stones display more saturated colors in lighter tones 
than what we are accustomed to seeing in Sri Lankan 
spinels. 

In some of these stones, we noted a soft, “velvety” 
look and reduced transparency similar to that for which 
sapphires from Kashmir are famous (figure 5}. We believe 
this effect is due to the presence of submicroscopic 
mineral inclusions. Other gemological properties are 
consistent with those reported in the literature for 
spinels of similar color from other localities. 


Update from Tanzania. Dr. Allen M. Bassett, currently 
working as chief geologist and gemologist for the Swiss 
company Tofco in northern Tanzania, has provided the 
editors with an update on activity at the Longido ruby 
deposit. The mine, which had been abandoned at the 
time it was nationalized in 1971, is now being worked by 
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Tofco in a joint venture with Tanzania Gemstone Indus- 
tries, a government parastatal. 

When the mine was closed some 20 years ago, it had 
reached what is described as the “4th level.” Since 
operations were renewed, miners have reached down to 
the 7th level, 270 ft. (approximately 83 m) below the 
surface. Plans call for the mine eventually to extend to 
the 10th level. At different levels, different types of rock 


Figure 5. This 4.28-ct spinel from Tanzania has 
a pleasing “velvety” look that is probably 
caused by minute inclusions. Photo by Maha 
Smith, 
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Figure 6. These 21.78-ct (left) and 33.13-ct 
(right) tourmalines are reportedly from Paraiba, 
Brazil; they are unusually large for this locality. 
Photo by Robert Weldon. 


have been encountered. In addition to the chrome zoisite 
and ruby for which the deposit is well known ~—tons of 
cabochon-grade material but only a few carats of faceta- 
ble material are being recovered—other potential gem 
materials include feldspar, apatite, and actinolite. 


Tanzania invites tenders for mineral rights. The Tanza- 
nian Ministry for Water, Energy and Minerals has invited 
urgent tenders for companies to apply for mineral rights 
to the Merelani area of Arusha, where tanzanite is 
mined. To be considered, a company must have experi- 
ence in the mining, processing, and marketing of gem 
materials and indicate the prospecting methods, equip- 
ment, and drilling techniques to be used. Applicants 
must also provide a detailed work program and indicate 
their proposed minimum financial commitment to 
exploration and development as well as their security 
arrangements for the protection of the mine. Successful 
applicants will be awarded mineral rights for 200 m x 
300 m blocks, nine of which are available, and will be 


required to post a bond. (Mining Journal, September 6, 
199 ]} 


Large Paraiba tourmalines. The majority of the dis- 
tinctively colored tourmalines from Paraiba we have 
observed have been relatively small. Recently, however, 
we had the opportunity to examine two exceptionally 
large stones that are reportedly from this source: a33.13- 
ct green and a 21.78-ct bluish green, both rectangular 
cushion cuts (figure 6). 

EDXRF analysis by GIA Research revealed the 
presence of copper in both stones. This supports their 
purported origin as Paraiba, which to date is the only 
locality known to produce tourmalines colored by 
copper (see the Fall 1989 Gems #& Gemology, p. 204). 


Tourmaline with unusual “color change.” Gem dealer 
Don Clary loaned GJA Research an interesting matched 
pair of “golden” yellow tourmalines from East Africa 
(Tanzania or Kenya). These two “opposed bar” cut stones, 
2.48 and 2.56 ct, exhibit a most unusual color phenome- 
non: When examined under either incandescent or 
fluorescent lighting, they appear slightly brownish yel- 
low (figure 7, left], However, when viewed under a 
combination of incandescent and fluorescent lighting, 
the stones become distinctly more greenish yellow 
(figure 7, right). To our knowledge, this type of color 
behavior has not been reported previously in the litera- 
ture. 

Microprobe analysis identified the stones as dravite 
tourmalines with approximately 9.9 wt.% MgoO. Tita- 
nium is the major impurity, with minor amounts of 
vanadium and iron, and traces of manganese and chro- 
mium. The optical absorption spectrum shows a broad 
absorption feature centered at about 450 nm and a much 
less intense broad band at about 630 nm. This type of 
spectrum is typical of dravite and is attributed to 
Fe2+—>Ti4+ charge transfer and V3+, respectively. 

The luminescence of the stones was found to be 


Figure 7. These two dravite tourmalines appear slightly brownish yellow when seen under incan- 
descent (or fluorescent) lighting (left), but they become distinctly greenish yellow when illuminated 
simultaneously with incandescent and fluorescent lighting (right). Courtesy of Don Clary; photos 
by Robert Weldon. 
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somewhat unusual in that they were inert to long-wave 
ultraviolet radiation but fluoresced a moderate chalky 
yellow to short-wave U.V. 


Tourmaline/andalusite: A pleochroism caveat. Gemolo- 
gists learn to take full advantage of their most sensitive 
gemological equipment, their eyes. Visual observation — 
noting features with the unaided eye — thus becomes a 
first critical test. This includes such characteristics as 
transparency, color, color distribution, dispersion, bril- 
liance, surface condition, and eye-visible inclusions. 

Another important feature to note with colored 
stones is any eye-visible pleochroism. This can be very 
useful in identifying a number of gems such as tanzanite 
and iolite. It can also help separate tourmaline and 
andalusite, two stones with overlapping R.I.’s. Students 
are taught that, in general, the two pleochroic colors seen 
in tourmaline are different tones of the basic body color, 
and stones are usually cut to show the more desirable 
color through the table. Andalusite, as normally ori- 
ented in cutting, displays two distinct pleochroic colors 
through the table (figure 8, right). 


Figure 8. Note the similarity in pleochroism 
between the oval 1.13-ct dravite tourmaline on 
the left and the round 1,48-ct andalusite on the 
right. Photo by Robert Weldon. 


Becoming overly reliant on such gemological gener- 
alities can cause problems, as we were reminded recently 
when examining some dravite tourmalines from Sri 
Lanka. The pleochroic colors of these stones typically 
are significantly different in hue, and both can be seen 
through the table of a faceted stone (figure 8, left) —in a 
manner similar to the pleochroism in andalusite. 


Purple and “chrome” green vesuvianites from Quebec. 
Vesuvianite, also known by gemologists as idocrase, is 
most often seen as a massive ornamental stone resem- 
bling jade. Less commonly, transparent single-crystal 
material is seen. Reports (see, e.g., Mineralogical Re- 
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cord, September/October 1991, p. 386} indicate that 
significant quantities of purple and green vesuvianite 
crystals have been recovered recently from the Jeffrey 
mine, in the province of Quebec, Canada, although most 
of the material is not gem quality. 

Recently, GIA’s Dr. Emmanuel Fritsch had a chance 
to study some faceted vesuvianites of these unusual 
colors, which were loaned by Guy Langelier of Montreal. 
The stones had been recovered from the Jeffrey mine 
between 1988 and mid-1990. The lot consisted of three 
purple, two saturated green, and two bicolored (light 
green and light pink) stones (see figure 9 for representa- 
tive samples}. 


Figure 9. These unusual-colored vesuvianites, 
ranging from 0.48 to 2.79 ct, were recovered 
recently from the Jeffrey mine, Quebec, 
Canada. Courtesy of Guy Langelier; photo by 
Maha Smith. 


EDXREF and UV-visible absorption spectroscopy 
were used to determine the cause of color in the green 
and purple stones. The purple stones were found to be 
colored by Mn3+, apparently in a distorted octahedral 
site, which would account for their fairly pronounced 
pleochroism. The vivid green stones were determined to 
be colored by Cr3+, also presumably in an octahedral 
site. Small amounts of nickel were also discovered in 
both the green and bicolored stones, but the data were 
insufficient to determine whether Ni2*+ contributes to 
the coloration of these gems. 


Unusual red zoisite. Dr. Allen Bassett has provided us 
with a brief note on an unusual zoisite, a38.8-gram piece 
of dark-toned material that was brought to the Tanswit 
laboratory in Arusha, Tanzania. The specimen had one 
crystal face measuring approximately 4 x 2.5 x 2.5cm, 
and was nearly clean, exhibiting some unidentified 
black specks and shallow surface-reaching fractures. 
The stone appeared to be too dark to facet into a gem. 
The owner, however, disagreed and proceeded to grind 
and polish its surfaces, which only served to destroy the 
specimen value of the piece. 
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With strong fiber-optic illumination, the optic axis 
direction of the stone transmitted pure red, showing no 
hint of either orange or purple secondary hues; under 
ordinary incident light, the stone appeared black when 
viewed in this direction. One of the two other axial 
directions appeared medium greenish blue under in- 
tense illumination and almost black in weaker incident 
light, while the third, perpendicular direction transmit- 
ted a deep, pure purple with red flashes from the dichroic 
ends of the piece. Thin edges in the blue direction 
appeared to be almost pure yellow tinged with green. Dr. 
Bassett volunteered that, had the stone been lighter in 
tone, it would have been a unique gem. 

When examined through a dichroscope, the red 
direction was seen to be composed of pure red and 
yellow-orange components; in the blue direction, the 
pleochroic colors were greenish blue and yellow-orange; 
and in the purple direction, they were red and greenish 
blue. 


ENHANCEMENTS ES 2 

Faceted gems coated with diamond-like carbon. A num- 
ber of reports have appeared in the trade press relating to 
gemstones supposedly coated with synthetic diamond. 
To our knowledge, however, the only documented fac- 
eted gemstones so treated to date are the three diamonds 
that were experimentally coated with blue type IIb 
synthetic diamond, as reported in the Summer 1991 
Gem News section. All other reports refer instead to 
coating with diamond-like carbon (DLC]. The two mate- 
rials are quite different. Specifically, DLC is amorphous 
and brownish in color, has a refractive index around 2.00, 


Figure 10. Note the unusually high luster of this 
2.32-ct citrine, which has been coated with a 
thin film of diamond-like carbon. Courtesy of 
[.-L. Mansot and Pierre Fumey; photo by Robert 
Weldon. 
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a hardness between that of diamond and corundum, and 
often contains hydrogen as a major constituent. The thin 
films described in the Summer 1991 issue are truly 
synthetic diamond: They are monocrystalline, bluish 
gray in color, have an R.J. of 2.4, and a hardness of 10. 
These particular synthetic diamond thin films do not 
contain hydrogen. 

At the International Gemological Symposium held 
in Los Angeles this past June, Dr. Fritsch reported on the 
experimental coating of faceted gemstones with dia- 
mond-like carbon (DLC). The treatment was carried out 
so that both the identifying characteristics of the coat- 
ing as well as its impact on various durability aspects of 
the stones could be determined. 

The deposition of DLC films on faceted stones was 
performed at the University of Nantes, France, by Prof. 
Yves Catherine, Prof. Jean-Louis Mansot, and Mr. Pierre 
Fumey. They covered the top portions of faceted beryls 
{aquamarine and emerald), amethyst, citrine, tour- 
maline, garnet, and strontium titanate with a thin film 
of diamond-like carbon approximately 0.08 micron 
thick, using a specially designed plasma reactor. 

All DLC films did adhere to their gem substrates and 
could not be scratched with a corundum (Mohs 9} 
hardness point. When placed in a gem tumbler along 
with uncoated gems of the same species and varieties, 
the DLC-coated gemstones showed greater resistance to 
wear than their uncoated counterparts. Detection of the 
presence of the coatings is straightforward. Because of 
its high refractive index, the coating imparts an adaman- 
tine luster to the treated stones. This is particularly 
evident on stones of lower refractive index, such as 
citrine (figure 10], On lighter-toned stones, the brownish 
color of the film is evident. In addition, as the adherence 
is less than ideal, the film tends to wear at facet 
junctions, a feature that can be easily seen with magnifi- 
cation and surface-reflected light. 


Montana sapphire heat treatment. For the past few years, 
Marc Bielenberg of Hamilton, Montana, has been min- 
ing the Dry Cottonwood Creek sapphire deposit in that 
state, The sapphire-bearing zone, at the valley bottom, is 
approximately 3,000 ft. (900+ m) long. Exploration has 
shown that the area contains deposits of gold as well as 
sapphires. Mr. Bielenberg reports that the recovery of 
sapphires seems to be good, particularly in sizes over one 
carat, although many of the crystals recovered to date 
are very pale. 

To enhance the color of these pale crystals, Mr. 
Bielenberg has been working with Dale E. Siegford of 
Missoula, Montana, a specialist in the heat treatment of 
Montana sapphires. To date, the results have been 
excellent, as illustrated by the pale blue and yellow 
rough Dry Cottonwood Creek sapphires shown before 
heat treatment in figure 11 top and after heat treatment 
in figure 11 bottom. The blue crystals show the greatest 
improvement. 
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Figure 11, The improvement in color brought 
about by heat treating sapphires from Dry 
Cottonwood Creek, Montana, is readily 
apparent in these photographs showing typical 
material before (top) and after (bottom) 
enhancement. Photos by Maha Smith. 


More experimentation with blue diffusion-treated 
sapphires . . . The Summer 1990 issue of Gems w& 
Gemology carried a comprehensive article on diffusion- 
treated sapphires, Among the materials examined were 
stones marketed by the firm Gem Source of Las Vegas, 
Nevada, and Bangkok, Thailand. At that time, Jeffery 
Bergman of Gem Source stated that he used Sri Lankan 
sapphires as starting material. 

Recently, Mr. Bergman shared information relating 
to experimental diffusion treatment of sapphires from 
another locality: Montana. He also donated eight of 
these stones, ranging from 0.53 to 1.18 ct, to GIA for 
study. According to Mr. Bergman, approximately 50% of 
the Montana sapphires they have diffusion treated to 
produce a blue color have also developed unwanted 
yellowish orange zones. 

Examination of the eight sample stones with magni- 
fication readily revealed the yellowish orange zones 
described by Mr. Bergman; also noted in some of the 
stones were disk-like areas of dark blue surrounding 
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dark crystalline inclusions (figure 12). We believe that 
the yellowish orange areas are related to zoned growth 
and reflect a higher iron impurity content, while the 
disk-like dark blue areas are caused by internal diffu- 
sion, a cannibalization of both iron and titanium from 
possibly iron-rich rutile and/or ilmenite inclusions. 
Both of these unanticipated color areas no doubt result 
from the high temperatures used in the diffusion- 
treatment process. 


. and red stones too. The Spring 1991 Gem News 
column mentioned research being conducted by Gem 
Source to produce red diffusion-treated stones. That 
entry pointed out one problem being encountered: the 
simultaneous development of a blue color component, 
believed to be due to the presence of the appropriate 
chromophores in the starting gem material. 

More recent communication with Mr. Bergman has 
shed additional light on the issue. He states that the 
development of the unwanted blue component might 
also be due to contaminants in the treatment oven, as 
the same ovens used to carry out this experimentation 
are used in the commercial production of the blue 
diffusion-treated stones, Mr. Bergman also indicated that 
adequate penetration of the desired red-producing chro- 
mophore has not been achieved to date, possibly due to 
insufficiently high temperatures. Repolishing has result- 
ed in the removal of over 90% of the diffused color layer. 

Mr. Bergman loaned us two of these experimental 
treated stones for examination, oval mixed cuts weigh- 
ing 1.37 and 1.49 ct. The smaller stone had a predomi- 
nantly violet face-up appearance with some areas that 
were more red-purple. Face-up, the larger stone seemed 
to be heavily color zoned, with two quadrants appearing 
a patchy medium red-purple and the other two appearing 
a dark purple, approaching black. 


Figure 12. It is likely that both the large 
yellowish orange color zone and the smaller 
disk-like blue zones in this blue diffusion- 
treated sapphire from Montana resulted from 
the high temperatures used in the diffusion- 
treatment process. Photo by John I. Koivula. 
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Figure 13. Diffused transmitted illumination 
reveals that what little diffusion-produced color 
remained after repolishing this experimentally 
treated sapphire was concentrated along facet 
junctions. Photo by John I. Koivula. 


Magnification revealed that the dark areas of the 
larger stone corresponded to areas of the pavilion that 
were dark red-purple and badly sintered; apparently they 
had not been repolished after treatment. Diffused trans- 
mitted light revealed that the repolished facets on both 
stones had little remaining surface-diffused color, most 
of which was found along facet junctions (figure 13). 

Interestingly, the surface-diffused color of both 
stones had less of a blue component than their face-up 
color. Magnification, however, revealed blue color bands 
within the stones that no doubt were responsible for the 
stronger blue component of the face-up appearance. 
These blue bands were most likely caused by internal 
color diffusion around stringers of iron-titanium inclu- 
sions. The fact that the externally diffused color was red- 
purple rather than a purer red also gives some credence to 
the theory of surface contamination from the oven. 


SYNTHETICS AND SIMULANTS Ms 
Porous Gilson synthetic opal. Hydrophane is a porous 
natural opal that reveals its play-of-color after it absorbs 
water or another liquid. Recently, the editors had the 
opportunity to examine a porous synthetic opal that also 
improved in appearance after being placed in water. The 
material, described as Gilson white porous synthetic 
opal, was provided to GIA by Louis Lo of Sunning Gems 
Co., Hong Kong. This material currently is not marketed 
commercially. 

The 6-mm round cabochon had a white translucent 
body color and a moderate, predominantly orange play- 
of-color in small, angular patches, The play-of-color was 
weaker than what is typical of Gilson synthetic opal. 
The appearance began to change immediately when the 
cabochon was immersed in water, increasing in transpar- 
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ency first from the periphery and then proceeding 
inward (figure 14). The complete transformation, ob- 
served with magnification using direct transmitted 
light, took approximately 35 minutes. We also observed 
bubbles rising from the surface, probably air driven out 
of the voids between the silica as these were filled with 
water. As the water was absorbed, the distinctive “chick- 
en wire” structure of the synthetic opal also became 
more apparent. 

When removed from the water, the hydrated cab- 
ochon appeared slightly more transparent and less 
“white” in body color than before it was immersed. The 
play-of-color was also more pronounced. We dehydrated 
the stone in the well of a binocular microscope, using the 
heat of the incandescent bulb. This returned the syn- 
thetic opal to its original appearance. As one final 
observation, we noted that the cabochon sticks to the 
tongue, as does the porous, smoke-treated opal from 
Mexico. 


INSTRUMENTATION 
AND NEW TECHNIQUES Ma 


Distinguishing diffusion treatment from surface coat- 
ing. Diffusion treatment and colored surface coating are 
two distinctly different types of gemstone enhance- 
ment. Unfortunately, some confusion exists because 
ambiguous wording is sometimes used to describe the 
former (e.g., reference to “heat diffused coating of blue 


Figure 14, The peripheral areas of this 6-mm 
porous Gilson synthetic opal have absorbed 
water while the lighter central area has not. 
Note also the air bubbles escaping from the 
surface. Photo by William Videto. 
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sapphire” in ICA Early Warning Laboratory Alert No. 
45). Such confusion may be compounded by the fact that 
there can be superficial similarities between the two 
treatments, such as uneven facet-to-facet coloration and 
a dark color outlining some facet junctions. 

In diffusion treatment, high temperatures are used 
to literally “cook” chromophores into the gem’s crystal 
lattice, The mechanism that produces the blue color in, 
for example, blue diffusion-treated sapphires, is the same 
as that which produces blue in natural untreated (as well 
as heat-treated and synthetic} blue sapphires. Because it 
is the same mechanism, the pleochroism of blue diffu- 
sion-treated sapphires is essentially the same as that of 
natural or synthetic blue sapphires of comparable hue 
and depth of color. 

Colored surface coatings, on the other hand, are just 
that: substances that are applied over the surface of the 
gem rather than incorporated into its structure. Those 
colored surface coatings we have examined to date— 
including Aqua Aura treated quartz and topaz (see the 
Fall 1990 Gem News section) — are isotropic substances, 
which have no effect on the stone’s pleochroism. 

In our experience, the presence or absence of 
pleochroism is a useful test to separate diffusion treat- 
ment from surface coating in anisotropic materials. 


aoe 

New setting method challenges diamond testers. Gem- 
ologists are well aware of the limitations that mountings 
can impose in gem identification. For example, specific 
gravity cannot be determined on mounted stones, prongs 
and other metalwork may obscure diagnostic inclusions, 
and modified lighting techniques may be required when 
attempting examination with a spectroscope. 

Recently, Robert Crowningshield, of the GIA Gem 
Trade Laboratory, brought to our attention a problem 
with using thermal conductivity meters (“diamond 
testers”) on very small diamonds set by an ingenious new 
method. The setting method, introduced by Claar 
Brothers, of New York, holds full-cut diamonds of about 
0.01 ct by embedding them up to approximately one-half 
the crown area in a transparent, colorless, carbon-based 
polymer (figure 15}, The setting method has been dubbed 
Carbolokd, with the set pieces called Carbolokd Dia- 
mond Jewelry. 

Because the setting style has such a novel appear- 
ance, it would not be unexpected for some jewelers to 
suspect the identity of the set stones. And the first line of 
defense for most would probably be a diamond tester. 
Unfortunately, all such instruments have a lower size 
limitation on the stones they can effectively test; with 
many instruments, this lower limit is around 0.02 ct. 

Some instruments, such as those produced by Pre- 
sidium Diamond, include a small metal block with wells 
for testing small, loose stones down to 0.02 ct.; dia- 
monds even this small generally read accurately as 
“diamond” when so tested unmounted or when they are 
set in traditional metal settings. Recent examination of 
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Figure 15. The diamonds in this pendant are 
mounted in a transparent colorless carbon- 
based polymer. The X-radiograph clearly shows 
the distinctive X-ray transparency of the 
diamonds. Pendant courtesy of Claar Brothers; 
photo by Nick DelRe. X-radiograph by Robert 
Crowningshield. 


such small diamonds set in Carbolokd Jewelry, however, 
shows that they give readings short of the “diamond” 
indication {although considerably higher than the read- 
ings characteristically given by CZ]. 

It is important that gemologists keep this in mind 
when attempting to use diamond testers on stones set 
with this new style, and they should depend more on 
examination with magnification to help correctly iden- 
tify the stones. Two important features are characteris- 
tic inclusions and the precision of cutting on even very 
small diamonds [virtually impossible with simulants 
this size}. In addition, since the Carbolokd Diamond 
Jewelry employs many stones in each piece, a certain 
percentage of them will undoubtedly fluoresce blue to 
long-wave U.V. radiation, the most typical reaction of 
diamond; CZ, the most common simulant these days, 
tends to fluoresce a uniform orange. Another method 
that can be used, albeit not available to most jewelers, is 
X-ray transparency. The X-radiograph of the pendant in 
the inset in figure 15 clearly shows the diamonds’ 
distinctively high degree of X-ray transparency. 


Jewelry imaging/teleconferencing system introduced. A 
high-resolution color imaging and teleconferencing sys- 
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tem that allows jewelers to store and transmit photo- 
graphic images of gemstones and jewelry pieces (figure 
16) has been developed by Card ‘N’ Tag Systems of 
Benicia, California. 

The company reports that their system, designed for 
use in promotions, special orders, electronic catalogs, 
inventories, customer profiles, repairs and appraisals, 
uses image compression to solve the problem of color 
graphic file storage and transmission. Normal color 
graphics files require more than one megabyte of com- 
puter memory, impractical for teleconferencing or most 
other personal computer applications. The imaging sys- 
tem compresses images by more than 95%, allowing the 
transmission of full-screen jewelry images in under one 
minute. The software may be combined with other 


Figure 16. This computer-generated 
image of a gem-set watch was 
produced on an imaging system 
developed by Card ‘N’ Tag Systems. 


programs, and images may be combined with text for a 
point-of-purchase display. 


Tweezer improvement. After reading the Gems & Gem- 
ology article on diamond grit-impregnated tweezers 
(Summer 1990), Standwood S. Schmidt, a physician from 
Eureka, California, sent the Gem News editors a sample 
of 3M Microfoam Surgical Tape to examine. Dr. Schmidt 
uses this soft tape to “coat” the working surfaces of 
ordinary tweezers, thereby improving their gripping 
capacity while eliminating any danger of damaging even 
very small stones, The tape, which has one adhesive side 
{the other is soft and pliable}, is easy to apply to the 
tweezers. The excess is simply trimmed away with a pair 
of scissors or a sharp knife blade. 


ANNOUNCEMENTS [Gili > S232 Se ee ee eee 


The Tucson Gem and Mineral Show will be held Febru- 
ary 12-16, 1992, at the Tucson Convention Center. The 
featured mineral for the show is nyromorphite. For more 
information, contact the Tucson Gem and Mineral 
Society, RO. Box 42543, Tucson, AZ 85733. Note that 
this year in Tucson a PGA Golf Tournament will be held 
February 10-16. Early room reservations are encour- 
aged. 

The American Gem Trade Association Gem Fair 
will be held in Tucson February 8-13 at the Convention 
Center. AGTA will announce the winners of the Spec- 
trum Awards (a jewelry contest aimed at the effective 
use of colored stones) at that time. For information, 
contact AGTA at the World Trade Center #181, P.O. Box 
581043, Dallas, TX 75258; (214) 742-4367. 

The Gemological Institute of America will present 
various lectures and seminars in Tucson, February 8-13 
at the Convention Center. For information, call (800) 
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421-7250 or (310) 829-2991, ext. 227, or write the GIA 
Registrar, RO. Box 2110, Santa Monica, CA 90407. 


American Craft Association joins fight against design 
knock-offs. The newly formed American Craft Associa- 
tion has joined The Design Coalition in its fight to pass 
legislation to discourage copying of original and distinc- 
tive U.S, designs. The proposed bill, H.R. 1790, would 
give copyright-like protection to original, distinctive, 
and discretionary designs of useful articles. Its goals are 
to help preserve the creative integrity of original work of 
designers and help protect their livelihood. 

The American Craft Association is a Washington, 
D.C.-based trade association representing the American 
Craft Council’s 26,000 members. The Design Coalition 
is composed of more than 40 manufacturers, trade 
associations, labor unions, and designers working to 
strengthen U.S. design protection. 
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A Simple Procedure to Separate Natural from 
Synthetic Amethyst on the Basis of Twinning 
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“PERFECT” Challengers 


Hees of readers participated in the fifth annual Gems & Gemology Challenge (see 
the Spring 1991 issue}. As part of the GIA Continuing Education program, the 
Challenge was created to strengthen the professional jeweler-gemologist’s scholarship in this 
ever-changing field. Those with a score of 75% or better received a GIA Continuing 
Education Certificate. We are especially proud to list below those respondents who received 
a perfect score {100%). Congratulations! 


Virginia Lee Adams, Pinellas Park, FL; Sue M. Angevine, DeLand, FL; T. J. Arendsen, Lansing, MI; — Linda 
Anne Bateley, Kent, England; Howard W. Beardsley, Naples, FL; Rebecca Ann Bell, Joshua Tree, CA; 
Christine Blankenship, N. Royalton, OH; Rudi M. Boskovic, Armidale, N.S.W, Australia; Carol Grobe Buck, 
Indianapolis, IN; Lisa Burbach, Manitowoc, WI; Almir Rodrigues Cardoso, Kaohsiung, Taiwan; Kim 
Ching Huo Chang, Taipei, Taiwan; Veronica Clark-Hudson, Santa Monica, CA; Margaret T. Clerkin, La Jolla, 
CA; Ann Coderko, Muscatine, IA; Bruno Cupillaro, Beroucan, France; Roger Davidson, Cooperstown, 
NY; Robin M. Dinnes, Franklin, NC; Christophe DuBois, Cannes, France; Jean-Davis Duroc-Danner, 
Geneva, Switzerland; Richard W. Edwards, Kettering, OH; Edward J, Feldman, Jacksonville, FL; 

Beth I. Fleitman, Milton, MA; Shirley A. Forster, Gresham, OR; Betty Lu Frost, Lonngmont, CO; John 
Fuhrbach, Amarillo, TX; Amaya Garin, Madrid, Spain; Wayne M. Gilcrease, Santa Monica, CA; Kim 
Donna Gilling, Harare, Zimbabwe; Robert Gingras, Bristol, CT; Louis J. Ginsberg, Damascus, MD, Sheila 
Goetz, Tucson, AZ; Cynthia L. Goodwin, Manchester, NH; Anthony De Goutiére, Victoria, B.C., Canada; 
Manoj B. Gupta, Bombay, India; Sinikka Hagberg, Cairns, Australia, J. L. Harding, London, England; 
April D. Hartner, Gresham, OR; Donna Hawrelko, W. Vancouver, B.C., Canada; Hayo W. Heckman, The 
Hague, Netherlands; Franklin Herman, Des Moines, IA; Mary Hicks, Humble, TX; Jacqueline C. Hines, 
Raleigh, NC; Robert P Hord, Laguna Park, TX; Myron A. Huebler, Rio Rancho, NM; Michael E Huegi , 
Berne, Switzerland; William Iwan, Jacksonville, FL; Toni Lisa Johnson, Fort Worth, TX; Theresa A. 
Jones, Centerville, OH; Chow Ka-Keung, Kowloon, Hong Kong; Mark Kaufman, San Diego, CA; David A. 
Keith, Armidale, N.S.W, Australia; Jeff Ketay, Peoria, IL; Carroll J. Kiefer, Jr, Tomball, TX; Dennis G. King, 
Savannah, GA; Goran Kniewald, Zagreb, Yugoslavia; Mark S. Kochevar, Klamath Falls, OR; Wiraman 
Kurniawan, Medan, Indonesia; David M. Larcher, Sutton Coldfield, England; Thomas Larsson, Jarfalla, 
Sweden; Bert J. Last, Sydney, N.S.W, Australia; William A. Lavender, Pelham, AL; Karen Levian, Timonium, 
MD; David R. Lindsay, Bobcaygeon, Ont., Canada; Anthony Lore, Whitestone, NY; Linda Luz, San 
Francisco, CA; Michael C. McCoy, Reno, NV; Sandra MacKenzie-Graham, Burlingame, CA; Arby G. 
Magill II, Santa Monica, CA; Ronald A. Maher, Armidale, N.S.W, Australia; James S. Markides, Sumter, SC; 
Leona Claire Marsh, Harare, Zimbabwe; Lesley Faye Marsh, Harare, Zimbabwe, D, Elizabeth Martin, 
Johnson City, TN; Warner J. May, Ozark, AL; Grenville Millington, Birmingham, England; Yehya Sabet 
Morsy, Alexandria, Egypt; Francisco Muller Bastos, Belo Horizonte, Brazil; Daniel Octeau, Montreal, 
Que., Canada; Barbara A. Odell, Brentwood, TN; J. Andrew Ontko, Jr, Oklahoma City, OK; Fabrizio 
Paccara, Terni, Italy; Linda Partney, Marathon, FL; Roberta Peach, Calgary, Al., Canada; Mateo Perez-Garcia, 
Malaga, Spain; Vincent Peters, Namur, Belgium; Jon C. Phillips, Vancouver, B.C., Canada; Patrick W. Planas, 
San Antonio, TX; Ron Plessis, Aldergrove, B.C., Canada; Sylvia Ramsey, Chicago, IL; Ronald Redding, 
Pelham, AL; Carmen Rivet, St. Lambert, Que., Canada; Suzanne Rizzo, Cocoa Beach, FL; Deanna Lynn 
Rogers, Dayton, OH; Donald G. Rosenstiel, Mobile, AL; A. Samsavar, Seattle, WA; Jack Schatzley, 
Toledo, OH; Carole Devor Scott, Herndon, VA; Glenn Shaffer, Julian, CA; Alan R. Sheidler, Toledo, OH; 
Carolyn Sherman, Dallas, TX; Darlene Louise Simpson, Margate, FL; Ben H. Smith, Jr., Wilmington, NC; 
Peter R. Stadelmeier, Levittown, PA; Diana L. Stanley, Grand Island, NE; Judith Steinberg, Santa Monica, 
CA; John Stennett, Temple, TX; Cyrille Sureau, Montreal, Que., Canada; Michael A. Tessiero, Fort 
Johnson, NY; Donald . Tomace, Union, NJ; Alex Tourubaroff, Westminster, CA; Blair P Tredwell, Advance, 
NC; Petri Tuovinen, Kouvola, Finland; Belinda Turner, Tyler, TX; E. Th. van Velzen, Rotterdam, 
Netherlands; Sue Vastalo, Bolingbrook, IL; Gal Vered, Okinawa, Japan; Bruce S, Vick, Belleville, IL; 

Donald E. Watson, Wailuku, HI; Nean Wilson, East Luthian, Scotland; Kelly Wiseman, Laramie, WY; Amy 
Wolfe-VanCleave, Wall, TX; Robert C. Wyatt, Sr, Mesa, AZ; Shelley Zamborelli, Laguna, CA; Monique 
Zander, Sao Paulo, Brazil; Urs Zwyssig, Bangkok, Thailand 


Answers (see pp. 59 and 60 of the Spring 1991 issue for the questions): (I} A, {2} C, (3) B, (4} C, {5} C, (6) B or 
C, {7} D, (8) C, (9) B, (10) A, (11) C, (12) D, (13) A, (14) B, (15] C, (16) D, (17} C, (18} A, (19} D, (20) D, (21) A, 
(22) B, {23} D, (24) B, (25) B. 
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BOOK 


ELISE B. MISIORWSKI AND LORETTA LOEB, EDITORS 


GEMOLOGY 
2nd Edition 


By Cornelius S, Hurlbut and Robert 
C. Kammerling, 337 pp, illus., publ. 
by John Wiley & Sons, New York, 
1991, US$58.00* 


It has been 12 years since the first 
edition of this well-known book 
{then with George S. Switzer as sec- 
ond author} appeared, In the interim, 
there have been many major ad- 
vances and developments in gemol- 
ogy. This second edition (co-authored 
by GIA’s Robert C. Kammerling] has 
successfully met the challenge of 
being a detailed and up-to-date gem- 
ological text. 

Those familiar with the first edi- 
tion will find few changes in the 
second with respect to the funda- 
mentals of crystallography, crystal 
chemistry, and optical properties, ex- 
cept for improvements in presenta- 
tion (e.g., an illustration to assist in 
understanding the spot method}. 
Likewise, the section devoted to “de- 
scriptive gemology” {approximately 
one-third of the book} is very similar 
to what was present in the first edi- 
tion. It has been updated where indi- 
vidual gemstones are discussed in 
alphabetical order, however, to in- 
clude new gem materials such as 
sugilite. 

The chapters on new advances 
and developments in the fields of 
enhancements and their detection, 
synthetics, and simulants, which 
dominated gemology in the 1980s, 
have received the greatest attention 
in this revision. Most of these chap- 
ters have been greatly expanded, and 
some have been completely rewrit- 
ten. It is notable that “Gemstone 
Enhancements” has been given chap- 
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ter status in this new edition in 
recognition of its importance. The 
color plate section {16 pages with a 
total of 147 photographs} has been 
completely reworked, and is a collec- 
tion of excellent photographs that 
illustrate a wide variety of charac- 
teristics (inclusions, phenomena, 
etc.) for both natural and synthetic 
gem materials. Regrettably, many of 
the black-and-white illustrations 
that accompany the text have been 
reproduced poorly and are a blemish 
on an otherwise fine production. 

Overall, this second edition of 
Gemology is a welcome addition to 
the gemological literature. Its ap- 
proximately 100-page expansion 
over the first edition is almost en- 
tirely in areas considered gemologi- 
cal (e.g., enhancements, synthetics}, 
compared to the mineralogic funda- 
mentals and descriptive gemology. 
The book deservedly will continue to 
enjoy its reputation as one of the 
premier texts in gemology. 


ALFRED A. LEVINSON 
University of Calgary 
Calgary, Alberta, Canada 


GEMSTONES OF 
PAKISTAN — 
GEOLOGY AND 
GEMMOLOGY 


By Ali H. Kazmi and Michael 
O'Donoghue, 146 pp,, tlus., publ. by 
Gemstone Corporation of Pakistan, 
Karachi, Pakistan, 1990, US$24.95* 


A long-awaited description of gem 
materials and gem deposits of 
Pakistan, Gemstones of Pakistan not 
only examines the interrelationship 
between geologic environment and 
gem type, but it also describes the 
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characteristics of each gem material 
in detail and serves as the single 
definitive source of information on 
all known Pakistani gems, 

This is concisely and expertly 
achieved in 146 pages, which include 
72. color photographs of gemstones, 
gem deposits, and beautiful high- 
mountain scenery; 24 line drawings, 
including 13 maps and nine cross- 
sections; and 19 tables that summa- 
rize various gemstone characteris- 
tics. The remarkable list of Pakistani 
gem materials includes emerald, ves- 
uvianite, rodingite, ruby, spinel, par- 
gasite, epidote, actinolite, aqua- 
marine, tourmaline, garnet, topaz, 
moonstone, quartz, Zircon, rutile, 
azurite, agate, hessonite garnet, tur- 
quoise, and tsavolite (tsavorite). 

The reader is first prepared for 
the discussion of Pakistani deposits 
by a description of the important 
characteristics of minerals, includ- 
ing crystal classes, color, chemistry 
as it affects color, hardness, specific 
gravity, fluorescence, and the ways to 
evaluate these characteristics for 
gemstone identification. Additional 
background on Pakistani gem de- 
posits is provided by a chapter on the 
geology of Pakistan. Using a geologic 
framework, the authors subdivide 
the gem deposits of Pakistan into five 
groups: Indus suture associated, Ka- 
rakoram suture associated, peg- 
matite associated, gemstones in hy- 
drothermal veins, and a miscella- 
neous group for the less easily classi- 
fied deposits. The origin of most 
Pakistani gems can be clearly traced 


*This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. Telephone; 
(800) 421-7250, ext. 282. 
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to geologic processes that relate to 
plate tectonics, and the awe-inspir- 
ing Himalaya Mountains are a vir- 
tual geologic showcase that displays 
the effects of these processes as well 
as the beautiful gemstones them- 
selves. The last two sections of the 
book are devoted to mineral speci- 
mens and marketing, and are very 
useful. 

The book was printed by Elite 
Publishers in Karachi for the Gem- 
stone Corporation of Pakistan 
(GEMCP), printing is of good quality 
and color reproduction is excellent. 
The price is indeed a bargain for a 
hard-cover book printed in color. 

Iam pleased to see another book 
of this type added to the world litera- 
ture on gem deposits. As more is 
learned about the geologic control of 
gemstones, this knowledge adds to 
the beauty and enchantment of these 
exquisite minerals. The readers of 
Gems #@ Gemology are well served 
by this nice addition to the literature. 


LAWRENCE W. SNEE 


U.S. Geological Survey 
Denver, CO 


GEMS, GRANITES, 

AND GRAVELS, 

Knowing and Using 

Rocks and Minerals 

By Richard V, Dietrich and Brian ]. 
Skinner, 173 pp., illus., publ. by 


Cambridge University Press, New 
York, NY, 1990. US$24.95* 


Gems, Granites, and Gravels was 
written by two prominent geologists 
to introduce the public to minerals 
and mineralogy and to their impact 
on the lives of the average citizen. 
The rationale for writing such a book 
makes good sense in that, as the 
authors point out, the average person 
uses 10 metric tons of minerals each 
year directly or indirectly. 

The content of Gems, Granites, 
and Gravels is not forbidding in any 
sense, but it is designed to point out 
the manifold contacts that we have 
in our daily lives with various min- 
erals and rocks. There is an overview 
on the mineral world and chapters on 
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crystals, mineral chemistry, and 
rocks, plus such unglamorous mate- 
rials as soils, dusts, and muds. Eco- 
nomically important subjects such 
as ores, ore minerals and building 
materials are also explored, as are 
some of the other effects that rocks 
and minerals have on our well-being. 
Gems are mentioned, but only 
briefly, which was somewhat surpris- 
ing given their prominence in the 
title. 

The authors use a lighthearted 
approach to their subject matter, per- 
haps best illustrated in the section 
under the heading “The Naming of 
Minerals.” A number of illustrations 
are given for how minerals are 
named, such as aragonite for the 
Aragon Province in Spain, roos- 
eveltite for Franklin Delano Roos- 
evelt, and at one point: “There is even 
a skinnerite, which is named after 
Brian J. Skinner (one of the authors} as 
well as a dietrichite which is not 
named for R. V. Dietrich but for G. 
W. Dietrich, the 19th century Bohe- 
mian chemist who first analyzed the 
mineral. {In any case these two 
names seem appropriate —skinnerite 
is an ore mineral, and dietrichite is a 
vitriolic efflorescence.])” 

Gems, Granites, and Gravels 
provides an excellent introduction 
for the layperson to the world of 
minerals. 


RICHARD T. LIDDICOAT 


Chairman of the Board, GIA 
Santa Monica, CA 


CRYSTALS 


By lan F Mercer, 60 pp,, illus., publ. 
by the Harvard University Press, 
Cambridge, MA, 1990. US$9.95* 


I was given this excellent little book 
to review while trying to find a text 
or two on crystals and crystal growth 
that my 11-year old daughter could 
use for a school mathematics project 
on the geometry of crystal forms. 
Crystals, by lan FE. Mercer, proved to 
be the type of introductory book she 
needed. That’s not to say that this 
book is only for children. It is so 
beautifully illustrated and enjoyable 
to read that, even if you are not 
specifically interested in crystal- 


lography, mineralogy, or any of the 
related sciences, it is still hard to put 
down without at least leafing 
through and reading the figure cap- 
tions. 

This well-organized book is di- 
vided into three main sections. The 
first, titled “The Inside Story,” ad- 
dresses crystal form, structure, sym- 
metry, and classification into crystal 
systems. Minerals, gem-quality crys- 
tals, crystalline perfection, and the 
micro-world of crystals are also in- 
troduced. 

In the second section, “See How 
They Grow,” the geologic formation 
of mineral crystals is illustrated with 
a line drawing that shows where 
various minerals may form in a 
cross-section of the earth’s crust and 
upper mantle. Visual evidence of 
crystal growth in nature is presented 
by a series of color photos that illus- 
trate “ghosts” (phantoms}, color zon- 
ing, solution or etch pits, growth 
marks, and inclusions. This section 
also contains detailed instructions 
on how to grow your own crystals at 
home by vapor or from water solu- 
tion. 

The last section, “Crystals and 
You,” introduces the reader to the 
various means used to study crystals, 
such as polarized light, X-ray diffrac- 
tion, and light refraction. Two partic- 
ularly interesting photos show the 
double image of a sewing needle 
when viewed through calcite and a 
brass contact goniometer being used 
to measure the interfacial angles of a 
crystal, The book concludes with 
condensed sections on collections, 
the growth of synthetics, crystal lore, 
crystal technology, and crystal 
wonders (including a photo of a baby 
sitting in an amethyst geode for size 
reference), Crystal facts and figures, 
an index, and a list of titles suggested 
for additional reading are also pre- 
sent. 

This is an excellent book to in- 
troduce someone, regardless of age, 
to the beauty of the crystal world 
around us. 


JOHN I. KOIVULA 


Chief Gemologist, GIA 
Santa Monica, CA 
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COLORED STONES AND 
ORGANIC, MATERIALS 


Baotite—A new gemstone in Baiyun Ebo, Inner Mon- 
golia. Sun Weijun and Yang Ziyuen, Abstracts of 
the 15th General Meeting of the International 
Mineralogical Association, June 28—July 3, 1990, 
Beijing, China, pp. 688-689. 

Baotite is a brownish black to black translucent mineral 

with a semi-metallic luster and a Mohs hardness of 6 

that could potentially be used as a gem material. It is 

newly discovered from the Baiyun Ebo rare earth—iron 
ore deposit in Inner Mongolia. Its chemical composition 
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are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that we 
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is Ba,(Ti,Nb,Fe)gO,6(Si,O12} Cl. A brief description of 
the occurrence of baotite is presented, although no 
information is included on its abundance. JES 


Emeralds from Colombia (Part 2). G. Bosshart, Journal of 
Gemmology, Vol. 22, No. 7, 1991, pp. 409-425. 


Part 2 of this trilogy on Colombian emeralds includes a 
review of crystal size and morphology, chemical compo- 
sition, causes of color, physical and optical properties, 
and microscopic features. It is interesting to note that 
the author, contrary to one commonly held notion in 
Europe, acknowledges emeralds colored largely by van- 
adium. Colombian emeralds, with an average Cr:V ratio 
of 3:1, fall in the middle of the range of chromophore 
composition for emeralds in general. Iron content of 
Colombian emeralds is relatively low, and other possible 
chromophores are absent or insignificantly low. Optical 
absorption spectra, illustrated by unretouched spec- 
trophotometer curves, are related to the chemical causes 
of color and to the renowned fine color of Colombian 
emeralds. 

The discussion of microscopic features that con- 
cludes this article covers fluid inclusions, mineral inclu- 
sions, internal growth characteristics, and color zoning. 
Three pages of color photomicrographs illustrate the 
features discussed. 

Ifound part 1 of Mr. Bosshart’s three-part series to be 
commendable and readable, and I have not been disap- 
pointed by part 2. Moreover, the discussion in part 2 
provides information on emeralds other than those of 
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Colombia, making the article of even broader interest 
and gemological value. It was, however, mildly frustrat- 
ing not to have the bibliography printed with the article 
in hand (an editor’s note advises that the full bibliogra- 
phy was published with part 1]. CMS 


An examination of chrysoprase from Goias, Brazil. R. C. 
Kammerling, J. I. Koivula, and E. Fritsch, Austra- 
lian Gemmologist, Vol. 17, No. 8, 1990, pp. 
313-315. 


The authors studied specimens of chrysoprase that were 
reported to have originated in a galena mine near 
Niquelandia, Goids, Brazil. The gemological properties 
were found to be consistent with those previously 
reported for chrysoprase chalcedony. X-ray fluorescence 
spectroscopy revealed that silicon and nickel were the 
only elements present in significant amounts, Compari- 
son of these samples with Australian chrysoprase indi- 
cated that features are similar except for the intense 
absorption in the Australian material, which correlates 
with its more saturated color. 

Although the authors have observed that chrys- 
oprase is typically inert to U.V. radiation, the Brazilian 
material fluoresced a moderate greenish blue to long- 
wave U.V, with a weaker reaction to short-wave U.V, 
There was no phosphorescence to either wavelength. 

Maha Smith 


Fossil mammoth ivory: A new choice for jewelers. R. 
Weldon, Jewelers’ Circular-Keystone, Vol. 162, No. 
8, August 1991, pp. 154-156. 


Since the U.S. banned the import of elephant ivory in 
1989, fossilized mammoth ivory has become a favored — 
and legal—alternative. The permafrosts of Alaska and 
the Soviet Union are sources for this ivory, which is 
thought to have lain preserved for 20,000 to 40,000 years. 

This type of ivory has been used by the Athabascan 
Indians, Eskimos, and other Alaskans for thousands of 
years. According to Al Allen of Alaska Jade and Ivory 
Works, Soldotna, Alaska, 20,000 Indians currently make 
a living from fossilized ivory. 

Depending on the minerals absorbed, fossilized 
ivory can occur in different colors: It has been found in 
dark blue, black, brown, and green, as well as in various 
shades of cream, Besides strength of color, the best way 
to distinguish between fossilized ivory and modern 
elephant ivory is from the engine-turn effect: The 
V-shaped crossing of lines in fossilized specimens forms 
acute angles of 90°, versus the angles of 120° or more 
seen in modern elephant ivory. 

Other animal ivories and products exist such as 
walrus, narwhal, animal bone, horn, antlers, and chem- 
ically treated coral. For those uncomfortable about 
wearing ivory of any kind, doum palm, orozo nuts, and 
even plastic are available. KBS 
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Gemmology Study Club Lab Reports. G. Brown, S. M. B. 
Kelly, R. Beattie, and H. Bracewell, Australian 
Gemmologist, Vol. 17, No. 8, 1990, pp. 325-332. 


This series of brief reports covers a number of interesting 
gem materials. First described is a 1.12-ct crystal frag- 
ment from central Queensland that consists of a ruby 
core surrounded by hexagonally banded grayish blue to 
bluish to purplish sapphire. Next covered is gem-quality 
stichtite, a rare, chromium-containing mineral from 
northwest Tasmania. 

The next, and longest, of the entries covers a suite of 
jewelry set with emerald-cut stones that resemble “pad- 
paradscha” sapphires. According to the investigators, 
these stones were actually flame-fusion synthetic yel- 
low sapphires “coated by a thin layer of surface diffused 
synthetic ruby.” It is interesting to note that the owner of 
the jewelry had purchased it in Kashmir. 

This is followed by an entry on two glass imitations, 
the first resembling aquamarine and the second com- 
posed of a photosensitive glass that changes from color- 
less to dark brown after a 15-second exposure to a 150- 
watt incandescent bulb. 

Also covered are green beryls from Harry’s Mine 
near Torrington, New South Wales (with a good descrip- 
tion of their gemology and inclusions}; an aventurescent 
quartz that reportedly originated from a site near In- 
verell, New South Wales, and resembles aventurescent 
feldspar; and pit glass from Sri Lanka. RCK 
Editor’s Note: Diffusion treatment actually diffuses a 
layer of color into the stone and is not a coating per Se. 
However, recutting can remove the color. 


Gemmological study on Eonyang amethyst from Korea. 
Won-Sa Kim, Abstracts of the 15th General Meet- 
ing of the International Mineralogical Associa- 
tion, June 28—July 3, 1990, Beijing, China, pp. 
678-679. 

Amethyst that occurs in geodes is found in the Eonyang 

Granite near the southern part of the Korean peninsula. 

The amethyst develops as an epitaxial overgrowth on 

earlier-formed smoky or colorless quartz. Fe, Mg, Ca, 

and Cu occur as trace elements in the amethyst in 
quantities up to 6 ppm. Various solid inclusions (hema- 
tite and perthite feldspar) and fluid inclusions (both 
liquid and gaseous} that occur in the amethyst were 
studied by several analytic methods to reveal the condi- 
tions of amethyst formation. JES 


On the genesis of charoite rocks. N. V. Vladykin, 
Abstracts of the 15th General Meeting of the 
International Mineralogical Association, June 
28-July 3, 1990, Beijing, China, pp. 689-690. 

The geologic occurrence of this ornamental gem mate- 

rial in the Soviet Union appears to be unique. Charoite is 

found in the Murun massif, a large body of layered 
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ultrapotassic-alkali rocks that have been age dated at 
120-160 million years, A number of unusual rock types 
are represented in this layered sequence, among which is 
charoite. These unusual rocks are thought to have 
crystallized from an ultrapotassic lamproite magma. 
Inferences are presented on the temperatures and other 
conditions of crystallization. JES 


Mineral associations of corundum-bearing marbles and 
the problem of ruby genesis. S. I. Konovalenko, 
Abstracts of the 15th General Meeting of the 
International Mineralogical Association, June 
28—July 3, 1990, Beijing, China, pp. 679-680. 

Most high-quality rubies are found in primary and 

secondary deposits associated with corundum-bearing 

calcite marbles. Much of the world’s production comes 
from a series of deposits that occur along the Alpine- 

Himalaya fold belt that stretches from Afghanistan and 

the Hindu Kush in the west along the Himalayas into 

portions of Southeast Asia. Experimental data and the 
presence of certain mineral inclusions (such as phlo- 
gopite, feldspar, etc.) suggest that rubies are formed 
during the metamorphism of carbonate rocks under 
high-grade conditions {epidote-amphibolite or amphib- 
olite facies]. Ruby formation also involves recrystalliza- 
tion during which structural defects and inclusions are 
often removed from the growing crystal. JES 


Perestroika gems-—natural & not. R. Weldon, Jewelers’ 
Circular-Keystone, Vol. 162, No. 8, August 1991, 
pp. 142-145. 
The Soviet Union has long been known for its natural 
gem materials—among them Siberian diamonds, emer- 
alds from the Ukraine, spinels from the Pamir Moun- 
tains, and demantoids from the Urals. Today, the Soviet 
Union is making inroads in the production of synthetic 
gems, including synthetic diamonds, synthetic mal- 
achite, flux synthetic spinel, “pearl” cubic zirconia, and 
hydrothermal quartz. This article gives a concise report 
on the past and present situation of the Soviet Union’s 
production of natural and synthetic gems. It is a must- 
read for anyone interested in Soviet economics and how 
they affect the gem industry in the Soviet Union. The 
article is accompanied by nine photos of various 
USSR-produced gems. KBS 


A rare baler shell pearl. G. Brown and S. M. B. Kelly, 
Australian Gemmologist, Vol. 17, No. 8, 1990, pp. 
307-308. 

Baler shells are large, spiral-shaped univalves found in 

the shallow waters off Australia’s northern coasts, from 

Shark Bay in Western Australia to southeast Queens- 

land. This nicely illustrated Gemmology Study Club 

Report describes the authors’ examination of a rare, 

nonnacreous “pearl” that was recovered from a baler 
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shell dredged off the coast from Noosa, some 100 km 
north of Brisbane, Queensland. 

The authors preface their description of the “pearl” 
with a detailed description of the host shell, Melo 
amphora. The “pearl” itself weighs 68.97 ct, measures 
22.8 mm x 20.6 mm, and is slightly pinkish orange, 
nonnacreous, and slightly pointed on one end. It displays 
a distinctive “flame” pattern similar to that seen on so- 
called conch “pearls.” Magnification reveals that the 
smooth porcelaneous external surface is covered with a 
pattern of yellowish “flames” as well as small brown 
spots due to subsurface conchiolin accumulations. Gem- 
ological properties include an S.G, of 2.83, a spot R.1. of 
1.67, no reaction to both long- and short-wave U.V. 
radiation, and no identifying absorption spectrum. An 
X-radiograph revealed a concentric structure similar to 
that of Pinctada pearls. 

The authors conclude that this “calcareous concre- 
tion” is composed predominantly of aragonite. RCK 


Research on the mineralogy of the calcium chrome- 
garnet of gem grade at a district in Tibet. Yongxian 
Liu, Abstracts of the 15th General Meeting of the 
Internationa] Mineralogical Association, June 
28—July 3, 1990, Beijing, China, pp. 680-682. 
Small crystals of transparent uvarovite garnet have been 
found at a locality in Tibet. The gamet occurs as part of a 
skarn deposit at the contact of metamorphosed carbo- 
nate sediments (marble) and igneous rocks that are part 
of the Mesozoic-age Gangdise-Liangqing Tanggula fold 
belt. Two generations of garnet can be recognized and 
differ slightly in occurrence and geochemistry. Chemi- 
cal composition and other mineralogic data on this gem 
material are cited. JES 


Two strongly pleochroic chatoyant gems. R. C. Kammer- 
ling and J. I. Koivula, Journal of Gemmology, Vol. 
22, No. 7, 1991, pp. 395-398. 


Gemstones that are both chatoyant and pleochroic are 
relatively uncommon. In this note, the authors describe 
samples of two such gems: two cat’s-eye iolites (23.65 ct 
and 8.25 ct] and a 2.69-ct cat’s-eye tanzanite. Gemologi- 
cal properties for the stones described are typical for 
their respective gem varieties, with the exception of 
their phenomenal features. In the iolites, the chatoyancy 
was found to be caused by minute, whitish-appearing 
parallel fibers, The tanzanite’s chatoyancy was observed 
to be the result of parallel, whitish, light-reflecting 
channels. The authors note that, in both materials, 
cutting for the best optic effect resulted in poor face-up 
color, because the best pleochroic color was oriented to a 
different axis from that of the chatoyancy. This disparity 
between good color and chatoyancy, which is almost 
universal in pleochroic materials, is undoubtedly why 
more such stones are not cut. Six color photographs 
illustrate the note. CMS 
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DIAMONDS 


The Lewis and Clark diamond. J. C. Zeitner, Lapidary 
Journal, Vol. 45, No. 5, August 1991, pp. 79-88. 


This article provides some details of the July 1990 
discovery of a light yellow, transparent, 14-ct diamond 
along a road near Craig, Montana, by local “rockhound” 
Darlene Dennis. The stone was first identified by a local 
faceter; the identification was then confirmed by the 
owner of the Yogo Sapphire mine. According to the 
article, an additional large (8 ct) stone was allegedly 
recovered in late 1990 by another Craig resident. The 14- 
ct diamond was sold for $80,000 to New York gallery- 
owner Alexander Acevedo. The article includes a color 
photo of the stone, a discussion of the possible source 
and future prospects for diamonds from this area, and an 
insert on diamonds from the Great Lakes region of the 
US. WRV 


GEM LOCALITIES 


Gemstone [sic] of Malawi: Ruby, sapphire, pad- 
paradscha, and fancy corundums. O. Grubessi, 
Abstracts of the 15th General Meeting of the 
International Mineralogical Association, June 
28-July 3, 1990, Beijing, China, pp. 676-677. 

This abstract presents a brief summary of gemological 

data on various gem corundums from the Landanai 

region of Malawi. Chemical composition data (micro- 
probe} along with optical properties and features seen by 

microscope examination are described for ruby and a 

range of colors of sapphire. The author notes that, except 

for green corundum, R.I. and S.G. increase with iron 
enrichment and decreasing aluminum. Considerable 
data are provided in this brief note. JES 


INSTRUMENTS AND TECHNIQUES 


The inicroscopic determination of structural properties 
for the characterization of optical uniaxial natural 
and synthetic gemstones. Part 2: Examples for the 
applicability of structural features for the distinc- 
tion of natural emerald from flux-grown and hy- 
drothermally-grown synthetic emerald. L. Kiefert 
and K. Schmetzer, Journal of Gemmology, Vol. 22, 
No. 7, 1991, pp. 427-438. 

Using the techniques described in part 1 of this three- 

part series, the authors pursue their research into the 

distinction between natural and synthetic emeralds. The 
authors found that natural emeralds from metamorphic 
deposits usually do not have growth structures that can 
be used diagnostically. However, emeralds from deposits 
with lower temperatures of formation, including those 
from Colombia and Nigeria, reveal internal growth 
structures that are useful. These appear as striations 
parallel to the dominant growth planes. A variety of flux- 
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grown and hydrothermally grown synthetic emeralds 
were also examined and revealed certain differences in 
growth features from those of natural emeralds. Flux- 
grown synthetic emeralds, for example, were never 
observed to exhibit structure parallel to the pyramidal 
faces u, p, and s, while such structural features were 
observed in both Colombian and Nigerian samples. Also 
commonly noted in flux-grown synthetics is the zoning 
of residual flux parallel to dominant growth planes, a 
feature not found in natural emeralds. 

Hydrothermally grown synthetic emeralds revealed 
one dominant set of growth structures parallel to the 
orientation of the seed plate, forming an angle with the 
c-axis of 22°-40°—a characteristic never found in natu- 
ral emeralds. Accompanying the growth striations in 
hydrothermal synthetics are distinct color zoning and 
subgrain boundaries. 

The authors conclude that the structural charac- 
teristics they observed in natural and synthetic emer- 
alds cannot be used alone to determine the origin of a 
sample. However, they do constitute a valuable source of 
information that, in conjunction with other features, can 
decisively identify natural or synthetic origin. Thirty 
photomicrographs clearly illustrate the features dis- 
cussed in the text. CMS 


Presidium® DiaMeter— System Berger. T. Linton and G. 
Brown, Australian Gemmologist, Vol. 17, No. 8, 
1990, pp. 301-303. 

This Instrument Evaluation Committee report covers 

both the DiaMeter®—System Berger and Presidium’s 

Electronic Gemstone Gauge. The former is a specialized 

slide rule calculator used to estimate the weight of round 

brilliant—cut diamonds, calculate weight loss in recut- 
ting round brilliants, distinguish brilliant-cut diamonds 
from simulants of higher specific gravity, and identify 
poorly proportioned diamonds. The Gemstone Gauge is 
an electronic measuring device that resembles the con- 

ventional analog Leveridge gauge but uses instead a 

digital LCD read-out. 

The investigators used the two instruments to 
measure and then estimate the weights of 10 well-made 
round brilliants, ranging from 0.05 ct to 1.4 ct. The 
electronic gauge was found to be easy to use and accurate 
to within0.01 mm, while the DiaMeter® proved to be, on 
average, within 1% of the exact weights of the stones 
{compared to their actual weights as determined on an 
electronic balance). The DiaMeter® also proved to be 
successful in detecting deviations from “ideal make” in 
10 other round brilliants of moderate to poor make. No 
indication was given of what criteria were used for “ideal 
make.” 

The investigators conclude that these two instru- 
ments used together will speed weight and girdle diame- 
ter estimations, although accuracy is limited by how 
much the make of the stones varies from “ideal” 
proportions. RCK 
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Presidium® Diamond MiniMate™. T: Linton and G. 
Brown, Australian Gemmologist, Vol. 17, No. 8, 
1990, pp. 318-320. 


After reviewing the working principle behind this and 
similar instruments, the authors of this Instrument 
Evaluation Committee Report describe in detail the 
components and use of the Presidium® Diamond Mini- 
Mate®. 

On the basis of their evaluation, Messrs. Linton and 
Brown found the instrument to distinguish accurately 
both mounted and unmounted diamonds (either gem or 
industrial quality] from an extensive range of simulants. 
They also identify a number of critical precautions that 
must be observed when using the instrument. RCK 


JEWELRY MANUFACTURING ARTS 


The composition and structure of a Byzantine torc [sic]. 
M. Hockey, Jewellery Studies, Vol. 3, 1989, pp. 
33-39, 

In 1984, the British Museum received an early Byzantine 
gold torque that had passed through several collections 
and had been restored many times. At the time the 
museum received the neckpiece, both the original work 
and the restored areas were deteriorating badly. This 
article déscribes the original methods and materials 
used in making the torque, and documents the mu- 
seum’s restoration process in great detail. 

The torque, which is estimated to date from the 
sixth or seventh century A.D., is made of gold foil overa 
magnetite, sand, and glue filler; the whole length is 
threaded with a copper core wire attached to lion’s-head 
finials, The core wire itself had swollen from corrosion 
and was missing in places, and repairs to it had broken; 
gold foil had flaked off the body and filler had been lost. 

To restore the torque, sheathed copper dowling was 
soft-soldered to the remaining core wire; the missing 
filler was replaced with polyester resin, which also 
provided a base to which the gold foil was attached with 
adhesive. Areas missing the original gold were infilled 
with an easily removable adhesive-resin mixture and 
covered with gold leaf or gold-powder color. 

The author provides details of the composition of 
the various components, and of experiments she per- 
formed to determine the exact method of the torque’s 
assembly. She also describes the means of shaping, 
soldering, and burnishing its parts, it is readily apparent 
that the methods of manufacture were extremely sophis- 
ticated for their day. LES 


From Oroide to Platinageld: Imitation jewellery in the 
late nineteenth century. J. Rudoe, jewellery 
Studies, Vol. 3, 1989, pp. 49-71. 

In an exhaustive study, the author discusses the enor- 

mously popular costume jewelry of the late 1800s. The 

first part of the article deals with the many alloys used to 
imitate gold and silver, as reported in the trade press of 
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that period. The second part discusses the jewelry made 
by the firm N. C. Reading & Co., a major Birmingham, 
England, manufacturer, whose ledgers and sample 
boards from the period provided the author with docu- 
mentary evidence. 

The fanciful trade names used by 19th-century 
manufacturers make fascinating reading. Various com- 
binations of copper, aluminum, and zinc create “Abyssi- 
nian Gold,” “Oroide,” “Orissus Gold,” “Afghanistan 
Gold,” and “Crazy Gold.” This last prompted one writer 
to remark that perhaps the market would soon be 
subjected to “deranged electro-plate, delirious rolled 
plate, and slightly gone German silver.” 

In her discussion of N. C. Reading & Co., the author 
covers the trademarked alloys used by the company, as 
well as their registered designs, and offers many insights 
into the techniques of mass-manufacture in the late 
1800s. For example, watch-chain swivels for pocket 
watches were hand assembled from die-struck parts in a 
process that required 36 steps. 

It is interesting that the company, which specialized 
in chain, hired only women to make tts chains. Several of 
these women survived, eyesight intact, into the 
mid-20th century. It would have been extraordinary to 
have had their views on working conditions and the like. 

LES 


The golden age of designer jewelry. S. Menkes, Connois- 
seur, Vol. 220, No. 942, July 1990, pp. 48-53. 
Jewelry produced during the 1940s and ‘50s has a 
distinctive look that has been repopularized in the last 
several years. This article briefly describes the influ- 
ences that brought about the design style and, with 
broad strokes, paints a vivid picture of several important 
designers, their jewels, and the women who wore them 
(notably, the Duchess of Windsor). Among the designers 
mentioned are Cartier, Van Cleef and Arpels, Schlum- 
berger, Verdura, Belperron, and Boivin. The article con- 
cludes with a list of the major dealers in jewelry of this 
period worldwide. Photos of jewels appear throughout 
the article. EBM 


Medieval and Renaissance jewelry flowers at Christie’s, 
R. Shor, jewelers’ Circular-Keystone, Vol. 161, No. 
5, Heritage Section, May 1990, pp. 148-150. 
JCK’s senior editor gives a concise report on the Decem- 
ber 1989 sale in London of British artist Phyllis Bray 
Phillips’ important collection of Medieval and Renais- 
sance jewelry. Although this is not a catalog of the 80 
pieces offered at auction, several pieces are described and 
the characteristics that made them particularly signifi- 
cant are pointed out. The author also provides the 
hammer prices on those jewels he has singled out for 
discussion, and mentions the final offer ($108,000) on 
the only item that did not meet its reserve bid: a 14th- 
century rock crystal triptych of superior workmanship 
and rarity. Seven color photos augment the text. 
EBM 
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Metall in Bewegung (Metal in motion). R. Ludwig, Art 
Aurea, No. 2, 1991, pp. 55-60. 


Jewelry designer Birgit Laken has long been active in 
Holland's artistic avant-garde. Drawing her inspiration 
from the Haarlem shore, 18 km west of Amsterdam, she 
uses the ancient technique of mokumé gane to recreate 
the textures of the sea in gold, silver, and other metals. 

Mokumé was first developed in the late 17th cen- 
tury by Japanese armourers who used heat and pressure 
to weld several layers of metal into exceptionally re- 
silient swords for the samurai. This labor-intensive 
process has only been used in the West since the 1970s. 

The swirling patterns of mokumé are ideally suited 
to Birgit Laken’s artistic vision. Stark and impressionis- 
tic, her jewelry echoes the 17th-century work of painter 
Frans Hals, but has the timelessness and energy of the 
ocean itself, as can be seen in the five illustrations. This 
article is printed in both German and English. LES 


More than elegant, ravishing, and chic— Schlumberger. 
A. FE Collins, Connoisseur, Vol. 220, No. 942, July 
1990, pp. 54-55 and 105. 


Jewelry design underwent a transformation in the 1940s 
from the tailored, two-dimensional geometrics of the 
Art Deco period to the vigorous, three-dimensional 
shapes derived from nature that characterized one aspect 
of the “Retro” style. French designer Jean Schlumberger 
was at the forefront of this evolution, and his vibrant, 
distinctive jewels were trend setters among the interna- 
tional haute monde. In the mid-1950s, he was invited to 
join Tiffany & Co. as one of their designers, This proved 
to be a successful collaboration that continues to benefit 
Tiffany to the present day. Although Schlumberger died 
in 1987, Tiffany still produces jewels based on his 
“elaborate, chimerical designs.” 

The article traces Schlumberger’s career, touching 
on the factors that influenced his creative genius and 
mentioning many of his associates, particularly his 
partner Nicolas Bongard. Colorful descriptions for sev- 
eral pieces of his fantastical jewelry are presented in the 
text, making up for the paucity of illustrations. EBM 


Neillo [sic] jewellery in major renaissance. Bangkok 
Gems & Jewellery, Vol. 3, No. 12, July 1990, pp. 
34-41, 

Niello is a decorative technique for silver and, infre- 

quently, gold, wherein the metal is engraved with a 

design and the indented areas are filled witha black alloy 

to produce a contrast with the polished metal. This 
article discusses a recent revival of interest in Thai- 
produced niello items and expresses the concern that 
this craft is dying out. The text mentions the oldest 

nielloware company in Thailand, Thai Nakon R.O.P, 

and Simon Callai, an Italian artist who makes niello 

jewelry for Rose Tattoo Jewelry in Thailand, articles that 
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describe their work immediately follow this one in the 
issue. Historically, niellowork in Thailand is speculated 
to have come from Persia, although “its origin has yet to 
be found with definitive accuracy.” The technique of 
producing niello is described in equally vague terms, 
with “skill, patience, and precision” as qualities to be 
emphasized. Two examples of Thai nielloware illustrate 
this article, and niello items produced by Thai Nakon 
and by Callai are shown in the two articles that follow. 

EBM 


Schénheit ist eine Geschichte (Beauty is a story). G. 
Staal, Art Aurea, No. 2, 1991, pp. 72-77. 


Stories come in many forms and can be told through 
many media. The “Beauty Is a Story” exhibition in 
Belgium last spring showcased the work of 13 American 
and European artists who use jewelry to tell their stories. 
With such diverse materials as gold, pearls, gem 
crystals, bits of fabric, and tea leaves, these jewelers take 
us through their private landscapes. Sometimes obscure, 
sometimes eloquent, this jewelry is deeply personal: a 
meditation on the artists rather than the design. 
Although it is difficult to imagine that anyone but 
the designer would wear some of these pieces, several of 
which are illustrated, it is fascinating to see the conven- 
tions of jewelry design being challenged. This article is 
printed in both German and English. LES 


JEWELRY METALS 


A comparison of recent analyses of British Late Bronze 
Age goldwork with Irish parallels. D. R. Hook and 
S. P. Needham, Jewellery Studies, Vol. 3, 1989, pp. 
15-24, 


In trying to determine whether Britain had a goldwork- 
ing tradition separate from that of Ireland in the Late 
Bronze Age, the authors compared stylistic details with 
the chemical compositions of 31 British bracelets of the 
period. 

To determine the composition of these historic 
artifacts, the authors used X-ray fluorescence (XRF} 
testing because it is nondestructive. The XRF results 
were confirmed by data from hydrostatic weighing. This 
allowed the authors to correct for depletion gilding 
caused by the years of burial to which the bracelets had 
been subjected. Data for this correction were obtained by 
electron microscopy of one bracelet that had broken in 
antiquity. Calculated S.G.’s based on the corrected XRF 
results seemed close to the measured S.G.'s, but, unfor- 
tunately, no statistical analysis is presented. 

No systematic compositional differences were 
found to correlate with the stylistic differences seen 
between the two sets of bracelets. This article is of 
interest particularly for its combination of two testing 
methods. Meredith E. Mercer 
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SYNTHETICS AND SIMULANTS 


ESR spectrum of Australian synthetic Biron emerald. 
D. R. Hutton and G. J. Troup, Australian Gem- 
mologist, Vol. 17, No. 8, 1990, pp. 299-301. 


This report, originally presented at the Australian Bi- 
centennial Physics Conference in 1989, describes the 
use of electron spin resonance (ESR) spectra in the 
examination of various types of emeralds. 

First described is the use of this method to deter- 
mine the iron content of emeralds. Examination of a 
“known hydrothermal emerald” revealed an appreciable 
iron content. Similar examination of a “New Chatham” 
synthetic emerald revealed little iron present, while the 
ESR spectra of a Biron synthetic emerald also showed 
little iron present. 

The ESR spectra can also be interpreted to provide 
information on the perfection of an emerald’s lattice. 
Based on ESR spectra, the authors deduce that the Biron 
synthetic emerald has an extremely well-ordered lattice 
that approaches, if not reaches, laser quality. RCK 


Imitation chicken-blood stone. G. Brown, S. M. B. Kelly, 
C. Sutherland, and P. Callaway, Australian Gem- 
mologist, Vol. 17, No. 8, 1990, pp. 311-313. 


Following description of the appearance and gemologi- 
cal properties of chicken-blood stone, a natural orna- 
mental material from China, the authors describe a 
rather convincing imitation that is being sold to unwary 
tourists in China and Hong Kong. 

A representative sample of this imitation is then 
discussed. A polished seal blank, measuring 4 x 4 x 
11.5 cm, was sawed in half, revealing a central core of 
opaque, dark gray talc-like material and a 1l-cm-thick 
cap of a similar material at one end (where the seal would 
be carved], All surfaces except the cap were coated witha 
layer 2-5 mm thick of translucent, yellow-brown plastic 
that contains red streaks of imitation cinnabar, The 
streaky texture of the underlying talc-like material was 
visible through the translucent coating, adding to the 
realism of the deception. 

The core material was cool to the touch with a soapy 
feel, had a Mohs hardness of 1-2, a spot R.I. about 1.55, 
and peeled readily to yield a fibrous peeling. The coating 
was warm to the touch and had a waxy feel, a Mohs 
hardness of 1-2, a spot R.I. about 1.57 to 1.58, bubble 
inclusions, and peeled readily to yield a “clean” peeling. 
The imitation cinnabar streaks fluoresced bright red to 
long-wave U.V. 

The authors conclude that the imitation was pro- 
duced by coating a steatite core with a layer of thermo- 
setting epoxoid resin that had been included with 
streaks of imitation cinnabar. RCK 


Russian flux-grown synthetic spinel. G. Brown, S. M. B. 
Kelly, and R. Sneyd, Australian Gemmologist, Vol. 
17, No. 8, 1990, pp. 315-317. 
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The authors begin with a review of the gemological 
properties already reported in the literature for Russian 
flux-grown synthetic red spinel, and proceed to describe 
their investigation of a 14.69-ct octahedral crystal of this 
material. 

The gemological properties of this flux-grown syn- 
thetic are virtually identical to those previously 
reported, Magnification revealed a number of diagnostic 
features, which are well illustrated with 10 photographs 
in the report, among them: (1) etch trigons on octahedral 
faces; (2) dissolution microlamellation along octahedral 
edges and polycentric development of octahedral faces; 
(3) clusters of small, colorless to light pink, spinel 
octahedra attached to external crystal faces of the host 
crystal; (4) irregular, rounded masses of opaque, dark- 
colored flux; (5) highly reflective flat triangular plati- 
num “flakes” [some partly resorbed); (6) curving internal 
fractures; and (7} a single flattened triangular inclusion 
decorated by tufted dendrites. 

The authors conclude that if no inclusions were 
present this material could not be identified as synthetic 
by conventional gemological testing. RCK 


TREATMENTS . 


Anomalous behaviour of certain geuda corundums dur- 
ing heat treatment. S, I. Perera, A. S. Pannila, and 
R.N. Ediriweera, journal of Gemmology, Vol. 22, 
No. 7, 1991, pp. 405-407. 

Heat treatment of the “ottu” variety of geuda sapphire 

(i.e., light blue or colorless with dark blue patches} has 

resulted in the production of a nontransparent white 

coating on much of the material. In an attempt to 
discover why some “ottu” sapphires heat well and others 
do not, the authors performed chemical analyses on 
some 50 samples of treated material. They found that 
stones of good blue final color contain Fe of 
0.03%-0.15% and Ti below 0.03%, with few other trace 
elements present. Material that clarified but resulted in 
only pale color contained both Fe and Ti in the range 
0.03%~0.15%, with a few additional trace elements 
present, The “dead milk” coating of the third group of 
stones proved to have significantly more Fe 
(0.15%-0.3%} and Ti (more than 0.3%], with Ti always 
greater than Fe, as well as significantly more trace 
elements — including vanadium — present. The chemical 
composition of the blue areas in the treated stones of this 
third group were found to be similar to that of stones in 
the first and second groups, except for the presence of 
vanadium. The authors conclude that the presence of 
additional minor impurities, including vanadium, may 
prevent the formation of the Fe-Ti pairs necessary for the 
production of blue color. CMS 


Radioactive and radiation treated gemstones. C. E. Ash- 
baugh, III, Radioactivity and Radiochemistry, Vol. 
2, No. 1, 1991, pp. 42-57. 
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This well-illustrated report appears in a journal whose 
audience is primarily scientists and engineers who deal 
with radioactivity and its measurement. Mr. Ashbaugh 
first discusses naturally radioactive gems such as zircon 
and ekanite and then describes gems that are irradiated 
in the laboratory, e.g., tourmaline, diamond, and topaz. 
This portion of the article is enhanced by an up-to-date 
table on radiation-induced color alterations in various 
gem materials and the color centers responsible for the 
colors so produced. 

The report also includes a discussion of the radioac- 
tive nuclides encountered in gems and the mechanisms 
by which they are produced. Finally, there is a small 
treatise on how to calculate radiation exposure from 
radioactive gemstones over various periods of time. 

Well documented with 58 references, this report is 
recommended for those interested in irradiated gem- 
stones and radiation doses from various radionuclides. 

RCK 


Two types of historical traps: On “Diamond Softening” 
and the “Antiquity of Emerald Oiling.” K. Nassau, 
Journal of Gemmology, Vol. 22, No. 7, 1991, pp. 
399-403, 


The author opens this article by pointing out that 
readers of ancient gem “recipes” should watch out for 
two “traps”: either outright scoffing of seemingly outra- 
geous statements, or ready acceptance of reasonable- 
sounding statements. Dr. Nassau describes two exam- 
ples of these problems. The process of “diamond soft- 
ening” described by Pliny proved, through new transla- 
tions of original texts and reference to older texts from 
which Pliny derived information, to refer neither to 
diamond nor to softening for the purpose of easier 
cutting. The misunderstood process, in fact, referred to 
the quench-crackling of quartz in preparation for dyeing. 
The example provided for the second “trap” involves 
emerald oiling. Pliny has often been cited to prove the 
antiquity—and, thus, venerability—of this treatment. 
However, closer examination and retranslation of Pliny’s 
original descriptions revealed that the oiling he de- 
scribed was that of either turquoise or poor-grade mal- 
achite. In fact, further investigation by the author 
revealed no clear reference to emerald oiling before 1962, 
when it appeared in Liddicoat’s Handbook of Gem 
Identification described as a “longstanding” process. 
CMS 
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MISCELLANEOUS 


Frederick H. Pough. J. Sinkankas, Lapidary Journal, Vol. 
45, No. 4, 1991, pp. 18-24. 


This article provides a detailed and interesting account 
of Dr. Pough’s career. After receiving his M.S. in geology 
at the University of St. Louis in 1930, he subsequently 
studied at the University of Heidelberg before receiving 
his doctorate in mineralogy from Harvard University. 
Dr. Pough then acquired a position at the American 
Museum in New York, where he became Curator of 
Mineralogy and Physical Geology in 1943. After retiring 
from that position in 1952, he worked for a short time at 
the Santa Barbara Natural History Museum before 
leaving to become an independent consultant. During 
his long career, he has authored and co-authored nu- 
merous articles and books on mineralogy, vulcanology, 
altering the color of minerals with irradiation, and 
pearls. In 1990, Dr. Pough was awarded the Carnegie 
Mineralogical Award. Also included in the article is a 
one-page compilation of highlights of the rare mineral- 
ogy books in Dr. Pough’s collection. Four other fascinat- 
ing articles concerning the life of Fred Pough are in- 
cluded in this issue. Now in his 80s, Fred Pough 
continues to be actively involved in the gem and mineral 
community. RT 


Old books, old maps, and the gem connoisseur. W. J. 
Sersen, JewelSiam, Vol. 1, No. 5, 1990, pp. 
102-105. 


For the gem connoisseur, Sersen provides a brief over- 
view of important literature and where to find it. He 
discusses three rare (late 19th to early 20th century} 
books: Ivory and the Elephant by G. F Kunz, Mani-Mala 
by S. M. Tagore, and Precious Stones and Gems by E. W. 
Streeter. Also of value are early British colonial govern- 
ment publications that contain maps and photographs. 
One such publication was the Burma Gazetteer, which 
focused on different areas in Burma and sometimes 
detailed that area’s gem deposits and mining techniques. 
Two editions of the Gazetteer detail the Ruby Mines 
District and the Myitkyina District. British Ceylon also 
published gem-related documents. As for how and where 
to find these treasures, Sersen points to specific libraries, 
sellers that specialize in rare and out-of-print books, and 
book publishers. RT 
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SUGGESTIONS 
AUTHORS 


The following guidelines were pre- 
pared both to introduce you to 
Gems & Gemology and to let you 
know how we would like a manu- 
script prepared for publication. No 
manuscript will be rejected because 
it does not follow these guidelines 
precisely, but a well-prepared manu- 
script helps reviewer, editor, and 
reader appreciate the article that 
much more. Please feel free to con- 
tact the Editorial Office for assis- 
tance at any stage in the develop- 
ment of your paper, whether to con- 
firm the appropriateness of a topic, 
to help organize the presentation, or 
to augment the text with photo- 
graphs from the extensive files at 
GIA. 


INTRODUCTION 


Gems & Gemology is an interna- 
tional publication of original contri- 
butions concerning the study of 
gemstones and research in gemology 
and related fields. Topics covered 
include (but are not limited to} col- 
ored stones, diamonds, gem instru- 
ments and identification techniques, 
gem localities, gem enhancements, 
gem substitutes (simulants and syn- 
thetics}, gemstones for the collector, 
jewelry manufacturing arts, jewelry 
history, and contemporary trends in 
the trade. Manuscripts may be sub- 
mitted as: 

Original Contributions —full-length 
articles describing previously un- 
published studies and laboratory or 
field research. Such articles should 
be no longer than 6,000 words (24 
double-spaced, typewritten pages} 
plus tables and illustrations. 


Gemology in Review—comprehen- 
sive reviews of topics in the field. A 
maximum of 8,000 words (32 dou- 
ble-spaced, typewritten pages) is rec- 
ommended. 


Suggestions for Authors 


Notes & New Techniques — brief pre- 
liminary communications of recent 
discoveries or developments in gem- 
ology and related fields (e.g, new 
instruments and instrumentation 
techniques, gem minerals for the 
collector, and lapidary techniques or 
new uses for old techniques}. Arti- 
cles for this section should be ap- 
proximately 1,000-3,000 words (4-12 
double-spaced pages). 

Gems & Gemology also includes 
the following regular sections: Lab 
Notes (reports of interesting or un- 
usual gemstones, inclusions, or 
jewelry encountered in the Gem 
Trade Laboratories], Book Reviews 
{as solicited by the Book Review 
Editor; publishers should send one 
copy of each book they wish to have 
reviewed to the Editorial Office}, 
Gemological Abstracts (summaries 
of important articles published re- 
cently in the gemology literature), 
and Gem News (current events in the 


field). 


MANUSCRIPT PREPARATION 


All material, including tables, leg- 
ends, and references, should be typed 
double spaced on 8!/2 x 11” (21 x 28 
cm} sheets with | !/2” (3.8 em} mar- 
gins. It is preferable, but not essen- 
tial, that the article be submitted 
(preferably in Microsoft Word or in 
ASCH format) on anIBM-compatible 
floppy disk {either 3 '/2” or 5 '/4”) as 
well as in hard copy form. Please 
identify the authors on the title page 
only, not in the body of the manu- 
script or figures, so that author ano- 
nymity may be maintained with re- 
viewers (the title page is removed 
before the manuscript is sent out for 
review), The various components of 
the manuscript should be prepared 
and arranged as follows: 
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Title page. Page | should provide: {a) 
the article title; (b} the full name of 
each author (first name, middle ini- 
tial, surname), with his or her affilia- 
tion (the institution, city, and state 
or country where he/she was work- 
ing when the article was prepared}, 
(c} acknowledgments of persons who 
helped prepare the report or did the 
photography, where appropriate; and 
(d} five key words that we can use to 
index the article at the end of the 
year. 


Abstract. Page 2 should repeat the 


title of the article followed by an 


abstract. The abstract {approx- 
imately 150 words for a feature arti- 
cle, 75 words for a note} should state 
the purpose of the article, what was 
done, and the main conclusions. 


Text. Papers should follow a clear 
outline with appropriate heads. For 
example, for a research paper, the 
headings might be: Introduction, 
Previous Studies, Methods, Results, 
Discussion, and Conclusion. Other 
heads and subheads should be used 
as the subject matter warrants. Also, 
when writing your article, please try 
to avoid jargon, to spell out all non- 
standard abbreviations the first time 
they are mentioned, and to present 
your material as clearly and con- 
cisely as possible. For general style 
(grammar, etc.} and additional infor- 
mation on preparing a manuscript 
for publication, A Manual of Style 
(The University of Chicago Press, 
Chicago} is recommended. 


References. References should be 
used for any information that is 
taken directly from another publica- 
tion, to document ideas and facts 
attributed to—or facts discovered 
by —another writer, and to refer the 
reader to other sources for additional 
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information on a particular subject. 
Please cite references in the text by 
the last name of the author(s} and the 
year of publication—plus the spe- 
cific page referred to, if appropriate — 
in parentheses (e.g., Kammerling et 
al., 1990, p. 33). The references listed 
at the end of the paper should be 
typed double spaced in alphabetical 
order by the last name of the senior 
author. Please list only those refer- 
ences actually cited in the text (or in 
the tables or figures). 

Include the following information, 
in the order given here, for each 
reference: (a} all author names (sur- 
names followed by initials], (b) the 
year of publication, in parentheses; 
(c} for a journal, the full title of the 
article or, for a book, the full title of 
the book cited; and (d} for a journal, 
the full title of the journal plus 
volume number, issue number, and 
inclusive page numbers of the article 
cited or, for a book, the publisher of 
the book and the city of publication. 
Sample references are as follows: 


Kammerling R.C., Koivula J.I, Kane 
R.E. (1990) Gemstone enhance- 
ment and its detection in the 
1980s. Gems & Gemology, Vol. 
26, No. 1, pp. 32-49. 

Armstrong J.T. (1988) Accurate quan- 
titative analysis of oxygen and 
nitrogen with a Si/W multilayer 
crystal. In D. E. Newbury, Ed., 
Microbeam Analysis — 1988, San 
Francisco Press, San Francisco, 
CA, pp. 301-304. 

Liddicoat R.T. (1989) Handbook of 
Gem Identification, 12th ed., 2nd 
rev. printing. Gemological Insti- 
tute of America, Santa Monica, 
CA. 


Tables. Tables can be very useful in 
presenting a large amount of detail in 
a relatively small space, and should 
be considered whenever the bulk of 
information to be conveyed in a sec- 
tion threatens to overwhelm the 
text. 

Type each table double spaced on a 
separate sheet. If the table must ex- 
ceed one typewritten page, please 
duplicate ail headings on the second 
sheet. Number tables in the order in 
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which they are cited in the text. 
Every table should have a title; every 
column (including the left-hand col- 
umn} should have a heading. Please 
make sure terms and figures used in 
the table are consistent with those 
used in the body of the text. 


Figures. Please have line figures 
{graphs, charts, etc.) professionally 
drawn and photographed. High-con- 
trast, glossy, black-and-white prints 
are preferred. 

Submit black-and-white photo- 
graphs and photomicrographs in the 
final desired size if possible. Where 
appropriate, please use a bar or other 
scale marker on the photo, not out- 
side it. 

Use a label on the back of each 
figure to indicate the article’s title (or 
a shortened version thereof} and the 
top of the figure. Do not trim, mount 
(unless one figure is composed of two 
or more separate photos), clip, or 
staple illustrations. 

Color photographs—35 mm slides 
or4 5 transparencies — are encour- 
aged. Please include three sets of 
color prints with the manuscript 
package submitted for publication 
consideration. 

All figure legends should be typed 
double spaced on a separate page. 

In each legend, clearly explain any 
symbols, arrows, numbers, or abbre- 
viations used in the illustration. 
Where a magnification is appropriate 
and is not inserted on the photo, 
please include it in the legend. 


MANUSCRIPT SUBMISSION 


Please send three copies of each 
manuscript (and three sets of figures 
and labels) to the Editorial Office, in 
care of: 

Alice S. Keller, Editor 

Gems & Gemology 

P.O. Box 2110 

1660 Stewart Street 

Santa Monica, CA 90407 
In view of U.S. copyright law, we 
must ask that each submitted manu- 
script be accompanied by the follow- 
ing statement, signed by all authors 
of the work: “Upon publication of 
(title] in Gems &) Gemology, I (we) 


transfer to the Gemological Institute 
of America all rights, titles, and in- 
terest to the work, including copy- 
right, together with full right and 
authority to claim worldwide copy- 
right for the work as published in 
this journal. As author(s}, f (we} re- 
tain the right to excerpt (up to 250 
words) and reprint the material on 
request to the Gemological Institute 
of America, to make copies of the 
work for use in classroom teaching 
or for internal distribution within 
my {our} place of employment, to 
use —after publication — all or part of 
this material in a book I we} have 
authored, to present this material 
orally at any function, and to veto or 
approve permission granted by the 
Gemological Institute of America to 
a third party to republish all or a 
substantial part of the article. I (we} 
also retain all proprietary rights 
other than copyright (such as patent 
rights}. I (we} agree that all copies of 
the article made within these terms 
will include notice of the copyright 
of the Gemological Institute of 
America. This transfer of rights is 
made in view of the Gemological 
Institute of America’s efforts in re- 
viewing, editing, and publishing this 
material. 

As author(s), I {we} also warrant 
that this article is my (our) original 
work, This article has been submit- 
ted in English to this journal only 
and has not been published else- 
where.” 

No payment is made for articles 
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However, for each article the au- 
thor(s} will receive 50 free copies of 
the issue in which their paper ap- 
peared. 
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BUYER BEWARE! 


hat might at first glance appear to be a small item in the Gem 

News column of this issue raises a very important concern for 
the gemological community. An experienced colored-stone dealer 
traveled to Vietnam to obtain some of the new, often spectacular 
rubies that have recently emerged from this third-world nation (and 
were described in depth in the Fall 1991 issue of Gems @) Gemology). 
He purchased a significant parcel of rough stones, the largest of which 
was 22 ct. The color and clarity of the material appeared to be superb, 
although it was difficult to view the interior of the stones because of 
their “tumbled” exterior and the bits of dirt and matrix that clung to 
small pits. 


When the largest stone was preformed, it became obvious that some- 
thing was wrong. The dealer immediately sent six of the stones, 
including the preformed piece, to the GIA Gem Trade Laboratory for 

* Identification. Examination with a microscope readily revealed that 
‘one of the pieces of rough (the smallest one} was a natural ruby—and 
that the preform contained the gas bubbles and curved striae typical 
of a flame-fusion synthetic. Examination of the other pieces was difti- 
cult, again because of the rough nature of the exterior; but faint 
curved striae were determined in two of the stones with magnifica- 
tion. The fact that all but one of the pieces of “rough” submitted 
were flame-fusion synthetics was confirmed by infrared spectroscopy. 


One can only speculate on the loss in dollars, but it is undoubtedly 
substantial, The owner agreed to share this experience with our read- 
ers to reinforce a message that we—at Gems & Gemology, GIA, and 
the GIA Gem Trade Laboratory—have been promoting for decades. 
Study, examine, learn, KNOW before you buy. While in most cases, 
when you buy from a legitimate supplier, the supplier will “make 
good” if the stone is later found to be treated or a synthetic, no such 
guarantees hold at many of the localities that are producing the finest 
stones today. And no locality is too isolated to import the synthetic 
counterparts of their valued gem resources. 


Alice S. Keller 
Editor 
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MARINE MINING OF DIAMONDS OFF THE 
WEST COAST OF SOUTHERN AFRICA 


By John J. Gurney, Alfred A. Levinson, and H. Stuart Smith 


A vast resource of gem-quality diamonds 
exists off the west coast of southern 
Africa. Over the course of millions of 
years, many diamond-bearing kimberlite 
pipes in the Orange River drainage basin 
have been extensively eroded and the 
released diamonds transported to the 
west coast. Raised marine deposits now 
on land have yielded almost 100 million 
carats of predominantly gem diamonds; 
similar marine deposits and feeder 
channels are now known to exist off- 
shore. Techniques for exploiting the off- 
shore resources have been proved on a 
small scale in shallow (<15 m) waters. 
New technological developments in 
underwater mining systems have 
progressed to the point where mining has 
commenced in deep (about 100 m) 
Namibian waters. It is anticipated that 
production of diamonds from the sea will 
increase substantially in the future. 


ABOUT THE AUTHORS 


Dr, Gurney is professor in the Department of 
Geochemistry, University of Cape Town, 
Rondebosch, South Africa, and also Chairman 
of Benguela Concessions (Benco), a company 
engaged in mining diamonds off the west coast 
of southern Africa. Dr. Levinson is professor in 
the Department of Geology and Geophysics, 
The University of Calgary, Alberta, Canada. Dr. 
Smith is exploration manager for Benguela 
Concessions, 
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ecause diamonds are the heart of the jewelry trade, 

the continued supply of fine diamonds from the 
mines into the marketplace is of critical importance to 
this industry. According to the Central Selling Organi- 
sation, about one-eighth (approximately 13 million 
carats} of the diamonds now mined annually eventually 
end up in jewelry (figure 1). Yet for the largest producer 
of diamonds in 1990, the Argyle mine in Western 
Australia (36 million carats), fine gem-quality diamonds 
represented only about 5% of the total yield. In addition, 
older deposits of gem-quality diamonds are gradually 
being exhausted. For example, the total production at the 
Kimberley pool of mines was 1,173,042 ct in 1980 but 
only 574,188 ct in 1990 [De Beers Consolidated Mines 
Ltd., 1981, 1991). 

In the future, the steady supply of gem diamonds to 
the jewelry industry will depend on the discovery of 
new deposits and the engineering expertise to extract 
the diamonds economically. Because the search for new 
diamond reserves in conventional primary (e.g., kimber- 
lite or lamproite) or secondary {e.g., alluvial) deposits is 
very expensive and generally has a low probability of 
success, mining concerns are looking to the extraction 
of diamonds from known, if unconventional, sources, 
such as the undersea deposits off the west coasts of 
South Africa and Namibia. 

These exceptional deposits of gem-quality diamonds 
have been known for some time, but they have not been 
exploited fully because of the technological difficulties 
of recovery. Estimates of the amount of diamonds range 
upward from a conservative 1.5 billion carats, of which 
approximately 90%-95% are gem quality (Wilson, 1972; 
Meyer, 1991). Thus, the marine deposits off southwest- 
ern Africa apparently contain at least 100 times as many 
gem diamonds (by weight} as are presently being used 
annually in jewelry. In addition, this source contains a 
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Figure 1. This is a repre- 
sentative sample of dia- 
monds produced from 
concession 6(A) near 
Koingnaas, South Africa. 
Most of the diamonds are 
in the size range 0.1 to 
0.6 ct, and exhibit excel- 
lent shape and overall 
quality. Photo courtesy 
of Benguela Concessions. 


high percentage of rough suitable to cut the 
small ('/4 to 4/4-ct) gems that are very important 
in the jewelry industry. 

The economic and technological climate 
now permits mining of these deposits. Although 
the problems of recovery are major, as will 
become clear from the discussion below, consid- 
erable progress has been made in recent years to 
establish a viable extraction industry. The finan- 
cial risks continue to be significant, but the vast 
reserves hold extraordinary promise. 


HISTORY 


The first discovery of diamonds related to mar- 
ine deposition in southern Africa was on land in 
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1908 near Luderitz, Namibia (figure 2); the his- 
tory of this discovery is described in detail by 
Levinson (1983). This led to the subsequent dis- 
covery of rich diamond fields along the west 
coast of then German South West Africa, and 
the development, within a few years, of a huge 
industry in this arid, inhospitable region. Later, 
diamonds were also discovered and mined else- 
where along the vast coastline from south of the 
Olifants River in South Africa to north of 
Hottentot Bay in Namibia, a distance of about 
1,000 km. Although the great majority have 
been mined on what is now land (on beaches 
and raised terraces), the diamonds were original- 
ly deposited under water, having been carried 
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Figure 2. Large quantities of diamonds have 
been found both onshore and, more recently, 
offshore the west coasts of South Africa and 
Namibia. Noted here are the key rivers and 
towns involved in the distribution and recovery 
of the marine diamonds. 


into the sea by rivers at a time when the oceans 
were at a higher level. 

The significantly more difficult exploration 
for diamonds on beaches still under water was 
started by two small companies in 1954. During 
the period 1961 to 1965, these efforts were great- 
ly expanded by a Texan, Sam Collins, through 
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the Marine Diamond Corporation (MDC}. MDC 
was subsequently acquired by De Beers and is 
essentially the forerunner of the currently very 
active De Beers Marine (Pty) Ltd., which now 
operates prospecting and trial-mining vessels in 
Namibian and South African waters. 

No other mining company in this field ap- 
proaches the size and scope of De Beers Marine, 
which dominates the available offshore lease 
areas of Namibia and South Africa (figure 3} 
through holdings and joint-venture agreements. 
In South Africa, the activity of De Beers Marine is 
confined essentially to water deeper than 100 m 
(the C concession zones; again, see figure 3}. 

Two other groups, Alexcor and Benguela 
Concessions (Benco}, accounted for more than 
50% of the marine diamonds produced annually 
from the Namaqualand sea diamond operations 
in 1989 and 1990. Several minor contractors pro- 
vide the balance of the production from South 
African waters. Most of the marine diamonds 
produced in South African waters (>70% in 
1990) are won from gravel recoveries close to the 
mouths of the Orange, Buffels, and Olifants rivers. 

In Namibia, offshore diamond mining is 
dominated by Consolidated Diamond Mining 
{Pty} Ltd. (CDM), a wholly-owned subsidiary of 
De Beers Consolidated Mines Ltd., which con- 
trols those offshore mining areas from the 
mouth of the Orange River to Luderitz (Dias 
Point) that lie within Namibian territorial 
waters. CDM also controls areas farther north, 
notably at Hottentot Bay. 

The Namibian West Coast Diamond 
Company has an offshore diamond-mining area 
that extends from Dias Point almost to 
Hottentot Bay, which it works actively on a 
small scale. In 1990, several other offshore dia- 
mond-prospecting leases were granted by 
Namibian authorities, but no significant recov- 
eries have yet been reported from these new 
leases. 

Ocean Diamond Mining Ltd. (ODM) is enti- 
tled to recover diamonds from the territorial 
waters around 12 small islands off the Namibian 
coast that belong to the Republic of South 
Africa. These rights, associated with what are 
referred to as the “guano islands,” belong to 
Eiland Diamante (a subsidiary of Trans Hex], 
which entered into an agreement with ODM in 
the early 1980s that allows the latter to exploit 
the rights for a small royalty payment. 
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Concession areas 
A Shoreline to I kilometre Oranjerivier 
BL kilometre to 5 kilometres 
C 5 kilometres to continental shelf 


Map courtesy of 
Benguela Concessions. 


Bulfelsrivier 


‘ 
' 
ei Benguela Concessions 


(ea ODM - under option to Benguela 
ie Trans Hex — under tribute to Benguela 


ie CDM - under tribute to Benguela 


Figure 3. The offshore diamond mining lease areas in South African waters in 1991 are identified. The 
coastal shelf waters have been divided into 20 contiguous, parallel strips; numbers 1 to 14 (shown 
here) have been further subdivided into three units (zones)—A, B, and C—according to their distance 
from the shoreline, in successively deeper waters. Area A is 1 km wide and roughly parallel to the 
coast, with its inshore boundary 30 m seaward of the low-tide mark. Area B is seaward of A and lies 
from 1 to 5 km offshore. Zone C comprises the rest of the continental shelf and is in deeper water, 
generally greater than 100 m. Onshore concessions are also shown, to the right of the thick white 
(shore) line. Zones with diagonal stripes are controlled by De Beers. The insert of Namibia from 
Oranjemund to Luderitz shows the area under tribute to Benguela Concessions. 


Further details on the historic aspects of 
marine coastal diamonds off southern Africa 
may be found in the articles by the Geological 
Department, De Beers Consolidated Mines 
(1976), Van Wyk and Pienaar (1986], and Meyer 
(1991), and in books by Wilson (1982), Levinson 
(1983), and Joyce and Scannell (1988). 


FORMATION OF THE MARINE 
DIAMOND DEPOSITS 


Source of the Diamonds. The discovery of dia- 
monds on the west coast of southern Africa 
inevitably led to a search for their origin in the 
immediate hinterland. Only one reputable geol- 
ogist, ironically the highly respected Dr. H. 
Merensky, who is credited with discovering the 
major South African platinum deposits, ever 
seriously believed that the primary origin for 
these diamonds was submarine kimberlites in 
the Atlantic Ocean. All others, particularly con- 
sulting geologist Dr. E. Reuning, postulated a 
primary origin somewhere in the continental 
interior from which, following erosional pro- 
cesses, the diamonds were transported to the sea 
by such rivers as the Orange, Buffels, and tribu- 
taries to the Olifants. (The literature on this 
subject is voluminous, but a comprehensive 
review can be found in Williams, 1932.} 

It has long been known that the primary 
sources of most diamonds are kimberlite pipes 
intruded into older parts of the continental inte- 
rior, that is, cratons (for a review of this subject, 
see Kirkley et al., 1991). Most of the diamondifer- 
ous kimberlites in southern Africa are between 
80 and 120 million years old. In the interval 
between their formation and the present, many 
of these pipes have been extensively eroded and 
their diamonds released for transportation into 
secondary (alluvial, beach, etc.) deposits. In 
some cases, such as around Kimberley, as much 
as 1,400 m of the original depth of the numerous 
pipes and surrounding country rocks has been 
eroded (Kirkley et al., 1991). If we consider only 
the Kimberley mine (”Big Hole”} as an example, 

and take into account its shape (cone), dimen- 
sions (depth of mining, surface area}, and 
amount of erosion since emplacement, calcula- 
tions (figure 4) show that about 34 times the vol- 
ume of rock mined has actually been eroded. 
The volume of rock mined yielded about 14.5 
million carats of diamonds before mining ceased 
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Figure 4. On calculating the volume of rock 
removed from the Kimberley mine (the “Big 
Hole”) in Kimberley, South Africa, the assump- 
tion can be made that the shape of the pipe 
approximates a cone whose volume can be 
determined from the formula V = (n/3)R?H 
(where R = radius and H = height). For this 
example, the depth of mining is taken as 615 m 
and the depth of erosion as 1400 m (2015-615 = 
1400). These and other dimensions are shown 
on the illustration, From these data, calcula- 
tions show that the volume of rock eroded 
(about 258 million cubic meters) is about 34 
times as large as the volume of rock mined 
(about 7.5 million cubic meters), which we 
know yielded about 14.5 million carats of dia- 
monds before mining ended in 1914, 


in 1914, Assuming that the pipe had a uniform 
content of diamonds throughout (a conservative 
assumption because diamond grades tend to 
increase, and pipes tend to flare out, toward the 
top}, then about 500 million carats were eroded 
away from this one pipe alone and released into 
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the drainage basin. There are an estimated 3,000 
kimberlite pipes and dikes in southern Africa 
and, although not all contain diamonds, erosion 
of their combined original contents (by even the 
most conservative estimates) is sufficient to far 
exceed the 1.5 billion carats of diamonds postu- 
lated for the marine deposits. This last figure al- 
lows for the destruction of many flawed, heavily 
included, lower-clarity stones en route to the sea. 

The dominant drainage in southern Africa 
has been westward since the emplacement of 
most of the known kimberlites as long ago as 
100 million years (Dingle and Hendry, 1984). 
Currently, sediment transportation from the 
kimberlites in the interior of southern Africa is 
confined to the Orange River drainage system 
(figure 5]. However, over time, changes in cli- 
mate and geomorphology have had dramatic 
effects on river courses, rates of flow, volumes of 
runoff, rates of erosion, etc. For at least the last 
80 million years, the Orange River has trans- 
ported sediments from the continental interior 
to the Atlantic ocean through two main courses, 
which have led to the deposition of diamondifer- 
ous sediments at different positions along the 
coastline, (figure 6}. It is likely that, for 45 mil- 
lion years (from 20 to 65 million years before the 
present}, the mouth of the Orange River was 
located about 400 km south of its current loca- 
tion, in the area that now forms the mouth of 


ORANGE RIVER 
DRAINAGE BASIN 
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the Olifants River (again, see Dingle and 
Hendry, 1984). 

Diamonds have also been transported to the 
sea along shorter river courses, such as the 
Buffels, which have cut back into the old interi- 
or land surfaces and reworked fossil gravels. 
Other geologic situations—for example, where 
small rivers have reworked old exposed beaches 
to concentrate diamonds into new deposits—are 
also known but are beyond the scope of this 
report. 

From what has been discussed to this point, 
it should be clear that alluvial diamonds can be 
found anywhere along the extensive Orange 
River drainage basin between the primary kim- 
berlite sources and the point at which the dia- 
monds entered the sea. In fact, inland alluvial 
diggings have been important in South Africa 
since the discovery of the primary deposits. 
Nevertheless, of all the gem diamonds that have 
been released into the drainage basin and have 
survived the erosional processes, we believe that 
less than 10% are on land; the great majority 
have traveled to the sea. 


Marine Distribution. Wave action is a powerful 
agent for transporting material, particularly on 
the west coasts of South Africa and Namibia, 
where the winter months are characterized by 


Figure 5. This map of 
southern Africa shows 
the present Orange River 
drainage basin, includ- 
ing the present position 
of the Orange and Vaal 
rivers. Also shown are 
the locations of kimber- 
lites with and without 
diamonds as well as the 
Gibeon and Namaqua- 
land kimberlite fields, 
both of which are barren 
of diamonds. Alluvial 
diamonds have been 
found throughout the 
drainage basin, but the 
vast majority have been 
transported westward to 
the Atlantic Ocean, 
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Figure 6. The Orange 
River drainage system 
has migrated over time. 
One possible course in 
the past is in the vicinity 
of the present Kromme, 
Sout, and Olifants rivers, 
This possible ancient 
course accounts for 
marine diamonds being 
found far to the south of 
the mouth of the present 
Orange River. 
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wild and stormy seas (figure 7). The waves are 
generated in the South Atlantic and attack the 
coastline from the southwest, reinforced by the 
prevailing southwesterly wind. This results in a 
strong northerly littoral (i.e., along the shore] 
drift of sediments. 


Figure 7. The typical wave action seen here 
along the west coast of South Africa (in conces- 
sion 9A) illustrates the powerful force that con- 
tinually moves the diamonds northward along 
the shore. 
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This wave and wind regime has existed 
along the west coast of southern Africa for mil- 
lions of years. Thus, littoral drift has played a 
major role in distributing diamonds along the 
coast. Coarse sediment (sand and gravel plus dia- 
monds} transported to the sea by rivers is steadi- 
ly moved northward from the mouths of those 
rivers. As diamonds are chemically inert and 
hard, they are only minimally subject to mech- 
anical abrasion or weathering during transporta- 
tion along the coast. On the other hand, poorly 
shaped and strongly fractured stones that sur- 
vived river transport to reach the ocean are pref- 
erentially destroyed in the high-energy wave 
environment. This destruction of poor-quality 
stones is reflected in the marine diamond popu- 
lation: Well over 90% of marine diamonds recov- 
ered are of gem quality (figure 8}, whereas most 
diamonds mined from kimberlites are industrial. 

Another effect of littoral drift is that the pro- 
cess is more efficient for smaller stones, which 
are transported further than are larger stones. 
This can be seen along the coast: Near the 
mouths of major rivers, the average stone size is 
relatively large; at recovery sites progressively 
further north from a river mouth, stone sizes are 
proportionately smaller. At the mouth of the 
Orange River, for example, the average diamond 
size is 1.5 ct, whereas at Luderitz, some 200 km 
to the north, the average stone size is 0.1-0.2 ct 
(figure 9; Sutherland, 1982). Large stones found 
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at the mouths of the Olifants, Groen, and 
Buffels Rivers are similar in size to those found 
at the mouth of the Orange River. Thus, the dia- 
monds are sorted and sized during, and as a 
result of, marine transportation subsequent to 
their initial deposition into the ocean. 

Diamonds have a higher specific gravity 
{3.52} than do most common minerals (e.g., 
quartz at 2.66) and rock pebbles. Consequently, 
they tend to gravitate, along with other relative- 
ly heavy minerals, to the base of trap sites such 
as gullies, potholes, south-facing bays, and old 
beach levels (figure 10). In some instances, spec- 
tacular grades occur where the sea has concen- 
trated thousands of carats of diamonds in very 
small areas. In general, the smaller the average 
size of the diamonds, the more evenly the stones 
are distributed over a beach level. Bigger dia- 
monds are sometimes found in “jackpot” trap 
sites—usually small, very specific features with 
only a few cubic meters of gravel (again, see fig- 
ure 8]. Although the smaller diamonds are less 
valuable, they are more abundant. 

Sea léyels have fluctuated widely in the last 
100 million years or so, from more than 500 m 
below present levels to 300 m above present lev- 
els (figure*11,; Siesser and Dingle, 1981). During 
times when the sea level was significantly low- 
er, rivers flowed across the now-submerged con- 
tinental shelf off South Africa and Namibia, and 
diamonds were transported to the then-prevail- 
ing beaches. About 25 million years ago, when 
the sea level was about 500 m lower than it is 
now, some of these beaches were as much as 
several hundred kilometers into the Atlantic 
Ocean compared to the position of the present 
shoreline, because much of the continental shelf 
was exposed. Littoral drift processes similar to 
those that operate today distributed diamonds 
along the ancient coastline. Where the sea level 
remained constant for some time, wave-cut 
cliffs and terraces formed, as did sites in which 
diamonds could be trapped (again, see figure 10). 
Today, there are at least eight different levels— 
ranging from 20 to 120 m—below modern sea lev- 
el, in which persistent wave-cut terracés can be 
traced over much of the length of the west coast 
of southern Africa; all potentially hold diamonds. 

Beaches that formed when sea levels were 
higher than today are currently exploited for 
their diamonds. In Namibia, for example, CDM 
is presently mining (or has mined) at least four 


Marine Mining of Diamonds 


Figure 8. These two 2.6-ct. diamond octahedra 
were obtained near the mouth of the Olifants 
river in 1984, Note their clarity, excellent crystal 
shape, and the absence of abrasion marks. These 
diamonds may have traveled more than 1,000 
km from their kimberlite source to the sea. 


Figure 9, This diagram shows the decrease in 
the size of diamonds recovered from beach 
sands from the mouth of the Orange River 
northward (modified from Sutherland, 1982). 
The dotted line represents the theoretical 
decrease in size with distance; the solid line 
represents the actual distribution pattern. From 
this it can be seen that the size of diamonds 
recovered from the sea off Namibia varies with 
location. (This generalization is not always 
applicable in South Africa for several reasons, 
for example, reworking of some deposits by 
smaller rivers presently crossing the diamond- 
iferous beach sands and terraces.) 
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Figure 10. Rich deposits of gem-quality dia- 
monds were concentrated in potholes such as 
these on a beach terrace at Kleinsee, South 
Africa, as a result of the relatively high specific 
gravity of diamonds and their other physical 
properties (e.g., their durability, which enables 
them to be transported long distances without 
being destroyed). Similar potholes and areas of 
diamond accumulation occur under the sea. 


exposed beach levels that extend to 90 m above 
sea level. In South Africa, in the region between 
the Orange River and Port Nolloth, diamonds 
are present in raised beaches at seven elevations 
ranging from 9 to 84 m (Geological Department, 
De Beers Consolidated Mines, 1976, p. 27}. It 
was in this coastal area that a 211.3-ct diamond 
was recovered. The modern beach level and 
associated terrace is also well mineralized with 
diamonds, and both surface and underwater 
mining operations occur from south of the 
mouth of the Olifants River to north of Luderitz. 
Thus have sea-level variations and littoral drift 
distributed diamonds over the continental shelf 
off the west coast of southern Africa, making it 
in all probability the greatest resource of gem 
diamonds in the world. 


EXPLORATION, RECOVERY, 

AND NEW TECHNOLOGY 

The captivating questions that follow on the 
realization that there are potentially huge dia- 
mond deposits in the sea are: (1) Where exactly 
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are the diamonds located? and (2} Can they be 
recovered economically? 

The marine deposits can be conveniently 
divided into two zones on the basis of their 
depth beneath the water (these zones should not 
be confused with the A, B, and C zones used in 
connection with leasing concessions; see figure 
3). Those in water shallower than 15 m are being 
very actively reworked by waves and currents. 
Those in deeper water are today preserved as 
“fossilized horizons” (stable locations unaffect- 
ed by waves and currents). The practical reason 
for recognizing these two zones is that divers 
can operate for extended periods of time in shal- 
low water without the need for sophisticated 
equipment, whereas in deeper water such is not 
the case. 

Since the late 1970s, independent divers have 
been recovering small volumes of gravel from 
favored trap sites in shallow water all along the 
western seaboard of southern Africa (figure 12). 
In the process, they have demonstrated the pres- 
ence of rich concentrations of diamonds from 
the mouth of the Olifants River in the south to 
Hottentot Bay north of Luderitz. These gravels 
have been recovered by the divers (figure 13} 
using suction-pump equipment mounted on 
tractors on beaches and rocky promontories (fig- 
ure 14}, or on small boats (figure 15). On several 


Figure 11. Over the last 70 million years, the 
sea level off southern Africa has fluctuated 
from more than 500 m below present levels to 
more than 300 m above. The dashed portion of 
the line indicates uncertainty. Modified from 
Siesser and Dingle (1981). 
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Figure 12. Independent diver Colin Walker 
enters the ocean to start work in shallow-water 
concession 12A. Just to the right of this photo, 
the two diamond octahedra shown in figure 8 
were recovered from a cave worn under the cliff. 


Figure 13. A diver in a heavy-duty wetsuit and 
50 kg of lead weights recovers diamonds from 
gravels in the shallow zones by means of a vac- 
uum hose connected to on-shore suction pumps. 


Figure 14. The other end of the suction apparatus illustrated in figure 13 is frequently mounted on a 
tractor (which supplies the power) that is located nearby (here, far upper right)*together with a sieving 
operation. The sack in the foreground contains diamond-bearing material that has been screened to 
eliminate the coarse gravel. This “sieved material” will be taken to a diamond-recovery plant for fur- 


ther processing. 
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Figure 15. The harbor and village of Port Nolloth are home to numerous small boats used in offshore 
diamond mining. Most of the boats seen here are converted fishing trawlers, each equipped with a 
decompression chamber as well as with two 20-cm pumps to recover gravel. Divers who work from 
these boats use gas mixtures and heated diving suits that enable them to dive as deep as 40 m. Most 
of these boats, as well as the harbor facilities, are owned by Benguela Concessions. 


occasions over the past 15 years, individual 
pump sites have yielded over 1,000 ct of dia- 
monds from less than 10 cubic meters of gravels. 
Certain individuals have made themselves 
famous and wealthy by their ability to find these 
jackpots. Brian MacFarlane, Colin Walker, 
Jackie Du Toit, Willie Strydom, Davey Clark, 
and Paul van Gyssen are legendary for their abil- 
ity to prospect and work the gravels on different 
parts of the coast. 

This level of activity in the shallow zone 
(<15 m}), however, is not likely to flood the world 
market with diamonds. Even in a record year 
such as 1990, only 127,000 ct of diamonds were 
recovered by these methods, and the prospects 
for improving on this figure are limited. 

The real potential lies in the deeper water, 
where it is possible to explore systematically for 
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the hidden gemstones. For practical purposes, 
these deeper waters can be divided into two 
zones (again, not to be confused with the con- 
cession zones delineated in figure 3): (a) water 
depths of 15 to 40 m, in which exploration activ- 
ities, including sampling, can be carried out 
with existing technology; and (b) water depths in 
excess of 40 m, in which more advanced equip- 
ment is needed (Benguela Concessions, 1991). 

Exploration in these two zones initially 
takes the form of a geophysical survey that uses 
sophisticated position-fixing and data-gathering 
equipment to produce the equivalent of an aerial 
photograph of the sea floor on which can be 
superimposed a number of remote-sensing mea- 
surements. Such surveys are costly ship-borne 
operations that are best carried out in good sea 
conditions. 
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The amount of detail that can be recorded and 
interpreted has escalated by leaps and bounds in 
recent years through computerization of data 
bases, satellite navigation, and marked improve- 
ment in the sensitivity of geophysical equip- 
ment. Not only can submerged river channels 
and deltas, cliff lines, and storm beaches be read- 
ily identified, but individual gullies, basin- 
shaped deposits, and even fossil ripple marks in 
gravels—the types of features that could contain 
diamonds—can also be recognized and located 
again easily. 

The next step in the exploration for deep- 
water deposits is to sample these features to 
establish whether or not they are mineralized. 
This can be done in a number of ways. Divers 
can be used, but at these depths they require 
expensive diving aids such as decompression 
chambers, mixed gases, hot-water suits, and 
ship-to-diver communications. Diving is also a 
slow procedure. In contrast, devices such as air- 
lifts, underwater robots, or jet pumps can be cus- 
tom designed for the job. These can handle 
much hfgher volumes of gravel but, unlike a div- 
er, they ‘are not so flexible when it comes to 
recovering gravel from narrow gullies, geometri- 
cally complex potholes, or extensively gullied 
terrain. Since diamonds often concentrate on 
such bedrock features in alluvial processes, this 
is a vital consideration. Recent developments, 
which include the use of high-pressure water 
jets to liberate gravel trapped in boulder beds, 
have shown considerable ability to deal with 
this problem. 

Following exploration and sampling in the 
deeper-water areas, mining must follow the 
high-tech route rather than use divers. The west 
coast of southern Africa has no deep-water har- 
bors other than Cape Town and Luderitz, so 
ocean-going vessels that can stay at sea for 
extended periods must be used. Because such 
boats cannot derive sufficient revenue from the 
small volumes of gravel recovered by divers, 
robotics of some sort are mandatory (figure 16). 
Some of the boats contain full facilities to sepa- 
rate and sort the diamonds. 


CURRENT DIAMOND MINING AND 
EXPLORATION IN THE SEA 


De Beers Marine has been investigating these 
offshore deposits, and continuously upgrading 
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Figure 16. This is an example of a robotic bot- 
tom crawler. It has a suction-type “cutter 
head” to raise the gravels, as well as cameras 
for eyes, lights for 24-hour operation, and a 500- 
m-long umbilical cord to the mother ship. The 
robot is controlled by an operator on board the 
ship; divers are used only for inspection purpos- 
es and sea-bottom repairs. Such robots can 
operate 22 hours a day and pump more than 
100 cubic meters of suspended solids per hour. 
This contrasts with the performance of a diver- 
manipulated pump (see figures 13 and 14), 
which may produce two or three cubic meters 
per day in good sea conditions. 


their activity, for more than 20 years. According 
to De Beers Consolidated Mines (1990), they 
currently have in operation four exploration ves- 
sels (engaged in prospecting, sampling, and geo- 
physical surveys) and three mining vessels: 
Louis G. Murray, Coral Sea, and Grand Banks. 
Clearly, the allocation of such substantial 
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resources indicates a commitment to the recovery 
of diamonds from the sea based on confidence in 
the size of the reserves and the technological feasi- 
bility of the recovery processes. The current status 
of the mining of marine diamonds in the territorial 
waters of Namibia and South Africa follows. 


Namibia. After many years of preliminary work, 
DeBeers Marine (subcontracting to CDM} has 
begun the trial mining of areas of the sea floor 
that have been proved to contain significant 
quantities of diamonds. Custom designed for 
this purpose, the Louis G. Murray made signifi- 
cant recoveries of diamonds in both 1989 
(21,545 ct) and 1990 (29,000 ct}, as noted by De 
Beers Consolidated Mines (Pty} Ltd. (1990 and 
1991}, At the present time, with two other min- 
ing vessels, the Coral Sea and the Grand Banks, 
De Beers is forming the nucleus of a mining 
fleet in Namibian waters. This is expected to be 
a deep-water operation (> 100 m in depth} owing 
to the fact that some ships (e.g., the Coral Sea) are 
capable of operating in depths as great as 200 m 
(De Beers Centenary AG, 1991). In the foreshore 
(that part of the beach uncovered at low tide), the 
recent policy of Consolidated Diamond Mines 
{Pty] Ltd. has been to use massive engineering pro- 
jects (e.g., “sea walls”) that allow temporary recla- 
mation of the surf-zone sea floor for mining 
purposes or, alternatively, to employ subcontrac- 
tors who practice the small-scale recovery methods 
described above. 

The Namibian West Coast Diamond Com- 
pany, based in Luderitz, recovers diamonds from 
shallow water using shore-pumping units and 
small boats, and they are actively prospecting in 
deeper water. They recovered approximately 
30,000 ct in 1990. Ocean Diamond Mining Ltd. 
{ODM} has undertaken extensive prospecting 
and trial mining within their lease areas over 
the past decade, with some success. They are 
currently investigating options to expand the 
scope of their activities. 

No diamond recoveries are being made from 
other diamond lease areas north of the Orange 
River at this time. The total amount of marine 
diamonds recovered in 1990 off Namibia (ex- 
cluding onshore recoveries} is on the order of 
75,000 ct. 


South Africa. Today, the interests of De Beers 
Marine in South African deep-water lease areas 
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are considerably larger than is shown in figure 3, 
since the company has entered into various 
agreements with other lease holders, notably 
Tinto Africa Exploration (RTZ], Three Sea (Pty) 
Ltd., and Namagroen Eight Sea (Pty) Ltd. De 
Beers Marine has an extremely active prospect- 
ing program based in Cape Town that involves 
geophysical mapping and sediment sampling. 
The remaining deep-water concession holders 
have their own prospecting programs, but they 
are currently less active. There is no regular dia- 
mond production yet from any deep-water areas, 
but that is expected to change if De Beers 
Marine is successful in its major sampling effort 
in the Namaqualand joint venture areas (De 
Beers Consolidated Mines Ltd., 1991). 

There are also prospecting programs in the 
B concession zones (again, see figure 3), which 
can have depths greater than 40 m; Benguela 
Concessions is currently the most active com- 
pany. Again, mining operations cannot develop 
further until the technical problems of mining 
diamonds underwater by mechanical means, 
such as by use of robotics, airlifts, or other 
devices, are resolved so that larger-scale recover- 
ies can be achieved. Consequently, there is also 
little diamond production from mid-water areas 
at the present time, although sampling has 
proved that concessions 2(B}, 3(B}, 4(B), and 5(B) 
have sites with economic diamondiferous gravels 
in places. 

In contrast, diamonds are actively recovered 
from all the shallow waters in concessions 
1(A}-13(A]. Some areas have been more reward- 
ing than others, notably concessions 1{AJ}, 2(A), 
5(A}, 6(A}, and 12(A}, whereas no significant 
quantities of diamonds have been recovered 
south of 13(A} to this time. In 1990, the com- 
bined production of all operating companies 
reached a record total of approximately 128,000 
ct. Conservatively, this production would 
exceed $23,000,000 in value. 


CONCLUSIONS 

A unique combination of geologic and geographic 
(climatic and geomorphologic) factors has result- 
ed in the concentration of an estimated 1.5 billion 
carats of gem-quality diamonds in the sea off the 
west coasts of Namibia and South Africa. These 
factors include: (a) the occurrence of many dia- 
mond-bearing kimberlite pipes in the present 
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Orange River drainage basin; (b} the extensive 
erosion of these pipes over the last 100 million 
years; and (c} the consistent drainage of the pre- 
sent and ancestral Orange River westward into 
the Atlantic Ocean. Wave and wind action, and 
littoral drift to the north, have resulted in a pre- 
dictable distribution of diamonds with respect to 
size. These marine deposits are probably the larg- 
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est known resource of gem-quality diamonds in the 
world. However, large-scale recovery of the dia- 
monds from beneath the sea poses major engi- 
neering and mining problems. Nevertheless, the 
prognosis is good for the economic success of the 
venture, despite the technological challenges, 
thus ensuring a significant component of the 
world’s future requirements for gem diamonds. 
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SUNSTONE LABRADORITE FROM THE 
PONDEROSA MINE, OREGON 


By Christopher L. Johnston, Mickey E. Gunter, and Charles R. Knowles 


The Ponderosa mine is now producing 
commercial quantities of the gem-quality 
labradorite feldspar known as sunstone. 
This gem material exhibits unique optical 
and physical properties that include a 
wide range of saturated body colors, aven- 
turescence, and strong pleochroism. The 
feldspar is Anjo labradorite, a high calcic 
plagioclase; the aveniurescence-causing 
inclusions have been identified as pure 
native copper. Microprobe analyses con- 
ducted on colorless, red, and green sam- 
ples did not reveal any obvious causative 
mechanism for the exhibited colors, 
although ongoing research is investigating 
intervalence charge transfer, possibly 
involving colloidal copper. Gemological 
identification involves the use of R.L., 
S.G., and microscopy. Locality determina- 


tion (Oregon) is based on the copper inclu- 


sions and a distinct pleochroism. 
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n 1985, the Oregon legislature named the gem 

variety of labradorite called sunstone as the state gem. 
Currently, there are two known (and one reported] deposits 
of this gem mineral in Oregon: the initial discovery 33 km 
north of Plush in Lake County, south-central Oregon, which 
has been alternately referred to as the Plush, Lakeview, 
Rabbit Hills, or Rabbit Basin location; a small deposit report- 
ed near the White Horse Ranch in southeastern Harney 
County, in south-central Oregon; and the Ponderosa mine, 
in northwestern Harney County. The geology and miner- 
alogy of the Plush deposit have been reported in varying 
detail by anumber of researchers (Powers, 1932; Stewart et 
al., 1966; Peterson, 1972; Pough, 1983; and Hofmeister and 
Rossman, 1985). 

The Ponderosa deposit was discovered in the summer 
of 1980, when a logging operation cut roads through the area. 
Lode claims were staked and pick-and-shovel mining activ- 
ities began that summer. Mining activity has accelerated 
since then, and heavy equipment has been added to refine 
the extraction process. To date, 400 kg of gem-quality rough 
sunstone have been removed from the Ponderosa mine, 
140 kg in 1991 alone. As a result, Ponderosa mine sun- 
stone—in a variety of colors—has begun to find its way into 
the general gem and jewelry market (figures 1 and 2). 

Extensive study of the Ponderosa mine sunstone labradorite 
has revealed a number of distinctive characteristics, includ- 
ing aventurescence and pleochroism, as well as provided infor- 
mation to help determine the cause of the different colors. 
This sunstone can be readily identified on the basis of its 
gemological properties. 


LOCATION 

AND ACCESS 

The Ponderosa mine is located in northwestern Harney 
County, approximately 330 km (220 mi.) west of Boise, 
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Idaho, 255 km southeast of Bend, Oregon, and 
approximately 60 km N10°W of Hines, Oregon, in 
the Ochoco National Forest (figure 3). Access to this 
commercial gem-mining operation is restricted. 


GEOLOGY AND OCCURRENCE 

The labradorite occurs in a small, localized, weath- 
ered basalt flow that is part of a classic volcanic high- 
land typified by shield volcanos, cinder cones, large 
bodies of ashfall tuffs, regionally extensive basalt 
flows of varying thicknesses, and locally extensive 
red cinder beds. The terrain near the mine consists 
of gently undulating hills covered with ponderosa 
pines interspersed with large flat meadows. The 
Ponderosa mine is located at the 1,753 m level on 
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Figure 1, Gem-quality 
sunstone labradorite 
occurs at the Ponderosa 
mine, Oregon, in a broad 
range of colors, from pale 
yellow through pale pink 
to dark orange and even 
a deep red. The rarest 
material is green. These 
stones average 0.40 ct. 
Photo © Tino Hammid. 


the southeastern flank of Donnelly Butte, the sum- 
mit of which is the highest local elevation, at 1,856 
m. The geology and geothermal resources of the 
southern half of the Burns 15-minute Quadrangle 
mapped by Brown et al. (1981) did not include the 
area of the Ponderosa mine, so its relationship to 
the regional geology is still largely unknown. 
Locally, there are four basalt flows and one 
welded tuff exposed in section at Donnelly Butte. 
For the purpose of this article, the five rock groups 
exposed at Donnelly Butte have been informally des- 
ignated basalts a, b, c, d, and tuff 1. Basalt a is ex- 
posed in the meadow at the base of Donnelly Butte, 
flow dis in contact with tuff 1 approximately two- 
thirds of the way up Donnelly Butte, and tuff 1 
forms acap at least 100 m thick on the upper flanks 
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Figure 2. Ponderosa mine sunstone is now 
appearing in the international jewelry market. 
Tiffany produced this 29.78-ct cabochon ring set 
in silver as part of a line of sunstone jewelry the 
firm will be promoting. Photo © Tino Hammid. 
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and summit of the butte. The contacts between 
the four flows are characterized by the scoria on top 
of each flow and by intraflow lithology. (Scoria is a 
volcanic slag or pyroclastic ejecta, partly crystalline 
and partly glassy, that forms as the molten rock degas- 
es and creates a froth.) Basalt b (figure 4] is so far the 
only flow at the Ponderosa mine that contains large 
gem labradorite phenocrysts. 

There are only minor physical and chemical dif- 
ferences between basalts a, b, c, and d, other than 
alteration and weathering effects. Flow b is thick- 
er (25-30 m) than the other three flows (15-20 m each] 
and has a more scoriaceous and porphyritic char- 
acter. Field studies indicate that portions of flow b 
have undergone extensive weathering or alteration. 
It isnot known whether this alteration is the result 
of true secondary hydrothermal alteration; of molten 
rock interaction with groundwater or standing sur- 
face water at the time of extrusion; or of flow b being 
a water-affected-basalt (Jenks and Bonnichsen, 1989). 
Flows a, c, and d and the non-gem-bearing, non- 
weathered portion of flow b, on the other hand, 
exhibit limited or minor weathering. When rock is 
exposed to hydrothermal fluids, a suite of secondary 
minerals is normally associated with the interac- 
tion of the hot fluids and the host rock. However, 


Figure 3, This map shows 
the location of 

the Ponderosa mine in 
northwestern Harney 
County, south-central 
Oregon. Also noted are 
the Plush and White 
Horse mines. Map by C. 
Johnston and M. Gunter. 


222 Ponderosa Mine Sunstone 


GEMS & GEMOLOGY Winter 1991 


with the exception of one hand-size specimen that 
shows an encrustation of botryoidal chalcedony, there 
is no evidence of hydrothermal alteration. The 
physical evidence that flow b is a water-affected basalt 
is a little stronger, given the weathering character 
and amounts of clays present as feldspar alteration 
(Jenks and Bonnichsen, 1989}. 

The age of the Ponderosa mine rock section 
has not yet been determined, but the Lakeview 
occurrence has been proposed as Steens Mountain 
equivalent, which is mid-Miocene—approximately 
12, million years old (Stewart et al., 1966; Hofmeister 
and Rossman, 1985). Strike and dip data from flows 
band c suggest little or no tectonic displacement. 

Flow bis characterized as a moderately to heav- 
ily weathered scoriaceous porphyritic basalt, iden- 
tified as calc-alkaline by whole-rock chemical and 
electron microprobe analyses. It is composed of 
labradorite feldspar and basaltic glass, with minor 
olivine and magnetite/ilmenite present as acces- 
sory phases. The vesicles are filled to varying amounts 
with nonspecific clay and feldspar alteration prod- 
ucts. Analysis has shown two distinct size groups 
of labradorite phenocrysts in flow b: Type L pheno- 
crysts range from 1 cm to 10cm in length and weigh 
up to 500 grams; type S are an order of magnitude 
smaller and dominate the groundmass. Only the type 
L material has gem potential. To date, mining has 
shown the gem-quality crystals to be randomly dis- 
tributed throughout the weathered portion of flow 
b. Although there appear to be certain trends with- 
in the pit where specific grades of gem crystals will 
occur, no clear model for prediction has been for- 
mulated. 

The gem-bearing zone in flow b strikes N10°W, 
with exposures of gem crystals for approximately 
700 m along the N10°W trend. The main mine pit 
is located in the approximate center of this 700-m 
strike length (figure 5]. The gem-bearing horizon ex- 
posed in the main pit and downslope to the west is 
approximately 130 m wide. The eastern extent of 
the gem-bearing portion of flow b is unknown, as 
itis covered by the base of flow c. Excavation in the 
1991 mining season showed the gem-bearing hori- 
zon to be at least 7 m thick in the main pit, with 
no indications that the bottom of this gem-bearing 
horizon has been reached. Conservative projections 
suggest a total reserve of 500,000 metric tons of ore 
that contain an estimated 200 metric tons of gem 
material. 

At the northern end of the main pit are ex- 
tremely weathered, strongly altered, gem-bearing 
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Figure 4. Sunstone is found only in the heavily 
weathered basalt flow b. The Jacobs staff is 1.3 
m for scale. Photo by C. Johnston 


zones that are essentially unconsolidated earth 
(again, see figure 5} with a non-gem-bearing over- 
burden of biota-rich chocolate brown. The ground- 
mass of these in-situ deposits, the depth of which 
has yet to be determined, is differentiated by its bright 
reddish brown color and slightly granular texture. 
Although these zones have produced small quan- 
tities of gem material relative to the total overall 
feldspar phenocryst content (roughly 1 kg of mixed 
gem-grade materials for every 10 kg of material 
mined], they are the source of the largest, finest facet- 
grade gems found thus far, including the 10.79-ct 
Ponderosa Queen (figure 6}. Moreover, to date all of 
the red-and-green pleochroic material (discussed 
below) has come from this area. 

The central area of the main pit contains rock 
that is less weathered but still strongly altered. This 
area has consistently produced the finest cabochon- 
grade gems with deep red body color, as well as 
most of the smaller (5 ct and under) red facet-grade 
gems (figure 7). 

The southern end of the main pit has produced 
the highest ratio of gem material to total feldspar 
mined—8 kg:10 kg. However, approximately 85% 
of the gem crystals have little or no body color. The 
remaining 15% are small (less than 2.5 ct} red facet- 
and cabochon-grade stones. 


MINING AND PROCESSING 

From 1980 through 1988, mining activities at the 
Ponderosa mine were limited to a series of 
approximately 12 small] hand-excavated prospect 
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Figure 5. This view of the main pit of the Ponderosa mine is taken from the north looking south. Photo 


by C. Johnston. 


Figure 6. The 10.79-ct “Ponderosa Queen,” the 
largest deep red faceted sunstone in the world, 
was mined at the northern end of the main 
Ponderosa pit. Note also that the copper inclu- 
sions that cause the characteristic aventures- 
cence of Ponderosa mine sunstone are clearly 
visible. Photo by Robert Weldon. 
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pits, most of which never exceeded 5 m? and 3 m in 
depth. In 1989, the transition was made from a 
manual, pick-and-shovel operation to mechanized 
mining with a backhoe. By the end of the 1990 
season, the pit begun in 1989 was enlarged to 
approximately 20 m2 and 5 m deep. In 1991, a 
bulldozer was used to excavate what is now the 
main pit, approximately 100 m? and 5 m in depth, 
for which the main ore pile is about 1500 m3 (again, 
see figure 5]. The estimated gem reserves in all 
currently stockpiled ore are 1.5 metric tons, or 
15,000,000 carats of all grades. 

The average mining season is a little more than 
six months. The 1990 season ran from April 1st 
through December 15th, limited primarily by 
daylight and temperature, while the 1991 mining 
season ran from June 10th until October 15th, 
owing to snowstorms in June and October. The 
mine is typically worked by three full-time and two 
part-time miners. 

Gem-bearing material is removed from most areas 
of the mine with a backhoe in conjunction with a 
bulldozer, jackhammers, explosives, and hand tools. 
However, at the northern end of the main pit, where 
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the largest and finest material is usually found, 
only the backhoe and hand tools are used. As the 
hardness of the rock increases with depth in the cen- 
tral area of the main pit, jackhammers and explo- 
sives are required to loosen the ore. 

Once the host basalt has been loosened and the 
backhoe has loaded its front bucket, it moves to the 
screening area on the mine dump (figure 8). At this 
point, the material is slowly loaded onto a one- 
inch-mesh frame-mounted grizzly for sorting. After 
inspection, material greater than one inch in diam- 
eter is broken down with 5-lb. hammers, since crys- 
tals larger than one inch are common. Barren mate- 
rial is dropped off the rear end of the screen com- 
plex. The material that passes through the grizzly 
is conveyed to a 25-ft.-long (about 8 m]}, inclined, 
quarter-inch-mesh shaker screen, where the small- 
est pieces are removed for sorting. Screen fractions 
greater than a quarter inch and less than one inch 


are stored at the bottom of the shaker screen and Figure 7. This fine 5.04-ct sunstone was found in 
later examined for feldspar crystals. Final screening the central area of the main pit. Photo © Tino 
is done on horizontal, roller-mounted, quarter-inch Hammid. 


Figure 8. For recovery of the gem labradorite, the backhoe moves the loose basalt to the main screening 
site, where it is transferred to the screen complex (middle background) for initial sorting and then to the 
inclined shaker screen (right background) for removal of the smallest pieces. Photo by C. Johnston. 
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screens (figure 9}. This final inspection process 
requires great care, as the feldspar crystals are often 
difficult to see. Gravity concentration cannot be used, 
because there is little difference in specific gravity 
between the waste basalt rock and the gem feldspar. 

After the gem material is removed from the 
horizontal sorting screens, the day’s production is 
tumbled and cleaned. The sunstone is then clipped, 
using carbide-tipped tile nippers, to remove visible 
flaws and produce the cleanest possible rough mate- 
rial for cutting. To maximize production, little 
effort is made to pre-sort the labradorite phenocrysts 
in the mine pit. After cleaning and tumbling, nongem 
materials are discarded. The remaining gem mate- 
rial is sorted for facet grade and the finest cabochon 
grades, as well as according to where it will be cut. 
Currently, the finest facet-grade rough that will 
produce finished gems larger then one carat is cut 
in the United States, as are the finest large cabochon- 
grade pieces. Commercial sizes and grades of facet 
and cabochon materials are cut in Asia. All over- 
seas cutting is now calibrated in whole sizes to sat- 
isfy manufacturers’ specifications. 

During the 1991 mining season, daily produc- 
tion averaged approximately 2 kg of all grades. High- 
grade materials, including top facet and cabochon 


Figure 9. Mine owner Larry Gray works the quar- 
ter-inch roller-mounted final sorting screens at 
the Ponderosa mine. Photo by C. Johnston. 
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materials, account for approximately 25%, or 500 
grams per day. The remaining 1.5 kg consist of low- 
er grades and smaller sizes of cabochon materials. 
The average weight of facet-grade rough is 0.5 to 3 
grams. The average weight of cabochon materials 
is slightly larger, at 3 to 5 grams. The largest top 
red facet-grade rough found to date weighed 15.3 
grams and produced a 10.22-ct carving (figure 10) 
and two smaller stones {2.49 and 3.58 ct]. The lar- 
gest fine cabochon rough produced to date weighed 
36.5 grams. Distribution of Oregon sunstone, with 
the exception of two minor claim holders at Plush, 
is handled exclusively by the Ponderosa Mine Inc., 
Boise, Idaho. 


Figure 10. This 10.22-ct carving—the third 
largest known fashioned red sunstone—is one of 
three stones produced from the largest piece of 
facet-grade rough yet recovered from the 
Ponderosa mine, The rough weighed 15.3 grams. 
Carving by L. Gray; photo by C. Johnston. 


DESCRIPTION OF THE GEM MATERIAL 


Chemical (electron microprobe; table 1) and opti- 
cal (Michel Lévy and spindle stage} analyses have 
shown that the Ponderosa mine phenocrysts have 
an albite/anorthite ratio of Ab3g/Anyp, which places 
the feldspar at the labradorite/bytownite bound- 
ary. On the basis of extinction angles and refractive 
indices (see below), as well as host-rock lithology, 
the gem phenocrysts from the Ponderosa mine were 
identified as labradorite. 


Crystal Habit. Labradorite is triclinic, for which 


the only possible crystal forms are pinacoids (forms 
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TABLE 1. Results of electron microprobe analyses? of three Ponderosa 


mine sunstone labradorites. 


Sample? Detection 
limit 

Element 1 2 3 

Normalized 

results (wt.%) 
SiO, 51.76 52.05 51.52 0.028 
AbOs 30.43 29.98 30.61 0.019 
FeOQ* 0.38 0.43 0.39 0.061 
CaO 14.16 14.23 14.34 0.021 
Na,O 3.18 3.24 3.10 0.022 
K,0 0.04 0.05 0.04 0.021 
CuO odl odl 


bdl 0,080-0.092 


“Analyses were performed on a JEOL 8600 electron microprobe operating at 15keV with a beam diameter of 0.5 mm; 
standard ZAF corrections were made; bal = below detection limits. Ni, V, and Cr were also tested for but not detected 


above the fimits of instrumentation and operating conditions. 


° Sample 1 was transparent and colorless; sample 2 was red; sample 3, green. 


SAI iron reported as FeO. 


composed of two parallel faces}. Common forms en- 
countered include basal pinacoids {001}, side pina- 
coids {010}, and front pinacoids {100}. The large type 
L phenocrysts from flow b at the Ponderosa mine 
typically’exhibit excellent crystal form (figure 11). 
When phenocrysts are encountered in place in the 
flow, they exhibit good crystal form. Because of the 
differential cooling rates between the phenocrysts 
and the enclosing basalt, however, the crystals are 
usually fractured; when they are separated from 
the matrix, they typically come out in fragments. 
The labradorite crystals from the Ponderosa 
mine commonly exhibit albite, pericline, and Carlsbad 
twinning. Albite twin lamellae are often visible 
with the naked eye and range from 1 mm to5 mm 
in thickness. Carlsbad and pericline twinning are 
less common and are visible only in thin section. 


Aventurescence. All Ponderosa gem-quality labradorite 
crystals exhibit varying intensities of aventures- 
cence (see figures 1, 2, 5, and 6), a light-reflectance 
phenomenon caused by the crystallographically 
planar arrangement of macroscopically visible inclu- 
sions (figure 12]. Often the intensity of the aven- 
turescence is a direct result of the metallic luster 
and size of the inclusions, as well as the sheer num- 
ber present in a given crystal. When present in 
stones that lack distinct body color, the aven- 
turescence can actually impart a pink or orangy- 
yellow appearance to the stone. The inclusions in 
Ponderosa mine sunstone have a large surface area, 
up to 100 wm in diameter. However, these lamel- 
lae have a cross-section of less than 500 nm. Note 
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that, although these inclusions are confined to dis- 
crete planes, they are randomly distributed within 
these planes. 


Figure 11, Ponderosa-mine labradorite crystals 
typically exhibit excellent form. This line draw- 
ing shows crystallographic axes (a, b, c) and opti- 
cal directions {X, Y, Z) of a labradorite crystal. 
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a 


a 

a ¥ ; 
Figure 12. Aventurescence in Oregon sunstone is 
caused by these metallic-appearing platelets 
that are randomly oriented within specific 
planes in the labradorite. The inclusions have 
been identified as copper. Thin-section photomi- 
crograph taken with reflected light on an 
Olympus polarizing light petrographic micro- 
scope at 80x magnification; by C. Johnston. 


Unique to the sunstones of Oregon is the fact 
that the inclusions that cause the aventurescence 
are native copper (again, see figure 12). At other 
sunstone localities, aventurescence is reportedly 
caused by hematite (Fe,O,; Peterson, 1972) inclu- 
sions. That Oregon sunstone contained copper 
platelets was first suggested by Andersen (1917) 
and supported by Hofmeister and Rossman (1985}, 
who concluded that the inclusions are copper of at 
least 90% purity. Because the inclusions are so 
thin, it is extremely difficult to isolate and analyze 
discrete platelets for microprobe analysis. However, 
Auger spectroscopic analysis of a single copper 
inclusion isolated on a fresh cleavage surface revealed 
spectral features only from the inclusion. The spec- 
trum revealed a strong (greater than 95%] copper peak, 
with trace values for carbon and oxygen that are most 
likely the result of contamination from handling or 
sample preparation. This confirmed that the inclu- 
sions are essentially elemental copper. 

The copper inclusions in the Ponderosa mine 
sunstones, like those in the Plush sunstones, are ori- 
ented on (001) and (010), as reported by Hofmeister 
and Rossman {1985}. There are some indications (see 
figure 13} that these copper platelets may also be ori- 
ented on (100). 

The origins of the copper inclusions are unclear. 
It seems likely, however, that they are high-temperature 
phenomena. The solidification temperature of 
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labradorite is approximately 1200°C, that of copper 
is 1080°C, and observed extrusion temperatures for 
Hawaiian Island basaltic eruptions are around 900°C. 
Further evidence is that O'*'® ratios for the Plush 
location clearly indicate a mantle origin (Rossman, 
pers. comm., 1991), 

The mechanism for precipitation of the copper 
platelets is straightforward. Based on the overall min- 
eralogy of flow b and the consistency of An/Ab 
ratios in the feldspar, it seems likely that the melt 
or magma chamber in which the phenocrysts grew 
was chemically simple, uniform, and stable for a long 
period of time. At some time prior to the formation 
of the type L phenocrysts, the melt absorbed a mod- 
est level of copper that was incorporated into the 
feldspar lattice, where it remained until the pres- 
sure and temperature began to drop. As the P/T 
ratio decreased, the feldspar lattice was unable to 
hold the elevated levels of copper. Consequently, 
the copper began to precipitate. (Precipitation, ina 
mineralogic sense, implies a dissimilar mineral 


Figure 13, This photomicrograph of a labradorite 
phenocryst thin section shows the aventurescent 
inclusions. The planes of platelets appear to 
have three axes of orientation: (010) is parallel to 
the plane of the photograph, (001) is perpendicu- 
lar to the plane of the photograph and approxi- 
mately north-south, and (100) is approximately 
perpendicular to the plane of the photograph and 
east-west. Photomicrograph taken at 50x magni- 
fication under crossed polarized light on an 
Olympus polarizing light petrographic micro- 
scope; by C. Johnston. 
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phase coming out of solution [not necessarily water] 
as the result of changing pressure and temperature; 
D. Peacor pers. comm., 1991). The specific ther- 
modynamic mechanisms and the means of initial 
platelet nucleation are not known at this time. 
What is clear is that the physical location of the cop- 
per platelets within the phenocrysts was controlled 
crystallographically, as evidenced by their distinctly 
planar alignments parallel to crystallographic twin 
planes (figure 14). 

In all cases, sunstones from the Ponderosa mine 
exhibit copper inclusions. Thus far, we have seen 
no pieces that appear flawless when examined with 
10x magnification. Therefore, the presence of cop- 
per platelets can be viewed as a characteristic fin- 
gerprint of Oregon origin. 


Figure 14, This photomicrograph of a labradorite 
phenocryst thin section shows the distinctly pla- 
nar relationship between the copper platelets 
and the {010} twin plane. Taken at 25x magnifi- 
cation on an Olympus polarizing light petro- 
graphic microscope; by C. Johnston. 


Color. The Ponderosa mine labradorite crystals 
exhibit a dramatic range of body colors, including 
pale yellow, pale yellowish orange, pale pinkish 
orange, pink, red-orange, deep red, pale green, and 
blue-green, as well as colorless (again, see figure 1). 
This range and the generally high saturation of body 
color are unique to the Ponderosa deposit. Rarest 
are the bright saturated greens, of which fewer than 
20 stones have been recovered each year. Fine sat- 
urated green stones rarely exceed one carat, and 
the largest recovered to date yielded a 1.78-ct round 
brilliant (figure 15). Only slightly more common— 
fewer than 30 stones per year—are the bright, sharply 
bi- and tri-colored stones (figure 16]. Much more com- 
mon are the various shades of red, of which those 
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Figure 15. Green is the rarest color variety of 
Oregon sunstone. This 1.78-ct sunstone is from 
the Ponderosa mine. Photo © Tino Hammid. 


. 


with a deep uniform red are the most sought after 
(again, see figures 6 and 7). 

Color in Oregon sunstone is little affected by 
change in light intensity; these sunstones charac- 


Figure 16, The Ponderosa mine also produced 
this exceptional 1.84-ct bicolored sunstone. 
Photo © Tino Hammid. 
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teristically stay “bright” in low or indirect light, where- 
as many colored gems “die” in low-light condi- 
tions. Those stones that have a very strong or 
saturated green direction (see “Pleochroism” below) 
are often too dark and, when faceted, become translu- 
cent to opaque. This is because higher concentra- 
tions of aventurescence-causing inclusions are 
commonly associated with these strongly pleo- 
chroic stones, which accounts for the rarity of fine, 
brilliant green sunstones. Conversely, saturated 
red stones seldom exhibit such density of copper 
inclusions. 

Hofmeister and Rossman (1985) reported a spe- 
cific sequence for color zonation in the Plush mate- 
rial in which green always encircles red and the col- 
or boundaries between red and green tend to be 
sharp. The Ponderosa crystals exhibit a less regu- 
lar pattern of color sequence and zonation. The 
exception is that, whatever the color sequence, 
color zones are always bounded by transparent, 
colorless zones that extend to the crystal surface. 

Although the physical evidence shows extreme 
variation in color, long-count microprobe study has 
shown little difference in bulk chemistry from one 
color variety to the next (table 1), X-ray fluores- 
cence analysis did show significant differences in 
copper content among nonaventurescent colorless 
(9 ppm], deeply colored nonpleochroic red (114 
ppm}, and pleochroic green (84 ppm) crystals (table 
2), but any conclusions as to the causes of color based 
on observed variations in chemistry from color- 
less through red and green are at this juncture 
speculative. 

Hofmeister and Rossman (1985) suggested that 
the color in the Plush labradorite is a result of inter- 
valence charge transfer ([VCT) involving copper, 
trace-element chemistry, as determined using X-ray 
fluorescence analysis, seems to support this theo- 
ry. If color is the result of either intervalence charge 
transfer or the interference effects of intra-lattice col- 
loidal copper, then it will be impossible to isolate 
a sample free of copper influence, as there would be 
a smooth linear trend of copper from atomic-level 
colloids through the megascopically visible platelets. 
As Nassau (1983) points out, however, ionic con- 
centrations in the range of 0.01 to 0,09 wt.% have 
been shown to cause intense color in minerals by 
IVCT. He also suggests that the lower concentra- 
tion limits that will induce color are unknown. 
Additional support comes from papers on color in 
glass caused by colloidal metals (Hopkins and Brown, 
1991; Stookey et al., 1978). 
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Pleochroism. Perhaps the single most striking fea- 
ture of the Ponderosa sunstone is the strong pleochro- 
ism seen in some of the red and green material. 
Because labradorite belongs to the triclinic crystal 
system, it is biaxial and can show three directions 
of pleochroism. Yet labradorites, and feldspars in gen- 
eral, are not normally pleochroic. 

Some uniformly red crystals do not show green 
in any orientation; however, all green crystals have 
at least one red direction. There are also occur- 
rences of two red directions and a single green direc- 
tion. Unlike other pleochroic biaxial minerals, 
whether the third direction is red or green it exhibits 
the same tone of color as the corresponding direc- 
tion. Figure 17 shows a generalized relationship 
between crystal form and pleochroism. 

The Ponderosa pleochroic material at times 
exhibits a strong correlation between twin-plane 
boundaries and color zonation, with green or red local- 
ized within a twin plane. Crystals are commonly 
observed that have color zonation with the appear- 
ance of intertwined fingers, showing both green and 
red when viewed perpendicular to the twin planes. 

The pleochroic appearance depends on the rela- 
tionship of exhibited color to twin planes. In labra- 
dorite, the principal twin planes (i.e., of the albite 
twins) are parallel to the {010} crystal form. When 
phenocrysts that exhibit pleochroism are viewed with 
plane polarized light vibrating perpendicular to 
{O10}, they exhibit a red body color. Conversely, 
when viewed with plane polarized light parallel to 
{010}, they exhibit a green body color. The exact rela- 
tionship between color and crystallographic axis is 
the subject of ongoing research. 


Refractive Indices and Birefringence. Using a Gem 
Duplex I refractometer and a sodium vapor (589 nm} 
light source, refractive indices were obtained for 20 
typical, randomly oriented, twinned, faceted sam- 
ples (see table 3). These refractive indices are close 
to those reported for labradorite in general 
(a = 1.560, B = 1.564, y = 1.568) and correlate well 
with those of Any specifically {i-e., around 1.569). 

In addition, a detailed optical study was under- 
taken to determine the precise refractive indices and 
optical orientation of a clear, colorless Ponderosa 
mine labradorite crystal, using techniques described 
by Emmons (1928), Bloss (1981), and Gunter et al. 
(1989) that allow refractive indices to be calculat- 
ed to approximately +0.0002. Calibrated liquids 
were used with a research-grade Leitz polarizing 
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TABLE 2. Results of XRF chemical analyses? of four Ponderosa 
mine sunstone labradorites. 


Sample number? 


Element il 2 3 
Normalized 
results (wt.%) 
SiO. 51.11 51.83 50.93 
AlOz 31.01 30.51 31.20 
FeO 0.31 0.32 0.29 
CaO 14.09 13.43 14,23 
Na ,O 3.36 3.74 3.24 
K,0 0.05 0.11 0.05 
TiO, 0.047 0.043 0.045 
P2O5 0.007 0.009 0.008 
MnO 0.001 0.010 0.011 
Trace elements 
(ppm) 
Ni 5 6 7 
Cr 1 nd nd 
Ba nd 17 nd 
Rb 2 3 2 
Sr 446 614 444 
Zr 26 32 27 
Nb 4,7 53 6.2 
Ga 11 13 10 
ace Cu 9 114 84 
¢ Zn 3 4 4 
Pb 2 2 q 
Ce | 10 7 
Th nd 2 2 


#Analyses were performed on a Rigaku 3370 XRF spectrometer using a fused sampie-lithium tetraborate 
(LixB,O7) glass disc and Rhodium target at 50Kv, 50ma, and full vacuum. Data were corrected for matrix 
effects and line interferences. nd = not detected. Mg, Sc, V, Y, and La were also tested for but not detected 
at the trace level in any of the samples. 
’Sample 1 was transparent and colorless; sample 2 was intense red along ail three optical directions; sample 
3 was pleochroic with green body color along one direction and red body color along two directions; sample 4 


was pleochroic with green body color along two directions and red body color along one direction. 
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Figure 17. This stylized 
crystal drawing shows 
the relationship of 
pleochroism to crystal 
form in the Ponderosa 
sunstones, 
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TABLE 3. Gemological characteristics of Ponderosa 
mine sunstone labradorites. 


Property (No. samples) 


Observations 


Color 


Clarity 


Refractive indices 
Single-crystal spindle 
stage (1) 
Gem refractometer (20) 
Birefringence 
Single-crystal spindle 
stage (1) 
Gem refractometer (20) 
Optic sign 
Twinning 


Cleavage 


Specific gravity 
6 fac. 
6 cab. 


Pleochroism 


UV. luminescence 
(57, all colors) 


Moderate to heavily saturated 
red, pink, orange, and green. 
Because of pleochroism, some 
stones exhibit purples 

and deep plums when cut at 
45° to twin planes. 

All stones exhibit characteristic 
inclusions of copper lamellae 
that cause aventurescence. 
Other types of inclusions are 
very rare, and include spinel. 


0,009 

Biaxial (+) 

Cammon albite twinning is 
often visible at tow magnifi- 
cation (<10 x) under polarized 
light. Twin planes are usually 
1-5 mm thick. Carlsbad and 
pericline twinning may also be 
present, but are visible only in 
thin section. 

{001} perfect, {010} good, 
{100} parting. Cleavage 

and parting have no effect on 
cutting or setting. 


2.68-2.7 1 
2,.67-2.72 


Very strong when present. 
Always present in stones that 
exhibit green body color; green 
observed parallel to (010) and 
red perpendicular to (010). 


Inert to both long- and 
short-wave 
UY. 


microscope fitted with a Supper spindle stage and 
an X-ray goniometer head, as well as an infinitely 
variable visible light spectrum monochromator and 
a temperature-variable liquid immersion cell. Using 
the extinction data, we determined the 2V to be 
83.4°(+0.1). Refractive indices of a, B, y were deter- 
mined to be 1.5637(2}, 1.5681(1}, 1.5728(2), respec- 
tively. Birefringence was calculated to be A= 0.0091. 
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Specific Gravity. The specific-gravity values for six 
faceted stones (0.50-2.5 ct} and six cabochons (1.45- 
4.60 ct) were determined using standard hydrostatic 
methods. The measured values correspond well 
with values reported in the literature for labradorite 
in general (Hurlbut and Klein, 1985). Although the 
copper inclusions had no obvious effect on specif- 
ic gravity, their presence may account for the fair- 
ly broad range of specific gravities, 2.67-2.72. 


Reaction to Ultraviolet Radiation. Twenty-five 
faceted, eight cabochon, and 57 rough samples were 
exposed to long-wave (366 nm] and short-wave (254 
nm] ultraviolet radiation. All pieces examined were 
inert to U.V. radiation. 


Inclusions. The copper platelets are reflective, a dis- 
tinct orangy yellow, and appear as rounded ovals 
in plane view (again, see figure 12], they are near- 
ly undetectable in cross section, average 500 nm 
across, and rarely exceed 100 xm in longest surface 
dimension. 

Other inclusions in Ponderosa mine sunstone 
are rare. Dendritic manganese staining has been 
occasionally noted on partially detached cleavage 
surfaces, but such stains are not likely to be encoun- 
tered by the trade as they are usually removed when 
the rough is prepared for cutting. 

A few small (0.1 to 0.5 mm], gray to black, 
opaque mineral grains with submetallic luster were 
also observed. One of these grains was removed 
from a crystal and its bulk chemistry analyzed on 
an SEM with EDX. It was identified as spinel. 


IDENTIFICATION 


The refractive index range of 1.563-1.572, with 
birefringence of 0.009, quickly identifies Ponderosa 
labradorite. These R.1. values are significantly low- 
er than those of most minerals with which Oregon 
sunstone might even remotely be confused, includ- 
ing: tourmaline (rubellite or green}, pink topaz, 
spinel, green diamond, beryl (red or green), rhodochro- 
site, alexandrite, corundum (padparadscha], andalusite, 
and cuprite. Also useful as a diagnostic tool is the 
low average specific gravity of 2.71, which will 
quickly differentiate this sunstone from all but 
red beryl. 

Locality origin {i.e., Oregon) can be determined 
visually by 10x examination of the aventurescing 
inclusions. The inclusions in aventurescent feldspar 
from India have a distinctly redder color, a less 
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reflective dull metallic luster, an angular or euhe- 
dral crystal habit, and are an order of magnitude larg- 
er than those from Oregon. On 10x examination, 
even the facet-grade material from Oregon will 
show some copper platelets. In many faceted stones, 
copper platelets are visible to the unaided eye (fig- 
ures 6 and 7}. 

The distinct red-to-green pleochroism, when pre- 
sent, can also be used to identify the locality origin 
of Oregon sunstone. No other gem mineral, includ- 
ing labradorite from other localities, exhibits this 
same distinct red-to-green pleochroism. The pleochro- 
ism of andalusite, while strong, is yellow, olive, and 
red-brown to dark red. Alexandrite has very weak 
reddish yellow to light green pleochroism. The 
strong red-to-green color change in alexandrite 
occurs only with change in wavelength of light, 
and it is not a specific function of crystallographic 
orientation. Oregon sunstone exhibits no color 
change related to light wavelength. 


CONCLUSIONS 


The Ponderosa mine in northwestern Hamey County, 
Oregon, is now the world’s premier location for 
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both facet- and cabochon-quality sunstone labradorite 
feldspar. Current known ore reserves at the Ponderosa 
mine suggest at least 20 years of production at the 
one-million-carats-per-year level. By comparison, cur- 
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chorism and aventurescence in three directions. 

The present study concludes that the aven- 
turescence is a result of the precipitation of copper 
platelets driven by decreasing pressure and tem- 
perature during formation. While no cause of col- 
or was positively identified, it is suggested that the 
intense color in these gems may be the result of inter- 
valence charge transfer between unknown metal 
ions, possibly involving copper. Specifics of both the 
color mechanism and the origins of the aventurine 
effect are the topics of additional study currently 
in progress. 

The key identifying characteristics of Ponder- 
Osa mine sunstone include refractive index and spe- 
cific gravity. Finally, both the copper inclusions 
and the presence of strong red-to-green pleochroism 
provide proof that the locality of origin is Oregon. 
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NOTES AND NEW TECHNIQUES 
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CURVES AND OPTICS IN 
NONTRADITIONAL GEMSTONE CUTTING 


By Arthur Lee Anderson 


A series of cuts, designed by the author, exhibit extraordinary 
optical effects that result from a combination of curved surfaces 
and plane facets placed to take advantage of internal reflection. 
Examples are provided that illustrate the cutting techniques for 


two of these “open-table” cuts. 


Tn recent years, a renaissance of sorts has been tak- 
ing place in gem cutting. Increasingly, cutters {in 
particular, custom cutters and gemstone designers} 
have broken with the conventions of traditional 
faceted cuts and have incorporated new shapes 
and techniques in their approaches to stones. The 
results have been as varied as the cutters them- 
selves. 

Many of these newer cuts indicate a trend 
toward carving and sculpting, rather than flat 
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faceting or cutting en cabochon (see, e.g., Koivula 
and Kammerling, 1988 a and b}. While the results 
are often beautiful and unusual, at times they 
appear to sacrifice the use of internal optics in 
favor of a more unusual external shape. This arti- 
cle illustrates some ways in which the cutter can 
still use internal optics as the central characteris- 
tic of a cut while executing unconventional treat- 
ment of a stone wherein curved surfaces are 
produced freehand on a flat lap. 


DESCRIPTION OF SAMPLES 


Two gems were selected to illustrate the principles 
proposed here. The first is a pyramid-shaped 8.98- 
ct golden beryl, finished in what I call a “halo cut” 
(figure 1]. In this cut, the crown has been virtual- 
ly eliminated and the table “spread” in order to 
emphasize the internal optical effects and draw the 
observer's eye past the surface shape of the gem 
and into the interior. The name of this cut is based 
on the circle, or halo, of light that moves around 
the interior of the stone as it is turned. 

The second example is a 12.90-ct hexagon- 
shaped yellow labradorite with an “iris cut” (fig- 
ure 2], so named because it exhibits a petal effect 
similar to that of the flower. As the stone is moved, 
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Figure 1. The halo cut of this 8.98-ct golden 
beryl eliminates the crown and “spreads” the 
table to draw the observer’s eye into the interi- 
or of the stone. Photo © Robert Jaffe. 


the “petals” appear to approach or recede from the 
table, sometimes seeming as much as a half-inch 
from the table surface, although the stone is only 
10 mm deep. Again, the crown is essentially elim- 
inated, leaving an open table, to place the focus on 
internal optics. 


GENERAL CUTTING 
CONSIDERATIONS 


Rough. These cuts require that rough material be 
internally flawless, since the open tables expose vir- 
tually all of the interior of the finished stone. 
Moreover, the use of optical reflection to create the 
internal effects will “multiply” any small inclusion. 

A variety of materials have proved to be suit- 
able for these cuts, including quartz, topaz, spinel, 
and corundum, as well as the beryl and labradorite 
illustrated. However, the crisp definition provid- 
ed by singly refractive materials such as spinels 
seems to be particularly effective (figure 3). 

Medium to light colors produce the best 
results. Larger sizes also seem to be optimum, 
although I have successfully produced the pyra- 
midal halo cut in stones as small as 6 x 5 mm that 
were still interesting and effective. 
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Figure 2. The “petals” of this iris cut appear to 
approach or recede from the table as the stone, 
here a 12.90-ct labradorite, is moved. Photo © 
Robert Jaffe. 


Figure 3. These cuts are particularly effective on 
singly refractive gem materials such as spinel. 
This 9.75-ct halo-cut synthetic spinel demon- 
strates the “holographic” quality whereby the 
interior design appears to move beyond the 
periphery of the girdle. Photo © Robert Jaffe. 
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Figure 4. Although standard equipment is used 
for these cuts, considerable “play” is needed in 
the faceting head to allow for small adjust- 
ments in facet placement. Here, the author is 
actually touching the lap with his fingertips to 
maintain maximum control while cutting a 
freehand curve. Photo by Martha Wilhelm. 


Equipment. No special equipment is necessary to 
fashion the convex curved facets on which these 
cuts depend. Although there are now special 
machines on the market that are designed to exe- 
cute curved surfaces (Homer, 1990), all of the work 
illustrated here was executed on an old, early- 
model, flat-lap unit with a generic faceting head. 
However, there is excessive “play” in the faceting 
head, which permits small adjustments to be made 
in facet placement with the exertion of slight fin- 
ger pressure (figure 4]. My equipment also includes 
a heavy steel base for stability, with a 0 to 3000 rpm 
motor and rheostat, and a variety of laps (metal 
bonded, glass, copper rechargeables) and grits (100 
to 3000). Polishing is performed with Lucite laps 
and cerium oxide, tin-lead, and Linde A, or a Crys- 
tolite “Last Lap” for 50,000-grit diamond. 
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Preforming. For the cuts described in this article, 
no special consideration need be taken in pre- 
forming except to leave a slight bulge wherever you 
plan to produce a curved surface later. The amount 
of bulge left is comparable to that allowed in cut- 
ting the pavilion of a step cut, where the finished 
facets bow out (Sinkankas, 1962). 


Dopping. Typical cold dopping is recommended for 
all materials except corundum. Cyano-acrylic glue 
is used to hold the stone in the wax mold; the 
stone can be removed after cutting by soaking in 
acetone (except where oiling is suspected] or by 
gently scraping the glue with a razor blade. (For 
more on cold dopping, see Wycoff, 1985.) 


HALO CUT 


Anyone who has successfully rounded a girdle 
freehand has the skill necessary to cut a curved 
facet. Generally, the table is cut first, beginning 
with a 45° adapter and a 260-grit lap, followed by 
600- and 1200-grit laps. The table is finished with 
whatever lap and polishing compounds are suitable 
to achieve an optimally reflective finish on the 
gem material being cut. 

After the table has been cut and polished, the 
girdle is cut. Indexing will depend on what type of 
gear is used, but it should be set slightly off from 
an equilateral triangle to achieve the pyramid 
shape shown here. 

Then, while the stone is still dopped from the 
pavilion, a set of small girdle step facets (general- 
ly 0.5 to 1 mm or more, depending on the final 
dimensions of the stone) are cut on the crown. For 
larger stones, sometimes two sets are cut. The 
purpose of these facets is mainly to provide a sur- 
face for a bezel or prongs to grip when the stone is 
set in jewelry. 

At this point, I generally crop the corners of the 
triangle to protect against chipping during setting, 
but they may be left sharp. Both the crown girdle 
facets and the corner facets are usually cut straight 
with a 1200-grit lap. Then, once the crown is com- 
pleted, the stone is transferred to a dop centered 
on the triangular table. 

Two broad mirror facets are cut on the pavil- 
ion, at an angle of 50° to the girdle plane (figure 5). 
These two surfaces will determine the sharpness 
of the reflected design, so they must be cut and pol- 
ished as cleanly as possible. The 50° angle is suf- 
ficiently larger than the critical angle of most gem 
materials that the internal design does not wash 
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“Halo” Cut — Crown 
(Apparent Optical Representation) 


out as the angle of observation changes. Two addi- 
tional sets of facets are then cut, at 53° and 52°, 
toward the apex of the pyramid (again, see figure 
5). These facets only provide aesthetic activity 
towards the top of the stone and are not integral 
to the optical phenomenon of the design, as are the 
50° main facets. The deep pavilion that results 
from these steep pavilion angles does require some 
creativity in designing settings. On the other hand, 
these cuts are particularly striking in closed-back 
mountings (figure 6). 

It takes some practice to form the combination 
of alternating flat and curved facets that results in 
the desired design and optical pattern. Beginning 
at the base index spot and working from the gir- 
dle toward the culet, a flat facet is first cut and pol- 
ished at approximately 70° to the girdle plane 
(again, see figure 5]. At approximately 5° less, the 
next facet is cut as an arc. This is done by locking 
the faceting arm in a freewheeling position so that 
it rotates freely. Using a worn 600- or a new 1200- 
grit lap, gently sweep the stone across the lap in 
tight, economical movements, constantly check- 
ing the evolution of the curve until a graceful arc 
is achieved. The arc is left unpolished to provide 
sharp definition and contrast with the adjacent 
flat facets. The frosted surface also acts asa “light 
sponge” that cuts down internal brilliance and 
optimizes the desired optical activity. 

The next facet, like the first, is flat and is cut 
at an angle of 3°-5° less than that of the previous 
surface. Again, it is polished, all flat facets should 
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Figure 5. The appearance 
of a halo-cut gemstone 
as seen through its 
crown (left) is quite dif- 
ferent from what might 
be expected from the 
pattern of faceting on its 
pavilion (right)—a result 
of placing the pavilion 
facets to take advantage 
of internal reflection. 


“Halo” Cut — Pavilion 
(Actual Cutting Representation) 


Figure 6, The optical effects of these cuts are 
particularly good when stones are placed in a 
closed-back setting, as can be seen in the 13.50- 
ct halo-cut amethyst in this 14k gold pendant, 
also set with opal, Photo © Robert Jaffe. 
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be polished as they are cut, because polishing later 
might alter the adjacent, unpolished, curved facets. 
Next, a curved facet is again cut at 5° less and in 
such a way that its corners meet those of the pre- 
vious curved facet, forming a lens-shaped, pol- 
ished flat facet between the two frosted arcs. It is 
this lens-shaped facet that creates the circle of 
light, or halo, in the finished design. Next, anoth- 
er flat, polished facet is cut at 7° to 10° less than 
the previous, unpolished arc. Finally, two addi 
tional polished arcs are cut at 5° less than the pre- 
vious cut to form the culet. Internal reflection 
transfers the image of the alternating facet pattern 
to the two large, flat, main facets in such a way as 
to form the appearance of a more complex pavil- 
ion faceting. Unlike the result that occurs with full 
faceting, however, the image within the stone 
moves around the pavilion as the viewing angle 
changes. 


IRIS CUT 


This hexagonal cut is somewhat easier to execute 
than the halo cut, although it employs similar 
principles of curves and reflection. It uses the same 
basic indexing as for other hexagonal cuts. The 
table is again left “open” and is cut and polished 
first, followed by the hexagonal girdle and minor 
crown girdle facets. The stone is then re-dopped to 
cut the pavilion sequence. 


“Iris” Cut — Crown 
(Apparent Optical Representation) 
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Three pavilion facets are cut, at an angle of 45° 
to the girdle plane, at every other side of the 
hexagon from the girdle to the culet (figure 7}, and 
are polished as they are cut. For the remaining 
three alternate sides of the hexagon, the faceting 
arm is again loosened to a freewheeling state. At 
an angle of 44° to the girdle plane, and extending 
from the girdle to about 90% of the distance to 
culet, a curved facet is cut so that its top edge just 
aligns with the girdle side. Then, with the polish- 
ing lap on the machine, the curved facet is gently 
rolled across the lap at a low speed (about 100 rpm] 
up to the point where polishing starts to occur. The 
resulting partial polish produces a striated effect 
that radiates outward from the end near the culet 
and creates the appearance of striping like that of 
an iris petal, enhancing the flower effect. 

This cutting sequence establishes a striated, 
curved surface opposite each flat, planar pavilion 
facet. Reflection of the curved surfaces by the plane 
surfaces causes the reflected image, as viewed from 
the crown, to appear to recede from the viewer. 
This receding effect is juxtaposed on the positive, 
nonreflecting, striated surface, the contrast adding 
to the apparent depth in the stone. 


CONCLUSION 


No specific mathematical approach was adopted 
to determine the angles used in the cuts described 


Figure 7, The crown view 
of an iris-cut stone (left) 
results from internal 
reflection of the pavilion 
facets (right), three of 
which are left partially 
polished to achieve the 
striation that con- 
tributes the iris-petal 
appearance. 


“Iris” Cut — Pavilion 
(Actual Cutting Representation) 
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above. The final designs are accomplished gener- 
ally by making adjustments as the stone evolves. 
By cutting and polishing the table first, “en route” 
checking can be done, enabling the cutter to make 
minor angle adjustments by eye, as needed. 
Another example of some of the possibilities of “en 
route” designing is exhibited by the 17.5-ct “leaf- 
cut” citrine shown in figure 8. The natural skin of 
the rough citrine crystal was retained in the design 
of the stone, and is accentuated by select reflec- 
tive planes on the pavilion. Although optical reflec- 
tion is not intrinsic to this design, this open-table 
cut demonstrates again the concept of drawing 
the observer's attention past the surface and into 
the stone. 

In this type of cutting, flexibility is central to 
creation and design. Experience and practice are 
also critical. In addition, it is important to record 
every step in the process to ensure that you can 
reproduce or make corrections to the design later. 

As with all lapidary work, the hand and the eye 
are the paramount tools, but recent developments 
have also revealed the importance of the cutter’s 
imagination. Experimentation will lead to the cre- 
ation of even more variety and, as the “kinks” are 
worked out, the future should see a diversity of cut- 
ting styles and techniques that incorporate a bal- 
ance of form and optics that both pique the interest 
and satisfy the aesthetics of the beholder. 
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Figure 8. This 17.5-ct “leaf-cut” citrine demon- 
strates another example of how to optimize the 
interior of a stone by means of the open-table 
concept. Photo © Robert Jaffe. 
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AN EXAMINATION OF 
NONTRANSPARENT “CZ” FROM RUSSIA 


By Robert C. Kammerling, John I. Koivula, Robert E. Kane, 
Emmanuel Fritsch, Sam Muhlmeister, and Shane E McClure 


White, pink, and black nontransparent synthetic “cubic zirco- 
nia” is currently being manufactured in Russia and marketed 
primarily in cabochon and bead form. These unusual materi- 
als are potentially useful as substitutes for such gem materials 
as pearl, dyed black chalcedony (“onyx”), and even black dia- 
mond. The authors provide a detailed description of these new 
products, including the chemistry and probable manufacturing 
techniques. These products can be readily identified by standard 


gemological tests. 


Synthetic cubic zirconia (CZ) is best known as a 
transparent, essentially colorless diamond simu- 
lant. Few would argue that, to date, it is the most 
effective imitator of that important gem. Annual 
production now exceeds one billion carats (Nassau, 
1990). In 1989 alone, Thailand exported 13,256 kg 
(66,280,000 ct) of fashioned CZ (“Thais cut more 
CZ,” 1990). 
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Over the past several years, CZ has also 
become available in a wide variety of colors, 
including some that make effective imitations of 
fancy-color diamonds (see, e.g., Nassau, 1981, 
Crowningshield, 1985; Hargett, 1990} and others 
that imitate various other gems (see, e.g., Nassau, 
1981; Read, 1981, 1989; Fryer et al., 1983). 

Until recently, virtually all CZ has been essen- 
tially transparent. In the Fall of 1991, however, we 
learned that nontransparent “cubic zirconia” was 
being manufactured in Russia and marketed in the 
United States by the firm of Kyle Christianson Ltd., 
Sylvania, Ohio. One type, produced in both white 
and pink, is marketed as “Pearl CZ” (Weldon, 1991) 
because of its resemblance to the organic gem mate- 
rial. In subsequent discussions with employees of 
the Christianson firm, we learned that they also sell 
a black CZ. 

According to Kyle Kisseberth of the Christianson 
firm (pers. comm., 1991), all three types are pro- 
duced in Novosibirsk, Russia. The Christianson 
firm first marketed them in early to mid-1991, 
Both rough and fashioned (white and pink, pri- 
marily cut en cabochon; black, faceted or as beads} 
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Figure 1, These samples are representative of the material examined in this study (from left to right): 
white “Pearl CZ” (98,62 ct and 8.03 ct), black CZ (65.09 ct and 6.60 ct), and pink “Pearl CZ” (141.85 


ct and 7.14 ct). Photos by Shane F. McClure. 


materials are sold, with the fashioning done in 
Bangkok. As of late November 1991, over 1,000 kg 
each of the white and pink materials, and almost 
1,000 kg of the black, had been sold. 

In terms of the materials’ jewelry use, Mr. 
Kisseberth indicated that the white and pink cabo- 
chons have found their most obvious application 
as a reasonably priced simulant for Mabe pearls. 
The black material has been marketed to date as 
a substitute for (dyed] “black onyx” (chalcedony), 
having the advantage of greater scratch resistance. 
To establish the properties of these three materi- 
als and determine the cause of their unusual 
appearance, we examined several samples of each 
and submitted them to a number of testing pro- 
cedures. The results are reported below. 


SAMPLES STUDIED 


The authors obtained the following samples from 
the Christianson firm: five cabochons (4.39-8.03 ct) 
and one “crystal” (98.62. ct} of the white; five cabo- 
chons (3.75-7.83 ct} and one “crystal” of the pink; 
and three faceted (0.57-6.60 ct} and three “crystals” 
(65.09-87.47 ct) of the black. All of the cabochons 
had slightly convex bases. Representative samples 
of these materials are shown in figure 1. 


PROPERTIES 


The properties determined on these samples are 
summarized in table 1 and discussed below. 


Visual Appearance. The white “Pearl CZ” has a 
uniform, milky white body color while the pink 
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“Pearl CZ” has a uniform, medium pink body 
color. When examined with moderately intense 
direct transmitted lighting, all the cabochons 
appeared translucent. With more intense lighting, 
however, all the cabochons showed subtle varia- 
tions in translucency with a somewhat banded, 
striped, or striated distribution. Where this was 
most noticeable, as in two of the pink cabochons 
(figure 2), the appearance was somewhat reminis- 
cent of the striped effect noted when bead-nucle- 
ated cultured pearls are examined in intense 
transmitted light, a technique known as “can- 
dling” (see, e.g., Webster, 1983, p. 541, Liddicoat, 
1989, p. 123). Nassau {1980} described and illus- 
trated a similar effect that occurs occasionally in 
transparent colorless CZ. 

In reflected light, the black material appears 
to have a uniform coloration. When placed over the 
end of a fiber-optic light pipe, the larger samples 
remain essentially opaque, transmitting no light. 
The smaller pieces, however, appear semitranslu- 
cent and exhibit a dark brownish red transmis- 
sion reminiscent of the body color of almandite 
garnet (figure 3); a thin (approximately 1.75 mm} 
slice of one of the larger rough specimens exhib- 
ited the same transmission color. 

The luster of all the polished samples was 
notably high, The luster of the black material is 
best described as adamantine, as the faceted sam- 
ples resemble some black diamonds. Using the 
GIA cultured pearl grading system (GIA, 1984}, as 
the white and pink materials are marketed as pearl 
simulants, the luster of the “Pearl CZ” would be 
classified as very high. 
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Refractive Indices. Refractive index readings were 
measured with a GIA GEM Duplex II refractome- 
ter. On the cabochons, spot readings were taken 
using white light; on the faceted samples, flat- 
facet readings were taken using near-sodium equiv- 
alent light. The fact that all readings were over the 
limits of the instrument {i.e., above 1.81] is con- 
sistent with the values reported for cubic zirconia 
(see e.g., Liddicoat, 1989). 


Polariscope Reaction. Both the pink and white 
cabochons transmitted enough light to be exam- 
ined between crossed polars; in all cases this pro- 
duced an aggregate-type reaction. All the black 
specimens appeared opaque in the polariscope, so 
no optic character could be determined for this 
material. 


Ultraviolet Luminescence. The white material 
was essentially inert to long-wave U.V. radiation. 
This material fluoresced a very weak light pink to 


Figure 2. In strong transmitted light, this 7.83- 
ct pink “Pearl CZ” exhibits a characteristic 
striped appearance. Photo by Maha Smith. 


TABLE 1. Gemological properties of nontransparent white, pink, and black “CZ.” 


Properties White Pink Black 
Visual appearance 
Reflected light Uniform milky white Uniform pink Uniform black 


Transmitted light Somewhat banded, 


striped, or striated 


Diaphaneity Translucent 
Polish luster Very high 
Refractive index OTL? 
Polariscope reaction Aggregate 
Ultraviolet luminescence 
Long-wave Inert 
Short-wave Very weak light pink 
Absorption No detectable features 
spectrum® 


Chelsea filter reaction Yellowish green 


Thermal _— 
conductivity reaction® 


Specific gravity® 6.11-6.12 


Somewhat banded, 
striped, or striated 


Translucent 


Very high 
OTL? 
Aggregate 


Strong yellow-green 
Weak to moderate 
chalky light yellow- 
green 


Fine lines at approx. 
440, 449, 541, 543, 
546, 644, 646, 650, 
653, 655, and 656 nm; 
wider bands at 486, 
515, and 523 nm 


Yellowish green 


6.14-6.16 


Dark brownish 
red transmission color 


Semitranslucent 
to opaque 


Very high (adamantine) 
oT’ 
N/A? 


Inert 
Inert 


No detectable features 


Dark red 
Simulant 


5.93-5.94 


* Over the limits of the conventional refractometer (1.814). 
© All black specimens appeared opaque in the polariscope. 


° Visible range (400-700 nm), as determined using both prism and diffraction-grating type desk-model spectroscopes. 
? Test not performed on pear! simulants; reaction of black material typical of that observed with other colors of CZ. 


° Determined by hydrostatic weighing method. 


short-wave U.V. There was no phosphorescence to 
either wavelength. 

The pink material fluoresced a strong yellow- 
green to long-wave U.V. and a weak to moderate 
chalky light yellow-green to short-wave U.V. Again, 
there was no phosphorescence. This response 
resembles the fluorescence reaction of transparent 
pink CZ (Read, 1981). 

The black material was inert to both wave- 
lengths. 


Chemistry. All three types of material were ana- 
lyzed using a Tracor Spectrace 5000 energy dis- 
persive X-ray fluorescence (EDXRF} spectrometer, 
and all were found to contain zirconium, hafnium, 
and yttrium. Yttrium is acommon stabilizer used 
in the production of CZ, while hafnium is an 
impurity associated with zirconium (Bosshart, 
1978). The relative proportions of zirconium and 
yttrium found in the spectra of the “Pearl CZ” dif- 
fer from those measured for a transparent, color- 
less, yttrium-stabilized CZ sample run for 
comparison. Normalizing the peak heights for zir- 
conium in the chemical spectra of the opaque and 
transparent CZ samples reveals an yttrium peak 
height for the transparent CZ that is approximately 
four times greater than that of either the white or 
pink translucent materials. In other words, the 
yttrium stabilizer concentration is approximate- 
ly four times greater in the transparent CZ stud- 
ied than in the nontransparent material. The pink 
samples were also found to contain erbium (chem- 
ical symbol: Er], a rare-earth element. The chem- 
istry of the black CZ was found to be very similar 
to that of the transparent, colorless CZ. In some 
samples (of all colors}, we found traces of iron, cal- 
cium, and manganese, which are common trace 
elements in colorless CZ. 


Spectroscopy. All samples were examined using . 


GIA GEM desk-model spectroscopes, both prism 
and diffraction-grating types (the latter with an LCD 
digital readout}. Neither the white nor black mate- 
rials exhibited any detectable absorption features. 

The pink specimens, however, exhibited a 
strong absorption pattern of the type associated 
with gem materials that contain rare-earth ele- 
ments. The most prominent features were fine 
lines at approximately 440, 449, 541, 543, 546, 
644, 646, 650, 653, 655, and 656 nm, with wider 
bands at 486, 515, and 523 nm. Where lines are 
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Figure 3. Thin edges and smaller faceted pieces 
of the black CZ, like this 0.57-ct triangular bril- 
liant, appear brownish red when examined in 
strong transmitted light. Photo © GIA and Tino 
Hammid, 


tightly spaced (for example, the four between 650 
and 656 nm}, they may appear as a single, broad 
line. The spectrum is similar to that noted by the 
authors in some transparent pink CZ and attribut- 
ed by Read {1981} to doping with erbium oxide 
(Er,O3}; Nassau (1981) also reports erbium (as well 
as europium and holmium] as a dopant used to pro- 
duce pink CZ. This is consistent with the results 
of the chemical analysis described above. 

The ultraviolet, visible, and near-infrared 
absorption spectra of the pink and white materials 
were also measured using a Hitachi U-4001 U.V.- 
visible spectrophotometer (figure 4). The white 
material does not show any absorption in the vis- 
ible range, which is consistent with its color appear- 
ance. It does, however, exhibit some very weak, 
broad absorptions in the near-infrared between 
1700 nm (5880 cm’) and 2500 nm (4350 cm). 

By contrast, the pink samples show a series of 
very sharp absorptions in the visible range. The 
strong absorptions located between 480 and 550 
nm result in the pink color. It is interesting to 
note that these features are accompanied by broad- 
er ones at about 900 and 1500 nm in the infrared, 
as well as the much weaker set of broad absorp- 
tions already observed for the white material. 

The near-infrared and visible absorption spec- 
tra of the pink material arise from the presence of 
the erbium ion Er*+. Except for the features 
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between 1700 and 2300 nm, the various groups of 
sharp absorptions from the ultraviolet to the near- 
infrared can be attributed to the various energy lev- 
els of the Er** ion observed by Dieke (1968, p. 134} 
in the LaCl, structure. 

Because the pink material exhibits such a 
strong luminescence to long-wave U.V. radiation, 
we also examined the emission spectrum with a 
desk-model prism spectroscope. This revealed two 
sharp lines in the green, at approximately 540 and 
550 nm, that correspond to the 541-nm absorption 
(and its very weak 550-nm companion] of the Er*+ 
ion (figure 5). Therefore, the U.V. luminescence is 
due to this dopant. 


Chelsea Filter Reaction. The white and pink sam- 
ples were viewed through a Chelsea filter while 
illuminated in the strong transmitted light pro- 
vided by the base lighting system of a GIA GEM 
spectroscope, as were the smaller faceted black 
specimens and extremely thin edges of the black 
rough samples. Both white and pink types appeared 
yellowish green. As for the black samples, all areas 
that transmitted light appeared dark red. 


Thermal Conductivity. Because the black “CZ” 


could be visually confused with some black dia- 
monds (its over-the-limits R.I. could add to such 
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Figure 4. The ultraviolet- 
visible absorption spec- 
tra of white (lower 
curve) and pink (upper 
curve) “Pearl CZ” are 
shown here. The near- 
infrared absorption spec- 
tra of the same samples 
appear in the box (the 
axes of the box have the 
same units of measure as 
the larger spectra), 


confusion}, it was tested with a thermal conduc- 
tivity probe. All of the samples revealed a typical 
“simulant” reaction. 


Specific Gravity. S.G. was determined by the 
hydrostatic method with a Mettler AM100 elec- 
tronic scale. Three separate determinations were 
made for each sample so tested. The white mate- 
rial gave values of 6.11-6.12, the pink produced val- 
ues of 6.14-6.16, and three of the black specimens 
(the larger ones] gave values of 5.93-5.94. 

The values for the white and pink materials are 
somewhat higher than those generally reported 


Figure 5. Comparison of the yellow-green long- 
wave U.V. fluorescence spectrum (upper) with the 
optical absorption spectrum of the pink material 
demonstrates that this luminescence originates 
mostly from the Er* ion. 


400 500 6C0 700 


GEMS & GEMOLOGY 


Winter 1991 


for cubic zirconia (see, e.g., Nassau, 1981, Liddi- 
coat, 1989). However, Read (1981; 1989} points 


out that both refractive index and specific gravity, 


of CZ can vary with the amount and nature of sta- 
bilizer used. The values for the black material are 
within the range described in the literature for 
transparent, colorless CZ (e.g., Nassau, 1980; 
Liddicoat, 1989). 


Magnification. Observation of the samples with a 
standard binocular microscope revealed no addi- 
tional distinctive features. In surface-reflected 
light, the “Pearl CZ” showed an essentially 
smooth surface {in contrast to the contoured 
platelet structure of pearls). 


DISCUSSION 


Cubic zirconia is produced commercially by a 
technique known as skull melting, in which crys- 
tals are grown at high temperatures in a self-con- 
tained melt or cold crucible of powdered zirconium 
oxide (for a more complete description of the tech- 
nique, see Nassau, 1980}. 

Of particular relevance to this discussion is the 
fact that a stabilizer—normally yttrium oxide or 
calcium oxide—must be used if the end result is 
to be a stable product crystallized in the isomet- 
ric (cubic) crystal system. When yttrium oxide 
(Y,O,) is used, the amount might typically be on 
the order of 15 wt.%, although a cubic product can 
be produced with up to about 65 wt.% (J. Wenckus, 
pers. comm., 1991). One of the early patents filed 
is for cubic zirconia stabilized with 10 to 30 mol.% 
(16-44 wt.%) yttrium oxide (Nassau, 1980). 

The amount of stabilizer is of particular inter- 
est here, as it appears from the following that the 
reduced transparency in both the white and pink 
materials results from the intentional use of insuf- 
ficient stabilizer. According to Mr. Joseph Wen- 
ckus of Ceres Corp., a major U.S. manufacturer of 
CZ, inadequate amounts of stabilizer (for example, 
5-6 wt.% yttrium} result in a material that consists 
of a multitude of tetragonal zirconia needles (ZrO,} 
contained within a cubic zirconia matrix. Under 
very high magnification, Ingel (1982) observed a 
“tweed-like” structure in a thin section of mate- 
rial containing 5 wt.% yttrium oxide. The reduced 
transparency is the result of light scattering from 
these tetragonal needles. Mr. Wenckus also vol- 
unteered that, with respect to nomenclature, these 
products are not cubic zirconia but rather partial- 
ly stabilized zirconia (PSZ). 
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Ceres Corp., under contract with the Naval 
Research Laboratory in Washington, DC, has 
grown a wide variety of PSZ crystals over the past 
10 years, some of which have been marketed in 
small quantities to the gem trade (J. Wenckus, 
pers. comm., 1991], The authors examined a 
144.66-ct white specimen, produced this past year, 
that was virtually identical in appearance to the 
white material produced in the Soviet Union. 
EDXRE analysis by the authors confirmed that it 
had yttrium and zirconium concentrations simi- 
lar to those of the white “Pearl CZ.” 

R. P. Ingel (1982) provides further quantita- 
tive data relating yttrium content to the crystal 
transparency of CZ and related materials. At 3 
and 4 wt.% Y,Os, the crystals are white and essen- 
tially opaque; at 5 wt.%, they are semitranslu- 
cent; and at 12-20 wt.%, they are transparent and 
colorless. This is consistent with results of the 
semi-quantitative chemical analyses obtained for 
this study. 

The authors believe that the light scattering 
described herein ‘alone accounts for the body color 
of the white material, as this material did not 
appear to contain a color-producing dopant. 
Furthermore, the striped appearance seen when 
the white and pink “Pearl CZ” is illuminated in 
strong transmitted light can be accounted for by 
the inhomogeneous nature of these materials. 

The fact that the black samples showed no 
major chemical difference from the colorless ref- 
erence samples indicates that their color is not 
due to the presence of trace elements. 

Mr. Wenckus has also volunteered an expla- 
nation for the appearance of the black CZ, which 
Ceres Corp. has also grown in small quantities for 
customers in the gem trade. Such material can be 
produced by growing CZ under neutral and/or 
reducing conditions. (Alternatively, transparent 
CZ crystals can be “blackened” by post-growth 
annealing under the same atmospheric conditions 
{i.c., neutral or reducing] at temperatures above 
1400°C). In either case, the resulting product con- 
tains color centers that absorb so much light as to 
cause the black color. Heating such material in an 
oxidizing atmosphere eliminates color centers, 
resulting in transparent, colorless CZ. In fact, Mr. 
Wenckus noted, jewelry repair operations, such 
as the retipping of prongs with the material still 
in the mounting, have had the undesired effect of 
turning the material colorless. 

To confirm this report, the authors had a cross- 
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Figure 6. Heating to a red heat with a jeweler’s 
torch caused the 6.02-ct piece of black CZ on 
the right to become transparent and essentially 
colorless. The 8.37-ct piece on the left was cut 
from the same original rough. Photo by Shane 
F. McClure. 


sectional piece sawn from one of the samples of 
black rough and subsequently had it cut into two 
pieces. The larger (8.37 ct) piece was retained as a 
control while the smaller (6.02 ct} piece was heat- 
ed on a charcoal block to a red heat with a jewel- 
er’s torch. Upon cooling, the smaller piece became 
transparent and essentially colorless (figure 6). A 
similar heating procedure performed on a 5.20-ct 
white cabochon and a 7.10-ct pink cabochon pro- 
duced a temporary color change at high tempera- 
ture, but both stones reverted to their original 
appearance on cooling. 
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CONCLUSION 


The white and pink “Pearl CZ” investigated for 
this report appear to be partially stabilized zirco- 
nia (PSZ)}, which lacks sufficient stabilizer to pro- 
duce a homogeneous cubic structure. Although 
the materials exhibit neither overtone nor orient 
(two components of pearl color}, they are attrac- 
tive and do make relatively effective pearl imita- 
tions in some jewelry applications. Their sig- 
nificantly higher density (6+ vs. less than 3 for 
natural and cultured pearls}, over-the-limits R.1.’s, 
and smooth surface should serve to separate them 
easily from natural and cultured pearls. Care must 
be exercised, however, not to mistake their appear- 
ance in strong transmitted light for the “candling” 
effect seen in some bead-nucleated cultured pearls. 
It is interesting to note that because the reduced 
transparency of the PSZ is not connected to the 
colorant used, one may assume that any of the 
other colors of CZ could be similarly produced in 
a translucent to opaque form. 

With its high luster, the black, partially 
reduced CZ could make an effective simulant for 
a number of black gems, including black diamond. 
A “diamond probe” should serve to separate this 
material quickly from either natural-color or arti- 
ficially irradiated black diamonds. In addition, the 
brownish red transmission color noted in small 
samples and thin sections of this simulant differs 
from the light gray or brown to colorless appear- 
ance of transparent areas of natural-color black 
diamonds or the green transmitted color of irradi- 
ated “black” diamonds (Kammerling et al., 1990). 
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A Large CHLORITE Carving 


Recently submitted to the West 
Coast laboratory for identification 
was the opaque, mottled, yellowish 
brown to brownish yellow oriental 
carving illustrated in figure |. Our 
client reported that this interest- 
ing piece—possibly a scepter—was 
believed to be nearly 1200 to 1300 
years old, from the T'ang dynasty. 
Examination with the unaided eye 
revealed an overall pearly luster, and 
one small area showed a dull, pearly, 
granular fracture. The lighter, brown- 
ish yellow layer of material on the 
top and bottom of the carving also 
displayed a weak sheen. 

A precise refractive index proved 
difficult to obtain due to the curved 
surfaces and the condition of the pol- 
ish; using the shadow method, how- 
ever, we determined an approximate 
value of 1.57. 

Because of the difficulty of iden- 
tifying such a carving with standard 
gemological tests, we obtained the 
client’s permission to scrape a mi- 
nute amount of powder from an in- 
conspicuous recessed area for X-ray 
powder diffraction analysis. The 
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Figure 1, This interesting carving (13.3 x 3.6 x 2.5 cm) is made from 
clinochlore IIb, a member of the chlorite group. 


results matched our standard pattern 
for clinochlore IIb, which is a mem- 
ber of the chlorite group. 

As Klein and Hurlbut pointed 
out in the Manual of Mineralogy, 
20th ed. (1977), it is extremely diffi- 
cult to distinguish between the 
members of the chlorite group with- 
out detailed study of the X-ray and 
optical properties or quantitative 
chemical analyses. Although previ- 
ous researchers have designated 
many varietal and species names to 
this extensive solid-solution group, 
research published in Reviews in 


Mineralogy, Volume 19, Hydrous 
Phyllosilicates, edited by S. W. Bailey 
(1988], recommends that only the 
species names—clinochlore, chamo- 
site, pennantite, nimite, and bailey- 
chlore—be used for members of the 
chlorite group. 

Therefore, on the GIA Gem 
Trade Laboratory identification report 
for the carving shown in figure 1, we 
stated: “The X-ray diffraction pattern 
of this material matches our standard 
pattern of CLINOCHLORE IIb, a 
member of the CHLORITE GROUP.” 

RK and Christopher P. Smith 
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Treated-Color DIAMOND with 
Natural Radiation Stains 


When green diamonds are submitted 
to the Gem Trade Laboratory, we look 
for, among many other things, physi- 
cal characteristics that indicate 
whether the color is natural or pro- 
duced by treatment. One indication 
that a polished diamond had been 
exposed to radiation in nature is the 
presence of green or brown radiation 
stains on a natural surface left by the 
cutter. It is known that these stains 
develop when the diamond crystal is 
exposed to alpha-particle radiation 
within the earth. However, they can- 
not be considered proof that the green 
body color is of natural origin, because 
alpha rays penetrate only a few tenths 
of a millimeter in diamonds. The 
stains will remain green unless the 
diamond is exposed to heat, either nat- 
urally or artificially, and will change 
to brown at about 500°C. 

During routine examination of a 
0,82-ct dark green marquise brilliant, 
the East Coast laboratory observed 
dark green natural radiation stains on 
the girdle at each point (figure 2). 
However, the uniform dark green 
color of the diamond, possibly the 
result of neutron irradiation, caused 
us to suspect that it might have been 
treated. In fact, we concluded—on the 
basis of its characteristic spectrum 
and uniform coloration as seen in 


Figure 2. Natural dark green 
radiation stains were seen on 
the girdle at each point of this 
0.82-ct treated green diamond. 
Magnified 30x, 
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Figure 3. This vase, which measures 25.0 x 16.4 x 9.0 cm, was 
carved from an unusual color of massive grossularite garnet. 


immersion—that this diamond was 
treated. This stone may have been 
carefully selected for treatment 
because it had natural radiation stains; 
perhaps it was a pale green diamond 
that the treaters wanted to “enhance.” 
It is also possible that the treaters were 
not aware of the stains. 

If this diamond had been an- 
nealed following irradiation, the radi- 
ation stains would have turned brown 
and the body color would have be- 
come orange to yellow. DH 
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Massive GROSSULARITE 
GARNET Carving 


An odd-color vase, carved in an ori- 
ental flora-and-fauna motif, was 
recently submitted to the West Coast 
laboratory for identification (figure 3}. 
It was a translucent mottled brown- 
ish yellow to brown with grayish 
white areas and some whitish yellow 
veins; the moderate polish and sub- 
vitreous luster suggested a rather hard 
material. 
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Spot refractive index readings 
taken from three different locations 
gave values of approximately 1.74. 
For the most part, the vase was inert 
to both long- and short-wave ultra- 
violet radiation, although some of 
the whitish yellow veins and grayish 
white areas fluoresced moderate to 
strong yellow to both wavelengths. 
A diagnostic spectrum could not be 
obtained with the hand-held spec- 
troscope. When the vase was exam- 
ined with the polariscope, we noted 
an aggregate reaction. 

Because the standard gemologi- 
cal tests that could be conducted on 
this material were inconclusive, we 
decided to scrape a minute amount 
of powder from an inconspicuous 
area for X-ray powder diffraction 
analysis. The resulting pattern mat- 
ches the standard pattern for grossu- 
larite garnet. Massive grossular 
garnet is not commonly seen in the 
lab as carvings. A carving of the same 
material, although green in color, 
was reported in the Spring 1985 Lab 
Notes section. 


Patricia Maddison 


Heat-Damaged JADEITE 


A 14.85 x 11.75 x 4.20 mm jadeite 
jade cabochon set in a woman’s ring 
was submitted to the East Coast lab- 
oratory for a damage report. The 
client was concerned about a change 
in appearance that was noticed after 
the ring had been repaired. The dis- 
colored area around the girdle was 
most apparent with transmitted light 
(figure 4). In addition, when the stone 
was exposed to long-wave ultravio- 
let radiation, the discolored area flu- 
oresced pale blue (figure 5). 

We have encountered heat-dam- 
aged jadeite before (see the Summer 
1982. Lab Notes}, but in that case the 
discoloration was fairly random. We 
nevertheless suspect that the change 
in appearance of the present stone is 
also related to heat. Heat alone may 
have been the culprit, or the stone 
may have received the customary 
paraffin bath during manufacture 
and the heat partially removed the 
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Figure 4. In transmitted light, 
discoloration apparently 
caused by exposure to excess 
heat is evident around the 
girdle of this 14.85 x 11.75 x 
4.20 mm jadeite jade 
cabochon. 


paraffin. It is possible that the orig- 
inal appearance could be restored by 
another paraffin bath, although there 
was no evidence of paraffin present 
at the time the stone was tested. In 
any case, the person who performed 
the repair could have avoided the 
damage by simply removing the 
stone before heat was applied to the 
setting. GRC 


Banded LAPIS LAZULI 


One of our Gems & Gemology sub- 
scribers recently gave the West Coast 
laboratory the opportunity to exam- 
ine and photograph the lapis lazuli 
cabochon ring shown in figure 6. 
Note the very prominent curved 
banding, easily seen with the unaid- 
ed eye, that runs across the entire 
curved surface of the 19.5 x 14,7 x 
8.25 mm stone. The subscriber had 
read with interest the entries in the 
Spring 1988 and Summer 1990 Lab 
Notes sections, which described sim- 
ilar, smaller cabochons of banded 
lapis. This stone had a spot R.I. of 
1,51 and a vague reading (from cal- 
cite} at 1.48 to 1.65, was inert to long- 
wave U.V. radiation, and had a some- 
what patchy, moderate chalk whitish 
green reaction to short-wave U.V.— 
all of which is consistent with lapis 
lazuli. Testing with an acetone- 


Figure 5. When the stone 
shown in figure 4 was exposed 
to long-wave U.V. radiation, 
the discolored area fluoresced 
pale blue. 


soaked cotton swab established that 
this piece was not dyed. 

With low magnification (10x} 
and oblique fiber-optic illumination, 
we determined that the curved bands 


“in this stone—as with the two previ- 


ously examined by the laboratory— 
were comprised of layers of densely 
packed dark blue grains alternating 
with layers of light blue, near-color- 
less, and dark blue grains. The space 
between the alternating bands ranged 
from approximately 0.3 to 0.6 mm. 
RK 


Figure 6. Parallel curved band- 
ing is readily apparent in this 
19.5 x 14.7 x 8.25 mm lapis 
lazuli cabochon. 
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Unusually Large Worked 
and Plugged Cultured PEARL 


An unusually large (32.20 x 25.68 x 
21.10 mm; 96.00 ct} baroque pearl 
was submitted to the East Coast lab- 
oratory for identification (figure 7]. 
Because of its size, we originally 
speculated that it might have been 
natural, as cultured pearls this large 
are very rare. 

However, an X-radiograph re- 
vealed a relatively small shell bead, 
about 9.5 mm in diameter, as the 
nucleus (figure 8). In addition, we 
observed that what was apparently a 
groove or opening in the original cul- 
tured pearl had been filled with a 
cement-like material. The area 
around the “plugged” spot appeared 
to have been buffed. 

If this cultured pearl were to be 
drilled, care would have to be taken 
to drill into the shell nucleus. If the 
drilling were to extend into a hol- 
low space, the pearl could fracture. 

‘ DH 


Such was the case with the black 
pear-shaped bead shown in figure 9. 

Initial testing at the East Coast 
lab indicated that the material was 
a carbonate; with the spot method, 
the bead displayed the typical red-to- 
green blink in the refractometer, and 
gave a spot reading of 1.66. A tiny 
drop of dilute hydrochloric acid 
applied to an inconspicuous area 
of the bead produced an efferves- 
cent reaction. The specific gravity, 
obtained hydrostatically, was 2.74. 
Because these results could apply to 
several carbonates and various rock 
mixtures, we performed an X-ray 
powder diffraction analysis. This test 
proved that the material was a rock 
consisting principally of dolomite 
with some quartzite. 

Usually, dolomite will not effer- 
vesce to room-temperature hydro- 
chloric acid, but it may do so if the 
dolomite consists of fine-grained crys- 
tals, as was the case with this bead. 

DH 


QUARTZITE and 
DOLOMITE Bead 


Several colored stone dealers have 
remarked that black is currently 
fashionable and, thus, that there is a 
demand for jewelry with black gems. 
Some dealers have told us that the 
dyed black chalcedony traditionally 
used is sometimes difficult to find, 
so that substitutes may be called for. 


Figure 7. At 32.20 x 25,68 x 
21.1 mm, this is an unusually 
large cultured pearl. 
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Coated SAPPHIRE 


With the proliferation of diffusion 
treatment, heat treatment, and the 
filling of cavities in corundum, the 
laboratory is particularly diligent 
when examining rubies and sap- 
phires for enhancement, 

Recently, a client submitted to 
the East Coast lab a medium-tone 
yellowish orange sapphire with the 
comment that “something did not 


Figure 8. Note the small shell 
bead in the large cultured 
pearl shown in figure 7. 
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Figure 9, Testing proved that 
this 15.2 mm (diameter) x 
25.1 mm (long) bead was a 
rock consisting mainly of 
dolomite with some quartzite. 


look right about the color.” The oval 
mixed cut measured approximately 
6.80 x 4.90 x 3.36 mm and weighed 
0.98 ct. 

The RI. of 1.762-1.770 identi- 
fied the stone as corundum, and the 
presence of fluid-filled healing frac- 
tures confirmed it to be natural sap- 
phire. However, no absorption fea- 
tures were visible with a desk-model 
spectroscope, and there was no reac- 
tion to long-wave ultraviolet radia- 
tion, indicating a treated color. 
Further, this stone showed no pleo- 
chroism, which is inconsistent with 
this depth of color even in a heat- 
treated sapphire. Subsequent exam- 
ination of the stone in reflected light 
revealed purple iridescence on the 
pavilion facets (figure 10), which is 
unknown in natural sapphire, while 
a diffused darkfield environment 
revealed color concentrated along 
the edge of the pavilion surface. We 
concluded that the stone had been 
coated. 

In an attempt to analyze the sur- 
face color concentration on the pavil- 
ion, GIA Research performed a 
qualitative chemical analysis by 
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Figure 10, Purple iridescence 
on the pavilion of this medi- 
um-dark 0.98-ct yellowish 
orange sapphire suggests that 
it has been coated. 


EDXRE. The analysis revealed Fe as 
the most abundant trace element, 
with small amounts of K, Ca, Ti, and 
Ga. A visible-range absorption spec- 
trum of the stone, taken with a 
Pye-Unicam Model 8800 spec- 
trophotometer, showed a sharp fea- 
ture at 387 nm that is related to Fe®, 
and increasing absorption toward the 
ultraviolet starting about 500 nm. 
These results are consistent with 
natural-color orange sapphire and so 
did not, by themselves, help charac- 
terize the coating. 

With the client’s permission, we 
soaked the stone in concentrated 
hydrochloric acid at room tempera- 
ture for five hours (figure 11). The 
depth of color was greatly reduced, 
although some of the coating re- 
mained on the pavilion. These more 
resistant areas were on facets with 
deep polishing lines or scratches. To 
complete the cleansing, we soaked 
the stone in more HC] at about 50°C 
for another two hours, at which 
point it was entirely colorless (figure 
12), The beginning of increasing 
absorption in the visible spectrum 
shifted down to about 400 nm, but 
the sharp Fe** feature was un- 
changed; this suggests that the 
orange color of the coating resulted 
from broad absorption in the green 
and blue portions of the spectrum. 

Although surface coatings such 
as the “Aqua Aura” process report- 
ed on topaz and quartz (see, e.g., 
Gems &) Gemology, Fall 1990, p. 
234, and Journal of Gemmology, 
April 1989, pp. 364-367) are com- 
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Figure 11, After the sapphire 
shown in figure 10 had been 
soaked at room temperature 
for five hours in concentrated 
HCl, the depth of color was 
reduced considerably. 


mercially available, this is our first 
encounter with such a coating on 
corundum, 

Recently, there has been a great 
deal of research and development in 
dry thin film technology and its 
application in jewelry manufacturing 
(e.g., American Jewelry Manufactur- 
ers, May 1991]. We would not be sur- 
prised to see a variety of coatings on 
more types of gems in the coming 


years. TM and Ilene Reinitz 
Twinned SYNTHETIC 
SAPPHIRES 


Within a short period of time, the 
East Coast laboratory encountered 
two synthetic sapphires that the 
clients had assumed were natural 
because of the presence of repeated 


Figure 13. The repeated twin- 
ning evident in this 17.95 x 
13,90 x 6.80 mm synthetic 
blue sapphire had led the 
client to believe it was natu- 
ral. Magnified 10x. 


Figure 12. With additional 
soaking in HCI heated toa 
low temperature, the “yellow- 
ish orange” sapphire became 
completely colorless. 


twinning (figure 13} and what 
appeared to be boehmite needles con- 
tained within the planes (figure 14). 

Straight twinning lamellae were 
considered proof of natural origin 
until 1920, when this feature was 
noted as an anomaly in synthetic 
sapphire by Sandmeier, and corrob- 
orated by W. Plato. For a detailed 
description of this phenomenon, see 
the article “Polysynthetic Twinning 
in Synthetic Corundum,” by W. F. 
Eppler (Gems & Gemology, Summer 


Figure 14, The presence of 
what appeared to be boehmite 
needles together with repeated 
twinning also created prob- 
lems in the client’s identifica- 
tion of this 26.00 x 13,12 x 
9.20 mm reddish orange sap- 
phire. Magnified 23x, 
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1964}. More recently, we reported on 
the presence of these phenomena in 
the Summer 1984 (p. 111) and Spring 
1989 (p. 38] Lab Notes sections. 

We conclusively identified the 
two recent examples described above 
as synthetic sapphires by the pres- 
ence of small gas bubbles and curved 
growth bands, which we observed 
with magnification and diffused 
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darkfield illumination. The appear- 
ance of repeated twinning in a syn- 
thetic sapphire can prove to be an 
identification challenge, especially 
when the stone in question may 
have been heat treated. Thermal 
treatment can diminish curved color 
banding, so that it is only evident 
when the stone is examined with 
immersion. TM 


FIGURE CREDITS 


Figure 1 is by Robert E. Kane. Figures 2, 4, 
5, 7, and 10-14 are by Nick DelRe. Maha 
Smith took figure 3. Figures 6 and 9 are © 
GIA and Tino Hammid. The X-radiograph in 
figure 8 is by Robert Crowningshield, The 
Historical Note photo of the heart-shaped 
inclusion in diamond is by A. de Goutiére. 
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HIGHLIGHTS FROM THE GEM TRADE LAB 25, 15 AND FIVE YEARS AGO 


WINTER 1966 


The New York lab reported on some 
of Chatham’s new synthetic flux- 
grown ruby. All four of the crystals 
examined contained natural sapphire 
seeds. The natural-seed centers were 
much more! opaque to short-wave 
ultraviolet radiation than was the 
surrounding synthetic material. 

Another interesting item con- 
cerned Mexican topaz that had been 
treated in the atomic pile at Brook- 
haven, New York, and altered to a 
very dark brown. This material may 
have been the predecessor of the 
treated blue topaz that is so much in 
evidence today. It would have been 
interesting to see if these stones 
turned blue with heat treatment, as 
does the topaz irradiated by today’s 
methods. 

Although the Los Angeles lab 
reported on different types of syn- 
thetic sapphires and on a one-plus- 
carat uvarovite crystal from Quebec, 
the most interesting item was a par- 
cel of stones that arrived at the lab 
with a most fascinating letter. The 
client wrote that he had located a 
single deposit in California that pro- 
duced blue and pink sapphires, green 
and brown peridot, zircon, alman- 
dite, diopside, enstatite, spinel, and 
even tiny diamond crystals. 

The parcel of stones he submit- 
ted did, in fact, contain these mate- 
rials, but only the small diamond 
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could be considered gem quality. He 
claimed that the deposit was a pipe 
with a quartz-feldspar dike intrud- 
ing into it. Naturally, he was unwill- 
ing to be more specific as to location. 


WINTER 1976 


The Santa Monica laboratory had 
occasion to examine and photograph 
a very unusual laser-drilled diamond. 
Usually, when a diamond is laser 
drilled in an attempt to enhance its 
clarity, the drilling is done from the 
pavilion. This stone had between 25 
and 30 drill holes through the table! 
Although not as readily apparent as 
one might expect when viewed per- 
pendicular to the table, they were 
quite evident when viewed from any 
other angle. 

The New York laboratory re- 
ported on various colored diamonds, 
both treated and natural. In addition, 
one fascinating photograph showed 
how the location of an inclusion can 
seriously affect the apparent clarity 
of a stone. In this instance, the sin- 
gle small inclusion was reflected in 
virtually every facet of the host dia- 
mond. If this inclusion had not been 
in this exact position, the stone 
would have looked like a VS» rather 
than an Sly. 


WINTER 1986 


The East Coast laboratory illustrat- 
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ed and discussed the separation of 
synthetic from natural amethyst by 
the presence of the twinning that 
occurs in natural amethyst and/or 
the spicules that are sometimes seen 
in hydrothermally grown synthetic 
amethyst 

GIA’s permanent collection, in 
Santa Monica, received a gift of two 
(rough and cut) rare clinchumites. 
The crystal weighs 1.72 ct and the 
cut stone, 0.39 ct. 

Since this is the Winter issue, 
with St. Valentine’s day just around 
the corner, it seems appropriate to 
show again the very rare heart-shape 
inclusion in a small (0.015 ct) dia- 
mond that was brought to our atten- 
tion by Mr. A. de Goutiére of Victoria, 
B.C., Canada. 


Note the heart-shaped cloud 
in this 0.015-ct brilliant-cut 
diamond. Magnified 12x. 
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DIAMONDS 


Botswana expands into diamond manufacturing. Through 
Debswana, the joint diamond-mining venture of De Beers 
and the government of Botswana, a cutting industry is being 
developed in that southern African nation. The Teemane 
Manufacturing Company has more than 100 trainees at 
its newly established school in Serowe. This is the first 
cutting and polishing venture in the country. (Diamond 
Intelligence Briefs, October 10, 1991, p. 815} 


Large Chinese diamond. The Wafangdian Diamond Mine 
in northeast China, one of the latest to go on-line in that 
country, recently produced a 60.6-ct stone. The crystal, 
named Fenggu Number 1, is one of several stones larger 
than 10 ct. recovered from this locality. (Diamond Intelligence 
Briefs, July 11, 1991, p. 784) 


Diamond center planned for China. A new diamond 
“town,” to be located in the Pudong area of Shanghai, China, 
is being planned for completion in 1995, More than 30 
foreign firms are currently negotiating to participate in 
diamond trading and construction of diamond-process- 
ing plants. The project is supervised by the Shanghai Arts 
and Crafts Import and Export Company. (Rapaport Diamond 
Report, January 11, 1991, p. 8} 


Data suggest strong, changing U.S. diamond market. 
Despite the sluggish economy and the Gulf War, U.S. demand 
for diamonds remained strong during the first six months 
of 1991. This assessment is based on monthly statistics 
from the U.S. Bureau of Mines as analyzed by Lloyd Jaffe, 
Chairman of the American Diamond Industry Associa- 
tion (ADIA). 

Overseas shipments of cut goods by caratage rose sub- 
stantially—15.7%—compared to the first half of 1990, 
although in terms of dollar value this was a decrease of 
about 0.1%. U.S. exports to top trading partners in Belgium, 
Hong Kong, Japan, Israel, and Switzerland continued to 
be strong, but the overall average per-carat price of loose 
fashioned stones exported fell 13.7% to $1,366. By com- 
parison, imports of loose fashioned diamonds in the first 
half of 1991 increased in terms of both dollar value and 
weight compared to the same period last year: up 4.5% 
to $1.65 billion and up 9.4% to 3.13 million carats. 
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The data also suggest that many U.S. diamond mer- 
chants are shifting their inventories to accommodate 
market changes brought about by lower levels of dis- 
posable income. For example, the average per-carat price 
of loose cut stones from India, a major source of smaller, 
less expensive goods, dropped 14% to $263; and the aver- 
age per-carat price of goods from Israel, a key source of 
middle-range diamonds, dropped to $791. 


Diamond factory to open in Dubai. What reportedly will 
be the first diamond factory in the Middle East outside 
Israel is currently being set up in Dubai, one of the United 
Arab Emirates. Equipment obtained in Antwerp has 
already been installed and, initially, 40 workers will be 
employed. Citi Diamond Co. will produce finished stones 
for export in the 0.05-0.50 ct range. (Diamond International, 
September/October 1991, p. 26) 


G.E. synthesizes large carbon-13 diamonds. In October 
1991, the General Electric Research and Development Center 
in Schenectady, New York, announced the synthesis of 
the first large, gem-quality diamonds composed almost 
entirely—99 %—of the isotope carbon-13. By comparison, 
natural diamonds are composed almost entirely of the lighter 
isotope carbon-12. Carbon exists in nature as these two 
stable isotopes; but the natural abundance of carbon-13 
is only 1%. 

The essentially colorless carbon-13 synthetic dia- 
monds, in crystals up to3 ct, were produced by a two-step 
process that involves both chemical vapor deposition 
and high-pressure technology. This is the same tech- 
nique G.E. used in 1990 to produce the first gem-quality 
synthetic diamonds enriched with 99.9% carbon-12. In 
1970, G.E. scientists produced their first carbon-13- 
enriched gem-quality diamond using high-pressure tech- 
nology. Its purity level, however, was only 91% carbon- 
13, short of the desired goal. 

High-resolution X-ray measurements, performed by 
Ford Motor Company scientists in Dearborn, Michigan, 
revealed that these new synthetic diamonds contain 
more atoms per cubic centimeter at room temperature 
than any other solid known to exist on earth. Experiments 
carried out by Ford researchers showed that, as the car- 
bon-13 concentration is increased, the interatomic dis- 
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tance decreases slightly, resulting in a corresponding 
increase in atomic density. This is an important discov- 
ery (and one expected on theoretical grounds}, as some 
scientists speculate that carbon-13 diamonds may be 
harder than natural diamonds. G.E. scientists will be 
making comparative measurements to test this concept. 

One unexpected discovery made by the Ford research- 
ers was the exceptional perfection of the crystal struc- 
ture of G.E. synthetic diamonds of all compositions, 
approaching that of silicon semiconductor crystals. 
Because improved crystal quality translates into improved 
electronic properties, the Ford discovery may stimulate 
development of new diamond-based electronic devices. 


Guinea’s Aredor produces another large diamond. A 
192.9-ct gem-quality diamond was recovered from the Aredor 
alluvial diamond mine in May 1991. It is being sold 
through IDC Diamond Holdings in Antwerp. This report- 
edly is the fifth gem-quality stone of 100 ct or larger that 
has been recovered from this mine since 1986. (Mining 
Journal, July 26, 1991, p. 67} 


Indonesian production on line. Indonesian Diamond 
Corp. reports that production at its southeastem Kalimantan 
holdings began in October 1991. In the first 17 days of 
operation, 476.6 ct of diamonds were recovered from 
the treatment of 4,740 m3 of gravel. The current project 
area has a proven reserve of 2.9 million m3, with an aver- 
age 0.102 ct of diamond per cubic meter. There is a fur- 
ther indicated resource of 15.3 million m3 and an inferred 
29.4 million m3 in an adjacent area. When two process- 
ing plants are fully operational, IDC will be able to pro- 
cess 54,000 m3 of gravel per month for a recovery of 
about 5,400 ct of diamonds. (Mining Journal, November 
8, 1991, p. 355) 


“Nickel thermometer” for diamond exploration. Chrome- 
pyrope garnet is widely used in diamond exploration as 
an indicator mineral, Quantitative evaluation of poten- 
tial diamond sources has involved searching for low-cal- 
cium, high-chromium (G10) harzburgitic garnets. 
Unfortunately, this method has drawbacks: Some dia- 
mondiferous pipes, such as at Argyle, contain few of 
these garnets, while other pipes rich in them are barren 
of diamonds. 

Higher-calcium chrome pyropes (G9 garnets) have 
largely been ignored, although they are typically more 
abundant in heavy mineral concentrates from both kim- 
berlites and lamproites and provide considerable infor- 
mation on diamond potential. The CSIRO Division of the 
Exploration Geoscience Diamond Project has developed 
a simple technique to evaluate the diamond potential of 
kimberlites and lamproites that uses proton-microprobe 
(PIXE) trace-element analysis of a relatively small num- 
ber of G9 garnet grains. The nickel content, which is 
very sensitive to temperature of formation, is used with 
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Figure 1. These new “Royal” cuts (0.70 ct to 2,32 
ct), are modified brilliant cuts with outlines that 
resemble the traditional pear, oval, and mar- 
quise. Photo © Tino Hammid. 


a conversion factor to estimate depth of formation. This 
knowledge, in turn, makes it possible to determine which 
gamets should co-exist with diamonds. The technique appears 
to be amore reliable indicator of potential diamond grade 
than the presence or absence of G10 chrome pyropes. 
(Mining Journal, March 22, 1991} 


New “Royal” diamond cuts. Raphaeli-Stschik, an Israel- 
based firm that specializes in fancy shapes, recently 
unveiled their new Royal Line diamond cuts. The three 
trademarked cuts—the Duchess, the Baroness, and the 
Empress—were reportedly designed to take advantage of 
relatively flat rough. According to Gershon Stschik, who 
co-developed the cuts with Chumi Raphaeli, certain 
rough led them to design diamonds that were signifi- 
cantly wider at the top than either traditional fancy 
shapes or rounds. Stschik says the stones are “top heavy” 
in comparison to traditional fancy shapes, which makes 
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the new cuts appear 50% larger than traditional fancies 
of the same carat weight. 

Recently, GIA received a few samples of these new 

cuts for inspection from the U.S. distributor, Suberi Bros., 
New York. The Duchess cut, a modification of the mar- 
quise, is an elongated, hexagon-shaped brilliant, the 
Empress cut is a seven-sided modified pear brilliant; and 
the Baroness cut is an octagonal brilliant that resembles 
an oval (figure 1}. All three cuts have traditional crown 
and pavilion facet arrangements. 
COLORED STONES Ei 
Hairy insect in amber... Dr. George O. Poinar, Jr., insect 
paleontologist at the University of California at Berkeley, 
recently described an unusual fossil insect found in amber 
from the Dominican Republic. The insect (figure 2} pos- 
sesses what is perhaps one of the most unique offense- 
defense systems nature has yet to devise. Sometimes 
called a “hairy bug,” it is scientifically classified in the 
family Reduvidae, subfamily Holoptilinae, of which it is 
the only known fossil member in the New World. Its defense 
system consists of the stout, brittle hairs that protect the 
limbs from attack by ants. The offensive “weaponry” 
consists of a gland on the ventral side of the abdomen that 
releases a secretion that both attracts ants and tranquil- 
izes them so they can be devoured. 


Czechoslovakian conference yields valuable informa- 
tion. In September 1991, Karin N. Hurwit of the GIA Gem 
Trade Laboratory, Santa Monica, attended Intergem, a gemo- 
logical conference hosted by the Geological Survey of Prague 
in conjunction with the Czechoslovak Academy of Sciences 
and “Granat,” a Czechoslovakian commercial enterprise. 
Ms. Hurwit provided the following information from 
exchanges with various researchers at the gathering. 


Figure 2. This unusual 4.7-mm long “hairy bug” 
is encased in amber that was found in the 
Dominican Republic. Photo by Dr. George O. 
Poinar, Jr. 
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Figure 3. This fine 3 mm x 1.4 mm ruby crystal 
in matrix is from a recently discovered deposit 
in the South Ural Mountains of Russia. Photo © 
GIA and Tino Hammid. 


Dr. A. Kissin, from the Ural branch of the Academy 
of Science, Ekaterinburg, Russia, released information on 
a recently discovered ruby deposit in the “Kootchinskoye” 
ore mine complex, located in the South Ural Mountains 
north of Magnitogorsk. Although rubies were first found 
in this area in 1979, not until late August 1991 did geol- 
ogists locate the important new find that promises to pro- 
duce high-quality stones. Dr. Kissin indicated that the host 
rock is amagnesium-calcite marble, which is believed to 
provide the best environment for the growth of fine-qual- 
ity mby crystals. Dr. Kissin generously donated a few sam- 
ples to GIA for examination, including a fine tabular 
ruby crystal in matrix (figure 3} and several carats of 
extremely small loose crystals, also of exceptionally fine 
color. 

Dr. Vladimir Balitsky, of the Laboratory for Mineral 
Synthesis at the Institute of Experimental Mineralogy, 
Moscow, discussed and displayed synthetic malachite. 
Although the Fall 1987 issue of Gems #) Gemology con- 
tains a detailed article on this material (of which Dr. 
Balitsky was the senior author], GIA staff members had 
not yet had an opportunity to examine this gem-quality 
synthetic first-hand. However, Ms. Hurwit was able to 
purchase a large specimen for GIA’s collection. This 
material is being studied and any new information will 
be reported at a later date. 

Ina discussion with scientists from the St. Petersburg 
State University, Ms. Hurwit learned that synthetic opal 
is being produced commercially in Russia. GIA is arrang- 
ing to obtain samples of this material for investigation, 
the results of which will be published in an upcoming issue 
of Gems @& Gemology. 
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Figure 4. This 3.65-ct chrysoberyl (9.69 x 8.14 x 
4.54 mm) exhibits a chatoyant band along its 
longer dinension, crossed at right angles by a 
growth band. Courtesy of Edward J. Giibelin; 
photo by Maha Smith. 


Novel chrysobery] “cross” cat’s-eye. Dr. Edward J. Giibelin 
shared with the Gem News editors a most unusual 
chrysoberyl in his collection (figure 4). The yellowish gray- 
ish green oval cabochon exhibits a typical bright chatoyant 
band down its longer dimension. This is crossed at a right 
angle by another band. The second band, however, is not 
produced by reflection and scattering of light off parallel 
acicular inclusions. Rather, it is a distinct growth band 
that has a noticeably different color from that of the 
remainder of the stone. 


Attractive Tanzanian diopside. The transparent, faceted 
diopside most often seen in the trade is the “chrome” vari- 
ety from Russia, This material typically exhibits a high- 
ly saturated, dark green body color that would most like- 
ly be confused visually with the bright green tourmaline 
from East Africa that is marketed as “chrome tourmaline.” 

The 1.18-ct diopside in figure 5, however, was cut from 
rough reported mined in the Lelatema Hills of northern 
Tanzania. The stone is lighter in tone and has a stronger 
yellow component to its color than what we expect to see 
in transparent diopside. It reminded us of some green grossu- 
lar garnet from Tanzania or fine-quality peridot from 
Burma, although we have seen somewhat similar-appear- 
ing diopside from China (see the Summer 1989 Gem 
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News column entry “Colored stone update from China,” 
pp. 111-112). 

Gemological testing confirmed the identity as diop- 
side, with R.I., birefringence, and S.G. within the ranges 
reported in the literature for this gem species. Examination 
with a dichroscope revealed weak pleochroism of brown- 
ish green and bluish green. The stone fluoresced a weak 
reddish orange to long-wave U.V., and a strong, slightly 
chalky yellow-green to short-wave U.V. No distinct 
absorption features were noted with a desk-model prism 
spectroscope. Magnification revealed graphite plates and 
fluid inclusions in a plane parallel to a cleavage direction. 


Fine emerald/green beryl from Nigeria. Mike Ridding of 
the firm Silverhorn, in Santa Barbara, California, brought 
to our attention an important find of large emerald and 
green beryl crystals from the area of Jos, Central Plateau 
State, Nigeria, that was made in December 1990. We 
examined a number of these crystals, which display well- 
formed crystal faces (figure 6], Most of the material report- 
edly went to Idar-Oberstein, where faceted stones as large 
as 20 ct have been cut. 


New production of demantoid garnets from Russia. Bill 
Larson, of Pala Properties International in Fallbrook, 
California, reports that demantoid garnets apparently 
are again being mined in the Ural Mountains of Russia. 
At the Munich gem fair last fall, Mr. Larson obtained more 
than 100 grams of rough material that reportedly had 
been recovered recently from the same region of the Urals 
where the historic deposits were mined. The best of the 


Figure 5. A mine in the Lelatema Hills of north- 
ern Tanzania was the source of this 1.18-ct diop- 
side. Photo by Maha Smith. 
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material appears to be the deep rich green for which 
Russian demantoid garnets are noted (figure 7}. Less than 
10% of the parcel he obtained fit this category, howev- 
er; most of the material was a lighter green. 


Tanzanian yellow grossular garnets. Although best known 
for its hessonite and tsavorite varieties, grossular garnet 
occurs in a wide range of colors. Recently, private collector 
Don Clary submitted to GIA’s Research Department 
three stones from Tanzania for investigation. The largest 
of the three stones, 4 3.17-ct barion cut (figure 8} was stud- 
ied in detail in an attempt to understand the origin of its 
unusual color. EDXRF spectroscopy detected the presence 
of titanium, manganese, and iron. U.V.-visible absorp- 
tion spectroscopy revealed absorption increasing toward 
the ultraviolet, with three sharp lines at approximately 
407, 418, and 428 nm, and a doublet at about 370 nm. These 
sharp bands are typical of Mn2* in the distorted cubic site 
in garnets. We concluded, therefore, that the yellow 
color of these Tanzanian grossularite garnets is primari- 
ly due to manganese (Mn**}, with no significant contri- 
bution from iron. 


Large tsavorite garnet from Tanzania. The Summer 1990 
Gems # Gemology contained a report titled “Well- 
Formed Tsavorite Gem Crystals from Tanzania” that 


Figure 6. These emerald/green beryl ayaals focused on high-clarity material recovered from the Karo 
(standing—55 mm long, 200 oh lying—75 —— pit of the tanzanite mining belt. The largest faceted stone 
long, 100 ct) were mined in Nigeria in late 1990. mentioned (and illustrated} in that report was 14.84 ct. 


Photo by Maha Smith. 


Figure 7. Demantoid garnets are again being 


mined in Russia. This 0.31-ct demantoid repre- Figure 8. The color of thts 3.17-ct grossular gar- 
sents some of the finer recent material seen. net from Tanzania is primarily due to man- 
Photo © GIA and Tino Hammid. ganese. Photo by Robert Weldon. 
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Figure 9. At 23.56 ct, this tsavorite from the tan- 
zanite deposits at Merelani, Tanzania, is excep- 
tionally large for this gem variety. Courtesy of 
Dr. Horst Krupp; photo by Shane McClure. 


ace 


Recently, the GIA Gem Trade Laboratory’s Robert 
Kane, senior author of the article, brought to our atten- 
tion an even larger faceted stone from this deposit. The 
23.56-ct oval mixed cut [figure 9} is exceptionally clean: 
Microscopic examination revealed only weak graining and 
three acicular inclusions. It was reportedly cut from a well- 
formed crystal similar to those described in the article. 


“Recycled” ivory. Increased awareness of, and concern 
for, endangered species over the past several years has result- 
ed ina number of moves to ban trade in such organic gem 
materials as tortoise shell and elephant ivory. This has 
resulted in a search for acceptable substitutes. A num- 
ber of replacements for elephant ivory have been promoted, 
from “fossilized” ivory -mastodon and mammoth tusks-— 
to “vegetable” ivory, particularly tagua nuts. Laboratory- 
made substitutes have also been promoted, including 
various plastics and one reportedly effective composite 
material from Japan. 

At a recent gem and mineral show, one of the edi- 
tors came across a novel scheme to market natural ele- 
phant ivory while assuring prospective buyers that it did 
not come from recently killed elephants. Sold as “recy- 
cled” ivory for use in small engravings and plaques, the 
pieces in question were actually the thin ivory veneer removed 
from old piano keys! 


More on Peruvian opal. The Summer 1991 Gem News 
column included a brief entry on an attractive blue opal 
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that reportedly originates in the Andes Mountains 
of Peru. Subsequently, the editors obtained additional 
information from Eugene Mueller, president of The 
Gem Shop, a Cedarburg, Wisconsin, firm that markets 
this material. 

According to Mr. Mueller, the blue opal, as well as 
a pink variety, is recovered from a copper mining area called 
Acari, located near the city of Arequipa, Peru. Some 200 
to 400 kg of opal is produced each month during the six 
months of the year when mining takes place. The mate- 
rial, which occurs in seams ranging from 1 to5cm thick, 
is currently mined using simple hand methods. 

Less than 10% of the total production is of the blue 
variety, which ranges from transparent to a “milky” 
translucency, and varies from a light blue-gray through 
blue-green to a saturated greenish blue similar to that asso- 
ciated with fine chrysocolla. The pink material varies from 
translucent to almost opaque, in hues ranging from a 
light brownish pink through a purer pink; some exhibits 
a color reminiscent of rhodochrosite. The pink material 
(figure 10} is reportedly the tougher of the two color types. 
Gemological testing revealed properties consistent with 


Figure 10. This 15.54-ct opal cabochon comes 
from the Acari copper mining area near 
Arequipa, Peru. Photo by Maha Smith. 
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opal for both types. Both blue and pink materials com- 
monly contain dendritic inclusions; prior to the discov- 
ery of these colored varieties, colorless dendritic opal 
mined in this area had reached the U.S. market. 


Antique portrait ring. An unusual late-19th-century por- 
trait ring, recently auctioned at Sotheby’s in Beverly 
Hills, California, was brought to our attention by Carol 
Elkins, a graduate gemologist and assistant vice-president 
of jewelry for Sotheby’s. The yellow gold and platinum 
ring, highlighted by small rose- and single-cut diamonds, 
contains as its center stone an oval flat-topped tablet of 
very slightly yellowish white translucent chalcedony 
that measures approximately 22 x 16 mm. The chal- 
cedony is an interesting type of “cameo” stone in that there 
is an excellent brown-colored portrait of George Washington 
printed on, or stained into, its surface (figure 11). Microscopic 


Figure 11, This antique chalcedony ring is deco- 
rated with what appears to be a photoportrait of 
George Washington. Photo courtesy of 
Sotheby’s, Beverly Hills, CA. 
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examination revealed that the portrait does in fact pen- 
etrate the surface by a fraction of a millimeter. The fine 
detail of the portrait, along with the noted penetration 
into the stone, suggest that the image was produced by 
means of a photographic process. In such a process, the 
porous chalcedony was probably first chemically treat- 
ed with a light-sensitive substance and then exposed, 
much as one would print using photographic printing paper. 
This is the first such example of photoprinting on a gem 
material that we have encountered. However, we recall 
seeing a light-sensitive aerosol spray that could be used 
to turn various surfaces into photographic printing “paper.” 


More synthetics sold as natural ruby in Vietnam. We 
recently were shown the five pieces of rough and one pre- 
form illustrated in figure 12, which were reportedly pur- 
chased in Vietnam as natural ruby. All six stones showed 
the spectrum typical of both natural and synthetic ruby 
when examined with a handheld type of spectroscope. The 
smallest piece of rough was easily identified as natural 
on the basis of its inclusions (which are described in 
detail in the article “Rubies and Fancy Sapphires from 
Vietnam,” by Robert E. Kane et al., in the Fall 1991 issue 
of Gems #& Gemology). Microscopic examination of the 
preform readily revealed the presence of curved striae and 
gas bubbles typical of Verneuil synthetics. Because of 
the irregular surfaces and reduced transparency of the 
“crystals,” X-ray fluorescence analysis was used in con- 
junction with microscopy to test the remaining four 
pieces of rough. All proved to be synthetic; curved stri- 
ae were seen in two of the four pieces. Curved striae are 
generally quite difficult to discern in “rough” synthetic 
rubies. 

It appears that the pieces of synthetic rough had been 
intentionally worked, perhaps cobbed as well as tumbled, 
to look like natural rough. Such fraudulent practices 
have been seen in localities all over the world, and we have 
examined several examples of faceted synthetic rubies that 
were purchased in Vietnam as natural stones. These are 
the first examples of synthetic ruby “rough” that we 
have examined at GIA. 


Update from Sri Lanka. Gordon Bleck, a dealer who 
resides in Sri Lanka much of the year, has once again pro- 
vided us with an update on gemstone production in that 
country. He informs us that, overall, gem mining is ham- 
pered by terrorist activity, particularly in remote jungle 
areas such as that around Okampitya. Ratnapura, how- 
ever, remains relatively safe. Following are some of the 
recent developments and unusual gem materials Mr. 
Bleck brought to our attention. 

Rubies have been found near Hambatota, which rep- 
resents a new locality for this gem. Stones rarely reach 
one carat in weight, but are of an unusually good quali- 
ty, with a deeper color than is usually associated with rubies 
from Sri Lanka. 
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Deep pink fancy sapphires were recently found in the 
Matara district, along the southern coast. Fashioned gems 
are rarely more than 2 ct. To date, production has been 
limited. 

In our experience, star spinels from Sri Lanka have 
tended to be almost opaque and of a very dark, low-sat- 
uration purple color. According to Mr. Bleck, in 1991 
star spinels of a saturated red color and a high degree 
of transparency were found in the Ratnapura district 
{figure 13). 

Clean, light yellow danburite crystals have been 
recovered from the Nirialla River, approximately 10 km 
from Ratnapura, near the towns of Palawela and Nirialla. 
The large specimen from which the 11.52-ct pear shape 
shown in figure 14 was cut was found in the river bed, 
whereas smaller fragments come from the river bank. This 
newer danburite tends to be less included than earlier 
productions. 

Among the rarities found this past year were two crys- 
tals of translucent yellowish green andradite, the larger 
about 2 cm across, which show a typical combination of 
dodecahedral and trapezohedral shape. This past year 
also saw the production of larger quantities of color- 
change spinels, sapphires, and garnets. 


Mr. Bleck also encountered considerably more fac- Figure 12. All six of these stones were purchased 
etable kornerupine this past year. An outstanding exam- in Vietnam as natural ruby. On the basis of 
ple is the 17.01-ct brownish green stone from central Sri gemological testing and, in some cases, X-ray 


fluorescence analysis, the 11.44-ct preform and 
four of the pieces of rough (3.93-15.17 ct) were 
identified as Verneuil synthetic rubies; the 
smallest piece of rough (bottom, 3.79 ct) proved 
to be natural ruby. Photo by Shane McClure. 


« 


Lanka shown in figure 14. The color is unusually light 
in tone for a stone of this size. Cat’s-eye kornerupines, 
which were once fairly easy to obtain in Sri Lanka, have 
become quite scarce. Figure 14 also shows an unusually 
large—5,.00 ct—blue sillimanite, from Ambalapitya. 


Sunstone/iolite mixture. Herb Walters of Craftstones in 
Ramona, California, gave us some tumble-polished sam- 
ples of an intergrowth of sunstone oligoclase feldspar 
and iolite to examine. According to Mr. Walters, the 
material originated in India, from which he regularly 
receives large quantities of both sunstone and iolite. 
Rarely, however, do they encounter intergrowths like 
the one shown in figure 15. When these intergrowths do 
occur, the iolite portion is usually of the “bloodshot” type, 
that is, containing “hematite” inclusions. 


Figure 13. This 1.12-ct red star spinel from the 
Ratnapura district of Sri Lanka is unusual for 
both its color and its high degree of transparen- 
cy. Photo by Robert Weldon. 
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Figure 14, Recent production in Sri Lanka 
includes the 11,52-ct pear-shaped yellow danbu- 
rite, 17.01-ct brownish green kornerupine, and 
§.00-ct blue sillimanite shown here. Courtesy of 
Gordon Bleck; photo by Robert Weldon. 


Update on Tanzanite mining. Abe Suleman of Tuckman 
Mines & Minerals Ltd. recently provided the Gem News 
editors with a detailed update of mining activity in the 
Merelani mineralization zone of Tanzania. 

This zone, which is more than 5 km long, runs in a 
northeast-southwest direction. Jt contains four main 
blocks, designated A, B, C, and D, which cover old min- 
ing areas. The government has awarded mining rights to 
these large blocks to firms with technical expertise and 
financial resources in order to have mechanized, large- 
scale, controlled mining in the area. 

Block A, at the southwest end of the deposit, mea- 
sures 540 m x 850 m (1,755 x 2,770 ft.) and has been award- 
ed to Kilimanjaro Mines, Although there are no official 
reports of mining activity, it is known that exploratory 
tunneling has begun. 

Block B, measuring 845 x 1,150 m (2,750 x 3,760 ft.}, 
includes the famous “Opec” pits (former location of the 
“De Souza Pit”) and is the site where the green zoisite is 
found. It is now held by Building Utilities Ltd. Rehabilitation 
of some of the old pits in this block has been completed 
and a few are again being mined. 

Block C, measuring 1,150 x 2,075 m (3,760 x 6,750 
ft.), is run by Tangraph, a joint venture between Samax, 
Tanzania Gemstone Industries Ltd. (a parastatal body}, 
and Africa Gems. Under their agreement, Samax takes 
the graphite, T.G_I. takes the gemstones, and AfricaGems 
handles the marketing of the gems. Apart from a few 
exploratory trenches, no mining activity has officially been 
reported, 
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Block D, measuring 875 x 1,460 m (2,850 x 4,750 ft.], 
is where the major activity is taking place. Formerly 
awarded to Arema Enterprise Ltd., it has since been given 
to the Arusha Region Miners’ Association (an association 
of small-scale miners and prospectors} by a special order 
from Tanzania’s Minister of Home Affairs. The block was 
immediately divided into small areas that were dis- 
tributed among the members. This amounts to a return 
to small-scale individual mining: going down by rope 
into unventilated pits 30 to over 60 m in depth, working 
by the light of small kerosene wicker lamps, and bring- 
ing up the “muck” in cowhide buckets. Mr. Suleman esti- 
mates that there are roughly 350 pits being worked by some 
4,000 miners, all chasing the same two or three produc- 
tive mineralized zones. According to an unwritten but strict- 
ly honored law, whoever first hits the zone has the right 
to mine that portion of it. Thus, there ensues an under- 
ground race in which everyone is trying to dig deeper and 
farther than the others. 

The government also marked out several small blocks 
southwest and northeast of blocks A and D, respective- 
ly, and has already invited offers to mine these. Reportedly, 
in the near future, Tanzanian firms and individuals will 
be allowed to peg claims to mine tanzanite on a small scale. 

Although all production is supposed to pass through 
Arema and be sold only to authorized dealers, it has been 
difficult to monitor production. It is widely known in gem- 
stone circles in Tanzania that inventories in neighboring 
countries are building up again. 


Bicolored tourmaline with unusual color effect. Tourmaline 
may exhibit two basic types of color zoning. In one, color 
varies from the center of the crystal to the periphery, as 
in watermelon tourmaline. In the other type, color varies 


Figure 15. This 40-mm-long tumble-polished 
pebble consists of an unusual intergrowth of 
sunstone feldspar and iolite. Photo by Maha 
Smith, 
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Figure 16, This 6.10-ct bicolored tourmaline 
appears orange in areas where reflections of its 
pink and yellow color components overlap. 
Photo by Maha Smith. 


down the,length of the crystal. The latter type is typically 
step cut to:display zones of colors along the length of the 
faceted stone. 

The step cut is also typically used with amethyst-cit- 
rine, the bicolored variety of quartz. Occasionally, how- 
ever, we see a bicolored quartz gem fashioned in a bril- 
liant cut. The finest of these exhibit distinct zones of amethyst 
and citrine color, and they may display a distinctive 
“peach” color that results from a blending of the two color 
components through internal reflection. We recently 
examined a tourmaline (figure 16) that reminded us of the 
brilliant-cut amethyst-citrines just described. The stone, 
brought to our attention by gemologist William Pinch of 
Pittsford, New York, was mined in Minas Gerais, Brazil. 
The 6.10-ct oval modified brilliant is bicolored, with 
both pink and yellow. Where reflections of the two col- 
ors overlap, the stone appears orange. 


SYNTHETICS AND SIMULANTS 
New laser crystals with gem potential. Apparently, firms 
that grow crystals for technical applications now routinely 
sell their scraps to recyclers and faceters. As such mate- 
rials may find their way into the jewelry industry, it is 
prudent to keep up with developments in crystal synthesis. 
In January 1991, GIA’s Emmanuel Fritsch attended the 
Lasers ’91 exhibit in Los Angeles. Following are some of 
the developments and materials covered at the event. Many 
companies with exhibits at the show were marketing 
crystals grown in China, which must now be considered 
an important source of synthetic crystals. 

Synoptic, a division of Litton, Airtron, grows anum- 
ber of crystals by the Czochralski pulling technique. 
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These include chromium-doped synthetic alexandrite 
and two materials with an orangy pink color reminiscent 
of “padparadscha” sapphire: an erbium-doped YAG and 
an erbium-doped yttrium lithium fluoride (YLF}. The 
firm also produces three materials with a saturated “emer- 
ald” green color: YAG doped with a combination of 
chromium, thulium, and holmium; chromium-doped 
lithium calcium fluoride (LiCaF or “licaf’’); and chromi- 
um- and neodymium-doped gallium scandium gadolin- 
ium garnet (Cr,Nd:GSGG}. Synoptic’s parent company owns 
Diamonair, a firm that produces cubic zirconia jewelry. 


Novel synthetic star sapphire. From a gemological view- 
point, some of the most interesting gem materials are those 
that display optical effects referred to collectively as 
“phenomena.” Weare especially intrigued by uncommon 
chatoyant and asteriated gems, a number of which have 


Figure 17. The “hole” in the center of this 2.68- 
ct synthetic star sapphire makes this a most 
unusual phenomenal stone. Photo by Maha 
Smith, 


been reported in the Gem News section. Recently, one 
of the editors purchased an unusual laboratory-grown 
gem: a synthetic star sapphire with an incomplete star. 
Unlike most asteriated synthetics, which display 
well-defined rays intersecting at the apex of the cabochon, 
this gem has a “hole” in its star. While the rays extend- 
ing up from the girdle edge are relatively sharp, they stop 
abruptly about one-quarter of the way from the top of the 
dome (figure 17}. The unasteriated core area also appears 
to be somewhat more transparent than the remainder of 
the stone, which, in general, is considerably more trans- 
parent than most synthetic star sapphires and star rubies 
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we have examined. Magnification revealed that the area 
of greater transparency is totally devoid of the minute spher- 
ical gas bubbles that are usually found throughout aste- 
riated flame-fusion synthetics. 

The Gem Trade Lab Notes section of the Summer 
1982 Gems & Gemology pictures a similar effect in a syn- 
thetic star ruby, which had been cut from a section near 
the bottom of the boule. The nonasteriated portion of that 
stone was believed to represent part of the nonasteriat- 
ed seed crystal used to initiate growth of the boule. This 
explanation might also account for the similar effect 
noted here. 


ENHANCEMENTS 


More on Opticon as a fracture filler. Although the arti- 
cle in the Summer 1991 Gems & Gemology on fracture 
filling focused on emerald (” Fracture Filling of Emeralds: 
Opticon and Traditional ‘Oils’”), reference was also made 
to its relative effectiveness in treating other materials. One 
stone treated, an amethyst, showed significant improve- 
ment in appearance after filling with Opticon. Among the 
features noted in filled breaks within this stone were 
blue dispersive colors. 

Since that report was published, the editors have 
treated more than 30 additional faceted quartz gems—rock 
crystal, amethyst, citrine, and smoky quartz—with Opticon 
to document its effectiveness further and study identi- 
fying features. 

In all cases, filled areas had very low relief and could 
not be detected without magnification. When the stones 
were examined with a microscope and darkfield illumi- 
nation, the most prevalent feature was the presence of vio- 
letish blue dispersive flashes from the filled breaks (fig- 


Figure 18. Violetish blue dispersive flashes, as 
shown here in an amethyst, are believed to be 
the most characteristic feature of Opticon-filled 
fractures in quartz gems, Photomicrograph by 
John I. Koivula. 
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Figure 19, This bale-set emerald crystal has 
large, cavernous areas that have been “oiled.” 
Photo by Maha Smith. 


ure 18). On the basis of this investigation, the editors believe 
that this is the most reliable characteristic for the iden- 
tification of Opticon-filled fractures in quartz gems. 


Filled cavernous emerald crystal. Although substances such 
as cedarwood oil, Canada balsam, and Opticon are most 
commonly used to fill fractures in emeralds, occasionally 
we see them used to fill other openings such as hollow 
growth tubes and internal cavities with surface-reaching 
fractures, 

Recently, Ron Ringsrud of Constellation Gems, Los 
Angeles, brought to our attention an unusual bale-set 
Colombian emerald crystal that had very extensive filled 
areas. In fact, when we first looked at the stone (figure 
19) we thought it might be an assembled specimen, sim- 
ilar to that described in the Summer 1989 Gem News col- 
umn. Gas bubbles were prominent below the surface in 
a number of fluid-filled areas extending around the cir- 
cumference of the crystal. These bubbles could be made 
to move, showing that they were contained in a fairly fluid 
substance. 

A careful microscopic examination of the crystal 
revealed its true nature: It is a cavernous crystal, with a 
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solid central core that is almost completely surrounded 
by hollow, cavernous areas running parallel to the c-axis. 
The perimeter of the crystal consists only of a thin “shell” 
of emerald. The filler has an “oily” odor, indicating that 
the crystal had been treated with one of the more “tra- 
ditional” filling substances. 


Filled synthetic emerald in parcel from Swat. Above, we 
reported on another incidence of flame-fusion synthetic 
rubies being encountered in parcels of natural stones 
from Vietnam. A recent laboratory alert—No. 48, dated 
November 5, 1991—from the International Colored 
Gemstone Association (ICA) reports on another variation 
on this deceptive theme. 

The report was submitted by Shyamala Fernandes of 
the Gem Testing Laboratory of the Gem & Jewellery 
Export Promotion Council, Jaipur, India. It describes two 
synthetic emerald cabochons that were discovered in a 
parcel of stones reportedly from Swat, Pakistan. It was 
found that one of the two synthetics had been fracture- 
filled. Dendritic patterns were noted in the filled fractures, 
which fluoresced a strong yellow to long-wave U.V. radi- 
ation. 


Deceptive color coating of sapphires in Sri Lanka. Gordon 
Bleck has also informed the Gem News editors that the 
demand for‘yellow sapphires in Sri Lanka has led to 
widespread heat treatment of appropriate rough. It has also 
resulted in greater quantities of synthetic yellow sap- 
phire in the local market. 

In addition, there has been a resurrection of some “old 
tricks”: surface color coating of rough stones with organ- 
ic compounds. One method used to mimic the appear- 
ance of good-color “golden” sapphire is to boil pale yel- 
low sapphires in water with small branches or the inside 
bark of a local tree. Sometimes wax is added to the solu- 
tion to provide a thin outer coating. One method that buy- 
ers use to test for this treatment is to immerse the sus- 
pect stone in nitric acid, thereby removing any coating 
present. If wax was used in the mixture, the coating will 
not be removed unless the acid is first heated. 

Pink sapphire rough is also being imitated with a 
similar coating technique. Pale or colorless crystals are 
put in the treater’s mouth, along with a local berry that 
is chewed. After a sufficient color coating has been 
achieved, the treater smokes a cigarette to coat the stone 
with tobacco residue, which reportedly improves the 
durability of the color coating. 


More on Paraiba tourmaline simulants, With the continued 
demand for the distinctively colored tourmalines from 
Paraiba, Brazil, it is not surprising that simulants continue 
to show up in the marketplace. In the Summer 1990 Gem 
News column, we mentioned one natural gem that has 
been marketed as Paraiba material: bluish green to green- 
ish blue apatite from Madagascar. 

In September 1991, the ICA released Laboratory 
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Figure 20. A tourmaline crown and a glass pavil- 
ion were used to fabricate this assembled imita- 
tion of Paratba tourmaline. Photo courtesy of 
Dr. Ulrich Henn. 


Alert No. 47, submitted by Dr. Hermann Bank and Dr. 
Ulrich Henn of the German Foundation for Gemstone 
Research (DSEF], which documents a number of these imi- 
tators. They, too, mention apatite, and further mention 
that this material has been found in parcels of rough 
Paraiba tourmaline. Other Paraiba imitators noted include 
irradiated topaz that has not been annealed subsequent 
to irradiation, beryl triplets that consist of two pieces of 
beryl! joined with a bright blue cement, and doublets fab- 
ricated from a tourmaline crown anda glass pavilion (fig- 
ure 20}. The last assemblage might be missed without care- 
ful microscopic examination, as a refractive index reading 
taken on the crown would yield R.I. and birefringence val- 
ues consistent with those of Parafba tourmaline. Since 
the publication of the ICA Alert, Dr. Henn has informed 
the editors that he has seen blue cat’s-eye apatites offered 
as tourmaline cat’s-eyes from Parafba. 


ANNOUNCEMENTS 


The Gemmological Association of Australia, in conjunc- 
tion with the Gemmological Association of Hong Kong, 
will present a scientific program “Bringing Australian 
Gemstones to South East Asia” on June 6, 1992, at the 
Park Hotel, Hong Kong. The event, the GAA’s 46th 
Annual Federal Conference, follows the World Gems 
and Jewellery Fair being held in that city May 31-June 3. 
For more information or to register, contact The Gem- 
mological Association of Australia, Federal Chairman, Post 
Office Box 381, Everton Park, Queensland 4053, Australia. 
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GEMMOLOGY 


By Peter G. Read, 358 pp., illus., publ. 
by Butterworth-Heinemann, Oxford, 
England, 1991. US$65.00* 


According to the author, this book 
resulted from his experience tutor- 
ing students who were taking the 
Gemmological Association of Great 
Britain’s correspondence course, 
and was developed from the 
Beginner’s Guide to Gemmology 
he published 10 years ago. 

His concern for students is evi- 
dent from the first page, where he 
begins a discussion of his evaluation 
of the science of gemology and intro- 
duces an excellent section titled 
“Highlights of the last 150 Years.” 
His opening sentence defines the 
parameters of the work: “The sci- 
ence of gemmology is concerned 
with the study of the technical aspects 
of gemstones and gem materials.” 
With this in mind, the reader can 
understand why the section on 
descriptive gemology is relegated to 
the Appendix and occupies a mere 
26 pages in list form unrelieved by 
any illustrations. The appendix con- 
tains good information for the stu- 
dent preparing for the GAGB exam- 
inations, in addition to the list of 
stones for which he will be held 
accountable. 

The author’s familiarity with 
instrumentation is very much in 
evidence. As each fundamental gem- 
stone property is introduced, he 
illustrates the various methods and 
instruments for assessing it. 
Regrettably, he does not assess the 
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value of each instrument or tech- 
nique, which suggests that students 
are on their own in determining 
whether or not a particular instru- 
ment or method is really useful. 
For instance, this reviewer’s expe- 
rience with the Hartridge reversion 
spectroscope as a routine testing 
device was unsatisfactory, 

Although there are only four 
pages of color illustrations, they 
have been reproduced very well, 
making the reader wish for more. 
Unfortunately, some of the black- 
and-white illustrations leave much 
to be desired. 

An American English speaker 
is occasionally at a loss to know if 
something being reviewed is an 
error or merely the difference 
expressed in British English, such 
as orientated vs. oriented, “arago- 
nite form of calcite,” or nonnucle- 
ated for tissue nucleated. However, 
a few statements that are ques- 
tionable include: “Only 15% of dia- 
monds fluoresce under long ultra- 
violet” (in this reviewer’s experience, 
nearly all transparent diamonds flu- 
oresce to some extent}; brown and 
green diamonds are erroneously 
lumped with the Cape series as hav- 
ing their color due to nitrogen; and 
the U.S. is mistakenly credited with 
the manufacture of synthetic ame- 
thyst but Japan is not listed. 

These are minor faults and hope- 
fully will not mislead an aspiring 
Fellow. This Fellow wishes that 
such a book had been available 45 
years ago when he was preparing for 
the exams, although the book makes 
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apparent just how much more there 
is for today’s gemologist to master. 


ROBERT CROWNINGSHIELD 
GIA Vice President, 

Gem Identification 

New York, NY 


GEMSTONES AND 
THEIR ORIGINS 


By Peter C. Keller, 144 pp., illus., 
publ. by Von Nostrand-Reinhold, 
New York, 1990. US$49.95* 


This is a well-written, attractively 
packaged, and fascinating account 
of nine famous gemstone deposits 
or districts located throughout the 
world. For each deposit or district, 
Dr. Keller includes not only a dis- 
cussion of geology, but also a brief 
history, the mining methods 
employed, and a description of impor- 
tant gemstones recovered there. 
The book is not an encyclopedic 
account of gemstones or their min- 
eralogy; only a dozen different gem 
varieties are discussed in some detail, 
with a few others mentioned only 
briefly. Instead, it focuses on the geo- 
logic origins of gem materials. The 
book is organized into four parts: (1) 
gem materials deposited by water 
on the earth’s surface (the gem grav- 
els of Sri Lanka and the opals of 
Australia}; (2} gems of igneous- 


“This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. Telephone: 
(800) 421-7250, ext. 282. 
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hydrothermal origin (the emerald 
deposits of Colombia, the gem peg- 
matites of Minas Gerais, Brazil, and 
the ruby deposits of Chanthaburi- 
Trat, Thailand}, (3) gems formed at 
very high temperatures and pressures 
(the ruby deposits of Mogok, Burma, 
and the jadeite deposits of Tawmaw, 
Burma]; and (4} gems formed at great 
depth (the peridot deposits of 
Zabargad Island, Egypt, and the dia- 
mond deposits of Argyle, Western 
Australia). 

Each of the four parts begins with 
a world map that locates the impor- 
tant gem deposits of each type 
addressed and a brief summary of 
the geologic processes thought to be 
responsible for their formation. These 
summaries and the nine chapters are 
written in simple, scientifically 
correct language that avoids most 
of the jargon commonly encoun- 
tered in professional textbooks and 
scientifig papers. Thus, the book 
should be understood by those with 
little background in the earth sci- 
ences as well as by professional* 
gemologists and geologists. The 
chapters are an easy-to-read blend, 
combining well-documented sci- 
entific conclusions concerning the 
geology and origin of each deposit 
with more popular accounts of the 
history, gem occurrences, and famous 
gemstones of that deposit. The pre- 
sentation benefits from Dr. Keller’s 
personal observations of many of the 
deposits included in the book. A 
detailed reference list concludes 
each chapter, providing both his- 
torically important references and 
more modern studies of each deposit. 

Well-designed illustrations are 
a very important component of the 
book. Each chapter has excellent 
color photographs of the deposits and 
the people who mine them. After 
reading each chapter, I felt as if I had 
actually visited the deposit. In addi- 
tion, the book has clearly drawn 
geologic or location maps of each gem 
deposit or district, as well as anum- 
ber of colored diagrams that are 
informative (although overly sim- 
plified) “cartoons” of the geologic 
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processes responsible for each deposit 
type. One of the most attractive 
and appealing aspects of Peter Keller’s 
book is its use of breathtaking color 
illustrations of mineral specimens, 
cut and carved gemstones, and jew- 
elry, photographed in large part by 
Harold and Erica Van Pelt. The place- 
ment of illustrations within the 
text was clearly done with great 
care, Making the contents of the 
book enjoyable to read and the mes- 
sage easy to understand. 

As a professional mineralogist 
and earth sciences educator, I have 
had the opportunity to read and 
study much of the mineralogical 
literature published during the last 
30 years, including many of the 
more popular writings about min- 
eral deposits. When compared with 
this large body of literature, I find 
Peter Keller’s book to be a well- 
written and superbly illustrated 
introduction to the geologic pro- 
cesses responsible for gem deposits. 
The price is relatively inexpensive 
considering the quality of produc- 
tion, paper, and printing. I recom- 
mend this book to anyone who enjoys 
the world of gems and minerals, 
and particularly to those who wish 
to learn more about the origin of these 
fascinating and valuable materials. 


GORDON E. BROWN, JR. 
School of Earth Sciences 
Stanford University 
Stanford, CA 


PROFESSIONAL 
GOLDSMITHING 


By Alan Revere, 226 pp., illus., publ. 
by Van Nostrand Reinhold, New 
York, 1991, US$59.95* 


In this new book, Alan Revere has 
created a valuable tool for anyone 
interested in learning the skill of hand 
fabricating jewelry. He does a won- 
derful job of presenting both basic 
and advanced skills, as well as reveal- 
ing a few key industry secrets. 
The book is well organized into 
four sections. The first section acts 
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as a good foundation. Fundamentals 
covered include the most commonly 
used metals, tools, and basic work 
procedures. 

Section two consists of 16 pro- 
jects, with a chapter devoted to each. 
The projects cover a wide range of 
jewelry, from a basic bracelet and hoop 
earrings to various types of hand-fab- 
ricated chains, rings, and clasps. 
The layout of the book allows the 
reader to develop skills and progress 
from very basic projects such as 
forging to more complicated ones that 
require technical soldering skills. The 
author suggests that beginning stu- 
dents follow the sequence of projects 
so they learn the necessary skills with- 
out becoming frustrated by the more 
difficult tasks. 

Section three consists of 15 
more advanced projects which focus 
on building skill levels by practic- 

-ing what was learned in previous 
chapters. These include objects that 
are more complicated to construct, 
such as a box clasp, a cluster ring, 
and a wire brooch. 

Each project in the book is pre- 
sented in clear, easy-to-follow, steps. 
A brief introduction addresses the 
skills to be learned, information 
about the tools needed, and the 
objective of the project. Over 400 
color photos and 64 black-and-white 
diagrams throughout the book act 
as progressive visual teaching aids. 
Charts and tables make up the fourth 
section of the book. Important ref- 
erence information provides cal- 
culations for determining materi- 
als needed and estimating the fineness 
of an alloy, among other items. 

No matter what the reader’s 
skill level or interest in jewelry 
may be, Professional Goldsmithing 
is a worthwhile investment. It is 
interesting and enlightening for both 
the “hands-on” jeweler and the design- 
er who wants to further his or her 
abilities by understanding how jew- 
elry is constructed, 


SHAWN ARMSTRONG 
S, Alexis Co. Manufacturing 
Los Angeles, CA 
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COLORED STONES AND 
ORGANIC MATERIALS 


Akoya pearls at the crossroads? A. Muller, Swiss 
Watch & Jewelry Journal Export, No. 5, May 1991, 
p. 802. 


The members of the Japanese cultured pearl industry 
voiced alarm about the growing importance of Chinese 
Akoya pearl production. Their primary concerns 
include: 


e The Chinese Akoya cultured pearl industry 
will continue to expand rapidly. 


This section is designed to provide as complete a record as 


practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest to 
our readership. 


Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstracter 
and in no way reflect the position of Gems & Gemology 
or GIA, 
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e The mediocre quality of Chinese pearls will 
further depress already threatened global sales 
of Akoya pearls. 


e China’s production costs are a fraction of 
Japan's. 

e In the last two years, China’s output has risen 
from some 800,000 mommes (1 momme = 3.75 
grams or 18.75 ct) to approximately 1,200,000 
mommes, while Japan’s own Akoya pearl pro- 
duction has leveled off at around 17,000,000 
to 20,000,000. 


e China has a healthy mollusk population and 
more space for breeding grounds than Japan. 


All these factors indicate that, if the present 
trends continue, the Japanese will have to reconsid- 
er their current practices and face the prospect of rad- 
ical changes in their way of doing business. 

Jo Ellen Cole 


Almandine garnet in Montana sapphire. J. 1. Koivula, 
C. W. Fryer, and R. C. Kammerling, Zeitschrift 
der Deutschen Gemmologischen Gesellschaft, 
Vol. 40, No. 2, 1991, pp. 89-92. 


This article details an almandine garnet inclusion 
found in a 3.55-ct rough sapphire crystal from the 
Dry Cottonwood Creek area in Montana. 

The Dry Cottonwood Creek alluvial deposit was 
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discovered in 1889, several years before the Yogo 
Gulch deposit. Its sapphires apparently crystallized 
in an igneous environment. Crystals commonly dis- 
play etched surfaces on tabular forms or a water-worn 
appearance. 

The inclusion described is slightly brownish 
orange and isotropic in nature, measuring approximately 
0.8 mm in diameter. It was first thought to be a spes- 
sartite garnet due to its color and transparency. However, 
microspectroscopy and X-ray powder diffraction proved 
that it was an almandine, although some spessartine 
component may be present. The major component deter- 
mines the species, so this garnet was identified as 
almandine. Jo Ellen Cole 


Australia’s magnificent pearls. D, Doubilet, National 
Geographic, Vol. 180, No. 6, 1991, pp. 108-123. 


Doubilet’s text on pearl farming in Australia rico- 
chets from farm to farm across the northern coast of 
Australia, jumping back and forth from factual descrip- 
tions of pearls and pearling to a sort of lyrical adven- 
turama that tells the once and present problems that 
face the hopeful farmer. Accompanied by a superb 
photographic essay, this article details the hazards of 
the deep, thée’tedium of tending the “seeded” mollusks, 
and the fulfillment of the dream. Diving is a major part 
of the drama, since Pinctada maxima, the mollusks 
used to culture the pearls, are gathered full grown 
from the ocean floor. These mollusks are then nucle- 
ated and tended through at least one, but possibly 
several, harvests. 

In Australia, pearling is a closed society in which 
the pearlers keep a tight control on production in 
order to prevent the overfishing that could wipe out 
the mollusk beds essential to the industry. Although 
most cultured pearls still come from Japan, Australian 
farms produce 60% to 70% of the world’s supply of 
South Sea pearls. Archie Curtis 


Gemmology Study Club lab reports. G. Brown, S. M. 
B. Kelly, and R. Beattie, Australian Gemmologist, 
Vol. 17, No. 9, 1991, pp. 363-367. 


The first material covered is an apparently new imi- 
tation of jadeite being sold in the Orient. The carved 
pieces are both dyed and wax-coated, and consist of 
a grayish green, feldspar- and mica-rich rock that is 
mined on the Philippine island of Mindanao and 
known locally as “Philippino [sic] jade.” Next, the authors 
report the presence of elongated gas bubbles in the dif- 
fusion layer of so-called “deep” diffusion-treated sap- 
phires. 

Anentry onan 18.9-ct faceted cerussite includes 
useful tips on how to fashion this fragile collector’s 
gem. This is followed by reports on two organic gem 
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materials: the claws (dactyls} of the Philippine man- 
tis prawn (pictured here set in earrings] and cultured 
blister pearls of the small Pinctada maculata oyster 
from the Cook Islands. A helpful note on the identi- 
fication of bone follows. A final entry on red Kauri gum 
includes information on material recovered from coal 
seams as much as 40 million years old. This fossil Kauri 
gum reportedly has properties identical to those of amber 
and, furthermore, cannot be distinguished from amber 
on the basis of solubility to volatile solvents such as 
ether or chloroform. RCK 


The mystery of the missing mollusks. D. Haldane, Los 
Angeles Times Magazine, January 5, 1992, pp. 
23-26, 


This brief, detailed article concerns the endanger- 
ment of the abalone that can (rarely, now} be found 
along the California coastline, especially around 
Anacapa Island. The abalone are prized for their meat 
as well as for their colorful shell {also referred to as 
Paua shell), which is incorporated in jewelry and other 
decorative items, Asa result of overfishing, pollution, 
the growing numbers of sea otters (a predator}, anda 
mysterious disease that is killing the abalone, the 
mollusk population in this area has dropped more 
than 90% in the last 30 years. Conservation programs 
are being instituted to save the abalone and preserve 
their habitat. Three color photographs illustrate the 
article. RT 


Rhino horn and elephant ivory. N. F. Singer, Arts of 
Asia, Vol. 21, No. 5, 1991, pp. 98-105. 


Elephant ivory and rhinoceros horn have been asso- 
ciated with the arts of China and Myanmar (Burma} 
for 3,500 years; in this well-researched but disorga- 
nized article, the author discusses the use of these mate- 
rials by artisans, magicians, and the military. 

To the lay reader, the article is interesting primarily 
for its environmental focus. By the year 1,000 AD, over- 
hunting had led to the near-disappearance of both 
animals from China. Contemporary writers predict- 
ed the elephant’s extinction and bemoaned the frivolous 
use of ivory by “courtesans and the nouveau riche.” 
Military demand for the skins of both animals added 
pressure to the shrinking populations. 

The Chinese belief in rhinoceros horn’s aphrodisiac 
qualities is well known. The Myanmar valued the 
beast for its ability to neutralize poison. 

By the end of the 16th century, Chinese elephants 
were seen only in the Imperial stables, and ivory 
carvers were supplied with African tusks by Spanish 
and Portuguese traders. This continued trade has led, 
of course, to the near-extinction of both animals in 
this century. Lisa E. Schoening 
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DIAMONDS 


India’s diamond crisis worsens. J. Shor, Jewelers’ 
Circular-Keystone, Vol. 162, No. 8, August 1991, 
pp. 160-162. 


India’s diamond business may not be as strong as it 
appeared several years ago. This article discusses and 
explains the financial problems of diamond dealers in 
India, many of whom have had difficulties paying for 
their sights. 

Sight allocations have been suspended to those 
Indians who have not paid for previous sights, in large 
part because the Reserve Bank of India has put restric- 
tions on the conversions of rupees to the currency need- 
ed for international transactions. 

India’s currency problem began during the Persian 
Gulf crisis, when the government ran low on foreign 
exchange. The country’s chief source of foreign cur- 
rency had been the thousands of Indian expatriate 
workers in the Persian Gulf, who accounted for more 
than one billion U.S. dollars a year. However, these 
workers were forced home after Iraq invaded Kuwait. 
As a result, the diamond-polishing force has already 
dropped from 800,000 to about 500,000. While many 
dealers predict improvements in-the future, in the short 
term diamond exports will continue to decline. 

KBS 


When diamonds met buckyballs. A. S. Moffat, Science, 
Vol. 254, No. 5033, November 8, 1991, p. 800. 


Science magazine voted synthetic diamond films 
“Molecule of the Year” for 1990 because their poten- 
tial practical applications are so great. However, a 
major problem has continued to be finding a suitable 
base on which to grow the material. A pretreated 
coating of synthetic diamond grit is impractical in many 
cases, and alternatives such as pump oil or various com- 
pounds of hydrocarbons fail because they lack both 
stability at high temperatures and the three-dimen- 
sional cage structure required for the growth of dia- 
mond’s molecular structure. 

Now, researchers R. P. H. Chang and Manfred 
Kappes of Northwestern University have found that 
synthetic diamond films easily grow on coatings of Cy) 
clusters. These are relatives of the original Cy “buck- 
yball,” named after physics genius Buckminster Fuller, 
best known as father of the geodesic dome. Chemically 
inert resilient compounds, these hybrids of the Cgg bucky- 
balls were deposited on a surface and bombarded with 
carbon and hydrogen ions, breaking open the cage 
structure and exposing the free ends of the buckyballs’ 
carbon network. This provides an ideal template for 
nucleating diamond growth. The researchers found that 
a base layer of C,,. molecules was about 10 orders of 
magnitude better at seeding diamond-film growth 
than an untreated surface. Jo Ellen Cole 
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GEM LOCALITIES 


Some Australian turquoise deposits. G. Brown, Australian 
Gemmologist, Vol. 17, No. 9, 1991, pp. 369-373. 


Turquoise has been found in all Australian states 
with the exception of Western Australia. This report 
begins with a general description of the chemistry, for- 
mation, and gemology of turquoise and then focuses 
on three significant Australian sources. 

The Bodalla-Narooma turquoise deposits are found 
on the southern coast of New South Wales. The Bodalla 
field, discovered in 1894, was the first turquoise 
deposit in Australia to be commercially mined. The 
Tosca mine, near Ammaroo Station in the Northern 
Territory, currently supplies large quantities of porous 
material to cutters in both Southeast Asia and Germany. 
The third locality discussed, at the Iron Monarch 
sedimentary iron ore deposit in South Australia, is 
significant for its rare, near-microscopic turquoise 
crystals. 

This useful locality report includes a table of gen- 
eralized gemological properties of turquoise, plus 
some specifics relating to the deposits discussed. A 
second table succinctly lists (with references} the sev- 
eral Australian turquoise deposits. RCK 


INSTRUMENTS AND TECHNIQUES 


Application of mineralogical techniques to gem- 
mology. C. M. Gramaccioli, European Journal 
of Mineralogy, Vol. 3, No. 4, 1991, pp. 703-706. 


Mr. Gramaccioli feels that the jewelry trade is com- 
ing out of the age of inbred apprenticeships to absorb 
scientific concepts at a surprising rate. A concurrent 
tendency to improve scientific equipment in gemo- 
logical laboratories is motivated by four factors: 
1.The increasing demand for “written guaran- 
tees” for gemstones 
2.The wide variety of gem and, especially, syn- 
thetic gem materials available 
3.The need to cut stones along the appropriate crys- 
tallographic orientation 
4. The effort to improve identification methods for 
synthetic and treated gemstones 


The author points out the need not only for sophis- 
ticated scientific instrumentation, but also for prop- 
er scientific education of the operator and of the mem- 
bers of the gem trade at large. This should be done in 
collaboration with scientific institutions, which will 
also derive benefits from working on gemological 
materials. 

The role of X-ray crystallography is explained at 
length, together with recent experiments done in the 
author’s laboratory. Chemical] analyses still present 
some challenges (proper mounting, analysis of light 
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elements such as boron}, which will probably be over- 
come in time. Raman, infrared, and optical absorption 
spectroscopy are also very useful to the gemologist. 

One feels throughout the article that the author, 
although full of laudable intentions, has little knowl- 
edge of, or concern for, the very practical needs of the 
jewelry industry. This article lacks examples that 
show the practical value of gemological research. 
Also, the absence of any mention of X-ray fluorescence 
as a useful technique, and the inference that some gemo- 
logical laboratories have an electron microprobe on their 
premises (which to this abstracter’s knowledge is not 
the case}, certainly promotes a skewed picture of the 
reality of gemological research. EF 


The Gold-Meter®. T. Linton and G. Brown, Australian 
Gemmologist, Vol. 17, No. 9, 1991, pp. 360-362. 


The Gold-Meter® is an electronic instrument that 
uses an electrochemical process to test the precious 
metal content of jewelry. Its two major components 
are a micro-computer and a handheld testing pen, the 
latter holding a reservoir of an acid testing solution. 

According to this Instrument Evaluation Committee 
report, thé Gold-Meter* is easy to use and accurate for 
calculating'gold content to the nearest karat for alloys 
in the 6-18 K range. For alloys between 18 and 24 K, 
the instrument simply identifies the metal as being 
within this rather broad range. Other limitations 
relate to the different types of gold alloys—e.g., pink, 
white, and green golds—where a conversion table 
(provided] and some interpretation of results is required. 
It is important to note that, as with other portable gold- 
testing units, the pen’s acid produces a brownish stain 
on the metal at the point of testing. This must be removed 
with gentle abrasion and repolishing. RCK 


Lasers in the jewelry trade. W. M. Steen, Goldsmith's 
Technical Digest, 1990/91, pp. 10-15. 


This article covers the current uses and the future of 
the laser in the creation, decoration, and repair of 
jewelry. With the assistance of a computer-aided 
design (CAD] package, lasers can be involved in mak- 
ing molds for lost-wax casting. The laser (Light 
Amplification by the Stimulated Emission of Radiation} 
has the ability to focus a beam of light to a very fine 
point, which allows the operator to work on a small 
area without affecting the surrounding area. This is 
particularly useful for enameling, electroplating, 
fusion welding, and soldering. Possible future appli- 
cations include engraving and carving. One table 
included in this article provides a breakdown of the 
different types of lasers used for metal work. 

RT 
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Radioactivity of some minerals in the Mogok area. U.T. 
Hlaing, Z. Aung, and W. Htein, Australian 
Gemmologist, Vol. 17, No.9, 1991, pp. 356-359. 


This article reports on radioactivity measurements Car- 
ried out on zircon, apatite, and sphenes from Myanmar 
(Burma}. Uranium and thorium contents were mea- 
sured using high-resolution gamma spectrometry with 
a high-purity germanium (HPGe) detector and by the 
radioisotope-excited X-ray fluorescence method (XRF}. 
The authors obtained the following results: (1) the 
zircon contained more uranium—150 to 2,200 ppm, 
with an average value of 681 ppm—than either the sphene 
or apatite, with apatite showing the lowest uranium 
content, (2) the sphene contained 110 ppm thorium, 
but the thorium contents of the zircon and apatite were 
below the minimum detection limit for the XRF 
method; and (3) in all cases, the uranium content was 
higher than the thorium content. Unfortunately, the 
correlation between the gamma-ray spectroscopy and 
XRF was extremely poor, with the difference in read- 
ings varying from less than 1% to more than 300%. 
The zirconium/hafnium ratio was also calculat- 
ed for the zircon and was found to be different from 
that reported for zircon from other localities. This and 
other data suggest that Myanmar zircon is of granitic 
origin. RCK 


Des techniques qui déconcertent les meilleurs experts: 
Au royaume des pierres le faux vrai et le vrai faux 
(Disconcerting techniques even for the experts: 
In the stone kingdom, the false true and the 
true fake), J.-L. Mothias, Le Figaro, October 12- 
13, 1991, p.8. 


This newspaper article describes how French experts 
feel that even sophisticated techniques are some- 
times not enough to help with difficult gem identifi- 
cation problems. One such example is the separation 
of natural-color from treated-color green diamonds. 
Large amounts of colorless topaz and diamonds are irra- 
diated in Delft, The Netherlands, and in San Diego, 
California, to produce a more salable color. This color 
is very difficult to identify as resulting from labora- 
tory treatment. One expert from the laboratory of the 
Paris Chamber of Commerce is cited as saying that, 
in difficult cases, the expert gemologist can only rely 
on experience. The article is illustrated with a picture 
of the Charlemagne talisman. A lengthy caption 
explains that the central cabochon was called a blue 
glass fake by Fred Ward in a recent National Geographic 
article, although the museum’s description of the 
jewel actually states that one of the original cabochons 
was replaced with a larger piece of blue glass. 

It is unusual to see articles that explain the diffi- 
cult challenges of gem identification to the widest pos- 


GEMS & GEMOLOGY Winter 1991 271 


sible audience, i.e., that of a nationwide newspaper. It 
means also that, in France at least, there is a general 
feeling that synthetics and treatments are so sophisti- 
cated that in some cases they cannot be identified, 
although they were fairly easy to detect in the past. 
EP 


JEWELRY MANUFACTURING ARTS 


Ancient jewellery: A conservator’s eye view. M. Hockey, 
Goldsmith’s Technical Digest, 1990/91, pp. 16-21. 


The aim of conservation for ancient jewelry is to 
restore and preserve the object so that it can be dis- 
played and handled for academic study. The author, 
senior conservator in the Department of Conservation 
at the British Museum, provides a brief history of 
jewelry, with the earliest examples of bone, shell, 
and teeth used for beads dating back 30,000 years. She 
succinctly discusses chemical deterioration and the 
restoration of gold, silver, copper, enamels, glass, and 
gemstones, Specific examples are discussed in the 
article, accompanied by 10 color photographs. 

RT 


Der wille zum experiment (The will to experiment). 
S. Lambert, Art Aurea, No. 1, 1991, pp. 59-61. 


Gold takes on many forms in the work of the design- 
ers represented at the recent “Triennale Europeene du 
Bijoux Contemporain” in Luxembourg. Treasured 
since prehistoric times, gold’s versatility and sensu- 
al appeal is displacing aluminum and space-age met- 
als (which not long ago dominated Europe’s industry- 
inspired creations} in these thoroughly contemporary 
works. 

The show’s purpose was to convey the actual 
state of the art of creating jewelry; 300 artists repre- 
senting the Japan Jewelry Designer Association and 
the World Gold Council participated. Although the 
jewelry displayed owes more to art than to commer- 
cial instinct, some of the design concepts will certainly 
be seen at trade shows within the next few years. 

This well-illustrated article is printed in both 
German and English. Lisa E. Schoening 


JEWELRY RETAILING 


The bracelet’s charm. B. L. Scherer, Town & Country, 
Vol. 145, No. 5139, December 1991, pp. 174-177, 
217-218. 


Mr. Scherer presents a concise history of the bracelet 
in this compact but meaty article, accompanied by 17 
beautiful photographs by Matthew Klein. 

The oldest evidence of bracelets has been found 
in excavations and cave paintings of the Paleolithic 
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period. The earliest reference in English dates to the 
1438 inventory of King James III of Scotland. The 
author also discusses several historical paintings and 
sculptures in which bracelets are featured, as well as 
the importance of bracelets in imperial regalia. He then 
reviews anumber of collections of recent well-known 
personalities, from Gloria Swanson to Andy Warhol. 

Neo-Etruscan Victorian bangles, 1920s and 1930s 
platinum pieces, and second-hand contemporary bracelets 
by design houses such as David Webb, Cartier, and Tiffany 
continue to be very popular among collectors of estate 
jewelry. Trends in modern bracelet wear are discussed, 
with emphasis on wider metal bangles for daywear and 
narrower, stone-set, flexible bracelets for formal 
evening attire. 

Scherer concludes this fascinating article by stress- 
ing how important it is to pay attention to detail, 
such as the quality of construction and finishing of 
prongs, when purchasing bracelets. This attention to 
detail is equally important in caring for your bracelet 
once it has been purchased. Jo Ellen Cole 


Crime against jewelers. G. Holmes, Jewelers’ Circular- 
Keystone, Vol. 162, No. 9, September 1991, 
pp. 40-65. 


This special report is devoted to the increasing prob- 
lem of crime in the jewelry industry. Mr. Holmes 
goes into great depth on how to help prevent bur- 
glaries in a business, with 20 tips to deter robberies. 
He emphasizes using common sense when it comes 
to security—before, during, and after a holdup. He dis- 
cusses insurance policies and how to handle adjusters 
when purchasing insurance for your store, as well as 
after you have been robbed. Equipment that should 
be used to help discourage burglars includes surveil- 
lance cameras, buzz-in locks, and mirrors. Perhaps most 
important is the description of trade associations 
such as the Jewelers Security Alliance and Jewelers 
Mutual Insurance, which are a greatly under-used 
security tool. Holmes includes in his discussion 
accounts of 29 actual crimes. KBS 


The personal computer: A jeweler’s tool. M. Golding, 
Jewelers’ Circular-Keystone, Vol. 162, No. 12, 
December 1991, pp. 52-56. 


Michael Golding gives a detailed account of the advan- 
tages of computerizing one’s business. He divides 
these advantages into four basic functions: account- 
ing, inventory, receivables, and payables, Then he 
presents specific examples, such as how to save on 
accounting costs and how a computer can help with 
mailing lists, appraisals, jewelry design, bench-tick- 
et scheduling, etc. He also discusses what the com- 
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puter cannot do—such as substitute for people or 
transform a business overnight. This article is a use- 
ful incentive for those who would like to computer- 
ize their business. KBS 


Preserving history at top jewelry houses. V. Swift, 
Jewelers’ Circular-Keystone, Vol. 162, No. 8, 
August 1991, pp. 174-182. 


Our present “information age” has underscored the 
importance of preserving and documenting records that 
have potential historic significance. Many of the large 
jewelry houses have archivists who collect, catalogue, 
and preserve the artistic traditions of their companies. 
Items that are archived range from design renderings 
to the jewels themselves, the latter frequently repur- 
chased by the company at international auctions. 

Three of the legendary jewelry houses—Tiffany, 
Cartier, and Van Cleef & Arpels—are the focus of 
this interesting article. Interviews with the archivists 
for Cartier, and with Nina Wohl at VC&A, give us an 
understanding of the fascinating variety of informa- 
tion that can be found in these archives, as well as the 
amount of work that goes into amassing them. Although 
much of the work is tedious and difficult, the results 
are rewarding and of value to all within the jewelry com- 
munity. This article proves, once again, that there is 
much to learn from our past. EBM 
Editor's Note: GIA’s Liddicoat Gemological Library 
and Information Center is prepared to be the archival 
repository for records from other companies in the 
jewelry industry. Contact Dona Dirlam at GIA Santa 
Monica for further information. 


What every jeweler should know about appraisals. 
S. W. Ipsen, Jewelers’ Circular-Keystone, Vol. 
162, No. 8, August 1991, pp. 192-198. 


Writing appraisals for jewelry in today’s sophisticat- 
ed world is no easy task, although many jewelers are 
not yet aware of this fact. Gone are the days when “one 
gold and diamond ring, value $2,000” would be con- 
sidered an appraisal. This article emphasizes the seri- 
ousness of performing appraisals, which are legal doc- 
uments used by insurance companies, police departments, 
and banks, as well as in the settlement of property fol- 
lowing divorce or death. 

The author, Sylvia Ipsen, indicates the many details 
that should be included in a jewelry appraisal, and 
covers some basic points that all appraisals have in com- 
mon. She also instructs the potential appraiser to seek 
further assistance from one of the nation’s appraisal 
organizations, which will “provide help to qualified indi- 
viduals in preparing acceptable appraisals.” Lastly, 
Ms. Ipsen underscores the fact that appraisals are not 
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easy to prepare and can have unpleasant legal reper- 
cussions if not prepared correctly. EBM 


SYNTHETICS AND SIMULANTS 


Synthetic found mixed with rough ruby. Jewellery 
News Asia, No. 85, September 1991, p. 172. 


Rough synthetic ruby has recently been found mixed 
in parcels with good-quality natural rough that was being 
sold in China, Thailand, and Vietnam. The Hong Kong 
Gems Laboratory has found that approximately 30% 
of the rubies tested from these parcels were flame- 
fusion synthetics. The synthetics are being tumbled 
to give them the appearance of rough mined from a sec- 
ondary source. In addition, some have been found to 
have cracks caused by heating and rapid cooling. The 
cracks are similar to those seen in some natural rubies. 

Jana E. Miyahira 
Editor’s Note: A photo of “rough” synthetic ruby pur- 
chased in Vietnam as natural ruby appears in the 
Gem News section of this issue of Gems & Gemology. 


Verneuil synthetic red spinel. G. Brown, R. Beattie, and 
J. Snow, Australian Gemmologist, Vol. 17, No. 
9, 1991, pp. 344-347. 


Following a well-referenced review of the develop- 
ment of Verneuil synthetic spinel, focused on red 
material, the authors describe their investigation of some 
red synthetic spinel boule fragments and faceted stones. 
The material, purchased at the 1987 Tucson Gem 
Show, had the following gemological properties: color— 
bright, slightly purplish red; diaphaneity—transparent, 
luster—vitreous, polariscope reaction—minimal anoma- 
lous double refraction; S.G.—3.59; U.V. fluorescence— 
bright red (long-wave) and inert (short-wave], absorp- 
tion spectrum—broad, strong absorption from 500 to 
580 nm and strong general absorption below 465 nm. 
In addition, an emission band centered at 685 nm was 
noted in the spectroscope when the stone was stimu- 
lated with long-wave U.V. radiation. 

Magnification revealed broad curved color band- 
ing, as well as single-phase (gas bubble} and two-phase 
(gas bubble plus a solid or liquid phase} inclusions ori- 
ented in lines perpendicular to the curved growth. 
The gas bubbles were quite variable in shape, includ- 
ing rounded, tadpole-shaped, and elongated, highly 
convoluted types. 

The authors conclude that, because all gemolog- 
ical properties of this material overlap with those of 
natural spinel, standard testing procedures—with the 
exception of microscopic features—cannot be used to 
distinguish this synthetic spinel from its natural coun- 
terpart. RCK 
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TREATMENTS 


Examination of a plastic coated “sugar-treated” opal. 
R. C. Kammerling and J. Koivula, Australian 
Gemmologist, Vol. 17, No. 9, 1991, pp. 352-355. 


The authors received an unusual opal that was purchased 
for a considerable sum in Australia as a “black opal.” 
Without magnification, the opal appeared to have an 
even, black body color, against which it displayed a fair- 
ly strong, uniform “pinfire” play-of-color. Examination 
through a binocular microscope revealed the “pep- 
pery,” speckled appearance associated with sugar- 
treated opal from Australia. A colorless coating cov- 
ered the entire cabochon; it was significantly thicker 
at the base than on the dome, and contained gas bub- 
bles. The coating appeared orange when examined in 
transmitted light. 

After various gemological tests, the authors con- 
cluded that the specimen was a natural opal that had 
been “sugar treated” and subsequently plastic coated, 
possibly to “set” the initial treatment as well as pro- 
tect the surface and improve the apparent polish. 

Maha Smith 


MISCELLANEOUS 


The mineral collection of Moritz and Adolf Lechner, 
Vienna. B. Smith, Mineralogical Record, Vol. 
22, No. 6, 1991, pp. 433-438. 


This essay recounts the dispersal of the Lechner min- 
eral collection, once one of Europe’s largest and finest 
private mineral collections. The collection was formed 


by Moritz Lechner in Vienna during the late 1800s. It 
was left to his son, Dr. Adolf Lechner, who continued 
to add specimens. The Lechner collection grew primarily 
by the purchase of all or part of existing respectable 
European collections; a list of some of these early col- 
lectors accompanies the article. 

The collection ultimately consisted of 8,314 spec- 
imens; the majority ranged from 4 x 6cm to 8 x 10 cm. 
Most of the mineral species considered valid in the early 
20th century were represented, along with specimens 
from Central European localities and silver ore min- 
erals. In 1911, the entire collection was offered for 
sale. It remained intact and available for more than 40 
years, before it was ultimately dispersed to American 
museums and private collectors. In 1952, approxi- 
mately half of the specimens were sold to Raymond 
and Alvin Schortmann, from whom both Harvard 
University and the Smithsonian Institution purchased 
some in 1955. The Smithsonian’s original 355 Lechner 
specimens were incorporated into the Roebling collection. 
In 1959, they purchased 249 additional Lechner spec- 
imens from the Schortmanns. 

By the early 1960s, the remaining Lechner speci- 
mens were released for sale to the general public. In 
1971, Ron Bentley purchased the Schortmanns’ busi- 
ness, including those Schortmann/ Lechner specimens 
that had not yet sold. The author suggests that 3,000 
Lechner specimens have been sold directly to U.S. col- 
lectors. 

The 10 color photographs that accompany this 
article include specimens of gem materials such as gar- 
net, cassiterite, prehnite, and lazulite. LBL 


More “PERFECT” Challengers 


Following are the names of “Perfect Challengers” who were inadvertently 
left out of the list printed in the Fall 1991 issue. All received a perfect score 
on the 1990 Gems @ Gemology “Challenge.” 


Michael J.P. Cavanagh, Vancouver, B.C., Canada; Raffi M. Eurdekian, Southfield, MI, Jim 
Ferguson, North Charleston, SC; Agop Ghazalian, Santa Ana, CA; Edward D. Gold, Hemet, 
CA; Martin D. Haske, Woburn, MA; Werner R. Hoehne, San Francisco, CA; Rhonda R. Jones, 
Vancouver, B.C,, Canada; Gary Ephraim Kampel, San Mateo, CA; Dorothy Lewis, Richboro, 
PA, Lianne Lui, San Jose, CA; Cheryl Ann Lundstrom, Concord, CA; Kathryn J, March, 
Winston Salem, NC; Kathleen J. Molter, Milwaukee, WI; Richard Petrovic, Newport, OR; 
Pinchas Schechter, Miami Beach, FL; Nancy Marie Spencer, Corona, CA; Larry C. Winn, 


Arvada, CA. 
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A 


Afghanistan 
amethyst from (GN) 5u91:119 
cat’s-eye beryllonite from (GN) 5p91:47 
emerald from (Bowersox) 5p91:26ff 
Alexandrite 
inscribed (GTLN) $p91:40 
see also Chtysoberyl 
Alexandrite ‘effect, see Color change 
Alexandrite, synthetic 
Czochralski-pulled, from }.O. Crystals 
(GN) 5p91:53 
flux, from Russia (GN) Sp91:55 
Almandine (almandite), see Garnet 
Almandine-spessartine, see Garnet 
Amber 
damaged during cleaning (GTLN) 
$u91:108 
with “hairy insect” (GN) W91:256 
Amethyst 
from Afghanistan (GN) 5u91:119 
see also Quartz 
Ammonite 
plastic-treated (GN) Sp91:52 
Andalusite 
compared to tourmaline (GN) F91:185 
Andradite 
demantoid from Russia (GN) W91:257 
yellowish green, from Sri Lanka (GN) 
W91:261 
see also Garnet 
Apatite 
cat’s-eye, resembling Paraiba cat’s-eye 
tourmaline (GN) W91:265 
from Madagascar, resembling Paraiba 
tourmaline (GN) Sp91:46 
“Aqua Aura,” see Treatment 
Aquamarine 
from Zimbabwe (GN) $u91:119 
see also Beryl 
Assembled stones 
beryl triplets simulating Parafba 
tourmaline (GN) W91:265 
cultured blister pearl (GTLN) 5u91:111 
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gold-in-quartz with ceramic back 
(GN) Sp91:54 
lapis lazuli simulant (GN) Sp91:54 
Mexican opal in acrylic resin 
(GN) $u91:124 
“treated” Mabe cultured blister pearl 
(GTLN) F9L:177 
Asterism 
diffused, in sapphire (GTLN) Sp91:44 
unusual, in synthetic sapphire (GN) 
W91:263 
in spinel from Sri Lanka (GN) W91:261 
Australia 
diamond mining at Argyle (GN) 
F91:180 
diamond prospecting offshore (GN) 
$u91:117 
“sugar-treated” matrix opal from 
Andamooka (Brown) Su91:100ff 
Aventurescence 
in sunstone labradorite from Oregon 
(Johnston) W91:230ff 


Beryl 
green, from Nigeria (GN) W91:257 
from Madagascar (GN) Su91:119 
morganite from Mozambique (GN) 
5p91:49 
triplets used to simulate Paraiba 
tourmaline (GN) W91:265 
from Vietnam (Kane) F91:136ff 
see also Aquamarine; Emerald 
Beryl simulant 
red crystal cut from synthetic ruby 
(GTLN) Sp91:43 
see also Emerald simulant 
Beryl, synthetic 


hydrothermal from Russia (GN) 5p91:55 


see also Aquamarine, synthetic; 
Emerald, synthetic 
Beryllonite 
cat’s-eye, from Afghanistan (GN) 
5p91:47 
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Biron synthetic emerald, see Emerald, 
synthetic 
Bohemia, see Czechoslovakia 
Book reviews 
Crystals (Mercer) F91:194 
Gemology, 2nd ed. (Hurlbut and 
Kammerling) F91:193 
Genimology (Read) W91:266 
Gems, Granites, and Gravels 
(Dietrich and Skinner) F91:194 
Genistones of Pakistan—Geology and 
Gemmology (Kazmi and O’Donoghue) 
F91:193 
Gemstones and Their Origins (P. Keller) 
W91:266 
Professional Goldsmithing (Revere) 
W91:267 
Borneo 
diamond production at Kalimantan 
(GN) W91:255 
Botswana 
cutting of diamonds in (GN) W91:254 
Brazil 
bicolored amethyst-rock crystal quartz 
from (GN) Sp91:50 
diamond mining in (GN) 5u91:117 
opal from (GN) Sp91:49 
sapphire from (GN) 5p91:48 
tourmaline from Paraiba (GN) $p91:51 
Burma (Myanmar) 
ruby specimen on postage stamp from 
(GN) F91:182 : 
to trade with Thai dealers (GN) F91:182 
violet cat’s-eye scapolite from (GN) 
Sp91:51 


Cc 
Calcareous concretions 
“demi-pearl” (GTLN) Su91:110 
Cameo 


chalcedony with photoetched portrait 
(GN) W91:260 
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Canada 
diamond prospecting in (GN) F91:180 
gold-in-quartz from British Columbia 
(GN) $p91:54-55 
vesuvianite from Quebec (GN) F91:185 
Care of gem materials 
amber damaged during cleaning 
(GTLN) $u91:108 
Carving, see Lapidary 
Cat’s-eye, see Chatoyancy 
Cavity filling, see Filling 
Centenary diamond 
273-ct stone, unveiled by De Beers (GN) 
Su91:116 
Ceylon, see Sri Lanka 
Chalcedony 
with photoetched portrait (GN) 
W91:260 
“turquoise” -color from Mexico (GTLN) 
$p91:40 
see also Quartz 
Change-of-color phenomenon, see Color 
change 
Chatham 
agreement to produce material in 
Japan (GN) $u91:123 
production of synthetic emerald 
and sapphire (GN) Sp91:53 
warns against trademark infringements 
(GN) 5u91:123 
see also Emerald, synthetic 
Chatoyancy 
in apatite simulating Paraiba 
tourmaline (GN) W91:265 
in beryllonite (GN) Sp91:47 
in chrysoberyl with crossed growth 
band (GN) W91:257 
in glass marketed as “Fiber eye” (GN) 
Su91:123 
in rose quartz (GN) 5p91:50 
in scapolite (GN) Sp81:56 
Chemical composition 
of emeralds—from Afghanistan 
(Bowersox) Sp91:26ff; from 
Russia (Schmetzer) Su91:86ff 
of garnets from Bohemia (Schltiter) 
F91:168ff 
of phlogopite and biotite-phlogopite 
inclusions in Russian emeralds 
(Schmetzer) 5u91:86ff _ 
of ruby—and pink sapphire from 
Vietnam (Kane) F91:136ff; from 
Tanzania (Hanni) F91:156ff 
of sunstone labradorite from Oregon 
(Johnston) W91:220ff 
China, People’s Republic of 
diamond center planned in Shanghai 
(GN) W91:254 
diamond cutting in (GN) F91:180 
60.6-ct diamond from (GN) W91:254 
Chlorite 
carved (GTLN) W91:248 
Chrysobery] 
cat’s-eye with crossed growth band 
(GN) W91:257 
see also Alexandrite 


Chrysocolla 
drusy, in quartz (GN) 5p91:49 
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Clarity grading 
of diamonds (EF) Su91:126 
Clinohumite 
from Pamir Mountains, Russia (GN) 
$p91:48 
Coating, 
durability of “Aqua Aura” treatment 
(GN) Su91:122 
of gems with diamond-like carbon 
(GN) F91:186 
identification of, vs. diffusion (GN) 
F91:188 
of sapphire—in Sri Lanka (GN) 
W91:265; yellowish orange (GTLN) 
W91:25] 
Cobalt 
in Russian synthetic quartz sold as 
“Siberian blue quartz” (GN) Sp91:55 
Cobaltocalcite 
from Zaire (GN) Sp91:49 
Colombia 
record emerald exports from (GN) 
F91:181 
Color, cause of 
in color-change spinel (GTLN) Su91:112 
copper, in chalcedony (GTLN) Sp91:40 
in emeralds from Russia (Schmetzer) 
$u91:86 ff 
in sunstone labradorite from Oregon 
(Johnston) W91:220ff 
in yellow grossular from Tanzania 
(GN) W91:258 
Color change 
in spinel (GTLN) $u91:112 
in tourmaline (GN) F91:184 
Color zoning 
in electron-irradiated diamond (GTLN) 
Su91:108 
in emerald (GTLN) Sp91:41 
in flux-grown synthetic ruby (GTLN) 
Sp91:44 
in ruby—from Tanzania (Hanni) 
F91:156ff; from Vietnam (Kane) 
F91:136ff 
Computer 
imaging of jewelry (GN) F91:189 
Corundum 
in green muscovite matrix from 
Pakistan (GN) $u91:120 
see also Ruby; Sapphire 
Crystal morphology 
of ruby from Tanzania (Hanni) F91:156ff 
Cubic zirconia 
nontransparent “CZ” from Russia 
(Kammerling) W91L:240ff 
Cuts and cutting, see Diamond, cuts and 
cutting of; Faceting; Lapidary 
Czechoslovakia 
garnets from Bohemia (Schliiter) 
F91: L68ff 
highlights of gemological conference in 
(GN) W91:256 


D 
Danburite 
from Sri Lanka (GN) W91:261 
Darkfield illumination, see Lighting 
methods 
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De Beers 
and marine diamond mining 
(Gurney) W91:206ff 
unveils Centenary diamond (GN) 
$u91:116 
Demantoid, see Andradite 
“Demi-pearl” 
cultured pearl and calcareous 
concretion (GTLN) Su91:110 
Diamond 
age, origin, and emplacement of 
(Kirkley) Sp91:2ff 
from Canada (GN) F91:180 
from China (GN) W91:254 
clarity grading of (EF) Su91:126 
fracture-filled (GTLN) Su91:109 
with hexagonal indented natural 
(GTLN) F91:174 
from Indonesia (GN) W91:255 
marine—exploration off Australia (GN) 
$u91:117; mining off coast of Africa 
(Gurney) W91:206ff 
mining—in Brazil (GN) $u91:117; 
historic photos of (GN) F91:181; in 
Russia (GN) Su91:116 
from Mongolia (GN) F91:180 
from Namibia (GN) F91:180 
nickel in pyropes as indicator of 
deposits (GN) W91:255 
192.9-ct rough from Guinea (GN) 
W91:255 
set in polymer (GN) F91:189 
twinned “Star of David” crystals (GN) 
Su91:117 
U.S. market (GN) W91:254 
see also Diamond, inclusions 
Diamond, colored 
blue—highly conductive (GTLN) 
$p91:41; lb with radiation stains 
(GTLN) F91:174 
chameleon (GN) $u91:116 
and disclosure of treatment (GN) 
Sp91:46 
green with radiation stains (GTLN) 
$u91:110 
irradiated—by electrons (GTLN) 
Su91:108; with natural radiation stains 
(GTLN) W91:249 
yellow, cut from green surface-color 
rough (GTLN) 5u91:109 
Diamond, cuts and cutting of 
in Botswana (GN) W91:254 
in China (GN) F91:180 
cutting machine (GN) 5u91:125 
factory to open in Dubai (GN) W91:254 
new cuts (GN) F91:181, W91:255 
Diamond, inclusions in 
etch channels with radiation stains 
(GTLN) Su91:110 
as evidence of age and origin (Kirkley) 
Spo L:2ff 
Diamond simulants, see Cubic zirconia 
Diamond, synthetic 
carbon-13, made by General Electric 
(GN) W91:254 
conference in France (GN) F91:180 
diamond-like carbon (DLC) coating on 
gems (GN) F91:186 
from Russia (GN) Sp91:46 
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thin film grown on natural diamond 
(GN) Su91:118 
Diffusion treatment 
identification of, vs. coating (GTLN) 
F91:188 
research on ruby color (GN) F91:180 
of sapphire—(GN) 5p91:53; for 
asterism and color (GTLN) Sp91:44; 
from Montana (GN) F91:187 
Diopside 
from Tanzania (GN) W91:257 
Dolomite 
with green banding (GN) Sp91:47 
with quartzite (GTLN) W91:251 
Doublets, see Assembled stones 
Dravite, see Tourmaline 
Drusy crystals 
in fashioned gem materials (GN) 
Sp91:49 
Durability, see Treatment 
Dyeing 
of cultured pearls (GTLN) F91:175 
of pearls (GTLN) F91:175 
of quartzite to simulate dyed lavendar 
jadeite (GN) $u91:122 
see also specific gem materials; 
Treatment 


East Africa 
color-change tourmaline from (GN) 
F91:184 
see also Mining; Tanzania; specific 
gem materials 
Editorials . 
“Buyer Beware” (A. Keller) W91:205 
“Information and Communication: 
Keys to the Future” (Liddicoat) Su91:69 
“The International Gemological 
Symposium: Facing the Future” 
(Boyajian) Sp91:1 
“New Sources Bring New 
Opportunities” (A. Keller) F91:135 
Emerald 
from Afghanistan (Bowersox) Sp91 :26ff 
from Colombia (GN) F91:181 
color-zoned (GTLN) $p91:40 
fracture-filling of—with colored 
Opticon (GN) 5p91:52; with 
Opticon and traditional “oils” 
(Kammerling) Su91:70ff 
inclusions in, from Russia (Schmetzer) 
Su91:86ff 
from Madagascar (GN) $u91:119 
from Nigeria (GN) W91:257 
from Russia—joint venture for 
production of (GN) 5u91:120; from 
Ural Mountains (GN) Sp91:49, 
(Schmetzer) $1191 :86ff 
see also Beryl 
Emerald, synthetic 
Biron/ Pool material marketed as 
“Kimberley Created Emerald” 
(GN) Sp91:54 
Chatham production of (GN) Sp91:53,; 
in Japan (GN) 5u91:123 
Gilson-type to be distributed in U.S. by 
Chatham (GN) $u91:123 
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in parcels of natural emerald (GN) 
W91:265 

from Russia—flux overgrowth on 
aquamarine (GN) 5p91:55; 
hydrothermal marketed as 
“Emsprit Emerald” (GN) Sp91:54 

see also Beryl, synthetic 

Enhancement, see Coating; Diffusion 
treatment; Dyeing; Filling; Heat 
treatment; Irradiation; Treatment 


F 


Faceting 
of colored stones and cubic zirconia 
in Thailand (GN) Sp91:48 
see also Diamond, cuts and cutting of; 
Lapidary 
Fakes 
synthetic ruby worked to simulate 
Vietnamese ruby rough (GN) W91:260 
see also Mineral fakes 
Feldspar 
labradorite from Madagascar (GTLN) 
$u91:120 
orthoclase moonstone beads (GTLN) 
$p91:41 
sunstone—labradorite from Oregon 
(Johnston) W91:220ff; oligoclase 
mixed with iolite (GN) W91:261 
Fibrolite, see Sillimanite 
Filling, fracture or cavity 
of diamond (GTLN) Su91:109 
of emerald—with colored Opticon 
(GN) $p91:52; with Opticon and 
traditional “oils” (Kammerling) 
$u91:70ff 
of quartz with Opticon (GN) W91:264 
of synthetic emerald (GN) W91:265 
Fluorescence, ultraviolet 
in color-change spinel (GTLN) 
$u91:112-113 
see also X-ray fluorescence 
Fluorite 
purple and colorless zoned 
(GN) Sp91:47 


G 


Gahnospinel, see Spinel 
Garnet 
from Bohemia, Czechoslovakia 
(Schltiter) F91:168ff 
from Vietnam (Kane) F91:136ff 
see also Andradite; Grossular; 
Pyrope; Rhodolite 
Gem carving, see Lapidary 
Gems & Gemology 
“Challenge” —Sp91:59 
“Challenge” results—F91:192 
“Most Valuable Article 
Award”—Sp91:57 
General Electric Company 
carbon-13 synthetic diamonds made 
by (GN) W91:254 
“Geneva ruby,” see Ruby, synthetic 
Gilson 
porous synthetic opal (GN) F91:188 
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synthetic emerald made in Japan 
(GN) $u91:123 
Glass 
fiber-optic marketed as “Fiber Eye” 
(GN) $u91:123 
imitation of lapis lazuli (GN) Su91:123 
Glyptic arts, see Lapidary 
Grossular (grossularite) 
massive, carved (GTLN) W91:249 
from Tanzania—23.56-ct tsavorite (GN) 
W91:258; yellow (GN) W91:258 
Guinea 
192.9-ct diamond from (GN) W91:255 


Heat treatment 
of Montana sapphire (GN) F91:186 
of ruby in Sri Lanka (GN) Sp91:53 
Hessonite, see Grossular 
History 
of emeralds from Afghanistan 
(Bowersox) Sp91:26ff 
of garnets from Bohemia (Schliiter) 
F91:1686f 
Hydrogrossular, see Garnet 


Idocrase [vesuvianite] 
purple and green, from Quebec, 
Canada (GN) F91:185 
Inclusions 
boehmite in synthetic sapphire 
(GTLN) W91:252 
copper in sunstone labradorite 
from Oregon (Johnston) W91:220ff 
in emerald from Russia (Schmetzer) 
$u91:86ff 
inruby—from Tanzania (Hanni) 
F91:156ff; from Vietnam (Kane) 
F91:136ff 
in synthetic spinel (GTLN) $u91:113 
see also specific host gem material 
India 
rhodolite from Orissa (GN) Sp91:50 
Insects 
“hairy,” in amber (GN) W91:256 
iridescent beetles used in jewelry (GN) 
$u91:121 
Instruments 
cutting machines (GN) Su91:125 
diamond testers, limitations (GN) 
F91:189 
loupe with darkfield illumination (GN) 
Su91:125 
Intaglio, see Lapidary 
International Gemological Symposium, 
1991 
program (Special Section) Sp91: 
Appendix 1-20 
Iolite 
beads (GTLN) Sp91:41 
with sunstone oligoclase from India 
(GN) W91:261 
Irradiation 
disclosure of treatment in diamond 
(GN) Sp91:46 
electron, of diamond (GTLN) $u91:108 
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of topaz, resulting in damage (GTLN) 
Su91:114 
see also Radioactivity 
Ivory 
from piano keys (GN) W91:259 


J 


Jade simulant 
dyed quartzite (GN) Su91:122 
Jadeite 
damaged by heat (GTLN) W91:250 
plastic-treated (GN) Su91:122 
Jewelry 
imaging and teleconferencing system 
(GN) F91:189 
period—combined with recent setting 
(GTLN) Sp91:43; set with cultured 
pearl (GTLN) Sp91:43; with electron- 
irradiated diamond (GTLN) Su91:109; 
set with “Geneva” synthetic rubies 
(GTLN) F91:177 
with diffusion-treated sapphires 
(GTLN) F91:178 
with diamonds in polymer (GN) 
F91:189 
J. O. Crystals 
production of Czochralski-pulled 
synthetic alexandrite (GN) Sp91:53 


K 


“Kimberley Created Emerald,” see 
Emerald, synthetic 
Kimberlite 
as diamond host rock (Kirkley) Sp92:2ff 
Kornerupine 
from Sri Lanka (GN) W91:261 


L 


Labradorite, see Feldspar 
Lamproite 
as diamond host rock (Kirkley) Sp91:2ff 
Lapidary 
optics and curves in (Anderson) 
W91:234 fF 
see also Diamonds, cuts and cutting of; 
Faceting 
Lapis lazuli 
from Afghanistan (GN) Sp91:49 
banded (GTLN) Sp91:41, W91:250 
Lapis Jazuli stimulant 
barium sulfate and pyrite with polymer 
bonding (GN) Sp91:54 
glass (GN) $u91:123 
Lighting methods 
darkfield with loupe (GN) 5u91:125 


Mabe, see Pearls, cultured 
Madagascar 
emerald and beryl from (GN) Su91:119 
labradorite from (GN) Su91:120 
tourmaline from (GN) Su91:119 
Malawi 
ruby mining in (GN) Sp91:48 
Mexico 
greenish blue chalcedony from (GTLN) 
Sp91:40 
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opal from, in acrylic resin (GN) 
$u91:124 
pearls from Baja California (GTLN) 
Sp91:42 
Minas Gerais, see Brazil 
Mineral fakes 
synthetic ruby cut to resemble red beryl! 
crystal (GTLN) $p91:43 
see also Fakes 
Mining 
of emeralds in Afghanistan (Bowersox) 
Sp91:26ff 
of garnets in Bohemia (Schltiter) 
F91:1 68ff 
of ruby and sapphire in Vietnam (Kane) 
F91:136ff 
in Sri Lanka (GN) W91:261 
of sunstone labradorite in Oregon 
(Johnston) W91:220ff 
of tanzanite in Tanzania (GN) W91:262 
Moonstone, see Feldspar 
Morganite, see Beryl 
Mozambique 
morganite from (GN) $p91:49 
rubies from (GN) $p91:48 
Myanmar, see Burma 


N 
Namibia 
diamond mining in (GN) F91:180 
marine diamond mining off coast of 
(Gurney) W91:206ff 
tourmaline from (GN) Su91:119 
Nigeria 
emerald and green beryl from (GN) 
W91:257 


Oo 
Oiling 
of emeralds—(Kammerling) Su91:70ff; 
from Colombia (GN) W91:264 
“Onyx,” see Chalcedony 
Opal 
from Brazil (GN) Sp91:49 
from Mexico, in acrylic resin (GN) 
$u91:124 
from Peru—greenish blue (GN) 
Su91:120; and pink (GN) W91:259 
“sugar-treated” matrix, from Australia 
(Brown) Su91:100ff 
Opal simulant 
plastic (GN) Su91:124 
Opal, synthetic 
porous Gilson (GN) F91:188 
from Russia (GN) W91:256 
Opticon 
colored, to treat emeralds (GN) Sp91:52 
fracture filling—of emeralds and other 
gems (Kammerling) Su91:70ff; of 
quartz (GN) W91:264 
Orthoclase, see Feldspar 


P 


Paraiba, see Tourmaline 

“Paraiba” apatite, see Apatite 

Pearls 
from Baja California (GTLN) Sp91:42 
dyed green (GTLN) F91:175 
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freshwater “rosebud” (GTLN) Su91:111 
South Sea “enhydro” (GN) F91:181 
Pearls, cultured 
assembled blister (GTLN) Su91:111 
auction in Cook Islands (GN) Su91:121 
black, natural and treated color in same 
necklace (GTLN) F91:175-176 
“demi-” with one half lacking nacre 
(GTLN) $u91:110 
hollow, with included cultured pearl 
(GTLN) F91:176 
Mabe—(GTLN) F91:177; treated 
(GTLN) W91:251 
in period jewelry (GTLN) Sp91:43 
with small nucleus (GTLN) $p91:43 
from Tahiti and South Seas (GTLN) 
Sp91:49 
tissue-nucleated (GTLN) F91:175 
tooth test fails to identify (GTLN) 
F91:176 
“treated” Mabe (GTLN) F91:177 
worked and plugged baroque (GTLN) 
W91:251 
Peridot 
from Arizona (GN) $p91:50 
from Burma (GN) $p91:50 
Peru 
opal from—greenish blue (GN) 
$u91:120; and pink (GN) W91:259 
Plastic 
opal simulant from Thailand (GN) 
$u91:124 
treatment—of ammonite (GN) Sp91:52; 
of jadeite (GN) Su91:122 
see also individual gem simulants, 
Treatment 
Pleochroism 
to distinguish diffusion treatment 
from surface coating (GN) F91:188-189 
in tourmaline and andalusite (GN) 
F91:185 
“Pool emerald,” see Emerald, synthetic 
Postage stamp 
from Burma (Myanmar) with ruby 
(GN) F91:182 
Pyrite 
brecciated, cut as beads (GN) Sp91:47 
Pyrope 
with nickel, as diamond deposit 
indicator (GN) W91:255 
see also Garnet 
Pyrope-almandine, see Garnet; Rhodolite 
Pyrope-spessartine, see Garnet 


Qa 


Quartz 
bicolored amethyst-rock crystal (GN) 
5p91:50 
cat’s-eye rose (GN) Sp91:50 
drusy pale purple and dyed black (GN) 
Sp91:49 
fracture-filled with Opticon (GN) 
W91:264 
gold-in-, doublet (GN) $p91:54 
see also Amethyst 
Quartz, cryptocrystalline, see Chalcedony 
Quartz, synthetic 
from Russia (GN) $p91:55 
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Quartzite 
with dolomite (GTLN) W91:251 


Radioactivity 
of zircon (GTLN) Su91:114 
Rhodolite 
from Orissa, India (GN) $p91:50 
see also Garnet 
Rock crystal, see Quartz 
Ruby 
from Burma (Myanmar) on postage 
stamp (GN) F91:182 
heat treatment of, in Sri Lanka (GN) 
Sp91:53 
from Malawi (GN) 5p91:48 
from Mozambique (GN) 5p91:48 
parcels mixed with synthetic ruby (GN) 
W91:260 
research on diffusion treatment (GN) 
F91:187 
from Russia (GN) W91:256 
from Sri Lanka (GN) W91:261 
from Tanzania (GN) $u91:119, (Hanni) 
F91:156ff, (GN) F91:183 
from Vietnam (GN) 5p91:51, (Kane) 
F91:136ff 
see also Corundum; Inclusions 
Ruby, synthetic 
early “Geneva” type (GTLN) F91:177 
flame-fusion cut to resemble red beryl] 
crystal (GTLN) $p91:43 
flux-grown—early (?) with blue outline 
of seed {GTLN) $u91:112; with 
unusual color zoning (GTLN) 5p91:44 
sold as Vietna mese ruby (GN) W91:260 
Russia 
clinohumite from (GN) $p91:48 
demantoid garnet from (GN) W91:257 
diamond production from—(GN) 
$u91:116; in Mongolia (GN) F91:180 
emeralds—joint venture for production 
of (GN) Su91:120; from Ural Mountains 
(GN) 5p91:49, (Schmetzer) Su91 :86ff 
rubies from (GN) W91:256 
synthetic emeralds from (GN) Sp91:54 
synthetic malachite from (GN) W91:256 
synthetic opal from (GN) W91:256 
update on synthetics from (GN) 
$p91:55, $u91:125 


Ss 


Sapphire 

from Brazil (GN) $p91:48 

coated—yellow and pink (GN) 
W91:265; yellowish orange (GN) 
W91:251 

diffusion treated —(GN) 5p91:53; 
(GTLN) Sp91:44-45, F91:178 

heat treatment of yellow, in Sri Lanka 
(GN) W91:265 

from Montana—(GN) Sp91:48; 
diffusion treatment of (GN) F91:186; 
heat treatment of (GN) F91:186 

pink, from Sri Lanka (GN) W91:261 

from Tanzania—padparadscha color 
(GN) Su91:119; red-orange (GN) 
Sp91:48 
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from Vietnam (GN) Sp91:51, (Kane) 
F91:136ff 
see also Corundum 
Sapphire, synthetic 
Chatham production of (GN) Sp91:53 
star with missing center (GN) W91:263 
triangular inclusions in flame fusion 
(GTLN) $p91:45 
twinned (GTLN) W91:252 
Scapolite 
violet cat’s-eye from Burma (GN) 
Sp91:51 
Shell 
Paua, dyed and coated (GN) 5p91:52 
Sillimanite 
from Sri Lanka (GN) W91:261 
South Africa, Republic of 
marine diamond mining off west coast 
of (Gurney) W91:206ff 
Spectra 
of color-change spinel (GTLN) $u91:112 
of emeralds from Russia (Schmetzer) 
Su91 :86ff 
of nontransparent “CZ” (Kammerling) 
F91:156fF 
of ruby from Tanzania (Hanni) F91:156ff 
Spinel 
bluish violet with color change (GTLN) 
$u91:112 
cat’s-eye red from Sri Lanka (GN) 
W91:261 
from Tanzania (GN) F91:183 
Spinel, synthetic 
cobalt-colored with unusual inclusions 
(GTLN) $u91:113 
from Russia—flux (GN) $p91:55; red 
(GN) Su91:124 
Sri Lanka 
heat treatment of ruby in (GN) Sp91:53 
update from (GN) W91:261 
Star, see Asterism 
“Star of David” diamond crystals 
(GN) Su91:117 
Sunstone, see Feldspar 
Synthetic 
laser crystals sold for faceting (GN) 
W91:263 
see also specific gem materials 


T 


Tanzania 
diopside from (GN) W91:257 
green zoisite from (GN) $5u91:121 
mining rights in (GN) F91:184 
red zoisite from (GN) F91:185 
ruby—from Longido (GN) F91:183; 
from Morogoro (Hanni) F91:156ff 
sapphire from—padparadscha color 
(GN) $u91:119; red-orange (GN) 
Sp91:48 
spinel from (GN) F91:183 
tanzanite mining in Meralani (GN) 
Sp91:51, W91:262 
23.56-ct tsavorite from (GN) W91:258 
yellow grossular from (GN) W91:258 
Tanzanite 
mining and production in Tanzania 
(GN) Sp91:51, W91:262 
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“synthetic” from Russia (GN) Sp91:55 
see also Zoisite 
Thailand 
cutting in (GN) $p91:48 
sapphire mining in (GN) F91:182 
Thin films 
of synthetic diamond coating natural 
diamond (GN) $u91:118 
Topaz 
damaged by treatment (GTLN) 
$u91:114 
irradiated, to simulate Paraiba 
tourmaline (GN) W91:265 
from Vietnam (Kane) F91:136ff 
Tourmaline 
bicolored, from Brazil (GN) W91:262 
color-change, from East Africa (GN) 
F91:184 
from Madagascar (GN) Su91:119 
from Namibia (GN) $u91:119 
from Parafba, Brazil—(GN) Sp91:51, 
F91:184; simulated (GN) W91:265 
pleochroism of, compared to andalusite 
(GN) F91:185 
“synthetic,” from Russia (GN) 5p91:55 
from Zambia (GN) $u91:119 
Treatment 
of ammonite with plastic (GN) $p91:52 
“Aqua Aura,” durability of (GN) 
$u91:122 
of diamond—by coating with synthetic 
diamond (GN) $u91:118; by fracture 
filling (GTLN) $u91:109 
of emerald—with colored Opticon 
(GN) $p91:52; and other gems with 
Opticon and traditional “oils” 
(Kammerling) 5u91:70ff 
of jadeite with plastic (GN) Su91:122 
of matrix opal from Australia by 
carbon impregnation (Brown) 
Su91:100ff 
see also Coating; Diffusion treatment; 
Dyeing; Filling; Heat treatment; 
Irradiation 
Tsavorite, see Grossular garnet 
Tucson Gem and Mineral Shows 
highlights of (GN) Sp91:46 
Tweezers 
improved by using surgical tape 
(GN) F91:190 
Twinning 
of diamond (GN) $u91:117 
in ruby—from Tanzania (Hanni) 
F91:156ff; from Vietnam (Kane) 
F91:136ff 
in synthetic sapphire (GTLN) 
W91:252 


U 


United States 
diamond market in (GN) W91:254 
peridot from Arizona (GN) 5p91:50 
sapphire from Montana—(GN) 
Sp91:48; diffusion treatment of (GN) 
F91:186; heat treatment of (GN) F91:186 
sunstone labradorite from Oregon 
(Johnston) W91:220ff 
USSR, see Russia 
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Vv 


Vesuvianite, see ldocrase 
Vietnam 
ruby and pink sapphire from (GN) 
$p91:51, (Kane) F91:136ff 


» 4 
X-radiography 

of assembled cultured blister pearls 
(GTLN) $u91:111 

of cultured pearls (GTLN) Sp91:43, 
W91:251 

of Mabe cultured blister pearl (GTLN) 
F91:177 
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of tissue-nucleated cultured pearl 
(GTLN) F91:175 


Y 


Yttrium aluminum garnet 


laser products sold for cutting (GN) 
W91:263 


Zambia 


tourmaline from (GN) Su91:119 


Zimbabwe 


aquamarine from (GN) Su91:119 


Zircon 
radioactive (GTLN) $u91:114 
from Vietnam (Kane) F91:136ff 
Zoisite 
green, from Tanzania (GN) $u91:121 
red, from Tanzania (GN) F91:185 
see also Tanzanite 
Zoning, see Color zoning 


Indexes prepared by Dona Dirlam and 
Carol Stockton 


This index lists, in alphabetical order, the names of authors of all articles that appeared in the four issues of 
Volume 27 of Gems & Geinology, together with the inclusive page numbers and the specific issue (in parentheses). 
Full citation is provided under the first authors only, with reference made from joint authors. 


A 


Anderson A.L.: Curves and optics in 
nontraditional gemstone cutting, 
234-239 (Winter) 


Bernhardt H-J., see Schmetzer K. 

Biehler R., see Schmetzer K. 

Bowersox G., Snee L.W., Foord E.E., 
Seal I] R.R.: Emeralds of the Panjshir 
Valley, Afghanistan, 26-39 (Spring) 

Boyajian W.E.: The International 
Gemological Symposium: Facing 
the Future with GIA, 1 (Spring) 

Brown G.: Treated Andamooka 
matrix opal, 100-107 (Summer) 


F 


Foord E.E., see Bowersox G. 
Fritsch E., see Kammerling R. C. 


G 


Gunter M.E., see Johnston C.L, 

Gurney J.J., Levinson A.A., Smith H.S.: 
Marine mining of diamonds off 
the west coast of southern Africa, 
206-219 (Winter) 

Gurney J.J., see also Kirkley M.E. 


Hanni H.A., Schmetzer K.: New rubies 
from the Morogoro area, Tanzania, 
156-167 (Fall) 


280 = Annual Index 


J 


Johnston C.L., Gunter M.E., Knowles C.R:: 


Sunstone labradorite from 
the Ponderosa mine, Oregon, 
220-233 (Winter) 


K 


Kammerling R.C., Koivula J.I., Kane R.E., 
Fritsch E., Muhlmeister S., McClure 


S.F.: An examination of nontransparent 


"CZ" from Russia, 240-246 (Winter) 
Kammerling R.C., Koivula J.1., Kane R.E., 
Maddison P., Shigley J.E., Fritsch E.: 
Fracture filling of emeralds: Opticon 

and traditional “oils,” 70-85 (Summer) 

Kammerling R.C., see also Kane R.E. 

Kane R.E., McClure 5.F., Kammerling 
R.C., Khoa N.D., Mora C., Repetto S., 
Khai N.D., Koivula J.1.: Rubies and 
fancy sapphires from Vietnam, 
136-155 (Fall) 

Kane R.E., see also Kammerling R.C. 

Keller A.S.: Buyer Beware!, 205 (Winter) 

Keller A.S.: New Sources Bring New 
Opportunities, 135 (Fall) 

Khai N.D., see Kane R.E. 

Khoa N.D., see Kane R.E. 

Kirkley M.E., Gurney J.J., Levinson A.A.: 
Age, origin, and emplacement of 
diamonds: Scientific advances in 
the last decade, 2-25 (Spring) 

Knowles C.E., see Johnston C. L. 

Koivula J.I., see Kammerling R.C., 

Kane R.E. 


L 

Levinson A.A., see Gurney J.J., Kirkley 
MLE. 

Liddicoat R.T.: Information and 
Communication: Keys to the Future, 
69 (Summer) 


Maddison P., see Kammerling R.C. 

McClure 5.F., see Kammerling R.C., 
Kane R.E. 

Mora C., see Kane R.E. 

Muhlmeister S., see Kammerling R.C. 


R 
Repetto S., see Kane R.E. 


Ss 

Schliter J., Weitschat W.: Bohemian 
garnet—today, 168-173 (Fall) 

Schmetzer K., see also Hanni H.A. 

Schmetzer K., Bernhardt H-J., Biehler R.: 
Emeralds from the Ural mountains, 
USSR, 86-99 (Gummer) 

Seal R.R. ll, see Bowersox G. 

Shigley J.E., see Kammerling R.C. 

Smith H.S., see Gurney J.]. 

Snee L.W., see Bowersox G. 


Ww 
Weitschat W., see Schliiter J. 
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SUGGESTIONS 
AUTHORS 


The following guidelines were pre- 
pared both to introduce you to 
Gems & Gemology and to let you 
know how we would like a manu- 
script prepared for publication. No 
manuscript will be rejected because 
it does not follow these guidelines 
precisely, but a well-prepared manu- 
script helps reviewer, editor, and 
reader appreciate the article that 
much more. Please feel free to con- 
tact the Editorial Office for assis- 
tance at any stage in the develop- 
ment of your paper, whether to con- 
firm the appropriateness of a topic, 
to help organize the presentation, or 
to augment, the text with photo- 
graphs from the extensive files at 
GIA. 


INTRODUCTION 


Gems & Gemology is an interna- 
tional publication of original contri- 
butions concerning the study of 
gemstones and research in gemology 
and related fields. Topics covered 
include (but are not limited to} col- 
ored stones, diamonds, gem instru- 
ments and identification techniques, 
gem localities, gem enhancements, 
gem substitutes (simulants and syn- 
thetics}, gemstones for the collector, 
jewelry manufacturing arts, jewelry 
history, and contemporary trends in 
the trade. Manuscripts may be sub- 
mitted as: 

Original Contributions —full-length 
articles describing previously un- 
published studies and laboratory or 
field research. Such articles should 
be no longer than 6,000 words (24 
double-spaced, typewritten pages) 
plus tables and illustrations. 


Gemology in Review —comprehen- 
sive reviews of topics in the field. A 
maximum of 8,000 words (32 dou- 
ble-spaced, typewritten pages) is rec- 
ommended, 


Suggestions for Authors 


Notes & New Techniques — brief pre- 
liminary communications of recent 
discoveries or developments in gem- 
ology and related fields (e.g., new 
instruments and instrumentation 
techniques, gem minerals for the 
collector, and lapidary techniques or 
new uses for old techniques]. Arti- 
cles for this section should be ap- 
proximately 1,000-3,000 words (4-12 
double-spaced pages}. 

Gems & Gemology also includes 
the following regular sections: Lab 
Notes (reports of interesting or un- 
usual gemstones, inclusions, or 
jewelry encountered in the Gem 
Trade Laboratories), Book Reviews 
{as solicited by the Book Review 
Editor; publishers should send one 
copy of each book they wish to have 
reviewed to the Editorial Office), 
Gemological Abstracts (summaries 
of important articles published re- 
cently in the gemology literature), 
and Gem News (current events in the 
field). 


MANUSCRIPT PREPARATION 


All material, including tables, leg- 
ends, and references, should be typed 
double spaced on 8 !/2 x 11” (21 x 28 
cm] sheets with } '/2” (3.8 em) mar- 
gins. It is preferable, but not essen- 
tial, that the article be submitted 
(preferably in Microsoft Word or in 
ASCII format) on an IBM-compatible 
floppy disk (either 3 !/2” or 5 '/4”) as 
well as in hard copy form. Please 
identify the authors on the title page 
only, not in the body of the manu- 
script or figures, so that author ano- 
nymity may be maintained with re- 
viewers (the title page is removed 
before the manuscript is sent out for 
review). The various components of 
the manuscript should be prepared 
and arranged as follows: 
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Title page. Page | should provide: (a) 
the article title; (b} the full name of 
each author (first name, middle ini- 
tial, surname}, with his or her affilia- 
tion (the institution, city, and state 
or country where he/she was work- 
ing when the article was prepared}; 
{c) acknowledgments of persons who 
helped prepare the report or did the 
photography, where appropriate; and 
(d} five key words that we can use to 
index the article at the end of the 
year. 


Abstract. Page 2 should repeat the 
title of the article followed by an 
abstract. The abstract {approx- 
imately 150 words for a feature arti- 
cle, 75 words for a note} should state 
the purpose of the article, what was 
done, and the main conclusions. 


Text. Papers should follow a clear 
outline with appropriate heads. For 
example, for a research paper, the 
headings might be: Introduction, 
Previous Studies, Methods, Results, 
Discussion, and Conclusion, Other 
heads and subheads should be used 
as the subject matter warrants. Also, 
when writing your article, please try 
to avoid jargon, to spell out all non- 
standard abbreviations the first time 
they are mentioned, and to present 
your material as clearly and con- 
cisely as possible. For general style 
(grammar, etc.) and additional infor- 
mation on preparing a manuscript 
for publication, A Manual of Style 
(The University of Chicago Press, 
Chicago] is recommended. 


References. References should be 
used for any information that is 
taken directly from another publica- 
tion, to document ideas and facts 
attributed to—or facts discovered 
by —another writer, and to refer the 
reader to other sources for additional 
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information on a particular subject. 
Please cite references in the text by 
the last name of the author(s} and the 
year of publication—plus the spe- 
cific page referred to, if appropriate — 
in parentheses (e.g., Kammerling et 
al., 1990, p. 33). The references listed 
at the end of the paper should be 
typed double spaced in alphabetical 
order by the last name of the senior 
author, Please list only those refer- 
ences actually cited in the text (or in 
the tables or figures). 

Include the following information, 
in the order given here, for each 
reference: (a} all author names (sur- 
names followed by initials}; (b) the 
year of publication, in parentheses; 
(c] for a journal, the full title of the 
article or, for a book, the full title of 
the book cited; and {d} for a journal, 
the full title of the journal plus 
volume number, issue number, and 
inclusive page numbers of the article 
cited or, for a book, the publisher of 
the book and the city of publication. 
Sample references are as follows: 


Kammerling R.C., Koivula J.I, Kane 
R.E. (1990) Gemstone enhance- 
ment and its detection in the 
1980s. Gems & Gemology, Vol. 
26, No. 1, pp. 32-49. 

Armstrong J.T. (1988) Accurate quan- 
titative analysis of oxygen and 
nitrogen with a Si/W multilayer 
crystal. In D. E. Newbury, Ed,, 
Microbeam Analysis — 1988, San 
Francisco Press, San Francisco, 
CA, pp. 301-304. 

Liddicoat R.T. (1989) Handbook of 
Gem Identification, 12th ed., 2nd 
rev. printing. Gemological Insti- 
tute of America, Santa Monica, 
CA. 


Tables. Tables can be very useful in 
presenting a large amount of detail in 
a relatively small space, and should 
be considered whenever the bulk of 
informatien to be conveyed in a sec- 
tion threatens to overwhelm the 
text, 

Type each table double spaced on a 
separate sheet. If the table must ex- 
ceed one typewritten page, please 
duplicate all headings on the second 
sheet. Number tables in the order in 
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which they are cited in the text. 
Every table should havea title; every 
column (including the left-hand col- 
umn] should have a heading. Please 
make sure terms and figures used in 
the table are consistent with those 
used in the body of the text. 


Figures. Please have line figures 
(graphs, charts, etc.) professionally 
drawn and photographed. High-con- 
trast, glossy, black-and-white prints 
are preferred. 

Submit black-and-white photo- 
graphs and photomicrographs in the 
final desired size if possible. Where 
appropriate, please use a bar or other 
scale marker on the photo, not out- 
side it. 

Use a label on the back of each 
figure to indicate the article’s title (or 
a shortened version thereof} and the 
top of the figure. Do not trim, mount 
(unless one figure is composed of two 
or more separate photos}, clip, or 
staple illustrations. 

Color photographs —35 mm slides 
or4 x 5 transparencies — are encour- 
aged. Please include three sets of 
color prints with the manuscript 
package submitted for publication 
consideration. 

All figure legends should be typed 
double spaced on a separate page. 

In each legend, clearly explain any 
symbols, arrows, numbers, or abbre- 
viations used in the illustration. 
Where a magnification is appropriate 
and is not inserted on the photo, 
please include it in the legend. 
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Please send three copies of each 
manuscript (and three sets of figures 
and labels) to the Editorial Office, in 
care of: 

Alice S. Keller, Editor 

Gems @ Gemology 

P.O. Box 2110 

1660 Stewart Street 

Santa Monica, CA 90407 


In view of U.S, copyright law, we 
must ask that each submitted manu- 
script be accompanied by the follow- 
ing statement, signed by all authors 
of the work: “Upon publication of 
(title} in Gems & Gemology, I (we} 
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of America all rights, titles, and in- 
terest to the work, including copy- 
right, together with full right and 
authority to claim worldwide copy- 
right for the work as published in 
this journal. As author(s}, I {we} re- 
tain the right to excerpt {up to 250 
words) and reprint the material on 
request to the Gemological Institute 
of America, to make copies of the 
work for use in classroom teaching 
or for internal distribution within 
my (our) place of employment, to 
use — after publication —all or part of 
this material in a book I (we} have 
authored, to present this material 
orally at any function, and to veto or 
approve permission granted by the 
Gemological Institute of America to 
a third party to republish all or a 
substantial part of the article. I {we} 
also retain all proprietary rights 
other than copyright (such as patent 
rights}. | {we] agree that all copies of 
the article made within these terms 
will include notice of the copyright 
of the Gemological Institute of 
America. This transfer of rights is 
made in view of the Gemological 
Institute of America’s efforts in re- 
viewing, editing, and publishing this 
material. 

As author(s}, | (we} also warrant 
that this article is my (our) original 
work. This article has been submit- 
ted in English to this journal only 
and has not been published else- 
where.” 

No payment is made for articles 
published in Gems & Gemology. 
However, for each article the au- 
thor(s} will receive 50 free copies of 
the issue in which their paper ap- 
peared. 


REVIEW PROCESS 


Manuscripts are examined by the 
Editor, the Editor-in-Chief, and at 
least three reviewers. The authors 
will remain anonymous to the re- 
viewers. Decisions of the Editor are 
final. All material accepted for publi- 
cation is subject to copyediting; au- 
thors will receive galley proofs for 
review and are held fully responsible 
for the content of their articles. 
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THE Gems & GEMOLOGY 
Most VALUABLE ARTICLE AWARD 


By Alice S. Keller 


‘ hank you, readers. Hundreds of you took the time to send us your votes for the “Most 

Valuable Article” published in 1991. The winning articles for 1991 represent a broader 
spectrum of topics than in most previous years. Again, though, you indicated that the identi- 
fication of enhancements is your key concern, with the award of first place to the comprehen- 
sive “Fracture Filling of Emeralds: Opticon and Traditional Oils,” by Robert C. Kammerling, 
John I. Koivula, Robert E. Kane, Patricia Maddison, James E. Shigley, and Emmanuel Fritsch. 
However, second place goes to an article that explained important new theories on diamond 
formation: “Age, Origin, and Emplacement of Diamonds: Scientific Advances in the Last 
Decade,” by Melissa B. Kirkley, John J. Gurney, and Alfred A. Levinson. Winner of the third- 
place award is an article that represents the joint research efforts of a truly international team 
from the U.S., Switzerland, and Vietnam: “Rubies and Fancy Sapphires from Vietnam,” by 
Robert E. Kane, Shane F. McClure, Robert C. Kammerling, Nguyen Dang Khoa, Carlo Mora, 
Saverio Repetto, Nguyen Duc Khai, and John I. Koivula. 


The authors of these three articles will share cash prizes of $1,000, $500, and $300, respec- 
tively. Photographs and brief biographies of the winning authors appear below. 
Congratulations also to Edward Schiller of Calgary, Alberta, Canada, whose ballot was ran- 
domly chosen to win the three-year subscription to Gems # Gerhology. 


ace 


We especially appreciated receiving comments—and suggestions—from so many of you on 
your ballots. In fact, in response to some of these comments, we are initiating a “Letters” 
section in this issue of Gems # Gemology (see pp. 72 and 73). Unlike the earlier “Editorial 
Forum” section, which appeared sporadically, we hope to make this a regular feature for your 
comments and suggestions on items published in Gems & Gemology and other important 
topics. This is your journal and we want it to work for you. Don’t forget to write.... 
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ROBERT C. KAMMERLING : JOHN I. KOIVULA - 
ROBERT E. KANE - PATRICIA MADDISON : 
JAMES E. SHIGLEY - EMMANUEL FRITSCH 


Robert C. Kammerling is director of identification and 
research at the GIA Gem Trade Laboratory, Inc. in 
Santa Monica. He also coedits—with John I. Koivula 
and Emmanuel Fritsch—the Gem News section of 
Gems # Gemology, and he coauthored—with Dr. 
Cornelius S. Hurlbut—the book Gemology. Mr. 
Kammerling has a B.A. from the University of Illinois. 
John I. Koivula, GIA’s chief gemologist, is world 
renowned for his expertise in inclusions and photomi- 
crography. He is coauthor—with Dr, Edward J. 
Gibelin—of the Photoatlas of Inclusions in 
Gemstones, Mr. Koivula also holds bachelor’s degrees 


James E. Shigley, Patricia Maddison, John I. 
in chemistry and mineralogy from Eastern Koivula, Robert C. Kammerling, Emmanuel 
Washington State University. Robert E. Kane, also a Fritsch, Robert E. Kane 
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prolific author, is manager of identification at the GIA 
Gem Trade Laboratory, Santa Monica. With 14 years 
of laboratory experience, Mr. Kane’s research special- 
ties include colored diamonds, rare collector gems, 
and the separation of natural, synthetic, and treated 
gems. Patricia Maddison is a senior staff gemologist 
in the identification section of the GIA Gem Trade 
Laboratory, Santa Monica. Originally from 
Vancouver, Canada, Ms. Maddison has 14 years of 
experience in the jewelry industry (10 with GIA). 
James E. Shigley, who received his doctorate in geolo- 
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MELISSA B. KIRKLEY + JOHN J. GURNEY - 
ALFRED A. LEVINSON 


A post-doctoral research officer in the Geochemistry 
Department of the University of Cape Town (UCT), 
South Africa, Melissa B. Kirkley is currently investi- 
gating stable-isotope and rare-earth-element geo- 
chemistry of mantle rocks and minerals. She has B.S. 
and M.S. degrees in geology from Colorado State 
University and a Ph.D. from UCT. John J. Gurney 
holds a personal chair in geochemistry at UCT, from 
which he also received his Ph.D. He has published 
widely in his main research fields of diamonds and 
upper-mantle petrology. Alfred A. Levinson is a pro- 
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ROBERT E. KANE + SHANE F. MCCLURE + ROBERT 
C. KAMMERLING - NGUYEN DANG KHOA : 
CARLO MORA - SAVERIO REPETTO * NGUYEN 
DUC KHAI : JOHN I. KOIVULA 


Photographs and biographies for Robert E. Kane, 
Robert C. Kammerling, and John 1. Koivula appear 
under the first-place section. 


Shane F. McClure is a senior staff gemologist in the 
identification section of the GIA Gem Trade Labora- 
tory, Santa Monica. Mr. McClure has 14 years of 
experience in the gem field. He is also an accom- 
plished gem and jewelry photographer. The managing 
director of Vietnam’s Intelviet Minerals and Realty, 
Nguyen Dang Khoa is a consulting geologist with 36 
years of experience. He is a graduate of Hanoi Poly- 
technic Institute. Carlo Mora, a native of Turin, Italy, 
is a gemologist and gem cutter. Since 1981, he has 
been affiliated with the educational organization 
Fraul 2; from 1988 to 1991, he worked with FIMO 
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gy from Stanford University, is director of research at 
GIA. He has written several articles on natural, treat- 
ed, and synthetic gem materials, and is currently 
directing research on gem identification. Manager of 
the GIA Research Department, Emmanuel Fritsch has 
written extensively on the application of spec- 
troscopy to gemology, the origin of color in gem 
materials, and treated and synthetic gems. A native of 
France, he has an advanced degree in geological engi- 
neering from the Geology School in Nancy, France, 
and his Ph.D. from the Sorbonne in Paris. 


Mussa aie) John Gurney Alfred Levinson 
fessor in the Department of Geology and Geophysics 
at the University of Calgary, Alberta, Canada. A for- 
mer editor of Geochimica et Cosmochimica Acta, Dr. 
Levinson has also written and edited a number of 
books in geochemistry. A native of New York, Dr. 
Levinson received his undergraduate and graduate 
degrees from the University of Michigan. 


Carlo Mora 


Shane McClure 


Gem Stone S.A. of Chiasso, Switzerland, in their joint 
venture with the Vietnamese. Saverio Repetto is 
director of FIMO Gem Stone S.A. He has a degree in 
nuclear engineering from the Polytechnical 
University in Turin. Nguyen Duc Khai, born in 
Vinhphu Province, Vietnam, is senior geologist of the 
Council of Ministers, Hanoi. A member of the 
National Committee for Mineral Resources Approval, 
he holds a geological engineering degree from Hanoi 
University. 


GEMS & GEMOLOGY Spring 1992 


GEM-QUALITY GREEN ZOISITE 


By N. R. Barot and Edward W. Boehm 


A new transparent, gem-quality green zoisite 
has been discovered in the Merelani Hills of 
mineral-rich Tanzania. The gernological 
properties are identical to those known for 
violetish blue tanzanite. The main differ- 
ences are the pleochroic colors and the pres- 
ence of chromium lines in the absorption 
spectrum of the green material, Chemical 
analyses demonstrated the presence of vary- 
ing amounts of chromium and vanadium 
relative to the saturation of green. 


ABOUT THE AUTHORS 


Dr. Barot, managing director of Ruby Centre, 
Nairobi, Kenya, is a gemologist who specializes in 
research on East African gemstones. Mr. Boehm, 
formerly with the Gubelin Gemmological Laboratory 
in Lucerne, Switzerland, is a geologist and gemolo- 
gist with Pala International in Fallbrook, California. 
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preliminary research that led to the initiation of this 
article; Paul Carpenter, of the Califomia Institute of 
Technology, for the microprobe analyses; William 
Larson, Josh Hall, and Gabrié! Mattice, of Pala 
International, for helpful comments; Yianni Melas for 
research helo; and Robert E. Kane and Robert C. 
Kammerling, of the GIA Gem Trade Laboratory, for 
their generous assistance. Special thanks to Dr, H. 
Krupp for his guidance in Tanzania. 
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anzania has produced fine gems for most of the last cen- 

tury, but the past three decades have brought excep- 
tional finds of both known and new gem materials. These 
discoveries include transparent green grossular garnet (tsa- 
vorite/tsavolite}, violetish blue zoisite (tanzanite), “chrome” 
tourmaline, and ruby, as well as gammets and sapphires in a wide 
range of colors. The latest (first seen by the authors in February 
1991) is a green gem-quality variety of zoisite (figure 1). This 
green stone exhibits the basic chemical, physical, and optical 
properties characteristic of zoisite; only the trichroic colors and 
chromogens are different from those of the well-known vio- 
letish blue to violet tanzanite. 

Several names have been proposed for this new gem. 
Local miners first called it Combat, because it resembled the 
green of some military uniforms. Gtiblinite was proposed to 
the 1991 International Colored Gemstone Association (ICA) 
congress in honor of Dr. Edward Guibelin’s contributions to the 
industry. Mineralogists prefer to call this material green zoisite, 
while many American dealers have adopted the term chrome 
tanzanite, in reference to the presence of chromium as the 
apparent coloring element (on the basis of preliminary research 
performed by the second author while at the Giibelin 
Gemmological Laboratory [Barot and Boehm, 1991]; further 
research has shown that the yellowish green to bluish green 
stones are colored by varying amounts of chromium and vana- 
dium]. For the purposes of this article, the authors will use the 
name green tanzanite, which is the one preferred by the 
Tanzanian Ministry of Water, Energy and Minerals (A. S. 
Zullu, pers. comm., 1992), Their proposal is based on the use 
of tanzanite for the gem variety of zoisite, in the same man- 
ner that sapphire is a gem variety of corundum. We hope, for 
the sake of this and other new gem materials, that an inter- 
nationally recognized gemstone nomenclature committee 
will soon designate an official name. 

Until 1991, zoisite occurred in Tanzania in only two vari- 
eties of interest to the gem trade. The most important has 
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been the gem-quality violetish blue tanzanite, which 
is colored by vanadium (Schmetzer, 1978). Most of 
these stones have a strong brown component that is 
removed by heat treatment. Some greenish blue stones 
have been found, but the color changes to blue after 
heat treatment (Schmetzer and Bank, 1978-79]. The 
other gem zoisite from Tanzania is a massive opaque 
green variety, colored by chromium (Game, 1954; 
Schmetzer, 1982), that is found in association with 
amphibolite at the Longido mining area, several hun- 
dred kilometers northwest of Merelani. This aggregate 
of zoisite and hornblende is called anyolite in the 
trade (Gtibelin, 1969}, based on the word meaning 
green in native Masai. When associated with opaque 
ruby, it is known as ruby in zoisite (figure 2), Both an- 
yolite and ruby in zoisite have been used extensive- 
ly as carving materials. Although thulite—a massive, 
opaque, pink variety of zoisite colored by manganese— 
has been found in Norway, western Australia, Italy, 
Austria, the U.S.A. (Wyoming}, and South Africa 
(Schumann, 1977}, as well as Switzerland (Abrecht, 
1981}, only a few random pieces of transparent gem- 
quality pink zoisite have been found in Tanzania. A few 
pieces of transparent yellow tanzanite have also been 
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Figure 1. Newly arrived on the gem 
market are these transparent green 
tanzanites, first found in the Merelani 
Hills gem-mining region of Tanzania 
in early 1991, The stones range from 
1.06 to 4.25 ct. Courtesy of Pala 
International; photo by Shane F., 
McClure. 


seen from Merelani (W. Larson, pers. comm., 1992). 
While a few pieces of transparent green tanzanite have 
appeared sporadically over the last 10 years, the recent 
find represents the first discovery of significant amounts 
of this material (H. Krupp, pers. comm., 1992). 

This article reviews the occurrence and gemo- 
logical properties of this new gem-quality green tan- 
zanite, investigates the cause of color, and examines 
the effect of heat treatment on the different hues that 
have emerged to date. Although relatively small num- 
bers of green tanzanite have been found thus far, this 
new discovery represents an important development 
in our understanding of zoisite and its potential as a 
gem species. 


LOCATION AND ACCESS 


The only location known to produce any notable 
quantity of transparent gem-quality zoisite (tanzan- 
ite] is in the Merelani Hills of Tanzania. Minor occur- 
rences have been reported at Lelatema in Tanzania, 
and at Lualenyi and Lilani in Kenya (Naeser and Saul, 
1974, Pohl and Niedermayr, 1978}. Dr. John Saul has 
also reported minor occurrences of tanzanite in the 
Uluguru mountain range just south of Morogoro in 
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Figure 2. Before transparent green tanzanite was 
found in 1991, green zoisite was seen only in an 
opaque aggregate with hornblende known as 
anyolite, sometimes surrounding large hexagonal 
ruby crystals. Photo © Harold & Erica Van Pelt. 


Tanzania (23rd International Gemological Conference, 
South Africa, 1991}. To date, green tanzanite has been 
found only at Merelani. 

Merelani (3°30’S—37°00’E; Keller, in press} is a 
hilly region situated south of the Kikuletwa River, 24 
km from the Kilimanjaro International Airport near 
the town of Arusha (figure 3). The area received its 
name from the mererani tree, which is common to the 
region. The closest town is Mbuguni, also known by 
the locals as Zaire; it is presently closed to foreign 
visitors (H. Krupp, pers. comm., 1991}. 

The tanzanite deposit at Merelani was first dis- 
covered in 1967 (Bruce, 1968). Although the general 
mining area has grown, it is still relatively small, 
approximately 5 km long x 1 km wide. To promote 
more organized, sophisticated mining in the area, the 
Tanzanian government recently divided it into four 
sections (Blocks A—D, again, see figure 3) that are 
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mined independently but under government super- 
vision (H. Krupp, pers. comm., 1991). The green tan- 
zanite is reportedly being found in Block B, a site 
845 m x 1,150 m that is held by Building Utilities Ltd. 
Rehabilitation (A. Suleman, as reported in Koivula 
and Kammerling, 1991}. Approximately 7,000 local 
miners currently work the tanzanite mines (Daily 
News-Tanzania, November 30, 1991}, down from 
the 35,000 estimated to have worked the 5 km? area 
before government intervention in early 1991. 

As in most gem-mining areas worldwide, there 
are no paved roads leading into Merelani; conse- 
quently, access is often impossible during the rainy 
season (late April through June}. Despite hazardous 
conditions often caused by flooding and cave-ins dur- 
ing heavy rainfall, mining usually continues year- 
round. 

To reach Merelani after exiting the main paved 
road running between the airport and Arusha, one 
must drive south of Cairo and Zaire (Mbuguni) to 
the base of the hills. Access to the actual mining area 
in the hills is even more difficult, although it is a dis- 
tance of less than 500 m. Travel in this region is best 
done by four-wheel-drive vehicle or by cross-coun- 
try motorbike, but occasionally one sees a miner on 
a bicycle struggling to avoid the large ruts eroded in 
the dirt road. 

Government permission must be obtained to 
gain admission to the mining area. For the most part, 
foreign visitors are not welcome by local miners. 
Mining rights are by government approval only. 


GEOLOGY AND 
OCCURRENCE 


Zoisite, a species of the epidote group, is an ortho- 
rhombic polymorph of clinozoisite that forms under 
conditions of regional metamorphism (Hurlbut and 
Klein, 1977). The Merelani gem belt is located in the 
center of the Great Rift Valley region, which has 
undergone extensive regional metamorphism. 
Although some alluvial material has been found in 
low-lying areas and ancient streambeds, most vio- 
letish blue tanzanite occurs in fault zones (thrust 
planes) within outcrops of graphitic gneisses and 
schists. According to Malisa et al. (1986) and Malisa 
and Muhongo (1990), the primary deposits are locat- 
ed at the crest of the large Lelatema fold. 
Mineralization of the zoisite is believed to have 
occurred some 600 million years ago, after the main 
phase of the Pan-African tectonothermal event and 
before the Rift Valley movements. During the 
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Figure 3. To date, trans- 
parent green tanzanite has 
been found only in Block 
B of the tanzanite-mining 
region of the Merelani 
Hills of Tanzania. The 
inset (courtesy of A. 
Suleman) shows the four 
new blocks, A-D, and the 
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tectonothermal event, in which great variations in 
temperature occurred, zoisite, together with other 
silicates, carbonates, and clay minerals, crystallized 
from hot hydrothermal solutions that traveled through 
faults and fissures. The gneisses subsequently endured 
numerous stages of folding during regional tectonic 
activity (Malisa et al., 1986). 

The authors speculate that the new, green tan- 
zanite was formed under basically the same geo- 
logic conditions as the violetish blue variety, but 
within deeper, chromium-rich veins. This theory is 
partly substantiated by the fact that the green tan- 
zanite is being found at greater depths as the miners 
continue to work downward (pers. comm. with min- 
ers, April 1991). Those stones that are yellowish green 
or bluish green in color—and, therefore, contain vary- 
ing amounts of chromium—may have occurred in 
the zone between the shallower, vanadium-rich veins 
that host the violetish blue tanzanite and the deeper, 
chromium-rich veins that contain “pure” green tan- 
zanite. 


Gem-Quality Green Zoisite 


It is worth noting that green grossular garnet (tsa- 
vorite), which is chemically similar to zoisite (also a 
calcium aluminum silicate and colored by vanadi- 
um] but of a structurally different crystal system, is 
found throughout this region [P. Keller, pers. comm., 
1992). Notable sizes of gem-quality tsavorite have 
been discovered in Block D, formerly known as the 
Karo pit {Kane et al., 1990). 


MINING AND PRODUCTION 


Violetish blue tanzanite was first mined by the open- 
pit method; now, more than 90% of mining is under- 
ground (Kane et al., 1990]. The gem-quality green 
tanzanite was discovered in one of the deeper tun- 
nels, at approximately 70 m below the surface. 
Although the government has assigned the new min- 
ing rights to encourage more organized, sophisticat- 
ed mining, to date there is virtually no heavy 
equipment at the mines. 

The miners rely on dynamite to penetrate the 
gneisses and schists in which the gem crystals are 
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Figure 4, After they have blasted the hard rock, 
the miners remove the loose pieces from the often 
steep pits by tossing them “brigade style” from 
one miner to the next. Photo by Edward Boehm. 


found. After blasting, they remove the loose rocks to 
the surface, tossing them from one miner to the next 
(figure 4). They then look for pockets of crystals in the 
newly exposed walls. The miners use picks and shov- 
els to extract the gem crystals from the host rock 
(figure 5), depending on handmade kerosene lamps 
for illumination. 

During a visit to the Merelani area in April and 
May 1991, one of the authors (EB) observed that few 
of the miners wore shoes and there was virtually no 
protective gear. Nor were there support structures to 
prevent cave-ins. Access to some of the tunnels was 
by rope, but only a few ropes served the complex 
maze, Many miners willingly risked their lives daily 
in pursuit of the valuable gems just to be able to buy 
necessities; most lived in thatched huts with mud 
walls and dirt floors. With the government’s reorgan- 
ization of the mining area, however, conditions should 
improve. 

For the most part, the miners are “independent,” 
but they report to the concerns that hold the leases on 
the various blocks. Virtually all of the gem material 
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found is sold in rough form through the leaseholders, 
who have been issued a Master Dealer's license by the 
Tanzanian government. 

The authors estimate that 1,000 grams of green 
tanzanite have entered the market to date, producing 
approximately 500-800 faceted gems. Although most 
of the rough is broken, some well-formed crystals 
have emerged (figure 6}. The crystals seen thus far 
are typical for tanzanite, an orthorhombic mineral, 
although the terminations tend to be acute. 
Production is currently very low (down to 10-20 
stones per month}. Of the stones available, only 
approximately 30% are pure green (with no noticeable 
modifier], while another 30% are bluish green and 
the remaining 40% are brownish green to yellowish 
green. The largest piece of rough known is a heavily 
included dark green crystal of 19 grams (again, sce 
figure 6], while the largest cut stone seen thus far is 
a 15.61-ct triangular shape. One of the finest gem 
green tanzanites the authors have scen is the 11.23- 
ct cushion cut shown in figure 7. 


MATERIALS AND METHODS 

For this report, the authors examined more than 30 
faceted dark green to medium brownish green to light 
yellowish green zoisites, ranging in weight from 1.06 
to 5.86 ct; and 40 crystals, varying in color from dark 


Figure 5, Most of the miners use only picks and 
shovels in their search for gem material. Photo 
by Edward Boehm. 
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green to light yellowish green and ranging in weight 
from 0.5 to 4.0 grams. All of the 70 research stones 
were submitted to a variety of gemological tests. 
Refractive indices were recorded with a GIA GEM 
Duplex II refractometer; specific gravity was mea- 
sured on a Mettler hydrostatic electronic scale and by 
heavy liquids; long- and short-wave ultraviolet lumi- 
nescence was determined using a USVL-15 
Mineralight (handheld); and absorption spectra were 
recorded on a Beck prism spectroscope and a GIA- 
GEM handheld diffraction-grating spectroscope. 
Ten of the sample stones (1.06—4.25 ct}, one 4.65- 
ct medium blue tanzanite, and one 3.70-ct violetish 
blue tanzanite (figure 8) were also chemically ana- 
lyzed by Paul Carpenter, of the California Institute of 
Technology, using a JEOL 733 electron microprobe 
with corrections based on Armstrong (1982, 1988). 
The heat-treatment experiments were performed 
by the senior author in Nairobi, Kenya, using a 
Kasermann and Sperisen {Biel-Bienne, Switzerland] 
electric oven with a temperature/time system that 
provides a maximum temperature capacity of 1200°C 
from an electricity supply of 200 volts. A total of 40 
gem-qualjty rough zoisites that showed green on at 


Figure 6. Some well-formed crystals of green tan- 
zanite, like this 19-gram specimen, have been 
found at Merelani, Photo by Shane F. McClure. 
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Figure 7. This 11.23-ct green tanzanite displays the 
finest color seen by the authors to date. Photo © 
Harold & Erica Van Pelt. 


least one axis were selected and divided into five 
groups on the basis of their trichroic colors. The sam- 
ples were sawed in half, with one half retained as a 
control while the other half was subjected to heat 
treatment. The halves to be treated were tightly 
packed in a plaster-of-paris powder and then placed in 
a crucible, The temperature of the oven was gradually 
raised to 650°C, over the course of approximately 30 
minutes, and then was maintained at 650°C for an 
additional half hour. At this point, the oven was 
allowed to cool down naturally for about six hours. 
The samples were then removed from the crucible and 
compared to their untreated counterparts. Pleochroic 
colors were noted as observed down the three crys- 
tallographic axes with unpolarized light. 


GEMOLOGY 


Most of the gemological properties of gem-quality 
green tanzanite overlap those already known for the 
violetish blue variety (table 1]. However, there are 
some differences and similarities worth noting. 
Specifically, the refractive indices, birefringence, 
and specific gravity of green tanzanite are essential- 
ly identical to those of the violetish blue variety, but 
the pleochroism and spectra are quite different (see 
Bank, 1969; Hurlbut, 1969; Strunz, 1969}. Green tan- 
zanite typically exhibits trichroism of a = greenish 
yellow to yellowish brown, b = yellowish green, and 
c = bluish green to brownish green (as compared to a = 
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violet blue, b = violet, and c = brownish red, respec- 
tively, for typical violetish blue tanzanite). The stones 
we tested showed weak to moderate chromium 
absorption bands at 660 and 680 nm, which are not 
found in other colors of transparent tanzanite. Note 
that these spectral features might not be visible with 
a hand spectroscope in smaller and/or paler stones. 
Faceted violetish blue tanzanites tend to be flaw- 
less, because most inclusions that could fracture the 
stones (due to varying thermal expansion) during heat 
treatment are removed in the cutting process. 
However, the following have been identified petro- 
graphically as inclusions in zoisite: rutile, sphene, 
xenotime, diopside, quartz, and tremolite (Malisa et 
al., 1986). In 1975, using X-ray diffraction analysis, 
Dunn identified black mineral inclusions that had 
first been observed in tanzanite by Eppler {1969} as 
graphite. In 1976, Gtibelin and Weibel also verified the 
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Figure 8. Microprobe 
analyses were performed 
on this group of gem-qual- 
ity green and violetish 
blue tanzanites. The order 
in which they appear here, 
from left to right and top 
to bottom, is the same 
order in which they are 
presented in table 2. The 
stones in the bottom row 
were all heat treated. 
Courtesy of Pala 
International, photo by 
Shane F. McClure. 


presence of tremolite-actinolite as inclusions in tan- 
zanite. Past microscopic and X-ray diffraction analy- 
ses have also identified calcite and gypsum in gem 
zoisite (Malisa et al., 1986}. 

Because most of the green tanzanites are not sub- 
jected to heat treatment, virtually all of the samples 
studied—both rough and cut—contained some type 
of inclusion. Secondary, fingerprint-like fluid inclu- 
sions could be seen in most of the rough (figure 9} 
and in some of the cut stones. The authors also 
observed two-phase (liquid and solid} and three-phase 
(liquid, one or two solids, and gas} inclusions. We 
believe that the opaque solid observed in some of the 
fluid-filled cavities in green tanzanite (figure 10) may 
be graphite, on the basis of crystal morphology and its 
known occurrence in violetish blue tanzanite. The 
authors have also observed what resembles a zircon 
crystal surrounded by small feathers, possibly the 
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result of thermal expansion or natural radiation in a 
bluish green tanzanite (figure 11). However, because 
zircon has never before been reported in zoisite, fur- 
ther testing is needed before a firm identification can 
be made. 

Growth tubes—a common feature in zoisites— 
and unidentified acicular inclusions were observed in 
the gem-quality green tanzanites as well (figures 12. and 
13}, usually throughout the entire stone. These features 
are believed to be responsible for the chatoyancy 
obtained in some of the cabochons (figure 14). 


TABLE 1. Gemological properties of transparent green 
zoisite found in the Merelani Hills, Tanzania*. 


Color 
Hue 


Tone 
Saturation 
Refractive Indices 


é Fi ace 
Birefringence . 
Polariscope reaction 


Optical absorption 
spectrum (hand spectroscope) 


Transmission 
luminescence 


Chelsea color filter 


Fluorescence to 

UL. radiation 
Long-wave 
Short-wave 


Phosphorescence to 
UN. radiation 


Specific gravity 
Pleochroic colors 
a-axis 


b-axis 
c-axis 


Microscopy 


Bluish green to 
yellowish green 


Light to dark 
Light-medium to strong 
1,688-1.696 to 
1.691-1.700 

0.008 to 0.010 

Doubly refractive 


Broad absorption of the 
violet and most of the 
blue portion of the 
spectrum and weak-to- 
distinct absorption bands 
at 660 and 680 nm 


Inert 


Inert 


None 
3.35 to 3.37 


Greenish yellow to 
yellowish brown 

Yellowish green 

Bluish green to 

brownish green 

Multiphase inclusions; 
possibly graphite, zircon(?); 
unidentified “needles”; 
growth tubes 


4 Properties listed, except pleachroic colors, were obtained from 17 
faceted Stones ranging in weight from 0.70 to 4.25 ct. Pleochroic 
colors were determined from 40 rough samples ranging in weight 
from 0.5 to 4.0 g. See text for instrumentation used, 
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Figure 9. Fingerprint-like fluid inclusions, which 
probably formed after the crystal, were common 
in the green tanzanites examined. Photomicro- 
graph by N. R. Barot; magnified 70 x. 


CHEMICAL COMPOSITION 


Zoisite (tanzanite} is a calcium aluminum silicate, 
Ca,AI,(SiO,},(OH), which may contain varying trace 
elements substituting for aluminum (Ghose and 
Tsang, 1971). Gem-quality violetish blue zoisite (tan- 
zanite) owes its color primarily to vanadium (V**) 
substituting for aluminum (Al**; Hurlbut, 1969), while 


Figure 10, The black hexagonal crystals in these 
two-phase, fluid and solid, inclusions in a bluish 
green tanzanite are probably graphite. Photo- 
micrograph by N. R. Barot; magnified 70 x. 
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Figure 11, This crystal is believed to be zircon 
because it is surrounded by “feathers” (tension 
cracks), which are usually caused by exposure to 
natura] radiation. Photomicrograph by N. R. Barot; 
magnified 70 x, 


opaque green zoisite (anyolite} and the new translu- 
cent to transparent green tanzanite receive their col- 
or primarily from chromium (Cr*"}, also substituting 
for aluminum (Game, 1954; Schmetzer, 1982, table 2}. 
However, all the stones we tested contained at least 
minor amounts of both vanadium and chromium 
{for more information, see Beckwith et al., 1972, fig- 
ure 15). Chemically, the structure of zoisite is 
amenable to substitution of aluminum by chromi- 
um and/or vanadium because the atoms of all three 
elements are of similar size. 

Again, it is interesting to note the presence of 
another calcium aluminum silicate, tsavorite, in this 
area. In fact, tsavorite sometimes occurs in nodules 


Figure 12. Growth tubes were common in the 
green tanzanites examined. They appear to inter- 
sect in this 1,11-ct gem-quality stone. 
Photomicrograph by E. Boehm; magnified 28 x. 
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Figure 13. The growth tubes observed in the green 
tanzanites sometimes displayed interference colors. 
Photomicrograph by E. Boehm; magnified 30 x. 


surrounded by kelyphitic shells of tanzanite (Kane 
et al., 1990). Although tsavorite receives its color pri- 
marily from V* substituting for Al’, traces of chromi- 
um are also present (Manson and Stockton, 1982). 
Chrome-bearing tourmaline also occurs just south 
of Merelani in Lossogonoi. The presence of chromi- 
um in the bedrock and in other gem minerals in this 
region could explain why gem-quality green zoisite is 
also emerging with an influencing amount of chromi- 
um (Bank and Henn, 1988). 


Figure 14, Densely packed acicular growth tubes 
produced chatoyancy in this 0.95-ct green tanzan- 
ite. Photo by Shane F. McClure. 
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EFFECTS OF HEAT TREATMENT 


The violetish blue color commonly associated with 
tanzanite is usually the result of heat treatment, at 
approximately 500°C, of zoisites with strong brown 
to yellow modifiers (that is, the conversion of V** to 
V*, Schmetzer and Bank, 1978-79). The authors sub- 
jected the five groups of rough gem-quality green tan- 
zanites described above and in table 3 to temperatures 
up to 650°C. The seven stones that were dark green 
to medium slightly bluish green down the c-axis 
showed no change in color (figure 16, left). This lack 
of response is most likely because the color in these 
stones is due to appreciable amounts of Cr* (again, see 
figure 15), which does not respond to heat the way V** 
does. However, the remaining 33 stones did change 
on heating (figure 16, right). 

Specifically, tanzanites that showed bluish green 
(figure 17, left) to brownish green responded to heat 
treatment by turning greenish blue (figure 17, 
right}. This corresponds to the response reported 


Figure 15. A comparison of the weight percentages 
of vanadium to chromium in the 12 faceted tan- 
zanites analyzed (see table 2) shows the relation- 
ship of color to these chromogens, As chromium 
increasingly dominates vanadium, the color 


becomes a “purer” green; on the other hand, as by Schmetzer and Bank (1978-79) for bluish green 
vanadium increases, the color becomes more zoisites with nearly equal amounts of chromium and 
bluish or yellowish. vanadium. ‘ 


’ 


TABLE 2. Results of electron microprobe analyses" of gem-quality green and blue zoisites. 


Green—yellowish green (not heated) Blue (heated) 
Sample no. | 2 3 4 5 6 vi 8 9 10 11 12 
Weight (ct) 1.06 4.25 2.38 1.49 1.48 1.81 1.33 nn 4.14 1.49 465 3.70 
Color? med dk dk med med med med t med med med med 
G G DG bG bG yG yG yG sigB st gr B B vB 
Oxide (wt.%) 
MgO 0.09 0.03 0.06 0.05 0.02 0.05 0.04 0.04 0.05 0.04 0.05 0.05 
Al,0, 32.89 33.41 33.23 33.11 33.01 33.25 33.24 33.34 33.25 33.24 33.20 33.42 
Si0; 39.82 39.61 39.80 39.76 39.49 38.91 39.10 39.59 39.58 38.30 39.89 39.02 
CaQ 23.91 24.01 23.93 24.15 24.02 23.91 24,00 24,25 24.16 23.98 23.88 24.12 
TiO, 0.04 0.03 0.06 0.03 0.01 0.04 0.03 0.01 0.05 0.02 0.03 0.04 
V0; 0.07 0.09 0.06 0.10 0.09 0.11 0.17 0.16 0.13 0.16 0.16 0.16 
Cr,03 0.30 0.16 0.26 0.17 0.13 0.09 0.11 0.09 0.12 0.11 0.05 0.04 
MnQ 0.02 n.d. 0.04 0.01 0.01 0.01 nd. n.d. 0.01 0.01 n.d, 0.02 
Fe,03 0.01 0.01 0.01 n.d. n.d, 0.01 nd. 0.01 0.01 0.01 0.02 0.01 
Zn0 0.02 0.01 0.02 0.01 n.d. n.d, 0.01 0.01 n.d. 0.02 0.01 0.01 
S10 0.27 0.26 0.27 0.27 0.35 0.23 0.06 0.14 0.21 0.13 0.54 0.09 
Ga,0, 0.03 0.01 0.03 0.03 0.02 0.04 0.01 0.02 0.03 0.01 0.03 0.03 


97.47 97.63 97.74 97.69 97.15 96.65 96.77 97.66 97.60 96.03 97.86 97.01 


“Analyses were performed by Paul Carpenter of the California Institute of Technology on a JEOL 733 electron microprobe operating at 
15 keV, a current of 35 nA, and a spot size between 10 and 25 um, Each specimen was analyzed at three randomly selected foca- 
tions; an average analysis is shown for each sample; n.d. = not detected. 

> Color key: si = slightly, It = light, med = medium, dk = dark, y = yellowish, g = greenish, b = bluish, gr = grayish, v = violetish, 

G = green, B = blue. 


Gem-Quality Green Zoisite GEMS & GEMOLOGY Spring 1992 13 


TABLE 3. Results of heat treatment of 40 gem-quality green zoisite crystals.* 


Before heat treatment After heat treatment 


Group No. of a-axis b-axis C-axiS a-axis b-axis c-axis 


samples 
| 3 Greenish Yellowish Dark 
yellow green green OO No change 
Il 4 Greenish Yellowish Medium 
yellow green slightly - No change 
bluish 
green 
lll 8 Greenish Yellowish Dark Light Yellowish Dark 
brown green bluish bluish green greenish 
green green blue 
NV 10 Yellowish Purple Dark Light Light Medium 
brown brownish blue purple greenish 
green blue 
Vv 15 Yellowish Purple Medium Light Light Light 
brown brownish blue purple greenish 
green blue 


* See text for full description of experimental materials and methods. 


Even though our research showed that dark bluish 
green to medium brownish green tanzanites will 
respond to heat treatment, our experience is that 
such enhancement has not been routinely practiced 
on such stones thus far because of the rarity of the 
green color and the risk of damaging stones that have 
inclusions. From this research, we also know that 
not all green tanzanites will respond to heat treat- 
ment, and it appears that a “pure” green color can 
only occur in nature. 


CONCLUSION 


To date, limited quantities of green tanzanite have 
been found in one small area deep in Block B of the 
Merelani Hills, the primary source of fine violetish 
blue tanzanite. Approximately 30% of the 1,000 grams 
of green tanzanite that have reached the market thus 
far are a “pure” green, colored primarily by chromium, 
that does not respond to heat treatment; the remain- 
ing yellowish green to brownish green stones, which 
we found to be colored by varying amounts of 


Figure 16. For the heat-treatment 
experiments, crystals were cut in half, 
with one half used as the control speci- 
men and the other heated to 650°C. 
Here the halves of two specimens 
show, on the left (total weight, 3.64 ct), 
that there was no change in the “pure” 
green material and, on the right (total 
weight, 5.94 ct), the change produced 
in material that was originally brown- 
ish green. Photo by Shane F. McClure. 
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Figure 17. When the 4.14- 
ct bluish green tanzanite 
on the left was heated to 
650°C, a deep, slightly 
greenish blue (right) was 
created. Photos by Shane 
F. McClure. 


vanadium and chromium, will be affected by heat 
enhancement. 

Because the supply of these stones has been irreg- 
ular since their discovery in early 1991, it is uncertain 
how much green tanzanite actually exists. However, 
active mining and exploration continue in this area. 


Prospective buyers should beware, however, as recent 
parcels presented as green tanzanite have included 
tsavorite, chrome tourmaline, apatite, glass, and YAG, 
all of which may be separated from green tanzanite by 
the simple use of a dichroscope to verify the latter’s 
trichroic colors. 
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KILBOURNE HOLE PERIDOT 


This little-known source of gem-quality peri- 
dot, located in southwestern New Mexico, pro- 
duces small but brilliant gems. Kilbourne Hole 
peridot is found in the explosion debris of a 
180,000-year-old volcano, usually in elliptical 
“xenolith bombs.” Kilbourne Hole peridot has 
a greater color range than the San Carlos, 
Arizona, material and an additional character- 
istic inclusion. Although the deposit is not 
being mined commercially, thousands of carats 
of gem-quality peridot have been found there. 
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By John R. Fuhrbach 


' he use of peridot as a gem dates to 1500 B.C., when it was 
__/\_mined by Egyptian slaves on the island of Zabargad, off 
the Egyptian coast. The Egyptians knew the prized material 
by its Greek name topazion (allegedly from the Greek verb “to 
seek,” because the island source was often enveloped in mist; 
Gtibelin, 1975). In 1790, mineralogist A.G. Werner named 
the typically green mineral olivine, after the Latin for “olive.” 

Today, the mineral is still referred to by geologists and 
mineralogists as olivine, but by gemologists as peridot—a 
French name adapted from the Arabic faradat, meaning “gem- 
stone” (Gtibelin, 1981}. Composition varies along a solid- 
solution series between forsterite and fayalite, but most 
single-crystal material falls within the range of 70%-90% 
forsterite. 

Peridot occurs virtually worldwide and perhaps through- 
out the universe. The most notable gem deposits are found in 
Myanmar (formerly Burma, which furnishes the largest cut 
gems) and Arizona, but other noteworthy localities are in 
Antarctica, Australia, Brazil, China, Finland, Germany, Hawaii, 
Italy, Kenya, Mexico, New Caledonia, Norway, and Russia {see, 
e.g., Arem, 1987). In addition, peridot was found on the moon 
by the crews of Apollo 11 and Apollo 12, and has repeatedly 
been encountered in meteorites (pallasites}. 

One of the lesser-known deposits is Kilbourne Hole, New 
Mexico, which was briefly described by Lindberg (1975) and 
mentioned by Shaub and Shaub (1975) but has not otherwise 
been investigated in the literature. Although well-formed sin- 
gle crystals have not been found at Kilboume, several fragments 
as large as 33 ct and several nodules with areas of cuttable peri- 
dot as large as 128 ct have been examined and cut by the 
author (figure 1). 


LOCATION AND ACCESS 


Kilbourne Hole is a late Pleistocene (approximately 180,000 
years old; Seager et al., 1984} volcanic crater (figure 2) located 
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about 32, km (20 mi.) southwest of Las Cruces, New 
Mexico, and only about 20 km {12.5 mi.) north of 
the U.S. border with Mexico (figure 3). Access to the 
deposit can be determined by following U.S. 
Geological Survey maps from the towns of Afton, 
New Mexico, or El Paso, Texas. The roads may be haz- 
ardous, often with high clearances and deep sand, so 
a four-wheel-drive all-terrain vehicle should be used. 
The altitude varies from 1,284 m (4,212 ft.) on 
the southern rim of the maar to 1,330 m (4,362 ft.) at 
the top of the eastern sand dunes and ridges, and 
drops some 134 m (438 ft.) from the eastern rim of the 
caldera to the bottom of the caldera dry lake. For sev- 
eral kilometers around, the area consists of desert 
sparsely vegetated with yucca and bush mesquite 
(again, see figure 2}. Typical daytime temperatures 
in early July are approximately 47°C (117°F} at the 
rim and 53°C (127°F) on the dry-lake bottom, with 
humidity of only 1%. What little rainfall there is 
occurs during the last weeks of August. Thus, water 
is nonexistent and visitors must bring their own. 
Because of the intense heat most of the year, 
prospecting and/or camping is recommended only 
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Figure 1. Kilbourne Hole, New 
Mexico, is one of the least studied and 
yet most interesting of the known 
localities for gem-quality peridot. This 
9,58-ct Kilbourne Hole peridot, sur- 
rounded by diamonds, is set in an 18k 
gold ring designed by the author. 
Photo © Harold w& Erica Van Pelt, 


from late November through February. Even then, 
five varieties of poisonous desert rattlesnakes inhab- 
it the region; familiarity with desert survival is essen- 
tial for camping in the area. Most of the land is under 
government supervision, and access is unrestricted; 
the approximately one-third of the northeast section 
that is on private land is fenced off. 


GEOLOGY AND OCCURRENCE 


The elliptical Kilbourne Hole is approximately 3.2 
km long x 2.2 km wide. It is classified as a maar (a 
crater formed by violent explosion without igneous 
extrusion) and resembles other maars found in 
Germany, India, Mexico, and elsewhere in New 
Mexico (Seager, 1987). Except to the south, it is sur- 
rounded by a prominent rim of ejecta (material thrown 
out of an active volcano}, that is as much as 46 m 
above the La Mesa plains and up to 107 m above the 
crater floor. The outer walls of the rim have gentle 
slopes; the inner walls are steep to vertical. 

The precrater rocks belong to the early to middle 
Pleistocene Camp Rice formation (Gile et al., 1981] 
overlain by the Afton basalt (again, see figure 3}. Over 
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Figure 2. Kilbourne Hole is 
an extinct volcano, approx- 
imately 7 km’ in area, 
Gem-quality peridot is 
found scattered throughout 
the area, having weathered 
out of the tuff-ring ejecta 
that form the walls of the 
crater, The terrain in this 
extremely dry area is bar- 
ren, occupied primarily by 
bush mesquite, yucca, and 
rattlesnakes. 


Figure 3. Kilbourne Hole lies in Dofia Ana 
County, New Mexico, close to the border 
with Mexico. The geologic map not only 
delineates the rim of the crater but also 
the various units that comprise the 

crater and the rim. The peridot-containing 
“xenolith bombs” have been found in situ 
primarily in Qe, the basalt explosion brec- 
cia; only a few have been found in the 
pyroclastic surge deposits, the upper unit 
of the tuff-ring ejecta. Geologic map by W. 
R. Seager, New Mexico State University. 


E 
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Camp Rice Formation [il] basalt explosion breccia 


Eb Afton Basatt = [i pyroclastic surge deposits 
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these rocks lie the tuff-ring ejecta deposits, from the 
explosion phase of the crater’s formation, which form 
the rim, back slopes, and upper half of the crater wall 
(again, see figure 2). The lower portion of the tuff- 
ring ejecta is absent in some areas and up to 50 m 
thick in others. It is a breccia that consists of angular 
blocks of Afton basalt in a matrix of unstratified pyro- 
clastic fall deposits, including mantle and lower-to- 
upper crustal “xenolith bombs” (Reiche, 1940}, The 
upper part of the tuff-ring ejecta consists of much 
finer grained stratified pyroclastic-surge and pyro- 
clastic-fall deposits up to 35 m (about 115 ft.) thick on 
the east rim (Shoemaker, 1957; Hoffer, 1976; Brenner, 
1979, Stuart and Brenner, 1979; Stuart, 1981). 

The peridot is an early crystallization, formed 
during the solidification of igneous rocks from the 
liquid magmatic phase (Northrop, 1959, Gubelin, 
1975}. Essentially, when the volcano erupted, it threw 
liquid magma into the atmosphere. As portions of 
the magma spun through the air, their outer surfaces 
cooled first, retaining an elliptical shape due to the 
spinning action. This outer crust acted as insulation, 
allowing the molten interior enough time to cool 
that crystals could form. Thus, peridot is found with 
augite and diopside (and occasionally enstatite and 
bronzite} inside these basalt-coated “xenolith bombs” 
{figure 4),-which may be as large as 25 cm (about 10 
in.) in diameter (Lindberg, 1974), and as fragments 
(figure 5) lying on the ground. The “bombs” appear in 
situ only in the tuff-ring ejecta, most commonly in the 


Figure 4, Basalt-coated “xenolith bombs,” like the 
one shown here, often contain gem-quality peri- 
dot. They can be picked up off the surface, where 
they have weathered out of the surrounding tuff 
ring. A sharp tap with a hammer will break open 
the “bomb” and reveal any gem material inside. 
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Figure 5, Fragmentary pieces of peridot, much of it 
facet grade, are also found lying on the ground at 
Kilbourne Hole. The large “fragment” in the cen- 
ter here weighs 33 ct; most of the pieces that sur- 
round it are small (less than 2 ct) but of good color 
and clarity. 


lower portion. Eons of weathering have exposed these 
potato-shaped masses and left thousands lying on the 
ground above the caldera rim. The author and his 
wife recovered more than 1,433 ct of facetable mate- 
rial in only five days, entirely by handpicking “bombs” 
and fragments from the surface; several visits have 
yielded a total “production” of some 4,000 ct of cut- 
table peridot. However, there is no evidence in the lit- 
erature or at the locality that Kilbourne Hole has ever 
been formally mined. 


MATERIALS AND METHODS 


A study collection of 1,026 rough samples (total 
weight approximately 610 ct) and 21 faceted stones 
(total weight 54.24 ct) was divided initially into four 
color groups, designated KH1, KH2, KH3, and KH4; 
KH2 and KH3 were subsequently combined. 
Gemological properties were taken on a subset of 
146 representative samples. 

Refractive indices were determined with a Rayner 
refractometer and high-intensity sodium-vapor lamp. 
Pleochroism was determined with a GIA-GEM polar- 
iscope, Rayner and GIA calcite dichroscopes, and a 
Bausch & Lomb petrographic microscope. Specific 
gravities were taken hydrostatically using stabilized 
1,2-dibromomethane and a Christian Becker analyt- 
ical balance. Ultraviolet testing was done with high- 
intensity {100W}, filtered, mercury-vapor lamps at 
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Figure 6, Evidence of peridot can be seen along the 
broken portions of these basalt-coated xenolith 
“bombs.” These nodules range from 7 x 5.5 x 4 
cm (0.25 kg) to 23 x 23 x 19cm (15.9 kg}. The 
largest “bombs” generally do not produce the 
largest facetable material. 


typical short (253.7 nm) and long (366.0 nm] wave- 
lengths. 

Optical spectra were observed under darkroom 
conditions with two desk-top spectroscope units, one 
with a Beck prism spectroscope and the other with a 
GIA-GEM digital-readout, scanning, diffraction-grat- 
ing spectroscope. Optical and infrared spectroscopy 
were also performed for eight samples—one tablet 
and one faceted gem from each of the original four col- 
or groups—on a Pye-Unicam 8800 U.V.-visible spec- 
trophotometer and a Nicolet GOSX FTIR spectrometer. 

Chemical analyses were obtained—from 83 sam- 
ples ground to 200 mesh and screened from the three 
final color groups KH1, KH2/3, and KH4—by pro- 
ton-induced X-ray emission (PIXE) analysis. This non- 
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destructive method, which is similar in principle to 
energy-dispersive X-ray fluorescence (EDXRF}, 
employs an accelerator to drive a high-speed stream 
of protons toward the target sample. Each element in 
the sample responds by producing characteristic X- 
rays, which are detected and counted, within minutes 
of exposure, a computer produces quantitative data 
over the entire chemical spectrum. 


DESCRIPTION OF THE MATERIAL 


Chemically, peridot is a magnesium-iron orthosilicate 
with the general formula (Mg,Fe},SiO,. It is a mem- 
ber of the olivine group and, compositionally, belongs 
to an isomorphous series in which it lies closer to 
the end member forsterite (Mg)SiOu, at the low end 
of the R.L/S.G. scale) than to the other end member, 
fayalite (Fe,SiO,, with high RI. and S.G.; Gtbelin, 
1975). Olivine is orthorhombic, with imperfect (010) 
and (100) cleavage and a Mohs hardness of 6.5 to 7. 
Optically, it is biaxial, with moderate to high bire- 
fringence. 

Most of the “bombs” recovered at Kilbourne Hole 
were 10-25 cm (4-10 in.} long and showed evidence 
of weathering and limonite surface coloring, pre- 
sumably from the decomposition of iron compounds 
leached to the nodule surface. One nonweathered 
“bomb” (approximately 25 x 15 x 7 cm) shown fresh- 
ly broken in figure 4, weighed 4.5 kg. It does not 
appear that there are typical shapes for “bombs” that 
contain cuttable peridot (figure 6]; any of the pieces is 
just as likely to reveal a mixture of fractured peridot, 
augite, diopside, and possibly enstatite and bronzite. 


Figure 7. This collection of approximately 941 ct of 
typical facet-grade Kilbourne Hole peridot repre- 
sents about five days of collecting and illus- 
trates—with the exception of yellowish brown to 
dark brown—the range of colors found. 
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The collection illustrated in figure 7 represents the 
range of peridot colors, except pale yellowish brown 
and the darker browns, found at Kilbourne Hole in the 
course of five days of collecting. The surfaces of fac- 
etable pieces larger than 1 ct exhibit numerous con- 
choidal fractures and a “sandblasted” appearance 
typical of material found near the top of the eastern 
basalt rim and desert-sand slopes. 

Although one notable specimen contained two 
large—128 ct and 26 ct—gem-quality pieces of rough 
(figure 8}, most of the ger-quality material recov- 
ered by the author was small and produced jewelry- 
quality stones under 0.5 ct. 

Only about 10% yielded gems over 0.5 ct and up 
to 10 ct. The cut stones tend to be very bright, with 
particularly fine clarity (figures 9 and 10}. The author 
estimates that only 15%—20% of the material found 
is suitable for faceting because of the numerous frac- 
tures inherent in the rough. 

None of the Kilbourne Hole material recovered 
to date exhibits asterism or chatoyancy, although 
both have been reported in the literature for peridot 
from other localities. 


aoe 


Figure 8, The best “bomb” found to date yielded two 
pieces of facetable rough weighing 128 and 26 ct. 
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Figure 9. These three clusters (0.12 to 2.00 ct) are 
representative of the three main color groups— 
KH1 (center), KH2/3 (top), and KH4 (bottom)—in 
which the Kilbourne Hole peridot occurs. Note the 
fine clarity. Photo by Shane McClure. 


GEMOLOGICAL PROPERTIES 

Color descriptions of representative specimens from 
the three color groups include: for KH1, light green- 
ish yellow to yellowish green, for KH2/3, medium 


GEMS & GEMOLOGY Spring 1992 Pal 


Figure 10. This 1.43-ct Kilbourne Hole peridot is of 


optimum color and virtually flawless. Courtesy of 
Edward J. Giibelin; photo by Robert Weldon. 


dark, slightly brownish, yellowish green; and for KH4, 
medium to dark yellowish brown. 

Refractive indices vary in direct proportion to 
color variations from yellow through green to brown 
(see table 1). The observed ranges were: n, = 1.654- 
1.673, ng = 1.673-1.691, and n, = 1.691-1.709, with a 
birefringence of 0.034-0.038. Pleochroism is distinct, 
with color combinations for the three color categories 
of: (KH1} light yellow and light yellowish green, 
(KH2/3} medium yellow to orangy yellow and medi- 
um yellowish green, and (KH4) medium to dark 
brownish yellow and medium to dark yellowish 
brown. Specific gravities of 3.415 to 3.499 were 
obtained. All specimens remained inert to both long- 
and short-wave ultraviolet radiation. 


SPECTROSCOPY 


Absorption bands were observed in all specimens at 
452, 473, and 640 nm, the last being relatively weak. 
A moderately strong band centered at about 492 nm 
was also observed with the prism spectroscope, but 
the diffraction-grating unit resolved it into two bands 
at about 497 and 489 nm. Spectrophotometry of eight 
samples (two from each original color group) revealed 
these and additional weak bands as follows: 402, 410, 
453, 472, 487, 495, 530, and 634 nm (figure 11}. As one 
might expect, all features were less apparent in the 
paler stones. These spectral features have all been 
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observed previously in peridot from other localities, 
particularly those from Arizona (Farrell and 
Newnham, 1965; Burns, 1974; Koivula, 1981). 


CHEMICAL COMPOSITION 
AND ORIGIN OF COLOR 


The data obtained by PIXE chemical analyses of three 
samples of Kilbourne Hole peridot revealed compo- 
sitions typical for peridot from around the world (table 
1), Closer examination of the data, however, reveals 
information about the causes of color in the Kilbourne 
material. Mg:Fe ratios for the KH1 (greenish yellow 
to yellowish green} samples were on the order of 
4.65:1, as compared to around 3.64:1 for the KH2/3 
(yellowish green with olive green) and 2..52:1 for the 
KH4 (medium to dark brown with little or no green) 
samples. Table 1 also shows that, as Mg content 
decreases, both Cr and Ni also decrease, while Fe 
content and depth of color increase. Thus, it appears 
that neither Cr nor Ni contributes to an increase in 
green coloration. 


TABLE 1. Gemological properties and chemical compo- 
sition of three representative samples of Kilboume Hole 
peridot. 


Properties and 


elements KH1 KH2/3 KH4 
Color* It. gY med. yG med. yB 
Rl. ng 1,659 1.663 1.669 
Ng 1.674 1.679 1.684 
ny 1.693 1.698 1.705 
S.G. 3.415 3.426 3.499 
Chemistry? (wt.%) 
Mg 28,223 26.674 25.898 
Si 16.576 15.821 16.081 
K 0.013 0.017 0.016 
Ca 0.078 0.058 0.098 
Cr 0.027 0.013 0.010 
Mn 0.096 0.116 0.152 
Fe 6.067 7.324 10.280 
Ni 0.234 0.192 0.174 
Zn 0.004 0,003 0.006 
16) 48.679 49.776 47.275 
Total 99,997 99.994 99.990 
“Color descriptions are as follows: It. = light, med. = medium, g = greenish, y = 


yellowish, Y = yellow, G = green, B = brown. 

°Analyses performed on the PIXE system of a General lonex Corp. Tandetron 
accelerator with an intense proton beam of up to 3 MeV; a Tracor lithium-drifted 
silicon X-ray detector ; and a multichannel analyzer system. 
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Figure 11. These U.V.-visible spectra were taken 
on representative samples of peridot from the 
major color groups found at Kilbourne Hole. The 
spectra were measured on parallel-window sam- 
ples of similar thickness (approximately 1.5 mm) 
and recorded using a Pye-Unicam 8800 spec- 
trophotomeéter. 


Yellowish green peridot is a classic example of 
coloration by a transition metal ion, in this case Fe** 
{Farrell and Newnham, 1965). Traces of chromium 
have been reported as contributing to the green color 
(Arem, 1987}, but no support for this was found here. 

Spectrophotometry revealed essentially three com- 
ponents that, together, leave a transmission window 
centered around 550 nm, which corresponds to yel- 
lowish green (again, see figure 11). The first of these is 
an absorption tail that absorbs much of the red and 
orange. This feature has been observed in peridots 
from other localities and is related to near-infrared 
absorptions that are attributed to Fe’* (Burns, 1974). 

The second component is the series of bands in 
the visible range, most of which have also been attrib- 
uted to Fe** (Farrell and Newnham, 1965). The sug- 
gestion that some are related to Mn?" (Gunawardene, 
1985} was not substantiated. 

The third spectral component is a general increase 
in absorption from about 550 nm toward the ultra- 
violet, which contributes brown. Studies on synthetic 
forsterite (Weeks et al., 1974} and on other gem sili- 
cates and oxides (Fritsch and Rossman, 1987} indi- 
cate that this feature may arise from charge-transfer 
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phenomena between oxygen and transition metal 
ions such as Fe** or Ti**. However, the iron-rich 
olivine end member fayalite is often amber colored in 
thin section regardless of Ti content (Deer et al., 1982), 
which suggests that Fe alone may be responsible. 


MICROSCOPIC FEATURES 


Several thousand carats of rough material collected by 
the author at Kilbourne Hole over a number of years 
were examined with the microscope. From these, a 
study collection of 2,213 samples was assembled that 
represents the complete range of inclusions observed. 
Although limited in variety by geologic mode of for- 
mation, the inclusions in Kilbourne Hole material, 
like those in peridots from other localities (Gtibelin, 
1974, Giibelin and Koivula, 1986), are gemologically 
diagnostic for peridot, if not for the locality. However, 
the “black” inclusions in Kilbourne peridots are 
notably smaller and fewer in number than those 
found in material from Arizona. 

Four mineral inclusions were identified in 
Kilbourne Hole peridots: hercynite, forsterite, diopside, 
and biotite. Hercynite has not previously been 
described in peridots from other localities. Both pri- 
mary and secondary fluid inclusions were also 
observed, as were the “lily pad” inclusions charac- 
teristic of peridot. 

Hercynite. The most common type of mineral 
inclusion in Kilbourne Hole peridot, which seemed to 
be present in virtually all of the stones examined, is 
hercynite, a member of the spinel group. The inclu- 
sions are primarily opaque black octahedra and dis- 
torted octahedra, some flattened to an almost tabular 
habit. Tension fractures usually surround these inclu- 
sions, as a result of the expansion of the hercynite 
against the host peridot during formation (figure 12). 

In appearance, the hercynite inclusions in 
Kilbourne Hole peridot resemble both chromite 
(Koivula, 1981; Koivula and Fryer, 1986) and chro- 
mian spinel (Dunn, 1974) as found in peridot from 
Arizona. Nevertheless, X-ray diffraction analysis of 
two separate crystals removed from a random selec- 
tion of Kilbourne peridot fragments revealed their 
identity as hercynite (Fe’*Al,O4). Thorough search 
of the gemological and mineralogic literature failed to 
disclose any mention of hercynite in peridot. All pre- 
vious references to “black single-crystal” inclusions 
in peridot refer to them as “black euhedral chromite 
octahedra” or “dark reddish brown octahedra of chro- 
mian spinel and black chromite crystallites” or “a 
metallic protogenetic chromite crystal” (see, e.g., 
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Figure 12. The most common mineral inclusion 
found in Kilbourne Hole peridot is hercynite, which 
is typically surrounded by a tension fracture, as 
shown here. Hercynite has not previously been 
observed in peridots from other localities. Photo- 
micrograph by Edward J]. Gtibelin; magnified 40 x. 


Gtbelin and Koivula, 1986}. It is still possible, how- 
ever, that some of the opaque black mineral inclusions 
in Kilboume peridot are chromian spinel or chromite. 

Forsterite. Peridot and forsterite are essentially 
the same mineral, so inclusions of the latter show 


Figure 13. A slight interface makes this forsterite 
crystal visible within the host Kilbourne Hole 
peridot. Photomicrograph by John I. Koivula; 
magnified 45 x. 
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virtually no relief from the surrounding peridot and 
are usually very difficult to detect. In Kilbourne Hole 
peridots, however, some forsterite inclusions exhib- 
it enough interface to make them visible in standard 
darkfield illumination (figure 13}, Some also have a dif- 
ferent optic orientation, so they stand out with polar- 
ized light (figure 14]. One small, essentially colorless 
rounded grain was partially freed from its peridot 
host for X-ray diffraction analysis; it was confirmed 
to be forsterite. 

Diopside. Bright “emerald” green diopside crystals 
were also identified by X-ray diffraction analysis. These 
inclusions appear as transparent to translucent round- 
ed protogenetic blebs of low relief with a “chrome” 
green color (figure 15) that is darker than that of the sur- 
rounding peridot. When the diopside crystals are very 
small, however, their color tends to blend into that of 
the peridot host. Diopside has also been reported in 
peridot from Arizona (Koivula et al., 1980; Koivula, 
1981) and China (Koivula and Fryer, 1986). 

Biotite. Biotite is perhaps the rarest mineral inclu- 
sion found in Kilbourne Hole peridot; only a single 
example was observed during this study, and identi- 
fication was made visually. The inclusion consisted 
of translucent brown euhedral flakes of pseudo- 
hexagonal biotite mica (figure 16). Similar inclusions 


Figure 14. The same forsterite crystal shown in fig- 
ure 13 also stands out in polarized light because of 
the difference in optic orientation from the host 
peridot. Photomicrograph by John I. Koivula; mag- 
nified 45 x. 
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have been observed and identified as biotite in peri- 
dot from other localities, including Myanmar 
(Giibelin, 1974, Gtbelin and Koivula, 1986}, Arizona 
(Koivula, 1981), and China (Koivula and Fryer, 1986). 

“Lily Pads.” The “lily-pad” inclusion is common 
to peridots from virtually every locality. Kilbourne 
Hole peridots are no exception (figure 17}, although the 
disks are smaller and significantly fewer in number 
than those observed in material from San Carlos, 
Arizona. These circular to ovoid disks, known as 


Figure 15. This “chrome” diopside inclusion, 
associated with black hercynite, exhibits the 
low relief and bright green color typical of this 
mineral, Photomicrograph by John I. Koivula; 
magnified 50 x, 


Figure 16. These pseudohexagonal, translucent 
brown biotite crystals were the only example of 
this mineral seen in the study collection of 
Kilbourne Hole peridot. Photomicrograph by 
Edward ]. Gtibelin; magnified 26 x. 
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Figure 17, Decrepitation halos surrounding nega- 
tive crystals, inclusion features descriptively 
known as “lily pads,” are also found in Kilbourne 
peridots. Photomicrograph by Edward ]. Gtibelin; 
magnified 21 x. 


decrepitation halos, are cleavages that result from 
the rupturing of tiny fluid-filled (usually carbon diox- 
ide and natural glass} negative crystals. 

Glass Blebs. Natural glass occurs in Kilbourne 
Hole peridot as blebs of various shapes, most com- 
monly semicircular to somewhat oval, but often 
extremely elongated (figure 18). In all cases, exami- 
nation with polarized light revealed behavior consis- 
tent with an amorphous compound such as glass. 

Identification was confirmed by heating experi- 
ments. All of these inclusions contained shrinkage- 
related spherical bubbles. None of the bubbles was 
observed to move or change size during the slight 
heating that occurs on prolonged exposure to a micro- 
scope lamp. This, and the presence of more than one 
bubble per inclusion, proves that the fluid that fills the 
negative crystals has the high viscosity associated 
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Figure 18, Natural glass inclusions, in a variety of 
shapes, were seen in several specimens of Kilbourne 
Hole peridot. All contained gas bubbles. Photo- 
micrographs by John I. Koivula; magnified 50 x. 


with glass. Additional heating experiments performed 
by John Koivula of GIA revealed that these blebs soft- 
en at just below 1000°C, consistent with glass. 
Smoke-like Veils. Previously noted in peridots 
from Arizona and China (Koivula, 1981; Gtibelin and 
Koivula, 1986; Koivula and Fryer, 1986}, smoke-like 
veiling is relatively common in Kilbourne Hole peri- 
dots (figure 19}. It results from incomplete solid solu- 
tion that occurs as the peridot is brought to the earth’s 
surface and cools in the basalt, producing visible 
strain caused by dislocations (Kohlstedt et al., 1976). 
These veils always look like ghostly white streamers 
when viewed with darkfield illumination. 
“Fingerprints.” Partially healed secondary frac- 
tures in the form of fingerprint-like patterns (figure 2.0) 
were observed in a few of the Kilbourne Hole peridots. 
They resemble those found in peridot from Myanmar, 
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Egypt, and China (Gtibelin and Koivula, 1986; Koivula 
and Fryer, 1986}. 


HEAT TREATMENT 
AND IRRADIATION 


Co irradiation of both faceted and rough specimens 
of Kilbourne peridot, including the samples described 
previously under “Chemical Composition,” produced 
no observable change in color. 

Twenty samples each from KH1 through KH4 
were heat treated in air at 50° increments, from 100° 
to 750°C, for 10-hour periods. The rate of temperature 
increase was controlled by computer to 2°C per 
minute. No change was observed below 650°C. After 
10 hours at 650°C, a brown surface coloration 
appeared. Following the period at 700°C, the brown 
surface coloration was accompanied by an oxide lay- 
er with a metallic luster. A final 10-hour heating, at 
750°C, resulted in a “peacock-blue” oxidation over a 
layer of brown color. Similar iridescence was noted by 
Stockton and Manson (1983) on the surface of an 
Arizona peridot subjected to virtually identical heat- 
treatment conditions. 

Between the 10-hour heating periods, samples 
were cooled to room temperature, sectioned, and pol- 
ished. This revealed that only a surface layer—which 
was easily removed—had been affected. Where frac- 
tures existed in the original specimen, the oxidation 
invaded the fractures and appeared as orangy brown 
“stains.” 


Figure 19. Another relatively common internal 
feature of Kilbourne Hole peridot is smoke-like 
veiling. Photomicrograph by John I. Koivula; 
magnified 35 x. 
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Figure 20, Also found in Kilbourne Hole peridots 
were partially healed secondary fractures that 
form “fingerprint” inclusions. Photomicrograph 
by John I. Koivula; magnified 40 x. 


REFERENCES 


Arem J.E. (1987) Color Encyclopedia of Gemstones. Van Nostrand 
Reinhold Co., New York. 

Brenner M.G. (1979) Sedimentary features in base surge tuffs, 
Kilbousne Hole, Potrillo Mountains, Dofa Ana County, 
New Mexico [abs.}. Abstracts with Programs, Geological 
Society of America, Vol. 11, No. 6, p. 267. 

Bums R.G. (1974) The polarized spectra of iron in silicates: Olivine. 
A discussion of neglected contributions from Fe”* ions in M1 
sites. American Mineralogist, Vol. 59, pp. 625-629. 

Deer W.A., Howie R.A., Zussman J. (1982) Rock-Forming Minerals, 
Vol. 1A: Orthosilicates, 2nd ed., Longman, London. 

Dunn PJ. (1974) Chromian spinel incusions in American peri- 
dots. Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 23, No. 4, pp. 304-307. 

Farrell E.F., Newnham R.E. (1965) Crystal-field spectra of 
chrysoberyl, alexandrite, peridot and sinhalite. American 
Mineralogist, Vol. 50, Nos. 11/12, pp. 1972-1981. 

Fritsch E., Rossman G. {1987} An update on color in gems. Part }: 
Introduction and colors caused by dispersed metal ions. 
Gems &) Gemology, Vol. 23, No. 3, pp. 126-139. 

Gile L., Hawley J.W., Grossman R.B. (1981) Soils and 
Geomorphology in the Basin and Range Area of Southern 
New Mexico—Guidebook to the Desert Project. 
New Mexico Bureau of Mines and Mineral Resources, 
Memoir 39. 

Giibelin E. (1974) Internal World of Gemstones. ABC Druckerei- 
Verlag AG, Zurich. 

Giibelin E. (1975) The Color Treasury of Gemstones. Elsevier- 
Phaidon {Phaidon Press Ltd.}, London. 

Gibelin E. (1981) Zabargad: The ancient peridot island in the Red 
Sea. Gems #& Gemology, Vol. 17, No. 1, pp. 2-8. 

Giibelin EJ., Koivula J.I. (1986) Photoatlas of Inclusions in 
Gemstones. ABC Edition, Zurich. 

Gunawardene M. (1985) Peridot from Ratnapura District, Sri Lanka. 
Journal of Gernmology, Vol. 19, No. 8, pp. 692-702. 
Hoffer J.M. (1976) Geology of Potrillo Basalt Field, South-Central 
New Mexico. New Mexico Bureau of Mines and Mineral 

Resources, Circular 149. 

Kohlstedt D.L., Goetze C., Durham W.B., Vander S. (1976) New 
techniques for decorating dislocations in olivine. Science, 
Vol. 191, pp. 1045-1046. 


Kilbourne Hole Peridot 


CONCLUSION 


Kilbourne Hole produces exceptionally bright and 
lively faceted peridots with clarity and color compa- 
rable to fine yellow-green peridot from other gem 
localities. The gemological properties and chemical 
composition are consistent with those recorded for 
peridot. However, the Kilbourne Hole stones contain 
one inclusion, hercynite, that has not been reported 
in peridot from other sources. Moreover, Kilbourne 
Hole peridot virtually lacks the large black inclu- 
sions found in commercially available Arizona mate- 
rial. The body color does not respond to heat or 
radiation treatment. 

While the Kilbourne Hole material appears to be 
plentiful, most cut gems are smaller than 1 ct. 
Currently, the deposit is not being actively worked. 
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NOTES AND NEW TECHNIQUES 


OPAL FROM QUERETARO, MEXICO: 
FLUID INCLUSION STUDY 


By Ronald J. Spencer, Alfred A. Levinson, and John I. Koivula 


The distinctive orange-to-red “fire” opals from Querétaro have not been 
found in significant quantities at any other locality. Through modern ana- 
lytical methods, it has been determined that these opals formed at about 
160°C, from hydrous silica gels contained in fluids with small (up to 10%), 
variable amounts of NaCl and CO: These data, combined with geologic data, 
help explain the rare occurrence of this type of rhyolitic opal deposit. 


The Querétaro area, about 200 km northwest of 
Mexico City, has produced distinctive gem-quality 
opals for at least a hundred years. These opals occur 
in cavities and fractures within rhyolitic lava flows 
and are mined in open pits. They are unique among 
opals because of their unusual orange to red color 
and translucent to transparent diaphaneity (figure 1], 
unusually low refractive index (1.42-1.43, to as low 
as 1.37], and distinctive inclusions (see Koivula et 
al., 1983]. They also represent the only significant 
amounts of gem-quality opal known to occur in a 
rhyolite. To date, however, little research has been 
conducted into the nature of the geologic environ- 
ment that produced these unique stones. 

Important clues to the geologic conditions that 
created a particular gem material can be found in its 
inclusions. Koivula et al. (1983) and Gtibelin (1985, 
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1986} provide the only detailed investigations of inclu- 
sions in the opals from Querétaro. They report three- 
phase {rare}, two-phase, and single-phase inclusions. 
Mineral inclusions identified by X-ray diffraction are 
hornblende {some altered to limonite}, goethite, 
hematite, fluorite, quartz, cristobalite, and chalcedony. 
Kaolinite was tentatively identified by X-ray diffrac- 
tion, and pyrite was identified visually. Several inclu- 
sions in opals from this area are also illustrated in 
Gtibelin and Koivula (1986). 

However, there has been no attempt to study the 
chemical compositions of the fluids and gases in the 
inclusions. Further, other than generalized statements 
to the effect that Mexican opals must have formed at 
high temperatures because they are in volcanic (lava) 
rocks (see, e.g., Gilbelin, 1986], there has been no 
attempt to quantify their temperature of formation. 
We do know that Australian opals form at low tem- 
peratures from circulating groundwaters and are found 
in sedimentary environments (see, ¢.g., Keller, 1990). 

The modem methods of microthermometry and 
mass spectrometry are ideally suited to obtain data 
that can be used to determine the composition of flu- 
id and gas inclusions, and the temperature of forma- 
tion of the host minerals. {Please see the “Glossary” 
for definitions of these and other technical terms 
indicated by italics in this article.} The authors have 
applied these methods to analyze fluid inclusions in 
these Mexican opals and thus gain a better under- 
standing of their mode of formation. 
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BACKGROUND 


Fluid inclusions contain droplets of the mineral’s 
nurturing environment that were caught in defects or 
other “traps” on the crystal surface during growth 
(Roedder, 1984). These features are frequently called 
“voids” in the gemological literature, but liquids usu- 
ally fill these “voids” completely as long as the min- 
eral remains at the elevated temperatures present 
during formation. Then, as the liquid cools and con- 
tracts, a tiny gas bubble may form in the space made 
available by the smaller volume of the cool liquid; this 
is frequently seen in quartz, Sri Lankan sapphires, 
and Colombian emeralds, among others. By gently 
heating a mineral until the gas is reabsorbed into the 
expanding liquid, we can establish the temperature at 
which the mineral grew, that is, the homogenization 
temperature. Further, if the fluid is solidified by freez- 
ing, we can estimate the chemical composition of 
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Figure 1. One of the most distinctive 
gem opals is the orange to red “fire” 
opal found in the area of Querétaro, 
Mexico. Here, cabochons of this mater- 
ial have been set—with rutilated 
quartz, agate, and sapphire—into an 
unusual pendant-and-earrings combi- 
nation designed by Paula Kreviche. 
Courtesy of Paula Kreviche; photo © 
Harold & Erica Van Pelt. 


the fluid by determining: (a} the temperature at which 
the fluid freezes, and (b] the melting point of the flu- 
id. The composition of gases trapped in fluid inclu- 
sions can be ascertained by opening the fluid 
inclusions under vacuum (by breaking the specimen} 
and then introducing the released gases into a mass 
spectrometer. 


EXPERIMENTAL METHODS 


Several thousand tumble-polished opals were inspect- 
ed with the microscope, but only a few were found 
suitable for the studies contemplated. These studies 
included: 


A. The slow, carefully controlled heating of four 
samples containing liquid-gas inclusions. A 
Fluid Inc. heating/freezing stage (figure 2) was 
used to determine the homogenization tem- 
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GLOSSARY 


Clathrate A solid containing water and a gas, which 
in this case is H,O plus CO,. These are stable only 
at low temperatures (the maximum temperature 
at which any solid CO, clathrate is stable is about 
+10°C). 

Decrepitation When a mineral, such as opal, “breaks 
up” (fractures) on heating. 

Eutectic temperature The lowest possible melting 
point in a multi-component (e.g., H,O-NaCl) 
system. 

Homogenization temperature The temperature at 
which primary liquid-and-gas inclusions become 
a single phase, which is assumed to be equivalent 
to the host’s temperature of formation. 

Mass spectrometer An instrument designed to 
measure the molecular mass of a gas {on the basis 
of which its composition can be determined). 

Melting point of fluids The point at which a liquid 
that has been solidified by freezing (such as ice}, 
melts when it is heated. 

Microthermometry Observation under the micro- 
scope of changes caused by temperature variations. 

Molecular mass The weight of one mole of a mol- 
ecule. For water, H,O mass = 18. 

Phase separation The process by which two phases 
form from one; e.g., a CO,-rich gas plus an aque- 
ous liquid form from a single fluid state that con- 
tains both. 

Reversible (equilibrium) A chemical/physical reac- 
tion that can be caused to change direction by a 
small change in temperature. 

Saline Containing any dissolved salt, such as sodi- 
um chloride (NaCl). 

Supercooled liquid A liquid that remains liquid 
below its normal solidification temperature, e.g,. 
water that remains liquid below 0°C. 
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Figure 2. Microthermo- 
metric experiments were 
conducted using this heat- 
ing-freezing stage (thin, 
brown in color; see arrow}, 
which was set up on a pel- 
rographic microscope. 
This instrument allows 
the researcher to observe 
changes in the fluid inclu- 
sion as it is exposed to dif- 
ferent temperatures— 
which are displayed on 
the right (23.1°C in this 
case)—at any moment 
during an experiment. 


perature (assumed to be equivalent to the tem- 
perature of formation of the opal host}. 


B. Melting-point studies of the fluids from three 
of the above samples, and of certain crystals 
that form at freezing temperatures, to 
estimate the chemical compositions of the 
fluids. 


C. Mass spectrometry of released gases from 30 
samples to determine the compositions of the 
gases (figure 3}. 


Mass spectra were obtained at room tempera- 
ture. The opals were placed under vacuum, and sev- 
eral background scans were made. The mass 
spectrometer was then set to scan when a pressure 
burst from the release of a gas was detected. To release 
the gases trapped in the fluid inclusions, we lifted 
ball bearings with a magnet and then dropped them 
on the samples. A molecular mass range of | to 125 
was scanned at 3 milliseconds per mass unit. 


RESULTS 


Observations with the Microscope. Most of the flu- 
id inclusions in the Mexican opals studied here con- 
tained a single fluid or a fluid plus a solid (see, e.g., 
figure 4). To determine the nature of these inclusions, 
we attempted to induce the formation of a gas phase 
by “stretching’—that is, we heated the samples to 
build pressure within the fluid inclusions in order to 
“stretch” the enclosing solid (samples were heated to 
the point where they began to fracture and break 
apart, about 160°C). However, no gas phase formed on 
cooling of the inclusions to room temperature. If 
these fluid inclusions had been composed of water, 
this heating would have produced a stretching of the 


GEMS & GEMOLOGY Spring 1992, 


host opal as the water expanded, as occurs in aqueous 
inclusions in other minerals such as quartz and cal- 
cite. From the failure of the heating procedure to 
stretch the opal, we concluded that most of the flu- 
id inclusions in Mexican opals (again, see figure 4) 
are composed of a gel rather than a liquid. To confirm 
our findings, we also cooled the samples to -120°C. 
Similarly, we observed no changes. 

Because these types of inclusions do not provide 
the information needed to analyze the temperature 
and composition of the original mineral-forming solu- 
tions, we subsequently limited our investigation to 
those fluid inclusions in which a gas was evident. 

Of the four samples in which we had identified 
aqueous liquid-gas inclusions, one particularly use- 
ful specimen contained numerous liquid-gas (vapor) 
inclusions as well as liquid-solid and liquid-solid-gas 
inclusions. An overall view of this Mexican opal, 


Figure 3. This mass spectrometer (a quadrupole 
type) was used to determine the composition of 
the gases released from the opals, The arrow 
points to the chamber in which the sample is 
placed. Gases released from the sample pass 
through the glass tubing into the mass spectro- 
meter for analysis. 
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Figure 4. These fluid and fluid-solid inclusions are 
typical of those observed in the thousands of 


Mexican opals examined. The major portion of the 
photograph was taken at 50 x; the inset, at 580 X. 


which is about 1 cm in longest dimension, is shown 
in figure 5 (bottom center]. The locations of selected 
fluid inclusions (labeled A through E) are shown on 
the overall view. The individual fluid inclusions are 
shown at higher magnification in the surrounding 
photographs. These inclusions have a variety of liq- 
uid-gas ratios, and two (A and B) also contain solids 
{crystals}. From this sample, we obtained data that 
we believe, on the basis of our experience with sim- 
ilar materials, are representative of the opal-forming 
fluids from the Querétaro area. 


Microthermometry—Heating. Homogenization tem- 
peratures were obtained from two-phase, aqueous 
liquid_gas, inclusions in one of the four samples men- 
tioned above (not shown}. The inclusions homoge- 
nized to a single liquid at about 160°C, just as the 
sample cracked and broke apart (decrepitated). Two 
of the other samples with two-phase, liquid-gas, inclu- 
sions decrepitated prior to homogenization. 

The fluid inclusions in the fourth sample (figure 5) 
did not homogenize when heated to 150°C (the max- 
imum temperature to which we heated them in order 
to avoid fracturing at 160°C), which indicates that 
they formed at a temperature higher than 150°C, in 
qualitative agreement with the 160°C homogeniza- 
tion temperature found in the specimen mentioned 
above. Subsequently, valuable chemical information 
was also obtained from these fluid inclusions. 


GEMS & GEMOLOGY Spring 1992 31 


Figure 5. This specimen provided some of the most important data for this study. The large photograph is 
an overall view of the oval-shaped Querétaro opal, which is approximately 1 cm in longest dimension. 
Several individual fluid inclusions in the stone are labeled, A through E. Enlarged views of these fluid inclu- 
sions show liquid (L), solid (S), and gas (vapor-V) phases, as appropriate. See text for further details. 


Magnification of the individual inclusions is 235 X. 


Microthermometry—Freezing. Fluid inclusions in 
the sample shown in figure 5 were frozen (solidified) 
by circulating nitrogen gas through liquid nitrogen 
and blowing the resultant cold gas (temperature about 
-195°C) across the sample. All measurements were 
made during warming because the inclusion fluids are 
metastable on cooling, that is, supercooled liquid 
persists to a very low temperature (-100°C} before 
solids form. The solidified fluids {ice is an example of 
a solidified fluid) melt with a reversible or equilibri- 
um behavior {ice may not form on cooling until 
-100°C, but if pure it will always melt at 0°C). 
Fluid inclusions A and B (figure 5) began to melt 
when the frozen inclusions were warmed to about 
-22°C. This is the H,O-NaC]l eutectic temperature; 
that is, it is characteristic of fluids that are domi- 
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nantly H,O-NaCl. The final melting temperatures 
for these two frozen fluid inclusions were —-2.1°C and 
-7.7°C, respectively, which indicates salinities (NaCl 
content) from near seawater composition (3.5 wt. %; 
seawater ice melts at —1.9°C] where the melting point 
is —2.1°C, to salinities about three times seawater 
where the melting point is —7.7°C. 

Frozen fluid inclusions C, D, and E behaved quite 
differently on warming. They began to melt at about 
-8°C, that is, at significantly higher temperatures 
than did frozen fluid inclusions A and B. Frozen flu- 
id inclusion C had a final melting temperature of 
+0.6°C, whereas frozen fluid inclusions D and E both 
had a final melting temperature of +1.7°C. Other 
frozen fluid inclusions from this sample (not shown) 
had final melting temperatures as high as +1.8°C. 
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These high final melt temperatures indicate the 
melting of a clathrate, rather than ice. Mass spec- 
trometry was used to identify the composition of 
this clathrate as well as that of the saline inclusions 
Aand B. 


Mass Spectrometry. When fluid inclusion B was 
cracked, the released gas produced a spectrum in the 
mass spectrometer that showed only H,O (figure 6, 
left; the NaCl present is not detected by the mass 
spectrometer because it is not gaseous). However, 
the vapor released when fluid inclusion C was cracked 
produced a spectrum (figure 6, right) that shows sig- 
nificant carbon dioxide (CO, major peak at mass 44) 
in addition to H,O. Because other fluid inclusions 
may have opened at the time the sample was bro- 
ken, it is difficult to quantify the composition of any 
individual inclusion. 

Mass spectra were also obtained from 29 sam- 
ples containing one-and two-phase (fluid-solid) inclu- 
sions (again, see figure 4). These mass spectra showed 
only H,O peaks, We did not observe other gases (such 
as nitrogen or oxygen) in any of the fluid inclusions 
analyzed..We believe, because only H,O was released 
and because of the heating and freezing behavior of 
these fluid inclusions, that they contain hydrous sil- 
ica gel. Although no gaseous phase was produced in 
the stretching experiments discussed above, the very 
high vacuum conditions of the mass spectrometer 
enabled the extraction of H,O from the hydrous gel. 


DISCUSSION 


Like numerous other researchers (see, e.g., Roedder, 
1984}, we believe that large, isolated, fluid inclusions 
similar to those found here are primary and were 
trapped as the opals formed. 

The most common type of fluid inclusions 
observed in the Mexican opals we examined were 
one- and two-phase, fluid and fluid-solid. We did not 
attempt to identify the solid phases, which have been 
studied in detail by Koivula et al. (1983) and Gtibelin 
(1985). Because these fluid/fluid-solid inclusions (see 
figure 4) exhibited no change on heating or cooling and 
produced spectra that showed only water in the mass 
spectrometer, we interpret these inclusions to be 
dominantly hydrous silica gel, and we believe that 
the opals formed from these gels. The solids in the flu- 
id inclusions are likely “trapped” rather than “daugh- 
ter” crystals, in agreement with the conclusions of 
earlier workers (Koivula et al., 1983; Gtibelin and 
Koivula, 1986). The “trapped” crystals, labeled “S” in 
figures 5A and 5B, are rhombohedral and have high 
birefringence, so they are assumed to be a carbonate 
mineral (e.g., calcite). 

Homogenization temperatures were obtained 
from fluid inclusions in one sample that contained an 
aqueous liquid and gas at room temperature. The flu- 
id inclusions homogenized to a liquid at about 160°C, 
just as the opal decrepitated. The temperatures 
obtained from these fluid inclusions and the failure of 
any of the two-phase, liquid-gas, inclusions from oth- 
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Figure 6. These mass spec- 
tra reveal that fluid inclu- 
sion B (left) of figure 5 
contains only water, and 75 
fluid inclusion C (right) of 
figure 5 contains both 
water and carbon dioxide 
(CO,). Relative ion cur- 
rent is a measure of the 
abundance of the gases. 
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er samples to homogenize up to 150°C indicate that 
these opals trapped fluids during their formation at 
temperatures near or slightly above 160°C. 

NaCl is believed present in inclusions A and B of 
the stone shown in figure 5 on the basis of their melt- 
ing temperatures. Carbon dioxide was identified in 
inclusions C, D, and E of this same specimen on the 
basis of melting point and mass spectrometry, and 
we believe that the low-temperature solids observed 
to melt above 0°C in these fluid inclusions are CO.- 
H,O clathrates. 

The wide range of liquid-gas ratios in the fluid 
inclusions from the sample shown in figure 5 also 
suggests that both phases are primary. Because these 
inclusions do not contain atmospheric gases (nitrogen 
or oxygen], we conclude that the different liquid-gas 
ratios are not a result of the leakage of fluids and 
their replacement by a gas. Rather, these inclusions 
were trapped in a system in which both liquid and gas 
were present [i.e., a boiling system} in varying pro- 
portions and represent the composition of the opal- 
forming solutions. 


SIGNIFICANCE FOR EXPLORATION 


The data obtained in this study permit us to speculate 
both on why gem-quality opals of the Mexican type 
appear to be unique to this area and on the geologic 
setting in which additional deposits might be found. 
It is important to recognize that these gem materials 
occur in rhyolitic lava flows as secondary fillings in 
gas cavities or other available sites (Koivula et al., 
1983). Rhyolite in general, and rhyolitic flows in par- 
ticular, are much less common than basalt and 
andesite, the most abundant types of volcanic rocks. 
Further, rocks of rhyolitic composition crystallize at 
temperatures about 300°C lower than those of the 
more abundant volcanics (rhyolite, 800°C; basalt, 
1100°C}. The silica (SiO,) content of rhyolite (70%} is 
also considerably higher than that of basalt (50%), 
and the contents of other major elements (Fe, Mg, 
Ca, Al} are much lower. 
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The interaction of waters of moderate salinity 
(whose origins could be either meteoric or hydrother- 
mal, or mixtures of both] with surrounding rhyolitic 
rocks will result in waters with a high proportion of 
silica in solution, but low contents of other elements. 
Such waters probably obtained their high dissolved sil- 
ica content, the precursor to the hydrous silica gel, 
through interaction with rhyolites while they were 
still hot. Subsequently, the opal precipitated from 
the hydrous silica gel in cavities and other appropri- 
ate sites as the water cooled to 160°C. For these opals 
to have been preserved, it is essential that the host 
rocks were never reheated above this temperature. 

The several required factors—the rhyolitic com- 
position of the rock (particularly the high SiO,}, the 
low abundance of other elements (e.g., Fe, Mg, Ca, Al] 
that might have resulted in the precipitation of oth- 
er minerals (e.g., zeolites, clays}, the proper water 
temperatures for both leaching and precipitation, and 
the absence of overheating—in combination resulted 
in the rare occurrence of this gem material. Further 
exploration must take these factors into account. 


CONCLUSIONS 


The “fire” opals mined in Querétaro, Mexico, are 
interpreted to have formed at temperatures near or 
slightly above 160°C, in a hydrothermal system iso- 
lated from the atmosphere, from a hydrous silica gel 
that is present in many of the fluid inclusions. The 
aqueous fluids contain mixtures of H,O, NaCl, and 
CO, that were trapped in some fluid inclusions. It 
appears that some of the fluids underwent phase sep- 
aration (boiling) during formation of the opals. Because 
carbon dioxide—along with different proportions of 
H,O—is preferentially lost from fluids during phase 
separation, this resulted in the trapping of different 
proportions of aqueous liquid, water vapor, carbon 
dioxide, and sodium chloride. 

Exploration for Mexican-type opals elsewhere in 
the world must consider the unusual combination 
of geologic factors required to form this type of deposit. 
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NATURAL-COLOR NONCONDUCTIVE 
GRAY-TO-BLUE DIAMONDS 


By Emmanuel Fritsch and Kenneth Scarratt 


Two new categories of gray-to-blue diamonds are described. First, two 
type IIb blue crystals with what appears to be a type Ila outer skin were 
not electrically conductive in the rough, but conducted electricity once 
faceted. Second, some non-electrically conductive gray-to-grayish blue 
diamonds from the Argyle mine, Australia, were determined to be type 
Ta and to contain unusually high amounts of hydrogen. This latter type 
of coloration, not previously reported for diamonds, may be due to 
hydrogen-related defects in the crystal structure. 


To date, al natural-color blue diamonds described in 
the literature have been electrically conductive. In 
fact, the measurement of electrical conductivity has 
been a major deciding factor in gemological testing for 
artificial coloration in blue diamonds: All natural- 
color stones were believed to be type Ib and electri- 
cal conductors, whereas all laboratory-irradiated stones 
were insulators (Custers, 1954; Liddicoat, 1987). 
However, the authors have examined several dia- 
monds in the gray-to-blue range—known to be natural 
color because of other tests or the fact that they were 
obtained directly from the mine—that did not conduct 
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electricity. Moreover, the ultraviolet luminescence of 
these stones was significantly different from that of 
the majority of natural blue and bluish gray diamonds. 

This report presents the gemological properties of 
what appear to be two new categories of blue dia- 
monds. First, we studied two crystals that did not 
test positive for electrical conductivity in the rough, 
but were electrically conductive after they had been 
cut. Second, we examined four faceted stones, all 
from the Argyle mine in northwestern Australia, that 
are type Ia, insulating, gray-to-grayish blue diamonds, 
in contrast to the type Ib character expected for dia- 
monds of similar color (see Box A for a detailed dis- 
cussion of diamond types). 


MATERIALS AND METHODS 

Table 1 gives a basic description of the six diamonds 
studied for this article. Stones A and B (rough and 
cut] and C (cut} were examined and color graded at the 
Gem Testing Laboratory of Great Britain (GTL-GB}; 
faceted stones A and B, as well as stones D, E, and F, 
were examined at GIA Research and color graded at 
the GIA Gem Trade Laboratory. The color descrip- 
tions provided by each lab are noted in the table. We 
do not know the locality of origin of stones A and B, 
but stones C to F came from the Argyle mine in 
northwestern Australia. 
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Using a standard voltmeter for the stones tested 
in the GTL-GB and a GIA-GEM conductometer for 
those tested in GIA Research, we measured electrical 
conductivity as the difference in potential between 
two separate points on the surface of the diamond. We 
recorded ultraviolet-visible absorption spectra at liq- 
uid-nitrogen temperature using a Pye-Unicam 8800 
spectrophotometer. Infrared spectra were recorded in 
a transmission mode on a Nicolet 510 (GTL-GB] or a 
60SX (GIA Research} FTIR spectrometer at room tem- 
perature, with a resolution of 4 cm’, 


NONCONDUCTIVE 
BLUE DIAMOND CRYSTALS 


Stones A and B were first examined in the rough and 
found to be electrical insulators, although they dis- 
played the grayish blue-to-blue colors typical of nat- 
ural blue diamonds. One should note that it may 
sometimes be difficult to detect electrical conduc- 
tivity on rough type IIb stones, because their irregu- 
lar shape and etched surface may not allow a good 
electrical contact. Our measurements, however, were 


conducted with sharp probes to ensure the best con- 
tact. These stones appeared to be a true anomaly, as 
the infrared absorption spectra of both were in fact typ- 
ical of type Ib, electrically conductive diamonds. 
Stone A was retested for electrical conductivity 
both during the cutting operation and after its com- 
pletion. Stone B was retested only after faceting was 
completed. Faceting of stone A produced a 4.15-ct 
fancy bluish gray pear shape; faceting of stone B result- 
ed in a remarkable 3.06-ct fancy dark blue square 
cushion cut (figure 1}. Stone A was found to conduct 
electricity after it had been blocked; both A and B 
did so after faceting. The infrared spectra of both 
stones after cutting were the same as those taken on 
the rough. Because stone B is significantly bluer than 
stone A, the former showed stronger absorption in 
the region above 3000 cm’. Truly blue diamonds 
(those without a secondary color modifier} generally 
exhibit stronger type Ib absorptions in the infrared 
than grayish blue-to-bluish gray stones. A small hump 
at about 1295 cm’, although situated in a region 
where absorptions due to nitrogen typically occur, is 


TABLE 1. Description of the six natural-color diamonds. 


Electrical 


Weight Ultraviolet luminescence® 
Sample (ct) Color Shape Comments Type’ conductivity Long-wave Short-wave 
A 
Before 12.83 Gray blue® Roughly Ib No ——_—— —— 
faceting triangular 
Alter 4.15 Fancy bluish black” Ib Yes V. wk. orange Wk. to mod. orange 
{aceting Fancy bluish gray° Pear shape V. long reddish orange 
phosphorescence 
B 
Before 5.38 “Royal blue"® Roughly Radiation Ib No ——. Se 
faceting triangular stains 
After 3.06 Fancy blue Square Internally Ib Yes Inert Mod. orange 
faceting Fancy dark blue" cushion flawless Reddish orange 
phosphorescence 
C 0.30 Grayish blue” Emerald cut From Argyle a No Strong yellow Wk. orangy yellow 
mine Wk. to mod. Wk. to mod. 
phosphorescence phosphorescence 
D 0.34 Fancy gray® Round From Argyle a No Strong yellow Wk. orangy yellow 
brilliant mine Wk. to mod. Wk. to mod. 
phosphorescence phosphorescence 
E 0.75 Fancy gray® Marquise From Argyle a No Not tested Not tested 
mine 
F 0.68 Fancy gray® Pear From Argyle a No Mod. yellow Wk. yellow 
mine Wk. to mod. Wk. to mod. 
phosphorescence phosphorescence 


“ As determined by infrared spectroscopy. 

° Abbreviations: v. = very, wk, = weak, mod, = moderate. 

“Color terminology of the Gem Testing Laboratory of Great Britain. 
*Color terminology of the GIA Gem Trade Laboratory. 
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a feature observed in the spectra of all natural type IIb 
diamonds (see, e.g., Smith and Taylor, 1962). 

From our observations, one can only assume that 
the outer skin of both crystals consisted of a different 
diamond type, one that is not electrically conduc- 
tive. This layer was not detected by infrared spec- 
troscopy, either because it was probably of type Ila 
diamond, and therefore did not modify the shape of 
the infrared spectrum, or because it was of type Ia 
but too thin to induce a measurable absorption. The 
nonconductive layer was undoubtedly removed dur- 
ing faceting, so that the two stones conducted elec- 
tricity afterward. This is a good example of the 
presence of two different diamond types within the 
same crystal, a concept that is not always made clear 
in the gemological description of diamonds (again, 
see Box A]. 

Interestingly, faceted stones A and B were also 
found to exhibit unusual luminescence behavior after 
faceting. Most natural blue diamonds are inert to 
ultraviolet radiation, both long- and short-wave, or 
show only an extremely weak yellow phosphores- 
cence to short wavelengths. When exposed to long- 
wave U.Y: radiation, stone B was inert but stone A 
emitted a'very weak orange luminescence. When 
exposed to short-wave U.V., however, both stones 
produced a reddish orange luminescence of weak-to- 
moderate intensity. This light emission was followed 
by a persistent reddish orange phosphorescence after 
the ultraviolet lamp was turned off. The phospho- 
rescence lasted unusually long in stone A: It was vis- 
ible for more than four minutes in a completely 
darkened room. These two stones are therefore sim- 
ilar in their fluorescence characteristics to the Hope 
diamond (Crowningshield, 1989}. Sometimes, blue 


Notes and New Techniques 


Set 

SRE ee Z 
Figure 1. The crystals from which this 4.15-ct 
fancy bhuish gray pear shape (stone A) and 3.06-ct 
fancy dark blue cushion modified brilliant (stone 
B) were fashioned were not electrically conduc- 
tive, although the faceted stones are. Diamonds 
courtesy of Mr. R. Vainer and Mr. Th. Horovitz; 
photo by Robert Weldon. 


diamonds are represented as having been cut from 
the same rough as the Hope because of their orangy 
red luminescence. Stone B provides a well-docu- 
mented counter-example to this naive belief. 

Of additional interest was the presence in stone 
B of brown radiation stains on the surface of the rough 
{figure 2.). Such stains are known to result from irra- 
diation by alpha particles, possibly coming from 
uranium radioisotopes (Meyer et al., 1965}. Although 
they are fairly common on type Ia diamonds, radiation 
stains have been reported only once before on type IIb 
diamonds (Hargett, 1991). 


Figure 2. Brown radiation stains were 
observed on the surface of stone B before 
it was faceted. Photomicrograph by 
Kenneth Scarratt; magnified 10 x. 
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BOX A: A NOTE ON DIAMOND TYPES 


An ideal diamond crystal is colorless and its structure is 
made exclusively of carbon atoms, regularly arranged in 
a perfect lattice. Most natural gem diamonds, however, 
contain a number of defects and/or impurities, which 
may significantly affect some of the physical properties, 
such as color or electrical conductivity, of the stone. Some 
impurities such as nitrogen or boron may substitute for 
carbon atoms, which means that one carbon atom is 
replaced by one nitrogen or boron atom in the diamond 
structure. When a carbon atom is missing, the empty 
volume it leaves in the structure is called a vacancy. 

To account for the differences in physical properties 
observed, in 1934 Robertson et al. conveniently grouped 
diamonds into two main “types’—type I and type IL. 
Historically, these types have been distinguished on the 
basis of their ultraviolet transparency and absorption in 
the infrared—specifically in the 1000-1400 cm"! sec- 
tion (also called “the nitrogen region”) of the mid-infrared 
range (Clark et al., 1979}. 

The characteristic absorption features in the infrared 
spectra of type I diamonds (see figure A-1} have been 
attributed to the presence of nitrogen in a number of 
different forms. Type I diamonds can be further subdi- 
vided into types Ja and Jb depending on the form that the 
nitrogen takes within the crystal structure of the indi- 
vidual stone. The nitrogen in type Ja diamond is pre- 
sent in various aggregated forms. The A aggregate is a pair 
of singly substituting nitrogen atoms, and the B aggre- 
gate is formed from an even number of nitrogen atoms, 
not exceeding eight (Bursill and Glaisher [1985] propose 
four nitrogen atoms surrounding a vacancy). The pres- 
ence of one of these two aggregates allows type Ia dia- 
monds to be further categorized into two subdivisions, 
types IaA and IaB, according to which aggregate is 
involved. However, most Ia diamonds contain both the 
A and the B forms in various proportions (and are some- 
times noted for this reason as type IaAB; the spectrum 
of the type Ia diamond in figure A-1 is that of a type 
IaAB diamond}. Another aggregate center, the N3 cen- 
ter, composed of three nitrogen atoms surrounding a 
vacancy, is believed to be formed by a minor side reac- 
tion during the main aggregation process of A to B 
(Woods, 1986). This aggregate is responsible for the N2. 
and N3 systems, which are best known to gemologists 
as “Cape lines” or “Cape series” in the visible-range 
absorption spectrum. Note that the A and B aggregates 
have characteristic absorption features in the infrared (and 
none in the visible], whereas the N3 center has typical 
absorption features in the visible (but none in the 
infrared}. 

Type Ia diamonds usually contain large amounts of 
nitrogen impurity (1000 ppm is common, but they may 
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Figure A-1. These infrared spectra illustrate the 
four basic types of diamond. Each type can be 
characterized by its transmission in the 
1000-1400 cm' range. In addition, absorption in 
that range identifies some of the kinds of aggre- 
gates present in type Ia diamonds. 


have up to 3000 ppm; see Field, 1983). Depending on 
the strength of the “Cape series,” type Ja diamonds may 
vary in hue from near-colorless (possibly a weak band at 
415 nm, with none of the other bands in the series being 
present) to a deep “Cape” yellow (in which all of the 
bands in the series are present in some strength, partic- 
ularly the 478-nm band). Other factors may sometimes 
affect the color, and type Ia diamonds are effectively 
opaque to wavelengths shorter than 300 nm. The vast 
majority of gem diamonds are type Ia. 
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Type Ib diamonds are distinguished by the fact that 
the nitrogen atoms they contain are dispersed in isolat- 
ed substitutional sites |i.e., one nitrogen atom replaces 
one carbon atom in a number of carbon atom sites). 
These nitrogen atoms produce a characteristic infrared 
absorption feature with a peak at 1131 cm! (again, see 
figure A-1). Type Ib diamonds contain only small 
amounts of nitrogen {usually about 25 to 50 ppm, but 500 
ppm has been reported for synthetic type Ib diamonds; 
Clark et al., 1979; Field, 1983). The dispersed nitrogen 
atoms are responsible for the continuous and gradual 
absorption of wavelengths shorter than 560 nm (Clark 
et al., 1979). Therefore, type Ib diamonds generally do not 
show sharp absorption lines in the hand-held spectro- 
scope, in contrast to type Ia stones. Their absorption in 
the visible region tends to produce a deep yellow {in 
rare instances, brown) body color. Because of the deep yel- 
low color, such diamonds are sometimes referred to in 
the trade as “true canaries.” Type Ib diamonds are said 
to be rare, at least among gem-quality crystals. 

The total amount of nitrogen present in type I dia- 
monds is the sum of nitrogen contained as singly sub- 
stituting nitrogen, A and B aggregates, N3 centers, and 
other nitrogen-containing defects that do not absorb in 
the visible or infrared range. 

Type II diamonds do not show any of the nitrogen- 
related: absorption features in the infrared that are pre- 
sent in type I stones (again, see figure A-1}, and therefore 
they are believed to contain no significant amount of 
nitrogen (Field, 1979). It is interesting to note that the def- 
inition of type Il diamonds actually rests on an instru- 
mentation limit, that is, the detection limit of the 
infrared spectrometer used. With the advances that have 
been made in infrared spectroscopy, especially the devel- 
opment of the more sensitive Fourier-Transform infrared 
(FTIR) spectrophotometer, a diamond formerly identified 
as a pure type II might today be called, for example, a type 
Ia diamond with a very low nitrogen content. 

Type H diamonds that do not conduct electricity are 
designated type Ila. They may contain up to 20 ppm of 
nitrogen (not detected by infrared spectroscopy; Badzian 
et al., 1986). These diamonds are very transparent in 
the short-wave ultraviolet range, down to approximately 
230 nm. By testing stones for their short-wave ultravi- 
olet transparency, geologists have generally been able 
to successfully separate type Ila diamonds from other dia- 
monds in the absence of sophisticated equipment (Fryer, 
1981). Unless type Ila diamonds contain structural 
defects, they do not absorb visible light; therefore, they 
are usually colorless. While famous colorless diamonds 
such as the Cullinan and Koh-i-Noor gems are type Ja, 
other type Ila diamonds may have a yellow to brown or 
pink body color, due to unknown color centers (Collins, 
1982]. Type Ila gem diamonds are believed to be rare. 


Type II diamonds that conduct electricity have been 
called type Ib. Natural-color blue diamonds reported 
prior to this article have all been type IIb. Type Ib stones 
show a distinct spectrum extending over the whole mid- 
infrared range that is quite different in appearance from 
that of the other types (again, see figure A-1). Such stones 
contain boron as an impurity, in concentrations of a 
few parts per million or less (Lightowlers and Collins, 
1976, Badzian et al., 1986). They transmit light down to 
about 230 nm (as do type Ia). The boron atoms create an 
absorption in the near infrared that extends into the vis- 


ible range, absorbing some of the red and orange; there-- 


fore, type Ib diamonds are commonly blue. However, 
their color often shows a gray component, and some- 
times they are pure gray. Occasionally, when very pale, 
they appear to be near-colorless. 

The differences in these diamond types relate to 
differences in trace-element chemistry. For example, 
the average nitrogen concentration decreases from types 
Ia to Ib to II. Boron has so far been reported only in type 
IIb stones (Field, 1979), Hydrogen has been found exclu- 
sively in type I stones (Fritsch and Scarratt, 1989). 
Diamond types are, therefore, more than just a conve- 
nient way to classify diamonds on the basis of their 
infrared spectra; they also have potentially important 
geochemical significance. For example, different types of 
diamond may represent different geologic origins. 

The relative rarity of the various diamond types 
reported here reflects the figures provided in the pre- 
ponderance of the literature [e.g., Field, 1983). Although 
it provides a “common wisdom” on the subject, one 
should keep in mind that the proportions cited (pre- 
sumably} for all diamonds mined may not necessarily 
apply to diamonds of gem quality, or to colored dia- 
monds or any other subgroup. For example, Tolansky and 
Rawle-Cope (1969) demonstrated that there is an unusu- 
ally high proportion of type Ila diamonds among high- 
clarity microdiamonds, whereas type [la diamonds are 
reported (by Field, 1983] as being uncommon in gem 
quality. 

In many articles describing diamonds, it is generally 
implied that one diamond crystal contains only one dia- 
mond type. Actually, most diamond crystals are a more 
or less homogeneous mixture of different types. For 
example, most natural type Ib diamonds have a type 
IaA component, too, which can be recognized in their 
infrared spectra. Also, Milledge et al. (1989; see also 
Boyd et al., 1987) demonstrated that type Ia diamond 
shows very thin growth banding of various “nuances” 
of diamond types, such as a strong variation in the rel- 
ative proportion of A and B aggregates. Gemologists 
should remember, for gem identification procedures, 
that many gem diamond crystals may not be composed 
of one single diamond type. 
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Figure 3. Stone E in this study is a natural-color 
gray non-electrically conductive type Ia diamond 
from the Argyle mine, in northwestern Australia. 
Stone courtesy of Argyle Diamonds; photo by 
Robert Weldon. 


NONCONDUCTIVE GRAY-TO-GRAYISH BLUE 
DIAMONDS FROM ARGYLE 


Stones C to F were all tested as faceted stones. 
Although the gray-to-grayish blue colors they display 
resemble those normally seen in natural type Ib, 
electrically conductive, diamonds (figure 3], they do 
not conduct electricity. Moreover, their ultraviolet-vis- 
ible absorption spectra differ significantly from that 
which is perceived as normal for gray-to-blue.dia- 
monds (Collins, 1982), as do their infrared spectra. 

These stones fluoresced a moderate to strong yel- 
low to orangy yellow to long-wave ultraviolet radia- 
tion, and a weak to moderate yellow to orangy yellow 
to short-wave U.V. They also displayed a weak to 
moderate yellow phosphorescence to both wave- 
lengths. Although we could find no prior reference to 
such luminescence behavior in natural gray-to-blue 
diamonds, it is not uncommon for type Ia faceted 
diamonds. 

The U.V.-visible absorption spectra of stones C 
to F (figure 4) show two bands, at 405 and 415 nm, that 
are superimposed on the increasing absorption toward 
the ultraviolet (the “U.V. cutoff”). They represent 
the N3 center, which is responsible for the “Cape 
lines” commonly found in the visible spectra of type 
Ia diamonds but has not been reported to occur in 
natural blue diamonds. Two weak absorptions at 
about 425 and 445 nm are accompanied by a broad, 
complex absorption system that has an apparent max- 
imum at about 550 nm and a distinct shoulder near 
520 nm. Absorption increases from approximately 
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600 nm toward the infrared. With the exception of the 
NB system, these features have not been described pre- 
viously in the literature on the spectra of diamonds 
(although some features at approximately the same 
wavelengths but with different shapes or widths have 
been reported). 

At present, we cannot explain the variation in 
hue among these stones. Answering this question 
would require a detailed study of transmission spec- 
tra and thus the availability of parallel-window sam- 
ples of known thickness, which are virtually 
impossible to obtain on gem-quality—especially 
faceted—diamonds of such great value. 

Since the spectra of stones C to F reveal that they 
are type Ia rather than IIb, their lack of electrical con- 
ductivity cannot be explained by a zonation of dia- 
mond type within the stone, as in the situation 
described for the two pieces of rough. Most remark- 
ably, the infrared spectra of all four stones show very 
sharp bands at about 1498, 2786, and 4499 cm, with 
two very intense ones at 3107 and 3237 cm’ (figure 
5}. There are also a number of related absorptions in 
the near-infrared (around 5555, 5880, 6070, 7500, 
7850, 8255, and 8615 cm], some relatively new to the 
scientific literature (Fritsch et al., 1991). In fact, the 
spectrum in figure 5 is similar to that reported by 
Fritsch and Scarratt (1989) as typical for a group of 


Figure 4. The U.V.-visible absorption spectrum of 
the gray diamond (stone E) in figure 3 proves that 
it is a type Ia diamond. 
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Figure 5, The room-temperature mid- 
infrared absorption spectrum of stone 
E, while unusually intense for dia- 
monds, is typical of those recorded to 
date for gray-to-blue diamonds from 
the Argyle mine, Australia. The sharp 
bands at 2786, 3107, 3237 and 4499 
cm’ are due to hydrogen. The 
“noise” between 1400 and 600 cm’ is 
due to complete absorption of these 
energies by the diamond. 
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diamonds with a gray component to their color. The 
sharp bands at 3107 and 3237 cm’ in figure 5 have 
been attributed to hydrogen complexes (Woods 
and Collins, 1983; Davies et al., 1984}. They are, how- 
ever, unusually intense in these Argyle diamonds. 
In fact, these unusually intense absorption fea- 
tures related to hydrogen have been observed in over 
100 colored diamonds from various sources that we 
have studied. We have found distinctive absorption 
features or behavior {a list is provided in Fritsch et al., 
1991) in all of these “hydrogen-rich” diamonds, which 
can be brown to yellow to gray, gray to blue or violet, 
white (opalescent), or exhibit a “chameleon” behav- 
ior. The broad absorption complex around 550 nm 
reported for the stones examined for this article is 
one of these unusual absorptions, and is responsible 
for a gray-to-blue coloration. This absorption com- 
plex has been observed in more than a dozen stones, 
always in association with very strong hydrogen bands 
in the infrared. This suggests that the presence of the 
550-nm absorption complex and the other unusual 
absorption features associated with it correlates to 
the presence of hydrogen-related defects. Quantitative 
research is ongoing to confirm this hypothesis. 


DISCUSSION AND CONCLUSIONS 


The samples described here demonstrate the exis- 
tence of natural-color gray-to-blue diamonds that do 
not test positive for electrical conductivity, some in 
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the rough and others in faceted form. We conclude 
that there are natural-color non-electrically conduc- 
tive gray-to-blue diamonds, and that the absence of 
electrical conductivity should not be used as the sole 
criterion in identifying a diamond in this color range 
as treated. Of course, electrically conductive gray-to- 
blue natural diamonds are invariably of natural col- 
or (with the exception of the currently very rare, 
noncommercially available near-colorless diamonds 
that have been treated with blue synthetic diamond 
thin films; as reported by Fritsch in Koivula and 
Kammerling, 1991). Therefore, gray-to-blue diamonds 
can no longer be separated from their treated coun- 
terparts on the basis of electrical conductivity alone. 

We have also described here a number of previ- 
ously unreported absorption features in the visible 
spectrum that appear to be responsible for a newly 
observed kind of blue-to-gray coloration in gem dia- 
monds. We believe that these features may be relat- 
ed to the presence of unusually high concentrations 
of hydrogen. Previously, nitrogen—mostly in com- 
bination with structural defects—and boron were the 
only trace elements thought to play a role in the col- 
oration of diamonds. To the best of our knowledge, 
this is the first time that hydrogen has been suggest- 
ed as a cause of color in diamonds. 

So, when a gray-to-grayish blue diamond does 
not test as electrically conductive, luminescence 
must be taken into greater consideration. If the stone 
exhibits a yellow to yellow-green luminescence that 
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is stronger to long- than short-wave ultraviolet radi- 
ation, and produces a moderate yellow phosphores- 
cence after exposure to both wavelengths, it is 
probably a natural-color diamond that belongs to the 
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We recommend, however, that U.V.-visible and 
infrared absorption spectroscopy be used to confirm 
this diagnosis. 
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PERIDOT AS AN INTERPLANETARY GEMSTONE 


By John Sinkankas, John I. Koivula, and Gerhard Becker 


The stonytron meteorites known as pallasites are famed for the areas of 
yellowish green olivines they contain. Since the earliest description by Peter 
Simon Pallas in the 18th century, reference has been made to the gem-like 
nature of these meteorite “inclusions.” Not until the early 20th century, 

however, was there any record of a faceted pallasitic olivine, and only recent- 
ly have a handful of stones been available for gemological examination. 

Study of nine peridots faceted from pallasites revealed properties within the 
range known for peridots plus a common inclusion feature never before 
observed in their terrestrial counterparts. 


Peridot, the gem variety of olivine, is relatively soft 
and fragile-when compared to diamond, corundum, 
spinel, and a number of other gemstones. It also is 
known to shatter on exposure to high temperatures, 
such as those encountered in jewelry manufactur- 
ing. Nevertheless, some peridots are able to survive 
the journey from outer space and a fiery passage 
through the Earth’s atmosphere as a major component 
of the stony-iron meteorites known as pallasites. 
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The ability of some peridot to withstand high 
temperatures is demonstrated by the occurrence of 
transparent, facetable masses and crystals in volcanic 
and metamorphic environments. Notable occurrences 
include the basalts of Peridot Mesa, Arizona 
(Sinkankas, 1959, Koivula, 1981) and the marbles of 
the Mogok region, Myanmar (Burma). The latter 
yields faceted gems in excess of 100 ct. A lower-tem- 
perature hydrothermal environment characterizes 
the beautiful, sharply terminated crystals that have 
been found since antiquity in veins on Zabargad (St. 
John’s Island) in the Red Sea (Moon, 192.3; Wilson, 
1976; Gibelin, 1981; Bancroft, 1984). Other occur- 
rences of olivine, including peridot, are recorded by 
Hintze (1897) and Doelter (1914). Summaries of prop- 
erties are also given by Deer et al. (1966), Wilson (1976), 
Koivula (1981), and Stockton and Manson {1983}. 

Although much has been written about palla- 
sites since they were first described in 1776, includ- 
ing comprehensive reports on the olivines contained 
therein, the historic literature carries only a few ref- 
erences to the gem potential of these olivines. 
Recently, however, one of the authors (GB) super- 
vised the faceting of several olivines removed from a 
large pallasite that was found in Esquel, Argentina. 
Eight of these were studied for this report (seven are 
illustrated in figure 1]. The authors also obtained 
from the American Museum of Natural History a 
peridot faceted several decades ago from the Eagle 
Station, Kentucky, pallasite (figure 2). This article 
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Figure 1. All of these peridots were faceted 
by Andreas Becker from olivines extracted 
from the Esquel, Argentina, pallasite. The 
stones on the right range from 0.25 to 1.39 ct 
and are courtesy of Robert A. Haag; the 
stones on the left range from 0.39 to 0.51 ct 
and are courtesy of Dale Dubin. Photos © 
Tino Hammid. 


reviews historic references to these unusual olivines 
and presents the results of a gemological examina- 
tion of nine faceted pallastic peridots. 


OLIVINE IN METEORITES 


Extraterrestrial olivine is abundant in relatively large 
grains only in pallasites. These stony-iron meteorites 
were named for the famous German naturalist, geol- 
ogist, and traveler Peter Simon Pallas (1741-1811), 
who first described the type specimen—a 680-kg 
{McCall, 1973) mass found near the town of 
Krasnoyarsk, Siberia, in 1749 (Pallas, 1776). This spec- 
imen was originally called the ’Pallas iron” but, as is 
now customary, has been renamed Krasnoyarsk after 
the locality. In Pallas’s time, the true origin of mete- 
orites was the subject of much wonder and specula- 
tion. Many scientists regarded them as peculiar 
products of the Earth’s crust; only the more daring sug- 
gested an extraterrestrial origin. The strongest argu- 
ments for the latter were advanced by Emst Florens 
Friedrich Chladni {1756-1827}, a German scientist 
best known for his studies of sound and its propaga- 
tion, in his monograph on the Pallas iron (Wasson, 
1974, introduction to facsimile of Chladni, 1794). 
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In speaking of extraterrestrial, Earth-like bodies 
that could have provided meteorites, Wasson states 
elsewhere that “pallasites were probably formed by 
violent events that mixed mantle and core materials” 
(1985, p. 93), thus accounting for the spongy structure 
of the nickel-iron alloy that encloses the olivine nod- 
ules. The metallic portions of pallasites consist of 
kamacite and plessite, two nickel-iron alloys believed 
to have been the principal constituents of the core, 
while the olivine itself was derived from the man- 
tle. Much of the olivine is sufficiently low in iron to 
be classed as peridot, which approaches forsterite 
(Mg2SiO,), the magnesium-silicate end member of 
the olivine group. As iron substitutes for the magne- 
sium, the color changes toward brown to fully black 
in the opposite, iron-silicate end member, fayalite 
(Fe)SiO,). For descriptions and remarks on pallasites 
in general, see Dodd (1986], Farrington (1915b}, Hintze 
(1897), Krinov (1960}, McCann (1973), and Wasson 
(1985). Farrington, among others, called the trans- 
parent olivine in pallasites ’chrysolite,” a term once 
commonly used to designate peridots that were more 
yellowish green (Bristow, 1861). The term is now in 
disfavor; for an excellent discussion of peridot nomen- 
clature, see Gtibelin (1981). 
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Figure 2. This 0.52-ct peridot was faceted from 
olivine found in the Eagle Station, Kentucky, pal- 
lasite. It is currently part of the collection at the 
American Museum of Natural History, New York 
(catalogué no. 42748). Photo © Tino Hammid. 


PALLASITIC OLIVINE AS A 
POTENTIAL GEM MATERIAL 


Pallas himself hinted at the gem-like appearance of the 
Krasnoyarsk pallasite olivines, which he described 
as “rounded and elongated drops of a very brittle but 
hard, amber-yellow, transparent glass” (Farrington, 
1915b, p. 182). Farrington also noted that “Count 
Bournon in 1802, showed that this was similar to ter- 
restrial chrysolite and Howard in the same year [see 
Brown, 1953, p. 1802] gave an analysis [that] indicat- 
ed the mineral to be chrysolite.” 

The earliest published illustrations of meteorites, 
one of which includes a specimen of the Pallas iron, 
are engravings in Schreiber (1820). From the repro- 
duction of the Krasnoyarsk pallasite shown in figure 
3, it is evident that the olivine nodules are promi- 
nent and largely transparent. However, so far as is 
known, no gem has been cut from this olivine. 

Noted American gemologist George Frederick 
Kunz (1856-1932) also suggested the suitability of 
meteoritic olivine for gems. He first remarked on the 
transparent olivine in the Glorieta Mountain, New 
Mexico, pallasite in 1886. Later (1890, p. 101}, he 
reported that he had obtained from this meteorite 
“some peridots of 1 carat weight that were transpar- 
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ent and yellowish-green in color.” Unfortunately, 
he did not state whether any were cut into gems. 


FACETED PALLASITIC 
PERIDOTS IN HISTORY 


It is likely, however, that George F. Kunz had a hand 
in the extraction and perhaps even faceting of anoth- 
er pallasitic peridot, the stone shown here as figure 2. 
The catalogue, A Collection of Gems, American and 
Foreign, Cut and in Their Natural State... ., pub- 
lished by Tiffany and Co. for the 1900 Paris Expo- 
sition, reports the presence of an olivine from the 
Eagle Station, Kentucky, meteorite. This Tiffany cat- 
alogue was no doubt prepared by Kunz, who had first 
described the Eagle Station meteorite in 1887. 
According to George Harlow of the American 
Museum (pers. comm., 1992), the original accession 
card, in the handwriting of then-curator Louis Pope 
Gratacap, refers to a “cut stone and chips” as being the 
same listed in the Tiffany catalogue as no. 347. 
Unfortunately, the Tiffany catalogue does not state 
whether this stone was faceted, and there is no date 
on the Gratacap accession card, although we know the 
peridot must have been cut before Gratacap’s death 
in 1918. In light of Kunz’s propensity for faceting any 


Figure 3. The transparent character of the olivines 
in the Krasnoyarsk pallasite are evident in this 
watercolor reproduction, by John Sinkankas, of 
the color engraving of a fragment of the original 
pallasite shown in Plate VIII of Schreibers (1820). 
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American material that could be cut, it may have 
been faceted when it was displayed at the Paris 
Exposition. This stone may actually be the first faceted 
pallasitic peridot of record. 

The earliest confirmation of a faceted extrater- 
restrial peridot is given in the description by Mingaye 
(1916) of the pallasite found in 1912 near Molong, 
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Figure 4. Plate XXVU from 
Mingaye (1916) shows a slice 
of the Molong, New South 
Wales, pallasite together 
with various pieces removed 
from the meteorite and, in 
the upper left-hand corner, 
the faceted gem cut from 
one of the Molong olivines. 


New South Wales, Australia. Mingaye described the 
circumstances of the discovery, the precise location, 
the weights of the two masses comprising this mete- 
orite (approximately 204 lbs. [93 kg] and 28 lbs. [13 kg}}, 
and the chemical compositions of the metallic portion 
and the olivine. Light yellow olivine chosen for analy- 
sis gave principal components of SiO» (40.40 wt.%!}, 
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FeO (9.59 wt.%}, and MgO (47.70 wt.%)}, which falls 
mid-range for typical forsterite compositions {Arem, 
1987). Mingaye also found a specific gravity of 3.357 
and noted that “the olivine ranges from dark-black, 
shades of red, to pale lemon yellow in colour, the crys- 
tals being largely fractured in the cooling of the mete- 
orite in falling through space to reach earth. These 
were found cemented in the solid nickeliferous iron 
particles ... and one small piece free from flaws has 
been cut by the Department Lapidary as a gen stone.” 

The gem is shown in the upper left-hand corner 
of Mingaye’s Plate XXVIU, here reproduced as figure 
4. The same plate also shows a slice of the Molong pal- 
lasite, which indicates the volume occupied by olivine 
as compared to the metallic constituents. The text 
identifies Mr. W. H. Gilding of the New South Wales 
Department of Mines as the lapidary but, unfortu- 
nately, provides no further information. According 
to Dr. G. S. Gibbons of the Geological Survey of New 
South Wales (pers. comm., 1990), neither the slice 
nor the objects associated with it can now be found, 
due to relocation of the department's collections. 

Tcherwinski (1916) provided additional data from 
his study of a 109.4-gram fragment of the Molong 
pallasite. He noted that the iron is “much decom- 
posed,” but the “olivine seems here and there quite 
fresh .. . light yellow colour, inclining to green.” 
Tcherwinski also commented that he “could not, 
under the microscope, discover the primary inclu- 
sions” in the olivine. 

A much more recent attempt to obtain a gem from 
meteoritic peridot is recounted by Nininger (1972), 
who collected most of the pieces of the Brenham, 
Kansas, pallasite, which fell in the late 19th century, 
and extracted various fragments for study and disper- 
sal. He noted (pp. 83-84) that “in one instance my cut 
revealed a perfectly beautiful crystal, transparent but of 
greenish golden hue, which I determined to remove 
and have mounted in a ring for my wife... I thought. 
How romantic, to present a ring with a gem cut out of 
this world!” The peridot was taken to a jeweler, who 
was cautioned that it must be treated carefully, Finally, 
after a long delay, the jeweler admitted that he had 
broken the gem while mounting it. Nininger closed his 
anecdote with the remark that “I have never found 
another perfect crystal.” 


FACETING PALLASITIC PERIDOT 


In 1990, one of the authors (GB) noted relatively large 
transparent to translucent areas in slices taken from 
the Esquel, Argentina, pallasite, which had recently 
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been acquired by meteorite dealer Robert Haag. The 
author identified several olivines that promised to 
yield small faceted gems and took them back to Idar- 
Oberstein, Germany, where they were subsequently 
faceted by Andreas Becker (figure 5). 

The olivine “raisins” extracted from the palla- 
site slices were sawed with extremely thin diamond- 
charged saw blades, then preformed on diamond- 
charged laps, and finally faceted using the tradition- 
al, fully handheld “jamb-peg.” The flexibility of the 
jamb-peg enabled Becker to obtain maximum recov- 
ery from the rough. Polishing was performed on an 
alloy lap of 60% lead and 40% tin, charged with “dia- 
mantine” powder (aluminum oxide}. Further details 
of this cutting process have been reported by Frazier 
and Frazier (1992). 

Compared to the San Carlos basalt peridots, the 
Esquel olivines appeared to be more brittle, perhaps 
because of the greater stresses imposed on them dur- 
ing growth and, later, celestial flight and impact. Also 
because of these stresses, most of the olivines in the 
Esquel pallasite are heavily fractured. Even with a 
relatively transparent piece, the yield is only 15% to 
20%. To date, Mr. Becker has faceted fewer than 30 
peridots extracted from the Esquel pallasite. Although 
additional gem material is undoubtedly present in 
this meteorite, we do not know how much and spec- 
ulate that the sizes will continue to be small. 


Figure 5. Andreas Becker faceted the pallasitic 
peridots on the right from transparent pieces 

of olivine (like those at center} removed from 
slices of the Esquel, Argentina, pallasite similar 
to that shown on the left. 
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GEMOLOGICAL PROPERTIES OF 
PALLASITIC PERIDOTS 


Over the last year, one of the authors {JK} and a col- 
league, Chris Smith, studied the gemological prop- 
erties of a total of nine faceted meteoritic peridots 
(again, see figures | and 2), eight from the Esquel fall 
mentioned above and one from the Eagle Station pal- 
lasite loaned by the American Museum of Natural 
History (new catalogue no. 42748}. The properties 
obtained are reported in table 1 and discussed below. 


Visual Appearance. The samples range in size from a 
0.25-ct round mixed cut (3.97—4.06 x 2.18 mm} to a 
1.39-ct triangular step cut (7.14 x 7.00 x 4.82 mm}. 
They range in color from greenish yellow to yellow- 
ish green in light to medium-dark tones. Diaphaneity 
varies from transparent to translucent, depending on 
the abundance of inclusions. Compared to peridots of 
terrestrial origin, we found the colors to be less vivid 
and to be somewhat muddy in several specimens. 


Refractive Index. All of the gems were well polished, 
permitting good optical contact with the refractometer 
hemicylinder. We obtained refractive indices and 
birefringence for each of the nine gems using a near 
monochromatic, sodium-equivalent light source and 
a Duplex II refractometer. The values obtained (see 
table 1} were consistent with those known for ter- 
restrial peridots from various localities, although the 
RIL. of the Eagle Station stone was unusually high. 
According to Dr. Brian Mason (pers. comm., 1992}, 
who has studied olivines from both pallasites, the 
higher RI. for this stone is to be expected in light of 
the significantly higher Fe content of the olivines 
from the Eagle Station material as compared to those 
from Esquel and most other pallasites. 


With the refractometer, the optic character was 
found to be biaxial (confirmed with a polariscope}, 
with the optic sign varying between -, +, and +/-. 


Specific Gravity. All of the stones sank relatively slow- 
ly in methylene iodide (S.G. = 3.32), with only very 
slight differences in the sink rate. From this, the spe- 
cific gravity of the nine gems was estimated to be 3.4. 

Next, the samples were weighed hydrostatically 
on an appropriately modified Mettler CM1200 carat- 
weight electronic balance. Values averaged from three 
separate determinations done on each stone at room 
temperature ranged from 3.37 + 0.05 on the 0.34-ct 
Esquel stone to 3.47 + 0.05 for the Eagle Station stone 
(again, see table 1). These values, too, are within the 
accepted range for peridot. 


Ultraviolet Fluorescence. Under darkroom condi- 
tions, all nine gems were exposed to both long-wave 
and short-wave ultraviolet radiation. As expected for 
peridot, the stones proved to be inert and without 
phosphorescence. 


Spectroscopy. To observe the visible-light absorption 
characteristics of the nine pallasitic peridots, we used 
three different tabletop-model spectroscopes—a Beck 
prism spectroscope, a GIA GEM Instruments Discan 
diffraction grating spectroscope, and a new proto- 
type prism spectroscope also from GIA GEM 
Instruments—on all nine stones. Absorption bands 
were noted at approximately 456 nm, 474 nm, and 495 
nm. The larger and/or darker the stone was, the 
stronger the absorption features were. The spectra 
observed in these pallasitic peridots are virtually iden- 
tical to those shown by their terrestrial counterparts 
(Liddicoat, 1989). 


TABLE 1. Gemological properties of nine pallasitic peridots*. 


Locality Weight Refractive index Optic character Specific gravity 
(ct) « B ¥ Biaxial 

Argentina 0.25 1.655 1.675 1.690 = 342 + 0.05 
Argentina 0.34 1.652 1.670 1.688 H- 337 = 0.05 
Argentina 0.39 1.656 1.670 1.691 + 344 + 0.05 
Argentina 0.40 1.656 1.670 1.691 + 342 + 0.05 
Argentina 0.51 1.656 1.670 1.691 + 343 + 0.05, 
Kentucky 0.52 1,669 1.688 1.705 S 347 + 0.05 
Argentina 0.53 1,655 1,673 1.691 +/- 3.38 + 0.05 
Argentina 1.25 1.656 1.670 1.691 + 342 + 0.03 
Argentina 139 1.650 1.671 1.690 + 338 + 0.02 


®See text for details of testing methods used. 
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Figure 8. The 1.25-ct stone contained reddish 
brown, iron-stained patches oriented in cleavage 
planes. These may be the result of the oxidation of 
tiny nickle-iron particles derived from the parent 
meteorite. Photomicrograph by John I. Koivula; 
magnified 30 x, 


CONCLUSION 


The olivine-rich meteorites known as pallasites some- 
times contain areas of olivine that are large and trans- 
parent enough to yield small faceted gems of the 
peridot variety. To date, however, few such stones 
have been cut and they must, therefore, be counted 
as among the rarest of all gems. 

The earliest faceted specimen may well be the 
Eagle Station, Kentucky, stone in the collection of 
the American Museum of Natural History in New 
York. We know that an olivine displayed by Tiffany 
& Co. in 1900 was described as “cut” in an American 
Museum accession card that must have been written 
before 1918. A more certain date is ascribed to the gem 
cut from the Molong, New South Wales material, 
this fall was discovered in 1912 and, by the time 
Mingaye furnished his description and color plate in 
1916, the gem had already been cut. Another attempt 
at gem use of pallasitic peridot—this time from the 
Brenham, Kansas, pallasite—was made by H. H. 
Nininger some time in the late 1920s. The fortunate 
appearance of the olivine-rich Esquel meteorite and 
the extraction and cutting of faceted stones there- 
from by Andreas Becker greatly enlarges our resources 
of this extreme rarity among gems. 

The pallasitic peridots examined for this study 
proved to be remarkably similar to terrestrial peri- 
dots. The most notable difference is the presence of 
acicular inclusions in the Esquel and Eagle Station 
material that have never been recorded in terrestrial 
peridots. While substantial differences in properties 
were noted between the material from the two mete- 
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Figure 9. The reddish brown, iron-stained patches 
shown in figure 8 were reflectively iridescent when 
viewed in incident light, and all proved to be ori- 
ented in the same plane. Photomicrograph by John 
I. Koivula; magnified 30 x. 


orites, these appear to be related to the special char- 
acter of the Eagle Station olivines (B. Mason, pers. 
comm., 1992), 

Numerous museum collections around the world 
contain specimens of pallasites with olivines suit- 
able for faceting into gems, although most finished 
stones would weigh less than one carat. Experience 
with the cutting of the Esquel stones suggests that no 
special problems should be anticipated in preforming, 
faceting, and polishing pallasitic peridots, aside from 
their tendency toward brittleness. 


Figure 10. The 1.39-ct peridot contained a 0.6-mm- 
diameter rounded particle with a dark metallic 
luster. Such particles may be composed of elemen- 
tal nickel-iron. Photomicrograph by John I. Koivula. 
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CALCAREOUS CONCRETION 
From the Bailer Shell? 


East and West Coast labs examined yet 
another unusual nonnacreous calcare- 
ous concretion. The opaque light 
brownish yellow sphere measured 
approximately 27 mm in diameter and 
showed a sheen-like effect over its 
entire surface (figure 1), When the 
sphere was examined with low-power 
magnification, the flame-like structure 
commonly seen in conch or various 
clam concretions became visible. 
Because of the much larger size and 
unusual coloration of this concretion, 
we reasoned that it must have been 
produced by a different mollusk. The 
visual characteristics are similar to 
those of concretions found in the Bailer 
shell (Melo amphora), which lives in 


Figure 1. This 27-mm-diameter 
calcareous concretion is similar 
to those found in the Bailer 
shell, Melo amphora. Note the 
sheen and flame-like structure. 
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the Indio-Pacific region, as noted in the 
November 1990 issue of Australian 
Gemmologist. KH 


DIAMOND 

With Aggregate Crystallization 

A major New York diamond dealer 
recently found a remarkable aggregate 
of two gem-quality diamond crystals 
in his CSO sight. It was examined by 
GIA Research and both East and West 
Coast laboratories. 

Each of the two diamonds in the 
aggregate are rounded dodecahedra with 
etched faces (figure 2}. Unlike a twin 
crystal, they grew together with no par- 
ticular common crystallographic ori- 
entation. The most likely hypothesis is 
that the two diamonds were very close 
to each other during growth and ended 
up growing into each other at random, 
forming the aggregate. 

Although such aggregates are com- 


Figure 2. Two gem-quality dia- 
mond crystals have grown 
together to form this unusual 
aggregate, which weighs 3,34 ct. 
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Figure 3. These dice (15.94 and 
18.04 ct, respectively) were 
fashioned from natural-color 
black diamonds. The smaller 
measured approximately 10 
mim ona side; the larger, 
approximately 10.5 mm. 


mon for fast-growing, industrial-qual- 
ity diamonds, the probability of this 
type of aggregate growth occurring in 
slow-growing, gem-quality diamonds 
is very low. We at GIA know of only 
one other such aggregate. 

Emmanuel Fritsch 
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Figure 4. A brown cross-like 
cloud is a focal point in each of 
these 1.28- and 1,38-ct natural- 
color gray diamonds. 


Black Dice and 

Gray with “Crosses” 

The handsome pair of faceted black 
diamond dice shown in figure 3 were 
recently submitted to the East Coast 
lab for origin-of-color determination. 
We do not know the crystal form of 
the rough from which they were cut. 
However, we determined them to be 
natural color. Near-colorless round- 
brilliant diamonds were used to form 
the spots én‘the dice. 

We wete also asked to determine 
origin of color for a pair of dark gray 
square modified brilliants, which 
weighed 1.28 and 1.38 ct. Each stone 
contained a brown octahedral cloud 
that had been cleverly oriented by the 
cutter to appear as a central cross (fig- 
ure 4), These stones were also natural 
color. GRC 


Figure 5. Prominent etch marks 
can be seen on the surface of this 
1-ct diamond that was damaged 
ina fire. Magnified 18 x, 
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Fire Damaged 


Figure 5 shows the remains of an 
approximately 1.00-ct round-brilliant- 
cut diamond that was salvaged from 
the ashes of a home destroyed in last 
fall’s Oakland, California, fire. The 
damaged stone was shown to East 
Coast lab staff by a New York client, 
who was recutting the stone. 

To the unaided eye, the fragment 
had a gray, frosted surface. When the 
surface was examined with magnifi- 
cation, etch marks could be seen all 
over it, similar to those seen on rough 
diamond crystals. For example, the 
table had prominent square pits— 
resembling those that sometimes occur 
on natural cube faces of gem-quality 
diamonds. Several pavilion facets 
(which must have approximately par- 
alleled the octahedral faces) had trian- 
gular etch pits, like the trigons 
sometimes seen on the octahedral sur- 
faces of rough diamonds. 

It would be interesting to know 
what conditions produced the etching. 
Was the diamond in an area of the fire 
that had an ample air supply or one 
deprived of air, that is, an oxidizing or 
reducing atmosphere? Were chemi- 
cals involved? 

Whatever the conditions, damage 
was confined to the surface. After 
recutting, a “new,” 0.51-ct stone (figure 
6} emerged from the badly damaged 
original. GRC 


Figure 6. The fire-damaged stone 
shown in figure 5 was recut to 
produce this 0.51-ct diamond. 
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Green, with Natural 
Surface Color 


In our ongoing study and documenta- 
tion of green diamonds at both labs, 
we welcome every opportunity to fol- 
low rough diamonds through the man- 
ufacturing process (see Gems & 
Gemology, Summer 1991, p. 109}. 
These repeated observations allow the 
labs to examine how properties—such 
as U.V. luminescence, U.V.—visible and 
infrared spectra, and color distribu- 
tion—may change with cutting. We 
have noted that some absorption fea- 
tures are altered or created, most like- 
ly because of heat generated during 
cutting and polishing. 

The 7.56-ct octahedral crystal 
shown in figure 7, examined in the East 


Figure 7. This 7.56-ct (12.33 x 
12.17 x 12.13 mm) octahedral 
diamond is an example of rough 
with green surface color. 


Coast lab, is a surface-color green dia- 
mond. Note the abundant starburst- 
like green radiation stains (estimated 
depth of penetration, 0.20 mm], which 
resulted from exposure to alpha parti- 
cles emitted by radioactive nuclides. 
The crystal (reportedly from Brazil} also 
had a few brown radiation stains in 
one area (figure 8}. Because of their 
close proximity to a green stain, also 
seen in figure 8, they could not have 
resulted from a general heating. 
Surface-colored green rough rarely 
yields a finished stone with any green 
color. However, this stone was cut care- 
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Figure 8. Brown stains were 
observed next to a green one 
at a trigon on the rough dia- 
mond shown in figure 7. 
Magnified 126 x. 


fully to enhance the very shallow lay- 
er of color through internal reflections. 
The crystal was sawed off-center, pro- 
ducing a 6.02-ct square modified bril- 
liant (figure 9) and an 0.88-ct cut 
comered rectangular mixed cut. The 
cutter obtained an almost unbelievable 
weight recovery of over 91%! 

No special precautions were tak- 
en to cool the stone during manufac- 
ture, yet the radiation stains remained 
green. Total sawing time was approx- 
imately 26 hours, The longest contin- 
uous sawing time was 12 hours, and 
the longest continuous cutting or pol- 
ishing operation took four hours. 

As part of his effort to retain some 
of the shallow green color in the fin- 
ished stones, the cutter left extremely 
large naturals on the upper pavilions 
of both. Naturals comprise about 30% 
of the surface area of the 6.02-ct stone, 
including the girdle (figure 10). When 
we examined the two stones table 
down, with a view through the pol- 
ished parts of the pavilion, we deter- 
mined the body color of both to be a 
slightly greenish yellow, approximate- 
ly equal to “M” on the GIA color-grad- 
ing scale. However, the size, position, 
and surface color of the naturals 
allowed both stones to retain enough 
color to qualify, faceup, as fancy or fan- 
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Figure 9. This 6.02-ct stone was 
cut from the 7.56-ct rough 
diamond in figure 7, together 
with a smaller, 0.88-ct, stone. 


cy light grades. The 6.02 was graded 
Fancy Grayish Yellowish Green and 
the 0.88, Fancy Light Yellowish Green. 

Both the rough and finished stones 
fluoresced weak orange to long-wave 
U.V. radiation, but were inert to short- 
wave U.V. No graining was visible in 
the original crystal, but cutting revealed 
weak planar graining along octahedral 
planes. There was no detectable trans- 
mission luminescence with microscope 


Figure 10. To retain as much of 
the original green as possible, the 
cutter left large naturals on the 
pavilion surfaces and girdle of 
both the 6,02-ct diamond shown 
in figure 9 and its smaller coun- 
terpart. This cutting technique 
also undoubtedly contributed to 
the exceptional weight retention. 
Magnified 15 x. 


illumination, or when the stones were 
iNuminated by the lamp in the desktop 
spectroscope. A Victoreen Geiger 
counter (see Gems # Gemology, 
Winter 1988, p. 196} registered no radi- 
ation above background levels in either 
the rough or the finished stones, elim- 
inating the possibility of treatment 
with a radioactive compound such as 
radium bromide. 

The spectral features, as observed 
with a spectrophotometer, were con- 
sistent with those of known natural 
surface-color rough and polished dia- 
monds. The rough crystal showed a 
spectrum with strong Cape lines, a 3H 
center at 504 nm, and a moderate- 
strength GRI center from radiation. 
The zero-phonon line of this center at 
741 nm was well defined, but broad— 
as observed in other natural-color 
stones with abundant green surface 
stains. The larger finished stone yield- 
ed an identical optical spectrum. The 
smaller stone showed no 3H absorp- 
tion and only a very weak GR1, which 
may have resulted from the passage of 
a large flux of heat through a small 
stone during cutting and polishing. It is 
also possible that the spectral differ- 
ences reflect an uneven distribution of 
impurities in this diamond crystal. 
Most diamond crystals are chemically 
inhomogeneous, which can lead to 
both spectral and color differences in 
stones cut from a single piece of rough. 

TM and Hene Reinitz 


EMERALD 


Identifying inclusions in an emerald is 
one of the most important ways of 
determining synthetic or natural ori- 
gin. The East Coast lab received two 
green stones, reportedly emeralds, with 
very similar-looking inclusions. 
Microscopic examination of one stone 
(1.19 ct} revealed spicule-like inclu- 
sions (figure 11) that, along with other 
gemological tests, identified it as a 
hydrothermally grown synthetic emer- 
ald. Spicule-like inclusions in syn- 
thetics are two-phase growth features 
capped by transparent-to-translucent 
irregularly shaped crystals that, in syn- 
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Figure 11. This spicule-like 
inclusion in a synthetic emerald 
has a transparent crystal cap 
typical of hydrothermally grown 
material. Magnified 126 x. 


Figure 12, This inclusion in a 
natural emerald appears similar 
to the spicule shown in figure 
11. However, it is probably a 
tapered growth blockage; note 
that the crystal cap is opaque 
and yellow. Magnified 60 x. 


thetic emerald, are usually phenakite. 

Initial examination of the other 
specimen (a 2+-ct stone mounted in a 
ring) revealed inclusions similar in 
shape to the ones seen above (figure 
12}, which might suggest that this 
stone was also a synthetic. However, 
the high refractive index, presence of 
hexagonal crystals (probably calcite}, 
and observation of type 1 and type 2 
H,0O bands in the infrared spectrum, 
in combination with other gemological 
tests, led us to conclude that it was a 
natural emerald. Closer inspection with 
the microscope revealed that the 
spicule-like inclusions—probably 
tapered growth blockages—were dif- 
ferent from those seen in synthetic 
stones; in particular, the euhedral crys- 
tal caps were opaque and yellow. This 
is another example of the hazards of 
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making an identification based on only 
one characteristic or test. 
Nicholas DeiRe 


Imitation LAPIS LAZULI 


Figure 13 illustrates one of the most 
unusual lapis lazuli imitations ever 
seen in the West Coast laboratory. To 
the unaided eye, the opaque, slightly 
violetish blue 4-ct rectangular bar-cut 
cabochon appeared to be fine lapis 
lazuli. However, the stone lacked the 
smooth texture and high polish that 
contributes to the attractiveness of 
lapis. With oblique illumination, a dis- 
tinct granular structure—similar to 
fine-grained marble—was visible. With 
magnification, the structural charac- 
teristics became more obvious. The 
material consisted primarily of trans- 
parent near-colorless tabular grains, 
interspersed with irregularly shaped 
opaque blue areas that produced the 
prominent blue color (figure 14). 
Gemological properties were deter- 
mined as follows: R.I.—1.55 (spot 
method}, §.G.—2..85 (estimated by 
heavy liquids). The stone fluoresced a 
strong chalky greenish yellow to short- 
wave U.V. radiation, but weak red to 
long-wave U.V. There was no reaction 
to the hot needle of the thermal reac- 
tion tester and no evidence of dye when 


Figure 13, This 4-ct imitation 
superficially resembles fine- 
quality lapis lazuli, 
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Figure 14. At 30 x magnifica- 
tion, transparent, near-colorless 
granules and areas of blue col- 
oration are readily apparent in 
the stone shown in figure 13. 


a white cotton swab soaked with ace- 
tone was gently rubbed over the sur- 
face. Chemical analysis by EDXRF 
showed Si, Al, Mg, K, Ca, and trace 
amounts of Ti, V, and Fe. X-ray dif- 
fraction testing on both near-colorless 
and colored areas revealed pattems that 
matched phlogopite mica. These prop- 
erties indicated that the stone was a 
manufactured product, possibly a 
ceramic. The coloring agent has yet to 
be identified. KH 


OPAL, with Natural 
Cellular Structure 


The West Coast laboratory examined a 
spectacular natural opal with an unusu- 
al mosaic pattern to the play-of-color 
(figure 15}. The extraordinary play-of- 
color layer comprised about one-quar- 
ter of the thickness of the stone, while 
the rernaining three-quarters were pri- 
marily natural gray potch, with only 
some minor play-of-color visible. The 
vivid geometric play-of-color patches 
ranged through all the spectral colors 
when the stone was moved under a 
stationary light source. The patches 
were separated from each other by fine 
serrated seams of black potch. 

Several play-of-color patches had a 
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Figure 15. An excellent example of mosaic pattern to the play-of 
color is seen in this 7.86-ct (20.28 x 16.66 x 4.66 mm) natural opal. 


Figure 16. The natural “honeycomb” structure in the opal shown 
in figure 15 is readily apparent with oblique fiber-optic illumma- 


tion. Magnified 30 x. 


fine “honeycomb” cellular pattern (fig- 
ure 16} that, at first glance, closely 
resembled the snakeskin effect seen in 
synthetic black opal. In synthetic black 
opal, however, each individual patch 
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of color can be followed deep into the 
stone. Natural patches tend to be much 
shallower and less uniform in their 
penetration. Also, the natural patches 
vary more in size and shape. 


Gemological properties of this opal 
are consistent with those of Australian 
black opal, with a 1.44 spot R.I. reading 
on the Duplex II refractometer. The 
stone fluoresced a strong chalky blue to 
long-wave U.V. radiation, and phos- 
phoresced a moderate greenish white. 
Gilson and Inamori synthetic opals flu- 
oresce a dull yellowish green with no 
phosphorescence. The stone showed 
some crazing, a subtle reminder that 
such perfection in nature rarely comes 
without a price. 

Patricia Maddison 


Unusual POLYNESIAN 
CULTURED PEARLS 


Natural-color black South Seas cul- 
tured pearls are usually nucleated with 
approximately 9-mm_-diameter shell 
beads made from any one of several 
varieties of American freshwater mus- 
sels. As with other bead-nucleated cul- 
tured pearls, the shell bead usually 
comprises most of the weight and vol- 
ume of the pearl. The South Seas prod- 
uct, however, generally has a thicker 
nacre deposit. 

The East Coast lab recently tested 
the beautiful natural-color black cul- 
tured pearl necklace shown in figure 
17. The cultured pearls ranged in size 
from approximately 12 to 16 mm, 
When the necklace was X-rayed, we 
were surprised to see that two of the 
pearls (marked in figure 17} lacked bead 
centers. However, the X-radiograph (fig- 
ure 18) does show some evidence of 
mantle-tissue nucleation in both. 

We hypothesize that these two 
cultured pearls lost contact with the 
mantle tissue at an early stage after 
growth was initiated. Such pearls are 
usually not very large, but these grew 
to approximately 14 mm. DH 
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PINITE 

From time to time we encounter 
carved gem materials or beads that are 
euphemistically called jade, as the 
green bead shown in figure 19 was rep- 
resented to our client. 
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Figure 17. The natural-color 
black cultured pearls in this 
necklace range from 12 to 16 
mm, The two marked pearls, 
which we believe are also cul- 
tured, did not show bead nuclei 
in the X-rddfograph (figure 18). 


However, routine gemological 
testing by the East Coast lab proved 
that this material was not jadeite, 
nephrite, or even serpentine—a com- 
mon jade substitute. The refractive 
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Figure 18. The X-radiograph 
of the necklace in figure 17 
revealed that two pearls do 
not have bead nuclei. 


index was 1.57; the specific gravity 
{obtained by the hydrostatic method} 
was approximately 2.80, the hardness 
test (performed inside the drill hole} 
was about 31/2 on the Mohs scale. 
There was no reaction to hydrochlo- 
ric acid or the color filter. 

Because of the many massive min- 
erals that could have similar proper- 
ties, we turned to X-ray diffraction 
analysis. X-ray diffraction proved this 
material to be pinite, a form of mus- 
covite mica. A pinite carving that we 
previously identified is described and 
illustrated in Gerns &) Gemology, Fall 
1983, p. 176. 

The bead also showed chromium 
absorption lines in the hand spectro- 
scope. Care must be taken when eval- 
uating these lines because strong 
chromium lines may sometimes 
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Figure 19. This 9.80-mm_-diame- 
ter pinite bead was sold as jade. 


resemble aniline dye bands. X-ray flu- 
orescence analysis confirmed the pres- 
ence of chromium. DH 
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Joun I. KoivuLA, ROBERT C, KAMMERLING AND EMMANUEL FRITSCH, EDITORS 


TUCSON ‘92 


As in years past, the Gem News editors traveled to Tucson, 
Arizona, in February to attend the many concurrent gem 
shows. These range from sophisticated presentations like 
the AGTA Gem Fair in the Tucson Convention Center to 
“tailgate” shows set up at gas stations and in open lots. 
Following are some of the highlights of this year’s events, 
based on the editors’ observations and those provided by oth- 
er GIA staff members. 


DIAMONDS 


Colored diamonds, Colored diamonds were abundant in 
small sizes. Brownish yellow to grayish yellow to brown 
were most common, although one booth was filled with nat- 
ural pink diamonds. Most unusual was a series of white 
“opalescent” diamonds from the Panna mine in India, dis- 
played by Mahlotra Inc. of New York. Colored diamonds 
with a well-documented geographic origin are rare. GIA 
Research tested three of these “opalescent” stones. The 
properties of all were typical of this kind of diamond: All 
were pure type IaB, with unusually intense hydrogen-relat- 
ed absorptions in the infrared region of the electromagnet- 
ic spectrum, and all had pervasive whitish graining. 


Figure 2. These fine-quality amazonite cabochons, 
4.03 ct (left) and 3.07 ct (right), are from the 
Marambaia region of Minas Gerais, Brazil. Photo 
by Maha Smith. 
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Figure 1. This 6.04-ct fire agate has a natural frame 
of near-colorless, almost transparent chalcedony. 
Photo by Maha Smith. 


COLORED STONES 


Unusual fire agate. Although some exceptionally fine fire 
agates were displayed in the main shows this year, the 
most interesting specimen seen by the editors was found at 
a small roadside stand. The iridescent botryoidal center of 
this 6.04-ct (15.66 x 14.31 x 3.87 mm) agate is surrounded 
by almost transparent, near-colorless chalcedony instead of 
the typical brown translucent to opaque material (figure 1). 


Fine ainazonite from Brazil. Fine-quality amazonite from 
the Marambaia region of Minas Gerais, Brazil, was available 
in cut form. This particular greenish blue material showed 
little of the white, grid-like mottling we usually associate 
with this feldspar variety (figure 2], although close exami- 
nation revealed a somewhat uneven texture and the sub- 
surface sheen typical of amazonite. Standard gemological 
testing yielded properties consistent with those reported 
in the literature for amazonite. 


Baltic amber more plentiful. With the opening of Eastern 
Europe, Baltic amber has become more plentiful. We saw 
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a number of dealers from Poland, primarily selling polished 
pieces and jewelry such as pendants. Although most of 
what we saw was promoted as—and appeared to be—natural 
amber, some dealers also offered reconstructed material. 
Visual examination of some of the latter specimens revealed 
the grain boundaries typical of this sintered material. 


Faceted apatites from Madagascar. Greenish blue apatite 
from Madagascar first appeared at Tucson last year, most- 
ly in the rough. This year, large quantities of faceted mate- 
rial from this occurrence were available, with clean stones 
over 3 ct fairly common. It is surprising to see apatite being 
faceted for jewelry use because it is too soft (5 on the Mohs 
scale} for use in items such as rings. 


African aquamarine. We noted aquamarines from several 
African sources. The firm of Gebriider Bank displayed a 
few dozen beautifully faceted medium-dark-blue stones 
ranging up to 16.41 ct. Peter Kiecksee reported that these 
were from a new find in Mozambique, a country that is a 
known source of stones of this exceptional color. It was 
not clear whether this material was from a new locality 
or from a recent find in a previously worked mine. 

The firm of Gebriider Henn of Idar-Oberstein had sev- 
eral dozen extraordinary specimen-quality crystals that 
reportedly «were from a new source in Nigeria. The dark 
greenish blue crystals were transparent and heavily etched. 
Some measured almost 10 cm (4 in.) long. 

Aquamarines from Zambia were again available. These 
stones were typically slightly grayish blue in some of the 
darker tones in which this beryl variety is found. 


Axinite from Russia. We saw a small number of excep- 
tionally fine crystals of the rare gem mineral axinite, with 
edges so sharp that one of the editors actually cut a finger 
on a crystal. William W. Pinch, of Pittsford, New York, 
provided a large, fine example for examination. This 36.6- 
mm_-long crystal (figure 3) showed gemological properties 
consistent with axinite. Mr. Pinch reported the locality as 
the Poly Ural Mountains, Komi Region, northern Russia. 
Because of their rarity and exceptional form, it is unlikely 
that these crystals will ever be used as faceting material. 


Beryl] from Russia. The need for hard currency in Russia was 
apparent from the abundance of yellow to blue beryl from 
this region seen at Tucson this year. 


Chrysocolla-colored chalcedony from Mexico. One of the 
more vividly colored varieties of chalcedony is the slight- 
ly greenish blue material colored by finely disseminated 
inclusions of the copper mineral chrysocolla. Much of the 
fine-quality material we have seen has come from copper- 
mining areas of Arizona. 

This year, in addition to the Arizona material, we saw 
large quantities from a locality in central Mexico. According 
to two California dealers, Michael Randall of Gem 
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Figure 3. This exceptional axinite crystal, 36.6 mm 
long, is from Russia. Courtesy of William W. 
Pinch; photo by Maha Smith. 


Reflections and Glenn Lehrer of Lehrer Designs, the mate- 
rial is recovered from a large copper mine, on a level some 
350 m below the surface. 

The material we saw was semi-transparent—some 
facet quality (figure 4)-to almost opaque. Generally, the 
Mexican chrysocolla appears evenly colored, although 
examination in strong transmitted light revealed a mot- 
tled texture in several specimens. 

One interesting feature of this Mexican material is its 
porosity. Both color intensity and transparency can be 


Figure 4, Mexico is reportedly the source of this 
0.82-ct faceted chrysocolla chalcedony. Photo by 
Maha Smith, 
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Figure 5, The 9.456-ct chrysocolla cabochon on the 
left is untreated; the 9.319-ct one on the right was 
soaked in water for several hours, with an appar- 
ent improvement in color and diaphaneity. 
Courtesy of Chris Boyd, CB Gems, Scottsdale, 
Arizona; photo by Maha Smith. 


improved by leaving the stones in water from one to sev- 
eral hours, similar to the effect observed in hydrophane 
opal. To illustrate this effect, the editors borrowed two bul- 
let cabochons of nearly identical size and color. They 
retained one cabochon as the control sample (figure 5, left} 
and immersed the other in water for several hours. The 
water produced a notable change in both color and diaphane- 
ity (Agure 5, right} as well as an approximately 0.25% 
increase in weight (from 9.2.96 ct to 9.319 ct}. Some dealers 
said they were experimenting with polymer impregnation 
to produce a more permanent enhancement. 


Commercial “fantasy” cuts. Gems that combine faceting 
and carving techniques, known as “fantasy” cuts, were 
again prevalent. This year, though, these included not only 
the typical one-of-a-kind miniature works of art, but also 
large quantities of calibrated, commercial-quality gems 
such as blue topaz and amethyst. Some hybrid cuts were 
very simple, with traditional outlines, modified faceting 
styles, and a series of grooves cut into their pavilion facets 
(figure 6). 


Cat’s-eye emerald. Although usually quite rare, cat’s-eye 
emerald was offered by a number of dealers. David 
Kaassamani and Co. brought a collection of 75 cat’s-eye 
green beryls and emeralds that ranged from a few points up 
to approximately 6 ct. Mr. Kaassamani reported that all 
had been mined within the last six months at Santa 
Terezinha de Goias, Brazil. James T. Drew, Jr., of Star Gem, 
who was also offering some of these stones, added that 
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most of the chatoyant material is found in isolated pockets 
in what is known as “area 67” of Santa Terezinha. 


Moldavite plentiful, Czechoslovakian moldavite tektites 
seemed more plentiful this year, with several dealers spe- 
cializing in this material. One notable specimen contained 
an exceptionally long {8 mm} bubble (figure 7). 


Fire opal from Mexico. Faceted opal from Querétero, Mexico, 
in colors ranging from orange to orangy red, was being 
offered by several dealers. CB Gems of Scottsdale, Arizona, 
was selling cut gems as large as 71.92 ct. Rough material was 
also available, with one dealer offering matrix specimens. 


Update on peridot. An unusual number of large, good-col- 
or peridots were available this year. In the past, relatively 
few faceted stones over 2. ct have been offered, with many 
of the larger ones having a strong, undesirable brown com- 
ponent. 

One dealer explained that these larger stones come 
from a new area of the San Carlos deposits. Traditionally, 
much of the peridot in the market was extracted from dig- 
gings at the top of a basalt mesa on the San Carlos Apache 
Reservation. Recently, however, Apache miners started 
working new deposits in a canyon below the mesa. First, 
they remove the overburden with a bulldozer. Then, they 
use drills and explosives to extract large blocks of basalt. 
Last, they break the blocks open with sledgehammers and 
pry bars, revealing pockets that sometimes contain better- 
color pieces in the 5- to 35-ct range. 

Some very nice peridots from China were also available, 
notable for their “purer” green color. Also, Rudi Cullman 
of Idar-Oberstein indicated that peridot, mixed with yellow 
feldspar, is being smuggled out of Ethiopia. The color of 
the Ethiopian peridot is yellowish green, comparable to 
average Arizona material. 


Figure 6. These two amethysts (1.46 and 2.85 ct) 
and blue topaz (2.90 ct) are examples of some of 
the commercial “fantasy” cuts available at 
Tucson. Photo by Maha Smith. 
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Pietersite from Namibia. Hawk’s-eye is a dark blue, silici- 
fied form of the fibrous asbestos mineral crocidolite. It 
often contains oxidized yellowish brown areas of tiger’s-eye 
where the crocidolite has been replaced by quartz. When cut 
en cabochon, this material displays chatoyancy. One major 
source of hawk’s-eye is South Africa. 

Pietersite is a lesser-known dark blue, silicified variety 
of crocidolite. Unlike hawk’s-eye, the fibers in pietersite are 
not parallel but rather form an irregular patchwork of “bun- 
dles,” some of which exhibit sheen (figure 8). 

According to Hannes Kleynhans of Tiger-Eye Manufac- 
turing, Hermanus, South Africa, pietersite is a brecciated 
form of hawk’s-eye. It is named after Syd Pieters, who dis- 
covered the source in 1962 at a locality called Outjo approx- 
imately 350 km northwest of Windhoek, Namibia. 
Approximately 2.5 metric tons of the material was recov- 
ered over the past two years. 


Figure 7, This 14.65-ct fashioned moldavite tektite 
contains a remarkable 8-mm-long bubble. Photo 
by Maha Smith, 


Rubies and sapphires from Vietnam. Probably the most 
talked-about new source this past year, Vietnamese rubies 
and sapphires seemed to be everywhere. GIA staff members 
noted at least a dozen different dealers, with rubies and 
pink sapphires ranging from melee sizes to around 3 ct. 
The largest stone seen was a 7.18-ct oval-mixed-cut pink 
sapphire. One vendor had 11 faceted rubies in the 2- to 3- 
ct range; the largest weighed 3.14 ct and was of exception- 
al color and clarity. Also available were green and dark 
blue sapphires from Vietnam. 


New ruby deposit in Namibia. Dr. Madan Aggarwal of 
Nairobi, Kenya, informed us that a new ruby deposit has 
been discovered near Wentrop, Namibia. The rock associ- 
ation is similar in appearance to that found in Longido, 
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Figure 8. Pietersite (17.26 ct, left) is a brecciated 
form of hawk’s-eye (19.23 ct, right). Courtesy of 
Hannes Kleynhans; photo by Maha Smith. 


Tanzania: Large ruby crystals with gemmy areas are 
enclosed in a gray-green mica. Some of the crystals reach 
several centimeters in their longest dimension. Faceted, 
transparent stones of up to one carat could be cut from the 
gemmy areas. 


Australian ruby. The Queensland Opal Corp. displayed 
several samples of pink sapphire and ruby from a mine 
they recently acquired in central Australia. These includ- 
ed several well-formed, platy, hexagonal crystals that were 
essentially opaque but contained some transparent areas. 
The largest crystal, although not of gem quality, was almost 
7.5 cm (3 in.) long. Fashioned material displayed included 
three ruby cabochons in the 1- to I.5-ct range and two rel- 
atively transparent star rubies in the 1-ct range. 


Rubies and pink sapphires from Azad Kashmir, Pakistan. 
Shams-Ur-Rehman, a recent GIA graduate from Peshawar, 
Pakistan, had a large selection of mineral-specimen-quali- 
ty, translucent to semi-translucent ruby and pink sapphire 
crystals in matrix from Nagi Mali, a remote area of north- 
em Azad Kashmir, Pakistan. This relatively new locality is 
reportedly only a few hundred kilometers from the famous 
blue sapphire source in neighboring Kashmir, India. 


Ruby in zoisite. This omamental material from Longido, 
Tanzania, consists of opaque crystals of hexagonal ruby 
and pinkish purple sapphire in a green chromian zoisite 
matrix. Several dealers offered large quantities as irregular 
blocks of rough or as cabochons and beads, small carvings, 
spheres, and eggs (see figure 2 of the article on green zoisite 
in this issue for a photo of this material}. According to one 
vendor, the mine continues in full production. 


Chinese blue spinel. China continues to produce small 
quantities of interesting natural gems. Pete and Bobbi 
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Flusser of Overland Gems, Los Angeles, offered several 
medium-dark violetish blue “cobalt” spinels from China. 
All pieces were fairly large, from 4 to 14 ct. One contained 
unusual whitish needles that appeared to be oriented at 
90° degrees to each other. 


Tourmaline from Paraiba, Brazil. Although the saturated 
tourmalines from Parafba, Brazil, were available from many 
different dealers this year, there were significantly fewer 
stones than in the previous two years. However, a knowl- 
edgeable source reported that the conflict over mining 
rights has been resolved and mining has been resumed. 


Fine tourmalines from Africa. GIA staff members noted 
attractive tourmalines from various African sources. Carl 
Friedrich Amoldi displayed medium-light to medium-dark 
pink tourmalines—many resembling fine kunzite—from 
Nigeria. The stones averaged 2. ct and appeared to be rela- 
tively clean. 

Both Bill Barker and Pala International offered nice- 
color rubellite from a recently discovered gem pocket in 
Namibia. They reported that a few hundred kilos of gem- 
quality material from this find was being fashioned. 

Also noted were some vividly colored pink tourmalines 
from Madagascar, in sizes averaging 2. ct. The dealer who 
had them indicated, however, that he suspected the unusu- 
al color was due to artificial irradiation. 


Green zoisite from East Africa. Green zoisite was the sub- 
ject of considerable interest, but only a few faceted stones 
were available. Many were brownish green; only a few were 
the much-publicized “emerald” green. [Editor’s note: See the 
article by N. R. Barot and E. Boehm in this issue for a 
detailed discussion of green zoisite.| 


Rare gemstones from Mont St.-Hilaire. Art Grant of 
Hannibal, New York, and Gilles Haineault of Montreal, 
Canada, had some rare faceted gemstones from the famed 
Poudrette quarry in Mont St.-Hilaire, Quebec. These includ- 
ed very brilliant, near-colorless cryolites up to 1.35 ct, and 
yellow to green, somewhat cloudy, shortites up to 2.37 ct. 
Faceted colorless pectolite as large as 0.85 ct represents the 
rare transparent variety of this gem species, which is best 
known for its opaque-to-translucent blue variety (sold under 
the trade name “Larimar”}. Also notable were a 1.49-ct 
included, “pistachio” green leucophanite with strong pink 
luminescence and two rare, transparent, predominantly 
orange serandites, 1.36- and 1.38-ct emerald cuts. Most 
interesting was burbankite, a newcomer to the gem world, 
which shows a remarkable color change from greenish 
brown in fluorescent light to reddish brown in incandescent 
light. The largest piece weighed 6.62. ct and was very clean. 


ENHANCEMENTS 


Update on diffusion-treated sapphires. Blue diffusion-treat- 
ed sapphires were the most talked-about enhanced gem at 
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Figure 9, At 3mm in diameter and with an aver- 
age weight of 0.12 ct, these were the smallest com- 
mercially produced blue diffusion-treated 
sapphires encountered by the editors. Photo by 
John I. Koivula. 


Tucson this year, with significant quantities available. 
Joseph A. Rott of Sabeena International, New York City, told 
the editors that he had approximately 12,000 ct at the show, 
with a total of 120,000 ct of fashioned goods in inventory. 

Apparently, production has been geared to meet the 
needs of large-scale jewelry manufacturers. For example, 
Novastar Corp. of Fairfield, Iowa, was offering a number of 
traditional cuts—rounds, ovals, marquises, pear shapes, 
heart shapes, and emerald cuts—in a range of calibrated 
sizes. Stones were also available in a variety of weights, from 
under 20 points to over 50 ct. 

The smallest commercially available stones we saw 
were 3-mm rounds, weighing an average of 0.12 ct (figure 9}. 
According to Joseph Rott, this is the smallest size his firm 
markets, because anything smaller cannot be priced com- 
petitively against natural-color stones. Jeffrey Bergman of 
Gem Source, Las Vegas and Bangkok, further explained that 
the surface layer damaged by the diffusion-treatment heat 
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is essentially the same depth regardless of the size of the 
stone. Stones smaller than 3 mm are uneconomical because 
more than half the weight of the stone would be lost in 
repolishing. However, Mr. Bergman showed the editors a 
number of diffusion-treated stones approximately 2. mm in 
diameter that he had produced for experimental purposes. 

Although rumors abounded of diffusion-treated sap- 
phires with a much greater depth of color penetration, we 
were shown no stones that were reported to have been so 
treated. Using a portable instrument designed to detect dif- 
fusion treatment (see entry below}, GIA researchers per- 
formed spot-checks on the full range of sizes of blue 
diffusion-treated sapphires offered by various firms. These 
examinations revealed diagnostic features consistent with 
those previously reported in the literature for diffusion- 
treated sapphires. 

We saw no diffusion-treated corundum in colors oth- 
er than blue, although more than one dealer stated that 
they were experimenting with other hues, including red 
and yellow. Two dealers reported some success in diffusing 
a red layer into the surface, but penetration was shallow and 
produced only a pink overall body color after repolishing. 


Blue enhanced opal. Gerard and Joyce Raney of Redwood 
City, California, showed one of the editors some unusual 
enhanced opals that resembled Australian black opals. 
They reported that the starting material, from Brazil, is a 
highly porous, chalky white, hydrophane opal with a weak 
play-of-color (figure 10, left), The rough material is first 
soaked in a chemical mixture of potassium ferrocyanide 
and ferric sulfate to produce a dark “Prussian blue” color 
throughout. Once it is dry, the rough is placed in a slight- 
ly warmed plasticizing liquid that is composed of methyl 
methacrylate with a small amount of benzoyl peroxide cat- 
alyst. This step seals the pores and clarifies the opals to 
the point where they are almost transparent. Before the 
mixture solidifies completely, the now-treated rough is 
removed and cleaned in preparation for fashioning into pol- 
ished cabochons. The end result is an enhanced opal with 
a blue body color so dark that it is almost black (figure 10, 
right). Regardless of their outward appearance, these opals 
should offer no identification problem for jewelers and 
gemologists: The treated opals generally seem too light for 
their size, have a slightly plastic feel, and, most impor- 
tantly, reveal their intense, deep blue body color when 
examined under the microscope or in transmitted light. 


Irradiated green topaz. Artificially irradiated blue topaz, in 
a range of tones and saturation levels, has long been a sta- 
ple of the colored-stone market. At Tucson, however, we 
saw green irradiated topaz. Advertised as “Ocean Green 
Topaz,” this irradiated topaz is reportedly from Sri Lanka. 
It was offered by a few firms. 

The material the editors saw ranged from light to medi- 
um tones and from yellowish and brownish green through 
more saturated green to slightly bluish green hues. The 
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Figure 10. Brazilian hydrophane opal before (left) 
and after enhancement (right). The cabochon 
weighs 2.43 ct and measures 10.98 mm in longest 
dimension. Opals courtesy of Gerard and Joyce 
Raney; photo by Maha Smith. 


smallest stone we saw measured 7 x 9 mm; the largest, 25 
x 40 mm. GIA researchers are currently investigating this 
material. 


re 


SYNTHETICS AND SIMULANTS SA! 


Synthetic alexandrite gets new name. In the Spring 1991 
Gem News column we reported on a Czochralski-pulled 
synthetic alexandrite marketed by J.O. Crystals that debuted 
at Tucson last year. This year, considerably more materi- 
al was available, in darker colors with a more pronounced 
color change. This product is now being promoted as 
“Nicholas Created Alexandrite.” Judith Osmer of J.O. 
Crystals reported that the chromium content has been 
adjusted to create a better change of color. The center part 
of the Czochralski rod contains myriads of small “bub- 
bles” that are actually crystallographically oriented gaps 
or negative crystals. When viewed with lateral lighting, 
the effect is similar to the “rain” in Kashan synthetic rubies. 
The center of the rod is used primarily for cabochons; 
faceted stones are cut from the periphery. 


More on hydrothermal synthetic beryls. This year, we again 
saw hydrothermal synthetic beryls from Russia and 
Australia (see Gem News, Winter 1988, p. 253, and Spring 
1991, p. 54). The Russian material, in a range of colors, 
was shown by Kyle Christianson Ltd., of Sylvania, Ohio, a 
firm that markets a number of laboratory-grown gem mate- 
rials produced in Novosibirsk (see CZ entry below}. 
Although these synthetic beryls were for display only, we 
learned that they may become a commercial reality in the 
near future. 

Kimberley Created Emeralds markets the Biron syn- 
thetic pink beryl, an Australian product; at the show, they 
were offering approximately a dozen faceted stones in the 
2-ct range. They also had two bicolored, “watermelon,” 
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synthetic beryls. These square step cuts consisted pre- 
dominantly of synthetic pink beryl with a green (synthet- 
ic emerald) zone at the culet, which produced distinct pink 
and green zones face-up. These synthetic beryls are cur- 
rently being investigated by GIA researchers. 


Colored CZ plentiful. Although relatively little colorless 
cubic zirconia was seen this year, many color varieties were 
found in abundance in both rough and cut form. These 
included green, blue, orange, orangy red, yellow, and purple 
varieties in predominantly high saturations. One of the 
more frequently seen colors was a medium light to medium 
tone of purple, sometimes being sold as “Lavender Ice.” 
Most prevalent, however, were light to medium tones 
of pink, heavily promoted under such names as “Pink Ice” 
and “Nouveau Rosé.” They were commonly set in sterling 
silver and gold-electroplated fashion jewelry. One randomly 
chosen faceted piece was purchased for gemological exam- 
ination. It revealed a Chelsea color filter reaction, long- 
and short-wave U.V. luminescence, and absorption spectrum 


Figure 11. The color of this 2.00-ct cubic zirconia 
from Russia is similar to that of some dark green 
tourmaline. Photo by Maha Smith. 


{as seen with a desk-model spectroscope} that were essen- 
tially the same as those noted for the pink nontransparent 
“CZ recently investigated by the editors and colleagues (see 
Gems # Gemology, Winter 1991, p. 240). These non- 
transparent varieties were also available at Tucson for the 
first time this year, 

Kyle Christianson Ltd. was marketing a new, dark yel- 
lowish green CZ—reminiscent of some fine iron-colored 
tourmaline—that reportedly was obtained only recently in 
Russia. The 2.00-ct marquise cut shown in figure 11 was 
subsequently examined, it appeared green through the 
Chelsea color filter, was inert to long-wave U.V. and fluo- 
resced a weak yellow-green to short-wave, and showed 
absorption bands at 443-450, 472, 483, 583, and 607 nm. 
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Figure 12. These glass imitation-diamond ear studs 
are held in place with tiny magnets. Photo by 
Maha Smith. 


Rare laboratory-grown crystals. In addition to the large 
quantities of such well-known laboratory-grown gem mate- 
rials as CZ, YAG, and synthetic corundum, emerald, and 
quartz, we also came across faceted samples of some very 
unusual laboratory-grown materials. These included ger- 
manium bismuth oxide, lead molybdate (synthetic wulfen- 
ite}, and tellurium dioxide. Some older diamond simulants, 
not seen in the market for a long time, included strontium 
titanate and lithium niobate. 


Magnetic “pierceless earrings.” One jewelry item we came 
across was unusual not for the gem materials but for the 
method in which they were used. Marketed as “pierceless 
earrings” (figure 12}, these were colorless-glass diamond 
simulants and imitation-pearl ear studs held in place by 
tiny magnetic “clips.” They were promoted for use by those 
who do not wish to pierce their ears, especially for the mul- 
tiple-earring look. 


Another chatoyant glass. For several years, we have seen a 
semitranslucent, chatoyant glass composed of parallel opti- 
cal fibers. Sometimes this material is deformed to produce 
a wavy reflective band when cut en cabochon. With both 
types, the cat’s-eye effect is very pronounced, contribut- 
ing to the rather unnatural appearance of the fashioned 
gems (see Gem News, Summer 1991, p. 123). 

This year we encountered a more transparent variety 
of chatoyant glass with a less pronounced (i.e., more natural- 
appearing) “eye.” When viewed face-up, the chatoyant band 
is seen to be intersected at right angles by a series of even- 
ly spaced dark “lines” (figure 13). 

Microscopic examination from the side and perpen- 
dicular to the chatoyant band revealed the expected hon- 
eycomb structure, with the individual cells having 
hexagonal outlines. The individual fibers were thicker than 
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Figure 13, The reflective band on this 11.00-ct 
cat’s-eye glass cabochon is less distinct than that 
usually noted on this type of manufactured gem. 
Photo by Mgha Smith. 


those noted in the materials mentioned above and exhib- 
ited nontransparent peripheries. Both these features con- 
tributed to the less distinct chatoyancy. Magnification also 
revealed that the dark parallel lines were slender, parallel, 
dark brown “inclusions” of square cross-section. When 
taking an RI. on the cab’s dome, we noticed that the par- 
allel fibrous structure produced two separate “striped” spot 
readings of about 1.48 and 1.62. 


Novel crystal opal imitation. One of the more interesting 
novelty “gems” at Tucson was a composite product mar- 
keted by Manning International of New York and Hong 
Kong. Promoted under the trademark name “Gemulet,” 
this product consists of colorless glass in which small 
fragments of synthetic opal have been embedded (figure 
14}. Because the glass used has a refractive index [1.47] 
that is very close to that of the synthetic opal {1.45}, the lat- 
ter has very low relief. Consequently, the play-of-color 
appears to be coming from the larger “gem,” rather than 
from the included opaline material. The material is mar- 
keted in teardrop shapes (for pendants and earrings] and as 
faceted pieces. 


Faceted synthetic quartzes. In last year’s Tucson report, 
the editors mentioned the availability of large quantities of 
Russian-grown synthetic quartz in a number of colors. 
Most of that material was rough; this year, significantly 
more faceted material was seen. 

Figure 15 illustrates three representative samples. The 
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Figure 14. This 0.83-ct “Genmulet” simulant for 
crystal opal consists of a single synthetic opal frag- 
ment embedded in colorless glass. Specimen cour- 
tesy of Manning International, photo by Maha 
Smith, 


yellow specimen shown is a synthetic citrine; we also saw 
some synthetic yellowish brown quartzes that were remi- 
niscent of “sherry” topaz. The green specimen, which is 
darker and more saturated than any natural single-crystal 
quartz we have encountered, could be an effective simulant 
for green tourmaline. Both the yellow and green varieties 
owe their color to the presence of iron. The blue synthet- 
ic quartz, also with no natural counterpart, is reminiscent 
of some irradiated blue topaz. The most popular variety of 
synthetic quartz remains synthetic amethyst. 


Figure 15. These Russian-grown hydrothermal syn- 
thetic quartzes (left to right: 6.18, 6.42, and 6.20 ct) 
are representative of some of the faceted material 
now available, Photo by Maha Smith. 
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Figure 16. Titanium is the coloring agent of this 
2.40-ct Czochralski-pulled synthetic pink sapphire. 
Photo by Maha Smith. 


Knischka synthetic rubies. Knischka synthetic ruby, a flux- 
growth product of Paul O. Knischka of Austria, was mar- 
keted at Tucson this year by the Argos Group of Los 
Angeles, California. According to a recent news release, 
Argos has been appointed the exclusive North American dis- 
tributor of Professor Knischka’s products. 


Synthetic blue and green sapphires grown by Czochralski 
pulling. The Washougal plant of Union Carbide in 
Washington state produces blue and green Czochralski- 
pulled synthetic sapphire. The rod fragments that we exam- 
ined exhibited concentric color zoning from the core to 
the rim, similar to that observed in flame-fusion synthet- 
ic blue sapphire. Medium-tone, slightly violetish blue 
faceted stones were available through the Argos Group of 
Los Angeles and were loupe clean. 


Figure 17. These YAGs (2.44-3.53 ct) represent 
some of the colors seen as faceted stones at 
Tucson. Photo by Maha Smith. 
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Titanium-doped synthetic pink sapphire. Flame-fusion syn- 
thetic pink sapphire has long been available in the gem 
trade. It typically owes its color to chromium. These syn- 
thetic pink sapphires characteristically appear red through 
the Chelsea filter, fluoresce red to long-wave—and pinkish 
purple to pink to short-wave—U.V. radiation, and reveal a 
“chromium” absorption spectrum. 

A number of vendors at Tucson were marketing anoth- 
er type of synthetic pink sapphire (figure 16}, Produced by 
the Czochralski method, this material owes its color to 
doping with titanium (as confirmed by GIA Research). This 
“titanium sapphire” is grown in large amounts by compa- 
nies such as Union Carbide for use in the laser industry. 
Preliminary gemological testing revealed a strong orangy red 
color through the Chelsea filter, a moderate orange fluo- 
rescence to long-wave—and a very strong bluish violet flu- 
orescence to short-wave—U.V., and no distinct absorption 
features in the spectrum obtained with a desk-model spec- 
troscope. GIA researchers are currently conducting a more 
detailed study of this material. 


Imitations of sugilite and other nontransparent gems. In 
the Spring 1991 Gem News section, we reported on a con- 
vincing lapis lazuli imitation that consisted of barium sul- 
fate in a polymer matrix with pyrite inclusions. We also 
regularly see rectangular blocks of a reportedly similar com- 
position in colors that imitate coral, turquoise, sugilite, 
black “onyx,” malachite, and azurite-malachite. 

Such “rough” material was again at Tucson, but this 
year a large number of fashioned pieces were also avail- 
able. Most prevalent were necklaces of beads in various 
shapes, sizes, and colors. Especially prevalent were imita- 
tions of azurite-malachite, but these were only moderate- 
ly convincing. 

We purchased a 2.52.-ct square tablet resembling sug- 
ilite for examination. Gemological testing revealed a vague 
spot R.L in the mid-1.50s and an S.G. of 2.26. When the sur- 
face was gently rubbed with an acetone-dipped cotton swab, 
it became dull and appeared to “lose” its polish; a thermal 
reaction tester (“hot point”) applied to the base caused 
white discolorations and produced an acrid odor. All these 
properties are similar to those of the imitation lapis men- 
tioned above. 


Examination with ultraviolet radiation produced inter- 
esting reactions: a strong chalky orange luminescence to 
long-wave and a weak to moderate chalky orangy red lumi- 
nescence to short-wave. These reminded us of the reac- 
tions we have noted in some jadeite dyed to imitate 
natural-color “lavender” material. The color concentrated 
in fractures of such material is very similar to the body 
color of this sugilite imitation. 


Faceted colored YAG. Also seen in far greater quantities than 
in past years were various colors of YAG (figure 17), man- 
ufactured yttrium aluminum ‘garnet’ being sold in both 
rough and cut forms. 
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Figure 18. Standing approximately 6,.25-in. {15.9 
cm) tall, this cored crystal section of colored YAG 
was marketed as a “pencil holder.” Photo by 
Maha Smith. 


ac 


One notable color was a highly saturated, “fluores- 
cent”-appearing yellow. Gemological examination of a 
3.16-ct faceted sample revealed total absorption from 400 
to 500 nm (in a desk-model spectroscope} and very strong 
yellow luminescence to both long- and short-wave U.V. 
radiation. EDXRF analysis revealed the presence of ceri- 
um as the coloring agent. Another type, colored by neodymi- 
um, had a light pink to purple color change. 

Some samples were a saturated medium-dark, slight- 
ly violetish blue similar to some irradiated topaz. This 
material appeared red through the Chelsea color filter and 
showed a typical cobalt-type absorption pattem, with bands 
at approximately 560, 595 and 640 nm. EDXRF analysis 
confirmed the presence of cobalt as the coloring agent. 
Interestingly, the material was inert to both long- and short- 
wave U.V., perhaps because of a trace presence of iron. We 
also saw greenish blue material that resembled some cupri- 
an tourmaline from Paraiba, Brazil (one large section 
weighed 2,310 ct}. EDXRF analysis established the pres- 
ence of both chromium and thulium {a rare-earth element), 
which are presumed to be the cause of color. 

Saturated greens ranged in tone from medium to very 
dark. EDXREF analysis of a lighter-toned yellowish green 
specimen revealed the presence of chromium, thulium, 
and holmium, all believed to contribute to the color. Similar 
examination of one of the darker, very slightly bluish green 
stones, however, revealed the presence of chromium alone 
as the chromophore. 

Although these or similar colors are also available in 
CZ, the lower dispersion of YAG makes it perhaps a more 
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effective simulant for some colored stones, most of which 
typically display little or no eye-visible dispersion. 


YAG as an “ornamental” material. One interesting item 
was an unusual use fur sections of Czochralski-pulled crys- 
tals of neodymium-doped YAG. Grown for laser rods, these 
large crystals had been extensively cored, typically leaving 
12 or more holes of varying diameter running the length of 
the crystal sections. One enterprising vendor was market- 
ing these as “synthetic gamet pencil holders” (figure 18). 
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Instrument for detecting diffusion treatment. As previ- 
ously noted, blue diffusion-treated sapphires are becoming 
increasingly prevalent. While thus far detection of this 
treatment has been relatively straightforward, the equipment 
required is not always conveniently available. 

In response to this challenge, GLA GEM Instruments 
developed the Illuminated Immersion Cell (figure 19), a 
portable instrument that provides all the tools needed to 
detect diffusion treatment. Debuted at Tucson, it features 
a battery-powered, high-intensity krypton light source and 
reflector contained within the base of an immersion cell. 
This provides diffused transmitted light, the best illumi- 
nation for detecting the diagnostic color inhomogeneities 
of the treatment. The instrument also features a 2. x lens, 
fitted into the screw cap of the immersion cell, which 
enables a magnified view of a stone’s features. It can be 
used with a variety of liquids, including water, glycerine, or 
methylene iodide. 

Although designed primarily for the detection of dif- 
fusion treatment in corundum, the instrument is also use- 
ful for observing other types of color zoning, including the 
curved color banding of flame-fusion synthetic sapphires. 
Additional uses include detecting assembled stones and 
carrying out relative relief tests {e.g., in the separation of dia- 
mond from its simulants}. 


Figure 19. GIA GEM Instruments’ new portable 
Uluminated Immersion Cell is designed to detect 
diffusion treatment. Photo by Maha Smith. 
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C+HA+L+L-E-N-GeE 


The pace of developments in gemology is accelerating. Over the 
last year alone, Gems & Gemology has reported on exciting new 
ruby finds in Vietnam and Tanzania, renewed mining for emeralds in 
Russia and Afghanistan, as well as new theories on the formation of 
diamonds and new techniques for their recovery from vast offshore 
deposits. We have also looked at new synthetic gem materials, new 
treatment processes, and new cutting techniques. 

We've met our 1991 challenge. Now, with GIA’s Continuing 
Education Department, Gems # Gemology challenges you. 

The following 25 questions are based on articles published in the 
four 1991 issues of Gems & Gemology. Please refer to those issues to 
find the single best answer; then mark the appropriate letter in the card 
provided in this issue (photocopies or facsimiles will not be accepted]. 
Mail the card with your answers by Monday, August 24, and be sure to 
include your name and address. All entries will be acknowledged with a 
letter and an answer key. 

Score 75% or better, and you will receive a GIA Continuing Educa- 
tion certificate testifying to your accomplishment. Score a perfect 100%, 
and your name will also appear in the Fall issue of Gems #& Gemology. 


GIA 


Gemological Snetitute of Antica 


Gemologral Institite of America 


tuavirds thes Certefrcate £3 
Judith Steinberg 
who has successfidly completed 


Contomeceng Edeacutaon requaremeety 


Gems & Gemology Challenge 


Iyscrony prised the reared Puan tion 


July 5, 1990 


Shen Cd) Boye) 


Note: Questions are taken from 3. In 1990, the value of 6, From November 1989 
only the four 1991 issues. Choose emeralds produced in through March 1990, a 
the single best answer for each the Panjshir Valley of deposit of pink sapphire 
question. Afghanistan was and ruby in the Luc Yen 
approximately district of Vietnam pro- 
A. $5 million. duced more than 
1. Separating Morogoro rubies B. $10 million. A. 500,000 carats. 
from Mogok rubies is difficult C. $10-$20 million. B. one million carats. 
because they share D. more than $20 million. C. three million carats. 
A. amarble-related origin. D. five million carats. 
B.  asimilar gallium content. 4. The proportion of marine 
C. a similar vanadium diamonds that are gem 
content. quality is about 7. “Pearl CZ” can best be 
D. the presence of two or A. 10%. separated from natural 
three systems of twin B. 25%. and cultured pearls by 
lamellae. C. 50%. A. the “candling” effect 
D. 90%. seen in strong trans- 
2. Andamooka matrix opal has mitted light. 
been color enhanced by car- 5. Red garnets have been mined B. _ its significantly high- 


bon impregnation since the 
A. late 1930s. 

B.  mid-1950s, 

C, mid-1960s. 

D. early 1970s. 
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in Czechoslovakia since the 
16th century. 
17th century. 
18th century. 
19th century. 


UOe> 


er RL and S.G. 

C. its color in transmit- 
ted light. 

D. its fluorescence reac- 
tion to U.V. radiation. 
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10. 


Ll. 


12. 


13. 


Opticon may improve the 
apparent clarity of an emer- 
ald better than “traditional” 
oils because 


A. itis more durable. 

B. it contains fewer bubbles. 

C. its R.I. is closer to that 
of natural emerald. 

D. its color is closer to that 
of natural emerald. 


Rubies from Morogoro, 
Tanzania, have been found 
mixed in parcels of 

A. garnets. 

B. tourmalines. 

C. Burma rubies. 

D. spinels. 


The rarest color of labradorite 
from the Ponderosa mine is 
A. pink. 

B. deep red. 

C. pale yellowish orange. 
D. bright saturated green. 


Emeralds were first discov- 
ered in Russia in 


A. 1780. 
B. 1830. 
Cc. 1860. 
D. 1910. 


All gem-quality labradorite 

crystals from the Ponderosa 

mine exhibit 

A. aventuresence. 

B. Carlsbad twinning. 

C.  Albite twin lamallae. 

D. dendritic manganese 
Staining. 


Treatment of matrix opal 
from Andamooka can be 
identified by 

A. the black particulate 
carbon visible with 
10 x magnification. 

B. its patchy blue-white 
fluorescence to long- 
wave U.V. radiation. 

C. its pronounced play- 
of-color. 

D. the presence of 
siliceous matrix visi- 
ble with 10 x magni- 
fication. 
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15. 


16. 


17. 


18. 


19, 


Marine diamond deposits are 
only now considered feasible 
because 


A. of the greater demand 
for industrial diamonds. 

B. exploration for new land 
sources 1s expensive. 

C. deep-sea diving appa- 
ratus is now relative- 
ly inexpensive. 

D. sea levels have recently 
dropped. 


The “open table” style of cut- 

ting has been used primarily 

A. to cut small diamonds. 

B. to repair badly dam- 
aged diamonds. 

C. to fashion transparent 
colored stones. 

D. asa modification of 
cabochon cutting. 


Some of the oldest diamonds 
dated so far are from the 

A. Kuruman kimberlite. 

B. Argyle lamproite. 

C. Premier kimberlite. 

D. Kimberley kimberlite. 


Chemically, emeralds from 
the Panjshir Valley most 
closely resemble those from 
A. Russia. 

B. Brazil. 

C. Pakistan. 

D. Colombia. 


The great majority of dia- 

monds in South Africa will 

probably be discovered 

A. along the river basins. 

B. at their lamproite 
sources. 

C. at their kimberlite 
SOUICES. 

D. submerged along the 
continental shelf. 


The most appropriate indica- 
tion of the origin of Uralian 
emeralds is 

color analysis. 

growth structures. 
refractive indices. 
optical microscopy. 


COR > 
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22. 


23, 


24. 


25. 


The garnet industry in 
Czechoslovakia today 
employs 

A. about 5,000 persons. 

B. 5,000 to 7,500 persons. 
C, 9,000 to 10,000 persons. 
D. well over 10,000 persons. 


The first step in detecting 
filled fractures in emeralds is 
A. immersion microscopy. 
B. locating surface breaks. 
C. locating flow structure. 
D. identifying inclusions. 


The gemological characteris- 
tics of rubies from Vietnam 
overlap those of rubies from 
other localities, except for 
A. reaction to U.V, 
radiation. 
B. the presence of nord- 
strandite inclusions. 
C. distinct lines at 692.8 
and 694.2 nm in their 
absorption spectrum. 
D. irregular, “swirled” 
growth features. 


A rock fragment that may 
bear diamonds and is foreign 
to the igneous mass in which 
it is found is 

A. ultramafic. 

B. aneclogite. 

C. axenolith. 

D. a peridotite. 


Annual production of 

cubic zirconia 

A. is about half a 
billion carats. 

B. approaches one bil- 
lion carats. 

C. is greater than one 
billion carats. 

D. is as much as one and 
a half billion carats. 


It is believed that diamonds 
are transported by kimberlite 
from 110 km below the sur- 
face to the surface 

A. in less than one day. 

B. in about a year. 

C. over hundreds of years. 
D. over thousands of years. 
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ELISE B. MISIOROWSK! AND LORETTA LOEB, EDITORS 


CAMEOS OLD AND NEW 

By Anna M. Miller, 216 pp., illus., publ. 
by Van Nostrand Reinhold, New York, 
1991, US$39,95* 


This well-organized book begins by 
reviewing the history of cameo carv- 
ing and its evolution from the cylin- 
der seals of Mesopotamia to the scarab 
seals of Egypt and then to the natural- 
istic engravings and portraitures of 
ancient Greece and Rome. Detailed 
explanations are given of the powerful 
myths of the various periods, which 
were commonly depicted in the cameo 
jewelry. Later, intarsia during the Dark 
Ages would reflect the odd mixture of 
pagan beliefs and Christian symbolism 
of Medieval Europe. 

The renewed interest in art dur- 
ing the Renaissance influenced the use 
of perspective and light in the cameo 
carvings of that time, and materials 
other than chalcedony, such as shell, 
gained popularity. The romanticism of 
the 18th century led to an obsessive 
desire for cameos in the upper and new- 
ly emerging middle classes of the 19th 
century. Thus, a busy market in fraud- 
ulent “ancient” cameos was spawned. 
By the end of the 1800s, these forgeries 
had successfully doused the flames of 
interest in this art form, and it has nev- 
er fully recovered. 

The chapter on cameo production 
compares ancient tools and techniques 
to modern carving methods. A valu- 
able portion of this chapter provides 
criteria to separate hand-carved cameos 
from those mass-produced today by 
ultrasonic machines. Ms. Miller 
explains the “fresh-fallen snow” char- 
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acteristic (recognized by the absence 
of undercutting or tool marks, a matte 
finish, and repetitive texture and 
design} that readily identifies ultra- 
sonically carved cameos. Another clue 
is provided by the surface of the carv- 
ing: The hand-carved piece feels 
smooth, whereas the machine-carved 
cameo feels slightly rough to the expe- 
rienced touch. A short discussion cov- 
ers the materials employed and the use 
of color in planning a carving. This is 
followed by a step-by-step description 
of the cutting process. The chapter con- 
cludes with information on major carv- 
ing centers and master carvers associated 
with those centers. 

A chapter on distinguishing 
ancient from modern cameos exam- 
ines the difficulties involved in circa- 
dating cameos (i.e., assigning an 
approximate date of manufacture} and 
notes the importance of signatures in 
authenticating a piece. To help the 
reader identify legitimate carvers, 
Ms. Miller provides information on the 
signatures of the major carvers and 
where they are typically located on 
given pieces. She emphasizes, how- 
ever, that fraudulent cameos of period 
and signature abound, as do assembled 
carvings. 

Various glass cameos are dis- 
cussed, as are Wedgewood, sulphide, 
and plastic cameo imitators. Ms. Miller 
also discusses cameo wax portraits (a 
totally new cameo form for this review- 
er) along with plaster-of-paris and sul- 
phur-cast cameos. 

The book concludes with discus- 
sions On appreciating the artistic 
aspects of cameos and the factors 


involved in building one’s own cameo 
collection, Ms. Miller cites a number of 
historic public and private collections. 

A series of appendices includes a 
fairly extensive glossary; helpful lists of 
auctioneers, booksellers, retail sources, 
and suggested reading, and a bibliog- 
raphy. Particularly useful is the com- 
pact information provided in the 
“Instant Expert” portions, which cov- 
er common cameo subjects and mate- 
rials, as well as what features to look for 
when circa-dating cameos. 

Ms. Miller’s Cameos is easy to 
read and comprehend. It will undoubt- 
edly prove useful to appraisers, collec- 
tors, and admirers of this art form. 


JO ELLEN COLE 
GIA Research Librarian 
Santa Monica, California 


BASIC WAX 
MODELING: 

AN ADVENTURE 
IN CREATIVITY 


By Hiroshi Tsuyuki, 106 pp., illus., 
publ. by Matsubara-Kashiwa Books, 
Japan, 1990, US$25,00* 


Directed toward the novice, this 
book is a wonderful step-by-step 
guide to carving wax for jewelry 
casting. It discusses the various 
techniques as well as commonly 


“This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. Telephone: 
(800) 421-7250, ext. 282, 
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used tools and the wide variety of 
waxes that are available. 

The greater part of the book is 
dedicated to 11 wax-carving pro- 
jects, which are laid out in an easy- 
to-read photo/text format. Covered 
are hard-wax carving, wax buildup, 
sheet-wax work, and texturing and 
welding techniques. Beginning with 
simple skills and working progres- 
sively to more complicated levels, 
the author illustrates each project 
with black-and-white photos, line 
drawings and close-up views of the 
actual piece being worked. At the 
end of each project, additional sketch- 
es illustrate the types of rings or jew- 
elry that could be created using 
the skills learned in that particular 
exercise. 

Some of the projects include 
useful tips or “tricks of the trade,” 
such as using an ink eraser to clean 
up deep grooves. Similarly, the author 
does a nice job of including cau- 
tions in especially critical areas. 
Overall, the book is well present- 
ed and easy to comprehend. There 
are occasional typographical or trans- 
lation errors, but they are minor 
and do not detract from the use- 
fulness of the book. 


SHAWN ARMSTRONG 
S. Alexis Co. Manufacturing 
Los Angeles, CA 


THE ENCYCLOPEDIA 

OF GEMSTONES AND 
MINERALS 

By Martin Holden, 303 pp.,, illus., publ. 
by Michael Priedman Publishing 
Group, 1991. US$45.00. 


Although from the title one might 
expect a book that contains all the 
information from both the Encyclope- 
dia of Minerals and the Color Encyc- 
lopedia of Gemstones, this is not the 
case, Rather, this is a good, compren- 
sible book about most minerals and 
gem materials that the average collec- 
tor or gemologist is apt to see. Also 
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included are a number of related topics, 
such as atomic structure, cleavage, 
polymorphism, and sedimentary rocks, 

Each mineral or gem entry 
includes, in list form: classification 
(e.g., carbonate, native metal, organic 
gem material, etc.], chemical compo- 
sition, crystal system, hardness, and 
specific gravity. Some of the important 
properties of each material are also dis- 
cussed, as are how the material is 
formed and major localities, primary 
uses, and name origin. Unfortunately, 
there is little mention of optical prop- 
erties, including refractive index, which 
would have made this book even more 
useful for gemologists. 

Most of the 340-plus photographs 
are very good, and many minerals are 
complimented by crystal drawings 
from Viktor Goldschmidt’s classic 
work, Atlas der Krystallformen. 

However, the book does contain a 
few notable errors. In the discussion 
on diamonds, for example, the dark 
yellow color is erroneously attributed 
to iron rather than nitrogen, and the 
pink color is attributed to manganese 
rather than structural defects. Also, 
play-of-color in opal is wrongly referred 
to as “opalescence.” Under corundum, 
the only method of synthesis men- 
tioned is the Verneuil process, and the 
discussion of topaz includes no men- 
tion of the irradiation treatment that 
has produced millions of carats of 
blue topaz. 

Despite these shortcomings, col- 
lectors, students, and general readers 
will find this book a useful introduc- 
tion to the world of gems and minerals. 


RUSSELL FEATHER 
National Museum 
of Natural History 

Smithsonian Institution 
Washington, DC 


ANCESTRAL JEWELS 

By Diana Scarisbrick, 191 pp., illus., 
publ. by Vendome Press, New York, 
1991. US$37.50* 


This book presents a brilliant study of 


GEMS & GEMOLOGY 


heirloom jewelry as it relates to British 
aristocracy. Beginning with traditions 
of late Medieval and Renaissance 
times, and continuing into the 20th 
century, Ms, Scarisbrick examines 
ancestral jewels in a way that success- 
fully enables the reader to understand 
their historic significance. She also 
exquisitely illuminates the circum- 
stances of their creation and use. 

Fantastic portraits of bejeweled 
nobility mark each of the six chapters 
that detail the loves and lives of 
Britain’s most illustrious bloodlines— 
Tudors, Stuarts, both early and later 
Georgians, Victorians, Edwardians, and 
their successors. Ms. Scarisbrick’s 
research is meticulous, with specific 
dates and events referenced and cross- 
referenced. Detailed explanations not 
only describe the physical aspects of a 
particular jewel, but also discuss pre- 
cisely the way it was worn or kept— 
often coupled with an anecdote relating 
to its presentation. A great deal of rare 
information has been compiled to give 
the reader these new perspectives on 
the past. 

The appendix titled “Where Are 
They Now?” further explores the dis- 
persal, transformation, or theft of some 
of these exquisite objects. The brief 
glossary that follows is particularly 
helpful for those who are unfamiliar 
with certain terms. 

Most of the illustrations are in 
black and white, which is probably due 
to the limited accessibility of the actu- 
al pieces and the age of the photos 
themselves. Where possible, contem- 
porary color photos are provided. A 
nice balance is achieved by including 
historic color portraits that show the 
owners wearing their jewels. 

I highly recommend this well- 
written, reasonably priced book to 
anyone interested in augmenting 
their knowledge of antique and period 
jewelry. 

CAROL P. ELKINS 

Assistant Vice President, Jewelry 

Sotheby’s 
Los Angeles, California 
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GROWTH OF SYNTHETIC RED 
SPINEL FROM NATURAL SPINEL 


In a letter quoted in the Summer 1991 issue of Gems & 
Gemology (Gem News, p. 125), Dr. G. V. Bukin states that 
flux-grown synthetic red spinels are produced at his insti- 
tute (in Novosibirsk, Russia] using “defective crystals” 
from the Pamir Mountains as feedstock, so the properties 
of the finished material are very similar to those of natur- 
al Pamir spinel. This type of claim usually implies that 
the product has at least some of the aspects of a “regrown” 
or “reconstructed” one. 

Such claims frequently have been made over the years, 
usually as a form of advertising “puffery,” by which the 
marketer intends to convince the customer that his syn- 
thetic product is to be preferred over that of others. Examples 
that come to mind range from the Geneva Rubies of about 
1885 (Nassau, Gems Made by Man, p. 42ff} to the quite 
recent Biron synthetic emerald (Nassau, Gems &) Gemology, 
Spring 1990, pp. 55-56). These claims are usually with- 
drawn eventually, often when close examination shows 
them to be false. Curiously enough, no one has yet tried to 
make such a claim for synthetic quartz, where natural 
quartz is indeed used as feed. 

Three considerations are relevant. First, crystal growth 
is strongly influenced by trace impurities. Therefore, crys- 
tal growers use highly purified materials to yield repro- 
ducible results; they would not permit entry into their flux 
or melt of unknown quantities of unknown types of inclu- 
sion impurities that would accompany “defective crys- 
tals.” Only in quartz is a very pure natural substance 
available in quantity at a sufficiently low cost. Second, the 
form and structural defects of a crystal are lost when it dis- 
solves in a flux or melt, so the form and structural defects 
of the synthetic derive from the process and not from the 
feed. Third, those impurities that might be deemed char- 
acteristic of a specific locality have distribution coefficients 
that differ from one another, so the locality impurity dis- 
tribution fingerprint would not be carried over into the 
synthetic even if the natural mineral was used as feed. 

Any one of these considerations is sufficient to dis- 
count Dr. Bukin’s claim. The reason for this claim undoubt- 
edly does not derive from his undisputed technical 
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competence, but may be found in his concern for “mar- 
keting and trade” aspects, to which he refers in his letter. 


KURT NASSAU, PhD 
Lebanon, New Jersey 


DR. BUKIN REPLIES 


I enjoy reading Dr. Nassau’s reviews on gem growth and find 
them very useful. But real experimentation is much more 
complicated. I wish to note the following regarding Dr. 
Nassau’s remarks. 

Hydrothermal and flux crystals are grown at high tem- 
peratures (400°-600°C for hydrothermal, 1000°-1250°C 
for flux] in very complex compositions of fluxes and melts. 
The final product is affected not only by the original raw 
materials, but also by the solutions and fluxes themselves 
as well as by the material of the container in which the 
process occurs. 

Because of the solvents my colleagues and I have devel- 
oped, microimpurities in the raw materials have an extreme- 
ly negligible effect on crystallization. So we can produce 
gems that are very similar in composition and properties 
regardless of the deposit from which the initial raw 
material came. 

Moreover, for industrial production it is more eco- 
nomical to employ cheap chemicals with impurity con- 
tents up to several percentage points. Pure chemicals, which 
are quite expensive, have no advantage as the raw materi- 
al, while defective crystals and cutting scraps of emerald, 
other beryls, and spinel are cheap and readily available. 

If one were to make a school experiment of halite 
(NaCl) recrystallization, one would never think to use 
Na,CO, and HCl] as raw materials; rather, one would sim- 
ply dissolve common table salt in hot water and then grow 
the halite crystals by cooling the solution or by temperature- 
gradient technique. We use the same approach. We have suc- 
ceeded in obtaining the solvents (flux and hydrothermal] in 
which natural materials dissolve well enough at some high- 
er temperatures, and we constantly provide stoichiometric 
saturation of the solution relative to the growing crystals in 
a colder growth zone. That is how the process of recrys- 
tallization of natural defective material into high-quality 
crystals takes place. 
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Only with the growth of synthetic alexandrite and 
synthetic emerald for laser applications do we employ pure 
chemicals (including some rather toxic beryl compounds), 
Even in these cases, we use pure chemicals only to avoid 
contamination of the grown crystals with Fe ions that 
might badly influence spectral and generating characteris- 
tics of the final product. 

As for Dr. Nassau’s second and third considerations, 
they do not contradict our methods of growth. Indeed, the 
process of recrystallization of the initial natural raw mate- 
rial takes place throughout the solution stage, with subse- 
quent crystal growth on seeds or spontaneous nucleation of 
higher-quality crystals with different contents of microim- 
purities. The desired color characteristics are produced by 
small admixtures of transition metal ions—mainly of Cr, 
V, Fe, Ni, and Co—that are obtained by the growing crys- 
tals from the “mother” solutions and melts. All the above 
data are reported in my published works, which at this 
time are available only in Russian. 


G. V. BUKIN, PhD 

Design Technological Institute 

of Monocrystals (Siberian Branch) 
Novosibirsk, Russia 


ace 


HOLLOW ‘HEXAGONAL COLUMNS 
IN DIAMOND NOT ETCH PITS 


I read with interest the Gem Trade Lab Notes entry on 
hexagonal etches in diamond (Fall 1991, p. 174). However, 
the feature described is a very well-shaped hexagon with a 
straightness and depth that are inconsistent with other 
natural etch pits in diamond. I would like to suggest, there- 
fore, that this feature is not an etch pit, but rather the result 
of a needle crystal that has been etched out by the acid-clean- 
ing process to which diamonds are subjected. 

On one occasion, I recorded a group of similar features 
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in a rough diamond that, of significance here, were crystals 
rather than holes. Each one protruded a bit above the dia- 
mond’s surface, exhibiting a crystal “roof” structure. I think 
you will agree that there is an association between our two 
observations. I enclose my original photographs for com- 
parison [figure 1]; perhaps someone can speculate as to the 
identity of the original needle crystals. 


JOHN CHAPMAN 
Argyle Diamonds 
West Perth, Western Australia 


LOWER THE HEATING 
TEMPERATURE FOR OPTICON 


We enjoyed the article on our product, Opticon 224”, in 
the Summer 1991 issue of Gems &) Gemology. Not only 
was this new application of our product of interest to us, but 
we also appreciate the exposure and increased business 
that the article has provided. In fact, the product was not 
designed for the treatment or enhancement of faceted gem- 
stones; it was designed to seal fractures in slabs of agate and 
other gem materials and to stabilize rough turquoise and 
other soft stones to reduce waste during the cutting process. 

My intention in writing is to pass on an important 
point that was brought to our attention by one of our cus- 
tomers. On page 72 of the article, the authors state that 
one user recommended a heating point of 203°F. However, 
the flash point of Opticon is 164°F! Since publication of the 
article, we have already received one report of the product 
burning and turning black. This could not only ruin the 
material being treated, but it could also present a serious fire 
hazard to the user. Our directions on the product package 
now suggest a warming temperature no higher than 150°F. 


MARY A. HULLSIEK 
Hughes Associates 
Victoria, Minnesota 


Figure 1. These “needle 
crystals” in diamond may 
be etched out during the 
cleaning processes that 
diamonds undergo, leav- 
ing “holes” in the finished 
stone. Photos by John 
Chapman. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Contributions to a history of gemmology—Carl Peter 
Thunberg and Ceylon gemstones. J. Sinkankas, 
Journal of Gemmology, Vol. 22, No. 8, 1991, pp. 
463-470, 


Technology has made gemology an increasingly complex 
area of study, but it has also brought much greater under- 
standing of gem materials. A glance at the history of gemol- 
ogy—such as Dr, Sinkankas provides in this article—reveals 
just how confusing it was before the advent of technology. 

This article opens with a brief biography of 18th-cen- 


This section is designed to provide as complete a record as 
practical of the recent literature on gems and gemology. Articles 
are selected for abstracting solely at the discretion of the section 
editor and her reviewers, and space limitations may require that we 
include only those articles that we fee! will be of greatest interest to 
our readership. 


Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 
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and in no way reflect the position of Gems & Gemology 
or GIA, 


© 1992 Gemological Institute of America 


74 Gemological Abstracts 


tury Swedish naturalist Carl Peter Thunberg. Primarily a 
botanist and physician, Thunberg dabbled briefly in gems 
after a few weeks’ visit to the island of Ceylon (now Sri 
Lanka} in 1777. By that time, Ceylon was long famous as 
a source of gemstones, notably since Marco Polo’s reports 
in the 14th century. In the 17th century, Jean-Baptiste 
Tavernier cited Ceylon as one of only two sources of col- 
ored stones in the East (the other being Burma). 

From Thunberg’s writings, Dr. Sinkankas provides a list 
of 19 gem materials with names in English, Malabarese, 
Sinhalese, and Swedish and with brief descriptions. The 
remainder of the article is a discussion in which Dr. 
Sinkankas attempts {convincingly} to unravel the true iden- 
tities of the gems. Thunberg’s descriptions of some of the 
“rubies,” for example, clearly fit what we now know to be 
zircon. “Hyacinths” and “red turmalins” also appear to 
have been zircons, while descriptions of “blue saphire” call 
to mind iolite, aquamarine, or topaz rather than corun- 
dum. Europe’s then-fledgling science of chemical analysis 
more often clouded identification than clarified it. 

CMS 


Turquoise in Pre-Columbian America. G. Harbottle and 
P, C. Weigand, Scientific American, Vol. 266, No. 2, 
February 1992, pp. 78-85. 


This article presents gemology from an archaeological point 
of view. Pre-Columbian societies revered turquoise above 
even jade. Holding great social and religious value, arti- 
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facts of worked turquoise have been found throughout 
Mesoamerica. Yet the only sources of turquoise in this 
area are in what is today the American Southwest. The 
movement of turquoise from the Southwest throughout 
Mexico helps identify the apparently extensive contacts 
between the Mesoamerican and Southwest cultures. 

The earliest evidence of turquoise in Mesoamerican cul- 
ture dates from approximately 600 B.C., but it was not 
used widely until 900-1200 A.D. We know that raw 
turquoise was imported from the Cerrillos area of what is 
now New Mexico in 700 A.D. for use in religious cere- 
monies, Eventually, the Chaco Canyon settlement of New 
Mexico developed into the major manufacturing and dis- 
tribution center for turquoise. The ceremonial use of 
turquoise reached its zenith between 975 and 1130 A.D. 

Gradually, use of turquoise expanded beyond the reli- 
gious leaders and rulers to the middle and lower classes. As 
consumption of turquoise in Mesoamerica increased, 
though, Chaco Canyon appeared to lose its monopoly of the 
turquoise trade. The greater demand led to the opening of 
other sources—and trade routes—in the Southwest. By the 
13th century, demand for turquoise had never been stronger, 
but Chaco Canyon was no longer the single major center. 

The isolation of the deposits and hardships of retrieving 
the turquoise must have been extremely challenging to 
ancient miners. Simple single-shaft chamber mines were 
most common, although sometimes these mines were 
expanded to huge open pits. Tools recovered from the mine 
sites show little technical expertise. Most common are dou- 
ble-sided hammer stones of heavy throw weight. The strength 
required to wield them must have been considerable. 

Jo Ellen Cole 


GEM LOCALITIES 


Wolodarsk-Wolynskii. Geologischer Aufbau und 
Mineralogie der Pegmatite in Wolynien, Ukraine 
(Volodarsk-Volynsky. Geological structure and min- 
eralogy of the pegmatites of Volynya, Ukraine}, I. M. 
Koshil, I. S. Vasilishin, V. I. Pavlishin, and V. 1. 
Panchenko, Lapis, Vol. 16, No. 10, October 1991, 
pp. 2440, 82. 


In recent years, larger quantities of beryls and topazes from 
Volodarsk, Ukraine, have become available than ever before. 
However, what little has been written about this locality 
is mostly in Russian. In this article, Koshil et al. des- 
cribe (in German) the geology at Volynya and the minerals 
found there. 

The gem crystals are found in granites and pegmatites 
related to the Korosten pluton. On the basis of structure and 
mineral content, several types of pegmatites can be distin- 
guished. The type called “chamber pegmatite” (Kamyer- 
pegmatit) generally contains the widest range of minerals 
(over 90 species are listed in the article). This type is also the 
main source of gem specimens (primarily beryl and topaz, 
along with smoky quartz and some amethyst, citrine, and 
phenakite). 
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Beryl occurs in opaque to transparent, often large, 
columnar crystals up to about 30 cm (12 in.}. They are pre- 
dominantly green to yellowish green, but golden yellow 
and blue stones are also found. Most crystals show etched 
faces, and specimens corroded to absolutely irregular forms 
are not rare. Topaz occurs in etched crystals, too, but for the 
most part they are well formed and resemble the topazes 
from Ilmen and Adun-Chilon. Crystals can reach consid- 
erable sizes (the largest on record weighed 117 kg}. The 
topazes occur in various pale to intense hues (colorless, 
blue, pink, red, yellow}, some of which will be affected by 
heat treatment or irradiation. 

The article contains a geologic map, several cross- 
section sketches of typical pegmatites, and 29 beautiful 
color photographs of gem and mineral specimens. 

Rolf Tatje 


INSTRUMENTS AND TECHNIQUES 


The microscopic determination of structural properties for 
the characterization of optical uniaxial natural and 
synthetic gemstones, Part 3: Examples for the applic- 
ability of structural features for the distinction of 
natural and synthetie sapphire, ruby, amethyst and 
citrine. L. Kiefert and K. Schmetzer, Journal of 
Gemmology, Vol. 22, No. 8, 1991, pp. 471-482. 


Using the techniques outlined in part | of this series, the 
authors examined a variety of natural and synthetic corun- 
dums, as well as natural and synthetic amethyst and citrine, 
to determine characteristic structural features useful for 
identification. They found that the internal growth fea- 
tures of alkali-basalt sapphires parallel the characteristic 
crystal habit for corundum from this type of source—i.e., 
with basal pinacoid c {0001} and hexagonal dipyramid z 
{2.24 1} dominant, often accompanied by the positive rhom- 
bohedron r {1011}. Also observed, though less commonly, 
were growth features parallel to the second-order hexago- 
nal prism a {2243} and to hexagonal dipyramids n (2243), w 
{1121}, v {4483}, and v [4481]. As yet, the authors have not 
encountered a {1120} and hexagonal dipyramids other than 
n {22.43} in flux-grown synthetic sapphire. Chatham flux- 
grown synthetic blue sapphires are discussed in some depth. 

The techniques used here are particularly effective 
with natural and synthetic rubies that lack any other inter- 
nal features—a problem that has plagued gemology for 
some time, Examples provided include recent production 
of natural rubies from Malawi and Knischka synthetic 
rubies marketed since 1987. Both exhibit features that 
reflect their respective origins. 

Structural characteristics that distinguish natural from 
synthetic amethyst and citrine have been established pre- 
viously; here, the authors illustrate how their recently 
developed techniques can be used to reveal these features. 

One addition that would have been extremely useful, 
given the complex and diverse nature of the material cov- 
ered in this trilogy of articles, is a table of the characteris- 
tic features discussed. Without it, the reader must juggle an 
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almost unmanageable quantity of technical information. 
Moreover, much of the discussion in the text assumes a 
working knowledge of crystallography. However, even the 
gemologist whose crystallography is rusty—or essentially 
nonexistent—will appreciate the information provided by 
the numerous photomicrographs. CMS 


JEWELRY MANUFACTURING ARTS 


Golden hoard from a lost tribe. P, Dragadze, Connoisseur, 
Vol. 221, No. 950, March 1991, pp. 94-97, p. 120. 


In the late summer of 1987, Soviet archaeologist Vladimir 
Guguev excavated the burial mound of a high-ranking 
Sarmatian woman, The Sarmatians were a nomadic tribe 
of Indo-Iranian descent who made their home in southern 
Russian between 400 B.C. and 400 A.D. 

Among the treasures found in the grave were gold 
bracelets, a ring, a diadem decorated with stags, and a 
turquoise-encrusted torque showing a seated Oriental war- 
rior flanked by dragons. This necklace of stamped and chis- 
eled gold weighs over 2 kg. The male figure, sitting with his 
legs crossed, dates the piece to the first century A.D.; the 
style of his sword places its manufacture somewhere in 
Central Asia. 

The Sarmatians left no written record, the objects buried 
with this noblewoman offer some of the first insights into 
their spiritual life. Much more archaeological work remains 
to be done in Rostov. Excavations have been limited by the 
lack of modern equipment and funding, but local experts feel 
that the area contains a wealth of other artifacts. LS 


Menuki: The magnificent miniatures of Japan. R. B, 
Caldwell, Arts of Asia, Vol. 22, No. 1, 1992, 
pp. 70-77. 


Menuki are the paired ornaments that fill the grips of 
Japanese samurai swords. Their importance is two-fold: 
They are exceptional works by recognized artists, and their 
ties to the sword give them a place at the center of tradi- 
tional Japanese culture. In this article, the author discuss- 
es the collecting of menuki from both of these perspectives. 

The sword was a symbol of absolute authority in Japan 
from the 13th century onward; during the 14th century, 
some of the country’s most skilled artisans began to devote 
themselves exclusively to its ornamentation. The Goto 
clan, in particular, became known for their menuki. Menuki 
are unique as works of art in that they reflect the wearer, 
rather than the artist. In his advice to collectors, the author 
states that one should get a clear sense of the man for 
whom the menuki were made, and only then search for 
the tiny details that identify the maker. 

The earliest of these tiny sculptures were made of 
shakudo—a mixture of copper, gold, and other metals that 
developed a black patina. Advances in metalsmithing over 
the centuries have changed the composition of the metal 
and thus its color, providing the collector with a means of 
dating unsigned pieces. Very often, menuki are decorated 
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with gold or silver, and occasionally one sees pieces made 
entirely of gold. 

The most popular images were dragons and lions, or the 
lion-like Chinese Foo dogs. The author provides a wide 
range of examples—from the traditional cranes, monkeys, 
and bats to an extraordinary pair showing all 12 creatures 
of the zodiac. 

In describing menuki as “functional works of art cre- 
ated to fill a need in the most artistic fashion... they can 
convey a concept of beauty or of purpose and tradition,” the 
author makes a strong case for collecting these extraordi- 
nary works. LS 


Mr. Stuart and his laser: The industry’s best-kept secret. R. 
Weldon, Jewelers’ Circulat-Keystone, Vol. 163, No. 
3, March 1992, pp. 84-86. 


Martin Stuart of Martin Stuart and Co., Lakeview Terrace, 
California, has developed a way to repair jewelry by using 
a laser instead of the more conventional jeweler’s torch. 
The process has been compared to a microwave. “When 
using a typical jeweler’s torch, you heat from the outside 
inward,” he says. “When using a laser, you heat from the 
inside outwards. It works by selective absorption of light, 
leaving a 3/4 to 1 mm focal spot for the weld.” The weld 
occurs within 1/1000 to 1/20,000 of a second, so the heat 
to which the piece of jewelry is subjected is thousands of 
times less than that from a jeweler’s torch. Mr. Stuart has 
successfully worked on antiques, enameled pieces, and cos- 
tume jewelry. This technique also has proved effective on 
jewelry containing heat-sensitive stones. Because the laser 
works so fast, most stones need not be removed before the 
jewelry is repaired. KBS 


The watering hole: A detailed look at water pollution 
sources and permit requirements for the jewelry 
manufacturing industry. Mabbett, Capaccio & Asso- 
ciates, American Jewelry Manufacturer, Vol. 40, No. 
3, March 1992, pp. 148-152. 


This article, written by an environmental consulting and 
engineering firm, outlines pollutants generated by various 
manufacturing processes, regulations for pollutant dis- 
charge into the water systems, and pollution prevention. 
Pollutants include heavy metals from base metals, plating 
chemicals, toxic organics from cleaning solvents, oil, grease, 
and petroleum hydrocarbons. Jewelry manufacturers are 
required to obtain pollution-control permits before they 
discharge any of these chemicals into the wastewater. 
Applicable regulations can be obtained from state and local 
regulatory authorities. They typically cover discharges to 
sewage systems, discharges to surface water and ground- 
water, review and approval of wastewater treatment plans, 
cross-connection permits, backflow prevention devices, 
and the oil-spill prevention control and countermeasures 
(SPCC) plan. The article also provides a detailed break- 
down of each regulation. Discussed briefly are methods for 
pollution prevention. A future article will provide more 


GEMS & GEMOLOGY Spring 1992 


detailed information on pollution-prevention and waste- 
minimization techniques. RT 


Spirits and souls: Denise and Samuel Wallace. C. L. E. 
Benesh, Ornament, Vol. 15, No. 2, 1991, pp. 45-49. 


Denise and Samuel Wallace have created a series of bejew- 
eled belts designed with the ethnic peoples of the Pacific 
Northwest as their central theme. This article focuses on 
the Crossroads of Continents belt. Adorned with 10 fig- 
ures representing ethnic peoples throughout Siberia, Alaska, 
the Yukon Territory, and British Columbia, the belt is 
crafted from sterling silver, 14K gold, fossilized walrus tusk, 
scrimshaw, fossil coral, Bruneau jasper, variscite, chryso- 
prase, sugilite, lace agate, and chrysocholla. It is a work of 
art, with painstaking detail evident in the design of the 
costume that adorns each piece. The individual figures can 
be removed from the belt and worn as pendants; in addition, 
each one opens to reveal drawings and other detachable 
pieces such as earrings. This article describes each figure in 
detail, including its significance within the particular cul- 
ture. Seven color photographs accompany the article. RT 


JEWELRY RETAILING 


Antique jewelry: Buying and selling in a recession. 
E, Weber, Jewelers’ Circular-Keystone, Heritage Insert, 
Vol. 163, No. 2, February 1992, pp. 130-134. 


The current economic recession in the United States has 
adversely affected the antique jewelry market. Retail clients 
are more hesitant about buying and more practical about 
what they buy. Wholesale dealers have increasingly limit- 
ed themselves to more discriminate, domestic purchasing 
and rely more on international buyers. Collectors, because 
of their unique, less-monetary motivation, are the least 
discouraged from making acquisitions during this time 
and are the most likely to be persuaded to make impor- 
tant purchases. 

One positive aspect of the antique jewelry market dur- 
ing this recession is the auction market. This is due to its 
relative stability and the recent recommendations of econ- 
omists to purchase antique jewelry as an investment. In 
addition, wholesale dealers are working to generate more 
activity in the market by re-evaluating their pricing struc- 
tures and finding creative methods to attract new clients. 

Alicia G. Powers 


Good appraisals can boost a jeweler’s reputation, provide a 
competitive edge against discounters and generate 
profits. R. Shor, M. Thompson, and R. Weldon, 
Jewelers’ Circular-Keystone, Vol. 163, No. 4, April 
1992, pp. 57-73. 


This article gives a candid view of what an appraisal is, 
what it isn’t, and what it should be. It walks the reader 
through the appraisal process by providing much-needed 
information: take-in procedures, types of appraisals, appraisal 
tools, product analysis, sources and resources, and legal 
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liability. A particularly useful section details appraisal orga- 
nizations, purpose. 

This is an important article for anyone thinking about 
becoming an appraiser. Although thorough in its attempt 
to educate, however, it should not be used (and is not 
intended) as a substitute for a formal appraisal education. 

KBS 


Retail jewelers are top target of telephone credit-card scams. 
W. G. Shuster, Jewelers’ Circular-Keystone, Vol. 162, 
No. 12, December 1991, pp. 108-109. 


This article discusses the ever-increasing problem of tele- 
phone credit-card scams and its effect on several U.S. retail 
jewelry businesses. According to the U.S. Secret Service, 
“phone frauds as a whole, including those against retailers, 
cost $1.2 billion a year,” Even though there are no specif- 
ic figures for the jewelry industry, the Jewelers’ Security 
Alliance estimates that individual losses average $2,000 to 
$10,000. Some culprits are criminals currently incarcerat- 
ed for other crimes. One such ring in Pittsburgh, 
Pennsylvania, had access to telephones in prison and used 
confederates working for them on the outside. They fraud- 
ulently ordered millions of dollars in merchandise from 
retailers in 30 states, 

The article gives important information on recogniz- 
ing telephone scams and several case histories of scams 
against jewelry retailers. Clues to watch for include lack of 
concern about price and insistence on overnight shipping. 
Any jeweler who suspects fraud is advised to contact the 
local Secret Service office or the Jewelers’ Security Alliance. 
Precautions for preventing such problems are also listed. The 
article is highly recommended for anyone in the jewelry 
industry. KBS 


Rx for insurance appraisal headaches. P. J. Geolat, C. Van 
Northrup, and D. Federman, Modern Jeweler, Vol. 
91, No. 3, March 1992, pp. 38-49. 


This excellent article describes the near-war between 
appraisers and insurance companies and details what can 
be done to bring about a truce. 

Included are some of the possible liabilities involved in 
writing an insurance appraisal report. To underscore the 
severity of the risk, the authors cite an example whereby an 
appraisal written as a “freebie” by a West Coast “apprais- 
er” earned him a conviction for fraud and a very large fine. 

Partisan viewpoints are given: Jewelers see insurers as 
replacing jewelry at a fraction of the actual cost, and insur- 
ers see jewelers as overgrading and overvaluing the product. 
Both arguments carry weight. 

Outlined are the basics of replacement-cost appraisals 
and what will cover appraisers’ “fiduciary responsibilities.” 
Proper take-in procedures are also demonstrated. A quick 
overview of insurance coverage helps clarify for the cus- 
tomer the purpose of the appraisal. Examples show how 
easy it is to get into trouble if the appraiser does not know 
what he or she is doing. 
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Jeweler/appraisers must realize that valuations have to 
reflect market reality, not dictate it. Value generally should 
be determined on the basis of research on actual and real- 
ized prices, not on what it would cost to manufacture the 
particular piece. 

This article, one of the most thoroughly written on 
the subject, is easy to comprehend and a pleasure to read. 

Jo Ellen Cole 


SYNTHETICS AND SIMULANTS 


An unusual assembled inclusion specimen. R. C. 
Kammerling and J. 1. Koivula, Journal of Gemmology, 
Vol. 22, No. 8, 1991, pp. 459-462. 


Gemological pitfalls can sometimes occur in very unex- 
pected places. Messrs, Kammerling and Koivula report on 
an assembled specimen of dendritic agate and glass. 
Although the manufactured nature of the specimen is evi- 
dent from a side view, it would be less obvious if the sam- 
ple were mounted in a bezel. However, magnification 
revealed numerous bubbles in the cement layer between the 
agate back and glass cap. Refractive index readings on the 
agate layer were ineffective because of an epoxy or resin coat- 
ing on the back surface of the specimen. CMS 


TREATMENTS 


Dyed quartzite sold as jadeite. Jewellery News Asia, 
No. 89, January 1992, p. 60. 


Dyed quartzite is being sold as natural green jadeite in 
Hong Kong, Thailand, and the People’s Republic of China. 
The Hong Kong Gems Laboratory identified both mount- 
ed and loose quartzite that had been sold as jadeite in 1991, 
Ou-Yang Chiu Mei, former director of the Asian Institute 
of Gemological Sciences, said that while dyed quartzite 
turned up occasionally in previous years, more pieces have 
been seen recently. Dyed quartzite is sometimes called 
Malaya jade. Quartzite is actually the recrystallization of 
quartz sandstone. Appreciable differences in specific grav- 
ity and refractive index, as well as dye concentrations vis- 
ible with magnification, should aid in identification. 

Jana Emi Miyahira 


Emeralds from Colombia (Part 3). G. Bosshart, Journal of 
Gemmology, Vol. 22, No. 8, 1991, pp. 500-503. 


The third (and final) part of this series on Colombian emer- 
alds includes brief, general discussions of treatment methods 
and identifying characteristics. In addition, the author 
describes how emerald’s sensitivity to heat and ultrasonic 
cleaning varies with the quality of the individual gem. A 
combination of microscopic features (spectra, refractive 
indices, and specific gravity} can be used to determine if an 
emerald is of Colombian origin, but the author finds it impos- 
sible to distinguish emeralds of one Colombian mine from 
those of another. Although most Colombian emeralds are 
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treated, usually by oiling of some kind, a major unresolved 
problem is the determination of the precise treatment pre- 
sent—a requirement under CIBJO guidelines. The article 
closes with the author emphasizing his position that the 
only non-emerald group of green beryl is the one colored 
solely by vanadium and/or iron with no chromium present. 

CMS 


MISCELLANEOUS 


Hot art, cold cash. M. van Rijn and A. Page, Art e) Auction, 
Vol. 14, No. 8, March 1992, pp. 92-99, 135-136. 


This article contains an excerpt from an upcoming new 
book, Hot Art, Cold Cash, by international art dealer Michel 
van Rijn, on the intrigues and intricacies of the world art and 
auction markets. lt also provides an interview with the 
author, and a response from Sotheby’s. 

The portion of the book published here tells the story 
of the Avar Treasure, a collection of gold and silver belt 
fittings, allegedly from Turkey, that was to be auctioned by 
Sotheby’s in late 1981. The treasure, initially highly adinired 
in the art world, mysteriously failed to sell and was subse- 
quently “bought in” by Sotheby’s for failing to meet the col- 
lection’s reserves. After the auction, van Rijn revealed that 
the pieces were actually fakes he had commissioned to get 
revenge on the auction house, which he blamed for the 
loss of an important sale involving Japanese clients. 

Van Rijn describes how he commissioned a now- 
deceased collector/antique dealer, Patrikiades, to forge 
pieces based on his own collection and pass them off as 
genuine. Patrikiades was not only a superb artist and crafts- 
man, but he also knew how to duplicate the composition 
of ancient metals. 

Van Rijn acknowledges that Sotheby’s did follow prop- 
er procedures, checking with known experts for authen- 
ticity of the pieces and inquiring of various countries 
whether similar treasures had been documented before 
they were stolen. Van Rijn says he also concocted this 
scheme to prove how easy it is to get something of debat- 
able origin accepted as genuine by the “experts.” 

Sotheby’s states in its reply that the Japanese venture 
that Mr. van Rijn claimed was the source of his animosity 
toward the auction house did not take place until months 
after the failed Avar auction. Sotheby’s goes on to point 
out that it did not buy back the Avar Treasure, but rather 
cancelled the sale of two of the items so that the collection 
could remain intact. Jo Ellen Cole 


Paper gems. J. Eadie, Journal of Gemmology, Vol. 22, 
No. 8, 1991, pp. 498-499. 


This brief note alerts gemologists to a different form of 
gem collecting: stamps that depict gem materials or relat- 
ed topics. Twenty-nine color photos illustrate the range of 
stamps available. Of even greater value is the author's offer 
to provide a list of topics and stamps that can be found; 
his address accompanies the article. CMS 
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GEM WEALTH OF TANZANIA 


By Dona M. Dirlam, Elise B. Misiorowski, Rosemary Tozer, 
Karen B. Stark, and Allen M. Bassett 


The East African nation of Tanzania has 
great gem wealth, First known by Western- 
ers for its diamonds, Tanzania emerged in 
the 1960s as a producer of a great variety of 
other gems such as tanzanite, ruby, fancy- 
colored sapphire, garnet, and tourmaline; to 
date, more than 50 gem species and vari- 
eties have been produced. As the 1990s 
begin, De Beers has reinstated diamond 
exploration in Tanzania, new gem materials 
such as transparent green zoisite have 
appeared on the market, and there ts 
increasing interest in Tanzania’s lesser- 
known gems such as scapolite, spinel, and 
zircon, This overview describes the main 
gems and gem resources of Tanzania, and 
reviews their history, geology, mining, and 
economic development. 
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|) he United Republic of Tanzania, the largest of the East 
/__ African countries, is composed of mainland Tanzania and 


the island of Zanzibar. It is regarded by many as the birthplace 


of the earliest ancestors of Homo sapiens. To the gem indus- 
try, however, Tanzania is one of the most promising fron- 
tiers, with 50 gem species and varieties identified, to date, 
from more than 200 occurrences. 

“Modern” mining started in the gold fields of Tanzania in 
the late 1890s (Ngunangwa, 1982), but modern diamond min- 
ing did not start until 1925, and nearly all mining of colored 
stones has taken place since 1950. Even so, only a few of the 
gem materials identified have been exploited to any significant 
extent: diamond, ruby, sapphire, purplish blue zoisite (tan- 
zanite; figure 1}, and green grossular (tsavorite} and other gar- 
nets. Relatively minor amounts of tourmaline, emerald, 
aquamarine, alexandrite, amethyst, scapolite, spinel, and oth- 
er gem materials have also been mined (see figure 2). Recent- 
ly, the Tanzanian govemment and the world’s mining industry 
have begun to reinvestigate the potential for large-scale gem 
production, spurred by changing political, technological, and 
economic factors both in Tanzania and worldwide. For exam- 
ple, a consortium headed by the World Bank has approved a 
loan package of $1.8 billion for renovation of the nation’s 
infrastructure (“Tanzania’s latent opportunities,” 1992). Tan- 
zania seems poised on the edge of fully developing its rich 
gem resources. 

This article will first briefly review the history, geology, 
and mining of Tanzania. We will then examine each of the 
major gem materials and their occurrences. 


HISTORY 

Hominid habitation in this part of East Africa has been doc- 
umented back to about 6 million years (members of the Leakey 
family were the first to establish the anthropological impor- 
tance of Olduvai Gorge). The ancient Greeks knew of Tan- 
zania, which they called Azania. The Bantu people, who 
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Figure 1. Tanzania is per- 
haps best known for the 
transparent purplish blue 
variety of zoisite, tanzan- 
ite, which was discovered 
in the 1960s and named 
by Tiffany &@ Co. in honor 
of its country of origin. The 
tanzanite in this pendant 
weighs 96.42 ct; the ear- 
rings weigh a total of 
24.29 ct. Jewelry courtesy 
of Tiffany & Co. 


currently make up the majority of Tanzania’s popu- 
lation of 26 million, apparently arrived in the region 
in the Ist century A.D. (Vidal-Naquet, 1987}. Because 
of its strategic location, Tanzania has been a major 
trading center since the 9th century. About this time, 
the coastal regions were settled by Moslems from 
Arabia, Persia [now Iran}, and elsewhere, who worked 
with the Swahili, a people of the eastern division of 
the Bantu. Together, they established trading centers 
such as Malindi, Mombasa, and Kilwa. The last, in 
southern Tanzania, controlled one of the ancient gold 
routes into the interior and later became the trading 
center for ivory, rock crystal {quartz], and slaves, as 
well as gold (Horton, 1987). 
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Portugal established control over the area in the 
early 1500s, but it was displaced by Great Britain in 
the 1600s. Then, in the 19th century, Germany gained 
control of the mainland, through treaties signed with 
inland chiefs, and established the German East Africa 
protectorate; following World War I, this became 
Tanganyika, under British mandate. Tanganyika 
gained independence from Great Britain in 1961 and 
three years later united with Zanzibar, a British pro- 
tectorate since 1890, to form the United Republic of 
Tanzania. (Throughout this article we use the term 
Tanzania even though the country may have been 
known by another name at the time of the specific 
event being discussed. For example, when diamonds 
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Figure 2. Although over 200 occurrences of gems have been identified in Tanzania, there are 18 
main gem districts in this East African nation. These are indicated here with their most impor- 
tant gem minerals. The major geologic environments and rock types, along with key geographic 
features, are also noted. Most of the colored stone occurrences are in the Mozambique Orogenic 
Belt, while the diamonds occur on the Tanzanian craton. Map adapted from Malisa and 
Muhongo (1990), “Gemstone localities of Tanzania” map prepared by John Saul (1970), and 
“Tanzanian Known Mineral Occurrences” (map, 1982). Artwork by Carol Silver. 


were first found, the country was known as German 
East Africa. Also, for the purposes of this discussion, 
Tanzania will refer exclusively to the mainland por- 
tion of the nation.} 

Until the late 1960s, gem mining in Tanzania 
was done primarily by individuals and private com- 
panies. In 1971, however, the government national- 
ized the first mines and established Tanzania 
Gemstone Industries (TGI]}, under the National Devel- 
opment Corp., to oversee them (Rwezaura, 1990). In 
1972, the government created the State Mining Corp. 
(STAMICO}, with TGI as its subsidiary. Because over- 
all gem production was so poor during this period, 
in 1976 STAMICO began geologic as well as mining 
studies in an effort to improve the situation. 

During most of the 1970s and into the 1980s, 
the government required that all mining be controlled 
by the state. All gem rough had to be bought through 
STAMICO and sold on the open market. Although 
foreign companies were discouraged from engaging in 
mining activity for many years, selective foreign 
investment has been allowed since the early 1980s. In 
1985, the newly enacted Economic Recovery Pro- 
gram established provisions favorable to foreign invest- 
ment (Notholt, 1990}. Today, the government is 
issuing gemstone prospecting, mining, and “master 
dealer” licenses under which private individuals may 
prospect, mine, trade, and export gem minerals (“ICA 
presents ...,”” 1991}, as well as offering important eco- 
nomic incentives. 


REGIONAL GEOLOGY 


East Africa has been the subject of formal geologic 
mapping and exploration projects since the late 1800s. 
Several major geologic environments have been iden- 
tified: an Archean craton, orogenic mobile belts, 
coastal marine sedimentary deposits, rift valleys of var- 
ious ages, recent (Tertiary) volcanism, and various 
types of surface deposits. Several of these environ- 
ments contain gem occurrences. 

The main geologic divisions in Tanzania (again, 
see figure 2) are: on the west, the Tanzanian craton, 
which is of Archean age (2,500-3,000 My [million 
years]}, and, on the east, the Mozambique Orogenic 
Belt (1,200-450 My}. A craton is an ancient, stable 
part of a continent that is composed of igneous and 
metamorphic rocks (see, e.g., Janse, 1992; Kirkley et 
al., 1991), The Tanzanian craton is surrounded by 
Middle- to-Late Proterozoic (1,600-800 My) mobile 
belts, which are long, narrow crustal regions subject- 
ed to geologic forces that resulted in processes such as 
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folding and mountain building. These belts include the 
Ubendian to the southwest, the Karagwe-Ankolean to 
the northwest, and the Usagaran to the east. 

The Usagaran is the Tanzanian portion of the 
much larger Mozambique Orogenic Belt {orogenic 
belts are those that were mobile during their forma- 
tive stages], which extends under most of East Africa. 
It is about 250 km wide and runs for about 5,000 km 
from Madagascar and Mozambique in the south to 
Ethiopia and Sudan in the north. The rocks in this belt 
have undergone extensive metamorphism, pluton- 
ism, folding, and faulting. This belt has a complex 
history of several cycles of tectonism (major crustal 
movements) and at least three stages of regional and 
contact metamorphism, starting in the Late Protero- 
zoic (1,200 My). These include high-grade metamor- 
phic events that produced several granulite complexes 
(sets of metamorphic mineral assemblages result- 
ing from high pressures and high temperatures, 
650°-800°C). The latest thermal events were caused 
by the Pan-African Orogeny {800-450 My). East of 
the Mozambique Belt lies the coastal plain of Tan- 
zania, which is underlain by Mesozoic (225-65 My) and 
more recent sediments. 

The formation of granulites in association with 
major tectonic events is particularly important, 
because a wide range of minerals were subjected to 
heat, pressure, and hot fluids. During such geologic 
processes, not only are new minerals formed, but 
chromophores such as chromium and vanadium may 
also be remobilized from their original mineral hosts. 
Under favorable conditions, this results in the for- 
mation of gem crystals of unusual colors and phe- 
nomena, such as “chrome” tourmalines and 
change-of-color garnets and sapphires (figure 3). Mal- 
isa and Muhongo (1990) outlined 17 major occur- 
rences of granulite-type rocks and identified the 
eastern granulite complexes in the Mozambique Belt 
as having the greatest potential for gem materials 
(again, see figure 2), 


MINING 


Exploration and Techniques. Until recently, most 
exploration in Tanzania was based on prospecting 
using visual observation. In fact, major deposits have 
been found by local herdsmen familiar with gems 
(Key and Ochieng, 1991a). Traditionally, mining has 
been carried out with minimal mechanization. Most 
of the miners are itinerant laborers who work spo- 
radically, depending on the climatic and political con- 
ditions. For example, mining is generally hampered 
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Figure 3, Tanzania is particularly noted for its production of unusual gem materials, like these color-change 
garnets seen here in incandescent (left) and fluorescent (right) ilhimination. The stones range from 3.89 to 
1.57 ct. Photo © GIA and Tino Hammid. 


from December to May, the wettest months of the 
year. Furthermore, miners sometimes leave one min- 
ing area for another that has just opened up or expand- 
ed, resulting in the temporary abandonment of the 
first mine. 

The only consistently large-scale gem-mining 
operation in Tanzania has been at the Mwadui 
{Williamson) diamond mine. For a time in the 1960s, 
there were also large-scale operations at the Umba 
River deposits, but mechanization declined with the 
onset of nationalization. Although there are some 
operations that use heavy equipment, most gem min- 
ing in Tanzania today is small scale. The deposits 
mined may be either primary in the host rock or sec- 
ondary {which includes both alluvial along rivers, or 
eluvial in the weathered zones above and/or adjacent 
to the primary deposits}. Details relating to the type 
of mining associated with a particular deposit are 
provided below in the discussions of specific gem 
materials. 

Small-scale mining in Tanzania—whether by pri- 
vate individuals, mining organizations, or private 
companies—is labor intensive. For example, in allu- 
vial deposits along rivers such as the Umba and the 
Lukande, miners shovel gem-bearing gravels onto 
screens and wash them in nearby stream waters (fig- 
ure 4). In primary deposits like the emerald occur- 
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rence at Lake Manyara, low-energy explosives are 
used to break up the rock and then the material is sort- 
ed by hand. Only recently have backhoes and mech- 
anized shaker tables again been brought into some of 
the more accessible mining areas. Today, modern 
equipment is found at the Mwadui diamond mine, in 
some corundum-mining areas (figure 5}, and in por- 
tions of the Merelani Hills tanzanite area. 

It is appropriate to mention here how difficult it 
can be to ascertain the actual source for most gems. 
In East Africa, in particular, many gems mined in 
Tanzania are carried across the border into neigh- 
boring Kenya and especially to its cosmopolitan cities 
Nairobi and Mombasa. Consequently, gems from 
this area are commonly described simply as coming 
from East Africa rather than specifically from Tan- 
zania. Even when specific sources are given by the sell- 
er, one cannot always depend on the accuracy of the 
information. An improvement in the reporting of 
localities is evident in the recent literature (see, e.g., 
Malisa and Muhongo, 1990; Key and Ochieng, 1991a). 
Still, we have taken this factor into consideration 
when evaluating information about specific gem 
materials. 


Environmental and Health Concems. The problems 
that face resource-rich but economically poor Tan- 
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Figure 4. Much of the min- 
ing in Tanzania is alluvial, 
often secondary deposits 
along streambeds. Here, 
miners use rudimentary 
shovels and screens to 
locate corundum and oth- 
er gems in the gravels of 
the Umba River. Photo 

© Fred Ward. 


zania are staggering. The temptation is to meet the 
nation’s economic needs by accelerating the exploita- 
tion of its mineral resources, including gemstones. 

The long-term environmental impact could be 
severe. The reported use of water cannons to mine 
gems in some of the Umba River alluvial deposits, a 
technique outlawed 100 years ago in the U.S. because 
of the damage it caused, is one example (F. Ward, 
pers. comm.,, 1991}, At the African Mining Congress 
held in June 1991, concerns were raised about the 
inappropriate use of cyanide to process gold at deposits 
in Tanzania. 

Perhaps the greatest challenge is the health of 
the populace. Just as a cholera epidemic stopped all 
mining in northern Tanzania in 1978 and again in 
1987, so the spread of AIDS is predicted by some to 
have a major impact on the miners as well as on the 
population as a whole. It is predicted that, by the end 
of 1992, there will be 5,000 new cases of the HIV 
virus each day in East Africa. Tanzania is receiving 
both financial and educational assistance from inter- 
national agencies such as the World Health Organi- 
zation and the World Bank, as well as from regional 
groups such as the Southern African Development 
Coordinating Council (SADCC; Jourdan, 1991), Today, 
warnings against ukime (the Swahili word for AIDS} 
are already common at the gold fields. Unfortunate- 
ly, the problem is compounded by the itinerant nature 
of the mining population (Bills et al., 1991). Such 
issues will need to be addressed as part of Tanzania’s 
long-term planning for economic growth in general 
and for the exploitation of its gem resources in par- 
ticular. 
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DIAMOND 


Background. Although prospecting over the years has 
identified more than 300 kimberlites, of which 44 
are diamondiferous, few have proved to be econom- 


Figure 5. This mechanized washing plant serves a 
ruby mine located about one hour south of 
Mahenge that 1s operated by Simba International 
Investments Ltd. Using the diesel motor of a 
truck, the miner washes the gem-bearing gravels 
before they are sent to the jigs for final separation 
of the rubies. Photo © Fred Ward. 
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Figure 6. The Mwadui diamond mine, in northern Tanzania, is currently the largest, most sophisticated 


mining operation in Tanzania. The kimberlite pipe at Mwadui is about four times the size of the Premier 


mine. Photo courtesy of the Central Selling Organisation. 


ically feasible (“Tanzania’s latent opportunities,” 
1992). At present, the only active diamond mine is the 
Mwadui, also known as the Williamson mine, in 
northern Tanzania (figure 6). Although diamonds 
were found at Mabuki as early as 1910, mining did not 
begin there until after 1925 (B. Janse, pers. comm., 
1992), Mabuki and two other small mines, at Kisumbe 
and Nzega, were operated by the Tanganyika Dia- 
mond and Gold Development Company until min- 
ing was halted in 1938. One of their geologists, Dr. 
John T. Williamson, continued to search indepen- 
dently in the area. In 1940, on the verge of bank- 
ruptcy, he discovered at Mwadui what would prove 
to be the world’s largest (in surface area) kimberlite 
pipe: 146 hectares, about four times the size of South 
Africa’s Premier mine (Gobba, 1991). Dr. Williamson 
subsequently developed the mine, now called the 
Mwadui, into one of the richest in Africa. It is unusu- 
al for a primary deposit, in that about half of the dia- 
monds mined there are of gem quality (Balfour, 1987). 
After Williamson died in 1958, De Beers and the 
national government jointly purchased the mine from 
his heirs. Although the mine was officially national- 
ized in the 1960s, ownership actually passed to a 
Bermuda-based holding company, Willcroft, a sub- 
sidiary of De Beers in which Tanzania took a 50% 
share. Reports in the literature suggest that the mine 
is nearly played out: Whereas 92.4,000 ct of diamond 
were produced from 3.3 million tons of ore in 1966, 
the same amount of ore produced only 265,600 ct in 
1984 (“Background analysis—Tanzania . . .,” 1986). 
Two kimberlites found in the Kahama area west 
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of Mwadui were mined briefly during the late 1960s, 
but they are not currently being worked (Janse, 1991). 


Geology. The Tanzanian diamond deposits have cer- 
tain characteristics that make them unique. The most 
notable feature is that they occur in kimberlite crater 
deposits or in closely associated weathered gravels, as 
well as in the kimberlite pipe itself. Elsewhere in the 
world, kimberlite crater deposits {by definition, on 
the surface) normally have been removed by erosion. 
For example, kimberlites that occur on Precambri- 
an shields (outcropping Archean cratons} have usually 
been eroded down to their roots and, thus, crop out in 
the form of small dikes or irregular-shaped pipes. 
However, the Mwadui kimberlite outcrop is a large 
{1600 x 1100 m) ellipsoidal crater that is as much as 
360 m deep. The diamond deposits are associated 
with shaley sediments deposited in a crater lake, with 
breccias derived from a mixture of kimberlite and 
disintegrated gneiss bedrock, and with gravels derived 
from these two components and from the overlying 
calcrete. Because the kimberlite intrusions in Tan- 
zania are relatively young (45-55 My, as compared to 
90-120 My for most of the South African pipes), they 
have not been subjected to the extensive erosion expe- 
rienced by their older counterparts. Consequently, 
secondary deposits are minimal. 

Although Tanzania is literally peppered with kim- 
berlites, many of them are barren of diamonds. Of those 
44 that are diamondiferous, only a few are economically 
viable and these are all found in a belt on the craton (B. 
Janse, pers. comm., 1992). 
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Description of the Material. In addition to its high 
percentage of gem-quality near-colorless diamonds, the 
Mwadui mine is also known for producing pink {fig- 
ure 7) and green diamonds. In 1954, for example, the 
Mwadui mine produced 105 ct of bright pink dia- 
monds for every 100 tons of ore mined (“Background 
analysis ...,” 1986). The only reported properties for 
Tanzanian diamonds (from Mwadui] are consistent 
with those reported for diamonds from other locali- 
ties (Tsai et al., 1979). 


Current Production and Future Potential. Tanzania 
has produced 18 million carats of diamonds since the 
end of World War I. More than 90% of these came 
from the Mwadui pipe (“Tanzania’s latent opportu- 
nities,” 1992}, with most of the remainder coming 
from the adjacent Alamasi mine. After reaching a 
peak of 926,758 ct in 1967, production at the Mwadui 
mine has declined to between 150,000 and 200,000 ct 
annually in recent years (Wilson, 1971; Notholt, 1990). 
The Mwadui deposit has yielded several diamonds 
over 100 ct; the largest piece of rough on record 
weighed 256 ct. Williamson presented the largest 
recorded‘Tanzanian pink diamond—54 ct in the 
rough—as a wedding present to then-Princess Eliza- 
beth of Great Britain in 1947. The gem was subse- 
quently cut to yield a 23.68-ct internally flawless 
round brilliant, now known as the Williamson Pink 
(Balfour, 1987}. 

In January 1992, the Tanzanian Ministry of Water, 
Energy, and Minerals signed a diamond-prospecting 
agreement with De Beers Centenary AG’s subsidiary 
Willcroft Co. and Tanex, a locally incorporated sub- 
sidiary of Willcroft (“Tanzania signs major diamond 
deal,” 1992). Using modern geophysical methods like 
remote sensing, they are scanning an area over 23,000 
km? in northern Tanzania, south of Lake Victoria 
and west of Mwadui. The newly developed method 
of nickel thermometry, which measures the nickel 
content of the garnet and chromite indicator miner- 
als found in heavy mineral concentrates from kim- 
berlites, provides a relatively inexpensive and fast 
test to distinguish between barren and potentially 
diamondiferous kimberlites (Griffin et al., 1991). Giv- 
en the number of diamondiferous deposits already 
known, Tanzania holds the promise for other eco- 
nomically significant diamond mines. 


CORUNDUM 


Ruby. Background. Rubies and pink sapphires are 
found in the northern, northeastern, and central east- 
ern areas of Tanzania: Longido, Umba River Valley, 
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and Morogoro (figure 8], respectively (again, see figure 
2). Ruby was first discovered in the early 1900s near 
Longido Mountain, close to the border with Kenya. 
Following World War I, the German officer credited 
with making the original discovery founded the Tan- 
ganyika Corundum Corp. and began mining at the 
locality now known as the Longido (also the Mdarara] 
mine. Longido was operated sporadically until 1971, 
when it was taken over by the Tanzanian govern- 
ment and subsequently closed. Reopened in 1988, it 
is now operated by the Longido Gemstone Mining 
Company—a joint venture between Tofco, a Swiss 
company, and Tanzania Gemstone Industries. The 
mine shaft is 3 m in diameter and 100 m deep. Explo- 
sives and pneumatic drills are used to penetrate the 
host rock, which is then brought to the surface using 
rail wagons {C. Garcea, pers. comm., 1992), 


Figure 7. Tanzania is known for its production of 
pink diamonds as well as near-colorless and green 
stones. This 2.90-ct diamond is known as the De 
Young Pink. Courtesy of the Smithsonian Institu- 
tion, Washington, DC; photo © Tino Hammid. 
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Figure 8. Since the 1970s, the Morogoro area has 
become an important source of ruby and pink sap- 
phire. These ruby cabochons (the largest weighs 
8.88 ct) were cut from Morogoro-area rubies. Cour- 
tesy of Pala International, Fallbrook, CA; photo © 
Harold & Erica Van Pelt. 


Ruby was discovered in the Umba River Valley 
in the 1950s. Umba Ventures, owned by George 
Papaeliopoulos (“Papas”), mined ruby and sapphire in 
an area of 2,350 acres from 1961 until it was nation- 
alized in 1972, (Rwezaura, 1990). The government 
controlled the mines until 1982, when Gupta Explo- 
ration and Mining Co. was granted mining rights. In 
1989, the Asia Precious Stones and Equipment Co. of 
Thailand obtained a license to mine in the area. This 
company formed a joint venture between Thai and 
Tanzanian groups—the Africa-Asia Precious Stones 
and Mining Co. (AAPS}—which eventually acquired 
exclusive mining rights to Umba (Thai joint ven- 
ture...,” 1989). 

The Morogoro area began producing rubies in 
the 1970s. Although Morogoro is actually a large 
province that includes the town of the same name, to 
this day rubies from any part of this region are referred 
to as “Morogoro” ruby. In recent years, many new 
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mines have been opened, including the Matombo, 
Kitonga, Epanko, Ruaha, Lukande, Mayote, and Kit- 
waro (Hanni and Schmetzer, i991; N. Barot, pers. 
comm., 1992), As discussed by Hanni and Schmetzer, 
there are often significant differences from one Moro- 
goro mine to the next in the properties of the rubies 
found there. They speculate that the “Burma type” 
rubies and pink sapphires found mixed in parcels of 
spinel reportedly from Morogoro actually came from 
the Matombo mine (figure 9}. The Marazi deposit in 
Morogoro has also produced some unusually fine 
transparent mubies (figure 10}. 

South of the Usambare Mountains and north of 
Morogoro, the area near Handeni produces signifi- 
cant quantities of deep red to purplish red tabular 
hexagonal ruby crystals that are usually of cabochon 
grade (N. Barot, pers. comm., 1992, }. In addition, small 
amounts of mby have been found with emerald and 
alexandrite in the Manyara escarpment to the west 
(Henn and Bank, 1991}. This latter region is discussed in 
greater detail in the emerald section. 


Geology. Pohl and Horkel (1980) identified four types 
of primary ruby-bearing deposits in East Africa: (1] 
desilicated pegmatites (i-e., that have been depleted of 
silica as a result of the breakdown of silicates through 
reaction with magma) in ultramafic bodies (igneous 
rocks high in iron-magnesium minerals}; (2) desili- 
cation zones at the contacts of the ultramafic and 
metasedimentary country rocks; (3} metamorphosed 
aluminous sediments (not economically important}; 
and (4) marbles associated with red spinel. Key and 
Ochieng (1991a) maintain that only those ruby 
deposits that form in association with chrome-bear- 
ing ultramafics have economic potential. 

One of the coauthors {A.B.} draws on his experi- 
ence as former manager of the Longido mine to pro- 
vide the following information about the geology of 
the northern localities. The Longido mine is in a 
“reef” of “anyolite,” a rock composed of opaque green 
zoisite with dark green to black amphibole that occurs 
with opaque to transparent mby. This reef,” about 
one-half to one meter thick and approximately 
500-600 m long, lies within a weathered peridotite 
that was intruded into a sequence of high-grade meta- 
morphic rocks including marble (the second of the 
four types of primary miby deposits listed above}. The 
ruby is recovered as hexagonal crystals and irregular 
masses embedded in the green zoisite and/or black 
amphibolite. 

Smaller deposits of ruby in anyolite are found 
nearby, as well as at Lossogonoi and Naberera, 60-70 
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km southeast of Arusha. In the past, ruby rough 
mined in the area around Landanai and Lossogonoi 
produced facet-grade stones in the one-carat range 
(N. Barot,.pers. comm., 1992), but this deposit is no 
longer active. 

One of the first geologists to report on the gem 
corundums of the Umba Valley, Solesbury (1967), 
maintained that both rubies and sapphires found in 
this area originally formed in pegmatites cutting a 
serpentinite (the first of the four types of primary 
ruby deposits listed above}. The serpentinite (actual- 
ly a “pipe”; C. Bridges, pers. comm., 1992] occupies 
the core of a fold in the Usagaran granulite rocks. 

In the Morogoro area, rubies are found as allu- 
vial deposits or as lenses in calc-silicate rocks with- 
in the marbles (the fourth type of primary ruby deposit 
mentioned) of the Usagaran granulite type rocks (Mso- 
lo, 1992). 


Description of the Material, For the most part, the 
gemological properties of the various Tanzanian rubies 
are consistent with those of rubies from various oth- 
er localities (Bank, 1970; Zwaan, 1974, Schmetzer, 
1986). However, differences in chemistry, crystal 
morphology, and internal features have been report- 
ed, even for rubies that are believed to come from 
the same area (e.g., Morogoro; Hanni and Schmet- 
zer, 1991), 

Recent geochemical studies help explain the hues 
of rubies from the various Tanzanian deposits as com- 
pared to rubies from other localities. Although the 
chromium content of Morogoro and Umba rubies is 
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Figure 9, Rubies (here, the 
two large crystals) have 
been found mixed with 
spinels in parcels from the 
Morogoro area. These 
pseudo-octahedral ruby 
crystals are ringed by sev- 
en smaller spinel octahe- 
drons, all from Morogoro. 
Photo by Shane McClure. 


relatively low in comparison to those from Myan- 
mar (Burma}, the amount of iron is similar to that in 
Burmese rubies and is considerably less than that 
identified in other Southeast Asian stones. Typical 
Morogoro-area rubies have the least iron, Longido 
has more, while Umba River specimens have the 
most (Hughes, 1990; Hanni and Schmetzer, 1991, 
Key and Ochieng, 1991b}. Some of the Tanzanian 
rubies are heat treated in Thailand in an attempt to 
improve color and clarity. To date, such treatment has 
had mixed results (K. Schmetzer, pers. comm., 1992). 


Figure 10. Spectacular rubies, like this 1-gram crys- 
tal and 0,87-ct pear shape, are being produced at 
the increasingly important Marazi deposit in Moro- 
goro, Stones courtesy of Dr. Horst Krupp and Pala 
International, photo © GIA and Tino Hammid. 
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Current Production and Future Potential, Mining at 
Longido produces, at best, about one ton of ruby per 
month; only about 1% of this is cabochon grade and 
an even smaller fraction is facetable, with the remain- 
der suitable for carving. Faceted transparent stones sel- 
dom exceed one carat. Reserves at Longido appear to 
be sufficient to maintain production at this level for 
several years. 


Figure 12, These are only a few of the many colors 
of sapphire mined from the Umba Valley. The 
average sapphire is approximately 3 ct. Courtesy of 
Gems of Africa, Los Angeles, CA; photo by Robert 
Weldon. 
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Figure 11, In the valley of 
the Umba River, mecha- 
m nized mining is now used 
to recover corundum and 
associated gems from the 
rich gem gravels. Photo © 
Fred Ward. 


In the 1960s and 1970s, miners at Umba occa- 
sionally found pieces of rough that yielded cut rubies 
as large as 20 ct (R. Naftule, pers. comm., 1992), 
Although official reports indicate that there is now vir- 
tually no production from the Umba River region, 
mining of both primary deposits and alluvial gravels 
continues, and is now done with the help of bull- 
dozers and backhoes (figure 11}. This level of activi- 
ty, and the extent of gem trading in nearby villages and 
towns, suggests that economic quantities of gem- 
quality ruby and sapphire are being recovered, and 
such mining will undoubtedly continue in the future 
(Ward, 1991). 

Currently, hundreds of miners are operating at the 
various localities in the Morogoro area (Msolo, 1992). 
Dr. N. Barot (pers. comm., 1992} estimates that the 
total production from these deposits is approximate- 
ly 200 kg per month of gem ruby—mostly cabochon 
and carving grade. 


Sapphire. Background. The Umba River Valley has 
yielded sapphires in virtually every color as well as 
change of color. To date, this is the only region that 
produces gem-quality sapphires, although there are 
reports of other sapphire occurrences in the vicinity 
and pink sapphires have been identified with rubies 
in the Morogoro area, as noted above. Sapphires were 
first discovered in the 1950s, in alluvial gravels of 
the Gerevi Hills north of the Umba River (Solesbury, 
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Figure 13. The Umba Val- 
ley is also noted for its 
production of color-change 
sapphires. This 8.74-ct sap- 
phire is blue in day or fluo- 
rescent light and purple in 
incandescent light. Cour- 
tesy of S. L. Dillon; photo 
© Tino Hammid, 


1967}. As mentioned above, Umba Ventures was 
formed in 1961; they worked the nearby primary 
deposit as well as the alluvial deposits (Sarofim, 1970). 
As with the other gem deposits, mining was halted for 
much of the 1970s and early 1980s, but activity 
resumed in 1986, 


Geology. At Umba, the sapphires—like the rubies— 
formed in association with pegmatite veins that cut 
a serpentinite body in the Umba River Valley meta- 
sediments (Solesbury, 1967). Today, the miners are 
working secondary deposits almost exclusively. The 
main mine now extends to 100 m below the surface, 
with tunnels radiating from the primary shaft on the 
gem-bearing levels (N. Barot, pers. comm., 1992; again, 
see figure 9}. 


Description of the Material. For the most part, the 
gemological properties reported for Tanzanian sap- 
phires overlap those of sapphires from other localities 
(Webster, 1961b; Bank, 1970; Zwaan, 1974; Schmet- 
zer, 1986). They are most notable for their great range 
of colors: colorless, violet, purple, blue, green, orange, 
yellow, yellow-orange, red-orange, pink, parti-col- 
ored, and change of color (figure 12). The parti-colored 
sapphire crystals tend to be pale in the center and 
have a deeper hue around the edges (Pough, 1971; 
Bridges, 1982). Many of the Umba sapphires exhibit 
change of color such as greenish to grayish blue in day- 
or fluorescent light and deep purple to purplish red in 
incandescent light (figure 13). This unique range of col- 
ors is caused by variations in the proportions of the 
chromophores chromium, iron, manganese, nickel, 
titanium, and vanadium (Zwaan, 1974, Schmetzer, 
1978}. 

Alluvial sapphire rough is usually found as round- 
ed pebbles that produce stones of one carat or less. 
However, faceted stones as large as 40 ct and cabo- 
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chons up to 90 ct have been cut from pieces of rough 
weighing hundreds of grams (R. Naftule, pers. comm., 
1992). 

Some members of the trade label Umba’s orange 
sapphire “African padparadscha” (figure 14), although 
the trade name padparadscha is usually restricted to 
the delicate pinkish orange Sri Lankan sapphire. In 
the past, orange sapphires did not meet the general- 
ly accepted criteria for “padparadscha” (Crowning- 
shield, 1983; Hern and Bank, 1992). However, East 
African sapphires with the more classic hues of pad- 
paradscha were seen at both the 1991 and 1992 Tuc- 
son shows. 

Some of the pale sapphires are being heat treat- 
ed in Thailand. Although all of the stones will be 
affected, the resulting color is often not commercially 
desirable (K. Schmetzer, pers. comm., 1992). The GIA 
Research Department heat treated three orange-pink 
sapphires from the Umba River region in a strongly 
reducing atmosphere, at 1700°C, for 18-21 hours. 


Figure 14. The orange sapphires from Umba are 
distinctive for their saturation. Here, the orange 
rough is 3.80 ct and the cut stone is 1.04 ct. Cour- 
tesy of Don Clary; photo by Robert Weldon. 
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Figure 15, The Umba Valley sapphires reportedly 
do not respond to heat treatment as well as sap- 
phires from some other localities. These three 
sapphires from the Umba Valley were cut and the 
left half of each heat treated to provide some idea 
of the extent of the change produced. Stones and 
experiment courtesy of the GIA Research Depart- 
ment; photo © GIA and Tino Hammid. 
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These stones showed little change of hue (figure 15), 
but the fading of yellow and production of violet col- 
or was interesting. Recently, it has also been report- 
ed that some of the material is being “quench 
crackled” and dyed to simulate ruby (Schmetzer and 
Hanni, 1992). 


Current Production and Future Potential. As with 
rubies from this area, officially there is no current 
production of sapphires in the Umba River valley. 
Again, however, the extent of mining activity and 
local gem trading indicates that the area is still pro- 
ducing facet-grade sapphires in all colors (Ward, 1991). 
R. Naftule reports that a single pocket found at Umba 
in 1990 contained 10 kg of rough red-orange to orange 
sapphire that yielded stones as large as a carat (pers. 
comin., 1992). 


ZOISITE (TANZANITE) 


Background. Zoisite belongs to the epidote group of 
minerals. Its most famous gem variety is purplish 
blue tanzanite (again, see figure 1). However, Tanza- 
nia also produces the opaque green variety anyolite 


Figure 16, The earliest vari- 
ety of zoisite seen in the 
gem industry was the 
opaque green material that 
commonly occurs with 
ruby. It is a superb carving 
material, as illustrated by 
this ruby field mouse sit- 
ting on a green zoisite leaf. 
The carving—actually 

| made from a single piece 

) of ruby in zoisite—mea- 
sures 45.13 mm high by 
62.64 mm wide by 55.72 
mmm deep, Carving by 
Gerd Dreher, courtesy of 
Silverhorn, Santa Barbara, 
CA; photo © GIA and Tino 
Hammid. 
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Figure 17. Most of the 
opaque green zoisite is 
mined at Longido. Here a 
miner works a pillar of 
green zoisite underground 
at Longido, Photo courtesy 
of Carlos Garcea. 


(Gtibelin, 1969], as well as limited quantities of trans- 
parent zoisite in a number of hues (including green, 
yellow, pink, and violet; Barot and Boehm, 1992), 

Before the discovery of tanzanite, the most 
notable zoisite in Tanzania was anyolite, which occurs 
with ruby. This unique combination makes a dra- 
matic carving material (figure 16). It is mined under- 
ground at Longido (figure 17). 

The gem community’s appreciation of this species 
changed dramatically when transparent blue zoisite 
was discovered in the 1960s. It was first identified in 
1962. by George Kruchiuk, who had received several 
samples that were purported to be blue sapphire; 
Manuel D’Souza is credited with discovering the loca- 
tion of the deposits while prospecting for ruby in the 
Merelani Hills (again, sce figure 2) in the Lelatema dis- 
trict (Bank, 1968; Hurlbut, 1969; Webster, 1983). Tan- 
zanite was first marketed in the United States in 
1968 by Tiffany & Co. {Tiffany discloses .. .,”” 1968}, 
which named the gem in honor of its country of origin. 

Private prospectors and local miners worked the 
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Merelani Hills deposits until nationalization was 
started in 1971. The supply of tanzanite was sporadic 
until 1988, when the government temporarily opened 
the area and 20,000 miners descended on it. Working 
day and night, they dug hundreds of pits and recovered 
many thousands of carats of tanzanite. In late 1990, 
however, the government sought to establish greater 
control over the number of miners and the flood of tan- 
zanite into the world market. Ultimately, the Tan- 
zanian army was deployed to remove the miners and 
patrol the locality (Federman, 1991). 

The government has since divided the tanzanite 
area into four sections, or blocks, and awarded min- 
ing contracts for each block to a different joint ven- 
ture (see A. Suleman’s report in Koivula and 
Kammerling, 1991c}. Today, all are being mined 
and are beginning to be mechanized. The govern- 
ment also marked out several small blocks south- 
west and northeast of blocks A and D, respectively, 
and has already invited offers from Tanzanian firms 
and individuals. 
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Figure 18. Tanzanite is known for its distinct 
pleochroism, but this is one of the most spectacu- 
lar examples ever recorded. Shown here are the 
colors seen along the three axes of this superb 
crystal, called the “Sleeping Beauty of Tanzania,” 
which weighs 176 grams and measures 55 mm 
high x 43 mm wide x 28 mm thick. Note especial- 
ly the deep red seen down the c-axis, which Is usu- 
ally brown. Courtesy of the John Barlow 
Collection; photo © Harold & Erica Van Pelt. 


Geology. Tanzanite is found in both primary and sec- 
ondary deposits. Malisa (1987} describes the primary 
tanzanite deposits as occupying the crest of the large 
Lelatema fold, which is composed of metamorphic 
rocks (e.g., dolomite marbles, graphitic gneisses, and 
schists} and is separated from the surrounding plateau 
by large faults. Hydrothermal solutions injected into 
local faults and fissures reacted with the bedrock to 
begin the tanzanite mineralization. The gneisses at 
Merelani were folded during the many stages of move- 
ment that followed. As a result, tanzanite—some- 
times associated with green grossular garnet—is most 
commonly found in cavities in the metamorphic rocks 
or at the contact with quartz veins in the hinges of 
folds that can be tens of meters wide. 


Description of the Material. One of the most notable 
features of tanzanite is its strong pleochroism, which 
is usually grayish blue, purple, and brown, green, or 
yellow. Red replaces brown in some crystals (figure 18; 
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see also A. Bassett, as reported in Koivula and Kam- 
merling, 1991b). Most of the gem-quality tanzanite 
recovered appears brown face-up when cut. The col- 
or in approximately 95% of the purplish blue tan- 
zanites on the market today has been produced by 
heating the crystals to approximately 600°-650°C, 
which results in a change in the valence state of the 
vanadium (V** to V“*, Anderson, 1968; R. Naftule, 
pers. comm., 1992) and converts the brown (or yellow 
or green) pleochroic color to blue. The extensive mining 
in recent years has produced unusually large quantities 
of tanzanite as well as extremely large crystals, some well 
over 100 grams. 

Small quantities of transparent zoisite crystals 
are also found in other colors: greenish blue, green, yel- 
low, and pink, as well as violet to reddish purple, col- 
orless, change of color, and bicolored (Barot and 
Boehm, 1992, R. Kane and R. Naftule, pers. comm., 
1992; figure 19}. The most significant recent devel- 
opment has been the commercial production of trans- 
parent green zoisite (Barot and Boehm, 1992]. Found 
at Block B, gem-quality pieces as large as 19 grams 
have been recovered from this primary deposit. The 
color ranges from a dark petroleum-like green to yel- 
lowish (“olive’’| to bluish green to green to a greenish 
blue. The “purity” of the green depends on the 
amount of chromium relative to vanadium present in 
the stone: “Pure” green stones show more chromium 
than vanadium; yellowish or bluish green stones 
show a higher vanadium content (Schmetzer and 
Bank, 1979; Barot and Boehm, 1992). 


Current Production and Future Potential. Although 
there are more fine, large tanzanites on the market 
today than ever before, we do not know if the level of 
production achieved before the block system was 
established will be maintained. Even so, it appears 
that there is still a large stockpile of tanzanite among 
the independent miners: Many used the money they 
originally received for their tanzanite to purchase 
more tanzanite. “While termites will eat paper mon- 
ey, they are no threat to the gems,” which can be safe- 
ly stored for future sales {H. Krupp, pers. comm., 1992), 


GARNET 


A number of unusual garnets have been found in 
Tanzania: pyrope-spessartine (malaya}, pyrope-alman- 
dine (rhodolite|, green grossular (tsavorite], pyrope, 
and change of color. In fact, changes recommended in 
the gemological classification of species of the garnet 
group are largely the result of the availability of these 
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Figure 19. Transparent 
zoisite actually occurs in 
a wide range of colors. 
These zoisites are all from 
the Merelani area; the yel- 
low gem weighs 9.36 ct, 
the blue tanzanite at the 
upper right weighs 7.14 ct, 
and the green zoisite at 
the lower left weighs 

2.54 ct. Courtesy of Pala 
International, Fallbrook, 
CA; photo © Harold & 
Erica Van Pelt. 


new gamets (see Stockton and Manson, 1985, for an 
in-depth discussion of this new classification}. The 
hues represented by Tanzanian garnets include green, 
purplish red, orange, and various pastel shades (figure 
20)—the result of variations in iron, manganese, 
chromium, and vanadium content. The most eco- 
nomically important garnets from Tanzania—malaya, 
tsavorite, rhodolite, and change of color—are dis- 
cussed individually below. 


Malaya (Malaia), This red-orange to yellow-orange 
garnet (figure 2.1} is found in alluvial deposits along the 
Umba River and in several plains that stretch from the 
Tanzanian border with Kenya north to the Mgama 
Ridge in the Taita Hills (Curtis, 1980). Malaya garnet 
was discovered in the mid-1960s by miners extract- 
ing rhodolite for George Papas in the Umba River 
Valley (R. Naftule, pers. comm., 1992). First thought 
to be spessartines, in the early 1980s they became 
known by the Swahili name malaya (which trans- 
lates as “out of the family,” or “outcast”’}, because 
their properties did not place them into traditional gar- 
net categories. 
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Not only has malaya (malaia) garnet been known 
by two different spellings, but it is also known as 
pyralspite (Winchell, 1937) after its mixture of pyrope, 
almandine, and spessartine (although its almandine 
content is generally low] and as “umbalite” because 
of its discovery in the Umba Valley (Jobbins et al., 
1978; Schmetzer and Bank, 1981, Stockton and Man- 
son, 1985). 

Malaya garnet is a member of the garnet solid- 
solution series pyrope-spessartine, with significant 
amounts of almandine and grossular, the Umba Val- 
ley malaya garnets show a broad variation in chem- 
istry (Schmetzer and Bank, 1981; Stockton and 
Manson, 1982). After cutting, malaya garnets often 
exhibit red scintillation flashes, possibly the result 
of traces of vanadium and/or chromium, that enliv- 
en their appearance. 


Tsavorite. This transparent green grossular garnet 
has been found in the hills southeast of the village 
of Komolo (figure 22), in the Lelatema Mountains 
(Bank et al., 1970), and in the Merelani Hills (Kane et 
al., 1990) of Tanzania, as well as in Kenya. Tsavorite 
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Figure 20. As with many of the other gem materi- 
als found in Tanzania, garnets occur in various 
hues. These garnets range from 0.85 ct to 1.14 ct. 
Courtesy of Mayer @ Watt, Beverly Hills, CA; pho- 
to © GIA and Tino Hammid. 


and tanzanite are often found together, but not both 
in commercial quantities in the same deposit {Kane 
et al., 1990). 

Like tanzanite, tsavorite was also named by 
Tiffany & Co. The name tsavorite, which first 
appeared in September 1974, was derived from the 
gamet’s occurrence near the Tsavo National Game 
Park in Kenya. Geologist Campbell Bridges had pegged 
the first claims of this gemstone in Tanzania, at the 
Komolo occurrence, for the Costas Lycos family. It 
was tsavorite from Komolo that Bridges first showed 
Tiffany & Co. President Henry Platt (C. Bridges, pers. 
comm., 1992). Shortly thereafter, lighter green grossu- 
lars were found in the Lelatema Mountains (Muije et 
al., 1979}. Since 1987, small amounts of large gem- 
quality tsavorite crystals, of exceptional form, have 
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been recovered from pockets at the Karo tanzanite 
pit in the Merelani Hills (Kane et al., 1990). 
Tsavorite occurs in graphitic gneisses (Bridges, 
1974; Key and Hill, 1989}, Although the material 
found in the Merelani Hills is well crystallized, tsa- 
vorite usually occurs as “potato shaped” nodules in 
pockets in replacement zones within the graphitic 
gneiss, immediately beneath an impervious lime- 
stone band (Bridges, 1987; Malisa and Muhongo, 
1990). The unique color of these Tanzanian garnets 
was first attributed to chromium (Bank et al., 1970) 
and later to vanadium as well (Schmetzer, 1978). 


Rhodolite. A member of the pyrope-almandine series, 
rhodolite comes from many localities in Tanzania, 
most notably (since 1964) from Umba. Rhodolite has 
been found in hues ranging from dark red to purplish 
red (figure 23) to reddish purple. Currently, purplish 
red rhodolite is also being recovered from Komolo 
and from a locality near the town of Same, which is 
on the road between Moshi and Tanga. A relatively 
new find of rhodolite from Kangala is described as 
“raspberry” in color, ranges from 5 to 10 ct, and in rare 
instances exhibits asterism. 

Rounded “pebbles” of darker tone up to 50 grams 
{although commonly 1-3 grams} are produced from 
the area called Tiriri, in northeast Tanzania. Most of 
these stones have fine to heavy “silk” and can produce 
four- to six-ray stars (Koivula and Kammerling, 1989). 
Although there is currently little production, the area 
has been active for 15 years. Rhodolite garnets are 
also found in nearby Nyorinyori and Nyamberera, 
and—in situ—at Handeni. The Handeni material is a 
very fine, light reddish purple and is usually free of any 
“silk.” (N. Barot, pers. comm., 1992}. 

The rhodolite garnets in Tanzania occur widely 
in Precambrian metamorphic rocks. Although most, 
of the Umba production has been from alluvial 
deposits in the Umba River area (Malisa and Muhon- 
go, 1990), Umba Ventures mined the primary deposits 
there in the mid- to late 1960s (R. Naftule, pers. 
comm., 1992). 


Change-of-Color Gamets. Crowningshield (1970) first 
identified this unusual type of garnet (see, e.g., fig- 
ure 3} when a waterworn pebble was submitted to 
the GIA Gem Trade Laboratory for identification. 
The pebble was blue-green in day or fluorescent light 
and purple-red in incandescent light. Further inves- 
tigations have established that this material is a spe- 
cial type of pyrope-spessartine (Stockton and Manson, 
1982, 1985; Manson and Stockton, 1984; Koivula and 
Kammerling, 1988}. 
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Figure 21. Among the most unusual 
garnets found in Tanzania are these 
malaya garnets, which were first 
recovered from alluvial deposits along 
the Umba River. The rough piece in 
the upper center is typical of the 
material found in Tanzania. The 
round mixed cut stone on the left 
weighs 22.99 ct. Courtesy of Pala 
International, Fallbrook, CA; photo © 
Harold & Erica Van Pelt. 


The only confirmed locality for change-of-color 
garnets in Tanzania is in the alluvial deposits at 
Umba, where they are usually found during the sort- 
ing process that follows recovery of other gem mate- 
rials from this area. Color changes from red to orange, 
orange to pink, pink to purple, and orange to yellow 
have also been seen (see, e.g., figure 3). 


Figure 22, Although commonly associated with Kenya, 
the green grossular garnet now known as tsavorite 
garnet was actually discovered in Tanzania. This 
11.35-ct tsavorite garnet is from the Komolo deposits. 
Courtesy of Pala International, photo © Harold # 
Erica Van Pelt. 
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Current Production and Future Potential. At present, 
there is a continuous and significant production of gar- 
nets from most of the numerous localities in Tanza- 
nia. However, at a recent, much-publicized gem 
auction in Arusha, only 31 grams of tsavorite were 
offered for sale. Currently, garnets are found in the fol- 


Figure 23. Spectacular rhodolites, like this 14.25-ct 
stone, have been found at a number of deposits in 
Tanzania. Courtesy of Mayer & Watt, Beverly 
Hills, CA; photo © GIA and Tino Hammid. 
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Figure 24. Tanzania is noted for the superb 
“chrome” tourmalines found there. This approxi- 
mately 2.5 x 4 cm rough crystal and the accompa- 
nying 5.10-ct faceted “chrome” tourmaline are 
from Landanati, Courtesy of Pala International, 
Fallbrook, CA; photo © Harold & Erica Van Pek. 


lowing relative abundances (from most to least): 
rhodolite, malaya, tsavorite, change of color. 


TOURMALINE 


Background. A number of species of the tourmaline 
group—elbaite, uvite, and dravite—are found scat- 
tered throughout northem and eastem Tanzania {Web- 
ster, 1961a; Zwaan, 1974; Herschede, 1986; Dietrich, 
1985). However, there is little organized mining of 
tourmaline in Tanzania. Most of the material pro- 
duced to date is the result of two smal! operations 
in Landanai, as well as those tourmalines found as 
byproducts of alluvial mining for ruby, sapphire, and 
gamet at Umba. Tourmaline of a magnificent bluish 
green color occurs near Daluni. 


Geology. In Tanzania, tourmaline is typically found 
in either crystalline limestone or in pegmatites asso- 
ciated with limestone and/or ultramafics (Bridges, 
1982), Elbaite is found primarily in pegmatites, where- 
as dravite and uvite occur in various types of meta- 
morphic rocks. 


Description of the Material. The most notable Tan- 
zanian tourmaline is the bright green variety of dravite 
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called “chrome” tourmaline in the trade (Schmetzer 
and Bank, 1979, figure 24}. Other colors and phe- 
nomenal varieties include yellow, ranging from "gold- 
en” to orange, change of color (dark green in day or 
fluorescent light, and red in incandescent light]; cat’s- 
eye; and, on rare occasions, bicolored—green and yel- 
low—stones (figure 25}. 

The term “chrome” tourmaline has been used 
in the trade because chromium was originally thought 
to be the cause of color, as well as to distinguish these 
stones from the less “pure” green tourmalines typi- 
cal of Brazil and other localities. H. Bassett reported 
this occurrence in the geologic literature in 1956, and 
subsequently identified vanadium as the cause of col- 
or. Bank (1982) found very little chromium present in 
the stones he examined at that time, although some 
green tourmalines from Tanzania tested since then 
have had higher contents of chromium than vanadi- 
um (Bank and Henn, 1988}. 


Current Production and Future Potential. Production 
of tourmaline reached a peak in the 1960s, when sev- 
eral hundred kilograms were recovered. Although 
most of the stones were under one carat, approxi- 
mately 20% of the rough yielded 1- to 10-ct stones (R. 
Naitule, pers. comm., 1992). By the early 1980s, only 
2,400 grams of rough were recovered annually, which 
yielded about 2,400 ct of faceted stones (Herschede, 
1986}. Since then, production has been sporadic. 
Today, although thousands of carats of low-grade 
tourmaline are recovered in Tanzania, only a small 
quantity of new facet-grade material enters the mar- 
ket each year. 


EMERALD 


Background. The primary emerald deposit in Tanza- 
nia is about 3 km west of Lake Manyara and south of 
Maji Moto Hot Springs. Themelis (1989) reports that 
emerald is also being recovered near Sumbawanga, in 
southwest Tanzania (again, see figure 2}. 

The first emerald crystals were found in eluvial 
gravels by a local farmer and identified by H. P. Kris- 
ten in 1969. Kristen, a prospector, discovered the pri- 
mary deposit at Lake Manyara the following year and 
immediately started mining the area. He worked for 
Galai Mining Company, owned then by George Papas, 
who subsequently established 25 claims around Lake 
Manyara {Rwezaura, 1990}. During the period 
1970-1973, before the mining operation was nation- 
alized, Kristen recovered 231,877 grams of emerald, 
with some crystals as large as 150 grams {Gtibelin, 
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1974). Today, small-scale mining continues and, at 
present, the mine is leased by Tofco. 

Mining at Sumbawanga has progressed rapidly 
since the, discovery of emeralds there in early 1988; the 
main shaft is more than 13 m deep, with at least 18 
tunnels radiating from it. Although the heavily includ- 
ed crystals average 20-30 ct, specimens up to 100 ct 
have been recovered (Themelis, 1989). 


Geology. The Lake Manyara emeralds are found in 
biotite schists interspersed with pegmatite and quartz 
segregations (Bridges, 1982]. Several gems in addition 
to emerald are known to occur in the Lake Manyara 
vicinity. These include: apatite, garnet, spinel, ruby, 
sapphire, yellow chrysoberyl, and alexandrite (Giibe- 
lin, 1974). Eight areas have been identified on the 
Ufipa plateau as having potential for green beryl 
(Rwezaura, 1990}. The Sumbawanga emerald deposit 
also occurs in a biotite schist. In both mining areas, 
blasting and backhoes are required to break up the 
host rock and remove it for processing, 


Description of the Material. The properties of the 
Lake Manyara and Sumbawanga emeralds are, for 
the most part, consistent with those of emeralds from 
other biotite schist localities, especially those from the 
Ural Mountains. In both cases, the crystals are usu- 
ally heavily included or, more accurately, fractured. 
Some of the material from Lake Manyara is facetable 
(figure 26); virtually all of the Sumbawanga material 
(being of a “milky” nature) is suitable only for carv- 
ing or cutting into cabochons (Themelis, 1989). 
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Figure 25. Tourmalines 
have also been found to 
occur in various deposits 
in Tanzania, and in some 
attractive and even unusu- 
al colors like those illus- 
trated here. The orange 
tourmaline weighs 9.49 ct; 
the “chrome” tourmaline is 
2.39 ct, and the rare bicol- 
or weighs 1.82 ct. Courtesy 
of Overland Gems, Los 
Angeles, CA; photo © GIA 
and Tino Hammid. 


OTHER GEMS IN TANZANIA 


Most gemologists are unaware of the vast majority of 
Tanzania’s gems. In addition to those discussed above, 
the list of gem materials that have been found in 
Tanzania includes actinolite, alexandrite, almandine, 


Figure 26. Emeralds like this 1.90-ct. pear shape 
have been mined from the Lake Manyara region of 
Tanzania for many years. Photo © GIA and Tino 
Hammid. 
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Figure 27. Tanzania is especially rich in its variety 
of gems. Shown here are a 12.62-ct golden scapo- 
lite, a 3.63-ct purple scapolite, a 3.48-ct tolite, a 
1.80-ct zircon, a 2.15-ct spinel, a 1.29-ct alexan- 
drite chrysoberyl, and a 1,39-ct peridot. Photo © 
GIA and Tino Hammid. 


amblygonite, amethyst, andalusite, apatite, aquama- 
rine, bronzite, cat’s-eye chrysoberyl, chrysoprase, cryp- 
tocrystalline quartz, diopside, enstatite, epidote, 
euclase, feldspar (moonstone), fluorite, hypersthene, 
idocrase, iolite, kornerupine, kyanite, malachite, 
pearls, peridot, phenakite, prase opal, rock crystal 
quartz, rhodonite, scapolite, sillimanite, sinhalite, 
sphene, spinel, topaz, turquoise, and zircon (see, e.g., 
figure 2.7). The following briefly describes the occur- 
rences of some of these other gemstones in Tanzania. 


Alexandrite. The change-of-color variety of 
chrysoberyl, alexandrite, occurs in association with the 
emerald deposits at Lake Manyara. They are found in 
what Dr. E. Giibelin has described as “actinolite 
schists” of metamorphic origin. 

Lake Manyara alexandrites exhibit a distinct 
change of color from bluish green in day or fluorescent 
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light to purplish red in incandescent light. Densely 
packed actinolite fibers produce chatoyancy in some 
of the material. Unlike other natural alexandrites, 
which are inert to ultraviolet radiation, Lake Manyara 
alexandrites fluoresce a strong to medium dull red 
to long-wave U.V., and may fluoresce a weak yellow 
to short-wave U.V. (Gtbelin, 1976). 


Amethyst. Purple quartz appears in the early geolog- 
ic literature of Tanzania. It is one of the more abun- 
dant gemstones, with over 12 occurrences recorded. 
It has been found within an area from just southeast 
of Lake Victoria in the northwest part of the country 
to Korogwe in the northeast to Morogoro just west of 
Dar es Salaam. 


Scapolite. The major locality for golden yellow and 
purple scapolite is in the Mpwapwa region near 
Dodoma. Many kilograms of yellow crystals, usual- 
ly 2-5 cm long, have appeared on the market in recent 
years. Yellow cat’s-eye scapolite has also been found 
at Mpwapwa. In addition, some yellow scapolite is 
recovered at Umba (Solesbury, 1967; Zwaan, 1971). 
Considerable research has been done on the gemo- 
logical properties and chemical composition of this 
complex gem mineral (Graziani et al., 1983). 


Spinel. Fine spinels have been discovered with rubies 
in the Morogoro region, particularly at the Matombo 
mine (Hanni and Schmetzer, 1991). Spinels in a vari- 
ety of unusual colors were shown at the 1992. Tucson 
Gem and Mineral shows. They were reported as com- 
ing from the Umba Valley (Koivula and Kammer- 
ling, 199 1a). 


Zircon. Tanzanian zircon in a variety of colors has 
appeared at the Tucson Gem and Mineral shows 
since the late 1980s (Koivula and Kammerling, 1990). 
Keller (in press} names Mavumbi and Handeni, in 
the Tanga province, as localities. Zircon is also found 
in the Umba area. Experiments by one of the authors 
{AB) revealed that dark purple zircon, on heating, 
turns bright yellow. 


CONCLUSION 


The complex geologic environment of East Africa 
has resulted in an unparalleled diversity of gem mate- 
rials in an equally diverse range of colors, dramatically 
illustrated by the gem riches of Tanzania. Produc- 
tion of diamonds, rubies, sapphires, tanzanites, and 
garnets is already significant and promises to increase. 
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There is considerable potential for other gem mate- 
rials such as tourmaline, emerald, aquamarine, alexan- 
drite, amethyst, peridot, scapolite, spinel, and zircon. 
Perhaps a virtually unknown stone, such as vanadi- 
um diopside, will emerge from Tanzania as a major 
gem material, as tanzanite and tsavorite have done. 

Tanzania’s ultimate success as a gem-producing 
nation, however, depends as much on international 
cooperation and economic support as it does on its 
gem resources. Now that the Tanzanian government 
is actively promoting its gem resources to the inter- 
national community, the promise may become ful- 
filled. Under the auspices of the Ministry of Water, 
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NOTES AND NEW TECHNIQUES 
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GAMMA-RAY SPECTROSCOPY TO 
MEASURE RADIOACTIVITY IN GEMSTONES 


By Charles E. Ashbaugh IJ 


Over the last several years, the trade has seen a number of radioactive gem- 
stones. While a Geiger counter may show the existence of radioactivity, deter- 
mination of the actual type of radionuclide and the quantity present requires 
a more sophisticated technique, gamma-ray spectroscopy. This article reports 
on the use of this technique to measure the radionuclides in two radioactive 
gemstones, a yellowish green diamond and a large dark blue topaz. 


Numerous radioactive gem materials have appeared 
in the jewelry trade over the past decade (figure 1). 
Among these are topaz (Crowningshield, 1981), spo- 
dumene (Rossman and Qiu, 1982), rhinestones and 
glass triplets (Nassau and Lewand, 1989), and dia- 
monds as well as zircons and ekanites (Ashbaugh, 
1988}. As an aftereffect of certain radiation processes 
used for color enhancement, radioactivity can some- 
times help identify the treatment process used on a 
particular gemstone. Both natural and induced radioac- 
tivity can also be used to determine trace-element 
content, from which the identity and possibly the 
origin of a gem may be determined. In addition, the 
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radioactivity allowed in commerce varies from coun- 
try to country, with United States regulations being the 
most restrictive: Quantification of the radioactive ele- 
ments (radionuclides) in a gem or a parcel of gems 
can reveal if the material can be legally sold or traded. 

The Geiger counter is the most common instru- 
ment used to detect radioactivity. However, it only 
indicates whether a gem or an article of jewelry is 
radioactive; it cannot determine the type or amount 
of radionuclides causing the radioactivity. 

Today, gamma-ray spectroscopy is used in many 
fields to determine the kinds and quantities of radioac- 
tive nuclides induced in various materials. It is now 
being used more often in gemology to perform 
research on gemstones and to test them for radioac- 
tivity. This includes gemstones like zircons, which 
contain the natural radioactive elements uranium 
and thorium {Murakami et al., 1991), as well as neu- 
tron-irradiated topaz, which contains radionuclides 
such as tantalum-182 and scandium-46 (Cozar, 1989) 
that have been produced by irradiation in a nuclear 
reactor. The analytical process is the same whether 
the radioactivity is natural or laboratory induced. 

Gamma-ray spectroscopy is a viable analytical 
tool because each radioactive nuclide has a unique 
radiation signature that separates it from all other 
radionuclides. The radiation (gamma rays) emitted, 
and the energy or energy distribution of that radiation, 
identifies each nuclide or isotope present (Browne et 
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al., 1986). With a high-purity (intrinsic) germanium 
(HPGe} spectroscopy system, just about any gamma- 
ray-emitting radioactive nuclide can be readily iden- 
tified and quantified. 

This article details the equipment and the ana- 
lytical method of gamma-ray spectroscopy by illus- 
trating its use to determine the type and quantity of 
residual radioactive nuclides present in two laboratory- 
irradiated gemstones—a yellowish green diamond 
and a large dark blue topaz. In these two cases, the 
analysis also revealed the treatment processes used 
and the approximate dates on which the radionuclide 
concentrations in the gemstones will have decayed to 
U.S. legal release limits. 


DESCRIPTION OF THE SAMPLES 


The first gemstone selected for radiation analysis was 
a 2.60-ct yellowish green type Ia diamond (figure 2}. 
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Figure 1, An important issue in 
gemology today is the presence of 
radioactivity in gem materials, 
especially that induced during col- 
or enhancement. Radioactivity is 
most commonly seen in irradiated 
blue topaz and colored diamonds. 
The four topazes at the top 
(0,52-7.87 ct) and the five dia- 
monds at the bottom (0.10 [reddish 
purple stone] to 0.52 [yellow] ct) in 
this suite are known to be irradiat- 
ed. The four topazes are still very 
slightly radioactive. Photo © GIA 
and Tino Hammid. 


It had been purchased for the GIA reference collection 
(collection no. 14052) in 1983 as a radium-treated 
diamond. Several features supported the origin of its 
color as radiation treatment. Specifically, when the 
diamond was viewed with magnification in diffused 
white light, three pavilion facets showed small areas 
of mottled green or uneven color distribution. In addi- 
tion, U.V.-visible spectrophotometry revealed a weak 
but characteristic GR1 (General Radiation] line that 
is typical of natural and laboratory-irradiated green dia- 
monds {Kane et al., 1990]. When the diamond was 
placed in front of the pancake probe of a Victoreen 
Model 290 survey meter (Geiger counter} and observed 
for at least a minute, the readings registered slightly 
above the average background level of 45 counts per 
minute in the West Coast Gem Trade Laboratory. 
Its radioactivity was barely detectable. 

The second gem chosen was a large, 140.5-ct, 
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Figure 2. Gamma-ray spectroscopy determined 
that this 2.60-ct yellowish green diamond, 
believed to have been radium treated when pur- 
chased in 1983, was actually color enhanced by 
americium-241, GIA Gemstone Reference 
Collection no, 14052; photo © GIA and Tine 
Hammid. 


dark “London blue” topaz {figure 3) originally from Sri 
Lanka. The topaz was selected because of its size and 
the fact that it had been irradiated relatively recent- 
ly (June 1990) in a nuclear reactor and had a gamma- 
ray spectrum typical of most neutron-irradiated topaz. 
To achieve the “London blue” color, this stone had 
been irradiated in a water-cooled channel several cen- 
timeters outside the core of the University of 
Virginia’s 2-megawatt thermal nuclear research reac- 
tor. Its radioactivity was very evident at the time of 
initial examination (summer of 1991}, when it gave 
a reading of about 1,200 counts per minute on the 
Victoreen Geiger counter. This topaz was released 
by the University of Virginia to GIA via a radioac- 
tive material license transfer. 


INSTRUMENTATION 

The gamma-ray spectroscopy system at GIA includes 
a computer, associated electronics, a lead shield that 
contains a detector, and a liquid-nitrogen storage tank 
(figure 4). The heart of the system is the detector, 
which is made from a very-high-purity germanium 
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(HPGe} crystal that is mounted inside an evacuated 
magnesium container (Debertin and Helmer, 1988). 
The germanium crystal is cooled to nearly 77°K 
{-196°C, or -32.1°F} by the liquid nitrogen. To mini- 
mize the background radiation reaching the detec- 
tor, the crystal is completely surrounded by a graded 
“virgin” (radionuclide-free} lead shield at least 4 in. (10 
cm] thick. The shield is lined with cadmium and 
copper to prevent unwanted lower-energy gamma rays 
produced in the lead from reaching the detector. 

Gamma rays from the radioactive nuclides in 
the gemstone are emitted randomly in all directions. 
Thus, when the stone is placed in position above the 
detector (figure 5], most of the gamma rays travel 
into the lead shield; only a small fraction enters the 
detector directly, and only some of these are com- 
pletely absorbed and used in the analysis. However, 
when gamma rays are absorbed into the germanium 
crystal, they generate minute electrical pulses. These 
pulses are then amplified, digitized, sorted by energy 
level, added, converted into spectrum peaks, and ulti- 
mately sent to the computer screen for visual analy- 
sis by the spectroscopist (NCRP, 1985}. 


Figure 3. This unusually large, 140.5-ct, “London 
blue” topaz was neutron irradiated in June 1990. 
More than a year later, in August 1991, it still 
showed some radioactivity. Stone courtesy of 
Danny Duke, Gem Marketing International, 
photo by Shane F. McClure. 
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To calculate the radionuclide content of a gem- 
stone, the analyst must determine the detector effi- 
ciency at all gamma-ray energies of interest. The 
number of gamma rays completely absorbed by the 
germanium crystal detector depends on the energy of 
the gamma rays; the size, density, and dimensions 
of the gemstone being analyzed; and the distance of 
the gemstone from the detector (as determined by 
the spectroscopist based on a number of variables}. 

Special radioactive calibration sources were made 
for GIA by Analytics, Inc., of Atlanta, Georgia, from 
a resin with a specific gravity of 1.15. These sources 
were constructed to simulate the size and shape of var- 
ious gemstones, because the closer the stone to be 
analyzed approaches the size, shape, and counting 
geometry (position above the detector) of the cali- 
bration source, the closer the calculated results are to 
the true values. Figure 6 is the efficiency curve for 
the round-brilliant radioactive simulant closest in 
size to the yellowish green diamond. For the dia- 
mond, the system was calibrated with the simulant 
table-down, its center of mass 0.25 cm above the 
detector. For the topaz, the detector was calibrated 
with another, larger simulant also table-down, but 
with its cénter of mass 3 cm above the detector. 


PREPARATION OF THE SAMPLES 


Any radioactive counting analysis begins with elim- 
inating all removable radioactive surface contami- 
nation. Therefore, the surface of each gemstone was 
thoroughly wiped with a damp piece of absorbent fil- 
ter paper that was subsequently checked for radioac- 
tivity in a shielded Geiger tube assembly. The paper 
registered background only, which showed that the 
two gems were free of any removable contamination. 
As a further precaution, the gems were washed in 
a standard radioactive decontamination soap solu- 
tion. Prior to analysis, each was weighed on an elec- 
tronic balance. 


METHODOLOGY 


For the analysis, each stone was placed inside the 
one-ton lead shield in the same position as the sim- 
ulants to which the system had been calibrated. 
Counting times for the diamond {10,000 seconds, or 
about two-and-three-quarter hours} and the topaz 
(2,000 seconds, or about one half hour} were estab- 
lished on the basis of the gem’s distance above the 
detector and the gross radiation readings from the 
Geiger counter. 
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Figure 4. The high-purity (intrinsic) germanium 
(HPGe) gamma-ray spectroscopy system at the 
GIA radiation testing facility includes, from left to 
right: a computer, associated electronics, a 2,000- 
1b. graded lead shield (which houses the germani- 
um crystal detector), and a liquid-nitrogen storage 
tank. Gamma rays,from the sample stone are 
absorbed by the germanium crystal, which then 
produces minute electrical pulses that are ampli- 
fied and sent to a computer for analysis. This sys- 
tem was manufactured by EG&G Ortec. Photo by 
Maha Smith. 


Figure 5. The high-purity germanium crystal 
detector is housed in an evacuated magnesium 
container that is enclosed in a lead shield lined 
with cadmium and copper. The sample stone 
(here, the large blue topaz) has been placed with 
its center of mass 3 cm above the detector. Photo 
by Maha Smith. 
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Figure 7. Here, the computer screen shows an 
expanded display of the relevant portion of the 
diamond’s gamma-ray spectrum. The peak’s ener- 
gy (59.5 keV) and the absence of other peaks iden- 
tifies the radionuclide as Am-241, Note, on the 
right, the live count time (Lv Tm) and, at the bot- 
tom, the number of net counts under the peak. 


Press any key. 


Figure 6, To quantify the radionuclides in a sam- 
ple, the spectroscopist must first establish the effi- 
ciency of the detector with respect to the size of 
the sample and its distance from the germanium 
crystal. For this purpose, a radioactive gem simu- 
lant is used. Shown here is the calibration curve 
used for the yellowish green diamond, with the 
Se peor ore pte scr, apt for apsk 595 keV" awe 7) 
7 iceney ee pre, ; which indicates the presence of gamma rays of that 
ae energy. The presence of the 59.5-keV peak and 
the absence of other peaks between 32 keV and 
RESULTS 3,200 keV identifies the radionuclide in the diamond 
as americium-241 (Am-241). This radionuclide is pro- 
duced in nuclear reactors by bombarding uranium-238 
and subsequent plutonium nuclides with neutrons 
(Benedict et al., 1981). Its presence indicates that the 
diamond was packed in Am-241 oxide powder (not 
radium salts as previously believed). The surface col- 
Diamond. Gamma rays emitted from the diamond or of the diamond is due to the creation of the GR1L 
generated a flat, featureless spectrum on the com- color center by alpha-particle (high-speed helium 


Table 1 lists the radionuclides found in the diamond 
and in the topaz, provides some of the data needed to 
calculate the amount of radioactivity, and gives the 
determined release dates. For a complete calculation 
on the diamond, see box A. 


TABLE 1. Radionuclide data for the 2.60-ct diamond and the 140.5-ct topaz." 


Gamma-ray Gamma-yield Activity NRC 
Nuclide Half-life energy (keV)” fraction” August 1991 lit? Release date 
(nGi/g) (nGi/g) 
Diamond 
Am-241 432.7 y 69.5 0.357 0.125 0,0009 } June 30, 5071 
Topaz 
Ta-182 114.4d 1121.3 0.347 2.858 0.4 
1189.1 0.165 
1221.4 0.273 
1231.0 0.116 August 15, 1992 
Sc-46 83.8 d 889,3 1.0 0.858 0.4 
1120.5 1.0 
Mn-54 312.2 d 834.8 1.0 0.238 1.0 


“Am = americium, Sc = scandium, Ta = tantalum, Min = manganese; y = years, d = days. 

"Each number represents a specific gamma-ray peak in the spectrum. 

“United States Nuclear Regulatory Commission, Rules and Regulations, Title 10, Chapter 1 (August 30, 1991), Part 30.70, 
Schedule A; (May 31, 1991) Part 20, Appendix B. 
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nuclei} radiation from the powder; the residual 
Am-241 radionuclides responsible for the radioactiv- 
ity result from inadvertent contamination during the 
enhancement process. 

We have known for many years that diamonds 
have been treated with radiation, including that from 
radium salts (Dugdale, 1960}. Color enhancement of 
diamonds with americiuin was introduced relative- 
ly recently (Haynes, 1971}. Like radium salts, 
Am-241 is no longer available commercially for this 
purpose. From the patent (Haynes, 1971], we do know 
that the americium treatment process involved plac- 
ing the stones in Am-241 oxide powder for one to 
two weeks and then soaking and washing them in 
three different baths of concentrated nitric acid before 
scrubbing them with water and detergent. The dia- 
monds were then placed in a furnace to lighten the 
green color or alter it to a strong yellow. 


Topaz. The 140.5-ct topaz revealed a much more 
complex gamma-ray spectrum (see, e.g., figure 8). 
Although the full spectrum included dozens of gam- 
ma-ray energy peaks, only a few were needed for the 
analysis. The positions of the peaks confirmed that 
this topaz was irradiated in a nuclear reactor. The 
topaz was found to contain tantalum-182, (Ta-182), 
scandium-46 (Sc-46), and manganese-54 (Mn-54}, in 
decreasing order of activity. Nuclear interactions with 
trace elements already present in the topaz produced 
these radionuclides. Ta-182. and Sc-46 are created by 
neutron absorption reactions from the natural stable 
isotopes of those elements; Mn-54 is mostly produced 
by the absorption of a neutron into iron-54 (Fe-54, 
one of the stable isotopes of iron) and the immediate 
release of a proton (McLane et al., 1988}. 


DISCUSSION 


The information provided by gamma-ray spectroscopy 
not only revealed the treatment process (Am-241 
oxide) and the amount of radionuclides present (0.125 
nCi/g) in the diamond, but it also supplied the data 
necessary to determine the legal release date for this 
stone—approximately June 30, 5071. A similar com- 


*The abbreviation keV stands for “kiloelectron volts” (a thou- 
sand electron volts), which quantifies and places the energy of 
all radiation on a common scale. For instance, green light is 
electromagnetic radiation made up of photons of 2.4 eV (elec- 
tron volts; Nassau, 1983). Gamma rays (also made up of pho- 
tons} from radionuclides are simply thousands to millions of 
times more energetic than visible-light photons. 
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$878 = 1173,261 key Counts: 17 


Figure 8. The large blue topaz revealed dozens of 
gamma-ray peaks. Here, the screen shows an 
expanded view of four of the largest tantalum-182 
peaks (highlighted in red) used in the analysis; the 
1121.3 keV peak is on the left side, and the 1231.0 
keV peak is on the right. This view represents 
about 6% of the entire gamma-ray spectrum. 


putation on the 140.5-ct topaz on August 15, 1991, 
revealed 2.858 nCi/g Ta-182, 0.858 nCi/g Sc-46, and 
0.238 nCi/g Mn-54, The gamma-ray attenuation (self- 
shielding) for the topaz was determined by the com- 
puter program ATEN as between 5% and 6% for the 
gamma-ray energies used. The release date calculated 
by GIA’s computer program DECAY (1991)—where- 
in the radionuclide concentration “sum of the ratios” 
li.e., the sum of the concentrations divided by the 
release-limit concentrations for each radionuclide) is 
equal to or less than 1.0—is approximately August 
25, 1992 (again, see table 1). 

It is also possible with gamma-ray spectroscopy 
to distinguish some laboratory-irradiated gemstones, 
namely those irradiated by neutrons and sometimes 
those irradiated by very high-energy electrons, from 
those that have not been irradiated. However, this 
can be done only when the gem has some residual 
radioactivity. For example, neutrons from a nuclear 
reactor and those created by photoneutron reactions 
in a high-energy linac (linear electron accelerator} 
will produce readily identifiable radionuclides in irra- 
diated gemstones, In addition, reactor-irradiated dia- 
monds usually reveal the telltale gamma-ray 
signatures of cobalt-60, which has a 5.27-year half-life, 
and europium-152, which has a 13.5-year half-life. It 
would take decades for time to conceal that these 
stones had been irradiated (Reinitz and Ashbaugh, 
1992). However, some irradiation techniques, such 
as lower-energy linacs and gamma-ray irradiation, do 
not generate any radioactive signatures in gemstones. 


GEMS & GEMOLOGY Summer 1992, 109 


BOX A: QUANTITATIVE ANALYSIS OF 
RADIOACTIVITY IN THE DIAMOND 


The actual quantity of radioactivity—that is, the amount 
of each radionuclide present in a gemstone on a per- 
gram basis—is calculated as follows: For each spectral 
peak, the activity in nanocuries (nCi) per gram for the 
radionuclide responsible for producing that peak is: 


tion 1 
Equation 4 


be 37tyems 


Where: 
A=nanocuries of radioactivity per gram: 
1 nCi = 37 becquerels (disintegrations per 
second). 


n = number of counts (area under the spectral peak). 


37= conversion factor (converts counts per second 
into nanocuries). 


t = time (duration of the live count in seconds). 


‘y = gamma yield (fraction of gamma rays released 
at that particular energy level per radioactive 
disintegration). 

e = efficiency (fraction of gamma rays at the spec- 
ified energy that are completely absorbed into 
the germanium crystal). 


m = gemstone mass in grams. 


s =self-shielding correction factor (compensates 
for the density difference between the gem- 
stone and the calibration source). 


Thus, to compute the amount of radioactivity in the 
diamond, take equation 1 using the live count time in sec- 
onds (10,000) and the number of counts under the Am- 
241 peak (678) from figure 7, the gamma yield for the 
Am-241 peak from table 1 (0.357), the detector efficien- 
cy at 59.5 keV from figure 6 (0.082), the weight of the 
stone in grams (0.52), and the self-shielding correction fac- 
tor (0.96] from the computer program ATEN: 


678 


Re eG 
(37](10,000\(0.357}(0.082)(0.52(0.96) 


Therefore, the activity of Americium-241 in this dia- 
mond is calculated to be 0.125 nanocuries per gram 
(nCi/g). 


To compute the release date of the diamond, 
radioactive decay must be considered, which is repre- 
sented by the following: 
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Equation 2 
Ke Ase™ 
Where: 
A = NRC release limit activity at time t. 
Ao= Current activity (activity at time t = 0). 
e€ = 2.71828...{the base of natural logarithms). 


» = decay constant = ae 
1/2. 
(where In2 is the natural logarithm 
of 2 [0.6931...] and T/2 is the half-life). 


t = time for the activity to reach A. 


Therefore, take the NRC release-limit activity concen- 
tration for Am-241 (0.0009) given in table 1, the known 
amount of Am-241 in this stone (0.125), and the half-life 
for Am-241 (432.7), again as shown in table 1, and insert 
into equation 2: 

~(0.693 1\{t} 


0,0009=0.125e 432-7 


Divide both sides of the equation by 0.125, take loga- 
rithms, rearrange terms, and solve for t to get: 


t 


_ 432.7), ; 0.125 
o.6931 (0009 


Therefore, t = 3,079.87 years. 


Since the analysis was performed in mid-August 1991 
{1991.63 AD), the release date is: 


1991.63 + 3079.87 = 5071.50 AD 
or 
June 30, 5071 


How good are the activity values and release dates 
calculated by gamma-ray spectroscopy? Error analysis is 
complex (Knoll, 1989}. First, because all of the numbers 
used in equations ] and 2 are to some extent approxi- 
mations, the calculated activity values may be in error. 
In addition, errors are multiplicative, there are small 
errors in the efficiency curve, and so on. Therefore, 
because of the comparatively low levels of radioactivi- 
ty seen in gemstones, the values obtained in gamma-ray 
spectroscopy have a possible margin of error of 5%-10%. 
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CONCLUSION 


Two gemstones, a 2.60-ct yellowish green diamond 
and a 140.5-ct dark blue topaz, were analyzed by 
GIA’s gemstone radiation testing facility using gam- 
ma-ray spectroscopy. With this technique and asso- 
ciated calculations, the diamond was shown to have 
been treated with an Am-241 oxide compound and to 
contain enough residual radioactivity that, accord- 
ing to current U.S. government regulations, it could 


not be released to the general public until the fifty-first 
century. This is due to the extremely low release 
concentration limits for Am-241 and its relatively 
long half-life of almost 500 years. Similarly, the topaz 
was shown to have been irradiated in a nuclear reac- 
tor and to contain the types and amounts of radionu- 
clides typically found in reactor-irradiated topaz. It was 
found to be releasable, after radioactive decay, by late 
summer of 1992, a little more than two years after 
irradiation. 
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DYED NATURAL CORUNDUM AS A 
RUBY IMITATION 


By K. Schmetzer, H. A. Hanni, E. P Jegge, and E-J. Schupp 


The gemological properties of a new ruby imitation, produced by dyeing 
natural colorless to pale-colored corundum, are described. Microscopic and 
spectroscopic examination revealed a number of diagnostic features: fluo- 
rescence of the dye-containing fissures but not the surrounding corundum, 
red deposits on the fracture planes, and the absence of a 694-nm (chromt- 


um) doublet in the spectrum. 


Various treatments are known for natural ruby and 
sapphire. These include irradiation, heat treatment, 
diffusion treatment, synthetic ruby and sapphire over- 
growths, and the filling with glass or organic substances 
(oil, paraffin, resin, epoxy, etc.) of surface-reaching 
cavities and fissures.* Such treatments have been 
described extensively in the literature, for example: 
Gtibelin, 1961; Crowningshield, 1979, Nassau, 1981, 
Koivula, 1983; Scarratt and Harding, 1984; Kane, 
1984; Schmetzer, 1986, 1988; Hanni, 1988; and 
Kammerling et al., 1990. 

Most of the corundum treatments reported to 
date are performed to improve the visual appearance 
and/or stability of the natural stones. Occasionally, 
Vermcuil flame-fusion synthetic corundum is subject 
to “quench crackling” (heating then rapid cooling by 
immersion in a liquid} and subsequent flux treat- 
ment to mask its synthetic origin by producing arti- 
ficial fingerprint-like inclusions (Koivula, 1983; Kane, 
1985; Schmetzer, 1986). 
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Recently, the authors encountered a new corun- 
dum treatment, whereby fractures are induced in nat- 
ural colorless to pale-colored sapphire and then dyed 
to produce a purplish red imitation of ruby. The red 
staining of fissures induced in quartz by quench crack- 
ling has been used for centuries to imitate ruby (see, 
e.g., Fryer et al., 1981; Nassau, 1984}, but to our knowl- 
edge this is the first report of such a treatment being 
used on corundum. 


BACKGROUND 


In late 1991 (see International Colored Stone 
Association [ICA] Alert No. 50, December 1991), four 
strands of flattened spherical beads (figure 1) were 
submitted to the SSEF laboratory in Ztirich for test- 
ing. The beads had reportedly been manufactured in 
India; the largest were 15 mm in diameter (approxi- 
mately 10 ct). 

Some beads exhibited large areas that were col- 
orless to pale yellow (again, see figure 1). We subse- 
quently determined, using the techniques discussed 
below, that they had been dyed. 


“According to CIBJO rules for treatments of natural corundum, 
all such treatments of natural stones, with the exception of a 
simple heat treatment (performed without any addition of 
chemicals and/or color-causing trace elements), must be dis- 
closed to the consumer. All of the above-mentioned treatments 
for corundum are identified on official identification reports 
issued by GIA’s Gem Trade Laboratory. In contrast to CIBJO 
rules, this also includes disclosure of heat treatment of rubies 
and sapphires. 
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It appears that the process was later improved, 
because six faceted samples subsequently submitted 
to one of the authors (see, e.g., figure 2) displayed no 
colorless areas when examined with the unaided eye. 
According to information from the supplier, these 
faceted ruby imitations were purchased in India as 
heat-treated Indian rubies. The sizes of these six 
stones ranged from about 5 to 8 ct, and the diaphane- 
ity ranged from semitransparent to translucent. 
Because of their purplish red color, the samples close- 
ly resembled some Indian rubies. Again, as described 
below, standard gemological testing readily revealed 
that they had been dyed. 


GEMOLOGICAL AND 
SPECTROSCOPIC CHARACTERISTICS 
OF THE DYED CORUNDUM 


On preliminary examination, the beads and faceted 
stones appeared to lack any remarkable features: Both 
the refractive index and specific gravity values were 
normal for corundum. Surprisingly, the fluorescent 
doublet at 694 nm did not show up when the hand 
spectroscope was used. When exposed to long-wave 
ultraviolet radiation, the stones lacked the red fluo- 
rescence typical of rubies from many localities, but the 
fractures fluoresced an intense yellow-orange. Also 
unlike most rubies, the stones were inert to short- 


Figure 1, Virtually all of these “flattened” red 
beads, which were reportedly manufactured in 
India, contained large, distinct, colorless areas. 
The beads shown here are approximately 10 mm 
in diameter. Photo by H, A, Hanni. 
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Figure 2. These faceted stones were found to have 
been treated by a method similar to that used to 
color the corundum beads shown in figure 1. 
However, no colorless areas could be seen in these 
stones with the unaided eye. Photo © GIA and 
Tino Hammid. 


wave U.V. radiation. We subsequently determined 
that these features appear to be characteristic for this 
imitation. 

A common test for dye is to rub a cotton swab 
dipped in acetone across the surface of a suspect sam- 
ple to see if any color comes off on the swab. We 
tried this on some of our samples, but observed no dye 
on the swab. Nor did we detect any evidence that 
the fractures had been sealed at the surface to pre- 
vent detection by the cotton swab test or to keep the 
dye from being removed. 

Examination of both the beads and the faceted 
stones with the microscope revealed identical and 
diagnostic properties. In all samples examined, the 
red color was deposited only in irregular fracture 
planes. Unstained areas between fractures were seen 
mainly at the girdle region. They were easily observed 
when the stones were immersed in liquid, even if it 
was only water (figure 3). Because the stained fractures 
were so densely distributed, they were more difficult 
to see in the thicker areas (figure 4). 

The stones also contained various natural inclu- 
sions. Dense sets of parallel twin lamellae were 
observed in one or two directions. Particles of what 
appeared to be boehmite were confined to the inter- 
section lines of the latter lamellae. Small, doubly 
refractive mineral inclusions, probably zircon or 
apatite (or both}, were common (figure 5). These inclu- 
sion characteristics strongly resemble those of corun- 
dum from the Umba Valley of Tanzania (Schmetzer, 
1986; Hanni, 1987}. 
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Figure 3. With low magnification and immersion 
in water, colorless areas were readily apparent 
along the girdle of this faceted ruby imitation. 
Photomicrograph by H. A. Hanni; magnified 20x. 


The absorption spectrum of the new ruby imita- 
tion, recorded on a Pye-Unicam SP8-100 U.V.—visible 
spectrophotometer, revealed additional diagnostic 
features. Specifically, the stones we studied lacked 
the chromium lines in the red area of the spectrum 
that are characteristic of ruby and responsible for its 
typical red fluorescence (figure 6}. Yet these ruby imi- 
tations did show strong Fe** absorption bands in the 
blue-green (450 nm) and ultraviolet (374, 388 nm} 
regions of the spectrum, which are consistent with 
spectral features observed in yellow sapphires and 
other Fe**-containing corundum from the Umba 
Valley. Even with a hand spectroscope, the 450-nm 
line due to Fe** was evident; again there was no 


Figure 4. Virtually no colorless to pale-colored 

areas are visible in the thicker portions of the 

dyed stones examined, although the uneven color 
distribution along irregular fracture planes is read- 
ily apparent. Photomicrograph, taken with the stones 
immersed in water, by H. A. Hdnni; magnified 40 x. 
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chromium absorption. This evidence also strongly 
suggests that the stones probably came from the 
Umba region. 

Energy dispersive X-ray fluorescence analysis, 
performed on a Phillips 9500, confirmed the pres- 
ence of iron in the samples and revealed no other 
color-causing trace elements. 

The dominant absorption band in the spectrum of 
these ruby imitations has a maximum at about 560 
nm, with a shoulder at about 530 nm. These two 
absorption maxima are close to the position of the 
major chromium absorption band (at about 550 nm) 
typically found in the visible spectrum of miby (again, 
see figure 6]. The similarities in the main peak posi- 
tion of ruby and the artificial dye are responsible for the 
convincing color of the imitation. 


DISCUSSION 


The results of microscopic examination indicate that 
colorless to pale-colored natural corundum was treat- 
ed to produce a purplish red ruby imitation. Com- 
parison of the microscopic properties of the dyed ruby 
imitation with those of natural rubies and sapphires 
from various sources revealed that the greatest over- 
lap of characteristics occurred with corundum from 
the Umba Valley, Tanzania (see, e.g., Schmetzer, 
1986; Hanni, 1987). 

Large quantities of colorless and pale-colored sap- 
phires have been mined at Umba. Such hues are not 
in demand for jewelry purposes, and research has 
shown that these stones cannot be transformed into 
blue or brilliant yellow by simple heat treatment. It 
appears that a dyeing process has been chosen to 
improve the marketability of pink, pale green, brown, 


Figure 5. Rounded crystals of what appear to be 
zircon, some showing stress fractures, were seen in 
the dyed corundum examined. Photomicrograph 
by H. A, Hanni; magnified 60 x. 
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Figure 6. Dominant iron (Fe**) bands were evident 
in the absorpton spectra of both the dyed ruby 
imitation and the Umba yellow sapphire. The 
spectrum of the ruby imitation also shows a maxi- 
mum at 560 nm, undoubtedly due to the presence 
of dye, that mimics the absorption typical of ruby 
(represerted here by a Ramaura synthetic ruby). 


‘ 


or any other color type that would be too pale for 
commercial usage. 

At present, we do not know the exact process 
used. However, it is probably a method similar to 
the quench crackling of quartz. The corundum, like 
quartz, would first be heated, quenched, and then 
immersed in a red dye that would be gradually 


absorbed into the fractures caused by the stress of 
rapid cooling. In the stones examined here, the absorp- 
tion maximum of the dye corresponds to that of ruby, 
which explains the convincing color of the imita- 
tion. However, the strong Fe** absorption bands are 
characteristic of the Fe**-containing corundum pre- 
sumably used as the starting material. 

It is likely that this process will also be used to 
produce blue sapphire imitations from the same rough 
material. Gemologists and jewelers alike should 
beware of the possible entry of such material into 
the market. 


CONCLUSION 


Natural colorless and pale-colored corundum, prob- 
ably from Tanzania, was subjected to an artificial 
staining process, most likely by heating and subse- 
quent quenching in red dye. Although this mmby imi- 
tation showed natural inclusions and produced no 
evidence of dye when wiped with an acetone-soaked 
swab, the fact that it had been treated was readily 
recognized by the irregular color distribution. In addi- 
tion, when sample stones were examined with immer- 
sion at low magnification, films of red stain were 
seen to occur only in the fracture planes; larger, 
unstained areas between the fractures appeared col- 
orless or pale colored. Since the original corundum 
does not contain chromium, the stones also lack the 
characteristic red fluorescence of ruby and the relat- 
ed Cr lines usually visible with a spectroscope. A yel- 
low fluorescence confined to stained fracture planes 
may provide the first clue to correctly identifying 
this ruby imitation. 
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AN UPDATE ON SUMITOMO 
(GEM-QUALITY SYNTHETIC DIAMONDS 


By James E. Shigley, Emmanuel Fritsch, Ilene Reinitz, and Mike Moon 


Examination of two large (5.06 and 5.09 ct) tabular pieces of Sumitomo 
synthetic diamond revealed that they were cut from single crystals of pre- 
dominantly cubic {100} and octahedral {111} morphologies, respectively. 
These two crystal forms exhibit different patterns of color zoning, internal grain- 
ing, anomalous birefringence (“strain”), and luminescence. Such differ- 
ences suggest that both crystal morphology and size can greatly affect the 
properties observed in a synthetic diamond. 


Since GIA first reported on the gemological proper- 
ties of Sumitomo yellow synthetic diamonds (Shigley 
et al., 1986), continued developments in high-pres- 
sure synthesis techniques have led to the production 
of larger and better-quality diamond crystals by sev- 
eral companies and research organizations. At pre- 
sent, the high-technology applications that have 
spurred these improvements consume essentially all 
single-crystal synthetic diamonds manufactured at 
Sumitomo Electric Industries. However, the avail- 
ability of larger crystals, and the fact that there is 
now a steady commercial production of gem-quality 
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synthetic diamonds, increase the potential impact 
this material could have on the gem industry. 

In 1990, one of us {JES} visited the Sumitomo 
research facilities in Itami, Japan, and met with the 
scientists responsible for Sumitomo’s production of 
single-crystal synthetic diamonds. During this visit, 
Sumitomo loaned GIA two large (5.06 and 5.09 ct} 
tabular pieces of synthetic diamond (figure 1}, which 
they reported as having been prepared from 9-ct sin- 
gle crystals, the largest size they had produced thus 
far. These two pieces, although much larger than the 
Sumitomo synthetic diamonds we had previously stud- 
ied, were grown using the same high-temper- 
ature/high-pressure flux process (see Shigley et al., 
1986, 1987). During our meeting, the Sumitomo rep- 
resentatives stated their continuing company policy 
of selling only tabular, finished pieces of yellow syn- 
thetic diamond and only for industrial applications, 
not for use in jewelry. The two 5-ct samples they 
loaned us represent the kind of material they are now 
beginning to manufacture on a limited basis for high- 
technology applications such as heat sinks and other 
electronic components. 

Gemological examination of these two samples 
revealed several features we believe to be characteristic 
of synthetic diamonds and that can help distinguish 
them from natural gem diamonds. More important- 
ly, however, this study demonstrates how larger syn- 
thetic diamonds have many of the same general 
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gemological properties (e.g., ultraviolet luminescence 
behavior, presence of color zoning) as smaller ones, but 
the visual patterns of these properties might be sig- 
nificantly different. 


INSTRUMENTATION 
AND METHODS 


Our examination was conducted using standard gemo- 
logical testing equipment as well as other laboratory 
instrumentation. The former included a binocular 
gemological microscope, a long-wave (366 nm} and 
short-wave (254 nm] ultraviolet lamp unit, a Beck 
prism spectroscope, and a DISCAN digital-scanning 
diffraction-grating spectroscope. A Pye-Unicam Model 
8800 spectrophotometer was used to record visible 
spectra at liquid-nitrogen temperatures over the range 
250-850 nm. A Nicolet Model 60SX Fourier- 
Transform infrared spectrometer was used to record 
infrared spectra over the range 400-16,000 cm’. 
Observations of cathodoluminescence were made 
using a Nuclide Model ELM-2B luminoscope. 
Measurements of interfacial angles on the two sam- 
ples, to document crystal morphology, were made 
with a Huber optical goniometer. Qualitative chem- 
ical analysis was carried out using a Tracor X-Ray 
energy-dispersive X-ray fluorescence (EDXRF] system. 


DESCRIPTION OF THE SAMPLES 


Sample | weighs 5.06 ct and measures 11.37 x 11.12 
x 2.40 mm. This tabular piece has two large polished 
surfaces; at right angles to these surfaces, portions of 
the original, unpolished crystal faces occur around 
the narrow sides (figure 2). The square shape and the 
arrangement of the remaining crystal faces suggest 
that this sample was prepared from a predominantly 
cube-shaped crystal. The four narrow sides are cube 
{100} faces (as are the orientations of the two polished 
surfaces}. At the corners there are smaller octahedral 
{111}, dodecahedral {110}, and trapezohedral ({113}, 
{115}) faces, all of varying arrangement and relative 
size (see Rooney, 1992), When examined with reflect- 
ed light, the original crystal surfaces are smooth to 
slightly rough. Occasionally, small areas display a 
subtle dendritic pattern that is an imprint of the solid- 
ified flux metal in which the crystals grew (see Shigley 
et al., 1986, Frank et al., 1990), 

The overall color of this sample is brownish yel- 
low. It contains eye-visible areas of brown graining 
parallel to the cube {100} faces, a central brownish 
yellow area free of graining, and narrow, very light 
yellow-to-colorless-to-blue zones beneath the comers 
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Figure 1, These two polished, tabular samples of 
Sumitomo synthetic diamond were reportedly pre- 
pared from approximately 9-ct crystals. In the 
text, they are referred to as Sample 1 (5.06 ct, left) 
and Sample 2 (5.09 ct, right). Photo by Robert 
Weldon. 


Figure 2. Sample 1 exhibits the morphology of a 
cube-shaped crystal and is predominantly brown- 
ish yellow. It contains areas of brown planar 
graining, as well as zones of darker and lighter 
brownish yellow and even very small near- 
colorless zones. Note the two tiny, dark metallic 
inclusions near the two corners. Photomicrograph 
by John I. Koivula. 
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Figure 3. Sample 2 was cut from an octahedral 
crystal, It displays prominent color zoning, with 
yellow areas near the outer edges, a colorless area 
at the center, and narrow blue areas under each of 
the four corners. These color variations are due to 
differences in impurity content between the vari- 
ous internal growth sectors in the crystal. In the 
upper center of the crystal is a small group of 
metal flux inclusions. Photomicrograph by 

John I. Koivula. 


of the sample (again, see figure 2). Two rounded, elon- 
gate, metallic-appearing inclusions (between 0.2. and 
0.5 mm long) are also visible 1-2 mm below the sur- 
face near the comers of the sample. 

Sample 2 weighs 5.09 ct and measures 12.10 x 
11.89 x 2.88 mm. It is also tabular with two polished 
surfaces (figure 3}. Along the four narrow sides, which 
are oriented at a 45° angle to the polished surfaces, 
there are larger, unpolished octahedral {111} faces and 
smaller cube {100}, trapezohedral ({113}, {115}), and 
dodecahedral {110} faces. The morphology of these 
faces suggests that this sample was prepared from a 
predominantly octahedron-shaped crystal. Since the 
most common crystal morphology for synthetic dia- 
monds is a cuboctahedron, the dominant {100} and 
{111} forms of these two crystals are unusual (for a fur- 
ther discussion, see Frank et al., 1990). 

The two polished surfaces on Sample 2 are, like 
Sample 1, parallel to cube faces. When the rough crys- 
tal faces of this sample were examined with a gemo- 
logical microscope, they appeared to be smooth to 
slightly undulating. In reflected light, however, the 
faces did show some distinctive surface markings— 
a faint dendritic pattern on cube, trapezohedral, and 
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octahedral faces, and parallel striations on dodeca- 
hedral faces. Again, these surface markings are 
imprints of the solidified flux metal (Frank et al., 
1990), and they differ in appearance from the growth 
markings typically seen on natural diamond crystals. 

The most remarkable feature of Sample 2, how- 
ever, is its striking color zoning (again, see figure 3). 
There is also a small group of rounded or elongate, 
crystallographically oriented inclusions with a metal- 
lic appearance in the central area. 


INTERNAL GROWTH SECTORS 

In GIA’s original description of yellow gem-quality 
Sumitomo synthetic diamonds (Shigley et al., 1986], 
we noted the conspicuous zoning of certain gemo- 
logical features such as color, reaction to short-wave 
U.N. radiation, and graining. Rapid crystal growth in 
the laboratory favors the formation of large cubic 
{100} (and, to a lesser extent, dodecahedral {110} and 
trapezohedral {113}, {115}} growth sectors (Woods and 
Lang, 1975; Burns et al., 1990; Frank et al., 1990). 
These sectors are not present in natural diamond 
crystals, which grow only along octahedral {111} 
planes (i-e., crystal faces}. A segregation of impurities 
(such as nitrogen) during crystallization within and 
between different growth sectors in synthetic dia- 
mond can cause a visible zonation of features such as 
color and ultraviolet luminescence (Burns et al., 1990; 
Frank et al., 1990). 

Each of the two large Sumitomo samples we 
examined showed the same internal growth sectors, 
but these sectors create very different geometric pat- 
terns in each diamond because of the differences in 
sector development and impurity content between 
sectors. In Sample 1, we observed brown graining 
within the {100} sectors in planes parallel to the six 
cube crystal faces (again, see figure 2). Graining in 
yellow synthetic diamonds is believed to be due to 
index-of-refraction variations caused by changing 
nitrogen content (Burns et al., 1990; Frank et al., 1990}. 
The narrow zones under the small faces at the comers 
lack graining, and point toward the dodecahedral {110} 
faces. Because of their small size, these narrow {110} 
sectors may not be easy to observe once the diamond 
is faceted. Frank et al. (1990, p. 356} provided a pho- 
tograph of the internal growth-sector arrangement in 
a De Beers synthetic diamond that is nearly identical 
to the sector pattern observed in this sample. 

In Sample 2, the pattern of internal growth sec- 
tors is revealed by color zoning, with only very sub- 
tle graining visible between sectors. The narrow 
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dodecahedral {110} sectors are blue, while the larger 
octahedral {111} sectors near the edges are yellow. 
The central section, which contains less nitrogen (as 
evidenced by its infrared spectrum; see below], is col- 
orless. The near-absence of graining in Sample 2 can 
be explained by the lack of large cube {100} growth sec- 
tors, like those seen in Sample 1, where such grain- 
ing is best developed (see Shigley et al., 1987). 

As these two samples illustrate, the appearance 
of internal growth sectors can manifest itself in very 
different ways (zoning of color or graining) depending 
on the synthetic diamond crystal and its particular 
growth conditions (see also Burns et al., 1990). 


ULTRAVIOLET LUMINESCENCE 


Both samples are inert to long-wave U.V. radiation, 
but fluoresce weak orangy yellow to short-wave U.V. 
In contrast, natural type Ia diamonds are either inert 
or fluoresce blue, yellow, or sometimes green to both 
long- and short-wave U.V. (Liddicoat, 1987, p. 83). 
There is also some variation in luminescence among 
natural yellow type Ib diamonds. Our observations on 
45 natural-color diamonds of this type revealed that 
4 pure lb and 11 mixed (Ib + IaA) type were inert to 
long-wave U.V. but luminesced weak to moderate 
orange to short-wave U.V., while the others were 
inert or reacted to both long- and short-wave U.V. 
Therefore, the U.V. luminescence of some natural 
type Ib diamonds can appear similar to that of these 
two synthetic samples. Nonetheless, all synthetic 
diamonds we have tested to date are inert to long- 
wave and fluoresce to short-wave U.V. Therefore, we 
continue to believe that this luminescence behavior 
{but not necessarily the luminescence color) is a good 
starting point to check for a synthetic diamond. 

The short-wave U.V. luminescence pattern in 
Sample 1 is uneven and duplicates the arrangement 
of growth sectors: It is weak orangy yellow in the cube 
sectors and inert in the other sectors. 

In Sample 2, the colorless center is inert to short- 
wave U.V., while the yellow outer areas fluoresce 
weak yellow in planes that parallel the octahedral 
crystal faces. Under the corners, a stronger yellow 
luminescence appears to be banded parallel to the 
dodecahedral faces. The fluorescent areas (especially 
those beneath the corner faces) phosphoresce a weak 
yellowish white that lasts 10-15 seconds. The uneven 
distribution of ultraviolet luminescence within a 
stone provides one more way to reveal the presence 
of both octahedral and cubic internal growth sectors 
that is typical of the synthetic diamonds we have 
examined to date. 
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Figure 4. The cathodoluminescence of Sample 1 
exhibits a chalky yellow in narrow octahedral 
growth sectors at the four corners and blue in the 
large cube sectors around the edges. In both sec- 
tors, zoning parallel to the respective crystal faces 
can be seen. Toward the center, a square, box-like 
region is also outlined by the bright Iuminescence. 
Photo by Maha Smith. 


The uneven luminescence patterns are seen more 
clearly with cathodoluminescence (luminescence to 
a beam of electrons}. As shown in figure 4, the 
“chalky” yellow cathodoluminescence in Sample 1 is 
readily visible at the corners, beneath the octahedral 
and dodecahedral faces. There is also a weak blue 
luminescence in the larger cube sectors that appears 
to be banded parallel to the cube faces. Four thin, 
bright, luminescent bands form a “box” at the center 
of the crystal. These appear to represent the transition. 
between two growth sectors. 

In contrast, the cathodoluminescence of Sample 
2 shows the different pattern of the same internal 
growth sectors. As illustrated in figure 5, the octa- 
hedral sectors luminesce yellow, while the smaller 
cube and other sectors luminesce a weak blue. 

Cathodoluminescence may reveal the differing 
patterns of internal growth sectors in natural and syn- 
thetic diamonds (Shigley et al., 1987) more clearly than 
ultraviolet luminescence. In the future, this method 
may become a standard technique to distinguish nat- 
ural from synthetic gem diamonds (Ponahlo, 1992). 
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Figure 5. Cathodoluminescence of Sample 2 
revealed more intense luminescence in the 
octahedral sectors (especially the one on the 
right side of the crystal), with a chalky yellow 
color that is banded. At the smaller sectors near 
the corners, and near the center, the sample 
luminesced a weak blue. Photo by Maha Smith. 


SPECTROSCOPY 


All of the yellow synthetic diamonds studied previ- 
ously were type Ib. Thus, they lacked the sharp absorp- 
tion bands (the well-known “Cape” lines) present in 
the visible spectra of almost all type Ia natural yellow 
diamonds. In general, the visible spectra of Sample 2. 
exhibited the expected features for a type Ib diamond 
(with increasing absorption toward the violet). 
However, the areas of differing color in this sample 
also displayed differences in their spectra (figure 6). 
The yellow and colorless areas both showed gradually 
increasing absorption toward the violet (but less so for 
the latter), while the blue areas (with some yellow 
component because they were so small and thus 
included the surrounding yellow areas) showed a 
gradually increasing but much weaker absorption 
toward the red. In addition, a very weak, narrow band 
at 658 nm was observed in the visible spectrum 
recorded for the yellow areas of this sample. Collins 
and Spear (1982) attributed this sharp band (referred 
to as the zero-phonon line of the 1.883 eV system] to 
the presence of nickel incorporated into the diamond 
from the flux metal during crystallization. The visi- 
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ble spectrum of Sample 1 was the same as that of 
the yellow areas in Sample 2 and did not show any 
sharp bands. 

The infrared spectra for Sample 1 confirmed that 
this crystal is a type Ib diamond throughout, but 
revealed a higher nitrogen concentration in the areas 
of brown graining. However, the infrared spectra 
recorded for Sample 2 indicate that the various colored 
areas each represent a different diamond type (figure 
7). The center colorless area is type Ila, the yellow 
outer areas are type Ib (because of the series of features 
between 900 and 1600 cm!), and the blue areas are 
type IIb (because of the series of features between 
2200 and 3000 cm‘!}, with some amount of inter- 
mixed type Ib for the reasons explained above. We 
previously noted weak type-Ib features in the infrared 
spectra of the type-Ib greenish yellow De Beers syn- 
thetic diamonds (Shigley et al., 1987). The infrared 


Figure 6, Visible absorption spectra were recorded 
for the three areas of different color in Sample 2. 
The yellow areas show sharply increasing absorp- 
tion below 500 nm, while the colorless area shows 
a more gradual increase in absorption, at a region 
below about 450 nm. Because the blue zone is so 
narrow, it was impossible to record the spectrum 
of just the blue area without also recording a con- 
tribution from the surrounding yellow areas; how- 
ever, this spectrum also exhibits gradually 
increasing absorption toward the red end of the 
spectrum (plus the absorption below 500 nm due 
to the yellow areas). The very weak sharp band at 
658 nm noted in the spectrum recorded from the 
yellow area is shown here as an enlarged insert 
(this band cannot be seen with a hand spectro- 
scope). Spectra were recorded at liquid-nitrogen 
temperature. 


Comparison of visible absorption spectra of 
three differently. colored areas of a Sumitomo 
synthetic diamond (sample No. 2) 
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Figure 7. This diagram shows a comparison of the 
mid-infrared spectra for various color areas of 
Sample 2. From the top, the spectrum that 
includes the blue area indicates that it is type Lib 
with some type-Ib components; the spectrum 
through the yellow area indicates it is pure type 
Ib, and the spectrum through the colorless area 
indicates it is type Ia. Because of the uniform 
thickness (path length) of the sample, these spec- 
tra are scaled correctly one to another relative to 
their intensity (vertical axis). 


spectra in figure 7 again illustrate the very distinctive 
character of some synthetic diamond crystals. While 
natural diamonds can be of mixed type (see Fritsch 
and Scarratt, 1992), we know of no natural diamonds 
that are a mixed type Ib + Ila + Ib, as is the case for 
Sample 2. 


MICROSCOPY 


When viewed between the crossed polarizing filters 
of the microscope, the two samples display rather 
weak first-order (black or gray) anomalous birefrin- 
gence colors (“strain”) in a cross-shaped pattern. In 
Sample 1, black zones extend outward from the cen- 
ter and perpendicular to the four cube faces (figure 


Notes and New Techniques 


8}. Near the center of the sample, these zones inter- 
sect as a black box-shaped area, the sides of which are 
oriented parallel to the octahedral faces. Within this 
box, the birefringence appears to be cross-hatched, 
and corresponds to the “cluster-type” of mottled bire- 
fringence described by Kanda et al. (1990). Around 
the edges, there is a weak “crystal-type” birefrin- 
gence pattern parallel to the cube faces (Kanda et al., 
1990). The birefringence pattern in Sample 2. is much 
less regular but, again, appears to form a rough cross 
that is oriented with respect to the arrangement of 
growth sectors and external morphology. In general, 
these birefringence patterns correspond to what has 
been reported previously in synthetic diamonds 
(Shigley et al., 1986, 1987; Frank et al., 1990). 
According to our observations, they differ signifi- 
cantly from those seen in natural diamond crystals, 
where the planes showing anomalous birefringence 
are often parallel to the octahedral crystal faces, and 
the strain is generally more intense. 

As mentioned earlier, both samples contain a 
few rounded, elongate, crystallographically oriented, 
metallic-looking flux inclusions similar to those seen 
previously in other synthetic diamonds (figure 9). 


Figure 8, This anomalous birefringence (“strain”) 
pattern was seen in Sample 1 with a gemological 
microscope equipped with crossed polarizing fil- 

ters. Photomicrograph by John L. Koivula. 
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Figure 9. In Sample 1, a narrow, near-colorless-to- 
blue {110} zone points toward a corner of the sam- 
ple. Brown graining runs parallel to two sides of 
the crystal that are cube faces. The elongated flux 
inclusion appears to be oriented parallel to one of 
the crystal faces. Photomicrograph by John I. 
Koivula; magnified 75 X. 


Qualitative chemical analysis of the inclusions in 
Sample 2, revealed thern to be an iron-nickel alloy 
(with Fe>Ni). Metallic inclusions like these have not 
been reported in natural diamonds and, when pre- 
sent, are proof that the diamond is synthetic. 


DISCUSSION AND CONCLUSION 


The two large, 5-ct, samples of Sumitomo synthetic 
diamond that we examined exhibit different kinds 
of growth zoning. This zoning is revealed by patterns 
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of color distribution, luminescence to short-wave 
U.V. radiation, cathodoluminescence, and internal 
graining. This combination of features is characteristic 
of synthetic diamonds grown by the high-pressure flux 
method, and can help distinguish synthetic from nat- 
ural gem diamonds of similar size, color, and clarity. 

The striking color zoning, luminescence, anom- 
alous birefringence (“strain”), and graining patterns in 
the two samples illustrate the varied development 
of internal growth sectors and the uneven distribution 
of impurities in a synthetic diamond. This uneven dis- 
tribution of impurities between growth sectors can 
also lead to the presence of more than one diamond 
type within a single crystal (as in the case of Sample 
2, which contains type Ib, Ia, and IIb diamond} that 
has never been reported in a natural diamond. 

Sample 2 is particularly interesting because it 
contains a central area that is colorless and outer 
areas that are yellow. If one attempted to facet a large 
cut stone from such a crystal, it could show a pattern 
of gemological features (such as color) that is dis- 
tinctive of a synthetic diamond, as we have reported 
previously. However, if one were to facet a smaller 
stone from just one internal growth sector, this stone 
might lack the distinctive zonation. Future production 
of large synthetic diamond crystals with even larger, 
colorless or colored growth sectors may lead to the 
possibility of stones cut from just one sector. Such 
faceted synthetic diamonds might be difficult to iden- 
tify gemologically, even by advanced techniques such 
as infrared spectroscopy or cathodoluminescence, 
when they lack the zonation currently used as the pri- 
mary indication of their synthetic origin. 
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DIAMOND 
Heat-Damaged Filled Diamond 


When GIA first began to study frac- 
ture-filled diamonds, we discovered 
that heat from a jeweler’s torch during 
jewelry repair could damage the filling 
substance and make a fracture more 
visible (see, e.g., “The Characteristics 
and Identification of Filled Diamonds,” 
Gems &. Gemology, Summer 1989, p. 
80). Because in most cases diamond 
jewelry can be repaired without remov- 
ing the diamonds, we knew it was just 
a matter of time before we would begin 
to hear from unsuspecting jewelers 
who had unwittingly damaged filled 
diamonds by exposing them to the heat 
of the torch. 

Therefore, we were not surprised 
when a jeweler recently submitted to 
the East Coast laboratory a 3.02-ct dia- 
mond mounted in a ring that was being 
repaired. Fractures that previously had 
been invisible could now be seen with 
the unaided eye and had a strong yel- 
low cast (figure 1). 

When we examined the stone, we 
saw that it still exhibited the “flash 
effect” (figure 2) characteristic of filled 
diamonds {again, see the Summer 1989 
issue of Gems &) Gemology, p. 72, also, 
the Gem News section of the Spring 
1990 Gems & Gemology, p. 105). In 
general, a filled fracture will reveal an 
orange-to-blue or purple-to-green 
“flash” when examined in a direction 
nearly parallel to the fracture. Because 
our research has shown that the fill- 
ing material used contains some lead, 
which is relatively opaque to X-rays, 
we took an X-radiograph of the stone to 
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Figure 1. The filling in this 3.02- 
ct diamond was damaged by 
the heat from a jeweler’s torch. 


Figure 2. A faint orange-to-blue 
flash effect can still be seen in 
the damaged fracture-filled dia- 
mond shown in figure 1. Magni- 
fied 32x, 
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confirm that it had been filled. As we 
had suspected, the filled fractures did 
indeed appear “lighter” on the X-ray 
film (figure 3). 

Such heat damage reinforces the 
need for jewelers to identify the pres- 
ence of fracture filling in diamonds 
before they perform any jewelry repair 
that requires heat. If the diamonds are 
filled, they MUST be removed from 
their mountings to prevent heat damage. 

DH 


Figure 3, An X-radiograph of the 
diamond in figure 1 provides 
further proof of fracture filling, 
as the filling material is opaque 
to X-rays. 


Editor's Note: The initals at the end of each item iden- 
tify the contributing editor who provided that item. 
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Large Chameleon-Type Diamond 

The color and appearance of the 22..28- 
ct heart-shaped brilliant-cut diamond 
(figure 4} recently submitted to the East 
Coast lab suggested that the stone 
might be a chameleon-type diamond. A 
strong greenish yellow fluorescence to 
long-wave ultraviolet radiation (figure 
5) and a persistent yellow phosphores- 
cence, combined with absorption bands 
at 415 and 425 nm, identified the stone 
as diamond and proved the natural ori- 
gin of its color (sce, e.g., Fritsch et al., 
“Optical properties of diamonds with 
an unusually high iron content,” New 
Diamond Science and Technology, 
1991), Furthermore; gentle heating with 


Figure 4, At 22.28 ct, this heart 
shape is by far the largest 
chameleon-type diamond ever 
tested at the East Coast lab. 


Figure 5. The strong fluores- 
cence to long-wave U.V. radia- 
tion (and persistent phosphores- 
cence) of the stone in figure 4 

is typical of chameleon-type 
diamonds. 
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an alcohol lamp prompted a color 
change from fancy grayish yellow to 
nearly pure yellow with similar intensity. 

Although we have encountered 
chameleon diamonds with more dra- 
matic color changes (sce, e.g., this sec- 
tion of the Winter 1982 Gems @ 
Gemology, p. 228), this stone was near- 
ly three times larger than any previ- 
ous chameleon diamond tested in the 
East Coast lab. T™ 


Treated “Black” Diamond 


The East Coast lab recently received a 
pear-shaped diamond, which appeared 
to be black, for an identification and 
origin-of-color report. The stone mea- 
sured 15.20 x 10.00 x 6.30 mm (com- 
puted to be approximately 5.75 ct} and 
was set in a yellow- and white-metal 
pendant-style locket with numerous 
near-colorless round brilliants (figure 
6). The visual characteristics and the 
high thermal conductivity, as measured 
with a GIA GEM Instruments Duo- 
tester, confirmed that the stone was 
diamond. The stone appeared to be 
opaque throughout, and microscopic 
examination showed a well-polished 
surface. Most natural-color black dia- 
monds polish poorly because the black 
appearance is caused by the presence of 
numerous minute graphite inclusions 
(Kammerling et al., Gems e? Gemology, 
Winter 1990, pp. 282-287). 

Closer examination with a GIA 
GEM FiberLite with pinpoint attach- 
ments revealed that the stone was actu- 
ally very dark green, a color we have 
never seen in nature and we know 
results from radiation treatment in a 
nuclear reactor. Stones treated in this 
manner can exhibit residual radioac- 
tivity. Indeed, scanning of this diamond 
with a hand-held Geiger counter did 
reveal residual radioactivity. 

For a more precise measurement 
of the radioactivity, the pendant was 
forwarded to our rtew radiation-testing 
facility in the West Coast lab. The piece 
was placed over a high-purity germa- 
nium gamma-ray detector (see the arti- 
cle by C. Ashbaugh in this issue} and 
counted for an hour. Analysis of the 
gamma-ray spectrum showed measur- 
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Figure 6, The “black” diamond 
in this pendant proved to be a 
radioactive laboratory-irradiat- 
ed dark green diamond. It was 
computed to be approximately 
oO Och 


able quantities of three radionuclides 
that were produced during treatment in 
the nuclear reactor: 3.75 nCi/g 
(nanocuries per gram) of europium-152 
(Eu-152}, 0.5 nCi/g of europium-154 
(Eu-154), and 0.3 nCi/g of cobalt-60 
(Co-60}. Our data (the ratio of Eu-152. to 
Eu-154} indicate that this stone was 
treated relatively recently, that is, with- 
in the past few years. 

The United States Nuclear Regu- 
latory Commission (NRC has set legal 
limits for the sale or distribution of 
gem materials in the U.S. that contain 
reactor-produced radionuclides. For 
these three isotopes, the limits are 0.6, 
0.6, and 0.5 nCi/g, respectively. At the 
time we measured this diamond, 
the total radioactivity of the stone 
was more than seven times these lim- 
its combined (computed as the sum of 
the ratios}. However, this value is still 
only about twice the ambient radia- 
tion found in the environment {back- 
ground level) for most of the United 
States, so, in compliance with the laws 
of the United States and the regulations 
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of the NRC, the item was returned to 
the client with full disclosure. 
Radioactivity decreases with time. 
The decay rate of each radionuclide is 
described by its half-life, which is the 
time it takes for the amount of the 
radionuclide present (and, therefore, 
the amount of radioactivity) to decrease 
by half. Thus, after two half-lives there 
will be one-fourth of the original radio- 
activity present, after three there will be 
one-eighth, and so on. The half-life of 
Eu-152 is 13.5 years, that of Eu-154 is 
8.6 years, and that of Co-60 is 5.3 years. 
Using these decay rates, we calculated 
that this diamond would reach the 
NRC release limits in about 36.6 years. 
lene Reinitz and 
Chuck Ashbaugh 


Editor’s Note: GIA recently received 
licenses from the United States 
Nuclear Regulatory Commission 
(NRC) and the State of California to 
possess, tést, and distribute radioac- 
tive material in conjunction with a 
new Radiation Testing Service being 
offered at the West Coast facility of 
the GIA Gem Trade Laboratory. 


EMERALD Imitation: YAG 

Green YAG (yttrium aluminum gar- 
net) is sometimes used as an emerald 
imitation. Although it is usually rela- 
tively easy to identify, a local dealer, 
suspicious about a reportedly Colom- 
bian emerald he had been offered, was 
confused by inclusions that he thought 
resembled the “jardin” seen in natur- 
al emeralds. To be on the safe side, he 
sent the 5.56-ct oval mixed cut to the 
East Coast lab for identification. 

The GTL examination revealed 
that the stone had a refractive index 
over the limits of the refractometer 
(emerald typically ranges from 1.57 to 
1,58}, was singly refractive (emerald is 
doubly refractive and uniaxial), and had 
a high specific gravity, 4.55 (compared 
to about 2.72 for emerald). Finally, 
examination with the microscope at 
high magnification revealed that the 
inclusions that the dealer thought were 
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Figure 7. High magnification 
(126 x) revealed that what was 
believed to be “jardin” in an 
emerald is actually a combina- 
tion of bubbles and flux in a 
green YAG, 


Figure 8. Inclusions in this near- 
colorless YAG are similar to 
those shown in the YAG in fig- 
ure 7. Magnified 27 x. 


“jardin” were actually a myriad of gas 
bubbles intermixed with a white flux- 
like material of unknown composition 
(figure 7}. 

All of the properties obtained were 
typical of YAG. On checking the GTL 
reference collection, we found a 3.95- 
ct near-colorless round-brilliant-cut 
YAG with similar inclusions (figure 8). 

DH 


GLASS Imitations of Various Gems 


From time to time, GTL almost simul- 
taneously receives items from differ- 
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ent sources that turn out to be the same 
material. Lately, we in the East Coast 
lab have seen several different types of 
glass imitations. The following 
describes three such identifications. 
The samples shown in figure 9 
resemble some of the many thousands 
of “crystals” that have been used in 
jewelry and sold in the crystal-healing 
market with claims that they will cure 
almost anything. However, closer 
examination showed stretched gas bub- 
bles which, together with the specific 
gravity of 2.52 and RIL. of 1.52 (singly 
refractive}, proved they were glass. 
Another item was a turn-of-the- 
century ring that some dealers believed 
was set with a piece of fine Persian 
turquoise (figure 10). Identification of 
this material as glass was not easy, 
since we could not take a good refrac- 
tive index because the surface was pit- 
ted. Higher magnification revealed that 
these “pits” were actually vitreous con- 
choidal fractures, which would indi- 
cate glass or at least eliminate turquoise 
as a possibility. With the aid of a strong 
fiber-optic light source, we observed 


Figure 9, These two glass imita- 
tions (note the stretched gas 
bubbles in the larger one) were 
sold as “healing crystals.” The 
larger piece measures 34.16 x 
10.10 x 9.27 mm. 
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Figure 10. Some dealers thought 
that the 9 x 6 mm glass cabo- 
chon in this ring was fine Per- 
sian turquoise. 


translucent internal flow lines; these, 
together with the vitreous luster on 
the conchoidal surface fractures, proved 
that the material was glass. 

The third example illustrates a sit- 
uation that is of concern to many deal- 
ers. A number of stones in what looks 
like, and was thought to be, a parcel 
of amethyst or synthetic amethyst (fig- 
ure 11} turned out to be glass. Not only 
are they a good color match, but they 
have a refractive index of about 1.55, 
which overlaps the R.I. range for 
amethyst (1.544-1.553}. So, taking a 
hasty single refractive index, without 
checking for birefringence, could well 
lead to the wrong conclusion. 

One good “quick” test on a par- 
cel of such stones is to expose them to 


Figure 11, Note the fine color match of the natural 
amethysts and glass imitations in this parcel. The 
R.1.s are also closely matched, at 1.55. 


short-wave U.V. radiation. As illus- 
trated in figure 12, the glass fluoresces 
a chalky blue, while the amethyst 
(whether synthetic or natural) is inert. 
Note that this “quick” test should only 
be used as an indicator that something 
is amiss, not as an identification. 
Nicholas DelRe 


PEARLS 


Black, from Baja California 

As we reported in the Spring 1991 issue 
of Gems # Gemology (p. 42), the Gulf 
of California appears once again to have 
become a major source of natural black 
pearls. Even before this earlier report, 
the editors were shown some shells of 
the pearl-producing oyster Pinctada 
mazatlanica, measuring approximate- 
ly 13 x 14 cm, that had been fished off 
the east coast of Baja California. One 
shell showed a light brown 3/4 blister 
pearl that was approximately 11.5 mm 
in diameter. 

At the 1991 Tucson Gem & Min- 
eral Show, we were shown a beautiful 
purplish brown button pearl (figure 13}, 
approximately 15 mm in diameter and 
10 mm deep, that had recently been 
found off La Paz, Baja California. Sub- 
sequent X-ray examination in our West 
Coast lab confirmed that the pearl was 
indeed natural. The pearl also fluo- 
resced a strong red to long-wave U.V. 


Figure 13, This natural-color 
natural black pearl (15 mm in 
diameter x 10 mm deep) was 
recently found off the coast of 
Baja California. 


radiation, a characteristic of natural- 
color black pearls from the La Paz area. 
KH 


Treated Black Mabes 


Shortly after our note on treated white 
assembled blister pearls (mabes} 
appeared in the Fall 1991 issue of Gerns 
& Gemology |p. 177}, the West Coast 
laboratory examined yet another type 
of enhanced assembled blister pearl. 
This assemblage had the usual white 
mother-of-pearl base, but the top was a 
dark purplish brown nacre that showed 
very high luster and orient. Figure 14 


Figure 12. In this parcel, the glass imitations fluo- 
resce chalky blue—while the amethysts are 


inert—to short-wave U.V. radiation. 
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Figure 14. The color of the 13-mm black mabe assembled blister 
pearl on the left was produced by dye. It is shown here with a 


white mabe, 


shows one of these “black” mabes 
(here, approximately 13 mm in diam- 
eter} next to a typical white mabe. 

Closer examination of the black 
mabe assembled blister pearl revealed 
a slightly uneven color distribution in 
the nacre layer, with strong overhead 
illumination and high magnification, 
irregular darker brown areas became 
visible (figure 15}. This splotchy color 
appearance suggested enhancement. A 
cotton swab soaked in 2% dilute nitric 
acid solution was stained when gently 
rubbed over the surface—proving that 
the nacre top had been dyed. In addi- 
tion, this mabe pearl fluoresced a dull 
reddish orange to long-wave U.V. radi- 
ation, unlike the brownish red to red 
fluorescence usually seen in natural- 
color black pearls. We have since seen 
a number of such treated black 
mabes—reportedly manufactured in 
Japan—in the laboratory. 

The GIA Research Department 
analyzed the nacre layer by energy dis- 
persive X-ray fluorescence (EDXRF} to 
determine the chemical component 
that could have been used to treat this 
type of assembled blister pearl. In addi- 
tion to silver, small amounts of 
bromine were detected. KH 


” Geneva [Synthetic] RUBY” 
The Fall 1991 issue of Gems & Gemol- 
ogy (p. 178] has a photo of a pendant 
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Figure 15. Irregular areas of 
color suggested that this black 
mabe assembled blister pearl 
had been dyed. Magnified 5x. 


containing diamonds and early syn- 
thetic rubies with a sprinkling of nat- 
ural rubies. Because of the rudimentary 
equipment used in their manufacture 
{as early as 1884), the first synthetic 
ruby boules produced were under con- 
siderable strain. Consequently, 
attempts to cut sizable stones usually 
met with failure. The small stones in 
the pendant described earlier were con- 
sistent in size with most of those we 
had seen thus far at GTL. 

Recently, however, the East Coast 
laboratory had the pleasure of identi- 
fying relatively large examples of these 
early synthetics, which were com- 
monly called “Geneva Rubies” in the 
trade. These synthetic rubies were 
mounted in a yellow- and white-gold 
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ring, with rose-cut diamonds (figure 
16}, that appears to be in the “turn of 
the century” style. The center stone 
measured approximately 7.00 x 6.00 
x 3.00 mm. The weight-estimation for- 
mula suggests that the stone weighs 
more than 1 ct. In figure 17, the tight- 
ly curved growth lines and black impu- 
rities characteristic of these early 
synthetics are readily apparent. We 
have rarely seen this material in stones 
this large, and to find nine—all without 
strain cracks—in one piece is unex- 
pected. GRC 


SAPPHIRE, Durability of 
Heat-Treated Stones 

The East Coast lab received a 3-ct sap- 
phire, set in a moder ring, for a dam- 
age report. The client had complained 


" Figure 16. This beautiful period 
ring contains nine “Geneva 
rubies” {early flame-fusion syn- 
thetics). The center stone is over 
1 ct; none of the stones shows 
strain cracks, 


about the worn facet junctions (see fig- 
ure 18), which resembled those com- 
monly seen on heat-treated zircons, 
and wondered about the cause. Since all 
damage reports include an identifica- 
tion report, we first determined that 
this stone was diffusion treated—a fact 
that came as a complete surprise to 
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Figure 17. Sharply curved striae 
and dark inclusions, seen 
here at 19x, prove that the syn- 
thetic rubies shown in figure 16 
are of early manufacture. 


our client. Unfortunately, because the 
color is confined to a thin surface lay- 
er, the client probably could not even 
repolish the stone to eliminate the 
abraded facet junctions. 

A possible explanation for the 
worn facet junctions was given to us 
more than 10 years ago, by sapphire 
dealers in Australia who reported 
that heat treatment could make the 
stones brittle. Such stones would suf- 
fer more than usual “paper wear” 
unless each one was wrapped sepa- 
rately. However, one informant report- 
ed, once the parcels of wrapped stones 
were sent to Bangkok for marketing, 
they were unwrapped and mixed with 
other stones. 

If the durability of a sapphire is 
indeed impaired after successful heat 
treatment, the question arises as to 
how much more it would be impaired 
if the sapphire were to undergo repeat- 
ed exposures to high heat, as is com- 
monly the case for those stones that 
do not respond to heat treatment 
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(because they lack the necessary iron 
and titanium] and are submitted to dif- 
fusion treatment only after several 
unsuccessful attempts at heating. In 
addition, the “deep” diffusion treat- 
ment to which many thousands of sap- 
phires have been subjected in recent 
years reportedly requires multiple heat- 
ings {for further information on 
diffusion-treated sapphires, see the arti- 
cle by Kane et al. in the Summer 1990 
Gems & Gemology, pp. 115-133]. 
GRC 


Identifying Curved Striae in 
Yellow SYNTHETIC SAPPHIRE 


Curved striae are usually difficult, if 
not impossible, to see in yellow or 
orange flame-fusion synthetic sap- 
phires. They are more difficult to see 
in stones with a pale body color 
than in the darker synthetic rubies and 
blue sapphires. 

If it is suspected that a yellow or 
orange stone is a flame-fusion syn- 


Figure 18. The abraded facet 
junctions on this approximately 
3-ct diffusion-treated sapphire 
probably could not be repol- 
ished without removing part of 
the shallow color layer. 


Figure 19. Curved striae are eas- 
ily visible without magnifica- 
tion in this 15.50 x 10.75 x 6.15 
mum flame-fusion synthetic yel- 
low sapphire. 


thetic, it is often helpful to use a filter 
of complementary color when looking 
for curved striae. With orange to yellow 
sapphires, a blue plastic or glass filter 
placed between the stone and the 
microscope light source may make 
the curved striae easier to see (see, ¢.g., 
the article by R. Hughes in Journal of 
Gemmology, Vol. 21, No. 1, 1988, pp. 
23-25; also, Gems #& Gemology, Win- 
ter 1990, p, 299). 

East Coast lab staff were, there- 
fore, surprised when the curved striae 
in a yellow flame-fusion synthetic sap- 
phire they had been asked to identify 
were readily visible under normal 
observation even without magnifica- 
tion (figure 19}! DH 
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GEMS & GEMOLOGY Summer 1992, 


JOHN I. KOIVULA, ROBERT C. KAMMERLING AND EMMANUEL FRITSCH, EDITORS 


DIAMONDS | 


Claim-staking rush in Canada. One of the biggest claim- 
staking rushes ever seen in Canada was triggered in late 1991 
by the discovery of 81 small diamonds in a 59-kg kimber- 
lite sample from the Lac de Gras area, about 350 km north- 
east of Yellowknife in the Northwest Territories. As of 
April 1992, an estimated 3.6 million hectares had been 
staked with at least 16 companies involved, including De 
Beers’s Canadian exploration subsidiary, Monopros Ltd. 
Before the Lac de Gras discovery, diamond prospecting in 
Canada had focused on central Saskatchewan, where drilling 
in 1989 identified a number of kimberlites. Since then, 160 
diamonds larger than 2 mm in diameter have been recov- 
ered from, 15 kimberlites, but the projected yield is still 
too low for commercial mining. The Northwest Territories 
discovery, however, appears much more promising. The 
kimberlité from which the 81 diamonds were recovered is 
believed to have a surface area of about 20 hectares, which 
compares in size to some South African pipes. The dis- 
covery was made after more than 10 years of exploration, 
during which diamond indicator minerals were traced sys- 
tematically in heavily glaciated terrain. (Mining Journal, 
April 10, 1992, p. 255) 


International Diamond Technical Symposium in Israel. In 
October 1991, some 500 of the world’s leading diamond 
manufacturers gathered in Tel Aviv to share ideas and 
information on advances in manufacturing technology. 
Cosponsored by the Central Selling Organisation and the 
Israel Diamond Institute, this meeting provided attendees 
from 23 countries an opportunity to better comprehend 
the truly global character of the diamond market and the 
unique contributions of each diamond-cutting center. 

Presentations by industry experts covered a range of top- 
ics: market forces, cutting technology (sawing, bruting, pol- 
ishing), laser technology, environmental concerns, safety, 
new cutting styles, and employee training. Dr. James E. 
Shigley of GIA Research gave a presentation on the gemo- 
logical aspects of identifying natural, enhanced, and syn- 
thetic gem diamonds. 

In addition to these presentations, 28 companies exhib- 
ited the latest diamond-cutting equipment. The first tech- 
nical evaluation of automatic diamond-cutting equipment 
featured systems from developers in six countries. These 
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new systems are variously composed of automatic bruting 
machines, computerized centering instruments, and gir- 
dle-polishing machines, as well as additional equipment, all 
of which may be used separately or combined for full 
automation. 

Uri Schwartz, chairman of the Technical Israel 
Committee of the Israel Diamond Institute, addressed the 
problems of converting from manual to automated dia- 
mond processing. He advised diamantaires to consider two 
fundamentals: (1) the “production basket’”—the variety of 
stones processed by the factory, and (2) the “critical mass’”— 
the minimum quantity of machinery required on the basis 
of machine capacity and the types of stones to be processed. 


Prospecting reveals kimberlite pipes in Ukraine. Two dia- 
mondiferous kimberlite pipes have been discovered in the 
Donetsk region of the Ukraine. The successful search, made 
by specialists from the Azov prospecting expedition, was 
prompted by a recent find in the Arkhangelsk region in 
northern Russia. This earlier discovery led the prospectors 
to believe that additional pipes might be found in this more 
southern region of the former Soviet Union. {Diamond 
Intelligence Briefs, February 20, 1992, p. 861) 


Smal] industrials in Uzbekistan. Industrial-quality dia- 
monds, reportedly up to 2 mm in diameter, have been dis- 
covered near Tashkent in the Tyan Shan mountains of 
Uzbekistan. Diamondiferous kimberlites have also been 
found in the same area. {Mining Journal, April 24, 1992, p. 296) 


De Beers and the Republic of Sakha sign sales agreement. 
De Beers Centenary AG recently signed a sales agreement 
with the Republic of Sakha (formerly Yakutia). According 
to De Beers, Sakha will now market its rough gem-quality 
diamonds exclusively through De Beers’s Central Selling 
Organisation (CSO). 

The agreement followed a December 1991 decree by 
Russian President Boris Yeltsin that gave Sakha the right to 
retain 10% of its rough gem diamond production for inde- 
pendent sale. In the past, all of Sakha’s production was sold 
to the central diamond authorities in Moscow (formerly 
Glavalmazzoloto, now Rossalmazzoloto}, which marketed 
Russia’s rough gem-quality diamonds through the CSO. 
The Russian diamond authorities will continue to handle 
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Sakha’s rough diamond production and will sort the dia- 
monds in Moscow on Sakha’s behalf. 

In July 1990, De Beers Centenary and Rossalmazzoloto 
signed a five-year exclusive sales contract for Russia’s rough- 
gem diamond production. The agreement between Sakha and 
De Beers Centenary will run concurrently with this contract. 

With such important mines as Udachnaya, Mir, and 
Jubilee, Sakha (now an autonomous republic within the 
Russian Federation) is responsible for 99.8% of the 
Federation’s total diamond production. This makes Sakha 
one of the world’s largest producers of gem-quality 
diamonds. 


Visit to a small diamond-mining operation in South Africa. 
While on a trip to South Africa in late 1991, Robert E. Kane 
of the GIA Gem Trade Laboratory visited the Longlands 
area, approximately 50 km west of Kimberley. The first 
alluvial diamond deposits in South Africa were discovered 
here in 1869, along the Vaal River. There are still many 
small independent mining operations in the area, with both 
miners and buyers licensed by the government. 

Mr. Kane visited the mine owned and operated by 
Danie Van Wyk, who has 18 years of experience in the 
Longlands area. At the time of the visit, Mr. Van Wyk had 
been working his present site for two years. The operation 
is rather sophisticated for a small-scale mine, employing 
heavy equipment and a portable recovery plant operated 
by three employees. 

Recovery begins with a front-end loader that picks up 
the diamond-bearing gravels and carries them a short dis- 
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Figure 1. At this small 
diamond mine in South 
Africa, the concentrate is 
carried by bucket from 
the original recovery plant 
to a nearby sorting shed. 
Photo by Robert E. Kane. 


tance to the recovery plant, where they are dumped into a 
vibrating hopper that feeds a conveyor belt. Large rocks 
are removed by hand, while smaller rocks are sorted by a 
rotating cylindrical sizing screen. The remaining gravels 
are then fed into a rotating pan to which water is added, and 
the less-dense material is siphoned off the top. The heav- 
ier material collects in the bottom of the pan, where a drain 
is then opened to fill buckets with the muddy concentrate. 

The concentrate is carried in a bucket (figure 1} to a 
nearby sorting shed that contains three circular metal pans, 
each with a different size screen mesh (approximately 3, 7, 
and 12 mm], stacked vertically and separated by sheet-met- 
al cones. This stack is placed in a large, water-filled metal 
drum, the gravel mixture poured into the top, and the 
assembled screens agitated. This separates the heavier mate- 
rial into three size categories and allows waste to collect at 
the bottom. 

The pans are next gravitated separately to concentrate 
the heavier material (including, hopefully, diamonds} in 
the bottom center of the pan. Under Mr. Van Wyk’s super- 
vision, each pan is then overturned onto a sorting table 
and any diamonds are removed by hand. Mr. Van Wyk 
reported that he recovers only colorless to yellow diamonds 
at his operation and that he had found three good-size crys- 
tals—9, 12, and 16 ct—the previous week. 


De Beers signs prospecting agreement with Tanzania. A 
diamond-prospecting and mining agreement has been signed 
by De Beers’s subsidiary Wilcroft Co. Ltd. of Bermuda, 
Tanex Ltd. (a locally incorporated subsidiary of Wilcroft}, and 


GEMS & GEMOLOGY Summer 1992, 


the Tanzanian Ministry of Water, Energy and Minerals. 
The agreement covers reconnaissance, prospecting, and 
mining operations in a 22,310-km area of the regions of 
Mwanza, Shinyanga, and Tabora. 

Diamond exploration, including airborne geophysics, 
has indicated that there may be as many as 300 kimberlite 
pipes in Tanzania. Under the agreement, Tanex initially will 
receive a one-year reconnaissance license to identify targets 
for detailed exploration. (Mining Magazine, March 1992, p. 178} 


Zaire produced fewer diamonds. Production at the MIBA 
mine in Zaire dropped from 9.5 million carats in 1990 to 6.8 
million carats in 199). A recent report indicates that January 
1992. production was 240,000 ct, down significantly from 
the projected monthly average of 600,000 ct. The decrease 
has been attributed to problems that include transporta- 
tion, supplies, and even obtaining food for employees. 
{Diamond Intelligence Briefs, March 31, 1992, p. 870} 


Zaire tightens trade regulations. The Zaire government has 
ordered all foreign nationals out of its diamond-mining 
areas and tightened trading regulations in an effort to curb 
smuggling. A government announcement televised in late 
February stated that all licenses to purchase diamonds from 
small, private diggers had been cancelled and that new 
applications must be submitted. Each licensee may employ 
no more than 10 buyers, all of whom must be citizens of 
Zaire, although exemptions can be obtained for significant 
additional fees. Security measures include tightened sur- 
veillance in mining areas and stricter border security. 
(Mining fournal, March 2.0, 1992, p. 202} 


Figure 2, This collection of 
exotic “jewel” beetles rep- 
resents 107 different 
species from 27 countries. 
The largest beetle shown 
here is more than 3 in. 
(7.5 cm) long. Photo by 
Maha Smith. 
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Exotic “jewel” beetles. We have previously reported on 
the occasional use of colorful, iridescent beetle exoskeletons 
in jewelry (Gem Trade Lab Notes, Fall 1989, and Gem 
News, Summer 1991}. Although somewhat brittle and 
therefore unsuitable for items such as rings, these unique 
organic “gems” can be used in brooches and pins, where 
damage is less likely to occur. 

There are over 297,000 different species of Coleoptera 
{beetles} known, but we had previously encountered only 
brightly colored green beetles in jewelry. However, at a 
recent science career day held at Chapman College in 
Orange County, California, one of the Gem News editors 
viewed an exceptional insect collection, several cases of 
which were labeled “exotic jewel beetles.” These beetles dis- 
played iridescent colors of the entire visible-light spectrum 
(figure 2}. According to the owner, Mr. Les Stockton of 
Stockton Enterprises, Santa Monica, California, the 107 
different beetle species illustrated came from 27 countries, 
including most of the countries in Central and South 
America, as well as Madagascar, Malaysia, New Guinea, and 
Spain. The largest beetle (genus Megaloxantha, species 
bicolor}, from the Philippines, is more than 3 in. (7.5 cm} 
long. Most of these “jewel” beetles have found use as per- 
sonal adomments in the countries in which they are found. 


Cat’s-eye golden beryl. Elongated, tubular inclusions run- 
ning parallel to the c-axis are fairly common in beryls, espe- 
cially in the near-colorless to light-blue aquamarines from 
Brazil and Zimbabwe. When these inclusions are plentiful, 
a chatoyant stone may be fashioned from such material. 
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Figure 3, This 7.24-ct chatoyant “golden” beryl 
may owe its color to artificial irradiation. Photo 
by Maha Smith. 


It is also known that a yellow, or “golden,” color can 
be induced in beryl through irradiation. Although we have 
regularly seen faceted gems in this color, this year at one of 
the Tucson shows we came across a dealer with several 
hundred carats of cat’s-eye beryl cabochons, some of which 
we suspect may owe their color to irradiation. Approxi- 
mately half of the stones were light-blue aquamarines; the 


Figure 4. The Sinai Peninsula of Egypt is the 
reported source of the almandine garnet beads 
(12.3-13.0 mm in diameter) in this necklace. 
Photo by Maha Smith. 
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other half, like that pictured in figure 3, were a medium to 
medium-dark yellow. 


Garnets from Egypt. While on a trip to Egypt in late 1991, 
one of the Gem News editors (RCK} saw some of the gem- 
set antiquities displayed in the Egyptian Museum Cairo. 
Among the gems in the Greco-Roman jewelry were some 
very dark brownish red stones that resembled almandine gar- 
net. In one room of the museum, a chart listing the gem 
materials used by the ancient Egyptians included garnet, 
although neither species nor variety was given. 

Later in the trip, at Luxor, the editor visited a gem 
dealer who displayed a necklace of dark brownish red beads 
represented as garnets recovered from the south-central 
area of the Sinai Peninsula, “two mountains over from 
Gebel Musa” (Mt. Sinai). According to the merchant, his 
father obtained garnets at the mine site several years before, 
but the exact location was no longer known. John D. Rouse, 
in his book, Garnet, cited Pliny’s report of Egypt as an ear- 
ly source of “carbuncles,” a gem name now thought to 
have referred to garnets. While Pliny mentioned the Thebes 
(not the Sinai) area as the source, Rouse speculated that 
this might have been a trading station rather than the min- 
ing area. 

The necklace was acquired for gemological examina- 
tion. The 36 off-round beads range in diameter from approx- 
imately 12.3 to 13.0 mm. In reflected light, they appear 
brown and almost opaque; when examined with trans- 
mitted light, however, they are brownish red and trans- 
parent (figure 4). Magnification revealed dark solid inclusions 
with irregular outlines and stained fractures. 

Spot refractive indices of 13 beads revealed readings over 
the limit (1.80+) of the conventional refractometer. 
Examination with desk-model spectroscopes (both prism 
and diffraction-grating types) revealed absorption features 
like those associated with almandine and spessartine gar- 
nets. EDXRF analysis, carried out by GIA Research, con- 
firmed the presence of iron and manganese. On the basis of 
these data, we identified the garnets as almandine-spes- 
sartine. 


Large jadeite boulder. During a trip to Myanmar (formerly 
Burma} in March 1992, one of the editors (RCK} and GIA- 
GTL’s Bob Kane saw what was described by local officials 
as the largest jadeite boulder ever recovered from the 
Mogaung area of upper Myanmar (figure 5). The boulder 
was discovered on July 19, 1982, at the Khy-Siu mine, Kan 
Mine township, Kachin State, and transported to Yangon 
(formerly Rangoon) one year later. The boulder is approxi- 
mately 4 m long x 2 m wide x 2.25 m high, and has a cir- 
cumference of 8.75 m. It weighs approximately 33 metric 
tons. This impressive specimen is displayed in front of the 
Myanmar Gems Enterprise headquarters at Yangon. 


Gemstones from Laos. Myanmar and Thailand have long 
been known as important sources of colored stones; over the 
past few years, Vietnam has gained considerable recognition 
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Figure 5. At approximately 33 metric tons, this is 
reportedly the largest jadeite boulder ever mined 
in Myanniar (Burma). Photo by Robert E. Kane. 


« 


for the fine-quality rubies and fancy sapphires found there. 
A recent mining summary report indicates that another 
southeast Asian nation—Laos—may also hold important 
gemstone potential. 

According to Mining Magazine, both gem- and indus- 
trial-quality sapphires are currently being mined in Laos by 
a state mining enterprise, as well as by groups of individu- 
als at Ban Houeixai in the country’s northwest. There is 
speculation that additional potential exists on the Bolovens 
Plateau. 

In addition, amethyst is presently mined from vugs 
and veins in rhyolites in Champasak Province. Zircon and 
topaz have been noted in this province as well, in alluvial 
deposits similar to those of the zircon-producing Kantharalak 
area of neighboring Thailand. Beryl has been identified in 
pegmatites running northwest along a strike from a known 
beryl-rich zone in northern Vietnam. (Mining Magazine, 
March 1992, p. 147} 


Attractive meteorite jewelry. A report on an extraterrestrial 
form of olivine (peridot) recovered from pallasitic mete- 
orites was published in the Spring 1992 issue of Gems & 
Gemology. This is not, however, the only “gem” material 
from a non-earthly source. 

At the Tucson gem shows this past February, the edi- 
tors came across a type of meteorite being set in jewelry (fig- 
ure 6). According to Mark Castagnoli, president of Canadian 
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Placer Gold Ltd. and the vendor of this material, this 
“Gibeon class” iron-nickel meteorite was recovered in 
Namibia. The fine octahedrite crystal structure, or 
“Widmanstatten” lines (a check-type intergrowth pattern} 
it displays, is characteristic of this particular material. Mr. 
Castagnoli informed us that the fashioned material, includ- 
ing the samples we examined, are usually etched with 
dilute nitric acid to expose the crystal structure. 


Black mabe “pearls” and simulants (from nautilus shell). 
Mabe “pearls” are one of the more interesting assembled 
gem materials. First, blister pearls are cultured around 
hemispherical beads placed against the shell; they are then 
cut from the shell and the bead removed. A smaller spher- 
ical bead is inserted into the cavity along with a wax filler. 
Finally, a section of mother-of-pearl shell is added to form 
a slightly convex base. Perhaps the most unusual mabe 
assembled cultured blister pearls are the black mabes that 
are produced in the South Seas (figure 7}. 

At the February 1992 Tucson gem shows, we saw 
some assemblages made from iridescent shell that remind- 
ed us of mabe pearls (figure 8). One type, marketed as 
“Osmefia pearls” by Denis Brand of Gardena, California, was 
made from the curved innermost shell section of the cham- 
bered nautilus. The exposed, strongly iridescent layer of 
shell (the outermost white-and-brown layer has been pol- 
ished away} has a delicate grayish blue body color. The 
larger shell portion is capped at the base with a very thin, 
flat section of shell, through which it could be seen that the 


Figure 6. These 18-K gold cuff links are inlaid 
with “Gibeon class” iron-nickel meteorite from 
Namibia. Photo by Maha Smith. 
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Figure 7. The fine black mabe assembled cultured 
blister pearls in these earrings measure approxi- 
mately 14.6 x 12.8 mm; they are recent products 
of the Polynesian pear! culturing industry. 
Courtesy of Seung Hae Moon; photo by Maha 
Smith. 


inner cavities were empty; that is, no wax or other filling 
material had been used. We saw similar assemblages, with 
creamy white bady colors and strong iridescence, made 
from the curved turbo shell (again, the outer layer of shell 
had been polished away]. “Osmenia pearls” were quite 
common several years ago; it is interesting to find them reap- 
pearing in the market. 


Rare gemstones from Quebec. In October 1991, one of the 
editors (EF) visited the Mont St. Hilaire quarry near 
Montreal, Quebec. He was accompanied by Guy Langelier 
and Gilles Haineault, both of whom facet rare gems from 
this world-famous locality and provided information on 
the unusual gem species mined from Mont St. Hilaire. 

Brownish red villiaumite sometimes exhibits two or 
three tones within a single gem and was seen in sizes up to 
about 5 ct, with larger pieces generally being quite dark. This 
material is very difficult to fashion, as it is water-soluble. 

Carletonite, a mineral with a very saturated “royal” 
blue color, is also difficult to facet. It is relatively soft (Mohs 
hardness 4}, cleavable, and strongly pleochroic. This 
pleochroism makes it necessary to orient the optic axis 
perpendicular to the table facet for good face-up color, 
although such orientation generally results in rather low 
weight retention. The largest faceted carletonite seen by Mr. 
Haineault is 1.48 ct. 

Hackmanite, a variety of sodalite, is probably one of the 
most sought-after gems from this locality. Normally near 
colorless to light yellow, it typically turns pink on exposure 
to U.V. radiation, then fades within a few minutes (see 
pages 112-113 of the Summer 1989 Gem News). There is 
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some variability in this reaction, however: Some stones 
barely change color on U.V. exposure, while others tum a 
deep pink that remains for some time after exposure to 
daylight. Mr. Haineault reports that the largest faceted 
hackmanite he has seen to date is a light yellow 15.33-ct 
shield cut. 

Colorless natrolite crystals vary from completely trans- 
parent to somewhat hazy. Some larger crystals might yield 
faceted stones as large as 10 or 15 ct, although most stones 
cut to date have been under 5 ct. 

Also seen were sphalerite gems, including a 55.62-ct 
oval of yellowish green (“olive”) color. Some smaller, paler 
faceted stones resemble some yellowish green diamonds. 

Among the other transparent faceted collector gems 
seen were colorless catapleiites, orange serandites, slightly 
violet albites, and colorless pectolites, all in sizes up to 
about | ct. Facet-quality burbankite, shortite, and cryolite 
are also found at Mont St. Hilaire. Finally, Mr. Langelier 
showed a rare |-ct faceted, colorless vesuvianite from the 
Jeffrey mine. 


Tajikistan to develop gem resources. Tajikistan, a former 
Soviet republic and now an independent central Asian state, 
is showing interest in developing its significant natural 
resources, The government has taken steps to encourage for- 
eign investment in a number of basic industries, including 
mining, and is seeking outside help to identify commercially 
viable deposits. For the first time in decades, exploration by 
foreign firms is possible. 

Gems and ornamental stones are among the resources 
receiving particular attention. A quarry near Pendjikent, 
in the far west of the republic, has been producing blocks 
of white marble since 1991 and is expected to yield mate- 
rial comparable to that from Carrara, Italy. Pink spinel is also 
being mined, as the Pamir Mountains lie in Tajikistan. 


Figure 8. These shell assemblages, consisting of 
nautilus shell (the two on the left) and turbo shell 
(the two on the right), are somewhat reminiscent 
of mabe “pearls.” The largest measures 28.50 x 
17.22 x 9.84 mm, Photo by Maha Smith. 
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Amethyst is being recovered near the city of Garm in the 
west-central region. Reportedly, significant mining of gar- 
nets has taken place, and ruby has been found that will 
soon reach world markets. Lapis lazuli, described as 
comparable to the finer grades from Afghanistan, has also 
been located in the Pamir Mountains, very close to the 
republic’s border with Afghanistan. (Mining Magazine, 
January 1992, pp. 6-9} 


ENHANCEMENTS is 
Acrylic coating of gem materials. It is well known that 
various surface coatings are used on gems to improve the 
apparent quality of their polish. Wax and paraffin are two 
substances reportedly used frequently, but plastic coatings 
have also been used on a number of gem materials (see, 
e.g., the entries on plastic-treated ammonite and enhanced 
Paua shell in Gem News, Spring 1991). 

It was, therefore, with interest that the editors read a 
brief entry in a lapidary magazine in which the writer rec- 
ommended two brands of aerosol sprays for enhancing the 
surface appearance of gems. One—a transparent, colorless 
acrylic spray—was subsequently purchased for experi- 
mentation. 

One fashioned sample of lapis lazuli and one of jadeite 
{both with dull, worn surfaces) were chosen for the inves- 
tigation. Each was given four separate light coatings with 
the acrylic spray, which resulted in significant improve- 
ment in apparent luster (figure 9). 

When examined with magnification, the treated spec- 
imens appeared to have a somewhat unnatural, glassy 
appearance, Also noted was a slight concentration of the 
coating in surface irregularities, for example, in areas of 
undercutting and in carved recesses. The coating was eas- 
ily scraped off the stones with a razor blade, and material 
so removed melted readily when tested with a thermal 
reaction tester, An acetone-dipped cotton swab rubbed 
across the base of one treated stone readily attacked and 
removed the coating, revealing the dull gemstone surface 
beneath. 


Dyed massive beryl and quartz resembling ornamental 
gems. One of the editors (EF) was recently shown a new, 
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Figure 9. Application of a 
colorless, transparent 
acrylic spray to the other- 
wise dull surface of this 
23.29-ct lapis lazuli cabo- 
chon (left, before treat- 
ment) caused a significant 
apparent improvement in 
its luster (right), Photos by 
| Maha Smith. 


enhanced gem product developed by Dominique Robert of 
Lausanne, Switzerland. The unnamed material consists of 
massive beryl with variable amounts of intergrown quartz; 
this composite is heat treated and then dyed purple to imi- 
tate such omamental gem materials as charoite and sugilite. 
The heat treatment most likely increases porosity, which 
in turn permits deep penetration of the dye—to 0.5 mm 
or more, according to Mr. Robert. This was later confirmed 
when one of two rough specimens donated to GIA's per- 
manent collection was fashioned into a cabochon (figure 10}. 

We subsequently learned that Mr. Robert was also 
producing this material in a “turquoise” blue and “coral” 
orangy red. All of the material is easy to identify from dye 
concentrations in fractures, 


Figure 10. This cabochon (17,23 ct) and rough 
specimen (approximately 2.5 cm), which resemble 
charoite, consist of heat-treated and dyed massive 
intergrown beryl and quartz; the cabochon is pri- 
marily quartz while the unfashioned piece Is pre- 
dominantly beryl. White areas can be seen on the 
cabochon where the dyed surface layer was 
removed during fashioning. Photo by Robert 
Weldon. 
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Figure 11. This strand of beryl beads (6-7 mm in 
diameter) has been “color enhanced” by a combi- 
nation of colored thread and dye concentrations 
in fractures and along the drill holes. Photo by 
Maha Smith. 


Beryl beads with multiple color enhanceinents. Beads are 
commonly color enhanced in a number of ways. One of 
the simplest methods is to induce dye into fractures that 
were either pre-existing or intentionally induced by “quench 
crackling.” Another technique is to coat the drill holes of 
pale beads with dye (e.g,, a red dye for pink corundum beads 
so they will resemble ruby). Similarly, pale beads may be 
strung on a brightly colored thread. 

This year at Tucson, the editors came across inex- 
pensive strands of beads being sold as “aquamarine” that had 
their apparent color enhanced by both of the above meth- 
ods (figure 11}. Most obvious was the bright, slightly green- 
ish blue thread on which the beads were strung. However, 
careful examination also revealed the presence of a green- 
ish blue dye concentrated in surface-reaching fractures. We 
subsequently purchased a strand for investigation. Standard 
gemological testing on several beads confirmed that they 
were beryl. Examination of these beads with magnifica- 
tion revealed heavy concentrations of brightly colored dye 
lining the drill holes. 

In an attempt to determine their true color, we soaked 
several beads for a few days in acetone, followed by a brief 
cleaning in an ultrasonic unit. After examination with 
magnification showed that most of the dye was removed 
from the fractures and drill holes, we restrung the beads on 
white thread. This revealed that, in addition to improving 
the apparent depth of color, the combination of dye and 
colored thread had helped to “homogenize” the color of 
the strand. The beads appeared much less well matched 
with the treatments removed, some beads being pale blue 
aquamarines while others were essentially colorless beryl 
{ie., goshenite). 


Treatable “concrete” opal. In the Fall 1990 Gem News, 
the editors reported on an opal material that apparently 
had been “sugar” treated and then coated with a plastic-like 
substance. This entry was subsequently expanded and pub- 
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lished as an article in the February 1991 issue of The 
Australian Gemmologist. 

As a follow-up, the editors were contacted by Paul B. 
Downing of Majestic Gems & Carvings, Tallahassee, 
Florida. Mr. Downing informed us that, over the past sev- 
eral years, a material has been found in quantity at 
Andamooka that is referred to locally as “concrete,” or 
sandstone opal. This matrix opal differs from the tradi- 
tional Andamooka matrix opal in that the newer material 
is much softer and more porous. Therefore, although “sug- 
ar” treated like the typical Andamooka material (see the 
excellent report on this method by Grahame Brown, in the 
Summer 1991 Gems & Gemology}, it is then “toughened” 
with a plastic coating (figure 12}. The product can be quite 
attractive, resembling the best Honduras matrix opal, with 
typical matrix patterns and the obvious black inclusions 
characteristic of sugar-treated material, 


Silver-nitrate-treated matrix opal. A number of enhance- 
ments have been used on porous types of opal and opal- 
bearing rocks to produce a dark background for an otherwise 
weak play of color. In addition to the “sugar” treatment of 
Andamooka matrix opal mentioned above, there is also 
the “smoke treatment” of porous opal from Jalisco, Mexico, 
and the impregnation with black plastic of porous mater- 
ial from Brazil. 

Recently, the editors learned of another treatment that 
produces a dark background for matrix opal, reminiscent of 
one used to produce black color in pearls. The “recipe” 
appeared in the August-December 1991 issue of The Opal 
Express and was provided by the Andria Bree Gem Co. of 
El Cajon, California. In this process, the stone is treated 


Figure 12. This 1.20-ct specimen of “concrete” 
opal is a porous matrix-type of opal from 
Andamooka, Australia, The thin black layer rep- 
resents a quick sugar-acid treatment carried out 
to determine how well the sample would respond. 
Specimen courtesy of Paul H. Downing; photo by 
Maha Smith, 
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Figure 13. The dark background of this 5.00-ct 
matrix opal was produced by a silver-nitrate treat- 
ment. Photo by Maha Smith. 


after cutting but before final polishing. Following drying 
at low temperature, the matrix opal is gently heated in a sil- 
ver-nitrate solution for several hours. The stone is then 
cleaned and heated in a solution of film developer, cleaned 
again, and given its final polish. An optional step—after 
the silver nitrate but before using the developer—is to place 
the stone in direct sunlight. 

Tom and Phyllis Malicki of Benecia, California—opal 
enthusiasts who have first-hand experience with this treat- 
ment—provided the editors with a 5.00-ct oval cabochon of 
silver-nitrate-treated matrix opal (figure 13} and an untreat- 
ed 9.53-ct specimen for comparison. The treated sample 
displays a medium-dark-gray background color that 
enhances the play of color. Magnification revealed dark, 
irregular specks reminiscent of sugar-treated material. 

In an experiment conducted by the Gem News edi- 
tors, an irregular piece of Andamooka matrix opal (provid- 
ed by Paul Downing} was sawn in half, one section was 
retained as a control, while the other was treated in the 
silver-nitrate solution. The treatment produced a dark back- 
ground color, as expected. Both treated and untreated sec- 
tions were then examined using EDXRF, which revealed the 
presence of silver in the treated section and none in the 
untreated piece. 


Modern-day turquoise oiling. The so-called “oiling” of 
emeralds is often justified by its supposedly ancient ori- 
gins. Some in the international gem trade have even ques- 
tioned the need to disclose the treatment on the same 
grounds of venerability. 

In articles appearing in the July 1991 Journal of 
Gemmiology and the October 1991 Modern Jeweler, how- 
ever, Dr. Kurt Nassau reexamined the alleged antiquity of 
the treatment. He concluded that emerald oiling is proba- 
bly less than 100 years old, Instead, it appears that the “oil- 
ing” mentioned in early texts involved the treatment of 
other gems to induce or improve a desired green color, for 


Gem News 


Figure 14. The 6.34-ct blue Egyptian turquoise 
cabochon on the right is untreated; the 9.04-ct 
green turquoise cabochon on the left, also from 
Egypt, was treated with mineral oil. Photo by 
Maha Smith. 


example, to turn blue turquoise green or improve the appear- 
ance of chalky malachite. 

In Luxor, Egypt, in late 1991, one of the Gem News edi- 
tors (RCK) learned of a modern-day turquoise treatment 
that appears to further justify Dr. Nassau’s hypothesis. 
While looking through parcels of Egyptian turquoise at a 
Luxor gem shop, the editor was told that the predomi- 
nantly blue material was preferred by many tourists, but that 
the local populace had a definite, long-standing preference 
for green material. The vendor then produced a plastic jar 
containing a viscous, colorless liquid and what appeared 
to be several hundred carats of turquoise cabochons. 

The vendor described his turquoise treatment: First, 
mineral oil is boiled for approximately one hour and then 
allowed to return to room temperature. The turquoise to be 
treated—already fashioned—is placed in the “prepared” 
mineral oil and examined every day or so until the desired 
color change has occurred (normally one to two weeks). 
Finally, the stones are cleaned with denatured alcohol pri- 
or to sale. Figure 14 shows samples of Egyptian turquoise 
both before and after a one-week treatment. 


SYNTHETICS AND SIMULANTS [9 


Asseinbled imitation emerald crystal. The Summer 1989 
Gem News column contained an entry on a clever imita- 
tion emerald crystal obtained in Brazil. The specimen was 
apparently produced by sawing in half a light-toned beryl 
crystal, coring out the two halves, filling the sections with 
a viscous green fluid, and reassembling them. 

Recently, Thomas Chatham of Chatham Created 
Gems, San Francisco, California, loaned the editors the 
components of a similar imitation that had been disas- 
sembled. This particular simulant had been purchased in 
Bogota, Colombia, by a Japanese buyer in 1991. The ruse was 
discovered when a cutter began to saw through the “crys- 
tal” near one of the terminations, causing a green fluid to 
leak from the stone. 

This latest deceptive specimen consisted of a hol- 
lowed-out hexagonal prism that, even with the filling 
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Figure 15. This 230.10-ct CZ displays interesting 
color zoning due to a combination of the 
dopants and growth conditions used. Photo 

by Maha Smith. 


removed, appears medium-dark green. Examination under 
magnification, however, revealed the color to be due, at 
least partly, to a colored coating adhering to much of the 
internal cored surfaces; areas where the coating is absent 
appear nearly colorless, A second component of the assem- 
blage is what appears to be a waterworn, elongated subhe- 
dral crystal, composed of (or coated with) a green substance. 
This component had been inserted in the hollowed-out 
cavity of the hexagonal prism. Although it could not be 
conclusively identified, its extremely low heft and very 
soft nature suggest a plastic. 

The third component, the cap, is an assemblage of its 
own, consisting of a squat, soft, gray metal (lead?) plug cov- 
ered with what appears to be a mixture of ground mineral 
matter in a polymer (?) groundmass that melted when the tip 
of a thermal reaction tester (“hot point’”’} was applied gently. 

Mr. Chatham informed us that this and other such 
deceptions are rumored to be produced in a “factory” in 
Bogoté. Among the other frauds reportedly produced there 
and seen by the editors are the glass imitation tourmaline 
crystal described below and two small hexagonal prisms 
with green surface coatings. 


Update on nontransparent CZ. The Winter 1991 issue of 
Gems & Gemology included a report on nontransparent 
cubic zirconia from Russia. One gemological property not 
included in the report was refractive-index values, as 
conventional refractometers do not read above approxi- 
mately 1.80. 

Subsequently, the editors were contacted by Comelius 
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S. Hurlbut, Professor Emeritus of Mineralogy at Harvard 
University. Professor Hurlbut has been developing his own 
Brewster-angle refractometers and was interested in testing 
samples of the nontransparent CZs with his latest instru- 
ment. Samples used in the original study were therefore 
sent to him for testing. 

Professor Hurlbut has since provided us with R.I. val- 
ues for these Russian-produced materials: black, 2.140, 
pink, 2.160; and white, 2.165. Although readings on the 
latter two were taken on the slightly curved surfaces of 
cabochons, very consistent readings were obtained through 
approximately 50 tests on each type. 


Bicolored CZ. As a further follow-up to the Winter 1991 
Gems & Gemology report on nontransparent CZ from 
Russia, Joseph F. Wenckus, of the Ceres Corp., provided 
the editors with an interesting 230.10-ct CZ crystal sec- 
tion (figure 15) that has an orange core and a lavender 
periphery. According to Mr. Wenckus, the unusual bicol- 
ored effect is caused by the combination of dopants used— 
both cerium oxide (CeOg) and neodymium oxide 
(Nd yO3}~and the conditions under which the crystal was 
grown—partially oxidizing. Reduced cerium oxide present 
in the core causes the orange color and masks the weaker 
color effect of the neodymium. Oxidized cerium oxide in the 
outer section of the crystal contributes no color, revealing 
the lavender hue caused by the neodymium dopant. It is pos- 
sible that attractive color-zoned gems, reminiscent of 
amethyst-citrine (“ametrine”}, could be cut from such a 
crystal, 


Blue spinel from Vietnam as sapphire imitator. A number 
of incidents have been reported over the past year of syn- 
thetic rubies represented as natural rubies from Vietnam. 
A recent ICA Laboratory Alert, originating from the Hong 
Kong Gems Laboratory, reported that natural blue spinels 
from Vietnam have been represented as sapphires from 
that country. According to the report, the rough stones 
involved were quite large, in the range of 100-180 carats. 
Standard gemological testing carried out on one large spec- 
imen, first in the rough state and again after cutting, revealed 
properties consistent with those reported in the literature 
for spinel. 


Glass imitation tourmaline crystal. Many simulants for 
Paraiba tourmaline—both rough and faceted—have been 
encountered in the gem trade (see, e.g., Gem News, Winter 
1991). Recently, Thomas Chatham of Chatham Created 
Gems brought to the editors’ attention another interest- 
ing tourmaline simulant. Purchased by a gem dealer in 
Bogota, Colombia, the specimen weighs 49.81 ct and is a 
grayish blue color very similar to some indicolite tourma- 
line from Brazil (Agure 16). In cross-section this “crystal” has 
the distinctive three-fold symmetry associated with tour- 
maline, and roughly parallel “striations” similar to those typ- 
ical of tourmaline run the length of the specimen. Some of 
the more deeply recessed of the latter contained a reddish 
brown, earthy staining. 


GEMS & GEMOLOGY Summer 1992, 


Figure 16. This 49.81-ct imitation of indicolite 
tourmaline was fabricated from glass. Specimen 
courtesy of Thomas Chatham. Photo by 

Maha Smith, 


Although the long “crystal faces” have a dull luster that 
gives them a waterworn appearance, the two ends are vit- 
reous, one consisting of a large conchoidal fracture. Through 
the latter it was possible with magnification to resolve a sin- 
gle spherical gas bubble. Other properties (spot R.I. 1.52, 
moderate heft, strong anomalous double refraction) were also 
consistent with those of glass. 


aust 

More synthetics sold as natural rubies fram Vietnam. In 
both the Gems e Gemology article on Vietnamese rubies 
(Fall 1991) and a subsequent Gem News entry (Winter 
1991}, we reported that flame-fusion synthetic rubies have 
been sold as natural stones in Vietnam. 

Since then, other gem laboratories have reported a 
number of cases of similar deceptions in Vietnam and else- 
where. A March 27, 1992, update to the International 
Colored Gemstone Association’s Laboratory Alert No. 22 
contains a report from Dr. Grahame Brown of Allgem 
Services, Brisbane, Australia, on what outwardly resem- 
bled waterworn natural ruby crystals, but proved to be 
Verneuil synthetics. 

In Dr. Brown’s experience, as well as that of the Gem 
News editors and others, immersion can help reveal the 
curved growth associated with Verneuil synthetic rubies, 
especially when the exterior of a sample has been abraded 
to simulate the effects of alluvial transport. With this in 
mind, gemologists purchasing rough corundum should con- 
sider carrying an immersion cell, or other transparent con- 
tainer, to check for these diagnostic features. 


Experimental synthetic sodalite from China. In late 1991, 
Professor Liu of the Institute of Geochemistry of the 
Academia Sinica in Guangzhou, China, donated to GIA a 
number of laboratory-grown materials produced in his 
country. These include synthetic quartzes (amethyst and cit- 
rine}, flame-fusion synthetic corundumis, synthetic cat’s-eye 
alexandrite, synthetic spinel, green YAG, and various col- 
ors of CZ, 

Perhaps the most interesting specimens, however, 
were three samples of synthetic sodalite that ranged in 
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Figure 17. This 20.38-ct synthetic sodalite crystal 
was produced in China. Photo by Robert Weldon. 


weight from 20.38 to 57.39 ct. Professor Liu reported that 
the samples, which were heavily included and twinned, 
were produced experimentally, with research ongoing to 
improve the quality. As grown, the synthetic sodalite is 
colorless; it is subsequently irradiated to produce an attrac- 
tive blue color (figure 17). 


INSTRUMENTATION Ee 
Low-cost quartz wedge simulator. Determining whether 
a gem is uniaxial or biaxial can help distinguish among 
anisotropic gems with similar refractive indices and bire- 
fringence, such as transparent yellow labradorite feldspar and 
golden beryl. This can be done by plotting refractometer 
readings or by resolving an interference optic figure between 
crossed polars. Occasionally, a gemologist will also need to 
determine whether a gem is positive or negative in optic 
sign—to separate, for example, quartz (uniaxial positive) 
from scapolite (uniaxial negative]. This, too, is most com- 
monly done by plotting readings from the refractometer, pro- 
vided there is an appropriate facet to test. 

Another method, more familiar to mineralogists than 
to gemologists, is to use a quartz wedge in conjunction 
with a polariscope and condensing lens. Unfortunately, 
quartz wedges are rather costly and difficult to obtain; in 
practice, few gemologists use them. Hanneman Gemological 
Instruments of Castro Valley, California, now offers a low- 
cost alternative, Called the Hanneman-Daly Wavelength 
Modifier & Quartz Wedge Simulator, this accessory is used 
in essentially the same manner as a quartz wedge. Those 
familiar with the quartz wedge should have little difficul- 
ty working with the Hanneman product. 
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GREEN ZOISITE, 
NOT GREEN TANZANITE 


Once again I am pleased to congratulate you on the latest 
issue (Spring 1992) of Gems & Gemology, and on the excel- 
lent and highly informative articles it contains. 

Of the two articles (the one on green zoisite, and the 
one on peridot by J. R. Fuhrbach} that particularly caught 
my interest, the one on Gem-Quality Green Zoisite by N. 
R. Barot and Edward W. Boehm attracted my special atten- 
tion, not only because I know the deposit, which I visited 
on previous occasions, but also because I have always felt 
a particular attraction toward the variety of zoisite used in 
the gem trade, blue tanzanite. To the attentive reader it 
becomes easily apparent that the two authors were keen 
to be correct and accurate in every statement and that they 
endeavored to publish a paper reliable in every respect. They 
have certainly succeeded and are to be congratulated on 
their paper. It is a classical study in the true sense of the word. 

Unfortunately, the authors were somewhat too lenient 
with regard to the nomenclature in that, despite the correct 
title, they referred to “green tanzanite” throughout the 
entire article. Tanzanite is the name exclusively given by 
Mr. Platt of Tiffany’s to the blue variety of zoisite. Other col- 
or varieties of the zoisite species also have their individual 
variety names. Thus, opaque pink zoisite is called thulite 
and the green opaque variety is named anyolite, which 
together with hornblende forms the mother rock of the 
rubies found at Longido, Tanzania. To be gemologically, 
mineralogically, and scientifically correct, the new green 
transparent variety must either be called green zoisite or be 
given an entirely new variety name. It must be considered 
that transparent blue and green are not the only color vari- 
eties of the mineral species zoisite; since pink, purple, yel- 
low, and mixed colors are also found. To give extra names 
to each color variety would make nomenclature extreme- 
ly complicated. Consequently, it would be most feasible, 
practical and logical to use the species name zoisite with the 
color prefix. The already named varieties tanzanite for the 
transparent blue, thulite for the opaque pink, and anyolite for 
the opaque green zoisite may nevertheless be maintained. 

To summarize, I wish to suggest that the new trans- 
parent green variety of zoisite be in the future called green 
zoisite, which is mineralogically and gemologically cor- 
rect and helps to avoid any confusion. 


E. GUBELIN, Ph.D., G.G., F.G.A. 
Lucerne, Switzerland 
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MORE ON ALCOHOL 
DAMAGE TO AMBER 


The photograph of alcohol-damaged amber beads in the 
Gem Trade Lab Notes section of the Summer 1991 Gems 
&) Gemology (p. 108) reminded me of an event that occurred 
five years ago when a group of local metalsmiths gathered 
in the jewelry lab at Ohio State University to prepare an 
exhibit. After polishing a silver ring set with amber beads, 
I used soap to remove the polishing compound and then fol- 
lowed with a drying rinse in denatured alcohol. A number 
of the beads were damaged, and it took hours of scraping, 
filing, and sanding to remove the hazed subsurface areas. 

The late Ann Rudolph, who was watching this process, 
remarked that “all the literature” mentions that alcohol will 
damage amber and I should have known better. The next 
day, she delivered copies of three publications to support her 
claim. The Physical Properties and Geological Occurrence 
of Amber (Leaflet Number 3, Field Museum of Natural 
History, Department of Geology, Chicago, 1923) states that 
amber “is attacked but slowly by alcohol, ether, and sim- 
ilar solvents, a property by which it may be distinguished 
from most modern gums and some other fossil ones.” In 
the appendix to her Amber: The Golden Gem of the Ages 
(Van Nostrand Reinhold, 1980, p. 289), Patty C. Rice warns: 
“do not allow amber to come in contact with perfume or 
hair spray.” Finally, in her book Amber (Butterworths Gem 
Books, London, 1987, p. 176), Helen Fraquet advises that: 
“On a basic level, perfumes and hair sprays will damage the 
surface of amber jewellery over a period of time. The sur- 
face will become dull and opaque, and the items will need 
repolishing.” 

Thanks to Ann Rudolph, here is a start to literature ref- 
erences on alcohol’s effect on amber. 


WILLIAM A. WEIDINGER 
Goldsmith, Jewelry Designer 
Columbus, Ohio 


ERRATUM 


The name of the designer of the pendant and earrings pub- 
lished on page 29 of the Spring 1992 issue was misspelled. 
The correct name is Paula Crevoshay. Note also that the 
Mexican opals in these pieces were eut by George Crevoshay, 
while the rutilated quartz was carved by Michael Dyber. 
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LETTERS 


“MISNOMERS” IN 
AMERICAN GEMOLOGY 


I am dismayed to see what I regard as misnomers being 
used by GIA, and even published in Gems &) Gemology, 
while there are either clear names issued by CIBJO or 
already much better sounding names in use for certain 
gemstones. I am referring to misnomers and misleading 
names like malaia garnet, green tanzanite, and sunstone 
labradorite, which are the most important, among others. 

Malaia garnet (correctly spelled with an i”) is an 


obscene name which should never be applied to this noble . 


category of gemstones. Umbalite, which has been accept- 
ed in Europe, is a much better sounding, more correct name 
that simultaneously points to the garnet’s cradle in the 
Umba Valley of Tanzania. 

Tsavorite is orthographically completely wrong. The 
ending “-rite” has absolutely no justification in connec- 
tion with the name Tsavo. In Europe, the correct name 
tsavolite has been generally accepted and is being used. 
Europeans by writing it correctly demonstrate their cul- 
tural background of ancient Greek. It is a mistake for 
Americanis not to do the same. GIA should promote gem 
names with a Greek etymological base, such as “-lite,” 
which originates from lithos, meaning stone. 

About green tanzanite, I wrote to you in my last letter 
to the editor [Gems # Gemology, Summer 1992, p. 140]. 

In the Winter 1991 issue of Gems e&) Gemology there 
was a paradoxical title that read “Sunstone Labradorite” 
on p. 220. Sunstone is a definitely established name of long 
standing for an oligoclase feldspar. Thus, the combination 
sunstone labradorite is an impossible paradox. Why not 
accept Dr. F, Pough’s excellent suggestion to call these red 
and green labradorites from Oregon heliolite (from the 
Greek words helios, meaning sun and lithos, meaning 
stone}? This means the same as sunstone, but is a differ- 
ent-sounding name altogether; it could very well and eas- 
ily be given to these labradorites without causing confusion 
and violating traditional nomenclature. 


E. GUBELIN, Ph.D., G.G., F.G.A. 
Lucerne, Switzerland 


In Reply 

Much as we would relish the opportunity, we know that 
Gems e) Gemology is not the arbiter of terminology in the 
gem world. When Henry Platt of Tiffany, within a year or 
two of their discovery, coined the two now-familiar terms 
tanzanite, for beautiful blue zoisite from Tanzania, and 
tsavorite, for the vibrant green grossular from East Africa, 
they were widely accepted in the American trade. Today, 
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both the brown zoisite that is transformed by heat treatment 
and the blue or purple material that results are usually 
referred to as tanzanite by American and European jewel- 
ers alike. Personally, I do not like the term green tanzan- 
ite, but neither do I like the proliferation of separate names 
for each color variety of a gem material. I feel that a case can 
be made for that term, since it also is gem zoisite from 
Tanzania. 

By the time Dr. Giibelin had pointed out to the gem 
industry the fact that tsavolite is orthographically preferable 
to tsavorite, the term was well established both in America 
and elsewhere. We at Gems & Gemology did not feel that 
we could impose this or any other term on the trade, and 
thus we accepted it as publicized. 

Whether it is spelled malaya or malaia, this term, 
too, is in common usage in the trade. Since this stone is 
actually a mixture of garnet species, the question is really 
whether a separatt name is needed. If one is, I personally 
agree that umbalite would technically be much preferable 
to malaia. 

Dr. Gtibelin refers to sunstone as the aventurescent 
variety of oligoclase feldspar. The Shipley Dictionary of 
Gems and Gemology defines sunstone as “albite (or other) 
feldspar.” True, many of the early sunstones found had 
the properties of oligoclase, but since labradorite is also a 
member of the plagioclase feldspar family, aventurescence 
in another member of the same family should hardly jus- 
tify an entirely new name. We felt that it was important for 
the sake of clarity to call attention to the difference in prop- 
erties by using the labradorite designation, but not by cre- 
ating a new name. If there is a need to have a separate 
name for the red and green labradorite from Oregon, heli- 
olite has a nice ring and logic behind it. Again, though, do 
we really need a new name for this material? 

Unlike many sciences, terminology in gemology is 
often driven by market forces. Since there is no single gov- 
eming body, terms used in commerce commonly enter the 
gemological literature before adequate study can be under- 
taken as to their efficacy. Actually, there is no body with 
the power to enforce the discontinuance of a term, unless 
it is illegal in a given country because it clearly misrepre- 
sents the nature of the material. We appreciate your feeling 
that, as a well-known and respected publication in gemol- 
ogy, we should act as an arbiter in matters of new terms, and 
exercise restraint in the use of old ones. However, unless a 
term is blatantly misrepresentative, or clearly unneeded, we 
have generally accepted the common usage of a majority of 
our readers or, in the case of a new material, carried the arti- 
cle as the author intended. 

—Richard T. Liddicoat, Editor-in-Chief 


GEMS & GEMOLOGY Fall 1992 149 


IN DEFENSE OF FADE TESTING 


There are several rapidly fading gemstones where conven- 
tional testing cannot establish light stability with certain- 
ty. Examples include several types of yellow sapphires, 
yellow to brown topaz, and green spodumene {not hiddenite). 

A fade test consisting of a few hours in the sun is nor- 
mally the only way to ensure that the color is stable enough 
that the stone can safely be shown in a jeweler’s window 
or store display, or worm outdoors in jewelry by the ultimate 
consumer. It seems to me that any gemstone in the jewel- 
ry trade should be able to tolerate either of these exposures. 

Heating is not always a reliable substitute for a fade test, 
because some yellow sapphire that has lost its color on 
quite gentle heating will return to yellow on exposure to 
light (see K. Nassau and G. K. Valente, Gems e#) Gemology, 
Winter 1987). 

Although some of these materials may be in their orig- 
inal colored state, that is, as they came frorn the mine, in 
most such stones the color is usually gone by the time the 
material has been faceted. Irradiation is then used to produce 
the color seen in the faceted stone. Such a fade test is there- 
fore not “destructive” of a natural color in the usual sense, 
but should be viewed as being “restorative” to the stable 
color it had before the irradiation step. 


KURT NASSAU, Ph.D. 
Nassau Consultants 
Lebanon, New Jersey 


KOMOLO TSAVORITE 

PARTNERSHIP 

I have just read your very interesting article on Tanzania in 
the Summer ‘92 edition of G & G. 

I would, however, like to point out that I pegged the 
Komolo tsavorite deposit for a partnership that was formed 
between myself, Costas Lycos, and Costas Piperas, not for 
the Lycos family. Please correct this error. 

C. R. BRIDGES 
Bridges Exploration Ltd. 
Nairobi, Kenya 


EARLY CRYSTALLIZATION OF 
PERIDOT AT KILBOURNE HOLE 


Since I had never heard of Kilbourne Hole, I read with par- 
ticular interest the paper, Kilbourne Hole Peridot,” in the 
Spring 1992 issue of Gems e Gemology. It is well written 
and the gemological properties of the peridot most thor- 
oughly and carefully given. They should be, with the wealth 
of help that the author mentions in “Acknowledgments.” 
Because of this galaxy of gemological stars as helpers, it is 
with considerable temerity that 1 write pointing out what 
1 feel is a rather gross geological error. 

On page 19, first column, it is stated that, “The peri- 
dot is an early crystallization, formed during the solidifi- 
cation of igneous rocks from the liquid magmatic phase.” 
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Quite true, it formed early deep within the earth’s crust. 
Also true is, “...when the volcano erupted” (the final phase} 
“St threw liquid magma into the atmosphere.” The erup- 
tion also ejected crystals of the early crystallized olivine 
(peridot) that had aggregated together into nodules. When 
they were erupted, the nodules were coated with a thin 
skin of molten lava that cooled quickly. The peridot did not 
form after the eruption but long before. Olivine nodules 
are not uncommon and have been found in many places as 
volcanic “bombs.” 

Even though I find something now and then in Gems 
ev) Gemology that I think is wrong, yours is a great journal, 
the best! 

CORNELIUS S. HURLBUT, Ph.D 
Harvard University 
Cambridge, Massachusetts 


In Reply 
Editors and author alike agree that Dr. Hurlbut is indeed 
correct. The first part of the paragraph in question should 
have read: 


Peridot is one of the early minerals that forms from the 
liquid magmatic phase during subsurface crystalliza- 
tion of an igneous magma. During this crystallization 
stage, the peridot crystals aggregated into nodules along 
with certain other early-formed minerals, particularly 
augite and diopside (and occasionally enstatite and 
bronzite). When the volcano erupted, it threw the still- 
liquid magma, as well as the predominantly peridot- 
containing nodules, into the atmosphere. As the 
nodules spun through the air, the adhering lava solid- 
ified on their surfaces. This resulted in basalt-covered 
“xenolith bombs” (figure 4}... . 


We thank Dr. Hurlbut for bringing this to our attention. 
—Alice S. Keller, Editor 


ERRATA 


Two errors occurred on p. 108 of the article “Gamma-Ray 
Spectroscopy to Measure Radioactivity in Gemstones,” 
which appeared in the Summer 1992 issue. 

In figure 7, the bottom of the spectrum display is 
cropped off. This portion of the figure gave the total “net 
area” counts (678) under the peak marked by the cursor. 
This number is used in the discussion in Box A. The num- 
ber (205} shown is the peak height at the cursor and, as 
such, has no meaning in the discussion, except to indicate 
the height of the peak. 

In figure 6, two red dots on the left of the 150 KeV 
cursor were not drawn in as were the others. Thus, it incor- 
rectly appeared that the computer-calculated quadratic 
equation does not pass through any data points. 
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1992 “PERFECT” CHALLENGERS 


The sixth annual Gems & Gemology Challenge appeared in our Spring 1992 issue. Once again, hun- 
dreds of readers participated. Those who earned a score of 75% or better received a GIA Continuing 
Education Certificate recognizing their achievement. Our heartiest congratulations go to the respon- 
dents listed below, who each received a perfect score (100%). 


Jerry W. Alexander, Texarkana, TX; Margaret L. Alexander, Mimbres, NM; Frank J. Anania, Edmond, OK; Luiz Angelo, Rio de 
Janeiro, Brazil; Sue Margaret Angevine, DeLand, FL; Jan L. Arnold, Santa Monica, CA; Eileen Barone, Oaklawn, IL; Yael 
Baszanger, Geneva, Switzerland; Linda Anne Bateley, Tenterden, Kent, England; Harold W. Beaty, Spokane, WA; Lauren L. 
Bechtol, Bryan, OH; Barry Scott Belenke, Miami, FL; Rebecca Ann Bell, Joshua Tree, CA; Fred G. Billcock, Victoria, BC, Canada; 
Christine Blankenship, North Royalton, OH; Anne Blumer, Santa Monica, CA; William H. Bodell, Hazelcrest, IL; Rudiger M. 
Boskovic, Armidale, NSW, Australia; Ginger J. Broinby, Calgary, Alta., Canada; Ian A. Brown, Warrandyte, Victoria, Australia; 
Lisa Burbach, Manitowoc, WI; Ann L. Byers, Shannon, IL; W. J. Campbell, Portland, OR; Betina Castillon-Larson, Tampa, FL; 
Danielle Chabot, Levis, Que., Canada; Jo Anne Chisholm, Thornhill, Ont., Canada; Alice Christianson, St. Catharines, Ont., 
Canada; Michael Christie, Pagosa Springs, CO; Michael A. Coffey, Port Charlotte, FL; Wanda Miller Cooper, Lexington, KY; 
Connie Bradshaw Copeland, Abilene, TX; Donald G. Coughlin, Colombo, Sri Lanka; Jill Broer Davila, Toledo, OH; Barry D. 
Davis, Gilbert, AZ; Folkert H. De Jong, Victoria, BC, Canada; Karen DeLoach, Lakeland, FL; Shane Denney, Jacksonville, IL; 
Jimmy R. Dennis, Rockford, IL; John Diecker, Pakgret, Nonthaburi, Thailand; Lorraine D. Dodds, Greensboro, NC; Malcolm B. 
Druery, Goonellabah, NSW, Australia; Bela Dvorcsak, Carteret, NJ; Gcorge S. Egeland, Quaker Hill, CT; Evelyn A. Elder, 
Clackamas, OR; Sandra Rose Engeberg, Los Angeles, CA; Thomas C. Estervog, Seattle, WA; Tami Farrer, Woodinville, WA; 
Ed Fasnacht, Logansport, IN; Patrick J. Fazio, Jr., Camarillo, CA; E. J. Feldman, Jacksonville, FL; Richard A. Fernandes, Mashpee, 
MA; Roberto Filippi, Ponte Moriano, Lucca, Italy; Robert C. Fisher, Beverly Hills, MI; Diane Flora, San Diego, CA; Ralph L. 
Forrester, Shreveport, LA; Betty Lu Frost, Longmont, CO; Mary Ann Gaedig, Huntington Beach, CA; Agop Ghazalian, 
Westminster, CA; Wayne Gilcrease, Santa Monica, CA; Louis J. Ginsberg, Damascus, MD; Raymond Giroux, Dollard des 
Ormeaux, Que., Canada; Hendrik S. Gonggryp, The Hague, Netherlands; Manoj B. Gupta, Bombay, India; Martin D. Haske, 
Woburn, MA; Susan Prince Havens, Albion, MI; Nancy Hays, Leucadia, CA; James Wm. Heatlie, Edinburgh, Lothian, Scotland; 
Hayo W. Heckman, The Hague, Netherlands; Donn Henley, Eldon, MO; Norris W. Henley, Eldon, MO; Douglas Heurich, 
Chicago, IL; John F. Heusler, St. Louis, MO; Lorraine J. Hilleshiem, Sun Prairie, WI; Alart R. Howarth, Braintree, MA; Vicki 
Hudacheky West Liberty, IA; Myron A. Huebler, Rio Rancho, NM; R. Fred Ingram, Tampa, FL; Carol Ising, Homewood, IL; 
William Iwan, Albuquerque, NM; William A. Jeffery, Westport, CT; Ann C, Johnson, Santa Monica, CA; Arlene A. Jones, Santa 
Monica, CA; Helen Klages, Orlando, FL; Marjorie Kos, City Island, NY; Wiraman Kurniawan, Sumatra, Indonesia; David 
M. Larcher, Streetley, Sutton Coldfield, England; Consuelo Laspra-Garcia, Oviedo, Spain; Bert J. Last, Sydney, NSW, Australia; 
John A, Lees, Leesburg, VA; Dorothy Lewis, Richboro, PA; David R. Lindsay, Bobcaygeon, Ont., Canada; Christine Link, Vernon, 
BC, Canada; Sharon D. Longden, Eckington, Sheffield, England; Rajendra K. Maharaj, Toronto, Ont., Canada; Ronald A. 
Maher, Armidale, NSW, Australia; William R. Mann, Temple Hills, MD; James C. Marker, Santa Monica, CA; Janes S. Markides, 
Sumter, SC; Jean Mate, Mentor, OH; M. Maxwell, Wheeling, WV; Glen McCaughtric, Miranda, NSW, Australia; Eva Mettler, 
Zurich, Switzerland; Ted Meyer, Santa Maria, CA; David Milanowski, Sylvania, OH; Doug Miller, Saskatoon, Sask., Canada; John 
Miller, Chapel Hill, NC; Charles “Mike” Morgan, Ukiah, CA; Yves Morrier, Montreal, Que., Canada; John L. Mort, Bradenton, 
FL; B. J. Neville, Brisbane, Qld., Australia; Nancy Nightingale-Sendek, St. Croix, VI; Joseph J. Ochler, Scotia, NY; Mary 
Olsen, Salt Lake City, UT; Barbara Orlowski, Rockville, CT; Pearl Owen, Pennington, NJ; Kenyon V. Painter, Scottsdale, AZ; 
Norma B. Painter, Scottsdale, AZ; Bradley A. Partington, West Hills, CA; Linda Partney, Marathon, FL; Roy J. Pasini, North 
Olmsted, OH; David M. Peters, Santa Monica, CA; Allen C. Petersen, West Hartford, CT; Ron Plessis, Aldergrove, BC, Canada; 
Jennifer Putnam, Toronto, Ont., Canada; Blair D. Rauch, Tinley Park, IL; Tim E. Reffner, Martinsburg, PA; Judith Lynn Riel, 
Santa Monica, CA; Michael W. Rinehart, Walnut Creek, CA; Carmen L. Rivet, Saint Lambert, Que., Canada; Suzanne Rizzo, 
Commerce Township, MJ; Elizabeth M. Roach, Flower Mound, TX; Domingo Rodriguez, Humacao, Puerto Rico; Julie Ann 
Rogers, Sebring, FL; Charles L. Rose, Germantown, TN; Rebecca Rosenzweig, Poulsbo, WA; Silvia Rutherford, Wheatland, WY; 
Diane H. Saito, Santa Monica, CA; Jack Schatzley, Toledo, OH; Pinchas Schechter, Miami Beach, FL; Judith Schechter-Lankford, 
Santa Monica, CA; Gary S. Schmidt, St. Louis, MO; Marylen Sue Scott-McKenzie, Asheville, NC; Daneen Seifert, Astoria, NY; 
Elroy J. Sell, Addison, IL; Helen Serras, Rockville, MD, Clifford Shinmei, Los Angeles, CA; Frank J. Simonis, Long Beach, CA; 
Peter R. Stadelmeier, Levittown, PA; John Stennett, Temple, TX; Clifford Steve, North Kingstown, RI; Clifford H. Stevens, 
Gansevoort, NY; Dee T. Stodghill, Houston, TX; Eva Strauss-Paillard, Tours, France; Andrew T. C. Tan, Singapore, 
Singapore; Terry Michael Taylor, Houston, TX; Michael A. Tessiero, Fort Johnson, NY; Drew Thiet, Milwaukee, WI; Robert 
Tippett, Salt Lake City, UT; Donald J. Tomace, Union, NJ; Geraldine Alex Towns, Naperville, IL; J. Michael Tracy, Kansas City, 
MO, Richard Traer, Burnaby, BC, Canada; Clair T. Transue, Jr., Houston, TX; Starla Turner, Redwood City, CA; Wilma van 
der Giessen, Voorburg, Netherlands; Cinda Van Leeuwen, Santa Rosa, CA; Susan M. Vastalo, Bolingbrook, IL; Jane G. 
Wagner, Northampton, PA; Sharon V. Wainwright, Wilmington, DE; James P. Wallace, Toronto, Ont., Canada; Donald E. Watson, 
Wailuku, HI; Werner Weber, Garden Grove, CA; Kimberly Wechter, Flushing, NY; Thomas G. Wendt, Beaver Dam, WI; Bob 
Whorton, Alta Loma, CA; Jacob Wieman, Amsterdam, Netherlands; John E. Williamson, Mims, FL; Dale Winder, Fort Collins, 
CO; Larry C, Winn, Arvada, CO; Kelly Wiseman, Laramie, WY; Hank T. Wodynski, Fountain Hills, AZ; John H. Woodbury, 
Honolulu, HI; Joseph Craig Wright, Boerne, TX; Elizabeth J. Wyatt, Mesa, AZ; Monique Zander, Sao Paulo, Brazil; Deanna 
Zino, Haddonfield, NJ. 


Answers (see pp. 68 and 69 of the Spring 1992 issue for the questions}: (1) A, (2) B, (3) B, (4) D, (5) A, (6) C, (7} B, (8) C, (9) D, {10) 


D, (11) B, (12) A, (13} A, (14) B, (15) C, (16) D, (17) D, (18} D, (19} D, (20) question stated incorrectly—all answers accepted, (21) B, 
(22) B, (23) C, (24] C, (25) A. 
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STATUS OF RUBY AND SAPPHIRE MINING 
IN THE Mocok STONE TRACT 


By Robert E. Kane and Robert C. Kammerling 


Burma, now named Myanmar, has for cen- 
turies been considered the world’s preemi- 
nent source of fine rubies. Today, after 
nearly three decades of limited gem produc- 
tion, there is a resurgence of mining activity 
at the famous Mogok Stone Tract. New 
developments include mechanized govern- 
ment mines and joint-venture mining opera- 
tions with Myanmar nationals. This article, 
based on two recent visits to Mogok, briefly 
reviews the mining history and geology of 
this extraordinary locality, and describes 
the current status of mining and the meth- 
ods used to recover rubies and sapphires in 
the Mogok area. Limited statistics on gern 
production are also presented, as is a map of 
the area showing many of the active mine 
sites. 
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or centuries, the finest mbies in the world have been 

_ associated with the Mogok mining region of upper Burma 
{now Myanmar}. In the 20th century especially, rubies and sap- 
phires from Mogok have played an important role in jewelry 
of every design (figure 1). Although production in Mogok has 
historically been sporadic, it appears to have been even more 
so after all gem mining was nationalized in 1963. Today, 
however, Mogok is experiencing its greatest mining activity 
in decades, and perhaps the greatest production of rubies and 
sapphires ever recorded from this locality. 

With nationalization, few non-Myanmar nationals were 
permitted to visit the Mogok area; as a result, essentially no 
firsthand information on mining developments appeared in the 
Western literature for over two decades. Nearly all of the 
recently published reports are based on information and pho- 
tographs obtained in the late 1950s (e.g., Ehrmann, 1957} and 
early 1960s; the last detailed firsthand reports of mining activ- 
ity in Mogok were issued by Meen (1962] and Giibelin (1963, 
1965, 1966a and b, 1977). A. Chikayama recently published 
several very informative reports, based in part on his visits to 
Myanmar (Chikayama, 1987a-f), he did not, however, visit the 
Mogok area. 

At the invitation of the Myanmar government, the senior 
author (REK) visited Mogok in February 1991 and again in 
March 1992, accompanied on the second visit by the coauthor 
(RCK). As the first research gemologists to visit Mogok since 
Dr. Gtibelin last traveled there in 1963, we used these oppor- 
tunities to document the current status of gem mining and pro- 
duction in this famous region. We visited 11 of the more than 
165 authorized mining operations active in 1991 and 1992. 
These included five of the seven government ruby and sapphire 
mines and six joint ventures. We also saw a number of appar- 
ently unlicensed operations. 

What we encountered was an exciting mixture of tradi- 
tional methods of mining that had been used in Myanmar 
for centuries, together with highly efficient, mechanized open- 
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Figure 1. This suite of pre- 
dominantly early-20th- 
century jewelry is set with 
fine-quality rubies and 
sapphires, for which 
Myanmar (Burma) is 
renowned. Photo by 
Shane F. McClure; jewel- 
ry from the collection of B® 
Donald K. Goodman, \& 
Frank Goodman and 
Sons, Los Angeles, 
California. 


pit and tunneling operations to remove the rubies 
and sapphires. 

Following a brief review of the history and geol- 
ogy of this area, this article examines the different 
entities—primarily government and joint venture— 
responsible for the heightened activity at Mogok, and 
describes the types of mining operations observed 
there. Also reported are production statistics for the 
major government operations, observations on cutting 
factories at Mogok and Yangon (formerly Rangoon}, 
and information on the distribution of many of the 
stones mined. For information on the known gemo- 
logical properties of Mogok rubies, the reader is referred 
to Gtibelin (1977), Keller (1983), and Schmetzer (1986). 
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For a discussion of famous rubies from Mogok, see 
Keller (1983, 1990). 


HISTORY 


Burma is one of the oldest recorded sources of fine 
rubies. Although it is not known exactly when min- 
ing began there, ancient legends refer to a deep valley 
in “Old Cathay” that was covered with beautiful red 
gems. According to one story, natives would throw 
pieces of meat onto the valley floor. Some of the gems 
would stick to the meat, which was then eaten by vul- 
tures. When the vultures flew up from the valley, 
the natives would kill them to retrieve the gems 
(Scott, 1935). The earliest record of actual mining in 
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Figure 2. The 196.1-ct Hixon ruby, shown here on 
a locality map from E. C. S. George’s 1915 Burma 
Gazetteer — Ruby Mines District, is from the his- 
toric Mogok Stone Tract. Ruby crystal courtesy of 
the Los Angeles County Museum of Natural 
History. Photo by Shane F. McClure. 


this part of the world appeared in the 6th century, 
when a son of Kun-Lung, founder of the Shan dynasty 
of Chinese emperors, governed a state that was near 
a ruby-mining area. Records show that he sent an 
annual tribute of “2 viss” (approximately seven 
pounds!) of rubies to the central government 
(Chhibber, 1934). 

In the 15th century, European travelers published 
two separate accounts of rubies from this area; the first 
report was by Nicolo de Conti (c. 1430) and the sec- 
ond by Ludovico di Varthema, who visited the land 
of Pegu (Burma} in 1496. A more direct reference to 
gems was made by Caesar Fredericke in 1569, who 
reported on the busy, established trade in rubies at that 
time and described the King of Pegu as “Lord of the 


154 Mining in Mogok 


Mines of Rubies, Safires and Spinels.” In fact, the 
court of this king was so rich that the idols were 
embellished with rubies and sapphires (Chhibber, 1934). 

The Burmese monarchy took control of the ruby- 
mining areas in 1597, and leased the mines to indi- 
vidual operators at a fixed annual rate. Any stones 
above a certain size were the property of the king, 
who also had the right to take control of any mine that 
showed a high yield of gems. It is believed that, 
because of this dictum, large stones were often bro- 
ken up to avoid royal intervention (Wynne, 1897}. 

During the 17th and 18th centuries, under the 
demanding rule of the Burmese kings, the mines 
became synonymous with exile. Unrelenting pres- 
sure to produce more and more gems took its toll, 
and miners were literally worked to death. A rebellion 
in the early 19th century ended this servile system, 
and the mining areas were deserted until 1863, when 
they were declared open for any to work. Conditions 
for the miners might have improved, but the out- 
put of gems remained under strict royal super- 
vision, and taxes were levied on both buyers and sell- 
ers (Scott, 1935). 

After the British took control of the region in 
1886, following the Third Burmese War, they set reg- 
ulations to monitor gem mining and trade. In 1887, 
a concession was granted to London jeweler Charles 
Streeter, who formed Burma Ruby Mines, Ltd. (BRM). 
This company paid £30,000 a year, plus 30% of the 
profits, for the sole rights to mine the area using 
heavy machinery. Their contract further stated that 
the local miners would be allowed to continue to 
mine using the same methods they had employed 
since antiquity, but that they must pay BRM 30% of 
the value of the gems they recovered. Smuggling and 
theft escalated, and competition among districts and 
mines made it impossible for BRM to regulate prices. 
Ultimately, this system was abandoned for one in 
which miners were required to obtain a license from 
BRM for a 20-rupee monthly fee. The miners could 
then sell any gems recovered on the open market 
(Scott, 1935}. 

Burma Ruby Mines was in operation from 1887 
through 1925 (figure 2). They worked throughout 
much of what is known today as the Mogok Stone 
Tract. The company brought hydroelectric power to 
Mogok to run washing plants, pump water out of 
waterlogged mine sites, and operate tunneling equip- 
ment. Wynne (1897) reported on the costs involved in 
cutting three drainage tunnels to make areas more 
accessible for mining. Such mechanized mining was 
lucrative only from 1890 through 1908, when the 
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Figure 3. The township of Mogok has been a center of gem mining activity for hundreds of years. In fact, 
many homes line the shores of an artificial lake that was created by the flooding of an early 20th-century 
Burma Ruby Mines, Ltd., open-pit operation. Photo by Robert E. Kane. 


auf 


price of rubies dropped in Europe due to the arrival of 
synthetics on the market. Prices for top-quality rubies 
plummeted to one-third of their previous value, and 
prices for inferior grades fell even further. The out- 
break of World War I further depressed the ruby mar- 
ket and, in 1925, Burma Ruby Mines went into 
voluntary liquidation. BRM continued to mine on a 
very small scale for another five years until the Great 
Depression forced the company to disband com- 
pletely, surrendering its leases to the government on 
June 30, 1931 (Scott, 1935). 

The British did not realize how costly it would be 
to mechanize mining in Burma. Most of the European 
methods of hard-rock mining, designed for products 
like coal, were poorly suited to the geology of the 
area. Wynne (1897) reported “very hard rock” that 
“changed to a soft micaceous schist, containing vol- 
umes of water, in the presence of which it became 
almost as soft as mud, and required close and careful 
timbering,” for which it was difficult to get suitable 
wood. Eventually, the largest drainage tunnel col- 
lapsed in places and the mining excavations filled 
with water. The original town of Mogok, moved in the 
late 1800s as the main area was turned over to ruby 
mining, is now covered by a beautiful lake (figure 3). 

Following the departure of the British in 1931, 
mining reverted almost entirely to the native meth- 
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ods that had been effectively used since antiquity 
(Iyer, 1953; Gubelin, 1965; Nordland, 1982). Only 
very recently, due to the active participation of the 
Myanmar government, has modem, mechanized min- 
ing retumed to the Mogok Stone Tract. 


LOCATION AND ACCESS 


The town of Mogok is located almost 100 air km 
north-northeast of the city of Mandalay (figure 4). 
We traveled by plane from Yangon {formerly Rangoon} 
to Mandalay (about 500 air km, or 312 mi.), and by 
four-wheel-drive vehicle along 200 km of rough and 
twisted paved road to Mogok (six hours in good weath- 
er}. For the last 25 km, the road ascended sharply in 
a pattern of severe twists and turns. 

The government provided an armed escort to 
accompany us throughout the duration of our stays 
in Mogok. Non-Myanmar nationals are rarely allowed 
in the area, and we strongly advise against travel to or 
within Mogok without proper authorization. 

The actual area encompassed by the “Mogok 
Stone Tract” has been variously described, with 
reports from “170 square miles” (442. km/?, Iyer, 1953) 
to “1,040 km?” (Keller, 1983; Myanmar officials, pers. 
comm., 1991). Iyer, who published in 1953 what is 
considered the definitive geologic work on the Mogok 
Stone Tract, indicated latitude 22°50’45”N to 
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Figure 4. Rubies and sapphires are found at sev- 
eral localities throughout the immediate area 
surrounding Mogok in the Mandalay District of 
Myanmar (Burma). Peridot is mined only in 
the Pyaung Gaung Hills, north-northwest of 
the Mogok Township. This map shows the 
approximate locations of all MGE mines and 
several joint-venture mines in the Mogok Stone 
Tract. Indicated here are the major gems 
mined, with red and blue used together to 
show both ruby and sapphire. Note that signifi- 
cant quantities of spinel are found at virtually 
all of the corundum mines, as are limited 
quantities of other gem materials. 
Unauthorized mining sites are not shown. 

Map compiled by Robert E. Kane based on 
information provided by the MGE. 
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‘PE OOS CEN 
Figure 5, At Mogok, the primary (in situ) occur- 
rence of rubies is in a coarse-grained marble. 
Here at Dat Taw, the white marble tailings 


cover a large portion of the hillside. Photo by 
Robert E, Kane. 


23°5'5”N and longitude 96°19’E to 96°35’E for the 
area. According to the Myanma Gems Enterprise 
(MGE), the Mogok Stone Tract is bounded on the 
south by the Nam Pai River, on the north by the foot 
of the Momeik Scarp, on the east by the town of 
Momeik, and on the west by the town of Thabeikkyin 
on the Irrawaddy River (“Role of Gems Mining 
Department,” 1991). 

The region is mountainous, with peaks higher 
than 2,150 m (7,000 ft.); the town of Mogok sits at an 
altitude of 1,500 m. Mogok receives annual rainfall of 
more than 350 cm (140 in.}. The rainy season is typ- 
ically from mid-May to mid-October. Malaria is 
always a concern, but particularly during the rainy 
months. Small farming villages dot the region amid 
“forests” of teak, bamboo, and bananas. 


158 Mining in Mogok 


Senior MGE employees reported that the indige- 
nous population of Mogok Township is approximately 
200,000, with another 200,000 people who have come 
from other areas of Myanmar. 


GEOLOGY OF THE 
MOGOK AREA 


Many regional geologic studies were made of the 
Mogok area in the late 19th and early 20th cen- 
turies (as reviewed in Keller, 1983, 1990). Yet none is 
more recent, or more authoritative, than that of Iyer 
(1953), which was based on months of surveying over 
three years. 

Geologic mapping is particularly difficult in this 
part of the world, because the dense vegetation and a 
thick cover of residual weathered material (soil, etc.) 
result in a lack of rock outcrops. Nevertheless, Iyer 
(1953} produced a geologic map of the Mogok area, 
which was reproduced in modified form in Giibelin 
{1977} and Keller (1983). This geologic map shows 
the distribution of several types of common high- 
grade metamorphic rocks, that is, gneiss and marble 
(the latter is referred to as “crystalline limestone” by 
Iyer and others, but current terminology for “crys- 
talline [metamorphosed] limestone” is marble}, as 
well as intrusive igneous rocks (granite and minor 
amounts of syenite). Alluvium (unconsolidated mate- 
rial transported and deposited by running water) of 
Quaternary age has accumulated particularly in val- 
leys and other low-lying areas. Iyer’s report and map 
also revealed gem-bearing pegmatites, peridot-bearing 
ultramafic intrusives (dikes and sills}, quartzites, and 
several varieties of gneiss (e.g., garnet, scapolite], as 
well as structural features such as faults, which indi- 
cate that the area has been subjected to several major 
tectonic processes over extended periods of time. The 
granites are particularly noteworthy because of their 
abundance (they comprise the western one-third of the 
map area], the presence of gem materials (e.g., topaz 
and tourmaline} in the associated pegmatites, and 
the fact that they may have produced contact meta- 
morphic mineral assemblages in appropriate rocks 
(e.g., marbles; figure 5), resulting in the formation of 
corundum and spinel under special conditions. Keller 
(1990) suggests that regional, rather than contact, 
metamorphism may have played a major role in the 
origin of the primary ruby deposits at Mogok. It is 
also possible that there are actually two generations 
of ruby at Mogok, one formed by regional metamor- 
phism and the other by subsequent contact meta- 
morphism (A. A. Levinson, pers. comm., 1992). 

In areas with tropical climates and high rainfall, 
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rocks are especially susceptible to chemical weath- 
ering; this has been the situation in this part of 
Southeast Asia for millions of years. As a result, the 
major rock-forming minerals are altered to clays, iron 
oxides (e.g., goethite], and other minerals that are sta- 
ble in the surface environment. These materials accu- 
mulate in the form of soils or even laterites (highly 
weathered red soils rich in iron and aluminum oxides 
that typically develop in tropical climates) if the 
weathering process is sufficiently long and efficient. 
Certain minerals, such as corundum and spinel, that 
are inherently resistant to chemical weathering, may 
accumulate within the soils or laterites, frequently 
concentrating into layers or beds of gravel resting on 
soft, decomposed rocks. Such gem-bearing beds— 
which are characteristically brown or yellow and con- 
tain clays, iron oxides, and at times sandy 
material—are locally known as byon. 

Until recently, only minor amounts of gem min- 
erals have been recovered from their primary {in sitz) 
occurrences. Most have been recovered from sec- 
ondary deposits, the byon (figure 6). Gem minerals 
within the byon may be classified into two types: (1]} 
eluvial (gem concentrations essentially in place that 
result from decomposition of the host rock}, and (2) 
alluvial (gem concentrations that occur following 
transportation by water, which implies significant 
movement from the source}. As a practical matter, dis- 
tinction between the two types frequently is not pos- 
sible. 


MINING ENTITIES 
AT MOGOK 


From the nationalization of gem mining in 1963 until 
April 1990, all legal mining activity in the Mogok 
Stone Tract was conducted by the Myanmar gov- 
ernment. The Myanmar Ministry of Mines still con- 
trols all legal mining and exploration in the Union of 
Myanmar. The Ministry founded the Myanmar Gems 
Corporation on April 1, 1976, to oversee the Mogok 
Gems Project, the Pharkant Jade Project of the Mineral 
Development Corporation, and the Trade Corporation 
No. 19 {Gems} of the Ministry of Trade. In 1989, the 
Myanmar Gems Corporation was renamed the 
Myanma Gems Enterprise (”Role of Gems Mining 
Department,” 1991). 

Today, in addition to MGE mining, there are also 
government-authorized joint ventures between the 
MGE and private individuals or groups, as well as 
illicit mining activities. Although both the MGE and 
joint-venture operations (and even some unautho- 
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rized concerns) now mine a small number of prima- 
ry deposits, most of the mining by all entities at 
Mogok today continues to be in secondary ({byon) 
deposits. 


Figure 6. Historically, most of the rubies and sap- 
phires found in the Mogok Stone Tract have been 
recovered from alluvial or eluvial gem gravels 
called byon in Myanmar. These are frequently 
covered by a thick (up to 25 m) overburden of soil, 
laterite, etc. Here, miners in the trench push the 
byon into a stream of water that carries it down- 
ward for processing. Photo by Robert E. Kane. 
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MGE Mogok Gems Mining Department. All gov- 
emment mining in the Mogok Stone Tract is handled 
by MGE’s subsidiary, the Mogok Gems Mining 
Department, which has several geologists and mining 
engineers on staff. Eight mines are currently being 
worked exclusively by the government: one for peri- 
dot and seven for ruby and/or sapphire. All are well- 
organized, mechanized operations that use various 
methods of mining such as ground sluicing, open pit, 
and underground tunnels into the host rock, depend- 
ing on the type and nature of a particular deposit. 
The number of MGE-operated mines is limited only 
by budgetary constraints—additional deposits have 
been identified (MGE officials, pers. comm., 1991). 


Joint-Venture Mining Contracts, On March 9, 1990, 
in an attempt to drastically curtail illegal gem min- 
ing, the Myanmar government announced the avail- 
ability to Myanmar nationals of joint-venture mining 
leases in both the ruby and sapphire districts and the 
jadeite mining areas (Working People’s Daily, 
November 20, 1990). All proposals, complete with 
the exact location to be mined and the amount of mon- 
ey being offered, had to be submitted by April 27, 1990. 

From this initial offering, the goverment allowed 
159 joint-venture projects to begin mining in June 
and July 1990. According to Yong (1990), the one- 
acre plots were all located within a total of 230 acres 
in the areas of Mogok, Momeik, Mattaya, and 
Thabeikkyin. Each approved operator reportedly paid 
at least “a six figure” amount (in Myanmar kyats]. The 
highest price paid for a one-acre plot was 21 million 
kyats, or approximately US$3.5 million at the official 
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Figure 7. The Myanmar 
government receives 
§1.4% of the sale price on 
all “first-quality” stones 
recovered from joint-ven- 
ture operations in the 
Mogok Stone Tract. The 
faceted ruby shown here 
weighs 11.55 ct; the rough 
crystals, ranging from 
16.65 to 278,50 ct, have a 
total weight of 733.65 ct. 
Photo by Robert E. Kane. 


exchange rate {Working People’s Daily, November 
20, 1990). Joint-venture mines range from the tradi- 
tional techniques described below to more sophisti- 
cated open-pit and tunneling operations. Like the 
MGE mines, some of the joint-venture mines are 
mechanized and well organized. 

All gems found at a joint venture must be turned 
over to the MGE for quality grading. First-quality 
rough must be sold through the MGE at jewelry shops 
or at the Gems, Jade, and Pearl Emporium held annu- 
ally (in recent years, every February; in 1992, in 
February and October} in Yangon; lesser-quality stones 
are returned to the joint-venture operator after 10% 
of the value is charged as a mineral tax, and 50% of 
the value is paid to the MGE (Working People’s Daily, 
November 20, 1990). From the sale of first-quality 
stones (see e.g., figure 7), the Myanmar government 
receives 32.4% for the Myanma Gems Enterprise, 
10% for mineral fees, and 9% for handling charges; the 
joint-venture operator retains the remaining 48.6% 
(Working People’s Daily, November 20, 1990; Yong, 
1990). Before the sales are completed, the govern- 
ment will pay joint-venture operators in need of cash 
30% of the value of their first-quality stones in 
Myanmar kyats. When the stones are sold for for- 
eign currency, the joint-venture operators can repay 
the borrowed money and open foreign-exchange 
accounts at the Myanma Foreign Trade Bank 
(Working People’s Daily, November 19 and November 
20, 1990). No mining joint ventures between the 
MGE and non-Myanmar nationals are presently in 
operation, but MGE officials we spoke with in March 
1992, said they were being considered. 
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Independent (Illicit) Mining, In Mogok, citizens have 
found gems even while digging water wells, leading 
to the mandate that anyone in the area who wants to 
dig in the earth must first seek approval from the 
government {Working People’s Daily, November 20, 
1990). Yong {1990} estimated, before the first joint 
ventures were established, that the government of 
Myanmar may have controlled as little as 5% of the 
total gem production, with the rest being smuggled to 
Thailand and India. MGE officials believe that the 
many joint ventures now in operation have greatly 
reduced the amount of illegal mining. On a small 
scale, however, simple washing of gem gravels with 
rattan baskets is still common in the streams and 
rivers in and around Mogok. Illicit miners also use the 
age-old mining methods described below to reach 
the gem-bearing gravels. Although we did not wit- 
ness any unauthorized tunneling operations, we were 
told they do exist. Presumably, because of the noise 
the explosives generate, illicit mining of this type 
takes place in more outlying areas, away from gov- 
ernment scrutiny. 


MINES AND MINING TECHNIQUES 


The mining techniques we observed include some 
that match descriptions written decades ago, others 
that involve contemporary variations on these tradi- 
tional techniques, and a number that use new, more 
sophisticated, mechanized methods to extract the 
gems from deposits that may be deeply buried. It is 
some of the newer, larger operations that are suc- 
cessfully working the primary deposits. 


Traditional Techniques and Modem Variations. The 
simplest method of mining throughout Myanmar, if 
not all Southeast Asia, is the washing of gravels along 
local streams and rivers (figure 8). However, a num- 
ber of basic mining techniques are also used to remove 
or penetrate the overburden and reach the gem-bear- 
ing byon. Several reports have described the classic 
mining methods used at Mogok (see, ¢.g., George, 
1915; Chhibber, 1934; Iyer, 1953; Gtibelin, 1963; 
Keller, 1983; Hughes, 1990). According to Iyer (1953), 
three types of operations have traditionally domi- 
nated mining in the Mogok Stone Tract: (1) twin- 
Jons—small round pits, (2) hmyawdwins—open 
trenches through which gravels are washed, and (3) 
loodwins—the recovery of gravels from caverns pro- 
duced by the chemical weathering of marble. The 
loodwins represent the richest deposits, with con- 
centrations of gem rubies in the byon as high as 25% 
(Chhibber, 1934). 
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Twinlons. The twinlons described by Iyer (1953} were 
generally small round pits, just wide enough for a 
man to descend by putting his feet in niches on the 
sides. These might be as deep as 30 m, depending on 
where the miners encounter the gem-bearing byon lay- 
er or the water table. They are typically lit by mirror- 
like materials (some as simple as aluminum foil or a 
tin pan] strategically placed at the surface to direct sun- 
light into the vertical shaft. Once the byon is reached, 
the miners tunnel laterally into the gravel layer until 
air and light are no longer adequate, usually no more 
than 30 or 40 m. Commonly, more than one tunnel 


Figure 8. The centuries-old method of washing 
gem gravels in and along streams and rivers is still 
commonly used to recover gems throughout the 
Mogok region. Photo by Robert E. Kane. 
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Figure 9. A variation of the classic twinlon mining 
method, a lebin is a square pit reinforced with 
timber and large leaves. Note the use of alu- 
minum foil to reflect light into the mine and of a 
hand-cranked winch to hoist dirt and gem gravel 
to the surface in tightly woven bamboo buckets. 
Photo by Holly Kane. 


will be dug into the byon from the main shaft to 
remove the gem-bearing gravels. Flooding usually 
forces a halt to mining during the rainy season. 

Once gems have been found at any twinlon, min- 
ers will descend on the area and dig dozens of pits 
often quite close to one another. Typically each pit is 
operated by only three people—two who dig and a 
third who hauls up the overburden and byon. 

We did not visit any circular twinlons but, around 
some of the joint-venture mines we visited, we saw 
a variation—a Jebin (Halford-Watkins, 1932; Iyer, 
1953). Although both twinlons and lebins are vertical 
shafts and have similar “lighting” systems, a lebin is 
square and reinforced by timber and large leaves (fig- 
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ure 9}. Our guide explained that twinlons are used 
only in areas where the soil is compact enough to 
allow simple excavation; lebins are used where the 
soils are less cohesive. 

Earlier reports (Halford-Watkins, 1932, Iyer, 1953; 
Gtibelin, 1965} described the use of long bamboo 
levers or cranes to lift the dirt- or gravel-filled buck- 
ets. The miners we observed used a hand-hoist oper- 
ation (again, see figure 9). The same reports also 
described and illustrated a clever indigenous hand 
pump that was used to remove water from the bottom 
of the vertical shafts. At the mines we visited, how- 
ever, modern pumps—powered, for the most part, by 
diesel engines—were used to move water. 


Hmyawdwins. Chhibber (1934) and Iyer (1953) 
describe hmyawdwins as “cuttings” or trenches dug 
into the sides of hills and steep valleys to expose the 
byon layer. After the overburden has been removed, 
the gem-bearing gravels and soil—which may lie 
more than 10 m below the original surface—are tossed 
into the trenches and water is used to force them 
down the slope to a flat circular “floor” or pit. Some 
of the trenches may require years to make when dug 
by hand. The critical water supply is obtained from 
various sources (streams, reservoirs, etc.} in the area 
through carefully engineered channels. 

We visited a large open-cast mine that used what 
appeared to be the mechanics of a hmyawdwin at 
Yadanar Kaday-kadar (meaning “billions of precious 
stones” |, approximately 23 km by road southwest of 
Mogok Township, just north of Kyaukpyatthat Village. 
The site is a natural basin approximately 200 m in 
diameter, with an area approximately 30,000 m”, sit- 
uated near the base of two hills, Thurein Taung and 
Katheyaike (Yadanar Kaday-kadar Camp, 1991). 

MGE mining began at this locality on May 14, 
1985. Before 1962, local miners had worked the basin, 
then known as Loke Khat Inn (meaning “difficult to 
work”) because considerable overburden had to be 
removed to reach the gem-bearing gravels. In addi- 
tion, the basin would fill with water during the rainy 
season. 

Although excavation still takes place primarily by 
hand, the MGE now uses a truck as well as manual 
labor to move the larger rocks. They solved the prob- 
lem of flooding by excavating a drainage tunnel— 
approximately 275 m (900 ft.) long and 1.5 m 
square—through the marble hillside to a valley 
beyond. Between visits in 1991 and 1992, the size of 
the mining operation had increased significantly. 
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Figure 10. At a hmyawdwin, as shown here at the 
Yadanar Kaday-kadar mine, the water and gravel 
that are collected are subsequently pumped 
upward for processing. The gravels are then 
washed and large rocks removed before they are 
sent through a series of sluices (shown running 
diagonally at top center) in which the denser 
materials are trapped and hand sorted. Photo 

by Robert E. Kane. 


Consistent with descriptions of hmyawdwin min- 
ing, a sloping trench had been cut into the side of 
the large open pit. Water was transported by pipe to 
the top of the trench, through which it flowed down- 
ward until it reached a smaller, flatter pit. Workers 
positioned along the slope used hand tools to attack 
the byon at the sides of the trench, forcing it into the 
flowing water (again, see figure 6), which softened 
the earth and separated some of the clay particles 
from the gem-bearing gravels. The water and grav- 
els that collected in the pit at the bottom of the trench 
{figure 10) were then pumped into a hexagonal hold- 
ing tank, where the gravels were washed with clean 
water and any remaining large rocks were removed by 
hand. The recovery process then followed a standard 
sluicing operation (again, see figure 10), and the 
remaining gem gravels were sorted by hand on site. 

In both the 1990-91 and 1991-92 fiscal years, 
Yadanar Kaday-kadar was the most productive MGE 
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mine (see table 1}. Although the production is pri- 
marily blue sapphire, ruby and pink sapphire are also 
recovered (figure 11). Our hosts reported that, short- 
ly before our 1992 visit, a 384-ct blue sapphire of 
“very good quality” was recovered from this mine, and 
even larger stones have been found in the past. 


Loodwins. Gems are also recovered from “holes,” 
often large and cavernous, in the marbles in which 
pockets of byon concentrate. As the main compo- 
nent (calcite) of the marble was dissolved by the 
action of groundwater, the heavy minerals—includ- 
ing corundum and spinel—in the marble were resis- 


Figure 11, The combined open-cast/hmyawdwin 
operation at Yadanar Kaday-kadar produces blue 
and pink sapphires as well as lesser amounts of 
ruby and other gem materials, as shown by the 
loose stones here. The two specimens of sapphire 
in matrix are from the nearby Thurein Taung 
hard-rock mine. Photo by Robert E. Kane. 
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Figure 12. At the bottom of a 100-m-deep shaft at 
Than Ta Yar, workers use a hand winch to haul 
out buckets of waste material. The wide plastic 
tube to their left carries water and gem-bearing 
gravels to the surface for processing. Photo by 
Robert E. Kane. 


tant to dissolution and movement, and tended to 
settle at the bottom of the cavem or in crevices or oth- 
er natural cavities. Some of these marble caverns 
have been described by Iyer {1953} and others as run- 
ning as deep as GO m. To reach and remove the byon 
is often laborious and may be quite dangerous. 

The joint-venture ruby mine Than Ta Yar, locat- 
ed about a kilometer from the Kyauk Saung mine 
(see below}, appeared to be a variation of loodwin 
mining in which explosives were used to widen some 
areas of the naturally occurring marble openings. We 
entered the mine through a downward-sloping tunnel 
that led to a vertical shaft approximately 100 m deep, 
which we then descended on damp wooden ladders 
and scaffolding. At the bottom of the shaft, which 
contained about a meter of water, workers used a 
hand winch to haul out buckets of what appeared to 
be waste rock and debris (figure 12). A wide plastic 
tube carried water and gem-bearing gravels from a 
nearby concentration to a washing plant at the surface. 

Within approximately 50 m of the mine entrance 
was a small but efficient recovery plant surrounded 
by bamboo and barbed-wire fencing for security. The 
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water and gravel pumped from the mine shot out of 
the pipe and showered into a sluice. As the gravels 
traveled down the inclined trough, workers raked the 
larger waste rock over the side. The gravels were then 
processed in the sluicing/sorting operation typical of 
this area (see, e.g., the discussion of the MGE Central 
Washing Plant below}. 

The joint-venture leaseholder showed us two 
days’ production that consisted of what appeared to 
be several thousand carats of predominantly rubies 
with some red spinels, moonstones, and undoubted- 
ly other minerals. As noted above, deposits of this 
type in marble cavities are naturally concentrated 
and typically very rich. However, they are also very 
dangerous: A few days before our 1992 visit, we were 
told, several workers died in a cave-in at Than Ta Yar. 


Contemporary Mechanized Mining at Mogok. Today, 
some mines are far more mechanized and efficient 
than any previous operations in the history of this 
famous mining area. Open-pit mining that was once 
done entirely by hand is now accomplished with bull- 
dozers and backhoes, resulting in the removal of 
many tons of overburden and byon in a few weeks or 
even days. Historically rare at Mogok, tunneling oper- 
ations are now being conducted at a number of pri- 
mary occurrences. 


Open-Pit Mining. This form of mining, also known 
as open cast, involves the removal of large amounts 
of overburden over a wide area to reach the layer of 
gem-bearing gravels. It is used for gem mining the 
world over, as well as in many areas of the Mogok 
Stone Tract. At some Mogok operations, like Yadanar 
Kaday-kadar, open-cast mining is used in conjunc- 
tion with other methods such as hmyawdwins. 

We visited another open-pit mine, Shwe Pyi Aye, 
that is located within the township of Mogok, approx- 
imately | km north of the MGE headquarters and 
adjacent to the Mogok (Rubyland”) Golf Club. The 
site is known for the high-quality rubies it has pro- 
duced since it opened on December 11, 1987 (Shwe 
Pyi Aye Camp, 1991, 1992). A superb 5.56-ct oval 
faceted stone, known as the Crown of Mogok, was cut 
from a 10.95-ct crystal found at Shwe Pyi Aye. 

At the time of the March 1991 visit (figure 13, 
inset}, Shwe Pyi Aye—a secondary deposit—was being 
mined predominantly by hand. The 12- to 25-m-thick 
overburden had been removed from one area by bull- 
dozer, and laborers were working the exposed byon 
layer, which was about 2-3 m thick. In addition to the 
mine manager, three engineers, and a geologist, 36 
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Figure 13. In 1991, the MGE open-pit mine at Shwe Pyi Aye was being worked by hand (inset); 
through the use of heavy earth-moving equipment, many tons of overburden had been removed by 
the time of the 1992 visit (main photo). The backhoe shown was removing byon, which was subse- 
quently taken by truck to the Central Washing Plant. Photo by Robert E. Kane. 


miners and other personnel were at the site. At the 
time of this visit, the bulldozer was not working in 
this area and mechanization consisted entirely of 
pumps for transporting gravel and water to the on-site 
processing operation. 

The site had changed dramatically by the 1992, 
visit (figure 13). Significantly more overburden had 
been removed, expanding the diameter of the pit, and 
the bulldozer was working above the original site, 
stripping additional overburden. The recent earth- 
moving had exposed some old timbers, the remnants 
of pre-MGE mining in the area. According to the 
mine manager, military personnel had worked the 
site from 1965 to 1987. 

Heavy equipment was also being used in the 
recovery of the gem-bearing gravel. A large backhoe 
removed the byon and loaded it onto a truck for ship- 
ment to the MGE’s Central Washing Plant, as wash- 
ing was no longer done on site. Gravels are transported 
from Shwe Pyi Aye to this recovery plant only during 
the dry season (mid-October to mid-May). During 
the rains, when this facility is not in operation, the 
gravels are stored on site in a holding pen. Because of 


Mining in Mogok 


the additional mechanization, 10 fewer men were 
working the mine during the 1992 visit (Shwe Pyi 
Aye Camp, 1991, 1992). 

We also visited the MGE open-pit operation at 
Pan Sho, approximately 1.5 km north of central 
Mogok Township and about 500 m from the Central 
Washing Plant (see below). A bulldozer and excavator 
were used to remove first the overburden and then the 
byon. Dump trucks carried the byon to the Central 
Washing Plant for processing. In the 1990/1991 fiscal 
year (see table 1}, Pan Sho was the second most pro- 
ductive ruby mine run by the MGE; it also produced 
significant amounts of blue sapphire and other gems. 


Tunneling. The MGE is currently mining hard rock 
at two locations: Lin Yaung Chi is presently worked 
primarily for ruby, whereas Thurein Taung is mined 
strictly for sapphire. We also visited two joint-venture 
tunneling operations, Dat Taw and Kyauk Saung, 
both of which produce rubies. Pointed out, but not vis- 
ited, was another joint-venture tunneling operation 
approximately 30 m from Thurein Taung. 
MGE-operated Lin Yaung Chi is situated just 
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north of Mogok Township, on the east side of the 
Panlin Bernard road. The site is surrounded by the 
Lot Nye, Shwe Taing, Min Phaya, and Ye-kan Moun- 
tains. It has been worked for many years: Before MGE 
involvement, local miners recovered rubies by remov- 
ing the topsoil and processing the gem-bearing grav- 
els found in the weathered faults and fractures in the 
marbles, Rubies were first found in situ at Lin Yaung 
Chi in 1970, by local miners. Government mining began 
on April 18, 1977 (Lin Yaung Chi Camp, 1991, 1992). 

At the mine, we were told that rubies are found 
in brecciated marble associated with veins in a fault 
zone. The veins are undoubtedly igneous; hence, the 
rubies associated with them would be of contact 
metamorphic origin. The brecciated fault zone in 
which the veins occur lies between a massive marble 
and a diopsidic marble. The tunnel runs in the fault 
zone between the two rock types. The area around 
Lin Yaung Chi is in a zone characterized by many 
faults, and the tunnel intersects at least one minor 
fault plane. 

The main tunnel, which was started at a vein 
outcrop high on the hill, was about 150 m long in 
1992; the slope distance from top to bottom was 
about 50 m. At the time of our visit, ruby was found 
only in the main-tunnel workings. A secondary shaft, 


called lateral cut number 2, ran perpendicular to the 
main shaft. It was wide enough to accommodate sev- 
eral people in places, was illuminated by electric 
lamps, and had steps cut into the ground for ease of 
access. Forty-seven people were directly involved in 
working the mine, in addition to the site manager. 

The deposit was worked by conventional tun- 
neling, using drilling and blasting. Holes were made 
with a jackhammer, loaded with explosives, sealed 
with mud, and then the explosives were detonated (fig- 
ure 14). After blasting, rock was collected in baskets 
and taken by wheelbarrow from the mine to the sort- 
ing operation, just at the entrance to the main shaft. 
The broken pieces of rock were first sorted with 
screens of different-size meshes (figure 15], and then 
the rubies and other gems were picked out by hand 
and placed in a sealed metal cannister with a small, 
one-way opening. Three generator-powered water 
pumps were used to keep the tunnels from flooding 
and to supply water for the washing operation. 

We were told that a ruby recovered from Lin 
Yaung Chi was cut into a 4.70-ct stone that sold at the 
February 1992. Emporium in Yangon (“Lot 1”) for 
US$2.82,000 ($60,000 per carat). MGE officials report- 
ed that a secondary mine on the other side of this 
hill produced large sapphires exhibiting good habit 


TABLE 1. Production* of ruby, sapphire, and other gem rough at the seven Mogok corundum mines currently operated 


by the Myanma Gems Enterprise (MGE), 1989-1992. 


4989-90> 
Actual production in carats¢ 
Year that Ruby 
Name MGE first and 
of Started pink Blue Other 
mine mining Occurrence sapphire sapphire gems Tolal 
Yadanar 
Kaday-kadar 1985 Secondary 2,113 34,463 1,139 37,715 
Pan Sho 1989 Secondary 811 2,228 477 7,810 
Lin Yaung Chi 1977 Primary 835 188 6,065 7,088 
Shwe Pyi Aye 1987 Secondary 1,360 28 2,836 4,224 
Pinku Taung 1989 Secondary 1,668 NRd NRd 1,668 
Thurein Taung 1987 Primary NRd 134,209 NRS = 134,209 
Padamyar 1985 Secondary 3,739 11 1,435 5,185 
Total 10,526 171,127 = 16,246 ~—- 197,899 


1990-91 1991-92 
Actual production in carats® Actual production in carats® 
Ruby Ruby 
and and 
pink Blue Other pink Blue Other 
sapphire sapphire gems Tolal sapphire sapphire gems Total 
17,098 185,735 30,005 232,838 ~=—-17,7468 = 102,116 3,184 123,046 
11,156 15,387 15,829 42,372 2,275 1,534 2,771 6,580 
1,536 1,241 10,298 13,075 2,446 102 1,247 3,795 
4,150 133 3,290 7,573 8,435 583 4,738 13,756 
362 Nrd NR¢ 362 2,008 35 30 2,073 
NRe 24,111 NR@ 24,111 NR¢ 17,653 NRe 17,653 
3,921 58 830 4/809 6,188 60 220 6,468 
38,223 = 226,665 60,252 325,140 = 39,098) 122,083 312,190 =: 173,371 


4Statistics provided by the Myanma Gems Enterprise (MGE), Mogok Gems 
Mining Department, Mogok, Mandalay Division, Myanmar (Burma). The pro- 
duction figures provided here represent only a portion of the total gem rough 
produced annually in the Mogok Stone Tract. See text for a discussion of the 
many other mining activities in the Mogok area. 


Fiscal year ends March 31. 

Carat weight figures are approximate. 

No distinction is made between non-gem 

and facet- or cabochon-grade materials. 

INR = No production reported during this period. 
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as well as spinel, garnet, apatite, and green tourmaline 
(Lin Yaung Chi Camp, 1991 and 1992). 

The second tunneling operation visited, the 
Thurein Taung mine, is located approximately 23 
km west of Mogok Township. To reach the site, we 
first drove to the Yadanar Kaday-kadar mine and then 
walked approximately 1 km over a rough footpath. At 
this locality, where mining began on December 12, 
1987, alkali-rich mafic igneous rocks (technically, 
urtites] have been intruded into marble. The sap- 
phires are found in situ in these unusual igneous 
rocks and biotite-bearing gneiss. At the time of the 
1991 visit, a staff of 25 were employed at this site. 
Drilling and blasting were used to tunnel into the 
rock along the sapphire-bearing vein (Thurein Taung 
Camp, 1991; “Role of the Gems Mining Depart- 
ment,” 1991). 

Located about 5 km northeast of Mogok 
Township, the joint-venture Dat Taw mine is reached 
by driving along a narrow dirt road, followed by a 
steep climb by foot that takes approximately one 
hour. The bright, white marble tailings are visible 
from quite a distance (again, see figure 5). Some of 
this very white marble is also exposed on the face of 
the mountain itself, where several tunnels are locat- 
ed at various elevations. 
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Figure 14. A major tunnel- 
ing operation underway at 
the MGE Lin Yaung Chi 
mine involved the exten- 
sive use of explosives to 
reach the gem-bearing 
fault zone, that is, the pri- 
mary occurrence of the 
gems. A jackhammer was 
used to drill holes, which 
were then packed with 
explosives, sealed with 
mud, and the fuse lit. 
Photo by Robert E. Kane. 


Figure 15. Just outside the entrance to the Lin 
Yaung Chi mine, the broken marble is passed 
through a series of screens. The large pieces are 
removed and sorted by hand in the screens on the 
left, while the smaller fragments continue down- 
ward through a series of sIuices on the right, from 
which the gems are also recovered by hand, Photo 
by Robert C. Kammerling. 
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Figure 16. The 496.5-ct Nawata, later rechristened 
the SLORC, ruby is an example of the exception- 
ally large crystals recovered from Dat Taw. Photo 
by Robert E. Kane. 


We entered through an excavated tunnel that leads 
into a natural marble cave that is as high as 10 m 
(about 30 ft.) in some areas. Tunnels have been exca- 
vated from this natural cavern, one of which we fol- 
lowed to an area that was being prepared for blasting. 

This locality is known to produce exceptionally 
large rubies. Among these is the 496.5-ct crystal (fig- 
ure 16) that was originally named the Nawata but 
was later rechristened the SLORC ruby (after the 
acronym for State Law and Order Restoration Council, 
the ruling government body). This crystal, recovered 
in early 1990, weighed 504.5 ct and measured 43 mm 
x 37 mm x 33 mm before it was trimmed (MGE cat- 
alog, 1990). It is considered a national treasure, and 
was depicted on a Myanmar postage stamp (Koivula 
and Kammerling, 1991). While at this mine, we were 
shown another unusually large crystal, although of 
lesser quality than the Nawata/SLORC ruby. 
According to the leaseholder, this crystal weighed 
560 ct and was recovered March 19, 1992 (figure 17). 

A number of joint-venture mines operate in the 
Kyauk Saung area, on the northwestern outskirts of 
Mogok Township. These mines, all of primary 
deposits, are located on one side of the access road, 
stretched out along approximately 1.5 km of a ruby- 
rich marble contact zone. Again, explosives were 
used to remove the hard rock and reach the gem- 
bearing zone. On the other side of the road, secondary, 
mostly lebin, mining was in progress. 


RECOVERY 


Kanase. We observed a variety of recovery operations 
at Mogok. The most rudimentary of these are per- 
formed by the kanase—traditionally women, although 
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Figure 17, This 560-ct ruby crystal was found at 
Dat Taw on March 19, 1992. Photo by Robert C. 
Kammerling. 


Figure 18. For decades, if not centuries, kanase 
women have searched the discarded gravels at 
Mogok (here, at Than Ta Yar) for rubies and other 
fine gems overlooked in the original recovery oper- 
ation. Photo by Robert C. Kammerling. 
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Figure 19. Processing at the Central Washing Plant begins with trucks unloading byon from MGE-operated 


mines onto a large metal grate. Photo by Robert E. Kane. 


we saw men as well, who work the discarded gravels 
and mine tailings in search of gems that were over- 
looked. At Than Ta Yar and throughout the gravel 
workings, the kanase could be found rewashing the 
discarded gravels (figure 18). At Kyauk Saung and 
other primary mines, they could be seen hammer- 
ing on marble in the tailings piles. The “right” of the 
kanase to work the abandoned rocks and gravels in 
Mogok and keep any gems they find is centuries old 
and continues to the present day (see, e.g., O’Connor, 
1907; George, 1915; Halford-Watkins, 1932; Iyer, 
1953; Hughes, 1990). 


Joint-Venture and Unlicensed Operations. As de- 
scribed above, the primary deposits are processed via 
a very simple method whereby the host marble is 
broken down and passed through screens of differ- 
ent-size meshes, where they are hand sorted. 

In most of the secondary deposits, the gravels are 
either washed in baskets or, more commonly, 
processed in a series of sluices placed along an incline 
(see, e.g., igure 10). The heavier materials are trapped 
in the sluices, while the lighter materials pass down- 
ward. At each sluice, the gravels are checked for gems 
and then discarded. 


Central Washing Plant. The most sophisticated recov- 


ery operation at Mogok is the Central Washing Plant, 
an MGE facility used to process gem-bearing gravels 
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from the government mines. The plant, which began 
operation in 1989, has the capacity to process 100 
tons of material a day (Central Washing Plant, 1991, 
1992). From November 1989 through December 1990, 
the plant recovered a reported 7,471 ct of ruby, 7,851 
ct of sapphire, and 8,054 ct of spinel. The largest ruby 
recovered at the plant weighed 21 ct, and the largest 
sapphire weighed 155 ct, before faceting. 

Processing begins with the unloading of trucks 
filled with byon that has been removed from vari- 
ous MGE mine sites. During our 1992 visit, the 
Central Washing Plant was processing gem gravels 
from both the Pan Sho and Shwe Pyi Aye mines. A 
truck backs up to a concrete slab and dumps its load 
of byon onto a large metal grate (figure 19]. High- 
pressure water cannons are then directed at the byon, 
washing the smaller, gem-bearing gravels into a con- 
crete pen (figure 20}. Large rocks are trapped by the 
grating and discarded by laborers. From platforms on 
either side of the pen, additional water cannons attack 
the gravels and wash the lighter soil down a waste- 
water chute, while the gravels pass through a series 
of vibrating screens and cement chutes. One of these 
screens separates out all stones over 2. cm, which are 
then collected and hand sorted on a nearby table. 

The smaller gravels continue downward until, 
near the end of the operation, they reach a large 
cement holding tank with a drain pipe. From this 
pipe, the gravel is collected into shallow, circular 
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pans with fine-mesh-screen bases. These pans are 
then placed in a small vibrating jig for several minutes. 
The vibrating action causes the corundum and spinels 
{as well as other heavy minerals} to settle to the bot- 
tom center of the pans (figure 2.1]. The pans are then 
taken to a sorting table, where they are skillfully and 
rapidly turned over so that the heavy minerals lie at 
the top center of the pile, from which they are sort- 
ed by hand (with either fingers or tweezers). The sort- 
ed gems (figure 22) are then placed in locked metal 
containers. 

Although the different types of gems were mixed 
when placed in the locked containers on site, the 
sorters displayed for our benefit their skill in rapidly 
distinguishing the corundum from spinel on the basis 
of crystal morphology and nuances of color. This is in 
dramatic contrast to a practice used in Myanmar in 
the earlier part of the 20th century: immersion of the 
gem rough in a solution of thallium silver nitrate 
(specific gravity just under 4.00). In this solution, the 
spinels would float to the surface (Calhoun, 1929). 


PRODUCTION, MANUFACTURING, 

AND DISTRIBUTION 

Production. MGE officials provided statistics for the 
production of ruby, sapphire, and other gem rough 
from their seven current corundum mines at Mogok 
for the last three fiscal years (1989-90, 1990-91, 
1991-92, see table 1). The MGE also reported total pro- 
duction of gem rough at all of the joint ventures from 
the beginning of joint-venture mining in June 1990 to 
February 1991 as 432,909 carats (pers. comm., 1991). 
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Figure 20. High-pressure 
hydraulic cannons are 
next directed at the off- 
loaded material. Large 
rocks are trapped by the 
metal grating while the 
smaller, gem-bearing grav- 
els are washed into a con- 
crete pen. Photo by Robert 
C. Kammerling. 


Figure 21. The vibrating action of the jig causes 
the denser minerals, inchiding corundum and 
spinel, to settle in the bottom center of the pans. 
Photo by Robert E. Kane. 
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Figure 22. After processing in the vibrating jig, the 
gem materials are removed by hand. Here, the 

mine manager displays some of the production for 
that day*irt a metal tray. Photo by Robert E. Kane. 


They indicated that the Dat Taw, Than Ta Yar, and 
Kyauk Saung operations were the most productive 
joint ventures in terms of total carats of gem rough. 
Specific information regarding the percentage of mate- 
rial that was facet or cabochon grade was not available. 


Manufacturing. During the 1991 trip, a visit was 
made to a small cutting factory/school at the MGE 
headquarters in the town of Mogok. The 13 people 
who did the cutting were reportedly relatives of MGE 
mine staff. At the time of this visit, they were fash- 
ioning cabochon sapphires (some asteriated]. The 
stones were first preformed on a motorized grinding 
wheel. The apprentices then finished the sapphires 
entirely by hand, using a series of wooden boards— 
some coated with silicon carbide (figure 23}, others 
with diamond powders #120 and #320. 

There are also many unauthorized cutting oper- 
ations in Mogok. Reportedly, most of these operations 
still use the traditional pedal-driven benches described 
by Giibelin (1963, 1966b}. Some rubies as well as sap- 
phires (see, e.g., figure 24) are fashioned at a more mod- 
ern factory in Yangon, where motorized grinding 
wheels and other types of modern equipment are 
used throughout the cutting process (figure 25). 
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Distribution. Thousands of carats of fine rubies, sap- 
phires, spinels, and other gems are offered at the 
Gems, Jade, and Pearl Emporium in Yangon. At the 
1991 Emporium, total sales of US$11,030,128 were 
reported ($6,925,251 in jade, $2,828,806 in pearls, and 
$1,276,071 in “gems”—primarily ruby, and sapphire, 
as well as spinel, with lesser amounts of stones such 
as diamond, peridot, zircon, aquamarine, garnet, and 
amethyst}. At the February 1992 Emporium, total 
sales of $8 million were recorded ($4.5 million for 
jade, $800,000 for pearls, and $2.7 million for other 
Myanmar gems (Clark, 1992). The October 1992 
Emporium produced more than $8.9 million in sales 
($6.37 million for jade, $470,000 for pearls, $1.76 mil- 
lion for other “gems” and $300,000 for jewelry and 
jade carvings). Sales at the two 1992, Emporiums 
exceeded the single 1991 Emporium by almost $7 
million, 

JewelSiam reports that other sales are made by 
special arrangement with the government (’“Neigh- 


Figure 23. Some ofthe gem materials recovered 
from MGE-operated mines are fashioned at a 
small cutting factory/school within the MGE 
headquarters compound in Mogok. This young 
woinan is using a traditional method—a wooden 
board coated with silicon carbide—to polish a 
sapphire cabochon. Photo by Robert E. Kane. 


Fall 1992 171 


GEMS & GEMOLOGY 


borly Burma,” 1990). Dealers in Bangkok confirm 
that large numbers of gems continue to cross the 
Myanmar borders illegally. We observed Myanmar 
gem materials openly traded at the town of Mae Sot, 
on the Thailand side of the border with Myanmar. 


OTHER RUBY OCCURRENCES 
IN MYANMAR 


Known and as-yet-undiscovered ruby and other gem 
deposits are believed to extend far beyond what is 
commonly called the Mogok Stone Tract. Ruby is 
known to occur, and has been mined, in several oth- 
er areas. In 1934, for example, Chhibber identified 
two important stone tracts in upper Burma in addition 
to Mogok—Nanyaseik (Myitkyina District) and the 
Sagyin Hills (Mandalay District)—and reported the 
existence of corundum-producing stone tracts in the 
districts of Kengtung and Mongmeik. 

Based on conversations with various Myanmar 
Government officials at the 1986 Emporium in 
Yangon, Chikayama (1987e} reported that ruby min- 
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Figure 24. The end result 
of the MGE’s operations: 
exceptional rubies and 
sapphires from the Mogok 
Stone Tract. Shown here 
are faceted rubies of 9.36 
ct and 11.55 ct and sap- 
phires ranging from 6,68 
ct to 142.20 ct (the largest 
is the partially fashioned 
stone in the calipers). 
Photo by Robert E. Kane. 


Figure 25. Traditional as well as more modern 
techniques are used to fashion gems at MGE 
headquarters in Yangon. The latter includes the 
use of motor-driven grinding wheels. Photo by 
Robert E. Kane. 
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ing was also taking place at Tha Fain Pin and Inyyauk. 
He noted as well the “new” locality of Blin-Thandaung 
in Karen State between Yangon and Mandalay, at 
about 19°N. 

One of the more recent and potentially most 
important new ruby sources is the Nawarat Stone 
Tract, also referred to as Pyinlon, in Shan State 
{Working People’s Daily, November 8, 1990; Aye, 
1992). Immediately after the 1991 Emporium, one of 
us was shown a ring-set 5.25-ct faceted ruby of excep- 
tional color and clarity that was subsequently chris- 
tened the “Nawarat Tharaphu.” This gem was 
reportedly cut from a 9.70-ct piece of rough that was 
recovered in the Nawarat Stone Tract on April 23, 
1990 {Aye, 1992). 

Another recent discovery is at Namhsa, ijn the 
northern section of Shweli and approximately 15 km 
north of the Nawarat Stone Tract. Rubies and other 
gem materials are being recovered from this area. 
Exploration and mining are being jointly carried out 
by the Geological and Mineral Exploration 
Department and the Myanma Gems Enterprise; actu- 
al mining began on September 26, 1990. Both of the 
above two sites—Nawarat and Namhsa—are near the 
border with the People’s Republic of China (Working 
People’s Daily, November 8, 1990; Aye, 1992). 

An even more recent, and also very promising, 
discovery is the Monghsu Stone Tract. In an official 
notification dated July 16, 1992, the boundaries of this 
new locality in the Saihlian region of Monghsu 
Township, southern Shan State, were delineated in 
detail (Working People’s Daily, July 18, 1992). In a 
subsequent press conference, MGE officials stated 
that exploratory extractions were being carried out by 
the government in a “one square mile block” of the 
new deposit. Among the materials recovered to date 
and displayed at the press conference were 1,162 
rubies with a total weight of 1,181 carats. The 
exploratory production included facet- and cabochon- 
grade material as well as asteriated stones. The MGE 
also announced that 2.00 additional blocks would be 
designated in the new tract for joint-venture mining 


CONCLUSION 


The historic Mogok Stone Tract has long been known 
as the premier source of fine-quality rubies. During the 
20th century, Burmese rubies became a staple of jew- 
elry fashioned in the finest jewelry houses in the 
world, including Tiffany’s, Cartier, Van Cleef and 
Arpels, and Harry Winston (figure 26]. Not since 
Burma Ruby Mines ceased mining in 1931 has there 
been such a high level of organized activity at Mogok. 
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Figure 26. This diamond-and-ruby bracelet, once 
owned by the late Mrs. Harry Winston, is an 
example of the exquisite jewelry in which gems 
from the Mogok Stone Tract have been set. The 
total weight of the 40 cushion-shaped rubies is 
approximately 81.25 ct. Jewelry courtesy of Harry 
Winston, Inc.; Photo by Michael Oldford. 


The Myanmar government’s renewed interest in 
developing this national resource has led to the use of 
new techniques (and new variations on old tech- 
niques} to recover the gem gravels, or byon. Pneumatic 
drills and explosives are now employed in the exten- 
sive working of hard-rock deposits. Recent advances 
include the establishment of a Central Washing Plant 
to process material from a number of mines. 
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In addition to modernizing mining techniques 
at MGE operations, the Myanmar government has 
initiated a more open development policy in licens- 
ing joint-venture operations with Myanmar nationals, 
making further resources available. All these factors, 
combined with recent discoveries of additional ruby 
and sapphire deposits, indicate that greater amounts 
of these highly desirable gems will be reaching the 
international markets. 


Acknowledgments: The authors are grateful to officials 
of the Myanmar government and especially the Myanma 
Gems Enterprise for giving them the opportunity to visit 
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IDENTIFICATION OF BLEACHED AND 
POLYMER-IMPREGNATED JADEITE 


By Emmanuel Fritsch, Shun-Tien Ten Wu, Thomas Moses, Shane F McClure, and Mike Moon 


( 


The “bleaching” treatment of jadeite jade has new type of jadeite treatment, often referred to in the 
become prevalent in higher- as well as lowe trade as “bleaching,” has become prominent in the 1990s 
quality material. “Bleaching” is actually a (figure 1). It is seen worldwide, but particularly in Taiwan, 
two-step process whereby a brown or gray col- Hong Kong, and Japan. The appearance of this treatment 


or component (probably iron compounds fill- 
ing the fractures) is removed chemically, 
followed by impregnation of the resulting 
white to green material with some type of 
polymer. The treatment product is commonly 


prompted several reports in the trade press. Of special concern 
was the fact that the treatment initially went undetected by 
some gemological laboratories; this reportedly led to a 50% 
decrease in jadeite sales in Japan over a three-month period 


referred to as “bleached jadeite” or “B jade” (“Green jadeite bleached then dyed emerald green,” 1991, 
in the Orient. Although several gemological “New filler threatens jadcite sales in Japan,” 1991). 

tests are useful in detecting this treatment, The process reportedly consists of two steps—first bleach- 
infrared spectroscopy is the only method ing and then polymer impregnation. The bleaching enhances 
found thus far that provides conclusive evi- the appearance of the jadeite primarily by removing a brown 
dence of polymer impregnation in all cases. component from the gem’s overall color. The polymer impreg- 


nation fills any voids left by the bleaching, thus enhancing the 
clarity appearance of the stone and stabilizing it. The change 
produced by this two-part treatment may be relatively minor 
or quite significant (figure 2), the material that results is called 
“grade B jade” or simply “B jade” by many dealers in the 
Orient. So far, this treatment has been reported only for green 
and white jadeite (not for other colors of jadeite, such as 
“lavender,” or for nephrite jade). However, it has been iden- 
tified in all qualities of jadeite, as dealers seek to improve the 
appearance (and, therefore, the salability) of even the finer 
materials (see figure 3). 

The expression bleached jadeite is misleading because it 
refers only to the first half of this two-step treatment process. 
In this article, we will use the word bleached alone to mean 
that the piece of jadeite has only been bleached. If the piece 
has also been impregnated, we will indicate so and identify the 
impregnation material—typically some type of polymer, such 
as a wax or a resin. In accordance with the practice in Hong 
Kong and Taiwan, we will occasionally refer to the process by 
which jadeite is both bleached and polymer impregnated as 
“bleaching” treatment. Note, however, that jade that has 
only been bleached rarely appears on the market because the 
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resulting voids are too visible (figure 4) and the mate- 
rial may be unstable. 


AN OVERVIEW OF 
JADE TREATMENTS 


Because fine jadeite is highly prized, a number of 
enhancements have been used. For at least 30 years, 
for example, most jadeite jade has been coated with 
a thin film of paraffin or wax to improve its luster and 
fill fractures and pits (Ehrmann, 1958; Crowningshield, 
1972). Material that has received only a superficial 
waxing is often called “grade A jade” (F. Ho, pers. 
comm. to P. Yurkiewicz, 1991} or simply “A jade” in 
the trade. 

Some jadeite is dyed. Green dye mixtures were 
reported first (see, e.g., Ehrmann, 1958}, then purple 
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Figure 1. Jadeite that has 
been bleached and poly- 
mer impregnated is 
appearing with great fre- 
quency in the gem trade. 
In these attractive pieces 
of jadeite jade jewelry, all 
of the cabochons in the 
bracelet, as well as the 
cabochon in the large 
(15.19 x 10.12 x 4.30 mm) 
ring on the left, have been 
subjected to “bleaching” 
treatment, whereas the 
cabochon in the ring on 
the right has not. Photo by 
Shane F, McClure. 


and other colors (Liddicoat, 1971; Fryer, 1983). The 
detection of dyed green and dyed lavender jadeite— 
often called “C jade”—is discussed in several texts 
(see, e.g., Koivula, 1982; Liddicoat, 1987]. 

The treatment discussed in this article should 
not be confused with another treatment, which 
appears to be a simple resinous coating (“Coating on 
jadeite,” 1990, Resinous coating reported on jadeite,” 
1991), that has been known for several years but 
reportedly is not very common in the market (Wu, 
1991b}. Although resins are used in the impregnation 
process for bleached and impregnated jade, our exper- 
iments showed that the material usually is found 
only at the openings of the voids or fractures, not 
forming a uniform coating on the surface. 

On May 2, 1988, a Taiwan newspaper reported 
that a jadeite bangle purchased for US$400,000 
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Figure 2, These two jadeite pieces, which weigh 

10,32 dnd 7.69 ct, illustrate the effectiveness of the 
treatment discussed in this article, They represent 
two halves of the same sample, one before treatment 
(left) and the other after bleaching and polymer 
impregnation (right). Photo© GIA and Tino Hammid. 


changed “color” {actually luster) after one month. 
Closer examination revealed that the bangle was jade 
that had been bleached and polymer impregnated 
(Wu, 1989). One of the authors (S-TTW} saw this type 
of treated jade as early as 1984. In 1989, impregnation 
of jadeite jade with a polymer believed at the time to 
be a mixture of polyacrylates was first reported in 
English (Hurwit, 1989). Today, significant amounts of 
jadeite treated in this fashion are believed to have 
entered the market via treatment facilities in Hong 
Kong and Taiwan. In the experience of one of the 
authors (S-TTW}), as much as 90% of the jadeite sold 
in Taiwan has been treated in this fashion; dealers 
report that large amounts of this material are being sold 
in Hong Kong as well (e.g., D. Kay, pers. comm., 1992). 
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DESCRIPTION OF THE BLEACHING/ 
POLYMER-IMPREGNATION 
TREATMENT PROCESS 


The first step is bleaching: The jadeite pieces, rough 
or fashioned, are immersed in chemicals to remove 
brown, iron-containing compounds present in the 
fractures and at grain boundaries. According to vari- 
ous sources (e.g., D. Mok, C. J. Ko, and F. Ho, pers. 
comms., 1992), hydrochloric acid is the most common 
bleaching agent, but nitric acid or a sodium com- 
pound may also be employed, depending on the type 
of jadeite and the personal experience of the treater. 
(One of the authors [S-TTW] observed that early 
treaters sometimes used the acidic juice of a sour 
plum from mainland China.) The jadeite is then 
immersed in these various chemicals for a few hours 
to a few weeks, depending on the porosity of the 
stone and the severity of the staining. 

Not all jadeite responds to treatment, and treaters 
claim that it takes a trained eye to determine whether 
the treatment will be effective on a given piece. When 
the color appearance is deemed sufficiently improved, 
the jadeite is repeatedly rinsed with water. A solution 
of caustic soda may also be used to neutralize the acids. 

If bleaching has been successful, the fractures 
and grain boundaries will have lost all or most of the 
brown coloration but will now appear as white or 
pale green veins (again, see figure 4) that are quite 
noticeable and unattractive. The bleached jadeite 
may also be very brittle because the material removed 
by bleaching leaves voids; bleached stones of the low- 
est quality can sometimes be completely crushed by 
finger pressure alone. In addition, over time, it is like- 
ly that the voids would become filled by dirt and 
grease—thus discoloring the stone—if subjected to 
normal wear in jewelry. 

Therefore, bleached jadeite is typically impreg- 
nated with some kind of polymer to fill the open 
fractures. Occasionally, only wax is used (C. J. Ko 
and J. Ng, pers. comm., 1990]. In most cases, a resin 
is injected into the piece, reportedly under pressure 
(“New filler threatens jadeite sales in Japan,” 1991}, 
to replace the material lost in the bleaching process. 
In the experience of one of the authors (S-TTW}, a 
vacuum pump is sometimes used to pull gas bub- 
bles out of the fractures before they are filled. In addi- 
tion, the stones may be exposed to the heat generated 
by a microwave oven to facilitate the injection process. 
Some treaters use a green dye before the impregnation 
or mix a dye with the impregnation material (C. J. Ko 
and J. Ng, pers. comm., 1990). Once impregnation is 
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completed, the stones are wiped to removed any resid- 
ual polymer. 


MATERIALS AND METHODS 


Because jadeite jade is a rock (frequently jadeite mixed 
with other minerals}, some of its gemological prop- 
erties may vary significantly from one sample to the 
next. It is, therefore, particularly important to study 
a range of samples of different color and appearance 
in order to ascertain that any difference in properties 
seen between untreated and treated samples is a con- 
sequence of the treatment, not of the natural vari- 
ability of this gem material. Thus, to document the 
effects of this new type of jadeite treatment, we exam- 
ined 42, samples of jadeite jade: 27 known to be nat- 
ural and untreated, and 15 known to have been treated 
by “bleaching.” The set of natural, untreated sam- 
ples (small, approximately 1-3 cm} covers a range of 
colors from white to dark green, with several mottled 
white and green. Small areas of brown or black were 
present on some of these samples. Eighteen of these 
untreated pieces were polished, in a variety of shapes, 
and nine were unpolished slabs. Five jadeites with 
lower-than-normal specific gravities were deliber- 
ately incorporated into this sample. 

Among the treated pieces, four were bleached 
but not impregnated, two were bleached and impreg- 
nated with wax, and the remaining nine were 


Figure 4. The bleaching part of the 
treatment removes iron staining from 
small fractures and grain boundaries, 

leaving whitish or lighter color veins 
instead. As illustrated by the sample 
on the left (1.20 ct), jadeite that has 
only been bleached rarely appears on 
the gem market because the resulting 
voids detract from the appearance 

of the stone and may produce a 
“cracked” effect. Impregnation with a 
polymer that has a refractive index 
close to that of the jadeite (right, in 
this case wax) makes these unattrac- 
tive features less prominent. Photo by 
Shane F. McClure. 
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Figure 3. Virtually all qualities of jadeite are being 
subjected to the bleaching/polymer-impregnation 
treatment, including finer pieces like this bangle 
bracelet. Photo by Shane F, McClure. 
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bleached and all impregnated with the same type of 
polymer. We also obtained four paired samples that 
represent the same piece of jadeite before and after 
treatment (see, e.g., figure 2). 

We documented the gemological properties of 
all samples, placing particular emphasis on specific 
gravity, ultraviolet luminescence, thermal reaction 
testing, and appearance with high magnification. We 
used the hydrostatic method to measure specific grav- 
ity, and confirmed the results by observing the behav- 
ior of the samples in 3.32 S.G. liquid (methylene 
iodide). 

Because infrared spectroscopy has proved useful 
in the detection of polymer impregnation (Amould 
and Poirot, 1975; Lind et al., 1983, Fritsch and 
Stockton, 1987; Hurwit, 1989; Shida, 1991}, we record- 
ed the infrared spectra of all samples using a Nicolet 
60SX Fourier Transform Infrared (FTIR) spectropho- 
tometer. Spectra were taken in both the mid-infrared 
(400 to 4900 cm"!) and near-infrared (3700 to 10500 
cm’) regions of the electromagnetic spectrum, because 
organic polymers are known to display strong absorp- 
tions in these regions, and these are the regions in 
which jadeite itself is at least partially transparent. All 
spectra were collected in the transmission mode, by 
passing the infrared beam through the jadeite sample. 

To investigate potential differences in chemistry 
between unbleached and bleached jadeite, especially 
differences in iron content, we used an energy dis- 
persive X-ray fluorescence spectrometer, the Tracor 
X-ray Spectrace 5000. Because this instrument cannot 
detect the light elements (such as C, H, O, N} that 
form most polymers, we did not expect it to detect the 
presence of the impregnation material. 


GEMOLOGICAL PROPERTIES 


Index of Refraction. The index of refraction—mea- 
sured by the spot method on all samples, untreated 
and treated, that had a polish good enough to obtain 
a reliable measurement (33 total|—was either 1.65 
or 1.66. This is typical for jadeite jade. 


Spectrum Seen with a Handheld Spectroscope. All 
samples showed the 437-nm line typical of jadeite, and 
31 samples, both untreated and treated, showed 
“chromium lines” in the red. 


Appearance. Most of the untreated jadeites in our 
sample showed the compact, polycrystalline, aggre- 
gate structure with a granular texture that is typical 
of jadeite {a pyroxene}. A few, however, displayed 
more elongated crystals in a fibrous structure. 
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In the experience of one of the authors (S-TTW}, 
initially only “apple green” or “flower green” mate- 
rial was found to be treated. Now, however, other 
shades of green jadeite show evidence of treatment, 
including the “old mine” or “imperial” color (Jade 
Master Stone Chart, 1981). 

Because the presence of an impregnation mater- 
ial can often be detected by dissolving the polymer in 
an organic solvent, thereby noticeably reducing the 
luster of the material, we tested two samples of 
bleached/impregnated jade for their reaction to ace- 
tone. Even after total immersion for approximately 30 
minutes, there was no visible change in appearance. 
Nor was any effect observed after immersion in alco- 
hol for five minutes. However, other, stronger sol- 
vents might produce a different reaction. 


Figure 5, A drop of concentrated hydrochloric 
acid will produce “sweating” and beading on a 
natural (untreated) piece of jadeite. Photomicro- 
graph © A. Hodgkinson; magnified 12x. 


Using information supplied by Alan Hodgkinson 
of Glasgow, we experimented with a new testing pro- 
cedure. We placed a small drop of pure hydrochloric 
acid on a piece of natural (untreated) jadeite and 
watched for several minutes (Mr. Hodgkinson reports 
that the desired reaction will take from less than a 
minute to as long as 20 minutes}, until we saw a 
“sweating” or beading of the acid at the surface of 
the stone, in the area immediately surrounding the 
droplet (figure 5). This reaction is due to capillary 
action in small fractures and minute spaces between 
the crystal grains of the jadeite. When the same test 
is performed on a piece of jadeite that has been 
bleached and polymer impregnated, no such beading 
or “sweating” is observed because the polymer has 
filled these minute spaces, thus preventing the acid 
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Figure 6, In reflected light, the filling material is 
clearly visible in this large fracture. 
Photomicrograph by Shane F, McClure; 
magnified 30x, 


from traveling through them. Note, however, that 
this test is more difficult in hot, dry areas, especial- 
ly when air conditioning is used, because the HCl 
will evaporate before the desired reaction is achieved. 
Often the droplet will have to be replenished sever- 
al times. . 

As noted earlier, fractures are more noticeable 
in samples that have been bleached but not polymer 
impregnated, and they may even give the overall 
piece a “cracked” appearance (again, see figure 4). 
With magnification and reflected light, the presence 
of a filler can be seen in some surface-reaching frac- 
tures (figure 6). Also, the poor luster typical of low- 
quality jadeite may be seen on some jadeite pieces, and 
white spots were evident on some pieces that did not 
respond well to treatment. In a small number of the 
filled fractures, we observed bubbles or lint trapped in 
the transparent impregnation material (figure 7). On 
occasion, shallow, concave “puddles” of residual 
impregnation material, reminiscent of those seen in 
some plastic-impregnated turquoises, were observed 
on the polished surface of a sample (R. C. Kammerling, 
pers. comm., 1991), 


Reaction to the Thermal Reaction Tester (TRT). Four 
of our 27 samples of untreated jadeite showed “sweat- 
ing” under the microscope near the area where the 
TRT was applied; subsequent infrared-spectroscopy 
testing (see below} showed that these four samples did, 
indeed, contain residual wax, which is a common 
final step in the polishing process in much of Asia. 
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The remaining untreated samples showed no reac- 
tion. The bleached-only samples did not show any 
reaction either, with the exception of one that dis- 
played “sweating” near the edges of the cabochon, 
probably residual wax that was not removed by the 
bleaching treatment. 

All the bleached/polymer-impregnated jades in 
the test sample revealed melting on contact with the 
TRT. This was typically accompanied by a small 
amount of smoke, a recognizable “plastic” odor, or a 
minor flow of melted material. It is important to 
note, however, that the impregnated jades sent 
through the GIA Gem Trade Laboratory generally 
show no reaction to the TRT. The finer-grade mate- 
rial that the laboratory has seen seldom has any resid- 
ual polymer on the surface. The only exception is 
when there is a filled cavity or fracture that reaches 
the surface (again, see figure 6), but such features are 
not common in the high-quality material usually 
submitted to the lab. 

It is also important to note that thermal-reaction 
testing must be performed in numerous spots on an 
inconspicuous area of the sample {because of the nat- 
ural inhomogeneity of jadeite jade) and must be 
observed with a microscope. Because of the poten- 
tial for damage to the stone, this test is not recom- 
mended. 


Specific Gravity (S.G.). The specific gravity of natural 
jadeite is generally greater than 3.32; that is, most 
natural, untreated jadeites sink in the 3.32, liquid 


Figure 7. We observed bubbles and lint trapped in 
the polymer in a small number of stones. Photo- 
micrograph by John I. Koivula; magnified 6x. 
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Figure 8. All of the bleached/polymer-impregnated 
samples in the original study floated in the 3.32 
S.G. liquid. However, the authors have since 
examined three pieces of jadeite known to have 
been polymer impregnated that did not float in 
methylene iodide, Photo by Robert Weldon. 


(Liddicoat, 1987). This was the case for 17 of our sam- 
ples, with 3.44 the highest S.G. recorded. 

However, some untreated, natural jadeite jades 
may be considerably lighter due to an admixture of 
amphiboles (Wu, 1991a) or feldspars (C. Fryer, pers. 
comm., 1992). Because we were aware of this prob- 
lem, we specifically chose five low-S.G. pieces for 
our sample. Among the others in the sample of 
untreated stones, we identified an additional four 
with an S.G. below 3.32, and one that was only 3.15. 

The specific gravities of the jadeites that had been 
bleached only ranged from 3.22. to 3.25. All of the 
samples in our test group that had been bleached and 
polymer impregnated floated in the 3.32 liquid (figure 
8); they ranged in S.G. from 3.04 to 3.27. This lower 
S.G. range is attributed to the replacement of iron 
compounds by relatively lighter organic polymers. 

After we completed our testing of the study sam- 
ples, however, we examined three pieces of jadeite 
submitted to the GIA Gem Trade Laboratory and 
proved to have been polymer impregnated that did 
sink very slowly in the 3.32 S.G. liquid. We believe 
that a polymer different from that seen in the stones 
in our study sample (which came from a variety of 
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sources in Taiwan, Hong Kong, Japan, and the U.S.} 
was used (see “Infrared Spectroscopy” below}. 
Therefore, specific gravity provides a generally 
useful indication, but not proof, of “bleaching” treat- 
ment. In particular, a piece of jadeite that floats in 
3.32 liquid (methylene iodide) should be regarded 
with suspicion. Such a low S.G. indicates that you 
may have: {1} untreated jadeite with a greater-than-nor- 
mal amount of other minerals (in which case you 
might try to determine by careful microscopic exam- 
ination if the piece contains fibrous amphiboles or 
other minerals that would lower the S.G. signifi- 
cantly, although this is difficult at best}, (2) bleached- 
only jadeite (not often seen in the trade}; or (3) jadeite 
that has been bleached and polymer impregnated. 


Ultraviolet Luminescence. Most natural, untreated 
jadeites are inert to ultraviolet radiation, as was the 
case with 16 of our 27 natural samples. Some fluo- 
resced a faint to moderate yellow in white areas when 
exposed to long-wave U.V. radiation, with a weaker 
(or no} reaction to short-wave U.V. The greener areas 
were inert. 

All of the bleached and polymer-impregnated 
jadeites we tested fluoresced to long-wave ultraviolet 
radiation and had a duller (or no) reaction to short- 
wave U.V.. They generally showed a faint to strong 
bluish white to yellowish green luminescence, which 
is sometimes better seen in the whitish areas of the 
sample. This luminescence is most likely due to the 
impregnation material. 

Therefore, a bluish white to yellowish green lumi- 
nescence to long-wave U.V. radiation provides a use- 
ful indication of treatment. However, the reaction is 
sometimes faint and can easily be missed. Experience 
also demonstrates that ultraviolet lamps from differ- 
ent manufacturers produce slightly different reac- 
tions, and different individuals tend to see different 
colors when the luminescence is weak. For these rea- 
sons, this identification criterion alone cannot be 
considered conclusive. 

As a footnote to this section on gemological test- 
ing, we learned that a less orthodox test is being used 
by some dealers. Larger pieces—such as bangles or 
small statues—of natural, untreated jadeite have a 
clear ring when tapped with a coin or like object. It has 
been reported that similar pieces fashioned from “B 
jade” emit a duller, more muffled sound when the 
same procedure is followed. This observation has a 
basis in science: The polymer present in the structure 
of a piece will dampen the sound waves that nor- 
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mally go unattenuated in untreated jadeite jade. For 
this unusual test to be of any significant help, though, 
reference samples and/or a great deal of experience 
with the sound emitted by both treated and untreat- 
ed jade is essential. At best, this test might provide an 
indication of treatment and of the need for testing 
by the more conventional procedures described in 
this article. Note that this “test” is not useful with 
smaller pieces such as cabochons, because the treat- 
ed and untreated materials will not produce notice- 
ably different sounds. 

From the preceding paragraphs, it is clear that 
classic gemological testing—in particular specific 
gravity, luminescence, and microscopic examina- 
tion—can be helpful in determining whether or not 
a piece of jadeite is “B jade.” However, none of these 
tests, even combined, will provide an answer in all cas- 
es. Only when the thermal reaction tester produces 
abundant melted wax or plastic in several areas of a 
sample can the piece be identified as polymer impreg- 
nated, this is not likely for most of the higher-quali- 
ty treated jades that are of the greatest concern to 
the trade. Therefore, we proceeded to seek a method 
of identification with a higher degree of reliability. 


ADVANCED TESTING 


Energy-Dispersive X-Ray Fluorescence (EDXRF) 
Chemical Analysis. Because iron compounds are 
removed in the bleaching process, we used an ana- 
lytical procedure optimized to detect iron to ascertain 
if the bulk iron concentration of treated samples was 
significantly lower than that of their untreated coun- 
terparts. We found no systematic difference in chem- 
istry between bleached/polymer-impregnated and 
untreated jade. Even the two halves of the same sam- 
ple, one treated and the other untreated, did not show 
meaningful variations. We believe that our results 
reflect the inhomogeneous distribution of iron in 
jadeite, with some of the iron dispersed in the crystal 
lattice (a partial cause of the green coloration in some 
jades}, and only a portion of the brownish compounds 
in the cracks being close enough to the surface to be 
detected by EDXRF. 


Infrared Spectroscopy. Untreated Jadeite. As expect- 
ed, the infrared spectra of the untreated jadeite sam- 
ples showed some variability, which reflects the 
variation in mineral composition that is typical of 
this rock. Most of the jadeite samples tested were 
opaque from 400 to about 2300 cm”. They all showed 
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a broad, asymmetric absorption band centered rough- 
ly between 3400 and 3550 cm (figure 9a and b, black 
spectra). This band may be fairly smooth in shape, or 
it may show a number of narrow accessory peaks, 
for example, at 3580 or 3725 cm’! (figure 9b, black 
spectrum]. In eight of our 18 samples, we found two 
moderately sharp bands at 4320 and 4250 cm", which 
were accompanied by an absorption at 3725 cm! 
{again see figure 9b, black spectrum). In the mid- 
infrared, almost all samples showed absorption at 
about 5230 cm’ (figure 9c and d, black spectra), and 
six of them showed a sharp band at approximately 
7295 cm}, 

All of our untreated samples showed two sharp 
bands at approximately 292.0 and 2850 cm'!, accom- 
panied by less intense, sharp peaks at approximately 
4320 and 4250 cm’! (which were difficult to see in 
some of the spectra, e.g., figure 9a). The intensity of 
this series of bands varied widely from sample to 
sample, from extremely weak to—at 2920 cm'!—a 
peak height approximately one-quarter that of the 
3400-3550 cm’! broad band. This spectrum is due to 
residues of wax used after polishing, as can be seen by 
comparing these bands with the spectrum of a typi- 
cal wax used on jadeite (figure 10). It should be not- 
ed that although all of these samples were presented 
to us as not having been treated, virtually all such 
material—rough as well as polished—is waxed before 
it enters the market. 


Bleached-Only Jadeite. All four jadeites that had only 
been bleached showed accessory shoulders or peaks 
at 3695 and 3620 cm’ on the 3500 cm" broad band. 
We observed both of these peaks in the spectra of the 
untreated jadeites we examined and believe, therefore, 
that they are unrelated to the bleaching. 


Bleached and Polymer-Impregnated Jadeite. The 
infrared spectra of the two samples that had been 
bleached and wax impregnated showed little difference 
from the spectra of the bleached samples, only that the 
bands at 2920 and 2850 cm'!, which are due to wax, 
were very strong (again, see figure 10). 

In addition to the features described for untreat- 
ed and bleached jadeites, the other nine polymer- 
impregnated jadeites tested showed a strong 
absorption centered around 2900 cm! (again, see fig- 
ure 9 a and b, green spectra}. This absorption is com- 
posed of three sharp peaks at approximately 2965, 
2930, and 2875 cm’!. There is also a weaker, com- 
panion feature at about 3035 cm’. 
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Figure 9, Shown here are the mid-infrared (a and b) and near-infrared (c and d) absorption spectra of two 
jadeite samples before (black) and after (green) bleaching and impregnation with a polymer. The strong 
absorption at about 2900 cm’! in the mid-infrared and a series of sharp bands in the near-infrared regions of 
the treated specimens provide proof of polymer impregnation. 


In the near-infrared, weak but sharp additional 
bands are seen at approximately 4060, 4620, 4680, 
and 5985 cm}, the last one with some structure on its 
low-energy side (figure 9c and d, green spectra). These 
features are identical to those described in 1989 by 
Hurwit. 

The pattern of infrared absorptions observed in 
these nine impregnated jadeites is representative of 
those measured for organic polymers. This spectrum 
is remarkably similar to that of Opticon (figure 11}, a 
polymer commonly used in the fracture filling of 
emeralds and suitable for that purpose in a range of 
other gems (Kammerling et al., 1991}. Therefore, 
we believe that Opticon or an Opticon-like polymer 
is probably used most commonly to impreg- 
nate bleached jade. The broad absorption around 3500 
cm’! is due primarily to jadeite. 
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Identification of “Bleached” Jadeite 


We recently detected a new type of infrared spec- 
trum in two jadeite samples (figure 12) that were not 
part of our study sample. These samples cannot be dis- 
tinguished from other types of “B jade” on the basis 
of their appearance alone (figure 13}. Their spectra 
showed a number of absorptions between 2900 and 
3100 cm", with apparent maxima at approximately 
2940, 3025, 3060, and 3080 cm", and two broader 
bands at about 3440 and 3530 cm’. This pattern cor- 
responds exactly to the spectrum between 2800 and 
3100 cm’ of a piece of polymer given to us as one of 
the possible impregnation materials (again see figure 
12). The best match (but not a perfect match} found 
in the Nicolet computer library of infrared spectra 
was for a family of phthalates (poly-diallyl- and 
diethyl-phthalates). The refractive index of this poly- 
mer is approximately 1.57, its specific gravity is about 
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Figure 10, The mid-infrared absorption spectrum 
of the type of wax (bottom) commonly used to 
improve the luster of jadeite pieces after they are 
polished was seen in jadeites examined for this 
study that had been bleached and wax impregnat- 
ed (top). In jadeites that have not been polymer 
impregnated, the key features are usually very 
weak (e.g., figure Ya and b, black spectra). 


1.20, and it luminesces a weak bluish white to long- 
wave ultraviolet radiation, with a weaker reaction 
to short-wave U.V. The two stones we studied sank 
very slowly in the 3.32 S.G. liquid. They luminesced 
a faint yellowish green to long-wave U.V. radiation 
and were inert to short-wave U.V. 


Figure 11. These mid-infrared spectra of a typical 
bleached/polymer impregnated jade (middle), liq- 
uid Opticon (top), and solid Opticon (bottom) sug- 
gest that Opticon or an Opticon-like resin is often 
the impregnation material used. 
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Figure 12. This mid-infrared spectrum of a new 
class of polymer-impregnated jadeite (top) shows 
absorptions significantly different from those seen 
in figure 9. These absorptions closely match those 
of a piece of polymer in the 3700-2800 cm’! range 
(bottom). The best match found for this polymer 
was a family of phthalates. 


This study demonstrates that the presence of a 
strong absorption around 2900 cm and its accom- 
panying features, which were seen in all of the test 
samples that had been bleached and impregnated, is 
conclusive proof of impregnation by a polymer. 

The infrared spectra of the before-and-after spec- 
imens also indicate that the bleaching treatment 
results in a reduction of the overall absorption in the 
broad band centered at about 3400-3550 cm”. Thus, 
we suspect that the absorption in that band might 
be due to some of the compounds removed by bleach- 
ing. However, because a pre-bleaching reference sam- 
ples is needed to see that reduction in absorption, 
this technique cannot be used to detect bleaching 
per se for the routine testing of jadeite samples of 
unknown origin. 

Characteristic absorptions of Opticon-like poly- 
mers can also be found in the near-infrared portion of 
the spectrum. This range is primarily useful when 
the stone is too thick to transmit in the mid-infrared, 
but still transmits in the near-infrared. 


DURABILITY OF THE 

“BLEACHING” TREATMENT 

Although most bleached/polymer-impregnated jades 
have not shown evidence of any change in appear- 
ance, durability problems have been reported with 
the “bleaching” treatment (Wu, 1989). In particular, 
after as short a period as six months to as long as a few 
years, pieces that had been bleached by boiling in 
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Figure 13. The use of a polymer other than one like 
Opticon was not evident in the visual appearance 
of these pieces. The spectrum shown at the top of 
figure 12 was taken from the carved Buddha; the 
other jadeites were all found to have been treated 
with a polymer that had a close spectral match to 
Opticon. Photo by Shane F. McClure. 


acid have been known to exude some yellow residues 
of the acid treatment (C. J. Ko, pers. comm., 1990). 
Sometimes, in the course of normal wear, the treat- 
ed jadeite will turn dark and its color will look gray- 
er (F. Ho, pers. comm, to P. Yurkiewicz, 1991). Because 
most such problems are evident only after relatively 
long periods of time, we did not attempt to docu- 
ment them experimentally for this study. Note, how- 
ever, that any polymer or polymer-treated product is 
likely to be damaged by exposure to high heat, such 
as that produced by a jeweler’s torch. Because it 
appears that an Opticon-like polymer has been used 
in many instances, the same cautions regarding care 
in cleaning, setting, or repairing other Opticon-treat- 
ed stones should be exercised (see, e.g., Kammerling 
et al., 1991). 


ATTEMPT TO MASK 
THE “BLEACHING” TREATMENT 


Because the purpose of the “bleaching” is to remove 
brown stains, most of the material that has been 
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bleached and polymer impregnated does not show 
such stains. As a consequence, it is often assumed 
that the presence of brown stains on a piece of jadeite 
is proof that it has not been treated. However, one of 
the authors (S-TTW} recently examined a jadeite ban- 
gle that had been bleached, partly stained reddish 
brown, and then impregnated with a polymer (figure 
14). Therefore, jadeite pieces that show brown stain- 
ing cannot be assumed to be untreated. 


CONCLUSION 


Classic gemological examination is useful to identi- 
fy jadeite that may have undergone bleaching and 
subsequent polymer impregnation. In particular, 
pieces that show a specific gravity below 3.32, a reac- 
tion to the thermal reaction tester, and a bluish white 
to yellowish green luminescence to long-wave ultra- 
violet radiation are likely to have been treated in this 
fashion. The only definitive test, however, is infrared 
spectroscopy: The presence of a very intense group of 
peaks around 2900 cm’! and accompanying features 
in the mid- and near-infrared regions is characteristic 
of polymer impregnation. We know of three different 


Figure 14. This jadeite bangle was bleached, partly 
dyed brown, and later impregnated with a poly- 
mer. Therefore, the presence of brown stains is not 
necessarily an indication that the piece is not “B 
jade.” Photo by S.-T.T. Wu. 
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types of polymers with slightly different spectra that 
are being used at this time: one is wax, another 
appears to be a type of phthalate, and the most com- 
mon observed thus far has characteristics similar to 
Opticon. 

Tn recent years, impregnation processes have been 
used on a variety of gem materials to enhance appar- 
ent clarity. The most prominent are diamond (Koivula 
et al., 1989), emerald (Kammerling et al., 1991}, and 
now jade. The purpose of such treatments is to match 
the index of refraction of the impregnation material 
to that of the gem to be enhanced, thereby minimiz- 
ing the visibility of fractures. Diamond is the most dif- 
ficult material to treat in this fashion, because 
potential filling substances with an index of refraction 
of 2.4 are not plentiful. In contrast, many polymers 
have indices of refraction in the 1.55-1.65 range, close 
to the indices of beryl or jadeite. 
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The case of “bleached” jade also illustrates the 
limitations of classic gemological testing when faced 
with relatively sophisticated new treatments. The 
definitive identification of polymer impregnation, as 
with a growing number of identification challenges 
(e.g., separation of inclusion-free samples of natural 
from synthetic ruby [Muhlmeister and Devouard, 
1992] or natural from flux synthetic spinel 
[Muhlmeister and Fritsch, in preparation]}, often 
requires advanced instrumentation to obtain con- 
clusive results. These techniques are too expensive, 
or require too much technical expertise, to be practical 
for use in jewelry stores. In this sense, we have firm- 
ly entered a new era for gemology, where detection of 
sophisticated treatments or synthetics in many cas- 
es will require the use of expensive and technically 
sophisticated laboratory equipment that has no alter- 
native in classic gemological testing. 
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UNSTABLE RADIATION-INDUCED YELLOW-GREEN 
COLOR IN GROSSULAR GARNET 


By Kurt Nassau, George R. Rossman, and Darwin 1. Wood 


Although conventional wisdom has been that irradiation will not alter the 
color of garnets, exposure of some colorless to pale-hued African grossulars 
to either °Co or 8’Cs gamma rays turns them light yellow-green. The result- 
ing color is unstable and fades within hours to days in sunlight, and with- 
in weeks in the dark. The spectra of the radiation-enhanced garnets differ 
from those of similar-appearing naturally colored grossulars. In the dark, the 
irradiation-related absorption features undergo two stages of fading: an 
initial period of relatively rapid fading, followed by a longer period of slow 
fading. In daylight, a single rate of even faster fading is observed. 


The colors of various gemstones can be changed by 
irradiation procedures. Some irradiation-enhanced 
materials, such as blue topaz and certain colored dia- 
monds, are significant items of commerce. Other 
gems, including garnets, are considered to be unaf- 
fected by irradiation. We now report that some pre- 
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dominantly colorless to pale yellow-green grossular 
specimens from various sources in East Africa turn 
light yellow-green on exposure to gamma rays. The 
colors produced in these garnets by irradiation are 
unstable, fading after some hours to days in daylight, 
or after days to weeks in the dark. 


MATERIALS AND METHODS 


In our initial survey, more than 100 colorless to pale- 
colored grossular specimens were exposed to 20 Mrads 
(million rads) of cobalt-60 (°°Co} gamma rays to deter- 
mine if radiation would produce a significant change 
in color. The samples consisted of both (1) crystal 
fragments and rough pebbles 3-10 mm in longest 
dimension, and (2} faceted stones 3-10 ct in weight. 
Canadian, African, and unknown sources were rep- 
resented in the samples, which ranged from color- 
less to pale shades of yellow, brown, green, and orange. 
Samples from only a few localities, all in Africa (report- 
edly Kenya, Tanzania, and Zimbabwe}, were changed 
from predominantly colorless to pale yellow-green 
to a light yellow-green (as determined using ISCC- 
NBS color terminology; Kelly and Judd, 1976}. 
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Subsequently, we chose an additional 33 radiation-sen- 
sitive grossular garnets that were reportedly from the 
Lelatema Hills, Tanzania, for detailed examination. 
These samples were originally colorless to pale yellow- 
green pebbles as large as 1 cm in diameter. They were 
selected from lots of rough provided by a number of 
dealers in 1986 and 1987. The same lots contained 
other pale yellow-green to light yellow-green, as well 
as pale orange-yellow to moderate orange, garnets 
that did not change color on irradiation. Twelve of the 
33 samples were irradiated with gamma rays from 
cesium-137 (!9’Cs, at 7 to 130 Mrads} and the rest 
with gamma rays from ©°Co (20 Mrads). 

All radiation-sensitive samples changed to light 
yellow-green, and all showed essentially the same 
optical absorption spectrum, regardless of the type 
of radiation. However, all of these stones faded back 
to their original colors after some hours to days in 
daylight. In fact, fading occurred even in the dark, 
but required several days to weeks. 

A search of the literature and inquiries with 
gemologists turned up no previous instances of radi- 
ation-induced change in the colors of any types of 
garnets, and only one report of heat-induced change 
in color itt some rhodolite garnets (Nassau, 1984). 
Therefore, the radiation-induced change in color we 
observed in these grossulars appears to represent the 
first challenge to the generally accepted view that all 
members of the gamet group are color stable. To learn 
more about this new phenomenon in grossular, we 
proceeded to conduct additional experiments to estab- 
lish the spectroscopic and fading properties of these 
stones. 


COLOR, SPECTROSCOPY, AND 
IRRADIATION BEHAVIOR 


Detailed spectroscopic examinations were performed 
on a 12-mm-long, 1.52-gram yellowish gray speci- 
men from Kenya (M40868, Royal Ontario Museum 
[ROM], Toronto, Ontario, Canada; figure 1, left} that 
had one of the greatest changes in color on irradiation 
{as represented by figure 1, right}. Additional spectra 
were obtained from four radiation-sensitive grossulars 
{two colorless, one greenish white, and one yellowish 
white) from the Lelatema Hills. We recorded the 
ultraviolet, visible, and near-infrared spectra of these 
samples before and after irradiation, as well as the 
spectra of four of the naturally colored pale yellow- 
green and light yellow-green grossulars that did not 
respond to irradiation. 

Prior to irradiation, the spectra of the colorless gar- 
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Figure 1. The most extreme change in color pro- 
duced by this irradiation experiment was observed 
in these grossular specimens from Africa. Left: a 
12-mm-long, 1.52-gram crystal (ROM specimen 
M40868) in its naturally yellowish gray state. 
Right: a similar specimen after exposure to 20 
Mrads of Co radiation. 


nets showed essentially no absorption in the visible 
region. The light-colored garnets that did not respond 
to irradiation showed a weak feature due to vanadi- 
um [V**] at 610 nm (figure 2). This feature is also 
found, at greater intensity, in the spectra of intense 
green vanadium grossulars (tsavorites} from the Tsavo 
region of Kenya and Tanzania (Schmetzer and 
Ottemann, 1979}. In addition, three weak but sharp 
features at 409, 422, and 431 nm were superimposed 
on the poorly resolved 425-nm vanadium band of the 
unresponsive samples. These features are from man- 
ganese (Mn?*} substituting for calcium, and they cor- 
respond to the main Mn”* features observed in 
spessartine garnet (Moore and White, 1972). The vana- 
dium and manganese features were also present (but 
at much lower intensity] in the spectra of the weak- 
ly colored radiation-sensitive garnets. The spectra of 
all these garnets also showed narrow bands near 1400 
nm attributed to OH” groups in the crystal structure, 
which are commonly found in grossulars (Rossman 
and Aines, 1991). This particular grouping of narrow 
bands has only been observed in grossular garnets 
from East Africa. 

After irradiation, the four garnets that changed to 
a light yellow-green exhibited features not found in the 
naturally colored light yellow-green samples (again, 
see figure 2). The radiation-induced color derives from 
a steeply rising absorption in the blue region of the 
spectrum that produces a yellow color, and a trans- 
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Figure 2. Significant differences can be seen in 
these spectra of two yellow-green grossulars, one of 
stable color and one that changed color on irradia- 
tion {plotted for 0.433 cm thickness). Solid line: a 
naturally pale yellow-green garnet with stable col- 
or. Dashed line: sample M40868 (ROM) from 
Kenya immediately after 20 Mrads of ©°Co gamma 
ray irradiation. The spectra of !°’Cs gamma-ray 
irradiated grossulars from the Lelatema Hills, 
Tanzania, are essentially identical to that shown 
by sample M40868. 


mission window near 560 nm that adds the green 
component. We do not know the detailed origins of 
the absorption features at 654 and 926 nm that define 
the transmission window in the spectra of the gammets 
that responded to irradiation, but we recognize that 
they are distinctly different from those of tsavorite. 
Although several manganese-containing minerals 
owe their radiation-induced colors to oxidation of 
Mn?* to Mn*, the spectra of our irradiated grossu- 
lars differ from the spectra of synthetic garnets pre- 
pared with known amounts of Mn** in the Al site 
(Frentrup and Langer, 1981). 

The Lelatema Hills garnets occur in the crys- 
talline limestones and gneisses of the Mozambique 
Belt (Key and Hill, 1989}. The electron microprobe 
analysis of a representative colorless radiation-sen- 
sitive Lelatema grossular (table 1) indicates that its 
composition is close to pure end-member grossular. 
X-ray fluorescence {XRF analyses revealed only minor 
differences between a colorless sample that became 
light yellow-green on irradiation and a naturally light 
yellow-green sample that did not change on irradia- 
tion. Unlike the radiation-sensitive colorless sample, 
the naturally light yellow-green garnet had a trace of 
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chromium, as well as twice as much Mn and 1.5 
times as much Ti and Fe. 

Schmetzer and Bank (1982) described a pale yel- 
low-green grossular from this same locality. The 
chemical composition and optical spectrum of their 
garnet were similar to those of our specimens, as rep- 
resented by the naturally light yellow-green sample 
in figure 2. 


FADING DYNAMICS 


After irradiation, the spectrum of the initially yel- 
lowish gray ROM grossular from Kenya was mea- 
sured at various times as the radiation-induced 
features (and related color) decayed in the dark. The 
same stone was then re-irradiated and its spectrum 
was again measured as it decayed in daylight while 
taped to an east-facing window in Murray Hill, New 
Jersey, in April. The dynamics of fading were then 
analyzed on the basis of the intensity of three fea- 
tures of the absorption spectra, specifically, changes 
in the absorption maxima at 926 nm and 654 nm 
and in the absorption edge at 454 nm. 

When the results were plotted as a function of 
time, it was evident that, in darkness, the radiation- 
related absorption features first faded relatively quick- 
ly (short-term decay}, but then graded into a longer 
period of slower fading (long-term decay; figure 3}. 
Because the points lie fairly close to straight lines in 
these plots, it is possible to reduce the results to a 
mathematical formula from which can be determined 
the rates at which each of the radiation-induced 


TABLE 1. Chemical composition of a representative nearly 
colorless grossular from the Lalatema Hills, Tanzania, that 
tums yellow-green on irradiation.* 


Oxide Weight % Formula proportion 
NaO 0.00 0.00 
MgO 0.36 0.04 
AlgO3 22.23 1.97 
SiO7 39.76 2.99 
CaO 36.75 2.96 
TiO> 0.42 0.02 
V903 0.07 <0.01 
Cr903 0.08 <0.01 
MnO 0.20 0.01 
Fe 03 0.13 0.01 
Total 100.00 


“The formula proportions are based on 12 oxygens. Electron micro- 
probe analysis conditions: 15 keV, 50 nA, David R. Bell (Califomia 
Institute of Technology, Pasadena, California) analyst. 
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Figure 3. Experimentation revealed the dynamics 
of fading of the irradiation-induced color for the 
ROM (M40868) grossular specimen in the dark. 
Part A: the slow component of fading in the dark, 
with a scale of hours along the horizontal axis. 
Part B: the fast initial decay in the dark (with a 
scale of minutes for the horizontal axis), an expan- 
sion of thé first portion of curve A which lies above 
the slow component straight line. The vertical axis 
is the change in absorbance at 926 nm during fad- 
ing. The three different symbols are for three cycles 
of irradiation and fading; the consistency of the 
results throughout these three cycles demonstrates 
the reproducibility of this experiment. 


absorption features decayed as the color faded. The 
time in which each related absorption feature decayed 
to half its intensity as the color faded in darkness 
was 172 hours for the slow component, and 74 min- 
utes for the fast component. For each of the radia- 
tion-induced absorption features measured, approx- 
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imately 58% disappeared with the fast component 
and 42% with the slow component. In daylight, the 
rate of fading was considerably faster and involved a 
single component with a half-intensity-loss time of 
12.6 minutes. 

The values for the fading constants were approx- 
imately the same for the three wavelengths mea- 
sured, which suggests that only one color center is 
involved in the radiation-induced color. Although 
the nature of the color center has not been deter- 
mined, it is likely that it is present only at very low 
concentrations. After fading, either in the dark or in 
daylight, the intensity of absorption was essentially 
the same as before irradiation, so the coloration due 
to irradiation was completely reversed. Visual inspec- 
tion indicated that the same reversibility of the radi- 
ation-induced coloring applied for all samples, but 
with different saturation and decay times character- 
istic of each particular crystal. 


CONCLUSION 


It has been determined that some garnets, specifical- 
ly some colorless to pale-hued garnets from various 
localities in East Africa, will turn light yellow-green 
when exposed to as little as 7 Mrads of gamma rays. 
Such stones, however, will fade to their original col- 
ors within hours to days in daylight and within two 
months in the dark. 

Because they fade so rapidly, radiation-colored 
grossular garnets should not normally be encoun- 
tered in commerce, since they would have to be 
offered for sale immediately after irradiation. Any 
confusion with similar naturally colored garnets could 
easily be eliminated by exposing the questionable 
material to strong light (e.g., sunlight or a 100-watt 
lamp placed about 25 cm from the sample] for a few 
hours, or merely by holding the stones in the dark for 
two to three weeks. 
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GUESM, Te ReAr DE 


ALEXANDRITE 


Since a critical function of the GIA 
Gem Trade Laboratory is to detect and 
disclose treatments, we are diligent 
when examining all gemstones, even 
those not usually known to be subject 
to enhancement. Generally, one asso- 
ciates certain types of treatments with 
specific gem varieties, such as “oiling” 
or fracture filling with emeralds, heat 
treatment with corundum, and impreg- 
nation with porous gem materials such 
as turquoise. However, cavity filling— 
with a glass or resin—may be seen on 
any material. 

The East Coast lab recently noted, 
for the first time, a filled cavity on the 
pavilion of a natural alexandrite. The 
stone, which was mounted in a ring, 
measured approximately 9.20 x 5.30 
x 3.68 mm. 

The filling in the large negative 
crystal that broke the pavilion surface 
was easily seen when the stone was 
viewed through the table (figure 1). A 
gas bubble was also evident in the fill- 
ing material. Although the pavilion 
was not completely exposed (due to 
the mounting], the cavity was acces- 
sible. Therefore, we examined the stone 
with the microscope at 10 magnifi- 
cation while the hot tip of a thermal 
reaction tester (TRT)} was carefully 
brought close to the filled area. In con- 
trast to the glass-like material used to 
fill cavities in corundum, this materi- 
al softened slightly and produced a puff 
of smoke when the TRT point came 
into contact, which suggests that some 
type of solid polymer was used. TM 
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Figure 1. Note the gas bubble 
in the filled cavity (as seen 
through the table) on the pavil- 
ion of this natural alexandrite. 
Magnified 19x. 


DIAMOND 


Fracture Filling Update 
Since we first learned of the treatment 
whereby fractures or other voids in 
diamonds are filled with a material of 
similar refractive index to improve 
apparent clarity (see the article by 
Koivula et al., Gems # Gemology, 
Summer 1989, pp. 68-83}, we have 
noticed several variations in the visual 
appearance of the filling material, espe- 
cially the characteristic “flash effect” 
(e.g, Gems & Gemology, Summer 1991, 
p. 109]. We know that some of these 
variations are due to differences in the 
original formula, but others probably 
represent different formulas used by 
competing fracture-filling services. 
Staff members at the East Coast 
lab identified the presence of a filling 
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material in a light pink 1.22-ct pear- 
shaped diamond, Unlike the medium 
blue flash effect commonly associated 
with filled diamonds, the vivid blue 
flash color seen in this stone resem- 
bled a dark, “navy” blue ink splotch 
(figure 2). This “flash” also changed to 
orange as the stone was tilted. An 
X-radiograph verified that the filling 
compound in this second diamond con- 
tained elements, possibly lead, with 
high atomic densities. The filling mate- 


Figure 2. This filled fracture in 
a light pink 1.22-ct diamond 
showed a blue flash color that 
is darker and more vivid than 
the flash-effect color typically 
seen in filled diamonds. 
Magnified 32 x. 


Editor's Note: The initals at the end of each item iden- 
tify the contributing editor who provided that item. 
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Figure 3. A large fracture 
became noticeable on the table 
and pavilion of the “filled” 6.90- 
ct diamond in this ring after it 
had been inadvertently left in 
an ultrasonic cleaner for two 
hours. In some areas, the filling 
material had been removed; in 
others, it had shattered within 
the fracture. 

es 


rial in fractures and laser holes appears 
as less exposed gray areas on X-radi- 
ographs (again, see the article by 
Koivula et al.). DH 


More on Damage to 

Fracture-Filled Diamonds: 

In Cutting and Cleaning 

A prominent New York diamond cut- 
ter shared with the New York labora- 
tory staff a surprising experience he 
recently had while fashioning an 
approximately 10-ct rough diamond. 
When the rough fractured on the wheel 
early in the cutting stage, he decided to 
submit the stone for fracture filling. 
The filling improved the stone's appear- 
ance, as expected, and he proceeded to 
finish it—producing a cut-comer rec- 
tangular modified brilliant. However, 
when he examined the finished stone, 
he saw that some of the filler had 
flowed out of the fractures, thus requir- 
ing a second filling treatment. This was 
apparently successful, but then the cut- 
ter decided to rework the diamond into 
a near-standard emerald cut. Again, 
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some of the filling was removed in the 
cutting process, and the finished 6.90- 
ct diamond was submitted for a third 
filling treatment. The newly filled dia- 
mond was then set in a lady’s yellow 
metal solitaire ring. Subsequently, the 
ring was placed in an ultrasonic clean- 
er with household dishwashing deter- 
gent—and inadvertently left there for 
approximately two hours. When the 
ring was removed and the diamond 
examined, a large filled fracture break- 
ing the table facet was very noticeable 
(figure 3). 

Magnification revealed a number 
of alteration features. In surface reflect- 
ed light, we noted that some of the fill- 
ing material had been removed from 
the break near the surface on both the 
table and the pavilion. In darlkfield illu- 
mination, the filling material itself 
appeared to have shattered, exhibiting 
a complex network of fractures. It was 
this system of breaks within the fill- 


Figure 4. A flash effect can still 
be seen near the damaged filling 
in the diamond shown in figure 3. 
Magnified 36x. 


ing material that made the large frac- 
ture so noticeable to the unaided eye. 
Darkfield illumination also revealed 
some purplish pink and greenish blue 
flash effects (figure 4). 

Ample warnings have appeared in 
the literature concerning the possibil- 
ity of damaging the filling material in 
fracture-filled diamonds through vari- 
ous jewelry repair procedures. This is 
our first experience with durability 
problems during cutting. In addition, 
the treatment was generally believed to 
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hold up well to all but the most severe 
of cleaning procedures. As this account 
shows, however, prolonged use of an 
ultrasonic unit can damage the filling 
material, possibly making the original 
fractures even more obvious than 
before the treatment was undertaken. 

GRC 


Unusual Features in Diamond 


The East Coast lab recently graded a 
2.04-ct fancy light pink brilliant-cut 
pear shape that had eye-visible ribbon- 
like etch features (figure 5}. On first 
examination, these features appeared 
to be laser drill holes that had gone 
astray. With magnification, however, 
we determined that the “entrance” 
points at the surface of the stone were 
square or rectangular in shape (figure 6}, 
not round as laser drill holes would be. 
This shape proved that these cavities 
were inherent to the stone. Unlike the 


_ etch features reported in this section 


in the Fall 1991 issue (and the focus of 
a comment in the Spring 1992 
“Letters” section], the twisted nature of 
these voids seemed to defy crystallo- 
graphic orientation, since they did not 
follow straight paths. 

Although the cause of these 
unusual features is open to specula- 
tion, we determined the clarity wholly 
on the basis of standard grading crite- 
ria. The large and numerous cavities, as 
well as their many reflections, set the 
grade on this stone. The fact that the 
voids were easily visible with the 
unaided eye contributed to the I, grade. 
Ed Schwartz 


Repaired JADEITE 

A pair of ear clips set with an opaque 
green material were submitted to the 
East Coast laboratory for identification. 
Although the material resembled jade 
(figure 7), the jewelry was constructed 
in such a way that we could not con- 
duct certain basic gemological tests, 
such as refractive index and specific 
gravity. However, a 437-nm absorption 
line visible in the handheld spectro- 
scope proved them to be jadeite jade. 
Furthermore, the negative color-filter 
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Figure 5. At first glance, there appear to be numer- 
ous laser drill holes in this 2.04-ct fancy light pink 


diamond. Magnified 10x, 


reaction and lack of a dye “band” in 
the visible spectrum proved these to 
be natural-color jadeite. The distinc- 
tive color, luster, and—on closer exam- 
ination—coarse-grained nature of this 
material were reminiscent of jadeite 
from Guatemala (for more information, 


Figure 7. Note the repaired area 
at the top of the jadeite hololith 
in the ear clip on the left of 

this photo. Each jadeite hololith 
is approximately 35 mm in 
diameter. 


see the article on jadeite from Guate- 
mala by Hargett, Gems & Gemology, 
Summer 1990, pp. 134-141}. These 35- 
mm hololiths are quite similar in 
appearance to ancient carved Mayan 
ear flares. 

Once a material has been conclu- 
sively identified, it is still prudent to try 
other tests to either support the con- 
clusion or uncover something that 
might be amiss. Sure enough, short- 
wave ultraviolet radiation revealed— 
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Figure 6. At 45x magnification, the features seen 
in figure 5 are revealed to be square or rectangular, 


which proves they are natural. 


Figure 8. The cement holding 
the repaired area shown in fig- 
ure 7 fluoresces pale blue to 
short-wave U.V. radiation. 


by the pale blue fluorescence of the 
cement (figure 8}that one of the 
jadeite pieces had been repaired with a 
nonjadeite material (it had no 437 line}. 
Close examination of figure 7 shows 
how well this replacement component 
blends in. Nicholas DelRe 


Cat’s-Eye OPAL from Brazil 


The West Coast lab recently examined 
the 2.76-ct greenish yellow oval cabo- 
chon shown in figure 9. The owner 
reported that this material occurs in 
thin seams in northern Brazil. 

The stone appeared to have refrac- 
tive indices of 1.45 and 1.47. It fluo- 
resced a dull yellow-green to long-wave 
ultraviolet radiation. The handheld 
spectroscope revealed a general absorp- 
tion up to 530 nm and weak bands at 
620 nm and 670 nm. Microscopic 
examination revealed a continuous 
series of very fine parallel fibers, some 


of which appeared to be stained dark 
brown. Specific gravity was hydrostat- 
ically determined to be 2.01 + 0.10. 
With the above gemological testing 
completed, it was still not possible to 
identify the material conclusively 
because of the anomalous R.I. readings. 
Therefore, we performed an X-ray pow- 
der diffraction analysis on the stone. 
The diffraction pattern showed the 
presence of cristobalite with an amor- 
phous material in the background. This 
type of pattern is commonly obtained 
from opal. It is interesting to note that 
a stone with similar properties and an 
identical diffraction pattern was de- 


Figure 9. Strangely enough, two 
refractive indices were seen in 
this 2.76-ct cat’s-eye opal. 
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cribed in the Spring 1983 Lab Notes 
section. 
Gus Calderon and KH 


PEARLS 


Hollow Pearls 


Pearls are submitted to the GIA Gem 
Trade Laboratory on a daily basis. The 
question usually asked by our clients is 
whether they are natural or cultured, 
which we determine by X-radiography. 
Typically, the X-ray of a solid natural 
pearl will show numerous concentric 
circles, or layers, of nacre. A cultured 
pearl with a shell-bead nucleus will 
show only the nacre added around the 
nucleus. However, X-rays sometimes 
reveal other details. 

The East Coast laboratory recent- 
ly received two pearl jewelry items—a 
baroque pearl pendant (measuring 
approximately 21 x 19 x 14 mm; figure 
10) and a shark motif pin (about 77 
mm long; figure 11}—~in which X-radi- 
ography showed the pearls to be hollow 
as well as natural. 

The X-radiograph of the pendant 
(figure 12) also revealed a composite 


Figure 10. X-radiography proved 
that the natural baroque pearl 
in this pendant is hollow. 
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Figure 11. A hollow blister pearl 
was used to form the body of 
this 77-mm-long shark-motif pin. 


filling material in the “hollow” of this 
natural baroque pearl. Such fillers are 
usually added to give weight, or to serve 
as anchorage for the metal post of a 
jewelry piece. 

The X-radiograph of the “shark” 
(figure 13) revealed that it was actual- 
ly a hollow natural blister pearl. Blister 
pearls are convex growths that appear 
on the inside surface of the mollusk 
shell. Usually the convex area is com- 
posed of nacre, and the base is the 


Figure 12. This X-radiograph 
shows not only that the baroque 
pearl in figure 10 is hollow, but 
also that it has been filled with 
some sort of composite material 
to anchor the post. 
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Figure 13. Although this X-radi- 
ograph shows the pearl in figure 
12 to be a hollow natural blis- 
ter, it could not be determined 
whether a shell base was 
attached. 


mother-of-pearl shell. However, due 
to the metal backing, we could not 
determine from the X-radiograph if 
there was anything on the base of this 
blister pearl. Nicholas DelRe 


Hollow Pearl in an 


“Antique” Pendant 


Staff members in the West Coast lab 
were intrigued by an unusual jewelry 
item that arrived for identification in a 
custom-fitted display case. As shown in 
figure 14, a large (approximately 24 x 18 
x 15 mm] baroque pearl had been skill- 
fully set in the grand style of the old 
Renaissance master goldsmiths to form 
the body of an owl. This objet d’art 
had its own supporting stand and, since 
it was also outfitted with a yellow met- 
al bail, could even be wom as a pendant. 

Despite the massive yellow met- 
al mounting, we were able to X-ray and 
thus identify the baroque pearl as nat- 
ural. The X-radiograph also showed 
that this pearl, like the ones in the pre- 
vious entry, was hollow. 

Since we could not find any hall- 
marks or other identifying character- 
istics that might provide evidence of 
provenance, either on the figure or in 
the display case, the origin of the piece 
remains a mystery. We would appre- 
ciate any comments from our readers 
that would help unravel its history. 

KH 


Update on Treated 
Black Mabe Pearls 


After reading our Lab Notes entries on 
the various enhancements in mabes 
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Figure 14. An X-radiograph also revealed that the natural baroque pearl 
used as the body of this “golden owl” objet d’art was hollow. 


{assembled cultured blister pearls}, sev- 
eral dealers confirmed that there was 
indeed a proliferation of such treat- 
ments. One dealer even sent a black 
mabe pear! that he had sawed in half to 
our West Coast lab. Figure 15 shows 
one half of the 13-mm round mabe 
pearl. Because the nacre top fluoresced 
a dull reddish orange to long-wave 
ultraviolet radiation, similar to the flu- 
orescence of the treated black mabes 
reported in the Summer 1992 Lab 
Notes section (pp. 126-127}, he sus- 
pected that it also had been treated. 
We did not sce any irregularities in 
the evenly colored, dark purplish brown 
nacre top either with the unaided eye 
or with magnification. The fluores- 
cence to long-wave ultraviolet radia- 
tion was indeed dull reddish orange, 
unlike the reddish brown to red color 
usually seen in natural-color black 
pearls. However, there was no evidence 
of dye when a cotton swab soaked with 
the standard dilute (2%) nitric acid 
solution was applied to the nacre top. 
As can be seen in figure 15, this mabe 
pearl has three distinct components: a 
white mother-of-pearl base, a dark pur- 
plish brown nacre top (averaging 
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approximately 0.5 mm in thickness], 
and a dome-shaped core of an unusual 
material. In reflected light, the core 
showed a granular appearance; closer 
examination with the microscope 
revealed that it consisted of translu- 
cent white fragments embedded in a 
whitish mass. Also, a very sharp black 
demarcation line appeared at the border 
between the core material and the 
nacre top, We determined that the 
white fragments consisted of a car- 


Figure 15, A client sawed this 
13-mm dyed black mabe 
assembled cultured pearl in 
half to show its construction. 


bonate, since they reacted strongly to 
a dilute (10%] hydrochloric acid solu- 
tion. Exposed to the hot needle of the 
thermal reaction tester, the white mass 
started to liquefy and gave off the char- 
acteristic odor of an epoxy resin. 
Chemical analysis of the nacre top 
by means of EDXRF showed, in addi- 
tion to calcium, trace amounts of silver 
and small amounts of bromine. This 
is consistent with the chemical com- 
ponents determined for the treated 
mabe pearls discussed in the Summer 
1992, Lab Notes. KH 


Dyed SAPPHIRE 
as a RUBY Imitation 


Recently, the East Coast laboratory 
received for identification a multiple 
strand of 6- to 7-mm purplish red beads, 
which were represented to be natural 
rubies (figure 16). The client pointed 
out several similar-appearing necklaces 
in recent auction gallery catalogues, 
which were described as natural rubies. 

The beads were a believable rmby 
color, but this color seemed unusually 
uniform for natural ruby and no dichro- 
ism was detected. They all appeared 
to have similar extensive internal frac- 
tures, which strongly suggested quench 
crackling. Routine tests confirmed that 
they were corundum, and a simple ace- 
tone swab test established that they 
had been dyed. When exposed to long- 
wave ultraviolet radiation, the beads 
showed a strong orange fluorescence 
distributed along the pervasive cracks. 
It seemed that these beads could be 
similar to the dyed natural corundum 
ruby imitations reported in ICA Lab- 
oratory Alert No. 50 and by Schmetzer 
et al. (Gems @ Gemology, Summer 
1992, pp. 112-115). 

If the beads were actually dyed 
pale ruby, weak chromium lines should 
be observable in the handheld spectro- 
scope. None could be detected, but a 
relatively strong iron line at 450 nm 
was seen, indicating that they might 
be sapphires. 

In the interest of further research, 
the client removed one bead from the 
neckiace and permitted us to divide it 
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Figure 16. This multiple strand of 6- to 7-r1m-diameter red beads was 


represented as natural ruby. 


in half. Observation of the split bead 
showed tht the red color was confined 
to the cracks penetrating the entire 
stone. The absorption spectrum of one 
half recorded with a U.V.—visible spec- 
trophotometer confirmed the lack of 
chromium absorption, showing only a 
broad band centered at 560 nm and 


Figure 17. The half bead on the 
left shows the true color of the 
starting material for one of the 
beads illustrated in figure 16; 
the half on the right shows the 
dyed color, 


Gem Trade Lab Notes 


iron lines at approximately 450 nm 
and 380 nm. This spectrum and the 
color distribution are the same as those 
observed by Schmetzer et al. 

Pale pink sapphire dyed to imitate 
ruby has been recorded before in the 
literature (e.g., Gems & Gemology, 
Spring 1971, p. 285), but the recent arti- 
cle by Schmetzer et al. implied that 
the material being dyed was some oth- 
er color entirely. In an effort to deter- 
mine the true underlying color of these 
beads, one of the halves was soaked in 
warm acetone for several hours. This 
treatment removed the dye from a shal- 
low surface area, but dye remained in 
the deeper portions of the cracks, still 
hiding the true body color. Since ace- 
tone evaporates too rapidly for pro- 
longed soaking, and because an organic 
dye was suspected, the half-bead was 
then soaked in warm nitric acid over- 
night. By morning, all red color had 
been removed, revealing a pale green 
sapphire (figure 17). 


Large Cat’s-Eye ZIRCON 


A client submitted to the East Coast 
laboratory a cat’s-eye zircon that he 
claimed was the world’s largest. The 
grayish green round cabochon weighed 
125.47 ct and measured 26.05-26.75 mm 
in diameter by 15.00 mm deep. The 
“eye” of the stone was sharp, straight, 
and unbroken. 

Because brown and green zircons 
are often radioactive, we decided to 
check this one with a Geiger counter (it 
arrived before the West Coast radia- 
tion-testing facility was in operation). 
The stone proved to be slightly radioac- 
tive, about one to two times back- 
ground level. 

Using a Beck handheld spectro- 
scope, we observed extremely strong 
zircon absorption lines. The strength 
of these lines may be due to the longer 
light path through this larger stone. 

DH 


Figure 18. This cat’s-eye zircon 
weighs 125.47 ct. 


PHOTO CREDITS 


The photos used in figures 1-4, 7, 8, 10-13, and 
16-18 are by Nicholas DelRe. Figures 5 and 6 
were supplied by Vincent Cracco. Maha Smith- 
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DIAMONDS 


New treatment plant at Alexander Bay. The new Rietfontein 
South diamond-treatment plant began operation at 
Alexander Bay on the west coast of South Africa in early 
1992, The plant, located some 30 km south of Alexander 
Bay, was designed to process as much as 300 tons of ore per 
hour. The plant includes primary and secondary crushing, 
screening, and scrubbing circuits, as well as an 80-ton-per- 
hour dense-media-separation operation. The plant mins on 
seawater pumped to an on-site reservoir. (Mining Journal, 
April 17, 1992, p. 279) 


Results of Canadian bulk sampling. A 160-ton bulk ore 
sample, taken from the Point Lake kimberlite pipe in the 
Lac de Gras area of the Northwest Territories, Canada, has 
yielded 101 ct of diamonds, according to claim-holder BHP 
Minerals. Approximately 25% of the diamonds were gem 
quality, and a few of these were in the 1—2 ct range. 

This past spring, the company completed an aerial 
geophysical survey. The results confirm the locations of 
several possible kimberlite pipes. These will be evaluated 
for the purpose of a possible bulk sampling program in the 
near future. (Mining Journal, July 3, 1992, p. 4} 


British Crown Jewels to move in 1994, The Historic Royal 
Palace Agency, which manages the Crown Jewels for the 
British Department of Environment, has approved plans 
to relocate the jewels from their present location—15 m (50 
ft.) below ground in the Tower of London—to a larger room 
on the ground floor by 1994, This move is designed to make 
these state treasures more accessible to the public. Among 
the exceptional gems that will be affected are the Cullinan 
I and the Koh-i-Noor diamonds. (Diamond Intelligence 
Briefs, February 20, 1992, p. 860} 


India plans increased mining. Although in 1991 India 
imported an estimated 60 million carats of rough and fash- 
ioned 75% by weight of the world’s output of gem and 
near-gem diamonds, it remains a minor player in terms of 
diamond mining. Only about 18,000 carats per year are 
recovered from a single mine, Majhgawan, located at Panna 
in Madhya Pradesh State. 

That, however, could change if India’s National Mineral 
Development Corporation realizes its goal of increasing 
rough diamond production to 100,000 carats annually over 
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the next two to three years by modernizing exploration 
and mining techniques. To this end, NMDC is already 
prospecting for new deposits in Panna and at Vajrakarur, in 
Andhra Pradesh State, and is finalizing a collaboration 
agreement with an as-yet-undisclosed organization in 
Australia. (Mining Journal, June 19, 1992, p. 444; June 26, 
1992, p. 462) 


Expansion at Jwaneng. Debswana Diamond Co. has 
announced plans to proceed with a fourth phase of expan- 
sion at the Jwaneng mine, located in central Botswana. 
According to the August 14, 1992, Mining Journal, when the 
expansion is completed in late 1994, the volume of ore 
treated will increase 33% over current capacity, to 7.68 
million tons per year. Total diamond production, which 
in 1991 came to 9.4 million carats, is projected to increase 21%. 

This is the mine that De Beers’s Harry Oppenheimer 
called the greatest discovery since Kimberley (1870). If these 
figures are accurate, 1991 production yielded 163 carats 
per 100 tons of ore, which is phenomenal for Africa. 
Reportedly, about 70% of the output is of cuttable quality. 


Diamonds from Myanmar. Although very well known for 
its exceptional rubies, sapphires, peridot, and jadeite, 
Myanmar (formerly Burma} also produces a small amount 
of diamonds. These are mined primarily from alluvial 
deposits in the Mohawk area just north of Momeik (north 
of Mogok) and in the Theindaw district near Myeik (in the 
south of the country). At the 28th Myanmar Gems, Jade and 
Pearl Emporium held in February 1991, 28 lots of polished 
diamonds with a total weight of 77.51 ct were offered. 

In the spring of 1992, one of the editors (RCK} and 
Robert E. Kane had the opportunity to see some of these dia- 
monds (figure 1) and the facility at which they are fash- 
ioned in the Myanma Gems Enterprise (MGE) headquarters 
in Yangon (figure 2). The cut diamonds—all round bril- 
liants—reportedly averaged 0.3-1.0 ct, with the largest cut 
stone approximately 10 ct. MGE officials indicated that, 
to date, relatively few diamonds had been recovered in 
Myanmar. A report in the 1992, Mining Annual Review 
published by Mining Journal, showed production of only 95 
carats per year for the past three fiscal years. The same 
report, however, indicated that Stockdale Prospecting Ltd. 
was involved in negotiations to prospect in the Theindaw 
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district because of the high quality of the diamonds pro- 
duced there. 


Venetia mine officially opens. On August 14, 1992, De 
Beers officially opened the Venetia mine in northern 
Transvaal. This large open-cast mine encompasses two 
adjoining kimberlite pipes. It is expected to reach full pro- 
duction by December of this year, processing 4.6 million 
tons of ore annually to yield over 5 million carats of diamond 
rough. Venetia is the first major diamond mine to be devel- 
oped in South Africa in over 25 years. It is also the first in 
the country to operate continuously, seven days a week. 
(Mining Journal, August 2.1, 1992, p. 130} 


Diamond-cutting plant in Vietnam. The Hai Duong 
Diamond Factory has been established by a Belgian com- 
pany, Geminvest, at a site in Vietnam halfway between 
Hanoi and the port city of Haiphong. The facility, which 
opened early in 1992, employs approximately 30 workers, 
including instructors from Thailand. Sawn diamonds are 
provided from Antwerp, and the cut stones are returned 
there for marketing. (Europa Star, August 24, 1992, p. 922) 


COLORED STONES 


Amber with insect “inclusion.” Unlike most gem materi- 
als, amber, is,of organic origin. Its wealth of organic inclu- 
sions have told us much about the earth’s distant past. 
Particularly interesting is the vast array of insect inclu- 
sions that have been discovered over the years (see, €.g., 
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Figure 1. Myanmar’s gem wealth also includes 
diamonds, which are recovered from alluvial 
deposits near Momeik and in the Theindaw 
District. Illustrated here are 20 crystals, ranging 
from 3.50 to 10.13 ct, and a 2.65-ct faceted 
diamond from Myanmar, Photo by Robert E. Kane. 


Figure 2, Diamonds from 
Myanmar deposits are 
faceted in Yangon at a 
cutting facility within the 
headquarters of the MGE. 
Here, two cutters work 
simultaneously on the 
same scaife. Photo by 
Robert C. Kammerling. 
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the entry ona “hairy insect” in the Winter 1991 Gem 
News section]. 

Ata summer 1992 jewelry trade fair in Vicenza, Italy, 
two of the editors came across a different type of insect 
“inclusion” in a piece of Baltic amber. The specimen, an 
11.62-ct oval cabochon, had the image of an insect—about 
11 mm long—carved into its flat base (figure 3]. When 
viewed from above, the carving resembled a three-dimen- 
sional inclusion. 


More amber from Russia. In the Spring 1992 Gem News col- 
umn, we reported the greater availability of Baltic amber at 
this year’s February Tucson show. Since then, we learned 
through Jewellery News Asia (May 1992, p. 62} that 
Palminic International Co. has been formed in Hong Kong 
to purchase Baltic amber from a joint-venture firm in 
Moscow (also called Palminic} and market it to distributors 
and manufacturers in a number of countries worldwide, 
including Australia, Japan, the United Kingdom, and the 
United States. 
According to the agreement, Palminic will purchase 
| 100 to 200 tons of rough amber a year for 10 years, as well 
as amber jewelry manufactured in Kaliningrad of the 
ae : Russian Federation. The rough amber is cut and (approxi- 


Figure 3. This 11.62-ct cabochon of Baltic amber mately 90% of it] heat treated to produce a golden brown 
(25.34 x 18.52 x 8.17 mm) has had an insect color in Shenzhen, in the People’s Republic of China. It is 
“inchision” carved into its base. Photo by Maha then polished in Hong Kong. In the second half of 1991, 
Smith-DeMaggio. Palminic received three shipments of rough totaling 200 


tons. Sales of loose amber have averaged 560 kg a month 
since January 1992, 


Blue chalcedony from Montana. Paul Peterson of Deer 
Lodge, Montana, recently provided GIA with samples of an 
attractive chalcedony for examination. The material, mar- 
keted as “Glory Blue” chalcedony, is reportedly recovered 
from a new source in southwest Montana (figure 4). Four 
cabochons, which represented the range of color from yel- 
lowish gray through grayish blue to violet, were selected for 
testing. The gemological properties were found to be con- 
sistent with those reported in the literature for chalcedony. 
All of the samples luminesced a strong, chalky bluish white 
to long-wave U.V. radiation, followed by a brief white phos- 
phorescence, they gave a weaker blue luminescence—and 
white phosphorescence—to short-wave U.V. The spectra 
produced by U.V—visible absorption spectroscopy and ener- 
gy-dispersive X-ray fluorescence (EDXRF) spectroscopy 
were consistent with those observed in blue-to-gray chal- 
cedonies from other localities. 


Figure 4. Southwestern Montana ts reportedly the 
source of this chalcedony; the smallest cabochon 
is 4.37 ct. Photo by Robert Weldon. 


An unusual zoned specimen. Occasionally, the editors are 
shown unusual specimens that consist of two or more dis- 
tinct, intergrown minerals. The Winter 1991 Gem News col- 
umn, for example, contained a report on a tumble-polished 
intergrowth of sunstone feldspar and iolite from India. 
More recently, we were shown an unusual zoned spec- 
imen that Pierre Stéphane Salerno of Edmonton, Alberta, 
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Canada, reported to be from the Betroka area of southern 
Madagascar (figure 5). With magnification, three distinct 
concentric layers were evident in this 6.97-ct specimen 
(14.02, x 8.13. x 5.94 mm). The hexagonal core was colorless 
and highly included. It was surrounded by a thin dark green 
layer which in tur was rimmed by a dark blue layer. 

X-ray powder diffraction analysis of all three layers 
revealed that the central core was composed of a corun- 
dum crystal (which is consistent with its morphology}, the 
green layer was spinel, and the outer layer was sapphirine. 
This is the first time we have seen this combination of gem 
materials in a single specimen. 


Figure 5. This 6.97-ct specimen consists of a cen- 
tral crystal core of colorless corundum encased in 
a layer of green spinel, which in turn has an outer 
cover of blue sapphirine. Photo by Maha Smith- 
DeMaggio. 


Diopside from Tanzania. The recent discovery of green 
zoisite from the Merelani Hills mining area of Tanzania 
gained widespread coverage in the gem trade this past year 
(see the article by Barot and Boehm in Gems & Gemology, 
Spring 1992, pp. 4-15}. It was thus interesting to learn that 
at least one kilogram of another green gem material had 
recently been found at the same locality, which is best 
known for its production of the purplish blue zoisite, tan- 
zanite. 

The largest specimen, a 62.66-ct dark yellowish green 
piece of rough (figure 6), was subsequently made available 
by Dr. Horst Krupp and Pala International (Fallbrook, 
California) to the GIA Gem Trade Laboratory for testing. 
Refractive-index readings of 1.670 and 1.689 were deter- 
mined on an exposed cleavage plane. Examination with a 
desk-model prism spectroscope revealed a spectrum typi- 
cal for chrome diopside. The specific gravity, as determined 
by hydrostatic weighing, was 3.29. Magnification revealed 
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Figure 6. This 62.66-ct diopside specimen (25.9 x 
25.5 x 15.0 mm) was recovered from the Merelani 
Hills gem deposits in Tanzania. Photo by Maha 
Smith-DeMaggio. 


. 


several partially healed fractures, composed of secondary 
syngenetic two-phase fluid inclusions, throughout the spec- 
imen. X-ray diffraction analysis confirmed the identity of 
this specimen as diopside. 


Ironstone matrix as a carving material, Australian iron- 
stone is generally thought of as matrix material in which 
opal is found. At the February Tucson show, however, Rod 
Griffin of Opal Magic, Sydney, Australia, offered interest- 
ing items made from what many consider waste material. 
Using ironstone with minor opal veining, this material 
from the Cleopatra mine had been fashioned into such 
items as small animal carvings and “cases” for desk clocks. 


Mansfieldite gemstone egg. On a 1991 buying trip to 
Germany, Si and Ann Frazier of El Cerrito, California, 
acquired a collection of five polished light grayish green 
“eggs” fashioned from the mineral mansfieldite. According 
to the Fraziers, the rough material—a rare hydrous alu- 
minum arsenate—was recently collected near Djebel Debar, 
northeast of Hammam Meskhoutine, Constantine, Algeria, 
by a young German mineralogist on a trip to the type local- 
ity for dussertite, another rare arsenic mineral. 

The polished mansfieldite eggs superficially resemble 
the ornamental gem material variscite, a member of the 
same mineral group; however, identification was confirmed 
by X-ray diffraction analysis in Germany. The 58.6 x 44.2 
mm sample shown in figure 7 was subsequently obtained 
for GIA’s permanent collection. According to the Fraziers, 
mansfieldite is not listed as a gem material in any gem- 
related books of which they are aware. A literature search 
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Figure 7. This 896-ct “egg” has been fashioned 
from the rare arsenate mineral, mansfieldite. 
Photo by Maha Smith-DeMagzgio. 


by the Gem News editors also failed to uncover any refer- 
ences to the use of this mineral as a gem material. 


Pearls from Baja California. As reported in the Spring 1991 
Gem Trade Lab Notes, it appears that the Gulf of California 
is again a significant source of natural pearls. Recently, the 
editors were shown some shells measuring approximately 
13 cm x 14 cm that had been fished off the coast of Baja in 
the Gulf of California. The shells were identified as those 
of the pearl-producing oyster Pinctada mazatlanica. One 
shell still had a 3/4 blister pearl attached. The slightly off- 
round, light gray pearl measured approximately 11.5 mm in 
diameter. 


Figure 8. These natural pearls (2-9 mm in diame- 
ter) were recovered recently from a Spanish 
Colonial shipwreck off the coast of Florida. Photo 
by Maha Smith-DeMaggio. 
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Figure 9. This large (42 mm in longest dimension) 
unusual cultured South Seas pearl is partially 
filled with a liquid. Photo by David Baker, 


Natural pearls from the New World. A treasure trove recent- 
ly recovered from a Spanish colonial ship that had been 
wrecked off the Florida coast contained a cache of thousands 
of pearls believed to be from the Margarita Islands of 
Venezuela. A small sampling of pearls from this find were 
subsequently examined by GIA Gem Trade Laboratory 
staff members. The 33 pearls, some drilled, ranged from 2 
to 9 mm in diameter (figure 8). 

All samples showed obvious signs of deterioration, 
most still exhibited some orient and luster, but some were 
brittle and completely chalky in appearance. Some of the 
pearls had black areas, but this dark coloration was confined 
to a thin surface layer that could probably be peeled away 
easily to reveal the underlying white nacre. Similar sur- 
face “coatings” have been seen by staff members on white 
pearls that have been charred in fires. It was, however, 
remarkable how relatively well preserved these pearls were 
after centuries in the corrosive saltwater without the pro- 
tection of an oyster. 


Large South Seas pearl illustrated. An entry in the Fall 1991 
Gem News column described an unusual, large (42. mm 
long} South Seas cultured pearl. The pearl, described as 
gray, egg shaped, and with a high luster, was also partially 
filled with a liquid (water?), which moved when it was 
shaken. The report had been submitted by William A. 
Weidinger of Columbus, Ohio, who saw the specimen 
while visiting Naga Noi Island, off the coast of Phuket, 
Thailand. 

Following publication of the Gem News item, Mr. 
Weidinger was contacted by David Baker of nearby Dublin, 
Ohio. Mr. Baker had also visited the Naga Noi pearl farm 
and photographed a pearl that was undoubtedly the same 
one Mr. Weidinger had described. He kindly provided the 
photo (figure 9} to share with our readers. 
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Figure 10, Research is being carried out to develop 
pear! culturing using the oyster Pinctada radiata, a 
65.5 x 63.5 mm example of which is shown here. 
Photo by Maha Smith-DeMaggio. 


Pearl cultiiting in Venezuela, Although Japan is probably the 
best-known producer of saltwater cultured pearls, there 
are many other localities where this organic gem is pro- 
duced with the help of human intervention. These include 
Australia, China, and Tahiti, as well as a number of other 
islands in the South Pacific. 

Recently, the editors learned of early efforts to devel- 
op a pearl-culturing industry in Venezuela. According to 
Gary Kraidman of Margaronics, Inc., natural pearls were first 
reported to have been found in abundance around several 
islands off the Venezuelan coast in 1498. Pearls have con- 
tinued to be recovered from this area over the centuries, 
although their host, the oyster Pinctada radiata (figure 10), 
has been valued primarily as a source of food. Mr. Kraidman 
believes, however, that the relative thickness of the nacre- 
ous layer and its orient hold promise for the production of 
fine cultured saltwater pearls that should compare favorably 
with those from Far Eastern sources. Several potential cul- 
turing areas have been identified, and the feasibility is being 
studied jointly by Margaronics and a Venezuelan research 
foundation. 


Faceted ruby from Longido, Tanzania. In the Fall 1991 Gem 
News section, we ran an update on production at the 
Longido ruby deposit in northern Tanzania, best known 
for its ruby-in-green-zoisite carving material. As mentioned 
in that entry, little facet-grade ruby is recovered from this 
locality; a recent estimate indicated that 20 tons of ruby typ- 
ically yield enough transparent material to produce only five 
or six carats of faceted stones, whereas cabochon-quality 
material is more common. It was, therefore, with interest 
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that we examined the 0.20-ct modified round brilliant 
shown in figure 11. Despite its small size, the stone exhib- 
ited an intense red body color. Gemological testing revealed 
properties typical of ruby. When exposed to long-wave U.V. 
radiation, the stone fluoresced a moderate to strong red; it 
was inert to short-wave U.V. 


Sapphires from Madagascar. During an extended visit to 
the island of Madagascar, Pierre Stéphane Salerno explored 
the mining area southwest of Betroka, in the Province of 
Tulear, where an unusual type of multi-colored sapphire is 
recovered. These parti-colored sapphires, known also as 
polychrome sapphires because of their distinct color band- 
ing, are mined from pits in this southern part of the island, 
at a locality called Iankaroka. 

According to Mr. Salerno, the sapphires are mined 
along contact zones between granites and migmatites. The 
principal component of the host rock in which the sap- 
phires are found is iolite, with green tourmaline and biotite 
also present. 

The sapphire crystals are elongated to tabular hexag- 
onal prisms and bipyramids (figure 12) that are strongly 
color zoned perpendicular to the c-axis in thin layers of 
blue, green, brownish orange, pink, and red. When a crys- 
tal is viewed down‘the length of the c-axis, these color lay- 
ers appear to blend into a relatively uniform pinkish 
purple. When the stone is viewed perpendicular to the 
c-axis, however, the dominant color seems to be brownish 


Figure 11, This 0.20-ct raby comes from the 
Longido mining area, in northern Tanzania, Photo 
by Maha Smith-DeMaggio. 


GEMS & GEMOLOGY Fall 1992, 203 


Figure 12. Madagascar is the source of these rough 
and faceted parti-colored sapphires. The emerald 
cut weighs 1.11 ct; the center crystal, 1.27 ct. 
Courtesy of Pierre Stéphane Salerno; photo by 
Robert Weldon. 


orange, although the color zoning usually is still visible 
(again, see figure 12). 

The editors examined the two faceted stones shown in 
figure 12, and found that the gemological properties are typ- 
ical of corundum. Many of the crystals and the two cut 


Figure 13. This green sphalerite was recovered 
from a quarry in Thomasville, Pennsylvania, earli- 
er this year. The crystals are approximately 1.5 cm 
Jong, and the cut stone (faceted by Art Grant, of 
Coast to Coast Rare Gemstones) weighs 3.5 ct. 
Courtesy of Bryon Brookmyer; photo © Wendell 
E. Wilson. 
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stones contained opaque gray-to-black octahedral inclu- 
sions that appeared to be magnetite; specimens with large 
inclusions of this type were actually lifted with a small 
magnet. Primary two-phase liquid/gas (CO9} inclusions 
{which prove that these samples have not been heat treat- 
ed] were also observed in thin, planar cavities oriented per- 
pendicular to the c-axis. 


Pennsylvania sphalerite. Dr. Wendell E. Wilson, editor of the 
Mineralogical Record, reported that two mineral collec- 
tors, Bryon Brookmyer and Steve Myers, discovered a pock- 
et of sphalerite crystals in March 1992 at the Thomasville 
Stone and Lime Company Quarry No. | in Thomasville, 
Pennsylvania. Over 100 specimens were recovered, pri- 
marily single crystals less than 2, cm long, but also some 3- 
to 4-cm-long crystal clusters. As can be seen in figure 13, 
the sphalerite is very similar in color to peridot. 


Tourmaline with distinctive inclusions, The Fall 1990 issue 
of Gems & Gemology featured an article on tourmalines 
from S4o José da Batalha, Paraiba, Brazil. Among the dis- 
tinctive features reported for some crystals from this 
locality were numerous pinkish yellow specks, with a 
metallic luster, that were provisionally identified as a sul- 
fide mineral. 

Recently, David Humphrey of Geodesign, Pacific 
Palisades, California, showed the editors an attractive green 
modified triangle-cut 4.26-ct tourmaline that reportedly 
originated from Paraiba. Traversing almost the entire length 
of the stone was a band of yellow metallic-appearing inclu- 
sions (figure 14), This is the first example of a faceted tour- 
maline with such inclusions that the editors have seen. 
The fact that the inclusions are extremely thin and ori- 
ented parallel to the prism faces of the host crystal sug- 
gests that they are a product of epigenetic exsolution. 
Microchemical testing with nitric acid, done on a crystal 
with exposed inclusions, indicated the presence of copper. 


ENHANCEMENTS |! . i 


Diffusion-treated sapphire cabochons sold as natural. 
Diffusion-treated sapphires continue to be one of the most 
controversial of all color-enhanced gems. An ongoing debate 
rages in the trade—and trade press—about appropriate 
nomenclature to describe this material, while dealers and 
retailers alike continue to express concern about their abil- 
ity to detect the treatment so they do not unwittingly mis- 
represent a stone. 

Recently, gemologist William A. Weidinger observed 
a number of “runners” in Chanthaburi, Thailand, offering 
large parcels of blue sapphire cabochons that had been salt- 
ed with diffusion-treated stones. Mr. Weidinger was later 
told by Bangkok gem dealers that such treated cabochons 
(in sizes down to 3 mm in diameter] are commonly offered 
in Chanthaburi as natural-color stones. Mr. Weidinger con- 
firmed that, as described in the Summer 1990 Gems w 
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Figure 14. Striking yellow metallic-appearing 
inclusions run almost the entire length of this 
4.26-ct tourmaline that ts reportedly from Paraiba, 
Brazil. Courtesy of Russell E. Behnke, Meriden, 
Connecticut; photo by Robert Weldon. 


Gemology article by Kane et al. on diffusion-treated sap- 
phires, these diffusion-treated cabochons can be identified 
by the characteristic dark blue outlining of the girdle when 
they are examined while immersed in methylene iodide. 
Sometimes, however, the treatment is not detected until 


repolishing, when the turning of the stone against the cut-. 


ting wheel often produces a “snail shell”—like spiral pattern 
of partial color removal. 


Kit with colored fracture filler. It is well known that emer- 
alds with surface-reaching fractures and other voids are 
routinely treated with oils, synthetic resins, and other sub- 
stances to lower the relief of these features and thus make 
them less noticeable. Most of these treatments use essen- 
tially colorless fillers. Occasionally, however, we encounter 
lower-quality emeralds that have been treated with col- 
ored fillers, so-called green oils. 

At the Tucson show this year, we saw a complete 
“kit” for color treating emeralds. It included a dark green, 
viscous fluid labeled “Green Miracle”; a circular, open-top 
container with three legs; a strainer divided into four com- 
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partments; and a desk lamp with a small, 100-watt incan- 
descent spotlight-type bulb (figure 15). 

According to the instructions, the stones to be treated 
should first be sorted (e.g., by size or shape} and then put in 
the separate strainer compartments. The strainer is then 
placed in the container, and the “Green Miracle” liquid 
added until it covers the stones. The lamp head is placed at 
the top of the container, the lamp turned on, and the light 
left on for 72 hours. The stones are then removed, cleaned 
with a towel, and buffed “until shiny.” 

Although substances for dyeing and/or fracture filling 
stones can be obtained from chemical- or lapidary-supply 
stores, this is the first time the editors have seen a complete 
kit, along with instructions, offered for the specific pur- 
pose of dyeing emeralds. 


Update on dyed green quartz. Because of its great abun- 
dance, colorless quartz has long been dyed to imitate oth- 
er gem materials. In fact, the dyeing of quartz to imitate 
emerald is perhaps one of the oldest treatments in record- 
ed history. As early as the first century A.D., Pliny wrote 
“| have in my library certain books .. . wherein there are 
descriptions as to how to give the color of smaragdus [emer- 
ald, in part] to crystallus [single-crystal quartz]... .” (see K. 
Nassau, “The Early History of Gemstone Treatments,” 
Gems & Gemology, Spring, 1984, pp. 22-33}. Today, this 
material continues to be seen in the gem trade and is offered 
by a number of distributors. Golay Buchel USA represen- 
tative Kuniko Kishiki kindly donated several examples for 
GIA research and educational use. 


Figure 15. This “kit” allegedly provides everything 
needed to fracture fill emeralds with a green 
“dye.” Photo by Maha Smith-DeMaggio. 
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Faceup, this dyed quartz is a very convincing emerald 
simulant. Not only is the saturated green color credible, 
but the numerous dye-filled fractures impart a “velvety” 
look that has come to be associated with some oiled emer- 
alds (figure 16). However, this material can be readily iden- 
tified even without magnification: When the stones are 
held table-down about 3~5 cm above a white background 
{an envelope or business card will do] and viewed through 
the pavilion, the numerous green dye-filled fractures are 
readily visible. 

Routine gemological testing on six specimens revealed 
properties typical of single-crystal quartz. When examined 
with a DISCAN digital-readout diffraction-grating spec- 
troscope, all six stones showed the dark absorption band 
from approximately 660 to 690 nm that typically appears 
when an organic green dye is present in a gem material. 

However, infrared absorption spectroscopy showed 
a series of sharp absorptions at approximately 2870, 
2930, and 2965 cm’ that are identical in position, shape, and 
relative proportion to those found in the epoxy resin 
Opticon, the filling material commonly used to enhance the 
clarity of emeralds. lt appears, therefore, that a dye has 
been mixed with Opticon or an Opticon-like resin before 
being introduced into the fractures of the faceted quartz. 
In fact, the use of a green-dyed epoxy resin in quench-crack- 
led quartz may predate the use of Opticon to fill fractures 
in emerald. 


Figure 16, Faceup, this quench-crackled and green- 
dyed quartz (1.30 ct) makes an effective emerald 
imitation. I.R. spectroscopy determined that the 
dye was carried by an Opticon-like epoxy resin. 
Photo by Maha Smith-DeMaggio. 
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Figure 17. This scanning electron photomicrograph 
shows triangular octahedral faces of spinel that 
have crystallized on the inner walls of surface- 
reaching cavities of a natural ruby, resulting from 
an apparently new form of treatment. Courtesy of 
Juan S. Cozar; magnified 5,000 x. 


New ruby treatment? In ICA (International Colored 
Gemstone Association} Laboratory Alert No. 56 (June 3, 
1992], Juan S. Cozar, laboratory director for the Spanish 
Gemological Institute in Madrid, described what appears to 
be a new form of enhancement for natural ruby. He based 
his conclusions on the examination of a 20 x 15 mm nat- 
ural ruby crystal with an intense red color. 

The crystal was coated with a transparent, “glassy” 
substance. Evidence of strong corrosion could be seen 
through the coating in the form of the dissolution of the 
crystal’s surface as well as the penetration of the coating sub- 
stance into surface-reaching fissures and parting planes. In 
addition, surface-reaching cavities were filled with a white, 
microcrystalline substance that appeared to be intermixed 
with a transparent, colorless, amorphous material. 

The specific gravity of the crystal, as determined by 
hydrostatic weighing, was unusually low, approximately 
3.75. Strong red luminescence to both long- and short-wave 
U.V. radiation was noted. An absorption spectrum 
typical for ruby was observed with a handheld-type spectro- 
scope, and refractive index values were those expected of 
corundum. 

A scanning electron microscope with an energy-dis- 
persive X-ray fluorescence spectrometer showed that the 
walls of the coated cavities were decorated with tiny octa- 
hedra of spinel that apparently recrystallized from the coat- 
ing material (figure 17 }. To our knowledge, this is the first 
time that such a coating has been identified on a miby crys- 
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tal. Because the transparent coating/filling material described 
was essentially amorphous, the treatment may have some 
similarities to the glass filling of surface cavities in fashioned 
corundums (see, e.g., the article on this treatment by Kane 
et al., Gems & Gemology, Winter 1984, pp. 187-199). 


SYNTHETICS AND SIMULANTS 


New synthetic alexandrite. The Spring 1991 Gem News col- 
umn included a report on a Czochralski-pulled synthetic 
alexandrite, marketed by J. O. Crystals; a follow-up report 
on this material appeared in the Spring 1992 issue. 

Recently, the editors learned of another synthetic 
alexandrite being marketed under the trademark name 
Allexite by The House of Diamonair, a subsidiary of Litton 
Airtron, According to a promotional brochure, this syn- 
thetic alexandrite is also produced by the Czochralski 
method, with seven to 10 days usually required to produce 
a single large crystal. 

A 1.26-ct oval mixed cut was donated to GIA by Litton 
Airtron (figure 18). This specimen showed a strong color 
change from reddish purple in incandescent light to bluish 
green in day/fluorescent light, which is comparable to the 
color change seen in fine Brazilian alexandrites. The appear- 
ance of both colors was affected by the presence of a very 
strong red luminescence to visible light (also known as red 
transmission}, Among the gemological properties deter- 
mined were: R.I.’s of 1.740 to 1.749, with a birefringence of 
0.009; strong red luminescence to long-wave U.V. radia- 
tion and moderate red reaction to short-wave U.V.,; red 
appearance through the Chelsea color filtes; and S.C. of 
3.72. Magnification revealed distinct curved striae. 


Glass from Mount Saint Helens rock? Following the May 
1980 eruption of Mount Saint Helens in Washington State, 
a green glass appeared on the market that supposedly was 
made by fusing ash that had spewed from the volcano. A 
subsequent investigation, carried out by Dr. Kurt Nassau and 
detailed in the Summer 1986 Gems & Gemology, refuted 
the claim as to the composition of the green glass. Dr. 
Nassau showed that fusing ash from the volcano produced 
a black glass with a composition different from that of the 
green material. 

Nevertheless, a green material continues to be mar- 
keted as “Mount Saint Helens glass,” not only in the 
American Northwest but also at major gem shows like 
Tucson. At the February 1992 Tucson show, a firm mar- 
keting this material as “Emerald Obsidianite” provided 
customers with a business-card-size “flier” that stated that 
the material was produced by fusing “rock dust” (not ash) 
from the volcano. The flier even included a chemical break- 
down of the material’s composition. Interestingly, it also 
stated that the pulverized rock was fused under reducing 
conditions, with traces of chromium, iron, and copper 
added to produce the green color. 
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Figure 18. Czochralski-pulled synthetic alexan- 
drite (here, 1.26 ct) is marketed under the trade- 
mark name Allexite. Photo by Maha 
Smith-DeMaggio. 


Unusual assembled glass imitation. Recently, Benjamin 
Pecherer of Mimports, Lafayette, California, encountered a 
most unusual glass imitation of what at first appeared to be 
a large alexandrite that had been poorly oriented in cut- 
ting. The badly scratched stone had been brought to him for 
repolishing, According to Mr. Pecherer, the imitation was 
set in a good-quality gold mounting said to be “rather old.” 
Once the 3.89-ct stone was removed from the mounting, 
however, the doublet structure became obvious. Unfamiliar 
with this type of imitation, Mr. Pecherer sent it to one of 
the editors for study. 

Standard gemological testing established that the stone 
was composed of glass of two different colors. Magnification 
revealed that the two components had been fused togeth- 
er, with the interface delineated by numerous small spher- 
ical gas bubbles. The central portion of the pavilion was red 
glass, while the remainder of the stone, including the entire 
crown, was green. 

Most red-green color combinations in fashioned sim- 
ulants are reminiscent of alexandrite. However, this par- 
ticular arrangement (figure 19, left) reminded the editors 
more of “watermelon” tourmaline, although this gem mate- 
rial is faceted only rarely (figure 19, right) because it is typ- 
ically highly included. 


Another assembled imitation crystal opal. In the Spring 
1992, Gem News column, we reported on an apparently 
new imitation of crystal opal that consisted of an irregular 
fragment of synthetic opal encased in colorless glass. At a 
recent gem and mineral show, the editors came across yet 
another imitation of crystal opal, and purchased several 
samples for testing. This imitation consisted of a trans- 
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Figure 19. In diffused transmitted light, the red 
centers of both the 3.89-ct glass imitation (left) 
and the 1.09-ct watermelon tourmaline (right) are 
easily visible. Photo © GIA and Tino Hammid. 


parent colorless top that was fashioned to resemble a faceted 
gem with a flat base; the base was “foil” backed with a 
diffraction laminate of various patterns that produced a 
moderately effective imitation of an opal’s play-of-color 
when the assemblage was viewed faceup (figure 20). 

Gemological properties determined for the transparent 
top of one specimen were consistent with those of plastic. 
Magnification revealed a “lip” around the base, rounded 
facet junctions, and an “orange peel” effect—all indicat- 
ing that it was produced by molding rather than faceting. 
The most interesting feature was noted when the assem- 
blage was examined with a desk-model spectroscope and the 
internal reflection method of illumination. This revealed a 
series of dark lines across the spectrum, some of which 
were at a slight angle from the expected vertical and shift- 
ed their position and angle with the orientation of the sam- 
ple. These features are probably due to an optical effect 
related to the pattern on the laminate, rather than to the 
“absorption spectrum” of either component. A similar 
effect, even more pronounced, was noted in the plastic imi- 
tation opals described in the Summer 1991 Gem News 
section. 


Natural-appearing synthetic rubies on the Thai-Myanmar 
border. From an educational standpoint, some of the most 
interesting materials gemologists encounter are the clever 
imitations that surface in gem-producing areas, such as 
composite imitation emeralds from Colombia and Brazil, 
“native” cut flame-fusion synthetic sapphires in Sri Lanka, 
and “rough” flame-fusion synthetic rubies in Vietnam. 

It should come as no surprise, therefore, that one of the 
editors was confronted recently with a variety of synthet- 
ics in Mae Sot, a city in western Thailand very close to 
the Myanmar (Burma) border that is a known locality for 
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cross-border gem smuggling. Both in the city’s gem-market 
area, and on the border itself along the Moei River, the edi- 
tor was presented with a great variety of flame-fusion 
synthetic corundums that were misrepresented as nat- 
ural gems. 

Among the most interesting items encountered were 
yellow metal rings of the type used as stone holders, that 
is, more for display of the mounted stones than for jewel- 
ry. What caught the editor’s eye were several such rings, 
each set with three transparent red “gems” said to be 
Burmese rubies. One was subsequently purchased for exam- 
ination (figure 21) after the vendor admitted that the gems 
were not natural. 

The three synthetic stones in the ring outwardly had a 
very natural appearance and good color, but they were poor- 
ly cut and polished. All three exhibited both eye-visible 
inclusions and surface cavities. Magnification revealed gas 
bubbles, which confirmed that the stones were synthetic. 
Each stone also had numerous large fractures, which may 
well have been induced through thermal shock (“quench 
crackling”). Interestingly, fractures in two of the stones 
appeared to have been filled with a substance of undeter- 
mined composition. In thicker areas, this filling appeared 
opaque and had a granular texture; in other areas, it was 
transparent. This may represent dried residue from “ruby oil- 
ing,” a treatment sometimes used on rough in Thailand. 


Figure 20, This imitation of crystal opal, approxi- 
mately 12 mm in diameter, consists of a colorless 
plastic “gem” that has been backed with a pat- 
terned diffraction laminate, Photo by Maha 
Smith-DeMaggio. 
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Figure 21, This ring, purchased on the Thai- 
Myaninar border, contains three synthetic rubies 
that have a deceptively natural appearance. Photo 
by Maha Smith-DeMaggio. 


A new twist to imitations of Vietnamese ruby. Numerous 
reports have appeared concerning flame-fusion synthetic 
rubies that have been misrepresented as natural material 
from Vietnam. The latest twist to this ongoing saga of 
deception was provided by Dr. Grahame Brown through 
ICA Laboratory Alert No. 60 dated September 2,, 1992. 

The 6.86-ct specimen described by Dr. Brown was pur- 
chased in Thailand as Vietnamese rough. Lacking definite 
crystal faces, it had a decidedly waterworn appearance. 
Perhaps most interesting, examination with the unaided eye 
revealed small areas of dark blue on the surface that super- 
ficially appeared consistent with the blue color zones in 
rubies from Vietnam described by Kane et al. in their Fall 
1991 Gems # Gemology article on Vietnamese rubies. 
Closer examination with magnification, however, revealed 
that all such areas were confined to surface irregularities. 
Further testing indicated that the blue areas were com- 
posed of a hard blue wax-like substance that could be eas- 
ily scraped away. 

The specimen was subsequently sawed in half, with 
one section fashioned into a 1.55-ct stone. Magnification 
revealed diffused curved color banding, which is typical of 
a heat-treated Verneuil synthetic. 


Assembled imitation bicolored tourmaline. The Winter 
1991 Gem News section included an entry on imitations 
of Paraiba tourmaline. Among these were faceted stones con- 
sisting of a tourmaline crown and a glass pavilion. 

ICA Laboratory Alert No. 57, dated June 30, 1992, and 
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issued by Drs. Hermann Bank and Ulrich Henn of the 
German Foundation for Gemstone Research, reported on 
another type of assembled tourmaline simulant. Represented 
as a natural crystal from Madagascar, it actually consisted 
of a tourmaline with concentric zones cemented to a lighter- 
colored piece of glass. The specimen, described in the report 
as weighing 61.41 ct, gave R.I. readings of 1.629 and 1.648 
for the tourmaline portion and 1.520 for the glass. 
Magnification revealed a distinct boundary plane between 
the two sections, as well as gas bubbles in both the glass 
component and the cement contact zone (figure 22). Dr. 
Henn subsequently revealed that he had seen approxi- 
mately 100 such specimens. 


Figure 22, This cross-section of a tourmaline-glass 
assembled crystal section (approximately 6 cm in 
diameter, 61.41 ct) reveals gas bubbles in the con- 
tact zone. Photomicrograph courtesy of Dr. Ulrich 
Henn; magnified 5x. 


IN MEMORIAM . 
Mr. Vahan Djevahirdjian passed away on July 1, 1992. Mr. 
Djevahirdjian, of Monthey, Switzerland, was president of the 
board of directors of Hrand Djevahirdjian $.A., a major 
manufacturer of flame-fusion synthetics (corundums and 
spinels} and cubic zirconia, the latter marketed under the 
trade name “Djevalite.” A near-legendary figure in the field 
of crystal synthesis, Mr. Djevahirdjian was a good friend of 
GIA, always generous in providing samples of his firm’s 
production as well as information about synthetic gem 
materials. He is survived by his daughter, Katia. 
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CORUNDUM 

By Richard W. Hughes, 314 pp, illus., 
publ. by Butterworth-Heinemann, 
London, 1990. US$39.95* 


This is the seventh, and thus far the 
largest, book in the Butterworth’s Gem 
Book series. Considering recent devel- 
opments in corundum enhancement 
and synthesis, this book can also be 
considered a timely reference. 

Following a short section that 
summarizes corundum’s mineralogic 
and gemological properties, a brief intro- 
duction leads into the 11 chapters that 
comprise the main text. Each chapter 
has its own bibliography, and there is a 
subject index to the entire book. 

Chapter 1 addresses the history of 
ruby and sapphire as gems, with refer- 
ences back to 315 B.C. Chemistry and 
crystallography are discussed in chap- 
ter 2, which includes sections on twin- 
ning and on crystal morphology as it 
relates to various localities. 

Chapter 3 addresses physical and 
optical properties. Chapter 4 covers 
color and luminescence, with sections 
on absorption spectra and on pleochro- 
ism and its importance to the lapidary. 

Inclusions in natural rubies and 
sapphires are the focus of chapter 5. 
Mr. Hughes discusses the inclusion 
suites most commonly associated with 
the gem corundums found at each of 
the major ruby and sapphire sources. 

Chapter 6 devotes 28 pages to the 
various corundum enhancements. It 
also addresses color stability, treatment 
disclosure, specific heat-treatment 
methods, and detection. 

Synthetics and assembled stones 
are examined in chapter 7. In his dis- 
cussion of identification techniques, 
Mr. Hughes focuses on visual charac- 
teristics as seen through a microscope. 

Chapter 8 illustrates and discuss- 
es faceting for best color and brilliance. 
It also addresses the proper orientation 
of the rough to produce asterism in a 
cabochon. 

Following a review of notable 
rubies and sapphires, chapter 9 exam- 
ines the key variables in determining 
quality in these stones and placing 
them in a classification, The chapter 
concludes with an outline of world- 
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wide consumer markets that notes 
each country’s general preference for 
color, proportions, and clarity. 

Chapter 10 addresses the gem- 
corundum deposits, listing the localities 
and the mode of occurrence at each. 
The geology of four of the best-known 
deposits is then summarized. 

The last and longest chapter, on 
world sources of corundum, is also one 
of the most interesting. Mr. Hughes 
takes the reader from the Mogok Stone 
Tract in Burma (Myanmar) to the sap- 
phire-producing areas of Montana. 

When he learned I was reviewing 
Corundum, Richard Hughes sent me a 
25-page appendix titled “Corrections 
and Additions.” It is too bad that these 
were not caught soon enough to be 
properly incorporated into the book. In 
addition, although there are many black- 
and-white illustrations, there are only 
two pages of color photos and photo- 
micrographs. 

In spite of these shortcomings, Mr. 
Hughes is to be congratulated for pro- 
viding the gemological community 
with this excellent book. 

JOHN I. KOIVULA 
Chief Gemologist 
GIA, Santa Monica, California 


PROPERTIES AND 
APPLICATIONS 

OF DIAMOND 

By John Wilks and Eileen Wilks, 525 
pp., illus., publ. by Butterworth- 
Heinemann, Oxford, England, 1991. 
US$175.00* 

Diamond has many unique physical 
and mechanical properties of both sci- 
entific and technological interest, quite 


independent of its exceptional gemo- 
logical characteristics. Consequently, 
much of the literature on diamonds is 
found in the domain of physicists, 
physical chemists, materials scientists, 
and engineers. This book, written by a 
world-famous team of physicists, suc- 
ceeds in bringing together all of the 
properties and applications of diamond 
that have scientific and industrial sig- 
nificance. 

The book begins with a short 
introductory chapter on the current 
status of diamond research that is pri- 
marily concerned with diamond syn- 
thesis and thin films. The main text 
is divided into three parts. 

Part 1, on structure, will be of the 
greatest interest to gemologists. It cov- 
ers such topics as chemical impurities 
and physical inclusions; optical absorp- 
tion and causes of color; luminescence; 
morphology, and geometric defects in 
the lattice {e.g., twinning, thermal con- 
ductivity}. 

The mechanical properties of dia- 
mond are the focus of part 2, which 
discusses strength, fracture, and plastic 
deformation; polishing {including pol- 
ishing rates and directional effects), 
friction; and laboratory-grown poly- 
crystalline diamond (PCD). 

Part 3, on applications and wear, is 
the largest in the book. Primarily of 
interest to materials scientists and engi- 
neers, it covers a range of topics, includ- 
ing wear and surface characteristics, 
and the use of diamonds in tools. 

This is an excellent, well-illus- 
trated reference book. However, it is 
written at a level that assumes some 
familiarity with basic scientific and 
technological concepts and units, as 
well as sophisticated instrumentation. 
Although gemologists should be aware 
of the availability of this book, it is not 
an essential part of a basic gemological 
library. 

ALFRED A. LEVINSON 
The University of Calgary 
Calgary, Alberta, Canada 


“This book is available for purchase at 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. Telephone: 
(800) 421-7250, ext. 282. 
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COLORED STONES AND 
ORGANIC MATERIALS 


The chemistry of vesuvianite. L. A. Groat, F. C. Haw- 
thorne, and T. S. Ercit, Canadian Mineralogist, 
Vol. 30, 1992, pp. 19-48. 


Seventy-six vesuvianite specimens from 54 different local- 
ities were analyzed, and the results of those analyses are 
reported herein. While most of the article is of little inter- 
est to gemologists, the observations on the chromatic effects 
of constituent metals is worthy of note, as facetable vesu- 
vianite is known from at least five different localities. That 
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containing the most titanium (Ti) was from the Jeffrey 
mine, Quebec, Canada. Those having the least Ti from 
this locality are green, while the richer (more than 0.10 
wt.% of TiO) samples are brown. Manganese (Mn) is an 
established chromophore. Fe-poor samples with small 
amounts of Mn are pink or lilac. Jeffrey-mine crystals con- 
sist of green (Fe-rich) prisms capped with lilac (Mn-rich) 
pyramidal faces. Chromium (Cr] is described as a strong 
chromophore, typically imparting a vivid green color. A 
dark green sample from Xanthi, Greece, contains the most 
Cr of those studied, some 0.34-0.63 wt.% Cr)O3. As the arti- 
cle did not focus on color, no other connections are made 
between chemistry and crystal color. 

John Sampson White 


Crystalline solution series and order-disorder within the 
natrolite mineral group. M. Ross, M. J. K. Flohr, and 
D.R. Ross, American Mineralogist, Vol. 77, No. 7/8, 
1992, pp. 685-703. 


Some members of the natrolite group (all zeolites) are 
known to occur in facet-quality crystals. The authors did not 
discuss the “gemminess” of their samples, as that was not 
their objective, but they do provide a very useful identifi- 
cation of crystals from major localities. 

Natrolite, scolecite, and mesolite are names long famil- 
iar to mineral collectors; however, tetranatrolite and parana- 
trolite, introduced in 1981, are relative unknowns. As far as 
this abstractor is aware, the others (thomsonite, gonnardite, 
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edingtonite, and tetraedingtonite} are never found in gem 
quality, although thomsonite is often cut en cabochon and 
made into jewelry. Unfortunately, great confusion often 
exists over proper species designations for many of these 
occurrences, so this article is very helpful. 

Perhaps the only gemologically important locality is 
Bound Brook, New Jersey, where hundreds of large and 
often clear crystals of natrolite were once found, crystals that 
produced flawless gems up to about 20 ct. Another impor- 
tant locality is Mont St.-Hilaire, Quebec, where one may 
find natrolite and tetranatrolite in the same specimen, with 
paranatrolite elsewhere in the quarry. Scolecite and meso- 
lite from India also have some faceting potential. 

John Sampson White 


Emeralds from Madagascar. D. Schwarz and U. Henn, Journal 
of Gemmology, Vol. 23, No. 3, 1992, pp. 140-149. 


Emeralds from primary mica-schist deposits of the Morafeno 
region in southeast Madagascar are described. The physical 
properties of these emeralds are similar to those from 
Zambia. Chemical analyses and absorption spectra are also 
reported. The former are compared to chemical compo- 
nents of emeralds from other localities with respect to rela- 
tionships among substitutional elements. U.V.—visible/ 
near-infrared spectra revealed features primarily associated 
with octahedral Fe* and Cr®", as previously reported for 
emeralds. Infrared features typical of HO in beryl channel 
sites were also observed. Internal features include brown 
mica crystals, unoriented greenish brown tremolite/acti- 
nolite rods and needles, and oriented colorless transparent 
prismatic crystals generally associated with fluid inclu- 
sions. This last type is almost identical to inclusions found 
in many Brazilian emeralds. Other inclusions observed are 
rounded, colorless, transparent crystals; opaque grains; 
opaque pseudo-hexagonal plates; colorless to pale brown 
crystals with strong relief; healed fractures with fluid inclu- 
sions; and multi-phase inclusions. The crystals are often col- 
or zoned, with an almost colorless center and a green rim. 
Several tables and graphs accompany the article, but no 
photographs of the emeralds themselves are provided. 
CMS 


Idar’s opal village. S. Frazier and A. Frazier, Lapidary Journal, 
Vol. 46, No. 3, June 1992, pp. 34-39, 


As part of an entire issue devoted to opals, this article offers 
the reader interesting information on the Australian mate- 
rial and its historical relationship to opal cutting in the 
Idar-Oberstein region of Germany. It chronicles Idar- 
Oberstein’s role from the arrival of the first pieces of rough 
in 1893-94, through the boom years leading up to World 
War I, and ends with a brief vignette on current cutting in 
the region. Also mentioned are prominent people respon- 
sible for the development of the opal industry. A separate 
box includes discussion of opal pseudomorph “pineapples” 
and fossils. KBS 
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Petrified. J. C. Zeitner, Lapidary Journal, Vol. 46, No. 6, 
September 1992, pp. 36-39. 


This informative article discusses numerous uses for petri- 
fied materials. For jewelry purposes, they have been fashioned 
into beads, rings, pendants, bola ties, earrings, brooches, 
bracelets, cuff links, intarsias, and cabochons. 

The author discusses four types of petrified materials: 
limb wood, “precious” opalized wood, common opalized 
wood, and jet. Limb wood is often completely replaced by 
chalcedony in clear, white, or pastel colors; it can include 
dendrites, plumes, or a “turtleback” pattern, and it is occa- 
sionally used in jewelry. “Precious” opalized wood, con- 
sidered the “true gem” of petrified wood, is especially suited 
for pendants, brooches, and earrings. This particular type— 
which shows vivid colors against a black groundmass—is 
found in Rainbow Ridge and Denio, Nevada. Common 
opalized wood is found in Nevada, Washington, Oregon, 
Utah, and California. 

Although jet does not fit the true geologic definition of 
petrification, the author has included it in this discussion. 
A soft but tough gem material, jet takes a high polish and 
has a long history in jewelry. It is often used by Native 
American lapidaries. Also discussed briefly are nonjewelry 
applications of petrified wood—miniatures, replicas, table- 
tops, and flooring. Two color photographs accompany the 
article. RT 


Quartz as “diamond.” S. Frazier and A. Frazier, Lapidary 
Journal, Vol. 45, No. 1, April 1991, pp. 109-136; Vol. 
46, No. 1, April 1992, pp. 153-168. 


This two-part preview of an upcoming book, Encyclopedia 
of Quartz, explores the origin and misnomers of the word 
diamond. Ancient Greek and Hebrew writings about gems 
and minerals contain the first references to diamond. The 
derivation and development of the Greek word adamas is 
traced from its earliest recorded occurrence, where it was 
used to describe many minerals—including quartz, colorless 
corundum, topaz, hematite, magnetite, and iron. In fact, it 
is doubtful that the word actually applied to the mineral that 
we call diamond. In Medieval Latin and French, the Greek 
epithet transformed into diamantes, it then passed into the 
various forms presently used in modern Western European 
languages. 

The establishment of chemistry as a science in the 
latter part of the 18th century provided a new basis for 
mineral classification. French chemist Antoine Laurent 
Lavoisier {1743~1794) was the first to determine that dia- 
mond was made of carbon, which ultimately provided dia- 
mond with a precise definition, thus eliminating other 
substances, especially quartz, previously included under 
the same heading. 

As the monetary value of diamond rose, the practice of 
using the term to describe clear, colorless quartz crystals 
became popular. This misuse was commonly accompa- 
nied by a locality designation. These articles provide a com- 
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prehensive list of quartz “diamonds,” from Alaska 
“diamond” to Zabeltitzter “diamanten,” including indi- 
vidual descriptions of mineralogy, lore, history, name deriva- 
tion, and the materials themselves. The authors appeal to 
readers for additional information about quartz names, ref- 
erences, accurate descriptions of specimens, suggestions, and 
corrections. AGP 


Surface features on natural rubies and sapphires derived 
from volcanic provinces, R. R. Coenraads, Journal of 
Gemmology, Vol. 23, No. 3, 1992, pp. 151-160. 


Sapphires of volcanic origin lack the crystal habits typical 
of other types of corundum because the original crystal 
surfaces were dissolved by the alkali basaltic magmas that 
carried the material to the surface. However, information 
about their formation can be gleaned from residual surface 
features. For this study, a large sample of corundum from 
placer deposits in eastern Australia and Thailand were 
examined by scanning electron microscopy at magnifica- 
tions from hundreds to thousands of times original size. 

The observed features fall into three broad categories: 
negative crystal impressions, surface resorption or etch fea- 
tures, and surface damage associated with alluvial transport. 
The first of these includes deep, sharp-edged, geometric 
holes about 0.5 to 1.0 mm in diameter that exhibit tetrag- 
onal symmetry. These developed during growth as part of 
a coarsely ‘crystallized aggregate that included anortho- 
clase, zircon, and spinel. Surface etch features include flat- 
topped triangular hillocks about 15-20 micrometers across; 
bands of shallow hexagonal depressions (approximately 
5-10 micrometers in diameter]; inclined stacks of elongat- 
ed, triangular “bricks”; triangular depressions, random, 
blade-like textures; and chatter marks, Many of these can 
be analyzed to determine the relationship of a particular sur- 
face to the original c-axis of the crystal. Transport damage 
includes narrow, deep fractures that probably represent 
healed or partially healed stress fractures, some with fin- 
gerprint-like patterns. Conchoidal fracturing was also 
observed. 

Conclusions about the history of these corundums 
that were drawn from their surface features include: (1) 
the crystals grew as part of a coarsely crystallized aggre- 
gate along with anorthoclase, zircon, and spinel, (2) the 
corundum reacted with the magmas that carried it to the 
surface; and (3) minimum alluvial transport took place. 

CMS 
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Grade-tonnage and other models for diamond kimberlite 
pipes. J. D. Bliss, Nonrenewable Resources, Vol. 1, 
No. 3, 1992, pp. 214-230. 


Since 1869, when the first primary occurrence of diamonds 
in kimberlite was discovered in South Africa, data have 
been accumulating on various aspects of this rare rock type 
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and the even rarer diamonds it may contain. There are now 
sufficient data on economically viable diamond-bearing 
kimberlites, from several continents, so that statistically 
meaningful conclusions can be drawn with regard to sev- 
eral important gemological, geological, and mining para- 
meters. In this article, which is based on statistical models 
(working hypotheses}, the author has determined the medi- 
an values (i.e., the point at which one-half the values in a 
distribution are less and one-half greater} for the following 
parameters of economic diamond-bearing kimberlite pipes 
(neither kimberlite dikes and sills nor lamproites are con- 
sidered): {1} the median tonnage is 26,000,000 metric tons 
{mt}; (2) the median diamond grade is 0.25 ct/mt; (3} the 
median of the average diamond size is 0.07 ct (7 points); (4} 
the median percentage of diamonds that are industrial grade 
(including “near-gem” qualities) is 67%; and (5) the medi- 
an outcrop area of diamond pipes is 12 hectares (29.6 acres). 
One very sobering conclusion is that even when a dia- 
mondiferous kimberlite pipe is found, the likelihood that 
it can be worked economically for diamonds is extremely 
low (the probability is approximately 0.005; i.e., one in 
200), unless the newly discovered pipe is a member of a 
cluster (as in the Kimberley area, South Africa} that contains 
an economic kimberlite, in which case the probability is 
increased 56 times, 

There are many other fascinating facts and statistical- 
ly based conclusions in this article that will be of interest to 
the diamond community; they are essential knowledge for 
those involved in any aspect of diamond exploration. 

A. A. Levinson 


Manufacturers hurting in rough-starved market. New York 
Diamonds, No. 16, 1992, pp. 12, 14. 


For many months, De Beers has been selling smaller sights 
and buying all the “outside” open-market rough to tighten 
the market during this slow economy. With little or no 
rough, diamond cutters are having trouble remaining in 
business. Those who can get rough are slowing operations. 

At the same time, rough from the outside market is 
now coming directly to De Beers’s buying offices at near- 
ly triple the usual rate. On the one hand, some of the large 
manufacturers who usually buy such rough have reduced 
their purchases because of the slow market. On the other 
hand, illegal digging in Angola and increased smuggling 
from Zaire have created an even larger supply of rough— 
which De Beers is also attempting to control. 

“This is our role. We stockpile rough when times are 
difficult to maintain market stability. Some of our clients 
may feel they could sell more goods than we are providing, 
but we have to consider the big picture, not just the needs 
of one or two,” said Michael Grantham of the Central 
Selling Organisation (CSO]. 

Some dealers predict that tight supply will equate with 
price increases. “Price increases usually restore industry 
confidence because it increases the value of diamond inven- 
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tories,” Grantham said, “but right now, there is not suffi- 
cient demand to justify an increase.” This is not new 
policy. The role of De Beers in controlling the market is well 
documented. This article examines the rough diamond 
market in greater detail, and explains De Beers’s efforts to 
keep supplies at cautious levels until the world economy 
improves. GAR 


“The most unkindest cut of all”—recutting the Koh-i-Nur. 
N. B. Israel, Journal of Gemmology, Vol. 23, No. 3, 
1992, p. 176. 


This one-page note is in response to a recent Letter to the 
Editor written by Alec Farn. The author briefly outlines 
the history of the recutting of the Koh-i-Nur (also spelled 
Koh-i-Noor}, and addresses the issue of its recut-versus- 
original weight. Confusion over its reduction in weight as 
a result of the recutting has arisen due to conversion factors 
between old English carats and metric carats, combined 
with the perpetuation of erroneous reports of the stone’s past 
weights. This note throws some light on the issue, but 
ends with an appeal to readers for more input. 

CMS 


Russia and CSO: Change but no change. Jewellery News 
Asia, No. 95, July 1992, pp. 154, 156, 158, 168. 


In July 1990, the Soviet administration for diamonds and pre- 
cious metals, Glavalmazzoloto, signed a US$5 billion sales 
contract with the CSO. With the formation of the new 
Russian Federation, however, Glavalmazzoloto ceased to 
exist, and a new organization, Rossalmazzoloto, took its 
place. In addition, payments for shipments were now to 
be directed to the Bank of the Russian Federation instead 
of the Central Bank of the Soviet Union. Through all of 
the changes, the two parties have attempted to conduct 
business as usual. According to CSO director Gary Ralfe, 
Rossalmazzoloto is managed by the same people who man- 
aged Glavalmazzoloto, and the agreement remains unaf- 
fected by the dissolution of the Soviet Union. 

Although recent developments in Russia suggest that 
this analysis is no longer current, the article does provide 
details on the July 1990 diamond sales agreement between 
Russia and the CSO, and includes a map that shows loca- 
tions of Russian recovery plants and cutting factories. 

JEM 


SIp: Slightly included or slightly outdated? R. Shor, Jewelers’ 
Circular-Keystone, Vol. 163, No. 8, August 1992, pp. 
88-89. 


The expansion of the SI clarity grade is a controversial, but 
important, issue facing the diamond industry today. The 
author tries to clarify the difficult situation facing the indus- 
try by quoting people at the Gemological Institute of 
America (GIA) and in the trade. 

The trade proposes that GIA expand their SI clarity 
grade scale because “the quantities of lower quality stones 
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appearing—especially those in larger sizes—has made it 
apparent the SI category is broader than the better clarity 
grades, the boundaries blurrier (especially on the lower side} 
and the lab graders less experienced in lesser qualities.” 
Some of the dealers who favor the SI3 (or low SIp) argue 
that there is often a 30% or greater price difference between 
“high Sly and low SI” stones when all else is equal—too 
much to be encompassed within the same grade. However, 
Bill Boyajian, president of GIA, points out that “adding an 
SIz grade would only give the same problem a new name.” 

KBS 


Venetia’s reserve/Shades of green—view from De Beers. 
Environmental supplement to Mining Journal, Vol. 
319, No. 8188, August 28, 1992, p. 10. 


These two short articles discuss how the diamond-mining 
industry is responding to the global environmental move- 
ment. One example is the newly opened Venetia mine, 
the first major diamond mine to be developed in South 
Africa in 25 years. 

As early as 1983, De Beers had ecological baseline 
studies performed on the property. To date, De Beers has 
spent some R17 million on impact assessment and amend- 
ment projects for the surrounding area. When De Beers ini- 
tially approved capital for the mine, it also approved R11 
million for the purchase of approximately 30,000 hectares 
of adjacent subeconomic overgrazed farmland to establish 
the Venetia Limpopo Nature Reserve and reintroduce for- 
merly indigenous species, such as wild dogs and elephants. 

In addition, the following measures are a direct result 
of the environmental impact studies conducted early in 
the development process: 

e Constant monitoring of the water supply will ensure 
little if any deterioration in water quality. Ultimately, up 
to 40% of the water used in the mining process will be 
recycled. 

¢ Waste dump sites have been constructed in such a 
way that they will not erode quickly, which will permit 
faster revegetation. 

e Buildings at the mine site are constructed along the 
natural contours of the area and are painted in colors that 
blend in with the surrounding landscape. 

¢ Electrical pylons in the area are specifically designed 
to prevent the electrocution of birds. 

¢ Baobab trees in the immediate area have been uproot- 
ed and replanted. 

According to De Beers, all new projects will be subject 
to similar environmental investigations. For the most part, 
diamond mining is relatively kind to the surrounding envi- 
ronment, and only water is used in what is essentially a 
crushing and washing process. The company feels that 
most environmental damage in diamond mining is creat- 
ed by small-scale miners performing illicit diamond min- 
ing in such countries as Sierra Leone, Guinea, and now 
Angola. However, even these scars are soon covered over by 
vegetation. JEC 
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GEM LOCALITIES 


Vietnamese ruby: A discriminatory problem for gemmol- 
ogists. G. Brown, Australian Gemmologist, Vol. 18, 
No. 2, 1992, pp. 43-46. 


The Luc Yen and Quy Chau ruby mines of Vietnam created 
quite a stir when first discovered in 1987 and 1990, respec- 
tively. Resembling Burmese ruby in both appearance and in 
internal characteristics, rubies from these Vietnamese 
sources became an appropriate commercial substitute for 
the rare Burmese stones, Origin authentication became 
increasingly difficult as stones from the new sources entered 
the market. Compounding the provenance question, some 
parcels of natural rubies were found to be “salted” with 
heat-treated Verneuil synthetic rubies. 

A table of gemological properties of Vietnamese rubies 
is listed, but use of a high-quality gemological microscope 
is recommended by the author for successful identifica- 
tion of origin and separation of natural from synthetic. 

The heat treatment of Verneuil synthetic ruby reduces 
the resolution of curved striae in the synthetic stone, 
although it does not eliminate gas bubbles already present. 
The persistent gemologist, by immersing the stone in liq- 
uid (toluene, bromoform, methylene iodide, etc.) under 
shadowed illumination, should be able to find some evi- 
dence of the elusive curved striae. The reader is advised to 
beware of thisleading pseudo-polysynthetic twinning and 
dark fractures in the synthetics, and to watch for some- 
what elongated internal cavities in the Vietnamese rubies 
that may simulate the “stretched” bubbles of the Verneuil 
synthetic. 

The question of provenance between Vietnamese and 
Burmese rubies is also difficult. Since the color and inclu- 
sions of the two tend to overlap, observation of a few key 
minerals that are sometimes present in Vietnamese ruby 
provides the only way to positively identify origin. Still to 
be established is the possibility that electron microprobe 
and/or X-ray fluorescence analysis might prove conclusive. 

JEC 


Wolodarsk-Wolynskii. Geologischer Aufbau und 
Mineralogie der Pegmatite in Wolynien, Ukraine 
(Volodarsk-Volynsky. Geological structure and min- 
eralogy of the pegmatites of Volynya, Ukraine). I. M. 
Koshil, I. S. Vasilishin, V. I. Pavlishin, and V. I. 
Panchenko, Lapis, Vol. 16, No. 10, 1991, pp. 24-40, 82. 


In recent times, beryl and topaz from Volodarsk, Ukraine, 
have become available in larger quantities than ever before. 
However, little has been written about this locality, and 
most of it is in Russian. In this article, Koshil et al. describe 
the geology of Volynya and the minerals found there. 
Gem minerals are found in granites and pegmatites 
associated with the Korosten pluton. On the basis of struc- 
ture and mineral content, several types of pegmatites can 
be distinguished. The “chamber pegmatite” (“Kammer- 
pegmatit”’) generally contains the widest range of minerals 
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(over 90 species are listed in the article). This type is also the 
main source of gem specimens (mostly beryl and topaz, 
but with some smoky quartz, amethyst, citrine, and 
phenakite}. 

Beryl occurs in opaque-to-transparent columnar crys- 
tals up to about 30 cm (12 in.} long. The crystals are pre- 
dominantly green to yellowish green, but golden yellow 
and blue stones are also found. Most crystals show etched 
faces, and stones corroded to completely irregular forms 
are not rare. Interestingly, the highly corrosive conditions 
for beryl seem to be favorable for the growth of topaz. 
Therefore, these minerals rarely occur together in the peg- 
matites. Topaz occurs in etched crystals, too, but for the 
most part the Volodarsk crystals are well formed and resem- 
ble topaz from Ilmen and Adun-Chilon. Crystals can reach 
considerable sizes (the largest stone on record weighed 117 
kg). The topaz occurs in various pale to intense hues (col- 
orless, blue, pink, red, yellow), some of which change with 
heat treatment or irradiation. 

The article, written in German, contains a geologic 
map, several cross-section sketches of typical pegmatites, 
and many beautiful color photographs of gem and miner- 
al specimens. Rolf Tatje 


INSTRUMENTS AND TECHNIQUES 


Application of geochemistry to exploration for gem deposits, 
Sri Lanka. C. B. Dissanayake and M. S. Rupasinghe, 
Journal of Gemmology, Vol. 23, No. 3, 1992, pp. 165-175. 


Exploration for sedimentary gem deposits in Sri Lanka uti- 
lizes geochemical analysis of stream sediments and heavy- 
mineral surveys. The principles of this process are outlined 
here, including fairly detailed discussions of the various 
elements involved, such as fluorine and rare-earth metals. 
The jeweler-gemologist will find the graph of density (spe- 
cific gravity) values particularly useful, as it includes a 
number of less common materials as well as many of the 
usual gems. The fairly extensive bibliography will be a wel- 
come resource for those who are interested in obtaining 
more information on this topic—one rarely addressed in 
the gemological literature. CMS 


H20 and all that! R. K. Mitchell, Journal of Gemmology, 
Vol. 23, No. 3, 1992, pp. 161-164. 


Most of this article consists of basic information about the 
various properties of water, including how its temperature 
affects its role in gemological testing as well as the forma- 
tion of various gem minerals. Of great interest to most 
gemologists, however, will be the procedure outlined for 
obtaining a relatively accurate determination of the spe- 
cific gravity of a mounted gemstone. Rather than try to 
paraphrase—and risk confusing—the process here, | rec- 
ommend that gemologists who ever have the need to test 
mounted goods take the time to read this brief note, includ- 
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ing the example provided. A table of specific-gravity values 
for various types and karats of gold is included. CMS 


Spéctrométrie et fluorescence X, des aides pour la déter- 
mination de types de gisement de saphirs (Spectro- 
metry and X-ray fluorescence as aids in the 
determination of types of sapphire deposits). J.-P. 
Poirot, Revue de Gemmologie A.F.G., No. 110, 1992, 
pp. 7-9. 


Poirot proposes criteria for the determination of locality 
of origin of blue sapphires based on U.V.—visible, near- 
infrared, and X-ray fluorescence spectroscopy. He states 
that a strong, broad band at 850 nm in the near infrared 
indicates volcanic origin, while absence of this band implies 
metamorphic origin. Another division, based on whether a 
given stone absorbs at 350 nm or continues to transmit 
down to 310 nm, further narrows possible localities of ori- 
gin. Sapphires of metamorphic origin (i.c., without a strong 
band at 850 nm) include those from Myanmar and Sri 
Lanka (transmitting to 310 nm) and those from Kashmir 
(absorbing at 350 nm). Sapphires of volcanic origin are found 
in Thailand and Cambodia (both transmitting to 310 nm], 
as well as in several other localities—Australia, East Africa, 
France, Madagascar, and Vietnam {absorbing at 350 nm). 
Heat treatment is associated with a lessening of iron-relat- 
ed peaks. 

Spectra for samples from all of the localities named 
are presented to support this theory. Unfortunately, they are 
poorly reproduced and some spectra for metamorphic sap- 
phires do not include the energy range needed to illustrate 
the absence of a peak at 850 nm. More clearly presented data 
from a larger number of stones of known locality are need- 
ed to support this interesting theory. 

Meredith E. Mercer 


JEWELRY MANUFACTURING ARTS 


Antiques: Japanese cloisonné, ultimate refinements in the 
art of enameling, A. Berman, Architectural Digest, 
May 1992, pp. 178-179, 181, 182, 204. 


Cloisonné, an ancient decorative art form once used exclu- 
sively by artists of the Japanese imperial court, experienced 
renewed interest in the late 19th and early 20th centuries. 
Credited with starting that resurgence is Kaji Tsunekichi 
{1802-1883}, who single-handedly reinvented the craft basi- 
cally by trial and error. Precious little knowledge about 
cloisonné (the process of applying enamel separated by thin 
wires to metal} had survived the ages. Tsunekichi perfect- 
ed the process by painstakingly studying surviving exam- 
ples of it, sometimes breaking a piece to better understand 
its inner workings. 

Artists throughout Japan opened workshops and even 
factories, and the reincarnation spread, attracting interna- 
tional attention. Not content with merely copying the old 
ways of cloisonné, some improved on it. For example, extra 
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layers of enamel were added to certain areas, thus produc- 
ing a bas-relief effect. Sculpting various thicknesses of wire 
and enamel, known as moriage cloisonné, stimulated fur- 
ther interpretation of the art with the use of transparent 
enamel. Plique-d-jour, a backless cnameling that imitates 
stained glass, used the cloisonné wire as a supporting frame 
to suspend the enamel. Namikawa Sosuke (1847-1910) 
went one step further: Using the creative technique of wire- 
less cloisonné, in which the wires are pulled out before fir- 
ing, he produced soft naturalistic scenes of flowers, birds, 
and landscapes. Today, multicolored enameling is recog- 
nized as a Japanese art form that thrived in the Meiji peri- 
od (1868-1912), and decorative pieces from that era demand 
top dollar. AGP 


Cadmium revisited. M. Plotnick, American Jewelry 
Manufacturer, Vol. 40, No. 3, March 1992, pp, 89-98. 


The use of cadmium in jewelry arts has come under fire 
from the U.S. Occupational Safety and Health Administra- 
tion (OSHA). Cadmium, which is used in such techniques 
as the soldering and casting of white metal alloys, has been 
linked with several health problems, such as restrictive 
lung disease, lung cancer, and kidney filtration problems. 
Consequently, OSHA is formulating new regulations for 
cadmium that are the most restrictive ever. They would like 
cadmium fumes reduced from current levels of 100 micro- 
grams per cubic meter of air, and cadmium dust from cur- 
rent levels of 200 micrograms per cubic meter of air, down 
to “either 1 or 5 micrograms per cubic meter of air... with 
no differentiation between fumes and dust.” OSHA also pro- 
poses that short-term exposure not exceed “either 5 or 25 
micrograms per cubic meter of air in a 15 minute period.” 

One company, Armbrust Chain Co., in Providence, 
Rhode Island, coats its chains with talcum powder to help 
prevent them from sticking together in the furnace. 
However, the cadmium-bearing solder then contaminates 
the talcum powder. When the talcum powder is removed 
from the jewelry, it must be safely discarded, a problem 
that still has not been resolved satisfactorily. 

At this time, there is no way to properly dispose of 
this metal outside of a landfill. “According to the 
Environmental Protection Agency regulations, if more than 
one part per million of cadmium is found by standard tox- 
icity metal testing procedures, it will not be acceptable for 
disposal in a sanitary landfill. Instead, it must be disposed 
of as a hazardous waste in a secured landfill, where it costs 
more than $200 to dispose of a 55-gallon drum containing 
talcum powder.” 

The author recommends precautions to take when 
soldering with cadmium-bearing materials, such as good 
ventilation, clean metals, and sufficient flux. It is also 
important to heat metals broadly and uniformly so that 
the possibility of producing dangerous fumes is lessened. The 
author further discusses the pros and cons of alternative 
metals, such as cadmium-free alloys and indium, that can 
be used in place of cadmium. KBS 
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Crystal-clear genius. D. Scarisbrick, Country Life, January 
2, 1992, pp. 48-50. 


This brief but informative article describes a recent exhib- 
it of jewelry by René Lalique at the Musée des Arts Decoratifs 
in Paris. Scarisbrick manages to condense Lalique’s back- 
ground, stylistic influences, use of unusual materials in 
jewelry, and descriptions of specific pieces into three pages. 
The exhibition displayed jewels and artwork from many 
sources, both public and private, including the Gulbenkian 
collection and the collection of the museum itself, to show 
Lalique’s evolution from traditional jeweler to undisputed 
leader of the Art Nouveau jewelry movement. 

Although much of what is covered will be familiar to 
those knowledgeable about Lalique, there are a few “new” 
pieces from private collections, such as a mermaid tiara of 
opal and patinated bronze, and a dog collar of rock crystal 
with gold cats and larch trees. Seven color photos augment 
the text. EBM 


The Islamic influence in European and American jewelry. 
J. Zapata, Antiques, Vol. 162, No. 3, 1992, pp. 360-368. 


Because cultural differences and distance kept the coun- 
tries of the East and the West separate, forms and motifs of 
ornamental design developed independently for centuries. 
Not until the late 19th century did the two cultures begin 
to interact. The 1851 Great Exhibition in London played an 
important role in influencing both jewelry design and crafts- 
manship. European artists, manufacturers, and the public 
were exposed to Islamic collections, primarily those from 
India. The characteristic patterns of flowing lines, vibrant 
fused colors, and combinations of different materials with- 
in a single Islamic piece soon made their way into the 
works of Western designers. 

The Western application of the Eastern-inspired flo- 
ral motif strongly contributed to jewelry design in the late 
1800s. Carlo Giuliano (1831-1895) and his son, Arthur 
{1864-1914}, drew heavily on Indian styles of colored gem- 
stones and enamel, but they reversed the emphasis for their 
London clientéle. In traditional European jewelry, gem- 
stones dominate the piece, whereas the Eastern manner is 
to use gemstones and pearls as enhancements. 

In Paris, Jacques Cartier (1884-1942) brought Islamic 
ornamental designs fully into the 20th century. Derived 
from the linear style of Islamic art and architecture, Cartier’s 
designs flourished in the Art Deco period. A frequent trav- 
eler to India, Cartier established an intimate association 
with Indian royalty and gemstone brokers. Marked by com- 
plexity of omament, his pieces—which often used Indian 
emeralds and other colored gems—were accented with 
elaborate enamel and gold work. As the Europeans gained 
recognition at international exhibitions, American manu- 
facturers were quick to pick up on the trend and produce 
their own collections. AGP 
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JEWELRY RETAILING 


Colour combinations strongest trend. C. Kremkow, 
Jewellery News Asia, No. 94, June 1992, pp. 62, 64. 


The jewelry industry has been enjoying an increased demand 
for designs that incorporate more color, thanks to the 
emphasis on color in women’s clothing. Colored stones 
are not just being used individually, but in complemen- 
tary and contrasting combinations to add interest and style. 
In addition to the variety that color combinations offer, 
consumers have also discovered up-to-date designs incor- 
porating the classic cabochon as well as the new bullet, 
tongue-shape, and strong geometric (square and triangu- 
lar} cuts. Designers are also using more uncut crystals, find- 
ing that natural surfaces contrast well with polished metals. 
Five color photographs illustrate the article. JEM 


FTC guides: Ready for action. Jewelers’ Circular-Keystone, 
Vol. 163, No. 8, August 1992, pp. 150-152. 


Proposals for changing the current “Federal Trade 
Commission Guides for the Jewelry Industry” finally have 
been made, and the industry is now being asked to comment 
on 34 key questions. The questions are laid out in this brief 
yet complete article, with an address to which participants 
can respond. The future guides, as currently proposed, 
would cover appraisers, graders, consultants, and sellers of 
jewelry products. They would, for the first time, cover pens, 
pencils, and optical frames that contain gold. The Jewelers’ 
Vigilance Committee believes in the usefulness of the 
guidelines and recommends that they be “read carefully 
by everyone in the industry.” This article provides a good 
start on leaming about the proposed changes, which include 
issues such as misleading modifiers of the term synthetic, 
disclosure of fracture fillings, and source of certificates. 
KBS 


Van Gogh meets Van Cleef. A. Gold, American Jewelry 
Manufacturer, Vol. 40, No. 7, July 1992, pp. 43-48. 


This informative article offers innovative ideas for mar- 
keting jewelry to museum gift stores—which provide a 
growing market for original, adaptive, and reproduction 
jewelry. 

The author attributes the growth of the museum gift 
store to greater pressure on museums to find optional 
sources of revenue, particularly in recessionary times. 
Sources indicate that jewelry sales may account for up to 
25% of a museum shop’s annual income, depending on 
store size and the scope of its collection. Handsome cata- 
logs and satellite stores help promote the store’s merchan- 
dise even further. 

Muscum-store sources include in-house workshops, 
local artists, manufacturers, and gift, jewelry, and craft 
shows. Some museums do everything in-house, whereas 
others develop their own designs and work with small 
manufacturers to produce exclusive pieces. However the 
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jewelry line is assembled, it should relate in some way to 
the museum’s collection. Reproductions should be as accu- 
rate as possible, and adaptations should retain a sense of the 
original piece. 

Generally, museum shops set fairly high production 
standards, and attention to detail is crucial. Ideally, the jew- 
elry should correlate in period with featured exhibitions. 

Most jewelry sales from museum stores fall into the 
moderate retail price range. Sterling and vermeil do par- 
ticularly well, since people tend to view these materials 
as “genuine,” but careful buying and merchandising can also 
provide good opportunities for karat-gold pieces with or 
without gemstones. JEC 


PRECIOUS METALS 


Gambling on gold. L. Malkin, Town & Country, Vol. 146, 
No. 5148, September 1992, pp. 56, 62, 64. 


The troubled economies of various countries have placed 
pressure on their currencies and lowered the value of their 
gold holdings. As inflation has discouraged investing, eco- 
nomic growth has evaporated and the gold market has slid 
to record lows. For three years, gold has held steady at 
US$350 an ounce. Malkin argues that gold is not likely to 
ever again reach its all-time high of $843 an ounce. Gold pro- 
duction has become an unprofitable business, what with ris- 
ing costs of mining, depleted sources, and disinterest in 
further exploration. Another significant factor is the uncer- 
tain political and economic future of the Russian and South 
African governments, who together hold 44% of the world’s 
gold supply. Investors advise that only 5% of a personal 
portfolio be invested in real gold purchases or gold stocks. 
The strongest recommendation is for gold funds, which 
yield interest mainly through holdings in stocks of recog- 
nized gold-mining companies. AGP 


MISCELLANEOUS 


House on a hill, C. McCarthy, Lapidary Journal, Vol. 46, No. 
85, August 1992, pp. 26-31. 


The Hillwood Museum, located in Washington, DC, is one 
of the largest holders of Russian art outside the former 
Soviet Union. Once the home of Marjorie Merriweather 
Post, heiress to the Post cereal fortune, it contains many 
objects that were purchased in the late 1930s when her 
husband, Joe Davies, was the U.S. ambassador to the Soviet 
Union. The author focuses on the gem and mineral col- 
lection. 

Discussed in depth is Fabergé, his artistic philosophy 
and style, and the types of material in which he worked. The 
museum’s Fabergé holdings include decorative gold and 
stone boxes, imperial Easter eggs, animal carvings, bell 
pushes, and seals. Displayed next to Fabergé’s works are 
more opulent versions from his contemporaries. 

The museum also contains chandeliers and cande- 
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labra with rock-crystal drops; objects made from malachite 
mined in the Ural Mountains; two 18th-century chests of 
carved walrus ivory; and Orthodox Christian icons and 
ecclesiastical objects decorated with enamels, bloodstone, 
chalcedony, nephrite, carnelian, and diamonds; among 
many other items. 

Those interested in touring Hillwood must make reser- 
vations in advance; a small fee is required. Seven color pho- 
tographs illustrate the article. RT 


Gemstone photography: Capturing the beauty. 
R, Weldon, Jewelers’ Circular-Keystone, Vol. 163, 
No. 9, September 1992, pp. 54-57. 


If you want to learn the basics of gemstone photography, 
read this article! Cameras, f-stops, lenses, bellows, differ- 
ent film types, and lighting are discussed in this first in a 
two-part series on gemstone photography. Color illustrations 
show how different conditions yield different results, and 
a helpful chart guides the neophyte gem photographer 
through the interplay of films and lighting. Mr. Weldon 
concludes by pointing out that gemstone photography is not 
an exact science, and requires experimentation for best 
results. KBS 


The mineral collection of John Ruskin in the Ruskin 
Gallery, Sheffield. J. Barnes, U.K. Journal of Mines 
@ Minerals, No. 11, 1992, pp. 26-29. 


Although John Ruskin (1819-1900) is not immediately 
remembered for his interest in mineralogy and geology, 
his name is strongly associated with the naturalist artistic 
movement of the late decades of the 19th century. In fact, 
Ruskin had an acute interest in mineralogy from his early 
childhood onward, which led him to retum repeatedly to the 
mineral collection of the British Museum and study it 
intensely. 

An ardent mineral collector in his adult years, Ruskin 
acquired rock and mineral specimens in the course of his 
travels, or purchased them from dealers. Eventually, he 
amassed a personal collection of over 3,000 specimens. 

While teaching as Slade Professor of Fine Arts at Oxford 
University, Ruskin became concerned with the lack of 
educational opportunities among working people and ulti- 
mately founded the Guild of St. George. In 1875, under the 
patronage of the guild, he established an educational muse- 
um in Sheffield, the St. George’s Museum, in which he 
placed much of his mineral collection. Ruskin also donat- 
ed collections of minerals to various institutions, and gave 
specimens of diamond and ruby to the British Museum. 

The present collection at the Ruskin Gallery in 
Sheffield contains approximately 2,000 mineral specimens, 
many of excellent quality. The pieces on display occupy two 
showcases. The collection features quartz-variety minerals, 
as well as Hungarian opals, Siberian blue topaz, Kongsberg 
silver, emerald crystals in matrix, and an interesting suite 
of fluorite. JEC 
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WHAT DID YOU SAY THE NAME WAS? 


lk this issue are letters to the editor regarding gemological nomenclature in general, 
and, in particular, the suggested use of heliolite for the transparent labradorite 
feldspar found to date only in Oregon. We applaud this type of dialogue. In gemology, 
the matter of nomenclature is never far from the center of any misunderstanding. 
Often the name chosen for a newly discovered gem material becomes the subject of 
serious disagreements between well-intentioned and competent gemologists. Even 
more often, the disagreements occur between marketer and gemologist. 


In the science of mineralogy, there is a widely accepted procedure for naming a new 
mineral. The name proposed is either accepted or rejected by a formally established 
nomenclature committee of the International Mineralogical Association. Names that 
have been assigned since those that came to us from antiquity are usually based on 
considerations such as: the desire to honor a scientist (e.g., kornerupine}; the chemistry 
of the new mineral (e.g., fluorite); the relationship of this mineral to others that are 
associated in some fashion, such as by structure or chemistry (e.g., phosphophyllite); 
the color or another obvious characteristic (e.g., azurite, axinite); or some geographic 
connotation (e.g., andalusite). 


Usually, no economic factor is involved in the choice of a name for a new mineral that 
does not have any gem potential. However, if a new species or variety has the beauty 
and durability that portends a probable gem use, the situation becomes much more 
complicated. Marketers who are given some measure of opportunity, either by control 
of the new source or by access to an important market segment, can assign a name of 
their choice without any established authority to prevent their action. The market 
seems to regulate itself, as we have seen in some unsuccessful efforts such as the 
attempted use of red emerald for the beautiful red beryl from Utah and pink emerald 
for morganite. Market-driven nomenclature, therefore, is not always a bad situation. 
We know that traditionalists on a scientist-dominated board with authority over 
names might well have opted for zoisite over tanzanite, for example, when Tiffany and 
Co. first introduced the term in the 1970s. We at Gems & Gemology have supported 
an author’s right to use a term that has a reasonable gemological basis and is not fraud- 
ulent or otherwise misleading. 


Attempting to establish the makeup of an all-powerful nomenclature board to serve 
the gemological community would require more diplomacy than the United Nations 
has ever mustered. In spite of a few disturbing examples, the system established by the 
world market may be better than one more bureaucracy. 


Richard T. Liddicoat 
Editor-in-Chief 
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MORE ON “MISNOMERS” 
IN GEMOLOGY 


While Dr. E. Gibelin [in his letter in the Fall 1992. issue 
of Gems & Gemology] was merely dismayed by the mis- 
nomers in American gemology, |—’a more delicate crea- 
ture”—have been shocked and horrified. As Mr. 
Liddicoat said in his reply, terminology in gemology is 
often driven by market forces. However, the duties of the 
science of gemology are to preserve knowledge and to 
resist merely becoming a shill. 

It was indeed within the rights of Tiffany to coin the 
term tanzanite for blue zoisite from Tanzania. Inasmuch 
as the campaign was successful, it became the duty of 
scientific gemology to duly record this definition and 
establish it as the name of a mutually exclusive category 
in the nomenclature scheme of gemstones. However, 
Mr. Liddicoat tells us that brown zoisite is currently 
“referred to as tanzanite by American and European jew- 
elers alike.” Since I question whether the general public 
accepts this concept, I would classify such an appellation 
as merely “jargon of the trade.” 

Now, it becomes the duty of scientific gemology to 
either ratify and promulgate this concept by changing the 
definition so that tanzanite means gem-quality zoisite (of 
any color?] from Tanzania, or to take a stand and say that 
some things are simply wrong—by definition. 

The trend in the latter decades of this century has 
been to give equal acceptance to all ideas. As a conse- 
quence, it appears that nothing can be judged to be right 
or wrong anymore. It’s just, “whatever works.” 
Fortunately, science doesn’t function that way. Unless 
gemology chooses to follow the dictates of good science, 
the future holds disaster. 

Mr. Liddicoat says he does not like “the proliferation 
of separate names for each color variety of a gem materi- 
al.” However, he feels one could make a good case for the 
name green tanzanite. This is confusing, If brown zoisite 
is called tanzanite and blue zoisite is also called tanzan- 
ite, but green zoisite is called green tanzanite, then I 
assume that the yet-to-be-discovered red zoisite would 
be called red tanzanite—unless, of course, it was found in 
some other country. Isn’t all this simply a proliferation of 
separate names for each color variety? 

From the commercial as well as the gemological 
point of view, I believe this proliferation is ideal. It has 
done wonders for quartz, beryl, and corundum. Emerald, 
aquamarine, and morganite are certainly more salable 
names than green beryl, blue beryl, and peach beryl. 
This also explains the trade’s desire to use the term tan- 
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zanite instead of the scientifically acceptable zoisite. 
However, tanzanite has already been defined, and sci- 
ence doesn’t allow for the continual redefinition of terms 
for commercial gain. 

The point I believe Dr. Gibelin is trying to make is 
simply that gemologists, as scientists, should use a little 
intelligence in choosing which names they accept or pro- 
mote. While Mr. Liddicoat says that Gems #) Gemology 
would relish the opportunity to be the arbiter of termi- 
nology in the gem world, he admits that it is not and 
uses that to justify the policy of allowing any author to 
create a new “trivial name.” 

The GIA has always prided itself on being a recog- 
nized leader in the field of gemology and is fully aware 
that, through Ge&G, it is indeed the de facto arbiter of 
gem terminology in the U.S. Now the world, through the 
pleas of Dr. Gtibelin, is asking the GIA to act responsi- 
bly. If GWG does not wish to become part of the solu- 
tion, then it must be prepared to be recognized as part (if 
not most} of the problem. 


W. Wm. HANNEMAN, Pu.D. 
Castro Valley, California 


ANOTHER PERSPECTIVE: 
HISTORY OF HELIOLITE 


With regard to the nomenclature controversy, I agree 
with Mr. Liddicoat that sunstone in gemological litera- 
ture is generally regarded as an aventurescent feldspar, 
and is not, as Dr. Giibelin suggests, restricted just to 
oligoclase. Although most aventurescent feldspars are of 
oligoclase composition, Bauer (1904), Goodchild {1908}, 
and Galvao (1899) clearly refer to orthoclase and oligo- 
clase sunstone [pedra de sol, literally “stone of the sun,” 
is the Portuguese term]). 

In modern sources, Webster’s Gems (e.g., 3rd ed., 
1975} creates some confusion in the nomenclature of this 
gem material with the statement: “The gem mineral of 
the oligoclase variety of feldspar is sunstone, or as it is 
sometimes known aventurine feldspar, .. .” This sup- 
ports Dr. Gubelin’s contention, but poses a further prob- 
lem by implying that all gem oligoclase is aventurescent. 
However, Webster goes on to note that some “sunstone” 
may be orthoclase or labradorite. Thus, Webster uses the 
term sunstone both in a restricted sense, and in the 
broader sense for any aventurescent feldspar. Shipley 
(1951) defines sunstone as an aventurescent feldspar, 
usually oligoclase. Liddicoat {1989) places sunstone in 
the albite-oligoclase group, restricting the term to 
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feldspars showing red-brown to orange spangles of 
hematite; where green spangles are present, he uses the 
term aventurine [feldspar]. 

From this, I would second the suggestion of Dr. Pough 
(1989) that sunstone be used only for an aventurescent 
variety of feldspar, but it should not be restricted to 
oligoclase, as this only would cause confusion due to 
past usage. Thus, for accuracy, when the term sunstone 
is used in gemological literature, it should be modified by 
the type of feldspar that exhibits aventurescence. The 
purist may wish to stick with aventurescent labradorite, 
or the like, which is clear and poses no problem. 

More important, in my opinion, is Dr. Pough’s intro- 
duction of a new meaning for the term heliolite, which is 
seconded by Dr. Giibelin, This term was “reintroduced” 
by Dr. Pough for the valid reason of providing a conve- 
nient name for the magnificent red and green labradorite 
now coming from Oregon. He suggests using the term for 
any plagioclase feldspar that is clear enough to facet and 
does not have aventurescence. Dr. Pough cites two early 
references where heliolite was used: Delemeth (1811} and 
Dana (1896), However, there are other, more recent, ref- 
erences in which heliolite has been used as a synonym 
for sunstone or aventurescent feldspar. (That sunstone 
and heliolite are synonymous should be no surprise: 
Heliolite-isea modified transliteration of the original 
Greek word, while sunstone is a translation of the sense 
of the Greek term.) 

The famous Russian mineralogist A. Ye. Fersman, in 
his 1921 work Description of Precious and Colored Stones 
of Russia, uses the Russian term for heliolite as synony- 
mous with aventurine feldspar. In Sofiano (1960}, a 
slightly different Russian spelling is given, but the trans- 
lation is heliolite. Galvao {1899) also provides a fine lexi- 
con of mineralogical names, whereby heliolite is equiva- 
lent to sunstone which is equivalent to aventurescent 
feldspar. Both Goodchild (1908) and Moraes Branco 
(1989) also use heliolite as synonymous with sunstone. 

These uses of heliolite were found with less than 
two hours of searching. No doubt there are more such 
references. It appears that heliolite continues to be used, 
if not widely, as an alternate term for aventurescent 
feldspar. Therefore, it seems inappropriate that the term 
now be adopted for a different type of gem feldspar. This 
new usage would only add to the confusion. 

I recommend that the gemological community 
reject the use of heliolite as proposed by Drs. Pough and 
Gubelin. Either a different term should be found or, as 
Mr. Liddicoat suggests, we should ask whether we really 
need another term. 


D. B. HOOVER, D.Sc., F.G.A. 
Arvada, Colorado 
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CONFUSION AT THE TOP? 
HELIOLITE VS. SUNSTONE 


“Tt is not really a mark of distinction for a geologist’s 
writing to be so obscure that a glossary is required for its 
comprehension.” —Jules Braunstein 


In response to Dr. Giibelin’s letter and Mr. Liddicoat’s 
reply in the Fall 1992 issue of Gems # Gemology, I hope 
the following will serve as clarification with respect to 
the nomenclature of Oregon feldspar. 

Dr. Giibelin’s main disagreement with the title of 
my Winter 1991 GweG article, “Sunstone Labradorite 
from the Ponderosa Mine, Oregon,” seems to be that 
sunstone as a descriptive term is synonymous with oligo- 
clase and, therefore, is misapplied to a labradorite. 
Instead, he recommends the use of heliolite, the term 
suggested by his contemporary, Dr. Pough, which is 
Greek for sunstone. 

At the risk of being obvious, I would like to remind 
all readers that gemstones are just minerals, albeit very 
pure minerals, or sometimes rocks composed of miner- 
als. Therefore, it seems reasonable that gemological 
nomenclature should conform to accepted mineralogical 
terminology and guidelines, when possible. The planet 
Earth’s governing body for mineral names is the Com- 
mission on New Minerals and Mineral Names of the 
International Mineralogical Association (IMA]. If a name 
gets their approval, then it is legitimate. If it does not, 
neither age nor acceptance by the gem community 
makes the name scientifically accurate. 

The most blatant deviation from mineralogical ter- 
minology occurs in gem variety names, most of which are 
not sanctioned by the IMA. If a gem-industry name does 
not conform to IMA standards, then it is probably being 
driven by market forces. This is neither an indictment 
nor a condemnation; after all, most of us in the gem busi- 
ness are capitalists. Just because we take some portion of 
a geographic name and slap a bit of Greek on its backside 
does not turn the result into SCIENCE. Why can’t we 
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METHODS FOR DETERMINING THE 
GOLD CONTENT OF JEWELRY METALS 


Verifying the gold content of karat-gold jew- 
elry is a problem for the entire industry. This 
study compares four widely available testing 
methods: density (measured by hydrostatic 
weighing), chemical reactivity (touchstone 
testing), capacitive decay (Tri-Electronics 
G-XL-18 Gold Tester), and X-ray fluorescence 
(Seiko Instruments SEA 2001 Jewelry Assay 
System). The latter three methods all proved 
useful within certain limitations; hydrostatic 
weighing was least suitable. None of these 
methods reliably determined gold content 
within the 3-ppt tolerance allowed by U.S 
plumb laws. 
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By Meredith E. Mercer 


n jewelry, the integrity of the metal is as important as the 

identity and integrity of the gemstones (figure 1). The mis- 
representation of gold content (“underkarating”) has been a 
source of concern at all levels of the industry for literally hun- 
dreds of years. For the protection of retailers and consumers 
alike, a testing method that can verify the gold content of fin- 
ished jewelry at point of sale is needed. Ideally, this method 
would be rapid, simple, reliable, inexpensive, nondestnuctive, 
and widely accepted by the jewelry industry. The study report- 
ed here was conducted to determine whether existing methods 
could meet these requirements. Four testing methods cur- 
rently used in the trade—density, chemical reactivity, capac- 
itive decay, and X-ray fluorescence—were applied to the same 
set of well-characterized reference standards and the results 
compared. 

Gold-testing methods such as fire assay, touchstone test- 
ing, and hydrostatic weighing have been used since antiquity. 
Tests for plated material include cutting, heating, and ringing 
(Oddy, 1983; Revere, 1990). Much work has been done on the 
development of analyses to detect very small quantities of 
gold for mining (Young, 1980). Methods of analytical chemistry 
(such as X-ray transmission, Compton scattering, neutron 
activation analysis, inelastic scattering, atomic absorption, 
and particle-induced X-ray emission] can be quite accurate. 
However, these methods usually call for complex and expen- 
sive equipment, as well as destructive sample preparation (de 
Jesus, 1985; Kahn et al., 1981; Demortier, 1984}. To the author's 
knowledge, no work evaluating techniques commonly used on 
jewelry metals in tests of carefully characterized karat gold 
alloys has been previously published. 


BACKGROUND 


Underkarating is the practice of knowingly or unknowingly 
misrepresenting the gold content of a finished piece to be 
higher than it actually is. A Jewelers Vigilance Committee 
(VC) study found that as much as 50%—70% of the untrade- 
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Figure 1. Karat weight is 
an important considera- 
tion in gold jewelry, for 
customer and retailer 
alike. There are also differ- 
ent alloy colors of gold. 
Ulustrated here, clockwise 
from the upper right, are a 
14k green gold bee-shaped 
pin set with pavé dia- 
monds; an 18k green gold 
pin set with diamonds and 
a black opal, a 14k yellow 
gold chain; a 14k ring of 
red, white, and yellow 
gold; and a 24k gold 
Chinese tael. The “bee” 
pin, chain, and ring are 
courtesy of The Gold 
Rush, Northridge, 
California; the opal-set pin 
is by Silverhorn, Santa 
Barbara, California. Photo 
© GIA and Tino Hammid. 


aut 
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marked jewelry they tested was underkarated (i.e., 
contained less gold than its karat mark stated; 
Tolhurst, 1986}. In contrast, JVC reported in the same 
article that they found no underkarating in a random 
sample of trademarked items that they checked. Court 
cases involving underkarating are currently pending 
in San Francisco and Honolulu (“Police beat,” 1989; 
Badham, 1990). The fact that there may be only slight 
differences in visual appearance between golds of 
greatly different karat grades underscores the diffi- 
culty of detecting underkarating in daily commerce 
(figure 2), 

United States law recognizes alloys containing 
at least 417 parts per thousand (ppt; 41.7% or 10k) 
gold as karat gold, and allows a tolerance of 3 ppt on 
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unsoldered items (see Box A for an explanation of the 
relationship between parts-per-thousand, percent, and 
karat designations}. A 7-ppt tolerance is allowed on 
items containing solder. Thus, a 14k (nominally, 583- 
ppt) gold item that has been made or repaired with sol- 
der may be as low as 576-ppt gold. Where a quality 
mark stating gold content appears, it must be accom- 
panied by a manufacturer’s trademark (Jewelers 
Vigilance Committee, 1987; Shor, 1988}. Although 
this trademark has been legally required since 1906, 
it is largely unenforced. 

The oldest institution charged with protecting 
the consumer from underkarating is the Worshipful 
Company of Goldsmiths in London. In 1300, King 
Edward I of England required that all gold and silver 
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Figure 2. Although these karat-gold pieces are sim- 
ilar in color and appearance, they are actually 10k, 
14k, and 18k (left to right). Gold courtesy of David 
H. Fell and Company, Inc., Los Angeles, 
California; photo by Maha Smith-DeMaggio. 


wares be tested and marked by the goldsmith’s guild, 
a precursor of the Worshipful Company (Johnson, 
1980). Later, wares had to be sent to the guild hall for 
testing and marking (the probable origin of the English 
word hallmark; Hare, 1985). 

Today, every item of gold, silver, or platinum sold 
in the United Kingdom must first be sent to one of four 
assay offices for hallmarking. Those that pass the 
assay are marked with four (or sometimes five) marks: 
(1) a maker’s or sponsor’s mark; (2) in certain cases, a 
symbol indicating the fineness of the item; (3) the 
fineness in parts per thousand; (4) the symbol of the 
office where testing was done; and (5) a letter in a par- 
ticular typeface that indicates the year of marking. 
Not only does this information protect consumers, 
but it is also very valuable to jewelry historians. Unlike 
U.S. law, British law allows no negative tolerance 
{e.g., an item that is 749-ppt gold cannot be marked 
18k, which is nominally 750 ppt; Assay Offices of 
Great Britain, 1988). 


BOX A: THE NOMENCLATURE 
OF GOLD CONTENT 


The gold content (also known as “fineness”) of karat 
gold is described in several ways: 


Percent (%} is simply the ratio of gold (by weight) to the 
total metal present, expressed as parts of 100. Thus, an 
alloy that is three parts gold and one part alloy metal is: 


3/(3+1) = 3/4 = 75/100 = 75% (by weight) 


Parts per thousand (ppt) is similar to percent, but com- 
pares the total metal (by weight] present to 1000, rather 
than 100, parts. This increases the expressed precision. 
Thus, an alloy containing seven parts fine gold and five 
parts alloy metal is: 


7/(7+5) = 7/12 = 0.583 = 583 ppt (by weight] 


This could also be expressed as 58.3%. Legal tolerances 
and requirements are usually expressed in ppt. 


Karat (k, also abbreviated kt} is perhaps the most wide- 
ly known measure of gold content—as well as the least 
straightforward to calculate and envision. It is also based 
on the ratio of fine gold to total metal present (by weight), 
but it divides the total metal present into 24 parts. Thus, 
each karat is 1/24 {by weight} of the whole (4.17%, or 41.7 
ppt}. The 583-ppt gold alloy (seven parts gold and five 
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parts alloy metal} discussed above can be described in 
karats as: 
7/(7+5) = 7/12 = 14/24 = 14k 

This measure of gold content is spelled “karat” in the 
United States to help avoid confusion with “carat,” the 
measure of weight commonly used for gemstones. In 
Great Britain and British Commonwealth countries, it is 
spelled “carat” for both applications. 


Table A-1 correlates these three measures of gold content. 


TABLE A-1. Comparison of expressions of gold content. 


Karat {k) Percent (wt. %) Parts per thousand (ppt) 

8 33.3 333 

9 37.5 375 
10 41.7 417 
12 50 500 
14 58.3 583 
18 75 150 
22 91.7 917 
24 100° 1000 


" Note: Most countries allow gold that is 99% (990 ppt) pure to be 
described as "24 karat," or “pure gold." 
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Figure 3. Ten karat-gold reference standards were 
used for this study (right to left): 8k yellow, 10k 
white, 10k yellow, 14k green, 14k red, 14k white, 
14k yellow, 18k yellow, 22k yellow, and 24k. 
Photo by Maha Smith-DeMaggio. 


International laws regarding karat standards vary 
widely. Seven European countries signed the 1972, 
“Tnternational Convention on the Control of Marking 
of Articles of Precious Metals,” which established 
standards.and authorized laboratories within member 
countries‘to apply a convention mark certifying gold 
content. This mark allows each member country to 
accept goods from other member countries without 
further verification. Today, hallmarking is compul- 
sory in France, Ireland, Portugal, Spain, Holland, and 
Great Britain (P.V.A. Johnson, pers. comm., 1992); 
some other European countries have voluntary hall- 
marking programs. The effect of European economic 
unification on hallmarking laws is still being worked 
out (Johnson, 1992). 


MATERIALS AND METHODS 


Four methods for testing the gold content of karat 
golds were selected for this study: density, touchstone 
testing, capacitive decay, and X-ray fluorescence spec- 
trometry. The criteria used in choosing these four 
methods were nondestructiveness, ease of operation, 
and, except for X-ray fluorescence, low cost and porta- 
bility. The same 10 reference standards were tested by 
each method, 

The reference standards in this study are karat 
golds commonly used in jewelry. They were custom 
cast, rolled, and given a brushed finish for GIA at Leach 
and Gamer Technology, North Attleboro, Massachu- 
setts, The standards range from 8k to 24k, and include 
yellow, white, red, and green golds (figure 3). 

The composition of each reference standard was 
determined at Leach and Garner by fire assay and 
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directly coupled plasma spectroscopy, and then con- 
firmed by fire assay and atomic-absorption spec- 
troscopy at Goldsmith’s Hall, London. The com- 
positions found are shown in table 1. 

Fire assay is one of the oldest methods known 
for testing gold content. The earliest written men- 
tion of the technique dates from 1380 B.C. (Walchli 
and Vuillemier, 1987). In fire assay, the metal is oxi- 
dized at high temperature (cupelled) to separate base 
metals from noble metals. Any silver present is then 
removed from the residual metal by dissolution in 
nitric acid. The weight of the remaining fine gold is 
compared to the weight of the original sample to 
establish the metal’s original gold content. 

In atomic-absorption (AA) spectroscopy, the sam- 
ple is dissolved in a liquid solution and then vaporized 
in a flame. The resulting gas absorbs light in propor- 
tion to its elemental composition, which can be mea- 
sured to produce a quantitative chemical analysis. 


TABLE 1. Compositions of karat-gold reference standards 
used for this study?. 


Composition (wt.%) 


Reference 
Sana ty Ag Cu zn Ni 
24k yellow 9999401 — 
(99.99) 
20k yellow 9155402 285405 510405 o50+02 — 
(91.63) (307) (490) (0.50) = 
18kyellow 7500402 675405 1535405 290405 — 
(75.08) (667) (1534) (2.92) = 
14kyellow 5850402 395405 3150405 605405 — 
(58.58) (374) (3189) (5.94) = 
14kwhite 5840402 — 270405 765405 1125405 
(58.39) = (0266) (795) (11.00) 
Mked 5840402 — 4080405 080403 — 
(58.42) — —(aog7) 0.76 = 
14k green 5840402 3220405 920405 020401 — 
6842) (3228) (817) (0.22 ae 
1Okyelow 4170402 580405 4400405 850+05 — 
(41.72) (562) (4421) (Bao - 
10kwhile 4160402 — 9345405 845405 16.50 
(41.63) — (8268) (8.80 (16.98) 
Bk yellow 3340402 690405 4995405 975405 — 
(33.40) (695) (4987) (978 i 


* Reference standards cast and analyzed (fire assay and DC plasma) by 
Leach and Gamer Technology, North Attleboro, MA; uncertainty in 
measured vatue (+) varies with alloy content and method of measure- 
ment. Values in parentheses are from the Worshipful Company of 
Goldsmiths Assay Office, London, Ul; analysis by fire assay and atom- 
ic absorption. 

°__ not detected. 
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For gold, silver, copper, tin, and cadmium, AA has 
very high sensitivity (approximately 1 atomic part 
per million [ppm—" parts per million atoms,” not to 
be confused with ppt]; Veillon and Skogerboe, 1987). 
The disadvantages of AA include the fact that it can 
analyze for only one element at a time, and the pos- 
sibility that error could be introduced when the sam- 
ple is diluted to the low concentration necessary 
(Willard et al., 1981, p. 141). 

Directly coupled plasma (DCP) spectroscopy, 
which is the technique used by the metallurgical lab- 
oratory that prepared the standards for this study, is 
similar to atomic absorption. As with AA, the sample 
is placed in a liquid solution, but it is then excited 
by high-temperature plasma—a gas ionized by high- 
ly concentrated electromagnetic energy—rather than 
by light. This excitation causes the emission of light 
{i.e., photons) with wavelengths that are characteris- 
tic of the sample's composition. The advantages of 
DCP are that it can analyze several elements at once 
and that it can handle solutions in high concentra- 
tions {up to 25%}, which increases the accuracy that 
can be obtained for jewelry metals. Like AA, it is sen- 
sitive to approximately 1 ppm for most metals com- 
monly found in jewelry. The primary disadvantage 
of DCP is its unsuitability to automated operation 
(Willard et al., 1981, p. 163}. A related method, induc- 
tively coupled plasma (ICP) spectroscopy, is also fre- 
quently used, with similar results. 

These three analytical methods, while more accu- 
rate and repeatable than the four methods examined 
in this study, are also much more complex and expen- 
sive. Therefore, they are not suitable for general use 
by most gemologists. 


TESTS AND RESULTS 


This study was conducted to examine the perfor- 
mance of each of the four testing methods on a set of 
well-characterized reference standards. Only the 10 ref- 
erence standards were tested. No metals other than 
karat gold, no plated items or finished jewelry, were 
examined. Other shapes and finishes would probably 
produce somewhat different results. 

Each method tested has unique advantages and 
limitations, and direct comparison between methods 
is difficult. The purpose of this work is not a com- 
petitive comparison of methods, but an individual 
evaluation of each. 


Density. Common alloying elements (such as nickel, 
copper, Zinc, and silver} have significantly lower den- 
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Figure 4. A Mettler balance with hydrostatic- 
weighing accessories was used to test the specific 
gravities of the karat-gold reference samples. Photo 
by Maha Smith-DeMaggio. 


sities than gold. Density is often expressed as specif- 
ic gravity (S.G.], a numerical comparison of the density 
of a substance to that of water. Hydrostatic weighing 
works on the principle that density can be measured 
by the buoyant force acting on an object immersed in 
a fluid. 

According to legend, the ancient Greek scientist 
Archimedes (c. 287-212 B.C.) discovered this princi- 
ple in response to a gold-testing problem (van den 
Waerden and Heath, 1983). King Heiron II of Syracuse 
asked Archimedes if there was a way to determine, 
without damaging the item, whether his new crown 
was made of the fine gold he had specified or of the 
adulterated alloy he suspected had been used. 

Archimedes puzzled over the problem one day 
while visiting the public baths. Stepping into a tub, he 
watched water run out over the top—and realized 
that an immersed object displaces fluid in a way depen- 
dent only on its volume, and irrespective of its weight. 
Thus, he could find the volume of the crown by 
immersing it in a vessel filled completely with water, 
measuring the overflow, and comparing the volume 
of the overflow to the volume of an amount of pure 
gold that weighed precisely the same as the crown. If 
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the crown were pure gold, the two volumes would 
be the same; but if the crown were gold alloyed with 
a lighter metal, such as silver or copper, the same 
weight of alloy must have a greater volume than pure 
gold. Because gold is denser, that is, has a higher spe- 
cific gravity, it displaces less water than an equal 
weight of silver or copper. 

This idea struck Archimedes so strongly that he 
leaped up and, forgetting his clothing, ran home 
through the streets shouting “Eureka, Eureka!” (“I 
have found it!”}. 


Method. The reader is referred to any of a number of 
books on gemological testing for description of the 
technique of hydrostatic weighing (e.g., Webster, 1983; 
Liddicoat, 1990) and to Sinkankas (1986) for an in- 
depth historical review of the use of this technique in 
gemology. Weighings for this study were performed on 
the equipment shown in figure 4. 

Each standard was weighed in air and water four 
times (except the 14k green and 8k yellow samples, 
which were weighed only three times each}. Densities 
were calculated according to the following equation: 


density = (weight in air]/(weight in air — weight in water] 


The means and ranges for the densities deter- 
mined for each standard are shown in figure 5. In addi- 
tion, density was calculated for each reference standard 
according to its known composition {as determined by 
fire assay, DCP, and AA spectroscopy} and is shown 
for comparison in figure 5. Calculated density is based 
on the measured concentration of each element in 
an alloy, multiplied by the known density of that 
element. 


Results. As figure 5 shows, most of the mean measured 
data do not match the calculated densities (dashed 
lines). In eight of 10 cases, the hydrostatic results indi- 
cate less gold than is actually present. The 3-ppt tol- 
erance allowed by U.S. plumb law is too small to 
show on this chart. For example, the 6-ppt (+3ppt} 
plumb range for the 14k yellow sample corresponds to 
a density range from 14.96 g/cm? to 14.88 g/cm’. In 
contrast, the mean measured value is 13.0 g/cm’. 


Evaluation. Although theoretically straightforward, 
hydrostatic weighing presents practical difficulties. 
The balance pan must be weighed first, and its weight 
subtracted from the final water weight. Air bubbles 
clinging to the test piece will falsely decrease weight, 
while any water droplets on the wires holding the 
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weighing tray will falsely increase weight. The accu- 
racy of the density method could be improved by 
making a greater number of measurements per sam- 
ple, but the time required to do so would make this 
method impractical for most jewelry applications. 
Moreover, only objects without stones can be tested. 
This method also cannot detect gold-plated items 
filled with a metal (such as lead} that has a density sim- 
ilar to that of gold. 


Figure 5. Densities determined by hydrostatic 
weighing are compared to densities calculated 
from the analytically measured contents of the 10 
reference standards. The mean result of four 
weighings is shown for each sample. Y, W, R, G 
indicate yellow, white, red, and green golds, 
respectively, Note that the densities calculated 
apply only to the karat-gold samples used for this 
study; different karat golds of the same color and 
gold content may have different densities. 


Calculated value 
(i) «Measured value 
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Chemical Reactivity. The property that sets gold apart 
from most other metals is its relative inertness to 
chemical reaction, which makes it highly resistant 
to corrosion. This property can be used to test jewel- 
ry metals, because the gold in the alloy will react 
much more slowly when exposed to acid than will the 
other metals. In addition, the more alloying metal 
present in proportion to gold, the greater will be the 
magnitude of the reaction to the acid. This type of 
testing is commonly known as “touchstone testing.” 

Corrosion is a property that occurs only in met- 
als. Thus, to understand why and how corrosion 
occurs, one must first understand that metals as a 
group are unique among chemical elements. Their 
electrons are not rigidly bound in place, but are free to 
move about. In addition, electrons in different ele- 
ments have different intrinsic energy levels, like dif- 
ferent natural bodies of water at different altitudes. For 
example, when two different metals are placed in 
electrical contact, electrons flow from the metal with 
the higher energy level (c.g., copper) to the one with 
the lower energy level (e.g., gold}, as water flows down- 
hill. The removal of negatively charged electrons must 
be balanced by the removal of positively charged ions 
{atoms missing one or more electrons} from the same 


Figure 6. The following tools are needed to deter- 
mine chemical reactivity by means of touchstone 
testing on an item believed to be 14k gold (clock- 
wise from upper left): touch needles, 14K acid (43% 
nitric acid), 14k touch needle, and a basalt touch- 
stone. Note the streaks with acid next to the test 
piece on the touchstone. Photo by Maha Smith- 
DeMaggio. 
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piece of metal. The changes in color and texture of 
metals that we commonly associate with corrosion 
result from this loss of material. (It is this flow of 
electrons that also produces current in simple batter- 
ies, and it is this eventual depletion of material that 
causes batteries to “go dead”). The higher the energy 
level of a given metal, the more it will react in this 
way. Thus, we may judge these energy levels by 
observing chemical reactivity. 

Touchstone testing for gold content, which 
exploits this chemical reactivity in metals, is the ori- 
gin of the phrase acid test. Touchstone testing is done 
by visually comparing the reactions of a test metal 
and the reactions of metals of known gold content to 
the same acids simultaneously. References to the 
comparison of uncorroded metal streaks can be found 
as early as 600 B.C. (Walchli and Vuillemier, 1985). The 
use of acid to measure the chemical reactivity of the 
streaks dates to the 14th century. The acid reacts with 
the atoms of other metals (such as silver, copper, or 
zinc) in a gold alloy by creating the flow of electrons and 
ions described above between microscopic regions rich- 
er in these other metals and regions richer in gold. The 
resulting corrosion can be observed as a discoloration. 


Method. In touchstone testing, the test piece is drawn 
carefully across the surface of a fine-grained black 
“touchstone” (commonly, a piece of basalt, figure 6), 
producing a streak on the stone, The streak is brack- 
eted by streaks from “touch needles”—strips of karat 
gold of known gold content. A drop of acid is drawn 
across all the streaks, and their subsequent reaction is 
carefully watched. A judgment is then made as to 
which touch-needle reaction most closely matches 
that of the test piece. The test is repeated, with dif- 
ferent acids or touch needles, as necessary. Nitric 
acid, hydrochloric acid, and aqua regia are the most 
commonly used acids. It is reported that accuracy to 
at least 10-20 ppt, and (with experience} as close as 5 
ppt, can be made with this method, given the avail- 
ability of touch needles that are graduated to this 
degree of fineness (Walchli and Vuillemier, 1985). 
Tests were performed by the author on the stone 
shown in figure 6 with 9k, 14k, 18k, and 22k yellow- 
and red-gold touch needles manufactured by Bergeon 
(No. 6675-9). The acids were mixed according to the 
formulations used at Goldsmith’s Hall. They includ- 
ed 9k (24% aqueous HNQOs], 14k (43% aqueous 
HNO3}, 18k (43% aqueous HNO; with 0.06% NaCl), 
and 22k (43% aqueous HNO3 with 1% NaCl). Note 
that these acids, while used in very small amounts, are 
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hazardous materials that must be handled properly. 

Each sample was tested four times by drawing it 
across the stone to create an even, consistent metal 
streak. On one side, a similar streak was drawn from 
a touch needle of possibly equal or lower karat weight. 
(An educated guess is the best estimate initially.) On 
the other side, a streak was drawn from the next-high- 
er-karat touch needle. A drop of the acid estimated to 
match the sample karatage was placed on the touch- 
stone near the streaks. From this drop, a thin, even line 
of acid was pulled (with the acid dropper) across the 
sample and touch-needle streaks. At least two com- 
parison touch-needle streaks and two different acid 
reactions were used to test each sample. 

Reactions were observed as they took place, and 
the appearance of the various streaks was noted after 
the acid had been soaked up with filter paper, in com- 
bined fluorescent/incandescent lighting. Between 
tests, as needed, the touchstone was cleaned with 
600-grit silicon carbide sandpaper lubricated with 
olive oil. 

Goldsmith’s Hall also tested all but the 18k sam- 
ple (which was not available at the time}. Four differ- 
ent operators performed one test each on the nine 
other samples, using acids mixed to the same formu- 
las described above. 


Results. The results of the author's tests and those 
done at Goldsmith’s Hall are shown in figure 7. All of 
the data from tests performed at GIA lie within a sta- 
tistically acceptable range of the known values, as do 
most of the results from Goldsmith’s Hall. The excep- 
tions are the data for the 10k yellow and 10k white 
samples obtained by Goldsmith’s Hall. The 14k red 
samples and white samples showed a wide range of 
values, as did the 18k, 22k, and 24k {yellow} samples. 
As was the case with hydrostatic weighing, all of the 
ranges are outside the 3-ppt tolerance specified by 
USS. plumb law. 


Evaluation. Tests performed by a trained but inexpe- 
rienced technician (the author} tended to be closer to 
assayed values than those obtained by highly skilled 
and experienced workers at Goldsmith’s Hall. This 
is probably due to the difficulty of creating a truly 
blind test for the author, and indicates one bias inher- 
ent in this kind of testing. Especially notable are results 
for the two 10k alloys, which were almost unani- 
mously reported as 9k in the Goldsmith’s Hall trials. 
Ten-karat gold is almost unknown in Britain, where the 
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Figure 7. Gold content was measured by touch- 
stone testing at GIA and at the London Assay 
Office of Goldsmith’s Hall. The mean and range of 
four tests for each sample are shown (the 18k sam- 
ple was not available for testing at the Assay 
Office). The horizontal gray bars indicate the 6-ppt 
(£3 ppt) range allowed by U.S. plumb laws. 


most common karat gold is 9k (which, as noted earli- 
er, is not legally defined as karat gold in the U.S.). 
Because touchstone results depend heavily on the 
skill, experience, and bias of the observer, they tend 
to be subjective. Also, some precision is lost with 
high-karat golds because of the increasing similarity 
of the reactions. Again, note that the acids are haz- 
ardous materials that must be used with caution. 
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Figure 8, The components of the G-XL-18 Gold 
Tester, used for capacitive decay testing, include 
(from left to right): the G-XL-18 tester unit, an elec- 
trical hook-up with test piece and electrolyte gel, 
and a gel dispenser/probe wand. For this test, the 
operator positions the test piece in the clip and 
applies a drop of gel. With the probe touching the 
gel, the operator then presses the button that corre- 
sponds to the color of the test piece. The results are 
displayed on the tester unit. Photo by Maha 
Smith-DeMaggio. 


Even so, measurement of chemical reactivity by the 
touchstone test can be relatively reliable if the oper- 
ator is sufficiently skilled and free of bias. 

An important advantage of this method is that 
it can be used to test jewelry of almost any shape, 
size, and finish, including stone-set pieces. In addi- 
tion, plating can be detected by skillful observation of 
the inhomogeneous reaction pattern that occurs with- 
in the metal streak. 


Capacitive Decay. This method was invented by 
Leonid Radomyshelsky, a Jewish emigré from the 
Soviet Union who had been trained as an electrical 
engineer, After Mr. Radomyshelsky opened a jewelry 
store in the U.S., he became concerned about verify- 
ing the gold content of the jewelry he sold. Using his 
engineering expertise, he devised an electronic method 
to measure the “nobility” of metals. 


Method. The G-XL-18 Gold Tester (figure 8}, made 
by Tri-Electronics Corp. of San Diego, California, 
operates by measuring the capacitive decay rate of 
the test piece. When a test piece is placed in electri- 
cal contact with the platinum cathode, the tester 
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builds up a type of electrical charge known as “capac- 
itance” between an electrolyte gel and the cathode. 
This capacitance decays at a measurable rate that 
varies with the gold content of the test piece. The G- 
XL-18 tester measures the decay rate, compares it to 
an internal computer file, and displays the karatage 
that matches the measured decay rate most closely. 

Two sets of tests were run on the Gold Tester, 
both on the same instrument. For the first set, per- 
formed by the author, nine trials were run on each 
sample. For the second set, performed by Mr. 
Radomyshelsky himself, five to seven trials (the num- 
ber he recommends for this instrument) were run on 
each test piece. 

Because the G-XL-18 is designed to test gold only 
in the range of 10k to 18k, we did not include results 
for samples over 18k. However, we did include the 8k 
sample, because 8k or 9k gold may be encountered 
both in underkarated 10k goods and in 8k or 9k goods 
that are legal in various parts of the world. It was 
understood, however, that while the tester is capable 
of operating outside its design range, the accuracy of 
the results might suffer. 


Results. The data are presented in chart form in figure 
9 (for statistical consistency, only seven of the GIA tri- 
als are represented}. As might be expected, the means 
for the 8k sample are off by more than 1k, with a con- 
siderable range. Also interesting are the results for 
the 14k yellow gold, which consistently produced a 
12k read-out in the GIA trials. Although all of the 
results fall within 2k of known values, this is still 
well outside the 3-ppt tolerance allowed by U.S. law. 


Evaluation. The inaccuracy encountered with the 
14k yellow sample was traced to a higher copper con- 
tent in the test piece than in the yellow gold used to 
calibrate the instrument. When the 14k yellow sam- 
ple was retested as a red gold, the mean of four tests 
came to 13.6k, with very little variability. This illus- 
trates the risk inherent in directly comparing the 
chemistry of one karat-gold piece to another that, 
although of the same gold content, may have a very 
different alloy composition. The poor results for the 
8k sample simply confirm the manufacturer's stated 
limitations of the instrument. 

One disadvantage of the G-XL-18 is that the pres- 
ence of plating can only be detected by testing a small 
area from which the plating has been removed. Also, 
the curved surfaces of most chains, prong settings, 
and other small, highly curved items will interfere 
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Figure 9. Capacitive decay testing was performed 
by GIA and Tri-Electronics using the G-XL-18 
Gold Tester. The means and ranges of five to seven 
tests by Tri-Electronics, and seven tests by GIA, 
are presented in comparison to the 6-ppt (t3ppt) 
range allowed by U.S. plumb law. Although tests 
were not conducted on samples above the 
G-XL-18’s 10k-to-18k design range, the 8k sample 
was included to show how the tester responded to 
a piece that was below the U.S. legal limit for 
karat gold. 


with the capacitive-decay reaction. Tri-Electronics 
does not recommend the G-XL-18 for testing such 
items. An advantage of this method is that it can be 
used to test jewelry of most other shapes and most fin- 
ishes, as well as stone-set pieces. 


X-ray Fluorescence. In 1913, it was discovered that 
exposure to high-energy radiation can cause atoms 
to emit X-rays that are characteristic of the source 
element’s atomic number, In 1951, X-ray intensity 
was correlated to the quantitative chemical compo- 
sition of the sample. Development in the late 1960s 
of the lithium-drifted silicon X-ray detector and sophis- 
ticated computer systems paved the way for rapid 
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and relatively accurate quantitative analyses by this 
method (Goldstein et al., 1981). 


Method. When an X-ray strikes an atom, it may cause 
the atom to emit a secondary X-ray that has an ener- 
gy unique to the element from which it is emitted. 
These secondary X-rays can be collected and analyzed 
for information on sample composition. This is called 
X-ray fluorescence (XRF) analysis, because atoms in the 
sample respond to the original, incoming X-rays by flu- 
orescing (emitting) characteristic secondary X-rays. 

Tests were performed by the author at Seiko 
Instruments, Torrance, California, on their SEA 2001 
Jewelry Assay System, an XRF system with sophisti- 
cated software developed specifically for testing karat 
gold (see figure 10). One test was min for each reference 
sample, with the instrument first calibrated to com- 
parable standards when available. Standards were not 
available for the 24k and 22k yellow, and 14k green, 
test pieces. 

Technicians at Goldsmith’s Hall performed a sec- 
ond set of tests {one for each sample, except the 18k 
yellow) using the same-model instrument, also cali- 
brated to comparable standards. 


Figure 10. The SEA 2001 Jewelry Assay System for 
X-ray fluorescence analysis was the most sophisti- 
cated method used in this study. The components 
of this unit are (clockwise from top right): the lig- 
wid-nitrogen reservoir that contains the X-ray 
detector, the sample chamber (on top of the con- 
sole), a computer, and a monitor (here displaying a 
typical spectrum). Photo courtesy of Seiko 
Instruments Corp. 
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Results. Figure 11 shows that 80% of the results from 
tests performed by the author with the Seiko instru- 
ment were within 3 ppt of assayed values. The fact that 
the 24k sample was 11 ppt below, and the 14k green 
15 ppt below, their assayed values reflects the lack 
of calibration standards noted above. The testing at 
Goldsmith’s Hall produced results that fell outside 3 
ppt for the 14k green (14 ppt below}, the 14k white (5 
ppt above), and the 8k yellow (4 ppt below) samples. 


Evaluation. The results of XRF analysis are promising, 
but several caveats must be made. Secondary X-rays 
travel only very short distances through metal. 
Therefore, the X-rays available for XRF analysis come 
from only the first few microns (millionths of a meter] 
below the sample surface. Thus, only a very small 
area is tested, which would not represent the bulk of 
a sample that was plated or otherwise internally inho- 
mogeneous. This surface sensitivity also causes a 
strong dependence on shape and finish. Results for 
convex surfaces, unusual finishes, or relief work are 
generally unreliable. 

Moreover, the XRF system must be calibrated to 
an alloy of similar composition for reliable and accu- 
rate quantitative results to be obtained. Seiko 
Instruments calibrated their tester with standards 
very similar to the reference standards used in this 
study. Both alloy sets were obtained from the same 
supplier. These results, therefore, may not represent 
practical testing of a variety of alloys from different 
suppliers. The greater variation in the data from the 
Goldsmith’s Hall tests supports this concern. 

The greatest disadvantage of XRF for most in the 
jewelry industry is that the system is considerably 
more expensive than the other methods described 
here, and it requires substantial technical skill both to 
operate the equipment and to interpret the results. 

Despite these limitations, X-ray fluorescence test- 
ing can be relatively accurate if the test piece is flat and 
homogeneous, and the instrument is properly cali- 
brated to a standard of similar shape, finish, and com- 
position. 


CONCLUSIONS 

From this limited examination of 10 standard reference 
materials of normal gold-alloy composition ranging 
from 8k to 24k, the following preliminary conclu- 
sions can be drawn: 


1. Hydrostatic weighing appears to be unsuitable for 
karatage determinations, as results are likely to be 
unreliable. 
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Figure 11. X-ray fluorescence testing was conduct- 
ed independently by both GIA and the London 
Assay Office of Goldsmith's Hall. One test of each 
sample was made (the 18k sample was not avail- 
able for Assay Office testing). Several, but not all, 
of the results lie within the gray bar that marks the 
6-ppt (+ 3ppt) range allowed by U.S. plumb law. 


2. Measurement of chemical reactivity by the touch- 
stone test can be reasonably accurate if the opera- 
tor is sufficiently skilled and free of bias. Plating can 
be detected by a skilled and observant operator, 
and the test is useful on jewelry of most shapes 
and finishes, as well as on stone-set pieces. 


3. Instruments that use the principle of capacitive 
energy decay give results accurate to 2k in the 
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range below 18k and above 8k. This method can be 
used on pieces of many shapes and sizes, and on 
stone-set pieces, but not on some chains, prong 
settings, and other small, highly curved items. 
Plating may not be detected. 


4, X-ray fluorescence testing can be accurate to with- 
in 15 ppt of gold content if the test piece is flat 
and homogeneous, and the instrument is calibrat- 
ed to an alloy of similar composition. 


None of the test methods examined here will 
solve the underkarating problem. In fact, none gave 
reliable readings that fell completely within the +3-ppt 
plumb range allowed by U.S. law. However, some of 
these methods may be of limited use in the retail set- 
ting to identify larger discrepancies in gold content. 

Most of the errors found in this study were in the 
form of erroneously low values. Although these would 
not result in underkarating if they were used by man- 
ufacturers and sellers to create and mark their jewel- 
ry, buyers might be mistakenly led to believe an item 


“ 


had been underkarated. Moreover, some values were 
high, which could lead to unintentional underkarat- 
ing. Regardless, it is risky to rely on a testing method 
that produces large errors in any direction. 

A great deal more research is needed, both on the 
evaluation of sophisticated instrumentation that may 
be able to make the close determinations required by 
plumb laws, and on the development of methods that 
are more useful for the retail jeweler. An important 
limitation of this study is that it does not address 
actual jewelry in all of its shapes, finishes, and alloy 
combinations. In addition, no plated metals were test- 
ed. Note, however, that a rhodium flash on white 
gold would not be expected to substantially affect the 
accuracy of any of these methods, with the possible 
exception of X-ray fluorescence. 

Underkarating is a problem that has existed 
throughout the history of “precious” metals. It will 
continue to be a problem until and unless an inex- 
pensive, accurate, reliable, and easily operable test- 
ing method is developed. 
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DIAMOND SOURCES AND PRODUCTION: 
PAST, PRESENT, AND FUTURE 


By Alfred A. Levinson, John J. Gurney, and Melissa B. Kirkley 


Africa was the major source of diamonds for. 


most of the 20th century, but Australia and 
Sakha (of the Russian Federation) now pro- 
duce about half of the world’s supply. Also, 
most of the production today comes from 
primary sources (kimberlites and lamproite), 
whereas secondary (alluvial) sources domi- 
nated as recently as the early 1970s. 
Although the annual production of rough 
more than doubied in the 1980s, the produc- 
tion of rough yielding good-quality polished 


gems has not increased appreciably. The eco- 


nomic potential of a kimberlite or lamproite 
occurrence depends on the tonnage and 
grade of the ore, as well as on the quality of 
the diamonds it contains. The authors pre- 
dict that the early 21st century will see the 
Russian Federation as an even more impor- 
tant source of diamonds and Canada as a 
major producer. 
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| sit has over the last 100 years, the demand for fine-qual- 

ity diamonds will inevitably increase in the long term. 
Today, as markets in Europe, the United States, and Japan 
mature, the industry can look toward the prospect of new 
markets in emerging nations in Eastern Europe and Asia 
(Rothschild, 1992}. Yet the remaining life expectancy of a 
number of important primary producers is thought to be less 
than 25 years (e.g., Mir in Sakha/Yakutia, of the Russian 
Federation; Koffiefontein and the three mines still operating in 
Kimberley, South Africa; the Mwadui mine in Tanzania], and 
the significant secondary alluvial deposits on shore in South 
Africa and Namibia approach depletion. Thus, to ensure an ade- 
quate supply of fine-quality diamonds from the mine to the 
marketplace (figure 1}, it is necessary to locate new diamond 
deposits as older ones become exhausted. 

This article addresses future diamond sources by first 
reviewing past and present localities, and examining produc- 
tion figures and trends. Next, we summarize the geologic con- 
straints on the occurrence of diamonds and the various 
economic factors that must be considered in determining 
whether a newly discovered pipe could become a viable mine. 
On the basis of these critical factors, we predict what the 
major sources of diamonds are likely to be well into the next 
century, including the Russian Federation, Canada, and pos- 
sibly even Antarctica. 


DIAMOND PRODUCTION: 
PAST AND PRESENT 


A review of historic diamond sources shows that whereas 
there were only two significant localities before the first South 
African discoveries in 1867, about 20 additional producing 
countries have been identified since then (table 1). The impact 
on world production of these additional sources is phenome- 
nal: from only about 300,000 ct in 1870 to 3,000,000 ct in 
1920, to 42,000,000 ct in 1970, and over 100,000,000 ct in 
1990 (figure 2). If the impact of unreported, illicit mining is fac- 
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Figure 1. Although produc- 
tion of rough diamonds is 
at its highest level ever, 
the deposits at many 
major localities will be 
depleted within the next 
few decades. In addition, 
good-quality gems repre- 
sent a very small portion 
of the diamonds mined at 
most of the new localities. 
Thus, there is a continuing 
need to identify and evalu- 
ate potential deposits to 
maintain the production 
of fine “colorless” and col- 
ored diamonds such as 
those shown here. Photo 
courtesy of Christie’s New 
York; © Tino Hammid. 


tored in, figures since 1940 could actually be as much 
as 20% higher for some countries in Africa and South 
America (G. T. Austin, pers. comm., 1992).* Johnson 
et al. (1989) estimate that the production of diamonds 
in the year 2000 will be about 113,000,000 ct. 

Of particular interest for the purposes of this arti- 
cle is the fact that as recently as 1960 more than 80% 


*For more on illicit diamond mining, see Green (1981), 
Greenhalgh (1985), Miller (1987), and Johnson et al. (1989). In the 
cases of China and Russia {now the Russian Federation), precise 
production data have not been released because diamonds are 
considered strategic commodities (Miller, 1987), so the U.S. 
Bureau of Mines figures for these countries are only estimates. It 
is also recognized that other tabulations may vary, sometimes 
considerably, from those in table 1, 
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of diamonds by weight were from secondary alluvial 
deposits; by 1990, only about 25% were secondary. 
This is another trend that is expected to continue 
with improvernents in the technology used to identify 
and mine new primary deposits. 


Total Diamond Production (Antiquity-1990). By 
combining all the production of all the diamond- 
producing countries listed in table 1, we estimated 
that the total production of diamonds, both gem 
and industrial, from antiquity through 1990 is 
2,213,875,000 ct (table 2), which is conservatively 
rounded up (in recognition of the unreported illicit 
production) to 2,250,000,000 ct. This is the equiva- 
lent of 450 metric tons (mt; 1 mt = 1.1 U.S. ton). 
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TABLE 1. Estimated world rough diamond production in carats, by country, for the first year in each decade, 1870-1990°, 
plus other historical data (year diamonds discovered, year significant production began, production from secondary deposits). 


Year Year % of total 
diamonds significant ~—_ production 
Country discovered’ production from 1870 1880 1890 1900 1910 1920 1930 1940 
(older names in parentheses) began® secondary 
deposits’ 
INDIA Antiquity Antiquity 100 2,000 nt nr nr 147 nt ne nt 
BRAZIL 1725 1730 100 200,000 nt nr nr nr nt 115,000 325,000 
SOUTH AFRICA 1867 1870 10-20 102,500 3,140,000 2504726 2113000 4,807,056 2533896 3163590 543,474 
NAMIBIA (German Southwest Africa} 1908 1909 100 891,307 295,831 415,047 30,017 
GUYANA (British Guiana) 1890 1921 100 3,808 39,362 110,042 26,764 
ZAIRE (Belgian Congo) 1907 1917 90 315,000 = 2,519,300 9,603,000 
ANGOLA 1912 1921 100 329,823 784,270 
GHANA (Gold Coast) 1919 925 100 861,119 825,000 
TANZANIA (Tanganyika) 1910 1945 0 13,107 6,222 
CENTRAL AFRICAN REPUBLIC 1914 1947 100 16,000 
(French Equatorial Africa) 
GUINEA {French West Africa) 1932 1950 100 75,000 
SIERRA LEONE 1930 1935 100 750,000 
VENEZUELA 1901 1955 100 14,525 
IVORY COAST 1929 1960 100 
LIBERIA 1930 1958 100 
BOTSWANA 1966 1970 0 
LESOTHO 1958 = 0 
RUSSIA (USSR) 1829 1960 0 
INDONESIA (Borneo) Antiquity is 100 
AUSTRALIA’ 1851 1981 5 
CHINA’ 1955 ? ? 
SWAZILAND 1973 _ 0 
OTHERS 3,000 17,225 
YEAR'S TOTAL 304,500 3,140,000 2.504726 © 2,113,000 5,702,318 3,184,089 7,530,028 13,016,497 


* Data lor 1870-1900: Bauer (1904, pp. 179, 204), Lenzen (1970, pp. 122, 159). 
Data for 1910: U.S. Geological Survey (1911) for india, South Africa, and Guyana; 
Lenzen (1970, p. 160) for Namibia. Data lor 1920: Roush (1922). Data for 
1930-1990: U.S. Bureau of Mines (1930-1991). Yearly production figures are 
constantly being revised as new dala are received, so the final revised yearly pro- 
duction figures may be many years in coming. The foffowing years (in parenthe- 
Ses) are the publication years in U.S. Bureau of Mines (1930-1991) in which the 
final revised publication ligures presented in this table may be found: 1930 
(1935); 1940 (1944); 1950 (1953); 1960 (196 I); 1970 (1972); 1980 (1984); and 
1990 (1991). These are official figures only, and in most cases do not include 
ifficil production, which has historically been a problem in Zaire and Angola (as well 
as elsewhere in Africa and in South America). Nofe that most of the reporled produc- 
lion for Liberia consists of illicit diamonds smuggled from other parts of Wes! Africa. 
In this table, “nr” indicates production not reported in the above references. 

> “Year diamonds discovered” sources: Bauer (1904) for India, Brazil, South Alrica, 
Guyana, Russia, Indonesia, and Austratia; Lenzen (1970) for Namibia; Webster 


(1983) tor Ghana, Tanzania, Sierra Leone, Lesotho, and China; Maillard (1980) for 
Zaire, Angola, Central Alrican Republic, and Guinea; Wilson (1982) for Venezuela, 
Liberia, lvory Coast, Botswana, and Swaziland. Other dates reported: Keller and 
Guo-dong (1986, p. 16) and Miller (1987, p. 74) both report “the fate 1940s” for 
China; Websler (1983) for Guyana 1987, Zaire 1910, Guinea 1933, and Botswana 
1955, Wilsan (1982) for Angola 1916, Guinea 1936, and Bolswana 1967; Miller 
(1987) for Angola 1917, Strnad (1991) for Russia 1735 and a relerence daling 
back to 1375. 

°"Year significant production began” refers to the first year in which 100,000 et 
were mined, excep! for Brazil which produced 20,000 cl in 1730—a significant 
figure tor thal lime. A dash indicates thal 100,000 cl were never produced in any 
one year. Sources: Bauer (1904) for India, Brazil, and South Alrica; Lenzen (1970) 
for Namibia; Lee (£981) for Guyana; Roush (1922) for Zaire; Imperial Mineral 
Resources Bureau (1924) for Angola; Kesse (1985) for Ghana; U.S. Bureau of 
Mines (1930-1991) for aff ofher countries. 

4c of folat production from secondary deposits" is approximate in the case of: 


About 22.% of this total was produced in the five- 
year period 1986-1990, largely as a result of the Argyle 
mine in Australia, which by the end of 1990 was 
responsible for about 8% of all diamonds ever pro- 
duced and one-third of those mined for that year. The 
present annual production from the Argyle mine is 
essentially identical to the total world production 
from India and Brazil from antiquity to 1869, that is, 
about 35,000,000 ct. 

In fact, about 94% of the world’s total produc- 
tion of natural diamonds in 1990 originated from only 
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five countries (in decreasing order): Australia, Zaire, 
Botswana, Russia, and South Africa. 
Notwithstanding the number of carats produced, 
when the value of the rough is considered, the 
sequence changes significantly (“World diamond min- 
ing,” 1991). In decreasing order, the ranking of the 
same five countries for 1990 based on estimated (U.S.] 
dollar value is: Russia ($1.6 billion), Botswana ($1.4 bil- 
lion}, South Africa ($550-$650 million), Australia 
{$320 million}, and Zaire ($225 million). The value 
of the 1990 production from Namibia and Angola, 
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1950 1960 1970 1980 1990 Country 
ar nt 20,000 14,000 15,000 INDIA 
200,000 350,000 300,000 667,000 1,500,000 BRAZIL 
1,747,868 = 3,146,000 = 8,112,000 8,520,000 8,708,000 SOUTH AFRICA 
488,422 935,000 = 1,865,000 ~—-1,560,000 761,000 NAMIBIA 
37,462 101,000 61,000 10,000 8,000 GUYANA 
10,147,471 13,453,000 14,087,000 10,235,000 19,427,000 ZAIRE 
538,867 1,058,000 2,396,000 = 1,480,000 ~—- 1,300,000 ANGOLA 
950,000 3,273,000 2,550,000 1,258,000 637,000 GHANA 


164,996 537,000 708,000 274,000 85,000 TANZANIA 


111,407 80,000 482,000 342,000 381,000 CENTRAL AFRICAN 
REPUBLIC 

126,346 1,117,000 74,000 38,000 135,000 GUINEA 
655,474 1,962,000 1,955,000 592,000 78,000 SIERRA LEONE 
60,389 71,000 509,000 721,000 333,000 VENEZUELA 
200,000 213,000 nr 12,000 IVORY COAST 

977,000 812,000 298,000 100,000 LIBERIA 

464,000 5,101,000 17,352,000 BOTSWANA 

17,000 54,000 nr LESOTHO 

7,850,000 10,850,000 — 15,000,000 RUSSIA 

20,000 15,000 30,000 INDONESIA 

48,000 34,662,000 AUSTRALIA 

Par $00,000 1,000,000 CHINA 

: 42,000 SWAZILAND 

3,000 420,000" nt ar nr OTHERS 
15,231,702 27,680,000 42,495,000 42,977,000 101,566,000 YEAR'S TOTAL 


India (some production, @.9., about 15,000—-18,000 ct per year since the 1970s, 
has come from pipes—Maillard, 1980; Bliss, 1992); South Alrica (where during 
certain unusual periods, €.g., 1933 and 1941-1942, most or all production was 
from alfuvials); Zaire (where alluvials or eluvials are close to, and overlie, kimber- 
lite sources, and perhaps 10% of current production is from kimberlites); Angola 
(where minor production in the past was from kimberlites): and Russia (where sig- 
nilicant alluvial mining has been noted, particularly Irom the Vilyui River, but no 
figures are given—see Miller, 1987; Johnson et al., 1989; Meyer, 1990; “World 
diamond mining,” 1991). 

* Australia had a recorded production of about 202,000 ct belween 1852 and 1922 
from several alluvial deposits in New South Wales, buf in no one year did produc- 
tion exceed 100,000 ct (MacNevin, 1977): this production is not shawn in this table. 

' Miller (1987) and Johnson ef al. (1989) estimated the annual production for the 
fale 1980s al 200,000-250,000 cl and 200,000-300,000 cl, respectively. 

7 Most of this production is probably trom Russia and predates reporting of 
official figures. 


both about $250 million, exceeded that of Zaire, yet 
each produced less than one-tenth as many carats of 
diamonds as did Zaire (see table 1). 


The Changing Concept of Diamond Value. The lower 
value of the Australian and Zairean production results 
from their high proportion (>90%) of industrial or 
near-gem material. In recent years, industrial dia- 
monds have represented only about 10%-15% of the 
total value of all the diamonds mined annually 
(Johnson et al., 1989). 
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Figure 2. Using the data provided in table 1, this 
generalized graph shows the increase in total 
annual world production of rough diamonds (gem 
and industrial) from 1600 through 1990. The arrows 
mark the approximate years when each of the 
major sources noted began significant production. 


Whereas historically the percentage of diamonds 
that are gem quality has been estimated at 20%-30% 
(e.g., Maillard, 1980; Atkinson, 1989), during 
1985-1990 the percentage of diamonds classified by the 
U.S. Bureau of Mines as gem quality rose to an aver- 
age.of 46%. This is because, starting in 1983, the fig- 
ures for “gem” included qualities of lower color, 
clarity, and shape that are commonly referred to as 
“near gem.” Johnson et al. (1989) estimated that, on 
a worldwide basis, gem diamonds have a per-carat 
value that is roughly 10 times near gems, and near 
gems have a per-carat value roughly 10 times that of 
industrial diamonds. One source classified mine out- 
put for 1990 as 15% gem, 39% near gem, and 46% 
industrial (“World market trends,” 1991). 

Several factors are responsible for this change in 
the traditional classification of diamonds over the last 
decade, including: (1} the growth of the manufactur- 
ing industry in India, and its ability to fashion small 
diamonds economically from rough previously clas- 
sified as industrial; (2) competition from synthetic 
diamonds that has kept prices for natural industrial dia- 
monds low, enhancing the value of those industrial 
diamonds that could be reclassified as near gem; and 
(3) increased consumer demand for more affordable 
jewelry. 

Today, it is no longer appropriate to consider dia- 
monds in terms of “gem” and “industrial,” but rather 
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TABLE 2. Estimated total production of rough diamonds 


from antiquity through 1990, by country.* 


Country Total production (ct) 
India? 21,000,000 
Brazil 47,101,000 
South Africa? 446,856,000 
Namibia? 63,288,000 
Guyana! 4,131,000 
Zaire® 718,117,000 
Angola" 59,800,000 
Ghana! 100,785,000 
Tanzania 18,590,000 
Central African Republic 13,829,000 
Guinea 8,865,000 
Sierra Leone 52,405,000 
Venezuela! 13,834,000 
lvory Coast* 5,748,000 
Liberia 18,117,000 
Botswana 151,747,000 
Lesotho 412,000 
Russia 271,850,000 
Indonesia! 1,000,000 
Australia™ 184,061,000 
China 10,850,000 
Swaziland 327,000 
Others 1,167,000 

WORLD TOTAL 2,213,875,000 


7 All production figures are based on data in U.S. Bureau of Mines 
(1930-1991) for both gern and industrial diamonds for the years 1930- 
1990, excapt as noted below. Where cata for isolated years are miss- 
ing, production has been estimated based on reported production for 
the preceding and following years. 

"India: The figure of 21,000,000 ct is an average of the estimates of 
12,000,000 ct and 30,000,000 ct, given by Blakey (1977, p. 72) and 
Maillard (1980, p. 26), respectively. 

° Brazil: For 1725-1850, Bauer (1904, p. 179); for 1851-1869, Lenzen 
(1970, p. 122); for 1870-1929, an average annual production of 
200,000 ct was assumed based on estimates of Lenzen (1970, p. 
122) and Rich (1990, p. 34). 

* South Africa: For 1867-1912, Wagner (1914, op. 338-339); for 
1913-1921, Roush (1922, p. 587}; for 1922-1923, estimated at 
2,000,000 ct per year based on average production of previous and 
folowing years; for 1924-1929, Lenzen (1970, p. 177). 

° Namibia: For 1909-1929, Williams (1932, Vol. 2, p. 562), 

‘Guyana: For 1902-1929, Lee (1987). 

5 Zaire: For 1913-1929, U.S. Bureau of Mines (1955, 0. 489). 

® Angola: For 1919-1921, Imperial Mineral Resources Bureau (1924); for 
1922-1929, estimated at 200,000 ct per year based on production 
before and after this period. 

‘Ghana: For 1920-1946, Kesse (1985, Appendix 3A). 

Venezuela: For 1913-1939, Themells (1987). 

“Ivory Coast: For 1945-1959, Greenhalgh (1985, p. 4). 

"Indonesia: In the period 1966-1990, 489,000 ct were produced, Earlier 
Production figures are intermittent and unrellable (Spencer et al, 1988). 
The figure of 1,000,000 ct given in this table as the total production 
since antiquity is an estimate, and it is in relative proportion to the sig- 
nificant historical production from India. 

” Australia: For 1852-1922, 202,000 ct of alluvial production reoorted 
by MacNevin (1977) is included. 
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in terms of “cuttable” and “industrial.” Cuttable 
describes any natural diamond, regardless of quality, 
where all or part of the rough is suitable for manu- 
facturing into jewelry. According to the Central Selling 
Organisation in London, about 50% of the world’s 
diamond production today is considered cuttable, but 
only about 12% (by weight} of the diamonds mined in 
1990 will eventually be set into jewelry as faceted 
stones. This is because near-gem material has a yield 
of only about 15%-25%, compared to about 45% for 
material traditionally classified as gems {Johnson et 
al., 1989). 


Gemological Rarity. Even though 50% of the world’s 
rough diamonds are now classified as cuttable, and 
the annual supply of rough more than doubled in the 
period 1980-1990, the total amount of available rough 
yielding good-quality polished stones (D-H color and 
FI-Sh, clarity) of 0.5 ct or larger has not changed appre- 
ciably in the last decade and, in fact, may have 
decreased (Moyersoen, 1989). The Argyle mine, which 
is responsible for much of the recent increase in world 
diamond production, for the most part produces small 
stones, of which only about 5% are gem quality 
(Boyajian, 1988); many of these are browns and most 
are difficult to cut. Near gems account for 40%-45% 
of the production. The estimated current annual sup- 
ply of rough diamonds worldwide that yield polished 


Figure 3. Although the current annual production 
of rough diamonds exceeds 100,000,000 ct, only 
about 2,000,000-2,500,000 ct yield good-quality 
(D-H color, FI-SIy clarity) stones 1 ct or larger. Five 
countries, as noted here, are responsible for almost 
90% of this production. Based on data in 
Moyersoen (1989). 
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Figure 4. The relatively small proportion of cut 
stones 1.49 ct and above in the total population of 
gem diamonds is evident in this chart of the distri- 
bution, by carat weight, of a random sample of 
9,000 good-quality (D-M color; FI-SIy, clarity) pol- 
ished diamonds submitted to the GIA Gem Trade 
Laboratory, Inc., for grade analysis (1,000 each 
from the years 1982-1990). Data provided by 

D. V. Mafs6n; courtesy of the GIA Gem Trade 
Laboratory, Inc. 


gems of 1 ct or more amounts to about 2.0-2.5 mil- 
lion carats (Moyersoen, 1989). Assuming an average 
55% weight loss during cutting for good-quality 
stones, the annual supply of polished gems in this cat- 
egory is about 900,000-1,100,000 ct. 

The main countries that produce rough good- 
quality stones of 1 ct or larger are shown in figure 3. 
Both Australia and Zaire have had only a minor effect 
on the availability of such stones. Both countries are 
included in “Others” in figure 3. 

The current annual production of polished stones 
0.5 ct or larger with D-H color and FI-VS; (not to be 
confused with the broader, to Sl, range given above} 
clarity is only about 300,000 {+ 50,000 ct}. No more 
than three 1 to 2 ct polished D-flawless stones are 
produced each day. Further, fewer than 5,000 cut 
stones of D-color, 0.5 ct or larger, in all clarity grades 
are produced annually (Moyersoen, 1989}, 

Similar conclusions can be drawn for diamonds 
examined at the Gemological Institute of America. 
Figure 4 presents the size distribution, by carat weight, 
of a random sample of 9,000 diamonds (1,000 from 
each year, 1982-1990} from all diamonds submitted to 
the GIA Gem Trade Laboratory, Inc., during that peri- 
od. Represented are stones ranging from D to M in col- 
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Figure 5. Of the random sample of 9,000 cut dia- 
monds (D-M color, FLSIy clarity) described in fig- 
ure 4, only 7.5% in the size range 0,99-1,98 ct were 
graded D-color. The decreasing proportion of 
stones graded H-M reflects the fact that stones of 
lower quality are less likely to be submitted for 
grade analysis. Data provided by D, V. Manson; 
courtesy of the GIA Gem Trade Laboratory, Inc. 


or (which differs from the D-H color range given 
above} and FI-SI, clarity. This figure clearly shows 
the significantly lower proportion of stones 1.49 ct 
and above. The desirability of certain weights (i.e., 
2.0 and 3.0 ct}, and cutting to those weights, is appar- 
ent in the fact that there are larger proportions of 
stones in the 1.99-2.48 ct and 2.99-3.48 ct categories 
than in the categories that immediately precede them. 
Figure 5 shows the distribution of D-M color 
stones in the 0.99-1.98 ct range within these same 
9,000 diamonds, which confirms the rarity of D-col- 
or stones. The decreasing proportion of stones graded 
H-M is a reflection of the fact that stones of lower 
quality are less likely to be sent for grade analysis. 
From the above discussion, it can be seen that 
rough diamonds that yield good-quality polished gems, 
especially 0.5 ct or larger, are not common, and that 
stones over 1.48 ct are particularly rare. Depending on 
the characteristics of the mine, on the order of 100,000 
tons of kimberlite or secondary material may have 
to be processed to produce a single piece of rough 
from which a 1-ct D-flawless diamond can be cut. 


GEOLOGIC FACTORS 


In the last decade, vast amounts of new information 
have become available on the origin of diamonds, 
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such as when they were formed and how and where 
they reached the earth’s surface. General reviews of 
these topics may be found in Gurney (1989), Atkinson 
(1989), Kirkley et al. {1991}, and Mitchell (1991). 

Secondary deposits historically have been the eas- 
iest to find because they often cover large areas; for 
example, the alluvial diamond deposits in Zaire are 
spread over about 150,000 km? (Johnson et al., 1989), 
although only certain sections are economically viable. 
By comparison, economic primary deposits (kimber- 
lite or lamproite pipes) are small; they have a median 
surface (outcrop) area of only about 30 acres (12 
hectares [ha}] and only rarely exceed 250 acres (Bliss, 
1992). This is one explanation for the fact that alluvial 
diamonds have been known for at least 2,000 years, but 
the first primary source was not discovered until 
approximately 1869, in the Kimberley region of South 
Africa (Janse, 1984], As mentioned above, after 1960, 
with the discovery of the major primary deposits in 
Russia, Botswana, and Australia added to the South 
African deposits, production from primary deposits 
grew until it accounted for about 75% of the total 
world production in 1990, 


Primary Deposits. Most diamonds form deep within 
the earth, usually at depths of 150-200 km, in peri- 
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Figure 6, Presently, the 
Finsch mine is the largest 
producer of diamonds in 
South Africa, with produc- 
tion in 1990 of 4,177,572 ct 
(De Beers Consolidated 
Mines, 1992), although the 
rough averaged only 0.03 ct 
per stone. When the pipe 
was discovered in 1960, an 
estimated 1400 m of kim- 
berlite had already been 
eroded away and the out- 
crop at the surface was 44.2 
acres (17.9 ha). This photo, 
taken in September 1990, 
reflects the cone shape 
characteristic of kimberlite 
pipes and that the mine is 
pinching out at depth (pre- 
sent depth approximately 
600 m). Note that the area 
shown here is larger than 
the original pipe because of 
the requirements of open- 
pit mining. 


dotite or eclogite source rocks. The diamonds are 
transported to the surface by kimberlite or lamproite. 
Although as many as 1,000 kimberlites occurrences 
are known to contain diamonds (Kirkley et al., 1991), 
as well as seven lamproites, only 50-60 kimberlites 
and one lamproite (Argyle) worldwide have ever been 
economic. 

An uneroded kimberlite pipe consists of three 
zones: root, diatreme, and crater. The root zone, at 
the bottom of the pipe, has a vertical extent of about 
0.5 km and is found about 2-3 km below the surface. 
The diatreme zone usually contains the bulk of the 
kimberlite ore and, therefore, most of the diamonds. 
Its vertical extent in a medium to large kimberlite 
pipe is 1-2 km. The crater zone occupies the upper 
parts of the pipe and is represented on the surface by 
an eruptive (volcanic) crater. Kimberlite pipes are 
rarely found complete; rather, most are partly eroded 
(figure 6}. With increasing depth, the root zones nar- 
row and merge into feeder dikes, usually about 60 cm 
(2 ft.) wide, which will contain diamonds if the pipe 
itself does. However, these may not be economic 
because of the high cost of mining such narrow zones. 

Economic kimberlites are concentrated in those 
portions of cratons that are of Archean age (older than 
2,500 My [million years|—for example, Kirkleyet al., 
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1991; Janse, 1992). Cratons are parts of the earth’s 
crust that have attained stability and have been little 
deformed for a very long period of time, generally 
more than 1,500 My. 

Janse (1984, 1992) defined the following three 
major portions of cratons, each representing a differ- 
ent age of formation, to facilitate their comparison 
and the preliminary evaluation of their economic 
potential: (1) archons—Archean, older than 2,500 My; 
(2) protons—early to middle Proterozoic, 2,500-1,600 
My; and (3) tectons—late Proterozoic, 1,600-800 My 
(figure 7}. 

Although at this time, all economic kimberlite 
pipes (and dikes} worldwide occur on archons, some 
noneconomic kimberlites (e.g., the State Line Group, 
Colorado-Wyoming} and lamproites (e.g., the Prairie 
Creek lamproite pipe, Arkansas), as well as the high- 
ly productive Argyle lamproite pipe, occur on pro- 
tons. Thus, protons may have considerable economic 
potential for diamonds, particularly in lamproites. No 
economic primary diamond deposit has yet been found 
on a tecton (or in any younger primary environment}. 

Numerous other geologic and geophysical factors 
(e.g., geothermal gradient, thickness of the craton) are 


also taken into account during modern exploration 
programs for primary diamond deposits. The reader is 
referred to Atkinson (1989) and Helmstaedt and 
Gurney (1992) for further information on these sub- 
jects, which are beyond the scope of this article. 

Some cratons have been actively explored for over 
100 years with ever-increasing sophistication, but 
with an ever-decreasing success rate; the Kaapvaal 
craton in South Africa is a case in point. In the 90 
years since the Premier deposit was discovered in 
1903, the only large and significant finds in South 
Africa have been those now worked as the Finsch and 
Venetia mines. Although the latter is scheduled for full 
production in 1993, with a projected annual output of 
5,900,000 ct (Anglo American Corp., 1992), this cra- 
ton is now considered at the mature stage (i.e., 
approaching its ultimate potential], from the point of 
view of diamond exploration. 


Secondary Deposits. The moment a kimberlite pipe 
reaches the surface, it is subjected to weathering and 
erosion. Given a worldwide average erosion rate of 1 
m every 30,000 years, a typical kimberlite pipe 2.3 
km deep could be completely eroded away (except 


Figure 7. This generalized world map shows known cratonic areas. The major portions of each craton (here 
referred to as archons, protons, and tectons) are indicated. To date, economic diamond-bearing kimberlites 
have been found only in archons, those portions of a craton that are older that 2,500 My. After Janse (1992). 
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for the root zone and feeder dikes} in 69 My (Kirkley 
et al., 1991), 

Diamonds can be transported great distances and 
subsequently concentrated into a variety of secondary 
deposits amenable to mining. In close proximity to the 
primary diamondiferous kimberlite or lamproite 
deposits, diamonds may be found in economic eluvial 
or colluvial {i.e., those not involving stream trans- 
port} concentrations. With increasing distance, and 
where river transport and mechanical processes of 
concentration are involved, alluvial placers may form. 
If the diamond is carried to the marine environment 
either onshore {i-e., beach, beach terrace, dune} or off- 
shore (i.e., marine shelf, sea-floor], marine processes 
such as wave action may form economic secondary 
deposits (Gurney et al., 1991). In general, alluvial 
deposits have a higher percentage of gem-quality dia- 
monds than do primary deposits. However, there are 
exceptions, most notably Zaire, where only about 5% 
of the large alluvial production is fine-quality gems. 
The presence of alluvial deposits also implies the pos- 
sible existence of kimberlite or lamproite pipes 
upstream in the drainage area. 


ECONOMIC EVALUATION OF 
PRIMARY DEPOSITS 


The major factors in determining whether a newly 
discovered kimberlite or lamproite pipe will be eco- 
namically viable are its tonnage (size) and grade (con- 
centration of diamonds), as well as the value (size and 
quality] of its diamonds, Other factors include location 
of the pipe, tax environment, and environmental leg- 
islation. 

Even in economic kimberlite pipes, gem/cuttable 
diamonds typically are found in very small amounts 
and sizes, and in extremely variable qualities. These 
factors, along with those of gemological] rarity dis- 
cussed above, must be considered in the economic 
evaluation of any primary diamond occurrence. 
Consulting geologist A. J. A. Janse (pers. comm., 1992) 
states that at least 10,000 tons of kimberlite must be 
processed to obtain a valid estimate of the grade of 
any single kimberlite pipe, and as much as 100,000 
tons for a complete feasibility study. To determine 
the average per-carat value of the stones recovered, 
at least 5,000 ct—and possibly as many as 10,000 ct— 
should be evaluated (Atkinson, 1989; Jennings, 1990}, 


MAJOR DIAMOND-PRODUCING 
AREAS IN THE 21ST CENTURY 


The information presented in the preceding pages can 
help in predicting what diamond deposits are likely to 
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be important in the future, as well as where new ones 
are likely to be discovered, what types they will be, and 
what factors should be considered in evaluating their 
economic potential. 

Although many secondary deposits continue to be 
important and cannot be ignored, their overall role 
in diamond production is declining. Marine deposits 
would seem to have great potential, but first the tech- 
nological difficulties of exploration and mining off- 
shore must be overcome. 

We predict that in the next century, most new 
major diamond deposits will be of the primary type, 
which are particularly attractive exploration targets. 
Such deposits, when economic, are likely to be long 
lived and amenable to large-scale mining, as well as to 
deterring illicit mining. For example, two-thirds (about 
66,000,000 ct) of the total world production of dia- 
monds in 1990 came from just eight primary mines 
(Argyle in Australia; Orapa, Letlhakane, and Jwaneng 
in Botswana; Mir and Udachnaya in Russia; and Finsch 
and Premier in South Africa [figure 8]). Most of these 
will have had a mine life of at least 30 years (some, like 
the Premier, possibly over 100 years} before they are 
exhausted of diamonds. 

Given the current and projected decline in the 
discovery of new deposits on some cratons now com- 
mercially exploited for diamonds, the greatest poten- 
tial for new, large, and economically important 
primary diamond deposits will be in those cratonic 
areas with large archons (and, less favorably, protons) 
where exploration to this point has been hampered by 
inhospitable location and climate, as in Siberia and 
northern Canada, or by the presence of special over- 
burden conditions, such as the glacial cover in North 
America and Siberia. 

On the basis of what has been discussed to this 
point, it is possible to predict the locations of major 
sources of diamonds for the 21st century, starting 
with secondary deposits and then turning to primary 
deposits. 


Secondary Deposits. Although the discovery of sig- 
nificant new secondary deposits is unlikely, given 
that most potential areas have been explored, we 
believe that increased production from two present- 
ly known areas will have a profound effect on the 
supply of fine-quality diamonds within the next few 
years. 


Angola. For the past 70 years, the Lunda Norte area 
of Angola has been a consistent producer of dia- 
monds. In 1990, Angola was the world’s seventh 
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largest producer by weight, with most coming from 
the Cuango River Valley (figures 8 and 9}. In marked 
contrast to the predominantly industrial production 
in nearby Zaire (East Kasai province), that in Angola 
is reportedly 70% gem quality, with an average 
value of about $185 per carat; 15% of these are 
stones of 2. ct or more (“World diamond mining,” 
1991, “World market trends,” 1991). licit trade tra- 
ditionally has been a major problem (e.g., Miller, 
1987; Johnson et al., 1989), and it is widely believed 
that in 1992 the value of smuggled stones will have 
well surpassed Angola’s official diamond exports of 
about $200,000,000 (Contreras, 1992). 

Angola has significant reserves of both alluvial 
diamonds and, it appears, primary deposits. Alluvial 
production at Lucapa is estimated at 400,000 ct annu- 
ally, with additional operations further northeast, in 
the Andrada region (“World diamond mining,” 1991). 
In addition geologists have identified more than 300 
kimberlite pipes. However, present political instabil- 
ity in this region makes it difficult to assess the long- 
term impact of these reserves. 


Marine Deposits. Meyer (1991) and Gurney et al. 
(1991) reported on the vast resource of diamonds 
(estimated to be at least 1.5 billion ct) that may 
exist off: the west coasts of South Africa and 
Namibia (again, see figure 8). It is estimated that 
90%-95% of these are gem quality. These dia- 
monds were released from weathered diamond- 
bearing kimberlites in the ancient and present 
Orange River (and probably other) drainage basins, 
and were then transported to the west coast where 
they were deposited in the marine environment. 
Raised marine deposits now on land have yielded 
almost 100,000,000 ct, but similar deposits still in 
the marine environment have yet to be fully 
prospected. 

In 1990, about 75,000 ct of diamonds were recov- 
ered from the offshore Namibian waters, with anoth- 
er 128,000 ct offshore of South Africa (Gurney et al., 
1991), Offshore Namibian production almost tripled 
in 1991, to about 212,000 ct, with 170,744 ct pro- 
duced by De Beers Marine alone (De Beers Centenary 
AG, 1992; Namibia, 1992). Although production is 
difficult and expensive at present, the west coast off 
southern Africa should be an even more important 
source of fine-quality diamonds by the early 21st cen- 
tury. Possible future opportunities also include marine 
diamonds associated with the Argyle field (i-e., off the 
northwest coast of Australia}, the Russian Federation 
deposits (in the Arctic Ocean, near the mouths of 
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Figure 8. For most of this century, Africa has sup- 
plied the vast majority of diamonds to the world 
market, The three Botswana mines and South 
Africa’s Finsch and Premier mines are still among 
the most productive. However, all of the primary 
South African operations shown here—with the 
exception of the newly opened Venetia mine—are 
mature operations that will probably be depleted 
in the early 21st century. Although the proportion 
of diamonds produced from secondary deposits 
worldwide has decreased greatly over the last 
three decades, the secondary occurrences noted 
here-—alluvial deposits in Angola and marine 
deposits offshore Namibia and South Africa— 
are likely to be of increasing importance 

in the future. 


north-flowing rivers like the Lena], and even off the 
north coast of Canada (in Coronation Gulf). 


Primary Deposits. We believe that the cratons of 
the Russian Federation and North America have 
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reported in 1990) of rough that is reportedly 70% gem quality. Angola appears to have major reserves that 
could last well into the future once the problems of political instability and irregular production are 
resolved. Here, illegal miners work one of the many active areas in the country. Photo © Paul 


Lowe—Network/Matrix. 


the greatest potential for producing major 
amounts of diamonds in the near and intermedi- 
ate (i.e., 10-25 years) future. In the very distant 
future, perhaps in 100 years, Antarctica could be a 
major producer. 


The Russian Federation. The eastern Siberian 
republic of Sakha {formerly known as Yakutia), in 
the Russian Federation, C.LS., already is a major 
diamond-producing region. Mining activity has pro- 
gressed rapidly since the discovery in 1953 of the 
first diamond in the Malaya Botuobiya River, a 
tributary to the Vilyui River, and the discovery of 
the first kimberlite (Zarnitsa} in 1954 (figure 10). 
The desirability of prospecting for diamonds in 
these Archean areas was first noted by Russian aca- 
demician Vladimir S. Sobolev. In the late 1930s, he 
realized that similarities between the geologic 
structure of the central Siberian shield and the inte- 
rior plateau area of southern Africa suggested the 
possibility of great diamond riches in Siberia. 


244 Diamond Sources 


Prospecting on the basis of this relationship started 
in 1947. 

In 1955, the richly diamondiferous Mir pipe (17 
acres [6.9 ha] was located; only 10 days later, the 
Udachnaya pipe, 400 km to the north and about 20 km 
south of the Arctic Circle, was found (again, see figure 
10}. By 1956, the number of known pipes had risen to 
40. To date, the Amakhinsky Exploration Team has 
found more than 500 kimberlite occurrences. These 
kimberlites lie in clusters that straddle the Arctic 
Circle to 400 km north. The diamond contents of the 
kimberlites range from zero to highly economic (e.g., 
Meyer, 1990). The first mining started, at Mir, in 1957. 
Augmented by the mining of alluvial deposits in the 
nearby Vilyui River, total annual production had risen 
to an estimated 5,200,000 ct by 1965. The smaller 
Internationalaya pipe was opened next, followed by 
Aikhal to the north, the larger Udachnaya pipe 60 
km away (about 49 acres [20 hal]}, and Sytykanskaya 
halfway between. (For more on diamond mining in this 
region, see Meyer, 1990.) 
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Internationalaya has now reached the end of its 
working life as an open-pit operation. Underground 
mining of the root zones of the pipe is hampered by 
the presence of saline water containing hydrogen sul- 
fide and sometimes by the acid conditions in the 
Devonian sediments above the archon in which the 
pipe is emplaced. Currently, there is no active mining 
of kimberlite at Mir, though production from stock- 
piled ore continues. The main current mining activ- 
ity is at the Udachnaya open pit. However, it is now 
a mature mine (figure 11). Production in this area is 
augmented by that from Aikhal and Sytykanskaya. 
Anew major deposit, the Jubileynaya, is scheduled for 
full production in 1994/95. This very large pipe, near- 
ly the size of Orapa (262 acres [106 hal), was concealed 
by an overlying diabase sill that has been stripped 
away to allow open-pit mining (Meyer, 1990). 

The five older kimberlite mines (Mir, Interna- 
tionalaya, Aikhal, Udachnaya, and Sytykanskaya} and 


pe, ” 2 
Figure 11, The Udachnaya kimberlite is currently 
the most important diamond-mining operation in 
Sakha. It is about 49 acres (20 ha; Johnson et al, 
1989) in surface area. Large dump trucks remove 


their associated alluvials have provided the more than the kimberlite and waste rock at a rate of about 
270,000,000 ct of diamonds estimated to have been 1,000 metric tons per hour. The mine operates 24 
produced from the Yakutia region since 1960. hours a day and throughout most of the year. 


Figure 10. The Yakutian craton of eastern Siberia (again, see figure 7) is presently one of the most productive 
diamond-bearing cratons in the world. The mines shown here are located in the republic of Sakha (formerly 
Yakutia) in the Russian Federation (C.LS.). The craton, on the left, has two exposed portions: the Anabar 
Shield in the north (I), and the Aldan Shield in the south (II). Note the elaborate pattern of archons sur- 
rounded by protons. The main producing kimberlite areas are shown in black and marked by A and B. The 
maps on the right show the important diamond-bearing kimberlite pipes in the Malaya Botuobiya field (A) 
and the Alakit and Daldyn fields (B). 
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Figure 12. The diamonds of the Sakha region, in 
eastern Siberia, are noted for their excellent color, 
clarity, and shape. This 2-cm crystal in kimberlite 
is from the Mir mine. Courtesy of the Houston 
Museum of Natural Science; photo © Harold # 
Erica Van Pelt. 


Unfortunately, official data for diamond grades and 
value, tonnage mined, total production, and future 
reserves—such as are routinely published by many 
mining companies—are completely unavailable for 
this region. At the Mir pipe, grades of up to 4 ct/mt 
have been reported, along with 2 ct/m® in high-grade 
gravels dredged from the Vilyui River. Ailkhal is also 
extremely high grade, and some of the diamonds out 
of Udachnaya have been described as being of excep- 
tional clarity and color. In general, diamonds from 
the two producing regions are noted for their excellent 
shape for cutting, since a high proportion are extreme- 
ly regular, sharp-edged, flat-faced octahedra. 
Exceptionally large stones are rare, but well-formed 
crystals over 20 ct are not uncommon (figure 12). 
Despite the lack of official data, the apparently 
high grade of kimberlite pipes in this region is impor- 
tant in attempting to assess its impact on the dia- 
mond industry into the 21st century. There are many 
known diamondiferous kimberlites, some of consid- 
erable size (e.g., Zarnitsa, at 53 acres [21.5 hal, is larg- 
er than the Finsch mine, 44.2 acres [17.9 hal, in South 
Africa}, in Sakha and in other parts of the Russian 
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Federation that are not currently exploited. In the 
past, Siberian kimberlites with less than 0.5 ct/mt of 
diamond were considered barren, and economic grade 
was greater than 2 ct/mt. Elsewhere in the world, the 
Argyle lamproite is the only primary deposit that con- 
sistently meets this criterion! Therefore, the possi- 
bility exists that kimberlites found but not previously 
worked will prove viable in the future. 

The relatively recent discovery and sampling of 
diamondiferous kimberlites on the Baltic Shield near 
Arkhangelsk (on the White Sea, in the province of 
Oblast, near the border with Finland) gives added 
potential to the future supply of diamonds from the 
Russian Federation. It has been speculated that mines 
could be established on at least one kimberlite, the 
Lomonosovskaya, and perhaps on as many as five 
kimberlites. Like those in Sakha and other localities, 
this new kimberlite province lies close to the Arctic 
Circle. 

One concern regarding future production is that 
the superb quality of many of the diamonds from 
Sakha is not matched by diamonds from kimberlites 
elsewhere in the region, in these latter kimberlites, 
resorbed diamonds and those that are colored, includ- 
ing yellows and browns, are more abundant. This 
may translate into a lower average value per carat for 
the diamonds. In addition, the fact that many deposits 
lie well within the Arctic Circle, some in low-lying, 
waterlogged ground, and in regions where there is 
absolutely no infrastructure (figure 13}, signifies logis- 
tical problems that will take time to overcome. 


Figure 13, Future diamond production in the 
Russian Federation could be hampered by the lack 
of infrastructure in the remote regions where dia- 
mondiferous kimberlites have been found. In this 
1990 photo, a special exploration vehicle (with 
tracked propulsion) is used to ford a river en route 
to the Zarnitsa kimberlite in Sakha. 
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Figure 14, North America 
contains the largest 
known craton in the world 
(again, see figure 7), shown 
here with the three age- 
based divisions identified 
(after Hoffman, 1988; 
Janse, 1992), Archons 
(Slave, Rae, Hearne, etc.) 
are the most favorable 
areas for economic dia- 
mondiferous kimberlite 
pipes. Although no eco- 
nomic kimberlites have 
been found thus far on a 
proton, diamonds have 
been found in kimberlite 
pipes in the Trans-Hudson 
Orogen. Kimberlites have 
also been found in the 
Grenville tecton, at least 
one with traces of dia- 
monds. Specific diamond- 
bearing occurrences noted 
are: CW—Colorado- 
Wyoming; FC-—Fort 4 la 
Corne; KL—Kirkland 
Lake; LE—Lake Ellen; 
LG—Lac de Gras; NO— 
Noranda; PC-Prairie 
Creek; SI—Somerset 
Island; SL—Sturgeon Lake. 


Canada. There has never been a profitable diamond 
mine in North America. Although the occurrence 
at Prairie Creek (Crater of Diamonds State Park, 
near Murfreesboro, Arkansas) produced an estimat- 
ed 100,000+ ct during the period 1907-1933 
(Waldman and Meyer, 1992), it was not economic. 
The diamondiferous kimberlites found subsequent- 
ly—for example, in clusters in the State Line district 
of Colorado and Wyoming, in the Lake Ellen group 
near Crystal Falls, Michigan, and at scattered locali- 
ties elsewhere in the United States and eastern 
Canada (Janse, 1992; Waldman and Meyer, 1992|— 
have also been noneconomic. However, the United 
States is situated mostly on geologically less favor- 
able protons and tectons (figure 14), whereas 
Canada has some of the largest areas of the world 
that are underlain by archons. Recent exploration 
activity in Canada has revealed the existence of sev- 
eral diamondiferous kimberlites that may prove to 
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be economic. On the basis of this favorable geology 
and the intensity of the current exploration, we pre- 
dict that Canada will be a major producer of dia- 
monds by the second decade of the 21st century. 

Isolated discoveries of diamonds were reported 
in the United States as early as the 1840s, in North 
Carolina, Georgia, and California (e.g., see Kopf et al., 
1990}. The most significant, from the point of view of 
exploration, were the diamonds found in glacial drift 
in Ontario and the Great Lakes states as early as 1863. 
Almost a century ago, Hobbs (1899) concluded that the 
diamonds had been transported by glaciers, and that 
the apex of the fan along which they traveled indi- 
cated that the source was located in the James Bay 
Lowlands (figure 15). 

Exploration was particularly intense in this area 
of eastern Canada during the late 1970s and early 
1980s, but no kimberlites were reported (Brummer, 
1984; Janse et al., 1989, and Reed and Sinclair, 1991). 
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Figure 15. Early evidence of possible diamond- 
bearing kimberlites in North America are the dia- 
monds found in glacial deposits in the Great Lakes 
states, The diamonds are believed to have originat- 
ed from the James Bay Lowlands of Ontario. This 
map of the region shows the limits of Pleistocene 
glaciation and the last glacial advance, the known 
diamond occurrences in glacial deposits, the total 
number of diamonds found in each state (e.g., 
Indiana, 34), and the paths that the diamonds may 
have taken from their presumed source(s) in the 
James Bay Lowlands. Note that of the more than 80 
diamonds that have been found in glacial deposits 
thus far, only two were in Canada: the 0.25-ct 
South Porcupine and the 33-ct Peterborough. After 
Hobbs (1899) and Brummer (1984). 


248 Diamond Sources 


A few kimberlites in other parts of eastern and north- 
ern Canada, such as on Somerset Island (Rae archon], 
north of the Arctic Circle, and near Kirkland Lake, 
Ontario, and Noranda, Quebec (both in the Superior 
archon}, reportedly have uneconomic amounts of dia- 
monds. Numerous other kimberlites are known in 
the Grenville tecton, at least one of which—at Tle 
Bizard, 15 km west of Montreal—yielded 10 small 
diamonds (Brummer, 1984}. Some exploration activ- 
ity continues today in eastern Canada, particularly 
in Ontario. 

In western Canada, five diamonds were alleged- 
ly found in glacial drift near Cumberland House in 
eastern Saskatchewan in 1948, but this has never 
been substantiated, the first major staking rush 
occurred in 1961, about 6 km west of Prince Albert. 
Two diamonds, each about a quarter inch (0.64 cm) in 
diameter, were reportedly found. (See Strnad, 1991, 
and Gent, 1992a and b, for the history of diamond 
exploration in Saskatchewan.} 

The present exploration activity in Saskatchewan 
started in 1987, when Monopros Ltd. {De Beers’s explo- 
ration company in Canada) staked property; in 
November 1988, Monopros announced the discovery 
of a diamondiferous kimberlite about 30 km northwest 
of the site of the 1961 staking. Soon thereafter, several 
other companies filed claims for diamond exploration 
in various parts of Saskatchewan (figure 16}. 

In September 1989, joint-venture partners Uranerz 
Exploration and Mining Ltd. and Cameco Corp. 
announced the discovery of seven kimberlite pipes 
in the Fort a la Corne area (figure 17). They subse- 
quently announced the recovery first of microdia- 
monds (<0.5 mm in diameter] and then of four larger 
diamonds. Two years later, clusters of kimberlite 
pipes were discovered under a 100-m-thick glacial 
overburden; all of the 15 sites (out of 70 potential) 
that were drilled proved to be diamondiferous. To 
date, Uranerz and Cameco have reported the recovery 
of 160 small diamonds, weighing a total of 7 ct; the 
average stone is 0.04 ct, and the largest is about 0.5 ct. 
There has been no official report of the quality of 
these stones. The best preliminary grade reported for 
any kimberlite tested is low, about 0.1 ct/mt, but the 
average grades of these pipes are typically much low- 
er (0,010.02 ct/mt). However, because of the thick 
overburden, the large-scale bulk testing that is 
necessary for meaningful evaluation has not been 
completed. 

In 1992, kimberlite-specific garnets and chrome 
diopside were identified in glacial-till samples taken 
in the southwestern part of Saskatchewan close to 
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Figure 16. Since 1987, more 
than 50,000,000 acres have 
been staked or claimed for 
diamond exploration in 
western Canada, This map 
shows the locations staked 
as of mid-December 1992. 
Most of the exploration 
activity is for kimberlites, 
although that in the vicini- 
ty of Dubawnt Lake is for 
lamproites. The dashed 
line in southwestern 
Saskatchewan, in the 
vicinity of Val Marie—East 
Poplar, encompasses an 
area of many small claims. 
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the Montana border (Swanson and Gent, 1992), but no 
kimberlite pipes have yet been announced. Geological- 
ly, this area is within the favorable Wyoming archon. As 
of December 7, 1992, approximately 1,794,000 acres 
(726,000 ha; 2,800 sq. mi.) had been staked in 
Saskatchewan for diamond exploration (M. R. Gent, 
pers. comm.,, 1992). 

In British Columbia, Alberta, and the western 
part of the Northwest Territories, intermittent explo- 
ration for diamonds has been in progress for as much 
as 20 years by major mining companies such as 
Cominco, BP Minerals, Lac Minerals, De Beers oper- 
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ating via Diapros and Monopros, Falconbridge 
Exploration, and Corona (Godwin and Price, 1986; 
Dummett et al., 1987). 

Of particular importance in this exploration has 
been the identification of certain characteristic heavy 
minerals, referred to as indicator minerals (specifi- 
cally, pyrope garnet, ilmenite, chrome diopside, and 
chromite}, that are associated with kimberlites. The 
dispersion of these minerals into secondary concen- 
trations such as alluvials has been used in diamond 
exploration since the 1870s in South Africa and else- 
where (Dummett et al., 1987; Atkinson, 1989; 
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Figure 17. This drilling 
operation is designed to 
recover ore from buried 

kimberlite that has been 
identified in the Fort a la 
Corne area of Saskat- 
chewan by geophysical 
techniques. Note the 
many meters of drill pipe 
on the bed of the truck. 


Jennings, 1990). Although indicator minerals do not 
provide conclusive evidence that a kimberlite is dia- 
mondiferous, they (rather than diamonds} are typi- 
cally used to locate kimberlites because they are more 
abundant than diamonds and more recognizable. Thus, 
they are more likely to be found in any reasonably 
sized sample. 

In western Canada, various types of glacial 
deposits, such as eskers (long, narrow, sinuous ridges 
of material deposited by a stream flowing under a 
glacier), perform the same function as rivers in dis- 
persing minerals from a kimberlite. Although more dif- 
ficult to follow and interpret than an alluvial trail, a 
glacial trail should lead to the primary source of a dis- 
persed mineral (the same concept used by Hobbs in the 
Great Lakes region; again, see figure 15]. Folinsbee 
(1955) did the first thorough geological study, includ- 
ing the use of heavy minerals, of the Point Lake—Lac 
de Gras area of the Northwest Territories (again, see 
figure 16]. Years later, such a trail of heavy indicator 
minerals eventually led one exploration company— 
Dia Met Minerals Ltd—back to the Lac de Gras area 
in search of diamonds (Richards, 1992; Walsh, 1992). 

Beginning in 1989, Dia Met Minerals began to 
acquire ground in the area, eventually staking 
1,500,000 acres (606,000 ha). In April 1990, a geolog- 
ic structure was discovered under Point Lake (figure 
18} that indicator minerals and geophysical surveys 
strongly suggested was a kimberlite pipe. 

In August 1990, Dia Met entered into a joint ven- 
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ture with BHP-Utah (now known as BHP Minerals), 
the North American arm of the major Australian min- 
ing company Broken Hill Proprietary Ltd. About a 
year later, the presence of diamondiferous kimberlite 
was confirmed when a hole drilled at an angle from the 
shore penetrated this rock under Point lake. Eighty-one 
small diamonds, all less than 2 mm in diameter, some 
reportedly gem quality, were subsequently recovered 
from 141 m of drill core weighing 59 kg. Early in 1992, 
160 tons (still a relatively small sample) of kimberlite 
were obtained, from which 101 ct of diamonds were 
recovered (0,63 ct/ton]. Twenty-five percent of these 
were reported to be “gem quality” (excluding near- 
gems}; a few were in the 1-3 ct range. In September 
1992, it was announced that nine additional kimber- 
lite pipes had been discovered in the same general 
area, all containing diamonds in variable proportions. 
Although the grade of the Point Lake deposit, 0.63 
ct/ton, is very good by average world standards for 
primary deposits, and approximately 80 million tons 
of kimberlite have already been delineated, there has 
been no clear statement or independent confirmation 
as to the actual quality of those stones categorized to 
this point only as “gems.” 

The discovery of the Point Lake and nearby kim- 
berlites (now known as the Lac de Gras kimberlite 
field} has resulted in the largest and most exciting 
staking rush in Canadian mining history. In the 
Northwest Territories, as of December 14, 1992, at 
least 19,365,000 acres (7,840,000 ha) had been staked by 
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Dia Met, Monopros, and at least 50 other companies 
and individuals (again, see figure 16]. It is anticipated 
that the entire Slave archon will be staked by the end 
of January, 1993. 

Staking is now proceeding eastward (near 
Dubawnt Lake) to the Rae archon, portions of which 
contain the largest geologic province of lamproitic 
rocks in the world (Peterson, 1992), Similar rocks are 
found as far south as southern Alberta. It is significant 
that of the only 25-30 lamproite occurrences known 
worldwide, seven of these contain diamonds. 

In Alberta, intermittent and very secretive dia- 
mond exploration has been in progress for at least 15 
years, much of it also based on heavy-mineral sampling 
in conjunction with geophysical surveys. In 1990, 
Monopros acquired 1,680,000 acres (680,000 ha) in 
the Peace River area. Several small diamonds now 
have been reported from various locations in glacial till 
and other alluvial materials in Alberta, but none yet 
from any kimberlite occurrence. However, the 
province is underlain by parts of several archons, so 
there is good geologic potential for kimberlite pipes. 
Further, the infrastructure and climate are certainly 
more coriducive to efficient exploration than is the 
case in the Northwest Territories, and the province 
recently enacted legislation that encourages explo- 
ration for minerals. As of December 11, 1992, about 
28,400,000 acres {11,500,000 ha) had been staked for 
diamond exploration in Alberta (again, see figure 16). 

From the above discussion, it is clear that North 
America, in general, and western Canada, in particu- 
lar, has good long-term potential as an economic 
source of diamonds. Reasons include: (1) it has the 
largest craton in the world, including six major 
archons; (2) it is underexplored relative to South Africa 
and many other cratonic areas of the world, (3) good- 
quality diamonds, some over 15 ct (Hobbs, 1899, 
Brummer, 1984) have been found in the glacial 
deposits; and (4) the infrastructure and political situ- 
ation are among the best in the world. 


Antarctica, Any discussion of future sources of 
diamonds would be incomplete without at least 
mention of Antarctica because of its favorable 
geology and geologic relationship to other dia- 
mond-producing areas. 

The continent of Antarctica encompasses about 
14,250,000 km? (the United States, including Alaska, 
covers 9,372,000 km?), of which about 98% is perma- 
nently covered by a continental ice sheet averaging 
2,000 m in thickness. Geologic knowledge is based on 
limited rock exposures on the edge of the continent, or 
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those projected through the ice sheet, in addition to 
geophysical data (e.g., aeromagnetic surveys). 
Geologically speaking, Antarctica is the last frontier. 

Antarctica today is divided into East and West 
Antarctica (figure 19) by the Transantarctic Mountains, 
which extend about 4,500 km from the Ross Sea to the 
Weddell Sea, reaching heights of 4,000 m (Dalziel, 
1992). 

The larger of the two, East Antarctica, has the 
greatest potential for diamonds because geologically 
it is a craton. Although more than 99% of its surface 
is covered by ice, four archons have been identified. 
The present East Antarctic craton formed 1.0-1.3 bil- 
lion years ago, and became part of an ancient super- 
continent that eventually broke up more than 570 
My ago. Starting in the Cambrian and until middle 
Jurassic time, an interval of about 350 My, Antarctica 
formed the core of a second supercontinent known as 
Gondwanaland. Over the next 160 My, Gondwanaland 


Figure 18. Evidence of the first kimberlite pipe in 
the Northwest Territories was discovered in April 
1990 by C. E. Fipke, of Dia Met Minerals, under 
Point Lake (in foreground, looking northeast 
toward Lac du Sauvage at the top of the photo). 
The surface of the kimberlite lies about 50 m (150 
ft.) below the surface of the lake, which is 600 m 
across. The white objects on the northeast shore 
are trailers. A drilling rig may be seen on the shore 
about 100 m to the left of the trailers. From this 
position, an angle hole was drilled under the lake 
in September 1991, which confirmed the presence 
of diamond-bearing kimberlite. Photo taken in late 
July, 1992; courtesy of B, T. Evans, Tyler Resources, 
Inc., Calgary, Alberta. 
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Figure 19, On the basis of what little is known 
about the geology of this remote region, Antarctica 
may have great potential as a source of diamonds. 
The East Antarctic craton is probably the second 
largest in the world (after North America). Four 
archons, not covered by the ice cap, have been 
identified on the east side of the continent. 


broke up to form South America, Africa, India, 
Australia, and Antarctica (see Tingey, 1991, and 
Dalziel, 1992). Thus, all the present diamond-pro- 
ducing regions of the southern hemisphere, as well as 
in India, have a common geologic history. Johnson 
et al. (1989) list Antarctica as one of several favorable 
regions for large, as yet undiscovered, kimberlite 
provinces. 

At this time, consideration of Antarctica as a 
source of diamonds is academic, if for no other reason 
than international agreement forbids any mining. 
Further, legislation recently passed in the United 
States (Antarctic Protection Act of 1990; 101st 
Congress} prohibits U.S. nationals and companies 
from engaging in any type of mineral-resource activ- 
ities in Antarctica (Molnia, 1991). Nevertheless, the 
fact remains that the East Antarctic craton is huge, and 
it contains archons. If scientific advances in the next 
century match those of the last 100 years, it is con- 
ceivable that diamonds could be mined economical- 
ly, and in an environmentally acceptable manner, by 
the end of the 21st century. 


CONCLUSIONS 


A study of diamond production over the past 120 
years shows that although most rough has come from 
Africa, this situation is rapidly changing. There is also 
a steady geologic shift toward increased production 
from primary sources (kimberlite and lamproite pipes} 
at the expense of secondary sources, mainly alluvial 
deposits. 

The growth of the near-gem market, especially 
since 1980, has resulted in rough now being classi- 
fied as cuttable and industrial. The explosion in dia- 
mond production during this period, however, has 
had little impact on the availability of good-quality 
gems; such cut stones 0.5 ct and larger still consti- 
tute only a very small percentage of the diamonds 
produced annually. At the same time, with the greater 
economic freedom in once-”’closed” areas of Eastern 
Europe and Asia, major new markets are poised to 
develop. 

Thus, the need for steady sources of good-quality 
diamonds continues. The most significant long-term 
deposits are those that occur offshore, such as the 
marine deposits off of southern Africa, and those pri- 
mary deposits with significant reserves of ore. 
Although marine deposits have great long-term poten- 
tial, they are restricted by the technological challenges 
of exploration and mining in deep seas. On the other 
hand, once the economic value of a primary kimber- 
lite or lamproite deposit has been established, it is 
much easier to mine. 

The most likely major source for greatly increased 
production from primary deposits within the next 10 
years is Sakha and elsewhere in the Russian Federa- 
tion, because the locations of potentially economic 
kimberlite pipes are known. Canada is likely to be a 
major producer of diamonds 10-25 years from now, but 
it is doubtful that significant production could start 
before the end of this century, owing to the long time 
it takes to evaluate a pipe and then bring it into pro- 
duction. A hundred years from now, the ecological 
environment permitting, technological developments 
might well provide for mining beneath the ice cap in 
Antarctica, probably the last great terrestrial source of 
diamonds. 
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SAPPHIRES FROM CHANGLE 
IN SHANDONG PROVINCE, CHINA 


By Jingfeng Guo, Fuquan Wang, and Gerry Yakoumelos 


Sapphires were recently found in alluvial deposits and in situ in basaltic rocks 
near Wutu, Changle County, in central Shandong Province. The fact that sig- 
nificant amounts of sapphire have been found in situ at Changle makes it 
unique among sapphire deposits in basaltic terrains around the world. 
(Sapphires have been found in situ elsewhere, but never in such abundance 
in basalt.) Changle sapphires occur in a range of colors (dark blue, blue, green- 
ish blue, and yellow), but they are predominantly dark blue. Fe, Ga, Ti, Co, 
and V are the most abundant trace elements present. The gemological prop- 
ee erties of Changle sapphires are consistent with those from similar alkalic basalt 


; environments. 


The sapphire potential of the People’s Republic of 
China (PRC) was recognized several years ago, fol- 
lowing the discovery of alluvial deposits of this gem 
material in several provinces. Previous reports in 
English on Chinese sapphires include the survey of the 
PRC’s gem resources by Keller and Wang (1986), the 
description of the Mingxi deposit in Fujian Province 
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by Keller and Keller (1986], and the report on the 
Wenchang deposit in Hainan Province (formerly 
Hainan Island} by Wang (1988). In all three articles, the 
authors speculated that the sapphires obtained from 
these alluvial deposits were derived from surrounding 
Cenozoic basalts; however, no locality-specific stud- 
ies were available to corroborate this hypothesis. 
More recently, in the late 1980s, local farmers 
discovered alluvial sapphires near the township of 
Wutu, Changle County (henceforth, Changle), in cen- 
tral Shandong Province. These sapphires are charac- 
terized by their large size, dark color, and absence of 
fractures (figure 1]. Some show distinctive zonation (fig- 
ure 2). Follow-up geologic surveys were conducted by 
the 7th Geological Brigade of the Shandong Bureau 
of Geology and Mineral Resources. Subsequently, 
large quantities of sapphire were discovered in Tertiary 
alkalic basalt lava flows, where they occur in situ as 
“megacrysts” (a general term for large crystals, with- 
out any implication with respect to origin). Although 
the only mining thus far has been by local workers dig- 
ging in the alluvium, officials at the Shandong Bureau 
of Geology and Mineral Resources estimate that more 
than 50,000 carats of rough from the Changle deposits 
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were exported to Hong Kong, Thailand, Australia, 
and the United States in the period 1988-1991, 

To date, however, no studies have been published 
on the Changle deposits. The object of this report, 
which is based on information obtained during the 
authors’ early-1989 visit to Changle and from dis- 
cussions with senior geologists of the 7th Geological 
Brigade, is to briefly describe the Changle deposits 
and present information with respect to the geologic 
occurrence and origin of the sapphires. 


Figure 1, Dark blue sapphires are being recovered 
from alluvial deposits in Changle County, 
Shandong Province, China. Sapphires have also 
been found in situ in the basalt. These two 
Changle sapphires each weigh approximately 3 ct. 


LOCATION AND ACCESS 


Wutu is situated about 8 km southeast of the town of 
Changle, which is about 150 km east of Jinan, the 
capital of Shandong Province (figure 3}. Modern high- 
ways and a railway make Changle easily accessible 
year-round, Changle is an agricultural region, and for- 
eign visitors can obtain access to the area by con- 
tacting the local Changle County government. 

The sapphires are found within a roughly 5 km 
radius of Wutu (see figure 3}. At the time of our 1989 
visit, the “mining operation” was represented by spo- 
radic holes in the ground, without any organization. 
Mechanized operations by joint ventures between the 
government and foreign companies (e.g., Shandong 
Leyang Pty. Ltd.} are now under way to explore the sap- 
phire-producing potential of the area more fully. 


GEOLOGY AND OCCURRENCE 


The first discovery of sapphire near Wutu was in allu- 
vial sediments filling the topographically long and 
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narrow gully at Xinwang (figure 4}. In 1988, geolo- 
gists from the 7th Geological Brigade discovered sap- 
phires in situ in basaltic rocks at two localities in the 
vicinity of Wutu: Fangshan and Qiujiahe (again, see fig- 
ure 3). From field observations, it appears that the 
basalts at Fangshan occur stratigraphically somewhere 
near the top of the Niushan Group or the bottom of 
the Yaoshan Group (sce table 1). Potassium-argon 
geochronologic ages determined for these basalts are 
16-17 My (lower Miocene; Chen et al., 1985], which 
places them geologically in the Niushan Group. The 
basalts at Qiujiahe also are within the Niushan Group, 
but at a different stratigraphic position. However, the 
occurrence of sapphires at these two localities differs: 
At Fangshan (figures 5 and 6}, the sapphires are con- 
centrated in a layer at least 2 m thick that contains 
abundant ultramafic “xenoliths” (foreign inclusions in 
an igneous rock} within a massive basalt flow; at 
Qiujiahe, the sapphires occur in a layer 0.3-0.6 m 
thick within a different basalt flow that does not have 
xenoliths. 

At the Fangshan locality, there is a positive cor- 
relation between the abundance of xenoliths and of 
sapphires; that is, the greater the number of xenoliths 
(which may reach 30%—40% of the basalt by volume] 
present, the greater the number of sapphire megacrysts 
found within the basalt. The xenoliths have been 
deeply weathered, and the sapphires remain embed- 


Figure 2. Distinctive zoning is seen in some 
Changle sapphires like that evident in this 0.70-ct 
stone. Photo © GIA and Tino Hammid. 
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ded in the basaltic matrix {figure 7}. Similar occur- 
rences of sapphire in basalt are known from the 
Inverell-Glen Innes region of New South Wales and the 
Anakie-Rubyvale region of Queensland, Australia 
(MacNevin, 1972; Stephenson, 1976, 1990], as well 
as from other localities, but the abundance of sap- 
phires in the Changle deposits is much greater than it 
is in these other localities. 

The basalts in Shandong Province, which are part 
of the Cenozoic (less than 65 My) Basalt Belt of north- 
eastern China, are extensive. Most basalts in this area 
are Miocene in age and range from 9 to 21.5 My; only 
minor amounts were extruded during the Pliocene 
age. In general, the basalts are alkalic in composition 
(i.e., high in sodium and potassium). The ultramafic 
xenoliths characteristic of the Fangshan sapphire 
deposits are derived from the Earth’s mantle {i.e., 
below the crust and above the core}. They are found 
throughout the volcanic sequence in varying amounts. 
Sapphires, however, occur only in specific situations 
and are particularly abundant in basalts with an age 
of 16-17 My, as at Fangshan. Two major regional 
fault trends, extending northeast and northwest, 
respectively, may have played an important role in 
controlling volcanic activity in the region (again, see fig- 
ure 3). 
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Figure 3. This map shows 
the location and distribu- 
tion of Cenozoic basalts in 
the Linqu-Changle region, 
Shandong Province. The 
shaded areas represent the 
exposed basaltic rocks. 
Local hills are indicated 
by solid triangles; circles 
represent cities and towns. 
The major drainage pat- 
terns, through which allu- 
vial stones might travel, 
are also shown, The inset 
at the upper left shows the 
location of regional faults 
which provide channels 
for volcanic eruption, 
across Shandong Province. 


@ Changle 


MINING 


The horizon that contains the alluvial sapphires lies 
about 4 to 5 m below the surface. To date, most of the 
sapphires recovered have been picked by hand from the 


Figure 4. The sapphire-bearing gravels are found in 
a largely agricultural area at Xinwang, near Wutu 
in Changle County. Only a portion of the long, 
narrow gully is visible from this angle. 
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TABLE 1. The stratigraphic relationship of units in the 
Linqu-Changle-Yishni volcanic province.* 


Time scale Stratigraphic unit Description? Sapphires 


Pliocene Yaoshan Group Basalt lavas (15 m) Yes 
Interbedded clay-coal layer 


Conglomerate (30 m) 
Upper Miocene ShanwangGroup — Basalt lavas (10 m) No 
Thin coal layer 
Basalt lavas 
Sandy conglomerate (54 m) 
Clay, shales 
Lower Miocene  Niushan Group Partially exposed basaltic lavas Yes 
interbedded with 
pyroclastics (total >143 m) 
Taishan Formation Highly deformed amphibolites No 
and feldspathic gneisses 


Archean 


* Information from the 7th Geological Brigade, Zhu et al. (1985), 
and Wang and Jin (1986). 


° The thickness of each layer is given where available. 


alluvium (again, see figure 4}, although the joint ven- 
tures mentioned earlier are to bring in heavy equip- 
ment, presumably for an open-pit operation. Only 
relatively large crystals are recovered by hand picking, 
but the daily yield can be significant, as well as quite 
variable. There was no processing plant at the time of 
our visit, but we understand that such plants will be 
part of the mechanized operations planned. 


Figure 5. Sapphires have been found in situ in 
basalt in this hill at Fangshan. The arrow points 
to the in situ digging site near the top of the hill. 
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Figure 6. At the digging site at Fangshan (see figure 
5}, sapphires are concentrated in a xenolith-rich 
band of unknown thickness (2 m is visible) within 
the basalt. This was the only in situ operation at 
the time of the authors’ 1989 visit, and was 
exploited solely for mineral specimens of sapphire 
in basalt. Mr. Shao Zhixin, a loca! resident, is 
shown looking for stich specimens. 


At the time of our visit, there was no organized 
mining of the in situ deposits, although we know that 
a few people have extracted sapphire-basalt specimens 
(again, see figures 6 and 7). A detailed exploration pro- 
gram is presently being carried out by the 7th Geolog- 
ical Brigade to assess the economic potential of the 
sapphire deposits in the entire region. The joint ven- 
tures were formed in 1991 to bring organized explo- 
ration, mining, processing, treatment, cutting, and 
distribution to the Changle deposits. As yet, no details 
are available of the results of these ventures. Such 
operations are under the authority of the Bureau of 
Mineral Resources of the Changle County govern- 
ment, which can be contacted for further information. 


THE CHANGLE SAPPHIRES 


Sapphires recovered from this area range from blue 
to greenish blue to yellow, and they are sometimes 
strongly zoned (again, see figure 2). Most of the blue 
sapphires are dark (again, see figure 1], like those from 
the Anakie Field, in Queensland, Australia. In 
diaphaneity, they range from transparent to translu- 
cent (silky). The rough sapphires are relatively large, 
5-20 mm on average, with exceptional crystals up to 
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10 cm along the c-axis. Blue sapphires smaller than 5 
mm can be cut in their natural state. However, those 
larger than 10 mm are usually too dark and may 
require heat treatment before being marketed. None 
of the material we have encountered would produce 
asterism. 

We examined a random sample of more than a 
hundred individual sapphire grains, some of which 
were extracted directly from the basalts. The crystals 
are typically barrel shaped, pseudo-hexagonal, and ter- 
minated at both ends (again, see figure 7}. Many of 
the grains are broken fragments, but most of these 
show one or two original crystal faces. Those sap- 
phires that have their natural surfaces preserved show 
extensive etch features, the result of interaction with 
the basalt magma in which they were carried to the 
surface. Typically, they do not exhibit distinct dichro- 
ism. Specific gravity was determined by the hydro- 
static method to range from about 3.98 to 4.09, 

Further studies on these sapphire samples were 
carried out at Macquarie University, Sydney, Australia. 
The minor and trace elements were determined using 
energy-dispersive particle-induced X-ray emission 
{PIXE} analysis. Fe, Ga, Ti, Co, and V were found to be 
among the most abundant elements present (table 2). 
Ti contents of the yellow sapphires were lower than 
those of the blue varieties, resulting in higher Fe/Ti 
ratios for the yellow sapphires. We noted that the 
deeper the blue color of the sapphires was, the lower 
the Fe/Ti ratios were. 

Results of quantitative chemical analysis by elec- 
tron microprobe revealed the following mineral inclu- 


Figure 7. A dark blue sapphire megacryst is seen 
here embedded in its basalt matrix, as recovered 
from Fangshan in Changle County. The yellow 
fragments adjacent to the sapphire are weathered 
ultramafic xenoliths. 


sions: uranium-and-thorium-rich zircon, titanium-rich 
columbite, sodium feldspar, apatite, ilmenite, and 
magnesium-iron spinel. This combination is similar 
to that found in sapphires from other basaltic areas 
such as Hainan Island, China, and the Inverell-Glen 
Innes, Anakie-Rubyvale, and Lava Plains regions in 
eastern Australia. The zircon inclusions are orange-red 
in color and can be as large as 1 mm, the columbite 


TABLE 2. Minor- and trace-element contents in dark blue, blue, and yellow Changle sapphires.® 


Sample (color)° 


Element 
(ppm) —sgp12 SD14 SD19 SD13 SD17 SD18 SD15 SD17 
(d.blue) (d.blue) (d.blue) (blue) (olue) (blue) (yellow) (yellow) 
Fe 7188 7868 7245 7642 9046 9593 7629 8800 
Ga 207 190 194 275 211 249 250 
Ti 330 276 125 161 190 65 79 
Co 3 35 33 35 35 28 30 
Vv 28 15 17 21 13 19 21 
Cr 9 29 11 <3 <3 <3 46 
Mn 5 7 6 5 14 7 5 
Cu <3 <3 4 4 4 <3 <3 
zn <3 <3 <3 <3 <3 <3 <3 
Fe/Ti 22 29 58 56 50 117 111 


* Sapphire samples were analyzed using the proton microprobe at the CSIRO Division of Exploration Geoscience, 
North Ryde, NSW, Australia, with the assistance of Dr. W. L. Griffin, 


®d.blue = dark blue. Note that sample SD17 is a particofored crystal: separate analyses were done on blue and yellow 


sections of this crystal. 
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inclusions are typically black, with metallic luster, 
and also range from several hundred microns to 1 
mm. Columbite was found to be one of the most 
common mineral inclusions in sapphires from basaltic 
terrains, U-Pb dating of the zircon inclusions gave 
the same age (16 My) as the host Fangshan basalt 
(16.3-16.4 My). The implications of these data are 
beyond the scope of this report and are the topic of a 
separate paper {Guo, in preparation]. 


CONCLUSION 


The occurrence of sapphires in situ in basalts at 
Changle confirms the relationship between gem-qual- 
ity sapphires and basalts, which has been recognized 
but not always proved at other, similar sapphire 
deposits throughout the world, such as Thailand, 
Australia, and elsewhere in China. Sapphires found in 
basaltic terrains were clearly brought to the surface by 
the rapidly ascending alkalic basaltic magmas along 
with other heavy materials (e.g., mantle xenoliths). 
However, the genesis of the sapphires at depth remains 
a mystery, because the data at hand are inadequate to 
determine whether the sapphire crystals formed direct- 
ly from the basalt magma (i.e., they are phenocrysts} 
or crystallized elsewhere and were merely transport- 
ed to the surface as xenocrysts (i.e., crystals that are for- 
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LAB NOTES 


DIAMOND 


With Etched 
Dislocation Channels 
Some unusual inclusions in a 2.04-ct 
light pink pear-shaped diamond were 
illustrated in the Fall 1992 Lab Notes 
section (p. 194). Subsequently, we were 
shown a 1.28-ct fancy pink diamond, 
reportedly from Australia, with simi- 
lar inclusions: rectangular hollow chan- 
nels (figure 1}, some of which “zig- 
zagged” for quite a distance (figure 2). 
Emmanuel Fritsch, of GIA 
Research, informed us that X-ray topog- 
raphers use the term zigzag disloca- 


Figure 1. The surface-reaching 
inclusions in this 1.28-ct light 
pink diamond are actually rec- 
tangular hollow tubes. 
Magnified 33x. 
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Figure 2. At 63x magnification, 
one can see the extent of the 
“zigzagging” in one of the inclu- 
sions shown in figure 1. 


tions for features of similar geometry 
seen with X-radiography (the phenom- 
enon is not limited to diamond}. The 
dislocations represent zones of weak- 
ness in the crystal structure. Under cer- 
tain geologic conditions, the dislo- 
cations may become etched, in which 
case they are called etched dislocation 
channels, 

The channels that we observed in 
the two diamonds mentioned above 
would appear to be related to the vari- 
ous etch phenomena noted by Hofer in 
his article on pink diamonds from 
Australia (Gems & Gemology, Fall 
1985, pp. 147-155). Although Hofer 
describes these etch phenomena as typ- 
ical of Argyle pink diamonds, we also 
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noted an open cleavage that had been 
etched in a 0.87-ct fancy yellow dia- 
mond (figure 3} that was reportedly from 
Argyle. 

It is possible that the series of long, 
blade-like, nearly parallel inclusions 
observed in still another, 0.75-ct dia- 
mond could also be evidence of etched 
dislocation channels. When the round 
brilliant was viewed faceup, these inclu- 
sions were reflected in other facets, so 
that the whole stone resembled a kalei- 
doscope (figure 4}. Of necessity, many 
jewelers have been forced to handle dia- 


Figure 3. This etch feature, typi- 
cally associated with pink dia- 
monds from Argyle, was seen in 
a 0.87-ct fancy yellow stone, also 
reportedly from that locality. 
Magnified 45x. 


Editor's note: The initials at the end of each item identify the 
contributing eaitor who provided that item. 
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Figure 4. These long, blade-like 
inclusions produce a kaleido- 
scopic effect when this 0.75-ct. 
diamond is viewed faceup. 
Magnified 16x. 


monds with lower clarity grades than 
they had been accustomed to handling 
in the past. It is interesting that these 
inclusions were first observed while 
our client was examining stones for evi- 
dence of fracture filling, turning what 
might have been a chore into an oppor- 
tunity to discover heretofore unappre- 
ciated beauty in the inclusions them- 
selves. GRC 


Colored Diamond Crystal 
Set in a “Renaissance Ring” 


The increasing popularity of fancy-col- 
or diamonds is also often associated 
with the Argyle deposit, because of the 
many brown and pink diamonds it pro- 
duces (see, e.g., Modern Jeweler, April 
1987}, Consumer awareness has been 
heightened recently by jewelry manu- 
facturers’ promotions of finished pieces 
that incorporate these colored diamonds. 

The ring shown in figure 5 was 
sent to the East Coast laboratory for 
identification of the stone and, if it 
proved to be a diamond, whether the 
color was natural or treated. The dark 
brown octahedron was, without a 
doubt, a diamond. It measured 5.00 x 
4.85 mm wide where mounted into the 
bezel; the closed-back setting prevent- 
ed measurement of its height. Using 
the microscope and diffused lighting, 
we observed pronounced brown grain- 
ing. This, together with the absence of 
sharp absorption bands in the hand 
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Figure 5. The ring in which this 
dark brown diamond octahe- 
dron is set reportedly dates from 
the Renaissance period. 


spectroscope and the weak yellow 
flourescence to long-wave ultraviolet 
radiation, confirmed that the color was 
natural. 

This ring is very similar in style 
to a ring from the Renaissance period in 
Europe that is featured on page 97 of 
Gems and Jewels: A Connoisseur’s 
Guide, by Benjamin Zucker (Thames 
and Hudson, New York, 1984}. 
Although old styles are often repro- 
duced, empirical evidence such as the 
purity and the patina of the gold, along 
with the burnished effect on the bezel 
that occurs with wear, indicates that 
this is an original antique. The intri- 
cate workmanship, and the fact that 
the ring is very well preserved, suggests 
that colored diamonds have been desir- 
able for centuries. Also, the apparent 
age of the ring leads us to believe that 
the diamond is of Indian origin. 

T™ 


SYNTHETIC EMERALD 
Overgrowth on Faceted Beryls 
Used in Jewelry 


One of the earlier commercial synthet- 
ic emerald products consists of a pre- 
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faceted colorless or pale-colored natural 
beryl over which a layer of synthetic 
emerald has been grown by the 
hydrothermal method. Although the 
synthetic emerald layer is typically very 
thin, comprising only a small percentage 
of the entire gem, the faceup color is 
generally a uniform, medium to medi- 
um-dark green. Because this product 
was developed by Johann Lechleitner, 
it is commonly referred to by gemolo- 
gists as “Lechleitner synthetic emerald 
overgrowth.” 

We rarely see these synthetic emer- 
ald overgrowths in the GIA Gem Trade 
Laboratory; when we do, it is generally 
as individual, loose stones. It was thus 
unusual for the West Coast lab to 
receive for examination the white met- 
al pin shown in figure 6. Gemological 
testing proved that all four of the large 
(up to 11.7 x 9.5 x 7.7 mm] green emer- 
ald cuts are examples of synthetic emer- 
ald overgrowth on natural beryl. Typical 
features, noted with magnification, 
included a “crazed layer,” consisting of 
many fine, intersecting fractures at the 
interface of the synthetic emerald lay- 
er and the beryl core. Growth features 
on several facets of each specimen 


Figure 6. The four green stones 
in this pin, which range from 
approximately 8.2 x 6.1 x 3.8 
mum to 11.7 x 9.5 x 7.7mm, are 
synthetic emerald overgrowths 
on natural beryl. 
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proved that little or no repolishing had 
been done after the overgrowth process. 
SFM and R. C. Kammerling 


Pink Hydrogrossular GARNET 


Although we regularly receive for iden- 
tification a wide variety of transparent, 
single-crystal garnets, only infrequent- 
ly do we examine nontransparent aggre- 
gate types (see, e.g., the entry on a 
massive grossularite garnet carving in 
the Winter 1991 Lab Notes section}. It 
was thus a pleasant surprise for the 
West Coast lab to receive the translu- 
cent, orange-pink 8.57-ct pear-shaped 
cabochon shown in figure 7. 

The stone produced an “aggregate” 
reaction in the polariscope and a spot 
R.L reading of 1.69. The specific gravi- 
ty, determined hydrostatically, was 3.30. 
Although the RI. and S.G. values are 
within the published ranges for 
hydrogrossular garnet, they are some- 
what lower than what we have encoun- 
tered in the past and could make this a 
difficult identification for some gemol- 
ogists. X-ray powder diffraction analy- 
sis, however, proved that the stone was 
hydrogrossular garnet. Energy-disper- 
sive X-ray fluorescence (EDXRFI, per- 


formed by GIA Research, revealed the 
presence of manganese, which is 
believed to be responsible for the gem’s 
color. 

SFM and R. C. Kammerling 


Black OPAL 


In the trade, the term black opal is used 
to describe solid (i.e., unassembled} 
opals that display their play-of-color 
against a dark, essentially opaque back- 
ground when viewed with overhead 
lighting. However, there does not appear 
to be a consensus as to what “dark 
background” means. Because black opal 
is so desirable, there is a tendency to 
use the term for materials with back- 
grounds that are dark brown or dark 
gray rather than black. Some traders 
use the term even more lodsely, describ- 
ing stones with only light gray back- 
grounds as black opal. (For more on opal 
description and valuation, refer to Opal 
Identification and Value, by Paul B. 
Downing |Majestic Press, Tallahassee, 
Florida, 1992].] 

Regardless of how the term is 
defined, opals with a truly black back- 
ground are uncommon, so the West 
Coast laboratory appreciated the oppor- 


Figure 7. The R.J. and S.G. values of this 8.57-ct hydrogrossular garnet 
(20.7 x 7.3 x 6.1 mm) are at the low end of the range for this gem species. 
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Figure 8, This 7.37-ct stone (19.8 
x 11.8 x 4.7 mm) is a fine exani- 
ple of opal with a truly black 
background. 


tunity to examine the 7.37-ct oval cabo- 
chon seen in figure 8. Against its black 
background, this stone exhibited large, 
vivid patches of color, mainly red and 
orange, but with some blue, green, and 
violet as well. When viewed from some 
angles, the opal displayed orange play- 
of-color across more than two-thirds of 
its surface. 

Because this cabochon contains 
two thin seams of dark potch (i.e., com- 
mon opal}, an unwary gemologist might 
mistake it for an assembled stone. 
Therefore, a note was added to the con- 
clusion on the GIA-GTL report that 
this opal is not assembled. 

SFM and R. C. Kammerling 


Freshwater Natural PEARL 
from Alabaina 


In their classic work, The Book of the 
Pearl (Century Co., New York, 1908), 
Kunz and Stevenson discuss natural 
pearls formed in bivalve mollusks that 
live in freshwater rivers and lakes. In 
America, pearls are primarily found in 
mollusks from the family Unionidae, 
which live in the Mississippi and 
Tennessee Rivers and their tributaries, 
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Figure 9. The Chattahoochee 
River in Alabama is the source 
of this 12-mm natural pearl. 


as well as in the Colorado River. The 
West Coast laboratory has just learned 
that some natural pearls were found 
recently in Alabama, a lesser-known 
pearl source. 

The aftractive pinkish purple pearl 
in figure 9 was found in the Chatta- 
hoochee River near Dothan, Alabama. 
The slightly off-round pearl measured 
approximately 12 mm in diameter and 
weighed about 52 grains (13 ct}. The 
X-radiograph showed the very dense 
structure and thin conchiolin layers 
commonly seen in freshwater natural 
pearls. Because of the fairly dark tone 
and coloration of this pearl, X-ray lumi- 
nescence was only moderately strong. 
The pearl fluoresced greenish yellow 
to long-wave ultraviolet radiation. 
Unfortunately, it is not known which 
species produced this lovely pearl. 

KH 


Synthetic Green QUARTZ 


The laboratory periodically receives 
amethyst for identification, primarily 
to determine whether it is natural or 
synthetic. Amethyst, however, is not 
the only variety of quartz that is syn- 
thesized by the hydrothermal process. 

Recently, two separate clients sub- 
mitted to the West Coast laboratory 
faceted specimens of a transparent, dark 
green gem material that visually resem- 
bled tourmaline (see, e.g., figure 10). In 
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both cases, the material had been rep- 
resented to our clients as a new type of 
natural green quartz from Brazil. 

Gemological testing revealed prop- 
erties consistent with quartz, both nat- 
ural and synthetic. When the stones 
were immersed in water and examined 
with a polariscope, they proved to be 
untwinned, with a “bull’s-eye” inter- 
ference figure. Magnification revealed 
parallel green color banding, similar to 
that seen in a synthetic green quartz 
reference stone of Russian origin (see 
the Gem News section, Spring 1992}. 
We also noted some angular brown col- 
or zoning running perpendicular to the 
green banding, a feature we have seen in 
other colors of hydrothermal synthetic 
quartz, but not in the natural counter- 
part. One specimen also contained numer- 
ous tiny white pinpoint inclusions. 

EDXRF analysis in GIA Research 
detected the presence of silicon, potas- 
sium, and iron. This differed only slight- 
ly from the chemistry of our reference 
sample, which also contained minor 
amounts of chromium. 

On the basis of these results, we 
identified the specimens from both 
clients as synthetic green quartz. The 
iron may be responsible for the green 
coloration of these stones, as it is in 
natural green quartz and in “greened 
amethyst” (produced by the heat treat- 
ment of some natural amethyst). It is 
important to note that, while green 


Figure 10. This 12.30-ct synthetic 
green quartz had been misrepre- 
sented to our client as a new 
type of natural quartz from 
Brazil. 


GEMS & GEMOLOGY 


quartz {sometimes referred to by the 
trade name “‘praseolite’”’) does occur nat- 
urally, such material is typically light in 
tone. To our knowledge, there are no 
reports of natural green quartz with this 
darkness of tone. 

SFM and R. C. Kammerling 


SAPPHIRE 


Color-Zoned Sapphire 


Some of the most interesting sapphires 
we encounter are those that exhibit dis- 
tinct color zoning, such as the stones 
reported in the Spring 1986 and Fall 


Figure 11. While the faceup color 
of this 3.51-ct sapphire is primar- 
ily orangy pink with purple over- 
tones, the stone has distinct 
orange and pink color zones. 


1989 Gem News sections. The West 
Coast laboratory recently examined an 
unusual sapphire that exhibited distinct 
orange and pink zones. In the faceup 
position, most of this 3.51-ct stone took 
on an orangy pink color with purple 
overtones, although distinct areas were 
more orange {figure 11}. 

This stone reminded us of an 
exceptional 1,126-ct sapphire crystal 
from the Ratnapura area of Sri Lanka 
illustrated in the Spring 1983 Gems @ 
Gemology (“Padparadscha: What’s in 
a Name?,” by Robert Crowningshield), 
with a follow-up entry in the Spring 
1986 Lab Notes column. That crystal 
also exhibited color zoning in predom- 
inantly pink and orange hues. It is pos- 


Winter 1992 265 


sible that the stone described here was 
cut from a similar crystal. 
SFM and R. C. Kammerling 


Durability of 

Diffusion-Treated Sapphire 

An item in the Summer 1992 Lab 
Notes section reported unusual wear 
of the crown facets on a diffusion-treat- 
ed blue sapphire. In that item, we sur- 
mised that repeated heating of some 
diffusion-treated sapphires may have 
produced a lower resistance to wear. 
However, the appearance of another dif- 
fusion-treated stone with badly abrad- 
ed crown facets suggests that something 
more than just heating may be involved. 
An approximately 4-ct stone, set in a 
ring with side diamonds (figure 12), was 
submitted to the East Coast lab for iden- 
tification. The lack of any evidence of 
wear to the setting leads us to believe 
that it could not have been worn for a 
long time. Yet, “micro-chipping” at the 
edge of the table (figure 13) resembles 
the damage seen on a heat-treated zir- 
con that has been worn for years. Thus, 
we are forced to consider the possibili- 
ty that the surface layer of at least some 
diffusion-treated sapphires is just not 
as durable as the surface of an ordinary 
heat-treated sapphire. 


Figure 12. Abraded table facet 
junctions are readily seen on this 
approximately 4-ct diffusion- 
treated sapphire which has been 
set in a ring with diamonds. 
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Figure 13. At 35x magnification, 
the full extent of the abrasion 
damage to the table facet junc- 
tions of the stone shown in fig- 
ure 12 1s apparent. 


We do not know how prevalent 
this problem is, given the many thou- 
sands of carats of blue diffusion-treated 
sapphires that have entered the trade 
in recent years. It appears, however, 
that some diffusion-treated sap- 
phires are as prone to wear as heat-treat- 
ed zircons. GRC 


Yellow Sapphire with 
Unusual Fluorescence 


Reaction to ultraviolet radiation is often 
a useful gemological test. One specific 
application is to determine if corun- 
dum gems have been subjected to heat 
treatment. For example, blue heat-treat- 
ed “geuda” stones from Sri Lanka often 
fluoresce a chalky bluish white to green- 
ish yellow to short-wave U.V. radia- 
tion. Occasionally, we have also seen 
rubies that showed a patchy bluish flu- 
orescence to short-wave U.V. (see, e.g., 
the Summer 1984 Lab Notes section). 

Recently, the West Coast lab was 
asked to issue an identification report 
on an 8.27-ct transparent, light yellow, 
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oval mixed cut. Gemological testing 
proved the stone to be a natural sap- 
phire. Magnification revealed small dis- 
coid fractures around the included 
crystals, clear evidence that the stone 
had been heat treated. 

The moderate orange fluorescence 
to long-wave U.V. radiation has been 
seen before in both heat-treated and 
untreated yellow sapphires. However, 
we were surprised to see an atypical 
overall yellow fluorescence to short- 
wave U.V. Examination of the stone 
with a microscope that had been mod- 
ified for use with U.V. radiation sources 
revealed the cause of the yellow appear- 
ance: Most of the stone fluoresced 
orange to short-wave U.V., but some 
areas fluoresced a chalky bluish white. 
These areas corresponded to light blue 
color zones that might have developed 
during the heat treatment. It appears 
that the areas of chalky bluish white 
fluorescence combine with the under- 
lying orange fluorescence to produce 
an overall yellow appearance to short- 
wave U.V. radiation. 

SFM and R, C. Kammerling 


SYNTHETIC STAR SAPPHIRE 
of Unusual Color 


Synthetic star corundums are produced 
by the flame-fusion method in a great 
variety of colors. One of the most preva- 
lent colors mimics the appearance of 
ruby. In our experience, synthetic star 
stones tend to be semitranslucent to 
almost opaque, because of the high con- 
centration of acicular synthetic rutile 
inclusions responsible for the asterism. 
These synthetic rutile needles not only 
lower the transparency of the synthet- 
ic stones, but they also contribute a 
strong purple appearance that is due to 
scattering of light. It is because of this 
effect of rutile on the overall color 
appearance (of natural as well as syn- 
thetic stones} that the laboratory allows 
more leeway in making the distinction 
between ruby and purple sapphire in 
star stones. 

On rare occasions, we see synthetic 
star rubies that contain lower concen- 
trations of the needle-like inclusions. 
Such stones invariably have a more nat- 
ural appearance. They not only exhib- 
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Figure 14, The combination of a 
high degree of transparency and 
a reddish purple body color 
makes this 7.08-ct synthetic star 
sapphire unusual. 


it slightly less distinct stars, but they 
also are semitransparent with a less 
purple, more red body color. Even more 
unusual, in.our experience, is the 7.08- 
ct synthetic star sapphire shown in fig- 
ure 14, which was recently examined in 
the West Coast laboratory. Although 
this stone exhibited the high degree of 
transparency associated with lower con- 
centrations of rutile, the dark reddish 
purple body color resulted in it being 
identified as a synthetic star sapphire 
rather than a synthetic star ruby. 

SFM and R. C. Kammerling 


Unusual Bicolor ZOISITE 


The blue to violet variety of zoisite 
known as tanzanite, which is produced 
primarily in the Merelani Hills of 
Tanzania, first entered the gem market 
in the 1960s. Much more recently—in 
1991—commercial quantities of a trans- 
parent green zoisite were also discov- 
ered in the Merelani Hills (see 
“Gem-Quality Green Zoisite,” by N. 
R. Barot and W. Boehm, in the Spring 
1992, Gems & Gemology). 


PHOTO CREDITS 


In our experience, both tanzanite 
and the newer transparent green zoisite 
tend to have quite uniform color dis- 
tribution throughout the stone. Staff 
gemologists in the West Coast lab were 
therefore surprised to receive for iden- 
tification the 2.52-ct emerald cut illus- 
trated in figure 15. This zoisite is very 
unusual in that it is distinctly bicol- 
ored, displaying violetish blue in one 
half and yellowish green in the other. 

Standard gemological testing con- 
firmed that the stone was zoisite. 
Ultraviolet-visible spectroscopy and 
EDXRE chemical analysis were per- 
formed in GIA Research to explore the 
difference in color between the two 
zones. A qualitative EDXRE analysis 
showed that both the violetish blue and 
yellowish green sectors contain, besides 
zoisite’s normal components, traces of 
strontium, vanadium, and possibly 
chromium. However, the blue sector 
was found to have significantly more 
vanadium than the green sector, but 
none of the titanium that was present 
as an additional impurity in the green 
sector. No iron was found in the crys- 
tal, in either color sector. In their arti- 
cle, Barot and Boehm also noted the 
presence of strontium and the absence 
of iron in both the green and the blue 


samples, although no ultraviolet-visi- 
ble absorption spectra were provided. 
They identified Cr as the primary chro- 
mogen responsible for the green color, 
versus the established chromogen V in 
the blue material. Their blue and green 
samples all contained comparable 
amounts of Ti. 

Unpolarized absorption spectra, 
taken in the same orientation in both 
the blue and green zones, show identi- 
cal features, with the exception of an 
additional absorption in the green zone 
that has a “two-humped” broad band 
with apparent maxima at about 445 
and 466 nm. A band at about 444 nm 
has in the past been tentatively attrib- 
uted by Faye and Nickel (Canadian 
Mineralogist, Vol. 10, No. 5, 1971, pp. 
812-821) to Ti*” in zoisite. However, 
this interpretation poses some prob- 
lems that remain unresolved. For exam- 
ple, this absorption may be related to 
titanium in a more indirect manner, 


‘such as a charge transfer with some 


other ion; there are no previously 

known absorptions around 466 nm. 

Therefore, the color difference between 

the two zones of this zoisite is not clear- 
ly understood at this time. 

R. C. Kammerling 

and Emmanuel Fritsch 


Figure 15, This 2.52-ct zoisite (10.3 x 5.5 x 4.6 mm) is unusual in that it 
is distinctly bicolored. The green portion is actually greener in the stone 
than it appears in this photograph. 


Vincent Cracco took the pictures in ligures 1-3. Nicholas 
DeiRe supplied the photos in tigures 4, 5, 12, and 13. The pho- 
tographs used for figures 6-11, 14 and 15 were laken by 
Shane F. McClure. 
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DIAMONDS 


Indicators of additional diamond pipes in Australia. 
Centenary International Mining Ltd. of Australia has 
announced the discovery of a potentially diamondiferous pipe 
zone at Giralia, north of Lake MacLeod in Westem Australia. 
The joint-venture lease area is about 1,600 km (1,000 mi.} 
southwest of Argyle. Preliminary exploration revealed the 
presence of chrome spinels that, theoretically, could only 
come from a primary deposit similar to the Argyle pipe. 
Follow-up work will include detailed sampling of previ- 
ously detected magnetic anomalies, as well as aeromag- 
netic, ground magnetic, and stream sediment sampling of 
the remainder of the lease area. (Diamond International, 
July/August 1992, pp. 33, 35) 


“Presidential” diamond cavity. Anthony de Goutiére, a 
gemologist and jeweler from Victoria, British Columbia, 
brought to the editors’ attention a 0.33-ct round-brilliant-cut 
diamond with an exceptionally deep surface-reaching cav- 
ity. The cavity was open at the pavilion and, when viewed 
down its length, showed distinct trigons on its inner surfaces 
as well as a square cross-sectional outline. When viewed 
through the stone’s crown, the cavity proved to be excep- 
tionally deep (with an approximately four-to-one length- 
to-width ratio), Also evident was the remarkable resemblance 
of the cavity to a statue of the 16th president of the United 
States, Abraham Lincoln (figure 1). The exact cause of the 
cavity is not known. Similar features, however, have been 
described previously as “etched dislocation channels” (see 
Gem Trade Lab Notes, this issue). 


An update on diamond research, In carly September 1992, 
one of the editors (EF) attended the “Diamond 1992” con- 
ference in Heidelberg, Germany. He prepared the following 
report on recent progress made in diamond research. 

Most research activity in the low-pressure growth of 
synthetic diamond (essentially chemical vapor deposition— 
or CVD—synthetic diamond] appears to be concentrating on 
refining current processes to achieve higher growth rates 
or fit specific applications. To demonstrate progress made 
in the growth of large (for this technique} gem-quality crys- 
tals by microwave CVD, Prof. Andresz Badzian of Penn- 
sylvania State University exhibited a 2-mm-high pyramidal 
single crystal of synthetic diamond that, to the unaided 
eye, appeared to be transparent and colorless. 
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Figure 1. Viewed through the crown, this cavity in 
a diamond resembles a statue of 19th-century U.S. 
president Abraham Lincoln standing on a 
pedestal, Photomicrograph by Anthony de 
Goutiére; magnified 18 x. 


As a result of research on high-temperature, high-pres- 
sure synthesis of diamond, Dr. Hisao Kanda, of the National 
Institute of Research on Inorganic Material in Japan, has 
produced yellow synthetic diamonds that contain A nitro- 
gen aggregates (type IaA diamond} by treating type Ib yellow 
synthetic diamonds at high pressure. All of the synthetic yel- 
low diamonds reported previously contained only dispersed 
(type Ib} nitrogen. The presence of nitrogen aggregates may 
dramatically affect the gemological properties of the stones 


GEMS & GEMOLOGY Winter 1992 


and would have important implications should they ever be 
made commercially available. 

Dr. Alexander P. Yelisseyev, of the Institute of 
Mineralogy and Petrography in Novosibirsk, Russia, showed 
typical cubo-octahedral yellow gem-quality synthetic dia- 
monds grown in Novosibirsk. These diamonds were grown 
at high pressures and temperatures in what is called a split- 
sphere apparatus, a technique that, Dr. Yelisseyey main- 
tains, is less expensive than the classic belt method used by 
all other producers of high-pressure synthetic diamonds. It 
is interesting to note that some of these diamonds had been 
heat treated at high pressure, which resulted in a lighter, 
greener color. According to Dr. Yelisseyev, this green color 
is caused by nickel-related color centers formed during the 
treatment. The nickel impurity comes from the molten 
metal flux in which the synthetic diamond is grown. 

The Drukker International booth in the industrial 
exhibit area featured a display of hundreds of large (0.5 to 8 
ct} De Beers synthetic yellow diamond crystals. According 
toa Drukker representative, De Beers Industrial Diamond 
Division sells thin slabs {about 1 mm) of such synthetic 
diamonds for use as heat dissipaters. However, some slabs 
had fairly large surface areas {about | cm on an edge). 

During an enlightening lecture on the geologic origins 
of diamonds, Dry. Jeff Harris, of Glasgow University in 
Scotland, reported that recent inclusion research has proved 
that some diamonds may form at much greater depths than 
previously thought. Most diamonds are now believed to 
have formed at depths between 180 and 450 km, but some 
rare crystals might have grown at a depth of about 670 km. 


More exploration in Tanzania. The Tanzanian government 
has signed a number of exploration agreements with pri- 
vate firms. One such agreement, between the Tanzanian 
Ministry of Energy and Minerals and the firm Reunion 
Mining, is for diamond exploration in the Lake Victoria 
region. There is also reportedly some interest in prospecting 
for gems in the Tabora region. (Mining Journal, July 31, 
1992, p. 72) 


Zimbabwe diamond find. Australia-based Auridiam 
Consolidated reports that three months of test work at its 
pilot processing plant in Zimbabwe has yielded 5,000 ct of 
diamonds, including one 17-ct cutting-quality stone. The ore 
from which these stones were processed was recovered 
from the firm’s River Ranch concession, located near the 
Limpopo River in the south of the country. Plans call for the 
plant to begin processing 200,000 m’° of ore per year. (Mining 
Journal, October 2, 1992, p, 2.33} 


COLORED STONES |! SET 5 : | 
Agate and amethyst from Uruguay. Although Brazil is well 
known as a source of many varieties of quartz, neighboring 
Uruguay also has large, commercial deposits of, specifical- 
ly, agate and amethyst. These are found in the northernmost 
department of Artigas. According to the August 14, 1992, 


Gem News 


Country Supplement to Mining Journal (p. 7), annual pro- 
duction is approximately 150 tons of agate and 80 tons of 
amethyst, with a significant amount of the latter being 
shipped to Germany. 


Amber from the Dominican Republic and the Baltic region. 
At the June 1992 Vicenzaoro trade fair in Vicenza, Italy, 
two of the editors (EF and RCK} noted the large amount of 
fine-quality amber on display. One dealer, Dr. Salvatore 
Greco, devoted a significant portion of his display area exclu- 
sively to rare blue amber from the Dominican Republic. 
Strong luminescence to visible light is said to produce the 
blue appearance of this material, 

Sarunas Davainis—representing the firms Galeria No. 
44, Gdansk, Poland, and Amber Ltd., Vilnius, Lithuania— 
provided an update on the amber industry in the Baltic 
region. He estimated that this region—specifically, Lithuania, 
Russia, and Poland—produces approximately 10 metric 
tons annually. The different types of deposits require different 
mining methods. In Russia and Lithuania, the amber-con- 
taining strata lie beneath 25-40 m of overburden. Explosives 
used in the recovery process damage the amber, producing 
a yield in finished goods of only 7% to 10% by weight. In 
Poland, however, the amber is closer to the surface, under 
roughly 12 m of overburden. Here, miners use the “floating” 
method: They inject saline solutions into the soils, thereby 
drawing the amber toward the surface. Near the city of 
Gdansk, Poland, some—usually top quality—amber is still 
found along the coast. Mr. Davainis indicated that he is 
exploring the possibility of “pumping” amber directly from 
the seabed. In a first experiment in the summer of 1991, 
he recovered some 160 kg of amber from the submerged 
former shoreline. 


Unusual aragonite. Pectolite from the Dominican Republic 
is a visually distinctive material; it typically has a greenish 
blue body color and displays finely fibrous spheroidal aggre- 
gates in cabochons and polished slabs (for more information, 
see Woodruff and Fritsch, “Blue Pectolite from the 
Dominican Republic,” Gems e Gemology, Winter 1989, pp. 
216-225). Until recently, the editors knew of only one mate- 
rial that might be confused with pectolite, an artificial 
glass marketed under the names: “Imori Stone” and 
“Victoria Stone.” 

At the February 1992 Tucson Show, the editors saw 
for the first time another gem material with a striking 
resemblance to some Dominican pectolite (figure 2). 
Marketed under the trade name “Victorite” (after Victor 
Herrera, a friend of the mine owner, according to Eugene 
Mueller of The Gem Shop, Cedarburg, Wisconsin], this 
material comes from a copper-mining area approximately 
3,000 to 4,000 m above sea level in the Department of 
Moquegua of southern Peru. Recovery is primarily from 
small seams, although the material mined to date ranges 
from a few grams to over 1 kg. 
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Figure 2. This 9.36-ct tablet (22.51 x 11.06 x 4.10 
mm) is an impure form of aragonite from Peru. 
Photo by Maha Smith-DeMaggio. 


We subsequently obtained three specimens of 
“Victorite,” including a large unpolished piece donated by 
Mr. Mueller. Detailed testing on the 9.36-ct oval tablet 
shown in figure 2 revealed the following properties: color— 
variegated greenish blue and white; diaphaneity—semi- 
translucent; spot R.I.—1.52 to 1.66, with a strong 
“birefringence blink” indicating high birefringence (approx- 
imately 0.140). The material was inert to both long- and 
short-wave U.V. radiation, although two large fractures 
luminesced a weak, dull brownish orange. The tablet 
appeared green through the Chelsea color filter, showed no 
distinct absorption features when examined with a desk- 
model prism spectroscope, and had a specific gravity of 
2.75, as determined by hydrostatic weighing. Magnification 
revealed a coarse microcrystalline structure. 

Energy-dispersive X-ray fluorescence (EDXRF) analy- 
sis, performed by GIA Research, revealed the presence of cal- 
cium, copper, and strontium. X-ray powder diffraction 
analysis, carried out by Gus Calderon of the GLA Gem Trade 
Laboratory, produced a match with a standard pattern for 
aragonite. Although the S.G. is lower than that reported in 
the literature for aragonite (2.94+], the presence of impurities 
and/or cavities could account for the discrepancy. 

On the basis of this information, the “Victorite” was 
identified as an impure form of aragonite. The blue col- 
oration of this material (like blue pectolite) may also be 
due to copper. Although this aragonite may resemble pec- 
tolite, the much stronger birefringence of aragonite will 
easily separate the two. Note, too, that aragonite is not as 
durable as pectolite. 


Color-change burbankite-related mineral from Mont St. 
Hilaire, Quebec. As reported in the Spring 1992 Gem News 
section, an unusual color-change gem, stated to be bur- 
bankite, was discovered in 1991 not fay from Montreal at the 
Poudrette quarry, Mont St. Hilaire, province of Quebec, 
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Canada. Some good-size gem-quality crystals were found, and 
faceted stones as large as 6.62 ct have been cut. Burbankite 
[(Na,Ca}3(Sr,Ba,Ce}3{(CO3}5] is a hexagonal carbonate. 

Recently, the editors examined a 3.18-ct cut-corner 
rectangular modified brilliant faceted from this material, 
which was loaned to GIA by Art Grant of Martville, New 
York. This stone exhibited a color change from very slight- 
ly greenish yellow in fluorescent lighting to slightly yel- 
lowish orange in incandescent illumination (figure 3). 
Gemological properties were determined by Gus Calderon 
and Shane McClure of the GIA Gem Trade Laboratory (GIA- 
GTL). Refractive indices of 1.630 and 1.632 yielded a bire- 
fringence of only 0.002, which is exceptionally low for a 
carbonate and also quite different from the published values 
for burbankite of 1.615 and 1.627. The stone showed no 
significant pleochroism, and the optic figure was pseudo- 
uniaxial. The specific gravity, determined by averaging three 
hydrostatic measurements, was 3.53 (as compared to 3.50 
for burbankite). Microscopic examination revealed several 
narrow parallel growth tubes across the width of the stone. 
This stone proved inert to both long- and short-wave U.V. 
radiation, and showed no reaction (i.e., appeared green} 
through the Chelsea color filter. A handheld-type prism 
spectroscope revealed total absorption up to about 420 nm, 
with several sharp bands characteristic of a rare-earth spec- 
trum, the strongest features were at approximately 452, 
514 (strong doublet), 522, and 575 nm (several strong lines 
coalesced together). 

EDXRF analysis performed by GIA Research identi- 
fied strontium and calcium as major elements, with minor 
sodium, potassium, lanthanum, and cerium, Neodymium 
was also detected in trace amounts. This represented a 
departure from typical burbankite chemistry. In particular, 
no barium was detected, although lanthanum, neodymi- 
um, and potassium were also found in the specimens used 
for the original description of burbankite {Pecora and Kerr, 
American Mineralogist, Vol. 38, 1952, pp. 1169-1183}. 
Subsequent X-ray diffraction and microprobe analyses on 
reportedly identical material (but not on this specimen] at 
the Canadian Museum of Nature in Ottawa, Ontario, iden- 
tified their material as remondite-(Ce), a new mineral relat- 
ed to burbankite (and first described by Cesbron, Gilles, 
Pelisson, and Saugues in 1988, with the crystal structure 
determined by Ginderow, 1989; see American Mineralogist, 
Vol. 75, No. 3-4, 1990, p. 433}. On the basis of this infor- 
mation and what we gathered, we believe the cut stone we 
examined is also remondite-(Ce}. 

To understand the color-change behavior seen in this 
gem, we recorded its ultraviolet-visible transmission spec- 
trum. This revealed sharp lines at approximately 444, 488, 
510, 522, and 578 nm, plus others at 626, 678, 740, 800, 
and 874 nm, as well as a series of broader absorption bands 
in the near infrared. We attributed the cutoff toward the 
ultraviolet to absorption by cerium (Ce4*) and the sharp 
bands to neodymium (Nd*"}. Our own research has shown 
that Nd?* produces a moderate bluish purple to reddish 
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Figure 3. This 3.18-ct stone is believed to be remondite-(Ce}, a new rare-earth carbonate related to burbankite, It 
exhibits a color change from slightly greenish yellow in daylight (left) to yellowish orange in incandescent light 


(right). Photo © GIA and Tino Hammid. 


purple or purplish pink color change in YAG and cubic zir- 
conia. Therefore, we believe that the color change in this 
sample is due to Nd*", the colors seen are different from 
those observed in YAG and cubic zirconia because of the 
influence of the Ce** absorption. Mr. Grant informed us 
that not all specimens of this material that he has cut exhib- 
it color change. We speculate that those that do not have lit- 
tle or no neodymium. 


Dumortierite-in-quartz beads. The vast majority of the gem 
materials fashioned into beads are polished to produce a 
vitreous luster. Occasionally, however, we see beads on 
which the surface has intentionally been left rough to give 
a dull finish. At the Vicenzaoro trade fair this past June, 
two of the editors (EF and RCK) noticed some interesting 
beads at the booth of Gaetano Bazzi from Faenza, Italy. 
These large beads—roughly 18 mm in diameter—exhibited 
a violetish blue body color with mottled black veining (fig- 
ure 4). The material had been represented to Mr. Bazzi as 
dumortierite from South Africa. 

Two beads were donated to GIA for research. Sub- 
sequent testing revealed a vague spot R.I. of 1.55 and an 
S.G. of 2.95. The beads were inert to long-wave U.V. radi- 
ation, but the violetish blue areas luminesced a moderate, 
chalky whitish blue to short-wave U.V. (with the black 
areas remaining inert), Using a gemological microscope, we 
noted angular patches of a semitransparent, colorless min- 
eral (probably quartz) interspersed with the violetish blue 
material. X-ray powder diffraction analysis produced a pat- 
tern matching a standard for dumortierite in quartz, that is, 
a superimposition of the patterns for both minerals. 


Feldspar-and-amphibole gem from Egypt. The Sinai 
Peninsula of Egypt is well known as one of the earliest 
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sources of turquoise. In neighboring Israel, adjacent to the 
Sinai Peninsula, another semitranslucent to opaque, blue- 
to-green gem is found. Known in the trade as “Eilat stone,” 
this mixture of chrysocolla and malachite, like turquoise, is 
colored by copper. It was thus with interest that in Cairo this 
past year, one of the editors (RCK} saw some unusual, mot- 
tled cabochons with major areas of greenish blue, similar to 
“Eilat stone.” According to the vendor, small quantities of 
the material show up sporadically in the marketplace, hav- 
ing been collected by Bedouin tribespeople. 

Two representative cabochons (a 7.05-ct pear shape 
and a 3.29-ct oval} were purchased and subsequently exam- 
ined in detail. Both are semitranslucent and have a varie- 
gated, mottled appearance, with greenish blue and very dark 
green areas, the latter so dark in tone as to appear black in 


Figure 4. These two rough-surfaced beads, approxi- 
mately 18 mm in diameter, are dumortierite in 
quartz. Photo by Robert Weldon. 
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overhead illumination (see, e.g., figure 5}. The greenish blue 
areas are highly fractured and veined; the dark green areas 
contain irregular inclusions with a metallic luster. We also 
noted small inclusions of a more saturated greenish blue col- 
or and lower diaphaneity, as well as areas of brownish red 
(limonitic?} staining. 

Spot refractive-index determinations gave readings of 
1.54, The stones appeared green through the Chelsea color 
filter. The more translucent areas fluoresced a faint yel- 
lowish green to long-wave U.V. radiation, but the stones 
were completely inert to short-wave U.V. Hydrostatic weigh- 
ing produced specific-gravity values of 2.67 for the 7.05-ct 
pear-shaped cabochon and 2.74 for the 3.29-ct oval. 

As the above data were inconclusive, X-ray powder dif- 
fraction analysis was performed on both the greenish blue 
and dark green areas. On the basis of the patterns produced, 
we determined that the greenish blue areas are a feldspar, 
whereas the dark green areas are an amphibole, although we 
could not determine the specific species. Therefore, we 
identified these stones as rocks consisting of feldspar and 
amphibole with possibly other, undetermined mineral com- 
ponents. EDXRE analysis revealed the presence of Al, Si, K, 
Ca, Ba, Mn, Fe, and Cu. We believe that the blue coloration 
is most likely due to the copper impurities. 


Figure 5, Believed to be from the Sinai Peninsula of 
Egypt, this 7.05-ct cabochon consists primarily of 
greenish blue feldspar and an amphibole mineral. 
Photo by Maha Smith-DeMaggio. 
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Figure 6. Okinawa is the reported source of this 
rare strand of 37 “golden” cultured South Sea 
pearls (11.2-14.1 mm in diameter), which are also 
notable for their high luster and absence of blem- 
ishes. Photo courtesy of René Hodel. 


Update on golden cultured pearls. At the September 1992 
Hong Kong Jewelry and Watch Fair, René Hodel of the firm 
Schoeffel in Hong Kong exhibited three strands of fine, rare 
“golden” cultured South Sea pearls, which ranged up to 18 
mm in diameter (see, e.g., figure 6). Mr. Hodel reported that 
cultured South Sea pearls of this hue are actually accidents 
of the culturing process, representing a very small percent- 
age of the harvest from the yellow- and white-lip oysters. 
According to Mr. Hodel, those with a “pure, dark gold” col- 
or are most valuable; any greenishness is considered detri- 
mental. 

The cultured pearls in these necklaces reportedly came 
from Okinawa, Japan. In the past, Burma (now Myanmar) 
was the principal source of golden cultured pearls. Today, 
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Figure 7. Small-scale min- 
ing operations continue in 
the Elahera gem field of Sri 
Lanka, This shallow circu- 
lar pit is located along a 
tributary of the Mahaweli 
Ganga River, Photo by 
Shane F. McClure. 


ace 


Indonesian pearl farms produce most of the golden cultured 
pearls in the marketplace, usually in sizes less than 15 mm 
in diameter. Top-quality larger (up to 18-19 mm) golden 
cultured pearls primarily come from Australia. 


Sri Lanka: Current mining in Elahera. In August 1992, GIA- 
GTL’s Shane McClure visited mining sites in Sri Lanka 
through the assistance of gem dealer M.H.S.M. Mahisukeen. 
One area visited was Elahera, in the center of this island 
nation (the subject of a Summer 1986 Gems @ Gemology 
article by Gunawardene and Rupasinghe]. 

At the time of the visit, local inhabitants indicated 
that no large-scale mining had taken place for roughly four 
years, Individual miners, however, continue to operate in the 
area illegally and produce small quantities of sapphire, gar- 
net, and various collector gems from the alluvial deposits. 
These operations are typically small pits dug into the banks 
of tributaries of the Mahaweli Ganga River (figure 7). 


Sri Lanka: Update on gem production. Gordon Bleck of 
Radiance International, San Diego, California, has provided 
another update on gems and gem mining in Sri Lanka. He 
reports that a variety of factors have produced a general 
decline in gem production there. In the Okkampitiya area, 
one reason is the threat of terrorism by members of the 
Liberation Tigers of Tamil Elam. Also, this southeastern 
area of the country has been suffering through a drought 
so bad that drinking water has had to be trucked into some 
communities, so there has not been sufficient water to 
wash the gem gravels. 
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Good natural-color blue and yellow Sri Lankan sap- 
phires are less plentiful than in previous years, although 
pink to purple sapphires appear to be slightly more available 
than in the past. Yellow sapphires of all qualities are report- 
edly being purchased in large quantities for heat or diffusion 
treatment. Mr. Bleck also noted the appearance on the mar- 
ket of a higher percentage of yellow sapphires that are unsta- 
ble to daylight. Typically, sapphires turned yellow by expo- 
sure to X-rays fade to their original pale yellow or colorless 
state after a few hours in direct sunlight. Consequently, it 
is common practice for many buyers to expose yellow sap- 
phires to daylight for one or two days prior to completing the 
purchase. According to Mr. Bleck, however, subjecting a 
sapphire to repeated irradiation and fading cycles may pro- 
duce a color that will not discernibly fade for as long as 10 
days in sunlight. 

Similarly, some light pink sapphires are reportedly irra- 
diated to produce a pinkish orange, “padparadscha” color. 
Because the yellow component of the color is unstable, the 
stones fade back to light pink after one to six hours’ expo- 
sure to daylight. Therefore, it is strongly recommended that 
buyers expose “padparadscha” sapphires to direct sunlight 
for several hours to check color stability. 

Some rare and unusual stones surfaced during the past 
year. One small pit in the Okkampitiya area has produced 
a surprising number of chatoyant kornerupines. Near 
Okkampitiya, in the small town of Passura, several cha- 
toyant rutiles have been found. This material is very unusu- 
al (see also the entry in the Summer 1986 Gem Trade Lab 
Notes section, p. 111}. Some of the almost two dozen cabo- 
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chons the editors examined (which ranged up to 3.5 ct} 
showed a very intense, sharp eye. Rutile from Karawita, 
near Ratnapura, has been faceted into small stones, in 
weights up to slightly over 1 ct. Most showed a very dark 
brown-red body color when illuminated with a strong light 
source, and were found (by EDXRF analysis in GIA Research} 
to contain impurities of iron, chromium, and niobium. One 
stone, however, a 1.08-ct oval shape, appeared dark vio- 
letish blue in the same lighting; it contained traces of nio- 
bium only, and displayed very strong electrical conductivity 
when tested with a gemological conductometer. Such con- 
ductivity behavior has been documented in blue synthetic 
rutile as due to a reduction of Ti** to Ti** (see, e.g., K. 
Nassau’s Gems Made by Man, Chilton Book Co., Radnor, 
PA, 1980, p. 217). This reduction could have occurred in 
nature due to natural radiation, as many radioactive gem- 
stones and other minerals are found in the same general 
area of Sri Lanka. 

Mr. Bleck also showed us a remarkably large (114 ct; 38 
x 28 x 12. mm], slightly waterworn twinned crystal of yel- 
low chrysoberyl (figure 8). According to the State Gem 
Corporation, it is the largest chrysoberyl recovered from 
Sri Lanka in recent years. 

A brownish yellow-green 3.71-ct oval chrysoberyl 
revealed some unusual properties. Most notable were the 
indices of refraction—1.763 and 1.777--which are signifi- 
cantly higher than the expected values of approximately 
1.746 and 1.755. However, the stone’s X-ray diffraction pat- 
tern matched GIA’s standard pattern for chrysoberyl. Energy- 
dispersive X-ray fluorescence analysis identified traces of 
titanium and gallium, as well as a very intense signal for iron. 
This high iron concentration is probably the cause of the 
unusually high R.L 


Figure 8. This 114-ct twinned chrysobery! crystal is 
reportedly the largest recovered in Sri Lanka in 
recent years. Photo by Maha Smith-DeMaggio. 
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Large taaffeite. At the September 1992 Hong Kong Jewelry 
and Watch Fair, one of the editors (EF) saw an exceptional- 
ly large taaffeite. The 33.33-ct oval mixed cut displayed 
numerous eye-visible included crystals that, from their mor- 
phology, were possibly apatite. Like many taaffeites that 
we have examined, this gem displayed a slight color change, 
appearing purple under fluorescent lighting and a more red- 
dish purple under incandescent illumination. 


New joint venture in Vietnam. A new joint-venture com- 
pany, Vietnam Gems Technology Co. Ltd. (GemTec}, has 
been formed to process and trade in rubies and other gems 
mined in Vietnam. The firm, formed between Australian 
businessman Raymond Eaton {chairman of the Bangkok- 
based Export Development Trading Corp.} and the Electronic 
and Optical Instruments Corp., a subsidiary of the National 
Center for Scientific Research, will buy, fashion, and mar- 
ket the rubies. To this end, a factory and trading house with 
a staff of 120, plus a small gemological laboratory, are to be 
set up in Hanoi. 


Update on Vietnam gems. In November 1992, Gems & 
Gemology editor Alice S. Keller and one of the Gem News 
editors (RCK} visited a number of gem localities in Vietnam. 
The trip was arranged through Savitech, a joint-venture 
between FINGEMS (a Swiss firm) and the State Bank of 
Vietnam, to prepare an update to Kane et al.’s “Rubies and 
Fancy Sapphires from Vietnam” (Gems &) Gemology, Fall 
1991, pp. 136-155} with one of the coauthors of that article, 
Saverio Repetto. Following are some of the highlights of 
the new information they gathered. 

Mining for rubies and pink sapphires has been reacti- 
vated and accelerated at the original Vietnarnese source, 
Luc Yen, in Yen Bai Province. The largest operation, a joint 
venture between state-owned Vinagemco and the Thai firm 
B. H. Mining, is a heavily mechanized open-pit mine, with 
four electricity-powered water cannons and a six-jig sluice. 
Geologist Nguyen Duc Khai, senior expert with the Council 
of Ministers in Hanoi, explained that the joint venture has 
a 12-year lease to work the area, and plans to work five 
open-pit mines total, one after the other. The Vietnamese 
army is also involved in mining in the Luc Yen area. We saw 
only one “independent” {illicit) mining operation, but were 
told that most of the illegal operations in this area are con- 
ducted at night. 

Mining has also accelerated greatly at Quy Chau and 
neighboring Quy Hop, in Nghe An Province. Four compa- 
nies—three controlled by the provincial government and 
one by the national Ministry of Heavy Minerals {in con- 
junction with Thai investors}-are authorized to mine in the 
Quy Chau area. To date, all of the mining has been open pit, 
into the gem-bearing gravels. The operations range from 
some that are highly mechanized, using bulldozers, water 
cannons, and diesel-powered jigs (to separate the gems}, to 
many that are simple hand digging, with miners using shov- 
els to remove the overburden and baskets to wash the grav- 
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els. We saw significantly more independent mining in the 
Quy Chau area than in Luc Yen, although both areas had a 
strong police presence. Prof. Dr. Phan Truong Thi, chairman 
of the Vietnam Mineralogical Association, reported that a 
“good” 54°ct ruby had recently been found at Quy Chau. 
Most of the stones we saw at Quy Chau were smal] and 
highly fractured, with the characteristic blue zones in the 
pink to red material. We also saw significant amounts of 
what appeared to be flame-fusion synthetic rubies in both 
Luc Yen and Quy Chau, primarily in the provincial capitals 
of Yen Bai and Vinh and at some of the mining areas in 
Quy Chau. 

Although fine blue sapphires have been known to come 
from the marble-related deposits in the Luc Yen area, most 
of the blue sapphires currently mined in Vietnam originate 
from alkalic basalts in the south of the country, in Lam 
Dong, Dong Nai, and Binh Thuan Provinces. We visited 
two localities in Binh Thuan Province: Da Ban and Ma 
Lain. Both were crude open-pit operations, where the min- 
ers dug into the alluvium (often less than a meter} to reach 
the gem gravels, which were then washed in nearby artifi- 
cial ponds. At Ba Dan, hundreds of predominantly shallow 
pits appeared to have literally chewed up an area at least 
hundreds of meters long (figure 9}. Reportedly, there had 
been as many as 3,000 people working this deposit in recent 
months, but the number was greatly reduced by govern- 
ment efforts to control the area and eventually systematize 
the mining. We saw more activity at Ma Lain, where we 
were told that approximately 400 people were still working 
the region, with an average yield of 100 stones per day. Most 
of these pits, too, were shallow, but we saw some as deep as 
3 m. For the most part, the sapphires we observed from both 
localities were very dark blue to bluish green; most of the 
potentially gem-quality rough crystals were small, less than 
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Figure 9, At Ba Dan, in 
Binh Thuan Province, hun- 
dreds of predominantly 
Shallow pits have been 
dug to reach the sapphire- 
bearing gravels, Photo by 
Robert C. Kammerting. 


3 ct. Mr. Nguyen Xuan An, general director of Vinagemco, 
indicated that lighter blue sapphires had been found at Lien 
Dam, near Di Linh, in neighboring Lam Dong Province. 


Green zoisite froin Pakistan. Recently, the editors examined 
two remarkably well-formed transparent crystals of green 
zoisite provided by Larry C. Winn of AJS Enterprises in 
Wheat Ridge, Colorado. Of great interest was the fact that 
the crystals (100.5 and 9.6 ct; figure 10), reportedly came 
from Skardu, Pakistan. At approximately the same time, 
we were also given two crystal fragments of green zoisite by 
Pierre Bariand, curator of the Sorbonne mineral collection 
in Paris, France. These, too, reportedly came from central 
Asia, although the exact source {Afghanistan or Pakistan] is 
not known. EDXRF and ultraviolet-visible spectroscopy 
showed that all four specimens, although not identical in 
appearance, had very similar spectra, which suggests a com- 
mon origin, 

When gemologically compared to the green zoisite 
recently described from Merelani Hills, Tanzania (Barot 
and Boehm, Gems & Germnology, Spring 1992], these new 
green zoisites have a slightly higher refractive index at 
1.700—-1.706. In addition, they show relatively strong absorp- 
tion lines in the hand spectroscope, at 433 and 460 nm, and 
distinct pleochroism in bluish green, brownish orange, and 
yellow. 

The two crystals obtained from Mr. Winn are slightly 
tapered prisms. The color seen through the two flatter prism 
faces is a medium dark, slightly greenish blue, whereas that 
seen through the other two prism faces is a slightly orangy 
brown. In addition to the constituents of zoisite detected (cal- 
cium, aluminum, and silicon), EDXRF analysis revealed 
traces of titanium; small amounts of vanadium, chromi- 
um, and strontium; and a comparatively large amount of 
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Figure 10. These two green zoisite crystals (100.5 
and 9.6 ct) are reportedly from Pakistan, a new 
source for this material. Courtesy of AJS 
Enterprises; photo by Shane F. McClure. 


iron. This is a significant difference from Tanzanian green 
zoisite, which has essentially no, or negligible, iron. 
Ultraviolet-visible spectra taken in the orangy brown 
direction showed two intense, sharp bands at about 390 
and 452 nm, with accessory peaks at 359 and 427 nm. These 
are typical of Fe** in octahedral coordination, In conjunction 
with a general increase of the absorption from the red toward 
the ultraviolet, they produce the orangy brown color seen in 
that direction. We also noted a weak, broad band with an 
apparent maximum at about 590 nm, very similar in shape 
and position to that responsible for the blue color of tan- 
zanite; this has been correlated to vanadium (present only 
as a trace element in these specimens}. In the near-infrared 
portion of the spectrum, we observed a broad band centered 
at about 1150 nm. Spectra taken in the “green” direction 
showed the same sharp bands at about 390 and 452 nm; in 
this direction, however, they were accompanied by a com- 
plex broad band causing absorption between approximate- 
ly 600 and 850 nm, and the band at about 1150 nm was 
not present. These sharp and broad absorption features are 
also typical of Fe®*. The pleochroism of these specimens 
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appears to be very similar to that observed in crystals of 
mixed epidote and clinozoisite from Gilgit, Pakistan (G. R. 
Rossman, pers. comm., 1992). 

To our knowledge, green zoisite from Pakistan has not 
been reported previously. 


ENHANCEMENTS 


Filled diamonds marketed under new name. In the more 
than five years since the fracture filling of diamonds to 
enhance apparent clarity was first introduced in the trade, 
there has been considerable debate concerning proper nomen- 
clature to describe diamonds that have been treated in this 
fashion. One of the newest twists to this issue of disclo- 
sure was just brought to our attention by a jeweler in 
Western Australia, who sent us a flier being used to promote 
such treated stones in Perth. According to this flier, “a dia- 
mond of a clarity of say Piqué 1 or 2 can be enhanced to 
become a Genesis IT Diamond [editors’ emphasis] of at least 
S1 [sic] or VS clarity.” Referring to such treated diamonds 
by this name, without also clearly indicating that they are 
treated stones, could easily result in confusion in the mar- 
ketplace. 


Fracture filling of rough diamonds reported. Diamond 
Intelligence Briefs (September 24, 1992, p. 926) has warned 
that rough diamonds apparently are being clarity enhanced 
and then shipped to one or more African nations for mar- 
keting. These efforts appear to be aimed at defrauding sub- 
sequent purchasers of the stones. 

As pointed out in ICA Laboratory Alert No. 52 and in 
a follow-up entry in the Fall 1992 Gem Trade Lab Notes sec- 
tion of Gems &) Gemology, this enhancement cannot with- 
stand the heat generated in cutting and polishing. Such 
deceptive treatment of rough would therefore certainly be 
discovered on the cutting wheel. Those who buy rough dia- 
monds outside established channels are advised to check 
their stones carefully for evidence of fracture filling, such as 
the flash effect, trapped bubbles, or flow structure seen with 
magnification (see, e.g., Koivula et al., “The characteristics 
and identification of filled diamonds,” Gems e Gemology, 
Summer 1989, pp. 68-83}. 


More on irradiated “black” diamonds, The Summer 1992 
Lab Notes section included an entry on a green irradiated dia- 
mond with a color so dark that the stone appeared black to 
the unaided eye. In the trade, such stones are often described 
as black. 

At the Vicenzaoro trade fair in Vicenza, Italy, this past 
June, one of the editors (EF) was shown several such “black” 
diamonds by Eddy Vleeschdrager, a cutter from Antwerp. 
Although Mr. Vleeschdrager indicated that these stones 
were not radioactive, he confirmed that similarly treated 
stones that were radioactive had recently been seen in 
Antwerp and Germany. According to Mr. Vleeschdrager, 
radioactivity was no longer present in the stones seen in 
Germany after they were subjected to prolonged boiling in 
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acid. This would indicate that the radioactivity was related 
to metallic polishing residues that had collected in the 
numerous surface-reaching fractures in these low-clarity 
stones. Irradiation in a nuclear reactor apparently produced 
radionuclides in these polishing residues. Acid boiling the 
stones (to remove the residues] before they are submitted for 
irradiation would appear to solve this problem in the future. 


Interesting treated ornamental sandstone. On a recent trip 
to Asia, Ms. Eddie Decsi, of GIA Education, visited a factory 
in the town of Hualien, on the east coast of Taiwan. Hualien 
is a center for fashioning ornamental gem materials, espe- 
cially marble, which is mined locally. In addition to marble, 
Ms, Decsi saw an attractive ornamental sandstone that was 
being fashioned into objects such as small teapots. Whereas 
some of the objects were marketed in their natural, light to 
medium brown color, others were treated to produce dark- 
er tones. The editors found it interesting that the “dye” 
used on these teapots was tea: The fashioned items were 
boiled in tea until the desired depth of color was obtained. 

Ms. Decsi purchased one of these “dyed” teapots and 
provided it to the editors for examination (figure 11). 
Although no dye appeared on an acetone-dipped cotton 
swab when it was rubbed on an inconspicuous part of the 
carving, similar testing with dilute (2%)} nitric acid pro- 
duced a tell-tale discoloration on the swab. 


SYNTHETICS AND SIMULANTS Em 
Update on crystal growth. In August 1992, one of the edi- 
tors (EF] attended the tenth International Conference on 
Crystal Growth in San Diego, California. Presented at this 
conference were advances in crystal-growth techniques as 
well as descriptions of new synthetic materials. 

Most of the crystal-growth research of potential rele- 
vance to the gem industry is being conducted in the fields 
of laser and optical materials. Very few such materials are 
still grown using a classic flux technique or hydrothermal 
method (a major exception to the latter is hydrothermal 
synthetic quartz]. Instead, most such crystals are being 
grown by pulling techniques, such as the Czochralski 
method, which is already well established for the production 
of such materials as synthetic corundum and yttrium alu- 
minum garnet {YAG), as well as other so-called synthetic 
“garnets.” 

In the past, such methods required that the material 
melt congruently, that is, that the composition of the crys- 
tal formed by freezing must be identical to that of the melt. 
As this technique reached its maturity, new pulling tech- 
niques were developed that are now commonly used. In 
one such method, the composition of the melt is constantly 
adjusted by the addition of raw materials during growth. 
This has led to the production, for example, of fluoride crys- 
tals over 100 kg, a size that would be impossible with the 
classic Czochralski pulling method. Another technique, 
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Figure 11. Tea was used to color enhance this 
sandstone teapot (14.7 x 9.2 x 6.8 cm). Photo by 
Maha Smith-DeMaggio. 


called top-seeded solution growth, combines flux and pulling 
methods. A seed starts to grow in a solution (typically 
referred to in gemology as a flux), and then is slowly pulled 
up during growth, The thermal geometry of this arrangement 
will allow for controlled nucleation and ensure the growth 
of a single, larger crystal than would be possible with either 
method alone. 

New types of crystals being developed are yttrium sil- 
icates (YSiOs, see entry below} and yttrium vanadates 
(YVOg), as well as various types of apatite for laser applica- 
tions. Colorful, rare-earth aluminates with perovskite struc- 
tures, such as LaA]Os, are also being grown for use as 
superconductor substrates. Neodymium {as Nd") already has 
been reported to cause a pink-purple color change in mate- 
rials such as YAG (Gem News, Spring 1992, p. 66) and cubic 
zirconia. Now, neodymium is being incorporated into a 
variety of color-change synthetic apatites, including fluor- 
apatite and silicate-oxyapatites. A neodymium-doped fluo- 
rapatite grown by Dr. Bruce Chai, of the University of 
Central Florida Center for Research in Electro Optics and 
Lasers, exhibited a distinct color change, from blue in flu- 
orescent lighting to violet in daylight and purple in incan- 
descent illumination. EDXRF analysis by GIA Research 
revealed strontium as a constituent in the crystal. 

Union Carbide, a well-known synthetics manufactur- 
er, has shown interest in producing various crystals by the 
Czochralski method for the gem industry. Dr. Milan Kokta, 
from the firm’s Washougal, Washington, facility, showed the 
editor a variety of corundum crystals doped with iron-tita- 
nium or cobalt (blue) and titanium (pink), as well as com- 
plex synthetic garnets with a beautiful green color. These 
crystals are grown specifically for the jewelry industry: 
Several nuances of blue color in synthetic corundum have 
been produced in response to market demands. 


Attractive “gem construct.” The term assembled stone is 
used in the trade to describe gems that have two or more 
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Figure 12, This 16.31-ct gem construct (22.26 x 
10.65 x 7.32 mm) is composed of sections of rhodo- 
lite garnet, colorless topaz, and iolite. Photo by 
Maha Smith-DeMaggio. 


components. Two pieces of material joined by a colorless 
cement are commonly referred to as doublets, whereas the 
term triplet is used to describe assemblages of three mate- 
rials {or two sections joined by a colored cement, such as syn- 
thetic spinel triplets}. 

For the most part, assembled stones are produced either 
to imitate other gems or, as in the case of opal doublets 
and triplets, to use thin sections of a gem material that 
alone would lack sufficient durability for jewelry. In both cas- 
es, it is desirable that the assembled nature of the piece not 
be apparent. There is, however, another type of assembled 
stone that is less commonly seen in the trade, one that is 
constructed to accentuate the unique visual features of the 
components. One producer, Sid Berman, refers to these 
assembled stones as “gem constructs.” 

An attractive 16.31-ct “gem construct” was donated 
to GIA from the Josephine L. Scripps gem and mineral col- 
lection. The stone, which arrived in a container marked 
“Rhodiolopaz,” has distinct dark purplish red, colorless, 
and dark violet sections of approximately equal size (figure 
12}. Gemological testing indicated that the name was not 
inappropriate, as the components were identified as rhodo- 
lite garnet, iolite, and colorless topaz. 


Extremely small synthetic melee. In June 1992, at a trade 
show in Vicenza, Italy, two of the editors (EF and RCK] 
spoke with Mario Tiedemann, marketing director of 
Durafourg, a major producer and manufacturer of melt- 
grown synthetic gem materials that is based in Lausanne, 
Switzerland. Mr. Tiedemann noted that his firm produces 
large quantities of flame-fusion synthetic corundum and 
synthetic spinel each month, as well as very large quanti- 
ties of cubic zirconia. Of particular interest is the small size 
of some of the stones fashioned in their cutting facilities. We 
were shown faceted CZs that weighed approximately 0.002 
ct each, that is, almost 500 stones per carat. 


278 Gem News 


Synthetics preset in findings by “automation.” Also at the 
Vicenza trade show, we visited the booth of Bifra, a Vicenza- 
based firm that markets synthetic gem materials preset in 
various types of gold findings. The firm’s Mr. David indicated 
that the findings with prong-set stones can be produced 
using virtually any stone shape and that the bezel-set stones 
include rounds, ovals, squares, and marquises. 

Mr. David reported that the setting process is fully 
automated, with the findings machined from small blocks 
of gold rather than from gold tubes. About 3,000 pieces are 
produced per day. We were told that the product is partic- 
ularly popular in Japan, which has high labor costs: Rather 
than set the stones individually, the jewelry manufacturer 
simply solders the gem-set finding onto the piece of jewel- 
ry being produced. 


Large hydrothermal synthetic ruby. One of the most strik- 
ing synthetic gem materials displayed at the International 
Conference on Crystal Growth (see summary entry above] 
was a 386-g (1,930-ct) hydrothermally grown synthetic ruby 
crystal (figure 13]. This and smaller crystals, all exhibited by 
Dr. Roch Monchamp of Goleta, California, were grown 
about 1966, when synthetic ruby was the foremost laser 
material and the subject of much research. This large crys- 
tal, possibly the largest hydrothennal synthetic ruby ever pro- 
duced, represents a failed attempt to synthesize a one-pound 
(2,268 ct} ruby. 

According to Dr. Monchamp, the crystal was grown- 
with the necessary ruby constituents in a concentrated 
potassium-carbonate solution in a silver-lined vessel, at a 
pressure of 20,000 psi and a temperature of 540°C. Veils of 
fluid inclusions throughout the crystal are quite apparent to 
the unaided eye and form a roughly hexagonal honeycomb- 


Figure 13. The hydrothermal method was used to 
synthesize this extremely large (1,930 ct; 95.30 x 
55.05 x 19.78 mm) ruby crystal in the mid-1960s. 
Courtesy of Dr. Roch Monchamp; photo by Shane 
F. McClure. 
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like structure. Dr. Monchamp indicated that these veils 
and the corresponding structure (which the editors have 
seen in other pink-to-red synthetic corundum crystals pro- 
duced around the same time) are typical of the rapid growth 
conditions. Although smaller crystals were grown with few- 
er such inclusions, these crystals tended to develop color 
banding due to uneven chromium distribution. 

This large synthetic ruby crystal was subsequently 
loaned to GIA for characterization. The geological prop- 
erties were generally typical of synthetic ruby: R.I— 
1.760-1.768; birefringence—0.008;, red appearance through 
the Chelsea color filter; and an absorption spectrum typical 
of ruby, both natural and synthetic. When exposed to long- 
wave U.V. radiation, the crystal luminesced a very strong 
orangy red, the reaction to short-wave U.V. was a moderate 
purplish pink with a whitish surface luminescence. It was 
interesting to note that the fluid-filled cavities luminesced 
a moderate greenish yellow to long-wave U.V. and a weak 
greenish yellow to short-wave U.V. 

Chemical analysis by EDXREF found {in addition to alu- 
minum and chromium] impurities of iron, potassium, tita- 
nium, copper, and traces of chlorine, calcium, and arsenic. 
Quantitative measurements revealed approximately 0,04 
wt.% CroO3 and roughly 0.01 wt.% each of TiO, and FeO. 


Assembled.imitation watermelon tourmaline. Recent Gem 
News entries have described a number of novel tourma- 
line imitations, including a glass imitation of indicolite 
(Summer 1992), a glass composite resembling watermelon 
tourmaline (Fall 1992), and a tourmaline-glass assemblage 
{also Fall 1992). 

Bill Larson of Pala International, Fallbrook, California, 
has since brought to our attention the most complex tour- 
maline imitation we have seen to date. The large (667.74 ct; 
65.3 x 42.2. x 37.7 cm] “crystal” section superficially resem- 
bled the watermelon variety (figure 14). 

Detailed examination, however, revealed that the spec- 
imen was actually a complex assemblage. The outermost 
layer consisted primarily of a veneer of long, narrow slices 
of a gem material—two of which were dark blue, while the 
others were dark yellowish green, All of the slices appeared 
finely striated parallel to the length of the “crystal.” 
Although the striations made refractometer testing very 
difficult, a spot RI. reading taken on one yellowish green sec- 
tion produced a value of 1.63 and a weak “birefringence 
blink.” Examination with a desk-model prism spectroscope 
revealed a very weak absorption line at 460 nm. 
Magnification showed that these outermost sections contain 
fluid inclusions and internal fractures running parallel to 
their length. 

The next layer, which was semitranslucent, appeared 
to be an assemblage of very small mineral fragments (includ- 
ing, perhaps, colorless quartz and mica?) held together by a 


Gem News 


Figure 14. This 667.74-ct imitation watermelon 
tourmaline “crystal” specimen is actually a com- 
plex assembly of several materials. Photo by Maha 
Smith-DeMaggio. . 


transparent, colorless cementing agent that contains numer- 
ous gas bubbles. The large transparent core of the speci- 
men at first appeared to be pink. However, illumination 
with a fiber-optic light pipe revealed that it was actually 
colorless with a dark pink surface coating. The colored coat- 
ing was clearly visible in areas near either end of the spec- 
imen, where the ground-matter-and-cement layer failed to 
completely cover the core. Polariscope testing showed this 
innermost section to be doubly refractive, and microscop- 
ic examination revealed what appeared to be fluid inclu- 
sions. X-ray powder diffraction analysis conclusively 
identified the core as quartz. 

On the basis of these tests, we determined that the 
specimen was actually a complex assemblage that consist- 
ed of, from core to periphery: a large section of rock crystal 
quartz, a coating of dark pink coloring agent, and a layer of 
mineral fragments in cement—al]l housed within slices of 
tourmaline. 


Acknowledgments: The editors thank Shane McClure, 
Gustave Calderon, Karin Hurwit, Patricia Maddison, Cheryl 
Wenizell, Sam Muhimeister, and Yan Liu for assistance in 
examining items reported in this section. 
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Taaffeite crystals. A. R. Kampf, Mineralogical Record, Vol. 22, 
No. 5, 1991, pp. 343-347. 


This in-depth study clarifies long-standing errors in the 
original description of taaffeite crystal morphology. Several 
taaffeite (pronounced “tarfite”} crystals were analyzed and 
crystallometrically measured by contact and reflected-light 
goniometry. Idealized orthographic projections {two-dimen- 
sional graphic representations} of a crystal from Sri Lanka and 
another from China show crystal form and indices for the 
crystal faces. Taaffeite crystals are generally pyramidal or 
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bipyramidal and are often truncated by basal pedia (crystal 
forms with only a single face}. Although cleavage has not 
been previously reported for taaffeite, planar features on 
three of the Sri Lankan crystals studied indicate a {0001} 
cleavage that tends to degenerate to conchoidal fractures. The 
bipyramidal crystals from China may be twinned by reflec- 
tion on {0001}. Two diagrams, two tables, and six color pho- 
tographs accompany the text. LBL 


DIAMONDS 


Cheap cut diamonds from Yakutia (in Russian]. S. Agaf- 
onov, Izvestiya, July 29, 1992, p. 5. 


Yakutia, formerly the province of Yakutsk and now an 
autonomous republic known in the Yakut dialect as Sakha, 
is the major diamond-producing region in the Russian 
Federation. This report, from the Moscow edition of the 
Izvestiya newspaper, disclosed that a Japanese company 
called Arda has signed a joint-venture agreement with the 
republic of Sakha to purchase cut diamonds. In the first 
phase, already under way, Sakha will provide Arda with 
50,000 to 100,000 ct annually. 

The article also notes that only the Diamond Fund of 
the Russian Federation (formerly the Soviet Diamond Fund} 
can block the joint venture and, according to Agafonov, 
Sakha effectively controls the Diamond Fund. Moreover, 
Sakha reportedly exercised “diamond autonomy” from the 
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fund at an amount of 20% of total extraction by March of 
this year, which indicates that the Sakha-Arda joint venture 
will likely proceed as planned. 

James Marker and Shane DeBeer 


Court sides with miners at Crater of Diamonds. R. Shor, 
Jewelers’ Circular-Keystone, Vol. 163, No. 10, October 
1992, pp. 68-69. 


In spite of opposition from environmentalists, Continental 
Diamonds of Canada, a consortium representing four min- 
ing companies, has won the right to take samples of the 
diamond-bearing pipe in Arkansas’s Crater of Diamonds 
State Park. The tests were extended to determine the full size 
of the diamond-bearing pipe. Test drilling in 1940 indicat- 
ed that the diamond-bearing material went as deep as 250 
ft. (about 80 m], but new tests have shown the diamond 
deposits to be as deep as 600 ft. and to cover a wider area than 
previously believed. Once these recent results have been 
evaluated, the parties involved will decide whether to pro- 
ceed to phase 2, testing to determine if there is an economic 
supply of gem-quality diamonds, which could take an addi- 
tional year. Richard Davies, executive director of the 
Arkansas Parks and Recreation Commission, says the Crater 
of Diamonds is unique among diamond localities because 
it is composed of a “hybrid” of kimberlite and lamproite 
minerals. (African and Russian diamond pipes occur in kim- 
berlite, whereas Australia’s Argyle deposit occurs in lam- 
proite.) The author concludes with a short discussion on 
the potential for a viable diamond mine in the Lac de Gras 
region of the Northern Territories of Canada. KBS 


Famous diamonds of the world XLVI: Some notable dia- 
monds in 1999, I. Balfour, Indiaqua Annual 1991, 
Vol. 55, pp. 251-254. 


Ian Balfour highlights notable diamonds of 1990, especial- 
ly those offered at auction in 1990, including several fancy- 
colored stones and a number of large ones. 

Balfour begins with a 20.62-ct lozenge-shaped fancy pink 
diamond that was auctioned by Sotheby’s in February 1990 
at St. Moritz. Unfortunately, he does not give a sale price. 

Another diamond, the Moon of Baroda, sold at Christie's 
in New York two months later for US$297,000, more than 
double its pre-sale estimate of $120,000. Mr. Balfour ques- 
tions the credibility of a “peculiar” story in Christie’s sale 
catalog about the 24-ct, light yellow pear shape and gives his 
version of the recent history of this exotic diamond. 

The Agra, a 32.24-ct fancy light pink diamond, sold at 
Christie’s June 1990 auction in London. Mr. Balfour briefly 
outlines the history of this infamous stone, offering new 
information that did not appear in his book, Famous 
Diamonds. It was purchased by the CIBA Corporation in 
Hong Kong for £4,070,000. 

Not offered at auction, but an “important newcom- 
er,” is the Guinea Star. In 1990, the William Goldberg Corp. 
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in New York unveiled the 89.01-ct shield-shaped gem [illus- 
trated on the cover of the Spring 1991 issue of Gems & 
Gemology] and its two satellite stones. All three were fash- 
ioned from a rough stone that weighed 2.55.61 ct. 

Juli L. Cook 


The lure of diamonds. J. Contreras, Newsweek, November 
9, 1992, pp. 34-35. 


Contreras reports on the widespread illegal mining, trad- 
ing, and selling of diamonds in northern Angola’s Lunda 
Norte Province. The diamonds are recovered from gravels 
in open pits by local garimpeiros (independent miners) along 
the Cuango River near Cafunfo. These diamonds are then 
taken to Luanda, Angola’s capital, and smuggled to Belgium— 
where De Beers could spend an estimated $300 million in 
1992 to buy them so they do not flood the market. 

In May 1991, the Angolan government signed a peace 
treaty with the UNITA guerrillas, ending 16 years of civil 
war. Until the signing, diamond mining in Lunda Norte 
had been strictly regulated. It was illegal to dig for diamonds 
on land belonging to Endiama, the state-owned corporation 
holding title to the Cuango River basin. Once the cease- 
fire was in place, illegal prospectors took over the basin. 
The value of stones smuggled out of the region this year is 
expected to surpass that of Angola’s official diamond exports 
of $200 million. 

De Beers is concerned that these black-market dia- 
monds could affect the already soft diamond market, in 
which they control 80% of the rough. In addition to demand- 
ing that the Angolan government “crack down” on illegal 
trafficking, they gave the government $200,000 to help 
finance a “dragnet” operation that was carried out in June. 
However, because there was no follow-up, the trafficking 
resumed, reportedly dominated by French-speaking Zaireans. 

RT 


Prospects for new applications of diamond. B. L. Jones, 
Industrial Diamond Review, Vol. 52, No. 551, April 
1992, pp. 175-179. 


It is well known that diamond has numerous highly desir- 
able physical properties, such as high thermal conductivi- 
ty, low thermal expansion coefficient, low coefficient of 
friction, high hardness, high transparency in the visible and 
infrared portion of the spectrum, high refractive index, and 
chemical and radiation inertness. Because of the unique- 
ness of natural diamonds and the high cost of large high-tem- 
perature, high-pressure synthetic diamonds, the industrial 
applications of diamond so far have been largely limited to 
abrasive grits and cutting tools. 

Recent developments in low-pressure diamond syn- 
thesis have led to products that duplicate several remarkable 
properties of natural diamond. For example, type Ib syn- 
thetic diamond absorbs more light as its temperature increas- 
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es. This, along with its chemical and radiation inertness, 
makes it useful as a thermal probe in adverse environments. 
Synthetic diamond crystals can also be used as radiation 
detectors. Because diamond is made of carbon atoms, its 
response to radiation is roughly equivalent to that of human 
tissue. Because of its unique electronic properties, it offers 
considerable sensitivity, range, and linearity. Other appli- 
cations can be found in cutting tools, pressure sensors, opti- 
cal windows, luminescent display devices, micromachine 
elements, and high-density, high-power electronic devices. 
Although only a few of these applications are of direct inter- 
est to the jeweler-gemologist, the fact that they stimulate 
greater interest in the methods of diamond manufacture 
could have a significant impact on the gem industry at 
large. EF 


An X-ray study of some Argyle diamonds. S. Clackson and 
M. Moore, Industrial Diamond Review, Vol. 52, 
No. 551, April 1992, pp. 192-194. 


The Argyle mine in Western Australia produces one-third 
of the world’s output of natural diamond {although only a 
small portion is gem quality). A “run of mine,” or unsort- 
ed batch, of 158 millimeter-size diamond crystals from this 
locality were studied. Most of the crystals were irregularly 
shaped or octahedral, with a small percentage of macles, 
dodecahedra, and tetrahedra. Gray and brown were the dom- 
inant colors, with a small number of pinks. Black inclu- 
sions were present in over 70% of the stones, and hexagonal 
pits were common on the crystal surfaces. Synchrotron 
Laue photography was used to characterize the crystalline 
quality of all the samples. Nearly all had a mosaic structure; 
that is, the crystal was composed of many misoriented con- 
stituent crystallites. The degree of mosaicity and the pro- 
portion of stones exhibiting these features is higher for 
Argyle diamonds than for specimens from three of the major 
South African mines. This physical imperfection may 
explain the high wear resistance of Argyle diamonds in 
industrial applications and the difficulty encountered in 
polishing them. EF 


GEM LOCALITIES 


L’aigue-marine au Brésil: 2. Les gites primaires (Aquamarine 
in Brazil: 2. Primary deposits). J.-P. Cassedanne and 
J.-N. Alves, Revue de Gemmologie a.f.g., No. 111, 
June 1992, pp. 11-14. 


According to the authors, aquamarine is probably the col- 
ored gem material that has contributed most to the fame of 
Brazil as a gem-producing country. In Brazil, all primary 
deposits of beryl (excluding emerald] are pegmatites. 
Although beryl is common in Brazilian pegmatites, gem- 
quality aquamarine is not. 

Most aquamarine pegmatites are found in the Oriental 
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pegmatite province, which incorporates parts of the states 
of Bahia, Minas Gerais, and Espirito Santo, although a few 
are from the Nordeste and Borborema fields in other parts 
of the country. They are all granitoid pegmatites, and are usu- 
ally found in granitic batholiths or inselbergs. 

In the authors’ experience, Brazilian aquamarine peg- 
matites can be roughly divided into three classes: simple, 
intermediate, and complex. The “simple” type is common 
in the Nordeste fields and contains beryl “eyes” {an “eye” 
is a gemmy nodule in an otherwise nongem crystal}. The 
“intermediate” and “complex” types have an increasingly 
complex mineralogy and history and are most common in 
the Oriental fields. The authors give many examples to 
illustrate the various categories and the properties of the 
pegmatites described. They identify the Brazilian aquama- 
rine deposits as primarily of the zoned to (slightly) com- 
plex type, and from moderate to shallow in depth 
{emplacement ranging from 1.5 to 5 km]. 

Although crystallization of a pegmatite is a complex 
process, the most important part is the separation of the 
aqueous fluids, rich in rare and volatile elements, from the 
magma when temperatures cool to 650°-750°C, At about 
550°C, the magma crystallizes completely and geodes start 
to form. Aquamarine crystals generally grow at this stage. 

EF 


L’aigue-marine au Brésil: 2. Les gites primaires [suite] 
(Aquamarine in Brazil: 2. Primary deposits [continu- 
ation]). J.-P. Cassedanne and J.-N. Alves, Revue 
de Gemmologie a.f.g., No. 112, September 1992, 
pp. 7-11. 


In this second article, Cassedanne and Alves describe the 
prospecting, mining, and geochemistry of Brazilian aqua- 
marine pegmatites, based on extensive personal experience 
and bibliographic research. 

There is little true prospecting for aquamarine deposits 
in Brazil; they are usually found by chance. Nevertheless, the 
authors propose a number of prospecting guides based on, 
for example, the type of pegmatite and the accessory min- 
erals in it. However, these guides can only assess the prob- 
ability that aquamarine is present, not the quality of the 
material or its economic potential. 

Mining in Brazil is still rudimentary and erratic. 
Although some operations are mechanized, most are very 
inefficient. Sorting is always done by hand. The authors 
estimate that only 30%—-40% of the aquamarines mined in 
Brazil are from primary—pegmatitic—environments. 

Of the various types of pegmatites defined by differ- 
ent authors, aquamarine pegmatites correspond best to A. 
E. Fersman’s type 4, with “fluorite, beryl and amazonite, 
smoky quartz and some albite, traces of lepidolite and no 
gem tourmalines.” The formation temperature is about 
550°C. There is sometimes a local or regional zonation of 
aquamarine pegmatites. The associated granites range in 
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age from 510 My in the Araguai region to 650 My in the 
Conselheiro Pena region. EF 


The cornflower-blue sapphires of Kashmir. Extract from 
a talk given by Dean S. M. Field before the Canadian 
Gemmological Association, Toronto, April 1991, 
Canadian Gemmologist, Vol. 13, No. 2, 1992, p, 55-58. 


This informative paper describes the history of the Kashmir 
sapphire mines and their effect on the gem and jewelry 
industries. 

The first Kashmir sapphires were discovered acciden- 
tally in 1881 by local villagers sifting through rubble deposit- 
ed by an ecarthquake-generated landslide. Completely 
unaware of the potential worth of their find, at first the vil- 
lagers played with the bright blue crystals or traded them for 
an equal amount of “much-treasured” borax or salt! 

Later, after depleting the original supply, villagers and 
nomads traced the sapphire to an altered pegmatite 50-100 
m above the valley floor. Although the host rock proved 
friable, so much so that crystals could be removed by hand 
or with only crude tools, mining was an exhausting chore 
in the thin air at almost 14,000 ft. (4,267 m}. 

Eventually, the Maharaja of Kashmir learned that the 
blue storfes' were sapphires more beautiful than any in his 
collection, and he seized the mines. “No doubt he consoled 
the workers with a few bags of salt,” comments Field. The 
“old mines,” as they were called, were soon worked out, as 
were a few nearby deposits. By 1981, there was virtually 
no commercial sapphire production in Kashmir. 

Field intersperses history of the mines with descrip- 
tions of sapphires in general and of the cornflower-blue 
stones in particular, including the O’Dunne sapphire. 
Currently owned and exhibited by the Canadian Museum 
of Nature in Ottawa, it is cited as an example of a Kashmir 
stone thought to be from the original mine. This approxi- 
mately 17-ct rounded cushion-shaped cabochon, which 
once belonged to a granddaughter of Queen Victoria, was 
donated to the Smithsonian Institution in 1973 by Mrs. 
Eugene O’Dunne. It was subsequently traded to the W. 
Pinch collection, which the Canadian museum acquired 
between 1987 and 1990. JEC 


A report of a recent visit to the diamond deposits in Liaoning 
Province, People’s Republic of China (in Japanese}. I. 
Sunagawa, Journal of the Gemmological Society of 
Japan, Vol. 15, No. 1-4, 1990, pp. 37-45. 


Author I. Sunagawa describes his visits to several areas in 
the northeast China province of Liaoning, where diamond- 
bearing kimberlite pipes have been found. The eight-day 
excursion was organized by the International Mineralogical 
Association as part of its 15th general meeting, held in June- 
July 1990. The author discusses the geology and mineralo- 
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gy of these diamondiferous pipes, only a few of the more than 
100 kimberlite pipes found in northeast China since 1974. 
Many contain enough diamonds to make mining econom- 
ically feasible. A pipe in Jingangshi was being actively mined 
at the time of the visit; mining and processing are described. 

Masao Miki 


INSTRUMENTS AND TECHNIQUES 


Investigation for the discrimination between clephant tusks 
and mammoth tusks by ICP emission spectrometry 
and X-ray fluorescence spectrometry (in Japanesel. S. 
Sato, N. Horiuchi, M. Yamazaki, and Y. Nishida, 
fournal of the Gemmological Society of Japan, Vol. 16, 
No. 1-2, 1991, pp. 35-43. 


Ecological concerns have resulted in a ban on the use of 
elephant tusks and created a need for a substitute. One 
response has been the appearance on the market of mam- 
moth, or “fossilized,” ivory. Elephant ivory and mammoth 
ivory are very similar in structure. Because both exhibit 
engine-turning, the feature used to separate ivory from its 
simulants, it was necessary to find a more sophisticated 
technique to separate these two ivories. 

By examining 12 elephant and 16 mammoth tusks, 
the authors found that they could distinguish between 
the two types by using inductively coupled plasma atomic 
emission spectroscopy (ICP-AES} to determine weight 
ratios of strontium (Sr] to calcium (Ca). Although the two 
materials are similar in composition, the Sr to Ca weight 
ratio in mammoth tusks is 0.4-1.1 (x10°) as compared to 
0.84.0 {x10} in elephant tusks. 

The authors also discuss a simpler method to differ- 
entiate the two ivories: by measuring the peak-intensity 
ratio of Sr to Ca by X-ray fluorescence spectrometry (XRFS}. 
They then describe the relationships between the weight 
ratios obtained by ICP-AES and the peak-intensity ratios 
obtained by XRFS. Masao Miki 


Essais de datation et détermination de l’origine des émer- 
audes par la méthode rubidium-strontium (Emerald 
age and origin determination using the rubidium- 
strontium method). Ph. Vidal, R. Lasnier, and J.-P. 
Poirot, Revue de Gemmologie a.f.g., No. 110, March 
1992, pp. 70-71. 


This article reports on the application of a classic age-dat- 
ing technique to key problems in emerald identification— 
the separation of natural from synthetic stones, and the 
confirmation of geographic origin. The method, called iso- 
topic geochronology, determines the age of a mineral based 
on analysis of traces of rmbidium (Rb} and strontium (Sr). 
Although this technique is destructive, because it requires 
a few hundredths of a carat of the material in question, it 
could still be useful on rough emerald or to test large lots of 
faceted stones, where a small part could be sacrificed with- 
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out jeopardizing the value of the whole. The authors describe 
details of the technique and provide results for 20 gems (17 
natural and three synthetic). 

Some of the accompanying minerals show that emer- 
alds can be divided into three different groups. Precambrian 
emeralds (Brazil, Zambia, Madagascar) are extraordinarily 
enriched with radiogenic strontium, estimated ages range 
from roughly 500 to 2,500 My. Mesozoic and Cenozoic 
emeralds (Colombia, Pakistan, Afghanistan) show little 
enrichment in radiogenic strontium. Because of uncertain- 
ties introduced in the measurement by these small con- 
centration values, the ages of these stones cannot be reliably 
determined. Synthetic emeralds show very low concentra- 
tions of both strontium and rubidium, and geochemical 
characteristics that are very different from natural emer- 
alds. In one Zambian emerald, Rb and Sr were actually in the 
emerald lattice, and not in its inclusions. EF 


Guided light. K. Nassau, Lapidary Journal, Vol. 46, No. 6, 
September 1992, pp. 61-66. 


Guided light is light directed and controlled by means such 
as lenses, mirrors, or reflections. Light guiding also occurs 
in a faceted gemstone. In this article, Dr. Nassau clearly 
and thoroughly explains the concept of “total internal reflec- 
tion” and its practical applications. In addition, he offers a 
technical note to help interested readers understand the 
mathematical relationship between Snell’s law of refrac- 
tion and the critical angle. 

Dr. Nassau also describes how the above principles 
have been used in the development of fiber-optic technol- 
ogy. One jeweler-specific application discussed is a patent- 
ed fiber-optic illumination system for jewelry display cases. 
The primary advantage of this system is the ability to direct 
high-intensity illumination on multiple objects without 
significantly increasing temperature in the jewelry case. 

Gustave P, Calderon 


Laser tomographic observations of heat-treated sapphire 
from Sri Lanka (in Japanese}. J. Shida, Journal of the 
Gemmological Society of Japan, Vol. 15, No. 1+, 
1990, pp. 22-27. 


Heat treatment of sapphire to enhance body color is a wide- 
ly known process. However, there have been a number of 
reports concerning cracks observed in heat-treated stones dur- 
ing the final plating of finished jewelry. Laser tomography 
reveals distinctive patterns in heat-treated corundum from 
Sri Lanka. Common characteristics include an unnatural 
scattering pattern of inclusions, high-relief fluorescence pat- 
terns, and a spiky or triangular pattern caused by structur- 
al stress. Scattering and fluorescence patterns were also 
observed in naturally colored stones, but the heat-treated 
stones exhibited greater transformation in crystal structure, 
with high-relief patterns typical. Shifting and movement 
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of the inclusions as a result of heat treatment also con- 
tributes to the structural transitions. Differences in pres- 
sure and temperature of treatment will result in a variety of 
structural arrangements in the crystal systems, but in vir- 
tually every case the uneven stresses in the crystal systems 
will create some structural weakness in the stones. 
Takashi Hiraga 


JEWELRY HISTORY 


Beads that speak. E. Blauer, Lapidary Journal, Vol. 46, No. 7, 
October 1992, pp. 20-27. 


Blauer outlines and details the cultural significance of the 
bead jewelry worn by the Maasai and Samburu tribes of 
East Africa. The colors of the beads, the pattern arrange- 
ment, and the particular style of a piece may indicate the 
wearer’s tribe and clan, as well as his or her age, marital 
status, wealth, and position within the clan. Some beads, 
however, are worn purely for the purpose of ornamentation. 

The glass beads, made in Czechoslovakia, are brought 
to East Africa by Indian traders, and then are purchased by 
the tribespeople with money earned through the sale of 
their livestock. The choice of colors in a piece depends not 
only on what beads are available and what is considered 
fashionable, but also on which colors should sit next to one 
another, which reflects the cultural belief that certain col- 
ors are strong or weak. The Maasai and Samburu tribes also 
make jewelry for tourists, but it is not representative of 
that worn by the tribespeople. In tourist jewelry, little regard 
is given to how colors are combined or patterned. 

The author also details the types of bead jewelry worn 
by the different age groups and their significance. The arti- 
cle is illustrated with nine color photographs. 

This issue of Lapidary Journal is referred to as the 
“Bead Annual” and contains eight other bead-oriented arti- 
cles plus a list of bead suppliers. RT 


Heritage happenings: Jewelry takes its place in American 
museums. J. Zapata, Jewelers’ Circular-Keystone, 
Vol. 163, No. 11, November 1992, pp. 60-63. 


The lack of good jewelry collections on display in American 
museums has long been a source of disappointment to those 
interested in antique and period jewelry in the United States. 
Recently, however, more museum curators in this coun- 
try are viewing jewelry with the same regard that they 
have for other decorative arts. More and more jewels are 
being acquired to expand existing museum collections or 
build new ones. 

American museums that are following this trend 
include the Metropolitan Museum of Art, Walters Art 
Gallery, Cooper-Hewitt, Toledo Museum of Art, Newark 
Museum, and American Museum of Natural History. The 
author outlines the types of jewelry in these collections 
and provides the names of some of the curators. It is hoped 
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that these museums reflect a growing trend, and that we will 
be seeing more public jewelry collections in the future. Five 
color photos accompany the text. EBM 


The heritage jewelry market: Uncharted territory. 
S. Harkness and J. G. McCleery, with R. Shor, 
W. G. Shuster, S. Spencer, M. Thompson, and 
R. Weldon, Jewelers’ Circular-Keystone, Vol. 163, 
No. 8, August 1992, pp. 92-109. 


Responding to the growing market for antique, period, and 
estate jewelry, Jewelers’ Circular-Keystone (JC. K) made an 
in-depth survey of this segment of the trade. Included among 
the 2,500-plus participants were antique dealers, collectors, 
pawnshop owners, and jewelry retailers. All were ques- 
tioned about the volume and nature of their sales. Results 
of the study show that, despite the recession, most of those 
polled thought that business was good to excellent and 
should continue strong through 1995. Many other fascinat- 
ing facts are also covered, including dollar volume (by type 
of dealer) and how auction houses and appraisers are faring. 

The boom in this market apparently can be attributed 
toa more educated and interested clientéle, the fact that her- 
itage jewelry is exempt from the federal luxury tax, and the 
use of pawnshops as a “banking alternative” in these tough 
economi¢ times. One “specific demographic group” that 
seems to be secking heritage jewelry is the professional 
woman between the ages of 2.5 and 45, who wants a piece 
of history or of wearable art. 

Despite the overall glowing report, a few caveats are 
mentioned, including the shortage of quality merchandise, 
the detection of stolen goods, and the greater number of 
fine reproductions on the market. Accuracy of evaluation and 
appraisal of heritage jewelry are two other points to consider 
before jurnping into this business, /CK advises. Superficial 
product knowledge could prove disastrous, and an education 
in art history, jewelry design, gemology, metal identification, 
as well as appraising, is recommended. 

A helpful bibliography and a list of organizations ser- 
vicing the heritage jewelry industry are included. Statistical 
charts and bar graphs are interspersed with photos of peri- 
od jewelry to illustrate this very thorough presentation. 

EBM 


Late antique jewellery: Pierced work and hollow beaded 
wire. J. M. Ogden and S. Schmidt, Jewellery Studies, 
Vol. 4, 1990, pp. 5-12. 


This article reports on a scholarly study of two techniques 
of jewelry manufacturing that were prevalent during the 
late Roman and early Byzantine periods (about 300-600 
A.D,}: (1) a fine type of pierced work that creates a lacy lat- 
tice effect, and (2} hollow beaded wire work used as deco- 
rative edging. The authors speculate that the techniques 
were developed to give clients the maximum “show” for a 
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relatively small amount of gold, which was more expen- 
sive than labor at that time. They cite the “Maximum Price 
Edict of Diocletian” of 301 A.D., which set what a gold- 
smith could charge per ounce of gold worked: 50 denarii 
for “normal work” and 80 denarii for “subtle work.” The 
pierced work and beading would probably fall under the 
“subtle” category. 

Using a microscope, the authors examined several 
examples of pierced work and/or hollow beading from the 
period, and then performed various experiments to repli- 
cate the authentic examples. Their findings are given in 
detail, and the article is well illustrated with both draw- 
ings and photographs. 

The authors conclude that there were two types of 
pierced work. In the simpler variety, common during the 
third and fourth centuries, a small chisel was used to pro- 
duce open designs. The finer examples of pierced work, 
generally from a later date, were made by punching holes in 
a thin sheet of gold that was fixed over pitch, resin, or wax, 
and then “opening” the holes using a triangular graving tool. 

Although pierced work has been studied for some time, 
this is the first formal examination of hollow beaded wire. 
Various methods for achieving the effects seen in jewelry 
from this period are discussed. Experiments showed that 
the gold had to be’of high purity, at least 22k. A tube would 
be formed from a thin sheet of gold and then crimped and 
rolled between two grooved plates, producing one bead at a 
time on the tube. Evidence of charcoal in several examples 
suggests that the tube was formed around a thin wooden 
twig before it was beaded. The wood not only supported 
the tube while it was being beaded, but also kept the tube 
from being deformed if it was bent into a circle. The process 
of soldering the beaded tube to a jewel would turn the wood 
to charcoal, 

The article concludes with a discussion of terminolo- 
gy, followed by 34 footnotes for the text. EBM 


Nostalgias y recuerdos de los tesoros de los galeones Santa 
Margarita, Nuestra Sefiora de Atocha, Nuestra Senora 
de la Concepcion y Virgen de las Maravillas 
(Remembrances of the treasures from the galleons 
Santa Margarita, Nuestra Senora de Atocha, Nuestra 
Senora de la Concepcién and Virgen de las Maravillas), 
R. Munoa, Boletin del Instituto Gemol6gico Espafil, 
Vol. 34, June 1991, pp. 19-25 


Years ago, Mr. Munoa began a meticulous study of silver and 
gold, especially the role these metals have played in Spanish 
history. His research has concentrated on how these met- 
als and other goods, such as gems, were transported from the 
“New World” to Spain in the 1500s and early 1600s. His ini- 
tial research contributed to the 1984 publication (with 
Alejandro Fernandez and Jorge Rabasco} of La Enciclopedia 
de la Plata Espanola y Virreinal Americana (The 
Encyclopedia of Spanish and American Viceregal Silver). 
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To underscore the importance of these metals, Munoa 
points out that treasures from the “New World” financed 
entire armies, the Spanish Crown, and an architectural 
boom, as well as further travels and discoveries. Transporting 
these treasures to Spain, Munoa notes, was complex and 
dangerous. Boats leaving the West Indies and other Caribbean 
areas were often attacked by pirates or sunk during storms. 
Treasures recovered from the galleons Nuestra Sefiora de la 
Concepcion, Virgen de las Maravillas, and Nuestra Sefiora 
de Atocha are the primary focus of this broad article. He 
describes his often-nostalgic efforts to reconstruct their 
provenance and ultimate destinations. Mr. Munoa has con- 
ducted research through Christie’s auction house, treasure 
hunter Mel Fisher, the Maritime Heritage Society, and var- 
ious other sources. 

The article includes 18 color photographs and figures 
showing some of the treasures found and the metal mark- 
ings used to help determine their provenance. RW 


The origins of engraved pictorial scrimshaw. S. M. Frank, 
Antiques, Vol. 142, No. 4, October 1992, pp. 510-521. 


Scrimshaw, which reached the height of its popularity in the 
mid-19th century, is the artistic engraving of ivory and bone 
from sperm whales and other ocean mammals. The advent 
of sperm whale hunting in the Pacific Ocean provided sailors 
with an abundance of both free time and marine ivory. As 
a result, engraved pictorial scrimshaw came into its own as 
an artistic medium. Scrimshaw could be freehand original 
scenes or portraits, but was usually traced or copied from 
published illustrations. Because scrimshaw was primarily 
intended to be souvenirs or gifts, sailors concentrated on 
the mainstream rather than the risqué. Naval battles, domes- 
tic vignettes, and whaling scenes were among the most 
popular subjects. 

“Scrimshawing” was best done when the marine ivory 
or bone was still fresh and saturated with natural oils. If a 
whale tooth, for example, had dried and become brittle, the 
whalers would soak it in brine to soften it. Natural ridges 
and imperfections in shape would be scraped off, and the root 
end of the tooth sawed flat to provide a suitable base. The 
surface would be further smoothed by sharkskin or pumice 
and then burnished with a cloth. To copy a drawing, the 
sailor would lay the original over the ivory and prick through 
it with a sailmaker’s needle. The pattern of dots left by this 
ptocess would be connected by engraving and filled with a 
coloring agent. 

While scattered examples of professional scrimshaw 
exist, for most of the artists it was simply a way to allevi- 
ate the boredom of long voyages to and from distant whal- 
ing grounds. When the whaling industry began its decline 
in the late 19th century, pictorial scrimshaw declined with 
it. This fascinating article is richly illustrated and contains 
numerous detailed notes. AGP 
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A treasury of American crafts. D. M. Bolz, Smithsonian, 
Vol. 23, No. 7, October 1992, pp. 30, 32. 


An exhibit at the National Museum of American Art’s 
Renwick Gallery, “American Crafts: The Nation’s 
Collection,” celebrated the gallery’s 20th anniversary and 
showcased its permanent collection, which includes jewelry 
by Mary Lee Hu and Earl Pardon as well as 128 other works. 
Not just jewelry was exhibited; Tiffany Favrile glass, ceram- 
ics, fabric hangings, wood sculpture, and stoneware were also 
displayed. Open from September 2.5 to January 10, 1993, 
the show traced the evolution of American crafts in the 
20th century. Pieces selected for the permanent collection 
are chosen on the basis of aesthetic qualities, historic impor- 
tance, style, and technical skill involved. It is comforting to 
know that, in today’s mass marketplace of assembly-line art- 
work, respect is still being fostered for the unique. 

JEC 


Victorian Scottish jewelry: Highlander style with a British 
twist. V. Swift, Jewelers’ Circular-Keystone, Vol. 163, 
No. 11, November 1992, pp. 55-59. 


One of the most popular types of jewelry during the Victorian 
era was Scottish pebble jewelry. Inspired by a renewed 
passion for all things Scottish (known as the Scottish or 
Celtic Revival], these jewels were made in traditional 
Scottish motifs and incorporated varieties of quartz from the 
Scottish Cairngorm Mountains. Agates were arranged in 
colorful patterns to imitate the tartan plaids of the Scottish 
clans. Citrine, known as cairmgorm, was used as central or 
accent stones. 

This article covers the history surrounding the resur- 
gence of interest in Scottish heritage jewelry, and provides 
names for and reasons behind different elements of a tradi- 
tional Scottish Highland costume. Discussed are the badge 
or clan pin, which showed the crest of the wearer sur- 
rounded by a belt and buckle; the “dirk,” a small sword 
sometimes accompanied by its scabbard; the “claymore,” a 
great sword with a basket hilt; the “targe” or shield brooch, 
which sometimes incorporated the cross of St. Andrew, 
Scotland’s patron saint; and the ubiquitous Scottish thistle. 

The article is an interesting look at the evolution of this 
type of jewelry during the 19th century. For those interest- 
ed in pursuing the subject further, a bibliography is provid- 
ed. Three color photos illustrate the text, two of which 
show examples of the jewels being discussed. EBM 


The winter queen in exile. D. Scarisbrick, Country Life, 
March 19, 1992, pp. 70-71. 


Using historical references and portraits as sources, the 
author describes the impressive collection of jewels that 
belonged to Elizabeth, the Princess Royal of Great Britain 
(1596-1662) and later Queen of Bohemia. 
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Elizabeth's father, James I of England, believed that a 
grand display of wealth demonstrated the power of royalty. 
A portrait of Elizabeth at age seven shows her already bedi- 
zened with ruby and diamond jewels on her clothing, a 
pearl and ruby necklace, a diamond earring, and ruby-and- 
diamond hair ornaments. Scarisbrick also describes suites 
of jewelry from other portraits, and she itemizes jewels and 
gifts that Elizabeth received at her wedding to Prince 
Frederick in 1613. Elizabeth’s jewels were to stand her in 
good stead, as the fortunes of this once-privileged couple 
changed for the worse. Much of her collection had to be 
sold or pawned to maintain their household after a Catholic 
rebellion usurped them as the Protestant monarchs of 
Bohemia. Elizabeth and Frederick were dubbed the Winter 
King and Queen because their reign lasted no longer than one 
winter’s snow. 

Scarisbrick is sympathetic toward this gracious queen, 
who never lost her dignity or generosity despite her strait- 
ened circumstances. Brief but tantalizing, this two-page 
article leaves you wanting to know more about one of his- 
tory’s great ladies and her collection of jewelry. Two of the 
several portraits mentioned accompany the article, along 
with two sketches of jewels and one photo of an enameled 
watch that Elizabeth had given to a loyal friend. EBM 


JEWELRY RETAILING 


Here today, here tomorrow: How to survive. L. B. Kahn, 
Jewelers’ Circular-Keystone, Vol. 163, No. 1], 
November 1992, p. 94. 


This article is a reminder not to discount prices when times 
are tough. Discounting not only sends mixed messages to 
the customer, it also damages a store’s profit margin and pric- 
ing credibility. Especially in larger metropolitan areas, where 
so many jewelry stores are similar, the art of survival in 
the business world is knowing the ins and outs of market- 
ing. Retailers must focus on selling a product and creating 
an image that differentiates their stores from others. An 
important consideration is merchandise selection. If the 
competition is constantly undercutting a store’s prices, that 
store and its competitors probably have the same mer- 
chandise. Therefore, the customer’s decision to buy is made 
on the basis of price alone. The retailer should set his or her 
business apart from the competition by offering a unique 
selection of merchandise based on its salability for the spe- 
cific marketplace. Other suggestions include controlling 
inventory tumover, and maintaining a good, up-to-date cus- 
tomer list. KBS 


SYNTHETICS AND SIMULANTS 


Synthesis and characteristics of diamond using nonmetal- 
lic catalysis (in Japanese}. H. Kanda and M. Akaishi, 
Journal of the Gemological Society of Japan, Vol. 16, 
No. 1-2, 1991, pp. 3-13. 


Diamond synthesis by metallic catalysis has been widely 
known since General Electric's first success with the process. 


Gemological Abstracts 


However, natural diamonds presumably do not form by 
metallic catalysis. The authors report on their identification 
of several nonmetallic substances that are ideal for diamond 
synthesis, such as carbonate, hydroxide, sulfate, phosphate, 
and borate. Compared to metallic catalysis synthesis (5 GPa 
at 1300°-1500°C], nonmetallic synthesis requires higher 
temperature and pressure settings (5.5-8 GPa at 1800°- 
2.100°C}. In addition, the growth rate with nonmetallic syn- 
thesis {a few micrometers [110—cubic—direction] to 50 
micrometers [1 11—octahedral—irection] in 30 hours} was 
much slower than that of metallic synthesis (3 mm/day), The 
different growth rates in the [110] and [111] directions pro- 
duced by nonmetallic synthesis contribute to the forma- 
tion of octahedral crystals. Typical features of these crystal 
faces are: triangular, hexagonal, and roundish growth patterns 
on the {100} faces; and trigonal and quadrangular pyramid 
marks on the {111} faces, To obtain accurate spectral read- 
ings, the researchers cooled the synthesized diamonds with 
liquid nitrogen before cathodoluminescence spectroscopy. 
Careful examination revealed four spectral patterns common 
in diamonds: N3 center, H3 center, 575-nm peak, and 430- 
nm band. Although diamonds grown naturally, by metal- 
lic synthesis, and by nonmetallic synthesis all share some 
spectral features, their spectral distribution patterns differ. 
With the cathodoluminescence spectroscope, diamonds 
formed by different methods can be separated easily from 
one another. Takashi Hiraga 


TREATMENTS 


An interesting ‘oiled’ emerald. J. I. Koivula and R. C. 
Kammerling, South African Gemmologist, Vol. 6, 
No. 2, 1992, pp. 6-10. 


Examination of an emerald crystal that the owner thought 
might have been assembled is the topic of this short article 
with three illustrations. The owner had submitted the crys- 
tal, which was simply mounted in a pendant, to the GIA 
Gem Trade Laboratory in Santa Monica, California, for 
identification. 

The rough crystal was apparently glued into its 18k 
gold cap with a transparent epoxy-like substance. Refractive 
indices, read from several rough but flat faces, were 1.57-1.58. 
Suspicion originally was raised by the numerous spherical 
to semi-spherical bubbles throughout the entire crystal that 
were visible to the unaided eye. These bubbles were found 
to be enclosed in fluid-filled cavities that ran parallel to the 
c-axis of the stone. Microscopic examination also revealed 
several small three-phase fluid inclusions, which are typi- 
cally associated with Colombian emeralds. An oily-smelling 
fluid sweated out of the cavities after the crystal was exposed 
for a short time to the low heat of the microscope’s darkfield 
illumination system. This sweating fluid caused some bub- 
bles to move and others to expand. 

On the basis of the viscosity of the fluid, it was con- 
cluded that this fluid was probably oil rather than a more sol- 
id filler such as Opticon. JEC 
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Oxidation treatment of the sapphires from Shandong 
Province, China. C. Wang, Y. Yang, and G. Li, Journal 
of Gemmology, Vol. 23, No. 4, 1992, pp. 195-197. 


Blue sapphires from China are frequently too dark to be 
salable. This article describes a method for lightening such 
stones by electrolysis in a bath of molten chemical salts at 
940°C. The equipment and procedures for this treatment are 
described, and visible absorption spectra are given for a nat- 
ural stone, an clectrolysis-treated stone, and a traditionally 


LETTERS 
Continued from p. 221 


simply accept these names for what they are, and not try 
to create some pedigree in an effort to justify them? 

Now let’s look at feldspar nomenclature. The plagio- 
clase feldspars consist of a complete solid-solution series 
with end members that are pure NaAISiO or CaAlSiO. 
The sodic end member is a/bite, the calcite end member 
is anorthite, the intermediate species with increasing cal- 
cium content are oligoclase, andesine, labradorite, and 
bytownite. These are all defined as plagioclase, not as 
distinct mineral species. 

In spite of IMA acceptance of these names (which 
were old before the IMA was born), they are a convenience, 
a contrivance, and arbitrary. It would be far more accurate 
to refer to the plagioclase feldspars by their albite/anor- 
thite ratios. But the contrivance is an old one, so it 
stands—and makes conversational if not scientific sense. 

Sunstone describes a plagioclase feldspar that often 
exhibits an optical phenomenon caused by platy inclu- 
sions of various compositions. Sunstone is not synony- 
mous with oligoclase (remember, oligoclase is a con- 
trivance}. In the spirit of letting market forces drive 
industry-specific terminology, I recammend that sun- 
stone be applied to aventurescent plagioclase feldspars of 
variable albite/anorthite ratios in which the aventures- 
cence is caused by, but not limited to, platelets of hema- 
tite or native copper. 

The heliolite issue referred to by both Dr. Gibelin 
and Mr. Liddicoat was raised first in Dr. Frederick H. 
Pough’s January 1989 Lapidary Journal “Mineral Notes” 
column, in which Dr. Pough renewed his quixotic pur- 
suit of the name heliolite to describe the transparent fac- 
etable phase of Oregon labradorite. In his 1983 Journal of 
Gemmiology article, “Heliolite, a Transparent Facetable 
Phase of Calcic Labradorite,” Dr. Pough credits the cre- 
ation of the name to a Mrs. Rogers, widow of one of the 
original claimants at the Plush (southern Oregon] deposit. 
There is no mention in that article of the obscure French 
references that Dr. Pough uses as defense and justifica- 
tion for heliolite in his 1989 “Mineral Notes” discussion, 
in which—by contrast—there is no mention of Mrs. 
Rogers. And, contrary to Dr. Pough’s Lapidary Journal 
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heat-treated stone. It is noted that the stones treated by 
electrolysis lost approximately 8% of their weight to the 
molten salts bath. 

Results are described as improved clarity and “a pure 
blue color.” The gray hue that often occurs in high-Fe-con- 
tent sapphires after traditional heat treatment was not 
observed. Unfortunately, the article does not include pho- 
tographs of treated stones, or information on their possible 
identifying characteristics. 

Meredith Mercer 


claim that the term was “presented” and “approved” at 
an IMA meeting in Orleans, France, an official of the 
IMA’s Commission on New Minerals and Mineral 
Names advised me that “heliolite has no standing as a 
mineral name. According to the records, a proposal to 
validate the name has never been submitted to this com- 
mission.” He added that Dr. Pough’s name does not 
appear among the list of authors in the abstracts volume 
of the 1980 IMA meeting in Orleans. Given Dr. Pough’s 
contradictory information, I am curious that such rep- 
utable scientists as Dr. Giibelin and Mr. Liddicoat would 
support such a term. 

I suggest that such a varietal name has no true min- 
eralogical value, no value to the gem trade, and will only 
add confusion to an already-confusing nomenclature. | 
would dearly love to be able to define Oregon sunstone 
as a new, distinct, varicty of feldspar. Alas, this is not the 
case. As unusual as this mineral and location are, the 
chemical and physical observations require the conclu- 
sion that this material is a high-calcium plagioclase 
feldspar, period. 

The question remains, What do we call this materi- 
al? First, I must point out that any formal changes will be 
met with a great deal of resistance by those pesky market 
forces. Moreover, any nomenclature that attempts to dif- 
ferentiate Oregon sunstone strictly by a single physical 
characteristic will not be accepted or formally adopted by 
the scientific community. 

If we can all agree that, by definition, sunstone is 
aventurescent feldspar, there is no reason to search for 
another name to apply to the transparent Oregon materi- 
al: Careful examination reveals that there are always 
copper lamellae present. 

My “entry fee” into this quagmire is that there is no 
living person who has mined as many sunstones as | 
have: 2.5 million carats and counting. With my partner 
and co-mine-owner Larry Gray, we have taken sunstone 
from an undervalued, obscure gem material to a place of 
industry prominence and respect. Regardless of its scien- 
tific propriety, Oregon sunstone is the name that is, and 
will continue to be, applied by my partner and myself to 
the entire range of production from the Ponderosa mine. 


CHRISTOPHER L. JOHNSTON, B.S. 
Boise, Idaho 
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A 


Agate, see Chalcedony, Chalcedony simu- 


lant 
Albite 
from Mont St. Hilaire, Canada (GN} 
$u92:134 
see also Feldspar 
Alexandrite 
cavity filling in (GTLN} F92:192 
from Tanzania (Dirlam) Su92:80ff 
see also Chrysoberyl 
Alexandrite effect, see Color change 
Alexandrite, synthetic 
Czochralski-grown, called 
“Allexite” (GN} F92:207 
and filling of ruby (GN) 
F92:206-207 
“Nicholas created” 
Czochralski-pulled, from J.O. 
Crystals (GN} $p92:63 
Algeria 
mansfieldite from (GN} 
F92:20 1-202 
Allexite, see Alexandrite, synthetic 
Almandine-spessartine, see Garnet 
Amazonite 
from Brazil (GN} Sp92:58 
Amber 
from the Baltic (GN} W92:269 
damaged by alcohol cleaning (Let} 
$u92:140 
from the Dominican Republic 
(GN) W92:269 
with insect “inclusion” (GN) 
F92:199-2.00 
from Russia (GN} F92.:200 
Amethyst 
from Laos (GN) $u92:132-133 
from Tajikistan (GN} 
$u92:134-135 
from Tanzania (Dirlam} Su92:80ff 
from Uruguay (GN) W92:269 
see also Quartz 
Amethyst simulant 
glass mixed in parcel with natural 
amethyst (GTLN)} Su92:125-126 
Amethyst, 
synthetic; see Quartz, synthetic 
Amphibole 


Annual Index 


in rock with feldspar, resembling 
“Eilat stone” (GN} W92:27 1-272 
Angola 
diamond sources and production 
(Levinson) W92:234ff 
Antarctica 
as a potential diamond source 
(Levinson) W92:2.34ff 
Apatite 
greenish blue, from Madagascar 
(GN} Sp92:59 
synthetic laser products (GN) 
W92:277 
Aquamarine 
from Mozambique, Nigeria, and 
Zambia {GN} $p92:59 
see also Beryl 
Aragonite 
from Peru, marketed as “Victorite 
(GN} W92:269-270 
Arizona, see United States 
Assembled stones 
glass, synthetic opal, and laminat- 
ed triplet to simulate crystal 
opal (GN) F92:207-208 
green-and-red glass doublet to 
simulate watermelon tourm- 
aline (GN) F92:207 
rhodolite garnet, iolite, and color- 
less topaz construct sold as 
“Rhodiolopaz” (GN) 
W92:277-2.78 
Asterism 
in synthetic sapphire (GTLN} 
W92:266-2.67 
Australia 
Biron pink and bicolored synthetic 
beryl from (GN} Sp92:63-64 
diamond deposits in western 
region of (GN} W92:268 
etched dislocation channels in dia- 
monds from (GTLN} W92:2.62. 
ironstone from (GN} F92:201 
nonconductive gray-to-blue dia- 
monds from Argyle (Fritsch) 
Sp92.:35ff 
ruby from (GN] Sp92:61 
Axinite 
from Russia (GN} Sp92:59 


“ 
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Azurite-malachite 
barium sulfate as simulant (GN] 
Sp92:66 
B 
Baltic region 
amber from (GN} W92:269 
Barium sulfate 
to simulate azurite-malachite, 
coral, malachite, black “onyx,” 
. sugilite, and turquoise (GN} 
Sp92:66 
Beryl 
dyed beads with coated drill holes 
(GN] $u92:136 


“golden” cat’s-eye (GN} 
$u92:131-132 
from Laos {GN} Su92:132-133 
with Lechleitner synthetic emer- 
ald overgrowth (GTLN} 
W92:2.63-2.64 
from Russia (GN) $p92:59 
treated to imitate charoite or sug- 
ilite (GN) Su92:135 
see also Aquamarine, Emerald 
Beryl simulant, see Emerald simulant 
Beryl, synthetic 
Biron pink and bicolored (GN) 
§p92:63-64 
hydrothermal, from Russia (GN] 
Sp92:63-64 
see also Emerald, synthetic 
Book reviews 
Ancestral Jewels (Scarisbrick) 
$p92:71 
Basic Wax Modeling: An 
Adventure in Creativity 
(Tsuyuki) Sp92:70-71 
Cameos Old and New (Miller) 
Sp92:70 
Corundum (Hughes) F92:210 
The Encyclopedia of Gemstones 
and Minerals (Holden) Sp92:71 
Properties and Applications of 
Diamond (Wilks and Wilks) 
F92:210 
Brazil 
amazonite from (GN} Sp92:58 
cat’s-eye emerald from Santa 
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Terezinha de Goids (GN} 
§p92:60 
opal from—cat’s-eye (GTLN} 
F92:194-195; hydrophane (GN) 
Sp92:63 
tourmaline from Paraiba (GN) 
Sp92:62, F92:204 
Burbankite 
from Mont St. Hilaire, Canada 
(GN) Sp92:62, Su92:134 
remondite-(Ce} with color change, 
from Canada (GN) 
W92:2.70-271 
Burma, see Myanmar 


Cc 


Calcareous concretion 
27 mm, with flame-like structure 
(GTLN} $p92:52 
Calcite, see Marble 
Canada 
color-change remondite-(Ce) from 
(GN} W92:2.70-271 
diamond from—{GN] Su92:129, 
sources and production (Levinson) 
W92:2.34ff 
rare minerals from Mont St. Hilaire, 
Canada (GN] Sp92:62, 
$u92:134 
Capacitive decay, sce Gold 
Care of gem materials 
amber damaged by alcohol (Lct} 
$u92:140 
fracture filling in diamond dam- 
aged by ultrasonic cleaning 
(GTLN] F92:193 
Cathodoluminescence 
of Sumitomo gem-quality syn- 
thetic diamond (Shigley} 
Su92:1 L6ff 
Cat’s-eye, see Chatoyancy 


Cavity filling, see Filling, fracture or cavity 


Ceylon, see Sri Lanka 
Chalcedony 
blue, from Montana {GN} F92:2.00 
fire agate (GN) Sp92:58 
greenish blue (chrysocolla-col- 
ored}, from Mexico (GN) 
Sp92.:59-60 
from Uniguay (GN) W92:269 
see also Quartz 
Chalcedony simulant 
barium sulfate (GN} Sp92:66 


Change-of-color phenomenon, see Color 


change 
Charoite 
simulant (GN} §u92:135 
Chatoyancy 
in emerald from Brazil (GN) 
Sp92:60 
in glass (GN) Sp92:64-65 
in “golden” beryl (GN} 
$u92:13 1-132 
in kornerupine from Sri Lanka 
(GN) W92:273-274 
in opal from Brazil (GTLN} 
F92:194-195 
in synthetic sapphire (GTLN} 
W92:266-267 
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in zircon (GTLN) F92:197 
Chemical composition 
of gold alloys (Mercer) W92:222ff 
of grossular garnet from Tanzania 
(Nassau) F92:188ff 
of hydrothermal synthetic ruby 
(GN) W92:278 
of peridot—from New Mexico 
(Fuhrbach} Sp92:16ff; pallasitic 
(Sinkankas] Sp92:43ff 
of remondite-(Ce} as distinguished 
from burbankite (GN} 
W92:2.70-271 
of sapphire from China (Guo} 
W92:255ff 
of treatment in black Mabe pearl 
(GTLN) $u92:126-127, (GTLN} 
F92:195-196 
of zoisite—bicolored {(GTLN]} 
W92:267; blue and green (Barot} 
Sp92:4ff; green, from Pakistan 
(GN} W92:275-276 
Chemical reactivity, sec Gold 
China, People’s Republic of 
blue spinel from (GN) Sp92:61-62 
peridot from (GN} Sp92:60 
sapphire from Shandong Province 
in (Guo|W92:255ff 
synthetic sodalite, irradiated (GN) 
$u92:139 
Chrysoberyl 
114-ct yellow crystal from Sri 
Lanka (GN} W92:274 
see also Alexandrite 


Chrysoberyl, synthetic; see Alexandrite, 


synthetic 
Chrysocolla 
in “Eilat stone” from Israel (GN} 
W92:2.7 1-272. 
Chrysolite, see Peridot 
Citrine, see Quartz 


Cleaning of gems and jewelry, see Care of 


gem materials 
Coating 
with acrylic aerosol spray to 
improve surface appearance 
(GN) Su92:135 
and filling of ruby (GN) 
F92:206-207 
see also Treatment 
Color, cause of 
hydrogen in nonconductive 
gray-to-blue diamonds (Fritsch) 
Sp92:35ff 
orange-pink in hydrogrossular 
(GTLN} W92:2.64 
in peridot from New Mexico 
(Fuhrbach] Sp92:1 6ff 
in zoisite (Barot) Sp92:4{f 
see also Irradiation 
Color change 
alexandrite (GTLN}) F92:192 
garnet and sapphire from Tanzania 
(Dirlam} Su92:80ff 
remondite-(Ce} from Canada (GN} 
W92:270-27 1 
Color stability 
fade testing of yellow sapphire, 
yellow to brown topaz, and 
green spodumene (Let) F92:150 


of radiation-induced padparadscha 
color in sapphire (GN) 
W92:2.73-2.74 
of radiation-induced yellow-green 
color in grossular {Nassau} 
F92:1 88ff 
see also Durability 
Color zoning 
in cubic zirconia (GN) Su92:138 
in hydrothermal synthetic ruby 
(GN) W92:278 
in ruby from Vietnam (GN} 
W92:2.74-2.75 
in sapphire (GTLN) W92:265-266 
in Sumitomo gem-quality synthet- 
ic diamond (Shigley} Su92:1 16ff 
Coral simulant 
barium sulfate (GN] Sp92:66 
Corundum 
dyeing and quench-crackling to 
simulate ruby (Schmetzer} 
Su92:1 L2ff, (GTLN} 
F92:196-197 
and spinel and sapphirine crystal 
(GN) F92:200-201 
see also Ruby, Sapphire 
Corundum, synthetic 
see Ruby, synthetic; Sapphire, 
synthetic 
Cryolite 
from Mont St. Hilaire, Canada (GN} 
§p92:62, Su92:134 
Cubic zirconia 
bicolored (GN} Su92:138 
Brewster-angle refractometer used 
to measure RI. of (GN} 
$u92:138 
new colors of (GN} Sp92:64 
unusually small melee (GN} 
W92:2.78 
Cuts and cutting, see Diamond, cuts and 
cutting of, Faceting 
Czechoslovakia 
moldavite from (GN} Sp92:60-61 


De Beers 

and diamond sources and produc- 
tion (Levinson} W92;2.34ff 

marketing agreement with Sakha 

GN} $u92:129-130 

and Tanzania (Dirlam) Su92:80ff; 

GN} Su92:130-131 

Density, see Specific gravity 

Diamond 
aggregate of two rounded dodeca- 

hedra (GTLN} Sp92:52 

from Canada (GN) Su92:129; 

Levinson) W92:234ff 

current and future sources and 
production (Levinson) 
W92:234 ff 

damage—to fracture filling during 
recutting and cleaning (GTLN]} 
F92:193; by fire (GTLN] 
Sp92.:53 

depth of formation (GN] W92:269 

mining—at Longlands, South 
Africa (GN] $1192:130 

from Myanmar (GN} F92:198-199 
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prospecting in Western Australia 
(GN) W92:268 
from the Russian Federation 
(Levinson) W92:234ff 
from Sakha (Yakutia}, to be mar- 
keted through CSO (GN} 
$u92:129-130 
from Tanzania (Dirlam} Su92:80ff, 
(GN] Su92:130-131 
types and their properties (Fritsch) 
Sp92:35¢f 
from Ukraine (GN] $u92:129 
from Uzbekistan (GN} Su92:129 
from Zaire {GN} Su92:131 
from Zimbabwe (GN]} W92:269 
Diamond, colored 
black{GTLN] Sp92:53; laborato- 
ry-irradiated (GTLN} 
$u92: 124-125; (GN} 
W92:276-277 
brown crystal, in “Renaissance 
ring” (GTLN) W92:263 
chameleon, 22.28 ct (GTLN] 
$u92:124 
dark gray with brown octahedral 
cloud (GTLN} Sp92:53 
filling damaged in (GTLN} 
$u92:123, F92:193; (GN} 
W92:276 
fracture-filled—marketed as 
“Genesis Il” (GN} W92:2.76; 
pink, with dark blue flash 
(GTLN) F92:192-193 
gray-to-blue, nonconductive 
(Fritsch) Sp92:35ff 
green surface on 7.56-ct octahedral 
crystal (GTLN} Sp92:53-54 
“opalescent” white, from Panna 
mine, India {GN} Sp92:58 
radioactivity in, measured by gam- 
ma-ray spectroscopy 
(Ashbaugh} Su92:104ff 
Diamond, cuts and cutting of 
automated (GN} Su92:129 
in Myanmar (GN} F92:198-199 
Diamond, inclusions in 
brown octahedral cloud in dark 
gray (GTLN] Sp92:53 
deep cavity resembling etched dis- 
location channels (GN) 
W92:268 
etch features—dislocation chan- 
nels in pink and yellow (GTLN} 
W92:262-263; planes in yellow 
(GTLN} W92:262-263; 
ribbon-like in pink (GTLN} 
F92:193 
graining—brown (GTLN) 
W92:263; white (GN] Sp92:58 
hollow hexagonal columns (not 
etch pits) in (Let) Sp92:73 
radiation stains on types la and Ib 
{Fritsch} Sp92:35ff 
Diamond simulant, see Cubic zirconia 
Diamond, synthetic 
chemical vapor deposition [CVD] 
(GN} W92:268 
green and yellow (GN} 
W92:2.68-269 
Sumitomo gem-quality, update on 
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(Shigley] Su92:1 16ff 
Diffusion treatment 
illuminated immersion cell to 
detect (GN) Sp92:67 
of sapphire (GN) Sp92:62-63; 
(GTLN] $u92:127-128, (GN) 
F92:204-205; (GTLN} W92:266 
sec also Treatment 
Diopside 
62.66-ct green, from Tanzania (GN} 
F92:201 
Djevahirdjian, V. 
in memoriam (GN} F92:209 
Dominican Republic 
amber from {GN] W92:2.69 
Doublets, see Assembled stones 
Dravite, see Tourmaline 
Durability 
of bleached and polymer-impreg- 
nated jadeite (Fritsch) F92:176ff 
of fracture filling in diamond 
(GTLN} $u92:123, F92:193, 
(GN) W92:276 
of heat- and/or diffusion-treated 
sapphire (GTLN} Su92:127-128, 
W92:266 
sec also Color stability; Care of 
gem matcrials 
Dyeing 
of beryl beads {GN} Su92:136 
of corundum to simulate ruby 
(Schmetzer} Su92:112ff; (GTLN} 
F92:196-197 
of Mabe pearl (GTLN} 
$u92:126-127, F92:195-196 
of quartz to simulate emerald 
(GN) F92:205-206 
of sandstone with tea (GN) 
W92:277 
see also specific gem materials; 
Treatment 


East Africa 
grossular garnet from (Nassau} 
F92:1 88ff 
see also Kenya; Tanzania 
Editorials 
“The Gems & Gemology Most 
Valuable Article Award” 
(Keller) Sp92:1-2 
“1999 ‘Perfect’ Challengers” 
(Keller) F92:151 
“Thank You, Donors” (Keller) 
$u92:79 
“What Did You Say the Name 
Was?” (Liddicoat} W92:219 
Egypt 
gamet from (GN} Su92:132 
“Eilat stone” 
chrysocolla-and-malachite rock 
from Israel (GN) W92:2.71-2.72 
simulant of feldspar and amphi- 
bole (GN) W92:27 1-272 
Emerald 
cat’s-eye, from Brazil (GN} 
$p92:60 
fracture-filling of, with green liq- 
uid (GN]} F92:205 
with misleading spicule-like 
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inclusion (GTLN) Sp92:54-55 
from Tanzania (Dirlam}) Su92:80ff 
see also Beryl 
Emerald simulant 
beryl crystal filled with green fluid 
{GN) $u92:137-138 
dyed, epoxy-filled, and 
quench-crackled quartz (GN} 
F92:205-206 
yttrium aluminum garnet (GTLN) 
$u92:125 
Emerald, synthetic 
hydrothermal, with spicule-like 
inclusion (GTLN} Sp92:54-55 
Lechleitner hydrothermal over- 
growth on faceted beryl 
(GTLN) W92:263-264 
Enhancement, see Coating; Diffusion 
treatment; Dyeing; Filling; Heat treat- 
ment; Irradiation; Treatment 
Erratum 
Crevoshay spelling corrected (Let) 
$u92:140 
in gamma-ray spectrum of 
radioactive diamond {Let} 
F92:150 
Ethiopia 
peridot from (GN} Sp92:60 


F 


Faceting 
“fantasy” cuts (GN] Sp92:60 
of pallasitic peridot (Sinkankas} 
Sp92:43 ff 
see also Diamond, cuts and cutting of 
Fade testing, see Color stability 
Fakes, see Mineral fakes 
Feldspar 
nomenclature of sunstone, 
labradorite, and heliolite (Let} 
F92:149, W92:220-22.1 
in rock with amphibole, resem- 
bling “Eilat stone” (GN) 
W92:27 1-272 
Filling, fracture or cavity 
of alexandrite (GTLN} F92:192 
and coating of ruby [|GN} 
F92:206-207 
of diamond—damage to, during 
cutting and cleaning (GTLN} 
F92:193, damaged by heat 
(GTLN] Su92:123; marketed as 
“Genesis If Diamond” (GN} 
W92:276; flash effects in 
(GTLN} F92:192, rough (GN) 
W92:2.76 
of emerald (GN) F92:205 
kit with green liquid for emerald 
treatment (GN} F92:205 
use of Opticon (Let) Sp92:73 
quench-crackling and oiling of 
flame-fusion synthetic ruby in 
Thailand (GN} F92:208-209 
Fire agate, see Chalcedony 
Fire assay, see Gold 
Fluorescence, ultraviolet 
of bleached and polymer-impreg- 
nated jadeite (Fritsch) F92:176ff 
in chameleon diamond (GTLN] 
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$u92:124 
in dyed assembled blister pear] 
GTLN} Su92:127 
in dyed black Mabe cultured pear! 
(GTLN} F92:195-196 
in dyed corundum beads 
Schmetzer} $u92:112; (GTLN} 
F92:196-197 
in heat-treated yellow sapphire 
GTLN)} W92:266 
in hydrothermal synthetic ruby 
GN] W92:278 
in nonconductive gray-to-blue dia- 
monds {Fritsch} Sp92:35ff 
in opal and synthetic opal (GTLN} 
Sp92:55-56 
to separate glass and amethyst 
(GTLN} Su92:126 
in Sumitomo gem-quality syn- 
thetic diamond (Shigley) 
Su92:1 1L6ff 
Fourier transform infrared spectrome- 
ter (FTIR), see Spectroscopy, 
infrared 


G 


Garnet 
almandine-spessartine from Egypt 
(GN} Su92:132 
hydrogrossular with orange-pink 
color (GTLN] W92:264 
nomenclature of malaya/malaia, 
umbalite, and tsavorite (Let) 
F92;149 
from Sri Lanka (GN) W92:273 
from Tajikistan (GN) 
$u92:134-135 
from Tanzania (Dirlam] Su92:80ff 
see also Grossular 
Gems e Gemology 
“Challenge” Sp92:68-69, F92:151 
see also Editorials 
“Gemulet,” see Opal simulant 


“Genesis II Diamond,” see Filling, fracture 


or cavity 
Geneva ruby, see Ruby, synthetic 
Glass 
cat’s-eye (GN} Sp92:64-65 
doublet of red and green (GN) 
F92:207 
green, marketed as Mt. St. Helens 
rock (GN] F92:207 
imitations of “healing crystals,” 
turquoise, and amethyst (GTLN} 
$u92:125—126 
simulant of indicolite crystal (GN) 
$u92:138-139 
see also Assembled stones 
Gold 
testing methods and standards 
(Mercer) W92:222ff 
Graining, see Diamond, inclusions 
Grossular (grossularite] 
green [tsavorite]—nomenclature 
(Let} F92:149; from Tanzania 
(Dirlam} Su92:80ff, (Let) 
F92:150; with tanzanite (Barot} 
Sp92:4ff 
radiation-induced unstable yel- 
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low-green color (Nassau) 
F92:188ff 
see also Garnet 


Hackmanite 
from Mont St. Hilaire, Canada {GN} 
$u92: 134 
Hawk’s-eye, see Pietersite 
Hallmarking 
of gold jewelry (Mercer) W92:222ff 
Heat treatment 
of green tanzanite/zoisite (Barot} 
Sp92:.4ff 
of sapphire—from Tanzania 
(Dirlam} Su92:80ff; yellow 
|GTLN) W92:266 
see also Diffusion treatment 
Heliolite, see Feldspar 
History 
of gem mining in Mogok {Kane} 
F92:152ff 
of gem mining in Tanzania 
(Dirlam} Su92:80ff 
of gem-quality pallasitic peridot 
(Sinkankas} Sp92:43ff 
of heliolite for sunstone {Let) 
W92:220-221 
Hydrogrossular, see Garnet 


Idocrase [vesuvianite] 
from Mont St. Hilaire, Canada (GN} 
$u92:134 
Inclusions 
in alexandrite (GTLN} F92:;192 
bubble in moldavite (GN} Sp92:60 
copper in tourmaline from Paraiba, 
Brazil (GN) F92:204-205 
engraved insect in amber (GN} 
F92:199-200 
in hydrothermal synthetic ruby 
(GN) W92:278-279 
fluid inclusions in Mexican opal 
(Spencer} Sp92:28ff 
in “Geneva rubies” (GTLN} 
$u92:127 
in peridot—from New Mexico 
(Fuhrbach} Sp92:16ff, pallasitic 
(Sinkankas} Sp92:43ff 
spicules in natural and synthetic 
emerald (GTLN} Sp92:54-55 
in Sumitomo gem-quality synthet- 
ic diamond (Shigley} Su92: 11 6ff 
it YAG simulating emerald 
(GTLN) $u92:125 
in zoisite (Barot] Sp92:4 ff 
see also specific host gem material 
India 
diamond from Panna mine (GN} 
Sp92:58 
Indicolite, see Tourmaline simulant 
Infrared spectrometer, see Spectroscopy, 
infrared 
Insects 
beetles as jewelry (GN] Su92:131 
Instruments 
Brewster-angle refractometer (GN} 
$u92:138 


gold testing (Mercer) W92:222 ff 

immersion cell—illuminated (GN} 
Sp92:67; used to separate ruby 
(GN) Su92:139 

particle-induced X-ray emission 
(PIXE) analysis of sapphire from 
China (Guo} W92:255ff 

quartz-wedge simulator, to deter- 
mine optic sign (GN) Su92:139 

thermal reaction tester-—{Fritsch) 
F92:176ff, to detect fracture fill- 
ing in alexandrite (GTLN)} 
F92:192 

see also Microscopy; 

Spectrophotometry and spec- 
troscopy; Spectroscopy, infrared 

Irradiation 

of diamond, to produce—black 
(GN) W92:276-277, dark green 
(GTLN} Su92:124-125 

of pink sapphire, to produce pink- 
ish orange (padparadscha) (GN} 
W92:273 

of topaz, to produce green (GN) 
Sp92:63 

see also Radioactivity 

Ironstone 
from Australia (GN) F92:201 


J 


Jade, see Jadeite 
Jade simulant 
pinite (GTLN) $p92:56-57 
Jadeite 
bleached and polymer-impregnat- 
ed (Fritsch) F92:176ff 
repair detected by short-wave U.V. 
(GTLN) F92:193-194 
33-metric-ton boulder from 
Myanmar [Burma] (GN) 
$u92:132-133 
Jewelry 
baroque pear! in owl (GTLN] 
F92:195-196 
gold testing and underkarating of 
(Mercer) W92:222ff 
meteorites in (GN) $u92:133 
period, with Verneuil synthetic 
“Geneva rubies” (GTLN} 
Su92:127 
pierceless earrings with magnets 
(GN) Sp92:64 


K 


Kenya 
irradiated grossular garnet from 
{Nassau} F92:188ff 
Knischka, see Ruby, synthetic 
Kornerupine 
cat’s-eye, from Sri Lanka (GN} 
W92:2.73-2.74 
Kunzite, see Spodumene 


L 
Labradorite, see Feldspar 
Laos 
sapphire, beryl, and amethyst from 
(GN] $u92:132-133 
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Lapidary, see Diamonds, cuts and cutting 
of; Faceting 
Lapis lazuli 
from Tajikistan (GN) §u92:134-135 
Lapis lazuli simulant 
ceramic {(GTLN} $p92::55 
Lechleitner 
synthetic emerald overgrowth on beryl 
(GTLN) W92:263 
Luminescence, see Fluorescence; X-ray 
fluorescence; Phosphorescence 


Mahe, see Pearls, cultured 
Madagascar 
apatite from {GN} Sp92:59 
multicolored sapphire from {GN} 
F92:203-2.04 
pink tourmaline from (GN) 
Sp92:62 
Malachite simulant 
barium sulfate (GN} Sp92:66 
Malaya [malaia], see Garnet 
Mansfieldite 
896-ct, from Algeria (GN] F92:201-202 
Marble 
from Tajikistan (GN) $u92:134-135 
Mass spectrometry 
of fluid inclusions in Mexican opal 
(Spencer) Sp92:28ff 
Meteorites 
in jewelry (GN} $u92:133 
moldavite from Czechoslovakia 
(GN} Sp92:60-61 
pallasites with gem-quality peridot 
(Sinkankas} Sp92:43 ff 
Mexico 
chalcedony from (GN) Sp92:59-60 
opal from Querétaro (Spencer} 
Sp92:28 ff 
pearls from Baja California (GN} 
$u92:126, F92:202 
Mica 
pinite as jade simulant (GTLN) 
Sp92:56-57 
Microscopy 
of bleached and polymer-impreg- 
nated jadeite (Fritsch) F92:1 76ff 
of dyed natural corundum simulat- 
ing ruby (Schmetzer} Su92:1 12ff 
Microthermometry 
in fluid-inclusion study of Mexican 
opal (Spencer} Sp92:28 ff 
Mineral fakes 
assembled “emerald” specimen 
(GN} Su92:137-138 
assembled tourmaline specimens 
(GN) F92:209, W92:267 
glass simulant of indicolite tour- 
maline crystal (GN) 
$u92:138-139 
synthetic ruby simulant of 
Vietnamese ruby crystal (GN} 
$u92:139 
Mining 
of diamond—in South Africa (GN} 
Su92: 130; in Tanzania (GN) 
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$u92:130-131, worldwide 
(Levinson) W92:234ff 
of ruby and sapphire—in Mogok 
{Kane} F92:152ff, in Vietnam 
(GN) W92:2,74-275 
of sapphire in Shandong Province 
China (Guo) W92:255ff 
of sapphire and garnet, in Elahera, 
Sri Lanka W92:273 
in Tanzania (Dirlam) Su92.:80ff 
of tanzanite in Tanzania (Barot) 
Sp92:4ff 
“Mojave blue,” see Chalcedony 
Moldavite 
from Czechoslovakia (GN) Sp92:60-61 
Mozambique 
aquamarine from (GN} Sp92:59 
Myanmar (Burma| 
diamond from (GN) F92:198-199 
jadeite boulder from (GN} 
$u92; 132-133 
peridot from (Kane) F92:152f 
ruby and sapphire mining in the 
Mogok Stone Tract of (Kane} 
F92:152ff 


a 


N 
Namibia 
ruby from (GN} Sp92:61 
tourmaline from (GN} Sp92:62 
Natrolite 
from Mont St. Hilaire, Canada (GN) 
$u92:134 
Nigeria 
aquamarine from (GN) Sp92:59 
tourmaline from (GN} Sp92:62 
Nomenclature and classification 
of black opal (GTLN) W92:264 
gemology’s approach to (Liddicoat) 
W92:2.19 
of malaya/malaia, umbalite, tsa- 
vorite, green tanzanite, sun- 
stone, labradorite, and heliolite 
(Let} F92:149, W92:220-221 
of zoisite vs. tanzanite (Let) 
$u92:140 
Nuclear Regulatory Commission [NRC] 
release limits for radioactive gem- 
stones (Ashbaugh] Su92:104ff 


fe 
Oiling 
of turquoise (GN) §u92:137 
see also Filling, fracture or cavity 
Olivine, see Peridot 
Opal 
black (GTLN) W92:2.64 
cat’s-eye, from Brazil (GTLN} 
F92:194-195 
enhanced hydrophane, from Brazil 
(GN] Sp92:63 
matrix, silver-nitrate treated (GN) 
$u92:136-137 
with natural cellular structure 
(GTLN} Sp92:55-56 
from Querétaro, Mexico—fluid 
inclusion study of (Spencer) 
Sp92:28ff 
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sugar-treated, coated “concrete” 
(GN}J $u92;:136 
and synthetic opal (GTLN} 
Sp92:55-56 
Opal simulant 
“Gemulet,” glass with synthetic 
opal fragments (GN] Sp92:65 
glass, synthetic opal, and laminat- 
ed triplet (GN) F92:207-208 
Opticon 
caution against excess heat in treat- 
ment (Let) $p92:73 
Orthoclase, see Feldspar 
“Osmenia pearl,” see Pearl simulant 


P 


Padparadscha, see Sapphire 
Pakistan 
glass simulant of indicolite tour- 
maline crystal (GN) 
$u92:138-139 
glass simulant of indicolite tour- 
maline crystal (GN} 
$u92:138-139 
ruby from (GN} Sp92:61 
zoisite from (GN] W92:275 
Paraiba, see Brazil; Tourmaline 
Pearl 
from Alabama (GTLN] 
W92:264265 
from Baja California— 
black{(GTLN} Su92::126; blister 
pearl in Pinctada mazatlanica 
(GN} F92:202, 
hollow cores in baroque and blis- 
ter (GTLN} F92:195 
from Spanish colonial shipwreck 
(GN} F92:202 
Pearl, cultured 
42mm, from Thailand (GN) 
F92:202 
golden South Seas, from Okinawa, 
Japan (GN} W92:272-2.73 
Mabe—assembled and dyed 
(GTLN] $u92:126-127; black, 
from French Polynesia (GN} 
$u92:133-134; treated black 
(GTLN] F92:195-196 
natural-color Polynesian black, 
without bead nucleus (GTLN} 
Sp92:56-57 
from Venezuela (GN| F92:203 
Pearl simulant 
“Osmenia pearl” Mabe simulant fash- 
ioned from nautilus shell (GN} 
$u92:133-134 
Pectolite 
from Mont St. Hilaire, Canada 
(GN} Sp92:62 
separation from aragonite (GN} 
W92:269-270 
People’s Republic of China, see China, 
People’s Republic of 
Peridot 
from China and Ethiopia (GN} 
§p92:60 
from Kilbourne Hole, New Mexico 
(Fuhrbach) Sp92:16ff; (Let) 
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F92:150 
from Myanmar (Kane) F92:152ff 
from pallasitic meteorites 
(Sinkankas} Sp92:43ff 
from San Carlos, Arizona {GN} 
Sp92:60 
Peru 
aragonite from (GN) W92:269-270 
Phosphorescence 
in chameleon diamond (GTLN] 
$u92:124 
reddish orange, in nonconductive 
gray-to-blue diamonds (Fritsch) 
Sp92:35fF 
Pietersite 
brecciated form of hawk’s-cye, from 
South Africa (GN) Sp92:61 
Pinite, see Mica 
“Pink Ice,” see Cubic zirconia 
Plastic, see individual gem simulants; 
Treatment 
Pyrope-almandine, see Garnet 
Pyrope-spessartine, see Garnet 


Q 
Quartz 
with dumortierite [GN} W92:271 
dyed green, epoxy-filled, and 
quench-crackled to simulate 
emerald (GN} F92:205-206 
see also Amethyst 


Quartz, cryptocrystalline, see Chalcedony 


Quartz, synthetic 
hydrothermal—green (GTLN} 


W92:2.65; yellow, yellowish brown, 
green, blue, and purple, from Russia 


(GN] Sp92:65~66 
Quartz wedge, see Instruments 


R 
Radioactivity 
in cat's-eye zircon (GTLN} 
F92:197 
in laboratory-irradiated green dia- 
mond {GTLN} $u92:124-125 
measured by gamma-ray spec- 
troscopy {Ashbaugh) Su92:104 ff 
“Rhodiolopaz,” see Assembled stones 
Ruby 
from Australia (GN} Sp92:61 
with “glassy” coating and filling 
(GN) F92:206-207 
mining in the Mogok Stone Tract, 
Myanmar (Kane) F92:152ff 
from Namibia (GN} Sp92:61 
from Pakistan (GN} Sp92:61 
from Tajikistan (GN} 
$u92:134-135 
from Tanzania—{Dirlam] 
Su92:80ff; 0.20-ct. faceted, from 
Longido(GN} F92:203 
from Vietnam (GN} Sp92:61, 
W92:274-275 
in zoisite, from Longido, Tanzania 
(Barot] Sp92:4ff; (GN) Sp92:61; 
(Dirlam} Su92:80ff 
see also Corundum 
Ruby simulant 
dyed corundum (Schmetzer) 
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Su92:112ff; (GTLN] £92:196-197 
Ruby, synthetic 
flame-fusion, sold as Vietnamese 
ruby (GN} W92:274-275 
fracture-filled, quench-crackled, 
and oiled, in Thailand (GN} 
F92:208-209 
“Geneva,” early Verneuil in period 
jewelry (GTLN} Su92:127-128 
hydrothermal crystal, 1,930 ct 
(GN) W92:278-279 
inclusions in hydrothermal (GN} 
W92:278-279 
Knischka flux-grown (GN] 
Sp92:66 
Verneuil simulating Vietnamese 
ruby {GN} $u92:139, F92:209 
Russia (Russian Federation, C.LS.} 
amber from (GN} F92:200 
axinite and beryl from (GN} 
Sp92:59 
diamond sources and production 
(Levinson) W92:234 ff 
synthetic quartz from (GN} 
§p92:65 
Rutile 
from Sri Lanka (GN} W92:273-274 


S$ 


Sakha (Yakutia] 
to market diamonds through CSO 
(GN} Su92:129-130 
San Carlos peridot, see Peridot 
Sandstone 
as omamental material dyed with tea 
(GN] W92:2.77 
Sapphire 
blue spinel from Vietnam as simu- 
lant (GN} Su92:138 
from China {Guo} W92:255ff 
color-zoned orange and pink 
(GTLN} W92:265-266 
diffusion-treated—durability of 
(GTLN} $u92:127-128, 
W92:266; in natural-color 
parcels from Thailand (GN} 
F92:204-205; production of 
(GN} Sp92:62-63, (GTLN} 
Su92:127-128 
dyeing of pale material to simulate 
ruby (Schmetzer) Su92:112ff; 
(GTLN} F92:196-197 
fade testing to determine color sta- 
bility of yellow sapphire (Let) 
F92:150 
irradiation of pink to pinkish 
orange (padparadscha} color 
IGN) W92:2.65-266 
from Loas (GN} Su92:133 
mining—in Myanmar (Kane 
F92:152ff, in Sri Lanka (GN) 
W92:273-274 
multicolored crystals from 
Madagascar (GN} F92:203-204 
pink, from Pakistan (GN) Sp92:61 
from Tanzania (Dirlam} Su92:80ff 
from Vietnam (GN} Sp92:61, 
W92:274-2.75 
yellow, heat-treated with unusual 
fluorescence (GTLN] W92:266 
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see also Corundum 
Sapphire, inclusions in 
from China, zircon and columbite 
{Guo} W92:255ff 
from Madagascar {GN} 
F92:203-2.04 
Sapphire, synthetic 
Czochralski-grown—blue and 
green from Union Carbide (GN) 
$p92:66; blue and pink (GN} 
W92:277 
curved striae in (GTLN) $u92:128 
flame-fusion, titanium-doped 
pink (GN) Sp92:66 
star, with dark reddish purple col- 
or (GTLN} W92:2.66-2.67 
synthetic rutile needles in (GTLN} 
W92:266-267 
Sapphirine 
and spinel and corundum in crystal 
(GN} F92:200-201 
Scapolite 
from Tanzania (Dirlam] Su92:80ff 
Serandite 
from Mont St. Hilaire, Canada (GN} 
$p92:62; (GN) Su92:134 
Shortite 
from Mont St. Hilaire, Canada (GN] 
§p92:62; (GN) $u92:134 
Sodalite, synthetic 
irradiated, from China (GN} $u92:139 
see also Hackmanite 
South Africa 
diamond mining at Longlands 
(GN} Su92:130 
diamond sources and production 
{Levinson} W92:2.34 ff 
pietersite from (GN] Sp92:61 
Specific gravity 
of bleached and polymer-impreg- 
nated jadcite (Fritsch) F92:1 76ff 
of gold alloys in jewelry (Mercer} 
W92:22.26f 
Spectra 
of dyed-corundum ruby simulant 
(Schmetzer) Su92:112ff, (GTLN) 
F92:196-197 
of green zoisite from Pakistan 
(GN) W92: 275-267 
of irradiated ycllow-green grossu- 
lar garnet from East Africa 
{Nassau} F92:1 88 ff 
of natural green diamond (GTLN} 
$p92.:53-54 
of nonconductive gray-to-blue 
diamonds (Fritsch) $p92:35ff 
of peridot from Kilbourne Hole, 
New Mexico (Fuhrbach]} 
Sp92:16ff 
of remondite-(Ce} and burbankite 
(GN] W92:270-271 
of Sumitomo gem-quality syn- 
thetic diamond (Shigley} 
Su92: 1 16ff 
of yttrium silicate simulating tan- 
zanite (GN} W92:277 
Spectrophotometry and spectroscopy 
atomic absorption (AA) and direct- 
ly coupled plasma (DCP}, to 
measure gold content (Mercer} 
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W92:22.-ff 
gamma-ray, to measure radioactiv- 
ity in gems (Ashbaugh) 
Su92:104ff, (Let) E92:150 
see also Mass spectrometry; X-ray 
fluorescence spectroscopy 
(EDXRE) 
Spectroscopy, infrared 
of bleached and polymer-impreg- 
nated jadeite (Fritsch) F92:1 76ff 
of nonconductive gray-to-blue 
diamonds (Fritsch) $p92:35ff 
of Sumitomo gem-quality synthet- 
ic diamond (Shigley} Su92:1 1 6ff 
Sphalerite 
green, from Pennsylvania (GN) 
F92:204 
from Mont St. Hilaire, Canada 
[GN] $u92:134 
Spinel 
blue—from China (GN} 
Sp92:61-62; from Vietnam 
(GN} $u92:138 
chrome-type, as diamond indicator 
in Western Australia (GN} 
W92:2.68 
and sapphirine and corundum 
crystal (GN) F92:201 
from Tajikistan (GN} 
$u92:134-135 
from Tanzania (Dirlam} Su92:80ff 
Spinel, synthetic 
grown frorh natural spinel? (Let} 
§p92:72-73 
Spodumene | 
fade testing to determine color stability 
of green spodumene {Let} F92:150 
Sri Lanka 
cat’s-cye kornerupine from (GN} 
W92:2.73--274 
irradiated green topaz from (GN) 
$p92:63 
sapphire and garnet mining in 
Elahera (GN) W92:273 
yellow chrysoberyl crystal from 
(GN} W92:2.74 
Stability, see Color stability 
Sugilite simulant 
barium sulfate [GN] Sp92:66 
treated massive beryl-and-quartz rock 
(GN} $u92:135 
Sumitomo, see Diamond, synthetic 
Sunstone, see Feldspar 
Synthetic 
diamond growth methods {GN} 
W92:2.68-2.96 
top-seeded growth combines flux 
and pulling methods (GN) 
W92:2.77 
see also specific gem materials 


T 


Taaffeite 
33.33-ct oval (GN) W92:2.74 
Tajikistan 
marble, pink spinel, amethyst, garnet, 
ruby, and lapis lazuli from Pamir 
Mountains (GN} $u92:134-135 
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Tanzania 
bicolored zoisite from (GTLN} 
W92:267 
diamond mining in (Dirlam} 
Su92:80ff, (GN) $u92:130-131, 
W92:2.69 
gems from (Dirlam) Su92:80ff 
green diopside from Merelani Hills 
(GN} F92:201 
green tanzanite from (Barot} 
Sp92:4ff 
irradiated grossular garnet from 
{Nassau} F92:188ff 
ruby from Longido (GN) F92:203 
ruby in zoisite from (GN] Sp92:61 
tsavorite from (Let) F92:149, 150 
Tanzanite 
green, from Tanzania {Barot} 
Sp92::4 ff 
nomenclature for green (Let) 
$u92:140; F92:149, W92:220 
from Tanzania (Dirlam) Su92:80ff 
see also Zoisite 
Thailand 
cultured pear! from (GN) F92:202-203 
Thin films, see Diamond, synthetic 
Topaz 
fade testing to determine color sta- 
bility of yellow-to-brown topaz 
{Let} F92:150 
irradiated green (GN)} Sp92:63 
radioactivity in, measured by gam- 
ma-ray spectroscopy 
(Ashbaugh) Su92:104ff 
Touchstone testing 
of gold alloys in jewelry (Mercer) 
W92:22.2FF 
Tourmaline 
from Paratba, Brazil (GN) Sp92:62, 
F92:204 
pink, from Madagascar and 
Nigeria (GN] Sp92:62 
red, from Namibia (GN] Sp92:62, 
from Tanzania (Dirlam) Su92:80ff 
Tourmaline simulant 
bicolored simulant of glass and 
tourmaline (GN] F92:209 
indicolite crystal simulant of glass 
{GN} Su92:138-139 
watermelon simulant—of red and 
green glass (GN) F92:207; of 
quartz and tourmaline (GN) 
W92:2.79 
Treatment 
bleached and polymer-impregnat- 
ed jadeite (Fritsch) F92:176ff 
of chrysocolla-colored chalcedony 
(GN} Sp92:59-60 
of opal (GN) Sp92:63, 
$u92:136-137 
see also Coating; Diffusion treat- 
ment; Dyeing; Filling; Heat 
treatment; Irradiation; Oiling 
Triplet, see Assembled stones 
Tsavorite, see Grossular garnet 
Tucson Gem and Mineral Show 
highlights of {GN} Sp92:58-67 
Turquoise 
oiling of {GN} $u92:137 
Turquoise simulant 
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barium sulfate (GN} Sp92:66 
glass in period jewelry (GTLN)} 
Su92:125-126 


U 
Ukraine 
diamond pipes located (GN} Su92:129 
Ultraviolet-visible spectroscopy, see 
Spectra; Spectroscopy 
United States 
pearl from Alabama (GTLN)} 
W92:2.64-2.65 
peridot—from Arizona (GN) 
Sp92:60; from New Mexico 
(Fuhrbach} Sp92: 16ff, (Let) 
F92:150 
sphalerite from Pennsylvania {GN} 
F92:2.04 
Uruguay 
agate and amethyst from {GN} 
W92:269 
Uzbekistan 
diamond from (GN} $u92:129 


Vv 


Venezuela 
pear] culturing in {GN} F92:203 
Vesuvianite, see Idocrase 
"Victorite,” see Aragonite 
Vietnam 
joint ventures with Australian 
firm (GN) W92:274 
ruby and sapphire from {GN} 
Sp92:61, W92:274-275 
spinel sold as sapphire (GN) 
$u92:138 
synthetic ruby sold as natural crys- 
tals (GN] Su92:139 


4 
X-radiography 
of fracture-filled diamond (GTLN] 
$u92:123 
of freshwater pearl from Alabama 
(GTLN) W92:264-265 
X-ray fluorescence 
of freshwater pearl from Alabama 
{GTLN) W92:264-265 
X-ray fluorescence spectroscopy 
(EDXRE] 
of gold alloys in jewelry (Mercer) 
W92:222. 
X-ray powder diffraction 
of aragonite (GN) W92:270 
of feldspar-and-amphibole rock 
(GN] w92:272 
of quartz with dumortierite (GN) 
W92:271 
used to identify pinite simulating 
jade (GTLN) Sp92:56-57 


Y 


Yehuda treatment, see Filling 
Yttrium aluminum garnet (YAG] 
colored, faceted (GN) Sp92:66-67 
as emerald simulant (GTLN) 
$u92:125 
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laser products sold for cutting 
[(GN} W92:277 


Zaire 
lower diamond preduction in 1991 
(GN} $u92:131 
Zambia 
aquamarine from (GN] $p92:59 
Zimbabwe 
diamond from (GN} W92:269 
irradiated grossular garnet from 
(Nassau) F92:1 88ff 


Zircon 
chatoyancy of 125.47-ct grayish green 
cabochon (GTLN] F92:197 
from Tanzania (Dirlam} Su92:80ff 
Zoisite 
bicolored violetish blue and yel- 
lowish green, from Tanzania 
{(GTLN} W92:267 
green—from East Africa (GN) 
Sp92:62; from Pakistan (GN} 
W92:275-276; from Tanzania 
(Barot} Sp92:4ff, (Dirlam} 
Su92:80ff 
nomenclature for green (Let} 


$u92:140, F92:149, W92:220 
ruby in, from Tanzania (Barot} 
Sp92:4 ff; (GN} Sp92:61 
from Tanzania (Dirlam) Su92:80ff 
see also Tanzanite 
Zoning, see Color zoning 


Indexes prepared by Dona Dirlam 
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This index lists, in alphabetical order, the names of authors of all articles that appeared in the four issues of 
Volume 28 of Gems & Gemology, together with the inclusive page numbers and the specific issue (in paren- 
theses). Full citation is provided under the first authors only, with reference made from joint authors. 


A 


Ashbaugh III C.E.: Gamma-ray spec- 
troscopy to measure radioactivity 
in gemstones, 104-111 (Summer} 


Barot N.R., Boehm E.W.: Gem-quality 
green zoisite, 4-15 (Spring) 

Bassett A.M., see Dirlam D.M. 

Becker G., see Sinkankas J. 

Boehm E.W., see Barot N.R. 


D 
Dirlam D.M., Misiorowski E.B., Tozer R., 
Stark K.B., Bassett A.M.: 
Gem wealth of Tanzania, 
80-102 (Summer) 


F 


Fritsch E., Scarratt K.: Natural-color non- 
conductive gray-to-blue dia- 
monds, 35-42 (Spring) 

Fritsch E., Wu S.-T.T., Moses T., McClure 
S.F., Moon M.: 
Identification of bleached and 
polymer-impregnated jadeite, 
176-187 (Fall] 

Fritsch E., see also Shigley J.E. 

Fuhrbach J.R.: Kilbourne Hole peridot, 
16-27 (Spring} 


G 


Guo]., Wang F., Yakoumelos G.: 
Sapphires from Changle in 
Shandong Province, China, 
255-260 (Winter) 

Gurney J,J., see Levinson A.A. 


H 
Hanni H.A., see Schmetzer K. 
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J 
Jegge E.P., see Schmetzer K. 


K 


Kammerling R.C., see Kane RE. 
Kane R.E., Kammerling R.C.: Status of 
ruby and sapphire mining in 
the Mogok Stone Tract, 
152-174 (Fall] 
Keller A.S.: 
The Gems e& Gemology 
most valuable article award, 
1-2 (Spring} 
1992, “perfect” challengers, 151 (Fall) 
Thank you, donors, 79 (Summer} 
Kirkley M.B., see Levinson A.A. 
Koivula J.1., see Spencer RJ., Sinkankas J. 


L 


Levinson A.A., Gumey J.J., Kirkley M.B.: 
Diamond sources and pro- 
duction: Past, present, and 
future, 234-254 (Winter} 
Levinson A.A., see also Spencer RJ. 
Liddicoat R.T.: What did you say the 
name was?, 219 {Winter} 


McClure S.F., see Fritsch E. 
Mercer M.E.: Methods for determining the 
gald content of jewelry 
metals, 222-233 {Winter} 
Misiorowski E.B., see Dirlam D.M. 
Moon M., see Fritsch, E., Shigley J.E. 
Moses T., see Fritsch E. 


N 
Nassau K., Rossman G.R., Wood D.L.: 


Unstable radiation-induced 
yellow-green color in grossular 
gamet, 188-191 (Fall} 


Reinitz I., see Shigley J.E. 
Rossman G.R., see Nassau K. 


Ss 


Scarratt K., see Fritsch E. 

Schmetzer K., Hanni H.A., Jegge E.P., 
Schupp F.-J.: Dyed natural corun- 
dum as a ruby imitation, 

112-115 (Summer) 

Schupp F.-J., see Schmetzer K. 

Shigley J.E., Fritsch E., Reinitz I, Moon 
M.: An update on 
Sumitomo gem-quality syn- 
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Alice S. Keller, Editor 


I, is with great pleasure that I announce the results of this year’s “Most Valuable Article” 
contest. For the first time, all three winning articles were in the same general category: gem 
sources. The first-place award goes to the excellent review by Alfred A. Levinson, John J. 
Gurney, and Melissa B. Kirkley, “Diamond Sources and Production: Past, Present, and 
Future.” Second place goes to the comprehensive “Gem Wealth of Tanzania,” by Dona M. 
Dirlam, Elise B. Misiorowski, Rosemary Tozer, Karen B. Stark, and Allen M. Bassett. The first 
contemporary report from the legendary ruby mines of Burma (now Myanmar) won third 
place: “Status of Ruby and Sapphire Mining in the Mogok Stone Tract,” by Robert E. Kane 
and Robert C. Kammerling. 


The authors of these three articles will share cash prizes of $1,000, $500, and $300, respective- 
ly. Photographs and brief biographies of the winning authors appear below. Congratulations 
also to John D. Edwards of Boulder, Colorado, whose ballot was randomly chosen to win the 
three-year subscription to Gems & Gemology. 


Fo} R S$ T P L A Cc EE 


ro Dr. Alfred A. Levinson 
Alfred A. Levinson - John J. Gumey - Melissa B. Kirkley 

Alfred A. Levinson is a professor in the Department of 
Geology and Geophysics at the University of Calgary, 
Alberta, Canada. He received his undergraduate and 
graduate degrees from the University of Michigan. A 
former editor of Geochimica et Cosmochimica Acta, 
Dr. Levinson has also written and edited a number of 
books on geochemistry. John J. Gurney, who holds a 
personal chair in geochemistry at the University of 
Cape Town (UCT), South Africa, from which he also 
received his Ph.D., has published widely in his main 
research fields of diamonds and upper mantle petrolo- 
gy. A post-doctoral research officer in the Geochem- 
istry Department of UCT, Melissa B. Kirkley is cur- 
rently investigating stable isotope and rare-earth-ele- 
ment geochemistry of mantle rocks and minerals. She 
has B.S. and M.S. degrees in geology from Colorado 
State University and a Ph.D. from UCT. 


Dr. Melissa B. Kirkley 
and Dr. John J. Gurney 


S E ¢€ 0 ND P L A C E£ 


Dona M. Dirlam - Elise B. Misiorowski- Rosemary Tozer 
Karen B. Stark - Allen M. Bassett 


Dona M. Dirlam is senior librarian and manager, Elise 
B. Misiorowski and Rosemary Tozer are research 
librarians, and Karen B. Stark is slide librarian, at the 
Richard T. Liddicoat Gemological Library and 
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Information Center, GIA, Santa Monica. A native of 
Minnesota, Ms. Dirlam has a B.S. from the University 
of Minnesota, Minneapolis, and an MLS. in geology 
and geophysics from the University of Wisconsin, 
Madison. She is editor of the Gemological Abstracts 
section of Gems & Gemology and has coauthored sev- 
eral articles for the journal. She is also on the board of 
directors of the Gem and Mineral Council of the Los 
Angeles County Museum of Natural History. Also a 
prolific author and formerly a diamond grader in the 
West Coast GIA Gem Trade Laboratory, Ms. 
Misiorowski is coeditor of the Book Reviews section 
of Gems & Gemology. Ms. Tozer, who has over eight 
years of library experience, is currently cataloging the 
Sinkankas Rare Book Collection. She has a Bachelor of 
Arts in Library Media from Chadron State College, 
Nebraska. Ms. Stark attended college in Texas and 
worked in a jewelry store in Ithaca, New York, prior to 
coming to GIA. With Ms. Misiorowski and Ms, Tozer, 
she is a member of the Gemological Abstracts Review 
Board. Allen M. Bassett is chief gemologist/geologist 
for Tan-Minerals Mining Co. in Tanzania. A native of 
New York, he obtained his B.S. from Amherst College 
and his M.S. and Ph.D. in economic geology from 
Columbia University. He has worked for the U.S. 
Geological Survey and taught at universities in Ohio 
and California. Dr. Bassett spent 19 years in Nepal 
establishing a gem industry and developing ruby 
mines, before turning to ruby mining in Tanzania in 
1989. He has authored over 50 articles and books. 
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Allen M. Bassett 


From left — Rosemary Tozer, 
Dona M. Dirlam, 

Elise B, Misiorowski, 

Karen B. Stark 


T H Lt RD P L A G E 


Robert E. Kane - Robert C. Kammerling 


Robert E. Kane is former manager of identification at 
the GIA Gem Trade Laboratory in Santa Monica. A 
prolific author, he is currently researching and writing 
a book on gemstones. With 15 years of laboratory 
experience, Mr. Kane’s research specialties include the 
identification of natural, synthetic and treated gems, 
colored diamonds, and rare collector gems. Robert C. 
Kammerling is director of identification and research 
at the GIA Gem Trade Laboratory in Santa Monica. 
He also coedits the Gem News and Lab Notes sections 
of Gems & Gemology, and he coauthored—with Dr. 
Cornelius S. Hurlbut—the book Gemology. Mr. 
Kammerling has a B.A. from the University of Illinois. 


Robert E. Kane (left) and Robert C. Kammerling 
pose with a guard in Mogok. 
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LETTERS 


CO eee oOeeeeeS—OOO 


CAN A DICHROSCOPE SEPARATE 
DYED CORUNDUM FROM RUBY? 


The interesting article “Dyed Natural Corundum as a Ruby 
Imitation” (K. Schmetzer, H. A. Hanni, E. P. Jegge, and F.- 
J. Schupp, Summer 1992, pp. 112-115} mentioned several 
tests to reveal that corundum had been dyed. It appears to 
me that when U.V. radiation and some of the more sophis- 
ticated tests mentioned are not available, testing for pleochro- 
ism with a dichroscope should reveal that something is 
wrong. I would appreciate learning if this test was tried and, 
if so, what the results were. 
HENRY WILKINS 
Sarasota, Florida 


In Reply 

Mr. Wilkins is correct that simple instruments should be 
used if they can make the required identification, which 
would be the case with transparent ruby that occurs as 
untwinned, single crystals. However, most East African 
rubies are composed of a multitude of twinning lamellae 
that, due t6 their different orientation within the host crys- 
tal, produce different twin colors that distort the pleochro- 
ism and instead give the overall appearance of an isotropic 
material. As explained in our article, the cabochon-quality 
material used for dyeing is also heavily twinned. Therefore, 
it is not safe to use the dichroscope to differentiate ruby 
from this type of dyed corundum, just as it cannot be used 
to separate spinel and twinned ruby. 

We suggest instead that the pocket spectroscope is 
another simple instrument that most gemologists possess 
and know how to use. The spectroscope can easily demon- 
strate, by the presence or absence of the chromium (fluo- 
rescence) lines, if the stone in question is a ruby (natural or 
synthetic} or other red stone such as dyed corundum or red 
spinel. Therefore, we have proposed the use of spectroscopy, 
together with magnification, for the easy separation of red- 
dyed corundum from natural-color ruby. 

H. A. HANNI, Ph_D., F.G.A. 
Director, SSEF Swiss Gemmological Institute 
Ziirich, Switzerland 


CHROMIUM AS THE PRINCIPAL COLORING 
AGENT IN TSAVORITE GARNETS 


Regarding the occurrence of tsavorite in mafic host rocks and 
related coloring elements, I wish to offer some new obser- 
vations. As most gemologists are aware, tsavorite typically 
occurs in a graphite gneiss/crystalline limestone associa- 
tion and is colored predominantly by vanadium with chromi- 
um as the secondary coloring element. However, two 
metamorphosed mafic intrusive ore bodies at the Scorpion 
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mine location in Kenya, known respectively as the “C.W.” 
(Central West} and “Erikon” deposits, contain pockets and 
small stringers of both tsavorite and ruby. 

From the start I have postulated that because of their 
mode of occurrence in a mafic host rock, their association 
with ruby, and their blue-green color, these tsavorites were 
likely to be colored predominantly by chromium rather 
than vanadium. 

Work carried out on numerous samples by Dr. George 
Rossman and myself at Caltech in November 1992, using 
a Kevex 700/8000 energy dispersive X-ray fluorescence spec- 
trometer, has indeed confirmed that those tsavorites from 
the mafic ore bodies contain a marked preponderance of 
Cr** ions over V*" ions, in the ratio of about 8:1, while 
those samples from the Scorpion no. 2 and no. 4 crystalline 
limestone/graphite gneiss ore bodies show a chromium-to- 
vanadium ratio of about 1:4.5. 

Also of interest is that while the titanium content of 
samples from both ore types remained virtually constant, the 
manganese content for the “traditionally” occurring (i.e., 
crystalline limestone/graphite gneiss) samples was notably 
higher than that of the mafic ore-body samples. 

There are a number of other inferences and conclu- 
sions to be drawn, but these will be presented and illus- 
trated at a later date. 

C. R. BRIDGES 
Bridges Exploration Ltd. 
Nairobi, Kenya 


ERRATUM 
The Fall 1992 issue of Gers & Gemology contains Carol 
Stockton’s abstract of my paper “H)0 and All That.” The 
abstract is careless and inaccurate, especially with regard to 
my hydrostatic method for approximating the weight of a 
mounted stone. This does not determine the specific grav- 
ity, for the nature of the stone is already known. Ms. 
Stockton has in fact achieved the very confusion she is try- 
ing to avoid. Since the method is both practical and, in my 
opinion, important, I feel a correction should be made. 
R. KEITH MITCHELL, F.G.A. 
Vice President, Gemmological Association of Great Britain 
Kent, England 


Mr. Mitchell is right in correcting my abstract of his Journal 
of Gemmology article, “H 0 and All That.” The phrase 
“the procedure outlined for obtaining a relatively accurate 
determination of the specific gravity of a mounted gem- 
stone” should have read “. . . a relatively accurate determi- 
nation of the weight of a mounted gemstone.” I regret the 
inadvertent error and again recommend Mr, Mitchell’s arti- 
cle to our readers—Carol M. Stockton 
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QUEENSLAND BOULDER OPAL 


After almost 75 years of inactivity, the 
deposits of boulder opal in Queensland, 
Australia, began to attract new interest in 
the 1960s and 1970s. Queensland boulder 
opal is found associated with the Winton 
formation, and results from deposition and 
dehydration of silica-rich solutions in an 
iron-rich host rock. At the Cragg mine, one 
of 69 known opal-mining operations in 
Queensland in 1991, miners drill as deep as 
20 m to search for a deposit and then use 
open-cut methods to reach the opal-bearing 
layer identified. In the evaluation of boulder 
opal, color, pattern, and “composition” are 
important. Most boulder opal is stable under 
normal wear, and it is readily separated 
from its simulants. 


ABOUT THE AUTHOR 


Mr. Wise, a Graduate Gemologist, is president of 
L. & R. Wise, Goldsmiths, Inc., 81 Church St., 
Lenox, Massachusetts. 
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4 Queensland Boulder Opal 


By Richard W. Wise 


¥ 
\ 


Joulder opal is the term used to describe gem-quality 
© opal that occurs in veins and pockets in ironstone con- 
cretions, and retains some portion of the ironstone when cut. 
Most boulder opal on the market today is found in association 
with the Winton formation, a broad belt of Cretaceous sedi- 
mentary rock that covers the entire center of the state of 
Queensiand, Australia. After several years of intense mining 
in the late 19th century, interest in Queensland boulder opal 
waned as the harsh climate drove miners to more lucrative 
deposits in areas such as Lightning Ridge and Coober Pedy. 
In the early 1970s, however, significant quantities of 
Queensland boulder opal again entered the gem market, and 
interest surged as dealers and consumers alike were drawn to 
the unusual shapes, intense color, and artistic qualities of the 
Queensland material (figure 1}. With the increase in opal min- 
ing throughout Australia over the last several years, there has 
been a parallel increase in mining in Queensland. Government 
figures show that at the height of recent production, 1987-88, 
Queensland accounted for more than 6% (in value} of all opal 
produced in Australia, or Aus$6,602,000 (US$5,241,988; table 1}. 
This article briefly reviews the history, geology, forma- 
tion, mining, and gemology of boulder opal from central 
Queensland. Specific reference is made to current workings at 
the Cragg mine, a typical open-cut opal-mining operation, 
which the author visited in March 1990. 


HISTORY 


Although Pliny, in 79 A.D., and later Tavernier in 1675, referred 
to ancient deposits of opal in India, the only early deposits 
that have been confirmed are located southwest of the north- 
ern end of the Carpathian Mountains in what is now 
Czechoslovakia (Loneck, 1986). This was the principal source 
for opal worldwide until Australian discoveries in the late 
19th century revolutionized the industry. 

“Precious” opal was first discovered in Australia at 
Listowel Downs (sedimentary] and Springside (volcanic}, in 
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Queensland, in 1872 (Loneck, 1986}. Commercial 
mining peaked in 1895, and then declined sharply 
when extended periods of drought made it impossible 
to work the fields (Jackson, 1902). Early miners valued 
only pipe opal and seams thick enough to cut solid 
opal. Boulder opal was virtually ignored. Discovery 
of opal elsewhere in Australia—at White Cliffs in 
1890, Lightning Ridge in 1908, and particularly Coober 
Pedy in 1915 (Keller, 1990)—subsequently diverted 
the attention of miners and dealers alike. 

In the 1960s, however, some independent miners 
began reworking old claims, now using heavy equip- 
ment that could accomplish in hours what had taken 
their predecessors—equipped with only hand tools— 


Queensland Boulder Opal 


Figure 1. Over the last two 
decades, Queensland 
boulder opal has reap- 
peared in fine jewelry in 
the U.S. and elsewhere. 
This 11.16-ct boulder opal 
is set with a 0.96-ct red 
spinel and a 2.29-ct laven- 
der sapphire. Courtesy of 
Paula Crevoshay, Upton, 
MA; photo © Harold & 
Erica Van Pelt. 


days or even weeks in the harsh climate. Mining activ- 
ity increased dramatically in the early 1970s, peaking 
in 1974. After that, production increased only gradu- 
ally, and it actually declined in the early 1980s (Krosch, 
1983}. Mining activity exploded again in the mid-to- 
late 1980s, only to slow in the current decade. All 
mines are privately owned. As of 1991, there were 69 
individuals, partnerships, and companies officially 
involved in opal mining in Queensland (PGIQ, 1992). 

George Cragg, who has been credited with the 
discovery of opal in the Winton district (V. Evert, pers. 
comm., 1993), discovered opal in the area of the pre- 
sent Cragg mine in 1888. In 1970, two 100 m? claims 
owned by George Crage’s son, Fred, were combined to 
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form the current mine. In 1986, this claim was offi- 
cially filed as part of mining lease number 17. The 
Cragg mine has been productive intermittently since 
1970. Typically, only three people are involved in the 
actual recovery of opal at any one time. 


LOCATION AND ACCESS 


The Winton formation is a belt of Cretaceous sedi- 
mentary rock that covers an area 400,000 km?—about 
the size of California—in the center of Queensland (fig- 
ure 2). Key mining centers are Yowah, Toompine, 
Quilpie, Jundah, Opalton, Mayneside, Carbine, and 
Kynuna (O'Leary, 1977; QDM, 1988). Despite the 
introduction in the 1970s of geophysical prospecting, 
as well as aerial and satellite photography, most areas 
now being worked are part of, or adjacent to, areas 
mined by prospectors in the 1890s (V. Evert, pers. 
comm., 1993). Much of this vast, potentially rich area 
remains untouched (QDM, 1988). 

The climate of central Queensland is semi-arid. 
Temperatures are subject to extreme seasonal fluc- 
tuations, with heat in excess of 50°C (12.2°F) record- 
ed during summer months (October to December). 
The normal range in summer is 25°C at night to 40°C 
during the day (77°-104°F), Winter (May to August] 
temperatures fluctuate between 5°C at night and 20°C 
during the day (41°-68°F). The monsoon season usu- 
ally has an even greater impact on mining than tem- 
perature does. Because nearly 70% of precipitation 
occurs from January through March, mining normal- 
ly begins in late March and ends by early November. 
However, a deluge at the end of March 1990, shortly 


TABLE 1. Rough opal production in Queensland and in all 
Australia for fiscal years 1981-1992. 


Year Queensland All Australia 
1981-82 Aus$ 842,000 Aus$ 45,374,000 
1982-83 1,395,000 42,131,000 
1983-84 955,000 45,987,000 
1984-85 1,346,000 45,079,000 
1985-86 2,110,000 49,950,000 
1986-87 2,102,000 67,425,000 
1987-88 6,602,000 106,077,000 
1988-89 Not available 115,000,000 
1989-90 4,250,220 117,000,000 
1990-91 3,221,000 Not available 
1991-92 1,269,000 Not available 


* Sources: ABS (1981-82, 1987-88) and Queensland Yearbook 1992 
(1992). Figures are total production figures for ail types of opal, howev- 
er, the vast majority of opal from Queensland is boulder opal. 
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after the author’s visit, forced air evacuation of many 
miners isolated by the rains, and halted mining activ- 
ities for several weeks (V. Evert, pers. comm., 1993). 

Access to major towns such as Winton, Quilpie, 
Longreach, and Mt. Isa is possible via regularly sched- 
uled regional airlines from Brisbane and Townsville. 
Well-maintained, tarred roads connect these popula- 
tion centers. The trip to the Cragg mine, 175 km 
southwest of Winton, took approximately two hours 
over an improved two-lane gravel road, followed by 
two hours’ travel by four-wheel-drive vehicle over an 
unimproved dirt road. Because of the harsh climate, the 
Queensland government strongly urges motorists to 
use caution when traveling in these regions. Readers 
are advised not to attempt access to the mining areas 
unless accompanied by a guide well versed in local 
conditions. 


GEOLOGY, FORMATION, 

AND OCCURRENCE 

Opal is silicon dioxide with water, with the general for- 
mula SiO, * nH) 0. Silica actually represents 85%-90% 
of the composition of opal. Scanning electron micro- 
scope studies of gem opal have shown that the phe- 
nomenon called play-of-color is the result of a regular 
arrangement of silica spheres that form a sort of hon- 
eycomb pattern, with uniform gaps between the 
spheres. These gaps create a three-dimensional dif- 
fraction grating (Darragh and Sanders, 1965}, and vari- 
ations in the sizes of spheres and gaps result in different 
colors. Evidence suggests that these spheres form and 
accumulate by colloidal aggregation. The essential 
preconditions for the formation of these grids are: (1) 
a clean silica solution, (2) an undisturbed cavity in 
which the solution can accumulate, and (3) time for 
water to evaporate and the spheres to line up at the 
bottom of a cavity (Darragh et al., 1976}. 

The vast majority of Australian opal formed under 
very specialized conditions from aqueous silica gels 
derived from the intense weathering of feldspathic 
sedimentary rocks under the action of percolating 
groundwater. In Queensland, gem-quality opal occurs 
erratically within the Winton formation. Before 1964, 
no systematic geologic work had been carried out in 
the Winton area. Jackson (1902) described opal work- 
ings at Opalton, and Cribb {1948} reported on opal 
production at Hayricks. In 1964, however, the 
Manaroo sheet, an area that includes the Winton for- 
mation, was mapped and was subsequently described 
by Jauncey (1967]. More recently, the geology of these 
opal deposits has been discussed in detail by Senior et 
al. (1977) and summarized by the Queensland 
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Opaiton Mining Field 


‘ Carbine 
be Mining Area 
Mayneside 


Quilpie 


PACIFIC OCEAN 


Townsville 
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Department of Mines (1988) and Keller (1990); these 
references have been used extensively in the follow- 
ing summary. 

The Winton formation extends from the southemn 
border of Queensland northwest to the vicinity of 
Kynuna (again, see figure 2). The feldspathic sand- 
stones, siltstones, and mudstones that comprise the 
Winton formation first accumulated during Cretaceous 
times, about 80-100 million years (My} ago, when a 
shallow inland sea—the Great Artesian Basin—occu- 
pied much of central Australia. During the latest 


Queensland Boulder Opal 


Listowel Downs 


Figure 2. Virtually all boulder opal 
is found in association with the 
Winton formation, whose outcrop 
area is shown in the small map 
above, Key opal centers, as noted in 
the text, are shown in the larger 

* map of the opal-producing area. 
The Cragg mine is located in west- 
central Queensland, 175 km south- 
west of Winton and near the 
Mayneside mining area. Maps 
adapted from Queensland 
Department of Mines (1988); art- 
work by Carol Silver. 


Cretaceous to Eocene time (70-50 My ago}, after the 
basin’s rocks had been uplifted, a tropical climate pro- 
duced the first of two periods of intense chemical 
weathering, This first period resulted in the forma- 
tion of the Momey profile, a three-layered weathering 
sequence more than 90 m thick (figure 3). In this pro- 
file, an upper siliceous zone overlies a varicolored 
zone which, in turn, overlies a basal ferruginous zone. 
Ironstone concretions (composed chiefly of goethite, 
limonite, and hematite; Senior et al., 1977) formed in 
the basal ferruginous zone from iron oxides that had 
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been chemically leached from the overlying rocks. 
Subsequently, drainage patterns developed, followed 
by sedimentation along the river systems, and minor 
erosion of the Morey profile occurred in certain areas. 

A second chemical-weathering event in the late 
Oligocene (about 25 My ago} resulted in the formation 
of the morphologically distinct, four-layered Canaway 
profile (again, see figure 3). This later formation con- 
sists of an indurated, highly kaolinitic crust over a 
mottled zone that grades down into varying thick- 


Figure 3. Two weathering profiles characterize the 
Winton formation: (left) the Morney profile, which 
consists of three layers of approximately equal 
thickness (more than 90 m total) and was formed 
§0-70 million years ago; and (right) the Canaway 
profile, which consists of four layers of unequal 
thickness (a maximum of 45 m total) and formed 
about 25 million years ago. Note that the vertical 
scales for the two profiles differ; see text for further 
details, After Senior et al. (1977). 
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8 Queensland Boulder Opal 


Figure 4. Just as it precipitated throughout the 
Winton formation, opal can be seen here filling 
cracks and voids in the host ironstone. Specimen is 
approximately 75 mm x 28 mm wide. Photo by 
Rudy Weber; © Australian Opal and Gemstone 
Photographic Library. 


nesses of residual Morey profile; in places, the two 
profiles merge. 

It was during this second weathering event that 
opal began to precipitate in shrinkage cracks and oth- 
er voids within the ironstone bodies of the Momey pro- 
file (figure 4). Erosion of the feldspathic sediments in 
the upper siliceous zone of the Morney profile began 
breaking down the feldspar into kaolinite, which then 
released silica in solution, as shown by the following 
equation: 


IKAISI3Og + HxCO3 + H2O —> AlySi2Os(OH]4 + KgCO3 + 45i0g, 


(feldspar) {kaolinite} (silica) 


The silica solution subsequently migrated downward 
in groundwater as an aqueous gel, often along linea- 
ments or smaller faults called slides, which provide 
natural pathways through nonpermeable or semi-per- 
meable strata. The gel eventually precipitated in voids 
in the ironstone, in those localities where weathering 
and erosion had removed enough of the older, Morney 
profile to bring the basal ferruginous zone to within 40 
m of the surface. A fluctuating water table, with peri- 
ods of downward infiltration and upward evaporation 
of groundwater, was also critical for the deposition 
and dehydration of the silica gel, respectively. The 
opal accumulated slowly, the product of many suc- 
cessive cycles of saturation and dehydration. In fact, the 
voids in some boulders are only partially filled with opal 
because the process stopped. Winton opal is believed 
to be between 15 and 32 My old (Senior et al., 1977). 

In the area of the Cragg mine, opal is commonly 
found at the base of red (ferruginous} sandstone layers 
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fault slide 


Figure 5. This idealized cross-section 
shows the various layers in which opal 
has been found in the Winton district, 

where the Cragg mine is located. 
Drawing by Richard Wise; after 

V. Evert and J. Evert (pers. comm, 
1990-1993). Artwork by Carol Silver. 


at a depth of no more than 20 m from the surface (V. 
Evert, pers. comm., 1993, see figure 5 for an idealized 
diagram of the occurrence of opal in this region). The 
sandstone is usually overlain by a silcrete cap (soil, 
sand, and gravel cemented by silica) that is called 
“shincracker” by local miners; in some areas, a col- 
lapsed silcrete overburden may merge laterally into red 
sandstone at a slide. Often an underlying layer of 
white fine-grained claystone forms the lower limits of 
the opal deposits. However, miners sometimes 
encounter a false bottom—that is, a layer of white to 
reddish claystone 15-60 cm (6-24 in.} thick—which 
covers a second red sandstone layer that may be opal 
bearing. Opal may also occur within the “false bot- 
tom.” Once a second layer of pink, lateritic sand- 
stone is encountered, however, downward mining is 
stopped. 

In this part of Queensland, opal is typically found 
in horizontal bands between layers of ironstone, at 
the point where sandstone meets clay. Often the opal 
seam is split, and both halves of the “split” are polished 
for jewelry (figure 6). Opal-bearing ironstone nodules 
(figure 7}-some more than 30 cm (12 in.) in diame- 
ter—may also be found at the base of a slide or with- 
in a claystone layer. However, Queensland opal is 
also found in pipes (long, stick-like structures) and 
seams in sandstone, as well as in sandshot (sand mixed 
with opal} layers or in ironstone nodules with a sand- 
stone core. Note that the finest color is usually found 
at the bottom of the seam or void, in the material 
that precipitated earliest (G. Brooks, pers. comm., 1993}. 

At the Cragg mine, most of the opal is found 
where sandstone meets clay, with more being trapped 
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gray clay 


in the sandstone than in the clay (V. Evert, pers. 
comm., 1993}. The ironstone “boulders” at Cragg are 
composed of concentric bands of hydrated iron oxide 
(again, see figure 6), The seams of band opal found 
there are typically only 4-5 mm thick, but at least one 
band 25 cm thick has been recovered. At Cragg, as else- 
where in Queensland, the upper surface of the seam 
may have rounded botryoidal protrusions called “nob- 
bies” up to a few centimeters in diameter {(QDM, 1988). 

Note that the term boulder opal is typically 
applied only to opal deposited in veins or pockets, or 
between concentric bands of hydrated iron oxide, in 
ironstone concretions—not to opal that forms in sand- 
stone or in more unusual forms such as filling cracks 
in petrified wood. Even if the opal originally formed 
on an ironstone base, if it is thick enough to produce 
cabochons without supporting matrix, by definition it 
is not called boulder opal. 


PROSPECTING AND MINING 


Opal prospecting has changed little since the 1880s. 
Despite the Australian government’s experimenta- 
tion with aerial and satellite photography, prospecting 
is still largely a hit-or-miss affair, with miners relying 
mainly on surface indicators (e.g., geobotanical explo- 
ration] to determine likely deposits (V. Evert, pers. 
comm., 1993). 

Areas at the bases of buttes and areas with dark 
red sandstone are believed to have good potential. In 
addition, prospectors look for certain species of trees 
that historically have been associated with opal. For 
example, malleebush trees grow in red sandstone; and 
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Figure 6. In the Winton district, opal is commonly found in bands between layers of ironstone (left). To 
recover the opal, the seam is often “split” (right), with both halves potentially useful for jewelry. Photos by 
Rudy Weber; © Australian Opal and Gemstone Photographic Library. 


lapinga trees, which have deep roots, tend to cluster 
along lineaments and slides. Both are considered good 
indicators of opal mineralization. Even so, as noted 
above, most current opal production is in or adjacent 
to areas originally discovered and worked in the 1880s 
(V. Evert, pers. comm., 1993}, 


Figure 7. Opal-bearing ironstone nodules are com- 
mon throughout Queensland, with the opal often 
trapped within concentric bands of hydrated iron 
oxide. Photo by Rudy Weber; © Australian Opal 
and Gemstone Photographic Library. 


10 Queensland Boulder Opal 


Today, most mining operations in Queensland, 
including the Cragg mine, are mechanized. According 
to the Queensland Department of Mines, as of Decem- 
ber 1992, Queensland mines averaged three miners 
for each machine, with 41 machines and approxi- 
mately 123 people currently working the opal fields. 

Although there is some tunneling to mine for 
opal in Queensland, the Cragg operation—like most 
mines in that area {the author visited four other sites 
around Mayneside}~is open cut. First, a truck-mount- 
ed auger drills a hole 75 cm (30 in.) in diameter and up 
to 20 m deep, through layers of silt, sandstone, and 
claystone (figure 8). If signs of opal are found, a crew 
member is lowered by rope to check for traces of “col- 
or.” Once an opal-producing area is located, a bull- 
dozer carefully cuts open a section of ground, removing 
overburden down to the opal-bearing stratum. A cut 
will be at least 60 x 15 m (about 200 x 50 ft.}, usual- 
ly with a depth between 2.5 and 12 m {8 and 40 ft.], 
depending on the depths of the different strata (fig- 
ure 9}, As opal is encountered, the shape of the pit is 
altered to follow the opal run. While the bulldozer 
opens the cut, another crew member walks behind 
it, scanning for nodules. Miners must be alert, as col- 
or is not immediately evident in many gem-grade 
nodules (figure 10). Modern mining is very different 
from the methods of the 1890s, when prospectors 
with colorful names like Jundah Jack and Silk Shirt Joe 
roamed the outback with little more than their swag 
and tucker, a pick, and a shovel. 

Of the opal produced to date at the Cragg opera- 
tion, approximately 90% has been ironstone boulder, 
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8% sandstone “boulder,” 1.5% ironstone matrix (e.g, 
band opal}, and 0.5% pipe opal. The largest opal that 
has been found at Cragg is a piece of band opal approx- 
imately 1 m x 60 cm x 25 cm thick (3 ft. x 2 ft. x 10 
in.], which was uncovered in 1987. Several gem-qual- 
ity cabochons were cut from this piece (V. Evert, pers. 
comm., 1993). 


VISUAL APPEARANCE AND 
GEMOLOGICAL PROPERTIES 


As previously stated, boulder opal has a singular 
appearance that makes it easily separated visually 
from other types of opal. Simply stated, polished boul- 
der opal—by definition—will always contain some 
ironstone as part of the finished gem. Cut boulder 
opal is usually divided into two types: {1} opal with 
matrix—that is, a thin layer of gem opal overlying an 
ironstone back that is not visible faceup (figures 1 
and 11); and (2) opal in matrix—that is, where parts of 
the host ironstone are visible in the faceup portion of 


Figure 8. To locate opal at the Cragg mine, a large 
truck-mounted augur drills as deep as 20 m to 
remove sdniples of the various levels in search of 
signs of opal. Photo by Richard Wise. 


Queensland Boulder Opal 


Figure 9. Open-cut operations at the Cragg mine 
have exposed these layers of lateritic sandstone 
and claystone, which are typical of the Winton dis- 
trict. Photo by Andrea Williamson. 


the gem (figure 12], Many seams of boulder opal are so 
thin that more than half of the finished gem is matrix. 

Most boulder opal from the Cragg mine has a 
dark brown or black background (figure 13). The dark 
color is caused by a thin, sometimes microscopic lay- 
er of black potch {nongem} opal sandwiched between 
the ironstone matrix and the translucent layer of gem 


Figure 10. This nodule is typical of those recovered 
from the Cragg mine. Only a small portion of the 
nodules are opal bearing, and many of those that 
contain gem opal do not show color until they are 
cleaned or cracked open. Photo by Andrea 
Williamson. 
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opal {(P. Downing, pers. comm., 1993}. However, the 
background color of Queensland boulder opal may 
also be gray, brown, orange, or even white (Downing, 
1992). The dark-hued stones known as “boulder 
blacks” normally appear to have the most intense, 
highly saturated play-of-color, because the dark back- 
ground contrasts with the phenomenal colors of the 
gem material. The predominant phenomenal colors in 
gem-quality Queensland boulder opal are intense hues 
of red, blue, and green (Senior et al., 1977]. Stones 
from the Cragg mine follow this pattern (again, see fig- 
ure 13), although red and green predominate. 

The author recorded the gemological properties of 
five cabochons of opal with matrix from Queensland, 
which weighed 1.42 to 6.54 ct (note that because of the 
varying amounts of matrix that may be present, boul- 
der opal is usually sold by the piece rather than by 
weight]. Spot refractive-index readings, taken with a 
Duplex II refractometer with a monochromatic light 


Figure 11. In fine boulder opal with matrix, the 
matrix provides the backing for the opal but is not 
visible faceup. This 19 x 12 mm opal with matrix 
is accented by yellow diamonds and tourmalines. 
Jewelry designed and executed by Laurie M. 
Donovan; courtesy of L. #@ R. Wise, Goldsmiths. 
Photo © GIA and Tino Hammid. 
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Figure 12. In boulder opal in matrix, parts of the 
host ironstone are visible in the faceup portion of 
the gem—often, as illustrated here, enhancing the 
overall composition of the piece. Note that these 
two opals (each approximately 10 x 30 mm) are 
actually halves of the same “split.” Jewelry coutr- 
tesy of Nanette Forester, American Lapidary Artists, 
Los Angeles, CA; photo © Harold & Erica Van Pelt. 


source, were consistently in the 1.42-1.43 range, or 
approximately 0.02-0.03 below the average reading 
expected of opal (1.45; Liddicoat, 1990) and toward 
the low end of its possible (1.40-1.50) range. All of 
the samples were inert to both long- and short-wave 
ultraviolet radiation. Because of natural variations in 
the ironstone:opal ratio from one cabochon to the 
next, specific-gravity measurements would not be 
useful and therefore were not taken. 


AESTHETICS AND QUALITY EVALUATION 

Judging the quality of opal—and particularly boulder 
opal—is in some ways simple and in others difficult. 
It is simple because, in the words of one prominent 
dealer, “the brighter it is, the better it is.” In more 
technical terms, color saturation or intensity is the 
main criterion for evaluation (Wise, 1991). Two addi- 
tional criteria are common to all types of opal: color 
and pattern (see, e.g., O’Leary, 1977; Downing, 1992). 
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Most experts feel that a top-grade stone must be a 
multicolor, that is, display three or more colors. In 
addition, some colors are considered more desirable 
than others, with red at the top of the list. For exam- 
ple, In Gemworld Pricing Guide (1991), author R. B. 
Drucker reserves his highest rating for a stone that 
shows 75% red plus two additional colors (see, e.g., fig- 
ure 14]. Among the great variety of patterns in which 
the play-of-color appears, harlequin (a display of medi- 
um-to-large angular blocks of color; see, e.g., figure 
15} is often considered the most valuable, and pinfire 
{a pattern of tiny points of color) is usually the least. 
The difficult part of judging boulder opal, specifically 
the opal-in-matrix type (ironstone visibly mixed with 
opal}, is an additional factor that might best be termed 
composition. 

In the evaluation of boulder opal, composition 
refers to the overall distribution of visual elements. 
Because composition is qualitative, it is also subjec- 
tive. It is tempting to reduce the relative size, shape, 
and juxtaposition of opal and ironstone to a question 
of “flaws”: that is, the greater the proportion of matrix, 
the poorer the quality of the gem (Downing, 1992). 
However; the dramatic increase in popularity of boul- 
der opal in recent years is due in part to increased 
interest by designers and craftspeople who have been 


Figure 13, Cragg-mine boulder opal, like these two 
pieces (19 mm and 14 mm in longest dimension, 
respectively), usually has a dark brown or black 
background. Note also the intense green, blue, 

and red play-of-color displayed. Jewelry by John 
Iskendrian; courtesy of Boulder Opal Enterprises, 
Winton, Qld., Australia; photo by Doug Drummond. 
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Figure 14, These two samples of boulder opal show 
the highly saturated, predominantly red play-of- 
color (with some blue and green) that is favored by 
many opal enthusiasts. Photo by Rudy Weber; 

© Australian Opal and Gemstone Photographic 
Library. 


drawn to the painterly qualities of this Queensland 
gem. They view and value the stone much as a crit- 
ic views a painting—as a balanced combination of 
elements. 

The total composition of opal and matrix should, 
like a good abstract painting, be pleasing to the eye. For 
example, a squarish cabochon with small splashes of 


Figure 15. Large, angular patches of color charac- 
terize the boulder opals on the left and right as 
harlequins; the stone in the center shows pinfire 
play-of-color. The composition of all three is 
attractive, Courtesy of the Weber Karl Lehman 
Collection; photo by Rudy Weber; © Australian 
Opal and Gemstone Photographic Library. 
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color only at the corners may appear unbalanced and 
unattractive, whereas gems with a major portion of col- 
or toward the center (again, see figure 12) will gener- 
ally be attractive. Occasionally one sees fashioned 
matrix opal—a stone that is primarily composed of 
matrix with bright flashes of opal throughout. As 
boulder opal is often cut freeform, the overall shape of 
the stone is also important. 


DURABILITY 


Boulder opal has a reputation for durability. Samples 
of opal with matrix and opal in matrix obtained by the 
author from the Cragg mine have been on constant 
display under high-intensity jewelry store lights for 
approximately two years with no evidence of crack- 
ing or crazing. However, another boulder matrix spec- 
imen, purchased in the rough by the author at 
Opalton, 32 km northeast of Cragg, initially showed 
intense fiery veins of opal that turned opaque white 
within days after the stone was set. This phenome- 
non, called cottoning, has been reported previously in 
Queensland boulder opal {Loneck, 1986). 

Because of its generally high degree of stability, 
boulder opal from Queensland is believed to be low- 
er in water content than opal from other parts of the 
continent. Shrinkage and cracking are virtually 
unknown (Senior et al., 1977), especially in the boul- 
der blacks. “Lifting” (whereby the opal layer detach- 
es itself from the matrix backing) is reported in 
approximately 2% of the material mined at Cragg; a 
thin layer of gypsum between the ironstone and opal 
layers causes the separation (J. Evert, pers. comm., 
1993), Other cutters have reported lifting in 4%-5%, 
and crazing in approximately 6% (predominantly in 
the white opal} of Queensland stones (George Brooks, 
pers. comm., 1993). 


SIMULANTS AND TREATMENTS 

The most common boulder-opal simulants encoun- 
tered in the trade are doublets of ironstone topped 
with a thin layer of opal. Usually this simulant is eas- 
ily distinguished from natural boulder opal by the 
very straight dividing line between the top and bottom 
layers, although occasionally doublets with a natural- 
appearing undulating join between opal and matrix are 
seen. While such doublets can fool even experts if 
examined only with the unaided eye, close examina- 
tion of the seam under low magnification will reveal 
a thin line of epoxy—commonly dyed to resemble 
the ironstone—that sometimes contains spherical 
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Figure 16. The most common simulant of boulder 
opal is manufactured by “cementing” a thin layer 
of opal to an ironstone backing. In the stone 
shown here, hemispherical cavities, probably 
formed by gas bubbles, reveal the thin line of 
epoxy that joins the two materials, Photomicro- 
graph by Robert E, Kane; magnified 12x, 


cavities, probably the remains of gas bubbles (figure 16, 
Fryer, 1982). Although a thermal reaction tester will 
cause the cement layer to flow, this test is emphati- 
cally not recommended because of opal’s extreme 
sensitivity to heat. Boulder opal is readily separated 
from treated Andamooka matrix opal by the presence 
of the black particulate carbon impregnator in the 
treated material, which can be seen at 10x magnifi- 
cation (see Brown, 1991), 


MANUFACTURING AND DISTRIBUTION 


Opal manufacturing in Queensland is very much a 
cottage industry. No operations in the state are known 
to survive from income generated by cutting alone 
(PGIQ, 1992). Because opal mining is so expensive, 
most operations in Queensland are vertically inte- 
grated. To maximize their profits from the rough 
material, mine owners typically have in-house cutting 
facilities and very often their own wholesale and/or 
retailing operations as well. While this situation 
assures domestic supplies and allows much greater 
local control over prices, it may limit exportable sup- 
plies in times of slow production. 

The distribution of boulder opal is, therefore, 
entirely in the hands of private miners and cutters. In 
1988-89, exports of cut Queensland boulder opal 
totaled Aus$1 1,606,000 (US$8,766,012); they grew to 
Aus$12,074,000 (US$9,526,386] in 1989-90 (ABS, 
1992). Miners report that demand for boulder opal 
remained strong through most of 1991 (Wise, 1991). 
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As of late 1992, the newly formed Queensland 
Boulder Opal Association (QBOA) had scheduled a 
series of “trade only” auctions to take place in the 
town of Winton during May, July, August, and October 
of 1993. In the past, visiting dealers have had to trav- 
el long distances between the fields and local trading 
centers to seek out miners and cutters and then arrange 
purchases. The auctions should act to centralize buy- 
ing, stabilize prices, and expedite trading (QBOA press 
release, 1992), 
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FUTURE PRODUCTION 


With the advent of mechanized mining, exploration 
and production costs have soared. Heavy equipment, 
fuel, and water must be trucked over long distances in 
an isolated and hostile environment. These factors 
have placed great stress on opal-mining operations 
during periods of economic recession. However, the 
vast size and unexplored potential of the Winton for- 
mation should assure significant production into the 
foreseeable future. 
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UPDATE ON DIFFUSION- TREATED 
CORUNDUM: RED AND OTHER COLORS 


By Shane E McClure, Robert C. Kammerling, and Emmanuel Fritsch 


Blue diffusion-treated sapphires have 
become a subject of considerable controver- 
sy since their introduction in significant 
quantities a few years ago. Now it appears 


that diffusion-treated corundum in addition- 


al colors, including red, may also be a com- 
mercial reality in the near future. At the 
request of the treater, the authors examined 


faceted specimens in a range of colors to doc- 


ument their gemological properties and 
determine identification criteria prior to any 
commercial release. Diagnostic features 


include unusually high refractive-index read- 


ings, atypical dichroism, atypical lumines- 
cence, patchy surface coloration, color 
concentrations along facet junctions, and 
spherical voids just below the surface. 


ABOUT THE AUTHORS 


Mr, McClure is supervisor of identification ser- 
vices, and Mr. Kammeriing is director of identifi- 
cation and research, at the GIA Gem Trade 
Laboratory, Santa Monica, California. Dr. Fritsch is 
manager of GIA research,Santa Monica. 


Acknowledgments; Richard Pollack, of United 
Radiant Applications, Del Mar, CA, provided the 
diffusion-treated corundums used in this study. 
Gene Dente, of Park International, San Diego, CA, 
gave valuable information, Gustave Calderon, 
Patricia Maddison, and Cheryl Wenizell, of the 
West Coast GIA Gem Trade Laboratory (GIA- 
GTL), helped with the gemological investigation; 
and Sam Muhimeister, of GIA Research, did the 
EDXRF analyses, Microprobe analyses were by 
Paul Carpenter, Division of Geology and Planetary 
Sciences, California Institute of Technology, 
Pasadena. 


Gems & Gemology, Vol. 29, No. 7, pp. 16-28 
© 1993 Gemological Institute of America 


16 Red Diffusion-Treated Corundum 


lue diffusion-treated sapphires, little more than a gemo- 

logical curiosity in the late 1970s and early 1980s, became 
a significant—and controversial—commercial reality at the 
start of this decade (Kammerling et al., 1990; Koivula and 
Kammerling, 1990]. A detailed study of these stones was 
reported in Kane et al. (1990). 

Since then, there have been a number of developments in 
the area of blue diffusion-treated sapphires. First, a significant 
amount of the material has reportedly entered the trade 
(“Diffusion: 80,000 carats in Asia,” 1991; Koivula et al., 1992). 
Second, the strong demand for calibrated stones in a number 
of traditional cuts indicates an acceptance of the product by at 
least some large-scale manufacturing jewelers and retailers 
(Koivula and Kammerling, 1991a; Koivula et al., 1992a; 
Federman, 1992). Blue diffusion-treated stones have also 
become available commercially in a broad range of sizes, from 
0.12 ct (3 mm rounds} to over 50 ct (Koivula et al., 1992a). 
The GIA Gem Trade Laboratory has seen some diffusion- 
treated sapphires set in fine jewelry (see, e.g., Hargett, 1991}. 
Although pale-to-colorless corundum from Sri Lanka has been 
the preferred starting material for diffusion-treated stones, 
gem-testing laboratories have recently examined treated faceted 
stones from Montana and flame-fusion synthetic material 
(Kammerling et al., 1992, Lithiby, 1992) that has been diffusion 
treated blue. 

Not all developments in diffusion treatment, however, 
have been restricted to producing blue stones. Experiments 
related to U.S, Patent 3,897,529 (Carr and Nisevich, 1975; 
reviewed in Kane et al., 1990) describe “ruby red,” “salmon 
pink,” and pink colors, among others, being produced by dif- 
fusion treatment of various pale or unevenly colored speci- 
mens of corundum. In fact, the first example of diffusion-treated 
corundum examined in the GIA Gem Trade Laboratory was 
red-orange (Crowningshield, 1979). 

More recently, in early 1991, Jeffrey Bergman of Gem 
Source reported that attempts to produce red colors by the 
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diffusion process had been unsuccessful: The result 
was very shallow penetration of the red-producing 
chromophore, as well as the development of an 
unwanted blue component (Koivula and Kammerling, 
1991a,c). Other dealers involved in red diffusion-treat- 
ment experimentation have reported similar difficul- 
ties, producing at best a pink overall body color after 
the necessary repolishing (Koivula et al., 1992a}. Most 
recently, however, an isolated 0.48-ct corundum 
reportedly diffusion treated to a “rich cherry-red 
colour” was identified at the Asian Gemmological 
Laboratory in Hong Kong (“Diffusion-treated red 
corundum in HK,” 1992). 

In late 1992, the authors were contacted by 
Richard Pollack, of United Radiant Applications, who 
has been involved in the commercial production of 
blue diffusion-treated sapphires since 1989 (and was 
responsible for producing many of the stones examined 
in the Kane et al., 1990, study). He informed us that 
he had succeeded in producing diffusion-treated corun- 
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Figure 1. These stones, 
ranging from 0.55 to 5.67 
ct, represent a range of 
colors that are now being 
produced by diffusion 
treatment of corundum. 
This material is being 
processed for eventual 
release to the jewelry 
trade. Photo by Shane F. 
McClure. 


dum in the pink-to-red color range (figure 1} and that 
such stones might soon be commercially viable. Before 
they were released into the trade, however, Mr. Pollack 
wished to have the product thoroughly documented 
gemologically and identification criteria established to 
discourage any subsequent misrepresentation of loose 
or jewelry-set stones (figure 2), At the time he pro- 
vided the research samples, he reaffirmed that he 
would not distribute this material commercially until 
the report had been published. 


THE DIFFUSION-TREATMENT PROCESS 


The process used to diffuse surface color into corun- 
dum is reviewed in Kane et al. {1990}. In the most 
basic terms, the process usually involves embedding 
fashioned stones in a powder consisting of aluminum 
oxide plus coloring agent(s} within an alumina crucible. 
Extended heating of the crucible in a furnace at ele- 
vated temperatures—typically 1600°C-1850°C, but 
at times approaching the melting point of conmdum 
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Figure 2. The jewelry potential of red diffusion- 
treated corundum is well illustrated by this 
mounted 4+-ct stone. Photo by Shane F. McClure. 


(2050°C|—results in a zone of treated color near the 
surface of the stone. 

To produce a blue diffusion layer, oxides of iron 
and titanium are typically used, although cobalt has 
been used at least experimentally (Kane et al., 1990}. 
Chromium oxide would appear to be the most Jogical 
chromophore for producing pink to red, as Cr?” is the 
principal coloring agent in niby and pink sapphire 
(Fritsch and Rossman, 1988}. Among the early diffu- 
sion-treatment experiments that resulted in pink to red 
colors, one used a combination of 3%-6% chromium 
oxide and 22%-24% titanium oxide (Carr and 
Nisevich, 1975}. 


DISCLOSURE AND 

NOMENCLATURE ISSUES 

Although there is no unanimity in the gem trade con- 
cerning proper nomenclature for disclosing diffusion 
treatment, there is general agreement that the treat- 
ment should be disclosed. The GIA Gem Trade 
Laboratory currently uses the following wording in 
the conclusion of an identification report for a blue dif- 
fusion-treated sapphire: 


DIFFUSION-TREATED NATURAL SAPPHIRE 


Note: The color of this stone is confined to a shal- 
low surface layer that has been produced by dif- 
fusing chemicals into the surface by heat treatment. 


The word natural is used to avoid confusion with 
synthetic sapphires which, as noted above, may also 
be diffusion treated, Furthermore, the word sapphire 
refers to the starting material, which—regardless of its 
color—would be classified as such. 

Red diffusion-treated material, however, presents 
a more complicated situation. Although the starting 
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gem material is sapphire, the end product may resem- 
ble ruby. To call such material “diffusion-treated 
ruby” misrepresents the starting material; yet to call 
it “diffusion-treated sapphire” would be confusing at 
best. Should such a stone be submitted to the GIA 
Gem Trade Laboratory, we would probably use the 
more generic term diffusion-treated corundum. 


MATERIALS AND METHODS 


The study sample on which this report is based includ- 
ed 43 faceted stones ranging from 0.41 to 5.67 ct. 
Twelve of the stones were “ruby color,” according to 
GIA Gem Trade Laboratory criteria {i.e., predomi- 
nantly red in hue and of sufficient tone and saturation]. 
Fifteen samples were either too light in tone (i.e, 
pink} or were predominantly purple and, therefore, 
not ruby color in our opinion. Some of these latter 
stones exhibited a weak color change, typically pinkc- 
ish purple in fluorescent light and purplish pink under 
incandescent lighting. These 27 stones (0.55~5.67 ct} 
represent the core sample on which our detailed gemo- 
logical study was carried out, as this was the materi- 
al that we felt to be potentially most significant from 
a commercial standpoint. 

The remaining 16 stones represented a wide range 
of colors {including violet, violetish blue, reddish pur- 
ple, and pinkish purple faceup, most with a distinct 
unevenness of color—e.g., light blue with patches of 
pink, violet with purplish pink areas, and yellow with 
pink patches; figure 3}. According to Mr. Pollack, 
these were the unsatisfactory results of early experi- 


Figure 3. These stones, ranging from 0.55 to 3.35 ct, 
represent some of the less successful results of ear- 
ly experimentation to produce pink-to-red diffused 
color in corundum. Photo by Shane F. McClure. 
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mentation. Although the gemological properties of 
all were tested, they are not part of the core sample and 
will be mentioned only briefly where appropriate in the 
following discussion. 

The 27 core samples were first subjected to stan- 
dard gemological testing. Refractive-index readings 
were taken on the table facets with a Duplex II refrac- 
tometer and a near sodium-equivalent light source. 
Stones exhibiting readings over the limit (1.80+) of 
the conventional refractometer were tested on a refrac- 
tometer fitted with a cubic zirconia hemicylinder and 
using an appropriate contact fluid. Stones in the core 
sample were examined with a polarizing filter dichro- 
scope, and all test stones were examined in trans- 
mitted light with a Chelsea filter. Four-watt long- and 
short-wave lamps in a controlled, darkened environ- 
ment were used to determine the ultraviolet lumi- 
nescence behavior of the test stones. Specific gravity 
was determined using the hydrostatic weighing 
method, with three separate sets of readings taken 
on each stone. The stones were also examined with a 
microscope in conjunction with diffused, transmit- 
ted ilumination and immersion {as described by Kane 
et al., 1990]. Use of a GIA GEM Instruments illumi- 
nated immersion cell produced comparable results. 

In addition, we selected seven samples (repre- 
senting the range of refractive indices observed, with 
five of “ruby” color) for more sophisticated testing. 
Energy-dispersive X-ray fluorescence (EDXRF] was 
performed at GIA using a Spectrace 5000 spectrome- 
ter (for more details on the technique see, e.g., Fritsch 
and Rossman, 1990}. The standard conditions for 
analysis were a tube voltage of 25 kV, a current of 
0.25 mA, an aluminum filter, and a 200-second life 
time. For the detection of aluminum, no filter was 
used, the voltage was 15 kV, and the current was 0.15 
mA. Electron microprobe (EMP} analyses were per- 
formed on these stones at the California Institute of 
Technology by Paul Carpenter. Optical absorption 
spectra were recorded on a Hitachi U4001 spec- 
trophotometer, at a resolution of 0.5 nm. X-ray pow- 
der diffraction analyses were performed on two of the 
stones, at a voltage of 50 kV and a current of 40 mA. 


GEMOLOGICAL PROPERTIES 


Visual Appearance. The 27 stones in the core sample 
ranged from medium to dark in tone and included 
purplish pink, reddish purple to purplish red, and 
orangy red hues. Faceup, some of the stones appear uni- 
form in color, while others display varying degrees of 
uneven color distribution (figure 4]. The unevenness 
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Figure 4, The uneven faceup color of some of the 
test stones is evident in this 1.60-ct specimen. 
Photo by Shane F, McClure. 


appears to be the result of a complete absence of col- 
or on some pavilion facets, probably because of partial 
removal of the diffusion layer during repolishing. 

Some stones displayed a strong orange compo- 
nent when examined in other than the faceup position, 
for example, through the girdle or the pavilion. This 
appearance, which in our experience is not typical of 
either natural or synthetic corundums of similar face- 
up color, can be attributed to the inherent yellow 
body color of these stones. In a few instances this yel- 
low substrate color was strong enough to influence the 
faceup appearance of the stone, making it an orangy 
red. A similar effect was previously noted where an 
inherent blue body color underlying a red diffusion 
layer resulted in a predominantly violet faceup appear- 
ance (Koivula and Kammerling, 1991b). 

In most cases, the faceup appearance of the 16 
“experimental” stones could be explained in large 
measure by the amount and distribution of the diffu- 
sion-produced color. In the case of stones that appeared 
violet, a thin red diffused layer covered much of the 
pavilion surface of a stone with a light blue body col- 
or. In the case of stones with patchy faceup color, it 
appeared that much of the diffused color layer had 
been removed during repolishing. The predominant- 
ly yellow stone had so little diffused color that, for the 
most part, only the original body color was visible. 


Refractive Indices, As this property is generally not 
affected by enhancement processes, we were surprised 
to find that values for the test samples varied signif- 
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icantly from those expected for corundum (typically 
1.762.-1.770}. Of the 27 samples, only one had readings 
in the normal range. Two gave abnormally high read- 
ings that were still within the limits of the refrac- 
tometer (1.770-1.779 and 1.788-1.798). 

A small group (five stones) actually displayed two 
distinct sets of readings on the table facets. For exam- 
ple, one stone exhibited a distinct set of normal comn- 
dum readings {1.762—1.770), but another set of shadow 
edges gave values of 1.779-1.789. Another such stone 
gave readings of 1.760-1.768, and also showed a dis- 
tinct shadow edge at the upper limit of the instru- 
ment. It is possible that the dual readings result from 
different concentrations of the diffused chromium 
ion on different areas of the facets being tested. 
Alternatively, the higher readings may be for the very 
thin, chromium-rich diffused layer, while the low- 
er—typical corundum—readings are for the untreat- 
ed substrate just below that layer. A similar situation 
is sometimes encountered with garnet and glass dou- 
blets that have very thin garnet “caps,” where both 
gamet and “substrate” glass readings are observed at 
the same time. 

Significantly, 19 of the stones had values over the 
limits of the refractometer, that is, 1.80+. Six of these 
were tested on a refractometer with a cubic zirconia 
hemicylinder, which produced readings in the 1.81 
to 1.84 range. Although the readings were not dis- 
tinct enough to permit accurate determinations of 
birefringence, this appeared to be approximately 0.01. 
One of the six stones exhibited a dual reading, that is, 
one that was over the limits and one that was typical 
of corundum. 

It is interesting to note here that five of the 16 
“experimental” stones exhibited refractometer read- 
ings within the normal range for corundum, appar- 
ently due to the relatively thin diffused color layer 
on the facet tested. Three stones exhibited two distinct 
readings, while the remaining eight had single, over- 
the-limits values. Again, those with the higher read- 
ings had a more pronounced diffusion-induced color 
layer on the surface tested. Although the RI. values 
varied significantly, the birefringence was relatively 
constant and within the range expected of corundum, 
0.008-0.010. 


Pleochroism. While some of the stones exhibited 
pleochroism typical of both natural and synthetic 
corundum of comparable colors, the majority showed 
atypical dichroism. In most of the “ruby color” stones, 
in particular, one dichroic color was purplish pink to 
purplish red and the other was brownish yellow. In our 
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Figure 5. When exposed to short-wave U.V. radia- 
tion, all but one of the stones exhibited some degree 
of patchy surface luminescence, as seen in these 
2.25- to 2.81-ct samples, Photo by Shane F. McClure. 


experience, the second pleochroic color of comparably 
colored natural and synthetic rubies ranges from 
orangy red to orange. It was further noted that the 
pleochroism was sometimes quite inhomogeneous, 
with adjacent areas displaying distinctly different 
pleochroic colors. This inhomogeneity appeared to 
correlate with variations in the depth of the diffused 
layer of color due to uneven repolishing. 


Chelsea Filter Reaction. All 27 core-sample stones 
gave a weak to moderate red reaction to the Chelsea 
color filter, virtually identical to what would be expect- 
ed of untreated natural or synthetic corundums of 
comparable body color. 


Ultraviolet Luminescence. The 27 core samples had 
very consistent reactions to long- and short-wave 
ultraviolet radiation. When exposed to long-wave 
U.V., most of the stones luminesced a faint to weak 
orangy red to red. In the authors’ experience, these 
reactions overlap those of natural rubies from vari- 
ous localities as well as those of some flux-grown 
synthetic rubies. One stone showed a moderate orange 
fluorescence, a second fluoresced a weak reddish 
orange, and a third was inert. A close examination of 
these reactions revealed that the orange component of 
the luminescence came primarily from the body of the 
stones, while the red component originated at or near 
the surface {i.e., from the diffused layer). While this 
reaction is unlike any we have noted in either natural 
or synthetic mibies, the underlying orange lumines- 
cence was identical to that reported for some blue dif- 
fusion-treated sapphires (Kane et al., 1990), as well as for 
many natural sapphires from Sri Lanka (Webster, 1983). 

Short-wave U.V. reactions were even more con- 
sistent. The interiors of the vast majority (25) of the 
sample stones were inert; two luminesced a faint red. 
However, all but one of the stones exhibited unusu- 
al patches of weak to moderate chalky bluish white to 
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yellowish white luminescence at the surface (figure 5}, 
In some instances, these luminescent patches were 
seen to be clearly confined to—and paralleling—the 
shapes of facets, either singly or in small groups. This 
is in contrast to the chalky greenish white short-wave 
U.V. luminescence sometimes displayed by blue dif- 
fusion-treated as well as heat-treated sapphires, where 
the reaction emanates from the entire stone or from 
irregular areas that do not correspond to specific facets. 
Patchy blue short-wave luminescence has been not- 
ed by the authors in some rubies suspected of hav- 
ing been subjected to high-temperature treatment. In 
these instances, however, the patchy luminescence 
was not confined to specific facets or groups of facets. 


Absorption Spectra. In general, the absorption fea- 
tures noted with the desk-model spectroscope were 
similar to those of both natural and synthetic corun- 
dums in the pink-to-red-to-purple color range. There 
were, however, two notable differences. First, the 
sharp absorption lines at approximately 468.5, 475.0, 
and 476.5 nm (Webster, 1983) that are generally pro- 
nounced in even medium-toned corundum of these 
colors werg very weak or absent. In addition, the fine 
absorption lines in the red portion of the spectrum 
at 659.2, 668.0, and 697.5 nm (Webster, 1983) were 
weaker than would be expected in stones with com- 
parable depths of color. 


Specific Gravity. The specific-gravity values obtained— 
3.99 to 4.01—were well within the range for corun- 
dum, both natural and synthetic. 


Figure 6. Discoid fractures in several of the sample 
stones provided evidence of high-temperature 
treatment in general, but they are not specific to 
the diffusion process. Photomicrograph by Shane F. 
McClure; magnified 15x. 
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Figure 7. Uneven coloration from one facet to 
another was the most prevalent feature noted— 
with low magnification or, in some cases, with the 
unaided eye—in the diffusion-treated corundums 
in this study. Photo, taken in diffused transmitted 
light without immersion, by Shane F. McClure. 


. 


Magnification. Examination of these stones with mag- 
nification proved to be one of the most valuable and 
consistent tests for detecting treatment. We observed 
features typical of high-temperature corundum 
enhancements in general, as well as those associated 
with diffusion treatment in particular. We also noted 
characteristics that had not previously been reported 
in blue diffusion-treated stones. 

The features typical of heat treatment—that is, dis- 
coid fractures (figure 6), melted crystal inclusions, 
and sintered surfaces—were seen in many of the sam- 
ples. In the authors’ experience, such features are sig- 
nificantly less common in heat-treated rubies than 
in heat-treated sapphires. However, we do not feel 
that this observation could be used effectively as a 
criterion for the identification of diffusion treatment 
because they only indicate that the stones have been 
exposed to high temperatures. 

Among the features specifically associated with 
diffusion treatment (see, e.g., Kane et al., 1990}, most 
prevalent was uneven coloration from one facet to 
another. Whereas most blue diffusion-treated sap- 
phires reveal this patchiness only with immersion, 
we observed it easily in many—but not all—of the 
pink-to-red sample stones using only diffused trans- 
mitted light (and, in some cases, even without mag- 
nification, figure 7}. We also noted that the unevenness 
of color was more pronounced than is usually appar- 
ent in most blue-treated stones, with relatively more 
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Figure 8. In general, the predominantly pink-to- 
red-to-purple diffusion-treated stones showed more 
areas that were totally devoid of diffused color 
than have been noted in blue diffusion-treated 
stones, Photomicrograph by Shane F. McClure; 
magnified 28 x. 


facets being totally devoid of color (figure 8). This is due 
to a relatively thinner layer of diffused color and/or 
excessive repolishing. 

As with blue diffusion-treated corundum, stones 
in our test sample displayed “bleeding”—concentra- 
tions of color in surface-reaching cavities and frac- 
tures (figure 9). One stone had a fracture extending 
from the table to the surface of the pavilion near the 


Figure 9. Some of the stones in the test sample dis- 
played “bleeding,” or concentrations of color, in 
surface-reaching cavities. Photomicrograph by 
Shane F. McClure; magnified 28x. 


Figure 10. A concentration of diffused color is quite 
apparent in the large fracture that traverses this 
stone from the table to near the culet. Photo- 
micrograph by Shane F. McClure; magnified 17x, 


culet that exhibited such diffused color along its entire 
length (figure 10). 

Many of the stones also displayed varying degrees 
of surface and near-surface damage that has not been 
seen in the blue diffusion-treated sapphires examined 
to date. Most common were small groups of minute 
spherical voids visible just below the surface (figure 11). 
Where these broke the surface, small pits resulted 
(figure 12). In addition, these clusters of voids and pits 
were invariably surrounded by concentrations of the 
diffused color (figure 13). Note that Brown et al. (1990) 
reported the presence of numerous small “bubbles” in 
the diffusion layers on a sample of red diffusion-treat- 
ed flame-fusion synthetic sapphires. 


Figure 11. Small groups of minute spherical voids 
within the diffused color layer were visible in 
many of these stones. Photomicrograph by Shane 
F. McClure; magnified 40x. 
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Figure 12. With reflected light, pits can be seen 
where small voids like those shown in figure 11 
break the surface of the stone. Photomicrograph by 
Shane F. McClure; magnified 28x. 


Figure 13, Concentrations of diffused color invari- 
ably surrounded the small pits and spherical voids 
in the diffused layer. Photomicrograph by Shane F. 
McClure; magnified 40x. 


Also in the near-surface area, we saw dense con- 
centrations of very small, white inclusions covering 
entire facets (figure 14}. To the unaided eye, these 
gave the appearance of a poor polish, although in 
reflected light the other-than-surface nature became 
evident. 


Immersion. With this technique, uneven coloration 
was revealed in those stones where it was not evi- 
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Figure 14, Dense concentrations of very small, 
white inclusions were often noted in the near-sur- 
face areas, covering entire facets, Photomicrograph 
by Shane F. McClure; magnified 27x. 


dent with magnification only, and it became much 
more evident in the others (figure 15}. We also noted, 
however, that the color reinforcement of facet junc- 
tions was significantly more subtle than in blue dif- 
fusion-treated corundum (Kane et al., 1990). In some 
instances, virtually no color outlining was observed. 
This occurred with stones that retained a fairly even 
diffused layer after repolishing. The stones in the core 
sample that fit this description were predominantly 
dark red, although this could conceivably also be the 
case with evenly treated pink or purple stones. The 


Figure 15, The uneven distribution of diffused col- 
or in many of the test stones was easily seen when 
immersion (here, in methylene iodide) was used in 
conjunction with diffused transmitted light. Photo 
by Shane F. McClure. 
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Figure 16. Color reinforcement of facet junctions is 
much more subtle—and, in some cases, complete- 
ly absent—in predominantly pink, red, and purple 
diffusion-treated stones when compared to typical 
blue diffusion-treated sapphires. Photo by Shane F. 
McClure. 


subtlety or absence of this feature is particularly evi- 
dent when a red diffusion-treated stone is examined 
next to a blue diffusion-treated one (figure 16). 

Several features we observed in these stones while 
they were immersed were similar to ones reported 
for blue diffusion-treated sapphires. The most notable 
of these was the much higher relief of the diffusion- 
treated stones when compared to natural or synthet- 
ic rubies (figure 17). This feature is extremely helpful 
in identifying this material when comparison stones 
are available. Also seen in this material, as it is in the 
blue, is a dark ring around the girdle of some of the 
stones (figure 18). 


Figure 17. With immersion (here, in methylene 
iodide), the significantly greater relief of the diffu- 
sion-treated stone (center) as compared to synthet- 
ic (left) and natural (right) ruby is readily apparent. 
Photo by Shane F. McClure 


ée 
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Figure 18. A dark ring of color is visible around the 
girdle of this 0.56-ct mounted diffusion-treated 
stone immersed (in methylene iodide). Note that 
some patchiness of color can also be seen between 
the prongs of the mounting. Photo by Shane F. 
McClure. 


As was the case with the blue diffusion-treated 
sapphires examined by Kane et al. (1990), methylene 
iodide was the most effective immersion medium for 
detecting diagnostic features in the current test sam- 
ple. However, we also obtained good results for most 
stones with water and glycerine (see, e.g., figure 19). 

One curious feature noted in several stones was 
the presence of a relatively deep, pale blue or purple 
diffused layer underlying the near-surface pink to red 
diffusion color (figure 20). Immersion also revealed 
the presence of irregular yellow zones within some of 
the stones. The latter is consistent with information 
supplied by the treater that pale yellow sapphires are 
used as the starting material, but we do not know the 
reason for the blue layer. Koivula et al. {1992b} recent- 
ly reported that yellow sapphires are being purchased 
in large quantities in Sri Lanka for use in both heat and 
diffusion treatment. During a visit to Sri Lanka in mid- 
1992, the senior author was told that demand for 
these stones had resulted in significant price increases. 


CHEMICAL ANALYSIS, OPTICAL 
ABSORPTION, AND X-RAY POWDER 
DIFFRACTION 


Chemical Analysis. We compared chemical analyses 
obtained using EDXRF and electron microprobe tech- 
niques on the seven samples mentioned earlier (table 
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1). Besides aluminum and oxygen, the other elements 
present in concentrations that can be reliably mea- 
sured with both techniques are chromium, iron, and 
titanium. Small amounts of gallium were detected 
in all samples by EDXRF. Silicon, magnesium, and 
vanadium were analyzed for but not detected. 

The major finding is that chromium concentra- 
tions for these stones—from more than 7 wt.% to 
almost 17 wt.% Cr,O3 as measured by EMP—are 
much higher than those measured for natural or syn- 
thetic ruby (which, in our experience, are typically 
0.2-2.0 wt.% Cr2O3). Although some natural or syn- 
thetic stones might have higher chromium concen- 
trations (see, e.g., Henn et al., 1990), such stones are 
usually very dark, significantly darker than any of our 
diffusion-treated samples. The high chromium content 
measured in the diffusion-treated stones is easily 
explained: The apparent color is not homogeneously 
distributed throughout the stone; rather, it is limited 
to a very thin layer in which the coloring agent— 
chromium—must be concentrated. Concentrations 
of other elements such as Ga, Fe, and Ti, which do not 
participate in the red coloration, are typical of those 
measured in some natural rubies. Therefore, EDXRF 
is helpful in proving that the diffusion treatment was 
applied to natural—not synthetic—sapphires. 

A significant difference between the two methods 
of chemical analysis used for this study, and one that 
proved uniquely valuable in this application, is that the 
microprobe takes measurements at a much shallow- 
er depth (only a few micrometers) than does EDXRF 
{about 100 micrometers]. Thus, the EDXRF results 
reflect an average composition for the surface diffusion 
layer, where most of the chromium is concentrated, 


Figure 19. With immersion in water, the patchi- 
ness of color typical of diffusion treatment is readi- 
ly apparent in the 1.96-ct red stone, but is very 
subtle in the 2.14-ct blue diffusion-treated stone. 
Photo by Shane F. McClure. 
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Figure 20. Several of the sample stones revealed a 
relatively deep, pale blue or purple diffused layer 
underlying the near-surface pink-to-red diffusion 
color. Photomicrograph by Shane F. McClure; mag- 
nified 30x. 


plus the region beneath, where less of the chromium 
has penetrated. Consequently, the microprobe results 
show values appreciably higher for Cr)O3 (7.42-16.83 
wt.%} and lower for Al,O3 (83.25-92.60 wt.%) than 
those revealed by EDXRF (4.18-13.16 wt.% and 
85.85-95.49 wt.%, respectively}. 

Note also the variation in EMP:EDXRF chromi- 
um concentration ratios for different stones. This is not 
necessarily caused by a variation from stone to stone 
in the speed of diffusion; a more likely explanation is 
that more material was removed during repolishing 
from the tables of certain stones. 

The titanium concentrations measured by the 
two techniques are basically comparable. However, the 
iron concentrations determined by EDXRF are greater 
than {sometimes only marginally, but up to almost 
double} those measured with the electron microprobe. 
This is opposite the behavior of the chromium con- 
centrations. Although several explanations could be 
ventured, we are not certain of the cause of this dif- 
ference. 


Optical Absorption. Optical absorption spectra of 
three “ruby-color” samples of diffusion-treated corun- 
dum were taken in a random orientation. The broad 
bands centered at approximately 410 and 560 nm, 
which determine the color of the stone, are similar to 
those observed in natural and synthetic rubies. The 
most distinct “chromium lines”—at 692 and 694 
nm—and other sharp bands seem weaker and wider 
than in the spectra of natural rubies. The sharp features 
seen in all naturally colored rubies at about 467 and 
474 nm are difficult to discern, and those expected 
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TABLE 1. Electron microprobe" and EDXRF analyses of seven selected diffusion-treated corundums. 


RO1711 RO1712 RO1713 RO1714 RO1715 RO1716 RO1717 
a 5 ya 

“4 J v  ] 

2.55 ct 1.96 ct 4.32 ct 2.62 ct 2.33 ct 2.81 ct 0.56 ct 

RI. 1.83-1.84° RI. 1.82-1.83 Rl. 1.81-1.82 RI. 1.81-1.82 & RI. 1.84 R.l. 1.788-1.798 R.I. 1.83-1.84 

_ 1.760-1.768 

Oxide EMP? — EDXRF* EMP — EDXRF EMP — EDXRF EMP —_EDXRF EMP — EDXRF EMP EDXRF EMP — EDXRF 
Al, 83.25 88.74 84.36 85.85 86.25 88.03 8684 93.26 82.78 91.25 92.60 95.49 86.96 92.07 
Cri0, 16.05 10.39 15.42 13.16 13.81 11.22 12.44 6.11 16.83 8.06 7,42 4.18 1268 7.28 
FeO 0.07 0.11 0.11 0.20 0.06 0.09 0.12 0.19 0.07 0.08 0.09 0.10 0.10 014 
Ti, 043 0.48 031 0.48 036 §©0.38 0.27 0.28 044 = =©0.42 0.13 0.17 0.29 0.30 
Others’ 026 027 0.02 0.30 0.01 0.29 0.01 0.17 0.02 ©6018 0.01 0.11 0.01 0.21 


Total 100.06 99.99 100.22 99.99 100.49 100.01 


99.68 100.01 100.14 99.99 


* Electron microprobe analyses were performed on an automated, five- 
crystal JEOL 733 spectrometer operating at a beam accelerating 
potential of 20 kV, a current of 35 nA, a 30-second counting time, and 
a Spot size of 10 um. Three points were selected on the lable of each 
sample; the average of the three points is given here, K-alpha lines 
were analyzed for each element. Standards include: (Mg)—Boyd 
forsterite; (A)—AI.03; (Sij—anorthite; (Ca)—anorthite; (TJ—Ti0.; VJ— 
Vo05; (C)—Cr203; (Fe)-Fayalite; (Ga)-GaP. The microprobe data 
were corrected using the program CITZAF (Armstrong, 1988) ernploy- 


100.25 100.05 100.04 100.00 


ing the absorption correction of Armstrong (1982), the alomic number 
correction of Love et al. (1978), and the fluorescence correction of 
Reed (1965, as modified by Armstrong, 1988). 


© Refractive-index readings over 1.81 are approximate and, therefore, 
are given only to two decimal places. 


°EMP; Electron microprobe. 
* EDXAF: Energy dispersive X-ray fluorescence. 
“Includes the following: MgO, SiOz, CaO, V20s, and Gaz03. 


at 658 and 668 nm are not detectable. In two of the 
three samples, there seems to be some absorption on 
the low-energy side of the 692-694 nm doublet, with 
an apparent maximum at about 700 nm—a feature 
that has never been reported in untreated rubies. 


X-ray Powder Difiraction. Because of the exception- 
ally high chromium concentrations detected in the 
near-surface areas, the question arose as to whether 
this layer still retained the structure of corundum. 
Therefore, we selected two stones for X-ray powder dif- 
fraction analysis. For the scrapings, we chose areas 
with relatively deep color penetration to insure that 
the powder sample was removed from a treated por- 
tion. In both instances, the resulting patterns were 
identical to standard patterns for corundum. 


DURABILITY AND STABILITY 

In the Kane et al. (1990) study of blue diffusion-treat- 
ed sapphires, the treatment layer was shown to be 
unaffected by such standard cleaning procedures as 
ultrasonic and steam cleaning, and boiling in a deter- 
gent solution. That investigation also showed that 
the heat and chemicals used in jewelry repair proce- 
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dures could result in minor to moderate surface etch- 
ing, as would be expected with corundum generally. 
Given the findings of this study, it can be expected that 
the diffusion-treated stones described herein would 
exhibit similar durability and stability results. 

Of particular importance with any diffusion-treat- 
ed stone is the fact that repolishing or recutting could 
remove some or all of the diffused layer, resulting in 
a lightening or total loss of color. Given the observed 
shallowness of color penetration in the present study 
stones—as well as the many areas where the diffused 
color layer has apparently been completely removed 
in repolishing—this precaution is especially perti- 
nent to diffusion-treated stones in the pink-to-red-to- 
purple color range. 

A related consideration is that the removal of col- 
or zones from the pavilion of a stone—especially near 
the culet—generally has a far greater effect on faceup 
color than their removal from the crown area. 
Therefore, we recommend against repolishing or recut- 
ting pavilion facets on diffusion-treated stones. 


DISCUSSION 


As is the case with blue diffusion-treated sapphires, dif- 
fusion-treated corundum in the red-to-pink-to-purple 
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color range can also be readily identified by standard 
gemological testing. 

As with blue diffusion-treated stones, an impor- 
tant diagnostic feature is the uneven coloration from 
one facet to another, including areas where the diffused 
color layer has been completely removed in repolish- 
ing. Because this type of color anomaly was easier to 
detect in the current test sample than it has been 
with blue diffusion-treated stones, immersion was 
less critical, although in all three media used, it did 
make the patchiness more obvious. However, sever- 
al stones in this sample showed very little patchiness 
and facet reinforcement. Moreover, because refine- 
ments in the treatment process are inevitable, all 
corundums—regardless of color—should be routine- 
ly examined in immersion. Also typical of the treat- 
ment is a bleeding of diffused color in surface cavities 
and surface-reaching fractures. 

Concentrations of color along facet junctions may 
be seen in diffusion-treated stones in the color range 
covered by this study, but they are likely to be more 
subtle or even absent in some instances, making this 
a less reliable diagnostic feature. When present, how- 
ever, such.concentrations do provide proof of diffusion 
treatment. 

Also noted with magnification were small voids 
within the color-diffused layer, just below and/or 
breaking the surface of the stones. Similar features 
have been noted in stones with orange faceup color, 
resulting from a red diffusion color overlying yellow 
synthetic sapphire (Brown et al. 1990). The presence 
of such voids in a surface color layer—especially where 
they are surrounded by concentrations of color—can 
also be considered diagnostic of diffusion treatment. 

Unlike blue diffusion-treated stones, anomalous 
refractometer readings can provide additional evi- 
dence of diffusion treatment where chromium is the 
diffused chromophore. Such readings include atypically 
higher values than expected of corundum, including 
over-the-limits readings, as well as multiple readings 
on a single facet. Such anomalous readings may be 
quite confusing to some gemologists. The high RI. val- 
ues are most likely due to the unusually high chromi- 
um concentrations in the surface-diffused layers. 
Relatively high refractive indices have also been found 
to correlate with high chromium concentrations in 
natural ruby from Malawi, which were very dark 
(Henn et al., 1990), and emeralds (e.g., those from the 
Swat Valley of Pakistan—Gutbelin, 1982; Bowersox 
and Anwar, 1989). 

The high chromium concentration measured near 
the surface of these diffusion-treated rubies also 
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explains their very weak luminescence. Extremely 
high chromium concentrations are responsible for 
what is known as “concentration quenching” of lumi- 
nescence (Waychunas, 1988}. This phenomenon occurs 
when Cr2O3 exceeds 0.6 wt.% in corundum, with a 
corresponding decrease in luminescence as the Cr** 
concentration increases (Dubois-Fournier, 1989}. 

The subdued luminescence is not diagnostic of 
these treated stones, since natural rubies from sever- 
al localities (e.g., Umba Valley, Tanzania) may also 
show very weak reactions. What is indicative of the 
treatment when present, however, is a superficial, 
chalky bluish white to yellowish white short-wave 
luminescence confined to and paralleling individual 
facets or groups of facets. 

Also of value in detecting Cr**-diffusion treat- 
ment are the abnormally weak spectral absorption 
features for the respective apparent depths of color. 
These include weak or absent lines in the 475-nm 
area and in the far red. 


CONCLUSIONS 


It is important to keep in mind that the properties 
described in this report are based on a relatively small 
sample of diffusion-treated faceted stones in the pink- 
to-red-to-purple color range. Furthermore, the treater, 
Richard Pollack, has indicated that experimentation 
is continuing with the goal of both increasing the 
depth of penetration of the diffused color layer and 
minimizing surface damage. It is believed that other 
laboratories are also experimenting with diffusion 
treatment in this color range. Therefore, the extent 
and/or presence of many of the above features—espe- 
cially those noted with magnification—may vary. For 
example, deeper penetration of the color-causing 
chromium ion, coupled with careful repolishing, could 
result in stones with little or no patchiness of color; 
that is, there might be no facets that are devoid of 
diffusion color. A deeper diffusion layer could also 
facilitate the removal during repolishing of the surface 
damage noted herein. Color reinforcement along facet 
junctions might be altered as well. Variations in the 
depth of penetration would, in turn, quite possibly 
alter the ultraviolet luminescent reactions, for exam- 
ple, perhaps partially or totally masking the underly- 
ing orange fluorescence to long-wave U.V. seen in 
some of the test stones. 

With the above caveats in mind, the diffusion- 
treated corundums described in this article are not 
difficult to identify. Diagnostic features include the fol- 
lowing (at least one of which was present in all stones 
examined): 
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¢ Uneven or patchy facet-to-facet coloration and a 
dark ring around the girdle. In many cases, this was 
noted without magnification, with only immersion 
and diffused transmitted light. 


¢ Color concentrations along facet junctions and/or 
in surface-reaching fractures and cavities, noted with 
magnification. This feature was best noted with dif- 
fused transmitted illumination. 


¢ Spherical voids just below the surface and within 
the diffusion layer, usually surrounded by color con- 
centrations and seen with magnification. 


¢ Dense concentrations of very small, white inclu- 
sions just under the surface of the stones and cov- 
ering entire facets. This feature is best seen with 
magnification and darkfield illumination. 


¢ High relief of diffused stones when compared to nat- 
ural or synthetic rmbies in immersion. 


REFERENCES 


Armstrong J.T. (1982) New ZAF and alpha-factor correction pro- 
cedures for the quantitative analysis of individual micropar- 
ticles. In K.F.J. Heinrich, Ed., Microbeam Analysis—1982, 
San Francisco Press, San Francisco, CA, pp. 175-180. 

Armstrong J.T. (1988} Quantitative analysis of silicate and oxide 
materials: Comparison of Monte Carlo, ZAF and Phi (rho z]} 
procedures. In D.E. Newbury, Ed., Microbeam Analysis— 
1988, San Francisco Press, San Francisco, CA, pp. 239-246. 

Bowersox G.W., Anwar J. (1989) The Gujar Killi emerald deposit, 
Northwest Frontier Province, Pakistan. Gems e& Gemology, 
Vol. 25, No. 1, pp. 16-24. 

Brown G., Kelly S.M.B., Beattie R., Bracewell H. (1990) Gemmology 
study club lab reports: Diffusion coated synthetic sapphire. 
Australian Gemmologist, Vol. 17, No. 8, pp. 326-328. 

Carr R.R., Nisevich S.D, {1975) Altering the appearance of sapphire 
crystals. United States patent 3,897,529, filed December 15, 
1969, issued July 29, 1975. 

Crowningshield R. {1979} Developments and highlights at GLA’s lab 
in New York. Gems & Gemology, Vol. 16, No. 7, pp. 194-196. 

Diffusion: 80,000 carats in Asia (1991}. Jewellery News Asia, No. 
87, November, p. 77. 

Diffusion-treated red corundum in HK (1992). Jewellery News Asia, 
No. 96, August, pp. 96, 98. 

Dubois-Foumier J. (1989) A contribution to the identification of ruby 
by detecting various trace elements |in French]. D.U.G. report, 
Nantes University, 201 pp. 

Federman D. {1992} Diffusion sapphire, beyond the pale. Modern 
Jeweler, Vol. 91, No. 2, February, pp. 76-79. 

Fritsch E., Rossman G.R. {1988} An update on color in gems, part 
3: Colors caused by band gaps and physical phenomena. Gems 
e) Gemology, Vol. 24, No. 2, pp. 81-102. 

Fritsch E., Rossman G.R. (1990) New technologies of the 1980s. 
Gems & Gemology, Vol. 26, No. 1, pp. 64-75. 

Gibelin E.J. (1982) Gemstones of Pakistan: Emerald, ruby, and 
spinel. Gers &) Gemology, Vol. 18, No. 3, pp. 123-139. 
Hargett D. (1991) Gem trade lab notes: Diffusion-treated sapphires 

in fine jewelry. Gems «) Gemology, Vol. 27, No. 3, pp. 178-179. 

Henn U., Bank H., Bank F.H. {1990} Red and orange corundum 
(ruby and padparadscha] from Malawi. Journal of Gemmology, 
Vol. 22, No. 2, pp. 83-89. 


28 Red Diffusion-Treated Corundum 


Other key features noted in the test sample 
include the following: 


e Weak to moderate, chalky bluish white to yellow- 
ish white short-wave ultraviolet surface lumines- 
cence. This reaction may be clearly confined to and 
parallel individual facets or groups of facets. 


e Anomalous refractive index readings, including mul- 
tiple readings on individual facets and readings over- 
the limits of the conventional refractometer (1.80+}. 


¢ Atypical dichroism, with one color being a distinct 
brownish yellow as opposed to the expected orangy 
red to orange. 


¢ Absorption characteristics that are weaker than 
what would be expected for either natural or syn- 
thetic rubies or fancy sapphires of comparable depth 
of color. 


Kammerling R.C., Koivula J.1., Kane R.E. (1990) “Deep” diffusion 
treatment of corundum. ICA Early Warning Laboratory Alert, 
No. 32, February 16. 

Kammerling R.C., Moses T., Kane R.E. (1992) Blue diffusion-treat- 
ed synthetic sapphires. ICA Early Warning Laboratory Alert, 
No. 55, June 2. 

Kane R.E., Kammerling R.C., Koivula J.I., Shigley J-E., Fritsch E. 
{1990} The identification of blue diffusion-treated sapphires. 
Gems & Gemology, Vol. 26, No. 2, pp. 115-133. 

Koivula J.L, Kammerling R.C. {1990} Gem news: Diffusion-treated 
corundum. Gems e) Gemology, Vol. 26, No. 1, pp. 100-101. 

Koivula J.L, Kammerling R.C. (1991a) Gem News: More on diffusion- 
treated sapphires. Gems e# Gemology, Vol. 27, No. 1, p. 53. 

Koivula J.L, Kammerling R.C. (1991b} Gem News: More experi- 
mentation with blue diffusion-treated sapphires. Gems & 
Gemology, Vol. 27, No. 3, p. 187. 

Koivula J.1., Kammerling R.C. {1991c) Gem News: ...and red stones 
too. Gems e& Gemology, Vol. 27, No. 3, pp. 187-188. 

Koivula J.., Kammerling R.C,, Fritsch E. (1992a) Gem News: Update 
on diffusion-treated sapphires. Gems «) Gemology, Vol. 28, No. 
1, pp. 62-63. 

Koivula J.L, Kammerling R.C., Fritsch E. (1992b) Gem News: Sri 
Lanka: Update on gem production. Gems e) Gemology, Vol. 
28, No. 4, pp. 273-274. 

Lithiby J. (1992) Lab report: Surface-diffused synthetic sapphire. 
JewelSiam, Vol. 3, No. 5, September—October, p. 78. 

Love G., Cox M.G., Scott V.D. {1978} A versatile atomic number 
correction for electron-probe microanalysis. Journal of Physics 
D, Vol. 11, pp. 7-27. 

Reed S,J.B. (1965) Characteristic fluorescence correction in electron- 
probe microanalysis. British Journal of Applied Physics, Vol. 
16, pp. 913-926, 

Waychunas G.A. (1988) Luminescence, X-ray emission and new 
spectroscopies. In F. Hawthome, Ed., Reviews in Mineralogy, 
Vol. 18: Spectroscopic Methods in Mineralogy and Geology. 
Mineralogical Society of America, Washington, DC, pp. 
639-698. 

Webster R. (1983) Gems, Their Sources, Descriptions and 
Identification, 4th ed. Revised by B.W. Anderson, Butterworths, 
London. 


GEMS & GEMOLOGY Spring 1993 


NOTES AND NEW TECHNIQUES 


A NEW GEM BERYL LOCALITY: 
LUUMAKI, FINLAND 


By Seppo |. Lahti and Kari A. Kinnunen 


Strongly etched prismatic crystals of yellow, green, and pale blue gem beryl have 
been quarried from a pegmatite dike in Luumaki, Finland. To date, the peg- 
matite has yielded about 15 kg of gem beryl, minor amounts of facetgrade topaz, 
and many varieties of quartz. The gem beryls from Luumaki are similar in 
gemological properties and chemical composition to other pegmatitic beryls, 
such as those from Brazil and the Ukraine. Large primary fluid inclusions sur- 
rounded by microfracture halos may be diagnostic of the new locality. 


In 1982, mineral enthusiast Kauko Sairanen noticed 
a quartz outcrop near a small road in Luumaki, a com- 
mune in southeast Finland. Of particular interest were 
elongated pockets that were lined with quartz crystals 
and contained a pale yellow transparent mineral that 
was later identified as beryl. Subsequent geologic map- 
ping showed that the outcrop represented the core of 
a small pegmatite dike, which had intruded a 
coarse-grained rapakivi granite (i.e., a granite that 
contains large potassium feldspar crystals surrounded 
by a plagioclase shell). 

Mr. Sairanen and some friends took out a mining 
claim in 1986 and formed a company to work the 
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pegmatite. At first the outcrop seemed promising, 
and several gem-quality crystals—some quite large— 
were recovered; many have since been faceted (figure 1}. 
However, the small-scale mining conducted to date 
indicates that the gem beryl occurs sporadically, so the 
claim owners have continued their work only inter- 
mittently. 

Luumiki is about 180 km northeast of Finland’s 
capital, Helsinki, and less than 40 km from the 
Russian border (figure 2). Public access to the quarry 
is possible with permission from the owners. For this 
study, we visited the site and collected specimens sev- 
eral times during the last five years. We also studied the 
gemological properties of several gem beryl crystals 
and cut stones provided by the mining company. 


GEOLOGY AND OCCURRENCE 


Although numerous complex pegmatites occur in the 
Precambrian rocks of southern Finland, gem minerals 
have been found only occasionally. In addition to sev- 
eral quartz varieties, small amounts of topaz, kun- 
zite, morganite, yellow beryl, and colored tourma- 
lines have been recovered in the course of feldspar 
mining (Haapala, 1966; Erametsa et al., 1973; Lahti, 
1981; Lahti and Saikkonen, 1986}. 

The Luumdki pegmatite is situated in the north- 
em comer of the large Wiborg rapakivi granite com- 
plex, which consists of several granite as well as minor 
anorthosite (some of which contains the local 
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labradorite often called spectrolite} intrusions. The 
Wiborg complex covers an area about 100 x 180 km 
that extends from southeastern Finland to nearby 
Karelia, Russia. The different rapakivi granites in the 
region vary between 1,650 and 1,700 million years 
(My] old (Vaasjoki, 1977); the pegmatites might be 
somewhat younger. The Svecokarelian granitoids, 
schists, metavolcanics, and gneisses into which the 
rapakivi granites were intruded are 1,800-1,900 My. 

Geologic mapping by one of the authors (SIL) 
revealed that the pegmatite is a poorly exposed dike 
about 20 m wide in granite (figure 3), A massive quartz 
core, about 10 m wide, makes up the central part of 
the dike. It is surrounded by three feldspar-mica-quartz 
pegmatite zones referred to here as intermediate, wall, 
and border. The grain size of the pegmatite increases 
gradually from the narrow, fine-grained border zone 
nearest the host granite to the quartz core. The tran- 
sitions between the zones are also gradual. 

The main minerals in the pegmatite, in addition 
to quartz, are reddish brown microcline, albite, quartz, 
biotite, and, locally, muscovite. The mineralogy of 
both the border and wall zones is simple, but the 
intermediate zone contains a number of rare miner- 
als (table 1). Very large crystals of common beryl, 
topaz (not of gem quality), and monazite-(Ce} are char- 
acteristic in the intermediate zone in particular. 

Pockets are abundant in the central parts—the 
core and intermediate zones—of the dike; they range 
in diameter from several centimeters to several tenths 
of a meter. The pockets may contain crystals of quartz, 
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Figure 1. This pendant 
features three faceted 
Luumdki beryls connected 
by natural gold nuggets 
from northern Finland. The 
largest stone weighs about 
8.6 ct and is 17.71 mm 
long. Pendant designed by 
Aarne Alhonen; photo by 
Jari VaGatdinen. 


albite, microcline, orthoclase, and gem bery]; local- 
ly, bertrandite, goethite, and fluorite are common. 
The bottom of a pocket is usually covered by a layer 
of red-brown clay minerals and crystal fragments loos- 
ened from the walls. 

Two generations of beryl can be distinguished in 


Figure 2. The commune of Luumdki, where the 
gem beryl pegmatite was found, is located about 
40 km (25 miles) from Finland’s border with Russia. 
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local road 


the pegmatite: The older is opaque, common beryl 
(not gem quality), and the younger is transparent, gem 
beryl. The common bery] is yellow, often strongly 
altered by hydrothermal solutions, and usually stained 
and impregnated brown by iron compounds. The crys- 
tals of common beryl, which usually range from 5 to 
15 cm (up to 30 cm) in diameter, have well-developed 
first-order prism faces and, occasionally, basal pinacoids 
(Pitkanen, 1991). 

Common beryl occurs in the intermediate zone of 
the pegmatite, while gem bery] is found only in pock- 
ets, either associated with common beryl or embed- 
ded in the microcrystalline reddish quartz (jasper) that 
locally fills the pockets and fractures (figure 4). 

The gem beryl crystals usually range in weight 
from a few grams to several tens of grams. The largest 
and most attractive crystals found to date are “Mrs. 
Ellie” and “Mr. Jock,” which weigh 450 and 950 
grams, respectively. Both are high gem-quality green 
beryl (figure 5). “Mrs. Ellie” is now in the collection 
of Finland’s Central Museum of Natural History, 
housed in the Department of Geology and Mineralogy, 
University of Helsinki. 


MINING AND PRODUCTION 

The Luumaki pegmatite is mined by a small Finnish 
company, Suomen Jalokivikaivos Oy, intermittent- 
ly during the summer months from May to September. 
The three owners have contracted with a local con- 
struction firm for help with heavier mining chores. 
After blasting with forcite (a slow-detonating type of 
dynamite], the owners collect the gem material by 
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Figure 3. Geologic map of the Luumdki 
gem beryl pegmatite. The colors repre- 
sent: (1) rapakivi granite, country rock; 
(2} fine-grained border zone of the peg- 
matite dike; (3) wall zone of the peg- 
matite; (4) very coarse intermediate 
zone of the pegmatite; (5) quartz core; 
(6) gem beryl quarry; and (7) larger 
cavities or crystal pockets observed on 
the surface, partly abraded and pol- 
ished during glacial time. Gem bery! 
has been found in the pockets within 
the quarry, whereas crystals of com- 
mon beryl sporadically occur in the 
intermediate zone around the quartz 
core. The road on the left joins the vil- 
lage of Jurvala (by the main road no, 6 
at Luum4éki) to the village of 
Tuukainen. 


hand. They use hammers and chisels to empty the 
pockets and then screen the clay-rich material in 
water to reveal any gem beryl (figure 6). Currently 
the pit is 20 m long, 10 m wide, and 5 m deep. 

Of the 15 kg of gem beryl found thus far, approx- 
imately 40% is facet grade. The gem beryl usually 
ranges from pale yellow to greenish yellow to yel- 
lowish green; rarely, the material is a bright “gold- 
en” yellow (figure 7). Approximately 10%-15% of 
the total would be considered aquamarine, with var- 
ious shades of blue. Although the mine owners main- 
tain that they have not traded in treated beryl, 
experiments by the authors have shown that blue 
aquamarine can also be produced by heating pale 
green or yellow green beryl from this locality (see 
Ehrnrooth and Tuovinen, 1989). 


TABLE 1. Minerals identified in the intermediate zone of the 
Luumaki beryl pegmatite. 


Silicates Oxides and others 
K-feldspar: Margarite Quartz 
- Microcline lllite Monazite-(Ce) 
- Orthoclase Kaolinite Goethite 
Albite Smectite Hematite 
Biotite Vermiculite Columbite 
Muscovite Microlite-Pyrochlore 
Chlorite Euxenite 
Beryl Fluorite 
Topaz Calcite 
Bertrandite Gypsum 
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Figure 4. A 5-cm-long cigar-shaped crystal of yel- 
lowish green beryl is shown here in the massive red- 
dish brown microcrystalline quartz (jasper) in 
which it was found at Luumdki. Photo by Jari 
Vddtdinen, 


Facet-quality pieces of blue, pale pink, or colorless 
topaz (0.58 ct], as well as smoky, rock crystal, brown- 
ish green (praseolite-like}, and red (ferruginous, resem- 
bling fire opal) quartz have also been found. In addition, 
much of the quartz recovered can be used for cabo- 
chons or tumbling material. 


MATERIALS AND METHODS 


The Test Sample. The study included about 2 kg of 
gem beryl rough: numerous crystals or fragments of 
various sizes and colors—some self-collected and oth- 
ers obtained from the mining company—and 20 
faceted stones of various colors that were provided 
by the mining company. Physical, gemological, and 
chemical properties were determined on seven (about 
1-4 cm) rough pieces of yellow and pale green beryl 
and on 15 faceted green, yellow, and pale blue stones 
(1411.7 ct). 

The beryl crystals studied were typical of the 
locality: prismatic, usually cylindrical or cigar shaped, 
some were strongly etched and quite irregular in form 
(again, see figures 4, 5, and 7}. The round or oval bril- 
liant-cut, step-cut, and antique-cut stones were fash- 
ioned in Finland (by K. Sairanen, M. Lang, and S. I. 
Lahti} and abroad. 


Methods. Gemological properties were determined 
for the seven rough and 15 faceted beryls, following the 
routine procedures described in Liddicoat (1989) and 
Read (1991). Refractive indices were measured with a 
Rayner refractometer with a sodium light source, and 
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optical absorption spectra were investigated with both 
a prism and a diffraction-grating spectroscope. Specific 
gravity was measured in a sodium polytungstate- 
water solution, 

A Philips X-ray diffractometer and Debye-Scherrer 
camera were used in the X-ray powder diffraction 
analyses of the beryl samples and in the identifica- 
tion of associated minerals, with reference to the 
JCPDS (International Center for Diffraction Data) 
files. Unit-cell dimensions were computed from the 
indexed X-ray powder diffraction patterns using the 
computer program of Appleman and Evans (1973). 
The chemical composition of the gem beryl speci- 
mens was determined—using a combination of micro- 
probe analysis, atomic absorption spectroscopy {AAS}, 
and inductively coupled plasma-atomic emission 
spectroscopy (ICP-AES}—at the Chemical Laboratory 
of the Geological Survey of Finland. 

Solid inclusions were identified by means of polar- 
ized microscopy. Gemologically characteristic inclu- 
sions were determined from the seven natural-color 
yellow and pale green beryl crystals and one heat- 
treated yellow beryl specimen, following the methods 
outlined by Gtibelin and Koivula (1986). The 2.0 faceted 
stones were also examined with the microscope; how- 
ever, most of these were clean, without any inclu- 
sions. Fluid inclusions in one rough yellow beryl 
sample were studied with microscope heating and 
freezing stages using doubly polished thick sections, 
(Roedder, 1984; essentially the same techniques and 


Figure 5. These three crystals are typical of the 
high-quality green beryl recovered from the 
Luumdki pegmatite. The large crystal at the rear, 
known as “Mrs, Ellie,” is 14cm long and weighs 
450 grams. Photo by Jari Vadtdinen. 
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Figure 6. The beryl crystals at Luumdki are usually 
found embedded in a reddish-brown clay. Here, 
the miners wash clay removed from pockets in the 
pegmatite to reveal any beryl crystals present. 
Photo by Matti Ldng. 


equipment as described in Spencer et al., 1992). The 
photomicrography employed new illumination meth- 
ods and instruments designed by Kinnunen (1991a, b}. 


PHYSICAL APPEARANCE AND 
GEMOLOGICAL PROPERTIES 


The strongly etched crystals showed prism faces that 
were striated and/or full of individual rectangular pits, 
complex groups of pits, or strings of pits along the 


Figure 8. The surface texture on the prism face of 
this Luumdki yellow beryl crystal is typical of the 
material found at this locality. Prolonged natural 
etching has produced the stepped, mosaic-like sur- 
face features, with etch pits and hillocks. 
Photomicrograph by Kari A. Kinnunen; transmit- 
ted Rheinberg illumination (blue/yellow dual- 
circular filter to enhance the three-dimensional 
effect) and shadowing; magnified 8x. 
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Figure 7. Most gem bery! crystals from the 
Luumidki pegmatite range from yellow to greenish 
yellow and yellowish green. The largest crystal, in 
the front, is 7.2 cm wide and weighs 110 grams. 
Note the “golden” yellow crystal in the upper left. 
Photo by Kari A. Kinnunen. 


c-axis (figure 8]. The surfaces along the basal pina- 
coids were full of hexagonal etch pits. The pits varied 
greatly in area and depth; some had stepped walls. 
The gem beryls examined ranged in color from 
pale yellow to “golden” yellow, pale yellow-green to 
pale green, and pale blue (see, e.g., figure 9). The gemo- 
logical properties, as described in table 2, appear to 
be consistent with gem beryls in these color varieties 
from other localities {Liddicoat, 1989, Sinkankas, 
1989). Note that the specific gravity is slightly high- 
er than that given for pure Be3AlySig0)g (2.62-2.66], 
but corresponds well to the values given for aquama- 
rine and other pale beryls (2.628-2.730] with a low 
alkali content (see, e.g., Sinkankas, 1989, p. 191). 


INTERNAL CHARACTERISTICS 


The mineral inclusions identified in the Luumaki 
beryls—small albite crystals, mica, quartz, beryl 
(observable only with crossed polarizers), and clay 
and a hematite-like material filling fractures and 
growth tubes—are known to occur in beryls from oth- 
er localities (see, e.g., Giibelin and Koivula, 1986; 
Sinkankas, 1989}. However, certain other internal fea- 
tures appear to be distinctive of this occurrence. 
Growth tubes and corrosion tubes were common near 
the basal planes of the crystals examined (figure 10). 
They were observed to run parallel to the c-axis and 
usually to widen as they approached the surface of 
the crystal, similar to the “trumpet-like” inclusions 
described in the pegmatitic beryls from the Ukraine 
(Bartoshinskiy et al., 1969; Sinkankas, 1989, p. 245). 
In cut stones, however, the terminations may be thin. 
These inclusions are similar to the growth tubes in 
aquamarines known as “rain” (see Gitbelin and 
Koivula, 1986). In Luumaki beryls, however, the inclu- 
sions appeared wider than is typical for “rain,” main- 
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Figure 9. Luumdki gem beryls in a wide range of 
colors have been faceted. The large oval stone at 
the top weighs 41.7 ct and is 27 mm wide, All of 
these stones are of natural color. Photo by Jari 
Vadtdinen. 


TABLE 2. Gemological properties of gem beryl from a 
pegmatite in Luumaki, Finland.* 


rar 


Color ‘ 


Transparent “golden” yellow, pale 
yellow, pale yellow-green, pale 
green, medium green or—rarely— 
natural (pale blue) aquamarine 


Refractive indices 
Pale green and golden yellow = 1.566-1.568, w = 1.574-1.575 
Aquamarine (natural blue) e€ = 1.564, w = 1.572 


Luminescence Inert to both long- and short-wave 
UN. radiation 

Specific gravity 2.685-2.688 

Optical absorption spectrum No specific lines or bands 

Dichroism Green: bluish greer/pale yellow 
green; in heat-treated aquamarine, 
pale blue-green/blue 

Polariscope Slight anisotropism in the direction 
of the c-axis 

Chelsea filter reaction Pale green 


Internal characteristics Mineral inclusions—albite, mica, 
beryl, quartz {all identified with polar- 
ized microscopy), clay and 
hematite-like material in some frac- 
tures and growth tubes; large pri- 
mary fluid inclusions almost always 
surrounded by micro-fracture halos 
formed by natural decrepitation may 
be diagnostic of this locality 


Strong decrepitation of fluid inclu- 
sions at 400°- 460°C. 


Thermal reaction 


* Properties listed were obtained from seven pieces of rough—six yellow 
and one pale green—and 15 faceted stones. With the exception of 
dichroism, the gemological properties of the heat-treated material were 
not tested, See text for methods used. 
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ly because of the etching phenomena; some are more 
properly classified as corrosion tubes. 

Primary fluid inclusions (three-phase type] were 
found in negative crystals along former growth zones, 
in irregular cavities, and in tube-like channels along 
the c-axis of the gem beryl. Pseudosecondary and sec- 
ondary fluid inclusions were found in partially healed 
fracture planes with a random orientation, common- 
ly as “veils” showing fingerprint-like healing patterns. 

Study of the primary and secondary fluid inclu- 
sions with microscope heating and freezing stages 
revealed the following characteristics for the Luumaki 
beryls: phase composition at room temperature— 
water 52%-76%, vapor 24%—48%, daughter minerals 
2.%-3% (one isotropic, two anisotropic, and one non- 
magnetic opaque}; homogenization temperature— 
370°-390°C; salinity—7.3%-7.5% NaCl equivalent; 
density—0.7; pressure estimate—0.2 tol.0 kbar (see 
Kinnunen et al., 1987), and pressure-corrected crys- 
tallization temperature—400° to 490°C. These char- 


. 


Figure 10. Growth tubes parallel to the c-axis were 
found to be characteristic of Luaumdki beryl. Small 
syngenetic mineral inclusions (albite) can be seen 
here in the ends of the needles. Photomicrograph 
by Kari A. Kinnunen; transmitted crossed polar- 
ized light, magnified 20x. 
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Figure 11. Large, naturally decrepitated fluid inclu- 
sions, like those shown here, appear to be diagnos- 
tic of Luumdki gem beryls The small cracks 
incorporate submicroscopic fluid inclusions as a 
result of healing during recrystallization. 
Photomicrograph by Kari A. Kinnunen; darkfield 
illumination, magnified 32x. 


acteristics are typical of late aqueous fluids from 
pegmatitic environments (cf. Roedder, 1984). 

Many of the large fluid inclusions seen in the 
Luumiki gem beryls were surrounded by networks of 
micro-fractures (figure 11], small cracks that formed 
during natural decrepitation. These micro-fractures 
healed in recrystallization, at which time small sec- 
ondary fluid inclusions were trapped. A few of the 
cut stones also showed these inclusions, which have 
not been reported in beryls from other localities. When 
the inclusions were examined with a stereomicro- 
scope and pinpoint lighting, they closely resembled the 
flower-like discs, or “sun-spangle” inclusions, found 
in treated amber {see Gtibelin and Koivula, 1986). 
Note that the fractures formed during the heat treat- 
ment of beryl are different (air filled) and show no 
healing textures (figure 12). 


CHEMICAL COMPOSITION 


The chemical composition of the Luumdki gem beryls 
(table 3) closely resembles that of certain Ukrainian 
and Brazilian gem beryls (see, e.g., Bartoshinskiy et 
al., 1969; Correia-Neves et al., 1984). Both the green 
and “golden” yellow varieties were found to be poor 
in alkali and earth alkali metals compared to peg- 
matite beryl in general (Cerny, 1975}, but they con- 
tained minor concentrations of iron and water. Beryls 
found in crystal pockets in pegmatites and granites are 
typically low in alkalis (Cerny, 1975). 

Unit-cell data for the “golden” yellow bery] are as 
follows: the space group P6/mcc, a = 9.203 (1) A and 
c= 9.192, (2) A, vol. = 672.68 A, c:a = 0.999, The val- 
ues agree with those calculated from the chemical 
data. The lengths of both crystallographic axes are 
close to those of pure Be3Al,Sig0jg, or of Brazilian and 
Ukrainian beryls that contain minor amounts of water 
in addition to the major elements (see, e.g., Bakakin 
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Figure 12. In this heat-treated yellow beryl from 
Luumdki, the once fluid-containing cavities are 
now empty. They appear dark because of total 
reflection of transmitted light. Note, too, the differ- 
ent appearance of the micro-fractures that sur- 
round the inclusion. Photomicrograph by Kari A. 
Kinnunen; magnified 32x. 


et al., 1970; Sinkankas, 1989; Correia-Neves et al., 
1984). The unit-cell dimensions of the various color 
varieties did not differ markedly from one another. 


HEAT TREATMENT 


According to Nassau (1988), the yellow color of beryl 
is caused by ferric iron (Fe**) that substitutes for alu- 


TABLE 3. Chemical composition of Luumaki gem beryl.” 


: Yellow Green 
Range Average Range Average 


Oxide® (wt. %) 
SiO,  64.32-66.09 65.08 
AO, 16.55-17.44 16.86 


64.16-65.44 64.87 
1650-1730 1686 


BeO 13.71 13.32 

Fe,O,  0,33-0.48 0.41 0.47-0.68 0.56 
Na,O 0,020.06 0.04 0.03-0.08 0.06 
LO 0.01 n.d. 

MgO —-0.00-0.07 0,02 0.00-0.18 0,05 
CaO 0.00-0.02 0.01 0.00-0.04 0.02 
H,0, 1.02 n.d. 

Trace element (ppm) 

Co 293 438 
Cs 278 122 
Zn 69 91 
Sc 49 29 
Cr 18 23 
Ni 16 18 
Vv 19 1 


“SiOz, AlpQ3, FC203 (= total iron), NazO, MgO, and CaO were analyzed 
by microprobe techniques from a thin section of each crystal: the aver- 
age is based on nine determinations, BeO, LizO, and Cs were assayed 
from a dissolved beryl sample with atomic absorption spectroscopy 
(AAS). The other trace elements were determined from the dissolved 
beryl with inductively coupled plasma-atomic emission spectrometry 
(ICP-AES): H:0, was determined with a Leco RMC-100 rapid mois- 
ture determinator. All of the determinations are from the same two 
specimens. n.d, = not determined. 


GEMS & GEMOLOGY Spring 1993 


minum in the structure of the mineral. In green beryl, 
iron occurs partly in the channel position and partly 
replaces aluminum. Heat treatment fades the yellow 
color and changes green varieties to blue. 

Heating experiments with Luumaki beryl gave 
similar results. The “golden” yellow beryl faded to 
nearly colorless if the stones were kept two to five 
hours in an oven at temperatures between 400° and 
500° C. Green beryl became blue when heated under 
the same conditions. The specific hue and saturation 
of the heat-treated blue color varied from one sample 
to the next, in direct relationship to the intensity and 
shade of the original green material {see Ehmrooth 
and Tuovinen, 1989}. 


CONCLUSION 


The Luumaki pegmatite shows features typical of 
miarolitic pegmatites {i.e., those with crystal-lined 
cavities; Cerny, 1991), which are important sources 
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DE BEERS NEAR COLORLESS-TO-BLUE 
EXPERIMENTAL GEM-QUALITY 
SYNTHETIC DIAMONDS 


By Marie-Line T. Rooney, C. M. Welbourn, James E. Shigley, Emmanuel Fritsch, and Lene Reinitz 


Examination of five small boron-doped synthetic diamonds, grown by De 


Beers researchers for experimental purposes, reveals some diagnostic fea- 
tures not reported in previous studies of gem-quality synthetic diamonds, 
The presence of internal growth sectors that are blue, yellow, or near color- 
less has produced faceup colors in three faceted stones that vary from near 
colorless to bluish-greenish gray to blue. Because they look so different from 
previously reported De Beers synthetic diamonds, such faceted synthetics 
could go unrecognized without careful gemological testing should they ever 


become commercially available. 


Previous articles on gem-quality synthetic diamonds 
have reported the visible zoning of certain features 
such as color, ultraviolet luminescence, and graining, 
and their importance as identification criteria for this 
material (see Shigley et al., 1986, 1987, 1992). Recently, 
we examined two small crystals (0.12 and 0.20 ct) 
and three faceted De Beers synthetic diamonds (0.05 
to 0.07 ct] that are interesting examples of a kind of 
internal color zoning that produces a variable overall 
color appearance (figure 1}. Several polished plates of 
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this same kind of synthetic diamond were described 
by two of us (MLTR and CMW) in recent reports on 
the development of internal growth sectors in syn- 
thetic diamonds (see Burns et al., 1990; Rooney, 1992). 

Single-crystal synthetic diamonds normally are 
yellow, which results from the incorporation of nitro- 
gen atoms from the surrounding environment into 
the diamond (by substitution as isolated atoms for 
carbon atoms) at the time of growth. The presence 
of nitrogen as an impurity reportedly aids in the growth 
of larger, higher-quality crystals. In the case of the 
samples studied here, the yellow color was reduced by 
using a nitrogen getter (an element that acts to bond 
with the nitrogen outside of the growing diamond 
crystal, and thereby reduces its incorporation within 
the crystal) in the synthesis capsule. Also, varying 
amounts of boron—known to be responsible for the 
blue color in many natural and synthetic diamonds— 
were added to the synthesis capsule in the growth runs. 

During rapid growth under laboratory conditions, 
synthetic diamond crystals can develop octahedral, 
cube, dodecahedral, and trapezohedral external crys- 
tal faces and corresponding internal growth sectors. As 
the different internal sectors grow, they tend to incor- 
porate certain impurities in different amounts. Thus, 
the resulting synthetic diamond crystal is partially 
inhomogeneous in chemical composition. In partic- 
ular, nitrogen and boron are incorporated to a varying 
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extent into the several growth sectors in a synthetic 
diamond (see, e.g., Nassau and Nassau, 1978, p. 496, 
figure 2; Koivula and Fryer, 1984, Burns et al., 1990, 
Rooney, 1992). 

Intemal growth sectors that differ from one anoth- 
er in impurity content give rise to the zoning of cer- 
tain visible features reported in the large synthetic 
diamonds we have seen. In contrast, the vast major- 
ity of natural diamonds grow as octahedron-shaped 
crystals, with crystallization in only one dominant 
octahedral growth sector (except for rare mixed-growth 
natural crystals; see Welbourn et al., 1989}. Although 
zoning of either color or ultraviolet luminescence 
does occur in some natural diamond crystals, in gen- 
eral it is not related to the development of various 
intemal growth sectors, and thus has a different appear- 
ance. For a review comparing the external morphol- 
ogy and internal zoning in natural and synthetic 
diamond crystals, see Sunagawa (1984). 

Differences in relative amounts of boron and nitro- 
gen impurities can produce blue, yellow, or near-col- 
orless internal growth sectors in synthetic diamond 
crystals. When such crystals are faceted, a variety of 
potential color appearances could result. For exam- 
ple, the light bluish-greenish gray faceup appearance 
of one of the faceted stones examined for this study is 
very different from the color of synthetic diamonds 
described previously (Crowningshield, 1971; Koivula 
and Fryer, 1984; Shigley et al., 1992). Such a small, 
light-colored faceted stone might not be readily rec- 
ognized as synthetic if it were to become commer- 
cially available, because to the unaided eye it resembles 
many faceted natural diamonds seen in the market. 

The synthetic diamonds described here were pro- 
duced for experimental purposes at the De Beers 
Diamond Research Laboratory in Johannesburg, South 
Africa, as part of ongoing research into the physical 
properties of synthetic diamonds. The objective of 
these particular experiments was to investigate the 
properties of low-nitrogen, boron-doped synthetic dia- 
monds, not to see how large they could be made, so 
only small samples—like those described here—were 
produced originally. However, researchers at the DRL 
have recently grown synthetic diamond crystals of 
this kind as large as about 1 ct. The samples examined 
for this study had been grown onto small synthetic dia- 
mond seed crystals by the temperature-gradient 
method in a high-pressure/high-temperature appara- 
tus using a metal solvent/catalyst (for further infor- 
mation, see Bundy et al., 1973, Burns et al., 1990). 

Yellow, and toa lesser extent blue and colorless, 
synthetic diamonds have been described in the gemo- 
logical literature (Crowningshield, 1971; Koivula and 
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Figure 1. The three small boron-doped faceted syn- 
thetic diamonds examined for this study—from 
left to right, 0.063 ct (sample 2), 0.049 ct (sample 
3), and 0.075 ct (sample 1)—and the 0.197-ct crys- 
tal were grown at the De Beers Diamond Research 
Laboratory. Photo by Robert Weldon. 


Fryer, 1984; Shigley et al., 1986, 1987). GIA researchers 
recently reported on a 5-ct Sumitomo synthetic dia- 
mond crystal section that contained yellow, blue, and 
colorless internal growth sectors (Shigley et al., 1992). 
However, the De Beers samples described here are 
the first faceted stones we have seen that contain 
similarly colored growth sectors. Thus, they do not 
look like other faceted synthetic diamonds we have 
described. This article documents the gemological 
properties of these synthetic diamonds, and compares 
them to those of synthetic diamonds reported previ- 
ously in the gemological literature. A new type of 
crystal face first reported on these synthetic diamonds 
is briefly discussed. 


MATERIALS AND METHODS 
The two synthetic diamond crystals, both cubocta- 
hedra, weigh 0.197 and 0.116 ct. The three faceted 
samples are round modified brilliants weighing 0.075 
(sample 1], 0.063 (sample 2), and 0.049 {sample 3) ct, 
respectively. The three stones are light bluish-green- 
ish gray, dark blue, and near colorless, respectively. 
Their approximate clarity grades (as determined by 
the GIA system} are VS), Sh, and SIj, respectively. In 
addition, two polished plates and about a dozen oth- 
er crystals of this kind of synthetic diamond had pre- 
viously been studied by two of us (MLTR and CMW) 
to provide data on the development of internal growth 
sectors in this material (see again, Burns et al., 1990; 
Rooney, 1992}. 

The GIA researchers used standard gemological 
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TABLE 1. Luminescence of De Beers boron-doped experimental synthetic diamonds. 


Luminescence behavior Sample 1 Sample 2 Sample 3 
Long-wave U.V. fluorescence 
Color Orange Slightly yellowish orange Orange 
Intensity Weak Moderate Very weak 
Appearance Chalky, turbid Chalky, turbid 
Distribution Uneven; narrow, inert Uneven; narrow, inert Uneven 
cross-shaped area seen straight band seen 
under crown facets across crown facets 
Long-wave U.V. phosphorescence 
Color Orange Yellowish orange Inert 
Intensity Weak Strong 
Duration 1-5 minutes 1-5 minutes 
Short-wave U.V. fluorescence 
Color Slightly greenish yellow Slightly greenish yellow Slightly greenish yellow 
(plus minor orange) 
Intensity Strong Strong Strong 
Appearance Chalky, turbid Chalky, turbid Chalky, turbid 


Uneven; narrow, inert 
cross-shaped area seen 
under crown facets 


Distribution 


Short-wave U.V. phosphorescence 


Color Greenish yellow 

Intensity Very strong 

Duration 1-5 minutes 
Cathodoluminescence 

Color Yellow 

Intensity Strong 

Distribution Uneven 


Uneven; narrow, inert 
straight band seen 
across crown facets 


Yellow 
Very strong 
1-5 minutes 


Yellow 
Strong 
Uneven 


Uneven; small, angular, 
inert areas 


Yellow 
Very strong 
1-5 minutes 


Yellow 
Strong 
Uneven 


testing equipment as well as other laboratory instru- 
mentation. The former included a gemological micro- 
scope, a long-wave (366 nm] and short-wave (254 nm] 
ultraviolet lamp unit, a Beck prism spectroscope, a 
DISCAN digital-scanning diffraction-grating spectro- 
scope, and a GIA GEM electrical conductometer with 
sharp probes to allow testing of specific locations on 
a sample. Our examination was hindered by the small 


Figure 2. The intense cathodoluminescence of the 
three faceted synthetic diamonds is characteristic 
of other synthetic diamonds we have studied. As 
can be seen here, this luminescence is unevenly 
distributed. A dark, cross-shaped area that does 
not luminesce is visible in two of the stones. Photo 
by Maha DeMaggio. 
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size of the faceted stones (diameter less than 3 mm]} 
which made observation and photography of some of 
the gemological features difficult. A Pye-Unicam 8800 
spectrophotometer was used to record absorption 
spectra at liquid-nitrogen temperature over the range 
250-850 nm. A Nicolet 60SX Fourier-Transform 
infrared spectrometer was used to record infrared spec- 
tra over the range 400-16,000 cm!. Observations of 
cathodoluminescence were made using a Nuclide 
ELM-2B luminoscope. 

In the study of crystal morphology, a Huber 302 
two-circle optical-reflection goniometer was used to 
measure interfacial angles on several crystals. A 
Cambridge Instruments Stereoscan 360 scanning elec- 
tron microscope (SEM) was used to produce micro- 
graphs of the small crystals. 


OBSERVATIONS 


Overall Faceup Color. The variation in appearance 
from near-colorless to blue among the faceted samples 
results from differences in the relative size, arrange- 
ment, and color of their internal growth sectors (see 
figure 1]. When the blue and yellow sectors are rela- 
tively equal in volume and lighter in color, the over- 
all faceup appearance of a faceted stone is more 
“grayish” or “greenish” {such as sample 1}. Both crys- 
tals appear blue. 
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Figure 3. The arrangement of darker blue, lighter 
yellow, and near-colorless internal growth sectors 
in sample 2 is seen here with diffused light. The 
small opaque areas represent metallic flux inclu- 
sions. The arrangement of internal growth sectors 
is less obvious in the other two faceted stones. 
Photomicrograph by John I. Koivila. 


Luminescence. In contrast to behavior reported pre- 
viously (Shigley et al., 1986, 1987, 1992), the three 
faceted synthetic diamonds described here luminesced 
to both long- and short-wave ultraviolet radiation (see 
table 1), However, the long-wave U.V. fluorescence— 
weak to moderate—was weaker in intensity than the 
short-wave U.V. response. Most U.V.-luminescing 
natural diamonds react more strongly to long-wave 
U.V. In all five study samples, the luminescence to 
U.N. radiation was uneven, and sometimes clearly 
zoned, as has been the case with other synthetic dia- 
monds. When viewed faceup, all three faceted stones 
exhibited narrow linear, angular, or cross-shaped areas 
that did not fluoresce, surrounded by larger areas that 
fluoresced brightly. In most cases, when the lamp 
was turned off, the stones exhibited very persistent, 
very strong, yellow (to short-wave U.V.] or orange (to 
long-wave U.V.} phosphorescence lasting from one to 
five minutes. 

The three faceted stones displayed cathodolumi- 
nescence when they were exposed to an electron 
beam. This luminescence was quite intense, and— 
as has been noted in previous studies of synthetic dia- 
monds {Woods and Lang, 1975; Shigley et al., 1987; 
Ponahlo, 1992}—it was also zoned in color and inten- 
sity (see table 1). To the unaided eye, the lumines- 
cence appears yellow, but photography recorded more 
blue than yellow for one sample (figure 2). Although 
difficult to see in figure 2, the uneven pattern of 
cathodoluminescence—bright areas separated by nar- 
row inert areas, both of which can be observed with 
magnification—duplicates the uneven pattern of ultra- 
violet luminescence in these samples. Cathodo- 
luminescence provides an additional means of dis- 
tinguishing synthetic from natural diamonds, because 
it reveals the differing patterns of intemal growth sectors 
characteristic of the two (see Shigley et al., 1987; Burns 
et al., 1990; Ponahlo, 1992). This test is particularly use- 
ful where no other diagnostic properties are visible. 
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Figure 4. Numerous metallic flux inclusions can be 
seen through the crown facets of sample 2. Photo- 
micrograph by John I, Koivula; reflected light. 


Microscopy. When viewed with a gemological micro- 
scope, the three faceted stones revealed several inter- 
esting features. In diffused transmitted light, all three 
were seen to consist of darker to lighter blue, light 
yellow, and near-colorless internal growth sectors in 
varying arrangements (see, e.g., figure 3). The blue 
sectors display a more distinct shape, and appear as 
wedge- or parallelogram-shaped, lath-like zones bound- 
ed by sharp edges and having angular corners. In sam- 
ple 1, near-colorless to yellow funnel-shaped areas 
occur between these blue sectors. The outlines of the 
yellow and near-colorless growth sectors are not as 
distinct. Thus, the shape of the blue sectors is more 
readily apparent. This is also the case for the two crys- 
tals, where the blue sectors were observed to lie 
beneath the cube crystal faces. 

All five samples contain inclusions, but these are 
most abundant in sample 2 (see figure 4). Various 
numbers of both large and smaller “pinpoint” flux 
{i.e., metal solvent) inclusions were observed in the 
three faceted stones. The larger inclusions have a 
shiny, metallic appearance, and in some cases seen to 
be oriented parallel both to one another and to the 
octahedral faces of the original crystal. Similar inclu- 
sions in other gem-quality synthetic diamonds have 
previously been reported (Shigley et al., 1986, 1987). 

When viewed between crossed polarizing filters, 
the five samples exhibited anomalous birefringence 
(“strain”) with weak (first-order) interference colors. 
Near the larger flux inclusions, the strain formed a 
more radial pattern with slightly stronger first-order 
interference colors (see figure 5). The overall weak- 
ness of this birefringence is typical of that observed in 
other synthetic diamonds, and it differs in intensity 
and pattern from the more intense anomalous bire- 
fringence typically seen in natural diamonds. 
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Figure 5. A pattern of weak anomalous birefrin- 
gence (“strain”) was seen in sample 3 when it was 
viewed between crossed polarizing filters. The 
small area of blue birefringence is an area of 
greater strain surrounding a metallic flux inclusion. 
Photomicrograph by John Koivula; magnified 10x. 


We saw little distinct graining in any of the three 
faceted stones, and none in the two crystals, although 
in some instances, the relatively sharp edges of the 
darker blue internal growth sectors were marked by 
visible graining. These synthetic diamonds lack the 
pattern of internal graining observed in yellow syn- 
thetic diamonds (Shigley et al., 1986, 1987}, possibly 
because they contain less nitrogen. 


Electrical Conductivity. The three faceted samples 
exhibited a range of conductive behavior: Sample 1 
was electrically conductive (with instrument read- 
ings similar to those for natural type Itb diamonds], 
sample 2, proved to be conductive only in certain areas 
of the crown and pavilion facets, and sample 3 was not 
conductive. Both crystals were conductive, with var- 
ious readings depending on where on their surfaces 
they were tested. 


Spectroscopy. We did not observe any sharp absorption 
bands in the optical absorption spectra of the five 
samples with a Beck desk-model spectroscope. Because 
of the small size of these samples and the fact that 
three were faceted, it was impossible to record spec- 
tral curves with the spectrophotometer that would 
represent individual blue, yellow, or colorless growth 
sectors. The spectrophotometer traces for all three 
faceted samples showed increasing absorption toward 
the ultraviolet (figure 6). The spectra of samples 1 and 
2. also showed weak to moderate increasing absorption 
toward the infrared, especially in the dark blue faceted 
stone (sample 2}. There is a weak, broad absorption fea- 
ture at about 700 nm in the spectra of samples 1 and 
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Figure 6, The visible spectra of all three faceted 
synthetic diamonds, recorded at liquid-nitrogen 
temperature, show increasing absorption toward 
the ultraviolet, For samples 1 and 2, weak or mod- 
erate increasing absorption is also evident toward 
the infrared. In contrast to the other two samples, 
the stronger increasing absorption at the long- 
wavelength end of its spectrum gives rise to the 
darker blue color of sample 2. 


3, which we have seen in many spectra of both natural 
and synthetic diamonds, but we are uncertain of its 
interpretation. In comparison, natural colorless or yel- 
low type Ia diamonds often have sharp absorption 
bands due to the N3 color center (the Cape lines}. 
Neither natural nor synthetic blue type Ib and yel- 
low type Ib diamonds show any sharp bands in the 
visible-range spectrum. 

The diamond type of a particular stone can be 
identified by its infrared spectrum (see, e.g., Fritsch and 
Scarratt, 1992, pp. 38-39}. The infrared spectra of the 
three faceted stones (figure 7} suggest that sample 1] is 
a mixed type Ub plus Ha diamond, while sample 2 is 
a type Ib. This is consistent with their observed elec- 
trical conductivity. Sample 3 is a type Ia plus ib. 
Because the three faceted samples are so small, the 
infrared spectrum of each represents contributions 
from various growth sectors throughout the entire 
sample. Given the size of the yellow growth sectors 
in each of the three samples, together with the unfa- 
vorable measurement geometry for recording spectra 
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from small faceted stones, it is not surprising that we 
do not see the 1344 and the 1130 cm” infrared features 
in these spectra that distinguish type Ib diamond. 
However, infrared spectra of individual yellow growth 
sectors recorded by Rooney (1992, p, 18, figure 3} in a 
polished section of one of these boron-doped synthetic 
diamonds indicates that these growth sectors are type 
Ib diamond. Thus, it is likely that all synthetic dia- 
monds of this kind are actually a mixed type Ia plus 
Ib plus Ib. 


Crystal Form and the Nature of Internal Growth 
Sectors. Previous articles (e.g., Shigley et al., 1986, 
1987, 1992; Burns et al., 1990] have described the 
basic growth shape of a synthetic diamond crystal as 
that of a cuboctahedron, which can be modified by the 
presence of minor dodecahedral and trapezohedral 
faces. The presence of true cube {100}, dodecahedral 
{110}, and trapezohedral {113} faces is characteristic 
of synthetic diamond crystals, genuine crystallographic 
faces with these Miller indices are not found on nat- 
ural diamond crystals.* The presence of these faces 
on the surface of a crystal is generally accompanied by 
distinctive internal growth sectors also not seen in 
natural stones. Gemological features associated with 
this kind of more complicated growth and the presence 
of one or’ more growth sectors—e.g., zoning of color 
and luminescence—are, therefore, important for the 
identification of synthetic diamonds. 

A number of these boron-doped synthetic dia- 
monds, in uncut form, have been studied at the DTC 
Research Centre. Some were found to have a new 
kind {not previously seen on natural or synthetic dia- 
monds} of trapezohedral growth face in addition to 
{113}. Figure 8 shows an SEM micrograph and corre- 
sponding labeled line drawing of one of these crys- 
tals. Note in this figure that there are additional 
trapezohedral faces lying between the {113} faces and 
the top (001) face. In a recent report on these boron- 
doped synthetic diamonds, Rooney (1992) demon- 
strated (by measurement of the angles between crystal 
faces) that these new faces are {115} faces. Subsequently, 
these faces were reported on a Sumitomo synthetic 
diamond by Shigley et al. (1992). Again, the presence 


*The generalized symbol {hkl} refers to the Miller indices, a nommen- 
clature system that crystallographers use to designate crystallo- 
graphic planes (or faces) and to calculate the angles between them. 
When these Miller indices are surrounded by braces {}, they rep- 
resent a crystal form, which is a group of crystal faces that all 
have the same position with respect to the symmetry elements of 
the crystal. For example, all crystal faces on a cube with Miller 
indices (100), (010), and (001), can be described by the one sym- 
bol {100}. 
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Figure 7. Because the internal growth zones are so 
small, it was impossible to record infrared spectra 
from individual zones; thus, these curves represent 
composite spectra for the three faceted synthetic 
diamond samples. According to these spectra, 
sample 2 is a type IIb diamond, sample 1 Is a 
mixed type II[b+Ila diamond, and sample 3 is a 
mixed type Ila+IIb diamond. The type Ib compo- 
nent related to the yellow growth sectors could not 
be resolved. 


of nonoctahedral crystal faces—which might be pres- 
ent on unpolished portions of a faceted synthetic 
diamond—is further evidence of the difference between 
natural and laboratory growth environments for dia- 
monds. 

Rooney’s (1992) description of two other boron- 
doped synthetic diamonds, prepared as thin polished 
plates, confirmed the presence of internal {115} growth 
sectors corresponding to external faces on this kind of 
synthetic diamond. Optical micrographs of these two 
samples (with corresponding line drawings of their 
growth sector arrangement) are shown in figures 9 
and 10, respectively. The samples were polished par- 
allel to the (110) dodecahedral plane so as to expose 
individual growth sectors. These two samples show 
clearly how measured differences in impurity con- 
tent lead to visible differences in color and other gerno- 
logical properties. 
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Crystal Faces 


{001} Cube 

{111} Octahedral 
{101} Dodecahedral 
{113} Trapezohedral 
{115} Trapezohedral 


Figure 8. This low-magnification scanning electron 
micrograph and line drawing of a small boron- 
doped synthetic diamond crystal show the 
arrangement of crystal faces. Note the additional 
{115} trapezohedral faces lying between the {113} 
faces and the top (001) face. 


Cube and octahedral growth faces are always pre- 
sent on synthetic diamonds. The presence of the minor 
growth forms (dodecahedral and trapezohedral} depends 
on the solvent/catalyst chemistry. When present, their 
location, number, and relative size tend to be rather 
haphazard, presumably reflecting the details of the 
local growth conditions within the synthesis capsule. 
This seems to be especially true of these particular 
boron-doped synthetic diamonds, where there can be 
very large differences in the relative development of 
sectors of similar type. 


DISCUSSION 

In some respects, the gemological properties of these 
three faceted stones are similar to those of other syn- 
thetic diamonds: internal color zoning, strong short- 
wave U.V. fluorescence and cathodoluminescence 
that are unevenly distributed, metallic flux inclu- 
sions, and weak anomalous birefringence (“strain”). In 
contrast to other synthetic diamonds studied by GIA 
researchers, however, these five samples exhibit some, 
albeit weak, long-wave U.V. fluorescence. However, 
the short-wave response was more intense than the 
long-wave response, which differs significantly from 
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Growth Sectors 


{001} Cube Pale Yellow 
(113} Trapezohedral Colorless 


(115} Trapezahedral 
{111} Octahedral 


\ Increasingly Blue 
{110} Dodecahedral } 


Figure 9. A transmission optical photomicrograph 
and growth-sector line drawing of a 0.075-ct boron- 
doped synthetic diamond in the form of a polished 
plate (0.55 mm thick, 3.9 mm wide). The {001} 
growth sector is pale yellow. The {713} sectors are 
essentially colorless, The remaining sector types 
are all blue, with the intensity of color increasing 
in the order {115}, {111}, {110}. Infrared measure- 
ments (Rooney, 1992) indicate that the yellow col- 
or in the {001} sectors resulted from its being type 
Ib (nitrogen concentration of about 11 ppm). For 
the blue type Ib regions, the concentration of 
uncompensated boron was approximately 0.55 
ppm for {115}, 1.1 ppm for {111}, and 2.2 ppm for 
{110} sectors. Photo by C. M. Welbourn. 


the stronger long-wave fluorescence typical of natur- 
al diamonds that fluoresce to U.V. radiation. In addi- 
tion, the three stones lacked the prominent graining 
noted in yellow synthetic diamonds (see Shigley et al., 
1986, 1987). 

The most interesting aspect of these synthetic 
diamonds is their mixed IIa, IIb, and Ib character, 
which has never been reported for natural diamond 
crystals (although it was noted in a large Sumitomo 
synthetic diamond crystal; Shigley et al., 1992). The 
differing incorporation of boron and nitrogen in the 
internal growth sectors causes the variation in color 
from one sector to another. Because the degree to 
which impurities are incorporated can also vary from 
one crystal to another, this kind of synthetic diamond 
could vary greatly in color from near-colorless to gray 
(or green} to blue and to yellow (and thus also in some 
properties, such as electrical conductivity and lumi- 
nescence). Crystals in which the color sectors are of 
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Growth Sectors 
{001} Cube Cotoriess 


{115} Trapezohedral 
{143} Trapezohedral Increasingly Blue 


(110) Dodecahedral 
{111} Octahedral 


Figure 10. The 0.014-ct synthetic diamond (shown 
here in the form of a polished plate 0.19 mm thick 
and 4.2 mm wide) in this transmission optical 
photomicrograph and growth-sector line drawing 
was doped with 14 times as much boron as the 
one shown in figure 9. Infrared spectra (Rooney, 
1992) indicate no nitrogen but 0.08 ppm uncom- 
pensated boron in the {001} sectors. Similar boron 
concentrations in other sectors are: {111/40 ppm, 
{110)—25 ppm, {113/—9 ppm, and {115}—4 ppm. 
Photo by C. M. Welbourn. 


relatively equal proportions could appear grayish or 
slightly greenish, and thus may not look like other syn- 
thetic diamonds to the unaided eye. However, exam- 


ination with a gemological microscope should quickly 
reveal the presence of the kind of color zoning illus- 
trated in figure 3, which has never been encountered 
in natural diamond crystals. 


CONCLUSION 


Examination of three small faceted De Beers synthetic 
diamonds and two small crystals reveals that they 
are a mixed type. The presence of different propor- 
tions of three distinct—blue, yellow, and near-color- 
less—growth sectors affects the faceup color of each 
finished stone. Because of this combination of colors, 
these synthetic diamonds look more like natural dia- 
monds than most other synthetic diamonds reported 
in the gemological literature. The presence of non- 
octahedral faces unique to synthetic diamonds is 
another feature by which they can be distinguished 
from their natural counterparts. Furthermore, since it 
is much more economical to grow small rather than 
large synthetic diamonds, it is possible that small 
{0.10 ct or less) faceted synthetic diamonds will appear 
first in the jewelry industry. Nonetheless, documen- 
tation of the gemological properties of these De Beers 
synthetic diamonds—e.g., metal inclusions, general- 
ly strong zoned short-wave U.V. fluorescence and 
phosphorescence, weak birefringence, and the color 
zoning itself—indicates that identification should be 
easy, since these properties do not correspond to those 
of any known natural diamonds. However, this could 
require that small near colorless-to-blue faceted dia- 
monds that are suspect be gemologically tested—a 
practice that is not commonly followed now. 
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LAB NOTES 


SYNTHETIC ALEXANDRITE 


With Needle-Like Inclusions 


Examination with magnification is usu- 
ally the most important gemological 
technique for separating natural gem 
materials from their synthetic coun- 
terparts. Therefore, the presence of 
ambiguous internal features can make 
such separations especially challenging. 

Recently, the West Coast lab was 
asked to identify a 3.59-ct mixed-cut 
pear shape that exhibited a distinct col- 
or change, appearing red-purple in 
incandescent illumination and dis- 
playing both green and purple in fluo- 
rescent light. Standard gemological 
testing showed properties consistent 
with the alexandrite variety of 
chrysoberyl, both natural and synthetic. 

Magnification revealed an abun- 
dance of dust-like pinpoint inclusions, 


Figure 1, These short, needle-like 
inclusions were observed in a 
synthetic alexandrite that may 
have been grown by the 
Czochralski-pulling method. 
Magnified 40x. 
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Figure 2. Slightly curved color 
banding, typical of a melt-grown 
synthetic, was detected in this 
3.59-ct synthetic alexandrite 
with magnification and immer- 
sion in methylene iodide. 
Magnified 15x. 


as well as numerous short, thin, high- 
ly reflective, needle-like inclusions. 
Most of the latter appeared to be 
straight, although some were slightly 
curved (figure 1}. When the stone was 
immersed in methylene iodide, we also 
noted a slightly curved color banding 
parallel to the girdle plane (figure 2). 
However, the curvature was so slight 
that it could have been due to an opti- 
cal distortion. Furthermore, the banding 
appeared to be asymmetric: very 
straight through one end and the center 
of the stone, but slightly curved at the 
other end. Because of the needle-like 
inclusions and the unusual banding, 
we asked GIA Research to perform addi- 
tional testing. Energy-dispersive X-ray 
fluorescence (EDXRF) analysis detected 
chromium and vanadium in propor- 
tions very similar to those in reference 
samples of synthetic alexandrite pro- 
duced by the Czochralski-pulling 
method. Infrared spectroscopy indicat- 
ed a mid-infrared spectrum typical of 
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melt-type synthetics, that is, one that 
lacked water-related absorption bands. 

On the basis of these tests, we 
identified the stone as synthetic alexan- 
drite. We speculate that the needle-like 
inclusions may be a platinum-group 
metal, inasmuch as platinum, iridium, 
and rhodium are commonly used for 
the crucibles in which synthetic crystals 
are grown by the Czochralski-pulling 
method. SFM and RCK 
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BERYL 


“Coated” Beryl 

Before the commercial introduction of 
synthetic emerald in the 1930s, meth- 
ods used to mimic natural emeralds 
ranged from dyeing or coating pale 
beryls and other less expensive gem 
materials, to glass imitations, to a wide 
selection of doublets and triplets. The 
earliest technique was undoubtedly 
painting or coating. Benvenuto Cellini 
detailed many of these early methods in 
his book, Treatise on Goldsmithing, 
originally published in 1568 (for extracts, 
see K. Nassau, Gemstone Enhancement, 
Butterworths, 1984, p. 14}. 

A 4.39-ct emerald-cut stone sub- 
mitted to the East Coast lab for identi- 
fication is an example of a natural beryl 
that owed most, if not all, of its color to 
a green coating that covered the entire 
pavilion of the stone. The Chelsea col- 


Editor's note; The initials at the end of each item identify 
the contributing edifor who provided that item. 
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Figure 3, When this 4.39-ct coat- 
ed beryl was viewed at 10x mag- 
nification in transmitted light, 
the lack of color at the facet 
junctions (where the coating has 
worn off) is evident, 


or filter revealed a red reaction that, 
with only cursory examination, could 
be misleading. (This is an excellent rea- 
son why one should NEVER make an 
identification based only on a color-fil- 
ter reaction.) In addition, numerous 
two-phase inclusions and long, fine nee- 
dles—together with properties consis- 
tent with natural beryl—identified the 
substrate material. Because the coating 
had worn off the facet junctions, how- 
ever, the treatment was evident in dif- 
fused transmitted light (figure 3]. In 
addition, the coating melted when 
touched with a hot point, consistent 
with a coated beryl reported 10 years 
ago (see Gems & Gemology, Spring 
1983, p. 44]. A broad absorption band 
between 660 nm and 690 nm was vis- 
ible in a Beck desk-model prism spec- 
troscope. This band, which is related 
to the presence of dye, was superim- 
posed over the spectral region where 
emerald chromium lines usually appear. 
Thus, we could not determine if the 
beryl itself contained chromium. 
Although methods of gemstone 
enhancement continue to get more 
sophisticated, one cannot dismiss the 
more primitive techniques which still 
appear in the marketplace. TM. 


Irradiated Beryl of a Rare Color 

The East Coast lab was asked to iden- 
tify six yellow-green stones that ranged 
from about 12 to 35 ct (figure 4}. 
Standard testing proved that all were 
beryl, but with some unusual charac- 
teristics. 
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Figure 4, The uniformity of color, 
and the fact that the optic axes 
of all six yellow-green beryls 
(12-35 ct) are perpendicular to 
the table, suggests that all may 
have been cut from the same 
piece of rough. 


The first unusual feature noted was 
that the optic axis was perpendicular 
to the table in each stone, which—along 
with the uniformity of color from one 
stone to the next—suggests that all may 
have been cut from the same crystal. 
With a desk-model prism spectroscope, 
we also observed a series of lines in the 
red portion of the absorption spectrum 
that resembled those seen in chromi- 
um-bearing minerals. On closer exam- 
ination, however, we noted that the 
absorption bands (figure 5} were close to 
those we first saw in 1972, in a Maxixe- 


type blue beryl. In fact, the spectrum 
was seen and recorded four years earli- 
er (Gems & Gemology, Summer 1968, 
pp. 315-316) in a grayish blue beryl 
known to have been produced by irra- 
diating a morganite. However, the sig- 
nificance of the distinctive appearance 
of this spectrum was not recognized 
until attractive dark blue beryls began 
to appear on the market (Gems #@ 
Gemology, Summer 1973, pp. 172-175}. 
Although these spectral lines are diag- 
nostic for all Maxixe-type beryls, the 
overall color of any particular stone 
(from dark blue to greenish yellow) will 
depend on broad absorption features 
visible only with a spectrophotometer. 

In their initial investigation of 
Maxixe-type beryl, K. Nassau and D, 
L. Wood {Lapidary Journal, October 
1973, pp. 1032-1058} determined that 
irradiation treatment of beryl may pro- 
duce several colors, including the yel- 
low-green seen in these six stones. It is 
possible that these stones have been 
irradiated only, and that with appro- 
priate heat treatment they would 
become a purer yellow, as did such 
stones in the original Nassau and Wood 
experiments. The effects of irradiation 
in beryl are further described by W. J. 
Rink, P. J. Gielisse, and H. S. Plendl in 
“Coloration in Electron-Irradiated 
Beryl” (Journal of Gemmology, Vol. 22, 
No. 1, 1990, pp. 33-37}. GRC 


DIAMOND 
Blue Diamond with 
Unusual Inclusions 


Figure 6 shows an inclusion consisting 
of strings of small crystals of an uniden- 
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Figure 5, The absorption pattern of the yellow-green beryls shown in fig- 
ure 4 closely resembles that of irradiated blue Maxixe-type beryl. 
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Figure 6, Although a black fin- 
gerprint-like inclusion in a blue 
stone suggests sapphire, here it 
occurs in a blue diamond. 
Magnified 40x. 


tified black material, arranged in a fin- 
gerprint-like pattern. Such a pattern in 
a blue gemstone would ordinarily sug- 
gest a sapphire and prove its natural 
origin. In this instance, however, the 
stone was a 1.02-ct fancy blue, mar- 
quise-shaped, brilliant-cut diamond. We 
established that the color was natural 
on the basis of the stone’s electrical 
conductivity and its typical reaction to 
short-wave ultraviolet radiation. 
Although such inclusions are very 
rare in diamonds, a colorless diamond 
with a similar inclusion was illustrated 
in the Spring 1968 Lab Notes section 
(pp. 278-279), GRC 


Diamond Laser Drilled 

for Mounting 

Today, laser drilling is commonly used 
in the clarity enhancement of dia- 
monds, In simple terms, a focused laser 
beam is used to drill a narrow hole from 
the surface of a diamond to a dark 
inclusion. The beam may vaporize the 
inclusion, or the inclusion may be sub- 
sequently leached with acid. As noted 
in the next entry, laser drill holes have 
even been used as a conduit for filling 
a fracture that does not reach the surface 
of the stone. 

Still another use of laser drilling 
was brought to the attention of the East 
Coast lab by Yoshiko Doi, president of 
the AGT Gem Laboratory, the GIA 
Gem Trade Laboratory’s affiliate in 
Tokyo. She shared with us a 0.32-ct 
round brilliant (figure 7) that was 
pierced from the crown to the pavilion 
by two relatively large drill holes, and a 
second round brilliant pierced with one 
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such hole. The purpose of the drilling 
reportedly was to prepare the diamonds 
for a special mounting. The process pre- 
sented an interesting question—How 
should such diamonds be clarity grad- 
ed?—inasmuch as laser drill holes are 
typically treated as clarity features asso- 
ciated with inclusions. 

Such diamonds are not, however, 
without precedent. For example, brio- 
lette-cut stones are occasionally drilled 
for the purpose of mounting. Although 
mechanical drilling was used histori- 


Figure 7. The large laser drill 
holes in this 0.32-ct diamond 
were made to prepare the stone 
for mounting, not to enhance its 
apparent clarity. Magnified 10x. 


cally for that purpose, this diamond was 
laser drilled with the same intent. GIA 
Gem Trade Laboratory policy has been 
to treat such drilling as something per- 
formed to facilitate mounting rather 
than for clarity purposes, so we graded 
this laser-drilled diamond similarly. 
Note, however, that if the drilling were 
to impart clarity characteristics, such 
as hairline fractures extending from the 
laser drill hole, they would be consid- 
ered in the final grade determination. In 
this instance, however, no such fea- 
tures were induced. 

At the same time, Ms. Doi also 
showed us diamonds that had been 
grooved or notched on their pavilion 
facets, apparently to prepare them for 
use in “invisible” settings (figure 8). 
Here, too, for grading purposes this fea- 


Figure 8. Large grooves have 
been cut into the pavilion of this 
0.27-ct diamond, apparently so it 
could be used in an “invisible” 
setting. Magnified 10x. 


ture was treated as part of the fashion- 
ing process. 
Edward Schwartz and RCK 


Laser-Assisted 

Filling in Diamond 

A faint white cloud near the culet, just 
barely visible in figure 9, is the only 
indication of a filled fracture in this 
view of a 2.51-ct diamond submitted 
to the East Coast lab. The unusual fea- 
ture of this filled fracture is that it 


Figure 9. Barely visible in this 
faceup view of a 2.51-ct diamond 
is a filled fracture near the culet. 
Note the minute laser drill holes 
at three o’clock and (a fainter 
one} at nine o’clock on each side 
of the culet. Magnified 12x. 


Figure 10. The purple flash effect 
and the presence of trapped bub- 
bles prove that this fracture has 
been filled. Note the laser drill 
hole, through which the filler 
was introduced into the fracture. 
Magnified 33x, 


appeared to be wholly internal. We 
could not discern any evidence that the 
fracture ifsélf reached the surface. 
However, two laser drill holes (just vis- 
ible in figure 9 at the three and nine 
o’clock positions on either side of and 
near the culet) provided access to the 
fracture for the filling material. Figure 
10 shows one of the laser drill holes as 
well as the purple flash and trapped 
bubbles that are characteristic of some 
filled fractures. GRC 


Another Radioactive Diamond 


Occasionally, the lab detects residual 
radioactivity in green-to-black color- 
enhanced diamonds. The 2..51-ct green- 
ish yellow round brilliant cut shown 
in figure 11 revealed a mottled green 
coloration on the crown with a dis- 
tinctive blotchy pattern (of lighter and 
darker areas} on the table, when viewed 
with diffused lighting. With a Victoreen 
290 survey meter, we recorded a resid- 
ual radiation dose rate of 0.1 mR per 
hour (2-3 times background at the East 
Coast lab} on the table. This confirmed 
that the coloration was due in part to 
some form of radiation treatment. 
Gemological analysis revealed 
some interesting characteristics. There 
was no phosphorescence, but the stone 
fluoresced a strong chalky green to long- 
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wave—with a slightly weaker reaction 
to short-wave—ultraviolet radiation. 
The desk-model spectroscope revealed 
a Cape spectrum of moderate strength, 
as well as absorption bands at 498, 504, 
and 595 nm, which suggests that the 
initial color of the diamond was light 
yellow. Testing with a Pye-Unicam 
SP8-400 ultraviolet-visible spectropho- 
tometer confirmed these absorption 
bands, which are typical of radiation 
and heat treatment. 

The diamond was forwarded to 
GTL’s West Coast radiation-testing 
facility for radionuclide identification. 
First, the diamond was vigorously 
wiped with filter paper to remove any 
radioactive surface contamination. 
Radiation testing of the filter paper 
proved negative: There was no remov- 
able contamination on the stone. The 
high-purity germanium detector (HPGe} 
revealed a residual radionuclide con- 
centration of 1.25 nanocuries of ameri- 
cium-241 per gram of diamond. This is 
10 times the concentration found in 
the americium-treated diamond 
described in the Summer 1992 issue of 
Gems &# Gemology (pp. 104-111). 
Inasmuch as all known americium- 
treated diamonds came from one source 
and were treated according to a patent- 
ed procedure (see U.S. Patent 3,616,357), 
it is highly probable that this 2.51-ct 


Figure 11. Because of the 
radionuclide responsible for the 
radioactivity in this 2.51-ct dia- 
mond, a legal (U.S.) release date 
of approximately 6507 A.D. was 
calculated. 
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diamond was subjected to the same 
process. According to the patent, the 
treatment involves embedding the dia- 
mond in a powdered americium-241 
oxide compound for one to two weeks, 
then soaking and washing it in three 
separate baths of concentrated nitric 
acid, with a final washing in detergent 
followed by rinsing in water. 

Because americium-241 has such a 
long half-life and the U.S. concentra- 
tion limit for this radionuclide is 
extremely low, the diamond’s legal 
release date—as specified by U.S. law— 
was calculated to be sometime in 6507 
A.D. (4,514 years + 7%}. The diamond 
was retumed to the client, as permitted 
by GIA’s California State Radioactive 
Materials Licence (which applies in this 
instance}, with the required warning 
and educational material. 

Charles E, Ashbaugh and TM 


SYNTHETIC EMERALD, 

Cabochon Cut 

Almost all the synthetic emeralds seen 
in the GIA Gem Trade Laboratory are 
in the form of faceted stones. It was 
thus unusual that the 0.78-ct oval cabo- 
chon shown in figure 12, which was 
submitted to the West Coast lab, proved 
to be synthetic. The identification was 
made on the basis of the low refractive 
indices and birefringence, weak red flu- 


Figure 12. This 0.78-ct oval cabo- 
chon (approximately 6.90 x 5.03 
x 3.33 mm) was identified as 
flux-grown synthetic emerald; 
the properties were similar to 
Russian material. 
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orescence to long-wave U.V. radiation, 
and yellowish orange-to-brown flux 
inclusions. The properties are similar 
to those of flux-grown synthetic emer- 
alds of Russian manufacture (see, e.g., 
“Russian Flux-Grown Synthetic 
Emeralds,” Gems &) Gemology, Summer 
1985, pp. 79-85}. 

We cannot emphasize enough for 
our readers that the shape in which a 
gem material is fashioned should not 
be considered a diagnostic feature in its 
identification. RCK and SFM 


Imitation LAPIS LAZULI, 
an Update 


The Spring 1992. Lab Notes section (p. 
55] reported on a most unusual lapis 
lazuli imitation seen in the West Coast 
lab. In addition to describing the gemo- 
logical properties of this product, the 
entry noted that X-ray diffraction analy- 
sis revealed pattems that matched phlo- 
gopite mica. We concluded that this 
manufactured product might be a 
phlogopite ceramic. 

Since publication of that report, 
this lapis simulant was tested further. 
Examination of a thin section between 
crossed polarizers confirmed that it was 
predominantly a strongly birefringent 
mica-type material, with high-order 
interference colors (figure 13]. However, 
we also noted minor dark blue, singly 
refractive zones that appeared black 
when the stone was viewed with 
crossed polarizers. 

A sawn section of the sample was 
next studied by Paul Carpenter at the 
California Institute of Technology, 
using a scanning electron microscope 
(SEM) with energy dispersive spec- 
trometer (EDS]. The SEM revealed that 
the material consisted primarily of crys- 
tals with a roughly rectangular outline 
and lamellar structure, as would be 
expected of a mica, while the EDS spec- 
trum was typical of phlogopite, with 
Mg, Al, Si, and K as major elements. 

Also detected with the SEM were 
a very few grains, 10 to 50 pm in 
longest dimension, that lacked the 
lamellar structure typical of phlogopite. 
We estimated that these represented 
no more than 5% of the overall volume 
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of the specimen, which could explain 
why they were not detected during the 
earlier X-ray diffraction analysis. We 
determined that these grains were two 
distinct materials: (1} a silicate of cal- 
cium and magnesium (identity as yet 
undetermined], and (2} the mineral lazu- 
rite (an aluminosilicate of sodium and 
calcium that contains significant sul- 
fur and is the blue component in lapis 
lazuli}. As a result of this further inves- 
tigation, we hypothesize that the blue 
coloration of this simulant is due, at 
least in part, to the presence of lazurite 
inclusions. As further substantiation, 
the U.V_-visible reflectance spectrum of 


Figure 13, At least two different 
components can be seen in this 
thin section of the lapis lazuli 
imitation illustrated in the 
Spring 1992 Lab Notes section 
(p. 58) when it is viewed 
between crossed polarizers. 
Magnified 80x. 


this imitation (as taken with an Hitachi 
U4001 spectrophotometer] is basically 
identical to that of a piece of natural 
lapis lazuli from Afghanistan. 
Emmanuel Fritsch and RCK 


a high birefringence (typically 
0,03 1-0.036} might cause some gemol- 
ogists to confuse it with tourmaline. 
Faceted lazulites are usually small. 
Those we have examined are typically 
under a half carat. Although stones 
0.52.0 ct are seen, clean Jazulites over 
5 ct are extremely rare, according to the 
second edition of Joel Arem’s Color 
Encyclopedia of Gemstones (Van 
Nostrand Reinhold, New York, 1987}. 
Thus, staff members of the West Coast 
lab were pleasantly surprised to receive 
for identification the 5.85-ct modified 
emerald cut shown in figure 14. All of 
the gemological properties were con- 
sistent with those reported in the lit- 
erature for lazulite, including the strong 
trichroism (slightly violetish blue, light 
green, and near colorless). Magnification 
revealed one- and two-phase fluid and 
gas inclusions, partially healed fracture 


Figure 14. At 5.85 ct (10.60x 
10.10 x 6.12 mm), this is an 
unusually large faceted lazulite. 


planes, and—as would be expected giv- 
en the relatively high birefringence— 
strong doubling. SFM and RCK 


Large Faceted LAZULITE 


An attractive collector's stone, faceted 
lazulite is only rarely encountered in 
the lab, While its typically dark, satu- 
rated blue color is quite similar to that 
of some apatite, the combination of 
refractive indices in the low 1.60s and 


Cat’s-Eye ORTHOCLASE 


Although the Gem Trade Laboratory 
sees many phenomenal stones, the 6.54- 
ct cat’s-eye orthoclase identified by the 
East Coast lab was unusual because of 
its yellow color and the fact that it was 
chatoyant but lacked adularescence {fig- 
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Figure 15, This 6.54-ct cat’s-eye 
orthoclase is umasual both 
because of its yellow color and 
because it shows chatoyancy, 
but no adularescence. 


ae 


ure 15). The chatoyant orthoclase com- 
monly seen in the trade is cat’s-eye 
moonstone, which is both adularescent 
and white to grayish white (see, e.g., Gems 
& Gemology, Spring 1963, p. 23). 
Examination with a microscope 
revealed cleavage planes in two direc- 
tions. This and the results of standard 
gemological testing (refractive index, 
optic figure, and fluorescence) distin- 
guish cat’s-eye orthoclase from simi- 
lar-appearing stones, such as scapolite 
and quartz. Nicholas DelRe 


Abalone PEARLS from 
North America 


Figure 16 illustrates one of the most 
unusual pairs of abalone pearls ever 
examined in the West Coast lab. 
According to the owner, the pearls were 
recovered from the abalone (Haliotis 
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Figure 16. Notice the unusual shape, color, and luster of these attractive 
abalone pearls, each approximately 20 x 18 x 12 mm. 


Figure 17. This X-radiograph 
clearly shows the hollow center 
and concentric layers of conchi- 
olin in the abalone pearls illus- 
trated in figure 16. 
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rufescens) that were once abundant off 
the Pacific coast of North America. 
The multicolored pearls, each approxi- 
mately 20 x 18 x 12 mm, are roughly a 
cushion shape, rather than the conical 
or horn-shaped concretions usually 
formed by this univalve mollusk. Both 
appeared to be completely covered with 
nacreous layers that had an almost 
metallic luster. The dominant colors 
were vivid green and blue, with pink, 
purple, and violet overtones. X-radiog- 
raphy (figure 17) revealed the internal 
structure, a multitude of concentric lay- 
ers that echoed the external shape of 
these pearls. KH 
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TUCSON ‘93 

Early February is always an exciting time for the gem com- 
munity, as the many concurrent gem and mineral shows 
take place in Tucson, Arizona. These presentations, held in 
hotels, motels, and other locations throughout the city, 
attract jewelers, dealers, and mineral and gem enthusiasts 
from all over the world. As in years past, this Spring issue 
Gem News column focuses on highlights of this important 
event, based on observations by the editors and many of 
their colleagues at GIA and the GIA Gem Trade Laboratory. 


DIAMONDS Es 
Show update. Although the Tucson shows collectively are 
noted for colored stones, mineral specimens, and fossils, 
diamonds are being seen in ever-increasing quantities. This 
year, Malhotra Inc. of New York was offering natural green 
transmitters (diamonds that show green luminescence 
excited by visible light] from the Panna mine in India. We 
also saw two nice chameleon diamonds, one over 7 ct and 
the other approximately 2.5 ct. 

One firm was marketing diamond briolettes, includ- 
ing a crudely strung necklace containing over 60 stones. 
All of the pieces (none of which appeared to be larger than 
1 ct) were of fairly low clarity with a brown body color; 
they were identified as having come from India. 

We were also pleased to note that companies offering 
clarity-enhanced diamonds were openly disclosing the fact 
of enhancement. 


7 war | 


Star-cut diamonds, Although we have seen some success- 
ful attempts to cut and facet diamonds into five-pointed 
stars, we were impressed with the brilliancy and consisten- 
cy of workmanship in the fashioned stones offered by Jeff 
Pancis of Pancis Inc., Morris Plains, New Jersey, who is the 
U.S. agent for the Fancoldi Registered Trust, the Swiss 
company offering the new cut (figure 1). Not only are the 
diamonds themselves of unusually good quality, but the 
patented star design incorporates 66 to 76 facets, depending 
on the size of the stone. The star cuts are also available in 
fancy colors. 

Because as much as 80% of the stone’s original weight 
may be lost during fashioning, the stars are sold by clarity 
and diameter (i.e., approximating that of a circle drawn 
around the five points], not by weight. The stones on dis- 
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Figure 1. These “Diamond Stars” are fashioned in 
Israel. The stones shown here range from about 3 to 
§ mm in diameter. Courtesy of Fancoldi Registered 
Trust; photo by Tino Hammid. 


play at Tucson ranged from 3 mm to 9.7 mm in diameter 
and averaged about 5 mm. 

Marketed under the trademark “Diamond Stars,” the 
stones are all fashioned in Tel Aviv, Israel, and have been 
in production only since September 1992, according to a 
Fancoldi spokesman. He added that lasers are sometimes, 
but not always, used in the cutting process. However, fin- 
ishing—especially polishing the junctions between 
points—is the most difficult part of the manufacturing pro- 
cess. 
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COLORED STONES 


Exceptional iris agates. Iris agate is one of the rarest phe- 
nomenal gem materials. When viewed at certain angles in 
transmitted white light, this gem exhibits spectral colors 
that are caused by diffraction from the many fine, closely 
packed parallel layers of chalcedony that comprise this 
material. 

At Tucson, we saw several fine iris agates (figure 2), 
fashioned free-form pieces that ranged from roughly 10 to 
25 ct. According to Michael Randall of Crystal Reflections, 
he had 32 matched pairs and 16 single pieces of this mate- 
rial cut from a single piece of Oregon rough that had been 
obtained some three years earlier. The phenomenal nature 
of the material was discovered by accident, when the 
rough was dropped and the iris effect noted in a small frag- 
ment. 


Baltic amber. Several kilograms of Baltic amber were being 
marketed by Polish dealers, many of whom were attending 
Tucson for the first time. On display were some large 
pieces, up to 30 cm in length. It would appear from the 
quantities available at Tucson, as well as from those 
reported previously (see, e.g., entries in the Fall and Winter 
1992, Gem News columns] that there are still considerable 
reserves of this material. 

Our reAdérs should note that one dealer from Warsaw 
maintained that it is an accepted trade practice in some 
countries to treat Baltic amber {including clarification and 
pressing] without disclosing the enhancement. 


Amethyst from Urugnay ... The Winter 1992 Gem News 
included a brief entry on Uruguay as a commercial source 
of agate and amethyst. At Tucson, we visited the booths of 
firms marketing Uruguayan amethyst in either specimen 
or fashioned form. The mineral specimens we saw consist- 
ed primarily of aggregates of small (approximately 1 cm 
wide} crystals of good color. We also saw slices consisting 
of amethyst peripheries and agate cores. The faceted stones 
we saw were also deeply colored—no light-toned materi- 
al—and in a range of sizes appropriate for jewelry use. 

One of the editors also met Eduardo Casabo, director 
of the New York-based Economic and Commercial 
Department of the Uruguayan Government Trade Bureau. 
This gentleman was in Tucson to learn first-hand about 
the gem industry, as well as to make available brochures 
containing useful information relating to such areas as 
demographics, foreign trade regulations, and foreign trade 
services in Uruguay. 


... and amethyst-citrine from Bolivia. For more than a 
decade, quartz gems displaying distinct amethyst and cit- 
rine color components have been available in fashioned 
form. Because of the lack of rough crystals in the trade, 
there was some question when this material was first 
introduced as to whether or not some or all of it had not 
been produced by heat and/or irradiation treatment of 
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Figure 2. These three tongue-shaped cabochons 
(13.56-25.61 ct) of iris agate were among several 
fashioned from a single piece of Oregon rough. 
Courtesy of Michael Randall; photo by Robert 
Weldon. 


amethyst (see, e.g., K. Nassau, ‘Artificially Induced Color 
in Amethyst-Citrine Quartz,” Gems # Gemology, Spring 
1981). 

This year at Tucson, however, rough as well as fash- 
ioned material was being offered. All reportedly comes 
from the Anahi mine in eastern Bolivia, close to the border 
with Brazil. Joseph A. Rott of Tropical Imports, New York, 
had 50 kg of facet-grade rough and 20 kg of mineral speci- 
men-quality material. Mine owner Ramiro Rivero, of 
Minerales y Metales del Oriente S.R.L. (Santa Cruz, 
Bolivia}, was showing several faceted specimens as well as 
some rough crystals. 

Some of the crystals were fairly well formed, singly 
terminated prisms; others appeared to have been strongly 
etched (see, e.g., figure 3). The color zoning ranged from 
moderate to distinct and in some cases clearly ran the 
length of the crystal. The presence of so much rough mate- 
rial and the first-hand information from reliable profession- 
als who have visited the source provides abundant evi- 
dence that amethyst-citrine occurs naturally. 


Apatite from Brazil and Madagascar. We saw approximate- 
ly 100-200 ct of an intense, dark greenish blue apatite that 
the dealer, Luizhélio Barreto da Silva Nen, reported was 
discovered in 1992 at Ibira, a locality near the town of 
Jacobina in Bahia, Brazil. The material occurs as heavily 
etched crystals in association with jasper and feldspar. Mr. 
Barreto also showed us crystal fragments of a very dark, 
saturated blue apatite from this same locality that, he indi- 
cated, has been available for about three years. 

We saw greater amounts, both rough and cut, of the 
bright greenish blue to bluish green apatite from 
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Figure 3, This strongly etched 836.5-ct amethyst- 
citrine crystal and 22,32-ct faceted stone are from 
the Anahi mine, in eastern Bolivia. Crystal courtesy 
of Joseph A. Rott; stone courtesy of Ramiro Rivero; 
photo by Maha DeMaggio. 


Madagascar that we first noted in the Summer 1990 Gem 
News section. One dealer was marketing it as “Paraibite.” 
Rudi Cullmann, of Idar-Oberstein, reported that the same 
area of Madagascar was producing a dark, slightly bluish 
green apatite that is generally very clean and exhibits no 
change in color with heat treatment up to 450°C. 
Subsequent gemological testing on one sample obtained 
for study revealed properties within the published ranges 
for this gem material. 


Uncommon cat's-eye gems. One firm was offering a 10.90- 
ct cat’s-eye alexandrite (reportedly from Brazil) that exhib- 
ited an attractive color change. Another showed a 7.55-ct 
stone with an attractive, though somewhat less spectacu- 
lar, color change that is reportedly from Orissa, India. Also 
seen was a 9.40-ct bicolored tourmaline with the eye cen- 
tered down the middle of the stone at the junction of the 
red and green halves. 


Gems with natural crystal surfaces. Our Spring 1991 show 
report included an entry on drusy gems—fashioned gem 
materials that prominently displayed natural surfaces of 
minute crystal faces. Drusy gems noted this year include 
chrysocolla in quartz, sphaerocobaltite, and a bright white 
pectolite from New Jersey. We noted other materials pre- 
pared for gem use with one or more natural surfaces intact. 
These included a fine-grained black schist embedded with 
small pyrite crystals and a pyrite with iridescence pro- 
duced by an intentional acid treatment {according to Bill 
Heher of Rare Earth Gallery, West Redding, Connecticut; 
figure 4). 


Beryls from the Ukraine. Our Spring 1992 Tucson report 
contained a brief entry on golden beryl and aquamarine 
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identified as being of Russian origin. This year, some 
exceptionally large (up to 0.5 m long}, transparent yellow- 
ish green to greenish yellow beryl crystals and faceted 
stones, along with rough and cut aquamarine produced by 
heat treatment, were being offered by Wicast Ltd., 
Norman, Oklahoma, with the source identified as a large 
pegmatite at Wolodarsk in the Ukraine. 

According to an article in the October 1991 issue of 
Mineralien Magazin Lapis, the pegmatites around 
Wolodarsk have been known for about 100 years. A Polish 
geologist, Gottfried Ossovski, was the first to find beryl as 
well as topaz in these deposits; mining began about 60 
years ago. At the time this report was published, the large 
pegmatites producing gem-quality crystals were being 
worked at depths of 100 to 150 m. Ninety-six different 
minerals have been found, although topaz, quartz, and 
beryl remain the most important. All can occur as large 
single crystals, some as long as 2, m. 

The distinctive surfaces of the beryl crystals (see, e.g., 
figure 5) are, according to the above-referenced report, the 


Figure 4. This 83.29-ct pyrite section was fashioned 
to display its natural surfaces and then acid treated 
to induce an attractive iridescence. Courtesy of Bill 
Heher; photo by Maha DeMaggio. 
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Figure 5. A large pegmatite at Wolodarsk, Ukraine, 
produced this 314-gram beryl! crystal. Courtesy of 
Wicast Lid.; photo by Sky Hall. 


result of secondary crystallization. We also learned through 
a colleague the heat-treatment conditions being used to 
produce blue stones from the greenish yellow to yellowish 
green material. First the stones are slowly heated in air to 
350°C, This temperature is maintained for roughly 12 
hours, at which time the oven is turned off and the stones 
are allowed to cool slowly. A dealer involved in the treat- 
ment and marketing of this material indicated that it is 
very consistent in its response to heat. It is therefore possi- 
ble to predict fairly accurately the color that will result by 
the depth of color and strength of the green component 
prior to heating. 

One of the editors (EF} had been shown similar beryl 
crystals of Ukrainian origin in Idar-Oberstein, Germany, a 
few years ago. This material reportedly has been making 
its way to Europe for several years. What we saw this year 
at Tucson appears to be the beginning of a serious promo- 
tional effort in the United States. 


Miscellaneous notes on emeralds. A number of dealers 
exhibited fine-quality Zambian emeralds, which were 
deep, slightly yellowish green and had fewer eye-visible 
inclusions than is typically seen in this material. Most of 
these stones are said to come from a new vein. Idar- 
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Oberstein dealer Rudi Cullmann reports that the Nigerian 
“emerald” deposit, which created a debate in the trade over 
the nomenclature of the green beryls found there, is tem- 
porarily inactive. 

We also saw emerald from Madagascar. This material, 
available for some time in Europe, is only starting to sur- 
face in the United States. It is slightly darker than average, 
and slightly yellowish green with a “brightness” that one 
dealer compared to green cubic zirconia. Specimens exam- 
ined by one of the editors were relatively clean, with the 
feldspar inclusions that seemed so prominent in early 
material from this source conspicuously absent. 


Extraterrestrial gem materials, Many collectors find the 
most fascinating of gem materials to be those that origi- 
nate from beyond our own planet. At the 1992 Tucson 
show, we noted jewelry set with “Gibeon class” iron-nick- 
el meteorite from Namibia (Gem News, Summer 1992). 
There was even more of this material this year, being sold 
as acid-etched blocks and plates ranging from a few grams 
to over a kilogram. 

Although the editors saw only a few faceted pallasitic 
peridots like those featured in the article by Sinkankas et 
al. (Gems & Gemology, Spring 1992}, at least two vendors 
were selling free-form “gems” of nickel-iron with peridot 
(see, e.g., figure 6). This material was reportedly fashioned 


Figure 6. This 29.99-ct tongue-shaped cabochon was 
fashioned from a pallasitic meteorite. Photo by 
Maha DeMaggio. 
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Figure 7. At 43.69, 97.78, and 111.02 ct, 
these Indian iolites are exceptionally 
large. Courtesy of Anil B. Dholakia, 
Adris Oriental Gem & Art Corp.; photo 
by Nicholas DelRe. 


from parts of the large pallasite found in Esquel, Argentina, 
that was mentioned in the above-referenced article. 

A number of natural glasses (known as tektites) were 
also available. While there is still debate as to whether 
these are of extraterrestrial origin, it is now more widely 


Figure 8, This 600-ct opal was found in northern 
New South Wales, Australia, Courtesy of Robert 
and Brendon Cleaver, Silver Orchid, Australia; 
photo by Robert Weldon. 


56 Gem News 


accepted that other-worldly forces were involved in their 
formation (e.g., the impact of meteors). Moldavite was 
again present in both rough and fashioned form, while tek- 
tites such as the black “Indochinites” from Thailand and a 
similar-appearing material from neighboring China were 
seen as rough. Also noted were irregular lumps of light yel- 
low Libyan desert glass. 


Some unusually large gems. We saw a number of excep- 
tionally large gemstones this year. Mark Smith from 
Bangkok had one of the largest faceted sinhalites the edi- 
tors have seen, an attractive 2.40.60-ct light brown cushion 
shape that reportedly was cut from a 465-ct piece of rough 
recovered at Elapata Village, approximately 6 km north of 
Ratnapura, in Sri Lanka. The stone is so large that one can 
actually see doubling of the pavilion facet junctions 
through the table with the unaided eye. 

A number of dealers offered large (up to 17 ct}, clean, 
brown faceted sphenes (titanites) from Sri Lanka. The 
strong dispersion was nicely enhanced by the medium 
dark brown body color. 

Art Grant, of Coast-to-Coast Rare Stones, Martville, 
New York, exhibited a fine 673.14-ct faceted pink fluorite 
from Pakistan that was cut in a modified hexagon. Mr. 
Grant did not know of any larger faceted pink fluorite from 
this locality. 

The editors have seen few faceted iolites larger than 
about 10 ct. It was thus with some surprise that we came 
across three very large stones at one exhibitor’s booth. The 
43.69-, 97.78-, and 111.02-ct stones (figure 7} reportedly 
were all cut from a single crystal of Indian origin. 

Also seen was an approximately 600-ct opal found in 
the 1920s at Tintenbar, in northern New South Wales, 
Australia (figure 8). This unusually large piece of white 
opal, which shows good play-of-color, formed in a basaltic 
environment. 


Jadeite from the Russian Federation. Although Myanmar 
(formerly Burma) is the best known and commercially the 
most important source of jadeite, other localities {e.g., 
Guatemala) have also produced this gem material. This 
year at Tucson we were shown jadeite from the Russian 
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Figure 9. These jadeite cabochons (15.92 and 18.44 
ct) were cut from material mined in the Sajany 
Mountains of the Russian Federation. Photo by 
Maha DeMaggio. 


Federation. Representatives of the renowned Fersman 
Mineralogical Museum in Moscow were offering some 
semitranslucent, strongly mottled, grayish green cabo- 
chons that resembled Guatemalan material (figure 9), 
which reportedly came from the Sajany Mountains. The 
firm White Nights/USIM had small slabs of semitranslu- 
cent green jadeite with a very saturated color that a repre- 
sentative identified as coming from south-central Siberia, 
near Lake Baikal, which is just east of the Sajany 
Mountainé. Therefore, the different specimens may actual- 
ly originate from the same source. 

Gemological testing of a 15.99-ct grayish green round 
cabochon obtained from the Fersman representatives 
revealed properties consistent with those published for 
jadeite, including a strong 437-nm absorption line. X-ray 
diffraction analysis then confirmed the identification. 
Examination of a small fragment of the more saturated 
green material with a desk-model spectroscope revealed 
the strong absorption lines in the red that are attributed to 
chromium in jadeite. 


Lapidary art. Among the large number of excellent gem- 
stone carvings available at Tucson this year, of particular 
interest were those that took advantage of the intemal fea- 
tures of the host gem to add significantly to its appearance. 

Judith Whitehead, of San Francisco, had a pair of 33- 
mm-long oval cabochons of rock crystal quartz that had 
been fashioned to place a prominent band of bright red 
inclusions right down the center of each (figure 10). 
Magnification revealed the inclusions to be transparent, 
with the general appearance of hematite or lepidocrocite. 

Kusum S. Naotunne, of Ratnapura, Sri Lanka, showed 
us the unique 14.19-ct zircon illustrated in figure 11. The 
numerous iridescent discoid fractures that create the aven- 
turescent effect resulted from metamict breakdown of the 
host. In this instance, the lapidary very carefully placed 
this layer under the table facet and at an angle just off par- 
allel to the table plane so that the aventurescence would be 
seen without distracting light reflections from the table 
surface itself. 
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Opal from Canada. The February 1993 issue of Lapidary 
Journal contains an article by Paul B, Downing on a recent 
find of opal in British Columbia, Canada. At Tucson, one 
of the editors examined some of this material and spoke 
with Professor Downing and Robert Yorke-Hardy. The lat- 
ter is involved in the prospecting and recovery of the opal. 

The material is found in basalt—sometimes with 
chalcedony—at a site within approximately 40 km (25 mi.] 
of the town of Veron. The opal ranges from transparent to 
opaque; most exhibits a yellow-to-brown body color remi- 
niscent of material from Mexico, although colorless opal 
with strong play-of-color has also been found (see, e.g., fig- 
ure 12), as well as much common opal. Mr. Yorke-Hardy 
volunteered that most of the effort to date has gone into 
exploration rather than recovery, and that the true extent 
of the opal field has yet to be determined. 


Figure 10. Each of these 33-mm-long quartz cabo- 
chons is highlighted by a distinctive band of bright 
red inclusions. Photo by Maha DeMaggio. 


Figure 11. The aventurescence in this 14,19-ct zircon 
was created through careful orientation of the inclu- 
sions. Photo by Maha DeMaggio. 
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Figure 12. This opal in basalt matrix (32.5 x 29.3 x 
31.5 mm) is from British Columbia, Canada. 
Courtesy Robert W. Yorke-Hardy, Y-H Technical 
Services Ltd.; photo by Maha DeMaggio. 


Cultured pearls from Tahiti, Australia, and China. Tucson 
dealers offered a number of the cultured pearls purchased 
at the October 9-10, 1992, auction held in Papeete, Tahiti. 
This auction is held annually by GLE. Poe Rava Nui, an 
organization that represents several hundred family and 


Figure 13, These natural freshwater pearls and non- 
nacreous concretions (5.5-8.5 mm in diameter) are 
from Quebec, Canada. Courtesy of Claudette 
Bouchard; photo by Robert Weldon. 
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cooperative pearl farms in French Polynesia. 
Approximately 50,000 Tahitian cultured pearls, divided 
into 120 lots, were offered; all but one lot sold. The average 
price per cultured pearl was US$100, with the highest 
price—US$445 each—paid for a lot of 411 pearls in the 
10-13 mm range. The success of the auction was primarily 
attributed to G.LE.’s emphasis on quality over quantity in 
their selection of materials. They also limited each lot to 
one shape (rounds, ovals, etc.) and to goods of comparable 
value. On our return from Tucson, however, we learned 
that a devastating cyclone hit French Polynesia in the 
Tuamotu Archipelago on February 10, causing extensive 
damage to the cultured pearl industry. 

Large, white baroque cultured pearls from Australia 
were also available, as were high-quality tissue-nucleated 
cultured pearls from China. The Chinese are working to 
develop perfectly spherical cultured pearls by means of tis- 
sue nucleation. 


Natural freshwater pearls from Quebec. Claudette 
Bouchard and Jean Boisvert, of Aux Pierres Fines Enr., 
Alma, Quebec, loaned the editors seven natural freshwater 
pearls and nonnacreous concretions from Quebec (figure 
13). These ranged in diameter frorn 5.5 to 8.5 mm. Some of 
the concretions were only partially covered with nacre, and 
a reddish brown one had none. The nacreous parts and 
pearls showed white to pinkish white body color, and one 
was purplish pink. All had very high luster. Some had 
minor holes, indentations, and blemishes; some were “cir- 
cled” or “ringed.” The largest Quebec pearls documented 
thus far are 9.8 and 10.5 mm in diameter. One pearl and 
one concretion had been sawn in half, note in figure 13 the 
concentric-layer structure typical of natural pearls. The X- 
ray luminescence of these pearls was a weak white glow, 
as would be expected from river pearls of these body colors. 
All of these pearls and concretions had been harvested 
during the preceding few summers, initially by chance and 
then by curiosity. They form in a freshwater mollusk from 
the Unio family, which is found in the waterways north of 
the Lac St. Jean area, around the 50th parallel. These mus- 
sels measure between 15 and 20 cm and generally show 
barbs on their shells. The temperature in this area is 
known to dip as low as — 40°C, and one wonders how these 
mollusks can survive in such an extreme environment. 


“Peeling” pearls, Charles Yousling, of Charles of Fairhaven 
in Burlington, Washington, encountered uncornmon suc- 
cess at Tucson in finding and extracting spherical black 
cultured pearls—from within their baroque casings. Mr. 
Yousling recovered the 10.5-mm round pearl illustrated in 
figure 14 by carefully peeling (with a knife) a baroque 
Tahitian cultured pearl similar to that shown in the upper 
left-hand corner. He repeated his success only a few days 
later, as evidenced by the partially peeled pearl on the 
right. The “shell” of nacre removed from that specimen is 
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Figure 14, The 10.5-mm round black cultured pearl 
at the bottom was recovered by peeling a baroque 
cultured pearl similar to the one at the upper left. 
Another round cultured pearl (far right) is in the pro- 
cess of being peeled, with the original “skin” shown 
here in the upper center. Courtesy of Charles 
Yousling; photo © GIA and Tino Hammid. 


shown here in the center. Of the 80-100 baroque Tahitian 
cultured pearls Mr. Yousling has peeled over the past five 
years, he has uncovered 10 round pearls. In selecting a pos- 
sible candidate, he first looks for one that has enough 
weight to justify the peeling and does not rattle when 
shaken. Another clue is the ability to transmit light 
through the first translucent layer of nacre to the one 
below. A small flashlight is a great help here and, surpris- 
ingly, a toothpick: Sometimes the round pearl inside the 
top layer of nacre can be rotated by careful manipulation 
through a surface flaw with a toothpick—the trick Mr. 
Yousling used to find the 10.5-mm pearl. He only selects 
relatively inexpensive pearls (the one that produced the 
round bead shown here cost US$20] because of the uncer- 
tain outcome of the peeling process. Note from the 
exposed seed on the baroque cultured pearl in the upper 
left of figure 14 that the nacre was too thin to enclose a 
nacreous round bead. 


Peridot from Ethiopia. One of the benefits of attending 
Tucson is the opportunity to see gem materials from new 
localities. This year proved no exception, with peridot 
from Ethiopia making its “Tucson debut.” Among other 
dealers, Rudi Cullmann was offering rough that he had 
received via Nairobi. He and a colleague indicated that the 
material had first become available in mid-1992., 

According to a brief report by Dr. N. R. Barot in the 
February 1993 issue of the ICA Gazette (“Gem deposits 
discovered in Ethiopia and Somalia”), the peridot was 
found near the villages of Mega and Magado in the far 
south of Ethiopia, within the Mega escarpment and about 
110 km northeast of Lake Turkana. This represents the 
northernmost gem deposit found to date in the 


Gem News 


Mozambique orogenic belt, which runs from 
Mozambique, through the gem-rich areas of East Africa, to 
Somalia on the Gulf of Aden. The peridot occurs in basalt 
“halls” that are scattered on a desert plain. Dr. Barot states 
that clean, facetable material over 2 grams is rare, an obser- 
vation consistent with what we saw in Tucson. 

In terms of color and the irregular shape of the rough, 
the material is reminiscent of peridot from the San Carlos 
Apache Indian Reservation in Arizona. Unlike San Carlos 
material, however, the Ethiopian rough appears more con- 
sistent in color from piece to piece. Seven rough pieces and 
seven faceted stones were purchased for further investiga- 
tion (see, e.g., figure 15]. Gemological testing revealed prop- 
erties consistent with peridot from other localities. With 
magnification, we noted the following internal features in 
one or more of the fashioned stones: roughly circular 
decrepitation halo cleavages (“lily pads”), partially healed 
fractures, some with yellowish staining (possibly limonite], 
nearly opaque, dark reddish brown octahedra (possibly 
chromian spinel); and translucent, somewhat brown inclu- 
sions, possibly distorted spinel crystals. Also noted were 
wisp-like streamers that, when abundant, imparted a hazy 
appearance to the host that was different from a similar 
effect sometimes seen in peridot because of its strong dou- 
bling. All of these internal features have been noted in peri- 
dot that formed in similar environments such as Arizona 
and China. 


Red quartz from Mexico. David R. Hargett of New York 
showed the editors some unusually bright, slightly brown- 


Figure 15. Southern Ethiopia is the reported source 
of these three faceted peridots (the square-cut stone 
is 2.76 ct). Photo © GIA and Tino Hammid. 
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Figure 16. This 8.65-ct partially polished piece of red 
quartz and the accompanying faceted stone appear 
to be colored by inclusions of the fibrous form of 
cuprite known as chalcotrichite. Courtesy of David 
Hargett; photo © GIA and Tino Hammid. 


ish red quartz (figure 16) from Mexico. With magnification, 
we saw a multitude of tiny, randomly oriented red fibers 
throughout this material. The appearance of the inclusions 
and the fact that the red quartz was found in the walls of a 
copper mine in Zacatecas, suggests that they might be the 
fibrous form of the copper oxide cuprite known as chal- 
cotrichite. EDXRF analysis showed a very high copper con- 
tent and virtually no iron in the quartz. Previous examples 
of red quartz have been found to be colored by some type of 
iron compound such as hematite-stained limonite. 

Myr. Hargett indicated that the supply of this red 
quartz seems to be quite limited, but the actual reserves 
are not known. Mining for copper minerals is ongoing in 
the area. 


Miscellaneous fashioned curiosities. Art Grant, of Coast- 
to-Coast Rare Stones, again offered a number of unusual 
faceted materials, including: a 2.45-ct near-colorless faceted 
ezcurrite from Argentina (difficult to cut because it 
“shreds” on the lap], a 2.00-ct probertite from Germany; a 
0.14-ct light brown mooreite (as slippery as mica}; and a 
20.18-ct near-colorless brucite from the Russian 
Federation. 

Gilles Haineault, from Montreal, Quebec, had a 
roughly square-shaped 1.22-ct faceted leifeite from Mont 
St. Hilaire, Quebec. Although relatively abundant at Mont 
St. Hilaire, leifite rarely occurs in transparent pieces. 


Transparent rhodochrosite from Colorado. One of the most 
spectacular gem materials seen at Tucson was 
rhodochrosite from the recently reopened Sweet Home 
mine near Alma, Colorado. According to a representative 
of The Collector’s Edge, a firm displaying and marketing 
this material in both mineral specimen and faceted form, 
some very rich pockets were uncovered in the latter half of 
1992. One of these (the Good Luck pocket, found in 
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September) produced some 500 pieces. Among the faceted 
stones were a 51.58-ct cushion shape, a 33.39-ct rectangu- 
lar brilliant, and a 21.51-ct round brilliant, all cut by 
Michael Gray. These stones were not only exceptionally 
large, but they were also lighter in tone and more transpar- 
ent than is typically seen in such material (figure 17). 
Among the unfashioned specimens was a euhedral crystal, 
measuring about 10.5 x 10.5 x 6.0 cm, on matrix. 


Update on rubies. Rubies from Myanmar (Burma) appeared 
to be more available this year than last, with several deal- 
ers even offering calibrated Burmese melee, a sure sign that 
the material is abundant. Rubies from Vietnam were also 
more widely available this year, and the overall quality 
appeared to be higher. In addition, we saw more truly red 
stones than previously, when a significant number of the 
Vietnamese “rubies” offered were actually pink sapphires. 

Several dealers had very attractive Afghan stones, 
some truly red, up to approximately 1.5 ct. These came 
from renewed production at the well-known Jegdalek 
locality, Many specimens on matrix were available at the 
mineral shows. Gary Bowersox, of GeoVision Inc., had one 
cabochon that was bicolored blue and red, indicating that 
blue sapphire might be present at the same locality. 

South India has long been known as a source of a gen- 
erally low-end commercial grade of star corundum. This 
material, which typically shows pronounced hexagonal 
zoning and a pale brownish red to purple color, is some- 
times referred to as “mud ruby” in the gem industry. This 
year we saw for the first time another type of red to pink 


Figure 17. This 5.87-ct rhodochrosite was fashioned 
by Michael Gray from material recovered in 1992 
from the Sweet Home mine near Alma, Colorado. 
Courtesy of Ralph Mueller and Assocs., Scottsdale, 
Arizona; photo by Maha DeMaggio. 
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Figure 18. These ruby and pink sapphire cabochons, 
ranging from 2.72 to 3.44 ct, are from southern 
India. Courtesy of Ketan and Anil B, Dholakia, 
Adris Oriental Gem & Art Corp.; photo by Maha 
DeMaggio. 


corundum, reportedly from Karnataka, about 160 km (100 
mi.} south of Mysore in southern India. Although no better 
than translucent in diaphaneity, the material appeared 
evenly colored and was a far more attractive, saturated 
color (figufe’ 18) than the asteriated stones described above. 


Miscellaneous notes on sapphires. As one of the most pop- 
ular of colored stones, sapphires were abundant in Tucson. 
Thailand, Australia, and Sri Lanka were well represented, 
with smaller amounts from sources such as Colombia, 
Montana, Tanzania, and Vietnam. 

The firm Gemstone International was offering 20 
color-change sapphires, most in the 1- to 3-ct range, 
although the largest was 7.16 ct. Uncut black “star” sap- 


Figure 19. These two well-formed crystals (8.62 and 
8.38 ct) and faceted stone (3.93 ct) of spessartine 
garnet are from a recently rediscovered source in 
Africa, Courtesy of Israel Eliezri, Colgem Ltd.; photo 
by Maha DeMaggio. 
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phires from Mato Grosso, Brazil were also seen this year, 
as was an unusual collection of parti-colored sapphires 
from Montana that had been cut to emphasize the color 
zoning. 


Spessartine garnet from Africa. Also introduced at Tucson 
this year was an intense orange garnet from a locality in 
Africa. Various dealers identified the source as Namibia or 
the Kunene River {which runs along the border between 
Namibia and Angola}. At one of the shows, mineral speci- 
mens of this material were labeled “Marienfluss,” report- 
edly the name of a town in northem Namibia. 

The vast majority of the material we saw was being 
marketed by Colgem Ltd. of Ramat-Gan, Israel. It was rep- 
resented as “Hollandine” in honor of the House of Orange, 
the royal family of the Netherlands. According to informa- 
tion provided by Israel Eliezri of Colgem, the material was 
originally found in the late 1800s, by a Dutch adventurer 
who died before he could start mining, Subsequently for- 
gotten, the locality was only rediscovered recently. 

The euhedral crystals typically-exhibit 24 faces, with 
either gyroidal or trapezohedral morphology. Cut stones 
average 2, ct, with the largest fashioned gem to date weigh- 
ing 13.77 ct. Two crystals and one fashioned gem (figure 
19} were subsequently loaned to the editors for examina- 
tion. Gemological properties determined on the fashioned 
piece were as follows: R.I. of 1.791, S.G. of 4.10; and a 
weak, desaturated orange appearance through the Chelsea 
filter. Absorption features noted with a desk-model prism 
spectroscope were an absorption cutoff at about 445 nm, a 
distinct diffused band just above 460 nm, a stronger and 
wider diffused band between 480 and 490 nm, and a weak 
diffused bank from about 525 to 545 nm. Magnification 
revealed angular and roiled graining throughout the stone; 
semiparallel, curved fibrous inclusions resembling bysso- 


Figure 20. Note the three distinct color zones in this 
21,88-ct zoisite. Courtesy of Cynthia Renée; photo 
by Shane F, McClure. 
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Figure 21, This unit, the larger of two “LubriGem” 
systems, was developed in Israel to fill fractures in 
emeralds. 


lite asbestos; and somewhat rounded, transparent, near-col- 
orless crystals (possibly apatite) in a cluster and in associa- 
tion with dark, opaque angular crystals, possibly a man- 
ganese oxide. 

On the basis of the criteria established by Stockton 
and Manson {see Gems & Gemology, Winter 1985), this 
garnet should be classified as spessartine. Note, however, 
that it is not a pure spessartine, as EDXRF analysis identi- 
fied the presence of a significant amount of Fe and traces of 
Ti. The very saturated color, which led a number of gemol- 
ogists at the show to hypothesize that this was pure spes- 
sartine, is actually due to Fe-Ti charge transfer absorbing 
considerable blue light, in addition to the expected Mn fea- 
tures. 


Tourmaline from Paraiba, Brazil. The distinctive cuprian 
tourmaline from Paraiba, Brazil, was again available, 
although not in great quantities, Most of the stones we saw 
were small, less than 1 ct. For example, the firm 
Organizacées Manoel Nogueira Ltda. of Minas Gerais, 
Brazil, had about 1,000 ct of round melee 2.6-3.5 mm. This 
firm also had an exceptional 4.80-gram bicolored—vio- 
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|, ae a | 
Figure 22. Grain boundaries are evident in this 

62-gram reconstructed amber produced in 
Czechoslovakia. Photo by Maha DeMaggio. 


letish blue and blue-green—crystal with no eye-visible 
inclusions, although the well-formed prism faces exhibited 
distinct striations. A number of dealers had slices of con- 
centrically zoned—watermelon-type—material from 
Parafba. We did see some faceted stones in the 2- to 4+-ct 
range, some reportedly of natural color and others identi- 
fied by the vendors as having been heat treated. 

We also saw crystals of dark yellowish green tourma- 
line with highly reflective, yellow metallic-appearing 


Figure 23. Crystal-pulling techniques are being used 
increasingly to produce materials with gem applica- 
tions, such as these specimens of synthetic corun- 
dum (e.g., the red boule, 18 cm long x 7.5 cm in 
diameter) and YAG (e.g., the blue wedges, 2.8 cm 
long x 1 cm thick). Courtesy of Manning 
International, photo by Nicholas DelRe. 
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inclusions (see Gem News, Fall 1992, p. 205, for a faceted 
example}. According to Luizhélio Barreto da Silva Nen of 
Recife, Brazil, this material is found below the levels from 
which the brightly colored crystals are recovered. Further 
down, only black schorl is found. 

Staff members were also shown some blue-green 
Paraiba-like tourmaline—the largest, a 52.96-ct pear 
shape—that was said to come from a new find near 
Aracuai in northeast Minas Gerais. A knowledgeable deal- 
er informed one of the editors that tourmaline recently dis- 
covered from another locality was being misrepresented as 
Paraiba material. Although this newer material might 
resemble that from Paraiba, it reportedly does not respond 
as well to heat treatment; that is, the resulting colors are 
not as saturated. 


Parti-colored zoisites. A Gem Trade Lab Note in the 
Winter 1992 Gems & Gemology describes and illustrates a 
distinctly bicolored (violetish blue/yellowish green) 2.52-ct 
zaisite. We saw a small number of similar-appearing fash- 
ioned stones this year at Tucson. One firm, DW 
Enterprises of Boulder, Colorado, had four faceted stones 
ranging from 1.50 to 4.29 ct. We also saw a distinctive 
21.88-ct cabochon that displayed a green section between 
two blue zones (figure 20}. 

When, GIA staff members examined some of the 
rough material described in the article “Gem-Quality 
Green Zoisite” (N. R. Barot and E. W. Boehm, Gems & 
Gemology,: Spring 1992), they noted blue zones in several 
pieces. Thus, it is quite possible that additional bicolored 
stones will appear in the trade. 


ENHANCEMENTS 


Apparatus for fracture filling gems. The Fall 1992 Gem 
News section contained an entry on a kit for color treating 
emeralds. This system included a green oil-based dye and 
used heat—but no pressure or vacuum apparatus—to facili- 
tate penetration into surface-reaching breaks. 

This year we saw another system being promoted to 
enhance the appearance of emeralds {figure 21}. Marketed 
as “LubriGem,” it was developed by Zvi Domb, an engi- 
neer from Ramat-Hasharon, Israel. 

The apparatus uses a thick-walled metal cylinder that 
is filled to about 50%-60% of its volume with the sub- 
stance of choice. Mr. Domb has found that cedarwood oil 
works best with Colombian emeralds, and paraffin works 
well with Zambian stones. He indicated that synthetic 
polymers such as Opticon can also be used in his system. 

After the filler has been melted and/or reduced in vis- 
cosity through heating in the cylinder to approximately 
95°-100°C, the stones to be treated are placed in a perforat- 
ed glass cup and immersed in the filling medium. A spring- 
driven metal piston is then inserted into the top of the 
cylinder and tightened by hand to pressurize the contents. 
Stones are treated from 30 minutes to 12 hours (longer 
times are recommended for better results}, after which the 
heating element is turned off, and the stones are removed 
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and cleaned with a piece of cloth. The system is available 
in two sizes, one that accommodates several small cups at 
a single time, and the other—a portable unit—that can 
handle only one cup. 


SYNTHETICS AND SIMULANTS ME 


Reconstructed amber. Amber was abundant at the shows 
this year. One substitute for natural block amber seen was 
reconstructed amber, also known as “pressed amber” and 
“ambroid.” This material, marketed by the firm Solar-X 
International, was available as unfinished cylinders and 
blocks, as well as in sectional bracelets. According to a rep- 
resentative of the firm, the material is produced in 
Czechoslovakia from Baltic amber recovered from the 
Kaliningrad region of Russia. The representative also vol- 
unteered that nothing was added to the amber during 
reconstruction (R. T. Liddicoat’s Handbook of Gem 
Identification [1989] indicates that linseed oil is usually 
added). 

One sample, a 62-gram cylinder (figure 22), was pur- 
chased for examination. The material exhibited an aggre- 
gate reaction between crossed polarizers and no strain col- 
ors; a variegated luminescence to U.V. radiation (long 
wave—weak to strong chalky bluish white and faint to 
weak dull brownish yellow; short wave—faint to weak, 
dull chalky brownish yellowish green]; 1.53 spot R.L; and 
1.06 S.G. In addition to enhancing the veil-like brown out- 
lines of the individual pieces of amber (which can also be 
seen with the unaided eye], magnification revealed several 
small, round gas bubbles. However, no stretched gas bub- 
bles, which are sometimes associated with pressed amber, 
were noted. 


More “pulled” synthetic materials available. As noted in 
the Winter 1992, Gem News column, much of the crystal- 
growth research that has potential relevance to the gem 
industry involves Czochralski and other pulling tech- 
niques. Last year at Tucson, we saw “pulled” blue, green, 
and pink synthetic sapphires; yttrium aluminum garnet 
(YAG] in a number of colors; and synthetic alexandrite. 

This year the above materials were again being 
offered, as were synthetic mby and synthetic pink sapphire 
in a wider range of tones. According to one vendor, such 
pulling techniques generally produce large crystals of very 
uniform color. He indicated that his firm had sold 400,000 
carats of “rough” synthetics during the first two months of 
1993. Some representative colors of synthetic corundum 
and YAG are shown in figure 23. 


Miscellaneous emerald simulants. Emerald is typically one 
of the more highly included single-crystal gem materials, 
and lower-quality stones often exhibit reduced diaphane- 
ity. Therefore, materials with aggregate structures can be 
faceted to imitate translucent emeralds. Three such mate- 
rials were seen at Tucson this year: chrysoprase chal- 
cedony from Australia, dyed green chalcedony, and aven- 
turine quartz from India. In particular, about 200 carats of 
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the quartz were being offered by one firm, all emerald cut. 
The uneven color distribution might cause someone to 
believe that the stones were low-quality emerald or beryl 
that had been treated with a colored fracture filler. 


UPDATE 2 : 
1993 Burma Emporium. Prior to making a retum visit to 
the Mogok Stone Tract, Robert E. Kane and Dr. Edward 
Gtbelin attended the 30th annual Gems, Jade, and Pearl 
Emporium, which was held February 18-28, 1993, in 
Yangon, Myanmar (formerly Rangoon, Burma]. They pro- 
vided Gem News with the following report. 

The Myanma Gems Enterprise {MGE} 30th 
Emporium concluded with total sales of US$14,657,185, 
just short of the record $14,839,891 sales at the 27th (1990} 
Emporium. A total of 654 people, from 16 countries, 
attended the 1993 Emporium. 

Jadeite jade attracted the majority of buyers (458 from 
Hong Kong alone} and commanded the highest dollar 
amount, with total sales of $11,472,889. Of the 540 jade 
lots offered, 343 sold; the reserve asking price was not met 
on the other 197 lots. It is interesting that this year’s auc- 
tion also featured a small selection of rough maw-sit-sit 
from the Tawmaw area, in the jadeite-mining district of 
upper Myanmar. 

Pearls cultured in the Mergui Archipelago region of 
southern Myanmar brought in $642,255. The 179 lots of 
“gems,” the Emporium’s third auction category, sold for a 
total of $1,008,629. These lots were primarily composed of 
rubies and sapphires (most already cut, although some 
rough was offered). This year the auction also included 
small quantities of peridot, various colors of spinel, green 
tourmaline, danburite, almandine garnet, aquamarine, 
diopside, enstatite, zircon, colorless topaz, and scapolite. A 
21-kg piece of lapis lazuli that sold reportedly came from a 
deposit just beyond the Dat Taw ruby mine in Mogok. 
Thirty-three lots comprising 106 faceted diamonds were 
offered, but only 61 stones in 17 lots sold. 

As reported in the article “Status of Ruby and Sapphire 
Mining in the Mogok Stone Tract,” which appeared in the 
Fall 1992 issue of Gems e&) Gemology, there is an impor- 
tant new mining district in Myanmar, at Monghsu. At the 
30th Emporium, 14 lots of Monghsu muby were offered. 
Three lots each contained 1,000 carats of small (1,033 
pieces in one lot, 1,300 in each of the other two}, untreated 
ruby rough from this exciting new locality. Because the 
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MGE had always taken pride in the fact that none of the 
rubies and sapphires offered at the Emporium had been 
subjected to heat treatment, the fact that the 11 remaining 
lots of faceted Monghsu ruby were prominently labeled as 
heat treated represented a historic first for the MGE 
Emporium. However, heat treatment of these stones is 
necessary to remove the distinct blue, hexagonal zoning 
(which is oriented down the center of the crystal, along the 
c-axis} in this naturally dark to very dark, slightly purplish 
red material. The resulting color is a very attractive medi- 
um to dark red that is comparable to fine rubies from 
Mogok. Mr. Kane and Dr. Giibelin also saw a great deal of 
faceted, heat-treated Monghsu ruby in Bangkok. 


ANNOUNCEMENTS 
We are proud to report that Gems & Gemology won first 
place for best professional joumal in the 1992 Gold Circle 
Awards competition sponsored by the American Society of 
Association Executives (ASAE). In addition, the article 
“Rubies and Fancy Sapphires from Vietnam” was awarded 
a certificate of achievement in feature writing— 
scientific/education, the second highest award in that cate- 
gory. Authored by Robert E. Kane, Shane F. McClure, 
Robert C. Kammerling, Nguyen Dang Khoa, Carlo Mora, 
Saverio Repetto, Nguyen Duc Khai, and John I. Koivula, 
the article appeared in the Fall 1991 issue of Gems w 
Gemology. Of particular interest, given the journal’s repu- 
tation for fine graphics and color reproduction, is the fact 
that the “feature writing” award was awarded on the basis 
of the text only, as required by the rules of the contest. 
Editor Alice S. Keller traveled to Washington, D.C., to 
accept the two awards at the ASAE’s 10th Management 
Conference (figure 2.4). 


Figure 24, Gems & Gemology Editor Alice Keller 
(right) accepts the 1992 ASAE award for best profes- 
sional journal from ASAE Executive Director 
Quincalee Brown, 
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CH AL-LEN-G-E 


Diamond exploration in Canada and the Russian Federation, the 
vast gem potential of Tanzania, advances in diamond synthesis, the 
identification of “bleached” jadeite, the resurgence of ruby mining at 
Mogok. . . . It’s been an exciting year in the world of gemology, and 
we've worked to uphold our commitment to keep you well informed on 
every new development. 

Now, along with GIA’s Continuing Education Department, Gems # 
Gemology challenges you. 

Based on information from the four 1992 issues of Gems &) Gemology, 
the following 25 questions call on you to demonstrate your knowledge of 
this dynamic field. Refer to the feature articles and Notes and New 
Techniques in these issues to find the single best answer for each question, 
then mark your letter choice on the response card provided in this issue. 
Mail the card to us by Friday, August 20, 1993. Be sure to include your 
name and address—all entries will be acknowledged with a letter and an 
answer key. 

Score 75% or better and you will receive a GIA Continuing Education 
Certificate in recognition of your achievement. Earn a perfect score of 100% 
and your name will also appear “in lights” in the Fall 1993 issue of Gems # 
Gemology. Good luck! 


« 


Note: Questions are taken from 3. Kilbourne Hole is the site of an 6. 
only the four 1992 issues. Choose A. alkaline lake. 

the single best answer for each B. extinct volcano. 

question. C. ancient meteorite. 


: : . D. ancient mining camp. 
1. Aninexpensive, accurate, reli- 


able, and easily operable gold 4. 


Bleach 1 : 
Gecuinbrethigd te eached and polymer impreg. 


nated jadeite is sometimes g 


referred to as 
B. X-ray fluorescence. A 


A. capacitive decay, 


C. chemical reactivity > Coed jade. 
D. not presently available Br -zeeads Bade, 
- C. grade B jade. 
2. Anew muby imitation that was D. grade C jade. 


first reported in 1991 appears 
to be produced by subjecting 5: 
natural corundum to 


The simplest mining method 
throughout Myanmar is 


tunneling. 

open-pit mining. 
sluice operations. 

the washing of gravels 
along waterways. 


A. heat treatment. 

B. quench crackling and 
dyeing. 

C. electrolysis. 

D. coating and fracture filling. 
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Gemological Institute of America 


This Letter of Cong latin u presented to 


Robert T. Jeweler 
for pastiopstion 


GIA Gems ex Gemology Challenge 


oo pnd 1S, 1978 


Apal 1S. 1945 


The primary coloring agent of 
gem-quality green tanzanite is 


A. iron. 

B. chromium. 
C. vanadium. 
D. nickel. 


The Changle sapphire deposit 
is unique among basaltic 
sapphire deposits because 


A. it produces a large num- 
ber of color-change 
stones. 

B. it produces many large 
(5+ ct} stones. 

C. — significant amounts of 
sapphire have been identi- 
fied in situ. 

D. _ significant amounts of 
blue and green sapphires 
have been recovered. 
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10. 


11. 


12. 


66 


It is unlikely that many radia- 
tion-colored grossular garnets 
will be encountered in 
the trade often because 


A. of FTC regulations. 

B. _ their colors fade rapidly. 

C. of their high levels of 
radioactivity. 

D. they are heavily fractured. 


To determine if a diamond is 
synthetic, a good starting point 
is testing its 

A. _ radioactivity. 

B. specific gravity. 

C. thermal conductivity. 

D. luminescence behavior. 


The “fire” opals from 
Querétaro, Mexico, were proba- 
bly formed at temperatures 
near or above 


A. 160°C, 
B. 300°C. 
C. 800°C. 
D. 1100°C. 


The only confirmed locality for 
change-of-color garnets in 
Tanzania is at 


A. Umba. 

B. Morogoro. 

C. Lake Manyara. 

D. Longido Mountain. 


The total production of dia- 
monds from antiquity through 
1990 is estimated to be on the 
order of 


A. 1,000,000,000 carats. 
B. — 1,750,000,000 carats. 
C. —2,000,000,000 carats. 
D. 2,250,000,000 carats. 


Gem-quality green tanzanite 
can be separated from tsavorite, 
“chrome” tourmaline, and 
apatite through the use of a 


A. microscope. 
B. _ polariscope. 
C.  dichroscope. 
D. refractometer. 
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14. 


15. 


16. 


17. 


18. 


19. 


According to recent research, 
when a gray-to-grayish blue 
diamond does not test as elec- 
trically conductive, then the 
diamond 


is type Ia. 

is type Ib. 

is probably not natural. 
should be tested for lumi- 
nescence. 


voy> 


The RI. of bleached/polymer- 

impregnated jadeite compared 

with untreated jadeite is 

A. — slightly higher. 
significantly lower. 


B. 
C. _ significantly greater. 
D. not significantly different. 


The gold content of 10K gold is 
A. 178 parts per thousand. 


B. 417 parts per thousand. 
C. 375 parts per thousand. 
D. 483 parts per thousand. 


The one inclusion typical of 
Kilbourne Hole peridot that 
has not been found in peridot 
from other sources is 


A. _ biotite. 

B. diopside. 
C. hercynite. 
D. forsterite. 


To date, the only method 
known to provide conclusive 
evidence of polymer impregna- 
tion of jadeite is 

specific gravity. 

infrared spectroscopy. 

a handheld spectroscope. 
ultraviolet luminescence. 
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The dramatic fall of ruby prices 
in 1908 was due to 


A. new discoveries of ruby. 
B. the commercial availabili- 
ty of synthetic rubies. 

C. a failed attempt to 
“comer” the market. 

D. the political situation 
leading to the World War. 


20. Ruby from Tanzania was first 
discovered in the early 1900s 
A. at Morogoro. 

B. near Longido Mountain. 
C. along the Umba river. 
D. inthe Merelani Hills. 

21. The vast majority of gem dia- 
monds are type 
A. Ia. 

B. Ib. 
C. Tia. 
D. Ib. 

22. Over the next ten years, the 
most likely major source for 
greatly increased diamond 
production will be 
A. Sakha. 

B. Canada. 
C. Australia. 
D. Antarctica. 

23. The type and amount of 
radionuclides causing radioac- 
tivity in a gemstone can be 
determined 
A. with U.V. testing. 

B. with a Geiger counter. 

C. through X-ray diffraction. 

D. by gamma-ray spec- 
troscopy. 

24. The percentage of diamonds 
from the Argyle mine that are 
gem quality is about 
A. 5%. 

B. 15%. 
C. 20%. 
D. 25%. 

25. Unlike typical peridot, peridot 
from the Esquel meteorite was 
found to contain 
A. “lily pad” inclusions. 

B. _ acicular inclusions oriented 
90° to one another. 
C. _protogenetic plates 
of biotite. 
D. distinct crystals of 
chromite. 
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THE HEAT TREATMENT 
OF RUBY AND SAPPHIRE 


By Ted Themelis, 236 pp., illus., publ. 
by Gemlab, Inc., Clearwater, FL, 
1992. US$90.00* 


One of the most arcane aspects of jew- 
els is the art and alchemy of gem 
enhancement. The creation of a vivid 
blue sapphire from an otherwise unat- 
tractive chunk of corundum stirs both 
our aesthetic longing for beauty and 
our practical desire for profit. These 
processes traditionally have been devel- 
oped by trial and error, and have been 
kept secret within a family or business. 
This secrecy has given rise to a raging 
curiosity among both those who treat 
corundum and those who would like 
to understand the treated stones that 
they buy or sell. Into this vacuum of 
information falls this book by experi- 
enced heat treater Ted Themelis. 

The book is intended for those 
already familiar with heat treatment 
and, to a lesser extent, to explain the 
complexitie§ 6f treatment to gemolo- 
gists and retail jewelers. In chapter 1, 
Mr. Themelis presents some technical 
data useful for heat treatment of corun- 
dum. The causes of color in ruby and 
sapphire, and the general heat-treat- 
ment methods one might wish to apply 
for a given color enhancement, are list- 
ed in chapter 2, with examples of heat- 
treatment experiments very briefly 
described. This is followed by a discus- 
sion of the effect of heat treatment on 
inclusions in chapter 3, and the identi- 
fication of corundum in chapter 4. 

The most useful and informative 
chapters are 5, which gives specific 
details of preparations for heat treat- 
ment, and 6, a survey of heat-treatment 
equipment. Also very valuable is an 
extensive listing of worldwide ruby and 
sapphire localities in chapter 7, with 
general notes on heat treatment of 
corundums from each area. The final 
chapter briefly discusses commercial 
issues such as value and disclosure. 

The organization of the book could 
be improved by first describing treat- 
ment, and then its effects. For exam- 
ple, chapters 3 and 4 might be 
combined, refocused to concentrate on 
the identification of heat treatment in 
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corundum, and moved to the end of the 
book, next to the discussion of value 
and disclosure. Much of the informa- 
tion presented in chapter 4 is better 
covered in the many other publications 
specializing in the separation of corun- 
dum from other stones. 

The descriptions of heat-treatment 
processes in chapters 2 and 7 are inad- 
equate, and they suffer from being divid- 
ed between the chapter organized by 
color and the chapter organized by local- 
ity. There is in these two chapters, as 
elsewhere, a great deal of redundancy. 
At 256 pages, the book is not overlong, 
but one feels that the information could 
have been presented more succinctly. 

In addition, the book appears to be 
entirely unedited, and reads much like 
a first draft. The English grammar, style, 
and punctuation are so poor as to inter- 
fere with the readability of the text, and 
there are many obvious typographical 
errors. Perhaps the most glaring exam- 
ple is a procedure for removing calcite 
crystals from the surface of rough giv- 
en as: “The corundums are embedded 
in a highly concentrated solution of 
hydrochloric acid and heated slowly to 
1500°C on a hot plate for several hours.” 
Unless Mr. Themelis has hot plates of 
extraordinary capability, one would 
assume this was intended to read 150°C. 

Many of Mr. Themelis’s state- 
ments are unclear, and a quotation from 
chapter 1 almost defies analysis: 
“Lightening the dark red color in many 
rubies, usually from various African 
localities, requires changing the valence 
of the Cr”, resulting in partial evapo- 
ration of the chromium. It is not pos- 
sible to change the valence of the coe 
because: the chromium in the ruby sub- 
stance is always in solution, the very 
high melting point of CroOs, its diffu- 
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sion coefficient, and other parameters.” 
The author may have intended to say 
that red color in ruby cannot be light- 
ened by heat treatment, because no 
process is known that can alter the 
valence state of chromium in solution 
in corundum. Many nonstandard terms, 
such as “overcast” color, are unde- 
fined. Others are misused, such as “sec- 
ondary deposits” as an alternative term 
for iron stains. 

There are extensive line drawings 
and black-and-white illustrations, but 
sometimes these are inadequately 
explained or unclear. The very useful 
listing of localities in chapter 7 has no 
specific maps to help us locate the 
places described. 

In addition to the mechanical prob- 
lems listed above, the book is quite 
uneven in the presentation of specific 
technical information. The information 
that is given is frequently incorrect. For 
instance, the method quoted above tor 
removing calcite from the surface of 
corundums presumably instructs the 
reader to heat hydrochloric acid to 
150°C. This is well above the 110°C 
boiling point of HCl, and the fumes 
that HCI would give off at and near the 
boiling point are toxic (Don’t try this 
at home, kids!). 

Much useful information about 
Mr. Themelis’s previously unpublished 
work is included here, but it is inter- 
mixed with the work of others, and fre- 
quently the distinction between his 
work and the work of others is not 
made clear. An extensive bibliography 
is given, but most of the citations are in 
chapter 1, while the work of others in 
the remainder of the text is left unat- 
tributed. 

The author's deliberate decision to 
discuss heat-treatment parameters only 
in general terms is understandable as a 
means of protecting his livelihood, but 
it is frustrating to see all experiments 
descrived only in terms of the number 
and color of stones treated, the treat- 
ment time, and whether the atmosphere 
was “reducing” or “oxidizing.” 


* This book is available for purchase at the 
GIA Bookstore, 1660 Stewart Street, Santa 
Monica, Califomia. Telephone: (800) 421-7250, 
ext. 282. 
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Nowhere is given even one detailed 
account of treatment, including heat- 
ing and cooling ramp rates, oxygen par- 
tial pressure, specific sample preparation 
methods, and specific results. Nor are 
Mr. Themelis’s results related to the 
scientific theory presented in chapter 1. 

At $90.00, this book seems expen- 
sive, but small printings of specialized 
monographs usually have high per-vol- 
ume prices. 

Despite its many problems, this 
book is useful as a survey of corundum 
heat treatment. It could be of value to 
anyone currently involved in heat treat- 
ment, as it does provide some clues and 
“know-how.” It will also help inter- 
ested nontreaters learn more about the 
practice of heat treating sapphires, 
although it may not deepen their 
understanding. Because of the poten- 
tially dangerous errors, it should not be 
used by the novice as a guide to exper- 
imentation. 

MEREDITH MERCER 


GIA Research 
Santa Monica, California 


JADE 

Edited by Roger Keverne, 376 pp., 
illus., publ, by Van Nostrand 
Reinhold, New York, 1991. US$90.00* 


Volumes of literature have been written 
on the topic of jade. If one had to choose 
a single reference work, however, this 
would be a good one. The book is a 
compilation of chapters on the gemol- 
ogy, history, appraisal, and sources of 
jade written separately by 17 con- 
tributing authors and coauthors under 
the guidance of consulting editor Roger 
Keverne. 

Although jade is most often asso- 
ciated with China, this book also 
addresses the often-ignored role jade 
plays in other cultures. In his intro- 
duction, Roger Keverne presents the 
impressive credentials and involvement 
of the individual contributing authors, 
many of whom are university profes- 
sors or museum curators. 

The gemological aspects of jade are 
covered in the first chapter, by Jill 
Walker. This is an expanded version of 
her 1982 Gems # Gemology article (as 
noted in the acknowledgments], adding 
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mineralogic differences between jadeite 
and nephrite, sources for jade, and trade 
names to an otherwise complete 
gemologist's reference. 

The next six chapters—by Daphne 
Lange Rosenzweig, Angus Forsyth (two 
consecutive chapters}, Brian McElvey, 
Yang Boda, and Robert Frey, respec- 
tively—address Chinese jades from the 
neolithic period to post-1800. Scholarly 
attention is paid to developments in 
the uses for jade, motifs utilized, and 
craftsmanship in working jade. As 
throughout the entire book, each chap- 
ter is well illustrated in color. 

The seventh chapter addresses the 
appraisal of Chinese jade, a subject not 
often discussed in written text. Daphne 
Lange Rosenzweig approaches this top- 
ic in terms of the physical, the aesthetic, 
and the extraneous properties of each 
piece. One expects a text to help pin- 
point monetary valuation of gems on 
the basis of physical characteristics 
(identification, size, and quality}, and 
occasionally on aesthetic properties 
(workmanship, subject, style, and peri- 
od characteristics}. However, Ms. 
Rosenzweig emphasizes the extraneous 
properties (provenance, market volatil- 
ity, and local taste} and points out the 
need to gradually acquire connoisseur- 
ship through years of experience. 

Chapters 8-14 are devoted to the 
appreciation of jade from other regions 
and cultures, including the Pacific Rim, 
the South Pacific, Europe, Burma, North 
America, Meso-America, and the 
Islamic and Mughal jades. Emphasis 
here is on the uses of jade historically in 
each region, as well as on the develop- 
ment of techniques for cutting and carv- 
ing jade. 

Mr. Keverne closes the text with 
advice for buyers and collectors. He 
points out considerations for the first- 
time buyer, including color, carving, 
and ornamentation, as well as the need 
to assess the piece for flaws, repairs, 
and possible alterations that make 
recent jade pieces appear antique. 

The three appendices at the end 
are just as valuable as the text. They 
are: (1) an extensive listing of public 
collections of jade worldwide; (2) three 
all-inclusive detailed glossaries covering 


Chinese-language (Pinyin to Wade Giles 
interpretations), English, and Chinese 
terms; and John Sinkankas’s unparal- 
leled bibliography for jade. 

Geologists may feel that the source 
geology information is a bit thin, but 
otherwise all those interested in jade 
will find this book a fascinating and 
useful reference; a welcome addition 
to any library. 

JUNE HANANO-YURKIEWICZ 


Evan Caplan & Co. 
Los Angeles, California 


OTHER BOOKS RECEIVED 


The Regent, by Dale Perelman, 142 
pp., Fithian Press, Santa Barbara, CA, 
1990, US$8.95.* The legend of France's 
most famous diamond is told in this 
biographic dramatization. Based on 
well-documented accounts, this re-cre- 
ation follows the Regent diamond from 
its discovery in 1701 by a slave who 
paid for it with his life, through the 
many members of royalty who sold, 
pawned, murdered for, and romanced 
it, to its resting place today, in The 
Louvre Museum in Paris. 


LAWRENCE E. MARMOSTEIN 


Rubies & Sapphires, by Fred Ward, 64 
pp., illus., Gem Book Publishers, 
Bethesda, MD, 1992, US$14.95.* This 
book is an expanded version of an arti- 
cle originally published in National 
Geographic (Vol. 180, No. 4, October 
1991}. The author has added personal 
accounts of his research adventures as 
well as striking color photographs of 
gems and gem locations. Beginning 
with a brief chapter on “History and 
Lore,” the author swiftly takes you to 
the corundum centers of the world. 
Mining, enhancements, cutting, jewels 
and artifacts, and synthetics and their 
uses, are all illustrated with outstand- 
ing color photographs. Unfortunately, 
there is no information on the Viet- 
namese mines and corundum. How- 
ever, the final chapter contains some 
helpful hints for buying and caring for 
all of these beautiful gems. Note that 
the simplistic style of the text seems 
geared to the novice gem buyer rather 
than the seasoned gemologist. 


LAWRENCE E. MARMOSTEIN 
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COLORED STONES AND 
ORGANIC MATERIALS 


The care and cleaning of gem materials. M. Stather, 
Australian Gemmologist, Vol. 18, No. 2, 1992, 
pp. 34-38. 


This article gives some general tips on cleaning gems. 
Included are dos and don’ts relating to the types of con- 
tainers, detergents, and brushes to use; water temperature; 
and examination of items before, during, and after cleaning. 
Also addressed are “mechanical” cleaning methods—such 
as ultrasonic and steam cleaners—followed by sections on 
storing gems and precautions against wearing jewelry dur- 
ing sports activities. The final section explains how to clean 
ivory and bone. 

The remainder of the report is a two-page table that 
succinctly addresses specific gem materials: chalcedony, 
quartz, beryl, coral, chrysoberyl, diamond, garnet, ivory, 
jade, jet, kunzite, lapis lazuli, malachite, opal, pearl, peridot, 
corundum, shell, spinel, tanzanite, tortoise shell, topaz, 
turquoise, tourmaline, and zircon, For each there is an entry 
on cleaning techniques, followed by comments relating to 
other durability concerns. 

The brief report should prove informative to jewelers 
and gemologists. In many respects it serves as a useful fol- 
low-up to the Gems @ Gemology article “Gemstone 
Durability: Design to Display” {D, Martin, Summer 1987, 
pp. 63-77]. RCK 


Gemological Abstracts 


The chemical properties of Colombian emeralds. D. Schwarz, 
Journal of Gemmology, Vol. 23, No. 4, 1992, pp. 
225-233, 


Quantitative chemical analysis was performed by micro- 
probe on 90 samples of Colombian emeralds, 60 of known 
provenance. The discussion summarizes the data and com- 
pares the findings to previous work on emeralds from a 
variety of localities worldwide. Analyses of the data indicate 
how various elements substitute in the emerald structure. 
The findings essentially confirm previous research, but the 
data for samples of such precisely known provenance is a 
welcome addition to the literature on emeralds. Tables pro- 
vide range and mean data for samples from each locality, and 
graphs illustrate the elemental correlations. Locality and 
geologic maps also accompany the text. CMS 


Chemical, X-ray and Mossbauer investigation of a turquoise 
from the Vathi area volcanic rocks, Macedonia, 
Greece. S, Sklavounos, T. Ericsson, A. Filippidis, K. 
Michailidis, and C. Kougoulis, Newes Jahrbuch fiir 
Mineralogie, Monatshefte, No. 10, 1992, pp. 469-480. 


Secondary turquoise occurs in a porphyritic tra- 
chyte-rhyodacite in the Vahti area of northern Greece, 
where it is found in veinlets and thin encrustations in 
cavities in volcanic rocks. In open spaces, it forms 
massive cryptocrystalline to fine granular structures. 
It has a “sky blue” color and a chemical formula of 
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Cup 96Mino 01 Bap,o1 Als s6Fe® 0,13A80,01[POq)4lOH}g°5HO, 
with a = 7.52(A), b = 10.24{Al, c = 7.70(A), « = 111° 18’, B = 
115° 07’, y = 69° 19’. The Méssbauer spectrum at room 
temperature gave two doublets of nearly equal intensity, 
indicating that the Fe* is substituting for Al?" in octahedral 
Al positions. The Cu cation influences the cell parameters 
c and a, while the Fe?" /{Fe?* + Cu) ratio affects the a-para- 
meter. A simplified geologic map, two scanning electron 
micrographs, microprobe analyses, and a Méssbauer spec- 
trum accompany the article. R. A. Howe 
Editor’s Note: It should be noted that there is no discussion 
regarding the gemological value of this material or its com- 
mercial availability. 


Examination of an unusual alexandrite. U. Henn and H. 
Bank, Australian Gemmologist, Vol. 18, No. 1, 1992, 
pp. 13-15. 


An alexandrite examined by the authors exhibited a num- 
ber of ambiguous properties. Refractive indices, birefrin- 
gence, and U.V. luminescence were within the ranges for 
both natural and synthetic products, and the inclusions 
were equally inconclusive. Among the internal features 
were distinct growth zoning, air-filled fractures, fingerprint- 
like inclusions, and a single triangular platelet that could be 
platinum (typical of flux synthetics} or hematite or graphite 
(as found in some natural gem materials). 

Further testing was therefore carried out using U.V.-vis- 
ible, infrared, and Raman spectroscopy. The U.V.-visible 
spectrum was inconclusive, with features typical of both nat- 
ural and flux synthetic alexandrite. Infrared spectroscopy 
proved diagnostic, revealing distinct vibrational bands attrib- 
utable to HxO and OH molecules in natural alexandrite. 
Raman spectroscopy further substantiated the identifica- 
tion by establishing the tabular black inclusion as hematite. 

RCK 


Gemmology Study Club lab reports. G. Brown and S. M. B. 
Kelly, Australian Gemmologist, Vol. 18, No. 2, 1992, 
pp. 56-60. 


The first of these seven brief lab reports describes a 2.60-ct 
faceted, medium-dark brownish red garnet, reportedly from 
Australia’s Northem Territory. Gemological properties were 
determined as follows: S.G., 3.89; R.I., 1.75; optical charac- 
ter, singly refractive; diaphaneity, transparent; U.V. lumi- 
nescence, inert to both long and short wave; and absorption 
spectrum, typical of almandine. Based on these properties 
and using criteria established by Stockton and Manson 
(Gems & Gemology, Winter 1985, pp. 205-218), the stone 
was identified as a pyrope-almandine gamet with no appre- 
ciable spessartine content. 

Other reports cover two star spinels from Sri Lanka, one 
displaying four rays and the other six rays, and some yellow 
zircons. Additional entries describe a cameo with a black 
granular opaque base, to which was fused an allegedly laser- 
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carved head, possibly made of alkyd resin-bonded or imita- 
tion turquoise; a spherical cultured pearl with a much 
smaller round protuberance growing on its surface; and den- 
dritic silica gems (single-crystal quartz, chalcedony, and 
opal}. The final report describes two Egyptian faience scarabs 
(Mohs hardness, 5-6; specific gravity, 2.43 and 2.44; spot 
R.L, 1.49, inert to U.V. radiation, and no diagnostic absorp- 
tion features}. 

Each entry is nicely illustrated with either color or 
black-and-white photographs. RCK 


Notes from the laboratory—16. K. Scarratt, Journal of 
Gemmology, Vol. 23, No. 4, 1992, pp. 215-224. 


Items recently encountered in the Gemmological 
Association of Great Britain Gem Trade Laboratory (GAGB- 
GTL) include a large red spinel, a treated blue diamond, 
bleached-and-impregnated jadeite, and cast polyester resin 
simulants. The 149.92-ct red spinel exhibited typical prop- 
erties for natural spinel and appears to have been recut from 
an ancient gem. In its original form, this spinel may have 
been larger than the “Black Prince’s Ruby” in the British 
Crown Jewels. The treated blue diamond (0.40 ct) has an 
intense “zircon” blue color with yellow patches visible 
from some viewing angles. Optical and infrared spectroscopy 
confirmed that the stone is a treated type Ia diamond, and 
a concentration of blue color in the culet area indicates 
electron irradiation. 

The laboratory’s observations on several samples of 
“bleached” jade are described, including the unusually high 
luster that is a good first indication of this treatment. 
Standard gemological properties were typical for jadeite, 
and hot-point testing produced no “sweating” or other indi- 
cation of impregnation. Infrared spectroscopy revealed fea- 
tures that conclusively identify the presence of an 
impregnating resin. 

The final note reports on cast polyester resin simu- 
lants of tortoise shell, horn, ivory, bone, and jet that are 
being produced in the United Kingdom. The material is 
available in cylinders as large as 128 mm in diameter and 1.5 
m long, in rectangular blocks as large as 45 x 75 mm, and 
in sheet form. The material can be distinguished from its nat- 
ural counterparts most readily by microscopy, as the resin 
shows none of the characteristic structures of the natural 
materials it imitates. Its RI. and S.G. can be used as addi- 
tional distinguishing properties. 

All notes are well illustrated with color micro- and 
macro-photographs and, in some cases, with infrared spec- 
tra. A table of comparative properties also accompanies the 
note on polyester resin simulants. 

An additional feature in this issue is “A Note from the 
Bahrain Laboratory,” the first such to accompany “Notes 
from the Laboratory.” This govemment-owned laboratory, 
operated with the assistance of GAGB-GTL, sent a report on 
an amber-bead necklace. This material is particularly pop- 
ular in Bahrain for use in worry beads. S.G., hot-point, and 
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sectility tests all initially indicated that the beads were 
amber, but microscopy and immersion revealed that the 
beads were pale at the facet edges and the color appeared to 
be concentrated in the center of each facet. U.V. lumines- 
cence revealed a bright chalky bluish white fluorescence 
concentrated where the color was palest, i.e., at the facet 
edges. Additional microscopic examination revealed inter- 
nal features indicating that the material had not been pressed. 
It was concluded that a surface color enhancement had 
been used, possibly as a by-product of a clarification process. 

CMS 


Novel assembled opals from Mexico. R. C. Kammerling 
and J. I. Koivula, Australian Gemmologist, Vol. 18, 
No. 1, 1992, pp, 19-21. 


Opal is commonly seen in assembled stones primarily for 
two reasons. First, since natural opal often occurs in seams 
that are too thin for cutting into gems, composites are con- 
structed to make use of these very thin layers of opal. 
Second, a thin layer of transparent opal can be glued to a 
black base to imitate highly prized black opal. 

After detailing still more types of opal composites, the 
authors describe a new type of assembled opal, “Opal 
Encapsulado,” reportedly from Mexico. Examination of two 
oval “Encapsulado” cabochons revealed that the majority of 
the assemblage consisted of a large transparent cap, below 
which is a thin slice of natural opal. A black granular sub- 
stance covered the back of the opal slice. The base itself is 
composed of a transparent colorless material that appears 
similar in composition to the transparent dome. 

Gustave P. Calderon 


Rauchmondsteine, eine neue Mondstein-Varietit (Smoky 
moonstones, a new variety of moonstone), 
H. Harder, Zeitschrift der Deutschen Gemmologischen 
Gesellschaft, Vol. 41, No. 2/3, 1992, pp. 69-84. 


“Smoky moonstone” is proposed as a suitable varietal name 
for a feldspar from Sri Lanka that exhibits a strong blue 
adularescence against a smoky body color. The occurrence, 
like that of other moonstone deposits in Sri Lanka, is in a 
decomposed pegmatitic body in which fragments of partly 
decomposed feldspar crystals are imbedded in clay. The 
locality, discovered in 1990, is near the village of Imbulpe {or 
Imblupe, as given by the author], near Balangoda, 
Sabargumava Province, to the east of the famous gem capi- 
tal of Ratnapura. Chemical analyses of numerous specimens 
from this and other moonstone deposits on the island show 
that those stones displaying white sheen are higher in potas- 
sium, while those of blue sheen contain more sodium. The 
smoky body color is attributed to a small iron content. 
While the author claims this occurrence to be unique 
for smoky-body-color moonstone, this abstracter notes that 
similar smoky-hued moonstones, also displaying fine blue 
adularescence, have been mined from sanidine crystals 
found in the Black Range, Grant County, New Mexico. 


Gemological Abstracts 


They were reported as early as 1947 by V. C. Kelley and O. 
T. Branson (Economic Geology, Vol. 42, pp. 699-712), and 
briefly described in my book, Gemstones of North America 
(Van Nostrand Reinhold, New York, p. 74) in 1976, Aside 
from this, H. Harder’s article is valuable for his accounts of 
typical moonstones from the classic locality at Metiyagoda 
and from other, recently developed deposits in Sri Lanka. 
John Sinkankas 


Strong sales at Burma emporium, but high prices put off 
TGJTA team. Thailand Jewellery Review, Vol. 5, No. 
11, November 1992, pp. 34-35. 


This summary of the 1992, mid-year Myanmar (Burma]} 
Gems Emporium auction is based on information provided 
by a seven-member buying team of prominent gem dealers 
from Thailand. According to Thailand Gem and Jewelry 
Traders’ Association (TGJTA)} Honorary Advisor Thanan 
Maleesriprasert, the mission was concluded without a sin- 
gle purchase by the team because they felt the prices for 
rough gem material offered were unreasonably high. The 
dealers believe that the Burmese have abandoned any 
commitment to supply rough gemstones on a favorable 
basis to the Thais after having stockpiled material for sev- 
eral years without selling it through the traditional Jade, 
Pearl and Gemstones Emporium of the past. This is bad 
news for the Thai dealers, as they are finding it extremely 
difficult to obtain adequate rough supplies from their own 
country and other conventional sources such as Sri Lanka, 
India, and Australia. 

More than 100 Thai entrepreneurs, some without con- 
nections to the Thai gem and jewelry industry, attended 
the event, most in the hope of meeting the appropriate 
Myanmar officials who could assist them with joint-venture 
projects in the gemstone sector and other commeicial fields 
as well. It seems that most of the jade purchases, which 
accounted for the highest value of sales, were made by 
Taiwanese and Hong Kong Chinese, who outbid the Thai 
contingent. The article reports US$6.37 million in sales of 
jade. JEC 


Trade embargo on coral. G. Brown, Australian Gemmologist, 
Vol. 18, No. 1, 1992, pp. 5-6. 


In October 1991, the Wildlife Protection Authority of 
Australian National Parks and Wildlife issued a notice reg- 
ulating the import and export of specific types of corals. 
This brief article includes the exact wording of Notice 13 
and, importantly, provides an interpretation of the provisions. 
In this regard, the author points out a number of potential 
problems in enforcing the controls, as well as the potential 
impact on those dealing in corals. Further clarification is pro- 
vided through a note from the editor and text from the 
Wildlife Protection Agency post-dating the initial issuance. 

This report should be read by anyone, including tourists, 
who intends to purchase Australian corals or plans to bring 
corals into or out of Australia. RCK 
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DIAMONDS 


Diamonds for connoisseurs. S. Stephenson, Jewellery 
International, No. 11, 1992, pp. 31-34, 37. 


Only in the last decade has the buying public truly become 
acquainted with fancy-colored diamonds. This article reviews 
the reasons behind the new popularity now spurring sales, 
and how different dealers and manufacturers are developing 
marketing techniques for these stones. Once only within 
reach of the very wealthy, the greater availability of small- 
er, more affordable sizes has opened this market to the gen- 
eral retail consumer. 

The author gives two reasons for this awareness. First, 
publicity surrounding the 1987 auction of a 0.95-ct red dia- 
mond for $880,000, the highest price per carat ever paid for 
a colored diamond, helped create widespread popular inter- 
est in colored diamonds. Second, the marketing campaign 
for Argyle’s champagne diamonds has created a new niche 
for colored diamonds, one that is more accepted by the aver- 
age, price-conscious consumer. 

Stephenson reviews the current supply and demand 
for colored diamonds, and concludes that the potential for 
future growth is dependent on consumer awareness, eco- 
nomic conditions, and supply. A sidebar explains how defor- 
mities or impurities cause color in diamonds. Seven color 
photographs illustrate the article. JEC 


Evaluation of brilliancy in relation to various combinations 
of the main facets angles {in Japanese}. M. Kato, 
Journal of the Gemmological Society of Japan, Vol. 16, 
No. 1-2, 1991, pp. 15-23. 


Because the accurate measurement of diamond pavilion 
proportions is very time consuming with the Leveridge 
gauge, micrometer, or ProportionScope, pavilion propor- 
tions are generally measured by visual observation. The 
GIA diamond-grading course teaches the table-reflection 
method to estimate pavilion depth. Kato maintains that 
the GIA method is not only too crude to estimate propor- 
tion properly, but it is also principally incorrect, because it 
ignores important factors like the effect of the crown main 
facet angle and the table percentage. He suggests that accu- 
rate measurement is particularly important for stones above 
0.5 ct, F color, or VVS» clarity. 

Kato further describes the analysis of dispersion and 
volume, showing that the grading of brilliancy can be 
improved. He has proposed the use of “F-values” to evalu- 
ate brilliancy. F-values are calculated and diagramatically pre- 
sented in relation to various combinations of main facet 
angles of pavilion « and crown B. Kato maintains that the 
F-cut (crown angle 36° and pavilion angle 40.75°) described 
in a previous paper (/ournal of the Gemmological Society of 
Japan, Vol. 9, No, 3, 1982} yields the highest brilliancy and 
is truly an ideal cut, as compared to the Tolkowsky cut 
{crown angle 34.30° and pavilion angle 40.45°}. 

Masao Miki 


72 Gemological Abstracts 


Examination of artificial coloring of diamonds (in Japanese). 
I. Umeda, Journal of the Gemmological Society of 
Japan, Vol. 15, No. 1-4, 1990, pp. 3-11. 


Gem diamonds have been artificially colored at the Jewelry 

Laboratory UMEDA in Japan. They used primarily type Ia 
cut stones, but also rough diamonds and type Ib synthetic 
diamonds. 

Standard irradiation in a nuclear reactor (neutron irra- 
diation) produced a desaturated green body color in the dia- 
monds. This coloration is caused by extensive damage to the 
crystal lattice of diamond, which occurs when high-powered 
neutrons collide with carbon atoms. Color alterations from 
green to brown were observed with annealing (in an electric 
furnace), which heals some damage in the crystal struc- 
ture, thus stabilizing the body color. The radioactivity of the 
diamonds treated in this manner decreased to a safe level 
within a few months after treatment. 

Colorless diamonds were altered to blue and bluish 
green by bombardment with 10-MeV electrons in a linear 
accelerator (electron bombardment}. This color change is 
caused by the collision of high-powered electrons and car- 
bon atoms, which creates some voids in the diamond's crys- 
tal lattice. Annealing modifies conditions within the crystal 
lattice by exchanging carbon atoms and voids within the unit 
cell of the diamond. The temperature of annealing deter- 
mines the degree of modification within the crystal sys- 
tem, yielding reproducible colors that vary from lemon 
yellow to golden yellow. 

It is not feasible to alter the color of diamonds by con- 
ventional cobalt-60 gamma-ray equipment, because dia- 
monds are nearly transparent to gamma rays. 

A dual-beam spectrophotometer was used to record 
the spectra of the sample diamonds before and after treat- 
ment (irradiation and annealing) at room temperature. 
However, low-temperature spectroscopy—not performed 
for this study—is needed to determine differences between 
treated and natural-color stones. Takashi Hiraga 


Famous diamonds of the world XLVI. I. Balfour, Indiaqua 
Annual 1991, No. 55, p. 255. 


This brief article is an update on one of the most notable dia- 
mond discoveries, the Centenary diamond. In 1988, the 
Premier mine produced a 599-ct rough diamond, coinci- 
dentally in time to commemorate De Beers’s 100-year his- 
tory. Mr. Balfour also notes the timely appearance of other 
large stones that have marked historic events. 

The delicate task of fashioning this rough was assigned 
to Gabi Tolkowski. The finished product, a combination heart 
and shield shape, is reportedly flawless. Weighing 2.73 ct, it is 
the third largest fashioned diamond “of the finest color.” 

Juli L. Cook 


Russia to De Beers: ‘We want more control’. R. Shor, 
Jewelers’ Circular-Keystone, Vol. 164, No. 1, January 
1993, pp. 50-60, 
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Things are heating up between Russia and De Beers. Russia 
is not only the world’s most prolific diamond producer by 
value, but it also claims to have huge stockpiles of rough dia- 
monds buried in the Kremlin vaults-—possibly as much as 
$3 billion worth. In addition, Russia is planning to open 
two more mines that could double production. Now, the 
Russians want to have more control over the diamonds 
they produce, but too much autonomy could put the world 
diamond market in jeopardy of collapsing. 

The emerging strategy is that De Beers will keep con- 
trol of Russia’s production but will pay more and control less. 
Russia would like to leave distribution of the largest part of 
the rough to De Beers, while increasing and diversifying its 
production of polished goods. Leonid B. Gourevitch, one of 
Russia’s top parliamentary officials, thinks it is time for 
Russia to assert itself. Gourevitch doesn’t want a split from 
De Beers or a change in the contract, but he says “Russia 
must work with De Beers to maintain order in the diamond 
market.” De Beers’s concerns regarding Russia’s demands 
include: {1} the possibility that the best rough will go to 
local polishers and De Beers will get only the least desirable 
stones; (2) the inefficiency of Russia’s polishing facilities, 
which will be difficult to modernize; and (3) future ventures 
between Russia and other firms that might promote illegal 
sales of Russian rough in the various diamond markets. 

Thig in-depth article covers many aspects of the Russia- 
De Beers contract, future deals, the Russian market, and 
the key players involved in what many may see as the deal 
of the century. The article includes a detailed flow chart 
showing the various channels of distribution. 

KBS 


GEM LOCALITIES 


A deposit of greenstone, Shan State, Myanmar. T. Hlaing, 
Australian Gemmologist, Vol. 18, No. 2, 1992, p. 42. 


A gem material known locally as “greenstone” is recov- 
ered both from a fresh outcrop and as water-worn pieces in 
the Langhko district in southern Shan State, Myanmar. 
Four specimens were examined at Taunggyi Degree 
College, Myanmar, to characterize the material. Microscopic 
examination revealed that the material consists of masses 
and radiating aggregates of green-to-yellow long, prismatic 
fibrous crystals imbedded in a fine- to medium-grained 
limestone. X-ray diffraction analysis determined the presence 
of calcite and tremolite in four samples, with quartz and/or 
diopside in three of these, and confirmed the amphibole 
content of this nephritic material. In accord with the vari- 
able composition, S.G. values ranged from 2.88 to 3.10. 
This gem material is marketed in both Yangon and 
Mandalay. It reportedly first became popular some 20 years 
ago and is experiencing renewed popularity today. 
RCK 


Gems around Australia: 7. H. Bracewell, Australian 
Gemmologist, Vol. 18, No. 2, 1992, pp. 38-39. 
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Continuing her narrative tour of Australia’s gem-produc- 
ing areas, the author begins this seventh episode with a vis- 
it to the area of Mount Goldsworthy in Western Australia. 
This site is known for its “tiger-iron,” an ornamental gem 
material consisting of bands of predominantly golden sili- 
cified crocidolite set in black and red jaspilites. This latter 
material is described as alternating layers of fine-grained 
chalcedony or sediments impregnated with black hematite 
and silica. 

The next stop was Marble Bar, the name itself a mis- 
nomer as the formation consists not of a calcium carbonate 
but, rather, of a fine-grained jasper. The local council has set 
aside an area where samples of this banded, deeply colored 
material can be collected. 

On the outskirts of Marble Bar, the author visited the 
Comet gold mine, which has been in operation since 1938 
and is also a tourist attraction. Sixty kilometers to the south, 
in the Lionel area, chlorite is mined and then marketed 
under the name “Pilbara Jade.’”” Chrysotile and serpentine are 
also found in the Lionel area. RCK 


The Mintabie opalfield. I. J. Townsend, Australian 
Gemmologist, Vol. 18, No. 1, 1992, pp. 7-12. 


This article, adapted from an earlier report by the author pub- 
lished by the South Australian Department of Mines and 
Energy, provides a good overview of what has become a 
significant source of gem-quality opal. Discovered in the 
1920s, the Mintabie opal field has been exploited in earnest 
only since 1976. It is located in the far north of South 
Australia, approximately 1000 km northwest of Adelaide and 
290 km from the famous Coober Pedy opal-mining center. 

The opal occurs in a medium- to coarse-grained 
kaolinitic, fluvatile sandstone. Opal-bearing levels are found 
from the surface down to a depth of at least 25 m. Drilling 
is used both in grid prospecting and in sinking vertical shafts 
for underground mining, while bulldozers are used exten- 
sively in the open-cut mining of amalgamated claims. With 
either method, miners resort to simple hand tools whenever 
precious opal is encountered. 

A great range of precious opal types is recovered at 
Mintabie, including black, crystal, semi-black, and white pin- 
fire, comparing favorably with the best of these from other 
Australian localities. Although some Mintabie opal has a ten- 
dency to crack, this trait is believed to be confined to mate- 
rial recovered from below the water table. 

The article also contains some general information on 
the formation, composition, and structure of Australian 
opal; production figures for Mintabie; and pricing data for the 
various opal types. It is nicely illustrated and is a welcome 
addition to the literature on Australian opal. RCK 


INSTRUMENTS AND TECHNIQUES 


Determination of the age and origin of emeralds using rubid- 
ium-strontium analysis. Ph. Vidal, B. Lasnier, and J- 
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P. Poirot, Journal of Gemmology, Vol. 23, No. 4, 1992, 
pp. 198-200. 


Age dating can be used to determine the natural or syn- 
thetic origin of emeralds and, in some cases, their locality 
of origin. The authors describe their study of the use of 
rubidium-strontium geochronology for this purpose. They 
found that reliable dating could not be obtained for all sam- 
ples, but that isotopic ratios provided sufficient informa- 
tion to group the samples into three clusters: emeralds 
from Precambrian rock localities (Brazil, Madagascar, 
Zambia}, emeralds from young rocks (Colombia, Pakistan, 
Afghanistan}, and synthetic emeralds (Lennix and Gilson). 
A major problem with the technique, for gemological appli- 
cations, is that it requires the destructive analysis of a few 
milligrams of powdered material, which cannot always be 
sacrificed from a cut gemstone. The authors conclude with 
suggestions for further research and improvements in ana- 
lytic methodology. CMS 


Robotic opal-cutting: An Australian solution to an old prob- 
lem, A. Cody and G. Brown, Australian Gemmologist, 
Vol. 18, No. 2, 1992, pp. 40-41. 


Although Australia is the major source of rough opal, rela- 
tively high labor costs result in much of the smaller rough 
being exported for cutting. To address this issue, an 
Australian opal dealer and CSIRO’s Division of 
Manufacturing Technology have developed robotic opal- 
cutting equipment. 

Before opal rough is processed with this equipment, it 
is first examined by an experienced opal cutter, who then 
uses hand grinding to remove any matrix, expose play-of-col- 
or on what will be the top of the stone, and prepare a flat 
base. This preform next goes to the robot’s data-entry 
cell/dopping station, where another experienced cutter 
makes decisions as to the shape and dimensions of the fin- 
ished piece, assisted by computer-generated graphics. At 
this station, the stone is also automatically dopped, the dop 
stick is bar coded, and the cutting parameters are pro- 
grammed into the system. Next, the stone goes to the com- 
puter-controlled, automated grinding cell, where it is 
identified by the bar code and then cut to the programmed 
proportions. After they have been cut, the stones are tum- 
ble polished in large batches. 

The system appears to be quite efficient for process- 
ing caliber-sized opals and is capable of producing approxi- 
mately 480 stones in an eight-hour day. RCK 


Simple advanced refractometer technique: Determining 
optic sign. A. Hodgkinson, Canadian Gemmologist, 
Vol. 13, No. 4, 1992, pp. 114-117. 


This article reiterates the usefulness of determining sever- 
al optical characteristics at once while taking R.I. readings 
with the refractometer. While most gemologists are used to 
measuring refractive index and birefringence, too many for- 
get that optic character and sign can also be determined 
from the refractometer at the same time. Although the first 
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logical choice of instruments might seem to be the spec- 
troscope, the author feels that in many cases determina- 
tion of optic character and sign are more diagnostic. 

Mr. Hodgkinson has developed a way to determine 
optic character and sign even when a mounted stone is not 
optimally oriented, especially with notoriously difficult 
separations such as differentiating scapolite from quartz. A 
relatively simple but detailed test using Polaroid sunglass- 
es is described thoroughly in the text and with diagrams. 

JEC 


JEWELRY HISTORY 


Hollywood jewels. B. Paris, Art @? Antiques, Vol. 9, No. 8, 
August 1992, pp. 44-50. 


Paris’s article begins with a detailed history of La Peregrina— 
a 203.84-grain pearl now set as a pendant to a Cartier pearl, 
diamond, and mby necklace—the focus of an exhibit of the 
jewels of Hollywood held in Los Angeles in December of 
1992. Coinciding with the 1992 release of a book docu- 
menting movie jewelry, the Academy of Motion Picture 
Arts and Sciences sponsored an exquisite display in Los 
Angeles. The exhibit featured some 21 pieces designed by 
Cartier, Tiffany, Harry Winston, Paul Flato, and Van Cleef 
and Arpels that had appeared in films. 

The highly visible, wealthy celebrities of Hollywood 
became the fashionable American royalty, setting trends 
with their distinctive styles. Recognized as the queen of 
this court for her status as a celebrity, and a connoisseur of 
remarkable jewelry, is Elizabeth Taylor. Several pieces in her 
collection are recognized for their royal associations and 
outstanding quality: the Peregrina pearl, the Krupp dia- 
mond, the Taylor-Burton diamond, and a heart-shaped yel- 
low diamond. Highlights in this article include some 
fascinating stories that appear to have been taken from the 
new book, Hollywood Jewels (Abrams), by Penny Proddow, 
Debra Healy, and Marion Fasel. Most illustrations in this 
article are of actresses wearing the jewelry and are from 
this book. AGP 


Round wire in the early Middle Ages. N. Whitfield, Jewellery 
Studies, Vol. 4, 1990, pp. 13~28. 


Although various studies have been made of the techniques 
used in antiquity for the manufacture of round wire, only 
limited attention has been paid to the Early Middle Ages 
{roughly fifth to 10th centuries A.D.}. First presented as a lec- 
ture to the Society of Antique Jewellery Historians’ 10th 
Anniversary Conference, this paper presents the results of 
a detailed study of jewelry from this period. The jewelry 
studied is in collections at the British Museum, the Victoria 
and Albert Museum, the Royal Museum of Scotland, and the 
National Museum of Ireland. The study focuses on 0,15-0.6 
mi gold and silver wire that was formed by hammering, 
block twisting, strip twisting, strip drawing, folding, wire 
drawing, casting, and/or smoothing. 

The author describes these methods of manufacture, the 
probable tools used, and the marks that are indicative of 
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each technique. In some cases, to prove that marks found 
could be linked to a specific technique, the author experi- 
mentally made wire using the technique in question. Fifteen 
valuable black-and-white photos illustrate the marks described. 
Some of the photos depict wire made by the author. 

Whitfield concludes that hammering was in widespread 
use for making thick wires; the most common way of mak- 
ing finer wires appears to have been block twisting. Examples 
of strip twisting have thus far been found only on 
Merovingian jewelry of the late fifth and sixth centuries. 
Although drawing wire through a draw plate was known in 
Eastem Europe in the fifth and sixth centuries, there are 
no authentic examples in Westen European jewelry until 
the eighth century. 

Altogether, this report gives fascinating insight into 
early gold and silversmithing capabilities. EBM 


JEWELRY MANUFACTURING ARTS 


Tweaks and leaps. C. Edelstein, Jewellery International, 
No. 12, 1992/1993, pp. 61-65. 


This article, which includes 10 superb color photographs, 
reviews recent fashion trends in jewelry. Although the glob- 
al recession persists, jewelry design continues to grow and 
change.,Designers tend to extremes—either remaining con- 
servative and sticking with established styles, or boldly 
leaping into new areas of artistic expansion, using new 
materials and methods of fabrication. Thematic jewelry 
seems to be a growing trend, with equestrian, nautical, 
celestial, and natural motifs being the most popular. 

Because clothing and jewelry fashion tend to go hand 
in hand, multi-layered necklaces with fringes of chain are 
complementing the revival of “hippie” fashions. Enamelled 
neon colors—hot pink, lime green, and sea blue—are in 
great demand for the second season, especially in “color- 
blocked” patterns on tubular bangle bracelets, domed rings, 
and fat hoop earrings. Gold granules, knots, bands, and 
squiggles are added for accents. Black-and-white enamel 
combinations are also a favorite, as is the use of inlaid 
opaque stones. Intarsia is slowly catching on. 

Color and unusual cuts are the most important trends 
in gemstones themselves. The greater availability of tan- 
Zanite, tsavorite, tourmaline, and colored sapphire affords a 
host of new color combinations. As consumers become 
familiar with these unusual stones, they are expected to 
increase in popularity. More customers are also being intro- 
duced to fantasy cuts. The works of Bernd Munsteiner, 
Bart Curren, Steve Walters, and Michael Dyber have helped 
promote this with one-of-a-kind designs. 

Emphasis on color is also showing up in mixed-metal 
jewelry, with the cool white of platinum accenting yellow, 
green, or pink gold. 

The strongest sellers of late have been hoop earrings 
with dangling charms and stackable rings, both part of the 
“convertible” jewelry trend. These rings and hoops are 
metamorphosed by different designers into their own sig- 
nature styles and mass-marketed very successfully. This 
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kind of “convertible” jewelry has proved very popular late- 
ly, as consumers like the idea of getting multiple looks 
from a single purchase. JEC 


JEWELRY RETAILING 


Bulgari’s new age. V. Becker, fewellery International, No. 13, 
1993, pp. 29-30. 


Ms. Becker briefly discusses the jewelry firm Bulgari’s influ- 
ence on the development of the current Italian style of bold, 
sophisticated gold jewelry. The roots of this style can be 
found in the late 1960s and early 1970s, when Bulgari saw 
a need for versatile day jewelry for the modern woman exec- 
utive. Taking their inspiration from their rich cultural her- 
itage, brothers Nicola and Paolo Bulgari based their jewelry 
designs on classical Roman and opulent Italian Renaissance 
motifs. The now-familiar style of a bezel-set, ancient coin 
suspended from a heavy gold chain brought Bulgari inter- 
national fame. The use of bezel-set cabochon-cut stones in a 
strong mix of colors, and the combination of gold and stain- 
less steel, were other innovations introduced by Bulgari that 
have become signature elements for jewelry of the last decade. 

The 1990s are heralding a new trend toward individu- 
ality and social consciousness. In an effort to move with 
the time, Bulgari has launched a new line of jewelry—called 
“Naturalia”—based on stylized fish, birds, and animals. 
The author hints at future changes in jewelry styles with- 
out elaborating further. Three examples of Bulgari's dis- 
tinctive jewels are shown in color photographs. EBM 


SYNTHETICS AND SIMULANTS 


Fiber-eye: A Gemmology Study Club report. G. Brown and 
S. M. B. Kelly, Australian Gemmologist, Vol. 18, No. 
2, 1992, p. 52-53. 


Fiber-eye is the trade name for a laboratory-grown materi- 
al consisting of fused, cubic-packed glass optical fibers. Like 
the hexagonally arrayed Cathay-stone, one type of Fiber- 
eye consists of parallel fibers. When fashioned into proper- 
ly oriented cabochons, it displays strong chatoyancy. A 
second type of Fiber-eye, however, is composed of twisted 
bundles of fibers; such material displays a zigzag “lightning 
bolt” chatoyancy. 

Gemological testing was conducted on both white and 
dark brown specimens. Magnification revealed the cubic 
symmetry of the optical fibers in both types; in the brown 
material, the color appeared to be caused by a brown sub- 
stance surrounding bundles of colorless glass fibers. 
Gemological properties determined were as follows: Mohs 
hardness, 5.5 to 6; fracture, splintery; tenacity, very brittle; 
S.G., white type—4.23, brown type—3.55; optic character, 
singly refractive; spot R.I., over the limits (estimated at 1.86 
using a reflectivity meter); diaphaneity, transparent parallel 
to—and opaque perpendicular to—length of fibers; U.V. 
luminescence—long wave, white type greenish yellow and 
brown type inert—short wave, white type pale green and 
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brown type brownish green; absorption spectrum, no diag- 
nostic features. 

The report includes some speculation as to how this 
material is produced, and is illustrated with both black- 
and-white and color photos. RCK 


Synthesis of gem-quality diopside by the floating zone 
method, using natural chromian diopside (in Japanese). 
Y. Naito, Journal of the Gemmological Society of 
Japan, Vol. 15, No. 1-4, 1990, pp. 29-36. 


Kamisano, Yamanashi Prefecture, in Japan is rich in non- 
gem-quality green diopside. The author used this opaque 
material as nutrient and seed in the synthesis of gem-qual- 
ity diopside by the traveling solvent, floating zone method, 
with an infrared-convergent-image furnace in a nitrogen 
atmosphere. Nutrient rods (1.5 cm in length and 0.5 cm in 
diameter) were prepared by hydrostatically pressing the 
powders of natural samples. Transparent, emerald-green, 
single-crystal boules of diopside were successfully synthe- 
sized. The conditions of growth and microscopic features of 
the resulting products are also described. The author states 
that synthesis had never before been attempted using nat- 
ural diopside. Masao Miki 


TREATMENTS 


Diffusion-treated synthetic star detected. Jewellery News 
Asia, No. 97, September 1992, p. 184. 


The Hong Kong Gems Laboratory has identified a gem that 
it describes as a Verneuil synthetic ruby with a diffusion- 
treated star. The depth of the star was less than 1 mm, 
according to the laboratory director, Ou-Yang Chiu Mei. 
While the stone looked natural, the star did not move as 
expected. The director also pointed out that the rays on 
this star were not as sharply delineated as Linde synthetic 
stars. Experiments at the University of Hong Kong showed 
a slight difference in chemical composition between the 
top of the stone and areas near the base. Also, curved stri- 
ae were detected on the base using an electron microscope. 
It is believed that the star was produced by coating the 
stone surface with titanium oxide and then heating the 
stone to 1700°C. JEM 


Identification of a dyed black cultured pearl (in Japanese}. E. 
Ito, Journal of the Gemmological Society of Japan, 
Vol. 16, No. 1-2, 1991, pp. 50-51. 


The Pearl Science Laboratory of Japan tested a black pearl, 
sold as a “Ryukyu black pearl,” for color origin. The green- 
ish black body color with pinkish overtones resembled that 
of the natural black pearl known as Ryukyu, which is found 
only in black-lip mollusks (Pinctada margaritifera). 
However, Ryukyu pearls usually look bluish black under a 
strong light source; this pearl appeared reddish purple. 
Further testing with a spectroscope failed to show the absorp- 
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tion lines at 400, 500, and 700 nm that are typical of Ryukyu 
pearls. Examination with a microscope revealed dye con- 
centrations in small surface cracks. A destructive test revealed 
dye concentrations within the coarse parts of the nacre. 
Takashi Hiraga 


Identification of fissure-treated gemstones. H. A. Hanni, 
Journal of Gemmofogy, Vol. 23, No. 4, 1992, pp. 201-205. 


Dr. Hanni’s review of fissure-treated gemstones brings 
together the diverse literature on this topic from the past 
decade and summarizes the nature, appearance, and iden- 
tification of gemstones subjected to this general category of 
treatment. The article begins with a brief explanation of 
why fissure treatment works and how it is performed. Dr. 
Hanni focuses on the oil and epoxy-resin treatment of emer- 
ald and the glass-infilling of corundum. He provides a sum- 
mary of identification features and methods, including 
bubbles or dendrite-like patterns, ultraviolet fluorescence, 
soaking in solvents, color flashes, microscopy, infrared spec- 
troscopy, and the like. Color photomicrographs and infrared 
spectra illustrate the distinguishing characteristics noted. The 
article concludes with a brief discussion of disclosure prac- 
tices. Dr. Hanni recommends that all fracture treatments be 
dealt with in the same way, including general disclosure 
to the final consumer. CMS 


MISCELLANEOUS 


Gemstone photography: Capturing the beauty. R. Weldon, 
Jewelers’ Circular-Keystone, Vol. 163, No. 10, October 
1992, pp. 70-72. 


Mr. Weldon begins part two of his series on gemstone pho- 
tography by describing a basic photography studio for gems 
and jewelry. He then focuses on backgrounds and props, 
tips on positioning the gemstone, and how to prevent the 
accumulation of dust. The author concludes with lighting 
methods, including suggestions on light diffusers and the 
strategic positioning of lights. Overall, this article, com- 
bined with the first (on film], gives a working knowledge of 
gemstone photography. It is illustrated with 10 color pho- 
tographs. KBS 


Symmetrical polyhedra for gemstones. J. Lurie, Journal of 
Gemmology, Vol. 23, No. 4, 1992, pp. 207-214. 


This in-depth article about symmetrical polyhedra will be 
of interest primarily to crystallographers, lapidaries, and 
geometers. Its stated aim is to inspire gem cutters to explore 
faceted “spheres” as alternate designs. The various classes 
of symmetric polyhedra are described in considerable detail, 
accompanied by excellent drawings and tables of faceting 
angles for each of the major forms. Some fascinating and 
unusual patterns emerge. CMS 


GEMS & GEMOLOGY Spring 1993 


SUGGESTIONS 
AUTHORS 


The following guidelines were pre- 
pared both to introduce you to 
Gems & Gemology and to let you 
know how we would like a manu- 
script prepared for publication. No 
manuscript will be rejected because 
it does not follow these guidelines 
precisely, but a well-prepared manu- 
script helps reviewer, editor, and 
reader appreciate the article that 
much more. Please feel free to con- 
tact the Editorial Office for assis- 
tance at any stage in the develop- 
ment of your paper, whether to con- 
firm the appropriateness of a topic, 
to help organize the presentation, or 
to augment the text with photo- 
graphs from the extensive files at 
GIA. 


INTRODUCTION 


Gems & Gemology is an interna- 
tional publication of original contri- 
butions concerning the study of 
gemstones and research in gemology 
and related fields. Topics covered 
include (but are not limited to} col- 
ored stones, diamonds, gem instru- 
ments and identification techniques, 
gem localities, gem enhancements, 
gem substitutes (simulants and syn- 
thetics], gemstones for the collector, 
jewelry manufacturing arts, jewelry 
history, and contemporary trends in 
the trade. Manuscripts may be sub- 
mitted as: 

Original Contributions — full-length 
articles describing previously un- 
published studies and laboratory or 
field research. Such articles should 
be no longer than 6,000 words (24 
double-spaced, typewritten pages] 
plus tables and illustrations. 


Gemology in Review —comprehen- 
sive reviews of topics in the field. A 
maximum of 8,000 words (32 dou- 
ble-spaced, typewritten pages} is rec- 
ommended. 


Suggestions for Authors 


Notes & New Techniques — brief pre- 
liminary communications of recent 
discoveries or developments in gem- 
ology and related fields {e.g., new 
instruments and instrumentation 
techniques, gem minerals for the 
collector, and lapidary techniques or 
new uses for old techniques). Arti- 
cles for this section should be ap- 
proximately 1,000-3,000 words (4-12 
double-spaced pages). 

Gems & Gemology also includes 
the following regular sections: Lab 
Notes (reports of interesting or un- 
usual gemstones, inclusions, or 
jewelry encountered in the Gem 
Trade Laboratories}, Book Reviews 
(as solicited by the Book Review 
Editor; publishers should send one 
copy of each book they wish to have 
reviewed to the Editorial Office}, 
Gemological Abstracts (summaries 
of important articles published re- 
cently in the gemology literature), 
and Gem News (current events in the 


field). 


MANUSCRIPT PREPARATION 


All material, including tables, leg- 
ends, and references, should be typed 
double spaced on 8 1/2 x 11” (21 x 28 
cm} sheets with 1 !/2” (3.8 em) mar- 
gins. It is preferable, but not essen- 
tial, that the article be submitted 
(preferably in Microsoft Word or in 
ASCII format} on an IBM-compatible 
floppy disk (either 3 '/2” or 5 '/4”] as 
well as in hard copy form. Please 
identify the authors on the title page 
only, not in the body of the manu- 
script or figures, so that author ano- 
nymity may be maintained with re- 
viewers (the title page is removed 
before the manuscript is sent out for 
review}. The various components of 
the manuscript should be prepared 
and arranged as follows: 
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Title page. Page | should provide: (a} 
the article title; (b} the full name of 
each author (first name, middle ini- 
tial, surname), with his or her affilia- 
tion (the institution, city, and state 
or country where he/she was work- 
ing when the article was prepared}, 
(c] acknowledgments of persons who 
helped prepare the report or did the 
photography, where appropriate; and 
(d) five key words that we can use to 
index the article at the end of the 
year. 


Abstract. Page 2 should repeat the 
title of the article followed by an 
abstract. The abstract (approx- 
imately 150 words for a feature arti- 
cle, 75 words for a note} should state 
the purpose of the article, what was 
done, and the main conclusions. 


Text. Papers should follow a clear 
outline with appropriate heads. For 
example, for a research paper, the 
headings might be: Introduction, 
Previous Studies, Methods, Results, 
Discussion, and Conclusion. Other 
heads and subheads should be used 
as the subject matter warrants. Also, 
when writing your article, please try 
to avoid jargon, to spell out all non- 
standard abbreviations the first time 
they are mentioned, and to present 
your material as clearly and con- 
cisely as possible. For general style 
(grammar, etc.) and additional infor- 
mation on preparing a manuscript 
for publication, A Manual of Style 
(The University of Chicago Press, 
Chicago] is recommended. 


References. References should be 
used for any information that is 
taken directly from another publica- 
tion, to document ideas and facts 
attributed to—or facts discovered 
by—another writer, and to refer the 
reader to other sources for additional 
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information on a particular subject. 
Please cite references in the text by 
the last name of the author(s} and 
the year of publication—plus the 
specific page referred to, if appropri- 
ate—in parentheses (e.g., Kammer- 
ling et al., 1990, p. 33). The refer- 
ences listed at the end of the paper 
should be typed double spaced in 
alphabetical order by the last name 
of the senior author. Please list only 
those references actually cited in 
the text (or in the tables or figures). 
Include the following information, 

in the order given here, for each 

reference: (a) all author names [sur- 
names followed by initials}; (b) the 
year of publication, in parentheses; 

(c] for a journal, the full title of the 
article or, for a book, the full title of 
the book cited; and (d] for a journal, 

the full title of the journal plus 
volume number, issue number, and 
inclusive page numbers of the article 
cited or, for a book, the publisher of 
the book and the city of publication. 

Sample references are as follows: 


Kammerling R.C., Koivula J.J, Kane 
R.E. {1990} Gemstone enhance- 
ment and its detection in the 
1980s. Gems e& Gemology, Vol. 
26, No. 1, pp. 32-49. 

Armstrong J.T. (1988} Accurate quan- 
titative analysis of oxygen and 
nitrogen with a Si/W multilayer 
crystal. In D. E. Newbury, Ed, 
Microbeam Analysis— 1988, San 
Francisco Press, San Francisco, 
CA, pp. 301-304. 

Liddicoat R.T. (1989) Handbook of 
Gem Identification, 12th ed., 2nd 
rev. printing. Gemological Insti- 
tute of America, Santa Monica, 
CA. 


Tables. Tables can be very useful in 
presenting a large amount of detail in 
a relatively small space, and should 
be considered whenever the bulk of 
information to be conveyed in a sec- 
tion threatens to overwhelm the 
text. 

Type each table double spaced on a 
separate sheet. If the table must ex- 
ceed one typewritten page, please 
duplicate all headings on the second 
sheet. Number tables in the order in 
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which they are cited in the text. 
Every table should have a title; every 
column (including the left-hand col- 
umn) should have a heading. Please 
make sure terms and figures used in 
the table are consistent with those 
used in the body of the text. 


Figures. Please have line figures 
(graphs, charts, etc.) professionally 
drawn and photographed. High-con- 
trast, glossy, black-and-white prints 
are preferred. 

Submit black-and-white photo- 
graphs and photomicrographs in the 
final desired size if possible. Where 
appropriate, please use a bar or other 
scale marker on the photo, not out- 
side it. 

Use a label on the back of each 
figure to indicate the article’s title (or 
a shortened version thereof] and the 
top of the figure. Do not trim, mount 
(unless one figure is composed of two 
or more separate photos}, clip, or 
staple illustrations. 

Color photographs —35 mm slides 
or4 x 5 transparencies — are encour- 
aged. Please include three sets of 
color prints with the manuscript 
package submitted for publication 
consideration. 

All figure legends should be typed 
double spaced on a separate page. 

In each legend, clearly explain any 
symbols, arrows, numbers, or abbre- 
viations used in the illustration. 
Where a magnification is appropriate 
and is not inserted on the photo, 
please include it in the legend. 


MANUSCRIPT SUBMISSION 


Please send three copies of each 
manuscript (and three sets of figures 
and labels} to the Editorial Office, in 
care of: 

Alice S. Keller, Editor 

Gems & Gemology 

PO. Box 2110 

1660 Stewart Street 

Santa Monica, CA 90407 


In view of U.S. copyright law, we 
must ask that each submitted manu- 
script be accompanied by the follow- 
ing statement, signed by all authors 
of the work: “Upon publication of 
{title) in Gems & Gemology, I (we} 


transfer to the Gemological Institute 
of America all rights, titles, and in- 
terest to the work, including copy- 
right, together with full right and 
authority to claim worldwide copy- 
right for the work as published in 
this journal. As author(s}, I (we) re- 
tain the right to excerpt {up to 250 
words) and reprint the material on 
request to the Gemological Institute 
of America, to make copies of the 
work for use in classroom teaching 
or for internal distribution within 
my four} place of employment, to 
use — after publication —all or part of 
this material in a book f (we} have 
authored, to present this material 
orally at any function, and to veto or 
approve permission granted by the 
Gemological Institute of America to 
a third party to republish all or a 
substantial part of the article. | (we} 
also retain all proprietary rights 
other than copyright (such as patent 
rights]. { (we] agree that all copies of 
the article made within these terms 
will include notice of the copyright 
of the Gemological Institute of 
America. This transfer of rights is 
made in view of the Gemological 
Institute of America’s efforts in re- 
viewing, editing, and publishing this 
material. 

As author(s], | (we} also warrant 
that this article is my (our) original 
work. This article has been submit- 
ted in English to this journal only 
and has not been published else- 
where.” 

No payment is made for articles 
published in Gems e& Gemology. 
However, for each article the au- 
thor(s} will receive 50 free copies of 
the issue in which their paper ap- 
peared. 


REVIEW PROCESS 


Manuscripts are examined by the 

Editor, the Editor-in-Chief, and at . 
least three reviewers. The authors 

will remain anonymous to the re- 

viewers. Decisions of the Editor are 

final. All material accepted for publi- 

cation is subject to copyediting; au- 

thors will receive galley proofs for 

review and are held fully responsible 

for the content of their articles. 
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ABOUT THE COVER: One of the most beautiful of gem materials, red spinel 
rivals—and has often been mistaken for—fine ruby. Recently, Russian laborato- 
ries have developed new flux-grown synthetic red and blue spinels, some of which 
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Precious Gemstones, St. Louis, Missouri, The contemporary ring is highlighted by 
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is courtesy of R. Esmerian, Inc., New York. 
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STABILITY DISCLOSURE: ARE WE GOING FAR ENOUGH? 


few weeks ago, a jeweler called asking for information on “Ocean green” 

topaz, since he had recently sold several of these stones. We told him about 
the article in this issue, and that one of the key discoveries was that the Ocean- 
green topaz tested faded in less than a day of exposure to sunlight, but did not fade 
under artificial light. His next question: “What is my responsibility to my cus- 
tomers? I already told them that the material was irradiated—do I now have to tell 
them that the color isn’t stable?” Our reply: Yes. Disclosure that artificial color- 
ing... is not permanent” is covered by U.S. Federal Trade Commission guidelines. 


Yet, what about our colleague who, while in her early 20s, purchased a lovely dark 
amethyst pendant, wore it proudly to the beach every summer, and by the time she 
was 30 was sporting a pale purple stone? It is highly probable that the color of this 
stone was natural, so no treatment disclosure was required. But here, too, didn’t the 
jeweler have a responsibility to warn her of the potential damage that prolonged 
exposure to bright sunlight could cause? 


Much has been written about disclosure in gemology, but principally about disclos- 
ing that a stone has been treated or is a synthetic. Disclosure related to stability of 
color or durability of other aspects of an unenhanced gem is a gray area that indus- 
try rules and guidelines seldom address in depth. 


The problem is potentially serious, and amethyst is only one example. Some kun- 
zite fades to almost colorless on relatively short exposure to sunlight or heat, as 
does some brown topaz. As renowned gemologist Bob Crowningshield asks in a cur- 
rent Lab Note: How much do jewelers really tell their customers about pearl care? 
It is not uncommon for someone to wear a stud earring day and night—so the pearl 
damage he reports should not come as a surprise, if no care instructions were given. 
Similarly, whereas virtually any gem is subject to breakage, those like moonstone 
and topaz which have excellent cleavage, and those like opal which is very brittle 
and sensitive to heat, merit caveats regarding how they are worn (not while garden- 
ing or playing tennis, not while tanning in the hot Texas sun). 


We at Gems & Gemology feel that disclosing the potential consequences of treat- 
ment is as important as disclosing the treatment itself. Therefore, we routinely ask 
our authors to test a new enhancement for its stability to normal light, heat, clean- 
ing, and jewelry repair procedures. We also feel that the seller—the retailer in par- 
ticular—has a responsibility to provide the appropriate cautions and care instruc- 
tions, whether or not an enhancement is involved. 


Many stones are not forever (and even diamonds can be scratched if stored with 
other diamonds or chipped during hard wear). By teaching the customer how to pro- 
long the beauty of the stone, you instill confidence and avoid dissatisfaction—a 
good prescription for a long, prosperous relationship. 


Alice S. Keller, Editor 
Richard T. Liddicoat, Editor-in-Chief 
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RADIOACTIVITY REVISITED 


In recent years, there has been much ado about radioac- 
tivity in gemstones, and a significant segment of the 
public has been unduly alarmed. The article “Gamma- 
Ray Spectroscopy to Measure Radioactivity in 
Gemstones,” by C. E. Ashbaugh III (Vol. 28, No. 2, 1992, 
pp. 104-111), is a most lucid and interesting exposition 
of this problem. Unfortunately, few readers of this article 
are familiar with the earlier one that he wrote concern- 
ing radioactivity regulations (Vol. 24, No. 4, 1988, pp. 
196-213). Consequently, they may be in danger of view- 
ing this entire matter out of context. 

Government regulations often arise at the prodding 
of “opportunists” and the media, followed by public 
demand. Subsequently, a regulatory agency is created 
and regulatory limits are set so low that safety and 
health are no longer relevant factors. 

Often the net result of this regulatory activity is 
that industrial activity is moved offshore. Thus, this 
nation is left with fewer productive jobs, but more gov- 
ernment and service jobs. Also, because later generations 
come to believe that any noncompliance with a regulato- 
ry limit is tantamount to the deliberate and callous cre- 
ation of a serious health hazard, the continued prosperity 
of the regulatory agency is assured. 

How, you might ask, does all this relate to radioac- 
tivity testing in gemstones? Let us consider common 
sense and some points that Mr. Ashbaugh made in his 
first paper. 

It is generally recognized that “the dose makes the 
poison.” This simply means that since there is a little bit 
of everything everywhere, the important factor is not so 
much “what” you are exposed to, but “how much.” 
Dose is calculated by multiplying the concentration by 
the quantity of the substance ingested. 

The U.S. Nuclear Regulatory Commission (NRC} 
recognized that radiation was already everywhere, and 
their goal was to stop humanity from making things 
worse. However, they completely ignored the concept of 
dose (how much one’s body absorbs) and couched their 
regulations in terms of release limits (concentrations 
only) and release dates. This “legal release date,” as 
described by Ashbaugh in his second article, is derived 
by means of a calculation based on concentrations of 
various nuclides determined to be present in the sample. 

Ashbaugh’s calculated release date for the diamond 
described in that article was June 30, 5071: This date 
marks the point in time at which the release of the gem 
to the public becomes a legal activity. Unfortunately, the 
public has the mistaken notion that, on this date, the 
handling of this gemstone passes from being an unsafe 
act to a safe one. 
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It is logical to assume that release values are well 
below the normal background radiation levels to which 
we are constantly exposed—and they are. As Ashbaugh 
stated, “The legal definition of ‘radioactive material’ 
means any material having a specific activity greater 
than 0.002 microcuries per gram” (i.e., greater than 2 
nCi/g}. He also wrote, “With respect to the small quanti- 
ties of radioactivity found in gemstones and the resul- 
tant radiation doses people may receive, 2 nCi of any 
radioactive nuclide per gram of material can be judged to 
be harmless and safe, and a very small fraction of back- 
ground radiation.” He was saying that, in general, 
radioactivity in gemstones is not a serious problem for 
the individual. 

This value of 2 nCi/g is accepted virtually 
worldwide—except in the United States. Our federal 
release limit has been set at 1 nCi/g, or less, for most 
radionuclides found in gemstones; although, to be “real- 
ly safe,” the NRC prefers a value of 0.4 nCi/g. 

Consider the results on the yellowish green dia- 
mond reported by Ashbaugh and which, by the regula- 
tions, cannot be released to the public for 3,000 years. 
The determined activity was only 0.125 nCi/g, but the 
nuclide creating the radioactivity is americium (Am- 
241), for which the NRC has established a limit of 
0.0009 nCi/g. 

Americium, not a natural element, is a decay prod- 
uct of neutron-bombarded plutonium (think atom 
bombs). In their hearts, the NRC would like to set the 
allowable limit at zero, but they cannot set a limit that 
is below the limit of detection of the method used to 
demonstrate compliance. However, the fact is that, if 
anyone can detect americium in your product, you have 
an awful lot of explaining to do to the NRC. 

Yet these regulatory values apply not only to gem- 
stones but also to drinking water. Assume that, each 
day, you drink three liters of water containing this 
“allowable” level of americium. This means that you 
will ingest a total activity of 2.7 nCi of this nuclide each 
day. According to the NRC, this is legal and acceptable, 
although this quantity is greater than the dose you 
would get if you ground up 40 diamonds, similar to the 
aforementioned yellow-green diamond, and mixed the 
powder with your Jell-O. 

Thus it appears that, according to U.S. regulations, 
you could safely eat 40 of these radioactive diamonds a 
day, but you cannot wear even one for at least 3,000 
years. Clearly, the problem has nothing to do with 
health or safety. It is simply a political issue. 


W. WM. HANNEMAN, Ph.D. 
Castro Valley, California 
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FLUX-GROWN SYNTHETIC RED AND 
BLUE SPINELS FROM RUSSIA 


By Sam Muhlmeister, John I. Koivula, Robert C. Kammerling, Christopher P. Smith, 
Emmanuel Fritsch, and James E. Shigley 


Examination of red and blue sarnples of a 
relatively new flux synthetic spinel 
from Russia established criteria by which 
they can be separated from their natural 
counterparts. The flux synthetic blue 
spinels can be recognized on the basis of 
their inclusions, ultraviolet luminescence, 
and visible absorption spectrum. 
Magnification is sufficient to identify the 
flux synthetic red spinels when flux or 
metallic inclusions are present; in the 
absence of such inclusions, however, 
chemical analysis is required. Red and 
blue natural spinels both contain signifi- 
cantly more zinc than their flux synthetic 
counterparts. Also, trace amounts of Pb 
(from the flux) and Pt and Ir (from the cru- 
cible) were found in some of the flux syn- 
thetic spinels. 
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Russian Flux Synthetic Spinels 


new type of synthetic spinel, grown by the flux 
“method, was first encountered as red crystals by 
gemologists in the late 1980s. Now commercially avail- 
able, this material can be difficult to identify by standard 
gem-testing methods. Preliminary studies indicate that 
most of the gemological properties of these red synthetic 
spinels (excluding the presence of possible flux or metallic 
inclusions} overlap those of natural gem spinels of similar 
color (see Bank and Henn, 1990; Brown et al., 1990, 
Koivula et al., 1991; Henn and Bank, 1992). This situation 
contrasts greatly with that of flame-fusion synthetic 
spinels—the only type of synthetic spinel previously avail- 
able commercially—which are easily identifiable even 
when faceted, on the basis of their distinctive refractive 
index and specific gravity. 

These new Russian flux synthetic spinels are also avail- 
able in blue and have been grown in other colors that, in 
some cases, do not correspond to natural spinels. This arti- 
cle reports on identification criteria by which these new, 
commercially available red and blue Russian flux synthetic 
spinels (figures 1 and 2) can be separated from their natural 
counterparts. Other colors are briefly discussed in box A. 


BACKGROUND 


Synthetic spinel was first produced in the mid-1800s—not 
by flame fusion as is usually thought, but by flux growth 
(Nassau, 1980). These first, small flux synthetic spinel crys- 
tals were accidentally grown during an attempted synthesis 
of corundum. Although they were commercially insignifi- 
cant at the time, the basic method for growing flux syn- 
thetic spinels has been known for almost a century (Wood 
and White, 1968; Wang and MacFarlane, 1968}. 
Flame-fusion (“Verneuil”) synthetic spinels have been 
marketed as faceted stones since the 1920s (Nassau, 1980; 
Webster, 1983), primarily in light blue colors as an aqua- 
marine substitute. They can be easily separated from natu- 
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Figure 1. These faceted Russian flux-grown syn- 
thetic red spinels (the largest is 2.27 ct) are repre- 
sentative of those examined during this study. 
Photo © Tino Hammid and GIA. 


ral blue spinel with magnification. It is reportedly 
far more difficult to grow synthetic red spinel by 
this method (see Schiffmann, 1972; Brown et al., 
1991}, because it requires the incorporation of up 
to five times the amount of alumina normally con- 
tained in the spinel crystal structure (Nassau, 
1980}. As a result of this dramatic difference in 
composition, most flame-fusion synthetic red 
spinels have some very distinctive gemological 
properties, such as a higher index of refraction, as 
well as a pattern of anomalous birefringence, or 
internal strain, seen with polarized light (the so- 
called “cross-hatch effect” or “tabby extinction”— 
see Webster, 1983; Hurlbut and Kammerling, 
1991). Consequently, the separation of natural red 
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and blue spinels from most flame-fusion synthetic 
spinels is usually very straightforward. 

In contrast, flux growth produces synthetic 
spinels with the same (one-to-one) MgO:Al,O; 
ratio as natural spinel (see, e.g., Nassau, 1980}; as 
such, their gemological properties are expected to 
be very similar. During the past decade, the flux 
method has been improved by researchers in 
Russia, with the result that flux synthetic spinels 
in red and blue are now commercially available in 
crystals suitable for faceting. GIA researchers first 
encountered this material in the trade in 1989, 
when a 17.19-ct red crystal was purchased by one 
of us (JIK) for gemological investigation (see 
Koivula and Kammerling, 1989, 1990a; Koivula et 
al., 1991}. Other red crystals as large as 17.96 ct 
(fashioned to an 8.58-ct cushion antique step cut; J. 
Fuhrbach, pers. comm., 1990), as well as faceted 
blue flux-grown synthetic spinels as large as 5.40 ct 
(Henn and Bank, 1991}, have also been reported. 

Pinky Trading Co. of Bangkok signed a joint- 
venture agreement with the Academy of Sciences 
of the USSR (now the Academy of Sciences of 
Russia] in the fall of 1989 to market flux-grown 
synthetic red and blue spinel. They reported to us 
that as of early July 1993 the following quantities 
had been marketed: approximately 5,000 ct of 
rough and 2,700 ct of faceted “red” (actually, light 
pink to dark red} flux-grown synthetic spinel, and 
about 1,000 ct of rough and 540 ct of faceted blue 
material. The faceted stones have included both 
calibrated and noncalibrated goods, the most popu- 
lar being ovals and cushion shapes. In red, the most 
popular sizes have been in the 2-5 ct range, while 
the greatest demand for blues has been in the 0.5-2 
ct range. Pinky Trading also reported that they had 
no immediate plans to market any additional col- 
ors of this material. 

The presence of these flux synthetic spinels in 
the gem market has prompted concern regarding 
their identification, as evidenced by several brief 
articles and laboratory alerts issued by the 
International Colored Gemstone Association 
(ICA—Bank and Henn, 1989, Koivula et al., 1990a; 
Henn and Bank, 1991, 1992), and thus the present 
study. 

Note that the blue flux synthetic spinels 
resemble in color the “cobalt blue” natural spinels 
found in Sri Lanka. Shigley and Stockton {1984} 
described but did not clearly define this rare natu- 
ral gemstone. To provide better identification crite- 
ria, we distinguish “cobalt blue” natural spinels 
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Figure 2. All of these 
faceted Russian flux- 
grown synthetic blue 

spinels (the largest is 1,73 
ct) were examined during 
this study. Photo © Tino 
Hammid and GIA 


from the more common grayish blue natural 
spinels on the basis of the former’s saturated color, 
red luminescence to both visible light and long- 
wave U.V. radiation, and visible absorption spec- 
trum (which always contains a combination of fea- 
tures due to both Co and Fe, with increasing 
absorption below about 430 nm and broad absorp- 
tion bands at about 458, 480, 550, 560-600, and 
620-650 nm]. In contrast, the more common 
“blue” natural spinels (i.e., those with a desaturat- 
ed grayish blue color that is caused by iron) do not 
luminesce red and have a different visible absorp- 
tion spectrum (with increasing absorption below 
about 430 nm, and broad absorption bands at about 
458, 480, 555, 590, 635, and 670 nm}. There exists 


Russian Flux Synthetic Spinels 


a continuous series from iron- to cobalt-containing 
natural blue spinels (Schmetzer et al., 1989). 


MATERIALS AND METHODS 


The study sample included four red and 16 blue 
flux-grown synthetic spinel crystals. All of the 
crystals we examined were euhedral, with relative- 
ly flat, smooth faces and sharp edges. At the base of 
each crystal was an irregular surface in a location 
normally occupied by a termination of the octahe- 
dron (see figure 3}. This surface appears to be the 
point either of attachment or growth nucleation of 
the crystal; on some specimens, a small secondary 
crystal that undoubtedly developed during growth 
of the larger crystal could be seen (figure 4). The 
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BOX A: FLUX SYNTHETIC SPINELS 
OF OTHER COLORS 


Besides the red and blue samples described in this arti- 
cle, Russian laboratories have grown other colors of 
flux synthetic spinel, apparently on an experimental 
basis (W. Barshai, pers. comm., 1991). We studied 
three brownish yellow octahedra or octahedral frag- 
ments ranging from 0.29 to 3.76 ct, one 3.34-ct green- 
ish blue crystal, one 0.80-ct purple elongated octahe- 
dron, and one 1.43-ct pale pink crystal (figure A-1). 
Their indices of refraction and specific-gravity values 
were within the ranges measured for red and blue nat- 
ural and flux synthetic spinels, as described in the arti- 
cle text (except for the pink crystal, which had a low 
S.G., 3.55). These other colors all showed slight 
anomalous birefringence (“strain”); three exhibited 
“snake-like bands” under crossed polarizers. All but 
the inclusion-free purple and pale pink stones dis- 
played typical orange-brown flux inclusions. 

The three brownish yellow spinels fluoresced a 
weak to moderate chalky yellowish green to long- 
wave U.V. radiation, and had either a weaker reaction 
or were inert to short-wave U.V. The larger crystal 
exhibited a moderate green transmission lumines- 
cence when excited by visible light. All three crystals 
showed weak absorption bands at approximately 430 
and 460 nm (in the handheld spectroscope). These 
absorptions were confirmed by absorption spectropho- 
tometry: The color is predominantly related to a regu- 
larly increasing absorption toward the ultraviolet, but 
the precise cause is unknown. Superimposed on this 
major feature was a sharp absorption band at approxi- 
mately 427 nm and two broader bands with apparent 
maxima at about 458 and 490 nm. EDXRF analysis 
proved that these crystals contain some Mn. The 
absorption spectra and luminescence are typical of 
Mn?+ in tetrahedral coordination, as is found in Mn- 
doped flame-fusion synthetic spinel (Schmetzer et al., 
1989), although the absorption bands are slightly shift- 
ed in the flux synthetic material. 

The greenish blue flux synthetic spinel crystal 
was inert to ultraviolet radiation, but showed two 
bands in the handheld spectroscope, at approximately 
590 and 635 nm. EDXRF analysis demonstrated the 
presence of Ni, Fe, and traces of Mn and V. Visible 
absorption spectroscopy revealed increasing absorp- 
tion toward the ultraviolet with a weak, broad band at 
470 nm, a broad band with two apparent maxima at 
593 and 635 nm, and another one with a maximum at 
about 875 nm. These features are similar to those 
recorded by Wyon et al. (1986} on Czochralski-pulled 
synthetic spinel doped with Ni, and are typical of Ni? 
in octahedral coordination. Therefore, the greenish 
blue color of this spinel is essentially due to Ni. 

The purple crystal emitted a weak red when 
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Figure A-1. Russian laboratories have produced 
flux-grown synthetic spinels in a variety of colors 
other than red and blue. These samples, reported- 
ly grown on an experimental basis, range from 
0.80 to 3.76 ct. Photo by Maha DeMaggio. 


exposed to long-wave U.V. radiation, with a faint red 
fluorescence to short-wave U.V. It also exhibited a 
strong red luminescence when excited by visible light, 
and appeared dark red through the Chelsea color filter. 
When we examined it with the handheld spectro- 
scope, we noted absorption bands at approximately 
590 and 635 nm, as in the greenish blue spinel 
described above. There were also broad absorptions 
from about 530 to 590 nm and 660 to 690 nm, and a 
sharp line at approximately 690 nm. EDXRF analysis 
revealed the presence of Ni, Fe, and Cr, as well as 
traces of V, Zn, and Ga. The color is due to the combi- 
nation of Cr+ and Ni?+ absorptions. 

The pale pink crystal fluoresced a weak to moder- 
ate, slightly chalky orange to long-wave U.V. radia- 
tion, with a yellower reaction of the same intensity to 
short-wave U.V. It showed no lines in the handheld 
spectroscope, but an absorption spectrum obtained 
with a spectrophotometer showed one very weak 
broad band centered at about 560 nm, very similar to 
that seen for Cr in the red flux synthetic spinels, but 
considerably weaker in intensity. EDXRF analysis 
revealed V, Mn, Fe, Ni, Zn, Ga, and possibly Cu as 
impurities. 

Because of their unusual coloring agents, such as 
Ni and Mn, these other colors of Russian flux synthet- 
ic spinels do not duplicate spinels found in nature. In 
particular, even these experimental crystals do not 
reproduce the blue component that iron causes in the 
color of many natural spinels. It would appear that 
doping synthetic spinels with unusual impurities may 
produce crystals with attractive colors, but generally 
these colors would not correspond to those of natural 
spinels, 
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red crystals ranged from 6.19 to 45.14 ct, with the 
largest one (to our knowledge, the largest crystal of 
its kind reported so far) measuring 23.76 x 20.86 x 
12.88 mm. The blue crystals ranged from 1.06 to 
14.30 ct, with the largest one measuring 13.10 x 
12.81 x 11.83 mm. 

We also examined nine red and 12. blue faceted 
Russian flux synthetic spinels (see, e.g., figures 1 
and 2), which ranged from 0.19 to 8.58 ct. Included 
as well were two (one rough and one faceted) blue 
flux synthetic spinels from Russia, loaned by Dr. 
Henry Hanni, that were known to have a higher 
iron content than our samples. 

In addition to the Russian flux-grown synthet- 
ic samples, we examined the following gemologi- 
cally and/or chemically for comparison: (1) 28 red- 
to-pink or purple and eight blue natural spinels 
(including four “cobalt blue” samples from Sri 
Lanka and four grayish blue spinels—one from Sri 
Lanka and three of uncertain origin); (2) one flux 
synthetic blue spinel, two flux synthetic red 
spinels, and five flux synthetic blue and red-to-pink 
gahnites (ZnAl,O,) grown on an experimental basis 
at Bell Laboratories in New Jersey; and (3) one red 
and three blue flame-fusion synthetic spinels. The 
natural red-to-pink or purple spinels reportedly 
came from the following localities: Africa—2, 
Myanmar (Burma)—16, Sri Lanka—3, Tajikistan 
(Pamir Mountains)}—2, Tanzania—3, and 
Thailand—2. The range of color was chosen to 
determine if any identification criteria established 
would be valid for other colors of spinel with a dis- 
tinct red component. The natural and synthetic 
blue spinels include some of those examined by 
Shigley and Stockton in 1984. 

The gemological properties of all the Russian 
flux-grown synthetic spinels were determined 
using the following instruments and methods. 
Refractive-index readings were taken with a 
Duplex II refractometer and a near-monochromat- 
ic, sodium-equivalent light source. The specific 
gravity was determined hydrostatically (average of 
three separate measurements}. We also used pure 
methylene iodide, with a room-temperature specif- 
ic gravity of 3.32, to estimate specific gravity and 
determine the usefulness of standard sink-float 
testing. Ultraviolet luminescence was examined 
under darkroom conditions, using both long-wave 
and short-wave ultraviolet radiation, with the sam- 
ple placed against a nonfluorescent black back- 
ground. Contrast control goggles were worn during 
the testing procedure to help eliminate secondary 
reflections. 
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Figure 3. The irregular surface at the base of 
each Russian flux synthetic spinel crystal (red = 
17.19 ct; blue = 14.30 ct) appears to be the point 
of attachment or growth nucleation. Photo by 
Maha DeMaggio. 


A Beck prism spectroscope and a GIA GEM 
"DISCAN” digital-scanning diffraction-grating 
spectroscope were used to observe the visible 
absorption spectra. The synthetic spinels were also 
examined spectroscopically with light passed 
through a flask of copper sulfate solution so that 
any emission (fluorescence) lines might be seen. 

Two methods were used to test the samples for 
luminescence to visible light, a property referred to 
in gemology as “transmission luminescence.” In 
the case of the blue spinels, where the visible-light 
luminescence color differs from the body color of 
the stone, each sample was placed on the end of a 
150-watt tungsten-halogen fiber-optic light wand. 
This method, however, is not effective when the 
body and transmission luminescence colors are the 
same, as is the case for red spinels. For these sam- 
ples, then, we used the crossed-filters technique 
(see, e.g., Webster, 1983; Hodgkinson, 1991), with a 
saturated copper sulfate solution and a red no. 25A 
photographic filter. 

A gemological microscope was used with a 
variety of illumination techniques, including dark- 
field, transmitted light, polarized light, shadowing, 
and oblique illumination. A Zeiss research micro- 
scope was used to examine the surface features of 
the rough crystals, and to compare them to surface 
characteristics found on natural spinel crystals. 
Visible absorption spectra were recorded over the 
range of 350 to 750 nm using a Hitachi model 
U4001 spectrophotometer, at a scan speed of 120 
nm/minute and a slit width of 2.00 nm. 

We determined the chemical composition of 
12. red and six blue flux-grown synthetic spinels, 28 
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natural spinels, and a sampling of the Bell Labs 
flux-grown spinels and gahnites by energy disper- 
sive X-ray fluorescence (EDXRF] spectrometry. The 
EDXRF spectrometer used was a Tracor X-ray (cur- 
rently Spectrace Instruments} Spectrace 5000 with 
a rhodium-target X-ray tube. Typical excitation 
conditions were: a tube voltage of 30 kV, a tube 
current of 0.35 mA, a 0.5-mm-thick rhodium fil- 
ter, and a vacuum atmosphere. These excitation 
conditions were chosen because they were appro- 
priate for detecting elements between potassium 
{K) and molybdenum {Mo} in general, and zinc (Zn) 
in particular (Jenkins, 1980), which are known to 
occur in natural and synthetic spinels. With 
EDXREF analysis, we both determined the elements 
present in each sample tested and compared the 
relative peak areas of an element from one sample 
to the next. To confirm the EDXRF results, a quan- 
titative analysis of three flux synthetic red spinel 
crystals and three faceted natural pink or red 
spinels was carried out using a Jeol model 733 elec- 
tron microprobe at the California Institute of 
Technology. 


GEMOLOGICAL CHARACTERISTICS 
OF THE FLUX SYNTHETIC SPINELS 


Tables 1 and 2 summarize the gemological proper- 
ties of the Russian flux-grown synthetic red and 
blue spinels we examined during this study, as 
well as those of natural and flame-fusion synthetic 
spinels previously reported in the literature (see, 
e.g., GIA Gem Property Chart A, 1985; Hurlbut 
and Kammerling, 1991) and confirmed by the 
authors’ experience. Specific features are discussed 
below. 


Color. The body color in daylight of the red flux 
synthetic spinels (both rough and faceted} exam- 
ined was a vivid, medium dark, slightly purplish 
red (figures 1 and 3}. In incandescent light, the two 
largest crystals and all but the largest faceted stone 
showed a very slight orange to brown component. 
With fluorescent lighting, this orange to brown 
component was absent, and the purple secondary 
hue appeared more pronounced. 

The body color in daylight of all but one of the 
rough crystals and all of the faceted samples of blue 
flux synthetic spinel was a saturated, medium dark 
to dark, very slightly violetish blue (figures 2 and 
3). The exception, a 1.85-ct crystal, was a signifi- 
cantly more saturated blue. In incandescent light, 
all of the rough crystals and faceted blue stones 
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Figure 4. Two small synthetic red spinel crystals 
are attached to an octahedral! face of this crystal. 
The largest of these small crystals measures 1.2 
mm on a side, Photomicrograph by John 1. 
Koivula. 


appeared evenly colored with slight red flashes 
noted when they were rocked in the light. With 
fluorescent lighting, we observed a slight gray color 
component. 


Index of Refraction. The R.I.’s of the red flux syn- 
thetic spinels we examined agree with published 
values (see, e.g., Brown et al., 1990; Henn and 
Bank, 1992), and are within the range of R.I. values 
for natural red spinel. 

The R.L’s of the blue flux synthetic spinels we 
examined are somewhat lower than the 1.719 
value reported for a Russian blue flux synthetic 
crystal by Henn and Bank (1991, 1992), and are 
within the R.I. range {1.710-1.720} previously 
determined for natural “cobalt blue” spinels 
{Shigley and Stockton, 1984). The faceted blue flux 
synthetic spinel from Dr. Hanni had an RI. of 
1.717—higher than that of our other blue flux syn- 
thetic spinels—probably because of its high iron 
content. 


Specific Gravity. The range of S.G. values for all 
the flux synthetic spinels tested was within the 
range for natural spinels. If a hydrostatic balance is 
not available, a gemologist can estimate the S.G. 
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using heavy liquids. All of the samples readily sank 
in methylene iodide (S.G. 3.32} when they were 
submerged just below the liquid’s surface and 
released. 


Ultraviolet Luminescence. In general, we observed 
a strong purplish red to slightly orangy red reaction 
to long-wave U.V. radiation—with a weaker, 
slightly orangy red reaction to short-wave U.V.—in 
the flux synthetic red spinels examined. With 
short-wave U.V., some edges between faces on the 
rough crystals appeared superficially chalky and, in 
certain directions, more yellowish orange. No 
phosphorescence was detected following exposure 
to either source. 

With the exception of the slight chalkiness to 
short-wave U.V. shown by some of the crystal 
edges, the ultraviolet luminescence of these flux 
red spinels is essentially identical to that of natural 
red-to-pink spinels from Burma and Sri Lanka 


(Webster, 1983; Liddicoat, 1990], and is consistent 
with information previously reported on these flux 
synthetics (see, e.g., Henn and Bank, 1992). 

For the blue flux synthetic spinels we exam- 
ined, the long-wave U.V. fluorescence varied from 
weak to moderate, slightly chalky, red to reddish 
purple. The short-wave U.V. fluorescence was 
slightly stronger, but the same color. Again, no 
phosphorescence was detected. The long-wave 
U.V. behavior is similar to that of “cobalt blue” 
natural spinels we have tested (but which are inert 
to short-wave U.V.}. In contrast, flame-fusion syn- 
thetic spinels of the same bright blue color exhibit 
strong red fluorescence to long-wave U.V., but 
mottled blue to bluish white fluorescence to short- 
wave U.V. (see table 2; also, Schwarz, 1981, 
Webster, 1983). 


Visible-Light Spectroscopy. When examined with a 
handheld spectroscope, all of the red synthetic 


TABLE 1. Gemological characteristics of natural, flame-fusion synthetic, and Russian flux-grown synthetic red spinels.* 


Property 


Natural red 


Index of refraction 
Specific gravity 
Polariscope 
reaction 


Chelsea filter 
reaction 


Fluorescence? 
Long-wave 


Short-wave 
Transmission 


luminescence 
Inclusions 


Spectra 


Flame-fusion synthetic red 


1.718 (+0.017)(-0.008) 
3.60 (+0.10}{-0.03) 

Singly refractive (SR); 
possible weak to moderate 


anomalous double 
refraction (ADR) 


Red 


Weak to strong, red or orange 


Inert to weak, red or 
orange-red 
Red 


Most commonly octahedra 
either singly or in a fingerprint 
pattern; other inclusions might 
consist of apatite and dolomite 


_ a | 
Ke ex ws 0 
[ ae _ 6 


1.722 (£0.003) 

3.59 (£0.01) 

Singly refractive (SR); 
strong anomalous double 
refraction (ADR); “cross 
hatch” pattern 

Red 


Strong red 
Inert to moderate red 
Red 


Curved color banding 
and curved striae; 
gas bubbles that 
occasionally contain 
a secondary phase 


eat-in s 


Flux-grown synthetic red 


1.719 (40.008) 

3.61 (£0.03) 

Singly refractive (SR); 
possible weak to moderate 
anomalous double 
refraction (ADR) 


Red to orangy red 


Strong, purplish red to 
slightly orangy red 
Moderate to strong 
slightly orangy red 


Red to orangy red 


Orangy brown to black 
flux inclusions 
occurring singly or in 

a fingerprint pattern; 
also metallic platelets 


* Properties for natural and flame-fusion synthetic red spinels are as reported in GIA Gern Property Chart A (1985) and Hurlbut and Kammeriing (1991), and as 
determined by the authors’ experience. Properties for the Russian flux-grown synthetic spinels are based on the examination of four crystals and nine faceted 


red samples. 


° No phosphorescence was observed to either wavelength. 
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spinels showed general absorption in the violet and 
blue from the ultraviolet to about 450 nm, and a 
broad absorption band between approximately 510 
and 580 nm. We also noted a fluorescent line in the 
red between 680 and 685 nm. These absorption fea- 
tures are similar to those observed in a natural red 
Burmese spinel {see table 1—lower spectrum]. 

Note that none of the flux synthetic red 
spinels examined exhibited the “organ-pipe” fluo- 
rescence emission spectrum of sharp lines (as seen 
in the red portion of the top spectrum for natural 
red spinel in table 1) reported for a number of natu- 
ral red spinels when viewed with a handheld spec- 
troscope (Webster, 1983, p. 134). 

All of the flux synthetic blue spinels examined 
displayed strong absorption bands between approx- 
imately 535 and 550, 560 and 590, and 615 and 635 
nm. In some of the larger samples, we saw a very 
weak sharp line at about 690 nm. There was also a 
weak absorption below about 430 that increased 
toward the ultraviolet (see table 2). 


Transmission Luminescence/Filter Reactions. Both 
the red and blue flux synthetic spinels exhibited a 
red to orangy red “transmission” luminescence to 
visible light. The intensity of this luminescence 
appears to be directly proportional to that of the 
ultraviolet fluorescence. This is the same reaction 
we have seen with “cobalt blue” natural spinels. 

Both the red and blue flux synthetic spinels 
displayed a red to orangy red color when exposed to 
an intense incandescent light source and viewed 
with a Chelsea color filter, This is almost identical 
to the reaction of natural red spinels. Natural 
“cobalt blue” spinels exhibit a weak orange-to-red 
reaction, while natural blue spinels colored by iron 
do not show any color when tested by this method, 
presumably because luminescence is quenched by 
the iron present. 


Magnification. Many of the red and blue crystals 
and faceted flux synthetic spinels contained metal- 


TABLE 2. Gemological characteristics of natural, flame-fusion synthetic, and Russian flux-grown synthetic blue spinels.® 


Property Natural blue Flame-fusion synthetic blue Flux-grown synthetic blue 

Index of refraction 1.718 (+0.017)(-0.008) 1.728 (+0.012)-0.008) 1.714 (0.002) 

Specific gravity 3.60 (+0.10)(-0.03} 3.64 (+0.02){-0.12) 3.62 (£0.04) 

Polariscope Singly refractive (SR); Singly refractive (SR); Singly refractive (SR); 

reaction possible weak to moderate strong anomalous double possible weak to moderate 
anomalous double refraction (ADR); “cross anomalous double 
refraction (ADR) hatch” pattern refraction (ADR) 

Chelsea filter Fe: Inert Red Red to orangy red 

reaction Co: Weak orange-to-red 

Fluorescence? 

Long-wave Fe: Inert Strong red Weak to moderate, slightly 
Co: Weak to moderate red chalky red to reddish purple 
Short-wave Fe: Inert Mottled blue to bluish white Same color as long-wave 

Co: Inert ULV. but slightly stronger 

Transmission Fe: Inert Red Red to orangy red 

luminescence Co: Red 

Inclusions Octahedra either singly or Tiny “oread-crumb” Orangy brown to black flux 
in a fingerprint pattern; other inclusions; gas bubbles inclusions occurring singly 
crystal inclusions might include or in a fingerprint pattern; 
graphite, dolomite, and sphene also metallic platelets 

Spectra 


a ~ 


Fe type: = i “wy . Zz : Tia | a ieee Tin 


* Properties for natural and flame-fusion synthetic blue spinels are as reported in GIA Gem Property Chart A (1985) and Hurlbut and 
Kammerling (1991), and as determined by the authors’ experience, Properties for the Russian flux-grown synthetic spinels are based 
on the examination of 16 crystals and 12 faceted blue samples. 


®° No phosphorescence was observed to either wavelength. 
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Figure 5, Dark reddish to orangy brown, jagged- 
edged flux inclusions (with gas bubbles), such as 
this 3-mm-long example, provide proof that the 
host stone is synthetic. Note how the inclusions 
taper to a point. Photomicrograph by John I. 
Koivula. 


lic or flux inclusions that were deep orangy brown 
to almost black. These inclusions exhibited sharply 
angular to jagged profiles, which were sometimes 
slightly rounded and tapered to points; some con- 
tained gas bubbles (figures 5 and 6). These bubbles 
presumably were caused by contraction of the flux 
as it cooled, as described in Kashan synthetic ruby 
by Burch. (1984}. The flux inclusions could be seen 
as colorless to white to slightly yellowish or orangy 
brown net- or fingerprint-like patterns (figures 7 
and 8}, similar to those observed in some flux- 
grown synthetic rubies (see, e.g., Burch, 1984). 
Some of the flux particles noted were very 
small and, though still distinctly orangy brown (fig- 


Figure 7. Flux inclusions formed net- or finger- 
print-like patterns in some of the flux synthetic 
red spinels. Photomicrograph by John I. Koivula; 
magnified 20x. 


Figure 6. Gas bubbles were also evident in the 
flux inclusions seen in some of the blue synthetic 
spinels. Photomicrograph by John I. Koivula; 
magnified 40x, 


ure 9], these might be mistaken for natural inclu- 
sions by those not familiar with this new synthetic. 

A few of the faceted stones contained minute 
triangular grayish silver inclusions, which exhibit- 
ed a distinctly metallic luster when observed with 
oblique surface-incident light (figure 10]. Because 
they were located deep within the host material, 
they could not be analyzed by X-ray diffraction. 
From their general appearance and the results of 
EDXRF chemical analysis on the host stones, we 
believe that they consist of platinum or iridium 
derived from the crucibles in which the synthetic 
spinels were grown. 


Figure 8. A distinctive net-like pattern of flux 
inclusions was also typical of the flux synthetic 
blue spinels, Photomicrograph by John I. Koivula; 
magnified 15x. 
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Figure 9. Tiny flux particles such as these might 
be mistaken for natural inclusions by those not 
familiar with this flux synthetic spinel. Photo- 
micrograph by John I. Koivula; magnified 25x. 


A specific crystallographic orientation of the 
flux inclusions could not be determined in any of 
the faceted stones. In some of the crystals, howev- 
er, the larger flux inclusions formed pyramid- 
shaped phantoms in near-perfect alignment with 
the external faces and edges of the octahedra. This 


Figure 10. Minute, triangular solid inclusions 
with distinct metallic luster—probably platinum 
or iridium—were observed in a few stones. Photo- 
micrograph by John I. Koivula; magnified 20x. 
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Figure 11. In several of the samples, iridescence 
was noted in air-filled fractures. Photomicro- 
graph by John I, Koivula; magnified 25x. 


orientation is consistent with the growth of the 
synthetic spinel crystal along octahedral planes. 
Some of these inclusions were centered just under 
the flat surfaces (again, see figure 3} that appear to 
form the plane of crucible attachment of the crys- 
tal during growth. 

In some of the samples, we observed mirror- 
like air-filled fractures that appeared iridescent 
when viewed in certain directions (figure 11). As 
expected, polarized light revealed an anomalous 
birefringence (“strain”) pattern in association with 
these fractures (as well as with some of the flux 
inclusions). 

We examined the synthetic spinel crystals by 
means of Nomarski differential interference con- 
trast microscopy to compare their surface features 
to those of natural spinel crystals. Most natural 
crystals that have not been subjected to some form 
of erosion or abrasion show either very smooth 
surfaces or slight signs of chemical dissolution in 
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Figure 12. Natural spinel 
crystals like this one 
commonly have triangu- 
lar etch features. Photo- 
micrograph by John I, 
Koivula; magnified 80x 


the form of minute triangular “etch pits” on their 
octahedral faces (figure 12). Although the octahe- 
dral surfaces of the three red synthetic crystals 
appeared relatively smooth to the unaided eye, on 
closer inspection they were found to be decorated 
with roughly circular to semicircular growth 
hillocks (figure 13) of a type not yet observed by 
the authors on the surfaces of natural spinel crys- 
tals. Their appearance suggests that they represent 
slightly triangular growth spirals around a screw- 
type dislocation (I. Sunagawa, pers. comm., 1993). 


Figure 13. In contrast to the triangular etch fea- 
tures noted on the surface of natural spinels (fig- 
ure 12), circular to semicircular growth hillocks 
were noted on the octahedral faces of the three 
Russian flux-grown synthetic crystals. Photo- 
micrograph by John I. Koivula; magnified 80x. 
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One feature that seems to be relatively rare 
and was only seen in the blue flux synthetic 
spinels is an unusual “dendritic” inclusion that 
forms distinctly shaped, extremely thin, delicate 
fans of varying sizes (figure 14). These “fans” 
appear opaque in darkfield or transmitted light, and 
have an obvious metallic luster when observed in 
reflected light. Because destructive testing would 
have been necessary and results could not be guar- 
anteed, we could not establish the nature of these 
dendritic inclusions. 

We did not observe any color zoning in either 
the crystals or the faceted samples. 


CHEMICAL COMPOSITION 


EDXRF chemical analysis of the Russian flux syn- 
thetic spinels revealed differences in their composi- 
tions from those of natural spinels of similar colors 
(figures 15 and 16}. Due to the excitation condi- 
tions used, the magnesium (Mg} and aluminum 
(Al) present as intrinsic components in spinels do 
not produce well-defined peaks, but they also have 
no diagnostic value in this context. Other ele- 
ments, present as impurities in spinel, can be 
divided into “major” and “minor.” The former 
have relatively large X-ray peak areas, whereas the 
latter always have smaller peak areas. 

In the Russian flux synthetic red spinels we 
tested (e.g., figure 15A-B}, chromium (Cr) and iron 
(Fe) were major impurities, with Cr content being 
relatively constant but Fe varying from one sample 
to the next. When they were present, nickel (Nii, 
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Figure 14, Dendritic inclusions, such as this one, 
appear to be rare; among the flux synthetic 
spinels we examined, they were only seen in the 
blue material, Photomicrograph by John I. 
Koivula; magnified 15x. 


vanadium (V), zinc (Zn), gallium (Ga}, and lead {Pb} 
were all minor impurities, with the exception of 
one sample in which Ni was a major impurity. We 
did not detect Pb in any of the natural spinels. Two 
flux synthetic red spinels grown at Bell Laboratories, 
although both similar in color to one another, as 
well as to the Russian samples, contained Cr and 
Fe in one instance and Mn in the other. 

In contrast, all 28 natural red-to-pink or purple 
spinels we analyzed had more Zn than the flux 
synthetics (compare spectra 15A-B to 15C-E). Cr 
and Fe varied in content, with generally more Cr 
than Fe in red spinels from Myanmar, and more Fe 
than Cr in pink spinels from Myanmar and other 
localities. The minor impurities titanium (Ti], V, 
Ga, Ni, and copper (Cu) varied in content in natu- 
ral spinels from one locality to the next, but gener- 
ally V was greater than Ti. The Ga content dif- 
fered from one natural spinel to the next, even 
when they were from the same locality. Ni and Cu 
were the least abundant impurities we detected. 
Cu was not detected in either of the samples for 
which spectra are illustrated in figure 15A-B. 

In the nine flux synthetic blue spinels we ana- 
lyzed (figure 15A-B), we always found cobalt (Co) 
and Fe, with Co greater than Fe. The minor impu- 
rities V, Cr, manganese (Mn]j, Pb, Ni, Zn, and Ga 
occurred in most samples but in varying contents. 
Fe, Co, Ga, and Pb were present in the one flux 
synthetic blue spinel from Bell Laboratories that 
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we analyzed. In contrast, the four Sri Lankan 
“cobalt blue” natural spinels examined contained 
Fe and Zn as major impurities, Ga as a minor 
impurity, and Ni, V, Cr, Mn, and Cu as trace impu- 
rities in varying amounts (figure 16C-E). Cu was 
detected in samples 1791 and 1807 but is not visi- 
ble in the spectra illustrated. Note that the peak for 
Co cannot be distinguished from other element 
peaks in the EDXRF spectra of these natural blue 
spinels due to the low concentration of Co and the 
overlap of its characteristic peaks with those of 
other elements (Koivula et al., 1990b). Nonetheless, 
there is a sufficient amount (as shown by the spec- 
tral data discussed below} to give rise to the satu- 
rated blue color. 

Finally, iridium (Ir} was found only in the red 
flux synthetic spinels, and platinum (Pt) occurred 
only in the blue flux synthetic spinels. 

For comparison with these qualitative EDXRF 
results, table 3 presents quantitative microprobe 
analyses of three natural faceted pink-to-red spinels 
and three flux synthetic red spinel crystals. These 
samples were chosen to represent the lowest Zn 
concentration detected among the natural spinels 
and the highest Zn levels among the flux synthetic 
spinels. The EDXRF and microprobe results are 
consistent. Furthermore, these microprobe data 
confirm the similarity in MgO:Al,Oy ratios of nat- 
ural and flux synthetic spinels. We did not do 
microprobe analysis on the blue spinels, since 
chemical analysis is not necessary to separate nat- 
ural from synthetic “cobalt blue” spinels. 


VISIBLE ABSORPTION 
SPECTROPHOTOMETRY 


Figure 17 compares the visible absorption spectra 
(labeled A through F) for three natural, one flame- 
fusion synthetic, and two flux synthetic (one each 
Russian and Bell Laboratories} blue spinels, both as 
recorded with GIA’s Hitachi spectrophotometer 
and as seen with a handheld spectroscope. We 
recorded similar spectra for natural and synthetic 
red spinels (flux and flame-fusion}, but these are 
not shown because the spectral curves were virtu- 
ally identical, and therefore, are not diagnostic (see 
the comparison of the spectra obtained with a 
handheld spectroscope in table 1). 

Examination of the six spectral curves in figure 
17 reveals differences between the “iron blue” and 
“cobalt blue” natural spinels mentioned above. 
Spectra A and B (for grayish blue natural spinels} 
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Purplish red flux synthetic 
(Sample 654) 


ENERGY (keV) 


Purplish red flux synthetic 
(Sample 942) 
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Figure 15. These EDXRF spectra are of (A—B) two 
representative purplish red flux synthetic spinels 
and (C-E) three representative natural red and 
purple spinels, Notice in spectra A-B the relative- 
ly small Zn peak, the lack of Ti, the presence of 
Ni, and the presence of Pb in one sample. 
(Unlabeled peaks are artifacts.) Notice in C-E 
the relatively large Zn peak and the presence of 
Ni in only one, and Ti in both, of the red samples. 
Of all the natural red spinels we analyzed by 
EDXRF, the Burmese spinel featured here had the 
lowest Zn content; yet it is still higher than the 
highest Zn content in the flux synthetic red 
spinels we analyzed (see, e.g., spectrum A). 


exhibit absorption bands throughout the visible 
range and increasing absorption below about 430 
nm that have been attributed to iron (Schmetzer et 
al., 1989, p. 166}. With increasing Fe content, all of 
these absorption bands become more pronounced, 
so much so that that those between 550 and 670 
nm can begin to be seen with a handheld spectro- 
scope (spectrum B)}. 


Russian Flux Synthetic Spinels 
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Sri Lanka red 
(Sample 465) 


ENERGY (keV) 


Thai purple 
(Sample 639) 


ENERGY (keV) 


Spectrum C is for a natural “cobalt blue” 
spinel from Sri Lanka in the GIA reference collec- 
tion. This particular spinel was used to prepare the 
spectrum labeled as “type 1” in the article on 
“cobalt blue” natural spinels by Shigley and 
Stockton (1984). The spectrum shows the weaker 
bands between 350 and 500 nm due to Fe, as well 
as a group of three broad, more intense bands {at 
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Blue flux synthetic 
(Sample 962) 


ENERGY (keV) 


Violetish blue flux synthetic 
(Sample 949) 


ENERGY (keV) 


Figure 16. These EDXRF spectra are of (A-B) two 
representative flux synthetic blue spinels and 
(C-E) three representative natural “cobalt blue” 
spinels, The relatively high concentration of Co 
and the relatively small Zn peak in the flux syn- 
thetics, as compared to the lack of a detectable 
quantity of Co and the relatively large Zn peak in 
the natural stones, clearly separate these two 
materials, One of the synthetic samples has 
detectable levels of Pb, (Unlabeled peaks are 
artifacts.) 


about 550, 585, and 625 nm) that are all attributed 
to cobalt (Schmetzer et al., 1989}. Note that these 
cobalt features completely overlap and obscure the 
weaker Fe features between 500 and 700 nm that 
can be seen in spectra A and B. Three spectral fea- 
tures, when seen in combination, establish these 
“cobalt blue” spinels as natural: (1) the presence of 
the Co absorption bands between 500 and 600 nm, 
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Sri Lanka “cobait blue” 
(Sample 1791) 


ENERGY (keV) 


Sri Lanka “cobalt blue” 
(Sample 1803) 


ENERGY (keV) 


Sri Lanka “cobalt blue” 
(Sample 1807) 


ENERGY (keV) 


(2) the weak absorption bands due to Fe below 500 
nm, and (3) the increasing absorption below about 
430 also due to Fe. 

Spectra D, E, and F are for a Russian flux- 
grown synthetic, a flame-fusion synthetic, and a 
Bell Laboratories flux synthetic blue spinel, respec- 
tively. All three spectra show the series of stronger 
absorption bands from 500 to 650 nm due to cobalt 
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(again, see Schmetzer et al., 1989). The three spec- 
tra are very similar (in respect to the location of 
features] to that of the natural "cobalt blue" spinel 
{spectrum C} in the region between 500 and 700 
nm, but they lack the iron-related spectral features, 
most notably below 500 nm {even though Fe is 
detected in them by EDXRF; see figure 16A). 


DISCUSSION 


Because of the similarities in chemical composi- 
tion between flux synthetic and natural spinels, 
their indices of refraction and specific gravity are 
nearly identical, thus providing no means of sepa- 
ration. In the case of red flux synthetic spinels, flux 
or metallic inclusions, when present, are the only 
diagnostic gemological properties; in the case of red 
natural spinels, only the “organ pipe” lumines- 
cence lines in the visible absorption spectrum, 
when present, are diagnostic (note that the pres- 
ence of only one fluorescent line or a doublet 
would be of no help in making a separation). In a 
stone that lacks characteristic inclusions or a char- 
acteristic absorption spectrum, chemical analysis 
is critical’to the separation of natural from flux 
synthetic red spinels. 

All of the natural red spinels we analyzed by 
EDXRF showed a more intense Zn peak than their 


flux synthetic counterparts. Microprobe analyses 
confirmed that there is no overlap (and that, in 
fact, there is a significant gap) between the ranges 
of Zn concentration detected in natural (0.05 to 
0.10 wt.% ZnO} and flux synthetic spinels {no 
more than 0.01 wt.% ZnO}. Therefore, the pres- 
ence of a comparatively large amount of Zn is 
proof of natural origin. However, there is a com- 
plete series within the spinel group to a Zn end 
member, gahnite, which has also been grown in 
the laboratory {see box B). The differences in Zn 
concentration between natural and flux synthetic 
spinels are large enough that this separation can be 
done solely using EDXRF analysis; there is no need 
to use the electron microprobe or other quantita- 
tive procedures. Using a more sensitive, quantita- 
tive analytical technique known as optical emis- 
sion spectroscopy, Schwarz (1981) studied the dif- 
ferences in chemistry between flame-fusion syn- 
thetic spinels of various colors (none of which were 
pink to red} and natural pink-to-red spinels from 
Myanmar and Sri Lanka. He, too, found signifi- 
cantly more Zn in natural spinels than in the 
flame-fusion synthetics. 

We also found Ti only in the natural red 
spinels. Therefore, the presence of Ti indicates a 
natural origin. Fe was more abundant in the natural 


TABLE 3. Electron microprobe analyses of representative pink-to-red natural spinels and Russian flux-grown synthetic spinels. 


0 Natural spinels (wt.%) Russian flux-grown synthetic spinels (wt.%) 
xide 
No. 646° No, 647° No, 662° No. 656 No. 695 No. 654 
(Pink) (Pink) (Red) (Purplish red) (Purplish red) (Purplish red) 

MgO 27.72 27.81 28.17 27.70 27.38 27.59 
Al,O; 69.46 69.62 67.24 70.64 70.31 71.07 
TiO, 0.01 0.02 0.41 BDL° BDL BDL 
V,03 0.05 0.04 0.38 0.05 0,04 0.03 
Cr,03 0.06 0.05 3.09 0.47 0.49 0.34 
MnO BDL 0.01 0.01 BDL 0.02 BDL 
FeO 0.48 0.31 BDL BDL 0.05 0.04 
NiO 0.01 BDL BDL BDL BDL BDL 
ZnO 0.07 0.10 0.05 0.01 0.01 BDL 
Ga,O, 0.04 0.02 BDL 0.02 BDL 0.03 
Total 97.90 97.98 99.35 98.89 98.30 99.10 


* Electron microprobe analyses were performed on an automated, five-crystal JEOL 733 spectrometer operating at a beam-accelerating potential of 15 kV and a 
current of 40 nA, K-alpha lines were analyzed for each element. Standards include: (Mg, Al—spinel, (Si, Ca)—anorthite, (K}—microciine, (Ti—TiO2, Vj—V 20s, 
(Cr}—Cr2O03, (Mn}—Iin olivine, (Fe)—fayalite, (NiJ—Ni olivine, (Zn)—ZnO, and (Ga)—GaAs. Two analyses at different localions were performed on each sample. 
Total iron is shown as FeQ; total manganese as MnO. The microprobe data were corrected using the program CITZAF (Armstrong, 1988) employing the 
absorption correction of Armstrong (1982), the atomic number correction of Love et al. (1978), and the fluorescence correction of Reed (1965; as modified by 


Armstrong, 1988). Anaiyses performed by Paul Carpenter. 
° From Tajikistan. 
“From Myanmar 
“BDL = below the detection limits of the instrument fess than 0.07 wt.% oxide). 
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Figure 17, These visible absorption spectra for three natural and three synthetic blue spinels, as 
recorded with a Hitachi spectrophotometer and seen with a handheld spectroscope, illustrate the evo- 
lution from Fe-related features to Co-related features. (For details see text.) Spectrum A is of a 2.11-ct 
natural gray-blue spinel; spectrum B is of a 2.88-ct natural blue spinel; and spectrum C is of a 1.92-ct 
natural "cobalt blue" spinel. Spectrum D 1s of a 0,83-ct faceted Russian flux synthetic blue spinel; 
spectrum E is of a flame-fusion synthetic blue spinel fragment; and spectrum F is of a 0.15-ct flux syn- 
thetic blue spinel crystal grown at Bell Laboratories. Spectra A, C, E, and F were labeled as "spectra 
types" II, I, II, and IV, respectively, in Shigley and Stockton (1984). 
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BOX B: SYNTHETIC GAHNITE 


Gahnite, ZnAl,O,, the zine equivalent of spinel 
(MgAlL,O,], has been grown in various colors by the 
flux method, but only on an experimental basis 
{Nassau, 1980}. This rare synthetic was mentioned in 
the gemological literature as early as 1967 by 
Liddicoat. As part of our study, we analyzed several 
pink-to-red flux synthetic gahnites grown in the 1970s 
at Bell Laboratories (figure B-1}. Not surprisingly, the 
colors result from doping this material with Cr. 

Since both synthetic spinel and gahnite crystals 
can be grown by the flux method, in similar pink-to- 
red colors, it appears that one could possibly grow a 
synthetic spinel crystal containing an amount of zinc 
similar to that detected in natural spinels (see, ¢.g., 
Wood and White, 1968). However, it is uncertain 
whether crystal growers would spend the time and 
money that would undoubtedly be required to alter 
their current growth methods simply to circumvent a 
particular gem identification method. In addition, the 
new product might have other distinctive gemological 
properties. We have no evidence that such pink-to-red 
spinel containing abundant Zn has been synthesized. 


ae 


¢ 


red spinels (except for those from Myanmar], and 
Ga was sometimes more abundant (but with signif- 
icant overlap in concentration level) in the natural 
than in the flux synthetic red spinels. Ni was found 
as a trace impurity in both groups. Cr and V were 
recorded in both the natural and the flux synthetic 
red spinels, but in varying relative quantities. 
Finally, the presence of either Ir (from the crucible) 
or Pb (from the flux) proves synthetic origin. 

Magnification is the key gemological test in 
separating blue flux synthetic from similar-colored 
natural spinels, both Fe- and Co-containing. If char- 
acteristic inclusions are not present, Fe bands in 
the visible-light spectrum and an inert reaction to 
short-wave U.V. radiation will identify both Fe- 
and Co-containing spinels as natural (table 2). The 
more common Fe-containing natural blue spinels 
can also be separated on the basis of their absence 
of transmission luminescence, of fluorescence to 
long-wave U.V. radiation, or of a reaction to the 
Chelsea color filter. Natural blue spinels contain 
more Zn, and generally more Fe and Ga, whereas 
the flux synthetic spinels contain more Co and, in 
some cases, they contain Pb or Pt {with the pres- 
ence of either of the latter two elements constitut- 
ing proof of synthetic origin). 
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Figure B-1, These flux synthetic gahnites 
(0.47-23.25 ct) were grown on an experimental 
basis at Bell Laboratories. Courtesy of Dr. Kurt 
Nassau; photo by Robert Weldon. 


CONCLUSION 


In this article, we have described the gemological 
properties and chemical characteristics of the new 
flux synthetic red and blue spinels from Russia. For 
blue flux synthetic spinels, microscopy, visible- 
light spectroscopy, and short-wave U.V. fluores- 
cence will suffice for separation from both Fe-con- 
taining and Co-containing natural spinels. Red flux 
synthetic spinels can be identified gemologically 
only if flux or metallic inclusions are present. In 
either case, qualitative chemical analysis by 
EDXRF appears to provide definitive proof, as it did 
for all the spinels examined for this study. 

The commercial availability of Russian flux 
synthetic spinels in a range of colors and signifi- 
cant faceted sizes will require that gemologists 
consider a variety of tests to identify this material. 
For some stones, they will need to use a combina- 
tion of both standard gem-testing methods and 
advanced chemical analysis. This situation has 
already been demonstrated in the case of natural 
and synthetic ruby (see, e.g., Muhlmeister and 
Devouard, 1991). In the absence of definitive gemo- 
logical tests, this article points out the growing 
importance of rapid, nondestructive, EDXRF chem- 
ical analysis to modern gem testing. 
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EMERALDS AND GREEN BERYLS 
OF UPPER EGYPT 


By Robert H. Jennings, Robert C. Kammerling, André Kovaltchouk, Gustave P. Calderon, 
Mohamed K. El Baz, and John I. Koivula 


Egypt is the most ancient of sources for 
emerald. More than 2,000 years ago, emerald 
deposits in upper Egypt were supplying gems 
throughout the Graeco-Roman Empire. A 
recent visit to this emerald province revealed 
that the emeralds occur within a northwest- 
southeast trending belt of schistose rocks in 
the Red Sea Hills, near the port town of 
Marsa Alam, At the time of the visit, there 
was no official commercial mining of emer- 
ald in the region, although there was evi- 
dence of sporadic activity by Bedouin 
tribespeople. Gemological examination of 14 
cut emeralds and green beryls revealed prop- 
erties consistent with those of material from 
similar geologic environments. 
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100 Egyptian Emeralds 


he legendary “Cleopatra’s Mines” were the single most 
"important source of emeralds for most of recorded history, 


with the earliest known production dating to the fourth cen- 


tury B.C. In fact, until the Spaniards’ 16th-century discovery 
of emerald deposits in what is now Colombia, Egypt was the 
only significant source of this beryl variety as a gem material 
(Sinkankas, 1981}. Yet in spite of their long history, relative- 
ly few early Egyptian emeralds are known (figure 1}, with only 
a small number having been found in ancient tombs 
(Gregorietti, 1969}, Sinkankas (1981) concludes from this rel- 
ative scarcity of historic stones that large quantities were not 
produced from these mines, and the stones recovered were 
small and of “mediocre” quality. He further speculates that 
such material was probably used primarily in amulets or was 
crushed for medicinal use. The mines themselves have been 
largely inactive for more than 700 years, with 19th- and 20th- 
century attempts to reestablish commercial operations sin- 
gularly unsuccessful. 

Consequently, relatively little has been published on 
Egypt’s emerald deposits—especially maps of the various 
occurrences and reports of current recovery—or on the gemol- 
ogy of the gems themselves. Although Grubessi et al. (1990) 
provided some gemological and crystallographic data for beryl 
crystals from Gebel Zabara, there has been no detailed gemo- 
logical characterization of the gem-quality fashioned materi- 
al that is available today. 

It is commonly believed that the commercial potential 
of the Egyptian emerald deposits is low because of the gener- 
ally poor quality of the material and the remoteness of the 
area, its harsh climate, and the consequent high cost of min- 
ing. Nevertheless, limited quantities of emeralds are recov- 
ered from the region today. No production figures are available, 
but small amounts of faceted and cabochon material are occa- 
sionally available for purchase in the town of Luxor, in the Nile 
Valley of upper Egypt. Rough and fashioned material from the 
region is also sometimes sold in Cairo’s Khan il Khalili Bazaar. 
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Some of this material is quite attractive, especially 
when enhanced by fracture filling (figure 2). 

Four of the authors (RHJ, RCK, AK, MEB) traveled 
to the Zabara, Sikheit, Nugrus, and Umm Kabu emer- 
ald localities of upper Egypt from November 30 to 
December 7, 1991. The objectives of this excursion 
were to: (1} determine the current extent of emerald 
recovery in this region; (2) update existing locality 
maps and draft new ones for areas previously not sur- 
veyed (such as Umm Kabu); and (3) if possible, obtain 
material for gemological study. 


Egyptian Emeralds 


Figure 1. This Egypto- 
Roman necklace and 
Graeco-Roman ring, both 
containing emeralds 
believed to be from upper 
Egypt, help illustrate the 
historic significance of the 
gems from this source. The 
loose stones are typical of 
the emeralds and green 
beryls that have been pro- 
duced from this region 
over the centuries. The 
emerald in the ring, which 
is courtesy of Th. Horovitz 
@ Cie., is 8.88 x 5.90 mm. 
The necklace and loose 
stones are courtesy of 
Derek Content, Inc., 
Houlton, Maine. Photo © 
Harold & Erica Van Pelt. 


This article briefly reviews access to, and the geol- 
ogy of, some of the localities where emeralds and 
green beryls have been mined in upper Egypt, as well 
as what is known of past and present recovery activ- 
ities. Revised locality maps of the mining areas that 
were visited are presented, as is a previously unpub- 
lished access map to the mines of the Umm Kabu 
region, where most of the current recovery activity 
appears to be focused. The gemological characteristics 
of fashioned emeralds recently obtained from the 
region are described. 
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Figure 2. This 14.56-ct emerald cabochon was 
obtained recently in Egypt and subsequently frac- 
ture filled. Photo © GIA and Tino Hammid. 
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Figure 3, Dating from the first century 
A.D., this Roman intaglio (8 x 6.4 x 3.5 
mm; impression shown in inset) has been 
carved from emerald that undoubtedly 
came from Egyptian mines. From the 
collection of the J. Paul Getty Museum, 
Malibu, CA; photos by Elen Rosenbery. 
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HISTORICAL BACKGROUND 


With the exception of one bead from Nubia dating to 
predynastic times, the beryls that have survived in 
Egyptian jewelry date from the Graeco-Roman Period 
(332, B.C-395 A.D.; again, see figure 1} and later (Aldred, 
1978; Andrews, 1991), In the earliest—Hellenistic—part 
of this period, one of the important innovations in 
jewelry was the use of color. Among the stones favored 
by the Greeks were emeralds (Black, 1981). 

Emerald also played a role in the jewelry of impe- 
rial Rome, and it is believed that the emeralds dis- 
covered in the ruins of Pompeii and Herculaneum, 
two Italian towns destroyed by the eruption of Mt. 
Vesuvius in 79 A.D., came from upper Egypt (Rogers 
and Beard, 1947). Among the treasures found in 
Pompeii, and now in the National Museum in Naples, 
is a gold mesh necklace set with mother-of-pearl and 
emeralds (Gregorietti, 1969]. The emeralds clearly 
exhibit their natural, hexagonal prismatic form, which 
is typical of Egyptian emeralds used in ancient jewelry. 

By the end of the Roman Empire, there was sig- 
nificant use of gemstones in jewelry, especially emer- 
alds from the Egyptian mines. Among the Roman 
jewelry in the collections of the British Museum is a 
necklace from the second century A.D., which consists 
of gold links with cut-out patterns alternating with 
prismatic emerald crystals. Such Roman jewelry is 
also found in the archeological record of Carthage, in 
what is now Tunisia in North Africa. One example is 
a third-century A.D. emerald-inlaid hair ornament 
(Tait, 1987). 

Occasionally, emeralds were engraved in Roman 
times for use as ring stones (Gregorietti, 1969). A first- 
century A.D, oval intaglio that is now in the J. Paul 
Getty Museum shows an unbearded comic mask 
(Spier, 1992, figure 3]. What is described as one of the 
best examples of a carved emerald (Middleton, 1891) 
is a cameo of Medusa’s head, cut from a large stone 
around the time of Emperor Hadrian (76-138 A.D.)}. 

Emeralds are also featured in the jewelry history 
of Roman Britain. Among the items from the Late 
Roman Thetford Treasure (all dating to the late fourth 
century A.D.; Caygill, 1985] is a gold ring with a large 
bezel that is set with an amethyst in the center and 
surrounded by alternating garnets and emeralds. Still 
later, Byzantine jewelry from Egypt, which dates to cir- 
ca 600 A.D., includes a gold necklace and earrings, 
all set with emerald crystals, sapphires, and pearls 
(Tait, 1987}. It might reasonably be argued that the pris- 
matic emeralds in a talisman that was buried with 
Emperor Charlemagne in 814 A.D. were also of 
Egyptian origin (Black, 1981). Emeralds were used 
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Figure 4. The emerald- 
bearing province of upper 
Egypt lies in the hills 
inland from the coast of 
the Red Sea. From Cairo, 
the mines are most easily 
reached by vehicle via the 
paved highway that runs 
along the coast to the 
small port community of 
Marsa Alam (see inset). 
The primary route to the 
Sikheit, Nugrus, and 
Umm Kabu localities is 
through Wadi Gemal., a 
narrow, sinuous wadi that 
cuts through the Red Sea 
Hills to the coast. The 
most direct route to Gebel 
Zabara is via a desert 
track that heads south 
from the paved road 
between Marsa Alam 

and Idfu, past the ancient 
Sukkari gold mine. A 
guide is essential to find 
any of the workings. 
Passage south of Marsa 
Alam requires a military 
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extensively in the early Islamic cultures as well. In fact, 
a number of treatises discussing the value of emeralds 
have been written in Arabic (see box A). 

Although many fine accounts of the historic 
record of emerald mining in Egypt have been pub- 
lished, exactly when these deposits were first exploit- 
ed remains a mystery. An excellent review is provided 
by John Sinkankas (1981). According to Sinkankas, 
there is some evidence suggesting that emeralds were 
being mined in upper Egypt as early as the 12th 
Dynasty (2000-1788 B.C.}. However, most historians 
agree only that the emerald deposits were extensive- 
ly exploited from 330 B.C. (during the Graeco-Roman 
period) until 1237 A.D. (during the reign of Sultan al- 
Kamil). 

The emerald mines may have been worked spo- 
radically after this date, but we know of no written 
record of such activities. By approximately 1740, the 
emerald mines had been abandoned. Their location 
was virtually unknown until their rediscovery by French 
explorer Frédéric Cailliaud in 1816 (Sinkankas, 1981). 

From 1816 to 1928, various attempts were made 
to exploit the emerald deposits commercially. An 
interesting account of one of these—an expedition 
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mounted to assess the economic feasibility of the 
deposits for Streeter and Company, London jewelers— 
was reported by D. A. MacAlister (1900). All of these 
attempts, however, ultimately were unsuccessful. In 
fact, there has been no successful commercial min- 
ing of the Egyptian deposits in modern times. 

Although some general geologic information of 
value was acquired during this period, more detailed 
geologic data were obtained later through extensive 
study and subsequent reporting by Hume {1934}, Basta 
and Zaki (1961), and Hassan and El-Shatoury (1976). 
An extensive geologic analysis of the Nugrus and 
Zabara areas was published by Soliman (1986}. Most 
recently, a detailed account of beryllium mineraliza- 
tion in Egypt was published by Hussein (1990). 
Geologic studies of the area are currently being con- 
ducted by the Egyptian Geological Survey and Mining 
Authority (EGSMA\], to assess the gem and mineral 
resources (Rohr, 1990]. 


LOCATION AND ACCESS 

The mines are best reached from the small port com- 
munity of Marsa Alam (see figure 4). The distance 
from Cairo to Marsa Alam is around 700 kim (430 
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BOX A: EGYPTIAN EMERALDS IN 
EARLY ISLAMIC LAPIDARIES 


The main textual sources of information about the 
ancient and medieval workings of Egypt’s emerald 
mines are the lapidaries—books describing the per- 
ceived properties of gemstones and related materials. 
These range from the earliest surviving treatise by 
Theophrastos (written ca. 315 B.C.}, to Pliny’s famous 
Natural History (written in Italy in the first century 
A.D.}, to the medieval English and Continental 
European treatises, some of which are as late as the 
16th century. However, specific information about 
Egyptian emeralds is sparse and is mostly limited to 
vague descriptions of the geographic area where the 
mines were located. For more comprehensive sources 
we must turn, not surprisingly, to the early Islamic 
lapidaries, of which there are several. 

The value of emeralds in the early Islamic period 
is discussed by Al-Biruni (d. ca. 1050}, in his great 
work about gemstones and mineralogy Kitab al- 
Djamahir fi Ma’rifat al-Djawahir |Book of the 
Manifold Knowledge of Precious Stones}; by Al- 
Akfani (d. 1348), in his Kitab Irshad al-Kasid 
[Treatise on Precious Stones]; and, to a lesser extent, 
by several other writers cited by Wiedemann in his 
Uber den Wert von Edelsteinen bei den Muslimen 
{Concerning the Value of Gemstones by the Muslims] 
(Strasburg, 1911}. However, most relevant to our sub- 
ject is the chapter on emeralds attributed to Ahmad 
AL-Tifashi (d. 1253}. 

The translation below was made by Nahla 
Nassar using the Arabic text printed in 1818 in 
Florence titled Kitab Azhar al-Afkar fi Jawahir al- 
Ahjar / Fior di Pensieri sulle Pietre Preciose di 
Ahmed Teifascite |Flowers of Thoughts on Precious 
Stones from Ahmad AI-Tifashi] (edited and translated 
from Arabic into Italian by Antonio Raineri}, 


CHAPTER IH: EMERALDS 

FORMATION: Pliny the Elder mentioned that emer- 
alds are essentially rubies; as they were going through 
the process of formation, they were red all over. The 
red color deepened and became more dense, so that it 
acquired a blackness, and they became azure in color. 
The intensity and harshness of the dryness forced the 
blue color to be concentrated in the center; the pure 
redness rose to the surface and became yellow. Thus 


mi.) along the coastal highway, about nine hours. 
The mines are located in the Red Sea Hills some 
40-60 km southwest of Marsa Alam. Access is by 
four-wheel-drive vehicle along a complex system of 
narrow, sandy-bottomed, dry river beds, or washes, 
called wadis. These wadis often wind around the 
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Figure A-1, This reassembled strand of emerald 
crystals with amethyst and colorless quartz beads is 
typical of early Islamic jewelry. Note that the large 
emerald at the bottom center is 27.69 x 12.27 mm. 
Courtesy of Derek Content, Inc., Houlton, Maine; 
photo by Shane F. McClure. 


the surface became yellow and the center blue. As the 
heat increased, the two colors were cooked and mixed 
together, and both the surface and the center became 
green.... 


MINES WHERE IT IS FORMED: Emeralds are formed in 
the bordering regions between Egypt and the Sudan. 
Behind Aswan is a long mountain where pieces of 
emeralds are mined. The head miner in Egypt, 


mountains in a complex maze and are subject to dan- 
gerous flash flooding. The localities where emeralds 
have been mined are named after prominent gebels 
(hills) and associated wadis in the area, namely, Gebel 
Zabara, Gebel Sikheit, Wadi Nugrus, and Wadi Umm 
Kabu. There are other known occurrences of emerald in 
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appointed in charge of this mine by the Sultan |proba- 
bly Ayyubid Sultan Al-Malik al-Kamil, d. 1238], said 
that the first emerald minerals that appear are known 
as talf; these are black stones that change into golden 
pyrite when heated. If one mines deeper, one comes 
across a loose soft red soil in which emeralds are 
found. Those which are found in the soil are known 
as fass [a stone for a ring”]; those which are found 
still attached to a vein are known as qasab {a longer 
stone for jewels”], in the language of jewelers and 
mineralogists. 


GOOD AND BAD VARIETIES: There are four varieties 
of emeralds: al-Dhubabi, al-Rihani, al-Silqi and al- 
Sabouni. The most precious and valuable, and the 
most superior in all its qualities, is al-Dhubabi. This 
is a very dark green, untainted by any other color, it is 
of good pigment and clarity. It was called Dhubabi in 
relation to the flies [Ar. dhubab] that are found on 
roses in springtime. These flies are of the purest and 
most intense green hues. Al-Rihani is of a lighter 
green color, similar to the color of sweet basil 
[Ocinum basilicum, Ar. rihan}; the Silqi is the same 
color as green chard [Ar. silq],; the Sabouni, which is 
beneath it in quality, is the color of soap [Ar. saboun]. 
We have already mentioned that the Dhubabi is the 
best variety in clarity and brilliancy, and the most 
beautiful. « 


IMPERFECTIONS ASSOCIATED WITH EMERALDS: 
One of the greatest shortcomings of emeralds is the 
variation in color between stones mined in different 
places. This applies to all varieties, including al- 
Dhubabi. Another is unevenness in shape; this is 
common in emeralds, rubies, sapphires and all other 
gemstones. An imperfection inherent in emeralds is 
cracking: these are concealed cracks that appear in 
the stones. 


CHARACTERISTICS AND BENEFITS: Dhubabi emer- 
alds have a very important characteristic which is 
particular to this variety, and is used to test real from 
fake specimens. If a snake looks upon a real Dhubabi 
emerald, and lays its eyes on it, they will burst on the 
spot. Ahmad AlI-Tifashi said: “I used to come across 
this characteristic of emeralds in books on gem- 
stones, so I tried it myself. I hired a snake gatherer to 
hunt a snake. I placed the snake in a basin. I took an 
arrow and placed a piece of wax on its tip; to that I 


this region, such as at Umm Harba and Umm el Dabaa 
(Sinkankas, 1981], which we did not have time to visit. 
To reach the emerald localities, a local guide is essen- 
tial and can be hired (as we did} through the EGSMA 
office in Marsa Alam. Military permits to travel to the 
area must be obtained in Cairo. 
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stuck a piece of pure Dhubabi, and put it near the 
snake’s eyes. At first, the snake persisted in moving 
towards the emerald with a forceful movement that 
showed a desire to get out of the basin. When the 
stone was brought even nearer to its eyes, I heard a 
gentle crackling, and saw that the eyes of the snake 
had melted and were clearly protruding. .. .” 

Other characteristics are softness, easy decompo- 
sition and lightness in weight; it is also smooth and 
polished. A beneficial characteristic of emeralds is 
driving weariness of the eye away from anyone who 
looks intently upon them. The best Dhubabi will also 
protect anyone who wears it in a necklace or a ring 
from epilepsy, especially if it is worn before the 
oncoming of the disease. Another characteristic is 
that if it is given in drink to someone who has been 
bitten or poisoned, it will save him from death. It is 
also beneficial for excessive discharge of blood; or 
dysentery if worn on a spot above the liver, and stom- 
ach aches if worn above the stomach. It will also pre- 
vent poisonous animals from coming near anyone 
who wears it, or a place where it is found. It helps in 
difficult births. Another of its characteristics is that 
devils do not come near anyone who carries it, and 
will flee the place where it is found. A property of 
emeralds is that their color intensifies if they are 
mounted onto a backing. 


VALUE AND PRICE: It should be noted that all the 
above mentioned characteristics belong exclusively to 
al-Dhubabi emeralds, and not to any of the other vari- 
cties. It is for this reason that the price for this variety 
is high. . .. The price increases with the weight of the 
stone and the presence of the above mentioned descrip- 
tions. But the price of a smaller stone does not depreci- 
ate as much as small stones of other varieties because 
of the nobility of this gem and the greatness of its qual- 
ities, and the fact that they are more so in a larger 
stone. Other varieties have no value whatsoever. 
[Although, the author adds]... Al-Tifashi told 
that he once bought a Rihani emerald from a mer- 
chant; after cutting and polishing, it weighed twelve 
mithqals. He had paid 1,000 dirhams for the uncut 
stone. Later he took it to the Sultan al-Malik al-Kamil 
when he was in Damascus, where it was valued at 
30,000 dirhams cash; but it was worth much more. 


Derek J. Content 
Houlton, Maine 


CARTOGRAPHIC PROCESS 


To accurately navigate the remote labyrinth of canyon- 
like wadis and produce reliable maps of the mine 
locations, we used surface geologic maps and satellite 
imagery of the region in conjunction with a Global 
Positioning System (GPS). This pocket-calculator- 
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sized, fully portable, battery-operated electronic device 
provides access to a radio-navigation system operated 
by the U.S. Department of Defense. Now available 
from several manufacturers, the GPS allows a user 
on the ground to triangulate his/her position any- 
where in the world by receiving radio signals from 
satellites orbiting the Earth. 

In the Red Sea Hills environment, the twisting 
nature and steep walls of the wadis, which often 
extend hundreds of meters above the canyon floor, 
make dead-reckoning navigation impossible and mea- 
surements with other instruments too slow and 
impractical. With the GPS device, the coordinates of 
specific points on the ground were recorded in sec- 
onds to within 100 m laterally and were later plotted 
to reconstruct the maps of the mines shown here. In 
addition, this invaluable instrument helped the authors 
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Figure 5. This geologic map of 
the emerald localities shows 
the general NW-SE trend of 
the mines. A wide variety of 
Precambrian igneous and 
metamorphic rocks have 
been mapped in the region. 
Emeralds and green beryls 
occur in schistose rocks 
(ms/mv/mva) at their contact 
with gneissic granite (gn). A 
NW-SE fault through Wadi 
Sikheit is inferred, based on 
satellite imagery. Modified 
after Geologic Map of Egypt, 
Gebel Hamata Sheet (1987). 


find their way back to base camp at night, when all rec- 
ognizable markers had disappeared in darkness. 


GEOLOGY AND OCCURRENCE 
OF THE EMERALD DEPOSITS 


A comprehensive review of previously published work 
on the geology of the emerald mines of upper Egypt is 
beyond the scope of this article, and the reader is 
referred to the work of Basta and Zaki (1961}, Hassan 
and El-Shatoury (1976}, Soliman (1986}, and Hussein 
(1990), for further details. The following overview is 
a summary of the geologic setting of the emerald 
deposits at the localities that were visited: Zabara, 
Sikheit, Nugrus, and Umm Kabu. 

A wide variety of igneous and metamorphic rock 
types have been mapped in the region (figure 5}. 
Basement rocks consist of metasediments and 
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metavolcanics (designated ms/mv/mva in figure 5] 
intruded by granites (Hassan and El-Shatoury, 1976), 
The emerald deposits of upper Egypt occur within a 
northwest-southeast trending belt of emerald-bear- 
ing schistose rocks that extends for some 45 kin from 
Gebel Zabara in the northwest to Wadi Umm Kabu 
in the southeast. 

Beryl mineralization is associated with the intru- 
sive contact between a gneissic biotite granite and 
overlying mica schists (Soliman, 1986]. The emeralds 
and other beryls occur as crystals in biotite schists, 
biotite-actinolite schists, and biotite-tourmaline schists 
along this contact, as well as in the quartz veins and 
pegmatite dikes that commonly cut the emerald-bear- 
ing zones in these mica schists. The ancient emerald 
mines were located where stream erosion had exposed 
a concentration of emerald along the contact zone 
and where emerald fragments were abundant in the 
alluvial deposits of the resultant wadi. It appears that 
most such concentrations in the region were found and 
worked long ago, with little left behind for today’s 
collectors. 

The linear distribution of beryl mineralization in 
the region, as indicated by the NW-SE linear distrib- 
ution of the emerald mines, is generally attributed to 
the presence of a NW-SE trending deep-seated tec- 
tonic zone of Precambrian age. Soliman (1986) spec- 
ulated that the beryl mineralization is due to 
pneumatolytic-hydrothermal processes associated 
with the episodic emplacement of granites during the 
Precarnbrian along this NW-SE trending deep-seated 
tectonic zone. Further speculations on beryl miner- 
alization are given in Hassan and El-Shatoury (1976) 
and Hussein (1990). 


ZABARA 


The Gem-Bearing Deposits. The geology of the beryl 
occurrences in the Zabara area has been described in 
detail by Basta and Zaki (1961) and Hassan and E]- 
Shatoury {1976}. A locality map of the ancient mined 
areas that were visited is shown in figure 6. Emerald 
and green beryl were mined from schistose rocks at 
their contact with the underlying gneissic granite. 
The contact is commonly obscured where it has been 
covered by talus from the steep canyon walls. 
However, the contact is exposed on both sides of the 
narrow wadi, and there are numerous shafts along its 
entire length. The contact plunges below ground lev- 
el to the northeast, where Wadi Zabara joins a larger, 
unnamed wadi (figure 7}. Numerous quartz veins and 
fractures cut across the schists and underlying gneis- 
sic granites. Mica schists along the contact at some of 
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Figure 6, This sketch map of the emerald mines 
near Gebel Zabara was constructed using GPS 
navigation. Gneissic granite is exposed near the 
floor of the wadi. The emeralds occur in overlying 
mica schists on both walls, 


the mines contained some beryl] crystals; however, 
there were no obvious mappable zones of mica schists 
with abundant beryl mineralization. Rather, it appears 
that beryl mineralization occurred in limited, dis- 
continuous zones along the contact. Fragments of 
emerald and green beryl were also recovered from the 
tailings associated with the mines and from alluvial 
gravels in the floor of the narrow wadi. 


Mine Workings. Simple but extensive mine shafts 
have been sunk below the workings into the schist 
gneissic granite contact on both sides of the wadi; we 
entered workings on the north side. Several near-ver- 
tical shafts {up to 15 m [approximately 50 ft.| deep} 
sunk along the contact here connected at depth to a 
large area where rooms with pillars had been created 
to facilitate removal of the mica schists (figure 8). 
The miners probably used hand tools to remove the 
ore, which they then carried to the entrance of the 
mine, at which point the material was broken and 
worked for emerald. There was no indication that a 
mappable emerald-bearing zone or reef had been sys- 
tematically mined. Nor was there evidence of recent 
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Figure 7. The intrusive contact and emerald work- 
ings can be seen here, looking northeast, in one 
wall of Wadi Zabara. The true strike and dip of the 
contact are unknown. The contact plunges to the 
northeast below ground level at the entrance to the 
wadi (to the left on the photograph). Emerald 
workings occur above this contact, with the mine 
tailings extending from below the workings and 
down to the wadi floor. Note the cars on the far 
left for scale. Photo by Robert jennings. 


mining in situ, although shallow pits with unweath- 
ered dirt in the mine tailings and alluvial gravels of the 
wadi floor indicate recent activity. 

According to Cairo gem dealer Ali Khorrassany, 
the Bedouin of the area work the wadi gravels from 
November to March, when the region receives most 
of its scant rainfall. When it rains in the desert, there 
can be substantial flooding in the wadis. This natur- 
al process results in a “float,” as the floods wash 
through the wadis carrying huge volumes of sand and 
gravel. The floods are usually brief and, soon after 
they subside, the Bedouin visit the wadis that drain the 
emerald workings to sort through the surface gravels 
by hand, looking for the green geis. 


SIKHEIT AND NUGRUS 

The Gem-Bearing Deposits. The workings along Wadi 
Sikheit and Wadi Nugrus are near Gebel Sikheit. The 
geology of the beryl occurrences in the Sikheit/Nugrus 
localities has been described in detail by MacAlister 
(1900), Hume (1934), Basta and Zaki {1961}, and Hassan 
and El-Shatoury (1976). MacAlister (1900) sketched 
one of the more accurate maps ever produced of this 
locality (shown in figure 9, modified using GPS nav- 
igation), Our GPS recording changed the mapped ori- 
entation of some wadis and indicated that there is no 
vehicular connection between Wadi Abu Rushaid and 
Wadi Sikheit. A geologic map of this locality was pub- 
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Figure 8, This view is inside one of the mines on 
the north wall of Wadi Zabara, entered through a 
near-vertical shaft excavated along the schist- 
gneissic granite contact. Note the chisel marks and 
the pillar, approximately tm in diameter, left as 
support. Photo by Robert C. Kammerling. 


lished by Hassan and El-Shatoury {1976}. Grubessi et 
al. {1990} published one of the more recent accounts 
of an excursion to this locality, commenting on the 
many fine ancient ruins (dwellings and temple} to be 
seen. The main temple at Wadi Sikheit, carved into the 
canyon walls, has served as a landmark for many trav- 
elers (figure 10). Unfortunately, graffiti has tarnished 
some of its aesthetic beauty. 

The most extensive emerald workings at this 
locality can be found {1} on the southwest slopes of 
Gebel Sikheit, along the upper reaches of Wadi Sikheit; 
(2) midway along Wadi Sikheit, near the temple and 
associated ruins (both sides of the wadi}; and (3} on the 
northeast side of Wadi Nugrus, near the ruined 
dwellings. The occurrence of beryl in these two wadis 
is restricted to the mica schist-gneissic granite contact 
zone {Hassan and El-Shatoury, 1976}. Beryl is con- 
centrated in discontinuous zones in schistose rocks 
along this contact, and in quartz veins cutting the 
schists and underlying gneissic granites. As at Zabara, 
this contact is often obscured by altuvium or by tail- 
ings from the numerous mines. In most places, the 
contact between the beryl-bearing schistose rocks and 
the underlying gneissic granite is inferred. The bery]- 
bearing schists are exposed on the slopes of Gebel 
Sikheit, and to the southeast along Wadi Sikheit, 
toward the ruins. According to MacAlister (1900) and 
Hume (1934], the deposits on the slopes of Gebel 
Sikheit occur in four bands of mica schist and talc 
schist. These schists are mapped in fault contact with 
the gneissic granite in Hume {1934}. No new geolog- 
ic mapping was conducted in this area other than to 
confirm the rock types and mineral associations that 
had previously been described. 
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Figure 9. This map of the emerald mines of Wadi 
Sikheit and Wadi Nugrus is modified from GPS 
navigation after a sketch map of D. MacAlister 
(1900). The authors’ global positioning survey 
changed the mapped orientation of some of the 
wadis and indicated there was no vehicular connec- 
tion between Wadi Abu Rushaid and Wadi Sikheit. 


Mine Workings. The abundance of ancient shafts, 
adits, and associated mine tailings in the 
Sikheit/Nugrus localities suggests that this area was 
extensively worked in the past. Mine shafts and adits 
occur in groups, probably where stream erosion along 
the wadis exposed the emerald-bearing rocks. Some 
groups of mines were worked more than others, as 
evidenced by their large chambers and interconnect- 
ed tunnels. The extensive ruins in Wadi Sikheit and 
Wadi Nugrus also indicate that there was a high lev- 
el of emerald-mining activity in the past, consider- 
ably more than at Zabara. 

There is evidence that some of the mines at this 
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Figure 10. This temple, carved into the canyon 
wall and dating to Ptolemaic times (circa 300 
B.C.), is at the entrance to Wadi Sikheit. It has 
long served as a landmark for travelers in the 
region. Photo by Robert C. Kammerling. 


locality have been worked in more recent times. Some 
of the mine shafts and adits at Sikheit are marked 
with wooden survey stakes, and the entrances to a 
few of the larger mines are numbered with paint (fig- 
ure 11}. In addition, unweathered tailings piles of lim- 
ited extent were seen at the entrances to some of the 
workings along the lower part of Wadi Sikheit. Goat 
and camel droppings and fire pits indicated that Bedouin 
camps had been set up relatively recently. However, the 
small size of the unweathered tailings suggests that 
recovery has not been systematic. No mines in the 
area we visited could be considered active. 

There is also considerable evidence, in the form 


Figure 11. The authors came across some evidence 
that mines on the slopes of Gebel Sikheit had been 
worked in more recent times. Note the number 
painted here at a mine entrance on the southwest 
slope of Gebel Sikheit. Photo by Robert Jennings. 
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Figure 12. This narrow wadi, just north of Wadi 
Nugrus and below extensive mine workings on the 
ridge, provides key drainage for the extensive 
emerald workings. Such wadis often form narrow, 
sinuous canyons as they cross the Red Sea Hills. 
Photo by Robert Jennings. 


of abandoned camps and shallow, unweathered dig- 
gings, that the gravels that drain the mine tailings are 
still worked periodically (figure 12). 

It is interesting to note that many of the ruins of 
dwellings at Wadi Sikheit and Wadi Nugrus appear to 
be situated adjacent to or on mine tailings and caved- 
in adits. It is possible that the early miners constructed 
habitats in such proximity to the workings to main- 
tain security. 


UMM KABU 

Description of the Gem-Bearing Deposits. The loca- 
tion of the Umm Kabu workings is shown in figure 13. 
The emerald mines are accessed from two wadis that 
branch north-northeast from Wadi Gemal. Both of 
these wadis are extremely narrow (5-30 m} and sinu- 
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ous, and both contain additional stone ruins near the 
workings. We noted very recent vehicle tracks on the 
northern side of the workings, which suggests that 
vehicular access is possible via another wadi on the 
north or northeast flank of the mined area. 

Very little information has been published on 
Umm Kabu, although the geology was briefly 
described by Hume {1934} and by Hassan and El- 
Shatoury (1976], the latter including a geologic sketch 
map of part of the area. Even so, the workings here are 
as extensive as those at Sikheit/Nugrus, which sug- 
gests that they were once a major source of emerald. 
The occurrence of beryl at Umm Kabu, as at the oth- 
er localities, is believed to be due to the emplacement 
of granites into mica schists (Hassan and El-Shatoury, 
1976; Soliman, 1986}. There is very little evidence 
here, however, of this intrusive contact. Cobbles of 
gneissic granite, white granite, hornblende gneiss, and 
serpentinite were observed in the alluvial fill of the 
wadis leading to the emerald workings, as were numer- 
ous types of mica schists and beryl. A few small expo- 
sures of gneissic granite and white granite were found 
in the lower reaches of Wadi Umm Kabu. It is assumed 
that the occurrences of beryl here are indicative of 
the occurrence of intrusives very close to the surface 
at this locality. 

Abundant fragments of green beryl and emerald 
were found along both of the narrow wadis that lead 
to the emerald workings of Umm Kabu. Emerald was 
found as small (a few millimeters in diameter}, loose, 
hexagonal prisms, as well as single crystals and occa- 
sional clusters embedded in quartz and biotite schist. 
The emeralds embedded in biotite schist seemed to 
have the best color. Fragments of green beryl and 
emerald were also found in the tailings piles. 


Mine Workings. The ancient mine workings at this 
locality are considerable, as can be seen by the exten- 
sive tailings (figure 14]. Most of the shafts are now 
caved in, but those that are partially open indicate 
that they were nearly vertical. As at Sikheit and 
Nugrus, the mine shafts were located to excavate 
obvious zones of emerald-bearing mica schist. 

Piles of cobbed material—emerald and green beryl 
in quartz and in biotite schist—were seen around the 
ruins at the entrance to Umm Kabu. The cobbing 
appeared to be fresh, with no evidence of weathering, 
which suggests that the material had been transport- 
ed down the wadis from an active working relatively 
recently. However, we could not determine the source 
of the emeralds. It is possible that cobbing was done 
on old material. 

The footpaths along both of the wadis that lead to 
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and across the ancient workings at Umm Kabu are 
well worn, and there is considerable evidence that 
Bedouin visit the area frequently with their camels and 
goats. Several campsites were evident along both 
wadis and at the ancient mines. 

In the few days we walked between the entrances 
of these two wadis and the ancient emerald work- 
ings, we found a few dozen small crystals and crystal 
fragments of emerald and green beryl. It is possible 
that these gravels could yield considerable amounts of 
similar material if they were systematically worked. 


Figure 13. The emerald mines of Umm Kabu are 
accessible only by foot from Wadi Gemal. The 
two main wadis shown drain the mined area. 
Abundant emerald fragments were recovered by 
the authors from alluvial gravels along the entire 
length of the narrow wadis. This original sketch 
map was constructed from GPS points recorded 
in the field at locations shown. 
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Figure 14, The ancient mine workings at Umm 
Kabu are considerable, as can be seen from the 
extensive tailings. Photo by Robert Jennings. 


THE CURRENT STATUS 
OF PRODUCTION 


At the time of the authors’ visit, no commercial min- 
ing was being carried out on a mining exploitation 
license issued by the Egyptian Geologic Survey and 
Mining Authority at any of the localities visited. 
Recent discussions with merchants in Cairo indicate 
that EGSMA has awarded an Egyptian firm a two- 
year exploration license for the Sikheit region. 
However, we were unable to obtain official confir- 
mation of this. 

It is interesting to note that several exploitation 
licenses have reportedly been awarded by the Egyptian 
government in the last 10-15 years to mine mica in 
the Zabara region (A. Khorrassany, pers. comm., 1991). 
EGSMaA is currently encouraging individuals to invest 
in gem mining in the emerald-bearing region, but tax- 
es, interference by local authorities, and, no doubt, 
the generally low quality of the material have so far 
discouraged activity. Interest by local investors is also 
affected by the fact that most Egyptians prefer gold and 
diamonds for jewelry. To attract foreign investment, 
EGSMA is currently conducting new studies in this 
region to evaluate the potential of the gem deposits. 

Most gem materials recovered today are by 
Bedouin who pick through the ancient tailings and 
material weathered from the host rock and deposited 
in the wadis. Many are employed by the geologic sur- 
vey and thus have acquired considerable knowledge 
of the location of many gems and minerals. Production 
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figures are unknown, as none of the emerald-bearing 
deposits is mined officially. 

According to Ahmed Hussein Moustafa of the 
Zaglool Bazaar in Luxor (pers. comm., 1991}, emerald 
crystals are hand carried to the towns of Idfu and 
Luxor, where they are sold to merchants for fashion- 
ing. Most of the material is not gem quality and, at pre- 
sent, there does not appear to be enough gem-quality 
emerald to justify much more activity. However, Mr. 
Moustafa has made a few trips to Idar-Oberstein in 
Germany to have some of the better-quality materi- 
al fashioned. Most of the fashioned material has been 
cut en cabochon and is sold to tourists in Luxor. The 
Bedouin also bring other gem materials to Idfu and 
Luxor—such as amazonite, amethyst, chrysoprase, 
fluorite, and peridot—from the Red Sea Hills sur- 
rounding Wadi Gemal. 


GEMOLOGICAL AND 
SPECTROSCOPIC CHARACTERISTICS 


Materials and Methods. Fourteen specimens of emer- 
ald and green beryl from Upper Egypt were acquired 
for the gemological study performed at the GIA Gem 
Trade Laboratory in Santa Monica, California, These 
specimens (see, e.g,, figure 15}, which are from unspec- 
ified mining localities in upper Egypt, were obtained 
from two sources: (1} Ali Khorrassany, who both per- 
sonally collected rough from the mining areas and 
acquired specimens from local Bedouin, and (2} Ahmed 
Hussein Moustafa, who purchased specimens from 
Bedouin who also reportedly collected them in the 
mining areas. Thirteen of the specimens are cabochons 
and range from 0.38 to 17.50 ct; the 14th specimen is 
a 2.28-ct emerald cut. None of the crystal fragments 
found by the authors on site was large enough or of high 
enough quality for gemological testing. 

The specimens ranged in diaphaneity from 
translucent to semitransparent, as a result of being 
moderately to heavily included, and in color from 
medium-light to dark green. With regard to the latter, 
it should be noted that Egyptian emeralds are vari- 
ously described in the literature as ranging from “very 
pale bluish green or yellowish green to the intense 
green hue” (Sinkankas, 1981) and as “light-coloured” 
(Webster, 1983], although darker material has also 
been reported (again, see box A}. Because Egyptian stones 
are described as often being light toned, the question 
has arisen as to whether they are properly classified as 
emeralds rather than green beryls. The staff of the 
GIA Gem Trade Laboratory determined that, on the 
basis of color, 12 of the 14 specimens used in the 
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Figure 15. These emerald cabochons (0.46-1.72 ct), 
used in the gemological investigation, are typical 
of the Egyptian emeralds/green beryls currently 
available in limited quantities, Photo © Tino 
Hammid and GIA, 


gemological study were appropriately called emerald, 
while the other two qualified as green beryl. 

Refractive indices were taken with a Duplex I 
refractometer; pleochroism was determined with a 
Polaroid-filter-type dichroscope; specific gravity was 
measured hydrostatically; microscopic examination 
used a GIA GEM Instruments Mark VI GemoLite 
microscope; and spectra were observed with a GIA 
GEM desk-model unit fitted with a Beck prism spec- 
troscope. The results of gemological testing are report- 
ed in table 1 and discussed below. 

The chemical composition of five of the samples 
was determined qualitatively using a Tracor Spectrace 
5000 X-ray fluorescence (EDXRF} analysis system. 
Mid-infrared spectra (400-4000 cm-1) of two of the 
samples were recorded using a Nicolet 60SX Fourier- 
transform infrared spectrometer. 


Refractive Index. Spot readings on the cabochons were 
1.57 to 1.58. The one faceted specimen, on which a 
flat-facet reading could be obtained, yielded refractive 
indices of e = 1.581 and 0 = 1.588, with a birefringence 
of 0.007. These latter values lie between the 1.573- 
1.580 values previously reported for emeralds mined 
along the eastem side of Wadi Sikheit, the 1.577-1.585 
values reported for stones recovered from the base of 
Gebel Silheit (Basta and Zaki, 1961; Sinkankas, 1981], 
and the 1.590-1.596 reported for stones from Gebel 
Zabara by Grubessi et al. (1990). These values are also 
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within the documented range for emeralds from 
numerous other localities (Sinkankas, 1981). 


Pleochroism. Although all of the specimens were 
moderately to highly included, it was possible to 
resolve their pleochroic colors. The weak to moderate 
dichroism of yellowish green and bluish green observed 
in all the stones is consistent with that observed in 
emeralds from other localities (Sinkankas, 1981). 


Ultraviolet Fluorescence. All 14 specimens were inert 
to short-wave ultraviolet radiation, but the 13 cabo- 
chons displayed faint to weak yellowish green lumi- 
nescence to long-wave U.V. The long-wave reaction 
may be the result of residual substances (oils?) used to 
fill surface-reaching fractures (see below). The fluo- 
rescence of green beryls and emeralds is known to be 
variable and, in general, weak (Sinkankas, 1981). 


TABLE 1. Gemological characteristics of emeralds and 
green beryls from upper Egypt.* 


Property * °* Observations 
Color Mediurn-light to dark green 
Clarity : Translucent to semitransparent 
Refractive indices 1.57 to 1.58 (spot) 
e = 1,581, 0 = 1.588 ° 
Birefringence 0.007 ° 
Pleochroism Weak lo moderate dichroism; yellowish 


UN. fluorescence 
Long-wave 
Short-wave 

Chelsea filter 

reaction 

Specific gravity 

Optical absorption 

spectrum (nm) 


Internal features 


green (ordinary ray) and bluish green 
extraordinary ray) 


next or faint to weak yellowish green ° 
nert 


Negative (i.e., yellowish green) to weak 
to moderate pink 
2.62-2.73 


Typical “emerald” absorption spectrum 
(Liddicoat, 1989). Key features: 683.5 and 
680.5 doublet and lines at 662 and 646 ° 


Numerous partially healed fractures composed 
of two-phase {liquid and gas) inclusions, un- 
healed fractures stained with a yellowish brown 
substance (limanite?}, growth tubes running 
paraliel to the optic axis (some with yellowish 
brown staining), translucent brown tabular inclu- 
sions (bictite?), oxidized amphibale “stalks,” and 
possibly decomposed filling material in surface- 
reaching fractures 


* Study sample includes 13 cabochons and one faceled stone. 

° Spot readings determined on 13 cabochons. 

° lal facet reading determined on one faceted! stane. 

" Fluorescent reactions possibly due to fracture-filllng residues. 

* The three lightest-colored stones exhibited only two weak absorption 
fines, at 683.5 and 680.5 nam. 
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Figure 16. Two-phase fluid inclusions such as these 
were noted in most of the emeralds and green 
beryls examined by the authors. Photomicrograph 
by John I, Koivula; magnified 50x. 


Chelsea Filter Reaction. When viewed through the 
Chelsea color filter, 11 of the specimens gave a “pos- 
itive” reaction, ranging from weak to moderate pink. 
The remaining three stones—the three lightest-color 
specimens—gave a negative (yellowish green) reac- 
tion. While emeralds from many localities give a pos- 
itive (red) reaction to the Chelsea filter, emeralds from 
India and some African localities also have a nega- 
tive reaction (Webster, 1983). 


Specific Gravity. The range of S.G. values is consistent 
with those for emeralds from many localities 
(Sinkankas, 1981}. The variation in S.G. values may 
be at least partly explained by the differing degree to 
which individual stones are fractured and/or contain flu- 
id and mineral inclusions. Previous documentations 
of Egyptian emeralds report a specific gravity of 2.75 
(Basta and Zaki, 1961; Sinkankas, 1981; Grubessi et 
al., 1990]. 


Magnification. All of the stones contained numerous 
partially healed fractures, which were composed of 
two-phase, liquid and gas, inclusions {figure 16). Several 
of the stones also had unhealed fractures stained by a 
yellowish brown substance, possibly limonite. Another 
distinctive feature common to most of these speci- 
mens was the presence of growth tubes running par- 
allel to the c-axis, some of which also exhibited 
yellowish brown staining (figure 17). Parallel growth 
tubes in emerald have been reported from several 
localities, including Brazil (Gubelin and Koivula, 1986) 
and Pakistan (Gtibelin, 1982). 
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Figure 17, Growth tubes running parallel to the c- 
axis were also noted in some of the specimens 
used in this study. Some, like those shown here, 
contained what appears to be epigenetic limonite 
staining, Photomicrograph by John I. Koivula; 
magnified 15x. 


Six of the specimens contained translucent brown 
tabular inclusions that resemble biotite (figure 18). 
Biotite in emerald is associated with metamorphic 
deposits such as those in the Ural Mountains of Russia 
{Schmetzer et al., 1991], Austria, India, Mozambique, 
Norway, Zimbabwe, and Brazil (Gubelin and Koivula, 
1986). In addition, one of the specimens had a cluster 
of oxidized amphibole “stalks” (figure 19), an internal 
feature that has also been observed in emeralds from 
the Habach Valley, Austria, and from Sverdlovsk in the 
Ural Mountains (Gtibelin and Koivula, 1986). Given 
that the inclusions observed in these specimens also 
occur in emeralds from numerous other localities, 
we believe that Egyptian emeralds and green beryls 
cannot be conclusively identified as to their locality 
on the basis of these characteristics. 

It was interesting to note that some of the stones 
contained what appears to be decomposed filling mate- 
rial in their surface-reaching fractures. It is possible that 
the fractures were treated with oil to enhance the 
apparent clarity. With time, the oil could decompose, 
leaving behind a dry residue. As suggested above, this 
could explain the yellowish green long-wave U.V. flu- 
orescence noted in some of the stones. The historic use 
of oil to treat emeralds in Egypt has been document- 
ed. Schneider {1892} quotes Schehab ed-din Abul Abbas 
Achmed from his work Mesa-Lek Al-Absar, written 
in the Middle Ages: “When an emerald is found it is 
thrown into hot oil, then in wood shavings and 
wrapped in linen or some other material.” One of 
the cabochons had a green filling material in surface- 
reaching fractures. 


Absorption Spectra. Eleven of the specimens exhibit- 
ed a typical “emerald” absorption spectrum (Liddicoat, 
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Figure 18. Translucent, brown, tabular inclu- 
sions were another internal feature noted in the 
Egyptian emeralds/green beryls. Photomicrograph 
by John I. Koivula; magnified 30x. 


1989}, key features of which are a doublet at 683.5 
and 680.5 nm, as well as absorption lines at 662 and 
646 nm. The three lightest-color specimens, howev- 
er, had only two weak absorption lines at 683.5 nm 
and 680.5 nm. This type of spectrum is typical of 
lighter green beryls such as Brazilian stones of peg- 
matitic origin (Liddicoat, 1989). 


EDXRF and U.V.-Visible Analyses. Besides the expect- 
ed aluminum and silicon, EDXRF analysis revealed the 
presence of chromium, vanadium, and iron in varying 
amounts, with the XRF peak for iron being greater or 
equal in height to the XRF peak for chromium, and 


Figure 19. Oxidized amphibole “stalks,” typical 

of emeralds frorn such localities as the Ural 
Mountains of Russia and the Habachtal Valley, 
Austria, were seen in one of the Egyptian speci- 
mens studied. Photomicrograph by John I. Koivula; 
magnified 25x. 
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both being higher than the vanadium XRF peak. 
Smaller XRF peaks for potassium, calcium, cesium, 
and titanium were also detected in one or more sam- 
ples. A quantitative chemical analysis (by electron 
microprobe} of an Egyptian emerald from Gebel Zabara 
(Grubessi et al., 1990} lists each of these elements except 
vanadium and cesium. All of the elements we detect- 
ed in these samples are common in emeralds from 
many localities that we and others have analyzed. 

The infrared spectra of these Egyptian emeralds 
appear to be similar to those of other natural emeralds 
and, not surprisingly, different from the spectra of 
flux- and hydrothermally grown synthetic emeralds 
{see Stockton, 1987). The spectra of one of the emer- 
alds displayed features similar to those seen in emer- 
alds that have been fracture filled. This supports the 
observations made regarding long-wave U.V. radia- 
tion and magnification. 


CONCLUSION 


The emerald and green beryl localities of upper Egypt 
have been mined, formally and informally, for more 
than 2,000 years. They are undoubtedly the earliest 
source-of emeralds on record in the Western world. 
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NOTES AND NEW TECHNIQUES 


REACTOR-IRRADIATED GREEN TOPAZ 


By Charles E. Ashbaugh [I and James E. Shigley 


Examination of samples of faceted “Ocean green” topaz reveals that this 
material has been irradiated in a nuclear reactor. An earlier reactor-trra- 
diation experiment suggests that temperature conditions during the irradi- 
ation of this material may be higher than those used to produce typical 
“London-blue” topaz. Like such reactorrradiated blue topaz, this material 
may be radioactive. In addition, the green color is not stable to direct sunlight. 


A relatively new color variety of topaz is being sold 
under the trade name “Ocean green” topaz (figure 1}, 
with several thousand carats of this material now in 
the marketplace. Inquiries to dealers revealed that 
most of the original, untreated topaz comes from Sri 
Lanka, is currently being irradiated at the research 
reactor at Texas A&M University, and is being released 
under their license from the U.S. Nuclear Regulatory 
Commission {NRC]. Material of this same color may 
also originate from, and be irradiated in, other countries. 

GIA’s current interest in testing reactor-irradiat- 
ed blue topaz for radioactivity, and in determining 
whether it can be released to consumers in compliance 
with U.S. regulations regarding reactor-irradiated gem 
materials, now extends to reactor-irradiated green 
topaz as well. Telephone inquiries to the reactor facil- 
ity at Texas A&M were unsuccessful in obtaining 
any information related to the treatment process for 
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this kind of topaz. Therefore, this article reports the 
results of our gemological examination, chemical 
analysis, and radioactivity and color-stability testing 
of several specimens of this material. 


MATERIALS AND METHODS 


For this study, we selected five faceted samples of 
irradiated green topaz to examine in detail (table 1). For 
color-origin and stability testing, we also examined a 
variety of additional green and other types of topaz (see 
table 1 and figure 2). Samples 1-4, 9, and 12-13 rep- 
resent the Ocean-green topaz being sold commer- 
cially at this time. Sample 5 was irradiated by one of 
us (CEA) in a nuclear reactor in 1986. This treatment 
was performed in a cadmium-shielded “dry rabbit” 
type of cannister without water cooling (and, therefore, 
at an elevated temperature} for seven hours. Under 
these conditions, a bluish green color resulted from a 
colorless starting material. Green topaz has been 
reported to occur in nature, but it seems to be rare 
(Webster, 1983; Deer et al., 1982; Hoover, 1992}, and 
we were unable to obtain natural specimens for exam- 
ination. 

We used standard gemological tests and equip- 
ment to characterize green samples 1-5. We then 
recorded absorption spectra for samples 1-8 over the 
range of 250-2500 nm using a Hitachi U-4001 spec- 
trophotometer. These spectra were recorded with 
unpolarized light, with each topaz oriented such that 
the light beam traveled through the polished girdle. 
Because it is usually impractical to orient faceted 
stones optically, we did not attempt to do so; this 
should be kept in mind when comparing the visible 
absorption spectra. In addition, we determined the 
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chemical composition of three samples (nos. 1, 5, and 
6) from their polished table facets using a Tracor 
Spectrace 5000 X-ray fluorescence (EDXRF) analysis 
system. 

We also tested irradiated green topaz samples 1-5, 
9, 12, and 13 for radioactivity using GIA’s gamma- 
ray spectroscopy system (Ashbaugh, 1992). Each sam- 
ple was placed with its table facet positioned above the 
high-purity germanium (HpGe} detector, and then 
“counted” for a one-hour period. 


TABLE 1. Topaz samples examined. 


Sample no. Color Weight (ct) Comments” 

ab Green 3.85 Emerald cut, irradiated, 
R1154) 

2 Bluish green 4.34 Emerald cut, irradiated, 
R1155) 

Cle Bluish green 4.71 Emerald cut, irradiated, 
(R1614) 

4 Bluish green 8.70 Emerald cut, irradiated, 
(R1613) 

5 Bluish green 4.10 Emerald cut, reactor 

—S irradiated at elevated 

temperatures {no cooling), 
R1156) 

6 Blue 3.38 Emerald cut, irradiated 

; and heat treated, from Sri 

Lanka, (R1160) 

7 Brownish yellow 11.26 Emerald cut, from Brazil, 
(R1161) 

8 Brown 14.51 Oval cut, irradiated, 
(R1186) 

9? Green 9.20 Emerald cut, irradiated, cut in 
half for control (A) and test (B) 


samples; one piece (B) heat 
treated (now blue); half of A 
subsequently exposed to 
irect sunlight (now blue) 


10 Brown 1.84 odified triangle cut, 
inac-irradiated; exposed to 
direct sunlight (now blue) 


11 Brown 2.00 odified triangle cut, 
inac-irradiated; heat 
treated! (now blue) 


12? Green 4.50 odified pear shape, 
irradiated; tested for color 
Stability to combined 
fluorescent and 
incandescent light 

13° Green 4.94 odified pear shape, 
irradiated; tested for color 
stability to direct sunlight 
(now blue) 


Q 


* Sample represents the material being sold today as “Ocean green” 
topaz. 

’ Number in parentheses refers to GIA Research sample number. 
Information after semicolons for samples 9-13 refers to type of col- 
or-stability testing, as appropriate. 
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Figure 1, A new color variety of irradiated topaz 
has appeared in the trade, and is being sold under 
the name Ocean-green topaz. These samples 
(3.85-8.70 ct) show a typical range of color for this 
material, Photo © GIA and Tino Hammid. 


As a preliminary test of color stability to heat, 
green sample 9 was cut into two pieces, with one half 
(9A) retained as a control (together with linear accel- 
erator [linac] irradiated brown topaz sample 10}. The 
other half of sample 9 (9B) and brown sample 11 were 
progressively heated in air over a temperature range of 
180°-400°C in 10° increments, with a half-hour peri- 
od at each step. The stones were visually examined at 
the end of each period to determine at what temper- 
ature a color change occurred. 

Last, we tested the color stability of the irradiat- 
ed green topaz to light. We cut green sample 9A in half 
again and placed one piece with green sample 13 (and, 
for comparison, brown sample 10) outdoors in direct 
sunlight for one day. We exposed green sample 12 to 
normal indoor lighting—that is, a combination of 
simultaneous incandescent (30 cm from a 100-watt 
bulb} and fluorescent lighting—for 48 hours. To deter- 
mine the extent of the color change, if any, we com- 
pared the test stones to Munsell color chips before 
and after each exposure. 
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Figure 2. These five samples (from left—nos. 1, 8, 7, 
6, and 5) represent the different types of topaz 
examined in this study and, specifically, those for 
which absorption spectra are given in figure 3. 
Photo by Maha DeMaggio. 


RESULTS 

Gemological Examination. The indices of refraction 
of green topaz samples 1-5 fell within the range 
1.610-1.620, typical values for both untreated and 
treated topaz (Liddicoat, 1990, p. 208}. To long-wave 
ultraviolet radiation, these samples fluoresced a weak- 
to-moderate, turbid, yellowish green. The short-wave 
fluorescence was similar in color but less intense. 
This U.V. luminescence has been seen in some oth- 
er colors of topaz (Webster, 1983, p. 141). When the 
stones were examined with a microscope, no dis- 
tinctive inclusions or other features were observed. 


Absorption Spectra and Chemistry. The visible absorp- 
tion spectra of two representative green topaz samples 
(nos. 1 and 5) revealed three main features, all of which 
have been described previously in colored topaz (see, 
e.g., Petrov, 1977). These three spectral features are all 
too weak and too broad to be seen as distinct bands 
with a handheld spectroscope. Comparison of the vis- 
ible spectra of these samples with those of other col- 
ors of untreated and treated topaz (figure 3] provides 
an explanation for the green color. 

The spectrum of each of the two green samples dis- 
plays a very weak, broad region of absorption between 
500 and 700 nm that is centered at about 600 nm. 
This same broad band is also present in the spectrum 
of the blue topaz that has been irradiated and heat 
treated (no. 6, see also figure 5 in Petrov, 1977, p. 296}. 

The spectra of the two green samples also dis- 
play a broad and very intense region of absorption 
centered in the ultraviolet, a portion of which extends 
into the visible region up to about 500 nm. This 
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appears to be the same as the prominent feature seen 
in the spectrum of irradiated brown sample 8. It is 
also evident, though much weaker, in blue sample 6. 
Nassau and Prescott (1975) described this broad band 
as being produced when topaz is irradiated. 


Figure 3. These visible and near-ultraviolet absorp- 
tion spectra of two samples of irradiated green 
(nos. 1 and 5) and other natural-color (no. 7, 
brownish yellow) and laboratory-irradiated (nos. 
6—blue and 8—brown} topaz samples illustrate 
the three main absorption features present in the 
spectra of irradiated green topaz that, in combina- 
tion, produce the Ocean-green color: (1) a broad, 
weak absorption centered at about 600 nm (giving 
rise to the blue component; ¢.g., sample 6); (2) the 
broad region of absorption in the ultraviolet and 
extending into the visible (causing a brown com- 
ponent; sample 8); and (3) the broad, very weak 
absorption centered at about 425 nm, and seen on 
the shoulder of the ultraviolet absorption (con- 
tributing to a yellow component; sample 7). 


Sample 1 
Irradiated Green Topaz 


Sample 5 
Irradiated Bluish Green Topaz 


Sample 6 
Irradiated Blue Topaz 
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Sample 7 
Natural Brownish Yellow Topaz 


Sample 8 
Irradiated Brown Topaz 
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The third feature that we observed in the green 
samples is a very weak, broad region of absorption 
centered at about 425 nm that appears to be the same 
as a band that is especially prominent in the spec- 
trum of the natural-color brownish yellow (no. 7} 
topaz (also see figure 2 in Petrov, 1977, p. 294}. In the 
spectra of the two green topaz samples (nos. 1 and 5}, 
this broad band is barely visible and only as a very 
weak shoulder on the side of the large absorption 
band in the ultraviolet. 

Besides the expected aluminum and silicon (the 
fluorine in most topaz cannot be detected by this 
method], chemical analysis by EDXRF revealed the 
presence of germanium (Ge) in all three green topaz 
samples (nos. 1, 5, and 6) analyzed. This trace ele- 
ment substitutes for silicon in the topaz crystal struc- 
ture in concentrations up to several hundred parts 
per million (ppm), and is occasionally reported in 
chemical analyses of topaz (see, e.g., El-Hinnawi and 
Hofmann, 1966, Deer et al., 1982, p. 806}. When this 
trace element is present in topaz, irradiation in a lin- 
ear accelerator generates the radionuclide germani- 
um-69 (Ge-69], as a result, the treated stones must 
be withheld from the market for a few weeks to await 
radioactive decay (see Ashbaugh, 1988}. 


Radioactivity. We determined that each of the six 
green and bluish green topaz samples that registered 
radioactivity contained the radionuclides common- 
ly found in reactor-irradiated topaz (Schmetzer, 1987; 
Ashbaugh, 1991). These included scandium-46 (Sc- 
46), tantalum-182 (Ta-182}, and manganese-54 (Mn-54, 
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Figure 4, The gamma-ray spectrum of green topaz 
sample 9 (a one-hour counting period) shows the 
gamma-ray peaks of Sc-46, Ta-182, and Mn-54. 
The gamma-ray energy range of the spectrum 
shown is from 50 to 1500 keV. The radionuclides 
are represented by peaks in the spectrum. The 
quantities of each ef the radionuclides can be 
calculated by computer analysis from these 
counting data. 


see the gamma-ray spectrum of sample 9 in figure 4}. 
Sample 1 showed a small amount of cesium-134 (Cs- 
134). These radionuclides would not likely be found 
in topaz irradiated by other methods {Ashbaugh, 1991). 
The concentration levels of these radionuclides in 
each sample are shown in table 2. The number shown 


TABLE 2. Radionuclide data for samples of irradiated green topaz.° 


Sample no. (and carat weight) 


NRC 
Radionuclide release 1 2 3 4 5 9 

lirnit ° (3.85) (4.34) (4.71) (8.70) (4.10) (9.20) 
Sc-46 0.4 Trace" 0.02 0.73 0.10 Trace 0.15 
Ta-182 0.4 0.20 Trace 0.28 0.20 Trace 0.76 
Mn-54 1.0 Trace Trace 0.17 0.14 Trace 0.17 
Cs-134 0.09 0.01 None® None None None None 
Sum of ratios® 1.0 0.61 0.05 2.70 0.89 0.01 2.45 


* Radionuclide data in nanocuries per gram {nCi/gm) of radioactivity. Data collected on October 27, 1992; the radionur 
clide concentration values will decrease over time due to radioactive decay. Because no radioactivity was detected 
for samples 12 and 13, they are not included in this table. 

° Current NRC release concentration limits for these radionuclides—see U.S, NRC Rules and Regulations, Title 10, 
Chapter 1, Part 30.70, Schedule A (August 30, 1991); and Part 20, Appendix B (May 31, 1991). 

© Sum of the ratios = summation of the concentration of each radionuclide present divided by the NRC release limit for 
that radionuclide. This number must be less than or equal to 1.0 for the individual irradiated topaz sample to be sold 
or distributed legally in the United Slates. 

“Trace = trace quantities (less than 0.01 nCi/gm) of these radionuclides were detected. 

“None = the radionuclide was not detected. 


Notes and New Techniques GEMS & GEMOLOGY Summer 1993 119 


in the bottom row (labeled as the “sum of the ratios”) 
must be less than or equal to 1.0 for the topaz sample 
to be sold or distributed legally in the United States. As 
can be seen, samples 3 and 9 were above this limit. 


Color Stability. With regard to color stability to heat, 
at about 250°C the brown color of sample 11 became 
blue; beginning at about 310° up to 375°C, sample 
9B changed progressively from green to blue, with no 
residual green color present above the latter temper- 
ature (C. Habib, pers. comm., 1992; figure 5), According 
to our experience, blue topaz is most color stable to 
heat, while irradiated brown and (now) green topaz 
are less stable. 

The two green topazes (no. 13 and the portion of 
9A) and one brown (no. 10) sample that were tested for 
stability to direct sunlight all became blue within one 
day of exposure (see, e.g., figure 6}, Subsequent expo- 
sure of two additional Ocean-green topaz samples not 
in the original study gave the same result: Both turned 
blue in the course of one day in direct sunlight. 
However, there was no change in the green color of 
sample 12 after 48 hours of exposure to a combination 
of simultaneous incandescent and fluorescent (nor- 
mal indoor} lighting. The visible absorption spectrum 
of sample 13, after it had turned blue in the sunlight, 
was identical to that of irradiated blue topaz (see, e.g,, 
the spectrum of sample 6 in figure 3}. 


DISCUSSION 

Because the samples of green topaz that we tested 
revealed the same radionuclides as are typically found 
in neutron-irradiated blue topaz, we believe that the 


Figure 5, Heat-treatment experiments revealed 
that exposure to high heat will turn either brown 
or green topaz blue. On the left are the originally 
green control (sample 9A) and heat-treated (sam- 
ple 9B) topaz samples; on the right are the original- 
ly brown control (sample 10) and heat-treated 
(sample 11) topazes. Photo by Maha DeMaggio. 
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Figure 6. Ocean-green topaz sample 12 (top) 
showed no color change when exposed to com- 
bined fluorescent and incandescent (indoor) light- 
ing. Sample 13 (bottom) changed from green to 
blue within a day of exposure to direct sunlight. 
Photo © GIA and Tino Hammid. 


green topaz was also neutron irradiated, but proba- 
bly at a higher temperature. This conclusion is sub- 
stantiated by the fact that one of us (CEA) produced 
the bluish green color of sample no. 5 by irradiation 
in a non-water-cooled area of a nuclear reactor; that is, 
the topaz was subjected to an irradiation temperature 
that was higher than is typical in this procedure. We 
have also seen some green topaz in parcels after elec- 
tron treatment in a linear accelerator and prior to the 
heat treatment normally used to produce the “Sky- 
blue” material (pers. knowledge CEA; D. Duke, pers. 
comm., 1992}. However, this type of irradiation would 
not have produced the radionuclides found in reac- 
tor-irradiated topaz. 

The color of this irradiated green topaz can be 
understood by referring to the visible absorption spec- 
tra in figure 3. The green results from the cumula- 
tive effect of the causes that individually produce 
brown, yellow, or blue. In the spectrum of the green 
topaz, there is the broad absorption in the ultraviolet 
extending into the visible [causing the brown com- 
ponent}, the broad but very weak absorption centered 
at about 425 nm (providing the yellow component, 
and a broad, weak absorption centered at about 600 nm 
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(giving rise to the blue component}. This agrees with 
the interpretation of Petrov (1977). 


CONCLUSION 


The Ocean-green topaz currently being marketed has 
been neutron irradiated in a nuclear reactor under 
conditions that are believed to be different—in terms 
of a higher irradiation temperature—than the condi- 
tions used to produce normal London-blue topaz. 
As is the case with reactor-irradiated blue topaz, 
this green topaz is radioactive when first removed 
from the reactor. NRC regulations require that it be 
tested for residual radioactivity before it is made avail- 
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Treated AMBER 


Occasionally the laboratory embarks 
on detective work beyond the 
straight identification of an item. For 
example, a client submitted two 
amber cahochons to the East Coast 
lab, with the request that we deter- 
mine why the paler of the two had 
faded when it was mounted and dis- 
played in a brightly lit showcase. The 
client reported that the “faded” sam- 
ple was from the same parcel as the 
darker one and was originally the 
same color (figure 1). 

In the process of confirming that 
the samples were amber, we noticed 
an unusual orange fluorescence and 
the presence of a layer of minute gas 
bubbles in swirls just beneath the sur- 


face on both pieces (see, e.g., figure 2). 
In the April 1986 Journal of 
Gemmology, Kenneth Scarratt report- 
ed on amber with a dark surface color 
that showed similar (but straighter} 
strings of gas bubbles; removal of part 
of the surface revealed that it was actu- 
ally a very shallow layer over a very 
pale core. 

The prominent stress fractures 
(“sun spangles”) in the faded stone are 
undoubtedly due to exposure to heat. 
It is known that cloudy amber can be 
clarified by gradual heating—in 50° 
increments—to approximately 200°C 
(see, e.g., Kurt Nassau, Gemstone 
Enhancements, Butterworth's, 1984). 
It appears that, during heat treat- 
ment, the gas bubbles that cause the 
cloudiness migrate to the surface, the 


Figure 1. These two clarified amber cabochons (each about 25 x 18 mm, 10.50 
ct) were from the same lot and, originally, both the same color. The paler 
specimen {right) had faded over time while displayed in a brightly lit case. 
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Figure 2. This veil-like plane of 
munute bubbles was seen just 
beneath the surface of the faded 
cabochon in figure 1. Magni- 
fied 10x. 


surface darkens, and the color in the 
center may be almost totally lost. 
Presumably, the darker brown sur- 
face color is due to oxidation caused 
by the heating. However, the finished 
product usually has a dull, chalky 
green (rather than orange) fluores- 
cence to long-wave ultraviolet radia- 
tion. 

Ken Scarratt has reported (pers. 
comm., 1993) that this clarification 
process may be carried out with the 
stones heated in what he calls “sump 
oil” (old crankcase oil}. With no spec- 
imens known to be treated in this 
fashion available for study, however, 
we have not been able to investigate 
this possibility. 

Nassau and others also state that 


Editor's note. [he initials at the end of each item iden- 
tify the contributing editor who provided that item. 
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Figure 3, When the brown 
“skin” was removed from one 
end of an amber sample from 
the same lot as the stones 
shown in figure 1, a near-color- 
less center was exposed, 


amber may be surface colored with 
organic dyes, and these may fade. 
However, the detection of an organic 
dye on an organic substrate, such as 
amber, commonly requires other 
than routine gemological procedures 
and so was,beyond the scope of this 
investigation; 

The client subsequently provid- 
ed us with several more cabochons, 
all of which had the swirled layer of 
tiny gas bubbles and fluoresced the 
unusual orange color noted above. 
The client also gave us permission to 
subject the specimens to any tests we 
felt appropriate. First, we removed a 
portion of the “skin” from one end of 
one of them, which revealed that the 
material underneath is almost color- 
less (figure 3}. Next, we cut another 
sample in two and placed one half in 


Figure 4. Originally, both por- 
tions of this 25 x 18 mm cabo- 
chon were dark, The section on 
the right faded when it was 
exposed to the light from a 14- 
watt Tensor lamp for approxi- 
mately 170 hours at close range. 


2 
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the dark while we left the other 
approximately 1.5 cm from the bulb 
of an illuminated 14-watt Tensor 
lamp for seven days. At the end of 
that time, the exposed piece had 
become markedly paler (figure 4}. Our 
work on these two stones confirmed 
that the fading was probably due to 
exposure to intense light. GRG 
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Extensive, Subtle Fracture 

Filling in a Diamond 

Preliminary examination of a 0.88-ct 
heart-shaped brilliant submitted to the 
West Coast lab revealed what appeared 
to be a filled diamond with extremely 
low relief “fingerprint” inclusions con- 
taining minute voids. Because the GIA 
Gem Trade Laboratory does not issue 
grading reports on filled diamonds, the 
stone was referred to the Identification 
and Research Department for addition- 
al testing and issuance of an identifica- 
tion report. 

Further examination with mag- 
nification using standard darkfield 
illumination revealed several trans- 
parent, colorless, filled fractures that 
contained the minute voids men- 
tioned above and showed a very sub- 
tle orange-to-blue flash effect. The 
flash effect in these fractures was par- 
ticularly difficult to detect because 
the fractures lay at very shallow 
angles to the surface of the diamond. 

The treatment became more 
apparent (figure 5) when a pinpoint 
fiber-optic illuminator was used. This 
lighting technique revealed the 
extent of the filled breaks, which 
included one very large fracture 
beneath, and nearly parallel to, the 
table. The intense illumination also 
made the flash effects significantly 
more noticeable and revealed hairline 
fractures in the filling material. With 
transmitted light, the outlines of the 
filled areas were casier to detect 
when a single polarizing filter was 
placed between the microscope's 
objective and the diamond. 

Qualitative chemical analysis 
performed by GIA Research, using 
energy-dispersive X-ray fluorescence 
{(EDXRF], detected lead. This element 
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had previously been detected in dia- 
mond fillings (see J. Koivula et al., 
“The Characteristics and Identifica- 
tion of Filled Diamonds,” in the 
Summer 1989 issue of Gems & 
Gemology). X-radiography further con- 
firmed the presence of the filling in 
the form of white, X-ray-opaque areas 
on the X-radiograph. 

lt is important to reiterate that, 
although the diamond contained 


Figure 5. The orange and blue 
flash effects are very subtle in 
this extensively filled diamond. 
Fiber-optic illumination; magni- 
fied 40x. 


numerous filled fractures, the diagnos- 
tic microscopic features were quite 
subtle. These might have been easily 
overlooked if only darkfield illumina- 
tion had been used. It is therefore pru- 
dent to use additional lighting tech- 
niques, including pinpoint fiber-optic 
illumination and polarized light, in 
all cases where fracture filling is sus- 
pected. RCK and SFM 


Iridescent “Dislocation” 

in a Diamond 

In our experience, iridescence in dia- 
mond is almost always associated 
with very fine fractures. It was thus a 
pleasant surprise to encounter the 
unusual internal scene shown in fig- 
ure 6 in a 1.60-ct round brilliant sub- 
mitted to the West Coast lab for grad- 
ing. Here, iridescence revealed a thin- 
film separation along what appeared 
to be a “V”-shaped dislocation that 
reminded us of a “Stealth” fighter air- 
craft. A visual estimation of the angle 
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Figure 6, Iridescence can be seen 
in this “V”-shaped thin film in a 
diamond. Magnified 30x. 


led us to believe that the thin film 
follows a pair of possible dodecahe- 
dral planes. The iridescence, visible at 
some orientations, is apparently due 
to the narrowness of the separation. 
RCK and John 1. Koivula 


Mounted Diamonds Mistaken 
for Simulants 


The Fall 1991 Gem News setion 
contained an entry on small dia- 
monds set in pendants by means of a 
transparent, colorless, carbon-based 
polymer. It was noted that small 
stones so mounted can give false 
“simulant” readings on thermal con- 
ductivity meters. Other tests, such as 
magnification, were recommended in 
such instances. 

Recently, the West Coast lab was 
asked to examine one of these pen- 
dants after a jeweler had told the 
client that the stones were imitations. 
Testing of one randomly selected 
stone revealed properties diagnostic of 
diamond, including typical micro- 
scopic features. We also resolved 
415.5-nm absorption lines in the 
spectra of some of the stones, and a 
number of them fluoresced blue to 
long-wave U.V. radiation (figure 7], a 
behavior that is quite typical of dia- 
mond, but not of its simulants. 
Therefore, we concluded that the 
stones were indeed diamonds. 

RCK and Cheryl Wentzell 


Treated Green Diamond 


Before beginning some alterations on 
the diamond-set white-metal ring 
shown in figure 8, a local jeweler sub- 
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Figure 7. When exposed to long- 
wave U.V. radiation, several of 
the stones In this pendant 
exhibited the blue fluorescence 
typical of diamond. 


mitted the piece to the East Coast 
laboratory for a report on the origin of 
color of the green stone. The jeweler's 
client had indicated that the ring was 
purchased from a prominent New 
York City jewelry firm in the 1930s 
and had been in the family ever since. 

Treatments that alter the color 
of gem diamonds have been known 
since 1906, and treatment with 
radioactive compounds became com- 
mercial in 1915, Other methods of 
radiation treatment did not become 
common until after 1946. However, 


Figure 8. The green diamond in 
this ring measures approximate- 
ly 8.5-8.6 mm in diameter by 
5.3 mm deep and owes its color 
to a surface treatment with a 
radioactive compound, 
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examination of this green diamond 
with a binocular microscope revealed 
numerous brown spots and patches 
on the polished surfaces, especially 
on the pavilion (figure 9). A distribu- 
tion of green spots and patches fre- 
quently results from surface treat- 
ment with a radioactive compound, a 
process that leaves the diamond itself 
radioactive. When checked with a 
hand-held survey meter, the stone 
exhibited significant radioactivity, 
with a maximum reading of 42 
mR/hour, thus confirming our suspi- 
cion of treated color. 

Subsequent radionuclide testing 
at the West Coast lab revealed the 
characteristic gamma-ray signature of 
lead-210 (Pb-240] in this green dia- 
mond. We know that if lead-210 is 
present, its radioactive daughter 
nuclides, bismuth-210 (Bi-210) and 
polonium-210 (Po-210), must also be 
present; however, only Pb-210 releas- 
es enough gamma rays during decay 
to be measured quantitatively in our 
laboratory. 

Pb-2.10 and Bi-210 both decay by 
emission of beta particles, and Po-2.10 
decays by emission of alpha particles. 
The penetration of alpha and beta 
particles is very shallow in dia- 
mond—only about 0.01 mm and ] 


Figure 9. The patchy brown 
radiation stains on the pavilion 
of the green diamond shown in 
figure 8, seen here through the 
table, were probably caused by 
heating after the radiation 
treatment. Magnified 21x. 
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mm, respectively. The surface stains 
are one result of this shallow penetra- 
tion; another is the fact that most of 
the green color is confined to a layer 
at, or just below, the surface of the 
stone. The fact that the surface stains 
appear brown here, rather than green, 
indicates that the stone was heated to 
550°-600°C at some point after it 
was irradiated. 

These radionuclides occur natu- 
rally as part of the uranium-238 (U- 
238) decay chain. A quantity of Pb- 
210 and Bi-210, when separated from 
radium {or uranium], has been known 
traditionally in the nuclear industry 
as a “Radium D+E source”; it was 
once employed as a high-energy beta 
radiation source for instrument cali- 
bration but is rarely, if ever, now used. 

Pb-210 is subject to regulation 
whenever it is separated chemically 
from uranium ore by artificial means. 
In the case of this green diamond, the 
75 nanocures of Pb-210 measured in 
this 2,.34-ct (0.468 gram] stone greatly 
exceeded the U.S. Nuclear Regulatory 
Commission's exempt concentration 
limit of 0.001 nanocuries per gram. 
However, because it was below the 
exempt quantity limit of 100 
nanocuries, we returned it to our 
client with full disclosure as to what 
radionuclides are present and in what 
quantities. Inasmuch as the half-life 
of Pb-210 is 22.3 years, this treated 
green diamond would not be legal to 
sell, or trade, in the United States 
until around the year 2192, The report 
also gave the surface dose rate—that 
is, the amount of radiation someone 
wearing the ring would receive. In the 
absence of other exposure, this ring 
could be worn 357 hours a year with- 
out exceeding the U.S. federal recom- 
mendation for radiation exposure to 
the hands for the general public. 

Hlene Reinitz and 
Charles E, Ashbaugh 


EMERALD 


An Ancient Miniature Carving 


On occasion, common gem materials 
provide challenging identifications 
due to their surface condition or the 
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form in which they are fashioned 
{e.g., carvings]. The miniature bust in 
figure 10 (22.1 x 14.1 mm, 25.36 ct] 
was submitted to the East Coast lab 
with an important provenance: It was 
reported to depict Roman Emperor 
Nero at approximately 11-13 years of 
age (49-51 A.D.) and to have been 
carved during that era. 

Because the carving is so intri- 
cate, we could not establish the 
refractive index. Using the hydrostat- 
ic method, we determined that the 
specific gravity was 2.70. Although 
not strong, the spectrum revealed the 
chromium absorption typical of 
emerald. The carving also showed a 
weak pink color—a reaction seen in 
natural emeralds from a variety of 
sources—when examined with the 
Chelsea color filter. The diaphaneity 
was semitransparent to translucent 
and, using fiber-optic illumination, 
we saw numerous fluid inclusions as 
well as several small crystals that we 
could not conclusively identify 
{although we believe that at least one, 


Figure 10. This 22.1-mm-high 
emerald carving is purported to 
be of Roman Emperor Nero and 
to date from approximately the 
first century A.D. 
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which had a cleaved section that 
reached the surface on the side of the 
“head,” is biotite mica). Most of the 
numerous surface-reaching fissures 
had yellowish brown staining, proba- 
bly residue of iron compounds. No 
evidence of “oiling” was present. 
From the properties, we concluded 
that the specimen is natural emerald. 

If the provenance of the sculp- 
ture is genuine, the emerald is most 
likely from Egypt. According to John 
Sinkankas in Emerald and Other 
Beryls (Chilton Book Co., Radnor, 
PA, 1981}, the Egyptian mines were 
worked extensively during the 
Graeco-Roman period and beyond, 
from roughly 330 B.C. to about 1237 
A.D, In 1991, Robert C. Kammerling, 
of the GIA Gem Trade Laboratory, 
visited a number of the ancient emer- 
ald mines in Egypt and obtained sam- 
ples locally. He reports that the mate- 
‘rial he obtained is very similar in 
color and transparency to this carving 
and shows the same turbidity of fluid 
inclusions, stained fractures, and 
biotite-mica crystals (see the article 
by Jennings et al. in this issue of 
Gems # Gemology). ™ 


EUCLASE, Colored by Chromium 


Color is the first clue in the identifi- 
cation of a gemstone, and normally 
suggests a number of possibilities. 
These can then be narrowed down on 
the basis of further testing. If the gem 
falls outside its usual color range, 
however, the final identity can be 
rather surprising. This was the case 
when the East Coast lab identified 
the 1.85-ct, vividly colored, greenish 
blue, square-emerald-cut stone 
shown in figure 11 as euclase. Gem- 
quality euclase is usually colorless, 
pale blue to green (from Brazil}, or 
sometimes very dark blue (from Zim- 
babwe}. 

Although the refractive indices 
and birefringence of this sample were 
consistent with published values for 
euclase, the specific gravity (at 3.14} 
was slightly higher than the usual 
range of 3.00 to 3.12. In addition, the 
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Figure 11. This unusual 1.85-ct 
greenish blue euclase was found 
to be colored by chromium. 


trichroic colors of purple, blue-green, 
and colorless were different from the 
bluish gray, light blue, and colorless 
usually seen in the pale blue materi- 
al. Unlike the pale material, which 
shows no reaction to the Chelsea 
color filter, this stone appeared red. 
Like the pale material, however, this 
stone was inert to both wavelengths 
of ultraviolet radiation. The stone dis- 
played absorption lines in the hand 
spectroscope, with a doublet centered 
at about 460 nm and a sharp line at 
about 680 nm, as previously reported 
by B. W. Anderson (The Gemmologist, 
Vol. 24, No. 283, 1955, p. 31). 

Because we thought that artifi- 
cial irradiation was one possible 
cause of the unusual color, we sent 
the stone to our West Coast radia- 
tion-testing facility. However, no 
residual radioactivity was detected, 
thereby eliminating the possibility of 
recent irradiation in a nuclear reactor, 
and diminishing the possibility of 
high-energy electron irradiation. 

The origin of color in dark blue 
euclase from the Miami area of 
Zimbabwe was assigned to the Fe2+-- 
Fe3+ charge transfer by S. M. Mattson 
and G. R. Rossman (Physics and 
Chemistry of Minerals, Vol. 14, 1987, 
pp. 94-99}. Euclase colored by this 
process exhibits a broad peak at 670 
nm, and peaks at 860 and 1250 nm. E. 
Gibelin (Gems & Gemology, Winter 
1978-79, pp. 104-110) attributed the 
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various other hues (light blue, green, 
deep yellowish green, and greenish 
blue} of euclase to various states of 
iron oxidation, although Anderson had 
attributed blue in euclase to chromi- 
um on the basis of gemological spec- 
troscopy (“The spectroscope and its 
application to gemology,” Parts 10 to 
17, The Gemmologist, Vol. 23, Nos. 
275-282, 1954-55). 

Qualitative energy-dispersive X- 
ray fluorescence spectrometry per- 
formed at GIA Research showed this 
stone to contain significant amounts 
of chromium and vanadium, but only 
trace amounts of iron and titanium. 
An ultraviolet-visible absorption 
spectrum of this dark greenish blue 
euclase (recorded in a random orien- 
tation—the top graph in figure 12) 
shows two broad bands centered at 
approximately 405 and 605 nm, and 
weak bands at about 468, 653, 685, 
705, and 755 nm. The bands at 468 
and 685 correspond to those estimat- 
ed at 460 and 680 with the handheld 
spectroscope. The general shape of 
the spectrum and the position of the 
weak bands suggest absorption 
caused by Cr3+. The lower three 
graphs in figure 12 show the polarized 


absorption spectra of a very light 
bluish green euclase from Villa Roca, 
in Minas Gerais, Brazil, that was col- 
ored by Cr8+. These spectra were pro- 
vided for comparison purposes by Dr. 
George R. Rossman of the California 
Institute of Technology, Pasadena, 
California, The similarity of the 
absorption features is striking, and 
the spectrum of the euclase submit- 
ted to us can easily be interpreted as 
being a combination of the three 
polarized absorption spectra of the 
comparison stone. It is uncertain 
whether or not vanadium contributes 
to the absorption. 

We concluded that the unusual, 
highly saturated greenish blue color 
of this 1.85-ct stone is natural and 
due to chromium, rather than iron as 
was previously established for other 
dark blue euclases. The pleochroism 
of chromian euclase explains why its 
faceup color varies from greenish blue 
to bluish green {and possibly purple}, 
depending on the crystallographic ori- 
entation of the rough relative to the 
gem's table. 

TM, Emmanuel Fritsch, 
Meredith Mercer, and 
Tene Reinitz 


Figure 12. The U.V.-visible absorption spectrum at the top is of the 1.85-ct 
dark greenish blue euclase in figure 11, taken in a random orientation. The 
three spectra below it are of a very light bluish green euclase, known to be 
colored by chromium, taken in the three crystallographic directions. 
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Figure 13. This suite of jewelry, set with diamonds and cabochons of odon- 
tolite, turquoise, and at least one glass imitation, is in a style typical of the 
mid-19th century. The center brooch measures approximately 6 x 6 cm. 


ODONTOLITE 
One of the joys for a gemologist is 
the occasional encounter with a gem 
material that he or she has read about 
in textbooks, but has rarely seen. 
Therefore, it was quite rewarding to be 
able to identify, with some assistance 
from GIA Research, the material 
known as odontolite, or “bone 
turquoise,” among the cabochons in 
the suite shown in figure 13. Although 
this writer had seen one some 40 years 
ago, while studying rare gem materials 
in museum collections, he had never 
seen it set in jewelry. The suite of sil- 
ver jewelry in figure 13, which also 
contained rose-cut diamonds as well 
as at least one glass imitation and a 
number of turquoise cabochons, 
appears to be in a style that was popu- 
lar in the mid-19th century. 

As the name “bone turquoise” 
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suggests, odontolite is basically a fos- 
silized organic material—usually the 
tusks of mammoths or mastodons. 
The organic material (ivory) is largely 
replaced by minerals—carbonates, 
phosphates, or both. Generally, it is 
green, colored by inclusions of the 
mineral vivianite, but these cabo- 
chons were distinctly blue. 

Although the R.I. of 1.61 matched 
that of turquoise, several other fea- 
tures suggested that some of these 
samples were not turquoise: their 
translucency, the parallel banded 
structure (figure 14}, and the lack of a 
turquoise spectrum in the hand spec- 
troscope. 

To determine whether a carbon- 
ate was present, with the client's per- 
mission we placed a drop of dilute 
hydrochloric acid on an inconspicu- 
ous spot of a sample. With magnifica- 
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Figure 14. This odontolite cabo- 

chon shows the parallel banding 
frequently seen in this material. 

Magnified 17x. 


tion, we observed a weak efferves- 
cence consistent with a carbonate. 
This was confirmed by the infrared 
absorption bands located between 
2500 and 3000 cm-!, detected with a 
Nicolet 510 FTIR spectrometer. 
Additional absorption bands between 
1000 and 1600 cm! suggested that 
the replacement minerals also includ- 
ed phosphates. 

For a short time in the mid- 
1800s, odontolite was mined com- 
mercially in the Department of Gers, 
in southern France. This might well 
be the source of the material in these 
pieces, since their style is consistent 
with that period. Max Bauer, in his 
book Precious Stones (Charles E. 
Tuttle Co., Vermont, 1969, reprint of 
1904 translation}, mentions that 
when the material in France was 
mined, it was an unattractive gray- 
blue color, which became a fine blue 
with heat treatment. GRC 


PEARLS 


Natural-Color Black Cultured 
Pearl with an Unusual Surface 


Ideally, the surfaces of both natural 
and cultured pearls should be smooth 
and free of blemishes. Although 
sometimes, to the unaided eye, these 
ideal conditions appear to be met, 
usually there are at least some sur- 
face blemishes. 

The East Coast laboratory 
recently examined a strand of round, 
natural-color, black cultured pearls 
that averaged approximately 13 mm 
in diameter. All had blemishes of one 
sort or other, but on some the entire 
surface was covered with regularly 
arranged, “dimpled” pits that gave 
the appearance of a golf ball. The cen- 
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Figure 15. The dimpled surface on 
this 13-mm black cultured pearl 
is very unusual. 


ter pearl in figure 15 is an excellent 
example of this effect, which differs 
from the “hammered” appearance of 
some natural saltwater pearls. 
Examination with magnification 
revealed the presence of very tiny 
bumps at the bottoms of these pits 
(see figure 16). Staff members at the 
lab do not recall seeing anything sim- 
ilar on other cultured pearls, and have 
no idea what the cause might be. 
GRC 


Pearl Care 


Wearers of pearl necklaces have been 
advised for generations to wipe their 
necklaces with a soft cloth after each 
wear and avoid cleaning them with 
liquids, because the capillary attrac- 
tion of the string may draw sub- 
stances contaminated by skin acids 
into the drill holes and cause them to 
enlarge. This is particularly impor- 
tant for natural pearls, where the drill 
holes are much finer than in cultured 
pearls. With both types of pearls, the 
pearl stringer should wash them thor- 
oughly at the time of restringing and 
run a length of clean thread through 
the drill holes to dry them out. 
Although customers are com- 
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Figure 16. Tiny bumps are seen in 
the depressions on the pearl in 
figure 15, Magnified 32x. 


monly told that pearls are relatively 
soft and are damaged by contact with 
skin acids, instruction in the care of 
pearls in jewelry other than necklaces 
has generally been neglected. Since 
most other pearls in jewelry do not 
come into direct contact with the 
skin, instruction for their care usual- 
ly amounts to gentle warning about 
their softness and the effects of acids. 

Stronger additional caution may 
be warranted, however. Figure 17 
shows the “remains” of a 7-mm half- 
drilled cultured pearl from a stud ear- 
ring that was worn constantly. When 
the pearl was unmounted, it was evi- 
dent that the portion of the pearl pro- 
tected from skin acids by the pearl 
cup now projects out from the area 
above it, which has been worn away 
so much that the nucleus is exposed 
and beginning to wear, too. Wearers 
of pearl stud earrings should be 
advised to wash them regularly with 
mild soap and water, especially if 


Figure 18. Half of a 6-mm natural 
pearl has been set in this dia- 
mond clasp. 
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Figure 17. Note the relationship 
of the eroded area on this 7-mm 
cultured pearl to the area protect- 
ed by the earring cup. 


they are worn night and day, as was 
the case with this earring. GRC 


Pearl Half 


The GIA Gem Trade Laboratory usu- 
ally identifies natural and cultured 
pearls by the structural characteris- 
tics as seen on an X-radiograph. It is 
rare that we get a direct view of the 
interior of the pearls we are asked to 
identify. While examining a 6-mm 
round pearl that graced a diamond 
clasp (figure 18], the West Coast labo- 
ratory staff was surprised to find that 
the pearl had actually been cut in half 
before mounting. Figure 19 shows the 
back of the clasp and the exposed 
cross-section of the pearl, which clear- 
ly reveals its internal structure. 
Around a conchiolin-rich dark core, 
numerous darker concentric conchi- 
olin layers have been deposited, beau- 
tifully illustrating the characteristic 
structure of a natural pearl. KH 


Figure 19. The back of the half 
pearl in figure 18 shows perfectly 
the concentric nacreous layers 
that form from the center out- 
ward in a natural pearl. 


Summer 1993 


THANK YOU, DONORS 


The Gemological Institute of America extends its sincerest appreciation to all of the 
people and firms who contributed to the activities of the Institute in 1992 through 
donations of gems to the Gemstone Collection for reference, research, and classroom 
use, as well as donations of written materials to the Richard T. Liddicoat 

Gemological Library and Information Center. We are pleased to acknowledge 


many of you below. 
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JouN I. KorvuLa, ROBERT C. KAMMERLING, AND EMMANUEL FRITSCH, EDITORS 


DIAMONDS 


Botswana produces large diamond. A 446-ct diamond, 
recovered earlier this year from the Jwaneng mine in 
Botswana, is the largest diamond to date from this south- 
ern African nation. The stone is being evaluated by 
Debswana, a firm owned by the government of Botswana 
and De Beers. (Mining Journal, April 9, p. 259) 


De Beers now marketing high-quality, high-pressure syn- 
thetic diamond products . . . De Beers’s work on high- 
quality synthetic diamond crystals, qualified for years as 
being purely experimental, is now being applied to the 
commercial production of industrial materials. As report- 
ed in the January 1993 issue of Industrial Diamond 
Review, Dr. Corrie Phaal, senior technical executive of 
the De Beers Industrial Diamond Division, revealed that 


Figure 1. De Beers is now promoting a line of 
high-quality industrial synthetic diamonds 
under the trade name Monocrystal ®. The dis- 
play shown here, part of the De Beers industrial 
diamond exhibit at the 1992 Japan International 
Machine Tool Fair in Tokyo, included a 34.80-ct 
yellow synthetic diamond (upper center) that 
has since been sawn into plates for industrial 
tooling research. Photo courtesy of De Beers. 
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research and development efforts in the high-pressure, 
high-temperature synthesis of diamond have led to the 
commercial availability of a line of yellow, single-crystal 
industrial products that are being sold under the De Beers 
Monocrystal® trademark for industrial tools (figure 1}. 

Although these synthetic crystals are cost effective 
only in the range of 1-4 ct, the improved technology has 
made possible the experimental growth of a 34.80-ct yel- 
low industrial-quality (i.e., it contains numerous metallic 
inclusions) synthetic diamond crystal—which is signifi- 
cantly larger than the 14.2-ct synthetic diamond crystal 
mentioned in the Winter 1990 Gem News section. 
According to De Beers, the growth of this large crystal 
required 600 hours in the synthesis cycle. Dr. Phaal credits 
research by the De Beers Diamond Research Laboratory in 
South Africa and a specialized production plant on the Isle 
of Man for making this technological feat possible. 


...and De Beers CVD industrial synthetic diamond 
products, Dr. Phaal also discussed the De Beers line of 
CVD (carbon vapor deposition) synthetic diamond prod- 
ucts. He feels that the low-pressure, polycrystalline syn- 
thetic diamond thin films complement the classic high- 
pressure, high-temperature single-crystal synthetics. The 
commercial De Beers CVD products fall into two main 
categories: (1] tool inserts and parts subject to wear, and 
(2) optical-quality films. These are marketed under the 
names CVDITE® and DIAFILM®, respectively. It should 
be noted that, although De Beers is the second company in 
the world (after Sumitomo) to offer high-quality synthetic 
diamond products for sale, industrial CVD synthetic dia- 
mond products are available from a number of companies, 
such as General Electric, Norton, and Crystallume. 


“Flanders Brilliant” cut debuts in U.S. The international- 
ly registered Flanders Brilliant cut (figure 2) was promot- 
ed for the first time in the United States at the June 3-5 
Las Vegas Jewelry ‘93 Show. The most distinctive feature 
of the Flanders Brilliant, according to National Diamond 
Syndicate Inc. vice-president Garry Zimmerman, is that, 
when viewed from above, the star facets appear to be two 
perfect squares, stacked one on top of the other at a 45° 
alignment. 

The Flanders Brilliant is currently available in sizes 
ranging from about 10 points up to about 3 ct and in col- 


GEMS & GEMOLOGY Summer 1993 


Figure 2. This “Flanders Brilliant”-cut diamond 
weighs 1.02 ct. Photo courtesy of National 
Diamond Syndicate Inc. 


ors E to Lion the GIA diamond color-grading scale. It is 
very similar to rounds in terms of weight retention, 
according to Mr. Zimmerman. 

With the aid of computers and the Technical and 
Scientific Research Centre for Diamonds (the latter 
attached to the Diamond High Council in Antwerp), the 
cut was developed in 1988 in Antwerp by Jan Storms, 
Johan D’Haene, and Dirk Obbers. However, previous 
marketing efforts focused on Japan. 


Sakha (Yakutia) building up diamond reserves. The 
republic of Sakha (formerly known as Yakutia), in the 
Russian Federation, Commonwealth of Independent 
States (C.LS.}, is building its own diamond reserves, inde- 
pendent of those in Moscow. In the future, Sakha might 
use locally fashioned diamonds from these reserves as 
collateral in obtaining loans from Western banks, accord- 
ing to a local government official interviewed by Reuters 
news service. It was also made clear, however, that 
Sakha had no intention of flooding the market with dia- 
monds and would wait to sell the gems until the eco- 
nomic and political situations in Russia had stabilized. 

Under an agreement made between the Russian 
Federation and Sakha, the latter now retains 20% of its 
diamond production. Sakha subsequently signed an 
agreement to sell 50% of this retained rough to De Beers. 
The remaining 50% held by Sakha goes into its indepen- 
dent reserves, from which some rough is sold to the local 
cutting industry. (Mining Journal, March 12, 1993, p. 
182, and May 7, 1993, p. 326}. 
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Venezuela diamond production up. Venezuela posted an 
almost 50% increase in diamond production in 1992 over 
the previous year, contributing to an overall jump in the 
value of the country’s mining-related output. Total produc- 
tion of diamonds in 1992, was 478,000 ct, up from 337,000 
ct in 1991. (Mining Journal, January 15, 1993, p. 47} 
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Blue cancrinite from Greenland. W. Aage Jensen, from 
the Department of Mineralogy, University of Copenhagen 
and Troels F. D. Nielsen, from the Geological Survey of 
Greenland, have provided the following report on the dis- 
covery of a deposit of gem-quality blue cancrinite (figure 
3) in southeast Greenland. 

The cancrinite occurs in one of several nepheline 
syenite dikes in an area located at the head of the 
Kagssortog Fjord, just south of Skjoldungen Island, at 
63°14’N, 42°00’W. No actual mining has taken place to 
date, but a few kilograms of rough material have been 
brought to Copenhagen for examination. Fourteen oval 
cabochons, 8.61 to 57.11 ct (the largest about 40 x 22 
mm), have been fashioned from this material. 

Cancrinite is a hexagonal carbonate containing sodi- 
um, calcium, aluminum, and silicon. It occurs intergrown 
with sodalite and albite, and also contains inclusions of 
calcite, hematite, mica, pyrite, and rutile. The sodalite 
and albite components are whitish gray; the cancrinite is 
light-to-medium blue. Mr. Jensen noted that cabochons 
cut from the material always show aventurescence. 

Mr. Jensen recorded refractive indices of w = 1.499 
and « = 1.493, with a birefringence of 0.006, on the fash- 
ioned specimens. He also determined a specific gravity of 
2.43 + 0.01 and a hardness between 5 and 6 on the Mohs 
scale. The material fluoresced dark red to purple to short- 
wave ultraviolet radiation, and dark violet to long-wave 
U.V. The spectroscope revealed absorption in the red from 


Figure 3, Cancrinite from a new source in 
Greenland was fashioned into this 8.61-ct cabo- 
chon. Photograph © GIA and Tino Hammid. 
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650 nm up, and in the blue region from 440 nm down. 
Mr. Jensen also found that cancrinite effervesces when 
tested with hot dilute HCl acid, and the blue body color 
disappears when the material is crushed. 


“Emerald matrix” from North Carolina. Big Crabtree 
Mountain in North Carolina is the only emerald-produc- 
ing locality in the United States. In addition, the occur- 
rence of the emerald is unusual—within a well-defined 
pegmatite in mica schist. Although the mine has been 
worked sporadically for almost a century, few regard this 
as a commercial source of emeralds because little facet- 
grade material has been produced. 

Today, the area is being mined primarily to recover 
attractive “matrix” material: well-formed, although typi- 
cally fractured, hexagonal prisms of emerald and small 
black tourmaline crystals in a bright white quartz- 
feldspar matrix (figure 4]. At the February 1993 Tucson 
show, Emerald City Gem Shop was marketing both fash- 
ioned and rough specimens. The fashioned material, 
referred to as “emerald matrix,” was in the form of solid 
cabochons (again, see figure 4) or doublets, the latter con- 
sisting of a thin slice of the “matrix” with a colorless 
quartz cap. 

This family-owned business is also involved in a 
partnership that operates the mine. They conduct annual 
field trips, in conjunction with the August Spruce Pine 
Mineral and Gem Festival, to allow rock hounds to do 
their own collecting. Visitors can also use facilities at the 
gem shop to wash and separate the ore. 


Gemstone globe and maps. At Tucson this past February, 
Hong Kong-based Lucky Gems and Jewellery displayed a 
globe about 30 cm (1 ft.) in diameter that had been fash- 
ioned from slabs of gem materials (figure 5}. The oceans 
were fabricated from lapis lazuli, while countries were 
constructed of gem materials such as abalone shell, aven- 


Figure 4, This 31.98-ct (34.20 x 16.46 x 6.09 mm) 
“emerald matrix” cabochon was cut from mate- 
rial taken from the Big Crabtree mine in Mitchell 
County, North Carolina. Courtesy of Emerald 
City Gem Shop; photo by Maha DeMaggio. 
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Figure 5. This globe, approximately 30 cm in 
diameter, uses gem materials to represent coun- 
tries and oceans. Photo courtesy of Lucky Gems 
and Jewellery. 


turine quartz, hematite, malachite, picture jasper, obsidi- 
an, and unakite. Where possible, the gem material used 
for a country was one found in that country. For exam- 
ple, turquoise was used for Iran and rhodonite for 
Canada. The firm also produces custom-made globes 
using materials specified by the client, and flat maps 
were available following the same general motif. 

The first flat map was completed about four years 
ago, according to Horace Wong, marketing manager for 
the firm. The first globe, completed in 1990, took eight 
months to produce. Production of the globes and maps 
begins in a factory in Ping Wu, Shenzhen, China, with 
finishing done in the firm’s Hong Kong workshop. The 
globes are constructed of a spherical wood frame on 
which the gem materials are placed. All of the gem mate- 
rials are cut and polished by hand. 


Lapidary art. One of the lapidary delights at the Tucson 
Show this past February was created by Kevin Lane 
Smith of Tucson. Fashioned from a piece of optical-quali- 
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Figure 6. This 72-ct quartz cabochon, which 
resembles a melting ice cube filled with air bub- 
bles, was designed to reflect a single plane of 
tiny inclusions. At 40x magnification (inset), 
one can see that each inclusion actually has 
three phases. Photo by Maha DeMaggio; pho- 
tomicrograph by John I. Koivula. 
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ty quartz, this 72-ct free form contained a flat, uniform 
plane of tiny inclusions that Mr. Smith had positioned 
just above the surface of the base so the high-domed 
cabochon could act as a magnifier (figure 6), Examination 
of the stone with magnification revealed that these are 
classic three-phase inclusions (figure 6, inset), each con- 
taining a single cube of salt together with a vapor bubble, 
all in what must be a brine. 


Banded iridescent obsidian. Obsidian, a natural volcanic 
glass, occurs in a number of forms, including snowflake 
(white cristobalite patches in a dark gray to black body 
color}, banded (with curved or sinuous layers), and 
Apache tears (naturally occurring small gray-to-brown 
pebbles that may be transparent to translucent). 

Another familiar type—commonly seen as small 
carvings fashioned in Mexico—is sheen obsidian, which 
has a black body color that exhibits a typically golden 
sheen at certain orientations. When such material 
exhibits a variety of iridescent colors, it is sometimes 
referred to as “rainbow” obsidian. 

At Tucson this February, Kevin Lane Smith showed 
one of the editors some truly exceptional carved obsidian. 
The material, which he referred to as Mexican “Mayan” 
rainbow obsidian, displayed multi-hued iridescence in 
distinct, parallel bands (figure 7). Mr. Smith reported that 
the material came from a remote area in the Mexican 
state of Jalisco that is reached by an eight- to 10-hour 
drive northwest from the city of Magdalena. He estimated 
that approximately 30 tons of obsidian have been recov- 
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Figure 7. Fashioned from volcanic glass that has 
been promoted as Mexican “Mayan” rainbow 
obsidian, this carving (approximately 65 mm 
wide x 31 mm thick) displays striking iridescent 
colors. Courtesy of Kevin Lane Smith. 


ered from the area, virtually all with some iridescence. Of 
the 12 tons of material he saw, roughly 10% displayed 
what he described as exceptional iridescent colors. 


Gems from Orissa, India. The state of Orissa, in eastern 
India, is becoming a significant gem source. Since 1989, 
we have seen an increasing number of rhodolite garnets 
from Orissa; more recently, we have seen attractive 
aquamarine and ruby from this locality. 

At the 1993 Tucson Show, Amar J. Jain showed one 
of the editors a 2.99-ct faceted alexandrite from Orissa, as 
well as a parcel of dark grayish blue tourmalines (see, e.g., 
figure 8). Subsequent gemological testing on the 1.74-ct 
emerald-cut tourmaline in figure 8 revealed properties 
consistent with those published for tourmaline from 
other localities, including refractive indices of 1.620 and 
1.640, birefringence of 0.020, and specific gravity of 3.11. 

Hessonite (grossular) garnet is being mined near the 
town of Kanta Bhaji, in the Kalahandi area. Anil B. and 
Ketan Dholakia had faceted samples that ranged from red- 
dish orange to orange to orangish brown in medium to 
dark tones. However, many of these showed the “roiled” 
effect generally associated with Sri Lankan hessonites. 
This was so pronounced in some stones that they 
appeared translucent, resernbling the sard variety of chal- 
cedony. Gemological testing on the 2.19-ct orange stone 
in figure 8 revealed properties consistent with those of 
hessonite, including an R.I. of 1.748 and an S.G. of 3.65. 

After Tucson, the editors received a letter from 
Shyamala Fernandes, a gemologist with the Gem Testing 
Laboratory of Jaipur, India, telling of a “new find” 
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Figure 8. Orissa is the source of this 1.74-ct tour- 
maline (left) and 2.19-ct hessonite garnet (right). 
Tourmaline courtesy of Amar J. Jain Fine Gems 
(NY); hessonite courtesy of Anil B. Dholakia, 
Adris Oriental Gem & Art Corp.; photo by 
Maha DeMaggio. 


(December 1992) of chatoyant sillimanite in Orissa. The 
material was marketed as “moonstone cat’s-eye” until 
local traders realized that it was not a feldspar. 

The Gem Testing Laboratory in Jaipur identified the 
material as sillimanite. They reported the following 
gemological properties: R.I—1.659 to 1.678 (flat facet}, 
1.66 (spot), S.G. (by hydrostatic weighing)—3.25, biaxial 
optic character; and Mohs hardness between 7 and 8. 
Microscopic examination revealed the parallel acicular 
inclusions that cause the chatoyancy. Also noted were 
two- and three-phase inclusions in “fingerprint” patterns, 
as well as black platelets of undetermined composition. 

According to Mrs. Fernandes, the sillimanite ranges 
from transparent to translucent and from colorless to 
gray, pinkish brown, yellowish brown, yellow, green, and 
blue-green, all of which generally occur in lighter tones. 
Almost all of the cabochons fashioned to date exhibit 
well-defined cat’s-eyes and a good, vitreous luster. 
Fashioned material generally ranges up to 20 ct. Although 
no firm production information was available, Mrs. 
Fernandes reports that the material has been in ready sup- 
ply on the Indian market since its reported discovery. 


Cultured freshwater pearls from Hanoi, Vietnam. In 
January 1993, Kenneth Scarratt, of the GIA Gem Trade 
Laboratory in New York, visited a freshwater pearl-cul- 
turing farm on a lake in Hanoi, Vietnam, with a group of 
other notable gemologists. The farm, named Ho Tay 
after the lake, is small and production is low (about 3,000 
pearls in 1992, but up from 1,000 the previous year). 
However, local officials report that expansion is planned 
for the near future, with Ho Tay scheduled to be the 
largest of three such operations in the northern part of 
the country. 

Ho Tay Lake also provides the mussels (Cristaria 
plicata) for the pearl-culturing operation. The use of wild 
mussels, rather than those cultivated from young mol- 
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lusks (spat), is one of the farm’s unusual features. 
Another is the use of mother-of-pearl beads as nuclei, 
instead of the more common practice of cultivating 
freshwater pearls by a process of tissue grafting only {i.e., 
mantle-tissue nucleating), as is prevalent in China today. 

The mother-of-pearl beads are hand-cut to imperfect 
spheres from the thicker portion of a shell harvested 
from rivers in the northern part of Vietnam. The cultur- 
ing process starts with the insertion, in one side of the 
mollusk, of three or four mother-of-pearl beads. Squares 
of mantle tissue are then placed in contact with the 
beads and the process repeated on the other side of the 
mollusk, When the insertions have been completed, the 
mussels are placed in flat, circular cages that are then 
hung from a raft (figure 9). Growing periods reportedly 
vary up to two years. The cultured pearls produced range 
in color from mauve and pink to orange, white, and gray. 
The largest that Mr. Scarratt saw was approximately 11 
mm in diameter and had an appearance reminiscent of 
some natural Scottish pearls, which have a somewhat 
low luster and very pale pink body color. 


Figure 9, Nucleated mussels, held in plate- 
shaped cages, are hung from this raft at a pearl- 
culturing farm on Ho Tay Lake in Handi, 
Vietnam. The cultured pearls produced represent 
a range of color. Photo by Sriurai Prijasilpa. 


Peridot from Zabargad Island. One of the best-known 
sources of peridot—and, historically, the first—is the Red 
Sea island off Egypt’s Ras Banas Peninsula that is known 
as Zabargad or Saint John’s Island (see E. Gibelin, 
“Zabargad: The Ancient Peridot Island in the Red Sea,” 
Gems #& Gemology, Spring 1981, pp. 2-8). In the editors’ 
experience, peridot from this locality is rarely seen in the 
trade. It was thus a pleasant surprise to find small quanti- 
ties of uncut crystals (approximately 150 grams} and oval 
faceted stones (227 ct) being offered for sale at the 
February Tucson shows this year (see, e.g., figure 10). 
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Figure 10. Zabargad is the source of these two 
’ faceted peridots (1.63 and 1.65 ct) and the uncut 
crystal (9.17 ct). Photo © GIA and Tino Hammid 


According to Ron Romanella, Afco Far East, 
Bangkok, Thailand, the material was mined commercial- 
ly for roughly 30 years in the early to middle part of this 
century by the privately owned Red Sea Mining 
Company. Mining activity ended with nationalization in 
1958 under Egyptian President Gamal Abdel Nasser, 
although the then-government-owned firm continued to 
sell accumulated stocks of material. The stones being 
offered at Tucson this year were obtained in Egypt in 
1985 from old stocks. 


Ornamental porphyry from Canada. One of the newer 
ornamental stones seen at Tucson this February was a 
porphyry being marketed under the trade name “Flower 
Rock.” {A porphyry is a fine-grained igneous rock that 
contains conspicuous crystals known as phenocrysts.) 
According to the firm offering this material, it consists of 
a gabbro-porphyry matrix containing grayish white phe- 
nocrysts of feldspar. The material is recovered from the 
approximately 1,000 km2 (400 sq. mi.) volcanic Texada 
Island, just off the coast of British Columbia. It was being 
sold in a number of fashioned forms, including animal 
figurines, carved eggs, tablets, and cabochons. Gold and 
rose quartz are also reportedly abundant on the island. 
We obtained the fashioned cabochon shown in figure 
11 for characterization. It consists of a semitranslucent to 
opaque, fine-grained black groundmass surrounding gray- 
ish white phenocrysts. We determined, by hydrostatic 
weighing, a specific gravity of 2.89 for this specimen. The 
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Figure 11. Marketed as “Flower Rock,” this orna- 
mental material (37.90 ct, 25.01 x 34.44 x 6.15 
mm) is a dark porphyry with light-colored 
feldspar phenocrysts. Courtesy of West Coast 
Semi-Precious Stone; photo by Maha DeMaggio. 


material was inert to U.V. radiation and exhibited no dis- 
tinct absorption features through a desk-model spectro- 
scope. X-ray diffraction analysis performed on one phe- 
nocryst produced a pattern consistent with plagioclase 
feldspar. Similar analysis on one spot of the groundmass 
revealed the presence of an amphibole component, plus 
additional lines most likely attributable to a metallic- 
appearing mineral that can be seen under magnification 
with reflected illumination. On the basis of these fea- 
tures, the stone meets the criteria for a porphyry, 
although without petrographic analysis we could not 
determine if it is a gabbro-porphyry or a diorite-porphyry. 


Natural resin from Colombia. This year at Tucson, in 
addition to amber from the Baltic region and the 
Dominican Republic, a few dealers offered a natural resin 
from Colombia. Interestingly, some promoted it as 
amber; others labeled it copal, a fossilized resin of more 
recent origin, or stated that they did not know which 
designation was appropriate. 

Andrea Nisbet, of Colombian Amber Source of 
Crestone, Colorado, informed us that the material was 
being extracted from 11 mines in the Santander area of 
Colombia. Because the material comes from more than 
one mine, it is possible that some is amber and some is) 
copal (Ms. Nisbet reported that investigations were being 
conducted in both the U.S. and Japan to characterize the 
material more accurately), What is perhaps most notable 
about this resin is the wealth of fascinating inclusions 
preserved therein (see, e.g., figure 12), including well- 
formed leaves, a scorpion, and a spectacular cricket. 

It is interesting to note that polarized light revealed 
the presence of fine lint fibers “glued” to the surfaces of 
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Figure 12. This natural resin from Colombia hosts 
a multitude of “inclusions,” such as these two 
flies (Diptera] and a frond of liverwort. Photo- 
micrograph by John I. Koivula; magnified 3x. 


much of the material examined. According to two 
sources, this results from the use of one of two processes 
to produce a quick polish: dipping in acetone (which soft- 
ens the surface, making it sticky) or coating the surface 
with varnish. 


Figure 13. Miners wash gravel in their search for 
ruby and other gems at the Ruvu mine, near 
Mahenge, Tanzania. Photo by Keiko Chung. 


» Oe 
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Ruby Mining near Mahenge, Tanzania. In September 
1992, Keiko Chung of Gemstones and Fine Jewelry 
Company in Los Angeles, California, visited the Ruvu 
mine near Mahenge, Tanzania, which is owned and oper- 
ated by Kimon Mantheakis, director of Ruvu Gemstone 
Mining Company, which operates several mines in 
Tanzania. The trip to the mine required about nine hours 
driving south from Dar-es-Salaam, mostly over unpaved 
roads in a mountainous forested area. This high, cool 
region was a resort during the colonial period. The forests 
contain ebony, mahogany, and teak, and are home to a 
variety of wildlife. Most of the ruby mines are found in 
small valleys on the lower part of the Mahenge mountain 
range. They were discovered by hunters around 1984. 

Mining claims are filed with the government and 
posted at each concession, which is typically 900 feet by 
900 feet (300 m x 300 m). About half of the various opera- 
tions run by Europeans had been abandoned by the time 
of Ms. Chung’s visit. Thai companies have brought in 
heavy equipment and are now actively producing and 
prospecting. The Ruvu mine, a smaller operation, is an 
alluvial deposit where the ruby-bearing gravels are recov- 
ered from the bottom of hand-dug pits 5-6 m deep, with 
various steps and levels. 

The nearby mine village has a population of 200 to 
400 people, mostly miners and their families. They are 
generally seasonal workers from local tribes. Two to four 
miners work the gravels in each pit, shoveling the gem- 
bearing alluvium into sacks. When they have filled two 
sacks, they carry them to a stream about 500 m away for 
washing and sorting (figure 13). This stream floods during 
the rainy seasons (from May to June and from about mid- 
October to mid-December}, and mining comes to a virtu- 
al halt. 

In general, one or two rubies are found per sack, and 
one to two stones that could be fashioned into a good- 
quality 3-ct cabochon are found per day in the whole 
Ruvu mine (see, e.g., figure 14). The stones found in one 
sack belong to Mantheakis (the leaseholder}, and he has 
right of first refusal over any gems from the second sack, 
which belongs to the miner. Gray corundum, pink-to-red 
spinel, and amethyst are also found. 


ENHANCEMENTS Ss 


Opticon follow-up. The Summer 1991 issue of Gems w 
Gemology contained an article on the fracture filling of 
emeralds, with emphasis on the use of the synthetic 
resin Opticon. In this article, the authors reported the 
measured refractive index of Opticon as 1.545. However, 
we now know that some treaters have tried to make the 
treatment more permanent by adding varying amounts of 
hardener to Opticon, Hughes Associates, the manufac- 
turer of Opticon, has subsequently stated that the R.I. of 
their product, including any possible change caused by 
addition of hardener, can range from 1.545 to 1.560. It is 
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Figure 14. These rubies (largest, 14.57 ct) are 
from the Ruvu mine near Mahenge, Tanzania. 
Courtesy of Gemstones and Fine Jewelry Co.; 
photo by Shane F, McClure. 


important to note that the visibility of a fracture filler 
depends on relative relief, i.e., how close the R.I. of the 
filler is to the host material. Therefore, the relative relief 
of Opticon-filled breaks can vary due to differences in the 
R.I. of both the host gem and the Opticon itself. 


Turquoise treatment stability. The stability of any gem 
treatment is always a very real concern. Unfortunately, 
some enhancements reveal their instability only over a 
long period of time. 

Gary Werner, a dealer who has done considerable 
research into turquoise treatments, told us about a process 
he calls “hydrating,” which consists of treating turquoise 
with organic compounds, typically substances that have 
low melting points. These include mineral oil, oil-based 
polishes, waxes, waxy polishes, lacquers, and sealers. 
Paraffins and shellacs are used most commonly in com- 
mercial treatments. While all these treatment substances 
reportedly maintain their integrity longer than do less vis- 
cous ones, they typically degrade within a year or two. 
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Mr. Werner loaned the editors three small strands of 
tumbled turquoise beads (approximately 9 mm long x 6 
mm wide} that illustrate both the dramatic effect one 
such treatment has on the appearance of turquoise and 
how transient that effect can be. The typical natural, 
untreated material is pale blue and somewhat chalky (fig- 
ure 15, left). When such material has just been treated 
with mineral oil, it exhibits a much deeper, uniform sat- 
urated color (figure 15, center]. After approximately five 
months, this same treated turquoise is paler, and some 
beads have taken on a mottled appearance. While some 
beads retain some of the treated color, there are also dis- 
tinct, irregular areas of pale blue to nearly white (figure 


15, right). 


SYNTHETICS AND SIMULANTS ESS 


Synthetic corundum as a topaz simulant. One of the more 
clever imitations seen this past February at the Tucson 
gem shows was a saturated pinkish orange flame-fusion 
synthetic corundum that was being marketed as an 
Imperial topaz simulant. The resemblance to this topaz 
variety was enhanced by the cutting styles: elongated and 
slightly windowed pear shapes and marquises (figure 16). 


Russian flux-grown synthetic emeralds. The Summer 
1985 Gems e Gemology contained an article on flux- 
grown synthetic emeralds produced at the Geological 
Institute of Akademgorod in Novosibirsk, Russia. To our 
knowledge, little of this material was ever marketed in 
the United States, although at least two firms have 
actively promoted Russian hydrothermal synthetic emer- 
alds (see, e.g., Gem News, Spring 1991, p. 54, and Spring 
1992, p. 63}. 


Figure 15. These three strands of turquoise beads 
(about 9 mm x 6 mm) show the effect of oil treat- 
ment over time: (left) unenhanced; (center) recent- 
ly treated; (right) material similar to that in the 
center five months after treatment. Courtesy of 
Gary Werner; photo by Maha DeMaggio. 
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Figure 16, These flame-fusion synthetic corun- 
dums, 4.55-6.87 ct, have been fashioned for use 
as Imperial topaz simulants. Courtesy of L. P. 
Gems; photo by Maha DeMaggio. 


Crystural Corp., a Russian-Thai joint venture with 
marketing and cutting facilities in Bangkok, debuted a 
Russian flux-grown product, “Crystural-Created 
Emerald,” at the February 1993 Tucson show. The mate- 
rial is being sold in fashioned form in a number of shapes 
and standard millimeter sizes. 

According to promotional material provided by the 
firm, the product was developed by a group led by Prof. 
Gennedy Bukin, who also developed the flux synthetic 
that was the subject of the above-referenced 1985 report. 
Gemological testing of two samples donated to GIA 
revealed properties consistent with those previously 
described in the literature. A third stone examined 
revealed numerous white, acicular inclusions (figure 17}, 
as well as the “fingerprints” typical of a flux-grown syn- 
thetic; both types have previously been reported in 
Russian flux synthetic emeralds. 


Figure 17. In addition to typical flux “fingerprints,” 
this Russian flux-grown synthetic emerald con- 
tains numerous white, acicular inclusions. 
Courtesy of Judith Osmer, J. O. Crystal Co. Photo- 
micrograph by John I. Koivula; magnified 30x. 
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Novel opal simulants. Among the most novel items we 
came across last February at Tucson were two types of 
opal imitations that were being marketed by Manning 
International under the trade name “Spectaculite.” One 
type consists of a holographic image on a dichromate gel 
that is wedged between two protective glass layers (figure 
18, right}, according to Gerry Manning. This type makes 
a rather convincing imitation of milky white opal. 

The second type consists of an interference-imaged 
“polyprismaline” film embedded in the slightly recessed 
base of an acrylic cabochon. When no additional backing 
is used, the simulant is a good representation of crystal 
opal; a dark backing is applied to make an imitation of 
black opal (figure 18, left}. The film, produced in three 
versions to simulate predominantly orange-and-red, blue- 


Figure 18. The 8.67-ct opal simulant on the right 
employs glass and a holographic image to imi- 
tate play-of-color; the 1.68-ct piece on the left 
consists of an interference-imaged film and an 
acrylic cabochon. Courtesy of Manning Inter- 
national; photo by Maha DeMaggio. 


and-green, and orange-and-green “play-of-color,” pro- 
duces optic effects somewhat reminiscent of those seen 
in “Slocum stone” glass imitation opal and in a plastic 
imitation described in the Summer 1991 Gem News sec- 
tion (pp. 124-125). 


More on plastic imitation opal. The Spring 1988 Gem 
News section briefly mentioned a plastic imitation opal 
that had been previously described in the literature. 
Subsequently, however, the editors saw and heard little 
about this material. 

At the February Tucson shows, however, one booth 
was dedicated exclusively to marketing this plastic imi- 
tation. Oval, marquise, round, pear, and heart-shaped 
cabochons in calibrated sizes up to 20 x 15 mm were dis- 
played by Universal Canal Jewellery, New York. All 
exhibited a white body color. 
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Figure 19, These two triplets, approximately 8 x 
10 mm, have been fashioned with plastic imita- 
tion opal to provide the play-of-color. Photo © 
GIA and Tino Hammiad. 
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A promotional flier contained information on the 
material’s properties that were consistent with those 
previously reported. A sample 1.73-ct cabochon pur- 
chased for study revealed properties similar—if not iden- 
tical—to this published information: spot R.I. of 1.50, 
S.G. of 1.17, and a strong bluish white fluorescence to 
long-wave U.V. radiation. However, some of this new 
material had a patchy mosaic play-of-color rather than 
the essentially pinpoint play-of-color typical of material 
we had examined in the past. 

The promotional material also stated that it takes 
five to six months to produce material 2- to 3-mm thick 
with a surface area not exceeding 30-mm square and that 
it has been produced in sheets 0.4 mm or less in thick- 
ness for watch “faces.” 

The material was also being shown for the first time in 
two composite forms: as triplets using single slices of the 
opal simulant (figure 19}, and in similar assemblages 
employing triangular fragments of the simulant. The latter 
resemble what are known as “mosaic opal triplets.” 
Although these composites were not being sold at the 
show, the exhibitor said that they would soon be marketed. 


“Synthetic opal” from Russia. The Winter 1991 Gem 
News column included information on synthetic opal 
from Russia (p. 256}. Recently, we obtained a small 
amount of material described by the vendors as Russian 
“synthetic opal” (see, e.g., figure 20). Specimens with a 
black body color were provided by Dr. Solodova of 
the National Educational and Scientific Research 
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Gemmological Center in Moscow, while cabochons 
with a white body color were obtained from Dr. 
Alexandr A. Godovikov of the Fersman Mineralogical 
Museum. According to Dr. Gadovikov, this material is 
produced in a number of places in Russia, including the 
Moscow area, St. Petersburg, and Novosibirsk. 

Many of the white specimens we saw show evi- 
dence of mild to severe crazing, although Dr. Godovikov 
maintained that they had not shown any crazing prior to 
their arrival in Tucson. It is possible that the extremely 
dry atmosphere in this desert city is responsible for this 
effect. 

Preliminary testing on three specimens of the white 
material revealed the following properties: diaphaneity, 
semitransparent to translucent; spot R.I., 1.44-1.45; 
long-wave U.V. fluorescence, strong bluish white to 
blue-white; short-wave U.V. fluorescence, weak to mod- 
erate greenish yellow to blue-white. The S.G. of this 
material, 1.75-1.78, is quite low as compared to both 
natural and other synthetic opal, perhaps a consequence 
of the high H,O content. These cabochons exhibited 
play-of-color that could only result from an opal-like 
structure. Also noted was an unusual near-infrared 
absorption pattern which suggests that this material con- 
tains organic compounds, presumably to act as the 
“glue” between the silica spheres. Properties determined 
on a cabochon of the black material also revealed some 
unusual properties, including a 1.35 spot R.I. and a 1.65 
S.G. The lower RI. and S.G. values possibly result from 
the organic compound that was detected in the near- 
infrared absorption spectrum. 


More on Paraiba tourmaline simulants. The most preva- 
lent simulant for the bright greenish blue tourmaline 
from Paraiba, Brazil, is a very similar-appearing apatite 
from Madagascar (see, e.g., Gem News, Spring 1993, pp. 
53-54]. ICA Laboratory Alert No. 47, dated September 
20, 1991, and coauthored by Dr. Hermann Bank and Dr. 


Figure 20. These three specimens—0.56 to 3.04 
ct—were described by the vendors as “synthetic 
opal” from Russia. Photo by Robert Weldon. 
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Figure 21, These beryl triplets (0.89 and 1.20 ct) 
are convincing imitations of the distinctive 
greenish blue tourmaline from Paratba, Brazil. 
Photo by Maha DeMaggio. 


Ulrich Henn, provides a good summary that lists this and 
other simulants of Paraiba tourmaline encountered in 
Idar-Oberstein, Germany. Among those mentioned are 
beryl triplets, a type of assembled stone most commonly 
encountered as an emerald simulant. 

Recently, the editors examined two of these assem- 
bled-beryl imitators (figure 21). Both specimens exhibited 
a very convincing saturated, slightly greenish blue faceup 
color, Standard gemological testing confirmed that the 
crown and pavilion consist of essentially colorless natu- 
ral beryl with the colored cement layer being responsible 
for the apparent body color. Gemological testing would 


Figure 23. This 63.69-ct specimen (23.17 x 20.93 x 
10,83 mm) is the first translucent synthetic quartz 
examined by the editors. Courtesy of Bob Lewis, 
Gems Galore; photo © GIA and Tino Hammid, 
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Figure 22. Color zoning is clearly visible in this 
14,80-ct faceted “prism” of cobalt-doped syn- 
thetic quartz. Photo by Maha DeMaggio. 


quickly separate these simulants, as it would any simi- 
larly colored natural or synthetic beryl, from Paraiba 
tourmaline. 


Color-zoned synthetic blue quartz. In the Spring 1991 
Gem News section (p. 55), we mentioned our first 
encounter with large quantities of a medium-dark 
“cobalt” blue synthetic quartz. Since then, we have seen 
this hydrothermal synthetic as faceted “prisms” and, 
increasingly, in the form of faceted gems (Gem News, 
Spring 1992, p. 65). 

While looking through stocks of this material at a 
number of recent trade events, one of the editors noted 
that essentially all of the samples had eye-visible color 
zoning. One faceted “prism” was purchased and subse- 
quently examined. A GIA GEM desk-model prism spec- 
troscope revealed absorption features associated with 


Figure 24, This 84.5-ct synthetic spinel boule 
was produced in the former German Democratic 
Republic to help satisfy internal demand for 
inexpensive gem materials. Photo by Maha 
DeMaggio. 
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cobalt, essentially identical to that documented for 
lighter blue cobalt-doped synthetic quartz. When the 
piece was examined between crossed polarizers, we were 
able to resolve a “bull’s-eye” optic figure along the length 
of the “prism,” as is typical for untwinned quartz. 
Observation with diffused transmitted light revealed 
roughly wedge-shaped zones of darker color alternating 
with very light blue zones—separated by poorly defined 
(“fuzzy”) boundaries—throughout the specimen (figure 
22). This feature was actually easier to observe without 
magnification. 


Nontransparent synthetic quartz. Synthetic quartz is 
known to jewelers and gemologists primarily as a trans- 
parent material. In Tucson this year, we were shown 
sawn sections of translucent synthetic quartz, both white 
and blue. A 63.69-ct sample of the white material (figure 
23) was subsequently loaned to the editors for testing. 

The material appeared milky white in reflected light 
and—like white opals and so-called “opal” glass—yel- 
lowish orange in direct transmitted light. One surface 
has what Dr. Kurt Nassau describes in Gems Made by 
Man (Chilton Publishing, Radnor, PA, 1980) as the “peb- 
bly” appearance associated with the rapid growth condi- 
tions of transparent synthetic quartz. We also recorded a 
spot R.I. of 1.55. When the specimen was examined 
between crossed polarizers, a doubly refractive reaction 
was noted. It was also possible to resolve a “bull’s-eye” 
optical interference figure across the entire surface per- 
pendicular to the optic axis. The material was inert to 
both long- and short-wave U.V. radiation, and no absorp- 
tion features were visible through a desk-model spectro- 
scope. Magnification revealed a faint columnar growth 
structure perpendicular to the “pebbly” surface; the 
material otherwise appeared internally homogeneous. 

One unusual feature noted was a specific gravity of 
2.37, well below the values reported in the gemological 
literature for quartz, both natural and synthetic. This 
would appear to be due to the porous nature of the mate- 
rial, which became apparent when the specimen 
absorbed water during the hydrostatic weighings. 

EDXRF spectrometry suggested that the chemistry 
was typical of hydrothermal synthetic quartz, with sili- 
con and traces of chlorine, potassium, calcium, and iron. 
Titanium was also detected. 
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At first, we considered a number of explanations for 
the reduced transparency, including the presence of TiO, 
inclusions or perhaps light scattering from submicroscop- 
ic fluid inclusions or voids (the latter would account for 
the porosity). However, an article in the November 1991 
Australian Gemmologist (“Observations on hydrother- 
mally synthesized massive agate-like crystals,” by 
Masahiro Hosaka} sheds additional light on this material. 
This report describes the experimental growth of massive 
quartz in a near-horizontal autoclave, using a-cristobalite 
powder as the nutrient. The resulting product contained 
two zones of porous quartz with a specific gravity of 2.54. 
From this information and that gathered through the edi- 
tors’ investigation, it would appear that the Russian 
material is an aggregate of minute quartz crystals with 
parallel orientation. 


Synthetic spinel from eastern Germany. One of the 
advantages of the opening of Eastern Europe and the for- 
mer Soviet Union is that both natural gems and synthet- 
ic materials from these localities are becoming increas- 
ingly available in the West, marketed by joint ventures. 

In addition to materials produced for export, we 
recently saw some inexpensive flame-fusion synthetics 
that had been produced in the former German 
Democratic Republic (GDR, East Germany) to help satis- 
fy internal demand for gems. These consisted of synthet- 
ic spinel boules in various colors (see, e.g., figure 24). 
According to the vendor, they were grown at the 
Bitterfeld Plant near Leipzig, a facility that prior to the 
founding of the GDR was owned and operated by I.G. 
Farben. 


ANNOUNCEMENTS Bs 


New Exhibit at the Royal Ontario Museum. Featuring 
a 1,625-ct peach-colored beryl, a 193-ct blue star sap- 
phire, and a 3,000-ct natural blue topaz, the S. R. Perren 
Gem and Gold Room opened July 3 at the Royal Ontario 
Museum in Toronto, Canada. Seventy gold specimens 
and nearly 1,000 rough and cut gems are supplemented 
by interactive videos designed to teach visitors about 
gemstones. The exhibit is the first phase of the muse- 
ums plan to develop a complete Earth Sciences Gallery. 
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The Australian sapphire industry. T. S. Coldham, 
Australian Gemmologist, Vol. 18, No. 4, 1992, pp. 
104-107. 


This report, the text of a paper that was presented at the 
Gemmological Association of Australia Scientific 
Programme in Hong Kong in June 1992, begins by dis- 
pelling some misconceptions about Australian sapphires. 
Mr. Coldham attributes these misconceptions mainly to 
a lack of Australian involvement in anything other than 
the mining of the stones. He then discusses the role that 
Thai dealers play, including the importance of their fair- 
ly early knowledge of the heat-treatment process used to 
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improve the clarity of these often silky gems. Here he 
provides a most interesting theory, tracing this knowl- 
edge to Switzerland prior to World War TI. 

Mr. Coldham also offers some explanations as to 
why the term Australian sapphire is now used for any 
low-quality, dark-colored sapphire of volcanic origin. He 
traces this in large measure to Thai dealers, who favored 
low-profit, high-turnover marketing methods. The 
Thais’ willingness to purchase and sell the poorest quali- 
ty Australian rough led to the perception that Australian 
sapphire was inferior and encouraged the acceptance of 
increasingly lower standards in its fashioning. At the 
same time, the expansion of the middle class in the West 
contributed to the development of mass production of 
lower-value jewelry and created a demand for large quan- 
tities of poorer-quality stones. Low-quality sapphires 
from various volcanic sources were sold as Australian, 
while the better-quality Australian goods were misrepre- 
sented as coming from Pailin (Cambodia) or Thailand. 

The roles played by one Australian miner and two 
Thai dealers—plus the impact of large quantities of 
rough from Nigeria, China, and the Bo Ploi fields of 
Thailand—are also discussed in this interesting and 
informative report. RCK 


Behind the scenes 22. §. Bernstein, Arts of Asia, Vol. 23, 
No. 2, 1993, pp. 136-140. 


This illuminating article describes the priorities of an 
informed modern jade collector. Recent archaeological 
discoveries have helped rewrite previous accepted litera- 
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ture, and the jade collector of today has access to more 
factual information than ever before. Illustrated with 
stunning photography, this article is a veritable feast for 
eyes and mind alike. 

The author, a jade lover since an early age, covers an 
evolution of taste in America and Europe, including such 
trends as the emphasis placed on spinach jade at the turn 
of the century and the popularity of translucent white 
nephrite carvings from the Ming dynasty during the 
1950s. Dominant buyers from Taiwan, Hong Kong, 
Singapore, Japan, and Thailand are now concentrating on 
exceptional jadeite pieces, rather than those of lower-to- 
medium quality. In the 1980s, interest in {and prices of] 
brilliantly colored Burmese jadeite increased; recently, 
Asian collectors again have sought fine white nephrite 
jade. 

The two principal techniques used in cultivating a 
quality collection of jade carvings are physical and stylis- 
tic inspection. Dating a particular jade helps determine 
the value of the piece. The author emphasizes that 
assigning a date to an individual item requires extensive 
knowledge and recognition of each dynasty in Chinese 
history, one reason why jade collecting is such an intel- 
lectual exercise. 

The author obviously knows his subject and writes 
in a wonderfully clear and concise manner. This article 
is an excellent introduction to jade and jade collecting. 

JEC 


The care and study of fossiliferous amber. D.Grimaldi, 
Curator, Vol. 36, No. 1, 1993, pp. 31-49. 


This article, written by an entomologist with the 
American Museum of Natural History in New York, dis- 
cusses various practical techniques for the care and 
study of fossiliferous amber, including methods to 
observe and photograph fossil inclusions. Much of the 
article is devoted to the preparation of amber speci- 
mens—cutting, grinding, and polishing—to improve the 
visibility of fossil inclusions. The final section discusses 
methods used to store amber specimens—to protect 
them from strong light, heat, and air—and how speci- 
mens in collections should be cataloged. Situations 
where museum amber collections were not well main- 
tained are cited, with practical suggestions made about 
trying to prevent such unfortunate losses in the future. 
JES 


Forme, structure et couleurs des perles de Polynésie 
(Shape, structure and color of Polynesian pearls). 
J.-P. Cuif, Y. Dauphin, C. Stoppa, and S. Beeck, 
Revue de Gemmologie a.f.g., No. 114, 1993, pp. 
3-6. 


This article, the first in a series (all written in French], 
offers observations on the growth of nacre layers on cul- 
tured Polynesian pearls. In particular, it describes how 
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the emplacement of the piece of mantle tissue influ- 
ences the final shape of the cultured pearl. Scanning 
electron micrographs graphically illustrate the various 
structures discussed in the text. 

A comparison of the growth of nacre layers on the 
inside of the shell and on the surgically implanted nucle- 
us shows some differences. On the inside of the shell, an 
organic layer develops and clumps of fibrous aragonite 
form, with their fibers oriented perpendicular to the 
shell. Then, a cyclic production of organic material per- 
pendicular to the fiber starts, and fairly rapidly leads to 
the production of nacre {alternating layers of aragonite 
platelets and organic material}, On the implanted nucle- 
us, a thick, generally regular layer of organic material 
forms. The production of mineral layers occurs progres- 
sively, with a great variety of structures and patterns 
that are probably determined by the culturing condi- 
tions. 

Two potential problems may arise during nacre pro- 
duction: First, the mantle tissue used for implanting is 
often selected for its dark color in order to produce a dark 
color pearl. Such tissue often comes from areas that tend 
to produce a prismatic structure like the outer part of the 
shell. However, the inherent thickness of the nacre lay- 
ers on Polynesian’cultured pearls and the culturing time 
involved usually allow for the transition from prismatic 
to nacre layers. Second, if the mantle grafts placed 
against the nucleus fold instead of lying flat, they may 
cause an abnormally thick organic layer in places. This 
may result in rings or other irregularities on the cultured 
pearls, with a corresponding change in the depth of color. 

EF 


The living museum: Forever in amber. D. Grimaldi, 
Natural History, Vol. 102, No. 6, June 1993, pp. 
58-61. 


Is there a dinosaur waiting to be cloned inside that insect 
in amber on your pinky ring? In Michael Crichton’s 
best-selling novel Jurassic Park and the movie of the 
same name, scientists create a theme park full of 
Mesozoic monsters by cloning DNA from dinosaur 
blood, obtained from blood-sucking flies preserved in 
amber. Sound impossible? Think again. 

Two teams of scientists, one of which included 
author D. Grimaldi, recently succeeded in amplifying 
and sequencing DNA from a 30-million-year-old termite 
preserved in an amber globule from the Dominican 
Republic. This is a considerable accomplishment, con- 
sidering that scientists recently believed DNA could not 
remain unaltered for a million years. However, scientists 
are a long way from being able to reconstruct a full set of 
dinosaur chromosomes from DNA—a process that Mr. 
Grimaldi likens to reconstructing “Tolstoy’s War and 
Peace from a gigantic vat of alphabet soup.” Red blood 
cells contain very little DNA. Not to mention that you 
first would have to find undigested blood, no little feat. 
Then comes the biggest roadblock of all, the cost. 
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Consider that hundreds of researchers have spent bil- 
lions of dollars trying to sequence a complete set of 
human chromosomes, even with fresh DNA readily 
available. 

Besides detailing the reasons for, and results of, 
extracting DNA from the fossilized termite, the author 
compares other preservation mediums to amber, discuss- 
es amber formation, and mentions several deposits. After 
reading this article, it’s hard to look at an insect “inclu- 
sion” in amber and not wonder whether that inclusion’s 
last meal might have been a hadrosaur or T. rex. 

Irv Dierdorff 


Sapphires and rubies associated with volcanic provinces: 
Inclusions and surface features shed light on their 
origin, R. R. Coenraads, Australian Gemmologist, 
Vol. 18, No. 3, 1992, pp. 70-78, 90. 


After briefly addressing corundum nomenclature and 
fashioning, the author reviews sources—both igneous 
and metamorphic—worldwide. The remainder of the 
article addresses corundum of alkalic volcanic origin, 
with the New England gem fields of New South Wales, 
Australia, as a case study. 

Sapphires from this area occur predominantly as 
well-formed crystals or crystal fragments with slightly 
rounded edges and other evidence of chemical corrosion. 
Some crystals have pointed terminations, others occur as 
flat hexagonal prisms. Syngenetic minerals, which occur 
both as accessory minerals and as inclusions in the sap- 
phires, include zircon, hercynite, gahnospinel, 
columbite, niobium-rutile, and ilmenite, among others. 

Ion microprobe dating of syngenetic zircon inclu- 
sions in the sapphires showed that the minerals formed 
34.9 + 1.4 million years ago during Cenozoic alkali vol- 
canism in the region. The author draws a number of con- 
clusions based on further study of the inclusions, e.g., 
that the sapphires formed in a melt rich in iron, but defi- 
cient in silica and magnesium. 

Next described are surface features typical of corun- 
dum from volcanic provinces. This is followed by an 
interesting description of the Australian sapphire mining 
industry, with subsections on its history, mining and 
processing, prospecting, sorting and grading, and 
enhancement practices. 

The article, a useful addition to available literature, 
includes four tables and several color photos and pho- 
tomicrographs. RCK 


Treasured in its own right, amber is a golden window on 
the long ago. J. F. Ross, Smithsonian, Vol. 23, No. 
10, January 1993, pp. 31-41. 


This beautifully illustrated article covers various aspects 
of the history, sources, and special qualities of amber. In 
particular, it details the history of the Amber Room, so 
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named for the jigsaw puzzle of 100,000 intricately carved 
pieces of amber that covered its walls. Originally a gift 
from Frederick William | of Prussia to Peter the Great of 
Russia in the early 18th century, the amber panels were 
stolen from the Catherine Palace near Leningrad by the 
Nazis during World War II. Although the search is still 
on, efforts are being made to recreate the room, using a 
paltry few surviving photographs and pieces of the origi- 
nal amber panels. 

Russian amber mining near the town of Palmnicken 
is described. Marine deposits are recovered from a strip 
mine protected from the sea by a dike of sand and soil. 
The amber-rich glauconite is blasted with water cannons 
to form a slurry, which is then piped to a processing plant 
where the amber is separated by screens and suspension. 
Seven hundred tons of amber are recovered annually, 
about 13% of which is suitable for use in jewelry. 

This article is accompanied by several photos of 
interesting inclusions in amber, among them the spec- 
tacular ant colony featured on the magazine cover and a 
bird’s feather in Dominican amber. Meredith Mercer 


DIAMONDS 


Clarity-enhanced diamonds being marketed in Australia. 
Israel Diamonds, No. 130, April 1993, pp. 54-55. 


Adrian Zamel, director and chief diamond buyer for 
Zamel’s Jewellers, a 31-store Australian chain, outlines 
his company’s marketing plan for clarity-enhanced dia- 
monds as part of a strategy to highlight lower-priced, 
low-quality goods during difficult economic times. The 
company sells clarity-enhanced stones, which it has 
dubbed “Genesis II Diamonds,” obtained from the Koss 
diamond company of Ramat Gan. 

Zamel’s aggressive marketing tactics target the 
stones as low-cost alternatives to untreated high-quality 
diamonds, emphasizing the technology of the enhance- 
ment process. The company chose this strategy both to 
head off initial rumors that they were selling fake dia- 
monds and to comply with Australia’s strict consumer 
laws regarding disclosure of treatment. 

Responding to criticism that such treated stones 
detract from the image of diamonds as precious because 
they are natural, Zamel and Koss assert that clarity- 
enhanced diamonds will not hurt the diamond market 
and are comparable to synthetic rubies and emeralds in 
this respect. They need only suitable marketing and dis- 
closure of treatment to find their “proper place” in the 
diamond industry. Zamel and Koss would like to see a 
separate grading system developed for clarity-enhanced 
diamonds to help distinguish them from untreated 
stones. Andrew Christie 


The rarest gem. D. Kaye, Europa Star, Vol. 197-2, 1993. 


This easy-to-read article reviews some key issues rela- 
tive to colored diamonds. These “glorious freaks of 
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nature” are truly the gems of the elite, both because of 
their rarity and the prices they command. This is illus- 
trated throughout the article by many examples of col- 
ored diamonds owned by the rich or famous. In fact, the 
two keys to pricing this gem are color and the customer. 
There is even an interesting discussion of the high prices 
brought by some exceptional colored diamonds because 
two customers competed to own them. Laboratory-treat- 
ed colored diamonds are stated to be worth, conserva- 
tively, only one-fiftieth of their natural-color counter- 
parts. The cause of different colors in diamonds is briefly 
discussed, although the very rare red color is incorrectly 
attributed to irradiation and heating of a diamond con- 
taining nitrogen, when it is actually due to plastic defor- 
mation. A fairly long, well-balanced discussion is devot- 
ed to the challenge of color grading colored diamonds. 

EF 


GEM LOCALITIES 


Almandine garnet crystals from the Prydz Bay area, 
Antarctica. J. L. Keeling and R. B. Flint, Australian 
Gemmologist, Vol. 18, No. 3, 1992, pp. 85-88. 


Red to brownish red almandine garnets are found both in 
gneisses and in pegmatites cutting across the foliation of 
the gneisses on Vikoy Island, in eastern Prydz Bay, 
Antarctica. This brief article reports on the microscopic 
examination of over 30 pegmatitic garnet crystals and 
SEM-EDS analyses of one of these. 

All the specimens, which ranged from 8 to 20 mm 
in diameter, were cuhedral but misshapen, with wide 
variation in the size and shape of the crystal faces. 
Dodecahedron, trapezohedron (the dominant form], or a 
combination of both crystal forms were found. 
Trapezohedral faces were distinctly striated, but even 
the trapezohedral crystals exhibited dodecahedral faces, 
usually as small terminal faces centered on twofold sym- 
metry axes. Chemical analysis of the one sample con- 
firmed that the garnets were essentially almandine in 
composition, with some substitution of ferrous iron by 
calcium, manganese, and magnesium (and perhaps some 
substitution of aluminum by ferric iron). 

Based on the morphology, the authors make some 
suggestions as to the mode of formation of the garnets. 
Illustrations include maps and electron micrographs. 

RCK 


Desert fire, P. Selbert, Lapidary Journal, Vol. 47, No. 1, 
April 1993, pp. 109-112, 114, 118-119. 


The author gives an overview of her recent expedition to 
the Opal Hill fire agate mine, located in California’s 
Mojave Desert. According to the author, the area around 
Opal Hill offers such collectibles as dogtooth calcite, 
white barite, honeycomb-like red rhyolite (with nodules 
of common opal}, “painted agate” resembling desert 
scenes, jasp-agate, knobby agate-filled geodes, blue 
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dumortierite, petrified wood, and metallic psilomelane. 
The Opal Hill mine, owned by Nancy Hill, is one of only 
four fire agate mines in the United States, and one of two 
mines open to the public. Maha DeMaggio 


Jaspers from Swierki near Nowa Ruda, Lower Silesia, 
Poland. W. Heflik, N. Pawlikowski, T. Sobczak, 
and N. Sobezak, Journal of Gemmology, Vol. 33, 
No. 6, 1993, pp. 356-359. 


The authors report on the occurrence of jasper (chal- 
cedony} in southwestern Poland, in beds as thick as 1.8 
m. The material is described as “cherry-red, red-grey, 
brick-red, creamy-green and green” in color, with 
hematite streaks visible in hand specimens. Chemical 
analysis of representative samples revealed an SiO, con- 
tent of more than 77 wt.%, with Fe,O, content varying 
with the intensity of the red color component. Traces of 
copper were also found and appear to give rise to the 
green coloration. X-ray diffraction, thermal analysis, and 
infrared spectrometry contributed to the identification of 
included minerals such as opal, hematite, and dolomite. 
CMS 


. 


The minerals of Greenland. O. V. Petersen and K. 
Secher, Mineralogical Record, Vol. 24, No. 2, 1993, 
pp. 1-65. 


This entire issue of the Mineralogical Record is devoted 
to famous mineral localities in Greenland. Beautifully 
illustrated with photographs of both mineral specimens 
and views of the more important collecting localities, 
this issue represents one of the most detailed descrip- 
tions of the minerals from this region to date. Besides 
tugtupite, the most important gem material from the 
island, mention is made of the occurrences of ruby, 
corundum, sapphirine, and kornerupine, as well as 
numerous other minerals of interest to scientists. A loca- 
tion map of important collecting sites is included. JES 


Mong Hsu ruby update. U. T. Hlaing, Australian 
Gemmologist, Vol. 18, No. 5, 1993, pp. 157-160. 


The Mong Hsu Gemstone Tract in Shan State, Myanmar 
{Burma}, is one of that gem-rich country’s newest ruby 
sources. It is located 250 km east of Mandalay, with the 
primary deposit occurring 16 km southeast of Mong Hsu 
town. The rubies are found in situ in marbles within a 
Precambrian-to-Silurian metamorphic sequence, in asso- 
ciation with quartz, green tourmaline, red-brown garnet, 
staurolite, pyrite, and radiating acicular tremolite. 
Prospecting has indicated that the deposit may cover an 
area 27 x 19 km. Alluvial deposits have also been identi- 
fied in terraces above the Nam Hsu River. When the 
author visited the locality in June 1992, about 2,000 
miners were working the gem-bearing gravels, 
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Ruby crystals from the primary deposit are euhedral 
and of prismatic habit, displaying combinations of pyra- 
mid and rhombohedron, pyramid, rhombohedron, and 
basal pinacoid; and rhombohedron forms. Rhombohedral 
parting is common, with crystals often broken along 
parting planes. Occasionally crystals occur with plates of 
white mica and crystals of green tourmaline adhering to 
their surfaces. Characteristic internal features include 
black mineral inclusions oriented parallel to the c-axis, 
blue and purple “halos,” angular banding, plates of 
brown mica, and liquid “feathers.” 

The author concludes that the mineralogical and 
gemological features of Mong Hsu rubies are distinctive 
from those of Mogok. RCK 


Myanmar jade: An update. U. T. Hlaing, Australian 
Gemmologist, Vol. 18, No. 3, 1992, pp. 79-80. 


Following a brief historical overview of the discovery 
and marketing of Myanmar jadeite, the author lists areas 
now being mined. These include 10 sites in Kamaing 
Township (six of which have only recently started pro- 
duction} and two in Hkamti Township. Forty-six plots 
have been earmarked for joint-venture exploitation; addi- 
tional plots will be opened “as and when proposals are 
received.” 

Information on marketing includes a graph that 
plots jadeite sales at the Myanma Gem Emporiums from 
their 1964 inception through 1990. The author also 
states that Bangkok is emerging as a new jade trading 
center and that ownership of jade jewelry is expanding 
because of rising affluence in Hong Kong, Taiwan, 
Singapore, Korea, and other countries where this gem is 
highly prized. The report also includes information on 
the preparation of jadeite for sale and the display and bid- 
ding procedure at the Emporiums. RCK 


Rhodochrosite from Argentinia [sic]. J. A. Saadi and J. C. 
Grasso, Australian Gemmologist, Vol. 18, No. 4, 
1992, pp. 125-132. Translated from the Boletin del 
Instituto Gemoldgico Espanol (No. 30} by D. 
McCrary. 


Rhodochrosite occurs at a number of localities in 
Argentina, including commercial mines in the Province 
of Catamarca, 35 km due north of the city of Andalgala 
at an elevation of 3,100—3,300 m on the east face of the 
Capillitas Mountain Range. Granite is the predominant 
rock type, with mineralization of the Capillitas Bed 
linked to a Miocene-Pliocene volcanic “chimney” that 
measures about 900 x 1,500 m. Here, rhodochrosite is 
found as the main gangue mineral in veins, the external 
portions of which are represented by sulfides and quartz. 
The rhodochrosite is also found in large pockets, occur- 
ring in direct contact with the surrounding rock. 

The main active deposit is the Ortiz mine. Unlike 
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thodochrosite from other areas of the bed, that from the 
Ortiz mine usually does not exhibit visible whitish 
banding; rather, it is formed from parallel arrays of long, 
thick, prismatic crystals of intense “violet-red” color. 
Material from both Ortiz and other nearby areas may be 
formed from euhedral, rhomb-shaped, or flattened star- 
shaped crystals that commonly cover the internal sur- 
faces of vugs or the external surfaces of stalactites. 

Chemical analysis shows that some of the Mn2* is 
replaced by Fe?+, Ca2+, or Mg?+, with an increased Fe?+ 
content probably responsible for a purple tinge in the 
most desirable Ortiz material. X-ray analyses have also 
shown that the white veining in banded rhodochrosite 
consists of barite as well as carbonate material. 
Gemological properties for Ortiz rhodochrosite are: 
S.G.—3.665; hardness (Vickers scale} —263, [Mohs 
scale}—4!/2, R.L—1.594 to 1.805; U.V. fluorescence— 
weak dark “rose” (long wave}, weak purplish red (short 
wave}. 

This well-illustrated report shows many of the 
forms in which rhodochrosite occurs at Capillitas. The 
authors report that rhodochrosite stalactites are found 
only in the Capillitas bed and in no other locality world- 
wide. RCK 


INSTRUMENTS AND TECHNIQUES 


A method for obtaining optic figures from inclusions. J. I. 
Koivula, Journal of Gemmology, Vol. 33, No. 6, 
1993, pp. 323-325, 


The identification of inclusions remains one of the most 
important tests to help determine the nature and prove- 
nance of the host gem. However, many of the tests that 
gemologists rely on to make these identifications cannot 
be performed on inclusions that are extremely small or 
completely surrounded by their host. In this brief article, 
Mr. Koivula describes a simple method that can be used 
in many cases to determine the optic character of an 
inclusion. The method is particularly valuable for inclu- 
sions that lack characteristic morphology. It involves the 
use of a conoscope placed in contact with the host gem 
directly above the inclusion, with a drop of methylene 
iodide to provide good optical contact. The author also 
describes a custom-made apparatus designed to facilitate 
photography of the optic figure. Among the limitations 
of the method are: (1} both the host gem and the inclu- 
sion must be transparent, (2) the surface of the sample 
containing the inclusion must be clean, {3) the inclusion 
must be no more than 2 mm from the surface, (4) the 
inclusion should be no smaller than 1 mm, and (5} the 
optic orientation of the inclusion must be different from 
that of the host. The author concludes with two warn- 
ings: use caution in interpreting partially resolved optic 
figures; and do not mistake an optic figure accidentally 
obtained from an inclusion with that of the host gem 
material being identified. CMS 
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JEWELRY HISTORY 


Magical Malbork. D. Stripp, Lapidary Journal, Vol. 47, 
No. 1, April 1993, pp. 64-67 ff. 


This entertaining article recounts the author’s recent 
visit to the Castle of Malbork in northern Poland. Home, 
in turn, to German crusaders, monks, Polish royalty, and 
soldiers from various lands, the castle now houses an 
impressive collection of amber treasures. 

In 1230, the Duke of Masovia brought the order of 
the Teutonic Knights from the crusades in Palestine to 
defend the Christian Poles against the pagan Prussians. 
The knights conquered the Prussians and established a 
kingdom administered chiefly from the castle at 
Malbork. The crusaders apparently were not above seek- 
ing earthly rewards for their victory—among the privi- 
leges they claimed was a monopoly of all amber found in 
the area. The edict was brutally enforced, and unautho- 
rized persons caught collecting amber were hung from 
the nearest tree. 

In 1961, the Polish Tourist Society founded the 
Castle Museum at Malbork. The collection includes 
weapons, artwork, books, and coins, but its focal point is 
an extensive array of amber treasures. A baroque-style 
amber cabinet, which contains a statue of the Virgin 
Mary and.osiginally belonged to the last king of Poland, 
is considered to be the most important piece. The amber 
masterpieces also include a figure of Ares carved in 1600, 
a 1-m-high baroque-style altar, a necklace created in 
1610 and worn by Princess Sybilla Dorata of Brest from 
Silesia, a double-handled cup of amber and silver, and a 
17th-century carving of mythological scenes by 
Christoph Maucher. 

The article is illustrated by color photographs and 
enlivened by anecdotes about the history of the castle 
and the museum collection. Denise Heyl 


Out of Africa: The superb artwork of ancient Nubia. D. 
Roberts, Smithsonian, Vol. 24, No. 3, June 1993, 
pp. 90-100. 


This article is a study of, and tribute to, an enigmatic 
people whose cultural remnants still exist in the modern 
world, although their civilization does not. In addition to 
a number of permanent displays that recently opened, an 
exhibition that includes Nubian jewelry and other jew- 
eled personal objects is now traveling to various muse- 
ums around the U.S. Many of these items have helped 
archeologists and anthropologists uncover some of the 
secrets of this lost civilization. Confounded by wars and 
cultural assimilation between the Nubians and their 
northern Egyptian counterparts, items once thought to 
be of Egyptian origin are now attributed to the Nubian 
culture. There is lively debate as to this question of ori- 
gin, and Egyptologists are enjoying renewed interest in 
their field because of the questions now posed by these 
artifacts. The article includes photos of some of the more 
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important artifacts, as well as a map for geographic ori- 
entation. JEC 


SYNTHETICS AND SIMULANTS 


A new type of synthetic ruby on the market: Offered as 
hydrothermal rubies from Novosibirsk. H. A. 
Peretti and C. P. Smith, Australian Gemmologist, 
Vol. 18, No. 5, 1993, pp. 149-157. 


This well-illustrated article describes the in-depth exam- 
ination of three synthetic rubies that were reportedly 
produced by the hydrothermal process in Novosibirsk, 
Russia. Gemological properties were consistent with 
those of natural and synthetic rubies from various other 
sources. The color is described as a very highly saturated 
red of medium-to-dark tone, with the stones exhibiting a 
certain “sleepiness.” Magnification revealed that this 
latter feature is due to a striated pattern of graining, like 
that seen in Russian hydrothermal synthetic emeralds. 
Other features noted with magnification include color 
zoning, solid inclusions of copper alloys, fingerprint 
inclusions, and a single needle-like inclusion. 

Ultraviolet-visible and near-infrared spectroscopy 
revealed features similar to those of certain natural 
rubies with relatively high chromium and iron contents. 
EDXREF analysis revealed {in addition to aluminum} trace 
concentrations of chromium, iron, titanium, copper, and 
nickel, with minor traces of vanadium and gallium. 
Infrared spectroscopy detected sharp absorption peaks 
believed to be due to hydroxyl anions in the synthetic 
corundum’s structure. 

The authors review the patent literature on 
hydrothermal synthesis of ruby and provide possible 
explanations for the presence of the trace elements that 
were detected. They conclude that the strong, irregular 
graining is the most striking diagnostic feature, with the 
metallic inclusions also being distinctive. In the absence 
of conclusive internal features, advanced instrument 
testing will separate these synthetics from their natural 
counterparts. RCK 


Vietnamese ruby fakes: A problem requiring urgent reso- 
lution. G. Brown and R. Beattie, Australian 
Gemmologist, Vol. 18, No. 4, 1992, pp. 108-114. 


Beginning with a brief overview of Vietnam’s two ruby 
localities, the authors address the problem faced by 
gemologists in detecting synthetic corundums that have 
been “salted” into parcels of both rough and faceted 
stones. Proposed solutions include: {1) Vietnamese gov- 
ernment intervention to guarantee the authenticity of 
stones, (2} legislation and penalties for selling such adul- 
terated parcels, and (3) publication in the trade and 
gemological literature of all such deceptions, along with 
identifying criteria. 

The authors then proceed to document different 
types of counterfeits found in parcels of Vietnamese 
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goods that had been purchased either in Vietnam or 
Bangkok, such as: heat-treated, tumbled Verneuil syn- 
thetic ruby (sometimes quench-crackled and treated 
with substances such as oil, wax, or blue dye}; a heat- 
treated, tumbled Verneuil synthetic that was cored and 
filled with fused particles of blue sapphire; similar tum- 
bled material with saw cuts filled with fused sapphire; 
and natural pink sapphire coated with red nail polish. 

Identification of the different categories is then 
addressed. Faceted imposters were the easiest to detect, 
while tumbled imitations of rough were the most diffi- 
cult, sometimes requiring such advanced testing tech- 
niques as EDXRF, petrological microscopy to detect 
Sandmeier-Plato twinning (“Plato lines”), and short- 
wave U.V. transparency. 

This important, well-illustrated report includes a 
table of inclusions found in both Vietnamese and 
Burmese rubies as well as inclusions that the authors 
consider characteristic of Vietnamese stones. RCK 


PRECIOUS METALS 


Jamestown leaf gold and The Gold Bug mine (two sepa- 
rate articles). J. Burnett, California Geology, Vol. 
46, No. 3, 1993, pp. 63-65, 68-73. 


Most of this issue is devoted to gold, California’s state 
mineral—with “Jamestown Leaf Gold” as the cover story, 
illustrated by striking photographs by the Van Pelts. 

The December 26, 1992, Jamestown find at the 
Crystalline-Alabama claim in Tuolumne County netted 
“several dozen pieces,” including one weighing over 73 
troy pounds (27 kg), the fifth largest gold mass found in 
the state. Geology of the mine (the third largest in 
California) is described, as are the specimens, unusual 
because they crystallized in bright flattened ribbons 
called “leaf gold.” Some were speckled with rare micro- 
scopic crystals of gersdorffite. 

“The Gold Bug Mine” article details the geology, 
isometric layout, and history of an inactive hard-rock 
mine in Hangtown (now Placerville}. Although geared to 
tourists and hobbyists, both the article and a public tour 
offer insights into living and mining conditions endured 
during the peak of the get-rich-quick scramble of the late 
1800s. Irv Dierdorff 


MISCELLANEOUS 


Minerals of the Houston Museum of Natural Science. W. 
E. Wilson and J. A. Bartsch, Mineralogical Record, 
Vol. 23, No. 1, 1992, pp. 1-33. 


Lavishly illustrated with beautiful color photographs by 
Harold and Erica Van Pelt, this independent supplement 
to the Mineralogical Record begins with a chronology of 
early private mineral collecting. It then documents how 
several museums have as their nucleus one or more col- 
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lections originally assembled by prominent private col- 
lectors. 

The first recorded mineral collector was G. Bauer 
{aka G. Agricola}, who published several important 
books on minerals and mining from 1530 to 1556. His 
friends and fellow collectors—J. Mathesius, J. Kentmann, 
C. Gesner, and B. Palissy—also amassed substantial col- 
lections throughout their lifetimes. Because no estab- 
lished institutional museums existed to preserve their 
collections after their deaths, the minerals were dis- 
persed and lost before the end of the 16th century. 

During the 17th, 18th, and 19th centuries, European 
royalty and noted scientists collected specimens that 
eventually became the basis for museum collections in 
Prague, Vienna, Oxford, and London, as well as the 
establishment of the French National Museum and the 
Freiberg Mining Academy. 

In the 20th century, C. S. Bement assembled one of 
the greatest private collections in history; this was later 
purchased by J. P. Morgan and eventually donated to the 
American Museum of Natural History. W. A. Roebling, 
builder of the Brooklyn Bridge, and F. Canfield greatly 
enriched the holdings of the Smithsonian Institution 
with their extensive collections. A. Chapman assembled 
what is perhaps Australia’s best collection, which was 
recently purchased by the Geology Museum of the New 
South Wales Department of Mines. 

The second portion of text concentrates on the cre- 
ation, physical attributes, development, and growth of 
the Houston Museum of Natural Science. Beginning in 
the late 1920s, this Texas museum acquired several col- 
lections that contained modest accumulations of miner- 
al specimens. But the most important acquisition, the 
Sams’ collection, came in the mid ‘80s. 

In the mid-1970s, Perkins and Ann Sams, with the 
guidance of Paul Desautels, aggressively set out to 
assemble one of the world’s finest mineral collections, 
An important part of their strategy was to acquire key 
existing collections. They eventually absorbed those of 
D. P. Wilber, M. and J. Zweibel, C. Key, and P. 
Obeniche, as well as certain specimens from E. Swoboda. 
By 1983, the Sams family had assembled one of the 
finest private mineral collections in the world. Soon 
thereafter, under the guidance of E. Cockerell and with 
the help of many local supporters, the collection was 
acquired by the Houston Museum of Natural Science. 

Adding this collection to its already substantial 
holdings established the museum “as one of the world’s 
major repositories for fine mineral specimens,” accord- 
ing to authors Wilson and Bartsch. Five hundred and 
fifty mineral specimens are displayed, which is only half 
of the museum's collection. This guide describes and 
illustrates 60 of the most important pieces. The numer- 
ous galleries and halls in the museum also feature educa- 
tional displays of a recreated gem pocket, structural geol- 
ogy, rock and mineral formation, and the development of 
mineralogy as a science. LBL 
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1993 Challenge Winners 


The Spring 1993 issue featured the seventh annual Gems # Gemology Challenge, and 
our readers responded in record numbers, from all over the world. We are proud to 
list, below, the names of those who earned a perfect score. 


Rashed Al-Khalifa, Manama, Bahrain; Margaret L. Alexander, Mimbres, NM; Charles R. Allen, Lakewood, 
CO; Ronald M. Antolick, Drums, PA; Lorin E. Atkinson, McLean, VA; Ruth B. Avery, Bethesda, MD; 
Melanie Baccoli, Jackson, NJ; Sylvan J. Baranov, San Diego, CA; Alex Barcados, Toronto, Ont., Canada; 
Eileen Barone, Oaklawn, IL; James G. Bartlett, Longview, TX; Linda Anne Bateley, Tenterden, Kent, 
England; H. W. Beaty, Spokane, WA; Lauren L. Bechtol, Bryan, OH; Barry S. Belenke, Miami, FL; Rebecca 
Ann Bell, Joshua Tree, CA; Sharon Berghaus, Fairview Park, OH; Gary S. Bergstein, Aurora, Ont., Canada; 
Fred G. Billcock, Victoria, BC, Canada; George L. Blair, Houston, TX; Anne Blumer, Bloomington, IL; Josef 
Bogacz, Idar-Oberstein, Germany; Rudiger M. Boskovic, Armidale, NSW, Australia; Mark Neil Brewster, 
Harare, Zimbabwe; Frederik H. Bruns, Tucson, AZ; Ann L. Byers, Shannon, IL; | Almir Rodrigues Cardoso, 
Kaohsiung, Taiwan, ROC; Michael J. P. Cavanagh, Vancouver, BC, Canada; Ka Lung Chan, Kowloon, Hong 
Kong; Nancy J. Chen, Arcadia, CA; Yvette I. Clevish, Missoula, MT; Michael A. Coffey, Port Charlotte, FL; 
Wanda Miller Cooper, Lexington, KY; Fontaine F. Cope, Lamesa, TX; Connie Copeland, Abilene, TX; Lisa 
M. Corio, Rochester, NY; Carol Costen, Nashua, NH; Gregory J. Cunningham, Rye, NY; Roger Davidson, 
Cooperstown, NY; Lorna O. Davison, Mullica Hill, NJ; Daniel Demas, Longmeadow, MA; Anthony de 
Goutiere, Victoria, BC, Canada; Douglas P. DeHaven, Paris, TX; Folkert H.’De Jong, Victoria, BC, Canada; 
Daniel Demas, Longmeadow, MA; Charlene DeVries, Holland, MI, Jon Barry Dinola, Yardley, PA; Lorraine 
D. Dodds, Greensboro, NC, Terry B. Drake, Pinole, CA; Dolores Dunker, Fremont, NE, Bela Dvorcsak, 
Carteret, NJ; Luella Dykhuis, Golden, CO; Sharon Edelman, Gahanna, OH; Michele F. Edgcomb, 
Melbourne, FL; Evelyn A. Elder, Clackamas, OR; Patricia L. Elicker, York, PA; Richard P. Ellis, Missoula, 
MT; Sandra Rose Engeberg, Los Angeles, CA; Frank Ernst, Scottsdale, AZ; | Ed Fasnacht, Logansport, IN; 
Patrick J. Fazio, Jr., Camarillo, CA; Gavreal Feder, Clayton, MO; Jim Ferguson, Aiken, SC; Mark A. Ferreira, 
Mandeville, LA; William W. Fleischmann, Seaford, NY, Diane Flora, San Diego, CA; John R. Florian, Fair 
Oaks, CA; James A. Fogelberg, Sacramento, CA; Betty Lu Frost, Longmont, CO; Amaya Garin, Madrid, 
Spain; Benito Giacintucci, Florence, Italy; Wilma van der Giessen, Voorburg, Netherlands; Louis J. Ginsberg, 
Damascus, MD, Karen Diane Gray, Pompano Beach, FL; Alexander Grishko, St. Petersburg, FL; Sue 
Angevine Guess, De Land, FL; Phyllis M. Gunn, Spokane, WA; Helen Haddy, Coogee, W. Aust., Australia; 
S. Lee Hall, Winston-Salem, NC; Stephen H. Hall, Kennewick, WA; Ron G. Hanania, Calgary, Alta., Canada; 
Gary R. Hansen, St. Louis, MO; Anne E. Hardy, Saskatoon, SK, Canada; Gail Harrington, Newmarket, Ont., 
Canada; Martin D, Haske, Woburn, MA; James W.M. Heatlie, Edinburgh, Scotland; Hayo W. Heckman, The 
Hague, Netherlands; John E. Heldridge, Edmonds, WA; Joyce Henderson, Palo Alto, CA; Belinda Hendley, 
Tyler, TX; Donn Henley, Eldon, MO, Franklin Herman, West Des Moines, IA; John F. Heusler, St. Louis, 
MO; Maria Isabel Cereijo Hierro, Madrid, Spain; Lorraine J. Hilleshiem, Sun Prairie, WI; Virginia Bronzi 
Hilton, S. Freeport, ME; Maren Hirsch, Dallas, TX; Werner R. Hoehne, San Francisco, CA; Jerry L. Holt, 
Kodiak, AK; Harold E. Holzer, Cape Coral, FL; P. Horninge, Amsterdam, Netherlands; Alan R. Howarth, 
Braintree, MA; Paul D. Indorf, New Haven, CT; R. Fred Ingram, Tampa, FL; William Iwan, Albuquerque, 
NM; _ Gretchen Jaeger, Twentynine Palms, CA; John W. Jaeger, Bloomington, IL; William A. Jeffery, 
Westport, CT; Mary C. Jensen, Toledo, OH; Joyce G. Jessen, Western Springs, IL; Jerry Johnson, Kennewick, 
WA, David A. Keith, Armidale, NSW, Australia; Helen Klages, Orlando, FL; Molly K. Knox, Colorado 
Springs, CO; Marjorie Kos, City Island, NY; John Kozicki, Glenview, IL; Wiraman Kurniawan, Medan, 
Indonesia; Sherrie E. Kysilka, Indianapolis, IN; Thomas Larsson, Jarfalla, Sweden; Consuelo Laspra- 
Garcia, Oviedo, Spain; Bert J. Last, Sydney, NSW, Australia; Becky Sue Laszlo, Aliquippa, PA; Frieder H. 
Lauer, Houston, TX; William A. Lavender, Pelham, AL; Guy-Anne Lavictoire, Montreal, Que., Canada; 
Martin Lepold, Mainz, Germany; Dorothy Lewis, Richboro, PA; Gloria Lillie, Singleton, NSW, Australia; 
David R. Lindsay, Bobcaygeon, Ont., Canada; Sharon D. Longden, Eckington, Sheffield, England; Cheryl Ann 
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Lundstrom, Concord, CA; Ronald A. Maher, Armidale, NSW, Australia; Patricia A. Malmquist, West 
Palm Beach, FL; Kathryn J. March, Clemmons, NC; Sylvia T. Marini, Geneva, Switzerland; James S. 
Markides, Sumter, SC; Leona Claire Marsh, Harare, Zimbabwe; Lesley Faye Marsh, Harare, Zimbabwe; 
Mary L. Mason, Wyandotte, MI; Mary Louise Mathias, Natick, MA; Mary M. Maxwell, Wheeling, WV; 
Matilde Paolini McAfee, New Haven, CT; Glen McCaughtrie, Miranda, NSW, Australia; Shireen M. 
McDonald, Crookwell, NSW, Australia; Daniel J. McHugh, Grand Terrace, CA; Margaret McSporran- 
Wirepa, Hawkes Bay, New Zealand; Scott Means, Dallas, TX; Janusz J. Meier, Calgary, Alta., Canada; 
Cynthia Mendis, Ottawa, Ont., Canada; Eva Mettler, Ziirich, Switzerland; Charles Ray Michlosky, Corning, 
NY; Douglas W. Miller, Saskatoon, SK, Canada; John F, Miller, Chapel Hill, NC; Kathleen J. Molter, 
Milwaukee, WI; Robert Lee Montgomery, III, Glendale, CA; Charles “Mike” Morgan, Ukiah, CA; Kay C. 
Morrow, Clifton, NJ; Simine Mozaffarian, San Francisco, CA; Colleen Witthoeft Nayuki, Montreal, Que., 
Canada; Christine Cook Nettesheim, Washington, DC; Tom Newcomer, Hagerstown, MD, George 
Newman, Sydney, NSW, Australia; Harold A. Oates, Glen Ellyn, IL; Daniel Octeau, Montreal, Que., 
Canada; Mary Olsen, Salt Lake City, UT; Barbara A. Orlowski, Rockville, CT; Pearl Owen, Pennington, NJ; 
Philip A. Owens, Spokane, WA; Kenyon V. Painter, Scottsdale, AZ; Norma B. Painter, Scottsdale, AZ; 
Winnie Pang, Lawndale, CA; Samuel A. Parenti, Cincinnati, OH; Linda Kay Partney, Marathon, FL; Roy J. 
Pasini, North Olmsted, OH; Dipesh S. Pattni, Loughborough, Leicestershire, England; Roberta Peach, 
Calgary, Alta., Canada; David Peters, Santa Monica, CA; Vincent Peters, Namur, Belgium; Robert R. Petrie, 
Dhahran, Saudi Arabia; Richard Petrovic, Newport, OR; Alec Philibert, Santa Monica, CA; Jon C. Phillips, 
Vancouver, BC, Canada; Patrick W. Planas, Spring Branch, TX; Ron Plessis, Aldergrove, BC, Canada; Frank J. 
Poppie, Jr., Monterey Park, CA; Christopher A. Price, Strasburg, OH; Diane G. Prinz, Cedarburg, WI; Jennifer 
Putnam, Toronto, Ont., Canada; Sylvia Ramsay, Chicago, IL; Christine Rangsit, Santa Monica, CA; 
Valaya Rangsit, Santa Monica, CA; Ronald C. Redding, Pelham, AL; Patricia A. Reed, Enola, PA; Brian 
Sinclair Reynolds, Chesterfield, MJ; Suzanne Rizzo, Commerce Twp., MI ; Charles L. Rose, Germantown, 
TN; Aimeé Roseberry, West Des Moines, IA; Paul R. Rousseau, New Bedford, MA; Diane H. Saito, Santa 
Monica, CA; A. Samsavar, Seattle, WA; Monique Savard, Montreal, Que., Canada; Jack Schatzley, Toledo, 
OH; Pinchas Schechter, Miami Beach, FL; Anna Schumate, New York, NY; Carole D. Scott, Herndon, VA; 
Marylen Sue Scott-McKenzie, Asheville, NC; Helen Serras, Rockville, MD; Sabina R. Seymour, Blacktown, 
NSW, Australia; Becky Templin Shelton, Richardson, TX; Clifford M. Shinmei, Los Angeles, CA; Clayton 
Lee Shirlen, Plymouth, FL; Simone da Silva Gouveia Boschiero, Strasbourg, France; Wong Kai Sing, Hong 
Kong; Eddie Sparks, Hartford, CT; Tom Spence, Kingston, N.S., Canada; Nancy Marie Spencer, Corona, CA; 
Peter R. Stadelmeier, Levittown, PA; Pamela D. Stair, Aiea, HI; Robert A. Stark, Santa Monica, CA; John 
Stennett, Temple, TX; Clifford Steve, North Kingstown, RI, Clifford H. Stevens, Gansevoort, NY; M. Deloris 
Stevens, Cape Coral, FL; Dee Stodghill, Houston, TX; Helen E. Szyperski, Burbank, CA; Hiraga Takashi, 
Santa Monica, CA; Andrew T. C. Tan, Singapore; Milan Tankosié, St. Catharines, Ont., Canada; Terry 
Michael Taylor, Houston, TX; Terence E. Terras, Reno, NV; Michael A. Tessiero, Fort Johnson, NY; Jeremy 
Thayer, Clearwater, FL; O. Alan Thulander, Francestown, NH; Donald J. Tomace, Union, NJ; J. Michael 
Tracy, Kansas City, MO; Richard Traer, Surrey, BC, Canada; Grabriele Tralli, Malnate, Italy; Blair P. 
Tredwell, Advance, NC; Brandon Tso, New York, NY; Starla Turner, Redwood City, CA; Bruce 
Upperman, Decatur, IL; Jaroslav Vahala, MacGregor, ACT, Australia; Susan M. Vastalo, Bolingbrook, IL; 
E. Th. H. van Velzen, Rotterdam, Netherlands; William E. Vergé, Scituate Harbor, MA; James R. Viall, Santa 
Monica, CA; Todd M. Wachowiak, Greenfield, WI; James P. Wallace, Toronto, Ont., Canada; Donald J. 
Walsh, Waterbury, CT; Donald E. Watson, Wailuku, HI; Margery E. Watson, Edinburgh, Scotland; Werner 
Weber, Garden Grove, CA; Kimberly Wechter, Flushing, NY; Charles L. Wells, Jr., Jacksonville, FL; Thomas 
G. Wendt, Beaver Dam, WI; Jacob Wieman, Amsterdam, Netherlands; Constance M. Wilson, Wauwatosa, 
WI, Dale Winder, Fort Collins, CO; Larry C. Winn, Arvada, CO; John H. Woodbury, Honolulu, HI; Mary 
Campbell Wright, Indianapolis, IN; | Philip G. Yurkiewicz, Santa Monica, CA; Flora Senra Yuste, Madrid, 
Spain; Melvin M. Zelnick, Mayer, AZ; Gordon A. Zumach, Puyallup, WA 


Answers: (see pp. 65 and 66 of the Spring 1993 issue for the questions]:(1} D, (2) B, (3) B, {4) C, (5) D, (6) B, (7) C, (8} 


B, (9} D, (10) A, {11} A, (12) D, (13) C, (14) D, (15) D, (16) B, (17) C, (18) B, (19) B, (20) B, (21) A, (22) A, (23} D, (24) A, 
(25) B. 
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BLUE COLOR IN SAPPHIRE CAUSED BY Fe?*/Fr>* 
INTERVALENCE CHARGE TRANSFER 


It is widely accepted that the blue color in sapphire is due 
to Fe/Ti* charge transfer, often accompanied by Fe*/Fe* 
intervalence charge transfer (IVCT; Schmetzer and Bank, 
1981; Fritsch and Rossman, 1988}. However, to date the 
extent of the contribution of the Fe?"/Fe* IVCT to the col- 
or of sapphire has not been established, since no sapphire has 
been reported in which this chromogen contributes the pri- 
mary absorption. We are now writing to report that such 
material has recently been studied, and it proves that Fe’"/Fe* 
IVCT alone can produce a blue color in sapphire. 

The two grayish blue sapphires examined are 1.57 ct and 
1.19 ct (figure A), Their U.V.-visible-near infrared spectra (fig- 
ure B} reveal a broad band centered at 890 nm, which cor- 
responds to the broad band centered at 870 nm that has 
been attributed by Ferguson and Fielding (1971} and 
Schmetzer and Bank (1981} to Fe/Fe* TVCT. The other 
distinct features—at 376, 388, and 451 nm—are due to the 
Fe* ion or to Fe* pair transitions, according to the same 
researchers. The spectra shown in figure B exhibit little or 
no absorption due to Fe*/Ti* (which typically occurs at 
approximately 560 nm], although the stones appear dis- 
tinctly grayish blue. To our knowledge, this is the first time 
that Fe*/Fe* intervalence charge transfer has been demon- 
strated to cause blue color in sapphire. Note that the blue 
color generated by this mechanism appears to be signifi- 
cantly grayer than the color produced by Fe*/Ti* charge 
transfer, 


Figure A. These two grayish blue natural sapphires are 
colored primarily by Fe? /Fe* intervalence charge 
transfer. Stones from Rwanda courtesy of Jean-Francois 
Damon, Twin Gems, Washington, DC. Photo by 
Robert Weldon. 


Letters 


Further investigations are being conducted into the 
polarized absorption spectra of these samples and the 
response of the Fe?/Fe* IVCT absorption to various treat- 
ment processes. Fe” /Fe* [VCT plays a major role in the col- 
or of many dark blue sapphires from basaltic origins, such 
as localities in Australia, China, Thailand, and Cambodia 
(Schmetzer and Kiefert, 1990; Poirot, 1992). Many such 
sapphires would benefit from having their color lightened, 
but traditional heat-treatment processes—designed to reduce 
the Fe**/Ti* charge-transfer absorption in sapphires of meta- 
morphic origin (from localities such as Sri Lanka, Myanmar, 


Please see LETTERS, p. 226 


Figure B. The directional U.V.-visible-NIR spectra of 
the two grayish blue natural sapphires show that 
their color is primarily due to Fe /Fe* intervalence 
charge transfer, with a maximum absorption centered 
at approximately 890 nm. The inset illustrates that 
the Fe?'/Ti* charge transfer does not play a significant 
role in the coloration of these stones, as shown by the 
height of its absorption peak superimposed on the 

Fe /Fe* absorption, indicated by the dotted line. The 
spectra were taken on a Hitachi U4001 spectropho- 
tometer in the table-to-culet direction of each stone, 
approximately perpendicular to the optic axis. 
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JEWELS OF THE EDWARDIANS 


By Elise B. Misiorowski and Nancy K. Hays 


Although the reign of King Edward VII of 
Great Britain was relatively short (1902- 
1910), the age that bears his name produced 
distinctive jewelry and ushered in several 
new designs and manufacturing techniques. 
During this period, women from the upper- 
most echelons of society wore a profusion of 
extravagant jewelry as a way of demon- 
strating their wealth and rank, The almost- 
exclusive use of platinuin, the greater use of 
pearls, and the steady supply of South 
African diamonds created a combination 
that will forever characterize Edwardian 
jewels. The Edwardian age, truly the last 
era of the ruling classes, ended dramatically 
with the onset of World War I. 
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‘ver the last decade, interest in antique and period jew- 
elry has grown dramatically. Not only have auction 
houses seen a tremendous surge in both volume of goods 
sold and prices paid, but antique dealers and jewelry retail- 
ers alike report that sales in this area of the industry are 
excellent and should continue to be strong (Harkness et al., 
1992). As a result, it has become even more important for 
jewelers and independent appraisers to understand—and 
know how to differentiate between—the many styles of 
period jewelry on the market. 

Although a number of excellent books have been writ- 
ten recently on various aspects of period jewelry, there are 
so many that the search for information is daunting. The 
purpose of this article is to provide an overview of one type 
of period jewelry, that of the Edwardian era, an age of pros- 
perity for the power elite at the turn of the 19th century. 

There are differing opinions in the literature as to the 
period that constitutes the Edwardian era. Some sources 
state that, strictly speaking, because it is named for Edward 
VI of England, it could only encompass the years that he 
was on the throne, 1902-1910 (e.g., Minney, 1964). 
However, although Queen Victoria ruled the British Empire 
until she died in 1901, she withdrew into deep mourning 
following the 1861 death of her beloved husband, Prince 
Albert, leaving societal functions by default to her son. 
Therefore, others state that Edward’s influence on society 
started in 1863, when he married the Danish princess 
Alexandra and they began to entertain at Marlborough 
House (Menkes, 1989). For the purposes of this article, how- 
ever, we have chosen 1880-1915. By the 1880s, Edward and 
Alexandra were the accepted leaders of society in England, 
setting standards of dress and etiquette for all to follow. In 
contrast to the repressive regimentation of Edward’s youth, 
the pace of life at Marlborough House and at their country 
estate, Sandringham, was a fast and furious round of enter- 
taining that included card parties, dinners, masquerade 
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Figure 1. Jewels worn by 
the highest social classes of 
England, Europe, and 
America at the turn of the 
century shared a quality of 
workmanship and materi- 
als that is distinctive of the 
Edwardian era. Although 
fine Victorian-style pieces, 
like this raby-and-dia- 
mond butterfly brooch set 
in silver on gold, were still 
wom, the wealthy mem- 
bers of Edwardian society 
gradually moved toward 
jewelry composed primari- 
ly of platinum, diamonds, 
and pearls. The delicate 
pearl and diamond neck- 
lace shown here exhibits 
the scroll and floral motifs 
typical of the garland style; 
calibrated emeralds made 
their first appearance in 
jewels of this period. The 
sapphire and diamond 
chain bracelet by Cartier 
has a popular star motif for 
its center link. Jewelry 
courtesy of Frances Klein 
Antique and Estate Jewels; 
photo © Harold and Erica 
Van Pelt. 


balls, and weekend hunts. Edward and Alexandra 
also took up the social duties of charity events, 
exhibition openings, and other functions that 
required representation by the crown. Because 
England was a dominant world power and because 
the heads of state of many other European coun- 
tries, including Russia and Prussia, were linked to 
England by marriage, Edward’s influence extended 
far beyond the British Isles. The lifestyle that he 
and Alexandra established for themselves—and 
that was adopted by others in the upper classes of 
England, Europe, and America—continued for 
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about five years after Edward’s death, ending with 
the harsh realities brought on by the onset of World 
War I. During this timespan, 1880-1915, a certain 
way of wearing jewelry evolved to suit the pomp 
and splendor of the royal court. Much of this jewel- 
ry had specific design elements and materials that 
set them apart as pieces worn by this privileged 
class (figure 1). 

Many terms have been used to describe the 
style of jewelry of this time. Fin de siécle, French for 
“end of the century,” is a fairly broad designation 
that could encompass any of the styles made during 
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this time, not just those worn by the upper classes. 
Belle Epoque, French for the “beautiful age,” refers 
generally to the time of prosperity and luxury for the 
upper classes that marked the decades prior to and 
just after 1900. Frequently, the term garland is used 
to describe the jewelry of this period, because floral 
garlands and wreaths are a prevalent motif in 
Edwardian-era jewels. The following overview looks 
at the garland and other styles of jewelry favored by 
the highest classes of Edwardian England and their 
counterparts in other Western countries. Distinct 
from the more conservative Victorian styles that 
preceded Edward and Alexandra, from the sinuous 
Art Nouveau styles of their avant garde contempo- 
raries, and from the geometric Art Deco styles that 
evolved after World War I, Edwardian jewelry has its 
own very special character. 


BIRTH OF A STYLE 


The 19th century was a time of extraordinary 
change. Technological advances included the devel- 
opment of steel, railroads, steamships, the tele- 
phone, and electricity. These radical inventions pro- 
foundly changed the style and quality of life 
(“Marvels of the nineteenth century,” 1899). 

The introduction of electricity into homes of 
the wealthy exposed the overdone Victorian clothes 
and ponderous furnishings to harsh scrutiny. The 
heavy brocades and velvets in somber hues of 
maroon, purple, dark blue, and brown, which had 
appeared so rich by gaslight or candlelight, looked 
dull and outdated in the brightness of electric light. 


Figure 2. This majestic tiara, crafted by Cartier 
around 1910, is an excellent example of the gar- 
land style for which the firm was noted. The com- 
bination of scroll and foliate motifs worked in 
platinum and diamonds makes a particularly 
grand impression, while the central design offers 
hints of the exotic East. Photo courtesy of Cartier. 
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To compensate, clothing fashion shifted to the use 
of rustling silks, luscious satins, and gauzy fabrics 
in soft, pastel shades of mauve, pale pink, peach, 
straw yellow, light green, sky blue, and lavender 
(Nadelhoffer, 1984}. The fussy bustle of the 1870s 
and 1880s gave way to the smooth hourglass sil- 
houette. Women of the 1890s appeared as regal 
swans, in fashions that enhanced rather than 
altered the feminine figure (Bennett and Mascetti, 
1989). 

The change in clothing fashions was mirrored 
by a change in jewelry fashions as well. During the 
late 1800s, several styles of jewelry—Victorian, Art 
Nouveau, and the garland style—evolved and over- 
lapped. Members of Edwardian society wore a mix- 
ture of Victorian and garland jewels (again, see fig- 
ure 1}, but they generally shunned the Art Nouveau 
style, with its sensuous curves and frequently 
bizarre subject matter, as being vulgar and decadent 
{Misiorowski and Dirlam, 1986]. Edwardians want- 
ed jewelry of an imperial style that would demon- 
strate their wealth and status even as it reflected 
their lifestyle of ease and luxury. 

The haute jewelers of the era developed the gar- 
land style specifically for the social elite. The gar- 
land style is characterized by a look that is light and 
lacy, yet imparts a sense of majesty in the intricacy 
of the designs and its use of diamonds and pearls. It 
melds design elements taken from classical Rome 
and Greece, from the baroque and rococo styles of 
the French kings, as well as from Napoleonic 
Directoire and Second Empire ornamentation. 
Typical motifs include scrolls, feathers, tassels, 
swags of foliage, garlands of flowers, ribbons tied in 
flowing bowknots, triumphal laurel wreaths, and 
Greek keys. In general, these motifs are not obvi- 
ous, but are subtle and in good taste. 

Louis Cartier is well documented as one of the 
designers who first interpreted those classical ele- 
ments and developed the garland style (Nadelhoffer, 
1984). He made sketches and drew ideas from orna- 
mentation on building fagades and furniture, as 
well as from paintings, textiles, and sculpture. 
Later, as a result of his travels and trade in the East, 
Cartier took inspiration from Indian, Chinese, and 
Arab cultures. Islamic grilles and Chinese gongs 
were some of the motifs incorporated into Cartier 
jewels (figure 2). 

Other prestigious jewelers of the time—among 
them Garrards and Hennells in England, Tiffany 
and Marcus Co. in the U.S., Fabergé in Russia, and 
Boucheron, Chaumet and Lacloche in France — also 
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Figure 3. In early platinum Edwardian jewels (left), gold backings were often fused to the mounting 
(right), as-their silver counterparts had been “backed” during the Victorian era. This approximately 
7.70-ct pink topaz brooch also shows the asymmetric rococo scroll and floral motifs prevalent in gar- 
land-style jewels. The piece is signed by ]. E. Caldwell & Co. Courtesy of Linda Raymond; photo 

© GIA and Tino Hammid. 


made jewels and jeweled objects that incorporate 
garland-style elements (Vever, 1908, Bennett and 
Mascetti, 1989}. In this light and delicate, yet tri- 
umphal style, jewelers developed a predominantly 
monochromatic look that would complement the 
new fashions and blend with any color. Platinum, 
diamonds, and pearls were the signature elements 
for these imperial jewels. 


MATERIALS USED IN 
EDWARDIAN JEWELS 


Platinum. This precious metal was first discovered 
by European explorers in the 16th century, in what 
is now Colombia, and is known to have been used 
for decorative objects in 18th-century courts. 
Because of platinum's very high melting point, its 
use in jewelry was difficult, if not impossible, until 
the technology for jewelers’ torches improved in the 
mid-19th century. Before this time, diamonds were 
usually set in polished silver to set off the whiteness 
of the stone. Silver, however, tarnishes with time, 
which eventually makes jewels look dark and dingy. 
After the 1880s, when major deposits were discovered 
in Russia’s Ural Mountains, platinum began to replace 
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silver as the metal of choice for setting diamonds. 
Cartier’s records show that platinum was being used 
in tiepins and earrings in the 1880s, and in necklaces 
by 1890 (Nadelhoffer, 1984). Jewelry exhibited at the 
Paris Universal Exhibition of 1889 used platinum as 
the claw settings for diamonds (Bury, 1991}. 
Initially, platinum was simply substituted for silver 
in diamond or pearl mountings. Just as silver 
mountings had been backed with gold to protect the 
wearer's skin and clothing from tarnish, so platinum 
was also gold-backed—an equal thickness of plat- 
inum fused to an equal thickness of gold—in pieces 
made before 1900 (figure 3). Platinum was not ini- 
tially recognized as a precious metal, so in the early 
years of its use the gold backing also served to give 
the piece credibility (Nadelhoffer, 1984}. By 1900, 
platinum had gained acceptance, and most impor- 
tant jewels were made completely of platinum with- 
out the technically unnecessary gold backing. 
Platinum has distinct advantages for use in jew- 
elry. Not only is it nontarnishable (unlike silver}, 
but it is also harder and stronger than either silver 
or gold, so it can be worked to a very delicate thick- 
ness while still maintaining its shape. These char- 
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acteristics made platinum particularly adaptable to 
the piquant garland style, with its lace-like flowers 
and flowing ribbons, allowing jewelers to create 
pieces that would accentuate the feminine quali- 
ties of the women who wore them. Gems seemed 
to float, held securely in collets on knife-edged 
wires. Every visible edge of metal was worked with 
hand-engraved details or so as to appear beaded. 
This latter technique, called millegrain, added an 
extra glimmer to the fine settings (Becker, 1987}. 
Other techniques, like saw-piercing, produced frag- 
ile-appearing confections of great delicacy that 
were, nevertheless, extremely rigid. Using a saw 
blade as fine as a single hair, jewelers would pierce 
a sheet of platinum to create lace-like patterns. 
These were then further embellished with gems, 
usually diamonds (Hinks, 1983). The desired result 
was often to imitate the fine petit point embroidery 
that many ladies wore. By 1900, jewels made of 
platinum were masterworks of engineering that 
would have been impossible in either gold or silver. 
The extraordinary quality of workmanship in plat- 
inum jewels made in the early 1900s is one of their 
distinguishing features (Hinks, 1989). 


Diamonds. The first authenticated report of a dia- 
mond discovery in South Africa was in 1867 
(Bruton, 1978). Mining commenced in earnest in the 
1870s and, by the 1880s, South African diamonds 
were pouring into the European market to such an 


Figure 4. Fancy-colored diamonds were occasion- 
ally used in the delicate garland-style jewels 
favored by the Edwardians. These pear-shaped 
fancy blue diamonds, 2.66 and 2.98 ct, are set in a 
fine millegrain platinum mounting that is further 
embellished with numerous small diamonds. 
Signed by T. B. Starr. Courtesy of Christie’s, New 
York; photo © Tino Hammid. 
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extent that prices plummeted. The establishment of 
De Beers Consolidated Mines, Ltd., in 1888 stabi- 
lized prices and brought order to the marketplace. 
Diamonds ultimately became indispensable to the 
garland style, and were in tremendous demand. 
When the Boer War (1899-1902) forced the closure 
of the South African mines, De Beers found a ready 
market for their reserve stock, despite charging a 
30% premium (Bury, 1991). 

Supply, coupled with advances in diamond-cut- 
ting technology and a greater understanding of crys- 
tal optics, stimulated the development of new cuts. 
Prior to 1900, most diamonds were cut in rose, old 
mine, round brilliant, oval, cushion, and pear or 
pendeloque shapes. After 1903, the marquise, or 
navette, cut came into popular use (Hinks, 1983), 
Its shape suggests the hull of a racing yacht, a 
favorite pastime of King Edward VII and many of 
his wealthy contemporaries. The emerald cut was 
also developed at about this time; variations were 
the baguette, kite, and triangular step cuts. Another 
cut seen frequently in garland-style jewels was the 
briolette, a fully in-the-round drop-shaped adapta- 
tion of the rose cut. The briolette cut was a good 
way to use diamonds of lower color and clarity 
(Hinks, 1983}. Fancy-color diamonds are also found 
in Edwardian jewels: Pinks, yellows, blues, and 
browns were unusual but favored as novelties (fig- 
ure 4}. 

The South African mines produced not only 
enormous quantities of diamonds, but many large 
diamonds as well. These include the 90.38-ct D- 
color Briolette, the 127-ct emerald-cut Portuguese, 
and the 154-ct crystal known as the Porter Rhodes. 
There is even speculation that the famed 94.80-ct 
D-color Star of the East, purchased by American 
heiress Evalyn Walsh McLean (figure 5) from Pierre 
Cartier in 1908, reportedly with an exotic prove- 
nance, was actually a relatively “recent” South 
African stone (Krashes, 1988). The largest and most 
famous diamond found in South Africa during this 
period, however, is the Cullinan. The 3,106-ct 
rough stone was found on January 25, 1905, at the 
Premier Mine; it was presented to King Edward VI 
on his 66th birthday, November 9, 1907 (Magnus, 
1964}. Cut by the Dutch firm I. J. Asscher, the 
Cullinan yielded nine major stones, 96 smal] bril- 
liants, and approximately 10 carats of “unpolished 
ends” (Field, 1987). The king named the Cullinan I 
the Great Star of Africa and had this 530.20-ct pear- 
shaped gem mounted in the British Royal Scepter, 
where it remains to this day. The Cullinan II, a 
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317.40-ct cushion cut, was mounted in the brow of 
the British Imperial State Crown (Balfour, 1992). 


Pearls, At the turn of the century, pearls were a rela- 
tively rare commodity that in fine quality com- 
manded very high prices. Until the culturing of 
round pearls was perfected in the 1920s, and large 
quantities reached the marketplace, prices for 
matched, natural pearls equaled or exceeded those 
for diamonds. In 1910, the sources for the finest 
white pearls, preferred by Western society, were 
Bahrain in the Persian Gulf, Ceylon (now Sri Lanka), 
and Australia. Freshwater pearls came from Ohio 
and the Mississippi River valleys of Wisconsin, 
Tennessee, and Arkansas, as well as from the Tay 
and other rivers in Scotland. Black pearls were still 
considered something of a novelty, although they 
were first introduced to Europe in the mid-1800s; 
these came from Tahiti and Panama (Kunz, 1908). 

Every wealthy Edwardian woman had at least 
one strand of fine pearls. At her coronation in 1902, 
Queen Alexandra wore several strands. Two hung 
from arotind her neck, while others were pinned at 
either side of her bodice to cascade down the front. 
Some of these were historic pearls that had 
belonged in turn to France’s Queen Catherine de 
Medici, to Mary, Queen of Scots, and to Queen 
Elizabeth I of England. In fact, an important prove- 
nance was part of the charm of many of the pearls 
sold during this period. Wealthy American heiress 
Consuelo Vanderbilt, who became the Duchess of 
Marlborough, frequently wore a strand of pearls 
that had once been the property of both Catherine 
the Great of Russia and Empress Eugénie of France 
(Bury, 1991}, Being able to recite the history of one’s 
pearls provided the new owner with a romantic 
link to the past, and many beautiful strands were 
sold with a story attached (Nadelhoffer, 1984}. 


Colored Stones. During the Edwardian era, gems of 
all types were plentiful, and there were many new 
discoveries. Although diamonds and pearls were 
used most frequently, many fine colored stones are 
also seen in Edwardian jewelry (figure 6). The set- 
tings almost always incorporated diamonds as 
accent stones, and often pearls as well. As pale 
tones of purple (mauve, lilac, lavender, and helio- 
trope) were Alexandra’s favorite colors, amethyst 
was the colored stone she preferred (Hinks, 1983). 
The Ural Mountains of Siberia were the source for 
demantoid garnet, pink topaz (again, see figure 3}, 
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Figure 5. In this photo, taken around 1912, 
American heiress Evalyn Walsh McLean is wear- 
ing the 94.80-ct Star of the East diamond set as an 
aigrette attached to a diamond bandeau. On her 
neck is the 45,52-ct Hope diamond. She purchased 
the Star of the East in 1908 and the Hope in 1911, 
both from Cartier. Notice the long sautoir of 
pearls she is wearing around her neck and how her 
dress is decorated with freshwater pearls. Photo 
courtesy of Laurence Krashes, Harry Winston, 

Inc., New York, 


and amethyst. At the end of the 19th century, sap- 
phires were coming from Kashmir (figure 7), Ceylon 
(Sri Lanka], Australia, and the U.S. The American 
“New Mine” sapphires found in Yogo Gulch, 
Montana, in 1890 were particularly popular because 
they reputedly stayed blue in artificial light, rather 
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than appearing black like those from Australia, or 
purple like those from Ceylon (Hinks, 1983). 
Yellow sapphires (probably from Ceylon] appeared 
on the market in 1908. Other widely used gems 
were peridots from St. Johns Island {allegedly King 
Edward’s favorite gem; Hinks, 1989], rubies from 
Burma, emeralds from Colombia, and turquoises 
from Persia. Turquoise was believed to be lucky, 
and every Edwardian lady at the turn of the century 
had at least one jewel set with “a bit of blue” 
(Hinks, 1983}. 

Following closely on the discovery of signifi- 
cant tourmaline deposits in California in 1903, 
kunzite (the pink variety of spodumene} was identi- 
fied by and named for George Frederick Kunz in 
1904. Three years later, in 1907, Kunz identified the 
pink variety of beryl and named it morganite in 
honor of wealthy American financier and gem col- 
lector J.ohn} P.{ierpont) Morgan. Aquamarine and 
red spinel are also found in Edwardian jewelry. 

The Edwardians loved novelty jewels and, to 
judge by the numbers of phenomenal gems that 
appear in men’s stickpins and in the novelty 
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Figure 6. These brooches 
and pendants illustrate 
some of the ways colored 
stones appear in jewelry 
worn by Edwardian 
ladies. The use of many 
diamonds or pearls as 
accent stones softens the 
bright colors for wear 
with pastel fashions. The 
motifs shown here were 
particularly popular at the 
turn of the century (clock- 
wise from top left): a dia- 
mond-set crescent brooch; 
a peridot, pearl, and dia- 
mond shamrock; a jabot 
brooch with sapphire and 
diamond “terminals”; a 
heart-shaped amethyst set 
in a gold bow brooch with 
seed pearls; and an enam- 
eled swallow carrying a 
delicate diamond-and- 
platinum garland. Jewelry 
courtesy of Frances Klein 
Antique and Estate 
Jewels; photo © Harold &) 
Erica Van Pelt. 


brooches that women wore, were fascinated by 
unusual stones. Australian opals perfectly accented 
the pastel color palette of Edwardian clothes and 
were often incorporated into jewelry as flower 
petals or butterfly wings (Armstrong, 1973). 
Russian alexandrite, Mexican fire opal, Ceylonese 
moonstone, and cat’s-eye chrysoberyl are other phe- 
nomenal gems that were widely used in jewelry 
worn by the Edwardian set (Hinks, 1983, 1989). 
Cutting styles for colored stones were the same 
as for diamonds, with the addition of cabochon cuts 
and beads. During the Victorian era, Europeans 
used cabochon cuts primarily for garnets, moon- 
stones, and opaque materials. With the consolida- 
tion of British power in India during the 18th and 
19th centuries, many Indian jewels containing 
cabochon-cut rubies and emeralds were sent back 
to England as tribute to the Crown. Edward brought 
back caskets of jewels for Victoria and Alexandra 
from his 1875-76 visit to India, and Victoria became 
Empress of India in May of 1876. These events, fol- 
lowed by the durbars {formal state ceremonies) held 
in Delhi for the coronations of King Edward VII in 
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1902, and King George V in 1911, promoted the use 
of fine emeralds, rubies, and sapphires cut en cabo- 
chon in Edwardian jewels (Menkes, 1989). 

Some high-quality solitaire stones, often cush- 
ion or pear shaped, were ringed with calibrated cut 
gems. Before the Edwardian period, only turquoise, 
garnet, and coral were cut and set in calibration. 
Now, however, caliber-cut diamonds, emeralds, 
rubies, and sapphires were channel set to accent a 
fine single gem or to enhance the design (again, see 
figure 1}, while the mounting would be further 
embellished with millegrain and engraved details. 
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Tiaras. Although not new to the Edwardian era, 
tiaras played a particularly important role in 
Edwardian society. The tiara was an outward sym- 
bol of status that immediately identified its wearer 
with the monied, power elite. As with most aspects 
of Edwardian life, rules of etiquette strictly gov- 
erned the wearing of tiaras. Primarily an evening 
jewel, tiaras were mandatory for court functions 
and even for dinner if royalty was to be present. The 
height of the tiara also had to be in keeping with 
the wearer’s age and social rank (Neret, 1988}. The 
Duchess of Marlborough wrote in her diary of an 
evening when she arrived at a dinner in honor of 
the then Prince and Princess of Wales wearing a 


Figure 7. Exceptional colored stones, like this 
32.52-ct Kashmir sapphire, were appreciated by 
the Edwardian elite. This brooch, dated circa 
1905, shows the fine workmanship characteristic 
of platinum mountings of the era. Courtesy of 
Christie’s, New York; photo © Tino Hammid. 
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diamond crescent in her hair instead of a tiara. 
Prince Edward chided her by saying “The Princess 
[Alexandra] has taken the trouble to wear a tiara, 
why have you not done so?” The duchess hastened 
to explain that charitable work had detained her 
and that she had arrived at the bank, where she 
kept her tiara for safekeeping, too late to retrieve it 
(Nadelhoffer, 1984). 

Tiaras became more elaborate as the Edwardian 
age advanced. In the 1880s and 1890s, tiaras were 
typically a graduated row of gabled points. These 
points would often be topped with five to seven 
stars, trefoils, flower heads, or other simple motifs 
that were detachable to wear singly as brooches. In 
some cases, a fringe necklace was made so that by 
fitting it to a rigid frame, it could also be worn as a 
tiara (figure 8). 

The imperial Russian tiara, or kokoshnik, was 
highly fashionable in the 1890s (Bennett and 
Mascetti, 1989]. Designed after the peasant woman’s 
headdress known as kokoshnik (cockscomb in 
English),.the royal version was fashioned from plat- 
inum, with several straight, narrow rays set with 
diamonds and graduated evenly from back to a high 
center front. The tiara Russe, as it was also called, 
produced a halo-like effect, radiating light from the 
wearer’s head. Princess Alexandra was given a 
Russian imperial tiara by the Ladies of Society for 
her silver wedding anniversary in 1888; 365 ladies 
contributed to its purchase (Scarisbrick, 1989). 

For the coronation of Edward VII, the peeresses 
had obtained permission to wear tiaras as well as 
their coronets which, as one observer noted, had 
the dubious effect of a man attempting to wear two 
hats (Scarisbrick, 1989). Ever resourceful, the 
Duchess of Marlborough had a small coronet made 
that she could place smoothly on her head behind 
her tiara at the moment that Queen Alexandra was 
crowned (figure 9). There was much fumbling on 
the part of the other peeresses who hadn’t had the 
foresight to account for size and placement of both 
tiara and coronet (Bury, 1991). 

In the early 1900s, winged tiaras were popular, 
perhaps because of the invention of airplanes. 
Wings as a motif could also be a classical allusion 
to the Greek god Hermes, or to the Valkyries from 
Wagner’s opera, The Ring of the Nibelungen. Other 
classical themes of triumph were frequently incor- 
porated in tiaras of this time, such as laurel 
wreaths, olive branches, oak leaves and acorns, 
acanthus leaves, wheat sheaves, and the Meander 
or Greek key. Many other types of foliage were also 
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used: strawberry leaves (which denote ducal rank, 
Debrett’s Peerage, 1952); shamrocks; thistle heads, 
roses, daisies, and other flowers; as well as flower- 
ing garlands and wreaths tied up with flowing rib- 
bons. The sun tiara was another grand style similar 
to a kokoshnik: diamond-set platinum spikes radi- 
ating in a fan shape from a large diamond set in the 
center. The wealthy industrial families of America, 
such as the Vanderbilts, Morgans, Goulds, and 
Rockefellers, came late to the style of wearing 
tiaras and did their best to outdo Europe in 
grandeur. They felt that tiaras were an excellent 
outward expression of financial clout: the more 
impressive the better (Nadelhoffer, 1984). 

Tiaras continued to be worn in Great Britain 
and the United States until 1915, even though on 
the continent after 1910 they were superseded in 
popularity by the bandeau and the aigrette. These 
two styles were considered more modern and less 
formal than the tiara, with the added advantage of 
being lighter in weight, so they were more comfort- 
able (Bury, 1991). Bandeaux were generally worn 
straight across the forehead rather than on top of 
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Figure 8. Convertible jew- 
elry allowed expensive 
pieces to be used in sever- 
al ways. Here, a single 
piece is shown both as a 
tiara and as the fringe 
necklace to which it con- 
verts. Note the gabled 
points popular for tiara 
design in the 1880s; the 
knife-edged platinum set- 
tings for the larger dia- 
monds give the illusion 
that the gems are floating 
in air, Courtesy of Port 
Royal Antique Jewelry; 
photo © Harold & Erica 
Van Pelt. 


the head. Made of flexible platinum sections set 
with diamonds, bandeaux were tied with ribbons at 
the back of the head to fit snugly. Bandeaux were 
sometimes designed in a streamlined, geometric 
pattern, foreshadowing the Art Deco period of the 
1920s, when bandeaux were the most popular form 
of headdress. 

Feathered head ornaments have long symbol- 
ized rank and status. They became important in 
Europe in the 17th century, and by the 19th century 
wearing feathers was mandatory for presentation at 
court in England. Interaction with exotic Eastern 
cultures further stimulated the fashion, and by the 
1890s, aigrettes were popular for evening dress at 
other than formal court presentations (Nadelhoffer, 
1984). Aigrettes were made of feather plumes from 
the Egyptian egret (hence, the derivation of the 
name}, although ostrich or bird-of-paradise feathers 
were also used. These plumes were held in a jew- 
eled mounting that could be fastened to a tiara 
(Nadelhoffer, 1984}. During the later years of the 
Edwardian era, they were also adapted to attach to 
narrow bandeaux so they could be worn with the 
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feathers in front (again, see figure 5), in back, or rak- 
ishly over one ear (Hinks, 1983). This fashion was 
stimulated in great part by the Ballet Russe’s perfor- 
mance in 1910 of Diaghilev’s ballet “Scheherezade.” 
Set in a Sultan’s seraglio, it featured dancers resplen- 
dent in harem pants and feathered plumes which 
fired the imagination of clothing and jewelry design- 
ers alike. 

Jeweled combs {figure 10) and brooches pinned 
through a rosette of tulle or lace were other, less 
formal ways a lady could dress up her coiffure. 
Diamond bowknot brooches were often used for 


Figure 9. Her Grace, the Duchess of Marlborough, 
is dressed in formal regalia for the coronation of 
King Edward VII in 1902. Note the pearl sautoir 
wrapped twice around her neck and shoulders, the 
additional pearl necklaces, the 15-strand choker 
necklace, and her ducal coronet sitting neatly 
inside her pearl and diamond tiara. She is also 
wearing a 3-in. (7.5-cm) wide belt of diamonds 
and a pearl and diamond crescent brooch. Photo 
from Kunz and Stevenson (1908). 
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Figure 10. For a less formal evening when a tiara 
was not mandatory, an Edwardian lady might 
wear a diamond-set comb in her hair. Other jew- 
els for evening would usually include a platinum, 
diamond, and pear! dog collar, as well as a number 
of elegant brooches like this diamond-set plat- 
inum bow brooch. Jewelry courtesy of Frances 
Klein Antique and Estate Jewels; photo © Harold 
e) Erica Van Pelt, 


this purpose. A Ja Diane (in reference to the Roman 
goddess of the hunt, Diana} was the French term 
used to describe the style of wearing a crescent 
brooch in the hair (Hinks, 1989), a fashion that 
appeared in the 1880s and persisted through the 
turn of the century. 


Necklaces. Fringe necklaces were very popular in 
the 1880s and 1890s, and continued to be worn 
after the turn of the century. As noted above, these 
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Figure 11. A riviére of dia- 
monds immediately iden- 
tified the wearer as some- 
one of exceptional wealth. 
Usually large, round dia- 
monds (graduating down 
in size from the largest— 
center—stone) were set 
singly in simple collets. 
Although riviéres general- 
ly ranged in length from 
about 16 ins. to 24 ins.(41 
to 61 cm), this example is 
a tight choker of about 13 
ins, (33 cm). The center 
stone weighs 37.82 ct, and 
the diamonds weigh a 
total of approximately 
210 ct. Courtesy of 
Christie’s, New York; 
photo © Tino Hammid. 


necklaces were sometimes fashioned so they could 
also be worn as tiaras (again, see figure 8). Another 
favored accessory of the elegant Edwardian lady was 
the riviére, a necklace of gems {usually diamonds) 
set singly in either collets or openwork gallery 
mountings, typically graduated from a large center 
stone. This fashion, initiated in the 1700s, was the 
ideal way to display many large, fine gems in a 
grand show of wealth (figure 11). However, the 
necklace that is by far the most evocative of the 
Edwardian period is the choker—or “dog collar,” as 
it was generally known (Bennett and Mascetti, 
1989). The 18th-century fashion of wearing a ribbon 
around the neck was reintroduced in Paris in the 
mid-19th century, when wide ribbons, usually 
black velvet or moiré silk, were worn and common- 
ly decorated with a brooch or locket. Princess 
Alexandra further popularized chokers, which she 
wore to conceal a scar on her neck (Field, 1987). 
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The rest of society copied her and the fashion took 
hold. Even though they are uncomfortable, dog col- 
lars remained popular through 1915 (Hinks, 1983). 
The most common type was a gem-set plaque, also 
known as a plaque-de-cou, 2—4 ins. (5-10 cm) wide 
that was worn on a wide ribbon of black velvet or 
held snugly by a multi-strand pearl choker with 
narrow diamond spacers (again, see figures 9 and 
10). Occasionally, dog collars were made entirely of 
hinged platinum sections set with diamonds and 
other accent gems (figure 12). Fit for dog collars was 
crucial. If they were too loose, the necklace would 
sag and the effect would be ruined; if they were too 
tight, the wearer would have difficulty breathing or 
swallowing (Bury, 1991). 

Dog collars were frequently worn together with 
other necklaces, most commonly long strands (also 
known as sautoirs) of pearls, which often hung to or 
below the waist. Depending on their length, these 
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Figure 12. This exquisite bowknot necklace by 
Cartier is an excellent example of the segmented 
platinum and diamond dog collar that became pop- 
ular around 1910. The lace-like floral motifs and 
the detailed millegrain work are typical of the gar- 
land style. Photo courtesy of Sotheby’s, New York. 


could be looped loosely once or twice around the 
neck, pinned with a gem-set brooch in a swag effect 
to one side of the bodice (see cover], or tucked into 
the waistband of the skirt. Often they were allowed 
to hang free (figure 13]. Multi-strands of seed pearls 
were sometimes twisted into a rope sautoir, called a 
bayadére, that terminated with elaborate jeweled 
tassels. Seed pearls woven into long, flat bands 
became fashionable after 1910. This type of sautoir 
was usually terminated in pearl and diamond tas- 
sels or in an elaborate gem-set pendant. 

Sautoirs were also made of other materials. 
Chains punctuated at intervals by spectacle-set dia- 
monds, sapphires, or spinels were one popular form 
(again, see figure 13). Coral, onyx, or turquoise 
beads were often used in sautoirs for day wear, as 
were slim chains set off by freshwater pearls held in 
little wire cages. Another less formal sautoir was 
made of dainty guilloché-enameled baton links, fre- 
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quently with a matching enameled pendant. 
Guilloché enameling is an exacting technique in 
which precious metal is first machine engraved in a 
regular pattern, typically wavy lines that imitate 
moiré silk, and then coated with a translucent 
enamel which allows the pattern to show through. 
As skirts were made without pockets during this 
period, sautoirs were sometimes used to suspend a 


Figure 13. Mrs. George ]. Gould was one of the 
many wealthy American women who adopted the 
Edwardian style of wearing jewels. In this 1907 
photo, she is wearing a pearl and diamond tiara, a 
diamond and platinum dog collar, three pearl 
necklaces, a pearl and diamond corsage orna- 
ment, and two pearl sautoirs, one of which is a 
combination of baroque-shaped pearls and 
lengths of spectacle-set diamond links. Photo from 
Kunz and Stevenson (1908). 
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small purse, watch, or lorgnette (Hinks, 1983). 
These accessories would often be enameled to 
match one another and the sautoir on which they 
were suspended (figure 14). 

After 1900, the Lavalliére, Edna May, and neg- 
ligée pendant necklaces were fashionable. The 
Lavalliére was named for the actress Eve Lavalliére, 
who adopted the name of Louise de La Valliére, 
mistress to Louis XIV of France. It consists of a sin- 
gle gem—cut in a round, oval, or pear shape—that 
is suspended as a drop from a chain (Newman, 
1981). The Edna May, named for a famous opera 
singer of the time, is a larger single gem suspended 
from a smaller single gem or cluster of gems on a 
chain. Variations on this theme might include 
more than one gem suspended in a line as the cen- 
tral element. The negligée necklace incorporates 
two large stones or gem-set motifs suspended at 
unequal lengths from a chain. The negligée neck- 
lace was an ideal way to display two exceptional, 
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Figure 14. For day, an 
Edwardian lady common- 
ly wore her pocket watch 
on a sautoir. Often, these 
would be fashioned of 
guilloché enamel to 
match, like the set shown 
here. Other guilloché- 
enamel accessories might 
include these cuff links 
with diamond sparks. 
Novelty brooches like the 
demantoid, diamond, 
pearl, platinum, and gold 
polo player or the gold 
and diamond fox mask 
and riding crop are other 
typical day jewels for this 
elite group of women. 
Jewelry courtesy of Neil 
Lane Jewelry; photo © 
GIA and Tino Hammid. 


unmatched gems, such as a black and a white pearl, 
a diamond and a pearl, or an outstanding diamond 
with another gem of similar quality (Scarisbrick, 
1989}. 

The plaque pendant also appeared about this 
time. For this style, a round, flat sheet of platinum 
was finely saw-pierced in a honeycomb lattice or a 
symmetrical radiating motif and then set with dia- 
monds. This pendant would be suspended from a 
sautoir of woven pearls or spectacle-set diamonds. 
The exquisite quality of the saw-piercing, which 
increased in fineness as the period advanced, identi- 
fies jewels made between 1909 and 1915. 
Occasionally, the pendant would come with inter- 
changeable guilloché-enameled discs in different 
colors, which could be fastened behind the saw- 
pierced platinum plaque to match the color of a par- 
ticular dress (Hinks, 1983). Sometimes the plaque 
shape would be an elongated lozenge or a drooping 
triangle, representative of a folded handkerchief. 
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These handkerchief pendants can be identified by 
the way the saw-piercing imitates a dainty, lace- 
edged border (figure 15; Bennett and Mascetti, 
1989). 


Stomachers, Corsage Ornaments, Brooches, and 
Pins. The Edwardian lady's bodice, made rigid by 
the use of corsets, offered a large expanse to acces- 
sorize with jewelry for both day and evening wear. 
For day, brooches were generally smaller and fewer 
were worn. For evening, in the 1880s and 1890s, the 
most popular style of adornment for the bodice was 
to attach many brooches in a random pattern from 
shoulder to waist. Stars of eight, 10, 12, or 16 points 
were highly fashionable, preferably set with dia- 
monds, but pearls, opals, or moonstones were also 
acceptable. These were often worn in multiples of 
five to eight stars at a time. Other motifs such as 
flower heads or trefoils could be worn in the same 
manner. Frequently, these multiple brooches came 
with fittings so they could be adapted for use as a 
tiara or on a hairpin. Crescent brooches were also 
popular, although as a mule they were not worn in 
multiples. Typically, crescent brooches were single, 
double, or triple rows of gems with the stones grad- 
uating in size from large at the center to smaller at 
the tips (see figure 6). Again, diamonds were the 
preferred gem, but crescents were also set with sap- 
phires, rubies, opals, pearls, or, quite naturally, 
moonstones. Combined with a bird or a trefoil, the 
brooch became symbolic of the honeymoon, mak- 
ing it an ideal wedding gift (Bennett and Mascetti, 
1989). Bows and ribbons, ubiquitous elements of 
the garland style, were rendered into beautiful 
brooches of platinum and diamonds. The bow, 
which had been a recurring motif in jewelry since 
the late 17th century, was given a new, more 
relaxed character (again, see figure 10)—in contrast 
to its earlier stiff, more symmetric representa- 
tions—to reflect the Edwardian lifestyle of ease 
{Hinks, 1983}. 

Around 1900, it was fashionable for evening to 
wear clouds of tulle, chiffon, or lace at the low 
neckline of the bodice. This gauzy fabric would be 
held in place by numerous pins and brooches of 
every type, randomly scattered among the folds (see 
cover). The style or period of these brooches was 
unimportant; all that mattered was quantity 
(Bennett and Mascetti, 1989). During the Edwardian 
era, such brooches were often made with whimsical 
subjects or of unusual gems. Bright green deman- 
toid lizards, frogs, snakes, turtles, and parrots were 
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a common novelty pin. Also common was any- 
thing related to hunting, fishing, horse racing, 
yachting, or motoring, all favorite Edwardian pas- 
times (see figure 14); lucky charms such as wish- 
bones (also known as merrythoughts}, horseshoes, 


Figure 15, Finely saw-pierced platinum plaque pen- 
dants, set with diamonds and pearls, were the height 
of fashion by 1910. Classic examples are the radiat- 
ing design (top right) and the handkerchief design 
(lower right), which imitates a folded, lace-edged 
handkerchief. The pendant of nesting tear drops is 
suspended from a spectacle-set diamond sautotr. The 
center ring and the garland brooch at bottom show 
the type of pierced platinum mountings that came 
into vogue at about the same time. Jewelry courtesy 
of Frances Klein Antique and Estate Jewels; photo 

© Harold & Erica Van Pelt. 
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or clovers; cherubs, kittens, ducks, chickens, pigs, 
and monkeys anthropomorphically portrayed play- 
ing together; and bugs, particularly butterflies, set 
in jeweled pins. The swallow and the dove were the 
most popular bird motifs with the Edwardian set. 
These pins also sported an eclectic mix of anchors 
(symbolic of hope}, arrows (symbolic of Cupid or 
Diana), the caduceus (symbolic of Mercury), feath- 
ers, daggers, violins, harps, and lyres (Bennett and 
Mascetti, 1989; Hinks, 1983}. A heart surmounted 
by a coronet or a ribbon bow is a signature motif of 
the garland style, and was frequently used in 
brooches, as well as in bracelets and rings (see figure 
6). Quite versatile, such novelty jewels could be 
worn in lesser amounts during the day. 

The bar brooch, introduced in the 1890s, was 
another success for both day and evening wear. A 
straight line of millegrain platinum set with cali- 
brated rubies, emeralds, or sapphires with diamonds 
was the most elegant version. However, simple bar 
brooches of gold with rounded terminals embel- 
lished at the center with novelty or sporting motifs 
were commonly worn with day attire (see figure 
14}. Women were also becoming more active in 
outdoor activities, and this was reflected in many of 
the novelty brooches they wore: bicycles, riding 
crops, golf clubs, or tennis racquets, for example 
(Armstrong, 1973). 

The Juliet brooch—two gemstones on either 
end of a stick pin with a chain loop to connect the 
two ends—was introduced by the Association of 
Diamond Merchants in 1906. This popular jabot 
pin [ie., one used to secure lace or a scarf wrapped 
around the throat) often incorporated diamonds or 
baroque-shaped pearls or other fine single colored 
stones (again, see figure 6; Hinks, 1983). 

Between 1900 and 1910, women wore a lot of 
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Figure 16. Corsage orna- 
ments, like this exquisite 
1905 Tiffany bow, was one 
way to dress up a décol- 
letage for evening. Made of 
diamonds set in a 6-in, 
(15-cm) mounting of 
platinum on gold, this 
jeweled bow has a 
detachable brooch fitting to 
allow its use as a hatr 
ornament. Courtesy of Neil 
Lane Jewelry; photo © GIA 
and Tino Hammid. 


jewelry, especially for evening. In addition to the 
tiaras, dog collars, rivieres, and sautoirs that were 
customary for dress occasions, women usually wore 
large, elaborate bodice ornaments which were often 
sewn directly to the dress rather than fastened with 
a conventional clasp. These bodice ornaments were 
of three types: corsage ornaments (also known as 
devant de corsages), stomachers, and epaulettes. 
Corsage ornaments, the smallest of the three, were 
generally worn to embellish the low neckline of the 
dress, either centered or attached to one side (figure 
16). Sometimes they took the guise of a fringe of 
platinum and diamonds that spanned the neckline 
from shoulder to shoulder (Scarisbrick, 1989). The 
stomacher, a jewel borrowed from the 18th-century 
rococo style, covered the area from the décolletage 
to the waist. Also known as a sevigné, this type of 
jewel was usually wide at the top and tapered down 
toward the waistline (Bury, 1991}. Epaulettes were 
commonly worn on the shoulders and usually had 
long, narrow, drop-shaped pendants called aiguil- 
lettes. Sometimes epaulettes were connected to 
each other by diamond riviéres. These might be 
worn with one epaulette pinned to a shoulder and 
the other at the waist, with the rivi¢res draped 
across the breast like a sash. However, bodice orna- 
ments were quite heavy and depended on the cloth- 
ing for support. As clothing fashions relaxed after 
1910 and the rigid bodice was replaced by a softer, 
looser garment, most of these heavy jewels were 
put away or broken up and remade to suit the new, 
less confining styles (Nadelhoffer, 1984). 


Earrings, Buckles, Bracelets, and Rings. For the 
Edwardian lady, both day- and evening-wear ear- 
rings were more subdued than they had been earlier 
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Figure 17. Earrings during 
the Edwardian period 
were small but still rich in 
nature, like this pair of 
pear-shaped fancy yellow 
diamond drop earrings. 
The diamonds and deman- 
told garnet set ina 
navette-shaped ring, and 
the 3-ct Burmese ruby set 
ina platinum, diamond, 
and calibrated ruby ring 
by J. E. Caldwell, are 
excellent examples of ring 
designs prevalent after 
1900. The delicate dia- 
mond and platinum-on- 
gold bow necklace exem- 
plifies the lace-like charac- 
ter of many Edwardian 
jewels. Jewelry courtesy of 
Neil Lane Jewelry; photo © 
GIA and Tino Hammid. 


in the 19th century. The preferred combination was 
of pearls and diamonds set in platinum as simple 
drops or studs; the gems could be large, but the set- 
tings were minimal. In the 1890s, the invention of 
screw-back fittings for earrings eliminated the 
painful necessity of having one’s ears pierced to fol- 
low fashion. After 1910, the vogue for longer, dan- 
gling earrings for evening returned, although they 
were still discreet (Hinks, 1983; figure 17). Tassels 
of pearls, briolette diamonds, or pear-shaped stones 
hanging from ribbon bows, and delicate chains of 
small diamonds suspending laurel wreaths or other 
garland motifs, became favored styles (Bennett and 
Mascetti, 1989). 

The narrow-waisted silhouette of the hourglass 
figure in style at the tum of the century was com- 
plemented by wide belts that were sometimes 
boned like a corset. As a result, buckles became a 
popular jewelry accessory. Decorative buckles 
could be wom either in front, in back, or in both 
places (Hinks, 1983). For day wear, buckles might 
be made of chased gold or enameled silver. For 
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evening, they were often diamond-studded plat- 
inum. The buckles were usually quite wide, up to 
three or four inches. Some of the wealthier 
Edwardians had entire belts made of diamonds and 
platinum (figure 18). A photo taken of the Duchess 
of Marlborough shows her robed for the 1902, coro- 
nation wearing a 3-in. (7.5-cm} belt of diamonds 
(again, see figure 9; Kunz, 1908). 

Bracelets were worn in multiples, as many as 
four at a time. Bangles, which were usually wide in 
the 1880s, narrowed and became more delicate as 
the century closed. The half-hoop bangle with a 
gem-set top was very stylish throughout the period. 
Sometimes these bracelets would have initials or 
names spelled out on them. “Semaine” bracelets 
were a variation on the single-hoop bangle: Three to 
seven narrow bands would be held together at the 
top by a center motif, which was often a good-luck 
charm such as a horseshoe or a clover. Serpent 
bracelets were introduced in the mid-19th century, 
became the high fashion of the 1880s, and contin- 
ued to be popular through 1910. Alexandra had a 
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favorite snake bracelet that she often wore over 
gloves for evening. She is portrayed wearing it in 
several photos and portraits (see cover), Link 
bracelets of gold or diamond-set platinum were also 
fashionable (again, see figure 1}. Wristwatches, 
developed by Cartier as early as 1888, were com- 
mercially available after 1910, although they were 
something of a novelty (Nadelhoffer, 1984}. Some 
early examples were in platinum with bands of 
pavé diamonds or black moiré ribbon. 

Like bracelets, rings were also worn several at a 
time, and the gem-set half-hoop rings were as popu- 
lar as their bangle-bracelet counterpart. The cross- 
over ring was introduced in the 1890s and has 
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Figure 18. The diamond 
belt was a particularly 
grand evening accessory 
during the Edwardian era. 
This example from 
around 1890 shows the 
use of the floral garland 
that became a signature 
of this period. The belt 
itself is 22 ins. (60 cm) 
Jong, and has a detach- 
able knot 7 ins. (17.5 cm} 
high that can be worn as a 
corsage ornament. The 
diamonds are set in silver 
on gold, demonstrating 
that platimim was not yet 
accepted fully as a pre- 
cious metal. Photo cour- 
tesy of Sotheby’s, Geneva. 


remained popular to this day. Cross-over rings were 
designed with two fine stones, usually a diamond 
and a fine ruby, emerald, or sapphire, set on a diago- 
nal opposing one another on the shank. Marquise or 
navette-shaped rings were very fashionable during 
the Edwardian period. Sometimes round stones 
studded a marquise-shaped mounting (again, see fig- 
ure 17), in other examples, the stone itself was mar- 
quise or navette shaped. Another favorite style of 
the time was one or two pear-shaped stones mount- 
ed to look as if they were tied with a heart-shaped 
ribbon bow surmounted by a crown (Bennett and 
Mascetti, 1989}. Gypsy-set rings, with the gems set 
flush with the domed metal shank, continued to be 
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stylish for both men and women (Flower, 1951). 
After 1900, rings became more substantial, and a 
vertical row of gemstones set in pierced platinum 
mountings was very popular. These rings often cov- 
ered the finger from knuckle to knuckle; some- 
times the mounting was further augmented by 
small diamonds, hand engraving, and millegrain 
work (again, see figure 15). 


Men’s Jewelry. Edward VII took matters of dress 
very seriously, giving the impression that society 
was held together by a strict observance of the pro- 
tocol governing the wear of clothes and jewelry 
(Scarisbrick, 1989]. As a leader in society, he was 
nevertheless innovative and set many fashion 
trends for clothing, such as the Norfolk jacket and 
“plus-fours” for casual wear, and shorter tails on 
the dress coat for evening. Although there are no 
direct references to show that Edward also set 
trends in jewelry, it is probable that his lead was 
followed. In any case, the Edwardian gentleman 
wore a lot of jewelry. Many of these pieces are still 
in occasional use today, but at that time they could 
be considered indispensable to the wardrobe of a 
well-dressed man. Stickpins, for example, used to 
secure the necktie or cravat, were the perfect way 
to display special gemstones such as a spectacular 
pearl or a cat's-eye chrysobery]. They could also 
demonstrate the wearer’s sporting tastes or special 
interests, just like for women (figure 19). 


Figure 19. Stickpins for Edwardian 
men, like novelty brooches for their 
female counterparts, enabled the 
wearer to exhibit particular interests 
or whimsies. From left: a platinum 
cube set with calibrated rubies; a 
pavé-diamond platinum bulldog with 
ruby eyes; an enameled gold yachting 
flag; a ruby and diamond platinum- 
on-gold horseshoe; a marquise-cut 
diamond set in platinum with cali- 
brated demantoids and pavé dia- 
monds; a yachting flag painted on 
mother-of-pearl and capped with a 
quartz cabochon; a diamond-set plat- 
inum motorcar with red enameled 
seat (the wheels turn), and a pavé dia- 
mond platinum-on-gold bulldog head 
with ruby eyes. Jewelry courtesy of 
Neil Lane Jewelry; photo © GIA and 
Tino Hammid. 
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Cuff links, first introduced in the 18th century, 
were a necessity by the late 19th century (figure 20). 
Edwardian gentlemen owned a wide variety of cuff 
links for both casual and formal wear; these were 
an ideal forum for colored stones. Among the 
favorites were aquamarines with blue or green 
shirts, topaz with yellow or brown, garnets or 
spinels with red, andalusite with plaids, rutilated 
quartz with beige, and amethyst with lavender 
{Jonas and Nissenson, 1991). Cuff links also incor- 
porated sporting motifs and whimsical subjects. 
Formal evening dress required complete, matching 
dress sets of cuff links, shirt studs, and waistcoat 
buttons. King Edward is known to have had a dress 
set of rubies and diamonds made by Fabergé (Jonas 
and Nissenson, 1991). 

Pocket watches were another essential jewelry 
item. Both the watch and the chain by which it was 
secured to the waistcoat allowed the man to be dis- 
creetly decorative, or to indulge his fancy by attach- 
ing charms, medals, or seals to the fob (Bury, 1991). 

Popular ring styles for men were gypsy-set dia- 
monds, rubies, or sapphires. Seal rings made of 
engraved gold or carved carnelian, bloodstone, or 
other chalcedonies engraved with family seals were 
an ideal way to exhibit the owner’s lineage. 


Other Jewels and Jeweled Objects. Gift giving was 
an integral part of Edwardian society. Presents were 
often obligatory for state occasions, and they were 
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Figure 20. Cuff links were an important accessory 
for Edwardian men, most of whom had several 
sets for both day and evening. Here are two Sets of 
cuff links suitable for evening: mother-of-pearl 
“buttons” with a diamond border and cross-stitch 
detail of platinum on gold (left), and (right) dark 
gray agate cuff links with diamond centers and 
diamond scrolled borders. Jewelry courtesy of Neil 
Lane Jewelry; photo © GIA and Tino Hammid. 


exchanged freely in many social situations beyond 
the usual birthdays, holidays, and personal anniver- 
saries. Jewelers catering to the Edwardian upper 
class supplied an enormous variety of jewcled 
objects that were suitable for virtually every occa- 
sion: cigarette and card cases, scent bottles, fans, 
picture frames, walking-cane and parasol handles, 
as well gemstone carvings and jeweled clocks. 

Most men carried cigarette cases, which were 
considered very masculine. These cases could be 
hand-engraved silver or gold, but they were fre- 
quently made using guilloché enamel. Cigarette 
cases were often additionally decorated with rose- 
cut diamonds, cabochon sapphires, rubies, and/or 
emeralds. Many of the other objects mentioned 
above were also made using guilloché enamel, and 
often the decorative touches would be motifs typi- 
cal of the garland style. 

Where the jewelers Cartier and Garrard’s, for 
example, excelled in the fabrication of magnificent 
tiaras, necklaces, and corsage ornaments, the work- 
shops of Fabergé were best known for their enam- 
eled objects, their gem carvings, and their ability to 
make mechanized jeweled toys such as glittering 
birds that chirped, miniature gold and platinum 
trains that actually ran, and small silver elephants 
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that waved their trunks as they walked. Queen 
Alexandra particularly loved Fabergé animals. For 
her birthday one year, King Edward commissioned 
Fabergé to carve replicas of the animals at 
Sandringham—not just the prize horses and favorite 
dogs, but also the entire barnyard, including ducks, 
pigs, and chickens. In subsequent years, friends and 
family added to this menagerie until there were 
over 350 animals; the British Royal Collection is 
the largest collection of Fabergé carvings still in pri- 
vate hands (Habsburg-Lothringen and Solodkoff, 
1979). 

Perhaps the object for which Fabergé is most 
famous, however, is the jeweled Easter egg: This 
royal tradition began in Russia in 1884, when Tsar 
Alexander Il commissioned a jeweled egg to give to 
his wife. In all, Fabergé’s workshops made an esti- 
mated 57 imperial Easter eggs between 1884 and 
1917, of which all but 11 are accounted for. Besides 
the imperial eggs, Fabergé made literally thousands 
of miniature jeweled eggs in amazing variety; rarely 
were two alike. These diminutive eggs were consid- 
ered ideal gifts for Edwardian ladies and gentlemen 
alike. Ladies could suspend them from a sautoir 
necklace or chain-link bracelet, and new ones could 
be added each year. Men could hang them from a 
watch chain or wear them as a stickpin (Habsburg- 
Lothringen and Solodkoff, 1979}. 


THE END OF AN ERA 


Nothing as superficially exquisite as the Edwardian 
lifestyle could possibly last. The luxurious, leisure- 
ly dream was shattered by the onset of the First 
World War. Economies, philosophies, and lifestyles 
changed virtually overnight; gone were the gala din- 
ners, formal receptions, and lighthearted theme par- 
ties. Society went through a dramatic metamorpho- 
sis in a mere four years. With the absence of occa- 
sions to wear them, jewels were locked away or 
sold. 

War had other effects on the jewelry industry in 
addition to its impact on the social structure. 
Platinum. was declared a strategic metal for its use 
as an engine magneto and as a catalyst for the man- 
ufacture of nitric acid, an essential component in 
explosives. The government restricted the use of 
platinum, and commandeered all stocks of it for the 
war effort. The gem trade was paralyzed as well. In 
1915, De Beers closed down production until dia- 
mond prices, which had dropped by more than 
20%, stabilized (Hinks, 1983). Jewelers enlisted in 


GEMS & GEMOLOGY Fall 1993 


the armed forces, or converted their skills to mili- 
tary applications. As a result, little or no jewelry 
was produced in England and most of Europe during 
the war years (Bennett and Mascetti, 1989}. 

When the war was over, it was impossible for 
society to revert to the leisurely self-indulgent 
lifestyle of the Belle Epoque. The exigencies of 
wartime had drastically changed perceptions of life 
for society as a whole, and the horrors that many 
people experienced made it inconceivable for them 
to view the world with the same attitude. Jewelry 
fashioned in the Art Deco period that followed 
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World War I reflects this change in view by its 
use of sharp geometrics and contrasting primary 
color combinations. Gone were the muted pastels, 
gaily triumphant garlands, splendid wreaths and 
innocently enchanting lace motifs that we attribute 
to jewels of the Edwardian elite. We are fortunate to 
have been left with a few exquisite examples of 
these Edwardian jewels that are both majestic and 
formal, yet charming and lighthearted in character. 
They are as distinctive and beautiful as the period 
they represent. 
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NOTES AND NEW TECHNIQUES 
SSS ne 


A PROSPECTORS’ GUIDE MAP TO THE GEM 
DEPOSITS OF SRI LANKA 


By C. B. Dissanayake and M. S. Rupasinghe 


Sri Lanka is world famous for its gem wealth, but the actual extent of 
the deposits has never been determined. Recently, a geologic survey 
team gathered field data in order to compile the first gem prospectors’ 
guide map of Sri Lanka. Using the criteria of lithology and topogra- 
phy, stream-drainage density, presence of alluvium, and the nature 
and abundance of heavy minerals, this team determined that approx- 
imately 20% of the land mass of Sri Lanka may be gem bearing. They 
also characterized the potential of specific regions. 


Sri Lanka may have the greatest proportion of land 
surface underlain by gem deposits, as well as the 
widest variety of gem minerals (figure 1}, of any 
country in the world. Yet there has been little sci- 
entific study of the true gem potential of this 
island nation. Most “prospecting” in Sri Lanka to 
date has been by independent miners who search 
broad areas, using only shovels and washing bas- 
kets (figure 2]. The chance discovery of a gem by 
one miner will bring others into the region, and 
thus the haphazard exploration of the area contin- 
ues. Although the number of fine gems produced 
in Sri Lanka over the course of more than 2,000 
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years supports the general effectiveness of these 
methods, the need to compile an inventory of the 
natural resources of the country cannot be disput- 
ed. In fact, gem minerals as a group are by far the 
most valuable mineral resource in Sri Lanka. 
According to the 1990 Central Bank Annual 
Report, gems represent 84% of the total value of 
minerals exported from this island nation. To meet 
the need for a more systematic assessment of the 
nation’s gem resources, the senior author (CBD) led 
a research study to characterize known gem-pro- 
ducing regions and identify potential new areas. 
This article reviews that study and introduces the 
Prospectors’ Guide Map that was compiled from 
the semiquantitative data gathered. 


GEOLOGIC SETTING 

Sri Lanka, with an area of 25,325 square miles 
(65,845 km], is physically the southern continua- 
tion of the Indian subcontinent and geologically 
part of the Indian shield. More than 90% of the 
island is made up of Precambrian metamorphic 
rocks and can be divided into four major divisions: 
the Highland Group, Southwest Group, Eastern 
Vijayan Complex, and Western Vijayan Complex 
(figure 3). The Highland Group occupies the entire 
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hill country of the island and is comprised of gran- 
ulite facies (i.e., rocks formed under high pressure 
and high temperature] metamorphosed sediments. 
The Southwest Group is also made up of granulite 
facies rocks, but these probably formed under dif- 
ferent pressure-temperature conditions. The 
Vijayan Complexes are composed of granitoids, 
migmatites, and migmatitic gneisses. Sri Lanka’s 
gem deposits are located primarily in the Highland 
Group, within an area of approximately 6,000 
square miles (15,540 km2, again, see figure 3}, 

Over the past few million years, intense weath- 
ering and rapid erosion have given rise to thick and 
extensive accumulations of sediments in the flood 
plains of rivers, in lakes, and in now-buried river 
channels. It is within these weathering products 
that significant secondary—alluvial—gem deposits 
collected. 
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Figure 1, Impressive in its 
variety and quality is this 
array of colored gems 
from Sri Lanka (top to 
bottom, from left): 30.77- 
ct yellow-green chryso- 
beryl, 1.37-ct cobalt 
spinel ring, orangy pink 
spinel (about 13 ct) and 
sapphire brooch, 1.12-ct 
purple sapphire ring, 
11.90-ct pink spinel, 3.36- 
ct pink sapphire ring, 
12.53-ct red spinel, 3.45-ct 
blue sapphire, 1.07-ct yel- 
low sapphire, and 4.02-ct 
purple spinel. Courtesy of 
David Humphrey, Pacific 
Palisades, California; 
Mayer & Watt, Maysville, 
Kentucky; and Elise 
Misiorowski, Los Angeles, 
California, Photo by 
Shane F. McClure. 


DETERMINING GEM POTENTIAL: 
CRITERIA AND METHODOLOGY 


Four criteria were used to determine the gem poten- 
tial of the various regions of Sri Lanka: lithology 
and topography, drainage density, presence of allu- 
vium, and heavy-mineral concentrations in stream 
sediments. 

Except for a few alluvial occurrences in the 
Eastern Vijayan Complex, virtually all Sri Lankan 
gem deposits have been found within the Highland 
and (to a lesser extent) Southwest Groups; in fact, 
it is presumed that the Eastern Vijayan gems origi- 
nated from rocks in these two groups. Therefore, 
this investigation was conducted primarily within 
the Highland and Southwest Groups, in the areas 
indicated by the topographic sheets in figure 3. The 
topography of each of these areas was studied 
before field investigations, using existing aerial 
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photographs and topographic sheets. The drainage 
basins were outlined, and the areas covered by allu- 
vium were identified. 

Because few gem minerals have been found in 
situ in Sri Lanka (to date, only corundum in the 
Bakamuna, Matara, and Rupaha areas; moonstone 
in Meetiyagoda; and aquamarine in Kegalle}, this 
survey was limited to placer deposits. 

Within the areas noted on figure 3, samples 
were taken from stream sediments at intervals of 
approximately one location per square mile. Each 
sample typically consisted of 2-3 kg of “pay grav- 
el,” that is, rounded or subangular pebbles or boul- 
ders of quartz and heavy minerals, including gem- 
stones. A few samples were also taken at different 
stratigraphic levels at the same locality for compar- 
ison; analysis of these data showed that the heavy 
minerals generally are enriched in the lower strati- 
graphic levels. Some samples were obtained from 
existing gem pits, particularly in the gem-produc- 
ing areas around Ratnapura and Elahera. The sur- 
vey team collected about 1,450 stream sediment 
samples in total. 

The Samples were first washed to remove the 
clay, and then subjected to grain-size analysis using 
a sieve shaker. A mesh fraction of 0.177-0.125 mm 
was selected for this analysis, with bromoform 
(S.G. 2.90} used to separate out the heavy minerals. 
The magnetic bromoform sink products were 
removed with a hand magnet; the nonmagnetic 
residue was processed with a Frantz isodynamic 
separator to obtain different mineral concentrates. 
The nonmagnetic products were weighed and split 
using a multiple cone separator to obtain about 500 
grains. The individual mineral grains were then 
identified and counted using a binocular micro- 
scope, after which the percentages of each mineral 
were computed. We believe that the distribution of 
these grain-size minerals represents the distribu- 
tion of their larger counterparts. 


ANALYSIS OF THE CRITERIA 


For the final Prospectors’ Guide Map (figure 4], we 
established five categories of gem potential: {1} 
highly probable, (2} probable, (3) moderate, (4] poor, 
and (5) no deposits. Classification of the various 
areas into one of the five categories was based on 
our analyses of all four criteria: lithology and 
topography, drainage density, presence of alluvium, 
and heavy-mineral concentrations. For instance, an 
area with abundant heavy minerals but without 
sites of accumulation was not classified as highly 
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Figure 2. A miner examines river gravel for various 
types of rough. Most "prospecting" in Sri Lanka to 
date has been by independent miners, who search 
broad areas using only shovels and washing bas- 
kets. Photo by Robert C. Kammerling. 


probable because it lacked the mechanism where- 
by economic deposits of alluvial gem materials 
could form. Following is a summary of the key 
considerations within each criterion that deter- 
mined the probability assignments to the various 
regions. 


Lithology and Topography. The Highland Group of 
rocks is particularly conducive to the formation of 
gem minerals (Hapuarachchi, 1975; Munasinghe 
and Dissanayake, 1979, 1982; Rupasinghe and 
Dissanayake 1985). However, even if the source 
rocks for the gem minerals are available in a cer- 
tain area, the wrong topography may result in a 
paucity of gem deposits. A relatively flat topogra- 
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LEGEND 


WVC - Western Vijayan Complex 

EVC - Eastern Vijayan Complex 
HG - Highland Group 

SWG - Southwest Group 


[1]- Main gem mining areas 
at present 


Figure 3, The Precambrian rocks that comprise 
most of Sri Lanka are divided into four groups: the 
Highland Group, Southwest Group, Eastern 
Vijayan Complex, and Western Vijayan Complex, 
To date, virtually all gem deposits have been 
found in the Highland and Southwest Groups. The 
boxed numbers on this simplified geologic map of 
Sti Lanka show which 1-inch (2.5-cm) topographic 
sheets correspond to study areas in tables 1 and 2, 
and figure 4, Artwork by Carol Silver. 


176 Notes and New Techniques 


phy—drained by wide, meandering streams—is 
most conducive to the formation of gem-bearing 
alluvial deposits. 


Drainage Density. A good network of streams is 
prerequisite for the transportation and deposition 
of sediments derived from the weathering of the 
gem-mineral source rocks. The central and south- 
ern regions of the gem-bearing Highland and 
Southwest Groups are all supplied by a network of 
radial drainage systems. 


Presence of Alluvium. Large expanses of alluvial 
deposits have been extensively mined in the main 
Ratnapura and Elahera gem fields. Consequently, 
particular emphasis was placed on areas with thick 
layers of alluvium, either at sites adjacent to pre- 
sent streams or in the flood plains of ancient rivers. 


Heavy-Mineral Concentrations. Heavy minerals in 
the sediments of streams draining source areas are 
the best indicators of gem potential. Our analyses 
of the approximately 1,450 sediment samples 
revealed the presence of garnet, spinel, zircon, 
corundum, beryl, topaz, tourmaline, sillimanite, 
and rutile, among other heavy minerals. Garnets, 
spinels, and zircon, in particular, were the most 
useful indicators of gem potential because of their 
abundance relative to other important gem miner- 
als with which they are associated, such as corun- 
dum, topaz, and beryl. The latter often occur in 
such low concentrations that their presence or 
absence from a particular sample has no statistical 
value. To classify an area as at least probable, we 
required a minimum of 25% heavy minerals, 
including indicator minerals, samples from some 
areas were nearly 75% heavy minerals. 


CLASSIFICATION OF GEM POTENTIAL 

Areas were initially delineated on the basis of qual- 
itative descriptions made during the field surveys. 
Suitable flat-lying topographic terrains with good 


Figure 4. This Prospectors' Guide Map to the Gem 
Deposits of Sri Lanka was compiled by the senior 
author on the basis of the study discussed in the text. 
Areas are categorized as “highly probable,” "proba- 
ble,” “moderate,” “poor,” and “no deposits" on the 
basis of their gem potential. An estimated 20% of Sri 
Lanka's land mass contains viable gem deposits. 
Artwork by Carol Silver. 
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A PROSPECTORS’ 
GUIDE MAP TO THE 
GEM DEPOSITS OF 
SRI LANKA 


[9 Highly probable 
(1 Probable 
[-] Moderate 
[_] Poor 

[1 No Deposits 


Compiled by 
C.B. Dissanayake 
Cartography by 
$.M.B. Amunugama 


Funded by 
The Sri Lanka Export Development Board 
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networks of drainage and alluvial deposits were 
mapped, and the corresponding heavy-mineral con- 
centrates of the stream sediments were analyzed. 
Areas that satisfied all of the above criteria were 
classified as “highly probable”, those that did not 
adequately satisfy at least some criteria were clas- 
sified as “poor” or as having “no deposits.” The 
intermediate categories of “probable” and “moder- 
ate” were assigned somewhat arbitrarily, since full 
quantitative analysis was not within the scope of 
this study. However, areas were classified as being 
of moderate potential if their lithology could pro- 
duce gem minerals, but other factors (such as inad- 
equate drainage) would hinder the formation of 
economic deposits. 

Table 1 shows the areas in square miles classi- 
fied as highly probable, probable, and moderate, as 
well as the percentage of land mass in each catego- 
ry relative to the total area of the island. Note that 
these three classifications together comprise about 


TABLE 1. Land surface (in square miles) of key areas in Sri 
Lanka found to be highly probable, probable, and of moder- 
ate probability for gem occurrences. Topographic sheet 
numbers are keyed to those shown on figure 3°, 


Topographic sheet Highly Probable Moderate 
No. Name probable 
1 Polonnaruwa 7.9 219 14.9 
2 Nalanda 9.9 9.9 54.7 
3 Elahera 63.6 39.8 109.3 
4 Kurunegala 9.9 79 79,0 
5 Rangala 49 12.9 127.2 
6 Kandy — 5.0 149.0 
7 Hanguranketa — — 157.2 
8 Nilgala 49 14.9 79.5 
9 Avissawella 79.5 49.7 99.4 
10. Hatton 11.8 39.7 59.6 
11 Nuwara Eliya —_ 49,7 168.9 
12 Passara 36.8 49.7 74.5 
13 Panadura-horana 119.3 110.6 61.2 
14 Ratnapura 248.0 164.0 60.0 
15 Haputale 71.6 139.1 129.2 
16 Buttala 54.7 84.5 208.7 
17 Alutgama 49.7 29.8 198.8 
18 Rakwana 367.0 100.0 5.0 
19 Timbolketiya 79.5 129.2 159.0 
20 Kataragama 149 39.8 59.6 
21 Ambalangoda _— 19.9 159.0 
22 Morawaka 94.4 49.7 308.4 
23 Ambalantota 1.4 1.9 169.5 
24 Galle 1.0 9.9 79.5 
25 Matara —_ 19.9 29.8 
Total 1340.7 1199.4 2800.9 
Percentage relative 5.29 4.74 11.06 


to total land area 


* The total area of Sri Lanka is 25,325 square miles (about 65,845 ket). 
A 1-inch topographic sheel = 472 square miles (about 1,222 kr’). 
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20% of the land area of Sri Lanka. This probably is 
the highest percentage for any country in the 
world, 


Highly Probable Areas. These include present, 
newly discovered, and rediscovered gem fields. The 
areas described as new and not being mined at pre- 
sent are mostly at the periphery of existing mining 
regions. Rediscovered areas are those that histori- 
cal records show to have been worked many 
decades ago and subsequently abandoned. Current 
mining regions that fall within this category 
include (relevant topographic sheet numbers— 
from figure 3—given in parentheses}: Elahera (3), 
Hasalaka (5}, Bibile (8), Passara (12), Moneragala 
(12), Buttala (16), Okkampitiya (16), Kataragama 
(20), Ratnapura (14}], Rakwana (18}, Deniyaya (18}, 
and Morawaka (22), 

Even though much of the current gem-mining 
activity is centered in the Elahera region, the main 
gem field covers an area much larger than hitherto 
anticipated—from the southern part of the 
Attanakadawala area in the Polonnaruwa topo- 
graphic sheet (no. 1) and southwest and southward 
into the Kurunegala and Rangala topographic sheets 
(nos. 4 and 5; Gunawardene and Rupasinghe, 1986). 

The Hasalaka area has a much larger gem 
potential than previously had been known, and 
detailed exploration is warranted along the tribu- 
taries of the Mahaweli River. 

Bibile is a relatively unexplored area surround- 
ed by known gem fields. The presence of euhedral 
(well-formed) crystals in the gravel samples indi- 
cates a source region nearby. The Passara, 
Moneragala, Buttala, Okkampitiya, and Kataragama 
gem fields form a major north-south trending gem 
belt along eastern Sri Lanka. Gem-bearing sedi- 
ments in this region were brought in by streams 
draining the boundary of the Highland Group- 
Eastern Vijayan Complex, which is known to be a 
mineralized terrain (Munasinghe and Dissanayake, 
1979; Dissanayake and Weerasooriya, 1986). 

The Ratnapura [figure 5), Rakwana, Deniyaya, 
and Morawaka gem fields, in the southwest, consti- 
tute the largest and best-known gem mining region 
of Sri Lanka. The gem-minerals survey has shown 
that the actual gem potential of this region is also 
significantly broader than current exploitation 
would indicate, with good prospects in peripheral 
areas. The main gem field appears to stretch from 
Embilipitiya in the Uda Walawe region (topograph- 
ic sheet 19) to Ruwanwella (on Avissawella topo- 
graphic sheet 9} and south almost to the coast in 
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the Imaduwa and Matara regions (sheets 24 and 25). 
Because the source rocks for many of the gem min- 
erals are believed to be in this region, both the 
mountains and the alluvial plains should be 
explored, especially the weathered rock formations. 


Probable Areas. Most of these “new” areas sur- 
round known gem deposits and the other “highly 
probable” areas (again, see figure 4). Large probable 
areas occur in the vicinity of the Elahera (around 
Attanakadawala and Pallegama) and Rakwana- 
Ratnapura gem fields. The latter include the south- 
east-trending river system that stretches from 
Koslanda {topographic sheet 15) through the west- 
ern portion of topographic sheets 16 and 20 to 
Tissamaharama, near the southeast coast; the hills 
and valleys around Hatton (sheet 10) and eastward 
through sheet I1, including the towns (not shown in 
figure 4) of Welimada, Boralanda, and Bandarawela; 
and the upper catchment areas of the Walawe River, 
particularly around Godakawela and Uda Walawe 
(sheets 18 and 19, respectively}. 


Moderate ‘Areas. The areas classified as “moder- 
ate” may yield viable gem deposits, especially with 
the aid of better exploration techniques. In general, 
the moderate areas border the more “probable” 
ones or occur where geomorphic conditions are 
suitable for the accumulation of gemstones. They 
include the stretch from Ruwanwella (topographic 
sheet 9) to Matara (sheet 25}, in southwestern Sri 
Lanka, encompassing Agalawatta, Hiniduma, and 
Udugama; the regions south of the gem fields at 
Okkampitiya and Buttala (sheet 16}; and the tribu- 
taries of Menik River as well as those of Mahaweli 
River in the Hanguranketa and Mahiyangana 
(sheet 7} regions. 


Poor and No Deposit Areas. Areas classified as 
“poor” on figure 4 are within general geologic 
regions that have produced gem minerals, but to 
date have yielded no significant deposits. Those 
areas classified as “no deposit” are located well 
outside the Highland Group and are believed to be 
devoid of gems. It should be noted that samples 
were not taken from those areas classified as “no 
deposit,” since these regions had not yielded gems 
in the past. 


DISTRIBUTION OF GEM 
MINERALS IN SRI LANKA 


Known Deposits. Table 2 indicates the distribution 
of gem minerals found thus far in Sri Lanka, some 
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Figure 5, Dozens of thatched canopies dot the 
countryside around the mining center of 
Ratnapura. The canopies cover alluvial mining 
pits that are worked by local miners. Photo by 
Robert C. Kammerling. 


of which are illustrated in figure 6. Zwaan (1982} 
provided a general account of the gem fields of Sri 
Lanka, and Gunawardene and Rupasinghe (1986!| 
gave a very detailed account of the mineralogy of 
gems in the Elahera gem field. Silva and 
Siriwardena (1988) described the corundum-bearing 
skarns in the Bakamuna area, near Elahera {topo- 
graphic sheet 3}. The two main gem fields— 
Ratnapura and Elahera—contain a wide variety of 
gem minerals, including corundum, chrysoberyl, 
zircon, tourmaline, kornerupine, garnet, spinel, 
and taaffeite, among others. 

Topaz is abundant in Polwatta and elsewhere 
in the Rattota-Matale area (topographic sheet 4}. 
Identified by this study as fluoride-rich, this gem 
field has also yielded significant amounts of other 
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TABLE 2. Key gem minerals of Sri Lanka listed by locality’. 
Topographic sheet numbers are keyed to those shown on 
figure 3. 


Topographic sheet Gem minerals 
No, Name 
Polonnaruwa Corundum, garnet 
2 Nalanda Apatite 
3 Elahera Chrysoberyl, corundum, garnet, iolite, 


kornerupine, sinhalite, sohene, spinel, zircon 


4 Kurunegala Amethyst, apatite, citrine, fluorite, tolite, topaz, 


tourmaline 

5 Rangala No known deposits 

6 Kandy Amethyst, aquamarine 

7 Hanguranketa Corundum 

8 Nilgala Corundum, garnet, spinel, tourmaline, zircon 

9  Avissawella Amethyst, ancalusite, beryl, chrysoberyl, 
corundum, diopside, epidote, iolite, 
kornerupine, garnet, sinhalite, spinel, 
tourmaline, zircon 

10. Hatton Andalusite, corundum, garnet, iolite, spinel, 


topaz 
Amethyst, corundum, spinel, zircon 


Corundum, ekanite, garnet, kornerupine, 
spinel, taaffeite, topaz, tourmaline, zircon 


13. Panadura- Aquamarine, axinite, beryl, chrysobery|, 
horana corundum, garnet, idocrase, phenakite, 
scapolite, sillimanite, spinel, taaffeite, topaz, 
tourmaline, zircon 

Amethyst, andatusile, apatite, beryl, 
chrysoberyl, citrine, corundum, diamond, 
danburite, diopside, ekanite, garnet, iolite, 
kornerupine, scaodiite, sillimanite, sinhalite, 
spinel, taaffeite, topaz, tourmaline, zircon 


1 uwara Eliya 
12  Passara 


14  Ratnapura 


15 Haputale Andalusite, axinite, beryl, chrysoberyl, corun- 
dum, diopside, garnet, idocrase, spinel, 
topaz, tourmaline, zircon 

16 Buttala Corundum, ekanite, garnet, spinel, tourmaline 

17 Alutgama Chrysoberyl, corundum, spinel, zircon 

18  Rakwana Apatite, aquamarine, axinite, beryl, 


chrysoberyl, corundum, danburite, diopside, 
ekanite, enstatite, fluorite, garnet, 
kornerupine, spinel, tourmaline, zircon 


19 Tirnbolketiya Garnet 
20 Kataragama 
21 Ambalangoda 
22 Morawaka 


Corundum, hiddenite, sphene, spinel 
Moonstone 
Aquamarine, beryl, chrysoberyl, corundum, 


danburite, diopside, gamet, sillimanite, 
sphene, spinel, tourmaline, zircon 


23 Ambalantota Beryl, chrysoberyl, corundum, garnet, 
idocrase, iolite, scapolite, sillimanite, sinhalite, 
spinel, tourmaline, zircon 

24 Galle 


25 Matara 


Beryl, chrysoberyl, corundum, sphene 


Aquamarine, chrysoberyl, corundum, garnet, 
zircon 


” AY data compiled by the authors and the State Gem Corporation of Si Lanka. 


180 Notes and New Techniques 


fluoride-bearing minerals such as fluorspar (fluo- 
rite}, apatite, and tourmaline. Note that both topaz 
and fluorite have been found in primary pegmatite 
deposits (Rupasinghe et al., 1984; Dissanayake et 
al., 1992). The areas along the Highland-Vijayan 
boundary are also known to be fluoride-rich 
(Dissanayake and Weerasooriya, 1986). 

Iolite is common in the Elahera and nearby 
Matale gem fields, whereas andalusite and scapolite 
are frequently found in the gem fields around 
Ratnapura. Meetiyagoda (topographic sheet 21} has 
an important deposit of moonstone; garnets are 
found in abundance in the region around 
Embilipitiya and Uda Walawe (sheet 19; Cooray, 
1984), 


Future Prospects. A comparison of the highly prob- 
able, probable, and moderate land masses (figure 4} 
with the present mining areas (figure 3) indicates 
the potential for identifying new colored gem 
deposits in Sri Lanka. In addition, recent reports of 
the discovery of alluvial diamonds within the gran- 
ulite belt of the Highland Group have created 
interest in diamond exploration. As early as 1965, 
Gunaratne mentioned the occurrence of diamond 
in Sri Lanka. Subsequent reports of diamond finds, 
such as at Polonnaruwa and at Balangoda 
(Dissanayake and Rupasinghe, 1986}, indicate the 
need for a thorough investigation into the geologic 
occurrence of diamond on this island. 

In addition, the many rivers that drain the gem 
fields undoubtedly have transported large quantities 
of gem minerals mixed with sediments into the sea, 
particularly in the southwestern regions. Thus, the 
mouths of rivers and their near-shore regions are 
obvious targets for future gem prospecting. 


CONCLUSIONS 


Although government figures indicate that gem 
exports account for more than 80% of Sri Lanka’s 
mineral export industry, they represent only 4% of 
the total foreign exchange earnings. Yet, as report- 
ed in this article, the vast gem potential of the 
country has been underexplored and underexploit- 
ed. Present gem mining and prospecting are based 
largely on chance discoveries and subsequent 
“word-of-mouth” exploration. Scientific methods 
could significantly improve the accuracy of locat- 
ing target areas. The Prospectors’ Guide Map (fig- 
ure 4) discussed in this article takes the first step 
toward further exploration by identifying new and 
expanded areas with gem potential. 
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Figure 6, [lustrating some 
of the many gems from Sri 
Lanka are these rough and 
faceted stones (top to bot- 
tom, from left): blue and 
yellow sapphire crystal, 
moonstone rough, 2.92-ct 
purple sapphire, pink spinel 
crystal, 1.79-ct orangy 
brown enstatite, yellow 
sapphire crystal, 5.50-ct 
moonstone cabochon, 1.02- 
ct yellow sapphire, purplish 
pink spinel crystal, hidden- 
ite crystal, 1.65-ct green zir- 
con, 1,23-ct brown sin- 
halite, yellow chrysobery! 
crystal, 2.30-ct pink sap- 
phire, 1.42-ct yellow zircon, 
pink sapphire crystal, 1.14- 
ct purplish pink spinel, 
pink sapphire crystal, pink 
spinel crystal, 1.26-ct 
orangy pink sapphire, 0.70- 
ct orange sapphire, moon- 
stone béads, yellow sap- 
phire crystal, 0.78-ct yellow 
sillimanite. Courtesy of 
David Humphrey and N. 
D. International, both of 
Pacific Palisades, 
California; and Evan 
Caplan & Co., Los Angeles, 
California; photo by 

Shane F. McClure. 
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TWO TREATED-COLOR SYNTHETIC RED 
DIAMONDS SEEN IN THE TRADE 


By Thomas M. Moses, Ilene Reinitz, Emmanuel Fritsch, and James E. Shigley 


Two dark brownish red faceted stones, recently submitted to the GIA Gem 
Trade Laboratory for standard origin-ofcolor reports, were found to be treat- 
ed synthetic diamonds. This conclusion was based on observations of: 
patterns of zoned color, UV. luminescence, and graining; metallic inclu- 
sions; and certain bands in the visible- and infrared-range absorption spec- 
tra. We believe that this ts one of the first published reports of treated-color 
synthetic diamonds seen as faceted gems. For some of the gemological features 
described here, such as visible-range spectra with sharp absorption bands, this 
is one of the first reported occurrences in gem-quality synthetic diamonds. 


In early July 1993, a diamond dealer submitted a 0.55- 
ct dark brownish orangy red diamond (figure 1, left} to 
the New York office of the GIA Gem Trade Laboratory 
(GIA GTL} for a standard origin-of-color report. 
According to the client, this round brilliant-cut stone 
had been obtained on memo from a dealer in Bombay, 
India. In September, a 0.43-ct dark brownish red “radi- 
ant”-cut diamond (figure 1, right) was submitted in 
New York for a similar report by a separate client. 
Given the very high market value and the great rari- 
ty of natural-color “red” diamonds (see, e.g., Federman, 
1992), these two stones were undoubtedly submitted 
to GIA GTL in hopes of receiving a favorable color 
description on a laboratory report. However, standard 
gemological examination quickly revealed that both 
stones were synthetic diamonds. In addition, their 
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gemological properties indicated that both had been 
color enhanced subsequent to synthesis. 

To date, the GIA Gem Trade Laboratory has 
examined only a very few faceted synthetic diamonds 
that were submitted by members of the jewelry indus- 
try for a laboratory report {see also the brief mention 
of GIA GTL’s examination of a 0.23-ct faceted 
Sumitomo synthetic yellow diamond in Fryer, 1987). 
With the announced commercial offering of Russian 
gem-quality synthetic diamonds for jewelry use 
(Catalano, 1993}, however, it is likely that this situa- 
tion will occur more frequently. Notification of the 
0.55-ct faceted synthetic diamond and its gemological 
properties to other gem-testing laboratories was made 
through International Colored Gemstone Association 
(ICA) Laboratory Alert No. 74, dated August 9, 1993 
(this alert also mentioned an untreated, 0.74-ct yellow 
synthetic diamond crystal examined by GIA GTL at 
a client’s request at about the same time}. The present 
article reports on the gemological properties of these 
two treated synthetic red diamonds and discusses 
how they compare with other synthetic diamonds 
examined to date. 


BACKGROUND 


The possibility of gem-quality synthetic diamonds 
entering the jewelry trade has been a concern ever 
since the first diamonds of a size and quality suitable 
for faceting were synthesized by General Electric in 
1970. For more than two decades, researchers at GIA 
and elsewhere have been reporting regularly on the 
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properties of gem-quality synthetic diamonds to 
address this industry concern (Crowningshield, 1971; 
Woods and Lang, 1975; Koivula and Fryer, 1984; 
Shigley et al., 1986, 1987, 1992, 1993a, 1993b; Burns 
et al., 1990; Kanda, 1990; Ponahlo, 1992; Burns and 
Davies, 1992; Clark et al., 1992; Rooney et al., 1993, 
Fritsch and Shigley, 1993). These articles have 
described various means for recognizing gem-quality 
synthetic.diamonds using both standard gem-testing 
equipment and more advanced instrumentation. 
Although synthetic diamonds with a red color have 
not been described in the gemological literature, there 
has been some scientific work on synthetic diamonds 
that are pink or red due to treatment by irradiation fol- 
lowed by annealing (see Collins, 1978; Collins, 1991, 
p. 667}. The information on synthetic and treated syn- 
thetic diamonds reported in these articles, and our 
examination over many years of numerous natural-col- 
or diamonds, made possible the identification of the 
two synthetic diamonds reported here. 


MATERIALS AND METHODS 


We used standard gemological testing equipment as 
well as other laboratory instrumentation to charac- 
terize these faceted stones. The former included a 
gemological microscope, a long-wave (366 nm) and 
short-wave (254 nm) ultraviolet lamp unit (used in a 
darkened room), and a Beck prism spectroscope as 
well as a Discan digital-scanning diffraction-grating 
spectroscope {with the diamonds cooled using a spray 
refrigerant}. We used a Pye-Unicam 8800 spec- 
trophotometer to record absorption spectra at liquid- 
nitrogen temperature over the range 250-850 nm, and 
Nicolet 510 and 60SX Fourier-transform infrared spec- 
trometers to record infrared spectra over the range 
400-10,500 cm!. Qualitative chemical analysis was 
carried out using a Tracor X-Ray energy-dispersive X- 
ray fluorescence (EDXRF) system. 
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Figure 1, Standard gemologi- 
cal testing at the GIA Gem 
Trade Laboratory in New 
York revealed that this 0.55- 
ct brownish orangy-red round 
brilliant cut (left) and this 
0.43-ct brownish red “radi- 
ant” cut (right) are synthetic 
diamonds that have been 
treated to produce the red 
color. Photos by Shane F. 
McClure. 


RESULTS 


Microscopy. Color Zoning. When examined with 10x 
magnification, both samples exhibited very distinct 
color zoning (figures 2-4}. Through the crown facets 
of the 0.55-ct stone, we observed the outlines of both 
square-shaped and superimposed cross-shaped light 
yellow areas surrounded by much larger areas of red 
color (figure 2. shows a portion of this color-zoning 
pattern). The cross-shaped pattern was approximately 
centered under the table facet. In general, the areas of 
yellow color were tabular, and they were much nar- 
rower than the red areas. When viewed through the 
pavilion facets of this stone, the color zoning was 
manifest, at four locations around the girdle (separat- 
ed by 90°), as narrow light yellow zones surrounded by 
larger red areas (figure 3}; this corresponds to looking 
down one of the four “arms” of the cross-shaped pat- 


Figure 2. This view through the crown facets of the 
0.55-ct red synthetic diamond shows the intersect- 
ing red and yellow zones. The latter appear slightly 
greenish due to their luminescence to visible light. 
Several groups of small metallic inclusions can 
also be seen. Photomicrograph by John I. Koivula; 
transmitted light, magnified 35x, 
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Figure 3. When the 0.55-ct stone was viewed 
through the pavilion facets parallel to the girdle, a 
narrow light yellow zone surrounded by larger red 
areas could be seen at four locations (separated by 
90°) around the girdle. Photomicrograph by John I. 
Koivula; transmitted light, magnified 40x. 


tern mentioned above. Similar kinds of red-yellow 
color zoning could also be seen through the crown 
and pavilion facets of the 0.43-ct stone (figure 4}. 


Graining. Using reflected light, we saw only one faint 
graining line on the table facet of the 0.55-ct stone. In 
contrast, we saw a faint pattern of surface graining 
and some parallel polishing “drag” lines on the table 
of the 0,43-ct stone (figure 5}. In both stones, the col- 
or zones mentioned above were separated by planar 
boundaries marked by slight internal graining. 


Inclusions. A large, rounded, opaque inclusion with a 
metallic (or reflective} appearance was readily visible 
beneath the table facet of the 0.55-ct stone (figure 6}. 
It was accompanied by many smaller inclusions of 
similar appearance (again, see figure 2]. Small metal- 
lic inclusions were also visible in the 0.43-ct stone, as 
was a large open cavity and an unusual square-shaped 
inclusion of uncertain identity seen through the table 
facet (figure 5). Because of these inclusions, both syn- 
thetic diamonds were attracted by a simple magnet. 
EDXRF chemical analysis of both stones revealed the 
presence of nickel and smaller amounts of iron (figure 
7), presumably in large part from these metallic inclu- 
sions. Although GIA GTL does not issue quality-grad- 
ing reports on synthetic diamonds, a natural diamond 
with eye-visible inclusions (such as the ones found 
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_— a . 
Figure 4. With magnification, the 0.43-ct red syn- 
thetic diamond showed a pattern of distinct red 
and narrow yellow zones separated by planar 
internal graining. Photomicrograph by John |. 
Koivula; transmitted light, magnified 40x, 


in these synthetics} would receive an “Imperfect” 
clarity grade. 


Ultraviolet Luminescence. The luminescence reac- 
tion visible from the crown facets of the 0.55-ct dia- 
mond to both long- and short-wave ultraviolet 
radiation was striking. In both cases, we saw two 
unevenly distributed colors of fluorescence: a very 
intense green and a moderately intense reddish orange. 


Figure $5. A faint pattern of intersecting surface 
grain lines and some parallel polishing “drag” 
lines can be seen on the table facet of the 0.43-ct 
stone, Also visible is a large, open cavity and an 
unusual square-shaped inclusion. Photomicro- 
graph by John I. Koivula; reflected light, 
magnified 15x. 
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Figure 6. One large—and several smaller—opaque 
inclusions of flux metal lie beneath the table facet 
of the 0.55-ct red synthetic diamond. This pho- 
tomicrograph also shows the distinctive pattern of 
color zones, with four yellow areas forming a 
“cross shape” that is surrounded by red areas. 
When the stone is illuminated by a strong visible 
light source, the yellow areas are seen to emit 
green luminescence. Photomicrograph by John 1. 
Koivula; transmitted light, magnified 35x. 


The pattern of green fluorescence was identical to 
that of the narrow yellow color zones described above 
(figure 6}~a combination of square and cross shapes 
(see figure 8). When the short-wave U.V. lamp was 
turned off, the green fluorescing regions continued to 
phosphoresce the same color briefly for several sec- 
onds, The moderately intense reddish orange fluo- 
rescence corresponded to only one small isolated point 
near the girdle under long-wave U.V., but to all the 


Figure 7. These EDXRF spectra show the presence 
of both nickel (Ni) and iron (Fe) from the metallic 
inclusions in these two synthetic diamonds. 


- 


Ni 
0.55 ct synthetic diamond 
o 
ke 
z 
> 
eo) 
oO 
0.43 ct synthetic diamond Ni yr 
Fe | rs 
J* i { 3 
i, See ne ee S 
= 1 : 
0 2 4 6 8 10 
ENERGY (keV) 


Notes and New Techniques 


Figure 8. The crown facets of the 0.55-ci red syn- 
thetic diamond reveal an uneven, intense fluores- 
cence to short-wave U.V. radiation. The combined 
square- and cross-shaped pattern of green fluores- 
cence corresponds to the light yellow zones in the 
diamond; the moderate reddish orange fluores- 
cence to the red areas in the stone. Photomicro- 
graph by John I. Koivula; magnified 5x. 


large, dark red areas under short-wave U.V (again, sce 
figure 8}. 

The 0.43-ct stone also exhibited uneven U.V. 
luminescence, but in a different spatial pattern from 
that described above. The overall long-wave U.V. flu- 
orescence was moderately intense, and the short-wave 
UV. fluorescence was intense. In both cases, when the 
stone was viewed through the crown facets, there 
was a very small area of red fluorescence near the 
center of the table facet, which was surrounded by a 
narrow zone of green fluorescence. From the latter, nar- 
row bands of moderate orange fluorescence pointed 
toward the four corners of the table facet, where there 
were square areas of stronger orange fluorescence. The 
remainder of the stone exhibited weaker orangy red 
fluorescence. When the U.V. lamp was turned off, we 
did not see any phosphorescence from the 0.43-ct stone. 

We also observed moderate-intensity green lumi- 
nescence in the yellow areas when the 0.55-ct dia- 
mond was illuminated with a strong visible light source 
(such as that provided by fiber-optic light with reflect- 
ed or transmitted illumination; see figure 2}. We did 
not see a similar luminescence in the 0.43-ct stone. 


Spectroscopy. The visible-range absorption spectra of 
the two synthetic diamonds are shown in figure 9. 
Numerous sharp absorption bands occur between 400 
and 800 nm in the spectrum of the 0.55-ct stone (fig- 
ure 9A, table 1}. Several of the bands between 500 
and 660 nm were intense enough to be seen with a 
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Figure 9. These visible-range absorption spectra 
were recorded at liquid-nitrogen temperatures for 
the 0,55-ct (A) and 0.43-ct (B) treated synthetic 
diamonds. A list of the bands present in both spec- 
tra, and their causes, are given in table 1. In the 
spectrum of the 0.55-ct stone, numerous sharp 
absorption bands can be seen between 460 and 
800 nm; many of these were sufficiently intense to 
appear as sharp bands in a handheld spectroscope 
(Le. at about 503, 527, 553, 595, 617, 637, and 658 
nm), especially when the sample was cooled by 
use of spray refrigerant. No spectral features could 
be recorded below 460 nm because virtually all 
incident light was absorbed by the diamond itself. 
In the 0.43-ct synthetic diamond, only a few sharp 
bands are visible; the two at 637 and 658 nm are 
also present in the spectrum of the other diamond. 
No spectral features could be recorded below 
about 600 nm for the same reason as cited above. 


handheld spectroscope, especially when the diamond 
was cooled. 

Although the visible spectrum of the 0.43-ct stone 
(figure 9B} exhibited far fewer sharp absorption bands, 
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TABLE 1. Absorption bands present in the visible and near- 
infrared ranges of the spectrum of the 0.55-ct treated red 
synthetic diamond (with those seen in the 0.43-ct red syn- 
thetic diamond marked by an asterisk [*]), listed by 
decreasing wavelength. 


Wavelength Seen in handheld 
(rounded to spectroscope {at Comments® 
closest nm} — low temperature) 
809 Visible in published spectrum but 
not discussed in [a] 
792 Ni-related [a] 
767 Visible in published spectrum but 
not discussed in fa] 
732 Ni- and N-related [a] 
711 Ni- and N-related fa] 
691 Ni- and N-related [a] 
671 Ni- and N-related [a] 
658" Yes Ni-related [b] 
637" Yes “N-V" center typical of treated 
pink diamonds [c} 
617 Yes “N-V" center, typical of treated 
pink diamonds [c] 
614 Yes “N-V" center, typical of treated 
pink diamonds [c] 
595 Yes Typical of treated diamonds [c] 
575 Yes Typical of treated pink 
diamonds [c 
553 Yes Ni- and N-related [a 
547 Yes Ni- and N-relaled {a 
540 Ni- and N-related [a 
527 Yes Ni- and N-related {a 
520 i- and N-related [a 
518 Yes Ni- and N-related [a 
516 Ni- and N-related [a 
511 Ni- and N-related [a} 
503 Yes Ni- and N-related (a] and 
H83 center (always seen in 
treated pink diamonds) [c] 
502 Ni- and N-related [a 
494 Ni-related [b 
491 Ni- and N-related [a 
478 Ni- and N-related [a 
473 Ni- and N-related (a 
468 Ni- and N-related [a 


®References, [a] observed by Lawson and Kanda (1993a, 1993b) 
in nitrogen-containing synthetic diamonds, grown in Ni and 
subsequently annealed to 1600°-1990° C; fb] Collins and Spear, 
1982; {c}] Collins, 1982. 


those observed are in wavelength positions similar 
to those seen in the other stone—in particular, at 637 
and 658 nm. Besides sharp absorption bands, the vis- 
ible spectra of both stones exhibited two additional fea- 
tures: an increasing absorption toward the violet, and 
a broad region of absorption extending from about 
500 to 640 nm. 

The mid-infrared absorption spectra (figure 10} 
reveal that both of these synthetic diamonds are a 
mixture of types. The 0.55-ct stone is type Ib + TaA + 
TaB (with IaA >> IaB, and Ia > Tb}, while the 0.43-ct 
stone is type Ib + IaA +IaB (with IaA >> IaB, and Ib > 
Ta). For details on diamond types, see Fritsch and 
Scarratt (1992). 
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In addition, both stones showed absorption bands 
at 1050, 1450, and 1502 cm’! in their mid-infrared 
spectra (figure 10}. Both also displayed a band at 4935 
cm? in their near-infrared spectra (which are not illus- 
trated here). The 1450 and 4935 cm’! bands are referred 
to as Hla and Hb, respectively (Clark et al., 1956; 
Woods, 1984). 


DISCUSSION 


Comparison to Other Synthetic Diamonds, Certain 
gemological properties of synthetic diamonds differ 
from those of natural diamonds because of their dif- 
ferent conditions of formation (for a recent review, 
see Burns and Davies, 1992}. The observed zoning of 
color and U.V. luminescence, the pattern of graining, 
and the presence of metallic inclusions in these two 
stones are all typical of gem-quality colored synthet- 
ic diamonds described to date. 

Conversely, these two synthetic diamonds dis- 
played some features that are different from those 
that have been reported, not least of which is their 
red color. ‘Thus far, the only commercially available 
gem-quality synthetic diamonds have been yellow, 
type-Ib material. They have been inert to long-wave 
UV. radiation, and have lacked sharp absorption bands 
in their visible-range spectra (Shigley et al., 1986), The 
infrared spectra of these two red synthetic diamonds 
indicate that neither stone is a pure type-Ib diamond; 
both exhibit some type-lIa character. In addition, both 
fluoresced not only to short-wave but also, more 
importantly, to long-wave U.V. radiation, with a pat- 
tern of both green and orange colors that corresponds 
to the arrangement of internal growth sectors. Finally, 
both stones displayed sharp absorption bands between 
500 and 660 nm, some of which were visible in a 
handheld spectroscope. None of these features has 
previously been reported for synthetic diamonds in 
the gemological literature. 

We have examined two pieces of Sumitomo syn- 
thetic diamond that, after known irradiation and 
annealing, turned from yellow to orangy red. After 
treatment, they exhibited orange fluorescence to both 
long- and short-wave U.V. radiation (with the short- 
wave reaction more intense than the long-wave reac- 
tion}. Their visible-range absorption spectra revealed 
sharp bands at about 575, 595, and 637 nm. Even after 
treatment, the infrared spectra indicated that one sam- 
ple was still a pure type Ib, while the other was a mix- 
ture of Ib and minor JaB. The mid- and near-infrared 
spectra of both Sumitomo samples exhibited sharp 
bands at 1450 and 4935 cm” after treatment. 
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Figure 10. The “nitrogen region” (between 1344 
and about 1000 cm") of the mid-infrared absorp- 
tion spectra of these two synthetic diamonds 
reveals that, unlike most synthetic yellow dia- 
monds tested to date, they are not a pure type Ib. 
Type-Ib diamonds are characterized by a sharp 
band at about 1344 cm", and a broader band at 
about 1130 cm'. Type-laA diamonds have a band 
at approximately 1282 cm', while type-IaB dia- 
monds have bands at about 1330 and 1180 

cm' (see Field, 1992, p. 683). Thus, the 0.55-ct 
stone (spectrum A) is a mixture of type Ib + laA + 
TaB (with IaA >> IaB, and Ia > Ib), and the 0.43-ct 
stone (spectrum B) Is a type Ib + IaA + 1aB (with 
IaA >> LaB, and fb > Ia). The bands at 1502 and 
1450 cm’ in both spectra are the result of anneal- 
ing of these two irradiated synthetic diamonds 
{Clark et al., 1992, p. 43). The broad band at about 
1050 cm-1 is due to a nitrogen-related defect (with 
N in a positive charge state) in the crystal structure 
of these diamonds that has been found only in 
synthetic diamonds (Lawson and Kanda, 1993a). 


Visible- and Infrared-Range Absorption Spectra. As 
shown in table 1, the sharp absorption bands present 
in the visible-range spectra of these two synthetic dia- 
monds arise from several different causes. 

Scientific studies have shown that only nickel, 
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of the several transition metals that have been used as 
a flux for synthetic diamond growth, can give rise to 
sharp absorption bands in the visible-range spectrum 
of diamond (Collins and Spear, 1982; Lawson and 
Kanda, 1993a, 1993b). These Ni-related bands fall into 
two groups. The first group includes bands at 494 and 
658 nm, which are present in the spectra of the as- 
grown Ni-containing synthetic diamond crystals 
(Collins and Spear, 1982; Collins et al., 1990}. The 
second group contains a large number of bands 
between 460 and 800 nm, which are found in nitrogen- 
containing synthetic diamonds (grown in Ni) that 
have been annealed to 1600°-1900°C (Lawson and 
Kanda, 1993a, 1993b; again, see table 1). 

Apart from those that are Ni-related, other sharp 
bands in the visible range result from laboratory treat- 
ment. The 503-nm (H3} band is known to result from 
irradiation and annealing (to 1400°-1700°C) of syn- 
thetic type-Ib diamonds, and is thought to be due to 
a vacancy trapped at a nitrogen A aggregate (two near- 
est neighbor substitutional N atoms; Collins, 1978, 
1982, 1991). The 595-nm band is found in type-Ia and 
Ib diamonds that have been irradiated and then 
annealed to 800°-1000°C (Collins, 1982). Finally, there 
are several sharp bands that are typically seen in type- 
Ib diamonds that, after irradiation and annealing (to 
800°C or more}, turn from yellow to pink. These 
include the 575-nm band as well as the 637-nm band 
(with sidebands at 614 and 617 nm, all superimposed 
on a broad region of absorption between about 450 
and 650 nm) produced by a defect known as the “N- 
V’ center (a vacancy “V” trapped at a substitutional 
N atom; Davies and Hamer, 1976; Collins, 1978, 
1982, 1991). 

In the infrared spectra, the Hla and H1b bands 
(1450 and 4935 cm!}|—as well as the band at 1502 
cm’!—are produced in type-Ib diamonds by irradia- 
tion and annealing above 800°C (Woods, 1984; 
Collins and Stanley, 1985; Collins, 1991; Clark 
et al., 1992, p. 43}. 

The presence of some or all of these spectral 
features in the two synthetic red diamonds allows us 
to make some inferences regarding their origin and 
treatment history. The presence of Ni-related sharp 
absorption bands confirms the results of EDXRF 
analysis that both samples are synthetic and were 
grown using a Ni-containing flux, since most of the 
sharp bands between 460 and 800 nm have no other 
known causes. 

In the 0.55-ct stone, the bands indicative of irra- 
diation and annealing include those at 503, 575, 595, 
and 637 nm in the visible spectrum, and those at 
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1450, 1502, and 4935 cm’! in the infrared spectrum. 
The 503-nm and 4935-cm'! features, along with the 
other bands in the mid-infrared spectrum, are evi- 
dence of some degree of nitrogen aggregation in this 
synthetic diamond. The numerous Ni-related sharp 
absorption bands in the visible spectrum suggest that 
this diamond either has a relatively high nickel con- 
tent or, if it has a lower Ni content, it was heated 
after growth to temperatures above 1600°C, so these 
bands are especially prominent (A. T. Collins, pers. 
comm., 1993}, 

In the 0.43-ct stone, in contrast, only the 637-nm 
band seen in the visible spectrum, along with the 
bands at 1450, 1502, and 4935 cm’ in the infrared, are 
evidence of irradiation and annealing. Again, the 
4935-cm’! feature, along with the other bands in the 
mid-infrared spectrum, are evidence of some degree of 
nitrogen aggregation (mainly A aggregates). The lack 
of the numerous, Ni-related sharp bands suggests that 
this synthetic diamond either contains relatively 
smaller amounts of nickel or was not annealed to 
such high temperatures (1600°-1900°C) as was 
the 0.55-ct stone. 

Other bands in the mid-infrared revealed that the 
two stones exhibit some type-Ia character (mainly 
TaA; see caption, figure 10), which indicates that some 
nitrogen aggregates formed during treatment. In the 
spectra of both synthetic diamonds, the weak type-IaB 
features in the mid-infrared, and the lack of an Hlce 
band (5165 cm’') in the near-infrared, confirm that 
only a limited number of nitrogen B aggregates (an 
even number of nearest-neighbor substitutional N 
atoms of undetermined structure; Woods, 1984; 
Collins and Stanley, 1985} formed during treatment in 
both stones (A. T. Collins, pers. comm., 1993). 
Aggregation of nitrogen atoms in a synthetic diamond 
has been documented during crystal growth (Kanda et 
al., 1990, for crystals produced in cobalt metal at 
temperatures of 1400°-1500°C) and during post-growth 
treatment (either by annealing alone at temperatures 
of 1700°-2.400°C [Collins, 1980; Collins and Stanley, 
1985], or by irradiation followed by annealing at tem- 
peratures of about 800°C [Collins, 1978]}. From our 
data, we cannot conclude whether the observed N 
aggregation in these two stones resulted during crys- 
tal growth or post-growth treatment. 


Cause of Color. Yellow-to-brown type-Ib diamonds, 
whether natural or synthetic, will turn pink to red 
{or purple} when subjected to treatment by irradia- 
tion and annealing (Collins, 1982; and our own expe- 
rience—see previous Discussion section above]. As 
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grown, synthetic diamond crystals do not exhibit a red 
color that results from impurities. This color is due to 
post-growth irradiation and annealing, as proved in 
these treated synthetic diamonds by certain spectral 
bands present. 

Untreated natural pink-to-red diamonds are either 
type Ia or Ia (those that are treated are always partially 
type-Ib; Collins, 1982, and our own observations). 
The visible-range spectra of type-Ia diamonds of these 
colors show increasing absorption toward the ultra- 
violet (due to nitrogen). Superimposed on this are one 
or more sharp absorption bands of the “Cape series” 
(mainly the 415-nm band due to the N3 center, which 
consists of three nearest-neighbor substitutional N 
atoms). In addition, there is a broad absorption band 
centered at about 550 nm (Collins, 1982; Kane, 1987; 
Shigley and Fritsch, 1993). This latter broad band is 
thought to be due to a defect produced by plastic defor- 
mation (a small displacement of the carbon atoms 
along gliding planes in the diamond crystal structure} 
that can occur while the diamond is still in the earth 
(Collins, 1982). 

Similarly, the visible-range spectra of untreated, 
natural type Ila diamonds of these colors exhibit a 
broad band between 500 and 600 nm, but lack the 
increasing absorption toward the ultraviolet and the 
sharp bands, both of which are due to nitrogen 
(Collins, 1982). 

Except for the sharp bands (which make little 
contribution to the color], the visible spectra of the two 
treated red synthetic diamonds described here are 
similar in appearance to those of treated-color pink-to- 
red natural diamonds. There is increasing absorption 
toward the ultraviolet (due again to the singly sub- 
stitutional nitrogen), and a broad absorption band 
between about 450 and 650 nm (due to the “N-V” 
center}. This broad band, here the result of 
laboratory treatment, also gives rise to a pink-to-red 
color, since it reaches a maximum near 550 nm (sim- 
ilar in location to the broad absorption band in the 
spectra of untreated pink-to-red natural diamonds, 
which results from a different process; Collins, 1982). 


Cause of U.V. Luminescence. The green fluorescence 
observed to correspond to the narrow yellow zones 
probably is due to the H3 center (503 nm}, while the 
orange fluorescence from the more extensive red areas 
is probably due to the 575-nm absorption band (these 
observations have been confirmed by A. T. Collins, 
pers. comm., 1993). 

Previous descriptions of yellow (untreated) syn- 
thetic diamonds reported a yellow or greenish yellow 
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fluorescence to short-wave U.V. radiation (Shigley et 
al., 1986, 1987}. In all cases, these synthetic diamonds 
were pure type Ib with no evidence of a type-la char- 
acter. In contrast, natural type-Ib yellow diamonds: (1) 
rarely react to U.V. radiation, but when they do, it is 
usually orange fluorescence to both long- and short- 
wave U.V. (Shigley et al., 1986}; and (2) always exhib- 
it some type-la character (again, observations 
confirmed by A. T. Collins, pers. comm., 1993]. GIA 
and GIA GTL researchers are currently examining 
some yellow and greenish yellow, untreated and treat- 
ed (annealing only], mixed type Ib + IaA synthetic 
diamonds from Russia that reveal only yellow to 
greenish yellow U.V. fluorescence. Thus, the orange 
U.V. luminescence observed in the two stones 
described here is almost certainly the result of irradi- 
ation and annealing, not of their mixed type Ib + aA 
character. This possibility is supported by the orange 
fluorescence to both long- and short-wave U.V. of the 
two irradiated and annealed Sumitomo synthetic dia- 
monds we examined. Furthermore, we have observed 
orange U.V. fluorescence in all treated-pink natural 
diamonds examiried to date. 


Comparison to Natural Diamonds. Some natural-col- 
or pink diamonds are type Ila {i.e., essentially lack- 
ing in nitrogen) and have an orange U.V. fluorescence 
(Collins, 1982). We have never seen a known treated 
pink diamond that is a type Ila. An increasing num- 
ber of the pink-to-red natural-color diamonds that we 
have documented are type Ia and have a blue U.V. 
fluorescence. The color is primarily due to the broad 
absorption band centered at 550 nm (Collins, 1982, 
Shigley and Fritsch, 1993). None of these type-la nat- 
ural diamonds has exhibited any type-Ib character. 
Thus, all known natural-color pink-to-red diamonds 
are readily distinguishable from the two stones 
described here {mainly on the basis of the distinctive 
features of the latter). 

We have also documented some treated pink-to- 
red type-Ib natural diamonds. They usually have 
evenly distributed color, and all exhibit the 575-, 595-, 
and 637-nm bands typical of treatment by irradiation 
and annealing. Although we examined two treated 
natural diamonds that were a mixed type Ib + IaA 
and exhibited uneven (pink/yellow) coloration and 
moderately strong orange fluorescence (to long- and 
short-wave U.V.]}, they did not display the pattern of 
color zoning, nor the nickel-related absorption bands, 
that were shown by the two stones described here 
and prove their synthetic origin. 
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CONCLUSION 


These two red stones are the first treated-color syn- 
thetic diamonds that have been submitted to the GIA 
Gem Trade Laboratory by members of the trade. 
Although we do not know precisely where these syn- 
thetic diamonds were manufactured, their color zon- 
ing, U.V. luminescence behavior, and visible and 
infrared absorption spectra are very similar to those we 
have observed in synthetic diamonds grown in Russia 
(see, e.g., p. 207 of the Gem News section in this 
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where they might have been treated. 

Because such encounters with synthetic diamonds 
will undoubtedly increase in the future, colored dia- 
monds must be examined with greater care than has 
been previously necessary. All those involved with 
selling or grading gem diamonds must know how to 
identify synthetic, and now treated synthetic, 
diamonds. 
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Two NEAR-COLORLESS GENERAL ELECTRIC 
TYPE-ILA SYNTHETIC DIAMOND CRYSTALS 


By James E. Shigley, Emmanuel Fritsch, and Ilene Reinitz 


Gemological examination of two near-colorless, isotopically pure, car- 
bon-12 synthetic diamonds grown recently by General Electric reveals 
short-wave ultraviolet luminescence behavior, a cathodoluminescence 
pattern, and small metallic inclusions that are typical of other gem- 
quality synthetic diamonds. These characteristics also help separate 
them from natural type-Ila diamonds. Study of additional near-color- 
less synthetic diamonds is needed to confirm these preliminary 


observations. 


Of all the gem-quality synthetic diamonds that 
could potentially enter the jewelry trade, faceted 
near-colorless synthetic diamonds are the greatest 
concern. Not only do near-colorless diamonds rep- 
resent the vast majority of stones in the jewelry 
industry, but the techniques the jeweler typically 
uses to quality grade these stones are different from 
those needed to separate natural from synthetic 
diamonds. Yet relatively few near-colorless gem- 
quality synthetic diamonds have been made avail- 
able for gemological examination, so practical 
means for identifying them have not been well 
documented. 

In 1990, scientists at the GE (General Electric] 
Research and Development Center in Schenectady, 
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Notes and New Techniques 


New York, announced the production of a new, 
isotopically pure carbon-12 ('°C) synthetic dia- 
mond {press releases issued by General Electric 
Company, 10 July 1990 and 18 October 1991). 
Carbon in nature consists of a mixture of carbon 
atoms that have different masses (weights]}, called 
isotopes: 98.89% of carbon has 12 atomic mass 
units (usually written C}, and 1.11% of carbon 
has 13 atomic mass units (°C). This applies to car- 
bon found in natural and most synthetic diamonds 
as well. Using isotope enrichment, one can make 
carbon that is almost pure !2C or °C. Such enrich- 
ment processes are both difficult and expensive. 
However, the resulting isotopically pure diamond 
crystals have advanced technological applications 
related to their exceptional ability to disperse heat 
(Anthony et al., 1990; Banholzer and Anthony, 
1992), 

The very few GE ”C diamond crystals grown 
so far are only available for scientific studies; to 
date, none has been sold or faceted (R. D’Angelo, 
pers. comm., 1993}. This article reports on the 
gemological properties and identification of two of 
these new GE near-colorless '*C synthetic diamond 
crystals (figure 1], and discusses how their proper- 
ties compare to those of other near-colorless GE 
synthetic diamonds produced in the 1970s and 
examined by GIA at that time (Crowningshield, 
1971; Koivula and Fryer, 1984}. While we do not 
expect these near-colorless GE synthetic diamonds 
to appear in the jewelry industry, those from other 
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Figure 1. These two near-colorless synthetic dia- 
mond crystals, grown by the new GE process, were 
loaned to GIA by GE Superabrasives in Worthing- 
ton, Ohio. Some crystal faces of these 0.91- and 
1.04-ct (respectively) cuboctahedral crystals have 
been polished. Photo by Maha DeMaggio. 


sources, grown from carbon with the standard iso- 
topic composition or with impurities removed, 
could eventually become available. 


THE SYNTHESIS PROCEDURE 


As with the first gem-quality GE synthetic dia- 
monds reported in 1970, these newer crystals are 
grown using the standard high temperature/high 
pressure flux technique in what is referred to as a 
“belt” apparatus (figure 2; Strong and Chrenko, 
1971; Bundy et al., 1973; Strong and Wentorf, 
1991). A tiny (about 0.001 ct) synthetic diamond 
“seed crystal” (with a carbon isotope ratio of 99% 
2C and 1% '3C) is positioned in the growth vessel 
to initiate crystal growth. However, the synthetic 
diamond used as carbon-source material for this 
new production is quite different from the carbon 
(with a standard isotopic composition} that was 
used earlier at General Electric. The carbon-source 
material for this new production of large (up to 
about 1 ct} single crystals is actually a thin, poly- 
crystalline layer of synthetic diamond—grown 
using isotopically enriched '*C methane gas by a 
low-pressure, chemical vapor deposition (CVD} 
technique {Anthony et al., 1990; also see Fritsch et 
al., 1989)—that has been crushed and powdered. In 
addition, the new procedure uses a transition metal 
flux that removes nitrogen and boron impurities, 
thus resulting in the crystallization of type-IIa crys- 
tals. Synthetic diamond crystals produced by this 
technique have ranged up to 99.9% "C (with other 
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crystals grown by this method having up to 
99% C}. 

A small quantity of these new "C diamond 
crystals have been grown, initially at the GE 
research facility in Schenectady, New York, and 
most recently at GE’s commercial production facil- 
ity (GE Superabrasives} in Worthington, Ohio. This 
research program is designed to explore the funda- 
mentals of diamond growth and the physical-per- 
formance characteristics of this particular diamond 
material. Because of their isotopic purity, the ther- 
mal conductivity of the *C synthetic diamonds is 
reportedly superior to that of natural diamonds. 
They are apparently also more resistant to laser 
damage. GE representatives are exploring the use 
of this new type of synthetic diamond (when cut 
into thin wafers—see figure 3} as heat sinks for 
telecommunications equipment, computers, and 
integrated circuits. They also envision their use as 
windows or mirrors in laser equipment. Manufac- 
turing and marketing of these costly crystals for spe- 
cialized, high-technology applications will be han- 
dled through GE Superabrasives in Worthington. 


Figure 2. A General Electric scientist prepares the 
high temperature/high pressure “belt” apparatus for 
growing synthetic diamond crystals. Photo courtesy 
of General Electric. 
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Figure 3. One of the new GE "°C synthetic diamond 
crystals is shown here cut into slices for use in vari- 
ous high-technology applications. Photo courtesy of 
General Electric. 


MATERIALS AND METHODS 


Following a visit to the GE facilities in Worthing- 
ton by one of the authors (EF), representatives of 
GE Superabrasives loaned GIA the two C dia- 
mond crystals shown in figure | (as noted above, to 
date none-of this material has been faceted]. These 
two crystals weigh 1.04 ct and 0.91 ct. 

Our examination was conducted using standard 
gemological testing equipment as well as more 
sophisticated instruments. The former included a 
GIA GEM Instruments binocular microscope, a 
long-wave (366-nm} and short-wave (254-nm) ultra- 
violet (U.V.] lamp unit (used in a darkened room}, a 
Beck prism spectroscope, and a DISCAN digital- 
scanning, diffraction-grating spectroscope. Also 
used were a Pye-Unicam 8800 ultraviolet-visible 
spectrophotometer and a Nicolet 60SX Fourier- 
Transform infrared spectrometer, Observations of 
cathodoluminescence were made with a Nuclide 
ELM-2B luminoscope. Qualitative chemical analy- 
sis was carried out by the energy-dispersive X-ray 
fluorescence (EDXRF} method using a Tracor X- 
Ray Spectrace 5000 instrument. 


RESULTS 


Crystal Morphology. Both crystals are cuboctahe- 
dra with octahedral, cube, and other crystal faces of 
varying relative size and arrangement. The surface 
attached to the seed crystal had been polished on 
both crystals; on the smailer crystal, all the faces 
had been polished. 

The octahedral faces of both crystals have the 
largest surface area. On the larger crystal, the trape- 
zohedral faces are larger than the cube faces, while 
the reverse situation prevails on the smaller crys- 
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tal. The larger crystal exhibits very small dodeca- 
hedral faces. 

Some surface markings, such as trigons on 
octahedral faces, could be seen on the larger crys- 
tal. These two crystals are similar in morphology 
to the yellow synthetic diamonds described previ- 
ously (Shigley et al., 1986, 1987}. 


Color. For research purposes only (inasmuch as the 
GIA Gem Trade Laboratory does not color or clari- 
ty grade rough diamonds, either natural or synthet- 
ic), GIA GTL staff members determined that the 
approximate color grade of the two samples is in 
the “L-M” range; that is, they both exhibit a faint 
yellow color. No color zoning was observed. 
According to published reports (Anthony et al., 
1990; Shor, 1990}, some other new GE crystals 
(apparently earlier crystals, presumably grown at 
the GE research facility in Schenectady) have high- 
er color grades, in the “E-G” range. 


Microscopy. Using a gemological microscope at 
low to moderate magnification (10-40x), we saw 
several interesting features. The larger crystal 
revealed a few small, rod-like metallic inclusions 
(figure 4), similar to those we have seen in other 
synthetic diamonds. Both crystals also contained 
clusters or “clouds” of tiny, triangular or lozenge- 
shaped, tabular inclusions in areas beneath the 
octahedral crystal faces, as well as tiny pinpoint 
inclusions scattered throughout. In transmitted 


Figure 4. This small, elongate, metallic inclusion 
was seen in the larger of the two GE '°C synthetic 
diamond crystals. Photomicrograph by John 1. 
Koivula; magnified 40x, 
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light, these tabular inclusions had low relief and a 
brownish appearance. In reflected light, however, 
they had higher relief and a bright, white or metal- 
lic, reflective appearance (figure 5), When suspend- 
ed from a string, both crystals were attracted to a 
simple magnet, undoubtedly because of these flux 
metal inclusions. EDXRF analysis of the smaller 
erystal failed to reveal the chemical composition of 
these inclusions. 

We did not see any graining (or fractures or 
cleavages} in either crystal. 

While examining the two crystals between 
crossed polarizing filters with a gemological micro- 
scope, we saw anomalous birefringence (“strain”) 
present as a weak, banded or clustered pattern of 
gray or blue (first-order and some second-order] 
interference colors. We also observed a weak strain 
pattern related to the occurrence of the large flux 
inclusions (see figure 6) in the larger specimen, and 
a weak banding of strain parallel to the cube faces 
of both crystals. The general absence of strain in 
synthetic diamonds was first reported by Crowning- 
shield (1971} and has been routinely noted in sub- 
sequent GIA articles on the gemological properties 
of synthetic diamonds. 


Luminescence. Both crystals were inert to long- 
wave ultraviolet radiation, but fluoresced a weak 
yellowish orange to short-wave U.V. The latter 
appeared to increase in intensity for a short period 
when the U.V. lamp was turned on, and then to 
stabilize at a certain level. One of the distinctive 
gemological characteristics of gem-quality synthet- 
ic diamonds is that they typically have a more 


Figure 5. Both of the GE '*C synthetic diamonds 
revealed clusters of tiny triangular or lozenge- 
shaped tabular inclusions of flux metal beneath the 
octahedral faces of the crystal. In reflected light, 
these inclusions appear metallic and reflective. 
Photomicrograph by John I. Koivula; magnified 40x. 
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Figure 6. A weak pattern of anomalous birefrin- 
gence (“strain”) can be seen in the smaller crystal 
when it is examined between crossed polarizing fil- 
ters. The black, bluish gray, and light gray are low- 
order interference colors indicative of weak strain. 
The birefringence occurs around inclusions and in 
a pattern related to the arrangement of internal 
growth sectors. Photo by John I. Koivula. 


intense response to short-wave U.V. than to long- 
wave U.V. (Crowningshield, 1971; Koivula and 
Fryer, 1984; Shigley et al., 1986, 1987; Scarratt, 
1987; Rooney et al., 1993). 

However, the zoning of short-wave U.V. fluo- 
rescence seen in the yellow and blue synthetic dia- 
monds we have examined to date was not evident 
in either of these new GE crystals. When the short- 
wave lamp was turned off, both crystals continued 
to luminesce. This moderate greenish yellow phos- 
phorescence persisted for more than two minutes. 

We also observed the cathodoluminescence of 
the two crystals, that is, their luminescence when 
exposed to a bean of electrons in a vacuum cham- 
ber. Under these conditions, we clearly saw a 
zoned pattern of luminescence corresponding to 
the arrangement of different internal growth sec- 
tors (as has been reported in yellow synthetic dia- 
monds; see Shigley et al., 1987). 

There was, however, some difference in catho- 
doluminescence pattern between the two GE crys- 
tals. When viewed with its base upward, the small- 
er crystal exhibited large areas of slightly greenish 
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blue luminescence just below (and with some 
banding parallel to) the four octahedral faces (figure 
7}. Beneath the four cube faces, we observed nar- 
row areas that formed a cross-shaped pattern with 
a weaker reddish luminescence (not visible in fig- 
ure 7). In the larger crystal, the areas of bluish 
luminescence, again beneath the octahedral faces, 
were smaller, but the areas of weak reddish lumi- 
nescence beneath the cube faces were larger. There 
was also a small area of bright blue luminescence 
in the center of this crystal. These luminescence 
patterns are related to the relative sizes, differences 
in impurity content, and different geometric 
arrangements of the internal growth sectors. We 
were surprised, however, to see stronger lumines- 
cence from the octahedral growth sectors of these 
crystals than from their cube sectors (in contrast to 
previous observations; see Shigley et al., 1987). 
Regardless, this zoning geometry clearly indicates 
the presence of different types of growth sectors, 
which identifies the crystals as synthetic. 

When exposed to a beam of X-rays, both crys- 
tals luminesced yellow. When the X-rays were 
turned off, both crystals exhibited very persistent 
yellow phosphorescence—the larger crystal for 
about two minutes, and the smaller crystal for 
about 10 minutes. 


Electrical Conductivity. Neither crystal proved to 
be electrically conductive. This directly contrasts 
with data reported on the near-colorless GE syn- 
thetic diamonds produced in the early 1970s 
(Crowningshield, 1971; Koivula and Fryer, 1984}, 
which we determined—on the basis of their mid- 
infrared spectra—to be a mixed type Ila/IIb. As a 
result, electrical conductivity is no longer as diag- 
nostic an identification property for near-colorless 
synthetic diamonds as was suggested in these arti- 
cles. 


Spectroscopy. We saw no sharp absorption bands in 
the visible spectra of either crystal, although we 
did observe a very slight increase in absorption 
toward the ultraviolet in both. This broad absorp- 
tion at the blue end of the spectrum accounts for 
the faint yellow color of these crystals. 

The infrared spectra of these two crystals con- 
firmed that they are type-Ila diamonds, none of the 
impurity-related absorption bands that are charac- 
teristic of other diamond types were present (for 
information on diamond types, see Fritsch and 
Scarratt, 1992}, This is consistent with the high- 
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Figure 7, The uneven cathodoluminescence of the 
smaller GE "°C synthetic diamond results from the 
conditions of crystal growth, which produced an 
arrangement of octahedral and cube internal 
growth sectors that are revealed by their differing 
luminescence behavior. Photo by Maha DeMaggio. 


purity crystal-growth method used. Therefore, nei- 
ther visible-range nor infrared spectroscopy is use- 
ful in identifying the synthetic character of these 
crystals. 


DISCUSSION 


The gemological reports on earlier GE synthetic 
diamonds noted that they contained flattened or 
rod-like dark metallic inclusions or tiny dust-like 
pinpoints, exhibited no sharp bands in their visible- 
range absorption spectrum, and were remarkably 
free of “strain.” Two of the faceted stones exam- 
ined for these reports were color graded in the “I-J” 
range. In addition, these synthetic diamonds fluo- 
resced and phosphoresced yellow to short-wave 
{but not to long-wave} U.V. radiation and to X-rays, 
and they were slightly electrically conductive. 
Tests such as infrared spectroscopy and EDXRF 
chemical analysis that are now routinely per- 
formed in gemological research were not done at 
that time because the instrumentation was not 
readily available. 

The two crystals documented here have both 
similarities to, and differences from, early GE near- 
colorless synthetic diamonds—as reported by 
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Crowningshield (1971) and Koivula and Fryer 
{1984}, and with information provided by three 
crystals (0.20 to 0.75 ct) and four faceted stones 
(0.29 to 0.78 ct; “F—G” and “H” color grades} sub- 
sequently examined in GIA Research. Both the 
older and the newer GE gem-quality synthetic dia- 
monds have weak-to-strong yellow short-wave 
U.V. fluorescence (but no long-wave U.V. fluores- 
cence}, little or no “strain,” metallic flux inclu- 
sions, and a visible-range absorption spectrum with 
no sharp bands. However, the earlier GE material 
is electrically conductive type-Ila/IIb diamond 
while, in contrast, the newer GE crystals are type- 
Ia diamonds, which do not conduct electricity. We 
are certain that these features result from differ- 
ences in the growth process and are not related to 
the carbon isotope composition. 

As part of GIA’s ongoing research into synthet- 
ic diamonds, we have also begun to document 
type-Ia natural diamonds to help identify their dis- 
tinguishing characteristics. Although to date we 
have studied only 30 rough and faceted type-Ila dia- 
monds, some preliminary observations can be 
drawn, 

These “near-colorless” natural type-Ila dia- 
monds appeared to fall into two categories: (1] 
those that are slightly brownish or grayish (five of 
the 30}, and (2) those that are essentially colorless 
(“D to PF” color grades; 25 of the 30). Of the 30 sam- 
ples, 20 were inert to both long- and short-wave 
U.V. radiation, and 10 exhibited a very weak or 
weak blue, yellow, or orange fluorescence to both 
wavelengths (with the long-wave reaction equal to 
or greater than the short-wave reaction}. Although 
very weak U.V. fluorescence in a diamond may be 
difficult to see (even in a darkened room}, we saw a 
very weak yellow or blue fluorescence to short- 
wave U.V.—with no fluorescence to long-wave 
U.V.—in only two of these natural diamonds. Only 
one of the 30 samples displayed any phosphores- 
cence: a weak yellow luminescence that persisted 
for only a few seconds. Weak octahedral graining 
could be seen in almost all faceted samples, and 
they all exhibited a corresponding weak, cross- 
hatched “strain” pattern of blue and yellow or gray 
interference colors (with the cross-hatched pattern 
representing planes parallel to octahedral crystal 
faces}. Metal inclusions are virtually unknown in 
natural gem diamonds (although Sobolev et al., 
1981, reported the presence of metallic iron as 
inclusions in some natural diamonds). Nor have 
we ever seen triangular tabular inclusions, like 
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those in the two GE crystals described here, in a 
natural diamond. Last, the visible-range absorption 
spectra of the natural samples lacked strong sharp 
absorption bands, but two samples displayed one 
or more weak sharp bands (such as at 503, 515, and 
575 nm). We observed no distinctive features in the 
infrared spectra of these 30 natural diamonds. 

In general, the most useful properties to identi- 
fy near-colorless GE synthetic diamonds include 
short-wave U.V. fluorescence and phosphores- 
cence, metallic inclusions, yellow X-ray lumines- 
cence and phosphorescence, and zoned cathodolu- 
minescence. The absence of anomalous birefrin- 
gence is only an indication of synthetic origin, as is 
the observation of a visible spectrum with no sharp 
absorption bands. However, because we have been 
able to examine only a very few near-colorless 
gem-quality synthetic diamonds to date, we urge 
caution in overgeneralizing from these few obser- 
vations. 

When testing an unknown near-colorless dia- 
mond, a practical approach would be to check the 
short-wave U.V. luminescence, and to look for the 
presence of metallic inclusions and for the absence 
of both anomalous birefringence and sharp bands 
in the visible absorption spectrum. Since most 
near-colorless natural gem diamonds are type Ia, 
they will likely have U.V. luminescence (to both 
long- and short-wave radiation, with long-wave 
more intense than short-wave} and a visible-range 
absorption spectrum exhibiting one or more sharp 
bands (“Cape lines”). Although natural type-I dia- 
monds will not show these features, they can dis- 
play graining and anomalous birefringence related 
to their growth as octahedral crystals. In testing an 
unknown near-colorless diamond, it may be more 
useful to check for features that prove the stone is 
a natural diamond than to look for those that indi- 
cate that the diamond is synthetic. Use of 
advanced techniques such as cathodoluminescence 
or possibly EDXRF chemical analysis may help 
confirm an identification in difficult cases. 


CONCLUSION 

Examination of two near-colorless, isotopically 
pure, °C type-Ila synthetic diamond crystals 
grown by General Electric using a new method has 
revealed that they have several distinctive gemo- 
logical properties. Most diagnostic are lumines- 
cence to short-wave U.V. radiation (as for most 
synthetic diamonds reported to date}, and the pres- 
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ence of metallic inclusions and very small triangu- 
lar tabular inclusions. Further study of natural and 
synthetic type-Ila diamonds is needed to confirm 
these preliminary identification criteria. Although 
colored synthetic diamonds have some obvious 
distinctive properties, the identifying characteris- 
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Clarified AMBER Beads 


While we were working on the mys- 
tery of the fading amber cabochons 
described in the Summer 1993 Lab 
Notes section (pp. 122-123), we 
received a necklace of baroque amber 
“nuggets” (figure 1} that had many of 
the characteristics of the previously 
described specimens. Specifically, the 
“nuggets” also fluoresced orange to 
long-wave U.V. radiation in the 
brown areas and blue in the near-col- 
orless areas. A few beads had planes 
of tiny bubbles near the surface, and 
many showed heat-induced “sun 
spangles.” As with the cabochons, 
the color of these beads also appeared 
to be confined to the surface, although 
wherever a stress “spangle” broke the 


Figure 1. Prolonged exposure to 
strong light did not change the 
color of the amber beads (largest 
is 2.4 x 15.25 x 7.80 mm) in this 
40-cm (16-inch) long necklace of 
amber beads. 
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Figure 2, The heat-induced 
“spangles" that reach the surface 
of this amber bead are dark; 
those that are totally enclosed 
wilhin the bead are not. 


surface, the brown color had penetrat- 
ed it, contrasting markedly with the 
colorless appearance of those spangles 
that were completely enclosed (figure 
2). Because the fluorescence, near-sur- 
face bubbles, and stress spangles are 
typical of clarified material, it would 
appear that the original material from 
which most, if not all, of the beads 
were fashioned was cloudy. 

Since these beads had properties 
similar to those of the cabochons 
described in the last issue, which faded 
when exposed to light, we fade tested 
one by placing it about 7.5 cm (3 inch- 
es) from the bulb of a 12-watt Tensor 
lamp for seven days. {Neighboring 
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beads were carefully shielded from the 
light.) The selected bead failed to fade, 
which indicates that the material was 
not surface treated in the same man- 
ner as were the cabochons described in 
the Summer issue. 

At the time we tested the “fad- 
ing” amber cabochons, we also 
exposed one each of five pairs of close- 
ly matched, untreated Dominican 
amber cabochons to the Tensor lamp 
for a seven-day period. The control 
sample of each pair was kept in the 
dark during the exposure period. All 
but one of the exposed cabochons 
actually darkened. This reaction was 
not unexpected, since untreated amber 
typically darkens with time due to 
oxidation. Exposure to strong light 
apparently accelerates the process. 

GRC 


DIAMOND 


Brown-Pink Diamond 

with “Green Graining” 

“Green graining” (colorless or brown 
graining that appears green because of 
transmission luminescence} is most 
commonly associated with brown, 
orange, and yellow diamonds, and has 
been seen in some green and near-col- 
orless stones. Recently, the West 
Coast lab received a 0.52-ct brown- 
pink round brilliant for grading and 
determination of its color origin. 
Magnification showed green graining 


Editor's note: The initials at the end of each item iden- 
tily the contributing editor who provided that item. 
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Figure 3, This 0.52-ct natural- 
color brown-pink diamond ts 
unusual because it exhibits 
brownish pink graining that 
luminesces green. Magnified 15x. 


throughout the pavilion; when used 
in conjunction with fiber-optic illu- 
mination, it revealed that the green 
graining was actually brownish pink 
graining that was luminescing green 
(figure 3). 

When examined with fiber-optic 
illumination, the diamond also exhib- 
ited a moderate overall green trans- 
mission luminescence. With a desk- 
model spectroscope, we observed 
absorption lines at 498 and 504 nm 
(but no 594-nm line}, which is typical 
of stones that exhibit green graining. 
We also observed an absorption line at 
415.5 nm, as well as the weak bands 
centered at about 500 and 580 nm 
that are commonly seen in natural- 
color pink diamonds. The observed 
spectrum, plus the presence of pink 
graining, proved that the stone was of 
natural color. Such “green graining” is 
extremely rare in natural-color pink 
diamonds. 

Patricia Maddison and RCK 


Light Violet-Gray Diamond 
Figure 4 shows the unusual color of a 
27.89-ct pear-shaped diamond next to 
a 7.14-ct D-color stone for compari- 
son. This internally flawless, light 
violet-gray diamond—cut by a New 
York dealer from a 60+-ct piece of 
South African rough—exhibited some 
unusual characteristics. 

During routine examination with 
the DiamondLite (the stone posi- 
tioned table down}, we noticed two 
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well-defined zones of gray. One was 
wedge shaped and located toward the 
head of the stone; the other was more 
rectangular and in the center, just 
below the culet. When we viewed the 
diamond (still table down) parallel to 
the girdle plane and in the direction of 
the length, we saw a pale pink color 
that was even more apparent in the 
pointed end of this pear-shaped stone 
when it was examined table up. 

Testing for electrical conductivity 
revealed a weak conduction, with the 
zones of conductivity correlating to 
the gray areas—thus indicating that 
they are type IIb. The diamond did not 
react to long-wave U.V. radiation, but 
it fluoresced weak orangy red to short- 
wave U.V., with phosphorescence of 
the same color lasting about three 
minutes. This is consistent with some 
other type Ib diamonds. 

No absorption features were visi- 
ble with a desk-model prism spectro- 
scope. Nor did the U.V.-visible spec- 
trum recorded with a Pye Unicam 
SP8-400 spectrometer show any dis- 
tinct features. The mid-infrared spec- 
trum, recorded with a Nicolet 510 
FTIR spectrophotometer, showed fea- 
tures associated with both type IIb 
and Ila diamonds. The absence of any 
spectral features that would indicate 
treatment, together with the electri- 
cal conductivity of this stone, proved 
that it was natural color. In addition, 


type Ia natural-color pale pink dia- 
monds have been documented by the 
GIA Gem Trade Laboratory many 
times, as well as reported in the litera- 
ture (see, e.g., Journal of Gemmology, 
Vol. 20, No. 6, 1987, pp. 358-361). 
The violet-gray color can be 
explained as an optical combination 
of the gray and pink zones. Although 
this is a good example of the mixture 
of two diamond types, it is the first of 
this combination (Ia and Ib} that we 
have recorded. (For more information 
on diamond types, see, e.g., Gers #& 
Gemology, Spring 1992, pp. 38-39.) 
Tene Reinitz and TM 


Strain Phantom in Diamond 
Phantom crystals are one of the more 
interesting internal features in gems. 
Although generally associated with 
single-crystal quartz, they are also 
encountered in other materials, 
including diamond. In the latter, they 
are typically defined by clouds of pin- 
point inclusions and/or various types 
of graining, both of which usually can 
be resolved with darkfield illumina- 
tion. 

Recently, the West Coast lab was 
asked to determine origin of color for 
a 3.01-ct modified emerald-cut light- 
yellow diamond. Microscopic exami- 
nation with darkfield conditions 
revealed nothing unusual. However, 
when crossed polarizers were used in 


Figure 4. Note the subtle color difference between the light violet-gray 
27,.89-ct pear-shaped diamond on the right and its D-color 7.14-ct coun- 


terpart on the left. 
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Figure 5. Crossed polarizers clearly reveal a "strain phantom" in this 
3.01-ct light-yellow diamond. Magnified 8x. 


conjunction with magnification, we 
were surprised to see a well-formed 
phantom with a distinctive octahe- 
dral shape that was very clearly 
defined by first-order interference col- 
ors (figure 5), Although such phan- 
toms are not unknown in diamond, 
this one is exceptional for the sharp- 
ness of its delineation. RCK 


Synthetic Yellow 

Diamond Crystal 

Last summer, the East Coast labora- 
tory received a 0.74-ct orangy yellow 
crystal for routine identification. 
Measuring 4.83 x 4.75 x 3.62 mm, the 
crystal displayed a predominantly 
cubic form with minor octahedral 
and dodecahedral faces. 

Magnification revealed fairly 
large inclusions with metallic luster; 
when suspended by a thread, the crys- 
tal was attracted to a magnet, actual- 
ly attaching to it. With magnification, 
we also noted a square pattern of 
ultraviolet fluorescence and color zon- 
ing centered roughly in the middle of 
the crystal’s base. This fluorescence 
was a moderate green to short-wave 
U.V, radiation and a weaker green to 
long-wave U.V. 

Infrared spectroscopy helped fur- 
ther characterize the specimen, show- 
ing it to be essentially type Ib with 
some IaA character. In the visible 
range, we noted rising absorption from 
400 to about 480 nm, with distinct, 
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sharp absorptions at 495, 628, 637, 
648, and 659 nm. Weaker features 
were seen at about 609, 615, 618, 630, 
642, 651, 684, 711, and 733 nm. 

The crystal morphology, metallic 
inclusions, magnetic reaction, color 
zoning, and stronger reaction to short- 
wave than long-wave U.V., clearly 
identified the crystal as synthetic dia- 
mond. The absorptions at 659 and 733 
nm, and a weak feature in the mid- 
infrared at about 1050 cm_/ (attributed 
in the scientific literature to Ni-relat- 
ed defects], are also consistent with 
synthetic diamond that has been 
grown in a Ni-containing metallic 
flux. The absorption at 637 nm sug- 
gests that the crystal had been subject- 
ed to annealing. We noted with inter- 
est that some of these properties are 
slightly different from those observed 
in yellow gem-quality synthetic dia- 
monds produced by General Electric, 
Sumitomo, or De Beers (see, €.g., relat- 
ed articles in the Fall 1984 [pp. 
146-158], Winter 1986 [pp. 192-208], 
and Winter 1987 [pp. 187-206] issues 
of Gems # Gemology). However, all 
features are consistent with those of 
some Russian yellow synthetic dia- 
monds currently being studied by GIA 
Research and the GIA Gem Trade 
Laboratory (see the Gem News sec- 
tion of this issue; a detailed report on 
these investigations is also scheduled 
for am upcoming issue of Gems &@ 
Gemology). 


Soon after receiving the above 
crystal for examination, the lab was 
asked to identify, first, a predominant- 
ly red round brilliant-cut stone and, 
some weeks later, a predominantly 
red radiant cut, These items, 
described elsewhere in this issue (pp. 
182-190}, were also determined to be 
synthetic diamonds, with features 
similar to those of the Russian syn- 
thetics we have examined. The color 
was the result of irradiation followed 
by annealing. 

TM, RCK, and Emmanuel Fritsch 


Treated Green Diamond 
with a Blue Color Zone 
Determining origin of color for some 
light green diamonds still poses a 
great challenge for the gemologist. 
The green color is usually caused by 
irradiation, but the source of the radi- 
ation may be either natural or the 
product of a laboratory. The criteria 
used to identify the sources of radia- 
tion remain few, but over the years 
we have documented certain charac- 
teristics in known treated stones that 
do reveal laboratory enhancement. 
One identifying characteristic is a 
simall blue zone close to the culet 
(see, e.g., E. Fritsch and J. E. Shigley, 
Gems & Gemology, Summer 1989, 
pp. 95-101). This feature was very 
obvious in a 0.75-ct oval, brilliant-cut 
diamond sent to the West Coast lab 
for an origin-of-color report. The 
stone was an attractive light bluish 
green. No green or brown radiation 
stains were visible that could impart 
the green color; nor were there any 
prominent internal features, except 
for some graining that appeared 
brown. In addition, the stone 
appeared to have a brownish body 
color when viewed table down in the 
diamond tray. The visible absorption 
spectrum did not reveal any distinct 
lines other than a faint smudge 
around 500 nm that is usually seen in 
brown diamonds, The diamond fluo- 
resced a weak yellowish green to both 
long- and short-wave U.V. radiation. 
However, when the stone was 
viewed table up over a diffused light 
source, a bluish zone on only one side 
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Figure 6. A small blue color 
zone, present on only one side of 
the culet of this 0.75-ct oval dia- 
mond, not only strongly influ- 
ences the stone's faceup color, 
but also proves that it has been 
treated. 


of the pavilion became visible (figure 
6}. (We have found that a white color- 
grading tray placed above the light 
well in a microscope can make color 
zones Stand out quite prominently.) 
Although this blue zone at the culet 
proved {with ‘immersion in methy- 
lene iodide} ‘to be quite small and 
appeared on only one side of the 
pavilion, its location was such that it 
imparted enough blue color to make 
the otherwise light brown diamond 
appear bluish green. We also noticed 
on the table of this stone a feature 
that we had never before encountered 
on any diamond: a whitish, irregular- 
ly shaped “coating” of unknown ori- 
gin (figure 7). KH 


Devitrified GLASS, 

Resembling Actinolite 

Among the less commonly seen gem 
imitations are devitrified glasses. 
These result from the alteration of a 
substance from a glassy, noncrys- 
talline structure to one of partial or 
total crystallization. The trade is prob- 
ably most familiar with the green 
devitrified glasses, which are used as 
jade simulants and marketed under 
such trade names as “Meta jade” and 
“Tmori stone.” The lab has also exam- 
ined a cobalt-bearing black partially 
devitrified glass represented as dyed 
black “onyx” (Lab Notes, Summer 
1986, p. 108}. Other devitrified glasses 
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Figure 7, The unidentified "coat- 
ing” on the table of the stone in 
figure 6 is the first such feature 
encountered on a diamond in 
the GIA Gem Trade Laboratory. 
Magnified 8x. 


reported in Gems @ Gemology 
include those that resemble lapis 
lazuli (G. Bosshart, “Cobalt Glass as a 
Lapis Lazuli Imitation,” Winter 1983, 
pp. 228-231) and one that was remi- 
niscent of the distinctive blue pecto- 
lite from the Dominican Republic 
(Gem News, Winter 1990, p. 309). 
Recently, the West Coast lab 
received for identification the 12.25-ct 
tapered, somewhat trapezoidal, tablet 
shown in figure 8. The dark green 
color, low diaphaneity, and promi- 
nent, eye-visible planes of coarse 


Figure 8. This unusual 12.25-ct 
tablet, which is reminiscent of a 
mass of actinolite crystals, 
proved to be devitrified glass. 
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fibers reminded us of similar features 
seen in masses of actinolite crystals. 
Gemological testing revealed a refrac- 
tive index of 1.60 and a specific gravi- 
ty of 2.72. Examination with a desk- 
model spectroscope showed strong 
absorption increasing toward both 
ends of the spectrum, with a trans- 
mission window from about 540 to 
580 nm. Magnification revealed a 
roiled or swirled effect throughout, as 
well as the fern-like structure typical 
of devitrified glass. Our client subse- 
quently told us that this unusual 
material had been found in a rock 
quarry in Michigan, where it occurred 
as irregular lumps. How this manu- 
factured glass got there is not known. 

RCK 


Bleached/Polymerized 

JADEITE Update 

Both figures 1 and 3 of the article 
“Identification of Bleached and Poly- 
mer-Impregnated Jadeite” (Gems & 
Gemology, Fall 1992, pp. 176-187} 


Figure 9. The beads (8.7-10.0 
mm) in this variegated jadeite 
necklace are representative of 
the quality of most of the 
bleached and polymer-impreg- 
nated jadeite seen thus far in the 
East Coast laboratory. 
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Figure 10. This fine 34.82 ct (39.36 

x 17,52 x 6.20 mn1) jadeite pendant 
also proved to have been bleached 
and polymer impregnated. 


showed high-end treated jadeite. In 
the months after that article appeared, 
however, only variegated material (fig- 
ure 9; similar to the mottled necklace 
of “B-jade” pictured in the same arti- 
cle} was seen in the East Coast lab, 

Recently, however, a New York 
dealer submitted carvings suitable for 
pendants (sce, e.g., figure 10}, stating 
that he had been informed that the 
stones had had “the treatment.” 
However, because he had not seen 
this quality and color for many years, 
he needed to know if color had been 
added as well. We were happy to 
assure him (based on the visible spec- 
trum} that the green color was natu- 
ral, although there were enormous 
polymer peaks in the infrared region 
of the spectrum (figure 11}. 

By coincidence, we received a 
jadeite ring and matching earrings at 
the same time that we were testing 
the pendants. To the unaided eye, 
they appcared to be equal in quality 
to the pendants, but they did not 
show the presence of any polymer. 

GRC 


Figure 11, The infrared absorption spectrum of the pendant in figure 10, 
produced with a Nicolet 510 DX infrared spectrometer, shows strong 
peaks in the mid-infrared range that are diagnostic of a polymer. 
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PEARLS 


Cultured Pearl, Unusual “Twin” 


Throughout history, pearls with 
unique shapes occasionally have been 
used creatively in jewelry to simulate 
flora or fauna. First popularized during 
the Renaissance era, these were par- 
ticularly prevalent in jewelry from the 
late 1800s and early 1900s (see, e.g., 
Dirlam et al., “Pearl Fashion Through 
the Ages,” Gems & Gemology, Sum- 
mer 1985, pp. 63-78). These unusual 
shapes were made into objets d'art, a 
practice that continues today. 

The East Coast lab recently 
received for identification a gray pearl 
that was set in a brooch with a bird 
motif (figure 12}. Not only did X- 
radiography prove this to be a cul- 


Figure 12. This brooch (approxi- 
mately 29.0 x 25.4 x 6,7 mm) is 
set with a natural-color cultured 
pearl that was found to contain 
two beads. 


Figure 13, An X-radiograph of the 

brooch in figure 12 proves that the 
pearl is cultured and has two sep- 

arate beads. 


ae 
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tured pearl, but it also revealed two 
beads (figure 13}. It was not so readily 
apparent from the X-radiograph 
whether this was one whole piece or 
a doublet. However, closer inspection, 
with a binocular microscope, revealed 
a continuation of nacreous structure 
between the head and the body. In 
addition, the brown-orange long-wave 
U.V. fluorescence, which is diagnostic 
of natural color (similar to pearls from 
French Polynesia}, was uniform over 
the pearl—further proof that it was 
not an assemblage but rather one 
piece, essentially a twin cultured 
pearl. Nicholas DelRe 


Eroded Cultured Pearls 


Figure 14 shows a section of a rela- 
tively old (as suggested by the small 
nuclei and the amount of wear evi- 
dent} double-strand cultured pearl 
necklace received by the East Coast 
lab. Note the area of each pearl that 
eroded, leaving a “cap” at either end, 
after repeated Contact with the wear- 
er’s skin. This erosion affected the 
first dozen or so pearls at both ends of 
each strand, where they would be in 
constant contact with the neck. It 
would appear that this necklace did 
not receive proper care, that is, wip- 
ing with a damp cloth after each 
wearing. GRC 


Figure 15. Table up, this 4.55-ct oval-cut quartz 


appears a fairly untform, vivid pink. 


Figure 14. The central areas of 
these pearls (5.6-10.4 mm in 
diameter) have been eroded by 
contact with the acidic skin of 
the wearer. Magnified 10x. 


Color-Zoned Pink QUARTZ 


Last year, a gem dealer from Tedéfilo 
Otoni, Brazil, showed us some curi- 
ous faceted colorless quartz with 
vivid pink banding, reportedly from 
the Aracuai region of Minas Gerais. 
Later, at the February Tucson gem 
shows, we saw limited quantities of 
this gemological curiosity in the form 
of faceted stones weighing up to a few 
carats. 

More recently, the West Coast 
lab inspected a highly transparent 
4.55-ct modified brilliant-cut oval 


stone that, face up, appeared to be a 
fairly uniform vivid pink (figure 15). 
However, further examination showed 
color zoning—densely packed thin 
pink bands in an otherwise colorless 
stone (figure 16]. The gemological 
properties were consistent with those 
of quartz. 

Although identification of the 
species was straightforward, the stone 
presented a nomenclature problem. 
Should a recognized variety name 
{i.e., rose quartz or amethyst} be used? 
To help answer that question, addi- 
tional testing was carried out at GIA 
Research. 

EDXRF analysis revealed— 
besides silicon—only traces of iron, 
Yet U.V.-visible absorption spec- 
troscopy showed absorption features 
more similar to those of amethyst 
{color produced by iron} than of rose 
quartz, which suggests that the color- 
ing agent might be iron. 

Still, it did not seem appropriate 
to call the material amethyst, as it 
was Clearly not purple. In addition, 
the color banding was very unlike the 
thombohedral color zoning typical of 
this variety. Although the hue was 
closer to that of rose quartz, rose 
quartz is usually semi-transparent at 
best; this stone was more transparent 
than any specimens of rose quartz we 


Figure 16. Examination at 10x magnification reveals 


that the pink color of the stone in figure 15 is confined 


to densely packed bands. 
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have previously encountered. Also, 
we have not seen such color zoning 
in rose quartz. Therefore, we identi- 
fied the stone simply as “quartz,” 
including the unusual color in its 
description. 

RCK and Emmanuel Fritsch 


SYNTHETIC RUBY 


Another Imitation Ruby “Crystal” 


GIA Gem Trade Laboratory staff are 
periodically asked to identify what at 
first glance appear to be natural gem 
crystals. Gemological testing, howev- 
er, has exposed a number of these as 
clever fakes, including cubic zirconia 
fashioned to resemble diamond octa- 
hedra (see, e.g., Lab Notes, Winter 
1988, p. 241), flame-fusion synthetic 
corundum fashioned to imitate natu- 
ral corundum crystals (Gem News, 
Winter 1989, pp. 249-250], a glass 
imitation of tourmaline (Gem News, 
Summer 1992, pp. 138-139), and 
irregular pieces of synthetic ruby that 
have been misrepresented as natural 
waterworn rough from Vietnam 


Figure 17. This 10,85-ct imitation 
of a waterworn ruby crystal is 
fashioned from melt-grown syn- 
thetic ruby. 
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Figure 18. Synthetic rubies (the largest is 1.5 x 1.8 x 2.3 mm) were used 
in the labor-intensive "invisible" settings of these earrings. 


(Gem News, Winter 1991, p. 260). 
This last imitation appears to have 
become endemic in the gem trade. 

One of the cleverest such imita- 
tions ever encountered in the West 
Coast lab is the 10.85-ct “crystal” 
shown in figure 17, which resembles 
a somewhat distorted hexagonal pyra- 
mid with a polished base. The “natu- 
ral” appearance was further enhanced 
by the waterworn look of the ersatz 
prism faces, which also exhibited 
irregularly spaced, parallel “stria- 
tions,” apparently sawn across their 
widths, 

The gemological properties of 
this specimen, including R.I. and 
absorption spectrum, were typical of 
ruby, either natural or synthetic. 
However, examination of the speci- 
men’s interior through the polished 
base revealed a network of fractures 
typical of synthetic corundums that 
have been quench-crackled to give 
them a less perfect and more “natu- 
ral” look. Also noted, near the inter- 
section of some fractures, were 
minute, highly reflective inclusions 
that were only tentatively identified 
as gas bubbles. As these data were 
inconclusive in proving natural or 
synthetic origin, the specimen was 
further examined by GIA Research 
using EDXRF analysis. This revealed 
a trace-element composition typical 
of a melt-produced synthetic ruby. 

RCK 


In “Invisible” Mountings 

The setting of gemstones so their 
mountings are “invisible” is an 
uncluttered and attractive way to use 
many small stones in a single piece of 
jewelry. In this process, square-cut 
{usually} stones are fitted into a 
gallery of metal tracks. So the stones 
can “snap” precisely into the metal 
framework, parallel grooves must be 
polished on their pavilions (see., e.g., 
Lab Notes, Spring 1993, p. 48}. This 
labor-intensive “mystery” setting was 
made popular in the 1930s by Van 
Cleef & Arpels (see D. Federman, 
“Invisible Setting,” Modern Jeweler, 
February 1993, pp. 51-53). 

Until about 10 years ago, virtual- 
ly all the invisible-mounting ruby- 
and-sapphire pieces submitted to the 
lab carried the Van Cleef & Arpels 
signature and were set with fine-qual- 
ity natural stones. Over the last 
decade, however, we have seen a pro- 
liferation of lower-quality rubies and 
sapphires mounted by this costly fab- 
rication method. In general, these 
pieces do not rival the signature 
pieces in the workmanship of the 
mountings or overall quality, but it 
appears that the execution is cost 
effective. 

Nevertheless, we were quite sur- 
prised to determine that the stones 
set by this labor-intensive process in a 
pair of flower-motif earrings (figure 
18) sent to the East Coast lab were 
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Figure 19. This asteriated doub- 
let (approximately 13.5 x 11.0 x 
7.6 min) is composed of a syn- 
thetic ruby top and an unidenti- 
fied natural base matertal. 


actually flame-fusion synthetic 
rubies. Because of the repeated cut- 
ting and repolishing necessary to fit 
the stones in place, the curved striae 
were difficult to see, although they 
were visible in most stones when dif- 
fused lighting was used. In addition, 
high magnification with fiber-optic 
illumination revealed numerous tiny 
telltale gas bubbles. The stones also 
fluoresced a strong red to short-wave 


U.V. radiation, a characteristic of 
flame-fusion synthetic rubies. 
Dan Campbell and TM 


As the Top Stone in 
an Asteriated Doublet 


Because the identification of loose 
assembled stones is usually straight- 
forward, it is not surprising that many 
of the composite gems seen in the lab 
are mounted in jewelry. The two 
types we encounter most often are 
opal assemblages {including doublets 
and triplets} and doublets of natural 
and/or synthetic corundum (occasion- 
ally in various combinations with 
natural or synthetic spinel]. On rare 
occasions, we have also encountered 
assembled stones that display aster- 
ism (e.g., a star sapphire and sapphire 
doublet, as reported in this section in 
the Fall 1985 issue, p. 171). 

Recently, the West Coast lab 
received for identification a transpar- 
ent red cabochon, bezel set in a man’s 
yellow metal ring, that displayed a 
six-rayed star (figure 19). The spot R.I. 
reading, characteristic absorption 
spectrum, and {as seen with magnifi- 
cation) presence of curved striae iden- 
tified the crown as synthetic ruby. 
Magnification also revealed numer- 
ous round and oval gas bubbles in the 
cement layer. The reddish purple, 
semi-translucent base of the cabo- 


chon showed pronounced hexagonal 
growth zoning, partially healed frac- 
tures, yellowish brown {limonitic?} 
staining in fractures, and negative 
crystals. Although these features are 
proof that the base is a natural gem 
material, the mounting prevented a 
definitive identification. The features 
noted, however, are consistent with 
the typically low-transparency, silk- 
rich natural corundum that is some- 
times called “mud ruby” in the trade. 
The use of such material for the base 
would also explain the asterism 
exhibited by the assemblage, as no 
silk was noted in the synthetic ruby 
top. 

Because we could not conclusive- 
ly identify the base, the report read “a 
doublet consisting of a synthetic ruby 
top with an unidentified bottom, held 
together with cement,” and indicated 
that the stone would have to be 
removed from the mounting to iden- 
tify the bottom material. RCK 


PHOTO GREDITS 


The photos used in figures 1, 2, 4, 9, 10, 12-14, and 
18 were taken by Nicholas DeiRe. Photomicrographs 
in figures 3, 5, and 7, and the macro photograph in 
figure 6, were by John |. Koivula. Maha DeMaggio 
supplied figures 8, 17, and 19. llene Reinitz produced 
the spectrophotometer curve in figure 11. Shane 
MeClure provided figures 15 and 16. 


WEAR THE SYMBOL OF EXCELLENCE AND PROFESSIONALISM 


class ring, 


GIA’s diploma programs. 
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The GIA Class Ring 
The Mark of Achievement 


You're proud of your GIA education and the diploma that 
you earned, Now you can show your pride by wearing this 
symbol of excellence and professionalism ... 


Superbly crafted in 14K or 18K yellow gold with an 
antique finish, cach ring is topped with the GIA crest and 
engraved with your year of graduation. Styled in a 
distinctive octagonal shape, the ring comes in men’s and 
women’s sizes. This offer is exclusive to graduates of 


the GIA 


For more information or to place an order, call the GIA 
Bookstore, nationwide TOLL-FREE (800) 421-7250, ext. 703 
or G10) 829-2991, ext. 703. 
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Argyle production update. Figures for the first six months 
of 1993 place diamond production by Australia's Argyle 
mine at 20,013,571 ct from the AK1 pipe primary deposit 
and 1,060,968 ct from nearby alluvial activity. If produc- 
tion proceeds at this pace, it will undoubtedly exceed the 
36,567,849 ct reported for all of 1992. Although the allu- 
vial figure is only a small fraction of Argyle's total out- 
put, alluvial diamonds are generally of higher quality 
than those extracted directly from the pipe. (Diamond 
Intelligence Briefs, August 23, 1993, p. 1031} 


Central African Republic has strong reliance on dia- 
monds, The importance of diamonds to a country's econ- 
omy is well illustrated by figures from the Central 
African Republic (CAR). According to an August 1993 
mining report on Francophone Africa, diamond sales 
account for 50% of the CAR's gross domestic product 
and 46% of its export earnings. Annual diamond produc- 
tion is roughly 380,000 ct, of which nearly 80% is report- 
edly gem quality. 

A number of foreign firms have recently started 
exploration for additional diamond deposits. One, 
Australia-based Walhalla Mining, has recovered numer- 
ous diamonds over | ct from alluvium in the firm's 100- 
km? exploration area. Bulk testing of both colluvial and 
eluvial deposits is scheduled to begin in late 1993. 
Meanwhile, Canada-based United Reef Petroleum has 
reported discovering 36 more diamonds, ranging from 
0.26 to 7.53 ct, at its Bamingui-Bangoran project in the 
country's north. (Mining Magazine, August 1993, pp. 65, 
106; Diamond Intelligence Briefs, August 23, 1993, p. 
1028) 


CSO names first Chinese sightholder. The Central 
Selling Organisation (CSO} in London has added the first 
indigenous Chinese firm to its list of sightholders. 
Located in Shanghai, the China National Pearl, 
Diamond, Gem & Jewellery Import/Export Corporation 
is a government-owned entity. It is interesting to note 
that Gerald L. §. Rothschild, former managing director of 
I. Hennig brokers, acted as the CSO broker in securing 
the sight. 

The new Chinese sightholder is not the first govern- 
ment-owned operation to be made a sightholder—India 
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and Israel have also had government-owned sightholders. 
Three more firms, all from India, were also recently 
added to the list of sightholders. (Diamond Intelligence 
Briefs, July 26, 1993, pp. 1017ff) 


Indian polished exports increase. For the one-year period 
ending March 31, 1993, India reported the purchase of 
US$2.380 million worth of rough diamonds and the 
export of polished stones worth $3.240 million, the latter 
figure representing an added value of 36%, some 10% 
greater than that recorded for the prior one-year period. 
The improved export performance was attributed to a 
move by consumers in recession-hit industrialized 
nations to the types of smaller stones cut in India. 
(Mining Journal, April 23, 1993, p. 298} 


Russian production high but declining. Worldwide rev- 
enue from rough diamond sales was US$6.414 billion in 
1992, estimates Yorkton Natural Resources, a Canadian 
stockbrokerage. This figure includes an estimated $1.240 
billion for Russia, which places it second only to 
Botswana ($1.553 billion) in diamond revenue. 

Russian production in terms of caratage, however, 
has declined from a peak of about 20 million carats in 
1986 to about 12 million carats in 1991. It is believed 
that production fell by another 20%—25% in 1992, and 
De Beers estimates that 1993 output will be around 8 
million carats. Continuation of this decline appears likely 
in the short run. In the eastern Siberian republic of Sakha, 
production at the Mir pipe is reportedly now negligible, 
as attempts to move underground have been halted by 
the presence of huge amounts of methane gas. The 
Sytykanskaya mine is also reported to be nearing exhaus- 
tion, and the Udachnaya inine is expected to be depleted 
by the year 2000. 

Still, there are significant areas with potential for 
future development if obstacles can be overcome. At 
least five pipes have been found in the Archangel district 
of northwest Russia; at least two of these are believed to 
have economic potential. (For further information on the 
potential of Russian diamond deposits, see the Levinson 
et al. article in Gems w@ Gemology, Winter 1992, pp. 
234-254.) To develop these, however, an effective way to 
mine what amounts to a 700-m deep "mud pile"—water- 
saturated kimberlitic yellow ground—must be found. 
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Environmentalists are concerned that the outflow from 
pumping could contaminate local fish-spawning grounds. 
Dust and material leached from dumps would cause fur- 
ther pollution. Environmentalists, and some of the local 
populace, are also concerned about possible further dam- 
age to the region's swamps and forests. Their position is 
strengthened by a new national environmental protec- 
tion law that dictates that development be ecologically 
sound. 

One approach to these potential problems is the use 
of some alternative mining techniques. For example, 
Atomredmetzoloto, part of the Russian Nuclear Energy 
Ministry, has developed a technique by which a grid of 
wide bore holes (4.6 m or 6.2 m in diameter} is drilled 
into the diamond-bearing pipes, with the debris then 
removed in solution for treatment. Design approval for 
this method has just been granted, and a feasibility study 
is being conducted. (Mining Journal, August 20, 1993, pp. 
124-125} 


United States sells diamonds from stockpile. The United 
States Defense National Stockpile Center has sold 
932,806.43 ct of industrial and near-gem quality dia- 
monds from a stockpile built up in the 1940s and 1950s 
for industrial, applications. The bidding was reportedly 
very competitive, with successful bids coming from 
firms in Antwerp, Chicago, New York, and Ramat Gan, 
Israel. The U.S. government made a net profit of 
$77 646,016.94 from the sales. {Diamond Intelligence 
Briefs, July 26, 1993, p. 102.2) 


Zaire faces severe mining problems. The political crisis 
in Zaire has led to ongoing problems in that country's 
mining industry. Diamond production is estimated to 
have dropped from an estimated 19 million carats in 
1991, to about 15 million carats last year. Among the fac- 
tors accounting for this drop are disruptions in produc- 
tion due to defective operating equipment, shortages of 
spare parts and fuel, and an influx of illegal miners. 
(Mining Magazine, August 1993, p. 73} 


SYNTHETIC DIAMONDS 


Chatham proposes commercial production and distribu- 
tion of Russian synthetic diamonds... At the Jewelers of 
America International Jewelry Show in New York this 
past July, Thomas H. Chatham announced that his firm, 
Chatham Created Gems of San Francisco, California, 
would soon market faceted, gem-quality synthetic dia- 
monds to the jewelry industry. These "Chatham Created 
Diamonds" reportedly will be produced by Chatham 
Siberian Gem Company, a firm that Mr. Chatham 
formed in Russia in June. The production facility, yet to 
be constructed, will be located in Siberia. 

Initially, according to Mr. Chatham, only approxi- 
mately 100 ct of rough material will be produced month- 
ly and marketed to the trade as faceted stones, the cut- 
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ting to take place in either Russia or Thailand. He also 
reported that these stones would be available in a range 
of qualities and in colors that could include "white" and 
yellow, among others. Mr. Chatham estimates that the 
product will sell for approximately 10% of the cost of 
natural gem-quality diamonds of the same quality. 


. and GIA says Russian gem-quality synthetic dia- 
monds examined to date can be identified by standard 
tests. In Spring 1992, GIA received on loan (courtesy of 
Prof. N. V. Sobolev, director of the Institute of 
Mineralogy and Petrography, Siberian Branch of the 
Russian Academy of Science, Novosibirsk} a selection of 
yellow synthetic diamond crystals and cut stones pro- 
duced in Novosibirsk. On the basis of separate conversa- 
tions with Prof. Sobolev and Thomas Chatham, GIA 
researchers believe that these stones were grown using 
the same technology that will be used to grow the gem- 
quality synthetic diamonds that Mr. Chatham proposes 
to manufacture and distribute. This group of synthetic 
diamonds is currently being examined by staff members 
in GIA Research and the GIA Gem Trade Laboratory. 
The results of this study will be submitted to Gems @ 
Gemology for publication in an upcoming issue. 

Over the last several years, GIA researchers have 
reported extensively on synthetic diamonds in this jour- 
nal, based on their work and on related information in 
the literature. Articles published in Gems e& Gemology 
have described the gemological properties of synthetic 
diamonds produced experimentally by General Electric 
and De Beers Diamond Research Laboratory, and those 
being sold commercially for industrial use by Sumitomo 
Electric Industries. These reports have covered identifica- 
tion criteria for both colored {i.e., yellow and blue} as 
well as near-colorless synthetic diamonds. Distinctive 
features (not seen in natural diamonds} include color 
zoning (in colored synthetic diamonds}, strong fluores- 
cence to short-wave ultraviolet radiation that is often 
also zoned, rounded metallic flux inclusions, and grain- 
ing patterns in several geometric shapes. On the basis of 
this work, GIA researchers have concluded that the gem- 
quality synthetic diamonds produced to date can be iden- 
tified by jewelers using standard gem-testing equipment. 
Further conclusive results may be supplied by advanced 
testing using, for example, infrared spectroscopy. 

This means, however, that gemologists involved in 
diamond grading must also strengthen their skills in gem 
identification. Although many of the clues that show 
that the stone is a synthetic will reveal themselves in the 
course of standard identification and grading (e.g., metal- 
lic inclusions and graining patterns), other tests should 
be added to ensure that the stone is natural (e.g., stronger 
luminescence to long-wave than short-wave ultraviolet 
radiation}. Because some of the distinctive visual proper- 
ties may be subtle, especially in near-colorless synthetic 
diamonds, gemological identification of this material 
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will probably require more extensive examination of gem 
diamonds than has been required for diamond grading 
alone. And, since not every synthetic diamond possesses 
all the distinctive gemological properties described in 
past articles, no identification should be based on one 
gemological property alone. 

The Russian synthetic diamonds that GIA is now 
examining include two cuboctahedral crystals (0.78 and 
0.88 ct) and eight faceted stones (0.11-0.51 ct}. The two 
crystals and five of the cut stones are ycllow (see, e.g., fig- 
ure 1}. The other three cut stones are greenish yellow; 
they were reportedly heat treated at high pressure in 
Novosibirsk during color-enhancement experiments. 

The gemological properties of this group exhibit 
some similarities to, and differences from, what GIA and 
others have previously reported for yellow synthetic dia- 
monds. The faceted stones were cut from cuboctahedral 
crystals, so they display internal growth sectors that 
manifest themselves in several gemological properties 
(i.c., the distribution of color and U.V. fluorescence, as 
well as graining). Most of the 10 samples had some kind 
of uneven color zoning due to differences in impurities 
between different growth sectors. This color zoning was 
most apparent when the sample was examined while it 
was immersed in a heavy liquid such as methylene 
iodide. 

In addition, all responded to short-wave U.V. radia- 
tion, although it was surprising to see that all but one 
also responded to long-wave U.V. However, the long- 
wave U.V. fluorescence was always less than or equal in 
strength to the short-wave U.V. response. In all cases, the 
U.V. fluorescence was unevenly distributed and followed 
a pattern similar to that of the color zoning. 

When examined with a gemological microscope, 
many of the samples revealed metallic inclusions, weak 
anomalous birefringence ("strain"), and internal and/or 
surface graining that marked the boundaries between 


Figure 1. GIA researchers believe that standard 
gemological tests can identify Russian synthetic 
diamonds produced to date, like this 0.78-ct 
crystal and 0,51-et square step cut. Photo by 
Nicholas DelRe. 
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internal growth sectors. This graining sometimes formed 
a square, octagonal ("stop sign"), or "hourglass" pattern. 

In contrast to what has been observed with other 
yellow synthetic diamonds, the Russian samples dis- 
played sharp absorption bands in their visible-range spec- 
tra that could be seen with a handheld spectroscope. 
These sharp bands were especially numerous in the three 
greenish yellow synthetic diamonds that had been heat 
treated. 

On the basis of these features, we believe that the 
Russian synthetic diamonds produced to date can be 
identified by standard gemological tests. What impact 
this material could have on the jewelry industry will 
depend on how it is marketed, how it is sold, and, ulti- 
mately, how it is accepted by consumers. Nonetheless, 
the ability to identify synthetic diamonds will become 
increasingly important to insure continued confidence in 
the diamond market. 


Sumitomo Electric synthesizes high-purity diamonds. 
Sumitomo Electric Industries has successfully synthe- 
sized diamond crystals containing less than 0.1 parts per 
million impurities (and being, therefore, presumably 
near-colorless}, according to fapan Industrial Journal. 
The company has established a purification technology 
that, during the formation process, adds rare-earth ele- 
ments to react with impurities. This process can produce 
diamonds as large as 6 mm on a side, weighing up to 2. ct. 
The company reportedly plans to market these diamonds 
for about half the cost of comparable high-purity natural 
diamonds. Dr. Shuji Yazu, of Sumitomo Electric 
Industries, has informed GIA researchers that the compa- 
ny does not plan to sell whole crystals and that these 
synthetic diamonds are not intended for jewelry purpos- 
es, but rather for high-tech applications. 


COLORED STONES 


Significant amethyst find in Maine. In July 1993, three 
mineral collectors discovered a significant new pocket of 
amethyst while prospecting a granitic pegmatite on Deer 
Hill in Stow, Maine, an area known to produce amethyst 
in the past. Much of the amethyst was found in spaces 
between large, blocky crystals of altered feldspar, making 
the crystals easy to remove. Over 2,500 lbs. (about 1,135 
kg} of amethyst was reportedly found, although this fig- 
ure apparently includes massive amethystine quartz as 
well as single crystals and crystal clusters. A significant 
number of the crystals are described as being "unblem- 
ished"; these range up to 7.4 inches (19 cm) high and 5.9 
inches (15 cm} wide. One gem-quality crystal has been 
cut into a 29,64-ct stone. (Mineral News, Vol. 9, No. 8, 
pp. 1, 4) 


Chalcedony colored by large mineral inclusions. Trans- 
lucent chalcedony colored blue-green by finely dissemi- 
nated chrysocolla has been known for many years and, in 
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Figure 2. Concretions of azurite, malachite, and 
chrysocolla appear to be responsible for the color 
in this unusual 16,.61-ct chalcedony carving. 
Courtesy of Lehrer Designs; photo by Maha 
DeMaggio, 


the trade, is often called "chrysocolla quartz." Graduate 
Gemologist Glenn Lehrer, of Lehrer Designs in San 
Rafael, California, recently sent the Gem News editors a 
somewhat.unusual variation on this material. 

Mr. Lehrer had received some rough carving-quality 
chalcedony from the Baghdad copper mine in Arizona. 
He noted that distinct blue, blue-green, and green areas 
were evident in a host rock that was almost transparent. 
The color in these areas was not caused by finely dissem- 
inated mineral matter, but rather by large—up to almost 
1 mm in diameter—spherical to hemispherical concre- 
tions of what was reported to be azurite, chrysocolla, and 
malachite. In certain areas, minute yet distinct euhedral 
crystals with the habit of azurite and malachite were also 
visible, further contributing to the color of the host chal- 
cedony. 

Figure 2. shows a 16.61-ct (54.76-mm-long] free-form 
carving that Mr. Lehrer fashioned from this material. 
Note the different colors in this single piece of chal- 
cedony and the eye-visible inclusions. 


Massive green grossular garnet from South Africa. At 
Tucson this past February, Pala International, of 
Fallbrook, California, offered some exceptional massive 
green garnets from the Transvaal, South Africa. The 
color of this material was distinctly brighter and more 
saturated than that of most massive green garnets that 
we have seen from this classic locality. The stones they 
were offering were all cut as oval cabochons, ranging up 
to about 7 ct. The material is very popular in Asia, no 
doubt due to its resemblance to fine jadeite, according to 
Pala International-associate Edward Boehm. However, 
Pala's Bill Larson indicated that these stones were from 
an old collection in Germany, not a new source. Only 50 
were made available to him. 
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A 3.31-ct cabochon (figure 3) subsequently examined 
exhibited the following properties: color—dark, saturated 
green; diaphaneity—translucent, polariscope reaction— 
aggregate; spot R..—1.74, S.G.—3.60. Examination with 
a desk-model prism spectroscope revealed a faint absorp- 
tion line at about 460 nm, a band at 590-610 nm, a fairly 
sharp line at 630 nm, and another faint line at 670 nm. 
The stone appeared weak orangy pink when viewed 
through the Chelsea color filter, and it fluoresced a weak 
reddish orange to both long- and short-wave U.V. radia- 
tion (the short-wave reaction being the stronger of the 
two}, with a strong yellow fluorescence to X-rays, 
Magnification revealed bands of fluid inclusions and a 
cloud of small, very dark brown crystals. 

The above properties—particularly the relatively 
high R.I. and $.G.—identified the stone as a massive 
grossular garnet, not the hydrogrossular type. 


"Rainbow" hematite from Brazil. Rock Currier, of Jewel 
Tunnel Imports in Baldwin Park, California, provided the 
Gem News editors with samples of an eye-catching iri- 
descent hematite that he has used both for jewelry and as 
display specimens (figure 4). This fissile {platy} material, 
called "rainbow hematite," is found in an iron mine near 
Belo Horizonte, Minas Gerais, Brazil. It fills a very steep, 
2+m (almost 7 ft.} wide vein running about 15 m up a 
working face in the iron mine, according to Bill Besse, 
from the same company. 

The iridescence is completely natural and appears to 
be stable to light. Its origin has been researched by Dr. 
George Rossman of the California Institute of 
Technology, Pasadena, and by Dr. George Robinson, of 
the Canadian Museum of Nature in Ottawa. Both detect- 


Figure 3. The Transvaal, South Africa, is the 
reported source of the massive grossular garnet 
from which this 3.31-ct (9.60 x 6.74 x 5.10 mm) 
cabochon was fashioned. Courtesy of Pala 
International; photo by Robert Weldon. 
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Figure 4. Iridescent hematite, like this 8.73-ct 
(approximately 35 x 10 mm) specimen, is being 
recovered in the Belo Horizonte area of Minas 
Gerais, Brazil. Photo by Maha DeMaggio. 


ed a coating, composed of aluminum and phosphorus, on 
the iridescent surfaces. They hypothesized that this thin 
film (0.1 micrometer thick in some places) may be 
responsible for the colorful effect by virtue of an interfer- 
ence phenomenon. 

Since the iridescence is confined to this thin film, 
the surface must be maintained and only the edges 
worked for jewelry applications. 


"Denim" lapis lazuli from Afghanistan. Fine lapis lazuli 
exhibits a dark, saturated violetish blue color and no 
white calcite. If pyrite is present, it is in the form of 
small, dispersed crystals. Such material, associated with 
the Badakhshan area of Afghanistan, has been readily 
available in recent years, 

This year, however, the editors saw another type of 
lapis lazuli (figure 5), also reportedly from Afghanistan 
but with a quite different appearance. This material con- 
tained small, medium-to-dark blue areas interspersed 
with equally small white areas, which produced an over- 
all mottled pale blue appearance, Its resemblance to the 
color and texture of faded blue denim was not lost on 
Mahbob Azizi of Liberty Gems and Minerals, 
Albuquerque, New Mexico, as he was marketing the 
material as "denim" lapis. Mr. Azizi informed one of the 
editors (RCK) that the material was being mined in the 
same general area of Badakhshan that has historically 
produced lapis lazuli. 

Two oval cabochons, 10.39 and 14.02 ct, were pur- 
chased for gemological testing. Both were essentially 
opaque, transmitting only a small amount of light at 
their edges. Vague spot R.L.'s, obtained at various points 
on the polished domes of the cabochons, produced values 
of 1.50 and 1.67, plus a weak "birefringence blink" from 
about 1.67 to 1.70, The S.G. values (determined hydro- 
statically] were unexpectedly high—2.98 and 3.02, con- 
sidering that there was no visual evidence of pyrite. With 
long-wave U.V. radiation, we noted a mottled fluores- 
cence. The blue areas were inert, and the white areas flu- 
oresced a faint, dull orange. When the samples were 
exposed to short-wave U.V., the blue areas remained 
inert, but the white areas fluoresced a moderate greenish 
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yellow. Magnification revealed that the white areas 
(probably calcite} were interspersed in various combina- 
tions with dark blue and lighter greenish blue areas. 
These areas may be composed of various members of the 
sodalite group, for example, hatiyne, sodalite, nosean, 
and lazurite, all known components of the complex 
aggregate gem material called lapis lazuli. Also noted 
were a few extremely small opaque crystals with a 
metallic luster, most likely pyrite. 

X-ray powder diffraction analyses were performed on 
minute amounts of material scraped from three areas of 
one cabochon. Ali three patterns produced a great num- 
ber of lines, and we could not conclusively identify any 
of the individual mineral components, One of the three 
patterns, however, closely matched one of our standard 
reference "fingerprint" patterns for lapis lazuli. 


Figure 5, This 10.39-ct variegated lapis lazuli 
cabochon (5.34 x 13.09 « 17,93 nim) from 
Afghanistan is being marketed as "denim" lapis. 
Photo by Maha DeMaggio. 


Reddish purple mica from New Mexico. Although mica 
is a common inclusion in gem minerals, it is rarely fash- 
ioned for use as a gem material. One exception is pinite, 
a massive form of muscovite sometimes called agalmato- 
lite {or "Figure Stone") and used as a jade simulant (see, 
e.g., Gem Trade Lab Notes, Fall 1983, p. 175). At the 
February Tucson show, however, one of the editors 
{RCK) spotted the attractive 15.99-ct reddish purple cabo- 
chon shown in figure 6. According to Aaron Kuykendall, 
the material is being recovered in northern New Mexico 
from a pegmatite that is also rich in white spodumene. 
Because the material was purple and from a pegmatite, 
he had tentatively identified it as lepidolite, a lithium- 
rich mica commonly found in pegmatites in association 
with such gem materials as tourmaline and spodumene. 
Gemological testing of the cabochon revealed: a very 
vague spot RI. (due to the poor polish} in the general 
range 1,55-1.60, an aggregate reaction in the polariscope, 
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Figure 6, A pegmatite in New Mexico was the 
source of this 15.99-ct {18.43 « 12.79 x 8.68 mm) 
mica cabochon. Courtesy of Aaron Kuykendall. 
Photo by Maha DeMaggio, 


a reddish purple appearance through the Chelsea color 
filter, inert to both long- and short-wave U.V. radiation, a 
diffused absorption band from about 530 to 580 nm {as 
seen through a desk-model prism spectroscope}, and a 
2.85 S.G. (determined hydrostatically]. Magnification 
revealed a pitted surface on a compacted aggregate of 
micaccous platelets. Also noted was a large, flat break— 
like the perfect basal cleavage typical of micas. 

X-ray powder diffraction analysis revealed a pattern 
similar to GIA's standard reference patterns for mus- 
covite and pinite. Qualitative analysis by EDXRF 
revealed a chemical composition consistent with that of 
micas. Although the chemistry could not help differenti- 
ate muscovite from lepidolite, it did reveal the presence 
of a significant amount of manganese, which could 
account for the purple color. Because the diffraction pat- 
tern did not exactly match that of muscovite, we charac- 
terized this material simply as mica. 


Nepal update. Gcmologist Mark H. Smith of Bangkok, 
Thailand, reports that on a recent trip to Nepal he was 
shown numerous local gem materials. Most abundant 
were specimen-quality, gem-quality, and fashioned 
elbaite tourmalines, represented as originating from a 
number of different deposits within Nepal. Large, fine 
mineral specimens of dravite tourmaline were offered as 
well. Translucent pink-to-purple corundum was avail- 
able from mines located at elevations of 3,000-4,500 m 
(about 10,000—15,000 ft.) above sca level in the Ganesh 
Himal region. Mr. Smith also saw beryl! crystals, some 
faceted aquamarine, fine blue kyanite crystals, and large 
quantities of quartz crystals. 


Peridot from Vietnam. While visiting the Research 
Center for Industrial Mineralogy at Hanoi University in 
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November 1992, Gems & Gemology Editor Alice S. 
Keller and one of the Gem News editors (RCK} were 
shown samples of materials, found throughout Vietnam, 
that university staff members thought might have com- 
mercial gem potential. Among these were what we esti- 
mated to be many hundreds of carats of peridot rough. 

In July 1993, the Gem News editors learned more 
about Vietnamese peridot from Saverio Repetto of the 
Gemological Institute of Vietnam, a joint-venture firm 
located in Hanoi. According to Mr. Repetto, two deposits 
were discovered in mid-1993: (1) in Lam Dong Province, 
southern Vietnam, and (2]} in Gia Lai Province, central 
Vietnam, near the Cambodian border. In their first few 
wecks of operation, the two localities produced an esti- 
mated 100-200 kg of peridot. Production dropped off 
greatly in August, however, because of the onset of the 
rainy season. 

Mr. Repetto has seen about 60 kg of the peridots 
from Gia Lai. He described them as averaging about 2—6 
ct, with perhaps no more than 5% being larger than 4 ct. 
The average quality is rather poor, however, as the stones 
are highly fractured and included, as well as light in 
color. He estimated that about 15% are suitable for fash- 
ioning, with the weight retention being only 5%-10%. 
Although he has scen significantly less of the Lam Dong 
material, the rough he has examined to date has general- 
ly been of better quality. From the Lam Dong rough, his 
firm has cut stones up to 7 ct. 

Mr. Repetto sent the Gem News editors five faceted 
Lam Dong peridots {1.60 to 5.56 ct; figure 7) for examina- 
tion, These transparent stones ranged from yellowish 
green to brownish green, in medium light to medium 
dark tones. We measured R.I.'s of @ = 1.650, B = 
1.665-1.667, y = 1.687-1.688, with resulting birefringence 


Figure 7. Lam Dong Province in southern 
Vietnam is the source of these peridots, which 
range from 1.60 to 5,56 ct. Courtesy of the 
Gemological Institute of Vietnam; photo by 
Maha DeMaggio. 
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Figure 8. "Lily pad" inclusions like these were 
seen in all of the Vietnamese peridots shown in 
figure 7. Photomicrograph by John I. Koivula; 
magnified 35x. 


of 0.037-0.038. S.G. values (determined hydrostatically) 
ranged from 3.33 to 3.35. With a desk-model prism spec- 
troscope, we saw absorption bands typical of peridot, at 
approximately 453, 473, and 493 nm. Magnification 
revealed small, white pinpoint inclusions in association 
with "lily pads" (figure 8); wispy, whitish planar clouds; 
partially healed fractures; and occasional dark reddish 
brown to black crystals that may be chromite or chromi- 
an spinel. EDXRF analysis of one specimen indicated the 
presence of magnesium, iron, and silicon—essential 
components of peridot—as well as nickel, chromium, 
manganese, and calcium. These data are consistent with 
those for peridot from other localities. 


Brazilian paragonite mistaken for ruby. Among the more 
unusual materials seen by one of the editors (RCK) this 
year was a piece of variegated rough with a dark purplish 
red core that bore a superficial resemblance to both ruby 
in zoisite from Tanzania and the pink-purple sapphire in 
fuchsite from Afghanistan (see, e.g., Gem News, Summer 
1991, p. 120). This newest material, reportedly from 
Brazil, was believed by the vendor to be ruby. 

The vendor gave us a 27.75-ct unpolished slab (figure 
9} for gemological examination. Testing of the translucent 
purplish red core revealed: a faint weak red reaction 
through the Chelsea color filter, a weak red fluorescence 
to long-wave U.V. radiation (with a similar but slightly 
weaker reaction to short-wave U.V.}; and a visible absorp- 
tion spectrum consisting of general absorption from about 
400 to 480 nm, a band from about 520 to 610 nm, and a 
series of four fine lines between about 660 and 690 nm. X- 
ray powder diffraction analysis produced a match with a 
standard pattern for paragonite—NaAL(Si;A]O,9§(OH},— 
a member of the mica group; EDXRF analysis supported 
this identification. These two tests also confirmed that 
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the pale greenish blue layer surrounding the red core was 
paragonite, too. This is another example of a mica with 
commercial potential as a gem material (see "reddish pur- 
ple mica" entry above). 


Unusual double star sapphire, Last spring, N-Ter- 
National Gems of Oklahoma City, Oklahoma, brought 
to our attention a 38.56-ct translucent, grayish blue sap- 
phire with unusual asterism: two superimposed six-rayed 
stars, with the rays of one star almost parallel to and just 
to the side of the other (figure 10}. 

Magnification revealed that the "silk" that produced 
the asterism, most likely exsolved rutile, was rather 
evenly distributed throughout; lamellar polysynthetic 
twinning, pervasive throughout the stone, was the cause 
of the unusual effect. The three sets of these needle-like 
inclusions in one of the orientations of lamellae were not 
quite parallel to those in the second set of lamellae, so 
that the rays they produced by light scattering were also 
not quite parallel. This resulted in two complete, but 
slightly offset, six-rayed stars when the stone was illumi- 
nated with a single point light source. 


Black spinel from Mexico. Gray and black gems appear 
to have regained popularity in recent years. The editors 
recently obtained a 0.87-ct black faceted material that 
the dealer, Sri Lanka—based Sally Gems, represented as 
spinel from Mexico. The stone had a high luster and was 
opaque throughout; even the thin edges did not transmit 
the intense light from a fiber-optic illuminator. Both the 
R.L. of 1.765 and S.G. (determined hydrostatically) of 3.93 
were significantly above the mean values for spinel 
(1.718 and 3.57-3.70, respectively]. The stone was inert 
to both long- and short-wave U.V. radiation, and it had 


Figure 9. The purplish red core and greenish 
blue rim of this specimen (approximately 29.3 x 
24,4 x 3.49 mm), which is reportedly from 
Brazil, are the mica paragonite. Photo by Maha 
DeMaggio. 
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Figure 10. Two distinct, overlapping six-rayed 
stars can be seen in this 38.56-ct sapphire. Photo 
by Maha DeMaggio. 


no change of appearance through the Chelsea color filter. 
Examination with a desk-model spectroscope revealed no 
distinct absorption features. 

EDXRF analysis identified magnesium and alu- 
minum in proportions similar to natural spinel, with 
abundant iron and impurities of titanium, vanadium, 
chromium, manganese, and zinc. X-ray diffraction analy- 
sis showed a standard pattern for hercynite (FeAl,O,], a 
member of the spinel group that has a structure similar 
to that of the spinel species (MgAI,O0,) but a different 
chemical composition. However, the properties of this 
stone do not match those reported in the literature for 
hercynite, that is, R.l. of 1.835 and S.G. of 4.40 (see J. 
Arem, Color Encyclopedia of Gems, second edition, 
1987, p. 177). 

On the basis of the R.I. and §.G. values measured, 
we concluded that the material under study is probably a 
mixture of true spinel and hercynite, approximately 
halfway between the two species. These properties are, in 
fact, very close to the material called ceylonite in the 
gem trade, or pleonaste {R.I.—1.77 to 1.80, S.G.—3.63 to 
3.90; again, see Arem, 1987], which is a mixture of both 
species. According to the Larousse Encyclopedia of 
Precious Gems (P. Bariand and J. -P. Poirot, 1992, p. 178}, 
this black iron-rich spinel is abundant in the gem-bearing 
gravels of Sri Lanka. 


Spinel from Vietnam. Spinel is often found with corun- 
dum, for example, in the gem deposits of Sri Lanka and 
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Myanmar (formerly Burma}. The corundum deposits of 
Vietnam are no exception. In fact, gemologist Kenneth 
Scarratt, who has made a number of trips to the mby-pro- 
ducing areas of northern Vietnam, was told by a knowl- 
edgeable Vietnamese colleague that the discovery of gem 
spinel in Vietnam (1984) predates the discovery of ruby. 
Today, significant quantities of spinel—in a broad range 
of colors and sizes—can be seen in local Vietnamese gem 
markets, such as the Luc Yen market shown in figure 11. 

Saverio Repetto, of the Gemological Institute of 
Vietnam subsequently loaned one of the Gem News edi- 
tors (RCK) 11 faceted Vietnamese spinels (0.36 to 4.30 ct] 
for examination. These stones represented a range of col- 
ors, including orangy red to purple, orangy pink to pur- 
plish pink, and violet to blue (see, e.g., figure 12). 
Gemological testing revealed properties consistent with 
those reported in the literature for spinels, including 
R.I.'s of 1.714—1.719, an S.G. range (determined hydro- 


Figure 11, Spinel is one of the local materials sold 
at the government gem market at Luc Yen, in 
northern Vietnam. Photo by Robert C. Kammerling. 
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Figure 12. These five spinels (1.21-4.30 ct) were 
fashioned from rough recovered from the same 
deposits in northern Vietnam that produce 
rubies. Courtesy of the Gemological Institute of 
Vietnam; photo by Maha DeMaggio. 


statically) of 3.59-3.63, and weak to moderate anoma- 
lous birefringence when examined between crossed 
polarizers. When exposed to long-wave U.V. radiation, 
the stones that were predominantly red or pink fluo- 
resced a weak to moderate red, and those with more of a 
purple component exhibited a weaker reaction or were 
inert. Short-wave reactions were similar in color but of 
lesser intensity, The blue stones were inert to both wave- 
lengths. Most of the stones with a pink to red component 
in their body color revealed the "organ pipe" fluorescence 
spectrum (as described by B. W. Anderson for red spinel] 
when examined with a desk-model spectroscope. The 
blue stones displayed spectral features that are attributed 
to iron. 

Magnification revealed internal features that have 
been noted in spinels from various localities. On the 
basis of their appearance, these inclusions were tenta- 
tively identified as: hexagonal platelets of muscovite 
mica; apatite crystals, zircons with radiation-induced 
strain halos; small, black opaque graphite crystals; sec- 
ondary healing planes, i.e., "fingerprint" inclusions, bun- 
dles of parallel and intersecting fine rutile "silk," decorat- 
ed intergrowths; and ribbon-like stepped growth planes. 


ENHANCEMENTS 


World Diamond Congress addresses treatments. The 
topic of diamond treatments and their disclosure was the 
focus at the World Diamond Congress this past June in 
Antwerp, where it was debated by both the International 
Diamond Manufacturers Association (IDMA)} and the 
World Federation of Diamond Bourses {WFDB]. A resolu- 
tion passed by the latter reinforced and expanded a previ- 
ous pronouncement on the topic. It reads: 

1. The fact that diamonds have been artificially 
infused with foreign matter, or are coated, or are 
wholly or partially synthetic, or have been treated 
by irradiation, must be disclosed as such when 
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offered for sale and in writing on the invoice and 
memorandum. Any breach of the above rules by a 
member of an affiliated Bourse shall be regarded as 
fraudulent. 

2. Any violation of the above rule shall be referred to 
the Bourse for disciplinary action and shall be 
grounds for suspension, expulsion, fine or such 
other appropriate disciplinary measure as provided 
by the by-laws of the Bourse. If the seller alleges 
that he was not aware of any treatment, he shall 
bear the burden of proof thereof in order to avoid 
any sanction. 

3. If the seller of a diamond, even in good faith, fails 
to abide by the above rule, the buyer shall be enti- 
tled to cancel the sale, return the diamond, obtain 
a refund of the purchase price and any direct dam- 
age as they, the buyer, may have suffered. 

It is particularly interesting that this resolution 
addresses disclosure not only of such enhancements as 
fracture filling and irradiation, but also of synthetic dia- 
monds; the wording "wholly or partially synthetic" 
apparently refers to the possibility of a synthetic dia- 
mond thin-film coating on natural diamond, an experi- 
mental example of which was described in a Summer 
1991 Gem News report. {Diamond Intelligence Briefs, 
June 30, 1993, p. 1009} 


Update on ruby enhancement. The Fall 1992 Gem News 
section (pp. 206-207} contained information from Juan S. 
Cozar, laboratory director for the Spanish Gemological 
Institute in Madrid, about what might be a new ruby 
enhancement, somewhat similar to the glass filling of 
surface cavities in fashioned corundums. 

In response to that entry, Dr. Henry A. Hanni, of 
SSEF Swiss Gemmological Institute in Zurich, told us of 
a very similar enhancement that he had encountered in 
May 1985 in a 9.00-ct East African ruby cabochon, Dr. 
Hanni reported that he had observed octahedra in the 
glassy surface layer of a shallow pit on the base of the 
cabochon. Microprobe analyses of the "glass" and octahe- 
dra revealed that the "glass" surrounding the octahedra 
had the approximate composition of zoisite, while the 
octahedra had the composition of spinel. A third analy- 
sis, taken around the rim of the pit, identified a glass 
enriched with alumina and calcium oxide. These find- 
ings were published the following year in Zeitschrift der 
Deutschen Gemmologischen Gesellschaft (Vol. 35, No. 
3/4, pp. 87-96}. 

On the basis of this research, Dr. Hanni identified 
the three components found in and around the pit in the 
ruby cabochon as artificial glass, zoisite, and spinel, the 
latter two resulting from residual original minerals 
adhering as devitrification minerals of the glass coating. 
Since carrying out this examination, however, Dr. Hanni 
has examined other treated rubies that show microscopic 
evidence of heat treatment, devitrification, and recrystal- 
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Figure 13, Evidence of recrystallization can be 
seen in a glass-filled fracture in this treated 
ruby. Photomicrograph by Dr, H.A. Hanni, 
courtesy of SSEF Swiss Gemmological Institute; 
magnified 50x. 


lization {sée, e.g., figure 13). He theorizes that not every 
such glassy filling is produced intentionally to fill surface 
pits and cracks. Rather, corundum is often coated with 
boron or fluorine compounds to protect the stones during 
routine heat treatment. As these coatings melt, they can 
act as a flux, dissolving alumina and other chemicals 
from the host corundum, and then crystallizing them in 
pits and surface-reaching fractures. 


SYNTHETICS AND SIMULANTS [= 


Glass imitating Vietnamese ruby. Numerous reports in 
the trade press have discussed episodes of synthetic ruby 
being misrepresented as natural ruby rough from 
Vietnam. We recently learned of another unfortunate 
incident. In this case, the individual purchased a parcel of 
five "badly waterworn stones" at a mine site in Vietnam; 
when he subsequently had them tested in the United 
States, he learned that four of the five were actually 
flame-fusion synthetic rmby—and the fifth was identified 
as glass. 

The glass specimen was loaned to the editors for 
examination. It was a very convincing, medium dark pur- 
plish red (figure 14}, and revealed the following proper- 
ties: a 1.649 R.T.; a 3.84 S.G.; anomalous double refraction 
("strain birefringence") in the polariscope; a red appear- 
ance through the Chelsea color filter; inert to long-wave 
U.V. radiation and a weak, chalky blue fluorescence to 
short-wave U.V. Magnification revealed two wedge- 
shaped layers of spherical gas bubbles. Perhaps most 
interesting gemologically was the absorption spectrum, 
which included many distinct lines throughout the visi- 
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ble range, with two relatively broader, but still distinct, 
lines between 570 and 590 nm. 

Because of the convincing color and the interesting 
"rare-earth" type of spectrum, chemical analysis by 
EDXREF was performed. Among the elements detected 
were neodymium and lead, which suggests that the 
material is a lead glass with neodymium producing the 
ruby-like color, 


Dyed magnesite misrepresented as "howlite lapis." 
Howlite is a mineral species that is usually encountered 
in its massive form and is occasionally seen in its natu- 
ral, opaque white color as fashioned beads and cabo- 
chons. Because of its neutral body color and porosity, 
however, it also may be dyed to imitate various other 
ornamental gems, commonly turquoise. 

Ata recent gem and mineral show, one of the editors 
{RCK) spotted some large violetish blue cabochons that 
were labeled "howlite lapis." The material made a rather 
convincing imitation of lapis lazuli, as it contained 
white, dye-resistant veining that resembled the calcite 
seen in some natural lapis. 

A sample was purchased for examination (figure 15). 
Gemological testing, however, quickly revealed proper- 
ties inconsistent with those of howlite, including a "bire- 
fringence blink," which indicates a high birefringence 
typical of carbonate minerals. Further testing, including 
X-ray diffraction analysis, identified the material as mag- 
nesite. The presence of dye was confirmed when an ace- 
tone-dipped cotton swab produced a blue discoloration 
when rubbed on the stone. In fact, the dye treatment was 
so unstable that some of the color was removed by the 
contact liquid during R.I. testing. Subsequent experimen- 
tation showed that even a mild soap solution removed 
some of the dye. 


Figure 14. This convincing 6.41-ct imitation of a 
waterworn ruby crystal (here with optical flats cut 
to facilitate testing) was identified as neodymium- 
doped lead glass. Photo by Maha DeMaggio. 
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Unusual synthetic blue quartz. One pleasure in attending 
a gem show is discovering the unexpected gemological 
curiosity. While looking through a dealer's collection of 
synthetic quartz specimens at one show, one of the edi- 
tors (RCK} spotted what at first appeared to be an evenly 
colored light blue crystal (figure 16, left}. When examined 
from the side, however, the true nature of the piece 
became apparent: Colorless synthetic quartz had been 
grown on a medium dark blue seed-crystal wafer (figure 
16, right}. The orientation of the crystal faces was such 
that the color from the seed crystal was reflected, an 
effect identical to that seen in synthetic spinel triplets 
and other assembled stones. Examination of the seed 
crystal with a desk-model spectroscope revealed the 
"cobalt" absorption bands that are characteristic of blue 
synthetic quartz. 


Iinitation gems from Zaire. Gordon T. Austin, Gemstone 
Commodity Specialist for the United States Bureau of 
Mines, has advised the Gem News editors that glass imi- 
tations of emerald are still being offered for sale in Africa. 
While traveling in Zaire, an individual was invited to 
purchase what was described as a "very fine quality 


Figure 15. This 19.41-ct cabochon of dyed magne- 
site, offered as “howlite lapis,” is a rather convinc- 
ing imitation of lapis lazuli. Photo by Maha 
DeMaggio. 
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Figure 16. When exam- 
ined at one orientation, 
this 24,10-ct synthetic 
quartz crystal appears a 
uniform blue (left). 
Turned 90°, the speci- 
men is seen to consist of 
synthetic colorless 
quartz grown on a blue 
seed crystal wafer 
(right). Photos by Maha 
DeMaggio. 


Figure 17. This 33.49-ct (22.89 x 17.38 x 12.19 mm) 
glass imitation was misrepresented as a Zambian 

emerald in neighboring Zaire. Courtesy of Gordon 
T. Austin; photo by Maha DeMaggio. 
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Zambian emerald" (figure 17} for a modest price that 
negotiations eventually lowered to one-fifth of the origi- 
nal quote. 

Subsequent examination by the Gem News editors 
revealed that the 33.49-ct "emerald" consisted of green 
glass with a glued-on matrix of pulverized orangy brown 
limonite and biotite flakes. Microscopic examination of 
this imitation revealed many spherical gas bubbles. 

Mr, Austin informed us that another item purchased 
at the same time and represented as top-quality ruby was 
subsequently determined to be cuprite, a dark red copper 
mineral from Zaire. 
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GEMSTONES OF 
EAST AFRICA 
By Peter C. Keller, 144 pp., illus., 


publ. by Geoscience Press, Phoenix, 
AZ, 1992. US$50.00* 


This is the first comprehensive book 
on gemstones from a region that has 
recently become one of the world’s 
prime gem localities. It is well written, 
interesting, and filled with beautiful 
illustrations of gems, historical photos 
of mining developments and deposits, 
plus mary locality maps. 

The author briefly reviews the geol- 
ogy of East Africa and then discusses 
the gemstones—their major deposits, 
short histories, geologic settings, and 
gemological properties. Principal chap- 
ters cover diamond, ruby and sapphire, 
emerald and alexandrite, tanzanite, gar- 
nets, tourmaline, and prase opal. Also 
briefly discussed are less important 
gems, including actinolite-tremolite, 
agate, amazonite, amethyst, apatite, 
beryl, diopside, enstatite, euclase, 
idocrase, kornerupine, moonstone, peri- 
dot, phenakite, rhodonite, scapolite, sin- 
halite, spinel, sunstone, turquoise, 
and zircon. 

Appendix A lists 177 noteworthy 
East African gem localities, with 
latitude and jongitude for each, orga- 
nized by gem species. Appendix B lists 
21 East African gems in the Los Angeles 
County Natural History Museum, and 
Appendix C lists 72. in the Smithsonian 
Institution. The references, cited in each 
chapter, constitute an impressive bib- 
liography—242. items out of a total of 
about 300 that have ever been published 
on East African gemstones. 

The pace of gem discovery and 
development in East Africa is moving so 
fast, however, that several important 
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new localities are absent or barely 
touched on. A major emerald deposit 
has been discovered at Sumbawanga, 
just west of Lake Rukwa, in south- 
western Tanzania, rubies have turned 
up both at Naberera, south of 
Lossogonoi, and near Mbeya, at the 
north end of Lake Nyasa. It is perhaps 
unfair to be critical of the outdated and 
inaccurate information on the Longido 
ruby mine, because access to that 
deposit has been so restricted in recent 
years. Yet, much new progress is not 
reported. In addition, it is difficult to 
keep up with the dramatic changes that 
take place constantly at the Merelani 
tanzanite mines. To his credit, the 
author says in the preface: “Given the 
potential of the region for new gem- 
stones, it is certainly possible that oth- 
er species will be discovered even before 
this book is published.” This book is a 
great start, but it is now clear that new 
deposits will be found every year. No 
doubt, a revision and update will soon 
be needed. 

Many of the color gem photos are 
dramatic but unrealistically intense. 
For example, the pink diamond {figure 
2.5] looks almost red, and the impres- 
sive carved ruby toad from Longido sits 
on chrome zoisite the color of imperi- 
al jade (figure 3.5}. Yet, the ruby in loose 
blocks of “anyolite” (figure 3.3) looks 
more like brown rust when it truly is 
red, It is also disconcerting to have so 
few carat weights given for pictured 
gems. The superb Manyara emerald 
(figure 4.1} could be a world-class 10-ct 
wonder, or a 10-point stone; there’s no 
indication. It is particularly unfortu- 
nate that more-specific locations are 
not given for a number of pictured 
gems, especially in a book whose title 
emphasizes locality. Fascinating 
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historical photos, taken by E. Giibelin, 
add interest to the brief histories of 
some of the more famous localities; 
however, most lack dates. Despite these 
shortcomings, the many beautiful 
photographs add drama to the book. 

One can sympathize with the 
author’s evasion of the rather complex 
problem of nomenclature of East 
African garnets. Still, it would have 
been appreciated if “malaya” and its 
relationship to “umbalite” had been 
discussed, if rhodolite had been treated 
as an important gem type (instead of 
being divided between two different 
locality discussions}, and especially if 
the fascinating Umba Valley color- 
change garnets had been treated in more 
depth and illustrated in their different 
colors. Perhaps the East African garnets 
merit a separate hook or treatise, near- 
ly every known type and variety is 
found there, and even uvarovite or 
demantoid may yet be discovered in so 
chrome-rich an area. On the garnet 
locality map, the dot for Umba (Tanga 
Province} is plotted in Kenya rather 
than Tanzania, and some other locali- 
ties have been plotted less than accu- 
rately. The location maps in general are 
helpful and important, but many suffer 
from having no scale, no indication of 
latitude and longitude, and no roads or 
towns. Determining exact locations 
requires a knowledge of the area or an 
atlas for reference. 

Those of us who work in Africa 
are gratified to see this fine book appear 
at this time. All gemologists, inevitably 
aware of the new importance of East 
Africa, will welcome this addition to 
their library. 

ALLEN M. BASSETT 
Tan-Minerals Mining Co., Ltd. 
Arusha, Tanzania 
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HEALTH RISK ASSESSMENT 
OF IRRADIATED TOPAZ 
(NUREG/CR-5883BNL- 
NUREG-52330) 


By K. Nelson and J. W. Baum, 141 pp., 
available from Superintendent of 
Documents, U.S. Government Printing 
Office, Washington, DC, 1993. 


This technical report, prepared at the 
Brookhaven National Laboratory for 
the U.S. Nuclear Regulatory Com- 
mission (NRC), documents the neu- 
tron irradiation of 51 colorless topazes 
and the electron-beam (linac) irradia- 
tion of 36 other colorless topazes, all 
reportedly mined in Brazil, India, 
Nigeria, and Sri Lanka. 

The study is fairly thorough. It 
begins with a discussion of radiation- 
induced color centers in gemstones, and 
then focuses on the topaz industry, 
describing countries of origin for rough 
material, volume produced, number of 
people involved in the trade, and so on. 
Next, various irradiation techniques 
and previous research on irradiated 
topaz are discussed, including the effects 
of radiation on the hardness of topaz. 
The bulk of the study then concentrates 
on the radionuclides produced, the treat- 
ment processes, and measurement of 
the radioactivity of the 87 irradiated 
topazes in the test sample. This is fol- 
lowed by an analysis of radiation doses 
that would be received by people wear- 
ing topaz jewelry with residual radioac- 
tivity at NRC release-concentration 
levels. The authors stick their necks 
out a bit and claim that the blue color 
in topaz may be in some way connect- 
ed to gallium and sodium levels (which 
has not yet been established by color 
research}. 

The report’s general conclusions 
can be summarized as follows: (1) 
Germanium and sodium-iodide crystal 
shielded detectors are needed to check 
for NRC release radionuclide concen- 
trations (bare photographic film can be 
used, but exposures must exceed 833 
hours; Geiger counters are inadequate); 
and (2) the health risk from irradiated 
topaz is a small fraction of what 
the National Council of Radiation 
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Protection considers a negligible indi- 
vidual cancer risk level of one in 10 
million. (In other words, irradiated topaz 
is safe if within the NRC release limits.} 

Overall, this is an informative doc- 
ument for anyone who wants to know 
as much as the U.S. government wants 
to know about irradiated topaz. It could 
use some editing, however, to iron out 
some misquotes, inaccuracies, and 
omissions that appear throughout. For 
example, page 33 states that man- 
ganese-54 (Mn-54) is produced in topaz 
by a (n,2n) reaction with Mn-55 rather 
than by a (n,p} reaction with iron-54 
(Fe-54}. Also, a substantial portion of 
the report is devoted to providing data 
that are not really useful. For example, 
28 figures out of 44 (20% of the written 
report} concern measuring topaz with a 
Geiger counter. More than four pages of 
references are provided, and two appen- 
dices cover gem and radiation 
terminology. 


CHARLES E. ASHBAUGH, III 
Woodland Hills, California 


OPAL IDENTIFICATION 
AND VALUE 

By Paul B. Downing, 210 pp., illus., 
publ. by Majestic Press, Tallahassee, 
FL, 1992, US$38,95* 


This well-organized and readable book 
presents key steps in the grading and 
description of opals. Helpful features 
include key concepts (highlighted in 
boxes) throughout, and reviews at the 
end of each chapter. Stunning pho- 
tographs by Len Crarn and Rudy Weber 
compliment the text. 

Dr. Downing first examines the 
relationships between opal character- 
istics and value, stressing that opal is 
probably the most challenging gem 
material to evaluate because no two 
stones are exactly alike. Next, equip- 
ment needed for consistent opal grading 
is listed, including the “opal brightness 
kit,” which he markets. This kit con- 
tains three natural opals that are grad- 
ed faint, bright, and brilliant; Dr. 
Downing uses this kit to propose a 
consistent method of determining 
degree of brightness or “fire.” (The opal 


brightness kit sets practical and con- 
sistent parameters for the brightness of 
a specific opal; in essence, it equates 
brightness grading of opals to color grad- 
ing of diamonds, according to Dr. 
Downing.) He maintains that most 
people tend to include too many 
colors in a description. The superb col- 
or photographs in this section provide 
a visual benchmark for determining the 
“fire color” of a stone. The photographs 
that accompany the section on fire-pat- 
tern types and terms are equally mag- 
nificent and helpful. Dr. Downing also 
provides definitions of the more com- 
mon fire-pattern terms. 

Cut (including proportions and 
qualities of polish}, inclusions, and 
weight factors are then detailed, as is 
the effect of cracks and crazing on val- 
ue. Consistency and directionality of 
fire are important, too. 

A separate section covers determi- 
nation of value, based on a point system 
devised by the author. If the point-eval- 
uation system could somehow be cor- 
related to a more accurate scale of 
prices, it would be very useful. As 
described in the book, however, the 
author’s pricing system is impractical 
and does not seem to correspond to that 
found in the trade. 

Dr. Downing does discuss world 
opal localities, but he states that in 
general locality does not affect price. 
Valuable guidelines—to evaluate dou- 
blets, triplets, synthetics, simulants, 
intarsia, mosaics, and rough—are also 
proposed. The book concludes with an 
extensive bibliography and thorough 
glossary. 

This book represents extensive 
knowledge accumulated on opals, and 
reflects the obvious enthusiasm and 
sincerity of the author. 


JO ELLEN COLE 

Richard T. Liddicoat Library 

and Information Center 
Gemological Institute of America 
Santa Monica, California 


* This book is available for purchase at the 
GIA Bookstore, 1660 Stewart Street, 
Santa Monica, California. Telephone (800) 
421-7250, ext. 282. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Forme, structure et couleurs des perles de Polynésie, suite 
II (Shape, structure, and color of Polynesian pearls, part 
Il). J.-P. Cuif, Y. Dauphin, C. Stoppa, and S. Beeck, 
Revue de Gemmologie a.f.g., Vol. 115, 1993, pp. 9-11. 


This article describes a statistical study of the color of 
Polynesian black pearls that was conducted to help opti- 
mize production. The pigmentation of these pearls is asso- 
ciated with the mixture of probably three pigments of 
relatively low mass. The visible-range transmittance spec- 
tra of solutions containing pigments from various black 
pearls reveal significant variation in the importance of the 
transmission windows at 490 and 700 nm. Fiber optics were 
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used to measure the reflectance of a pearl’s surface without 
touching that surface (and thus risking damage to the pearl). 
The differences in reflectance spectra between a white, a 
black, and several gray pearls are illustrated. Statistical cor- 
relation of the various features of the spectra with culturing 
conditions may help explain which factors of the cultur- 
ing process influence the final color of the pearl. Similar 
studies can be conducted in the near-infrared region of the 
spectrum, and might prove useful in separating Polynesian 
cultured pearls from other similar-appearing products, pos- 
sibly treated or even imitation pearls. EF 


Gemmology Study Club lab reports. G. Brown and S. M.B. 
Kelly, Australian Gemmologist, Vol. 18, No. 5, 1993, 
pp. 169-173. 


Several materials are described in this series of brief reports. 
The first is calcareous bamboo coral that had been turned 
dark brown through silver nitrate treatment. Although the 
enhancement masked the longitudinal striations along the 
length of the branches, the material was easily separated 
from natural black coral by differences in heft and reaction 
to dilute hydrochloric acid. Other organic gem materials 
covered are carved buffalo and cow horn as well as grayish 
cultured pearls, the color of the latter may be natural, or 
it may be enhanced by dyeing or irradiation. 

Also described are a modern Eskimo “spirit” carving in 
greenish gray soapstone; diamond crystals from Macquarie 
River gravels near Wellington, N.SW., Australia; opaque, 
massive pink petalite; and trapiche emeralds. The authors 
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ask for help from readers in identifying unusual ball-like 
masses of radially oriented fibrous crystalline inclusions in 
a colorless quartz crystal, and fine white powder in a bottle 
(labeled “Diamantine No. 2”). RCK 


Gemstone business benefits from diamond stability. 
D. Hadany, Mazal U’Bracha, No. 52, 1993, 
pp. 101-103. 


In a presentation to the Tel Aviv Congress of the 
International Colored Gemstone Association in Tel Aviv, 
Dan Hadany, managing director of the Israel Diamond 
Exchange, pointed out that the managed equilibrium 
between diamond production and sales greatly stabilizes 
the $100 billion jewelry market, balancing the nonregulat- 
ed colored stone sector, which tends to fluctuate unpre- 
dictably between shortages and oversupply. The colored 
gem industry is also riding the coattails of the diamond 
engagement ring, wedding ring, and anniversary jewelry, 
cultural fixtures that are becoming increasingly popular as 
diamond-gemstone “mixed jewelry.” The author believes 
that the diamond and gemstone industries can compliment, 
rather than compete with, each other if designers and man- 
ufacturers work together to develop emerging markets and 
create new jewelry pieces that combine diamonds and col- 
ored stones. Andrew Christie 


An historical note on the colour phenomenon in precious 
opal. D. B. Hoover, Australian Gemmologist, Vol. 
18, No. 5, 1993, pp. 145-148. 


Although it was not until 1964 that a three-dimensional 
array of silica spheres was shown to be responsible for the 
play-of-color in opal, the optical principals behind the effect 
have been known for over 100 years. The author of this 
brief report substantiates this claim by referring to Physical 
Optics, by Robert W. Wood, first published in 1905, Mr. 
Wood referenced the even earlier work of G.G. Stokes 
(1819-1903), who equated the phenomenal colors in opal 
with a similar effect in polysynthetically twinned potassi- 
um chlorate crystals. Wood also quoted Lord Rayleigh, who 
claimed in 1888 that the effect resulted from a number of 
multiple reflecting surfaces, approximately equally spaced. 

The author also describes how to make two types of 
imitation opals. The first involves growing small, twinned 
potassium-chlorate crystals—a potentially dangerous process. 
These are then embedded in Canada balsam and cemented 
to the back (painted black} of a meniscus lens. The spectral 
colors observed result from the presence of a great number 
of poorly reflecting, equally spaced surfaces. 

The other imitation uses a method known as Lippman 
photography, which employs a very fine-grained black-and- 
white film backed with a first-surface mirror. The devel- 
oped film has many equally spaced planes of silver particles 
that interact with light in a manner analogous to the twin 
planes in the previously described potassium chlorate 
crystals, 
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The author states that although Bragg diffraction is 
needed to explain play-of-color in natural opal, play-of-col- 
or in Lippman-photography or potassium-chlorate crystals 
can be explained by simple multiple reflection with wave 
interference. The observable color phenomenon, however, 
is the same. RCK 


Possible prehistoric glasses in the gem trade in Sri Lanka. H. 
Harder, Journal of Gemmology, Vol. 23, No. 5, 1993, 
pp. 267-273. 


Glass found in the gem gravels of Sri Lanka is sold locally 
as being of natural origin. However, the actual origin of this 
material has never been confirmed. The glass occurs in a 
wide variety of colors—including green, blue, and red—and 
the multicolored appearance of some of this material is 
unusual for tektite or other meteoritic glasses. An 
alternate theory is that this glass may be the remnants of 
ancient manufactured glass that found its way into the gem 
gravels. Chemical analysis of several samples of the Sri 
Lankan glass revealed compositions significantly different 
from those of known tektites, which tends to confirm the 
theory that the former are not natural in origin. The author 
concludes that this material is artificial and prehistoric, 
possibly of local manufacture or imported along ancient 
trade routes from India or Egypt. He closes the article with 
the comments that further research is needed and that, 
should this glass prove to be of prehistoric manufacture, 
its value as a collectible could be enhanced. Color pho- 
tographs, a map, and tables of chemical data accompany 
the article. CMS 


Unusual inclusion in an aquamarine. A. de Goutiére, Journal 
of Gemmology, Vol. 23, No. 5, 1993, pp. 286-287. 


This very brief note describes a three-phase thin-film inclu- 
sion in an aquamarine. Four color photomicrographs illus- 
trate the change that takes place in the inclusion as the 
stone is slowly heated. The reaction is unusual because of 
the slow rate at which the change occurs. CMS 


DIAMONDS 


Arkansas, Canadian pipes show promise in surveys. 
R. Shor, Diamant, Vol. 35, No. 361, 1993, pp. 15-16. 


Two North American diamond sources are being studied: 
the Crater of Diamonds State Park in Murfreesboro, 
Arkansas, and the Lac de Gras area of northern Canada. 

A ring, created by Henry Dunay and worn by Hillary 
Rodham Clinton to her husband’s inauguration, gave a 
major public relations boost to the Crater of Diamonds 
State Park. The ring contains a 4.23-ct rough yellow dia- 
mond found in the park. A geologic survey revealed that 
the pipe is a hybrid of kimberlite and lamproite and contains 
at least 78 million tons of diamond-bearing ore. The simi- 
larity of the rock composition to that of the Argyle mine in 
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Western Australia explains the high percentage of colored 
diamonds at the Arkansas site. The economic viability of 
commercial mining has yet to be determined, as the aver- 
age quality and quantity of diamonds found there is 
unknown. Environmentalists and park friends are pursu- 
ing court actions to prevent mining companies from doing 
further tests. 

In Canada, mining giant RTZ Corp. has committed to 
spending up to $30 million on diamond-exploration options 
at Lac de Gras. Analysts consider this a signal that the area 
is economically viable because of RTZ’s conservative nature. 
Kimberlite pipes sampled to date have yielded mixed results. 

Nanette Colomb 


The core-mantle boundary. R. Jeanloz and T. Lay, Scientific 
American, Vol. 268, No. 5, May 1993, pp. 48-55. 


In what may be one of the most unusual applications for 
faceted diamonds yet, scientists are using them to help 
duplicate the high pressure and temperature of the man- 
tle-core boundary, some 2,900 km below Earth’s surface. 
In a device called a diamond-anvil high-pressure cell, geo- 
physicists compress—between the enlarged culets of two 
round brilliant diamonds—minuscule samples of minerals 
believed to exist in the boundary region. 

Diamond was chosen for its hardness and transparency. 
A high-powered laser beam can be focused through it to 
heat the compressed sample to thousands of degrees Celsius. 
The sample can also be viewed through the diamond 
during the experiment. 

Discovering the composition of what might be Earth’s 
most geologically active zone could lead to better under- 
standing of the earth’s magnetic poles and tectonic 
plate movement. Andrew Christie 


Crater of diamonds. R. R. Reneau, Rock & Gem, Vol. 23, No. 
6, June 1993, pp. 14-16. 


This article offers some interesting information about the 
unique Crater of Diamonds State Park. Located near 
Murfreesboro, Arkansas, Crater of Diamonds is actually an 
eroded volcanic pipe of kimberlite and lamproite. Originally 
discovered by Dr. John Banner nearly 100 years ago, much 
of the land that is now the state park was purchased by 
farmer John Huddleston, who found the first diamonds in 
the area. After the land was sold by Mr. Huddleston, a num- 
ber of unsuccessful attempts were made to mine diamonds 
commercially. The area was finally purchased by the state 
of Arkansas in 1972, and Crater of Diamonds State Park 
was created, 

For a nominal fee, visitors may enter the park to search 
for diamonds as long as they do so without mechanized 
equipment. They are allowed to keep any that they find. 
According to Mr. Reneau, two mining methods are usual- 
ly used. The first involves slowly searching as much ground 
as possible. The trick is to look for a diamond sparkling in 
the sunlight. The second method involves actual digging, 
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Visitors stake out a small area and sift dirt through a screen 
that may be rented at the park headquarters. Thousands of 
diamonds have been found here, including the notable 40.23- 
ct Uncle Sam. The article also provides useful information 
on area accommodations and dining for those wishing to vis- 
it this unusual attraction. JEM 


A notable red-brown diamond. J. E. Shigley and E. Fritsch, 
Journal of Gemmology, Vol. 23, No. 5, 1993, 
pp.259-2.66. 


Drs. Shigley and Fritsch describe a 5.03-ct red-brown 
diamond of unknown provenance that was recently donat- 
ed to the Smithsonian Institution. Microscopy revealed the 
presence of moderately strong red-brown graining along 
octahedral planes, as well as strong anomalous birefrin- 
gence that correlates with the graining pattern. The stone 
luminesced weak yellow to both long- and short-wave ultra- 
violet radiation, and it exhibited moderately strong green 
luminescence to intense transmitted visible light. 
Spectroscopic data were difficult to obtain because the stone 
is so dark, but results revealed a feature centered about 550 
nm that is typical of pink and purple diamonds, type-la 
infrared features; and an unusual infrared feature known 
as the “amber center,” with its principal band at about 4150 
cm’!, Comparison of the spectrum of this stone to the spec- 
tra of other reddish diamonds indicates that the 550-nm 
feature is responsible for the red overtone. The source of 
this feature is thought to be plastic deformation of the 
diamond crystal structure. Color photographs and graphs of 
spectral data accompany the article. CMS 


Notes from the Laboratory—17. E. C. Emms, Journal of 
Gemmology, Vol. 23, No. 5, 1993, pp. 274-277. 


The Gemmological Association of Great Britain Gem 
Testing Laboratory reports on “three unusual diamonds” that 
were recently examined. The first was submitted to the 
laboratory because its cutter observed bright orange-yellow 
luminescence and phosphorescence while polishing the 
stone. The 0.49-ct finished stone was a greenish yellow 
color of “fancy” intensity, with an intense yellow fluores- 
cence to long-wave U.V. and a yellow phosphorescence that 
persisted for more than five minutes. Storage overnight in 
the dark resulted in an intense yellow coloration that fad- 
ed to a stable greenish yellow within a few minutes of 
exposure to light. Heating of the stone regenerated the 
intense yellow color and confirmed that this stone was a 
chameleon type. Spectral features were consistent with 
those observed in other chameleon diamonds. 

The second unusual diamond was a 0.04-ct particolor, 
part pink and part colorless. The pink portion exhibited 
typical zoning, with no evidence of artificial coloration. 
The third unusual diamond was a 0.24-ct nonconductive 
“blue” diamond. Properties were consistent with those 
described for similar stones by E. Fritsch and K. Scarratt 
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(Gems e# Gemology, Spring 1992, pp. 35-42). Color pho- 
tographs of the three stones and their infrared spectra 
illustrate this feature. CMS 


Opening JV Intertrade polishing factory in Moscow. 
Diamant, Vol. 35, No. 362, 1993, pp. 17-20. 


A diamond-polishing factory, owned by the Russian-Belgian 
joint venture Intertrade, opened March 10 in Moscow. 
Belgian partners Kaszirer Diamonds NV and Oltuski 
Diamonds NV each own 20%; the Moscow City Council 
owns 33%; and a department of the Russian Ministry of 
Finance, Komdragmet, owns 27%. The percentages are 
based on contributions made by each partner. The tech- 
nology and most of the machinery came from Belgium. 

The Intertrade factory is modest in size compared to at 
least one other in Russia, which employs 2,000, but 
capacity is expected to increase. Intertrade will preferably 
process stones averaging 1.5 ct, achieving an initial capac- 
ity of up to 150 carats per polisher per month, or between 
200,000 and 215,000 carats per year. 

Kaszirer has been trading with the former Soviet Union 
for 23 years and wants Antwerp to remain the foremost 
world diamond trade center in Russia’s eyes. They feel that 
more Russian polished goods will be exported in the future 
at reasonable cost, due to the low labor costs. 

Nanette Colomb 


Terrestrial carbon and nitrogen isotopic ratios from 
Cretaceous-Tertiary boundary nanodiamonds. 
I. Gilmour, S. S. Russell, J. W. Arden, M. R. Lee, 
I. A. Franchi, and C. T. Pillinger, Science, Vol. 258, 
No. 5088, December 4, 1992, pp. 1624-1626. 


This article describes the methodology used to conclude 
that the tiny (10° micron] diamonds found at the Cretaceous- 
Tertiary (K-T) geologic boundary were formed during impact 
by a large asteroid that supposedly led to the extinction of 
dinosaurs, 65 million years ago. Diamonds from three bound- 
ary sites in North America and Europe were shown to have 
a cubic morphology, to occur in clumps, and to be typical- 
ly 6 nm. Carbon and nitrogen isotope ratios and the car- 
bon and nitrogen release ratios, obtained during heating 
experiments, suggested strongly that the diamonds were 
not from kimberlite or lamproite or of a type found in mete- 
orites. They were, however, roughly similar to diamonds gen- 
erated by explosive detonation of TNT. Hence, the article 
concludes that diamonds found at the K-T boundary were 
formed by a large asteroid (thought to have struck the Earth 
in the Caribbean north of the Yucatan Peninsula in Mexico}. 
These diamonds might have been produced either by shock 
alteration of carbon, in the asteroid or the Earth, or by a 
quick chemical-vapor-deposition (CVD) type of mechanism, 
with meteoritic diamonds possibly acting as seed crystals. 

Charles E, Ashbaugh III 
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Australia’s treasures from the deep. G. Van Zuylen, Jewellery 
International, No. 13, 1993, pp. 65-72. 


Australia has become a leader in the production of South Sea 
cultured pearls, producing almost half the total market, 
most of this in fine white pearls. Other countries (such as 
Tahiti, Burma, and the Philippines} produce mostly non- 
white pearls. Australia’s pearls are the product of many 
years of pearling experience in and around the port town 
of Broome. 

Production starts with the collection—controlled by 
a quota system—of indigenous Pinctada maxima oysters 
from natural oyster beds. (Australian production uses 
mostly “wild” oysters, although pearl oysters may be bred 
in the future.) After these oysters are “seeded” (implanted 
with a mother-of-pearl nucleus and mantle tissue to 
initiate pearl growth], they are transported to farming bases. 
Once the oysters have been set at these farms, they are 
diligently cared for. Pearls form in 20 to 24 months. 

Pearling in Australia is very advanced. Wild oyster beds 
are located by satellite and computer technology, and implan- 
tation of the nucleus is done by teams of highly skilled 
technicians. One area that needs to be developed is 
marketing. Previously, pearls were usually just sent to Japan 
to be sold. Now, pearl dealer Rosario Autore, former man- 
aging director of Devino Pty. Ltd., oversees much of the 
marketing of Australian pearls. Besides Japan, Mr. Autore has 
developed markets in the U.S., Italy, Germany, Hong Kong, 
and Thailand. Seven photos illustrate the article. 

JEM 


Faceted dark-green uvarovite from Outokumpu, Finland. 
U. Henn and H. Bank, Australian Gemmologist, Vol. 
18, No. 5, 1993, pp. 142-143. 


After an overview of the garnet group, the authors focus 
on uvarovite. This green Ca3Cro(SiO4)3 garnet is probably 
the least known to gemologists because it is rare and gen- 
erally does not occur as transparent crystals in sizes large 
enough to facet. One source is Outokumpu, Finland, a site 
about 350 km northeast of Helsinki and 100 km from the 
Russian border. 

The authors describe their examination of a 0.95-ct 
faceted uvarovite that was fashioned from an Outokumpu 
crystal. The stone gave a typical singly refractive reaction in 
the polariscope, had a refractive index over the limits of 
the standard gemological refractometer, and produced a 
specific gravity of 3.76. Chemical composition, determined 
by microprobe analysis, revealed a uvarovite-rich mixed 
specimen: 59.80% uvarovite, 38.24% grossular, and 1.96% 
andradite end-members. The absorption spectrum, as deter- 
mined by a spectrophotometer, showed a broad, intense 
absorption band at 700 to 550 nm in the red, orange, and yel- 
low and another from 480 nm in the blue, violet, and 
U.V. wavelengths. RCK 
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wt.%] as follows: Ce** 2.7.93, La** 13.84, Nd** 7.32, Pr** 
4.34, Ca** 7.62, C** 5,70, F 10.47, O* 22.78 [=100,00]. 
R. A. Howie 


“Smaragdminen der Cleopatra”: Zabara, Sikait und Umm 
Kabo in Agypten (“Emerald Mines of Cleopatra”: 
Zabara, Sikait and Umm Kabo in Egypt). 
G. Grundmann and G., Morteani, Lapis, Vol. 18, No. 
7/8, 1993, pp. 27-39 and 90; “Tsavorit,” der griine 
Grossular aus Kenya (“Tsavorite,” the green grossu- 
larite from Kenya). W. Schafer, Lapis, Vol. 18, No. 
7/8, pp. 57-66 and 90. 


This issue of Lapis is entirely dedicated to gems. Besides a 
number of smaller articles (e.g., on color-change hackmanite 
from Canada and tourmaline from Saxony], it contains an 
updated German version of “Status of Ruby and Sapphire 
Mining in the Mogok Stone Tract,” by R. E. Kane and R. C. 
Kammerling (see Gems &) Gemology, Vol. 28, No. 3, 1992, 
pp. 152-174}. The article by Grundmann and Morteani is a 
welcome addition to the scarce literature on Egyptian emer- 
alds and provides information gathered during a visit to the 
mines in February 1992. Along with a historical overview, 
the authors give a geologic description of the locality and 
show that the emeralds occur in schists along a system of 
thrusts. Schafer’s article offers information on the tsavorite 
occurrences: geologic setting and conditions of formation, 
the mines and mining methods, and some production fig- 
ures and criteria for quality assessment. All articles are 
written in German and are illustrated with color 
photographs. Rolf Tatje 


INSTRUMENTS AND TECHNIQUES 


The Raman inicroprobe in gemology [in French]. Revue de 
Gemmologie a.f.g., special issue, 1992. 


This special issue is devoted to the use of Raman spec- 
troscopy in gemology. Raman spectroscopy is a nonde- 
structive technique that detects characteristic molecular 
vibrations in a material. 

The first of the two articles, by H.-J. Schubnel, is an 
overview of the usefulness of Raman spectroscopy for gemol- 
ogists, accompanied by several detailed examples. Mr. 
Schubnel’s paper largely uses material from his pioneering 
1977 article. He states the absolute necessity of a catalog of 
Raman spectra to compare spectra of unknown materials 
with those of well-characterized minerals and organic 
materials. 

The second article, the main part of this special issue, 
contains such a catalog, Authors M. Pinet, D. C. Smith, 
and B. Lasnier provide structural and spectroscopic details 
for about 80 gem materials. They focus on the use of a 
Raman microprobe (with the help of a microscope} to obtain 
spectra from very small areas. First, they present the ele- 
mentary physical processes responsible for the Raman effect. 
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Then they explain the acquisition of a spectrum and how the 
Raman microprobe works, before pointing out advantages 
of this technique (nondestructive, fast, microscopic; works 
on solid, liquid, and gaseous materials, even if included in 
a transparent solid). The Raman spectrum of a gem, or an 
inclusion in a gem, represents a “fingerprint” of its structure, 
much like an X-ray diffraction pattern. Even if all individ- 
ual peaks cannot be attributed to specific molecular vibra- 
tions, overall it is a useful identification tool. The various 
factors that can affect the quality or usefulness of a spectrum 
are also listed. 

This issue is illustrated with 28 color and 17 black- 
and-white photographs of equipment or inclusions. Although 
the articles are written in a language other than English, 
the numerous spectra alone make this special issue an 
extremely valuable reference for those interested in this 
spectroscopic technique. EF 


Test report on the Hanneman Mini-cube II. P. G. Read, 
Journal of Gemmology, Vol. 33, No. 6, 1993, 
pp. 360-361, 


The increased production of diffusion-treated sapphires has 
made immersion inspection a particularly valuable gemo- 
logical test. The author describes a simple immersion cell 
(manufactured by Hanneman Gemological Instruments} 
designed for use with a “pocket torch” (a “penlight” to 
American gemologists). The Mini-cube is a useful portable 
tool for identification. Different sizes are available. CMS 


JEWELRY HISTORY 


Out of Africa: The superb artwork of ancient Nubia. D. 
Roberts, Smithsonian, Vol. 24, No. 3, June 1993, 
pp. 90-100. 


This article is a study of, and tribute to, an enigmatic peo- 
ple whose cultural remnants still exist in the modern world, 
although their civilization does not. In addition to a num- 
ber of permanent displays that recently opened, an exhibi- 
tion that includes Nubian jewelry and other jeweled personal 
objects is now traveling to various museums around the 
U.S. Many of these items have helped archeologists and 
anthropologists uncover some of the secrets of this lost 
civilization. Confounded by wars and cultural assimilation 
between the Nubians and their northern Egyptian coun- 
terparts, items once thought to be of Egyptian origin are 
now attributed to the Nubian culture. There is lively debate 
as to this question of origin, and Egyptologists are enjoying 
renewed interest in their field because of the questions now 
posed by these artifacts, The article includes photos of some 
of the more important artifacts, as well as a map for 
geographic orientation. JEC 


Steven Kretchmer: Today’s alchemist designer. R. Weldon, 
Jewelers’ Circular-Keystone, Vol. 164, No. 1, January 
1993, pp. 70-71. 
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This informative article showcases the work of one of 
America’s most popular designer/goldsmiths—Steven 
Kretchmer—Jewelers of America’s New Designer of the 
Year Award winner for 1992. A graduate of Rhode Island 
School of Design, he began his career with the renowned jew- 
elry firm Faraone in Italy. After returning to the U.S., he 
earned a Master of Fine Arts degree from the University of 
Michigan. Subsequently, he worked for Harry Winston, 
Inc., researching exotic golds, specifically to find ways to pro- 
duce blue gold. He currently has a design studio in Los 
Angeles. Illustrated with breathtakingly beautiful pho- 
tographs, the article details his accomplishments in ten- 
sion setting, mokume-gane, and blue gold. KBS 


The stolen gold of Troy. R. Covington, Art & Antiques, 
Vol 9, No. 8, October 1992, pp. 74-79 (part 1); Twisted 
fate of the Trojan gold, Vol. 9, No. 9, November 1992, 
pp. 75-79 (part 2). 


This fascinating two-part series traces the history of the 
treasure of Troy, a 4,000-year-old trove found in Hisarlik, 
Turkey. Part one describes its discovery by archeologist 
Heinrich Schliemann in 1873. In 1881, Schliemann donat- 
ed the collection to the German government. It remained in 
Berlin until 1945, when invading Russian soldiers removed 
it from Germany. Since then, rumors have circulated about 
this treasure and other confiscated artworks. 

In part two, Mr. Covington details the events that led 
to the treasure falling into Russian hands. Political condi- 
tions now permit greater access to historical records, and 
investigators have located information on these missing 
art collections. Some 36 miles (58 km) north of Moscow, in 
a 16th-century monastery at Zagorsk (renamed Sergiev 
Posad], the Pushkin Museum stores about 16,500 works of 
confiscated art. Among these are reportedly more than 4,600 
extraordinary pieces—gold diadems, necklaces, earrings, 
cups, silver vases, and jars—that make up the treasure of 
Troy. Part two includes a photograph of Schliemann’s wife, 
Sophie, wearing part of the “Jewels of Helen”—a headdress 
with 16,000 tiny gold leaves and a necklace with 8,700 
small gold components. 

At the time the articles went to press, the Russian gov- 
ernment still had not acknowledged possession of 
the collection. Alicia G, Powers 


JEWELRY RETAILING 


Season closes on antique high. V. Becker, Retail! Jeweller, 
Vol. 30, No. 801, July 15, 1993, p. 14. 


Healthy buying activity by trade and private buyers from 
Europe, the United States, and the Middle East was report- 
ed at Sotheby’s July 1 auction in London. A continental 
buyer purchased two unmounted diamonds (5.7 ct and 5.96 
ct} for £54,300 and £52,100, respectively. A 1930 diamond 
plaque brooch was sold to a European dealer for £26,450, and 
a private buyer purchased a 1950 diamond bracelet for 
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£23,000. A European dealer paid £12,650 for a cabochon 
sapphire ring. 

Egyptian-style jewelry is always desirable, and jewels 
made at the time of the opening of the Suez Canal are rare 
and in demand. The cover lot included an 1870 gold-and- 
enamel fringed necklace, made in the Egyptian revival style, 
which brought in £7,500. A diamond-and-pearl bracelet 
from about 1900 sold for £5,000. Maha DeMaggio 


Selling to the senses. M. Ondovesik, Accent, Vol. 18, No. 5, 
May 1998, pp. 44-46. 


This short article focuses on how to influence buyers through 
the use of touch, smell, sight, and sound in retail design 
and display. It offers several helpful tips regarding the 
jewelry industry, and comments on many subtle, but impor- 
tant, effects. For example, Ruth Mellergaard, director of the 
International Design Group in New York, recommends 
placing display cases at an angle or curve, because they are 
more intriguing to the customer, who is induced to take 
more time going through the aisles. J‘Amy Owens, president 
of Retail Planning Associates in Seattle, recommends 
placing more popular items toward the back of the store, so 
that customers will pick up impulse items on the way. 
Scent can have drarnatic effects on a person’s attitude, 
women will spend more time at a counter when a floral 
scent is present, and men will be more attracted by spicy 
smells like cinnamon. Colors can set a person’s mood; bur- 
gundy, purple, and blue entice people to buy big-ticket 
items. This useful article offers several clever ways to help 
your business become more profitable. 

Elizabeth A. Keller 


PRECIOUS METALS 


990 Gold: An unsung alloy. F. Keller-Bauer, /Q Magazine, 
Vol. 47, 1993, pp. 94-96 (reprinted from Gold 
Technology, May 1992). 


The 990 gold alloy, which includes less than one weight per- 
cent of titanium, is now available to the jewelry industry. 
Christian Bauer GmbH played a leading role in developing this 
23.75k alloy, which wears much like 18k. In addition, 
titanium is known to be a nonallergenic metal. 

Along with the Precious Metals Research Institute in 
Schwabisch Gmiind, Germany, Christian Bauer developed 
a method of alloying gold with titanium in a vacuum atmos- 
phere utilizing argon, followed by a specialized homoge- 
nization process. This technique produces a hard alloy ideal 
for cold working. When an additional hardening process is 
carried out, the alloy is ready for lathe turning. 

Unfortunately, the jewelry industry and consumers 
have not been very receptive to the new alloy, possibly due 
to the belief that all high-karat alloys are too soft for every- 
day wear. Education about this alloy is needed. This inter- 
esting report is accompanied by several photographs of 
wedding rings made by Christian Bauer from 990 gold. 

JEM 


GEMS & GEMOLOGY Fall 1993 225 


Gem-quality scapolite from Sinjiang Region, West China. 
Z. Peili, Australian Gemmologist, Vol. 18, No. 4, 
1992, pp. 115-117. 


Gem-quality chatoyant scapolite—in colorless and pink- 
ish purple to purple hues and light to dark tones—was dis- 
covered in the Kashi area, Sinjiang Uighur Autonomous 
Region, China, in 1989, The material, found in strata whose 
wall rock is composed of biotite-plagioclase-schist and 
tremolite-dolomite, occurs in three contexts: scapolite-titan- 
ite-diopside skarn, scapolite-titanite breccia, and scapolite- 
titanite eluvial slope layers. The crystals found in skarns and 
breccia, 3%~5% of which are considered gem quality, are 
relatively dark in tone; those from the eluvial-alluvial 
deposits, roughly 1%-3% of which are gem quality, are 
typically lighter in color. 

The euhedral crystals, usually tetragonal prisms with 
longitudinal striations on prism faces, range from 0.5 to 1.5 
cm in diameter and from | to 3 cm in length. Some are 
transparent and relatively free of inclusions, while others are 
translucent due to fine, densely packed tubular inclusions. 
Gemological properties determined are: R.I. 1.540-1.535, 
with 0.005 birefringence; dispersion 0.017; uniaxial negative 
optic character; pleochroism, dark purple parallel to the c- 
axis and light to very light pinkish purple perpendicular to 
it; dark orange U.V. fluorescence (long- and short-wave); 
S.G. 2.51-2.59; Mohs hardness of 6.27 [sic] to 6.4. 
Magnification revealed dense filiform and tubular inclu- 
sions, light purple columnar crystals, negative crystals, and 
columnar zircon crystals, 

The author also describes the gemological properties of 
titanite (sphene) found in association with the scapolite, 
and indicates that recent prospecting has revealed 
additional occurrences of the latter in the Kashi area. 

RCK 


The mineral industry of California. J. Burnett, California 
Geology, Vol. 46, No. 3, 1993, pp. 74-75. 


California produced US$22,070,000 worth of gemstones 
from 1990 to 1992, but gemstones only rate one line in an 
accompanying chart. Gemstone quantity is “not available,” 
and types are not listed. To be fair, portland cement, the 
state’s big money-maker at approximately $1.67 billion for 
the three years, doesn’t fare much better—one line in the 
chart and eight words in the text. (Although one wonders 
when portland cement became a mineral.) For reasons not 
given, gemstone production jumped almost sevenfold from 
US$1.501 million in 1990 to 10.450 million in 1991; the 
total for 1992 was 10.119 million. Irv Dierdorff 


Orissa’s production to increase. V. Kuriyan, Jewellery News 
Asia, No. 106, June 1993, pp. 66-74. 


Orissa, a state on the east coast of India, could become an 
important source of gemstones. Corundum, garnet, aqua- 
marine, chrysoberyl, and iolite are among the gems being 
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mined there. It is believed that inventory already held by 
local traders is substantial. This, coupled with the fact that 
much of the material is not sold as originating from Orissa, 
could explain why the jewelry industry is not more aware 
of Orissa as a gem source. Although Orissa Mining 
Corporation (OMC), a government-owned company, is in 
charge of mining operations in the area, independent min- 
ers {not licensed by the government) are responsible for 
most of the gem production. Historically, OMC’s activity 
has been in industrial ores and granite, not gems. This inex- 
perience has produced some set-backs. As a result, to encour- 
age organized mining and the development of a cutting 
industry in Orissa, the government is looking for private 
companies that can mine and process gemstones profitably. 
The article includes a number of photos of the mining oper- 
ations and a map of the area. JEM 


Petrographic and microthermometrical studies of emeralds 
in the ‘Garimpo’ of Capoeirana, Nova Era, Minas 
Gerais state, Brazil. J. L. Souza, J.C. Mendes, R. M.S. 
Bello, D. P. Svisero, and J. V. Valarelli, Mineralium 
Deposita, Vol. 27, No. 2, 1992, pp. 161-168. 


Studies of this locale have revealed two main lithostruc- 
tural units, The first consists of gneissic rocks of granitic 
composition that belong to the basement complex. The 
second is a highly weathered metasedimentary-metavol- 
canic sequence composed of metapelitic schists, amphibo- 
lites, schists derived from ultramafic rocks, and quartzites. 
Quartz and pegmatoid veins occur near the contacts between 
the gneissic rocks and the metasedimentary-metavolcanic 
sequence. The emerald mineralization is mainly concen- 
trated within the intercalations of meta-ultramafic schists 
near the contact with the pegmatitic veins. 
Microthermometric studies of the fluid inclusions in the 
emerald grains indicate that crystallization occurred in the 
pressure and temperature ranges of 2000-2750 bar and 
450-650 C. The data suggest that the mineralizing solu- 
tions had a late hydrothermal-pneumatolytic origin char- 
acterized by low pressures, indicating the paragenesis talc 
+ tremolite + carbonate + biotite/phlogopite + chlorite in the 
emerald wall rocks. R. A. Howie 


Physical and chemical properties of gem parisite from Muzo, 
Colombia. U. Henn, H. von Platen, W. Hofmeister, 
and H. Bank, Neues Jahrbuch ftir Mineralogie 
Monatshefte, No. 6, 1992, pp. 258-264. 


The authors present the properties of parisite, a pegmatite 
mineral found in Muzo, Colombia, and often as inclusions 
in emeralds from this locality. Faceted, transparent yellow- 
brown gem-quality parisite, a fluorine carbonate, reveals 
refractive indices of no=1.671, ne=1.772; density 4.33-4.34 
g/cm’, and lattice constants of a=7.1102, c=83.834 A. The 
optical spectrum shows a line group typical of Nd**, 
Microprobe analysis yielded a chemical composition (in 
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U.S. attracts the most 1992 nonferrous exploration 
spending. California Mining Journal, Vol. 62, No. 4, 
1992, p. 5. 


This article explains a few conclusions drawn from Metals 
Economics Group’s recent study--’” Corporate Exploration 
Strategies: A Worldwide Analysis.” The study indicates 
that of the 161 companies surveyed worldwide, US$1.7 
billion was spent in 1992 toward exploration for precious, 
base, and other nonferrous hard-rock metals, as well as any 
industrial minerals sought by the mining companies. Among 
the 10 largest spenders on exploration were De Beers and 
Argyle Anglo American Corp. The United States led the 
world with $363 million, or 21.4% of the budgeted expen- 
ditures for those same companies. Australia was second 
with $324 million, or 19.1%. Canada fell to third place 
from $430 million in 1991, to $302 million (or 17.8%) in 
1992. Latin America followed at $256 million, or 15.1%. The 
rest of the world (Africa, Europe, and the western Pacific 
region) showed a 13% decrease from 1991 ($522 million} to 
1992, ($453 million}. The complete study is available for 
$6,750 from the Metals Economics Group, Halifax, Nova 
Scotia, Canada. Lawrence E. Marmorstein 


TREATMENTS 


Radiation-induced colour change in natural and synthetic 
emerald. K. Schmetzer, Journal of Gemmology, Vol. 
23, No. 5, 1993, pp. 288-293. 


Early, unsystematic experimentation with radiation treat- 
ment of emeralds indicated that radiation turns synthetic 
emeralds black or violet, but leaves natural emeralds essen- 
tially unchanged. The observed changes have been attributed 
to a yellow color center, presumably related to the oxidation 
of iron, and a violet color center, possibly associated with an 
electron-hole occurrence. This differential response to irra- 
diation has been proposed as a means to distinguish 
natural from synthetic emeralds. 

The present study entailed a more systematic explo- 
ration of these phenomena. Initially, slices of six natural 
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Kashmir, and Montana]—often do not achieve good results 
with basaltic sapphires. Thus, studies into the response of 
the Fe?'/Fe* IVCT absorption to different methods of heat 
treatment promise to be of great importance to the jewelry 
industry. 


EMMANUEL FRITSCH, Ph.D. 
MEREDITH MERCER 

Research Department 
Gemological Institute of America 
Santa Monica, California 
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and six synthetic (three each flux and hydrothermal] 
emeralds were subjected to cobalt-60 gamma-cell, linear- 
accelerator, and nuclear-reactor radiation treatment. In the 
second phase, 228 natural, 31 hydrothermally grown, and 41 
flux-grown emeralds were exposed to X-rays. None of the 
irradiation methods produced the violet color center in any 
of the samples. At least two types of yellow color centers, 
which generate a strong absorption band in the ultraviolet, 
were produced. These are responsible for the observed 
changes in color, that is, from green to yellowish green or 
greenish yellow in the natural stones, and from green to 
greenish black or “smoky” black in the synthetic emer- 
alds. The resulting color depends on the intensity of the 
U.V. band, such that its tail extending into the visible range 
more or less radically affects the color of the emerald sub- 
ject. Type-A yellow color centers were produced by all types 
of radiation tested and were bleached by daylight, U.V. radi- 
ation, or low heat. Type-B yellow color centers appeared to 
be confined to iron, are not produced by X-rays, and were rel- 
atively stable. 

Exposure to gamma rays, electrons, or neutrons should 
not be used in gem testing for several reasons. Neutron- 
irradiated samples cannot be returned to a client for a con- 
siderable time because of residual radioactivity. Electron 
irradiation often induces cracks. Gamma irradiation can 
result in an appreciable change in the color of natural 
emeralds; although the change can be reversed by heating, 
the annealing process can also produce cracking. X-rays, 
however, may offer a viable test if other methods fail or are 
unavailable. Some natural Colombian emeralds, and all 
Biron synthetic emeralds, respond to X-rays by generating 
a low concentration of yellow color centers that do not pro- 
duce a visually observable effect on color. Otherwise, the 
spectral and visible responses to X-rays are distinct for nat- 
ural and synthetic emeralds. The change in color experi- 
enced by synthetic samples is usually reversed by exposure 
to daylight, although a few samples will require heat treat- 
ment to restore their original color. Dr. Schmetzer 
concludes with the warning that this test should be used 
only with the client’s permission and knowledge of the risk 
involved. CMS 
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UNUSUAL NEW ALMANDINE 
GARNETS FROM BRAZIL 


At our laboratory in S40 Paulo, Brazil, we recently 
received 11 samples of a “burgundy”-color gem material, 
including one faceted stone (figure 1}. Our source sus- 
pected that the isometric material was either spinel or 
gamet (probably pyrope-almandine}, and reported that it 
came from an alluvial deposit in the new state of 
Tocantins, in the northern part of the country. 

Our initial examination revealed an RI. over the 
limits of the standard gemological refractometer, which 
eliminated spinel. Hydrostatic determination of specific 
gravity yielded values between 3.95 and 3.97, which 
exceed those of pyrope (3.58 to 3.61}. At this point, 
almandine seemed the likely candidate, but a hardness 
test using quartz and topaz points revealed a Mohs hard- 
ness of almost 8, which is greater than the highest value 
we could find reported in the literature for garnet (7.5). 

X-ray powder diffraction analysis confirmed the 
cubic crystalline structure and revealed a lattice parame- 
ter of A, = 11.508, which is less than that of almandine 
(11.530). Qualitative chemical analysis by energy disper- 
sive X-ray fluorescence indicated the presence of {in 
order of decreasing concentration}|—Si, Al, Fe, Ca, Mn, 
and Mg, with traces of Cu and Zn. 

To obtain a quantitative chemical composition, we 
performed neutron activation analysis on four samples. 
We irradiated 20 mg of material in a nuclear reactor for 
one minute, and an additional 100 mg for eight hours. 
Gamma-ray emission from the decay of the resulting 
radioisotopes was measured over periods of time varying 
from two minutes to 25 days. The weight breakdown 
obtained includes 22% Fe and 1% Mn; Co, Sc, and Zn 


Figure 1. These garnets, reportedly from the 
Brazilian state of Tocantins, revealed some 
unusual gemological characteristics but were 
found to be primarily almandine in composition. 
Photo by Ivan Ledo Sayeg Filho. 
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showed trace values between 11 and 133 ppm, and Cr 
between 20 and 40 ppm. The precise determination of 
Ca could not be obtained due to interference from adja- 
cent energy peaks generated by Fe, Sc, and Mn in the lat- 
tice. 

The optical absorption spectrum obtained from this 
material includes peaks at 692, 574, 503, 460, 422, 398, 
and 365 nm, and differs only slightly from that reported 
for almandine. 

We concluded that the samples are a member of the 
almandine-spessartine continuous series and consist pri- 
marily of almandine. The Ca and Mg components are 
probably responsible for the anomalous characteristics 
observed, most notably the high hardness. We hope this 
information will help Gems #& Gemology readers with 
their identification of other samples from this highly 
varied gem group, as well as inform them of yet another 
new gem garnet locality. 


MARIA SILVIA GORSKI AND 

NORMAN MICHAEL RODI 

Instituto de Pesquisas Energéticas e Nuclearas 
Sdo Paulo, Brazil 


MORE ON DISCLOSURE 


Irradiate, burn, oil, coat, diffuse, paint, fill, or dye it. 
Enhancing gemstones to improve or alter their appear- 
ance is a common trade practice. Yet while discovery 
that a ruby has been heat treated may not surprise a 
gemologist, the consumer who purchased the ruby 
might not have so passive a reaction. 

As a paralegal and a gemologist, I agree with your 
editorial titled “Stability Disclosure: Are We Going Far 
Enough?” (Summer 1993, p. 79). It is time we end our 
professional myopic view of what is fair for the ultimate 
consumer and look at our actions from their perspective. 

However, there was an error in the editorial. You 
stated that the Federal Trade Commission has addressed 
the issue of enhancement. The quotation was instead 
from the Jewelers Vigilance Committee’s proposed 
changes to the FTC guidelines, and has not yet been 
adopted by the FTC. Booklets distributed by the FTC to 
jewelers do include a note that “considered to be inhibit- 
ed” by the guidelines are: “The sale, or offering for sale, 
of any diamond or other natural precious or semi-pre- 
cious stone which has been artificially colored or tinted 
... without disclosure that such artificial coloring or tint- 
ing is not permanent if such is the fact.” Nevertheless, 


Continued on p. 305 
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THE GEMOLOGICAL PROPERTIES OF 
RUSSIAN GEM-QUALITY SYNTHETIC 
YELLOW DIAMONDS 


By James E. Shigley, Emmanuel Fritsch, John I. Koivula, Nikolai V. 
Sobolev, Igor Y. Malinovsky, and Yuri N. Pal'yanov 


A group of gem-quality synthetic diamonds, 


grown in Russia using the “BARS” apparatus _ 


and now being sold for jewelry use, is exam- 
ined. Study of seven yellow (five faceted, 
0.11-0.51 ct) to orangy or brownish yellow 
as-grown samples, and three yellow to green- 
ish yellow samples (all faceted, 0.14—0.21 ct) 
reportedly treated by post-growth annealing 
at high pressure and temperature, revealed 
distinctive gemological properties. These 
include: color and luminescence zoning, 
metallic inclusions, graining, and sharp visi- 
ble-range absorption bands (some seen with 
a handheld spectroscope). 
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/evelopments in diamond synthesis make it increasing- 
ly likely that gem-quality synthetic diamonds will 
soon become available in the jewelry marketplace. Only a 
few months ago, Chatham Created Gems of San Francisco, 
California, announced that they would soon begin market- 
ing synthetic diamonds from Russia for jewelry use 
(Beware: Russia sells man-made diamonds,” 1993}. The 
quantity will be limited at first (see Nassau, 1993, for an 
analysis of the potential for synthetic diamond production 
in Russia}, and subsequent Chatham statements have indi- 
cated that the original announcement was probably prema- 
ture (Costan, 1993). Nevertheless, positive identification of 
any synthetic diamond is essential to maintaining confi- 
dence and integrity in the gem diamond industry. 

In late 1990, GIA researchers had their first opportunity 
to examine synthetic diamonds produced in Russia (Koivula 
and Kammerling, 1991). Then, in May of 1992, one of the 
authors (NVS} provided GIA Research with 10 Russian gem- 
quality synthetic diamonds for detailed study. Most recent- 
ly, in November 1993, we obtained four Russian yellow 
synthetic diamonds directly from the Chatham company. 
Independent of this research, during the latter half of 1993, 
the GIA Gem Trade Laboratory identified several synthetic 
diamonds among stones submitted by members of the jew- 
elry industry for standard “origin of color” reports. Some of 
the cut stones found to be synthetic also appeared to have 
been treated by irradiation and subsequent heating (see 
International Colored Gemstone Association [ICA] Lab 
Alert No. 74, dated 13 August 1993; Moses et al., 1993a, 
1993b}. Evidence (cited in these references} suggests that all 
of the synthetic diamonds seen in GLA GTL recently, both 
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Figure 1. These synthet- 
ic diamonds—two as- | 
grown crystals (0.78 
and 0.88 ct), three as- 
grown faceted stones 
(0.18-0.51 ct), and two 
faceted stones treated 
at high pressure and 
temperature (0.14-0.21 
ct)—were manufac- 
tured in Novosibirsk, 
Russia. They represent 
the core sample of this 
study. Photo by Robert 
Weldon. 


the as-grown yellow crystals and faceted stones and 
the red treated samples, are of Russian origin. 

We report here on a detailed gemological study 
of the 10 gem-quality synthetic diamonds—seven 
"as-grown" yellow to orangy or brownish yellow 
{two crystals and five faceted samples; see figure 1}, 
and three reportedly treated yellow to greenish yel- 
low (all faceted; see figure 1}—received in 1992. All 
were produced in Novosibirsk {a major technologi- 
cal city in southern Siberia, located approximately 
3,000 km east of Moscow}. We believe from the 
properties observed that the four yellow to orangy or 
brownish yellow synthetic diamonds recently 
loaned to GIA by Chatham Created Gems in late 
1993, and the three yellow synthetic diamond sam- 
ples seen briefly by GIA researchers in late 1990, 
represent the same type of synthetic diamond pro- 
duction. The three yellow to greenish yellow syn- 
thetic diamonds described here were reportedly heat 
treated ("annealed") at high. pressure after synthesis 
in Novosibirsk to alter their color and to study other 
effects of annealing. We do not know their color 
before treatment, although we believe it was in the 
same range as the seven as-grown samples. Note 
that little information has been published on 
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Russian synthetic diamonds treated by high-pres- 
sure/high-temperature annealing (Malogolovets et 
al., 1991; Teslenko, 1993); for brevity, such stones 
are referred to here simply as "HPHT treated." 
Although all of the Russian synthetic diamonds 
described here are easily identifiable, some of their 
gemological characteristics (such as their ultravio- 
let luminescence and optical absorption spectra} dif- 
fer significantly from what we and others have 
reported so far for yellow synthetic diamonds of 
other manufacture that are suitable for jewelry use. 


BACKGROUND 


Since 1971, gem researchers have regularly reported 
on the gemological properties and identifying char- 
acteristics of gem-quality synthetic diamonds 
(Crowningshield, 1971; Koivula and Fryer, 1984; 
Shigley et al., 1986, 1987, 1992, 1993a, 1993b; 
Ponahlo, 1992; Rooney et al., 1993; Koivula et al., 
1993}. Information on synthetic diamonds suitable 
for faceting has also appeared elsewhere in the sci- 
entific literature (see, e.g., Woods and Lang, 1975, 
Sunagawa, 1984; Burns et al., 1990, Lang and 
Moore, 1990; Collins, 1990; Kanda, 1990; Fritsch 
and Shigley, 1993). 
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Figure 2. A “split sphere” apparatus is used to grow synthetic diamond crystals at Novosibirsk. Left: This 
view of the apparatus opened reveals the internal spherical cavity, which holds the two sets of anvils and 
the central high-pressure cell. Right: The same apparatus is in a closed configuration at the start of an 
experiment to grow diamond crystals. Photos provided by N. V. Sobolev. 


As discussed in these references, the gemologi- 
cal identification of synthetic diamonds is based on 
the conditions of diamond growth in the laboratory, 
which differ significantly from those in nature (in 
particular, growth time, chemical composition 
within the growth system, rapidity of cooling from 
high temperature, etc.]. For example, with growth 
from a flux metal or alloy, metallic inclusions may 
become trapped in the synthetic diamond during 
crystallization. Furthermore, laboratory synthesis 
produces diamond crystals with a morphology dif- 
ferent from that of natural gem diamonds. In partic- 
ular, the synthetic diamond crystals we have exam- 
ined always exhibit cube, and sometimes exhibit 
dodecahedral and trapezohedral, internal growth 
sectors (and external morphology), in addition to 
the octahedral sectors found in both natural and 
synthetic gem diamonds (Sunagawa, 1984; Shigley 
et al., 1987). The presence of several growth sectors, 
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potentially containing different types and amounts 
of impurities, can lead to zonations of color, lumi- 
nescence, and graining in synthetic diamonds that 
are different from those seen in natural diamonds. 

The reports mentioned earlier have described 
synthetic diamonds grown by General Electric, 
Sumitomo Electric Industries, and (on an experi- 
mental basis} by the De Beers Diamond Research 
Laboratory. All of these manufacturers use the 
"belt" type of growth equipment {see Strong and 
Wentorf, 1972; Bundy et al., 1973; Nassau, 1980, pp. 
170-193). However, the Russian synthetic dia- 
monds described here were grown using a different 
apparatus. As a result, some of their gemological 
properties are different from those reported for 
these other productions. Nevertheless, they are suf- 
ficient to identify these stones as synthetic dia- 
monds by means of standard gem-testing equip- 
ment and techniques. 
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GROWTH MECHANISM 


The only economical process for growing large (1+ 
ct) single crystals of synthetic diamond is still the 
high-pressure/high-temperature flux method. 
General Electric, Sumitomo Electric, and De Beers 
researchers all use a reaction vessel in what is 
referred to as a "belt" type of apparatus mounted in 
a high-pressure hydraulic press, although the design 
details of their respective equipment apparently dif- 
fer (see Nassau, 1980, pp. 170-193). When a metal 
solvent/catalyst is used as a flux, typical growth 
conditions are 1400° to 1600°C and 50 to 60 kbar. 
Such conditions are within the field of tempera- 
tures and pressures where diamond is the stable 
phase of carbon. With this type of equipment and 
these conditions, diamond crystals are produced by 
the "temperature gradient" or "reconstitution" tech- 
nique (for more information, see Strong and 
Wentorf, 1972, 1991; Bundy et al., 1973; Burns and 
Davies, 1992). Growth periods for a 1-ct diamond 
crystal are reportedly on the order of five days or 
more (Shigley et al., 1986, 1987}. 

At Novosibirsk, synthesis of large, single dia- 
mond crystals is accomplished using a different 
type of high-pressure/high-temperature apparatus, 
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known as the “split sphere” (also referred to by the 
Russian acronym “BARS”; Pal'yanov et al., 1990; 
Yelisseyev et al., 1992a, 1992b). In this type of 
growth apparatus, pressure is applied to two sets of 
anvils (figures 2 and 3). The outer set of eight anvils 
forms an octahedron-shaped cavity. Within this 
space, an inner set of six additional anvils is posi- 
tioned to form a cube-shaped central cavity that 
contains the high-pressure cell in which the dia- 
mond crystals are actually grown (again, see figure 
3). Diamond crystal growth experiments have been 
conducted at pressures of about 55 to 65 kbar and 
temperatures in the range of about 1350° to 1700°C. 
Transition metals (Fe, Ni, Mn, etc.} and their alloys 
are used as solvents/catalysts. The best-quality 
cuboctahedral crystals (grown up to 1.5 ct] reported- 
ly have been obtained using growth rates of not 
more than 5 mg/hr. Thus, the conditions of pres- 
sure, temperature, time, and flux composition are 
similar to those used in the "belt" type of growth 
apparatus. However, the growth cell in the BARS 
equipment is smaller than that in the typical belt- 
type growth apparatus, so there is less space avail- 
able to grow synthetic diamonds. 

Experiments have also been carried out at 


Figure 3, (A-inset) This simplified schematic 
drawing of the interior of the “split sphere” appa- 
ratus shows: (1) the outer set of anvils that form 
an octahedral-shaped cavity; (2) the inner set of 
tungsten carbide anvils that form the cube- 
shaped central cavity that holds the growth cell; 
and (3) the high-pressure cell in which diamond 
growth takes place. (B) The cube-shaped high- 
pressure cell—also simplified for this schernatic 
drawing—consists of: (1) a thermocouple; (2) a 
container (pressure-transferring medium); (3) a 
heating unit; (4) carbon source material (i.e., dia- 
mond); (5) a metal flux solvent/catalyst; (6) a seed 
crystal; and (7) an electrical power supply. 
Illustrations provided by N. V. Sobolev. 
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Novosibirsk and elsewhere in Russia to study the 
effects of additional heating (or "annealing") at high 
pressure on synthetic diamonds produced using the 
BARS equipment (see Malogolovets et al., 1991; 
Teslenko, 1993). These experiments were conduct- 
ed using the same "split sphere" growth apparatus. 
These researchers report that heating for four to 
five hours at up to 2000° to 22.00°C and 70 to 80 
kbar can both affect the color of the synthetic dia- 
monds and produce changes in their visible and 
infrared absorption spectra. We do not know the 
exact treatment procedure used on the three yellow 
to greenish yellow synthetic diamonds described 
here, their condition before treatment, or whether 
the treatment was carried out before or after the 
samples were faceted. 


MATERIALS AND METHODS 


Ten synthetic diamonds were included in this 
study {see table | for descriptions of each) and sub- 
jected to all key tests. The four additional samples 
loaned by Chatham Created Gems {also in table 1) 
and the three yellow crystals seen in 1990 have the 


TABLE 1. Russian gem-quality synthetic diamonds 
examined during this study. 


Sample no. Weight (ct) Shape Color@ Clarity 
As-grown 

21476 0.78 Crystal Y 

21477 0.26 Round brilliant oY VS, 
21478 0.88 Crystal bry 

21481 0.20 Rectangle oY Sl, 
21484 0.18 exagon oY VS, 
21485 0.51 Square Y VS, 
21486 0.114 exagon oY VS, 
HPHT-treated 

21474 0.17 Rectangle gY Sl, 
21475 0.14 Round brilliant gY I, 
21480 0.24 Emerald Y VS, 


As-grown samples loaned by 
Chatham Created Gems 


21635 0.53 Princess oY l, 
21636 0.11 Round brilliant Y WS, 
21637 0.32 Crystal brY 

21638 1.02 Crystal¢ bry 


&Color: Y—yellow, g¥—greenish yellow, oY—orangy yellow, brY—brown- 
ish yellow. 

©Clarity: Although the GIA Gem Trade Laboratory does not issue grading 
reports on synthetic diamonds, the faceted samples shown here (if natural) 


would receive these Clarity grades on the basis of their inclusions and other 


clarity characteristics. 
°Flattened cuboctahearon. 
%odified cuboctahearon. 


232 Russian Synthetic Diamonds 


same gemological properties as the first seven in 
table 1; they are not discussed further here. 

We used standard gemological testing equip- 
ment, including a binocular gemological micro- 
scope, a long-wave (366 nm) and short-wave (254 
nm) Ultraviolet Products U.V. lamp unit (in a dark- 
ened room], and both a Beck prism and a Discan 
digital-scanning diffraction-grating spectroscope. 
Pye-Unicam 8800 and Hitachi U-4001 spectropho- 
tometers were used to record absorption spectra at 
room and liquid-nitrogen temperatures over the 
range 250-850 nm. A Nicolet 60SX Fourier-trans- 
form infrared spectrometer was used to record 
infrared spectra over the range 400-25,000 cm-!, 
Qualitative chemical analysis was carried out using 
a Tracor X-ray energy-dispersive X-ray fluorescence 
(EDXRF) system. The cathodoluminescence photos 
were taken using a Nuclide ELM-2B luminoscope. 
Luminescence spectra were obtained using a 
Milton Roy SLM Aminco AB2 series luminescence 
spectrometer. Excitation was used with a bandpass 
of 4 nm, and emission was recorded with a band- 
pass of | nm. 


RESULTS 


In contrast to the sample groups of gem-quality yel- 
low synthetic diamonds we had examined before, 
the Russian samples described here exhibit greater 
variation in their gemological properties. In this 
section, we will describe the more representative 
features we have observed—some of which are 
merely indicators of synthesis, while others are 
proof. We emphasize that not all of these features 
are present in all 10 samples. Thus, they should not 
necessarily all be expected in other samples of this 
kind of synthetic diamond. 


Color. The colors of all 10 samples and the four 
Chatham synthetic diamonds are listed in table 1, 
using GIA's current terminology for describing the 
color of fancy-color natural diamonds. The colors in 
these stones are similar to those of the Sumitomo 
and De Beers synthetic diamonds (Shigley et al., 
1986, 1987), although the cause of the greenish yel- 
low color is different {see later discussion}. 
However, to our knowledge, none of the synthetic 
diamonds described in the above references had 
been exposed to post-growth high-heat/temperature 
treatment conditions. 


Morphology. Each of the two crystals in the study 
sample (and the three pieces of similar material 
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seen by us in late 1990) exhibited a combination of 
octahedral, cube, dodecahedral, and/or trapezohe- 
dral faces in different relative sizes and arrange- 
ments (see figures 1 and 4; for further information 
on the crystal morphology of natural and synthetic 
diamonds, see Sunagawa, 1984]. The crystal mor- 
phology observed on these crystals is the same as 
that reported on other productions of synthetic dia- 
monds (Shigley et al., 1986, 1987). 


Microscopy. Examination of these Russian synthet- 
ic diamonds with a gemological microscope 
revealed many of the same kinds of diagnostic fea- 
tures we have reported previously in other gem- 
quality synthetic diamonds. 


Color Zoning. One of the two crystals displayed an 
even yellow color. The other {no. 21478) exhibited 
some color zoning, with areas of lighter and darker 
yellow that were separated by graining (best seen 
using fiber optic illumination). 

With only one exception (no. 21484), each of 
the faceted stones also displayed some form of 
uneven color zoning {as has been the case with 
other yellow synthetic diamonds; see Shigley et al., 
1986, 1987, 1992). The appearance of the color zon- 
ing in a particular sample was influenced not only 
by the faceted shape and the viewing conditions, 
but also—more importantly—by the arrangement 
and relative sizes of the internal growth sectors in 
the original crystal, their orientation with respect to 
the faceted shape, and the amount of the growth 
sectors that remain after faceting. Color zoning was 
especially prominent in the HPHT-treated samples 
{see figures 5 and 6). 

When most visible, this zoning appears (in 
transmitted light) as a near-colorless to light yellow, 
square or rectangular, central area surrounded by 
darker yellow areas, the latter often in a four-fold 
symmetric arrangement. Some typical patterns are 
illustrated in figure 7. In most cases, the position of 
the zoning appeared to correspond to the pattern of 
graining and uneven U.V. luminescence (see 
below}. 


Graining. We observed various patterns of surface 
and/or internal graining in all of the faceted Russian 
synthetic diamonds, although the surface graining 
was more difficult to see. For example, figure 8 
shows an octagonal, or "stop sign," surface graining 
pattern on the table facet of the HPHT-treated syn- 
thetic diamond no. 2.1480 (for comparison, see pho- 
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Figure 4. This 0.78-ct synthetic diamond crystal 
(no. 21476) shows the arrangement of crystal faces 
and the location of the seed (the black-appearing 
square area) on the octahedral face at the base of 
the crystal. Photomicrograph by John I. Koivula. 


Figure 5. Distinct color zoning is seen when 0.14- 
ct HPHT-treated synthetic diamond no, 21475 is 
immersed in methylene iodide and viewed per- 
pendicular to the girdle through the pavilion 
facets. Note the yellow outline of the rectangular 
area near the center. At each of the four corners of 
this area, a narrow yellow zone (slightly darker 
along both sides, and lighter along the center) pro- 
jects outward toward the edge of the sample. The 
black-appearing area near the center is a metallic 
inclusion. Photomicrograph by John I. Koivula. 
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Figure 6. Distinct color zoning is also seen when 0.17-ct HPHT-treated sample 21474 is immersed in 


whe 


methylene iodide and viewed through the culet and the pavilion facets (left). Near the center, a 
square-shaped area is outlined in yellow. As the sample is rotated toward the girdle (right), a posi- 
tion is reached where this central area appears to broaden toward the crown facets. Photomicro- 


graphs by John I. Koivula. 


tos in Shigley et al., 1986, 1987). This same sample 
revealed a pattern of internal graining in the form of 
a rectangle with graining lines projecting outward 
from each corner (figure 9; similar to the patterns 
described for color zoning}. Other patterns, such as 
intersecting graining lines (or planes}, were scen in 
other samples (see, e.g., figures 10 and 11}. 


Inclusions. Large rounded or elongate inclusions 
with a metallic luster were present in several of the 
faceted stones and both crystals (figures 12 and 13). 
In addition, most of the faceted stones exhibited 
numerous tiny pinpoint inclusions (figure 14). Most 
of the samples displayed a weak attraction to a sim- 


Figure 7. These three 
configurations are typi- 
cal of color and lumi- 
nescence zoning seen in 
the Russian synthetic 
diamonds examined. 
Patterns intermediate 
between these, or repre- 
senting only a portion 


ple magnet, and some showed none at all. We could 
not establish any relationship between the strength 
of the magnetic attraction and the size or number 
of the metallic inclusions present in a given sample. 

EDXRF chemical analyses of the samples 
revealed the presence of nickel (Ni) and iron (Fe) in 
all but one of them (no. 21485, which contained 
only Ni}, with the X-ray peak for Ni always being 
more intense than that for Fe (figure 15). Both ele- 
ments have been reported previously in synthetic 
diamonds (see Shigley et al., 1987, 1992; Burns and 
Davies, 1992; Rooney et al., 1993). As expected, we 
noted no differences in the EDXRF spectra of the 
as-grown and HPHT-treated samples. 


of one of them, have 
also been observed. 
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Appearance in Polarized Light. Examination of 
crystal no. 21476 with crossed polarizing filters 
revealed an anomalous birefringence (i.e., "strain" 
pattern in the form of a black or gray cross. Faceting 
of such a crystal might lead to more distorted- 
appearing anomalous birefringence where the cross 
pattern can no longer be recognized. In general, the 
eight faceted samples exhibited only weak anoma- 
lous birefringence in patterns that were usually dif- 
ficult to see because of the small size of the samples 
and the fact that they were faceted. 


Ultraviolet Luminescence. The U.V. luminescence 
of the 10 samples is summarized in table 2. Since 
luminescence in these synthetic diamonds occurs 
mostly in certain internal growth sectors or at the 
borders between sectors, the luminescence color 
and intensity that one observes may depend on the 
orientation of the sample and, for a cut stone, how 
the faceted shape intersected the growth-sector pat- 
tern of the original crystal {again, see figure 7}. The 
observations we describe below are based on what 
we saw for those growth sectors of the sample that 
luminesced most intensely. 


Figure 8. Indirect reflected light reveals octagonal 
surface graining on the table facet of HPHT-treat- 
ed sample 21480. This octagon, from which four 
“arms” emanate, marks the intersection of the 
plane of the table facet and the arrangement of 
internal growth sectors in the synthetic diamond, 
The same growth-sector arrangement is visible in 
the cathodoluminescence pattern. Photomicro- 
graph by John I. Koivula; magnified 25x. 
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Figure 9. In sample 21480, internal graining is evi- 
dent as a rectangular area seen beneath the table 
facet. Graining lines also project outward from 
each corner of the rectangle. The green seen in 
some parts of the sample is caused by lumines- 
cence to visible light. Note also the tiny pinpoint 
inclusions. Photomicrograph by John I. Koivula; 
magnified 35x. 


Figure 10. Internal graining, in the form of intersect- 
ing lines, is visible through the pavilion facets of 
sample 21485. Similar graining patterns were seen 
beneath each of the four corners of the pavilion. 
Photomicrograph by John I. Koivula; magnified 25x. 
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Figure 11. A different kind of internal graining, Figure 13. This group of elongate, metallic inclu- 


also in the form of intersecting lines, is seen sions beneath the crown facets of sample 21481 is 
through the pavilion facets of the same synthetic typical of the metallic inclusions seen in some of 
diamond shown in figure 10. Photomicrograph by the faceted Russian synthetic diamonds. Photo- 
John I. Koivula; magnified 40x. micrograph by John I. Koivula; magnified 35x. 


In contrast to previous reports on other yellow 


synthetic diamonds (see, e.g., Shigley et al., 1986, Figure 14. This large metallic inclusion, accompa- 
1987, 1992), only one as-grown sample (no. 21485} ned by numerous pinpoint inclusions, was seen 
was inert to long-wave U.V. radiation but fluo- beneath the table facet of HPHT-treated sample 
resced to short-wave U.V. (this sample, incidental- 21475 (see also figure 5). Note the rectangular 

ly, is the purest type-Ib sample; see discussion of area marked by graining; the border of this rect- 


angular area is outlined by sectors that luminesce 
green to visible light. Photomicrograph by John I. 
Koivula; magnified 35x. 


infrared spectroscopy below). For all seven as-grown 
samples, the fluorescence to short-wave U.V. was 


Figure 12. Opaque inclusions of flux metal 
(largest, 0.9 mm long) are seen here near the outer 
edge of crystal no. 21476. The elongate, rounded 
shape is characteristic of this kind of metallic 
inclusion in synthetic diamonds. Photomicro- 
graph by John I. Koivula; magnified 20x. 
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Figure 15. These two EDXRF spectra show the 
presence of nickel (Ni) and/or iron (Fe) in the 
metallic inclusions in these synthetic diamonds. 


more intense than or equal to the long-wave U.V. 
reaction. However, all three HPHT-treated samples 
fluoresced more intensely to long-wave than to 
short-wave U.V. radiation, and their fluorescence to 
both wavelengths was greater than that of the as- 
grown samples (again, see table 2). Furthermore, 
these three samples exhibited moderate to strong 
yellow phosphorescence when either U.V. lamp 


Figure 16. Zoned long-wave U.V. fluorescence was 
observed in faceted as-grown Russian yellow syn- 
thetic diamond no. 21481. Some internal growth 
sectors (at the center and near the corners) are inert, 
but others fluoresce greenish yellow. The blue color 
is a reflection from the U.V. lamp off the crown 
facets. Photomicrograph by John I, Koivula. 
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was turned off. Figures 16 and 17 illustrate the 
uneven distribution of the U.V. luminescence that 
is typical of these synthetic diamonds. This pattern 
is similar, again, to that observed for the color zon- 
ing and graining. 


Luminescence Spectroscopy. A three-dimensional 
plot of the emission as a function of excitation 
wavelength for sample 21480 (HPHT treated] is 
shown in figure 18. The greenish yellow fluores- 
cence of the Russian synthetic diamonds appears in 
the emission spectrum as a broad band with an 


TABLE 2. Ultraviolet luminescence of the Russian syn- 
thetic diamonds examined. 


Luminescence As-grown As-grown HPHT- 
behavior crystals cut stones treated 
cut stones 
Long-wave ULV. 
fluorescence 
Color Yellow Greenish Greenish 
; yellow to yellow 
yellow 
Intensity Weak Weak to Very 
strong? strong 
Appearance Turbid® Turbid Turbid 
Distribution Unevens Uneven Uneven 
Long-wave U.V. 
phosphorescence 
Color None None Yellow 
Intensity Moderate 
to strong 
Duration 30-45 sec. 
Short-wave U.V. 
fluorescence 
Color Yellow Yellowish Yellowish 
green to green 
green 
Intensity Weak Weak to Strong 
strong 
Appearance Turbid Turbid Turbid 
Distribution Uneven Uneven Uneven 
Short-wave U.V. 
phosphorescence 
Color None None? Yellow 
Intensity Moderate 
to strong 
Duration 30-60 sec. 


aAs-grown sample 21485 was inert to long-wave U.V. radiation, 

5A turbid appearance is also known as “chalky” fluorescence. 

°An uneven distribution indicates that the fluorescence emission is related 
to the arrangement of internal growth sectors in the diamond, Some sec- 
tors fluoresce with a weak to strong intensity, while other sectors are inert, 
¢As-grown sample 21486 exhibited moderate yellow phosphorescence for 
about 30 seconds when the short-wave ULV. lamp was turned off. 
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Figure 17. Zoned long-wave U.V. fluorescence 
was observed in greenish yellow HPHT-treated 
Russian synthetic diamond no, 21475, When 
compared to the pattern of color zoning (see figure 
5), the darker yellow areas appear to be fluoresc- 
ing greenish yellow, while the central colorless 
area is inert. The blue color is a reflection from 
the U.V. lamp off several crown facets. 
Photomicrograph by John I. Koivula. 


apparent maximum at around 550 nm. Small "dips" 
on the broad band seen in all the emission spectra 
are due to superimposed features that closely corre- 
spond to those noted in the absorption spectrum of 
the diamond at room temperature. Additional 
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Figure 19. Cathodoluminescence of faceted yellow 
synthetic diamond sample 21481 (compare figure 
16) readily reveals the arrangement of internal 
growth sectors, with some sectors at the center 
and the four corners luminescing yellow, and oth- 
ers emitting a greenish yellow. Note that the sec- 
tors that are not fluorescing to U.V. radiation in 
figure 16 are luminescing yellow here. 


weak, sharp emissions were seen at approximately 
748, 776, and 795 nm (not visible in figure 18 
because of the vertical scale used}. The general 
shape of the emission spectrum, and therefore the 
color of the fluorescence, remain essentially the 


Figure 18. This three-dimensional 
plot shows the evolution of fluores- 
cence emission {axis on the right) in 
HPHT-treated sample 21480 as a 
function of the excitation wave- 
length (axis on the left). Note that 
the general shape of the emission 
stays the same even when the exci- 
tation is changed. Artifacts at once 
and twice the excitation wavelength 
have been removed for clarity. 
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Figure 20, With cathodoluminescence, the differ- 
ent internal growth sectors in HPHT-treated syn- 
thetic diamond no. 21480 are seen to luminesce 
various colors that reveal the arrangement of sec- 
tors. Note that the same octagonal pattern seen in 
the surface graining of this stone (figure 8) is evi- 
dent in the cathodoluminescence pattern, since 
both featutes are related to growth sectors. 


same even when the excitation wavelength is 
changed. However, one can see that the emission 
intensity is stronger at the 365-nm excitation than 
at the 255-nm excitation. This confirms that the 
fluorescence is stronger to long-wave (365 nm) than 
to short-wave (255 nm} U.V. radiation. Maximum 
emission intensity is reached for excitation wave- 
lengths of about 350 and 450 nm. The latter is situ- 
ated in the visible range. Therefore, this diamond 
actually luminesces more intensely when excited 
with visible light in the blue range (about 450 nm] 
than when excited with U.V. radiation. 


Cathodoluminescence. When exposed to a beam of 
electrons in a vacuum chamber, these synthetic 
diamonds emit cathodoluminescence. Typically, 
the uneven cathodoluminescence pattern, which 
closely resembles the U.V. fluorescence pattern, is 
directly related to the arrangement of internal 
growth sectors (see, e.g., figures 19 and 20). As we 
and others have reported previously, it is easier to 
see the growth sectors in a synthetic diamond with 
cathodoluminescence than with other lumines- 
cence techniques (see Woods and Lang, 1975; 
Shigley et al., 1987; 1993a; Lang and Moore, 1990; 
Ponahlo, 1992), because the luminescence that aris- 
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Figure 21, Green Juminescence (also referred to as 
“transmission luminescence") is seen when faceted 
HPHT-treated sample 21480 is positioned over a 
strong visible (in this case fiber optic) light. Small 
pinpoint inclusions within the synthetic diamond 
are also highlighted. This luminescence to visible 
light was weaker in the other samples. Photomicro- 
graph by John I. Koivula; magnified 10x. 


es from the electron beam is more intense than that 
produced by exposure to U.V. radiation. 
Consequently, it is an excellent identification tool 
for this material. 


Luminescence to Visible Light. All but two {as- 
grown nos, 21478 and 21484} samples also exhibit- 
ed an unevenly distributed, weak to moderate 
intensity, green luminescence when they were 
positioned over a strong source of visible light (fig- 
ure 2.1). It followed the general pattern observed for 
the other kinds of luminescence; areas that lumi- 
nesced greenish yellow most strongly to both U.V. 
and visible light also had a darker yellow body 
color. We have not seen similar luminescence to 
visible light in other yellow synthetic diamonds 
(Shigley et al., 1986, 1987, 1992). Note also that the 
sample with the most intense green luminescence 
to visible light {no. 21480} still had a yellow body 
color. Thus, this luminescence makes no signifi- 
cant contribution to the body color of any of these 
samples. 


Luminescence to X-rays. When exposed to X-rays 
(80 keV, 40 mA], the 10 samples emitted little if 
any luminescence as compared to a yellow, type- 
IaA, natural diamond (which luminesced weak yel- 
low}. This result is generally consistent with that 
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reported by Koivula and Fryer (1984, p. 151) for G.E. 
yellow synthetic diamonds. 


Absorption Spectroscopy (Handheld). In yellow syn- 
thetic diamonds examined previously (Crowning- 
shield, 1971; Koivula and Fryer, 1984; Shigley et al., 
1986, 1987), no sharp absorption bands were visible 
when the samples were viewed with a handheld 
spectroscope, even after the samples were cooled. 
However, all except two (nos. 21484 and 21486, 
both as-grown) of the Russian synthetic diamonds 
did exhibit one or more sharp absorption bands that 
could be seen with a spectroscope when the sam- 
ples had been cooled to low temperature with a 
spray refrigerant (for further information on this 
technique, see Hofer and Manson, 1981}. Table 3 
includes a compilation of these sharp absorption 
bands. Note that the ease with which sharp bands 
can be seen will vary depending on factors such as 
the type of spectroscope used and the sample's 
viewing position. In addition, locations of sharp 
bands seen with a spectroscope can usually only be 
estimated. Thus, each absorption band listed in 
table 3 is shown with an accurate wavelength 
value, determined with the spectrophotometer, to 
prevent confusion with the information presented 
below. 

The visible spectra for each of the seven as- 
grown samples displayed increasing absorption 
toward the ultraviolet, beginning at somewhere 
between 450 and 500 nm. Those for the two crys- 
tals and three of the five as-grown faceted stones 
also displayed a sharp absorption band, with weak- 
to-moderate intensity, at about 658 nm. An addi- 
tional weak sharp band around 637 nm was 
observed in the spectrum of sample 21485; one at 
approximately 527 nm was seen in sample 21481. 

The handheld spectroscope revealed quite dif- 
ferent visible spectra for the three HPHT-treated 
synthetic diamonds. All three samples exhibited 
much less absorption below 450 nm, plus a number 
of sharp absorption bands between 470 and 600 nm 
when they were cooled with a spray refrigerant. 
The bands observed in each of the three samples 
were as follows: no. 21474—-473, 477, 478, 481, and 
547 nm; no. 21475—473, 478, 481, 547, and 553 
nm; and no. 21480—-473, 478, 481, 503, 511, 518, 
527, 547, and 553 nm. 


Ultraviolet-Visible Absorption Spectrometry. As- 


Grown Samples. Figure 22A presents the room- 
temperature absorption spectrum of an as-grown 
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TABLE 3. Absorption bands seen in the ultraviolet, visi- 
ble, and near-infrared spectra of the Russian synthetic 
diamonds, listed by decreasing wavelength. 


Wavelength Wa ore Handheld Comments 

(rounded to spectroscope 

closest nm) (at LT)° 

792 Y ¥. Ni-related*"'9 

767 Y Visible in published 
spectrum but not 
discussed? 

732 Y Ni- and N-related@ 

711 ¥. Ni- and N-related¢! 

691 Y Ni- and N-relateds/ 

671 ¥ Ni- and N-related?¢ 

660 Y Y 

658 2G Yes Ni-related*! 

649 Y Ni-related 

647 Y Ni-related® 

639 Y Y 

637 Y Yes Ni-related* 

627 6 Ni-related® 

623 y 

617 ¥ Ni-relatede 

607 ‘/ 

592 Y 

582 Y 

563 Y 

553 Be Y Yes Ni- and N-related?¢ 

547 Y ¥ Yes Ni- and N-related? 

540 Y Ni- and N-relateds# 

527 ie Y Yes Ni- and N-related@ 

520 ¥ Ni- and N-related? 

518 Y Yes Ni- and N-related?¢ 

516 Y Mi Ni- and N-related¢ 

Sait ry. Y Yes Ni- and N-related? 

506 Y 

503 a4 Yes Ni- and N-relateds 

500 Y x. Ni- and N-related¢ 

494 Y Y Ni-relatede 

491 Y Ni- and N-related¢ 

481 Y Yes Ni- and N-related¢ 

478 Y Yes Ni- and N-related¢ 

477 Y Yes Ni- and N-related? 

473 Be Y Yes Ni- and N-related¢ 

468 cy. Y Ni- and N-related? 


aU; Observed in the spectral curves of the as-grown samples (figures 
234-238. 

®T; Observed in the spectral curves of the HPHT-treated samples (figures 
23C-23D, 

SAbsorption bands visible with either a Beck or Discan spectroscope when 
the sample is cooled to low temperature with a spray refrigerant. 
9Observed by Lawson and Kanda (1993a, 1993b) in nitrogen-containing 
synthetic diamonds that were grown in nickel and subsequently annealed 
to 1600°-1900°C. 

®Observed by Collins and Spear (1982). 

‘Observed by Yelisseyev et al. (1992) in nitrogen-containing synthetic dia- 
monds that were grown in nickel-iron. 

9Observed by Vins et al. (1991) in nitrogen-containing synthetic diamonds 
that were grown in nickel-iron and subsequently annealed above 1400°C. 
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Figure 22. The room-temperature absorption spec- 
tra of orangy yellow as-grown sample 21481 (stone 
at right in photo) and yellow HPHT-treated sam- 
ple 21480 (stone at left) reveals increasing absorp- 
tion toward the ultraviolet, which gives rise to the 
yellow color in both synthetic diamonds. Less 
absorption below about 500 nm in the HPHT- 
treated sample explains why it is lighter yellow 
than the as-grown sample. The broad absorption 
region between 600 and 800 nm causes the green 
component in the color of some of the samples. 
Although too weak in spectrum B to affect sample 
21480, it was sufficiently intense in the spectra of 
HPHT-treated samples 21474 and 21475 to pro- 
duce a greenish yellow body color. The two spec- 
tra are offset vertically for clarity; both have been 
normalized by dividing the measured absorption 
by the path length of light through each sample. 


sample. The yellow color is caused by an absorp- 
tion that continuously increases from the near- 
infrared toward the ultraviolet, becoming very 
intense at wavelengths less than 550 nm. 

The low-temperature absorption spectra in fig- 
ure 23 illustrate the variety of sharp absorption 
bands noted in all of these synthetic diamonds 
(again, see table 3). In the seven as-grown samples, 
the important spectral features can be categorized 
as follows: 
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1, A weak, sharp band at 527 nm, present in 
two samples (see, e.g., figure 23A). 


2. A group of up to six bands, from 617 to 658 
nm, with intensities that were always in the 
same relative proportion to one another. One 
or more bands of this group were present in 
all the as-grown samples. The strongest 
band, and sometimes the only one visible in 
the spectrum, is at 658 nm (again, see figure 
23A and B), The remaining bands are at 617, 
627, 637, 647, and 649 nm. 


3. A group of four distinct, moderately broad 
absorption bands from 671 to 732 nm (with 
the last being the most intense) that were 
observed in three of the as-grown samples. 
The bands are at 671, 691, 711, and 732 nm. 
One or more of the bands in this group were 
present in the spectra of all the as-grown 
samples. 


4, Weak, sharp bands at 468, 473, 494, and 500 
nm, seen in only one sample. 


5. A weak, sharp band at 792, nm seen in the 
spectra of two samples. 


HPHT-Treated Samples. The spectra of the HPHT- 
treated synthetic diamonds were quite distinctive, 
and featured an even greater number of absorption 
bands. Comparison of the two room-temperature 
spectra in figure 22 shows that, for like sample 
thicknesses, the HPHT-treated sample exhibits less 
absorption in the region where there was "total 
absorption" for the as-grown samples {i.e., below 
about 550 nm). Therefore, HPHT-treatment 
increases the transparency of these synthetic dia- 
monds in the 300 to 500 nm range. In particular, 
two broad absorption bands, one at about 400 nm 
and one with an apparent maximum at about 425 
nm, are present in figure 22B. The general shape of 
the absorption is a continuous increase toward the 
ultraviolet, which again explains the dominant yel- 
low color. 

Superimposed on this dominant feature is the 
broad band with an apparent maximum at 700 nm. 
It is particularly well defined in the spectra of the 
greenish yellow samples (see figure 23C). This 
broad band, and the more intense absorption below 
550 nm, are responsible for the transmission "win- 
dow" in the greenish yellow region of the spectrum 
{at about 560 nm} and, hence, the greenish yellow 
color of sample nos. 2.1474 and 21475. This broad 
band is weaker in the spectrum of sample 21480 
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Figure 23. These visible-range absorption spectra of two yellow as-grown and two HPHT-treated Russian 
synthetic diamonds were recorded at liquid-nitrogen temperature. In addition to the increasing absorption 
toward the ultraviolet and the weak broad absorption region centered at about 700 nm (evident in spectra 
B, C, and D), all four spectra display a number of sharp absorption bands, which are listed in table 3. To 
normalize the absorbance values for the four spectra, we divided them by the appropriate approximate 
path length of light through the sample. Because of the vertical scale chosen to illustrate these four spectra, 
some weak absorption bands described in the text, and listed in table 3, may not be visible here. 


(figures 22B, 23D), which may explain why this length range from 460 to 660 nm. At least 
sample is yellow and not greenish yellow. part of this series of bands is present in the 
The spectra of the HPHT-treated samples, like spectra of all three HPHT-treated samples. In 
those of their as-grown counterparts, show a num- sample 2.1480, in which these absorptions 
ber of sharp bands in the visible and near-infrared were most intense, we were able to distin- 
ranges, although most of these bands are at different guish 25 sharp bands (see table 3 and figure 
positions {again, see the four spectra in figure 23}, 23D}, as well as an apparently unrelated 
and there are even more of them. We noted the fol- weak band at 767 nm. The more intense of 
lowing bands in the spectra of the HPHT-treated these absorption bands can be seen with the 
samples: handheld spectroscope (using a spray refrig- 
erant). Although some of them might be 

1. A single sharp band at about 494 nm, seen in close to absorption lines seen in the spectra 
two samples (figures 23C and D). of natural colored diamonds (such as the H3 

2. A series of sharp bands that span the wave- absorption band at 503 nm}, the pattern that 
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the bands form in the spectra of synthetic 
diamonds is unique, and helps identify them 
as part of the system under discussion. 


3. The 792-nm absorption, which was observed 
only as a weak feature in two as-grown sam- 
ples, was present in the spectra of all of the 
HPHT-treated samples as a sharp, relatively 
intense peak (figures 23C and D], even at 
room temperature. 


The spectra of the HPHT-treated samples did 
not show the group of six bands, with the strongest 
peak at 658 nm, that was described above for the as- 
grown samples. 


Infrared Absorption Spectroscopy. The mid-infrared 
absorption spectra of selected Russian synthetic 
diamonds are partially illustrated in figure 24. All 
as-grown samples showed a mixture in variable pro- 
portions of type-Ib (singly substitutional nitrogen} 
and type-laA (paired nitrogen atoms} diamond. In 
addition, the infrared spectra of several of the as- 
grown samples revealed some weak type-IaB fea- 
tures. Since the peak heights of the absorptions in 
the "nitrogen region" (approximately 1344 to 1000 
cm-!} are equal to or less than those of the neighbor- 
ing intrinsic diamond absorptions (between approx- 
imately 3900 and 1400 cm-!], it appears that these 
synthetic diamonds contain only moderate 
amounts of nitrogen. A feature at 1050 cm-! was 


observed in all of the as-grown samples, but was 
absent from the spectra of HPHT-treated stones. 

In contrast, all of the HPHT-treated samples 
proved to be nearly pure type-IaA diamond. The 
presence of a weak, residual 1344 cm-! peak indi- 
cates that only a very small proportion of type-Ib 
nitrogen remains in the HPHT-treated samples. 


1100 


1344 uy 


A 
As grown, No. 21485 


Figure 24, These mid-infrared absorption spectra (in 
the "nitrogen region") of four as-grown synthetic dia- 
monds and one HPHT-treated sample reveal the dif- 

ferent diamond types represented. Type-Ib diamonds 
are characterized by a sharp band at about 1344 
em: and a broader band at 1130 cm. Type-IaA dia- 
monds have a broad band at about 1282 cm and 
weaker bands at about 1225 and 1180 cnr!. Type- 

IaB diamonds have a sharp band at about 1330 and 

a broader band at about 1180 cm" (see Field, 1992, 
p. 683). The spectra of the four as-grown synthetic 
diamonds show a range from an almost-pure type-Ib 

(A) to a mixture of type-Ib with, finally, a dominant 
component of type-IaA (D). Spectra A, B, and D also 

show a minor type-IaB component. The spectra of 
the three HPHT-treated stones are identical to one 
another in this region of the infrared, and are typical 
of an almost pure type-IaA diamond (E). The five 
spectra have been offset vertically for clarity. 
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DISCUSSION 


Comparison to Other Synthetic Diamonds. Overall, 
we observed much greater variability from sample 
to sample in the Russian synthetic diamonds we 
studied than in any previous group of gem-quality 
synthetic diamonds. This is probably because of the 
growth technique used, and the fact that only one 
stone may be grown at a time, with considerable 
variability possible between production runs. Even 
so, we observed that these Russian synthetic dia- 
monds have some gemological properties that are 
similar to, and some that are different from, other 
yellow and greenish yellow synthetic diamonds 
that we have examined. 

For example, we have seen the yellow and 
greenish yellow colors described here in other syn- 
thetic diamonds (although, as discussed below, pro- 
duced by different factors}. In addition, the cube, 
dodecahedral, and trapezohedral faces identified on 
the Russian synthetic diamonds have also been 
reported on crystals of other gem-quality synthetic 
diamonds (Shigley et al., 1986; 1987; see also 
Rooney et al., 1993). The identification of cube 
faces and related internal growth sectors proves that 
these Russian samples are synthetic. 

The color zoning, graining, and weak anoma- 
lous birefringence patterns seen in these Russian 
samples (but varying somewhat from one sample to 
the next} are generally similar to what we have 
observed in other yellow synthetic diamonds; thus 
they remain diagnostic identification features. 
Note, however, that the patterns of color zoning dif- 
fer somewhat from those we have illustrated previ- 
ously, probably because of the growth conditions 
used in Novosibirsk. 

Metallic inclusions are among the most con- 
spicuous diagnostic features of gem-quality syn- 
thetic diamonds (Shigley et al., 1986, 1987). In other 
yellow synthetic diamonds, we typically observed 
these metallic inclusions near the outer edges of the 
crystals (where they were subject to removal by 
faceting]. In these Russian synthetic diamonds, 
however, the metallic inclusions were also fre- 
quently located deep within the crystals, often near 
the original seed. This was also true with the yel- 
low and treated-red synthetic diamonds examined 
recently that we also believe to be of Russian origin 
(see Moses et al., 1993a, 1993b)}. 

We never observed long-wave U.V. fluores- 
cence of any intensity in other yellow synthetic dia- 
monds, although almost all did exhibit weak-to- 
strong short-wave U.V. fluorescence, often zoned in 
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intensity, primarily yellow to greenish or orangy 
yellow (Shigley et al., 1986, 1987}. Thus, these 
Russian samples (both as-grown and HPHT treated) 
are the first synthetic diamonds we have examined 
that display long-wave U.V. fluorescence, in this 
case weak to very strong yellow to greenish yellow. 
(For the HPHT-treated samples, the fluorescence is 
more intense to long-wave than to short-wave U.V.; 
the reverse is true for the as-grown samples.) Thus, 
a simple check for short-wave, with no long-wave, 
U.V. fluorescence will not permit rapid identifica- 
tion of these Russian samples {in contrast to other 
yellow synthetic diamonds). Nonetheless, the 
uneven intensity of the U.V. fluorescence (and, sim- 
ilarly, of the cathodoluminescence) still reveals the 
different internal growth sectors characteristic of 
synthetic diamonds. 

U.V. fluorescence is closely related to diamond 
type. Among our samples, pure type-Ib diamonds 
show no long-wave U.V. fluorescence. As the pro- 
portion of type-IaA increases, so does the intensity 
of the long-wave U.V. fluorescence. When the type- 
Ib and type-laA components are roughly equal, the 
intensity of fluorescence to both long- and short- 
wave U.V. is roughly equal. The fluorescence 
behavior of the three HPHT-treated samples is typi- 
cal of type-Ia diamond with no significant type-Ib 
component. 

The three HPHT-treated samples, and one as- 
grown sample (no. 21486}, exhibited moderate to 
strong yellow phosphorescence to both short- and 
long-wave U.V. Previously, we noted weak yellow 
phosphorescence to short-wave U.V. from the 
greenish yellow De Beers synthetic diamonds 
(Shigley et al., 1987) and from portions of one of the 
two 5-ct color-zoned yellow Sumitomo synthetic 
diamond crystals (Shigley et al., 1992}. 

Also distinctive of the Russian synthetic dia- 
monds is the weak to moderate green luminescence 
to visible light seen in most of our samples , a fea- 
ture we have not seen in other synthetic diamonds. 
This luminescence may be due to Ni-related 
defects present only in these Russian samples. 


Cause of Color and Spectral Features. U.V.-Visible 
Absorption. The general increase in absorption 
toward the ultraviolet in the as-grown material is 
typical of type-Ib synthetic yellow diamonds (see 
Shigley et al., 1986, 1987). It produces a brownish to 
orangy yellow color. The lighter yellow color of all 
three HPHT-treated diamonds is due to the reduced 
absorption in the 400- to 500-nm range. The green- 
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ish component of the color of two of these stones is 
contributed by the additional broad absorption band 
with an apparent maximum at about 700 nm. This 
band is very weak in the as-grown samples, and so 
has little if any effect on their color. Because the 
absorption of this band in the HPHT-treated sam- 
ples is not overwhelmed by the “type-Ib” nitrogen- 
related absorption, it plays a more important role in 
the coloration of these samples. Combined with the 
increasing absorption toward the ultraviolet, it 
defines a region of transmission around 560 nm in 
the yellow-green. 

The 700-nm broad band may be a vibronic 
structure associated with the 793-nm band (C. 
Welbourn and P. Spear, pers. comm., 1993, based on 
their examination of our spectra}. The 793-nm band 
has been reported in type-Ib synthetic diamonds 
grown in nickel and subsequently annealed at 
1700°C {Lawson and Kanda, 1993a, 1993b}. The 
well-known greenish color in low-nitrogen, non- 
HPHT-treated synthetic diamonds (typical of cer- 
tain types of diamond grit) is due to a broad, nickel- 
related absorption with an apparent maximum and 
superimposed sharp peak at 885 nm (Collins, 1990). 
This feature is very different from the broad band 
with an apparent maximum at 700 nm seen in the 
HPHT-treated Russian material. It has never before 
been described as a cause of a greenish component 
in yellow synthetic diamonds. 

The presence of sharp bands, some of which 
can be seen with the handheld spectroscope, is one 
of the new and important characteristics of the 
Russian production. Most of the absorption features 
described here, although essentially new to gemolo- 
gy, are not unknown to science. 

The series of six absorption bands (from 617 to 
658 nm, with the strongest at 658 nm) seen in the 
as-grown samples was first reported by Davies 
(1977), but at the time it was wrongly attributed to 
radiation damage. Collins and Spear (1982) discov- 
ered that this series, like the 494-nm band, was 
caused by Ni-related defects. Collins et al. (1990} 
later demonstrated that these defects occur only in 
the octahedral growth sectors of synthetic dia- 
monds, where the nitrogen concentration is rela- 
tively high (100 to 300 ppim). 

The group of four bands from 671 to 732 nm in 
some as-grown samples, and the series of sharp 
bands identified between 460 and 670 nm in our 
HPHT-treated samples, were first reported by 
Collins and Stanley {1985} in synthetic diamonds 
heated in the range 1700°-1900°C. At the time, it 
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was hypothesized that they represented intermedi- 
ate states of nitrogen aggregation. Only recently, 
Lawson and Kanda (1992, 1993a, 1993b} demon- 
strated that these bands are produced exclusively in 
diamonds grown using nickel or nickel-containing 
alloys and, therefore, are presumably all nickel- 
related defects. Similar results were obtained simul- 
taneously, but independently, by Nadolinny and 
Yelisseyev (1992). It is interesting that Lawson and 
Kanda (1993a, 1993b) also describe yellow-to-green 
synthetic diamonds. Their green samples contain 
low concentrations of nitrogen, with nickel domi- 
nantly in a positive charge state, whereas their yel- 
low samples contain more nitrogen, with nickel 
apparently dominant in a negative charge state. 
Therefore, Lawson and Kanda believe that many of 
the features observed in Russian synthetic dia- 
monds are due to color centers involving not only 
nickel, but also nitrogen, presumably as dispersed 
atoms and A aggregates (sce table 3}. 

Thus far, nickel-related absorption bands have 
been reported exclusively in synthetic diamonds 
{Collins and Spear, 1982; Lawson and Kanda, 
1993b], so their presence can be considered proof of 
synthetic origin. They are particularly useful to the 
gemologist, since those located in the visible spec- 
trum can be seen with a handheld spectroscope if 
the stone is cooled by a spray refrigerant. For exam- 
ple, the detection of the sharp band at about 658 
nm helps identify a yellow diamond as synthetic. 

We do not believe that any of the absorption 
bands we observed in the Russian samples 
described here are a result of radiation treatment. 


Infrared Absorption. These Russian samples are the 
first gem-quality synthetic yellow diamonds we 
have examined that show a mixture of type-Ib with 
type-IaA diamond, although the occurrence of both 
type-Ib (dispersed) and type-IaA (aggregated) nitro- 
gen has been reported in small, nongem diamonds 
grown for research purposes that were synthesized 
at relatively high temperatures (Kanda et al., 1990, 
Vins et al., 1991; Kanda and Yamaoka, 1993). All 
other gem-quality synthetic yellow diamonds we 
have examined have been pure type Ib. 

The infrared spectra indicate that almost all of 
the dispersed nitrogen present in the as-grown crys- 
tals aggregates during HPHT-treatment to form 
exclusively A aggregates (pairs of nitrogen atoms). 
The conversion of type-Ib dispersed nitrogen to A 
aggregates was first reported by Chrenko and others 
(1977; see also Evans, 1992). Changes similar to 
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those reported here have also been described by 
Lawson and Kanda (1993a, 1993b). To the best of 
our knowledge, this is the first report of the forma- 
tion of A aggregates in as-grown crystals. The fea- 
ture at 1050 cm, rarely seen in natural diamonds, 
has been attributed by the same authors (1993b} to 
a defect related to a positively charged nitrogen ion. 

Natural diamonds with strong infrared absorp- 
tion due to type-IaB nitrogen often have the familiar 
415-nm “N3” band in their visible spectrum. 
However, we did not observe this band in any of the 
Russian samples, even those with the strongest 
type-IaB character. 


Comparison to Natural Diamonds. As with other 
productions of synthetic diamonds, these Russian 
samples exhibit several features by which they can 
be distinguished from natural diamonds of similar 
color. Specifically, the patterns of color zoning and 
graining—characteristic of synthetic diamonds— 
have not been seen in natural diamonds. Metallic 
inclusions, too, are distinctive of synthetic dia- 
monds (Shigley et al., 1986, 1987}. Although both 
metallic sulfide minerals and metallic iron have 
been reported in natural diamonds (Sobolev et al., 
1981], these inclusions are neither Ni-containing 
nor Ni-rich, as is the case with the Russian synthet- 
ic diamonds examined here. GIA researchers have 
never encountered an Fe-rich metallic inclusion in 
a faceted gem-quality natural diamond. 

Although metallic inclusions are of diagnostic 
value, the presence of tiny pinpoint inclusions 
should not be used as an indication of synthesis 
because they can occur in both natural and synthet- 
ic diamonds with similar appearance. 

When comparing the color and absorption spec- 
tra of these synthetic and similar natural diamonds, 
it helps to distinguish between yellow and greenish 
yellow samples. Most natural yellow diamonds are 
type-Ia, with blue, yellow, or green U.V. fluores- 
cence (long-wave > short-wave} and an absorption 
spectrum with a 415-nm and other sharp bands of 
the “Cape series” (Collins, 1982; Liddicoat, 1987). 
Type-Ib natural yellow diamonds (sometimes 
referred to as “canary” diamonds} invariably display 
some type-la character in their infrared spectra, flu- 
oresce yellow or orange-yellow to U.V. radiation {in 
some cases, with short-wave > long-wave}, and have 
an optical absorption spectrum that lacks sharp 
absorption bands (Collins, 1982). 

The green coloration in greenish yellow type-la 
natural diamonds has several possible causes. These 
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include the broad absorption centered about 620 
nm due to the GR1 band, which is produced by 
exposure to radiation either in nature or in the labo- 
ratory. Alternatively, natural yellow diamonds with 
strong H3 (503 nm) and H4 (496 nm) spectral bands 
may exhibit a greenish color as a result of these two 
color centers luminescing to visible light. Often, 
the color in yellow to greenish yellow diamonds is 
concentrated along graining planes that luminesce 
green (or blue} to visible light. Again, the greenish 
hue of two of the HPHT-treated samples is not due 
to either GR1 absorption or green luminescence to 
visible light. 

The Russian synthetic diamonds are either type 
Ib+IaA (and sometimes a little IaB) or nearly pure 
type IaA. They exhibit yellow to greenish yellow 
U.V. luminescence, but with a zonation different 
from that of their natural counterparts. Their 
absorption spectra contain sharp bands in wave- 
length positions that are different than those seen 
in natural diamonds. These sharp bands, due to Ni, 
are sometimes visible with a handheld spectro- 
scope. For the most part, they are located where few 
if any bands are seen in the spectra of natural yel- 
low diamonds (except the bands at 496, 503, and 
594 nm seen in some natural- and treated-color yel- 
low diamonds). 


Effects of HPHT Treatment. The yellow to greenish 
yellow treated synthetic diamonds described here 
are the first HPHT-treated synthetic diamonds we 
have examined. The possibility of treatment could 
increase the challenge that identifying synthetic 
diamonds poses for gemologists. In the present case, 
HPHT treatment appears to have affected the color, 
the U.V. luminescence, and the visible absorption 
spectra. Fortunately, HPHT treatment also gives 
rise to other diagnostic gemological properties; for 
example, some additional sharp bands are visible at 
low temperature with the handheld spectroscope. 
Moreover, it does not alter either the graining or the 
zoning of color and U.V. luminescence, which pat- 
terns remain the same as those seen in the as- 
grown samples. Finally, it is important to note that 
we have seen no evidence to date that HPHT treat- 
ment can produce a near-colorless synthetic dia- 
mond from type-Ib starting material. 


CONCLUSION 


The gemological properties of these Russian sam- 
ples, grown by the BARS technique, expand the 
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documented criteria for identifying gem-quality 
synthetic yellow diamonds. In these Russian sam- 
ples, we observed the characteristic metallic inclu- 
sions as well as zoned U.V. luminescence, uneven 
color, and/or graining patterns related to the 
arrangements of internal growth sectors. 

These Russian synthetic diamonds also exhibit- 
ed some properties that we had not seen before in 
other synthetic diamonds. First and foremost, all 
but one fluoresced to long-wave U.V. radiation, and 
the HPHT-treated stones fluoresced stronger to 
long-wave U.V. radiation than to short-wave U.V. 
(as is typical of fluorescing natural diamonds). One 
of the as-grown samples, and all three HPHT-treat- 
ed samples, showed yellow phosphorescence. As a 
result, U.V. luminescence (i.e., short wave > long 
wave} can no longer be considered diagnostic for 
synthetic yellow diamonds. However, the presence 
of sharp absorption bands between about 460 and 
560 nm, and about 637 and 658 nm, are distinctive 
of Russian synthetic diamonds. Many of these 
bands can be seen with a handheld spectroscope. 
The sharp bands, in some cases quite numerous, in 
the visible absorption spectrum are due to the fact 
that nickel can enter the crystal structure of dia- 


mond and there give rise to one or more color cen- 
ters. Heat treatment of these yellow synthetic dia- 
monds at high pressure can produce a greenish yel- 
low color. 

There is one final point of interest: the signifi- 
cant variation in gemological properties from one 
sample to the next. Even considering that only 10 
stones were studied, this variability was greater 
than what we have observed in other yellow syn- 
thetic diamonds. Several factors may be responsi- 
ble. The small chamber in the BARS apparatus 
means that only a few good-quality synthetic dia- 
mond crystals (perhaps just one) can be grown at a 
time (as opposed to batch growth, which is possible 
with the "belt" apparatus). Each synthetic diamond 
crystal is, therefore, grown under slightly differing 
conditions of temperature, pressure, time, system 
chemistry, and so on. The concentrations of nitro- 
gen and nickel are also likely to vary between crys- 
tals. Variability in the conditions of HPHT treat- 
ment will also affect the different gemological prop- 
erties. Thus, gemologists are warned that it may be 
a challenge to establish simple identification crite- 
ria for gem-quality Russian synthetic diamonds 
that will be valid in all cases. 
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HEAT TREATING THE SAPPHIRES OF 
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By John L. Emmett and Troy R. Douthit 


Renewed interest in large-scale commercial 
mining of Montana sapphires motivated a 
detailed study of the heat treatment of sap- 
phire from the Rock Creek deposit. During 
the course of this systematic study, over 
75,000 stones were processed. It was found 
that approximately 65%-70% of the pale 
blue, pale green, and near-colorless sapphire 
could be converted to well-saturated blue 
and yellow colors. Some improvement in 
clarity was noted as well. Yellow hues were 
easily developed by heating in oxidizing 
atmospheres and were relatively insensitive 
to time and temperature. Blue hues were 
developed by processing in reducing atmo- 
spheres. The relatively high iron content of 
Rock Creek material restricts the range of 
reducing conditions that can be used to 
achieve optimal coloration because of her- 
cynite precipitation in the sapphire. 
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he sapphire deposits of Rock Creek, Montana, have 
_/—..been known since the late 1890s. In fact, from 1906 to 
1943 they were mined almost continuously to provide 
corundum for industrial applications. While most sapphires 
from this deposit are of gem clarity, the hues in which they 
typically occur—pale blue, pale green, pink, pale yellow, or 
near colorless—are not commercially desirable. Although 
natural blue, yellow, and pink sapphires with good color 
saturation are found at Rock Creek, the quantities are too 
small to justify commercial mining for these gems alone 
(figure 1). 

In principle, heat treatment can improve color, clarity, 

or both in sapphire (Nassau, 1981, 1984; Themelis, 1992}, 
and for many years now sapphires from various localities 
have been successfully enhanced in this fashion. Rock 
Creek sapphires have been heat treated locally and in Asia 
since at least 1977, but the results have been highly variable 
(G. Billings, pers. comm., 1993). As part of their overall eval- 
uation of the commercial viability of the Rock Creek 
deposits, Skalkaho Grazing Inc. retained the authors to 
undertake a detailed, systematic study of the response of 
this material to heat treatment. This article presents quanti- 
tative as well as qualitative results of our efforts to develop 
optimal heat-treatment processes for the Rock Creek sap- 
phires (figure 2). It also provides an explanation of various 
aspects of the physical processes involved in sapphire heat 

treatment. 


HISTORY AND BACKGROUND 

Sapphire was discovered in Montana in 1865. George F. 
Kunz {1894} attributes the discovery to Ed Collins, a gold 
miner who was working on one of the gravel benches, or 
"bars," just above the Missouri River near Helena. By 1895, 
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Figure 1, These rough sapphires 
were assembled from material 
mined at Rock Creek to show both 
the size range (here, 0.5-15 ct) and 
color range from this Montana 
deposit. Note that the largest —and 
the well-saturated—stones featured 
here represent a very small percent- 
age of the total production. Photo © 
GIA and Tino Hammid. 


the relentless search for gold in Montana had result- 
ed in the discovery of most of the significant 
deposits of sapphire that had sufficient clarity to be 
classed as gem material. Of the many deposits dis- 
covered, four have been mined on a more or less 
substantial basis: Rock Creek, Dry Cottonwood 
Creek, Yogo Gulch, and the gravel bars of the 
Missouri River, most notably Eldorado Bar (figure 
3). Detailed accounts of these deposits, including 
some fascinating historical material, are contained 
in Pratt (1906), Clabaugh (1952), Sinkankas {1959}, 
and Voynick (1987}. At Rock Creek, Dry 
Cottonwood Creek, and the Missouri River bars, all 
of the sapphires found to date have been in sec- 
ondary, or placer, deposits. Although the sapphires 
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from these three deposits are similar in color—pri- 
marily near colorless, pale green, pale blue, pale yel- 
low, pink, and orange—they differ from one deposit 
to the next in such characteristics as size, dominant 
crystal morphology, and quantitative trace-element 
composition. Historically, stones from these three 
deposits have been sold primarily for industrial pur- 
poses: the manufacture of wire-drawing dies, watch 
bearings, and other precision instrument bearings. 
Only a negligible portion of these sapphires have 
been sold for jewelry use because of the pale, rather 
uninteresting natural colors, 

Rock Creek is unique in that it was the only 
placer deposit in Montana rich enough to be mined 
for sapphire alone in the years from discovery to 
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Figure 2. The 3.08-ct sapphire in this ring ilhus- 
trates the depth of color achieved in the larger 
Rock Creek sapphires with heat treatment. Photo 
© GIA and Tino Hammid. 


World War II (Clabaugh, 1952). The main mining 
area is located in Granite County, about 16 miles 
(26 km) southwest of Philipsburg, in and along two 
tributary gulches on the north side of West Fork 
Rock Creek (again, see figure 3). The westernmost 
gulch is known as Anaconda Gulch; Sapphire 
Gulch, called Myers Gulch before the onset of sap- 
phire mining, lies about 11/2 miles to the east. 
Sapphire has also been found in most of the smaller 
gulches that drain into the Anaconda and Sapphire 
gulches and in the long meadow along West Fork 
Rock Creek extending eastward from the mouth of 
Anaconda Gulch. Farther north, sapphire has been 
found in the Quartz and Cornish gulches as well. 
Sapphire has not been reported south of West Fork 
Rock Creek. 

Enormous quantities of sapphire have been 
mined from Rock Creek. We were able to review 
mining records for 10 years of production during 
the period 1906-1923, which show cumulative 
shipments to customers of 38 metric tons from the 
Anaconda and Sapphire gulches alone (J. Higgins, 
pers. comm., 1993). Records for specific weekly 
shipments in 1907 reveal an average of 1,000 
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pounds (455 kg) per week. This number is even 
more impressive when one notes that the material 
shipped was deemed sufficiently clean and fracture 
free to be used for precision industrial applications. 
Rock Creek continued to produce and ship large 
quantities of sapphires until 1943. Shipping docu- 
ments from 1936, for example, show substantial 
sales to such concerns as Diamond Tool Company 
of New York; Industrial Jewel Company of 
Waltham, Massachusetts; Eugene Deshusses of 
Geneva, Switzerland; and General Electric 
Company of West Lyons, Massachusetts (J. Higgins, 
pers. comm., 1993). 

The mining of sapphire in Montana for indus- 
trial applications was effectively terminated by the 
development of large-scale production capabilities 
for synthetic sapphire, most notably by Union 
Carbide in the U.S. and Hrand Djevahirdjian in 
Switzerland. Using the Verneuil flame-fusion 
growth process, these companies produced a very 
uniform, high-quality synthetic sapphire, in vol- 
ume, at such low cost that the industrial use of nat- 
ural crystals was quickly abandoned. Since 1943, 
there has been little interest in commercially min- 
ing the Rock Creek deposits. A portion of the 
deposit, known as the Gem Mountain Sapphire 
Mine, has been operated for many years as a fee dig- 
ging area for hobbyists and individual gem miners, 
and it is now operated as a fascinating tourist 
attraction where individuals can screen sapphires 
from sapphire-bearing ore mined by the operators. 

Skalkaho Grazing owns the portion of the 
deposit that encompasses the long meadow at the 
mouths of the Anaconda and Sapphire gulches, and 
it is this area that the company is evaluating to 
determine the economic feasibility of large-scale 
gem mining. During the summers of 1972, and 
1973, the Day Mining Company drilled and assayed 
the portion of this meadow that is at the mouth of 
Anaconda Gulch. In addition to the drill core sam- 
ples, they mined a large ore sample of approximate- 
ly 3700 cubic yards which yielded 47 ct per cubic 
yard, or a total of approximately 35 kg {J. Higgins, 
pers. comm., 1993). These and subsequent studies 
conservatively calculated a recoverable reserve over 
25 million carats for the portion studied. Since only 
the portion of the long meadow adjacent to the 
mouth of Anaconda Gulch was sampled, it is proba- 
ble that the total sapphire recoverable from the 
whole meadow substantially exceeds this figure. 
However, after careful study of the sapphire sample, 
including cutting and appraisal of the stones, the 
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Figure 3. This map shows the locations of the well-known sapphire 
deposits of Montana. The inset shows the Rock Creek area in more 
detail. Anaconda and Sapphire gulches historically produced enor- 


mous quantities of sapphire. The meadow region along West Fork 
Rock Creek at the mouths of the Anaconda and Sapphire gulches was 
never mined commercially. The sapphire discussed in this article is 


from the meadow property. Artwork by Carol Silver. 


Day Mining Company decided not to develop the 
deposit because the yield of commercially valuable 
colors was too low to be economic. Note, though, 
that commercial heat treatment was in its infancy 
in the early 1970s, and was not being applied to 
Montana sapphires. 


DESCRIPTION OF THE ROCK 
CREEK SAPPHIRES 


Sapphires found at Rock Creek range up to about 
15-20 ct, although stones over 10 ct are found only 
occasionally. The early production records referred 
to previously (10 years in the period 1906-1923) 
indicate that crystals seldom exceed 6 ct (8.4 mm), 
with almost 75% in the range 0.1-2.2 ct (2.2-6.5 
mm, see figure 4]. These stones are typically near 
colorless, pale blue, pale green, pink, and pale yel- 
low. Some show both pale yellow and pale green or 
blue in the same stone; these are locally referred to 
as "pintos." A few stones in highly saturated hues 
are also recovered. The approximately 35 kg recov- 
ered by Day Mining Company was graded for hue 
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as shown in figure 5. Day Mining concluded that 
only 8% had sufficient color saturation to be mar- 
ketable as gems. Therefore, 92% of the stones 
recovered are near colorless or of pale hue. 

The best characteristic of Rock Creek sapphire 
is its clarity: Most stones, as mined, are sufficiently 
transparent and free of fractures and large inclu- 
sions to be faceted (see, e.g., figure 6). While a large 
proportion (90%} of the stones have at least some 
inclusions (fine rutile needles or silk), only 
5%-10% of these stones contain enough inclusions 
to substantially reduce visual clarity. These rutile 
inclusions can be dissolved by heat treatment both 
to increase clarity and induce a blue coloration. 

A small portion of Rock Creek sapphire crys- 
tals show sharp and distinct crystal faces. On the 
great majority of crystals, however, the faces are 
abraded or corroded, giving an overall appearance of 
rough, almost spherical pebbles. Careful examina- 
tion reveals that the original crystals are hexagonal 
cylinders or modified hexagonal cylinders. Thus, 
they usually show both the unit prism [1120] and 
the basal pinacoid [0001]. These forms are often 
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Figure 4. Rock Creek sapphires over 8.4 mm 
(about 6 ct) make up only 0.6% of mine-run mate- 
rial. The vast majority range from 2.2 to 7.9 mm 
(0.1 to 2.2 ct). This histogram of sapphire size was 
assembled from production records for 10 years of 
mune operation within the period 1906-1923; it 
represents a total of 38 metric tons of rough sap- 
phire shipped from the Anaconda and Sapphire 
gulches, as graded through square-aperture 
screens. For example, the 22.2% bar represents 
those stones retained on a sieve with holes 2.8 
mm square and passed through a sieve with 4.1- 
mm holes. Data courtesy of J. Higgins. 


modified by the unit rhombohedron [1011] and the 
second order pyramid [2243]. While a small percent- 
age of the crystals occur as thin hexagonal plates or 
long prisms, most appear as slightly flattened 
spheres in which the c-axis is about 0.7 to 0.8 times 
as long as the a-axis—well suited to the faceting of 
standard round brilliants. 


EFFECTS OF HEAT TREATMENT 
ON CLARITY AND COLOR 


Clarity Enhancement. It is the scattering of light, 
rather than the absorption or direct transmission of 
light, that is responsible for a lack of clarity in nor- 
mally transparent gem materials. Anything in the 
gem (like a fracture or an inclusion) with an index 
of refraction different from that of the host material 
will scatter light by reflecting it off its surfaces, 
thus reducing the clarity of the host. In general, 
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heating to high temperatures alone will not 
improve the clarity of a stone that has multiple 
fractures, as it will not close and seal a significant 
portion of the fractures, However, heating the stone 
to a high temperature for 10-20 hours does usually 
produce enough solid-state diffusion bonding to par- 
tially heal some fractures. This process strengthens 
the stone so that it can subsequently be cut with- 
out disintegration. Note that fracture filling is often 
part of the heat-treatment process, with borax or 
other boron compounds being used. However, the 
use of such fracture-filling materials is not part of 
the work described in this article. On rare occa- 
sions, iron-stained fractures in sapphire may 
become somewhat less visible if heat treated at 
high temperatures (1800°C}, because at such tem- 
peratures iron oxides decompose and vaporize out 
of the fracture (Sata, 1984). 

More commonly, sapphire crystals contain very 
large numbers of microcrystals of another mineral 
(Gtbelin and Koivula, 1986} that are often so small 
(0.5—20 pm) and so numerous that they appear as a 
cloud or haziness to the unaided eye, substantially 


Figure 5, This chart is adapted from color grading 
done by Day Mining Company on a large sample 
of sapphires obtained at Rock Creek in 1972. With 
the exception of the fractions marked orange and 
pink, the colors are quite pale on the average. Day 
Mining Company determined that 8% of the total 
material had sufficient color saturation to be mar- 
ketable as gems. Data courtesy of J. Higgins. 


Near colorless 
(14.4%) 
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reducing the clarity of the host gem. In many cases, 
when the stone is heated to high temperatures, the 
microcrystals will dissolve back into the sapphire 
and remain in solid solution as the stone cools 
rapidly (relative to geologic processes}, thus sub- 
stantially improving the clarity. It is worth noting 
at this point that it is not necessary to melt the 
microcrystals to dissolve the material back into the 
sapphire. Since diffusion into solid sapphire is the 
limiting diffusion rate, it does not matter, tempera- 
tures being equal, whether the inclusion is solid or 
liquid. Rutile, for example, has a melting point of 
about 1830°C, yet rutile needles 1-5 um in diame- 
ter will dissolve rapidly into sapphire at 1600°C. In 
this case, a combination of the finite solubility of 
TiO, in sapphire at 1600°C and the unusually high 
diffusion rate of Ti*t determines the apparent rate 
of dissolution. 

In the specific case of Rock Creek sapphire, as 
noted above, we find that the great majority of the 
stones as mined possess unusually high clarity. 
However, stones that appear somewhat brown or 
green usually contain a small amount of exsolved 
rutile as fine needles (Bratton, 1971, Phillips et al., 
1980) and another phase of small (5 pm}, compact, 
euhedral crystals of an as-yet-unidentified material. 
While the rutile needles easily dissolve into the sap- 
phire, the unidentified crystals do not. Since the 
quantities of these unidentified microcrystals are 
very small relative to the rutile needles, heat treat- 
ment that dissolves the rutile produces extraordi- 
narily high clarity in the sapphire. Natural-color 
Rock Creek stones with highly saturated colors, if 
they are heat treated at all, are processed solely to 
dissolve the rutile. 


Color Enhancement. To understand the color trans- 
formations that can be induced by various heat- 
treatment processes, it is necessary first to under- 
stand the origins of color in sapphire. Inasmuch as 
there are at least seven causes of the yellow col- 
oration alone (Nassau and Valente, 1987}, in this 
article we will address only those agents that are 
directly responsible for the coloration of the Rock 
Creek material. 

Absolutely pure sapphire is composed only of 
aluminum and oxygen {Al,O3). Such material has a 
transparency range from approximately 160 nm in 
the far ultraviolet to 5500 nm in the infrared region 
of the spectrum. Thus, pure sapphire is colorless. 
All color in sapphire is the result of impurities 
{other elements) or other point defects in the crystal 
(Kréger, 1984, Fritsch and Rossman, 1987, 1988). 
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Figure 6. Although all of these natural-color Rock 
Creek sapphires (0.32-1.04 ct) exhibit high clarity 
and consequently are quite bright, only the rare, 
more saturated, blue stone would find a ready 
market. Photo © GIA and Tino Hammid. 


These other point defects can be, for example, miss- 
ing atoms (a vacancy in the lattice}, additional 
{interstitial} atoms, or charge carriers such as extra 
electrons. 

Heat treatment can induce chemical reaction 
among the existing impurities and other point 
defects in sapphire, thus producing entirely differ- 
ent absorption spectra and corresponding transfor- 
mations in color. Specifically, heat treatment can 
potentially induce any or all of the following pro- 
cesses: 

1. Change the valence state of an impurity, thus 

changing the absorption spectrum 
2. Induce isolated impurities to form pairs that 
absorb differently from the unpaired impuri- 
ties 
3. Dissolve exsolved minerals, which can bring 
new impurities into solution, adding new 
absorptions 
4. Exsolve or precipitate impurities out of solu- 
tion, thus changing the combination of 
absorbing impurities in solution 
For an understanding of the terminology and tech- 
niques of heat treatment discussed here, see box A, 
on thermochemistry. 
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BOX A: THERMOCHEMISTRY 


In the discussion of sapphire heat treatment, we use 
the terms oxygen partial pressure and hydrogen partial 
pressure to describe the atmosphere inside the furnace. 
Oxygen partial pressure simply means that portion of 
the total gas pressure that is attributable to oxygen. For 
example, the oxygen partial pressure of air is 0.2 atmo- 
spheres {atm}, since oxygen makes up about 20% of 
the air, At high temperatures, both the valence state of 
the impurities and the concentrations and types of 
other point defects in oxide crystals (such as sapphire} 
can be changed by changing the oxygen partial pres- 
sure, thus changing color, The point defects with 
which we are most concerned are missing oxygen or 
aluminum atoms (vacancies), extra oxygen or alu- 
minum atomis [interstitial atoms), or extra electrons or 
holes. As the oxygen partial pressure is raised, oxygen 
vacancies decrease and oxygen interstitials increase, 
Likewise, aluminum interstitials decrease and alu- 
minum vacancies increase, Since all of these responses 
to the change of oxygen partial pressure are initiated at 
the surface of the crystal, how is the inside of the crys- 
tal changed? Some of these point defects are highly 
mobile at high temperatures and can move in or out of 
a crystal by diffusion. Oxygen does not really diffuse in 
or out of the sapphire crystal as the diffusion rate is far 
too slow. Rather, the effect of oxidation or reduction 
on color, in response to changes in the oxygen partial 
pressure, is achieved by diffusion of these much more 
rapidly moving point defects (Dutt and Kréger, 1975). 

The hydrogen partial pressure in the furnace is 
also important, because hydrogen atoms are so small 
that they can diffuse rapidly into sapphire and partici- 
pate in solid-state chemical reactions. Other typical 
furnace gases, such as Nj, CO, CO,, H,0, etc., do not 
diffuse into sapphire to any significant degree because 
their atoms are relatively large. 

How are furnace atmospheres controlled? Sapphire 
is often heat treated in furnaces that burn natural gas, 
propane, oil, or charcoal with air and/or oxygen. The 
stones are exposed to an atmosphere made up of the 
high-temperature combustion gases. For example, if 
the furnace burns natural gas, which is mostly 
methane, with oxygen, the combustion reaction is 
essentially 


CH, + 20, ae CO, +. 2H,O 


As written, the formula indicates that there is exactly 
enough oxygen to burn all of the methane to water 
vapor and CO, (methane/oxygen ratio = 0.5); thus we 
have a neutral flame. If we have more than enough 
oxygen, excess oxygen appears in the combustion 
gases. If we have insufficient oxygen to complete com- 
bustion, both carbon monoxide (CO) and hydrogen (H,} 
exist in the combustion gases, and the oxygen partial 
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Figure A-1. This chart shows the partial pressures of 
the major products of combustion of methane and 
oxygen at 1700°C. Oxygen partial pressure is con- 
trolled by manipulating the methane/oxygen ratio of 
the gases fed in to fire the furnace. Note that hydro- 
gen partial pressure increases rapidly as the reducing 
regime is entered. Thus, reductions in furnaces burn- 
ing hydrocarbon fuels with oxygen or air are always 
done in the presence of hydrogen, which strongly par- 
ticipates in the solid-state chemical reactions in sap- 
phire. (At low oxygen partial pressures and high tem- 
peratures, Oy is largely dissociated into oxygen atoms, 
To simplify presentation, we have plotted the oxygen 
partial pressure equal to pOz+'/2 pO.) 


pressure (pOQ,} is very low. Figure A-1 shows the partial 
composition of the furnace gases at 1700°C as the 
methane/oxygen ratio is varied from oxidizing to 
reducing. Thus, by changing the ratio of methane and 
oxygen fed in to fire the furnace, both the oxygen and 
hydrogen partial pressures of the combustion gases 
making up the furnace atmosphere can be controlled 
over a wide range, but not independently. However, 
the furnace temperature is somewhat dependent on 
the methane/oxygen ratio of the gas firing the furnace. 
For example, if the ratio is very high or very low, one 
usually cannot maintain the furnace at the high tem- 
perature desired. Electrically heated furnaces can pro- 
vide any furnace atmosphere independent of tempera- 
ture, as described in the article. 

In other heat-treatment approaches, stones are 
packed in charcoal or sugar in partially sealed crucibles 
to create reducing atmospheres (Nassau, 1984; 
Themelis, 1992). While the charcoal or sugar exists, 
the oxygen partial pressure is very low. In fact, it is 
lower than is optimal for high iron-content sapphire. In 


256 Heat Treating Rock Creek Sapphires 


GEMS & GEMOLOGY Winter 1993 


the presence of carbon, the oxygen partial pressures at 
1300°C and 1800°C must be less than 10-!6 atm and 
10-4 atm, respectively. What is generally not recog- 
nized about these types of reductions is the important 
role of hydrogen. In temperate climates, dry charcoal 
usually contains 8%-12% water. As the temperature 
is raised, water is driven off but it is also split by the 
water-gas reaction with carbon as follows: 


C+H,0O —> CO +H, 


This creates an atmosphere that has almost equal 
amounts of carbon monoxide and hydrogen. Thus, 
reductions conducted in a charcoal environment are 
usually accomplished more by hydrogen than by equi- 
libration with the extremely low oxygen partial pres- 
sure defined by excess carbon. A related situation 
exists with sugar, starch, or other organic materials. 
Sucrose sugar, for example, is approximately 
Ci.H»,O;,. When heated to high temperatures, it 
decomposes, creating an atmosphere with almost 
equal amounts of carbon monoxide and hydrogen. 
Under such conditions, the oxygen partial pressure is 
low but, again, reductions are usually driven by hydro- 
gen. 

Hercynite* precipitation (Fe*Al,O,} constrains 
reduction conditions in high iron-content sapphire 
such as the Rock Creek material. Figure A-2, adapted 
from Meyers et al. {1980}, shows the phase diagram of 
iron oxides and Al,O, at 1500°C. High oxygen partial 
pressures are referred to as “oxidizing conditions”; low 
oxygen partial pressures as “reducing conditions.” A 
“deeper reduction” means that we have lowered the 
oxygen partial pressure, for example, from 10~ atm to 
10-7 atm. At high oxygen partial pressures (very top of 
diagram), iron remains in the sapphire in solid solution 
(within the sapphire crystal structure) up to rather high 
concentrations. As the oxygen partial pressure is 
reduced, iron spinel (hercynite) precipitates out of the 
corundum phase. As the oxygen partial pressure is fur- 
ther reduced, metallic iron precipitates. Excellent iden- 
tification and imagery of the phases associated with 
these processes are presented in the paper by Moon 
and Phillips (1991), Thus, hercynite precipitation lim- 
its the depth of reduction that can be used to treat high 
iron-content sapphire. 

Temperature-time profiles for heat-treatment pro- 
cesses are usually determined more by the desire to 
achieve longevity in the muffle tubes and heating ele- 
ments of the furnace than by any special requirement 
of Rock Creek sapphires. At 1700°C, the diffusion of 
point defects responding to changes in oxygen partial 
pressure, hydrogen diffusion, and rutile dissolution 
require less than one hour to equilibrate in a 15-ct 
stone. Thus, one hour at this temperature is quite suf- 
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Figure A-2. The phase diagram of aluminum oxide 
and iron oxides is shown at 1500°C as a function of 
composition and oxygen partial pressure (Meyers et 
al., 1980). The vertical axis is the oxygen partial pres- 
sure in the furnace atmosphere. For example, -4 
means that the oxygen partial pressure is 10-4 atm. 
For gem sapphire, we are interested in only the far left 
(blue shaded) portion of the chart. A typical Rock 
Creek sapphire would correspond to about 0.025 on 
the horizontal axis. At high oxygen partial pressure, 
above the phase separation boundary (marked A), 
iron remains in solid solution in sapphires. As the oxy- 
gen partial pressure is lowered below the phase sepa- 
ration boundary, iron begins to precipitate as her- 
cynite (Fe?+Al,O,) particles, and then as metallic iron 
particles, Hydrogen in the reducing atmosphere shifts 
the phase separation boundary to the left. Key: Cm ss 
= Sapphire solid solution, Spl ss = spinel solid solution, 
Fe = metallic iron. (Figure reproduced with permission 
of its authors and The American Ceramic Society.) 


ficient. The high resistance of sapphire to thermal 
shock-induced fracture would allow heating to 
1700°C in one hour or less, and cooling at a similar 
rate. However, furnace components may deteriorate 
rapidly under such conditions, so the rise and fall por- 
tions of the heat-treatment cycle are determined more 
by economic decisions than by thermo-chemical ones. 
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Figure 7. This sample of rough Rock Creek sapphire 
has been graded for size (average 4.5 mm), but the 
near-colorless, pale green, and pale blue colors are 
typical of the great majority of Rock Creek sap- 
phires. The heat-treatment experiments focused on 
this color range of material and produced the heat- 
treated rough and faceted stones illustrated in this 
article. Photo © GIA and Tino Hammid. 


As with almost all chemical reactions, heat 
increases the reaction rate. Thus, the heat of heat 
treatment is applied to achieve reaction rates that 
are rapid enough to be useful. In principle, a specific 
solid-state chemical reaction in sapphire can be 
achieved at 1600°C or at 1750°C, with treatment for 
different lengths of time. In practice, temperatures 
are chosen between 1300°C and 1900°C for the con- 
venience of the treater or to optimize a specific 
chemical reaction over other competing reactions. 

Far more important than the temperature is the 
atmosphere to which the stones are exposed inside 
the furnace. Since sapphire is an oxide, at high tem- 
perature its point-defect structure and the valence 
states of dissolved impurities are quite sensitive to 
the oxygen partial pressure of the furnace atmo- 
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sphere (Kréger and Vink, 1956; Kréger, 1974]. Low 
oxygen partial pressures promote the reduction of 
impurity ions, such as the partial reduction of Fe? 
to Fe2+. High oxygen partial pressures drive the 
reaction in the other direction, that is, Fe** to Fe. 
The hydrogen partial pressure in the furnace atmo- 
sphere is another important variable. Among the 
chemically reactive gases, only hydrogen atoms are 
small enough to diffuse rapidly into a sapphire crys- 
tal and actually take part in solid-state chemical 
reactions (El-Aiat and Kréger, 1982; Norby, 1990). 
Some chemical reactions in solid oxides—includ- 
ing, for example, sapphire and zircon, which require 
reduction (i.e., of the valence of a particular ion}— 
will not proceed without hydrogen regardless of 
how low an oxygen partial pressure is maintained. 
Thus, the major variables available to the heat 
treater to manipulate the color of sapphire are the 
oxygen partial pressure, the hydrogen partial pres- 
sure, the temperature, and the time held at that 
temperature. The temperature and time held at 
temperature are of far less importance than the oxy- 
gen and hydrogen partial pressures, as time and 
temperature are chosen only to assure that a desired 
chemical reaction goes to completion. However, it 
is the oxygen and hydrogen partial pressures that 
determine what type of chemical reaction proceeds 
and thus whether a Rock Creek sapphire, for exam- 
ple, changes to yellow or blue. 


MATERIALS AND METHODS 


For this study, Skalkaho Grazing supplied us with 
15.7 kg of rough sapphire. These stones were a por- 
tion of the smaller rough of a 110-kg lot separated 
by Skalkaho Grazing in 1989 from ore mined in the 
meadow at Rock Creek in 1982 (J. Higgins, pers. 
comm., 1993). They were partially color graded by 
Skalkaho Grazing and could be characterized as 
pale blue, pale green, and near colorless; thus, they 
represented the corresponding hue groups of figure 
5 but with highly saturated stones removed—that 
is, about 75% of the mine-run material. The stones 
were not separated by hues but were thoroughly 
mixed so that any sample from the lot contained all 
the hues described. We graded these stones for size 
through circular-hole diamond sieves and found a 
very narrow size distribution which averaged 4.5 
min (0.73 ct}. In the experiments described below, 
where individual lots of rough stones were pro- 
cessed, every effort was made to ensure that each 
small experimental group was fully representative 
of the entire lot. Figure 7 shows a typical sample of 
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this material. It is an accurate representation of the 
entire lot in both size and color of the individual 
stones. 

In addition to the material described above, 
Skalkaho Grazing also supplied small quantities 
(10-30 grams} of rough stones from yellow and 
pink hue groups of figure 5. These stones were used 
primarily for spectroscopic studies. The large quan- 
tities of this material necessary for heat-treatment 
process development were not available at the time. 

To determine the most effective heat-treatment 
conditions—temperature, time at temperature, and 
the composition of the furnace atmosphere (as dis- 
cussed above]—we conducted more than 115 sepa- 
rate experiments. For each experiment, we used a 
fresh 50-gram lot {(~340 pieces) of the rough Rock 
Creek sapphire previously described. When more 
critical comparisons of two different heat-treatment 
conditions were required, we increased the lot sizes 
to 100 grams (~680 pieces), 200 grams (~1,360 
pieces}, or 400 grams (~2,720 pieces} to ensure valid 
results. We made color assessments both visually 
and with a spectrophotometer. For the visual 
assessments, we not only sorted each heat-treated 
lot on a light box containing 5,000K fluorescent 
lamps, but we also made comparisons by viewing 
several different lots on the light box at the same 
time. We used the spectrophotometer both to make 
precise color determinations and to determine accu- 
rately the differences in the absorption spectra after 
heat treatment. Because the spectrophotometer 
requires samples with parallel polished surfaces to 
yield quantitatively comparable results, we had 
individual sapphires ground and polished on two 
sides to produce wafers from 0.6 to 2.0 mm thick. 
Five hundred such wafers were prepared for spec- 
troscopy, chemical analysis, and inclusion studies. 

Since natural gemstones are rarely as spatially 
uniform in color as liquids or glasses, special pre- 
cautions must be taken to ensure reproducible mea- 
surements if accurate comparisons of before-and- 
after heat-treatment spectra are to be made. To 
accomplish this, we had an individual mold mount- 
ed on an aluminum plate constructed for each indi- 
vidual wafer. The wafer could be removed from this 
mounting and replaced repeatedly with high posi- 
tional accuracy. A special kinematic mount was 
installed in the sample compartment of the spec- 
trophotometer to hold the aluminum plates accu- 
rately in the measuring light beam, which was 
truncated to a rectangular cross section of 1.5 x 2.25 
mm. The resulting spectra represent an average of 
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the absorption coefficient over the 1.5 x 2.25 mm 
area of the sample and through the sample thick- 
ness. 

We recorded the absorption spectra with an 
Hitachi U-2000 scanning spectrophotometer, at a 
wavelength resolution of 2 nm. The spectropho- 
tometer was controlled, data were archived, and 
color calculations were performed by a Gateway 
486 66MHz personal computer, using Spectra Calc 
software from Galactic Industries Corporation. A 
water of high-purity single-crystal synthetic sap- 
phire, similar in size and thickness to the natural- 
sapphire wafer samples, was run before each sample 
to assure a correct baseline and to eliminate the 
effects of surface reflectivity. Using these tech- 
niques, we recorded 112 spectra on 60 different 
waters of Rock Creek sapphire. 

It is well known that sapphire is pleochroic; 
that is, different colors will be observed by viewing 
light that has passed through a crystal in different 
directions (Webster, 1983}. In general, different 
absorption spectra will be recorded depending on 
whether the light propagating in the crystal has its 
polarization parallel or perpendicular to the c-axis 
of the crystal. Thus, a complete description of the 
absorption of light in sapphire requires two spectra. 
For clarity in presentation in this article, we illus- 
trate only the spectrum in which the polarization of 
the light is perpendicular to the c-axis. This corre- 
sponds to the color observed viewing along the c- 
axis of the crystal with either polarized light or nat- 
ural, unpolarized light. 

To aid in the identification of the spectral fea- 
tures and to determine the possibilities for improve- 
ment by heat treatment, we obtained partial chemi- 
cal analyses on the Rock Creek sapphires. These 
analyses were performed by Steve Novak of Evans 
East, Plainsboro, New Jersey, using secondary ion 
mass spectroscopy (SIMS]. Since, with the excep- 
tion of iron, the relevant impurities have concentra- 
tions in the range of a few to a few hundred parts 
per million atomic (ppma}, SIMS was chosen for its 
sensitivity to low concentrations and for the avail- 
ability of some ion-implant standards in sapphire. 
In all, 36 SIMS analyses were conducted on 25 sam- 
ples of Rock Creek sapphire. 

For research work, as well as for routine pro- 
cessing of ruby and sapphire from various localities, 
we use electrically heated furnaces manufactured 
by Thermal Technology, Inc. of Santa Rosa, 
California. The type 1000A series of furnaces (figure 
8) use graphite heating elements and graphite insu- 
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Figure 8. The Crystal Research heat-treatment 
experiments were conducted using a Thermal 
Technology Group 1000A graphite hot zone fur- 
naces identical to this one. The cylindrical device 
to the right is the furnace itself. The furnace body, 
muffle tube extensions, and end plates are water 
cooled, which is why this 2200°C-capable furnace 
is so compact. The equipment rack to the left con- 
tains a 20-kw power supply, a programmable tem- 
perature controller, and the gas flow controls, 
Photo courtesy of Thermal Technology, Inc. 


lation, and can achieve temperatures far above the 
melting point of pure sapphire {2052°C). The heat- 
ing element and insulation are enclosed in a water- 
cooled metal shell that forms the outside surface of 
the furnace. Nitrogen gas flows through the furnace 
body over the hot graphite to prevent combustion 
with the oxygen in the atmosphere. The furnace 
separates the heating element from the sapphires 
with a muffle tube assembly. The muffle tube is 
made from high-purity Al,O, ceramic. The sap- 
phires to be treated are placed inside the muffle 
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tube, where any type of process gas can flow contin- 
uously over the stones. High-purity commercial 
cylinder gases are used. The flow is controlled by 
pressure regulators and flow meters of the ball and 
tube type. Thus, any type of atmosphere from pure 
oxygen to pure hydrogen or carbon monoxide can 
be used at any temperature below the collapse point 
of the ceramic tube (realistically, about 1950°C). 
Because the furnace is heated by electricity and not 
by the combustion of hydrocarbon fuels, highly 
reducing conditions can also be achieved without 
hydrogen in the furnace atmosphere. Temperature 
control is maintained with a type-C thermocouple 
connected to a Eurotherm Model 818P micropro- 
cessor temperature controller. Accurate tempera- 
ture measurement of the sapphires is achieved by 
embedding a ceramic black-body cavity in the sap- 
phires which is viewed with an optical pyrometer 
through a quartz window in the furnace body 
(McGee, 1988). 


RESULTS 


Yellow in Rock Creek Sapphire. [ron is probably the 
most common impurity in sapphire. Iron oxide, 
Fe,O3, is structurally similar to aluminum oxide 
(sapphire}. The iron in Fe,O, is Fe*+ and can substi- 
tute for the Als+ of sapphire. Up to approximately 5 
atomic % (at.%) iron can be incorporated in sap- 
phire at geologic temperatures. This relatively high 
solubility of iron, combined with the fact that it is 
ubiquitous within the earth's crust, virtually 
assures that any natural sapphire contains some 
iron. 

In the Rock Creek sapphires, iron is the domi- 
nant impurity. Measured concentrations of iron 
range from 0.2 at.% to 1.4 at.%, with 0.7 at.% being 
typical (see table 1}. The concentration of iron in 
Rock Creek sapphires is typically 100 times that of 
other impurity elements. Figure 9 shows the optical 
absorption spectrum of a pale yellow sapphire in 
which iron is the only color-producing impurity. 
This spectrum has several major features. First, 
there are three relatively narrow absorption bands 
centered at 377, 388, and 450 nm, and three broad 
bands centered at 540, 700, and 1050 nm. The 
bands at 388, 540, 700, and 1050 nm are assigned to 
the single Fe?+ ion, whereas the bands at 377 and 
450 nm are assigned to Fe?+-Fe?+ ion pairs (Ferguson 
and Fielding, 1971, 1972; Krebs and Maisch, 1971). 
By pairs, we mean two Fe** ions that are close 
enough together in the lattice that they act as a sin- 
gle specie in absorbing light. Only those absorption 
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bands in the visible region of the spectrum (450, 
540, 700 nm) cause color. Since the single Fe?! ion 
bands at 540 and 700 nm are very weak in sapphire 
with iron concentrations typical of Rock Creek (see 
table 1), they have little impact on the color of 
these stones. Thus, for a sapphire containing iron as 
the only color-causing impurity, the Fe3+-Fe?+ pair 
absorption band at 450 nm is the primary cause of 
color. This is the absorption feature often seen 
when observing sapphire with a handheld spectro- 
scope (Liddicoat, 1981}. 

Since the probability that two Fe? ions are 
close together in the lattice increases approximately 
as the square of the Fe*+ concentration, the strength 
of the 450-nm absorption also increases approxi- 
mately as the square of the Fe*+ concentration. 
Thus, the 450-nm absorption band is a sensitive 
indicator of the amount of Fe in the crystal. 
However, the absorption strength of the 450-nm 
band, per ion pair, is not high in sapphire nor is the 
band wide. Thus, this band produces only a paie 
yellow coloration in sapphire with iron concentra- 
tions typical of Rock Creek. The yellow color pro- 
duced by iron alone is a clean, almost pure yellow 
that does not tend toward orange. The color coordi- 
nates of the sapphire in figure 9 are shown in table 
2. Iron as Fe3+ in Rock Creek sapphire can also con- 
tribute to green when combined with other color- 
producing impurities (discussed below). 


Pied 
a 


gi 
o 


ABSORPTION COEFFICIENT (cm) 


>... eee 
0 i 5, i ana) dar’ a ae 
200 300 «69400 §=6500 0 600s 700 Ss 800) 900) 1000 =: 1100 
WAVELENGTH (nm) 


Figure 9. Iron causes the pale yellow coloration of 
some sapphires, primarily by absorption from 
Fe3+-Fe3+ pairs, as evident in this absorption spec- 
trum, The narrow peak at 388 nm and the broad 
bands at 540, 700, and centered at 1050 nm are 
assigned to Fes, while the narrow peaks at 377 
and 450 nm are assigned to Fe+-Fe3 pairs (Krebs, 
1971, Ferguson, 1971, 1972); see table 2. 


Can heat treatment dramatically alter the color 
of Rock Creek sapphire colored by iron alone? Only 
to a limited degree. Heating in an oxidizing atmo- 
sphere simply assures that all of the iron is present 


TABLE 1. Partial chemical analyses of Rock Creek sapphire .# 


Sample no. Color Na Mg K Ca Ti Cr Fe Ga 
313 Near colorless 0.0110 932.0 25.0 0.0060 0.470 42.0 160 0.670 13.0 
323 Near colorless 0.1700 42.0 54.0 0.0180 0.600 42.0 370 0.670 12.0 
324 Pale blue 0.1200 27.0 27.0 0.0650 0910 32.0 1.80 1.180 14.0 
331 Pale blue 0.0069 26.0 23.0 0.0032 0.370 32.0 15.00 0810 13.0 
337 Pale green 0.0044 55.0 37.0 0.0069 0850 60.0 820 1.290 17.0 
344 Pale green 0.0250 47.0 55.0 0.0190 06380 550 085 1.090 12.0 
345 Pale green 0.0012 36.0 26.0 0.0017 0460 54.0 0.20 0810 12.0 
352 Pale green 0.0046 41.0 23.0 0.0025 0.560 540 660 0.920 12.0 
309 Pale blue 0.0460 89.0 29.0 0.0140 0.500 80.0 1.30 0.730 87 
310 Pale blue 0.01380 61.0 230 0.0210 0290 61.0 5.30 0790 66 
319 Pale blue 0.0060 89.0 28.0 0.0063 0390 71.0 26.00 0.710 84 
320 Pale blue 0.0140 61.0 45.0 0.0110 0310 59.0 24.00 1.400 9.0 
321 Pale blue 0.0087 480 23.0 0.0065 0.240 41.0 460 0.850 8.1 
351 Pale green 0.0028 480 18.0 0.0040 0.220 4380 20.00 0770 67 
423 Yellow spat 0.0046 22.0 11.0 0.0011 0.190 11.0 12.00 0.280 59 
423 Colorless area 0.0021 16.0 13.0 0.0004 0130 15.0 11.00 0300 59 


aThese analyses were performed by Steve Novak of Evans East, Plainsboro, NJ, by secondary ion mass spec- 
troscopy (SIMS). SIMS was chosen because it was important to have accurate measurements in the range of a few 
to few hundred parts per million atomic (ppma) range to compare quantitatively with the absorplion spectra. The 
data are presented in poma excep! for iron, which is in the units of atomic percent (i.e., parts per hundred). 
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as Fe3+, producing the "pure" pale yellow color just 
discussed. Heating in a moderately reducing atmo- 
sphere converts a small portion of the Fe?* to Fe**. 
Yet detailed studies of this process have shown 
that, even in highly reducing atmospheres, the ratio 
of Fe*+ to Fe rarely exceeds 10-3 (Koripella and 
Kréger, 1986}—and absorptions of Fe2* alone in 
small concentrations have little impact on color. 
However, if the total iron concentration is high 
enough, a strong wide absorption band centered at 
about 875 nm appears as a result of reduction that 
has been ascribed to Fe?*-Fe*+ pairs (Ferguson and 
Fielding, 1971, 1972). While detailed proof of this 
assignment is lacking, the arguments for it appear 
reasonable. The short-wavelength tail of this band 
provides some absorption in the 650-750 nm 
region, giving a bluish or greenish cast to an other- 
wise yellow stone. If the stone is heated in a much 
more strongly reducing atmosphere, microcrystals 
of hercynite (iron spinel, FeAl,O,) precipitate 
(Meyers et al., 1980; Moon and Phillips, 1991; see 
thermochemistry box A). These microcrystals add a 
gray hue and reduce clarity (see, e.g., figure 10). 
Further reduction leads to the precipitation of both 
hercynite and metallic iron, eventually producing 
total opacity and a reflective black exterior. 

We have seen that iron, in concentrations typi- 
cal of those seen in Rock Creek sapphires, produces 
only a pale yellow; yet there are many Rock Creek 
stones with a strong orangy yellow color (see figure 
1}, which is usually limited to the central region of 
the crystal. Figure 11 shows a wafer cut from such a 
natural-color crystal. To understand the origin of 


Figure 10. Overreduction of high-iron sapphire, 
such as that from Rock Creek, leads to hercynite 
precipitation; this makes the material, like the 
sample shown, a translucent gray. Prior to heat 
treatment, this wafer (5 mm in diameter and 0.34 
mm thick) was colorless and transparent. Photo © 
John L. Emmett. 


this coloration, we measured the absorption spec- 
trum through both the yellow area and the colorless 
portion of this stone (see figure 12). To compare 
these absorption spectra, we simply subtracted the 


TABLE 2. Color coordinates in C. |. E. L*, a*, b* space as related to the absorption 


spectra? 
Sample no. Color Figure no. lluminant A Iluminant D65 
S191AR Medium yellowish green 18 79.3, -4.8, 7.8 79.7, -9.7, 10.5 
S213AR Pale yellow 9 93.6, 2.2, 29.1 92.7, -7.2, 31.3 
S229AR Medium blue 17 63.1,-1.5,-27.6 64.7, 3.2, -25.2 
S389 Light blue 24, curve A 34.1,-8.3,-16.2 35.8,-7.1,-12.7 
$389 Light blue with some gray 24, curveB 28.2,-7.4,-13.5  29.7,-6.8, -10.3 
S454 Pale greenish brown 19 and 20 (curve A) 34.4, 5.2, 14.4 33.6, 0.0, 15.0 
$454 Medium blue 20 (curve B) and 21.) 24.4, -7.7, -28.1 26.7, 0.1, -24.7 
S462 Strong orangy yellow 14 and 12, on 77.8, 39.7, 106.7 71.2, 35.8, 101.2 
yellow spot 


"To relate color to the absorption spectra, the color coordinates for the various spectra are presented here. The 
color system chosen is the C.1.E. L*, a", b*. Two light source types or illuminants were used. C.LE. illuminant A 
represents incandescent light, illuminant D65 is one representation of natural daylight. Comparing the color coordi- 
nates for the two illuminates allows one to judge the amount of color change under different illumination. The color 
coordinates were calculated for a 2° observer, and for light making a single pass through a 4-mm-thick sapphire in 
all cases. For understanding of these cojor coordinates and conversion to other color coordinate systems, see 
Bilimeyer and Saltzman (1981). 
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Figure 11, This 0.9-mm-thick wafer was cut and 
polished from a natural unheated Rock Creek sap- 
phire to illustrate the presence of yellow in only a 
portion of the stone, a feature that is relatively 
common in material from this locality. Photo © 
John L, Emmett. 


spectrum of the colorless area from that obtained 
through the yellow area (figure 13). 

From this differential spectrum, two important 
conclusions can be drawn. First, the Fe3+ concentra- 
tion in the central yellow spot is essentially the 
same as in the colorless area of the stone. That is, 
subtraction of the colorless-area spectrum from that 
of the yellow spot almost completely eliminates all 
the Fe3+ absorption features at 377, 388, and 450 
nm. Thus, Fe?* is not responsible for the strong yel- 


Figure 12. These are the absorption spectra of the 
sapphire sample shown in figure 11: (A) measured 
through the colorless area of the stone; (B) mea- 
sured through the yellow area. 
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low coloration. Second, the strong broad absorption 
band that starts at 600 nm and extends through the 
blue and violet portion of the differential spectrum 
is responsible for the strong yellow coloration. 
While not completely understood, it appears to be 
associated with impurity-initiated point defects in 
the sapphire crystal (Kvapil et al., 1973; Mohapatra 
and Kréger, 1977; DuVarney et al., 1985; Boiko et 
al., 1987). If a divalent impurity such as magnesium 
(Mg?*] replaces aluminum (AI**) in the sapphire lat- 
tice, there is a point defect created at the site which 
has insufficient charge. Such point defects are often 
referred to as color centers (see, e.g., Fritsch and 
Rossman, 1988). When sapphire is heat treated 
under highly oxidizing conditions, a hole (the oppo- 
site of an electron} is created in the lattice which 
has an effective electrical charge of +1. This hole 
combines with the Mg?+, providing the +3 charge 
required at that lattice site. Therefore, the strong 
broad band in figure 13 appears to be the optical 
absorption associated with this Mg?+-hole pair. 
Since the yellow area is usually in the center of the 
crystal, it appears that the chemical environment 
must have changed during the growth of these sap- 
phires. Chemical analyses carried out on these 
stones indicate that the yellow coloration forms in 
those portions of the crystal where the concentra- 
tion of magnesium substantially exceeds the con- 


Figure 13. This absorption spectrum is the differ- 
ential (B—A) of the two spectra shown in figure 12. 
Since the narrow absorption peaks of iron at 377, 
388, and 450 nm are completely missing from this 
spectrum, it can be concluded that the iron con- 
centrations in the colorless and yellow areas of the 
stone are identical. Thus, the yellow coloration 
does not result from iron. 
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Figure 14. The yellow 
coloration of these stones 
was produced by heating 
the near-colorless, pale 
blue, and pale green 
material of figure 7 to 
1200°C in a highly oxi- 
dizing atmosphere. Note 
the localization of the 
coloration in the crystals, 
The yield of such yellows 
from the material in fig- 
ure 7 is 15%-20%. Photo 
© John L. Emmett. 


centration of titanium (see table 1). 

The interaction in a crystal of point defects and 
impurities is rarely as simple as single isolated cen- 
ters like the Mg?+-hole pair. It is quite possible that 
the absorption spectrum of this point defect is mod- 
ified by association with the major impurities, or by 
the formation of point defect clusters (Koripella and 
Kréger, 1986). To understand the origin of this col- 
oration more fully, we have studied the absorption 
spectrum of high-purity, single-crystal synthetic 
sapphire intentionally doped with magnesium and 
heat treated under highly oxidizing conditions. In 
this material, we observed absorption spectra that 
are nearly identical to that in figure 13. This point 
defect, or color center, cannot be bleached in oxidiz- 
ing atmospheres up to 1850°C. However, the 
strength of the absorption is greatly reduced by 
heating to 1500°C at lower oxygen partial pressures 
(pO, = 10-4 atm; Mohapatra and Kroger, 1977). 
Differential spectra, recorded through the yellow 
areas of natural stones equilibrated at two different 
oxygen partial pressures (pO, = 1 atm and pO, = 
10-3 atm), again yield absorption spectra nearly 
identical to that in figure 13. 

The strong orangy yellow coloration produced 
by this point defect is very different from the pale 
pure yellow of iron-produced coloration. These dif- 
ferent yellow colors are compared in table 2, where 
color coordinates are calculated for both the iron- 
colored sapphire of figure 9 and the point-defect-col- 
ored area of the stone in figure 11. 

Since the strength of the yellow coloration is 
sensitive to one of the main variables {oxygen par- 
tial pressure) under a heat treater's control, this col- 
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oration can be enhanced or reduced. Good blue 
stones from Rock Creek often exhibit yellow cen- 
ters. The yellow center is easily removed by heating 
the stones under slightly reducing conditions. We 
have found also that heat treating a sample of our 
near-colorless, pale blue, and pale green stones at 
1200°C in a pure oxygen atmosphere will produce 
some highly saturated yellow stones (figures 14 and 
15}. Just as in the natural-color stone, the yellow 
coloration is usually confined to the central region 
of the crystal. Thus it appears that this heat-treat- 
ment process simply raises the equilibrated oxygen 
partial pressure for those Rock Creek stones that 
were equilibrated at a lower partial pressure in 
nature. For a 400-gram lot of our experimental Rock 
Creek sapphire described previously, 60-80 grams, 
or approximately 400 to 545 stones, were judged to 
have sufficient color saturation in a large enough 
region of the crystal to cut commercially valuable 
gems. Thus, the yield of good yellow stones from 
the pale-hued study material found at Rock Creek 
is about 15%-20%. 


Pink and Orange in Rock Creek Sapphires. It is well 
known that chromium, as Cr+, is responsible for 
pink sapphire and (in greater concentrations) deep 
red ruby. In addition, the valence state of 
chromium—and thus the depth of color—in sap- 
phire cannot be changed by heat treatment. 
Therefore, heat treatment cannot produce a more 
intense pink or red in the significant quantities of 
pale pink sapphire produced at Rock Creek. 
However, it can produce a pinkish orange, or "pad- 
paradscha,” color, as well as orangy yellow and 
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Figure 15. These stones were cut from heat-treated 
sapphires like those shown in figure 14. Note the 
high clarity and broad range of color saturations. 
Photo © GIA and Tino Hammid. 


bright orange (figure 16}, by inducing the yellow 
coloration previously discussed into the pink 
stones. At the present time, we do not have good 
quantitative yield statistics on these colors, as suffi- 
cient quantities of pale pink stones are not yet 
available for testing. 


Blue and Green in Rock Creek Sapphires. If sap- 
phire contained only a small amount of Fe?*, or 
only Tit, it would remain colorless. However, 
when both Fe and Ti** are present at the same 
time and are on neighboring lattice sites, an intense 
blue is created (Townsend, 1968; figure 17}. This 
type of absorption is caused by intervalence charge 
transfer (Burns, 1981; Nassau, 1983; Fritsch and 
Rossman, 1988}. 

Since neither Fe2* nor Ti** is easily incorporat- 
ed into sapphire, most natural sapphire is not blue. 
In fact, the solubility of Ti** in sapphire is so low at 
normal temperatures that the majority of the titani- 
um in natural sapphire is exsolved as titanium-con- 
taining microcrystals. Thus, much natural sapphire 
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with both iron and titanium, and the sapphire of 
Rock Creek in particular, contains the iron as dis- 
solved Fe? and most of the Ti#* as exsolved TiO, 
microcrystals. Under certain conditions, Fe?* and 
Ti** can enter sapphire at the same time and their 
solubility together is greater than the solubility of 
either alone (Roy and Coble, 1968; Ikuma and 
Gordon, 1983}. This enhanced solubility results 
from mutual charge compensation—that is, one 
Ti** ion plus one Fe?* ion have a total charge of +6, 
which equals that of the two Al® ions they replace. 
Thus, the incorporation of these two impurities as 
pairs during crystal growth does not require forma- 
tion of substantial point defects. 


Figure 16, When yellow coloration from heat treat- 
ment like that used on the stones in figure 14 is 
induced in pale pink stones that contain a low 
concentration of chromium, this range of colors is 
produced. While the percentage of pale pink 
stones from the deposit that can achieve these col- 
ors is not high, the number of stones is still very 
large. Photo © GIA and Tino Hammid. 
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Figure 17. The natural-color stone from which this 
spectrum was taken is blue because the Fe?+-Tis* 
pair absorptions centered at 575 nm (yellow) and 
700 nm (deep red; here, overwhelming the weak Fe3* 
absorption) are much stronger than the absorption 
at 450 nm. Compare this spectrum with those in 
figures 9 (yellow sapphire) and 18 (green). 


The pale green coloration predominant in Rock 
Creek sapphire is a combination of Fe?+-Fe*+ yellow 
with a small amount of Fe2-Ti** blue. A compari- 
son of the visible-range absorption spectrum of a 
green sapphire (figure 18) with the spectra of blue 
(figure 17) and yellow (figure 9} sapphires reveals 
that the only significant difference in the visible 
regions of these spectra is the relative ratio of the 
450-nm absorption to the 575-nm absorption. Thus, 
where the 450-nm absorption is much stronger 
than the 575-nm absorption, the stone appears yel- 
low. As the relative strength of the 575-nm absorp- 
tion (or concentration of Fe*+-Ti4* pairs} increases, 
the color goes from yellow to green. With further 
increases in the relative strength of the 575-nm 
absorption, the stone appears blue. 

With the foregoing information as background, 
we can interpret the very pale green hue of the 
majority of Rock Creek sapphires and determine 
the possibilities for converting these stones to a 
marketable blue. The low concentration of the Fe%+- 
Fe? ion pairs absorbing at 450 nm, combined with 
a very low concentration of Fe2*-Ti** pairs absorb- 
ing at 575 nm and 700 nm, is consistent with the 
low concentration of titanium in solution indicated 
in table 1. Production of a deep blue color in these 
stones requires the introduction of more titanium 
into solution in the crystal as Ti**. It has been sug- 
gested that natural sapphire contains titanium as 
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Ti® (see, e.g., Schmetzer and Bank, 1981) which, 
thus, could be a potential source of Ti4* by heat 
treatment. However, this cannot be so. In sapphire, 
Ti#* is a very strong reducing agent or electron 
donor and Fe is an electron acceptor {Dutt and 
Kréger, 1975; Mohapatra and Kréger, 1977). Thus, 
Fe++Ti3+ would become Fe?*+Ti** {iron would gain 
one electron while titanium would lose one} during 
growth at any reasonable temperature. Other sap- 
phire impurities, such as magnesium, are also elec- 
tron acceptors (Mohapatra and Kroger, 1977). In sap- 
phire when such electron-acceptor impurities far 
exceed titanium in concentration, Tis+ will not 
exist to any significant degree and neither will heat 
treatment convert Ti* to Ti**. Indeed, we have yet 
to observe the well-known Ti** absorption spec- 
trum in any natural-color or heat-treated natural 
sapphire (Ti3+ can be produced in very high-purity 
synthetic sapphire where it is the dominant impuri- 
ty and is processed under extremely reducing condi- 
tions; Lacovara et al., 1985). 

The only potential source of Ti** remaining in 
these natural sapphires are the microcrystals of 
rutile. To evaluate this possibility, we had wafers of 
Rock Creek sapphire cut and polished, perpendicu- 
lar to the c-axis, as previously described (figure 19). 
Examination of several hundred of these wafers 
revealed that more than 90% of the sapphires con- 
tain rutile needles, identified by their morphology 


Figure 18. The natural-color sapphire (S191AR) 
from which this spectrum was taken is green 
because the absorptions in the yellow and red 
region of the spectrum begin to modify the pre- 
dominantly yellow coloration produced by the 
450-nm absorption. Compare this spectrum with 
those in figures 9 (yellow sapphire) and 17 (blue). 


Ra 
a 


gi 
o 


ted 
a 


= 
& 
fo 
Zz 
uu 
=) 
ww 
LL 
ud 
oO 
oe) 
2 
© 
- 
a 
a 
(e) 
R 
a 
x 


0 
200 300 400 500 600 700 800 900 1000 1100 
WAVELENGTH (nm) 


GEMS & GEMOLOGY Winter 1993 


Figure 19. More than 90% of Rock Creek sapphires have been found to contain rutile, as evident in this 
1.76-mm-thick wafer viewed with darkfield Ulumination (left). Only the heaviest rutile concentrations are 
easily scen without darkfield illumination (right). Photo © John L. Emmett. 


and orientation (Phillips et al., 1980), but that the 
concentration varies widely. Where sufficient con- 
centration exists, the color can be improved by 
heating the stones first in either an oxidizing or a 
neutral atmosphere to dissolve the rutile, placing 
titanium in solid solution as Ti**, and then continu- 
ing to heat them in a reducing atmosphere to 
reduce some of the Fe** to Fe2*. The Fe** reacts 
with the Ti**, forming Fe*-Ti** pairs, and thus the 
blue coloration. The actual process is slightly more 
complex, as the dissolution of rutile in sapphire 
also forces the reduction of some Fe*+ to Fe** inde- 
pendent of the external oxygen partial pressure, but 
the basic concept remains the same. Note in figure 
20 that the Fe?*-Ti** pair absorptions are substan- 
tially greater in the rutile-containing sapphire heat 
treated in a strongly reducing atmosphere (spec- 
trum B} than in the natural-color stone {spectrum 
A). Spectrum B also features a strong, wide absorp- 
tion band centered at 875 nm—attributed to Fe?+- 
Fe*+ pairs—as a result of reduction. These spectra 
are very typical for stones that contain substantial 
quantities of rutile microcrystals. Color coordinates 
for these spectra are also given in table 2. 

As illustrated in figure 21, the blue color 
induced in the stone by heat treatment is localized 
to the regions of original rutile deposition. This is 
because the diffusion of titanium in sapphire is 
slow compared to the relatively short time (1-10 
hours) used for heat treatment. Figure 22 shows a 
group of the blue stones that resulted from heat 
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treating the near-colorless, pale blue, and pale green 
Rock Creek material. These stones have been treat- 
ed by the process described at 1650°C in a reducing 
atmosphere that contains some hydrogen. The wide 
range of blue color saturation achieved mirrors the 


Figure 20. These spectra show the aborption char- 
acteristics before (A) and after (B) heat treatment 
of the sapphire wafer of figures 19 and 21, respec- 
tively. The stone became blue because heat treat- 
ment substantially increased the absorption in the 
yellow to red region of the spectrum, while it sub- 
stantially reduced the absorption in the violet, 
blue, and green regions. Compare the color coordi- 
nates of these spectra in table 2. 
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Figure 21. After heat treatment for rutile dissolu- 
tion and reduction, blue was produced in the sap- 
phire wafer shown in figure 19 by the formation of 
Fe?+.Ti4* pairs in the sapphire. Although iron is 
uniformly distributed throughout the crystal, the 
rutile providing Ti** is very localized, producing a 
blue pattern that matches the original rutile depo- 
sition pattern. Photo © John L. Emmett. 


wide range of rutile concentration in the natural 
stones. However, the color range shown in figure 22 
is 50% of the heat-treated lot. Processing a 400- 
gram batch of the sample stones yielded about 200 
grams, or approximately 1,360 stones similar to 
those in figure 22. An additional 5-kg lot of the 
same starting material processed in this fashion 
gave similar yields. Although the blue coloration 
produced in the Rock Creek sapphire by this pro- 
cess is not spatially uniform, attractive stones can 
be faceted (figure 23). 

We also investigated whether the color of the 
lighter blue stones in figure 22 could be deepened 
by treatment in a more reducing atmosphere. The 
answer in this case was no. The stones in figure 22 
were reduced in an oxygen partial pressure that was 
found to be optimal for this material. There is an 
optimum because, while the goal is to create 
enough Fe2* to form pairs with all of the Ti**, 
excess Fe2+ (which results when the stone is overre- 
duced} will precipitate out as hercynite microcrys- 
tals, adding a gray component to the color, The 
spectra in figure 24 show the results with optimal 
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processing (A) and slightly deeper reduction (B), 
with the difference (C} nearly constant across the 
visible spectrum and thus simply the addition of 
gray. The color coordinates of the stone for these 
two processing conditions are given in table 2. 
Similar spectra have been recorded on 15 wafers, 
which exhibit a wide range of initial rutile concen- 
trations. It is the relatively high concentration of 
iron in Rock Creek sapphire, and the associated 
hercynite precipitation during reduction, that 
makes optimization of the heat treatment more dif- 
ficult for this material than for low-iron-concentra- 
tion material such as the geuda from Sri Lanka. 
Since the production by heat treatment of good 


Figure 22. These rough blue sapphires were pro- 
duced by heat treating the pale material shown in 
figure 7. The wide range of color saturation mir- 
rors the wide range of rutile concentration. The 
yield of the material shown here from the near- 
colorless, pale blue, and pale green material of fig- 
ure 7 is 50%. Photo © John L. Emmett. 
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blue stones requires a high titanium concentration, 
and the production of good yellow stones requires a 
low titanium concentration, these two groups are 
produced almost independently from the near-col- 
orless, pale blue, and pale green Rock Creek sap- 
phires. Thus, the total yield of commercially valu- 
able stones from this material is 65%~-70%. Note 
also that the colors produced are stable to both light 
and heat. 


EVIDENCE OF HEAT TREATMENT 
IN ROCK CREEK SAPPHIRE 


TiO, occurs in Rock Creek sapphire not only as 
fine needles, but also as compact euhedral crystals 
25 um to 1 mm in size (but typically 25-250 ym). 
These inclusions are protogenetic; that is, they 
formed elsewhere, were transported to the growing 
surface of the sapphire crystal, and were enclosed 
by subsequent sapphire crystal growth. Rutile has a 
higher thermal expansion coefficient than sapphire. 
Consequently, if an embedded rutile crystal is large 
enough, it will fracture the sapphire at high temper- 
ature. We have observed two types of phenomena 
related to. these inclusions following heat treat- 
ment. First, if the crystal is small, fracture does not 


Figure 24, These spectra show what happens if a 
Rock Creek sapphire is overreduced. Spectrum A 
is of a stone optimally reduced for its iron concen- 
tration. Spectrum B is of the same stone processed 
to a greater reduction. Subtracting A from B 
shows the absorption difference, spectrum C, 
which is almost constant across the visible por- 
tion of the spectrum and, thus, only contributes 
gray to the color of the stone. Compare the color 
coordinates of these spectra in table 2. 
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Figure 23. The faceted blue sapphires pictured are 
cut from material like that shown in figure 22. 
These stones are representative of the color range 
and clarity that is produced by heat treating the 
pale green and blue stones shown in figure 7. 
Photo © GIA and Tino Hammid. 


occur and the inclusion begins to dissolve into the 
sapphire, creating the familiar blue halo around the 
inclusion {Koivula and Kammerling, 1988). Second, 
if the rutile crystal is large, it creates a small plate- 
like fracture in the sapphire. Titanium oxides rapid- 
ly coat the internal surfaces of the fracture and 
begin diffusing into the bulk of the sapphire. As the 
titanium diffuses into the sapphire, it reacts with 
the iron dissolved therein, creating an intense blue 
coloration. As the sapphire is cooled, the fracture 
closes almost completely. Thus, it does not reflect 
light from internal sapphire-air interfaces. What 
remains in the stone is a deeply colored flat blue 
disk (figure 25). 

Because the difference in the coefficient of ther- 
mal expansion between rutile and sapphire is not 
large, this fracturing process is quite sensitive to 
temperature. At 1400°C only large rutile crystals 
create fractures, but as the temperature is increased, 
successively smaller crystals create fractures. 
Fractures around solid inclusions are a common 
occurrence in natural unheated Rock Creek sap- 
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Figure 25, This Rock Creek sapphire shows a com- 
pact euhedral rutile crystal that is approximately 
300 wm in diameter. When heated, this inclusion 
expanded more than the sapphire host, resulting 
in a large plate-like fracture. The titanium oxides 
then rapidly coated the internal surfaces of the 
fracture and begun diffusing into the bulk of the 
sapphire, producing the blue coloration. On cool- 
ing, the fracture almost completely closed, elimi- 
nating the reflective interfaces usually seen in 
such fractures surrounding inclusions. Photo © 
John L, Emmett. 


phires, but blue halos around inclusions or blue 
staining of fracture surfaces are a clear indication of 
heat treatment. 

Two-phase (liquid and gas} inclusions are also 
observed occasionally in Rock Creek sapphires. 
During heat treatment, the heated liquid creates 
enormous pressure, causing a localized "fingerprint" 
fracture, which can be observed after cool-down to 
be partially liquid filled. 

The incorporation of hydrogen into sapphire is 
another effect that merits discussion. When sap- 
phire is heated in an atmosphere containing hydro- 
gen, some hydrogen diffuses into the stone and a 
portion of the H atoms will ionize into an electron 
and a proton. The proton is a positive point charge 
that is infinitesimal compared to any other positive 
ion. As a consequence, it will sink into the electron 


cloud around an oxygen ion. This creates an OH™ 


molecular ion in the sapphire crystal that can be 
detected by infrared spectroscopy at 3310 cm! 
(3021 nm; Eigenmann and Guinthard, 1971). In the 
limited set of measurements conducted thus far, we 
have not seen this absorption feature in any natural 
unheated sapphire. This subject deserves additional 
study. If it could be shown that natural sapphire 
never exhibits this absorption feature, then pres- 
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ence of this feature in blue sapphire would provide 
additional proof of heat treatment. 

While we have not made an exhaustive com- 
parison between natural Rock Creek sapphires of 
highly saturated coloration, and similar appearing 
heat-treated stones, we can provide several observa- 
tions that may be of value to gemologists in the 
detection of heat treatment. 


Blue Sapphires. Observation of the deep blue discs 
described above, or inclusions with blue halos, is 
certain evidence of heat treatment. If a blue pattern 
tied to an original rutile deposition pattern of par- 
tial hexagonal structure as shown in figure 21 is 
observed, it also is almost certain evidence of heat 
treatment. We have not observed such patterns in 
any of the several hundred natural wafers we have 
studied. Finally, we should note that highly saturat- 
ed blue non-heat-treated Rock Creek stones are 
quite rare. Thus, the burden of proof should be on 
the claim that the stone is not heat treated. 


Yellow Sapphires. Proof of heat treatment in these 
stones is far more difficult. The heat-treated point- 
defect-colored yellow stones without any inclu- 
sions are identical in every way we have examined 
to the natural point-defect-colored yellow stones. 
Proof of heat treatment comes from effects of heat, 
such as those that may be observed on inclusions 
contained within the stone. 

We have not studied enough pink and orange 
stones to make any definitive comments regarding 
the detection of heat treatment. 


CONCLUSION 


Heat treatment of Rock Creek sapphire can produce 
high yields of commercially viable yellow and blue 
stones, The formation of strong yellow colors in 
highly oxidizing atmospheres, previously thought 
to be due to Fe*+ absorption, has been shown 
instead to be the result of a broad absorption band 
beginning at 600 nm and extending to the shortest 
visible wavelengths. We suggest that this may be 
caused by divalent ion-hole pairs or color centers in 
the crystal. The production of blue proceeds by the 
well-known mechanism of rutile dissolution in the 
presence of dissolved iron, followed by reduction of 
a portion of the iron. However, the relatively high 
iron content of Rock Creek sapphire constrains the 
acceptable reduction conditions to a rather narrow 
range because of hercynite precipitation. 
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The heat-treatment processes that have been 
developed for the pale blue, pale green, and near- 
colorless material yield 65%-70% of marketable 
yellow and blue sapphires. Excluding the small 
quantities of orange and "hot pink" sapphire that 
come from the deposit, the heat-treated material is 
of substantially higher gem quality in terms of color 
and clarity than the best of the natural material. 
The heat-treatment processes have now been tested 
at batch sizes from 50 grams to 1.5 kg and have 
proved to be viable, reproducible, commercial pro- 
cesses. Given that the colors studied represent 
about 75% of the estimated yield of 25 million 
carats in the assayed portion of the meadow proper- 
ty, the yield of cut stones can be estimated as 
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GARNETS FROM ALTAY, CHINA 


By Fuquan Wang and Yan Liu 


Gem-gquality spessartine garnet and grossular garnet have been dis- 
covered in Altay, China. Gemological and mineralogical studies show 
that their properties are typical for these garnet species. Spessartine 
and grossular are being mined commercially, but gem-quality gross- 


ular with fine color is rare. 


The Altay Mountain Range has long been known 
in China as the "native place of gemstones." For 
dozens of years, gem-quality varieties of apatite, 
beryl, spodumene, topaz, and tourmaline have 
been mined there. Gem-quality spessartine garnet 
(figure 1} was discovered at the Qibeiling mine in 
1950. Since then, it has been recovered as a by- 
product of quartz mining. In 1980, gem-quality 
grossular garnet (figure 2) was discovered about 30 
km (18 miles} northwest of the Qibeiling mine at 
what is now known as the Cocoktau mine. The 
brown to reddish brown grossular is known by the 
variety name hessonite, the green variety is 
referred to in China as "Altay emerald" (Keller and 
Wang, 1986; Wang, 1986). 

This article briefly reviews access to, and geol- 
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Notes and New Techniques 


ogy of, these two relatively new sources of garnets, 
about which little has been written in the Western 
literature. The gemological characteristics and 
chemical composition of both spessartine and 
grossular garnets from the two mines are described. 


LOCATION AND ACCESS 


The Altay Mountain Range is north of the Xinjiang 
Uygur Autonomous Region in remote, sparsely 
populated northwest China, adjacent to Mongolia 
and Kazakhstan (figure 3). The Qibeiling and 
Cocoktau deposits lie, respectively, about 45 km 
and 70 km (27 and 42 miles) northwest of Altay 
City (approximate population: 100,000; see again 
figure 3) in mountainous terrain. Both can be 
reached via graded dirt roads for only about six 
months each year, between April and October. 


Figure 1. Spessartine garnets recovered from the 
Qibeiling mine include these faceted stones, which 
range from 3.5 to 5.5 ct. Photo by Robert Weldon. 


GEMS & GEMOLOGY Winter 1993 273 


Figure 2. Gem-quality grossular garnet from the 
Cocoktau mine is found in various colors, as illustrat- 
ed by these faceted stones and pieces of rough rang- 
ing from about 0.5 to 6.5 ct. Photo by Robert Weldon. 


Heavy snowfall during the cold winters makes 
access treacherous if not impossible. The Qibeiling 
deposit covers about 400 m2, the Cocoktau deposit 
extends over approximately 560 m2. 


Figure 3. The Qibeiling and Cocoktau deposits He, 
respectively, about 45 km and 70 km northwest of 
Altay City (approximate population: 100,000) in 
mountainous terrain. Both can be reached via grad- 
ed dirt roads for only about six months of the year. 
The inset map shows this sparsely populated 
region's relationship to neighboring Mongolia and 
Kazakhstan. Artwork by Carol Silver. 


) MONGOLIA \ 
| 


¥ 


274 Notes and New Techniques 


GEOLOGY AND OCCURRENCE 

At Qibeiling, a spessartine-bearing pegmatite 
intruded into schistose biotite-gneiss, the region's 
country rock. The spessartine occurs in the 
replacement zones in the inner part of the peg- 
matite. Associated minerals are albite (variety 
cleavelandite}, quartz (rock crystal), schorl, and 
muscovite mica. Two different generations of spes- 
sartine are found. The first type is smaller, heavily 
included, and was the source material for the sec- 
ond. The first-generation spessartine, associated 
with the quartz, was dissolved and redeposited as 
the second generation, associated with the albite, 
through recrystallization by hydrothermal growth. 
This is apparent from specimens studied in various 
degrees of homogenization. When dissolution and 
recrystallization of the first generation was com- 
plete, the less-included, larger crystals of the sec- 
ond generation resulted. While material of the first 
generation is of no gemological value, because it is 
too small and heavily included, specimens of the 
latter generation are large enough—and of suffi- 
ciently high clarity—to be cut as gems. 

Although quartz was the primary mineral 
extracted from the Qibeiling mine during the 
1950s, some second-generation spessartine was 
also recovered. Mining stopped at a depth of about 
10 m. Further mining would have necessitated 
widening the main pit, a task deemed impractical. 
In the late 1970s, miners found high-quality spes- 
sartine—that is, the second type referred to previ- 
ously—in a pocket within the albite-rich replace- 
ment zone of the pegmatite. Over 1,000 kg of spes- 
sartine have been recovered since then, about 20% 
of which is facet grade. 

Grossular occurs at Cocoktau in skarns within 
marble in the form of bands, pockets, and rounded 
massive bodies, which extend approximately paral- 
lel to the general trend of the country rocks. Gem- 
quality material is mostly found in the middle part 
of the calcium-rich zones within the skarns (figure 
4). Associated minerals were zoisite (early stage}, 
epidote (later stage), albite, diopside, hornblende, 
and quartz. 

Several tons of grossular rough have been 
recovered from the open-pit Cocoktau mine since 
grossular was discovered there in the 1980s (figure 
5). However, only about 10% is suitable for 
faceting. Much of the material was either damaged 
by blasting when the mine was opened or was of 
low quality to begin with. After faceting, some of 
this grossular enters the world market through 
Hong Kong. 
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Figure 4, This geologic map of the Cocoktau grossu- 
lar deposit shows the locations of gem-quality mate- 
rial in linear trends within the skarn zones. From a 
map by Chen Wenao, artwork by Carol Silver. 


MATERIALS AND METHODS 

We used standard gemological testing equipment 
to characterize about 20 polished sections each of 
grossular and spessartine garnet from the Cocoktau 
and the Qibeiling mines, respectively. Also exam- 
ined were rough and faceted stones. Specific gravi- 
ty was determined hydrostatically. An Hitachi U- 
4001 spectrophotometer was used to record the 
absorption spectrum {in the 400- to 650-nm range} 
of a spessartine sample. Mr. Guo Jiugao recorded 
the U.V.-visible spectrum of a grossular sample. 
Chemical composition was determined by wet 
chemical analysis, using four representative sam- 
ples—one brown spessartine and three grossular 
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garnets (green, yellowish green, and reddish 
brown). 


THE GARNETS 


The spessartine garnets occur as anhedral masses 
{i.e., lacking crystal form). Translucent to transpar- 
ent, they range from brown to reddish brown and 
from 5 to 100 mm (0.2-4 inches} in diameter. The 
largest gem-quality mass found to date weighed 
about 1 kg. Most of the gem-quality material is 
moderately included. 

The grossular garnets range from 5 to 20 mm 
in diameter, and are euhedral to semi-euhedral in 
crystal form (figure 6). They range from green to 
yellow-green to greenish yellow to reddish brown. 
Faceted stones from both localities average 1-3 ct. 


Gemological Properties. We recorded refractive 
indices of 1.805-1.811 for the spessartines and 
1.727-1.737 for the grossulars. The specific gravity 
was 4,20—4.25 for the spessartines and 3.58—3.65 
for the grossulars. Neither species reacted to long- 
or short-wave ultraviolet radiation, and both had a 
Mohs hardness of about 7!/2. Gemological proper- 
ties of both the grossular and spessartine are within 
known ranges for the respective species, with some 
almandine (Fe2+) component in the latter (Stockton 
and Manson, 1985). 


Chemistry. Table 1 shows the results of the wet 
chemical analyses, including end-member compo- 
sitions as determined by the Rickwood (1968) 
method. Overall compositions are typical for these 
gamet species. 


Figure 5. The open-pit Cocoktau mine has produced 
several tons of grossular rough since it began opera- 
tion In the 1980s; about 10% of the rough is suit- 
able for faceting. 
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Figure 6. Garnet from the Cocoktau deposit is euhedral 
to semi-euhedral in crystal form, like these pieces of 
greenish yellow grossular (about 5 x 5 cm) and hessonite 
rough (about 8 x 5 x 5 em). Photo by Fuquan Wang. 


These data indicate that Fe?* constitutes a high 
proportion of the total iron content in the spessar- 
tine. The color of spessartine progresses from 
orange to orange-red as Fe content increases. 
Refractive index and specific gravity also increase 
with the Fe concentration, as is often the case with 
gem silicates (E. Fritsch, pers comm., 1993). 

Chemical data for the grossular garnets further 
confirmed that Fe content was related to color; as 
Fe content increased, the color progressed from 
green to yellow-green to reddish brown. Refractive 
index, specific gravity, and unit-cell parameters all 
increased as total Fe content rose. 


Spectroscopy. Figure 7 illustrates typical visible- 
range absorption features found in the spessartines: 
bands at about 409, 422, 430, 460, 482, and 520 
nm. All of these absorption bands are related to 
Mn?* (Manning, 1967). The three major Mn?2* 
absorption bands—at 409, 422, and 430 nm—give 
spessartine its intrinsic, dominant 586.1-654.5 nm 
wavelength and orange color. The weak absorp- 
tions at 570 nm and 504 nm are related to Fe**. 
The overall brown color component of the spessar- 
tine is due to an underlying absorption increasing 
toward the ultraviolet. Such absorption has been 
attributed to Fe**-Ti*+ charge transfer (Fritsch and 
Rossman, 1993}. 

Figure 8 illustrates typical visible-range absorp- 
tion features found in the grossular garnets; the 
absorption bands at 366, 408, and 425 have all been 
related to the presence of Fe*+ (Manning, 1967). 
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The 571-nm band has also been attributed to Fe** 
in grossular (and Fe2* in almandine), its behavior 
here suggests that it is not related to Fe**. 
Chromium and vanadium both also absorb in this 
region, although they were not detected in the 
chemical analyses. The increasingly brown color is 
also caused by an absorption—attributed to Fe?*- 
Ti** charge transfer—rising continuously toward 
the ultraviolet; virtually absent in the green grossu- 
lar, it becomes more important in the yellowish 
green and reddish brown varieties. The greenish 
component of grossular is due to the transmission 
window created in the green by the broad absorp- 
tion with an apparent maximum at about 570 nm. 
However, the various chromogens in garnets are 
numerous, and their interrelationships complex; for 
more information, see Fritsch and Rossman (1993). 


Inclusions. The inclusions in the spessartine sam- 
ples occur in part as bands. They are angular or 


TABLE 1. Chemical compositions and properties of one 
spessartine and three grossular garnets from Altay, China. 


Composition’ Spessartine Grossular 
property Brown Green Yellowish Reddish 
green brown? 
Oxide (wt.%)» 
SiO, 37.01 39.03 39.40 39.05 
TiO, 0.14 0.02 0.07 0.16 
Al,Og 19,42 22,65 21.89 20.33 
Cr2Oz n.d, n.d. 0.01 0.01 
Fe,0z, 215 0.63 1.44 3.12 
FeO 11.03 0.02 0.23 0.50 
MnO 29.60 0.05 0.05 0.10 
MgO OA7 0.14 0.13 0.30 
CaO 0.31 37.04 36.68 36.65 
K,O n.d n.d. 0.02 0.07 
Na,O n.d, n.d. 0.01 0.01 
P.O. 0.17 n.d. n.d nd 
V2.0 n.d, n.d. n.d n.d 
Total 100.00 99.58 99.60 100.30 
Species (wt.%) 
Almandine 26.00 n.d. n.d. n.d. 
Andradite 0.96 1.79 3.05 8.67 
Grossular n.d. 97.52 96.24 89.67 
Pyrope 0:73 0.54 0.49 1.14 
Spessartine 12.31 0.12 0.11 0.22 
Schorlomite n.d. 0.03 0.11 0.30 
Total 100.00 100.00 100.00 100.00 
Gemological property 
Specific gravity 4.23 3.60 3.63 3.65 
Refractive index 1,808 1.727 1.737 1.743 
Hardness 7/2 71/2 7/2 7/2 


#Known by the gem varietal name hessonite. 


°As determined by wet chemistry. 
es" 
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Figure 7. This visible-range optical absorption spec- 
trum illustrates typical absorption features found 
in spessartine garnet from the Qibeiling mine. The 
three major Mn®* absorption bands—409, 422, and 
430 nm—give spessartine its intrinsic color. 


irregular in shape, range from 10 to 52 ym in 
length, and are typically liquid-containing negative 
crystals, with about 6%-17% gas. The homoge- 
nization temperature of fluid inclusions in spessar- 
tine was 200°-290°C. 

Inclusions in the grossular samples are angular 
or irregular in shape, 10 to 40 pm in length, and 
typically contain both gas and liquid phases (figure 
9). The homogenization temperature of inclusions 
in green grossular was 200°-240°C;, that of inclu- 
sions in zoisite—the principal associated mineral— 
was 300°C. 


CONCLUSION 


Significant quantities of spessartine occur in the 
pegmatite at Qibeiling and are now being mined 
commercially; about 20% is facet grade. All of the 
gem-quality spessartine garnets represent second- 
generation growth. Several tons of grossular have 
been recovered from Cocoktau since 1980, but 
only about 10% is gem quality. Material of fine 
green color is rare. Production at both localities 
will continue for many years. Currently, the mate- 
rial is cut in China. It is sold locally and, through 
Hong Kong, internationally. 
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Figure 8. These visible-range optical absorption 
spectra illustrate typical absorption features found 
in grossular garnet from) the Cocoktau deposit; the 
absorption bands at 366, 408, and 425 nm have all 
been related to the presence of Fe3* (Manning, 
1967). The 571-nm band has also been attributed 
to Fe3* in grossular (and Fe? in almandine); its 
behavior here suggests that it is not related to Fe**. 


Figure 9, These three-phase—mineral, liquid, and 
gas—inclusions are typical of those found in 
grossular garnet from Altay. Photomicrograph by 
Fuquan Wang; polarized light, magnified 625x. 
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CUBIC ZIRCONIA, Carved to 
Imitate an Ancient Buddha 
A transparent brownish yellow carv- 
ing of Buddha (figure 1) was submit- 
ted to the East Coast laboratory, with 
the statement that it appeared to be a 
16th-century piece. At seemingly ran- 
dom sites on the 30.6-mm-high carv- 
ing were remnants of a yellow metal 
gilt. In addition, many incised areas 
contained a foreign material that 
appeared to be quite worn, implying 
considerable age. 

Routine refractive-index testing 
gave only a shadowy over-the-limits 
refractometer reading. The bright 


Figure 1. This 64.19-ct yellow 
Buddha carving (30.6 mm high) 
is actually cubic zirconia. 
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orangy red fluorescence to both long- 
and short-wave ultraviolet radiation 
was not of much help either. The 
similarity in color between the carv- 
ing and the high-lead-content glass 
hemicylinder of our refractometer 
prompted us to check each with a 
hand spectroscope. The absorption 
spectra were somewhat similar. 
When a hardness point was applied in 
an inconspicuous place, the statuette 
proved to be slightly harder than syn- 
thetic spinel (Mohs 8}, thus ruling out 
glass (Mohs 4-6). However, the spe- 
cific gravity (determined hydrostati- 
cally), which was slightly greater than 
6.00, pointed toward cubic zirconia 
(S.G. of 5.800 + 0.20). 
Energy-dispersive X-ray fluores- 
cence analysis (EDXRF} by GIA 
Research revealed the presence of zir- 
conium, as well as hafnium and yttri- 
um, thus confirming the identifica- 
tion as cubic zirconia. This is the first 
time we have encountered this com- 
mon diamond simulant as a carved 
art object. GRC 


DIAMOND 
Cyclotron-Treated 


Although neither cyclotron nor radi- 
um treatment is now used commer- 
cially to color diamonds, enough dia- 
monds were subjected to these sur- 
face treatments in the past that we 
still see them occasionally in the lab- 
oratory. Some have features that are 
unlike those typically seen in dia- 
monds treated by these methods. For 
instance, figure 2 shows the usual 
“umbrella” effect seen at the culet of 
a green, cyclotron-treated, round bril- 
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Figure 2. Typically, the umbrella 
effect seen around the culet of 
cyclotron-treated round brilliant- 
cut diamonds is symmetric. 
Magnified 36x. 


liant-cut diamond. Note the symme- 
try of the zone of color that produces 
the diagnostic umbrella. This con- 
trasts with the lack of symmetry of 
the umbrella seen in the cyclotron- 
treated round diamond shown in fig- 
ure 3. 

An umbrella effect is indicative 
of the shallow penetration of the 
green color reaching from the culet to 
the girdle; typically, the zone of color 
is uniform around the culet. To try to 
explain the asymmetric color zone in 
the diamond in figure 3, we went 
back to the early literature. In light of 
the fact that the cyclotron was not 
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invented until 1931, and there were 
only three of any size in operation 
prior to World War IL, it was enlight- 
ening to learn that the existence of 
cyclotron coloration of diamond was 
published as early as 1942, by J. M. 
Cork (Physics Review, Vol. 62: 
“Induced Color in Crystals by 
Deuteron Bombardment” [p. 80] and 
a “Note on Induced Diamonds” |p. 
494]}. By 1949, such treated stones 
were appearing in the gem market 
and the gemological literature. In 
“Cyclotron Treated Diamonds” (The 
Gemmologist, March 1949}, A. E. 
Alexander observed that the green 
color appeared to be confined to the 
crown areas of one stone, an emerald 
cut, with the pavilion being essential- 
ly colorless (evidence of treatment 
from the top, which was uncommon, 
rather than from the culet). 

Martin L. Ehrmann wrote one of 
the first good accounts of the history 
of cyclotron treatment, in the Summer 
1950 issue of Gems & Gemology. Less 
than a year later, in the Spring 1951 
issue of Gems & Gemology, F. H. 
Pough and A. A. Schulke provided 
clues to identifying cyclotron treat- 
ment in “The Recognition of Surface 
Irradiated Diamonds.” This article 
gave additional historical background, 
as well as notes about the different 
cyclotrons used and methods of hold- 
ing stones during treatment. Here we 


Figure 3. In this 0.52-ct 
cyclotron-treated round bril- 
liant-cut diamond, the “umbrel- 
la" effect is unusual in its asym- 
metry, Magnified 29x. 
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find a clue to the possible cause of the 
asymmetric umbrella seen, in the 
authors’ statement that their first 
commercial work was with an older 
cyclotron at Columbia University. 
This unit did not allow the beam to 
strike the stones squarely on the 
culet, so the treater either had to 
rotate the stone 180° after the first 
exposure and treat it a second time, 
or hope for the best with a single 
exposure. By the time this article was 
printed, the site for cyclotron treat- 
ment had been moved to a much 
newer and more versatile cyclotron at 
George Washington University in St. 
Louis, Missouri. 

Therefore, the stone with the 
asymmetric umbrella in figure 3 could 
be one treated with the old Columbia 
University cyclotron, if it was not 
simply misaligned in a more recent 
procedure. GRC 


Fancy-Color Diamond 
with Unusual Radiation Stains 


Natural radiation stains occur on dia- 
monds where they have been in con- 
tact with radioactive solutions or 
solids. On fashioned diamonds, they 
are most often found on naturals on 
the girdle, but they also appear in cav- 
ities and surface-reaching fractures; 
less commonly, remnants of such 
staining have been noted on culets 
and facets where very little of the 
skin of the rough diamond has been 
removed (see, e.g., Spring and Winter 
1981 and Fall 1986 Lab Notes). 
Recently, the West Coast lab 
examined a 2.37-ct fancy dark yellow- 
ish brown diamond with an unusual 
internal scene. This included a 
tapered etch tube, with a hexagonal 
cross-section, that ran from the pavil- 
ion area just below the girdle to the 
center of the stone. The etch tube had 
a series of distinct brown radiation 
stains along its length (figure 4}, 
including one at the very bottom; this 
created the unusual situation of a sur- 
face-related radiation stain in the 
heart of the stone. Additional radia- 
tion stains were noted on the adja- 
cent girdle area and on an upper girdle 
facet. Another notable inclusion was 
a cloud of minute white particles 
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Figure 4. A series of brown radi- 
ation stains were noted along 
the length of this etch tube in a 
2.37-ct fancy dark yellowish 
brown diamond. Magnified 35x. 


throughout the stone that formed a 
pattern reminiscent of a four-leaf 
clover. There was also green graining 
parallel to the “leaves” of this pat- 
tern, which is typical of hydrogen- 
rich diamonds, The absence of any of 
the absorption features associated 
with laboratory-induced radiation led 
us to conclude that the diamond was 
of natural color. RCK 


Unusual “Melted” Cavity 

in a Diamond 

A 0.50-ct slightly grayish green, trian- 
gle-shaped, brilliant-cut diamond was 
submitted to the West Coast lab for a 
grading report. In addition to numer- 
ous brown radiation stains, like those 
commonly seen on naturals and occa- 
sionally in etch channels (as described 
in the preceding entry], we observed 
one large brown radiation stain inside 
a cavity on a crown facet near the 
faceted girdle. 

When we examined the cavity 
with magnification, we were able to 
resolve the striated, step-like forma- 
tion that is characteristic of etch 
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Figure 5. Note the unusual 
glassy, “melted” appearance on 
the edge of this cavity in a 0.50- 
ct diamond. Magnified 30x. 


channels. However, we also noted a 
smooth surface around the edge of 
the cavity (figure 5} that gave it the 
appearance of melted glass. Although 
seen in the Gem Trade Laboratory 
only rarely, similar features in dia- 
mond were described by Yu. L. Orlov 
in his Mineralogy of the Diamond 
(John Wiley & Sons, New York, 1977 
(transl.]). KH 


Faceted Yellow SYNTHETIC 
DIAMOND 


The Fall 1993 Lab Notes section 
described a 0.74-ct orangy yellow 
crystal submitted to the East Coast 
lab for identification. That specimen 
exhibited features that clearly identi- 
fied it as a synthetic diamond and 
suggested that it might be of Russian 
origin. 

More recently, a 0.34-ct square 
modified brilliant cut that also had an 
orangy yellow body color was sub- 
mitted to the East Coast lab for rou- 
tine examination. When exposed to 
an intense beam of white light, the 
stone luminesced a weak to moderate 
green. To long-wave U.V. radiation, it 
fluoresced a zoned, slightly challcy, 
moderate-to-strong orange, the zones 
were defined by two narrow, inter- 
secting cross-like “arms” of greenish 
yellow fluorescence that extended 
diagonally from the girdle edges. The 
reaction to short-wave U.V. radiation 
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was similar, but only slightly 
stronger. Most of the yellow synthet- 
ic diamonds we have examined to 
date have had a significantly stronger 
reaction to short-wave than to long- 
wave U.V. radiation. There was no 
phosphorescence to either wave- 
length. 

Examination with a microscope 
revealed distinct color zoning. Darker 
zones set off a lighter yellow central 
funnel-shaped “core,” with these two 
zones sharply delineated by a very 
thin rim of an even darker yellow. 
Table-down, the stone revealed some 
near-colorless zones near the center 
and at the corners. Magnification also 
showed a cloud of reflective pinpoint 
inclusions throughout the stone, with 
the heaviest concentration just out- 
side the central, lightest-colored zone. 
Although we saw drag lines on the 
table from where these pinpoints 
broke the surface, we saw no surface 
graining. We also noted one small 
crystal and several elongated black 
inclusions, mostly located at the cor- 
ners. Remnants of the original crystal 
surface on two opposing corners indi- 
cated that the stone had been cut for 
maximum size. 

We noted weak anomalous bire- 
fringence when we examined the 
stone between crossed polarizers. The 
stone was attracted by, but did not 
attach to, a pocket magnet. Infrared 
spectroscopy showed the diamond to 
be a mixture of types Ib and IaA. 

We subsequently received for 
examination two crystals and two cut 
stones, all brownish yellow to brown, 
that were reportedly obtained from 
Chatham Created Gems, Inc. Their 
characteristics indicate that they are 
from the same source as the synthetic 
stones described above and the 
known Russian synthetic diamonds 
reported in the article by Shigley et al. 
in this issue. 

RCK, TM, and Emmanuel Fritsch 


EMERALD, with Large 
Filled Etch Channels 


The GIA Gem Trade Laboratory rou- 
tinely identifies emeralds that show 
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evidence of clarity enhancement, 
their surface-reaching fractures filled 
with transparent, essentially colorless 
substances. Because these filled frac- 
tures are usually very thin, any gas 
bubbles they contain are generally 
flat, appearing as highly reflective 
areas when examined with oblique 
illumination, 

Less frequently, we examine 
emeralds in which one or more large, 
cross-sectional areas have been filled. 
In one such stone—an 8.02-ct round 
mixed cut—submitted for identifica- 
tion to the West Coast lab, magnifica- 
tion revealed three large, and several 
smaller, etch channels that had been 
filled and apparently sealed at the sur- 
face. However, they were not com- 
pletely sealed, as the heat from the 


Figure 6. Note the large gas bub- 
ble in the filling material that 
was used to Clarity enhance this 
8.02-ct emerald. Magnified 9x. 


microscope’s darkfield lamp caused a 
small amount of the filler to “sweat” 
out of the larger channels. That the 
filler below the hardened surface was 
still a fluid was further confirmed by 
the presence of large, spherical gas 
bubbles (see, e.g., figure 6}, which 
moved when the stone was rocked on 
the microscope stage. These observa- 
tions, along with the presence of 
orange “flash effects” from the filled 
fractures, indicated that the stone had 
been treated with a synthetic resin 
and an attempt had been made to 
polymerize the surface. RCK 
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GARNETS, Fracture Filled 


Although much has been written 
about fracture filling in diamonds and 
emeralds, the lab periodically sees 
other stones that have been similarly 
treated. Just in the past year or so, 
these have included amethyst, aqua- 
marine, chrysoberyl, sapphire, spinel, 
tanzanite, and tourmaline. 

Twice in about a week this past 
summer, we found evidence of clarity 
enhancement in garnets submitted to 
the West Coast lab for identification. 
In the first instance, two hessonites 
contained low-relief fillings that had 
some flattened gas bubbles. In the 
second, a pyrope-almandine had a 
filled break that exhibited very low 
relief (figure 7), We did not see disper- 
sive flash effects in either case. As is 
sometimes required with filled 
breaks, we confirmed the treatment 
by carefully holding the tip of a ther- 
mal reaction tester (“hot point”) just 
above the area where the fractures 
reached the surface, causing move- 
ment within the filling material. 
(This test should only be performed 
with extreme caution, as some gem 
materials are very susceptible to heat 
damage.) 

Readers are encouraged to check 
all gems for such clarity enhance- 
ment. Those with surface-reaching 
breaks that appear to have lower-than- 
normal relief are most suspect. 

RCK and SFM 


Iridescent ORTHOAMPHIBOLE, 
“Nuummite” 


After reading the article describing a 
new iridescent orthoamphibole from 
Greenland (Gems & Gemology, 
Spring 1987, pp. 36-42], we wondered 
how long it would be before examples 
of this material came through the lab- 
oratory. In September 1993, a client 
brought an attractive necklace of 
18.00 x 13.00 mm flattened oval 
beads (figure 8) into the East Coast 
lab for examination, saying that the 
customer to whom they belonged 
was unsure of the name of the mate- 
rial. She did know that it was from 
Greenland and that the name sound- 
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Figure 7. This low-relief filled 
fracture is in a 17.93-ct pyrope- 
almandine garnet. Magnified 10x. 


ed like “neumit” or “newmite.” We 
recalled the 1987 article and the fact 
that the material was being sold 
under the trade name “Nuummite” 
(because the deposits were found 
within about 50 km of the city of 
Nuuk}. The gemological properties 
listed in the article (average R.I. of 
1.64-1.66, average S.G. of 3.24}, along 
with the appearance of the polished 
stones, made identification fairly 
easy. We also determined that the 


Figure 8. The beads {approximate- 
ly 13 x 18 mm) in this necklace 
were identified as the iridescent 
orthoamphibole known in the 
trade as "Nuummite." 
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beads were attracted to a small mag- 
net, a property not mentioned in the 
1987 article. GRC 


ORTHOPYROXENE, 
a Carved Mask 


Although most of the items submit- 
ted to the laboratory are faceted or 
cabochon cut for jewelry use, we occa- 
sionally receive larger items to exam- 
ine, including carvings. Recently, the 
opaque, mottled brown-and-white 
mask of a male face shown in figure 9 
was submitted to the West Coast lab 
for identification. As is often the case 
with such items, there were limita- 
tions on the gemological testing that 
could be done. The size of the piece, 
roughly 30.2 x 25.8 x 9.0 cm, prevent- 
ed determination of specific gravity 
by normal methods, and the condi- 
tion of the surface made it impossible 
to obtain a clear RIL. reading. 
Therefore, we performed X-ray 
powder diffraction analyses on small 
scrapings taken from three locations 
on the mask’s base. Although the 
three patterns differed slightly from 
one another, they all closely resem- 
bled those of the orthopyroxenes 
enstatite and hypersthene. Because 
none of the patterns was an exact 
match for any one mineral—and, as 
the testing indicated, there was some 
variation in the structure from one 
area to another—the life-size mask 
was identified as a rock consisting of 
one or more minerals in the orthopy- 
roxene group and possibly additional 
unidentified minerals. Petrographic 
testing, which is destructive, would 
be necessary to characterize the ma- 
terial fully. RCK 


Some PEARL Observations 

A multi-strand pearl necklace sub- 
mitted to the East Coast lab was 
found to be composed of both natural 
and cultured pearls, a situation that 
frequently calls for many X-radio- 
graphs and tedious examination of 
every pearl. This necklace was no 
exception. The surfaces of nearly one- 
third of the natural pearls on one 
strand, which consisted mostly of 
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Figure 9. This life-size carved mask (30.2 x 25.8 x 9.0 cm) is a rock con- 
sisting of one or more orthopyroxenes and possibly additional minerals. 


natural pearls, had a reticulated 
appearance that we had never before 
encountered (figure 10). Many of 
these pearls were noticeably yellow. 
Most of the other strands, nine in all, 
had from one to five natural pearls 
with the same strange appearance. 

At first we thought this unusual 
surface might be a form of the “ham- 
mered” appearance seen often on nat- 
ural pearls but only very rarely on 


Figure 10. The surface of this 
6.5-mm natural pearl has an 
unusual pattern, as if it had 

been hammered with a ball 

peen. Magnified 14x, 
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cultured pearls. However, a typical 
hammered effect appears to have 
been done with a flat hammer head 
(see figure 11}, whereas the pearls in 
question appeared to have been ham- 
mered with a ball peen. Since there 
were several of these “peened” pearls, 
and almost all were yellower than the 


Figure 11. The "hammered" 
appearance typically found on 
natural pearls appears to have 
been done with a flat hammer 
head. Magnified 17x. 
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bulk of the other pearls, they may all 
originally have been strung on the 
same necklace, with some sort of 
damage responsible for the unusual 
appearance. 

One pearl in the multi-strand 
necklace had some areas of “normal” 
hammering (again, see figure 11}. In 
addition, the drill hole was plugged 
with a small wooden dowel. Such 
dowels are seen in older natural 
pearls that have enlarged drill holes, 
probably due to skin acid on the 
string. 

Our heightened awareness of 
pearl surfaces led us to note still 
another surface anomaly, this time 
on several pearls in a cultured pearl 
necklace. Here, the surface appeared 
reticulated, but in a somewhat paral- 
lel pattern. As with the dimpled black 
cultured pearls described in the 
Summer 1993 Gem Trade Lab Notes 
(pp. 127-128], these unusual surfaces 
gave the pearls an added element of 
charm. GRC 


SYNTHETIC RUBY, 
Striae Resolution Technique 


The West Coast lab was asked to 
identify two specimens that had been 
represented to our client as natural 
ruby rough from Vietnam. The larger 
(25.71 ct) of these was relatively easy 
to identify, inasmuch as curved striae 
were Clearly visible through a “win- 
dow” that had been polished on one 
surface. 

The second specimen [18.45 ct] 
presented more of a challenge, since 
the entire piece exhibited a rough, 
abraded appearance, with no polished 
surface. Examination with the micro- 
scope—using darkfield illumination 
(both with and without immersion), 
brightfield, and shadowing—failed to 
resolve any growth features, Using a 
method that is common among 
European gemologists, we next 
immersed the specimen in methylene 
iodide and then examined it with 
brightfield illumination. Curved stri- 
ae were easily resolved (figure 12). 

Further experimentation with 
this microscope technique showed 
that it was often quite helpful in 


Winter 1993 


Figure 12. The curved striae in 
this 18.45-ct synthetic ruby, 
which was misrepresented as 
natural Vietnamese rough, be- 
came readily apparent when the 
stone was examined using com- 
bined brightfield illumination 
and immersion. Magnified 10x. 


resolving growth features in melt 
synthetics. In one test, we examined 
10 boule fragments of synthetic ruby 
and synthetic pink sapphire using a 
variety of lighting techniques. The 
brightfield/immersion combination 
enabled us to see curved striae in six 
of the 10 specimens; using any other 
technique, we saw curved striae in 
only one specimen. Furthermore, the 
addition of a transparent green plastic 
filter (for color contrast} between the 
microscope objectives and the stone 
increased the relief of the striae. This 
is comparable to the technique of 
using a blue filter to resolve striae in 
yellow-to-orange synthetic corun- 
dum. We have since used the bright- 
field/immersion combination to 
examine Czochralski-pulled synthet- 
ic alexandrites, with some promising 
results. 

Dino DeGhionno and RCK 


SAPPHIRE 
A Difficult Identification 


In the routine identification of blue 
sapphires, our experience has been 
that the larger the stone is, the casier 
the identification will be, with tiny 
calibre-cut set stones often the most 
time consuming. Therefore, we were 
surprised at the problems we encoun- 
tered identifying a 25+ ct cushion- 
shaped mixed-cut sapphire that was 
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Figure 13. The fluorescent 
bands—actually straight paral- 
lel growth planes—in this 25+ 
ct natural sapphire could easily 
be misconstrued to be curved. 


set in a ring. Initially confident that 
magnification would quickly estab- 
lish whether the stone was natural or 
synthetic, we became concerned 
when we could not detect any inclu- 
sions or color banding. The setting 
precluded a satisfactory Plato test, 
which we attempted after exposure to 
short-wave U.V. radiation revealed a 
chalky green fluorescence in what 
appeared to be synthesis-associated 
curved bands (figure 13), In our expe- 


Figure 14. When the stone in figure 
13 was removed from its mounting, 
immersion revealed the angular 
nature of the color zones. 
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rience, however, very large synthetic 
blue sapphires are almost always 
watery in appearance, with color 
stronger in one area than another. 
This stone was uniformly colored, 
with no watery appearance. The pos- 
sibilities were that it was either an 
unusual synthetic or an early heat- 
treated natural stone. To no avail, we 
checked with the hand spectroscope 
for an iron line, which when present 
in heat-treated blue sapphires is usu- 
ally weak. We finally asked the client 
to remove the stone from the ring. 

What we saw with the stone 
loose was diagnostic. Formerly hid- 
den by the setting, but now faintly 
visible, was a small patch of altered 
silk. What had appeared under short- 
wave to be curved fluorescent bands 
now, with immersion, could be seen 
to be normal parallel growth planes 
in a natural sapphire (figure 14}. 

GRC 

Diffusion Treatment Obscured 
by Mounting 


Recently, the West Coast lab received 
for identification a 1.14-ct transparent 
blue, oval mixed cut set in a woman’s 
yellow metal ring. Gemological test- 
ing revealed properties consistent 
with corundum. Although the nature 
of the mounting severely limited 
microscopic examination, we did 
resolve diffused straight color banding 
and broken “silk” through an exposed 
area near the culet. All of these obser- 
vations pointed to an identification of 
natural sapphire that had been heat 
treated. 

However, because of the possibili- 
ty of diffusion treatment, we routinely 
examine all rubies and sapphires with 
immersion. With the stone in ques- 
tion, immersion revealed a few facets, 
one row up from the culet, that 
appeared to lack color. Again, because 
of the nature of the mounting, this 
could have been an optical anomaly. 
We advised the client accordingly, and 
he agreed to remove the stone from 
the ring so we could examine it fur- 
ther. 

As ean be seen in figure 15, the 
sapphire was, in fact, diffusion treat- 
ed. This should serve as an excellent 
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Figure 15. The darker color evi- 
dent at the facet junctions, and 
uneven coloration of the different 
facets, only became apparent 
when this 1.14-ct diffusion-treat- 
ed sapphire was removed from 
its mounting. Magnified 18x. 


reminder that the presence of features 
consistent with high-temperature 
treatment does not rule out diffusion 
treatment, as this enhancement tech- 
nique also employs heating to a high 
temperature. 

RCK and Dino DeGhionno 


YAG with Unusual Inclusions 

Yttrium aluminum garnet (YAG) 
debuted in the gem trade in colorless 
form as a diamond simulant, but it is 
available today in many colors, 
including violet, dark blue, greenish 
blue, green, and yellow. Until recent- 
ly, most of the YAGs we saw were 
essentially inclusion-free. Lately, 
however, we have seen a greater 


Figure 16, Prominent, slightly 
curved parallel graining is evi- 
dent in this 15.45-ct green YAG. 
Magnified 17x. 


number of included specimens. One 
such example was a 15.45-ct dark 
green rectangular emerald cut (13.91 
x 12.08 x 7.70 mm) examined in the 
West Coast lab. Gemological testing 
identified the specimen as YAG; 
EDXRF analysis further confirmed 
both the identity and the presence of 
chromium as the principal coloring 
agent. Magnification revealed an 
unusual inclusion scene: elongated 
gas bubbles sheathed in fine layers of 
blue coloration; distinct, slightly 
curved parallel graining (figure 16); 
and scattered small, unidentified 
crystals, each surrounded by stress 
fractures. The last (figure 17) were 
reminiscent of the discoid fractures 
noted in heat-treated corundums. 
The colored YAG that first 
entered the gem industry was most 
likely material rejected for optical 
(e.g., laser] applications because of 
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Figure 17. These included crys- 
tals, with surrounding disk-like 
fractures, are unusual in YAG. 
Magnified 38x. 


structural defects (for more informa- 
tion, see K. Nassau’s Gems Made by 
Man, Chilton Book Co., Radnor, PA, 
1980}. Now, however, YAG is also 
produced specifically for gem use. 
Perhaps lower purity tolerances in 
the “gem” production process 
account for the included materials we 
have been seeing. Or this may be 
material currently produced in Russia 
by a floating zone technique referred 
to as “horizontal crystallization,” 
which we have observed to be fairly 
heavily included. 

RCK and SFM 
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COLORED STONES 


Update on Colombian emerald mining. The Muzo region 
(Muzo and Coscuez mines) continues to be the major 
emerald producer in Colombia. Discovery of gem-rich 
veins at Coscuez early in 1992 yielded large quantities of 
rich, dark, well saturated emeralds, according to Ron 
Ringsrud of Constellation Gems, Los Angeles. This 
heavy production level lasted until about March 1993, 
production has since returned to pre-1992 levels. 


Vietnamese garnets. Collectively, garnets are among the 
most widely disseminated gem minerals. Those of a pre- 
dominantly red hue have been found on every continent, 
including Antarctica. It should, therefore, come as no 
surprise that red garnets have been found in Vietnam, 
which has only recently begun commercial gem mining. 

Saverio Repetto, of the Gemological Institute of 
Vietnam, a joint-venture firm located in Hanoi, sent the 
Gem News editors five faceted garnets for examination. 
According to Mr. Repetto, these stones were fashioned 
from rough recovered near the village of Luc Yen in 
Hoang Lien Son (formerly Yen Bai} Province in the far 
north of Vietnam, a major ruby-producing area. 

The stones, ranging from 1.46 to 2.28 ct, were all 
very dark in tone, in purplish red to brownish red hues 
(see, e.g., figure 1). The gemological properties were con- 
stant from stone to stone: R.I.—1.799 to 1.800, 8.G.— 
4.14 to 4.15, moderate anomalous double refraction 
when examined between crossed polarizers, no reaction 
with the Chelsea color filter, and inert to both long- and 
short-wave U.V. radiation. Examination with a desk- 
model prism spectroscope revealed strong bands at about 
504, 520, and 573 nm; weak bands at 423, 460, and 610 
nm; and weak general absorption below 423 nm. 
Magnification showed these internal features: abundant 
rounded-to-subrounded transparent, light yellow mon- 
azite crystals, transparent, light yellowish brown euhe- 
dral-to-subhedral phlogopite crystals; transparent, near- 
colorless subhedral-to-euhedral rounded crystals of 
apatite; zircon crystals (some displaying well-formed 
tetragonal symmetry) with strain haloes; dark, opaque 
platelets of ilmenite; and fine, short, parallel acicular 
rutile crystals. Using the criteria established by C. M. 
Stockton and D. V. Manson ("A Proposed New Classifica- 
tion for Gem-Quality Garnets," Gems @ Gemology, 
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Figure 1. These two qlmandine garnets (1.46 and 
2.06 ct) are typical of material being recovered 
from Hoang Lien Son Province in northern 
Vietnam. Photo by Maha DeMaggio. 


Winter 1985, pp. 205-218), we identified all the stones as 
almandine garnets. 

Mr. Repetto informed us that red garnets have also 
been found in the Quy Chau District of Nghe Tinh 
Province, another ruby-producing area of northern 
Vietnam. 


Myanmar mid-year Emporium. In late October 1993, one 
Gem News editor (RCK] attended two days of the "Mid 
Year Emporium, Myanma Gems, Jade and Pear]" in 
Yangon (formerly Rangoon), Myanmar (formerly Burma). 
The entire event spanned nine days: two days of viewing 
and inspecting the goods, seven of sales by competitive 
bidding (four days of jade—614 lots, one of pearls—198 
lots, and two of other gem materials—318 lots}. 

This emporium was the first held in the new 
Myanma Gems Enterprise (MGE) exhibition hall, built 
adjacent to MGE headquarters solely for these bi-annual 
sales. In the ground-floor "Jade Display Room" (primarily 
one large open room), lots of rough and fashioned jade 
were displayed. Also offered throughout the entire event 
were various fashioned items at fixed prices—including 
all jade-related offerings under US$3,000, the lowest 
reserve price for jade at auction. Jade was also displayed 
outside, along the sides and back of the building. 

Overseen by MGE officials, the actual auction took 
place on the second floor of the new exhibition hall. 
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Since bidders sat at tables in the large hall, the scene was 
reminiscent of a banquet. The auctioning was conducted 
from a raised dais at the front. As each lot was presented 
for bidding, pertinent information—lot number, category 
of material, and reserve price—was projected onto one 
portion of a large screen, with a videotape of the lot itself 
shown alongside. When a winning bid was announced, 
the selling price and name of the successful bidder were 
also projected. 

Gems, pearls, and jewelry were displayed in cases on 
a balcony that overlooked the auction area. Items below 
a certain reserve price (approximately $1,500 for pearls 
and $3,000 for other gems} were sold at fixed prices, as 
was all jewelry. This included jewelry sold on consign- 
ment to the MGE, as well as gem-set gold rings produced 
and marketed by the Myanmar VES Joint Venture Co. 

Although rubies and sapphires were the most preva- 
lent gemstones being offered, others were available. 
These included amethyst, citrine, kyanite, danburite, 
spinel, topaz, zircon, diopside, scapolite, apatite, aquama- 
rine, and peridot. 

Emporium officials reported total sales of 
$14,533,295 for 506 lots. The breakdown for auction 
sales was: jade (264 lots} for $5,493,173; pearls (75 lots} 
for $665,180; and gems (77 lots) for $1,433,531. 
Additional sales included jewelry (quantity not provided] 
for $698,024, jade carvings (quantity not provided} for 
$69,602; fixed-price jade (five lots} for $9,300, fixed-price 
gems (49 lots) for $5,949,785; special-sale jade (22 lots} for 
$153,450; and special-sale gems {14 lots} for $61,250. The 
large figure for fixed-price gems includes a 38.12-ct ruby 
cabochon, which sold for $5.86 million. According to a 
report in the October 1993 Jewellery News Asia (p. 125}, 
a ruby of this weight and measuring 18.2 x 16 x 12 mm 
was cut from rough found in Mogok in 1993. 
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Figure 2. Dealers examine rough 
from Monghsu, Myanmar, in the 
ruby market in Mae Sai, northern 
Thailand. Photo by Robert C. 
Kammerling. 


Update on Monghsu ruby. One gem material conspicu- 
ously underrepresented at the mid-year emporium was 
ruby from Monghsu (pronounced "Mong Shoo" by the 
Shan who live in the area and "Mine Shoo" by the 
Burmese and Thai). Only four small lots of stones identi- 
fied as from this area, and described as "heat-treated cut 
ruby" in the emporium catalog, were offered at auction. 
All of these stones, which were examined by one of the 
editors (RCK}, exhibited the blue cores that are distinc- 
tive of Monghsu material. 

However, rubies from Monghsu are readily available 
in Mae Sai, the northernmost town in Thailand, just 
across the small Moei Kok River from the town of 
Tachileik, Myanmar. In Mae Sai, untreated ruby rough 
from Monghsu is openly traded in shops and at streetside 
tables along what local merchants call "Soi Tab Teem," 
or Ruby Lane (figure 2). Here Thai dealers, most from the 
southeastern city of Chanthaburi, purchase stones from 
Burmese who cross the bridge daily between Mae Sai and 
Tachileik. 

Informed sources in Myanmar and Thailand 
described the route from mine to market as follows: 
Actual mining takes place at a site known as Siahlaing, 
about 26 km (16 miles) southeast of the town of 
Monghsu. The rough is then sold at a government {i.e., 
legal) market about 274 km to the southwest in the city 
of Taunggyi. Interestingly, when some Burmese in Mae 
Sai were asked the source of their stones, they replied 
"Taunggyi," not Monghsu. Instead of going next to 
Yangon, most of the rough apparently travels east to the 
town of Keng Tung, from there to Tachileik, and then 
across the border into Thailand. The first stop there is 
Chanthaburi for heat treatment—to remove the typically 
blue-colored core zone-—and cutting. Most eventually 
arrive in Bangkok for marketing throughout the world. 
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During the editor's visit to Mae Sai, several sources 
reported that the number of dealers had decreased signifi- 
cantly over the past few months. This was attributed to 
some controversy surrounding Monghsu rubies and a 
subsequent drop in price. Fluid inclusions in the material 
reportedly cause some fracturing during heat treatment. 
The fractures, in turn, are invaded by the fire-coating 
substance(s) that are applied to the stones before heat 
treatment, resulting in inclusions reminiscent of the sec- 
ondary partial healing planes seen in some flux-grown 
synthetics. Whereas the dealers generally accept—and 
expect—heat treatment, they are less forgiving of the 
presence of such glassy, flux-like fillings deep within 
fractures, especially in larger stones. 


Ruby in kyanite from India. International Colored 
Gemstone Association (ICA} Laboratory Alert No. 70 
(May 17, 1993}, from Elisabeth Strack of Hamburg, 
Germany, reported on rough specimens of ruby in a blue 
matrix that was offered as ruby in sapphire. X-ray diffrac- 
tion analysis, however, proved that the blue matrix was 
kyanite. 

Ms. Strack described the rubies as opaque, with an 
intense pinkish red color. Although she did not know 
their exact source in southern India, she speculated that 
they might’be from the area around Mysore in Karnataka 
State or even further south, in Tamil Nadu State. In this 
regard, it is interesting to note that her description of the 
rubies is consistent with that of the rubies and pink sap- 
phires described in the Spring 1993 Gem News |pp. 
60-61}, which also were reportedly from the state of 
Karnataka, about 160 km (100 miles} south of Mysore. 


Rare gemstones from Quebec. During a trip to the 
Canadian province of Quebec, one of the editors (EF} was 
loaned a number of rare gemstones from that province by 
Guy Langelier, a Montreal gemologist. Many pegmatites, 
some of which contain rare minerals that have been 
faceted into gemstones, are found in the Kipawa River 
area in southwestern Quebec. We studied a 0.36-ct 
orangy pink eudialyte and a 0.27-ct brownish yellow 
vlasovite (figure 3) from this locality . 

The eudialyte had indices of refraction of 
1,599-1.602, with a birefringence of 0.003. S.G. could not 
be determined precisely, because the stone was so small, 
but it was in the 2.81-3.12 range. The stone was inert to 
both ultraviolet wavelengths. The spectrum showed two 
sharp lines at approximately 521 and 572 nm. 
Magnification revealed a phantom plane that contained 
numerous groups of minute birefringent platelets (possi- 
bly mica}; each associated with a dark crystal (possibly 
hematite} that exhibited a silvery metallic luster. EDXRF 
analysis confirmed the presence of all chemical elements 
expected for eudialyte: Na, (Ca,Ce}, (Fe*?,Mn,Y} ZrSigO,. 
{OH,Cl),. Traces of hafnium probably replace part of the 
zirconium, and traces of ytterbium, part of the yttrium. 
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Potassium, titanium, and strontium were also detected. 
U.V.-visible absorption spectroscopy, using an Hitachi 
U4001 spectrophotometer, revealed a broad, iron-related 
absorption band centered at about 540 nm, which 
accounts for the pink color. The spectrum also showed 
weak but sharp peaks at about 453, 461, 519, 523, 570, 
579, 584, 594, 734, 740, 750, 800, and 809 nm. A compar- 
ison with the energy-level diagram of rare-earth ions 
proved these to be due to Nd*+. These lines are too weak 
to influence the color, but some (e.g., at 519, 523, 570, 
and 579) were easily seen in the handheld spectroscope. 
Indices of refraction for the vlasovite were in the 
range 1,609-1.624, with a birefringence of 0.015. These 
values are similar to those reported in the literature: 
1.607, 1.623, and 1,628 (alpha, beta, gamma, respective- 
ly}. Again, the small size of the stone prevented a pre- 
cise S.G. measurement, but we recorded a range of 
2.90-3.26. The stone fluoresced a weak, moderately 
chalky, brownish orange to long-wave U.V. radiation, 
and a moderate yellow to short-wave U.V. It contained 
numerous dry fractures (some of which might be cleav- 


Figure 3. The 6.02-ct color-zoned fluorite (top) is 
from the Old Chelsea mine; the 0.36-ct orangy 
pink eudialyte (left) and the 0.27-ct brownish yel- 
low vlasovite are from the Kipawa River area. 
Both areas are in the province of Quebec, 
Canada. Photo © GIA and Tino Hammid. 


GEMS & GEMOLOGY Winter 1993 287 


Figure 4. Ornamental marble from Utah, like this 
42,20-ct cabochon (31.97 x 25.01 x 6.50 mm), is 
being promoted as “Picasso marble.” Photo by 
Maha DeMaggio. 


ages} and "undulating planes" of internal graining. No 
spectrum was observed with the handheld spectroscope. 
EDXRE analysis showed the presence of sodium, silicon, 
and zirconium—which are the main components of 
viasovite according to its formula (Na,ZrSi,O,,}—as well 
as impurities of iron, potassium, and hafnium (the last 
probably substituting for zirconium in the structure). 
Despite the low RL, there is little doubt that the materi- 
al is vlasovite, since similar-appearing rough samples 
from the same find were identified as such by X-ray 
diffraction analysis. 

A color-zoned fluorite from the Old Chelsea mine 
was faceted to produce a remarkable optical effect: Most 
of the stone is light greenish blue, except the dark purple 
culet, which reflects in almost all facets when the stone is 
viewed faceup (figure 3, top). Optical absorption spec- 
troscopy showed that the light greenish blue color was 
caused by a weak samarium {Sm2"} absorption at 615 nm. 


Attractive ornamental marble. Among the interesting 
gems seen this year is an ornamental marble (a massive 
form of calcite) from Utah. The material has a variegated 
appearance, consisting of a fine-grained gray matrix with 
randomly oriented black and brown veining. The overall 
effect of the patterns is reminiscent of some abstract art, 
in fact, it is being sold under the trade name "Picasso 
marble" or "Picasso stone." 

Gemological testing of a 42.20-ct oval cabochon (fig- 
ure 4) revealed a spot R.I. of about 1.63 with a weak bire- 
fringence blink. The S.G., taken hydrostatically, was 
2.74, There was no reaction to long-wave U.V. radiation, 
and the short-wave reaction was uneven, with some 
areas inert and others luminescing a weak, chalky yel- 
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lowish green, The cabochon effervesced strongly to a 
drop of dilute hydrochloric acid. All these properties are 
consistent with those reported in the literature for mas- 
sive calcite, proving marble to be the correct designation, 
The specimen did not react to an acetone-dipped cotton 
swab, which indicates that the material was not dyed. 


Thai-Myanmar jewelry manufacturing joint venture. As 
noted in "Status of Ruby and Sapphire Mining in the 
Mogok Stone Tract" (Gems &) Gemology, Fall 1992, pp. 
154-172}, the major legal outlets for Myanmar's gem 
wealth are the emporia now held twice a year in Yangon, 
Also noted were sales made through special arrangement 
with the government. 

A newer ingredient in the marketing mix is a joint 
venture, established in August 1992, between Myanma 
Gems Enterprise and Thailand's VES Group: Mayanmar 
VES Joint Venture Company, Ltd. The joint venture cuts 
and polishes gems, and mounts them in jewelry that it 
also manufactures. 

In addition to marketing at the emporium, 
Myanmar VES currently shares retail sales space with 
the MGE in Yangon. According to Marketing Manager 
Scott Montgomery, the firm anticipates opening at least 
four of their own retail stores in Yangon in 1994, In late 
1993, Myanmar VES had a staff of 130, which they 
expected to double in early 1994. Local artisans are 
trained by experienced cutters and goldsmiths brought in 
from Bangkok. 


ENHANCEMENTS 


Irradiated phenomenal quartz. One novel gem seen at 
shows this year is cat's-eye quartz with moderately 
coarse, eye-visible "needles" and a dark brown, smoky- 
quartz body color that vendors reported was produced by 
irradiating a light gray material. 

We decided to document the change in color pro- 
duced in "cat's-eye" quartz {in some specimens, the “eye" 
is crossed by one or two weaker bands) with a greenish 
yellow body; this material has been known for years, We 
subjected one specimen to a nine-hour treatment at 
1,490 kw in a nuclear reactor at General Atomics in San 
Diego, California. Not only did this treatment alter the 
body color to a very dark brown, but it also produced dis- 
tinct asterism in the stone. The apparent change in the 
phenomenon probably resulted from the higher contrast 
of the reflective bands against the now-dark body color. 


SYNTHETICS AND SIMULANTS SI 


Amber simulant from India. An interesting amber look- 
alike recently brought to our attention is called a "lac" 
bead (figure 5). According to the vendor, George 
Darveaux, these beads are produced from a natural resin 
in Lino Village, approximately a two-hour drive from 
New Delhi, India. 
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Figure 5. These "lac" beads (approximately 22 
mm in diameter) are an amber simulant manu- 
factured in India. Photo by Maha DeMaggio. 


The opaque beads have a swirled texture and a 
brownish yellow to orangy brown body color. We also 
noted fine surface cracks like the crazing sometimes seen 
on fossilized resins. Gemological examination of one 
sample revealed a spot R.I. of 1.51 and an S.G. of 1.67, 
This bead was subsequently sawn in half, revealing a 
medium dark brown interior streaked with a yellow 
material simflar to that seen on the exterior. Magnifica- 
tion revealed that the exterior was actually a bright yel- 
low opaque layer with a brownish orange transparent 
coating. These two layers have intermixed in places, so 
that they appear to "swirl" together. Also noted were 
dark brown specks of color and shallow hemispherical 
cavities, most likely gas bubbles that broke the surface of 
the outermost coating. 


Artificial glass with high R.I. and S.G. Artificial glass was 
one of the first fabricated materials used to imitate natu- 
ral gemstones. It has been produced in virtually every 
color and diaphaneity. Despite its range of appearances, 
most glass used today to imitate gems falls within a fair- 
ly standard range of R.I. (high 1.40s to 1.60s} and S.G. 
(2.30 to 4.00] values. 

Since the 1950s, a number of crystalline, singly 
refractive materials with refractive indices over the lim- 
its of the conventional refractometer (1.81+] have 
appeared in the gem trade. Often, these have been seen 
first in essentially colorless forms and used as diamond 
simulants; later, colored versions have appeared. Three 
well-known examples are YAG, GGG, and CZ. Most 
gemologists confronted with a relatively dense, inclu- 
sion-free, colored singly refractive material with an over- 
the-limits R.I. would suspect that it was one of these 
three simulants. For loose stones, specific gravity might 
be used to determine which one it probably was (typical 
values being YAG—4.55, GGG—7.05, CZ—5.80). 

At a recent gem show, however, the editors came 
across material being marketed under the trade name 
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"Junelite" in a range of colors, including red, blue, green, 
yellow, brown, and black. What caught our attention was 
a display card identifying the material as an artificial 
glass with a 2.0 RL, a 4.59 S.G., and a hardness of about 
6. Subsequent gemological testing on a 20.84-ct sawn 
section of blue material (figure 6} revealed that the refrac- 
tive index was indeed above 1.81 and that the $.G. was 
4.44, The sample also exhibited anomalous birefringence 
in the polariscope, which is typical of such high-R.I. 
materials as YAG, GGG, and CZ. X-ray powder diffrac- 
tion analysis confirmed that the material was amor- 
phous. Gemologists are cautioned to be on guard for this 
material to avoid misidentifying it as YAG. 


Figure 6. This 20.84-ct piece of artificial glass has 
an over-the-limits R.I. and an S.G. of 4.44. Photo 
by Maha DeMaggio. 


More on Vietnamese deceptions, In recent years, the 
Gem Trade Lab Notes and Gem News sections have 
included several entries concerning the misrepresenta- 
tion of synthetic rubies and ruby simulants as natural 
material, both rough and faceted (see, e.g., "Glass 
Imitating Vietnamese Ruby” in the Fall 1993 Gems & 
Gemology, p. 215}. On a recent trip to Southeast Asia, 
one of the editors (RCK) learned of other such decep- 
tions. 

While visiting the town of Yen Bai in northern 
Vietnam, the editor examined a number of small parcels 
of what was represented to be natural ruby rough from 
the nearby Luc Yen mining area. One notable stone— 
visually estimated to weigh 2-3 ct—had exceptionally 
good color and, based on inclusions, appeared to be a nat- 
ural corundum. However, examination with a 10x loupe 
revealed surface color irregularities. When the stone was 
scraped with a knife, a red coating was removed, reveal- 
ing a pale pink body color. 

Tony Laughter, manager of the School of 
Gemological Sciences in Bangkok, recounted why a gem 
dealer from Thailand, although well aware of ruby decep- 
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Figure 7. These two synthetic sapphires (19.20 and 
29.90 ct) were sold as natural sapphire rough in 
Vietnam. Photo by Tony Laughter. 


tions in Vietnam, believed it was relatively safe to pur- 
chase two pieces of "sapphire rough" in Ho Chi Minh 
City: Both were color zoned, had what appeared to be iron 
oxide staining in fractures, and had the overall appearance 
and color of the blue sapphires occasionally seen from 
Luc Yen (figure 7). When the pieces were subsequently 
shown to Mr, Laughter, he determined that they were 
synthetic sapphires containing colorless areas and zones 
of curved color bands. The bands were especially evident 
when the specimens were immersed in methylene iodide 
and examined with magnification (figure 8). 


Figure 8. Magnification, used in conjunction with 
immersion in methylene iodide, clearly reveals 
the curved color banding in one of the synthetic 
sapphires shown in figure 7. Photo by Tony 
Laughter. 


Acknowledgments: The editors thank Gustave P. 
Calderon and Dino DeGhionno, of the GIA Gem Trade 
Laboratory, for assistance in testing materials described 
in the previous section. 


THE 24th INTERNATIONAL GEMMOLOGICAL CONFERENCE 


The first International Gemmological Conference, orga- 
nized by Professor K. Schlossmacher and Dr. E. J. 
Gitbelin, was held in 1952 in Locarno, Switzerland. Since 
its inception, the purpose of this invitation-only confer- 
ence has been the exchange of information among labora- 
tory gemologists and others engaged in the science of 
gems. 

The conference is hosted every two years by a differ- 
ent country. In October 1993, Paris was the site of the 
24th International Gemmological Conference, which 
was organized through the Paris Chamber of Commerce 
by Jean-Paul Poirot. Official delegates from over 20 differ- 
ent countries presented papers discussing their latest 
research and gemological observations. Many of these 
papers described new gem materials, presented new tech- 
nical information or new ideas about previously known 
gem materials, or explored new gem localities. It is 
impossible in the space provided to discuss all of the 
papers read at this conference. Therefore, the following is 
an overview of the 24th IGC, with synopses of some of 
the papers presented, 
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DAMNODDSS 
Canada. Canadian delegate Dr. Alfred A. Levinson gave 
an informative overview of the swiftly evolving dia- 
mond-exploration scene in Canada. Currently, at least 
150 exploration companies are involved in the search for 
diamonds. Activity is particularly intense in the 
Northwest Territories and Alberta. In the province of 
Alberta alone, the area staked for further exploration is 
larger than that of the United Kingdom. There is also dia- 
mond exploration in eastern Canada, particularly in the 
Hudson Bay lowlands of Ontario. 

Two major kimberlite fields have been discovered so 
far. The first, at Fort 4 la Corne in Saskatchewan, con- 
tains about 25 confirmed kimberlites, many of which are 
diamondiferous. The second is in the area of Lac de Gras, 
Northwest Territories. It contains approximately 20 kim- 
berlites. 

Some of the pipes discovered so far in Canada report- 
edly have yields of 1.25 ct per ton (as compared to the 
average. output for diamond pipes worldwide of 0.25 ct 
per ton}. However, the kimberlite samples to date have 
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not been large enough for definitive economic evalua- 
tions of either the number of carats produced or the qual- 
ity of the diamonds. 


India. Dr. Jan Kanis, from Veitsrodt, Germany, gave an 
update on the current status of gem mining and produc- 
tion in the State of Orissa in India, where he serves as a 
United Nations expert. Exploration for a possible prima- 
ry diamond source in western Orissa looks promising. 
Not only have gem-quality diamond crystals been found 
by local prospectors, but microprobe analyses of pyrope 
and chromite recovered in the course of prospecting also 
show that the chemical compositions of these indicator 
minerals are characteristic of those found in kimberlites 
and lamproites. 

In addition, Orissa mines are already producing 
rubies of various qualities. New, commercial primary 
deposits of good cat's-eye chrysoberyl, cat's-eye silliman- 
ite, and hessonite have been located. As the geologic and 
gemological knowledge of Orissa's gem fields is expand- 
ed, a great similarity to the gem fields of Sri Lanka is 
increasingly apparent. 


Green-to-blue diamonds. George Bosshart, of Lucerne, 
Switzerland, noted the rarity of a natural green body 
color—produced by the general radiation (GR) center— 
in diamonds. He reiterated the sensitivity of such stones 
to heat produced during cutting, which might induce the 
H3 band and those at 594 and 637 nm that could be mis- 
interpreted as resulting from natural annealing. He also 
wondered why no type Ib and type Ib diamonds with GR 
absorption have been reported so far. 


Figure 9. A green "cloud” can be seen in this 0.24- 
ct natural-color green diamond. Photomicrograph 
by Nicholas DelRe; magnified 30x. 
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Figure 10. Some blue diamonds, such as this 0.15- 
ct round brilliant, are colored naturally by irradi- 
ation and do not conduct electricity. Photo by 
Robert Weldon, 


Gem News Editor Dr. Emmanuel Fritsch presented 
new Criteria for the separation of green-to-blue diamonds 
colored by natural irradiation from those colored by arti- 
ficial irradiation. Clouds of blue or green coloration have 
been discovered in natural-color blue-to-green diamonds 
(figure 9}. No such features have been observed in treated 
stones of similar color. Also, a particular type of U.V.-vis- 
ible absorption spectrum has been found to be typical of 
one class of type Ja natural green-to-blue diamonds. 
Another observation is that some natural blue diamonds 
are colored by radiation, and these stones are not electri- 
cally conductive (figure 10). 


History of diamond cutting. Finnish delegate Herbert 
Tillander, from Helsinki, briefly reviewed his compre- 
hensive research into the origin of certain diamond-cut- 
ting styles, the subject of his upcoming book. In his pre- 
sentation, Mr. Tillander focused on the development of 
the round-brilliant cut. He pointed out that diamond cut- 
ting was conducted in great secrecy throughout the 14th 
century, because religious and mythological beliefs held 
that diamonds could only be accepted in their natural 
crystal forms. Fourteenth-century diamond cutters 
found, however, that they could easily fool even well- 
educated customers simply by representing the faceted 
shapes they produced as natural crystal forms. Early dia- 
mond cutters had difficulty obtaining gem-quality octa- 
hedral rough of any significant size, because the Indian 
merchants who controlled the supply were reluctant to 
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Figure 11. The cutting room of the "Ha Noi — 
Precious Stone Cutting & Jewelry Factory" had 
only a few tables in October 1992. Photo by E. 
Alan Jobbins. 


release octahedra. The dodecahedra, macles, and irregular 
shapes that were more readily available were not ideally 
suited to produce what today we would call the round 
brilliant cut. 


COLORED STONES AND ORGANIC MATERIALS Bi 


Amphiboles. Dr. Hermann Bank, of Idar-Oberstein, 
Germany, reported on the discovery in East Africa of 
translucent, emerald-green, chromium-bearing actinolite, 
which is being called "Smaragdite" in the trade. Trans- 
parent greenish brown magnesium pargasite, a member 


Figure 12. By January of 1993, the cutting room of 
the Hanoi factory in figure 11 was greatly 
expanded, with dozens of cutters using contem- 
porary equipment. Photo by E. Alan Jobbins. 
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of the amphibole group, has been found in the 
Embilipitiya gem field in Sri Lanka. Careful studies initi- 
ated by Dr. Bank have shown it to be close to the pure 
end member. 


Beryl. Recent mining activity for red beryl in the Wah 
Wah Mountains, Utah, was described by Gerhard Becker, 
of Idar-Oberstein. A new claim has produced some beau- 
tiful hexagonal prisms of gem and mineral-specimen 
quality. Slices cut from some of these crystals, hoth par- 
allel and perpendicular to the c-axis, vividly show the 
strong color zoning that is often present in red beryl. 

Dr. Dietmar Schwarz, now of Lucerne, Switzerland, 
provided an update on emerald-mining activity in the 
Ural Mountains of Russia, Egypt's eastern desert, the 
Swat region of Pakistan, the Ndola Rural District of 
Zambia, and the Sandawana area of Zimbabwe. He also 
described suites of solid and fluid inclusions that he has 
identified during his research on emeralds from various 
localities. 

Dr. Jan Kanis also discussed his recent visit to the 
Machingwe emerald mine in Zimbabwe. At the time of 
his visit, the open-cast mine was 70-m deep. The emer- 
alds produced are similar in color and quality to those 
found at the nearby Sandawana mine. He also mentioned 
reports of new emerald occurrences in Zimbabwe, 
approximately 40 km northeast of Sandawana. 


Charoite. It was pointed out by Eugenia V. Buhtiarova, of 
Moscow, in the Russian Federation, that the charoite 
used in the jewelry industry is actually a rock in which 
the main component is the mineral charoite. She there 
fore proposed that the name charoitite be used for this 
ornamental material, to signify that it is a rock and not a 
single mineral. The purple color of charoite is attributed 
to the coexistence of traces of Mn** and Fe* (similar to 
sugilite). When charoite is iron rich and manganese poor, 
it is brown. 


Corundum. Australia is not generally known as a source 
of color-change sapphires. In his presentation, however, 
Dr. E. Ralph Segnit, of East Malvern, Victoria, Australia, 
reported on a 39-ct color-change sapphire recovered from 
gravels near the town of Rubyvale in Queensland. Two 
transparent gems, the largest being 9.17 ct, were faceted 
from the rough. The color of the stones in sunlight was 
described as olive green, while in incandescent light they 
appear dark reddish brown. Electron microprobe analysis 
carried out at the CSIRO Division of Mineral Products, 
Port Melbourne, showed an iron content of 1.1 wt.%; no 
other trace elements were detected with certainty. 
Perhaps one of the best examples of how the discov- 
ery of an important gem deposit can affect the economy 
of an area was illustrated by E. Alan Jobbins, of Great 
Britain, in his lecture updating ruby and sapphire produc- 
tion in Vietnam. Mr. Jobbins photographed the cutting 
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room of the "Ha Noi—Precious Stone Cutting & Jewelry 
Factory" in Hanoi, Vietnam, first in October 1992 (figure 
11) and then in January 1993 (figure 12). The growth of 
the gem-cutting facility from a small shop to a large, 
well-equipped factory in just three months is visible 
proof of the impact that the discovery of rubies and sap- 
phires has had. 

Dr. N. R. Barot of Nairobi, Kenya, and Dr. Roger R. 
Harding of the Gemmological Association of Great 
Britain, described a new source of pink sapphire from the 
eastern foothills of Mount Kenya, near Kitui, Kenya. The 
sapphires are light to medium pink, commonly translu- 
cent, and of a quality most suitable for the fashioning of 
cabochons and beads. Most of the production is sold to 
the gem-cutting industry in India, although some of the 
better-quality rough is cut in Kenya or imported to 
Germany. The sapphires are recovered from gravels by 
simple open-pit mining techniques. After sieving and 
washing, about 50 to 100 kg of pink sapphire are recov- 
ered each week by 30-50 laborers. 

Robert E. Kane, from the U.S. state of Nevada, pro- 
vided an overview of various commercial and rare gems 
that have been found in Myanmar, both from the Mogok 
Stone Tract and more recently from Monghsu. Heat 
treatment of rubies from the latter locality (to remove or 
diminish the blue zoning typical of this material} often 
results in an attractive red, comparable to fine untreated 
rubies from Mogok. Among the many so-called collec- 
tors' gems described were andalusite, kyanite, and 
chrysoberyl (all of which are rare from Myanmar), Mr. 
Kane is writing a book on the gems of Myanmar. 


Garnet. Namibia is the source of the bright orange, trans- 
parent spessartine garnets that are known in the trade as 
"Hollandine" (illustrated in the Spring 1993 Gem News, 
p. 61). Israel Z. Eliezri, of Ramat-Gan, Israel, reported 
that the mine is located in a remote desert region in 
northwestern Namibia, near the Kunene River (figure 
13}. It is a nine-hour drive from the nearest settlement, 
which has limited the use of heavy equipment in the 
mining operation to only a few pieces. The garnet crys- 
tals, which range up to 25 mm in diameter, are recovered 
from schists. Mining operations at present take place 
only on the surface. 


Meteorites with gems, Dr. Charles Arps, of the Natural 
History Museum in Leiden, the Netherlands, discussed 
the need to preserve certain meteorites in museums as 
they are found, rather than reducing them by lapidary 
means to pieces and sizes that are suitable for jewelry 
applications and private collectors. He is particularly con- 
cerned about the stony-iron meteorites known as palla- 
sites, which contain yellowish green irregular grains of 
olivine (see Gems & Gemology, Spring 1992, pp. 43-51). 
When gem quality, some of these peridots have been 
extracted from pallasite slices and faceted into small gems. 


Gem News 


Figure 13. This aerial photo shows the "Hollandine 
mine“ on the southern side of the Kunene River in 
Namibia (toward the center of the lower portion of 
the picture). Photo courtesy of Israel Z. Eliezri. 


Natural glass, Dr. Frederick H. Pough, of the United 
States, presented his observations on the increasing pop- 
ularity among lapidaries of various forms of obsidian. 
Although the tumble-polished dark brown "Apache 
tears" from Arizona are still the best-known form of 
obsidian, also sought are varieties that show colorful phe- 
nomena—such as iris or rainbow obsidian (see Gem 
News, Summer 1993, p. 133) from Mexico, or the irides- 
cent flame or fire obsidian from Glass Buttes in central 
Oregon. Some lapidary skill is required to bring out the 
maximum beauty in these gem materials, but the results 
can be spectacular. Although many of the inclusions that 
are potentially responsible for the phenomenal effects are 
difficult to identify because they are so small, inclusions 
of cristobalite and tridymite are known. Tiny acicular 
crystals and hexagonal red and brown plates have also 
been observed but not conclusively identified; possibly 
they are hematite. 


Opal. The Lambina opal field, currently classified as "dig- 
gings," is the newest productive opal area in Australia. It 
was the subject of a paper presented by Australian 
Grahame Brown, coauthored by I. J. Townsend and K. 
Endor. This new gem-opal field is located in a remote 
area of the Lambina Station, in the far north of South 
Australia, about 1,000 km northeast of Adelaide and 360 
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Figure 14, This rough opal was recovered from 
the Lambina "diggings." The largest piece shown 
is approximately 7.5 cm (3 inches) long. Photo 
by Jack Townsend. 


km south of Alice Springs. There are two separate "dig- 
gings" at Lambina Station, 2 km apart, which are admin- 
istered from Mintabie, a well-established and very pro- 
ductive opal field 90 km to the southwest. The nearest 
town to the Lambina diggings is Marla, 36 km east of 
Mintabie. 

The precious opal from Lambina generally occurs at 
depths of 10 m or less, in joints and seams in an early 
Cretaceous claystone unit belonging to the Mesozoic 
Bulldog Shale. Thin veinlets of opal are also found in 
overlying jasper breccia of late Tertiary—early Quaternary 
age belonging to the Russo Beds. Both white and black 
opal are recovered (figure 14); the material appears to be 
stable (noncracking). 

Certain opals seem to be more susceptible to crack- 
ing than others once they are removed from the ground. 
In a paper coauthored by Michael Duncan, Geoffrey 
Tombs, of New South Wales, described the results of an 
ongoing study on the stability against cracking of various 
types of opal from different Australian localities. 
Translucent to nearly transparent "misty," milky-looking 
opal (not to be confused with white opal) with a honey 
color in transmitted light, and material that shows patch- 
es of light gray and dark gray in the matrix, is probably 
not stable and will eventually crack. The various well- 
known forms of "precious" Australian opal—such as 
black opal, white opal, and boulder opal—are considered 
stable. The authors suggested that water content is one 
factor in opal cracking, but not the only one. 


Porcelaneous "pearls". Kenneth V, G. Scarratt, of Bangkok, 
Thailand, described his examination of 23 brownish 
orange, spherical-to-baroque porcelaneous "pearls," which 
originated from the conch Melo volutes (figure 15). The 
"pearls" examined range from J1.20 to 207.04 ct, and up 
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to 32.09 mm in longest dimension. The results of X- 
radiography varied. Some samples showed no structure, 
as is true of most porcelaneous "pearls", while others 
showed organic concentric structures. All displayed the 
flame structure typical for nonnacreous "pearls" from 
Strombus gigas and Tridacna gigas. 


Quartz. Dr. Edward J. Giibelin described and illustrated a 
variety of interesting inclusions recently observed and 
identified. Several faceted gems of light pink rose quartz 
from Sri Lanka hosted a number of eye-visible transpar- 
ent brownish to pinkish orange almandine garnet crys- 
tals; many had an unusual elongated, distorted habit (fig- 
ure 16). The microscope also revealed small black grains, 
which proved to be ilmenite. Small monazite crystals 
and some as-yet-unidentified tiny blue acicular crystals 
{possibly dumortierite?} were also seen in association 
with the included gamets. This is a most unusual new 
suite of mineral inclusions for rose quartz from Sri 
Lanka, 


Figure 15, These spherical porcelaneous "pearls" 
grew in the Melo volutes. The largest "pearl" weighs 
162.99 ct and has a diameter of about 28 mm. Photo 
by Nicholas DelRe. 
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Figure 16, Almandine garnet crystals, many with 
an unusual elongated habit, occur with small 
black grains of ilmenite in rose quartz from Sri 
Lanka, Photomicrograph by E. J. Gtibelin; mag- 
nified 15x. 


GEMSTONE ENHANCEMENT Bas 


Professor Vladimir S. Balitsky, of Chernogolovka, the 
Russian Federation, explained that gemologists have 
been trained in Moscow only since 1978, The enhance- 
ment of gem materials is currently being done in Russia 
both experimentally and commercially. These treat- 
ments include irradiation of diamond, common heating 
of ruby and sapphire {as well as quartz), bleaching of 
nephrite, fracture filling of emeralds, and high-tempera- 
ture diffusion of sapphires. Of particular interest is the 
practice of bleaching rather unattractive brownish neph- 
rite to produce a very pleasing green. 


SYNTHET(CS 


Early synthetics. An interesting report by Dr. Henri-Jean 
Schubnel, of Paris, described some very unusual early 
synthetics in the collection of the Museum of Natural 
History in Paris. Not only does this collection include 
synthetic ruby, sapphire, and emerald grown before 1888, 
but it also contains pre-1888 synthetic chrysoberyl, diop- 
side, orthoclase, and zircon, 


Russian synthetics. In an overview of the gemological 
properties of various synthetic gemstones produced in 
Russia, Dr. Ulrich Henn of Idar-Oberstein addressed 
those features that are useful to the laboratory gemolo- 


Gem News 


gist for identifications. In addition to the better-known 
synthetic amethysts and emeralds, Dr. Henn discussed 
some important and relatively new Russian synthetics, 
such as hydrothermally grown synthetic ruby and syn- 
thetic diamonds. 

Professor Vladimir S. Balitsky also described the 
hydrothermal growth of phosphorus-doped synthetic rose 
quartz and displayed a photograph of a 1-m-wide synthet- 
ic malachite tabletop. 

Dr. Gennadi V. Bukin, of Novosibirsk, Russian 
Federation, a specialist in both the hydrothermal and flux 
growth of synthetic gem materials, spoke on the com- 
mercial production and marketing of emeralds made by 
these two techniques. Hydrothermally grown beryls in a 
variety of colors, flux-grown spinels (primarily red and 
blue}, and synthetic alexandrite produced by both flux 
and melt techniques are also grown commercially in the 
Design Technological Institute of Monocrystals in 
Novosibirsk. Dr. Bukin reported that they have grown 
synthetic alexandrite by the hydrothermal method, but 
only experimentally. Using the hydrothermal method, 
they are also able to heal fractures in natural emeralds. 


Douros flux-grown synthetic ruby. Dr. Henry A. Hanni 
of Zurich, Switzerland, working with Dr. Karl Schmetzer 
of Germany, presented the results of their preliminary 
examination of the new Greek flux-grown synthetic ruby 
being marketed under the trade name Douros. In crystal 
form and as cut stones, from a gemological standpoint, 
these new synthetic rubies closely resemble the Ramaura 
flux-grown synthetic rubies. Chemical analysis showed a 
variable trace-element composition in the Douros mate- 
rial, with no characteristic chemical profile. The major 
trace elements found in natural rubies—chromium, galli- 
um, iron, titanium, and vanadium—are also added in 
variable amounts to the Douros synthetic rubies. Dr. 
Hanni concluded that, if inclusions and recognizable 
growth structures are not present, this new synthetic 
ruby will be extremely difficult to identify. 


INSTRUMENTATION Ds 


In a paper coauthored by Guerec Quérré and Jean-Paul 
Poirot, Dr. Anne Bouquillon, from the Laboratoire de 
Recherche des Musées de France, at the Louvre Museum, 
described some very interesting work on gem-set gold 
Egyptian pectorals from the Louvre collections. PIXE 
(Proton Induced X-ray Emission} analysis with a particle 
accelerator was used to determine the chemical composi- 
tions of the gem materials and metal. In the course of 
their study, these researchers found a type of manufac- 
tured gem material known as "frits," which is composed 
of a mixture of lapis lazuli and silica powders. 

Jean-Marie Dereppe, of Belgium, presented informa- 
tion on the application of nuclear magnetic resonance 
(NMR) to gemological problems. He discussed the sepa- 
ration of natural from synthetic emeralds using this tech- 
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Figure 17. This laser-tomographic image of a 0.68- 
ct synthetic ruby shows the growth banding char- 
acteristic of flame-fusion synthetics as well as the 
treatment-induced "fingerprints" that result from 
flux overgrowth. Photo courtesy of Junko Shida. 


nique. He speculated that NMR might also be useful in 
the separation of natural from heat-treated aquamarine, 
which currently is virtually impossible to do. 

Professor Bernard Lasnier, from the University of 
Nantes, presented two new instruments of interest to 
gemologists. The first was a desktop Raman spectrome- 
ter. While the performance level of such instruments has 
gone up in recent years, the price has come down consid- 
erably, making this type of technology much more 
affordable. This spectrometer will soon be adapted to a 
microscope, so it can also be used in nondestructive 
inclusion identification. Professor Lasnier also showed a 
small brass "Pearlscope." This combination endoscope- 
lucidoscope, hand-made by one of Professor Lasnier's stu- 
dents, Har Hatalay, in demonstration worked well in 
showing the difference between drilled natural and cul- 
tured pearls. Mr. Hatalay is investigating the economic 
feasibility of producing a small number of these instru- 
ments for the trade. 

Dr. Karl Schmetzer presented his latest observations 
on the use of immersion microscopy in the examination 
of microscopic growth structures in rubies to determine 
natural or synthetic origin. He compared growth features 
in rubies from Monghsu in Myanmar to those in rubies 
from Luc Yen in Vietnam. The growth structures of the 
new Douros flux-grown synthetic rubies, produced in 
Greece, were found to be very similar to those of the 
well-known Ramaura flux-grown rubies, produced by 
Judith Osmer in California. 
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Observation of rubies and detection of heat treat- 
ment by means of laser tomography was the subject of a 
paper presented by Ms. Junko Shida, of Tokyo, Japan. 
Using a laser beam as a light source, laser tomography is 
an optical method to record on film the distribution of 
scattering centers (such as submicron-size and larger 
inclusions}, as well as features such as growth banding, 
in crystalline solids like gemstones. One advantage of 
laser tomography in gem identification is that even sub- 
micron scattering centers are visible at low magnifica- 
tion. For example, the laser-tomographic image (shown 
in figure 17} of a 0.68-ct synthetic ruby clearly illustrates 
both the curved growth characteristics of a flame-fusion 
product and the pattern produced by treatment-induced 
flux fingerprint inclusions resulting from overgrowth. 
Further studies are planned using this technique to 
examine and visually document rubies both before and 
after heat treatment. 

Using petrographic analysis and thermobarometric 
techniques, Dr. John M. Saul and Alain Mercier, both of 
France, studied the metamorphic primary ruby deposits 
of the Precambrian Mozambique Belt in southeastern 
Kenya. They determined that the rubies crystallized at 
approximately 750°C under a pressure of about 5 kbar. 
This relatively low pressure indicates that the rubies 
formed at a depth of approximately 17 km. With this 
same methodology, other gem deposits could be exam- 
ined to determine depth of formation and possibly the 
vertical extent of mineralization. 


MISCELLANESSS Eee 


Early collections. Dr. Pieter Zwaan, of the Netherlands, 
described a collection of 625 gems that King William the 
First donated to the National Museum of Natural 
History, Leiden, in 1825. Such collections of known age 
are of particular gemological interest because the stones 
reveal what forms of gem treatment were used before a 
particular point in history. In this collection, the only 
stones that were treated were chalcedony. 


Colored stone cutting. A videotape prepared by Menahem 
Sevdermish, of Israel, compared the skills and products 
of Indian and Sri Lankan gem cutters to the production 
of the sophisticated and highly automated cutting facto- 
ries in Israel. Mr. Sevdermish concluded that technology 
has not yet replaced truly skilled hand labor in terms of 
quantity and quality in the fashioning of gemstones. 
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GEMOLOGY, AN 
ANNOTATED 
BIBLIOGRAPHY 


By John Sinkankas, 2 vols., 1200 pp., 
illus., publ. by Scarecrow Press, 
Metuchen, NJ, and London, 1993. 
US$179.50, regular edition*; 
$250.00, limited edition* 


Eleemosynary, philanthropic, chari- 
table—any one of those characteri- 
zations would apply to this monu- 
mental undertaking. It is greatly 
reassuring that a person (actually, a 
husband-and-wife team}, with little 
hope of more than very modest 
monetary compensation, would 
embark on such a long, grueling pro- 
ject. The effort involved defies com- 
parison in the gemological literature, 
and the quality of the product is 
equally impressive. Just to list accu- 
rately every meaningful publication 
in the gemological field would be a 
daunting task, but Dr. Sinkankas has 
gone a large step further to study and 
evaluate more than 7,000 books and 
other publications of importance to 
gemologists. Not only does he reach 
back hundreds of years to present 
the earliest literature in our field {in 
addition to the more contemporary], 
but he also includes other languages 
such as German, French, Italian, 
Spanish, and Portuguese, as well as 
some Russian. 

The entries vary widely in their 
size and nature, based on the impor- 
tance attached to the work and other 
factors. A full entry on a book by one 
author usually has a short biographi- 
cal sketch, followed by the entry 
number, the date of publication, the 
title, author, an abbreviated descrip- 
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SUSAN B. JOHNSON, EDITOR 


tion of all the details of illustrations, 
binding, publisher, number and size 
of pages, and many other facts of 
great interest to a bibliophile. Then 
the content is described, with some 
comments as to its potential worth 
to the reader. The level of detail 
reflects the meticulousness that Dr. 
Sinkankas, author of Gemstones of 
North America and many other fine 
books, has shown in his more than 
40 years of research. 

There are many fascinating tid- 
bits along the way for a peruser of 
the Annotated Bibliography. For 
example, under entry 7224—1932, 
The Genesis of the Diamond, by 
Alpheous F, Williams, is the com- 
ment: “A truly monumental work of 
increasing scientific importance, not 
so much for its information on dia- 
mond and its mining as for its 
detailed studies of the petrology and 
mineralogy of kimberlitic pipe fill- 
ings. Such treatment of mantle- 
derived rocks was well ahead of its 
time in providing clues as to the 
nature of the mantle and the forma- 
tion of the crust in general. The sig- 
nificance of Williams’ studies 
escaped even himself, and certainly 
most others, as evidenced by the nig- 
gardly review accorded the work by 
E. H. Kraus, Amer Min, 18, 4, 1933, 
176, who saw it merely as ‘supple- 
menting and bringing up to date the 
monumental and classic work of his 
father.’ Because of the greatly 
increased interest in mantle prob- 
lems and plate tectonics, the work 
now appears to be one of those inad- 
vertently fortunate amassments of 
accurate data that find applications 
at a later time.” 
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There are occasional entries 
about which the author states, “not 
seen,” but these are very few com- 
pared to the usual helpful evalua- 
tions. Such a comment is usually 
made only about some obscure early 
work of little significance. 

The appearance in print of 
Gemology, An Annotated Biblio- 
graphy is one of the very important 
events in the history of gemological 
publishing. 


RICHARD T. LIDDICOAT 
Chairman of the Board 
Gemological Institute of America 
Santa Monica, California 


. 


OPAL ADVENTURES 

By Paul B. Downing, 234 pp., illus., 
publ. by Majestic Gems # Carvings, 
Tallahassee, FL, 1990, US$19.95* 


Paul B. Downing relates his adven- 
tures in opal-mining areas from 
Andamooka to Virgin Valley. He 
also describes the adventures of the 
first hardy miners who braved the 
Outback—the Never Never—to find 
glowing opals, and passes on some of 
the stories that are still told in the 
opal fields. 

Downing makes it clear that 
modern methods of transportation 
and mining have not made the 
search for opal much less trying than 
it was for the first opal prospectors. 
There are severe accidents when 
Land Cruiser meets kangaroo on the 
dirt roads at night. There are flooded 
roads, searing temperatures, disap- 
pearing water pumps, equipment 
failures, and sheer back-breaking 
work, But when a miner finds “color 
in the wall,” all trials are forgotten. 
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And when that “color” turns out to 
be a matchless opal, the digger is not 
only willing but eager to go back and 
fight all the battles again. 

Downing describes the different 
geology of each of the mining areas, 
how each site is commonly worked, 
and the kind of stones each area pro- 
duces. But first and foremost this is a 
book about people—not only the 
full-time opal miners, but those who 
work other jobs to support their 
addiction to opal; the retirees who 
drive their campers over miles of bad 
road to park in the dust and hunt 
opal; the amateurs who “noodle” 
the “mullock heaps” for gems the 
diggers have missed; and Paul and 
Bobbi Downing themselves, who 
climb 75 feet down a shaft “hanging 
on a ladder swaying back and forth 
with almost no toe room because it’s 
next to the wall. And I hate ladders.” 

With more than 27 years of cut- 
ting opal behind him, and an appre- 
ciation of opals that approaches awe, 
Paul Downing is the perfect person 
to write this kind of book. He under- 
stands the constant excitement in 
the hope of discovery that keeps opal 
miners—Australian or American— 
pursuing their elusive quarry. 

The only chapters that do not 
seem to fit are those on the cutting 
and valuation of opal, which appear 
to be added as an afterthought. 
These chapters do nothing to dimin- 
ish the reader’s enjoyment of the 
book, however, which is written in a 
chatty, personal style and is full of 
good humor. The color photographs 
of spectacular opals and the black- 
and-white photos of the mining 
operations in the Outback offer a 
new appreciation of this exceptional 
gemstone. 


SHARON ELAINE THOMPSON 
Salem, Oregon 


OTHER BOOKS RECEIVED 


Diamond Mine, by Peter Read, 188 
pp., publ. by Book Guild, Sussex, 
England, 1992, US$24.95,* Writers 
rarely successfully cross the line 
from nonfiction to fiction. Gemolo- 
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gist Peter Read’s mystery is a delight- 
ful exception. Set in the diamond 
fields of South Africa in 1978, scenes 
are portrayed with a believability 
that can only be accomplished by 
someone with an intimate knowl- 
edge of the area, a technical under- 
standing of the major diamond 
mines, and familiarity with the peo- 
ple working at those mines. Scenic 
descriptions are vivid, colorful, and 
often majestic. Characters are devel- 
oped with a rich, cultural, and some- 
times earthy dialogue. The tone is 
idealistic and serious. Although the 
plot is not complex and is actually 
quite linear, tension builds quickly 
and holds the reader’s attention 
throughout. 

One of my few criticisms is that 
the book could have been longer. 
Also, a few details of the crime are 
simplistic, especially the method for 
collecting the ransom. Overall, 
though, gemology students will find 
this novel a joy to read and a valu- 
able educational experience. 


JOHN D. ROUSE 
Carson, California 


Practical Uses of Diamond, by 
Andrzej Bakon’ and Andzej 
Szyman’ski, translated by Jerzy 
Tomaszczyk, 248 pp., illus., avail- 
able from and publ. by Ellis 
Horwood and Polish Scientific 
Publishers PWN, West Sussex, 
England, 1993. As the title suggests, 
this book focuses on engineering, 
not gemology. A well-illustrated and 
well-documented survey of industri- 
al and scientific applications of dia- 
mond, it is written for a limited 
technical readership, knowledgeable 
of general chemistry and thermody- 
namics. Although not recommended 
for every gemologist’s library, it does 
provide a wealth of valuable infor- 
mation on the physical, chemical, 
and mechanical properties of natural 
and synthetic diamond, much of 
which is not typically included in 
gemological literature. After two 
comprehensive chapters on the 
chemical structure and physical 
properties of diamond, four chapters 
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delve meticulously into the gemo- 
logically arcane uses, design, and 
manufacture of diamond tools. 
Another chapter explores scientific 
applications of diamond’s unique 
mechanical, thermal, and optical 
properties. Unfortunately, the chap- 
ter on diamond jewelry is superficial 
and, in some cases, misleading. In 
their concluding section, the authors 
present their perception that dia- 
mond will join stone, bronze, and 
iron as a pivotal material in the 
development of technological 
progress. 


SHARON WAKEFIELD 
Northwest Gemological Laboratory 
Boise, Idaho 


Mineraux Passion (Mineral Passion 
{in French]), by Pierre and Nelly 
Bariand, 223 pp., illus., publ. by 
Bordas, Paris, France, 1992. One 
cannot help being awestruck by this 
beautifully illustrated large-format 
book. The first 95 pages contain a 
well-written text by Pierre Bariand, 
curator of the Sorbonne collection in 
Paris. Mr. Bariand develops some 
important ideas about minerals and 
gems, including significant discover- 
ies and “collections and collectors.” 
The text is also rich with anecdotes, 
interspersed with color photos of 
crystals and jewelry by world- 
renowned photographer Nelly 
Bariand. In the central portion of the 
book, Nelly Bariand provides large 
photos of most of the important 
mineral and gem species in their 
rough forms. Detailed descriptions 
are cleverly grouped in the last 
pages, so the interested reader can 
learn more about the species shown. 
Although written in French, this 
book will be useful to anyone who 
has—or wants to create—interest in 
the natural beauty of minerals and 
gems. 


EMMANUEL FRITSCH 
GIA Research, Santa Monica 


“This book is available for purchase at the 
GIA Bookstore, 1660 Stewart Street, Santa 
Monica, California. Telephone (800) 421- 
7250, ext. 282. 
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COLORED STONES AND ORGANIC MATERIALS 


Check-list for rare gemstones: Sodalite. W. Wight, 
Canadian Gemmologist, Vol. 14, No. 3, 1993, pp. 
78-81. 


In this month’s installment on rare gemstones in the col- 
lection of the Canadian Museum of Nature, in Ottawa, 
information is given for sodalite. Highlighted in both the 
text and the pencil drawing (the latter by noted gem- 
stone and mineral artist Susan Robinson} is the variety 
of sodalite known as hackmanite, which is usually white 
or (in its rare transparent form) light yellow—auntil it is 
exposed to ultraviolet radiation, after which it turns pink 
for some time, fading when left in daylight (see Gems & 
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Gemology, Summer 1989, pp. 112-113, for more on this 
phenomenon]. The largest faceted hackmanite weighs 
15.33 ct; the museum has a 9.77-ct stone. A checklist 
gives all information that a gemologist needs to make an 
identification, including the pertinent properties of gem 
minerals that might be confused with sodalite. The sec- 
tion ends with a lengthy list of references. 

Michael Gray 


Freshwater pearl cultivation in Vietnam. G. Bosshart, H. 
Ho, E. A. Jobbins, and K. Scarratt, Journal of 
Gemmology, Vol. 23, No. 6, 1993, pp. 326-332. 


On a trip to Vietnam in early 1993, the authors learned 
of a small but growing freshwater cultured-pearl indus- 
try, focused primarily at two locations: the estuary of the 
Red River (Song Hong) and a lake (the Ho Tay) within 
Hanoi city limits. This article describes the industry and 
cultured pearls from Ho Tay. The latter was started by a 
fish-breeding company, assisted by Japanese consultants. 
Production at Ho Tay increased from 500 cultured pearls 
in 1990 to 3,000 in 1992, Output is expected to be 8,000 
in 1993. Locally manufactured freshwater Unio shell 
beads and local Cristaria plicata mollusks (the same 
used by the Chinese} serve as nuclei and hosts. To date, 
they have not employed spatting. No more than half of 
the beads implanted produce nucleated pearls, but the 
tissue graft of rejected beads usually generates a “non- 
nucleated” pearl. In a sample of 15 representative cul- 
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tured pearls, only two were found (by X-radiography) to 
be bead nucleated. Bead-nucleated pearls are generally 
5-7 mim and may be (rarely) as large as 12 mm; non-bead- 
nucleated pearls are generally smaller. The cultured 
pearls occur in a broad range of colors, of which orange, 
brown, and pink are the most common. Spectrophoto- 
metry confirmed official claims that the colors are not 
due to enhancement, but dyeing techniques are being 
explored. The Ho Tay Fish Development and Investment 
Company planned to open three additional farms in 1993. 

CMS 


World of Stones. Nos. 1 and 2, 1993. 


A new quarterly magazine for the gemological and min- 
eralogical community has appeared on the scene. World 
of Stones, an English-language periodical, is written and 
produced in Russia, with fabulous photographs (mostly 
by famed Russian photographer Alexei Sverdlov}. [ts lay- 
out is similar to the American magazine Mineralogical 
Record. 

In the first two issues, topics include new miner- 
alogical finds, profiles of famous Russian mineralogists, 
Russian museums, and historical localities. There are a 
few minor problems, which are to be expected in a maga- 
zine published in a language foreign to its staff. 
Sentences do not always make sense. Their structure 
suggests that the text was translated first into German 
and then into English. Some scientific words and all the 
references at the end of the articles use the Cyrillic 
alphabet. However, these distractions are small when 
compared to the overall beauty and wealth of informa- 
tion in the issues’ glossy pages. Here are some short 
summaries of articles of gemological interest from the 
first issue. 

“Axinite: New Finds in Russia,” by Vyacheslav N. 
Kalachev, gives the mineralogical description and locali- 
ty information for this very gemmy material, some of 
which is making its way into the collectors’ market. 

“The South Urals: A Brief Mineralogical Guide,” by 
Alexander A. Evseev, gives the sources of many gem 
materials that have been coming on the market over the 
past few years, such as pink and blue topaz, grossular 
var. hessonite garnet, and spinel. 

“A Resurrected Museum,” by Anna P. Gorbatova et 
al., describes the collections at the Yershov ‘Geological 
Museum (formerly the Moscow Mining Museum]. The 
article details the history of the museum, and its recent 
refurbishing, including new well-lit display cases. 
Described are some huge crystals, such as a forsterite 
specimen with large crystals up to 9 cm (over 3.5 inches}. 
Special exhibits, one of which is titled “Semi-precious 
Stones of Moscow’s Environs,” are being arranged by 
employees of the Fersman Mineralogical Museum 

A profile titled “Alexei V. Sverdlov: One Must Love 
and Understand Stone,” features the photographer’s 
favorite photos, many of which are from the Russian- 
issued English-language books Malachite, Selenite, and 
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Agate. One can easily underestimate the quantities of 
these minerals that have been mined in Russia—until 
you see the 10-m-high malachite pillars, the carved 
jasper vase that is 2.6 m across, or the photographs of in- 
situ satin spar veins. These out-of-print books are prized 
collectors’ items, but at least this magazine is making 
some of the photos available to a larger audience. 

The second issue features a large pink topaz crystal 
on the cover. Inside is “The Urals (from Middle to Polar): 
A Brief Mineralogical Guide,” by Alexander A. Evseev, a 
continuation of his article in the first issue. More locali- 
ty information is given, plus sources and size data for 
minerals of gemological interest, including alexandrite, 
amethyst, beryl, demantoid, emerald, malachite, topaz, 
and tourmaline. Also in this article is a “History of 
Finds,” which provides a chronology of important events 
in the discovery and processing of Russian minerals, 
including gem minerals, from 1631 to 1985. The last sec- 
tion details many examples of minerals from the Ural 
Mountains, now in Russian museums. 

Michael Gray 


Zircon: A study of material donated by Mr. W. C. 
Buckingham from various localities (mainly Indo- 
China). Edinburgh Gemmological Group, Journal 
of Gemmology, Vol. 23, No. 7, 1993, pp. 387-392. 


This article reports on the properties of a collection of 
rough and preformed zircons, which were donated to the 
Gemmological Association of Great Britain for research 
purposes. Included are properties determined for 120 rep- 
resentative specimens (10 from each of 12. lots]. Among 
the samples were natural red, gold, and brown—as well 
as heat-treated colorless, blue, and gold—material from 
Southeast Asia. (Specific localities are provided.} Average 
refractive indices, birefringences, specific gravities, 
pleochroism, and U.V. reactions for the 10 stones in each 
lot are provided; all were found to be typical of properties 
previously reported for zircon. Infrared spectra indicated 
crystalline rather than metamict structure, and minor 
differences were noted between the spectra of treated 
and natural stones. X-ray diffraction analysis identified 
exposed inclusions as goethite and ferrian spinel. Energy- 
dispersive X-ray spectrometry on a scanning electron 
microscope (SEM-EDS) revealed that one inclusion may 
belong to the cordierite-sekaninite series. Note that the 
levels of analytical confidence reported in table 3 exceed 
those usually accepted for SEM-EDS analyses. 
Nevertheless, the empirical data presented is—in this 
reviewer's opinion—of great value to researchers, as so 
little such information is available in the gem literature. 
CMS 


DIAMONDS 


All that glitters may be diamonds. L. Sahagun, Los 
Angeles Times, October 3, 1993, pp. d3, d16. 


One thousand square miles, straddling the border of 
Colorado and Wyoming, are “quickening the hearts of 
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investors” with at least 30 kimberlite deposits discov- 
ered to date, yielding “thousands” of diamonds. Mr. 
Sahagun claims that the kimberlite host rock is similar 
to that found in South Africa. 

At least six firms are willing to risk that deposits 
will pay off. In the forefront are Diamond Co. N. L. (an 
Australian firm operating out of Fort Collins, Colorado}, 
which is investing $1 million, and Royalstar Resources, 
Ltd. (of Vancouver, Canada}, which is investing about 
$210,000. Both believe that Americans will favor domes- 
tic stones over foreign—from what might be the first 
commercial diamond mine in the United States. 
Royalstar has secured 320 acres a few miles south of the 
Wyoming border; Diamond Co. has a six-year-old stake 
at a remote Rocky Mountain trout pond, Kelsey Lake, 
8,000 feet (2,424 m) above sea level. 

Howard Coopersmith, geologist-president of 
Diamond Co., claims to have culled 600 gem-quality 
specimens from test samples scraped from his deposit, 
but admits that it will be a year or more before potential 
profitability is determined. More than 100,000 carats of 
small, mostly low-grade diamonds have been recovered 
throughout the state-line district over the past decade. 
Indicator minerals—garnet, ilmenite, chromite—are 
present. 

Even if the deposits turn out to be rich, Steve 
Droullard (past president of a now-defunct joint venture 
that operated a large sapphire mine in central Montana's 
Yogo Gulch] predicts that consumer indifference and 
tax-hungry regulatory agencies will negate profitability. 

Irv Dierdorff 


Chrome diopside in diamond. J. I. Koivula, Lapidary 
Journal, Vol. 47, No. 8, November 1993, p. 16. 


Definitive identification of inclusions in diamond gener- 
ally requires destructive testing, so methods of gaining 
knowledge without the sacrifice of material are wel- 
come, In this regular LJ feature, “Inclusion of the 
Month,” Mr, Koivula states that no other inclusion in 
diamond is known to have the “vivid emerald-green” of 
chrome diopside. Thus, its color alone will suffice to 
identify this type of inclusion. The article is supplement- 
ed by two photomicrographs. PASG 


Diamonds in dense molecular clouds: A challenge to the 
standard interstellar medium paradigm. L. J. 
Allamandola, S. A. Sandford, A. G. G. M. Tielens, 
and T. M. Herbst, Science, Vol. 260, April 2, 1993, 
pp. 64-66. 


Diamonds are everywhere, even in outer space. Evidence 
is provided by the light emanating from four protostars 
{stars just forming} located in dense interstellar dust 
clouds, which was analyzed using infrared spectroscopy. 
The frequency of the light and the relative strengths of 
the absorption peaks are characteristic of specific 
molecules or compounds. One strong peak, found at 
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2890 cm:! (3460 nm], is attributed to the vibration of 
three carbon atoms attached to a hydrogen atom. The 
most likely explanation for this is that the hydrogen 
atoms are attached to interstellar microdiamonds. The 
authors present other information to build their case— 
shock-wave calculations, meteorite microdiamond anal- 
ysis, and infrared comparisons with diffuse interstellar 
dust and gas clouds. They conclude that 10%-20% of the 
carbon in these dense dust clouds is incorporated into 
microdiamonds. Therefore, microdiamonds may be 
abundant and stable in interstellar space. 

Charles E. Ashbaugh III 


Interview Mr. Y. Bychkov [sic]. D. Ringer, Diamant, No. 
365, 1993, pp. 29-30. 


Yevgeny Bychkov is chairman of the State Committee of 
Precious Metals and Precious Stones, Komdragmet, of 
Russia. When interviewed at the 26th World Diamond 
Congress of the World Federation of Diamond Bourses, 
he revealed that one-sixth of that country’s mine produc- 
tion (approximately 12 million carats a year} is facet 
grade, with 10%-15% of this volume manufactured in 
Russia by new companies—such as Intertrade, Ruis 
Diamonds, Kristall Diamonds, and a new venture in 
Yakutia with an Israeli partner. He also stated that 
Komdragmet would like a system that lets Russians con- 
trol prices, allowing them more knowledge of their prod- 
uct’s worth on the open market. To accomplish this aim, 
they might ask to sell directly a larger percentage 
(20%-25%) of the rough than the 5% currently allowed 
by their contract with the CSO. 

Since January 4, 1993, mine production has gone to 
Alamazy Rossii-Sakha (a stock company} for all opera- 
tions, including sorting and sales to De Beers, rather 
than to Komdragmet. The independently sold percentage 
still goes through Komdragmet, and local factories buy 
from Komdragmet, ARS, or Yakutia. 

Current government policy is created by 
Komdragmet (which also controls the entire Russian dia- 
mond sector}. Komdragmet’s policy is to develop 
Russia’s diamond-cutting industry by boosting efficiency 
and diversifying assortment. Special government permis- 
sion to buy rough for processing is given to the new joint 
ventures involved in processing diamonds and market- 
ing polished production. NDC 


Mineral erosion. B. Jones, Rock # Gem, Vol. 23, No. 10, 
October 1993, pp. 52-56, 82-86. 


Mr. Jones concentrates on how erosion affects diamonds 
and diamond deposits. Beginning with an overview of 
the chemical composition and structure of diamond, he 
proceeds to discuss specific diamond sources. In 
Namibia, huge earthmovers push aside beach sands so 
that individual workers—armed only with whisk 
brooms and trowels—can recover the diamonds that 
were carried down to the coast by Africa’s river systems. 
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Gem-quality diamond is resistant to the forces of erosion 
and is freed from its more-fragile host rock, rather than 
being dissolved or destroyed. This makes seaside alluvial 
deposits, such as those found in Namibia, especially 
rich. Efforts are also being made to mine diamonds 
directly from the ocean floor. 

Also discussed are the alluvial deposits of China, 
Brazil, and Russia. According to the article, every major 
diamond (with the exception of the Cullinan) has been 
found in alluvial deposits. This underscores the impor- 
tance of such deposits, and why it is essential for miners 
to understand how the forces of nature work to move 
and sort gem rough. JEM 


GEM LOCALITIES 


Aquamarine in the United States, M. I. Jacobson, Rocks 
e) Minerals, Vol. 68, No. 5, 1993, pp. 306-319. 


Beryl deposits in the U.S. are few and far between; hence, 
the author maintains, some new aquamarine sites await 
discovery. In seeking these potential new sources, state 
and federal geologic survey reports—combined with a 
knowledge of the geologic environment in which aqua- 
marine occurs—are recommended over gem guidebooks; 
the latter usually only point to areas already mined out. 
The article provides an overview of the best-known sites 
for aquamarine in the U.S., including the Mount 
Antero—Mount White region of Colorado; the Sawtooth 
Mountains of Idaho; Oxford and Sagadahoc counties in 
western Maine; and the Grafton and Keene pegmatite 
districts of New Hampshire. Probable methods of aqua- 
marine formation are discussed for most localities, Nine 
areas of minor occurrences are also mentioned, along 
with descriptions of undeveloped areas of potential inter- 
est to the aggressive prospector. The article is heavily 
illustrated with maps and photos of crystals from the 
areas cited. AC 


Emerald mineralization of Barang, Bajaur Agency, 
Pakistan. S. S. Hussain, M. N. Chaudhry, and H. 
Dawood, Journal of Gemmology, Vol. 23, No. 7, 
1993, pp. 402-408. 


The authors report the results of their research into 
emerald mineralization in Barang, including some new 
information. The emeralds formed in a tale carbonate 
host rock via late- to post-tectonic pneumatolytic and 
hydrothermal mineralization. Evidence suggests that the 
beryllium-bearing fluids responsible for emerald forma- 
tion originate in the S-type Tertiary minor granites of 
the region, in contrast to previous proposals of a trench 
or arc source. Emerald quality is highly variable, but 
good gem material is available. The refractive indices are 
high (n, = 1.576 to 1.593 and n, = 1.586 to 1.604) due to 
high Cr and Fe content, both of which result in typical 
spectroscopic features. X-ray diffraction revealed cell 
dimensions of a = 9.2548 + 0.0036 and c = 9.1905 + 
0.0075. Maps and tables support the text. CMS 
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An examination of garnets from the Sinai Peninsula, 
Egypt. R. C. Kammerling, J. I. Koivula, and G. P. 
Calderon, Journal of Gemmology, Vol. 23, No. 7, 
1993, pp. 412-414. 


The authors describe a strand of 36 garnet beads, report- 
edly from the Sinai Peninsula of Egypt. Garnets have 
been known from this region since ancient times, but 
they have been neglected since the advent of modern 
gemology. The exact source of the beads could not be 
determined, but they are of recent origin, Although actu- 
ally very dark brownish red and transparent, they appear 
almost opaque black in reflected light. Properties are 
consistent with members of the Mn-Fe continuous 
series (R.I. > 1.81, inert to U.V. radiation, and spectral 
absorption bands at 410, 430, 460, 500, 525, and 575 nm}; 
EDXREF analysis revealed a composition typical of 
almandine-spessartine garnets, with Fe > Mn. 

CMS 


Gem scapolite from the Eastern Pamirs and some gener- 
al constitutional features of scapolites {in Russian). 
A. A. Zolotarev, Proceedings of the Russian 
Mineralogical Society, Vol. 122, No. 2, 1993, pp. 
90-102. 


Gem scapolite from the Kukurt deposit, Eastern Pamirs, 
can be distinguished from other scapolites by its chemi- 
cal composition, cell parameters, and other properties. 
Chemical analyses and cell parameters are given for 
eight scapolites with 5.4-34.0% meionite. IR, optical 
absorption, and EPR spectra are presented. The data sug- 
gest the existence of a hitherto unrecognized solid solu- 
tion between marialite and Ca-marialite. The nature and 
cause of the lilac color of the Kukurt scapolite is of par- 
ticular interest, but additional investigations are needed. 
RAH 


The location, geology, mineralogy and gem deposits of 
alexandrite, cat’s-eye and chrysoberyl in Brazil. J. 
Cassedanne and M. Roditi, Journal of Gemmology, 
Vol. 23, No. 6, 1993, pp. 333-355. 


Alexandrite, cat’s-eye, and transparent chrysoberyl are 
all found in Brazil. An overview is provided of the vari- 
ous localities, their geology, methods of extraction, and 
the gems produced. 

Chrysoberyl is mined primarily in the states of 
Minas Gerais, Bahia, and Espirito Santo. Pegmatite 
deposits include those at Triunfo, Santa Leopoldina, 
Anténio Coelho, and Castelinho in Espirito Santo; the 
Cérrego Faisca area of Minas Gerais; and Carnaiba and 
Socot6 in Bahia. These primary deposits have produced 
fine crystal specimens, including single crystals, V- 
twins, and trilling twins. Detrital (secondary) deposits— 
eluvial, colluvial, and alluvial—occur extensively, and 
the nature of these is discussed in some detail, assisted 
by illustrations of stratigraphic sections from various 
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alluvial deposits. Prospecting is haphazard and, except 
for dredging, extraction is by manual labor, involving 
small groups of independent garimpeiros. Detrital 
deposits occur in Minas Gerais in the regions of Padre 
Paraiso—Americanas, Malacacheta, and Itabira. Of 
these, the Hematita or Nova Era deposit, discovered in 
1986, is the best known, having perhaps the richest con- 
centration of alexandrite in the world. Other secondary 
deposits occur in Bahia and Espirito Santo, of which 
Cérrego Alegre (in the latter state) is the most important, 
having the greatest deposits of transparent and cat’s-eye 
chrysoberyl in the country. 

The article finishes with a review of the gems’ 
known properties, including a thorough summary of 
inclusions. Thirty black-and-white and color illustra- 
tions (maps, drawings, and photos) accompany the text. 
Figures 29 and 30 have been reversed. CMS 


Observations of red beryl crystals from the Wah Wah 
Mountains, Utah. M. Hosaka, K. Tubokawa, T. 
Hatushika, and H. Yamashita, Journal of 
Gemmology, Vol. 23, No. 7, 1993, pp. 409-411. 


New data on red beryl from the Wah Wah Mountains 
essentially support previous research. The authors 
report, for an unknown number of specimens, n, = 1.561 
to 1.565 and n, = 1.567 to 1.571; birefringence = 0.004; 
SG (by heavy liquids} = 2.63 to 2.72, orange-red and pur- 
plish red pleochroic colors; inert to long- and short-wave 
ultraviolet radiation and to the Chelsea filter; and con- 
tents of Mn = 0.23 wt.% and Fe = 1.3 wt.% (by atomic 
absorption analysis}. More extensive studies of spec- 
troscopy and electron-spin resonance {ESR) expand the 
available data on this unusual material. Optical and 
infrared spectroscopy reveal spectra similar to those of 
Colombian emerald, which contains both type I and type 
Il H,O as previously reported, although the latter is rela- 
tively weak. ESR revealed the presence of Fe3+, as indi- 
cated by the optical spectrum. It was found that the ESR 
spectrum of Mn?+, the known chromogen in red beryl, is 
masked by interference from Fe. A solid black inclu- 
sion, analyzed by electron microprobe, was found to be 
bixbyite. CMS 


JEWELRY HISTORY 


The Forties—when stones were king! E. Blauer, Lapidary 
Journal, Vol. 47, No. 8, November 1993, pp. 20-25. 


In this continuing section on jewelry history, Ettagale 
Blauer deals with jewelry of the 1940s. Although the late 
Dutchess of Windsor's “flamingo” brooch is pictured, it 
is said to be an anomaly for the period. More indicative 
is the 18K gold bib necklace (also illustrated) that the 
Duchess of Windsor commissioned from Cartier in 1945. 

The “Forties” style actually began in the mid-1930s, 
reaching its height during the dark days of World War I. 
Also referred to as “Retro,” it relied on large designs and 
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stones. Because platinum was reserved for military use, 
gold became the jewelry metal of choice. Also—since 
the war cut off the supply of Asian rubies, sapphires, and 
emeralds—gems usually either came from the breaking 
up of other jewelry or from South America. Citrine, 
aquamarine, amethyst, and natural blue topaz were used 
in profusion and in enormous sizes. Catering mainly to 
Hollywood, the jewelry had the flamboyance associated 
with the movie makers of the era. Spectacular jewelry of 
the time is shown, although, tellingly, all the photos are 
credited to auction houses. PASG 


JEWELRY MANUFACTURING 


Cuttlefish casting. P, Minturn, Jewellery Time, No. 7, 
February 1993, pp. 22-23. 


The author briefly describes an ancient casting 
method—using the calcified internal shell of the cuttle- 
fish, a squid-like marine mollusk—that he occasionally 
employs in jewelry fabrication. Mr. Minturn presents 
step-by-step instructions for this unusual method of 
casting, which he claims is a time-saving method for 
jewelers in a pinch for proper materials. However, he 
warns that the smell produced by cuttlefish casting is 
“evil beyond description.” Juli Cook-Golden 


JEWELRY RETAILING 


Appraising vintage wristwatches. S. Oltulski, Canadian 
Gemmologist, Vol. 14, No. 3, pp. 71-77, 82-84. 


This article begins with a short history of the wristwatch 
market, as seen by this author from Toronto. It then cov- 
ers the appraiser’s job and the attributes to look for when 
appraising and “Analysing the Wristwatch.” This is fol- 
lowed by a complete checklist of information necessary 
for such an appraisal. An appendix provides a sampling 
of reference materials needed to help determine the final 
valuation. Michael Gray 


China’s appetite for jewellery grows. Jewellery Inter- 
national, June/July 1993, pp. 7-8. 


According to Gold 93, the annual survey from Gold 
Fields Mineral Services, China has become the world’s 
largest gold consumer, and exports of jewelry and watch- 
es are making a major contribution to its emergence as 
an international economic power. China’s jewelry 
exports totaled US$600 million in 1992, while domestic 
jewelry consumption rose to $3.5 billion. Exports of fin- 
ished jewelry to China from neighboring countries 
helped boost the West’s jewelry fabrication by 15% to a 
record 2,461 metric tons. The country’s first industry 
trade fair—the Beijing International Jewelry, Watch, 
Spectacles and Technical Equipment Fair, to be held 
November 3-7, 1994—is being hailed as a landmark 
event in China’s shift to a market economy. 

A phenomenal projected minimum 12% growth rate 
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in China’s GNP has caused concern that the country’s 
new State Economic and Trade Commission may impose 
austerity measures to control inflation, which in turn 
could cause the present skyrocketing consumption to 
fall. Nevertheless, manufacturers and retailers are target- 
ing China’s huge and increasingly prosperous 1.1-billion 
population as the world’s most lucrative new market. 

AC 


PRECIOUS METALS 


Gold fabrication demand falls by 5%. Retail Jeweller, 
Vol. 30, No. 805, September 9, 1993, p. 6. 


According to Gold Field Mineral Services (GFMS}, a 
commodities research company, world gold-fabrication 
demand fell by 5% during the first half of 1993, com- 
pared to the same period in 1992. The decline was main- 
ly caused by weaker levels of jewelry manufacturing in 
parts of Europe and Asia, contrasting with a modest 
recovery in both North and South America. Italy and 
Germany both experienced a decline in jewelry-fabrica- 
tion demand. Demand also fell in the United Kingdom, 
but GEMS feels the “underlying situation” is starting to 
improve. Meanwhile, global mine supply of gold 
increased by 2% in the last year, while the amount of 
official-sector gold coming onto the market fell sharply. 
GEMS states that the price of gold could move further 
upward if a stronger physical demand occurs as the mar- 
ket moves out of the period of seasonal weakness. 

MD 


SYNTHETICS AND SIMULANTS 


Hi-tech synthetic gemstones. S$. Voynick, Rock e&) Gem, 
Vol. 23, No. 9, September 1993, pp. 36, 78-81. 


Many in the jewelry trade do not realize that most syn- 
thetic gems are used in industry and science. Only a 
small fraction are actually used by the jewelry industry. 
Author Steve Voynick takes a fascinating look at syn- 
thetics by presenting their history, starting in 1885 when 
the first synthetic gems were created by the flame-fusion 
method. Scientists next perfected the flux and 
hydrothermal methods of gem synthesis. The first “lux- 
ury” synthetics were created in the 1930s. In the 1950s 
and ‘60s, synthetics were greatly advanced by industry 
for technological uses. Synthetic ruby was essential to 
the development of lasers; later, YAG, GGG, and CZ 
were created in the quest for new high-tech industrial 
material. Also discussed in the article are some of the 
most common uses for synthetic gem materials and the 
methods of manufacture. JEM 


A preliminary spectroscopic study of the Biron synthetic 
pink titanium-beryl. E. Fritsch, S$. Muhl meister, 
and A. Birkner, Australian Gemmologist, Vol. 18, 
No. 3, 1992, pp. 81-82. 
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This report covers the testing and characterization of a 
crystallographically oriented sample of synthetic beryl, 
using energy-dispersive X-ray fluorescence plus ultravio- 
let-visible and infrared absorption spectroscopy. The 
EDXRE analysis revealed silicon and aluminum as major 
elements (beryllium not being detectable on the instru- 
ment used), with minor amounts of iron and titanium 
and traces of calcium, potassium, and chlorine. These 
data are consistent with the literature in terms of the 
coloring agent (titanium) and the general growth process 
used for Biron synthetic beryls. 

Mid-infrared absorptions were also consistent with 
features observed in Biron synthetic emeralds. Near-LR. 
absorption features revealed the presence of “type I 
water” but no “type II water,” which was interpreted as 
diagnostic of hydrothermal synthesis. In the visible 
range, a broad absorption band, with apparent maxima at 
about 495 and 550 nm (in the blue and orange, respec- 
tively}, explains the material's pink color. The visible- 
range spectrum is quite different from that of natural 
pink beryl, and would thus further serve to separate this 
hydrothermal synthetic. The shape of this absorption 
pattern is also noted to be typical of Ti3+ in octahedral 
coordination. The authors close by reminding readers 
that this synthetic can also be distinguished from natu- 
ral pink beryl by traditional gemological testing. 

RCK 


TREATMENTS 


Gemstone enhancement—detection of polymer-treated 
jadeite. A. Hodgkinson, Journal of Gemmology, 
Vol. 23, No. 7, 1993, pp. 415-417. 


Mr. Hodgkinson relates discrepancies in results encoun- 
tered by researchers using a test that he proposes for the 
identification of bleached, polymer-impregnated jadeite. 
The test uses concentrated HC} and depends on the per- 
meability of the sample. Details of the procedure are pro- 
vided; its advantage (over infrared spectroscopy] is that it 
can be performed by the “basically supplied” gemologist. 
Investigations showed that different results were due to 
regional differences in temperature and humidity. This 
can be counteracted by placing the sample, along with a 
container of water, under a glass cover, immediately fol- 
lowing application of the acid. The technique appears 
promising, but caution must be exercised. This method 
should be used only on jadeite, as some simulants could 
be damaged by the acid. In addition, nothing is said 
about what effect the acid might have on jadeite dyed by 
other methods; the color could be affected. CMS 


Russians reveal enhancement techniques. New York 
Diamonds, Summer 1993 {reprinted from 
Diamond World Review, June-July 1993), pp. 
64-66. 

It should come as no surprise that the Russians—leading 

producers of fine-quality rough diamonds—are also lead- 
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ers in testing color stability and clarity enhancements of 
diamonds. This article reports on several treatments 
being performed (with varying degrees of success) in 
Russia to enhance gem-quality rough and raise the grade 
of near-gem-quality stones. 

In one annealing procedure, diamonds are being 
heated at atmospheric pressure in an inert environment 
to remove green or yellow spots caused by natural irradi- 
ation. Decolorization of light green diamonds reportedly 
occurred after 15 to 30 minutes of heating at 600° to 
700°C. 

Decolorization of cape-series and brown diamonds 
has been attempted with moderate success (in stones up 
to | mm in diameter} by thermobaric (high tempera- 
ture/high pressure} treatment. Although the procedure is 
now very expensive, it seems likely that testing will con- 
tinue to produce one that is more successful and cost 
effective. 

Another enhancement, called laser irradiation, is 
being tested in an attempt to heal “micro-fractures” and 
relax the strain in rough crystals. The article mentions 
other, more exotic enhancements—surface dissolution 
to enhance frosted or coated diamonds, thermodiffusion 
of inclusions—as well as the deposition of a synthetic 
diamond thin film on diamonds. Senior diamond-indus- 
try officials in Russia maintain that to date no diamonds 
enhanced by these methods have been released into the 
trade. They add that they will not market any enhanced 
diamonds without an accompanying certificate detailing 
the procedure used. 


This article makes for interesting reading and will 
keep you asking “what’s next?” from the science of 
gemology. GAR 


MISCELLANEOUS 


Collecting smart—The hottest collectibles for the 1990s. 
Cigar Aficionado, Vol. 1, No. 2, 1992/1993, pp. 
81-91. 


This wide-ranging article, actually a compilation of short 
reports by the president and seven experts from the auc- 
tion house of Butterfield & Butterfield, focuses on what 
they predict will be the seven “hottest” categories of 
investment collecting in the ‘90s—20th-century art, Art 
Nouveau and Art Deco European glass, fine silver, fine 
photographs, fine jewelry, Asian art, and antique 
firearms. 

The jewelry section, written by JoAnna Scandiffio, 
Butterfield’s director of fine jewelry and timepieces, sug- 
gests that signed pieces of unusual design and from a spe- 
cific time period are the most desirable in the collectors’ 
market today. Pieces by top-notch designers—such as 
Tiffany, Cartier, Wan Cleef and Arpels, and Harry 
Winston—command excellent prices at auction. 
Conversely, a small delicate piece with a whimsical 
design might also command a price significantly above 
original estimates because its unique craftsmanship can- 
not be duplicated. JEC 


Continued fram p. 227 


this wording is not in the actual published FTC guide- 
lines. 

Actually, the obligation of disclosing gemstone 
enhancement and instability in sales and appraising 
exists in U.S. law. Can a vendor, gemologist, or appraiser 
be sued for not disclosing enhancement or instability? In 
a word, yes! 

The FTC guidelines for the jewelry industry do list 
as an “unfair trade practice” the sale or offering for sale 
of any industry product “having the capacity . . . of 
deceiving purchasers or prospective purchasers .. . as to 
the type, kind, grade, quality, [and]... durability .. . of 
such industry product, ... .” Although for this section to 
be interpreted as encompassing enhancement of gem- 
stones, the ruling has to be interpreted broadly, use of 
the word durability does seem to cover the disclosure-of- 
instability issue. 

More often than not, it is at the state level that an 
action is initiated. My research has shown that some 
states have adopted parts of the various FTC rulings and 
guidelines as their own. An obvious advantage is that 
when the FTC does not have jurisdiction to pursue a 
problem, the state does. 

The laws in most jurisdictions recognize as fraud 
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the omission of “facts that materially affect the desir- 
ability of property and which facts he knows and are 
unknown to the buyer.” (34 Cal. Jur. 3d, § 24) If the 
court believes that gemstone enhancement or instability 
is something that a buyer needs to know as part of the 
decision-making process, omission of that information is 
fraud. There are advocates of “if we cannot test to prove 
it, we need not disclose it.” Yet the courts often hold 
responsible those who may have had reason to know, or 
even just have had access to such information. A profes- 
sional’s ignorance of information available in his or her 
trade is no excuse. 

The law is complicated and inscrutable to the aver- 
age jeweler, appraiser, or gemologist. Laws can vary from 
region to region, and are continually changing. Before 
taking or responding to any legal action, talk to an attor- 
ney—one who is versed in the law that is applicable in 
the proper jurisdiction, The best advice, however, is not 
to chance being the target of legal action. Always dis- 
close. 


WILLIAM D. HOEFER, JR.; GG, FGA, ISA 
Hoefers’ Gemological Services 
San Jose, California 
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A 


Abalone 
pearls from North America (GTLN} 
§p93:51 
Actinolite 
green chromium-bearing, from East 
Africa (GN} W93:292 
Afghanistan 
“denim” lapis lazuli from (GN) 
F93:210 
ruby from {GN] Sp93:60-61 
Agate, see Chalcedony 
Alexandrite 
cat’s-eye, from Brazil and India {GN} 
Sp93:54 
Alexandrite, synthetic 
needle-like inclusions in (GTLN) 
$p93:46 
“pulled” (GN} $p93:63 
Almandine (almandite) 
from Vietnam (GN] W93:285 
see also Garnet 
Almandine-spessartine, see Garnet 
Amber 
from the Baltic (GN) Sp93:53 
clarified {GTLN} F93:198 
fading, surface-colored (GTLN] 
$u93:122-123 
reconstructed (GN} $p93:62-63 
Amber simulant 
resin, from Colombia (GN} 
$u93:135~136; from India (GN) 
W93:288-289 
Amethyst 
from Maine {GN} F93:208 
from Uruguay (GN} Sp93:53 
see also Quartz 
Amethyst-citrine, see Quartz 
Amphibole, see Actinolite, 
Orthoamphibole, Pargasite 
Apatite 
blue and green, from Brazil and 
Madagascar {GN} Sp93:53-54 
used to simulate Paraiba tourmaline 
(GN} Su93:139-140 
Arizona, see United States 
Assembled stones 
asteriated doublet with synthetic 
ruby top (GTLN] F93:205 
opal simulants (GN} $u93:138 
Asterism 
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in doublet with synthetic ruby top 
(GTLN)} F93:205 

double star in sapphire (GN) F93:212 

Australia 

cultured pearls from (GN} $p93:58 

diamond production from Argyle 
(GN) F93:206 

opal from (Wise) Sp93:4ff, (GN} 
$p93:56, W93:293 

sapphire with color change from 
Queensland (GN) W93:292 


B 
Baltic 
amber from (GN} Sp93:53 
Beryl 
coated (GTLN} Sp93:46-47 
green, from Egypt (Jennings} 
Su93: 1 00ff 
irradiated yellow-green (GTLN)} 
$p93:47 
from Luumaki, Finland—geology, 
gemological properties, and heat 
treatment of (Lahti] Sp93:30ff 
mining update (GN} W93:292 
red, from Utah (GN) W93;292 
triplets used to simulate Paraiba 
tourmaline (GN) $u93:139-140 
from the Ukraine (GN} $p93:54-55 
see also Emerald 
Beryl simulant, see Emerald simulant 
Beryl, synthetic, see Emerald, synthetic 
Bolivia 
amethyst-citrine from (GN] $p93:53 
“Bone turquoise,” see Odontolite 
Book reviews 
Diamond Mine (Read) W93:298 
Gemology, An Annotated 
Bibliography (Sinkankas) W93:297 
Gemstones of East Africa {Keller} 
F93:2.17 
Health Risk Assessment of Irradiated 
Topaz (Nelson and Baum) F93:218 
The Heat Treatment of Ruby and 
Sapphire (Themelis) Sp93:67 
Jade {(Keverne, ed.] Sp93:68 
Mineraux Passion (Bariand and 
Bariand) W93:298 
Opal Adventures (Downing} W93: 
297-298 
Opal Identification and Value 
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{Downing} F93:218 
Practical Uses of Diamond (Bakon’ 
and Szyman’ski] W93:298 
The Regent (Perelman) Sp93:68 
Rubies @ Sapphires (Ward) Sp93:68 
Boulder opal, see Opal 
Brazil 
almandine-spessartine garnet from 
{Let} W93:227 
apatite from (GN} Sp93:53-54 
cat’s-eye alexandrite from (GN] 
$p93:54 
paragonite mica from (GN} F93:212 
“rainbow” hematite from (GN) 
F93:209-2,10 
tourmaline from Paraiba and Minas 
Gerais (GN] Sp93:62-63 
Burma, see Myanmar 


Cc 


Calcareous concretions 
porcelaneous “pearls” (GN} W93:294 
Calcite, see Marble 
Canada 
diamond prospecting in (GN) 
W93:290 
eudialyte, fluorite, and vlasovite 
from Quebec (GN) W93:287 
freshwater pearls from Quebec (GN} 
$p93:58 
opal in basalt from (GN} $p93:57-58 
porphyry from (GN) $u93:135 
Royal Ontario Museum opens new 
exhibit (GN) $u93:141 
Cancrinite 
blue, from Greenland (GN) 
$§u93:13 1-132 
Care of gem materials 
damaged cultured pearl (GTLN] 
$u93:128, F93:203 
Carving, see Lapidary 
Cathodoluminescence 
in synthetic diamond (Rooney} 
Sp93:38ff; (Shigley) F93:191ff, 
W93:228ff 
Cat’s-eye, see Chatoyancy 
Central African Republic 
diamond production in {GN} F93:206 
Chalcedony 
blue and green (GN} F93:208-209 
chrysoprase from Australia, used to 
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simulate emerald (GN]} Sp93:63-64 
dyed, used to simulate emerald (GN] 
$p93:63-64 
iris agate from Oregon {GN} Sp93:53 
see also Quartz 
Charoite 
nomenclature (GN} W93:292 
Chatham 
production and distribution of 
Russian synthetic diamonds (GN} 
F93:207; (Shigley} W93:228ff 
Chatoyancy 
of alexandrite (GN) $p93:54 
of orthoclase (GTLN}) Sp93:50-51 
of tourmaline (GN} $p93:54 
Chemical composition 
of bery! from Finland (Lahti) 
Sp93:30ff 
of diffusion-treated corundum 
(McClure) Sp93:1 6ff 
of garnets from Altay, China (Wang} 
W93:2.73ff 
of synthetic spinel from Russia 
(Muhlmeister) $u93:8 1 ff 
China, People’s Republic of 
CSO sightholder from (GN) F93:206 
cultured pearls from (GN) Sp93:58 
garnets from Altay (Wang) W93:2723ff 
Chrysobery], see Alexandrite 
Citrine, see Quartz 
Cleaning of gems and jewelry, see Care 
of gem materials 
Coating : 
of beryl (GTLN] Sp93:46-47 
Colombia 
emerald mining update (GN} 
W93:285 
resin from {GN} §u93:135-136 
Color, cause of 
azurite, chrysocolla, and malachite 
inclusions in chalcedony {GN} 
F93:208-209 
chalcotrichite inclusions in red 
quartz from Mexico (GN} 
$p93:59-60 
chromium in greenish blue euclase 
(GTLN} Su93:125-126 
chromium in tsavorite garnet (Let} 
$p93:3 
intervalence charge transfer in blue 
sapphire (Let] F93:151 
in Russian synthetic diamond 
(Shigley} W93:228ff 
in sapphires (natural and heat treat- 
ed) from Rock Creek, Montana 
(Emmett) W93:250ff 
in treated-color red synthetic dia- 
monds (Moses} F93:182ff 
Color stability 
of reactor-irradiated green topaz 
{Ashbaugh} Su93:11 6ff 
of treated amber (GTLN} $u93:122- 
123, F93:198 
see also Stability 
Color zoning 
in fluorite from Quebec, Canada 
(GN) W93:287 
in natural blue sapphire (GTLN) 
W93:283 
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in pink transparent quartz (GTLN} 
F93:203-204 
resolution of striae in synthetic ruby 
(GTLN} W93:282 
in Russian synthetic diamonds 
(Shigley} W93:228 ff 
in synthetic alexandrite (GTLN) 
Sp93:46 
in synthetic blue quartz (GN) 
$u93:140-141 
in zoisite (GN} Sp93:63 
Colored stones 
in Edwardian jewelry (Misiorowski} 
F93:1526f 
from Orissa, India (GN] $u93:133- 
134 
sales in Myanmar (GN} Sp93:64, 
W93:285-286 
Corundum 
coated pink, to simulate Vietnamese 
ruby rough (GN) W93:289 
diffusion-treated (McClure] Sp93:16ff 
dyed {Let} $p93:3 
from Nepal (GN) F93:211 
from Vietnam, effect on economy 
(GN} W93:292 
see also Ruby, Sapphire 
Corundum, synthetic 
used as a topaz simulant (GN} 
$u93:137 
see also Ruby, synthetic; Sapphire, 
synthetic 
Cubic zirconia 
carved (GTLN} W93:278 
Cuprite 
from Zaire, misrepresented as ruby 
(GN) F93:216 
Cuts and cutting, see Diamond, cuts 
and cutting of; Lapidary 


De Beers 
marketing of high-quality single 
crystals and polycrystalline thin 
films of synthetic diamond (GN} 
$u93:130 
near colorless-to-blue experimental 
synthetic diamonds (Rooney} 
Sp93:38ff 
Density, see Specific gravity 
Diamond 
Argyle, Australia, production (GN] 
F93:206 
Canadian exploration for {GN} 
W93:290 
Central African Republic production 
(GN] F93:206 
Chinese sightholder at CSO {GN} 
F93:206 
in Edwardian jewelry (Misiorowski} 
F93:152ff 
false “simulant” reading on thermal 
conductivity meters (GTLN} 
$u93:124 
filling assisted by laser drilling 
(GTLN} $p93:48-49 
446-ct, from Botswana (GN} 
$u93:130 
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fracture filling of (GTLN) $p93:48- 
49, $u93:123 
Indian exploration for (GN} W93:291 
iridescence in (GTLN} $u93:123-124 
radioactive greenish yellow (GTLN} 
$p93:49 
Russian production (GN} $u93:131, 
F93:206-207 
sale of U.S. stockpile (GN] F93:207 
treatment and disclosure, World 
Diamond Congress resolution (GN} 
F93:2.14 
at Tucson shows (GN} Sp93:52 
Venezuelan production (GN) 
§u93:131 
Zaire mining of (GN) F93:207 
Diamond, colored 
blue—natural nonconducting (GN) 
W93:291; with unusual inclusions 
(GTLN} Sp93:47-48 
brown-pink, with “green graining” 
(GTLN} F93:198-199 
green, natural (GN} W93:291 
green, treated (GTLN} $u93:124-125, 
F93:200-201, W93:2.78 
red, as compared to treated-color red 
synthetic diamonds (Moses) 
F93: 1 82ff 
violet-gray {(GTLN} F93:199 
yellow, with strain phantom (GTLN} 
F93:199-200 
yellowish brown, with unusual radi- 
ation stains (GTLN} W93:279 
Diamond, cuts and cutting of 
“Flanders Brilliant” debuts in U.S. 
(GN} Su93:130-131 
history (GN} W93:291 
in India (GN) F93:206 
star-cut (GN) Sp93:52 
Diamond, inclusions in 
cavity with “melted” appearance 
(GTLN} W93:279 
clouds, in natural-color green and 
blue (GN} W93:291 
iridescent “dislocation” (GTLN} 
$u93:123-124 
laser drilling for mounting (GTLN} 
$p93:48 
radiation stains (LN) W93:279 
Diamond, synthetic 
Chatham to produce and sell 
Russian material (GN] F93:207 
De Beers near colorless-to-blue 
experimental (Rooney) Sp93:38ff 
faceted yellow, with atypical fluores- 
cence (GTLN} W93:280 
marketing of De Beers high-quality 
single crystals and polycrystalline 
thin films (GN} $u93:130 
near-colorless GE type-Ila crystals 
(Shigley} F93:191 ff 
orangy yellow crystal (GTLN} 
F93:200 
from Russia—identification of (GN] 
F93:207-208; growth mechanism, 
properties, cause of color, and sepa- 
ration from natural diamond 
(Shigley} W93:228ff 
Sumitomo production of high-purity 
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material (GN) F93:208 
treated-color red [Moses] F93:182ff 
Diffusion treatment 
of blue sapphire obscured by mount- 
ing (GTLN} W93:283 
of corundum (McClure} Sp93:16ff 
Disclosure 
of diamond treatments {GN} F93:214 
of stability of enhanced and some 
natural-color stones (Keller) 
Su93:79; and FTC regulations (Let} 
W93:227 
Doublets, see Assembled stones 
Douros, see ruby, synthetic 
Durability, see Care of gem materials, 
Color stability, Stability 
Dyeing, see specific gem materials 


East Africa, see Garnet, Grossular, 
Kenya, Mining, Sapphire, Tanzania 
Editorial 
“Stability Disclosure: Are We Going 
Far Enough?” (Keller} $u93:79 
Egypt 
emerald and green beryl from 
(Jennings} Su93:1L00ff 
as origin of emerald in ancient carv- 
ing (GTLN} $u93:125 
see also Zabargad 
Emerald 
ancient carving (GTLN} Su93:125 
from Colombia (GN} W93:285 
from Egypt—history, geology, min- 
ing, and properties of (Jennings} 
Su93:LOOff 
with filled etch channels (GTLN} 
W93:280 
in matrix, from North Carolina (GN} 
$u93:132 
from Zambia, Nigeria, and 
Madagascar (GN} Sp93:55 
from Zimbabwe {GN} W93:292, 
see also Beryl 
Emerald simulant 
chrysoprase chalcedony, dyed green 
chalcedony, and aventurine quartz 
(GN] Sp93:63--64 
glass, from Zaire (GN) F93:216 
Emerald, synthetic 
cabochon-cut (GTLN} $p93:49-50 
Russian—flux-grown (GN} 
Su93:137-138; hydrothermally 
grown (GN) W93:295 
Enhancement, see Coating, Diffusion 
treatment, Filling, Heat treatment, 
Irradiation, Treatment 
Errata 
correction of abstract (Let) Sp93:3 
Ethiopia 
peridot from (GN} Sp93:59 
Euclase 
greenish blue, colored by chromium 
{(GTLN] $u93:125-126 
Eudialyte 
from Quebec, Canada 
(GN) W93:287 
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F 


Faceting, see Diamond, cuts and 
cutting of 
Fakes 
cubic zirconia carving (GTLN} 
W93:278 
see also Mineral fakes 
Feldspar 
cat’s-eye orthoclase (GTLN} 
$p93:50-5 | 
Fibrolite, see Sillimanite 
Filling, fracture or cavity 
apparatus for emerald filling (GN} 
Sp93:63 
of diamond (GTLN} Sp93:48-49 
of etch channels in emerald (GTLN} 
W93:280 
of garnet (GTLN) W93:281 
relief and refractive index of Opticon 
(GN} $u93:136-137 
of ruby (GN] F93:214-215 
Finland 
beryl from Luumaki (Lahti} $p93:30ff 
“Flanders Brilliant,” see Diamond, cuts 
and cutting of 
Fluorescence, ultraviolet 
in diffusion-treated corundum 
(McClure} Sp93:1 6ff 
in synthetic diamond (Rooney] 
Sp93:38 ff; (Moses) F93:182ff; 
(Shigley} F93:191 ff, W93:228ff 
see also Luminescence 
Fluorite 
color zoned, from Canada (GN) 
W93:287 
pink faceted, from Pakistan (GN} 
Sp93:56 
Fourier transform infrared spectrometer 
(FTIR), see Spectroscopy, infrared 


G 


Garnet 
almandine-spessartine from Brazil 
{Let} W93:22.7 
pyrope-almandine with filled frac- 
ture (GTLN] W93:281 
see also Almandine, Grossular, 
Spessartine 
Gem carving, sce Lapidary 
Gem collections, see Museums and gem 
collections 
Gem localities 
map of deposits in Sri Lanka 
(Dissanayake) F93:173ff 
see also specific countries and gem 
materials 
Gems & Gemology 
ASAE Gold Circle Award presented 
to (GN) Sp93:64 
“Challenge” §p93:65-66 
“Challenge” results F93:149-150 
“Most Valuable Article Award” 
Sp93: 1-2 
“Thank You, Donors” $u93:129 
General Electric Company 
near-colorless type-Ila synthetic dia- 
mond crystals (Shigley} F93:191 ff 
Glass 


artificial, with high R.I, and S.G. 
(GN} W93:289 
devitrified, resembling actinolite 
(GTLN} F93:201 
natural, from Mexico and USA (GN} 
W93:293 
as ruby crystal simulant (GN) 
F93:215 
as emerald simulant (GN) F93:216 
see also Meteoritic gem materials, 
Obsidian 
Graining 
green, in brown-pink diamond 
(GTLN] F93:198-199 
in synthetic diamonds (Moses) 
F93:182f; (Shigley} W93:228ff 
in YAG (GTLN} W93:284 
Greece 
synthetic ruby from {GN} W93:295 
Greenland 
cancrinite from (GN} §u93:131-132 
Grossular (grossularite} 
from Altay, China (Wang) W93:273ff 
chromium as cause of color in tsa- 
vorite (Let] $p93:3 
hessonite—with filled fracture 
(GTLN} W93:281, from Orissa, 
India (GN] $u93:133-134 
massive green, from South Africa 
(GN) F93:209 


Heat treatment 
of amber (GTLN) Su93:122-123 
of beryl from Finland (Lahti) 
Sp93:30ff 
of irradiated topaz (Ashbaugh} 
$u93:116ff 
of Russian synthetic diamonds 
(Shigley} W93:228 ff 
of sapphires from Rock Creek, 
Montana (Emmett) W93:2.50ff 
of Ukrainian beryl {GN} $p93:54-55 
Hematite 
“rainbow,” from Brazil (GN) 
F93:209-210 
Hessonite, see Grossular 
History 
Edwardian jewelry (Misiorowski} 
F93: 152 ff 
“Hollandine,” see Spessartine 
Howlite 
dyed magnesite misrepresented as 
(GN} F93:215 


Inclusions 

azurite, chrysocolla, and malachite 
concretions in chalcedony (GN] 
F93:208~209 

filling assisted by laser drilling of dia- 
mond (GTLN} Sp93:48-49 

fingerprint-like, in blue diamond 
(GTLN] Sp93:47-48 

flux, in synthetic diamond (Rooney} 
Sp93:38ff, (Moses} F93:182.ff; 
(Shigley} W93:228ff 

graining and discoid fractures in 
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YAG (GTLN] W93:284 
laser drilling in diamond (GTLN} 
Sp93:48-49 
needle-like, in synthetic alexandrite 
(GTLN} Sp93:47 
see also specific host gem material 
India 
almandine, ilmenite, and monazite 
in rose quartz from (GN) W93:294 
amber simulant from (GN} W93:288 
cat’s-eye alexandrite from Orissa 
(GN}] Sp93:54 
diamond cutting in (GN) F93:206 
diamond exploration in (GN} 
W93:29 1] 
gems from Orissa (GN) $u93:133- 
134, W93:291 
iolite from (GN) Sp93:56 
ruby from (GN} $p93:60-61 
ruby in kyanite from (GN] W93:287 
Infrared spectrometer, see Spectroscopy, 
infrared 
Instruments 
laser tomography in the detection of 
heat treatment of rubies (GN) 
W93:295 
nuclear magnetic resonance {NMR} 
in gem testing (GN) W93:295-296 
“Pearlscope” developed for pearl 
identification (GN) W93:295 
petrography and thermobarometry in 
ruby growth studies (GN} W93:295 
to separate dyed corundum from 
ruby (Let} Sp93:3 
proton-induced X-ray emission 
{PIXE} analysis (GN) W93:295 
Raman spectrometer potentially 
affordable (GN} W93:295 
to separate dyed corundum from 
ruby (Let} Sp93:3 
thermal conductivity meters give 
false “simulant” readings on small 
mounted diamonds (GTLN} 
$u93:124 
see also Microscopy; Spectra, visible 
range; Spectroscopy, infrared 
International Gemmological Conference 
24th, in Paris, France (GN} 
W93:290-296 
Iolite 
large faceted, from India (GN} 
Sp93:56 
Iridescence 
banded, in obsidian from Mexico 
(GN} $u93:133 
of hematite from Brazil (GN) 
F93:209-210 
Irradiation 
of beryl (GTLN} Sp93:47 
of diamond in cyclotrons (GTLN] 
W93:278 
natural, of green and blue diamonds 
(GN) W93:291 
of phenomenal quartz {GN} W93:288 
of topaz in a nuclear reactor 
(Ashbaugh) $u93:116ff 
see also Radioactivity 
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J 
Jadeite 
bleached, polymer-impregnated 
(GTLN} F93:201-202 
from the Russian Federation (GN} 
$p93:56-57 
sales at the Burma (Myanmar} 
Emporium (GN] $p93:64, W93:286 
Jewelry 
Edwardian—style and history of, 
materials used in (Misiorowski} 
F93:152ff 
“invisible” mountings set with syn- 
thetic rubies (GTLN} F93:204-205 
manufacturing in Myanmar (GN] 
W93:2.88 
“Junelite,” see Glass 


K 


Kenya 
ruby formation in (GN) W93:295 
sapphire from Kitui region (GN) 
W93:292. 


L 


Lapidary 
Buddha carved from cubic zirconia 
(GTLN} W93:2,78 
fashioning of unusual materials (GN] 
Sp93:60 
globes and maps constructed of gem 
materials (GN} Su93:132 
inclusions used creatively {GN} 
$p93:57, Su93:132-133 
large fashioned gems seen at Tucson 
shows (GN] $p93:56, $u93:133 
manual versus automated cutting 
(GN] W93:296 
residual natural surfaces (GN} 
Sp93:54 
see also Diamond, cuts and cutting 
Lapis lazuli 
variegated, from Afghanistan, mar- 
keted as "denim" lapis (GN} 
F93:210 
Lapis lazuli simulant 
ceramic with lazurite inclusions 
(GTLN] Sp93:50 
dyed magnesite misrepresented as 
howlite (GN] F93:215 
"frits" made of lapis and silica pow- 
ders in ancient Egyptian artifacts 
(GN) W93:295 
Lazulite 
5,85-ct faceted transparent (GTLN} 
$p93:50 
inclusions in lapis lazuli simulant 
(GTLN) Sp93:50 
Localities, see Gem localities 
Luminescence 
of near-colorless type-IIa synthetic 
diamonds (Shigley} F93:191 ff 
of Russian synthetic diamonds 
(Shigley) W93:228ff 
see also Cathodoluminescence, 
Fluorescence, X-ray fluorescence, 
Phosphorescence 
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Madagascar 
apatite from (GN] $p93:53-54 
Magnesite 
dyed, misrepresented as howlite sim- 
ulant of lapis (GN) F93:215 
Marble 
"Picasso stone" from Utah (GN} 
W93:288 
Meteoritic gem materials 
cutting versus preservation (GN) 
W93:293 
iron-nickel, pallisitic, and glasses 
{GN} Sp93:55-56 
Mexico 
banded iridescent obsidian from 
(GN) 8u93:133 
black spinel from (GN) F93:212-213 
natural glass from (GN} W93:293 
red quartz from {GN} $p93:59-60 
Mica 
paragonite from Brazil {GN} F93:212 
reddish purple, from New Mexico 
(GN} F93:210-211 
Microscopy 
immersion techniques for ruby iden- 
tification (GTLN) W93:282, (GN} 
W93:295 
see also Inclusions 
Minera] fakes 
glass fashioned to imitate—emerald 
(GN} F93:216; ruby (GN) F93:215 
synthetic ruby fashioned to imitate 
natural ruby crystal (GTLN) 
F93:204, W93:282 
Mining 
of emerald in Egypt (Jennings) 
Su93:100ff 
of opal in Queensland (Wise} 
Sp93.:4ff 
Museums and gem collections 
early synthetic materials in the 
Museum of Natural History, Paris 
(GN) W93:295 
new exhibit at the Royal Ontario 
Museum, Canada (GN! $u93:141 
Myanmar 
Emporium gem sales (GN) Sp93:64, 
W93:285 
jewelry manufacturing in (GN} 
W93:288 
overview of gem activities in (GN] 
W93:292 
ruby from (GN} Sp93:60-61, 
W93:286 


Namibia 
spessartine garnet from (GN] 
$p93:61-62,, W93:293 
Nepal 
gemstones from (GN} F93:21 
Nomenclature and classification 
of charoite rock (GN] W93:292 
of diffusion-treated corundum 
{McClure} Sp93:1 6ff 
Nuclear Regulatory Commission [NRC] 
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radioactivity regulations (Let} 
$u93:80 
"Nuummite," see Orthoamphibole 


fe) 


Obsidian 
with banded iridescence, from 
Mexico (GN} Su93:133 
as lapidary material (GN) W93:293 
Odontolite 
mounted in jewelry with turquoise 
(GTLN} $u93:127 
Oiling, see Filling, fracture or cavity 
Olivine, see Peridot 
Opal 
boulder, from Queensland, 


Australia—geology, mining, proper- 


ties, and evaluation of (Wise} 
Sp93:4ff 
from Canada (GN] $p93:57-58 
mining and stability of Australian 
material (GN) W93:293 
600-ct, from New South Wales, 
Australia (GN} Sp93:56 
Opal simulant 
assembled imitations marketed as 
"Spectaculite" (GN} Su93:138 
plastic imitation (GN} Su93:138-139 
"synthetic," from Russia (GN} 
$u93:139 
Opticon 
refractive index of (GN) §u93:136- 
137 
see also Filling, fracture or cavity 
Orthoamphibole 
iridescent beads (GTLN] W93:281 
Orthoclase, see Feldspar 
Orthopyroxene 
mask carved from rock (GTLN} 
W93:281 


P 


Pakistan 
pink fluorite from {GN} Sp93:56 
Paraiba, see Brazil, Tourmaline 
Pargasite 
transparent, from Sri Lanka (GN} 
W93:292 
Pearl 
abalone, from North America 
(GTLN} Sp93:51 
in Edwardian jewelry (Misiorowski) 
F93:152ff 
freshwater, from Quebec, Canada 
(GN] Sp93:58 
half, with concentric structure visi- 
ble (GTLN} Su93:128 
"Pearlscope" used to separate from 
cultured (GN} W93:295 
reticulated surface on (GTLN} 
W93:28 1-282 
Pearl, cultured 
damage and care of (GTLN} 
$u93:128; F93:203 
from French Polynesia, Australia, 
and China {GN} $p93:58 
freshwater, from Vietnam (GN) 
$u93:134 
natural-color black with dimpled 
surface (GTLN} Su93:127-128 
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"peeling" of French Polynesian 
baroques (GN) Sp93:58-59 
reticulated surface on (GTLN) 
W93:28 1-282 
"twin" (GTLN} F93:202-203 
Pegmatites 
of Wolodarsk, in the Ukraine (GN) 
$p93:54-55 
People's Republic of China, see China, 
People's Republic of 
Peridot 
from Ethiopia (GN} $p93:59 
in pallasitic meteorites {GN} 
§p93:55-56, W93:293 
from Vietnam (GN} F93:211-212 
from Zabargad, Egypt (GN} 
$u93:134-135 
"Picasso stone," see Marble 
Platinum 
in Edwardian jewelry (Misiorowski)] 
F93:152ff 
Pleochroism 
to separate dyed corundum from 
ruby (Let) $p93:3 
Porphyry 
from Canada, marketed as "Flower 
Rock" (GN} $u93:135 


Q 


Quartz 
almandine, ilmenite, and monazite 
inclusions in rose type (GN} 
W93:294 
amethyst-citrine from Bolivia (GN} 
$p93:53 


aventurine from India, used to simu- 


late emerald (GN) Sp93:63-64 
irradiated phenomenal (GN} 
W93:288 
pink, color zoned, transparent 
(GTLN)} F93:203-2.04 
red, from Mexico (GN} $p93:59-60 
see also Amethyst 
Quartz, cryptocrystalline, see 
Chalcedony 
Quartz, synthetic 
blue, with color zoning (GN} 
$u93:140-141 
colorless, grown on blue wafer (GN} 
F93:216 
nontransparent white and blue (GN) 
$u93:1 41 


Radioactivity 
of reactor-irradiated green topaz 
{Ashbaugh] Su93;:1 1 6ff 
regulations and gemstone testing, 
{Let} Su93:80 
in treated diamond (GTLN} Sp93:49, 
$u93:124-125 
see also Irradiation 
Ramaura ruby, see Ruby, synthetic 
Resin 
amber-like—with inclusions, from 
Colombia (GN} §u93:135-136; 
from India (GN] W93:288 
Rhodochrosite 
5.87-ct transparent, from Colorado 
(GN) Sp93:60 


Ruby 
filling of (GN) F93:214-215 
formation in Kenya (GN) 
W93:295 
heat treatment identified by laser 
tomography (GN) W93:295 
in kyanite from India (GN} W93:287 
from Mahenge region, Tanzania 
(GN) Su93:136 
from Monghsu, Myanmar (GN} 
Sp93:64, W93:286 
from Myanmar, Vietnam, 
Afghanistan, and India (GN} 
$p93:60-61 
separation from dyed corundum (Let) 
$p93:3 
see also Corundum 
Ruby simulant 
coated pink corundum (GN) 
W93:289 
cuprite, from Zaire (GN) F93:216 
diffusion-treated corundum 
{McClure} Sp93:16ff 
glass, imitating Vietnamese crystals 
(GN} F93:215 
paragonite mica, from Brazil (GN) 
F93:212 
Ruby, synthetic 
in asteriated doublet (GTLN) 
F93:205 
Douros, from Greece (GN} W93:295 
fashioned to simulate natural ruby 
crystal {GTLN} F93:204 
set in "invisible" mountings (GTLN} 
F93:204-205 
striae-resolution techniques (GTLN} 
W93:282, 
Ruby-synthetic ruby doublet, see 
Assembled stones 
Russian Federation 
diamond production in (GN} 
F93:206-207 
enhancement techniques in (GN) 
W93:295 
jadeite from the Sajany Mountains 
and Siberia (GN} Sp93:56-57 
Sakha builds diamond reserves (GN) 
$u93:1341 
synthetic diamonds from (Shigley} 
W93:2,28 ff 
synthetic emeralds from (GN) 
$u93:137-138, W93:295 
synthetic gem materials from (GN) 
W93:295 
synthetic spinels from (Muhlmeister} 
Su93:8 1 ff 


Ss 


Sakha, see Russian Federation 
St. John's Island, see Zabargad 
Sapphire 
blue, identified by color zoning 
(GTLN) W93:283 
diffusion treatment obscured by 
mounting (GTLN) W93:283 
grayish blue, with double star (GN} 
F93:2.12 
from Kenya (GN} W93:292 
from Rock Creek, Montana, heat 
treatment of (Emmett) W93:250ff 
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seen at Tucson shows (GN} Sp93:61 
see also Corundum 
Sapphire simulanc 
kyanite with ruby (GN) W93:287 
Sapphire, synthetic 
fashioned to simulate Vietnamese 
blue sapphire rough (GN) W93:289 
"pulled" {GN} $p93:63 
Sillimanite 
from Orissa, India (GN) $u93:133- 
134 
Sinhalite 
large faceted, from Sri Lanka (GN} 
Sp93:56 
"Smaragdite," see Actinolite 
South Africa 
massive green grossular from (GN] 
F93:209 
Spectra, visible range 
of chromium-bearing euclase 
(GTLN} Su93:125-126 
of De Beers synthetic diamonds 
{Rooney} Sp93:38ff 
of grossular and spessartine from 
Altay, China (Wang) W93:273ff 
of irradiated yellow-green beryl 
(GTLN) Sp93:47 
of natural and Russian synthetic 
spinels (Muhl meister} 
Su93:8 | ff 
of Russian synthetic diamonds 
(Shigley) W93:228ff 
of sapphires (natural and heat treat- 
ed) from Rock Creek, Montana 
(Emmett) W93:250ff 
of treated-color red synthetic dia- 
monds {Moses} F93:182ff 
Spectroscopy, infrared 
of bleached, polymer-impregnated 
jadeite (GTLN) F93:201-202 
of De Beers synthetic diamonds 
(Rooney) Sp93:38ff 
of Russian synthetic diamonds 
(Shigley} W93:228ff 
of treated-color red synthetic dia- 
monds (Moses} F93:182ff 
Spessartine [spessartite] 
from Altay, China (Wang] W93:273ff 
from Namibia (GN] $p93:61-62, 
W93:293 
see also Garnet 
Sphene 
faceted, from Sri Lanka {GN} Sp93:56 
Spinel 
black, from Mexico (GN] F93:212- 
213 
from Vietnam (GN) F93:213-214 
Spinel, synthetic 
flame-fusion, from Germany (GN} 
$u93:141 
flux-grown red and blue, from Russia 
(Muhlmeister} Su93:8 1 ff 
Sri Lanka 
map of current and potential gem 
deposits in (Dissanayake) F93:173ff 
large faceted sinhalite and sphene 
from (GN} Sp93:56 
Stability 
of diffusion-treated corundum 
(McClure) Sp93:1 6ff 


Annual Index 


disclosure of (Keller) $u93:79,; and 
FTC regulations (Let) W93:227 
of irradiated green topaz (Ashbaugh} 
Su93:1 1 6ff 
of opal (Wise} Sp93:4ff; (GN] 
W93:294 
of turquoise treatment (GN} 
$u93:137 
see also Color stability 
Star, see Asterism 
Sumitomo 
high-purity synthetic diamonds (GN} 
F93:208 
Synthetics 
early specimens in the Museum of 
Natural History, Paris (GN} 
W93:295 
production in the Russian Federation 
(GN) W93:295 
"pulled" synthetic sapphire, YAG, 
and synthetic alexandrite (GN) 
Sp93:63 
see also specific gem materials 


T 


Tanzania 
ruby from Mahenge region (GN) 
$u93:136 
Thermochemistry 
of sapphires from Rock Creek, 
Montana (Emmett) W93:250ff 
Topaz 
green, reactor-irradiated—properties, 
radioactivity, and stability of color 
in (Ashbaugh) Su93:1 1 6ff 
Topaz simulant 
synthetic corundum (GN} §u93:137 
Tourmaline 
cat's-eye (GN] Sp93:54 
from Nepal (GN] F93:211 
from Orissa, India (GN} $u93:133- 
134 
from Paraiba and Minas Gerais, 
Brazil (GN) Sp93:62-63 
Tourmaline simulant 
apatite and beryl triplets (GN} 
$u93:139-140 
Treatment 
bleaching and polymer impregnation 
of jadeite {GTLN) F93:201-202 
disclosure of (Keller) §u93:79; (GN} 
F93:2.14; (Let} W93:227 
in the Russian Federation (GN) 
W93:295 
see also Coating, Diffusion treat- 
ment, Dyeing, Filling, Heat treat- 
ment, Irradiation 
Tucson Gem and Mineral Shows 
highlights of (GN] Sp93:52-64 
Turquoise 
stability of treatment (GN} §u93:127 
Turquoise simulant 
odontolite mixed with turquoise in 
antique jewelry (GTLN} Su93:127 


U 


Ukraine 
beryl from (GN} Sp93:54-55 
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United States 
amethyst from Maine (GN] F93:208 
chalcedony from Arizona (GN] 
F93:208-209 
diamonds sold from stockpile (GN) 
F93:207 
"emerald matrix" from North 
Carolina (GN) $u93:132 
iris agate from Oregon (GN] $p93:53 
marble from Utah (GN) W93:288 
mica from New Mexico (GN) 
F93:210 
natural glass from Arizona and 
Oregon (GN) W93:293 
red beryl from Utah (GN] W93:292 
sapphires from Montana (Emmett) 
W93:250ff 
Uruguay 
amethyst from (GN] $p93:53 


Vv 


Venezuela 
diamond production {GN} Su93:131 
Vietnam 
almandine garnet from (GN) 
W93:285 
corundum deceptions from (GN) 
F93:215, W93:289 
cultured freshwater pearls from 
Hanoi {GN} $93:134 
peridot from (GN} F93:211-212 
ruby from (GN] Sp93:60-61 
spinel from (GN} F93:213-214 
Vlasovite 
from Quebec, Canada |GN} W93:287 


Ww 


Weight estimation of mounted stones 
{Let} Sp93:3 


x 


X-radiography 
of abalone pearls {GTLN} Sp93:51 
of "twin" pearl (GTLN) F93:202 


Y 


Yttrium aluminum garnet (YAG) 
glass easily confused with (GN) 
W93:289 
graining and discoid fractures in 
(GTLN] W93:284 
"pulled" (GN} Sp93:63 


Zaire 
cuprite misrepresented as ruby from 
(GN} F93:216 
diamond mining in (GN} F93:207 
glass imitation of emerald from (GN] 
F93:216 
Zimbabwe 
emerald from (GN} W93:292 
Zircon 
aventurescence in (GN] Sp93:57 
Zoisite 
parti-colored (GN} Sp93:63 
Zoning, see Color zoning 
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THE GEMS & GEMOLOGY 
Most VALUABLE ARTICLE AWARD 


Alice S. Keller, Editor 


Y... choices for the "Most Valuable Article" of 1993 were diverse—reflecting the variety of topics that 
today's gem and jewelry professional must know. The first-place award goes to the comprehensive, infor- 
mative, and beautifully illustrated "Jewels of the Edwardians," by Elise Misiorowski and Nancy Hays, 
which appeared in the Fall issue. With synthetic diamond probably the most talked about "gem" of the 
year, second place is awarded to the Winter 1993 article that represents the cutting edge of research into 
this very important gemological problem: "The Gemological Properties of Russian Gem-Quality Yellow 
Synthetic Diamonds," by James Shigley, Emmanuel Fritsch, John Koivula, Nikolai Sobolev, Igor 
Malinovsky, and Yuri Pal'yanov. Reiterating the importance of learning about and identifying treatments, 
readers selected for third place "Update on Diffusion-Treated Corundum: Red and Other Colors," by 
Shane McClure, Robert Kammerling, and Emmanuel Fritsch, which appeared in the Spring 1993 issue. 


The authors of these three articles will share cash prizes of $1,000, $500, and $300, respectively. 
Photographs and brief biographies of the winning authors appear below. Congratulations also to Sira 
Haydeé of San Juan, Puerto Rico, who was randomly chosen from the ballots to win the five-year sub- 
scription to Gems & Gemology. 


On the subject of awards . . . we are pleased to report that, for the second year in a row, Gems &) 
Gemology won the coveted American Society of Association Executives Gold Circle award for best jour- 
nal. Among the hundreds of organizations that participated in 1993, Gems e) Gemology was one of the 
very few-to receive a second Gold Circle award, this one for best scientific/educational feature article— 
"Diamond Sources and Production: Past, Present, and Future," by Alfred A. Levinson, John J. Gurney, and 
Melissa B. Kirkley. GIA Director of Marketing Kathryn Kimmel accepted the awards in New York on 
behalf of Gems & Gemology. Editor-in-Chief Richard T, Liddicoat and I would like to take this opportu- 
nity to thank the dozens of people who have contributed to the journal's success as authors, editors, 
reviewers, and abstracters. Gems &) Gemology is the product of a team that literally spans the globe, and 
we are proud to see all of these efforts recognized. Our special thanks to Art Director Lisa Joko-Gleeson, 
Assistant Editor Irv Dierdorff, Technical Editor Carol Stockton, and Production Artist Carol Silver for 
making it all come together in its award-winning form. 


FIRS T PLAGE 


Elise B. Misiorowski ¢ Nancy K. Hays 


Elise B. Misiorowski is a research librarian at 
the Richard T, Liddicoat Gemological Library 
and Information Center, GIA, Santa Monica. 
A prolific author and formerly a diamond 
grader in the West Coast GIA Gem Trade 
Laboratory, Ms. Misiorowski lectures on 
antique and period jewelry. Nancy K. Hays 
was assistant editor of Gems # Gemology 
and managing editor of In Focus, the GIA 
alumni magazine, for five years. A graduate 
of Northwestern University, Ms. Hays is now 
an editor at Jems Communications in 
Carlsbad, California. Elise B, Misiorowski, left, and Nancy K. Hays 
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James E. Shigley ¢ Emmanuel Fritsch ¢ John I. Koivula 
Nikolai V. Sobolev ¢ Igor Y. Malinovsky 
Yuri N. Pal'yanov 


James E. Shigley, who received his doctorate in geology 
from Stanford University, is director of GIA Research. He 
has written many articles on natural, treated, and synthetic 
gems, and directs research on the identification of these 
types of gem materials, Manager of GIA Research 
Emmanuel Fritsch specializes in the application of spec- 
troscopy to gemology, the origin of color in gem materials, 
and treated and synthetic gems. A native of France, he has 
an advanced degree in geological engineering from the 
Geology School in Nancy, France, and his Ph.D. from the 
Sorbonne in Paris. John I. Koivula, GIA Gem Trade 
Laboratory's chief research gemologist, is world renowned 
for his expertise in inclusions and photomicrography. He is 
coauthor—with Dr. Eduard J. Giibelin—of the Photoatlas 
of Inclusions in Gemstones. Mr. Koivula also holds bache- 
lor's degrees in chemistry and mineralogy from Eastern 
Washington State University. Nikolai V. Sobolev is direc- 
tor of, and Igor Y. Malinovsky is senior researcher at, the 
Institute of Mineralogy and Petrography, Russian Academy 
of Sciences (Siberian Branch) in Novosibirsk. Dr. Sobolev, a 
Foreign Associate of the National Academy of Sciences 
(U.S.), has written much about his main fields of research— 
diamonds, upper-mantle petrology, and high-pressure 
crustal petrology. Dr. Malinovsky is involved in the study 
of high-pressure experimental petrology. Yuri N. Pal'yanov 
is deputy director of the Design and Technological 
Institute of Monocrystals, Russian Academy of Sciences 
(Siberian Branch}, also in Novosibirsk. He is researching 
diamond growth and crystallography. 
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From left—Emmanuel Fritsch, James E. Shigley, 
John I. Koivula 


Nikolai V. Sobolev 


H Pd A 


Shane F. McClure « Robert C. Kammerling 
Emmanuel Fritsch 


RD 


E 


Shane F. McClure is supervisor of identification services in 
the GIA Gem Trade Laboratory, Santa Monica. Mr. 
McClure has 16 years of experience in the gem field. He is 
also an accomplished gem and jewelry photographer. 
Director of identification and research at the GIA Gem 
Trade Laboratory in Santa Monica, Robert C. Kammerling 
is an associate editor of Gems e&) Gemology and coeditor of 
the Gem Trade Lab Notes and Gem News sections, the lat- 
ter along with Mr. Koivula and Dr. Fritsch. He coau- 
thored—with Dr. Cornelius Hurlbut—the book Gemology. 
A regular contributor to numerous publications worldwide, 
Mr, Kammerling has a B.A. from the University of Illinois. 
The biography for Emmanuel Fritsch appears above. 


From left—Robert C. Kammerling, Emmanuel Fritsch, 
Shane F. McClure 
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THE ANAHI AMETRINE MINE, BOLIVIA 


By Paulo M. Vasconcelos, Hans-Rudolf Wenk, and George R. Rossman 


The Anahi mine, Bolivia, has produced large 
amounts of amethyst, citrine, and amethyst- 


citrine for the gem market. Field and experi- 
mental investigations conclusively show 
that the amethyst-citrine color combination 
in quartz crystals from Anahr is natural and 
does not result from laboratory treatment. 
The unusual color patterns probably result 
from the uncommon geologic conditions 
under which these quartz crystals formed, 


although the crystal chemical properties con- 


trolling the sector color zoning still elude 
explanation. From 1989 to the present, more 
than 100 tons of ametrine crystals, yielding 
40-80 kg of cutting rough per ton, have been 
produced. 


ABOUT THE AUTHORS 


Dr. Vasconcelos is lecturer in economic geology, 
Department of Earth Sciences, University of 
Queensiand, Brisbane, Queensland, Australia; Dr. 
Wenk is professor of geology, Department of 
Geology and Geophysics, University of California, 
Berkeley; and Dr. Rossman is professor of mineral- 
ogy, Division of Geological and Planetary Sciences, 
California Institute of Technology, Pasadena. 


Acknowledgments: The authors thank M&M per- 
sonnel, particularly Don Ramiro Rivero, for provid- 
ing access to the Anahi mine, field support, sam- 
ples, and information on mine production, The 
White Rose Foundation kindly supported laboratory 
studies. The senior author also thanks Francisco 
Mansur, Domingos Reis, Roberto Colen, Anne 
Marie Kitos, Brent Lords, and John Donovan for 
their contributions. 
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4 Anahi Ametrine Mine 


ne of the most interesting gem materials to appear 

on the market in recent years is the bicolored vari- 
ety of quartz known as amethyst-citrine, bicolored 
amethyst, bolivianite, or ametrine* (figure 1}, Although this 
material was well received when it first entered the interna- 
tional market in the 1970s, the natural or artificial origin of 
ametrine has been the subject of much controversy over the 
past decade. In 1981, Nassau showed that an amethyst-cit- 
rine color combination could be produced artificially in a 
natural Brazilian amethyst sample by combined irradiation 
and heat treatment. Simultaneously, North American gem 
traders received conflicting reports about where the materi- 
al was being mined (Vargas and Vargas, 1980; Nassau, 1981). 
As a result, speculation arose that ametrine was artificially 
produced. 

Now, however, the open-door policy practiced by the 
current owners of the mine has made it possible to dissemi- 
nate reliable information about the natural occurrence of 
ametrine (Verbin, 1993; Jones, 1993}. The Anahi (pro- 
nounced 4-na-€} ametrine mine is located in eastern Bolivia, 
near the border with Brazil (figure 2). The Anahi mine pro- 
duces ametrine crystals, which are then selectively cut into 
amethyst, citrine, or amethyst-citrine. To gather informa- 
tion on the geology of the deposit and the formation of 
ametrine, as well as to collect material for further testing, 
the authors traveled to the mine in October 1992 (PMV) and 
August 1993 (PMV, HRW, and GRR). In this article, we pre- 
sent the results of these geologic and mineralogic studies, 
review mining and production at Anahi, and provide infor- 
mation on the properties of this material and on the possi- 
ble cause of the unusual color combination found in this 
variety of quartz. 


“Crystal chemical investigations indicate that this material is composed of 
intergrown amethyst and citrine. In this article, we will use the name 
ametrine to refer to this bicolored variety of quartz, since it has correct 
mineralogic implications and is already widely used in the gemstone trade. 
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HISTORY OF THE MINE 


The mining of ametrine is shrouded in legends, 
mystery, and international intrigue. According to 
Jean Marc Tressiére (1993), Europeans first learned 
of ametrine in the 17th century, when a Spanish 
conquistador presented samples to his monarch; 
the conquistador had received the ametrine mine as 
a dowry when he married a native princess— 
named Anahi—of the Ayoreos tribe. There is no 
further record of ametrine until the 20th century, 
although it is rumored to have reappeared in the 
19th century in the hands of Uruguayan, 
Paraguayan, and Brazilian dealers. Note that 
Holden (1925) described bicolored amethyst-citrine 
quartz and Lemmlein (1951; as cited in Balitsky and 
Balitskaya, 1986] described similar material pur- 
portedly from Brazil. There are also some accounts 
that the deposit was exploited sporadically by 
Indians from the local Ayoreos tribe, who sold their 
production in a missionary post in Rincén del Tigre 
to gemstone dealers from Puerto Sudrez (figure 2; R. 


Anahi Ametrine Mine 


Figure 1, Large quantities 
of the unusual bicolored 
quartz known as 
ametrine have entered 
the gem market in recent 
years, Produced at the 
Anahi mine in eastern 
Bolivia, most of this 
material was originally 
cut as amethyst or, in 
lesser amounts, citrine. 
However, the unusual 
bicolored nature of the 
original crystals lends 
itself to classic faceting as 
well as to fantasy cuts. 
Faceted stones (largest— 
362.37 ct) courtesy of 
Minerales y Metales del 
Oriente S.R.L. and P. 
Vasconcelos; fantasy cut 
(41.70 ct) carved by 
Michael M. Dyber. 
Photo © Harold & Erica 
Van Pelt. 


Colen and D. Reis, pers. comm., 1993). 

We do know that gem production restarted spo- 
radically in the 1960s (Litherland et al., 1986). 
Active exploitation did not occur until the late 
1970s, when demand for gem-cutting material pro- 
pelled Brazilian gem dealers and Brazilian, Bolivian, 
and Paraguayan miners into the area. Because the 
deposit was located in a Bolivian state fiscal reserve, 
however, it was constitutionally closed to private 
mining. In fact, a military station was established 
nearby specifically to prevent such activities. 
Mining did continue, though, according to personal 
accounts by Brazilian miners/dealers who ventured 
into the region at the time, in exchange for "fees" 
negotiated with some of the local military authori- 
ties (R. Colen, pers. comm., 1993}. The gem explor- 
ers traveled by boat along the Paraguay River to the 
village of Amolar (figure 2). From Amolar, they 
traveled west on jungle trails for 30 km, a two-day 
journey by foot. The miners hand-carried all the 


GEMS & GEMOLOGY Spring 1994 5 


Pantanal 
Rilo de Janeiro @ Dry Land 
HR Mountains 


ATLANTIC [> 
OCEAN | 


Figure 2, The Anahi mine has remained virtually 
unknown because of difficult access to the often 
flooded Pantanal/Chaco region of South 
America. Although there is a small airstrip near 
the mine, the area is commonly reached by trav- 
eling via boat from Puerto Sudrez to the 
Mandioré Lagoon, and then from the lagoon to 
the mine over 29 km of jungle trail. Because of 
legal restrictions (until 1989) on mining in the 
Anahi area and on importing the gem material 
into Brazil, early reports identified the source as 
being in Mato Grosso do Sul or Uruguay. Today, 
production from the Anahi mine is processed 
largely in the Brazilian gem centers of Belo 
Horizonte (BH), Governador Valaderes (GV), and 
Teofilo Otoni (TO). Also abbreviated on the map 
is Santa Cruz de la Sierra (SCS). 


tools and supplies necessary. They cobbed the 
rough material at the mine site, keeping only the 
gem-quality portions of the crystals. Often a new 
military commander or inspector would arrive 
unannounced in the area, forcing the illicit miners 
to flee through the jungle with their tools and what- 
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ever gem rough they had been able to recover. 

Not only did the Bolivian government forbid 
mining in the Anahi area during this period, but the 
Brazilian government also had strict import restric- 
tions that made it virtually impossible for gems 
mined in Bolivia to enter Brazil legally. To circum- 
vent these restrictions, the miners smuggled the 
Bolivian ametrine into the state of Mato Grosso 
{now Mato Grosso do Sul], Brazil (again, see figure 
2). The gems were then registered with Brazilian fis- 
cal authorities in Corumba, as if they had been 
mined in Brazil. It was because of their need to pro- 
tect their sources and trade ametrine within Brazil 
that gem dealers disseminated conflicting accounts 
about the mine location. Brazil near the Bolivian 
border (Aines and Rossman, 1986), Brazil near the 
Uruguayan border (Vargas and Vargas, 1980], and 
the Brazilian state of Mato Grosso (Sauer, 1982) 
were claimed as production localities for ametrine. 
Other sources—including Bolivia (Nassau, 1981}, 
Uruguay (Vargas and Vargas, 1980), and Brazil, 
Uruguay, and Bolivia (Balitsky and Balitskaya, 
1986)—were also cited in the international litera- 
ture. Unfortunately, this ambiguity about the geo- 
graphic source of ametrine contributed to the 
widespread belief that ametrine was manufactured 
in a laboratory in Brazil. 

Although Nassau (1981) indeed showed that 
amethyst-citrine could be artificially generated 
from natural amethyst, there appear to be visual dif- 
ferences between the artificially generated sample 
illustrated in Nassau's article and the ametrine 
available in the market. Our efforts to reproduce 
Nassau's experiments (heat treating and irradiating 
Maraba amethyst) resulted in a bicolored stone that 
showed citrine and smoky amethyst, again very 
unlike the appearance of natural ametrine. In pre- 
liminary experiments, we have also observed differ- 
ences in the optical spectra of Anahi citrine and 
those of citrine formed by heating Maraba 
amethyst. From a practical perspective, the quanti- 
ties of ametrine commercially available and their 
low value at the time did not support the hypothe- 
sis that they had been produced by a complicated, 
expensive combination of irradiation and heat treat- 
ment, Furthermore, accounts by researchers and 
reputable gem dealers acquainted with the complex 
and politically sensitive situation in the ametrine 
mine explained the scarcity of published and offi- 
cial information (Koivula, 1987; Koivula and 
Kammerling, 1989). In addition, as early as 1986 
some dealers displayed natural ametrine crystal 
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Figure 3. This aerial view 
of the Anaht deposit and 
mining operations shows 
the major dump site (D) 
at the base of the hill and 
the entrance to the main 
mining tunnel (T). Photo 
courtesy of Minerales y 
Metales del Oriente S.R.L. 


specimens during the Tucson gem and mineral 
shows that were morphologically unlike any com- 
mercially: produced synthetic quartz. Even so, 
rumors still persist that ametrine is only produced 
by treating amethyst or by synthesis. 

In 1989, changes in the Bolivian constitution 
and mining code legalized mining in the fiscal 
reserves. A Bolivian company, Minerales y Metales 
del Oriente S.R.L. (M&M], acquired the conces- 
sions, officially named the mine Anahi in honor of 
the Ayorean princess, and restructured the mining 
and trading of ametrine. Simultaneously, a change 
in Brazilian law legalized the importation of rough 
gem materials. Since then (up to July 1993), approx- 
imately 100 metric tons of mine-run ametrine has 
been traded at M&M's offices in Puerto Suarez and 
Santa Cruz de la Sierra. Brazilian dealers buy most 
of the rough material and then have it processed at 
the gem-cutting centers of Belo Horizonte, 
Governador Valadares, and Teofilo Otoni for export. 
More recently, Brazilian dealers have been export- 
ing large quantities of cobbed rough to Oriental cut- 
ting centers. Some of the rough has been used in 
carvings, and crystal specimens were again avail- 
able at both the 1993 and 1994 Tucson shows (e.g., 
Koivula et al., 1993). 


LOCATION AND ACCESS 


The Anahi mine is located in Santa Cruz province, 
eastern Bolivia (figure 2}, at 18°03'S, 57°48'42"W, 
approximately 30 km west of the border with 
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Brazil. This region, known as Pantanal in Brazil 
and as Chaco in Bolivia and Paraguay, is character- 
ized by lush tropical vegetation in the highlands 
and swamp vegetation in the flood plains of the 
Paraguay River. Access to the Anahi mine contin- 
ues to be very difficult. To reach the Bolivian border 
town of Puerto Sudrez, most visitors travel by air 
from La Paz via Santa Cruz de la Sierra or by air 
from Rio de Janeiro. The quickest route from 
Puerto Suarez to the mining area is by chartered 
single-engine aircraft. A small dirt landing strip is 
operational during dry periods. A 3-kin trail from 
the landing field to the mine can be traveled by foot 
or in the mining company truck. Access from 
Puerto Suarez is also possible by taking a six-hour 
speed boat trip up the Paraguay River to the 
Mandioré lagoon; from the lagoon to the mine, the 
traveler ventures along 29 km of jungle track. In 
recent months, the mining company has begun to 
use two boats to carry passengers and cargo to and 
from the mine. 


GEOLOGY AND MINERALIZATION 


The Anahi deposit (figures 3 and 4} occurs at the 
northern base of a dolomitic limestone hill, which 
is part of a north-south trending ridge that rises 200 
m above the surrounding Pantanal plains. These 
north-south ridges are the surface expression of a 
70-km-long regional fault system (figure 4). In the 
mineralized areas, these topographic features are 
probably formed by the hydrothermal alteration 
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Figure 4, The Anahi ametrine deposit occurs along 
a major regional fault system, along which other 
quartz deposits have been identified. In the imme- 
diate area of Anahi, the dominant host rock is a 
dolomitic limestone from the Murciélago Group. 


and silicification of the limestones, which renders 
them more resistant to weathering and erosion. 
Several quartz deposits occur along this regional 
fault system (Litherland et al., 1986), but significant 
amounts of gem-quality ametrine have been found 
only at Anahi. A nearby mine, appropriately named 
Mina Pobre (Poor Mine}, also produces some low- 
quality (turbid) ametrine. 

The carbonate rocks hosting the Anahi deposit 
belong to the Murciélago Group, a 500-m-thick flat- 
lying sequence of limestones. The carbonates are 
thought to have been deposited during a period of 
widening of a shallow continental sea, and they 
overlie a series of conglomerates, volcanic rocks, 
sandstones, shales, and banded iron and manganese 
formations, which rest unconformably on base- 
ment rocks. The deposition of the Murciélago car- 
bonates and their subsequent folding are thought to 
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have occurred during the Brasiliano Orogeny, 
between 500 and 900 million years (My) ago, when 
north-trending regional fault systems also devel- 
oped (Litherland et al., 1986). 

In the area of the Anahi mine, the Murciélago 
limestones occur as laminated grayish units with 
reddish, iron-stained horizons and as cream-colored 
massive carbonate rocks. X-ray diffraction analyses 
indicate that these rocks are dolomitic limestones. 
Our petrographic studies also indicate that the hori- 
zons are rich in iron oxides (mostly hematite], detri- 
tal quartz, and fine-grained white micas, probably 
muscovite. 

The Murciélago carbonate units strike $53°E 
and dip 35° to the southwest, but rotated and 
upright blocks are often found in the vicinity of the 
mine. The dolomite beds were strongly faulted and 
silicified in the mine area, with rotated limestone 
blocks cemented by massive milky quartz (figure 5). 
The contact between the limestone and the quartz 
overgrowth is abrupt, and some limestone was dis- 
solved before silica precipitation took place. In areas 
where the limestone blocks are large {up to 10 m) 
and open cavities between adjacent blocks are wide, 
the massive quartz overgrowth gradually becomes 


Figure 5. Quartz (Qtz) precipitates on the walls of 
vugs formed by dolomite (Dol) brecciation. Because 
these dolomite blocks are massive, they are routine- 
ly blasted to allow access to new pockets. At the 
contact with the dolomite, quartz is microcrys- 
talline; it becomes coarse crystalline and milky 
away from the contact, and it eventually forms 
euhedral crystals with tips that are purple and 
orange-yellow. The quartz-bearing cavities are often 
filled with clay minerals. Photo by P. Vasconcelos. 
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euhedral, forming crystals that are colored purple 
and orange-yellow toward the tip. These crystals 
grow toward the center of the open spaces. Some 
chambers are up to 5 m long, 3 m wide, and 5 m 
high—completely lined with prismatic quartz crys- 
tals (figures 5 and 6). 

This style of mineralization, characterized by 
faulted and rotated blocks showing evidence of 
explosive fracturing followed by initially rapid min- 
eral precipitation, is known as hydrothermal brec- 
cia (figure 7}. The mineralizing solutions at Anahi 
were silica-rich, and quartz precipitated as a result 
of the decompression caused by limestone breccia- 
tion. The large sizes in which the crystals can occur 
suggest the migration of massive quantities of sili- 
ca-rich solutions after initial brecciation. When 
hydrothermal fluids are suddenly depressurized 
they boil, in a manner similar to the loss of CO, 
when a soda bottle is opened. Boiling can be recog- 
nized by the presence of primary fluid inclusions 
with widely varying proportions of vapor and liquid 
phases within a single specimen (Roedder, 1984, p. 
255). In quartz crystals from the Anahi mine, we 


Figure 6. Large euhedral ametrine crystals and clay 
minerals line the walls of one of the mineral cavities 
at Anahi. To recover the ametrine crystals, miners 
pry them from the milky base, often leaving gemn- 
quality areas embedded in the matrix, The chamber 
shown here produced more than 10 metric tons of 
ametrine crystals, Photo by P. Vasconcelos. 


Figure 7. This schematic cross-section depicts the geologic evolution of the deposit through time. When hot 
mineralized solutions form in the crust and migrate upward along porous and permeable rocks, they may 
reach a barrier presented by a less permeable horizon (A). The solutions get trapped by the obstacle, and the 
hydrostatic (water) pressure builds up. When the hydrostatic pressure becomes greater than the lithostatic 
(rock) pressure, the rocks burst open (B). The newly created fractures allow the solutions to migrate again. 
With the sudden release of pressure, the solutions are less able to hold dissolved constituents. This leads to 
rapid mineral precipitation. Overlying shales are subsequently weathered and eroded. 
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observed inclusions ranging from pure liquid to 
pure vapor, which further suggests that the deposit 
was formed by silica precipitation when the 
hydrothermal fluids boiled. 

Ametrine-bearing vugs and chambers are often 
half-filled with white and red clay minerals (again, 
see figure 6], X-ray diffraction analyses indicate the 
presence of kaolinite, some smectites, quartz, 
hematite, goethite, and minor muscovite in the 
clay matrix. 


MINING METHODS 


The initial exploitation of the ametrine deposit was 
rudimentary; according to early miners, there was 
enough material buried in the soil profile and out- 
cropping vugs that mining progressed by digging 
shallow pits and trenches. As the surface layers 
became depleted, small shafts and tunnels were 
lowered into bedrock, always following the trends 
of outcropping veins and cavities. 

Currently, mining in Anahi proceeds solely by 
underground tunnels and shafts. Modernization and 
implementation of more efficient underground 
mining techniques was initially accomplished with 
the help of gem miners from Brazil, who worked on 
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Figure 8, Miners trans- 
port barren host rock 
and clay to the dump 
sites in wheelbarrows. 
Note the large, brecciat- 
ed limestone blocks. 
Photo courtesy of 
Minerales y Metales del 
Oriente S.R.L. 


a contract basis. At present, the mine is solely oper- 
ated by M&M personnel, under the direction of a 
Bolivian mining engineer. Approximately 60 min- 
ers work the deposit, a single nine-hour shift for six 
days a week. 

The main breccia zone, where most of the 
ametrine-bearing vugs occur, is aligned approxi- 
mately east-west on the hillside. Two main tun- 
nels, roughly oriented north-south, reach this min- 
eralized zone (figure 3). Within this zone, the irregu- 
lar distribution of quartz veins and pods in the 
hydrothermal breccias requires mining along irregu- 
lar tunnels to follow the mineralization. When the 
miners encounter large, massive dolomite blocks, 
they blast them. Blasting is commonly conducted 
twice a day, in the morning and late afternoon. The 
intricate network of interconnected tunnels makes 
air circulation difficult, and air quality is poor, par- 
ticularly after blasting; a compressor is used to 
pump surface air into the tunnels. Barren host rock 
and the clay filling the cavities are removed in 
wheelbarrows (figure 8]. Loose ametrine crystals are 
recovered from the mud; those attached to the 
milky quartz are pried from the walls. At the end of 
the shift, the daily ametrine production is removed 
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Figure 9. This 37.5-kg ametrine cluster was collect- 
ed by the senior author from one of the producing 
gem pockets at Anahi. Photo by P. Vasconcelos. 


from the tunnels, weighed, and stored in a fortified 
cabin. After washing and partial cobbing, the mine 
production is shipped to Puerto Sudrez. 

Until recently, the mine was actively exploited 
on only one level. Now, however, a vertical shaft 
has been lowered through mineralized host rock 
into a second level 15 m below the main tunnel. 
There is ample indication that this second level 
will be as productive as the first. The vertical conti- 
nuity of the breccia system is still unknown, and 
the mine operators are planning a drilling program 
to determine the extent of future reserves. The 
mine is undergoing mechanization, and the gangue 
and mineralized products will soon be transported 
to the entrance by a small rail system. 


ROUGH YIELD AND MARKETING 


To assess the gem yield of typical Anahi mine run, 
one ametrine cluster weighing 37.5 kg (figure 9) was 
cobbed (figure 10}, preformed, and cut (figure 11), 
yielding 1,763 ct of faceted stones from 1,942. grams 
of gem rough. These recoveries correspond closely 
to those obtained by cutting operations that process 
large quantities of ametrine, although tests run on 
1,000-kg lots by M&M resulted in significantly 
lower yields, 

Before cobbing, the crystals are bathed in boil- 
ing water to help shatter the milky areas. According 
to some cutters, this makes it easier to extract the 
best gem material, which is in the cores. In the lab- 
oratory, however, we subjected a series of ametrine 
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slices cut perpendicular to the c-axis to thermal 
shock in hot water. We found that fractures will 
propagate from the milky crystal surfaces into the 
flawless cores, generally along a plane parallel to 
one of the prism faces. This result indicates that the 
thermal treatment potentially destroys perfectly 
viable and valuable gem material. The propagated 
fractures seem to correspond to the cleavage planes 
of quartz, as suggested by Frondel (1962, p. 106]. 

It is impossible to assess the total production of 
ametrine since the modern discovery of the Anahi 
deposit, because there are no records for the years of 
illicit mining activities. From 1989 to the present, 
however, M&M has recovered approximately 100 
metric tons of rough crystals. Most of this material 
has been cut in Brazil, from where it has entered the 
gem market. M&M plans to establish a more verti- 
cally integrated operation, which will include—in 
addition to mining—cutting and marketing of loose 
gemstones, carvings, and collector items. To achieve 
these goals, ametrine will be cobbed and sawed in a 
cutting operation in Santa Cruz de la Sierra before 
being released to the market. 


MATERIALS AND METHODS 

Field observations included precursory examination 
of several thousand crystals. On the order of 200 
crystals were collected for more careful laboratory 


Figure 10. Masking tape protects the fingers of this 
miner to prevent cuts from the sharp quartz shards 
during cobbing. This is one of the good gem-quality 
pieces recovered from the large crystal cluster 
shown in figure 9. Note the zones of citrine and 
amethyst and especially the pure purple-violet hues 
of the amethyst sector. Photo by P. Vasconcelos. 
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examination, and approximately 50 crystals were 
analyzed in detail by Fourier transform infrared 
(FTIR) spectroscopy, optical absorption spec- 
troscopy, electron microprobe analysis, transmis- 
sion electron microscope analysis, and optical 
microscopy. We commissioned the cutting of 
approximately 3,000 ct of stones (ametrines, cit- 
rines, and amethyst} from several crystals obtained 
at the Anahi mine. Specific-gravity measurement 
was performed on one representative citrine and 
one representative amethyst sample. The senior 
author measured the refractive indices of 8-10 sam- 
ples of each variety at the GIA research laboratory. 


12 Anahi Ametrine Mine 


Figure 11. The crystal 
cluster shown in figure 9 
yielded approximately 
1,760 ct of faceted 
amethyst, ametrine, and 
citrine, as well as the 
“champagne” -colored 
material, in the range of 
hues and saturations 
shown here. Photo © 
Harold & Erica Van Pelt. 


The electron microprobe analyses were per- 
formed on the ARL-SEMQ electron microprobe at 
the University of California, Berkeley. Sample cur- 
rent was 60 nA, accelerating voltage was 20 kV, and 
the beam diameter was 2-3 um. Standards used 
were Al,O; for Al and FeSiO, for Fe; the results 
were checked by analyzing National Bureau of 
Standards trace-element standards 611, 612, and 
614, and also analyzing Berkeley synthetic quartz 
standard 914 (~10 ppm Al determined independent- 
ly by atomic absorption spectroscopy) as 
unknowns. The calculated detection limits for the 
electron microprobe analyses were ~10 ppm for Al 
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and 20 ppm for Fe. Two samples were also analyzed 
by micro X-ray fluorescence, a newly perfected 
technique (Gurvich, 1993}, in the Fissons 
Instruments research laboratory in San Carlos, 
California. 

Infrared spectra were obtained using a Nicolet 
60SX FTIR spectrophotometer at the California 
Institute of Technology (Caltech). Specimens were 
examined in the form of basal slabs ranging from 1 
mm to | cm thick. Individual regions were defined 
by 1-mm-diameter circular metal apertures. Our 
results were obtained at room temperature. On the 
order of 60 regions in eight samples were analyzed. 

Optical absorption spectra were recorded at 
Caltech using a locally constructed diode array 
spectrometer designed to obtain spectra from small 
areas, It employs 1,024 cooled silicon diodes in an 
illuminated polychrometer which receives light 
from the area of interest in the sample directed 
through fiber-optic cable. All areas analyzed by 
FTIR were also investigated for their optical absorp- 
tion spectra. 

Transmission electron microscopy of one 
amethyst and one citrine sector from an Anahi 
crystal was performed in a Jeol 100-kV transmission 
electron microscope (EM) at the University of 
California, Berkeley. The ametrine crystal was pol- 
ished into a 30 um section that was subsequently 
thinned by ion ablation for EM investigation. 

Specific gravity was calculated by the immer- 
sion method. Refractive indices were measured 
using a Duplex I refractometer. 


MINERALOGY 


Ametrine crystals vary widely in crystal habit, size, 
and mode of occurrence. Some of the crystals are 
small (1-8 cm in length) and occur embedded in a 
clay and carbonate matrix. These specimens are 
well crystallized, showing euhedral habits and lus- 
trous crystal faces (figure 12). The crystals are often 
gem quality, but the colors are not intense. An 
interesting feature of these small crystals is that the 
rhombohedral faces terminate in a c face, which is 
invariably etched. It is yet unclear whether the c 
faces are growth faces or the result of partial disso- 
lution of the rhombohedral faces. Larger (10-40 cm 
long} crystals that lack c faces also occur loosely 
held in the clay matrix. The intensely colored, flaw- 
less areas commonly seen in these crystals yield the 
best gems from the deposit. 

Most commonly seen at Anahi, however, are 
large, complex points and clusters (again, see figure 
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9) growing from a milky quartz base. These crystals 
line the walls of cavities, and they are attached to 
their neighbors near the base (again, see figures 5, 6, 
and 9). They display well-formed rhombohedral ter- 
minations devoid of c faces, but instead of hexago- 
nal prisms there is a complex intergrowth of satel- 
lite crystals. 

To date, two vugs in the Anahi mine revealed 
deeply etched crystals found floating in the red clay 
matrix (figure 13). They display a complex etching 
pattern: The prism faces are completely resorbed 
and the rhombohedral faces, where still preserved, 
display deep etching pits oriented at approximately 
45° to the c-axis. The crystals invariably display 
frosty c faces or very low angle rhombohedral faces. 
The etching process consumes most of the prisms, 
but often does not dissolve the rhombohedral faces, 
except at the tip of the crystal. The etched crystals 
occur in two main cavities located at the center of 
the mineralized area and associated with the major 
trend of mineralization. This suggests that they 


. 


Figure 12. Small euhedral ametrine crystals—here, 
approximately 4 cm high—are found embedded in 
a clay-calcite matrix in veins between limestone 
blocks. These veins are not actively mined because 
the crystals are too small, and although gem-quali- 
ty, they,tend to be pale, These small gem-quality 
euhedral crystals typically have lustrous faces, 
which readily reveal the color zoning. Notice also 
the etched c face (at the very top of the crystal), 
which is common to these small crystals. Photo by 
Robert Weldon. 
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Figure 13. Deeply etched crystals (here, 15 cm high) 
have been found in two main pockets within the 
mine; their appearance may reflect resorption of 
quartz during waning of the hydrothermal system. 
Rounded and etched cobbles and pebbles (here 
about 5 cm in diameter) found around the mine are 
not significant economically, but they provide 
insight into the deposit’s geologic and geomorpho- 
logic history. They indicate that some ametrine 
may have been transported in a paleo river channel 
that once existed in the area. Note from the pol- 
ished pebble the high-quality ametrine found in 
these unusual specimens. Crystal and pebbles 
courtesy of Minerales y Metales del Oriente S.R.L.; 
photo © Harold w& Erica Van Pelt. 


may be located within the feeder zone of the 
hydrothermal system. During the late stages of 
hydrothermal circulation, the solutions may have 
become diluted and undersaturated with respect to 
silica, causing the partial dissolution of previously 
precipitated quartz. Etching of these crystals by 
weathering solutions, although possible, is not like- 
ly because crystals from other gem pockets rich in 
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deeply weathered clays show no signs of etching. 

Ametrine also occurs as rounded pebbles and 
cobbles that have been etched and abraded (again, 
see figure 13], which suggests significant mechani- 
cal weathering during transport in a sedimentary 
environment. Unfortunately, the area around the 
mine has been disturbed by previous mining activi- 
ties, and it is not possible to identify if these cob- 
bles came from ancient stream channels. One of 
the mine owners (Mario Urriolagoitia, pers. comm., 
1993} indicated that some cobbles and pebbles were 
mined from the mud matrix within underground 
vugs. During geologic mapping, we noted that some 
underground cavities were filled with clay miner- 
als, rock, and plant fragments which appeared to 
have fallen in from the surface, probably when the 
limestone "roof" weathered through. The cobbles 
and pebbles may have resulted from weathering and 
erosion of outcropping veins on the top of the 
mountain. 

In addition to ametrine, the deposit also con- 
tains minor amounts of amethyst, milky white 
quartz, and smoky quartz crystals. The smoky crys- 
tals always occur in massive hematite/quartz veins 
sporadically associated with the breccia. The crys- 
tals are euhedral, very clean, and transparent, and 
up to 3 cm long. 


COLOR 


The most striking characteristic of ametrines is 
their complex color distribution (figure 14). This 
color zoning is fairly consistent: The major rhom- 
bohedral r {1011} sectors are purple, and the minor 
rhombohedral z {0111} sectors are orange-yellow. 
The purple r sectors are invariably Brazil-twinned 
with both right- and left-handed quartz, while the 
orange-yellow z sectors show no Brazil-twinning. 
This can be established by viewing a slab with 
polarized light (as seen in figure 14D). Initial mea- 
surements suggest that the citrine sectors are either 
untwinned right-handed or untwinned left-handed 
quartz (K. Zito, pers. comm., 1994]. The boundaries 
between left- and right-handed quartz appear dark 
under crossed polarizers and are known as Brewster 
fringes (Brewster, 1823). The Brewster fringes 
appear dark under polarizers because when light 
travels through equal distances of right- and left- 
handed quartz, the state of polarization is 
unchanged (McLaren and Pitkethly, 1982). The dis- 
tance between Brewster fringes varies from one 
crystal to another, but it generally ranges from 0.1 
to 1 mm. Examination of Brewster fringes in the 
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Figure 14. A slice of an idealized ametrine crystal, cut perpendicular to the c-axis and through the rhombohe- 
dral faces, is illustrated in part A. The r {1011} sectors are Brazil twinned, and the z {0111} sectors are 
untwinned. Schematic illustration B shows a slice of the same crystal cut through the prism faces; it also dis- 
plays Brazil-twinned r {1010} and untwinned z {0110} sectors. The diagram also illustrates the decrease in 
intensity—and even absence of color—in the birefringent zones near the crystal edges. When a crystal section 
is viewed in ordinary, unpolarized light (C), the untwinned orange-yellow sectors and the color banding in 
the twinned purple sectors are evident; when the slice is observed between crossed polars (D), one can see the 
details of the contacts between r and z sectors. Brewster fringes (dark) separate left-handed from right-handed 
quartz, The boundary between citrine and amethyst is a sharp crystallographic plane which the Brewster 
fringes roughly parallel. The citrine-amethyst boundary corresponds to the boundary of a significant change 


in trace-element composition. Photos by Robert Weldon. 


transmission electron microscope indicates the 
presence of many planar defects, oriented in two 
directions, which were also noted by McLaren and 
Phakey (1965). These defects are only present in the 
amethyst-colored zones and have not been observed 
in the citrine zones. 

Large ametrine crystals display complex color 
distributions (figure 15). The major prism in the 
illustrated crystal shows the six-sector color zoning 
in the center, but each overgrowth displays sub- 
sidiary color zoning, resulting in a complex pattern. 
At the base, these crystals are generally milky, with 
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small flawless sectors at the center which are either 
colorless or very slightly purple or orange-yellow. 
The flawless centers grow toward the tip of the 
prism, and the color becomes progressively darker. 
We sectioned 20 such crystals, and found that the 
most strongly colored, gem-quality sectors invari- 
ably occur at the confluence of the prism and the 
rhombohedral faces. Regions of increased birefrin- 
gence in crystal slices cut perpendicular to the c- 
axis are always associated with lower-intensity 
hues or the absence of amethyst and citrine color. 
Four ametrine crystals were sectioned perpen- 
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dicular to the c-axis, and the purple, orange-yellow, 
and colorless zones were analyzed by electron 
microprobe to determine differences in Fe and Al 
contents. The microprobe results (figure 16} indi- 
cate that the orange-yellow sectors invariably have 
a higher iron (Fe) content (68-125 ppm [parts per 
million] average) than the purple (19-40 ppm aver- 
age} or the colorless (~17 ppm average) sectors. 
There is no noticeable variation in aluminum (Al) 
content between the sectors; but because the 
results obtained are near the calculated Al detection 
limits of the technique (10 ppm], it is impossible to 
rule out Al variability. We also analyzed 2-mm- 
diameter areas in the amethyst and citrine sectors 
by micro X-ray fluorescence. The results indepen- 
dently confirm the ranges and trends for Fe concen- 
tration identified by electron microprobe analysis. 
Infrared spectroscopy also showed differences 
between the orange-yellow and purple sectors (figure 
17). The room-temperature IR. spectra of purple sec- 


Figure 16, Electron microprobe analyses, taken 
across the three color sectors of the ametrine speci- 
men shown here, indicate high iron concentrations 

in the untwinned citrine sectors, with lower total Fe 
contents for the Brazil-twinned amethyst (and col- 
orless) sectors. Given the limitations of current ana- 
lytical procedures, we could not resolve the Al con- 
tent variation, if any. Start (S) and end (E) of tra- 
verse is shown in the photomicrograph. 
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Figure 15, Cross-sections 
through large complex 
crystals beautifully illus- 
trate the separation 
between the amethyst and 
citrine zones, as well as the 
intergrowth of many sub- 
sidiary crystals at the 
perimeter. The slab is 11 
cm at its widest point and 
1.3 cm thick. Photo © 
Harold & Erica Van Pelt. 
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Figure 17. Infrared spectra of near-colorless, 
amethyst, and citrine regions of an Anahi amethyst- 
citrine crystal [unpolarized spectra of (0001) slabs 
run at 25°C; presented normalized to 2.0-mm thick- 
ness and offset from zero for clarity] indicate a 
marked difference in peak shape between the 
amethyst and citrine sectors, The broad-band 
absorption in the citrine sector has been interpreted 
as indicating the presence of molecular water (Aines 
and Rossman, 1986). 


tors display sharp peaks, arising fron. OH™ groups, 
as previously shown by Aines and Ressman {1986}. 
The citrine sectors display similar spectra, except 
for the addition of a broad band superimposed on 
the sharp peaks that also occur in the amethyst sec- 
tors. This broad band has been attributed to small 
groups of water molecules trapped in the quartz 
structure during crystal growth, indicating that the 
orange-yellow bands are more hydrous than the 
purple bands (Aines and Rossman, 1984}, 

The optical absorption spectra of the ametrines 
display a strong absorption at 540 nm in the 
amethyst sectors and a slight absorption at the same 
wavelength for both the near-colorless regions and 
the citrine sectors (figure 18}. The color of the cit- 
rine is controlled by the rising absorption in the vio- 
let end of the spectrum (400-500 nm], which favors 
the transmission of long-wavelength light. The 
color of the amethyst is controlled by the transmis- 
sion windows centered near 440 nm and 730 nm, 
which favor the transmission of violet and red. 
Optical absorption spectroscopy of an oriented 
amethyst cube shows that the amethyst sectors are 
pleochroic, a feature commonly observed in 
amethyst in general. A similarly cut citrine cube 
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showed only a slight difference in absorption of light 
traveling perpendicular and parallel to the c-axis. 

To test the color saturation in natural ametrine 
samples, we had a crystal slice submitted to 88 days 
of exposure to 137Cs gamma rays at Caltech (a total 
dose of 92 megarad), Comparison between the irra- 
diated slice and a control sample indicates that radi- 
ation does not induce any significant color changes 
in ametrines. This result is significant, because 
most amethysts and citrines will turn smoky when 
irradiated. 


GEMOLOGICAL PROPERTIES 


Three distinct varieties of quartz are extracted from 
the ametrine crystals: citrine, amethyst, and 
ametrine (see figures 1, 11, and 19). The gemologi- 
cal properties of each variety are discussed separate- 
ly below. 


Citrine. The Anahi mine is one of the few commer- 
cial occurrences of natural citrine; most citrines 
available in the gem market today are produced by 
heat treating amethyst from Maraba (to a bright 
"golden" orange-yellow} or Rio Grande do Sul and 
Unuiguay (to orange to orange-brown, Epstein, 1988). 

In thicknesses of a few millimeters to 1 cm, 
Anahi citrines typically range from orange-yellow 
to brownish/greenish yellow (figure 19} and are only 
weakly dichroic. The weak dichroism is consistent 
with small differences in the intensities of the opti- 
cal absorption bands observed with light parallel 


Figure 18, Optical absorption spectra of the near- 
colorless, amethyst, and citrine regions of the sam- 
ple used for figure 17 [unpolarized spectra of (0001) 
slabs run at 25°C; presented normalized to 2.0-mm 
thickness and offset from zero for clarity] show dif- 
ferences in the absorption at 540 nm. 
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Figure 19. The ametrine crystals from Anahi pro- 
duce citrine, amethyst, and ametrine gems in a 
broad range of hues. The largest stone in this 
photo, a round brilliant citrine, weighs 28.82 ct; 
the smallest, also a round brilliant, weighs 5.66 ct. 
Photo © GIA and Tino Hammid. 


to—as compared to perpendicular to—the c-axis. 
At 400°C, heat treatment causes the color to 
become slightly paler and to lose some of the 
brownish or greenish hue. The color fades complete- 
ly between 450° and 500°C. We did not observe any 
loss of color in the samples subjected to the sunlight 
fading tests described in the amethyst section 
below. 

On the eight stones tested, we recorded typical 
refractive indices of m = 1.541 and € = 1.550. The 
specific gravity, measured hydrostatically, is 2.65. 

The citrines we examined were generally inclu- 
sion free. When inclusions were present, they were 
usually two-phase fluid inclusions associated with 
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secondary fractures in the crystals. We did not 
observe solid inclusions in any of the samples 
examined, 


Amethyst. This is the principal gem produced in the 
Anahi mine, because of both its greater abundance 
and its economic value. Anahi amethysts range 
from near-colorless to intense violet-purple (figure 
19). The amethyst sectors are strongly zoned, 
because of the irregular distribution of coloring 
agents controlled by the Brazil-twinning, and color 
zoning is visible in stones cut with the table nearly 
perpendicular to the c-axis. In general, fashioned 
amethysts from Anahi are a "purer" violet-purple, 
with none of the brown or yellow modification seen 
in amethyst from mines such as Maraba and Rio 
Grande do Sul, because the color zoning of the 
Anahi material forces gem cutters to totally elimi- 
nate the citrine bands from the amethyst rough dur- 
ing sawing. Amethysts from other mines are often 
cut incorporating both the "pure" purple-violet of 
the r sectors and the brownish purple-violet of the z 
sectors in the same stone. These mixed-sector 
stones often display the brownish undertone charac- 
teristic of z sectors. 


Figure 20. The lower portion of this 12-cm-diameter 
ametrine slice was exposed to direct sunlight for 47 
days on a rooftop in Oakland, California. The upper 
portion was retained in darkness, as a control. 
Spectroscopic measurement indicates that 33% of 
the amethyst color faded during this exposure. 
Photo by G. Rossman. 
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The refractive indices of typical Anahi amethyst, 
obtained from 10 stones, are @ = 1.541 and € = 1.550; 
again, S.G. was recorded to be 2.65. Because the 
amethyst is pleochroic, the color may vary from 
"pure" violet-purple to pinkish purple to blue, depend- 
ing on the viewing angle relative to the optic axis. 

Heat treatment will cause the amethyst color 
to fade progressively and finally disappear at 400°C. 
We found that the amethyst color also fades with 
long-term exposure to sunlight. We exposed half of 
an ametrine slice to direct sunlight on a rooftop in 
Oakland, California, from July 6 to August 21, 
1993. Comparison between the control sample and 
the sample exposed to sunlight—both visually and 
with the optical spectrometer—indicates the loss of 
33% of the color intensity during the experiment 
(figure 20). Along these same lines, it is interesting 
to note that crystals found on the surface of the hill 
above the mine often display only the citrine color. 
When one of these crystals was submitted to two 
days of 137Cs gamma rays at the California Institute 
of Technology (2.1 Mrad total dose), the amethyst 
color was restored to the r sectors. Fading from pro- 
longed exposure to sunlight appears to be a charac- 
teristic of amethyst in general. As is the case with 
all amethyst, amethyst or ametrine from the Anahi 
mine should not be worn for extended periods in 
bright light. 

All of the Anahi amethysts we have examined 
so far are free from solid inclusions. However, we 
did note abundant fluid inclusions—both primary 
and secondary—which may cause a substantial 
decrease in yield. Primary fluid inclusions are ori- 
ented along the twin planes in the amethyst sec- 
tors. Partially healed fractures in the amethyst sec- 
tors are affected by the Brazil-twinning, which 
results in internal features referred to as a "rippled 
fracture inclusion" (Webster, 1983), "zebra striation" 
(Giibelin and Koivula, 1986), or "tiger stripes" 
(Webster, 1983). These internal features are charac- 
terized by liquid and two-phase inclusions 
(Schmetzer, 1987). Some inclusions appear to be 
100% vapor, although a thin liquid film may actu- 
ally wet the inclusion walls. 


Ametrine. Until the late 1970s, according to 
Domingos Reis, one of the pioneers in ametrine 
cutting, most of the rough material from Anahi 
that reached the cutting centers in Brazil was selec- 
tively sawed, and only the amethyst sectors were 
used because the citrine color was considered 
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Figure 21, The 156-ct ametrine in this 18k gold pen- 
dant was fashioned by Paul Tapley to mix the col- 

ors within the stone. Courtesy of Paula Crevoshay, 

Upton, MA; photo by Robert Weldon. 


undesirable. Two dealers in ametrine rough, Silvio 
Sbaraine and Erni Rolderbal, from Rio Grande do 
Sul, were among the first to suggest, in 1978 (D. 
Reis, pers. comm., 1993), that if tourmaline could 
be marketed in bicolored stones, then why not 
market bicolored quartz? 

Ametrine encompasses the gemological proper- 
ties described above for amethyst and citrine. 
Ametrine is unusual both for its sharp color zoning, 
which is due to the fact that the boundaries 
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between the citrine and amethyst zones are crystal- 
lographically controlled, and the large size of the 
amethyst and citrine zones (again, see figure 14), 
Ametrines are typically cut to enhance the two col- 
ors, with the color boundary perpendicular to the 
table. Rectangular, parallelogram, square, or other 
shapes of angular geometry, together with step pat- 
terns of faceting, are commonly used (again, see fig- 
ures 1, 11, and 19), rather than brilliant cuts, which 
mix colors through internal reflection. However, 
brilliant cuts have been used successfully in jewelry 
{figure 21}. In addition, the color combination is 
ideal for carvings (figure 22), and new fashioning 
techniques that incorporate the amethyst and cit- 
rine sectors as part of an overall work of art have 
recently come into vogue (see cover to this issue, 
figure 1, and figure 23]. Faceted pieces that contain 
mostly citrine intermixed with small sectors of 
amethyst attain a pleasant "champagne" or "peach" 
color (again, see figure 1). 

In addition to the traditional cuts, some 
ametrine crystals can also be sliced perpendicular to 
the c-axis, yielding a zoned "star-fruit" color combi- 
nation, similar to that shown in figure 15. 


DISCUSSION 

All other significant amethyst deposits in produc- 
tion today (see, e.g., Epstein, 1988} occur as geodes 
in intermediate-to-acid flows in flood basalt 
provinces (Rio Grande do Sul], as veins in quartzites 
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Figure 22. The attractive and 
often complex color combina- 
tions in ametrine are particu- 
larly well suited for use in 
carvings, like this 68.18-ct 
ametrine fish. Carved by 
Michael Peuster; courtesy of 
Neal Litman Co., Burlingame, 
CA. Photo by Shane F. 
McClure. 


and quartz-arenites (Marabda, Jacobina, Vitoria da 
Conquista], or as late-stage crystallization around 
the quartz cores of pegmatites (Minas Gerais and 
Espirito Santo). The geologic conditions in which 
the Anahi ametrine deposit formed, hosted by car- 
bonate rocks displaying evidence of hydrothermal 
brecciation, are fairly unusual. The silica-bearing 
fluids probably became alkaline by reacting with 
the limestone host rocks. These fluids were moder- 
ately enriched in Fe, as indicated by the precipita- 
tion of hematite bands within the breccia zones. 
The fine-grained muscovite found in the gem pock- 
ets, if precipitated by the hydrothermal solutions, 
indicates that these solutions were also K-rich. The 
style of mineralization indicates fast quartz precipi- 
tation immediately after brecciation, and slower 
quartz precipitation—conducive to the formation 
of large crystals—as the silica-bearing solutions 
migrated through the system. 

It is likely that the temperature gradient within 
each gem pocket was small because of the substan- 
tial amount of hydrothermal solution that was 
probably trapped below the deposit before breccia- 
tion. Potassium in the system may have provided 
the natural radioactivity required for the formation 
of the color centers, although the present K con- 
tents in the cavities are too low to have provided 
the necessary background radioactivity (XRD analy- 
sis showed that muscovite, the K-bearing phase, 
was a minor phase in the gem pockets, although 
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greater amounts may once have been present and 
subsequently destroyed during weathering). 

Iron-rich potassium-carbonate alkaline solu- 
tions and a low temperature gradient in a 
hydrothermal cell are precisely the conditions nec- 
essary to produce the amethyst-citrine color combi- 
nation in synthetic quartz, according to Balitsky 
and Balitskaya {1986}, who attribute the bicol- 
oration to growth rates: 


All this evidence suggests that the amethyst-citrine 
dichromatism in synthetic quartz crystals grown on 
rhombohedral seeds must be related to certain thresh- 
old (critical) growth rates for the major and minor 
rhombohedral faces which govern the incorporation of 
either the amethyst-causing or the citrine-causing 
impurities by these faces. Below these critical values a 
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Figure 23. Ametrine has become 
an important medium for some 
unusual works of gem art. The 
piece in this pendant was fash- 
ioned from a Slice of the material 
cut perpendicular to the c-axis of 
the crystal. Small hemispherical 
carvings enhance the citrine por- 
tion of the slice, while frosting on 
the back of the amethyst portion 
makes the Brazil twinning part of 
the design. Gem carving and jew- 
elry designed by Michael M. 
Dyber, Rumney, NH; photo by 
Robert Weldon 


face absorbs the amethyst-causing impurities, above 
them the citrine-causing ones. As the growth rates 
approach the critical values, both types of impurities 
are assimilated. 


The amethyst color is traditionally attributed to the 
presence of Fe4+ in quartz, in either interstitial 
{Cohen, 1985} or both interstitial and substitutional 
(Lehman and Bambauer, 1973) sites in the crystal 
structure. Citrine color in heat-treated amethyst 
has been attributed to submicroscopic particles of 
an iron oxide (Lehman and Bambauer, 1973), but 
the origin of color in natural citrine such as that 
from the Anahi mine has not been studied previ- 
ously. The mechanisms believed to be involved in 
the formation of the color centers in amethyst are 
present in the Anahi deposit. They are: {1} a moder- 
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ate amount (30-300 ppm] of Fe3+ impurities in the 
proper crystal sites; (2) a source of ionizing radiation 
to produce the Fe*+ centers; (3) low amounts of alu- 
minum, otherwise, the sample becomes smoky; 
and (4) a thermal history that does not subject the 
sample to temperatures exceeding 400-500°C, oth- 
erwise the amethyst precursors are lost. 

Aines and Rossman (1986) attributed the 
amethyst-citrine color combination to the high 
water content in the orange-yellow z sectors. They 
suggested that this water undergoes radiolysis (the 
breakdown of water into O, and H, by nuclear reac- 
tions} during natural irradiation, and the H, gener- 
ated quenches the Fe4* color centers, preventing the 
development of the amethyst color. To test 
whether the high water content in the z sectors 
could account for the unusual amethyst-citrine 
bicoloration in ametrines, we also analyzed 
amethyst crystals from Maraba by the techniques 
above. The Marabaé amethysts revealed similar vari- 
ations in trace Fe contents, slightly higher Al con- 
tents, Brazil-law twinning in the r sectors, and the 
same water-content variations displayed by the 
ametrine crystals. Yet, the Maraba crystals had a 
different color-zoning pattern, with amethyst corre- 
sponding to the r sectors and smoky amethyst cor- 
responding to the z sectors. Thus, the high water 
content in the z sector is not unique to ametrines 
and probably does not solely account for the 
amethyst-citrine bicoloration. 

Heat can produce the citrine coloration, as evi- 
denced by the commercial production of citrine by 
heating amethyst. Nassau (1981) has shown that 
amethyst-citrine bicoloration in Fe-bearing quartz 
can be produced by appropriate combinations of 
irradiation and heat treatment. Neumann and 
Schmetzer (1984) have also shown that progressive 
heat treatment of amethyst from some localities 
may lead to the development of citrine color in the 
z sectors, while the r sectors remain amethystine. 
Our own observations show that Maraba amethyst, 
when heat treated to 475°C, will turn orange-yel- 
low in the z sectors and colorless in the r sectors, 
and that irradiation and subsequent heat treatment 
as described by Nassau can restore a brownish 
amethystine color to the r sectors. Whether these 
observations are relevant to natural ametrine is 
uncertain. 

After extensive geologic and experimental stud- 
ies, we can only speculate that the amethyst-citrine 
bicoloration results from quartz precipitation at very 
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specific geochemical conditions, temperatures, and 
growth rates. Unfortunately, no crystal-chemical 
mechanism to account for the bicoloration can be 
proposed, because the present understanding of the 
fundamental controls of color centers in amethyst 
and citrines is poor. Lack of reliable in situ trace-ele- 
ment data and infrared and optical spectra for 
amethysts from other important localities also 
makes a comparison between the properties of 
ametrine and those of regular amethyst difficult. 


CONCLUSIONS 


The history of ametrine shows that gemologists 
must be careful when extrapolating experimental 
evidence to the marketplace. Experimental results 
are essential for testing the origin of gem materials 
and for protecting consumers from exposure to 
undisclosed treatments and synthetic gem materi- 
als. However, these experimental results must be 
weighed against other information in the commu- 
nity [ie., political and economic factors that may 
hinder direct access to mining areas; cost to treat 
natural or produce synthetic materials; physical 
resemblance and similarity in properties between 
treated/synthetic materials and natural analogues, 
etc.). Consideration of all these factors—combined 
with closer links and the exchange of reliable infor- 
mation between producers, researchers, and con- 
sumers—may help avoid misconceptions in the 
gem trade. 

The information we have presented about the 
Anahf mine should finally settle the discussion of 
the natural versus artificial origin of ametrine. The 
ametrine available in the market today is mined in 
Bolivia, it occurs in a hydrothermal breccia deposit 
hosted by carbonate rocks, and the amethyst-citrine 
color combination is ubiquitous in this deposit. 
Mineralogic investigations indicate that the 
amethyst sectors are Brazil-twinned, and that they 
contain less iron and water trace impurities than 
the (untwinned} citrine sectors. The ametrine crys- 
tals were probably precipitated from an alkaline, Si-, 
Fe-, and K-rich hydrothermal solution during pres- 
sure release by hydrothermal brecciation. However, 
more geologic, mineralogic, and crystallographic 
work is needed to determine the exact conditions 
necessary for the development of amethyst-citrine 
bicoloration in quartz. 

In addition to its production of ametrine gems, 
the Anahi mine is a major source of high-quality 
faceting-grade amethyst. A substantial amount of 
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amethyst from this mine has already entered the 
world gem market. Carving-grade amethyst and 
ametrine are increasingly important products of 
this mine. The Anahi deposit also represents the 
first substantial source of natural, iron-containing 
citrine {ie., in which the color was not developed 
by heat or other treatment) that has been docu- 
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THE INDAIA SAPPHIRE DEPOSITS 
OF MINAS GERAIS, BRAZIL 


By David S. Epstein, Warren Brennan, and Julio C. Mendes 


The discovery of significant quantities of 
gem-quality sapphire in Minas Gerais could 
add corundum to the forrnidable list of gem 
species already commercially produced in 
Brazil. The presence of sapphire has been 
confirmed over a wide area within a 42-km? 
mining claim, and exploration has yielded 
over 500 ct of corundum per square meter 
from alluvium in a small section of the 
claim. Faceting-quality stones typically 


range from 0.5 to 2 cl; some are purple or vio- 


let, and many show a color change. Future 
production will depend primarily on the 
results of ongoing exploration and the feasi- 
bility of mechanizing an area of difficult 
access. 
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Ithough minor occurrences of corundum in Brazil 

have been known for some time, production has 
been limited to industrial grades, some specimen pieces, 
very low-quality ruby cabochons, and extremely small 
amounts of gem sapphire, mostly under 0.5 ct. However, 
the recent discovery of blue (figure 1], fancy-color, and color- 
change sapphire in the Indaia (pronounced in-die-yuh] 
Creek region of Minas Gerais now raises the possibility of 
significant production of sapphire from Brazil. 

Brazil was settled in large part as a result of the search 
for mineral wealth. Deposits of emerald, gold, and silver— 
found elsewhere in South America—encouraged explo- 
ration of the interior of Brazil. Ruby and sapphire were high 
on the list of desired items, but only small quantities were 
discovered in Ecuador and Colombia, with insignificant 
amounts found in Brazil. The first written reference to sap- 
phire in South America seems to be by Codazzi in 1925. 
Considering the enormity of other mineral wealth and the 
discovery of industrial corundum and collection pieces {in 
places like Anage, in the state of Bahia}, it seemed that geo- 
logic conditions were favorable for sapphire formation. Still, 
the gem deposits remained elusive. 

The discovery of what appear to be significant quanti- 
ties of sapphire at Indaia Creek has changed this situation. 
Two lots of this sapphire—25 kg and 50 kg—have been 
removed from two areas in this region since 1990. As sam- 
pling continues, the promise of increased production is 
encouraging. 


HISTORY 

Residents of the sparsely populated Indaia area say they 
have known about the unusual blue stones for many years; 
some stones had occasionally been found by chance during 
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Figure 1, These five sapphires, 
ranging from 0.19 ct to 0.86 ct, are 
representative of the gem-quality 
blue sapphires that have been 
recovered from Indaia. Courtesy of 
Brainin and Davenport; photo 

© GIA and Tino Hammid. 


other activities but had never aroused much curios- 
ity. The area is not near other well-known gem- 
stone mines, and no garimpeiros {independent min- 
ers} lived nearby. Then, in the spring of 1984, a 
young boy playing near a stream close to his home 
happened upon a 3-gram blue sapphire (S. 
Davenport, pers. comm., 1991), A farmer, Osmar 
Filho Faustino, working near the same stream, later 
found another piece that he described to one of the 
authors (W.B.} as being about the size of a thumb 
(from the first joint to the tip} and of a clear, deep 
blue, more transparent than any previously seen. 
The farmer decided to show the stone to an 
acquaintance familiar with gems in the nearby city 
of Coronel Fabriciano. After being positively identi- 
fied as sapphire, the stone was sold in the cutting 
center of Tedfilo Otoni. 

The identification and sale of this sapphire 
sparked the quest by several parties for a mineral- 
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rights grant from the government. There had been 
other finds in Brazil; pieces that produced up to 2- 
to 3-ct cut stones had been coming from the 
Malacacheta region for over 25 years. Very small 
finds at Poxorey in Mato Grosso do Sul in 1984 and 
at Ipora in Goids in 1985 also had been reported (R. 
Ribeiro, pers. comm., 1991). Over the last 10 years, 
one of the authors {D.E.) has seen 200- to 1,500- 
gram lots from unidentified locations, but few 
stones were of the size and quality described for the 
large piece from Indaia. The first government-recog- 
nized request for exploration rights was accepted in 
1988, and several more requests by the same parties 
for additional land were accepted in 1989. The origi- 
nal exploration-rights request holders eventually 
sold their rights to Arysio Nunes dos Santos 
through an arrangement with the firm of Brainin 
and Davenport, which was appointed operator of 
the mine. Exploration rights were finally granted by 
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Figure 2. Thus far, three areas—A, B, and C—have been sampled and worked 
sporadically for sapphires in the Indaia region of Minas Gerais, Brazil. 


the Brazilian National Department of Mineral 
Production (DNPM}) to Mr. dos Santos, who intends 
to upgrade the grant status to the equivalent of a 
patented mining claim after exploration require- 
ments have been fulfilled. This upgrade would 
allow the operators to start fully mechanized allu- 
vial mining. 


LOCATION AND ACCESS 

The Indaia area of Minas Gerais is about 30 km by 
road southeast of the state's largest steel-milling 
city, Ipatinga (pop. 300,000; figure 2), which is just 
northeast of the famous “iron quadrangle” 
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(Schorscher et al., 1982]. One of the world's largest 
iron-ore areas, it is the type locality for the banded- 
iron formation known as itabirite and an important 
manganese- and gold-mining district. 

The Indaia area is almost exclusively agricul- 
tural, producing cattle, corn, okra, rice, and an 
important eucalyptus crop used for cellulose pulp 
and paper production. The climate is subtropical, 
but temperatures rarely exceed 35°C (95°F), The 
rainy season is typically from October to March; 
annual rainfall averages between 150 and 200 cm 
(60-80 inches}. Access may be impossible during 
the rainy season. 
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Areas A and B (again, see figure 2) are situated 
between two steep hills on either side of Pedrosa 
Creek (figure 3)}—at 42°4' W, 19°6' S—about 700 m 
(2,310 fect) above sea level. There are two ways to 
reach these sites: From Ipatinga, travel 4 km east on 
BR 381 to a dirt road; turn south (right) and contin- 
ue 14 km to Reves do Belem; then turn left {east} 
onto MG 425 (the Vargem Alegre—Caratinga Road 
indicated on the map} for an additional 10 km. A 
dirt road branches to the right, and may sometimes 
be traveled for 1 km by car, depending on condi- 
tions. It ends in a trail that can only be followed by 
foot or on horseback, up a steep and rocky moun- 
tain, for approximately 3 km. The climb to the top 
is treacherous during heavy rains. 

The other access is from the city of Caratinga. 
Take BR 116 north 4 km to MG 425, turn west and 
continue past the town of Vargem Alegre; turn 
south onto the same dirt road noted above (on the 
left from this direction) after a total of 35 km from 
Caratinga. From here, follow the same directions 
given in the paragraph above. 

Area C.is accessible by four-wheel-drive vehi- 
cle via a dirt trail that runs roughly southwest from 
Vargem Alegre for 9 km to the site. 


GEOLOGY 


Although the precise origin of the Indaia sapphires 
is still under investigation, it is known that the gen- 
eral geology of the area is dominated by ancient 
Precambrian (older than 580 million years [My]]) 
complexes of metamorphic basement rocks 
(DNPM, 1989}, which outcrop over the entire area. 
In fact, the “iron quadrangle,” just to the south of 
Indaia in Minas Gerais, is one of the world's classic 
areas of Precambrian geology. 

These complexes include biotite gneisses, 
biotite hornblende garnet gneisses, and migmatites 
(banded rocks with both igneous and metamorphic 
portions). Radiometric dates for occurrences of 
these rock units in other areas are between 2.1 and 
2.8 billion years old (Cordani, 1973; Hasui et al., 
1976; Menezes Filho et al., 1977). Intrusive bodies, 
possibly associated with sapphire mineralization, 
have substantially younger ages: 550-600 My. 

All presently known occurrences of sapphire 
here are alluvial (in recent gravels} or colluvial (on 
local hillsides). Even so, these Precambrian rocks 
are important, as they are the only likely source of 
the sapphire, either disseminated in the rocks 
themselves (in lenses or areas of variable composi- 
tion within the unit) or associated with the intru- 
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Figure 3, At Indaia, sapphires are recovered 
from alluvium in the hills that line this narrow 
valley as well as along the creek. 


sive bodies. In this respect, it is interesting that 
intrusive bodies of the “Granito Borrachudo” 
(Schorscher et al., 1982) were associated with gem 
mineralization in several other deposits within a 
50-km radius, including the emerald deposit of 
Itabira (Souza, 1988), the Capoeirana emerald 
deposit (Epstein, 1989), and the Hematita alexan- 
drite deposit (Proctor, 1989). It is not known 
whether one of the numerous intrusives that cross 
the region (Fontes, 1978) might be a factor in the 
mineralization of sapphire at Indaia. The intrusive 
granitoids of the region often resemble the ancient 
metamorphic rocks, with contacts between the two 
usually gradational and also weathered, making 
exact relations obscure. Note that any possible rela- 
tion to intrusive activity in the Indaia area would 
be of a felsic-granitic type, unlike another known 
sapphire occurrence in South America— 
Mercaderes, Colombia (Keller et al., 1985)—which 
appears to have originated in alkaline basalts. Also 
note that the common accessory minerals normally 
found in alkaline basalts and/or heavy concentrates 
derived from them—such as at Mercaderes (black 
spinel, ilmenite, zircon, olivine, pyrope garnet, and 
augite)—are not present at Indaia. However, alman- 
dine garnet is, as are quartz gravels, white kaolinitic 
clay, very pale amethyst crystals, beryl, feldpsar, 
and muscovite. 

It is possible that other ancient rocks, younger 
than the basement rocks and formerly overlying the 
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Figure 4. Nearly 2 m of clay-like material was 
removed with simple shovels to reach the sap- 
phire-bearing gravels. 


gneiss-migmatite complex, were the source of sap- 
phires in the alluvium, but this is doubtful. The 
complex completely dominates the region, and any 
higher stratigraphic units that once existed have 
long since been eroded away, forming sedimentary 
beds older than and farther from the area of sap- 
phire occurrence. The nature and occurrence of the 
sapphire indicates a closer source, which the mine 
operators hope to locate. 


OCCURRENCE 


The “diggings” are situated in an area of relatively 
high and very steep hills. Several small creeks 
merge to form streams, which run through the cen- 
ter of a narrow agricultural valley. 

Although sapphires have been found on hill- 
sides and in streambeds over more than 10 kim2, the 
first center of activity in 1990-1992, was an approxi- 
mately 1-km stretch along Pedrosa Creek, extend- 
ing as much as 50 m on either side of the stream 
(see area A on figure 2). The alluvium can be more 
than 5 m thick, but it averages 2-4 m (figure 4], 
with the gem-bearing gravel approximately 20-100 
cm (8—40 inches} thick. There are two distinct grav- 
el layers, usually separated by a horizon of predomi- 
nantly white kaolinitic clay that grades into red and 
brown ferruginous clays. The upper layer is essen- 
tially barren, yielding only an occasional sapphire 
as the gravel is removed to reach the lower layer. 
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Otherwise, the two layers are virtually the same, 
both composed of quartz gravels, white kaolinitic 
clay, and occasional small pieces of almandine gar- 
net. The quartz, poorly sorted, varies from euhedral 
to subhedral and from sand size to fist size. Small, 
very pale amethyst crystals are frequently found. 
Other minerals found with the sapphires in sieve 
concentrates include beryl, feldspar, and muscovite. 

Even when there is no kaolinitic horizon, the 
lower sapphire unit is easily recognized by the pres- 
ence of sapphire itself, commonly numbering up to 
200 small (0.5-2 ct] pieces per wheelbarrow load. 
The bottom of the sapphire unit is marked by a 
final layer of white clay, 20-30 cm (8-12 inches} 
thick, above the bedrock. 

In late 1992 and early 1993, two new sites were 
identified at Indaia. Miners originally overlooked 
area B (see figure 2), adjacent to area A, apparently 
because the sapphire-bearing gravel layer is deeper 
(4—5 m). Initial efforts have produced slightly larger 
stones than at area A. Even more promising is area 
C, about 3 km to the southeast (see figure 2). Initial 
mining in this area has produced greater quantities 
of sapphires of a finer blue color and higher clarity 
than have been produced in either area A or B. 
Several fine, clear blue stones—weighing 5 to 7 
ct—were recovered from a single prospect pit in 
area C. The occurrence of sapphire in these new 
areas appears to be the same as the occurrence in 
area A. 


MINING 


Several small “independent” operations have func- 
tioned sporadically in the past, but only Mr.‘ dos 
Santos has a government-authorized exploration 
concession. This covers 42. km. Mineral rights are 
not in dispute, and access to areas A and B is limit- 
ed by the 45-minute trail hike or mule ride over the 
mountain. The operators feel that these factors will 
inhibit large-scale unauthorized mining in the con- 
cession area. 

In keeping with Brazilian law, the mine opera- 
tors are working only at the “exploration level” of 
activity and they claim that they will continue at 
this level until the exploration concession can be 
upgraded to a mining concession (A. Nunes dos 
Santos, pers. comm., 1993). For this reason, the 
crew has been small—about five to 10 workers. 

Even with the small crew, initial results have 
been promising, considering the primitive recovery 
methods. A washing system in area A includes a 
large (1 x 2. m} three-layer shaker screen and genera- 
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tor-operated electric water pumps. This is a signifi- 
cant improvement over the widely used circular 
hand screens, which are dipped in the nearest creek 
or water-filled pit. Miners use simple shovels to 
excavate down to the gem gravel layer (again, see 
figure 4). They then shovel the unsorted gem layer 
to the surface, cart it by wheelbarrow up a ramp, 
and dump it into the screening jig. 

While one person directs water at the material 
from a pump-powered hose, another rocks the tilted 
top screen (which has a 2.5-cm [1l-inch] mesh]. 
Rocks and larger pebbles are discharged. The second 
screen (with a 1.25-cm mesh] catches the coarse 
gravel and pebble-size material. Fine gravel, and 
almost all sapphire, is retained by the third screen 
(0.3-cm mesh) and subsequently removed by hand 
(figure 5). Quality and quantity vary significantly 
from one pit to the next. Pits are widened or aban- 
doned based on screening results. 

Area C is worked using similar primitive min- 
ing and recovery methods. Unlike hard-to-access 
areas A and B, however, area C can be reached by a 
trail that is passable by four-wheel-drive vehicle. 
Although part of the approximately 9-km route 
from Vargem Alegre is tortuous and roundabout, 
the trail could be widened and improved. 


PRODUCTION AND CUTTING 


Production, Digging and washing operations are not 
conducted full-time at any of the specific areas, due 
to the emphasis on exploration and development of 
the entire mining claim. Nevertheless, at least 
some recovery operations take place regularly when 
the weather permits. According to the mine man- 
agers (A. Nunes dos Santos, pers. comm., 1993), 
area A has produced average weekly yields of 2-3 
kg of corundum of a wide range of quality. Sapphire 
has been found scattered over area B, and sampling 
continues there. Almost every test pit in area C, 
each measuring about 2. x 2m, has yielded sapphire. 
The yields of different pits range from a few hun- 
dred grams to about 2 kg. Total production of all 
grades of corundum from area C was about 50 kg in 
1993. 

The proportions of gem material appear to be 
about the same for all three mining areas. About 
16% is cuttable and a marketable blue color; 4% is 
cuttable and purple to pink. Approximately 
1%-3% of this cuttable material recovered to date 
is suitable for faceting, and the rest is suitable for 
carving or for cutting as cabochons and beads. 
Another 20% of the total is a nontransparent, 
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“cloudy” blue that may be a candidate for heat 
treatment. The remaining 60% of the material is 
classified as “corundum gravel,” which may also 
yield additional marketable sapphire with heat 
treatment. Experimentation with heat treatment is 
ongoing, and some color enhancement has been 
observed. Overall, however, the results remain 
inconclusive. 

Particularly noteworthy is the high percent- 
age—as much as 50% from some pits, and about 
7% to 10% overall—of distinct color-change sap- 
phire. 

Given the small area being worked relative to 
the larger region over which sapphire has been con- 


Figure 5. At Indaia, miners wash the sapphire- 
bearing gravels and then pick out the gems by 
hand, 


firmed, it would seem reasonable to expect that 
output will increase markedly when the govern- 
ment approves an upgrade to mining status, and the 
operators are ready to intensify efforts. Unknown 
factors affecting production include the quantity of 
sapphires present over the wider area and the feasi- 
bility of mechanizing an area of difficult access. 
Increasing the work force and retaining the hand 
methods currently in use is another option, and one 
that could be put into place quickly. 


Cutting. In general, cutting methods for Indaia sap- 
phires are typical for corundum, but some of the 
rough requires special consideration for best results. 
Material with rounded color zoning must be cut so 
that the color is located in the culet of the gem and 
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Figure 6, The largest of these representative 
pieces of rough weighs 2.96 ct. Photo © GIA 
and Tino Hammid, 


there is no window; the rounded color zone will 
then reflect off, and refract to, the pavilion facets. In 
most of the material, however, banding is slight and 
generally uniform in size and color throughout the 
stone. Most of the rough is broken pieces, which 
lend themselves more toward round shapes {melee} 
than toward the marquise and oval cuts commonly 
produced from well-formed crystals. 

On lighter-toned goods, a brilliant cut is most 
effective, producing greater scintillation and mak- 
ing the tone sometimes a bit darker. In darker 
tones, the conventional mixed cut is recommended 
because the stepped pavilion facets move and divide 
the light less, minimizing any darkening effect. In 
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overly dark stones, a window can be produced by 
cutting the pavilion facets below the critical angle. 


DESCRIPTION OF THE MATERIAL 


Materials and Methods. Twenty-seven rough Indaia 
sapphires, ranging in weight from 0.12 to 2.01 ct 
and in color from blue to purple and pink, were 
obtained at the locality. Using a Duplex II refrac- 
tometer with a monochromatic sodium vapor light 
source, we determined refractive indices from two 
polished surfaces of sections cut from 19 of the 
rough samples. We determined specific gravity for 
14 of the same sections with a 20-cm? pycnometer 
and an analytic balance. Twenty-four samples, each 
with at least one polished face, were examined with 
a Zeiss petrographic microscope. We also exposed 
the 27 rough specimens to standard long- and short- 
wave ultraviolet radiation. Three blue sapphires— 
0.12, 0.19, and 0.22. ct—were examined with a Beck 
prism spectroscope. 


Visual Appearance. For the most part, the sapphires 
obtained at Indaia have been broken, subhedral 
pieces (figure 6], although we have seen some elon- 
gated hexagonal crystals. The predominant colors 
are medium to medium-dark tones of blue to vio- 
let- blue to purple. No hue approaching that of ruby 
has been found at the deposit to date, but there is 
an unusually high percentage of material showing 
color change—from a violet in day or fluorescent 
light to purple or saturated (“hot”) pink in incan- 
descent light. 

It is interesting that a high percentage of sap- 
phires with color change was also noted in the allu- 
vial deposits of Mercaderes, Colombia (Keller et al., 
1985}. Color change also has been seen in some 
Australian (Coldham, 1985], Thai (Keller, 1982), 
Tanzanian (Dirlam et al., 1992), and Sri Lankan 
{Giibelin and Schmetzer, 1982) sapphires. 


Refractive Index and Specific Gravity. We found 
that the refractive indices ranged from n, = 1.760 
to 1.762 and n, = 1.768 to 1.772; birefringence 
was 0.008-0.010. Analysis of 14 of the polished 
“sections” gave a specific gravity between 4.00 
and 4,02. 


Ultraviolet Fluorescence. None of the sapphires 
showed a reaction to short-wave U.V. radiation. 
However, 16 of the 27 stones tested exhibited a 
moderate to strong bright red fluorescence to long- 
wave U.V. This long-wave fluorescence, somewhat 
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similar to that noted in sapphires from Mercaderes 
(Keller et al., 1985), also resembles that seen in 
some rubies. The other 11 stones displayed very 
weak or no fluorescence to long-wave U.V. A dis- 
tinct correlation between fluorescence, body color, 
and color change was noted: “Purer” blue and/or 
stones with only a weak color change generally 
exhibited a weaker or no fluorescence; more violet 
to purple stones and those with a stronger color 
change generally showed at least moderate fluores- 
cence; pinkish purple and purple stones with a 
strong color change to pink generally showed strong 
fluorescence. Five grayish blue low-grade stones 
(corundum gravel) were essentially inert. Note that 
the correlation between long-wave U.V. fluores- 
cence and color was not perfect: One fine blue 
stone showed medium-strong red fluorescence, one 
stone with strong color change from violet blue to 
pinkish purple did not fluoresce, and one pinkish 
stone showed no fluorescence. No phosphorescence 
was seen in any of the sapphires tested. 


Spectroscopy. All three stones tested with a hand- 
held type of spectroscope showed a faint band at 
approximately 450 nm. This is consistent with the 
spectra for iron-rich sapphires from other localities. 


Internal Characteristics. We observed several fea- 
tures in the 24 Indaia sapphires examined. Evidence 
of lamellar twinning (figure 7) and fine hexagonal 
growth zoning was clearly visible. High magnifica- 
tion revealed that fingerprint-like inclusions (healed 
fractures) formed a network of irregular liquid-filled 
channels (figure 8). The most frequently seen crys- 


Figure 7. Growth lamellae are typical of Indaia 
sapphire. Photomicrograph by J. C. Mendes; 
magnified 100x. 
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Figure 8. Most of the Indaia sapphires examined 
revealed networks of long, irregular liquid-filled 
channels, which are actually healed fractures. 
Photomicrograph by J. C. Mendes; magnified 200x., 


talline inclusion appeared as groups of tiny crystals 
(possibly zircon) surrounded by a brownish stain, 
and showing typical strain halos (figure 9). Fine nee- 
dles {apparently rutile) on the growth planes were 
visible with high’ magnification. We noted small 
reddish brown crystals of mica, probably biotite, in 
almost all of the stones (figure 10}. Although we 
observed two- and three-phase primary inclusions 
only rarely (figure 11), we saw secondary liquid 
inclusions in all stones examined. All of these 
inclusions have been reported in sapphires from 
other localities; none appears to be distinctive of 
Indaia. 


Figure 9. This brown-stained inclusion looks 
like zircon. Note the tension halo associated 
with a healed fracture. Photomicrograph by 
]. C. Mendes; magnified 200x. 
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Figure 10. This reddish brown mica crystal, pos- 
sibly biotite, shows strong pleochroism. Photo- 
micrograph by |. C. Mendes; magnified 200x., 


CONCLUSION 


The discovery of gem corundum in potentially 
commercial quantities is a significant development 
for Brazil. Also important is that a relatively large 
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NOTES AND NEW TECHNIQUES 
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FLUX-INDUCED FINGERPRINT PATTERNS 
IN SYNTHETIC RUBY: AN UPDATE 


By K. Schmetzer and F.-J. Schupp 


Chatham, Knischka, and Lechleitner, as well as other manufacturers, 
are known to have treated Verneuil flame-fusion synthetic rubies by 
immersion in a flux melt to induce patterns like the "fingerprints" seen 
in some natural rubies. Some of these products are on the market and 
may require careful microscopic examination for identification. Also 
seen marketed as natural is a synthetic ruby of unknown manufacture 
with a distinctly different flux-induced pattern. This pattern—a con- 
tinuous, three-dimenstonal, honeycomb-lke cellular structure of flux- 
filled fractures —is easily recognizable with a gemological microscope. 


In the trade, we occasionally encounter synthetic 
rubies grown by the Verneuil flame-fusion method 
in which fingerprint-like patterns have been 
induced. Briefly, a “fingerprint” is a pattern of iso- 
lated dots and/or interconnected tubes that devel- 
ops when a natural fluid or a synthetic flux is 
trapped by the healing of a fracture during growth. 
“Fingerprints” are induced in Verneuil synthetic 
corundum to imitate the fingerprint-like inclu- 
sions seen in natural rubies and to mask the curved 
growth striations that usually occur in flame- 
fusion synthetic rubies (Koivula, 1983). 

In general, we do not know the names of the 
individuals and companies who commercially treat 
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synthetic rubies by this process. Their products 
have appeared under trade names such as “Shinna,” 
which we believe originated in Japan. However, we 
do know that three manufacturers familiar to 
gemologists—Chatham, Knischka, and Lechleitner 
—have treated Verneuil-grown synthetic rubies in 
this fashion. In personal communications since 
1983, T. Chatham and P. O. Knischka have main- 
tained that they have induced fingerprint-like inclu- 
sions in synthetic rubies primarily for growth stud- 
ies rather than for commercial purposes. However, 
Lechleitner synthetic rubies with induced finger- 
print patterns have been produced commercially 
and marketed in considerable quantities (Kane, 
1985; Schmetzer, 1986a]. In fact, samples from all 
three manufacturers have been encountered in the 
trade and could be submitted to a gemological labo- 
ratory for determination of origin. Other, unidenti- 
fied products of similar or even identical growth 
and treatment methods undoubtedly exist. 

We have a general idea of the methods by 
which these flame-fusion synthetic rubies are 
treated (Koivula, 1983; Kane, 1985, Schmetzer, 
1986a and b, 1991), although experimental details 
such as the exact composition of the fluxes and the 
temperatures used are proprietary. The process 
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Figure 1, Induced fingerprint-like patterns of 
residual flux are seen here in a Verneuil-grown 
synthetic ruby treated by Chatham Created 
Gems. Photomicrograph by K. Schmetzer; 
immersion, magnified 40x. 


usually begins with heat treatment, followed by 
rapid cooling by immersion in a liquid or melt 
(Koivula, 1983). This quenching process produces 
fractures and fissures within the synthetic ruby 
crystals, which are subsequently immersed for a 
time in a flux melt that typically contains dis- 
solved aluminum oxide. The fractures become 
filled with flux and are partly healed by slow cool- 
ing of the flux during this last step, which causes 
the formation of “fingerprint” patterns of residual 
flux (figure 1). The result may somewhat resemble 
the healing fractures found in natural rubies (figure 
2). Note that it has not been proved experimentally 
whether any of the commercially available 


Figure 3. In several flux-treated synthetic rubies 
seen in the trade over the last few years, the 
healing fractures have a distinctive continuous, 
three-dimensional, honeycomb-like cellular 
structure. Photomicrograph by K. Schmetzer; 
transmitted light, magnified 40x. 
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Figure 2. Healing fractures are commonly seen 
in natural ruby, like this stone from Sri Lanka. 
Photomicrograph by K. Schmetzer; immersion, 
magnified 60x, 


Chatham, Knischka, or Lechleitner Verneuil-grown 
synthetic rubies with induced flux fingerprints 
were submitted to the initial heating and rapid 
cooling steps before immersion in flux. In at least 
some of these treated synthetic rubies, the 
“induced fingerprints” may actually be simple heal- 
ing structures in fissure-bearing Verneuil material 
that was never submitted to quench crackling. 

Since 1989, the authors have also encountered 
about 60 synthetic rubies, usually set in mount- 
ings, that revealed a flux-induced pattern distinctly 
different from the flux-induced “fingerprints” typi- 
cally seen in the Verneuil-grown synthetic rubies 
described above (figure 3}. Some were identified 
from the stocks of several dealers in Germany, and 
about 20 others were submitted to the authors for 
gemological testing. Many were either labeled or 
represented as natural rubies from Afghanistan. 
Two such stones (see, e.g., figure 4) were purchased 
by one of the authors for more detailed study, 
including spectroscopy and chemistry. 

This article reviews what is known about those 
synthetic rubies with flux-induced fingerprint-like 
inclusions that are typically seen on the market, 
and presents the results of our examination of the 
distinctly new flux-treated synthetic rubies. 


TYPICAL SYNTHETIC RUBIES WITH 
FLUX-INDUCED FINGERPRINT PATTERNS 


Whether or not heat treatment is the first step, the 
process of inducing “fingerprints” usually involves 
placing small, irregularly shaped or preformed sam- 
ples—or even complete boules—of Verneuil syn- 
thetic ruby in an aluminum oxide-bearing flux melt 
for days or weeks. This results in the formation of a 
layer of flux-grown synthetic ruby on the Verneuil 
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“seed”, This skin of flux-grown synthetic ruby 
often contains parallel growth lines. In some cases, 
there occur distinct crystal faces that are typical of 
the flux used for growth (figure 5). After faceting, 
synthetic rubies treated by this process may actual- 
ly retain some of the flux-grown synthetic ruby 
skin over the Verneuil core; more commonly, cut- 
ting and polishing removes the flux overgrowth, so 
that only the Verneuil seed remains. 


Figure 5. A curved line marks the boundary 
between the Knischka Verneuil-grown synthetic 
ruby "seed" and the flux-grown synthetic ruby 
skin. Curved striae are visible in the core, and 
the skin reveals oscillating dipyramidal faces 
n(2243) due to a tungsten-bearing flux. 
Photomicrograph by K. Schmetzer; immersion, 
magnified 60x. 
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Figure 4. Flux-induced inclusions 
like those shown in figure 3 were 
seen throughout this 9.93-ct sam- 
ple (approximately 10.3 x 14.8 
mm) of a new type of treated syn- 
thetic ruby. Photo © GIA and 
Tino Hammid. 


In samples that retain the flux-grown synthetic 
ruby skin after cutting, a distinct boundary may 
still be seen between the Verneuil portion and the 
flux-grown skin, and may even extend to the sur- 
face of the polished stone (figure 6). The flux-grown 
layer may contain inclusions of relatively coarse 
residual flux material (figure 7}. In some speci- 
mens, magnification reveals small, doubly refrac- 
tive crystals confined to the boundary between the 
Verneuil and flux-grown components. The fact 
that the refractive indices of these included crys- 
tals approximate those of the host material indi- 
cates that they are synthetic corundum crystals 


Figure 6. On the surface of this faceted 
Lechleitner synthetic ruby, the boundaries 
between the Verneuil-grown “seed” (center) and 
the partially removed flux-grown skin are readi- 
ly apparent. Photomicrograph by K. Schmeizer; 
immersion, magnified 50x. 
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Figure 7. Note the coarseness of the residual 
flux in this overgrowth on a Lechleitner syn- 
thetic ruby. Photomicrograph by K. Schmetzer; 
immersion, magnified 100x. 


that are oriented differently from the host material. 

Whether or not the flux-grown layer of syn- 
thetic ruby remains after faceting, the Verneuil- 
grown seed material generally contains a variety of 
flux “fingerprint” inclusions that often resemble 
the patterns found in partly healed fractures in nat- 
ural ruby (compare figures 1 and 2}. When these 
occur, other diagnostic features may be needed to 
determine the natural or synthetic origin of a ruby. 
In most cases, Verneuil-grown synthetic ruby con- 
tains curved growth striations (figure 8), but these 
are sometimes difficult to resolve; occasionally, gas 
bubbles confined to curved growth layers provide 
conclusive evidence of synthesis (figure 9). 

If magnification does not reveal any diagnostic 
features, trace-element analysis may provide con- 
clusive results (Schmetzer, 1986a and b}. Treated 
Chatham and Lechleitner synthetic rubies with 
Verneuil seeds contain traces of molybdenum 
and/or lead (from the flux] that can be detected by 
X-ray fluorescence spectroscopy. Similar material 
produced by Knischka is most often characterized 
by traces of tungsten and/or lead. Mo, Pb, and W 
are also found in treated flame-fusion synthetic 
rubies from unknown producers. 


A NEW TYPE OF TREATED 
SYNTHETIC RUBY 


Over the course of the last five years, the authors 
have observed distinctly different flux-induced 
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inclusions in approximately 60 synthetic rubies 
that had been represented as natural in the gem 
trade (again, see figure 4). When viewed with mag- 
nification in reflected light, each stone revealed a 
net-like pattern of whitish to colorless material 
that reached the surfaces of these faceted samples 
(figure 10). In transmitted light, it can be seen that 
the included material forms a thin, continuous, 
three-dimensional, honeycomb-like cellular struc- 
ture (again, see figure 3}. 

To characterize these new treated synthetic 
rubies, we tested 20 samples by standard gemologi- 
cal methods using a binocular gemological micro- 
scope, a standard gemological refractometer, and 
hydrostatic weighing. We then submitted two of 
these samples (1.99 ct and the 9.93 ct—shown in 
figure 4—both the intense red common to synthet- 
ic rubies} to energy-dispersive spectroscopy on a 
scanning electron microscope (SEM-EDS} for 
chemical analysis of the inclusions, and to energy- 
dispersive X-ray fluorescence (EDXRF) for qualita- 
tive chemical analysis of the whole sample. 


Figure 8. In this Lechleitner flame-fusion syn- 
thetic ruby, both curved striae and the "finger- 
print" patterns of residual flux are readily visi- 
ble. Photomicrograph by K. Schmetzer; immer- 
sion, magnified 85x. 
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Figure 9. Gas bubbles follow the curved growth 
layers in this Chatham flux-treated flame- 
fusion synthetic ruby "seed," thus proving that 
it is a flame-fusion synthetic. Photomicrograph 
by K. Schmetzer; immersion, magnified 25x. 


Gemological Properties. Refractive indices, specific 
gravities, and reactions to long- and short-wave 
ultraviolet radiation for the study samples (as well 
as for the other samples of this material previously 
encountered} are within the overlapping ranges for 
natural and synthetic rubies. We recorded refrac- 
tive indices of n,=1.770-1.771, n,=1.762-1.763, 
with a birefringence of 0.008. Specific gravity was 
found to range from 3.99 to 4.01, and the stones 
fluoresced an intense orange-red to both long- and 
short-wave ultraviolet radiation. We noted that the 
absorption spectra of the two samples are typical 
for low-iron rubies—that is, with chromium-relat- 
ed features and without iron-related absorption 
bands. This is normal for most synthetic rubies. 


Microscopy. As noted above, a net-like pattern of 
whitish to colorless material was observed with 
reflected light (again, see figure 10); in transmitted 
light, the included material appeared to form a 
thin, continuous, three-dimensional, honeycomb- 
like structure (again, see figure 3). 

In one small area of the 1.99-ct sample, we 
observed a discontinuous pattern of included mate- 
rial that visually resembled the fingerprint pattern 
of a healing fracture in natural ruby. This feature is 
probably due to residual melt that was trapped dur- 
ing the primary synthetic growth process. 

After intense examination with the micro- 
scope, we resolved extremely weak curved growth 
striae in a zone confined to the girdle area of the 
9.93-ct sample. Because these striations are so 
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weak, we cannot state conclusively that the origi- 
nal material submitted to flux treatment was 
Verneuil-grown synthetic ruby. It might be an 
example of the more expensive Czochralski-grown 
material that has been immersed in a flux melt. 


Chemistry. SEM-EDS analysis of the colorless to 
white material that forms the cellular patterns in 
both samples revealed the presence of calcium and 
lead, and the absence of aluminum. One sample 
showed the presence of other impurity elements in 
some areas exposed to the surface, but these are 
probably residuals of the cutting and polishing pro- 
cess. EDXRF analysis of both samples revealed Ca 
and Pb from the included material as well as dis- 
tinct amounts of chromium and small amounts of 
iron. The amounts of Ca and Pb can be related to 
the flux in which these synthetic rubies were treat- 
ed. PbF, and/or PbO are the most commonly 
known components of fluxes (Schmetzer, 1986a 
and b), and CaF, has been used in the flux growth 
of ruby since the early work of Fremy and Verneuil 
in the late 19th century (Elwell and Scheel, 1975). 
Presurnably, these synthetic rubies were treated by 
immersion in a flux composed of a mixture of PbF, 
and CaF, to induce the three-dimensional cellular 
pattern we observed. 


COMPARISON OF 

GROWTH CONDITIONS 

All previously reported Verneuil synthetic rubies 
with flux-induced fingerprint patterns appeared to 


Figure 10. The flux-filled fissures in this new 
type of treated synthetic ruby form a distinctive 
cellular pattern. Photomicrograph by K. 
Schmetzer; reflected light, magnified 32x. 
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have passed through a step in which they were 
immersed in a flux containing dissolved aluminum 
oxide (Koivula, 1983; Schmetzer, 1986a and bj. It is 
less certain whether all were also subjected to heat 
and subsequent rapid cooling (quench crackling] 
prior to immersion in the flux. However, the 
observable differences in the residual flux that is 
trapped in the healing fractures can most probably 
be attributed to differences in flux-melt composi- 
tion and/or differences in temperature, time, 
and/or temperature cycling of the treatment. 

In contrast to the discontinuous patterns of 
Mo-, Pb-, and tungsten-containing inclusions that 
are typical of flux-treated Verneuil synthetic 
rubies, the fissures in the new treated synthetic 
rubies described here are continuously filled with a 
flux material containing lead and calcium. 
Apparently, the flux melt used in the processing 
did not contain aluminum oxide, which usually 
promotes the healing process. This missing compo- 
nent may be one reason why the typical flux- 
induced fingerprint-like healing patterns (which 
resemble the partly healed “feathers” in natural 
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ruby) did not form. Another possibility is that the 
seeds were not immersed in the melt long enough 
to cause partial healing of fissures or cracks. It is 
also possible that this represents a new treatment 
process, unlike any described to date. 


CONCLUSION 


Verneuil-grown synthetic rubies with flux-induced 
fingerprint-like inclusions continue to appear on 
the gem market, often misrepresented as natural 
rubies. In recent years, they have been joined by 
treated synthetic rubies with a distinctly different 
inclusion pattern—a continuous, three-dimension- 
al, honeycomb-like cellular structure of fractures 
filled with flux material. Although the treatment 
process normally tends to obscure evidence of 
curved growth striae in the host synthetic, the dis- 
tinctive inclusion pattern generally does not 
resemble inclusions in natural rubies or the finger- 
print-like patterns previously induced in synthetic 
rubies. Therefore, this new type of treated synthet- 
ic ruby can be readily identified with a microscope 
or even a hand lens. 
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DIAMOND 

Centenary Diamond Graded 

In early 1994, a special team of expe- 
rienced senior staff members from 
both the East and West Coast labs 
traveled to London to grade, on-site, 
the Centenary diamond (figure 1). To 
ensure a grading environment con- 
sistent with that in the GIA Gem 
Trade Laboratory, specific require- 
ments were forwarded in advance to 
the CSO Valuations AG, which pre- 
pared a room especially for the grad- 
ing. To further ensure consistency, 
the grading team brought to the site 


a Minolta Chromameter, which was 
used to monitor both the ambient 
lighting conditions of the room and 
that of the grading equipment that 
was brought from New York by the 
team. 

The Centenary was described on 
the grading report as a modified 
heart brilliant weighing 2.73.85 ct. It 
was graded "D" color, Internally 
Flawless, with polish and symmetry 
both graded as excellent, validating 
previously published information 
about this diamond. A letter was 
prepared which accompanied the 
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grading report, stating that the dia- 
mond is the largest "D"-color, 
Flawless or Internally Flawless dia- 
mond graded by the GIA Gem Trade 
Laboratory as of the date of the grad- 

ing report. 
Tom Yonelunas, Ed Schwartz, and 
John M. King 


Color Origin, "Unnamed Brown" 

A second purpose of the recent trip 
to London by GIA Gem Trade 
Laboratory staff members was to 
examine and issue an Identification 


Figure 1, The 273.85-ct Centenary diamond is the largest "D" color, Flawless or Internally Flawless 
diamond graded by the GIA Gem Trade Laboratory to date. 
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Figure 2. The largest diamond 
on which the GIA Gem Trade 
Laboratory has reported to date 
is the 545.65-ct natural-color, 
fancy yellow-brown "Unnamed 
Brown" diamond. 


and Origin of Color report on the 
545.65-ct diamond known as the 
"Unnamed Brown" (figure 2). This 
provided a unique opportunity to 
document the properties of this 
important diamond and to authenti- 
cate the origin of color. 

Examination of the diamond 
with magnification revealed charac- 
teristic brown planar graining alter- 
nating with near-colorless zones in 
some areas. The diamond was inert 
to both long- and short-wave ultra- 
violet radiation, although it did 
weakly transmit the short-wave 
U.V. radiation. This latter feature, 
coupled with its ultraviolet and 
infrared absorption spectra, showed 
the diamond to be a type Ila. The 
U.V-visible spectrum was essential- 
ly devoid of sharp features, showing 
only a gradual rise in absorption 
toward the shorter wavelengths. 
These combined properties provided 
proof of natural color. 

The shape of the diamond was 
described on the report as a modified 
cushion brilliant, and the color was 
graded Fancy Yellow-Brown, Natural 
Color. This report was accompanied 
by a letter stating that it was the 
largest diamond on which the GIA 
Gem Trade Laboratory had issued a 
report as of the date of testing. 

TM and John M. King 
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Fancy-Colored Rough 


In most fancy orange-to-brown dia- 
monds, the color is distributed along 
graining throughout much—if not 
all—of the stone. Thus, a New York 
diamond dealer was surprised—and 
disappointed—when the cutting of 
an apparently "fancy" orangy brown 
piece of rough (as illustrated by the 
yemnant in figure 3—right} produced 
a near-colorless stone (figure 3—left}. 

Although this dealer was thor- 
oughly familiar with the green 
and/or brown irradiation stains seen 
on the surface of some near-colorless 
rough, which are usually removed 
during cutting, he had never 
observed this kind of color distribu- 
tion in an orangy brown diamond. 
Therefore, he brought the cut stone 
and remnant to the East Coast labo- 
ratory for examination, noting that 
the original rough had been pur- 
chased in Bangui, Central African 
Republic. 

When we examined the rem- 
nant with a gemological microscope 
and diffused transmitted light, we 
noted brown irradiation stains cover- 
ing the entire surface. Although 
some darker stains were readily 
apparent at high magnification, most 


Figure 4. The color of the rough 
shown in figure 3 was due to 
the brown natural irradiation 
stains that cover its entire sur- 
face. Note also the green irradi- 
ation stain toward the top left 
of the photo. Magnified 126x. 


of the stains were pale brown with 
poorly defined edges, which con- 
tributed to the impression that the 
skin was evenly brown (figure 4). 
Almost all of these stains were 
extremely shallow; even the darkest 
ones did not appear to penetrate the 
surface more than 0.05 mm. We 


Figure 3, The dark orangy brown rough diamond on the right is a 
remnant of the piece from which the 1,18-ct rectangular modified 
brilliant, of Ito ] range in color, was cut. 
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noted one green irradiation stain as 
well (again, see figure 4}, 

The visible absorption spectrum 
of this rough piece, measured at low 
temperature with a Pye-Unicam 
SP8-400 spectrophotometer, revealed 
a weak line (due to irradiation} at 
741 nm and a moderate absorption 
at 595 nm. The latter was strong 
enough to be clearly visible with a 
desk-model spectroscope at room 
temperature. The cut stone, of I to J 
range in color, also showed an 
extremely weak 741-nm line in the 
spectrum, but not the 595-nm 
absorption line. We detected no 
residual radioactivity from the shal- 
low surface stains on the rough rem- 
nant, one of the properties occasion- 
ally encountered in laboratory-treat- 
ed stones. 

It appears that this stone was 
exposed to both alpha radiation and 
moderate heating in nature. In 1943, 
B. W. Anderson noted similar charac- 
teristics in brown, surface-colored 
rough also from the Central African 
Republic (see, for example, Gems & 
Gemology, Summer 1982, p. 76}. 
Laboratory experiments have shown 
that heat treating a diamond to 
500°-550°C will turn green irradia- 
tion stains brown while developing a 
595-nm absorption peak. However, 
some researchers speculate that simi- 
lar effects may occur in nature at 
lower temperatures maintained over 
much longer periods. The green stain 
on this piece of rough suggests that 
exposure to radiation continued after 
heating had stopped. 

While the GIA Gem Trade 
Laboratory has seen many rough dia- 
monds with brown and green irradia- 
tion stains contributing to the color, 
this is our first encounter with a 
stone where the dark brown stains 
completely disguised the inherent 
near-colorless body color of the dia- 
mond crystal. It also adds to the doc- 
umentation of rare naturally occur- 
ring 595- and 741-nm absorption fea- 
tures; the former was once consid- 
ered to be evidence of laboratory 
irradiation and heat treatment in all 
cases. Lene Reinitz and TM 
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Characteristic Inclusions in 
Fancy-Color Diamonds 

Gemologists can identify some gem- 
stones with moderate certainty by 
their characteristic inclusions. For 
instance, demantoid garnet is well 
known for its "horsetail" inclusions, 
and natural spinel for its inclusions 
of octahedral crystals. The low- 
relief, rounded crystal inclusions and 
roiled appearance of hessonite garnet 
also come to mind, as do emerald's 
very frequently encountered "three- 
phase" inclusions. 

As we continue our research 
into the problems of determining the 
origin of color in colored diamonds, 
we now routinely establish the dia- 
mond type of the stone under exami- 
nation. This usually requires the use 
of an infrared spectrometer to study 
the mid-range infrared spectrum of 
each stone. (See the article by E. 
Fritsch and K. Scarratt, in the Spring 
1992 Gems & Gemology, pp. 38-39, 
for an excellent discussion of differ- 
ent diamond types.} One type—the 
rare type-Ib diamond—is noted for 
producing one of the most commer- 


Figure 5. Needie-like inclusions 
such as these are often found in 
type-Ib fancy intense yellow 
diamonds. Magnified 63x. 
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cially desirable fancy colors, called a 
"true canary" by some in the trade. 
Here, the nitrogen impurities are dis- 
persed throughout the crystal, 
replacing some carbon atoms rather 
than clustering in aggregates. We 
study such stones in detail when 
they appear in the lab, because of 
both their rarity and their intensity 
of color, Note that type-Ib stones do 
not show the "Cape" spectrum com- 
monly seen in type-la diamonds 
with a hand spectroscope. 

Over the past few years, as more 
information has become available on 
diamond types, researchers and labo- 
ratory gemologists have been able to 
establish correlations between some 
of the inclusions in a diamond and 
its type. By extension, these inclu- 
sions can be used as indications of 
the origin of color in fancy-colored 
diamonds. One feature noted in 
nearly all predominantly type-Ib dia- 
monds, but not in other types, are 
clusters of fine dark needles of 
unknown composition. On the basis 
of the presence of such clusters (fig- 
ure 5}, we surmised that the 1.01-ct 
fancy intense yellow diamond in fig- 
ure 6 was a type Ib. The mid-range 
infrared spectrum proved that our 
thoughts were correct. 

Some fancy intense yellow dia- 
monds have another distinctive 
inclusion—oriented platelets—that 
is even rarer than the dark needles in 
type-Ib stones. We saw numerous 
such platelets (figure 7) in another 
fancy yellow diamond examined in 
the East Coast lab. These inclusions 
are reminiscent of those seen in 
some East African rubies and sap- 
phires. Again, on the basis of the 
inclusions and the characteristic 
color, one experienced staff member 
predicted that the stone would prove 
to be a type-IlaA diamond. The mid- 
range infrared spectrum showed it to 


Editor's note: The initials at the end of each item identify 
the contributing editor who provided that item. 
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Figure 6. This 1.01-ct fancy 
intense yellow, pear-shaped bril- 
Tiant cut-—in which the inclu- 
sions shown in figure 5 were 
found—is a type-Ib diamond. 


be type IaA>>B, plus minor lb (to 
which the intense yellow color is 
attributed}. However, because of the 
type-Ila component, such a stone 
may also show a weak 415-nm line 
of the "Cape series" (as was the case 
with the sample described above]. 
Observation of such needles or 
platelets helps establish that an 


Figure 7. These oriented 
platelets appear to be unique to 
type-laA fancy yellow dia- 
monds. Magnified 63x. 
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intense yellow diamond is both nat- 
ural and naturally colored. 
GRC 


FELDSPAR and GARNET 
Snuff Bottle 


Carvings are among the most inter- 
esting and challenging items submit- 
ted for identification to the GIA Gem 
Trade Laboratory. Often, their size 
prevents determination of specific 
gravity and the typically curved sur- 
faces limit refractometer testing to 
spot readings (with even less accura- 
cy if the polish is poor). Furthermore, 
some carved materials consist of 
more than one distinct mineral, or 
they represent a mineral that is only 
rarely seen in carved form. The list of 
such ornamental materials reported 
in Lab Notes includes: pinite (Fall 
1983, pp. 175-176]; a rock consisting 
of serpentine and other minerals 
(Winter 1983, pp. 233-234}, a rock 
containing plagioclase feldspar and 
muscovite mica as major compo- 
nents (Fall 1985; pp. 173-174); 
clinochlore Ib (Winter 1991, p. 248}, 
massive grossular garnet (Spring 
1985, p. 44, and Winter 1991, pp. 
248-249}, and orthopyroxene (Winter 
1993, p. 282). 

The latest such novelty to be 
submitted to the West Coast lab for 
identification was a snuff bottle, 
reportedly from China, that was 
carved from a translucent mottled 
white-and-green material. It mea- 
sured approximately 55.0 x 56.1 x 
11.6 mm (figure 8}, With magnifica- 
tion, we noted that the white areas 
were similar in appearance to 
jadeite, and the green component 
along one side of the bottle consisted 
of numerous green platelets and 
mossy-appearing inclusions. Spot 
refractometer testing of the white 
area produced a 1.57 value, but the 
green platelets were too disseminat- 
ed within the white area to give a 
separate reading. The specific gravity 
(determined hydrostatically} was 
2.76. The white areas fluoresced a 
weak, dull gray to long-wave U.V. 
radiation, but strong red to short- 
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Figure 8. This 56-mm-high 
carved bottle is composed pri- 
marily of plagioclase feldspar, 
with garnet of the grossular- 
andradite-uvarovite series. 


wave U.V. The green areas were 
inert to both wavelengths. 

On the basis of the gemological 
properties, we determined that the 
white component was a plagioclase 
feldspar. However, X-ray diffraction 
analysis was needed to identify the 
green component. Analysis of a 
minute powder sample from one 
such area produced a pattern that 
was very close to our standard refer- 
ence pattern for uvarovite garnet 
[Ca,Cr,(SiO,)};]. However, a similar 
pattern could result from a mixture 
of grossular [Ca3Al],(SiO,)3] and 
andradite [Ca;Fe,(SiO,)3], with only a 
small amount of chromium causing 
the green color. Therefore, we felt 
this pattern was insufficient to iden- 
tify the green component specifically 
as uvarovite. 

Energy dispersive X-ray fluores- 
cence (EDXRF} analysis performed 
by GIA Research revealed significant 
aluminum and iron components, in 
addition to calcium and chromium. 
This chemistry shows that the min- 
eral in the green areas is actually 
composed of grossular, andradite, 
and uvarovite, all members of the 
garnet group. Thus, the snuff bottle 
was identified as a rock consisting 
primarily of plagioclase feldspar, 
plus garnet in the grossular-andra- 
dite-uvarovite series, with the possi- 
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bility of additional minerals. We also 
noted on the report that petrographic 
testing (a destructive process} would 
be necessary to characterize the 
material fully. RCK 


Magnetic HERCYNITE, 

a Warning About Magnetic Cards 
Over the past several months, a 
number of samples of a black spinel- 
group mineral have come through 
the West Coast laboratory (see, e.g., 
Gem News, Fall 1993, pp. 212-213). 
The spinel group of minerals con- 
tains the transparent gem species 
spinel (MgA1,O0,), as well as the 
opaque black species hercynite 
(FeAl,O,), magnetite (Fe,O,)}, and 
magnesiochromite (MgCr,O,}, 
among others. Solid-solution mix- 
tures may occur between two or 
more members of the spinel mineral 
group, with the resulting materials 
exhibiting physical properties— 
sometimes unexpected— between 
those of their end-member compo- 
nents. 

The East Coast lab received an 
8.94-ct black stone for identification. 
Although the R.I. was over the lim- 
its of the standard refractometer 
(1.80+], the material was similar in 
appearance to stones from the spinel 
group that we had tested. The gemo- 
logical properties and X-ray diffrac- 
tion results indicated that the stone 
was an intermediate spinel (about 
75% hercynite and 25% spinel). The 
fact that it was attracted to a pocket 
magnet suggests that it probably 
contained some magnetite. 

An additional feature of this 
stone was discovered by accident. 
After inadvertently placing the stone 
in contact with a pass card that con- 
tained an embedded magnetic strip, 
we noticed that the key code was no 
longer valid, rendering the card use- 
less, Although the next two her- 
cynites that we examined were not 
as magnetic, other magnetic gem 
materials might also affect magnetic 
strips on pass cards. Such materials 
include slag imitations of hematite 
{used for cameos] and pyrite-rich 
shale, which has recently been cut 
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for jewelry (G. H. Dick, American 
Jewelry Manufacturer, February 
1993, pp. 14-15). Although this is 
our first experience with a gemstone 
affecting a magnetic card, it will 
probably not be the last. Readers are 
warned to take heed of the potential 
risks involved in handling such 
materials. Mary L. Johnson 


Lavender JADEITE, 
Impregnated 
The article titled "Identification of 
Bleached and Polymer-Impregnated 
Jadeite" (E. Fritsch et al., Gems w 
Gemology, Fall 1992, pp. 176-187} 
focused on predominantly green and 
white jadeite that has been bleached 
to remove undesirable brown stain- 
ing and then is polymer impregnated 
to improve the stone's transparency 
and overall appearance. Such treated 
jadeite, often referred to in the trade 
as "B jade", has become a major con- 
cern to those dealing in jade. 
However, polymer impregnation 
is not limited to green jadeite, as the 
West Coast lab recently discovered. 
Standard gemological testing of a 
15.86-ct lavender oval cabochon (fig- 
ure 9) determined that it was jadeite. 
Examination with magnification 
provided the first evidence of treat- 
ment—small cavities containing a 
transparent, essentially colorless fill- 
ing material. Infrared {FTIR} spec- 


Figure 9. Infrared spectroscopy 
confirmed that this 15.86-ct 
lavender jadeite cabochon had 
been polymer impregnated. 
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troscopy confirmed these initial 
observations. A strong absorption at 
about 2900 cm! confirmed the pres- 
ence of a synthetic resin similar to 
that detected in some of the jadeite 
described in the above-referenced 
article and in other samples submit- 
ted to the East and West Coast labs 
for identification. 

As is done with polymer- 
impregnated green jadeite, the labo- 
ratory report identified this lavender 
jadeite cabochon as "impregnated 
jadeite jade." Because we could not 
definitively determine the origin of 
the color in this stone (which is typi- 
cally the case with lavender jadeite}, 
the conclusion also included a note 
to that effect. 

RCK, SFM, and Emmanuel Fritsch 


OPAL, Translucent 

Greenish Blue 

Turquoise is probably the best 
known of the nontransparent green- 
ish blue gemstones. Chalcedony col- 
ored by finely disseminated inclu- 
sions of the mineral chrysocolla has 
a color reminiscent of the best 
turquoise, but typically with a high- 
er degree of diaphaneity. A Mexican 
locality has produced commercial 
quantities of this chalcedony, which 
has been seen in the U.S. market for 
the past few years (see, e.g., the chal- 
cedony entries in the Spring 199] 
Lab Notes, p. 40, and in the Spring 
1992 Gem News, pp. 59-60}. 
Occasionally we have seen opal in 
this color, but that material typically 
lacked the color saturation that we 
associate with the finest chrysocolla- 
colored chalcedony. Such opal is 
reportedly mined in the Andes 
Mountains of Peru (see "Fine 
Greenish Blue Opal," Summer 1991 
Gem News, pp. 120-121]. 

Last fall, the West Coast lab was 
asked to identify four items—three 
carved, pierced pendants (see, ¢.g., 
figure 10) and one cabochon—that 
were all translucent and looked very 
much like the finest Mexican chal- 
cedony. However, gemological test- 
ing revealed properties consistent 
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Figure 10. This 72.69-ct carved opal (approximately 52.65 x 27.65 x 
11.53 mm) strongly resembles chrysocolla-colored chalcedony. 


with opal, including spot R.L's rang- 
ing from 1.45 to 1.47 and S.G.'s from 
2.15 to 2.17. Magnification revealed 
a texture that closely resembled that 
of the Mexican chrysocolla in chal- 
cedony, but was also similar to the 
structure seen in a reference sample 
of blue opal from Peru. Because of 
the unusual appearance of the mate- 
rial, the slightly elevated R.I. (at the 
high end of values for opal], and the 
ambiguous structure, we decided to 
perform X-ray powder diffraction 
analysis. This produced a very weak 
cristobalite pattern, which is typical 
for many opals, The specimens were 
therefore identified as opal. 

RCK 


PEARLS 

Early Japanese Assembled 

Cultured Blister Pearls 

Only twice in the Lab Notes sec- 
tion's long history have we men- 
tioned so-called "Japanese pearls," 
the first products of Japan's pearl- 
culturing efforts. One mention was 
about a latticework necklace in the 
Summer 1983 issue {p. 116): A lovely 
"pearl" appeared at each intersection 
of the white enameled bars making 
up the lattice. At that time we had 
many questions about the formation 
of these "pearls." The second men- 
tion was in Spring 1988 (p. 49), when 
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the lab examined a pair of earrings 
set with similar "pearls." By then, we 
had learned enough about these gems 
to report that they were made before 
the secret of culturing solid round 


Figure 11. Each of these early 
assembled cultured pearls is 
about 6.8 mm in diameter. 
Magnified 10x, 


Figure 12. This X-radiograph of 
the pearls in figure 11 shows rect- 
angular inserts similar to the one 
illustrated in the Spring 1988 
issue of Gems & Gemology. 
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pearls was discovered. 

Within the past few months, the 
East Coast lab has identified these 
assembled cultured blister pearls in 
two pieces of jewelry. Figure 11 
shows a necklace clasp with two 
"Japanese pearls" that were readily 
identified by the cement plane visi- 
ble in each. Although not needed for 
the identification, an X-radiograph 
(figure 12) was taken to show their 
typical assemblage: a blister pearl 
top with a cement backing, some- 
times with a shell cube or other 
insert for support. 

The Edwardian ring in figure 13 
at first glance appeared to contain 
colored freshwater pearls, which 
were popular at the turn of the cen- 
tury. These colors and shapes are 
typical of American pearls available 
at that time. Therefore, we were sur- 
prised to discover from the X-radio- 
graph (figure 14) that at least the two 
outer "pearls" were early assembled 
cultured blisters (i.e., with the rect- 
angular saltwater-shell insert charac- 
teristic of this material—again, see 
the Spring 1988 issue of Gems & 
Gemology, p. 49, for a detailed dis- 
cussion}. Although the center "pearl" 
showed no evidence on the X-radio- 
graph of the characteristic dark shad- 
ow line between the bead implant 
and the nacreous overgrowth, visual 
examination from the side showed 
that it, too, was assembled. 

Another surprise was the dis- 
covery that all three cultured blister 
pearls had been dyed, evidently to 
imitate American freshwater pearls. 


Figure 13, These three assem- 
bled cultured blister pearls 
(6.6-7 mm) have been dyed, 
perhaps to imitate American 
freshwater pearls, 
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Figure 14, This X-radiograph 
shows a rectangular insert in 
one of the assembled cultured 
pearls illustrated in figure 13. 


If, as we surmise, these are "Japanese 
pearls" and were dyed prior to set- 
ting, they would be the oldest dyed 
cultured pearl product of which we 
have knowledge. Figure 15 shows 
the bubble-like separations in the 
dye layer of the center black "pearl." 
We had been told that dyed black 
natural pearls were not routinely 
produced until the 1920s. 

GRC 


Experimental Nucleus 

in a Cultured Pearl 

Following work done by Mikimoto 
in the early 1900s, it was generally 
agreed that a nucleus of white fresh- 
water mother-of-pearl shell provided 
the best culturing results. Thus, test- 
ing of bead-nucleated ("Akoya"} cul- 
tured pearls today usually reveals 
shell nuclei. However, we do rarely 
encounter whole cultured pearls 
with other nuclei, including wax 
(Gems & Gemology, Summer 1988, 
pp. 114-115) and plastic, used as the 
irritant. When something other than 
shell is used, the purpose is usually 


Figure 15, Bubble-like separa- 
tions can be seen in the dye 
layer of the gray pearl illustrat- 
ed in figure 13. Magnified 15x. 
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Figure 16, Notice the darker appearance of one of the cultured 
pearls (approximately 8 mm in diameter) in the center strand. 


to create a specific effect on the 
color, as was the case with the green 
composite nuclei reported in Gems 
@ Gemology, Fall 1990, pp. 222-223. 
Historically, dyed blue shell cores 
have been used to impart a gray-to- 
black color to the finished product. 

A necklace recently submitted 
to the East Coast lab for identifica- 
tion was found to consist of cultured 
pearls that ranged from 3.75 to 8.50 
mm in diameter. One bead had a dis- 
tinctly different, darker appearance 
than the rest (figure 16). 

An X-radiograph (figure 17) 
revealed that the nucleus of this cul- 
tured pearl was considerably more 
transparent to X-rays than the typical 
shell nucleus. Because of this, we 
took a small scraping from the nucle- 
us and exposed the shavings to a ther- 
mal reaction tester. The relative hard- 
ness of the material (as determined 
during the scraping process], and the 
fact that the shavings did not readily 
melt, indicate that this was some 
type of plastic rather than a wax. 

On the basis of the unusual 
nucleus in the one bead, the shape of 
the cultured pearls, and the thick- 
ness of their nacre, we speculate that 
this necklace was probably produced 
in the 1920s or '30s, when experi- 
mentation with different nuclei was 
more prevalent. T™ 


Star SAPPHIRE, with 

a Buff-Top Cut 

Generally, most gems fall into one of 
three broad fashioning categories: 
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Figure 17. The difference in X- 
ray transparency of one cul- 
tured pearl clearly shows that 
its nucleus is not the same as 
that of the other cultured 
pearls, which appear to have 
shell-bead nuclei. 


faceted, cabochon cut, or engraved. 
However, there are exceptions, as in 
the "fantasy cuts" that have received 
considerable attention over the past 
several years. Another hybrid style, 
one that predates fantasy cuts, is 
known as the buff-top. This features 
a convex top—like a cabochon—and 
a faceted pavilion. It is a fashioning 
style employed most frequently with 
flame-fusion synthetic corundums 
and synthetic spinels that are used 
in class rings and similar types of 
popular jewelry. 

As this cut is most often associ- 
ated with mass-produced, nonphe- 
nomenal synthetic gem materials, it 
was with interest that the West 
Coast lab received for identification 
the stone shown in figure 18. 
Standard gemological tests proved it 
to be a natural star sapphire. In addi- 
tion to exhibiting a star of moderate 
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Figure 18. Face up, this 11.66- 
ct blue star sapphire displays 
asterism, as well as some bril- 
Hiancy that is not usually seen 
when a standard cabochon cut 
is used for such material. 


intensity on its domed top surface, 
this fairly transparent stone also dis- 
played some brilliancy, caused by 
reflections from its step-cut pavilion 
facets (figure 19). It is possible that 
the decision to use this cutting style, 
which is not common for natural 
material, was based on the desire to 
obtain good weight retention from 
the rough, while at the same time 
producing an unusual fashioned nat- 
ural gem. RCK 


SYNTHETIC SAPPHIRE, 
Color-Change with 

Unusual Backing 

The GIA Gem Trade Laboratory 
periodically receives color-change 


Figure 19. A side view of the 
star sapphire shown in figure 
18 reveals the cabochon top 
and faceted pavilion character- 
istic of the cutting style known 
as a buff top. 
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Figure 20. Face up, this 15.80-mm color-change synthetic sap- 
phire appears redder than is typical for this material because of a 
coating on the pavilion facets. 


stones that are subsequently identi- 
fied as synthetic sapphires. The color 
change is typically from grayish 
greenish blue in day or fluorescent 
lighting to purple-pink under incan- 
descent light. 

Recently, the West Coast lab 
received for identification a ring 
mounted with a reddish purple 
round brilliant (figure 20). Standard 
gemological testing revealed proper- 
ties consistent with those for conun- 
dum, and the presence of curved stri- 
ae proved that it was synthetic. The 
spectrum was typical of the color- 
change synthetic sapphires that are 
colored by vanadium. What was 
unusual about this specimen was 
that in both incandescent and fluores- 
cent lighting it had an atypical red 
component, Although the closed- 
back nature of the mounting made it 
impossible to examine the stone from 
the pavilion, examination with a 
microscope through the crown 
revealed that the unusual color was 
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due to the presence of a red foil or 
paint-like coating on the pavilion 
facets. We speculated that this back- 
ing was applied to add red to the face- 
up color of the stone in an attempt to 
approximate more closely the color of 
alexandrite, rather than the more pur- 
ple hue of color-change synthetic sap- 
phires, in incandescent light. 

We have seen foil-backed syn- 
thetic color-change sapphires in the 
trade {again, often in class rings}, but 
this is the first we recall receiving in 
the laboratory for identification. 
Note that usually the backing is not 
colored and is used to increase appar- 
ent brilliance. RCK 


PHOTO CREDITS 

Figures 1 and 2 are courtesy of CSO Valuations AG. 
Nicholas DelRe took the photos used in figures 3~7, 
and 11-17. Shane F. McClure provided figures 8-10, 
and 20. Figures 18 and 19 are by Maha DeMaggio. 
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DAMON, 


Cubic zirconia misrepresented as diamond.Two attempts 
to pass off cubic zirconia (CZ) as diamond were reported 
in International Colored Stone Association {ICA} Alert 
No. 73, dated August 13, 1993, and authored by K. T. 
Ramchandran and Dr. Jayshree Panjikara, of the 
Gemmological Institute of India. In the first, a parcel of 
rough diamonds included one CZ that was fashioned to 
imitate an octahedral diamond crystal, complete with 
"trigons" etched on the octahedral faces (although these 
ersatz etch markings were oriented incorrectly}. In the 
other episode, CZ baguettes and round brilliants were 
salted into parcels of diamonds of similar shapes and 
dimensions. . 

On a related note, a major research project commis- 
sioned by De Beers revealed that India may have the 
highest ownership of CZ-set jewelry in the world. This 
was attributed in part to deceptive advertising. According 
to the study, some large Indian firms advertise jewelry as 
being set with "American diamonds,” usually without 
disclosing the true nature of the material. (Jewellery 
News Asia, No. 108, August 1993, p. 172). 


COLORED STONES 


Jade-cutting factory on the Myanmar-Thai border. One of 
the Gem News editors (RCK} visited the northern Thai 
town of Mae Sai on the Myanmar border last fall to 
observe the trading in rubies from the Monghsu area (see 
Winter 1993 Gem News, pp. 286-287). This is not, how- 
ever, the only gem-related business in that town. A num- 
ber of firms have set up cutting factories in Mae Sai to 
take advantage of both the easy availability of rough and 
the relatively low cost of doing business as compared to 
Bangkok. 

The editor visited one such facility, a jade-cutting 
firm. As with other such factories (see, e.g., the Fall 1989 
Gem News entry on a similar factory in Guangzhou, 
China], jade is not the only ornamental material fash- 
ioned. At the time of the editor's visit, no Burmese 
jadeite was being cut, although both carvings and cabo- 
chons of jadeite were plentiful in the factory store. 
Instead, nephrite jade from the Canadian province of 
British Columbia was being fashioned into small 
Buddhist amulets, while white marble—from a quarry 
north of Mandalay, Myanmar—was being carved into 
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Figure 1, A quarry in the Sagyin Hills, north of 
Mandalay, Myanmar, was probably the source of 
this marble being fashioned at a "jade"-cutting fac- 
tory in Mae Sai, northern Thailand. Photo by 
Robert C. Kammerling. 


statuettes of Buddha and other items (figure 1}. When the 
editor remarked that this marble was visually similar to 
the host marble in which corundum is found in the 
Mogok Stone Tract, the factory owner produced a carved 
marble apple in which several large {approximately 1 cm 
in diameter}, opaque red crystals were plainly visible. 
However, the piece from which this was cut was report- 
edly the only one his cutters had come across to date. 

A subsequent check of the gemological literature 
suggested that the marble quarry in question is located in 
the Sagyin Hills, on the east bank of the Irrawaddy River, 
about 26 km (15.6 miles} north of Mandalay. In the May 
1987 Gemmological Review ("Gem Occurrences in 
Burma," pp. 2-7}, A. Chikayama stated that ruby, spinel, 
and occasionally sapphire are mined at this deposit as a 
by-product of quarrying marble. 


ENHANCEMENTS /, ara 


Instability of diamond filling. Although initial testing of 
filled diamonds indicated that the first commercially 
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Figure 2. Discoloration of the filling material is 
clearly evident in this 0.27-ct fracture-filled dia- 
mond, It was subjected to a total of 101 hours 
under a short-wave U.V. lamp. Photomicrograph 
by John I. Koivula. 


produced material was fairly durable and stable, the pas- 
sage of time—and entrance of new treaters into the mar- 
ket—has shown that greater caution is needed. In addi- 
tion to the early-documented damage to the filling mate- 
rial caused by jewelry-repair procedures involving heat 
(for example, in the retipping of prongs} and repolishing, 
we have since learned that prolonged ultrasonic cleaning 
can damage or partially remove the filling material from 
a diamond. 

Another potential stability problem has been docu- 
mented by gemologist Sharon Wakefield of the 
Northwest Gemological Laboratory in Boise, Idaho. Ms. 
Wakefield took a heavily fractured 0.27-ct diamond that 
she had purchased from the Koss firm as a filled diamond 
and exposed it to a 4-watt short-wave U.V. lamp at a dis- 
tance of approximately 10 mm. The first visible degrada- 
tion of the filling material—noted as a darkening of its 
color near the surface entry points—was seen at 40x mag- 
nification after only 1.5 hours of exposure. After a total 
exposure of 10.2 hours, the degradation of the filler had 
progressed so deep in the stone that it could be seen at 
only 10x magnification. After a total U.V. exposure of 
18.2 hours, the discoloration could be seen clearly using 
only 2.5x magnification; further exposure—to a total of 
101 hours—caused additional discoloration (figure 2). 
Another stone, which had only minor filled fractures, 


Figure 3, This approximately 1-ct sapphire, repre- 
sented as diffusion treated, was found to be sur- 
face coated. Photo by Tony Laughter. 


was similarly tested. Although the time for noticeable 
visible degradation of the filler increased to about 34.5 
hours exposure, this was not unexpected inasmuch as 
there was less filling material. 


Coated sapphires misrepresented as diffusion treated. 
Tony Laughter, manager of the School of Gemological 
Sciences in Bangkok, told the editors about an interesting 
incident involving treated sapphires. Mr. Laughter was 
asked by a local dealer to examine a parcel of four small 
sapphires (see, e.g., figure 3). According to the dealer, the 
stones had been color enhanced by a new, "electric blue" 
diffusion process. Initial visual examination was consis- 
tent with diffusion treatment, as one of the stones had a 
large broken surface that revealed an essentially colorless 
stone with color confined to a shallow surface area. 

When the stone was immersed in methylene iodide 
and examined with a microscope, however, there was no 
dark color outlining the facet junctions, a feature charac- 
teristic of blue diffusion-treated sapphires (figure 4}, Also 
noted was a dimpled appearance on the surfaces, and a 
very slight repolishing of some facets very rapidly 
removed the color layer. When the dealer was told that 
the stones were coated rather than diffusion treated, he 
admitted that this was the case. He did not, however, 
offer any information as to how or where the treatment 
took place. 


TUCSON '94 


As is the case every February, the Gem News editors 
joined thousands in the gem and jewelry industry from 
around the world in attending the many gem and miner- 
al shows held throughout Tucson, Arizona. According to 
the guide published by Colored Stone magazine, the vari- 
ous shows were held at 23 different venues, including the 
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Convention Center and various hotels and motels. This 
number does not include the many roadside "shows" that 
sprout up around the city—many little more than small 
card tables covered with wares. 

The Gem News editors thank all the participants 
and representatives of the various firms mentioned in the 
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Figure 4. When the stone shown in figure 3 was 
immersed in methylene iodide, color concentra- 
tions along facet junctions were noticeably absent 
but the facets revealed a dimpled appearance. 
Photo by Tony Laughter. 


following entries for sharing their time to provide infor- 
mation. In addition, the editors thank Dr. Mary Johnson 
and Sam Muhlmeister of GIA Research and Dino 
DeGhionno, Patricia Maddison, Shane F. McClure, and 
Cheryl Wentzell of the GIA Gem Trade Laboratory, who 
provided information or helped test materials. 


COLORED STONES a 


Arizona gem materials. The gem materials of Arizona, 
the host state, are always well represented at the Tucson 
shows. Turquoise from several mining areas, including 
the well-known Kingman region, was available in rough 
and fashioned form, as well as set in Native-American 
style silver jewelry. Chrysocolla chalcedony was also 
available. In addition to the sought-after bright greenish 
blue material some local dealers call "gumdrop blue," the 
editors saw some cabochons consisting of randomly dis- 
seminated bluish green "plumes" of chrysocolla in a near- 
colorless chalcedony groundmass. Azurite, another cop- 
per mineral, was being offered as drusy specimens and 
cabochons. We also saw some exceptional carvings that 
were fashioned in China from azurite mined from the 
famous copper-mining area at Morenci. Both rough and 
cut peridot from San Carlos was readily available. Some 
dealers were offering small chrome pyropes, sometimes 
referred to as "anthill garnets" because they are excavated 
by these insects and deposited on the mounds around 
their burrows. 


Emeralds from Brazil. Emeralds from the Nova Era area 


of Minas Gerais, Brazil, were being offered by several 
dealers. James T. Drew, Jr., of Star Gem, reported that 
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some relatively large stones have recently been recovered 
at this source. His firm had several stones over 10 ct, 
with the largest slightly over 20 ct. The medium-dark 
tone of these stones, combined with their sizes, make 
them very reminiscent of commercial-grade Colombian 
emeralds. Nova Era emeralds were also offered at a booth 
from the Cooperativa dos Garimpeiros de Nova Era 
(COOPNERA). In April 1993, this cooperative of inde- 
pendent miners was licensed by the state of Minas 
Gerais to prospect and work a total area of 27,365 
hectares (67,591 acres} in the area of the Capoeirana 
mine at Nova Era. 

Emeralds were also available from the Carnafba 
mining area in Bahia State, where recently there has been 
a resurgence of activity. Roughly 1,000 garimpeiros 
arrived from Santa Terezinha de Goids in late November 
1993, according to Hugo Mol of FGH-Pedrabras Ltda., 
Belo Horizonte. The move was reportedly prompted by a 
slowdown in activity at the Campos Verdes mine in 
Santa Terezinha, due to a combination of restrictions on 
independent mining and difficulties caused by the great 
depths at which they are operating. The garimpeiros, 
who are working what are described as "new" areas at 
Carnaiba, timed their move so their children could trans- 
fer to public schools in Bahia at the beginning of the next 
school period. 

When one of the editors noted a pleasing aroma 
emanating from the surfaces of Carnaiba rough (see, e.g., 
figure 5}, Mr. Mol stated that it was a natural oil from the 
peroba tree that is indigenous to the area. This substance, 
which is also used locally as wood polish, is typically 
applied to emerald rough from Bahia. Mr. Mol noted that 
Opticon, which is popular at Santa Terezinha, is not 
presently used at Carnaiba. 

We also saw phenomenal stones. These included 
some cat's-eye emeralds and green beryls from Santa 
Terezinha, which ranged from pale to dark green and 


Figure 5. This 7.70-ct emerald crystal is typical of 
recent production from the Carnatba mining area 
of Bahia State, Brazil. Such material is common- 
ly treated with oil from a local tree. Photo by 
Maha DeMaggio. 
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Figure 6. Madagascar is the reported source of 
these gemstones. Back, left to right: 1.28-ct 
rhodolite, 1.86-ct hessonite, and 1.36-ct rhodo- 
lite; front: 0.84-ct pyrope-almandine and 2.14-ct 
“rainbow moonstone." Garnets courtesy of 
Allerton Cushman & Co.; "rainbow moonstone" 
courtesy of Gem Reflections of California. Photo 
by Maha DeMaggio, 


from melee sizes up to a stone of 5.80 ct. The vendor, 
David Kaassamani, reported that some of these stones 
were of recent production, from sites known as "Mine 
66" and (currently the largest producer of cat's-eye emer- 
alds in the area) the "Vienna mine.” Mr. Kaassamani also 
had a medium-toned 5.93-ct emerald from Santa 
Terezinha that exhibited a weak but fairly complete six- 
rayed star. 


"Jurassic Park" gems and carvings. The box-office success 
of the film "Jurassic Park" had a definite impact on 
Tucson this year. Amber from both the Dominican 
Republic and the Baltic region was available at almost all 
the shows visited by the editors. In addition, it appeared 
that more dealers than in past years were offering "inclu- 
sion specimens." One Russian dealer offered his speci- 
mens with small, descriptive fact sheets about each of 
the insect types they contained. Another dealer was sell- 
ing amber cabochons, both loose and mounted in ear- 
rings and pendants, that had dinosaur images carved into 
their bases, producing a three-dimensional effect when 
viewed from the top. (See figure 3, p. 200, of the Fall 1992 
Gem News section for an example of this type of carving 
in amber,} On a related note, for the first time we saw a 
polishing compound developed specifically for use with 
amber. Named "Amber-Sheen," the product was being 
promoted both for use in the final polishing stage and for 
restoring the polish on fashioned material with worn or 
scratched surfaces. 

Although carved gem materials are a regular fixture 
of the Tucson shows, the editors noted what appeared to 
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be more materials carved in the form of dinosaurs this 
year, including amethyst-citrine, massive azurite, and a 
fossil marble from China. Carvings from this last materi- 
al were labeled "fossil fossils." 


Gems from Madagascar. The island nation of Madagascar, 
off the southeast coast of Africa, is a well-known gem 
source, and we saw a number of Madagascar materials 
offered. Tom Cushman of Allerton Cushman & Co., Sun 
Valley, Idaho, had emeralds from the areas of Mananjara 
on the east of the island and Tulear on the west. The 
Mananjara emeralds were predominantly medium toned 
and, according to Mr. Cushman, have a negative reaction 
when viewed through a Chelsea color filter. The Tulear 
emeralds are darker in tone and appear red when viewed 
through the Chelsea filter. Most of the emeralds seen by 
the editors were relatively small—under 1 ct; the largest, 
of very good color, was about 1.5 ct. 

We also saw small quantities of Madagascar aqua- 
marine and morganite. The aquamarines ranged from 
slightly greenish blue to almost pure light to medium 
blue; Tom Cushman reported that all were of natural 
color. In hue, they most resembled some of the fine 
Mozambique material that is sometimes called "Santa 
Maria Africana" in the trade. We were also shown some 
reportedly natural-color morganites of a deeper, purer 
pink than is typical of.the material coming from Brazil. 

In the Summer 1991 Gem News column, we men- 
tioned large carvings of labradorite from Madagascar. 
This year we saw a feldspar from Madagascar that was 
fashioned as small {roughly 1 ct) cabochons and offered 
as "rainbow moonstone" (figure 6]—a trade name typical- 
ly used to describe an essentially colorless phenomenal 
bytownite from India that lacks the dark ilmenite inclu- 
sions seen in labradorite from other sources, such as 
Canada and Finland. The Madagascar material that we 
saw had a slightly gray body color and eye-visible dark 
inclusions, although these did not appear to be as heavily 
concentrated as in labradorite from the other sources 
mentioned above. 

Mark H. Smith of Bangkok had 500 carats of faceted 
colorless phenakite in the 1- to 10-ct range, as well as 
two faceted stones weighing 36.34 and 171.12 ct. 

Apatite from Madagascar in a slightly greenish blue 
to bluish green color similar to that of some tourmaline 
from Paraiba, Brazil, has been available at the Tucson 
shows for several years now. Mr. Cushman informed one 
of the editors (RCK) that all this material is heat treated 
at the mines, on large circular steel plates placed over 
open fires. The untreated material is described as having 
a rather unattractive "olive" green color. 

Madagascar garnets were also being offered. The 
firm of Michael Couch, Ft. Wayne, Indiana, had about 
two dozen spessartines, ranging from under 1 ct to 7.89 
ct and from brownish orange to a very pure orange. 
According to Tom Cushman, garnets of a predominantly 
red color are mined at Marlambo, in the central eastern 


GEMS & GEMOLOGY Spring 1994 


part of the island, while hessonite comes from an area 
near Antsirabe in central Madagascar and pink to purple 
rhodolites come from a region near the central eastern 
coast. 

Mr. Cushman provided the editors with four stones 
(again, see figure 6) for gemological characterization in 
accordance with the criteria established by C. M. 
Stockton and D. V. Manson ("A Proposed New 
Classification for Gem-Quality Garnets," Gems @ 
Gemology, Winter 1985, pp. 205-218). A 0.84-ct dark 
orangy red square modified brilliant—R.I. 1.758, S.G. 
3.87; absorption bands at 420, 435, 465, 500, 525, and 575 
nm—was identified as pyrope-almandine. A 1.28-ct 
medium purple-pink round modified brilliant—R.1. 
1.750; S.G. 3.84; absorption bands at 465, 500, 525, 565, 
and 610 nm—was identified as rhodolite. A 1.36-ct dark 
reddish purple triangular modified brilliant—R.I. 1.756, 
S.G. 3.87; absorption bands at 435, 465, 500, 525, 575, 
and 610 nm—was also identified as rhadolite. The fourth 
stone, a 1.86-ct medium-dark brownish orange oval cabo- 
chon—spot RJ. 1.74; §.G. 3.65; absorption bands at 440 
and 500 nm—was identified as hessonite. 

Also seen was an attractive 0.73-ct faceted oval ruby 
that, according to Mr. Cushman, was cut from rough 
recovered from a streambed near Antsirabe. He reported 
that this alluvial material is typically very small (under 1 
ct] and usually cuts stones of only about 3 mm in diame- 
ter. While larger, flat hexagonal ruby prisms are found 
near Tulear, this material is typically opaque and unsuit- 
able for fashioning, even as cabochons. 


Myanmar gems. Rubies from the new mining area of 
Monghsu in Myanmar were available from many dealers 
at this year's show. These stones are notable for their 
bright, consistent color, which makes them very easy to 
match for use in jewelry. This material was most readily 
available in calibrated melee sizes and stones up to 
about | ct (figure 7), with stones in the range of 0.50 to 
0.75 ct most prevalent. There were far fewer larger 
stones, and these were often fairly highly included, 
stones over 2 ct seen by the editors generally contained 
eye-visible inclusions. 

The ready availability of this material, especially in 
small sizes, apparently has led to its being marketed in 
some of the less traditional cutting styles. Omni Gems 
of Los Angeles was offering calibrated Monghsu rubies in 
trilliant and princess cuts. 

Other Myanmar gems (again, see figure 7} were more 
abundant than in years past. In particular, many dealers 
offered good selections of very fine red spinels, which 
were once considered scarce, especially in larger sizes. 
Blue sapphires were also easier to find, especially asteri- 
ated stones. (See also the note on peridot in this section.) 


More on obsidian. The Summer 1993 Gem News section 


reported on an obsidian from Mexico with striking irides- 
cent colors. This material was available in greater quanti- 
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Figure 7. This suite is representative of sore of the 
fine Myanmar gems available at Tucson this year, 
Front, left to right: 4.88-ct blue spinel, 1.87-ct pink 
spinel, 1.39-ct red spinel, and 1,13-ct ruby from 
Monghsu. Back: 13.32-ct peridot and 5.43-ct star 
sapphire. Courtesy of Gemstones Import, Seattle, 
Washington; photo by Robert Weldon. 


ties this year, both as rough and as fashioned gems and 
carvings. According to P. Damian Quinn of Talisman 
Trading Co., San Diego, California, his material came 
from this same Mexican source. 

Among the more unusual carvings seen at Tucson 
was an intertwined "rope" of obsidian, accented by sug- 
ilite and opal {figure 8), Arthur Anderson, of Speira Gems 
in Ashland, Oregon, carved the intricate piece—which 
measures 45 mm long by 25 mm deep—from a single 


Figure 8. This 45 « 25 mm "rope" was carved from 
a single piece of obsidian and then accented with 
sugilite and opal. Photo by Robert Weldon. 
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Figure 9. Before it was soaked in water for several 
minutes, the 1,74-ct cat’s-eye opal on the right 
looked almost identical to the 1.40-ct untreated 
stone on the left. Stones courtesy of Jean-Claude 
Nydegger; photo by Shane F. McClure. 


chunk of obsidian. He used a point carver for the actual 
carving, and then finished the work with a Foredom 
hand piece. He is currently experimenting with similar 
types of carvings using different, softer materials. 


Cat's-eye opal irom Brazil. The Fall 1990 Gem News sec- 
tion and the Fall 1992, Gem Trade Lab Notes reported on 
examples of cat's-eye opal. According to the owner of the 
latter stone (a 2.76-ct greenish yellow cabochon}, the 
material originated in northern Brazil. 

This year at Tucson, a considerable amount of cat's- 
eye opal was available from De Wal Brazil Ltda. of 
Teofilo Otoni, Minas Gerais. According to Jean-Claude 
Nydegger, his firm is involved in mining the material 
from the northern part of Bahia. At Tucson, they had 
approximately 6,000 ct of cabochons from less than 1 ct 
to as large as 57.6 ct, with the average about 5 ct. 

The material, which sometimes contains dendritic 
inclusions, ranges from yellowish green to yellowish 
brown; it is generally greener than the Brazilian cat's-eye 
opal reported previously. All of it is very fibrous; material 
with finer fibers has proved relatively easy to cut, where- 
as material with relatively thick fibers has a tendency to 
split during fashioning. The material is also very porous. 
An average-size cabochon placed in water will absorb the 
liquid in a matter of minutes. [As an example, one stone 
weighed 1.74 ct when dry and 1.88 ct after it was soaked 
in water.) Although immersion produces a dramatic 
improvement in apparent transparency as well as a shift 
to a browner body color (figure 9), these changes are tem- 
porary: A water-soaked stone left in air will return to its 
original appearance in several minutes. Mr. Nydegger is 
experimenting with possible methods to "stabilize" the 
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material so that it retains the more attractive appearance 
exhibited after soaking in water. 

At Tucson, we saw another unusual specimen from 
Brazil, a 25.83-ct matrix opal. This had a dark grayish 
brown matrix and exhibited a good play-of-color. 
Although matrix opal from Australia is commonly seen 
in the trade, this is the first such example we have seen 
from Brazil. 


Opal from Ethiopia. Ethiopia is one of the more recent 
East African countries to join the club of gem-producing 
nations, As noted in the Spring 1993 Gem News section, 
peridot from this country made its Tucson debut last 
year. Now opal from Ethiopia has entered the market. 
According to a report by Dr. N. R. Barot in the February 
1994 issue of the ICA Gazette, lots of rough Ethiopian 
opal ranging up to several hundred grams have appeared 
in the Nairobi market since mid-1993. These lots include 
some complete nodules ranging from 20 mm/15 grams to 
55 mm/300 grams; 70%-90% of each is opal. 
Approximately 65% of this is opaque common opal, 
5%-7% displays play-of-color (see, e.g., figure 10), and 
the remainder is transparent gemmy material without 
play-of-color. 

Dr. Barot showed the editors some representative 
samples of Ethiopian opal at Tucson (figure 11}. The 
more transparent material occurs in pale yellow, orange, 
and brown with either weak or no play-of-color. This 
material is visually similar to Mexican fire opal. More 
unusual is a dark brown to reddish brown body color 
with strong play-of-color in a mosaic pattern of rectangu- 


Figure 10. This 63.4-gram nodule of dark brown 
opal with strong play-of-color is from Ethiopia. 
Photo courtesy of N. R. Barot. 
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Figure 11. These specimens (approximately 1.5-3 
ct) are representative of the range of gem-quality 
opals coming from a source in Ethiopia. Photo by 
Robert Weldon. 


lar to rounded patches. This material was more reminis- 
cent of fire agate than any opal the editors had previously 
seen. 


Miscellaneous notes on peridot. The San Carlos Apache 
Reservation, just east of Globe, Arizona, was the source 
of most of the peridot seen this year. Good-quality stones 
{i.e., with no secondary brown hue) in sizes up to about 
4-5 ct were available from several dealers. Chinese peri- 
dot was also available, both as calibrated melee and in 
stones of a few carats. 

Rudi Cullmann of the firm Karl August Cullman, 
Idar-Oberstein, Germany, had 5,000 grams of rough peri- 
dot from Ethiopia and stated that a regular supply of 
Ethiopian rough has been available this past year in 
Nairobi; this was corroborated by Dr. N. R. Barot. 

Of particular interest was the number of fairly large 
{approximately 15~25 ct) peridots reportedly of Myanmar 
origin being offered, more than the editors had seen at 
any show in the past. Most of this material was a lighter, 
more yellowish green than what we typically associate 
with large Myanmar peridots. One dealer volunteered 
that at least some of this material may have been cut 
from large Chinese rough that was being passed off as 
from Myanmar. This was independently confirmed by 
another dealer well-versed in the gem materials being 
recovered and cut in China. Apparently mining at depth 
in China is producing larger stones of a slightly darker 
color than what has been found in the past. This material 
was described as being visually identical to material from 
San Carlos and "regularly" available in sizes that would 
cut 15- to 20-ct stones. We did not, however, see any 
stones over 10 ct among those claimed to be from China. 

A small amount of the typically light-toned peridot 
from Norway was being offered. Rough and Ready Gems 
of Denver, Colorado, had a selection of about 50 stones 
in the 0.5- tol.5-ct range, plus a few around 2.25 ct. 
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Finally, Robert Haag Meteorites was again offering a few 
very small peridots that were faceted from material taken 
from the Esquel pallasitic meteorite (see J. Sinkankas et 
al., "Peridot as an Interplanetary Gem," Gems & Gem- 
ology, Spring 1992, pp. 43-51). 


Russian uvarovite garnet ... With Russia's recent open- 
ing to world markets, it has become an increasingly 
important source of gem materials, both natural and syn- 
thetic. At Tucson this year, many dealers were offering 
Russian goods. 

One of the more noteworthy materials was drusy 
uvarovite garnet on a chromite matrix. We saw numer- 
ous irregular matrix specimens that had uvarovite crys- 
tals ranging from microscopic size to no more than 4 mm 
in diameter (one dealer even advertised uvarovite on a 
billboard along the freeway}. A few dealers, such as Bill 
Heher of Trumbull, Connecticut, had attractive matched 
tablets for use in earrings. Another dealer, Maxam 
Magnata, also showed the material set in jewelry (see, 
e.g., figure 12). 


Figure 12. This 14k gold pendant is set with drusy 
uvarovite garnet on a chromite matrix, accented 
by a colorless zircon. The pendant, designed and 
fabricated by Laura Tremaine of Maxam 
Magnata, measures 27 mm wide x 42 mm long; 
photo by Robert Weldon. 
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Figure 13, These stones are representative of some 
of the gem materials currently being mined in the 
Indian state of Orissa: (back, left to right) 1,.22-ct 
ruby, 1.08-ct iolite, 3.62-ct purple sapphire; (front) 
0.59- and 1.38-ct rhodolites. Iolite courtesy of 
Amar J. Jain Fine Gems, New York; garnets cour- 
tesy of Orissa Gems, Jaipur; raby and purple sap- 
phire courtesy of Gem Reflections of California. 
Photo by Maha DeMaggio. 


Mr. Magnata and Abigail Harris, of Fairfax, 
California, provided the following additional informa- 
tion, One of the least known of the green garnets, 
uvarovite is quite new to the West as a gem material. Its 
matrix of metallic chromite provides a strong black con- 
trast to the garnet's saturated green color. Just as the 
alexandrite variety of chrysobery! was named after Czar 
Alexander, uvarovite was named after another notable 
Russian, the mineralogist Count Uvarov. 

The Russian uvarovite is mined in the Ural 
Mountains, near the town of Ekaterinburg (named after 
Katherine the Great}. Reflecting the radical changes that 
have taken place in the 20th century, the town was 
renamed Sverdlovsk in 1917, then changed back to 
Ekatirinburg in 1990. The mine has steadily produced 
material since the mid-1800s, albeit in limited quanti- 
ties, but the outlook for future availability appears good. 

For most gem materials, larger generally equates 
with more desirable, but Russian uvarovite does not 
occur as individual crystals large enough for faceting. 
Over the past few years, however, there has been a sus- 
tained interest in drusy gem materials (see, e.g., the 
Tucson Report in the Spring 1991 Gem News}. This 
interest comes at a time when the major source of 
Russian uvarovite has become available to the interna- 
tional market. 

Specimens composed of relatively small, closely 
packed individual crystals usually have the best overall 
appearance. With magnification, the surface looks as if it 
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has been pavé set with minute crystals. In the best speci- 
mens, the entire surface that would be exposed when set 
in jewelry is totally and uniformly covered with 
uvarovite crystals—with no areas of exposed matrix. In 
addition, the smaller the individual uvarovite crystals, 
the more durable the piece, that is, the less likely the 
crystals are to separate from the matrix. 


... and other Russian materials. Small amounts of a 
drusy pale brown-orange garnet in matrix that was 
labeled "Russian peach garnet" were also on hand at 
Tucson; similar matrix specimens with garnets of a 
slightly darker tone were labeled “hessonite garnet" by 
another vendor of Russian goods. 

We also saw a number of demantoid garnets from 
Russia, all reportedly "new production.” Most of the 
stones were small—no larger than 1.5-2. ct—and light to 
medium-light in tone. Because of the light body colors, 
the strong dispersion (0.057} of this gem was readily 
apparent even in the smaller (2~3 mm} sizes. Chrome 
diopside was available from several dealers, both rough 
and fashioned. Gem Reflections of California, from San 
Anselmo, had a selection that was fairly typical of what 
was available: faceted stones ranging from 4.2 mm 
rounds to gems as large as 26 ct, and 4-mm round cabo- 
chons. The smaller stones tend to show the color to best 
advantage, as larger stones can be overly dark. 

Several ornamental gems of Russian origin were 
being offered. Bartky Minerals of Livingstone, New 
Jersey, for example, displayed vases and small jewelry 
boxes assembled from materials including rhodonite, 
charoite, nephrite, and jasper. We also saw some 
ammonite specimens from a locality identified only as 
"Mihaelovich near Moscow," as well as purple sapphire 
in matrix from the Karelia area. 


Rubies and other gems from Orissa. The firm of Orissa 
Gems, with headquarters in Jaipur, India, was marketing 
a number of gem materials from the state of Orissa. 
These included bright brownish orange hessonite garnets 
(3-5 ct} and rhodolite garnets of a very purple hue (3-15 
ct}. Also being offered were some slightly greenish yellow 
nonphenomenal chrysoberyls, near-colorless faceted silli- 
manites, dark red to purple zircons, greenish blue to vio- 
letish blue sapphires (which had a fair number of inclu- 
sions}, and iolites. 

Amar J. Jain Fine Gems of New York also had a 
number of good-quality iolites, in a wide range of cali- 
brated sizes and cutting styles (including cabochons}. Mr. 
Jain told one of the editors (RCK} that Orissa is the 
source of the vast majority of iolite coming from India 
today; little is being produced from the former major 
sources in the state of Madras. 

Gem Reflections of California, in San Anselmo, was 
offering a selection of rubies and pink to purple sapphires 
from Orissa. According to firm representative Michael 
Randall, Orissa ruby rough only rarely produces cut gems 
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Figure 14. "Bleeding" of diffused color can clearly be 
seen in this 0.15-ct sapphire cabochon. The stone 
had been "salted" into a parcel of natural sapphires 
from Kanchanaburi and was subsequently repol- 
ished. Courtesy of Mark H. Smith, Bangkok; pho- 
tomicrograph by John I. Koivula, magnified 10x. 


over 1 ct, but some of the pink to purple rough can be cut 
to gems as large as 8 ct. Mr. Randall also noted that he 
saw considerably more rough when he visited the locali- 
ty in Novémber of 1993 than during his August visit 
only a few months earlier. Typically, the Orissa rubies 
contain numerous small, colorless zircon inclusions. A 
suite of gemstones from Orissa is shown in figure 13. 


Miscellaneous notes on tourmaline. Particularly scarce 
at Tucson this year were the saturated-color cuprian 
tourmalines from the state of Paraiba, Brazil. Most of the 
stones in the small amounts being offered were under 1 
ct. Some attention seems to have shifted to attractive 
greenish blue to bluish green tourmalines from Bahia, 
Brazil. While this material occurs in hues similar to 
those of some of the Paraiba material, the color is signifi- 
cantly less saturated. Also from Brazil—specifically, the 
Governador Valadares area of Minas Gerais—were some 
brownish pink to pinkish brown tourmalines that were 
being marketed as "salmon" and "cinnamon" tourmalines 
by the firm Braz-G-Can of Rio de Janeiro. According to 
firm representative Fernando Otavio da Silveira, some of 
the more atypical colors were produced by cutting the 
stones from the central portions of watermelon tourma- 
line crystals, incorporating various amounts of the green 
"rind" into the edges of the faceted stones. 

Bright green "chrome" tourmaline from Tanzania, in 
tones ranging from medium dark to very dark, appeared 
to be more available than in recent years. Affro Gems of 
New York offered half-moon cuts of this tourmaline 
matched with light yellow scapolite, also from Tanzania. 
Amoroko International, based in Los Angeles, had about 
50 bright orangy yellow tourmalines from Kenya, in the 
1- to 3-ct range. They reported, however, that this mate- 
rial was mined several years ago. 
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Tourmalines from the Nuristan region of Afghanistan 
were again available. This year, however, there appeared 
to be more lighter-toned material, including pink as well 
as bicolored (pink-and-blue and pink-and-green} crystals. 
Afghan-Basar-Gems, of Idar-Oberstein and Los Angeles, 
was also offering about 700 grams of a very saturated, 
medium-toned greenish blue tourmaline. 


ENHANCEMENTS es 


Update on diffusion treatment. Diffusion-treated sap- 
phires were less prominent this year than in any of the 
past three years. None of the editors came across any ven- 
dor specializing in or prominently displaying this type of 
material. One exhibitor, who asked to remain anony- 
mous, stated that he was experimenting with the produc- 
tion of red diffusion-treated stones and showed one of the 
editors some material that was similar in outward appear- 
ance to that described in the article "Update on Diffusion- 
Treated Corundum: Red and Other Colors" (by McClure 
et al.) in the Spring 1993 Gems w Gemology. 

According to Mark H. Smith of Bangkok, diffusion- 
treated sapphires regularly appear on the market in that 
city, salted into parcels of stones from Kanchanaburi. Mr. 
Smith estimated that perhaps 1%-2% of the stones he 
sees in parcels from this source have been diffusion treat- 
ed. He showed the editors about a dozen small cabo- 
chons from such a parcel, which he had subsequently 
repolished. The characteristic "bleeding" of diffused color 
can be clearly seen in surface-reaching pits and fractures 
(figure 14). 

One new diffusion-treatment product was being 
offered by the firm HRI International Corp. of 
Middletown, New York. These small {about 0.60-0.75 
ct}, pale blue synthetic sapphires had been diffusion 
treated with a cobalt compound; thus, the color was 
more reminiscent of blue synthetic spinel or the rare nat- 
ural “cobalt" blue spinel than of natural or synthetic sap- 
phire (figure 15}. Examination with a desk-model spectro- 
scope revealed three diffused bands centered at about 
545, 580, and 620 nm. The stones were inert to long- 


Figure 15. The cabochons on the far left (0.67 ct} 
and far right (0.71 ct) are flame-fusion synthetic 
sapphires, typical of material that was cobalt-dif- 
fused to produce stones like the 0.66-ct (left) and 
0,69-ct (right) examples in the center. Photo by 
Maha DeMaggio. 
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Figure 16. This 9.76-ct beryl triplet cameo 
(approximately 18.23 x 14.01 mim) is one of the 
more unusual assembled stones seen at Tucson 
this year. Courtesy of Hermann Grimm; photo 
by Bart Curren, courtesy of ICA. 


wave U.V. radiation and fluoresced a weak, chalky bluish 
green to short-wave U.V. They appeared a saturated dark 
red through the Chelsea color filter. All these features are 
consistent with those reported for the cobalt-doped blue 
diffusion-treated natural sapphire preforms described on 
page 123 of the article "The Identification of Blue 
Diffusion-Treated Sapphires” (by R. E. Kane et al.} in the 
Summer 1990 Gems # Gemology. Magnification 
revealed gas bubbles and/or curved color banding in each 
of the four diffusion-treated stones examined, which con- 
firmed that the starting material was a melt-grown syn- 
thetic. 

The editors were also shown cobalt-diffused synthet- 
ic sapphires for which the starting material was reported- 
ly light pink. According to Professor Vladimir S. Balitsky, 
who serves as vice-president and gemologist for HRI, he 
produced these stones for use as a tanzanite simulant, as 
they exhibit a "cobalt" blue color in fluorescent light and 
a violet to purple color under incandescent light. 


SYNTHETICS AND SIMULANTS Sa 
Beryl triplets. Assembled stones are still widely used as 
emerald substitutes, because synthetic emeralds are pro- 
duced by two of the more expensive methods of gem- 
stone synthesis—flux and hydrothermal growth—and 
because neither flame-fusion synthetic corundum nor 
synthetic spinel can be manufactured in a realistic 
"emerald" color. Although the synthetic spinel triplet— 
two sections of colorless synthetic spinel joined by a 
green cement—is the type of assemblage most often 
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encountered as an emerald simulant, we occasionally see 
quartz triplets and bery] triplets as well. The last can pre- 
sent a problem to the careless gemologist, because the 
refractive indices of this material (typically near-colorless 
beryl or very pale aquamarine} are very close to those of 
emerald, another beryl variety. 

This year at Tucson, the firm Hermann Grimm of 
Idar-Oberstein, Germany, was offering several dozen 
beryl triplets in a very convincing "emerald" color, using 
beryl that was suitably included to add to the effective- 
ness of the pieces. While most of these were faceted in 
styles typically used for emerald, two were carved as 
cameos (see, e.g., figure 16}. As noted in the article 
"Emeralds and Green Beryls of Upper Egypt" (by Jennings 
et al.} in the Summer 1993 Gems # Gemology, the carv- 
ing of emeralds for use as ring stones dates back to the 
days of ancient Rome (see, e.g., figure 3 of that article). 

This firm also had several dozen beryl triplets with a 
saturated, slightly greenish blue color for use as substi- 
tutes for Paraiba tourmaline. 


Chatham flux-grown pink synthetic sapphires. At the 
1994 Tucson show, Tom Chatham introduced his firm's 
new pink synthetic sapphires (figure 17}. This flux-grown 
material shows a consistently saturated pink hue that 
ranges from light to medium light in tone. The lower 
chromium content (0.06 to 0.2 wt.% Cr,O3, compared to 


Figure 17. This 884-ct crystal and three faceted 
stones (the largest weighs 13.35 ct) are represen- 
tative of the new flux-grown pink synthetic sap- 
phires being produced by Chatham Created 
Gems, San Francisco. Photo by Robert Weldon. 
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Figure 18. This 7.37-ct crystal and 1.89-ct faceted syn- 
thetic ruby are typical of the new "Douros" product 
from Piraeus, Greece. Courtesy of Melinda Adducc1, 
Plymouth, Michigan; photo by Robert Weldon. 


0.5 to 2.0 wt.% Cr,O; for ruby) is responsible for the pink 
color. We examined in detail five faceted stones ranging 
from 1.81 to 13.35 ct and found that the gemological 
characteristics are generally consistent with those previ- 
ously reported for Chatham flux-grown synthetic ruby 
(see, e.g., Gem Trade Lab Notes, Gems & Gemology, Fall 
1981, pp. 163-165}. One exception is that the pink mate- 
rial's slightly orangy red fluorescence to short-wave U.V. 
radiation is of roughly the same intensity as its red fluo- 
rescence to long-wave U.V., whereas Chatham synthetic 
rubies gerferally fluoresce a weaker red to short-wave 
than to long-wave U.V. radiation. The material is being 
marketed in one quality, which the firm refers to as 
"clean." 

We also examined a large (884 ct) crystal of this new 
synthetic sapphire (again, see figure 17}, which shows the 
same morphology we have observed on large Chatham 
synthetic ruby crystals. It also contains elongated flux 
inclusions that are parallel to the striations observed on 
the crystal. These inclusions show a green fluorescence 
to short-wave U.V. radiation only, which may appear yel- 
low if combined with the red emission from the sapphire 
itself. 


Douros synthetic rubies. Another flux-grown synthetic 
to enter the gem trade recently is a product of Created 
Gems of Piraeus, Greece, that is being referred to collo- 
quially as the "Douros" synthetic ruby after the family 
name of the brothers who developed it {see the relevant 
abstract from the 24th International Gemmological 
Conference, published in the Winter 1993 Gem News}. 
One of these gentlemen, John Douros, was in Tucson 
this year to learn first-hand about the market for labora- 
tory-grown gem materials and to show samples of his 
product (see, e.g., figure 18). A detailed report on this syn- 
thetic ruby will be published in an upcoming issue of 
Gems & Gemology. 


More on Russian synthetics and simulants. Gem News 
has had several entries in recent years about synthetics 
and simulants from Russia that were being marketed at 
the Tucson shows. This year proved to be no exception. 
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Figure 19. This 8.29-ct synthetic malachite and the 
3.95-ct synthetic turquoise were produced in Russia. 
Photo by Maha DeMaggio. 


In fact, Rafi Dagan, president of New York-based Yael 
Importers, reported that his firm has begun marketing a 
number of synthetic products being provided by Pinky 
Trading Company of Bangkok. Pinky Trading, in turn, 
has a joint-venture—"Tairus"—with the Siberian branch 
of the Russian Academy of Sciences for the production 
and marketing of materials produced in Novosibirsk. 
Walter Barshai, president of Pinky Trading, subsequently 
confirmed that he had signed an agreement with Yael 
giving that firm exclusive distribution rights for materi- 
als produced by Tairus. 

Among the faceted materials on display at Yael's 
booth were hydrothermal synthetic emeralds; synthetic 
rubies produced by three methods--hydrothermal, “hori- 
zontal crystallization" (a floating-zone technique), and a 
modified flame-fusion process; flux-grown red and blue 
synthetic spinel; flame-fusion synthetic sapphire; and 
Czochralski- pulled synthetic alexandrite. 

Flux-grown synthetic emerald from Russia was again 
being marketed in Tucson by the Crystural firm (see the 
entry in the Summer 1993 Gem News). Russian 
hydrothermal synthetic quartzes seen include amethyst, 
citrine, a medium-dark blue, and a dark green, the latter 
two without natural counterpart (see, e.g., Winter 1992. 
Gem Trade Lab Notes, p. 265, for information on the 
green}. HRI International Corp. of Middletown, New York, 
had a new, Russian-grown, pink synthetic quartz. A report 
on this material will appear in an upcoming Gem News 
section. This firm also had a small selection of Russian 
synthetic turquoise and synthetic malachite (figure 19). 

Cubic zirconia from Russia was available in many 
colors, including a yellow-green that would make an 
effective simulant for peridot. A 20.70-ct emerald cut 
purchased for examination was inert to long-wave U.V. 
radiation, fluoresced a weak chalky yellowish green to 
short-wave U.V., and appeared greenish gray through the 
Chelsea color filter. Examination with a desk-model 
spectroscope revealed lines of varying intensity at 484, 
514, 528, 535, 537, 541, 569, 572, 575, 577, 580, 582, 587, 
591, 595, and 600 nm. 
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As technological advances have joined political developments in removing 
communication barriers all over the world, Gems &) Gemology has brought 
together gemologists and researchers from Russia, China, Finland, Sri 
Lanka, and South Africa, as well as the United States. We challenged them 
to bring you the best information on topics as wide ranging as antique jewel- 
ry, treated synthetic diamonds, and opal mining in Queensland. Now once 
again, in conjunction with GIA's continuing education program, we chal- 
Jenge you. 

Based on information from the four 1993 issues of Gems e&? Gemology, 
the following 25 questions call on you to demonstrate your knowledge and 
understanding of these developments in the field. Refer to the feature arti- 
cles and Notes and New Techniques in these issues to find the single best 
answer for each question, then mark your letter choice on the response card 
provided in this issue (photocopies or facsimiles will not be accepted). Mail 
the card to us by Friday, August 19, 1994. Be sure to include your name and 
address—all entries will be acknowledged with a letter and an answer key. 

Score 75% or better and you will receive a GIA Continuing Education 
Certificate in recognition of your achievement. Earn a perfect score of 
100% and your name will also be featured in the Fall 1994 issue of Gerns 
# Gemology. 


Note: Questions are taken from only 3. The oldest known source of 


the four 1993 issues. Choose the sin- emerald is 
gle best answer for each question. A. dia. 
1. A formerly diagnostic feature B.- Bey Ee 
ee ee C. Persia. 
of synthetic diamonds elimi- ‘ 
D. Russia. 


nated by the new Russian syn- 


thetic diamonds is 4. Blue coloration in De Beers 


experimental gem-quality syn- 
thetic diamonds is attributed to 
the presence of 


A. the presence of magnetic 
metallic inclusions. 
B. the absence of long-wave 


U.V. luminescence. A heron: 

an octagonal pattern of 8... cobalt 

color zoning. C. nitrogen. 
D. differences in the optical 1. michel, 


absorption spectra. 
5. The most common impurity in 


2. One of the most valuable and sapphire is probably 

consistent tests for detecting : 

ae ; A. iron. 
diffusion treatment is oe 
pase B. titanium. 

A. magnification. Cc. chromium. 

B. specific gravity. D. magnesium. 

C. absorption spectra. 

D. Chelsea color filter. 6. Heat treatment in blue sapphires 
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from Rock Creek, Montana, can 
be identified by the presence of 


A. deep blue plate-like frac- 
tures, 

B. a saturated blue color. 

C. hercynite precipitation. 

D. bothaandc. 


In this century, significant quan- 
tities of Queensland boulder 
opal did not appear on the gem 
market until the 


A. 1930s. 
B. 1940s. 
C. 1960s. 
D. 1970s. 


Compared to the R.I. values for 
natural red spinel, the R.L's of 
the red flux-grown synthetic 
spinels from Russia are 


A. slightly higher than the 
range for natura] spinels. 
B. very much higher. 
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10. 


11. 


12. 


13. 


C. consistently lower. 
D. within the same range. 


A style of Edwardian jewelry 
characterized by a light and lacy 
look that was both majestic and 
intricate in its use of diamonds 
and pearls is known as 


A. Art Nouveau. 

B. Belle Epoque. 

C. the garland style. 
D. the Imperial style. 


A feature of the new Russian 
synthetic gem-quality diamonds 
that distinguishes them from 
natural and other synthetic gem- 
quality yellow diamonds is 


A. blue fluorescence to long- 
wave U.V. radiation. 

B. nickel-related sharp absorp- 
tion bands in the optical 
spectrum. 

C.  graining patterns related to 
the arrangements of internal 
growth sectors. 

D. characteristic metallic 
inclusions. 


Experiments in the heat treat- 
ment of sapphires from Rock 
Creek, Montana, indicate that in 
most of the material tested 


A. the color could not be 
improved. 

B, the color was improved, but 
the finished product had 
poor clarity. 

C. both color and clarity were 
better than the natural 
material. 

D. neither color nor clarity 
could be improved. 


In the case of red flux-grown 

synthetic spinel from Russia, the 

only diagnostic gemological 

properties are 

A. flux or metallic inclusions. 

B. organ pipe luminescence 
lines. 

Cc. red ultraviolet humines- 
cence. 

D. refractive index and specific 
gravity. 


When subjected to treatment by 
irradiation and annealing, yel- 
low-to-brown type Ib diamonds, 
whether natural or synthetic, 
will turn 
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14. 


15. 


16. 


17, 


18. 


19, 


blue, 

green. 

pink to red. 
green to blue. 


SOe> 


The color of diffusion-treated 
sapphires is generally stable as 
long as one avoids 
repolishing. 

steam cleaning. 
ultrasonic cleaning. 
boiling in a detergent 
solution. 


SO > 


Edwardian jewelry is chiefly 
characterized by the extensive 
use of 


A. Art Nouveau styling. 

B. diamonds and pearls. 

C. goldand silver settings. 

D. colored stones such as sap- 
phire, ruby, and emerald. 


Before it is sold, green topaz 
should always be tested for 


color stability. 
fluorescence. 
chemical stability. 
residual radioactivity. 


UOR> 


The most useful properties for 
identifying near-colorless GE 
synthetic diamonds include 
short-wave U.V. fluorescence, 
X-ray luminescence, and 
graining. 

metallic inclusions. 
electrical conductivity. 
the presence of anomalous 
birefringence. 


vaS> 


Which of the following terms is 
used to describe gem-quality 
opal that, when fashioned, 
retains some portion of the iron- 
stone in which it occurs? 


A. boulder opal 

B. ironstone matrix 

C. Queensland opal 

D. sandstone boulder opal 


In terms of the total value of 
minerals exported from Sri 
Lanka, gems represent 


A. 57%. 
B. 65%. 
C. 84%. 
D. 91%. 
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20. 


21, 


22. 


23, 


24. 


25, 


The split-sphere apparatus for 
producing gem-quality synthetic 
diamonds is known to be used in 
A. South Africa. 


B. Japan. 
C. the United States. 
D. Russia. 


Of the several tons of grossular 
garnet that have been recovered 
from Cocoktau {near Altay, 
China} since 1980, the percent- 
age that is gem quality is approx- 
imately 


A. 10%. 
B. 20%, 
C. 40%. 
D. 50%. 


Compared to their flux-grown 
synthetic counterparts, red and 
blue natural spinels both contain 
significantly more 


A. chromium. 

B. zine. 

Cc. nickel. 

D. titanium. 

All of the Egyptian emeralds 


examined with magnification 
were found to contain 


A. unhealed fractures stained 
by a yellowish brown sub- 
stance. 

B. partially healed fractures 
composed of two-phase 
inclusions. 

C. phlogopite incisions. 

D. ubiquitous oxidized amphi- 
bole "stalks." 


Before major opal deposits were 
discovered in Australia in the 
1870s, the principal source of 
opal had been in what is now 
known as 


A. Egypt. 

B. Russia. 

C. New Zealand. 
D. Czechoslovakia. 


Most gem beryl from Luumaki, 
Finland is 


A. pale blue to pale green. 

B. medium green. 

C. bright golden yellow. 

D. pale yellow to yellowish 
green. 
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GEMSTONE AND 
CHEMICALS: HOW TO 
CREATE COLOR AND 
INCLUSIONS 

By George W. Fischer, Ph.D., 74 pp., 
ilus., publ. by the author, Shelton, 
WA, 1991. US$24.00 


The bulk of this book is devoted to 
35 processes, many with variants, for 
coloring porous cabochon materials 
with inorganic substances, some by 
means of precipitation reactions and 
some by heating. Included are some 
well-known "oldies," such as the 
honey-acid process. 

There are many good aspects 
and some very bad ones to this book. 
The principal bad one first: While 
the author gives suitable precaution- 
ary warnings and disclaimers about 
the chemicals he recommends 
using, the same is not true about the 
end products. Some of his colored 
cabochons contain soluble salts of 
nickel, chromium, cobalt, and so on, 
which could be dissolved by perspi- 
ration to irritate the skin. Don't 
even think about what would hap- 
pen if a child were to put one of 
them in his or her mouth! Anyone 
who does not know enough chem- 
istry to distinguish the safe from the 
unsafe among the many processes 
described by Dr. Fischer should not 
consider performing any of them. 

Yet there are many interesting 
features in this book. It is well writ- 
ten (except for the occasional awk- 
wardness in phrasing, as in the title], 
is nicely reproduced from a cleanly 
typed original (spiral bound with 
plastic covers), and is illustrated by 
16 full-page color plates. 

The book, however, contains 
additional omissions and inconsis- 
tencies. Dr. Fischer's knowledge of 
chemistry appears to be minimal. He 
gives elaborate details on how to 
mix hydrochloric acid with water, 
which needs few precautions. Yet he 
deals with the very important (both 
in terms of personal safety and envi- 
ronmental concerns) issue of how to 
dispose of concentrated sulfuric acid 
by saying merely to "discard" it. 
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For him, apparently there are 
few certainties in even the most 
basic mineralogy: "Granite is said to 
be composed of... ." Although he 
apologizes, he also uses improper 
locality agate names, such as 
moabite and panautchite. And he 
claims that the colors he produces 
are "natural." 

The final and most interesting 
section contains several ways of 
forming dendritic copper and tin 
inclusions in porous agates, which 
produces very attractive "moss" and 
"plume" effects. Yet here, too, the 
soluble salts used are not removed. 

Overall, this is an interesting 
book. In this reviewer's opinion, 
however, it should not be used by 
anyone who does not have adequate 
knowledge of chemistry to evaluate 
the processes described. 


KURT NASSAU 
Nassau Consultants 
Lebanon, New Jersey 


THE PROPERTIES OF 
NATURAL AND 
SYNTHETIC DIAMOND 


Edited by John E. Field, 710 pp., 
illus., publ. by Academic Press, 
London, England, 1992, US$195,.00* 


This imposing textbook is the 
much-awaited revision of The 
Properties of Diamond, published in 
1979 by the same editor {itself the 
successor of a 1965 book edited by 
R. Berman}. Written at a technical 
level, it reviews the current knowl- 
edge and understanding of dia- 
mond's physical properties, growth, 
and technological applications. The 
contributing authors are all experts 
in their respective fields. Although 


GEMS & GEMOLOGY 


the book contains few references to 
gem diamonds, it is a fascinating 
compilation that includes extensive 
bibliographic references, and is par- 
ticularly useful to the research 
gemologist. Also, this new version is 
overall more "user friendly" and easi- 
er to read than the previous one. 

Certainly, interest in diamond 
as a material has increased consider- 
ably since 1979. New methods for 
the low-pressure synthesis of dia- 
mond have already found a number 
of industrial applications. High-pres- 
sure synthesis techniques have also 
received considerable attention, espe- 
cially since Sumitomo made its large 
single-crystal synthetic diamonds 
commercially available in 1985. This 
book generally does an excellent job 
of reporting both old and new knowl- 
edge in a single source. 

The book has four main sec- 
tions: Solid State, Geology and 
Growth, Mechanical, and Industrial. 
The first section includes chapters 
on recent advances in theory, absorp- 
tion and luminescence spectroscopy, 
nuclear probes (100 pages!), surface 
properties, diffraction and imaging, 
aggregation of nitrogen, thermal con- 
ductivity, and ion implantation. The 
geology-and-growth section has 
chapters on diamond geology, growth 
of synthetic diamond, and synthesis 
of diamond from the vapor phase (the 
only truly new chapter in the book). 
The mechanical section discusses 
strength, fracture and erosion proper- 
ties, indentation hardness, plasticity 
and creep, friction, and wear and pol- 
ishing. The industrial section reports 
on high-technology applications of 
diamond, as well as on applications 
of diamond grits and components. 
The book ends with various property 
tables. 

The change in title, emphasizing 
the differences between natural and 
synthetic diamonds, is certainly wel- 
come by gemologists. Particularly 
recommended for gemologists is the 


“This book is available for purchase at the 
GIA Bookstore, 1660 Stewart Street, Santa 
Monica, California. Teleohone (800) 421- 
7250, ext, 282. 
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chapter on absorption and lumines- 
cence spectroscopy by C. D. Clark, 
A. T. Collins, and G. S. Woods (the 
two latter authors occasionally pub- 
lish in gemological journals), which 
contains details useful for the separa- 
tion both of natural from synthetic 
diamonds and natural from treated- 
color diamonds. A. R. Lang, M. 
Moore, and J. C. Walmsley's chapter 
on diffraction and imaging contains a 
wealth of information on microscop- 
ic and macroscopic growth features 
and defects of natural and synthetic 
diamonds, these are revealed by tech- 
niques not generally available to 
study gems. Diamond geologist 
extraordinaire Jeff Harris presents 
new details on the age of diamonds 
and their formation, and also some 
data previously presented in the 
"inclusions in diamonds" chapter, 
which no longer exists. Gemologists 
interested in synthetic diamonds 
grown at high pressure will find the 
chapter by R. C. Burns and G, J. 
Davies most-informative, with a wel- 
come section on the separation of 
natural from synthetic crystals. Y. 
Sato and M. Kamo provide a useful 
review of the relatively new synthe- 
sis of diamond from the vapor phase 
(also known as CVD diamond, or dia- 
mond thin films). Finally, M. Seal 
provides a short but eye-opening 
chapter on industrial applications for 
large gem-quality synthetic diamond 
crystals, 

Given the stated purpose of this 
book, there are really few criticisms. 
The fact that the present work is 
designed to supplement, rather than 
replace, previous work is sometimes 
detrimental to clarity. For example, 
table 18.11, which purportedly lists 
bands observed in diamonds, does 
not list such common ones as the N2 
and N3 (responsible for the "Cape 
lines") and the GR (responsible for 
green color in many instances}, since 
these features were discussed in G. J. 
Davies' 1977 work. Not only is the 
convenience of a single reference 
lost, but Davies' 1977 paper is hard 
to come by for most gemologists, and 
even for some scientists. 
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In conclusion, this work is an 
authoritative resource on the proper- 
ties of natural and synthetic dia- 
monds, Although many of the chap- 
ters are very technical, with consid- 
erable scientific jargon, those of our 
readers who are curious about the 
scientific aspects of diamond will 
find this book a "must have," well 
worth its hefty price. John Field did a 
truly remarkable job of condensing 
and organizing an extremely large 
body of knowledge. 


EMMANUEL FRITSCH 
Manager, GIA Research 
Santa Monica, California 


OTHER BOOKS RECEIVED 


Mineral Reference Manual, by Ernest 
H, Nickel and Monte C. Nichols, 250 
pp., illus., publ. by Van Nostrand 
Reinhold, New York, 1991. 
US$18.95.* Since 1971, when the 
first edition of Michael Fleischer's 
Glossary of Mineral Species appeared 
(it is now in its sixth, 1991, edition, 
with J, A. Mandarino as co-author}, 
the gemological and mineralogical 
communities have depended on the 
Glossary as the gospel on mineral 
nomenclature and chemical compo- 
sition. Now, there is another excel- 
lent entry into the field, Nickel and 
Nichols' Manual. 

Both books have an alphabetical 
listing of mineral names, along with 
chemical formula, crystal system, 
and color for each of the minerals. 
Each contains about the same small 
number of selected well-known 
chemical varieties (e.g., amazonite, 
but not rhodolite} and recently dis- 
credited minerals. The book under 
review (the Manual) contains up to 
three references (first description, 
mineral description, and crystal 
structure} for each entry compared 
to a single reference in the Glossary. 
The Manual gives some additional 
physical properties, such as hard- 
ness, luster, and density. In addition, 
it gives the type locality and the 
"status ruling" of the International 
Mineralogical Association. 

Both books are authored by 
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experts in the field of mineralogical 
(but not gemological) nomenclature. 
Both books are about the same size 
and (very reasonable} price. The seri- 
ous gemologist will eventually real- 
ize that both are essential references 
for a good library. 


A. A. LEVINSON 
University of Calgary 
Calgary, Alberta, Canada 


A Special Report from JPR on the 
Bold Retro 1940s Jewelry, edited by 
Nina Woolford, introduction by 
Lael Hagan, 117 pp., illus., publ. by 
JPR, Nina Woolford, and Gail 
Levine, Rockville, VA, 1992, 
US$35,00. This informative work 
incorporates worthwhile informa- 
tion in a deceptively modest-looking 
paperback. Lael Hagan's short, com- 
prehensive introduction notes the 
origin of this flamboyant style of 
jewelry and how certain stylistic 
concepts can identify a piece as 
being from the Retro era. The intro- 
duction also contains brief but 
invaluable biographies of obscure as 
well as well-known designers who 
were influential during this period. 

Although the narrative is a bit 
wordy for my taste (e.g., "Four hol- 
low, open plaques designed as two 
puffed yellow gold squares atop each 
other topped and bottomed with two 
similar squares beside each other 
facing out"), it does include valuable 
data—description of the item, auc- 
tion house through which it sold, 
pre-auction estimate, actual sale 
price, and buyer (dealer, private indi- 
vidual, etc.}. Also noted are signs of 
wear, damage, obvious repair to a 
piece, metal type and karat content, 
weight of the piece, size (if applica- 
ble}, and description of major and 
accent stones. 

The report is plagued with 
spelling and punctuation errors, but 
these are minor irritations consider- 
ing the amount of work involved in 
compiling so much information. 


JO ELLEN COLE 
Richard T. Liddicoat Library 
and Information Center 
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COLORED STONES AND ORGANIC MATERIALS 


Check-list for rare gemstones: Viasovite. W. Wight, 
Canadian Gemmologist, Vol. 14, No. 4, 1993, pp. 
110-113. 


Vlasovite, a sodium zirconium silicate with a Mohs 
scale hardness of 6, is a very rare collectors' species. 
Facetable material comes from the Kipawa region of 
Quebec. Susan Robinson's pencil drawing shows a speci- 
men collected in 1987 by staff of the Canadian Museum 
of Nature, as well as their 1.43-ct stone faceted by Art 
Grant. The checklist gives all the information that a 
gemologist needs to make an identification, including 
the pertinent properties of gem minerals that might be 
confused with vlasovite. The section ends with a list of 
references for additional research. Michael Gray 


Foitite, [Fe22+(Al,Fe3+)JA1,Si;O,9(Bo3)3(OH),, a new alka- 
li-deficient tourmaline: Description and crystal 
structure. D. J. MacDonald, F. C. Hawthorne, and 
J. D. Grice, American Mineralogist, Vol. 78, No. 
11/12, pp. 1299-1303. 


Tourmalines are among the most important of colored 
gemstones. Because of a wide range of compositional 
variability, this mineral group consists of a number of 
end-member species, including feruvite, liddicoatite, and 
uvite, The gemological properties are sufficiently simi- 
lar, and the colors sufficiently varied, that most gem 
tourmalines are often not gemologically identified by 
mineral species. 

This article reports on a recently discovered tourma- 
line end-member. Foitite was found in the mineral col- 
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lection of the Department of Geology, Dalhousie 
University, Halifax, Nova Scotia. The label on the mate- 
rial indicated that it came from an unspecified locality in 
southern California (presumably from one of the many 
granitic pegmatites)}. 

Only two small foitite crystals are currently known 
from the university's collection. Foitite is bluish black, 
has indices of refraction of m = 1.664 and € = 1.642, and a 
measured density of 3.17 g/cm$. Chemical analysis 
reveals that it is an iron-aluminum tourmaline with a 
crystal-structure site that is vacant due to the lack of an 
alkali component. The authors describe the crystal struc- 
ture of this new tourmaline, and then discuss the rela- 
tionship between this and other tourmaline species. 
Foitite is similar to schorl, which is also an iron-alu- 
minum tourmaline. However, schorl contains sodium, 
while foitite lacks an alkali component. JES 
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FM-TGMS-MSA Symposium on Garnets. Mineralogical 
Record, Vol. 24, No. 1, 1993, pp. 61-68. 


The 1993 Tucson Mineralogical Symposium on garnet 
was sponsored by the Friends of Mineralogy, the Tucson 
Gem and Mineral Society, and the Mineralogical Society 
of America. The symposium was held in conjunction 
with the February 1993 Tucson Gem and Mineral Show. 
The Mineralogical Record published a compilation of 11 
abstracts authored by the presenters. The topics and 
authors include: "Nomenclature and Classification of 
Gem Garnets," J. Shigley and D. V. Manson, "Crystal 
Structures, Chemistry, and Properties of Garnets," P. 
Ribbe and S. Eriksson, "The Causes of Color in Garnets," 
E. Fritsch and G. Rossman, "Inclusions in Garnets," J. 
Koivula; "Geologic Occurrence of Minerals in the Garnet 
Group," P. Modreski; "Chemical and Physical Properties 
of Vanadium- Chromium- and Iron-Bearing Gem 
Grossular Garnets," W. Simmons, A. Falster, K. Webber, 
and S. Hansen; "Garnets in Architectural Paints—A 
Historical Perspective," L. Solebello; "Garnets in the 
Gem-Bearing Pegmatite Dikes of San Diego County, 
California," E, Foord and W. Kleck; "Garnets of Magnet 
Cove, Arkansas," J. Howard; "A New Garnet Locality in 
Connecticut," R. Behnke, F. Schuster and B. Jarnot; and 
"The McBride Property," J. Van Velthuizen and W. 
Wight. Fourteen crystal diagrams, four photographs, a 
table, and a graph accompany the abstracts. LBL 


DIAMONDS 


Argyle diamonds. Swiss Watch & Jewelry Journal Export 
5/93, October/November 1993, pp. 761, 762. 


This brief article features information on the Argyle dia- 
mond mine in Kimberley, Northwest Australia, includ- 
ing a summary of the recovery processes used. According 
to the article, the Argyle pipe measures about 1,600 m 
long and varies in width from 150 to 600 m. Much of the 
recovery from both the primary and secondary deposits is 
done by large mechanized equipment. After diamonds 
have been removed from the ore, sterile rock is immedi- 
ately used to fill the excavation. Mined-out areas are later 
planted with greenery. At the treatment plant, the lam- 
proite is washed and sieved several times. Diamonds are 
finally separated out using X-rays. Argyle diamonds have 
a coating of iron oxide that makes sorting by grease tables 
unreliable. The CSO markets 75% of the diamonds; the 
remaining crystals are cut and sold through Argyle 
Diamonds. Included are photos of the Argyle mine. 

JEM 


Crystallization of diamond from a silicate melt of kim- 
berlite composition in high-pressure and high-tem- 
perature experiments. M. Arima, K. Nakayama, 
M. Akaishi, S. Yamaoka, and H. Kanda, Geology, 
Vol. 21, No. 11, 1993, pp. 968-970. 


It is widely accepted that kimberlite is the transporting 
medium that brings diamonds to the surface after they 
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have crystallized in peridotite and/or eclogite in the 
mantle. However, fluid-inclusion studies of natural dia- 
monds suggest a genetic link between diamond forma- 
tion and fluids (melts} that are broadly similar to kimber- 
lite in composition. Further, there is the nagging prob- 
lem of the origin of microdiamonds, that is, small (<1 
mm) diamonds, frequently with sharp edges, that show 
little or no sign of the resorption that is common in larg- 
er diamonds of clearly peridotitic or eclogitic origin. 

This paper shows that it is possible to grow dia- 
monds from a kimberlite melt, which the authors pro- 
duced by melting powdered natural kimberlite from the 
Wesselton mine, South Africa. The powdered kimberlite 
was placed in a graphite (source of C) capsule. 
Experiments were run from 20 to 900 minutes. A modi- 
fied belt-type high-pressure apparatus was used at high 
temperatures {1800-2200°C) and high pressures (7.0-7.7 
GPa]; these temperature and pressure conditions are con- 
siderably higher than those generally attributed to the 
growth of natural diamonds. The diamonds produced (up 
to 100 ym in diameter} had well-developed {111} faces, 
typical for natural diamonds and atypical for synthetic 
diamonds, which are usually cubo-octahedral. 

The authors conclude that kimberlite melt has a 
strong solvent-catalytic effect on natural diamond fonna- 
tion, supporting the view that at least some diamonds 
{e.g., microdiamonds} crystallized from upper-mantle, 
volatile-rich melts that are distinctly different from those 
of peridotitic or eclogitic affinity. A, A. Levinson 


Diamonds show resilience. M. Cockle, Jewellery 
International, No. 18, December/January 
1993/1994, pp. 85-86. 


This short article offers an optimistic outlook for dia- 
mond sales in 1994. Sales, especially that of jewelry 
commemorating life's "important chapters" and higher- 
end jewelry ($5,000 plus}, were up in 1993—1%-3% over 
1992's $40 billion total. Japan and the U.S., which make 
up about 60% of the market, are spending more despite 
bad economies in both countries. Personal consumption 
seems likely to go down in the USS. in 1994, but up in 
Japan. Overall, most forecasts suggest good things for the 
year to come, including more diamond jewelry con- 
sumption by developing markets in China, Mexico, and 
South America. Elizabeth A. Keller 


Nano-structures on polished diamond surfaces. W. J. P. 
Van Enckevort, M. S. Couto, and M. Seal, 
Industrial Diamond Review, Vol. 53, No. 6, 1993, 
pp. 323-327. 


Despite many debates in the past, the actual mechanism 
of diamond polishing is still unclear. To obtain more 
information on this, the morphologies of polished sur- 
faces of several semiconducting diamonds were examined 
by scanning tunnelling microscopy. The results of this 
topographic study are presented and provide essential 
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new insights into the process of diamond polishing, but 
further questions arise. Abrasion along the hard direc- 
tions proceeds via fracture and chipping on a nanometer 
scale; material removal in the softer directions seems to 
take place by single-pass grooving by diamond particles at 
supercritical loads followed by a polishing action by parti- 
cles at subcritical loads. Problems to be solved include 
the actual mechanism of "plastic" grooving and how the 
extreme dependence of polishing rate on crystal orienta- 
tion can be explained—now that the Tolkowsky cleavage 
model must be abandoned. RAH 


Russians adapt know-how for enhancement of rough. V. 
Teslenko, Diamond World Review, No. 75, June- 
July 1993, pp. 50, 52, 54. 


In addition to being a producer of rough diamonds, 
Russian is a leader in the development of technologies 
used in advanced weapons, nuclear, and aerospace indus- 
tries, Subsequently these have been adapted for use in 
other industrial sectors. For almost 25 years, programs 
have been in operation that aim to enhance gem-quality 
rough and to raise the grade of near-gem-quality stones. 
The current changes in political climate have increased 
frankness on the part of the scientists and diamond 
industry members about this work. 

A number of industry leaders—including Igor V. 
Gorbunov, general director of Almazjuvelirexport; Pavel 
K. Kovylin, head of the export department of Almazy 
Rossii-Sakha; and Yuri A. Dudinkov, director of the 
Diamond Center—confirmed that no enhanced rough is 
being released on the open market. They assure that any 
enhanced diamond sold will include a certificate that 
clearly outlines any procedure used. 

The article lists some technologies that Russians are 
using to enhance rough diamond, including annealing, 
thermobaric treatment, laser irradiation, surface dissolu- 
tion, thermodiffusion of inclusions, and diamond deposi- 
tion. 

Annealing entails heating at atmospheric pressure 
in an inert environment to remove green or yellow spots 
from rough stones. A negative effect of the process, as 
reported by a research team from the Gemological 
Center of Ginalmazzolto, was "graphitization in an 
extremely inert environment." 

Thermobaric treatment {a high-temperature and 
high-pressure process) was carried out at two locations, 
including the Institute for Synthetics and Raw Materials 
at Aleksandrov in the Vladimir region. Like annealing, it 
is used to decolor diamonds. It was difficult to maintain 
isothermic and isobaric conditions across masses of crys- 
tals, making it too expensive for mass treatment of small 
rough. Using "original equipment," another research 
team was able to improve the color of brown diamonds 
by three to four grades. Negotiations regarding future 
development of the latter process have been conducted 
with several foreign companies. 
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At the Gemological Center of Ginalmazzolto, anoth- 
er enhancement technique—laser irradiation—is used to 
heal microcracks and relax inner stresses for cutting and 
polishing. 

Three basic techniques of surface dissolution—yet 
another enhancement method—have been reported. 
Plasma etching, a thermochemical process, and laser 
etching are used by three different institutes to dissolve 
or etch the surface of a diamond to enhance frosted or 
coated diamonds, 

Little is known about techniques involving thermod- 
iffusion of inclusions. It has been suggested that diffusion 
is achieved by "moving through a thermogradient 
enhanced by a fine electromagnetic field." 

In a sidebar, "Firms Rush for CVD Technology," the 
Gulf War's role in spurring development of carbon vapor 
deposition is explained. About 200 companies and labs, 
including Norton Diamond Film and De Beers Industrial 
Diamond Division, are investigating the technology, a 
process that came out of early research by Russian scien- 
tists. None of their work is covered by patents. 

NDC 


Solid carbon dioxide in a natural diamond. M. Schrauder 
and O. Navon, Nature, Vol. 365, September 2, 
1993, pp. 42-44. 


Solid carbon dioxide (COs; "dry ice"} has been discovered 
by infrared spectroscopy in a small, unpolished natural 
diamond. The 9.2-mg diamond (which was purchased in 
Israel but is of unknown origin) consisted of two inter- 
grown crystals. The larger was brownish yellow and color 
zoned; the smaller was colorless. CO. was present only 
in the colored zones and was submicroscopic (no inclu- 
sions visible with high optical magnification). Because of 
the shift of certain CO, infrared bands from their expect- 
ed position at one atmosphere of pressure (i.e., at the 
earth's surface], CO. was determined to be in the dia- 
mond crystal at a pressure of about 5 GPa (50 kbar; 
50,000 atmospheres}. However, the authors conclude that 
the CO ,-containing fluids from which the solid CO, 
formed must have been trapped at even greater pressures 
in the hot mantle, corresponding to depths of about 
220-270 km. Diamond is one of the few minerals with 
the strength to contain materials (gases} under such great 
pressures, bring them to the surface, and keep them 
trapped; thus, it is an effective "sampling device" for flu- 
ids deep within the earth. 

These results also have implications for the petrolog- 
ical processes operating in the mantle because, for exam- 
ple, free CO, at these pressures should have reacted with 
silicates such as olivine and pyroxene to form magnesite 
{MgCO3). The source of the trapped CO, could not be 
determined, but the authors have several theories. These 
include: release from high-pressure fluids (degassing) as 
they ascended through the mantle; and subduction of car- 
bonaceous sediments from the surface. 

A. A. Levinson 
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Hydrous and carbonatitic mantle fluids in fibrous dia- 
monds from Jwaneng, Botswana. M. Schrauder and 
O. Navon, Geochimica et Cosmochimica Acta, 
Vol. 58, No, 2, 1994, pp. 761-771. 


Fibrous diamonds have an opaque-to-translucent outer 
coat composed of nearly parallel diamond fibers that 
appear as outward-growing columns; the inner core may 
be transparent and of good quality. The diamonds are 
usually of cubic morphology and are commonly from 
Zaire, Sierra Leone, Siberia, and Botswana. 

When the fibers grow, they trap very small amounts 
of high-temperature, high-pressure mantle fluid, from 
which some solid minerals may crystallize as the dia- 
mond cools on its way to the surface. The remaining 
fluid—although modified—is trapped under high pres- 
sure because of diamond's great strength. This paper 
shows how information on the chemistry of the original 
crystallizing fluids can be obtained, and how these data 
can be used to interpret the composition of fluids in the 
earth's mantle. 

The fluid inclusions of 13 diamonds (cubic morpholo- 
gy} from Jwaneng were studied by means of transmission 
electron microscopy, infrared spectroscopy, and optical 
microscopy. Mineral phases identified included silicates, 
carbonates; and apatite; fluids (gases) included water and 
CO,. By assuming that the original fluids were homoge- 
neous at depth, their original compositions can be deter- 
mined from the chemistry of the identified solids and the 
composition of the modified fluids still in the inclusions. 
On this basis, the authors determined that, although there 
is wide compositional variation in the fluids within inclu- 
sions in these coated diamonds, there are two end-mem- 
ber compositions: carbonatitic and hydrous. The carbon- 
atitic fluid is rich in carbonates, CaO, FeO, MgO, and 
P,O;. The hydrous fluid is rich in water, SiO,, and Al,O3;. 
Both end-members are high in K,O. 

Fluid inclusions in fibrous diamonds have been ana- 
lyzed by other researchers. However, this is the first time 
that the end-member compositions have been deter- 
mined. By extrapolation of published experimental data, 
it is suggested that these fluids existed in the diamond 
stability field deep within the mantle at temperatures of 
about 1100°C and pressures of about 4.5 GPa (45 kbar]. 
Further, there is an implied genetic link between these 
fluids and diamond formation. Three possible models for 
the formation and evolution of the two types of fluids 
within the earth's mantle are presented. All are compati- 
ble with the experimental data. A. A. Levinson 


Three generations of diamonds from old continental 
mantle. S. H. Richardson, J. W. Harris, and J. J. 
Gumey, Nature, Vol. 366, November 18, 1993, pp. 
256-258. 


Diamonds form within two rock types, peridotite and 
eclogite, each of which has a distinct assemblage of min- 
erals that can be represented by minute inclusions with- 
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in diamonds. Diamonds cannot be age dated. However, 
their minute inclusions, particularly garnet and pyrox- 
ene, can be. They contain measurable quantities of 
radioactive elements. Because the inclusions formed at 
the same time as the diamond, the age of the inclusions 
is also the age of the host diamond. 

Diamonds from several kimberlites in southern 
Africa have been dated previously at about 3,300 My and 
1,150 My. The older diamonds have peridotitic (variety 
harzburgite, clinopyroxene-free} inclusions; younger 
ones have eclogitic inclusions. This paper reports that 
diamonds of another age group, 1,930 My, have been 
found. These contain inclusions of another variety of 
peridotite, lherzolite, which is characterized by the pres- 
ence of clinopyroxene. (Most peridotitic diamonds are of 
the harzburgite variety.) Diamonds of all three ages are 
found in the Premier mine in South Africa. 

A. A. Levinson 


GEM LOCALITIES 


The emerald mines of Madagascar. A. Thomas, South 
African Gemmologist, Vol. 7, No. 3, pp. 3-11. 


The author visited,nine emerald mines (Ambodirofia, 
Ambodibonary, Ambadamanino, Ambodibakoly, 
Mororano, Ambodifandrika, Ambodizainana, 
Ambilanifitorana, and Mohotsana II} in the Mananjary 
District of Madagascar. He vividly describes the difficul- 
ties involved in reaching this district; the mines employ 
over 1,000 people, and some heavy machinery is used. 

Like emeralds from other sources (Brazil, Zambia!, 
the Malagasy stones are found in dark schist, which is 
composed of blackish brown biotite with quartz lenses 
and minor plagioclase. The author tentatively identifies 
cubic, high-R.I. inclusions in some emeralds as rhodizite. 
The coexistence of rhodizite with emerald would be 
unique to Madagascar. Thus, when found, rhodizite 
inclusions would provide a definitive identification for 
this source of the emeralds. 

Physical properties are given for stones from three 
Madagascar mining districts (Ankadilalana, Mananjary, 
and Morafeno}. Refractive indices vary between @ = 
1.580-1.581 and e« = 1.586-1.589, with birefringence 
between 0.006-0.008; the specific gravities range from 
2.72, to 2.74. For comparison, values are also given for 
emeralds from Mozambique, South Africa, Tanzania, 
Zambia, and Zimbabwe. Stones from the three districts 
are also described in terms of their appearance through 
the Chelsea filter and absorption bands seen in a hand 
spectroscope. Their mineral inclusions and fractures are 
also described. The author notes that he saw no tremo- 
lite or actinolite needles in the emeralds he examined (or 
in the working faces of the mines he saw), unlike the 
observations of earlier researchers. 

There are two photographs of emerald mining, and 
one cover illustration of an emerald crystal, but no pho- 
tomicrographs. Mary L. Johnson 
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Mineralogy of the Sanford vesuvianite deposit. D. L. 
Leavitt and N. J. Leavitt, Mineralogical Record, 
Vol. 24, No. 5, 1993, pp. 359-364. 


The Sanford (Maine) vesuvianite deposit has produced 
collector-quality specimens of vesuvianite, grossular gar- 
net, scapolite, scheelite, and other species for over 140 
years. The site is still open for collecting, and this article 
provides location maps along with a synopsis of mining 
activity and the general geology of the deposit. 
Accompanying the many photographs is a table listing 
the sizes and other pertinent information of the various 
minerals that have been positively identified from the 
deposit. LBL 


Montana sapphires. S. Voynick, Rock # Gem, Vol. 23, 
No. 8, August 1993, pp. 42-48. 


This article is primarily a retrospective of sapphire-min- 
ing activity at the Yogo dike in Montana. Although sap- 
phire from this location was first discovered in 1895, the 
overall working of the site has been moderately low. 
Based on geologic studies done in the early 1980s, and 
the recent discovery of a western extension of the dike, 
it appears that the economic potential of the dike could 
far exceed all previous estimates. With the announce- 
ment of a new lease on the main section of the dike by 
one of the world's leading mineral-resource-development 
corporations—AMAX Explorations of Golden, 
Colorado—the author speculates on the probability of 
greatly increased mining activity and production of gem- 
quality material in the near future. LBL 


A quartz discovery at the Sally Ann claim. T. Bleck, 
Mineral News, Vol. 10, No. 2, February 1994, p. 8. 


From late 1992 to Spring 1993, the author dug out a pock- 
et containing 300 amethyst-tipped smoky quartzes on the 
Helena Mineral Society's claim along Sally Ann Creek in 
Powell County, Montana, Faceting material was also 
found, the largest amethyst faceted from this locality 
weighs 45 ct. Only hand tools are allowed at this claim, 
and commercial digging is forbidden. Michael Gray 


INSTRUMENTS AND TECHNIQUES 


Microscopic estimation of refractive index using a dial 
test indicator and a personal equation. T. 
Farrimond, Journal of Gemmology, Vol. 23, No. 7, 
1993, pp. 418-421. 


The refractive index of a gemstone can be estimated 
from the ratio of its actual depth to its apparent depth, as 
viewed through its table with a microscope. The author 
describes how a dial-test indicator can be used to facili- 
tate this process. Since the sample must be carefully 
manipulated (so that its vertical position does not 
change during the analysis}, a microscope with a 
mechanical stage is recommended. If one is not avail- 
able, a slide mount—like the one illustrated in this arti- 
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cle—can be used. Ten values were determined by this 
method for a 0.52-ct pyrope garnet; they ranged from 
1.756 to 1.787-——-with the lowest value matching the 
stone's actual R.I. The author suggests that this probably 
represents a personal bias, which can be included in the 
calculation following initial trial tests. Although only 
useful for estimations, the test has distinct advantages: It 
can be performed on most mounted stones, on gems 
with refractive indices exceeding 1.81, and in the 
absence of a refractometer. CMS 


Towards a mathematical gemmology. Thinking in terms 
of ratios makes a difference. M. A. Schell, Journal 
of Gemmology, Vol. 23, No. 7, 1993, pp. 422-426. 


This article is intended to provide gemologists with a 
better understanding of the relationship of doubling to 
birefringence and dispersion. Although doubling is relat- 
ed to birefringence, it is also affected by R.I,; that is, it is 
more apparent (all else being equal] in stones of low R.L 
For example, calcite's birefringence is less than that of 
synthetic rutile, but its doubling appears greater. Since 
most gemologists do not attempt to estimate birefrin- 
gence or perform identifications based on doubling, this 
report initially appears to be of primarily academic inter- 
est. However, the author's discussion leads to his devel- 
opment of a new index, which he calls "dispersing 
strength." This may be of value (particularly to lapi- 
daries) in quantifying the visual effects based on diver- 
gent light rays. This article concludes with a discussion 
of color fringes at the shadow edge when obtaining 
refractive indices with white light. By using a compari- 
son of the critical angle in red to that in violet light, 
rather than dispersion, refractometer readings could be 
sharpened. This could point the way toward the develop- 
ment of a better refractometer. Gemologists with an 
interest in the theory and application of gemology will 
enjoy this well-written—if somewhat technical—article. 
Fair warning: Trigonometry is involved, as well as the 
optics we all know and love. CMS 


JEWELRY HISTORY 


The opal—Louis Comfort Tiffany's lens to a world of 
color. J. Zapata, Antiques, Vol. 144, No. 5, 1993, 
pp. 318-327. 


This sumptuous article probes the use of opal in jewelry 
by renowned American artist, Louis Comfort Tiffany. 
Well known for his peacock art glass and innovative 
stained glass lamps, Mr. Tiffany was fascinated by the 
ever-changing mosaic of color inherent in opal. This arti- 
cle looks at the history of Mr. Tiffany as it relates to the 
inspired use of opal in his jewelry designs. Ms. Zapata, a 
respected jewelry historian, does justice to her subject, 
recording minutely the historic partnership of Mr. 
Tiffany with opals and jewelry. For example, she 
describes slight changes made to an opal necklace after it 
was shown at the Louisiana Purchase Exposition in St. 
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Louis in 1904. This article precedes a new book by Ms. 
Zapata, The Jewelry and Enamels of Louis Comfort 
Tiffany, published by Harry N. Abrams. Supplementing 
the article's well-written text are splendid photographs 
of Tiffany's opal jewelry. JEC 


The Straits Chinese and their jewelry. E. Chin, Arts of 
Asia, Vol. 23, No. 4, 1993, pp. 100-108. 


This article describes an exhibition of the same name 
that was held from April to September 1993 in the 
National Museum of Singapore. The Straits Chinese (also 
called Peranakans} were a loosely organized group of early 
Chinese immigrants to the British and Dutch East Indies. 
By the late 19th century, they had developed a distinctive 
culture—with some variation from area to area—and 
established a reputation as the leading artistic patrons of 
the era. Over 300 examples of their rare jewelry were 
gathered for this display, many exhibited for the first 
time. The importance of this show is underscored by an 
increasing interest in Straits Chinese decorative arts that 
has spurred the production of many fakes and reproduc- 
tions. Although of obviously inferior craftsmanship, the 
fakes are still very effective, as little of the original jewel- 
ry had been available for study before this exhibition. 
Various. types of jewelry are described, from every- 
day wear to fantastically ornate wedding jewels, includ- 
ing breastplates and crowns for both bride and groom. A 
mixed culture, the Straits Chinese were reasonably open 
to foreign influence in their artwork, dress, and customs. 
This cultural affability resulted in some amazing cre- 
ations. Because the Straits Chinese loved glitter and 
brightness, jade is rarely found in their ornamentation, 
but diamonds are very prominent. Faceted granulation 
was combined with intricate details to create dramatic 
family treasures that were handed down from one gener- 
ation to the next. JEG 


JEWELRY MANUFACTURING 


Advances in gem designing by computer. B. Atwell and 
M. Hunt, Canadian Gemmologist, Vol. 14, No. 4, 
199, pp. 104-109. 


This article discusses the performance of several types of 
gemstone-design software available to the gem and jew- 
elry industry, and then outlines why appraisers should 
use these programs. Discussion is lengthy on the use of 
these programs by gem cutters, going so far as to suggest 
that the programs be used to test new facet designs for 
brilliance and dispersion before actually cutting the 
stone. Arguments are made for using this software as a 
marketing device to sell well-cut gems to the public, and 
for jewelry designers to create new gemstone cuts to 
accent their creations. Michael Gray 


JEWELRY RETAILING 


New jewels for the new Russians, J. Helmer, Jewellery 
International, No. 18, December/January 
1993/1994, pp. 29-32. 
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This article tells of a new breed of Russian jewelers who 
are emerging onto the world market with fresh ideas and 
new respect for the work of pre-revolutionary Russian 
masters. These designers and manufacturers, however, 
have encountered many obstacles in their quest for a free 
market. For example, the supply of gems and precious 
metals remains restricted. In order to escape these limi- 
tations, jewelers resort to "connections and patronage," 
which has produced corruption and chaos in the domes- 
tic manufacturing market. Nevertheless, new companies 
such as Karat, Ascor, Sirin, and Juvelirprom are thriving. 
They employ fewer people than the "old" traditionalist 
companies that dominated jewelry making under the 
Soviets, yet they have an annual turnover of between $1 
billion and $2.5 billion. Many have offices in the U.S. 
and western Europe. These companies, the "new" tradi- 
tionalists, are creating jewelry reminiscent of well- 
respected predecessors like Fabergé and Khlebnikov, or 
they take their inspiration from ancient Byzantine art. 
While demand grows for their work, they also realize 
that Russia cannot continue to trade solely on the repu- 
tation of the pre-revolutionary masters. 

Elizabeth A. Keller 


Saleroom report: Sotheby's sets sale [sic] world record. 
Retail Jeweller, December 2, 1993, p. 9. 


Sotheby's set a world auction record for any jewelry sale 
with its $78,142,350 Geneva event on November 16-17, 
1993. The highlight of the auction was a 100.36-ct D- 
flawless diamond which sold for $13,247,194, "the sec- 
ond highest price in dollars for any jewel." 

Meanwhile, Christie's claimed a rival success with 
its $46.3 million jewelry sale on November 18, 1993. 
Top pieces included the historic Archduke Joseph dia- 
mond, sold for $7 million to the American Ishaia 
Trading Corporation. Laurence Graff of London acquired 
a pear-shaped purplish-pink diamond of 10.83 ct for $4.6 
million and named it the Graff Pink. MD 


Tenth annual ultimate gift guide. Robb Report, Vol. 17, 
No. 12, December 1993, pp. 51, 58, 79, 81. 


Unsure of what to get that certain someone who already 
has everything? Is price no object? Consult the 10th 
Annual Ultimate Gift Guide in the Robb Report, the 
magazine "for the affluent lifestyle." 

For the serious scribe, consider the Solitaire Royal 
fountain pen by Montblanc, billed as the world's most 
expensive writing instrument. The cap and barrel of this 
$100,000 pen are covered with 4,200 pavé-set diamonds 
{totaling 24 ct}, which form a continuous and absolutely 
smooth surface. Order now for Christmas. Each pen 
takes nine months to assemble. 

Clicking their heels three times might not whisk 
you to Kansas, but just wearing them will undoubtedly 
make you the talk of Kansas—or any state for that mat- 
ter. The size-5!/2, $3-million ruby slippers—made by 
Harry Winston to commemorate the 50th anniversary of 
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The Wizard of Oz—are embedded with 4,600 rubies and 
trimmed with 50 ct of diamonds. 

A limited-edition Colisée Kilim wristwatch by 
Cartier sparkles with 530 diamonds weighing 20.63 ct, 
12 emeralds weighing 1.97 ct, two rubies weighing 0.70 
ct, and two sapphires weighing 0.35 ct. Plan ahead. Each 
watch takes 10 months to a year to complete. If you 
have to ask, you can't afford it. Price is available only on 
request. 

Also described are $20,000-a-set, 24k gold-plated 
wire rims to dress up your car and a $60,000 pool cue 
with malachite/lapis lazuli inlays depicting the Taj 
Mahal and environs. 

With the exception of the pool cue, one color photo 
illustrates each item. Irv Dierdorff 


Two for one. S. Biall6t, Town & Country, Vol. 147, No. 
5163, December 1993, pp. 78, 80. 


Each month, various contributors write Town @ 
Country's section on jewelry. In this issue, Suzanne 
Biallét explores convertible jewelry's recent resurgence. 
Convertible jewelry is intricate and versatile, manufac- 
tured so that it can be worn in a variety of ways (e.g., a 
brooch with sections that can be detached and wor as 
earrings). The author briefly notes current trends and 
designers, being sure to mention that "convertible jewel- 
ry is not a novelty," dating its origins to the mid-1800s. 
Color photographs of convertible jewelry from leading 
international jewelry houses and designers accompany 
the article. Juli Cook-Golden 


PRECIOUS METALS 


MetalsNews: Demand for platinum rises. National 
Jeweler, Vol. 2, No. 2, January 1, 1994, p. 41. 


Total platinum demand in the "Western world" grew 6% 
to 4.02 million ounces in 1993, while supply rose 10% to 
4,21 million ounces, according to the Johnson Matthey 
semiannual Platinum Interim Review. Johnson Matthey 
is a London-based leading refiner and supplier of plat- 
inum-group metals. 

These increases were tempered by a 16.2% drop—to 
685,000 ounces—in industrial demand. Jewelry demand 
for platinum was expected to rise 80,000 ounces, or 5%, 
to a record 1.50 million ounces by year end. Platinum- 
jewelry consumption in Japan rose an estimated 3.9% to 
1.34 million ounces, despite a poor economy. 

The number of jewelry designers and manufacturers 
working in platinum in the United States is "now more 
than 150," triple the figure in the 1980s. Platinum-jewel- 
ry sales in the U.S., which only totaled 20,000 ounces in 
1991, reached an estimated 45,000 ounces in 1993. 

Johnson Matthey predicted a 17.6% rise in plat- 
inum-jewelry consumption in western Europe, and a 
modest 5% increase for the rest of the Western world. 

From January through September 1993, the price of 
platinum averaged $374 an ounce, compared to $360 for 
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the same period in 1992. A steep late-November drop in 
the Nikkei index in Tokyo, and the prolonged slump in 
the Japanese economy, caused platinum to dip below 
gold's price on November 23. Platinum prices were 
expected to remain in the $350- to $390-per-ounce range 
through Spring 1994, MD 


SYNTHETICS AND SIMULANTS 


Chic and cheap. B. Greysmith, Jewellery International, 
No. 13, 1993, pp. 74-76. 


This article looks at the "major players" who influence 
the costume-jewelry market. The article opens suggesting 
that, although costume jewelry is nothing more than imi- 
tation, this market is enjoying a boom, thanks to con- 
sumers and collectors. To support this notion, Ms. 
Greysmith mentions costume-jewelry auctions held by 
Christie's; the dates of these auctions are somewhat 
vague. She also claims that some pieces have sold for 
prices close to what the "real thing" would fetch. 
Accomplishments of major costume-jewelry designers 
past and present (Chanel, Dior, Swarovski, and Monet, 
among others} are reviewed. Also noted are how historic 
events have influenced these designers. Ms. Greysmith 
also describes basic material used in making costume 
jewelry, such as lead glass, bakelite, plastic, and rhodium 
plating. She concludes that the popularity of costume 
jewelry will remain strong as professional women choose 
to accessorize their wardrobes. Juli Cook-Golden 


Flux-grown synthetic rubies from Russia. U. Henn and 
H. Bank, Journal of Gemmology, Vol. 23, No. 7, 
1993, pp. 393-396. 


Characteristics are reported for two crystals of flux syn- 
thetic ruby manufactured in Russia. The two specimens 
represent two types of material: one that grows in a tabu- 
lar prismatic form, and the other that is rhombohedral. 
On the basis of SEM-EDS analyses, the authors report 
Al,O3 and Cr)03 as the main components. The rhombo- 
hedral crystal revealed significantly more chromium 
{about 1.5 wt.% Cr gO] than did the tabular sample 
{about 0.3 wt.%}, which is consistent with the color 
descriptions of dark red for the former and pale red for the 
latter. Other reported properties are typical for flux syn- 
thetic ruby. Inclusions were found to be tungsten-bearing 
flux and triangular residues of crucible material (probably 
platinum], both also typical of flux rubies. The producer 
reports growth conditions of 1100°C in a lithium- 
tungstate melt. EDS analysis, used to determine composi- 
tion of the inclusions, would detect tungsten, but not the 
light element lithium, This succinct report is well illus- 
trated with color macro- and micro-photographs and a 
table of the measured properties. CMS 


Imitation lapis lazuli, charoite and azurite-malachite. D. 
Bennett, Australian Gemmologist, Vol. 18, No. 3, 
1992, pp. 83-84. Part II, J. L. Keeling, pp. 84-85. 
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Despite different outward appearances, all three types of 
this new range of imitations were determined to have 
similar gemological properties: Mohs hardness under 5, 
dull luster; 1.54 spot R.I; §.G. within the range of 2.53- 
2.61; inert to U.V. radiation (except for the charoite imi- 
tation, which fluoresced a weak gray to long-wave U.V.); 
and a slight burnt-rubber smell when tested with a "hot 
point." None of the three was a very convincing imita- 
tion. Their gemological properties were sufficiently dif- 
ferent from their natural counterparts to make the sepa- 
rations straightforward. 

In Part I] of this report, the materials were further 
studied to determine composition and structure. SEM- 
EDS analysis revealed two types of fine-grained powder 
in an organic cement. One type consisted of approxi- 
mately equal amounts of barium and sulphur, and was 
tentatively identified as barite; the other consisted most- 
ly of aluminum, and—with the help of infrared spec- 
troscopy—was identified as gibbsite. Infrared spec- 
troscopy indicated that the organic cement contained 
polymers similar in composition to butyl phthalate or 
methyl! benzoate. RCK 


TREATMENTS 


Unpleasant truth behind jade treating and bleaching. R. 
Milburn, Asia Precious, September 1993, pp. 72-75. 


The Hong Kong tourist association warns the jade-buy- 
ing public to demand that the type of jade be described in 
writing on the invoice when making a major purchase. 
This has been prompted in part by the abundance of 
bleached and polymer-impregnated jadeite on the mar- 
ket there. Perhaps as much as 70% of the jadeite sold in 
Hong Kong and 90% of that sold in Taiwan is treated. 
China treats much of its output, too. 

The "inexact" classification used by jade dealers 
includes three types of jade: Type A, basically untreated; 
Type B, bleached and polymer-impregnated, and Type C, 
dyed (B and C can occur together]. 

Recent advances in the bleaching treatment have 
made it difficult to detect by standard gemological meth- 
ods alone. With early treatment procedures, the jade 
often contained a large percentage of the relatively light 
resin, which made its specific gravity significantly lower 
than the untreated material. Also, the resin commonly 
fluoresced a chalky blue to long-wave ultraviolet radia- 
tion. Apparently, treaters now put less polymer in the 
bleached jadeite and use a resin that does not fluoresce. 

B jade has durability problems. Eventually, the iron 
oxides that have been reduced oxidize again and darken 
the piece. The translucency caused by the polymer also 
will become duller as the polymer slowly degrades over 
time. 

This situation has created a major problem for the 
jade trade, as challenges in identification make proper 
disclosure even more difficult. This is especially true in 
the case of medium-quality jade, which is usually not 
expensive enough to justify a laboratory report. 
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However, proper testing is necessary if the jade market is 
to survive. In Japan, jade sales dropped 50% in 1991 due 
to concerns over B jade. EF 


Testing jadeite to protect the trade and consumers. R. 
Milburn, Asia Precious, October 1993, pp. 60-63. 


Due to widespread bleaching and polymer impregnation, 
a new Classification system for jadeite—to clearly indi- 
cate treated pieces—has been deemed necessary in Hong 
Kong. Many Hong Kong organizations are expected to sit 
on the standard-making body, including representatives 
of the government, trade organizations, and gemological 
associations. Authorities might make this standard 
mandatory. This raises the difficult question of who will 
be authorized to issue certificates, and how that will be 
done. It has been suggested that only qualified gemolo- 
gists with an understanding of infrared spectroscopy (the 
only sure way to identify polymer impregnation) should 
be involved. Other details still need to be worked out, 
too. These include whether to indicate the degree of 
polymer impregnation and whether the cost of testing 
should be limited to 5% of the cost of the jadeite piece. 
The rest of the article describes methods used to 
identify treated jadeite. The information is mostly cor- 
rect. However, several mistakes in the layout could be 
confusing. For example, figure captions describing the 
infrared spectra of untreated and treated jadeite have 
been mistakenly switched. In addition, a number of 
items in the table are not matched to the appropriate dis- 
cussion. EF 


MISCELLANEOUS 


The first annual Phony Awards, T. Laughter, JewelSiam, 
Vol. 4, No. 6, 1994, pp. 31-39, 


Mr. Laughter has put together an informative and enter- 
taining article that summarizes some "outstanding" syn- 
thetic and treated stones seen at Bangkok's School of 
Gemological Sciences in 1993. The reader might be 
amazed at the lengths that some of the "award winners’ 
went to in order to deceive a customer. The Phony 
Awards remind us that even the best can be fooled if cau- 
tion is forgotten even for a moment. Highlights include 
the "Best Celestial Sham," a synthetic star ruby that 
looked natural to the unaided eye. The cut was bottom- 
heavy, atypical for synthetic stars, and sported a pavilion 
cavity that was cut to look natural, a less distinct but 
more natural-looking star was the result of a low concen- 
tration of rutile needles. However, a microscope revealed 
curved striae, proof that it was a synthetic ruby. 

The "Best Hidden Curves" featured a flame-fusion 
synthetic ruby that had been heat treated to reduce the 
appearance of curved striae and to induce inclusions that 
resembled natural fingerprints. The "Best Fused Flux 
Fusion" was a flame-fusion synthetic boule that had 
been given an overgrowth of flux ruby. The overgrowth 
made curved striae difficult to identify, while the flux 
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inclusions in the overgrowth were much easier to locate. 
The motivation behind the creation of this piece is clear 
when one remembers that flux synthetics are 300 times 
more costly than flame-fusion synthetics. The winner of 
the "Hardest" award (as in Mohs scale} was a yellow syn- 
thetic diamond. This section included information on 
how the stone was identified as synthetic, as well as a 
portion of a conversation that then took place between 
the submitting company and the school’s lab. Photos of 
each of the 17 award winners are included, with text on 
how each identification was made. JEM 


1993: The geosciences in review. Geotimes, Vol. 39, No. 
2, February 1994, pp. 10-37. 


This lengthy article has 40 sections, each written by an 
expert in a particular field, that summarize trends seen 
in earth sciences in 1993. 

The geosciences as a whole have been affected by 
the economy, ecology, and zeitgeist of the '90s. Research 
must be relevant, not esoteric; development must be 
sustainable, not just exploitive; waste-disposal problems 
are likely to be considered as important as extraction 
problems. A significant trend for individuals is the 
increased access to computers as a form of international 
communication (consider, for instance, GIA-Net and the 
recently announced GemLink). The successful earth sci- 
entist of the '90s will be nothing if not versatile. 

In the United States and Latin America, extractive 
mining continues to be important for only two metals: 
copper and gold. Current mining techniques make it 
unlikely that mineral specimens (much less gems} will 
be recovered using modern gold-mining techniques, but 
copper mines are producing (for example) azurite, mala- 
chite, drusy quartz with chrysocolla, and turquoise. 

Exploration geophysics continues to be of primary 
importance for oil producers, but exploration geochem- 
istry is gaining further emphasis. The Geological Survey 
of Canada, for instance, is working on stream-sediment 
and heavy-mineral surveys for a national geochemical 
data base, with special emphasis on kimberlites. 
Regional mapping is also being undertaken by 
Greenland, Finland, Sweden, Norway, Great Britain, and 
Poland. Australia, New Guinea, and Fiji are searching for 
new gold deposits. UNESCO is sponsoring a project to 
systematically map geochemical regions worldwide. 

Analytical techniques continue to measure smaller 
and smaller concentrations of more and more substances. 
ICP (inductively coupled plasma) emission spectrometers 
and mass spectrometers can measure minute amounts of 
elements and organic compounds; laser ablation mass 
spectrometry and ion microprobes measure isotopes, for 
example, as in the zoning patterns in individual garnets. 
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Unfortunately, all these techniques are destructive, at 
least on the scale of tenths of millimeters. However, 
another new technique, the atomic force microscope, can 
look nondestructively at the positions of individual 
atoms on a surface. Fluid inclusions tell petrologists 
about formation conditions and water/rock interactions. 
Diamonds are of interest to mineralogists and petrol- 
ogists alike because they provide information about con- 
ditions in the Earth's deep interior. The (recently discov- 
ered} occurrence of solid carbon dioxide in diamonds sug- 
gests that the composition of the Earth's mantle may be 
less uniform than previously thought. High-pressure min- 
eralogy continues to be an important field. Mineralogists 
are also becoming more interested in exploring the health 
effects of mineral-rich dusts, a subject with possible 
implications for the faceter and lapidary. 
Mary L. Johnson 


Minerals, mineralogy, and mineralogists: Past, present, 
and future. F. C. Hawthorne, Canadian 
Mineralogist, Vol. 31, No. 2, 1993, pp. 253-296. 


Several fundamental concepts used in gemology come 
from the field of mineralogy. Good examples include 
much of gemological nomenclature, certain methods of 
gem identification, and ideas on topics, such as crystal 
growth and the causes of color in some gemstones. Thus, 
an understanding of mineralogy's past and its possible 
future directions should be of interest to gemologists. 

In this article, Dr. Frank Hawthorne, a mineralogy 
professor at the University of Manitoba and a recent past 
president of the Mineralogical Association of Canada, 
presents a condensed but thorough overview of mineral- 
ogy. Starting with the earliest key publications on min- 
erals, he traces the major developments, first in the clas- 
sification and then in the characterization of minerals. 
All the major analytical techniques now used to study 
minerals are briefly reviewed. Future directions that 
research on minerals may take are highlighted. The 
author concludes with a plea for retaining classical min- 
eralogical education and mineralogical research in a peri- 
od of shrinking funding for both science and scientific 
education. JES 


Perren Gem and Gold Room opens at Royal Ontario 
Museum. Canadian Gemmologist, Vol. 14, No. 3, 
1993, pp. 86-87. 


This exhibit is named for the late gemologist and gem 
dealer, Richard Perren. Six photographs show examples 
of the displays, which feature interactive videos, gold 
specimens, and gemstone groupings. 

Michael Gray 
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SYNTHETIC RUBIES BY DOUROS: 
A New CHALLENGE FOR GEMOLOGISTS 


By Henry A. Hanni, Karl Schmetzer, and Heinz-Jiirgen Bernhardt 


Greek manufacturer |. & A. Douros intro- 
duced a new flux synthetic ruby in early 
1993. Grown by spontaneous nucleation in a 
lead-based solvent, the Douros synthetic ruby 
occurs as rhombohedral single crystals and 
twinned tabular crystals, as well as in clus- 
ters. The tabular crystals typically have 
intense red cores that gradually decrease in 
saturation to a near-colorless outermost layer; 
the rhombohedral crystals have a deep red 
body and a thin near-colorless layer on the 
rhombohedral faces, with umbrella-like 
growth patterns in some areas. Some samples 
contain distinctive inclusions of yellow resid- 
ual flux with spherical bubbles. Chemically, 
the crystals are heavily zoned, and EDXRF 
analyses revealed variable trace amounts of 
Ti, Fe, Cr, and Ga, as well as some Pb, SEM- 
EDS identified the flux particles as lead bear- 
ing. Microprobe analyses showed high Cr val- 
ues in the crystal cores; in certain growth 
zones, Fe replaces Cr in the outermost layers, 
If inclusions or typical growth structures are 
not present, chemical composition appears to 
be the best means of separating these Douros 
synthetic rubies from natural rubies, 
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ecently, a new type of flux-grown synthetic ruby 
entered the gem market (figure 1}. Manufactured by 
J. & A. Douros Created Gems in Piraeus, Greece, the 
Douros synthetic ruby poses new challenges for gemolo- 
gists. Like the Ramaura flux-grown synthetic rubies intro- 
duced in 1982 (Bosshart, 1983; Kane, 1983}, stones faceted 
from the Douros laboratory-grown crystals may create con- 
siderable difficulties for identification. Standard gemological 
tests are inadequate for clean or only slightly included sam- 
ples. Even with advanced tests such as U.V.-visible spec- 
trophotometry, EDXRF chemical analysis, or identification 
of growth planes, the present material may cause difficul- 
ties in identification (see, e.g., Hanni and Bosshart, 1993, 
Hanni and Schmetzer, 1993; and Smith and Bosshart, 1993). 
This article reports on our examination of several crys- 
tals and faceted samples of the Douros material. To help 
establish criteria by which the Douros synthetic rubies can 
be separated from their natural counterparts, we will 
describe in detail the mineralogical, gemological, and chem- 
ical characteristics of this new flux-grown synthetic mby. 


PRODUCTION 


Brothers John and Angelos Douros run a small family busi- 
ness that manufactures synthetic crystals. A physicist and 
an electrical engineer, respectively, they previously special- 
ized in refining precious metals. With furnaces they built 
themselves, the Douros brothers use controlled sponta- 
neous nucleation and slow cooling techniques to produce 
synthetic rubies by unseeded flux growth {J. Douros, pers. 
comm., 1993). 

After some years of experimentation, in January 1993 
they presented the material to the public for the first time, 
at the Athens Jewellery Fair. Simultaneously, they reported 
on their new synthetic ruby in the Greek jewelry magazine 
Chrysotechni (Douros and Douros, 1993) . 

At present, the Douros brothers use two furnaces in 
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which exact temperature control permits very slow 
cooling and, thus, steady crystal growth that incor- 
porates the chemical constituents needed to dupli- 
cate natural ruby as closely as possible (J. Douros, 
pers. comm., 1993). They dope the flux with vari- 
ous trace elements in their effort to reproduce the 
different shades of color and trace-element compo- 
sitions encountered among natural rubies. As is 
typically the case with flux-grown synthetics, the 
production costs are significantly higher than for 
synthetic ruby crystals produced by the Verneuil or 
Czochralski methods, The Douros flux method typ- 
ically yields crystals up to 20 to 50 ct; the largest 
crystal produced to date is 70 grams (350 ct} and the 
largest faceted stone, 8.5 ct. In June 1994, John 
Douros reported that they were producing approxi- 
mately 2,000 ct per month, but expected this quan- 
tity to increase. The precise conditions of growth 
and composition of the flux are proprietary and 
were not revealed to the authors. The material is 
being sold through various channels. 


MATERIALS AND METHODS 
For this study, we obtained 12 synthetic ruby crys- 
tals (2-17 ct] and 10 faceted synthetic rubies (1-5 ct} 
directly from the Douros brothers. To best examine 
the inclusions, we polished one or two faces on 
some of the crystals. 

For gemological testing, we used a Topcon 
refractometer with a sodium light source, a Mettler 
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Figure 1. This 44,74-ct 
rhombohedral crystal 
and the accompanying 
cut stones (from left to 
right—4. 98, 2.55, 2.14, 
and 3.51 ct) are represen- 
tative of some of the 
Douros flux-grown syn- 
thetic rubies that have 
been produced to date. 
Samples courtesy of John 
Douros, Piraeus, Greece; 
photo by Robert Weldon. 


balance with specific-gravity attachment, a Zeiss 
Jena 7° dispersion spectroscope with Eickhorst base, 
a standard ultraviolet lamp (long-wave and short- 
wave} with dark box, a Schneider immersion micro- 
scope with Zeiss optics, and a Wild Stereozoom 
microscope with Eickhorst Multiscope base. We 
used methylene iodide as the immersion liquid 
(with a special sample holder) for examination and 
photomicrography of the samples. 

Polarized absorption spectra for the e- and o- 
vibrations were recorded on two crystals, one crys- 
tal slice, and one faceted sample. We used Hitachi 
4001 and Pye-Unicam SP8-100 spectrophotometers 
with polarization filters, the crystals oriented with 
the c-axis perpendicular to the incident beam (see, 
e.g., Bosshart, 1982). Qualitative chemical investi- 
gations, by energy-dispersive X-ray fluorescence 
analysis (EDXRF,; see, e.g., Stern and Hanni, 1982; 
Muhlmeister and Devouard, 1991), were performed 
on 13 samples (as well as, subsequently, on sections 
cut and polished from two of these samples} using a 
Philips PV 9500 X-ray generator and detectors with 
a Spectrace TX-6100 system and software package. 
Quantitative chemical analyses were performed on 
seven of the same samples with a CAMECA 
Camebax SX 50 electron microprobe. The electron 
microprobe analyses (EPMA) included 30 point 
analyses on table facets of three faceted synthetic 
rubies and on a rhombohedral face of one rhombo- 
hedral crystal, as well as 30 point analyses on the 
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Figure 2. The 10,.37-ct tabular 
crystal (inset), two rhombohedral 
crystals (44.74 and 13.69 ct), and 

167.97-ct crystal cluster shown 
here represent the Douros crystals 
observed thus far. Photo by 
Robert Weldon. Inset photo by 
Maha DeMaggio. 


two new surfaces produced when an irregular inter- 
growth of two rhombohedral crystals (samples D1 
and D2) of random mutual orientation was sawn 
and polished. For the microscopic examination of 
one of the tabular crystals (to obtain a cross-section 
between the two basal pinacoids), we had a slice cut 
perpendicular to the basal pinacoid c. Three micro- 
probe scans of 50 point analyses each were per- 
formed on this 2.2-mm-thick polished slab on the 
surface at the cross-section. 

A Philips scanning electron microscope (SEM 
515) with a Tracor energy-dispersive X-ray spec- 


Figure 3. As is evident in this schematic drawing 
of a rhombohedral crystal of Douros synthetic 
ruby, three crystal faces are well developed: the 
dominant basal plane c (0001), the positive rhom- 
bohedron r (1011), and the subordinate negative 
rhombohedron d (0112). 
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trometer (EDS) system was used to investigate the 
surfaces of one rough and one cut Douros synthetic 
ruby in order to identify the chemical components 
of yellow material and metallic particles on those 
surfaces. We also submitted some of the yellow 
material removed from the surface of one of the 
crystals to X-ray powder diffraction analysis with a 
Gandolfi camera. 


CRYSTALLOGRAPHY 


The Douros flux-grown synthetic ruby crystals 
occur in two habits: rhombohedral (see, e.g., fig- 
ures 1-3) and tabular (figures 2 and 4}. There are 
also crystals intermediate between these two 
basic types as well as intergrown clusters (figure 
2). In all the samples we examined, we noted that 
only three crystal faces are developed: the basal 
pinacoid c (0001), the positive rhombohedron r 
(1011], and the negative rhombohedron d (0112). 
Trigonal growth structures were typically seen on 
thombohedral and tabular crystals alike (again, 
see figure 2). 

As illustrated in figure 3, the rubies with tabu- 
lar habit have a dominant basal plane c; the rhom- 
bohedral faces r and d are small. Occasionally, they 
also show small, colorless "satellite" corundum 
crystals that have intergrown with the main crys- 
tal; rarely, metallic flakes of platinum (from the 
crucible; figure 5) or a yellow material {figure 6} are 
found on the surface. 

Most of the tabular crystals are penetration 
twins, with the two components symmetrically 
related by a 180° rotation about the c-axis. This 
twinning is identical to a reflection across one of 
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the first-order hexagonal prism faces {1010} or 
across the basal pinacoid (0001). The two compo- 
nents of the twinned individuals are in contact 
along four twin boundaries, which are oriented par- 
allel to the twin planes (1010) and (0001), respec- 
tively (figure 4; see, e.g., Schmetzer et al., 1994}. 

The rhombohedral crystals are more equidi- 
mensional and thus better suited for cutting. They 
are basically formed by dominant basal and rhom- 
bohedral faces, c and r, with somewhat smaller d 
faces (again, see figure 3). We did not see prism 
faces on any of our samples, but we did see small 
hexagonal dipyramids n (2243) on one crystal. We 
did not observe twinning in any of the rhombohe- 
dral crystals. 

These two habits of Douros synthetic rubies 
are similar to those described for Ramaura flux- 
grown synthetic rubies (Kane, 1983; Schmetzer, 
1986a and b). The penetration twinning seen in the 
Douros synthetic rubies is identical to that com- 
monly seen in Ramaura synthetic rubies {as 
described in Schmetzer et al., 1994), but different 
from twinning in other flux-grown synthetic rubies, 
such as those produced by Chatham Created Gems. 
However, whereas we observed twinning only in 
tabular Douros crystals, most twinned Ramaura 


synthetic ruby crystals observed up to now are of 
thombohedral habit. 


Figure 5. A small satellite crystal and a shiny 
grain of platinum (from the crucible) can be seen 
on the surface (basal face c) of this tabular crys- 
tal. The crazed orange area is enclosed flux that 
lies below the surface. Magnified 50x. 
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Figure 4. This schematic drawing of a tabular 
Douros synthetic ruby crystal shows the dominant 
c planes and the subordinate r and d faces. The 
sample illustrated is actually a penetration twin, 
which is frequently encountered in this material. 
The second crystal is denoted by the darker color 
and its relative faces marked c’, r', and d', 


COLOR AND COLOR ZONING 


The samples ranged from saturated red to purplish 
red and reddish purple (see, e.g., figures 1 and 2}, 
depending on the amounts of chromium, titanium, 
and iron present in each. The different concentra- 
tions of color-causing trace elements also produced 
geometrically bounded color zoning within the crys- 
tals. In the tabular crystals only, we noted: (1) near- 
colorless to light red outermost zones confined to r 
and d faces (figure 7]; (2) near-colorless to light red 
triangular growth sectors confined to twin bound- 
aries (figure 8}; and (3) purple to bluish purple color 
bands running parallel to both rhombohedral faces r 
and d (figure 9}. In both the rhombohedral and tabu- 


Figure 6. On the surfaces of some of the crystals, 
we saw pits filled with a yellow polycrystalline 
material, Magnified 6x. 
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Figure 7. This 34-mm-diameter tabular 

Douros synthetic ruby crystal exhibits the 
near-colorless outermost zone typical of this form. 
Note also the large pieces of yellow flux that have 
been trapped in the crystal. The flux is typically 
oriented parallel to the basal face. 


lar crystals, we saw purple to bluish purple interca- 
lated acute-angle triangles (figures 9 and 10). The 
purple to bluish purple bands and triangular zones 
represent a distinct blue-sapphire component within 
the synthetic ruby (cf. Schmetzer and Bank, 1981). 


GEMOLOGICAL PROPERTIES 


Table 1 gives the gemological properties for the 10 
faceted Douros synthetic rubies and 12 crystals 
(eight rhombohedral and four tabular}. Because R.1. 


Figure 9. Purple to bluish purple color bands (like 
the one shown here in the lower part of the photo) 
were occasionally seen in tabular Douros synthet- 
ic ruby crystals, as were acute-angle purple to 
bluish purple triangular growth zones (like the 
one seen here in the lower left). A distinct 
iron/titanium component, in addition to the 
chromium component of ruby, is responsible for 
this color zoning. The inclusions shown here are 
flux. Magnified 10x, 
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Figure 8. On the edge of a tabular crystal, a near-col- 
orless to light red triangular growth sector is confined 
to twin boundaries. Immersion, magnified 25x, 


and density readings overlap those of natural rubies, 
they are not useful in identifying this material as 
synthetic. Note, however, that the R.I.’s measured 
on the rhombohedral faces of rhombohedral crystals 
are somewhat lower than the values obtained from 
the basal pinacoids. The latter correspond to the 
R.1L.'s of the faceted samples. The basal-pinacoid 
R's of the tabular crystals were similar to those 
from rhombohedral faces of the rhombohedral crys- 
tals. On a plane cut perpendicular through the basal 
pinacoids of a tabular crystal, no distinct readings 
could be obtained. These differences in R.I. are 
undoubtedly related to differences in chemical com- 
position—especially the differential incorporation of 
chromium (which tends to increase R.I.}—between 
the body of the crystal and its outermost layers. 

The strong red fluorescence to ultraviolet radia- 
tion (more pronounced to long-wave} of the faceted 
Douros synthetic rubies is characteristic for low 
iron-bearing rubies, so it cannot be used to identify 
the synthetic material. The absence of fluorescence 
in some of the outermost areas of the Douros crys- 
tals appears to be due to the selective chemistry on 
the faces (see below} and, again, to the lower chromi- 
um content in the outermost layers. The resulting 
appearance of the crystals has been described as a 
layer of yellowish orange fluorescence on some of 
the outside faces to long-wave U.V. radiation, or a 
moderate to strong whitish blue fluorescence to 
short-wave U.V. Because these inert to pale-colored 
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portions of the crystals are generally removed during 
cutting, the fluorescence of the faceted Douros syn- 
thetic rubies is typically a uniform red. 


MICROSCOPIC CHARACTERISTICS 


Structural Properties (Growth Features and 
Twinning). The internal growth features of both the 
rough and the faceted Douros samples correspond 
to the external morphology of the crystals. We iden- 
tified internal growth planes parallel to all three 
macroscopically observed crystal faces c, r, and d. 
Although similar growth planes are also found in 
Ramaura and Chatham flux-grown synthetic rubies 
{Schmetzer, 1987}, there are three types of growth 
patterns that appear to be most characteristic of 
rhombohedral Douros synthetic rubies (table 2). 

In most of the rhombohedral crystals, we recog- 
nized a growth pattern that is evident as areas of 
different colors with sharply defined boundaries. 
The main body color between the basal planes is 
intense red, whereas the thin outermost layers con- 
fined to the r and d faces are near-colorless to light 
red (figure 11). These outer layers represent the lat- 
est growth stage. 

All of the rhombohedral crystals showed faces 
parallel to the negative rhombohedron d. Such faces 
were prominent {although smaller than c and r} on 
the actual surface of the crystals, which represents 
the latest growth period. In earlier stages of growth 
(ie, more toward the center of the crystal) the d 


Figure 10, Acute-angle color zoning was also seen 
in rhombohedral Douros synthetic ruby crystals. 
Compare the appearance of the zone in this sam- 
ple with that in the tabular Douros crystal in fig- 
ure 9. Again, the bluish purple color is due to 

(Fe, Ti}-rich zones within the ruby crystal. 
Immersion, magnified 40x, 


faces were smaller. In the earliest growth stage, in 
the center of the crystal, growth parallel to d was 
absent, and the surface of the crystal at that stage 
was defined just by r and c faces. When a rhombo- 
hedral Douros synthetic ruby crystal was viewed 
with immersion in the microscope, in most cases 
the area confined to d growth showed a distinct, 
curved, umbrella-like outline, because this part of 
the crystal has a higher saturation of red compared 
to neighboring zones {figure 12). In some cases, the 


TABLE 1. Gemological properties of Douros synthetic rubies.4 


Property Rhombohedrat crystals 


Faceted samples Tabular crystals 


3.993 ~ 4.010 

Basal pinacoid c: 

Ny 1.771 - 1.773 

nN, 1.763 - 1.765 
Pos. rhombohedron r: 
n, 1.768- 1.770 

nN, 1.760 - 1.762 


Density (g/cm3) 
Refractive indices 


Pleochroism 
lle Yellowish red to red 
ie Purplish red 
Fluorescence 
LWUV Intense orangy red, 
inert in the surface layer 
confined to r and d 
SWUV Moderate red, inert in the 


surface layer confined to 
randd 


3.997 - 4,015 4,023 — 4.029 


Basal pinacoid c: 
Ng 1.772- 1.774 No 1.768- 1.771 
n, 1.762 - 1.764 ng 1.760 - 1.763 


Plane cut and polished 


perpendicular to c: no 
distinct reading 


Yellowish red to red 
Purplish red 


Yellowish red to red 
Purplish red 


Intense red Intense orangy red, inert in 
the surface layer confined 
toc,r, andd 

Moderate red, inert in the 
surface layer confined to 
c,r,andd 


Moderate red 


aAs recorded for eight rhombohedral crystals, 10 faceted samples, and four tabular crystals. 
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Figure 11. The thin outermost layers confined to 
the r and d faces that form the sharp edge of this 
rhombohedral crystal are near-colorless to light 
red. Note that there is no colorless layer on the 
basal faces (here, upper right and upper left). 
Immersion, magnified 25x, 


d-face growth zones were confined to the outer 
areas of the crystal; the intermediate and central 
areas showed only growth parallel to c¢ and r faces 
{figure 13}. 

Also in the rhombohedral crystals, as noted ear- 
lier, we occasionally saw acute-angle purple to 


Figure 12. The growth sector formed by d-face 
growth (at the bottom of the picture) in this 
rhombohedral crystal is defined by a distinc- 
tive umbrella-like boundary toward the neigh- 
boring x and r' face growth areas. Immersion, 
magnified 40x, 


bluish purple triangles that lie in the red core 
(again, see figure 10). These areas undoubtedly con- 
tain a distinct blue sapphire (Fe, Ti) component in 
addition to the Cr content responsible for the ruby 
coloration. 

In the tabular crystals, growth patterns includ- 


TABLE 2. Crystallography, structural properties, and color zoning in Douros synthetic ruby 


crystals. 


Property 


Rhombohedral crystals 


Tabular crystals 


Faces 
Basal pinacoid c (0001) 
Pos. rhombohedron r (1011) 
Neg. rhombohedron d (0112) 
Hexagonal dipyramid (2243) 
Twinning 
Growth patterns, color, 
color zoning 
c faces 


r faces 


d faces 


Undetermined faces 


Dominant 

Dominant 

Subordinate 

Extremely small (in one sample) 


Not observed 


Growth patterns present from 
the center to the surface; red; 
no color zoning, no boundary 


Growth patterns present from 
the center to the surface; red; 
no color zoning from the center 
to a distinct boundary near the 
surface, with the outermost 
zone almosi colorless 


Growth patterns not present in 
the center, but begin to develop 
toward the surface; darker red 
(umbrella-type) growth structure; 
no color zoning from the begin- 
ning to a distinct boundary near 
the surface, with the outermost 
zone almost colorless 


Intercalated acute-angle purple 
to bluish purple triangles present 


Dominant 
Subdordinate 
Subordinate 
Not observed 


Penetration twinning 


Growth patterns present 

from the center to the surface; 
red in the center, continuous 
decrease in saturation to- 
ward the surface, and almost 
colorless in the oulermost layer 


Growth patterns present from 
the center to the surface; 
red in the center, continuous 
decrease in saturation 
toward the surface, and 
almost colorless in the 
outermost zone 

Growth patterns present from 
the center to the surface; 
dark red in the center, with 
a continuous decrease in sat- 
uration toward the surface; 
almost colorless in the 
outermost zone 


Intercalated acute-angle purple 
to bluish purple triangles present 


7As observed in eight rhombohedral and four tabular crystals examined. 
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ed both regular and irregular distributions of color 
(again, see table 2). As a rule, there was no color 
zoning in the cores, and the outermost areas tended 
to be light red or near-colorless (again, see figure 7). 
The slice cut parallel to the c-axis of a twinned tab- 
ular crystal (on which microprobe analysis was also 
done} exhibits a rather complex growth pattern (fig- 
ure 14}. From the upper to the lower surface [i.e., 
from the c to the -c face), growth zones parallel to c, 
r, d, and -c can be seen. Both of the growth zones 
parallel to c and -c are colorless or light red on the 
surface. The color saturation increases toward the 
center of the crystal, which is saturated red. 
Growth areas confined to faces r and d are intense 
red in the center of the crystal, but they decrease in 
saturation in a direction parallel to the length of the 
slab, that is, toward the surfaces formed by the r 
and d faces. The outer zones of these areas are light 
red, merging to near-colorless next to the surface of 
the crystal. In the slice examined, the d growth 
zones are a more intense red than the adjacent r 
zones. This feature was also found in the rhombo- 
hedral crystals examined. 

Purple -to bluish purple acute-angle zones were 
also observed in some of the tabular crystals; bands 
of similar color were seen in planes parallel to the 
rhombohedral faces {again, see figure 9}. These rep- 
resent areas rich in Fe and Ti. 

Growth patterns of penetration twins on tabu- 


Figure 13. This rhombohedral Douros synthetic 
ruby crystal also revealed an umbrella-like 
growth sector confined to d (intense red) as well 
asvand r' (light red), but the central part of the 
crystal shows only r and r' growth. Immersion, 
crossed polarizers; magnified 50x, 
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Figure 14. As illustrated in the line drawing, this 
slice from a tabular crystal cut parallel to the c- 
axis shows the large c (upper) and -c (lower) faces, 
as well as the x and’d faces that form the edge of 
the crystal. Internal growth zoning is accentuated 
here due to differences in trace-element chemistry. 
The darkest red zone is confined to the d-growth 
area. Immersion, magnified 25x. The positions of 
the two paths of microprobe point analyses (A and 
C) are shown in the schematic drawing. (Path B 
was located between paths A and C.) 


lar crystals may be extremely complex in areas con- 
fined to one of the four boundaries of the synthetic 
ruby. In general, the differences are so subtle that 
these patterns are not useful to discriminate 
between natural and synthetic rubies. Therefore, 
synthetic stones faceted from these areas cannot be 
separated from natural ruby on the basis of growth 
structures alone. 

We did not see colorless outer zones in any 
faceted samples, which indicates that this character- 
istic growth feature is removed during cutting. In 
two or three faceted samples, we saw part of the 
umbrella-type growth pattern, which indicates that 
they had been cut from crystals with rhombohedral 
habit. In one case, we found an irregularly outlined d 
growth zone in a "distorted" umbrella pattern (figure 
15). Note that these zones become smaller toward 
the interior of the crystal. Therefore, it is possible 
that some Douros synthetic rubies cut from the 
cores of rhombohedral crystals might also lack any 
distinctive structural patterns. See Schmetzer (1986a 
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Figure 15. Structural characteristics are not 
always easy to recognize. Note this "distorted” 
umbrella pattern found in a faceted Douros syn- 
thetic ruby. These peculiar growth structures, 
with r, d, and r' sectors, were observed in immer- 
sion at 50x magnification. 


and b) and Kiefert and Schmetzer (1991) for more on 
the method to identify growth planes. 


Inclusions. Although many of the faceted samples 
appeared to be free of distinctive inclusions even at 
40x magnification, some showed evidence of resid- 
ual flux similar to that seen in other flux-grown 
synthetic rubies. Such inclusions may occur as larg- 
er, individual pieces of flux or as "veils" formed by 
many tiny droplets of flux. The former actually 
consist of coarse, rounded to elongated cavities that 
have been filled with a typically yellow substance 
and contain one or more voids or bubbles. Note 
that, in small amounts, the flux appears near-color- 
less; when present in larger volumes, the flux not 
only looks yellow but also reveals a distinctive 
crazed appearance and forms a mosaic-like pattern 
(figure 16). Occasionally, the flux inclusions are ori- 
ented parallel to the basal pinacoids, especially in 
twinned tabular crystals. In rhombohedral crystals, 
we have seen flat flux-containing inclusions orient- 
ed parallel to the rhombohedral faces. 
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Figure 16. These pieces of yellow flux seen near 
the surface of a Douros synthetic ruby crystal are 
actually crazed residual fillings. Note the mosaic- 
like pattern of the flux, as well as the rounded 
voids or bubbles. Magnified 25x, 


We saw rounded bubbles in nearly all of these 
flux inclusions (figure 17). Burch (1984) described 
similar two-phase inclusions for Kashan synthetic 
rubies. Most coarse flux is, as a rule, encountered 
near the surface of the crystals; that is, it was 
enclosed during the latest growth period. 

The veil type of flux inclusion seen in the 
Douros synthetic rubies we examined (figure 18} 
looks very similar to patterns seen in heat- (and 
"borax-"} treated natural ruby, which now represent 
most of the natural rubies encountered in the trade. 
Some of the flux particles are transparent, usually 
containing a bubble (figure 19). 


Figure 17. This large piece of flux in a Douros syn- 
thetic ruby has a distinctive mosaic pattern and 
contains two bubbles. The fine lines—or "craz- 
ing"—in the solid part of the inclusion help distin- 
guish such inclusions from two-phase inclusions 
that might be seen in a natural ruby. Immersion, 
magnified 25x, 
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For the most part, the Douros faceted synthetic 
rubies we examined were very clean, only slightly 
included, or the inclusions present resembled those 
seen in natural rubies (figure 20}. They did not have 
platinum platelets or blades. 


Optical Spectroscopy. The absorption spectra we 
observed with gemological desk-model spectro- 
scopes do not differ from those of natural or syn- 
thetic rubies that have no (or little) iron content. 
That is, the Douros synthetic rubies show the well- 
known absorption lines in the red and blue regions 
of the spectrum, as well as the typical red fluores- 
cence lines due to chromium. 

The spectrophotometer results in the ultravio- 
let-visible range are also characteristic for rubies 
with Cr-only spectra (figure 21). Absorption mini- 
ma for a typical sample lie at 328 and 471 nm for 
the o-vibration and at 328 and 481 nm for the e- 
vibration. Absorption maxima (i.e., broad bands) are 
centered at 410 and 560 nm for the o-vibration and 
400 and 545 nm for the e-vibration. General absorp- 
tion in the ultraviolet region is at 290 (e} and 280 
nm (o}, respectively. There were no significant dif- 
ferences in spectra among the various crystals or 
faceted samples. 

When we calculated the spectral characteristics 
as proposed by Bosshart (1982), we determined typi- 
cal values of A, and 4/W as 328/6.5 for the o-vibra- 
tion and 326/5.8 for the e-vibration. These values 
overlap those for both Knischka synthetic rubies 


Figure 18, This veil-like inclusion in a faceted 
Douros synthetic ruby looks very similar to the 
networks of interconnecting channels seen in 
heat- (and “borax-") treated natural rubies. 
Magnified 50x, 


Synthetic Rubies by Douros 


Figure 19. These small flux inclusions, in parallel 
alignment, are transparent, Note that each con- 
tains a prominent bubble, which appears in high 
relief against the flix. The flux itself shows low 
relief against the ruby, which indicates that its 
refractive index ts close to that of the ruby. 
Magnified 50x. 


and natural rubies from Mogok. The minor spread of 
the plotting points within the Douros material is 
probably due to’the trace-element variations 
encountered among different samples. Therefore, for 
the material examined so far, this method will not 
provide adequate distinction from natural rubies. 


Chemistry. The EDXRF spectra showed the pres- 
ence of chromium, titanium, and iron in varying 


Figure 20, The presence of a fissure composed of 
tiny droplets, like that seen in this faceted Douros 
synthetic ruby, is of no help to a gemologist work- 
ing only with a microscope. Such a pattern could 
also be seen in a natural ruby. Magnified 50x. 
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Figure 21. The U.V.—visible absorption spectra of 
the Douros synthetic rubies are similar to those of 
some natural rubies. These representative absorp- 
tion spectra were taken with a Pye-Unicam SP8- 
100 spectrophotometer with polarization filter on 
a slice cut from a tabular Douros crystal. The 
sample was oriented with the c-axis perpendicu- 
lar to the incident beam. 


amounts (figure 22). In some cases, chromium 
peaks were dominant and only small amounts of 
iron were found. In other samples, distinct concen- 
trations of both iron and chromium were observed. 
We noted the following variability in the peak 
heights for the prominent color-causing trace ele- 
ments, iron and chromium (the letters in parenthe- 
ses are keyed to the individual spectra in figure 22): 

Fe > Cr on c faces of tabular crystals (A) 

Fe > Cr on r faces of rhombohedral crystals (B} 

Fe < Cron. faces of rhombohedral crystals (C} 

Fe < Cr on faceted stones (similar to C) 
Titanium concentrations were always low, if pre- 
sent at all, and vanadium was at or below the detec- 
tion limit of the instrument. Gallium signals were 
usually prominent. 

The variability in, or absence of, certain color- 
causing elements (Ti, V, Cr, Fe} may be typical for 
Douros synthetic rubies. Most of the EDXRF spec- 
tra also indicated the presence of lead, which both 
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Figure 22. The variability in trace elements in the 
outermost layers of Douros crystals is evident in 
these EDXRF spectra of three samples: (A} a tabu- 
lar crystal with Fe > Cr measured on the ¢ face; 
(B} a rhombohedral crystal with Fe >» Cr mea- 
sured on the r face; and (C} a rhombohedral crys- 
tal with Fe < Cr measured on the c face. This last 
spectrum is also typical for faceted samples. 
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SEM-EDS and X-ray diffraction analyses (see below) 
showed to be a component of the flux used in the 
growth process. Even in those cases where flux 
inclusions cannot be seen with high magnification, 
EDXRF analysis sometimes reveals the presence of 
Pb peaks as evidence of submicroscopic particles of 
flux. 

EDXRE analysis did not reveal traces of either 
platinum or iridium (from the crucible) or of lan- 
thanum or bismuth. The latter are typical compo- 
nents of the flux used to grow Ramaura synthetic 
rubies (Schmetzer, 1986a; Schmetzer et al., 1994). 

The quantitative data provided by the micro- 
probe analyses (see Dunn, 1977) revealed only a 
limited chemical variation within each of five of 
the six rhombohedral rubies analyzed (three crys- 
tals and three faceted samples; table 3). The faceted 
samples (A, B, and C}, as well as the intergrown 
crystals (D1 and D2}, showed distinctly more 
chromium than iron. In contrast, iron was found to 
surpass chromium {present in very small amounts] 
on the rhombohedral face r of rough sample E, 
which was a typical "ruby" red color and had an 
ordinary chromium absorption spectrum. This indi- 
cates a selective compositional zoning with respect 
to different crystal faces, as well as between late- 
stage growth layers and the cores, in the rhombohe- 
dral crystals. It is consistent with the color zoning 
observed in the crystals. 

Sample D1 showed a distinct zoning with 
respect to chromium, in the form of a composition- 
al discontinuity between the two parts of the crys- 
tal. We recorded Cr,O, values between 0.65 and 


0.55 wt.% in the main part, and only 0.18 to 0.10 
wt.% in the narrow outermost layer. There was no 
comparable zoning for iron. This zoning of chromi- 
um is consistent with the observation of dark red 
cores and lighter red or nearly colorless rims in the 
rhombohedral crystals (figure 11). Since the surface 
layers are typically thin, they are usually removed 
during cutting. 

The results of microprobe analysis of the slice 
cut from a tabular crystal are given in table 4. The 
central part of the crystal (again, see figure 14) con- 
sists of two areas of different chromium content. In 
both areas, which are designated "upper core" and 
“lower core" in figure 14 and table 4, iron content is 
low. However, we found no distinct pattern to the 
distribution of iron and chromium within either 
core. In contrast, we measured a high variation in 
chromium and iron contents in the upper and lower 
surface layers: In both, chromium progressively 
decreased—and iron progressively increased--from 
the core side to the surface side. A substitutional 
exchange of Cr by Fe in these growth zones is evi- 
dent. We could not detect a systematic variation of 
titanium in the same scans. We also found that the 
chromium content decreases from the center (scan 
A) to the outer zone {scan C) of the crystal (table 4]. 
The data obtained from scan B are intermediate 
between those of scans A and C. 


Scanning Electron Microscopy and X-Ray 
Diffraction Analysis. SEM-EDS analysis of the 
residual yellow flux exposed at the surface of some 
faceted samples showed characteristic X-ray fluo- 


TABLE 3. Electron microprobe analyses of five Douros synthetic rubies. 


A B C D E 
Oxide Faceted Faceted Faceted Intergrowth of two Rhombohedral 
(4.21 ct) (1.31 ct} (1.18 ct) rhombohedral crystals (3.48 ct) crystal 
(7.57 ct) 
Crystal D1 Crystal D2 race 
Core Surface layer Core 
ALO;  97.23-98.04 9812-9863  97.56-98.29 98.12-98.42 98.68-98.08  97.83-98.64 97.95-100.29 
TiO, 0.00- 0.03 0.01- 0.05 0.00- 0.03 0.00- 0.02 0.00- 0.02 0.00- 0.02 O01- 0.07 
CrO,  0.79- 0.96 0.60— 0.70 0.77- 0.99 055-065 010-018 047-075 001- 0.04 
FeO, 0.03- 0.07 0.04— 0.09 0.09- 016 003-007 9.05—- 0.08 0.03- 0.08 0.13- 0.34 
MnO 0.00- 0.02 0.00- 0.02 0.00- 0.01 0.00- 0.02 0.00- 0.01 0.00—- 0.02 0.00- 0.01 


Oxides in wt. %,; ranges ol 30 point analyses perlormed on each sample. Vanadium was belov the detection limit: galliuin was 


not measured. 
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rescence lines for lead (figure 23}. A silvery metal 
grain on the surface of one crystal (again, see figure 
5} proved to be platinum, probably from the cru- 
cible. 

An X-ray powder diffraction pattern was pre- 
pared from some of the yellow material removed 
from the surface of one of the crystals (see, e.g., fig- 
ure 6). The pattern revealed that the material was 
lead nitrate, PoNO3, which undoubtedly formed 
from the lead-bearing flux on the surface of the 
crystal when it was separated from the flux in nitric 
acid, HNO3. 


DISCUSSION 


The present investigation indicates that the new 
Douros synthetic rubies occur in essentially two 
types of crystals—{1) rhombohedral and (2) tabu- 
lar—which differ in habit, structural properties, and 
compositional characteristics. These two types 
probably result from the different temperature con- 
ditions that occur during the slow cooling that is 
part of the crystallization process from a flux. The 
ideal early growth conditions favor the formation of 
a rhombohedral crystal habit with c and r faces. 
When supersaturation decreases, and when the 
temperature starts to drop, new physical and chem- 
ical conditions favor the formation of d faces; the 


development of tabular crystals seems to reflect 
these later formation conditions. Also, at the end of 
the growth period, there is less of the dominant 
color-causing element chromium and more iron, 
which leads to the formation of near-colorless sur- 
face layers. 

EDXRF results support this scenario. Spectra 
taken on the basal plane of tabular Douros synthetic 
ruby crystals show small chromium peaks and high 
iron peaks. This agrees with the microprobe analy- 
ses taken on a cross-section, as shown in table 4. 
The complex chemical zoning observed across the 
tabular crystal is also responsible for the fact that no 
distinct reading could be taken on this plane with 
the refractometer. The low-chromium/high-iron 
content near the surfaces of tabular crystal faces not 
only explains the near-colorless to light red zones 
seen along the outermost layers, but also explains 
the lower intensity or even absence of U.V. fluores- 
cence in these areas. 

The EDXRF spectra of rhombohedral crystals 
revealed a difference in outer-layer composition 
between the intense red basal faces (Cr > Fe] and 
the almost-colorless to light red rhombohedral faces 
{Fe > Cr}. Microprobe analyses of the outer layers of 
two rhombchedral samples (sample E and the sur- 
face layer of sample D1, in table 3} also revealed dis- 


TABLE 4. Chemical zoning in a tabular crystal of Douros synthetic ruby.@ 


Oxide Upper layer, Upper core, Lower core, Lower layer, 
confined to c confined to r confined to d confined to -c 
ScanA 12 point 17 point 8 point 13 ooint 
analyses analyses analyses analyses 
Al,O3 100,21 -99,72 98.66-99.55 98.36-99.73 98.55-99.93 
TiO, 0.00- 0,02 0.00- 0.02 0.00- 0.02 0.00- 0.02 
CrzOz 0.04- 1.22 1.00-— 1.12 1.415- 1.43 1.07- 0.05» 
surface —> core core <— Surface 
Fe,0, O0.31- O.11¢ 0.09- 0.15 0.08- 0.14 0.15- 0.32¢ 
surface <— core core —> surface 
MnO 0,00- 0.01 0.00- 0.02 0.00 - 0.02 0.00 - 0.02 
Scan C 7 point 23 point 12 point 8 point 
analyses analyses analyses analyses 
Al,O3 98.10-99.35 98.63-99.75 98.42-99.35 98.67 -99.52 
TiO, 0.00- 0.02 0.00 - 0.02 0.00 - 0.01 0.00- 0.02 
Crr03 0.04 - 0.90> 0.67- 0.81 0.92 - 1.03 0.88—- 0.02 
surface —> core core <— surface 
Fe,0z 0.23- O.11¢ 0.138- 0.15 0.14 - 0.15 O.10- 0.27 
Surface <— core core —> surface 
MnO 0.00- 0.01 0.00~ 0.02 0.00 - 0.02 0.00- 0.01 


aOxides in wt.%; ranges of electron microprobe analyses; scans along the c-axis between the upper and lower 
basal pinacoids; thickness of the tabular crystal is 2.2 mm (see text for further details of sample preparation). 
Vanadium was below detection limit; gallium was not measured. 

’Continuous decrease in chromium from core to surface layer in c face areas. 
cContinuous increase in iron from core to surface layer in c face areas. 
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tinctly lower chromium and higher iron concentra- 
tions in these regions, as compared to sample D2 
and analyses of the faceted samples. {Note that only 
the core area of D2 was analyzed, because the speci- 
men had been cut such that there was no distinct 
outer layer on the new surface.] 

Because EDXREF analyses were performed on the 
table facets of the faceted rubies, and there is no gen- 
eral rule for the crystallographic orientation of the 
tables, we also examined random orientations and 
cutting angles of the crystals. We found that the cut 
Douros synthetic rubies usually exhibited the same 
chemical characteristics as the cores [i.e., from 
which the colorless outer layers were removed) of 
rhombohedral material. This is consistent with our 
microscopic observations. Microprobe analyses of 
three faceted samples (A, B, and C of table 3), as 
compared to analyses of the core of rhombohedral 
crystal D1 and crystal D2, confirmed the high 
chromium and low iron concentrations. 

With careful microscopic examination, we saw 
color zoning in all of the rhombohedral Douros 
crystals in the form of thin colorless outer layers on 
the d and r faces. R.1. differences between the r and 
c faces (table 1) and the different reactions to ultra- 
violet radiation of these external layers agree with 
the results of X-ray fluorescence and microprobe 
investigations. The zones with less-intense U.V. 
fluorescence were also mentioned by Smith and 
Bosshart (1993) for rhombohedral crystals. 


SEPARATION OF DOUROS SYNTHETIC 

RUBY FROM NATURAL RUBY 

Faceted Douros synthetic rubies may show a num- 
ber of characteristic features that distinguish them 
from natural rubies if they are inspected carefully. 
Although yellow flux inclusions (e.g., figure 16) are 
probably the easiest means of identification, such 
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large flux inclusions were relatively rare in the 
faceted stones we examined. Because the flux con- 
sists of a lead compound, however, Pb may be iden- 
tified by EDXRF as a trace element in the bulk 
composition. Lead is not found in natural rubies 
{except possibly in fissures or cavities, if a stone 
was polished on a lead wheel], and few natural 
rubies contain inclusions that resemble the typical 
large flux inclusions. 

Structural characteristics—such as the umbrel- 
la-shaped internal d growth zones (figure 15) or the 
near-colorless surface layers {figure 7)—cannot be 
expected in each sample. These properties are con- 
fined to the intermediate and outer growth areas, 
which would probably be at least partly removed by 
the bruting or cutting process. The characteristic 
twinning observed in tabular crystals is not present 
in cut stones from rhombohedral rough. 

As demonstrated above, trace-element ratios 
may vary within a sample, depending on the orien- 
tation of the crystal measured, We usually found 
distinct amounts of Ti, Fe, and Ga, in addition to 
Cr, but V, if present, was below the detection limit 
of EDXRF. 

Natural rubies usually have crystal faces differ- 
ent from those observed in the Douros synthetic 
ruby. They often show intercalated fine twin lamel- 
lae in one, two, or three spatial directions, with 
characteristic intersection lines. We did not see 
such structural features in the Douros material. 
Most Douros synthetic crystals did reveal growth 
planes confined to color zoning that do not occur in 
natural material in this form. 

Even after heat treatment, mineral inclusions 
in ruby may exhibit crystal shapes that will help 
characterize the host stone as natural. Rutile nee- 
dles, or the traces that remain after heat treatment, 
were not present in the Douros synthetic rubies we 
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examined. However, "veils" or fissures such as 
those shown in figure 20 could very well be con- 
fused with similar-appearing features that are com- 
monly seen in natural ruby, 


CONCLUSION 


The Douros flux-grown synthetic ruby has been in 
the marketplace since January 1993. The manufac- 
turers, John and Angelos Douros, report that they 
have been producing approximately 2,000 ct per 
month. The Douros product most closely resem- 
bles the Ramaura flux-grown synthetic ruby, with 
characteristics that are not seen in synthetic rubies 
by other manufacturers. 

Most of the gemological properties of the 
Douros material overlap those of natural rubies. It 
is most easily identified as a synthetic when there 
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are large inclusions of flux, which are readily recog- 
nized by their coarseness, yellow color, crazed 
appearance, and bubbles. If no characteristic flux 
inclusions are seen, a combination of chemical 
analysis {to reveal the presence of Pb and compare 
the contents of V, Ti, Cr, Fe, and Ga with those typ- 
ically encountered in natural rubies) and immersion 
microscopy (to reveal characteristic crystal-growth 
patterns and color zoning) should provide the evi- 
dence to distinguish this new synthetic ruby from 
its natural counterpart. 
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EMERALDS FROM THE MANANJARY 
REGION, MADAGASCAR: 
INTERNAL FEATURES 


Inclusions in emeralds from the Mananjary 
region in the eastern part of the island nation 
of Madagascar are reported and compared 
with inclusions in emeralds from other, espe- 
cially African, localities. Although most of 
these internal features are similar to those 
found in emeralds from other schist-type 
deposits, Mananjary emeralds usually can 
be separated from emeralds from other Jocal- 
ities by means of associations of certain 
mineral inclusions (especially talc, carbon- 
ates, amphiboles, and quartz) with specific 
types of fluid inclusions. 
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By Dietmar Schwarz 


or many years, Africa has been one of the main pro- 

ducers of emeralds, with known schist-type deposits 
in Zambia, Zimbabwe, Mozambique, Tanzania, Egypt, and 
South Africa, as well as deposits formed in a special envi- 
ronment in central Nigeria. Significant quantities of fine 
emeralds (figure 1} have also been found in schists in the 
Mananjary region of Madagascar, a large island nation off 
the southeast coast of Africa (Schwarz and Henn, 1992). 
Until now, however, there has been little information in the 
gemological literature about the Mananjary emeralds and 
how their internal features compare with those of emeralds 
from schist-type deposits elsewhere. 

According to knowledgeable sources (E. J. Petsch, Th. 
Eidt, W. Spattenstein, and H. Hanni, pers. comms., 1993), 
the Mananjary region was the only emerald-producing area 
in Madagascar until about two years ago, when mining 
began at a small deposit discovered in the southern region 
of Madagascar near the town of Benenitra (about 150 km 
east of the city of Toliara; see figure 2}. However, this new 
deposit produces only small, dark crystals (E. J. Petsch, H. 
Hanni, and G. Spagnoli, pers. comms., 1993] and is not dis- 
cussed further in this article. 

The Mananjary region represents a mining area of con- 
siderable potential and size. Important mines within this 
region include an unnamed alluvial emerald occurrence, 
about 50 km west-southwest of Mananjary, near the town 
of Ifanadiana (Sinkankas, 1981); the Ankadilalana mine, 
near the town of Kianjavato (Hanni and Klein, 1982), and 
the Morafeno mine, about 30 km south of Mananjary 
(Schwarz and Henn, 1992}, There are actually numerous 
operations throughout the region. In the general area of the 
Morafeno mine, for example, Thomas (1993) reports visiting 
nine mines: Ambodirofia, Ambodibonary, Ambadamanino, 
Ambodibakoly, Mororano, Ambodifandrika, Mohotsana II, 
Ambilanifitorana, and Ambodizainana. 


GEMS & GEMOLOGY Summer 1994 


Figure 1. Large quantities 
of erneralds have been 
mined from deposits in 
the Mananjary area of 
Madagascar. These eight 
faceted Mananjary stones 
range from 0.17 to 2.57 ct; 
the specimen measures 
approximately 35 x 20 x 
15 mm. Stones courtesy 
of H. Hanni and John M. 
Bachman Inc.; photo © 
Harold w Erica Van Pelt. 


The present article provides the first compre- 
hensive description of the inclusion features of 
emeralds from the Mananjary region. It also com- 
pares these internal characteristics to those 
observed in emeralds from other localities. In many 
cases, these Madagascar emeralds can be distin- 
guished from emeralds from other occurrences on 
the basis of their inclusions. 


BACKGROUND 


Emerald Occurrences in Madagascar. Beryl] is one of 
the most important of the more than 50 gem min- 
erals found on Madagascar (Chikayama, 1989), 
Aquamarine and other beryls from Madagascar 
have been known in Europe since French occupa- 
tion of the island in 1883. Levat (1912) appears to 
have been the first to mention an occurrence of 
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emerald in Madagascar; Lacroix (1922) provided the 
first detailed survey account of occurrences—both 
primary and secondary [i.e., alluvial} —of gem-qualli- 
ty beryl there. However, the primary emerald 
occurrences that are in the vicinity of the coastal 
town of Mananjary have been known for only about 
20 years. Sinkankas (1981) mentioned an emerald 
occurrence about 50 km west-southwest of 
Mananjary and about 250 km southeast of 
Tananarive (now named Antananarivo), the capital 
of Madagascar, near the town of Ifanadiana (again, 
see figure 2). In this alluvial deposit, small rounded 
emerald fragments have been found together with 
kyanite. 

Hanni and Klein (1982) described emeralds 
from the Ankadilalana mine, near the town of 
Kianjavato. They reported that these emeralds, 
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which originate from a mica schist, are similar to 
Zambian emeralds with respect to their blue-green 
color and optical properties. They described the 
emerald mining at that time as sporadic and carried 
out with primitive equipment. 

Only during the last few years have the 
Morafeno occurrences, about 30 km southeast of 
the Ankadilalana deposit, been exploited commer- 
cially (figure 3}. These deposits, which are also 
embedded in mica schists and subordinately in 
amphibole schists, are considered extensive and 
rich in emerald mineralization (Th. Eidt, pers. 
comimn., 1993). At the beginning of the 1990s, the 
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Antseranana 


Figure 2. Several emer- 
ald deposits have been 
identified on the island 
nation of Madagascar, 
which lies off the south- 
east coast of Africa. 
With the exception of 
the recent discovery at 
Benenitra, most lie with- 
in 50 km of the city of 
Mananjary. Mining oper- 
ations include the 
deposit near Ifanadiana, 
the Ankadilalana mine, 
and the Morafeno min- 
ing region. 


worked area around Mananjary comprised at least 
50 km2 (E. J. Petsch, pers. comm., 1993; Thomas, 
1993). Mining is performed by independent miners 
and a number of small mechanized operations (fig- 
ure 4). Precise figures for the quantity or value of 
emeralds produced to date are not available; most 
crystals range from one to three carats, but low- 
quality crystals up to 1,000 grams have been report- 
ed {E. J. Petsch, pers. comm., 1993}. 

Compared to emeralds from the African main- 
land, many of the stones from the Mananjary region 
are somewhat light in color; others are a bluer 
green, similar to Zambian emeralds (again, see fig- 
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Figure 3. As this 
overview of one mining 
operation shows, some 
deposits in the Morafeno 
region have been worked 
extensively in recent 
years. Photo by E. Julius 
Petsch, of Julius Petsch 
Ir., Idar-Oberstein. 


ure |]. The crystals range from opaque to transpar- 
ent, and nice cabochons can be cut from translu- 
cent rough (figure 5}. Generally, the emerald crys- 
tals are found embedded in the host mica or amphi- 
bole schist or in quartz (figure 6). Additional infor- 
mation on this locality, the material produced, and 
the gemological properties of these emeralds {which 
overlap those of Fe- and Cr-rich emeralds from 
other schist-type deposits) can be found in Schwarz 
and Henn (1992). 


Previous Inclusion Studies. To date, the following 
mineral inclusions (see table |} and other internal 
features have been reported for emeralds from 
Madagascar. In the stones from Ankadilalana, Hanni 
and Klein (1982) identified brown biotite, mus- 
covite, apatite, hematite, goethite, quartz, ilmenite, 
tourmaline, liquid/gas two-phase inclusions, and 
color zoning. Campbell (1991) observed goethite and 
hematite, as well as limonite and phlogopite, in a 
cabochon-cut emerald from Madagascar that also 
showed color zoning and negative crystals. M. L. 
Delé-Lasir and J. P. Poirot (pers. comm., 1991} iden- 
tified the following mineral inclusions in emeralds 
from Madagascar by means of Raman spectroscopy: 
carbonates (ankerite}, quartz, phlogopite, apatite, flu- 


Figure 4, At Morafeno, this mining 

company uses a backhoe to reach the emerald- 
bearing schists. Photo by E. Julius Petsch, of 
Julius Petsch Jr., Idar-Oberstein. 


Emeralds from Madagascar GEMS & GEMOLOGY Summer 1994 91 


orite, pyrite, and pyrrhotite. Kleyensttiber (1991) also 
reported the internal features of Madagascar emerald 
from the same rough that yielded the sample 
described by Campbell: elongated hollow growth 
channels with a rectangular outline; a large hexago- 
nal crystal with a distinct yellow-to-green pleochro- 
ism (possibly tourmaline or apatite]; booklets of 
mica platelets (phlogopite and, probably, muscovite); 
negative crystals, usually filled with a liquid and gas; 
and minute to submicroscopic inclusions of a potas- 
sium feldspar (probably microcline) and quartz. 

Thomas (1993} did not note any mineral inclu- 
sions in stones from Ankadilalana specifically, but 
only spiral stress fractures and numerous liquid- 
filled veil- and feather-like inclusions. He did list 
some mineral inclusions for emeralds from the 
Mananjary region (but did not indicate the methods 
by which he identified them}. These include biotite 
platelets; euhedral transparent crystals of a colorless 
cubic mineral, possibly rhodizite; and small, well- 
formed black spinel crystals. Another group of 
Mananjary emeralds showed oriented "blocky" neg- 
ative crystals and dense parallel groups of slender 
acicular negative crystals. In stones from Morafeno, 
Thomas described "Saturn-like" inclusions compris- 
ing a rather large, tabular negative crystal cavity 
surrounded by a partially healed liquid-and-gas 
stress halo; "fingerprints"; a few oriented, slender, 
rod-like inclusions; and small, transparent, cubic 
crystals (rhodizite?}. 


MATERIALS AND METHODS 


More than 100 emerald crystals and crystal frag- 
ments (see, e.g., figure 7) were examined for this 
study. They were purchased in the Mananjary min- 
ing region by Idar-Oberstein gem dealers (some of 
whom are involved in the actual mining} and Dr. 


Figure 5. Considerable cabochon-quality mate- 
rial, like the 4.88- and 3.42-ct emeralds shown 
here, has been recovered from deposits In the 
Mananjary region. Photo by Gerhard Becker. 
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Figure 6. At Mananjary, emeralds are found 
embedded in a mica or amphibole schist 
(right) or in quartz (left). The larger specimen 
measures approximately 35 x 20 x 15 mm. 
Photo © GIA and Tino Hammid. 


Thomas Eidt. They reportedly came from an area of 
at least 25 km? near the town of Morafeno and are 
representative of the emeralds recovered from the 
Mananjary deposits. Most of these samples ranged 
from 0.5 to 3 ct. 

For this research project, the inclusions were 
first described and classified using a binocular 
Schneider immersion microscope with Zeiss optics. 
Then all of the different types of inclusions were 
photographed with the samples immersed in ben- 
zoic acid. Next, samples with mineral inclusions 
that appeared to be typical were polished down 
until the mineral inclusions to be analyzed were 
exposed at the surface. A Philips XL 30 scanning 
electron microscope fitted with an EDAX energy- 
dispersive X-ray spectrometer (SEM-EDS} was then 
used for chemical analysis of these inclusions. 


Figure 7. These crystals, which average 2-3 ct, 
are representative of the Mananjary samples 
studied for this report. Photo by Gerhard Becker. 
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TABLE 1. Mineral inclusions in emeralds from the Mananjary region, Madagascar, and from some other localities. 


Inclusions 


{n Mananjary emeralds Also reported in emeralds from Inclusions In Mananjary emeralds Also reported in emeralds tram 
as reported by these other localities as reported by these other localities 
Mica Most African occurrences® | “Carbonates” South Africa’ 
Biolite/ Hanni and Kiein (1982) Most occurrences worldwide, e.g.; Ankerite  Delé-Lasir and Poirot® 
Phlogopite Campbell (1991) Austria (Grundmann, 1991; Schwarz, Calcite/Fe- Schwarz (this paper) Zambia (Delé-Lasir and Poirot®) 
Kleyensttiber (1991) 1991b) Dolomite 
Delé-Lasir and Poirot® Australia (Schwarz, 1991a) Fluorite Delé-Lasir and Poirot® 
Schwarz (this paper) Brazil (Hanni et al., 1987; Schwarz et Pyri 5 | ac F ; 
: : rite Delé-Lasir and Poirot® Austria (Grundmann, 1991) 
Thomas (1993) cree ae hie Schwarz (this paper) Brazil» (Schwarz and Eidt, 1989: 
Seah ALE ol ae QEUWaLE Schwarz, 1990; Schwarz et al., 1990) 
al. 1990) Colombia (Gbelin and Koivula, 
Russian Federation (Schwarz, 1991b) | 1986) 
Muscovite — Hanni and Klein (1982 | Mozambique (Delé-Lasir and Poirate) 
Kleyenstiber (1991)4 Pakistan (Henn, 1988) 
Schwarz (this paper) South Africa (Van Eeden et al., 1939) 
Apatite Hanni and Klein (1982) Austria (Giibelin and Koivula, 1986) Pyrthotite Delé-Lasir and Poirot 
eee 5 l 
. Snel irae ; Rhodizite? Thomas (1993) 
Hemalite Hanni and Klein (1982 Zambia (Gtibelin and Koivula, 1986) Spinel Thomas (1993) 
Campbell (199 1}9 
. pe Amphibole Schwarz (this paper) African localities, including South 
ee ee ise (actinolite/ Alrica, Zambia, Zimbabwe 
sede tremolite) Austria (Schwarz, 1991b) 
Limonite¢ Campbell (199 | Brazilb 
Quartz Hanni and Klein (1982 Most African occurrences (Graziani et ; Russian Federation (Schwarz, 1991b} 
Kleyenstiber (1991) al. 1983; Bank and Gibelin, 1976, | Talo Schwarz (this paper Brazil (Schwarz, 1990 
Delé-Lasir and Poirot Delé-Lasit and Poirot*) | pe Sire ce 
Schwarz (this paper) Brazil (Hdnni et al., 1987; Schwarz et Zimbabwe? 
al., 1988a) . See aa 7 
: Beryl Schwarz (this paper Brazil (Hanni et al., 1987; Schwarz and 
limenite _Héinni and Klein (1982) : Mare (sya aN 1989. Schwarz 
Tourmaline _Hanni and Klein (1982) Austria (Grundmann, 1991) 1990; Schwarz et al., 1990} 
Brazil> Colornbia® 
Russian Federation | Nigeria® 
Zambia? (Koivula, 1992, 1984) | Pakistan (Delé-Lasir and Poirot®) 
Zimbabwe (Anderson, 1976) | Chlorite Schwarz (this paper) Brazil? (Schwarz and Eidl, 1989, 
Feldspar Schwarz (this paper) Austria (Schwarz, 199 1b) | Schwarz et al., 1990} 
Brazil (Hani et al., 1987; Schwarz and | Pakistan (GUbelin, 1989} 
Eidl, 1989; Schwarz et al., 1990) Zambia 
Colombia | Zimbabwe 
Nigeria” Molybdenite Schwarz (this paper) Austria (Grundmann, 1991) 
Pakistan Brazil (Hanni el al., 1987; Schwarz et 
Russian Federation (Schwarz, 1991b) | al. 1988b: Schwarz and Eidt 
Tanzania (Bank and Giibelin, 1976: } 1989; Schwarz et al., 1990) 
GUbelin and Koivula, 1986; Delé- Pakistan (Henn 1988) 
_ Lasir and Poirot*) South Africa (Roulet, 1956; Giibelin, 
Zimbabwe 1973) 
Ke lelaspar sevens (1991) | Barite Schwarz (this paper) Brazil (Mendes and Svisero, 1988) 
Albite Schwarz (this paper) Colombia (Mendes and Svisero 
Other 1988) , 


plagioclase Schwarz (lhis paper) 


at isted are all mineral inclusions attributed to Mananjary emeralds and the sources of these reports in the literature or the present paper. Also listed are some other 
localities that have produced emeralds in which similar mineral inclusions have been reported. Note that the “other localities” column refers only Jo the mineral 


Species or group; Specitic minerals within a group are identilied only lor the Mananjary emeralds. 


Observed by the author in ihe course of research. 
Personal communication, 1991. 
Sidentitication uncertain. 


OBSERVATIONS AND RESULTS 


Many different mineral inclusions were identified. 
Most, but not all, also have been seen in emeralds 
from other localities in Africa and elsewhere. Table 
1 lists the mineral inclusions seen in Mananjary 
emeralds and the reports on which the Madagascar 
identifications were based, as well as some other 
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countries that have produced emeralds with similar 
features (and the corresponding references). Some 
unusual fluid inclusions have also been seen in the 
Mananjary stones. 


Quartz. About 35% of the samples contained one or 


more of the following four types of quartz inclu- 
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sions, which were categorized on the basis of their 
morphology and manner of occurrence: 


1. Transparent, colorless, elongated, prismatic 
crystals oriented with their c-axis parallel to 
the c-axis of the host emerald, often associat- 
ed with primary fluid inclusions. These 
occurred as isolated crystals, irregularly dis- 
tributed throughout the host crystal, or dis- 
persed over the planes of healing fissures. 
Some samples contained large numbers of 
these quartz inclusions in their central regions 
(figure 8). 

2. Angular or somewhat rounded grains, some 
almost spherical (figure 9). These were less 
commonly associated with fluid inclusions 
than was the first type of quartz inclusion. 
Groups of such grains were concentrated in 
certain areas. 


3. Irregularly rounded crystals, some of which 
had a badly corroded rough surface. 


4. Isolated crystals that were probably daughter 
crystals of former fluid-filled cavities that were 
opened during sample preparation (figure 10). 


These quartz crystals were often intergrown with 
other mineral inclusions, including talc, mica, 


Figure 8. About a third of the Mananjary emerald 
crystals examined contained inclusions of 
quartz. Often, they occur as numerous colorless, 
transparent, elongated, prismatic crystals orient- 
ed in the direction of the c-axis of the host emer- 
ald. Many quartz crystals are associated—or 
intergrown—with growth tubes containing pri- 
mary fluid inclusions. Immersion, magnified 20x, 
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Figure 9. Other quartz inclusions in the 
Mananjary emeralds were angular or somewhat 
rounded. One of the large crystals shown here in 
a slice cut from one of the samples (the yellow 
color is from the immersion liquid) is partly cov- 
ered by a substance that appears black in trans- 
mitted light; the other contains what appears to 
be a small secondary beryl crystal. Note the 
small, almost spherical quartz crystal toward the 
bottom of the photomicrograph. Magnified 70x. 


amphibole, chlorite, carbonates (figure 11}, and 
beryl. Such aggregates were often accompanied by 
unhealed tension fissures. In some cases, the quartz 
inclusions were covered by a substance that 
appeared black or opaque in transmitted light 
(again, see figure 9). 

Quartz inclusions are mentioned in almost all 


Figure 10. This scanning electron micrograph 
shows a quartz crystal as part of a fluid inclusion 
in a Mananjary emerald. When the host crystal 
was polished down and the cavity exposed at the 
surface, the other—gaseous and liquid-——-phases 
of the inclusion were lost. Magnified 500x. 
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reports on internal features of Madagascar emer- 
alds, and they have been observed in emeralds from 
virtually all African localities (again, see table 1). 
Quartz-inclusion types 1 and 2 resemble features 
observed in many Brazilian emeralds from the 
Itabira/Nova Era mining region (compare Hanni et 
al., 1987; Schwarz et al., 1988a}. Consequently, 
quartz inclusions are of little value in determining 
the locality of the host emerald. 


Mica. The most common mineral group observed 
in the Mananjary emeralds, mica was seen in about 
half of the samples. In these emeralds, mica occurs 
mostly as randomly distributed transparent crystals 
that may appear dark brown in transmitted light. 
Usually somewhat rounded, they also may have an 
almost perfect (pseudo-] hexagonal outline (figure 
12); they often appear as booklets of thin platelets 
(figure 13}. Chemical analyses showed that most of 
the micas in the Mananjary emeralds belong to the 
biotite/phlogopite series {with about 15-20 wt.% 
MgO, 5-15 wt.% FeO, and 10-12 wt.% K,O), 
although the Mg- and Fe-poor species muscovite 
was alscvidentified. 

Mica inclusions have been identified in all 
reports published to date on Madagascar emeralds, 
and by the author in emeralds from almost all 
African occurrences (Zambia, Zimbabwe, Tanzania, 
Mozambique, South Africa, and Egypt}. Worldwide, 
most emerald deposits are related to mica schists. 
Consequently, biotite/phlogopite micas are the 
most common mineral inclusions in emeralds. 
They have been identified, for example, in emeralds 


Figure 11, The intergrowth of quartz (black) and 
carbonate (white) inclusions in Mananjary emer- 
alds is readily apparent in this scanning electron 
micrograph. Magnified 200x. 


\) 
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Figure 12. The most common inclusions in the 
Mananjary emeralds are these transparent, some- 
what rounded or pseudo-hexagonal mica crystals 
(biotite/phlogopite), which are randomly distribut- 
ed (i.¢., without crystallographic orientation) in 
the host emerald. Immersion, magnified 50x. 


from several localities in Brazil: the Belmont mine 
(see Hanni et al., 1987} and Capoeirana deposit 
(Schwarz et al., 1988a), in the state of Minas Gerais; 
the Fazenda Boa Esperanga, Taud, in Cearéa 
(Schwarz et al., 1988b), the Carnaiba (Schwarz and 
Eidt, 1989} and Socot6é mining areas (Schwarz et al., 


Figure 13. In this Mananjary emerald are found 
mica booklets (e.g., the upper right); black- 
opaque appearing, six-sided molybdenite plates 
(lower left); and small, rounded fluid inchisions 
with a very strong relief (like gas bubbles). 
Immersion, magnified 35x. 
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Figure 14. Many of the Mananjary emeralds 
examined contained long, prismatic, stalk-like, 
green amphibole (actinolite/tremolite) crystals 
with a system of fissures that run nearly parallel 
to the basal face, Note also in this inclusion scene 
the transparent, colorless, rounded quartz crystal 
on the far right. Immersion, magnified 50x. 


1990}, in Bahia; and the Santa Terezinha occur- 
rence, in Goids (Schwarz, 1990}. Mica inclusions 
have also been described in emeralds from the 
Poona region and from Menzies in Western 
Australia (Schwarz, 199la}j, from the Ural 
Mountains in the Russian Federation (Schwarz, 
1991b}, and from the Habach Valley (Habachtal} in 
Austria (Grundmann, 1991; Schwarz, 1991)). 


Amphiboles. Until this study, minerals of the 
amphibole group had not been described as inclu- 
sions in Madagascar emeralds (see, e.g., Thomas, 
1993). The author has seen them in emeralds from 
other African localities (the Sandawana/Machingwe 
mining area in Zimbabwe, the Ndola Rural district 
in Zambia, and the Leydsdorp district in South 
Africa}, as well as the Carnaiba, Socotd6, and 
Fazenda Boa Esperanga mining areas in Brazil, 
among others. Although mica schists are the most 
common host rocks for emeralds, often these 
schists grade into amphibole-bearing or amphibole 
schists. This explains why amphiboles {mostly of 
the actinolite/tremolite series) are frequent inclu- 
sions in many emeralds and are sometimes the 
dominant inclusion mineral (as, for example, in 
emeralds from the Zeus claims in the Sandawana 
region of Zimbabwe}. 

Amphibole crystals were seen in about 20% of 
the emeralds in this study. The amphibole crystals 
observed belong to the actinolite/tremolite series, 
with FeO and MgO each about 10-15 wt.%. The 
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sum (FeO,,, + MgO} in different crystals was found 
to be constant at about 26 wt.%. The actinolite/ 
tremolite crystals are green, with a long, prismatic, 
stalky habit. Often they show systems of nearly 
parallel planes that are slightly inclined with 
respect to the main axis of the crystals (figure 14). 
This results in the bamboo-like appearance typical 
of actinolite/tremolite inclusions in emeralds from 
several other occurrences. The random distribution 
of these crystals and the fact that they are often bro- 
ken at their extremities suggests that they are pro- 
togenetic, that is, that they formed before the host 
emerald. 

The relative distribution of mica and amphi- 
bole crystals in the Mananjary emeralds is very 
irregular. Some emeralds contain many mica crys- 
tals and are practically free of amphiboles; others 
contain numerous amphibole crystals but practical- 
ly no mica; and many contain amphibole and mica 
in almost equal quantities. This reflects the varying 
composition of the host rock in which the emeralds 
formed: a mica schist, an actinolite/tremolite 
schist, or a combination of both. It is likely that 
amphiboles were not reported in prior articles on 
inclusions in Mananjary emeralds because the sam- 
ples studied were taken only from mica schists and 
not from amphibole schists. 


Carbonates. About 15% of the samples contained 
carbonate inclusions, which are also relatively rare 


Figure 15. Rhombohedral carbonate crystals 
were seen in many of the Mananjary emeralds, 
Although the crystal is actually colorless, it may 
appear brown in transmitted light because of cor- 
rosion at its surface, Immersion, magnified 70x. 
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in emeralds from other African localities. M. L. 
Delé-Lasir and J. P. Poirot (pers. comm., 1991} have 
identified carbonates in emeralds from the 
Transvaal in South Africa (as did Roulet, 1956), as 
well as from Zambia (dolomite, calcite} and 
Sandawana (dolomite, calcite}. 

Although some of the Mananjary-emerald car- 
bonate inclusions were relatively well-developed 
rhombohedral crystals (figure 15}, most were irregu- 
lar or rounded grains; in general, they appeared 
transparent and colorless. The rare prismatic car- 
bonate crystals observed usually appeared black or 
opaque in transmitted light because they contained 
numerous minute inclusions. Surface corrosion 
made some carbonate crystals appear slightly 
brown in transmitted light. 

The carbonate inclusions are usually calcite 
crystals with small amounts (<1-2, wt.%) of man- 
ganese and/or iron. However, chemical analyses 
also identified Fe-dolomite and a calcite containing 
relatively high FeO and small amounts {<1%) of 
magnesium and manganese. Frequently, the car- 
bonate crystals were intergrown with other mineral 
species (most commonly quartz and talc; again, see 
figure 11). 


Feldspar. Feldspar crystals were identified in about 
5% of the Mananjary emerald crystals. Surface cor- 
rosion and the presence of minute inclusions (of 
quartz, among other minerals) gave some of these 
typically transparent and colorless crystals a some- 
what darker (sometimes brown) appearance in 
transmitted light. They were usually irregular in 
shape and often very rounded. The feldspars ana- 
lyzed varied from almost pure albite (Na-feldspar} to 
a plagioclase containing about 5 wt.% Na,O and 
6-7 wt.% CaO. Sometimes, the feldspars were 
intergrown with quartz or mica. Kleyenstiiber 
(1991) described a K-feldspar inclusion in a 
Madagascar emerald. 

As table | indicates, feldspar inclusions also 
have been observed {by the author and others) in 
emeralds from Zimbabwe and Nigeria, as well as 
from Tanzania. Representatives of this mineral 
group are also known in emeralds from other occur- 
rences, such as Colombia and the Swat region of 
Pakistan; the Belmont mine, Carnaiba, and Socotd, 
in Brazil; the Ural Mountains of the Russian 
Federation; and the Habach Valley of Austria. 


Tale. Before this study, talc had not been reported 
as an inclusion in Madagascar emeralds. Tale inclu- 
sions were identified in about 20% of the samples. 
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Figure 16. These fibrous aggregates are represen- 
tative of the talc inclusions seen in Mananjary 
emeralds. Magnified 50x, 


Normally light green, some were more brown. 
Chemical analysis revealed that the differences in 
color are related to iron substituting for magnesium 
in the crystal lattice. The FeO concentration in the 
analyzed crystals varied between 7 and 12 wt.%. 
Talc was observed in four different forms: {1} 
uncommonly, as fibrous aggregates, sometimes 
with a sheaf-like aspect (figure 16); (2) as irregular- 
shaped scales dispersed over fracture planes (possi- 
bly introduced in conjunction with an epigenetic 
filling process}, (3) as pseudohexagonal transparent 
green platelets; and (4) intergrown with other inclu- 
sion minerals (e.g., quartz, pyrite). 

The Sandawana/Machingwe (Zimbabwe} 
region is the only other place in Africa where talc 
crystals have been found in emeralds—and then 
only rarely. Therefore, the presence of talc (especial- 
ly in its fibrous or sheaf-like form) may be useful in 
separating Mananjary emeralds from those from 
other African localities. However, the author has 
found that talc is one of the most common mineral 
inclusions in emeralds from the talc-carbonate 
schists of Santa Terezinha de Goias, Brazil, and 
from the Swat region, Pakistan (see table 1). 


Beryl. Inclusions of beryl typically occur either as 
colorless, irregular, strongly corroded crystals or as 
well-developed, heavily included prisms that appear 
white in darkfield illumination. In addition, some 
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Figure 17. In reflected light, this pyrite grain in 
a Mananjary emerald shows the yellow color 
and metallic luster typical of this mineral. 
Immersion, magnified 50x, 


beryl was observed as rounded grains in quartz 
inclusions {again, see figure 9), which indicates that 
at least two beryl "generations" (with different fea- 
tures) occurred in the area of the emerald mineral- 
izations. Beryl and/or emerald crystals have been 
identified by the author and others as inclusions in 
emeralds from several occurrences (e.g., Colombia, 
Nigeria, Pakistan, and various localities in Brazil], 
so their presence is of little diagnostic value when 
determining the origin of an emerald. 


Chlorite. Chlorite was observed in only a few sam- 
ples, as small grains or platelets intergrown with 
quartz and/or mica. Although not previously report- 
ed in Madagascar emeralds, chlorite has been seen 
by the author in emeralds from Zambia, 
Zimbabwe, and the Itabira/Nova Era region in 
Minas Gerais, Brazil. Chlorite has also been seen in 
material from Pakistan and elsewhere in Brazil 
{(Carnaiba and Socot6; see table 1). 


Molybdenite. Identified in less than 5% of the 


Mananjary emeralds, molybdenite crystals occur as 
gray to silver platelets with a typical metallic lus- 
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ter. They may be slightly rounded or show a well- 
developed hexagonal outline (again, see figure 13}. 
Molybdenite is known as an inclusion in emer- 
alds from many areas, such as the Transvaal in 
South Africa, various Brazilian deposits, the Habach 
Valley of Austria, and the Swat Valley of Pakistan 
{again, see table 1}. Molybdenite has not been 
described before in emeralds from Madagascar. 


Pyrite. Observed in less than 5% of the Mananjary 
samples, pyrite—as determined by X-ray diffraction 
analysis of a representative iron sulfide inclusion— 
appeared a typical metallic yellow under reflected 
light (figure 17). Most of the pyrite crystals were 
well developed. Chemical analyses revealed about 2 
wt.% NiO and small amounts (<0.5 wt.%} ZnO. 

M. L. Delé-Lasir and f. P. Poirot (pers. comm., 
1991) have identified pyrite in emeralds from 
Mozambique as well as from Madagascar. Pyrite 
has been seen frequently by the author in emeralds 
from different types of occurrences, including 
Colombia, as well as the Santa Terezinha, 
Carnaiba, and Socoté deposits in Brazil. Pyrite has 
also been reported in emeralds from the Transvaal 
in South Africa, the Habach Valley of Austria, and 
the Swat Valley of Pakistan (see table 1). 


Barite. Barite was observed in only two samples, as 
very small, colorless, transparent grains of irregular 
shape. Apparently a very rare inclusion in emerald, 
it has been reported in emeralds from only two 
other localities—Colombia and Santa Terezinha de 
Goias, Brazil (Mendes and Svisero, 1988). It has not 
been reported for Madagascar emeralds before. 


Tourmaline. Tourmaline was observed in less than 
5% of the Mananjary emeralds. Those crystals seen 
were typical trigonal prisms, which chemical analy- 
sis showed to be members of the dravite-schor] 
series. Tourmaline inclusions, although by no 
means common in emerald, have been identified 
previously in Madagascar emeralds (Hanni and 
Klein, 1982) and by the author and others in emer- 
alds from widely different occurrences elsewhere: 
Zambia and Zimbabwe in Africa, the Ural 
Mountains of the Russian Federation, Carnaiba and 
Socoté in Brazil, and the Habach Valley in Austria 
(see table 1}. 


Fluid Inclusions. One or more of the following 
types of fluid inclusions were observed in most of 
the Mananjary samples: 
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1. Numerous minute fluid inclusions {some 
associated with quartz—again, see figure 8— 
and others with an unidentified material} con- 
tained in healed to partly healed fissures. 


2 Larger fluid or mineral inclusions accompa- 
nied by black-appearing spheres—actually 
clusters of numerous minute fluid inclusions 
(figure 18}. 


3. Primary fluid inclusions, often associated with 
quartz crystals. These inclusions were typical- 
ly elongated—that is, within growth tubes— 
in a direction parallel to the c-axis of the host 
emerald (again, see figure 8}. Most had well- 
developed rectangular or square outlines (neg- 
ative crystals; figure 19}; others were rounded 
and strongly resembled gas bubbles. Most of 
the fillings were two-phase (liquid and gas], 
but three-phase inclusions were also observed. 
These fluid inclusions may show unusually 
strong relief and, in transmitted light, often 
are so dark as to appear opaque. 


When large numbers of primary fluid inclusions 
occur in fine, elongated cavities (figure 8), they are 
responsible for the so-called rain effect that gives a 
silk-like sheen to cabochon-cut emeralds. In some 
cases, they can even generate chatoyancy. 

The fluid inclusions observed in the study sam- 
ples resemble those in emeralds from the Ndola 
Rural district of Zambia, and from the Itabira/Nova 
Era mining region of Minas Gerais, Brazil (Belmont 
and Capoeirana; compare Hanni et al., 1987, and 
Schwarz et al., 1988a]. However, in the Mananjary 
samples they do not display the impressive variety 
of their Brazilian counterparts. 


Other Microscopic Features. Other internal features 
observed in the Mananjary emeralds include: 


e Color zoning: normally a light core and a dark 
outer zone 
e Growth striae parallel to the prism faces 


e Concentrations of inclusions in certain areas of 
the host crystal (e.g., a central zone with numer- 
ous minute quartz crystals} 

e Systems of essentially parallel fractures that are 
only partly healed 

e Various types of fissures: delicate healed fissures 
with small fluid inclusions (often almost flat or 
slightly wavy, almost parallel to one another, and 
sometimes oriented parallel to the basal pinacoid 
of the host emerald), unoriented, unhealed fis- 
sures (partly filled with an unidentified material); 
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and unoriented, healed fissures with numerous 
minute "particles” (probably minute fluid inclu- 
sions) 


DISCUSSION AND CONCLUSIONS 


Although precise production figures for the emerald 
occurrences in the Mananjary region are not avail- 
able, from the size of some of the mechanized oper- 
ations it can be concluded that many thousands of 
carats have been mined. In addition, geologic condi- 
tions appear to favor the discovery of larger miner- 
alization sites (Th. Eidt, pers. comm., 1993), 
Because the physical and chemical properties of 
Mananjary emeralds fall within the ranges for emer- 
alds from most other localities, the emeralds of this 
region are best identified by their internal features. 
Mananjary emeralds come from a geologic 
environment that is characterized by the associa- 
tion of different metamorphic schists (principally 
biotite/phlogopite schists and subordinately amphi- 
bole-bearing or amphibole schists) and pegmatite 
veins (that is, a "schist-type deposit," where peg- 
matites or pegmatoid veins are the primary source 
of the element beryllium). Thus, their inclusion fea- 
tures are very similar to those in most emeralds 
from other schist-type deposits (e.g., quartz, 
platelets of biotite/phlogopite mica, rods or needles 
of actinolite/tremolite, platelets or grains of chlor- 
ite, and feldspar crystals). These types of inclusions 
may occur, for example, in emeralds from Zambia 


Figure 18. Spherical clusters of numerous fluid 
inclusions that appeared black in transmitted 
light were relatively common in the Mananjary 
emeralds but have not been reported in emer- 
alds from many other localities. Immersion, 
magnified 50x, 
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(Ndola Rural district), Zimbabwe (Sandawana/ 
Machingwe mining region], South Africa (Leyds 
dorp/Transvaal), and Brazil {e.g., Bahia and Minas 
Gerais). Other mineral inclusions—such as apatite, 
hematite, ilmenite, tourmaline, pyrite, or molyb- 
denite—also can be seen in emeralds from other 
localities and different formation environments. 
However, they are so rare that they are of little diag- 
nostic value. 

Even with all of these restrictions, most 
Madagascar emeralds can be separated from those 
from other African localities. What is most charac- 
teristic is the association of certain mineral inclu- 
sions {especially talc, carbonates, amphiboles, and 
quartz} with specific types of fluid inclusions, such 
as: fluid inclusions with quartz crystals, in healing 
fissures; fluid inclusions in large numbers, forming 
spherical black clusters; and primary fluid inclu- 
sions that show very strong relief and appear almost 
opaque, or are rounded and resemble gas bubbles. 
Of the other African localities, only Zambian emer- 
alds have fluid inclusions that are similar to the pri- 
mary fluid inclusions, with well-developed rectan- 
gular or square outlines (negative crystals}, seen in 
the Madagascar stones, 

As previously mentioned, the fluid inclusions 
in emeralds from the Itabira/Nova Era region in 
Minas Gerais, Brazil (Belmont and Capoeirana min- 
ing fields), are similar to those observed in the 
Madagascar samples. Separating emeralds from 
these two sites could be very difficult. The presence 
of talc—especially when it appears in a fibrous or 
sheaf-like form—is a good diagnostic feature for 
Mananjary emeralds. So far it has been observed 
only very rarely in emeralds from one other 
African locality (the Sandawana/Machingwe min- 
ing area of Zimbabwe]. Although talc is seen in 
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Figure 19. Fluid-filled negative crystals (usually 
with a gas phase as well) were common in the 
Mananjary emeralds examined. Note the well- 
developed rectangular or square outlines, 
Immersion, magnified 50x. 
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NOTES AND NEW TECHNIQUES 
SS area 


SYNTHETIC FORSTERITE AND 
SYNTHETIC PERIDOT 


By Kurt Nassau 


Large crystals of chrominm-containing synthetic forsterite are being 
commercially manufactured for use as a laser material. Considerable 
color variation ts possible, and some of this material resembles peridot, 
with which it could be confused. Synthetic peridot has been grown, but 
only experimentally. This matertal closely resembles natural peridot and 
might be difficult to distinguish if it were to appear in the gem market. 


Recent research has led to two new products that 
are of potential interest, and concern, to gemolo- 
gists: (1} a commercially available synthetic 
forsterite, MgSiO,, which contains chromium as 
both Cr+ and Cr‘, and (2) a true synthetic peridot, 
(Mgo oF€g,}2SiO4, which currently is grown only 
on an experimental basis. Both forsterite and peri- 
dot are members of the olivine series. 

Historically, synthetic gem materials usually 
emerged either indirectly from studies aimed at 
understanding mineralogical problems or directly 
from efforts to achieve the synthetic equivalent of 
a natural gem for jewelry use. In recent years, how- 
ever, most new synthetics have been spin-offs of 


ABOUT THE AUTHOR 


Dr. Nassau, retired from his position as Distinguished Scientist 
at AT&T Bell Laboratories, is now a freelance writer, consul- 
tant, and expert witness living in Lebanon, New Jersey. 


Acknowledgments: The author thanks Y. Terashima, of Mitsui 
Mining and Smelting Co., and Dr. F. J. Ryerson, of Lawrence 
Livermore National Laboratory, for kindly supplying material for 
study. He also thanks the following personnel of the GIA Gem 
Trade Laboratory, New York: Dr. |. Reinitz for the absorption 
spectra of figure 6 and, with R. Crowningshield and former 
staff member D. Hargett, for checking gemological properties. 
Original manuscript received November 1992. 


Gems & Gemology, Vol. 30, No. 2, pp. 102-108 
© 1994 Gemological institute of America 


102 Notes and New Techniques 


research for solid-state technology, with laser 
research being the dominant contributor. This is 
the source of the recently developed synthetic 
forsterite (Nishide et al., 1985; Verdun et al., 1988}, 
which is being investigated as a host material for a 
tunable near-infrared laser. 

Chromium-doped synthetic forsterite crystals 
(figure 1) are currently being grown commercially 
using the Czochralski-pulling technique by K. 
Yamagishi, at the Ageo City Central Research 
Laboratory of the Mitsui Mining and Smelting Co., 
Tokyo. Studies of the optical properties and laser 
characteristics have been conducted in the 
Department of Physics and Electrical Engineering, 
City College of New York (Petricevic et al., 
1988b~c, 1989a-—c, 1990; Alfano et al., 1989]; and by 
these researchers in cooperation with K. Yamagishi 
and coworkers (Petricevic et al., 1988a). They have 
demonstrated that this laser material is synthetic 
Mg,Si0,, containing about 0.04 wt.% chromium. 
Under reducing conditions, all the chromium is 
Cr*, substituting simultaneously in both octahe- 
dral magnesium sites of this orthorhombic struc- 
ture. When “standard” oxidizing conditions (i.e., 
ambient air) are used, there is also some Cr** pre- 
sent, substituting for silicon. It is this Cr4* that 
provides the broad infrared fluorescence (680 to 
1400 nm] that is used in the laser, which is tunable 
from 1167 to 1345 nm (note that in some of the 
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Figure 1, These samples of chromium-doped 
synthetic forsterite were manufactured by 
Mitsui Mining and Smelting Co. for laser use: a 
2.7-cm-diameter slice, a 0.5-cm cube, and three 
faceted samples (1.18, 1.07, and 0.83 ct). Photo 
by N. DelRe. 


early reports, the presence of Cr** had not yet been 
recognized], This is indeed the only laser material 
that uses Cr*'. This variation in the valence state 
of chromium, as well as the differences in chromi- 
um concentration, combine with the pleochroism 
of olivine to produce a wide range of colors, includ- 
ing green, blue, pink, and purple. These hues could 
also be modified by heat treatment in different 
atmospheres. 

According to a recent International Colored 
Gemstone Association (ICA) Laboratory Alert 
{Mican, 1992), green, chromium-containing syn- 
thetic forsterite is also being marketed for laser and 
jewelry use inappropriately labeled “chrysolite 
olivine)” by Solix Co. of “Minsk, Republic of 
Byelarus.” Mican examined some of this material, 
but he used the inappropriate designation “syn- 
thetic peridot” in his report. The older nomencla- 
ture is indeed confusing and is summarized, 
together with the modern usage, in box A. 


BOX A: THE CHEMISTRY AND NOMENCLATURE 
OF THE OLIVINE SERIES 


Forsterite is a member of the olivine group of miner- 
als, which consists of the fayalite-forsterite solid-solu- 
tion series with composition (100-—x}Mg,SiO, 
xFe,SiO,, with iron in the divalent state. The designa- 
tion forsterite applies to the end member Mg,SiO, 
and traditionally also to the composition range 0 < x 
< 10 {ie., with as much as 10 mol.% fayalite}, also 
designated Fojgq to FoggFayo, where Fo is forsterite and 
Fa is fayalite. The latter is the other end member, 
Fe,SiO,, which has a traditional composition range of 
90 < x < 100 or FojpFagg to Fajgy. Other traditional 
members of the olivine series are chrysolite, which 
covers the range 10 < x < 30 or FoggFajg to FozgFagp; 
hyalosiderite, 30 < x < 50; hortonolite, 50 < x < 70; 
and ferrohortonolite, 70 < x < 90. 

The modern approach is to drop all intermediate 
names—which, for example, are no longer listed as 
such in the Glossary of Mineral Species (Fleischer and 
Mandarino, 1991)—and simply to give Fo:Fa percent- 
ages. Details of the terminology, chemistry, structure, 
and other aspects of the olivines have been given by 
Deer et al. (1962) and by Brown (1982). 

The gemologist knows olivine best as peridot, 
which is usually defined as the transparent to translu- 
cent yellowish green to greenish yellow to brownish 
green gem variety of olivine. The green derives from 
Fe?+, whereas the yellow and brown components 
derive from the presence of some of the iron in the 
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Fe? state. The typical iron content has been reported 
as 9% (Bauer, 1904}, 10% (Anderson, 1980}, and 14% 
(Hanson et al., 1991), thus ranging in the traditional 
sense from the end of the forsterite field into the 
chrysolite field; the range of refractive indexes report- 
ed for peridot also brackets both of these fields (see 
also Bank, 1986}. Thus, peridot is an olivine and 
belongs to both the iron-rich forsterite and the now- 
discontinued chrysolite mineral species. It does have 
significant structural iron content, not just at the 
color-causing impurity level. 

The designation by Solix (Mican, 1992) of their 
chromium-containing forsterite product as “chryso- 
lite (olivine)” is incorrect, because: (1) its composition 
does not belong to the chrysolite range; (2) even if it 
did, the term chrysolite is no longer used; and (3} 
while this material is indeed within the olivine 
series, it is not appropriate to use the series designa- 
tion when dealing with end-member forsterite. In the 
opinion of the author, this material should also not 
be designated “synthetic peridot,” as Mican (1992) 
does, because it contains a different color-causing 
impurity and also does not contain the necessary 
10% or so of structural iron. 

Pure {and thus colorless) forsterite has also been 
grown, both at Mitsui and elsewhere, but it was not 
available for examination, To a gemologist, such 
material is simply “colorless synthetic forsterite.” 
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A. CZOCHRALSKI PULLING 
FROM THE MELT 


2 


B. LASER-HEATED 
PEDESTAL GROWTH 


C. IMAGE-FURNACE 
FLOATING ZONE GROWTH 


. 


Figure 2. These three melt-growth techniques have been used to manufacture synthetic forsterite or 
synthetic peridot. The letters in each diagram refer to the following: M—melt, C—growing crystal, 
S—sintered ceramic, L—laser beam focused by a mirror and lens system (only partly illustrated), and 
H—halogen lamp focused by an ellipsoidal reflector. The arrows indicate motion. 


True synthetic peridot has been grown as part 
of a study of the crystal growth of olivines at the 
Lawrence Livermore National Laboratory (LLNL}, 
Livermore, California, as briefly outlined in box B. 
Experience has shown that any synthetic material, 
even if not intended for gem use, is likely to be 
faceted and would then become a real challenge to 
the unsuspecting gemologist. Accordingly, both 
the Mitsui synthetic forsterite and the LLNL syn- 
thetic peridot are described here. 


CRYSTAL SYNTHESIS 


Silicate compounds usually produce too viscous a 
melt to permit growth by techniques such as 
Czochralski pulling; rather, they require flux or 
hydrothermal growth as, for example, with syn- 
thetic emerald. However, forsterite and peridot 
appear to be exceptions, in that melt growth can be 
used if growth is slow and adequate care is taken. 
Three melt-growth techniques have been used 
to produce laser-quality synthetic forsterite (SF) 
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and synthetic peridot (SP], as illustrated in figure 2: 
Czochralski pulling from the melt (for SF; Finch 
and Clark, 1971; Takei and Kobayashi, 1974, 
Nishide et al., 1985; also at Union Carbide and at 
the University of Marburg, Germany, as men- 
tioned by Rager et al., 1991); laser-heated pedestal 
growth (for SF; Verdun et al., 1988; Jia et al., 1991); 
and image-furnace floating-zone growth (for SP; 
Hanson et al., 1991). 

The Czochralski technique (figure 2A} is well 
known, and its use to grow synthetic forsterite is 
well documented (see, e.g., Peicong et al., 1992). In 
the pedestal technique {figure 2B}, the intense light 
beam from a laser is used to melt the upper end of 
a vertical rod of sintered ceramic material, pulling 
is then performed upward out of this melt. In the 
floating-zone technique (figure 2.C}, the radiant 
energy from two 1.5-kW halogen light bulbs is 
focused onto a vertical sintered ceramic rod to 
melt a narrow zone which is then made to traverse 
the rod. 
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Earlier experiments to produce synthetic 
forsterite with the Verneuil flame-fusion technique 
(Shankland and Hemmenway, 1963) and the 
Bridgeman technique of directional solidification 
in a crucible (Jordan and Naughton, 1964) were 
successful, but they did not provide adequate quali- 
ty or size. 

Forsterite crystals over 2.5 cm in diameter and 
up to 20 cm long have been grown by Czochralski 
pulling. In North America, the Mitsui synthetic 
forsterite is marketed for laser use exclusively by 
Mediscience Technology Corp., Forsterite 
Division, of New York City. The Solix material 
(Mican, 1992) reportedly is also made by 
Czochralski pulling and is available as rods 2.5 cm 
in diameter and 12cm long. 


MATERIALS AND METHODS 


The synthetic forsterite examined for this study 
was obtained from Mr. Y. Terashima of Mitsui's 
New York office. He provided a 15,85-ct slice (0.4 
cm thick and 2.7 cm in diameter) and a 2.53-ct X- 
ray orienfed cube (0.5 cm) for detailed study, as 


well as three faceted samples (1.18-ct pale blue- 
green, 0.83-ct medium blue, and 1.07-ct dark blue} 
for brief examination (again, see figure 1). The 
pleochroic colors seen in the cube are shown in fig- 
ure 3. Laser-grade material, by its nature, must be 
of the highest optical quality; the specimens avail- 
able for study were of lower grade but still ade- 
quate for gem use. 

A pale greenish yellow crystal of synthetic 
peridot (figures 4 and 5} was obtained from Dr. F. J. 
Ryerson of Lawrence Livermore National 
Laboratory. The 0.79-gram crystal was 0.6 cm in 
diameter and 1.8 cm long. 

The properties given here for synthctic 
forsterite colored by chromium are based on preci- 
sion scientific measurements (e.g., on polished 
prisms} reported by Alfano et al. (1989), Petricevic 
et al. (1988a-c, 1989a-c, 1990), in the Mitsui sales 
literature (no author, undated}, and in the Solix lit- 
erature as reproduced by Mican (1992). They are 
also based on gemological measurements made by 
the author and by staff members of the GIA Gem 
Trade Laboratory, New York, on the 15.85-ct slice 
and 2..53-ct cube. 


BOX B: EXPERIMENTAL SYNTHETIC PERIDOT 


True synthetic peridot—that is, a composition in the 
olivine series containing about 10 mol.% iron—has 
been produced as part of a research program at LLNL 
by Hanson, Young, and Ryerson {1991}. This group 
has performed a detailed study on the crystal growth 
of synthetic olivines ranging from colorless pure syn- 
thetic forsterite Mg, SiO, to a dark green Fo,7Fa, [that 
is (Mgo67Fep33)2SiO,|, using the image-furnace float- 
ing-zone technique with an atmosphere of mixed car- 
bon monoxide/carbon dioxide and a growth rate of 
about 0.2 cm per hour. When there was an oxygen 
leak, a brown peridot resulted, which also sometimes 
occurs in nature. Both cracking and bubble inclusions 
were problems, but these could be controlled by 
adjusting the shape of the crystal-melt interface with 
an afterheater. Crystals up to 1 cm in diameter and up 
to 7 cm long were grown without cracks and with 
only an occasional bubble. 

The pale greenish yellow crystal studied was 
heavily included (see figures 4 and 5). Nevertheless, 
there were some clear areas. Good-quality and deeper 
green, higher-iron-composition crystals have been 
grown, but they were not available for this report as 
they were needed for technological studies. Although 
it is possible that such synthetic peridot could enter 


the market as a lower-cost substitute for the natural 
material, the low demand for peridot relative to the 
current production of the natural material makes this 
scenario unlikely. 

Because the clarity of the specimen examined 
was reduced by the many included gas bubbles, some 
with tails, only limited gemological data could be 
determined. A biaxial figure confirmed that the mate- 
rial was, like natural peridot, doubly refractive; other 
properties are listed in table 1. The pleochroism is 
light grayish green/light yellow, there was no reaction 
to U.V. radiation, and the hand spectroscope showed 
optical absorptions at about 453, 474, and 497 nm. All 
these data are consistent with values expected for a 
pale-colored natural peridot, as listed in the literature 
(e.g., Webster, 1983, GIA, 1988). 

Since production to date has been experimental 
only, it is not possible to establish at this point what 
the distinguishing criteria between natural and a pos- 
sible future commercial synthetic peridot might be. In 
view of the limited data available, conventional gemo- 
logical testing will probably parallel that for many 
other synthetics, with the presence (or absence) of cer- 
tain inclusions likely to be the significant distinguish- 
ing criterion. 
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Figure 3. The 0.5-cm cube of chromium-doped synthetic forsterite in figure 1 is Ulustrated in three differ- 
ent orientations to show the pleochroism for the a, B, and y spectra, respectively. Photos by N. DelRe. 


We determined specific gravities by hydrostat- 
ic weighing and optical properties using a GIA- 
GEM Duplex II refractometer, a polariscope, a 
diffraction-grating hand spectroscope, and a dichro- 
scope. Polarized absorption spectra were obtained 
from the 0.5-cm cube with a Hitachi U-4001 split- 
beam spectrophotometer with an integrating 
sphere detector. 


GEMOLOGICAL PROPERTIES 


The mechanical and optical properties of the slice 
and cube of synthetic forsterite and the crystal sec- 
tion of synthetic peridot are listed in table 1, 
together with comparative data for natural 
forsterite and peridot taken from the literature. 
Other observations on the synthetic forsterite are 
described below. The properties of the synthetic 
peridot specimen, which was not gem quality and 
was grown for experimental purposes only, are dis- 
cussed and compared with those of natural peridot 
in box B. 
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Color. Chromium-containing synthetic forsterite 
varies from pale to deep blue to blue-green, green, 
pink, and purple. Since the precise pleochroic col- 
ors depend on the ratio of Cr** to Cr** and their 
concentrations, these colors may vary, including 
various shades of pale to deep yellow-green, green, 
blue-green, blue, and reddish purple (again, see fig- 
ures | and 3). 


Fluorescence. Like natural peridot, chromium-con- 
taining synthetic forsterite is inert to both short- 
and long-wave ultraviolet radiation. The red fluo- 
rescence of the chromium R line (present in all 
Cr*-containing materials, such as ruby and emer- 
ald} is seen only when the material is cooled to liq- 
uid-nitrogen temperature. 


Absorption Spectra. In the hand spectroscope, there 
is an intense absorption up to 450 nm; a weak one 
(which is stronger when the color is intense) from 
there to 500 nm, a group of three bands at 530, 550, 


Figure 4. This 1.8-cm-long syn- 
thetic peridot crystal, shown 
viewed with darkfield illumi- 
nation, was grown by the 
Lawrence Livermore National 
Laboratory for experimental 
purposes. Photo by N. DelRe. 
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and 580 nm; and a band at 690 nm. This spectrum 
is quite different from that caused by iron in peri- 
dot (GIA, 1988}. 

The polarized absorption spectra for the cube, 
shown in figure 6, are essentially the same as those 
reported by Petricevic et al. (1989a), Alfano et al. 
(1989), and Rager et al. (1991). 


Inclusions. Laser-grade forsterite shows no inclu- 
sions at 10x magnification. The poorer-grade mate- 
rial we examined contained a number of white 
spicules and thin, thread-like inclusions or gas bub- 
bles. The Solix forsterite was reported by Mican 
(1992) to contain gas bubbles as well as solid inclu- 
sions with tail-like hollow channels attached. 


DISTINCTION OF SYNTHETIC 
FORSTERITE FROM 
NATURAL PERIDOT 


While the color of chromium-containing synthetic 
forsterite usually differs from that of peridot, a peri- 
dot-like color is possible and there is sufficient 
overlap in the gemological properties to provide 
the possibility of confusion. However, both the 
refractive-index and specific-gravity values for syn- 
thetic forsterite are somewhat lower than those 
recorded for peridot (see table 1). In the absence of a 
careful specific-gravity determination or a detailed 


Figure 5. In this view of a cut and polished sur- 
face of the crystal in figure 4, one can see how 
heavily included it was in some areas. Photo by 
N. DelRe. 


refractive-index study, the best distinction is given 
by the visible-range spectrum of the synthetic 
forsterite, which shows chromium-related features 
not found in natural peridot (or forsterite]. 


TABLE 1. Mechanical and optical properties of synthetic and natural forsterite and peridot. 


Forsterite Peridot 
Property Synthetic Natural Synthetic Natural 
Literaturea Measured? Literatures Measured> Literature? 
Mechanical: 
Mohs hardness 61/2-7 7 ig 7 61/2-7 
Specific gravity 3.213-3.217 3.15 3.21-3.33 3.30 3.27-3.48 
Fracture Conchoidal Conchoidal Conchoidal Conchoidal Conchoidal 
with vitreous to = with vitreous to. —s- with vitreous to —_— with vitreous to with vitreous to 
subvitreous subvitreous subvitreous subvitreous subvitreous 
luster luster juster luster luster 
Optical: 
Character Biaxial positive — Biaxial Biaxial! positive Biaxial Biaxial positive 
Refractive index 1.636-1.669 1.63-1.67 1.635-1.670 1.65-1.68 1.654-1.690 
(oa 1.6359 1.635 1.654 
B 1.6507 1.651 1.671 
Y 1.6688 1.670 1.689 
Birefringence 0.033-0.040 0.04 0.035 0.08 0,035-0.038 


aAfter Alfano et al. (1989), Petricevic et al. (4988a-c, 1989a-c, 1990), the Mitsui sales literature (no author, Undated), and the 


Solix literature reproduced by Mican (1992). 


bMeasurements made by the author and GIA-GTL New York for this study on the five chromium-doped synthetic forsterites and 


one synthetic peridot described in this article. 
cAfter Roberts et al. (1974). 


dAfter the Gen Reference Guide (GIA, 1988) and Webster (1983). 
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Figure 6. These absorption spectra were record- 
ed from the three directions of the synthetic 
forsterite shown in figure 3: (a-spectrum E//b) 
greenish yellow direction, (®-spectrum E//c} 
bluish green direction, and (y-spectrum E//a) 
purple direction. 
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CONCLUSIONS 


Synthetic forsterite colored by chromium, which is 
being grown from a melt for laser use, is now com- 
mercially available in sizes up to 2.5 cm in diame- 
ter and 20 cm long. This material can vary some- 
what in color because of variable Cr’* and Cr** 
content; it is pleochroic—typically purple, bluish 
green, and greenish yellow. Although yellowish 
green to greenish yellow synthetic forsterite might 
be used as a substitute for natural peridot, the 
lower R.I. and S.G. values of the synthetic 
forsterite—due to the absence of a substantial 
amount of iron—help separate it from gem peridot. 
In addition, the visible absorption spectrum of the 
chromium-containing synthetic forsterite is signif- 
icantly different from that of natural peridot. 

The gemological properties of the experimen- 
tal synthetic peridot examined are essentially the 
same as those of natural peridot. The only differ- 
ence noted was in the inclusions. 
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UPDATE ON MINING RUBIES AND FANCY 
SAPPHIRES IN NORTHERN VIETNAM 


By Robert C. Kammerling, Alice S. Keller, Kenneth V. Scarratt, and Saverio Repetto 


Northern Vietnam began producing significant quantities of rubies 
and fancy sapphires in the late 1980s. Since then, mining has evolved at 
the two major producing areas: Luc Yen and Quy Chau. Heavy 
machinery is now used in both of these remote areas, but small-scale 
manual mining ts ongoing. Efforts continue to establish organized 


cutting and distribution centers. 


Vietnam is the site of some of the most significant 
gem deposits discovered in the last decade. Millions 
of carats of rubies and fancy sapphires have been 
produced since organized mining started in 1989 
(see, e.g., figure 1). Although the United States’ lift- 
ing of its 19-year-old trade embargo against Vietnam 
this past spring may not increase the number of 
gems that directly enter the U.S. from Vietnam (to 
date, most have come via Thailand}, the potential 
for U.S. investment there could help increase gem 
production overall. 

In 1991, Kane et al. published a comprehensive 
article on the gemological properties of rubies and 
fancy sapphires from northern Vietnam. At that 
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time, however, mining had just begun, and little 
detailed information was available on operations at 
the two main locations, Luc Yen {in Yen Bai 
Province) and Quy Chau (in Bu Khang District, 
Nghe An Province}. Trips made by the present 
authors to these two areas in October and 
November of 1992, and January and November of 
1993, provided the opportunity to see these mining 
activities firsthand and to update the extent of the 
operations. This article provides a brief review of 
our observations during these visits, as well as 
information on the current status of gem produc- 
tion at Luc Yen and Quy Chau as provided by min- 
ing company executives and local geologists. 


LUC YEN DISTRICT 


The first leg of the trip to Luc Yen from Hanoi is 
mostly over paved road, through fields of corn and 
tea, approximately 150 km northwest to the city of 
Yen Bai, the capital of Yen Bai Province (see map, 
Kane et al., 1991, p. 138], The town of Luc Yen is 
another 93 km north of Yen Bai, over rough, par- 
tially paved roads that are difficult to travel in the 
rainy season (May to November]. During all visits, 
we had to present the proper documentation at 
military checkpoints before we were allowed to 
enter the mining area. 

Gem-bearing gravels have been found just 
south of the town of Luc Yen, in valleys near and 
along the foothills of the Bac Bo Mountains, where 
marbleized limestone has weathered and left 
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Figure 1. These three gems (1.15-1.82 ct) are 
representative of the fine rubies and fancy sap- 
phires that have been produced in Vietnam 
since mining commenced in 1989. The center 
stone shows some of the blue zoning commonly 
seen in Vietnamese material (see, e.g., Kane et 
al., 1991), Courtesy of Evan Caplan & Co., Los 
Angeles, CA; photo © GIA and Tino Hammid. 


behind heavy minerals—including rubies, sap- 
phires, and spinels—in potentially rich concentra- 
tions. The original engineering study on the Luc 
Yen area, by the Dutch firm Herinckx & Partners 
("Mine plan revision . . .," 1990}, identified 11 val- 
leys in the Luc Yen area as having commercial gem 
potential: Lung Cay—Lang Chuong, "Area 2.98," 
Khoan Thong, Han Lo, Yen Thang, Yen The, Lieu 
Do, Da Doung-Ngoi Biet, Lang Thoc, Doong Boc, 
and "Area 606." As detailed in Kane et al. (1991), 
these valleys are often narrow, small depressions 
that are typically no more than 3 km2; small-scale 
working of the alluvial gravels in these and other 
areas has been ongoing since at least 1987, with 
organized mining since 1989. 
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At the time of our visits, the main mining 
activity at Luc Yen was a relatively sophisticated 
mechanized operation managed by a joint ven- 
ture—established in August 1991 as "Viet-Thai 
Gems Company"—between the Thai firm B.H. 
Mining Co., the Vietnamese National Gems 
Company (Vinagemco], and the Industrial Geology 
Group of Yen Bai (formerly Hoang Lien Son} 
Province. The joint venture was granted a 12-year 
concession to exploit an area encompassing 81.7- 
hectares (200 acres). The concession area includes 
Khoan Thong Valley (five distinct prospects), Lung 
Cay, Lang Chuong, Nuoc Ngap, and Lieu Do ("The 
ruby project ...," 1994}. 

Throughout the district, we also saw small 


"independent" operations. In all cases, we saw only 


mining of alluvial gravels, and we understand that 
no attempt has yet been made to mine rubies in 
situ (B. Jatoorapreuk, pers. comm., 1994). 


Mechanized Mining. We visited the first area 
exploited, Khoan Thong I, and one of the newest 
ones, Ngoc Negap (1.5 km by road from Khoan 
Thong I). During our 1992 visits, Khoan Thong I was 
the only area being mined. Four electrically pow- 
ered, high-pressure hydraulic cannons drew water 
from a nearby reservoir to wash the soil and gem- 
bearing gravels into a pit (figure 2). From the pit, this 
material was pumped to a nearby sluicing system 
for gravity concentration. The system consisted of a 
large {about 2, m in diameter} rotating drum and six 
vibrating jigs (four primary, two secondary]; the 
resulting heavy concentrate was collected at the end 
of the sluicing system (figure 3) and taken to the 
mining camp to be sorted by hand (figure 4). Mine 
officials told us that approximately 155 people were 
involved in mining and processing at the time. 

At Khoan Thong I, the joint venture processed 
about 250-300 m? of soil and gravel daily, or about 
8,000 m? per month. According to the January 
1994 B.H. Mining report ("The ruby project .. ."), 
from November 1991 to November 1992, this 
operation produced 88,329 grams (441,645 carats] 
of rough gem minerals, of which 5% was described 
as "ruby and pink sapphire," 0.04% as "blue sap- 
phire," and 4% as "semi-precious" stones (including 
spinel}. The balance was listed as "red corundum" 
{i.e., not gem quality). 

By January 1993, the joint venture had greatly 
reduced activity at Khoan Thong I; by November 
1993, mining had almost ceased (see figure 2, 
inset). During 1993, development started at Nuoc 
Ngap, using the same methods and equipment as 
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Figure 2. Khoan Thong I was the only deposit in Luc Yen being mined with heavy equipment during 
the authors’ late-1992 visits. Here, high-pressure water cannons wash soil and gem-bearing gravels 
into a pit for subsequent processing. By November 1993 (inset), mining at Khoan Thong had almost 
ceased, and the original excavation had become an artificial lake not unlike the one at Mogok, 
Myanmar. Photos by Robert C. Kammerling. 


we had seen used at Khoan Thong I earlier. 

In July 1994, the managing director of B.H. 
Mining, Boonsin Jatoorapreuk, informed us that 
Khoan Thong I is now closed (the gravels complete- 
ly worked out) and gem production at the conces- 
sion has dropped off greatly in the last six months. 
Mining continues at Nuoc Ngap, but activities at 
the newest operation, Khoan Thong I, have been 
halted for reassessment because of poor production. 
The costs of building roads and bridges to bring 
equipment into this remote jungle area are high. 
Without an economic return like that from Khoan 
Thong I, Mr. Jatoorapreuk believes it may be more 
profitable for B.H. Mining to let the area revert to 
independent mining and simply set up a permanent 
buying office. Still, he remains optimistic about the 
gem potential of the area in general. 


Independent Mining. Largely unsanctioned, inde- 
pendent mining has been ongoing in Luc Yen since 
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gems were first identified in the area. Two of the 
authors (RCK and ASK} saw one such operation 
high in the hills, where miners worked weathered 
material by hand in a small depression between an 
exposed marble pillar-like outcrop and the moun- 
tainside. Because there is no water in such venues, 
miners typically conduct a dry separation on site 
and then transport the gravels to lower-lying areas 
for washing. There are also small-scale operations 
working the valley gravels. 


Marketing and Fashioning. Gems recovered by the 
joint venture are fashioned in their own factory in 
Hanoi, which became operational in November 
1992. When one of the authors (KVS} visited this 
facility in January 1993, 48 faceting machines were 
being used to cut rubies, fancy sapphires, and other 
local gem materials. A cutting factory has also 
been built in Yen Bai, and training is expected to 
start soon (B. Jatoorapreuk, pers. comm., 1994). 
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Figure 3. From the pit shown in figure 2, the 
gem-bearing gravels were pumped to this large 
Sluicing system that, at the time (November 
1992}, was about 30 m away. The heavy-miner- 
al concentrate collected here, at the end of the 
system, was then taken to the mine headquar- 
ters. Photo by Robert C. Kammerling. 


Independent miners can legally sell rough 
gems at a government-run market in the town of 
Luc Yen. This fenced-in compound accommodates 
about 40 to 50 small wooden tables at which the 
gem dealers sit (figure 5}. On all our visits we saw 
thousands of carats of rough rubies and fancy sap- 
phires. Most appeared to be typical "mine run," 
although we were told that higher-quality goods 
are available but not openly displayed. Most of the 
gem-quality rubies we saw were small (1 ct or less); 
there were also miscellaneous parcels of what 
appeared to be tourmaline, spinel (see, e.g., Koivula 
et al., 1993a}, amethyst, and other varieties of 
quartz. The government receives a royalty of about 
8%-12.% on stones sold at this and the three other 
official gem markets {i.e., in Vinh, Hanoi, and Ho 
Chi Minh City}. 
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All of the authors were offered stones outside 
the legal channels in all of the mining areas visited. 
Most of these "gems" were either of very poor qual- 
ity or of synthetic origin, a recurring problem (see, 
e.g., Koivula et al., 1993b). 


QUY CHAU (BU KHANG DISTRICT) 

The Bu Khang District is located north-northwest of 
Vinh, the capital of Nghe An Province (again, refer 
to the map in Kane et al., 1991, p. 138). To reach the 
mining area from Vinh, we first traveled 50 km 
north on the road to Hanoi, then turned west onto 
the road to Quy Chau Village (63 km total, mostly 
partially paved or dirt road). As at Luc Yen, this min- 
ing region is difficult to access during the rainy sea- 
son and entry is controlled by the military. 

Mining started in the Bu Khang District only 
in late 1990. The area was worked by thousands of 
independent miners (see, e.g., Kane et al., 1991), 
who literally leveled hills in their search for the 
gem-bearing gravels. By late 1992, mining (all allu- 
vial] of the area had been assigned to four specific 
"companies," which collectively controlled an area 
of approximately 300 hectares (741 acres). 


Company No. 1. Located near the village of Quy 
Chau at a site known as "Billionaire Hill" because 
of the many gems early miners had found there, 
Company No. 1 is run by the Vietnamese Ministry 
of Heavy Industry. It began operation in May 1992 
and was still active in July 1994 (P. T. Thi, pers. 
comin., 1994). 

At the time of our November 1992, visit, this 
was a fairly typical mechanized open-pit operation. 


Figure 4. Gem materials removed from Khoan 
Thong I concentrate were sorted at mine head- 
quarters. Photo by Kenneth V. Scarratt. 


GEMS & GEMOLOGY Summer 1994 


A backhoe pushed the red lateritic soil and under- 
lying gravels into a large depression filled with 
water transported by two diesel-powered pumps 
from a local stream. Here, the gravels were washed 
by a high-pressure water cannon and then pumped 
to a nearby sluice for processing. The heavy con- 
centrate was examined and sorted on site by hand. 

We were told by mine officials in November 
1992, that the 120+-hectare concession employed 
50 workers and had produced about 27 kg (135,000 
carats} of rough rubies and fancy sapphires in the 
first six months of mechanized mining (May 7 to 
November 18, 1992). We were shown what was 
reportedly three days' production—a total of 239.80 
carats from 240 m3 of gravels. The largest gem was 
3.15 ct, but most of the crystals were extremely 
small, less than half a carat. 

Traveling from Company No. 1 to Company 
No. 3, we saw dozens of independent miners still 
working in the area (figure 6). From these small 
{usually 2-3 m wide} pits, we could see that the top 
"soil" layer was anywhere from 2 to 5 m deep; it lay 
over a gravel layer {about 0.5-1 m deep} that con- 
tained abundant fragments of gray mica schist dis- 
persed unevenly over a kaolin layer at least 1.5 m 
deep. Most ruby occurs in the gravel layer, and 
none had been found in situ in local outcrops. 
Spinel, garnet, and blue sapphire are also recovered 
{P. T. Thi, pers. comm., 1992). 


Company No. 2. This small {about 40 hectares) 
operation, at a site known as "Millionaire Hill," is 
run by the local Quy Chau police in conjunction 
with the Nghe An provincial government. 
Although we saw a single diesel-powered water 
cannon working one small area, most of the miners 
used only shovels and buckets. Some pits were as 
large as 15 x 8 m and about 3-4 m deep (figure 7}. 


Companies No. 3 and 4. At the time of our visits, 
Company No. 3 had 120 hectares in the Ban Dung 
area near Quy Chau, with an operation similar 
to—but smaller than—that of Company No 1. Of 
the 38 workers, 10 were guards. From July 1992. to 
November 1992, Company No. 3 reported produc- 
ing only about 2 kg (10,000 carats) of ruby and 
fancy sapphire. 

Company No. 4 was located at Quy Hop, only 
a few kilometers south of Quy Chau, and was not 
yet in production in November 1992, The equip- 
ment on site indicated that this would be a mecha- 
nized open-pit/sluice operation. 

According to Professor P. T. Thi (pers. comm., 
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Figure 5, At the official Luc Yen market, dealers 
offer a variety of rough rabies and sapphires, as 
well as other gem materials found in the Luc 
Yen area. Photo by Robert C. Kammerling. 


1994), these two companies have since been dis- 
solved and the areas turned over to the provincial 
tin-mining company. Now, "Military Division N." 
has begun a new mining operation on approximate- 
ly 150 hectares near the area that Company No. 3 
once occupied. 


Distribution. The nearest government-sanctioned 
gem market is in the city of Vinh, where all gem 
materials are to be sold. Again, though, we were 
offered stones (both natural and synthetic} through- 
out the city and mining areas. 

Our Vietnamese hosts pointed out numerous 
new homes throughout the Quy Chau and Luc Yen 
areas that they referred to as "ruby houses." These 
distinctive two-story buildings reportedly were con- 
structed with money made in the gem trade. They 
were the most obvious signs of the new wealth the 
gem industry has brought to these regions. 


FUTURE PROSPECTS 


The future of gem mining in Vietnam will depend 
as much on developments in government policy 
and the foreign ventures who get involved as it will 
on the gem reserves available. In fact, the original 
engineering report on Luc Yen indicated reserves 
that at one locality could last 50 years ("Mine plan 
revision ...," 1990). Although rules governing min- 
ing and trade in gemstones were promulgated in 
October 1993 ("Official regulations ... ," 1994}, the 
situation continues to be both complicated and dif- 
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ficult for foreign investors. Since the discovery of 
gems in the Luc Yen area, only one company other 
than B.H. Mining has entered gem mining there— 
Metacom of Russia (since mid-1993}. There are no 
foreign entities involved in mining in the Quy 
Chau area ("Gemstone joint ventures... ," 1994}. 
Although at least six foreign ventures have 
been involved in gem processing, most have not 
been successful, according to one recent report 
("What the Government Won't Tell You," 1994}. In 
fact, this report maintains that as of June 1994 the 
State Committee for Cooperation in Investment 
(SCCI} had frozen the granting of new licenses to 
foreign firms pending an assessment of the ven- 
tures that had operated thus far. Prior to this move, 
however, the Vietnamese government did appoint 
New York-based Gemrusa as "advisor to the gem 


Figure 6. Dozens of independent miners were 
working in the Quy Chau region in November 
1992. Photo by Robert C. Kammerling. 
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Figure 7. Most of the mining operation of 
Company No. 2, located at Quy Chau’s 
"Millionaire Hill," was being done by hand. 
Some of the miners reached the gem-bearing 
gravels by digging large pits like that shown 
here. Photo by Robert C. Kammerling. 


and jewelry sector," to help guide and lead any 
potential investors on behalf of the government. 
This includes organizing the processing and distri- 
bution of all new and stockpiled gem materials. 
Gemrusa says that they are now consulting with 
Bulgari about establishing a jewelry-manufacturing 
operation using Vietnamese gems, and that they 
participated in the appointment of Sotheby's as the 
official auctioneer for future auction sales of 
Vietnam's rubies and fancy sapphires (M. I. Jabir, 
pers. comm., 1994}. Although the situation in 
Vietnam remains fluid, there is promise of a more 
systematic, informed approach to the management 
of its gem riches. 
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GEM TRADE 


LAB NOTES 


DIAMOND 


Laser Drill Holes or 

Natural Inclusions? 

Natural inclusions in diamond may 
resemble laser drill holes, and laser 
drill holes can have a very unusual 
appearance. Sometimes, only very 
careful observation with a micro- 
scope can reveal the inclusion's true 
identity. Recently, the East Coast 
laboratory encountered four such 
inclusions. 

The first was in a 0.24-ct round 
brilliant-cut diamond. Our client's 
customer had returned the diamond 
on the grounds that apparent laser 
drilling had not been disclosed. 
However, examination at 63x mag- 
nification clearly revealed that the 
inclusion in question was actually a 
string of pinpoints (figure 1) connect- 
ing a small cloud and crystal to a 
larger cloud. The fact that this 
"string" did not break the surface of 


Figure 1. Examination of this 
diamond at 63x magnification 
reveals that what appeared at 
low magnification to be a laser 
drill hole is actually a string of 
pinpoints connecting separate 
inclusions. 
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Figure 2. The squarish outline of 
the tube-like inclusions in this 
4.03-ct fancy yellow diamond 
proved that they were etch chan- 
nels, By comparison, the outlines 
of laser drill holes are typically 
round. Magnified 37x. 


the stone proved that it could not be 
a laser drill hole. This is another 
instance where the client's use of a 
gemological microscope would have 
provided both more knowledge on 
the stone at hand as well as an 
opportunity to educate the customer 
as to the actual nature of the stone's 
internal characteristics. 

Another diamond, a 4.03-ct 
fancy yellow cushion brilliant, had 
many angular tube-like inclusions. 
Unlike the coarse etch channels 
shown in the Fall and Winter 1992 
Lab Notes sections, the channels in 
this stone were very thin and resem- 
bled laser drill holes. Nevertheless, 
magnification revealed that these 
inclusions had the squarish outlines 
of etch channels [figure 2), not the 
rounded outlines of laser drill holes. 
The angularity also indicated that 
these were natural inclusions. 

Occasionally, however, we do 
see laser drill holes that are not 
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Figure 3. The somewhat irregular 
laser drill hole in this 4.69-ct dia- 
mond travels from the table to a 
crystal and feather inclusion. 
Note the cone-shaped opening. 
Magnified 27x. 


entirely straight, such as the one in 
this 4.69-ct pear-shaped brilliant cut 
(figure 3), which starts at the table. 
As seen through the pavilion (figure 
4), this laser drill hole wanders off 
line several times before reaching the 
inclusions, a crystal and a feather. 
The cone-shaped entry point of the 


Figure 4. The unusual curvature 
of the laser drill hole shown in 
figure 3 is apparent when the 
diamond is viewed through the 
pavilion. Magnified 63x. 
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drill hole is an earmark of early laser 
technology, which was first noted in 
Gems & Gemology in the Fall 1970 
issue (p. 224]. Refinements in the 
laser-drilling process over the next 
few years led to laser drill holes with- 
out this cone-shaped point of entry. 
The drill hole in figure 5, as 
viewed from the pavilion of this 
1.15-ct round brilliant-cut diamond, 
is also atypical. As clearly seen in 
the image on the left, the main drill 
hole reaches a crystal-like inclusion, 
but also branches off to reach anoth- 
er inclusion, forming a "Y" shape. 
We spoke to a number of people who 
do laser drilling, but none of them 
could explain why these branching 
or curving phenomena occur. 
Vincent Cracco 


Diamond with Unusual 

Color Zoning 

Diamonds with a yellow body color 
generally have fairly even color dis- 
tribution throughout. When color 
zoning does occur, it is usually in 
the form of areas that are lighter and 
darker yellow, with indistinct 
boundaries. So, the West Coast lab 
staff were surprised to see the 
unusual color zoning evident in the 
1,08-ct marquise brilliant shown in 


Figure 5. This laser drill hole 
(seen doubled due to prism 
reflection) goes straight from the 
surface to one included crystal, 
but also branches to a second, 
deeper inclusion. Magnified 63x. 
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Figure 6. Parallel color banding 
is Sharply defined in this 1.08-ct 
marquise brilliant-cut diamond, 
which measures 10.71 x 5.25 x 
3.26 mm. Magnified 17x. 


figure 6. Microscopic examination 
revealed two very distinct, parallel, 
dark yellow color bands in a stone of 
otherwise lighter yellow color. 
Running the length of the stone, the 
bands were more reminiscent of 
color distribution commonly seen in 
yellow sapphires. 

With long-wave ultraviolet radi- 
ation and magnification, the banding 
was strikingly pronounced. It fluo- 
resced a strong yellow that contrast- 
ed with the weaker blue fluores- 
cence of the main body of the stone 
(figure 7). In fact, the orientation of 
the bands combined with the 
strength of their fluorescence to give 
the stone an overall yellow fluores- 
cence when viewed faceup with the 
unaided eye. 

This color distribution, obvious- 
ly unrelated to the faceted shape, is 
an indication of natural color. 
Considering this and the fact that the 
diamond exhibited no distinct 
absorption lines that would be asso- 
ciated with laboratory irradiation, we 
concluded that the color was natural. 

RCK and SFM 


EMERALD, Trapiche from 
a New Locality 


The locality in which a gem mineral 
occurs is often important to collec- 
tors and dealers alike. For some gem 
minerals, there is no question as to 
locality because they are found in 
only one or a few places. There are 
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Figure 7, When the diarnond in 
figure 6 was examined with long- 
wave U.V. radiation, the bands 
fluoresced yellow and the rest of 
the stone fluoresced blue. 
Magnified 17x. 


times, however, when a new locality 
for the same type of material shows 
up. The GIA East Coast lab was for- 
tunate enough to inspect such a 
specimen, a trapiche emerald that 
reportedly came from a locality 
other than Colombia. The dealer 
who submitted the pair of polished 
green hexagonal tablets in figure 8 
(left) to the East Coast lab informed 
us that these were cut from a single 
crystal, which came from the state 
of Goias, in Brazil. One weighed 4.62 
ct and the other 4.21 ct; both mea- 
sured approximately 9.85 x 12.75 x 
3.50 mm. 

On the basis of standard gemo- 
logical tests and the distinctive 
appearance of the slices (see H. L. 
McKague, "Trapiche Emeralds from 
Colombia," Gems #& Gemology, Fall 
1964, pp. 210-213), we identified them 
as trapiche emeralds. (Discovered in 
Colombia, trapiche emeralds were 
named after the Spanish word for 
cane-crushing gears, which the 
Colombian type resembles—with its 
central green core and six black arms 
extending from the prism faces of the 
core [figure 8, right].} However, the 
refractive indices and specific gravity 
were found to be higher than those of 
the Colombian material: R.I., 
1.583-1.589; S.G., taken hydrostati- 
cally, approximately 2.74. Trapiche 
emeralds from Colombia typically 
have R.1.'s of 1.563-1.569 and an S.G. 
of 2.65-2.69 (see J. Sinkankas, Beryl, 
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Figure 8, The trapiche emeralds on the left, which are reported to be from the state of Goids in 
Brazil, are the first we have seen from a locality outside of Colombia. The two slices are approxi- 
mately 12,75 mm on their longest dimension. On the right is a typical Colombian trapiche crystal; 
it measures 16 mm x 22 mm. 


Butterworths, London, 1986, pp. 
121-126}. 

In this Brazilian material, some- 
what trapezoidal opaque dark areas 
extend inward to a hexagonal core 
from each of the six first-degree 
prism faces. Transparent green areas 
separate each of the opaque dark 
areas, However, the spoke pattern in 
these slices: differs from that usually 
seen in gem-quality trapiche emer- 
alds from Colombia. In the latter, 
thin black spokes radiate from the 
core and separate the usually satu- 
rated emerald green color into six 
areas (see again, figure 8, right]. The 
newly submitted stones almost 
seem to be a photographic "negative" 
of the Colombian material. 

Nicholas DelRe 


JADEITE, 
with Metallic Inclusions 
Until the recent concern with the 
bleaching and impregnation of 
jadeite (B jade}, there appears to have 
been little interest in identifying or 
cataloguing inclusions in jadeite, 
possibly because they are encoun- 
tered so rarely, at least in fashioned 
material. One of the few such refer- 
ences was a Spring 1973 Lab Note 
(p. 135], which described inclu- 
sions—in translucent jadeite—that 
had the appearance of pyrite. 

Staff members at the East Coast 
lab recently examined an unusually 
translucent 8.60-ct green jadeite 
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cabochon (figure 9), which we deter- 
mined to be untreated, that had 
inclusions reminiscent of those 
described in that earlier Lab Note. 
Because none of the inclusions 
reached the surface, the client kindly 
agreed to repolish the cabochon to 
expose several of them for further 
study. When viewed in reflected 
light, the inclusions appeared to be 
of two different minerals: One type 
seemed to be quite hard, with a 
brassy metallic luster; the other type 
had a brown appearance, undercut 
the surface markedly, and did not 
take a polish (figure 10). 

Although the client did not want 
us to scrape the inclusions for X-ray 
diffraction analysis, he did agree to let 
us send the stone to Santa Monica for 
energy-dispersive X-ray fluorescence 
(EDXRF] analysis at GIA Research. 


Figure 9. This highly translu- 
cent 8.60-ct jadeite cabochon 
has inclusions, something that 
is not often seen in jadeite. 
Magnified 10x. 


% 
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Unfortunately, the size and position 
of the inclusions did not allow a 
definitive identification by this 
method. The project was further 
complicated by the general lack of 
data on trace elements in jadeite. 
However, on the basis of luster, 
relative hardness, color, and appear- 
ance, it was concluded that the 
metallic inclusions are probably 
pyrite and the softer brown inclu- 
sions are probably pyrrhotite, which 
commonly occurs with pyrite. This 
opinion was substantiated by using 
polarized reflected light to observe a 
property that is called bireflectance. 
Specifically, the "pyrrhotite" inclu- 
sions appeared to shift in color as the 
cabochon (or polarizer) was rotated, 


Figure 10. Some of the inclu- 
sions in the stone shown in fig- 
ure 9, seen here with darkfield 
illumination, appear to be 
brown when viewed in reflect- 
ed light. They may be 
pyrrhotite. Magnified 30x. 
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Figure 11. The 6.5- to 7-mm freshwater tissue-nucleated cultured 
pearls in this necklace are nearly round. 


which indicates that the material is 
not isotropic; however, the color of 
the "pyrite" crystals did not vary 
with such a rotation, so they proba- 
bly are isotropic. {Therefore, the soft 
material is not limonite, and the 
hard material is not marcasite.} 
Although inclusions in jadeite 
are rare, the presence of some inclu- 
sions, such as sulfides, at the surface 
of a stone may indicate that the stone 
was not "bleached" by acid treatment, 
since some bleaching agents attack 
and may destroy certain inclusions, 
depending on the chemistry of the 
inclusion and the agent used. 
GRC and Mary L. Johnson 


Cultured PEARLS, Round 

and Near-Round Freshwater 
Tissue-Nucleated 

With the tremendous (and still 
increasing] production of freshwater 
tissue-nucleated cultured pearls, and 
the greater attention to quality by 
cultured-pearl farmers in China, it is 
not surprising that some of these 
cultured pearls turn out nearly 
round or round, unlike the "rice- 
grain" types that dominated produc- 
tion up until the last few years. In 
fact, in late 1992 one staff member 
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of the East Coast lab was shown a 
30-inch-long twisted rope of 12 
strands of near-round 4- to 5-mm 
freshwater tissue-nucleated cultured 
pearls. Another staff member report- 
ed seeing many similar strands dur- 
ing a late-1993 trip to the Far East; 
he was told they were selling quite 
briskly. 

In December 1993, however, a 
client showed us the largest freshwa- 
ter tissue-nucleated cultured pearls 
we had seen to date—6.5 to 7 mm— 
in an 18-strand hank. Two of these 
strands were later used in the neck- 
lace shown in figure 11. Note that 
this is a popular size for saltwater 
bead-nucleated "Akoya" cultured 
pearls from Japan. 

An X-radiograph of this neck- 
lace (figure 12] reveals an interesting 
potential problem: Many of the 
pearls do not show the void that 
would prove they are tissue-nucleat- 


ed. This evidence may have been. 


eliminated by the drill hole. 
Therefore, some freshwater tissue- 
nucleated cultured pearls may be 
indistinguishable from some freshwa- 
ter natural pearls by X-radiography, 
We have previously noted what 
we feel were efforts to drill away evi- 
dence of mantle-tissue nucleation 


(Gems # Gemology, Spring 1986, 
pp. 51-52, and Summer 1986, p. 
111). New information suggests that 
some "accidental" saltwater tissue- 
nucleated cultured pearls have been 
fraudulently substituted for natural 
pearls in old items of pear] jewelry. 
The perpetrators hoped that the 
oversized drill holes would elimi- 
nate the voids left by the tissue 
nuclei. GRC 


Glass-Coated QUARTZ 


Two distinctly different treatments 
are typically used to produce a thin 
layer of surface color on gems: color 
coating and diffusion treatment. In 
the first, a colored layer is applied to 
the surface of the stone. Color-coat- 
ed stones examined by the lab over 
the years have included diamonds 
coated with pink nail polish (Spring 
and Summer 1983 Lab Notes, pp. 
43-44 and p. 112, respectively) and 
pale beryls coated with a green sub- 
stance to imitate emerald (Spring 
1983 and 1993 Lab Notes, pp. 44-45 
and 46-47, respectively). 

In another, newer type of coat- 
ing, elemental gold is deposited on 
quartz and topaz gems, producing a 
greenish blue color with thin-film 
surface iridescence. This material is 
marketed under the trade name 
"Aqua Aura" (see Gem News, Winter 
1988, p. 251, and Fall 1990, pp. 
234-235). 


Figure 12. An X-radiograph of 
the tissue-nucleated cultured 
pearls in figure 11 shows that 
in many instances evidence 
of the nucleus has been 
removed by the drill hole. 
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Figure 13, A glass-like coating is responsible for the apparent color of 
these 8- to 8.5-mim quartz beads. 


In diffusion treatment, coloring 
agents are diffused into the surface 
of the stone. To date, we have only 
examined gem corundums that have 
been color enhanced by this method 
(see related Gems e& Gemology arti- 
cles by Kane et al., Summer 1990, 
pp. 115-133, and by McClure et al., 
Spring 1993, pp. 16~28). 

Recently, the West Coast lab 
received for identification a strand of 
51 round beads (figure 13) about 8 to 
8.5 mm in diameter. The transparent 
beads were dark violet-blue, reminis- 
cent of cobalt-colored synthetic 
spinel or the rare cobalt-colored natu- 
ral spinel. The client who submitted 
the beads knew that they had been 
treated, but not the method used. 

Gemological testing revealed 
properties consistent with those of 
quartz, including a "spot" R.L. of 1.54, 
an S.G. of 2.65, and a "bull's-eye" 
optical interference figure. Magni- 
fication revealed that the color layer 
around some drill holes was thinner 
and lighter in tone than elsewhere on 
the beads. Some beads had dimple- 
like depressions in the surface layer, 
primarily near the drill holes, which 
exposed the underlying bead as color- 
less and with a rough-ground appear- 
ance (figure 14]. Microscopic exami- 
nation also revealed very little color 
in the drill holes. A small ridge with a 
concave side near the drill hole on 
many of the beads may have resulted 
from their having been treated while 
hanging on wire. 
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With the client's permission, we 
removed one bead and sawed a slice 
with surfaces perpendicular to the 
drill hole. This revealed that, away 
from the drill hole, the layer of sur- 
face color was actually fairly uniform 
(figure 15}, approximately 0.07 to 
0.10 mm thick, with a somewhat 
lower luster than that of the underly- 
ing colorless bead. The surface layer 
also "undercut" during preparation of 
the section, indicating a lower hard- 
ness than that of the bead itself. We 
determined a Mohs hardness of 5-6 
for the coating on the sawn bead, 
softer than that of quartz (Mohs hard- 
ness of 7). The hardness test also 
revealed that the coating was very 
brittle, as it produced a succession of 
conchoidal chips. X-ray powder 


Figure 14, These "dimples" seen 
in reflected light are areas of 
incomplete coating on some of 
the beads shown in figure 13. 
Magnified 20x. 
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diffraction analysis of a small scrap- 
ing from the surface layer showed 
that it was amorphous. This is unlike 
the results we have obtained with 
diffusion-treated corundum, in 
which the surface layer is crystalline. 
Energy-dispersive X-ray fluorescence 
{EDXRF] analysis of the surface layer 
revealed large amounts of Si and Co, 
as well as smaller amounts of Pb, Na, 
Zn, Ti, and Fe. 

From this testing, we concluded 
that the beads were quartz with a 
glass-like coating, possibly produced 
by an enameling process. If so, it 
would not be the first time enamel- 
ing was used on quartz. In the rarely 
seen Classic en resille enameling 
technique, rock crystal (or glass) was 
finely incised with lines that were 
subsequently overfilled with gold. 
The cells that formed were filled 
with enamel and then fired (see, e.g., 
Kenneth F. Bates's Enameling 
‘Principles and Practice, World 
Publishing Co., Cleveland and New 
York, pp. 138-140}. 

RCK and SFM 


SYNTHETIC SAPPHIRE, 
with a Small Star 


Almost all of the synthetic star 
corundums that we see exhibit not 
only uniform color and transparency, 
but also even distribution of the 
inclusions that cause the phe- 
nomenon. Some notable exceptions 
reported earlier include incomplete 


Figure 15, A slice cut from one 
of the beads in figure 13 con- 
firms the thin (0.07-0.10 mm) 
color layer on a colorless sub- 
strate. Magnified 40x, 
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stars in a synthetic star ruby (Sum- 
mer 1982 Lab Notes, pp. 105-106) 
and a synthetic star sapphire (Winter 
1991 Gem News, pp. 263-264}. 
Another variation on this theme 
was seen in an ova! buff-top step-cut 
synthetic sapphire recently examined 
by the West Coast lab. The pinkish 
orange synthetic, measuring approxi- 
mately 10.64 x 8.91 x 5.00 mm and 
set ina yellow metal ring, was trans- 
parent except for a small area at the 
top of the dome. When examined 
with reflected light, this area dis- 
played distinct six-rayed asterism. 
Magnification revealed the cause, a 
small localized plane of intersecting 
minute needle-like inclusions (figure 
16). The gemological properties were 
consistent with corundum, and 
curved yellow color banding proved 
it to be synthetic. As the phe- 
nomenon was distinct, albeit con- 
fined to the apex, the item was iden- 
tified as a synthetic star sapphire. 
RCK 


SAPPHIRES from Yogo 
Gulch, Montana 


A group of crystals and faceted sap- 
phires from Yogo Gulch, Montana— 
seen in the East Coast lab—provide 
an excellent example of how the 
shape of the rough often determines 
the final cut. Sapphires from this 
region crystallize mainly as short 
prisms, characterized by repeated 


Figure 16. The inclusions caus- 
ing the star in this pinkish 
orange synthetic star sapphire 
are confined to the whitish 
area at the apex of the cabo- 
chon. Magnified 20x. 
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Figure 17. In keeping with the typically "stunted" shape of the Yogo 
sapphire crystals (the largest, at the far right, is 6.60 ct), the 13.90-mm- 
long pear-shaped Yogo sapphire shown here is only 2.80 mm deep. 


growth of a rhombohedral form, and 
are terminated by the basal pinacoid 
(figure 17; see S. E. Clabaugh, 
Corundum Deposits of Montana, 
U.S. Geological Survey Bulletin No. 
983, 1952). For example, the blue 
6.60-ct crystal in figure 17 measured 
about 15.70 x 13.00 mm, but was 
only 3.32 mm thick. Therefore, to 
retain weight, Yogo rough is typical- 
ly cut into stones of shallow depth: 
The fine, and relatively large (for a 
Yogo sapphire], pear shape in figure 
17 measures approximately 13.90 « 
9.35 mm in outline. However, 
because of the shallow (2.80-mm] 
depth, it weighs only 3.59 ct. 

In contrast, many sapphires 
from Sri Lanka crystallize as taper- 
ing hexagonal bipyramids (figure 18). 
The desire to retain weight from this 
type of rough typically results in 
native-cut stones with extremely 
deep pavilions. 

Nicholas DelRe 


TURQUOISE, Dyed 

and Impregnated 

Seldom have staff members at the 
West Coast GIA Gem Trade Labora- 
tory seen as interesting an example 
of dyed and impregnated turquoise 
as was presented by the slab (report- 


edly a section cut from a nodule} 
shown in figure 19. 

Gemological testing easily iden- 
tified the sample as turquoise. 
Microscopic examination of the very 
irregular, darker blue periphery 
revealed concentrations of a dark 
blue material with a subvitreous lus- 
ter; the material was readily indent- 
ed by the point of a metal needle and 
reacted like a plastic to a thermal 
reaction tester. No further testing 
was needed to identify the turquoise 
as dyed and impregnated. 

Of particular interest was the 
"before-and-after" effect illustrated 


Figure 18. Because Sri Lankan 
sapphire crystals are typically 
bipyramidal, as shown here, 
they lend themselves to cut 
stones with deep pavilions, 
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Figure 19, This 7.90 x 3.23 « 0.90 cm slab of dyed and impreg- 
nated natural turquoise clearly reveals the lighter blue color of 
the untreated material, in the center, where the treatment sub- 


stance did not penetrate, 


by the slab. The lighter portion 
clearly reveals the appearance of the 
turquoise before treatment. 

RCK 


Faceted VAYRYNENITE 


Among the many interesting materi- 
als we have the opportunity to 
examine in the laboratory are rare 
minerals that have been fashioned as 
collectors' stones. In past Gem 
Trade Lab Notes, we have reported 
on items such as augite (Spring 
1989}, clinohumite (Winter 1986}, 
color-change diaspore (Spring 1987}, 
lazulite (Spring 1993], phosgenite 
(Summer 1977}, sapphirine (Summer 
1987}, stibiotantalite (Spring 1980}, 
and triphylite (Fall 1988}. 

Recently, a colleague loaned the 
West Coast lab a 2.02-ct pinkish 
orange marquise step cut (figure 20} 
that was believed to be vayrynenite, 
a rare, monoclinic, beryllium-man- 
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ganese phosphate that occurs in lithi- 
um pegmatites. We determined the 
following gemological properties: 
refractive indices, 1.639-1.665, bire- 
fringence, 0.026; specific gravity, 
3.23; biaxial optic character; trichro- 
ism of moderate strength in pinkish 
orange, pink, and yellowish orange; 
inert to both long- and short-wave 


Figure 20, This 2.02-ct mar- 
quise step cut (11.19 x 5.20 x 
4,90 mm) is a rare faceted 
example of the mineral 
vdyrynenite, 
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U.V. radiation; a faint pink appear- 
ance through the Chelsea color filter; 
and absorption features including 
weak general absorptions at about 
400—440 nm and about 660-700 nm, 
with a strong band centered at about 
415 nm and a weaker band from 
about 540-560 nm. Examination 
with magnification revealed many 
partially healed fractures composed 
of one- and two-phase (fluid and 
fluid-and-gas} inclusions. These prop- 
erties are all consistent with vayry- 
nenite, a mineral with a Mohs hard- 
ness of 5. According to J. Arem's 
Color Encyclopedia of Gemstones 
(2nd ed., 1987, Van Nostrand 
Reinhold, New York, p. 198], faceted 
gems of this material are extremcly 
rare and seldom exceed 0.5 ct. 
Cuttable material reportedly comes 
only from Pakistan, although the 
mineral was named after Finnish 
geologist Heikki Allan Vayrynen, 
who found the first deposit in 
Viitaniemi, Finland. RCK 


PHOTO CREDITS 
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taken by Bob Crowningshield. The photomicrographs in 
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Argyle upgrades operation. A second major upgrade will 
soon be completed at the Argyle mine, according to a 
statement by the CRA-Ashton Mining joint venture in 
early 1994. The purpose of the upgrade, which includes 
installation of a second high-pressure crusher plus addi- 
tional screening units and conveyors, is to help maintain 
diamond production over the remaining seven-year life of 
the open-pit operation. Although the current ore horizon 
consistently produces 6 ct per ton, the yield is expected to 
decline eventually to 4 ct per ton. 

Production for 1994 is projected to be about 39 mil- 
lion carats, Although only 5% of output is typically gem 
quality, this 5% generates about 50% of the mine's rev- 
enue. The pink diamonds, for which Argyle is so well 
known, account for less than 0.001% of total production. 
(Mining Journal, March 25, 1994, p. 223} 


De Beers's rough diamond sales up. Sales of rough dia- 
monds by De Beers's Central Selling Organisation (CSO} 
for the first six months of 1994 were US$2,580 million, 
1.5% higher than the same period last year and 41.5% 
higher than the second half of 1993. The CSO reports 
their sales of rough diamonds from 1984 to 1994 {in mil- 
lions of US$) as follows: 


Year First half Second half Total 
1984 US$ 945m US$ 668 m US$1,613 m 
1985 837 986 1,823 
1986 1,214 1,343 2,557 
1987 1,560 1,515 3,075 
1988 2,201 1,971 AATE 
1989 2,317 1,769 4,086 
1990 2,477 1,690 4,167 
1991 2,084 1,843 3,927 
1992 1,787 1,630 3,417 
1993 2,543 1,823 4,366 


1994 2,580 — = 


The CSO reduced supplies to the market in the second 
quarter, following a buildup of stocks in the cutting cen- 
ters and continued concerns about cutting-center prof- 
itability. 
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Demand for retail jewelry remained weak in Europe 
and Japan, high in East Asia, and stable in the United 
States. Any significant improvement in sales of rough 
diamonds depends on improved Japanese and European 
markets and on CSO clients being in a position to 
increase their levels of profitability, said De Beers. 

Discussions continue between De Beers and the 
Russian diamond authorities about future contractual 
relationships. Although the present contract runs out at 
the end of 1995, the Russians have made it clear that 
they support market stability. Both sides have agreed to 
issue only joint public comments on their negotiations, 
according to the CSO. 


Diamond pipes located outside Canada's "Corridor of 
Hope." Ashton Mining of Canada's recent discovery of a 
diamondiferous kimberlite pipe at Cross Lake, in the 
Northwest Territories, has proved the existence of such 
pipes outside the northwest/southeast-trending zone 
aptly named the "Corridor of Hope" by diamond geologist 
Ed Schiller. This 50-km-wide zone, which extends from 
Yamba Lake in the north to Artillery Lake in the south, 
is delineated by a set of parallel diabase dikes that are 
quite noticeable on regional aeromagnetic maps. Several 
diamondiferous pipes—including those located in the 
Lac de Gras area by BHP/Dia Met and DHK/Kennecott— 
have been found within this zone. The Ashton find, 200 
km to the west of the zone, offers great encouragement 
to other companies who hold claims outside the Corridor 
of Hope. The pipe was discovered by a combination of 
till sampling for indicator minerals and aeromagnetic 
surveys. The claims on which the Cross Lake pipe is 
located are held by Tenajon Resources and Pure Gold 
Resources, in a joint venture with Ashton Mining of 
Canada. (Northern Miner, April 4 and May 16, 1994, both 
on p. 2; courtesy of Bram Janse} 


More evidence that Wisconsin diamonds come from 
Canadian pipes. A significantly diamondiferous kimber- 
lite pipe found in the Hudson Bay-James Bay Lowlands 
region of northern Ontario, Canada, reaffirms the possi- 
bility that the diamonds found in the terminal moraines 
of southern Wisconsin may have been transported there 
from the northern Ontario region by glaciers. This idea 
was first proposed by Hobbs (Journal of Geology, Vol. 7, 
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1899, pp. 375-388] to explain the late-19th-century finds 
of large (up to 21.25 ct] diamonds by farmers and well 
diggers in the area. 

Discoveries since the late 1970s of at least 20 kim- 
berlite pipes in the Upper Peninsula of Michigan had sug- 
gested a closer source for the Wisconsin diamonds. 
However, detailed investigations have shown that these 
kimberlites are virtually barren. 

The northern Ontario find was made by KWG 
Resources, of Montreal, Quebec, on the basis of drilling 
of selected aeromagnetic anomalies. As the new pipe has 
only been intersected by one drill hole, no firm data are 
available on the shape or size of the pipe, or the grade or 
quality of the diamonds. However, one 29-kg section of 
kimberlite drill core contained six small diamonds (larger 
than 0.5 mm in two dimensions] and 63 microdiamonds 
(smaller than 0.5 mm}. (Northern Miner, May 23 and 
June 20, 1994, both p. 2; courtesy of Bram Janse} 


Update on Ghana production. Shallow alluvial reserves 
at the Ghana Consolidated Diamond Mines {GCD} oper- 
ation at Akwatia are reportedly nearing exhaustion; 
annual output is now barely 200,000 carats {1992 produc- 
tion was 214,155 carats}. However, there are substantial 
deep alluvial deposits in stream gravels of the Birim 
River Valley, which GCD is actively mining. Diamond 
production at other small and medium-sized mines in 
Ghana totalled 479,874 carats in 1992. (Mining Journal, 
November 26, 1993, p. 366; Mining Magazine, January 
1994, p. 20; Mining Annual Review 1993, p. 188) 


Russia offers rough for sale... In mid-March, 
Komdragmet, the Committee on Precious Metals and 
Gems of the Russian Federation, put up for sale approxi- 
mately 114,000 carats of rough. This is part of an "open 
tender" that Russia is permitted to hold under the terms 
of its marketing agreement with De Beers. Per-carat esti- 
mates suggest that the overall value of the goods is in the 
US$10-11 million range. Although this amount is signif- 
icantly larger than past such auctions—which were typi- 
cally in the $500,000-$2 million range—the increase is 
seen merely as a "catching-up" exercise and is still within 
the amounts permitted under the De Beers agreement. In 
November 1993, authority to conduct these independent 
sales in Russia was transferred from Almazjuvelirexport, 
then a part of the mining group Almazy Rossii-Sakha, to 
Komdragmet, which controls the Russian stockpile. 
(Diamantaire, No. 21, April 1994} 


... and develops diamond-cutting equipment. To double 
the output of its domestic polishing industry by late 
1995, the Russian government has directed several 
machinery manufacturers to speed development of dia- 
mond-fashioning equipment. Newly available equipment 
includes a bruting ]athe that permits two diamonds of 
equal weight and diameter to be bruted without the use 
of diamond tools. This product of Precision Machine 
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Figure 1, This 0.42-ct near-colorless synthetic dia- 
mond crystal was produced in Russia by means of 
a belt apparatus. Courtesy of Chatham Created 
Gems; photo by Shane F. McClure. 


Works, St. Petersburg, has reportedly been tested suc- 
cessfully at the Kristal] polishing factory. In late 1993, 
SKTB Kristall, of Smolensk, introduced a work station 
that includes five sawing units with automatic heads and 
consoles to control the heads. (Diamant, No. 371, 
January-February 1994, p. 28) 


Production plant upgrade for Zimbabwe. The recovery 
plant at the River Ranch diamond mine in Zimbabwe 
will be upgraded with the goal of increasing annual pro- 
duction from 130,000 carats to more than 300,000 carats. 
Proven reserves should allow for continuous operation of 
the mine for at least 15 more years. (Mining Journal, 
February 18, 1994, p. 12.1} 


Near-colorless Russian synthetic diamond examined. 
This past May, GIA Research examined a 0.42-ct near- 
colorless synthetic diamond crystal from Russia (figure 
1). It was grown using a "belt" apparatus, not the split- 
sphere (or "BARS"} technology the Russians use to pro- 
duce their yellow synthetic diamonds, according to Tom 
Chatham, Chatham Created Gems, San Francisco, 
California, who loaned the crystal to GIA. [For more on 
Russian synthetic yellow diamonds, see the article by 
Shigley et al., Gems @ Gemology, Winter 1993, pp. 
298-247.) 

The features most useful in identifying this near-col- 
orless cuboctahedral crystal as synthetic are its large 
metallic inclusions and yellow fluorescence to short- 
wave ultraviolet radiation only, 
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The metallic inclusions appear predominantly 
brown when viewed in reflected light. They were suffi- 
ciently large and numerous that the crystal adhered to a 
simple magnet. Energy-dispersive X-ray fluorescence 
chemical analysis confirmed that the inclusions con- 
tained iron. No graining, and only very weak anomalous 
birefringence ("strain"), was noted. 

The crystal did not fluoresce to long-wave U.V., and 
it only fluoresced weak yellow to short-wave U.V. The 
fluorescence appeared evenly distributed. When the 
short-wave U.V. lamp was turned off, the crystal phos- 
phoresced yellow for 30 to 45 seconds. 

These and other features observed were consistent 
with those of other near-colorless synthetic diamonds 
examined by GIA Research. The crystal was slightly 
electrically conductive, with the degree of conductivity 
varying considerably depending on which pair of crystal 
faces was tested. No absorption bands were seen with a 
handheld spectroscope. The absorption spectrum record- 
ed at liquid-nitrogen temperature with the spectropho- 
tometer revealed no absorption in the visible range. The 
mid-infrared spectrum identified this synthetic diamond 
as type Ila. GIA researchers could not record an infrared 
spectrum that had features associated with type-Ib dia- 
mond to confirm the measurements of electrical conduc- 
tivity, presumably because the metallic inclusions inter- 
fered with recording a spectrum in the direction in 
which the type-IIb character would most likely be seen. 
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Amber marketed with photomicrography. As noted in 
the Spring 1994 Gem News, amber was well represented 
at the February 1994 Tucson shows. In that item, we 
mentioned one Russian dealer who provided customers 
with small note cards describing the type of insect in 
each of his specimens. Another amber dealer at 
Tucson—Dan McAuley of the Berkeley Amber Group, a 
firm based in California—took this marketing/educa- 
tional approach one step further by providing each buyer 
with a photomicrograph of the actual inclusion in the 
specimen. Working with Mr. McAuley was Pat Craig, 
who identified and then photographed the inclusions. 
Mr. Craig, who has been studying amber for more than 
20 years, produced the photomicrographs using a video 
camera and a digital thermal printer. The end result was 
an "instant" color photomicrograph with good resolution 
(sce, e.g., figure 2). Although magnification in most of 
the photographs ranged from 1:1 to about 20x, theoreti- 
cally it is limited only by the microscope used. The sys- 
tem also included a standard Sony color monitor, so visi- 
tors to the booth could easily watch Mr. Craig work. 
Packages being offered at the show included the 
piece of amber, the photo of its inclusion, and a certifi- 
cate giving the inclusion's identity. The advantage of 
such a package for retailers is that the picture can be dis- 
played with the specimen, permitting prospective cus- 
tomers to "examine" inclusions without a microscope or 
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hand lens—and the corresponding help of a salesperson. 

Mr. Craig noted that a standard video-cassette 
recorder could be added to the system to save images and 
print them at a later date. 


Basel Fair Highlights. For the second year in a row, Gems 
«) Gemology and other GIA representatives attended the 
European Watch, Clock and Jewellery Fair, held in Basel, 
Switzerland, from April 13 to 21. Although our represen- 
tatives were veterans of numerous trade shows and more 
than 20 years of Tucson shows, they found the 1994 Basel 
Fair to be a superb experience for the gem enthusiast. 

Buyers from all over the world (fair organizers 
reported total attendance of 83,000) explored the four 
large buildings in which diamonds, colored stones, jewel- 
ry in a variety of metals and bold designs, watches, and 
machinery were displayed by more than 2,133 exhibitors 
from 24 countries. Among the many high-quality gem 
materials offered were large numbers of cabochon-cut as 
well as faceted emeralds, rubies, and sapphires; signifi- 
cant quantities of Parafba tourmaline; several large (5-ct 
plus} alexandrites; numerous important Polynesian cul- 
tured pearls from Tahiti; as well as fine large carvings 
and carvings set in jewelry. Of particular interest were 
the new Design Hall and Prestige Room. The latter—set 
up in a warm, sophisticated environment on the bottom 
floor of Building 2—featured gem-set jewelry by some of 
the finest jewelers in the world, including Carrera y 
Carrera, Damiani, Henry Dunay, Hammerman, Nova 
Stylings, and La Nouvelle Bague. One of the most 
unusual colored-stone pieces on display was a 
rhodochrosite brooch by Henry Dunay (figure 3}. 

The 1995 Basel Fair will be held April 26-May 3. 


Figure 2. This photomicrograph of an approxi- 
mately 3-mm-long Tertiary pseudoscorpion in 
Dominican amber was taken by video camera 
and "instantly" printed by a digital thermal print- 
er. Photo by Pat Craig. 
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Figure 3. The 1994 Basel Fair showcased many 
fine, as well as unusual, colored gems. This 
unique brooch features a 115.13-ct rhodochrosite 
“rosette” set in 18k gold with 2.80 ct of diamonds. 
Courtesy of Henry Dunay Inc., New York. 


Fluorite from California. Some green fluorite of very high 
clarity has been found at the Felix fluorite mine, a 
deposit in the hills above Azusa in Los Angeles County, 
California, that has been known for many decades. In 
October 1993, mineral collector Robert Housley led a 
group to a pocket that he had discovered. One member of 
the group, Tish Hunter, picked up some broken pieces of 
fluorite rough after the others had finished collecting 
mineral specimens. She later asked Michael Gray, of 
Coast-to-Coast Rare Stones, Missoula, Montana, to facet 
one. The result was a 30.67-ct round modified brilliant 
(figure 4) that was subsequently donated to the San 
Bernardino County Museum. 

Mr. Gray estimated that a few hundred carats of flu- 
orite came from the pocket; some has entered the trade. 
Although southern California is known for its important 
gem deposits, including tourmaline, spessartine garnet, 
and the original occurrence of kunzite, the densely popu- 
lated Los Angeles basin is not usually thought of as a 
source of gem material. 


Gem artistry knows no boundaries. Although gem carv- 
ings and pieces inlaid with gem materials have been val- 
ued as art objects for thousands of years, "conceptual 
gemologist" John Nels Hatleberg, of New York City, has 


Gem News 


extended the concept of gem artistry to new arenas. Best 
known for his success at fashioning replicas of famous 
diamonds (including the Hope, the Portuguese, and the 
Guinea Star) by taking silicon molds from the actual dia- 
monds and casting them in a custom-formulated resin, 
Mr. Hatleberg has also developed a unique line of jewelry 
known as "Gold Body Gems"—temporary tattoos fash- 
ioned of 23k gold that are modelled after famous dia- 
monds. 

Last year, he completed a unique "painting" fash- 
ioned of gems and minerals. The large-scale (14.5 x 16 
cm; 36 x 40 inches} picture, titled "Woo," uses pearl, tour- 
maline, and chiastolite placed on a pyrite mirror set in a 
frame of quartz crystals cast in gold leaf (figure 5). Note 
that the "corn cobs" are made of natural corn cob with 
Chinese freshwater pearls strung on gold wire. He is cur- 
rently working on a number of other projects that mix 
gems with other natural materials, such as a delicate 
nest of blond hair in which egg-shaped South Seas pearls 
have been laid. 


Green gems from Australia. Chrysoprase chalcedony, an 
attractive gem in its own right, is often used as a jade 
simulant. The misnomer "Queensland jade," for exam- 
ple, describes chrygoprase chalcedony from an important 
deposit discovered in 1965 near Marlborough Creek (see 
Webster's Gems, 4th. ed., 1983, p. 220]. We saw consider- 
able quantities of this gem material at the February 
Tucson shows. Particularly interesting were fine, intense 
yellowish green cabochons in calibrated sizes ranging 
from 6 x 4 mm to 28 x 20 mm (see, e.g., figure 6} and 
strands of well-matched heads from 3 to 11 mm in diam- 
eter. Offered by Po Yuen Gems Company of Hong Kong, 
this chrysoprase reportedly came from their mine in 


Figure 4, This 30.67-ct fluorite was faceted from 
material recovered from the Felix fluorite mine in 
Los Angeles County, California. Photo by Shane 
PF. McClure. 
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Figure 5, This gem "painting" (14.5 x 16 cm) was 
fashioned by gem artist John Nels Hatleberg from 
pearls, tourmaline, and chiastolite—with other nat- 
ural materials—placed on a pyrite "mirror" and set 
into a frame of gold-cast quartz crystals. Photo by 
Durston Saylor. 


Queensland. Similar rough and fashioned Queensland 
chrysoprase—including carvings with Oriental motifs— 
was offered by Kajar-USA of Montclair, California. 

A second major chrysoprase-producing area repre- 
sented at Tucson is the Yerilla District in Western 
Australia. As of November 1993, annual production from 
a mine operated by the Gembank Group was projected to 
be 100 tons (see the article by R. W. Jones, Lapidary 
Journal, February 1994, pp. 71-79). 

Another green ornamental gem from Australia was 
offered at Tucson under the trade name "Allura" (again, 
see figure 6}. Vendor Martin Rosser, of Munich, 
Germany, reported that this gem material is actually the 
mineral gaspeite, a nickel, magnesium, and iron carbon- 
ate [(Ni,Mg,Fe}CO,}, which comes from a site in Western 
Australia about 300 km southeast of Perth. 

We recorded the following gemological properties on 
a 3.15-ct cabochon of "Allura": diaphaneity—opaque; 
R.I.—1.62 to over-the-limits (noted with a "birefringence 
blink"); inert to both long- and short-wave U.V. radiation; 
no reaction to the Chelsea color filter (i.e., it appeared 
green); S.G—3.51, These properties are consistent with 
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those reported in the mineralogical literature for gaspeite, 
although the S.G. is somewhat lower than the reported 
3.71. This may be partly explained by the matrix in the 
test sample, a predominantly brown veining. The lower 
S.G. value may also be due to the presence of some mag- 
nesite (S.G. 3.0-3.1}, since gaspeite forms a solid-solution 
series with both that magnesium carbonate (MgCO3) and 
the iron carbonate siderite (FeCO3). 


Myanmar liberalizes gem trading. For the first time in 
three decades, Myanmar (Burma] will let foreigners pur- 
chase privately owned gems, jade, and jewelry year-round 
with few restrictions, according to a May 2 press release 
from Myanmar VES Joint Venture Company, Yangon. 
Any Myanmar citizen or company can sell for export. All 
such export transactions must be made through one of 
six Gem Trade Centers: Yangon, Mandalay, Taunggyi 
(Shan State}, Tachileik (on the border across from Mae 
Sai, Thailand}, Muse (on the Chinese border}, or Kaw 
Thaung (on the southern border with Thailand}. 

All sales are to be made in U.S. dollars or other 
approved foreign currencies. Each sale is subject to a 15% 
tax: 5% is a commission paid to the Myanma Gems 
Enterprise (MGE); the remaining 10% consolidates all 
income, commercial, and other taxes that might other- 
wise be applicable. 

Under the new provisions, any business registered 
with the MGE may sell finished jewelry up to US$30,000 
as long as MGE-supplied sales receipts are used. Sales of 
rough and fashioned jade and other gems up to $30,000 
must be made under MGE supervision at one of the Gem 
Trade Centers, where MGE will issue the receipt. Sales of 
$30,000 or more are permitted as long as they are referred 
to the MGE headquarters in Yangon, which will issue the 
receipt. These receipts are the only documents accepted 
or required by the Myanmar Customs Department to 
allow purchasers to export gems or jewelry. 


Figure 6, The cabochon on the left (2.65 ct, 8 x 10 
mm) is chrysoprase chalcedony from Queensland, 
Australia; the other (3.15 ct, 8.22 x 10.13 mm) is 
gaspeite, a nickel ferrous carbonate mined in 
Western Australia. Photo by Maha DeMaggio. 
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The new regulations will be in effect for a one-year 
trial period, after which they will be reviewed. The 
Ministry of Mines is optimistic that the program will 
markedly promote free trade and discourage illegal gem 
trading. More than 200 firms registered with the MGE in 
the first two weeks of the program's implementation. 


Freshwater pearls from Bangladesh. One pleasure of 
attending the Tucson shows is seeing gem materials 
from countries not usually considered gem producers. 
This year, we noticed a parcel of seven very attractive 
seed pearls, labeled "from Bangladesh," at a booth special- 
izing in South Asian gems. 

The pearls (figure 7} were oval to button shaped and 
ranged up to 3.8 mm in longest dimension. Body colors 
were white to pink, and all exhibited a very strong pink 
overtone. The luster was exceptional, being almost 
metallic. X-radiography and X-ray fluorescence together 
confirmed that they are natural freshwater pearls. All 
were purchased in Bombay, India, according to a repre- 
sentative of the vendor Ruedisili, of Sylvania, Ohio. 


Tiger's-eye quartz production record in South Africa. 
South Africa set a new record for tiger's-eye quartz pro- 
duction in 1992, the most recent year for which com- 
plete figures are available. At 620.8 tons, this was an 
increase of 22% over the previous year. Demand for this 
gem material is primarily from the Far East, Europe, and 
the United States; demand for material with a strong yel- 
low to red color component comes mainly from the first 
two areas. (Diamond News and S.A. Jeweller, No. 11, 
November 1993, p. 2.1} 


Cat's-eye sillimanite from Orissa, India. In both the 
Summer and Winter 1993 Gem News sections, we 
reported on cat's-eye sillimanite from the state of Orissa, 
India. This gem material, sometimes called cat's-eye 
fibrolite because of its fibrous structure, was one of the 
more readily available phenomenal gems at the 1994 
Tucson shows. When cut en cabochon, these gems 
invariably exhibit very distinct, sharp chatoyant bands 
that are noticeable with even weak overhead lighting. 
Body colors that ranged from near-colorless to gray, with 
white chatoyant bands, were most common at Tucson; 
these stones often had high transparency. Also seen were 
medium to very dark brown stones with light yellow- 
brown cat's-eyes. A representative of Orissa Gems report- 
ed that brown sillimanites with pink chatoyant bands 
would soon be in the trade. 

The gray body-color material seemed almost visually 
identical to some of the fiber-optic chatoyant glass mar- 
keted under such names as "Catseyte," "Cathaystone," 
and "Fiber Eye" (see figure 8}. The two materials also share 
the ability to "project" type down the length of their fibers 
when placed over type on a book or other publication (as 
does the fibrous mineral ulexite; see the Summer 1991 
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Figure 7, These natural freshwater pearls, ranging 
up to 3.8 mm in longest dimension, reportedly 
came from Bangladesh. Photo by Maha DeMaggio. 


Gem News, p. 123, for more on this effect in fiber-optic 
glass}, When examined down the length of its fibers, 
however, the fiber-optic glass revealed the hexagonal 
packing of its optical fibers; no similar effect was seen in 
the cat's-eye sillimanite. With magnification, we saw 
some fibers in the sillimanite at one or two different ori- 
entations to the main acicular crystals; we have not seen 
this in any chatoyant glass. Also, the chatoyant glass is 
opaque when examined perpendicular to the fibers; the 
sillimanite ranges from almost transparent to translu- 
cent. 

At Tucson, we also saw a few cat's-eye sillimanites 
from Sri Lanka, which has produced this gem material in 
small quantities over the years; these stones are typically 


Figure 8. Glass or sillimanite! A 1.78-ct cat's-eye 
sillimanite from the relatively new source of 
Orissa is on the left. The other, 1.72-ct cabo- 
chon is chatoyant fiber-optic glass. Photo by 
Shane F. McClure. 
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Figure 9. This 2.02-ct tanzanite (6,92 x 7.09 x 6.44 
mm) is a most unusual example of a faceted gem 
with a reflecting "pinwheel" inclusion. Courtesy of 
Kaufman Enterprises; photo by Shane F. McClure. 


gray and nearly opaque. Before the Indian material 
appeared on the market, chatoyant sillimanite was con- 
sidered fairly rare. This is no longer the case. 


“Wagon wheel" tanzanite. Both gemologically and aes- 
thetically, some of the most interesting inclusions are 
those that are positioned in fashioning so as to become 
integral components of the gemstone's faceup appear- 
ance. Among the most familiar examples of this are the 
acicular inclusions that produce asterism and chatoyan- 
cy. Another interesting, if less common, use of acicular 
inclusions is in the fashioning of "wagon wheel" gem- 
stones, where a single needle-like inclusion is positioned 
so that it rans from the culet to the center of the table 
facet. The result is a symmetric pattern of spoke-like 
reflections, reminiscent of a wagon wheel. Most such 
gems seen by the editors have been fashioned from rock 
crystal quartz containing a tourmaline or rutile needle 
(see, e.g., Gem News, Summer 1986, p. 115). 

This spring, the editors saw a very unusual example 
of this "phenomenon": a 2.,02-ct tanzanite that the cutter, 
Mark A. Kaufman of San Diego, California, calls a "pin- 
wheel" (figure 9}. The editors did not have the opportuni- 
ty to conclusively identify the reflector inclusion, which 
was very dark with a somewhat granular appearance. It 
may actually be a growth tube that has filled epigeneti- 
cally with foreign mineral matter. 


Bicolored topaz. Some gem materials, such as tourma- 
line, frequently occur as color-zoned crystals that can be 


128 Gem News 


cut to show the different zones in a fashioned stone. 
Other gems, including topaz, rarely display such pro- 
nounced color zoning (for an exception, see Lab Notes, 
Summer 1987, p. 110). 

Mark Herschede, of Turmali & Herschede, Sanibel, 
Florida, reports that rough suitable for cutting intention- 
ally color-zoned topaz (figure 10) is now coming from 
several locations in western Russia and the Ukraine (the 
latter producing the finest quality). Mr. Herschede has 
seen crystals (with small areas of cutting quality} as large 
as 8 kg, with one faceted stone exceeding 1,000 ct. He 
maintains, though, that total annual production from all 
localities is only 30 to 50 kg and that less than 10% of 
the total production is "facet grade." 

The crystals are predominantly lighter shades of 
blue and pink (see, e.g., figure 11]. Some particolored 
crystals show alternating color zones, such as: blue, 
pink, blue, brownish pink, and blue. 


"Zebra" stones from Australia. At Tucson this year, the 
editors came across two distinctly different ornamental 
gem materials that were being offered as "zebra" stones 
because of their banding. Both are of Australian origin. 
"Zebra marble" (figure 12, left) is aptly named for its 
irregular black-and-white banding. A spot R.I. reading 
taken on a 547.77-ct sphere gave values of approximately 
1.51 to 1.67 with a “birefringence blink." These RI. val- 
ues are in the ranges of calcite and dolomite, both car- 
bonates. When exposed to long-wave U.V. radiation, the 
white areas fluoresced a strong, chalky white and phos- 
phoresced a weak green-white; with short-wave U.V., 
the reactions were the same colors although the fluores- 
cence was weaker and the phosphorescence stronger. 
The black areas were inert to both wavelengths. X-ray 
diffraction analyses of both the black and the white areas 


Figure 10. The rough from which this 11.32-ct 
bicolored topaz (18.69 x 8.66 x 7.35 mm) was fash- 
ioned reportedly came from western Russia or the 
Ukraine. Courtesy of Turmah e& Herschede; photo 
by Maha DeMaggio. 
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produced patterns matching a standard for dolomite. We 
concluded that the material is a dolomitic marble. 

The source rock was probably a gray or dark-colored 
stromatolite ooze (formed from algal reefs) that has been 
recrystallized. If its origins are similar to that of "zebra 
dolomite" from Leadville, Colorado, the white bands 
formed when dolomite dissolved and re-precipitated 
from formation water (e.g., groundwater) during cave- 
forming events in the massive dolomite (Horton, 1989, 
Geological Society of America, Abstracts with 
Programs, Vol. 2.1, No. 5, p. 95). Although attractive, the 
material is probably not the best choice for a durable 
jewelry stone because of its 3.5-4 Mohs hardness. 
However, material cut as hearts was being offered for use 
as pendants. 

The second ornamental gem material, offered as 
"zebra rock," consists of alternating parallel layers that are 
medium-dark reddish brown and tan {figure 12, right]. It 
was described first by Trainer in 1931 (American 
Mineralogist, Vol. 16, No. 5, pp. 221-225} and more 
recently by Bracewell (Australian Gemmologist, Vol. 17, 
No. 11, 1991, pp. 454-456}. This "zebra rock" is from an 
Upper Proterozoic or Precambrian deposit in the East 
Kimberley region of Western Australia. It is reported to be 
a fine-grained siliceous argillite, which is a clay- or mud- 
containing sedimentary rock that has reacted with silica- 
rich fluids to form a harder material; Trainer {1931} con- 
firmed quartz and chlorite as visible components. 

A triangular tablet of "zebra rock" gave a spot R.I. 
value of 1.525, although this value could be attributed to 
a colorless lacquer surface coating (Bracewell, 1991}. Such 
a coating is detectable by an acrid odor produced when it 
is touched by a thermal reaction tester ("hot point") and 
by the presence of minute gas bubbles noted with magni- 
fication. Microscopic examination also revealed a texture 


Figure 11. This 1,644-ct parti-colored topaz is the 
termination from an 8-kg crystal. Courtesy of 
Turmali & Herschede; photo by Maha DeMaggio. 
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Figure 12, Although both are promoted as "zebra" 
rocks, the 547.77-ct sphere is a dolomitic marble 
and the 28.79-ct triangular tablet is a fine-grained 
siliceous argillite, Photo by Maha DeMaggio. 


consistent with fine-grained silt subjected to later cemen- 
tation. The darker bands are colored by the presence of 
hematite. These bands, however, do not correspond to the 
original bedding planes of the siltstone, and there are sec- 
ondary concentrations of brownish material in the widest 
tan areas. Although we do not know the cause of color 
banding in this material, the type of zoning is typical of 
material that has been colored by rhythmic chemical pre- 
cipitation, a phenomenon that causes repeated circular 
features—known as Liesegang rings—within fluid-satu- 
rated rocks (see, e.g., R.A. Ball, Australian Gemmologist, 
Vol. 12, No. 3, 1974, pp. 89-91). 


ENHANCEMENTS 


New emerald treatment/polishing systems from Israel. 
The Spring 1993 Gem News section (pp. 62-63) described 
LubriGem, a system produced in Israel that was being 
commercially promoted for the fracture filling of emer- 
alds. The report mentioned that the system was available 
in two sizes, one that permitted treatment of several 
"cups" of stones at a time and a second, smaller unit, that 
accommodated a single cup. Zvi Domb, developer and 
manufacturer of LubriGem, has advised us that his com- 
pany is now offering a mid-size unit, which has a capacity 
of 400 stones (as compared to 50 and 1,000, respectively, 
for the small and large units offered originally}. All of the 
units have been designed so that they can be used with a 
vacuum pump, to remove air and moisture from fractures 
before they are filled under pressure. 

Another Israeli manufacturer, Colgem-Zamrot of 
Ramat Gan, is now also offering fracture-filling equip- 
ment. Two new electrically powered items are for filling 
fractures in emeralds and other colored stones. The larg- 
er unit, called the VPO ("Vacuum and Pressure Oiling 
System"], reportedly can treat "thousands" of stones in a 
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Figure 13. The "Mini Oiler” uses a hand-operated 
vacuum pump, first to remove air and moisture 
from fractures and then to carry out fracture filling 
under pressure. Photo courtesy of Colgem-Zamrot. 


few hours with any of a wide range of filling substances, 
including natural and synthetic oils and resins. It basical- 
ly consists of two chambers. In one chamber, the stones 
are first warmed in a vacuum—as above, to remove air 
and moisture from the fractures. In the second, the fill- 
ing substance is warmed to reduce viscosity before it is 
transferred to the chamber that has the prepared stones. 
To help the filler penetrate the stones, the first chamber 
can be pressurized up to eight atmospheres. 

The other unit, called the Mini Oiler (figure 13}, has 
a single electrically heated chamber. A hand-operated 
pump creates the vacuum in which the stones are first 
heated in a small basket at the top of the sealed cham- 
ber. They are held there by an ingenious magnet system 
while the filler is warmed below. Releasing the magnet 
causes the stone-filled basket to drop into the heated 
filler. The pump can then be used to pressurize the 
chamber. Additional filler chambers are available for 
both systems to permit rapid substitution of different 
types of fillers. 

The third unit, a Rotary Cleaning Machine, has 
been designed for one specific application: cleaning and 
buffing stones after fracture filling. Using a circular 
motion, the machine first cleans the stones for about 30 
seconds with soft cloths. The cloths are then replaced 
with a chamois for a 30-second buffing. The system 
reportedly can clean "thousands" of stones per hour. 


SYNTHETICS AND SIMULANTS Ell 


New emerald imitation. D. Swarowski & Co., from 
Wattens, Tirol, Austria, provided us with a new materi- 
al—"Swarogreen"—that they designed to imitate emer- 
ald. We tested seven small (0.08-0.42 ct) faceted samples 
{figure 14) and one large (223-ct} parallel-windows sam- 
ple made to our specifications. 

We determined an R.I. range of 1.608-1.612 for this 
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green, isotropic material (Swarowski had reported 
1.605~1.615}. All of the faceted samples sank in 3.05-S.G. 
liquid and floated in 2.67 liquid, which is consistent with 
the 2.88-2.94 range reported by the manufacturer. Our 
samples of "Swarogreen" fluoresced a weak green to 
short-wave ultraviolet radiation and a weak-to-faint yel- 
lowish green to greenish yellow to long-wave U.V. With 
the handheld spectroscope, we noted a strong, broad dou- 
blet at about 442 and 448 nm; a triplet of increasing 
intensity at 466, 472, and 483 nm; and a moderate, broad 
band centered at about 590 nm. There was no color-filter 
reaction (i.e., the material appeared green). The faceted 
samples were all inclusion-free, although we saw some 
bubbles in the larger sample. We were later told by a 
company representative that faceted stones containing 
bubbles are discarded at the factory. Swarowski product 
literature reports the dispersion at about 0.030, and a 
Mohs hardness of approximately 6.5. 

EDXRF analysis at GIA Research confirmed 
Swarowski reports that the material is a calcium-alu- 
minum silicate. We also detected praseodymium (Pr} and 
copper (Cu). X-ray diffraction analysis demonstrated that 
the material is amorphous. U.V.-visible absorption spec- 
trophotometry confirmed the peaks noted above, and 
also showed a broad, strong absorption extending from 
the near-infrared into the visible range to approximately 
570 nm, The green color is due to the transmission win- 
dow formed by the Pr (with the 442 to 483 nm peaks} 
and the Cu** absorptions starting at about 570 nm. 

We concluded that "Swarogreen" is a glass with a 
relatively high R.f.; it is also significantly harder than 
most commercial glasses (which have an average Mohs 
hardness of about 5.5). The higher-than-usual R.f. is due 
to the presence of both calcium and aluminum. 

Although this material is an attractive emerald sim- 
ulant, it is easily separated from natural emerald because 
almost all of the gemological properties are different. 


Kimberley expands product line. New York-based 
Kimberley Created Emeralds, which has an exclusive 


Figure 14. These faceted examples of "Swarogreen," 
a new glass imitation of emerald, range from 0.08 to 
0.42 ct. Photo by Maha DeMaggio. 
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Figure 15. These 1.15-mm synthetic spinel triplets 
are representative of some of the tiny synthetics 
and simulants now being fashioned with robotic 
cutting, Photo by John I. Koivula. 


agreement to market Australian-produced Biron 
hydrothermal synthetic emerald in North America, has 
expanded its product line to include Czochralski-pulled 
synthetic rubies and blue sapphires. Pulled synthetic 
alexandrite will also be available soon, according to 
Kimberley president Leonard Kramer. All these new 
pulled synthetics are produced in the United States. 


Minute "machine-cut" synthetics. Robotic cutting is 
used to fashion various natural colored stones rapidly 
and uniformly. This technology is also used to fashion 
synthetics and simulants. At the 1994 Tucson shows, 
Golay Buchel had colorless cubic zirconia, flame-fusion 
synthetic rubies, and synthetic sapphires. All had been 
robotically cut at the firm's Swiss facilities in calibrated 
sizes ranging from 1 to 6 mm in diameter. Stones larger 
than 6 mm are cut by hand, according to Johnny Wong of 
the firm's California subsidiary. 

What we found most interesting is that, to fill out 
their line of colored stones and provide an emerald simu- 
lant, the firm also commercially produces green synthet- 
ic spinel triplets (figure 15) in sizes as small as 1 mm in 
diameter. In such tiny sizes, the central color layer is 
proportionately a much higher percentage of the entire 
stone than it is in larger triplets (figure 16}. 

All of these small stones can present quite an identifi- 
cation challenge to gemologists, especially if set in jewelry. 


Faceted synthetic opal. Because most opal with white, 
gray, or black body color is translucent to opaque, it is 
typically fashioned as cabochons. Similarly, the synthet- 
ic counterparts of white and black opal are almost 
always fashioned as cabochons. 

Some of the more transparent types of natural opal, 
however, may be faceted. These include the orange to 
red fire opals, colorless crystal opal, and some of the 
slightly less transparent milky-appearing material. This 
year at Tucson, one firm had faceted synthetic materi- 
al—10 x 5 mm marquises and "roll-top" cuts in 8 x 6 and 
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Figure 16, As seen parallel to the girdle when 
immersed in methylene iodide, the central color 
layer of this 2-mm_-diameter synthetic spinel 
triplet represents an unusually large proportion of 
the stone. Photomicrograph by John I. Koivula. 


10 x 8 mm sizes (see, ¢.g., figure 17]. This Gilson synthet- 
ic opal was semitransparent and near-colorless, that is, 
with a slightly milky body color. It exhibited a full range 
of hues in its play-of-color, with green usually predomi- 
nating. : 

When examined face-up, most pieces displayed a 
"streaky" pattern to the play-of-color, something we have 
noted in the past with synthetic opal cabochons that 
have been fashioned with their bases oriented at right 
angles or at a very oblique angle to the direction of sedi- 
mentation of their silica spheres, Because of the orienta- 
tion in fashioning, the diagnostic "chicken-wire" struc- 
tural patterns were seen when the stones were examined 
through their sides rather than face-up; this is typically 
the case with synthetic opal cabochons cut to display a 
"harlequin" pattern to their play-of-color. 


Bright yellow "pulled" synthetic sapphires. A number of 
Czochralski-pulled synthetic gem materials have been in 
the trade for some years. These include synthetic alexan- 
drite and yttrium aluminum garnet (YAG} in various col- 
ors, as well as synthetic ruby and blue, green, and pink 
synthetic sapphires. At Tucson this year, Manning 
International, of New York, offered what appears to be a 
new color of Czochralski-produced synthetic sapphire—a 
highly saturated, slightly greenish yellow (figure 18). 
Although the color was unlike that of most natural or 
flame-fusion synthetic yellow sapphires (which usually 
have a secondary orange-to-brown component}, it resem- 
bled that of some golden beryls. 

EDXREF analysis of two specimens revealed the pres- 
ence of nickel, but no other chromophores in significant 
amounts. Although nickel has long been used to produce 
yellow in flame-fusion synthetic sapphires, these typical- 
ly also contained other elements. For example, chromi- 
um and/or iron moderate the “nickel yellow" to a more 
natural-appearing tint (see, e.g. "Naturally-Coloured and 
Treated Yellow and Orange-Brown Sapphires," by 
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Figure 17. Like some natural crystal opal and other 
transparent-to-translucent types, these Gilson synthet- 
ic opals (0.70-1.96 ct) have been faceted rather than 
cut en cabochon, Courtesy of Manning International, 
New York; photo by Robert Weldon. 


Schmetzer et al., Journal of Gemmology, Vol. 18, No. 7, 
1983, pp. 607-622). In fact, with the desk-model spectro- 
scope, we did resolve a faint 690-nm emission ("fluores- 
cent") line—which commonly denotes the presence of 
chromium in flame-fusion synthetics—in three samples 
tested gemologically. All three also fluoresced a faint 
orange to short-wave U.V. radiation; one of the three had 
a similar reaction to long-wave U.V. 

Magnification revealed a few pinpoint inclusions, 
possibly gas bubbles, in one of the three specimens. Using 
immersion, brightfield illumination, and a blue contrast 
filter, we saw curved growth features in all three stones. 
In one sample, these consisted of curved yellow color 
banding, like that noted in some flame-fusion yellow syn- 
thetic sapphires. Each of the other two pieces appeared 
evenly colored except for one curved colorless band. With 
the possible exception of this band and the atypical color, 
there were no features that would clearly distinguish this 
product from flame-fusion synthetic yellow sapphires. 


ANNOUNCEMENTS 


"Cutting Edge” winners start tour. Winning entries in the 
1994 Cutting Edge Gemstone Competition debuted at 
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Figure 18. Nickel is the primary coloring agent in 
these three synthetic sapphires (1.66, 2.91, and 
1.66 ct) produced by the Czochralski-pulling 
method. Courtesy of Manning International, photo 
by Maha DeMaggio. 


the June JCK Show in Las Vegas, starting a year-long tour 
of North American museums, trade shows and retail 
stores. The 47 winners were chosen from 290 entries in 
24 categories. 

The gemstone-fashioning competition now includes 
two divisions. Division |, the International Gemstone 
Showcase, is open to natural gemstones fashioned in any 
country by any cutter, even if the identity of the cutter 
is not known (collectors and dealers, as well as cutters, 
can submit entries]. Division 2, the North American 
Gem Design Competition, is limited to natural gem- 
stones cut in North America by professional lapidary 
artists. 

Winners were chosen April 17 at the Dallas headquar- 
ters of the American Gem Trade Association [AGTA]}, 
which created the competition in 1991. Sites where the 
winning entries can be viewed include the New Mexico 
Museum of Natural History, Albuquerque, October 
19-31, the William Weinmann Mineral Museum, 
Cartersville, Georgia, November 7-22; and the AGTA 
Gem Fair in Tucson, Arizona, February 1-6, 1995 {winners 
will be honored there at an awards reception on February 
1, 1995). 


Rare colored diamonds displayed. "Exceedingly rare" is 
how Joel Bartsch, curator of gems and minerals for the 
Houston Museum of Natural Science, describes a collec- 
tion of 162, colored diamonds on display at that museum 
through December 31. Only one or two diamonds in 
10,000 can be considered fancy color, according to the 
museum in Houston, Texas. Billed as the Butterfly 
Collection, the diamonds are on loan from Aurora Gems 
and weigh up to 3 ct. 
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THE PROFESSIONAL'S 
GUIDE TO JEWELRY 
INSURANCE APPRAISING 


By Patti ]. Geolat, C. Van Northrup, 
and David Federman, 167 pp., illus., 
Vance Publishing Corp., Lincoln- 
shire, IL, 1994, US$95.00.* 


Geolat, Northrup, and Federman 
announce the mission of their semi- 
nal text early in the introduction: to 
provide “a beginner's book on the dis- 
cipline of appraising as well as a spe- 
cific guide to jewelry insurance 
appraising . . . to make the precepts 
of replacement value appraisals both 
accessible and understandable to 
both jewelry and insurance indus- 
tries." Because of this ambitious mis- 
sion, we are exposed to the basics of 
two separate but interrelated sub- 
jects: jewelry appraising and jewelry 
insurance, 

As befits a beginner's text on the 
discipline of appraising, the authors 
lay their foundation without presum- 
ing that the reader has had any prior 
appraisal education. In addition, as 
the title suggests, they narrowly 
limit their focus to issues consistent 
with insurance appraisal. However, 
an experienced jewelry appraiser will 
find provocative and valuable ideas. 

Three chapters address appraisal 
issues that are both timeless and cur- 
rent, often probing controversial top- 
ics that clearly merit examination. 
Two examples—chapters titled "The 
Probity Principle" and "The Law of 
Objectivity"—are well thought out 
and presented in an interesting fash- 
ion. They emphasize the essential 
elements of ethical appraisal prac- 
tice. Particularly important, and 
unique among appraisal texts, is the 
concise explanation of the insurance 
contract options available for jewelry 
protection. Most appraisers, neo- 
phyte and veteran, should find these 
chapters stimulating reading and a 
wise investment of their time. 

Four chapters on basic gemology 
comprise almost half the book. 
Although it is written for the novice 
gemologist, this portion of the text 
does contain important and timely 
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information about diamonds, colored 
stones, and jewelry-fabrication tech- 
niques. For example, the chapter on 
"Finished Jewelry” presents excellent 
reference charts as well as color pho- 
tographs detailing the features that 
identify whether metalwork has 
been poorly or correctly crafted. 

A comprehensive case study 
concludes the text. This study exam- 
ines and explains a thorny appraisal 
assignment, probing the "market 
data" method of valuation. It effec- 
tively embodies the book's main 
thrust and drives home the practical 
necessity of adhering to responsible 
professional standards, both techni- 
cal and ethical. 

This well-written text leaves lit- 
tle to criticize. My greatest disap- 
pointment, and the book's principal 
weakness, is its lack of a bibliogra- 
phy. In addition, chapter two con- 
tains a laborious historical excursion 
that is of questionable value. Finally, 
because the authors’ treatment of 
professional ethics and valuation 
methodology advances important yet 
controversial precepts, greater depth 
of discussion would have been most 
welcome. 


SHARON WAKEFIELD 
Wakefield Gemological Laboratory 
Boise, Idaho 


JEWELRY AND 
METALWORK IN THE 
ARTS AND CRAFTS 
TRADITION 


By Elyse Zorn Karlin, 272 pp., illus., 
publ. by Schiffer Publishing, Atglen, 
PA, 1993. US$69.95* 


The Arts and Crafts movement was 
started in mid-19th century England 
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as a reaction against the dehumaniz- 
ing effects that the Industrial 
Revolution was having on the arts. 
Movement leaders believed that by 
returning to the craft guild system of 
the Renaissance era, artisans would 
regain a sense of pride in their work. 
Guilds were formed by small groups 
of artists who produced goods of sim- 
ple design and affordable materials 
that were predominantly handmade. 
Many of these artists also taught at 
schools that were set up specifically 
to provide training in the decorative 
arts. Within a short period, Arts and 
Crafts—-inspired movements spread 
throughout the Western world. 

This book is an excellent refer- 
ence for the jewelry produced as part 
of the Arts and Crafts movement. 
The author not only describes how 
the movement was manifested in dif- 
ferent countries, but she also demon- 
strates how it has evolved up to the 
-present day. Each chapter begins with 
the chronological development of the 
style in that country or group of 
countries, followed by short biograph- 
ical details for the artists and artisans; 
sidebars show the typical materials, 
techniques, and motifs used, as well 
as provide descriptions of the makers' 
marks when known. The text is lav- 
ishly illustrated with photographs 
and drawings of jewelry and metal- 
work by the craftsmen described. In 
addition, references are indicated in 
the text, with full bibliographic de- 
tails given at the end of each chapter. 

The bulk of the book focuses on 
England, where the movement began 
and where it had its greatest follow- 
ing. Ms. Karlin has included every 
name she could find that was con- 
nected with English Arts and Crafts, 
although the amount of information 
for each person varies considerably. 
Her reasoning is that more informa- 
tion may come in time, and at least 
each contributor is noted. For artists 
such as Charles Robert Asbee, how- 


*This book is available for purchase at the 
GIA Bookstore, 1660 Stewart Street, Santa 
Monica, CA 90404. Telephone (800) 421- 
7250, ext. 282. 
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ever, the mini-biographies fill several 
pages. These biographies are followed 
by historical details for guilds, 
schools, and leading jewelry firms. 

In general, the same format is 
continued for each chapter through- 
out the book, although where there 
was little manifestation of the style, 
or little information to be had, the 
chapters are very brief {as is the case 
with Ireland and Australia}. "France 
and Beyond" tackles the question of 
how to distinguish Arts and Crafts 
pieces from those in the contempora- 
neous Art Nouveau style. Essentially, 
Arts and Crafts is more staid in sub- 
ject matter, with an emphasis on sim- 
plicity of line and materials; Art 
Nouveau is more passionate and figu- 
rative, and humble materials such as 
horn and glass are frequently com- 
bined with more expensive gem- 
stones and gold. This chapter also 
addresses the jewelry from Belgium, 
Spain, Italy, and Russia—countries 
that produced more pieces in the Art 
Nouveau style than in Arts and 
Crafts. Subsequent chapters cover the 
Jugendstil in Germany, the Sucession- 
stil in Austria, Scandinavia's contri- 
bution, and Arts and Crafts in the 
United States. 

The book closes with a series of 
appendices that include a brief glos- 
sary of terms, a list of hallmarks, and 
lists of dealers, auction houses, and 
museums that specialize in—or have 
collections of—Arts and Crafts jewel- 
ry. Also provided is a value reference 
for some of the jewels illustrated in 
the book, a particularly useful feature 
for appraisers. Finally, there is an 
extensive bibliography and an equal- 
ly extensive index. 

Even though there are currently 
several other books that go into more 
detail on specific artists, or on the 
general movement in particular 
countries, this is the best overall ref- 
erence on the subject to appear so far. 
If the quality of the photographs is 
sometimes deplorable, they are nev- 
ertheless important illustrations for 
the text and thus can be forgiven. 
The text itself is very readable, and 
the author's organization of this 
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sprawling subject is commendable. 

Considering the amount of informa- 

tion contained in this solid work, it 

is well priced and should be a wel- 

come addition to the library of all 
antique-jewelry enthusiasts. 

ELISE B. MISIOROWSKI 

Research Librarian 

Richard T. Liddicoat Library 

and Information Center 

Gemological Institute of America 

Santa Monica, California 


THE LAST EMPIRE: 

DE BEERS, DIAMONDS, 
AND THE WORLD 

By Stefan Kanfer, 409 pp, illus., 
publ. by Farrar, Straus & Giroux, 
New York, 1993. US$25.00* 


Good news doesn't make good 
"news." Most of us feel that, as a 
result, sensationalist writers empha- 
size the "bad" to lure the interest of 
readers. To those of us in the gem 
and jewelry industry, this book will 
have little appeal because it is a 
rehash of a story that's been told 
before. It's another tale about busi- 
ness—albeit the excitement of the 
diamond business. Mr. Kanfer ques- 
tions the enduring power of De Beers 
Consolidated Mines and whether it 
is a credit to the leadership of the 
company as well as to the industry it 
serves, "A benevolent monopoly" is 
the description of De Beers common- 
ly used throughout the diamond 
industry to reply to this query. 

Mr. Kanfer is a veteran writer 
who weaves his sometimes rambling 
story from the discovery of diamonds 
in South Africa in the late 1800s, up 
to present-day warnings of a crisis in 
the industry. Given the situation in 
South Africa at this time, any predic- 
tion of future events would necessari- 
ly have to be fraught with trepidation. 

The author describes the fantas- 
tic development of the De Beers 
organization and how it has thrived 
notwithstanding wars, political 
upheavals, economic depressions, 
American antitrust efforts, African 
liberation, and a host of other chal- 
lenges. 
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The main source of De Beers's 
wealth has been diamonds. Their 
strategy is, as it has been, to make 
diamonds more valuable by keeping 
them rare—hence the formation of 
the Diamond Trading Company 
(DTC). Mr. Kanfer describes in detail 
the formation of the DTC and dis- 
cusses the beneficiaries of its devel- 
opment. He mentions the heavy 
Jewish influence in the diamond 
trade, which resulted because many 
Jews were denied opportunities else- 
where. The amalgamation of dia- 
mond miners by Cecil Rhodes and 
its subsequent development by the 
Oppenheimer family is also clearly 
described, including the ritual of 
sightholders receiving their alloca- 
tions of rough stones in “cigar 
boxes." For people not in the indus- 
try, these anecdotes are quite inter- 
esting. However, the author goes on 
to suggest that De Beers acted 
improperly during World War II in 
their handling of the stockpile of 
industrial diamonds needed for the 
war effort. I find this attack com- 
pletely untrue. De Beers operated 
under wartime supervision by the 
British government, and the British 
government dictated policy. This 
type of sensationalistic distortion 
and the suggestions of impropriety 
certainly sour the book for those of 
us in the industry who are aware of 
the positive role that the De Beers 
organization played in the United 
States' wartime effort. 

Worldwide, the development of 
natural resources has often been 
tough and brutal. However, capital- 
ism flourishes. As distinguished 
American jurist, Judge Learned 
Hand, noted earlier this century, it 
was proper to arrange one's affairs to 
pay the least taxes. And many of our 
major industrial companies have 
grown on the "backs of others." 
These practices are not new. 
Following these lines, Mr. Kanfer's 
book would have benefited from a 
sturdier formation of purpose. 

HOWARD HERZOG 

Gueits, Adams, Herzog & Cohen 

Newport Beach, California 
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COLORED STONES AND ORGANIC MATERIALS 


Communicating colour in gemmology. G. Brown, 
Australian Gemmologist, Vol. 18, No. 6, 1993, pp. 
187-190. 

This report, Dr. Brown's presidential address to the 

Gemmological Association of Australia on May 7, 1993, 

begins by briefly reviewing the importance of color in 

gemology and contrasting that with the often poor color- 
communication skills of many gemology students and 
practicing gemologists. He then asks rhetorically if the 

Gemmological Association of Australia (GAA) should 

not put more emphasis on color communication in its 

training. 

After next summarizing the physiology of color per- 
ception, Dr. Brown looks at factors involved in quantify- 
ing and describing gemstone colors. The accuracy and 
reproducibility of a color-match system depends on: (1) 
the composition and structure of the color standards 
used (e.g., GIA's ColorMaster and commercially printed 
color-grading systems such as Gem Color Dialogue, 
Gem Dialogue, and Gem Color Scan) and their respec- 
tive limitations, as well as the lighting chosen; (2) the 
training, experience, and practice of the grader; (3} the 
lack of any color-perception deficiency of the grader, and 
(4) the absence of confounding optical effects (e.g., nega- 
tive after image} from the grading environment. 

Next described are three admittedly broad levels of 
color communication used in the gemstone industry. 
Level 1 communication uses the simplest descriptive 
terms, such as "pink tourmaline" and "Burmese ruby." 
Level 2 employs somewhat more detailed (yet still sub- 
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ry 


jective) descriptions, for example, "light grayish blue 
aquamarine" or "vivid medium-dark slightly bluish green 
Zambian emerald." Level 3 uses specific instrument- 
based descriptions, such as the Gem Technology 
Systems GTS-4000X computer-generated certificates. 
However, this technology, Dr. Brown points out, is not 
available to many gemologists. 

He then proposes that color science be taught as an 
integral part of GAA's Diploma in Gemmology. Some 
specific components of this proposed training are then 
provided. RCK 


Cultured pearl grading. A. J. Clark, Australian Gemmol- 
ogist, Vol. 18, No. 7, 1993, pp. 214-215. 

Concern about cultured pearls that have very thin nacre 

coatings led the British Association of Cultured Pearl 

Importers in 1990 to approach the Gemmological 

Association and Gem Testing Laboratory of Great 
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Britain (GAGTL-GB)} for help in designing a system for 
grading nacre thickness. This article describes the sys- 
tem developed by the GAGTL-GB in conjunction with 
the British Jewellers Association. 

The first step in grading is production of a standard 
X-radiograph. Nacre thickness is measured on the X- 
radiograph using a 10x corrected lens with a built-in mil- 
limeter graticule. The measurements are taken on each 
pearl in a necklace, at a point on the film perpendicular 
to the drill hole, as this is the area subjected to the great- 
est wear. An average thickness is then calculated and a 
grade assigned, based on a five-tier system. Any pearl 
with less than an 0.15-mm nacre thickness must be 
replaced before the GAGTL-GB will issue a grading 
report on the necklace. RCK 


The first occurrence of musgravite as a faceted gem- 
stone. F, Demartin, T. Pilati, M. Gramaccioli, and 
V. de Michele, Journal of Gemmology, Vol. 23, 
No. 8, 1993, pp. 482-485. 
Until this time, musgravite has not been known to occur 
in qualities suitable for faceting. The authors describe 
how they identified as musgravite two stones that had 
been represented as taaffeite. These two specimens are 
noticeably lighter in color than is typical for taaffeite, 
but they are otherwise indistinguishable from taaffeite 
on the basis of routine gemological testing. Refractive 
indices, density, optical spectra, fluorescence, and inclu- 
sions are essentially the same for both musgravite and 
taaffeite. In addition, chemical distinction depends on 
stoichiometry rather than on elemental differences, so 
chemical analysis does not readily provide a clear separa- 
tion either. The authors made their determinations on 
the basis of X-ray diffraction analysis, which does give 
positive proof of identity, and the exact data are given in 
the article. The two minerals are easily distinguished 
when in crystal form, since their habits are distinct: 
rhombohedral and doubly terminated for musgravite, 
versus pyramidal with polar symmetry for taaffeite. It 
remains to be seen how the gem market—given the col- 
lector value of taaffeite and the apparently greater rarity 
of gem musgravite—will react to this discovery. Either 
way, gemologists should be aware of the distinction. It is 
hoped that additional means of separation, such as 
infrared spectrometry, will be explored by these or other 
researchers. CMS 


An intriguing black necklace. G. Brown and S. M. B. 
Kelly, Australian Gemmologist, Vol. 18, No. 6, 
1993, pp. 200-202. 


This Gemmology Study Club Report addresses the 
authors' examination of an incomplete necklace, with 
the appearance of jet, that was submitted for identifica- 
tion. The components of the necklace were black in 
thick section and brownish red or purplish red in thin 
section, with a resinous luster like that of amber. 
However, gemological testing eliminated the possibility 
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that it was jet. The fracture was smooth, with a some- 
what granular surface. The material chipped on peeling 
(also like amber}, had a Mohs hardness of 2, and had a 
black streak. It was not noticeably softened by the appli- 
cation of volatile organic solvents, ether and toluene, 
and it melted when touched with a hot point. Other 
properties determined were an S.G. of 1.15, a vague 1.5+ 
RL, and no reaction to either ultraviolet wavelength. 
Based on these data, the authors hypothesize—tenu- 
ously—that the necklace may have been constructed 
from albertite, a rare "mineral asphalt" (asphaltic pyrobi- 
tumen} with a jet-like appearance that occurs in veins in 
the Albert Shale of Albert County, New Brunswick, 
Canada. The authors invite informed comment about 
the possible identity of the material. RCK 


Unusually dark red tourmaline of the dravite-schorl 
series, U. Henn and H. Bank, Neues Jahrbuch fiir 
Mineralogie, Monatshefte, No. 9, 1991, pp. 
408-412. 

This article gives the chemical composition, determined 

by electron microprobe analysis, and the polarized opti- 

cal absorption spectra of a dark red tourmaline from a 

location about 80 km north of Lusaka, Zambia. The data 

fall within the range of those from similar dark red 
dravites from Kenya and Zambia. The tourmaline exam- 
ined is definitely a dravite-rich member of the dravite- 
schorl series, and shows dark red and brownish red 
pleochroism. Its color is caused by iron. RT 


DIAMONDS 


Can diamonds be dead bacteria? E. G. Nisbet, D. P. 
Mattey, and D. Lowry, Nature, Vol. 367, February 
24, 1994, p. 694. 
In this letter to the Scientific Correspondence section of 
Nature, the authors suggest that organic materials from 
hydrothermal-ridge communities may be the source of 
carbon for some diamonds from eclogites. The !3C iso- 
tope ratios in eclogitic diamond are very light, and car- 
bon from living organisms is the main terrestrial materi- 
al that contains such light isotopes. Because of this, pre- 
vious authors had suggested that the carbon in some dia- 
monds originally came from organic-rich sediments. 

Communities of living creatures have been found 
growing near hydrothermal plumes that are associated 
with oceanic crust presently forming at mid-ocean 
ridges. Methanogenic bacteria thriving in these commu- 
nities not only have extremely light carbon isotopes, but 
they also produce sulfur with sulfur isotopic ratios that 
are consistent with those found in sulphide inclusions in 
eclogitic diamonds. The high manganese content of 
some diamondiferous eclogites is also consistent with a 
mid-ocean-ridge hydrothermal source. 

Oceanic crust formed at mid-ocean ridges is recy- 
cled into the Earth's mantle through subduction. This 
explains how carbon-rich sediments from hydrothermal 
plumes can end up at diamond-forming depths. The 
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methane-forming bacteria at these plumes have not 
changed since late Precambrian times, and some authors 
have suggested that these bacteria may have been the 
first life on Earth, from which all other life evolved. 
Thus, as metamorphosed fossil bacteria, eclogitic dia- 
monds may be the physical remains of our earliest 
ancestors. Mary L. Johnson 


Diamond replicas—possible but just. R. Willmott, 
Journal of Gemmology, Vol. 23, No. 8, 1993, pp. 
486-490. 


Mr. Willmott describes the problems and issues encoun- 
tered in making replicas of famous diamonds, beginning 
with a description of the differences between a replica 
and a model. The latter is a dimensionally very precise 
match, usually of a rough diamond, created to explore 
cutting options. This is now usually done on a comput- 
er, but a variety of materials have been used, including 
lead. A replica is usually made from a finished gem and 
is designed to appear as much as possible like the origi- 
nal diamond, including color and transparency as well as 
size and cut; however, its dimensional accuracy is less 
than that of a model. This article explains why. 
Following a brief review of the history of diamond 
replicas, the author describes the many problems that the 
replicator might encounter, as well as some good sources 
of information. One of the most common problems is 
that the original is rarely available for study. Either the 
diamond's whereabouts are unknown, or it is in a private 
collection. Even data collected by reputable laboratories 
is often confidential. When a certificate or report actually 
is available, it is invariably inadequate. Photographs, such 
as those in sales catalogs, provide useful information 
about design details of cuts and are often published "actu- 
al size," but determination of facet angles is difficult. 
Sometimes casts were made of historic diamonds and 
may still be available, although their accuracy will 
depend on the immutability of the cast's material. 
Although few gemologists will ever face these issues, this 
is an interesting and very readable short article. CMS 


Gemmological properties of type Ia diamonds with an 
unusually high hydrogen content. E. Fritsch and K. 
Searratt, Journal of Gemmology, Vol. 23, No. 8, 
1993, pp. 451-460. 

The best-known impurities in diamond are nitrogen 

(type-I diamonds} and boron (type IIb), but hydrogen has 

recently emerged as a third common impurity {in type-la 

diamonds}. This article provides some insight into how 
hydrogen may influence the optical properties of gem dia- 
monds. One hundred and thirty-nine hydrogen-rich type- 

Ia diamonds were studied, plus 31 treated specimens, as 

identified on the basis of infrared features reported by pre- 

vious researchers. This collection includes 78 yellow, 
gray, or brown diamonds; six bluish gray to grayish violet 
diamonds, eight white ("opalescent") diamonds, 47 blue 
or green diamonds, plus the 31 green, blue, or yellow 
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treated stones. The testing procedures included micro- 
scopic examination, exposure to U.V. radiation, and opti- 
cal and infrared spectroscopy. Only rarely did a handheld 
spectroscope indicate the presence of H, with a line at 
about 545 or 563 nm. Infrared and U.V.-visible spec- 
troscopy revealed features typical of H-rich diamonds, 
and further showed that all of the diamonds in the collec- 
tion were type Ia, with characteristic features in their 
optical spectra. The researchers also observed H-related 
features not previously reported. Some of the features are 
related to color, such as a correlation noted between the 
3235 cm band and the gray-to-violet color range. Most 
notably, H-rich diamonds include grayish blue stones 
that resemble type-Ib diamonds and stones that exhibit 
chameleon behavior. Observations also show that H-rich 
diamonds have both octahedral and cuboid growth sec- 
tors. No distinctions between H features in natural and 
treated specimens are mentioned. Spectral graphs and 
color photographs well illustrate the features discussed. 
CMS 


It's not us flooding the market. C. Even-Zohar, Mazal 
U'Bracha, Vol. 10, No. 56, 1994, pp. 33-40. 


Editor Chaim Even-Zohar interviewed Russian "dia- 
mond czar" Evgeny Bychkov when Bychkov was in Israel 
to negotiate the opening of an Israeli office of Komdrag- 
met, the Committee on Precious Stones and Metals of 
the Russian Federation. 

As chairman of Komdragmet, Bychkov has lately 
been engaged in a war of words with De Beers's Central 
Selling Organisation (CSO} over the issue of large parcels 
of Russian diamonds allegedly turning up on the market, 
and whether Russia has been violating its sales agree- 
ment with the CSO and selling its diamond rough out- 
side the De Beers network. Bychkov, while claiming that 
Russia can get 20% to 30% more for its diamonds on the 
open market than De Beers is paying, denies the charge. 
At several points in the interview, Bychkov maintains 
that the stones in question are not Russian at all, and that 
the only diamonds Russia sells outside the network are 
industrial diamonds that De Beers declined to purchase. 
Russian gem-quality diamonds are turning up in the mar- 
ket simply because the rough that Russia has sold to De 
Beers is now being sold off by sightholders, he says. 

According to Bychkov, De Beers is simply upset 
because Russia has changed its diamond policy so that 
its diamonds are now sold through a commercial organi- 
zation representing the interests of Yakutia and Russia, 
as well as through the state organization to which De 
Beers is accustomed. 

Bychkov confirms that Russia and De Beers are dis- 
cussing a Moscow diamond sight as well as an offer to 
Komdragmet by De Beers for seats on its board, stock 
shares, and cash in exchange for control of the Russian 
diamond stockpile (which, he says, is "somewhat lower" 
than the interviewer’s estimate of 200 million carats 
worth $7 billion). AC 
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GEM LOCALITIES 


On the colour and pleochroism of Cu-bearing green and 
blue tourmalines from Paraiba, Brazil. U. Henn 
and H. Bank, Neues Jahrbuch fiir Mineralogie, 
Monatshefte, No. 6, 1990, pp. 280-288. 

After a short review of the composition and the causes of 

color in other blue and green tourmalines, Henn and 

Bank discuss the microprobe analyses and absorption 

spectra in the 1,400-200 nm range carried out on pol- 

ished and oriented sections of Paraiba tourmalines. The 
microprobe analyses revealed very low Fe contents and 
no Ti, V, and Cr, but distinct concentrations of Cu and 

Mn. The absorption spectra showed absorption bands at 

700 nm and 520 nm in blue stones, but only the 700-nm 

band in green stones. While blue and green in other tour- 

malines can be linked to charge-transfer processes of Fe, 

Cr, and V, Henn and Bank believe that the blue in these 

tourmalines is caused mainly by the absorption of Mn3+ 

with influence by Cu2+, whereas the green color and 
pleochroism are caused by Cu? alone. RT 


Leopardwood mosaic opal. M. Sawicki and G. Brown, 
Australian Gemmologist, Vol. 18, No. 6, 1993, pp. 
195-196, 

This brief report describes some opal diggings in far 

southwest Queensland. The Leopardwood mine, located 

in the Blackgate opal field, about 800 km (500 miles) 
west of Brisbane, is one of several localities that produce 
small ironstone "nuts" and boulders that contain opal 

"in-filling" shrinkage fractures and central cavities. This 

ironstone occurs in "remnant" deeply weathered sedi- 

ments of the Cretaceous Winton Formation. At the 

Leopardwood mine, the opal level—1 to 2 m under- 

ground—typically consists of a conglomerate that over- 

lies a water-retentive clay and underlies soil and sand- 
stone. 

While the ironstone "nuts" and larger boulders are 
relatively easy to find at the mine, locating those that 
contain opal with play-of-color is much more difficult 
and requires some machinery, hand mining, and a lot of 
luck. Gems cut from this material usually contain both 
matrix and opal, and are referred to as opal matrix, or 
mosaic opal. Photos of some attractive matrix gems 
accompany the report, as does a good map of the area. 

Also mentioned is the senior author's Ben Hur 
mine. Unfortunately, only 5% of the opal from this mine 
is suitable for cutting, as the ironstone backing is very 
brittle and often causes the opal to crack during shaping 
and polishing. Some material from this mine also suffers 
from rapid dehydration. RCK 


Myanmar and its gems—an update. R. C. Kammerling, 
K. Scarratt, G. Bosshart, E. A. Jobbins, R. E. Kane, 
E, J. Gubelin, A. A. Levinson, Journal of Gemmol- 
ogy, Vol. 24, No. 1, 1994, pp. 3-41. 

Comprising most of the issue, this article updates the 

1992 Gems & Gemology article on the Mogok ruby and 
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sapphire deposits. The scope of this new article is much 
broader; it encompasses the wide range of materials 
found in Myanmar, including corundum, jadeite, peridot, 
spinel, beryl, lapis lazuli, topaz, tourmaline, zircon, 
pearls, and a host of unusual gem and collectors’ miner- 
als. The article reviews the general geology of the region, 
as well as the various mining localities, illustrated by 
several maps. Many color photographs accompany the 
text, which concludes with a discussion of the current 
marketing situation. This article should be of interest to 
all gemologists, as it covers one of the world's great gem 
sources. CMS 


Rhodonite from Upper Coomera—S.E. Queensland. G. 
Brown and H. Bracewell, Australian Gemmologist, 
Vol. 18, No. 6, 1993, pp. 197-199. 
After reviewing rhodonite's mineralogy, the authors 
describe two gem deposits in the Upper Coomera district 
of southeast Queensland. One, a commercially operated 
fossicking (collecting) area known as the Jasper Farm, is 
located 7 km west of Helensvale, a small town 70 km 
south of Brisbane. This site produces a low-manganese- 
content pinkish to reddish jasper. 

The other site, also producing a pinkish to reddish 
ornamental gem material, lies approximately 2 km 
southwest of the Jasper Farm, on the eastern slope of 
Tambourine Mountain. Specimens from this locality, 
which is called the Old Gold Mine because gold was 
commercially mined there in the 1930s, were examined 
by the authors. They determined the following proper- 
ties: color—reddish pink, extensively veined by black 
manganese oxide and whitish quartz; [Mohs] hardness— 
6; fracture—low conchoidal; §.G.—3.32 to 3.49; spot 
R.1._two distinct readings, at 1.56/1.55 and 1.72/1.73; 
diaphaneity—translucent to opaque; polish luster— 
waxy; pleochroism—very indistinct shades of red; and 
absorption spectrum—not diagnostic. 

On the basis of these properties and criteria in 
unpublished research from the Queensland Mines 
Department, the authors identified this omamental gem 
material as a quartz-rich rhodonite-quartz intergrowth. 
The material is illustrated both macroscopically and 
microscopically, and a locality map is included. RCK 


Role of aluminium in the structure of Brazilian opals. F. 
Bartoli, D. Bittencourt Rosa, M. Doirisse, R. 
Meyer, R. Philippy, and J.-C. Samama, European 
Journal of Mineralogy, Vol. 2, No. 5, 1990, pp. 
611-619, 

The authors studied more than 120 opals from the Pedro 

II mine in Piaui, Brazil. Opals there occur in "recent" 

fractures that crosscut contacts of sandstones, clay- 

stones, and dolerites. Most of the article details the test- 
ing methods used—chemical analysis, thermal analysis, 
infrared spectroscopy, and X-ray diffraction analysis— 
and how results of that testing link the outward appear- 
ance of the Brazilian opals to their respective host rocks 
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and Al content. Opal in sandstone was "white-yellow" to 
dark yellow, Al poor, and had a relatively well-ordered 
silica-sphere structure. Opal in claystone had blue irides- 
cence, less-densely packed silica spheres, and was Al 
rich. Opal in dolerite was blue to dark blue with violet 
and blue iridescence and was Al poor. Aluminum 
appears to influence the order and packing structure of 
the silica spheres. Rehydration was more complete with 
Al-rich opals than with those that are Al poor. The opals 
differ clearly in water and trace-element content. The 
authors also compare their results to earlier studies of 
both Piaui and Australian opals. RT 


INSTRUMENTS AND TECHNIQUES 


Fluorescence excitation-emission spectra of chromium- 
containing gems: An explanation for the effective- 
ness of the crossed filter method. D. B. Hoover and 
A. F. Theisen, Australian Gemmologist, Vol. 18, 
No. 7, 1993, pp. 182-187. 

Emission of red light induced by absorption of blue or 

green light is the basis for the crossed-filter method of 

gem testing in chromium-containing stones such as 
rubies and emeralds. 

The authors looked at 25 specimens of 10 different 
chromium-bearing gem species, using an automated 
Perkin-Elmer MPF-448 fluorescence spectrophotometer. 
Emission spectra were measured for each specimen for 
excitation wavelengths from 270 nm {ultraviolet} to 600 
nm {orange}. They discuss in detail their results for ruby, 
emerald, red spinel, and jadeite; they mention alexandrite, 
kyanite, chrome tourmaline, and pink topaz. In general, 
light emission by these materials is more efficient for 
excitation by blue or green light than by ultraviolet light. 

Verneuil (flame-fusion) synthetic mmbies and natural 
rubies from Burma (Myanmar) show sharp emission at 
692, nm for all excitation wavelengths, although the 
emission is least efficient for excitation at 310 nm. Iron 
quenches chromium fluorescence, so Thai rubies—for 
example—emit no light for excitation below 350 nm, 
and they emit only about 1% as much light as Fe-free 
rubies for excitations at longer wavelengths. 

The maximum emission wavelength for emerald is 
beyond 700 nm in the infrared region, although there is 
appreciable emission at 700 nm. Synthetic stones show 
the strongest emission spectra; emission efficiency 
decreases sharply as iron content increases. Emission is 
strongest for wavelengths of light that are best absorbed 
by the stone {i.e., bands seen in the absorption spectrum 
of emerald at 400-460 nm and 560-600 nm). Emerald, 
red spinel, and jadeite emit almost no light for excitation 
wavelengths below 350 nm. The maximum emission for 
red spinel is at 685 nm, for jadeite it is somewhere in the 
infrared (which is why fine chrome jadeites do not show 
a red response to the Chelsea filter}. 

The crossed-filter method does not require a spec- 
trophotometer, only a strong incandescent light source 
and a pair of filters: one that transmits only high-energy 
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(blue or green) light, and one that absorbs high-energy 
light and only transmits red light). When observed 
between the filters, stones with significant chromium 
content (if not quenched by iron} will appear to glow red 
against a black background. The authors note that this 
test will not provide conclusive proof of natural versus 
synthetic rubies, since many synthetics now contain 
iron. Mary L. Johnson 


JEWELRY HISTORY 


Fruit salad a4 la Deco. E. Blauer, Lapidary Journal, Vol. 
47, No. 11, February 1994, pp. 50-54 
This article makes a strong case that the style of jewelry 
popularly known as "fruit salad" or "tutti-frutti" owes its 
origin to India. The style was popular from the mid- 
1920s to mid-30s, though imitations are produced even 
today. Tracing the Mughal empire in India, with its 
attendant mix of cultures, Ms. Blauer explains how stric- 
tures of the Moslem religion prohibited some motifs. 
Besides India, gems came from nearby Bunna (Myanmar] 
and Ceylon (Sri Lanka}. The enamels of Jaipur and 
Lucknow echoed the colors of ruby, sapphire, and emer- 
ald. lt seems more than mere coincidence that Jacques 
Cartier first visited the area in 1911, and pieces of jewel- 
ry employing the distinctive style—although much more 
refined—were subsequently produced by his studio. The 
Cartier Museum now has perhaps the largest collection 
of "fruit salad" jewelry—more than 1,000 pieces. Three 
color photos accompany the article. PASG 


PRECIOUS METALS 


Gold sales soar 8% for 1993, WGC reports. G. Beres, 
National Jeweler, Vol. 38, No. 8, April 16, 1994, 
pp. 4, 28. 
The World Gold Council (WGC) reported a 10.6% 
increase in gold jewelry sales last December, capping an 
impressive year in which total sales increased 8%, to 
$9.65 billion. Last year's success, which included the 
highest single-month increase since WGC began track- 
ing retail sales of gold in 1988, comes on the heels of a 
5% increase for 1992, 

All classes of trade that were measured showed a 
profitable 1993. Discount stores, with an 11% share of 
the gold jewelry market, saw dollar sales increase 24.6%; 
department stores, representing 21% of sales, were up 
7.1%; chain jewelers, 29% of the market, posted a 5.3% 
gain; catalog showrooms, with a 15% share, finished the 
year with a 4.2% increase; and independent jewelers 
recorded a 6.7% rise. 

Gold jewelry was a top performer in all merchandise 
categories last year, and neck chains, representing 43% 
of overall business, led the way, growing 8.4% in 1993. 
For the fifth straight year, the average price paid for a 
piece of gold jewelry remained at $88. Although all retail 
channels sold at a higher average price in 1993, the 
tremendous sales growth of the discount sector flattened 
out the overall average price. MD 
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SYNTHETICS AND SIMULANTS 


Opalite triplets—new imitations of opal. K. Scarratt, 
R. C. Kammerling, and J. I. Koivula, Journal of 
Gemmology, Vol. 23, No. 8, 1993, pp. 473-481. 

Although the plastic simulant of opal called "Opalite" 
was first commercially available in the 1970s, it only 
now seems to be reaching the market in significant 
quantities. This new production includes doublets, 
triplets, and mosaic triplets, as well as solid Opalite. The 
new production does not differ from that described previ- 
ously—except for the triplets, which may be difficult to 
distinguish from natural-opal triplets, and so are targeted 
specifically by this article. 

Six triplets and two mosaic triplets of Opalite were 
examined. All had clear domes made of a material {prob- 
ably glass) similar to that used for natural-opal triplets. 
Useful identifying characteristics of the Opalite triplets 
include the lack of matrix material in the opal-like layer, 
a greater-than-usual thickness of the clear cap, and the 
hot-point reaction of the wax-like base. In the mosaic 
triplets, the Opalite pieces did not phosphoresce, while 
their adhesive did—a reversal of what was found in a 
natural-opal mosaic triplet. Also, the Opalite mosaic 
consisted of triangular pieces, whereas the natural-opal 
mosaics are composed of irregularly shaped pieces. The 
authors warn gemologists that the materials used to 
manufacture triplets often vary, and thus other Opalite 
samples may differ significantly from the samples that 
they describe. They close with an additional warning to 
use great care in the identification of triplets, especially 
those in closed-back bezel settings. This article is excep- 
tionally well illustrated with color macro- and micro- 
photographs. CMS 


Unusual twinning in natural and synthetic amethyst. U. 
Henn, Australian Gemmologist, Vol. 18, No. 7, 
1993, pp. 222-224. 

Natural amethyst almost universally exhibits Brazil-law 
twinning, whereas hydrothermal synthetic amethyst is 
almost always untwinned. Therefore, gemologists typi- 
cally separate synthetic and natural amethyst based on 
the presence or absence of twinning. After laying this 
background, the author proceeds to describe and illus- 
trate three cases in which this general rule does not 
apply. 

The first such material is natural amethyst from 
Pau d'Arco, Brazil. According to the author, these stones 
only rarely show polysynthetic twinning on the Brazil 
law. Instead, they generally display small areas of twin- 
ning with unusual zigzag or undulating structures, Other 
samples exhibit the twin boundary only in the area 
below the negative rhombohedron. 

The other two exceptions to the general rule are 
synthetic amethysts. One of these, from Russia, exhibits 
strong color zoning and twinning structures very similar 
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to those seen in natural amethyst. The other synthetic 
amethyst, of Japanese manufacture, includes tiny metal- 
lic (copper?) platelets, with acute-angled twinned areas 
extending from the inclusions. 

The author ends by cautioning readers that the above 
exceptions make the separation of natural from synthetic 
amethyst more difficult. He suggests that infrared spec- 
troscopy be used as an additional test. RCK 


The role of fashioning in effective gemstone substitutes. 
R. C. Kammerling and J. I. Koivula, South African 
Gemmologist, Vol. 7, No. 3, 1993, pp. 19-27. 

This article lists materials used to create imitation 
rough and cut gem materials. Details that can help 
make these materials more effective imitations include 
color, transparency, and even simulated matrix glued to 
the surface for that "just mined" appearance. The mor- 
phology and texture of rough crystals can also be effec- 
tively imitated. 

Also, the crystal morphology of the authentic gem 
generally dictates the final cut of both the real stone and 
its imitations. For example, because of the shape (long, 
thin) of green tourmaline crystals, long and thin emerald 
cuts are often popular. Therefore, suitably colored glass 
imitations of green tourmaline are often elongated emer- 
ald cuts. One indication of a possible deception might be 
a particularly expensive gem material that has been 
given an unusual cut. JEC 


MISCELLANEOUS 


Notes from the Gem and Pearl Testing Laboratory, 

Bahrain—3. A. Bubshait and N. Sturman, Journal 

of Gemmology, Vol. 24, No. 1, 1994, pp, 42-44. 
Three notes on fillings in natural and synthetic rubies 
provide some important information for gemologists 
plagued with detecting this persistent problem, includ- 
ing the occurrence of color flashes similar to those seen 
in filled emeralds and diamonds. In addition, an unusual 
lot of pearls—submitted by Bahrain's Customs and 
Ports Directorate—is described. The lot included natu- 
ral pearls, non-nucleated cultured pearls, and a few 
nucleated cultured pearls. Among these were some par- 
tially nacreous and completely non-nacreous speci- 
mens. X-ray fluorescence reactions were varied. Since 
the intent of the testing was to comply with Bahraini 
customs requirements that all incoming pearls be natu- 
ral, this lot normally would have been returned to its 
source. However, circumstances were far from normal. 
These pearls were destined to be crushed and used for 
their "medicinal" properties—supposedly to help treat 
eye problems, cystitis, and impotency. Because the lot 
was not destined for the jewelry trade, customs okayed 
it and allowed it into the country (after visiting the 
importer and verifying that the pearls would indeed be 
crushed}. CMS 
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QOuR FUTURE: FORTHRIGHT OR FRACTURED? 


William E. Boyajian 
President, Gemological Institute of America 


In my two decades at the Gemological Institute of America, I have never seen a subject so 
grip the industry as fracture filling in diamonds. Long a sacred icon, diamond has joined its 
fellow gems as the object of an impermanent treatment that can enhance the appearance, 
and thus the salability, of mostly lower quality stones. 


The widespread distribution of filled diamonds in the trade is being met with delight by 
some—and horror by others. What began almost as a curiosity in the 1980s, with Zvi 
Yehuda's first product, has evolved into a major industry concern surrounded by a ground 
swell of emotion. Although no one knows the true impact of fracture filling on the long- 
term viability of the diamond market, perception is often reality in the minds of both 
tradespeople and consumers. Certainly, we can be sure that this form of treatment will not 
go away. 


At GIA, it is not our role to challenge the ethics of marketing such a product, despite its 
possible impact on the industry at large. Our role has always been, and continues to be, the 
intelligent scientific documentation of new products and processes, and the reporting of 
these findings to the trade. As shown by the lead article in this issue—a landmark study 
and truly a team effort—our goal is to probe objectively, analyze carefully, and report thor- 
oughly, information that is crucial to the trade's understanding of such gemological chal- 
lenges. Further, it is to help the industry cope with these challenges by clearly stating what 
we can—and perhaps cannot—identify accurately and conclusively. 


In the matter of filled diamonds, I am pleased to report that we have settled at least one 
vital concern about this treatment: It can be identified with standard gemological equip- 
ment and techniques. This article describes the techniques and illustrates the key features. 
It also explores a limitation of fracture filling—potential damage to filled stones with some 
routine manufacturing and cleaning procedures, and even with wear. Now, it is up to the 
trade to use this information and to commit to education and training derived from it. 


Sooner or later, almost all jewelers will encounter fracture-filled diamonds, and not neces- 
sarily ones that are disclosed as treated. Anyone who does appraisals or repairs is particu- 
larly vulnerable. And anyone who thinks he or she is above this issue needs a serious 
reality check. 


We continue our policy of refusing to grade fracture-filled diamonds in the GIA Gem Trade 
Laboratory, for reasons that are described fully in the article. And we remain convinced 
that accurate detection, full disclosure, and rational dissemination of information about 
the treatment process itself will help further ensure the industry's stability and prosperity, 
to the benefit of the trade and public alike. 


Today's jeweler cannot hide from the issues and challenges of technology. Gemology is no 
longer optional: Jewelers must gain and use the knowledge available to protect their cus- 
tomers and themselves. At a time when the industry is restructuring and traditional jewel- 
ers are being squeezed by new retailing formats, this is yet another critical reason to have 
knowledgeable people behind jewelry counters. May it ever be so. 
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AN UPDATE ON FILLED DIAMONDS: 
IDENTIFICATION AND DURABILITY 


By Robert C. Kammerling, Shane F. McClure, Mary L. Johnson, John I. Koivula, 
Thomas M. Moses, Emmanuel Fritsch, and James E. Shigley 


The increasing numbers of fracture-filled dia- 
monds present a major challenge to the dia- 
mond industry, especially with regard to 
detection and durability of the treatment in 
routine jewelry manufacturing and wear. 
This report focuses on recent products from 
Yehuda/Diascience, Koss e&) Shechter 
Diamonds (Genesis II}, and Clarity Enhanced 
Diamond House {a subsidiary of Goldman 
Oved Diamond Co.). Like the Yehuda treat- 
ment, the latter two processes were found to 
be effective in improving the appearance of 
most of the samples examined for this study. 
Treated diamonds from all three firms were 
damaged by direct heating and by repolishing 
facets intersected by filled breaks. Some 
stones were adversely affected by some stan- 
dard cleaning procedures and wear condi- 
tions. Although the lead-based glass filling 
materials may be detected by X-radiography 
and EDX RF spectroscopy, as well as by cer- 
tain internal features, we found flash effects 
to be the most distinctive characteristic of 
fracture filling—observed in all the treated 
diamonds examined from all three firms. 


ABOUT THE AUTHORS 

Mr. Karnmeriing is director of identification and 
research, Mr. McClure is supervisor of identification 
services, Dr. Johnson is a research scientist, and 
Mr. Koivula is chief research gemologist, in the GIA 
Gem Trade Laboratory (GIA GTL), Santa Monica, 
California. Mr, Moses is Girector of identification and 
research in GIA GTL, New York. Dr. Fritsch is man- 
ager, and Dr. Shigley is director, of GIA Research, 
Santa Monica, 


See acknowledgments at the end of the article. 
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142 Fracture-Filled Diamonds 


ne of the most controversial gemstone treatments 

to appear in the last decade is the filling of surface- 
reaching breaks in faceted diamonds. Jewelers, diaman- 
taires, and gemologists at all levels of the industry must 
deal not only with the detection and durability of this treat- 
ment, but also with how properly to disclose the treatment 
to their customers. The trade has already been confronted 
with media exposés about misrepresentation in the sale of 
filled diamonds by some U.S. retailers (see, e.g., "Five on 
Your Side..." 1993, "Prime Time Live.. .," 1993). 

Because more of these stones are now entering the mar- 
ket, it is increasingly likely that jewelers will encounter 
them in their day-to-day operations. Yet the challenge of 
identifying filled stones and working with them at the 
bench is further complicated by the fact that a growing 
number of firms are producing and/or marketing them, as 
loose stones and even in fashioned goods (figure 1). Thus, 
the present study was undertaken to investigate fracture- 
filled' diamonds from two well-publicized diamond treat- 
ment firms that began marketing these stones after publica- 
tion of our original comprehensive study (Koivula et al., 
1989}, as well as recently treated stones from the firm 
(Yehuda) that we studied initially. The present article can 
be viewed as an update to our 1989 study, as we again focus 
on the issues of identification and durability. 


BACKGROUND 


The first commercially available diamond fracture-filling 
treatment was developed in the 1980s by Zvi Yehuda of 
Ramat Gan, Israel, with diamonds treated by this process 
marketed by Yehuda Diamond Co./Diascience Corp., New 
York. Briefly stated, this technique proceeds as follows: The 
diamonds are first cleaned, then "filled" with a molten glass 
at high temperatures (presumably under vacuum, to prevent 
diamond burning}, cooled, and—last—cleaned again to 
remove the glass from the stones’ surfaces (Nelson, 1994; 
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Nassau, 1994}. Koivula et al. (1989} focused on the 
effectiveness of the Yehuda treatment, diagnostic 
features by which it could be detected using stan- 
dard gemological equipment, and the durability and 
stability of diamonds treated in this manner. 
Results of a follow-up investigation of Yehuda- 
treated diamonds were briefly summarized by 
Koivula and Kammerling (1990). 

Since publication of these reports, fracture fill- 
ing has grown to become one of the first truly 
widespread treatments to be used on diamonds in 
the colorless-to-light yellow range, and it is also 
being used on fancy-colored diamonds. Even so, 
many jewelers still may not think to examine dia- 


' Throughout this article, we use the trade term fracture filled to 
describe diamonds in which surface-reaching separations such 
as cleavages, fractures, voids, laser drill holes, and other part- 
ings have been filled with a foreign substance. Although the 
“fracture filling” designation inay not be strictly accurate, it is 
both widely used and understood in the trade. 


Fracture-Filled Diamonds 


Figure 1, All of the 31 dia- 
monds (about 0.13 ct each) 
in this strip bracelet had 
been fracture filled by 
Goldman Oved Diamond 
Company, New York, 
which also manufactured 
the bracelet. Photo by 
Shane F. McClure. 


monds to determine if they are fracture filled, 
Although it is virtually impossible to deter- 
mine exactly how many such treated stones are in 
the marketplace, a number of statements indicate 
the magnitude of the situation. For example, in an 
advertisement for Yehuda-treated diamonds 
("Yehuda diamonds offer great option . . .," 1994), 
jeweler Lloyd Drilling of Thurston Jewelers in 
Minneapolis, Minnesota, estimates that 20%-30% 
of the diamonds he sells are so treated. (When con- 
tacted by the authors in September 1994, Mr. 
Drilling clarified that this amounts to 30 filled dia- 
monds annually, between 0.5 and 2.5 ct each.) In 
the same advertisement, Harris Fleishman of C. 
Harris Goldman in New York reports that over the 
last five years, Yehuda-treated diamonds have 
grown to account for about 50% of all diamonds 
sold by his firm. (According to our September 1994 
personal communication with Mr. Fleishman, this 
represents about 3,000 filled stones per year.) He 
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further estimates that 75% of all diamond mer- 
chants on 47th Street handle at least some "clarity- 
enhanced" stones. In mid-1993, Dror Yehuda indi- 
cated that "tens of thousands" of diamonds treated 
by his family's firm were already in the U.S. market 
(Brown, 1993). 

It appears that these Yehuda-treated stones rep- 
resent some of the larger filled diamonds on the 
market. According to Ron Yehuda (pers. comm., 
1994}, his family's firm prefers not to treat clients’ 
stones smaller than 0.25 ct, and the number of such 
stones under 0.50 ct that the firm has treated is 
"negligible." Already-treated stones in the compa- 
ny's sale stock are primarily 0.50 ct and larger, with 
fully 50% of demand being for stones over 1 ct. He 
adds that these stones are marketed primarily in 
the U.S. and Canada, the two countries in which 
the firm has focused its efforts to date. 

The proliferation of filled diamonds can also be 
explained by the fact that several other firms now 
offer commercial treatment services and/or dia- 
monds already so treated. Two of these appear to be 
especially visible in the marketplace. Genesis I— 
Enhanced Diamonds Ltd., in New York, a division 
of the Israel-based firm Koss & Shechter Diamonds 
Ltd., offers its own product. Originally described in 
the firm's marketing literature {and often referred to 
in the trade) as "Koss clarity-enhanced diamonds," 
it has more recently been marketed in the U.S. 
under the trademark name of "Genesis II" clarity- 
enhanced diamonds ("A new stone is born. . .," 
1994}the name under which it was first marketed 
in Australia. In terms of the numbers of these 
stones on the market, a startling figure is provided 
by Managing Director Daniel Koss, who reports 
that in a three-year period his firm had treated "over 
half a million stones from 0.01 ct to 50 cts" (Shor, 
1994]. We have examined Koss-treated stones as 
small as 0.02 ct. 

The other firm, Clarity Enhanced Diamond 
House, a division of Goldman Oved Diamond 
Company, New York, offers treatment services and 
also sells treated stones; the treatment is performed 
in Israel and New York (J. Oved, pers. comm., 
1993). Goldman Oved has treated stones between 
0.02 and 15.5 ct (J. Oved, pers. comm., 1994), and 
we have examined Goldman Oved-filled diamonds 
as small as approximately 0.13 ct (figure 1). 

Other firms, such as Chromagem of New York, 
operate on a relatively smaller scale, selling filled 
diamonds that are treated by an independent 
chemist. Still other New York diamond treaters 
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(such as S&I Diamond Drilling) provide filling ser- 
vices to the diamond trade only. Firms in other 
cities, such as Diamond Manufacturers in Los 
Angeles, are now treating diamonds (U. Uralevich, 
pers. comm., 1994), In addition, there are wholesale 
firms that market to the retail trade (in some 
instances, under their own trade names} diamonds 
treated only by others. For example, Doctor 
Diamond, a division of Kami & Sons, New York, 
markets "Doctor Diamond clarity enhanced dia- 
monds" ("Clearly better . . .," 1994), which reported- 
ly include diamonds treated by both the Yehuda 
and Goldman Oved firms (J. Oved, pers. comm., 
1993}. 

In part because so many companies are now 
offering treated stones, some confusion has devel- 
oped about the identifying features of filled dia- 
monds. For example, claims have been made that 
Koss-filled diamonds exhibit little or no telltale 
flash effects (Shor, 1994}, that the presence of cer- 
tain flash-effect colors—purple, orange, blue, green, 
and red—identify a filled stone as being Yehuda 
treated (Canadian Jeweller, 1994), and that the opti- 
cal properties of the Koss filler are such that the 
color of the diamond is unaffected, any cracks dis- 
appear completely (with no bubbles trapped inside 
the filler], and rays of light travel through the dia- 
mond "with no distortion or deflection whatsoever" 
(1994 Koss promotional brochure]. 

Claims have also been made concerning the 
stability and durability of various products. For 
instance, recent product literature by Koss states 
that Koss clarity-enhanced diamonds withstand 
temperatures to 450°C, acid-based cleaning, and 
“ultrasound treatment.” Controversy has also 
arisen in this area, with recent research findings by 
gemologist Sharon Wakefield of Boise, Idaho, indi- 
cating that the filling material used in at least one 
of the treatment processes (Koss} may decompose 
when exposed to a short-wave ultraviolet lamp or 
ultrasonic cleaning (Wakefield, 1993, 1994a; Even- 
Zohar, 1994b}. It is also relevant to consider what 
Quam (1993) has referred to as the "longer historical 
perspective": that is, with the passage of time, the 
durability of the filling materials may prove to be 
less than had been believed initially. Some addi- 
tional confusion—and controversy—about the iden- 
tification and durability of filled diamonds may be a 
consequence of the claims and counterclaims made 
in the trade press by firms providing treatment ser- 
vices (see, e.g., Yehuda, 1993, 1994a,b; Koss, 1993, 
1994a,b). 
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With the proliferation of filled diamonds in the 
market, concerns have been voiced at all levels of 
the industry. The topic of diamond treatments— 
and their proper disclosure—was a major focus of 
discussions during the biannual congress of the 
International Diamond Manufacturers Association 
(IDMA) and the World Federation of Diamond 
Bourses (WFDB} in Antwerp in June 1993 (Rapaport, 
1993; Bates, 1993a; Shor, 1993). In late 1993, as the 
result of a vote taken by its board of directors, the 
Diamond Club West Coast in Los Angeles issued a 
statement asking all major grading labs not to grade 
filled diamonds {“Labs asked . . .,” 1994; Shapiro, 
1994). A similar resolution was passed by the com- 
bined leadership of the IDMA and WFDB in 
Antwerp in June 1994 (“Diamond leadership . . .,” 
1994]. Also at this latter meeting, a resolution 
passed that prohibits the filling of rough or the sell- 
ing of filled rough (Even-Zohar, 1994a). Concern 
about nomenclature relating to filled diamonds has 
been voiced by the Diamond Manufacturers and 
Importers Association, which has asked the trade to 
refer to them as "treated" rather than "enhanced" 
(Roisen, 1994; Bates, 1994a). 

Fracture filling was also addressed at the annual 
meeting of the International Confederation of 
Jewellery, Silverware, Diamonds, Pearls and Stones 
(CIBJO} in April 1994, the main topic of discussions 
being treatment disclosure (Bates, 1994c; “Annual 
CIBJO Conference,” 1994). Joel Windman (1994), 
executive vice president of the Jewelers' Vigilance 
Committee, has warned jewelers of their potential 
liability if they do not disclose to customers both 
that a diamond has been fracture filled and that, as 
such, there may be durability considerations 
beyond those of untreated diamonds. Some of the 
best-known U.S. retail chains—including Zale 
Corp., Sterling, Carlyle & Co., Karten's Jewelers, 
and Helzberg's—and at least one major jewelry 
manufacturer (Suberi Brothers) have notified their 
suppliers that they will not accept filled diamonds 
(Bates, 1994b; Beasley, 1994; Shor, 1994, 
“Manufacturer places burden .. .,“ 1994). Jack 
Gredinger, president of the Independent Jewelers 
Organization (IJO}, has gone so far as to call the 
treatment “an infectious disease that undermines 
jewelry retailers and wholesalers. It's the single 
most serious and important problem our industry 
has faced in years” (“TJO takes stand... .,” 1994). JO 
has asked its member suppliers not to sell fracture- 
filled diamonds (Shuster, 1994). 

This concern about fracture filling became a 
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public issue in the United States when an exposé 
televised locally in August and September 1993 
accused two St. Louis jewelers of selling filled dia- 
monds without disclosing the treatment to cus- 
tomers ("Five on Your Side . . .,". 1993). The report 
was subsequently broadcast nationwide ("Prime 
Time Live .. .," 1993], and was even addressed by a 
member of the U.S. House of Representatives 
(Everhart, 1993b], The exposé affected jewelers who 
were not involved in the incident (Everhart, 
1993b-d; Bates, 1993b]. Such problems have not 
been confined to the U.S. market: Last year, isolat- 
ed instances of filled diamonds being sold without 
proper disclosure were reported in a number of 
countries, including the United Kingdom (Levy, 
1993; Shor, 1993/1994} and Australia (Kusko, 
1993/1994). 

The current article presents the results of 
research on recent production from three of the 
most prominent commercial sources: Yehuda, Koss, 
and Goldman Oved. (Note: For consistency and sim- 
plicity, in the following discussions we will refer to 
the filled diamonds from Yehuda/Diascience as 
“Yehuda-treated” [or just “Yehuda” stones, to the 
Koss & Shechter/Genesis I product as “Koss-treat- 
ed” [or “Koss”]; and to the Goldman Oved/Clarity 
Enhanced Diamond House product as “Goldman 
Oved-treated” [or “Goldman Oved”] diamonds.) We 
will examine the effectiveness of these treatments, 
and provide techniques for identifying them. Of par- 
ticular interest are the results of testing the durabili- 
ty and stability of some treated stones. As will also 
be discussed, the GIA Gem Trade Laboratory is con- 
tinuing its policy of not grading such treated dia- 
monds. 


MATERIALS AND METHODS 


Samples. For our primary gemological investiga- 
tion, we obtained 67 diamonds that had already 
been filled: 18 Yehuda-treated diamonds, ranging 
from 0.31 to 1.68 ct; 24 Koss-filled diamonds, rang- 
ing from 0.02 to 0.82 ct; and 25 Goldman 
Oved-treated diamonds, ranging from 0.18 to 1.91 
ct. Some of these were purchased by GIA directly 
from the manufacturer; others were obtained 
through third parties directly from the manufactur- 
er. We also examined 31 Goldman Oved-treated 
diamonds that were mounted in a tennis bracelet 
loaned to the authors by Goldman Oved (again, see 
figure 1). These mounted diamonds were all approx- 
imately 3.3 mm in diameter and were estimated by 
formula to weigh about 0.13 ct each. 
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a noticeable improvement in appearance (right) after treatment. Photomicrographs by John 1. Koivula. 


X-radiography was performed on some of the 
same diamonds referred to above: three (0.32-0.40 
ct} stones treated recently by the Yehuda firm, three 
Koss-filled diamonds (0.10-0.82, ct], and three 
Goldman Oved-treated diamonds (0.20-0.41 ct}. 
EDXREF chemical analysis was performed on eight 
stones recently treated by Yehuda, five early Koss- 
treated stones, six commercially available Koss dia- 
monds, and 11 Goldman Oved-treated diamonds. 

In addition to the core 67 stones, we submitted 
five untreated diamonds (0.24-0.28 ct} in 1992—and 
nine {0.20-0.84 ct} in 1994 (see box A}—for treat- 
ment by Koss so that we might document them 
before and after filling, both photographically (figure 
2) and for apparent color and clarity grades. The 
untreated stones were specifically chosen with frac- 
tures in certain orientations and positions. Six dia- 
monds (0.20-0.41 ct} treated by the Goldman Oved 
process in 1994 were also photographed and "graded" 
for clarity and color before and after treatment (fig- 
ure 3). All of these Goldman Oved stones were also 
examined in our primary gemological investigation. 

We used selected treated diamonds for durabili- 
ty and stability testing. Three filled stones—a 0.31- 
ct Yehuda, a 0.29-ct Koss, and a 0.36-ct Goldman 
Oved—were subjected to steam cleaning. 
Ultrasonic cleaning was performed on 0.34-ct 
Yehuda, 0.29-ct Koss, and 0.32-ct Goldman Oved 
diamonds. Sizing and, subsequently, retipping were 
performed on mountings containing 0.37-ct 
Yehuda, 0.32-ct Koss, and 0.19-ct Goldman Oved 
diamonds. We subjected three filled diamonds (a 
0.36-ct Yehuda, a 0.30-ct Koss, and a 0.36-ct 
Goldman Oved) to thermal testing in a furnace, and 
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we had one treated diamond from each firm (a 0.37- 
ct Yehuda, a 0.45-ct Koss, and a 0.36-ct Goldman 
Oved) repolished. For ultraviolet testing, we select- 
ed two filled stones from each of the three firms: 
Yehuda (0.35 and 0.38 ct}, Koss (0.29 and 0.30 ct], 
and Goldman Oved (0.29 and 0.38 ct). We exposed 
0.32-ct Yehuda-, 0.32-ct Koss-, and 0.35-ct Goldman 
Oved-treated diamonds to daylight-equivalent illu- 
mination. Low-temperature testing was performed 
on 0.36-ct Yehuda-, 0.29-ct Koss-, and 0.20-ct 
Goldman Oved-filled diamonds. For durability and 
stability testing,;we only used commercial stones 
obtained from the treaters directly or through third 
parties. We did not use any of the diamonds that 
were documented before and after filling. 


Gemological Methods. A standard gemological 
microscope is sufficient to identify most fracture- 
filled diamonds. For this study, we performed 
microscopy using GemoLite Mark VII gemological 
microscopes with a 10x-63x magnification range, 
in conjunction with several illumination methods 
(separately and combined}: darkfield, brightfield 
{direct transmitted], pinpoint fiber-optic, oblique 
overhead, and shadowing. With the exception of 
fluorescent oblique overhead lighting, all examina- 
tions used incandescent light sources. Where specif- 
ic types of lighting are critical to the resolution of 
microscopic features, they are described in the 
appropriate portion of the "Microscopic Features" 
section below. Other standard gemological tests— 
for example, ultraviolet fluorescence and visible- 
light spectroscopy—were explored but found to be 
of no help in detecting the treatment. 
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Figure 3, This 0.30-ct diamond, which had highly visible breaks before fracture filling (left), showed sig- 
nificant improvement in apparent clarity—from I, to 1,—after treatment by Goldman Oved (right). 


Photonucrographs by Shane F. McClure. 


Laboratory Methods. We used X-radiography and 
energy-dispersive X-ray fluorescence (EDXRF] 
chemical analysis, which require equipment usual- 
ly found only in gem-testing laboratories, both to 
determine if these methods would reveal the pres- 
ence of a filling and to lea more about the compo- 
sition of the filling substances used. 

Detection of filler by X-radiography depends on 
three factors: the thickness of the filler, the expo- 
sure geometry (we recommend X-raying diamonds 
in at least two mutually perpendicular orientations 
to increase the likelihood of positioning a filled 
fracture so that it can be detected}; and experimen- 
tal conditions such as film resolution, X-ray source 
intensity, and the like. For this study, X-radiogra- 
phy was performed using a Hewlett-Packard 
Faxitron unit with a tungsten anode and beryllium 
window, run at 30 to 60 kV and 2.5 mA. The dis- 
tance from the X-ray tube window to the target was 
approximately 15 inches (38 cm}. We used Fuji [X50 
photographic film, with exposure times in air rang- 
ing from a few to about 30 seconds. In our experi- 
ence, thin or subtle fillings are more likely to be 
seen on the developed film when lower energy con- 
ditions and longer exposure times are used. 

For qualitative chemical analyses, we used a 
Tracor X-ray Spectrace 5000 EDXRF spectrometer, 
with operating conditions appropriate for the detec- 
tion of heavy elements (35-40 keV, 0.35 mA, 
pumped vacuum, and 1.27-mm-thick rhodium fil- 
ter). Light elements that might be constituents 
of the filler glass, such as boron and oxygen, cannot 
be detected by this method. 
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Durability Testing. The stones used in this phase 
of the investigation were obtained both directly 
and indirectly from all three treaters in 1994, to 
ensure that we tested the most current commercial 
products available. For these tests, we attempted to 
use equipment available to most jewelers. The 
mention of a particular brand of equipment here 
does not mean that other brands will not give com- 
parable performance, nor should it be taken as an 
endorsement. 


Steam Cleaning. We used two commercially avail- 
able units: a Gesswein electric boiler and a Reimers 
model JR electric steam generator. The filled dia- 
monds were first mounted in a four-prong head on a 
14k gold solitaire ring and then subjected to clean- 
ing at a distance of about one inch (2.5 cm) from the 
steam nozzle. Each diamond was directly exposed 
to steam for a total of 20 minutes at one-minute 
periods; all of the surfaces of each stone were 
exposed to the steam as they might be during a rou- 
tine cleaning procedure. The intervals between 
steam exposures were just long enough for the 
steam pressure to build in the cleaning unit for the 
next exposure; pressure was maintained between 40 
and 70 psi. We examined the diamonds visually— 
both with and without magnification—at five- 
minute intervals. 


Ultrasonic Cleaning. We used a Gesswein 
Ultrasonic Cleaner model 87 containing BRC, a 
standard jewelry-cleaning solution. The unit was 
set at "high" and the heating element was turned on 
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The stones that we examined in the body of this study 
may not be representative of all fracture-filled dia- 
monds in the market now or in the future. The tech- 
nology for fracture filling continues to evolve as pro- 
ducers try to improve their products. 

So that the samples used for this study would 
reflect the most current technology, David Shechter 
of Koss & Shechter Diamonds attempted to treat addi- 
tional diamonds for us in mid-1994, reportedly using 
two processes. One, based on halogen glasses, is the 
commercial process presently being used, the other, 
based on halogen-oxide glasses, is in an experimental 
stage (D. Shechter, pers. comm., 1994). Not all of the 
approximately 20 stones originally submitted for this 
phase of the project successfully took the treatment: 
For instance, five were returned by the firm untreated, 


Figure A-2. Unlike the vast majority of the Koss- 
filled diamonds acquired for this study, this 
stone (submnitted by the authors directly to Koss 
for treatment) displays orange and yellow flash 
colors in darkfield illumination. Photonicro- 
graph by Shane F. McClure; magnified 29x, 
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BOX A: Fracture Filling Is an Evolving Field 


Figure A-1, Although 
the Koss firm consid- 
ered the fractures in 
this diamond to be less 
than ideal for filling, 
the treatment was still 
quite effective in 
improving the stone's 
appearance, as can be 
seen in these photos of 
a.0.20-ct diamond 
before (left) and after 
(right) treatment. 
Photomicrographs by 
Shane F. McClure. 


with explanations that either (1) "the crack is too 
thick," or (2) "the fissure reaching the surface is bro- 
ken" (D. Shechter, pers, comm., 1994; we interpreted 
the latter comment to mean that the surface-breaking 
entry point was a cavity rather than a narrow fracture). 
According to Mr, Shechter, his firm cannot get satis- 
factory results on diamonds with such features. 

Three round brilliants, ranging from 0.20 to 0.41 
ct, were successfully filled by the first (halogen-based] 
process (figure A-1}. Two other round brilliants (0.38 
and 0.43 ct) were not filled successfully (i-e., complete- 
ly) by this process but were included in the examina- 
tion. As a group, these diamonds showed microscopic 
features that were inconsistent with those documented 
in Koss-filled stones purchased previously (including 
earlier in 1994} for the identification and durability- 
testing phases of this study. 

The atypical features, as seen with magnification, 
are as follows: (1) Flash effects: Only orange and yel- 
low were seen with darkfield illumination (figure A-2), 
and only blue and violet were seen with brightfield 
(figure A-3}. (2) Gas bubbles: All of these stones exhib- 
ited gas bubbles which, unlike the other Koss-treated 
stones we examined, were relatively large and numer- 
ous. (3) Flaw structure; Two of the five diamonds 
exhibited prominent flow structures in the filled 
breaks. (4) Apparent color of filler: A definite yellow 
cast was noted in some of the filled breaks. (5) 
Crackled texture: The fine, nearly parallel lines noted 
in the other Koss-treated diamonds were absent in this 
group of stones. In fact, as a group, the internal fea- 
tures in these diamonds were more reminiscent of 
those documented in early Yehuda-treated diamonds 
than those we have seen in other Koss-filled dia- 
monds. However, EDXRF analysis revealed that all 
these stones, even the unsuccessfully (partially) filled 
ones, contain Pb and Br {i.e., unlike Yehuda-filled dia- 
monds; refer to box C). 

Four round brilliants (0.23 to 0.44 ct) were pro- 
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Figure A-3. Also unlike most other Koss-filled 
diamonds examined as part of this study, the 
brightfield flash colors in this group of stones 
(which were sent directly to Koss for treatment) 
were blue and violet. Photomicrograph by 
Shane F. McClure; magnified 33x. 


cessed using the second (experimental) technique, but 
Mr. Shechter did not consider any of these to be filled 
successfully. Of these stones, the ones displaying any 
evidence of filled breaks had microscopic features 
consistent with those in the group described above. 
These also showed traces of Pb and Br in their EDXRF 
spectra. 

Recently, it was reported in the trade press that 
the Koss firm was experimenting with additives to 
make the filling easier to detect by causing it to fluo- 
resce yellow to ultraviolet radiation (“Koss to make 
fill more visible,” 1994}. However, no such fluorescent 


TABLE A-1. Apparent color and clarity of nine round brilliant-cut 
diamonds before and after filling by Koss & Shechter Diamonds 
using two processes.a 


Sample Measurements Weight Belore Atter 
no. (mm) (ct) 
Color Clarity Color Clarity 
Method 1 
1-1 4.84-4.89x2.90 0.41 G l H lz 
1-2 465-4.69x2.90 0.41 E ly F I, 
1-3 3.78-3.81X2.26 0.20 F l; G l 
{—4b 441-4.49x 2.93 0.38 H l, H l, 
1-5» 4.57-4,63x2.97 0.43 G l, G ly 
Method 2 
2-1 3.97-4.00x2.45 0,23 F lh, F ls 
2-2 4.06-4.10x2.44 0.25 D ly D ly 
2-3 4.72-481x294 0.44 M ly N ls 
2-4 4,79-4.87x2.62 0.37 E \, E iF 


@ All stones were graded independently al the GIA Gem Trade Laboratory (GIA GTL) lor 
research purposes only. The GIA GTL does not olfer this service for lilled diamonds. 
Boldlace type indicales where a grade had changed alter filling. 

5 Not successful (according to manulacturer). 


Figure A-4, The authors had not seen red flash 
effects in filled diamonds until they examined 
stones treated by SwI Diamond Drilling, as shown 
here. Photomicrograph by Shane F. McClure; mag- 
nified 30x. 


reaction—to either long- or short-wave UV—was 
noted in any of the Koss-treated diamonds, including 
the nine stones reported in this section. Even using 
cathodoluminescence, we detected no reaction from 
any of the filled diamonds. 

To test the effectiveness of these treatments, we 
graded these nine stones before and after treatment, 
with results shown in table A-1. As can be seen from 
the table, these treatments improved the apparent 
clarity by one grade in three of the diamonds. 
However, they also lowered the apparent color by one 
grade in four of the nine stones, including all where 
treatment was considered "successful." 

To get a better idea of what happens when the 
treatment is not successful, and to obtain some pre- 
liminary data on another treater's product, we select- 
ed eight diamonds that had been rejected as unsuit- 
able by various diamond treaters. These were pro- 
cessed by Ivan Perlman of S&I Diamond Drilling, who 
provides diamond drilling and treatment services 
exclusively to the trade. These diamonds, ranging 
from 0.30 to 0.52 ct, were photographed and graded for 
clarity and color before and after treatment. 

Although none of these diamonds was successful- 
ly (i-e., completely) fracture filled, we were able to 
document some of the features of stones treated by 
this process. The one relevant microscopic feature 
after treatment was a flash effect. In darkfield, all but 
one of the stones showed one or more of the following 
colors: orange, pink, yellow, blue, purple and red (fig- 
ure A-4], with orange and pink being the most preva- 
lent. In brightfield, the flash colors noted were blue- 
green, green, and greenish yellow. It should be noted 
that this was the first time we saw a red flash effect in 
a filled diamond from any treater. 


Fracture-Filled Diamonds 


Gems & Gemology 


Fall 1994 149 


(in the course of testing, the temperature ranged 
from 2.4°C [76°F] when turned on to a maximum of 
60°C [140°F]]. As with steam cleaning, the dia- 
monds to be tested were first mounted in four- 
prong solitaire heads on 14k gold rings. The rings 
were hung by their shanks from a wire hook so that 
they were submerged in the cleaning solution. The 
stones were examined first after a five-minute 
cleaning, then after 30 minutes of cumulative 
cleaning, and then at additional 30-minute intervals 
for a total of three hours of ultrasonic cleaning. 


Thermal Exposure. In our previous study of 
Yehuda-treated diamonds (Koivula et al., 1989), we 
retipped the four prongs on a ring set with a filled 
diamond. This common repair procedure exposed 
the filled stone to the direct heat of a jeweler's 
torch. For the present study, we again performed a 
retipping experiment. A MECO Midget torch with 
no. 40 tip was used with natural gas and oxygen. 
Each diamond was mounted in a 14k gold ring with 
a four-prong solitaire head; care was taken to avoid 
placing any prong directly over filling entry points. 
For each ring, both the diamond and the setting 
were firecoated with a denatured alcohol/boric acid 
slurry and two prongs were retipped, using 14k 
white gold soft solder with a flow point of approxi- 
mately 740°C. After the two prongs on each ring 
were retipped, we examined the stones visually and 
with magnification to note any damage to the 
fillers. We then had the remaining two prongs on 
each retipped, with 14k white gold hard solder with 
a flow point of approximately 800°C, and we reex- 
amined the fillings for damage. 

We also tested the upper stability limit of the 
filling materials themselves. The three samples 
were set in a refractory boat, which was placed in 
the hot spot of a Blue M model M10A-1A Lab Heat 
Furnace during heating steps. We monitored tem- 
peratures with a Chromel-Alumel thermocouple. 
For the test, the temperature was set approximately 
50°C below the desired temperature, the diamonds 
were placed in the furnace, and the temperature 
was raised the final 50°C. This process took about 
30 minutes, after which we removed the stones and 
allowed them to cool on a refractory block before 
visual examination. When we saw no appreciable 
damage to the filler, we repeated the procedure, 
increasing the target temperature for each subse- 
quent test. Initial testing was at 118°C, with subse- 
quent testing at 240°, 340°, 390°, 455°, 480°, 525°, 
and 600°C. 

Not all jewelry repair procedures require the 
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direct application of heat to mounted stones. 
Therefore, to test the effect of indirect heating, we 
had a filled diamond from each of the three treaters 
mounted in a four-prong head on a 14k gold soli- 
taire ring and then had each ring resized larger by 
one size. 

First, for the sample from each firm, experi- 
mental conditions reproduced a scenario in which 
the jeweler knows that the diamond is filled and 
therefore exercises special care to keep the stone 
cool. This was done by first firecoating the diamond 
and mounting with the alcohol-boric acid slurry. 
The diamond and prong setting were then wrapped 
with strips of wet paper and the ring was sized. 
(Alternative procedures for protecting sensitive 
stones during jewelry repair include coating with 
commercially available gel-like insulating sub- 
stances such as "Heat Shield" and "Cool Jewel," or 
keeping the stone immersed in water during the 
heating phases.} 

In the second scenario, the jeweler either does 
not know that the diamond is filled or does not 
know that special care may be required in sizing a 
ring set with a treated stone. In this test, therefore, 
the sizing was performed with a firecoating but 
with no special effort made to keep the diamond 
from being heated. Because we did not note any 
damage from the first resizing experiment, we 
reused the same mounted stones for this test. 


Repolishing. Past reports (e.g., Koivula et al., 1989, 
Crowningshield, 1992) have documented how the 
heat generated during repolishing of a diamond can 
damage the filling material. To investigate this fur- 
ther, we submitted one filled diamond (with one or 
more filled fractures breaking the table surface} 
from each of the three firms to a Los Angeles dia- 
mond manufacturer for repolishing of the table 
facet. 


Daylight Equivalency Testing. We used an Oriel 
model 81150, 300-watt solar simulator to produce 
daylight-equivalent illumination. A xenon light 
source combined with a series of lenses and filters 
creates an output emission that approximates the 
daylight spectrum at 1.7x its intensity (Oriel Corp., 
1982). We allowed the lamp to warm up for 30 min- 
utes, after which we exposed each unmounted dia- 
mond, placed face up on a white refractory tile, to 
the light source for the specified period of time. 
Periodically, we removed each sample from the 
simulator, examined it visually and microscopically 
for any damage to the filler, and then returned it to 
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the simulator for further exposure. Time intervals 
{cumulative} were 20 minutes and one, three, 10, 
30, 60, 100, and 200 hours, corresponding to 34 
minutes, 100 minutes, and five, 17, 51, 100, 170, 
and 340 hours of sunlight, respectively. We moni- 
tored the light intensity throughout the exposure 
period, using an Oriel model 81020 solar-simulator 
radiometer. 


Exposure to Ultraviolet Radiation. We used the 
long-wave radiation source of a GIA GEM 
Instruments long-wave/short-wave unit, in con- 
junction with a GIA GEM ultraviolet viewing cabi- 
net. With a median wavelength of 365.4 nm, long- 
wave UV radiation is not only a component of sun- 
light but is also the radiation source used in so- 
called "UV-A" tanning booths (the latter also pre- 
senting a scenario for exposure of a filled diamond 
to long-wave UV}. After the lamp had warmed up 
for five minutes, we exposed each unmounted dia- 
mond to the long-wave UV source for the specified 
period of time, with the fracture facing the source 
of the radiation. Samples were periodically removed 
from the viewing cabinet, examined visually and 
microscopically for any damage to the filler, and 
then returned for further exposure. Time intervals 
(cumulative) were 20 minutes, and one, three, 10, 
30, 60, 100, and 200 hours for three stones (three 
others were examined after a single 100-hour expo- 
sure}. These exposures correspond to almost six, 17, 
50, 170, 500, 1,000, 1,700, and 3,400 hours exposure 
to daylight.2 We confirmed that short-wave ultravi- 
olet light was effectively filtered out by observing a 
short-wave-fluorescing material {scheelite] after 
each exposure. 


Low-Temperature Testing. We performed low-tem- 
perature testing first by simulating the type of cool- 
ing and warming that might occur when filled-dia- 
mond jewelry was worn in a cold climate, going 


2The light intensity (in watts/cm?) was estimated as follows: 
The source was 4 4-watt mercury (Hg) arc lamp, with a special 
fluorescing screen to convert short-wave to long-wave UV radia- 
tion. Assurning 50% efficiency in the conversion from power in 
to Hg light out, 50% efficiency in the conversion from Hg light 
to long-wave UV radiation, and 33% efficiency due to geomet- 
ric effects fi.e., one-third of the light is sent through the window 
and not absorbed on other surfaces within the lamp housing), 
then one-third watt is delivered through a 4.7 x 7.0 cm window, 
for an integrated flux of 10 mw/cm?. Average sunlight has a 
total irradiance of about 0.6 mw/cm? at wavelengths below 365 
nm (data integrated from Oriel Corp., 1982), so our long-wave 
UV source is about 17 times as powerful as sunlight in this 
spectral region. 
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from heated buildings to the outdoors and back. 
The test stones were placed in a cold corner of the 
freezer compartment of a standard frost-free refrig- 
erator for 30-minute intervals. At the end of each 
cooling period—there were a total of 15 cooling ses- 
sions for each filled diamond—we removed the dia- 
monds from the freezer and allowed them to warm 
to room temperature, at which point we examined 
them visually and with a microscope. 

In the second low-temperature testing proce- 
dure, we exposed the same unmounted filled dia- 
monds to the type of rapid cooling—to approxi- 
mately ~71°C (-96°F]—to which they would be 
exposed when sprayed with a refrigerant prior to 
examination with a desk-model spectroscope, a pro- 
cedure available to many jeweler-gemologists. We 
placed each stone on the stage of a desk-model 
spectroscope and subjected it to the pressurized 
refrigerant chlorodifluoromethane {(Chemtronics 
brand “Freez-It”) for approximately five seconds. 
We then allowed the diamond to warm to room 
temperature and examined it with the unaided eye 
and the microscope. We repeated this routine five 
times for each diamond. 


EFFECTIVENESS OF THE 
FILLING TREATMENTS 


The effectiveness of the Yehuda filling process in 
improving the apparent clarity of diamonds has 
been well documented (see, e.g., Koivula et al., 
1989; Koivula and Kammerling, 1990). In summary, 
the Yehuda process can drastically reduce the eye 
visibility of treatable features. However, because 
filled breaks may still be seen with magnification, 
the improvement in apparent clarity is only about 
one gtade, and never more than two grades (table 1). 
In addition, some of the diamonds exhibited a drop 
in apparent color grade after treatment due to the 
inherent color of the filling material. 

The Koss filling procedure is also very effective 
in improving the faceup appearance of diamonds 
(again, see figure 2). Despite this, only two of five 
stones submitted directly to Koss in 1992 by GIA 
researchers for "before-and-after" comparison 
showed sufficient improvement to warrant a higher 
apparent clarity grade (again, see table 1). However, 
examination of all five stones by X-ray fluorescence 
spectroscopy revealed lead {Pb) but not bromine (Br} 
in the filler, unlike the Koss-treated stones obtained 
by third parties for characterization of diagnostic 
features and durability testing. Consequently, we 
do not believe that any of the stones GIA submitted 
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TABLE 1. Apparent color and clarity of sample round brilliant-cut 
diamonds before and after filling by Yehuda, Koss, or Goldman Oved,@ 


Sample Measurements Weight Belore After 
no. (mm) (ct) 
Color Clarity Color Crarity 
Yehuda> 
1 6.21-6.28 x 3.72 0.92 L Belowl, M 1; 
2 3.76-3.81 x 2.43 0.22 K lj K \, 
3 6.21-6.28 x 3.74 0.90 K \g L ly 
4 5.24-5.31 x 3.09 0.51 | SI, | VS, 
5 422-4 28 x 2.34 0.25 E I, F Sh, 
6 4.06-4.18 x 2.39 0.25 I l, J I, 
Kosse 
| 4.05-4.12 x 2.60 0.28 J iF J Sl, 
2 4.17-4,24 x 2.56 0.28 J l, J Sl, 
3 4,13-4.18 x 2.61 0.27 F lp F ly 
4 3.95-4.00 x 2.57 0.26 H I, HA |; 
5 409-4.14 x 2.37 0.24 M I; M l, 
Goldman Oved 
1 3,88-3.91 x 2.30 0.20 F ly F l, 
2 4.79-4.83 x 2.95 0.41 E {; E lL 
3 424-427 x 2.61 0.30 F I; E l, 
4 432-4 37 x 2.63 0.30 F lp F l, 
5 4.48-4.55 x 2.75 0.35 L lL L L, 
6 4.55-4.61 x 2.80 0.36 E I E I, 


@ Alf stones were graded independently at the GIA Gem Trade Laboratory (GIA GTL) for 
research purposes only. The GIA GTL does not offer this service for filled diamonds. 
Boldface type indicates where a grade had changed after filling. 

© Original material manufactured by Yehuda; these results are trom Koivula et al. (1989). ina 
later study of 34 Yehuda-filled diamonds (Koivula and Kammerling, 1990), four showed no 
change in color or clarily grade; 11 lost one grade in color without improving in Clarily 
grade; and one lost two grades in color without improving in clarity grade. Eight stones that 
improved by one clarity grade dropped by one color grade; and one dropped by two cofor 
grades. Nine stones (believed te be more representative of the current Yehuda production) 
improved in apparent clarily by one grade (eight stones) or by two grades (one stone) with- 
out changing their apparent color grades. 

eThese stones were apparently nol typical commercial products; see text. 


directly to Koss for filling treatment are the typical 
Koss product. 

Examination of the Goldman Oved-treated 
"before-and-after" samples demonstrated that this 
treatment is also very effective in reducing the eye- 
visibility of surface-reaching breaks. In all cases, the 
filling improved the apparent clarity by one or two 
grades (again, see figure 3). Furthermore, in no 
instance did we note a drop in the apparent color 
grade of the stones as a result of filling. The results 
of this phase of the investigation are also shown in 
table 1. 


MICROSCOPIC FEATURES OF 
FRACTURE-FILLED DIAMONDS 

In all stones examined during the current study, the 
fact that the diamond had been fracture filled could 
be determined by careful microscopic examination. 
The key features are described below. It is impor- 
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tant to note that not all of the features described 
will be found in every stone. However, at least one 
of the features was detected in each stone tested. 


Flash Effects. In the first Yehuda-treated stones we 
examined (Koivula et al., 1989], we noted a yellowish 
orange flash-effect color, in darkfield illumination, 
that changed to an "electric" blue when the stone 
was rocked so that the background became bright 
due to secondary reflection. During subsequent 
research, we observed a second pair of flash-effect 
colors in Yehuda-treated diamonds: a vivid pinkish 
purple seen in darkfield that became a bright yellow- 
ish green against a brightfield, secondary-reflection 
effect (Koivula and Kammerling, 1990}. 

In the most recent group of Yehuda stones 
examined, the colors noted in darkfield ranged from 
violet to purple to pink, with some filled breaks 
showing, for example, violet in one area and pink in 
another at a single angle of observation (figure 4). In 
brightfield, the flash-effect colors—again, often 
more than one from a single viewing angle—ranged 
from a vivid bluish green to greenish yellow (figure 
5). In both brightfield and darkfield, we observed a 
flash-color change in all or part of the filled break 
when we rocked the stone back and forth very 
slightly. The color flashes in these more recent 


Figure 4, Many of the recent Yehuda-treated dia- 
monds display more than one vivid flash-effect color 
at a single viewing angle. The niost predominant col- 
ors seen with darkfield illumination in recently treat- 
ed stones are pink, violet, and purple. Photomicro- 
graph by Shane F. McClure; magnified 28x. 
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Figure 5. Brightfield flash-effect colors in the newest 
generation of Yehuda-treated diamonds range from 
bluish green to greenish yellow. Photomicrograph 
by Shane F, McClure; magnified 28x, 


Yehuda-treated diamonds were equal to or greater 
in intensity than color flashes seen in the earliest 
Yehuda-treated stones. We also noted for the first 
time some flash effects associated with filled laser 
drill holes (figure 6). 


Figure 6. For the first time, and only in diamonds 
treated recently by the Yehuda process, the authors 
saw flash effects along laser drill holes. Note the 
subtle orange and blue flash colors here. Photo- 
micrograph by Shane F. McClure; magnified 40x. 
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Figure 7. Koss-filled diamonds may also exhibit 
multicolored flash effects at a single viewing angle. 
Here (in darkfield iumination) we see pink, pur- 
ple, and the less common desaturated slightly pink- 
ish orange. The flash colors in the Koss stones we 
examined were usually less vivid than those seen in 
the Yehuda products. Photomicrograph by Shane F. 
McClure; magnified 40x. 


We saw flash effects in all of the Koss-treated 
diamonds we examined. Most prevalent were a 
vivid pink and an equally saturated purple noted in 
darktield illumination. As with the newer Yehuda- 
treated stones, at some viewing angles we could 
often see both pink and purple flashes in different 
parts of a single filled break, less frequently, we also 
noted a less saturated, slightly pinkish orange flash 
(figure 7]. In a very few stones, we observed yellow 
and violet flash effects against dark backgrounds. In 
brightfield illumination, the most prevalent flash 
colors were bluish green and yellow (figure 8)— 
often at the same time in different portions of a 
filled break—although in some instances the color 
was a "pure" green. In general, the flash colors noted 
in Koss-treated stones were less intense than those 
seen in Yehuda-treated diamonds. However, in all 
cases—including stones as small as 0.02 ct—they 
could be detected using the standard gemological 
microscope's base-illumination (darkfield/bright- 
field} system. 

Flash effects were also noted in all of the 
Goldman Oved-treated diamonds. Predominant 
colors in darkfield illumination were violet, purple, 
and pink. Less frequently, we saw a blue and {rarely} 
a green flash effect. When only one color was noted 
in darkfield, it was violet. Typically, however, we 
saw two or more colors at one time, the most com- 
mon combination being violet and purple (figure 9). 
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Figure 8. Flash colors noted in Koss-filled diamonds 
with brightfield Uhimination were typically bluish 
green and yellow—similar in hue to those seen in the 
Yehuda stones, but less saturated. Photomicrograph 
by Shane F. McClure; magnified 40x. 


In brightfield illumination, we noted green, yellow, 
and, less frequently, bluish green. In some filled 
breaks, only one of the colors was seen; in others, 
more than one could be detected at a single angle of 
observation, similar in hue and saturation to those 
seen in the Koss-treated stones. In general, of the 
three products, the Goldman Oved-treated stones 
had the most subtle flash effects. Although stan- 
dard darlfield/brightfield illumination was suffi- 
cient to see flash effects in all of the loose Goldman 


Figure 9. The most common darkfield flash colors 
seen in Goldman Oved-treated diainonds were vio- 
let, purple, and pink. Photomicrograph by Shane F. 
McClure; magnified 31x. 


Oved-treated diamonds, we could detect this fea- 
ture only with intense fiber-optic illumination in 
some of the mounted stones (figure 10). 

In general, mounted stones may prove a great 
challenge to the gemologist trying to detect flash 
effects. Mountings limit both the directions in 
which the stone can be viewed and the amount of 
light that reaches internal features. Fiber-optic 
lighting, along with careful microscopic examina- 
tion, may be essential in these instances [figure 11; 
see also, "Techniques to Identify Fracture Filling" 


Figure 10. This mounted Goldman Oved-treated diamond showed no evidence of a flash effect in darkfield 
illumination (left). With oblique lighting from an intense fiber-optic light source, however, the flash effect 
becomes clearly visible (right). Photomicrographs by Shane F. McClure; magnified 40x, 
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below}. For more on the optics of the flash colors, 
please refer to box B. 


Flow Structure. A filled break may look as if a glassy 
substance has flowed into it, an appearance unlike 
anything seen in unfilled breaks. This feature was 
very subtle or absent in the most recent group of 
Yehuda-treated stones and in the Kogs-treated dia- 
monds. However, it was very subtle to fairly promi- 
nent in several of the Goldman Oved-treated dia- 
monds (figure 12}. Often, this feature can be detected 
only with intense fiber-optic illumination. 


Trapped Bubbles. Although these voids in the fill- 
ing substance (i.e., areas of incomplete filling} can 
be fairly large and noticeably flat, they are typically 
small and may occur in groups in an overall finger- 
print-like pattern. Such trapped bubbles have been 
noted in all "generations" of Yehuda-treated stones 
examined by the authors. 

In one stone in the most recent group of 
Yehuda-treated stones, we saw three-dimensional 
two-phase inclusions in an area of diamond inter- 
growth that was traversed by a filled fracture (figure 
13}. We believe these inclusions to be voids (such as 
negative crystals} that have been partially filled. 

We saw at least some gas bubbles in all of the 
Koss-treated diamonds, although often these were 
extremely small and were detected only with high 
magnification and supplemental lighting (figure 14). 
Some filled breaks contained larger, flattened bub- 
bles. In no instance did we see any of the complex, 


Figure 12. A fine, transparent flow structure was 
detected in several of the Goldman Oved-filled dia- 
monds examined for this study. Photomicrograph by 
Shane F. McClure; magnified 40x, 
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Figure 11, Only with a thorough examination under 
magnification, in conjunction with fiber-optic illu- 
mination, could we detect this flash effect in a filled 
fracture near the culet of a bezel-set Goldman 
Oved-treated diamond in the strip bracelet shown 
in figure 1. Photomicrograph by Shane PF. McClure; 
magnified 40x. 


Figure 13. These two-phase inclusions exhibiting mul- 
ticolored flash effects were seen in one of the Yehuda- 
treated diamonds. Note the appearance of opposing 
flash colors—such as blue and orange—at the same 
viewing angle. This may be due to angled crystal faces 
inside the partially filled internal void. Photo- 
micrograph by Shane F. McClure; magnified 40x. 
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BOX B: The Optics of the Flash Effect 


The first "flash effect" colors documented in Yehuda- 
filled diamonds were blue (when the background was 
bright) and orange (when the background was dark). 
Other flash effects were subsequently observed in 
products from this firm: yellow-green against a bright 
background and predominantly purple against a dark 
background (Koivula and Kammerling, 1990, 
Crowningshield, 1993). Other darkfield colors seen to 
date are: saturated pink, saturated purple, and less- 
saturated, slightly pinkish orange (Koss); and violet, 
purple, pink, “pure” blue, and green (Goldman Oved). 
Brightfield colors we have documented are: bluish 
green, yellow, and “pure” green (Koss), and green and 
yellow (Goldman Oved]. 

Initially, it was thought that the orange/blue 
flash colors were an interference effect, like the col- 
ors seen in natural iridescent fractures (Koivula et al., 
1989}, however, flash colors are more saturated and 
restricted in hue than interference colors, and the col- 


ors do not shift with polarization. Nelson (1993) stat- 
ed that, because of these differences, the flash color 
cannot be due to an interference mechanism. He sug- 
gested that the flash colors are instead due to the dif- 
ference in dispersion between diamond and the frac- 
ture-filling material. Dispersion occurs when refrac- 
tive indices differ for different wavelengths of light 
(see examples in figure B-1). Dispersion is mathemati- 
cally defined as the difference between R.I.’s for one 
substance (and one direction of light} between 486.1 
nm (in the blue-violet) and 656.3 nm (in the red; 
Bloss, 1961). The value of dispersion for diamond, for 
example, is 0.044, A dispersion curve represents the 
variation of R.J. with wavelength. 

In general, liquids and glasses have higher disper- 
sions than do solids with the same R.I. Dispersion 
can be used to determine accurately the R.I. of a solid 
(the method of "colored Becke lines"); this technique 
was developed by Christiansen (1884, 1885) and can 


Figure B-1. If a solid and liquid have the same R.1. at a wavelength in the violet region (left, top), only 
non-violet light is reflected (left, bottom), resulting in yellow darkfield flash colors; if they have the same 
R.I. in the red (right, top), non-red light is reflected (right, bottom), resulting in blue darkfield flash colors; 
if they have the same R.1. in the middle of the visible spectrum (center, top), darkfield flash colors are 
blue, or red, or purple, as other colors are not reflected (center, bottom). Figure adapted from Dodge, 1948, 


figure 2, p. 543. 
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be found in many textbooks on optical microscopy 
(see, e.g., Bloss, 1961). The darkfield color immersion 
method developed by Dodge (1948) is a variation on 
Christiansen's technique that provides another possi- 
ble explanation for fracture-filling colors. Consider a 
colorless solid surrounded by a liquid with higher dis- 
persion, but a similar refractive index (measured at 
the sodium D line, 589.3 nm). According to Dodge, 
differential refraction of light crossing liquid-solid 
interfaces produces spectral colors in brightfield illu- 
mination, and more intense "subtractive" colors in 
darkfield illumination. (That is, the spectrum of a 
darkfield color should equal the spectrum of the light 
source minus the spectrum of the brightfield flash.] 
Examples of pairs of dispersion curves and darkfield- 
color (subtractive) spectra are illustrated in figure B-1 
for three cases: when the R.Ls for the stone {"solid"} 
and filler ("liquid") match in the violet region of the 
spectrum (yellow darlkfield flash color); in the yellow 
region (red, blue, or purple darkfield flash colors}; and 
in the red region (blue darkfield flash color}. Dodge 
comments that this mechanism also works when the 
dispersion of the liquid is less than that of the solid; 
that is, a fracture filling with a dispersion greater 
than that of diamond is not necessary. 

The wavelength at which R.I.'s match for a solid 
and a liquid appears to be preferentially transmitted. 
Thus, Nelson {1993} found that the filling material 
for Yehuda-filled diamonds (with yellow-green 
brightfield/purple darkfield flash colors) has the same 
RL. as diamond (2.421) at 560 nm (yellowish green}. 
Also, according to Dodge, the greater the difference 
in dispersion between a liquid and a solid, the 
brighter the colors appear. Given that the Yehuda 
flash colors are the brightest and the Goldman Oved 
flash colors are in general the least obvious, the abso- 
lute difference between dispersions of filler and dia- 
mond is probably lowest for Goldman Oved, interme- 
diate for Koss, and highest for (new) Yehuda. 

Also, if darkfield colors are "subtractive" in 
nature, then as the color of the light source changes, 
the darkfield flash colors should change in the same 
direction. To test this, we handed a fracture-filled 
(Yehuda) diamond with eye-visible flash color to an 
experienced diamond color grader, who found that 
the flash color shifts from purple to violet (that is, 
from more red to more blue} as the illuminant color 
temperature changes from 3000 to 6500K (from light 
richer in radiation in the red region of the spectrum 
to light richer in blue and UV radiation). 

In summary, according to this model, brightfield 
colors are restricted to spectral hues (i.e., red, orange, 
yellow. . . violet) and darkfield colors are the result of 
subtracting these hues from the color of the light 
source. 
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Figure 14. Many of the gas bubbles seen in Koss- 
treated diamonds are so small they look like pin- 
points and can be detected only with fiber-optic 
illumination, Photomicrograph by Shane F. 
McClure; magnified 40x. 


fingerprint-like patterns of bubbles noted in some of 
the earlier Yehuda-treated stones (Koivula et al., 
1989). 

We also saw bubbles in virtually all of the 
Goldman Oved-filled diamonds. In some instances, 
they were very few and extremely small, appearing 
essentially as bright, pinpoint inclusions. In other 
instances, they were relatively large and easily 
resolved as gas bubbles at fairly low magnification 
(figure 15). 


Figure 15. Some of the Goldman Oved-treated 
diamonds displayed relatively large gas bubbles 
in their fillings. Photomicrograph by Shane F. 
McClure; magnified 33x. 
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Figure 16, Areas of incomplete filling at the surface, 
which usually resembled fine white scratches, 
were present in most of the filled stones (here, by 
Goldman Oved) examined for this study. Photo- 
micrograph by Shane F. McClure; magnified 38x. 


Figure 17. A crackled texture was noted in some of 
the thicker areas of filling in Yehuda-treated dia- 
monds. Photomicrograph by Shane F. McClure; 
magnified 40x. 
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Figure 18. Extremely fine, nearly parallel whitish 
lines—possibly minute fractures within the filling 
material—were visible in some of the Koss-filled 
diamonds with fiber-optic illumination. Photo- 
micrograph by Shane F. McClure; magnified 40x. 


Incomplete Filling at Surface. In most of the 
Yehuda-filled breaks, we also noted extremely shal- 
low areas of incomplete filling at the surface of the 
stone. In many instances, these had the appearance 
in darkfield illumination of fine white scratches. 
This feature may be the result of removal of a very 
small amount of the filler during a cleaning step 
performed by the manufacturer after treatment. 
Similar features were noted in virtually all of the 
Goldman Oved-treated diamonds we examined 
(figure 16). They were seen least frequently in the 
Koss stones, along the surface entry points of many 
of the filled fractures. 


Crackled Texture. We detected cracks in the filling 
material, often with a web-like texture, in the 
thickest filled fractures of the more recent Yehuda- 
treated stones (figure 17], just as we had for previous 
Yehuda products. We also noted crackled areas in 
filler within laser drill holes. 

We did not detect crackled texturing in any of 
the Koss-filled stones. However, this feature has 
been seen only in relatively thick filled areas, and 
the Koss firm reports that diamonds with wide 
breaks are unsuitable for filling treatment (D. 
Shechter, pers. comm., 1994). What we did note in 
some Koss-filled breaks were extremely fine, nearly 
parallel whitish lines that may be minute fractures 
within the filler (figure 18). This feature, however, 
was very subtle and only seen with intense fiber- 
optic illumination. We did not detect a crackled 
texture in any of the Goldman Oved-filled frac- 
tures, although we did see some crackling in the 
substance partially filling a surface cavity. 


Apparent Color of Filler. In relatively thick areas of 
the first Yehuda-treated diamonds we examined 
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Figure 19. Relatively thick areas of filling in 
Yehuda-treated diamonds showed a distinct yel- 
low color. Photomicrograph by Shane F. McClure; 
magnified 40x. 


(Koivula et al., 1989}, the filler appeared light brown 


to brownish yellow or orangy yellow. Such color 


was not apparent in filled stones we examined later, 
and we speculated that the effect may have been 
reduced or eliminated by the manufacturer (Koivula 
and Kammerling, 1990). However, in the most 
recently examined Yehuda-treated stones, the yel- 


Figure 20. Some Yehuda-treated diamonds exhibit- 
ed whitish material near the site where the filler 
entered the breaks. This material may be filler 
residue. Photomicrograph by Shane F. McClure; 
magnified 40x. 
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Figure 21, Cloudy areas within the filler were a 

common feature in Goldman Oved-treated dia- 
monds. Photomicrograph by Shane F. McClure; 
magnified 40x. 


low body color of the filler was quite noticeable in 
thicker filled fractures, cavities (figure 19), and laser 
drill holes. 

We did not see any indication of inherent filler 
color in any of the Koss-treated diamonds 
(although there was a drop in apparent color grade 
of the diamonds described in box A} or the 
Goldman Oved-treated stones. For more on filler 
color, refer to box C, 


Cloudy Surface Markings. A few of the Yehuda- 
treated stones examined in 1990 had cloudy, circu- 
lar, surface markings that we had attributed to 
residue from the treatment process (see Koivula and 
Kammerling, 1990}. In the most recent group of 
Yehuda-filled stones, we detected what appeared to 
be filling residue around the entry points of some 
filled breaks (figure 20). None of these surface indi- 
cations of treatment were noted in any of the Koss- 
or Goldman Oved-treated diamonds. 


Cloudy Filled Areas, In the most recent group of 
Yehuda-treated diamonds, we noted one feature not 
previously encountered in this firm's products: 
areas of reduced transparency ("white clouds") in a 
few of the filled breaks. Possible causes include 
groups of extremely small gas bubbles (the same 
mechanism that reduces the transparency of some 
amber}, partial devitrification of the filling material, 
or a change in oxidation state of one or more of the 
filler's constituents. 

Less commonly, we noted some cloudy areas in 
the filling material of Koss diamonds, typically near 
the surface entry points but also deeper in the 
breaks. Such "white clouds" were seen in at least 
one filled break in almost all of the Goldman 
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Figure 22. This X-radiograph of a fracture-filled 
diamond illustrates the extremes of filler visibili- 
ty by this testing technique. Obvious white areas 
are evident on the perimeter of the stone, while 
the L-shaped filled break in the center is barely 
discernible. X-radiograph by Karin Hurwit. 


Oved-treated diamonds we examined (figure 21). In 
many Goldman Oved-treated stones, we saw this 
feature before we detected a flash effect. 

To summarize, with magnification and various 
lighting conditions, we detected flash effects in all 
of the sample treated diamonds. Other features 
associated with the presence of a filler in breaks 
include flow structures, trapped bubbles, a crackled 
texture, cloudy areas, and a white or cloudy appear- 
ance at the surface of the fracture. 


X-RADIOGRAPHY 

Although this technique is not directly available to 
most gemologists, X-radiography is particularly use- 
ful when the microscopic features in a filled dia- 
mond are somewhat ambiguous. It also helps docu- 
ment the extent of treatment where the filling 
material has been damaged, as in jewelry repair pro- 
cedures involving heat (see, e.g., Hargett, 1992}. In 
addition, it could prove to be a useful test in screen- 
ing parcels of diamonds. 

In most of the early Yehuda-treated diamonds, 
the filling material was more opaque to X-rays than 
was the host diamond and thus appeared as white 
areas on the X-radiograph (Koivula et al., 1989). 
Two of the three Yehuda stones tested for the cur- 
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rent study yielded clear evidence of filling—again, 
in the form of X-ray-opaque white areas—on the 
exposed X-ray film. "White" filling areas—some 
faint and others quite sharp—were seen on the X- 
rays of all three Koss-filled diamonds. One of the 
Goldman Oved-treated diamonds showed clear evi- 
dence of filling (figure 22), while indications in the 
other two stones were present but very faint. 

Several years of experience with this method 
have shown us that the orientation of the filled 
breaks relative to the X-ray film can significantly 
affect the outcome. Filled areas are most noticeable 
when the plane of the break is essentially perpen- 
dicular to the film, which results in the greatest 
absorption of the X-ray beam by the filling material. 
Also, breaks oriented essentially parallel to the 
film, thin breaks, or those that otherwise have rela- 
tively little filler, may not appear on the X-radio- 
graph. The limited sensitivity of the X-ray film is 
another factor. 

Note that there does not appear to be any corre- 
lation between the results of X-radiography and the 
strength of flash effects seen: A filled break that 
does not produce a distinct white area on the X-ray 
film may display a pronounced flash effect under 
magnification, while a thick area of filling that is 
clearly visible on the X-radiograph may display only 
a weak flash effect or none at all. 

Note, too, that artificial fillings are not the 
only substances found in diamonds that are opaque 
to X-rays. Some rarely encountered mineral inclu- 
sions, such as iron sulfides, also may appear white 
on an X-radiograph. Furthermore, iron sulfides may 
occur as thin-film inclusions that could closely 
resemble filled fractures on an X-radiograph. 
Therefore, the results of X-radiography can only be 
interpreted in conjunction with other, especially 
microscopic, evidence. 


CHEMICAL ANALYSIS 


Some introductory comments are necessary con- 
cerning the use of EDXRF spectroscopy in the 
chemical analysis of diamonds. Natural, untreated, 
near-colorless diamonds often contain small 
amounts of impurities such as iron, potassium, cal- 
cium, zinc, and copper (Field, 1979}, which are not 
discussed below. The following results focus exclu- 
sively on heavy elements, which typically are not 
found in untreated diamonds. More details on the 
chemistry and other properties of diamond filling 
materials can be found in box C. 

The Yehuda stones treated recently contain 
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both lead (Pb) and bismuth (Bi}, which is consistent 
with the chemistry of the Yehuda diamonds treated 
earlier (Koivula et al., 1989). The early Koss-treated 
stones revealed Pb as their only heavy element, 
although the commercially available Koss dia- 
monds revealed both Pb and bromine (Br). We found 
both Pb and Br in the Goldman Oved-treated dia- 
monds as well. (Note that the chemistry of the 
Goldman Oved-treated stones was similar to that 
of a filled diamond from the Chromagem firm that 
was also analyzed by the authors.} 


DURABILITY AND STABILITY 
OF THE FILLINGS 


Over the past five years, concerns have repeatedly 
been voiced in the trade as to the durability and sta- 
bility of filled diamonds. Treated diamonds with 
fillings that have been damaged by heat have been 
submitted to the GIA Gem Trade Laboratory for 
examination and damage reports (see, e.g., Hargett, 
1992; Crowningshield, 1992). We have also learned 
that, while ultrasonic cleaning for a brief period 
may not damage at least some fillings, extended 
exposure to this process (and, by inference, numer- 
ous cleanings of short duration) may cause some 
shattering of, or other damage to, the filler 
(Crowningshield, 1992; Wakefield, 1993}. Perhaps of 
greatest potential concern, independent research by 
Wakefield (1993} has shown that extended exposure 
to a short-wave ultraviolet lamp (and, by extension, 
to prolonged daylight exposure] can cause degrada- 
tion of some fillers. This, in turn, has provoked a 
highly charged exchange (Koss, 1993, 1994a-d, 
Wakefield, 1994a, c-e; Yehuda, 1993, 1994a,b; Even- 
Zohar, 1994b). 

For this study, we performed a series of durabil- 
ity and stability tests on diamonds filled by the 
Yehuda, Koss, and Goldman Oved firms. However, 
with the single exception noted below, only one 
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Figure 23. This 0.29-ct 
Koss-treated diamond had 
noticeable damage to the 
filler near the surface after 
steam cleaning for twenty 
minutes (before, left; after, 
right). Photomicrographs 
by Shane F. McClure. 


stone from the current production of each diamond 
treater was used for each test. Therefore, we feel 
that the results of our tests are representative, but 
not conclusive. In other words, we do not guarantee 
that stones from any diamond treater will be either 
impervious or susceptible to a given circumstance. 


Steam Cleaning. Twenty cumulative minutes of 
steam cleaning produced no noticeable change in 
the filler or the faceup appearance of the Yehuda- 
treated stone. The Koss-filled diamond showed 
some minor removal of filling material near the 
surface entry points after five minutes of steam 
cleaning. The damage continued throughout the 
testing procedure, with filling removed from areas 
deeper into the stone. Although relatively little 
material was removed, the damage did cause areas 
of the fractures at and just below the surface to 
become quite noticeable; at 10x magnification, they 
resembled deep scratches (figure 23}. 

The Goldman Oved-treated diamond, like 
many of the filled stones from this firm, had some 
areas of incomplete filling at the surface. After five 
minutes of steam exposure, there appeared to be an 
almost imperceptible change in the width of an 
unfilled area. After 10 minutes, however, there was 
a definite widening, with further widening noted at 
15 minutes. After 20 minutes of steam exposure, 
this unfilled area was significantly wider than it 
was at the beginning of the test, with the damage 
having spread across the entire length of the frac- 
ture (figure 24). 

It appears, then, that steam cleaning for even 
relatively brief cumulative time periods presents a 
potential durability problem. 


Ultrasonic Cleaning. No change in the filler was 
noted in the Yehuda-treated diamond at five or 30 
minutes. After 60 minutes total ultrasonic clean- 
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BOX C: More on the Fracture-Filling Process 


The substances used for filling diamond breaks are 
high-refractive-index glasses related to those commer- 
cially used for glass adhesives ("solder glasses", Nassau 
1994), far-infrared optic fibers (1994 Koss promotional 
brochure}, and other applications (Beck and Taylor, 
1958}. Such glasses contain large amounts of heavy 
elements. Solder glasses are commercially available 
through large glass-manufacturing companies such as 
Corning, Schott, and Pilkington, Glasses transmitting 
far in the infrared are generally not very stable physi- 
cally and are produced only in small quantities 
(Dumbaugh, 1984). To be used as filling materials, the 
glasses must have an RI. close to that of diamond in 
the visible range (i.¢., approximately 2.4}, be fairly liq- 
uid at relatively low temperatures (so that they can be 
easily introduced into the fractures}, must not crystal- 
lize (devitrify) easily, and must be relatively free of col- 
oration. Several of these considerations are discussed 
below, as they relate to diamond treatment. 


Chemical Composition. Solder glasses generally con- 
tain lead (Pb) and boron (B), sometimes with other ele- 
ments. Infrared-transmitting glasses are oxides contain- 
ing Pb and bismuth (Bi), as well as some additives to 
give the glass stability (Dumbaugh, 1984). Heavy ele- 
ments (Pb or Bi) were found in the earlier Yehuda filling 
material, as well as possibly chlorine (Cl) and B(Koivula 
et al., 1989). Since then, further study has indicated that 
Cl is present only on or near the surface of the Yehuda 
fracture-filling material, but not in the bulk filling mate- 
rial itself. More recent commercial fracture-filling pro- 
cesses appear to be using similar types of materials, 
although with some variations in chemistry. 

The following is a summary of the chemical ele- 
ments found to date in the diamond fracture-filling 
materials currently available: for Yehuda—Pb, Bi, B, 
O; for Koss—Pb, Br, probably contains Cl or O, may 
contain B; for Goldman Oved—Pb, Br, probably con- 


tains Cl or O, may contain B. EDXRF analysis demon- 
strated that there is less bromine in the Koss glass 
than in the Goldman Oved filling material. Since 
these two glasses have similar optical properties, there 
must be another element to compensate for the rela- 
tive lack of Br in the Koss glass, If it was a light ele- 
ment, especially at low concentration, it would not be 
detected by EDXRF, Candidates include oxygen or 
chlorine, or perhaps both. Boron is another likely 
glass-forming element that cannot be detected by 
EDXRE (Nassau, 1994}. 


High Refractive Index. Although we have been unable 
to measure the refractive index and dispersion of dia- 
mond fillings, the presence of flash-effect colors proves 
that, somewhere in the visible range, the R.I. of the 
filling glass matches that of diamond (2.435 at 486.1 
nm, 2.410 at 656.3 nm; Field, 1979, p. 650}. Pb and Bi 
in oxide glasses, as in those used for filling diamonds, 
are known to yield an R.I. that is considerably higher 
than those of normal commercial oxide glasses. 
Heavy-metal oxide glasses containing, among other 
things, PbO and Bi,O, are reported to show R.L's in 
the range of 2.2 to 2.6 [Dumbaugh, 1986). 


“Melting" Point and Temperature of Treatment. A 
glass has no melting point; it is already a liquid— 
albeit a very slow-flowing one—at room temperature. 
As it is heated, it reaches a temperature (the "softening 
temperature": K. Nassau, pers. comm., 1994} at which 
the glass begins to flow at a significant rate. The soft- 
ening temperature places a lower limit on the temper- 
ature at which the fracture-filling process can be per- 
formed. Using a heating stage on a microscope, and 
observing the behavior of the filling in a diamond, one 
can estimate this temperature for fracture-filling glass- 
es. Koss fillings show an approximate flow tempera- 
ture of 370°C, and we first observed damage in the fill- 


Figure C-1. Temperatures of treatment were estimated based on this comparison of the low-temperature 
ultraviolet-visible absorption spectra of two laboratory-irradiated green diamonds before (blue) and after 
(red) fracture filling: (left) a 0.84-ct round brilliant, and (right) a 0.76-ct round brilliant. 
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Figure C-2. A yellow mass is seen in the photo 
on the left, at the entrance of a filled fracture in 
a Yehuda-treated diamond {photomicrograph 
by John I. Koivula; magnified 20x). On the right, 
the same yellow mass is seen in a scanning elec- 
tron micrograph; it has the same contrast and 
chemical composition as the filling material 
(the bar indicates the scale). 


ing materials in a Koss-treated diamond in the temper- 
ature interval between 340° and 390°C (see the 
"Durability and Stability of the Fillings” section). 

An indirect way to obtain information regarding 
treatment temperature is to observe changes in labora- 
tory-irradiated green diamonds. Such diamonds are, in 
effect, annealed during the fracture-filling process; the 
behavior of various temperature-sensitive absorption 
features (such as GR] at 741 nm) provides information 
on the temperature regime the treated diamond has 
undergone (see, e.g., Collins et al., 1986). Two such 
stones were submitted to this experiment, one filled 
by Koss (a 0.84-ct round brilliant}, the other by 
Goldman Oved {a 0.76-ct round brilliant). The absorp- 
tion spectra of these two diamonds before and after 
treatment are compared in figure C-1. On the basis of 
the decrease in intensity of the GR1 absorption, the 
intensities of the H3 (503 nm) and 595-nm features, 
and the presence or absence of the H1b absorption 
(4935 cm! in the near-infrared}, the following approxi- 
mate temperatures of treatment can be estimated: 
600°C for the Koss process, and 500° to 550°C for the 
Goldman Oved process. 


Coloration of the Filling Material. Because the appar- 
ent color grade of some fracture-filled diamonds drops 
after filling, at least some of the filling materials may 
themselves be colored. For instance, observations with 
the microscope indicated a yellow-to-brown color in 
the filling material in early Yehuda-treated diamonds 
(Koivula et al., 1989). A yellow mass found at the out- 
crop of a filled fracture in a Yehuda-treated diamond is 
shown in figure C-2, left. Scanning electron 
microscopy (figure C-2, right} and energy-dispersive X- 
ray spectrometry (SEM-EDS) analysis established that 
the chemistry of the yellow material was identical to 
the filling material. Therefore, the Yehuda filler is 
strongly colored. In general, oxide glasses that are suit- 
able for fracture filling {i.e., with a high RJ. and a low 
softening temperature} contain large amounts of Pb or 
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Bi, and are known to be colored yellow (Dumbaugh, 
1978, 1986}. The optical spectra of two representative 
glasses (a commercial solder glass obtained from 
Schott, and a lead borate glass made by Pilkington) 
showed UV-cutoff edges shifted toward the visible, 
which cause yellow color. 

Optical absorption spectroscopy demonstrates 
that colored glass present in open fractures, even in 
small amounts, can decrease the apparent color grade 
of a diamond. Because the amount of glass present in a 
filled diamond is very small, we expect to see only 
subtle changes in the absorption spectrum of a filled 
diamond compared to its spectrum before filling. We 
were able to measure these changes in a Yehuda-treat- 
ed diamond cut into a slice that contained a large 
filled fracture almost parallel to the sides of the slice. 
Absorption spectra were recorded for both the filled 
and unfilled regions (figure C-3). A second experiment 
was carried out by creating a diamond-solder glass (10 
um}diamond "sandwich," with similar results. The 
filling material shifts the UV-cutoff by over 25 nm 
toward the longer wavelengths. The edge of this spec- 
tral feature extends into the visible range—up to 
approximately 450 nm—and therefore induces a weak 
absorption in the violet. This creates a pale yellow col- 
oration and explains why some diamonds may have a 
slightly lower apparent color grade {i.e., are slightly 
more yellow) after fracture filling. 


Infrared Absorption. Although solder glasses them- 
selves show broad, weak absorptions in the mid- 
infrared range, at 500, 700, 900, and 1220 (strongest} 
cm-!, in general there is too little filler present to be 
detected in nitrogen-bearing {i.e., most) diamonds, 
which also have absorptions in the mid-infrared. As 
we found previously (Koivula et al., 1989}, infrared 
spectroscopy is not a useful technique for routine test- 
ing of fracture-filled diamonds. 


Figure C-3, Ultraviolet-visible absorption spec- 
tra are shown for (a) a filled region and (b) an 
unfilled region of a laser-sawn and polished slice 
from a Yehuda-filled diamond. The absorption 
shifts (right) toward the visible, causing the yel- 
low color (see text). 
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ing, however, we noticed damage to the filler at the 
surface of one filled break—minute, but enough to 
make the fracture visible as a white line. After 90 
minutes, the damage was significantly more appar- 
ent: At the entry points of all surface-reaching frac- 
tures, the filler was easily seen as thin, bright lines 
resembling scratches (figure 25). These damaged 
areas appeared about the same after two hours and 
2/2 hours, with perhaps slightly more damage evi- 
dent after three hours. (Note that although we did 
not observe any changes in the Yehuda-filled stones 
tested with ultrasonic cleaning in our 1989 study, 
we ran that test for only 30 minutes.) 

Neither the Koss- nor the Goldman Oved- 
treated diamonds showed any removal of, or dam- 
age to, the filler after three hours of cumulative 
exposure to ultrasonic cleaning, although the fill- 
ing was removed (essentially, all at once) from a 
wide cavity on the surface of the Goldman Oved- 
treated stone. 


Direct Heating. Another durability concern with 


Figure 25. Extended ultra- 
sonic cleaning caused a 
loss of filler in this 0.34-ct 
Yehuda-filled diamond 
(before, left; after, right). 
This damage is seen at 
the surface entry points of 
the fractures as bright 
lines resembling scratch- 
es. Photomicrographs by 
Shane F. McClure. 
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Figure 24. Obvious dam- 
age to the filler was also 
seen in this 0.36-ct 
Goldman Oved-filled 
diamond after a pro- 
longed steam cleaning 
(before, left; after, right). 
Photomicrographs by 
Shane F. McClure. 


filled diamonds is how such treated stones will 
react when exposed to the high temperatures 
employed in various jewelry repair procedures. The 
retipping tests caused major damage to the filled 
fractures in all three stones. The Yehuda-treated 
diamond showed a significant loss of filling materi- 
al, with most of the remaining filler turning cloudy 
and containing many gas bubbles. The Koss- and 
Goldman Oved-treated (figure 26) diamonds lost 
even more filling material, although the remaining 
filler did not drop as much in transparency as it did 
in the Yehuda-treated stone. 

In all three stones, the second phase of retip- 
ping—of the other two prongs on each ring—caused 
additional damage to the remaining filler. 

In a separate test, furnace heating produced 
degradation in the fillings of all three sample stones 
at 390°C. In the Yehuda-treated stone, which was 
extensively fractured, the filling material became 
cloudy at that temperature, and the flash colors 
shifted and became less prominent (figure 27]. No 
other change was noted until 600°C, at which point 
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Figure 26. The vast major- 
ity of the filling material 
was removed from this 
mounted 0.19-ct 
Goldman Oved-treated 
diamond during the retip- 
ping of the prongs. Note 
the significant difference 
in appearance before (left) 
and after (right) the retip- 
ping procedure. Photo- 
micrographs by Shane F. 
McClure. 


we saw the first evidence of filler loss from the out- 455°C, The Goldman Oved stone showed migra- 
ermost edges of the fractures. In the Koss stone, we tion of the filler within the break into an apparently 
saw some loss of filler from the edges of the frac- cellular structure at 340°C, loss of filler from the 
tures after heating to 390°C (figure 28), with about edges of fractures at 390°C (figure 29}, and signifi- 
half the filler gone after 45 minutes at 420° to cant loss of filler at 455°C. 


Figure 27. After this 0.36-ct Yehuda-treated diamond was heated to 390°C, the filler began to degrade and a 
distinct change in the flash colors was observed. In darkfield illumination before heating (top left), a pink 
flash is evident; after heating to 390°C (top right), the filler is cloudier and the flash color has changed to blue. 
The same diamond in brightfield illumination before heating (bottom left) shows a green flash color; after 
heating to 390°C (bottom right), the filler appears darker and the flash color is yellow. Photomicrographs by 
Shane F. McClure; magnified 30x. 
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Figure 28. After heating to 390°C, this Koss-treated diamond showed a minor loss of filling material at the 
surface, apparent as a white line resembling a scratch (before heating, left; after, right). Photomicrographs by 
Shane F. McClure; magnified 33x. 


Indirect Heating. Careful resizing (as when the jew- 
eler is aware of the potential problems associated 
with fracture-filled diamonds] caused no visible 
damage to any of the three stones tested. Nor was 
any damage seen when resizing was performed 
with no special effort made to keep the diamonds 
from being heated. Note, however, that the results 
may differ depending on such factors as the 
karatage of the gold, thickness of the ring shank, 
and the length of time the filled areas are exposed 
to heat. 


Repolishing. Repolishing produced different degrees 
of damage to the filler in all three test stones. 
Although the Yehuda-treated diamond lost only a 
small amount of filler from the treated breaks with- 
in a few tenths of a millimeter from the surface, 


almost all of the remaining filler became cloudy 
and more small gas bubbles had formed (figure 30). 
Substantial amounts of the filling material were 
removed from the Koss-treated diamond, resulting 
in large unfilled areas near the surface and some 
minor clouding but many gas bubbles (producing a 
fingerprint-like pattern, as in figure 31} appearing 
throughout the remaining filler. The Goldman 
Oved-filled diamond showed damage similar to 
that of the Koss-treated stone. 


Laser Inscribing. Because of industry concerns 
about detection and disclosure, it has been suggest- 
ed that all such stones be laser-inscribed with ini- 
tials that disclose the treatment. One retailer 
(Blando, 1994} proposed "CL-E" (we assume for 
"clarity enhanced"}; Daniel Koss has reportedly 


Figure 29. A Goldman Oved-filled diamond showed extensive loss of filler after heating to 390°C. This dam- 
age was easily seen with a 10x loupe (before heating, left; after, right). Photomicrographs by Shane F. 
McClure; magnified 27x. 
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Figure 30. Repolishing the table facet of this 0.37-ct Yelhuda-treated diamond caused almost all of the filling 
material to become cloudy, the formation of new gas bubbles, and removal of some of the material near the 
surface (before repolishing, left; after, right}. Photomicrographs by Shane F. McClure. 


pledged to laser inscribe "F.F." (fracture filled?) on 
the girdles of his stones (Federman, 1994}. If such 
markings were supported broadly in the trade, a 
standard symbol (like a hallmark) might be adopted. 
Because the laser-inscription process generates high 
temperatures, however, this could pose its own 
durability problem. 

Therefore, the authors laser-inscribed the GIA 
logo and identifying letter(s} on the girdle of one 


Figure 31. Repolishing this 0.45-ct Koss-filled dia- 
mond removed substantial amounts of the filler, 
producing the fingerprint-like pattern seen here in 
the remaining filling material. Photomicrograph 
by Shane F. McClure; magnified 40x. 
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filled diamond from each of the three manufactur- 
ers. In each test, care was taken to inscribe an area 
of the girdle that was close to, but not intersected 
by, an entry point. Since many filled diamonds have 
more than one fracture that intersects the girdle, we 
chose a position approximately 45° from where the 
nearest fracture crossed the girdle. The diamonds 
were examined and photographed before and after 
laser inscription. We did not detect (with magnifica- 
tion} any deterioration in the filling in any of the 
stones. 

As with the other processes described here, 
however, the outcome may differ depending on the 
amount of the filling material or its proximity to 
the inscription. 


Daylight Equivalency Testing. To simulate extend- 
ed exposure to sunlight, the authors subjected filled 
diamonds to radiation in a solar simulator. No obvi- 
ous changes were noted in the Yehuda-, Koss-, or 
Goldman Oved-treated diamonds after 200 hours 
{equivalent to only 340 hours of exposure to sun- 
light; see next section for results relating to a longer 
daylight-equivalent exposure}. 


Exposure to Ultraviolet Radiation. As noted above, 
Wakefield (1993) has reported that exposure to a 
short-wave ultraviolet lamp—which she equated to 
a longer daylight equivalency—can cause degrada- 
tion of the filling material in Koss-treated dia- 
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Figure 32. Noticeable clouding of the filler in this large break in a 0.29-ct Koss-treated diamond was seen after 
100 hours of exposure to long-wave ultraviolet radiation (before exposure, left; after, right). Photomicrograph 
by Shane F. McClure; magnified 37x. 


monds. Some have questioned both the relevance of 
using a short-wave UV unit for the testing (some- 
thing to which she has responded—see Wakefield, 
1994e] and her correlation of the exposure to actual 
lighting conditions that might be encountered by 
filled stones (Koss, 1994d; Even-Zohar, 1994b]. 
Wakefield subsequently (1994e) suggested that the 
damage to the filler from a short-wave UV unit she 
had documented was caused by the low levels of 
long-and medium-wavelength UV radiation, 
because most diamonds do not transmit short- 
wave UV. 

Our testing with long-wave UV radiation 
showed no obvious changes to one Yehuda-treated 
diamond after 100 hours—and a second Yehuda- 
treated diamond after 200 hours—of exposure. 
However, we first noted minor discoloration of the 
filling material in one Koss-filled diamond after 60 
hours (equivalent to 1,000 hours of daylight), with 
discoloration becoming visible table up after 100 
hours, and further discoloration noted at 2.00 hours. 
A second Koss-treated stone showed discoloration 
and clouding of the filling (figure 32) after a single 
100-hour exposure. One Goldman Oved-filled 
stone showed no apparent change after 100 hours' 
exposure, but obvious discoloration and clouding 
after 200 hours (figure 33). A second Goldman 
Oved-treated diamond showed no damage after 100 
hours' exposure. 

The presence of Br in the Koss and Goldman 
Oved fillers may explain their discoloration and 
clouding when exposed to long-wave UV radia- 
tion. Many compounds containing halogens such 
as Br and iodine are known to decompose sponta- 
neously when exposed to strong sunlight (see, e.g., 
Turro 1978, pp. 568-569); an example well known 
to gemologists is the degradation of methylene 
iodide. 
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Low-Temperature Testing. Neither of the low-tem- 
perature tests had a noticeable effect on any of the 
three samples. 


GIA GEM TRADE LABORATORY 
POLICY ON GRADING FILLED DIAMONDS 


As stated by Koivula et al. (1989], the GIA Gem 
Trade Laboratory has an established policy of not 
issuing grading reports on diamonds determined to 
have been filled. This policy was adopted on the 
basis of two considerations: (1} the true—that is, 
untreated—color and clarity grades of such treated 
stones cannot be determined after filling (unless the 
filling material is completely removed); and (2) the 
treatment—like diamond coatings but unlike laser 
drilling—is not permanent. The implication of this 
second item is that, because of durability and stabil- 
ity concerns, even the apparent color and clarity 
grades of treated stones may change. 

With respect to color, initial research showed 
that at least some filling treatments may lower the 
apparent grade due to the inherent body color of the 
filling material (Koivula et al., 1989). More recent 
research (Wakefield, 1993}, and the results of this 
study, have indicated that some fillers may darken 
after exposure to ultraviolet radiation like that con- 
tained in sunlight. 

With respect to apparent clarity, it has been 
shown that the filling may be damaged by extended 
ultrasonic cleaning (Crowningshield, 1992; this 
study). As Wakefield {1993} pointed out, the cumu- 
lative effect of repeated ultrasonic cleanings could 
have a similar effect. Acid boiling (Rapaport, 1987}, 
repolishing (Crowningshield, 1992; this study}, and 
jewelry repair procedures involving heat above 
400°C (Koivula et al., 1989, Hargett, 1992; this 
study) may also adversely affect the filling material. 
All such damage makes the filled break more visi- 
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ble and, in general, lowers the apparent clarity 
grade. 

An additional grading consideration relates to 
diamonds that are so heavily included that they fall 
outside the GIA clarity grading scale. Essentially, 
such stones are below I, in clarity and for GIA GTL 
purposes are classified as "rejection grade." 
Diamonds in this category include those that have 
sO many inclusions or inclusions that are so large 
that the stone is no longer completely transparent. 
The GIA Gem Trade Laboratory does not issue 
grading reports on such low-clarity diamonds. Yet 
diamonds that fall in this "rejection grade" might be 
good candidates for fracture filling, and it would be 
inconsistent to grade filled stones that—in their 
unfilled state—would not be graded. 

Therefore, the GIA Gem Trade Laboratory con- 
tinues this policy of not grading fracture-filled dia- 
monds. Any filled diamond that is submitted for 
quality analysis is issued an identification report 
stating the identity of the stone (i.e., diamond) and 
noting that a clarity-enhancing foreign material has 
been artificially introduced into surface-reaching 
features, which precludes quality analysis. As dis- 
cussed earlier, this position has now gained formal 
support among diamond dealers. 


TECHNIQUES TO IDENTIFY 
FRACTURE FILLING 


At the time of our initial study, magnification with 
darkfield illumination was sufficient to detect frac- 
ture filling (Koivula et al., 1989}. This lighting 
method is the standard for diamond clarity grading 
as well as for locating and interpreting inclusions in 
gem identification. More recently, however, we 
have encountered filled diamonds for which dark- 
field illumination is insufficient to detect conclu- 
sively the diagnostic features of this treatment. 
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Figure 33. Obvious dis- 
coloration and clouding 
were seen in this filled 
break in a Goldman 
Oved-treated diamond 
after 200 hours’ exposure 
to long-wave UV radia- 
tion (before exposure, 
left; after, right). Photo- 
micrographs by Shane F. 
McClure; magnified 27x. 


Following is a review of supplemental methods that 
have proved useful, as well as some precautions to 
keep in mind when examining diamonds for evi- 
dence of fracture filling. 


Microscopic Techniques. Fiber-Optic Illumination. 
Through 1991, we saw distinctive flash effects in 
most fracture-filled diamonds we examined 
(Koivula et al., 1989; Koivula and Kammerling, 
1990; DelRe, 1991). Filled breaks that lacked the 
flash effect included some with relatively thick fill- 
ings and some that were very small (see the exam- 
ple of bearded girdles in Koivula et al., 1989). Since 
1991, GIA GTL gemologists have examined several 
fracture-filled diamonds in which the flash-effect 
colors were much less intense. We have found that, 
for such stones, the intense light from a pinpoint 
fiber-optic illuminator can make the flash effects 
significantly more noticeable, as well as reveal the 
extent of the filled breaks and any hairline fractures 
in the filling material (Kammerling and McClure, 
1993}. 

Flash effects are often first noticed as reflec- 
tions in facets around the stone (figure 34}, rather 
than directly from the break itself. These can be 
extremely helpful with mounted stones, where 
viewing angles are restricted. 

In some instances, flash effects can be detected 
in filled diamonds with intense fiber-optic illumi- 
nation without magnification. To perform this test, 
place the stone table down on the end of a vertically 
positioned fiber-optic light wand and then rotate 
the stone: This can reveal flash effects from filled 
breaks in the pavilion that are parallel or nearly par- 
allel to the girdle plane. However, even if a flash is 
seen using this test, the presence of filled breaks 
should be confirmed with examination under mag- 
nification. 


Gems & Gemology Fall 1994 169 


Figure 34. In this 0.32-ct Yehuda-treated diarnond, 
all of the flash effects visible are reflections of a sin- 
gle large filled break. The flash of the filled break 
itself is not seen at this viewing angle. Photo by 
Shane F. McClure. 


It is important to emphasize that failure to see 
a flash effect does not prove that the stone is 
untreated. Care must also be taken to make sure 
that dispersion or interference colors (figure 35} in 


Figure 35. This unfilled fracture 
displays natural iridescent colors 
ia broad range of hues. (Note 
also the small, white areas within 
the fracture, which could be con- | 
fused with the gas bubbles often 
seen in a filled break.} Photo- 
micrograph by Shane F. McClure; 
magnified 33x. 
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unfilled fractures are not mistaken for a flash effect. 
(See also "Thin-Film Iridescence" under "Pre- 
cautions," below.) 


Partially Polarized Light. With a single polarizing 
filter placed between the microscope's objective 
and the diamond, light transmitted through a stone 
may sometimes reveal the outline of the filled areas 
(Kammerling and McClure, 1993}. 


Shadowing Technique. In this lighting technique, 
an opaque, black, nonreflecting light shield is 
inserted gradually into the transmitted light path 
between the gemstone and the light source (see 
Koivula, 1982). It has proved useful to the authors 
in detecting flow structures within the filling mate- 
rial of some treated stones. Generally, partial clos- 
ing of the microscope's iris diaphragm is sufficient. 


Application of Water. To perform this test, hold the 
diamond in question in a stoneholder on the micro- 
scope's stage with the fracture entry point facing 
up. While examining the stone, run a small brush 
{like that sometimes used by gemologists when 
clarity grading diamonds} that has been dipped in 
water across the entry point. If the water enters and 
fills the break—noted as a temporary lowering of 
the fracture's relief—then it can be concluded that 
the break is probably not filled (figure 36}. Note, 
however, that failure of the water to enter the break 
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Figure 36. One method for determining whether a suspect fracture is filled is to see if water can be 
drawn into it. On the left is an unfilled fracture with natural iridescence. On the right is the same frac- 
ture after water was applied to its entry point at the diamond's surface; note the decrease in relief of the 
fracture, as well as the bubbles apparent in the water that was drawn into the break. With the micro- 
scope, one can actually see the bubbles move. Photomicrographs by Shane F. McClure; magnified 33x. 


Figure 37. The interference spectrum can be seen 
by looking at a quartz wedge between crossed 
polarizers. The dark-gray color occurs where the 
interference film is the thinnest; colors vary to yel- 
low, blue, red, yellow again, etc., and finally to 
repeated pinks and greens, as the film gets thicker. 
Compare this with the iridescent fracture in figure 
35. Photomicrograph by John I. Koivula. 
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does not prove that the break is filled, as some 
unfilled breaks with very narrow surface openings 
will not accept the water. 


Precautions. Thin-film Iridescence. As noted in 
Koivula et al. {1989}, unfilled fractures can act as 
thin films, displaying rainbow-like interference col- 
ors that might be mistaken for flash effects (again, 
see figure 35}. Like the flash effects in filled breaks, 
these iridescent effects can vary in the intensity of 
their colors; unlike flash effects, they should always 
show the same color sequence (figure 37; see also 
Fritsch and Rossman, 1988). The iridescence shown 
by unfilled breaks typically has a broad range of 
hues, although on occasion they may only display a 
few (figure 38). Flash effects often display a single 
color at most viewing angles, but some filled breaks 
can be positioned to show more than one color at a 
time. 

One reliable feature that can be used to make 
the distinction is the viewing angle. Iridescent col- 
ors in unfilled breaks are usually seen best at a 
viewing angle roughly perpendicular to the plane of 
the break (again, see figures 35 and 36, and Koivula, 
1980}, whereas flash effects in filled breaks are usu- 
ally detected when looking almost parallel (edge-on) 
to the break (figure 39]. Another important distinc- 
tion is the texture of the break: Unfilled breaks typ- 
ically have a "feathery" appearance (figure 40} that 
we have not seen to date in filled breaks. Unfilled 
breaks also have much higher relief, the primary 
purpose of the filling being to lower the relief. 

Another technique that may be helpful in sepa- 
rating iridescence from flash effects is illumination 
with polarized light. When a polarizer is placed 
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Figure 38. Occasionally, unfilled breaks exhibit 
tridescence in only one or two hues, Photomicro- 
graph by Shane F. McClure; magnified 33x. 


between the diamond and the observer, iridescent 
fracture colors will shift in position as the polarizer 
is rotated, flash colors, however, only turn darker 
and brighter, and they do not shift laterally with 
rotation of the polarizer. 


Natural Colored Staining. Occasionally we come 
across surface-reaching breaks in untreated dia- 
monds that contain an orangy brown staining of 
naturally occurring iron compounds (figure 41) 


which could be mistaken for an orange flash effect. 
The staining, however, should be visible through- 
out a broad range of viewing angles, whereas the 
similarly hued flash effect would typically be seen 
only within a very narrow range of viewing angles. 
In addition, a relatively thick staining may appear 
translucent to nearly opaque, whereas an orange 
flash effect would have no comparable reduction in 
apparent transparency. Also, a stained break should 
have higher relief than a filled break. 


"Indirect" Surface-Reaching Breaks. It would seem 
obvious that a break must reach the surface of a dia- 
mond for it to be filled, and in most of the filled 
stones we examined, the fractures had direct sur- 
face-entry points. It is possible, however, for a break 
that is entirely internal to be filled by first laser 
drilling one or more narrow channels to it from the 
surface (figure 42; see also, ¢.g., Crowningshield, 
1993}. A thorough microscopic examination for 
possible fracture filling should take this possibility 
into consideration. A laser drill hole that appears to 
"go nowhere"—that is, that does not end at a void 
caused by a vaporized inclusion—should be consid- 
ered especially suspect. 


Body-Color Masking. The body color of a diamond 
can affect the ease with which flash effects are seen. 
In our experience, flash effects are relatively dis- 
tinct when seen against the essentially colorless to 
very pale yellow body color of most diamonds; they 
may be even more obvious when the hue is com- 
plementary to the stone's body color, for example, a 
blue flash in a fancy yellow diamond. However, 
when the body color of a diamond and the flash 


Figure 39. When the filled feather in this diamond is viewed perpendicular to its length (left), it is only visi- 
ble at its entry point—as a white line on the surface of the crown—where it is not completely filled. Only 
after the stone is tilted so that the break is viewed nearly parallel to its length, can the flash colors be seen 
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(right). Photomicrographs by Shane F. McClure; magnified 40x. 
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effect are of the same or a similar hue, a "masking 
effect" may result. Thus far, we have noticed this 
masking effect primarily with orange flash effects 
that are obscured in stones with deep yellow to 
brown body colors (although, as noted, the comple- 
mentary flash effect should still be quite noticeable, 
see figure 43). A similar masking could be expected 
in pink stones with a purplish pink to purple flash 
effect. 


Potentially Dangerous Use of Laser Light. In late 
1993, a method for testing fracture-filled diamonds 
using a handheld laser pointer was suggested 
(Everhart, 1993a,e}. The procedure calls for examin- 
ing the stone in a darkened room, under low-power 
magnification, while illuminating it with the laser's 
intense red light. This will reportedly cause the 
entire area of a filled break to glow red, thereby 
clearly showing the extent of the filled area. 

We strongly advise against using this tech- 
nique. First, in experiments conducted by the 
authors using a 3.0-mw laser pointer, the results 
were ambiguous: Both filled and unfilled fractures 
reflected the laser light with no appreciable, consis- 
tent difference in their appearance. Second, laser 
pointing devices are labeled with clear warnings to 
avoid direct eye exposure. Diamond surfaces—and 
fractures within diamonds—are highly reflective, so 
the method could result in the intense laser light 
being reflected through the microscope's lenses and 
into the user's eyes. Because of this potential health 


Figure 41. Some untreated diamonds reveal an 
orange-brown staining in their fractures, which is 
actually a naturally occurring iron compound. Such 
staining should not be mistaken for a flash effect. 
Photomicrograph by John I. Koivula; magnified 35x. 
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Figure 40. The high relief and feathery appearance 
typical of many unfilled breaks have not been 
noted in any of the fracture-filled diamonds 
examined by the authors. Photomicrograph by 
Shane F. McClure; magnified 33x. 


hazard, as well as the ambiguous results, we recom- 
mend avoiding this method altogether. 


Inadequacy of Loupe. The last and perhaps most 
important precaution has to do with the type of 
magnifier used. As noted by Koivula et al. (1989), a 
10x loupe was adequate to detect diagnostic fea- 
tures of filling treatment in some of the earlier 
Yehuda-treated diamonds. We have since seen, 
however, that the identifying features can be very 
subtle, and other features, such as iridescent feath- 
ers, might be mistaken for filled fractures. Thus, 
evidence of fracture filling may be completely over- 
looked, or misidentified, if the stone is examined 
only with a low-power hand magnifier. Given this 
situation, it is the authors’ opinion that a 10x loupe 
cannot be relied on to detect characteristic features 
in all filled diamonds. Instead, a binocular gemo- 
logical microscope with a range of lighting options 
should be used. 


CONCLUSION 


The current investigation has confirmed that the 
fracture-filling processes of the three firms stud- 
ied—Yehuda, Koss, and Goldman Oved—can effec- 
tively improve the faceup appearance of some dia- 
monds. All three can improve the apparent clarity 
of a diamond by one or sometimes two grades. The 
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Figure 42. ‘The laser drill hole in this diamond 
appears to end abruptly within the stone at no 
obvious feature. In reality, it terminates at a 
totally internal feather that was filled through 
the laser drill hole. Note the few minute gas bub- 
bles in the filled break. Photomicrograph by 
Shane F. McClure; magnified 40x. 


Yehuda treatment was found to lower apparent 
color grades in some but not all stones (Koivula et 
al., 1989; Koivula and Kammerling, 1990}. In one 
group of Koss-treated diamonds (box A}, the treat- 
ment lowered the apparent color grade of some 
stones, but the Goldman Oved samples showed no 
such effect. 

Regardless of some of the claims made in the 
trade press, the fracture-filling treatments of all 
three firms can be detected using a binocular gemo- 
logical microscope. While standard darkfield/bright- 
field illumination is often adequate for detecting 
the treatment, in some instances—especially with 
mounted stones—fiber-optic and other i!lumination 
techniques may be required. The most consistently 
encountered diagnostic microscopic features noted 
in all three products were as follows: 


Flash effects 

¢ High-relief areas representing incomplete fill- 
ing (trapped bubbles in the filling and/or thin, 
unfilled areas at surface entry points} 

e Cloudy filled areas of reduced transparency 
that appear white 


Other features noted with magnification in the 
products of one or more firms include a crackled 
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texture or predominantly yellow color to the filler, 
as well as cloudy surface markings. Advanced labo- 
ratory tests that have proved useful in detecting the 
treatment are: X-radiography, which reveals the X- 
ray opacity of the filling material, as it typically 
contains one or more heavy elements; and EDXRF 
chemical analysis, which can detect trace amounts 
of heavy elements, especially lead (which was docu- 
mented in the fillers of all three firms). 

Although the suites of diagnostic features for 
filled stones from the three firms are not identical, 
there is significant overlap—both in the general 
types of features and in such specifics as the flash- 
effect colors. It also should be remembered that 
there are other firms that perform fracture filling of 
diamonds. It is reasonable to expect that their iden- 
tifying features overlap those of the stones treated 
by Yehuda, Koss, and Goldman Oved. Thus, we 
conclude that no individual gemological feature or 
suite of features will conclusively identify which 
firm treated a specific stone. 

The durability-testing phase of this study also 
provided useful information. In particular, pro- 
longed exposure—or numerous short exposures—to 
commonly employed cleaning methods may dam- 
age the filling substances. Although such damage 
might be minor—as in the removal of a minute 
amount of filler at surface entry points—it could 
reveal treatment that had previously been unno- 
ticed. For example, the appearance of a fine scratch 
on the surface where none had previously been 


Figure 43. The orange flash from this filled frac- 
ture is almost completely masked by the yellow 
body color of the diamond. A small area of the 
complementary blue flash (seen here as green, 
because of the yellow body color) is visible in the 
center of the illustration. Photomicrograph by 
John L. Koivula; magnified 30x. 
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observed would be an unfortunate way of "disclos- 
ing" fracture filling to a customer. Jewelry repair 
procedures involving direct exposure to heat [as in 
retipping prongs} will damage and partially remove 
the filler from such treated diamonds. On a more 
positive note, we found that jewelry repair proce- 
dures involving indirect heating {as in sizing a ring} 
might not damage the fillings. Because exposure to 
long-wave UV radiation is comparable to exposure 
to sunlight (since natural sunlight contains a signif- 
icant "UV-A" component}, even prolonged exposure 
to daylight might have a negative effect on the 
appearance of fracture-filled diamonds. As with 
optical characteristics, the results of our durability 
testing do not substantiate some of the claims 
made in the trade press. 

Because products from the various firms did 
not respond identically to all of the durability/sta- 
bility tests—and in light of the highly publicized 
exchanges in the trade press concerning some of 
these products—it would not be surprising if these 
data were selectively used to help "substantiate" 
one product's alleged superiority over another. In 
this regard, there are some important considera- 
tions. First, the various durability tests in this study 
were, with one exception, performed on only one 
filled diamond from each of the three manufactur- 
ers. Therefore, general conclusions cannot be 
drawn from the results of durability testing. For 
example, the fact that one test diamond was not 
damaged by prolonged ultrasonic cleaning should 
not be misinterpreted to mean that all diamonds 
treated by that firm will necessarily be immune 
from such damage. Another diamond with larger or 
more extensive filled breaks—or one subjected to 
even longer cumulative cleaning times—imight 
react differently. 

Furthermore, while there may be some differ- 
ences in the durability or stability of the products 
from the different firms, the "pedigree" of a filled 
diamond will probably not be known to the jeweler 
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COPPER AND TENORITE INCLUSIONS 
IN CUPRIAN-ELBAITE TOURMALINE 
FROM PARAIBA, BRAZIL 


By Franz Brandstatter and Gerhard Niedermayr 


Inclusions of native copper and tenorite (CuO) were found in grayish 
green elbaite from Sitio José da Batalha, Paraiba, Brazil. Native copper 
forms strongly dendritic platelets (about 100 wm long, 1 wm thick) ort- 
ented parallel to the c-axis of the host crystal in a trigonal arrangement. 
The much less abundant tenorite forms 20-30 pm platy grains. Electron 
microprobe analyses revealed that the tourmaline is cuprian elbaite 

(1 wt.% CuO), with significant contents of tron (2.7-3.1 wt.% FeO) 
and manganese (0.9-1.4 wt.% MnO). The CuO content of tourmaline 
around the native copper decreases toward these inclusions up to a factor 
of two. No such decrease in CuO was observed for the tenorite inclusions. 


In 1989, unusually intense blue and green tourma- 
lines appeared on the international market (figure 
1). They reportedly came from a locality called 
Mina da Batalha, close to the village of Sao José da 
Batalha, in Paraiba State, Brazil (see, e.g., Koivula 
and Kammerling, 1989}. Subsequent research 
revealed that the vivid yellowish green to blue- 
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green colors of these tourmalines are mainly due to 
their copper (Cu] content (Fritsch et al., 1990, 
Rossman et al., 1991). Although the Cu concentra- 
tion reported in these tourmalines (0.4-2.4 wt.% 
CuO} is among the highest ever analyzed in nomi- 
nally Cu-free silicates, no information was avail- 
able regarding the source of the Cu responsible for 
the unusual colors. 

In September 1992, Mr. F. Janousek, a mineral 
collector from Vienna, showed us several pieces of 
tourmaline that he had selected in Brazil a couple 
of months previously from a lot of more than 100 
similar-appearing tourmaline crystals and frag- 
ments. The miner from whom he purchased the 
material said that it came from Paraiba. All of the 
tourmalines contained numerous metallic yellow 
specks (similar to those seen on the table of the 
Paraiba tourmaline in figure 2). He gave us three 
representative pieces of this material and asked us 
to determine the nature of these unusual-appearing 
inclusions. 
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PREVIOUS WORK 


Bank et al. (1990) and Fritsch et al. (1990) provided 
brief comments on the regional geology and min- 
ing history of the Paraiba tourmalines, together 
with detailed reports about their mineralogical and 
gemological properties. Microprobe analyses 
proved the tourmalines to be elbaites, with MnO 
and CuO contents up to 3.0 and 2.4 wt.%, respec- 
tively. In these reports, no explanation was given 
for the source of the unusually high Cu content of 
these elbaites. Fritsch et al. (1990) mentioned typi- 
cal inclusions for gem tourmalines: three-phase, 
liquid {in veils or "fingerprint" patterns}, thin 
growth tubes parallel to the c-axis, and some dou- 
bly refractive crystals. Also mentioned and illus- 
trated were "numerous yellowish specks" that local 
miners had assumed to be gold (see figure 11 on p. 
197 of that article}. X-ray fluorescence analyses 
cited by the authors revealed the presence of Mn, 
Fe, Cu, Zn, and Bi, as well as some S; this implies 
that these metallic inclusions could be composed 
of a sulfide with a certain Fe content. In a short 
item in the Fall 1992, issue of Gems @ Gemology, 
Koivula et al. reported the appearance of such 
inclusions near the surface of a cut Paraiba tourma- 
line and suggested that they might be the product 
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Figure 1. The striking 
blues and greens of 
these elbaite tourma- 
lines from Paraiba, 
Brazil, are caused by 
the presence of copper 
in their structure. 
Stones (largest, upper 
right, is 26.63 ct) cour- 
tesy of Michael Scott; 
photo © Harold & 
Erica Van Pelt. 


of epigenetic exsolution. They pointed to the fact 
that "microchemical testing with nitric acid, done 
on a crystal with exposed inclusions, indicated the 
presence of copper." Brandstatter and Niedermayr 
{1993} proved these inclusions to be native copper. 

Henn and Bank (1990), Fritsch et al. {1990}, and 
Rossman et al. {1991} investigated the origin of 
color in the cuprian elbaites. According to their 
findings, the incorporation of Cu? into the tourma- 
line structure is the main cause for the exceptional 
hues. Some modification of the elbaite colors to 
violet-blue and violet hues is ascribed to increasing 
absorption from Mn*>. 


MATERIALS AND METHODS 


All analytic results mentioned here were obtained 
from Mr. Janousek's three tourmaline specimens, 
which he said were representative of the tourma- 
line lot he had seen in Brazil. All of the samples 
were grayish green: a 1-cm-long crystal fragment 
weighing 0.7 ct, a 0.9-ct cabochon, and a 1-cm-long 
terminated crystal that weighed 10 ct. The crystal 
showed the striated prism faces typical of tourma- 
line and the pyramid {1011} only. At the irregular 
base of this crystal, white platy albite was inter- 
grown with the gem host. 
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Figure 2. On this 2.41-ct faceted Paraiba tour- 
maline, the yellow platelets are seen near the 
surface, running across the table facet. Photo 
by Maha DeMaggio. 


As a first step, the flattened crystal fragment 
was cut parallel to the c-axis and polished on one 
side. As a second step, the same crystal was cut 
perpendicular to the c-axis and a polished thin sec- 
tion was made. 

Specific gravity was determined on all three 
specimens by the hydrostatic method; optical prop- 
erties, using a standard gemological refractometer; 
and pleochroism, with a calcite dichroscope. 
Chemical composition was determined on two of 
these specimens (the cut crystal fragment and the 
cabochon}. Qualitative chemical analysis and 
investigation of morphology and orientation of the 
inclusions on the polished tourmaline surface (cut 
parallel to the c-axis] were carried out on a JEOL 
JSM-6400 scanning electron microscope equipped 
with a KEVEX energy-dispersive system (SEM- 
EDS}. Then five randomly located spots were 
selected on both specimens for quantitative chemi- 
cal analysis with an ARL-SEMQ electron micro- 
probe. To reduce sample decomposition, we ana- 
lyzed the spots with a defocused beam (area 100 
pm?) at 15kV, 20nA. The analyses were corrected 


by standard procedures using natural and synthetic 
standards. 
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Figure 3. With magnification, numerous specks 
of a yellow metallic mineral were evident in 
the Paratba tourmalines examined. Photo by 
Gerhard Niedermayr; field of view, 1.5 cm. 


RESULTS 


Optical Properties. The gemological properties 
(refractive indices, birefringence, and specific gravi- 
ty] of these three samples are consistent with those 
reported by Fritsch et al. (1990) for two—one yel- 
lowish green, the other greenish gray—Paraiba tour- 
malines of similar color. All three samples were 
grayish green color and with typical pleochroism 
(e = yellowish green, w = grayish green). Refractive 
indices were measured as follows: € = 1.622-1.624, 
w = 1.642-1.644, with a birefringence of 0.020; uni- 
axial negative. Specific gravity was 2.99. 


Inclusions. When examined with magnification, 
all three specimens exhibited the standard suite of 
fluid, three-phase, and crystalline (e.g., tourmaline} 
inclusions typical for elbaite tourmalines. In addi- 
tion, however, we noted platelets of a yellow mate- 
rial with a metallic luster (figure 3). In transmitted 
light, the yellow metallic inclusions turned out to 
be numerous minute, strongly skeletal, branching 
platelets on the average 100 ym long and only | 
pm thick (figure 4). They were reminiscent of the 
typical branching growth characteristic of native 
copper. With the microscope and reflected light (at 
a magnification of about 120x}, we observed a few 
irregularly scattered grains that had a different 
reflectance behavior in the polished tourmaline 
sample that was cut parallel and perpendicular to 
the c-axis. 


Chemical Analyses. As can be seen from table 1, 
there are some differences in the contents of CuO 
(1.01 and 1.02 wt.%} and FeO (2.71 and 3.10 wt.%} 
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Figure 4. At higher magnification, the “gold"- 
colored specks reveal a dendritic form that is 
typical for native copper. Photo by Gerhard 
Niedermayr; field of view, 600 jum. 


in the two specimens we analyzed as compared to 
the two specimens of similar color for which 
microprobe analyses were reported by Fritsch et al. 
(1990). Although the CuO content of our samples 
is within the total range (0.37-2.38 wt.%} for 
Paraiba elbaites of different colors given in that 
article, the FeO content is significantly higher 
{maximum FeO of 0.34 wt.%). 

SEM analysis of the dendritic platelets proved 
that they are indeed native copper. The SEM inves- 
tigations of one specimen revealed that the 
platelets are oriented parallel to the c-axis of the 
tourmaline (figure 5}. In the thin section cut per- 
pendicular to the c-axis, the arrangement of the 
copper platelets revealed the trigonal symmetry of 
tourmaline (figure 6). In addition, we subsequently 
identified (by SEM-EDS, confirmed by microprobe} 
the grains seen at high magnification as tenorite 
(CuO}. As seen on the scanning electron micro- 
graph, the tenorite grains (figure 7) commonly form 
subhedral platy crystals measuring 20-30 um. In 
contrast to the copper platelets, the tenorite inclu- 
sions apparently do not show an oriented inter- 
growth with the host crystal. 

Electron microprobe traverses perpendicular to 
the copper platelets and to the c-axis of the host 
tourmaline (figure 8) indicated that the CuO con- 
tent of the tourmaline examined decreases—from 
1.2 wt.% (maximum] to about 0.6 wt.% (mini- 
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Figure 5. Note in this backscattered electron 
image of native copper (white) in cuprian 
elbaite (gray} from Paratba that the copper 
inclusions are oriented parallel to the c-axis of 
the tourmaline. "Dashed lamellae” indicate the 
dendritic morphology of these platelets. 


mum content}—in the direction toward the inclu- 
sions. We did not observe a corresponding variation 
in the CuO content of the tourmaline around 
tenorite inclusions. 


TABLE 1. Electron microprobe analyses (in wt.%) of four 
elbaite tourmalines from Paraiba, Brazil. 


Sample No.» 

Oxide la ib 2 ) 
SiOz 36.6 36.8 37.27 37.29 
TiOe 0.17 0.44 0.10 0.07 
BeOs n.d, n.d. 10.94 40.94 
AleOs 40.2 38.2 39.04 38.73 
CreOs < 0.02 < 0.02 < 0.02 < 0.02 
FeO 2.71 3.10 0.22 0.12 

nO 4.42 0.92 1.47 2.99 
CuO 1.01 1.02 0.37 0.49 

gO 0.49 0.52 0.54 0.30 
CaO 0.25 0.34 0.46 0.45 
LizO n.d. n.d. 1.62 1.62 
NazO 2.22 2.29 2.20 2.36 
K20 0.03 0.04 0.03 0.02 

20 n.d. n.d. 3.13 3.13 


4 For description of equipment and analytical technique, see the “Matenals 
and iMethods” section. 

> Samples 1a and 1b are the average of five single analyses on two of the 
grayish green tourmalines examined for this article. Sample 2 is a yellow- 
ish green elbaite (GIA no. R50) and sample 3 is a greenish gray elbaite 
(GIA no, R378), as reported in Fritsch et al. (1990). Total Fe and Mn are 
given as FeO and iVinO, respectively. Li,O, BxO3, and H,O were not 
determined (n.d.) for samples 1a and 1b, and were caiculated on an 
assumed stoichiometry for samples 2 and 3. 
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DISCUSSION AND CONCLUSION 


The existence of inclusions of native copper and 
tenorite, together with the determination of a high 
Cu content, in some Paraiba tourmalines indicates 
that these elbaites formed under unusual condi- 
tions for a granitic pegmatite environment. 

Because to date there have been no compre- 
hensive reports on the local geology, one can only 
speculate about the origin of the Cu enrichment. 
For example, pegmatitic fluids could have been 
enriched in Cu as a result of the interaction with 
pre-existing Cu-bearing mineralization or by the 
accumulation of Cu in an earlier magmatic stage of 
the pegmatite's evolution. Typically, however, 
granitic rocks have very little Cu, and Cu is not 
known generally to accumulate in pegmatitic 
melts (see, e.g., Wedepohl, 1974). 

Irrespective of the process that caused the Cu 
enrichment, from our observations it seems most 
likely that the native copper (and tenorite?) inclu- 
sions were formed in an early stage of cooling after 
crystallization of the tourmalines had begun. The 
assumption of syngenetic precipitation of native 
copper during growth of these tourmalines does 
not agree with the observation of unoriented, scat- 
tered copper platelets in triangular arrangement 
(again, see figure 6). It is also possible, however, to 
interpret the tenorite inclusions as remnants of 
pre-existing Cu mineralization. This hypothesis is 
supported by our findings that—in contrast to the 


Figure 6. In this thin section of Paraiba tourma- 
line cut perpendicular to the c-axis, the arrange- 
ment of copper inclusions clearly reveals the 
trigonal symmetry of the host crystal. Photo by 
Gerhard Niedermayy; field of view, 600 jum. 
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Figure 7. Subhedral tenorite (light gray) can be 
seen in this backscattered electron image of 
cuprian elbaite (dark gray} from Paraiba, Brazil. 


chemical changes observed in conjunction with 
the inclusions of native copper—there was no sys- 
tematic change in the CuO content of the host 
tourmaline in relation to the tenorite inclusions. 
However, we cannot exclude with certainty the 
possibility that because of the small size of the 
tenorite inclusions, any chemical change around 
them is below the detection limit of the micro- 
probe. 

The trigonal arrangement of the copper 
platelets indicates exsolution from the cuprian 
tourmaline. This had been suggested earlier by 
Koivula et al. {1992}, who interpreted these inclu- 
sions as epigenetic exsolution, but did not explicit- 
ly state that they might actually be copper 
platelets. Similar types of growth features have 
been observed in ruby and sapphire: rutile needles 
and silk, formed by exsolution, that exhibit an epi- 
taxial relationship to the host corundum. Guiibelin 
and Koivula {1986} described diskettes of copper 
formed by solid-solution exsolution in labradorite 
feldspar ("sunstone"} from Oregon. A more exten- 
sive investigation of this interesting material has 
since been made by Johnston et al. (1991). 

In a compilation of native-element inclusions 
in minerals, Koivula (1991) mentioned copper 
inclusions in analcime, apophyllite, datolite, 
labradorite, natrolite, orthoclase, prehnite, quartz, 
calcite, and gypsum. To our knowledge, none of 
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position of 
Cu inclusion 


Distance 


Figure 8. From this plot of CuO content tn a Paratba 
tourmaline (two electron microprobe traverses) as it 
relates to distance from native copper inclusions, it is 
evident that the CuO content of the host tourmaline 
decreases as the beam gets closer to the inclusions. 
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CERAMIC Statue 


Occasionally, carvings or statues 
come into the lab that we suspect are 
created from manufactured materi- 
als, but the difficulty may come in 
trying to prove this. A case in point 
occurred last May, when the West 
Coast lab was asked to identify an 
opaque, artistically stained "carving" 
of a seated man with a dragon (figure 
1}. Several clues led us to suspect 
that it was fashioned from a material 
that was not of natural origin. 

For example, the "carving" had a 
half-inch (approximately 1 cm} hole 
in its base. This would serve no obvi- 
ous purpose in a rock carving, but it 
would enable gases to escape from a 
ceramic during firing. Also, certain 
scratches on the statue showed paral- 
lel striations that were difficult to 
explain unless they had occurred 
while the material was still soft (i-e., 
before firing], The object was cracked 
in several places, and some of the 
cracks were filled with a material 
that burned when touched with the 
thermal reaction tester (hot point}. 
The dragon's snout had been replaced 
with what appeared to be the same 
filling material. The balance of the 
cracks were empty. None showed 
any of the vein-filling minerals {e.g., 
quartz, calcite} that might be expect- 
ed in a rock. 

To confirm our suspicions, we 
took a minute amount of powder 
from two spots on the statue's sur- 
face for X-ray diffraction analysis. 
Long exposures to the X-ray beam 
produced patterns that contained 15 
faint lines. These were subsequently 
identified as matching lines in the 
patterns of mullite {Al,Si,O)3}, 
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Figure 1. This 40-mm-high "carving" 
proved to be a ceramic product. 


kalsilite (KAISiO,), and possibly 
gehlenite (Ca,Al,SiO;). We believe 
the patterns were faint because most 
of the material had become amor- 
phous after firing, with only a small 
amount of mullite and kalsilite 
formed. Energy-dispersive X-ray fluo- 
rescence spectroscopy (EDXRF} 
detected Al, Si, Ca, K, and a trace of 
Fe, which was in agreement with 
these identifications. 

Mullite, kalsilite, and gehlenite 
are rare minerals that occur in 
unusual geologic environments. In 
particular, mullite occurs only in 
metamorphic rocks, and kalsilite 
occurs only in alkali basalts; they do 
not occur together. However, all 
three minerals are known to occur in 
ceramics; in fact, mullite was origi- 
nally discovered in firebricks and 
porcelains. Thus, the unusual mix of 
minerals conclusively proved that 
this statue was a fired, but unglazed 
ceramic. 

ML], Dino De Ghionno, and 
Patricia Maddison 
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Large "Knot" in 
CITRINE 


As gemologists, we usually think of 
inclusions as minute internal fea- 
tures seen only with magnification. 
For most gem materials, the presence 
of eye-visible inclusions is consid- 
ered to detract from the value. In 
other instances, however, eye-visible 
inclusions are desirable and are even 
included in the gemstone's name. 
Examples of the latter include acicu- 
lar rutile crystals in rutilated quartz, 
tourmaline needles in tourmalinated 
quartz, and dendritic manganese 
oxide precipitates in dendritic and 
moss agates. Still a third category, 
however, is the presence of an 
unusual eye-visible inclusion in an 
otherwise transparent gem material 
that gives that gem a distinctive 
appearance. 

The West Coast lab received for 
identification a sizable (229.09 ct, 
measuring 40.40 x 28.31 «x 21.60 
mm] faceted stone that appeared to 
have been cut specifically to display 
a large included crystal in the center 
of its table [figure 2), with the inclu- 
sion's well-formed first-order prism 
termination pointing toward the 
pavilion. Using standard gem-testing 
techniques, we identified the trans- 
parent, light brownish yellow, modi- 
fied rectangular step cut as natural 
citrine quartz. 

Using similar testing methods, 
we determined that the large inclu- 


Editor's note. The initials at the end of each item iden- 
lify the contributing editor who provided that item. 


Gems & Gemology, Vol. 30, No. 3, pp. 184-190 


© 1994 Gemological Institute of America 


Gems & Gemology Fall 1994 


Figure 2, This 229.09-ct citrine was 
apparently cut to prominently dis- 
play a large quartz inclusion. 


sion was also quartz. Polariscope 
testing showed that the crystallo- 
graphic orientation of the inclusion 
was different from that of the host. 
With diamonds, the term knot is 
used to describe an included dia- 
mond crystal that is oriented differ- 
ently from the host diamond. By this 
definition, the inclusion in this cit- 
rine could be thought of as a quartz 
"knot." RCK and KH 


DIAMOND 


Americium-Treated 
Green Diamond 
A 0.43-ct yellowish green, Old 
European-cut diamond submitted to 
the East Coast laboratory for an ori- 
gin-of-color report revealed uneven 
color that was a challenge to inter- 
pret. The stone had two naturals at 
the girdle, but neither area was green. 
Instead, shallow, pale green blotches 
{which did not photograph well 
because they were very subtle} were 
visible on the table and the lower half 
of the pavilion. We saw them best by 
using diffused light with the stone 
immersed in methylene iodide. The 
visible spectrum, obtained with a 
Pye-Unicam SP8-400 spectropho- 
tometer, showed a broad GR1 absorp- 
tion band at 741 nm, this is typical of 
"surface-skin" green coloration, 
whether produced by natural irradia- 
tion or by laboratory treatment. 
However, the pattern of green 
spots on polished facets of this stone 
indicated treatment with radioactive 
salts. Such treatment usually leaves 
some residual radioactivity in the 
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diamond, but this stone showed no 
radioactivity above background lev- 
els when checked with a handheld 
Geiger counter. To determine if there 
was radioactivity below the detec- 
tion limits of this type of meter, we 
sent the stone to the West Coast lab- 
oratory for radiation testing. A three- 
hour scan for gamma rays revealed a 
small, but significant, peak from 
americium-241 (241Am}, an artificial 
radionuclide, thus proving that the 
color of this diamond was due to 
treatment. The amount of radioactiv- 
ity present corresponded to 0.09 
nCi/g of 241Am, (Analysis of another 
americium-treated diamond was 
described by C. E. Ashbaugh IIT in the 
article "Gamma-Ray Spectroscopy 
to Measure Radioactivity in Gem- 
stones," Gems @ Gemology, Summer 
1992, pp. 104-111.) 

Possession and sale of 24!Am, 
which has a half-life of 432.7 years, is 
regulated in the U.S. by the Nuclear 
Regulatory Commission. Because 
441Am is readily oxidized, can be 
inhaled, and is also an alpha emitter 
(alpha particles transmit their energy 
to human tissue with high efficien- 
cy}, the NRC limit for permissible 
241Am exposure is very low. This dia- 
mond, although too low in radioac- 
tivity to register on a Geiger counter, 
may not be legally sold or distributed 
in the United States until the 50th 
century (see the letter by W. W. 
Hanneman regarding such regula- 
tions, on page 80 of the Summer 
1993 Gems &# Gemology.} 

The abraded facet junctions on 
the crown, together with its old-fash- 
ioned cut, indicated that this stone 
was faceted long before americium 
was first made in the late 1940s or 
early 1950s. The reader is cautioned 
that a diamond may be treated at any 
time to alter its color, so indications 
that a fashioned diamond is old do 
not guarantee that the color is of nat- 
ural origin. IR and ML] 


Unusual Triangular Inclusion 

in a Diamond 

A 3.31-ct marquise-shaped brilliant- 
cut diamond submitted to the West 
Coast laboratory for full grading 
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revealed an unusual inclusion. In 
addition to a white "cloud" that had 
been reached by a laser drill hole {in 
itself not unusual}, there was a curi- 
ous dark, flat, triangular inclusion 
that had no connection to either the 
white cloud, the laser drill hole, or 
the surface of the stone (figure 3}. 

Just as interesting as the inclu- 
sion itself (which was presumably 
graphite} was the question of what 
caused it. Three possibilities came to 
mind: 


1. Triangular surface features (tri- 
gons} occur as shallow, flat-bot- 
tomed depressions or shallow 
pyramidal pits. Perhaps this is a 
growth phantom, a trigon that 
was filled with the dark material 
before diamond growth continued 
around it. 

2. Stacking faults in diamond can 
cause flat triangular (or truncated 
triangular} patches of hexagonal- 


Figure 3. This triangular inclu- 
sion in a diamond appears to be 
filled with graphite. The laser 
drill hole seen here actually 
goes to the cloud behind the 
inclusion, not to the inclusion 
itself, Magnified 45x. 
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structure diamond (lonsdaleite], 
which is usually only detected by 
X-ray tomography (see, e.g., J. E. 
Field, ed., Properties of Natural 
and Synthetic Diamonds, Aca- 
demic Press, London, 1992, pp. 
217 and 218). This may have been 
an inclusion of lonsdaleite that, 
because it is less stable than (iso- 
metric} diamond, later reverted to 
graphite. 

3. It may have been an inclusion of 
some other shape on which the 
faces altered to a negative-crystal 
macle, although the sharp triangu- 
lar points make this unlikely. 
However, trigons have been seen 
in crystal inclusions in diamond 
(E. J. Gtibelin and J. I. Koivula, 
Photoatlas of Inclusions in 
Gemstones, ABC Edition, Zurich, 
1986, p. 95], and in diamond 
(Gem Trade Lab Notes, Gems & 
Gemology, Spring 1990, p. 95}. 


Because the triangular shape 
does not appear to be equilateral, the 
reverted-lonsdaleite explanation is 
probably the most plausible. 

ML] 


Figure 4, This 47.31-ct cut-cor- 
nered, faceted triangle is a 
rock composed primarily of 
white grossular garnet and 
green diopside. 
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GROSSULAR-DIOPSIDE Rock 


Various rough and cut samples of a 
handsome, mottled white-and-green 
rock (represented to be massive 
grossular garnet} were recently seen 
in the West Coast GIA Gem Trade 
Laboratory. All polished pieces of 
this material, like that in figure 4, 
show variations in luster. A spot 
refractive index of 1.74 was obtained 
on one piece. 

Four separate materials could be 
seen through the microscope: high- 
luster, opaque round green grains; a 
lower-luster, semi-translucent white 
material that in most cases made up 
the bulk of the rock; a high-luster, 
translucent gray-to-brown material 
{usually occurring as veins); and a 
low-luster, semi-translucent white 
vein material. X-ray powder diffrac- 
tion analyses proved these to be, 
respectively: diopside, grossular gar- 
net, idocrase, and clinochlore (a 
member of the chlorite group}. White 
grossular was the most common 
mineral by volume in most of the 
samples we examined, although at 
least one massive piece was predomi- 
nantly idocrase; we also saw a 
brownish yellow-green semi-trans- 
parent idocrase cabochon. 

The combination of grossular 
with diopside and idocrase is typical 
for calcium-rich veins (called roding- 
ites) that are found in metamor- 
phosed ocean sediments. This may 
be the origin of this material, and 
some of the rough we examined 
shows slickensides (striations caused 
by slippage along a fault plane}. 

Miners of this material informed 
us that it comes from northern 
Washington State. Core drilling indi- 
cates that the grossular-rich layer in 
the deposit is as much as 35 feet 
(about 11 m} thick. Blocks weighing 
up to almost 50 kg have been cut on 
site from this layer. ML] 


Tron-Rich HORNBLENDE 


A necklace of highly polished, 10- 
mm opaque black beads (figure 5) 
was purchased in Tucson, Arizona, 
as black jadeite that had been mined 
in that state. Our client was skepti- 


Figure 5. Although these 10- 
mm opaque black beads were 
purchased as jadeite from 
Arizona, extensive testing 
revealed that they are actually 
ferrohornblende. 


cal because of the appearance (e.g., 
quality of the polish} of the beads and 
the rarity of black jadeite (most com- 
mercial black jade is nephrite). 

Although the gem name jade is 
properly used for either jadeite or 
nephrite, they are two wholly unre- 
lated minerals that sometimes occur 
in similar colors. Jadeite is a single 
mineral within the pyroxene group, 
while nephrite is a solid-solution 
series between two closely related 
minerals of the amphibole group. 
What these jades have in common is 
toughness, but even this property is 
arrived at in different ways. Jadeite 
grains grow into interlocking aggre- 
gates, while nephrite forms compact, 
fibrous, matted aggregates. 

Initial testing in the East Coast 
laboratory of one bead removed fram 
the necklace gave results that could 
be mistaken for jadeite. The "spot" 
refractive index reading appeared to 
be midway between 1.60 and 1.70; 
the specific gravity was found to be 
3.36. Still, the evenness of the polish 
just did not match the rather dim- 
pled or uneven surface usually seen 
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on jadeite. Although most minerals 
in both the pyroxene and amphibole 
groups have R.I.'s between 1.6 and 
1.7, have S.G.'s between 3.0 and 3.9, 
and occur in the same range of col- 
ors as jade, no other mineral in 
either group exhibits jade's tough- 
ness. To identify this material con- 
clusively, we sent the bead to the 
West Coast laboratory for X-ray 
diffraction analysis. 

The results indicated ferrohorn- 
blende, an iron-rich member of the 
amphibole group. Being amphibole, 
this material is certainly not jadeite; 
being ferrohornblende rather than 
nephrite, it cannot properly be called 
jade at all. As the amphibole group 
contains 60 separately recognized 
mineral species, finding a more 
exact designation than ferrohorn- 
blende most probably would require 
{destructive} petrographic testing. 
Although a well-known and pleasing 
name may aid the marketing of an 
opaque black material, gem names 
become devalued when they are 
misapplied. 

GRC, ML], and IR 


Figure 6. The jadeite jade beads 
of this necklace have such high 
diaphaneity that the stringing 
material is clearly visible through 
even the largest (9-mm) bead. 
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JADEITE JADE 


Exceptionally 
Translucent Necklace 


One pleasure of working in the labo- 
ratory is seeing gem materials that 
are exceptional examples of their 
species or variety. This past spring, 
the West Coast lab was asked to 
identify a double strand of 117 
intensely colored green beads (figure 
6], which ranged from about 9.06 to 
3.77 mm in diameter. Standard 
gemological testing proved them to 
be jadeite jade, visible-light spec- 
troscopy revealed that they were of 
natural color, and infrared spec- 
troscopy showed that they were not 
polymer impregnated. 

The fineness of the aggregate 
and the resulting high degree of 
diaphaneity were such that individu- 
al strands of the stringing cord could 
be clearly seen through even the 
largest bead. RCK 


Jadeite Jade with Impregnating 
Substance in Drill Hole 


Bleached and polymer-impregnated 
jadeite jade is one of the most diffi- 
cult detection challenges to confront 
the gem industry in the 1990s. As 
explained in the Fall 1992 Gems & 
Gemology article by E. Fritsch et al. 
(pp. 176-187], infrared spectroscopy 
is one of the few advanced testing 
methods that can detect this treat- 
ment in all cases. Although the 
instrumentation needed for such 
testing is not readily available to 
most gemologists, the above-refer- 
enced article did point out some tests 
that can be performed with standard 
gemological equipment. In particu- 
lar, examination of the piece with 
magnification may reveal concentra- 
tions of the impregnating substance 
in irregularitics, such as fractures or 
cavities, on otherwise smooth sur- 
faces, or in recessed areas on carved 
jadeite that has been so treated. 

The West Coast laboratory 
recently found another place where 
such concentrations might occur, 
when we examined a graduated 
necklace of mottled green and white 
beads that ranged from approximate- 
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Figure 7, Residue of the polymer 
material with which this jadeite 
bead was impregnated is evident 
in its drill hole. Magnified 28x. 


ly 9.50 to 5.90 mm in diameter. 
Standard gemological testing identi- 
fied the material as jadeite jade, and 
the spectra seen with a desk-model 
spectroscope confirmed that the 
green color was natural. However, 
microscopic examination revealed 
the presence of a colorless polymer 
layer in the drill holes of most of the 
beads (figure 7). Infrared spectroscopy 
confirmed that the material had been 
polymer impregnated. 

Although the polymer in the 
drill holes provided very useful evi- 
dence that the beads had been poly- 
mer impregnated, such visual proof 
is—in our experience—very unusual. 
Only once before did we see similar 
evidence in jadcite beads that were 
later determined by infrared testing 
to be impregnated. RCK 


PEARLS 


"Banded" Natural Pearl, 
of Natural Color 


A very unusual pearl ring was exam- 
ined last summer in the West Coast 
laboratory. Handcrafted of 18k matte 
gold, the ring was custom designed 
to highlight a rather distinctive pearl, 
which measured about 11 x 13 mm. 
The pearl was mounted such that it 
could be rotated to show on top 
either solid black (as in figure 8) or 
the distinctive banding (seen on the 
side in figure 8). 

Our client asked us to determine 
if the barrel-shaped pearl, which was 
reportedly from the Gulf of Cali- 
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Figure 8. Different aspects of 
this unusual natural black pearl 
(11 x 13 mm) can be viewed by 
rotating It in its setting. 


fornia, might be an assemblage 
because of the peculiar "banded" 
appearance. Visual examination 
showed no indication of assemblage. 
The "banding" consisted of nacreous 
layers that were alternately light and 
dark gray. The top and bottom layers 
appeared almost black with a very 
high luster and strong overtones of 
green and blue. When exposed to 
long-wave ultraviolet radiation, the 
dark areas fluoresced a very strong 
red, similar to the fluorescence seen 
in other black pearls from the Gulf of 


Figure 9. The decrepitation of the 
nacre and resulting Iridescence 
seen here often occurs on the sur- 
face of pearls that have been 
stained with a metallic com- 
pound. Magnified 18x. 
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California. The X-radiograph showed 
a large dark central core, proving that 
the pearl was indeed natural and not 
cut from the shell or an assemblage. 
We cannot imagine what might have 
caused such an unusual growth pat- 
tern in this pearl. KH 


Cultured Pearl, Treated Color 


The treated-color black cultured 
pearl seen in the East Coast lab and 
discussed here was one of a strand of 
30, which were graduated in diame- 
ter from 16.35 to 11.45 mm. On the 
developed X-ray film, a white ring 
was seen around the nucleus of the 
pearl, proving that the pearl had been 
treated with a metallic compound 
(which is opaque to X-rays}. EDXRF 
analysis, which revealed a silver sig- 
nature typical of the metallic com- 
pounds often used to stain pearls, 
confirmed the treatment. 

Visual examination with magni- 
fication also provided indications of 
treatment. Specifically, as illustrated 
in figure 9, we noted the damage to 
the nacre layers caused by the treat- 
ment process. The iridescence seen 
in this figure is a side effect of this 
breakdown of the surface. Another 
indicator, while atypical, relates to 
the peculiar hammered or "dimpled" 
surface seen on many natural pearls 
and on some thickly nacred cultured 
pearls (see, e.g., the natural-color cul- 
tured pearl in figure 15, p. 128, of the 
Summer 1993 Lab Notes section). 
Typically, when a pear) is treated 
with some type of silver salts, the 
entire surface absorbs some of the 


Figure 10. The coloring agent did 
not affect the center of this dim- 
ple on the treated-color black cul- 
tured pearl shown in figure 9. 
Magnified 30x. 


Figure 11. This 16.40-ct sapphire 
appears to be blue throughout. 


dye; we have observed that, in gener- 
al, even such dimpled areas take on 
the artificial color when treated. In 
this treated-color cultured pearl, we 
saw a white area in the center of the 
dimple (figure 10}, where the stain 
apparently did not penetrate. 

TM 


SAPPHIRE, Natural Color 
with Unusual Fluorescence 


When staff at the GIA Gem Trade 
Laboratory first encountered heat- 
treated blue sapphires in the late 
1970s, many of the stones we exam- 
ined fluoresced a weak, dull green 
(often in patches} to short-wave ultra- 
violet radiation, similar to the fluo- 
rescence seen in synthetic blue sap- 
phire. Today we see far fewer heat- 
treated sapphires with this green flu- 
orescence. This may be due to 
advances in the techniques and 
equipment used in heat treatment. 
Alternatively, it could be because 
most of the early treated sapphires 
appeared to be of the Sri Lanka geuda 
(milky white} type, whereas heat- 
treated stones seen more recently are 
from many different localities. 

A 16.40-ct emerald-cut stone 
that we examined in the East Coast 
lab (figure 11) appeared a nice, rela- 
tively even color when viewed face 
up. When we looked at it from the 
side, however, we saw that it was 
predominantly colorless, with only a 
thin, dark layer of blue at the table 
(figure 12]. Although some areas fluo- 
resced orange to long-wave UV, as is 
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Figure 12. A side view of the 
stone in figure 11 reveals that the 
color is confined to a thin layer 
under the table. Magnified 10x. 


common in blue sapphires from Sri 
Lanka, part of the table fluoresced a 
chalky green (figure 13) to short- 
wave UV. This led to our initial 
belief that the stone may have been 
heat treated. 

When we examined the stone 
with magnification, however, we 
saw a number of what appeared to be 
pristine included crystals (figure 14}; 
none showed the stress fractures that 
would be expected in a heat-treated 
stone. We then cooled the stone 
cryogenically and looked at it again 
under the microscope: Most of the 
"crystals" were actually negative 
crystals with two-phase inclusions 
(see, e.g., figure 15}. As the stone 
warmed in the heat generated by the 
light of the microscope, the gas bub- 
bles disappeared, indicating that the 


Figure 13. The sapphire in figures 
11 and 12 displays a chalky green 
fluorescence that has been consid- 
ered indicative of heat treatment. 
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Figure 14. Seen magnified 63x at 
normal room temperature, these 
“crystal” inclusions in the blue 
sapphire shown tn figures 11-13 
lack stress fractures, which is 
key evidence that the stone had 
not been heat treated. 


two phases were liquid and gaseous 
carbon dioxide. Because these inclu- 
sions formed under high pressure and 
were still under great pressure within 
the stone, they would have literally 
blown up if heated to as little as 
270°C (see, e.g., J. L Koivula's article 
"Carbon Dioxide Fluid Inclusions as 
Proof of Natural-Colored Corun- 
dum," Gems e&) Gemology, Fall 1986, 
pp. 152-155). Thus, the presence of 
these inclusions proved that this 
stone was never heated anywhere 
near the 1500°C necessary to pro- 
duce the blue color artificially. Yet 
we have no explanation for the 
chalky green fluorescence. 

GRC 


SYNTHETIC SAPPHIRE, 
Color-Zoned 


Most flame-fusion synthetic corun- 
dums identified by the GIA Gem 
Trade Laboratory are rather evenly 
colored. In general, the overall color 
in those that display curved striae— 
for example, synthetic ruby and 
vanadium-doped color-change syn- 
thetic sapphire—is very uniform. 
Those that exhibit curved color 
banding (e.g., synthetic blue sapphire 
and synthetic sapphire in the yellow- 
to-orange color range} typically have 
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a uniform distribution of the color 
bands throughout the piece. 

A 7.03-ct, modified-oval mixed 
cut examined at the West Coast lab 
was an exception to the above. The 
gemological properties were consis- 
tent with corundum. Face up, it 
appeared to be a uniform yellowish 
orange. However, when examined 
from the side, most of the body 
color—all but a small orange area 
along the keel line—appeared pink. 
Only by using a blue color-contrast 
filter with diffuse transmitted light 
could we see that the zone along the 
keel consisted of very weak, diffused, 
curved orange bands. This curved 
banding, as well as scattered clouds 
of minute gas bubbles, proved that it 
was a synthetic sapphire. RCK 


SERPENTINE and 
FORSTERITE Rock 


Although most gem materials con- 
sist essentially of one mineral species 
or gem variety, there are important 
exceptions among the ornamental 
gems. Examples include lapis lazuli 
{a rock consisting of lazurite, calcite, 
and pyrite), unakite (an epidote-rich 
granite), and chrome zoisite with 
ruby inclusions. 

Still another example was pro- 
vided by the opaque, mottled brown- 
and-white carving of a horse (figure 
16) submitted to the West Coast lab. 


Figure 15. When the same sap- 
phire was cooled cryogenically 
and reexamined at 63x magnifica- 
tion, it became clear that the 
"crystals" are actually negative 
crystals with two-phase CO, 
inclusions. 
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Figure 16. This 46-mm-long carving was identified as a rock consisting 
of serpentine and forsterite. 


Standard testing revealed an indis- 
tinct spot R.I. of 1.55 and an S.G. of 
2.45. There was no apparent differ- 
ence in texture between the brown 
and white areas. 

Subsequently, we took three X- 
ray diffraction patterns. Two patterns 
{one each in the brown and white 
regions} were identified as a mixture 
of forsterite and serpentine. The third 
pattern, in the white area, was identi- 
fied as pure forsterite. 

Although alteration can occur 
between serpentine and forsterite in 
either direction (see the section on 
olivine in Deer, Howie, and Zuss- 
man's Introduction to the Rock- 
Forming Minerals [Longman Group, 
London, 1974, pp. 1-8]}, the color pat- 
tern more closely resembled serpen- 
tine altering to forsterite by dehydra- 
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tion. However, the question of which 
was the original material could only 
be answered conclusively with 
destructive testing. On the basis of 
the X-ray diffraction analyses, we 
concluded that this material is a rock 
consisting of serpentine and 
forsterite (a member of the olivine 
group}. RCK and ML] 


Detecting Impregnated 
TURQUOISE 


A great many substances have been 
used to treat turquoise, including 
waxes, oils, and plastics. Further- 
more, the detection of impregnation 
in turquoise can sometimes be diffi- 
cult, often requiring advanced testing 
techniques. See, for example, related 
entries in the Fall 1984 and Summer 


1986 Gem Trade Lab Notes, and the 
Spring 1987, Summer 1992, and 
Sunimer 1993 Gem News sections. 
The West Coast lab last spring 
had to perform such testing on a 
semi-translucent to opaque piece of 
partially polished blue rough that 
contained significant amounts of a 
brown and white matrix. Standard 
gemological testing proved that the 
blue gem material was turquoise. 
However, microscopic examination 
revealed a colorless, transparent sub- 
stance on much of the stone's sur- 
face. Using a commonly employed 
technique (see, e.g., Lind et al., "The 
Identification of Turquoise by Infrared 
Spectroscopy and X-ray Powder 
Diffraction," Gems & Gemology, Fall 
1983, pp. 164-168}, we submitted a 
small scraping of the coating to 
infrared spectroscopy. Comparison 
with reference spectra showed that 
the colorless substance was a poly- 
mer. The same procedure was then 
performed on a potassium bromide 
pellet containing scrapings taken 
from areas on the turquoise where 
we did not see any evidence of a 
polymer. Infrared spectroscopy 
revealed the polymer in these areas, 
too. On the basis of these results, we 
identified the stone as impregnated 
natural turquoise. RCK 
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DIAMONDS 


Update on Botswana diamond mining. De Beers reported 
almost 15.9 million carats of diamonds produced here in 
1993, down from 17.5 million carats in 1992 because of 
renegotiated agreements between Botswana and the CSO. 
Most of this production came from Debswana mines, 
including Jwaneng (8.5 million carats}, Orapa (almost 5.2 
million carats), and Letlhakane (nearly 1 million carats}. 
Onshore mining at Mining Area No. 1—Auchas, 
Elizabeth Bay, and Bogenfels—produced 774,000 carats, 
with an additional 62,000 carats from contractors and 
302,000 carats from De Beers Marine. Debswana produc- 
tion is expected to increase with the current expansion at 
Jwaneng and possible expansion at Orapa (a feasibility 
study is in progress}. Botswana Diamondfields has been 
evaluating kimberlite pipes in their Mopipi block by sam- 
pling soils. Minerals identified include peridotitic garnets, 
ilmenite, and chrome diopside. (Minerals Today, April 
1994, p. 20; and Mining Journal, May 27, 1994, p. 385; 
July 24, 1994, p. 76) 


West African diamond mining. In Ghana, Consolidated 
Diamonds plans to double output to 40,000 carats per 
month at the Akwatia diamond mine. In Guinea, Aredor 
reportedly has suspended all diamond and gold produc- 
tion because of increased security problems; majority 
shareholder Bridge Oil has transferred its share in 
Aredor-Guinea S.A. to the government of Guinea. 
Aredor’s production had fallen from 204,000 carats in 
1986 to 91,000 carats in 1991. In Sierra Leone, 1993 dia- 
mond production mainly came from small-scale mining. 
Government troops have reoccupied the diamond-rich 
Kono and Eastern Kenema districts, but the mining 
infrastructure there will have to be rebuilt. Given the 
falling ore grades and technical problems, it may be 
more productive for the Sierra Leone government to con- 
centrate on new high-grade kimberlite pipes that have 
been found in National Diamond Mining Company’s 
Yengema and Tongo lease areas. (Mining Journal, April 
29, 1994, pp. 314-315; May 13, 1994, p. 351; May 27, 
1994, p. 384; June 10, 1994, p. 427] 


Diamond niining in Namibia. De Beers reported 302,754 


carats from off-shore production (using two ships} in 
1993, up from 29,195 carats in 1990, Regional Resources 
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plans to develop an alluvial diamond mine at its Purros 
claims in Kunene Province, along a former channel of the 
Hoarusib River. This project is limited by water access, 
concerns about tourism, and local tribal interests. The 
Namibian government has invited bids for 46 three-year, 
exclusive diamond-prospecting licenses along a 1,380- 
kim? stretch of the north bank of the Orange River. The 
alluvial diamond deposits are similar to those at the near- 
by open-pit mine at Auchas. Because of ecological con- 
cerns, no dredging will be allowed in the Orange River 
itself. (Mining Journal, June 10, 1994, pp. 425-426; June 
17, 1994, p. 440; August 5, 1994, p. 97; and De Beers 
Consolidated Mines 106th Annual Report and De Beers 
Centenary AG 4th Annual Report, as of December 31, 
1993) 


South African diamond mining. De Beers reported pro- 
duction of 9.8 million carats from South African mines in 
1993 as follows: nearly 5 million carats from the Venetia 
mine; over 2.0 million carats from the Finsch mine; 
almost 1.6 million carats from the Premier mine; and 0.6 
million, 0.5 million, and 0.14 million carats, respectively, 
from the Namaqualand, Kimberley, and Koffiefontein 
mines. For all these mines, the ore grade has improved 
slightly from 1992; production seems to be limited by 
CSO demand. 

Regional Resources intends to start pilot open-pit 
mining at its diamond pipe at Postmasburg in the north- 
ern Cape province. Grades are said to be 12 carats per 100 
metric tons of ore. 

Canadian Overseas has expanded its marine proper- 
ties along the Namaqualand coast, just south of the estu- 
ary of the Olifants River. Diamond recoveries in its new 
claim 13b average 193 carats (at 0.81 ct per diamond} per 
metric ton of recovered gravel. 

Diamond Field Resources has acquired the Loxton 
Dal and Frank Smith mines in the Kimberley area. They 
plan to expand annual processing from the current 
204,000 metric tons to 504,000 metric tons of ore. Ore 
grades were not given, but they run 0.18 ct per metric ton 
for De Beers mines in the Kimberley region. (De Beers 
Consolidated Mines 106th Annual Report and De Beers 
Centenary AG 4th Annual Report, as of December 31, 
1993, Mining Journal, May 13, 1994, p. 349; June 10, 
1994, pp. 424-425; Mining Magazine, March 1994, p. 178} 
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Figure 1. It appears that this unusual 0.39-ct 
heart-shaped natural diamond crystal was 
formed by selective etching along a surface-reach- 
ing crack. Courtesy of Trillion Diamond Co.; 
photo by Maha DeMaggio. 


Update on Australian diamond mining. Quarterly Notes 
94 from the Department of Mineral Resources, New 
South Wales, Australia, details a new model for diamond 
formation, which could explain the source for the alluvial 
diamonds in New South Wales. Because no lamproites or 
kimberlites have been found in connection with these 
stones, some Australian geologists think that the dia- 
monds may have formed by rapid subduction of carbon- 
rich marine sediments and were subsequently brought to 
the surface by nephelinites or alkali basalts. (Mining 
Journal, March 18, 1994, p. 190) 

The Australian Diamond Exploration Venture has 
begun exploration in the Batten Trough area of the 
Northern Territory. At least three sources of diamonds 
are already known in the region: the Excalibur pipe, the 
Merlin loam anomaly, and the newly discovered Ector 
pipe. Diamonds from pipes in the Batten area are larger 
than those from Argyle—17 stones per carat versus 30 per 
carat for Argyle. (Mining Journal, April 29, 1994, p. 309} 

The Argyle joint venture is completing a major 
upgrade of the processing plant and vehicle fleet at the 
Argyle open pit in the Kimberley region, Western 
Australia. This upgrade is intended to increase the annual 
output of diamond ore from the current 6 million tons to 
8 million tons. The current ore horizon has a grade of 6 
carats per ton, but this grade is expected to decline to 4 
carats per ton. In 1993, Argyle produced about 40 million 
carats (almost seven tons} of diamonds. Only 5% of 
Argyle’s diamond production is gem quality, and less 
than 0.001% of the total number are “pinks.” Drilling 
has confirmed that diamonds continue to be found in the 
lamproite pipe to 550 m below the top of the ore body. 
(Mining Journal, March 25, 1994, p. 223} 
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Additional diamond projects in Western Australia 
include the BHP-Stockdale joint venture at Forrest River, 
a number of pipes in the Ellendale area, and the Aries 
kimberlite pipe at Phillips Range, where Triad Minerals 
is planning to begin bulk sampling. (Mining Journal, April 
8, 1994, p. 255} 


Update on diamond production in the former USSR. For 
the first time since reaching their agreement with De 
Beers, Almazy Rossii-Sakha (ARS) sold its entire quota of 
diamonds in 1993, and $600 million worth of diamonds 
were sold in the first half of 1994. Profits are expected to 
be used to upgrade production at the Jubileynaya pipe. 
{Another pipe, the Udachnaya, produces 8 million carats 
per year, about 85% of the total Russian production.) 
However, where these “profits” will come from is not 
exactly clear. ARS declared a debt of 279 billion rubles at 
its June 1994 stockholder meeting and has petitioned the 
Yakutia government to reduce taxes, according to the 
August 18, 1994, Diamond Intelligence Briefs. ARS 
President Semyon Zelberg said that the company has 
paid 53.7% of its earnings into local and republic taxes, 
but tax rates for mineral developers are currently 73%. 
ARS would like the government to accept the lower rate 
of taxation, forgiving the rest. Yakutia has agreed only to 
waive ARS’s fines resulting from late payment of taxes. 

In an effort to attract private investment, Russian 
officials have released previously classified details con- 
cerning 10 potential mining sites in Russia. These 
include Karelia, the White Sea shelf, the Kola Peninsula, 
and the Arkangelsk, Perm, Voronezh, Pakov, and 
Leningrad regions. Among the companies involved in 
prospecting are Ashton Mining and De Beers Marine. 

In other developments, the Russian Federation is 
proposing stronger central control over gold mining, while 
autonomous regions are pushing for legislation that would 
let them directly control gold and diamonds mined within 
their borders. The smuggling of diamonds from Russia 
may become a major problem, negatively affecting the 
price stability of rough diamonds on the world market. 
Russian Prime Minister Viktor Chernomyrdin has 
appointed a committee to combat this problem, and the 
CSO reduced the level of June, July, and August sights to 
compensate for “leakage” of Russian diamonds onto the 
international market. (Diamond Intelligence Briefs, 
August 18, 1994, Mining Journal, May 27, 1994, p. 387; 
July 22, 1994, pp. 57-58] 


Unusual diamond crystal. Although nearly all gem-quali- 
ty diamond crystals are destined to become fashioned 
gems, an occasional rough crystal is so unusual and 
attractive that it should not be faceted. Marvin Finker, 
president of Trillion Diamond, New York, has a fondness 
for these crystals—and the experience to know when one 
is special (see Gem News, Summer 1991, p. 118). Once 
again, he has loaned Gem News editors such a crystal to 
examine, this one a 0.39-ct heart shape (figure 1). 
Preliminary examination of the crystal suggested 
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that its shape might be the result of twinning. With mag- 
nification, however, we saw that the lobes of the “heart” 
were apparently formed by selective etching along a sur- 
face-reaching crack that had once existed between them. 
In a search through the diamond literature, including the 
Atlas der Krystallformen by Victor Goldschmidt (reprint- 
ed by the Rochester Academy of Science, Rochester, NY, 
1986], we could not find any diamond crystal of similar 
shape. However, the main portion of the crystal—with- 
out the etched groove between the lobes of the “heart’””— 
appeared to be a curved-faced diamond crystal known as a 
tetrahedroid (Yu. L. Orlov, Mineralogy of the Diamond, 
John Wiley & Sons, New York, 1977, p. 76). 


COLORED STONES iii as 


“Caymanite” from the Grand Cayman Islands, 
Caribbean. Gerald Kirkconnell from Kirk Freeport Plaza 
in the Cayman Islands (British West Indies} sent us sam- 
ples of, and jewelry made with, a banded rock called 
“Caymanite” (figure 2}. Reportedly dolomite, he said that 
it is found only in the Cayman Islands, on the eastern end 
of Grand Cayman and in Cayman Brac. The bands vary 
in color and in hardness (6 to 7}. The darker orangy brown 
layers are microcrystalline, while the lighter, “cream” 
color layers are cryptocrystalline. The lighter layers fluo- 
resce orangy yellow to long-wave UV radiation, with a 
stronger emission to short-wave UV, whereas the darker 
layers have a much weaker fluorescence or none at all. 
We recorded an RI. (measured on one sample by the spot 
method} of approximately 1.6 and a specific gravity (mea- 
sured by the hydrostatic method, average of three tests) of 


Figure 3. The yellowish green chrysoprase chal- 
cedony from which these beetles were carved was 
formed in the brown serpentine and iron oxide 
matrix. Total specimen size is 6.0 x 4.2 x 2.76 cm; 
each beetle is approximately 15 mm long. Photo 
by Maha DeMaggio. 
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Figure 2. The cabochons in these rings and the 
beads in the necklace have been fashioned from a 
dolomite found in the Cayman Islands that is 
called “Caymanite.” Courtesy of G, Kirkconnell; 
photo by R. Weldon. 


2.63. X-ray diffraction analysis of a scraping from one area 
produced a pattern that matched the pattern for dolomite. 


Chrysoprase chalcedony matrix carving. Darryl Roder, of 
the Gembank Group, Hong Kong, recently donated to 
GIA a carving that consists of two chrysoprase chal- 
cedony beetles on brown matrix (figure 3), fashioned from 
material found in the Yerilla District in Western 
Australia. This specimen gave us the opportunity to 
examine the Yerilla matrix material, which has been 
described as jasperized ironstone by R. W. Jones (The 
Greening of Australia,” Lapidary Journal, February 1994, 
pp. 71-79}. 

The yellowish green color and refractive index (1.54 
by the spot method} of the two beetles are typical of 
Yerilla chrysoprase chalcedony. The legs of the beetles 
gradually fade into the brown matrix at their extremities. 
The matrix as a whole is patchy, ranging from a medium 
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Figure 4, This 0.89-ct faceted demantoid garnet 
and the rough specimen are from Hermosillo, 
Sonora, Mexico. Courtesy of Neal Dwire; photo © 
GIA and Tino Hanunid. 


brown glassy to waxy material, to a light-brown earthy 
material with off-white veins. X-ray diffraction analysis 
of the matrix material revealed quartz (chalcedony or 
jasper} and a member of the serpentine mineral group, 
probably antigorite. The brown color is due to amor- 
phous-to-poorly crystalline iron oxides, which are not 
obvious in the X-ray diffraction pattern. 


Demantoid garnet from Mexico. The Fall 1987 and 
Summer 1988 Gem News sections reported on the 
unusual iridescent andradite garnets being recovered in 
the state of Sonora, Mexico. Earlier this year, Neal Dwire 


Figure 5. These gems were recently acquired in 
Nepal. From the top, clockwise from left: 7.82-ct 
bicolored tourmaline from Manang; 5.63-ct bicol- 
ored and 4.71-ct cat’s-eye tourmaline from the 
Hyakule mine; a blue sapphire from Gauri 
Shankar and a ruby from Ganesh Himal, approxi- 
mately 2 ct each. Courtesy of Mark H. Smith; 
photo by Maha DeMaggio. 
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of Rainbow Garnet, Tucson, Arizona, informed one of the 
editors (JIK) that he was mining the material from a local- 
ity near the city of Hermosillo in Sonora. 

Mr. Dwire subsequently loaned the editors several 
specimens, both rough and cut, for examination. We 
examined in detail a yellowish green cluster of euhedral 
crystals (23.83 x 15.57 x 7.75 mm) and a transparent, 0.89- 
ct round brilliant that was cut from similar-appearing 
material (figure 4). 

The color of these two andradites would classify 
them as the demantoid variety. On the basis of energy- 
dispersive X-ray fluorescence (EDXRF} analysis performed 
by Sam Muhlmeister of GIA Research, we concluded that 
the faceted stone was a very pure andradite, with no 
chromium and only a small trace of manganese. UV-visi- 
ble absorption spectroscopy proved that the color is due 
to the presence of Fe: alone. In a presentation at Tucson 
this past February, GIA researchers, collaborating with 
Dr. George Rossman of the California Institute of 
Technology, had noted that some demantoid garnets 
from Russia do not show any chromium absorption 
either and also lack the iron-titanium charge transfer that 
gives Italian andradites (“topazolites”) their yellower 
color. 

Mr. Dwire informed us that the amount of both the 
transparent green and the iridescent varieties of andradite 
from this mining area appears to be limited. 


News from Nepal. In the Fall 1993 Gem News section, 
Gemologist Mark H. Smith of Bangkok provided infor- 
mation on the availability of various gem materials in 
Nepal. On his recent return from another buying trip to 
that country, he reported that gem-quality yellow to 
slightly greenish yellow tourmalines—from a deposit just 
east of the town of Manang, northeast of Annapuma, in 
the Marsyangdi River valley—continue to be readily 
available. The largest crystal he saw measured 15 x 2.5 
cm, it was yellow with a thin layer of black to dark green 
on the single flat termination; he saw faceted yellow 
tourmalines as large as 149 ct. Dark green gems were 
being cut from the terminations, as were some green to 
yellowish green bicolors (figure 5}. According to Mr. 
Smith, tourmalines of a dark green color similar to that 
scen on the terminations of these predominantly yellow 
stones are being recovered from deposits in the moun- 
tains north of Gorka, between Pokhara and Kathmandu. 

A few gems were also available from the Hyakule 
mine on the Arun River, in eastern Nepal, which is the 
most famous gem locality in the country. Mr. Smith 
reported that the tourmalines said to be from the 
Hyakule mine were light green, orangy pink, or bicolored,; 
some showed chatoyancy when cut en cabochon (again, 
see figure 5). 

A few rubies and blue sapphires were also seen (fig- 
ure 5}. The rubies, reportedly from Ganesh Himal, were 
translucent and contained distinct blue color zones. The 
sapphires, reportedly from Gauri Shankar {a mountain on 
the Nepal-Tibet border, northeast of Kathmandu], were 
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Figure 6. In general, the properties of these four 
horse conch (Pleuroploca gigantea) “pearls” were 
similar to those of such “pearls” from other 
conchs. The large brown specimen at the top right 
is 27.47 mm on its longest dimension. Photo by 
Robert Weldon. 


barrel-shaped opaque-to-translucent crystals that pro- 
duced light grayish blue fashioned gems. Mr. Smith saw 
aquamarine, danburite, and hambergite as well. 


Horse conch “pearls.” Ever since we described the proper- 
ties of conch “pearls” from Strombus gigas in the Winter 
1987 issue of Gems & Gemology, we have been aware of 
the existence of similar-appearing “pearls” from the horse 
conch (Pleuroploca gigantea} but have not been able to 
obtain good examples for comparison. Susan Hendrickson 
from Seattle, Washington, and Stefan Hemmerle, from 
Hemmerle Juweliere in Munich, Germany, recently 
loaned us some typical and some spectacular examples of 
this very rare gem (figure 6). These “pearls” (placed in 
quotation marks here to indicate that they are nonnacre- 
ous) were said by reputable fishermen to come from the 
horse conch. Their exact geographic origin was not dis- 
closed. 

Mr. Hemmerle let us examine a 111.76-ct dark 
brown, football-shaped horse conch “pearl,” 2.7.47 mm in 
its longest dimension. Ms. Hendrickson loaned us two 
typical brown specimens, as well as an exceptional 22.01- 
ct medium orange, round “pearl.” On all examples, we 
measured (by the spot method} an RA. of about 1.65, con- 
sistent with what we reported for conch “pearls,” with a 
typical although weak “carbonate blink.” Specific gravity 
(measured by the hydrostatic method) was 2.77 on the 
largest sample, and 2.85 on the round one. On the sur- 
faces of all of the “pearls,” we observed some small 
patches of lighter color, as well as a different flame struc- 
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ture from that reported for Strombus gigas “pearls.” 
Many small “bursts” of fibrous, reflecting crystals, form- 
ing minute depressions where they reach the surface (fig- 
ure 7], are relatively evenly distributed. They are flame- 
like in appearance, but smaller than those in Strombus. 
They show a whitish sheen in one orientation, and 
appear almost transparent when the “pearl” is rotated 
180°. The UV fluorescence is weak and spotty, with a 
stronger response to short-wave than long-wave UV. The 
fluorescence color is yellow to orange, with lighter brown 
spots and small, hairline “fractures” seen on the surface 
fluorescing brightest. 

X-radiography of the largest specimen revealed a con- 
centric structure typical of natural pearls. EDXRF spec- 
troscopy of the two largest “pearls” demonstrated the 
presence of calcium as a major component (as expected), 
with a strontium impurity (common in natural and cul- 
tured pearls). 


Notable round black cultured pearl. A 19-mm undrilled 
black cultured pearl (see figure 8} recovered from this 
year’s harvest in the Marutea lagoon is the largest such 
cultured pearl ever examined by the GIA Gem Trade 
Laboratory staff in New York. 

Marutea is one of the French Polynesian islands in 
the Gambier archipelago, which lies more than a thou- 
sand miles southeast of Tahiti. According to Mr. Salvador 
Assael, of Assael International, because of the specific 
environment and conditions (especially the abundant 
food supply} found in this lagoon, the Pinctada margari- 
tifera in which the pearls are cultivated grow to 23-24 
cm, significantly larger than those grown in most other 
atolls in the area (typically no more than 20-21 cm). The 
larger mollusk can produce larger pearls, although it is 
very rare to encounter round black pearls over 18 mm in 
diameter. 

This cultured pearl exhibited the typical dull orange- 


Figure 7. Details of the flame structure are clearly 
visible on the largest horse conch “pearl” shown 
in figure 6. Photomicrograph by John I. Koivula; 
magnified 30x. 
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Figure 8. The 19-mm cultured black pearl that has 
been placed as the centerpiece of this graduated 
necklace layout was recovered from this year’s har- 
vest. A matched pair of 17-m1un black cultured pearls 
flank the center position of the necklace. Courtesy of 
Assael International; photo by Nicholas DelRe. 


brown reaction to long-wave UV radiation that corrobo- 
rated its natural color. 


Peridot from Pakistan. This decade has already seen two 
new sources—Ethiopia and Vietnam-—added to the list of 
countries producing peridot (for more on these two locali- 
ties, see respectively the Spring and Fall 1993 Gem News 
sections]. In fall 1994, Bill Larson of Pala International, 
Fallbrook, California, brought to the editors’ attention yet 
another new source of peridot: Pakistan. Subsequent 
communications with Laura Thompson, president of 
Shades of the Earth, Phoenix, Arizona, the firm market- 
ing the material, provided the following information. 

The locality, at an elevation of about 4,500 m 
(15,000 feet} above sea level, is in the far west of the 
Himalaya Mountains, not far from the Indus River. From 
the closest community, Basham Village, the deposit is 
reached by a seven-hour horse ride and two-day hike. 

According to Mrs. Thompson, small crystals were 
first found in mid-1992, although good facet-grade materi- 
al was only discovered in mid-1994, when actual mining 
began. The area is worked at any given time by anywhere 
from 200 to 2,000 villagers who hike in from as far away 
as 80 to 112 km (50-70 miles}. There is no overall organi- 
zation to this mining activity; Mrs. Thompson’s firm pur- 
chases material from the various groups and individuals 
working the area. Because of the severe climate at the 
deposit’s elevation, the area can only be mined from 
approximately late June to early October. Total produc- 
tion as of October 1994 was approximately 100 kg, the 
vast majority of which was only suitable for tumbling 
and/or cutting en cabochon. Only about 3 kg of facet- 
grade rough has been reported to date. However, because 
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of the large size of the crystals, faceted stones are primari- 
ly in the 10- to 20-ct range, and stones as large as 100 ct 
will undoubtedly be cut in the future. 

To date, the editors have examined only a few crys- 
tals (see figure 9}. Gemological information will be pro- 
vided as soon as we have had an opportunity to test 
faceted stones. 


Yukon rhodonite. Rhodonite, one of the better-known 
ornamental gem materials, typically occurs in coarsely 
mottled patterns of varying shades of pink. Also common 
to this material are black “spots” and veins of manganese 
oxide. At Tucson this year, we saw some especially 
attractive material that had been fashioned into matching 
tablets (see, e.g., figure 10}. The mottling in this material 
was unusually fine, somewhat reminiscent of jadeite; 
there were no dark inclusions. According to one dealer, 
the material came from in the Yukon region of Canada. 


“Samotsvetov” Colored Stones Museum in Moscow. In 
August 1994, one of the Gem News editors (RCK} visited 
the Federal Museum of Colored Stones, “Samotsvetov,” 
in Moscow. This small but impressive facility, operated 
under the direction of the Russian State Committee 
“Roskomnedra,” is housed on the ground floor of a com- 
bined commercial and residential building in the center 
of the city. 

The front section of the museum features an exten- 
sive display of fine-quality mineral specimens from virtu- 
ally all regions of the former Soviet Union, with speci- 


Figure 9. These peridot crystals, the largest of 
which is 45.3 mm x 24.3 mm x 34.5 mm, were 
recovered from a new locality in Pakistan, high in 
the Himalaya Mountains. Courtesy of Pala 
International, photo by Shane F. McClure. 
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mens grouped by geographic area. In addition to more tra- 
ditional items, this section contains samples of fossilized 
mammoth ivory. The next section of the museum is a 
narrow corridor, along one side of which are pedestals 
with statuettes of traditional scenes from Russia or one of 
the other republics—for example, a Georgian peasant in 
native dress, and two women in a bath, drinking tea from 
a samovar (figure 11). All of these are constructed from 
various omamental gem materials mined in Russia and 
the republics. There is also an exceptional writing table 
fashioned from wood and malachite. 

The last section of the museum contains a series of 
wall cases, each of which contains examples of a single 
ornamental gem material, for example, charoite, lapis 
lazuli, nephrite, and rhodonite. One case is devoted to 
synthetic and imitation gem materials produced in 
Russia, including various colors of YAG, CZ, and 
hydrothermal synthetic quartz. A carved wooden map of 
the former Soviet Union graces one of the walls in this 
section and is inlaid with rough specimens placed to 
show their localities. 

The museum also operates a foreign trade company, 
Exportsamotzvety, which markets mineral specimens 
and objects fashioned from ornamental gem materials. 


“Trapiche” purple-pink sapphire. Yianni Melas, of D. 
Swarowski and Co., Wattens, Austria, loaned us a very 
unusual, 3.38-ct sapphire crystal. This slightly rounded 
section of a tapered hexagonal prism shows inclusions 
preferentially located in planes running from the center 
of the stone to the edges of the prism faces—-an appear- 
ance reminiscent of trapiche emerald. According to Mr. 
Melas, this is one of two such crystals he found in a par- 
cel of sapphires from Vietnam. The gemological proper- 
ties of this specimen are typical of corundum. The crystal 
fluoresced weak to moderate red to long-wave UV radia- 
tion, with a weaker reaction to short-wave UV. The small 
chromium content is evidenced by fluorescent chromi- 


Figure 10. The Yukon region of Canada is the report- 
ed source of this finely textured rhodonite, total 
weight 21.89 ct. Courtesy of Judith Whitehead, San 
Francisco; photo by Robert Weldon. 
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Figure 11. This scene of two women in a bath, 
drinking tea from a samovar, is constructed of orna- 
mental gem materials mined in the former Soviet 
Union. It 1s one of the many exceptional items on 
display in the “Samotsvetov” museum, Moscow. 
Photo by Robert C. Kammerling. 


um lines at about 670 nm—as well as a weak, sharp line 
at about 460 nm—in the spectroscope. 

With magnification, we saw numerous needle-like 
inclusions that were all perpendicular to the prism faces 
when viewed along the optic axis. When viewed from the 
prism faces, they were no longer parallel, but rather with- 
in 20° of perpendicular to the optic axis. As mentioned 
earlier, they are preferentially located in or close to planes 
running from the center of the crystal to the prism edges. 
The exact nature of these inclusions is difficult to estab- 
lish. They appear to be hollow. Some of those reaching 
the surface actually contain rust-color iron compounds. 
Others are fully included in the crystal, and therefore 
could not be the result of etching. X-ray diffraction analy- 
sis attempted on several such inclusions revealed only 
the typical pattern for corundum. 


Gein-inlaid shell jewelry. A revival of gemstone-inset 
shell jewelry was seen at the AGTA Tucson show this 
past February. The use of shell was popularized in the 
1950s and early 1960s by the Duke of Verdura, a well- 
known Italian jeweler who decorated scallop shells, usu- 
ally with rims of diamonds and insets of gold set with 
various types of cabochons (see, e.g., Gems e) Gemology, 
Spring 1987, p. 14). 

Sunil Tholia, of Universal Point, New York, selects 
gastropod shells from the Indo-Pacific region. He then 
adorns them with gemstones for use as cuff links, ear- 
rings and pins (figure 12}. The obvious challenge of this 
process is drilling and insetting the shells without damag- 
ing them. Recently, a suite of these was sold at Christie’s 
East in New York. 
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Figure 12. These gem-inlaid shells (largest, 6 x 2. cm) 
are used in producing such jewelry items as cuff 
links, earrings, and pins. Photo by Nicholas DelRe. 


Tourmaline with atypical R.I. readings. Most gemologists 
consider the refractometer one of their most useful 
instruments. It enables the determination of several opti- 
cal properties of a gem, including R.L, birefringence, optic 
character, and optic sign. In some instances, the informa- 
tion obtained on the refractometer may be so specific to a 
gem material {e.g., “the red flag effect” seen with a gar- 
net-and-glass doublet) that it almost allows for identifica- 
tion with no further instrument tests. 

Recently, Prof. A. A. Levinson of the University of 
Calgary, Alberta, Canada, showed the editors an 8.79-ct 
modified emerald-cut tourmaline that one of his students 
had encountered as a test stone. Not only did the stone 
show readings typical of tourmaline on the refractometer, 
but the stone’s table facet displayed additional distinct 
shadow edges that appeared to “float” above (i.e., at 
numerical values higher than) the stone’s true R.I. values 
(figure 13). 

This unusual set of refractometer readings on tour- 
maline has been encountered by the editors in the past on 
rare occasions. Known as the “Kerez effect” or “satellite 
readings,” they are believed to result from the stone hav- 
ing been subjected to overheating and/or thermal shock 
during polishing. Experiments have shown that the addi- 
tional readings can be removed by careful repolishing of 
the stone. In our experience, such anomalous readings 
have only been encountered on very dark green tourma- 
lines, as was the case with this specimen. 


Gem production in the U.S. The total value of U.S. gem 
production in 1993 was $51.1 million for natural gems 
and $19.5 million for synthetic gems. The most important 
natural gem material in terms of value was freshwater 
pearls, which accounted for approximately $25 million in 
production from Tennessee. [Note, however, that shell 
inserts exported for cultured pearl production were even 
more important economically—$53 million for 1993, 
more than the total value for natural stones.} Natural-gem 
production from other states includes: $10.1 million for 
California (tourmaline, etc.); $4.5 million for Arizona 
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(turquoise, peridot, petrified wood); $1.7 million for 
Oregon (labradorite sunstone, opal); $1.6 million for South 
Dakota (rose quartz}, $1.4 million for Arkansas (quartz); 
$1.4 million for Utah; and $1.3 million for North 
Carolina, primarily from “fee-for-dig” areas. Montana also 
produced over $1 million in gemstones in 1993, mainly 
sapphires. 

The production of synthetic gems—primarily syn- 
thetic emeralds, rubies, alexandrites, and sapphires, with 
imitation turquoise included in the figure as well—was 
concentrated in California. (Mineral Industry Surveys, 
U.S. Bureau of Mines, Annual Advance Supplement, June 
1994} 


Green cat’s-eye zoisite. As noted in the article “Gem- 
Quality Green Zoisite” (N. Barot and E. Boehm, Gems & 
Gemology, Spring 1992}, parallel growth tubes are a rela- 
tively common inclusion in both the green and blue-to- 
purple varieties of this gem species. If present in suffi- 
cient quantity and properly oriented in cutting, these 
inclusions will produce chatoyancy. 

Recently, Mark H. Smith showed us a 6.83-ct oval 
cabochon of this material that displays a very distinct 
cat’s-eye effect (figure 14]. It struck us that in terms of 
both body color and the presence of large, eye-visible, 
tubular inclusions, the stone was very similar in appear- 
ance to some cat’s-eye tourmalines. Furthermore, R.I. 
determinations on cabochons lacking flat polished bases 
are restricted to spot readings, and a careless spot reading 
on a green cat’s-eye zoisite (about 1.69) could be misread 
as the 1.64 reading on a tourmaline. A similar situation 
exists with bright green cat’s-eye diopsides, which typi- 
cally give spot R.I. readings of about 1.68. Gemologists 
must keep in mind that zoisite, in addition to tourmaline 
and diopside, can occur as dark green cat’s-eyes with a 
spot R.I. reading in the 1.6s. 


Figure 13, Atypical “satellite readings” can be seen 
on the refractometer scale when the table facet of 
an unusual 8.79-ct tourmaline is tested. Photo by 
Maha DeMaggio. 
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Figure 14, Care should be taken not to mistake cat’s- 
eye zoisite (like this 6.83-ct specimen) for other cha- 
toyant green stones with R.I.’s in the 1.6s. Courtesy of 
Mark H. Smith; photo by Maha DeMaggio. 


ENHANCEMENTS | SSS = so 


Coated jadeite. A ncw treatment that involves coating 
jadeite with varnish to improve its color or appearance 
has been cited for some time (see, ¢.g., Jewellery News 
Asia, November 1990, pp. | and 90}. However, we did not 
have a chance to examine such material until, on a recent 
visit to Taiwan, one of the editors (EF] was shown this 
peculiar form of treated jadeite by Ten S.-T. Wu, of IGI, 
Kaohsiung, and Peter Chiu, of Delight Jewelry, Taipei. 

Mr. Ten showed us a large {117.99 ct, 24 mm in 
diameter] jadeite bead of grayish purple color that was 
coated with a layer of mottled green varnish. From a dis- 
tance, it was a very convincing imitation of good-quality 
jade. On closer examination, however, it was evident that 
part of the coating had spalled off, showing the true color 
of the material. At 1.52 (spot reading}, the R.I. was too 
low for jadeite; presumably, it was the R.I. of the coating. 
The specific gravity, 3.29, was slightly below normal for 
jadeite. The strong chalky blue fluorescence to long-wave 
UV radiation, with a weak reaction to short-wave UV, 
was also probably from the coating; the fluorescence of 
natural jadeite is normally spotty and yellowish white. 
The coating melted on contact when touched with a hot 
point. 

Mr. Chiu loaned us a jadeite pipe that was similarly 
coated on its outside [but not inside} surface. In several 
areas, the coating had chipped away (figure 15). The R.I. 
was 1.54 on the coated areas and 1.66 (as expected for 
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jadeite) on the uncoated areas. A moderate line at 437 nm 
in the handheld spectroscope further supported the iden- 
tification of the bulk of the pipe as jadeite. Comparison 
by EDXRF of the chemistry of the pipe material with that 
of some well-documented jadeite samples confirmed the 
identification. Microscopic examination of the chipped 
areas in reflected light revealed that there were actually 
two layers of coating. The innermost layer is mottled 
green—apparently applied for color enhancement— 
whereas the outermost (top} layer seems to he colorless or 
of a uniform very light yellow color, probably a protective 
varnish {figure 15, inset}. This double layering is actually 
more distinct in ultraviolet radiation, where both coat- 
ings fluoresce yellow-green with different intensities. The 
underlying jadeite is inert. 

Infrared spectrometry showed a strong absorption 
around 2900 cm-!, which is absent from the spectrum of 
natural jadeite. This absorption, similar to that recorded 
in some bleached and polymer-impregnated “B” jade, is 
typical of the presence of an organic polymer; it confirms 
that there is an organic coating on the jadeite piece. If one 
does not carefully examine such material, reference to 
the infrared spectrum alone might lead to the erroncous 
conclusion that this sample is actually “B” jade. 


SYNTHETICS AND SIMULANTS Ei 


Synthetic phenakite from Russia. Graduate Gemologist 
Bill Vance, of Rough Times, San Diego, California, 
recently acquired a collection of 10 transparent blue- 
green crystals and crystal fragments of synthetic 
phenakite, a beryllium silicate, which were produced in 
Russia by the flux growth technique. He subsequently 
loaned one of these crystals (5.27 ct; 10.83 « 7.77 x 7.58 
mm} to us for gemological examination. Because of its 
blocky shape, size, and transparency, it could provide a 
faceted stone of perhaps 2 ct or more. The optical and 


Figure 15. Note where the coating has been chipped 
away from the surface of this approximately 8-cm-long 
jadeite pipe. As shown on the inset, there are actu- 
ally two layers of coating, one with color and one 
presumably a protective varnish. Pipe 
courtesy of Peter Chiu; photo by Maha 
DeMaggio. Inset photomicrograph by 
John I. Koivula; magnified 30x. 
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Figure 16. Primary flux inclusions form phantom 
structures in this synthetic phenakite manufactured 
in Russia. Photomicrograph by John I. Koivula; mag- 
nified 25x. 


physical properties of the crystal matched those of 
phenakite. The dichroism observed through a calcite 
dichroscope was very distinct in a dark blue-green and a 
light bluish green. Aside from the distinctive color, 
which has not been observed in nature for the mineral 
phenakite, flux inclusions provided the most obvious 
clue to its synthetic origin. Magnification revealed fine 
networks and planar zones of primary flux inclusions 
that had apparently been trapped along growth steps and 
planes, forming phantom structures within their host (fig- 
ure 16]. These flux inclusions seemed to range from col- 
orless (relative to body color of the phenakite itself} for 
very fine structures, to an obvious greenish brown in 
thicker areas. Ali 10 of these crystals will be faceted, and 
the largest—12.50 ct-—-is expected to yield a 5-G ct stone. 


New production facility inaugurated in Siberia. On 
August 3, 1994, a new synthetic-gemstone production 
facility was formally opened in Novosibirsk, Siberia. The 
new building, adjacent to the United Institute of Geology, 
Geophysics & Mineralogy (UIGGM], Siberian Branch of 
the Russian Academy of Sciences, is owned and operated 
by the firm Tairus, a joint venture between UIGGM and 
Pinky Trading Co., of Bangkok, Thailand. UIGGM brings 
to the joint venture personnel with expertise in crystal 
growth and related fields, as well as ongoing research in 
developing potential new products with jewelry applica- 
tions. Pinky Trading, in turn, brings to bear its experience 
in the fashioning and marketing of gem materials, both 
natural and synthetic. 

The primary focus of the new facility is the produc- 
tion of hydrothermal synthetic emeralds, Tairus’s most 
important product. These—as well as smaller quantities 
of hydrothermal synthetic ruby—are produced in a large 
room with rows of metal containment “safes” (figure 17), 
each of which contains a hydrothermal autoclave housed 
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in a raised concrete block. Control and monitoring equip- 
ment is located in an adjacent room. The new building 
also has facilities for the preparation of the seed-crystal 
wafers used to nucleate crystal growth; for growing syn- 
thetic emeralds and other synthetic beryls—at this stage 
on an experimental basis only—these seeds are currently 
being fashioned from natural golden beryl from the 
Ukraine. All of the equipment, including the autoclaves, 
control mechanisms, and even the saws for producing the 
seed plates, have been designed and manufactured by 
VDIGGM. 

Another building in the compound houses equip- 
ment used to produce synthetic oxide materials by a mod- 
ified floating-zone technique known as horizontal growth. 
When one of the editors (RCK) visited the facility in early 
August, synthetic ruby and YAG in a variety of colors 
were being produced. Other products that have been 
grown by Tairus using this technique include synthetic 
alexandrite and a nonphenomenal green chrysoberyl. 


INSTRUMENTATION EE 


Russian equipment for diamond sorting and identifica- 
tion. On a visit to Moscow recently, one of the editors 
(RCK) visited the offices of Ginalmazzoloto, the State 
Central Research and Designing Institute of Precious 
Metals and Diamonds. In addition to carrying out 
research that focuses primarily on the properties of dia- 
monds, the organization designs and manufactures equip- 
ment for use in the gem industry. 

Most of the equipment produced is for sorting and 
processing rough diamonds. These include the A$-2, an 
instrument for analyzing the shape of rough and deter- 
mining the parameters for fashioning round brilliants; the 
9CA Diamond Analyser-Selector, for analyzing degree of 
strain, the ACOy-2, Diamond Selector, for automatically 
sorting diamonds based on nitrogen content; the 6CA 
Diamond Selector, for separating gem-quality from indus- 
trial-grade diamonds on the basis of color and transparen- 
ey; and other automated equipment for sorting diamonds 
by weight, dimensions, color, and transparency. 

The firm also designs and produces instruments for 
gem identification, including a diamond (thermal) probe 
for separating diamond from its simulants, a refractome- 
ter, a prism-type spectroscope, and a Chelsea-type filter. 
These and other items are available separately or may be 
purchased as components of a portable laboratory. 


MISCELLANEGS.SS 


Sinkankas book honored. Gemology: An Annotated 
Bibliography (Scarecrow Press, Metuchen, NJ}, by Gems 
# Gemology Associate Editor Dr. John Sinkankas, 
received the coveted Geoscience Information Society 
(GIS}/Mary B. Ansari Best Reference Work Award for 
1994, The award, given since 1988, was presented 
October 25 in Seattle, Washington. Marie Dvorzak, chair- 
person of the award committee, called the book a “won- 
derful contribution to the earth science literature ...a 
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valuable bibliographic resource for many years.” (See 
Gems & Gemology, Winter 1993, p. 297, for Richard T. 
Liddicoat’s review of Gemology,} 


ANNOUNCEMENTS EES 


Buccellati masterworks to be displayed. Fourteen master- 
works from the private collection of Gianmaria 
Buccellati will be displayed at the Natural History 
Museum of Los Angeles County from November 5, 1994, 
to January 8, 1995. Based in Milan, Italy, the Buccellati 
company is best known for pieces designed in Italian 
Renaissance and French Rococo styles (see, e.g., the rock 
crystal chalice—which will be in the Los Angeles exhib- 
it—on the cover of the Summer 1994 Gems & 
Gemology). The exhibit, the first stop of a world tour, 
will also include distinctive jewelry pieces created by the 
Buccellati company over the past 100 years, as well as 
tools, design drawings, and photographs that show their 
jewelry-making and goldsmithing techniques. 


Dates set for February 1995 Tucson shows. The 
American Gem Trade Association (AGTA} GemFair will 
run from February 1 to 6 at the Tucson Convention 
Center. After that show leaves, the Tucson Gem & 
Mineral Society will take over the Convention Center for 
its show from February 9 to 12. At the Holiday Inn City 
Center from February 4-11 will be the Gem & Lapidary 
Dealers Association (GLDA) show. Other show venues 
include the: Pueblo Inn, Rodeway Inn, Howard Johnson 
Midtown, Discovery Inn, Desert Inn, Scottish Rite 
Temple, Day’s Inn Convention Center and Congress 
Street Expo, Windmill at Phillip’s Plaza, Best Western 
Executive Inn, La Quinta Inn, Holiday Inn Holidome, and 
Tucson Exposition Center. Times and dates of shows 
vary at each location. Consult the show guide, available 
at the different venues, for further information. 


Education at the Tucson AGTA GemFair. The AGTA 
GemFair will feature a comprehensive gem-education 
program. Pre-show seminars—training your staff to sell 
colored stones, creating promotions and special events 
around colored gemstone jewelry, and the jeweler’s quali- 
ty advantage—will be offered on January 31, 1995. Other 
AGTA seminars, from February 2-5, include: sessions on 
jewelry business opportunities of the North America Free 
Trade Agreement, gemstone enhancements, and specific 
gemstones (for example, ruby and sapphire, tourmaline, 
emerald, and opal]; and panel discussions about North 
American gem cutters and designing with color. For more 
information, contact Nancy Donaho of AGTA at (800) 
972-1162, or (214) 742-4367. 

In addition, GIA will offer technical training ses- 
sions, beginning with a diamond grading class, January 
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Figure 17. Each of the metal containment safes in 
the new Tairus joint-venture facility in Novosibirsk, 
Siberia, contains a hydrothermal autoclave. Most of 
the production is synthetic emerald, but there are 
also smaller quantities of synthetic ruby. Photo by 
Robert C. Kammerling. 


29-February 7. Also available will be seminars on topics 
such as detection of filled diamonds and treated rubies, 
sapphires, and emeralds, identifying challenging synthet- 
ics; advanced diamond clarity grading; and a gem identifi- 
cation challenge. For further information on GIA classes 
in Tucson, call (800) 421-7250, extension 292. 


Gems & Gemology invites you to visit us in Tucson. 
Gems &) Gemology Editor Alice Keller and Assistant 
Editor Irv Dierdorff will be staffing the Gems & 
Gemology booth in the galleria section (middle floor) of 
the Tucson Convention Center for the duration of the 
AGTA show, February 1-6. Drop by to ask questions, 
share information (and unusual stones}, or just say hello. 
Many back issues will be available. 


More GIA Tucson show news. Also in the galleria sec- 
tion of the Tucson Convention Center during the AGTA 
show with booths of their own will be the GIA: 
Bookstore, Alumni Association, Education, Advanced 
Retail Managements Systems, and GEM Instruments 
Corporation. The bookstore, GIA Education, and GEM 
Instruments also will have booths in the lobby at the 
GLDA show. 
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1994 CeH+AeLeL+EeN+G+E WINNERS 


For the eighth year, Gems & Gemology readers from all over the world took 
our Spring Challenge, and once again they responded in record numbers to test 
their knowledge of recent developments in gemology. Many entrants score per- 
fectly year after year, and we applaud their ongoing commitment to keeping up 
with information in this demanding field. We are proud to list the names of 
those who earned perfect scores in 1994. Congratulations! 


Deidre K. Alejo, Hong Kong; Michael Oscar Anderson, Minnetonka, MN; Luiz 
Angelo, Rio de Janeiro, Brazil; David D. Arens, Tucson, AZ; Lorin E. Atkinson, 
McLean, VA ¢@ Alex Barcados, Toronto, Ontario, Canada; Linda Anne Bateley, 
Tenterden, Kent, England; La Shawn Bauer, Kingman, KS; Christiane Beauregard, 
Montreal, Quebec, Canada; Lauren L. Bechtol, Bryan, OH; George L. Blair, 
Houston,TX; Christine M. Blankenship, North Royalton, OH; Barry Blenke, Mia, 
FL; Anne Blumer, Bloomington, IL; Josef Bogacz, Idar-Oberstein, Germany; Jeffrey 
Leo Bosse, Cincinnati, OH; Mark Neil Brewster, Harare, Zimbabwe; Robert H. 
Burns, Beaverton, OR @ Johanne Cardin-Jack, Khon Kaen, Thailand; Raffaella 
Casalegno, Torino, Italy; E. Cassidy, Byron Bay, New South Wales, Australia; 
Elizabeth Castle, Ft. Lauderdale, FL; He Ok Chang, Rio de Janeiro, Brazil; Alice J. 
Christianson, St. Catharines, Ontario, Canada; Yvette I. Clevish, Missoula, MT; 
Kathylee Cook, San Jacinto, CA; Wanda Miller Cooper, Lexington, KY; Fontaine F. 
Cope, Lamesa, TX; Connie Bradshaw Copeland, Abilene, TX; Lisa M. Corio, 
Rochester, NY @ Andrea Damiani, Rome, Italy; Razia Daniels, Chester, England; 
Douglas P. DeHaven, Paris, TX; Shane Denny, Jacksonville, IL; Malcolm B. Druery, 
Goonellabah, New South Wales, Australia; Bela Dvorcsak, Carteret, NJ; Luella 
Dykhuis, Tucson, AZ # Margaretha Eckhardt, Cambridge, MA; David Belknap 
Edgar, Fort Collins, CO; Rich Ellis, Missoula, MT; Frank Ernst, Scottsdale, AZ ¢ 
Ed Fasnacht, Logansport, IN; Gavreal Feder, Clayton, MO; Jim ’Fritz” Ferguson, 
Aiken, SC; Roberto Filippi, Lucca, Italy; John R. Florian, Fair Oaks, CA; Leslie A. J. 
Foreman, Minneapolis, MN; Betty L. Frost, Longmont, CO ¢ Patty Gaspari- 
Bridges, Princeton, NJ; W. van der Giessen, Voorburg, Netherlands; Alfreda 
Gleicher, Los Angeles, CA; Henry S. Gonggryp, The Hague, Netherlands; Sue 
Angevine Guess, Deland, FL; Jose Antonio Gutierrez Martinez, Madrid, Spain ¢ 
Helen Judith Haddy, Coogee, Western Australia; Stephen H. Hall, Kennewick, WA; 
Gary R. Hansen, St. Louis, MO; Michael Hansen, St. Louis, MO; Philip L. Harris, 
Denver City, TX; Martin D. Haske, Woburn, MA; Belinda Hendley, Tyler, TX; John 
F. Heusler, St. Louis, MO; Eugene A. Homme, Butler, NJ; Karin H66k, Stockholm, 
Sweden; Alan R. Howarth, Braintree, MA; Joette M. Humphrey, Hendersonville, 
NC ¢ R. Fred Ingram, Tampa, FL ¢ John W. Jaeger, Bloomington, IL; Jack 
Jenovese, Honolulu, HI; Mary C. Jensen, Toledo, OH; Joyce G. Jessen, Western 
Springs, IL ¢ Chow Ka-Keung, Hong Kong; Mark Kaufman, San Diego, CA; Molly 
K. Knox, Colorado Springs, CO; Diane Koke, Calgary, Alberta, Canada; Marjorie 
Kos, City Island, NY; Ted Kowalski, Fredericksburg, VA ¢ Thomas Larsson, 
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Jarfalla, Sweden; Consuelo Laspra, Oviedo, Spain; Bert J. Last, Sydney, New South 
Wales, Australia; William A. Lavender, Pelham, AL; Dorothy Lewis, Richboro, PA; 
Diane C. Lezotte, Rochester, MI; David R. Lindsay, Bobcaygeon, Ontario, Canada; 
Loretta B. Loeb, Visalia, CA; H. L. C. Loeters, Diksmuide, Belgium, L. C. K. Loeters, 
Diksmuide, Belgium ¢ Kathryn J. March, Clemmons, NC; James S. Markides, 
Sumter, SC; Leona Claire Marsh, Harare, Zimbabwe; Lesley Faye Marsh, Harare, 
Zimbabwe; Mary L. Mason, Wyandotte, MI; Michael F. Matz, Minneapolis, MN; 
Mary M. Maxwell, Wheeling, WV; Glen McCaughtrie, Miranda, New South Wales, 
Australia; Daniel J. McHugh, Grand Terrace, CA; Janusz J. Meier, Calgary, Alberta, 
Canada; Adrian Meister, Zollikon, Switzerland; Eva Mettler, Zurich, Switzerland; 
Charles ”Mike” Morgan, Ukiah, CA; Yves Morrier, Montreal, Quebec, Canada; 
Mary B. Moses, West Newton, MA; Sina A. Mozafarian, Beverly Hills, CA; Bennett 
R. Murphy, Grand Island, NE ¢ Eva Birgitta Nilsson, North Vancouver, British 
Columbia, Canada; Kyoko Nishikata, Tokyo, Japan ¢ Sean T. O’Guinn, Soldotna, 
AK; M. Almudena Ordonez Alonso, Oviedo-Asturias, Spain; Barbara Orlowski, 
Rockville, CT; Pearl Owen, Pennington, NJ; Philip A. Owens, Los Angeles, CA ¢ 
Kenyon V. Painter, Scottsdale, AZ; Norma B. Painter, Scottsdale, AZ; Winnie Pang, 
Honolulu, HI; Mary Panitz, Grand Rapids, MI; Mauro Papais, Concord, Ontario, 
Canada; Dorothy M. Parr, Toronto, Ontario, Canada; Roy J. Pasini, North Olmsted, 
OH; Antonio Luis Perez Corrales, Pola de Lena, Asturias, Spain; Richard Petrovic, 
Newport, OR; Suzanne St. Aubin Pike, St. Lambert, Quebec, Canada; Frank James 
Poppie Jr., Monterey Park, CA # Matthew Randolph, Tryon, NC; Tim E. Reffner, 
Martinsburg, PA; Vincent A. Restifo, Toronto, OH; Michael W. Rinehart, Walnut 
Creek, CA; Elizabeth M. Roach, Flower Mound, TX; Paolo Rocchetti, Ponte San 
Pietro, Italy; Charles L. Rose, Germantown, TN; Kenneth F. Rose, Southfield, MI ¢ 
La Vona Locke St. Clair, Beaverton, OR; Raul Sapora, Terni, Italy; Jack Schatzley, 
Toledo, OH; Pinchas Schechter, Miami Beach, FL; Michael Schlamadinger, 
Wattens, Austria; Clayton Lee Shirlen, Apopka, FL; Laurent Sikirdji, St. Ismier, 
France; Ben H. Smith Jr., Wilmington, NC; Peter R. Stadelmeier, Levittown, PA; 
Clifford H. Stevens, Gansevoort, NY; M. Deloris Stevens, Cape Coral, FL ¢ 
Dominic Kai Uyen Tang, Coquitlam, British Columbia, Canada; Rolf Tatje, 
Duisburg, Germany; J. Michael Tracy, Kansas City, MO; Brandon Tso, New York, 
NY ¢ Jaroslav Vahala, MacGregor, Australian Capital Territory, Australia; Susan 
M. Vastalo, Bolingbrook, IL; E. van Velzen, Rotterdam, Netherlands; William E. 
Vergé, Scituate Harbor, MA ¢ Donald E. Watson, Wailuku, HI, Kimberly Wechter, 
Flushing, NY; John J. Wellinghoff, Miami, FL; Thomas G. Wendt, Beaver Dam, WI; 
Randolph Wilkinson, Chester, CT; John E. Williamson, Mims, FL; J. Kent Willis, 
Louisville, KY; Abe L. Wilson, Mililani, HI; Mary Campbell Wright, Indianapolis, 
IN ¢ Li Xungui, Changsha, Hunan, China ¢ Enrique Yandi-Valencia, Bogota, 
Colombia ¢ Chen Zhigiang, Guilin, Guangxi, China. 


Answers: (See pp. 58 and 59 of the Spring 1994 issue for the questions). (1) B, (2) A, 
(3) B, (4) A, (5) A, (6) A, (7) D, (8) D, (9) C, (10) B, (11) C, (12) A, (13) C, (14) A, (15) B, 
(16) D, (17) B, (18} A, (19) C, (20) D, (21) A, (22) B, (23) B, (24) D, (25} D. 
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DIAMONDS 


By Fred Ward, 64 pp. illus., publ. by 
Gem Book Publishers, Bethesda, 
MD, 1993. US$14.95* 


This small book consists predomi- 
nantly of very attractive color pho- 
tographs and their captions. The 
remaining text (about one-third of 
the volume) is clearly and enthusias- 
tically written at a "popular" level 
that presupposes no previous knowl- 
edge of diamonds or gemology. The 
text and the illustrations are very 
well coordinated. 

The book, which would benefit 
from the addition of a preface, index, 
and references, is divided into six 
chapters: (1} History and Lore, (2) The 
Hunt for Treasure, (3) Romancing 
the Stone, (4) Jewels and Artifacts, (5) 
Synthetic and Industrial Diamonds, 
and (6) Buying and Caring for 
Diamonds. Most of the geologic 
information and diamond production 
statistics are found in chapter 2, The 
Hunt for Treasure. Discussion of the 
roles of De Beers and the CSO is 
found in chapter 3, Romancing the 
Stone. Selected famous diamonds 
(e.g., the Hope, the Koh-i-noor}, and 
the rarity of stones of the best color 
and clarity, are discussed in Jewels 
and Artifacts. 

This reviewer is aware that in a 
book of this limited size, the author 
must make difficult decisions as to 
what to include and what to leave 
out. Equally difficult is the require- 
ment that the material be presented 
in simple, yet precise, language for 
what I assume to be a lay audience. 
Notwithstanding the style and sub- 
stance chosen by the author, I 
believe that the book contains more 
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technical errors, particularly those 
related to geologic concepts currently 
in the literature, than is acceptable. 
Some examples follow (with the 
technical deficiencies italicized). 

Page 11—With respect to dia- 
mond deposits in Canada, the author 
states: "All indicators suggest large 
reserves both in primary kimberlite 
pipes as well as in glacial deposits." 
Although isolated diamonds (some 
large) have been found in glacial 
deposits in the Great Lakes regions of 
Canada and the United States for 
over 100 years, there is no indication 
that large (or even minable} reserves 
will be found in these materials. 

Page 15—"Although nearly 450 
volcanoes have erupted more than 
2,500 times in recorded history, few 
have kimberlite. . . ." In recorded his- 
tory, there is no authenticated occur- 
rence of kimberlite ever having erupt- 
ed from a volcano. 

Page 37—"The ones [diamonds] 
thus far studied indicate ages 
between 50 million and 3.5 billion 
years." The generally accepted ages 
for diamonds are between 990 mil- 
lion and about 3.3 billion years. 

Page 46—The author states that: 
"GIA estimates current annual world 
diamond production at more than 
100 million carats. But of those, only 
two to two and a half million carats 
produce faceted diamonds larger than 
one carat and in the desired D-H col- 
ors and flawless to SI, clarity grades." 
GIA does not estimate world dia- 
mond production; nor does it esti- 
mate the availability of stones in var- 
ious sizes or color and clarity grades. 
The information appears to have 
originated in an article published in 
this journal (Vol. 28, No. 4, 1992, pp. 
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234-254) and was based on data from 
the U.S. Bureau of Mines and J.-F. 
Moyersoen. 

There are other disappointing 
aspects of this book, most of which 
are related to what is not said. For 
example, even though the beauty, 
rarity, and value of fancy-colored dia- 
monds are discussed in several places 
(e.g., pp. 22, 3642}, there is no men- 
tion of the fact that many colors can 
be produced in lower-valued (general- 
ly yellowish) diamonds by irradiation 
(and heat), and that such stones are 
readily available. Even more unfortu- 
nate, in my opinion, is the fact that 
the topics of enhancements (fracture 
filling and laser drilling) and simu- 
lants are not discussed. These timely 
and important topics should have 
been given at least passing mention 
in, for example, the chapter on buy- 
ing diamonds. 

The strengths of this book lie in 
the many very attractive color illus- 
trations, the reasonable price, and the 
appeal of this general-interest type of 
presentation. Gemologists, jewelers, 
or anyone who has studied diamonds 
and routinely reads this journal may 
also appreciate this small volume, 
and especially the photography. 
However, they will probably be 
familiar with most of the material 
presented. 


A. A. LEVINSON 
University of Calgary 
Calgary, Alberta, Canada 


“This book is available for purchase at the 
GIA Bookstore, 1660 Stewart Street, Santa 
Monica, CA 90404. Telephone (800) 421- 
7250, ext. 282. 
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STREETER OF BOND STREET 
A VICTORIAN JEWELLER 


By Patrick Streeter, 174 pp., illus., 
publ. by Matching Press, Harlow, 
England, 1993. US$30.00* 


Fifty years ago, when this reviewer 
first became infected with the gemo- 
logical virus, he began to read any 
gem books he could find that were 
written in English—at the time, 
meager offerings compared to the list 
available today. Two books by 
London jeweler Edwin William 
Streeter, while considerably out of 
date, were read with particular eager- 
ness: Precious Stones and Gems 
(1877) and Great Diamonds of the 
World (1882). 

A leading Victorian jeweler, 
Edwin Streeter played a pivotal role 
in the exploitation of the Burma (now 
Myanmar) ruby mines and in opening 
up the pearl fisheries of Australia. He 
was also involved, though with sub- 
stantially less success, in schemes 
involving South African diamonds, 
Montana sapphires, and Egyptian 
emeralds. Although sketchy outlines 
of Edwin Streeter's era and career can 
be found in earlier works, the current 
book—by his great-grandson—gives 
us insight into both Edwin Streeter 
the person and the Victorian jewelry 
industry. 

Some of Streeter's misadven- 
tures are as exciting as his successes. 
Although Streeter's representative, 
Thomas Tobin, was in South Africa 
as early as 1871—before either 
Rhodes or Barnato had arrived—a 
seeming misunderstanding of the 
way the diamonds were deposited led 
to a sell-out and his early departure. 
Otherwise, Edwin Streeter and his 
associates would have become enor- 
mously wealthy men (he died in 
"genteel poverty" in 1923). The 
unsuccessful ventures in Montana 
and Egypt appear to have failed partly 
due to Streeter's perpetual optimism 
and fascination with mining projects. 
Yet perhaps success in life cannot be 
measured by material things. If this 
be so, Edwin Streeter was immensely 
successful for his time, as all nine of 
his children grew to adulthood. 
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Making use of original catalogs 
and family papers, Patrick Streeter 
also provides a window into jewelry 
making in the late Victorian period. 
Streeter's championing of strict 
stamping laws for precious metals— 
for most of his jewelry, he specified 
18 1/2 k, with 16k solder so that when 
assayed an item never fell below 
18k—helped formulate British 
stamping laws. Edwin Streeter was 
also an early advocate of machine- 
made jewelry, claiming that its use 
would lower the cost to the public 
without diminishing profits. Details 
of the machinery and processes used 
during this era, as well as objects 
fashioned, are reprinted from Part I 
of Streeter's Hints to Purchasers of 
Jewellery, 8th edition, 1867. 

The author reproduces quite 
adequately many catalog illustra- 
tions, some in color, of jewelry as 
well as hollow- and flatware to pro- 
vide an idea of designs and styles of 
the period. Edwin Streeter believed 
in the use of regularly distributed 
illustrated catalogs. Today, Streeter's 
catalogs are highly valued as a source 
for establishing the authenticity of 
jewelry purported to be from this 
period (in fact, the author has also 
published a reprint of the 1885 
Jewellery Catalog of Edwin Streeter). 

Although Edwin Streeter did not 
set the world on fire, his story is 
worthwhile reading for anyone inter- 
ested in gems and jewelry. 

G. ROBERT CROWNINGSHIELD 
GIA Gem Trade Laboratory, 
New York 


BEADS OF THE WORLD 


By Peter Francis, Jr., 142 pp., illus., 
publ. by Schiffer Publishing Ltd., 
Atglen, PA, 1994. US$19.95* 


Mr. Francis’ love for beads is apparent 
from the first paragraph to the last in 
Beads of the World. It is an excellent 
source of information for the novice 
bead collector, who will find the 
author's enthusiasm contagious and 
refreshing. His appreciation tor beads 
draws the reader into the world of 
collecting, showing how these tiny 
objects are an art form not yet fully 


appreciated. In addition, the book is 
filled with wonderful color pho- 
tographs that show different kinds of 
beads from all over the world. 

Mr. Francis separates the book 
into three main sections. The first 
explains the global appeal of beads, 
their many special uses (both past 
and present), and basics of how to 
begin a collection. The second sec- 
tion discusses different materials 
from which beads are made, as well 
as simple approaches to help the col- 
lector identify those materials. 
Novice collectors should keep in 
mind that some of the suggested 
tests (i.e., hot point, chipping} ean 
harm beads, and that alternate meth- 
ods would be preferable. 

But there is so much more to 
beads than just materials. Mr. 
Francis proceeds to devote most of 
his book to the origin and sources of 
beads. This includes taking the read- 
er on a guided tour of the world's 
major bead centers, with an overview 
of each locality's history and distinc- 
tive manufacturing procedures. 

The book ends with a price 
guide for the collector, which appears 
to be relatively accurate—at least for 
now. I am usually skeptical of such 
lists, because they so quickly become 
outdated, but this one is different. 
Instead of being all inclusive, it is 
correlated to the photos. This was an 
enjoyable twist: I found myself flip- 
ping to the rare beads, then back to 
the list to find out their retail value. 

Although I enjoyed the book— 
especially all the color pictures and 
their explanations—I felt that Mr. 
Francis may have attempted to cram 
too broad a topic into too limited a 
format. The historical information 
was interesting, but it only seemed 
to scratch the surface; as a gemolo- 
gist, I found his identification infor- 
mation somewhat meager, more 
appropriate for a hobbyist. However, 
the book was easy to read and I 
appreciated the author's enthusiasm 
and desire to help. I would certainly 
recommend it to a beginning bead 
collector. 


SHELLEY C. TAYLOR 
Huntsville, Ontario, Canada 
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COLORED STONES AND ORGANIC MATERIALS 


Akoya pearl prices to rise. D. Catalano, National Jeweler, 
Vol. 38, No. 7, April 1, 1994, pp. 4, 80. 


Annual raw-material auctions in Japan indicate that U.S. 
retail jewelers can expect an average 20% price increase 
for 7-8 mm Japanese Akoya cultured pearls. Kazuyoshi 
Watanabe, executive director of the Japan Pearl 
Exporters Association, said that an average 20% decrease 
in production, primarily in the 7-9 mm range, is partly 
to blame for the price increase. Colder-than-normal sea- 
water temperatures during the summer, and continuing 
environmental problems, adversely affected the 1993 
harvest. Meanwhile, consumer demand in Japan is grow- 
ing stronger: Domestic consumption has risen from less 
than 40% of national production five years ago to more 
than 50% now. At the superior-quality "hama-age" auc- 
tions for the Ehime producers, average prices per piece 
were $60-$67 for 7-mm goods, slightly higher than the 
preceding year; and about $100 for 8 mm, $190 for 9 
mm, and $376 for 10 mm—all considerably higher than 
the year before. However, prices for 6-mm pearls came in 
at about $37 per piece, down from last year. MD 


The crystal chemistry of manganese-bearing elbaite. 
P. C. Burns, D. J. MacDonald, and F. C. Hawthorne, 
Canadian Mineralogist, Vol. 32, 1994, pp. 3141. 


Although most gemologists consider all members tour- 
maline—or use variety names such as rubellite, indicol- 


Gemological Abstracts 


ite, etc.—the tourmaline group actually consists of at 
least 10 distinct mineral species. The most common gem 
tourmaline is elbaite. This paper examines eight yellow, 
green, brown, and colorless crystals of manganese-bearing 
elbaite in terms of chemical composition and crystal 
structure. It follows a previous work by the authors in 
which they examined tourmaline stoichiometry. 

It is difficult to determine the composition of tour- 
maline-group minerals, because they contain so many 
different light elements at the same time: oxygen, boron 
(both not measurable by standard electron microprobe 
until recently}, lithium, and hydrogen (the latter two still 
not measurable by standard electron microprobe). In this 
paper, the authors compare two methods for evaluating 
tourmaline composition: electron microprobe analysis 


This section is designed to provide as complete a record as practi- 
cal of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section eai- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 

to our readership. 


Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 

names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
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(coupled with previously tested assumptions about site- 
filling by various elements}, and single-crystal X-ray 
diffraction and structure refinement (which determines 
the number of electrons per site—an "average" composi- 
tion). They conclude that tourmaline compositions can 
be accurately determined using these methods: Boron 
fills its own site; fluorine and hydrogen sum to four 
atoms per formula unit; and lithium and oxygen can be 
calculated by stoichiometry if the oxidation states of 
atoms such as Fe and Mn are known. ML] 


extraLapis. No. 6, 1994. 


This issue of extraLapis is entirely on tourmaline. It cov- 
ers a broad variety of aspects, ranging from forgotten 
occurrences to brand-new finds, and including causes of 
color in, new varieties of, and technical uses for, tourma- 
line. Historical aspects are the main focus of several arti- 
cles. These include Vorobyev's crystallographic descrip- 
tion of 22 tourmalines from Sri Lanka with unusually 
complex crystal-form combinations (by F. Damaschun}, 
a description of the once-famous tourmalines from 
Qarusulik, Greenland (by O. V. Petersen}, the tourmaline 
production of Myanmar (Burma) (by R. E. Kane}; the 
story of a (supposedly Burmese} 255-ct rubellite, now in 
the Kremlin (by M. Glas}; and J. W. Goethe's observa- 
tions on the “tourmalinic" (electric and magnetic} proper- 
ties of tourmalines. 

B. C. Cook describes the discovery and exploitation 
of the Mina da Batalha, Paraiba, Brazil (closed in 1993). A. 
Petrov describes the type locality for "ferridravite," near 
Villa Tunari, Alto Chapare, Bolivia, and explains why 
"ferridravite" now has become povondraite. J. Zang ana- 
lyzes the composition and colors of color-zoned tourma- 
lines from a new mine at Sanga-Sanga, Tanzania. In two 
additional articles, J. Zang also explains why apparently 
black schorl tourmalines in thin sections are not really 
black (nor are they always schorl!} and how the red stars 
in color-zoned Madagascar tourmalines develop. B. 
Wohrmann tells the story of these Madagascar tourma- 
lines and of the beautiful water-color paintings of longitu- 
dinal crystal sections in F. Benesch's impressive book Der 
Turmalin: Eine Monographie (Stuttgart, Germany, 1990). 

J. I. Koivula gives a comprehensive description of 
typical inclusions in tourmaline. M. Glas discusses opti- 
cal phenomena, such as halos and chatoyancy caused by 
holiow growth tubes. M. Glas and U. Althaus explain 
the use of tourmalines as parts of accelerometers in air- 
planes. 

To complete the volume, this extraLapis contains 
not only a 20-page compilation of the most important 
and interesting tourmaline occurrences worldwide 
{extracted from Benesch, 1990, and updated}, but also the 
most up-to-date mineralogical system of the tourmaline 
group (to be published in the upcoming—1995—edition 
of Dana's Mineralogy, by R. V. Gaines et al.}. Excellent 
color photos lavishly illustrate this informative volume. 

RT 
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Fluorescent oil inclusions in quartz. A. de Goutiére, 
Journal of Gemmology, Vol. 24, No. 2, 1994, pp. 
84-86. 


This short, well-illustrated note reports on the occur- 
rence of petroleum-bearing inclusions in two quartz 
specimens from Herkimer, New York. In one, the "four- 
phase" inclusion consists of brine, petroleum, a gas 
(within the petroleum}, and bitumen particles. In the 
other, a three-phase inclusion consists of petroleum, a 
gas bubble, and bitumen particles. CMS 


An important peridot. G. Webb, Australian Gemmol- 
ogist, Vol. 18, No. 6, 1993, pp. 191-193. 


In August 1992, the Mineral Section of the Australian 
Museum purchased an exceptionally large—193.44 ct— 
faceted peridot said to be from Myanmar. Subsequént 
gemological examination of the stone revealed properties 
typical of peridot in general (R.I., 1.650-1.685, birefrin- 
gence, 0.035; S.G., 3.34; absorption bands at 493, 473, 
and 453 nm). Microscopic features include a "lily pad" 
inclusion with a white opaque crystal butting against a 
black mineral grain in the center; faint brown, rectangu- 
lar mica inclusions (considered by Dr. Giibelin to be 
diagnostic of this locality]; and minute fissures with a 
high degree of strain in adjacent areas, as noted with 
polarized light. 

After describing the stone's properties, the author 
provides from the literature a good, concise review of the 
Burmese peridot deposits. This is followed by a brief list- 
ing of large peridots held in other museums around the 
world. One macrophotograph and three photomicro- 
graphs accompany the report. RCK 


Interstellar oxide grains from the Tieschitz ordinary 
chondrite. L. R. Nittler, C. M. O'D Alexander, X. 
Gao, R. M. Walker, and E. K. Zinner, Nature, Vol. 
370, August 11, 1994, pp. 443-446. 


We usually think of corundum and spinel as coming 
from two environments: basaltic lavas and metamorphic 
rocks, especially marbles. However, by virtue of their 
refractory natures (that is, very high melting tempera- 
tures}, these minerals sometimes come from a more 
exotic source—direct precipitation from gases produced 
by nucleosynthesis {atomic fusion] in stars. Some miner- 
al grains in chondrites (stony meteorites} are older than 
the Earth, formed from gases from other stars before our 
sun condensed. 

In this paper, the authors describe the results of oxy- 
gen and aluminum isotopic studies of 20 corundum 
grains and one spinel grain from the meteorite Tieschitz. 
Twelve grains probably came from oxygen-rich red giant 
stars, five possibly came from massive mass-losing 
(Wolf-Rayet} stars, and four possibly came from low- 
mass red giant stars. However, don't expect to see inter- 
stellar rubies on the gem market soon: All the grains 
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described in this study were between 0.5 and 2 mm, and 
were selected by examination of more than 6,000 refrac- 
tory oxide grains. ML] 


Optical anisotropy of cuprite caused by polishing. E. 
Libowitzky, Canadian Mineralogist, Vol. 32, 1994, 
pp. 353-358. 


Many materials that are structurally isotropic show 
anomalous birefringence; common gemological exam- 
ples include garnets (birefringence sometimes due to 
lowered symmetry caused by structural water}, spinel 
(birefringence due to strain}, and diamond (birefringence 
also due to strain}. The copper ore mineral cuprite, some- 
times cut as a gemstone, can show pronounced anoma- 
lous birefringence caused by surface deformation when 
polished mechanically. The birefringence can be pre- 
vented by polishing cuprite using an alkaline silica solu- 
tion instead of diamond paste. ML] 


DIAMONDS 


Diamonds and their sources in the Venezuelan portion 
of the Guyana Shield. H. O. A. Meyer and M. E. 
McCallum, Economic Geology, Vol. 88, No. 5., 
1993, pp. 989-998. 


Venezuela has been a minor producer of diamonds since 
they were first discovered there in 1901. To date, all are 
from alluvial deposits in the Guyana Shield area south of 
the Orinoco River in the state of Bolivar. However, few 
detailed studies have been published on the geologic 
source and nature (quality, size} of these diamonds. This 
paper addresses this void, first by recognizing that there 
are actually two different geographic/geologic diamond 
sources in Venezuela, and second by comparing and con- 
trasting these sources and the diamonds recovered from 
each. 

The first region in Venezuela that produced dia- 
monds is underlain by the Roraima Group of clastic sedi- 
ments. Diamonds mined here originated in basal rocks 
of this group. However, the diamonds in these source 
rocks are alluvium from yet an older primary kimberlite 
or lamproite source(s] that has yet to be found. The sec- 
ond region, the Guaniamo district, is about 200-300 km 
west of the Roraima-associated deposits. Discovered in 
1969, it now accounts for more than 75% of Venezuelan 
production. Several diamond-bearing kimberlites (1.73 
billion years old, among the oldest known kimberlites in 
the world} have been discovered in the area. These are 
believed to be the primary source of the alluvial dia- 
monds in the Guaniamo region. 

There is a marked contrast between the two regions 
in the commercial value of the diamonds found there. 
For example, from 1950 to 1968, the recorded production 
of Venezuelan diamonds [all from Roraima-associated 
deposits) was 47% gem, 43% industrial, and 10% bort. 
In 1979, because of a large amount (at least 77%) of 
lower-quality diamonds from the Guaniamo region, total 
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Venezuelan production averaged only 27% gem, with 
43% industrial and 30% bort. 

The abundance of bort in the Guaniamo deposits 
implies limited transport distance from a primary source 
rather than reworked alluvial deposits (as is the case 
with the Roraima deposits]. On the basis of this and 
other characteristics of the diamonds produced in the 
two areas, the authors suggest that a common source of 
diamonds is unlikely. They further suggest that a much 
more detailed geologic survey of the Roraima rocks is 
necessary to determine the source of the diamonds found 
in that area. AAL 


Fracture-filled diamonds: A ticking time bomb? S. 
Wakefield, Mazal U'Bracha, Vol. 10, No. 57, April 
1994, pp. 40-43. 


In an effort to test claims of the undetectability, stability, 
and durability of fracture-filled diamonds, Gemologist 
Sharon Wakefield purchased six Koss fracture-filled dia- 
monds for testing. She says that all were identifiable via 
the "flash effect," contrary to the manufacturer's claims, 
and that the filler was extremely vulnerable to damage 
during prong retipping. All it took for "loss of filler" was a 
cumulative exposure of 60 seconds to the jeweler's torch. 
Bench jewelers, she said, "need to exercise great caution" 
because of this. The most interesting and unexpected 
environmental response was an "alarming" rapid filler 
degradation when exposed to a short-wave UV lamp. Ms. 
Wakefield observed a slight brown discoloration on a 
filled diamond after only 1.5 hours of exposure 10 mm 
from a four-watt short-wave UV lamp. After 2.5 hours, 
the filler continued to darken and actually receded from 
the surface. The filled diamonds also showed loss of filler 
after 4.5 hours of ultrasonic cleaning. The loss continued 
with increased exposure. 

Fracture-filled diamonds "pose a clear and potential- 
ly elusive danger to the gemologist, appraiser, jeweler 
and, worst of all, the consumer," according to Ms. Wake- 
field. AC 


Editor's note: See this issue’s feature article for much 
more on filled diamonds, as well as the next abstract, 
on the article by C. Even-Zohar, which is a rebuttal to 
Ms. Wakefield's findings. 


Gemological research out of this world. C. Even-Zohar, 
Mazal U'Bracha, Vol. 10, No. 57, April 1994, pp. 
46-50. 


Mazal U'Bracha Editor Chaim Even-Zohar disputes the 
findings of Sharon Wakefield's research paper, “Fracture 
Filled Diamonds: A Ticking Time Bomb?" (see previous 
abstract). 

Mr. Zohar maintains that Ms. Wakefield's findings 
about the degradation of the filler in Koss-treated dia- 
monds when exposed to UV radiation and ultrasonic 
cleaning are needlessly alarmist and based on flawed 
methodology. He maintains that the short-wave UV 
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radiation to which Ms. Wakefield exposed the treated 
diamonds does not naturally occur between the surface 
of the earth and the ozone layer; rather, it occurs only in 
outer space (hence the title of this article}. Also, Ms. 
Wakefield subjected her samples to 10 hours of ultrason- 
ic cleaning when the normal maximum exposure is 
10-15 minutes. Mr. Zohar claims that Ms. Wakefield's 
methodology was further flawed because she examined 
the product of only one manufacturer. AC 


Helium isotope diffusion in natural diamonds. R. C. 
Wiens, D. Lal, W. Rison, and J. F. Wacker, Geo- 
chimica et Cosmochimica Acta, Vol. 58, No. 7, 
pp. 1747-1757. 


Diamonds play an important role in understanding the 
processes operating in the Earth's mantle. During their 
formation in the mantle, diamonds incorporate various 
types of inclusions from which geologic, geophysical, and 
even cosmogenic interpretations can be made. Although 
gemologists are acquainted with the solid inclusions in 
diamonds and the interpretations that may be made from 
them (e.g., the depth and temperature at which diamonds 
form], they may not know that very small amounts of 
rare (noble) gases, such as helium, are also present and 
detectable by mass spectrometer. Valuable information 
can be obtained by studying these rare gases from the 
mantle, and the crystal structure of diamond—unlike 
other mantle minerals—is generally strong enough to 
contain these gases both under mantle (high temperature 
and high pressure} and surface conditions. 

Helium occurs as two isotopes, $He and 4He. Both 
are found in all diamonds, although they originate from 
different sources. The 3He isotope is characteristic of the 
primordial mantle and is of cosmogenic origin [it is the 
most abundant He isotope in the present-day sun}. It can 
also occur in alluvial diamonds as a secondary, "cosmo- 
genic" component produced by cosmic-ray irradiation at 
the Earth's surface. The 4He isotope is formed by the 
decay of radioactive elements, notably uranium and tho- 
rium, and thus its occurrence in diamonds may be 
explained by the presence of U or Th mineral inclusions 
(other sources are also possible}. By measuring the rela- 
tive amounts of each helium isotope, usually reported as 
the ratio 39He/*He, geologists can determine significant 
aspects of a diamond's history, This is because the 
source of the helium is a clue to the origin of the dia- 
mond and to aspects of the mantle conditions where the 
diamond formed (assuming that the analyzed helium 
isotopes are representative of diamond formation condi- 
tions and that the isotopes are not lost from the crystal 
lattice by diffusion or modified in any way by other pro- 
cesses}, 

Because of the great age of diamonds and the high 
temperatures to which they have been subjected in the 
mantle, it is necessary to know how heat affects helium 
retention. Various experiments by "step heating" dia- 
monds up to 1900°C (diamonds in the Earth probably do 
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not exceed 1400°} show, for example, that natural terres- 
trial diamonds with a high cosmogenic helium content 
retain much more #He than 4He. As a result of this and 
many other experiments detailed in the article, the 
authors conclude that mantle helium is only one of sev- 
eral helium components in terrestrial diamonds, each of 
which may have different temperature-related release 
patterns. AAL 


Mantle xenoliths from kimberlite near Kirkland Lake, 
Ontario. H. O. A. Meyer, M. A. Waldman, and B. L. 
Garwood, Canadian Mineralogist, Vol. 32, 1994, 
pp. 295-306. 


In a sense, the incipient Canadian "diamond rush" began 
in the last century, when diamonds were found in some 
glacial outwash material south of the Great Lakes. The 
Kirkland Lake area in Ontario, one possible source for 
those diamonds, contains at least 10 kimberlites, includ- 
ing micaceous and hypabyssal kimberlites and tuffisitic 
kimberlitic breccias. This paper examines ultramafic 
xenoliths from a 156-million-year-old kimberlite breccia 
pipe, C-14. 

C-14 xenoliths contain forsteritic olivine, enstatite- 
rich orthopyroxene, "emerald'-green clinopyroxene, pale 
pink-to-purple pyrope garnet, phlogopite, and chromite. 
On the basis of trace elements in olivine, pyroxene, and 
garnet, it was found that these xenoliths equilibrated in 
the temperature range 917°-1221°C and the pressure 
range 35.8-55.6 kbar, both of which are within the sta- 
bility region of diamond. However, diamonds are not 
found in this kimberlite in economic quantities. The 
authors caution that even if pressure-temperature condi- 
tions favor diamond formation, later temperatures or 
oxidation states in the kimberlite magma can cause dia- 
mond resorption. ML] 


Petrology of a diamond and coesite-bearing metamorphic 
terrain: Dabie Shan, China. A. I. Okay, European 
Journal of Mineralogy, Vol. 5, No. 4, 1993, pp. 
659-675. 


Although the most significant primary occurrences of 
diamonds are in kimberlite and lamproite {igneous} 
rocks, diamonds are known in several other geologic 
environments, ranging from meteorites to ophiolites to 
metamorphic rocks. In all cases, the necessary geologic 
conditions for diamond crystallization (high pressure and 
high temperature) were present. To date, all non-kimber- 
litic/lamproitic primary occurrences have been economi- 
cally insignificant, so little attention has been paid to 
them. 

This paper describes the ultra-high-pressure, coesite- 
(high pressure form of quartz} and diamond-containing 
metamorphic rocks of the Dabie Shan complex, in cen- 
tral China. This metamorphic occurrence is also noneco- 
nomic, as the diamonds are very small (typically aggre- 
gates of 2-30 um; cubic, cuboctahedral, and octahedral 
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morphology} and only occur as inclusions in garnet. The 
diamond-bearing garnets occur within a specific eclogite 
zone. AAL 


Superkimberlites: A geodynamic diamond window to 
the Earth's core. S. E. Haggerty, Earth and 
Planetary Science Letters, Vol. 122, No. 1-2, 1994, 
pp. 57-69. 


Diamonds are among the deepest solid objects to reach 
the Earth's surface. Research has shown that most dia- 
monds probably formed in the upper mantle at depths of 
180-200 km. However, a few formed in the transition 
zone {at depths of 400-670 kim}, and some possibly even 
deeper, in the lower mantle (>670 km). 

Kimberlites (and lamproites} transport diamonds to 
the surface. Therefore, these highly gas-charged (contain- 
ing carbon dioxide, oxygen, nitrogen, etc.) volcanic mag- 
mas must have formed at even greater depths than their 
entrained diamonds. Kimberlites that form at the great- 
est depths (down to 2,900 km, the boundary between 
mantle and core} and eventually reach the surface are 
called "superkimberlites." The rare diamonds carried up 
from such depths have characteristic mineral inclu- 
sions—for example, SiC {moissanite}, native iron, and 
many sulfide minerals—that are indicative of a highly 
reducing environment. These and other geochemical fea- 
tures of deep-mantle diamonds (as well as geochemical 
aspects of the superkimberlites themselves) provide a 
"window to the Earth's core." Some diamonds have re- 
corded events in the core that date back to 3.3 billion 
years! 

Kimberlites and superkimberlites are emplaced 
exclusively in the oldest (>1.7 billion years}, most stable, 
and thickest (about 200 km} regions of the lithosphere. 
Surface locations of these rocks, the exceptional energy 
required for their emplacement from such great depths, 
geomagnetic reversals, plumes (localized bodies of vol- 
canic rock rising into the crust from the mantle}, and dia- 
monds from all depths are integrated into a model which 
establishes some correlations among these factors. 

AAL 


GEM LOCALITIES 


Colored pectolites, so-called "larimar," from Sierra de 
Baoruco, Barahona Province, southern Dominican 
Republic. K. Bente, R. Thum, and J. Wannemacher, 
Neues Jahrbuch ftir Mineralogie, Monatshefte, No. 
1, January 1991, pp. 14-22. 


The authors describe the occurrence, paragenesis, outer 
appearance, physical properties (including X-ray powder 
diffraction data], and chemical composition {obtained by 
XRF and AAS analyses} of "larimar" pectolite—all of 
which are essentially the same as for pectolites from other 
localities. Heating experiments led to the conclusion that 
"larimar" was formed below 240°C (the maximum ther- 
mal color-stability temperature}. The greenish tints that 
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disappear at this temperature correlate with color centers, 
and the bluish tints are caused by vanadium. RT 


Formation of the Muzo hydrothermal emerald deposit in 
Colombia. T. L. Ottaway, F. J. Wicks, L. T 
Bryndzia, T. K. Kyser, and E. T. C. Spooner, 
Nature, Vol. 369, June 16, 1994, pp. 552-554. 


Most emeralds occur in association with igneous rocks, 
especially pegmatites. Important exceptions are the 
emerald deposits of Colombia, including the Muzo, 
Chivor, and Cosquez mines. The Muzo emeralds 
described here are found in a single horizon in the Villeta 
Formation, a thick sequence of dark-colored, Lower 
Cretaceous organic-rich shales and limestones. They 
occur in cavities within a network of thin calcite-albite- 
pyrite veins. Accessory minerals include quartz, barite, 
fluorite, and parisite, a rare-earth fluorocarbonate; the 
latter two minerals have been successfully used as indi- 
cators of emerald mineralization. 

The emerald-containing veins surround highly 
altered regions in the host shale. These altered regions, 
known as cenicero (or ash) zones, are pale gray and con- 
tain calcite, albite, muscovite, pristine unweathered 
pyrite, doubly terminated quartz crystals, and elemental 
sulfur. Trapiche emeralds are found in the dark shale on 
the perimeter of the cenicero. 

Fluid inclusions in Muzo emeralds are a (Na, KICI- 
saturated brine that contains gases (CO,, CH,, N»} and 
minor amounts of Ca, Fe, Sn, Mg, Mn, and Ti complex- 
es. Two different measurement techniques (salt compo- 
sition and oxygen-, sulfur-, and carbon-isotope studies) 
give a consistent formation temperature for these inclu- 
sions {and thus the emeralds} of about 375°C at 1-km 
depth. The mineralizing brines probably formed from 
evaporites, or had previously reacted with them. 

The authors propose the following model for emer- 
ald formation at Muzo. The dark shale included partially 
crystalline carbon-rich pyrobitumen (coal), which con- 
tained the reduced-sulfur species H,S,; the brines con- 
tained oxidized sulfur as the sulfate ion {SO4}-?. These 
reacted with each other and with the reduced-carbon 
species in the hydrocarbons to form carbonate ions, ele- 
mental sulfur, and sulfide ions; the carbonate ions went 
on to form calcite, and the sulfide reacted with dissolved 
iron to form pyrite. These reactions converted the black 
shale to ash-gray cenicero; they also produced enough 
heat to continue the reaction until the reduced-carbon 
starting materials were depleted. The fluids that reacted 
with the cenicero zones—saturated with calcite, pyrite, 
and other phases—precipitated these minerals in veins at 
the cenicero margins, trace amounts of Be, Cr, and V 
from the organic material were deposited as constituents 
of late-forming emerald crystals. Beryl that had precipitat- 
ed directly in the nearby shales formed trapiche emeralds. 

Colombian emeralds owe much of their beauty to 
their low iron content, the result of pyrite formation 
having "gobbled up" all the available iron during emerald 
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deposition. Emerald prospectors take note: The ash-gray 
cenicero zones in organic-rich shales should be good 
indicators of emerald pockets nearby. ML] 


Four hessonite occurrences in Orissa, India. J. Kanis and 
M. Redmann, Journal of Gemmology, Vol. 24, No. 
2, 1994, pp. 75-83. 


Discussed are four new localities for transparent and 
massive hessonite garnet in the Indian state of Orissa— 
Ghatpara, Dahikbala, Budhido, and Burubura. Physical, 
optical, and chemical data are listed, as are inclusions 
indigenous to each specific area's transparent material. 
Typically, Ghatpara hessonites contain many different 
types of mineral inclusions. Burubura hessonites tend to 
be fairly clean, with possible healing cracks containing 
two- or three-phase inclusions. Budhido material usually 
appears very oily, which can negatively affect a stone's 
transparency; these garnets also contain numerous cor- 
roded mineral inclusions. The hessonite samples from 
Dahikbala all showed long needle-like inclusions, in part 
parallel and often bent. In addition to several photomi- 
crographs, the article presents color photos of the areas 
being mined, and a map of Orissa with mining sites 
marked. JEC 


Gems around Australia: 8. H. Bracewell, Australian 
Gemmologist, Vol. 18, No. 6, 1993, pp. 193-194, 
196, 


Mrs. Bracewell continues to lead us on a personal tour 
of Australia's gemstone localities, beginning this seg- 
ment with an amusing anecdote about getting lost on 
the way to Hillside Station in Western Australia, where 
she eventually visited the Curlew mine. This is an 
abandoned underground (shaft} emerald deposit of the 
mica-schist type, reached by descending an old iron tad- 
der, While no specimens of interest were found in the 
mine itself (except for a snake, thankfully dead), time 
spent sorting through some tailings yielded opaque 
green beryl in matrix and one or two smail emerald 
specimens. A local resident informed the author that 
there were other gem materials in the area, including 
green aventurine and agate, but no samples of these 
were collected. 

The report includes three photographs and a map of 
the author's route in Western Australia. Unfortunately, 
the latter does not show the locality described in this 
installment. RCK 


A high chromium corundum (ruby) inclusion in dia- 
mond from the Sao Luiz alluvial mine, Brazil. G. 
R. Watt, J. W. Harris, B. Harte, and S. R. Boyd, 
Mineralogical Magazine, Vol. 58, No. 3, 1994, pp. 
488-491. 


A highly chromian, red corundum inclusion (about 100 
um long) was found in a type-II diamond. Electron 
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microprobe analyses gave these averages (in wt.%} for 
the corundum: SiQ,, 0.58; TiO,, 0.10; Al,O3, 90.37; 
Cr,O3, 8.58; FeO, 0.28; MnO, 0.04; MgO, 0.40; CaO, 
0.01; Na,O, 0.01. The high Cr content of the Sao Luiz 
corundum inclusion, relative to corundum from 
eclogitic xenoliths, may reflect formation at sublitho- 
spheric depths, analogous to increased Cr partitioning in 
kyanite with pressure. RAH 


An imperial chrysoprase from Yerilla. Jewellery Review, 
Vol. 6/93, No. 11, 1993. 


Although first mentioned 2,000 years ago by the Roman 
scholar Pliny, chrysoprase localities remained rare and 
obscure until 1965, when a good-quality deposit was 
found on the East Coast of Australia. In 1991, on the 
other side of the continent, an "imperial" chrysoprase 
was found. This deposit at Yerilla, some 850 km from 
Perth, is owned and operated by the Gembank Group. It 
produces chrysoprase ranging from yellow green to deep 
"jade" green. NDC 


India's invisible gem rush. V. Kuriyan, Europa Star, No. 
199-4, 1993, pp. 67-70. 


This article surveys the rapid development of gemstone 
mining in Orissa, India. Gems found there include aqua- 
marine, chrysoberyl cat's-eye and alexandrite, iolite, 
rhodolite garnet, and ruby. At present, the government is 
making efforts to develop mining and establish a cutting 
industry. In the author's opinion, Orissa's future as a 
gemstone producer is promising. This article is part of a 
dossier covering various aspects of gems and gemology. 
RT 


Spessartine aus Namibia. Th. Lind, H. Bank, and U. 
Henn, Neues fahrbuch ftir Mineralogie, 
Monatshefte, No. 12, December 1993, pp. 
569-576. 


This article, in German, describes the attractive new 
orange gem-quality spessartine garnet—from a locality 
in Namibia—that has been marketed under the names 
"Hollandine" and, more recently, "Mandarin" garnet. 
Gemological examination has revealed that this material 
falls along the solid-solution series between spessartine 
and pyrope, with a spessartine content between 80% and 
90%. It has a specific gravity of 4.09-4.15 and R.I.'s of 
1.790-1.797. The absorption spectrum exhibits bands at 
408, 42.1, 430, 457, 483, and 527 nm {due to Mn?+, the 
coloring agent). JES 


Two interesting "double star" sapphires. J. I. Koivula, 
R. C. Kammerling, and E. Fritsch, Australian 
Gemmeologist, Vol. 18, No. 7, 1993, pp. 235-236. 


The authors examined two bluish gray-to-grayish blue 
star sapphires, reportedly from Sri Lanka, that each has 
an unusual double star. The smaller (0.87 ct} stone had 
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two distinct, adjacent six-sided stars, apparently sharing 
one arm (imagine two six-sided starfish holding hands). 
The stone was cut from two intergrown crystals oriented 
with their optic axes parallel to each other. The larger 
(38.56 ct} stone showed two overlapping six-sided stars, 
again with separate centers (imagine two off-center stars 
connected at the tips of all six rays}, unlike 12-ray star 
corundum. This stone was polysynthetically twinned in 
microscopically thin layers {lamellae}, one set of twin 
layers contained three orientations of needle-like inclu- 
sions, creating one star, while the other set contained 
needles in three slightly different orientations, creating 
the other star. Microscopic examination revealed that 
each set of lamellae only produced one star, ML] 


INSTRUMENTS AND TECHNIQUES 


Carl Zeiss Citoval 2 Stereomicroscope. T. Linton, R. 
Beattie, and G. Brown, Australian Gemmologist, 
Vol. 18, No. 7, 1993, pp. 225-226, 


This Instrument Evaluation Report begins with a discus- 
sion of the importance of a good microscope for gemolo- 
gists and then describes the criteria used by the authors 
in their evaluation of the Carl Zeiss Citoval 2 Stereo- 
microscope. The vertical-format instrument provides 
continuous stereo-zoom magnification from 10x to 100x 
using standard 16x eyepieces. With this configuration, it 
has an operational field of view ranging from 20 mm at 
10x to 2 mm at 100x, at a working distance of 107 mm. 
Depth of field is described as "adequate" for most gemo- 
logical applications. The 45° inclined binocular eyepieces 
can be individually focused, and the mechanical con- 
stmiction of the microscope is said to be both simple and 
utilitarian—for example, a simple clamping screw attach- 
es the microscope to its cast base. Incident illumination 
is provided by a tungsten-halogen lamp that is attached 
by an articulated arm to a ring below the zoom magnifi- 
cation changer. For transmitted {i.e., brightfield} illumina- 
tion, a transmitted-light support base is attached to the 
microscope and the tungsten-halogen lamp is removed 
from its articulated arm and inserted into the base. An 
optional darkfield illuminator is also available. 

The authors found the microscope's optics to be 
excellent in the 10x-75x range, with some problems 
encountered at higher magnifications. There was also 
some criticism of the illuminator's rheostat switching 
system. In final analysis, however, the instrument was 
felt to be an excellent value. 

Abstractor's Note: Although I have not examined 
this instrument, I would have difficulty recommending 
any microscope for routine gemological applications 
that did not have an integral darkfield/brightfield sys- 
tem of illumination. For both diamond grading and ini- 
tial microscopic examination of gems during identifica- 
tion, darkfield illumination is mandatory, not an 
option. In addition, a practical microscope system— 
including optics and illuminator(s)—should not require 
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that a single clamp-on illuminator be removed and rein- 
stalled each time a different method of illumination is 
needed. RCK 


A device to facilitate the measurement of birefringence 
in gemstones. T. Farrimond, Journal of Gemmol- 
ogy, Vol. 24, No, 2, 1994, pp. 105-108. 


Mr. Farrimond describes a simple device, which he calls 
a "twiddler rod," that can be added to any refractometer 
to help determine birefringence. The usual method 
involves using fingers to rotate a stone on the hemicylin- 
der of a refractometer, which requires opening (or leaving 
open} the lid of the instrument, as well as repeatedly 
removing one's eyes from the scale to adjust the stone. 
The new device mounts through the refractometer lid 
and holds the stone in proper position on the hemicylin- 
der so that the user can concentrate on the scale while 
rotating the stone. Instructions are given to make one's 
own "twiddler," or one can be ordered from the author 
for a nominal price. CMS 


JEWELRY HISTORY 


Common intrigue. P. Francis, Jr., Lapidary Journal, Vol. 
47, No. 3, June 1993, pp. 41-44, 96, 98. 


Peter Francis, Jr., director of the Center for Bead Research, 
investigates circumstances surrounding unusual beads of 
opalized wood that appeared on the antique bead market 
in the mid-1980s. He bases some of his information on a 
government report that was reportedly smuggled out of 
Myanmar. Provided is an overview of the geology, histo- 
ry, and ethnography involving these beads, a once-pre- 
cious commodity. Although the topic is complex, the 
author clearly tells of the importance of these now-rare 
beads to the ancient Pyu and Chin societies. Mr. Francis 
also notes the occurrence of early gem treatment associ- 
ated with the common-opal beads, as well as simulant 
materials used in the past and today. ]C-G 


The Retro revival. L. Hagan, Jewelers’ Circular- 
Keystone, Vol. 165, No. 5, May 1994, pp. 86-98. 


Jewelry trends are almost predictably cyclic in the way 
their popularity wanes for a time and then begins anew. 
Currently, jewelry characteristic of the late 1930s 
through the 1950s, also known as "Retro" jewelry, is in 
favor. In the first half of this "Heritage" article, Lael 
Hagan outlines the origins of the style, and briefly 
describes its expression in jewelry. Characterized by a 
bold sculptured-gold look, Retro jewelry typically incor- 
porated diamonds, pale sapphires, rubies, amethysts, cit- 
rines, and aquamarines set in large brooches, double 
clips, bib necklaces, and cocktail rings. Generally the 
designs were based on floral, feminine themes or on 
mechanical, industrial motifs and were executed in yel- 
low, white, and rose gold. 

The second half of the article is devoted to an alpha- 
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betized list of the "major players in Retro jewelry 
design." This list—a real service to the jewelry commu- 
nity—gives salient facts about each jewelry company, 
including a brief history, its location during this period, 
signature designs or contributions to the style, and 
(when known] a verbal description of the maker's marks. 
An extensive bibliography and a time line for the 
period conclude this useful article, which is abundantly 
illustrated with beautiful examples of Retro jewels. 


EBM 


Verdura rediscovers a "revolutionary." V. Becker, 
Jewellery International, Issue 15, 1993, pp. 17-18. 


In this article, Vivienne Becker focuses on the revival of 
Parisian-style jewelry created by Suzanne Belperron, a 
little-known yet influential designer of the 1920s. 
Drawing from a vast archive of Ms. Belperron's designs, 
the house of Verdura has launched a very limited selec- 
tion of her jewels, "both original pieces and modern 
recreations of original designs." Verdura maintains exclu- 
sive rights to use and distribute these items. 

Ms. Becker provides the reader with as good a history 
as can be expected for the talented but somewhat myste- 
rious Ms. Belperron. (Except for her 4,500 jewelry sketch- 
es and designs, she destroyed most of her personal papers 
before her death in 1983.) Ms. Becker writes of the impor- 
tance of Ms. Belperron's contributions in the transitional 
phase of jewelry fashion between the Art Deco and 
Modernism periods, stating that the work and influence 
of the very talented Ms. Belperron has been "underesti- 
mated" until now. The article is accompanied by color 
illustrations of famous Belperron jewels. [C-G 


JEWELRY RETAILING 


French royal jewel doubles its estimate. Retail Jeweller, 
Vol. 31, No. 826, July 14, 1994, p. 9. 


An elegant brooch—originally from the French Crown 
Jewels—sold for £62,000 (US$97,960} to London dealers 
SJ Phillips at Sotheby's sale of fine jewels held June 23, 
1994. Based on a scroll-and-foliate design, the brooch 
was set with cushion-shaped diamonds and foiled rubies. 
It originally formed part of a ruby and diamond parure 
made for Marie-Therese, Duchess D'Angouleme (1778- 
1851}, who was the daughter of King Louis XVI and 
Marie Antoinette. The top price paid at the sale (£84,000, 
or US$132,720} was for an early 19th-century diamond 
necklace, which also went to a London dealer. A rare 
gold, enamel, and gemstone pendant by Carlo Giuliano 
sold above estimate for £21,850 (US$34,523}. MD 


Saleroom report: Diamonds on top as season closes. V. 
Becker, Retail Jeweller, Vol. 31, No. 826, July 14, 
1994, p.9. 


Christie's last jewelry sale of the season, on June 22, 
took in more than £3.6 (US$5.7} million, the third high- 
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est total for a London jewelry auction. More than 87% of 
the jewelry items offered were sold, including a rare, 
fancy light green 5.30-ct diamond that "raised more than 
$38,000 per carat." An "important" Edwardian diamond 
necklace sold for £150,000 (US$237,000). Sale prices of 
all the finest period pieces substantially exceeded their 
pre-sale estimates, proving the continuing demand for 
this type of jewelry. An 1830 diamond tiara, once proper- 
ty of the late Mary, Viscountess Rothermere, went for 
£43,333 (US$68,466]. Christie's January-to-June jewelry 
results for this year were up 20% over the same period 
last year. MD 


PRECIOUS METALS 


A glimpse of life in the gold country. Excerpts from John 
Doble's journal and correspondence. California 
Geology, Vol. 47, pp. 104-117. 


Accounts of California's gold rush are often heavily 
romanticized, so first-hand accounts—particularly 
diaries—can be fascinating in the ways that they demys- 
tify and corroborate our impressions of the past. This 
article consists of a set of excerpts from the letters and 
two years of diaries of John Doble, who arrived in 
Amador County, in the California gold country, in 1851, 
and went on to become a notable jurist in the region. 
The excerpts contain descriptions of: 


« The ore and theories about gold formation |sic|—”. . . 
some thinks it washed into the gulches out of the 
hills[,] others think it thrown at some time long 
since all over the country by Volcanic action & 
Others that it is a natural formation & has always 
been where we find it... .” 

« How quickly claims were staked—"About 7-0-clock 
we seen men running in every direction... . The 
news had spread very rapidly and by noon at least 
100 men were on the ground most of them sinking 
holes... .” 

+ The cost of supplies—sometimes high, sometimes 
very low—and the effects of weather, as well as 
flood, fire, and fever. 


Social progress was extremely rapid: from tents in 
the wet clay and renting the use of a donkey to carry 
sluice-box components, to phrenological examinations 
and tickets to balls in under two ycars. 

One is left with a strong impression of the personal 
costs and rewards of gold-rush mining. Five vintage pho- 
tographs are included. ML] 


Metal news: Gold jewelry production dropped 7.1% in 
1993. National Jeweler, Vol. 38, No. 14, July 16, 
1994, pp. 47, 146. 


Karat-gold jewelry fabrication fell 7.1% worldwide in 
1993, to 2,751.1 tons, according to the Gold Field 
Mineral Services' annual survey of the gold market. Gold 
production was down in all major world markets except 
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Latin America and the United States, where fabrication 
grew 6% to 154 tons. Total European fabrication fell 
4.9%, to 702.9 tons; Italy's production of gold dropped 
4.3% to 485.1 tons. Far East output fell 10.7% to 704 
tons. Manufacturers in China, Taiwan, Japan, Hong 
Kong, and Malaysia all recorded significant declines. In 
the Middle East, fabrication demand fell 6.2% to 521 
tons. Saudi Arabia and Yemen recorded modest decreas- 
es, while Turkey showed strong growth. On the Indian 
subcontinent, gold jewelry manufacturing dropped 9.7% 
to 336.1 tons. African jewelry manufacturers registered a 
25.9% drop in total fabrication last year, to 35.5 tons. 
During 1993, however, the United States regained 
from China its position as the world's largest consumer 
of gold jewelry. U.S. manufacturers were helped by a 
recovery in U.S. spending and a weakening of Indian and 
Chinese demand. Canada chipped in with an 8.1% gain 
to 10.2 tons in 1993. In recent years, U.S. manufacturers 
have set up facilities in Latin America, or have shipped 
goods there for finishing, to take advantage of low labor 
costs. Such factors helped Latin America record an 8.1% 
increase in gold-jewelry production, to 64.8 tons last 
year, MD 


SYNTHETICS AND SIMULANTS 


Density-driven liquid-liquid phase separation in the sys- 
tem Al,O,-Y,0 3. §. Aasland and P. F. McMillan, 
Nature, Vol. 369, June 23, 1994, pp. 633-636. 


Yttrium aluminum garnet ([YAG} is an important gem 
simulant, although its popularity has been somewhat 
eclipsed in recent years by that of cubic zirconia. YAG 
crystals are grown primarily by the Czochralski method, 
and flux-grown crystals do not reach large sizes (K. 
Nassau, Gems Made by Man, Chilton Book Co., Radnor, 
PA, 1980]. 

In the paper reviewed here, the authors discuss one 
reason for YAG's reluctance to crystallize from the melt: 
Oxygen atoms occur in several different environments in 
intermediate Al,O;-Y,O; melts (nearest neighbors can be 
4 Al, or 3 Al and 1 Y, or 2. Al and 2 Y}, and in only one 
environment (2, Al and 2 Y nearest neighbors} in the gar- 
net crystal structure. Because the melt viscosity gets too 
high for easy structural rearrangement at temperatures 
near the YAG melting temperature, two separate glasses 
of the same composition—but different density—can be 
formed by fast cooling from compositions slightly more 
aluminum-rich than that of YAG. ML] 


A girl's best friend. K. Leutwyler, Scientific American, 
Vol. 269, No. 6, December 1993, pp. 40, 44. 


For 40 years, engineers have tried to exploit the hardness 
and thermal conductivity of diamond through the cre- 
ation of synthetic diamond and diamond-like materials 
for commercial uses. However, it is difficult to synthe- 
size high-quality diamond cheaply. Chemical vapor 
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deposition is the least costly method of applying a syn- 
thetic diamond thin film, but it is irregular and the 
result is of dubious crystal structure. 

In June 1993, a Pennsylvania State University group 
developed an inexpensive method of forming synthetic 
diamond films from a commercial polymer using a con- 
ventional oven. In July, Harvard chemists described the 
formation of a material purportedly harder than dia- 
mond, b-C,N,. These claims still need to be confirmed. 

At Microelectronics and Computer Tech Corp. in 
Austin, Texas, it was discovered that synthetic diamond 
thin films emit a shower of electrons when subjected to a 
weak electric field. In both Japan and the U.S., diamond- 
like films are being tested for possible applications in the 
automobile industry, using these electrical properties and 
their ability to withstand corrosion. NDC 


Twinning in Rammaura synthetic rubies. K. Schmetzer, C. 
P. Smith, G. Bosshart, and O. Medenbach, Journal 
of Gemmology, Vol. 24, No. 2, 1994, pp. 87-93. 


Described are characteristics of five interpenetrant- 
twinned Ramaura synthetic ruby crystals, including 
crystal morphology not previously detailed in the litera- 
ture. The Ramaura twins have a form that differs some- 
what from that of other twinned synthetic rubies. 
"Laminated" twinning—a characteristic of natural 
rubies—-was not observed in these Ramaura specimens 
and has not been encountered in other Ramaura materi- 
al. The features described for the Ramaura samples are 
well illustrated with color macro- and micro-photo- 
graphs. CMS 


TREATMENTS 


Colour treatment of common beryls. D. Robert, 
Australian Gemmologist, Vol. 18, No. 7, 1993, pp. 
231-234, 


Described is the author's development of a patented two- 
step process for the color enhancement of beryls to sim- 
ulate other gem materials. The first step is to heat treat 
preformed material at approximately 800°C, which 
apparently results in the removal of some water from the 
beryl's structure and induces some porosity to permit 
dyeing. The stones are then immersed in dyes that have 
been dissolved in a mixture of alcohols. Final cutting and 
polishing follows treatment; details of the recommended 
fashioning steps are provided. An optional last step in 
the processing is wax surface treatment to improve 
apparent luster. Photographs illustrate simulants of 
turquoise, chrysocolla, coral, and rhodochrosite that 
have been produced by this method. RCK 


Editor's note: A Gem News entry on this process 
appears in the Summer 1992 issue of Gems & 
Gemology. 
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Glass-filled rubies increasing [and sidebar: Agreement on 
filling of corundum]. Jewellery News Asia, No. 
119, July 1994, pp. 66, 68, 70. 


Laboratories in Asia are reporting an increase in the 
occurrence of glass fillings in rubies from Mong Hsu. 
One Thai lab said that up to 90% of Mong Hsu rubies 
tested showed this filling; a Hong Kong lab reported that 
55%: of Mong Hsu rubies tested were glass filled; still 
another lab—this one in Singapore—put their estimate 
at 70%. 

According to Vichian Veerasaksri, secretary to the 
Thai Gem and Jewelry Traders Association, the "filling" 
is actually the result of heat treatment, done to remove 
the bluish tint typically present in Mong Hsu rubies. 
The rubies are heated with borax and silica. During heat- 
ing, the silica melts and fills cracks and fissures in the 
rubies. Some of these cracks are deep enough that the 
glass cannot easily be removed by repolishing or soaking 
in hydrofluoric acid. (Removal of the filling does not 
seem to be a problem for the Gemmological Association 
of All Japan, Tokyo, however. Director Junko Junk Shida 
said that her lab removes it with the acid and then issues 
certificates that the rubies are natural, heat treated. Of 
1,000 rubies from different locations tested there weekly, 
only about 2% are filled with glass or other foreign sub- 
stances.} 

Prevalence of the glass filling has apparently not 
decreased demand for the rubies, and some Asian labs 
have even agreed that if the filling can be seen at 10x 
magnification or below, reports will be issued stating, 
"For the treatment of corundum, cavities and fissures are 
often filled with colourless foreign substances. Evidence 
of this treatment has been found in this stone." 

This article is accompanied by several photographs 
of rubies that contain the glass filling and by a half-page 
sidebar detailing the agreement between Asian labs 
regarding disclosure of the filling. [IM 


More on the antiquity of emerald oiling. K. Nassau, 
Journal of Gemmology, Vol. 24, No. 2, 1994, pp. 
109-111. 


Dr. Nassau adds to his previous claims regarding the his- 
toric origin of emerald oiling with this brief note. Three 
sources provided by two other researchers (Dr. John 
Sinkankas and Dr. Hedi Benaicha} reveal that, while the 
practice is not as ancient as is sometimes claimed, it has 
been in existence for at least 650 years. CMS 


MISCELLANEOUS 


The long way home. D. D'Arcy, Art and Antiques, Vol. 
17, No. 4, April 1994, pp. 64-69. 
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Several celebrated cases in the last decade point to the 
trend discussed in this article: Art-rich countries world- 
wide are turning to international litigation to have 
indigenous works of art, including jewelry and metal- 
work, returned to their places of origin. As the result of 
these cases, cited in the text, countries are beginning to 
demand—and win back—objects that had been bought 
by some very respectable museums and collectors under 
sometimes questionable circumstances. The art-rich 
countries are starting to use leverage to achieve settle- 
ments in a number of these cases. For example, many 
important archeological digs take place in Egypt, most 
under the aegis of American colleges and universitics. 
Suppose the government suspends an institution's dig- 
ging privileges until some previously acquired work of 
art in that institution's collection is returned to Egypt? 

More often than not, though, pilfering of antiquities 
seems to involve countries least able to afford expensive 
litigation. In Eastern Europe, following the fall of com- 
munism, organized crime is playing an increasingly sig- 
nificant role in offering antiquities from such countries 
as Hungary, Turkey, and the former East Germany to 
the highest bidder in the world community—without 
seeking prior approval from the country of origin. 

Still, the heyday of the unscrupulous antiquity deal- 
er/collector seems to have passed. There have been too 
many severe lessons for them "to turn a blind eye to 
questions of provenance." JEC 


Minerals, nineralogy, and miueralogists: Past, present, 
and future. F. C. Hawthorne, Canadian Mineral- 
ogist, Vol. 31, 1993, pp. 253-296. 


Several fundamental concepts used in gemology come 
from the field of mineralogy. Good examples include 
much of gemological nomenclature, certain methods of 
gem identification, and ideas on topics, such as crystal 
growth and the causes of color in some gemstones. Thus, 
an understanding of mineralogy's past and its possible 
future directions should be of interest to gemologists. 

In this article, Dr. Frank Hawthorne, a mineralogy 
professor at the University of Manitoba and a recent 
past president of the Mineralogical Association of 
Canada, presents a condensed but thorough overview of 
mineralogy. Starting with the earliest key publications 
on minerals, he traces the major developments, first in 
the classification and then in the characterization of 
minerals. All major analytical techniques now used to 
study minerals are briefly reviewed. Future directions 
that research on minerals may take are highlighted. The 
author concludes with a plea for retaining classical min- 
eralogical education and mineralogical research in a 
period of shrinking funding for both science and scien- 
tific education. JES 
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Authors must use the following guide- 
lines when submitting a manuscript to 
Gems & Gemology, or the paper may be 
returned unreviewed. Please contact the 
Editor's office if you have any questions 
about these guidelines or any other 
aspects of your topic. 


APPROPRIATE TOPICS 


Gems # Gemology publishes original 
articles concerning the study of gem- 
stones and research in gemology and 
related fields. Appropriate topics include 
(but are not limited to} colored stones, 
diamonds, gemological instruments and 
identification techniques, gem localities, 
gem enhancements, gem substitutes (sim- 
ulants and synthetics}, gemstones for the 
collector, jewelry manufacturing arts, 
jewelry history, and contemporary trends 
in the trade. Remember that these are 
general guidelines only. Your best source 
of appropriate topics is Gems & 
Gemology itself. Read the journal to 
acquaint yourself with the breadth of 
material covered. 
Manuscripts may be submitted as: 


Feature Articles—full-length articles 
describing previously unpublished studies 
and laboratory or field research. Such arti- 
cles should be no longer than 6,000 words 
(24 double-spaced, typed pages) plus 
tables, illustrations, and references. 


Review Articles—-comprehensive reviews 
of topics in the field. Length of text 
should not exceed 8,000 words (32 dou- 
ble-spaced, typed pages). 


Notes & New Techniques—brief prelimi- 
nary communications of recent discover- 
ies or developments in gemology and 
related fields (e.g., new instruments or 
identification techniques, gem minerals 
for the collector, and lapidary techniques). 
Articles for this section should be approx- 
imately 1,000-3,000 words (4-12 double- 
spaced pages}. 


Gem News—very brief (100-500 words, 
one-half page to two double-spaced pages] 
items on current events in the field or 
unusual gem materials. 


To be considered for publication, all con- 
tributions to Gems e) Gemology must be 
original and not previously published in 


Guidelines for Authors 


English. We will consider articles already 
published in languages other than English 
only on a case-by-case basis and only if 
the author(s) inform us at the time of sub- 
mittal when and where the article was 
first published. It is our policy not to pub- 
lish feature articles, review articles, or 
Notes on single stones or research based 
on a single sample (unless of extraordi- 
nary historical importance, such as the 
Hope diamond). Authors may not publish 
the same material elsewhere for at least 
three months after the mail date of the 
issue in question, without express written 
permission from the Editor's office. 


Gems & Gemology also includes these 
regular sections: Gem Trade Lab Notes— 
reports of interesting or unusual gem- 
stones, inclusions, or jewelry encountered 
in the GIA Gem Trade Laboratory; Book 
Reviews—as solicited by the Book 
Reviews editor (publishers should send 
one copy of each book that they wish to 
have reviewed to the Editor's office}; 
Gemological Abstracts—summaries of 
important articles recently published in 
the gemology literature. 


MANUSCRIPT PREPARATION 


All material (including tables, figure leg- 
cnds, and references} MUST be typed, 
double spaced (no exceptions}, one side 
only, on 8.5 by 11 inch (21 by 28 cm} 
white paper (no colors} with 1.5-inch (3.8 
cm} margins. Each page should be consec- 
utively numbered—including the first 
and those containing figure legends, refer- 
ences, etc. Use a fresh typewriter or print- 
er ribbon; one that prints black, not gray. 
Please avoid sending draft-quality dot- 
matrix printouts. It is strongly recom- 
mended that the article a/so be submitted 
on a floppy disk in: Microsoft Word 4 
through 6 (DOS}, Wordstar 3 through 5.5, 
Wordperfect 5+, Rich Text Format (RTF, 
Microsoft Word for Windows (2 or 6}, 
Windows Write, Microsoft Word 4+ for 
Macintosh, or ASCII (DOS and Macin- 
tosh}. Please indicate which format is 
used. 

Identify the authors on the title page 
only, not in the body of the manuscript or 
figures, so that author anonymity can be 
maintained with reviewers (the title page 
is removed before the manuscript is sent 
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for review}. The various components of 
the manuscript should be prepared and 
arranged as follows: 


Title Page. Page 1 should include: {a} the 
article title; {b) the full name of each 
author; (c} each author's affiliation (the 
institution, city, and state or country 
where he/shc was working when the arti- 
cle was prepared); and (d) acknowledg- 
ments of persons who helped perform the 
research, prepare the report, or do the 
photography, etc. 


Abstract. Page 2 should repeat the title of 
the article, followed by an abstract. The 
abstract (no more than 150 words for a 
feature or review article, 75 words for a 
Note} should state the purpose of the 
article, what was done, and the main 
conclusions. 


Text. Papers should follow a clear outline 
with appropriate headings. For example, 
for a research paper, the headings should 
be: Introduction, Previous Studies, 
Matcrials and Methods, Results, 
Discussion, and Conclusion. Use other 
heads and subheads as the subject matter 
warrants. Also, when writing your article, 
please avoid jargon, spell out the first 
mention of all abbreviations, and present 
your material as clearly and concisely as 
possible. For general style (grammar, etc.}, 
see The Chicago Manual of Style 
(University of Chicago Press, Chicago). 
Papers that describe original rescarch 
must include a Materials and Methods 
section that contains, at a minimum, the 
numbers and descriptions of all samples 
examined, and the techniques and instru- 
mentation used to obtain the data. 


References. Refcrenccs should be used for 
any information that is taken directly 
from another publication, to document 
ideas and facts attributed to another writ- 
er, and to refer the reader to other sources 
for additional information on a particular 
subject. References must be cited in the 
body of the text {in parenthescs}, with the 
last name of the author(s) and the year of 
publication; add the appropriate page 
number when citing a direct quote or a 
specific illustration or set of numbers or 
data. An example would be: [Kammerling 
et al., 1990, p. 33}. The list of references 
at the end of the paper should be typed 
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double spaced in alphabetical order by 
the last name of the senior author; if 
there is more than one paper by that 
author or same group of authors, list 
those papers in chronological order, start- 
ing with the oldest paper first. List only 
those references actually cited in the text 
(or in the tables or figures). A paper that 
lacks a reference section or is missing 
information in the reference section— 
publishers, dates, authors, etc.—may be 
returned unreviewed. 

Include the following information, 
in the order given here, for each refcrence: 
{a} all author namcs (surnames followed 
by initials}; (b) the year of publication, in 
parentheses, (c} for a journal, the full title 
of the article or, for a book, the full title of 
the book cited, and (d} for a journal, the 
full title of the journal plus volume num- 
ber, issue number, and inclusive page 
numbers of the article cited or, for a book, 
the publisher of the book and the city of 
publication. Sample references are: 


Kammerling R.C., Koivula J.I., Kane R.E. 
{1990} Gemstone enhancement and 
its detection in the 1980s. Gems @ 
Gemology, Vol. 26, No. 1, pp. 32-49. 

Armstrong J.T. (1988] Accurate quantita- 
tive analysis of oxygen and nitrogen 
with a Si/W multilayer crystal. In 
D.E. Newbury, Ed., Microbeam 
Analysis—1988, San Francisco Press, 
San Francisco, CA, pp. 301-304. 

Liddicoat R.T. (1989) Handbook of Gem 
Identification, 12th ed., 2nd rev. 
printing. Gemological Institute of 
America, Santa Monica, CA. 


Personal communications {for infor- 
mation obtaincd from someone with par- 
ticular expertise} should be cited in the 
body of the text only, as follows—{G. 
Rossman, pers. comun., 1994), Permission 
must be obtained from the people cited to 
use their names for this purpose. Such 
resources should also be listed, with their 
affiliations, in the Acknowledgments sec- 
tion. 


Tables. Tables can present a large amount 
of detail in a relatively small space. Con- 
sider using onc whenever the bulk of 
information in a section threatens to over- 
whelm the text. 

Type cach table double spaced on a 
separate sheet. If thc table must exceed 
one typed page, please duplicate all head- 
ings on the second sheet. Number tables 
in the order in which they are cited in the 
text. Every table should have a title; every 
column {including the left-hand column} 
should have a heading. Please make sure 
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terms and figures used in the table are 
consistent with those used in the text. 


Line Illustrations. We prefer that all line 
art (graphs, charts, etc.} be sent to us on 
computer disk, accompanied by hard 
copy. {Please contact us about acceptable 
formats.} If this is not possible, line art 
should be professionally drawn and the 
original sent to us. 

Submit black-and-white pho- 
tographs and photomicrographs in the 
final desired size if possible. Where appro- 
priate, please use a bar or other scale 
marker on the photo, not outside it. 

On the back of each illustration, 
affix a label with the appropriate figure 
number and the article title. Do not trim, 
mount, clip, or staple illustrations. 


Color Photograplis. For originals, 35-mm 
slides or 4- by 5-inch transparencies are 
ideal. For review purposes (sce below] we 
need an additional three complete sets of 
color prints, slide dupes, or high-quality 
color Xeroxes submitted with the copies 
of the paper. We reserve the right to reject 
photographs that are not in keeping with 
the production standards of Gems 
Gemology. Please contact the Editor's 
office if you need help finding appropriate 
photographers or specimens. 


"Call Outs." Figures and tables must be 
called out at the appropriate place in the 
text. Figures and tables must be num- 
bered consecutively, starting with thc 
first mention in the text. 


Figure Captions. Typc figure captions 
double spaced on a separate page(s}. Each 
caption should clearly explain, in com- 
plete sentences, the significance of the 
figure and any symbols, arrows, numbers, 
or abbreviations used therein; it should 
be consistent with the text. Where a 
magnification is appropriate, please 
include it in the caption. (For the purpos- 
es of this journal, the magnification for a 
photomicrograph should refer to the 
magnification at which the image was 
photographed.} 


MANUSCRIPT SUBMISSION 


Because your manuscript will be reviewed 
by at least three separate revicwers, we 
must have three complete copies of the 
paper and three complete, properly labeled 
sets of all illustrations. Color Xeroxes of 
the color illustrations are acceptable as 
long as they are of rcasonable quality. We 
cannot consider any submission that does 
not include these three copies of the 
manuscript and figures. 


Send all submissions to: 


Alice S. Keller, Editor 
Gems & Gemology 
1660 Stewart Street 
Santa Monica, CA 90404 


Copyright. In view of U.S. copyright law, 
we must ask that submitted manuscripts 
be accompanied by the following state- 
ment, signed by all of the authors: 

"Upon publication of (title of article} 
in Gems &@ Gemology, I {we} transfer to 
the Gemological Institute of America all 
electronic-use, scrialization, and ancillary 
rights, titles, and interest to the work, 
including copyright, together with full 
right and authority to claim worldwide 
copyright for the work as published in 
this journal. As author(s}, I (we} retain the 
right to excerpt (up to 250 words} and 
reprint the material on request to the 
Gemological Institute of America, to 
make copies of the work for use in class- 
room teaching or for internal distribution 
within my (our} place of employment, to 
use—-after publication—all or part of this 
material in a book I (we) have authored, 
to present this material orally at any 
function, and to veto or approve permis- 
sion granted by the Gemological Institute 
of America to a third party to republish 
all or a substantial part of the article. I 
(we) also retain all proprietary rights 
other than copyright (such as patent 
rights). I (we] agree that all copies of the 
article made within these tcrms will 
include noticc of the copyright of the 
Gemological Institute of America. This 
transfer of rights is made in vicw of the 
Gemological Institute of America's 
efforts in reviewing, editing, and publish- 
ing this material. 

As author(s}, I (we} also warrant that 
this article is my (our) original work. This 
article has been submitted in English to 
this journal only and has not been pub- 
lished elsewhere." 

No payment is made for articles pub- 
lished in Gems e) Gemology. However, 
for each article the author(s} will receive 
50 frec copies of that issue. 


REVIEW PROCESS 


Manuscripts are examined by the editor, 
editor-in-chief, technical editor, and at 
least three reviewers. Authors will remain 
anonymous to the reviewers. Decisions of 
the editor are final. All material accepted 
for publication is subject to copy editing, 
authors will receive galley proofs for 
review and are held fully responsible for 
the content of their articles. 
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ABOUT THE COVER: Colored diamonds are among the most intriguing and valuable 


gems. This issue presents, for the first time, a report on how the GIA Gem Trade 
Laboratory color grades colored diamonds. The diamonds here illustrate some of the 
exciting colors. They were provided by: American Siba, Cora Diamond Corp., U. Doppelt 
® Co., Ishaia Trading Corp., I. Wolf, L. Wolf, B. Zucker, and GIA GTL. The descriptions 
below reflect the color grades that would be given on the new grading reports {due to 
printing fluctuations, color reproduction may not be exact): 


(1) 2.73 ct Fancy black; (2) 22,28 ct Fancy grayish yellowish green (“chameleon”); (3) 
20.95 ct Fancy Intense yellow (Internally Flawless); (4) 1.56 ct Fancy Deep orange; (5} 
5.30 ct Fancy green; (6} 5.59 ct Fancy gray-blue; (7) 0.46 ct Fancy Intense pink; (8) 5.26 ct 
Fancy gray-blue; (9) 2.20 ct Fancy Deep brownish yellowish orange; (10) 4.49 ct Fancy 
Deep greenish yellow; (11} 20.17 ct Fancy Deep blue; (12) 1.49 ct Fancy Intense yellowish 
orange; (13) 0.87 ct Fancy Intense purple-pink; (14) 1.66 ct Fancy Intense greenish yellow; 
(15) 4.10 ct Fancy Deep grayish greenish yellow; (16) 9.28 ct Fancy Deep brownish yel- 
low; (17} 3.55 ct Fancy pink; (18) 0.54 ct Fancy Deep pink; (19) 1.15 ct Fancy Deep orangy 
yellow; (20) 0.77 ct Fancy grayish blue; (21) 3.57 ct Fancy Deep brownish orangy yellow; 
(22} 0.94 ct Fancy Light pinkish purple; (23) 1.07 ct Fancy orangy pink; (24) 3.09 ct Fancy 
blue; (25) 11.75 ct Fancy yellow; (26) 0.66 ct Fancy Deep pink; (27) 0.59 ct Fancy blue; 
(28) 0.53 ct Fancy Deep purplish pink; (29) 1.17 ct Fancy Deep purplish pink; (30) 0.17 ct 
Fancy Vivid orangy yellow; (31) 0.80 ct Fancy Intense yellow-green. Photo © GIA and 
Harold & Erica Van Pelt—Photographers, Los Angeles, CA. 


Typesetting is by Graphix Express, Santa Monica, CA. Color separations are by Effective 
Graphics, Compton, CA, Printing is by Cadmus Journal Services, Easton, MD. 


© 1995 Gemological Institute of America All rights reserved ISSN 0016-626X 


GMS AGEMOLOGY 


Editors, Gem Trade Lab Notes 
Robert C. Kammerling 
C. W. Fryer 


Editors, Gem News 
John J. Koivula 

Robert C. Kammerling 
Emmanuel Fritsch 


Editors, Book Reviews 
Susan B. Johnson 
Jana E. Miyahira 


Editor, Gemological Abstracts 
C. W. Fryer 


Word Processor 
Ruth Patchick 


Henry O. A. Meyer 
West Lafayette, IN 


Kurt Nassau 
P.O. Lebanon, NJ 


George Rossman 
Pasadena. CA 


Kenneth Scarratt 
Bangkok, Thailand 


Karl Schmetzer 
Petershausen. Germany 


James E. Shigley 
Santa Monica. CA 


EDITORIAL Editor-in-Chief Editor 
STAFF Richard T. Liddicoat Alice S. Keller 
; . 1660 Stewart St. 
Associate Editors Santa Monica, CA 90404 
William E. Boyajian (800) 421-7250 x251 
Robert C. Kammerling 
D. Vincent Manson Subscriptions 
John Sinkankas Gail Young 
Jin Lim 
Technical Editor (800) 421-7250 x201 
Carol M. Stockton Fax: (310} 453-4478 
Assistant Editor Contributing Editor 
Irv Dierdorff John I. Koivula 
PRODUCTION Art Director Production Assistant 
STAFF Lisa Joko-Gleeson Judith: Lynch 
EDITORIAL Robert Crowningshield C. §. Hurlbut, Jr. 
REVIEW BOARD New York, NY Cambridge, MA 
Alan T. Collins Alan Jobbins 
London, United Kingdom Caterham, United Kingdom 
Dennis Foltz Robert C. Kammerling 
Santa Monica, CA Santa Monica, CA 
Emmanuel Fritsch Anthony R. Kampf 
Santa Monica, CA Los Angeles, CA 
C. W. Fryer Robert E. Kane 
Santa Monica, CA Helena, MT 
Henry A. Hanni John I. Koivula 
Basel, Switzerland Santa Monica, CA 
SUBSCRIPTIONS Subscriptions in the U.S.A. are priced as follows: $59.95 for one year (4 issues], $149.95 for three years (12 issues}. 
Subscriptions sent elsewhere are $70.00 for one year, $180.00 for three years. 
Special annual subscription rates are available for all students actively involved in a GIA programm: $49.95, U.S.A,; 
$60.00, elsewhere. Your student number must be listed at the time your subscription is entered. 
Single issues may be purchased for $15.00 in the U.S.A., $18.00 elsewhere. Discounts are given for bulk orders of 10 
or more of any one issue. A limited number of back issues of GevG are also available for purchase. 
Please address all inquiries regarding subscriptions and the purchase of single copies or back issues to the 
Subscriptions Department. 
To obtain a Japanese translation of Gems @ Geimology, contact the Association of Japan Gem Trust, Okachimachi Cy 
Bldg., 5-15-14 Ueno, Taito-ku, Tokyo 110, Japan. Our Canadian goods and service registration number is R126142892. 
MANUSCRIPT Gems & Gemology welcomes the submission of articles on all aspects of the field. Please see the Suggestions for 
SUBMISSIONS Authors in the Fall 1994 issue of the journal, or contact the editor for a copy. Letters on articles published in Gems 
e? Gemology and other relevant matters are also welcome. 
COPYRIGHT Abstracting is permitted with credit to tbe source. Libraries are permitted to photocopy beyond the limits of U.S. 
AND REPRINT copyright law for private use of patrons. Instructors are permitted to photocopy isolated articles for noncommercial 
PERMISSIONS classroom use without fee. Copying of the photographs by any means other than traditional photocopying tech- 


niques (Xerox, etc.) is prohibited without the express permission of the photographer (where listed} or author of the 
article in which the photo appears (where no photographer is listed}. For other copying, reprint, or republication per- 
mission please contact the editor. 

Gems e Gemology is published quarterly by the Gemological Institute of America, a nonprofit educational organi- 
zation for the jewelry industry, 1660 Stewart Street, Santa Monica, CA 90404, 

Postmaster: Return undeliverable copies of Gems #& Gemology to 1660 Stewart Street, Santa Monica, CA 90404. 
Any opinions expressed in signed articles are understood to be the opinions of the authors and not of the publishers. 


GEMS & GEMOLOGY: 
SIXTY YEARS OF HISTORY AND HISTORY-MAKING 


Richard T. Liddicoat, Editor-in-Chief 


In 1994, Gems e) Gemology marked its 60th year of continuous publication. During 
that time, it has grown in size and impact, becoming a key vehicle for communicating 
critical information to the international gemological community. 


Since its inception, Gems @ Gemology has had only two editors-in-chief: Robert M. 
Shipley (from 1934 through 1951} and myself (since 1952). This has been primarily a 
policy-setting function, with most of the labor-intensive activity carried out by a suc- 
cession of associate editors and editors. The first was the diminutive Anna Beckley. 
With her retirement, the job fell to me for a year or two. Following World War II, first 
Kay Swindler and then Jeanne Martin, Lawrence Copeland, and John Koivula served 
capably as associate editors. Nevertheless, by 1980, the subscription list was only 
1,500. In 1981, the journal was redesigned to its current, larger size, with full-color 
illustrations throughout and a first-rate editorial board (each article is now reviewed by 
at least three experts}. Under the sure hand of Editor Alice Keller, paid circulation has 
since leaped to almost 10,000 subscribers in more than 70 countries. 


The journal has been influential almost from its beginning. Early issues published 
much of Edward Gibelin's pioneering gemstone inclusion studies, as well as articles by 
such other great gemologists as Robert Webster and Lester Benson. Basil W. Anderson 
and Robert Crowningshield wrote on gem spectroscopy, John Sinkankas described cut- 
ting the huge colored stones, George Kaplan contributed on diamond cutting, and Kurt 
Nassau provided seminal work on gem treatments, to name only a few. These early 
issues also reported on such new materials as taaffeite, tanzanite, and tsavorite shortly 
after they were discovered, as well as on important new finds of known gems, including 
the Siberian diamond discoveries. Through the pages of GWG, Mr. Shipley's elder son, 
Robert Jr., first reported on combining stereoscopic magnification with darkfield illumi- 
nation to study gems, as well as on his polariscope, which used a thin polarizing sheet 
in place of Nicol prisms. 


Gems & Gemology still endeavors to remain at the forefront of our rapidly developing 
science. In the past few years, this focus has been evident in articles on such vital sub- 
jects as identifying heat, irradiation, and diffusion treatments; separating natural from 
synthetic gem-quality diamonds and colored stones; and detecting laser drilling and 
fracture filling in otherwise natural diamonds. As treatments and synthetics have 
become more sophisticated, GWG has introduced readers to the new instruments and 
higher technologies needed to detect them. 


Even though authors are not paid for their contributions, the journal receives more wor- 
thy articles than its quarterly allotment of pages can accommodate. We strive to 
ensure that every issue provides a variety of information that can be applied—now or in 
the future—in the practice of gemology, and to maintain the high level of professional 
integrity our readers demand. Our staff and the governors of the Gemological Institute 
of America are committed to maintaining Germs ew Gemology as the premier profes- 
sional publication in its field. 
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COLOR GRADING OF 
COLORED DIAMONDS IN THE 
GIA GEM TRADE LABORATORY 


By John M. King, Thomas M. Moses, James E. Shigley, and Yan Liu 


The GIA Gem Trade Laboratory (GIA 
GTL) presents the system it uses to color 
grade faceted colored diamonds, and the 
information on which it is based. This sys- 
tem involves a trained grader establishing 
the characteristic color in a standardized 
illumination and viewing environment, 
using various reference materials for color 
comparison, Here, the Munsell color sys- 
tem is used to illustrate the relationships 
between the different color terms used, 
GIA GTL “Fancy grade” nomenclature for 
colored diamonds has been expanded to 
better address all colors. This color termi- 
nology will soon be incorporated into a 
new GIA GTL colored diamond report. 
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atural-color colored diamonds, traditionally 

referred to as “fancy colors,” hold a special position 
in the diamond industry. To recall such historic diamonds 
as the blue Hope, the Dresden Green, or the pink Agra is to 
conjure up visions of mystery and intrigue, royalty and rev- 
olution. Known to many as the “ultimate gem” (figure 1), 
fancy-color diamonds often command extremely high 
prices. Perhaps the most celebrated example is the 0.95-ct 
round brilliant Hancock diamond, first graded “Fancy pur- 
plish red” by the GIA Gem Trade Laboratory (GIA GTL] in 
1956 (Kane, 1987; Federman, 1992a]. Purchased at that time 
by a Montana collector for US$13,500, in 1987 it sold at 
auction for $880,000, a record $926,000 per carat. Seven 
other fancy-color diamonds were sold at auction in the past 
few years for prices over $250,000 per carat (see list in 
Giovannini-Torelli, 1993). And in October 1994, a 20.17-ct 
blue diamond of unknown provenance sold at Sotheby’s 
New York for $9,902,500, or $490,952, per carat (see figure 2 
and the cover of this issue]. 

Whereas colored diamonds were once infrequently 
encountered, today we see increasing numbers—and a 
broader variety of colors—in the marketplace (figure 3). For 
example, during the last decade the Argyle mine in Western 
Australia has made significantly more colored diamonds 
available (Hofer, 1985). Some of these diamonds, such as the 
intensely colored pinks (figure 4), command high prices 
($75,000 or more per carat; Federman, 1989a; Cockle, 1994, 
Winton, 1994}, others, such as the brown stones being sold 
today under the trade names “champagne” and “cognac,” 
provide an affordable alternative to “white” diamonds 
(Sielaff, 1992, Wagstaff, 1994}. 

As colored diamonds increased in availability and 
value, publicity in the trade press also increased (Federman, 
1989a and b, 1990a and b; Shor, 1990, 1991; Stephenson, 
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Figure 1. Fancy-color dia- 
monds represent some of 
the most prized objects in 
recorded history. These 
diamonds illustrate some 
of the colors that dia- | 
monds may exhibit natu- 
rally, as well as different 
GIA GTL color grades. For 
example, the marquise- 
shaped stone in the ring 
on the left is a 1.86-ct | 
Fancy Deep blue, whereas | 
the 2.14-ct pear shape is a 
Fancy blue. The center 
stone in the other ring is a 
1.11-ct Fancy Intense yel- 
low-green. The 12,50-ct 
briolette is Fancy yellow. © 
The 2.15-ct briolette is | 
Fancy Deep pink, while 
the 4.43-ct cushion-cut 
stone to its left is Fancy 
pink, These six stones are \~ 
courtesy of American Siba 
Corp., Ishaia Trading 
Corp., Moses Jewelers, 
Isaac Wolf, and Lazar 
Wolf. Photo © GIA and 
Harold w Erica Van Pelt. 


1992, Bronstein, 1994).1 This has generated even 
more interest in colored diamonds and awareness of 
their special value, further stimulating the market. 
In addition, as natural-color colored diamonds 
have become more prevalent and more valuable, 
more diamonds that have been color altered by lab- 
oratory treatment have also entered the trade. 
Establishing the “origin of color” of a colored dia- 
mond (that is, whether it is natural or laboratory 
treated) is a great concern for many clients of the 
GIA Gem Trade Laboratory. Addressing this ques- 
tion has been a major ongoing research effort 
(involving the examination of several thousand col- 
ored diamonds) at both GIA Research and GIA GTL 


1 Other sources of information on the mining, marketing, and 
lore of colored diamonds are the books by Balfour (1992), 
Blakely (1977), Bruton (1978), Davies (1984), Federman (1988, 
1992b), Krashes (1993), Legrand (1984), Orlov (1977), Sinkankas 
(1993), and Zucker (1984). Information on recent auctions of 
colored diarnonds can be found in the Christie’s and Sotheby's 
sales results, and in pricing guides such as D. Palmieri’s 
Diamond Market Monitor. 
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(see, e.g., Ashbaugh, 1992; Fritsch and Shigley, 
1989, 1991; Fritsch and Scarratt, 1992, figure 5}. As 
a result, every year thousands of colored diamonds 
are now submitted to GIA GTL for color-origin 
determination and, if the stone is found to be of 
natural color, a color grade on the laboratory report. 

GIA GTL recognizes that a means to commu- 
nicate the colors of such diamonds clearly and con- 
sistently is vital to effective commerce. In contrast 
to colorless-to-light yellow diamonds [i.e., those 
graded on GIA’s “D-to-Z” scale}, the value of a col- 
ored diamond usually depends more on the rarity of 
its color than on its clarity, cut, or even its carat 
weight. In fact, in the words of one prominent dia- 
mond cutter, “When you’re cutting colored dia- 
monds, you throw away the book” (L. Wolf, pers. 
comim., 1994). Witness the 0.95-ct Hancock “red” 
diamond that sold for $880,000; although it was not 
graded for clarity, inclusions were readily visible. 
No grading system can completely capture the spe- 
cial character of an individual stone, or its effect on 
the eye of the beholder. Nevertheless, a meaningful 
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Figure 2. This 20.17-ct Fancy Deep blue diamond 
recently set a record for the highest per-carat price 
($490,952) for a blue diamond sold at auction. 
Courtesy of Sam Abram, American Siba Corp. 
Photo © GIA and Harold & Erica Van Pelt. 


color description (or “color grade,” as it appears on a 
laboratory report} is a critical communication tool 
for dealer and consumer alike. 

GIA GTL has provided a color description stan- 
dard for natural-color diamonds for many years. 
Since the mid-1950s, when GIA GTL began issuing 
colored-diamond reports, periodic refinements have 
been made to respond to significant develop- 
ments—especially treatments and new sources. 
The system is based on a side-by-side visual com- 
parison of the diamond to one or more “color com- 
parators,” under controlled lighting and viewing 
conditions. 

Prompted by the fact that almost every signifi- 
cant colored diamond sold in recent years has been 
accompanied by a GIA Gem Trade Laboratory 
report, this article describes the system used by 
GIA GTL to achieve consistent color descriptions 
for faceted colored diamonds. Although there are 
other grading systems for colored diamonds and 
other gemstones, they are beyond the scope of this 
presentation. 

This article also introduces an expanded 
“Fancy grade” terminology. Historically, GIA GTL 
reports have used a series of Fancy-grade terms to 


2Note that this article contains a number of photos of colored 
diamonds. Because of the inherent difficulties of controiling 
color in printing (not to mention the instability of inks over 
time), the color in an illustration may differ from the actual 
color of the stone. 
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describe attributes of certain natural diamond col- 
ors. These include Faint, Very Light, Light, Fancy 
Light, Fancy, Fancy Intense, and Fancy Dark. In the 
past, not all of these terms have been used for all 
diamond colors. In this article, these terms are 
defined, and two new Fancy-grade terms (Fancy 
Deep and Fancy Vivid) are introduced. In addition, 
all Fancy-grade terms will be applicable to all nat- 
ural-color colored diamonds. GIA GTL will soon 
introduce a new laboratory report for colored dia- 
monds, which uses this expanded Fancy-grade ter- 
minology and includes other improvements.2 


HISTORY OF DIAMOND COLOR 
GRADING AT GIA 


Since its inception in the 1930s, GIA has played an 
active role in developing practical color grading sys- 
tems for diamonds and, more recently, colored 
gems (Shipley and Liddicoat, 1941; Manson, 1982), 
this includes the 1988 introduction of a colored 
stone grading course in GIA education. In the early 
1950s, GIA introduced its students to the “D-to-Z.” 
grading system for faceted, colorless-to-light yellow 
diamonds (Liddicoat, 1955}, which comprise the 
vast majority of diamonds seen in the trade. These 
letter designations were chosen at that time to dif- 
ferentiate the GIA grading system from other, more 
loosely defined trade classifications, which typical- 
ly began with the letter A. In the mid-1950s, the 
GIA Gem Trade Laboratory issued its first laborato- 
ry reports using this “D-to-Z” color grading termi- 
nology. Since then, several million GIA GTL grad- 
ing reports have been issued. “GIA has given the 
trade an objective nomenclature, a living standard 
that is verifiable through its grading reports,” 
according to diamantaire Martin Rapaport (pers. 
comm., 1994). This has led to increased consumer 
confidence in faceted diamonds accompanied by 
these reports—and to a greatly expanded diamond 
market. 

Each letter in this grading system designates a 
range of diamond color appearances. Specifically, it 
describes the relative absence of yellow color (e.g., 
from “colorless’—D, to “light yellow”—Z) seen in 
the diamond by a trained grader working in a con- 
trolled lighting and viewing environment. To estab- 
lish a letter grade for a particular stone, the grader 


Figure 3. This collection represents the dramatic range 
of colors in which diamonds occur naturally. Courtesy 
of Aurora Gems; Photo © Harold e Erica Van Pelt. 
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visually compares the color appearance of this stone 
to that of one or more “master color-comparison 
diamonds” (often referred to as “masterstones”}. He 
or she views them side-by-side in the same approxi- 
mate orientation, and predominantly table-down 
through the pavilion facets. In this viewing position, 
the effects of facet reflections are minimized, and 
the subtle bodycolor is more apparent. 

By definition, each GIA GTL masterstone des- 
ignates the position with the least color in a given 
color-grade range along a scale often perceived as 
linear. For example, a single color description of 
“EF” represents a range of color between the finest 
“BE” and that which is just better than the “F” mas- 
ter; a stone with less color would be graded “D”. 
The boundaries on this scale were established both 
to provide a simple description terminology and to 
reflect visual color distinctions made in a practical 
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Figure 4. Since the mid- 
1980s, when the mining 
operation at Argyle in 
Western Australia went 
into full production, the 
market has seen an influx 
of attractive, highly satu- 
rated pink diamonds. The 
Argyle diamonds illus- 
trated here were part of a 
lot of more than SO stones 
that were submitted to 
GIA GTL on a single 
occasion. Photo © Harold 
e Erica Van Pelt. 


way within the jewelry industry. Some concepts of 
the “D-to-Z" grading system formed the basis for 
GIA GTL’s ensuing work on grading colored dia- 
monds. These include boundaries marked by dia- 
mond masterstones, color terms applying to ranges 
of color appearances, and side-by-side comparisons 
in a controlled lighting and viewing environment. 
The “D-to-Z” system was specifically designed 
for colorless-to-light yellow diamonds, but it proved 
readily adaptable to include near-colorless to light 
brown diamonds as well. As we continued to refine 
the GIA GTL grading system, modifications were 
made to accommodate those “brown” (relatively 
common) and also “gray” (less common} faceted 
diamonds that could be considered equivalent to 
grades between “K” and “Z”. For brown stones, a 
letter grade plus word descriptions of Faint, Very 
Light, and Light brown are used for grade ranges 
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K-M, N-R, and S-Z, respectively. For gray stones, 
we apply verbal descriptions only of Faint, Very 
Light, and Light gray for these same three letter- 
grade ranges. (Those brown or gray diamonds that 
appear more colorless than the “K” masterstone 
continue to receive the appropriate letter grade 
without further description.) 

GIA GTL’s interest in the color origin of col- 
ored diamonds was initially sparked in early 1953, 
when staff members were first shown diamonds 
treated to “yellow” by cyclotron irradiation (see 
reports on diamond irradiation by Custers, 1954, 
Crowningshield, 1958; and Schulke, 1962). As news 
of the availability of cyclotron-treated diamonds 
spread in the trade, GIA GTL began to receive large 
numbers of colored diamonds from clients wanting 
to know whether the color had been altered by lab- 
oratory irradiation and annealing. Almost as soon 
as it was introduced in 1956, GIA GTL’s origin-of- 
color report began a process of systematic standard- 
ization in describing colored diamonds. 

During GIA GTL’s early efforts to describe 
color in faceted natural-color diamonds, two impor- 
tant differences from the “D-to-Z” grading system 
quickly became obvious. First, the presence of color 
in the diamond, rather than its absence, was the 
important criterion. Second, color was best assessed 
with the faceted diamond in a face-up position, 
given the potentially great influence of cutting style 
on color appearance. Diamond manufacturers (e.g., 
L. Wolf, pers. comm., 1984), like our staff, recog- 
nized that diamonds that appeared to have a similar 
bodycolor when viewed table-down could look 
noticeably different when viewed face-up. 

The most obvious example of this is in the 
transition area for yellow diamonds from the “D-to- 
Z.” scale to the grades used for colored diamonds. 
Some shapes (such as the “radiant”) may intensify 
the face-up color appearance to the extent that a 
diamond that might have been graded in the W-to- 
X range table-down would grade onto the colored- 
diamond scale. GIA GTL policy is to assess a dia- 
mond’s color face-up when that color is more 
intense than that of the “Z” masterstone face-up. 

The term Fancy was first used on GIA GTL 
laboratory reports to describe those natural-color 
faceted diamonds that exhibited either a noticeable 
color appearance when the diamond was viewed 
face-up, or a face-up color that was other than yel- 
low or brown. The laboratory’s color grading sys- 
tem was further refined in the late 1960s and early 
1970s, when GIA GTL added several master color- 
comparison diamonds for fancy yellow diamonds to 
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Figure 5. Green diamonds are an important subject 
of ongoing research at GIA regarding the separation 
of natural-color from laboratory-treated diamonds, 
This 4.24-ct natural-color Fancy green diamond is 
surrounded by a suite of yellow to green rough dia- 
monds. The cut stone is courtesy of American Siba 
Corp.; the crystals are from Cora Diamond Corp. 
Photo by Robert Weldon. 


its diamond master sets. These new masterstones 
were used to judge the face-up color of yellow dia- 
monds; like "D-to-Z” masterstones, they provided 
important terminology boundaries. Their use was 
initially prompted by confusion in the trade about 
the term canary, which lacked an accepted defini- 
tion (G. R. Crowningshield, pers. comm., 1994). 
Subsequently, additional Fancy-grade terms were 
introduced (such as Fancy Intense), some for dia- 
mond colors other than yellow [i.e., some blue and 
some brown diamonds were described as being 
Fancy Dark). In addition, we began to articulate on 
our reports the relative proportions of different col- 
ors seen in a diamond (e.g., greenish blue means 
that the overall color is less green and more blue}. 

Whenever possible, in collaboration with the 
trade, we established important boundary distinc- 
tions and added appropriate master color-compari- 
son diamonds. However, we acknowledged early on 
the practical problems of finding and purchasing all 
the masterstones that would be needed to cover the 
wide range of colors in which diamonds occur natu- 
rally (again see figure 3]. Also significant was the 
problem of obtaining more than one stone of a spe- 
cific color for use at laboratory locations in different 
cities. 

The appearance of diamonds with very subtle 
colors other than yellow posed an additional chal- 
lenge to our nomenclature system. Some diamonds 
were encountered that, at first, did not appear to 
exhibit any color when observed in the face-up 
position; however, when compared to diamonds 
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associated with the “D-to-Z” color grading scale, 
they clearly displayed hues different from the yel- 
lows (and browns or grays). Thus, they required 
some form of color grade outside of that scale. For 
example, a diamond graded as “Very Light pink” 
would have a “color” similar to that seen in the 
near-colorless range for yellow diamonds table- 
down and it would display a very subtle pink color 
face-up. This need to discriminate such extremely 
subtle colors by a practical system separates the 
color grading of diamonds from other gemstones. 
The relative values associated with particular col- 
ors, like pink, are very different for these two 
groups of stones. 

Although the system appeared to work well 
and was repeatable—e.g., from one grader or labora- 
tory locality to the next—GIA GTL continually 
sought ways to control the variables involved, such 
as the lighting and viewing environment and color- 
comparison standards. 


SOME BASIC CONCEPTS FROM 
COLOR SCIENCE 


Evaluating the color of an object (such as a faceted 
gem} by visual means requires some appreciation of 
what is actually involved in both observing and 
describing color. The following paragraphs briefly 
discuss some of these issues; for further details, see 
the standard textbooks on color science by 
Billmeyer and Saltzman (1981) and Wyszecki and 
Stiles (1982). 


Observing and Comparing the Color of an Object. 
Whenever a person tries to establish the color of an 
object, or compare the colors of two objects side-by- 
side, several factors must be considered. Color sci- 
ence methodology (see ASTM [American Society 
for Testing and Materials] standard D1729-89 and 
references cited above} indicates the following: 


1. One should use a consistent, standard source of 
light with known illumination characteristics. 


2. The observation should take place in an appro- 
priate surrounding environment that is neutral 
in its color appearance. 

3. A rigorously defined geometry should be used 
between the light source, the object, and the 
observer. 

4. If the object’s color is to be compared to that of 
another object, the latter should ideally be a 
standard color reference material. 

5. Observations must be made by a person with 
normal color vision. 
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Because any of these factors can influence the visu- 
al perception of an object’s color, they all must be 
controlled if accurate and consistent results are to 
be obtained. 

These factors are particularly important when 
observing color in a gem material. Illumination and 
viewing environment were addressed early in the 
development of the “D-to-Z” color grading scale. 
GIA designed {in concert with color research- 
ers at Macbeth Instruments; R. T. Liddicoat, pers. 
comm., 1994) and marketed the DiamondLite. 
According to Shipley and Liddicoat {1941}, the 
DiamondLite was intended to provide constant day- 
light-equivalent illumination from a filtered incan- 
descent light source, with a controlled lighting 
direction and surrounding environment, for color 
grading colorless-to-light yellow diamonds. 
Subsequently, a constant, daylight-equivalent, fluo- 
rescent-type light source was adopted for the 
DiamondLite. The use of a carefully controlled light 
source and viewing environment for diamond color 
grading has been extensively taught through GIA’s 
educational programs. 

Because of its size and design, the DiamondLite 
is convenient as well as effective for grading the rel- 
ative absence of color in faceted “colorless” dia- 
monds held in a fixed, predominantly table-down 
position. As our understanding of the factors that 
influence color appearance in colored diamonds 
expanded, however, we recognized the need for a 
different viewing box. It required the controlled 
light source and neutral color environment that 
made the DiamondLite so effective for “colorless” 
diamonds, yet it had to be large enough to meet the 
viewing and positioning requirements for evaluat- 
ing colored diamonds. 

The systematic observation of color in a 
faceted, transparent object also presents challenges 
in viewing geometry and color comparison that are 
not typically encountered in other fields of color 
science. When looking at a faceted gemstone, one 
sees a mosaic of color sensations, depending on the 
stone’s orientation and the relative positions of 
both the light source and the viewer’s eye. In addi- 
tion, the pattern and relative size of these sensa- 
tions varies from one stone to another. Diamond’s 
high refractive index, typical manufacture for bril- 
liance, and precise cutting all affect the path of light 
through a stone and, thus, its color appearance. The 
size and cut also affect the total path length of light 
travel within the stone and, therefore, the amount 
of light absorption. Likewise, both factors influence 
the overall distribution of color sensations seen by 
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Figure 6. The 407.48-ct 
Internally Flawless, 
Fancy brownish yellow 
“Incomparable” dia- 
mond is shown here 
with satellite stones 
(1.33-15.66 ct) cut from 
the same piece of rough. 
Note the range of colors 
that result from different 
sizes and different cut- 
ting configurations. 
When GIA GTL exam- 
ined the original 890-ct 
piece of rough prior to 
cutting, it was noted to 
be essentially uniform in 
color appearance. Photo 
by Tino Hammid; cour- 
tesy of Christie’s 

New York. 


the eye. For example, a large piece of uniformly col- 
ored diamond rough will often yield cut stones that 
vary in color appearance depending on their size 
and cut (see figure 6]. It is the need to determine, 
from this mix of sensations, which color best repre- 
sents that of the entire gemstone that most clearly 
distinguishes the evaluation of color in a faceted 
diamond from its evaluation in other objects (such 
as fabrics, glasses, plastics, etc.}, which usually pre- 
sent a more uniform color appearance. 

Finally, the ability to perceive color varies 
among people, even those who are not regarded as 
color blind. Those involved in evaluating colored 
diamonds should be aware of the characteristics of 
their own color vision, which can be determined 
through standard vision testing. 


Describing the Color of an Object. Color is a con- 
tinuum that can be defined and described in terms 
of three attributes (see figure 7}: 


1. Hue, the attribute of colors that permits them 
to be classed as, for example, red, yellow, green, 
blue, or anything in between 

2. Tone, the relative impression of lightness to 
darkness of the color (also known as lightness 
or value in color science) 
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3. Saturation, the strength or purity of the color 
{also known as chroma or intensity in color 
science} 


Figure 8 illustrates these three attributes three- 
dimensionally, as they appear when combined. 

The range of all visible colors is known as a 
color space. A color-order system is a method of 
ordering and specifying the colors in a color space 
by means of a set of standards selected and dis- 
played so as to adequately represent the whole set 
of colors under consideration (Wyszecki and Stiles, 
1982, p. 506}. A number of different color-order sys- 
tems have been devised in an attempt to describe 
the colors that surround us. 

When observing the colors of several objects 
one at a time, it is natural to rely on color memory 
to help distinguish one from another. However, a 
person’s visual color memory cannot provide the 
degree of repeatability that is necessary to describe 
color consistently (Burnham and Clark, 1955; 
Bartleson, 1960}. Therefore, color comparators— 
that is, objects of established color in a chosen color 
system that are used as standard references—are 
critical. The most obvious comparator would be of 
the same material as the sample, to remove appear- 
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Figure 7. The three attributes of color can be seen 
here: Hues are located on a circle around a center 
axis, tone (“lightness” [i.e., toward white] to 
“darkness” {i.e., toward black]) forms the vertical 
axis, and saturation forms spokes that radiate out- 
ward horizontally from least saturated at the cen- 
ter to most saturated at the rim. 


ance variables. As previously noted, however, col- 
ored diamonds represent a wide variety of often 
very subtle colors, some of which are quite rare, and 
their monetary value may be extremely high. In 
addition, the color of the stone is influenced by its 
size and cutting style. Consequently, the cost and 
time to develop a comprehensive set of diamond 
color comparators (or masterstones} is challenging. 
Thus, GIA GTL has investigated other materials 
that could also function as color comparators. 

One additional consideration needs to be men- 
tioned. Color descriptions can vary from simple to 
complex. A rigorous description must involve 
terms for all the attributes of color—hue, tone, and 
saturation. The level of detail is referred to as the 
fineness of the description. One of the better- 
known summaries of the various “levels of fine- 
ness” in color terminology is presented by Kelley 
and Judd (1976}. They relate color descriptions to 
one of six levels of fineness, with each higher level 
providing for a larger number of color distinctions 
and having a more complex description terminolo- 
gy (table 1]. The needs and level of understanding of 
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the user determine the level of fineness chosen for a 
color description system. In the case of colored dia- 
monds, a balance must be struck between the need 
for sufficient detail to describe the color, the need 
to make the description simple enough to be mean- 
ingful to a broad constituency, and the need to 
describe the color consistently when it is seen in 
more than one diamond, or in the same diamond 
on different occasions or in different locations. 


THE GIA GTL GRADING SYSTEM 


The procedures discussed here for observing and 
describing color in colored diamonds are primarily 
based on many years of experience on the part of 
the GIA GTL staff. In the almost 40 years since the 
laboratory first began issuing colored diamond 
reports, staff members have examined and graded 
tens of thousands of colored diamonds of all colors, 
sizes, and cutting styles. This cumulative experi- 
ence has been the most important factor in develop- 
ing and refining the system described here. 


Light Source and Viewing Environment. The cur- 
rent standardized lighting and viewing environ- 
ment for grading colored diamonds was adopted 
after the laboratory investigated approximately a 
dozen possibilities. First, we researched several pro- 
totype viewing environments manufactured by GIA 
GEM Instruments to GIA GTL specifications. We 
also tested a xenon-type D65 “daylight” light 
source, which is used as a standard in GIA 


Figure 8. Combined, the three attributes of color 
seen in figure 7 appear as shown here. Note that 
the saturation steps on the horizontal axis vary 
with each hue and tone. Illustration courtesy of 
Minolta Camera Company. 
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Research. Because GIA is first and foremost a non- 
profit educational institution, however, we feel it is 
important to be able to teach in our training courses 
what we do in the laboratory. Hence, as our investi- 
gation progressed, we recognized that we must use 
a commercially available viewing box and light 
source that, if desired, could be purchased by some- 
one in the trade at a reasonable cost. We investigat- 
ed various alternatives that could be produced by 
GIA GEM Instruments, but ultimately rejected the 
concepts of a custom-built viewing environment or 
the very expensive xenon-type light source. Instead, 
we tumed to products used in other industries, each 
of which differed slightly in its lighting characteris- 
tics. These included viewing boxes manufactured 
by Macbeth, Pantone, Hunter Labs, and Tailored 
Lighting {the lighting characteristics of each can be 
obtained from the respective manufacturers}. The 
viewing boxes we evaluated were reviewed in terms 
of: 


|. The characteristics of its light source—such as 
lamp type, measured correlated color tempera- 
ture (a term used to describe the color of a light 
source} and illuminance (the amount of light 
energy incident per unit area on a surface, mul- 
tiplied by the spectral sensitivity of the eye}, 
calculated color rendering index (a measure of 
the degree to which the perceived colors of 
objects illuminated by a given light source con- 
form to those of the same objects illuminated 
by a standard light source} and calculated index 
of metamerism (a measure of the degree to 
which pairs of colors with different spectral 


characteristics appear the same under a stan- 
dard light source and different under a “test” 
light source], spectral power distribution, and 
expected lamp life. These characteristics all 
contribute to a person’s ability to distinguish 
colors while using the particular light source. 


2. The overall illumination level, and evenness of 
the illumination, within the box. 


3. The size and design of the box as it relates to its 
intended use—that is, grading colored dia- 
monds. 


4, The unit cost and ready availability of replace- 
ment lamps. 


The correlated color temperature of the light 
sources in these viewing boxes was measured with 
a Minolta CS-100 Chroma-meter; illuminance level 
and evenness of light distribution were measured 
with a Luftron LX-102 light meter. A barium sul- 
fate (BaSO,} plate was used as a white reflectance 
standard for illuminance-level measurements. In 
each case, a set of reference colored diamonds were 
examined in the viewing box by a number of expe- 
rienced diamond-grading staff members, so project 
leaders could judge how effectively the color was 
seen in that viewing environment. Everyone who 
participated in this experiment was first checked 
for normal color vision using the Farnsworth- 
Munsell 100 Hue test. 

On the basis of this evaluation, GIA GTL is 
currently using a viewing box manufactured by the 
Macbeth Division of Kollmorgen Instruments 
Corp., and referred to as the “Judge II” (figure 9}, for 


TABLE 1. The six levels of fineness of the Universal Color Language.? 


Level of fineness 


Color name designations 


Numeral and/or letter color designations 


Parameters Level 1 Level 2 Level 3p Level 4 Level 5 Level 6 
(least precise} (most precise) 
Number of color = 13 = BO = 270 = 1|,000-7 ,000 = 100,000 = 5,000,000 
divisions 
Type of color Generic hue All hue names All hue names Color-order Visually interpo- Instrumentally 
description names and and neutrals and neutrals systems lated Munsell interpolated 
neutrals with modifiers notations (from notation 
Munsell Book 
of Color) 
Examples of color Blue Greenish blue Light greenish Munsell 41/2B 8.3/2.4 
description blue 5B 9/2 
aAdapted from Kelly and Judd (1976). 
®For reporting purposes, GIA GTL uses a level-3 description terminology for colored diamonds. 
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Figure 9, The Judge II box provides a standardized 
viewing environment, with a neutral gray interior 
color, controlled lighting, and sufficient working 
distance for making consistent color comparisons 
of colored diamonds. Photo by R. Weldon. 


grading colored diamonds. The box is located in a 
darkened room to minimize color distractions to 
the operator. Its interior measures (H x W x D) 20 x 
24 x 20 inches (50.8 x 60.9 x 50.8 cm}. We have 
found that the Judge I! box offers several specific 
advantages for observing color in colored diamonds: 


1. Its size allows the grader to look at the stone 
face-up at what, from our experience, is an opti- 
mal viewing distance of the stone from both 
the light source (18 inches, about 45 cm) and 
the observer {8 to 12 inches, about 20 to 30 
cm). At the same time, it provides adequate 
shielding from extraneous light. 


2. The box is deep enough to eliminate color dis- 
tractions from the surrounding area. We found 
that graders described the sample colored dia- 
monds most accurately and consistently when 
they allowed their eyes to color adapt by look- 
ing into the box for several minutes and were 
not subsequently distracted by colors from the 
surrounding room. 


3. The Munsell “N7 neutral gray” interior color 
reduces color contrasts between the diamonds 
and the background. 


4. One of the light sources available for this box (it 
comes with several} simulates average daylight 
with a 6500K color temperature. From our test- 
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ing, we found that this hght source provided 
superior overall illumination, at a high bright- 
ness level, for observing diamond colors at our 
chosen viewing distance within the box. 


Viewing Geometry. As mentioned above, a colored 
diamond typically has a number of color sensations, 
and these sensations are often subtle. Therefore, 
both the position of the diamond in the viewing 
box, and how the stone is held, are important. We 
have conducted experiments on various methods of 
holding the diamond, including the use of tweezers 
or other metal stone holders and white plastic trays. 
We have also experimented with holding the dia- 
mond in various places within the box to determine 
where its color is most easily seen. These same 
considerations apply to the viewing of the color 
comparators discussed below. Color grading by eye 
is a subjective process, so decisions on procedural 
matters such as these were based, after repeated tri- 
als, on the recommendations of the grading and 
technical staff involved. 

A faceted diamond's face-up color is evaluated 
most consistently when the light source is posi- 
tioned directly above the diamond (figure 10). The 
stone itself is placed in a grooved, matte-white, 
plastic tray. (A tray colored gray like the interior of 
the viewing box tended to make the diamond 
appear too dark.) Tweezers or other stone holders 
were all found to potentially influence the dia- 
mond’s color appearance. In some cases, they add 
an unwarranted color to that of the stone, especially 
in paler colors. 


Determining the Diamond’s Color Grade. GIA 
GTL uses a three-step process in color grading a col- 
ored diamond: (1} determine the face-up color that 
is to be described; (2) locate the position of that 
color (first hue, then tone and saturation|—i.e., 
bracket it—in color space, by visually comparing 
the stone side-by-side to reference comparators 
under controlled lighting conditions in the viewing 
box; and (3) assign GIA GTL color terminology {i.c., 
the color grade) for that portion of color space. 


Characteristic Color. The GIA GTL system 
describes a single color as being “characteristic” of 
the diamond as a-whole. We define this single color 
as the overall color sensation seen when the stone is 
viewed face-up (that is not obvious surface reflection, 
dispersion, windowing [“washed out” or “see 
through” areas], or extinction [“dark” or “blackish” 
areas}). To help determine the characteristic color, 
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Figure 10. Using a standard viewing geometry such 
as the one shown here, a trained grader can most 
readily see and evaluate a faceted diamond’s face- 
up color. 


the grader moves the diamond slightly by rocking 
the tray, so that the stone is viewed from perpen- 
dicular to the table facet to perpendicular to the 
crown facets. In our experience, this process of 


moving the diamond through a slight angle mini- 
mizes the effects of surface reflection, dispersion, 
windowing, and extinction; for the most part, light 
enters and returns through the crown facets of the 
stone (see figure 11}. 

The “color grade” that a colored diamond 
receives on a GIA GTL laboratory report is a 
description of this characteristic color using stan- 
dardized terms. Figure 12 illustrates various colored 
diamonds and where the characteristic color is seen 
in each. 


Color Comparators. Once the characteristic color 
has been determined, it is bracketed in color space 
by means of a side-by-side comparison with two or 
more color comparators. As mentioned earlier, it is 
not always possible to use diamonds themselves as 
color comparators. However, GIA GTL does use ref- 
erence colored diamonds for most common dia- 
mond colors and, equally important, for significant 
color distinctions. For example, a substantial dis- 
tinction that must be made for some blue diamonds 
is between “Fancy Light” and “Fancy.” Therefore, 
GIA GTL uses a blue diamond at the boundary 
between these two grades, even though blue is a rel- 
atively uncommon diamond color. 


Figure 11. The viewing geometry used to grade colored diamonds acknowledges that transparent, high R.1., 
three-dimensional, faceted gemstones present a range of color sensations, as shown in these two pho- 
tographs. To determine the characteristic color, the grader rocks the tray through a slight angle, so that the 
diamond is viewed from several positions. In this particular stone, “windowing” hinders observation of the 
characteristic color when the table facet is tilted slightly away from the grader (left); rather, the grader sees 
the color in this stone best when viewing it perpendicular to the table (right). In another diamond, however, 
the situation might be reversed, or the characteristic color might be most evident with the table at a slight- 


ly different angle. Photos by N. DelRe. 
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Figure 12. For each of these four fancy-color diamonds, the characteristic color is illustrated by the 
shaded area on the accompanying drawing. Photos by S. F. McClure and (heart shape) N. DelRe. 


To supplement our available collection of col- 
ored diamonds and, in particular, to help provide 
samples for those colors in which diamonds are 
seen only rarely, we tested comparators from a 
number of well-known color-order systems. For 
each system, we considered the commercial avail- 
ability of the comparators, the number provided 
and their arrangement in color space, and the range 
of colors they represented (relative to the colors we 
know to occur in natural-color diamonds}. 

We determined that some color-order systems 
were not compatible for various reasons (for further 
information on these systems, see Billmeyer and 
Saltzman, 1981, pp. 25-30; and Wyszecki and Stiles, 
1982, pp. 506-507}. The first group of systems 
rejected for our purposes—for example, those of 
Maerz and Paul, Lovibond, Pantone, and the ICI 
Color Atlas—are all based on colorant behavior. 
They employ the principle of systematically mixing 
various colorants to produce selected color samples 
(e.g., glasses, plastics, inks, paints, etc.}. We found 
that these comparators are arrayed either too close 
or too far apart in color space for our purposes. 

A second group of systems, represented by that 
of Ostwald, is based on color-mixing laws; that is, 
additive mixing of two or more colorants or colored 
lights in the same proportions yields the same 
color. Because there is no widely available collec- 
tion of samples based on this type of system, the 
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comparators in this group, too, were deemed not 
applicable. 

A third group, called “color appearance sys- 
tems,” is derived from the principles of color per- 
ception. Here, opaque color chips are used as color 
comparators, each spaced uniformly in color space 
in accordance with the perceptions of an observer 
with normal color vision (Wyszecki and Stiles, 
1982, pp. 507-513}. This group includes the 
Munsell Color System, that of the German 
Institute of Standards (DIN}], the Swedish Natural 
Color System (NCS}, Chroma Cosmos 5000, and 
the Optical Society of America (OSA) Color 
System. We found that most of these systems were 
too complex for our specific application. In the 
course of our investigation, however, we deter- 
mined that the opaque color chips provided as part 
of the Munsell system (Munsell, 1905) best suited 
our needs. This system represents a systematic, 
three-dimensional, well-distributed sampling of 
color space (Kuehni, 1983, Billmeyer and Saltzman, 
1981, pp. 28-30; Wyszecki and Stiles, 1982, pp. 
507-509; Billmeyer, 1987; see also figure 13). 

In particular, the distribution of the color com- 
parators in the well-documented and widely used 
Munsell system along three color attributes (com- 
parable to GIA’s terms hue, tone, and saturation) is 
relatively easy to understand and communicate, 
which helps its application for our purposes. 
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Because locations of the opaque chips in color space 
can be mathematically translated into other color- 
order systems, they are compatible to systems used 
in other countries. These opaque chips are a stan- 
dard color reference for comparison with other 
objects (ASTM D1535-89] and are sold commercial- 
ly as the Munsell “Book of Color,” which contains 
as many as 1,500 chips (figure 14}. 

It is important to note that each Munsell chip 
does not have a descriptive color name. Rather, it 
carries only its Munsell notation, which positions it 
in color space {in the Munsell system, on a Munsell 
hue page}. For example, chip 5Y 8/4 is located on 
page 5Y at a “value” {i.e., tone) of 8 and a “chroma” 
li.e., saturation} of 4 (again, see figure 13}. We have 
correlated our color grading system to the arrange- 
ment of these Munsell chips, to illustrate how our 
description terms relate to one another in this 
color-order system. 


Factors in Assigning the Color Grade. When mas- 
terstones are used as color comparators, the grader 
systematically compares the color of the diamond 
being graded to the colors of the reference dia- 
monds, bracketing each color attribute in the view- 
ing box (figure 15}. At this point in the grading pro- 
cess (i.e., after the characteristic color has been 
established], the diamonds are held in a fixed posi- 
tion. (This is in contrast to the situation mentioned 
earlier where the subject diamond is moved slightly 


Figure 14, In the Munsell system, opaque color 
chips are provided in a book, with the chips 
arranged on what are called Munsell hue pages. 
Photo by N. DelRe. 
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Figure 13. This representation of the Munsell color 
system shows the arrangement of individual 
opaque color chips in a color space. Courtesy of the 
Macbeth Division of Kollmorgen Instruments Corp. 


to help the grader determine the characteristic 
color.} 

For those less frequent situations where there is 
not a comparable masterstone, we use the Munsell 
opaque color chips in much the same way: bracket- 
ing by side-by-side comparison of the characteristic 
color of the diamond with the color of the chip, in 
the viewing box (see figure 16]. ASTM D1535-89 
describes the bracketing concept. The grader’s goal 
is simply to place the characteristic color of the 
diamond in the proper region of color space, so the 
GIA GTL color-description terminology for that 
portion of color space can be applied to the stone. 

An important aspect of the GIA GTL system is 
the separate analysis of the perceived distribution of 
color {i.e., evenness or unevenness of color seen 
face-up}. In most cases, unevenness is an effect. of 
the stone’s cut; occasionally, the diamond is color 
zoned. Because this perceived color distribution can 
affect the diamond’s face-up color appearance, it is a 
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Figure 15. To determine the color description, the 
grader judges the characteristic color of the dia- 
mond against that of color reference diamonds. 
When comparing the two stones, it is important 
to place them in the same, fixed viewing geome- 
try and close to each other without touching. 
Here, a colored diamond (left) is compared to a 
reference diamond in the viewing box. Photo by 
S. F. McClure. 


factor in how the stone is traded. The grader ana- 
lyzes color distribution by placing the diamond 
face-up in a viewing tray and, as with determining 
the characteristic color, rocking the tray slightly so 
the stone is viewed from perpendicular to the table 
to perpendicular to the crown facets. We have 
found that this rocking motion helps balance the 
effects of the cut, so the grader is not unduly influ- 
enced by the stone’s appearance in only one posi- 
tion. The distribution of the color is evaluated in 
relation to the stone’s total face-up area. Most 
fancy-color diamonds are considered to be evenly 


Figure 16. In some instances, opaque color chips 
are used as color comparators. As with the refer- 
ence diamonds, the chips are placed in the same, 
fixed viewing geometry, closé to but not touching 
the stone. The opaque chip shown here simulates 
what we consider to be the characteristic color of 
this diamond. Photo by N. DelRe. 
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colored and are noted as such on the laboratory 
report (figure 17}. In those less-common situations 
where the characteristic color clearly does not pre- 
dominate face-up, the color distribution will be 
called uneven on the report (figure 18). 


GIA GTL COLOR GRADING 
TERMINOLOGY 


The principles behind GIA GTL’s terminology for 
grading colored diamonds are consistent with those 
of color nomenclature used in other industries. The 
Inter-Society Color Council—National Bureau of 
Standards (ISCC-NBS}, when developing their 
“Method of Designating Colors” (NBS, 1955}, used 
a “level 3” terminology. This level of language was 
defined by the ISCC-NBS to promote a practical 
color description terminology simple enough to be 
generally understood by an average person, yet 
accurate enough to be scientifically useful. As 
shown in table 1, this level includes all hue names 
(e.g., blue), neutrals (e.g., black, white, and gray}, 
and color modifiers (e.g., light grayish, deep, 
intense, and other terms that express a related area 
of tone and saturation values}. The GIA GTL sys- 
tem uses a comparable level-3 terminology to 
describe colored diamonds in terms of hue, tone, 
and saturation. 

GIA GTL is aware that the grader can visually 
discern more color distinctions than those used in 
our color grading system. In our experience with 
colored diamonds, however, a greater degree of 
“fineness” —i.e., more terms—reduces the consis- 
tency and repeatability of the resulting color 
descriptions. In addition, such color distinctions are 
only relevant as long as they are meaningful and 
understandable in the commerce of diamonds; 
making too subtle or too coarse a distinction is not 
practical. 


Hue Terms. The GIA GTL color-grading system 
uses 27 hue names (figure 19). Each name repre- 
semts a range of color sensations around the hue 
circle. In using these hue names, our concern is to 
mark the boundaries of a given hue—not to desig- 
nate just a “single” color sensation. We have cho- 
sen color comparators to represent the boundaries 
of each of the 27 hues. 

Some of these 27 hue names include a modify- 
ing color (e.g., reddish orange}; in our grading sys- 
tem, the predominant color is stated last. Note that 
this hue-naming convention differs from that used 
in GIA’s Colored Stone Grading System (where, for 
example, green-blue and blue-green are synony- 
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Figure 17. The color in this 9.05-ct Fancy Vivid 
yellow diamond is well distributed throughout 
the face-up appearance of the stone. It would be 
described as “even” ona GIA GTL report. 
Courtesy of B. Najjar; photo by R. Weldon. 


mous}. This is because, in the diamond trade, the 
final hue name in a stone’s color description has 
significant commercial implications that do not 
necessarily exist in the colored stone industry (e.g., 
a green-blue diamond is considered a “blue” stone, 
while a blue-green diamond is considered a “green” 
stone, and each has a particular market}. These 2,7 
hue names also represent the beginning of what we 
call our color terminology “grid” for colored dia- 
monds. This grid divides color space into various 
zones of hue, tone, and saturation; it is helpful in 
illustrating the relationships among GIA GTL color 
terms. 


Tone/Saturation Terminology. To describe the 
color of a faceted colored diamond correctly, one 
must identify its tone and saturation as well as its 
hue. The Munsell color chips are particularly useful 
in this regard. 

We conducted a series of color-naming experi- 
ments for Munsell chips, involving experienced 
GIA GTL grading staff. We used a special computer 
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program to select approximately 700 chips from the 
“Book of Color” so that they were at roughly equal 
distances from one another in color space. Thus, 
this subset of chips uniformly spanned the portion 
of color space covered by the Munsell system 
(which also spanned the range of colors observed in 
colored diamonds}. We then put these chips in a 
random sequence, and gave them (one at a time} to 
each of 12 graders very experienced at describing 
colored diamonds. The experiments were conduct- 
ed over a period of several days, to prevent eye 
fatigue on the part of the participants. We asked 
each grader to look at a single chip in a viewing box 
under controlled lighting conditions and then to 
write down a color description of the chip (using 
GIA GTL terminology) as if it were the characteris- 
tic color of a faceted diamond. We used the results 
of these experiments as one way to relate our color 
grades to the Munsell system. 

Further experiments with the Munsell color 
chips and over 3,000 colored diamonds, again using 
trained grading staff and standard color-comparison 
methodologies (ASTM, 1991, D1729-89}, also 
helped refine the color-comparison process used for 
grading. Where masterstones are available for color 
reference, we have located their positions in color 
space on the terminology grid by means of exten- 
sive visual comparison experiments conducted 
using GIA GTL prading staff. In addition, we have 
sought advice from members of the diamond trade 
to ensure the compatibility of our color-grading ter- 
minology with current trade usage. 

GIA GTL’s term for the combined effect of tone 
and saturation in a colored diamond is referred to as 
a “Fancy grade.” Historically, the laboratory has 


Figure 18. The color appearance of this diamond 
would be described as “uneven” on the GIA GTL 
laboratory report. Photo by N. DelRe. 
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Figure 19. GIA GTL 
uses 27 hue names on a 
continuous hue circle to 
describe colored dia- 
monds. Also shown is 
the approximate por- 
tion of the hue circle to 
which each name corre- 
sponds. 
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used a series of these Fancy-grade terms on its col- 
ored diamond reports; the grade given to an individ- 
ual stone may have a significant commercial 
impact. The laboratory’s use of these “Fancy” 
grades is similar to the convention used in the 
ISCC-NBS system, in which ranges of like tone and 
saturation values are grouped together and 
described with the same term (e.g., light, dark, 
strong, etc.). The Fancy-grade terms used on GIA 
GTL reports can be depicted by means of our termi- 
nology grid (figure 20]. According to GIA GTL con- 
vention, Fancy-grade terminology is used only to 
describe the characteristic color in a faceted dia- 
mond, and not to describe other aspects of a colored 
diamond's face-up appearance (such as uneven color 
distribution}. 

Using the masterstones, opaque chips, and 
bracketing process, the grader assigns the character- 
istic color of the diamond to a “volume” of color 
space. For illustrative purposes, these volumes can 
be bounded at the corners by the positions of the 
Munsell chips (see figure 21). Each volume in the 
grid is designated by a particular color description 
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(e.g., “Fancy orangy yellow”) in our grading system. 
More than one volume may have the same descrip- 
tion. 


Using the Terminology Grid. In the grading pro- 
cess, the terminology grid is used as follows. A 
diamond is first compared to one or more of the 
colored diamond masterstones. In most cases, the 
grader can establish the verbal description of the 
characteristic color at this stage, which concludes 
the color grading process. At a minimum, the 
grader usually establishes one attribute (hue, tone, 
or saturation} of the diamond’s characteristic color 
by comparison to these masterstones. If necessary, 
the grader then uses the opaque chips to refine the 
location in color space of the remaining attributes. 
Again, the goal is merely to locate the color 
between known boundaries—not necessarily to 
match the diamond’s color. By this process, the 
grader establishes the portion of the terminology 
grid to which the characteristic color of the dia- 
mond belongs, and thus its verbal color descrip- 
tion as well. 
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Figure 20. This drawing illustrates the general 
interrelationship of GIA GTL Fancy-grade terms 
in color space. The boundaries of these terms shift 
slightly from one area on the hue circle to anoth- 
er, because not all colored diamonds attain the 
higher-level saturations. As a result, for some dia- 
monds (such as pink or blue}, the GIA GTL grad- 
ing system gives a paler-colored stone the same 
Fancy-grade description as a stronger-colored 
stone with a more common color (such as yel- 
low). Also shown on this illustration are two new 
Fancy-grade terms, Fancy Deep and Fancy Vivid, 
and their relationship to the other terms. 


With this grid one can visualize GIA GTL’s 
grading terms by looking at two of the three 
attributes of color at one time. Specifically: 


1. Hue and saturation, where tone is kept con- 
stant 


2.. Tone and saturation, where there is a constant 
hue 


These terminology grids help the grader do two 
things—assign a hue name and assign a “Fancy” 
grade. 

As shown in figures 19 and 20, portions of color 
space with the same hue and Fancy-grade terms are 
not all equal in size. The slight differences in the 
placement of our terminology boundaries are due to 
the natural occurrence and relative rarity of various 
diamond colors. Because yellow is by far the most 
common, a greater depth of this color is required for 
a stone to receive a “Fancy” grade. In contrast, col- 
ors such as pink and blue are both relatively rare 
and occur in much narrower {lower} saturation 
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2.5Y 6/6 NN 


10Y 5/4 


10Y 6/6 


10Y 5/6 


Figure 21. This illustration indicates how a por- 
tion of color space can be divided by the arrange- 
ment of Munsell chips. Three volumes—tlabeled 
here A, B, and C—are shown. By means of the 
color-comparison and bracketing process, the 
characteristic color of a faceted diamond can be 
located within one of these volumes, each of 
which has been assigned a color grade. In some 
instances, the grader determines that the charac- 
teristic color of the diamond matches that of a 
particular chip. As the figure shows, however, the 
chips are actually located at the corners of several 
different volumes. To prevent any confusion in 
this situation, the grader uses those terms that 
represent the highest saturation, lightest tone, and 
the hue in a clockwise direction around the hue 
circle, For example, if the match were with chip 
7.5Y 5/4—right between A and B—the diamond's 
color would be described with the terminology 
that applies to volume A. 


ranges. Thus, a “Fancy” grade is given for a paler 
stone. Such differences in terminology boundaries 
are illustrated in figure 22. 

GIA GTL selected the color descriptions shown 
on the terminology grids, and the sizes of their 
respective areas, to provide both {1} a practical limit 
to the number of terms that would be used based on 
visual observation, and (2) precise enough terminol- 
ogy to be useful in making commercial distinctions. 
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Figure 22. Shown on tone/saturation charts are the 
Fancy-grade terms for blue and yellow diamonds. 
Note that the boundaries between terms are different 
for the two hues. A relatively rare color that typically 
occurs in lower saturations, such as blue, is assigned 
certain “Fancy” grades at lower saturation levels than 
a color such as yellow, which typically occurs in high- 
er saturations, At lower levels, yellow diamonds are 
graded in the “D-to-Z” range. The shaded areas repre- 
sent the approximate ranges in which these two col- 
ors have been seen to date in diamonds. 


Modifications of Hue Terms. There are two kinds 
of changes that can occur to the 27 hue names, and 
their boundaries, as one “moves” through the GIA 
GTL terminology grid. One is a reduction in the 
number of hue names around the hue circle, and 
the other is the use of modifying terms as the satu- 
ration decreases. 
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Figure 23. These two hue/saturation grids illustrate 
the effect that changes in tone and saturation have 
on the 27 hue names used in the GIA GTL color 
grading system for colored diamonds. Because the 
saturation range at very high and very low tone lev- 
els is so limited, visual distinctions between these 
colors become less practical. Consequently, fewer 
hue names are used in these areas of the two grids. 
For example, in the bottom illustration, the hue 
names purplish red, red, and orangy red (shown on 
the hue circle in figure 19) first become—at this tone 
and intermediate saturation levels—purplish pink, 
pink, and orangy pink, respectively. At even lower 
saturation levels, these three names are combined 
into just one—first brownish pink, and finally 
brown-pink. Such a modification in hue terminology 
is due to the difficulty of discerning the purplish red, 
red, and orangy red hues at levels of low saturation, 
and either high or low tone. Similar terminology sit- 
uations occur throughout the color space used by the 
GIA GTL colored diamond grading system, as also 
seen in the top illustration. 


At low saturation levels, and at either light or 
dark tone levels, we recognize fewer than 27 hue 
names (figure 2.3) because there is a smaller number 
of discernible colors. According to industry sources, 
this parallels how such diamonds are traded: broad- 
er distinctions are made between stones in very 
dark and very light tones, and at low saturation lev- 
els. This is analogous to the convention used in 
other systems, such as the ISCC-NCS, where fewer 
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hue names are used {i.e., a wider range of colors are 
grouped together) at lower saturation levels. 

When fewer hue names are needed, our 27 hue 
names are modified in one of two ways. The first is 
when an English language term is used for paler col- 
ors, such as the substitution of “pink” for “red” in 
the paler versions of “purplish red,” “red,” and 
“orangy red” (again, see figure 23), The second way 
is to modify the hue name by the addition of either 
“sray/grayish” or “brown/brownish.” Some colored 
diamonds are described in the trade as being brown 
or, to a lesser extent, gray. In our system, these are 
not hue terms per se, but they are appropriate color 
terms to use for the appearance of stones that are at 
lower saturations of various hues. For example, dia- 
monds in the yellow-to-red hue ranges appear 
brown when they are particularly low in saturation 
and/or dark in tone. Most gray diamonds are those 
that are so low in saturation that no hue is readily 
perceived, only the light-to-dark tonal changes. 


New Fancy-Grade Terminology. One of the recent 
additions to the GIA GTL colored diamond grading 
system is the recognition of two new Fancy-grade 
terms: Fancy Deep and Fancy Vivid. They supple- 
ment the previously existing terminology as fol- 
lows: Faint, Very Light, Light, Fancy Light, Fancy, 
Fancy Dark, Fancy Deep, Fancy Intense, and Fancy 
Vivid (see, e.g., figures 24 and 25}. Referring back to 
figure 20, Fancy Deep represents colors that have a 
medium to dark tone and a moderate to high satu- 
ration (as illustrated in figure 26], while Fancy 
Vivid represents colors that are light to medium 
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FANCY 
INTENSE 


Figure 24, These nine dia- 
monds (0.19-1.06 ct}, all 
in the orange-yellow hue 
range, are placed ona 
tone/saturation grid to 
illustrate the relationship 
of Fancy-grade terms and 
color appearance. Note 
how changes in tone 
and/or saturation affect 
the appearance of a hue. 
Toward the left-hand 
(lower saturation) side of 
the grid, brownish and 
brown are more common 
in the hue descriptions. 
Photo © GIA and Harold 
@ Erica Van Pelt. 


tone and very high saturation. With the use of these 
two new Fancy-grade terms, areas of color space of 
important, highly colored diamonds will now be 
given even more accurate and appropriate color 
descriptions. 


OTHER CONSIDERATIONS 
IN COLOR GRADING 


Using Instruments to Measure Color. Certain 
attributes of color appearance can also be measured 
with instrumentation, such as a spectrophotometer 
or a colorimeter {for further general information, 
see Billmeyer and Saltzman, 1981, chapter 3}. 
Although color measurement may provide finer 
color distinctions for some materials, questions 


Figure 25. These four yellow diamond masterstones 
(0.39-1.53 ct) mark the most commonly seen lower 
saturation boundaries of their respective grade ranges 
(from left to right: Fancy Light, Fancy, Fancy Intense, 
and Fancy Vivid). The last color grade is a recent addi- 
tion to the GIA GTL system. Photo by R. Weldon. 
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Figure 26. All of these diamonds (0.14 -0.57 ct) 
would be graded “Fancy Deep,” a recent addition 
to GIA GTL terminology that encompasses colors 
of medium to dark tone and moderate to high sat- 
uration. Photo by R. Weldon. 


have arisen regarding the consistency of such 
instruments for quantifying the color appearance of 
faceted diamonds (see, e.g., Collins, 1984} and other 
gemstones. The many sizes and shapes of fashioned 
gems influence instrument positioning and path 
length for light traveling through the stone—and, 
thus, the accuracy of instrumental color measure- 
ments. 

An even more fundamental problem is relating 
the results of instrumental color measurements to 
the color appearance of faceted gems as observed by 
eye. Several colorimeters have been marketed for 
evaluating faceted colorless-to-light yellow dia- 
monds, including the Gran Colorimeter currently 
being sold by GIA GEM Instruments. If one recalls 
the factors that influence color observation—the 
light source, the object, the eye (or, here, the instru- 
ment’s light detector], and the geometry between 
these different elements—deriving a consistent set 
of standards for both visual observation and instru- 
mental measurement of color in gems is a great 
challenge and, in our opinion, one that has not yet 
been solved. While instruments such as the Gran 
Colorimeter do provide useful color measurement 
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data (and can be helpful as back-up for the visual 
color grading of near-colorless to very light yellow 
diamonds], the relationship between these data and 
visual color observations of the same diamond has 
not been rigorously demonstrated. The challenge is 
even more profound for fancy-color diamonds. 
Nevertheless, GIA continues to investigate the use 
of color measurement instrumentation to supple- 
ment visual color grading. 


Treated Diamonds. Since GIA GTL first began issu- 
ing origin-of-color reports in the 1950s, it has main- 
tained a policy of not color grading diamonds that 
they have identified as treated. This policy contin- 
ues today. 


Grading Mounted Colored Diamonds. While the 
most accurate color comparisons are made on 
unmounted diamonds, practical situations arise that 
require the color grading of some colored diamonds 
in mountings. As with mounted diamonds in the 
“T)-to-Z” range, in these instances the color grade is 
expressed more generally in the form of a range (e.g., 
“Fancy Light to Fancy yellow”) to account for the 
potential influence of the mounting. 


“Additional” Colors. Occasionally, the laboratory 
encounters diamonds that display an “additional” 
color that is clearly different from the characteristic 
color chosen. For example, a blue diamond might 
contain an orange limonitic (iron oxide} stain in a 
fracture. In these instances, the additional color 
component is not included in the color grade but is 
mentioned as a comment on the laboratory report. 

To avoid redundancy in terms f{i.e., such as 
“dark black” or “light white”}, natural black and 
opalescent white diamonds are referred to only as 
“Fancy” for their Fancy-grade term. 


SUMMARY AND PERSPECTIVE 


One of the primary goals at the GIA Gem Trade 
Laboratory is to support the diamond industry with 
services that protect and enhance the trade, and 
thus the public trust. That entails a comprehensive 
program to address all aspects of reporting on the 
criteria that govern the identification and grading of 
diamonds. Of significant importance today is the 
nature of colored diamonds—specifically, their 
color origin and color grading. This is consistent 
with the special position that natural-color dia- 
monds have held historically and especially over 
the last decade (figure 2.7). 

While the “D-to-Z” system used to color grade 
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most diamonds encountered in the jewelry industry 
(i.e., colorless to light yellow, including light 
browns and light grays} has been documented, the 
system used by GIA GTL for colored diamonds has 
not. Part of the challenge has been to apply scientif- 
ic, yet practical, time-tested standards to such rari- 
ties of nature, and to continuously improve the 
reporting of such information via laboratory reports. 

This article has traced the history and develop- 
ment of GIA GTL’s system for describing and grad- 
ing colored diamonds. This system uses both {1} a 
controlled viewing and lighting environment to 
observe the color of faceted natural-color diamonds, 
and (2) color comparators in the form of colored dia- 
mond masterstones and Munsell color chips. These 
standards help a trained grader identify the charac- 
teristic color of a diamond, on the basis of which a 
descriptive terminology—i.e., a grade—is assigned. 
The color-grading terminology uses a level-3 fine- 
ness, consisting of 27 hue names and possible modi- 
fier terms. Supplementing these hue names is a 
series of Fancy-grade terms that convey information 
about both the tone and saturation of the diamond's 
color appearance. The system provided has a basis 
in color science, yet it is a practical approach to the 
visual evaluation of colored diamonds. 

GIA GTL continues to seek ways to strengthen 
the system and make it more meaningful. One 
recent development is the addition of two Fancy- 
grade terms, Fancy Deep and Fancy Vivid, to the 
terminology that will soon appear on GIA GTL 
reports for natural-color colored diamonds. 

Grading the color of colored diamonds is one of 
the greatest challenges in gemology. The descrip- 
tion must be a thoughtful blend of both art and sci- 
ence. GIA GTL’s system seeks to use the best of 
both disciplines, fully describing each subtle color 
while meeting the practical need to make consis- 
tent, repeatable color decisions. It is not an easy 
process. It requires a robust system with consistent 
standards. A Fancy yellow diamond must be the 
same yesterday, today, and tomorrow. 

Finally, to neglect history and tradition, or to 
distance ourselves from the mystique and romance 


Figure 27. Golored diamonds continue to play a 
special role in the jewelry industry, as they have 
for hundreds of years. Illustrated here are some 
jewelry pieces provided by J. & S.S. DeYoung and 
U. Doppelt @ Co. The ring in the lower right con- 
tains three Fancy Intense yellow diamonds (1.03, 
0.80, and 0.57 ct); the Fancy yellow diamonds in 
the earrings weigh 7.44 and 7.34 ct, respectively; 
the nine “greenish yellow-to-green” diamonds in 
the brooch have a total weight of approximately 
21.24 ct; the Fancy Intense orangy yellow oval-cut 
diamond weighs 1.83 ct; and the 1.54-ct round bril- 
liant-cut diamond is Fancy brownish orangy pink. 
Photo © GIA and Harold & Erica Van Pelt. 


associated with natural-color diamonds, is to do 
injustice to their beauty. In the end, our responsibil- 
ity is to study the problem thoughtfully, document 
the information carefully, and report the results 
objectively. Recognizing the extremely high values 
of certain colors in diamond, the system described 
provides the support necessary to protect and 
enhance the stability and prosperity of the trade. 
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NOTES AND NEW TECHNIQUES 
ae 


RUBY AND SAPPHIRE FROM THE 
SOUTHERN URAL MOUNTAINS, RUSSIA 


By Alexander J. Kissin 


Primary occurrences of ruby, pink sapphire, sapphires of other colors, 
and spinel have been found in marbles in the Ural Mountains. This 
article describes one occurrence, at Kootchinskoye, in the southern Urals, 
as a model for others in the Ural Mountains. Study of Kootchinskoye 
also gives some guidelines for predicting other ruby deposits. Although at 
present, there 1s no commercial production in this area, it appears to 


have significant potential. 


Following the 1825 discovery of alluvial gold in the 
Kamenka and Sanarka River basins of the southern 
Ural Mountains, numerous gem materials were 
found in the course of gold mining. These include 
beryl, chrysoberyl, corundum, diamond, euclase, 
topaz, and tourmaline. As a result, Professor N. I. 
Koksharov (1855) referred to the region as the 
“Russian Brazil.” Corundum from placers in the 
area was first reported by Barbot de Marny (1855). 
The specimens were relatively large (pink and blue 
sapphire up to LO x 20 mm; ruby up to LO mm] but 
not of gen quality. It was assumed within the geo- 
logic community that they originated in pegmatites, 
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Notes and New Techniques 


which are abundant in the area, although no corun- 
dum had been observed in situ. 

In 1978, the present author postulated in the 
course of his studies that the ruby may have origi- 
nated in marbles, which are also widespread in the 
area. This would be analogous to the occurrence of 
corundum in marbles at localities such as Mogok, 
Myanmar (see, e.g., Kane and Kammerling, 1992), 
from which some of the world’s finest rubies are 
mined. Consequently, in 1979, the author traveled 
to the Kootchinskoye marble quarry, where he dis- 
covered ruby, pink sapphire, and other varieties of 
corundum in situ (figure 1}. In 1983, ruby and sever- 
al varieties of sapphire were found in marble at 
Chooksinsokoye near the village of Chooksa (here, 
in alluvial deposits as well as in situ) and at 
Svetlinskoye. In 1988, three additional primary and 
five alluvial occurrences were found in, or associat- 
ed with, marbles. The gem-bearing rocks occur in a 
linear belt about 600 km long (figure 2). 

Ruby and sapphire mineralization is now known 
to occur in marbles within four metamorphic com- 
plexes in the Ural Mountains: Murzinsko-Aduiskii, 
Kochkarskii, Jabyk-Karagaiskii, and Suundukskii (fig- 
ure 3}, On the basis of the known geology, other poten- 
tial ruby- and sapphire-bearing areas are believed to 
exist in the Urals. Thus, the Ural Mountains represent 
an extensive new area of gem corundum mineraliza- 
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Figure 1. These ruby crystals 
were found at the Kootchinskoye 
marble quarry in the Southern 
Ural Mountains of Russia. They 
average 1 x2 mm and belong to 
the “type A” category of gem 
corundum from this area. Photo 
© GIA and Tino Hammid 


tion that has been called the “Uralian mby-bearing 
province” (Kissin, 1990a}. To date, approximately 
100-150 carats of facet-grade corundum have been 
recovered and fashioned at various facilities 
(Ekaterinburg, Moscow, and an undisclosed location 
in Czechoslovakia} for evaluation purposes. 

This article describes the results of a study con- 
ducted to better understand the geologic environ- 
ment of this gem deposit and provide a basis for 
further exploration in the area. It reports on the geo- 
logic conditions and constraints relating to the for- 
mation of the presently known Ural Mountain ruby 
occurrences, especially at the Kootchinskoye 
deposit. Also provided are some gemological proper- 
ties of gem corundum produced to date. Although 
ruby and sapphire are not yet commercially extract- 
ed from this area, it is expected that exploration will 
successfully find more deposits, some of which 
eventually will become active mines. 


LOCATION AND ACCESS 


The Kootchinskoye marble quarry (figure 4), which 
measures about 100 m x 40 m (330 feet x 132 feet}, 
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is located on the eastern side of the Ural Mountains, 
in the moderately wooded southern part about 50 
km from the highest peaks in the range. The region 
consists of both flat and hilly areas with maximum 
relief of 300-380 m. Annual temperatures range 
from —12° to -50°C (10° to —58°F) in the winter, 
when the ground freezes to a depth of 1.5 m (5 feet), 
and from 17° to 35°C (63°-95°F) in the summer. 
Although there are a few small rivers in the area, 
there are no major rivers or lakes. Plast, about 15 km 
from the Kootchinskoye deposit, is the largest town 
in the vicinity (population: approximately 50,000); 
Chelyabinsk—about 120 km to the north—is the 
largest city (population: about 1.2 million). The 
deposits can be reached by auto or train from all 
major population centers {e.g., Ekaterinburg, 
Chelyabinsk) in the region. 


GEOLOGIC SETTING OF THE 
KOOTCHINSKOYE OCCURRENCE 

Because rubies and sapphires were first discovered in 
situ at Kootchinskoye, it has been the object of more 
geologic studies than any of the other occurrences in 
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Figure 2. The rocks con- 
taining ruby and sap- 
phire occur In a 600-km 
linear belt (shown in 
orange on the inset} in 
Russia’s southern Ural 
Mountains. Most 
deposits located thus far 
are near Ekaterinburg 
and Chelyabinsk. The 
Kootchinskoye deposit, 
on which most geologic 
studies have been con- 
ducted, is near the town 
of Plast. 
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this region. It appears to be representative of other 
ruby-bearing marble occurrences in the Ural 
Mountains. Therefore, it is used here as a model of 
such occurrences and to describe the geologic condi- 
tions under which corundum formed. 

The Kootchinskoye ruby/sapphire deposit 
occurs at the edge of the Kochkarskii metamorphic 
complex {again, see figure 3}, which is of Middle to 
Upper Paleozoic in age. Metamorphism began about 
300 My ago, with the first—prograde (higher pres- 
sure or temperature}—stage lasting no more than 30 
My, and the last—retrograde (lower pressure or tem- 
perature}—stage ending about 260 My ago. 
Structurally, the complex is characterized by domes 
between which are tectonically formed depressions 
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known as graben-synclines, which are bounded by 
formations dipping inward like those of a syncline. 
The domes usually are formed in gneisses and gran- 
ites, whereas the graben-synclines characteristically 
are formed in schists, amphibolites, and marbles; 
both have numerous fracture and fault zones (figure 
5}. In places, granite dikes and pegmatites are wide- 
spread, as is silicification in the fracture systems, 
with some occurrence of pink topaz and green tour- 
maline. Metamorphic amphibolite facies rocks (typ- 
ical of moderate-to-high pressure and high-tempera- 
ture regional metamorphism} have been identified 
in the domal structures, whereas metamorphic 
albite-epidote-amphibolite facies rocks {formed 
under lower pressures and temperatures} occur in 
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Figure 3. This geologic 
map shows the loca- 
tion of ruby and sap- 
phire occurrences in a 
portion of the southern 
Ural Mountains near 
Ekaterinburg and 
Chelyabinsk. Legend— 
the boxes above corre- 
spond to the following 
outcrops of major rock 
| types and gemstone 
occurrences: (A} gneiss- 
migmatite complex; 
(B) large granitic intru- 
sions; (C) ruby and 
sapphire-bearing meta- 
morphic complexes; 
(D) ruby and sapphire 
deposits (Kootchin- 
skoye and Chooksin- 
sokoye); (E) ruby and 
sapphire occurrences 
found by exploration 
based on recently 
developed concepts; 
(F) major fault zones. 
Roman numerals repre- 
sent major geologic 
(structural) features: 
(I) Western Uralian 
fold belt; (II) Central 
Uralian Uplift; (III) 
Tagilo-Magnitogoroskii 
trough (downwarp); (IV) Eastern Uralian Uplift; 

(V) Eastern Uralian trough; (V1) Transuralian Uplift. 
Circled Arabic numerals refer to gneissic-migmatitic 
complexes containing marbles with gemstone vari- 
eties of corundum: (1) Gaievskii (Sosvinskii and 
Medvedevsko-Saldinskiti}—no gem corundums found 
yet but potential is good; (2) Murzinsko-Aduiskii; 

(3) Kochkarskii; (4) Jabyk-Karagaiskii; (5) 
Suundukskii, Watercolor by A. ]. Kissin. 


, er 
CHELYABINSK 


u 


a jes 
’ 4 


246 Notes and New Techniques 


Figure 4. Light-colored calcite marble in 
Kootchinskoye quarry’s north wall is represen- 
tative of material in which ruby occurs. The 
quarry is filled with water 5-7 m deep. Photo 
by A. ]. Kissin. 


the graben-syncline structures. The Kootchinskoye 
ruby-sapphire deposit is located in the axial part of a 
graben-syncline structure in which marbles are par- 
ticularly abundant. 


CHARACTERISTIC FEATURES OF THE 
KOOTCHINSKOYE MARBLES 


Three types of marble have been identified at 
Kootchinskoye, by means of wet-chemical analyses 
of 150 marble specimens and semi-quantitative 
emission spectrographic analyses on 90 marbles. 
Each represents a different set of metamorphic con- 
ditions (or reactions; Kissin 1990b, 1991}. 


Calcite Marble. This light-colored, massive, medi- 
um-grained marble is composed of anhedral calcite 
crystals, Polysynthetic twinning is rare. It contains 
less than 0.05 wt.% MgO. Accessory minerals 
include quartz, adularia, fuchsite (chromian mus- 
covite], green tourmaline, amphibole, graphite, 
pyrite, pyrrhotite, sphalerite, galena, hematite, and 
chlorite. Corundum is not found in this type of 
marble. 


Magnesian Calcite Marble. This marble is typically 
variegated light blue, light green, white, and gray, 
and is composed of interlocking aggregates of medi- 
um- to coarse-grained euhedral calcite crystals that 
are highly deformed and do exhibit polysynthetic 
twinning. Magnesian calcite marble occurs inter- 
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grown with calcite marble; both have gradational 
boundaries. The MgO content of magnesian calcite 
marble ranges from 0.1 to 0.9 wt.%. This type of 
marble does contain corundum and other accessory 
minerals, such as spinel, apatite, pyrite, pyrrhotite, 
rutile, fluorite, green tourmaline, Cr-pargasite (an 
amphibole}, sulfur, margarite, diaspore, anhydrite, 
tsavorite, phlogopite, and Al-chlorite. 


Dolomitic Calcite Marble. This white to light-yel- 
low, fine-grained rock has a poikiloblastic texture 
(i.e, one in which small grains of one mineral occur 
with larger grains of another mineral). Inclusions (or 
relicts} of magnesian calcite marble are often 
observed in the dolomitic calcite marble, which 
itself occurs as lenses or veins (or occupying frac- 
tures) as much as 2. m wide in the magnesian calcite 
marble. The MgO content of dolomitic calcite mar- 
ble always exceeds 1.0 wt.% and may reach almost 
22, wt.%, depending on the amount of dolomite 
(pure dolomite contains 21.86 wt.% MgO). This 
marble also contains corundum, as well as accesso- 
ry minerals such as spinel, pyrite, rutile, phlogopite, 
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Figure 5. This geologic 
map of the Kootchins- 
koye ruby-sapphire occur- 
rence was compiled by 
the author, The numbered 
boxes and lines in the key 
correspond to similar col- 
ored areas and lines in 
the map. The numbers 
represent: (1) marbles 
with schist lenses; 

(2) schists with marble 
lenses; (3) amphibolites 
and amphibole schists; 

(4) gneisses and schists; 
(5) minor granitoid intru- 
sions; (6) fault zones; 

(7) fractures; (8) rock-unit 
contacts/ boundaries; 

(9) the Kootchinskoye 
quarry; (10) type-A ruby 
occurrence; (11) type-B 
pink sapphire occurrence; 
(12) type-C sapphire 
occurrence. Watercolor by 
A. ]. Kissin. 


tourmaline, Cr-pargasite, sphene, fluorite, norber- 
gite, graphite, Al-chlorite, and tremolite. 

Calcite marble, which is widespread in the Koch- 
karskii metamorphic complex, formed by recrystal- 
lization of limestone during prograde {high-pressure} 
metamorphism. Magnesian calcite marble is locally 
abundant at Koochinskoye, intergrown with calcite 
marble; it formed during prograde metamorphism 
accompanied by the introduction of fluids. Dolomitic 
calcite marble formed by magnesium metasomatism 
in the magnesian calcite marble during retrograde 
(lower pressure/temperature} metamorphism. 


MATERIALS AND METHODS 


This study is based on the microscopic examination 
of approximately 11,000 heavy-mineral concen- 
trates, and approximately 500 insoluble residues, 
obtained after hydrochloric acid treatment of mar- 
bles. The concentrates (see, e.g., figure 6] ranged 
from several milligrams to a few kilograms. Average 
grain size ranged from 1.0 to 2.7 mm. Morphological 
and other characteristics of several thousand corun- 
dum specimens from Kootchinskoye were studied. 
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Figure 6. This sample, which contains ruby, 
spinel, and chrysoberyl, is representative of 
concentrate that was obtained from 1 m3 of 
gravel recovered from Kootchinskoye. Grain 
sizes range from 1.0 to 2.7 mm. 


Their inclusions were identified primarily by micro- 
probe analysis of thin sections and the morphology 
of the crystals. Refractive indices were determined 
on 30 samples using a polarizing microscope with 
calibrated immersion liquids. In addition, six corun- 
dum specimens were analyzed by wet chemistry. 
For the purpose of this article, microprobe analyses 


(using a JXA-5 electron microprobe} were performed 
on 11 pink and red corundum and 11 dark red, pur- 
ple-red, and pink spinel samples from Kootchins- 
koye; each was approximately 1-2 mm. 


RESULTS: THE KOOTCHINSKOYE 
RUBIES AND SAPPHIRES 


The rubies and sapphires recovered from the 
Kootchinskoye deposit appear to fall into three cate- 
gories, designated types A, B, and C (Kissin, 1991). 
Table 1 lists selected physical and optical properties, 
as well as chromium content, of the three types of 
gem corundum, Only types A and B have the color 
and clarity appropriate for facet-grade material, type 
C may be suitable for use as cabochons. Table 2 pro- 
vides the results of the electron microprobe analyses 
of 11 gem corundums from the same deposit. 


Type A (Ruby). This type typically ranges from 
bright red to purplish red (again, see figure 1) and has 
a thick, platy habit (figure 7). Crystals are usually 
well formed, but “case-like” skeletal forms (i.e., hol- 
low crystals filled with the host rock} are often 
observed. The surfaces of the crystals are frequently 
highly reflective. Although the crystals are transpar- 
ent, they have prominent striae. The crystal faces 
c (0001) and r (1011) are well developed, as occasion- 
ally are n (2243) and a {1120}. Aggregates of crystals 
are rarely observed and, when encountered, do not 
consist of more than three individuals. 


TABLE 1. Properties of ruby and sapphires from the marbles at the Kootchinskoye occurrence in the southern Ural Mountains. 


Type B — Pink sapphire 


Property Type A — Ruby 

Color Red (varies from “crimson” 
red to red-violet) 

Habit Thick, platy; well-formed crystals; striae 
from rhombohedrat twinning common 

Crystal faces € (0001) and r (1011) well developed; 
occasionally n (2243) and a (1120) 

Transparency Transparent 

Fractures Usually fractured 

Inclusions Octahedral pyrite and apatite, gas 

Typical weight tet 

Aggregates Rarely observed; not more 


than 3 individuals when found 


Refractive indices® 1.771 and 1.760; 1.772 and 1.760 


Birefringence® 0.011-0.013 
Cr,03 content 1.22-2.81 wt.% 
Jewelry potential Very good 


Type C — Sapphire, 
pink sapphire, ruby 


Pink (varies from pale to dark 
pink with local areas of blue) 


Typically round; occasional 
acicular crystals 


© (0001) and a (1120) 


Transparent 
No fractures 


Octahedral and pentagonal pyrite 
and black rutile, gas 


Less than 1 ct 
Up to 8-10 individual crystals 


1.767 and 1.758 
0.009 
0.11-0.51 wt.% 
Good 


Light colors to blue, red, 
and brown or colorless 


Massive; rounded; irregular — 
can be well formed, but rare 


None or seldom 


Generally translucent to opaque” 
Fractures rare 

Pentagonal pyrite, red rutile, 
phlogopite, graphite, gas, liquid, etc. 
Variable — can be extremely large 
May be fine-grained aggregates 


1.767 and 1.759 

0.008 

0.03-0.27 wt.% 

Poor; for cabochons only? 


@Has been found to be transparent, faceting quality at other deposits, such as at Licovskoye in the central Urals, 


as determined with a polarizing microscope using refractive-index liquids. 
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of blue (figure 8}. Crystals are typically round; occa- 
sionally, however, well-formed elongated crystals 
with well-developed c (0001) and a (1120] faces are 
observed. The crystals are usually transparent and 
have few or no fractures. Pyrite (with octahedron 
and pyritohedron faces} and short, black-appearing 
rutile crystals are typically found as inclusions. 
Type-B pink sapphire is usually smaller than type-A 
ruby. 


Type C (Other Sapphires). Type-C corundum can be 
red, pink (figure 9], brown, yellow, blue, violet, or 


Figure 8. Type-B pink sapphires from the 
Figure 7. Characteristic crystal forms of type-A Kootchinskoye deposit. These crystals average 
(ruby) corundum. Type-A rubies typically occur 0.5 x 1 mm. Photo © GIA and Tino Hammid. 
in “flattened” crystals, whereas type-B rubies 
are usually rounded. 


Inclusions of pyrite (with a combination of octa- 
hedron and pyritohedron forms} and apatite have 
been observed, but no carbonate inclusions were 
seen in other than the skeletal crystals. These rubies 
may weigh as much as several carats (the largest so 
far observed weighed 120 ct); however, those of gem 
quality typically are 1 ct or less. 

Note that the indices of refraction vary with the 
Cr,O, content, in agreement with published data. 
Birefringence was considerably higher in the type-A 
rubies than in their type-B and type-C counterparts. 
As is to be expected based on the color appearance, 
Cr,O, content was usually significantly higher in 
the type-A material than in types B or C, although 
the author has analyzed some type-C corundum 
with a relatively high Cr,O, content. 


Type B (Pink Sapphire). This type of gem corundum 
ranges from pale pink to dark pink, with local areas 


TABLE 2. Results of electron microprobe analyses? of gem corundums from the Kootchinskoye occurrence. 


Oxide (wt.%) Type A (red) Type B (pale—dark pink} Type C (colorless—pink) 

1 2 3 4 iS) 6 7 8 9 40 11 
TiO, 0.00 0.09 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Al,O3 96.38 95.69 96.75 98.89 98.33 98.43 98.28 98.44 98.44 98.06 98.33 
FeO 0.00 0.00 0.01 0.04 0.00 0.00 0.00 0,00 0.07 0.CO 0,00 
MgQ 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.02 0.00 
CrO3 1.92 2.84 1.22 0.21 0.38 0.11 0.51 0.35 0.07 0.03 0,27 


“Analyses were performed by Valentina Gmyra of the Institute of Geology and Geochemistry of the Urals Branch of the Russian 
Academy of Sciences on a JXA-5 electron microprobe operating at 20 keV, a current of 10 nA; standard ZAF corrections were made. 
Note that vanadium (as V0.3) was checked, but none was found in any specimen. 

“Total iron as FeO. 
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Figure 9. This 3-cm-long crystal has the poor 
diaphaneity associated with type-C corundum 
from Kootchinskoye. Photo © GIA and Tino 
Hammid. 


colorless. At Kootchinskoye, the crystals are usually 
irregular in shape and translucent to opaque. 
Fractures are rarely observed, but the presence of 
many inclusions (gas, liquid, long red rutile needles, 
phlogopite, graphite, pentagonal pyrite, etc.) con- 
tributes to the typically poor diaphaneity. (Note, 
however, that facet-grade type-C crystals have been 
recovered recently from a new deposit at 
Lipovskoye.} Large specimens (8-10 mm, rarely up 
to 50 mm} of this corundum have been observed. 


CONDITIONS FOR THE FORMATION 
OF THE RUBY AND SAPPHIRE 
The different corundum types appear related to spe- 
cific types of marble and especially the specific 
{metamorphic} conditions of temperature and pres- 
sure to which the host rock has been exposed. 
Geobarometry studies conducted by the author 
{based on the dolomite-calcite technique described 
by Talantsev, 1981} revealed that the dolomitic cal- 
cite marble formed at a temperature in the range of 
620°-660°C and a pressure of about 2.5 kbar (Kissin 
and Talantsev, 1986). These values, which probably 
represent the highest temperatures and pressures 
attained in the area, correspond well to the meta- 
morphic conditions determined for the Kochkarskii 
metamorphic complex by Boltyrov et al. (1973). 
Theoretical and experimental studies of the 
reaction 


corundum + dolomite <—> spinel + calcite + CO, 


reveal that the temperature and pressure at which 
the above reaction will proceed, and which miner- 
al(s) will be found in the marbles, depends on: {a} 
CO, pressure, and (b) magnesium activity (roughly 
proportional to the concentration of magnesium in a 
rock; magnesium is available in dolomite—Pertsev, 
1977; Jansen et al., 1978; Thordarsson, 1981). These 
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studies have shown that as the temperature increas- 
es, the reaction moves to the right (spinel is formed}, 
and as the pressure increases, the reaction moves to 
the left (corundum forms). Further, if the magne- 
sium activity is increased, a corresponding increase 
in CO, pressure is required for the corundum to be 
stable. Thus, changes in temperature and CO, pres- 
sure, as occur during the various stages of metamor- 
phism {prograde, retrograde], may have a major 
influence on the stability of minerals, including 
corundum, 

At Kootchinskoye, type-A ruby formed in mag- 
nesian calcite marbles during prograde metamor- 
phism as a result of fluid activity on limestone. 
During subsequent retrograde metamorphism of the 
magnesian calcite marble, which resulted in the for- 
mation of dolomitic calcite marble, most type-A 
ruby was converted to spinel. The type-A ruby that 
survived usually is strongly fractured {as a result of 
prograde metamorphism} and sometimes shows 
polysynthetic twinning. 

Type-B pink sapphire formed during an early 
stage of retrograde metamorphism of magnesian cal- 
cite and dolomitic calcite marbles. This sapphire 
formed simultaneously with the marbles; however, 
where the marble has a high magnesium content, 
spinel is more likely to have formed than pink sap- 
phire. Because compressive stress was minimal dur- 
ing the retrograde metamorphism, type-B pink sap- 
phire typically does not have fractures. 

Type-C sapphire was formed under conditions 
of decreasing temperature, changes in the fluid 
regime (increasing role of H,O}, and high CO, pres- 
sure. It formed in, and filled, fractures in both the 
magnesian calcite and dolomitic calcite marbles. 
When the CO, pressure decreased, orangy red spinel 
formed instead of corundum. Thus, spinel is found 
in both types of marble, where it replaced ruby and 
pink sapphire that formed earlier. However, the 
replacement is incomplete and only occurs near |i.e., 
within 1-2 mm of} fractures in the host marble. 
Beyond this distance, the corundum and spinel are 
unaffected. 


DISCUSSION 


Ruby and sapphire from marble deposits have been 
known for more than a dozen centuries (see, ¢.g., 
Kane and Kammerling, 1992}. However, relatively 
little is known of the origin of these deposits. Based 
on the study of published geologic data, it appears 
that the ruby and sapphire deposits in Myanmar 
(Iyer, 1953; Keller, 1983; Kane and Kammerling, 
1992), Pakistan (Okrusch et al., 1976; Gtibelin, 1982}, 
Afghanistan (Rossovskii, 1980}, and Tanzania (Hanni 
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and Schmetzer, 1991} have many similarities, and 
may be analogous, to those at Kootchinskoye and 
elsewhere in the Ural Mountains. All these Russian 
deposits occur in marble (frequently in several dis- 
tinct types}. Two types of ruby (and sapphire], as well 
as spinel, have been recognized in most of them 
{Rossovskii et al., 1982]. In the case of the Uralian 
deposits, of which Kootcltinskoye is a representative 
example, the three types of ruby and sapphire (types 
A, B, and C) are rarely found together. Although 
metamorphism (i.e., significant changes in tempera- 
ture and pressure} is the main geologic factor in the 
formation of the ruby and sapphire, other factors are 
also important. In particular, the magnesium content 
of the marble will have a major influence on whether 
spinel is the preferred {stable} mineral phase. The 
ALO, content of the marble does not seem to be a 
critical factor, inasmuch as this component is low in 
all three types of ruby- and sapphire-bearing marble 
at Kootchinskoye; in fact, the Al,O; content of the 
gem-bearing marbles (0.08-0.13 wt.%] is lower than 
that of nearby marble that does not contain corun- 
dum (0.15-0.18 wt.%)}. 

Some investigators have suggested that the 
ruby-sapphire mineralization in marble developed as 
a result of the contact metamorphic action of peg- 
Matites or granites on aluminum-bearing rocks (e.g,, 
Kievlenko et al., 1974). However, such does not 
appear to be the case, at least with the Uralian 
deposits, because at some of these deposits peg- 
matites and granites are either rare or absent. In the 
author’s experience, where contact zones between 
pegmatites and marble or aluminum-bearing rocks 
have been observed, ruby and sapphire are rarely 
found. 


CONCLUSIONS 


Rubies and sapphires have been recovered from dif- 
ferent types of marbles in the Ural Mountains. The 
site where they were first discovered, Kootchin- 
skoye, serves as a model for other deposits found in 
the Urals. On the basis of gemological and chemical 
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GEM CORUNDUM IN ALKALI BASALT: 
ORIGIN AND OCCURRENCE 


By A. A. Levinson and F. A. Cook 


Many deposits of gem corundum are associated with alkali basalt. Best 
known ave the occurrences in Southeast Asia (especially Thailand) and 
Australia, which are responsible for much of the sapplire and fancy sapphire 
on the world market today. Yet alkali basalts are relatively uncommon, and 
corundum deposits are found only in those alkali basalts that occur im associ- 
ation with subduction zones involving ocean-continent plate collistons. This 
article offers a new hypothesis for the relationship between this rock type and 
gem corundum. It suggests that gem corundum is formed when certain 
rocks—such as shales, laterites, or bauxites, with aluminum-rich minerals— 
are subducted to depths of about 50 km, where metamorphism converts the 
minerals into corundum ana other products that the alkalt basalts later 
carry to the surface. The potential for new deposits 1s considered. 


In 1992, more than 7.2 million carats of fashioned 
gem corundum were imported into the United 
States; of this amount, about 2.6 million carats 
were ruby and 4.6 million carats were sapphire 
{Austin, 1993). The total dollar value was almost 
US$153 million, second only to emerald ($213 mil- 
lion) for fine colored stones. These figures reflect 
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the major role that gem corundums play in the 
jewelry industry. 

The vast majority of gem corundums on the 
world market today, particularly blue and fancy 
sapphires, come from secondary deposits in 
Southeast Asia and Australia (figure 1]. Although 
some of these deposits are associated with marbles, 
such as those in Burma (Mogok and Mong Hsu} 
and northern Vietnam, most are correlated with 
the occurrence of alkali basalt, a relatively uncom- 
mon type of volcanic rock. According to Olliver 
and Townsend (1993}, until 1988 Australia sup- 
plied up to 70% by volume of the world’s sapphires 
(mainly small dark stones}; it now supplies about 
25%-30%, owing to a large increase in production 
from Thailand. In both of these countries, the sap- 
phires are recovered primarily from secondary 
deposits derived from alkali basalts. Yet while 
much has been published on marble-type deposits 
(again, as in Mogok) and those associated with peg- 
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Figure 1. The approximately 1-ct sapphire in this 
pendant is typical of some of the fine gem sap- 

phires recovered from alkali basalts. Courtesy of 
Lindsay-Wasser, Toronto; photo © Tino Hammid. 


matitic intrusions {e.g., Kashmir and the Umba 
River Valley of Tanzania}, relatively little is known 
in the gem industry about the important alkali 
basalt source of commercial corundum. Thus, in 
this article we: {1} review various geologic aspects 
of this rock type and its relationship to gem corun- 
dum; (2) offer a theory for the origin of gem corun- 
dum in alkali basalts; and (3) apply the information 
gained to surmise, on geologic grounds, where 
additional gem corundum deposits of this type 
might be anticipated. 


OCCURRENCE, CLASSIFICATION, AND 
MINERALOGY OF BASALTS 


Basalt is a general term for a dark-colored, mafic 
(containing minerals with high contents of magne- 
sium and iron}, extrusive [volcanic] igneous rock. It 
is composed predominantly of calcium-rich plagio- 
clase and calcium-rich pyroxene (mainly augite] 
plus other minerals, depending on the type of 
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basalt (see below}. Basalts are by far the most abun- 
dant of the Earth’s exposed crustal rocks. Not only 
do they cover essentially the entire ocean floor 
(usually beneath a thin veneer of sediments}, but 
they also predominate in major “shield-type” vol- 
canoes (which, on occasion, extend above the 
ocean surface, as is the case with the Hawaiian 
Islands). In addition, they occur extensively in cer- 
tain continental settings, such as the Columbia 
River basalts of the northwestern United States. 
Basalts also occur abundantly on the moon and on 
the inner planets, including Mars. Basalts are dis- 
cussed in all textbooks on igneous rocks (e.g., 
Williams et al., 1982, Philpotts, 1990). 

Basalts can be classified into two broad types— 
tholeiite and alkali—based on their chemical char- 
acteristics and mineralogical composition. They 
can only be distinguished unequivocally by means 
of thin-section study with a polarizing microscope 
or by chemical analysis. Tholeiites constitute 
about 90% of all exposed basalts. Mineralogical 
{involving quartz, low-calcium pyroxene, 
feldspathoid minerals, and olivine} and chemical 
distinctions between the two types of basalt are 
shown in table 1. 

Alkali basalts never contain quartz as a visible 
mineral or as theoretical “normative” quartz (a 
“norm” is a theoretical mineral composition of a 
rock calculated from the chemical analysis}. They 
are characterized by the presence of silica-undersat- 
urated minerals, including olivine, (Mg,Fe),SiO,, 


TABLE 1. Mineralogy and chemistry of tholeiite and 


alkali basalts. 
Minerals and Present in 
chemical content Tholeiite basalt Alkali basalt 
Major minerals 
Calcium-rich plagioclase Yes Yes 
Calcium-rich pyroxene Yes Yes 
Minor and 

characteristic minerals 
Quartz (normative) Yes No 
Low-calcium pyroxene Yes No 
Feldspathoid minerals No Yes 
Olivine (e.g., nepheline) Sometimes Yes 
Chemical content 

(average) 
SiO, 48.62 wt.% 46.33 wt.% 
Na,O 2.76 wt.% 3.20 wt.% 
K,O 0.84 wt.% 1.28 wt.% 


aAverage of characteristic oxides; from Mysen (1987). 
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Figure 2. The theory of plate tec- 
tonics explains how the Earth's 
solid outer portion (the litho- 
sphere) 1s divided into a number 
of rigid thin segments (plates) 
which move in various ways. 
This includes downward move- 
ment at certain boundaries, par- 
ticularly where continental and 
oceanic plates collide. This figure 
illustrates the process of subduc- 
tion (as indicated by the arrows), 
in which a “conveyor belt” mech- 
anism moves an oceanic plate, 
comprising mostly basalt with a 
thin veneer of marine sediment 
(shale, limestone, etc.), down- 


ward beneath a continent into 


the mantle. This figure also shows the source regions of magmas, which are generated by partial melting of mate- 
rial taken down the subduction zone, that may eventually rise to the surface and crystallize as tholetite basalt 
and alkali basalt. Rhyolite and andesite magmas (not shown) would form at even shallower depths than tholeiite. 
These positions correspond in a general way with increasing depth (which is correlated with pressure) and temper- 
ature within the Earth. See text for further details. The Moho, the boundary between the crust and the mantle, is 
shown here at a depth of about 50 km beneath the surface of the continent. Corundum would form in the range of 
about 24 to 50 km below the continental surface, depending on the starting materials. 


and certain minerals of the feldspathoid group such 
as nepheline, (Na,K)AISiO,, in which some of the 
characteristic alkali elements (Na, K) are found. 
Undersaturated minerals are those that would, 
under suitable conditions, react with free silica 
(quartz) if placed in contact with it to form more- 
silica-rich minerals. For example, there would be 
no nepheline in contact with quartz because this 
feldspathoid would react with quartz to form 
albite. Consequently, the presence of undersaturat- 
ed minerals such as nepheline and olivine together 
identifies the basalt as alkali. Note that tholeiite 
and alkali basalts are always found in separate and 
distinct flows. 


ORIGIN OF BASALTS 


Basaltic eruptions are closely linked with plate tec- 
tonics, the generally accepted theory that the 
Earth’s surface is divided into about a dozen large, 
thick (usually about 100 km) plates that are mov- 
ing very slowly (about 2.5 cm—1l inch—per year}, 
as illustrated in figure 2. Intense geologic activity, 
such as earthquakes and volcanism, occurs along 
the plate boundaries, and the process appears to 
ave been in operation for most of geologic time. 
Typically, molten basalt (magma) rises from the 
Earth’s mantle to the surface along zones of major 


Alkali Basalts 


rifting {i.e., crustal fractures}—primarily along mid- 
ocean ridges such as the Mid-Atlantic Ridge, at 
convergent plate boundaries such as are common 
along western South America and Japan, and above 
localized “hot spots” within the middle of plates 
such as Hawaii. Alkali basalts are found in all the 
above geologic environments. 

To understand figure 2, it is essential to recog- 
nize that most rock types are composed of more 
than one mineral, and each mineral, or combina- 
tion of minerals, has a specific melting tempera- 
ture that is influenced by pressure, the amount of 
water present, and other factors. The process of 
“partial melting,” in which minerals with the low- 
est melting points within a rock melt first as the 
temperature rises, allows the generation of various 
types of magmas (such as rhyolite, andesite, and 
tholeiite) from some minerals, other minerals with 
higher melting points [i-e., that are still solid} do 
not form magmas until they reach greater depths 
with higher temperatures {as is the case with alkali 
basalts}. By virtue of their greater buoyancy in liq- 
uid form, the early-formed magmas tend to rise 
and become concentrated in locations closer to, or 
on, the surface where they eventually solidify. In a 
subduction zone (a long, narrow belt in which one 
plate descends beneath another}, it is unlikely that 
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Figure 3. A dark blue sapphire xenocryst 1s seen 
here embedded in alkaH basalt, as it was recov- 
ered from Fangshan, Shandong Province, China. 
Economic deposits with in situ corundum (i.e., 
primary deposits) in alkali basalt are rare. The 
yellow fragments adjacent to the sapphire are 
weathered ultramafic xenoliths from the mantle 
(from Guo et al, 1992b, who refer to the sapphire 
as a megacryst). Photo courtesy of J. F. Guo. 


tholeiitic basalts will form in significant quantities 
until subduction processes have brought surface 
(oceanic crustal} rocks down to a depth of about 
20-30 kim; alkali basalts, however, are not likely to 
form at depths shallower than 50-60 km (Kushiro, 
1987; Perchuk, 1987). 


CORUNDUM IN BASALT 


Many of the main commercial sources (e.g., 
Thailand, Australia) of gem sapphires are associat- 
ed with the occurrence of alkali basalts. This does 
not necessarily mean, however, that corundum 
crystallized from the alkali basalt magma. This 
important distinction is explained by the fact that 
volcanic rocks, and particularly basalts because of 
the great depths from which they originate {at least 
20 km in most areas), commonly carry to the sur- 
face xenoliths (rock fragments} and xenocrysts 
(crystals} of “foreign” origin. Thus, such fragments 
and crystals have no genetic relationship to the 
enclosing basaltic rocks (figure 3). For example, 
recent studies by Righter and Carmichael (1993} 
showed that all the inclusion-free and unzoned 
megacrysts (a general term used for large crystals of 
any type) of augite, feldspar, kaersutite, olivine, 
and biotite from eight alkali basalts in the western 
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U.S. and Mexico were xenocrysts. The xenocrysts 
are derived from broken-up or dissolved xenoliths 
that probably originated from several different rock 
types at pressures of 5-15 kbar (approximately 
15-45 km depth} and were carried to the surface by 
the alkali basalt magma. Hence, the situation is 
analogous to diamonds occurring as xenocrysts in 
kimberlite or lamproite, except that diamonds orig- 
inate at much greater depths (>110 km, Kirkley et 
al., 1991). Other gem minerals that are typically 
xenocrysts, as opposed to primary crystallization 
products, in alkali basalts include zircon, some gar- 
net, and some spinel. In contrast, olivine (which 
occurs as the gem variety peridot}, as well as some 
other garnet and other spinel, may be either a 
xenocryst or a primary crystallization product 
(Williams et al., 1982, Philpotts, 1990). 

Most researchers (see, e.g., Schulze, 1987; 
Coenraads et al., 1990; Guo et al., 1992b} have con- 
cluded that corundum always occurs as xenocrysts 
in alkali basalts—and does not crystallize from the 
magma itself—on the basis of three key factors. 


1, Experimental studies have shown that corun- 
dum cannot be grown from a melt of normal 
basaltic composition. 

2. The surface features—e.g., rounding, etching, 
and corrosion—of the corundum crystals indi- 
cate that the crystals are partially resorbed by 
the alkali basalt magma (corundum is unstable 
in this magma, and if in contact with it for a 
long period probably would be completely 
resorbed}. 

3. Certain minerals found as inclusions in corun- 
dum, such as zircon and columbite, could not 
have grown from such a magma. 


Significantly, all reported economic, and 
potentially economic, secondary occurrences of 
basaltic corundum are spatially associated with the 
alkali type of basalt. {Coenraads et al., 1996, men- 
tion two possible exceptions, in Nigeria and 
Southern China, but these are not well document- 
ed.) Further, most found so far are of Cenozoic age 
(66 million years or younger), although this may be 
a result of limited sampling. These observations 
apply to the occurrences in Chanthaburi-Trat, 
Thailand (Keller, 1982); numerous other localities 
in Thailand, Cambodia, and Kampuchea (Coen- 
raads et al., 1990}; New South Wales, Australia 
(Coldham, 1985; Coenraads et al., 1990); three areas 
of China (Keller and Keller, 1986; Wang, 1988; Guo 
et al., 1992b], and southern Vietnam (A. S. Keller, 
pers. comin., 1994]. One exception is the little- 
known deposit in the Mercaderes-Rio Mayo area of 
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Colombia, which is reportedly Cretaceous (66-144 
My) in age (Keller et al., 1985). 


ORIGIN OF CORUNDUM IN 

ALKALI BASALT 

The main geologic question is: Why are gem 
corundum crystals found as xenocrysts only in 
alkali basalts, which represent a relatively small 
proportion (about 10%} of all basalts? We view the 
way in which corundum crystals are concentrated 
in alkali basalts as a two-stage process in the con- 
text of plate tectonics theory. The first stage relates 
to the formation of corundum (separate from the 
formation of the basalt) deep in the Earth; the sec- 
ond stage relates to the process whereby the alkali 
basalt magma brings the corundum to the surface. 


Stage 1: Corundum Formation. We propose that 
there are two main mechanisms involving plate 
tectonics and metamorphism by which corundum 
can be formed, each involves different starting 
materials. 


Mechanism 1. Aluminum-rich sedimentary rocks, 
particularly shales (which typically contain such 
aluminum-rich minerals as muscovite [illite] and 
kaolinite], are often carried to significant depths in 
areas of plate-margin interactions such as subduc- 
tion zones (again, see figure 2}. Once the sediments 
have reached an appropriate depth and sufficiently 
high temperature by this “conveyor belt” mecha- 
nism, they undergo conversion to other minerals 
that are more stable in the new higher tempera- 
ture/pressure environment. 

Corundum, Al,O;, along with potassium 
feldspar (orthoclase} and water, is a breakdown 
product of muscovite, a common micaceous min- 
eral found in shales: 


Equation 1 
KAI, (Siz,ANHO,,(OH), > KAISi,O, + Al,O, +H,O 


{muscovite} {orthoclase} (corundum) (water) 


The above reaction must take place in the absence 
of quartz or else aluminum silicates such as kyan- 
ite (Al,SiO,) instead of corundum will form. 
Indeed, the fact that kyanite and related minerals 
are much more common than corundum in meta- 
morphic rocks is evidence that quartz is usually 
present when muscovite breaks down. Further, if 
water is present above a certain pressure (about 4 
kbar}, muscovite will melt rather than form the 
reaction products shown. Notwithstanding the 
above restrictions, such reactions are well estab- 
lished. For example, Williams et al. {1982} state 
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that certain aluminous minerals found in basalts, 
such as spinel, corundum, and cordierite {iolite}, 
represent refractory (i.e, unmelted, unchanged] 
residues from fractional (partial) melting of shale. 

Figure 4 illustrates a phase diagram of the sys- 
tems muscovite-corundum and diaspore-corun- 
dum, which are discussed below. {A phase diagram 
is a graph in which two or more variables, in this 
case temperature and pressure, are plotted to show 
the boundaries of the fields, or areas, of stability of 
various phases; in this case, the phases are miner- 
als. A system is that portion of the universe that is 
being studied, in this case, the mineral conversions 
of muscovite to corundum and diaspore to corun- 
dum.) These phase diagrams can be applied to the 
breakdown of muscovite and diaspore under condi- 
tions of high temperature and pressure, as would 
be encountered in a subduction zone. 

With respect to the breakdown of muscovite, 
experimental studies have shown that the reaction 
given above can occur over a wide range of pres- 
sures (as indicated by the line separating muscovite 
from corundum + orthoclase + water in figure 4; 
pressure is comparable to depth in this case}, but in 
only a relatively narrow range of temperatures 
(about 650°-725°C; Evans, 1965]. Thus, corundum 
may be expected to crystallize at many different 
depths or pressures in the Earth’s crust if the tem- 
peratures are high {and if quartz and water are 
absent]. Such conditions occur at shallow depths 
(characterized by low pressure] in some contact- 
metamorphic areas where granitic (including peg- 
matitic] rocks are intruded into sediments, and at 
greater depths (>20-25 km, characterized by high 
pressure) in regionally metamorphosed rocks, such 
as gneiss. However, in a subducting plate, the con- 
version would take place at depths of about 42 km 
or greater. It should also be emphasized that the 
conditions required for this reaction to occur—for 
example, the absence of quartz, and the absence of 
water above a pressure of 4 kbars—may be rare in 
natural situations. 


Mechanism 2. With fewer geologic restrictions, 
corundum could form from other starting materi- 
als, particularly hydrated aluminum oxides—such 
as gibbsite, AIOH),, and diaspore or boehmite, 
AIO(OH). For example, the equation for the forma- 
tion of corundum from diaspore or boehmite 
would be: 


Equation 2 
LAIO{OH) + ALO, + H,O 


{diasporc} (corundum) {water} 
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Figure 4. Phase diagrams are shown 
for conversion of muscovite to 
corundum (plus orthoclase and 
water), and diaspore (a constituent 
of lateritic and bauxitic soils) to 
corunduin (plus water). Stability 
fields for the minerals are delineat- 
ed by broken lines (solid where 
experimentally determined for 
muscovite), and a geotherm (tem- 
perature versus depth line) is plot- 
ted for the continental crust. Where 
the geotherm crosses the stability 
lines, conditions allow mineral 
transformation. Thus, corundum 
can only form from the breakdown 
of muscovite below about 42 km 
(cross hatching); however, it can 
form from the breakdown of dias- 
pore as shallow as 24 km (slanted 
lines). Also shown are approximate 
depths of formation for various vol- 
canic rocks. Only alkali basalt 
forms deep enough to migrate 
through the zone of corundum for- 
mation. 


These hydrated aluminum oxides are typical of 
extensive laterite and bauxite terranes such as are 
found today in large areas of India, Africa, South 
America, Australia, and other tropical regions. The 
pressure and temperature conditions for the break- 
down of gibbsite, diaspore, and boehmite also indi- 
cate that corundum might form from these miner- 
als deep in the crust by mechanisms analogous to 
those discussed above for muscovite, except at 
depths as shallow as 24 km (see figure 4). Gibbsite, 
diaspore, and boehmite were suggested as possible 
starting materials for the formation of gem corun- 
dum, particularly ruby, in regional metamorphic 
environments such as at Mogok (Kammerling et 
al., 1994}. Even though these latter deposits are in 
marbles rather than in alkali basalts, and the meth- 
ods by which they reached the Earth’s surface are 
distinctly different, the fundamental metamorphic 
reactions by which corundum is formed from alu- 
minum-rich minerals (see equation 2) are still ap- 
plicable. 


Stage 2: Transport of Corundum to the Surface. 
The second stage of the process requires a method 
to bring the corundum crystals to the surface. Key 
factors in this process are listed below, and the 
entire process by which corundum forms and is 
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transported to the surface in alkali basalts is illus- 
trated in figure 5. 


1. Basalt magmas typically migrate to the surface 
rapidly (sometimes explosively}, in a matter of 
hours to days. During this short time period, 
alkali basalt magmas must: (a} incorporate the 
corundum-bearing xenoliths (figure 6), and then 
(b) disintegrate and dissolve the xenoliths, thus 
releasing the corundum and other refractory 
minerals (e.g., zircon} into the magma as 
xenocrysts. In most cases, there is at least some 
resorption of the corundum, as evidenced by 
characteristic rounding, etching, and corrosion 
of the surface. At the time it travels upward, 
the alkali basalt magma is at a temperature of 
1100°-1300°C. 


2. The depths at which alkali basalts form (> 50 
km) require that—to reach the surface—they 
must pass through the uppermost mantle and 
deep part of the Earth’s continental crust, 
where corundum crystals may have formed. 
This contrasts with other extrusives (such as 
rhyolite and andesite], which typically form at 
depths of only 10-25 kim; this is too shallow to 
encounter any significant number of corun- 
dum crystals, which would have formed in the 
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Figure 5. There are several main stages in the formation of corundums and their transport to the surface in 
alkali basalt: (1) subduction of appropriate starting materials (e.g., aluminum-rich sediments, laterites, baux- 
ites; see figure 2); (2) formation of corundum in appropriate rocks (e.g., gneiss; see figure 6) deep in the crust by 
means of metamorphism of the starting materials (see figure 4); (3) formation of alkali basalt in the upper man- 
tle by partial melting, (4) movement of alkali basalt upward; (5) inclusion of corundum-bearing xenoliths in 
alkalt basalts (some alkali basalt remains in the mantle); (6) disintegration and resorption of xenoliths, the 
release of corundum crystals (xenocrysts), and continued transport upward; and (7) volcanic eruption brings 


corundum crystals to the surface (see figure 3), 


Earth’s lower continental crust. (Under some 
conditions of elevated temperatures in the 
lower continental crust, it might be possible 
for the geotherm [temperature versus depth 
line] of figure 4 to intersect the corundum sta- 
bility field at shallower depths such that 
corundum could be formed at depths appropri- 
ate for transportation by tholeiite or andesite 
magmas. However, this would likely be rare.} 


These various conditions are met, for example, 
in Southeast Asia (figure 7). Alkali basalts in Thai- 
jand, Cambodia, and Vietnam migrated through 
thick, fractured continental crust {Polachan et al., 
1991} and occasionally carry corundum xenocrysts 
to the surface. Even in this area, however, corun- 
dum-bearing alkali basalts are not common. 

We emphasize that the formation of alkali 
basalt magma may occur long after, and may even 
be unrelated to, the subduction that carried the 
aluminum-rich rocks to depth. In eastern 
Australia, for example, the sapphire-bearing alkali 
basalts are primarily younger than 55 million 
years, and subduction ceased about 200 million 
years ago (Veevers et al., 1991}. In this region, alu- 
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minum-rich rocks may have been carried to depth 
by subduction and remained part of the lower crust 
until an alkali basalt magma, or other heat source 
in the general region, provided sufficient heat to 
effect conversion of some minerals to corundum. 
In the case of the alkali basalt magma, the same 
heat source could subsequently provide a mecha- 
nism to bring the corundum to the surface. 


ALTERNATIVE THEORIES FOR ORIGIN 
OF CORUNDUM IN ALKALI BASALT 


Only a few theories to explain the occurrence of 
gem corundum in alkali basalt have been proposed. 
Hughes (1990) briefly mentioned three: Two sug- 
gested that the corundum crystals were xenocrysts 
of unknown deep origin, whereas the third suggest- 
ed that the corundum formed, as a primary miner- 
al, in a basaltic magma generated at depths of 
65-95 km by partial melting of mantle material. 
Because so few corundum crystals have been 
observed in situ in {alkali} basalts in Australia, 
Pecover (1987) suggested that (alkali) basalt may 
not be the rock from which corundum is released, 
at least in that country. Rather, he suggested that 
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Figure 6. This hand specimen from Gallatin 
County, Montana, shows gray corundum crystals 
(longest is about 13 cmm-—about 5 inches, not of 
commercial quality) in contact with coarse-grained 
nepheline (white; a feldspathoid mineral) in a 
gneiss. The fine-grained areas of gneiss contain 
muscovite, feldspar, and sillimanite. This rock 
formed deep in the crust (at perhaps 20-25 km) and 
was brought to the surface by tectonic activity (not 
by alkali basalt magma). Although the exact con- 
ditions are not known, this rock could have been 
formed by the mechanism described in this article. 
Photo ©GIA and Tino Hammid 


basaltic “tuff” (a rock formed of compacted val- 
canic fragments}, which may represent the surface 
expression of much deeper pipe-like bodies, may 
have carried the corundum to the surface. 

Two distinctly different theories for the mag- 
matic origin of corundum in alkali basalts, based 
primarily on the study of deposits in eastern 
Australia, have been developed: (1} by Coenraads et 
al. (1990) and Coenraads (1992), and {2} by Guo et 
al. (1992a, 1994), Both theories recognize that it is 
unlikely that corundum crystallized from its host 
alkali basalt and suggest different ways in which 
corundum may have crystallized from another 
magma, high in Al,O, content, that is distinct 
from the alkali basalt that brought the crystals to 
the surface. 

Both of these theories are based, in large part, 
on the importance attached to certain minerals 
found as inclusions in Australian sapphires that, 
like the corundum host, could not have crystal- 
lized from an alkali basalt magma. These include 
zircon, columbite, uranium pyrochlore, thorite, 
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ilmenite, alkali feldspar, and cobalt-rich spinel {the 
last only from Guo et al., 1994}, as well as carbon 
dioxide-filled fluid inclusions. Thus, they conclud- 
ed that the sapphires and their inclusions must 
have grown in an environment rich in “incompati- 
ble elements” (those elements, such as Zr, Nb, Ta, 
U, Th, Ti, and Co, that do not fit into the struc- 
tures of the common rock-forming minerals}, alka- 
li elements (e.g., K and Na}, and volatiles (e.g., 
CO}. 

On the basis of these and other data, such as 
the presence of iron-rich melt inclusions and the 
ages of included zircons, Coenraads et al. {1990} 
developed a mode}! involving two magmas. 
Basically, this model involves: {1} the ascent from 
the mantle of a carbonate-enriched mafic magma 
{first magma) that also contained the incompatible 
elements; (2) crystallization of corundum and its 
inclusions within this magma, and (3) later vol- 
canic eruption of alkali basalt {second magma} to 
entrain the corundum and bring it to the surface. 

Guo et al. (1992a, 1994) developed a more com- 
plex, multistage model involving four magmas. 
Their model involves: (1) the ascent from the man- 
tle of a carbonate-enriched mafic magma (first 
magma} containing the incompatible elements; {2} 
the interaction of this magma with an alkali-rich 
felsic {granitic] magma (second magma} in the 
lower crust; (3) the resulting hybrid magma (third 
magma} having favorable chemical characteristics 
{low SiO,, high Al,O,) for the crystallization of 
corundum, and (4} later volcanic eruption of alkali 
basalt (fourth magma} to bring the corundum to 
the surface. 

The mixing of two different magmas in the 
Guo et al. model to produce a third magma with 
distinctive characteristics is an accepted geologic 
process (e.g., Williams et al., 1982; Philpotts, 1990}, 
and the mechanism they propose is theoretically 
possible and may well occur on a local scale. 
However, we believe that it requires too many spe- 
cial conditions to be applicable to the origin of the 
widespread corundum deposits of Southeast Asia 
and Australia. On the other hand, our metamor- 
phic (as opposed to magmatic) model, which uses 
aluminum-rich sedimentary rocks such as laterite 
or bauxite as the starting material, provides a sim- 
pler explanation for the formation of corundum 
crystals and all the included minerals (e.g., 
columbite} that are so fundamental to both of the 
above models. In particular, our model requires 
only one magma {alkali basalt})—as a transport 
mechanism to bring corundum to the surface. 


GEMS & GEMOLOGY Winter 1994 


INDIAN 
OCEAN 


INDIAN OCEAN 
PLATE 
-e——} 


1000 km 


[__] continental Crust [~_]Corundum-bearing Basalt 


Direction of / Direction of 
Plate Motion Fault Motion 


ph Subduction Zone 


Spreading 
Ridge 


Figure 7. In this generalized tectonic map of 
Southeast Asia, alkali basalts (yellow area) are 
located in Thailand, Cambodia, and Vietnam, 
They occur in old (and probably thick} continental 
crust in a region that is presently undergoing 
active faulting associated with the subduction of 
the Indian Ocean plate beneath the Eurasian 
plate. A cross-section of the Earth through the 
crust and upper mantle (line A-B) might approx1- 
mate the cross-section shown in figure 2. The 
corundum-bearing alkali basalts are located north 
of line A-B, where the crust may be thicker and 
where fractures produce zones of weakness 
through which the alkali basalt magmas rise to 
the surface. 


Adding support to our proposed metamorphic 
model is the report by Koivula and Fryer {1987} on 
the discovery of an inclusion of sapphirine (not sap- 
phire], (Mg,AlJ,(Al,Si},;O,9, in a ruby from Bo Rai, 
Thailand (from alluvial deposits associated with 
alkali basalts). Sapphirine has also been reported 
associated with ruby and sapphire in one locality 
in eastern Australia (Sutherland, 1994). Sapphirine 
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only forms in a metamorphic environment, and 
Harley (1989) has shown that it crystallizes at pres- 
sures and temperatures appropriate for the lower 
continental crust. 

During the formation of laterite and bauxite, 
certain trace and minor elements may be concen- 
trated in these materials depending on the type of 
rock material from which they are formed by 
intensive weathering. For example, all the incom- 
patible elements mentioned above are concentrat- 
ed to some degree; some, such as Ti, Zr, and Nb 
may be enriched by as much as fivefold as com- 
pared to their parent material (Mason, 1966}, which 
was probably a granite or a syenite. Some laterite 
deposits developed on mafic rocks—such as in 
New Caledonia, Australia, and Indonesia—have 
such large amounts of nickel and cobalt that they 
are economic to recover (U.S. Bureau of Mines, 
1980}. Depending on the presence of minor 
amounts of other minerals (e.g., calcite} in laterites, 
all other constituents emphasized in both the 
Coenraads and Guo models can be explained. 
Clearly, laterites and related weathering products 
contain the necessary minor and trace elements, in 
addition to large (or predominant) amounts of alu- 
minum-rich minerals, to be a potential starting 
material for corundum formation. Not only are 
large areas of the world covered with laterites 
today, but it is also likely that equally large areas 
composed of laterite and similar materials (or 
weathered products derived from this material} 
have been subducted into the crust and mantle in 
the geologic past. 


CONCLUSIONS 


Although corundum is well known to gemologists, 
it is relatively rare compared to other minerals pri- 
marily because its formation requires an environ- 
ment that has a low silica (SiO,} content. Yet silica 
is one of the most abundant constituents of the 
Earth. The model presented in this article relates 
the formation of gem corundum deposits to subduc- 
tion zones that carry aluminum-rich materials (i.c., 
quartz-free aluminous sediments, laterites or baux- 
ites}, which are naturally silica-depleted, below con- 
tinental areas. At depths of about 25-50 km, these 
materials are transformed by metamorphic process- 
es into corundum-bearing mineral assemblages. 
These assemblages are later brought to the surface 
by alkali basalt magmas, which form below 50 km. 
This metamorphic model is simpler than some pre- 
vious magmatic models which, although they are 
theoretically possible and might well occur on a 
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limited scale, require numerous special circum- 
stances. The effects of high temperature and pres- 
sure on corundum crystals during their transport in 
alkali basalt magmas are uncertain. However, it is 
interesting to speculate that they might influence 
the ultimate color and clarity of the corundum, 
analogous to some of the commercial enhancement 
processes currently employed. 

At present, significant amounts of sapphire are 
obtained from secondary deposits derived from 
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areas worthy of exploration for gem corundum, 
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DIAMOND, Light Yellow 
Treated Color 


Clients sometimes ask the GIA Gem 
Trade Laboratory why Origin-of- 
Color reports are needed for light yel- 
low or brown diamonds—that is, 
those without sufficient depth of 
color to fall in the fancy-color range. 
A 0.91-ct, light yellow round brilliant 
that came into the West Coast lab 
this fall clearly showed that one can 
never be too careful even with such 
light-colored stones. 

This diamond was a moderate 
blue transmitter, showed a weak 
green “haze” with no green graining, 
and had a moderate localized mottled 
strain pattern. It fluoresced very 
strong blue to long-wave ultraviolet 
radiation and strong yellow to short- 
wave UV; it phosphoresced weakly 
to both wavelengths. In the desk- 
model spectroscope, it showed a 
moderate Cape spectrum, with weak 
498- and 504-nm lines, but no 595- 
nm line was visible. This spectro- 
scopic information (498 with 504 
line, but no 595-nm line}, combined 
with the green haze without grain- 
ing, provoked our suspicions. UV-vis- 
ible spectrophotometric measure- 
ment detected peaks at 451, 477, 496, 
and 503.2 nm; a possible 546-nm 
peak; plus a very faint peak at 595 
nm. Mid-infrared spectra showed 
that the diamond was a type JaB>A 
(high nitrogen}. These spectra also 
showed peaks at 5163 and 4932 cm‘). 
These H1b and Hlc peaks are consid- 
ered conclusive proof that a type-la 
yellow-to-brown diamond has been 
irradiated and annealed. 

Although color grades are not 
assigned to treated diamonds, the 
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color of this stone would be in the 
T-V range. In our experience, it is 
most unusual to encounter such a 
light tone, treated-color diamond. 
Perhaps it represents a failed attempt 
to improve the diamond's color with- 
out leaving a detectable treatment 
signature. 
ML], Dino DeGhionno, 
Patricia Maddison, and IR 


Carved EMERALD Fetish 


The carved fetish shown in figure | 
was represented to staff members at 


Figure 1. This natural emerald 
carving, measuring 28.25 x 14.05 
x 11.15 mim (39 ct), was repre- 
sented to be part of a pre-Colum- 
bian necklace made up of the 
pieces shown in figure 2. 
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the East Coast lab as the emerald 
centerpiece of a pre-Columbian neck- 
lace. Although we could not verify 
the stone's origin, or even when the 
necklace was fabricated, the primi- 
tive carving and crude drilling cer- 
tainly suggest an early carving tech- 
nique. However, unlike sorme other 
carved gem materials featured in past 
Lab Notes, the material from which 
this 39-ct fetish was carved was easi- 
ly identified as emerald by its “text- 
book” properties. 

Specifically, the refractive index 
was approximately 1.57 (by the spot 
method}. The absorption spectrum, 
with its chromium lines visible in 
the hand spectroscope, was diagnos- 
tic of emerald. The classic three- 
phase inclusions also pointed to the 
carving being natural emerald. 

The material was of exceptional 
quality for a carving, and it showed 
no evidence of clarity enhancement 
{e.g., oiling}, although microscopy 
revealed some surface-reaching fis- 
sures. This supports the case for the 
fetish being a genuine pre-Colum- 
bian artifact, as it is unlikely that 
such fine material would escape 
faceting today. 

Although pre-Columbian gold 
jewelry is not our area of expertise, 
we could not help but admire the 
gold figures that accompanied the 
fetish. Of particular interest were the 
three shown in the necklace arrange- 
ment in figure 2. From their heft, we 
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Figure 2. Note the fine craftsmanship of the reportedly pre-Columbian 
pieces (including the emerald carving featured in figure 1) shown here 
as they might have been worn on a necklace. 


believe that they are solid, and they 
appeared to have been cast by the 
lost-wax technique. The figure above 
the emerald fetish in the center of 
the necklace was hollow, but it was 
most likely also cast by the lost-wax 
technique. This method was used 
with a high degree of technical profi- 
ciency in the pre-Columbian era. 
According to Warwick Bray, profes- 
sor of Latin American Archeology at 
the Institute of Archeology, London 
(as was reported in Gem and 
Jewellery News, Vol. 3, No. 3, 1994, 
on p. 43], “The cast ornaments 
(Panamanian and pre-Columbian} 
were generally of a gold/copper alloy, 
which was easier to cast than pure 
gold and which could be surface 
treated with vegetable acids to pro- 
duce a finer gold colour on the sur- 
face—what we call depletion gilding 
today.” This gold/copper alloy, 
known as tumbaga, was alloyed in 
various proportions. TM 


Gem Trade Lab Notes 


FELDSPAR, Separating Alkali 
from Plagioclase Species 


Faceted yellow feldspars have been 
coming into the market from a num- 


Figure 3. The bright stripes seen in 
this 5.52-ct labradorite feldspar 
when viewed between crossed 
polarizers are due to polysynthetic 
twinning (parallel twin planes). 
Such twinning is present in plagio- 
clase feldspars, and separates them 
from the alkali species microcline, 
orthoclase, and sanidine. 
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ber of localities, including Australia, 
California, Madagascar, and Oregon. 
A 5.52-ct faceted stone submitted to 
the West Coast lab had been repre- 
sented as sanidine, the potassium 
sodium feldspar that forms in a high- 
temperature environment. Although 
standard gemological tests revealed 
that the stone was a feldspar, refrac- 
tive index values of 1.559-1.568 were 
sufficient to confirm that it was lab- 
radorite, not sanidine. 

Working with this feldspar 
reminded us of a comparatively easy 
test using crossed polarizers that not 
all gemologists may know about. 
Although it will not identify the 
species, it will distinguish some pla- 
gioclase feldspars (albite, andesine, 
anorthite, bytownite, labradorite, and 
oligoclase} from alkali feldspars 
(microcline, orthoclase, and sanidine}. 

When examined with the micro- 
scope between crossed polarizing fil- 
ters, this stone—for example— 
showed the fantastic, multicolored 
stripes (figure 3) characteristic of 
polysynthetic (many-layered} twin- 
ning. Polysynthetic twins grow 
according to twin laws that are only 
possible in feldspars with triclinic 
symmetry: microcline and the pla- 
gioclases, not sanidine or orthoclase. 
(Microclines in general are even 
more twinned than plagioclases and 
tend to look “plaid” through crossed 
polarizers.) The stripes in some 
faceted plagioclases, including the 
example shown here, are obvious 
enough to be seen with little or no 
magnification between crossed polar- 
izers, which makes this a useful field 
test. Pressed for a quick decision, a 
gemologist could even look for twin- 
ning planes while holding a stone 
between two pairs of polarized sun- 
glasses placed in the “crossed” posi- 
tion. ML] 


GROSSULAR-ANDRADITE 
GARNET from Mali, West Africa 


In September, a client brought a 
piece of yellow-green rough to the 
East Coast laboratory for identifica- 
tion, The client stated that the stone 
had been mined in the Republic of 
Mali, in western Africa, but he had 
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Figure 4. This 16.30 x 15.45 x 12.40 
mm piece of rough, a grossular- 
andradite garnet, is reportedly 
from Mali. 


received conflicting opinions regard- 
ing its identity (chrysoberyl versus 
tsavorite garnet}. 

The transparent material {figure 
4) measured approximately 16 x 15 x 
12 mm and weighed 25.35 ct. Since it 
was unmounted and had a fairly flat 
surface, we were able to determine 
its optical properties by standard 
gemological testing. It had a single 
refractive index of 1.77, but showed 
strong anomalous birefringence 
when viewed in the microscope 
between crossed polarizers. When we 
examined the piece with a micro- 
scope, we saw an unusual pattern 
resembling dodecahedral growth 
faces, which was even more pro- 
nounced under polarized light; we 
also found a small, wispy “horsetail” 
inclusion (figure 5). The spectroscope 
showed a broad absorption band at 
440 nm and a 600-nm line, as well as 
a possible feature at 500 nm. The 
specific gravity of 3.65 was deter- 
mined by hydrostatic weighing. 
These properties do not fall within 
the range of properties that character- 
ize either grossular or andradite gar- 
net (e.g., the R.I. is too high for 
grossular and too low for andradite}. 
Since these findings were not suffi- 
cient to identify the material, the 
stone was sent to the West Coast lab- 
oratory for further testing. 

X-ray powder diffraction analysis 
gave a typical garnet pattern. The 
unit-cell spacing from this pattern 
and the specific gravity matched the 
values charted in Deer, Howie, and 
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Figure 5. Dodecahedral growth 
faces (seen here in polarized light) 
and a small wispy horsetail inclu- 
sion are evident in the stone in 
figure 4 at 50x magnification. 


Zussman's Introduction to Rock 
Forming Minerals (Longman Group, 
London, 1974} for a garnet intermedi- 
ate between grossular and andradite, 
with probable composition 68%-75% 
grossular, 32.%~25% andradite. We 
confirmed this using EDXRF, which 
revealed small amounts of Mn, Ti, 
and V in addition to the major ele- 
ments Si, Al, Ca (from the grossular 
component}, and Fe (from the andra- 
dite]. A UV-visible spectrum showed 
Fe peaks at 434, 575.5, and 872 nm. 
There was no evidence of chromium 
from either test. Therefore, we con- 
cluded that it was a grossular-andra- 
dite garnet. 

KH, ML], and Emmanuel Fritsch 


JADEITE JADE 


Bleached and Iimpregnated, with 
Distinctive Surface Features 


We continue to encounter bleached 
and impregnated jadeite (“B jade”) on 
both coasts, which has enabled us to 
support and expand the observations 
in “Identification of Bleached and 
Polymer-Impregnated Jadeite” 
(Fritsch et al., Gems @ Gemology, 
Fall 1992, pp. 176-187). Consistent 
and conclusive identification still 
requires infrared spectroscopy. In 
some cases, however, careful exami- 
nation of the surface with a binocular 
microscope and a variety of lighting 
techniques may provide useful clues. 
One such case was a fine-quality 
bangle bracelet (figure 6} tested at the 
East Coast laboratory. 


The change in surface texture 
produced by the treatment was 
described briefly in the above refer- 
ence and in greater detail by Ou-Yang 
Chiu Mei in Jewellery News Asia, 
December 1993, pp. 96-100. The acid 
treatment removes the usually brown 
impurities that outline individual 
crystals of jadeite and detract from 
the jade's overall appearance. At this 
stage, the grain boundaries are obvi- 
ous and, due to the crystal habit of 
jadeite, may form a honeycomb pat- 
tern. Following the “bleaching” step, 
the jadeite is impregnated with a neu- 
tral-color polymer or wax. This sub- 
stance fills the voids left by removal 
of the impurities and makes the item 
appear more uniformly colored and 
more transparent. In addition, the 
grain boundaries are less visible after 
impregnation, although they may 
still be seen with the microscope. In 
her article, Mrs. Ou-Yang states that 
“For more severely treated jadeite, 
the structure looks like a beehive .. . 
the changed feature is the fingerprint 
for identifying type-B.” The bleaching 
process weakens the jade, and both 
Mrs. Ou-Yang and Mr. Tay Thy Sun 
(JewelSiam, November—December, 
1992, pp. 98-100) point out that 
although impregnation reduces the 
visibility of the bleaching treatment, 
it does not restore the original tough- 
ness. 

We have experimented with dif- 
ferent lighting techniques to detect 
this honeycomb structure after 
impregnation. Although it may be 
visible in some pieces with strong 
transmitted fiber-optic light, we saw 
it best with reflected light in this 
bracelet and a cabochon examined 
recently (figure 7}. 

In addition, with diffuse reflect- 
ed light, we detected filled cavities, 
reminiscent of those seen in treated 
rubies, in the bracelet. However, 
these did not have the appearance of 
a surface residue, which has been 
noted before in both treated and nat- 
ural jade; rather, they were actually 
“finished,” or smoothed over, so they 
were flush with the polished surface. 
The wax normally used to finish a 
piece of jade flows and then resolidi- 
fies when tested with a “hot point.” 
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Figure 6. Characteristic surface features indicated, and IR spectroscopy 
proved, that this jadeite bangle bracelet had been bleached and poly- 


mer impregnated. 


Figure 7. At 40x magnification 
under diffused reflected light, the 
surface of this jadeite cabochon 
shows the unusual texture—actu- 
ally, the outline of many individ- 
ual jadeite grains—seen in some 
"B jade.” 


However, the material in these filled 
areas burned slightly when the ther- 
mal reaction tester was brought close 
to their surfaces, a reaction typical of 
a polymer. To observe the reaction 
best and to minimize potential dam- 
age to the item, we performed this 
test under magnification. 
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Corroborative testing with infra- 
red spectroscopy showed strong 
absorption between 2800 and 3000 
em:!, which is diagnostic of polymer 
treatment. We tested the bracelet in 
several areas to see if the filled cavi- 
ties showed greater infrared absorp- 
tion than the rest of the bracelet. 
However, we recorded very strong 
absorption in all the areas selected. 
Note, too, that the bracelet floated in 
methylene iodide, indicating a specif- 
ic gravity range of about 3.20-3.25, as 
would be expected for most “B jade” 
(and lower than the average 3.34 for 
untreated jadeite}. 

This bracelet also gave us the 
chance to use two unconventional 
tests mentioned in the Fritsch et al. 
1992 article. When the bracelet was 
gently tapped with steel forceps, the 
sound emitted was clearly muffled or 
dull, unlike the higher-pitched 
“ring” that untreated jade would 
emit. This supports an observation 
made by some dealers. Also, a drop of 
hydrochloric acid (HCI) remained 
intact on the surface; with untreated 
jade, “sweating” is observed around 
the droplet on the nearby surface of 
the stone after only a short time 
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(Gems @ Gemology, Fall 1992, p. 
180). TM and IR 


Spotted MALACHITE, 
Imitation and Natural 


Many ornamental materials are rec- 
ognized by their coloration patterns. 
One obvious example is malachite, 
which usually has opaque green par- 
allel bands of the same hue but of 
variable tone or saturation. Two 
pieces of jewelry, set with material 
having this characteristic appearance, 
were submitted to the West Coast 
lab for identification. 

The necklace contained a num- 
ber of bezel-set 11 x 9 mm stones, 
with prominent banding that ranged 
from medium to pale green [figure 8}. 
The material had a spot refractive 
index of 1.55 and effervesced slightly 
to a weak HCl solution. It showed 
conchoidal fracture and fluoresced a 
weak green to long-wave UV radia- 
tion, with a fainter green fluores- 
cence to short-wave UV. Because the 
material was mounted, we could not 
determine specific gravity. However, 
on the basis of the presence of small 


Figure 8. Banding can be seen in 
this 9 x 11 mm segment of a neck- 
lace. The swirled appearance of 
one of the bands helped identify 
the material as a malachite imi- 
tation. Magnified 10x. 
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Figure 9. These “spots” on an 
18.0 x 3.8 mm segment of a mul 
tiple-piece bracelet are similar to 
those seen on a natural mala- 
chite in the GIA collection. 
Magnified 10x. 


bubbles, the “swirly” appearance of 
one of the bands {again, see figure 8], 
and the only slight effervescence, we 
suspected that it was a manufactured 
substance. 

With the client's permission to 
perform destructive tests if neces- 
sary, we applied the thermal reaction 
tester in an inconspicuous spot: The 
material turned chalky white, melted 
easily, and flowed away from the test 
point. We thus confirmed that it was 
a malachite imitation. 

The second, similar-appearing 
material was an 18.0 x 3.8 mm pol- 
ished trapezoid that was set ina 
bracelet with obsidian, sodalite, imi- 
tation sugilite, and imitation 
turquoise. Given its “swirled” back- 
ground color banding, the dark green 
spots on the lighter banded back- 


"eure 10. This 12-mm “inabe” 
has been fashioned from a cul- 
tured abalone blister pearl. 
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ground, and the apparent conchoidal 
fracture, a first glance would indicate 
that this could also be a malachite 
imitation. However, refractometer 
testing indicated a strong birefrin- 
gence “blink,” and the material effer- 
vesced strongly to the weak HCI 
solution. The darker green spots (fig- 
ure 9} had a somewhat higher relief 
{Le., were more resistant to polishing} 
than the lighter green background. 
One dark corner of the background 
material was slightly translucent, 
while the rest was opaque. 
Furthermore, the material was inert 
to both long-wave and short-wave 
UV. These test results pointed to 
malachite as the identity. 

We compared this stone to a nat- 
ural malachite cabochon from the 
GIA GTL reference collection that 
also had small green spots with ele- 
vated relief on the surfaces of some 
striped bands. Unlike the response of 
the imitation malachite described 
above, the TRT produced a small 
brown spot where it touched the ref- 
erence cabochon. When, again with 
the client's permission, we tested his 
material with the TRT, a similar 
dark brown spot was produced. This 
further confirmed that the unknown 
material was indeed natural mala- 
chite, which had probably been sliced 
parallel to the plane of the malachite 
banding. 

ML], John I. Koivula, and 
Cheryl Y. Wentzell 


Figure 11. Regular mother-of- 
pearl shell was used to back the 
"mabe" in figure 10. 


PEARLS 
Abalone “Mabe” Pearl 


“Mabes” made with blister pearls 
cultured in the abalone shell (Haliotis 
rufescens} from North America were 
introduced to the participants of the 
Pearls ‘94 International Pearl Con- 
ference held in Hawaii last May. 
Thanks to a generous donation to the 
GIA reference collection, our West 
Coast laboratory staff subsequently 
had the opportunity to examine a 
sample (figure 10}. 

All of the abalone “mabes” seen 
thus far have had round button 
shapes, averaging approximately 9 to 
14 mm in diameter. The demarcation 
line between the abalone blister and 
the backing was easily seen in our 
sample because the blister had been 
backed with ordinary mother-of-pearl 
shell (figure 11} rather than abalone 
shell. However, the blisters showed 
all the qualities that are characteristic 
of abalone pearls: attractive color 
combinations in green, blue, pink, 
and lavender; extremely high, almost 
metallic luster; and fairly transparent 
nacre. With high magnification, we 
noted that the nacre layer showed a 
fine cellular structure (figure 12}. The 
characteristic appearance of the blis- 
ter-pearl portion, as well as its strong 
yellow fluorescence to long-wave UV 
radiation, proved that it had indeed 
been obtained from an abalone. 

KH 


Non-Nacreous Cultured “Pearl” 


The Summer 1990 Lab Notes section 
discussed cultured calcareous concre- 


Figure 12. The cellular structure 
of the abalone portion of the 
"mabe" in figure 10 can be seen 
at 80x magnification. 
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Figure 13. This cultured concre- 
tion (11.6 mm x 12.7 mm in 
diameter) was found in a parcel 
of cultured South Sea pearls. 


tions that had been found while har- 
vesting cultured black pearls in the 
South Seas. Another of these non- 
nacreous cultured “pearls” arrived at 
the West Coast laboratory for identi- 
fication last summer. With a subvit- 
reous luster and no orient, the 
approximately 11.8 x 12.7 mm 
“pearl” resembled a shiny black mar- 
ble (figure 13). When examined with 
magnification and reflected light, the 
surface appeared to have shallow 
dimples and displayed a network of 
very fine, hairline fissures (figure 14} 
that corresponded to the subsurface 
structure of the “pearl.” Higher mag- 
nification with strong, fiber-optic 
illumination revealed this structure 
to be a tightly knit, lighter-colored, 
lattice-like network covering the 
entire sphere (figure 15}. This struc- 
ture was more concentrated in some 
areas, forming faintly eye-visible 
bands around the circumference of 
the “pearl.” Accompanying the lat- 
ticework were gray translucent areas 
that had a distorted honeycomb or 
cellular structure. These alternated 
with transparent areas to create an 
overall patchiness when magnified. 
The structure near the surface was 
similar to that of cultured calcareous 
concretions described in the previ- 
ously mentioned Summer 1990 Lab 
Notes section (p. 153). 

Because this non-nacreous 
“pearl” had an appearance different 
from that of any natural concretion 
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Figure 14, Note the dimples and 
fine fissures on the surface of the 
non-nacreous cultured "pearl" 
shown in figure 13. Magnified 30x. 


we had seen before, we used X-radio- 
graphy to reveal its internal struc- 
ture. The X-radiograph confirmed its 
cultured origin, evidenced by an 
obvious bead nucleus surrounded by 
a thick outer layer. 

The owner reported that this 
“pearl” came from a South Sea black- 
lipped oyster (Pinctada margariti- 
fera), harvested near Rikitea in the 
Gambier Islands of French Polynesia. 
If so, it appears to be an unusual 
product of the usual culturing pro- 
cess, one in which the mantle-tissue 
graft lacked the critical epithelial 
cells necessary to produce the nacre- 
ous layer. Cheryl Y. Wentzell 


SAPPHIRE of Unusual Color 


Occasionally we see color-change 
sapphires with the green-to-blue 
(daylight) and red-to-brown {incan- 
descent light] colors of alexandrite. A 
1.83-ct square step cut seen in the 
East Coast lab was surprising in that 
it was clearly corundum and had a 
reddish brown body color similar to 
that seen in some alexandrite in 
incandescent light, yet it exhibited 
no color change. The unusual color 
appearance was due in part to the 
presence of pronounced pink and 
green-blue bands, which were best 
seen in diffuse transmitted light (fig- 
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Figure 15. When the cultured 
"pearl" shown in figures 13 and 
14 was magnified 40x, the 
unusual lattice-like subsurface 
structure became apparent. 


ure 16], Part of the color sensation 
was also influenced by the stone's 
dichroism. The visible spectrum, 
viewed through a desk-model prism 
spectroscope, showed a strong broad 
band at 450 nm along with general 
absorption from about 680 to 700 
nm. The most notable gemological 
property was the refractive index of 
1.775-1.784. Although rather high, 
this still falls below the upper limits 
of 1.785 and 1.794 for natural brown 
sapphire cited by M. Fleischer et al., 
in Microscopic Determination of the 
Nonopaque Minerals—uU.S. Geolo- 
gical Survey Bulletin 1627 (U.S. 
Government Printing Office, 1984]. 


Figure 16. The pink and blue-green 
banding seen with diffused trans- 
nutted light in this 1.83-ct sap- 
phire is partially responsible for 
the reddish brown body color of 
the stone. Magnified 15x. 


Winter 1994 269 


Although sapphires in this color 
range are seldom encountered at the 
Gem Trade Lab, we are told by mem- 
bers of the trade that they are not 
particularly rare, just of little interest 
commercially. 

TM 


SYNTHETIC SAPPHIRE, 
Another Striae Resolution 
Technique 


To get the most from our microscop- 
ic examination of gems, we use a 
variety of lighting techniques: dark- 
field, brightfield, diffused, oblique- 
angle fiber-optic, and shadowing, 
among others. These may be further 
enhanced by examining the stone 
while it is immersed (see, e.g., the 
Winter 1993 Gem Trade Lab Notes, 
p. 282}. Filters can also be useful in 
resolving growth structures. For 
example, a white diffusion filter may 
help resolve curved color banding in 
blue synthetic sapphires, and a blue 
diffusion filter may resolve curved 
color banding in yellow to orange 
synthetic sapphires (see, e.g., the 
Summer 1992, Gem Trade Lab Notes, 
p. 128). 

The West Coast lab was asked to 
identify a transparent pink, 15.58-ct 
oval modified brilliant. Gemological 
properties were consistent with 
corundum, both natural and synthet- 
ic. Microscopic examination revealed 
only minute pinpoint inclusions of an 
undetermined nature. The method 
that finally revealed the growth struc- 
tures that proved its synthetic origin 
was the Plato test, performed using 
immersion in conjunction with 
crossed polarizers. 


Figure 17. Examination with 
short-wave UV radiation at 15x 
magnification reveals curved 
growth features in this 15,58-ct 
pink synthetic sapphire. 


As part of our documentation of 
the stone, we also viewed it under 
both long- and short-wave ultraviolet 
radiation. While the even, very 
strong red fluorescence to long-wave 
UV was not unexpected, we were 
surprised to see that the typical 
strong bluish white reaction to short- 
wave UV was uneven. To character- 
ize this unevenness better, we exam- 
ined the stone using magnification in 
conjunction with short-wave UV 
illumination (carefully filtering the 
light coming from the stone to block 
short-wave UV reflections and thus 
avoid eye damage}. This revealed that 


the fluorescent reaction was confined 
to clearly defined curved color bands 
(figure 17). Preliminary examination 
of other pink synthetic sapphires from 
our reference collection has shown 
the technique to hold promise, as 
curved growth was also seen in some 
of these under short-wave UV radia- 
tion. 

It should be noted that there are 
precedents for using ultraviolet radia- 
tion in the resolution of diagnostic 
growth features in synthetic gem 
materials. R. Hughes, in his book 
Corundum (Butterworth's, London, 
1990), mentions using low magnifi- 
cation (2x to 6x) and short-wave UV 
illumination to see growth details in 
colorless synthetic sapphires. He also 
cautions that eye protection, such as 
a short-wave-UV blocking filter, is 
essential when observing stones 
under these conditions. The tech- 
nique also helps characterize growth 
sectors in synthetic diamonds (see J. 
Shigley et al., “The Gemological 
Properties of Russian Gem-Quality 
Synthetic Yellow Diamonds,” Gems 
e) Gemology, Winter 1993, pp. 228- 
2.48). 

RCK, Dino DeGhionno, and 
Patricia Maddison 
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DIAMONDS Waa ee 


Native Appalachian diamonds. Occasionally, diamonds 
are found in the Appalachian Mountains of the United 
States, including New York, Maryland, Virginia, West 
Virginia, North Carolina, South Carolina, Georgia, 
Alabama, Kentucky, and Tennessee. W. D. Hausel and 
J. E. Bond, in the November 1994 issue of International 
California Mining Journal, suggest that these diamonds 
may have local sources, warranting exploration of the 
Appalachian area. Previous explanations for these dia- 
mond occurrences include glacial transport and “deposi- 
tion by migrating birds from South America.” 


Diamond developments in Tanzania. Initial surveying is 
complete on five leases held by Serengeti Diamonds at 
the Kahama/Shinyanga diamond property. These lag-type 
deposits {i.e., secondary deposits in which the diamonds 
are concentrated by wind action) consist of gravels from 
around the Shinyanga diamond pipes that can occur up to 
1 km from those sources. Because of preferential sorting 
by wind, these deposits tend to be a higher grade than the 
primary pipes. The Serengeti Diamonds deposits contain 
an estimated 258,100 carats in two types of gravels: 
123,700 metric tons yielding 100 carats per 100 tons, and 
1.68 million metric tons yielding 8 carats per 100 tons. 

The Tanzanian Parastatal Reform Commission and 
Willcroft Co. (a subsidiary of De Beers Centenary AG) 
plan a US$8 million upgrade of the Mwadui mine, 
including a new diamond recovery plant. Production has 
declined at the Mwadui pipe, discovered by Dr. John 
Williamson in 1940, since superficial reserves were 
exhausted in the 1980s. A second concession near the 
Mwadui mine is currently being explored. (Mining 
Journal, September 9 [p. 182], November 4 [pp. 325, 330], 
1994). 


Other African diamond mining ventures. United Reef 
Ltd. of South Africa has reported the results of indepen- 
dent valuation in Antwerp of 417 carats of diamonds 
from its Bamingui project in the Central African 
Republic: The diamonds average US$150 per carat, mak- 
ing this deposit “among the world’s highest in terms of 
dollar value per carat.” (Mining Journal, November 4, 
1994, p. 325) 


Gem News 


After an absence of six years, De Beers plans to begin 
exploration along a 16,000-km? area of the Sierra Leone 
seacoast. (Mining Journal, August 19, 1994, p. 137) 


Canadian diamond rush bruised but still alive. Despite 
very poor yields at two major Canadian diamond 
prospects and a devastating crash in diamond stocks, dia- 
mond exploration consultant A. J. A. “Bram” Janse of 
Perth, Australia, remains cautiously optimistic about sev- 
eral other diamond prospects in Canada. If the sources he 
cites are correct, it appears likely that at least one 
prospect will become an operational diamond mine. 

The first big blow to the then-booming diamond 
exploration industry in Canada came on August 5, 1994. 
RTZ/Kennecott said that their underground sampling of 
the Tli Kwi Cho kimberlite pipe in the Lac de Gras area 
of the Northwest Territories had produced unexpectedly 
low grades of diamond. This immediately devastated dia- 
mond stocks on the Canadian exchanges, where investors 
lost an estimated C$500 million. 

The second blow came when resampling of another 
pipe turned up very disappointing results. This one, the 
Torrie pipe in the Yamba Lake area, was being worked by 
Monopros, a joint-venture partner of Tangueray/Mill City 
Gold (and the Canadian prospecting subsidiary of De 
Beers). 

The bad news about these two kimberlite pipes and 
the ensuing crash in diamond stocks has hurt investor 
confidence in geologists’ predictions of rich Canadian dia- 
mond fields. However, these events have overshadowed 
another potentially lucrative find, according to research 
by Dr. Janse. Very encouraging results have been obtained 
from underground and large-diameter drill-core sampling 
on the BHP/Dia Met cluster of six pipes—Koala, Panda, 
Falcon, Misery, Fox, and Leslie. These are located 12 km 
south of Exeter Lake at about 64°40’N and 110°38’W, in 
the middle of the Corridor of Hope, which cuts through 
the Lac de Gras area. BHP/Dia Met is starting to study 
the feasibility of mining ore from two, three, or possibly 
all six pipes in the cluster. The company maintains that 
it expects to start mining diamonds from the 3-hectare 
(7.5-acre) Panda pipe before the year 2000. BHP has 
applied for the necessary environmental permits and filed 
a plan of operations. The company has also made presen- 
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tations of planned future development to the local Dogrib 
people (Northern Miner, May 16 [p.1], June 27 [p.6], 
August 15 [p.1], September 5 [pp. 1, 6], 1994; Financial 
Post, Toronto, August 6-8, 1994, p. 1; Globe @ Mail, 
Toronto, August 25, p. B6}. 

In addition, Aber Resources’ exploration of diamon- 
diferous kimberlite A-154, located about 25 km south of 
the BHP/Dia Met cluster, produced unexpected results. 
Two commercial-size diamonds, 1.75 and 0.25 ct, were 
found in a single drill core. A drilling barge has been set 
up to continue work. (Mining Journal, May 6, 1994, p. 
328; June 24, 1994, p. 460; September 30, 1994, p. 236, 
December 3, 1994, advertising supplement). 

Other Canadian regions with diamond potential 
include central Saskatchewan, where many companies 
are actively exploring, and the James Bay Lowlands of 
northern Ontario, which is now being prospected by 
KWG Resources (see, e.g., Gem News, Summer 1994, pp. 
122-123}. 


Diamonds found in Finland. Bram Janse also reported 
heightened interest in diamond prospecting in Finland 
following Melbourne (Australia}-based Ashton Mining’s 
recent disclosure that they had secured exploration leases 
covering large areas in northern Finland, found 21 kim- 
berlite pipes, and recovered several diamonds over two 
carats. For instance, one two-hectare pipe yielded six 
carats of diamonds from a 23-metric ton sample (Mining 
Journal, September 9, 1994, p. 177). Ashton emphasized 
that it would still take two or three more years to evalu- 


Figure 1. This 4.09-ct trilliant-cut amethyst is typi- 
cal of material being recovered from a mine in 
northern Namibia. Courtesy of Barker & Co., 
Scottsdale, Arizona; photo by Maha DeMaggio. 


ate these finds fully, but added that costs to develop a 
mine in Finland should be much lower than in Canada or 
Russia because of Finland’s more advanced infrastructure 
{The Australian, August 31, 1994, pp. 1, 26), Some news- 
papers have called the finds “secret” (The Australian, 
above} or “sensational” (Aftenposten, Oslo, September 8, 
p. 2). The latter newspaper said that RTZ and De Beers 
also have large areas under diamond exploration leases. 

Encouraged by discoveries in Finland, the Nordic 
Exploration Group (NordEx} is exploring two 100-km2 
diamond properties: one near Alno and the Swedish 
Baltic Coast; and the other, called Kalix, near the Finnish 
border with Sweden. Magnetic anomalies, similar to 
those associated with Canadian kimberlites, have been 
discovered in aeromagnetic data from the Kalix region. 
(Mining journal, November 4, 1994] 


COLORED STONES is 


Amethyst from Namibia. Amethyst, a staple of the col- 
ored stone industry, is always well represented at gem and 
mineral shows. Typically, it is available in many forms, 
including faceted stones, cabochons, carvings, cobbed 
material (i.e., pre-trimmed rough}, and mineral specimens 
as large as hundreds of kilos. Much of the rough material 
comes from Brazil; Zambia is also a major source. 

At shows both this year and last, we also saw materi- 
al from Uruguay, amethyst-citrine from Bolivia, pale-col- 
ored amethyst crystal clusters from the Ural Mountains 
of Russia {a classic source of amethyst}, and even some 
attractive, medium- to dark-toned faceted material from 
Namibia (see, e.g., figure 1). According to Hannes 
Kleynhans, president of Amethyst Mining & Export, 
Karibib, Namibia, this material comes from a mine on 
the Burgershof Farm in the Platveld area of northern 
Namibia, very near the highway that runs from Wind- 
hoek to Tsumeb. A dirt ramp leads from the edge of what 
has become a huge excavated open pit to 150 feet (45 m] 
below the surface, where a large mineralized vein is being 
worked. 

Mining takes place only during the dry season, 
roughly from April through September. Groundwater fills 
the pit during the rainy season, making mining impossi- 
ble for the remaining six months. The mine is very pro- 
ductive, yielding several tons of material of all qualities 
annually, according to Mr. Kleynhans. 


Chatoyant demantoid garnet. The editors recently exam- 
ined a most unusual cabochon-cut demantoid garnet 
loaned by Yoshiko Doi, president of GIA Japan in Tokyo. 
The 1.94-ct stone (figure 2) displayed distinct chatoyancy 
in the form of a greenish yellow band, the result of light 
reflecting from a myriad of more-or-less parallel, fibrous 
inclusions. 

These inclusions do not appear to be arranged in any 
specific crystallographic orientation within the host, as is 
normally the case for chatoyant gems (for example, in 
tourmaline the “eye” is caused by light reflection from 
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Figure 2. Distinct chatoyancy is displayed by this 
1,94-ct (approximately 7.54 « 5.09 x 4.10 mm) 
demantoid garnet. Photo by Maha DeMaggio. 


growth tubes that run parallel to the optic axis of the 
host}. Instead, the “parallel” arrangement of the fibrous 
inclusions seems to be more random, with some fibers 
actually curving back on themselves completely (figure 
3}. This unusual arrangement of “horsetail” inclusions 
(which creates the “eye”} makes the host demantoid gar- 
net a true rarity. 


Color-change diaspore from Turkey. Although the editors 
have known for some time about diaspore from Turkey, 
material seen thus far has been mostly brown with only a 
minor color change. However, one of the editors {EF} 


Figure 3. Magnification reveals that the fibrous 
inclusions responsible for chatoyancy in the deman- 
toid in figure 2 are randomly arranged. Photomicro- 
graph by John I. Koivula; magnified 25x, 
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recently examined rough and faceted samples from a new 
deposit in Turkey. The best specimens of this new find 
show a very distinct color change—brownish pink in 
incandescent light {figure 4) and brownish green in day- 
light/fluorescent light. The samples were provided by 
Guven Cankur and Debbie Deatker of Eur-Asia Ltd., 
North Miami Beach, Florida. The faceted stones that we 
examined with this distinct color change ranged from 
3.38 to 16.44 ct. 

Other gemological properties were typical for dias- 
pore: refractive indices of @ = 1.700-1.701, B = 
1.723-1.726, y = 1.749-1.750, S.G. {measured hydrostati- 
cally) of 3.40; a moderately intense broad line visible at 
about 450 nm in the handheld spectroscope; inert to long- 
wave UV radiation, with a weak yellow fluorescence to 
short-wave UV. 

Energy-dispersive X-ray fluorescence analysis detect- 
ed aluminum—a major constituent of diaspore, 
AIO(OH)}—and traces of titanium, chromium, and iron. 


Figure 4. This color-change diaspore from a new 
find in Turkey appears brownish pink in incandes- 
cent light. The cut stone shown here weighs 3.38 ct. 
Photo by Maha DeMaggio. 
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Figure 5. Myanmar is the reported source of this 
7.91-ct cabochon of plagioclase feldspar with ruby 
inclusions. Photo © GIA and Tino Hammid. 


UV-visible absorption spectroscopy taken in a random 
orientation also showed features typical of iron (Fe3+) in 
all gems, which we believe is responsible for the brown 
color of most gem diaspores from Turkey documented so 
far. Also detected was chromium. Preliminary investiga- 
tions indicate that the chromium (Cr?) is responsible for 
the color-change behavior (as it is in many gems, such as 
alexandrite and some color-change pyrope-spessartine 
garnets}. The variable position of the absorption cut-off at 
short wavelengths was tentatively attributed to charge- 
transfer phenomena, possibly involving titanium and 
iron. 

Mr. Cankur indicated that exploratory mining 
revealed good-quality material in many areas, so future 
production may be significant. 


Feldspar with ruby inclusions. In October 1993, Karl 
Schmetzer of Petershausen, Germany, received for identi- 
fication some translucent white cabochons with red crys- 
tal inclusions (see, e.g., figure 5). X-ray diffraction analysis 
of the two materials revealed that they were plagioclase 
feldspar and ruby, respectively. At about the same time, 
Dr. Schmetzer learned that Martin P. Steinbach, a gem 
dealer in Idar-Oberstein, Germany, had some 20 cabo- 
chons, ranging from 5 to 13 ct. Mr. Steinbach said that 
the material reportedly came from Myanmar, although 
he did not know the exact locality. He purchased all of 
the specimens in northern Thailand, near the Myanmar 
border. 

In November 1993, Michael Gray of Graystone 
Enterprises in Missoula, Montana, showed one of the edi- 
tors (JIK) a cabochon of a similar-appearing material, also 
reportedly from Myanmar but obtained in Europe. 
Subsequent gemological testing confirmed that this was 
also a feldspar with ruby inclusions. 

The ruby inclusions have somewhat rounded edges 
and vary greatly in size. They range in diaphaneity from 
translucent to transparent. Because some of the inclu- 
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sions are large (as much as 5 mm long) and often break 
the surface of the host stone, it is quite easy to deter- 
mine their refractive indices, absorption spectra, and 
pleochroism. 


Gems from North Carolina. The Summer 1993 Gem 
News section contained an entry on “emerald matrix” 
from North Carolina, the only emerald locality in the 
United States. This material, first seen by the editors at 
the 1993 Tucson event and again at the one in 1994, was 
offered by the Emerald City Gem Shop of Spruce Pine, 
North Carolina. They showed us 152, cabochons, ranging 
from 2.66 to 31 ct, as well as some attractive unfashioned 
mineral specimens. 

They also distribute other beryls from North 
Carolina, including pale-colored aquamarines (figure 6) 
and green beryl cabochons with moderately distinct cha- 
toyancy. They reported that the aquamarine comes from 
the Hanson Creek Aquamarine mine in Avery County, 
an abandoned mica mine that the firm purchased in 1992, 
and subsequently reopened for its gem potential. We saw 
125 cabochons ranging from 2, to 22. ct and 58 faceted 
stones ranging from about | to 6 ct. 

Another North Carolina gem material offered was 
kyanite (again, see figure 6] from the Balsam Gap Blue 
Kyanite mine near Barnardsville. According to co-owner 
Gary Ledford, kyanite was first discovered at this locality 
in 1989, but the firm did not start selling it until recently, 
when they felt they had an adequate supply of fashioned 
goods. Some of this material is similar to some kyanite 
from Brazil, the hues ranging from medium greenish blue 
to blue with colorless areas. However, some of the darker 
blue material from North Carolina has areas of a darker, 
more saturated blue than anything we have noted in 
Brazilian material. We saw two faceted stones (5.38 and 
9.58 ct} that were exceptional for their absence of eye-vis- 
ible inclusions, their transparency, and their well-defined 
dark blue/colorless bicoloration. 


Figure 6, North Carolina is the source of this 1.14-ct 
faceted aquamarine and 9,88-ct freeform kyanite 
tablet. Courtesy of Emerald City Gem Shop; photo 
by Maha DeMaggio. 
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More on peridot from Pakistan. The Fall 1994 Gem News 
section contained an entry on a new and potentially sig- 
nificant commercial source of peridot in the far westem 
region of the Himalaya Mountains in Pakistan. Since 
then, the editors have had an opportunity to study both 
rough and cut stones from this locality. 

At first glance, these orthorhombic peridot crystals 
may look hexagonal, because of equal sizes among differ- 
ent faces of “columnar” and “pyramidal” shapes. Faces 
were identified through comparison of these crystals with 
Goldschmidt’s Atlas der Krystallformen (olivine group in 
volume 6 [reprinted by the Rochester Academy of 
Science, Rochester, NY, 1986]). Faces identified include 
pinacoids (001), (100), and (010); prisms (120) and (110), 
brachydome (02.1), macrodome {101}; and pyramid (111). 
The most prominent of these were the basal pinacoid 
{001}, “columnar” faces (010) and (110), and “pyramidal” 
faces (021) and {111}. While all the crystal faces on the 
first three uncut specimens we were able to examine 
closely were etched, striations parallel to the c-axis were 
clearly visible on the (010) and (110) faces. However, 
Laura Thompson, president of Shades of the Earth, 
Phoenix, Arizona, which is marketing the material, 
reported that many of the crystals recovered are not 
etched to this extent and actually display lustrous crystal 
faces. We subsequently saw additional crystals that sub- 
stantiated Mrs. Thompson's comment (see, e.g., figure 7). 

Gemological testing on two faceted stones, a 5.23-ct 
cut-cornered rectangular mixed cut and an 18.37-ct cush- 
ion modified brilliant, gave the following results: color— 
medium yellowish green, diaphaneity—transparent; 
R1—o = 1.651, B = 1.669, y= 1.687; birefringence—0.036, 
S.G. (determined hydrostatically}3.35; pleochroism— 
weak, yellowish green and brownish yellowish green; UV 
fluorescence—inert to both long and short wave; absorp- 
tion spectrum—distinct but somewhat diffuse absorption 
bands at about 453, 477, and 497 nm, as well as a weaker 
band at about 529 nm (this last absorption feature is typi- 
cally noted only in fairly large specimens of peridot—see, 
e.g., Webster’s Gems, 4th ed. [rev. by B. W. Anderson], 
1983, p. 162). All these features are consistent with those 
reported in the gemological literature for peridot from 
various localities. 

Peridot is the gem variety of the mineral olivine, 
which is a solid solution between a magnesium end- 
member, forsterite, and an iron end-member, fayalite. 
R.L’s and S.G. vary systematically with composition (see 
Deer, Howie, and Zussman, Introduction to Rock 
Forming Minerals, Longman Group, London, 1974}. On 
the basis of the R.I. and S.G. values we obtained, the 
Pakistan material is about 90% forsterite and 10% fay- 
alite. 

Magnification did not reveal any inclusions in the 
two faceted specimens described above. Further, we did 
not see internal features in any of the other faceted stones 
we were able to examine briefly (again, see figure 7}. 
However, some of the rough specimens had black rod- 
like inclusions that, according to Mrs. Thompson, are 
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Figure 7. A new locality in the far western 
Himalayas of Pakistan is the source of these rough 
(128.82 and 393.83 ct) and faceted (18.50-64.61 ct} 
peridots. Courtesy of Shades of the Earth; photo by 
Shane F. McClure. 


fairly common in cabochon-quality rough. X-ray diffrac- 
tion analysis of one such inclusion that broke the surface 
of a rough specimen revealed a pattern consistent with 
the magnesium iron borate mineral ludwigite. 


Sapphire from Scotland. In an article in the Winter 1984 
Journal of Gemmology, Brian Jackson described a then- 
new occurrence of sapphire in Scotland. Blue sapphire 
was found as large single crystals (up to almost 5 cm in 
diameter] in a xenolithic dike at Loch Roag, Isle of Lewis, 
Outer Hebrides, Ross and Cromarty, Scotland. The dike 
has a composition similar to lamprophyre, and contains 
biotite, augite, apatite, sanidine, anorthoclase, and— 
rarely—-corundum., The dike varies from 0.5 to 1.5 m in 
width, and was exposed over a section 4.5 m high and 24 
m in length at an excavation site. Because this occurrence 
is so unusual, the government immediately declared the 
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Figure 8. Five stones (0.50-1.02 ct) fashioned from 
the 242-ct sapphire found at Loch Roag flank what 
remains of that crystal after cutting. Photo courtesy 
of lan Combe and Alan Hodgkinson. 


locality a Site of Special Scientific Interest, and mining 
there was prohibited. 

Ian Combe of the Knockan Studio, Sutherland, 
United Kingdom, reported that a group of gemologists— 
the Edinburgh Gemmological Group, including himself— 
was recently permitted to examine loose, fragmentary 
material at the site. Their discoveries included a heavily 
fractured 242-ct sapphire crystal and a 39.5-ct fragment. A 
number of small stones were cut from the large crystal 
(figure 8], and the fragment produced an attractive 9.6-ct 
barion cushion-cut sapphire. According to Mr. Combe, the 
cut stone has the following properties: refractive indices of 
1.762-1.770; strong general absorption in the blue region 
when viewed with a handheld spectroscope; pleochroic 
colors of blue and green, and no visible inclusions. The 
color has been described as “medium dark greenish blue”; 
there is some color zoning, but it is not visible table up. 
Mr. Combe believes that this is the largest gem sapphire 
faceted from United Kingdom material. 


Update on Montana sapphires. American Gem 
Corporation {AGC} of Helena, Montana, now controls 
over 110 square miles (285 km?) of Montana’s alluvial 
sapphire claims, including Dry Cottonwood Creek, 
Eldorado Bar on the Missouri River, and Gem Mountain 
in the Rock Creek area, according to AGC chairman and 
CEO Greg Dahl. Sapphire yields have averaged 44 to 225 
carats per cubic meter in the Dry Cottonwood Creek 
gravels, with some gravels yielding 1,000 carats per cubic 
meter, he said. Testing was done for AGC by Watts, 
Griffis, and McOQuat, a Toronto-based consulting firm. 
Currently, all three claims have a combined resource of 
over 50 million carats, but Mr, Dahl noted that only 5% 
of AGC holdings have been tested. 


276 Gem News 


Although usually high in clarity, most stones from 
these particular alluvial deposits are light in color with- 
out heat treatment. Therefore, AGC purchased Crystal 
Research of Pleasanton, California, to do the color 
enhancement {see “Heat Treating the Sapphires of Rock 
Creek, Montana,” J. Emmett and T. Douthit, Gems & 
Gemology, Winter 1993, pp. 250-272). This process can 
intensify or change the color (figure 9). AGC expects pro- 
duction of six million carats of rough sapphire next year 
from its Montana claims. Before winter conditions halted 
mining this year, two different mine sites were fully oper- 
ational. Mining will resume in the spring, Mr. Dahl said. 


“Teal” blue cobalt-colored spinel. At the 1994 Tucson 
show, one of the editors (EF) was drawn to the unusual 
color of a slightly greenish blue {or “teal”) 4.88-ct cush- 
ion-cut spinel at the booth of Fu Gemstone Imports, 
Seattle, Washington [see figure 10}. The stone reportedly 
was from Burma. It was subsequently loaned to us for 
study, particularly an investigation into the origin of its 
color. 

We recorded gemological properties as follows: R.I— 
1.714, with anomalous double refraction; §.G.—3.60; 
inert to both long- and short-wave UV radiation, red fluo- 
rescence to visible light; and a moderate red reaction in 


Figure 9, These sapphires (0.66-5.69 ct) are from 
the Dry Cottonwood Creek, Gem Mountain, and 
Eldorado Bar alluvial deposits in Montana. All 
except the pink one have been heat treated by 
Crystal Research. Courtesy of American Gem 
Corp.; photo © 1994 Tino Hammniid. 


GEMS & GEMOLOGY Winter 1994 


Figure 10. This 4.88-ct natural cobalt-bearing spinel 
is slightly greenish blue because of its unusually 
high nickel content. Courtesy of Fu Gemstone 
Imports; photo by Shane F. McClure. 


the color filter. This behavior is typical of natural cobalt- 
blue spinel. Indeed, the handheld spectroscope revealed 
broad bands at about 460, 550, and 585 nm and total 
absorption above 610 nm—a spectrum quite typical of 
such gems (see, e.g., Muhlmeister et al., “Flux-Grown 
Synthetic Red and Blue Spinels from Russia,” Gems & 
Gemology, Summer 1993, pp. 81-98]. The stone was 
essentially clean, except for a few elongated yellow stains 
in surface-reaching fractures at the corner of the table 
(which could be mistaken for flux inclusions}. The natu- 
ral origin was confirmed by EDXRF analysis with a 
Spectrace 5000 spectrometer, which detected large 
amounts of zinc and gallium, typical of natural spinel. 
Besides these elements and the main constituents {mag- 
nesium and aluminum}, EDXRF detected abundant iron, 
a trace of manganese, and an unusually high nickel con- 
tent (compared to other natural blue spinels in our data 
base). As expected, cobalt was not detected (the amount 
of cobalt typically found in natura! cobalt-blue spinels is 
below the detection limit of our instrument). 

Natural cobalt-blue spinels are best known for a sat- 
urated, “royal blue” color, not the slightly greenish blue 
of this gem. UV-visible absorption spectroscopy, recorded 
with a Hitachi 4001 spectrometer, revealed the small, but 
significant, difference in absorption that was responsible 
for the difference in color. Typical natural cobalt-blue 
spinels have a 490-nm transmission window, which cor- 
responds to the classic “royal blue”; this stone has one at 
500 nm, which corresponds to a slightly greenish blue. 
This 10-nm shift is apparently due to a broad absorption 
underlying the main Co?* feature. Also, the absorption at 
480 nm in this stone is about the same intensity as that 
at 460 nm; in other natural cobalt-blue spinels, it is usu- 
ally weaker. We determined that the extra absorption is 


Gem News 


probably due to nickel {using a Russian flux-grown syn- 
thetic Ni2+-doped spinel as a reference}. This is consistent 
with the unusually large amount of nickel found with 
EDXRE. We believe that this is the first report of nickel 
contributing to the color of a natural spinel. 


Update on Sri Lanka. Unusual weather and other factors 
are blamed for a general shortage of gems from Sri Lanka, 
especially good-quality blue sapphires. Nevertheless, that 
gem-rich country continues to produce attractive and 
interesting material, including rare examples of gem crys- 
tals in matrix, kornerupine, and hessonite garnets. 

Five months of heavy rain last winter halted some 
mining operations during what is usually the most pro- 
ductive time of year, according to Gordon Bleck, of 
Radiance International, San Diego, California, a gemolo- 
gist and part-time Sri Lanka resident. Some mines suf- 
fered lower production because of other problems. For 
example, a major South African mining company was 
authorized to mine the Kalu Ganga, an important river. 
This caused strong protest from local miners and gem 
dealers, as well as from residents who lived downstream 
and feared the environmental impact. As a result, all 
mechanized mining, small and large, was prohibited— 
further reducing already faltering production. Terrorism 
continues to be a limiting factor. 

Even so, significant amounts of sapphire, zircon, and 
spinel crystals in matrix (figure 11) have been found in 
the Opalle Jungle mining area, about 9.5 km from 
Wellewatte village in the Kollone electorate, south-cen- 


Figure 11. Rare examples of Sri Lankan gems found 
in matrix include blue sapphire (bottom center), 
spinel (left, top), and zircon (right). Samples range 
from 2.5 cm to 7 cm in their longest dimension. 
Photo by Robert Weldon. 
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tral Sri Lanka. The material was found less than 1 m 
beneath the floor of the jungle and adjacent rice paddies. 
The spinel crystals are dark purple to black, well-formed 
octahedra, up to 2.5 cm on an edge. They occur in a 
matrix of large crystals of white calcite, dark green ser- 
pentine, and gray forsterite. The zircons are brown, dou- 
bly terminated tetragonal prisms and were found on 
quartz. The blue sapphires were associated with black 
mica plates in a white rock containing the minerals anal- 
cime, albite, and nepheline. 

Dark green and some light green kornerupines have 
been reported before from various areas in Sri Lanka, but 
this year attractive brown kornerupine was discovered. 
Gems from this new find range from brown to slightly 
orangy brown or yellow-brown, with medium to dark 
tones. Faceted stones weigh from 0.75 ct up to 2.5 ct. All 
were found in the Dasgiriya area, off the Wellewa road in 
the Elahera district, in north-central Sri Lanka. 
Okkampitiya, which has produced some dark brown to 
black chatoyant kornempine that is typically under 1 ct, 
this year yielded an exceptionally large, 10.15-ct dark 
brown cat’s-eye kornerupine. 

Gem hessonite garnets up to 110 ct in the rough 
were discovered in the Balangoda area. They are slightly 
brownish orange and, because of their generally poor 
quality, typically yield faceted stones no larger than 6 ct. 


“Zebra stone” from Arizona. Soon after a Summer 1994 
Gem News entry discussed two “zebra rocks” from 
Australia, we came across a handsome material banded 
black and off-white that is called “Arizona zebra stone.” 
Offered by JPS Trading of Tucson, Arizona, this material 
has a Mohs hardness of about 6 and takes a good polish. 


Figure 12. These pieces of polished “Arizona zebra 
stone” range from 17.54 to 292.22 ct. Photo by 
Maha DeMaggio. 
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Further examination of six variously fashioned pieces of 
this material (figure 12) and a strand of 15-mm beads 
revealed that it typically has roughly parallel stripes of 
varying thicknesses. Other patterns reportedly include 
lenses, mottled patches, chevrons, and folds. 

The samples we examined consisted primarily of a 
black material that had a spot RI. of 1.66-1.67 and an X- 
ray powder diffraction pattern that matched that of acti- 
nolite or tremolite amphibole. The lighter material had a 
spot R.E. of 1.55 and a diffraction pattern that matched 
that of calcium-rich plagioclase feldspar. Some pieces 
contained green alteration patches of epidote, also deter- 
mined by X-ray diffraction analysis. 

According to JPS Trading, this “zebra stone” is quar- 
ried near Prescott, Arizona. It is found associated with 
Precambrian ore deposits containing gold, silver, copper, 
and zinc. EDXRF analysis of the “zebra stone” revealed 
significant amounts of zinc and manganese. This materi- 
al has been subjected to metamorphism; the parent rock 
was probably greywacke, similar to that being formed 
today off the west coast of North America. 

All patterns are available in pieces weighing up to 
500 pounds (227 kg), and some are available in multi-ton 
pieces, which makes it particularly useful as an ornamen- 
tal material. JPS Trading also reports that reserves should 
last for years. 


SYNTHETICS & SIMULANTS 


“Minkovite” from Russia. At the February 1993 Tucson 
show, the editors saw examples of what was described by 
the vendor as a new laboratory-grown gem material from 
Russia. Although we could not obtain samples for testing 
at the time, we did obtain a promotional brochure. It said 
that the material’s developers—B. I. Minkov {after whom 
the material appears to have been named}, M. K. 
Meilman, and V. A. Voloshin—had applied for a patent 
on it in Russia. 

Early in 1994, we received two “Minkovite” samples 
from Brian D. Kvasnik, president of Gem Resources of 
Minneapolis, Minnesota. These two faceted stones, a 
1.19-ct round brilliant and a 4.50-ct emerald cut (figure 
13}, were subsequently examined at GIA. Both are a dark, 
saturated, slightly violetish blue, reminiscent of cobalt- 
doped synthetic spinel. R.I. values were determined as o = 
1.785, B = 1.788, and y = 1.810, with a birefringence of 
0.025. The material was biaxial positive and strongly 
pleochroic, in light blue, slightly greenish blue, and vio- 
letish blue. The samples fluoresced a weak, chalky blue 
to long-wave UV radiation, and were inert to short-wave 
UV. Specific gravity values were determined hydrostati- 
cally to be 4.47 + 0.01. Examination with a desk-model 
prism spectroscope revealed a complex absorption spec- 
trum [see below}. With magnification, both stones 
showed curved color banding. In addition, the larger spec- 
imen contained irregular wisps of dark blue color concen- 
trations, one white acicular inclusion, and several small 
angular inclusions. 

Because the specimens’ properties did not match 
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Figure 13. These two laboratory-grown, neodymi- 
um-doped yttrium silicate gems (1.19 ct and 4.50 
ct) have been promoted under the trade name 
“Minkovite.” Photo by Maha DeMaggio. 


those of any known gem materials of natural origin, we 
conducted additional tests. EDXRF analysis revealed 
yttrium (Y}, silicon (Si), and a trace of neodymium (Nd). A 
UV-visible absorption spectrum showed several sets of 
multiple sharp peaks, including sets at 352-365, 528-539, 
575-597, 740-766, and 798-816 nm. These are consistent 
with Nd as a coloring agent. X-ray powder diffraction 
analysis performed with the assistance of Paul Carpenter 
at the California Institute of Technology, Pasadena, pro- 
duced a pattern that matched that of monoclinic synthet- 
ic yttrium silicate, Y,SiOs. 

This is not the first blue synthetic yttrium silicate 
that the editors have seen. In August 1992, at the 10th 
International Conference on Crystal Growth in San 
Diego, California, one of the editors (EF) obtained two 
faceted samples of such a material for examination (see 


Figure 14. These synthetic quartz crystals have 
been hydrothermally grown on a natural quartz 
base (more than 12 inches—30 cm—across}. Photo 
by Robert C. Kammerling. 


Winter 1992, Gem News, p. 2.77}. However, those two 
samples were lighter and less saturated in color, and 
chemical analyses revealed chromium as the coloring 
agent. 


Visit to Russian synthetics facility VNIISIMS ... The 
Fall 1994 Gem News section described a visit by one of 
the editors to a new synthetic-gemstone production facil- 
ity in Novosibirsk, Siberia. On this same trip to Russia, 
the editor (RCK) also toured a large facility in the 
Moscow area that is involved in synthetic-gemstone 
research and production. Located in the city of 
Alexandrov, about 112, km (70 miles} north of Moscow in 
the Vladimir region, the Russian Research Institute for 
the Synthesis of Minerals and Pilot Plant is also known 
as State Enterprise VNIISIMS. The organization employs 
about 2,000 people, 1,500 of whom are involved in pro- 
duction and support services. The remainder—including 
about 60 with doctorates—are engaged in research. 
VNUSIMS was founded in 1954 to produce synthetic 
colorless quartz for various technical applications, and 
this is still its main product by volume. Two interesting 
items on display were a large cluster of synthetic quartz 
crystals grown on a base of natural quartz (figure 14) and 
hydrothermally grown synthetic calcite (figure 15}. The 
firm also produces synthetic diamond for various techni- 
cal applications. These synthetic diamond products 
include diamond powders, diamond-impregnated cutting 
wheels, and larger crystals—reportedly up to 5-mm 
long—for use in cutting tools such as diamond scalpels. 
The facility also produces a number of materials 
specifically for gem and jewelry use. The most commer- 
cially important (by volume} is synthetic amethyst, but 
others include synthetic citrine (some in a reddish 


Figure 15, The Russian State Enterprise VNIISIMS 

also synthesizes calcite hydrothermally for techni- 

cal applications. Note the strong doubling through 

the smaller of the two crystals on the left. Photo by 
Robert C. Kammerling. 
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Figure 16. These synthetic quartz crystals were grown 
on masked, oriented seed plates at the Institute of 
Experimental Mineralogy, Russian Academy of 
Sciences. Photo by Robert C. Kammerling. 


“Madeira” color}, smoky quartz, a dark green type for use 
as an emerald simulant, a blue in medium-to-dark tones, 
and a white, translucent (opalescent) type. Seen, too, was 
a yet-to-be commercially produced synthetic aventurine 
quartz: synthetic rock crystal containing precipitated 
platelets of copper. 

The facility also uses melt techniques to grow mate- 
rials for jewelry applications, including cubic zirconia, 
both colorless and in a range of colors. Production 
includes nontransparent white and pink CZ for use as 
pearl simulants, as well as black CZ (see “An examination 
of nontransparent ‘CZ’ from Russia, by Kammerling et al., 
Gems & Gemology, Winter 1991, pp. 240-246}. A melt 
technique known as horizontal growth is used to produce 
YAG in a wide range of colors. Among the most recent 
gem products are synthetic opal and synthetic malachite. 


... and two centers in Chernogolovka. The Russia trip 
also included a visit to two facilities under the direction 
of the Russian Academy of Sciences in the town of 
Chernogolovka, 100 km north of Moscow. One, the 
Institute of Experimental Mineralogy (IEM), is headed by 
Dr. Vladimir Balitsky. A major focus of this institute 
appears to be the growth of minerals that may have jew- 
elry applications, especially synthetic quartz in a variety 
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of colors. Of particular interest were quartz crystals on 
which the largest surface is in the plane perpendicular to 
the c-axis. To produce this effect, the seed plates on 
which these crystals were grown had been masked with a 
metallic-appearing template containing numerous open- 
ings, allowing for the simultaneous growth of several par- 
allel crystals (figure 16). Examples seen were synthetic 
rock crystal, amethyst, citrine, and blue quartz. IEM has 
also grown synthetic pink quartz, emerald, turquoise, and 
malachite. Some materials produced at this facility are 
marketed in the United States by HRI International of 
Middletown, New York (see “More on Russian synthet- 
ics and simulants,” Spring 1994 Gem News, p. 57}. 

Also visited in Chernogolovka was the Institute of 
Solid State Physics, headed by Professor Gennady 
Emel’chenko. One current research project involves flux- 
grown synthetic ruby. 


Miscellaneous synthetics and simulants. In addition to 
the materials described above and in the Spring 1994 
Gem News section, the authors have seen a number of 
other laboratory-grown products this year that are worth 
noting. These include a saturated, medium-dark blue 
GGG (gadolinium gallium garnet}, reminiscent of the rare 
gem material hatiyne (a small amount of which we have 
seen recently in faceted form). Also offered was “YAP” 
{yttrium aluminum perovskite} in several colors. One 
interesting variety of hydrothermal synthetic quartz 
encountered lately is predominantly brown with a rela- 
tively shallow green layer (parallel to the plane of the 
seed plate} near the periphery of the crystal. This material 
was offered as a simulant for andalusite. The editors pre- 
sume that a gem cut from this material in such a way 
that it showed both colors might superficially mimic the 
eye-visible pleochroism of andalusite. 


ANNOUNCEMENT S Ss 


Visit Gems & Gemology at the Basel show. Gems & 
Gemology Editor Alice Keller will be in the Gems w 
Gemology/GIA booth (stand 197, hall 202) at the Basel 95 
World Watch, Clock and Jewelry Show. Held in Basel, 
Switzerland, the show runs from April 26 to May 3, 1995, 
Drop by to ask questions, share information, or just say 
hello. 
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HUMBOLDT’S TRAVELS 
IN SIBERIA (1837-1842) 
THE GEMSTONES 

By Gustav Rose 


Transl. by John Sinkankas, ed. by 
George M. Sinkankas, 80 pp., illus., 
Geoscience Press, Phoenix, AZ, 
1994, US$25.00* 


On the invitation of Tsar Nicholas |, 
famed German naturalist Alexander 
von Humboldt conducted a nine- 
month scientific expedition into the 
Siberian reaches of the Russian 
Empire in 1829, accompanied by re- 
searchers Gustav Rose and Christian 
Ehrenburg. A primary purpose of this 
expedition was to visit sites of geo- 
logic, mineralogic, and gemological 
interest in the Ural and Altai Moun- 
tains. Rose served as expedition sec- 
retary as well as mineralogist. 

In this volume, John Sinkankas 
presents translated excerpts from the 
expedition records Rose published in 
1837 and 1842. The brief excerpts 
deal with visits to a number of leg- 
endary gem and mineral deposits, 
some of which remain important 
even today. These include amber 
deposits on the Baltic Coast; peg- 
matite gems such as topaz and tour- 
maline from Mursinsk and emerald 
from Takawaja (both in the Urals}; 
and ornamental rocks such as por- 
phyry and jasper from Altai. One of 
the last localities visited was the site 
of the newly discovered chrysoberyl 
deposits, in the same Takawaja River 
region that produced emerald. This 
chrysoberyl, which showed a change 
of color from bluish green in daylight 
to purplish red in incandescent light, 
was later named alexandrite. 

In addition to a brief introduc- 
tion describing the purpose of the 
expedition, Dr. Sinkankas supplies 
more than 200 explanatory notes on 
the text. Also provided are some spe- 
cific locality maps and crystal draw- 
ings from other historical publica- 
tions, as well as sketches of Rose, 
Humbolt, and Tsar Alexander I pre- 
pared by Dr. Sinkankas. A list of ref- 
erences, suggested readings, and an 
index are included as well. 

This is an interesting historical 
account of an important mineralogi- 
cal expedition. It is especially rele- 
vant in light of the current renewed 
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SUSAN B, JOHNSON AND 
JANA E. MIYAHIRA, EDITORS 


interest in gem exploration and gem 
mining in Russia, including the 
reopening of some of the historic 
localities. Because many readers are 
unlikely to be familiar with Russian 
geography, a map of the expedition’s 
travels would have been useful. 
JAMES E. SHIGLEY 
Director, GIA Research 


OTHER BOOKS RECEIVED 


Copper Art Jewelry—A Different 
Lustre, by Matthew L. Burrkholz 
and Linda Lichtenberg Kaplan, 160 
pp., illus., Schiffer Publishing, 1992. 
US$49,95.* This charming book 
focuses mainly on the copper jewelry 
of Francisco Rebajes and Jerry Fels. A 
study of the Rebajes Company and 
Jerry Fels’s Renoir of California pro- 
files these two men of vastly differ- 
ent backgrounds. The authors also 
give a feeling for the diversity appar- 
ent in this type of small jewelry busi- 
ness, similar to many set up in post- 
World War II America. 

Rebajes’ jewelry, at its peak in 
the 1940s and early 1950s, reflects 
the bold emphasis of Art Moderne 
and the self-reliance of the Arts and 
Crafts Movement, combined with 
the highly original vision of the artist 
himself. Renoir of California reflects 
Jerry Fels’ love of enamels and vari- 
ous themes popular in 1950s 
America, combined with an enter- 
prising manufacturing spirit. Where 
Rebajes jewelry emphasizes unique- 
ness, focusing on facial and animal 
themes, Renoir jewelry might repeat 
a single abstract shape many times in 
different colors and textures. 

Also included is a brief history 
of the early use of copper and a short 
chapter on other artists of the period 
and the popularity (and often high 
quality) of kit-made jewelry. There 
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are more than 300 color photos, a 
small but valuable bibliography, gen- 
eral price guidelines, and an index . 


JO ELLEN COLE 
Collection Curator, GIA 


Jewelry & Gens: The Buying Guide, 
3rd Ed., by Antoinette L. Matlins 
and A, C. Bonanno, 262 pp., ilus., 
Gemstone Press, Woodstock, VT, 
1993. US$23.95 hard cover, $16.95 
soft cover.* This book will be valu- 
able to anyone wishing to refresh 
their knowledge of gemology in par- 
ticular, or of jewelry in general. 
Although the stated audience is the 
jewelry buyer, it is comprehensive 
enough to benefit those of us in the 
industry who use this material on a 
regular basis, particularly if we deal 
with the public. Both as a learning 
tool and a review, this work is clear 
and well-organized, and presents 
enough of the lore and magic to add 
interest for the reader and sparkle to 
any sales presentation. 

Aided by 16 pages of illustra- 
tions, the authors explore a variety of 
topics. These include an introduction 
to gems and gemology, specific sec- 
tions on diamonds and colored gems, 
and a discussion on the needs of the 
buyer, both before and after the pur- 
chase. As a designer, I was delighted 
to see, in this third edition, a section 
titled “Design and Style: Getting the 
Look You Want,” which provides a 
glossary of terms related to the struc- 
ture of a jewelry item, and incorpo- 
rates the concepts of lifestyle and 
structural integrity. 

My only suggestion for improve- 
ment relates to the occasional use of 
terms that seem mildly inappropri- 
ate. While we may call diamonds 
(within professionally agreed-upon 
standards of clarity) “flawless” to add 
value, the use of terms such as 
“imperfect” or “flaws” somehow 
devalues the very objects the authors 
are trying to promote. 

GARY M. DAWSON 
Goldworks Jewelry Arts Studio 
Eugene, Oregon 


*ThIS DOOK is available for purchase at the 
GIA Bookstore, 1660 Stewart Street, Santa 
Monica, CA 90404. Telephone (800) 421- 
7250, ext. 282. 
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COLORED STONES AND 
ORGANIC MATERIALS 


A combined magnetic resonance and gamma-irradiation 
study of some green beryls. D. R. Hutton and G. J. 
Troup, Australian Gemmologist, Vol. 18, No. 10, 
1994, pp. 315-317. 


This report describes a procedure for determining 
whether vanadium is present in beryl and, by extension, 
how to distinguish green beryls colored by chromium 
from those colored by vanadium. The first step is to 
record an ESR (electron spin resonance} spectrum of the 
stone in question and compare it to a similarly oriented 
reference spectrum of a gamma-irradiated Biron synthetic 
emerald. If there is a clear match with the latter’s vanadi- 
um peaks, no further testing is required. When the results 
are ambiguous, however, the test sample is gamma-irradi- 
ated. Such treatment will reportedly increase the intensi- 
ty of absorption features attributable to vanadium so that 
they can be detected when another ESR spectrum is run. 
Using this technique, the authors detected vanadium in 
three emerald specimens from Colombia. They also 
found that one sample each from Brazil and Zambia did 
not contain vanadium. RCK 


Smoky moonstone: A new moonstone variety. H. Harder, 
Journal of Gemmology, Vol. 24, No. 3, 1994, pp. 
179-182. 


Moonstones with a “smoky” body color have recently 
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been coming from two localities in Sri Lanka—near 
Imbulpe in the Central Mountains and in the Balangoda 
region. Chemical composition revealed a higher iron con- 
tent than is typical for colorless moonstone. Much of the 
material is heavily included, mostly with clay minerals. 
The blue adularescence shows up particularly well when 
the body color is dark. The author proposes the variety 
name “smoky moonstone” for this material. CMS 


DIAMONDS 


Alluvial diamond deposits of the Guaniamo Region, 
Bolivar State, Venezuela. R. R. Coenraads, G. 
Webh, and B. Sechos, Australian Gemmologist, 
Vol. 18, No. 9, 1994, pp. 287-294. 


Over 75% of Venezuela’s alluvial diamond production 


This section is designed to provide as complete a record as practi- 
cal of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 


Inquiries for reprints of articles abstracted must be addressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
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comes from the Guaniamo River and its tributaries, prin- 
cipally the Guaniamito, Guasjualito, Las Nieves, and 
Quebrada Grande Rivers in Bolivar State. EJ Milagro, 
which lies on the Quebrada Grande River, is one of the 
small villages that depend entirely on diamond mining 
for their existence. Residents either are miners or are 
engaged in various support services, from welders to 
restaurateurs. 

The authors describe the primitive living and working 
conditions in El Milagro, as well as the diamond-mining 
operations, some of which are no more than 50 m from the 
village. About 125 teams of four to five miners each work 
ancient river gravels in the area. The productive gravels, 
which lie on weathered basement rocks, are in turn over- 
lain by barren sands and fine gravels. Miners first work the 
overburden with water cannons, producing a slurry that is 
pumped into the river. When a large-enough diamond-bear- 
ing horizon has been exposed, they use picks and water 
cannons to break up the gravels, these are then pumped to 
a pulsating jig where the diamonds and other heavy miner- 
als are concentrated. The concentrate is examined, and the 
diamonds are removed, by hand. 

The diamonds recovered, which range up to 13 ct, are 
sold to local buyers. Gem-quality material is either cut in 
Ciudad Bolivar, Venezuela, or is exported to Belgium for 
fashioning. The area produces colorless to yellow stones 
and fancy colors, including blues and greens; the color of 
the greens could be traced to radiation staining. A small 
parcel of stones examined by the authors presented a 
range of crystal forms as well as extensive surface etching. 

This interesting and informative report also includes 
the results of analyses of gravel samples taken from three 
sites in the area. There are several good photographs, pho- 
tomicrographs, and maps as well. It is a welcome addi- 
tion to the literature on diamond sources. RCK 


Diamonds and De Beers. Peter Read, Mineralogical 
Society Bulletin (London}, No. 104, September, 
1994, pp. 7-9. 


From the pictures in books on diamonds, I have always 
had the impression that diamond sorting is a highly 
skilled occupation, done manually (at least predominant- 
ly} by about 5,000 well-dressed individuals (mostly male}, 
sitting at long tables in front of north-facing windows at 2 
Charterhouse Street, London. 

Now, thanks to this article by Peter Read, I know 
that diamond sorting is much more automated. Noted for 
his several books on various aspects of gemology, Mr. 
Read was technical manager at the Diamond Trading 
Company (DTC) until his retirement. The DTC, which is 
part of the Central Selling Organisation, is responsible for 
sorting and evaluating approximately 80% of the world’s 
rough gem-quality diamonds {of which there must be 
tens of millions annually in all sizes and categories). 

The author chronicles his employment at the DTC, 
where he started in 1970. Coming from an electronic 
engineering background, Mr. Read was concerned primatr- 
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ily with automating diamond sorting. This complicated 
process took five years to perfect because of several tech- 
nical hurdles. For example, an automatic weighing sys- 
tem had to be designed that had an accuracy of +0.001 ct 
and could weigh a diamond every two seconds. The auto- 
mated sorting process first separates the diamonds into 
rough weight categories by mechanical sieving; then 
grades the stones of each weight category by clarity and 
shape. (Color grading is still done manually.]} 

The article includes photos of a sieving machine for 
rough sizing of diamonds, a computer-controlled weigher, 
and a high-speed rough-diamond counter. Besides the 
London location, this equipment is also used in South 
Africa, Namibia, and Botswana. 

Hopefully, the release of the information in this 
paper is a harbinger of more to come on the workings of 
the CSO. AAL 


A review of the use and application of mantle mineral 
geochemistry in diamond exploration. J. J. Gurney, 
H. Helmstaedt, and R. O. Moore, Pure @ Applied 
Chemistry, Vol. 65, No. 12, 1993, pp. 2423-2442. 


Until recently, techniques used to explore for primary 
diamond deposits in kimberlite and lamproite were 
secrets Closely guarded by a few knowledgeable compa- 
nies and individuals. The last five years, however, have 
seen an “explosion” of talks at scientific conferences, as 
well as published papers, on this topic. This article, by 
acknowledged experts, reviews some of the basic premis- 
es and techniques of diamond exploration, particularly 
those relating to minerals brought up from great depths 
by kimberlites and lamproites. 

The article first discusses: (1) the prediction of 
regions under which diamonds may have formed, (2) the 
selection of areas within these regions where diamonds 
may have been brought to the surface, and (3) the deter- 
mination of regional tectonic or structural controls {e.g., 
major fault zones} for the emplacement of the transport- 
ing kimberlite or lamproite magma. Geophysical and 
petrologic techniques are used extensively in this early 
phase of exploration. 

Diamond formation requires the presence of ancient 
mantle roots (e.g., Archean cratons), where diamonds are 
stable. However, once these roots have been recognized, 
it is essential to learn their history over geologic time. To 
preserve the diamonds, the craton root must have {1} 
remained relatively cool throughout geologic history, and 
(2) stayed attached to the craton during subsequent plate 
motions. Again, geophysical techniques, along with 
detailed studies in structural geology, are used in this 
exploration stage. 

The main part of the article discusses “indicator 
minerals.” These are resistant minerals that formed in 
the mantle—such as garnet, ilmenite, and chromite—and 
were brought to the surface by kimberlite. (Different indi- 
cator minerals are associated with lamproite.} They are 
typically found in soils, gravels, and the like, and they 
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may lead to a source kimberlite. Their chemical composi- 
tion can then help determine whether the kimberlite is 
likely to contain diamonds, by providing information on 
the chemical environment within the kimberlite. For 
example, the Fe3+/Fe?+ ratio in ilmenite can be used to 
predict whether diamonds are likely to be well-formed or 
partially resorbed (rounded) crystals, or even converted to 
graphite or CO,. Many other examples, accompanied by 
explicit diagrams, illustrate the extensive use of indicator 
minerals in diamond exploration. The more than 100 ref- 
erences indicate how large and complex the body of 
knowledge in this field has become. AAL 


Electronic era elusive. J. C. Angus and A. T. Collins, 
Nature, Vol. 370, August 25, 1994, p. 601. 


If diamond transistors could be developed, they would 
have immediate uses in high-speed electronics and in 
devices that could be operated at high temperatures. 
However, predictions of a brilliant future for diamond in 
electronics have remained unfulfilled because of the poor 
quality of synthetic diamond grown from vapor, and 
inherent problems with doping diamonds to achieve 
appropriate conductivities—until now. 

Researchers at Kobe Steel USA have grown boron- 
doped, “p-type” synthetic diamond thin films (which 
conduct by means of mobile “holes,” or electron vacan- 
cies} by chemical vapor deposition on natural diamond 
surfaces; these have conductivities and impurity levels 
comparable to those present in natural type-Ib diamonds. 
Although researchers in South Africa and Israel have 
been trying to grow “n-type” diamonds, which conduct 
by means of mobile electrons, reproducible doping has 
not yet been achieved. (The electrons in nitrogen, the 
most-common impurity in diamond, are too tightly 
bound to produce significant conductivity; phosphorus, 
the next likeliest electron-donor, is too large to fit easily 
in the diamond structure.} 

In another development, researchers at Waseda 
University in Tokyo have succeeded in growing highly 
oriented diamond thin films on silicon carbide. Still, 
without “n-type” diamond, a computer with all-diamond 
chips may never be feasible. Nevertheless, diamond elec- 
tron-emitters may be possible, leading perhaps to dia- 
mond-based electron multiplier tubes, discharge lamps, 
and flat-panel computer and television displays. 

Information in this short article came from the 
Fourth International Conference on the New Diamond 
Science and Technology, held in Kobe, Japan, in July 
1994, ML] 


Red diamond, pink diainond and method of producing 
the same. Sumitomo Electric Industries, Osaka, 
Japan, European patent application number 
94103535.4 (filed August 3, 1994), 


This patent application details methods for producing 
treated-color red, pink, and purple diamonds. First, the 
starting material is selected: It must be a type-Ib diamond 
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with certain ranges of nitrogen and boron concentrations 
(less nitrogen for pink target color), Then the crystal is 
irradiated with an electron (or neutron) beam at an energy 
of | to 10 MeV (density ranges for the irradiation beam are 
provided; the red color requires a weaker beam}. Last, the 
irradiated diamond is heated in a vacuum or an inert gas 
atmosphere for at least three hours. For a pink color, the 
temperature must be between 800° and 1100°C; for red, 
between 600° and 800°C. When a diamond treated in con- 
ditions adequate to produce a red color is heated at too 
high a temperature, purple results. The pink to red color is 
due mostly to the creation of the N-V color center (an iso- 
lated nitrogen atom associated with a carbon vacancy}. 
Although this patent application claims (in a section 
called “Description of the Background Art”) that it 
describes a way of treating “a natural rough diamond,” 
the examples refer only to synthetic diamonds. A number 
of errors pepper the text. The application claims that the 
GRI center produces purple in diamond; in fact, the GR1 
absorption gives diamond a blue to green color. The appli- 
cation also states that “a red diamond has been neither 
naturally produced nor existent”; yet, a small number of 
natural-color red diamonds have been reported over the 
last 10 years. The authors also contend that it has been 
impossible to color a synthetic or natural diamond red or 
pink, although the reality is that numerous treated-color 
red and pink diamonds (mostly natural, but some syn- 
thetic} have been seen in the trade, EF 


Shocking pink prices. Diamond International, No. 32, 
November/December, 1994, pp. 61-63. 


The 10th tender of Argyle pink diamonds closed on 
October 4, 1994, establishing a new price record, accord- 
ing to Argyle officials (although the total value was not 
disclosed). This invitation-only sale offered 47 of Argyle’s 
best pink diamonds for a total of 45 carats. The largest 
stone was a 3.04-ct Fancy Intense pink emerald cut. 
Attracting the most attention, though, was a 1.03-ct 
Fancy purplish red heart shape. The unusual shape was 
chosen to keep this stone of very rare color above the psy- 
chological one-carat mark. One hundred and fifty parties 
were invited to participate; 70 accepted. The stones were 
shown in Tokyo, Hong Kong, and Singapore, as well as 
Geneva, where the event took place. 

The entire collection was sold to one buyer, an 
unnamed international diamond consortium, in what 
Argyle calls a “global bid’—the fourth successful global 
bid since Argyle started the tenders 

Argyle has found that the tender system has been the 
most successful approach for selling their best pink dia- 
monds. The approximately 40 to 50 stones offered repre- 
sent the best of the year’s production (from June to May). 
No stone, no matter how exceptional, is withheld. Over 
10 years, 500 diamonds totaling 400 carats have been sold 
in this fashion. The most desirable shape is the round 
brilliant. Color constitutes 80% of the value, but cut pro- 
portions are important, clarity is a minor factor. 
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This article states that the price of pink diamonds 
averages 20 to 25 times higher than that of their colorless 
counterparts. Smaller, paler, or browner pink stones 
might be only 10 to 12 times more expensive; however, 
diamonds in the rarest, most exceptional colors can cost 
50 times more. The price of pink diamonds has increased 
about 5% annually over the last 10 years, according to an 
“outside estimate.” It is interesting to note that although 
Argyle mines about 90% of the world’s pink diamonds, 
these same pink diamonds represent only 0.001% of 
Argyle’s total diamond production. EF 


GEM LOCALITIES 


Benitoite, San Benito County, California. R. B. Cook, 
Rocks & Minerals, Vol. 69, No. 6, 1994, pp. 
392-395. 


Benitoite, commonly known to mineral and gem collec- 
tors as a transparent blue mineral, also may be white, 
pink, purple, or near-colorless. Typically, the crystals are 
color zoned. Crystallographically, they are the first natu- 
ral examples of the hexagonal ditrigonal-dipyramidal 
class ever discovered. Benitoite is optically positive with 
refractive indices of 1.757 and 1.804, has high dispersion 
(0.046), and has strong dichroism of colorless to dark blue. 
It fluoresces blue to short-wave ultraviolet radiation. 
With a composition of BaTiSizO, and a suggested iron 
chromophore, benitoite is one of the few naturally occur- 
ring titanium silicates. 

Although benitoite is found in trace amounts at sev- 
eral localities worldwide, the only spectacular specimens 
come from a single California mine, the type locality, 
near Coalinga. Occurring in massive compact natrolite, 
these benitoite crystals are associated with neptunite, 
joaquinite, jonesite, serandite, djurleite, and digenite. 

Because the crystals tend to be flat and included, 
most faceted stones are relatively small. Cook states that 
the largest known stone is 7.8 ct, but in another article in 
the same issue, Michael Gray maintains that the largest 
is a “flawless 14.52-carat triangle of beautiful cornflower 
blue.” 

Benitoite is distinguished from sapphire by its lower 
refractive indices, higher dispersion, and distinctive fluo- 
rescence. LBL 


A garnet location at Mt. Wyangapinny, near Pittsworth, 
on the Darling Downs. D. N. Cracknell, Australian 
Gemmologist, Vol. 18, No. 9, 1994, pp. 285-286. 


This locality, some 100 km west of Brisbane, Queensland, 
is one of extensive basalt flows. Lherzolite nodules, 
believed to be fragments of upper-mantle material, are 
found scattered throughout the Mt. Wyangapinny Basalt; 
angular pyroxenite occurs with the lherzolite nodules. As 
gamet is found in the layered colluvial soil, it is uncertain 
whether the garnet is associated with the lherzolite or 
pyroxenite. 

Gemological testing on one faceted sample revealed: 
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color—dark brownish red; diaphaneity—translucent, lus- 
ter—vitreous; $.G.—3.78; R.I.—1.75; absorption spec- 
trum—almost complete absorption; UV fluorescence— 
inert to both long- and short-wave. 

One discrepancy should be noted. The author 
describes the garnets from this locality as pyropes. 
However, on the basic of the properties reported and using 
the classification system proposed by Stockton and 
Manson (Gems # Gemology, Winter 1985, pp. 205-218, 
they would be classified as pyrope-almandine. RCK 


Gemstones of California. M. Gray, Rocks @ Minerals, 
Vol. 69, No. 6, 1994, pp. 379-384. 


This article covers the transparent, facetable gem materi- 
als found in California—benitoite, diamonds, tourmaline, 
spessartine, quartz, and other pegmatite gems. Starting 
with a brief history of each locality, the author describes 
the era of most prosperous mining, carat yields, and 
unusually large stones. In so doing, he captures the mys- 
tery and imagery of this unusual state. 

Also included are descriptions of some challenging 
collecting conditions, as well as a section on collector 
gems in which 17 rare species are listed. As most gem 
localities are in the thoroughly explored southern part of 
the state, Mr. Gray thinks that, in general, the greatest 
potential for new discoveries lies in the less-explored 
north. He also reminds all field collectors that most of 
the localities are in private hands, and some are com- 
pletely off limits: Always ask permission before ventur- 
ing onto someone else’s property to visit a deposit. 

LBL 


India’s invisible gein rush. Vinod Kuriyan, Europa Star, 
No. 199-4, 1993, pp. 67-70. 


This article surveys the rapid development of gemstone 
mining in Orissa, India. Gems found there include aqua- 
marine, chrysoberyl (cat’s-eye and alexandrite], iolite, 
rhodolite garnet, and ruby. At present, the government 
is trying to develop mining and establish a cutting 
industry. The author thinks that Orissa’s future as a 
gemstone producer is promising. This article is part of a 
dossier covering various aspects of gems and gemology. 
RT 


Interstellar oxide grains from the Tieschitz ordinary 
chondrite. L. R. Nittler, C. M. O’D. Alexander, X. 
Gao, R. M. Walker, and E. K. Zinner, Nature, Vol. 
370, 11 August 1994, pp. 443-446. 


We usually think of corundum and spinel as coming from 
two environments: basaltic lavas and metamorphic 
rocks, especially marbles. However, by virtue of their 
refractory natures (that is, very high melting tempera- 
tures], these minerals sometimes come from a more exot- 
ic source: direct precipitation from gases produced by 
nucleosynthesis (atomic fusion) in stars. Some mineral 
grains in chondrites—stony meteorites—are older than 
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the Earth, having formed from gases from other stars 
before our sun condensed. 

In this article, the authors describe the results of oxy- 
gen and aluminum isotopic studies of 20 corundum 
grains and one spinel grain from the meteorite Tieschitz. 
Twelve grains probably came from oxygen-rich red giant 
stars, five possibly came from massive mass-losing (Wolf- 
Rayet} stars, and four possibly came from low-mass red 
giant stars. However, don’t expect to see interstellar 
rubies on the gem market soon. All the grains described 
in this study were between 0.5 and 2 mm in size, and 
were selected by examination of over 6,000 refractory 
oxide grains. ML] 


Montana sapphires—the value of color. D. W. Baker, 
Northwest Geology, Vol. 23, 1994, pp. 61-75. 


The geologic origin of Montana sapphires has long been a 
matter of scientific discussion. This article presents new 
concepts in which the theory of plate tectonics plays an 
important role. In agreement with previous studies, two 
distinct types of deposits are recognized: the primary 
deposit at Yogo Gulch in central Montana, and the sec- 
ondary (placer) deposits of western Montana. 

The author suggests that the Yogo sapphires crystal- 
lized from a magma (primary origin), and were not 
brought to the surface as xenocrysts (in this case, “for- 
eign” crystals formed metamorphically and simply 
transported by the magma) as has been advocated by oth- 
ers. Evidence for magmatic origin includes: (1} the pres- 
ence of rare analcime (interpreted as a magmatic, not 
metamorphic, mineral) inclusions, which are not found 
in sapphires from elsewhere in Montana; and (2) the 
thin, tabular shapes of the Yogo crystals, as compared to 
the barrel-shaped crystal habit typical of metamorphic 
sapphires. 

Dr. Baker provides a detailed model for the forma- 
tion of the Yogo sapphires in an ultramafic magma into 
which high-alumina rocks containing kyanite were 
assimilated. He discusses emplacement of the ultramafic 
dike at Yogo, and emphasizes the importance of karst-ter- 
rain development {e.g., sinkholes in limestone} in deter- 
mining the present shape and other features of the intru- 
sion. He also discusses geologic differences between Yogo 
and western Montana, where the placer sapphires are 
found, he believes that these latter sapphires may have 
been formed deep in the Earth and then brought to the 
surface as xenocrysts in volcanic magma. 

This article also explains differences in color 
between the Yogo sapphires (“cornflower blue”) and 
those from the more abundant placer deposits (“steel” 
blue after heat treatment}. Dr. Baker relates these differ- 
ences to low quantities of iron, as Fe2*, substituting for 
aluminum in the crystal structure of the “cornflower- 
blue” Yogo sapphires—as compared to the much greater 
iron, as Fe3+, in the sapphires from placer deposits. The 
article also discusses various aspects of mining, including 
history, particularly at the Yogo deposit. AAL 
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An occurrence of sectored birefringence in almandine 
from the Gagnon Terrane, Labrador. D. Brown and 
R. A. Mason, Canadian Mineralogist, Vol. 32, 
1994, pp. 105-110. 


Garnet minerals are generally considered to be optically 
isotropic, but exceptions occur, especially for the Ca-bear- 
ing garnets (grossular, andradite, hydrogrossular}; weakly 
birefringent spessartine is also known. The authors 
describe a sector-zoned birefringent (0.004 to 0.006} 
almandine garnet from graphitic schists in metavolcanic 
rocks of the Gagnon Terrane, Grenville Province, south- 
western Labrador. 

The garnets studied were 3-5 mm in diameter, 
“rusty” brown to deep red in color, and predominantly 
Alm  7o9Gros8p 173P¥9.9245PCS8p 915 1N Composition, with 
typical almandine garnet core-to-rim compositional zon- 
ing. A slice cut parallel to the cube-face direction of one 
garnet showed six pie-shaped sectors with extinction 
slightly oblique to the [110] (dodecahedral) direction and 
sector boundaries along the {111 joctahedral| planes. The 
overall effect resembles six-sided chiastolite. The gamets 
contained three types of quartz inclusions: small round 
ones at sector boundaries (occurring with ilmenite 
whiskers}, spindle-shaped ones growing from the center 
of the zones, and cross-cutting tabular quartz grains close 
to the garnet surface. 

The birefringence was also confirmed by the lower 
symmetry visible in the X-ray powder pattern as slight 
splitting of the 400 reflection. The authors dismiss some 
possible causes for birefringence (Al/Fe ordering, strain 
due to inclusions}, but do not propose alternatives. They 
do suggest that the sector zoning is due to twinning, 
probably of the Spinel Law variety. ML] 


Origin determination for gemstones: Possibilities, restric- 
tions and reliability. H. A. Hanni, Journal of 
Gemmology, Vol. 24, No. 3, 1994, pp. 139-148. 


This article addresses the issues that affect the identifica- 
tion of geographic origin for a particular gemstone. Less 
common in the U.S., such identifications are an impor- 
tant function of many European gemological laboratories, 
especially for ruby, sapphire, and emerald. Dr. Hanni pro- 
vides information from his own extensive experience. 

A list of growth conditions and resulting gem fea- 
tures opens the discussion of how to determine gemstone 
origin, followed by commentary on useful laboratory 
techniques. Among the most important are high-resolu- 
tion microscopy and chemical analysis of inclusions. 

The most meaningful sections of this article, in this 
abstracter’s opinion, are those on reference samples and 
limitations. In the former, Dr. Hanni explains that sam- 
ples from a known locality must be used as references, 
and that the cautious gemologist will only trust samples 
collected on-site. Reference samples that are not consis- 
tent with historic documentation should be considered 
suspect. Under “limitations,” he reminds us that deter- 
minations should be based on more than just one or two 
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diagnostic features. Origin cannot be determined: (1} if 
there are no diagnostic features present [i.c., features pre- 
sent are not locality-specific or characteristic, or features 
have been damaged by treatment}, (2) if the sample is set 
in jewelry, or (3) if inadequate information is available on 
relevant sources. In the course of the discussion, he com- 
ments that locality terms should not be used to describe 
gem color, as it confuses the issue of locality determina- 
tion. CMS 


The pearl industry in Queensland and Torres Strait. T. 
Ward, Australian Gemmologist, Vol. 18, No. 9, 
1994, pp. 282-284. 


This brief but informative article summarizes a report 
submitted by the author to the Queensland Department 
of Primary Industries. Following are some of the major 
points. 

The pearl industry in Queensland and Torres Strait 
has been suffering since 1970, when stocks of both wild 
oysters and culture stock first suffered high mortality 
rates. These losses were attributed primarily to over-fish- 
ing, although pollution and trawling were also implicat- 
ed. Local hatcheries for pearl oysters have considerable 
but as-yet-unrealized potential to increase the number of 
oysters available to the region; as of June 1992, however, 
pearl culturing areas in the region held only 42% of their 
estimated capacity. This most recent understocking is 
caused partly by the high mortality rates, which are 
traced to inadequate methods used to transport oysters. 

Implantation of bead nuclei and mantle tissue is per- 
formed by Japanese technicians working on short-term 
contracts. Nevertheless, usually less than 10% of the 
implantations result in gem-quality cultured pearls. 

Legislation regarding the industry is complicated, 
and there is poor communication between the many 
administrative bodies. Therefore, the author proposes 
that relevant legislation and administration be coordinat- 
ed and conducted by a single body. He also feels that the 
pearl culturing industry in this region will not realize its 
potential until Australians develop the requisite techni- 
cal and financial expertise. RCK 


Pink corundum from Kitui, Kenya. N. R. Barot and R. R. 
Harding, Journal of Gemmology, Vol. 24, No. 3, 
1994, pp. 165-172. 


A new source for corundum, 50 miles (80 km] east of Mt. 
Kenya and known as Taawajah, was recently discovered. 
Primary deposits occur in an assemblage of quartzites, 
marbles, and other metamorphic rocks. Mining is open- 
pit, primarily with hand tools, and yields approximately 
50 to 100 kg of rough per week. The rough consists of 
small prismatic crystals, mostly chipped or broken, up to 
20 grams in weight. Most crystals are bright reddish pink 
and heavily included. They usually contain rutile, iron 
oxide or hydroxide stains (in fractures), fissures, twin 
planes, and sometimes rounded colorless crystals. Color 
zoning is common. 
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The material is suitable for beads and cabochons, 
and most is fashioned in India. Finished pieces range from 
purplish pink to reddish pink. Some is also dyed in India, 
and this material tends to be bright red. Chemical analy- 
sis revealed typical ruby composition, with both iron and 
chromium present. One dyed sample, however, was 
found to contain no detectable chromium. Crystalline 
inclusions of pyrope-almandine were also identified. 
Spectral features are comparable to those of other Kenyan 
rubies and do not indicate the presence or absence of dye 
treatment. Dyed material can be identified with the 
microscope by dense concentrations of color within fis- 
sures, Another earmark is pink residue left on a tissue 
wiped over a stone that has been wet with ethyl alcohol 
or amy] acetate. CMS 


Some far northern opal diggings in South Australia. G. 
Brown, J. Townsend, and K. Endor, Australian 
Gemmologist, Vol. 18, No. 8, 1994, pp. 252-255. 


To date, three major localities—Andamooka, Mintabie, 
and Coober Pedy—have been the significant commercial 
sources of opal in South Australia. There are, however, 
other potentially economic areas. After briefly reviewing 
the major localities and economics of opal mining in gen- 
eral, the authors describe some newer mining localities, 
east of Mintabie on Lambina Station. 

One, called the Lambina diggings, is described in 
some detail. Here, the host rock is a weathered, white, 
bleached, porous marine claystone-siltstone above a less 
permeable, less weathered zone of clay-silt. Stable pre- 
cious opal is found at depths of less than 10 m as: (1) 
infillings of joints in a bleached claystone unit, (2) matrix 
cementing coarse sand interbeds within the claystone; (3) 
seams at the contact between sand lenses and underlying 
impervious claystone; and (4) thin veinlets in overlying 
jasper breccia silcrete. Both white opal and black opal 
(resembling that from Lightning Ridge) reportedly have 
been recovered in economic quantities, although infor- 
mation about quantity and quality produced to date are 
well-guarded secrets of area miners. 

Other diggings on Lambina Station include the 
Broken Leg area. This is reported to be a good source of 
what is locally known as “rainbow rock,” an attractive 
opalized sandstone that formed when precious opal 
cemented grains in weathered sandstone. 

The article is illustrated with color photographs of 
each locality described, mechanized mining in progress, 
and samples of rough opal. RCK 


Tahiti’s black pearl marketing goals—high quality, higher 
prices. G. Holmes, Jewelers’ Circular-Keystone, 
Vol. 165, No. 9, September 1994, pp. 102-106. 


Farmers of cultured black pearls in Tahiti have suffered 
falling prices for the last three years, at a time when farm- 
ers of Australian South Seas cultured pearls have seen 
definite price increases. The Tahitian farmers attribute 
this price decrease directly to the Tahitian government, 
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which has been freely granting new farming licenses and 
encouraging exports at a time when the Australian gov- 
ernment is exercising tighter control over their pearl 
products and exportation. In order to maintain quality for 
the small market share that black pearls have, Tahitian 
farmers are suggesting that “junk” pearls, which account 
for 7% or 8% of total production, be used only in decora- 
tive items, not jewelry, or be ground up for other uses 
such as cosmetics and medicinal compounds. To produce 
a better black pearl, a government plan will focus on low- 
ering mollusk mortality rates, improving hatchery tech- 
niques and genetic engineering, and experimenting with 
cryopreservation. The article also reviews the high finan- 
cial risk of pearl farming in an area of the world where 
communication and transportation are basic everyday 
challenges. JEC 


Tahiti faces black pearl dilemma. D. Catalano, National 
Jeweler, Vol. 38, No. 20, October 16, 1994, p. 24. 


The number of black cultured pearls exported from 
French Polynesia rose 245% over the last four years, 
while the price per kilogram fell 39% to $36,900 in 1993, 
down from $62,696 in 1990. For the first quarter of ]994, 
the price was reported at $35,728 per kilogram. 

This situation gravely concerns the pearl industry of 
Tahiti and was much discussed at the First International 
Tahiti Pearl & Jewellery Festival in Papeete in June. 
Government and industry leaders talked about stopping 
the issuance of government licenses for new pearl farms, 
quality control inspections before export, and increased 
promotion in the Pacific Rim, United States, and Europe. 

Black pearl prices peaked in 1987 and 1988. They 
first slipped during the last quarter of 1989 and have been 
falling ever since. By 1994, prices of top-quality black cul- 
tured pearls had dropped 40%. Average prices for all qual- 
ities were down 60%. However, production soared, and 
black cultured pearls became Polynesia’s top export in 
1993. 

Concessions, originally issued to entice residents to 
stay on their home islands, had been given to everyone 
who wanted to get into pearl farming, causing overpro- 
duction. In June, the government stopped issuing conces- 
sions to establish farms on Manihi atoll, where pearl 
farming started and most Tahitian farms are located. The 
government also intends to establish an inspection and 
export control in 1995. The aim is to export better quali- 
ty, use middle quality to make jewelry to sell in Tahiti, 
and retain poor quality for some other industrial use not 
yet determined. MD 


Vesuvianite from Bellecombe and Montjobet (AO Italy}: 
A material of gemmological interest. M. Novaga, 
Journal of Gemmology, Vol. 24, No. 3, 1994, pp. 
173-178. 


Gem-quality transparent vesuvianite occurs in the Valle 
d'Aosta region of Italy, near Bellecombe and Montjovet. 
The material occurs in situ in metamorphic rodingite of 
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Cretaceous age, within regional serpentines. Facet-grade 
material ranges from greenish brown to yellowish brown. 
On the basis of refractive index and specific gravity, two 
types (not related to specific localities) were identified: 
one with RI. = 1.724-1.736 and S.G., = 3.35-3.36, and the 
other with RJ. = 1.714-1.722 and S.G. = 3.36-3.40. A 
strong absorption band at 471 nm was present in all sam- 
ples and is diagnostic for vesuvianite. The samples all 
contained abundant inclusions, most commonly fluid 
inclusions in tubes and negative crystals. Chemical com- 
position and other properties are summarized in two 
tables. The occurrence does not appear to be economical- 
ly viable. CMS 


INSTRUMENTS AND TECHNIQUES 


A.G.L. Portable Gem Testing Kit. T. Linton, R. Beattie, 
and G. Brown, Australian Gemmologist, Vol. 18, 
No. 8, 1994, pp. 249, 256. 


This Gemmological Association of Australia Instrument 
Evaluation Committee report describes a portable gem- 
testing kit being marketed by the Asian Gemmological 
Laboratory, Kowloon, Hong Kong. The 180 x 150 x 50 
mm carrying case, lined with black velvet, held gemstone 
tweezers, a calcite dichroscope, an OPL diffraction-grat- 
ing spectroscope, a Chelsea filter, a penlight, a 10x hand 
loupe, a folding polariscope, an interference-figure sphere, 
and two gemstone cleaning cloths. The evaluators found 
all kit components to be of good quality, although they 
had minor criticisms of a few. For example, they found it 
difficult to rotate the dichroscope without it slipping 
from the user’s fingers. They concluded that the kit 
would be useful both to students and the working gemol- 
ogist in the field. RCK 


Gem Illuminated Immersion Cell. T, Linton, R. Beattie, 
and G. Brown, Australian Gemmologist, Vol. 18, 
No. 8, 1994, pp. 247-248. 


An illuminated immersion cell from GIA GEM Instru- 
ments is the subject of this Gemmological Association of 
Australia Instrument Evaluation Committee report. The 
unit consists of a metal casing, internal circuitry with bat- 
tery-operated krypton lamp, a glass diffusion screen, and a 
screw-on cap with integral 2x magnifier. Virtually any 
fluid suitable for immersion may be used with the instru- 
ment. After noting the manufacturer's instructions and 
precautions for use, the evaluators report on gemstone fea- 
tures that were readily identified with the instrument. 
These include several that are typical of diffusion-treated 
corundum, luster differences between ruby and “glass 
repairs” (glass-filled cavities?), curved color banding in 
Verneuil yellow synthetic sapphire (especially when a 
blue color-contrast filter was also used}, curved and 
straight color banding in synthetic and natural corundum 
respectively, and “oiled” fractures in emerald. 

The authors conclude that the instrument is well 
made, easy to use, and comparatively inexpensive. Their 
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one criticism is the limited working life of the batteries, 
and they recommend that an AC adaptor be made avail- 
able for laboratory use. RCK 


Hydrostatic measurement of specific gravity. T. 
Farrimond, Journal of Gemmology, Vol. 24, No. 3, 
1994, pp. 161-164. 


The author describes his experiments on the viability of 
determining the specific gravity for small samples hydro- 
statically, using water as the immersion medium. It is 
generally thought that water’s high surface tension creates 
inaccurate results for stones smaller than 1 ct. Six stones, 
ranging from 0.035 to 2.62 ct, were tested. It was found 
that reasonably accurate S.G.’s could be determined for 
stones as small as 0.25 ct, and useful approximates could 
be made for even smaller stones. Results were improved if 
a small amount of detergent was added to the water. 
Because the S.G. of water varies little between 4°C and 
70°C, no compensation for temperature was considered 
necessary {unlike with toluene, for example]. A final note 
suggests that the thinnest wire practical should be used to 
suspend the stone holder. This reduces surface tension at 
the contact between the water and the wire, thus reducing 
error caused by the resulting buoyancy. CMS 


Introducing ESR/EPR spectroscopy to gemmology. D. R. 
Hutton and G. J. Troup, Australian Gemmologist, 
Vol. 18, No. 9, 1994, pp. 278-279. 


This brief report describes the operating principle of elec- 
tron spin resonance (ESR) spectroscopy, also known as 
electron paramagnetic resonance (EPR). It then gives a 
few examples of possible practical applications in gemol- 
ogy, such as in separating natural from synthetic emerald. 
The article concludes with a proposal for producing a 
miniaturized unit—about the size of an attaché case— 
that could be used with a personal computer and moni- 
tor. Illustrations include sample spectra and a basic sche- 
matic diagram of the proposed portable unit. RCK 


Pleochroic colours and their related rays. A. Hodgkinson, 
Australian Gemmologist, Vol. 18, No. 9, 1994, pp. 
295-297. 


Described in this article are useful polariscope and refrac- 
tometer techniques to relate pleochroic colors in gems to 
the crystallographic orientation of the rays that carry 
them. In the first method, the author uses a conoscope to 
resolve an optical interference figure. The background 
color of a uniaxial stone against which the optic figure is 
resolved is that carried by the stone’s ordinary ray. 

In the second method, the author starts with the 
standard technique of viewing the instrument's scale 
through a polarizing filter, which makes it possible to iso- 
late the various rays of both uniaxial and biaxial gems. 
However, the author illuminates the stone from above, 
shining an intense beam of light from a fiber-optic illumi- 
nator through it. With this method, not only are the read- 
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ings of the various rays isolated, but the pleochroic colors 
carried by them are seen as “shadow columns” below 
(that is, at numerically lower readings than} the R.1.’s 
shadow edge. 

Preliminary efforts by this reviewer to use the sec- 
ond technique with a dark tourmaline appeared to vali- 
date the procedure. Readers are encouraged to read this 
informative report and to experiment with the tech- 
niques described therein. RCK 


Presidium Diamond Fact.™ T. Linton, R. Beattie, and G. 
Brown, Australian Gemmologist, Vol. 18, No. 9, 
1994, pp. 279-281. 


After describing the operating principles behind this and 
similar diamond probes, the authors discuss in detail this 
unit’s configuration and operating instructions. They 
then present their evaluation, which was performed 
while they staffed a gem identification booth at a week- 
long gem show. They conclude in this Instrument 
Evaluation Committee report that the instrument is easy 
to use, reliable, and efficient in separating diamond from 
simulants (ranging from 0.01 to over | ct}. One interest- 
ing observation made is that the readings—i.e., where the 
indicator needle fell within the “simulant” range—on 
synthetic [colorless?] sapphires varied with the stone’s 
crystallographic orientation. All such readings, however, 
were Clearly in the “simulant” range. RCK 


PRECIOUS METALS 


Gold jewelry sales up. M. Golay, National Jeweler, 
September 16, 1994, p. 4. 


According to the World Gold Council (WGC), gold jewel- 
ry sales increased in May 1994 over the corresponding 
period in 1993, rising 5.7% in dollars and 7.6% in units. 
May sales exceeded $930 million for jewelry in which the 
primary value was the gold content. Dollar sales rose 
5.5% while unit volume was up 6.9%, and sales were up 
5.2% for May 1993 year-to-date. May sales increased 
across all retail channels of distribution, according to the 
WGC. Analysts said that an upswing in demand for gold, 
especially in jewelry manufacturing, has made precious 
metals prices sharply higher in recent months. Optimism 
should be guarded since speculators putting a lot of cash 
into gold markets could flee precious metals even more 
rapidly if upward momentum doesn’t continue, according 
to Jeffrey Christian, a managing director of a New York 
commodity research firm. MD 


SYNTHETICS AND SIMULANTS 


Australian synthetic periclase. G. Brown, Australian 
Gemmologist, Vol. 18, No. 8, 1993, pp. 265-269. 


Magnesite from the large deposit at Kunwarara in 
Queensland, Australia, is processed at the Queensland 
Magnesia project into two products: briquettes of sintered 
magnesia with a periclase structure, and ingots of fused 
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synthetic, periclase. The ingots contain a 10-cm inner 
rim of facetable material that occurs in three forms: (rare} 
cubo-octahedral crystals, pseudocubic masses bounded by 
cleavage planes, and parallel growths of slightly tapering 
columnar crystals of hexagonal cross section. 

This gem-quality material ranges from colorless to 
yellow to light brown and pale pink. Bulk chemical anal- 
yses show the crystals to be composed of >98.5% MgO, 
0.1-1.2% SiO,, 0.3-0.8% CaO, with traces of aluminum, 
iron, and manganese oxides. Gemological examination by 
the author revealed the following properties: Mohs hard- 
ness—5!/2; cleavage—perfect cubic, and traces of octahe- 
dral; §.G.—3.50; R.L—1.735; optic character—singly 
refractive, dispersion—0.014; diaphaneity—transparent, 
luster—vitreous; Chelsea filter reaction—green; UV fluo- 
rescence-—all inert to both long- and short-wave (except 
for the pink material, which fluoresced pale orange to 
long-wave and dusky pale orange to short-wave UV radia- 
tion}. No absorption features were noted with a spectro- 
scope, and magnification revealed rare, small negative 
crystals of cubic habit. Preliminary trace-element analy- 
ses indicated that the pinkish hue might be due to Mn2+ 
replacement of some Mg?+. Fe?+ (and possibly some Mn?*} 
substitution is the likely cause of the yellow to brown 
colors. 

This interesting and nicely illustrated article also 
addresses the tendency of periclase to alter to brucite over 
time. RCK 


Russian synthetics examined. K. Scarratt, G. Du Troit, 
and W. Sersen, Diamond International, No. 28, 
March/April 1994, pp. 45-46, 49-50, 52. 


For months, we have been hearing and reading that the 
“Russians are coming!” into synthetic-gem production. 
First, synthetics manufacturer Tom Chatham of San 
Francisco told us that gem-quality synthetic diamonds 
were entering the jewelry market. Now, in this article, 
we hear a similar message from Walter Barshai of Pinky 
Trading in Bangkok. Both have announced that they will 
sell gem-quality synthetic diamonds to the jewelry indus- 
try for a fraction of what natural diamonds cost. 

Ken Scarratt, director of laboratory operations, edu- 
cation, and research at the Asian Institute of Gemological 
Sciences in Thailand, co-authored this brief yet important 
update on the latest examinations of the newer Russian 
material. As we first read in the Winter 1993 issue of 
Gems e) Gemology, these synthetics are not as easily 
identified as the Japanese Sumitomo synthetic diamonds. 
What is most disconcerting about both articles is the 
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implication that near-colorless synthetic diamonds may 
already exist in the market, but the authors cannot tell us 
what to look for. 

In brief, the Diamond International report states 
that characteristic inclusions will be helpful in identify- 
ing the Russian synthetic diamonds. Minute dust-like 
particles, often randomly oriented, are common. Large, 
variously shaped metallic inclusions, a result of the flux 
growth process, are obvious, but not common. The previ- 
ously reported color growth zones were NOT found in 
this latest examination. And the fluorescence, which up 
until now has been quite helpful, was natural in appear- 
ance, leaving the authors searching for any slight devia- 
tion from the norm to report. 

Spectra could give us a clue, as the nickel flux may 
show a 658-nm line (not found in natural diamonds) with 
a hand-held spectroscope. This might be just the key for 
the gemologist, except that annealing (high-temperature 
heat treatment} may eliminate the 658 line. 

Synthetic diamonds are here, and we must read 
every article available to pick up on any means of identi- 
fication. If you thought that identifying filled diamonds 
was a problem, “you ain’t seen nothing yet”! GAR 


MISCELLANEOUS 


Microscopic examination of mineral grains in forensic 
soil samples: Part 1. N. Patraco, American 
Laboratory, Vol. 26, No. 5, April 1994, pp. 
35-40. 


Even though a few thousand minerals are known, only 
about 20 are commonly found in soil samples. This arti- 
cle describes how, through the use of polarized light 
Microscopy, one can identify these minerals by means of 
their optical properties alone. A handy chart describes 
some common minerals and visual clues useful in identi- 
fying them, including color, transparency, cleavage or 
form, estimated birefringence and relief (degree of shad- 
owing}, and refractive index. Kohler illumination and 
Becke lines (e.g., a white halo around edge of particle in 
polychromatic light) as identification aids are discussed 
in the text. 

Although the article is written by a retired New 
York City detective/criminologist for use in using soil as 
evidence in court, the chart contains minerals and their 
optic properties that are of interest to gemologists: quartz, 
feldspar, calcite, garnet, tourmaline, zircon, epidote, 
hematite, magnetite, and glass. A good list of references is 
also provided. CEA 
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synthetic (GN] Sp94:57 
see also Quartz 
Amethyst-citrine 
from Bolivia (Vasconcelos} Sp94:4ff 
Ametrine, see Amethyst-citrine 
Andalusite 
simulant, bicolored synthetic quartz 
(GN) W94:280 
Andradite 
demantoid, chatoyant (GN} W94:272, 
from Mexico (GN) F94:194, from 
Russia (GN) Sp94:54 
Argillite 
siliceous, “zebra rock,” from 
Australia (GN} Su 94:128 
Arizona, see United States 
Assembled stones 
beryl triplets (GN} Sp94:56 
synthetic spinel triplets 
(GN) $u94:131 
Asterism 
in sapphire (GTLN} Sp94:45 
in pinkish orange synthetic 
sapphire (GTLN] Su94:119 
Australia 
chrysoprase chalcedony from 
(GN) $u94:125, F94:193 
diamond mining in (GN) F94:192 
gaspeite (“Allura”) from 
(GN} Su94:126 
“zebra” stones (dolomite and 
argillite] from (GN} $u94:128 


Bangladesh 
freshwater pearls from 
(GN] $u94:127 
Basalt 
alkali, gem corundum deposits in 
(Levinson) W94:2.53ff 
Basel Fair 
highlights of (GN} Su94:124 
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Beryl 
from North Carolina (GN} W94:274 
see also Emerald 
Bolivia 
amethyst-citrine, amethyst, and cit- 
rine from the Anahi mine 
{Vasconcelos} Sp94:4ff 
Book Reviews 
Copper Art Jewelry— A Different 
Lustre (Burrkholz and Kaplan) 
W94:281 
Gemstone and Chemicals: How to 
Create Color and Inclusions 
(Fischer} Sp94:60 
Humbolt’s Travels in Siberia 
(1837-1842) The Gemstones 
(Sinkankas, Ed.} W94:281 
Jewelry e) Gems: The Buying Guide 
(Matlins and Bonanno} W94:281 
Jewelry and Metalwork in the Arts 
and Crafts Tradition (Karlin} 
$u94:133 
The Last Empire: De Beers, 
Diamonds, and the World (Kanfer) 
$u94:134 
Mineral Reference Manual (Nickel 
and Nichols} $p94:60 
The Professional’s Guide to Jewelry 
Insurance Appraising (Geolat, Van 
Northrup, Federman} $u94:133 
The Properties of Natural and 
Synthetic Diamond {Field} 
S$p94:60 
A Special Report from JPR on the 
Bold Retro 1940s Jewelry 
(Woolford, ed.) Sp94:60 
Botswana 
diamond mining in (GN] F94:191 
Brazil 
cat’s-eye opal from (GN) Sp94:52 
emerald from (GN} Sp94:49; 
trapiche from Goids (GTLN} 
Su94:116 
inclusions in tourmaline from 
(Brandslatter} F94:178 ff 
sapphire from Indaia, Minas 
Gerais (Epstein) Sp94:24 ff 
tourmaline from (GN] Sp94:55 
Burma, see Myanmar 


Cc 


Calcareous concretions 
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cultured black (GTLN} W94:2.68 
Horse conch “pearls” (GN) F94:195 
Calcite 
Russian synthetic (GN} W94:279 
see also Marble 
Canada 
diamond mining in (GN} $u94:122, 
W94:271 
rhodonite from the Yukon 
(GN] F94:196 
Carving, see Lapidary Arts 
Cat’s-eye, see Chatoyancy 
Cayman Islands 
dolomite (“Caymanite”} from 
(GN} F94:193 
Ceramic 
identification of “carving” 
(GTLN) F94:184 
Chalcedony 
chrysoprase, from Australia 
(GN) $u94:128, F94:193 
Chatham, see Emerald, synthetic; 
Sapphire, synthetic 
Chatoyancy 
cat’s-eye green zoisite (GN]} F94:198 
cat’s-eye opal from Brazil 
(GN) Sp94:52 
cat’s-eye sillimanite from Orissa, 
India (GN) Su94:127 
Chemical composition 
of amethyst-citrine from Bolivia 
(Vasconcelos) Sp94:4ff 
of andradite from Mexico 
(GN) F94:194 
of diaspore from Turkey 
(GN) W94:273 
of Douros synthetic rubies 
(Hanni} Su94:72 ff 
of emeralds from Madagascar and 
their inclusions (Schwarz] 
Su94:88 ff 
of fillings in diamonds 
(Kammerling} F94:142 
of flux-induced inclusions in syn- 
thetic ruby (Schmetzer) Sp94:33ff 
of glass coating on quartz (GTLN} 
$u94:118 
of grossular-andradite garnet from 
Mali (GTLN} W94:265 
of pink synthetic sapphires by 
Chatham (GN] Sp94:56 
of ruby and sapphire from Russia 
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(Kissin) W94:2.43ff 
of spinel colored by cobalt and 
nickel (GN} W94:276 
of spinel from Russia (Kissin) 
W94:243ff 
of tourmalines from Paraiba, Brazil, 
and their inclusions (Brandstatter) 
F94:178ff 
China, People’s Republic of 
freshwater cultured pearls from 
(GTLN} $u94:118 
peridot from (GN} Sp94:53 
Citrine, see Quartz 
Coating 
cobalt glass coating over quartz 
beads (GTLN} $u94:118 
color-change synthetic sapphire 
with coated pavilion (GTLN} 
Sp94:46 
on corundum, misrepresented as 
diffusion (GN) Sp94:48 
of jadeite (GN} F94:199 
Color, cause of 
chromium in synthetic forsterite 
{Nassau} Su94:102ff 
cobalt in diffusion-treated sapphires 
(GN}] Sp94:55 
cobalt and nickel in “teal” blue 
spinel (GN] W94:276 
iron in amethyst-citrine from 
Bolivia (Vasconcelos} Sp94:4 ff 
nickel in synthetic sapphire (GN} 
$u94:131 
praseodymium and copper in 
“Swarogreen” glass (GN) $u94:130 
Color zoning 
in amethyst-citrine from Bolivia 
(Vasconcelos) Sp94:4ff 
in diamond (GTLN} $u94:116 
in Douros synthetic ruby (Hanni} 
Su94:726f 
in sapphire, blue (GTLN} F94:188, 
pink and blue-green (GTLN} 
W94:2.69 
in synthetic sapphire, pink (GTLN} 
W94:270; yellowish orange 
(GTLN) F94:189 
in topaz from Russia and the 
Ukraine (GN) $u94:128 
Corundum 
alkali basalt deposits of (Levinson) 
W94:253ff 
from Brazil, Indaia mine, Minas 
Gerais (Epstein] Sp94:24ff 
diffusion treatment of (GN] $p94:55 
from Montana (GTLN} Su94:120, 
(GN] W94:276 
from Nepal (GN} F94:194 
from Russia, southern Ural 
Mountains (Kissin) W94:2.43ff 
from Sri Lanka (GN) W94:277 
treatment, coating misrepresented 
as diffusion (GN) Sp94:48 
from Vietnam, mining update 
(Kammerling} Su94:109ff, purple- 
pink “Trapiche” (GN} F94:197 
see also Ruby, Sapphire 
Corundum, synthetic 
see Ruby, synthetic; Sapphire, syn- 
thetic 
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Cubic zirconia 
as diamond simulant, rough and 
faceted (GN) Sp94:47 
production in Russia (GN) $p94:57, 
W94:2:79 
Crystallography 
of Amethyst-citrine (Vasconcelos) 
Sp94:4ff 
of Douros synthetic ruby (Hanni} 
$u94:726f 
of corundum from the southern 
Urals (Kissin) W94:2.43ff 
Cuts and cutting, see Diamond, cuts 
and cutting of; Lapidary arts 


De Beers 
sales in 1994 (GN} $u94:122 
Demantoid, see Garnet 
Density, see Specific gravity 
Diamond 
273.85-ct Centenary, grading of 
(GTLN] Sp94:39 
from Finland (GN} W94:272, 
mining, in Australia (GN) $u94:122, 
F94:192; in Botswana (GN) 
F94:191; in Canada (GN} 
$u94:122, W94:271; in Ghana 
(GN) $u94:123, F94:191; in Guinea 
{GN} F94:191; in Namibia (GN) 
F94:191; in the Russian Federation 
{GN} F94:192, in Sierra Leone 
{GN} F94:191, W94:271; in South 
Africa (GN] F94:191, W94:271, in 
Tanzania (GN) W94:271 
production, in the Russian 
Federation (GN] F94:192, sorting 
and identification equipment from 
Russia (GN} F94:200; in 
Zimbabwe (GN] Su94:122 
sales, De Beers (GN) Su94:122,; 
Russia (GN]} $u94:123 
twinned heart-shape crystal 
(GN) F94:192 
from the U.S., Appalachian 
Mountains (GN] W94:271, 
Wisconsin, origin of (GN) 
$u94:122 
Diamond, colored 
brown, color origin of 545.65 ct 
(GTLN] $p94:39; rough, naturally 
irradiated (GTLN} Sp94:40 
color grading of (King) W94:220ff 
color-zoned (GTLN]) Su94:116 
green, irradiated (GTLN} F94:185 
yellow, treated (GTLN} W94:2.64 
Diamond, cuts and cutting of 
equipment from Russia (GN} 
$u94:123 
Diamond, inclusions in 
characteristic of yellow (GTLN} 
$p94:41 
filled fractures (Kammerling} 
F94:142ff 
laser drill holes (GTLN}) Su94:115, 
F94:185 
natural, resembling laser drill holes 
(GTLN] Su94:115 
triangular (GTLN} F94:185 
Diamond simulants 


cubic zirconia, faceted and rough in 
diamond parcels (GN} Sp94:47 
Diamond, synthetic 
Russian, near-colorless (GN} 
$u94:123; production of 
[GN] W94:279 
Diamond treatments 
fracture filling (GN] Sp94:47, 
[Boyajian} F94:141, (Kamimerling} 
F94:142 ff 
irradiation with Americium 
(GTLN] F94:185 
Diaspore 
color-change, from Turkey (GN} 
W94:273 
Diffusion treatment 
coating on corundum mis- 
represented as diffusion 
{GN} $p94:48 
of sapphire with cobalt (GN} 
$p94:55 
Diopside 
chrome, from Russia 
(GN) Sp94:54 
Dolomite 
pink, from Cayman Islands (GN} 
F94:193 
“zebra marble” from Australia 
(GN} Su94:128 
Doublets, see Assembled stones 
Douros, see Ruby, synthetic 
Durability 
of fracture fillings in diamonds 
(Kammerling] F94:142ff 
see also specific gem materials 


E 
Editorials 
Our Future: Forthright or Fractured? 
(Boyajian} F94:141 
Gems # Gemology: Sixty Years of 
History and History-Making 
(Liddicoat} W94:219 
Emerald 
from Brazil (GN) Sp94:49, trapiche, 
from Goids (GTLN] $u94:116 
fracture filling of, in Israel 
(GN} Su94:129 
from Madagascar, mining and inclu- 
sions in (Schwarz} Su94:88ff 
polishing of, in Israel 
(GN] Su94:129 
pre-Columbian carving (GTLN} 
W94:264 
Emerald simulants 
glass, “Swarogreen” from Austria 
(GN) Su94:130 
Emerald, synthetic 
Biron, marketed in U.S. by Kimberly 
(GN) $u94:130 
flux-grown from Russia 
{GN} Sp94:57 
hydrothermal, from Russia 
(GN) F94:200 
Enhancement, see Coating, Diffusion 
treatment, Filling, Heat treatment, 
Irradiation, Treatment 
Ethiopia 
opal from (GN} Sp94:52 
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F 


Faceting, see Diamond, cuts and cut- 
ting; Lapidary arts 
Fakes 
ceramic “carving” (GTLN}] F94:184 
Feldspar 
identification of alkali vs. plagio- 
clase (GTLN] W94:265 
plagioclase, with ruby inclusions 
(GN} W94:274 
rock composed of garnet and 
(GTLN} $p94:42 
Fibrolite, see Sillimanite 
Filling, fracture or cavity 
of diamonds (GN] Sp94:47; 
(Boyajian} F94:141,; (Kammerling) 
F94:142ff 
of emeralds, in Israel (GN] Su94:129 
Finland 
diamond exploration in 
(GN] W94:272 
Flash effect 
in identification of diamond fracture 
filling (Kammerling} F94:142ff 
Fluorescence, ultraviolet 
of coating on jadeite (GN} F94:199 
chalky green, in natural sapphire 
(GTLN] F94:188 
short-wave, to resolve striae in 
synthetic sapphire (GTLN} 
W94:270 
Fluorite 
from California (GN} Su94:125 
Forsterite 
synthetic, production and identifica- 
tion of (Nassau} Su94:1 02ff 
Fourier-transform infrared spectroscopy 
(FTIR}, see Spectroscopy, infrared 


G 


Gadolinium gallium garnet (GGG} 
bluc (GN} W94:2.80 
Garnet 
demantoid, from Mexico 
(GN) F94:194 
grossular-andradite, transparent, 
from Mali, West Africa (GTLN] 
W94:265 
rhodolite, from Orissa, India (GN) 
S$p94:54 
uvarovite, from Russia (GN} 
Sp94:53 
see also Andradite, Grossular 
Gaspeite 
from Australia, “Allura” (GN) 
$u94:125 
Gem carving, see Lapidary arts 
Gem collections, see Museums 
Gems & Gemology 
“Challenge” Sp94:58 
“Challenge” results F94:203 
“Most Valuable Article Award” 
{Keller} Sp94:1 
Sixty-year anniversary (Liddicoat} 
W94:219 
“Thank You Donors” §u94:71 
Ghana 
diamond mining in (GN} $u94:123, 
F94:191 
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Glass 
“Swarogreen,” cmerald simulant 
from Austria {GN} $u94:130 
cobalt, coating over quartz beads 
(GTLN} $u94:118 
Goldman Oved 
filled diamonds from (Kammerling) 
F94:142ff 
Grossular 
hessonite, from Orissa, India 
(GN} Sp94:54; from Russia 
{GN} Sp94:54; from Sri Lanka 
(GN) W94:277 
see also Garnet 


Hatleberg, John Nels 
gem “painting” by (GN) Su94:125 
Heat treatment 
of amethyst and citrine from Bolivia 
(Vasconcelos) Sp94:4ff 
of apatite from Madagascar (GN} 
$p94:50 
of sapphire from Montana {GN} 
W94:276 
of synthetic ruby to induce flux 
“fingerprints” (Schmetzer} 
Sp94:33ff 
Hercynite 
magnetic (GTLN} Sp94:43 
Hessonite, see Grossular 
Hornblende 
iron-rich black, as jade simulant 
(GTLN) F94:186 
Horse conch 
nonnacreous “pearls” from (GN] 
F94:195 


Inclusions 

in citrine (GTLN} F94:184 

copper and tenorite, in tourmaline 
from Paraiba, Brazil (Brandstatter] 
F94:178{f 

in diamond (GTLN} F94:185; char- 
acteristic of yellows (GTLN] 
$p94:41; laser vs. natural (GTLN) 
S$u94:115 

in Douros synthetic rubies (Hanni) 
$u94:72ff 

in emeralds from Madagascar 
(Schwarz} Su94:88ff 

flux-induced “fingerprints” in syn- 
thetic ruby (Schmetzer} Sp94:33ff 

fracture-filled, in diamond (GN} 
$p94:47; (Kammerling} F94:142ff 

“horsetail,” in chatoyant demantoid 
[GN] W94:272 

metallic, in jadeite (GTLN) 
$u94:117 

needle in tanzanite, used to create 
“pinwheel” effect (GN} $u94:128 

in ruby and sapphire from Russia 
{Kissin} W94:243ff 

of ruby in feldspar (GN) W94:2.74 

in sapphire from Brazil (Epstein) 
Sp94:2.4 ff 


in synthetic phenakite (GN) F94:199 


tubular, in cat’s-eye zoisite (GN 
t yi 
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F94:198 
India 
cat’s-eye sillimanite from Orissa 
(GN} Su94:127 
gems of Orissa (GN) Sp94:54 
hessonite and rhodolite garnet from 
Orissa (GN} $p94:54 
ruby from Orissa (GN} $p94:54 
Infrared spectroscopy, see 
Spectroscopy, infrared 
Irradiation 
americium-treated green diamond 
(GTLN] F94:185 
of light yellow diamond (GTLN} 
W94:264 
Israel 
fracture filling and polishing of 
emeralds in (GN) Su94:129 


J 


Jade simulant 
hornblende (GTLN} F94:186 
Jadeite 
coated (GN} F94:199 
inclusions in, metallic (GTLN} 
$u94:117 
polymer impregnated, beads (GTLN) 
F94:187; and bleached (GTLN) 
W94:2.66; lavender (GTLN} 
$p94:43 
translucent beads (GTLN} F94:187 
Japan 
assembled blister pearls from 
(GTLN} $p94:44 


K 


Kornerupine 
from Sri Lanka (GN} W94:277 
Koss 
filled diamonds from 
{Kammerling) F94:142ff 
Kyanite 
from North Carolina (GN) W94:274 


L 


Labradorite, see Feldspar 
Lapidary Arts 
buff-top cut used for star sapphire 
GTLN} $p94:45 
Cutting Edge” winners tour 
{GN} Su94:132 
Hatleberg gem “paintings” 
GN} $u94:125 
jade-cutting factory in Thailand 
GN] Sp94:47 
“pinwheel” cut of tanzanite 
GN] S$u94:128 
robotic cutting of small synthetics 
(GN) $u94:131 
“rope” carving of obsidian by 
Anderson (GN] $p94:51 


Madagascar 
emerald from (Schwarz) Su94:88ff 
gems of—emerald, beryl, 
labradorite, phenakite, apatite, 
garnet, ruby (GN} Sp94:50 


“ 
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Malachite 
natural vs. imitation (GTLN} 
W94:267 
Mali 
grossular-andradite garnet from 
(GTLN} W94:265 
Marble 
with ruby and sapphire deposits, in 
southern Ural Mountains, Russia 
(Kissin) W94:2.43ff 
Mexico 
demantoid (andradite} garnet from 
(GN) F94:194 
obsidian from {GN} Sp94:51 
Microscopy 
immersion, to identify crystal struc- 
ture in Douros synthetic ruby 
(Hanni) $u94:72ff 
short-wave UV used with, to resolve 
striae in synthetic sapphire 
(GTLN} W94:270 
techniques to identify fracture fill- 
ing in diamonds (Kammerling} 
FO4:142ff 
Microscopy, scanning electron 
of inclusions in Paraiba tourmaline 
(Brandstatter) F94:178ff 
see also Chemical composition 
Mining 
of amethyst-citrine in Bolivia 
(Vasconcelos) Sp94:4ff 
of emeralds, in Brazil (GN) Sp94:49; 
in Madagascar (Schwarz} 
Su94:88ff 
of peridot in Pakistan (GN} F94:196 
of rubies and sapphires in Vietnam 
(Kammerling) $u94: 1 09ff 
of sapphire, in Brazil {Epstein} 
$p94:2.4ff; in Montana (GN} 
W94:276 
in Sri Lanka (GN) W94:77 
of uvarovite in Russia 
(GN) $p94:53 
see also Diamonds 
“Minkovite” 
neodymium-doped yttrium silicate 
from Russia [GN] W94:278 
Museums 
Buccellati exhibit at Los Angeles 
County Natural History Museum 
(GN) F94:201 
“Samotsvetov,” in Moscow, Russia 
{GN} F94:196 
Myanmar 
gem sales in (GN) Su94:126 
gems of—ruby, spinel, blue sapphire 
(GN) Sp94:51 
peridot from (GN} Sp94:53 


Namibia 
amethyst from {GN} W94:272 
diamond mining in (GN} F94:191 
Nepal 
corundum from (GN} F94:194 
gems of—tourmaline, ruby, sapphire 
{GN} F94:194 
Norway 
peridot from (GN} $p94:53 
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fe) 


Obsidian 
from Mexico (GN} Sp94:51 
“rope” carving of (GN} Sp94:51 
Olivine, see Peridot 
Opal 
cat's-eye, from Brazil (GN] Sp94:52 
from Ethiopia (GN] $p94:52 
greenish blue, translucent 
(GTLN} $p94:43 
Opal, synthetic 
Gilson, faceted (GN} $u94:131 
Origin of gems 
corundum, in alkali basalts 
(Levinson) W94:253ff, ruby and 
sapphire, in marble in the south- 
ern Urals, Russia {Kissin} 
W94:243ff 
Orissa, see India 
Orthoclase, see Feldspar 


P 


Paratba, see Brazil, Tourmaline 
Pakistan 
peridot from (GN) F94:196, W94:275 
Pearl 
black, banded {GTLN} F94:187 
freshwater, from Bangladesh 
(GN} Su94:127 
Pearl, cultured 
abalone “mabes” (GTLN} W94:268 
black, from Tahiti (GN} F94:195; 
treated color {(GTLN} F94:188 
blister, early assembled from Japan 
(GTLN)} Sp94:44 
freshwater tissue-nucleated, from 
China (GTLN} $u94:118 
plastic nucleus in (GTLN} Sp94:45 
“Pearl,” horse conch, see Horse conch 
People’s Republic of China, see China, 
People’s Republic of 
Peridot 
from Arizona, China, Myanmar, and 
Norway (GN} Sp94:53 
from Pakistan (GN] F94:196, 
W94:275 
pallasitic (GN) Sp94:53 
synthetic (Nassau) Su94: 1 02ff 
Phenakite 
synthetic, from Russia (GN) F94:199 


Q 


Quartz 
amethyst-citrine, from the Anahf 
mine, Bolivia (Vasconcelos} 
Sp94:4 ff 
citrine with “knot” (GTLN} F94:184 
coated with blue cobalt glass 
(GTLN} $u94:118 
tiger’s-eye, from South Africa (GN) 
$u94:127 
see also Amethyst 
Quartz, cryptocrystalline, see 
Chalcedony 
Quartz, synthetic 
bicolored, to simulate andalusite 
(GN} W94:280 
from Russia, colored (GN} Sp94:57; 
production of (GN) W94:279, 280 


Radioactivity 
of americium-treated green diamond 
(GTLN} F94:185 
Rhodonite 
from Canada, the Yukon 
(GN] F94:196 
Rocks 
feldspar and garnet (GTLN} Sp94:42 
grossular and diopside 
{GTLN] F94:186 
serpentine and forsterite 
(GTLN} F94:189 
“zebra” stones, from Australia 
(GN) Su94:128; from Arizona 
(GN) W94:2.78 
Ruby 
as inclusions in feldspar 
(GN) W94:274 
from Orissa, India {GN} Sp94:54 
from Myanmar (GN} Sp94:51 
from Russia, {Kissin} 
W94:2.43 ff 
mining of, in Vietnam (Kammerling} 
Su94: 1 OOff 
see also Corundum 
Ruby, synthetic 
Czochralski, marketed in the U.S. 
(GN) $u94:131 
Douros (GN} $p94:57, characteriza- 
tion and identification of (Hanni} 
Su94:726f 
experimental, in Russia (GN} 
W94:280 
flux-induced “fingerprints” in 
(Schmetzer} Sp94:33ff 
Russia/Russian Federation 
chrome diopside from (GN] Sp94:54 
cubic zirconia production in (GN] 
S$p94:57, W94:279 
demantoid {andradite} garnet from 
(GN} $p94:54 
diamond-cutting equipment from 
(GN] $u94:123 
diamond production and sales in 
(GN} $u94:123, F94:192 
diamond-sorting and identification 
equipment from (GN} F94:200 
gems of (GN} Sp94:54 
hessonite garnet from (GN) Sp94:54 
“Minkovite” from (GN} W94:278 
phenakite from (GN} F94:199 
production of synthetics in (GN} 
$p94:57, F94:200, W94:2.79-280 
ruby and sapphire from the southern 
Ural Mountains of {Kissin] 
W94:2.43 ff 
“Samotsvetov” museum in Moscow 
(GN} F94:196 
synthetic calcite from 
[GN] W94:279 
synthetic diamonds from 
(GN} $u94:123, W94:279 
synthetic emerald from 
(GN) Sp94:57 
synthetic quartz from (GN] Sp94:57, 
W94:279-280 
topaz, bicolored from {GN} Su94:128 
uvarovite garnet from (GN] $p94:53 
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Ss 


Sapphire 
asterism in (GTLN} Sp94:45 
from Brazil, mining of (Epstein} 
$p94:24{f 
color-zoned blue, with unusual 
fluorescence (GTLN} F94:188 
cutting of (GTLN}] Su94:120 
inclusions in, from Brazil (Epstcin} 
Sp94:2.4 ff; carbon-dioxide (GTLN} 
F94:188 
reddish brown (GTLN) W94:269ff 
from Russia, southern Urals (Kissin} 
W94:2.43ff 
from Scotland (GN} W94:275 
see also Corundum 
Sapphire, synthetic 
with asterism (GTLN} Su94:119 
color-change, with coated pavilion 
(GTLN} $p94:46 
color-zoned pink and orange 
(GTLN} F94:189 
Czochralski, marketed in U.S. (GN} 
$u94:131; yellow “pulled” (GN} 
$u94:131 
diffusion treated, with cobalt (GN} 
Sp94:55 
pink, chromium-colored, by 
Chatham (GN} Sp94:56; resolution 
of striae in (GTLN} W94:270 
pinkish orange with asterism 
(GTLN] Su94:119 
yellow (GN} Su94:131 
Scotland 
sapphire from {GN} W94:275 
Shell 
inlaid with gems (GN) F94:197 
Sierra Leone 
diamond mining in (GN} F94:191 
Sillimanite 
cat’s-eye, from India (GN) Su94:127; 
from Sri Lanka {GN} $u94:127 
Sinkankas, John 
book wins award (GN} F94:200 
South Africa 
diamond mining in (GN} F94:191, 
W94:2,71 
tiger’s-eye quartz from (GN} 
$u94:127 
Spectra, visible range 
of amethyst-citrine from Bolivia 
{Vasconcelos} Sp94:4ff 
of yellow-green cubic zirconia (GN) 
Sp94:57 
of treated diamond (GTLN} 
W94:264 
of Douros synthetic rubies (Hanni) 
$u94:7 2ff 
of garnets from Madagascar (GN} 
Sp94:50 
of grossular-andradite (GTLN} 
W94:2.65 
of neodymium-doped yttrium sili- 
cate (GN) W94:278 
of peridot from Pakistan (GN] 
W94:275 
of sapphire (GTLN] W94:269 
of “teal” blue spinel (GN) W94:276 
of “Swarogreen” glass (GN} 
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$u94:130 
of vayrynenite (GTLN] $u94:121 
Spectroscopy, infrared 
of amethyst-citrine from Bolivia 
{Vasconcelos} Sp94:4ff 
of fracture fillings in diamond 
(Kammerling} F94:142ff 
of impregnated jadeite (GTLN) 
$p94:43, W94:266 
Spinel 
from Russia, southern Urals (Kissin] 
W94:2.43ff 
from Sri Lanka (GN} W94:2,77 
“teal” blue, with cobalt and nickel 
(GN} W94:2.76 
Sri Lanka 
production update—corundum, 
hessonite garnet, kornerupine, 
spinel, and zircon from {GN} 
W94:277 
sillimanite from (GN} Su94:127 
Stability 
of fracture filling in diamonds 
{(Kammerling) F94:142ff 
Star, see Asterism 
Synthetics 
Russian production of (GN]} $p94:57, 
F94:200, W94:279, 280 
see also specific gem materials 


T 


Tahiti 
cultured pearls from (GN) F94:195 
Tanzania 
“chrome” tourmaline from 
(IGN) $p94:55 
diamonds in {GN} W94:271 
Thailand 
jade-cutting factory in Mac Sai 
(GN) Sp94:47 
Topaz 
bicolored, from Russia and the 
Ukraine (GN) Su94:128 
Tourmaline 
atypical refractive index 
(GN} 194:198 
from Afghanistan (GN] Sp94:55 
“chrome” (GN} Sp94:55 
cuprian, from Paraiba, Brazil (GN} 
Sp94:55; (Brandstatter} F94:178ff 
inclusions in, copper and tenorite 
(Brandstatter] F94:178ff 
from Nepal (GN] F94:194 
from Tanzania (GN} Sp94:55 
Treatment 


coated pavilion on color-change syn- 


thetic sapphire (GTLN} $p94:46 
impregnation of jadeite (GTLN} 
$p94:43, F94:197, W94:2.66 
see also Coating, Diffusion treat- 
ment, Dyeing, Filling, Heat treat- 
ment, Irradiation 
Tucson gem and mineral shows 
highlights of (GN) Sp94:48ff 
Turkey 
color-change diaspore from 
(GN) W94:273 
Turquoise 
impregnated, and dyed (GTLN] 
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$u94:120; identification of 
({GTLN} F94:190 


U 


Ukraine 
bicolored topaz from (GN} $u94:128 
United States 

beryl from North Carolina {GN} 
W94:274 

corundum from Montana (GTLN} 
$u94:120; (GN) W94:2.76 

diamonds, from the Appalachians 
(GN} W94:271; from Wisconsin 
(GN} $u94:122 

fluorite from California (GN} 
$u94:125 

gem production in 1993 (GN] 
F94:198 

gems of Arizona—chrysocolla, chal- 
cedony, turquoise, azurite, peridot 
(GN} Sp94:49, “zebra stone” (GN] 
W94:278 

kyanite from North Carolina (GN] 
W94:274 


Vv 


Vayrynenite 
faceted, identification of (GTLN} 
$u94:121 
Vietnam 
corundum mining in (Kammerling) 
Su94: LOOfE 
“Trapiche” corundum from (GN) 
F94;197 


x 


X-radiography 
and assembled cultured blister 
pearls (GTLN] Sp94:44-45 
to identify filled diamonds 
(Kammerling} F94:142ff 
X-ray fluorescence spectroscopy 
see Chemical composition 


Y 


Yehuda 
filled diamonds from 
(Kammerling} FO4:142ff 
Yttrium aluminum perovskite (YAP} 
colored (GN) W94:280 


“Zebra” stones 
from Arizona (GN) W94:278 
from Australia (GN} Su94:120 
Zimbabwe 
diamond production in 
(GN) $u94:123 
Zircon 
from Sri Lanka (GN] W94:277 
Zoisite 
cat’s-eye green (GN} F94:198 
“pinwheel” cut tanzanite 
[GN] $u94:128 
Zoning, see Color zoning 
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LETTERS 


KUDOS FOR “COLOR GRADING 
OF COLORED DIAMONDS” 


Congratulations to the authors of the report 
“Colored Grading of Colored Diamonds in the 
GIA Gem Trade Laboratory,” by King, Moses, 
Shigley, and Liu, which appeared in the Winter 
‘04 issue of Gems #& Gemology (pp. 220-242). It 
is a superb achievement. I am so impressed that I 
feel comment is appropriate. 

I was very concerned when I first learned 
that the GIA was preparing an article on their 
color-grading system for colored diamonds. The 
measurement of color for paints and other 
opaque surfaces is a quite routine matter, but 
transparent substances present complications. 
There are additional problems that arise with the 
measurement of color in faceted gemstones, 
including the variations of color with orienta- 
tion, across the stone, face up versus face down, 
and so on. Much nonsense has been written on 
this subject. 

I need not have worried; publication of this 
article has put all my concerns to rest. The 
authors (as well as the many others within GIA 
who helped} are to be congratulated on an excel- 
lent solution to a difficult task. They appear to 
have covered all the problems that could arise in 
normal practice. I believe the terminology grid, 
which they based on the time-tested Munsell 
and ISCC-NCS approaches, is also likely to sur- 
vive the test of time. Their technique is extreme- 
ly well presented in the article; no doubt the edi- 
tors also deserve some credit for this. 

I hope that the GIA will continue to publish 
details on their grading system as more informa- 
tion becomes available in the future. 

So again: Congratulations! 


KURT NASSAU, Ph.D. 
Nassau Consultants 
Lebanon, New Jersey 


Lettcrs 


SAPPHIRE-BEARING ALKALI 
BASALTS IN NIGERIA 


With great interest I read the article “Gem 
Corundum in Alkali Basalt: Origin and 
Occurrence,” by Drs. Levinson and Cook, in the 
Winter 1994 issue (pp. 253-262). However, I 
would like to update the information in one 
remark, on page 256: “Significantly, all reported 
economic, and potentially economic, secondary 
occurrences of basaltic corundum are spatially 
associated with the alkali type of basalt. (Coen- 
raads et al., 1990, mention two possible excep- 
tions, in Nigeria and Southern China, but these 
are not well documented.}” 

In the Journal of Gemmology, 1990, Vol. 22, 
No. 4 (pp. 195-202), J. Kanis and R. R. Harding 
published an article titled “Gemstone Prospects 
in Central Nigeria,” in which we described the 
occurrence of sapphires and zircons of the Jemaa 
district, in central Nigeria. We compared the 
Jemaa alkali basalts with the occurrenccs in 
Australia, Thailand, and Kampuchea. 

From our description, it is evident that the 
vast sapphire deposits in central Nigeria are not 
“a possible exception,” but definitely belong to 
the alkali type of corundum occurrence. 


JAN KANIS, Ph.D. 
Veitsrodt, Germany 


Reply and Erratum 


We regret that we missed the paper by Kanis and 
Harding in our literature search, and we thank 
Dr. Kanis for bringing this to our attention. 

We would like to take this opportunity to 
correct an error in the caption to figure 6 (p. 260) 
in our paper: the longest corundum crystal is 1.3 
em {about 0.5 inches}, not 13 cm {about 5 inches}. 


A. A, Levinson, Ph.D. and Fred Cook, Ph.D. 
Calgary, Alberta, Canada 
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RUBIES FROM Mone Hsu 


By Adolf Peretti, Karl Schmetzer, Heinz-Jiirgen Bernhardt, and Fred Mouawad 


Large quantities of rabies—both rough and 
faceted—from a commercially important 
new source in Myanmar (Burma} have been 
available on the Bangkok market since 1992. 
The ruby crystals from the Mong Hsu marble 
deposit have dipyramidal to barrel-shaped 
habits and reveal dark violet to almost black 
“cores” and red “rims.” With heat treatment, 
which removes their blue color component, 
the cores become intense red. The rubies grew 
under varying conditions in complex growth 
sequences. The color distribution between 
cores and rims is related to a different incor- 
poration of chromium and/or titanium during 
crystal growth. Gemological, microscopic, 
chemical, and spectroscopic properties pre- 
sented here permit the separation of faceted 
Mong Hsu rubies from their synthetic and 
other natural counterparts. Problems arising 
from artificial fracture fillings are also 
addressed. 


ABOUT THE AUTHORS 


Dr. Peretti, formerly director of the GUbelin 
Gemmological Laboratory, is an independent 
gemological consultant residing in Adligenswil, near 
Lucerne, Switzerland. Or. Schmetzer is a research 
scientist residing in Petershausen, near Munich, 
Germany. Dr. Bernharat is a research scientist at 
the Insititut fur Mineralogie of Ruhr-Universitat, 
Bochum, Germany, Mr. Mouawad is a Graduate 
Gemologist and vice-president of the Mouawad 
Group of Companies, Geneva, Switzerland, cur- 
rently at Harvard University Business School, 
Cambridge, Massachusetts. 


See acknowedgments at the end of the article. 
Photos and photomicrographs are by the authors, 
unless otherwise noted. Magnifications refer to the 
power at which the photomicrograph was taken. 
Gems & Gemology, Vol. 31, No. 7, pp. 2-26. 
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2 Mong Hsu Rubies 


ince 1992, Mong Hsu has been a primary source of ruby 
available in Thailand (figure 1). Mong Hsu is a small town 
situated in northeastern Myanmar (formerly Burma] in 
Shan State, which borders Thailand, Laos, and China. 
Untreated samples from this new source typically consist of 
bicolored corundum, with dark violet to almost black sap- 
phire cores and ruby rims (figure 2}. With heat treatment, 
the violet cores can be converted to red. Large quantities of 
untreated corundum crystals are brought into Thailand at 
Mae Sai and, to a lesser extent, at Mae Hong Son (see figure 
3). In 1993, about 200 buyers from Chantaburi (Thailand} 
were spending several million U.S. dollars a month on 
Mong Hsu rough in Mae Sai (“Special report: Mong Hsu . . .,” 
1993). Thus, the Mong Hsu ruby has become an important 
source of supply to the world market. 

In September 1992, one of the authors (AP) joined a 
group of gemologists who traveled to Myanmar and 
Vietnam at the invitation of the Asian Institute of 
Gemmological Sciences (AIGS}, Bangkok, to learn about the 
occurrences of rubies and sapphires in these countries (see 
Jobbins, 1992; Kammerling et al., 1994}, During this trip, at 
the mid-year Emporium in Yangon (Rangoon), Myanmar, 
the Myanma Gems Enterprise (MGE) announced a new 
ruby deposit in the region of Mong Hsu, and showed the 
group a series of rough samples with violet cores and red 
outer layers (called rims here for simplicity]. Six samples 
were submitted for further study to one of the authors (AP}, 
who also took the opportunity to test some cut stones 
{including heat-treated samples without violet cores) from 
this new source. The untreated rough and heat-treated cut 
rubies examined during that visit were essentially identical 
to the material examined later for this study. According to 
information subsequently obtained in Bangkok, many Thai 
dealers were already buying Mong Hsu rubies (see “Burma’s 
Mong Hsu mine rediscovered . . .,” 1993). 

By October 1992, large quantities of faceted material 
approximately 0.5—1 ct in size and of high-quality color sat- 
uration and transparency had also begun to appear on the 
European market. One of the first lots of this material 
(obtained from a dealer in Munich} was studied in detail by 
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Figure 1, Since 1991, the 
Mong Hsu area in north- 
eastern Myanmar has pro- 
duced large quantities of 
superb rubies. This suite 
contains 58.22 ct of Mong 
Hsu rubies (the largest is 
2.62 ct). Courtesy of 
Mouawad Jewellers; photo 
by Wicky Tjerk. 
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one of the authors (KS}. Seventy of the 74 cut stones 
in this lot were almost identical with respect to 
their gemological characteristics, and unlike mate- 
rial from any other known locality; of the remain- 
ing four stones, two had typical Mogok features and 
two were typical of Thai ruby. When it was deter- 
mined that the features of this new material were 
very similar to those of the Mong Hsu stones 
acquired in Yangon (notwithstanding any potential 
change of color and other properties that might be 
caused by heat treatment}, the decision was made 
to carry out a complete study of these rubies. 

Preliminary reports about some of the proper- 
ties of Mong Hsu rubies have appeared in trade 
journals (Clark, 1993; Laughter, 1993a and b; 
Peretti, 1993; Milisenda and Henn, 1994}, and an 
initial research study was published by Smith and 
Surdez (1994). 


LOCATION 


Although, because of security concerns, the authors 
were not able to visit the Mong Hsu deposit, first- 


Mong Hsu Rubies 


hand information and photographs were obtained 
from miners in the summer of 1993. Reports on the 
local geology and mining operations have been pub- 
lished by Hlaing (1991, 1993, 1994} and are summaz- 
rized below. 

Mong Hsu is located about 250 km (150 miles) 
southeast of Mogok (figure 3}, at an elevation of 700 
m above sea level. It can be reached from Taung 
Gyi, the capital of Shan State, by traveling over a 
rough road for about .14 hours (Hlaing, 1994). 
Secondary (alluvial) corundum deposits are found in 
the terraces of Nam Hsu River, southeast of Mong 
Hsu township. These river terraces, where the first 
rubies were discovered and where mining and 
prospecting started, are 4 km long and 0.8 km wide, 
trending from northwest to southeast, and 80-160 
m deep. In 1992, about 2,000 miners were working 
these alluvial deposits. 

Additional secondary deposits have been found 
16 km (10 miles} farther southeast. These extend 
over an area more than LOO km? between the two 
mountains Hsan Tao and Loi Paning. The "government 
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Figure 2. A distinctive feature of Mong Hsu ruby 
crystals is their deep violet (sapphire) core, which 
is surrounded by a red (ruby) rim. With heat treat- 
ment, the violet core becomes a deep red. This 
Mong Hsu ruby "thin section" is 5.3 mm wide; 
photo courtesy of John Einmett. 


prospecting area" is restricted to a central 0.8 km? 
portion (figure 3). By 1994, about 500 joint ventures 
between private individuals and the Myanmar gov- 
ernment were operating in the region (Hlaing, 


Figure 3, This map of the Mong Hsu region in northeastern Myanmar (see 
inset) shows the areas of current mining activity. The alluvial deposits (stip- 
pled areas), where the first rubies were found, are in river terraces southeast of 
the town of Mong Hsu. Primary occurrences of ruby with adjacent secondary 
deposits were discovered around Loi Hsan Tao. The pink region represents the 
area of gem potential suggested by prospecting in 1993. Adapted from) Hlaing, 
1993; courtesy of the Australian Gemmologist. 


4 Mong Hsu Rubies 


1994), literally chewing up the surrounding hills 
(figure 4). Alluvial ruby is also found at Loi Khan 
and Mong Sang, which lie southwest and south 
{respectively} of Mong Hsu (again, see figure 3). 


GEOLOGY AND MINERAL ASSEMBLAGES 
According to the geologic map of Myanmar (Earth 
Sciences Research Division, 1977}, the Mong Hsu 
ruby deposits are situated at the contact of upper 
Paleozoic marbles and other Paleozoic rocks, 
including various types of metamorphosed sedi- 
ments. Hlaing (1991, 1993, 1994] reports that the 
major rock types in the region of the primary ruby 
occurrences are mica schist, phyllite, and calcsili- 
cate rocks; the rubies occur in a marble belonging 
to this Paleozoic series. 

Additional information on the different rock 
types in the vicinity of the Mong Hsu mines was 
obtained from the study of minerals that appear 
mixed with the ruby rough from the market at Mae 
Sai and on the surface of the corundum crystals 
themselves. These were identified by means of X- 
ray powder diffraction analysis, quantitative elec- 
tron microprobe analysis, and a scanning electron 
microscope with energy-dispersive X-ray detector. 


PEOPLE'S 
REPUBLIC 
OF CHINA 


BAY OF BENGAL 
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They include green and brown chromium-bearing 
dravite {tourmaline}, andalusite, almandine, quartz, 
and green, chromium- and vanadium-bearing 
tremolite. One of the almandine crystals was over- 
grown with white mica. Overgrowths on the ruby 
crystals were identified as fuchsite (green mica), 
white mica, and light green Mg-chlorite. 

Garnet, green tourmaline, tremolite, white 
mica, and quartz were also described by Hlaing 
(1993), with staurolite and pyrite mentioned as 
accessory minerals. The overgrowth of green 
tourmaline on Mong Hsu rubies noted by Hlaing 
(1993} was not found in this study; rather, all 
light green to green overgrowths on rubies avail- 
able to us were identified as either fuchsite or 
Mg-chlorite. 

From these mineral assemblages, it is evi- 
dent that, although both the Mong Hsu and 
Mogok occurrences are metamorphic, they differ 
in the specific environment in which the rubies 
formed (Earth Sciences Research Division, 1977; 
Hlaing, 1981; Keller, 1983; Hunstiger, 1990; 
Kane and Kammerling, 1992; Kammerling et al., 
1994). At Mogok, ruby occurs in situ in amphi- 
bolite-to-granulite facies metamorphosed mar- 
bles and calcsilicate marbles. In contrast, the 
mineral assemblages of Mong Hsu indicate mar- 
bles and metapelitic rocks metamorphosed to 
(lower temperature) amphibolite facies. Thus, 
Mogok represents a higher degree of metamor- 
phism than does the Mong Hsu mining area. 


MINING 


Mining of the secondary deposits is by the classic 
methods used in Mogok (as described by, e.g., Kane 
and Kammerling, 1992) and elsewhere in Southeast 
Asia. In fact, a Mogok miner is believed to have 
been the first to discover rubies in Nam Nga 
Stream at Mong Hsu {Hlaing 1994), and many min- 
ers have traveled from Mogok to work at the new 
locality. In and along the waterways, the gravels are 
removed and washed in simple baskets. Ruby-bear- 
ing gravel layers (known as byon} in the surround- 
ing area are reached by: (1) digging holes from the 
surface into which the miner is lowered {and the 
gravels removed) by a simple rope and pulley sys- 
tem; (2) excavating horizontal tunnels into the hill 
itself, at the level of the gravel layer; and (3) open- 
pit mining, with the gravels sorted and recovered by 
sometimes elaborate sluicing systems (figure 5]. At 
some mining sites, mechanized sieves are used to 
work the gravels (Hlaing, 1994). 
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Figure 4, Holes and shafts dug to mine the gem- 
bearing gravels penetrate the hillsides at Mong 
Hsu in this 1993 photo by V. Yothavut. 


CUT STONES AVAILABLE IN THE MARKET 


The vast majority of faceted Mong Hsu rubies 
found on the world market are heat treated, and 
there is a wide range of qualities. Large quantities of 
transparent stones with fine red color were avail- 
able in 1993 and 1994 in sizes up to 0.7 ct (see, e.g., 
figure 6]. Stones of good to very good color and clari- 
ty were found in the 1-2 ct range. Stones between 3 
and 5 ct were found to be mostly of medium to 
good quality. These observations are consistent 
with those reported recently in the trade press 
(“Rains wash out Mong Hsu supply,” 1994]. Clarity 
may be reduced in samples of all sizes by translu- 
cent zones of dense white clouds or by the presence 


Figure 5. At the Mong Hsu ruby occurrence, an 
elaborate sluicing system brings the gravels down 
this hillside for processing. Photo by V. Yothavut. 
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Figure 6, Mong Hsu rubies are typically heat treat- 
ed, to produce a well-saturated red hue as shown 
here. Like most of the faceted stones produced to 
date, these Mong Hsu rubies, from the study sam- 
ple, are small, 0.348 to 0.683 ct. Photo by Shane F. 
McClure. 


of fingerprint-like inclusions and cracks (see 
"Microscopic Features" below}. 

In many of the faceted rubies examined for this 
study, foreign fillings—such as glass-like sub- 
stances—were found in fissures and surface cavities 
(again, see "Microscopic Features" below}. Gem lab- 
oratories in Asia have reported seeing glass fillings 
in more than 50% (and, one Thai laboratory, in as 
much as 90%) of the Mong Hsu rubies examined to 
date ("Glass filled rubies increasing," 1994}, Stones 
above 5 ct with excellent color and clarity, and no 
evidence of foreign fillings, appear to be extremely 
rare. 


Figure 7. Heat treatment (in Germany) produced 
the dramatic color change (right) in this Mong 
Hsu crystal, which was originally almost black 
(left). Total length, about 6 mm, 
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Fillings in large fissures and cracks improve the 
apparent clarity of the stones considerably (Peretti, 
1993; Milisenda and Henn, 1994}. They result from 
heat treatment in borax or a similar substance, but 
heat treatment in chemicals is not necessary to 
alter the violet cores of color-zoned stones to red, as 
shown by heat-treatment experiments performed in 
Germany (see figures 7 and 8}, According to infor- 
mation obtained in Bangkok, some commercial 
Thai laboratories use a two-step procedure to heat 
treat Mong Hsu rubies. First, the samples are heat- 
ed, without the use of borax, to remove the violet 
color. Then, the mies are heated in a borax con- 
tainer to fill fissures and thus enhance apparent 
clarity. Consequently, some Mong Hsu rubies that 
have fractures filled with a foreign substance have 
been treated for both clarity and color enhance- 
ment. In these cases, glass or other foreign fracture 
fillings are not simply an “inadvertent" by-product 
of heat treatment conducted to remove the blue 
color component in the samples, as some in the 
trade have claimed. 

Because rubies with artificially filled fractures 
must be sold as treated, large lots of Mong Hsu 
rubies containing many stones with such fillings 
were rejected by European dealers and returned to 
Bangkok in 1993. In addition, some fracture-filled 
Mong Hsu rubies have been misidentified as flux- 
grown synthetic rubies. Some Thai companies have 
tried to remove the fillings through acid treatment 
or by recutting the stones. These problems—and 
others, such as the high volume of production— 
caused a steep drop in the price of Mong Hsu rough 


Figure 8. This 8-mm-long Mong Hsu crystal has 
been cut to show the effect of heat treatment on 
the core area. The right half is the original 
(untreated) control sample; with heat treatment, 
the left half is now a solid red. 
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at Mae Sai and Bangkok in 1993, to nearly half of its 
peak (see, e.g., Koivula et al., 1993b; Kammerling et 
al., 1994; Hlaing, 1994). 


CHARACTERISTICS OF MONG HSU RUBIES 


Materials and Methods. In addition to the six rough 
samples provided by MGE in September 1992 and 
the 74 faceted stones obtained in October 1992 
from a Munich dealer, we subsequently saw and 
examined several parcels of untreated and heat- 
treated rough and faceted Mong Hsu rubies in both 
the Bangkok and European markets. Using as our 
guide the unusual gemological properties (e.g., 
growth features) of Mong Hsu rubies that we had 
determined by late 1992, we were able to select 
parcels of stones that we were confident were free 
of rubies from other localities for further examina- 
tion. As of summer 1993, we had selected approxi- 
mately 50 rough samples and 100 faceted stones— 
most less than 1 ct (again, see figure 6), with a few 
up to 2.5 ct—for this research project. In addition, 
during separate visits to northern Thailand in mid- 
1993, two of the authors {AP and FM) saw large 
quantities of untreated Mong Hsu rubies that had 
entered Thailand at Mae Sai. We purchased several 
parcels of selected samples for this study. After pre- 
liminary examination of about 1,000 carats (in sizes 
up to 5 ct} of the material obtained at Mae Sai, 
which was top-quality rough, we selected a parcel 
of 23 rough, untreated pieces for further study (see, 
e.g., figure 9}. In addition, we examined a great 
number of the samples selected at Mae Sai after 
they had been heat treated in Chantaburi, Thailand, 
from these, we selected nine for further study in 
Europe. One of the authors (KS) also heat treated 
about 15 Mong Hsu samples in Germany. 

In summary, we had access to more than 200 
cut and about 100 rough gem-quality rubies, which 
we were confident were of Mong Hsu origin, for 
detailed gemological and mineralogic studies. 

We performed standard gemological testing on 
about 50 of these samples (faceted stones and rough 
with polished windows}. To characterize the inter- 
nal and external growth planes, we studied approxi- 
mately 200 samples total (about 60% of which were 
faceted) using a Schneider horizontal (immersion) 
microscope with a specially designed sample holder 
and with specially designed (to measure angles] eye- 
pieces (Schmetzer, 1986a; Kiefert and Schmetzer, 
1991; see box A}; an additional 12 rough crystals 
were examined with a standard goniometer. We 
studied and photographed the inclusions using the 
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Figure 9. We selected these untreated pieces of 
Mong Hsu ruby rough from our study sample to 
illustrate some of the many different forms in 
which this material occurs. The first two rows are 
typical barrel-shaped, well-terminated 

crystals; the third row shows flat samples that are 
sometimes seen, which possibly formed in narrow 
veins; the waterworn crystals in the fourth row 
represent a niinor proportion of the ruby lots. For 
an idea of size, note that the crystal on the far left 
in the upper row is approximately 8 mm Jong. 


Schneider microscope with Zeiss optics as well as 
an Eickhorst vertical microscope with Nikon optics 
(the latter with fiber-optic illumination). 

Solid inclusions were identified by Raman 
microprobe spectroscopy, using an X-Y Dilor 
instrument, as well as by a Philips scanning elec- 
tron microscope with a Tracor energy-dispersive X- 
ray spectrometer (SEM-EDS}. 

Bulk chemical analyses of five untreated rough 
and five heat-treated cut stones of variable color sat- 
uration were performed by energy-dispersive X-ray 
fluorescence ([EDXRF} using a Tracor Northern TN 
5000 system. The analyses yield the mean chemical 


GEMS & GEMOLOGY Spring 1995 7 


BOX A: 
Determination of Growth Structures 


The determination of a gem's structural properties, 
such as straight growth planes that parallel the exter- 
nal faces of the original crystal, or twin planes, is 
becoming increasingly important as an additional, eas- 
ily performed method to characterize natural and syn- 
thetic gemstones. It requires a microscope, an immer- 
sion cell, and immersion liquids (see, e.g., Kiefert and 
Schmetzer, 1991, for a detailed discussion of the appa- 
ratus used for this report}. Also useful for the determi- 
native procedures in a horizontal microscope are {1} a 
biaxial or triaxial sample holder with a dial attached to 
its vertical axis, and (2) a rotary measuring eyepiece 
with cross hairs attached to the lens and a dial 
attached to the ocular tube. 

The basic habit of corundum consists of a small 
number of significant crystal forms: the basal pinacoid, 
the hexagonal prism, the positive rhombohedron, and 
the negative rhombohedron, as well as different hexag- 
onal dipyramids. The angles formed by one crystal face 
and the c-axis, as well as those formed by two distinct 
crystal faces, are fixed and well known. The biaxial 
sample holder is used to determine crystal faces by 
measuring the angle between the optic axis of the ruby 
crystal and families of straight, parallel growth planes. 
The measuring eyepiece is used to determine the 
angles between two different families of straight, paral- 
lel growth planes independent of the orientation of the 
crystal’s optic axis. 

The first step in examining a faceted ruby is to 
locate the stone's optic axis and orient it so that it is 
parallel to the axis of the horizontal microscope. With 


composition of a surface exposed to the X-ray beam 
{approximately 2 mm in diameter}. Sixteen ele- 
ments (Al, Mg, Si, P, K, Ca, Ti, V, Cr, Mn, Fe, Ni, 
Cu, Ga, Zr, Nb} were analyzed with software pro- 
vided by the manufacturer, which normalizes the 
resulting oxide percentages to 100 wt.% totals. 

Five faceted and three rough samples were ana- 
lyzed by electron microprobe (CAMECA Camebax 
SX 50}, using an acceleration voltage of 20 kV; stan- 
dard materials of corundum ({Al,O3}, rutile (TiOd], 
eskolaite (CryO3), hematite (Fe,O3), and Mn and V 
metals; and counting times of 60 seconds for each 
element (necessary to detect traces of, e.g., iron). To 
evaluate the inhomogeneous chemical composi- 
tions of the samples, between two and seven tra- 
verses of 30 to 50 point analyses each were mea- 
sured across the cores and outer areas of the five 
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the stone in this orientation, which is easily accom- 
plished by interference figures seen with crossed polar- 
izers, the gemologist can determine the growth planes 
by tilting the gem in the direction the optic axis is 
inclined vis d vis the microscope axis. The angle 
between the optic axis and a family of straight parallel 
growth planes can be read on the sample-holder dial. 

For Mong Hsu rubies, traces of the hexagonal 
dipyramid @ are sharply outlined with the optic axis 
inclined about 5° from the microscope axis (as illus- 
trated in figure A-1, right}. When Mong Hsu rubies are 
examined in a direction about 30° inclined to the c- 
axis, traces of growth planes parallel to the positive 
rhombohedron r and the hexagonal! dipyramid n can be 
seen (figure A-1, left}. 

As a second step, the gemstone should be rotated 
through 90° toward an orientation in which the optic 
axis is parallel to the vertical axis of the sample holder, 
In this orientation, the growth structures parallel to 
the basal pinacoid c are easily recognized. As the gem 
is rotated about the vertical axis of the sample holder, 
growth structures parallel to rhombohedral faces and 
to different hexagonal dipyramids can also be seen. 
After each rotation through 30°, another series of 
growth planes becomes visible, and identical planes 
are repeated after each rotation through 60°. 

For Mong Hsu rubies, this second step reveals 
characteristic growth planes that typically consist of c, 
c, and n (figure A-2, left}. After rotation through 30°, a 
characteristic pattern formed by r and c usually 
becomes visible (figure A-2, right}. 


faceted and two of the rough samples. A more 
detailed examination, with four scans of 600 to 800 
point analyses each, was performed on the third 
rough sample (figure B-1], which was extraordinary. 
We had the samples oriented so that the visible 
color zoning between the core and the rim could be 
traversed. 

Spectral data of 25 representative samples, 
including untreated rough and heat-treated cut 
stones, were obtained with a Leitz-Unicam SP 800 
UV-VIS spectrophotometer. Infrared spectroscopy 
was carried out on 15 heat-treated samples using a 
Pye-Unicam 9600 FTIR spectrometer and a diffuse- 
reflection unit. 


Crystallography. Facet-quality Mong Hsu rubies are 
typically well-terminated, barrel-shaped crystals 
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(figure 10). Two major habits were observed (figure 
11): The first is dominated by the hexagonal dipyra- 
mid w (14 14 28 3) and by the basal pinacoid c 
(0001), with a subordinate positive rhombohedron r 
(1011). The other habit shows additional hexagonal 
dipyramids n (2243). Only minor amounts of water- 
worn crystals were found in the lots examined. 

Another form of Mong Hsu ruby is extremely 
flat, possibly due to growth in narrow veins (again 
see figure 9]. Crystals with this morphology, in gen- 
eral, are not useful for jewelry purposes and were 
therefore not included in this report. 


Visual Appearance. Less than 5% of the rough 
Mong Hsu samples we examined were a uniform 
red or violet to almost black. Most stones from this 
locality show a distinct color zoning, with transpar- 
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Figure A-1. Mong Hsu 
ruby slice (about 4.5 mm 
wide), cut perpendicular 
to the c-axis: inclined 
about 5° to the c-axis 
(right), @ planes are sharp; 
inclined about 30° (left), 
rand n planes are sharp. 
Immersion. 


Figure A-2. In this 
heat-treated and 
faceted Mong Hsu 
ruby, the intense red 
"core" is confined to 
growth faces parallel to 
the basal pinacoid c; 
lighter red areas are 
confined to two hexag- 
onal dipyramids n and 
w (left) and to the posi- 
tive rhombohedron r 
(right). View perpendic- 
ular to the c-axis; dur- 
ing a rotation of the 
stones through 30° 
about the c-axis, two 
different sharp outlines 
of growth structures 
are visible. Lmmersion, 
magnified 50x. 


ent red outer zones ("rims") and violet to almost 
black centers (commonly called "cores") that appear 
opaque to translucent (again, see figures 9 and 10). 
In thin section, a core that originally looked almost 
black and opaque will undoubtedly appear violet 
and transparent (see, e.g., figure 2). Depending on 
what part of the original crystal a fragment repre- 
sents, great variability in color and color zoning is 
observed in lots of the rough. A more detailed 
description of this extraordinary color zoning is pre- 
sented in "Microscopic Features" below. 

Heat treatment removes the violet component 
of the cores to produce stones that are uniformly 
red, as confirmed by experiments carried out in 
Germany (see figures 7 and 8}. There is, however, 
some variation in the shades of red seen in the heat- 
treated samples. In addition, in some of the rough 
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Figure 10. A well-formed Mong Hsu crystal con- 
sists of two hexagonal dipyramids, w and n, the 
positive rhombohedron 1, and the basal pinacoid 
c, as illustrated by this 5-mm sample. Note the 
violet core. 


heat treated commercially, we observed translu- 
cent, highly reflecting, whitish zones that made the 
stones unsuitable for faceting. As a result of these 
whitish zones, a percentage of the material is reject- 
ed after heat treatment. Although distinct color 
zoning is usually not visible with the unaided eye, 
microscopic examination reveals a highly charac- 
teristic type of color zoning related to specific 
growth structures in most of the heat-treated sam- 
ples—with intense red related to core zones and 
lighter red related to rims. 


Gemological Properties. The distinctive color distri- 
bution in Mong Hsu rubies is also reflected in some 
of their gemological properties {table 1). 


UV Fluorescence. The differences between cores 
and rim areas are well illustrated by their reactions 
to long- and short-wave ultraviolet radiation. In 
untreated samples, the cores are inert or fluoresce 
light orange to light red, whereas the rims fluoresce 
intense orange-red to red. This difference is less 
obvious after heat treatment: The cores of heat- 
treated samples fluoresce orange-red to red, whereas 
the rims remain intense orange-red to intense red. 
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Figure 11. The crystal habit of Mong Hsu rubies 
consists of two hexagonal dipyramids, n (2243) 
and @ (14 14 28 3), the basal pinacoid c (0001), 
and the positive rhombohedron r (1011). The crys- 
tal drawn on the left is dominated by w and c 
faces, with a subordinate r plane; the crystal 
shown on the right is dominated by w and c faces, 
with subordinate r and n planes. 


Optical Properties. We found the variations in 
refractive index among the different samples to be 
unusually high for both the ordinary and extraordi- 
nary rays, with a slightly variable birefringence 
between 0.008 and 0.010 (see table 1). A similar 
large variation in R.L's was reported by Smith and 
Surdez (1994) for rubies from Mong Hsu, and was 
recently described for rubies from Malawi that 
revealed highly variable amounts of trace elements, 
especially chromium (Bank et al., 1988). 

We also found differences in R.I. between cores 
and rims of both heat-treated and untreated Mong 
Hsu samples. For example, one rough sample that 
was sawn and polished revealed R.L's of ng = 1.774 
for the core and 1.770 for the rim, n, = 1.765 for the 
core and 1.762. for the rim (birefringence = 0.009 and 
0.008, respectively). 

Therefore, depending on the orientation of the 
table facet with respect to the optical axis and the 
portion of the original crystal the table encompass- 
es, different refractive indices are possible. If the 
table facet is largely confined to one single growth 
zone (see "Microscopic Features" below and boxes A 
and B}, sharp shadow edges are observed for the 
ordinary and the extraordinary rays on the refrac- 
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TABLE 1. Gemological characteristics of Mong Hsu rubies.@ 


Untreated samples Heat-treated samples 


Property Core Rim Core Rim 
Color Violet to black Red Intense red Red 
Pleochroic colors 
Parallel to c Light bluish violet Orange-red Orange-red Orange-red 
to reddish violet 
Perpendicular toc — Intense bluish violet Purplish red Purplish red Purplish red 


to reddish violet 
Fluorescence 
Long-wave UV 


Inert or light orange Intense orange red Orange red 


Intense orange-red 


Short-wave UV Inert or light red Intense red Red Intense red 
Specific gravity (range) 3.990 - 4.010 
Refractive indices (range) 

No 1.768 - 1.780 

Ne 1.760 - 1.770 
Birefringence 0.008 - 0.010 


4 For the ordinary type of samples with violet to black cores and red rims. 


tometer (table 1). This is often the case for samples 
with table facets cut parallel to the c-axis or for 
samples with small cores. If the table facet encom- 
passes a.'mixed" area—that is, part is from the core 
and part is from the rim, the shadow edges are often 
less distinct and in extreme cases no readings are 
visible on the refractometer. Typically, this is the 
case with a stone on which the table facet is orient- 
ed perpendicular to the c-axis, with an intense red 
central core and a lighter red rim. All intermediate 
situations are observed for faceted samples with 
random orientation. 

This unusual variation in refractive indices 
within one crystal is usually caused by the chemi- 
cal zoning between cores and rims, but it also may 
occur between different zones within cores and 
outer areas (see "Chemical Properties” and box B). 

Other gemological properties of the Mong Hsu 
rubies tested, such as pleochroism and specific grav- 
ity (table 1], were consistent with those of natural 
rubies from other localities. Note that the color of 
the untreated cores appeared intense violet perpen- 
dicular to the c-axis and somewhat lighter violet 
parallel to the c-axis. 


Microscopic Features. Growth Structures and Color 
Zoning in Untreated Mong Hsu Rubies. By deter- 
mining the internal growth structures in a cut 
stone, the gemologist can reconstruct the habit of 
the original ruby crystal. (Again, see box A for the 
procedures used in this study.) Changes in the habit 
during growth and color zoning characteristics also 
can be studied (see, e.g., box B.} 


Mong Hsu Rubies 


Well-preserved Mong Hsu corundum crystals 
are defined by c, r, n, and w faces. These growth fea- 
tures can also be observed in faceted stones or in 
fragments of rough stones as thin traces of growth 
planes parallel to the former external faces of the 
ruby. 

Because of the complex growth sequence estab- 
lished for Mong Hsu rubies (see box B}, crystals and 
crystal fragments also reveal distinctive color zon- 
ing. Samples that are homogeneous in color (sug- 
gesting crystal growth in a single phase} occur only 
rarely. These are, for example, red with c, r, n, and 
w faces (again, see figure 9} or dark violet to almost 
black with c, r, and faces (again, see figure 7). The 
most common pattern in Mong Hsu rubies, howev- 
er, consists of a dark, nontransparent core and a red 
outer zone (see again Figure 2). 

An even more complex pattern is formed in 
samples that contain two dark violet "cores" that 
are separated by a red layer along the c-axis (figure 
12}. In a view parallel to the c-axis, a dark core in 
the center is followed by a light red zone, a second 
lighter violet zone {representing the second "core"}, 
and an outer red rim. In a very few instances, we 
observed Mong Hsu rubies with a thin, intense red 
rim confined to n or w faces (figure 13}. The thin red 
rims represent the latest stage of growth for these 
samples in which an enrichment of chromium took 
place. 

A modification of the typical habit and color 
zoning in Mong Hsu rubies is shown in figure 14. 
The violet-to-black color in this extraordinary ruby 
forms only in growth zones parallel to basal planes, 
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BOX B: Color Zoning and Habit Changes 
in Untreated Mong Hsu Rubies 


The most distinctive, characteristic feature of untreat- 
ed Mong Hsu rubies is their color zoning. Although 
two zones are usually evident—violet "cores" and red 
"rims"—the zoning in Mong Hsu rubies is actually 
somewhat more complicated than this. 

Most Mong Hsu ruby crystals consist of one (or, 
rarely, two) violet to almost black cores with intense 
red rims. An extraordinary sample with two dark vio- 
let "cores" separated by an intense red zone (figure B-1} 
best reveals this general scheme for color zoning relat- 
ed to growth history. The duplicate sequence identi- 
fied in this stone (table B-1) confirms the "single" char- 
acteristic sequence observed in most Mong Hsu rubies 
(an exception is the stone illustrated in figure 14). 

Red growth zones (R} consist of red {ruby} layers 
parallel to the basal pinacoid c, to the positive rhom- 
bohedron r, and to two hexagonal dipyramids, n and 
@. Because all four faces (c, r, n, and @) have growth 
rates greater than zero, red layers form parallel to all four. 

Violet (V} growth zones consist of violet (sapphire} 
layers parallel to c, r, and n. In V growth zones, only 
these three faces reveal growth rates greater than zero; 
@ growth rates are not observed. This indicates that w 
dominates the external crystal form, although no vio- 
let layers grow parallel to w. 

Along the c-axis of the ruby shown in figure B-1, 
which is schematically drawn in figure B-2, the V 
zones in the center of the crystal abruptly convert to R 
zones. The R zones then gradually convert to interme- 


Figure B-1. This 10.5-mm- 
Jong untreated crystal, 
with two violet cores sur- 
rounded by red areas, 
illustrates the relationship 
between growth condi- 
tions and habit change 


diate (I) zones, which subsequently convert to violet 
(V'] zones. The I zones consist of alternating thin red 
layers parallel to c, r, n, and @, and small violet layers 
parallel to c, r, and n (again, see table B-1; also see fig- 
ure B-3}, but not a, 

In summary, along the c-axis of the crystal described, 
the following cyclic sequence of growth zones is observed: 


violet violet 

layers layers 

im Sv Te 7 v Te 
red habit — red habit red 
layers change _ layers change _ layers 


Each of the two violet "cores" in this crystal con- 
sists of violet layers parallel to c, r, and n faces, which 
form in subsequent I and V growth zones. Over the 
two violet cores are red layers parallel to c, r, n, and , 
which grow in subsequent R and I zones. Those parts 
of the "cores" that formed during V are usually dark 
violet and translucent to almost opaque black; those 
that formed during I are lighter violet and translucent 
to transparent. 

We have found the growth sequence RI V to 
apply to most of the Mong Hsu rubies examined. Note 
that in some crystals, stage R is very small. Others 


typical of Mong Hsu nubies. 


Figure B-2. This schem- 
atic representation of 
habit change and color 
zoning in the center of the 
Mong Hsu ruby in figure 
B-1 shows the R (red), 

V (violet) and I (inter- 
mediate) growth phases 
seen in the following 
growth sequence (from 
bottom): IV RI V' R'. The 
arrow indicates the posi- 
tion of a microprobe scan. 


were grown during a period that did not cover the full 
RIV growth sequence; such a crystal may consist only 
of a dark violet, nontransparent core grown in stage V, 
and a red rim grown in stage R. 


Also notable in Mong Hsu rubies with the RI V 
growth sequence is the decreasing size of the hexago- 
nal dipyramid n. During growth phase R, relatively 
large n faces form (see, e.g., figure 11B}. In the subsequent 
zones I and V, n is progressively smaller; in the end 
stage of phase V, n is absent (figure 11A}. Consequently, 
with an abrupt change of growth conditions from stage 
V to stage R, there is also a distinct habit change. 

In summary, at the beginning of growth stage R, 
the crystal habit consists of c, r, m, and w faces (figures 
10 and 118). In the growth sequence R I V, the growth 
rate of n strongly increases until, at the end of stage V, 
it disappears completely. Concurrently, the growth 
rate of face w reaches zero, so w dominates the external 
crystal form (figures 11A and 7}. To date, we have seen 
no systematic change in the r and c faces over the 
sequence RI V in the samples available. 

The complex growth structure of Mong Hsu 
rubies is reflected by a complex chemical zoning. For 
the sample pictured in figure B-1, four microprobe tra- 
verses, with 600 to 800 point analyses each, were per- 
formed. The position of one of these scans across the 
sample (including 700 equidistant analysis points) is 
shown in figure B-2. It twice crossed three red @ 
growth’zones R', I', and R, as well as violet n and c 
growth layers belonging to the V area. The profile 
revealed that chromium values are symmetrical in 
both areas right and left of the center of the crystal; in 
general, chromium contents are higher in the violet 
core of growth zone V than in the R', I', and R growth 
zones, Again, in the violet core, differences between areas 
related to the basal pinacoid c (1.20-1.35 wt.% Cr,03} 
and areas related to dipyramidal n growth faces 
{0.90-0.95 wt.% Cr)Os3) were also measured. Chromium 
contents in the red R and I' zones of the rim (0.63-0.75 
wt.%] are generally lower than in the violet core. 

In the small area between two adjacent @ growth 
zones in the red rim {i.e., between I' and R'), the scan 
reveals a distinct decrease from about 0.63 to 0.38 
wt.% CroO3, correlated to an increase from 0.05 to 


Figure B-3, An enlarged portion of the Mong Hsu ruby 

in figures B-1 and B-2 shows part of the I' growth zone, 
with alternating violet and red layers parallel ton, and 
red layers parallel to w, Immersion, magnified 50x. 


about 0.40 wt.% TiO ,. This represents a growth zone 
that was present during the formation of the second 
violet core V'. In the outer @ growth zone of R', we 
recorded a continuous increase (from 0.63 to 0.97 
wt.%} in CryO3, which reaches values in the outer- 
most layers that are similar to the concentration in the 
core area that is related to n faces (see also figure 13). 

Average vanadium and titanium contents in the 
violet core are about twice those measured in the red 
rim. No distinct zoning of iron was observed in this 
traverse. The other three scans show even more com- 
plex results, but these details are beyond the scope of 
this article. In summary, the complex color zoning 
seen with the microscope is reflected by a complex 
chemical zoning in the sample. 


TABLE B-1. General outline of habit change in different growth phases (R, |, V) of Mong Hsu rubies.@ 


Variables R (red} 


Cc r n @ 


t (intermediate) 


a 


V (violet) 


n a c r n @ 


Growth rate Mod. Mod. Slow Slow 


Layers formed Yes Yes Yes Yes 


Relative sizes Mod. 
of faces 

Variety 

Habit 


Mod. Mod. Large Very 
large 

Ruby 

c,6,n, @ (figure 11) 

nis large 


Mod. Mod. Alternating 


Yes 


Mod. Mod. Very 


Alternating ruby/violet sapphire 
C69, @ 
n becomes smaller 


Mod. Mod. Very fast None 
slow/none 
Alternating 


yes/no 


Yes Yes Yes Yes No 


Mod. Mod. Very small Very 
or absent large 

Violet sapphire 

c, fr, @ (figure 11) 

nis very small or absent 


large 


4Habit changes from R to | and from | to V are continuous; the habit change from V to R is abrupt. 
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13 


Figure 12. This untreated piece of Mong Hsu rough 
revealed a complex growth history: A small black 
core in the center is surrounded by a first red 
layer, over which is a second violet zone that, in 
turn, is surrounded by a red layer. View parallel to 
the c-axis, immersion, magnified 40x. 


Figure 13. In this untreated Mong Hsu fragment 
with n and w growth planes, an intense red stripe 
confined to a natural n face represents the latest 
growth stage. View perpendicular to the c-axis, 
jimmersion, magnified 30x. 
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Figure 14. Unlike most of the other Mong Hsu 
rubies examined for this study, the violet core in 
this untreated rough sample is confined only to 
the basal c face, while n and w growth planes are 
red. The size of the basal plane increases toward 
the outer zone of the crystal, in a wedge-shaped 
pattern, View perpendicular to the c-axis, immer- 
sion, magnified 30x. 


whereas growth planes parallel to n and @ are red. 
We also observed that the c-plane increased in size 
during growth, in a direction toward the outer faces 
of the crystal. Thus, the violet portion in the stone 
appeared as a wedge-shaped pattern in the rough 
crystal, with the base of the wedge confined to the 
latest growth area. In another sample, which also 
had a wedge-shaped growth pattern confined to the 
basal plane, dark violet areas were developed as 
small stripes paralle) to @, and lighter violet stripes 
were observed parallel to n, but areas confined to c 
and r growth zones were red. 


Growth Structures in Heat-Treated Rubies. Some 
of the growth characteristics related to natural color 
zoning are not observed in cut Mong Hsu rubies, 
because part of the growth history of a crystal is lost 
during cutting and heat treatment turns the violet 
cores red. However, neither cutting nor heat treat- 
ment alters the characteristic internal growth 
planes, which we were able to identify in most of 
the faceted Mong Hsu rubies examined. 

Due to the fact that these same patterns and 
combinations of patterns have never, to the best of 
our knowledge, been observed in natural rubies 
before, we feel they are useful to distinguish Mong 
Hsu rubies from rubies from other localities. In 
other words: The individual crystal faces observed 
in Mong Hsu rubies have been identified in rubies 
from other sources, but the overall pattern of color 
zoning and habit—that is, the combination of faces 
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Figure 15.-This faceted, heat-treated Mong Hsu 
ruby is typical of most of the cut Mong Hsu rubies 
we examined, An intense red core is confined to 
faces parallel to the basal c plane, the size of the 
basal plane varies irregularly along the c-axis, and 
the lighter red areas are confined ton and w 
growth zones, View perpendicular to the c-axis, 
immersion, crossed polarizers, magnified 40x. 


and the color zoning related to certain growth 
zones—has not. In addition, because of their dis- 
tinctive growth patterns, Mong Hsu rubies can be 
easily separated from their synthetic counterparts. 

Typical examples of growth structures that can 
be found in heat-treated Mong Hsu rubies are 
shown in figures A-2, 15, and 16. In most of our 
samples, dark red color zones were confined to 
basal c growth planes of variable size (figure 15). 
These dark red zones are surrounded by lighter red 
areas with growth planes parallel to rs, n, and a (fig- 
ure A-2). Because faceted stones represent only one 
area within the original crystal, in the complex 
growth sequence of Mong Hsu rubies (see box B} 
the growth zones confined to n faces may be 
extremely small or absent (figure 16). 


Twinning. Twinning is encountered only infre- 


quently in Mong Hsu rubies. The most common 
type appears to be a repeated rhombohedral twin- 


Mong Hsu Rubies 


Figure 16. In this faceted, heat-treated Mong Hsu 
ruby, with dominant growth parallel to c in the 
core and w planes in the rim (as is typical for 

rubies from this locality}, only subordinate and 
small n faces are observed in the core. View per- 
pendicular to the c-axis, immersion, magnified 50x. 


ning, predominantly in one direction parallel to one 
rhombohedral r face. We observed particlcs con- 
fined to intersection lines of twin planes in only 
two of our samples, which confirms that rubies 
with two directions of rhombohedral twinning par- 
allel to two r faces are extremely rare from this 
locality. 


Solid Inclusions. Only rarely did we observe solid 
inclusions other than whitish particles (sce below] 
in the Mong Hsu rubies examined. These include 
rutile and fluorite (figure 17; both identified by 
Raman spectroscopy and SEM-EDS}, as well as 
spinel, which was identified by Raman spec- 
troscopy. Dolomite was identified by SEM-EDS 
analysis in one crystal; it occurred as a scrics of 
rounded, transparent inclusions throughout the red 
portion. Dolomite was also identified by Smith and 
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Figure 17. Fluorite (left) and spinel (right) are 
among the few solid inclusions observed in Mong 
Hsu rubies. Fiber-optic illumination, transmitted 
and reflected light; diameter of the solid inclu- 
sions 18 approximately 0.2 mm. 


Surdez {1994} in Mong Hsu rubies; they found 
apatite as well. 

As noted earlier, white mica, fuchsite, and Mg- 
chlorite were found as overgrowths on some rough 
Mong Hsu specimens. Mg-chlorite and white mica 
also were identified by Raman spectroscopy (based 
on the reference work of Prieto et al., 1991) as inclu- 
sions in the outermost parts of some rough crystals 
(figure 18). It appears that they are, in most cases, 
removed during preforming of the rough before heat 
treatment. 


Whitish Particles. Various types of small particles 
("whitish dust") also are found in both the untreated 


Figure 19. This whitish streamer in an untreated 
Mong Hsu ruby appears to originate from a solid 
inelusion located at the boundary between the 
violet core and red rim. Fiber-optic illumination, 
reflected light, magnified 100x. 


Figure 18. White Mg-chlorite was identified in the 
outermost parts of some untreated Mong Hsu 
rubies, Fiber-optic illumination, reflected and 
transmitted light, magnified 90x. 


rough and heat-treated cut Mong Hsu rubies. These 
particles represent one of the most characteristic 
inclusion features compared to rubies from other 
natural sources, and so they are useful in separating 
Mong Hsu rubies from those from other sources or 
from synthetic rubies (see also Laughter, 1993a and 
b; Smith and Surdez, 1994). These inclusions are 
best resolved using fiber-optic illumination. Two 
types are: 


e Whitish streamers that are oriented perpendicu- 
lar to growth planes (figures 19-21}. They usually 
extend from the outermost edge of the violet 
core or lie in close proximity to that area. They 


Figure 20, A whitish streamer (left) emerges from 
the end of a pseudosecondary feather of fluid 
inclusions along the black core of this untreated 
Mong Hsu. View almost parallel to the c-axis, 
fiber-optic illumination, transmitted and reflected 
light, magnified 60x; photomicrograph by E. 
Gtibelin. 
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Figure 21. Clouds of snowflake-like particles 
appear in the upper right of this untreated Mong 
Hsu ruby, together with a streamer that runs per- 
pendicular to growth structures (top left) and par- 
ticles confined to w growth areas (bottom left). 
View almost parallel to the c-axis, fiber-optic illu- 
mination, reflected light, magnified 80x. 


appear to be initiated by the trapping of solid (fig- 
ure 19) or fluid (figure 20) inclusions, which tend 
to be concentrated in the boundary zone 
between core and rim. These initial crystal 
defects do not completely heal during subse- 
quent growth, and new defects—which also act 
as traps for fluids—are continuously formed. 
Ultimately, they appear as a series of lines con- 
sisting of small reflecting particles, which are 
oriented perpendicular to the growth planes of 
that particular zone. 


e Whitish dust, resembling clouds of snow- 
flakes (figure 2.1], frequently can be seen irreg- 
ularly dispersed in large zones of a crystal. 
This type of inclusion is often confined to cer- 
tain growth zones (figure 22), usually related 
to the wplane (figure 2.1). 


Whitish particles of a completely different type are 
formed by heat treatment. These particles form 
dense areas, in some cases in w zones that grew 
after the originally violet core (figure 23), and occa- 


Figure 23. Violet to almost black zones in the 
center of this Mong Hsu crystal in its natural 
state (right) were completely gone after heat 
treatment (left), but whitish particles had 
formed in w growth zones outside the center. 
View almost parallel to the c-axis, fiber-optic 
illumination, reflected and transmitted 
light, magnified 60x. 
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Figure 22, Often the whitish dusi-like particles 
seen in untreated Mong Hsu rubies occurred in 
zones confined to growth planes. This type of 
inclusion was not removed by heat treatment. 
View almost parallel to the c-axis, fiber-optic illu- 
mination, reflected light, magnified 60x. 


sionally in growth zones confined to the basal face. 
Note that dense zones of whitish particles were 
also observed in areas confined to the violet or 
almost black core. In extreme cases, the whitish 
particles are so dense that the stone appears semi- 
translucent, with large whitish reflecting areas, 
which makes it unsuitable for the jewelry market. 
In one heat-treated sample, we observed dense, ori- 
ented, needle-like particles. We also observed the 
formation of such needles in another sample heat 
treated in Germany; they appeared in an area, con- 
fined to the rim of the stone, that had originally 
been transparent red, as well as in violet zones. We 
do not yet know the exact nature of these needles. 


Fluid Inclusions. In contrast to solid inclusions, 
fluid inclusions were frequently seen in both 
untreated and heat-treated Mong Hsu rubies, in 
cores as well as rims. For the most part, they repre- 
sent various primary fluids trapped in single cavi- 
ties as well as in pseudosecondary (figure 20) and 
secondary "feathers" or "fingerprints." They are 
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Figure 24. Healing feathers ("fingerprints”)—actu- 
ally interconnecting tubes and isolated dots of 
fluid inclusions—were commonly seen in both 
heat-treated (as here) and untreated Mong Hsu 
rubies. Immersion, magnified 60x. 


related to the cracking of the ruby and subsequent 
healing by fluids. 

If this type of inclusion forms early in crystal 
growth close to the core, the outline of the core is 
sometimes seen parallel to the border of the "feather" 
(figure 20]. Another "feather" in a heat-treated Mong 
Hsu ruby (figure 24} consists of isolated droplets 
and interconnecting tubes. It formed later than the 
example illustrated in figure 20. 


Fracture Fillings Produced by Heat Treatment. 
Heat treatment may create additional fractures in 
the ruby because of the decrepitation of solid mat- 
ter or fluids trapped in small cavities. This reduces 


Figure 25. Flow structures can be seen in this fis- 
sure, which has been partially filled with a solid 
foreign material, During heat treatment for clarity 
enhancement, the host Mong Hsu ruby was 
placed in contact with borax or a similar sub- 
stance. Immersion, magnified 60x. 
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the transparency of the stone. As demonstrated by 
heat-treatment experiments in Germany, no chem- 
icals are needed to remove the blue color compo- 
nent completely from the Mong Hsu stones. As 
noted earlier, though, commercial treaters often use 
various chemicals, such as borax, during a second 
heating process to fill cracks and fissures exposed at 
the surface and thus enhance apparent clarity 
(Hughes, 1988; Peretti, 1993; Henn and Bank, 1993), 
Borax or similar substances can act as a flux to dis- 
solve alumina and can cause, at least partly, a 
recrystallization or healing of open fracture planes 
{Hanni, 1992; Koivula et al., 1993a; Milisenda and 
Henn, 1994}. Mica or chlorite present in these open 
cavities or fissures will dissolve in the presence of 
borax and form borosilicates that are then trapped 
as artificial glassy fillings. The formation of a crys- 
talline phase in fractures of treated Mong Hsu 
rubies has also been observed, and the compound 
was identified by means of X-ray powder diffraction 
as aluminum borate (H. A. Hanni, pers. comm., 
1994), 

We observed fissures and cavities containing 
these foreign fillers in many Mong Hsu samples 
obtained from the trade. In some treated rubies, we 
saw flow structures in the glassy fillers of heavily 
included samples, which easily identified them as 
foreign material (figure 2.5). In contrast, only careful 
microscopic examination revealed the presence of 
foreign substances in other, partly recrystallized 
fractures (figure 26). The exact composition of vari- 
ous filling materials, however, cannot be identified 
by microscopic examination. In areas in which the 
filling material reaches the surface of the ruby, the 
filled fissure can be recognized by its reduced luster 


Figure 26, In some partly recrystallized fractures, 
it is difficult to locate the foreign substance (possi- 
bly borax or an aluminum borate) to which the 
ruby was exposed during heat treatment. 
Immersion, magnified 60x. 
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TABLE 2. X-ray fluorescence analyses and refractive indices of Mong Hsu rubies.@ 


Untrealed rough 


Heat-treated faceted 


Oxide/R.1. A B C D E F G H | J 
Oxide 
AloO3 99.300 98.600 98.400 99.200 98.800 99.000 98.400 98400 98.900 99.500 
CryO3 0.460 0.914 1.216 0,572 0.594 0.654 1.166 1,391 0.718 0.354 
FeO 0.006 0.060 0.031 0.003 0.035 0.003 0.017 0.008 0.007 0.005 
TiOn 0.107 0.194 0.168 0,134 0.338 0.145 0.233 0.046 0.210 0.045 
V003 0.038 0.050 0.057 0,045 0.100 0.090 0.023 0.035 0.090 0.014 
GasOQg 0.010 0.010 0.014 0.013 0.017 0.009 0.006 0.011 0.010 0.004 
Refractive indices 
No Sp 1.773 1.774 1.771 1.772 1.771 1.775 1.775 —b 1.770 
Ne —b 1.765 1.765 1.762 1.763 1.763 1.766 1.766 —b 1.762 


@ The columns do nol total 100 wt.% due to traces of MnO, KO, MgO, CaO, and SiO», No traces of CuO, NiO, ZrOx, PoOs, 


or NODoOz were detected. 
5 No sharp shadow edges observed on the refractometer. 


compared to that of the polished ruby when viewed 
with reflected light (see, e.g., Kane, 1984; Scarratt 
and Harding, 1984, Scarratt et al., 1986, Hanni, 1986}. 


Chemical Properties. The methods applied to deter- 
mine the rubies' chemical properties provide ana- 
lytical data that represent different-size areas with- 
in the samples. X-ray fluorescence analysis reveals 
an average composition of that part of the ruby (in 
an area that can be measured in millimeters} that 
was exposed to the X-ray beam, such as part of the 
table of a faceted stone. The electron microprobe 
analyzes areas with diameters in the micrometer 
range. Thus, traverses with several point analyses 
across the polished surface of a ruby indicate the 
chemical variability of a sample. For certain trace 
elements, such as gallium, the more sensitive X-ray 
fluorescence analysis is required to obtain quantita- 
tive data. 

The reliability of the data obtained for this 
study by X-ray fluorescence and electron micro- 
probe analyses is supported by the similarity in 
average trace-element concentrations reported by 
both methods. 


X-ray Fluorescence Analysis. The results of X-ray 
fluorescence analyses of various rubies (five 
untreated and five heat treated} are shown in table 
2. The untreated rubies were composed of rough 
fragments of crystals with plane polished faces. As 
can be seen from table 2, the rubies contain signifi- 
cant trace-element concentrations of Cr,O3, FeO, 
TiO,, V2O3, and GayO3. Large differences in the 
trace-element concentrations among the various 
samples were measured, but we saw no significant 
differences in trace-element amounts between 
treated and untreated stones. 


Mong Hsu Rubies 


For the eight samples analyzed for which refrac- 
tive indices could be measured on the refractometer 
(again, see table 2), a reasonable correlation was 
found between R.I.'s and chromium concentrations, 
and a good coincidence was obtained in a plot with 
the sum of trace-element concentrations (calcu- 
lated as CryO3 + Ti,O3 + V_03 oF Fe,O3 + GayO3) 
versus refractive indices (figure 27). Consequently, 


Figure 27. Refractive indices were correlated with 
chemical composition in the eight Mong Hsu 
rubies analyzed by X-ray fluorescence for which 
refractive indices could be measured (see table 2). 
The correlations are expressed here as the sum of 
trace-element concentrations; red squares = ordi- 
nary ray (n,), black squares = extraordinary ray 
({n,). A distinct increase in refractive indices is 
caused by increasing trace-element contents. 
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variations in refractive index are related to varia- 
tions in trace-element contents. 


Electron Microprobe Analysis. As the results shown 
in table 3 indicate, systematic variations within the 
samples were observed for TiO. and Cr,O3 and, in 
some samples, for V,O3; only the statistical varia- 
tions of the analytical instrument were found for 
FeO and MnO. 

On the basis of the relationships between 
Cr)O3 and TiO, (in combination with FeO}, we 
have identified three basic types of chemical zoning 
in Mong Hsu rubies to date (see also box B}: 


¢ Type A: A distinct variation in Cr)Ox that is not 
correlated to titanium was found for samples 1, 
3, and 4 (figure 28A}. These rubies had high 
Cr)O3 concentrations in the intense red zone 
{that represents the core of the original crystal] 
and lesser quantities of Cr)O3 in the lighter red 
"rim" (samples | and 3}. In sample 4, we found a 


less extreme microscopic red color zoning, 
although the sample was faceted with its table 
perpendicular to the c-axis. Accordingly, the 
chemical variations were less pronounced than 
in other samples with a strong visual color zon- 
ing. 


¢ Type B: A distinct variation in CryO3 was found 
to correlate with a distinct TiO, zoning in heat- 
treated samples 2 and 5 (figure 28B). High con- 
centrations of CryO3 and TiO, were restricted to 
the relatively intense red core. 


e Type C: A distinct zoning of TiO, perpendic- 
ular to the c-axis, inversely correlated to CryO3 
in the outer zones of the rim, was found in 
untreated sample 6 (figure 28C), which had a 
homogeneous violet core and a light red rim. 
TiO, concentrations were higher in the core 
than in the rim. Cr)O3 was higher in the outer- 
most part of the rim. No systematic variations 


TABLE 3. Electron microprobe analyses of Mong Hsu rubies. 


Faceted sample number4 


Rough sample number4 


Variable 1 ab 3¢ 4 5 6d 7 
Orientation Table Table Table Table Table Cut parallel Cut perp. 
parallel c-axis perp. c-axis perp. c-axis perp. c-axis —_ parallel c-axis c-axis c-axis 


Visual appearance Dark red core, 


lighter red rim 


Dark red core, 
lighter red rim 


Dark fed core, Red core, 
lighter red rim lighter red rim 


Dark violet core, 
lighter red rim 


Dark red core, 
lighter red rim 


Complex zoning 
dark violel core, 


sight red rim 

Number of scans 3 4 4 4 2 5 3 7 
Number of analyses 109 138 138 138 78 208 108 288 
Direction of scans Perp. c-axis Perp. c-axis. = Perp. c-axis. = Perp. c-axis = Perp. c-axis. —-Perp.. c-axis Parallel Perp. c-axis 
Analyses in wt.% (range) cans 

Alo03 98.42-9944  98.17-99.72 96.53-98.97 98.15-99.60 98.15-9966  98.33-99.78 9840-99.90  98.45-99.9 

Cty03 0.26— 0.89 0.42— 1.05 0.90- 286 060-089 039-098 040-103 042-069 0.40- 1.34 

V203 0.00-0.13 0.00- 0.11 0.00- 0.12 0.00-0.07 0.00-0.10 0.00- 0.08 0.00- 0.07 0.00- 0.08 

TI05 0.09- 0.28 0.05- 0.23 000-014 006-027 004-031 0.00- 0.38 0.04- 0.34 0.03- 0.51 

FeO 0.00- 0.03 0.00- 0.02 0.00- 0.04 0.00- 0.03 0.00-0.02 0.00- 0.04 0.00- 0.03 0.00~- 0.04 

nO 0.00- 0.03 0.00- 0.03 0.00- 0.02 0.00- 0.02 0.00-0.04 0.00-0.03 0.00- 0.02 0.00- 0.03 

Chemical zoning Cr Cr and Ti Cr Cr Cr and Ti Tif Cr No distinct. Complex zoning 
Area of high Core Core Core Core Core Core/outer rim = — zoning of Crand Ti 
concentration 
Correlation No Yes No No Yes No No No 


between Ti and Cr 


4 All faceted samples had been heal treated: both rough samples were untreated. Perp. = perpendicular. 


@ See figure 28C 
& see figure A-1. 


© See tigure 288. 
© See figure 28A. 
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were found in this sample in a direction parallel 
to the c-axis. 


In sample 7 (table 3}, the complex growth and color 
zoning involving c, n, r, and w faces (figure A-1) 
revealed an extremely complex zoning of both 
Cr)O3 and TiO, that does not fit any of the simple 
types described above. 


In some samples, we found a correlation 
between V,O3 and CryO3; that is, high chromium 
and relatively high vanadium in the intense red 
cores, with lower chromium and vanadium in the 
lighter red rims. No correlation was seen between 
iron and titanium or between iron and chromium. 

Thus, it can be concluded that the color zoning 
correlates with a systematic variation in Cr)04 


and/or TiO, (see also box B}: The violet (untreated) 
and intense red (heat-treated) cores of Mong Hsu 
rubies have significantly higher Cr.03 concentra- 
tions than the lighter red "rim" layers around them. 
We also identified zones with high TiO, concentra- 
tions {relative to the rim portion} in the violet 
{untreated} and red (heat-treated) cores of some 
Mong Hsu rubies {type C}. In some samples, we 
found both high Cr,O3 and high TiO, concentra- 
tions in the core. 

In summaty, it appears that the main chemical 
zoning of Mong Hsu rubies, between crystal corc 
and rim zones, is due to greater amounts of chromi- 
um and/or titanium in the areas confined to the 
intense red or violet cores. Between distinct zones 
within the rims, chromium and/or titanium values 
also may vary (see box B, as well as figures 13 and 
28C}. 

The trace-element concentrations of Mong Hsu 
rubies can be compared to those of natural rubies 
from other deposits of commercial importance, 
including Luc Yen {Vietnam}, Morogoro {Tanzania}, 
Mogok (Myanmar}, Kenya, Sri Lanka, Malawi, and 
Thailand (Harder, 1969, Schmetzer, 1986b; Bank et 
al., 1988; Tang et al., 1988, 1989; Hanni and 
Schmetzer, 1991; Kane et al., 1991; Delé-Dubois et 
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Figure 28. These three electron microprobe tra- 
verses reveal the differences in CroOQ3 contents 
(black squares} and TiO» contents (red squares) 
between core and rim areas of three Mong Hsu 
rubies. Samples A (no. 3, table 3) and B (no. 2, 
table 3) are both faceted and heat-treated; sample 
C (no. 6, table 3) is an untreated polished platelet. 
Sample A shows higher CryO3 in the core than the 
rin, and no TiQs zoning. Sample B shows CroO3 
concentrations correlated with a distinct TiO» 
zoning, with higher CroO3 and TiO» contents in 
the core and lower values in the rim. Sample C 
reveals increased TiO» in the core, increasing 
Cro03 toward the outer zones of the rim, and an 
inverse correlation between CroO3 zoning and 
variations in TiO». All scans were performed in a 
direction perpendicular to the c-axis. 
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Figure 29. These absorption spectra were recorded 
in three Mong Hsu rubies. The top is from a heat- 
treated faceted stone with its table oriented paral- 
lel to the c-axis, 2.3 mm thick (sample 1, table 3). 
The middle is from the violet core of an untreated 
slice (about 2.5 mm thick) cut parallel to the c- 
axis (sample 6, table 3). The bottom is from an 
untreated slice {about 1 mm thick) cut perpendic- 
ular to the c-axis with violet core and red rim (see 
sample 7, table 3, figure A-1). In the red to yellow 
spectral range of untreated samples, a broad 
absorption without distinct maximum and an 
absorption band at 675 nm are superimposed on 
the chromiuin (ruby) spectrum. 


al., 1993). The CryO, concentrations in Mong Hsu 
rubies can be extremely high. The FeO concentra- 
tions are relatively low compared to those of rubies 
from other marble-type deposits such as Morogoro 
or Luc Yen. The upper end of the TiO» range is 
much higher than the values found in rubies from 
these same occurrences. The V,O3 concentrations 
are similar to those reported for rubies from Mogok, 
but can be much higher than those published for 
rubies from some other marble-type deposits, such 
as Morogoro and Luc Yen. The range of FeO, TiO, 
and V3 concentrations found in Mong Hsu rubies 
is different from those of rubies from basaltic rocks 
(e.g., Thailand). 

The combination of relatively high CroO3, 
TiOy, and VyO3 along with relatively low concen- 
trations of FeO has so far not been reported for any 
of the various types of synthetic rubies (Tang et al., 
1989; Muhlmeister and Devouard, 1991; Peretti and 
Smith, 1993; Hanni et al., 1994). 

In summary, the trace-element patterns of 
Mong Hsu rubies are useful to distinguish faceted 
samples from their synthetic counterparts. 
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Although there may be some overlaps with other 
natural rubies originating from marble deposits, 
trace-element contents of individual samples, in 
combination with other characteristics, can also be 
helpful for locality determination. 


Spectroscopic Features. Visible and Ultraviolet 
Spectroscopy. Absorption spectra of heat-treated 
Mong Hsu rubies and of the outer rims of untreated 
specimens were typical of those seen in low-iron 
rubies, with no iron-related absorption at 450 nm. 
Absorption characteristics in the ultraviolet were 
similar to those of iron-poor rubies from marble- 
type deposits (Bosshart, 1982; Smith and Surdez, 
1994), 

The spectra of untreated samples with violet 
cores revealed additional absorption features in the 
red and yellow area, between about 800 nm and the 
broad chromium absorption band in the green 
range, which are superimposed on the ruby absorp- 
tions (figure 29}. These absorption features are 
described as: 


¢ a broad absorption in the spectrum parallel and 
perpendicular to the c-axis, ranging from about 
800 nm to about 550 nm without a distinct 
absorption maximum, and 


¢ a polarized absorption band in the spectrum per- 
pendicular to the c-axis, with a maximum at 675 
nm, that is, in the range of the well-known 
chromium lines at 693, 669, and 659 nm. 


In different violet samples measured, the relative 
intensities of the bands in the red to yellow area 
vary. In some, the 675-nm band was weaker than 
the 693-nm Cr*+ absorption line; in others, the 675- 
nin absorption, which is strongly polarized, exceed- 
ed this well-known chromium absorption in inten- 
sity (figure 29). 

These additional absorption features in the red, 
particularly the broad absorption, are responsible 
for the color in the cores, that is, light violet parallel 
to the c-axis and intense violet perpendicular to c. 
Thus, the violet color in Mong Hsu rubies is caused 
by the superimposition of a red (ruby) component 
caused by chromium and a blue component that is 
removed by heat treatment. The blue component 
consists of two different absorption features, which 
are more intense in the spectrum perpendicular to 
the c-axis. 

Violet sapphires and purplish red rubies are 
known from various localities, such as Ratnapura, 
Sri Lanka, and Umba, Tanzania. In all types of vio- 
let samples from various occurrences, the blue 
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component of the violet color is due to a broad 
absorption band in the red area, which can be at 
least partially removed by heat treatment, even at 
relatively low temperatures such as 1000° or 
1200°C, which have been used historically for the 
heat-treatment of corundum (Bauer and Schloss- 
macher, 1932). 

An extremely broad absorption band in the red- 
to-green spectral region (between 800 and 500 nm} 
has been seen in blue sapphires from various locali- 
ties and is generally assigned to an Fe2+/Ti#* charge- 
transfer absorption. The blue color in this type of 
low-iron sapphire {i.e., without a specific Fe2*/Fe3+ 
absorption band in the near infrared) can also be 
partially removed by heat treatment at low temper- 
atures; some of these sapphires turn colorless when 
heated (Schmetzer and Bank, 1980). If the iron-tita- 
nium charge-transfer absorption is superimposed on 
a ruby spectrum, the color of the sample is altered 
from red to purplish red, purple, or violet, according 
to the relative intensity of the two color-causing 
components in the spectrum (Schmetzer and Bank, 
1981). 

Given the spectral characteristics of Mong Hsu 
rubies and their titanium zoning, the additional 
broad absorption in the red and the resulting violet 
color of the cores of these rubies is consistent with 
the presence of such a blue sapphire component. 

In the absorption spectrum of untreated Mong 
Hsu samples with violet cores, however, we also 
observed an additional polarized absorption band at 
675 nm (figure 29), which is not fully understood at 
present. In some of the samples, this absorption 
band exceeded the 693-nm chromium line in inten- 
sity. The only correlation found in the literature for 
this band is an absorption in the spectrum of Mn4+ 
in corundum (Geschwind et al., 1962; Crozier, 
1965; Potnau and Adde, 1976). Mn‘4* appears in syn- 
thetic flux-grown and Verneuil-grown corundum 
crystals, which are doped by manganese, with MgO 
added for charge compensation. Mn‘* is isoelec- 
tronic with Cr?+ and has three d electrons. It reveals, 
in addition to the sharp 675-nm band, a broad 
absorption at about 470 nm and an absorption edge 
in the ultraviolet range, the low-energy tail of 
which extends to the visible area, causing an almost 
continuously increasing absorption from about 500 
nm toward smaller wavelengths. If a broad absorp- 
tion band of Mn** at 470 nm is present in the spectrum 
of chromium-bearing corundum, this absorption is, 
most probably, hidden between the two dominant 
color-causing chromium absorption bands. Thus, in 
a sample of Mong Hsu ruby with high amounts of 
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chromium and relatively low manganese concen- 
trations (see tables 2 and 3), it is conceivable that 
only the small 675-nm absorption band close to the 
small chromium fluorescence line at 693 nm will 
be observed. This assignment, however, needs fur- 
ther experimental research for confirmation, espe- 
cially for the explanation of a possible stabilization 
mechanism by charge compensation and its reac- 
tion to heat-treatment. 

In summary, the spectra of the violet cores in 
Mong Hsu rubies consist of the well-known absorp- 
tion lines and absorption bands of Cr3+ in corun- 
dum, on which are superimposed a broad Fe2+/Ti4+ 
charge-transfer absorption and an additional line at 
675 nm, the nature of which is not yet known. The 
influence of one or both additional absorption fea- 
tures in the red on the violet color of different cores 
varies, and additional research is necessary (for 
example, by a combination of microscope absorp- 
tion spectroscopy and microprobe analyses} to 
understand the cause of color in these highly zoned 
samples. 


Infrared Spectroscopy. IR spectroscopy of transpar- 
ent, heat-treated samples revealed spectra with 
sharp absorption lines in the 3000 to 3500 cm’! 
range—cither with two maxima, at 3233 and 3310 
cm! (figure 30), or with one maximum at 3310 em-!— 
or spectra with a complete absence of infrared 
absorptions in the range mentioned. Smith and 


Figure 30. This infrared spectrum of a heat-treated 
Mong Hsu ruby reveals sharp absorption lines at 
3233 and 3310 crm !, which are assigned to OH- 
stretching vibrations. These lines are characteris- 
tic for OH groups in rubies, which are related to 
structural defects. Such lines are not found in 
flux-grown synthetic rubies. 
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Surdez (1994) reported seven sharp bands of varying 
intensity at 3189 (weak), 3233 (medium]}, 3299 (very 
weak}, 3310 {strong}, 3368 (very weak}, 3380 (very 
weak), and 3393 cm-! (very weak} in the absorption 
spectra of Mong Hsu rubies. Similar features have 
been found in the infrared spectra of Verneuil- 
grown synthetic rubies and sapphires that were 
doped with various trace elements in different con- 
centrations and, at least partly, annealed in a hydro- 
gen atmosphere at high temperatures (Borer et al., 
1970; Eigenmann and Giinthard, 1971; Eigenmann 
et al., 1972; Blum et al., 1973; Volynets et al., 1972, 
1974; Beran, 1991; Moon and Phillips, 1994}. 
Consequently, the sharp absorption bands in the 
infrared spectra of Mong Hsu rubies are assigned to 
OH-stretching vibrations and indicate that hydrox- 
yl groups have been incorporated in the crystal 
structure of some heat-treated samples. 

Smith (1995) recorded an absorption spectrum 
in some untreated samples that consisted of several 
broad absorption bands. He assigned this spectrum 
to microscopic or submicroscopic inclusions of 
diaspore, AIO(OH)}. 

OH-stretching vibrations were also measured 
previously in the infrared spectra of a few untreated 
ruby and sapphire samples from Sri Lanka 
(Schmetzer, unpublished}, in a ruby from Sri Lanka 
and a blue sapphire from Montana (Beran, 1991), 
and in untreated blue Australian sapphires (Moon 
and Phillips, 1994}. They were not found in the 
spectra of flux-grown synthetic rubies (Belt, 1967; 
Volynets et al., 1972; Peretti and Smith, 1994). 

For practical gemology, the presence of OH- 
related absorption lines in the infrared spectrum of 
an unknown ruby indicates that the sample is not a 
flux-grown synthetic ruby, although it may be a 
Verneuil-grown or hydrothermally grown synthetic 
sample (either of which is more readily identifiable 
from natural rubies than the flux-grown material] 
or a natural stone. For discussion of the difference 
between Verneuil- and hydrothermally grown syn- 
thetic ruby, see Belt (1967), Beran {1991}, and Peretti 
and Smith (1993, 1994), 


SUMMARY AND CONCLUSION 


Large quantities of rubies from the new deposit at 
Mong Hsu have been widely available since 1992. 
Most are heat-treated before they enter the jewelry 
trade. Mong Hsu rubies are easily recognized by 
their distinctive microscopic properties. They have 
a number of features that thus far have not been 
reported for rubies from other occurrences. These 
include: 
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¢ A distinct color zoning confined to specific 
growth structures, with one or two violet "cores" 
surrounded by a red "rim." 


e Spectroscopic features in the red to yellow por- 
tion of the visible spectrum, with absorption 
bands that are removed during heat treatment to 
change the cores from violet to red. 


¢ The presence of whitish particles in certain 
growth zones, formed as a result of heat treat- 
ment. 


We found that the color zoning in our samples is 
closely related to a complex chemical zoning con- 
fined to growth layers formed parallel to the basal 
pinacoid, to the positive rhombohedron, and to two 
hexagonal dipyramids. We observed a distinct 
growth sequence whereby red and violet areas 
formed in various growth cycles, with a specific 
habit change between different growth zones. The 
variation in physical properties, such as refractive 
indices, is closely related to the chemical composi- 
tion of the samples. Although those properties of 
the crystals that are related to different growth con- 
ditions during the formation of the rubies—that is, 
growth zoning, color zoning, and chemical zoning 
related to temperature and/or pressure and/or 
chemical composition of the environment—are 
well understood. Only preliminary models are 
presently available to provide a detailed explanation 
of the cause of successive growth cycles {Peretti and 
Mouawad, 1994}. 

Nor is there a comprehensive explanation for 
those properties of Mong Hsu rubies that change 
with heat treatment. Likewise, no model is avail- 
able that can explain all features related to the 
change in UV-visible and IR spectroscopic proper- 
ties, which are closely related to the color change 
and possibly also to the formation of the whitish 
particles. 

The distinctive properties of Mong Hsu rubies 
are useful in separating faceted samples from their 
synthetic counterparts and also in establishing the 
locality of origin. The most prominent diagnostic 
properties of faceted, heat-treated Mong Hsu rubies 
require careful microscopic examination, using 
immersion techniques in conjunction with fiber- 
optic illumination. Key features include growth 
structures confined to a distinct color zoning 
between cores and rims; different types of whitish 
particles and whitish streamers are also of diagnos- 
tic value. Specialized laboratory techniques, such as 
XRF analysis and IR spectroscopy, provide addition- 
al diagnostic information. Problems for the trade 
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arise, however, from the large numbers of stones 
with fractures that appear to have been filled with a 
foreign material, especially partially healed frac- 
tures with glassy and/or crystalline fillers. 
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THE YOGO SAPPHIRE DEPOSIT 


Yogo Gulch, discovered more than 100 years 
ago, is one of four major sapphire-producing 
areas in Montana, United States. Yogo sap- 
phires are known for their uniform, well-satu- 
rated blue color; relative absence of inclusions 
and zonation; and high luster and brilliance in 
both artificial and natural light; they do not 
require heat treatment. Rough crystals, usual- 
ly flat with low cutting retention, generally 
weigh less than one carat (but have been 
reported up to 19 ct). Unlike the other 
Montana deposits, which are secondary, Yogo 
sapphires are mined directly from a lampro- 
phyre host rock. There are at least six known 
dikes, five sapphire-bearing, at Yogo. From 
1895 to 1994, the Yogo deposit produced an 
estimated 18.2 million carats of rough that are 
believed to have yielded more than 500,000 
carats of cut stones. Considerable reserves 
remain. 
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By Keith A. Mychaluk 


he state of Montana, in the western United States, 

hosts several large and economically important sap- 
phire deposits. The four major deposits—at Yogo Gulch, 
Missouri River, Rock Creek, and Dry Cottonwood Creek— 
were all discovered in the late 1800s by gold prospectors. 
Three of the deposits are large secondary (placer) occur- 
rences for which the original source rocks have not been 
conclusively identified. At Yogo Gulch (henceforth referred 
to as Yogo}, however, the sapphires are found in situ in a 
lamprophyre dike system, with only minor related placer 
deposits. Yogo is one of the few major sapphire mines 
worldwide where sapphires are extracted directly from their 
host rock. 

Not only are Yogo sapphires unique among Montana 
sapphires in terms of deposit type, but they also exhibit dis- 
tinctive gemological features. The vast majority of Yogo 
sapphires are naturally the same uniformly saturated blue 
(figure 1}, whereas sapphires from the placer deposits of 
western Montana are predominantly pale green, blue, or 
yellow before heat treatment. The relative absence of inclu- 
sions, fractures, and color zoning also distinguishes Yogo 
sapphires from other Montana sapphires. 

Unlike sapphire-producing areas elsewhere in the state, 
which have received little geologic investigation since the 
significant contribution made by Clabaugh (1952), Yogo 
Gulch has been studied since the late 1970s by various geol- 
ogists (see, e.g., Meyer and Mitchell, 1988; Brownlow and 
Komorowski, 1988; Dahy, 1988, 1991; and Baker, 1994). 

The author was the first geologist to study the Vortex 
mine, an extension of the Yogo sapphire deposit developed 
in 1987 (Mychaluk, 1992}. Between 1990 and 1992, the 
author collected and studied 200 rock and 100 rough sap- 
phire samples from the Vortex mine and tailings from the 
nearby English and American mines. Representative sam- 
ples of various rock types, and the minerals separated from 
them, were examined by thin-section microscopy and X-ray 
diffraction analysis. The author also analyzed core-drilling 
logs and samples from drill holes made by Vortex Mining 
Company in 1993. Further, the author visited the Vortex 
mine many times between 1990 and 1995, and was the first 
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Figure 1, The sapphires 
from the historic deposit 
at Yogo Gulch, Montana, 

are noted for their deep, 
uniform color and their 
brilliance when cut. 
Unlike most sapphires on 
the market today, they 
are not heat treated. 

Typically, though, they 
are small (the rough aver- 

ages less than 1 ct). The 
loose Yogo sapphires illus- 
trated here weigh 0.93— 
1.34 ct; they and the pin 
set with Yogo sapphires 
are courtesy of Mac Mader 
and American Gem Corp. 
The Yogo sapphire in the 
ring weighs 1.04 ct; it is 
courtesy of Robert E. 
Kane. Photo © Harold w& 
Erica Van Pelt. 


geologist to view the lowest workings of the 61-m- 
deep mine in 1994 , 

This article reviews the history of the sapphire 
deposit at Yogo Gulch and the distinctive gemologi- 
cal properties of the sapphires. The geology and 
occurrence of the sapphires is discussed, including 
examination of various theories as to how they 
were formed and emplaced. Attention is also given 
to historical production and ore-grade variability of 
the entire Yogo deposit. 


LOCATION AND ACCESS 

The Yogo Gulch sapphire deposit is located about 
25 km (15 miles) southwest of Utica, Montana, in 
Judith Basin County (figure 2). The deposit lies 
within the legal land description of T.13.N, R.11.E, 
sections 20 through 24, on the northeastern flanks 
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of the Little Belt Mountains; it is about 33 km (20 
miles} from the historic lead-zinc-silver mining 
camps of Neihart and Hughesville. The mine is 
accessible all year by U.S. Forest Service gravel 
roads leading south from Utica. Utica itself is locat- 
ed on Montana Route 239, approximately 28 km 
(17 miles) southeast of Stanford, the county seat, 
and roughly 125 km (78 miles) southeast of Great 
Falls. 

The eastern portion of the deposit is located in 
grass-covered rolling hills, whereas the western por- 
tion is situated in rigged and heavily forested ter- 
rain. Yogo Creek, in Yogo Gulch, flows across the 
deposit in the west and has carved a canyon 
through ancient limestone formations. Yogo Creek 
is a tributary of the Judith River, which in turn 
flows into the Missouri River. 
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HISTORY OF MINING AT YOGO GULCH 
Sapphires were first discovered in Montana—in the 
Missouri River near Helena—on May 5, 1865, by Ed 
Collins. Gold prospectors later found sapphires in 
Dry Cottonwood Creek north of Butte in 1889, and 
in Rock Creek near Philipsburg in 1892 (Clabaugh, 
1952; again, see figure 2}. In general, the sapphires 
from these three deposits proved to be of low-satu- 
rated colors; natural, deep blue stones were rare. 
However, the last significant sapphire discovery in 
Montana, at Yogo Gulch in 1895, yielded superb 
blue stones. The history and general geology of 
Yogo are discussed in detail by Clabaugh (1952) and 
Voynick {1987a}. Except as noted, the author has 
drawn the following account from these two 
authors. 

Placer gold was discovered by prospectors in 
the upper end of Yogo Creek in 1866, but the area 
was not given serious attention until 1878. Several 
more years passed before, in 1895 gold prospector 
Jake Hoover began to collect the translucent blue 
stones that were being trapped in his sluices in 
lower Yogo Creek. He sent samples to an assay 
office, which then forwarded them to Dr. George F. 
Kunz, at Tiffany & Co. in New York City 
(Clabaugh, 1952). The stones were identified as sap- 
phires of unusual quality, and Kunz sent Hoover 
and his partners a check in the amount of $3,750 
(about twice what his gold operation had paid]. This 
figure was based on the current London prices paid 
for rough sapphires from Southeast Asia: $6 per 
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Figure 2. This map of 
Montana shows the loca- 
tions of the state’s four 
major sapphire-producing 
localities: {1) Yogo Gulch, 
(2) Missourt River (Eldor- 
ado, Spokane, French, 
Gruell’s, Cheyenne, 
Dana’s, and American 
bars), (3) Rock Creek, (4) 
Dry Cottonwood Creck. 
Modified from Zeihen, 1987. 


carat for first-quality stones, $1.25 per carat for sec- 
ond quality, and $0.25 per carat for everything else 
(Voynick, 1987a). Tiffany & Co. eventually became 
an important buyer of Yogo sapphires and manufac- 
tured some important pieces of reportedly Yogo 
sapphire jewelry, including the famous Iris Brooch 
(figure 3). 

In 1896, Jim Ettien, a local sheep herder, discov- 
ered several hundred carats of sapphires around bad- 
ger and gopher burrows aligned along a linear 
depression that marked the surface exposure of an 
igneous dike (now called the "A" dike; see figure 4} 
on the flatlands above Yogo Creek (Weed, 1899). He 
staked the first claims to the dike that year. Soon 
others, notably John Burke and Pat Sweeney, staked 
more claims to the dike. By 1897, Hoover and his 
partners had bought out Ettien's claims and formed 
the New Mine Sapphire Syndicate. 

In 1898, London gem merchants Johnson, 
Walker and Tolhurst Ltd., acquired the majority 
interest in the New Mine Sapphire Syndicate and 
began an intensive mining and marketing effort. 
They initially concentrated on removing sapphire- 
bearing ore from surface outcrops of the middle sec- 
tion of the A dike by means of hydraulic mining; 
this area is now referred to as the English Cut (fig- 
ure 5). By 1902, the syndicate had two underground 
operations, the English (or British] mine and the 
Middle mine, working the dike. 

The American Sapphire Company of New York 
began operations on the western third of the A dike 
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by purchasing Burke and Sweeney’s claims in 1904; 
it opened the American mine—also underground— 
in 1905 (Clabaugh, 1952}. In 1909, its capital 
exhausted, the firm reorganized as the Yogo 
American Sapphire Company. The New Mine 
Sapphire Syndicate acquired Yogo American in 
1914. Although the syndicate never reopened the 
American mine, they recovered the $80,000 pur- 
chase price under the supervision of the company's 
renowned mine manager, Englishman Charles 
Gadsden, by reworking the mine's tailings. 

The New Mine Sapphire Syndicate continued 
underground mining at the English and Middle 
mines until 1923, when a severe storm destroyed 
equipment and infrastructure alike. The operation 
continued by processing stockpiled ore until 1929, 
when economic factors (including the loss of the 
market for industrial-quality corundum to synthet- 
ics, and taxation by both the U.S. and British gov- 
ernments} finally forced it to close. After more than 
25 years of inactivity, the New Mine Sapphire 
Syndicate sold the property to American interests 
in 1955. Total production from 1895 to 1929 
amounted-to 16 million carats of sapphires, of 
which about 2.25 million carats were gem quality— 
with an estimated value between $20 million and 
$30 million (in 1952. dollars; Clabaugh, 1952). 

Various groups attempted to reopen Yogo 
between 1955 and 1968, but met with little success; 
the geology of the deposit was not well understood, 
mining costs were high, and marketing was limit- 
ed. In 1968, Sapphire Village Inc. purchased the 
property. The firm raised capital by subdividing 
agricultural land near the mine and selling the resi- 
dential lots with the right to dig limited quantities 
of sapphire-bearing ore from the eastern portion of 
the A dike (Voynick, 1987a}. In 1972, Chikara 
Kunisaki bought out the other shareholders of 
Sapphire Village and formed Sapphire International 
Corp. The Kunisaki Tunnel, which reportedly cost 
$5 million to construct, was driven eastward into 
the A dike at the old American mine site. The oper- 
ation proved uneconomic and in 1978 was leased to 
a new venture, Sapphire-Yogo Mines. Full-scale 
mining never materialized, and the property was 
returned to Sapphire International the following 
year (Voynick, 1987a}. 

Colorado-based Intergem Inc. leased the proper- 
ty from Sapphire International from 1980 to 1986. 
Intergem's mining effort focused on the eastern por- 
tion of the A dike, now known as the Intergem Cut 
(figure 4; Dahy, 1988]. Intergem also expanded into 
jewelry manufacturing and made a serious attempt 
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Figure 3, One of the most famous pieces of Yogo 
sapphire jewelry is this “Iris Brooch,” a corsage 
ornament containing 120 Yogo sapphires (as 
well as diamonds, demantoid garnets, and 
topaz) that was manufactured by Tiffany @ Co. 
at the turn of the century. Photo courtesy of the 
Walters Art Gallery, Baltimore, Maryland. 


to reestablish Yogo sapphires in the U.S. market. As 
a result of an aggressive promotional campaign, 
which guaranteed that their sapphires were not 
heat treated, Intergem sold 4,000 carats of cut sap- 
phires and $3 million of finished jewelry in 1984 
{Voynick, 1987a). However, higher taxes, greater 
regulation by the state government, and persistent 
financial problems forced Intergem into insolvency 
in 1986 (Voynick, 1987a). Ownership of the proper- 
ty again returned to Sapphire International, now 
called Roncor, in 1987. 


Since 1987, Roncor has been reworking tailings 
and unprocessed ore left over from the Intergem 
era. Roncor, like Intergem, is vertically integrated: 
It not only mines Yogo sapphires, but it also manu- 
factures jewelry. It, too, guarantees that the sap- 
phires are not heat treated. In 1993, Roncor signed a 
two-year, $2 million agreement with AMAX Inc. 
(now Cyprus-AMAX Inc.} to help evaluate the 
potential of the Yogo deposit (Verbin, 1993}. 
Cyprus-AMAX has since removed an 8,000-ton 
bulk sample from two inclines driven into the A 
dike—one at the Middle mine and the other along 
the Intergem Cut (L. Perry, pers. comm., 1995). The 
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Figure 4, The Yogo sapphire deposit consists of at 
least six subparallel lamprophyre dikes, labeled 
by the author as “A”, “B”, “C”, etc, All but the 


“B” (commonly called the “barren” dike) are F Vortex 
known to be sapphire bearing. The vast majority Mine : 
of sapphire production at Yogo has been derived 150 m 


from the main A dike; it is this dike that is com- Gd -= Highly brecciated areas 
monly referred to when the Yogo sapphire 
deposit is discussed. The inset provides detail on 
the area that is currently active. The dike system has intruded into limestone of the Mission Canyon for- 
mation (Mm) and shales of the younger Kibbey (Mk) and Otter (Mo) formations, probably along a pre-exist- 
ing fault or fracture. Dahy (1988) mapped several faults paralleling the dike system to both the north and 
south (where upthrown side = U and downthrown side = D). Map modified from Dahy (1991). 


sample was partially processed during the summer 
of 1994 at Roncor's on-site plant (P. Ecker, pers. 
comim., 1994), but the results are confidential. 
Cyprus-AMAX was unable to negotiate a new lease 
arrangement with Roncor; their lease expired on 
January 31, 1995, (P. Ecker, pers. comm., 1995}. 


Figure 5. The sapphire-bearing A dike, which 
has produced the bulk of Yogo sapphires, aver- 
ages 2.4m wide and has a known length of § 
km (not continuous). The upper portions have 
weathered to a soft clay-like material, The A- 
dike section shown here was hydraulically 
mined by the British New Mine Sapphire 
Syndicate at the turn of the century; it is now 
referred to as the English Cut. Photo by the 
author. 
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Figure 6, Yogo blue sapphires are known for 
their well-saturated color and brilliance when 
faceted. These three stones, which range from 
0.50 to 1.69 et, were cut from Vortex mine 
material. Courtesy of Vortex Mining Co.; 
photo © GIA and Tino Hammid. 


The Vortex Mining Company was formed in 
1984 by a group of local Utica, Montana, prospec- 
tors. Vortex's exploration effort resulted in signifi- 
cant discoveries on the west end of the deposit, 
including several new sapphire-bearing dikes and 
associated brecciation zones (Voynick, 1987a and bh; 
Dahy, 1988, 1991; Mychaluk, 1992). The Vortex 
mine began operations in 1987, and it is currently 
the only active underground mine at Yogo. Vortex 
Mining is also involved in jewelry manufacturing as 
well as mining. Both Roncor and Vortex Mining 
continue to market Yogo sapphires as the world's 
only sapphire that is guaranteed not to be heat 
treated. 


GEMOLOGICAL CHARACTERISTICS 

Color. Yogo sapphires are famous for their uniform 
blue color, general absence of inclusions and zona- 
tion, as well as for their vivid luster and brilliance 
in both artificial and natural light (see, ¢.g., figures 
1, 3, and 6). Approximately 97% of all Yogo sap- 
phires are "cornflower blue" and 3% are various 


Yogo Sapphire Deposit 


Figure 7. A small portion of Yogo sapphires are 
violet to purple, like the 1.27-ct stone shown 
here with two blue Yogo counterparts (2.22 
and 2.77 ci). Note that all three stones are 
rounded, without distinct crystal faces. This is 
typical of the Yogo rough. Courtesy of Vortex 
Mining Co.; photo © GIA and Tino Hammid. 


shades of violet or purple (D. Brown, pers. comm., 
1995, figure 7]. George F. Kunz used the term corn- 
flower blue to describe the color of Yogo sapphires, 
referring to the common garden flower of that 
name (Centaurea cyanus). Stones with distinct red, 
pink, or green hues are extremely rare and are usu- 
ally too small for faceting (M. Ridgeway, pers. 
comm., 1993). Hughes (1990) stated that Intergem 
recovered only two "true" rubies and 10 green sap- 
phires from 300,000 carats of Yogo rough, none of 
which were suitable for faceting. New Mine 
Sapphire Syndicate mine manager Charles Gadsden 
found only three or four rubies between 1895 and 
1929 (Clabaugh, 1952), 

Because Yogo sapphires are typically a well-sat- 
urated, uniform blue—rather than pale or zoned—it 
has not been necessary to heat treat the stones for 
the commercial market (Voynick, 1987a; L. Perry, 
pers. comm., 1994). Hughes (1990, p. 305} stated, 
"More amazing than the color itself is the great con- 
sistency of color from one stone to the next. 
Virtually all are of the same even-blue hue." It is 
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Figure 8. Some Yogo sapphires show a distinct 
alexandrite effect, like the approximately 1-ct 
stone in the center of this photo. It changes _ 
from purple (similar to the stone on the right} in 
incandescent light to blue (similar to that of 
the stone on the left) in day or fluorescent 

light. Photo by John I. Koivula. 


this blue color that has been likened to that of sap- 
phires from Kashmir (Sinkankas, 1976}, although 
other gemologists find that the color appearance 
of Yogo sapphires is very distinctive (R. E. Kane, 
pers. comm., 1993). 

Dichroism in Yogo sapphires can be quite pro- 
nounced (Clabaugh, 1952; Allen, 1991): light green 
perpendicular to the c-axis, blue parallel to the c- 
axis. Some chromium-bearing Yogo sapphires 
exhibit an alexandrite effect, appearing blue in day 
or fluorescent light and red (Baker, 1994) or purple 
(figure 8; J. I. Koivula, pers. comm., 1995) under 
incandescent light. 


Inclusions. Yogo sapphires also have few detracting 
inclusions (Zeihen, 1987; Brownlow and 


Figure 9, Although most Yogo sapphires are 
relatively clean, inclusions of analcime have 
been seen in many stones. Photomicrograph 
by John I. Koivula; magnified 40x 
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Komorowski, 1988; Hughes, 1990). Gtibelin and 
Koivula (1986) did note small inclusions of pyrite, 
dark mica, calcite, analcime (figure 9], and rutile 
(figure 10). Dunn (1976) also identified inclusions of 
spinel. Gitbelin and Koivula {1986} reported that 
many Yogo inclusions appear similar to those 
found in Thai rubies, a conclusion later supported 
by Hughes (1990). 


Crystal Shape and Size. Dominant crystal forms are 
short rhombohedral prisms terminated by the basal 
pinacoid (Clabaugh, 1952; Hughes, 1990; DelRe, 
1994}, although Yogo sapphires typically show little 
evidence of their original crystal shapes (again, see 
figures 7 and 8}. Most of the stones recovered are 
rounded (figure 11), chipped, abraded, pitted, or bro- 
ken into shards and wafers. The apparent modifica- 
tion of the original crystal shapes has been 
explained by partial dissolution (resorption) by the 
host magma (Clabaugh, 1952; Dahy, 1988], 
mechanical abrasion during dike emplacement and 
brecciation (Mychaluk, 1992), and to some extent 
by mining and recovery methods (e.g., blasting and 
crushing of the ore). It should be noted, though, that 
most Yogo sapphires also have "flat" shapes, as indi- 
cated by the crystal faces that can still be seen. 
Intergem consulting geologist Delmer Brown (pers. 
comm., 1995] has hypothesized that, because the 
specific gravity of the sapphires is greater than that 
of the host rock, only crystals of this shape [i.e., 
lower mass} wafted to the top; possibly, mining 
deeper in the dike will reveal more euhedral and 
fewer flat crystals. Chemical reactions between the 
sapphires and iron in the magma have also created 
dark green hercynite (FeAl,O,4) reaction rims 
around some of the sapphires (Clabaugh, 1952). 


Figure 10. Another inclusion seen in some 
Yogo sapphires is rutile. Photomicrograph by 
John I. Koivula; magnified 30x 


GEMS & GEMOLOGY Spring 1995 


Figure 11, Rough Yogo sapphire crystals often 
appear rounded, broken, or flattened. The 
Vortex mine specimen shown here is a classic 
example of a Yogo sapphire that was chemi- 
cally rounded (actually, partially resorbed) 
during transportation tn the host magma. The 
faceting-quality sapphire measures 5 mm long 
x 2mm deep. Photo by Maha DeMaggio. 


e 


Most rough Yogo sapphires weigh less than one 
carat, although stones up to 19 ct have been found. 
Clabaugh’s list of some larger rough Yogo sapphires 
included individual stones weighing 10 and 12. ct. 
Nevertheless, Hughes (1990] stated that only 10% 
of the rough stones recovered from Yogo exceed one 
carat. 


The flat shapes of most of the Yogo crystals 
recovered thus far is a major drawback for gem cut- 
ters. Cutting retention for a standard brilliant cut 
averages 20%. The largest rough Yogo sapphire, 19 
ct (found in 1910}, was reportedly cut into four 
stones, one of which weighed 8.5 carats (Clabaugh, 
1952). According to Voynick (1987a}, the largest 
known cut Yogo sapphire weighs 10.2 carats and is 
presently in the collection of the Smithsonian 
Institution. However, some gemologists feel— 
because of its inclusions—that the source of this 
stone has been wrongly identified. It has exsolution 
needles of rutile in a hexagonal zoned pattern, and 
large liquid-and-gas CO, fluid inclusions, both of 
which are not found in Yogo sapphires (J. I. Koivula, 
pers. comm., 1995). 


GEOLOGY 


Overview. The Yogo Gulch deposit has traditionally 
been described, for simplicity, as a single sapphire- 
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bearing igneous dike (Clabaugh, 1952; Meyer and 
Mitchell, 1988; Dahy, 1988; Brownlow and 
Komorowski, 1988). However, the deposit actually 
consists of a complex set of subparallel lampro- 
phyre dikes (a lamprophyre is a group of dark, por- 
phyritic igneous rocks that usually contain phe- 
nocrysts of dark mica, pyroxene, or olivine in a fine- 
grained, crystalline groundmass and associated 
breccia zones. It appears that the emplacement of 
these dikes has been influenced by faulting and the 
development of karst in the host limestone (karst is 
a type of topography formed on or within limestone 
by dissolution; it is characterized by sinkholes, 
caves, and underground drainage]. Six of the dikes, 
labeled "A" through "F" for the purpose of this arti- 
cle, are shown in figure 4 and discussed below. 


Main (A) Dike. The A dike has produced the bulk of 
Yogo sapphires to date. Hence, before the author's 
research, it is the only dike that was studied in any 
detail. The A dike is about 5 km long and <1 to6m 
{average 2.4 m) wide (Clabaugh, 1952). The dike has 
intruded limestone (Mission Canyon formation] 
and shales (Kibbey and Otter formations}, probably 
along a pre-existing fault or fracture. Only very lim- 
ited contact-metamorphic effects are seen in the 
host rocks, indicating relatively quick emplace- 
ment and cooling. According to Dahy (1991), the 
dike may be separated into three en echelon (over- 
lapping or step-like} segments in a zone oriented 
S75°W; each segment has been significantly mined, 
both on the surface and underground. The three 
original underground mines at Yogo—the English, 
Middle, and American—are all located on the A 
dike. They have provided the vast majority of geo- 
logic and mineralogic data available to date on the 
Yogo deposit. 


"Barren" (B) Dike. The B dike lies approximately 
183 m to the north of the A dike and runs parallel 
to it for about 1.6 km. The apparent absence of sap- 
phires in this dike has been explained by the fact 
that it is a mafic lamprophyre (specifically, a 
minette], whereas thus far sapphires have been 
found only in ultramafic lamprophyre (Dahy, 1988}. 
Given the limited sampling that has taken place to 
date, though, further research is needed to verify 
this theory. 


C Dike. Approximately 46 m south of the A dike, 
near the American mine, is the sapphire-bearing C 
dike (Dahy, 1988}. Discovered at the same time as 
the A dike, the C dike was not developed because it 
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Figure 12. The Vortex mine was first discov- 
ered around 1924, when a group of miners, 
related to the old Yogo American Sapphire 
Company, sank several prospect pits into this 
cliff. Vortex Mining Co. began developmeni of 
the long-abandoned site in 1987, The main 
shaft, pictured here, has now reached a depth 
of 61 m. Sapplnres are being recovered from at 
least one dike. Phota by the author. 


is much thinner (15 cm} than the A dike (an average 
of 2,4 m wide]. However, the American Sapphire 
Company recovered some sapphires from a small, 
6-m-long, adit that was driven into it in 1902 (P. 
Ecker, pers. comm., 1994). There is no current pro- 
duction from this dike. Nor has any mineralogic or 
geologic description of the dike ever becn pub- 
lished, although the author has observed that the 
dike material has been significantly altered by CO;- 
rich ground water to yellow clay mincrals. 


D Dike. The D dike is Jocated on the north rim of 
Kelly Coulee, at the west end of the Yogo deposit. 
Its orientation is slightly different—due east-west— 
from that of the other dikes described here {which 
are slightly inclined to the south; Voynick, 1987b}. 
Vortex mined this dike in the mid-1980s. They 
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found it to be approximately 0.6-1.2 m wide and 
proved a length of 152 m (P. Ecker, pers. comm., 
1994}, Like the C dike, all D-dike material has been 
altered to yellowish clay minerals; no original, 
unweathered dike rock has been found. As of 1987, 
the largest rough stone recovered from the D dike 
was 6 ct, whereas the largest cut stone weighed 2.4 
ct (Zeihen, 1987). Currently, there is no mining 
activity at this dike. 


E Dike. Across Yogo Creek from the American 
mine is the new Vortex mine [figure 12). This thin, 
highly weathered dike was initially discovered from 
a set of prospect pits made in 1924. Vortex Mining 
began development in 1987 {L. Perry, pers. comm., 
1994). Subsequent work determined that the dike 
within the Vortex mine is not an extension of the 
main A dike, but rather is a separate dike, labeled 
“E" here (again, see figure 4). In the upper levels of 
the Vortex mine, the E dike is only a few centime- 
ters wide; but along the 30-m section of dike cur- 
rently exposed by mining at the 61-m level, the 
dike is about 0.5 m wide, strikes S45°W, and is 
highly weathered to a reddish brown color. 
According to core drilling, unaltered dike material 
exists at a depth below 100 m {total proven depth is 
110 m}. Currently, all Vortex mine production is 
derived from the E dike and associated breccia 
zones. 


F Dike. In 1993, core drilling by Vortex Mining 
revealed this new dike. Although underground tun- 
neling has not yet reached the F dike, drilling indi- 
cates that it is approximately | m wide and strikes 
S60°W, on an intersect angle with the E dike to the 
southwest. Like the E dike, F has been proved to 
exist as deep as 110 m. 


Secondary Deposits. Erosion of the dike system has 
created minor secondary sapphire deposits. 
Coluvial deposits on hillsides below the English 
mine and English Cut were quickly mined out at 
the turn of the century by the New Mine Sapphire 
Syndicate (Voynick, 1987a]. In addition, Yogo Creek 
cuts through the A dike at the Amcrican mine, and 
has scattered sapphires as far as 4 km downstream, 
However, the sapphire-bearing gravels within Yogo 
Creek have never been commercially mined (L. 
Perry, pers. comm., 1994}. Because the secondary 
occurrences are so limited, Intergem believed that 
the primary deposit had only recently been cxposed 
by erosion (Voynick, 1987a}. 
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Figure 13. This photo clearly illustrates the 
effect weathering has had on Yogo sapphire- 
bearing rock. The greenish-gray sample of 
unweathered A-dike lamprophyre (from under- 
ground workings of the English mine) is com- 
posed of nica, pyroxene, analcime, and car- 
bonates. The large circular feature is a carbon- 
ate-filled, pyroxene-rimmed vesicle; these vesi- 
cles were “bubbles” of an immiscible liquid 
within the Yogo magma. The reddish brown 
specinien 4s highly weathered material from 
the E dike within the Vortex mine; it consists 
of clays, carbonates, and some chlorite. After 
significant exposure to COp-rich ground water, 
the greenish-gray specimen would eventually 
look like the reddish sample. Because it is 
much easier to process weathered dike materi- 
al, Yogo sapphire miners still (as they did 70 
years ago) expose large piles of hard, unweath- 
ered Yogo dike ore to rain, snow, and frost to 
accelerate the decomposition process. Photo by 
Maha DeMaggio. 


Mineralogy of the Dike Material. Mineralogic stud- 
ies have shown that unweathered A-dike rock con- 
sists of phenocrysts of phlogopite and clinopyrox- 
enes {augite] in a groundmass of analcime and vari- 
ous carbonates. Lesser amounts of titaniferous mag- 
netite, ilmenite, apatite, zeolites, spinel, serpentine, 
and chlorite are also present, as are accessory sap- 
phire, kyanite, garnet, and quartz (Clabaugh, 1952; 
Meyer and Mitchell, 1988; Brownlow and 
Komorowski, 1988; Dahy, 1988, 1991). For the 
most part, dike material from the Vortex mine has 
been altered to clay minerals by CO,-rich surface 
and ground water. Analyses revealed that the 
weathered lamprophyre contained carbonates, clays 
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(montmorillonite and kaolinite; both identified by 
X-ray diffraction analysis}, biotite, chlorite, mag- 
netite, goethite/hematite pseudomorphs after 
pyrite, and minor apatite, quartz, pyroxene, rutile, 
and feldspar, as well as accessory sapphire and 
kyanite (Mychaluk, 1992). Meyer and Mitchell 
(1988} classified the unweathered rock as an ultra- 
mafic lamprophyre, variety ouachitite (figure 13). 
Lamprophyres, like kimberlites and lamproites, are 
thought to have been generated at great depths. 
Accordingly, Dahy (1991) believed that the Yogo 
magma formed at 125 km depth [ie., in the upper 
mantle], but the lamprophyre did not begin to crys- 
tallize until it approached the Earth's surface 
(Meyer and Mitchell, 1988}. 

Although field evidence only indicates an age 
younger than about 320 million years (My], the dike 
system itself is generally assumed to be approxi- 
mately 50 My old and is a member of the central 
Montana alkaline igneous province (Meyer and 
Mitchell, 1988; Brownlow and Komorowski, 1988). 
The geologic province hosts a suite of alkaline (typi- 
cally Si deficient.and high in Mg and Kj], upper- 
mantle-derived rocks. These include kimberlites, 
lamprophyres, lamproites, shonkonites, and carbon- 
atites, which comprise several major igneous cen- 
ters and mountain ranges in central Montana 
(Baker and Berg, 1991). 


Ore-Grade Variability. Although Clabaugh (1952) 
stated that the grade of the A dike is 20-50 carats 
per ton (ct/t}], more recent mining activity has 
shown that the grade is even more variable and spo- 
radic. In fact, within the Vortex mine alone the 
grade may range from zero to as high as 70 carats 
per ton (Mychaluk, 1992). Dahy (1988} believed that 
multiple episodes of magma intrusion occurred 
along the A dike, producing a dilution effect where- 
by sapphire-bearing dike rock is diluted with sap- 
phire-barren dike rock. Evidence included brecciat- 
ed (broken and re-formed} samples of A-dike rock 
that contain two mineralogically distinct lampro- 
phyres, one having brecciated and incorporated frag- 
ments of the first. Textural and mineralogically dis- 
tinct samples of lamprophyre are common in the A 
dike. 

Furthermore, the development of karst may 
have influenced Yogo ore grade. Work by Dahy 
(1988} led to the conclusion that karst features were 
present prior to the emplacement of the dike sys- 
tem and that karst continued to develop after dike 
emplacement. Sinkholes and small natural caves 
are common in and around the current mine work- 
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ings. Brecciated rock within these karst features 
may or may not contain sapphires, depending on a 
complex set of conditions, including whether the 
breccia was formed before or after dike emplace- 
ment. 

There are at least six main brecciated zones 
within the Yogo sapphire deposit; four are located 
along the A dike, including the Kelly breccia (the 
letter “K” in figure 4}. Although sapphires have 
been mined from the Kelly breccia, underground 
workings within breccias of the American mine 
produced little or no sapphire (Voynick, 1987a). 
Breccias are also quite common within the Vortex 
mine, mainly between the E and F dikes. These 
breccias are sapphire-bearing, with grades as high as 
5 ct/t. The sixth breccia zone occurs on the west 
end of the D dike, on the ridge overlooking Kelly 
Coulee. These breccias have never been exploited, 
so it is not known whether they contain sapphires. 
Originally, the Kelly and Vortex mine breccias were 
interpreted to be volcanic breccias related to dia- 
treme activity (Dahy, 1988, 1991; Mychaluk, 1992), 
although Baker (1994) suggests that they may sim- 
ply be karst features such as collapsed sinkholes. 


ORIGIN OF THE YOGO SAPPHIRES 


The origin of sapphires in the Yogo dike system has 
generated much discussion and debate over the past 
century. Many of the first geologists to study the 
deposit concluded that the sapphires must have 
been formed directly from the Yogo magma as phe- 
nocrysts (Pirsson, 1900). These early workers envi- 
sioned the silica-deticient Yogo magma incorporat- 
ing large amounts of Al-rich shales as it rose toward 
the surface. The magma consumed the aluminum 
and subsequently crystallized corundum directly 
from it. Later researchers, notably Clabaugh (1952), 
suggested that the Yogo magma incorporated frag- 
ments of a kyanite-bearing gneiss, instead of shales. 
The kyanite, a source of aluminum, was then con- 
sumed by the magma and later crystallized as 
corundum. Baker (1994) agrees with this latter phe- 
nocryst model and argues that inclusions he 
observed within Yogo sapphires, such as CO, gas 
and analcime, could only have been formed directly 
from the Yogo magma. 

However, it is also possible that the sapphires 
were incorporated as inclusions in the Yogo magma 
(i.e., are xenocrysts}. A detailed model describing 
this theory is presented by Dahy (1988). He envi- 
sioned that metamorphic rocks {e.g., gneiss} below 
the Yogo area already contained corundum, as they 
do in other parts of Montana (Clabaugh, 1952}. The 
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Yogo magma, as it rose toward the surface, cap- 
tured fragments of the corundum-bearing gneiss 
and transported it upward as xenoliths. The corun- 
dum crystals were eventually released into the 
magma as foreign fragments (i.e., xenocrysts]. Dahy 
further hypothesized that magmatic heat naturally 
"heat treated" the corundum into uniform blue, 
gem-quality sapphire. Much of the corundum was 
later resorbed into the magma as it rose to the sur- 
face, creating the spinel reaction rims seen around 
some sapphires and rounding, pitting, and etching 
others. Evidence to support this theory includes the 
discovery of a xenolith—containing corundum, 
feldspar, augite, and spinel—which Dahy (1988] 
interpreted as a metamorphosed clay or bauxite. 
Another possibility is that the sapphires crystal- 
lized in an earlier magma and were subsequently 
borne upward; they would still be called xenocrysts 
because they did not crystallize in the transporting 
magma. Meyer and Mitchell (1988) also presumed 
that Yogo sapphires were xenocrystic. 

New evidence supporting the xenocrystic ori- 
gin of the Yogo corundum crystals comes from 
thermodynamic modeling of the crystallization 
sequence of the Yogo magma, which is now repre- 
sented by the rock ouachitite. Such models can be 
calculated today with computer programs that use 
thermodynamic data for multicomponent (SiO», 
Al,O3, FeO, and other chemical constituents) sili- 
cate liquids (magmas). Computer simulations of the 
crystallization of the Yogo magma by J. Nicholls, 
University of Calgary, using the program described 
by Ghiorso and Sack (1995) suggest that corundum 
could not have crystallized directly from the Yogo 
magma, There are, however, some caveats to the 
conclusions drawn to date; additional research is 
needed to resolve this question. 


MINING AND PRODUCTION 


Mining and Processing. Gem-quality Yogo sap- 
phires are extracted directly from their host rock. 
CO,-rich surface and ground water has weathered 
portions of the lamprophyric dike rock to a soft, fri- 
able material that disintegrates in water (owing to 
its content of montmorillonite and other clay min- 
erals|. Unweathered dike rock, on the other hand, is 
in a hard, competent state, so mining requires care- 
ful blasting. To extract the gems from the rock, 
early sapphire miners exposed both types of materi- 
al to rain, snow, and frost on large wooden "weath- 
ering floors" (Clabaugh, 1952}. Within six to 12 
months, the dike rock would decompose, at which 
point the sapphires could be recovered by simple 
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gravity methods such as sluicing. Today, small pro- 
cessing plants with rotating trommels break down 
the sapphire-bearing ore and trap the sapphires in 
modified jigs and sluices that are usually used in 
placer gold recovery (figure 14). Both steam and 
dilute HCI] acid have been used experimentally to 
decrease ore-processing time, although neither 
method has been fully implemented (P. Ecker, pers. 
comm., 1994). Large amounts of goethite/hematite 
(limonite} cubes are also recovered in the processing 
jigs. The cubes may be heated to change the 
limonite to a magnetic phase for easier removal 
from the jig concentrates, a technique used by the 
New Mine Sapphire Syndicate at the turn of the 
century (Voynick, 1987a). Final sorting of the con- 
centrate for sapphires is done by hand. 


Production. Most of the Yogo sapphires recovered to 
date have come from six locations in the deposit: 
English Cut, English mine, Middle mine, American 
mine, Intergem Cut, and Vortex mine. Initially, sap- 
phires were extracted by the New Mine Sapphire 
Syndicate from surface exposures of the A dike— 
and the colluvial gravels weathered from them—by 
means of hydraulic mining. This initial mining 
{roughly 1895-1901} occurred mainly at the English 
Cut, where early miners had to construct a 15-km- 
long flume to bring in the water needed for process- 
ing. Clabaugh (1952) reported production figures 
ranging from 296,862 carats in 1898 to 777,550 
carats in 1901. 

The next phase of mining at Yogo, which was 
also by the New Mine Sapphire Syndicate, occurred 
underground at the English and Middle mines. 
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Figure 14, At the Vortex 
mine processing plant, 
ore is loaded into the 
yellow hopper, which 
feeds into the large rotat- 
ing trommel. Heavy 
chains in the tromrmel] 
help break down sap- 
phire-bearing ore, which 
is then fed into a jig 
behind the bulldozer. 
Final clean-up of the 
sluice tray in the jig is 
done by hand. Photo by 
the author. 


Between 1902 and 1929, 200,000 tons of ore were 
extracted from the English mine, with a grade of 
20-50 carats of rough per ton (Clabaugh, 1952). At 
8-15 m below the surface, the Middle mine con- 
nects with the English mine (figure 7 in Clabaugh, 
1952); the English mine was worked to a maximum 
depth of 76 m. Neither mine has been commercial- 
ly operated since 1929, although the old Middle 
mine workings were the site of a 1993 Cyprus- 
AMAX bulk sample (the results of which have not 
been made public). 

Between 1901 and 1914, first the American 
Sapphire Co. and then the Yogo American Sapphire 
Co. extracted a total of 3 million carats of sapphire 
rough from the American mine, which was worked 
to a depth of 91 m. The mine was not operated 
again until the early 1970s: Between 1970 and 1973, 
Sapphire International Corp. produced 300,000 
carats of rough, of which 15%—or 45,000 carats— 
was gem quality (Dahy, 1988). In 1974, a further 
250,000 carats of rough was produced (Sinkankas, 
1976). Therefore, a total of at least 3.55 million 
carats of rough have been recovered from the 
American mine. 

The three underground mines and hydraulic 
operations on the English Cut produced an estimat- 
ed 16 million carats of rough sapphires between 
1895 and 1929, according to Clabaugh (1952), who 
compiled detailed production statistics for this peri- 
od. Fourteen percent, or about 2.25 million carats, 
of these stones were gem quality. 

Intergem undertook a large-scale strip-mining 
operation along the east end of the A dike (now 
referred to as the Intergem Cut]. Between 1980 and 
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1986, Intergem produced an estimated one million 
carats of rough sapphires from this cut (Dahy, 
1988}. Because, as discussed above, the sapphire 
content can vary greatly from one part of a dike to 
another, ore grades ranging from 5 to 50 carats of 
rough per ton have been reported (Voynick, 1987a). 
Cyprus-AMAX also took a bulk sample from the 
Intergem Cut in 1993, but little other development 
work has occurred there since 1986. 

Currently, the Vortex mine is the only fully 
operating underground mine at Yogo, albeit relative- 
ly small compared to past operations. As of January 
1995, the mine was 61m deep with one 50-m-long 
tunnel at the 61-m level, three 91-m-long tunnels at 
the 18-m level, and one 12-m-long adit at ground 
level (L. Perry, pcrs. comm., 1995). Although first 
opencd in 1987, the Vortex mine only recently 
began full-time ore extraction. Allen (1991) stated 
that the Vortex mince is capable of producing 400 
carats of rough sapphires a day, of which half are 
suitable for cutting. The mine produced 5,000 and 
12,000 carats, respectively, of gem-quality sapphires 
in 1992 and 1994. Thcre was no 1993 production 
because of a core-drilling and minc-development 
program (L. Perry, pers. comm., 1995}. As noted ear- 
licr, the orc grade at the Vortex minc also varies 
ercatly, from 0 to 70 carats of rough per ton. 

Roncor, the current owncr of the English, 
Middle, and American mines and the English and 
Intergem Cuts, has not undertaken any under- 
ground or hydraulic mining. Rather, most of 
Roncor's production is derived from reprocessing 
old mine tailings and lcft-over ore from the 
Intergem era. With this technique, Roncor has pro- 
duced a reported 30,000 to 50,000 carats of rough 
sapphires annually (Verbin, 1993). 

Total production for the deposit's 100-year 
operating period has been estimated by the author, 
by updating Clabaugh's figures, to be approximately 
18.2 million carats of rough sapphires, of which 
14%—or about 2.55 million carats—were of gem 
quality. Assuming an average cutting retention of 
20%, the Yogo deposit has probably produced 
510,000 carats of cut sapphires. 

The geology of the deposit indicates that the 
depth of the A dike is considerably greater than the 
91 m reached thus far. Given that the specific gravi- 
ty of the sapphires is higher than that of the host 
rock, there may be even more sapphires at lower 
Icvels. One can conclude, therefore, that the 
reserves are significant, perhaps twice what has 
already been recovered, although the cost of recov- 
ery may be prohibitive. 
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SUMMARY AND CONCLUSION 


Over 100 years of intermittent operation, the Yogo 
sapphire deposit has produced an estimated 18.2 
million carats of rough sapphires, of which about 
2.55 million were gem quality. More than a half 
million carats of cut sapphires have entered the 
marketplace from this locality. Approximately 97% 
of these gems are "cornflower” blue, whereas 3% 
are various shades of violet; there is no commercial 
heat treatment of this material. Yogo sapphires also 
contain fewer inclusions and fractures than sap- 
phires from most other localities, although only 
about 10% of rough Yogo sapphires exceed one 
carat—their main drawback as a gemstone. Cutting 
retention of these typically flat-shaped crystals 
average 20%, producing many stones in the 0.10- to 
0.50-ct range. Markcting high-quality sapphires of 
this size has been difficult for past and present pro- 
ducers. Profitability is further hampered by the 
extra costs associated with underground mining 
and subsequent ore processing, which are not 
incurred with alluvial sapphire deposits. 


Gcologic investigations have revealed that the 
deposit consists of at least six subparallel ultramafic 
lamprophyre dikes—not just one as is popularly 
recorded. Sapphires have been discovered in all the 
dikes execpt the B, or "barren," dike. The deposit 
has been influenced by the development of karst 
and by pre-existing faults and fractures in the host 
limestone, as well as by multiple magma intru- 
sions. There is great variability in gradc within the 
dike: Some areas produce little or nothing, and oth- 
ers produce as much as 70 carats of rough sapphire 
per ton of ore. 


There is considerable disagreement in the liter- 
ature as to whether the sapphires originated in the 
magma {as phenocrysts} or were part of "foreign" 
rocks transported to the surface by the magma 
{xenocrysts}. Recent thermodynamic computer 
modeling lends some support to the theory that the 
Yogo sapphire crystals were xenocrysts. However, 
the original source of the Yogo sapphires, if truly 
xcnocrysts, remains a mystery. 

Sapphire reserves at Yogo appear to be consider- 
able. On the basis of reports in the literature and his 
experience, the author estimates that they proba- 
bly—if not practicably—exceed twice what has 
already been produced. Because of greater activity 
by groups such as Vortex, Roncor, and Cyprus- 
AMAX, the author suspects that production will 
gradually increase during the next decade, yielding 
many more of the now-legendary Yogo sapphires. 
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MEERSCHAUM FROM ESKISEHIR 
PROVINCE, TURKEY 


By Kadir Sariiz and Iskender Isik 


This study presents a model for the origin of the Eskisehiv, Turkey, septolite 
deposits. Known as "meerschaum" in the gem trade when it occurs as compact 
masses (especially nodules), sepiolite is mined by local farmers using basic 
implements and traditional tunneling methods. The best nodules are carved 
into objects such as pipe bowls, bracelets, and necklaces. The senrolite nodules 
occur in the Pliocene-age Imuisehir conglomerates, associated with dolomite, 
magnesite, opal-CT, and hizardite, Fibrous in morphology, they probably 
formed in relatively shallow water under alkaline conditions, as a result of the 
replacement of magnesite gravels that were subjected to pore waters with high 


StO 2 concentrations. 


Sepiolite, Mg,SigQ)5(OH], 6H)O, is a clay mineral 
that has many industrial uses. One of the earliest 
was soap, because the compact material has a 
greasy texture and lathers when first recovered. 
White, compact, massive sepiolite is called meer- 
schaum (from the German meer [sea] and schaum 
{foam]}; it has a very low specific gravity (dry, it can 
float on water] and low hardness. Because it is easi- 
ly carved and polished, meerschaum historically 
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has been a popular ornamental gem material. It is 
best known as a carving material for pipe bowls {fig- 
ure 1}, but it has also been used for objects such as 
cameos and jewelry. 

Although meerschaum may have been used as 
early as the days of the Roman Empire (Ball, 1950, 
Ece and Coban, 1994}, its use as a carving material 
has been documented since the late 1600s, when it 
was mined for the manufacture of pipe bowls, 
cigarette holders, and building material from the 
sepiolite deposit in Vallecas, Spain (Galan and 
Castillo, 1984}. At present, the Spanish sepiolite 
deposits, the largest in the world, are mined for 
industrial uses only; there are no recent reports of 
gem-quality {nodular} material from Spain. 
Relatively new occurrences of sepiolite, some of 
which contain material classified as meerschaum, 
have been reported in the United States (California, 
Nevada], Spain, Kenya, Japan, Russia, and China 
(Singer and Galan, 1984, Jones and Galan, 1988}, 
but the published reports on these areas do not 
mention material suitable for carving. 

Within Turkey, virtually all meerschaum pro- 
duced is from Eskisehir Province. Although another 
deposit of meerschaiin nodules has been identified 
in Yunak Township, Konya Province {150 km [93 
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Figure 1. Made for the 
1873 Viennese World's 
Fair, this intricately 
carved meerschaum pipe 
bowl is decorated with 
amber, turquoise, and 
enameled silver. 
Courtesy of the Austrian 
Tobacco Museum, 
Vienna; photo by 
Thomas Reinagl. 


miles] southeast of the city of Eskisehir; Yeniyol 
and Oztunali, 1985), to date there is no known 
commercial production from that area. In the vicin- 
ity of Eskisehir (the provincial capital}, there are 
three major and two minor sepiolite districts (figure 
2|, Turkmentokat-Gokceoglu is the most important 
meerschaum-producing district in Eskisehir, 
because of the superior whiteness, purity, and ease 
of carving of the material. With regard to the two 
other important sepiolite deposits in the region, 
Sepetci and Nemli, some meerschaum has been 
extracted from the former, whereas both meer- 
schaum and industrial-grade sepiolite have been 
mined from the latter. 

The Eskisehir sepiolite deposits are known to 
have been exploited since the 18th century. For 
much of this time, the district's meerschaum was 
exported to Vienna, Austria, as preforms, as well as 


Notes and New Techniques 


to Budapest (Hungary] and throughout Germany, 
primarily for carving into objets d'art (figure 3) and 
articles for smokers (figure 4}. Historically, meer- 
schaum was known as "Vienna stone" in the 
European market (Uzkesici, 1988]; even today, 
European pipe makers will use this term to refer to 
the finest quality meerschaum (Necdet Altinay, 
pers. comm., 1995). 

At present, meerschaum products carved by 
Eskisehir artisans are supplied directly from Turkey 
to the world market. Meerschaum (sometimes 
called "Eskisehir stone") articles have been exported 
primarily to the United States, Australia, and 
Canada, as well as to England, Germany, Norway, 
Denmark, and other European countries. 

Sepiolite usually occurs in sedimentary rocks, 
in forms ranging from massive to earthy, as thin 
layers, disseminated, and as concretions. Although 
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Figure 2. This map of the 
Eskisehir region of 
Turkey shows the loca- 
tion of the five main sepi- 
olite districts identified 
to date in this historic 
meerschaum-producing 
area. The yellow area sur- 
rounding the villages of 
Turkmentokat and 
Gokceoglu—shown here 
in dark yellow—was 
studied extensively by 
the authors (see Sariiz, 
1990), Lines marked “A” 
and “B” refer to cross-sec- 
tions in figure 5. 


@Kireckoy B Fevaiye 


Gokeeoglu 


To Ankara 


the Eskisehir sedimentary sepiolite deposits have 
been exploited for more than 200 years, their geo- 
logic origin has not been studied in detail. The 
objective of this study was to develop a genetic 
model for the geologic origin of the deposits at 
Turkmentokat-Gokceoglu. In the course of this 
research, we also studied current mining practices, 
the gemological properties of meerschaum, and the 
fashioning and distribution of this omamental gem 
material. 


LOCATION AND ACCESS 


The meerschaum is mined from shafts (or holes) in 
an area between the villages of Turkmentokat and 
Gokceoglu, approximately 20 km (12.5 miles} east 
of the city of Eskisehir (again, see figure 2],. This 
region is about 1,000 m (3,280 feet) above sea level; 
vegetation is subtropical. The mean temperature is 
11.3°C (about 52°F}. The mean rainfall in the region 
is 250 to 300 mm {10 inches to 1 foot}, with cool 
summers and cold winters (rainy and snowy). The 
city of Eskisehir is located about 250 km west of 
Ankara, the capital of Turkey, and 360 km south- 
east of Istanbul by road. Access to the mining area 
is possible by car via Highway E90 from Eskisehir 
to the center of the villages, and then by horse or by 
foot {and, in some cases, by car) via dirt trails for 
about another 1-2, km. 

Eskisehir was founded in the first millennium 
before Christ by the Phrygions, as they settled on 
the banks of Porsuk River. It has an active artistic 
and cultural life, with world-class performances of 
the ballet, theater, opera, and folk dancing. The city 
is especially well known both for meerschaum (for 
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which it has hosted several international festivals} 
and for traditional folk dancing. The main indus- 
tries of Eskisehir Province are farming, mining, 
carving, clothing, brick, and tile manufacture. 


Figure 3. During the 19th century, meerschaum 

was also used for cameos, as illustrated by this 

37.5 33.5 em carving of Emperor Franz Joseph | of 
Austria. Courtesy of the Natural History Museum of Vienna. 
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Figure 4, Carved in 18th- 
century Vienna, these 
meerschaum cigar hold- 
ers depict mythological, 
hunting, and historic 
scenes. Note the change 
in color caused by nico- 
tine staining. Courtesy of 
the Austrian Tobacco 
Museum, Vienna; photo 
by Thomas Reinagl. 


MATERIALS AND METHODS 


Detailed geologic mapping of the study area was 
completed during the summer of 1990 (Sariiz, 
1990}. Descriptions and study of about 100 samples 
from the conglomerates in which the meerschaum 
deposits occur provided the primary data for this 
study. 

Polarizing microscopy, X-ray diffraction (XRD} 
analysis, and scanning electron microscopy {SEM} 
were used to identify, study, and characterize meer- 
schaum and other minerals within the deposit. 
XRD analysis was done at the Department of 
Geological Engineering of Istanbul Technical 
University using a Philips Model 1140 X-ray pow- 
der diffractometer. SEM analysis was done at the 
Department of Metallurgy of the University of 
Texas at El Paso with a dual-stage scanning elec- 
tron microscope (Model ISI-DS 130). 

Carved meerschaum articles provided by the 
meerschaum company Koncak and from the 
authors' personal collections were used for gemo- 
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logical testing (i.e., determination of optical and 
physical properties}. 


GEOLOGY AND OCCURRENCE 


Geology of the Eskisehir District. The oldest rocks 
in the district belong to the Upper Paleozoic 
Karatepe group, which is composed of dcep marine 
{oceanic trench) rocks that have undergone meta- 
morphism (high pressure and low temperature} as a 
result of subduction. The group is divided into three 
units: the Sarikavakcali marble, the Karakaya meta- 
morphics (calc schist and quartz schist], and the 
Gokceoglu formation (quartz-bearing muscovite 
schist, glauconite schist, marble, "schisty" diabase, 
and phyllite). This group is overlain by the 
Turkmentokat ophiolites (mafic and ultramafic 
igneous rocks associated with a geosyncline}, which 
are probably Triassic in age and are composed of 
dunite, serpentinite, and gabbro. The Turkmentokat 
ophiolites are overlain by the Jurassic Yildiztepe for- 
mation (a succession of fine-grained sandstones} and 
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Figure 5. These cross-sections from the Turkmentokat-Gokceoglu district show the location of the strati- 
graphic sequence of rocks (see text for details) and the sepiolite (meerschaum) deposits. Locations of cross- 


sections are labeled “A” and “B” in figure 2. 


the Yorukkaracaoren limestones {mostly massive 
and partly recrystallized}. These, in turn, are over- 
lain unconformably by the Pliocene-age Imisehir 
conglomerates and Koyunyatagi limestones, the 
former contain the economically important sepio- 
lite nodules as well as peridotite, diabase, magne- 
site, and serpentinite gravels and sand-size grains of 
quartz, feldspar, and biotite, all of which are 
cemented by dolomite. The conglomerates are 
35-40 m {about 115-130 feet) thick; the gravels [as 
distinct from the larger nodules) range up to 4 cm 
{about 1.5 inches} in diameter. The Turkmentokat 
ophiolites and the Jurassic rocks are cut by dikes 
and stocks of Paleocene-age Karlik quartz diorite 
porphyry (figure 5). 

The present geologic structures (e.g., grabens) of 
the study area formed during a major deformational 
(tectonic] stage in the complex geologic history of 
the Aegean region during lower Miocene time. This 
was a result of the Arabian platform being pushed 
toward the Anatolian (Asia Minor] plate (Sengor, 
1980). 


The Sepiolite Nodules. At Eskisehir, sepiolite nod- 
ules occur in the Imisehir conglomerates (figure 6}. 
Typically, the nodules are 8-10 cm in diameter, but 
some are as large as 25 cm. In natural form, they are 
gray to white, compact, and soft as some soaps. 
Some sepiolite nodules, when broken, display a 
magnesite core (figure 7], indicating a genetic rela- 
tionship between the two minerals—in this case, 
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that the magnesite formed first and later was 
replaced by sepiolite. In addition, we observed that 
magnesite gravels, like the sepiolite nodules that 
form from them, are randomly distributed in differ- 
ent levels of the Imisehir conglomerates, which 
suggests that the gravels were transported from the 
magnesite deposits in the region. 

Although bedded sepiolite is found in some 
parts of the Eskisehir district, this material is typi- 
cally an undesirable gray color, is contaminated by 


Figure 6. This view of the extracted Imisehir con- 
glomerates shows the white meerschaum nod- 
ules and fragments, the dark gray serpentinite, 
light gray silica, and the brown dolornitic 
cements that bind the minerals. 
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Figure 7, Magnesite (Mg) 
cores and rims are visible 
in these two sepiolite (Se) 

nodules: left = 10cm 
wide, right = 8 cm wide. 


clay and other materials, has a relatively high spe- 
cific gravity, and is subject to multiple cracking as 
it dries. Some has been used for carving, but the 
product is of very low quality. Gem-quality meer- 
schaum occurs only in the sepiolite nodules. 

On the basis of microscopic studies, we identi- 
fied quartz and dolomite grains up to 30 zm in the 
sepiolite nodules. XRD patterns recorded the pres- 
ence of dolomite, magnesite, and minor amounts of 
opal-CT (opal-cristobalite} and lizardite (a member 
of the kaolinite-serpentine group] in the nodules. 
The cement of the conglomerates contains 
dolomite and minor amounts of opal-CT and ser- 
pentinite. 

Sepiolite shows a fibrous morphology in the 
scanning electron micrograph (figure 8}, with fibers 
as wide as 0.5 um and up to 35 ym long. The fibers 


Figure 8. This scanning electron photomicrograph 
of a sepiolite nodule shows the fibrous texture 
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are intimately intergrown, and terminations are 
rare. The ends of the fibers are bent slightly. 


Occurrence of Sepiolite. Singer and Galan (1984] 
and Jones and Galan (1988) made the most recent 
and authoritative ‘compilations on all aspects (his- 
tory, crystal structure, chemistry, synthesis, phys- 
ical properties, geologic and geographic occur- 
rences, industrial applications} of sepiolite, 
Mg4SigO15({OH]}9° 6H,O. They show that it is 
closely related to palygorskite (varietal names for 
which include "mountain leather" and "mountain 
wood"), (Mg, Al}.SizO 90H}: 4H,0, with which it 
frequently occurs. 

Both minerals have been found in a number of 
geologic environments. These include: {a) marine 
environments (sediments] ranging from deep seas to 
shallow lagoons; {b) continental environments rang- 
ing from soils, calcretes (caliche), and alluvium (ail 
characteristically alkaline and in arid or semi-arid 
regions}; (c) continental saline and alkaline lake sed- 
iments; and (d) associated with igneous rocks as 
veins and alteration products, some of which may 
be related to hydrothermal alteration of Mg-rich 
(ultramafic) rocks (Singer and Galan, 1984; Jones 
and Galan, 1988). In addition, Ece and Coban (1994) 
discuss the diagenetic replacement of magnesite 
cobbles and pebbles by sepiolite with specific refer- 
ence to these (Eskisehir} deposits. Because sepiolite 
may form in many environments, it is not surpris- 
ing that this mineral is found in several physical 
states, ranging from compact {meerschaum] to 
earthy (as in soils). 

The random distribution of sepiolite nodules 
within the Imisehir conglomerates can be related to 
ground-water fluctuations over time as well as to 
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Figure 9. Areas of opal-CT (OP) were found to be 
associated with sepiolite (Se) in the nodules 
(here, 13 crn wide). 


the proximity of the conglomerates to fault systems 
that enhance the flow of fluids. Also, clay layers 
may have influenced sepiolite distribution, because 
they affect the ability of pore water (subsurface 
water in the voids of the rock} to penetrate the for- 
mation. On the basis of the field investigations and 
on chemical, mineralogic, and petrographic analy- 
ses performed on sepiolite nodules (taking into con- 
sideration the stability diagram of Wollast et al. 
[1968]], we determined three main points about the 
physico-chemical behavior of the Mg**+SiOy{aq}+H O- 


Figure 10. A "spinning wheel" (rope and pulley) 
system is used to remove buckets of sepiolite 
nodules and waste materials from one of many 
mining "holes" operating in the Eskisehir district. 
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bearing solutions from which the Eskisehir sepio- 
lite deposits formed: 


1. Under alkaline conditions {pH = 8-8.5}, when the 
SiO, concentration of the pore waters in the 
magnesite gravels reached saturation, sepiolite 
formed in situ as a replacement of the magnesite 
gravels. (Sepiolite does not form when the SiO», 
concentrations in pore waters are low.] 


2. When pore waters were supersaturated with 
respect to SiO», both sepiolite and opal-CT 
formed together, as evidenced by the presence of 
opal-CT areas associated with sepiolite in the 
nodules (figure 9}. 


ies) 


. As no talc was detected in our samples, it can be 
assumed that dolomite—unlike magnesite—in 
the nodules did not react with the SiO»-saturated 
pore waters. If such a reaction had taken place, 
talc would have been produced (Mueller and 
Saxena, 1977}. 


MINING 


The Turkmentokat-Gokceoglu district contains 
hundreds of shafts that are believed to have been 
worked intermittently for sepiolite. Traditional 
methods for mining meerschaum, using simple 
hand tools, still appear to be the most economic. 
Specifically, shafts about 1 m in diameter and any- 
where from 10 to 75 m deep are dug into the ground 
to reach the sepiolite-containing beds. When min- 
ers reach a layer that may have economic amounts 
of sepiolite, they drive a production gallery (hori- 
zontal "drift" or opening}, approximately 120 cm 
{about 1.5 yards} high and 150 cm wide, in the 
direction that the sepiolite nodules appear to occur. 
Because the conglomerates bearing the sepiolite 
nodules are strongly cemented by the dolomitic 
material, miners can operate in the gallery without 
adding any structural supports. 

To extract the sepiolite, miners use the tradi- 
tional room-and-pillars style of digging. Both waste 
materials and sepiolite nodules are raised to the sur- 
face in buckets by a simple "spinning wheel" {rope 
and pulley system} at the top of the shaft (figure 10). 
Common extraction tools include picks, shovels, 
and wedges to pry the sepiolite from the conglomer- 
ate. Because wet sepiolite is very soft, miners must 
be extremely careful not to damage the nodules 
during extraction. Explosives are not used. 

In the Eskisehir district, meerschaum is mined 
by small companies and groups (2-5 people, figure 
11}. Because most of the miners are farmers, the 
deposits are worked most intensively after the 
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Figure 11, A group of miners return to Karatepe 
village (visible in the background) at the end of 
a workday. Note the mining tools: a wedge, a 
shovel, and a carbide lamp. 


farming season, in late fall through early spring 
(November through April]. In addition, the relative- 
ly shallow depth of the water table in some areas 
means that flooding of the tunnels can be a major 
problem, especially in the spring. 


PRODUCTION 


Meerschaum is believed to have been exploited in 
the region since the time of the Roman Empire. 
From the end of the 18th century until the begin- 
ning of the 20th, meerschaum was mined exten- 
sively in Eskisehir, and the rough was exported to 
Europe and the United States. According to the 
State Institute of Statistics, Prime Ministry, 
Republic of Turkey (1990 and 1992), Eskisehir pro- 
duction at that time averaged an estimated 12,000 
cases a year (one case = 12 kg}. Between 1913 and 
1952, sepiolite production fell to a total of 6,600 kg, 
while a total of 176,856 kg was produced from 1954 
to 1973. To support the local carving industry, the 
Turkish government has banned the exportation of 
rough meerschaum since 1972. Production reported 
for the period since then peaked at about 525 cases 
in 1975 and dropped to a low of 40 cases in 1992. 
(Note that these figures represent production 
recorded by government sources. Because much of 
the meerschaum is extracted outside of government 
supervision, actual production is undoubtedly 
much greater.) About half of this reported produc- 
tion is believed to be mined from the Turk- 
mentokat-Gokceoglu region (Necdet Altinay, pers. 
comm., March 1995). On the basis of information 
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provided by the State Organization of Planning 
(Prime Ministry, Republic of Turkey}, we estimate 
that meerschaum reserves in the district exceed six 
million kilograms. 


THE GEMOLOGICAL PROPERTIES 
OF MEERSCHAUM 


The Turkmentokat-Gokceoglu meerschaum nod- 
ules have distinctive mineralogic and physical prop- 
erties (table 1), as well as size, shape, and texture— 
that make them particularly suitable for carving 
decorative objects such as pipe bowls (figure 12}, 
objets d'art, and jewelry (figure 13). 

Properties such as sorption, chemical composi- 
tion, the white color, high porosity, and low specif- 
ic gravity, make meerschaum ideal for use in pipe 
bowls. Although some manufacturers produce sepi- 
olite articles in tourist venues elsewhere in Turkey, 
Eskisehir Province is the center of sepiolite manu- 
facture. 


CARVING MEERSCHAUM 

The first step in making a sepiolite carving is to 
pick the right nodule. Only by careful selection can 
defects such as cracks, color irregularities, and 
inclusions of other minerals be avoided in the final 
product. Sepiolite can be easily carved as long as it 
is somewhat moist. Because the nodules typically 
lose some of their natural moisture during the often 
lengthy carving process, they usually have to be 
soaked in water periodically to maintain sufficient 
softness. Eskisehir carvers use as many as 40 types 


TABLE 1. Physical appearance and gemological properties 
of gem-quality sepiolite (meerschaum) from Eskisehir, Turkey. 


Color White (rarely, cream) 

Refractive indices@ Ng = 1.525-1.529, ny = 1.506-1.520 with 
a birefringence of 0.009 to 0.019 

2.0 fon compact material)® 

Inert to both long- and short-wave 
UV radiation 

Quartz, dolomite, and magnesite 
inclusions {all identified by X-ray 


Specific gravity 
Fluorescence 


nternal characteristics 


diffraction) 
Hardness (Mohs scale) — 2-2..5¢ 
Other Floats on water and adheres to tongue 


in its raw state 


aViicroscopic observation with immersion as reported by Sagirogiu and 
Cogulu (1972, p. 871). 

oMeerschaurn floats on water when dry. Porous material has a specilic gravity 
of 0.508-0.894. 

cWhen heated, meerschaum loses its moisture and hardens further. 
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of knives and other tools, which they usually man- 
ufacture themselves. 

Once a nodule has been selected, the carver 
must choose a design that best fits the natural 
shape of that nodule and minimizes waste. From 
this point on, the single most important point in 
deciding on a design is the carver's vision and imag- 
ination. With talent, experience, and patience, the 
artisan can produce a variety of intricate designs. 

After the nodule has been given the desired or 
requested form, it is partially dried slowly in the 
sun. Subsequently, the piece is carefully hand 
carved. Once the meerschaum carving is complet- 
ed, it is dried in an oven at 110°C for two hours. 
Next, it is polished with a very fine abrasive and 
then immersed in heated, liquid beeswax for a few 
minutes; last, it is polished with a very soft cloth. 
This waxing and polishing treatment gives the fin- 


Figure 13. In Eskisehir, meerschaum is also 
carved into jewelry, like this suite featuring a 
necklace, bracelet, and earrings. The meer- 
schaum in the bracelet is 14.5 x 0.50 mim. 
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Figure 12. The beau- 
tiful meerschaum 
bowl on this 40-cm 
long pipe was carved 
in Eskisehir. From 
the collection of 

Mr. Sedat Koncak. 


ished meerschaum article a creamy white color and 
shiny appearance. Meerschaum turns a progressive- 
ly darker yellow when used as a pipe bowl because 
it absorbs nicotine from the tobacco. 


DISTRIBUTION 


In Eskisehir and nearby villages, all meerschaum 
products are manufactured by independent artisans 
at their workshops or homes. Currently, there are 
about 150 meerschaum carvers in Eskisehir 
Province. There are no large-scale, mechanized 
carving operations in Turkey. To educate meer- 
schaum carvers and miners, and to raise future 
carvers, the local government established a meer- 
schaum school in Eskisehir in 1989. However, it is 
not currently in operation. 

To purchase meerschaum objects, one can con- 
tact either the Chamber of Trade of Eskisehir, as 
they publish requests in their journal, or any one of 
the several companies operating out of Eskisehir 
(e.g., Oztas, Altinay, Altintas, or Koncak)}. 
Meerschaum articles from Eskisehir artists reported- 
ly have sold at high prices. For example, one by 
noted pipe-maker Ismail Ozel was auctioned for 
$18,000 five years ago (Necdet Altinay, pers. comm., 
1995). According to Mr. Altinay, the owner of 
Altinay Co., collectors of meerschaum carvings con- 
sider three main factors: the date of manufacture 
(the older, the better), the carver {the more famous 
the better], and the artistry of the piece itself. 


CONCLUSIONS 


On the basis of a geologic map of the 
Turkmentokat-Gokceoglu district completed by 
the senior author, study of the local stratigraphy, 
and field observations, as well as X-ray diffraction, 
scanning electron microscopy, and petrographic 
analyses, the authors have concluded that the sepi- 
olite (meerschaum] nodules probably formed at 
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shallow depths and in alkaline conditions, in the 
vicinity of paleo-shorelines of a lacustrine basin 
(large, inland lake}. They are the result of replace- 
ment of transported magnesite gravels when these 
gravels were subjected to pore waters with high 
SiO, concentrations. Sepiolite's properties make it 
especially suitable for carving and polishing when it 
occurs in a compact, massive form, as meerschaum. 

Although significant quantities of meerschaum 
were mined and exported from the 18th through 
the early 20th centuries, production appears to have 
declined greatly in recent decades. Since 1972, gov- 
ernment regulations have limited export to only 
fashioned meerschaum. However, there are a num- 


REFERENCES 


Ball S.H. (1950) A Roman Book on Precious Stones. 
Gemological Institute of America, Los Angeles, CA. 

Ece O.1., Coban F. (1994) Geology, occurrence, and genesis of 
Eskisehir sepiolites, Turkey. Clays and Clay Minerals, Vol. 
42, No. 1, pp. 81-92. 

Galan E., Castillo A. {1984}. Sepiolite-palygorskite in Spanish 
Tertiary basins: Genetical patterns in continental environ- 
ments.,In A. Singer and E. Galan, Eds., Palygorskite- 
Sepiolite. Occurrences, Genesis, and Uses, Developments in 
Sedimentology 37, Elsevier, Amsterdam, pp. 87-124. 

Jones B.F., Galan E. {1988} Sepiolite and palygorskite. In S.W. 
Bailey, Ed., Hydrous Phyllosilicates (Exclusive of Micas), 
Reviews in Mineralogy, Mineralogical Society of America, 
Washington, DC, Vol. 19, Chap. 16, pp. 631-674. 

Mueller R.F., Saxena S.K. (1977) Chemical Petrology. Springer- 
Verlag, New York. 

Sagiroglu G., Cogulu E. (1972). The Determination of Minerals 
with the Polarizing Microscope (in Turkish). Technical 
University, Istanbul, Gumussuyu, Istanbul. 

Sariiz K. (1990) The occurrence of magnesite deposits at 


NEWLY REVISED 


| his classic book is unique in bringing 
together the identification, dating and 
valuation of jewelry from the late 18th 
century to the present day. 
Viton j Whether you are interested in learning 
S, oe about the history of fashion, deciding 
.* 


\ 
eons one canto 


Understanding 
Jewellery 


by David Bennett & 
Daniela Mascetti 
425 pages 


GIA BooKkSTORE 


on aS SS Ve what to buy or simply enjoying the 
beauty of exquisite objects, this book will 
provide an invaluable reference. Written 
by Sotheby jewelry experts, this is the 
most comprehensive book of its type. 


ber of expert carvers in Turkey, especially in 
Eskisehir Province. Some of their works of art have 
been sold at auction for significant sums. 

The worldwide decline in the popularity of 
smoking has undoubtedly affected the demand for 
meerschaum pipes. However, sepiolite has many 
other industrial uses, which suggests that mining is 
likely to continue. One potential use for meer- 
schaum could be as an alternative to ivory, which is 
banned in many countries. Both have a similar 
color, take a high polish, and are easy to carve and 
cut. It must be noted, however, that ivory is harder 
than meerschaum and—unlike meerschaum— 
bends without breaking. 
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ALEXANDRITE, with Pleochroic 
Twinned Growth Zones 


A 1.21-ct faceted stone, with a green- 
to-purple color change, was sent to 
the West Coast laboratory for identifi- 
cation. We found the optical proper- 
ties to be typical for alexandrite— 
biaxial optic character, with refractive 
indices of 1.743 to 1.750. The pres- 
ence of fluid (including two-phase} 
inclusions was consistent with natu- 
ral origin. Also characteristic of many 
natural alexandrites were the pro- 
nounced growth zoning and twinning. 
Chrysoberyl, especially alexan- 
drite, is strongly pleochroic, typically 
displaying red, orange, and green 
when viewed in different orienta- 
tions. We have seen twinned syn- 
thetic crystals where one twin 
appeared red, while the other looked 
green because of the different orien- 
tations of the individual crystals. 
Most of this natural stone was of 
one twin orientation, with only a 
small region near the culet belonging 
to the other twin. Although many- 
layer (polysynthetic) twinning in 


alexandrite (from the Elahera gem 
field in Sri Lanka} has been described 
before in Gems @& Gemology 
{Gunawardene and Rupasinghe, 
Summer 1986, pp. 80-95}, the 
twinned areas in this stone were 
unusual in that they were brightly 
colored and irregularly shaped, with a 
vermiform, or worm-like, appearance 
when observed through a microscope 
with an attached polarizer. We con- 
cluded that this feature was due to 
twinning and not to color zoning, 
because the regions traded colors as 
the polarizer was rotated (figure 1, 
left and right]. ML] 


DIAMOND 


Untreated or Fracture-Filled? 

Because the GIA Gem Trade 
Laboratory has a policy of not issuing 
grading reports on fracture-filled dia- 
monds, any diamond submitted for 
grading that we determine to be so 
treated is instead issued an identifica- 
tion report. Therefore, once staff 
gemologists in the diamond-grading 


Figure 1. With a polarizer, the twin planes in this 1.21-ct alexandrite 
look like brightly colored “worms” that change colors as the polarizer 
rotates from one orientation (left) to another {right}. 
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lab detect signs of treatment, they 
bring the suspect stone to the 
Identification and Research lab for 
further examination and the issuance 
of the report. Although some stones 
exhibit clear evidence of filling, the 
breaks in other diamonds have 
ambiguous features and thus require 
additional investigation. Graders also 
routinely show us stones that are not 
filled, but might be confused with 
ones that are, so that we can docu- 
ment them for research and educa- 
tion purposes. 

Last Fall, the West Coast lab 
received for grading a 0.57-ct mar- 
quise-cut diamond that had a most 
unusual fracture, The break exhibited 
both thin-film indescence and orangy 
brown natural staining {figure 2}, two 
features that might be confused with 
flash effects in filled diamonds. {For 
more on such features, see the sec- 
tion on "Techniques to Identify 
Fracture Filling,” pp. 169-173, in the 
article "Update on Filled Diamonds: 
Identification and Durability," Germs 
& Gemology, Fall 1994.) This is the 
first diamond we have examined that 
contained two such potentially con- 
fusing features in a single unfilled 
break. However, this separation also 
shows a "feathery" appearance, a fea- 
ture typical of an unfilled break and 
one that we have not seen to date ina 
filled break. 

RCK 


Editor's note: The initials at the end of each item iden- 
tily the contributing editor who provided that item. 
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Figure 2. Both the thin-film iri- 
descence and the natural color 
staining in this unfilled fracture 
ina diamond might be confused 
individually with the flash 
effects typically associated with 
a filled fracture. Magnified 25x. 


Treated Old-Mine Cut 


Just as a particular saturation and 
tone do not guarantee that the color 
of a diamond is natural (Winter 1994 
Lab Notes, p. 264}, neither does an 
old-style cut. In a Fall 1994 lab note 
(p. 185), we reported on an old- 
European-cut diamond with a green 
color that was due to irradiation by 
Americium, That stone raised our 
suspicions because of uneven surface 
features. More recently, we examined 
a 0,.54-ct, old-mine brilliant-cut dia- 
mond with a natural-looking green- 
yellow color that also revealed some 
suspicious characteristics. 

The stone showed a strong, 
slightly chalky, blue-and-yellow 
zoned fluorescence to long-wave 
ultraviolet radiation, There was mod- 
erate-to-strong yellow fluorescence 
(with one slightly blue zone} to short- 
wave UV, and no phosphorescence to 
either wavelength. Although these 
responses were consistent with natu- 
ral color in a diamond, microscopic 
examination failed to reveal features 
that we expect to see associated with 
such a color. For instance, there were 
no irradiation stains, although we did 
find four unusually glassy "melted- 
looking" naturals on the girdle. When 
we examined the stone with fiber- 
optic lighting, the ycllow graining 
appeared to be overprinted with a 
weak green graining. Although this is 
not unusual, the saturation of the 
green graining was not sufficient to 
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explain the depth of the stone's body 
color. 

Spectroscopic examination pro- 
vided strong hints that the color had 
been artificially enhanced. We saw a 
strong 415-nm line, but not the rest 
of the Cape spectrum—that is, no 
lines at 435, 453, 466, and 478 nm. 
The pair of lines at 496/503 nm were 
visible (with the 496-nm line being 
the stronger of the two], but there 
was no 595-nm line. These features 
are consistent with treated color in a 
diamond, but they still do not consti- 
tute proof of treatment. 

Infrared spectroscopy, however, 
was conclusive. Weak, but definite, 
H1b and Hlc peaks in the infrared 
spectrum of this type-Ia stone led us 
to conclude that the color was not 
natural. It probably resulted from just 
alight "kiss" of laboratory radiation. 

ML], Dino DeGhionno, and 
Patricia Maddison 


Triangular Inclusions 
in Diamond 


Considering the thousands of dia- 
monds that have been graded by GIA 
GTL, it is rare to see anything new in 
the way of inclusions. Still, it hap- 
pens occasionally. In recent years, 
however, we have seen a number of 
triangular inclusions, all apparently 
due to distinct causes. For example, 
the Spring 1990 Lab Notes section (p. 
95) described triangular inclusions in 
diamond that had possibly resulted 
from dissolution along a cleavage 


Figure 3. The triangular growth 
features in this diamond form a 
plane associated with the octahe- 
dral face of an enclosed phantom 
diamond crystal. Magnified 30x. 
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plane. Then there was a triangular 
inclusion that was thought to have 
originated as lonsdaleite that revert- 
ed to graphite (Fall 1994 Lab Notes, 
pp. 185-186]. Now, the West Coast 
staff has observed yet another type of 
triangular inclusion, this one in a 
1.74-ct marquise diamond. 

A diamond grader who saw the 
stone remarked that the reflective 
triangular features were reminiscent 
of platinum platelets seen in some 
synthetic gems. However, platinum 
platelets are opaque; these inclusons 
were not. Further, we are not aware 
of any synthetic diamonds that were 
grown in platinum crucibles, so there 
is no reason why they would contain 
platinum platelets. Synthetic dia- 
monds may contain a nickel-iron 
flux, but we have yet to see such 
inclusions in triangular form. 

When viewed through the table 
of the diamond, the feature appeared 
to be a triangular plane that in turn 
contained numerous transparent, flat, 
reflective, triangular inclusions (fig- 
ure 3). An isolated inclusion of this 
type seemed unusual, but it was easi- 
ly explained when we looked at it 
through the pavilion of the stone. 
From this angle, a phantom diamond 
crystal was visible in the host. The 
triangular plane corresponded to one 
of the octahedral faces of the phan- 
tom crystal. The smaller triangular 
inclusions contained within—and 
parallel to—this plane were represen- 
tative of natural trigon growth (or dis- 
solution) features on the octahedral 
face of the phantom crystal. The high 
relief of these trigons is attributed to 
gas that was trapped in triangular 
voids that formed at the interface of 
the enclosed octahedral face and the 
host diamond. — Cheryl Y. Wentzell 


SYNTHETIC DIAMOND, 
Treated-Color Red 

The Fall 1993 Gems & Gemology 
contains an article on two treated- 
color, synthetic red diamonds that 
had been submitted to the East Coast 
lab for standard origin-of-color reports 
(T. Moses et al., "Two Treated-Color 
Synthetic Red Diamonds Seen in the 
Trade," pp. 182-190). 
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Figure 4. The dark red color of this 
0.14-ct (about 3.23-3.27 x 2.07 
mm) synthetic diamond is the 
result of treatment. 


In late October 1994, another 
dark red, 0.14-ct round brilliant (fig- 
ure 4] was submitted to the West 
Coast lab for determination of color 
origin. Our suspicions were immedi- 
ately aroused because red is excep- 
tionally rare in natural diamonds, 
even as a treated color. We quickly 
confirmed these suspicions when a 
hand magnet picked up the speci- 
men—a reaction typical for synthetic 
diamonds that contain large metallic 
flux inclusions (again, see the above- 
referenced Fall 1993 report). 

Magnification revealed a large 
metallic-appearing inclusion under 
the crown facets and clouds of pin- 
point inclusions confined to wedge- 
shaped areas. These latter zones were 
further defined by their green, hazy 
appearance; there was also a fairly 
distinct greenish zone in the center 
of the round brilliant. When this syn- 
thetic diamond was examined per- 
pendicular to the table (face up) with 
both long- and short-wave UV radia- 
tion, we noted a cross-shaped area 
with moderate green fluorescence; 
the remainder was inert to long-wave 
UV, but fluoresced a faint orange to 
short-wave UV, These characteristics 
are all typical of synthetic diamonds 
(with the fluorescence colors consis- 
tent with treated-color red synthetic 
diamonds seen to date). 

Examination with a desk-model 
prism spectroscope revealed several 
absorption lines between 500 and 
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660 nm—including lines at about 
595 and 635 nm, and an emission 
line at about 580 nm. Such a spec- 
trum is typical of treated pink to red 
color in both natural and synthetic 
diamonds. 
On the basis of these test results, 
we identified the round brilliant as a 
synthetic diamond, treated color. 
RCK and SFM 


EMERALD, with Unusual 
Flash-Eftect Colors 


The Spring 1990 Lab Notes section 
reported on an emerald that exhibited 
orange and blue "flash effects" from 
large filled fractures (pp. 95-96). Since 
then, both East and West Coast labs 
have seen this pair of flash-effect col- 
ors in a number of clarity-enhanced 
emeralds. 

Last year, the West Coast lab 
observed some “new" flash effects in 
an emerald submitted for identifica- 
tion. A series of fractures extended 
the length of this emerald-cut stone. 
When we examined them across the 
stone's width, they displayed an 
orange-to-pinkish purple flash effect 
(figure 5}. However, when we viewed 
these same fractures down the length 
of the stone, the flash effect was blue 
and orange. 

One possible explanation for this 
unusual behavior relates to the fact 


that emerald {beryl} is uniaxial, with 
two distinct refractive indices for 
light polarized in different directions. 
When a noncrystalline material (such 
as an oil, resin, or glass} and a crys- 
talline solid have crossing dispersion 
curves—refractive indices that match 
at only one wavelength of light (i-e., 
at one color}—we see flashes of the 
color at which the indices match in 
brightfield illumination and flashes 
of its spectral-complementary color 
in darkfield illumination. (For a dis- 
cussion of flash-effect optics, see Box 
B, pp. 156-157, in Kammerling et al., 
"An Update on Filled Diamonds: 
Identification and Durability," Gems 
@ Gemology, Fall 1994.) Because 
emerald has two distinct refractive 
indices, however, blue (brightfield} 
and complementary orange (dark- 
field) form one pair of flash colors, 
seen in one optic orientation, where- 
as orange-to-pinkish purple (dark- 
field} is seen in the other orientation. 
The expected brightfield color, green 
to blue-green, is probably masked by 
the emerald's body color. 

In this stone, we also noted 
some irregular, highly reflective bub- 
bles—as well as some white, cloudy 
areas—in the filler; both of these fea- 
tures have been seen in other filled 
emeralds, 

RCK, Patricia Maddison, and ML] 


Figure 5. Filled fractures viewed across the width of this clarity-enhanced 
emerald produce a clearly visible orange-to-pinkish purple flash effect in 
darkfield illumination. Different flash colors were seen when the same 
breaks were examined down the length of the stone. Magnified 15x. 
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Figure 6. In reflected light, the bot- 
tom of this polymer-impregnated 
jadeite cabochon shows strong evi- 
dence of selective grain etching. 
Magnified 25x. 


JADEITE 


Bleached and Impregnated, with 
Distinctive Surface Texture 


The West Coast laboratory received 
for identification a 6.78-ct translu- 
cent, mottled-green cabochon that 
revealed properties typical for jadeite 
jade, with an RI. of 1.66 (by the spot 
method) and an S.G. of 3.34. 
Chromium lines, seen with a spectro- 
scope, proved that the green color 
was natural. The stone was inert to 
short-wave UV radiation, but some 
areas fluoresced a faint green to long- 
wave UV. 

The gemstone had an unusual, 
etched appearance in reflected light 
(figure 6}: The aggregate structure of 
the cabochon appeared to be made up 
of many interlocking grains in vari- 
ous orientations, with certain grains 
preferentially eroded. Because of this 
surface texture, we suspected that 
the stone had been bleached and 
polymer impregnated. Infrared spec- 
troscopy confirmed this treatment by 
revealing several peaks between 2800 
and 3200 cm!,; the relative positions 
and intensities of these peaks 
matched those of “polymer 5” in ICA 
(International Colored Gemstone 
Association] Laboratory Alert No. 75, 
1993, issued by S. McClure and E. 
Fritsch. Therefore, we identified the 
stone as impregnated jadeite jade, 
natural green color, sometimes 
known in the trade as “B jade.” 
Interestingly, the S.G. of this stone 
was higher than that of most poly- 
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mer-treated jadeites we have encoun- 
tered thus far. 
ML] and Dino DeGhionno 


Treated and Untreated 
Beads in One Necklace 


A comprehensive report on bleached 
and impregnated jadeite in the Fall 
1992 Gems & Gemology (Fritsch et 
al., pp. 176-187) described features 
diagnostic of this treatment. The Lab 
Notes section has also reported on 
jade objects treated in this fashion, 
including entries on necklaces con- 
structed of treated beads (see, e.g., 
Fall 1994, p. 187}. Until recently, 
however, our testing had shown that 
all of the beads in these necklaces 
were treated. 

In November 1994, the West 
Coast lab was asked to identify a 
double-strand necklace with 69 beads 
(7.88-5.08 mm) on one strand and 74 
beads (8.18-5.49 mm} on the other. 
Standard gemological testing proved 
that the translucent to semi-translu- 
cent, mottled green-and-white beads 
were jadcite jade. A desk-model 
prism spectroscope showed chrome 
lines, proving that the green color 
was natural. One unusual feature 
was noted during testing: Some of 
the beads on both strands fluoresced 
a weak-to-moderate, mottled yellow 
to long-wave UV radiation, while 
others were inert. 

Most polymer-impregnated 
jadeite fluoresces. However, some 
untreated material may also fluoresce 
a weak yellow to long-wave UV. In 
our experience, we usually do not get 
such varied reactions from beads on 
one necklace. Further testing, using 
infrared spectroscopy, proved that 
there were treated (impregnated) and 
untreated beads in both strands. This 
was our first encounter with such 
mixed strands. RCK 


Dyed Green NEPHRITE 


Of the two jades {jadeite and neph- 
rite], jadeite is much more common- 
ly color enhanced [usually dyed 
green). Nevertheless, we occasionally 
find evidence of green dye in nephrite 
submitted for identification (see, e.g., 
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Spring and Summer 1984 Gem Trade 
Lab Notes, pp. 48 and 108, respec- 
tively). 

In December 1994, the West 
Coast lab was asked to identify five 
oval, translucent, mottled-green 
cabochons, which ranged from 6.38 
to 7.12 ct. All had an appearance 
similar to that of good-quality 
jadeite. However, standard gemologi- 
cal testing—including a 1.61 spot RI. 
and an S.G. of 2.95 or 2.96—identi- 
fied the five stones as nephrite. 
Magnification revealed dye concen- 
trations (figure 7) like those seen in 
dyed jadeite and other similarly treat- 
ed gem materials. The absorption 
spectrum observed with a desk- 
model prism spectroscope revealed a 
broad dye band in the red region, 
much like that seen in dyed-green 
jadeite and quartzite. In these stones, 
the diagnostic absorption band was 
centered at about 660 nm. All five 
specimens were therefore identified 
as dyed nephrite. RCK 


Blister PEARL 
Attached to Shell 


Pearls submitted for identification 
frequently pose testing challenges. 
Usually it is a mounting that inter- 
feres with a complete examination, 
but occasionally it is something dif- 
ferent. One such challenge was pre- 
sented to the West Coast lab in the 
form of a shell with an attached gray 
baroque pearl (figure 8}. Our client 
stated that the item came from the 


Figure 7, At 15x magnification, 

concentrations of green dye are 
easily seen in this nephrite jade 
cabochon, 
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Figure 8. The gray baroque peat! attached to this shell measures 


12.1 x 11.5 mm, 


Gulf of California, near La Paz, 
Mexico, on the east coast of Baja 
California. The client wished to 
know: (1) if the pearl was natural or 
cultured, (2} if its color was natural, 
and (3) if it was assembled or natural- 
ly attached to the shell. 
Examination with low-power 
magnification answered the last 


Figure 9, Concentric rings seen 
near the center of the pearl in 
this X-radiograph show that it is 
natural. 
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question first. The pearl's nacre 
formed a continuous bridge to the 
mother-of-pearl layer on the shell, 
proving natural attachment. 

Natural or cultured origin of the 
pearl was determined by X-radiogra- 
phy; a slightly longer than usual 
film-exposure time was required in 
order to compensate for the extra 


Figure 10. Although this CAT 
scan image clearly shows the 
point of attachment of the pearl 
to the shell, the circular white 
area could easily be misinter- 
preted as the bead nucleus of a 
cultured pearl. 
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thickness of the shell. The X-radio- 
graph showed no bead nucleus, but 
rather a series of concentric rings 
near the center of the pearl, proving 
natural origin (figure 9}. 

Origin of color was determined 
using long-wave UV radiation. The 
mottled, weak, chalky reddish brown 
fluorescence of the pear! closely 
matched that of the grayish lip of the 
attached shell (again, see figure 8]. 
Together with the physical appear- 
ance and the absence of any evidence 
of dye when examined with magnifi- 
cation, this verified the natural color 
of the pearl. Our final report stated 
that the pearl was a natural solid blis- 
ter pearl, with natural color. 

Of further interest, especially 
since we had not previously seen any 
used in this context, were a series of 
CAT scan (Computerized Axial 
Tomography} images of the pearl and 
shell provided by the client (see, e.g., 
figure 10). Although we know of no 
data regarding CAT scan analyses of 
pearls, we do know that axial tomog- 
raphy uses X-rays to make a different 
type of image than that obtained by 
conventional X-radiography. Con- 
sequently, an attempt to interpret a 
CAT scan by conventional X-radio- 
graphic analysis could well lead to an 
erroneous conclusion. For instance, 
the CAT scan in figure 10 displays 
what appears to be a roughly spheri- 
cal "core" surrounded by an outer 
layer, giving the illusion that this 
natural pearl is bead nucleated. Just 
as dental X-radiographs are inade- 
quate for resolving the fine detail 
necessary for pearl identification, 
CAT scans cannot be used inter- 
changeably with specialized pearl- 
testing X-radiography. 

Cheryl Y. Wentzell 


SAPPHIRE, with Diffusion- 

Induced Color and Star 

Recent reports in Bangkok jewelry 
publications indicate that corundum 
with diffusion-induced stars is now 
appearing in the trade, with a large 
quantity soon to be released on the 
world market. For example, the labo- 
ratory of the Asian Institute of 
Gemological Sciences (AIGS} in 
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Figure 11. Laboratory testing proved that the star 
in this 23.26-ct purple sapphire was induced by dif- 
fusion treatment. 


Bangkok described two such stones 
with stars that appear to have the 
same basic characteristic as the first 
synthetic stars introduced in the 
1940s; that is, the wispy silk causing 
the asterism is located at, or just 
beneath, the surface (see "AIGS Finds 
More Stars," jewellery News Asia, 
June 1994, p. 74}. Unlike most natu- 
ral asterism, the individual needles 
in the induced-star sapphires usually 
cannot be detected at lower magnifi- 
cations. 

The East Coast Gem Trade 
Laboratory has also examined a 
slightly different diffusion-treated 
star corundum. The 23.26-ct purple 
stone in figure 11 illustrates the 
cloudy appearance of the induced 
star. Routine examination revealed 
that the starting material was natu- 
ral. On close examination with the 
stone immersed in methylene iodide, 
we noted a thin layer of red that 
appeared to be confined to the sur- 
face of the stone (figure 12}. On the 
dome of the cabochon, near the cen- 
ter of the star, we also noticed a 
number of red spots and a red "cloud" 
(figure 13). All of these observations 
strongly suggest that the stone was 
originally intended to be a diffusion- 
treated "ruby." 

One possible explanation for the 
less-than-satisfactory end result is 
that impurities in the original cabo- 
chon may have "contaminated" the 
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color, so the operators decided to cre- 
ate a star stone by diffusing titanium 
into the surface. Another scenario is 
that the red color and asterism were 
simultaneously diffused, but again 
the iron present in the cabochon 
reacted with the titanium in the dif- 
fusion process, resulting in a blue 
component that ultimately produced 
the purple hue. GRC 


SYNTHETIC STAR SAPPHIRE 
with an Unusual Color 


In our experience, green is an uncom- 
mon color for gem sapphires. Those 
we do encounter are almost invari- 
ably iron-rich stones, such as the 
ones from Australia, that have been 


Figure 13. These red spots and 
“cloud” seen on the dome of the 
stone in figure 11 at 45x magnifi- 
cation provide proof that the red 
surface color, like the asterism, 
was diffusion induced. 
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Figure 12. When the stone in figure 11 is immersed 
in methylene iodide, there appears to be a "red" 
color confined to the surface. 


fashioned with the table facet essen- 
tially parallel to the optic axis. This 
results in their displaying the strong 
green dichroic color face up. Because 
of their significant iron component, 
such stones typically reveal heavy 
absorption bands in the 450-470 nm 
range when examined with a spectro- 
scope. 

Green star sapphires are even 
less common. One such natural stone 
was reported in the Spring 1989 Gem 
Trade Lab Notes section (p. 39}. It 
was thus with interest that, in late 
Fall 1994, the West Coast lab exam- 
ined a ring set with the translucent, 
asteriated oval cabochon shown in 
figure 14. The stone had a spot RI. of 
1.76, and a uniaxial optic figure was 
easily resolved in the polariscope. 
Examination with a desk-model spec- 
troscope failed to reveal iron-related 
features, although we did detect an 
absorption line at 670 nm, which we 
attributed to cobalt (see below}. 
Magnification revealed that the aster- 
ism-causing inclusions were not 
evenly distributed. Rather, they were 
confined to a thin, mottled, cloudy 
area just below the surface of the 
cabochon's dome. This distribution of 
star-producing silk is similar to what 
we have seen in several synthetic star 
corundums (for an extreme example, 
see the Summer 1994 entry ona 
pinkish orange synthetic star sap- 
phire, pp. 119-120). 
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For further documentation, GIA 
Research performed chemical analy- 
sis using energy-dispersive X-ray flu- 
orescence (EDXRF} spectroscopy. 
This revealed cobalt (Co} as the prob- 
able coloring agent. Using detailed 
UV-visible absorption spectroscopy, 
we had previously documented 
cobalt {as Co3+) as the sole coloring 
agent in a rarely encountered non- 
phenomenal green synthetic sapphire 
produced in Switzerland. The non- 
phenomenal green synthetic sap- 
phires produced in the U.S. that GIA 
Research and the GIA Gem Trade 
Laboratory have studied are colored 
by a combination of cobalt (Co3+) and 
vanadium (V3+}. To date, we have not 
documented cobalt as a coloring 
agent in natural sapphires. 

On the basis of these tests, we 
identified this cabochon as a synthet- 
ic star sapphire. 

RCK and Emmanuel Fritsch 


SPINEL, Natural with a 
Dendritic Inclusion 


Frequently, identification of spinel 
requires advanced testing techniques. 
Many spinels do not contain charac- 
teristic inclusions that could be used 
to distinguish natural stones from 
their synthetic counterparts, espe- 
cially from flux synthetics. In these 
cases, EDXRF spectroscopy is needed 
to make the separation (see, e.g., 
Muhlmeister et al., "Flux-Grown 
Synthetic Red and Blue Spinels from 
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Figure 14. The unusual color in 
this synthetic star sapphire (about 
14 x 12 x 5,90 mm) is probably 
due to Co3*, 


Figure 15, This dendrite in a 1.37- 
ct natural spinel could be con- 
fused with a flux inclusion in a 
synthetic spinel. Magnified 20x. 


F 


Russia," Gems @ Gemology, Sum- 
mer 1993, pp. 81-98). 

A 1.37-ct orangy red oval mixed- 
cut spinel, which arrived in the West 
Coast laboratory in December 1994, 
presented a slightly different identifi- 
cation challenge. It contained several 
inclusions: octahedral crystals (possi- 
bly negative crystals) scattered 
throughout the stone, as well as large 
feathers, some with brown iron 
staining. Among the latter was a 
prominent dendritic iron stain (figure 
15) that could be mistaken by an 
unwary gemologist for the yellowish 
white to yellowish brown flux seen 
in some synthetic spinels. The stain 
probably resulted from iron-rich flu- 
ids penetrating a secondary fracture 
that formed after the crystal grew. In 
addition, according to the Muhl- 
meister et al. article cited above, 
some flux-grown synthetic spinels 
contain "pyramid-shaped phantoms 
in near-perfect alignment with the 
external faces and edges of the octa- 
hedra." These could also be confused 
at first glance with the octahedral- 
crystal inclusions in this stone. 

ML] 
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TUCSON ‘95 


In what has become an eagerly awaited annual pil- 
grimage, Gem News editors traveled to Tucson, 
Arizona, again this February to attend the many over- 
lapping trade shows in this Southwestern desert com- 
munity. In doing so, they joined thousands of others— 
including gemologists, retail jewelers, gem and miner- 
al dealers and collectors—in what is often referred to 
as the “Tucson experience.” 

This experience has something for anyone with 
an interest in minerals and the gem materials that are 
fashioned from them. The large gem shows, such as 
the American Gem Trade Association (AGTA) show 
at the Tucson Convention Center, draw many retail- 
ers from all over the world. When that show closes, 
the Tucson Gem and Mineral Society takes over the 
same venue for what was historically the main show, 
the nucleus around which the others have grown. 
This show draws mineral collectors and enthusiasts, 
as well as dealers. Then there are shows that cater pri- 
marily to fossil dealers and collectors, not to mention 
the “mom-and-pop” roadside shows where everything 
from the chic to the cheap is offered in an atmosphere 


Figure 1, The 1,02-ct round modified brilliant 
diamond illustrates the new “Spirit Sun” cut; 
the 0.51-ct diamond is a “Context Cut,” a type 
of square faceted octahedron. Courtesy of Figg 
Inc.; photo by Shane F. McClure. 
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more reminiscent of swap meets than sophisticated 
jewelry industry events, And, throughout the almost 
two-week experience, there are classes and lectures 
for those who wish to combine formal education with 
buying. 

Helping the editors and regular contributors with 
this Gem News section were Dr. Sang-Ho Lee, Shane 
F. McClure, Thomas M. Moses, and Cheryl Wentzell, 
of the GIA Gem Trade Laboratory; and Dr. James E. 
Shigley, Dr. Ilene Reinitz, Sam Muhlmeister, and Yan 
Liu, of GIA Research. Because of the scope the 1995 
Tucson shows, this report will continue in the Sum- 
mer issue. 


DAO Eee 


New diamond cuts. Two new trademarked faceting 
styles for diamonds, produced in cooperation with 
world-famous gem designer Bernd Munsteiner, were 
debuted in Tucson by Figg Inc., of Fairfield, Iowa. 
Company president Guido Figdor loaned the editors 
one sample of each cut (figure 1) for examination. 

The “Context Cut,” a square faceted octahedron, 
has four crown and four pavilion facets and a faceted 
girdle; there is no culet and no table facet. Although 
not mentioned in their accompanying promotional 
brochure, this cut is reminiscent of the earliest fash- 
ioned diamond, the point cut, which was reportedly 
first produced before the 14th century. On the sample 
provided, pavilion angles were 40° and the crown 
angles were 23°, 25°, 27°, and 25°. The various crown 
angles cause the pavilion apex to be slightly misregis- 
tered from the crown apex, producing the appearance 
of a four-pointed star within the stone. According to 
the manufacturer, each “Context Cut” diamond 
comes with documentation detailing where the stone 
was cut and the weight, size, color, “purity,” designer 
of the cut, manufacturer, jeweler, owner of the fin- 
ished piece, etc. Reportedly, only octahedral rough is 
used. 

The “Spirit Sun” cut is a round modified brilliant. 
Both crown and pavilion are cut with 16 equal main 
facets, again without culet or table facets. On our 
sample, the crown angles were 20°, and the pavilion 
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Figure 2. This 2.46-ct. cat’s-eye emerald 
(7.38-7.89 x 5.61 mm) is from Santa Terezinha, 
Brazil. Courtesy of David Kaassamani; photo 
by Shane F. McClure. 


angles were 42°, creating the illusion of a round disk, 
surrounded by bright rays, at the center of the stone. 
Michael Good Designs, of Rockport, Maine, has used 
these cuts in new jewelry designs, with a two- or three- 
point “Paragenesis” setting (similar to a tension setting}. 


COLORED STONES Fy 


Large apatites from Madagascar. For several years, 
highly saturated greenish blue to bluish green apatites 
from Madagascar have been available at the Tucson 
shows (see, e.g., Spring 1994 Gem News, pp. 50-51). 
Almost all the material the editors saw before this 
year’s Tucson show had been fairly small, with cut 
stones typically no larger than about 2-3 ct. 

This year, however, we saw some significantly 
larger faceted stones. For example, Neal Littman, of 
San Francisco, showed one of the editors a 40.25-ct. 
faceted bright greenish blue stone; Mark H. Smith, of 
Bangkok, Thailand, had a 47.62-ct stone; and the firm 
Jonte Berlon of Poway, California, had a few cat’s-eye 
apatites in the 10-ct range, as well as three faceted 
stones in the 18-36 ct range and one of 153 ct. 
Thomas M. Schneider, of San Diego, California, 
explained that fairly large crystals have been mined 
for years from the deposit. However, as noted in the 
above-referenced item, this material was being heat 
treated as soon as it came out of the ground, on large 
circular steel plates placed over open fires. This treat- 
ment method caused the heat-sensitive apatite crys- 
tals to break into many fragments, the source of the 
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Figure 3. Note the distinct “spokes” in this 
§9.04-ct elongated trapiche emerald crystal 
from Colombta. Courtesy of Guillermo Ortiz; 
photo © GIA and Tino Hammid. 


many small stones. Some time in 1994, however, 
dealers began purchasing untreated crystals at the 
deposit and having them heated outside Madagascar 
under more controlled conditions. (See additional 
entry on Madagascar gems, below.) 


Diaspore from Turkey. A number of vendors featured 
the color-change diaspore from Turkey described in 
the Winter 1994 Gem News section (pp. 273-274). 
Mine Design, of Clarence, New York, had some 50 
faceted stones, ranging from 1 to 8 ct. They also had a 
number of cabochons, the largest of which was a 
22.72-ct flat, “bullet” shape. Two of the cabochons 
were chatoyant. 

Stephen Kotlowski, of Golden Land Trading 
Company, Newburgh, New York, was marketing dias- 
pore that he had fashioned. Stones ranged from 1.79 ct 
to over 20 ct; among the largest were a 26.06-ct “apex 
fan cut” and a 29.04-ct antique cushion cut. 
Commercially significant reserves of this material 
exist, according to Mr. Kotlowski. 


Cat’s-eye and trapiche emeralds. In both 1993 and 
1994, we saw and subsequently reported on cat’s-eye 
emeralds from the Santa Terezinha area of Brazil. This 
year, David Kaassamani, of South Lake Tahoe, 
California, had some attractive cat’s-eye emeralds from 
this source {see, e.g., figure 2); the largest was a 9.47-ct 
stone from the Vienna mine. Also from that mine was 
a 5.93-ct emerald cabochon with a somewhat indistinct 


_but complete six-rayed star. Colombian dealer Gonzalo 


Jara showed us a 3.23-ct light-toned emerald that also 
had weak chatoyancy, found in a parcel of nonphenom- 
enal cabochons from Cosquez, Colombia. 
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Among the attractive trapiche emeralds seen 
were a matched pair of heart-shaped cabochons with a 
total weight of 24.71 ct, offered by Eminent Gems, of 
New York. We saw an exceptional 59.04-ct columnar 
trapiche emerald crystal (figure 3). It was interesting 
to note the great variation, along its length, in the 
concentrations of carbonaceous inclusions producing 
the “spokes.” 


Emerald necklaces fashioned in India. One of the 
more striking pieces of jewelry encountered was a 
necklace of 24 large emerald beads with a total weight 
of about 1,200 ct. Although the stones were some- 
what light in tone, all were highly transparent and 
well cut. They were of Colombian origin and had been 
fashioned in India in 1994, according to a representa- 
tive of Fine Emerald, New York. There was a smaller 
(294 ct total weight} rope-strung emerald necklace 
consisting of similar good-quality, well-made beads. 


Garnets from Mali. The Winter 1994 Lab Notes sec- 
tion (pp. 265-266] contained an entry on a rough 
grossular-andradite garnet reportedly from the 
Republic of Mali in Western Africa. A number of deal- 
ers offered similar material at Tucson, also described 
as from Mali. Thomas M. Schneider had a dozen or so 
faceted stones that ranged from light greenish yellow 
to medium brown, and a 200-ct parcel of small 
“cobbed” rough that would produce finished stones of 
1 ct or less. Mr. Schneider said that approximately 300 
kg of these garnet crystals had just been received in 
Australia. Some 3 kg (15,000 ct) of very gemmy facet- 
grade material was quickly gleaned from this lot, and 
good cuttable material is still being recovered from 
the remaining lower-quality crystals. The firm 
Herman Lind II, of Idar-Oberstein, was also offering 
faceted material. 

At various booths, we saw large, opaque, euhedral 
garnet crystals from this locality. One dealer, David 
Bunk Minerals, of Wheat Ridge, Colorado, also had a 
small collection of other mineral specimens from 
Mali: epidote, vesuvianite, and vesuvianite with 
prehnite; another, Azizaj Minerals of Ennepetal, 
Germany, had small quartz crystals (similar to 
“Herkimer diamonds”) reportedly from a locality near 
the garnet deposit. 


Fashioned natural glasses. Iridescent “rainbow” obsid- 
ian, which we first described in the Summer 1993 
Gem News section (p. 133}, was available from several 
dealers and in a variety of fashioned forms. Carvings 
included both geometric and representational shapes, 
an example of the latter being fish figurines sporting 
iridescent scales. Slightly domed tablets, free forms, 
and oval cabochons were among the pieces fashioned 
for jewelry. Some of the oval cabochons, offered by 
Gem Marketing International, of Rockville, Maryland, 
were fashioned to show the iridescence as a somewhat 
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diffused chatoyant band. We also saw carvings in non- 
phenomenal black obsidian and carvings exhibiting a 
golden sheen. One vendor had models of tetragonal 
crystals fashioned from obsidian, approximately 12.5 
cm (5 inches} long. 

Other types of natural glasses were seen in both 
rough and fashioned form. These included moldavite, 
a grayish green material from what is now the Czech 
Republic; and Libyan Desert glass, a pale yellow mate- 
rial that is reportedly nearly pure silica (see, e.g., 
Webster and Read, Gems, 5th ed., Butterworth and 
Heinemann, London, 1994, p. 293}. The desert glass 
reportedly was collected by the vendor in western 
Egypt’s Libyan Desert. 


Fashioned “rainbow” hematite. When the Fall 1993 
Gem News entry on iridescent “rainbow” hematite from 
Brazil (pp. 209-210) was written, most of the material 
seen by the editors was in rough form. Not anymore. 

Bill Heher, of Trumbull, Connecticut, was offer- 
ing fashioned material that included individual free- 
form tablets and matched pairs (see, e.g., figure 4]. As 


Figure 4. Iridescent “rainbow” hematite is now 
being used in jewelry. These pieces were fash- 
ioned by Bill Heher; courtesy of Zoltan David. 
Photo © GIA and Tino Hammid. 
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Figure 5. This 1.33-ct tolite (7.63-7.77 x 5.11 
mm) was fashioned from material mined at a 
new locality, Ambovombe, in the far south of 
Madagascar. Photo by Maha DeMaggio. 


the phenomenon displayed by this material is con- 
fined to the surface, the fashioned pieces, which mea- 
sured about 2 to 2.5 mm thick, were backed with a 
similar thickness of agate for additional strength. In 
this backed form, according to Mr. Heher, the materi- 
al appeared to be quite durable and had presented no 
problems during setting. 

Rainbow hematite has drawn the attention of 
some respected jewelry designers. Zoltan David, of 
Austin, Texas, indicated that he was designing a line 
of jewelry incorporating it. 


Iolite and other gems from Madagascar. One gem we 
saw for the first time this year was iolite from 
Madagascar. The material was only discovered in 
1994, at a locality called Ambovombe in the far south 
of the island nation, according to a representative of 
Le Mineral Brut, Saint-Jean-le-Vieux, France. 
Although many crystals have been found, he reports, 
they are typically very highly included, greatly reduc- 
ing the yield of facet-grade material. Nevertheless, the 
firm was offering faceted stones up to 2-3 ct as well as 
some interesting small (about 1 cm} cubes, fashioned 
to display the material’s strong pleochroism. 

One round brilliant (figure 5) was purchased for 
gemological characterization. Properties determined 
were: RI, = 1.536-1.548; birefringence = 0.012; S.G. 
{determined hydrostatically) = 2.59; strong trichroism 
in colorless, light bluish violet, and medium violet; 
inert to both long- and short-wave UV radiation; and a 
weak absorption spectrum typical of iolite (see, e.g., 
R. T. Liddicoat’s Handbook of Gem Identification, 
12th ed., 1990, p. 146). All these properties were con- 
sistent with those reported in the literature, although 
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the birefringence was somewhat higher than the 
0.008-0.009 that is typical for transparent iolite. 

Another vendor, Saint-Roy Gems and Minerals, of 
Antananarivo, Madagascar, and Paris, France, was 
offering petrified wood from the Morondavo region. 
We also saw two feldspar gems—yellow orthoclase 
and phenomenal labradorite—as well as semitranslu- 
cent-to-opaque, well-formed hexagonal tabular crys- 
tals of ruby and transparent purple scapolite crystals. 

Some blue sapphires of good color were available 
from Madagascar. A report on their gemological prop- 
erties will appear in the Summer 1995 Gem News 
section. 


Iolite and other Orissa gems. Last year’s Tucson 
report mentioned at least eight gem materials from 
the Indian state of Orissa. Many of these were seen at 
the show again this year, including significant 
amounts of iolite, much of it calibre cut. We found 
that in the great majority of cases where the source of 
iolite was identified, that source was Orissa. 

The Orissa area is actually producing an even 
greater variety of gems, according to Ashok Kaushik, 
president of Orissa Gems, Jaipur, India. Available at 
his booth were rubies, opaque blue sapphires, alexan- 
drite {up to several carats, with a good color change}, 
very nice cat’s-eye chrysoberyl, aquamarine, small 
amounts of green and yellow beryl, emerald (including 
some crystals of good—but not exceptional—color], 
amethyst with good color, green tourmaline and indi- 
colite, cat’s-eye sillimanite, dark brown sphene, pink 
zircon, dark green apatite, and pink fluorite of very 
good color. Rhodolite and hessonite garnets were both 
available in large quantities. The hessonite was gener- 
ally highly transparent, lacking the “roiled” appear- 
ance of Sri Lankan stones. Also seen was some irradi- 
ated blue topaz, the starting material for which report- 
edly came from Orissa. 

Cat’s-eye quartzes from Orissa were also avail- 
able. According to Michael Randall, Gem Reflections 
of California, San Anselmo, his material came from 
an area that also produces the cat’s-eye chrysoberyl. In 
general, cat’s-eye chrysoberyl seen this year was of far 
better quality than that seen in past years, We also 
saw a few cat’s-eye alexandrites, some with a fairly 
dark body color and prominent color change. 

Temple Trading, of Encinitas, California, had 
cat’s-eye diopsides from Orissa with a much purer and 
somewhat lighter color than what is typically seen. 
When illuminated from above, these stones exhibited 
a bright, medium-dark-green body color and a lighter, 
distinctly green chatoyant band. This material 
reminded the editors more of cat’s-eye tourmaline 
with an atypically sharp eye than of the usual Indian 
cat’s-eye diopside. 


More meteorite products. In our 1993 Tucson report 
(pp. 55-56}, we noted the availability of extraterrestri- 
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al materials. These included jewelry set with “Gibeon 
class” iron-nickel meteorite slices from Namibia and 
free-form “gems” fashioned from the large pallasitic 
meteor found in Esquel, Argentina. Both at the 1994 
show and again this year, the editors saw these and 
several other meteorite materials being offered by the 
firm Robert Haag Meteorites, of Tucson. Among the 
specimens were pieces from the pallasitic meteorites 
that struck near Mount Vernon, Kentucky (in 1868], 
and near Brahin, Russia (discovered in 1810}. Also 
offered were pieces of the nickel-iron meteorite that 
fell near Odessa, Texas, about 50,000 years ago, this 
material exhibits the same “Widmanstatten” lines 
that are seen in the Namibian material (see Summer 
1992 Gem News, figure 6, p. 133). New “products” 
fashioned from nickel-iron meteorites include 
spheres, finger rings, guitar picks, and buttons. 

This year, we also saw a material that superficial- 
ly resembled pieces of a peridot-containing nickel-iron 
pallasitic meteorite. These specimens of peridot in 
basalt matrix from San Carlos, Arizona, had been 
coated with shellac. Although the purpose of the 
treatment was to keep the small, fragile peridot crys- 
tals from separating from the matrix, the coating gave 
the basalt a metallic appearance. 


Miscellaneous notes on peridot. As is often the case, 
much of the larger high-quality peridot seen in 
Tucson was reportedly from Myanmar. Gem Tech, of 
New York City, showed off three attractive stones— 
weighing 45.87, 49.47, and 61.16 ct, Andrew Sarosi, of 
Los Angeles, had a nicely cut rectangular cushion 
weighing 57.82 ct. Direct Gems, of New York, had a 
47,.25-ct cushion cut and three other stones in the 
20+-ct range. 

Peridot from a new source, Pakistan (Fall and 
Winter 1994 Gem News, pp. 196 and 275, respective- 
ly}, was seen for the first time at the Tucson shows 
this year. Dealers included John Bachman, of Boulder, 
Colorado, who had two well-cut 27-ct stones; Jonte 
Berlon Gems, which had about a dozen stones in the 
3-8 ct range; and Shades of the Earth, of Phoenix, 
Arizona, which provided information for the previous- 
ly cited Gem News entries and had a large selection of 
this material. Pala International, of Fallbrook, 
California, had a nice selection of about 50 stones. 
The largest weighed 74.5 ct. “Peridot from Pakistan,” 
a report in the January 1995 Gem Spectrum, the firm’s 
newsletter, said that the material is similar to peridot 
from Myanmar and Egypt (Zabargad Island) because it 
forms in pockets in high-temperature veins. This 
mode of formation explains why the new Pakistani 
material often occurs in large, transparent, euhedral 
crystals—in contrast to peridot from localities such as 
San Carlos, Arizona, where the material forms as 
xenocrysts in basalts. The largest faceted peridot we 
have seen to date from this locality was offered at 
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Figure 6. Russia is the source of this polished 
§8.22-ct “strawberry” quartz crystal, Courtesy 
of Judith Whitehead; photo © GIA and Tino 
Hammid. 


Tucson by the firm Gebr. Henn, of Idar-Oberstein, 
Germany. This exceptional cushion-cut Pakistani 
gem weighed 309.90 ct. Gebr. Henn also had another 
cushion cut of 108.37 ct and a 125.25-ct round bril- 
liant cut. 

Many crystal specimens of Pakistani peridot were 
available at the mineral show. We noted that some 
had very large, acicular inclusions (see, e.g., Winter 
1994 Gems & Gemology, p. 275}. 


“Strawberry” quartz and other Russian gems. Natural 
and synthetic gem materials are coming from Russia 
and other republics of the former Soviet Union at 
what appears to be an ever-increasing rate (see also 
entries elsewhere this section]. This trend was again 
evident at Tucson, The drusy uvarovite garnet 
described in our Tucson ‘94 report (Spring 1994 Gens 
# Gemology, pp. 53-54) was available in both rough 
and tablet form {including matched pairs for use in 
earrings) from several dealers. Interestingly, some 
dealers were marketing this material by the square 
centimeter. 

One Russian gem seen at Tucson for the first 
time was “strawberry” quartz. Short crystals with pol- 
ished faces (figure 6} were offered by Judith 
Whitehead, of San Francisco. The color-causing inclu- 
sions in this material seemed to be a lighter and more 
saturated color than that seen in similar material 
from Mexico. With magnification, however, the inclu- 
sions appeared to be goethite and lepidocrocite, the 
same minerals found in the Mexican material. 

Also encountered was Russian amazonite, as 
large tumbled pieces and steep-angled pyramids (fig 
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Figure 7. This amazonite pyramid is from an 
unspecified locality in Russia; the skarn cabo- 
chon and slab (10.3 x 5.0 x 0.5 cm) are from 
the Primorye region of Siberia. Photo by Maha 
DeMaggio. 


ure 7}. This rough material appeared to have a 
stronger “pure” green component than most ama- 
zonite, which is typically green-blue to bluish green. 
According to the vendor, Marco Schreier of 
Renningen, Germany, the material will be marketed 
as cabochons. 

Yet another ornamental material being sold this 
year was skarn from the Primorye region of Irkutsk in 
Siberia. This opaque material has a light tan back- 
ground with gray to green markings. Depending on 
the orientation in cutting, these markings appear 
either as concentric circles or as stripes (again, see fig- 
ure 7). According to promotional material provided by 
the vendor—White Nights Company of Anchorage, 
Alaska-the skarn is formed by metasomatic action 
on limestone and contains the minerals wollastonite, 
apatite, and hedenbergite as major constituents. 

Another new material from Russia, marketed by 
the Russian Colored Stone Company, of Golden, 
Colorado, was aventurescent aquamarine from a local- 
ity near Krasnoyarsk, Lake Baikal, Siberia. This beryl 
contained iridescent “rain-like” inclusions. It is cut 
either as tablets, to emphasize the aventurescent 
effect, or as chatoyant cabochons. 

Other Russian gem materials seen this year 
include moss agate, jasper, Siberian nephrite, some 
calcite-rich lapis lazuli, small quantities of jadeite, 
yellowish green serpentine, and charoite. We were 
also shown a few cabochons cut from Uralian emer- 
alds in their feldspar matrix. These appeared to be 
very similar to emerald-in-matrix cabochons from 
North Carolina (Summer 1993 Gems e Gemology, p. 
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132; emerald-in-matrix from Brazil, fashioned as carv- 
ings and spheres, was also available}. Faceted Russian 
gem materials included small quantities of demantoid 
garnet, alexandrite, and emerald. 


Miscellaneous notes on sapphires. Malhotra Corp., of 
New York City, had an interesting 1.38-ct emerald- 
cut bicolored sapphire that was about two-thirds blue 
and one-third light yellowish brown. The border 
between the two colors was distinct. The House of 
Williams, Loveland, Colorado, had a small quantity of 
blue sapphire rough containing yellow cores. This 
rough material reportedly came from Burundi about 
three years ago. Apparently, the unsettled political cli- 
mate (especially in neighboring Rwanda] is limiting 
development of the deposit. 

Both ruby and sapphire from gem gravels in Sierra 
Leone, West Africa, were being marketed by 
Tideswell Dale Rock Shop, of Derbyshire, United 
Kingdom. The material was translucent to nearly 
opaque and probably best suited for cutting cabochons 
and beads. According to Don Edwards, of Tideswell 
Dale, a significant percentage of the material yields 
asteriated stones (several of the samples displayed the 
characteristic sheen when viewed perpendicular to 
the basal plane}. Mr. Edwards said that this alluvial 
material from Sierra Leone was first marketed some 
10-12 years ago. 

NCE Enterprises, of Chicago, Illinois, had about 
60 faceted sapphires from Cambodia that exhibited a 
color change: areas that were blue and yellow in 
(incandescent) halogen light appeared greenish blue in 
diffused daylight. Because all the stones were quite 
color zoned, however, it was somewhat difficult to see 
the color change under “field” conditions. 


Sapphires from Tanzania. Sapphires in a range of col- 
ors were available from a new deposit in the far south- 
west of Tanzania. The source is in the Mbinga District 
of the Ruvuma Region, according to Abe Suleman, 
of Tuckman International, Bellevue, Washington. The 
closest village to the deposit is Amanimakoro. 

The editors saw a wide range of pastel-colored 
sapphires from the region, including light pink, pur- 
ple, and blue. Mr. Suleman reported that dark green, 
“magenta,” and dark red sapphires, seen at the show, 
are also found in the region. Michael Couch, of 
Cumming, Iowa, offered a few dozen very dark purple- 
red stones that were reportedly from this new area, 
They did not appear to be quite in the ruby color 
range; he described them as a “wine” or “burgundy” 
color. 

A small percentage of stones from this region 
exhibit a color change, ranging from weak to distinct. 
In general, the change was from grayish bluish green 
to reddish brown. This is more reminiscent of the 
color change displayed by vanadium-doped synthetic 
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Figure 8. These five sap- 
phires, ranging from 1.32 to 
2.14 ct, show different col- 
ors in incandescent (left) 
and fluorescent (right) 
light. They are all reported- 
ly from a new deposit in 
southern Tanzania, 
Courtesy of DW 
Enterprises; photo 

© GIA and Tino Hammid. 


color-change sapphires and some alexandrites, rather 
than the violet-to-purple effect shown by some sap- 
phires from other sources—Sri Lanka and Montana, 
for example. 

Bill Marcue, of DW Enterprises, Boulder, 
Colorado, subsequently loaned the editors 11 sap- 
phires (1.06-2.16 ct) from southern Tanzania. The 
stones all showed some color change between incan- 
descent and daylight-equivalent fluorescent light (see, 
e.g., figure 8). With incandescent light, colors ranged 
from pink-brown through brownish pink and purple; 
under fluorescent light, colors included yellowish 
brown, grayish violet, and grayish greenish blue. 
Documentation of both the faceup colors and color 
change was complicated by strong color zoning. For 
instance, among the distinct colors noted with magni- 
fication (in incandescent light] were yellow, green- 
blue, blue, purple-pink, and brownish pink. Other fea- 
tures seen with magnification include dark red-brown 
crystals (possibly rutile), exsolution needles (also most 
likely rutile; some showed twinning}, pinkish orange 
erystals that looked like garnet, and light brown crys- 
tals similar in appearance to clinozoisite crystals 
found in Montana sapphires from Dry Cottonwood 
Creek. 

Gemological properties for these stones were: R.1. 
of o = 1.770 to 1.771, € = 1.761 to 1.762, and birefrin- 
gence = 0.008 to 0.009; S.G., determined by hydrostat- 
ic weighing, of 4.00-4.03. All the stones appeared red 
through the Chelsea color filter, were inert to both 
long- and short-wave UV radiation, and showed an 
absorption spectrum combining absorption features 
typical of ruby and pink sapphire with iron-related 
lines at about 450, 460, and 470 nm. Energy-dispersive 
X-ray fluorescence analysis confirmed the presence of 
both chromium and iron. 
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Faceted sphalerite and othex collector stones from 
Canada. Tucson is the place where collectors of rare 
gems congregate.in search of the new and unusual. 
We saw a number of new gem materials that we had 
not documented before, as well as some exceptional 
examples of already known species. 

One of the editors (EF] was shown an interesting 
collection of gems from Quebec and elsewhere in 
Canada by Montreal collectors Guy Langelier and 
Gilles Haineault. Many of these gems were from Mt. 
St. Hilaire, outside Montreal; several of these are 
noted below because of their quality or rarity. 

Faceted sphalerite, ZnS, from Mt. St. Hilaire is 
not new, but the 3.98-ct hexagonal cut in figure 9 is 
the first we have seen in this saturated, medium 
bluish green, devoid of any yellow overtones. The 
nicest green color previously seen was a medium-dark 
yellowish green. (Other colors include yellow, brown, 
red, orange, and black; it also may be colorless.) The 
RL. of this particular stone was over the limits of the 
gemological refractometer. $.G. was measured at 4.10, 
typical for low-iron sphalerite. We observed a weak 
orange fluorescence to long-wave UV radiation only. 
In the hand-held spectroscope, we saw weak, moder- 
ately broad bands at about 480, 500, and 560 nm—and 
a stronger one at 590 nm. There was total absorption 
above 620 nm. EDXRF analysis revealed that the gem 
was almost a pure zinc sulfide (which confirmed the 
identity of the stone). There was a small peak for cal- 
cium, and traces of manganese and iron. 

Origin of color was established by UV-visible 
spectroscopy, which showed small absorption bands 
at 475, 491, 564, and 591 nm, with total absorption 
between 660 and 740 nm. These features come from 
Co2+. None of the iron-related absorptions known to 
cause a yellow-to-brown color component were 
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Figure 9. Rare stones from Mt. St. Hilaire 
include (clockwise from upper left) remondite-(Ce) 
(1.70 ct), sugilite (4.14 ct), sphalerite (3.98 ct), 
manganotychite (0.28 ct}, shortite (0.23 ct), and 
serandite (0.79 ct). 


observed, as one would expect since only a trace of 
iron was found. It is not surprising that EDXRF did 
not detect cobalt, although we believe cobalt—a very 
strong absorber of light in even minute amounts—to 
be the cause of color. A few parts per million Co?', 
which is below the detection limit of our instrument, 
is sufficient to cause this intensity of coloration. 
Finally, the trace of Mn2+ present may explain the 
orange luminescence. 

Serandite, Na{Mn2+,Ca},Siz30g(OH], is one of the 
best-known minerals found at Mt. St. Hilaire. It usu- 
ally crystallizes as blade-like, opaque, slightly pinkish 
orange (“salmon”) crystals. Very rarely, parts of these 
crystals are gem quality. Most faceted serandites are 
very small, or not totally transparent. The 0.79-ct 
stone we studied recently is unusual for its size, re- 
markable transparency, and very bright orange color 
(again, see figure 9]. Its indices of refraction are 
approximately @ = 1.679, B = 1.680 to 1.681, and y= 
1.711. S.G., measured hydrostatically, was 3.47. The 
stone was inert to UV radiation. In the hand-held 
spectroscope, it showed total absorption up to about 
420 nm, and a strong, broad band centered at about 
520 nm. UV-visible absorption spectroscopy con- 
firmed this and showed absorption decreasing from 
the ultraviolet to about 600 nm, sharp peaks at 343 
and 408 nm, a shoulder at about 420 nm, and a mod- 
erately broad band centered at 520 nm. These features 
are typical of Mn?2+ absorption. EDXRF analysis 
demonstrated that silicon and manganese were major 
components (sodium cannot be detected with our 
instrument at the expected concentration}, with 
minor calcium and zinc. The predominance of man- 
ganese over calcium in the composition is typical of 
crystals from Mt. St. Hilaire. 
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Shortite is a rare sodium-calcium carbonate, 
Nay Ca,(COz)3, which occurs very sparsely in the Mt. 
St. Hilaire deposit. Most crystals are less than a mil- 
limeter in longest dimension and yellow. However, 
some exceptionally large and transparent crystals 
have been found and faceted (the largest-known gem 
is a 3.52-ct yellow square cut). We examined a 0.23-ct, 
slightly greenish yellow, cut-corner rectangular mixed 
cut (again, see figure 9). Such stones are strictly col- 
lectors’ items, as the crystals are water soluble. We 
noted a moderate pleochroism from very light yellow 
to greenish yellow and colorless. R.I.’s were @ = 1.530, 
and both B and y very close to 1.568, for a birefrin- 
gence of approximately 0.038. S.G. was measured 
hydrostatically (quickly and without damage to the 
stone] at 2.58. The stone was inert to UV radiation 
and did not show any spectral features in the hand- 
held spectroscope. With magnification, we noted sev- 
eral healed fractures with liquid or two-phase inclu- 
sions. We confirmed the identity of this gem by 
exploring its chemistry with EDXRF analysis. A peak 
for sodium established that this element was a major 
constituent; calcium was also present in large 
amounts. We did not detect any other element. 


Manganotychite, NagMny(SO4}(CO3]}4, is a very 
rare mineral in itself. Rarer still are large transparent 
crystals that can be faceted. This species also is water 
soluble, making faceting a real challenge. We studied 
a 0.28-ct emerald cut (again, see figure 9}. The stone 
appeared brown, but on close examination that color 
was found to be due to a superficial coating, presum- 
ably resulting from alteration of the surface. We found 
no pleochroism, and the R.I. was 1.552. The specific 
gravity, measured hydrostatically (also quickly}, was 
2.83. The stone was inert to UV radiation; it showed a 
sharp band at about 414 nm in the hand-held spectro- 
scope (presumably due to Mn2*), Magnification 
revealed healed fractures and negative crystals. 
EDXRF analysis confirmed the presence of sodium, 
manganese, and sulfur as major components. 
However, it also revealed fairly large amounts of iron, 
although we would estimate the iron concentration to 
be significantly lower than the manganese concentra- 
tion. This confirmed that the gemstone was mangano- 
tychite, but not a pure end member. 


Sugilite, KNag{Fe*2,Mn+2, Al), Li3Si,2O39 (again, 
see figure 9], is a popular gem best known as a purple, 
polycrystalline, opaque material from the manganese 
deposits of Hotazel, South Africa, We were surprised 
to discover that large single crystals of light purple 
sugilite had been discovered in 1994 at Mt. St. Hilaire. 
We examined several dozen such crystals, which 
ranged from a few millimeters to over 2 cm. They 
exhibited a hexagonal pyramid habit, truncated at the 
top by a basal plane. Some crystals contained portions 
that were transparent and suitable for faceting. We 
borrowed one such crystal for further study. 
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Only a very weak pleochroism in slightly differ- 
ent intensities of purple was detected. In the hand- 
held spectroscope, the crystal showed a strong absorp- 
tion at about 420 nm, It was inert to UV radiation. 
EDXRF analysis showed silicon, iron, and sodium to 
be major components; potassium as a minor con- 
stituent; and traces of zinc, rubidium, calcium, titani- 
um, and zirconium. 

We obtained polarized UV-visible absorption 
spectra of the crystal using a Hitachi 4001 spectropho- 
tometer and calcite polarizers. The two spectra were 
very similar, with two intense doublets at 350-363 
nm and 413-419 nm, and two weak, broad bands cen- 
tered at approximately 555 and 770 nm. Such an 
absorption spectrum is typical of Fe?+ in octahedral 
coordination. Although the color was very similar to 
that of manganoan sugilite from South Africa, the 
cause of color was different. The band at 555 nm 
induced the purple color, while the doublet at 
413-419 nm was the feature seen in the hand-held 
spectroscope. The 365-nm peak was stronger than the 
350 peak in the Ele direction compared to the 
Ellc direction. We could not see any significant dif- 
ference in the intensity of the 555-nm band between 
the two orientations, which explained the very weak 
pleochroism. 

Leifite, Na»{Si,Al,Be}7(O,OH,F),4, a rare alkali 
pegmatite mineral, is generally found as small acicu- 
lar crystals unsuitable for faceting. We studied a light 
purplish pink, 2.30-ct modified fan-shape cut. The 
pleochroism was faint, from a slightly lighter to a 
slightly darker pink. The optical character was uniaxi- 
al positive. R.I.’s were o = 1,517 and e€ = 1.522; S.G. 
was about 2.62. The stone was inert to both long- and 
short-wave UV radiation and did not show any notice- 
able absorption bands in the hand-held spectroscope. 
Numerous needles parallel to the optic axis (and per- 
pendicular to the table) were seen with magnification, 
some arranged in a step-like growth pattern. 

EDXRF confirmed the presence of the major com- 
ponents: sodium, aluminum, and silicon. Also detect- 
ed were potassium, manganese, iron, zinc, gallium, 
rubidium, and cesium. UV-visible and near-infrared 
absorption spectroscopy showed a sharp band at about 
375 nm (typical of Fe3+}, with a complex broad band— 
the cause of the color—centered at about 485 nm, and 
another broad band centered at about 1160 nm. We do 
not know the reason for the 485-nm broad band. 

Again seen this year from Mt. St. Hilaire was the 
so-called burbankite, which has been shown to be 
actually remondite-(Ce), Na3(Ce,La,Ca,Na,Sr}3(CO3)5 
(also in figure 9}. For more on this gem material, see 
the Winter 1992 Gem News, pp. 270-271. 


Swarovski debuts machine-cut gems. A new line of 
calibrated, machine-cut natural-color natural gems, 
marketed under the “Swarogem” name, was intro- 
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Figure 10, Under its Swarogem brand name, 
D. Swarovski and Co. is manufacturing and 
marketing calibrated natural peridot, amethyst, 
citrine, and rhodolite in novel bubble-wrap 
packages. Photo ©’Harold & Erica Van Pelt. 


duced at Tucson by an Austrian firm well known for 
its synthetic gems and cut-crystal products. 

Applying its expertise in state-of-the art automat- 
ed cutting, D. Swarovski and Co., of Wattens, Tyrol, 
is initially offering faceted peridot, rhodolite garnet (in 
“orchid,” “pink rose,” and “raspberry”), amethyst 
(“lilac” and “violet”}, and citrine {“saffron” and “golden”}. 
Each type will be available in 50 sizes and shapes, 
including round and “princess” cuts (2-4 mm}, square 
step cuts (2-2.5 mm}, ovals and pear shapes (5 x 3 mm 
and 6 x 4 mm}, and marquise and baguette cuts (5 x 
2.5 mm and 6 x 3 mm). According to a recent press 
release, all stones are cut to a maximum of 0.10-mm 
tolerance. The company experimented with larger 
sizes but found the yield too low given the quality 
standards, according to Swarogem Product Manager 
Stephen Kahler. Swarogem has the capacity to cut 
about 300,000 synthetic and natural gemstones a day, 
he said. 

To meet promised consistency in color and quali- 
ty, as much as possible Swarogem buys each gem 
material (in extremely large quantities} from a specific 
region: For example, the peridot is from Arizona, and 
the citrine is from South America. Initially they used 
rhodolite garnet from India, but thought the overtones 
too bluish gray. They switched to rough from an 
unnamed locality in Africa, according to Mr. Kahler. 

Still, graders use master stone sets for each size 
and shape in order to match color intensity, Mr. 
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Figure 11. This 141.79-ct bicolored topaz was carved 
from material mined from the Wolodarsk pegmatite, 
in the Ukraine. Courtesy of Turmali w Herschede, 
Sanibel, Florida; photo by Shane F. McClure. 


Kahler said. Clarity grading is more narrow. The com- 
pany offers only one clarity grade: eye-clean in the 
faceup position. 

Stones come in distinctive, sealed bubble-wrap 
packages, reminiscent of tamper-proof packaging for 
over-the-counter pills (figure 10}. In the fall, 
Swarogem hopes to offer calibrated machine-cut ruby 
and sapphire in small rounds and squares. 


Topaz and beryl from the Ukraine. In the Spring 1993 
Gem News section, we reported on large greenish yel- 
low to yellowish green beryls from a major pegmatite 
at Wolodarsk, Ukraine (pp. 54~55}. A later entry 
(Summer 1994, p. 128) described topaz, some of it 
bicolored, from western Russia and the Ukraine. 

At the 1995 Tucson show, we saw more topaz 
from these sources, including a carving fashioned 
from the 1,644-ct Ukrainian rough that was shown on 
page 129 of the Summer 1994 Gem News (figure 11]. 
Tais International, of Miami, Florida, was marketing 
Ukrainian gem materials fashioned by members of a 
Moscow art group, Tais-Panin, including some very 
large, light orangy brown topazes, They showed us 
faceted triangular brilliants of 715, 780, and 975 ct; a 
2,520-ct faceted free form; and a 4,128-ct faceted egg 
shape. Particularly interesting were large faceted 
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topazes with images—such as Abraham Lincoln and 
the Great Seal of the United States—carved intaglio- 
style into their table facets. The firm also had some 
sizable faceted aquamarines from this source, includ- 
ing a 108-ct stone. Tais-Panin also fashions copies of 
famous gems, according to a brochure from the firm. 

Also exhibiting was gemologist Vladislav 
lavorskii, from Kiev, Ukraine. Among materials that 
he offered were fashioned beryls and topazes from the 
Wolodarsk pegmatite, including a 105-ct faceted aqua- 
marine egg, some bicolored topaz, and a 35.40-ct 
orangy brown egg faceted from topaz. 


Miscellaneous notes on tourmaline, The bright tour- 
malines from Paraiba, Brazil, were scarce this year. 
What limited quantities we saw were primarily in the 
greenish blue to blue-green range and in melee sizes. 
In their absence, people looked for similarly colored 
tourmaline from other sources. Ron Ohm Exotic 
Stones, of Carmel, California, was offering material 
from Bahia, Brazil, with a color similar to, but less 
saturated than, that of Paraiba tourmaline. We also 
saw some fine-quality tourmaline with a color close 
to that of the greenish blue Paraiba stones. Reportedly 
it came from the Araguai area of Minas Gerais, Brazil. 
Good blue-to-greenish blue stones are also coming 
from the area of ltambacuri, a town about 35 km 
southwest of Tedfilo Otoni, according to Jerry 
Manning, of MCM Gems, Middletown, Ohio. He said 
that about 300 ct of exceptional material was pro- 
duced in late 1994. He loaned us a 30.17-ct oval modified 


Figure 12. This 30.17-ct tourmaline (18.82 x 
17.79 x 13.42 mm) was mined near the town of 
Ttambacuri in Minas Gerais, Brazil. Courtesy of 
MCM Gems; photo by Shane F. McClure. 
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brilliant that was recovered from this area in Nov- 
ember (figure 12}. EDXRF analysis revealed that the 
stone contained no copper, which is the primary col- 
oring agent responsible for the vivid blue-to-green col- 
ors of the Paraiba material. 

As for other colors of tourmaline, Fernando 
Otavio da Silveira, of Braz-G-Can International 
Trading, Rio de Janeiro, had some interesting bicol- 
ored Brazilian tourmaline—matched pairs cut perpen- 
dicular to the crystal’s c-axis, like watermelon tour- 
maline is typically cut. However, unlike watermelon 
tourmaline, this material had a medium green core 
surrounded by a light “mint” green outer layer. 


INSTRUMENTATION 


Inclusion-viewing system. Gemstone inclusions, 
which frequently provide diagnostic information for 
experienced gemologists, can also be fascinating to 
observers of any level of sophistication. Photo- 
micrographs have even been used to market amber 
with insect “inclusions” (see, e.g., Summer 1994 Gem 
News, p. 124). 

Recently, GIA GEM Instruments introduced a 
system for displaying the internal world of gemstones. 
The GEM MicroVision system consists of a CCD 
camera, which attaches to the eyepiece of a gemologi- 
cal microscope. The camera is connected to a high- 
resolution video monitor and a color printer (figure 
13). The GEM MicroVision system can display just 
about anything that the microscope “sees” under vari- 
ous lighting methods (darkfield, brightfield, fiber- 
optic, polarized}. Calibrated and proportion-indicating 
eyepieces can also be used. The system adjusts to 
mimic different color temperatures, allowing the 
operator to show true colors or to enhance contrast. 

Such a remote-viewing technique has obvious 
advantages over a traditional microscope. For exam- 
ple, more than one person can watch, and individual 
features can be preserved for future reference as pho- 
tographs or on videotape. 


New magnet for gem testing. Until recently, mag- 
netism was a property with little practical application 
in gem testing. By and large, magnetic minerals are 
few and far between. Even fewer are used in jewelry. 
Now, however, that has changed. 

Testing for magnetism is being used to help iden- 
tify gem-quality synthetic diamonds, as those exam- 
ined to date have been grown in iron-nickel fluxes. 
Inclusions of such flux—sometimes so small that they 
are not resolvable with a standard gemological micro- 
scope—can cause the stones to be attracted to a strong 
magnet (see, e.g., “The Gemological Properties of 
Russian Gem-Quality Synthetic Yellow Diamonds,” 
Gems & Gemology, Winter 1993, pp. 228-248}. 


Gem News 


Figure 13. The GEM MicroVision system 
includes a CCD camera that is attached to a 
microscope eyepiece, a high-resolution video 
monitor, and a color printer. Courtesy GIA 
GEM Instruments. 


At ‘lucson, Scottish gemologist Alan Hodgkinson 
showed the editors a magnetic device developed to 
detect the magnetic properties of certain synthetic 
diamonds. Called the “Magnetic Wand,” it consists of 
a small, powerful neodymium iron boron magnet 
about 5 mm in diameter that is mounted on a 60-mm- 
long wooden rod. According to literature provided to 
the editors with a sample magnet, neodymium iron 
boron alloy is the most compact magnetic material 
available. Experiments by Mr. Hodgkinson proved 
that the instrument is very effective in detecting mag- 
netism in a range of synthetic diamonds. Preliminary 
testing by the editors on De Beers, Sumitomo, and 
Russian gem-quality synthetic diamonds supported 
Mr. Hodgkinson’s findings. 

In our test, seven synthetic diamonds were indi- 
vidually suspended from a thread. The magnet was 
then brought close to each stone to see if there would 
be an attraction. Five of the stones were clearly drawn 
to the magnet. An alternative method, suggested in 
the product literature, is to make a small “raft” of 
plastic foam and float the gem in a glass of water. The 
diamond is then checked—actually, drawn across the 
water—with the magnet. 

Dr. William Hanneman, of Hanneman 
Gemological Instruments, Poulsbo, Washington, is 
marketing the product and offered some precautions 
about it. Do not carry the magnet in or near your wal- 
let. This could result in erasing the magnetic strip on 
credit cards and magnetic door keys. For the same rea- 
son, keep the magnet away from computers and com- 
puter diskettes. 
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Figure 14. This 0,84-ct Kashan synthetic pink 
sapplire is an example of lighter-toned mate- 
rial offered at Tucson. Photo by Shane F. 
McClure. 


SYNTHETICS AND SIMULANTS BE 


Faceted Kashan synthetic rubies and sapphires. Ruyle 
Laboratories, of Dallas, Texas, was offering faceted 
Kashan flux-grown synthetic rubies and pink sap- 
phires in four quality grades, based on their clarity, 
and in calibrated sizes in a variety of cutting styles. 
They were being sold as “Kashan Created Ruby,” fur- 
ther described in the firm's marketing flier as “per- 
missively grown stones.” According to the company’s 
president, Steve Ruyle, they are using this tag line to 
distinguish this solution-growth product from what 
he calls “forced-growth” melt synthetics. 

Mr. Ruyle further informed us that although all 
their Tucson material was from old stock, new pro- 
duction has begun and the first commercial material 
is expected to be available later this year. Mr. Ruyle 
added that the new material will be grown in a fur- 
nace he designed, using essentially the same method 
and flux as that used by Kashan in the past. 

We had not seen many of the higher-quality, 
lighter-toned Kashan products, so we purchased for 
examination a 0.84-ct round, mixed-cut synthetic sap- 
phire (figure 14]. We determined that the properties of 
this transparent purplish pink stone were consistent 
with those reported earlier for Kashan synthetic 
rubies (see, e.g., “Some Aspects of Identification of 
Kashan Synthetic Rubies,” by U. Henn and H.-W. 
Schrader, Journal of Gemmology, Vol. 19, No. 6, 1985, 
pp. 469-478). 

Trace-element chemistry was determined using 
EDXRF analysis. This revealed the presence of 
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chromium, but less than is typical for ruby—as would 
be expected given the lighter color. Titanium was also 
detected, however, in a concentration proportionally 
much lower {relative to chromium) than that typical 
of Kashan synthetic rubies. 


More Russian synthetics and simulants. A number of 
synthetic and imitation gem materials from Russia 
were available. A firm new to the show this year, the 
Morion Company, of Cambridge, Massachusetts, 
offered both rough and cabochon-cut synthetic opals 
produced at the VNIISIMS facility in Alexandrov, 
Russia (for more on this facility, see the Winter 1994 
Gem News, pp. 279-280}. This material was available 
in both black and white body colors, it showed great 
variation in both color and distribution of play-of- 
color, ranging from multicolored pinpoint patterns to 
broad flashes of a single hue. 

Morion also offered rough Czochralski-pulled 
synthetic alexandrite, hydrothermal synthetic emer- 
ald, and flux synthetic spinel (both red and blue}. The 
latter two materials were produced at the Institute of 
Monocrystals in Novosibirsk. Synthetic quartz and 
split boules of flame-fusion synthetic corundum were 
available in a broad range of colors as well. 

Among the imitation gem materials (that is, 
those with no natural gem counterpart) being offered 
by Morion was cubic zirconia (CZ) in a wide range of 
colors, including a color-change type. Both the blue 
and various shades of green CZ were produced at the 
Physical Institute, Russian Academy of Sciences, 
according to Dr. Leonid Pride, a geologist and presi- 
dent of the firm. He said that the acronym in Russian 
for this institute is PHAIN, from which the Russian 
trade name “Phainite” was derived for CZ. Other 
manufactured materials offered by Morion included 
VNISIMS-produced pink yttrium aluminum garnet 
(YAG] and gadolinium gallium garnet (GGG) in sever- 
al colors. 


Figure 15. These synthetic zincites (1.35-3.26 
ct) are accidental by-products of an industrial 
kiln in Silesia, Poland, Photo by Maha DeMaggio. 
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“Recrystallized” synthetics. Just before the show, the 
editors learned that TrueGem, of Las Vegas, Nevada, 
was beginning to market what it called “recrystal- 
lized” Czochralski-pulled synthetic ruby and synthet- 
ic pink sapphire. These are being sold under the trade- 
marked names of “TrueRuby” and “TrueSapphire.” 
The rationale behind this nomenclature, according to 
Larry Kelley, TrueGem executive director, is his claim 
that the materials are produced by a process in which 
natural ruby or pink sapphire rough is melted, puri- 
fied, and then regrown. This last step is said to be per- 
formed using the Czochralski method. (For more 
information, see D. A. Catalano: “New Created Gem 
Irks Veteran Growers,” National Jeweler, February 1, 
1995, pp. 1, 146 and “Gem Recrystallization to Fore,” 
National Jeweler, March 16, 1995, pp. 3, 75.) This 
material was introduced in Tucson. 

TrueGem was not the only firm offering synthet- 
ic ruby under the “recrystallized” moniker. Argos 
Scientific, of Temecula, California, was selling rough 
Czochralski-pulled “recrystallized” ruby. According 
to a company flier, they produce about 5-7 kg per 
month by taking Indian ruby, Montana sapphire, and 
“Cr+ for color, “ melting it all, and then pulling crys- 
tals. “Chakravorty Ruby,” reportedly produced in 
India, was marketed by Creative Gems, of Seagoville, 
Texas. This “recrystallized” material reportedly con- 
tains 15% natural ruby. 

Yet another firm, A. G. Japan Ltd., was selling “Agee 
Emeralds,” which a company-provided flier described 
as “refined and recrystallized.” The flier said that they 
crush Colombian rough emerald into a fine powder, 
“purify” the powder with a laser process, and then re- 
crystallize it hydrothermally. 

The editors cannot comment at this time on the 
feasibility of any of these processes. However, with 
respect to nomenclature, we would gemologically 
classify all these materials as synthetics. In all three 
instances the end products have been crystallized— 
manufactured—artificially in the laboratory. 


Synthetic zincite from Poland. The Winter 1985 Gem 
Trade Lab notes contained an entry on faceted yellow 
synthetic zincite (p. 237). The client who had submit- 
ted the stone for identification said that it was a by- 
product of an industrial process used in Poland. Also 
mentioned was that synthetic zincite has been pro- 
duced experimentally by at least two methods: 
hydrothermal and vapor growth. 

This year the editors encountered a considerable 
amount of this material. While most were single crys- 
tals up to 15 cm (6 inches] in length, and complex 
crystal aggregates, faceted stones were also being sold. 
The material ranged from a medium-toned yellow 
through orange and dark orangy red, with a few yel- 
lowish green crystals, 

Danuta and Jacek Wachowiak, of Minerals and 
Gemstones, Krakow, Poland, shed more light on this 
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material. Apparently, it was an accidental by-product 
of an industrial kiln in Silesia, Poland, that was used 
to produce zinc-based paint. The synthetic zincite 
formed spontaneously and randomly by vapor deposi- 
tion in the air vents of the kiln’s chimney due to 
some undetermined error in the commercial produc- 
tion process. 

We purchased both rough and faceted samples for 
examination. Gemological properties, determined on 
three highly saturated modified round-brilliant cuts 
(figure 15) were: R.I. = over-the-limits (1.81+]; optic 
character = doubly refractive (weak doubling noted 
with magnification}; uniaxial; pleochroism = very 
weak, in slightly different tones of the body color; 
S.G. = 5.68-5.70 (determined hydrostatically]; UV flu- 
orescence = moderate to very weak yellow to yellow- 
orange to long-wave, and moderate yellow to orange 
or inert to short-wave, with the reaction slightly 
stronger to long-wave than to short-wave (the strength 
of the reactions was inversely proportional to the 
depth of the body color); absorption spectrum—a cut- 
off at about 430 nm and a weak band at about 500 nm 
for the lightest-colored specimen, with the other two 
showing cutoffs at about 510 or 530 nm; magnifica- 
tion—no inclusions noted. 

This is not the first report of synthetic zincite 
crystallizing by accident. In “A Modern Miracle” 
(Lapidary Journal, 1983, Vol. 36, No. 12, pp. 
1974-1979], author Marie Kennedy reported on some 
yellow and red-orange “amber”-colored crystals found 
at the Blackwell Zinc Smelter in Blackwell, 
Oklahoma, when an old furnace used to produce zinc 
ore concentrates was torn down. 


New source of synthetic emeralds. The editors came 
across another firm that was marketing hydrothermal 
synthetic emerald as both rough crystals and fash- 
ioned gems. Sold as “Maystone, Siberian-Created 
Emeralds,” the product was being offered by Russia- 
based Asia Ltd., of Novosibirsk. This material is pro- 
duced at a facility other than that used by the Tairus 
joint venture, according to the firm‘s executive direc- 
tor, Oleg Yu. Yachny. 


ENHANCEMENTS SEE 


Diffusion-treated sapphires. Although they seemed to 
receive little attention, small quantities of blue diffu- 
sion-treated sapphires were available from a few 
firms, including Budsol Merchandising, of Tacoma, 
Washington, and Super Shine Gems, of Nugegoda, Sri 
Lanka. The latter also had a 64-ct parcel of small dif- 
fusion-treated corundums in the pink-to-red-to-purple 
range. All these colors (plus orange} of diffusion-treat- 
ed corundums were included in the firm’s price list in 
both calibrated and noncalibrated sizes, in two color 
and two quality grades each. 
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THE GEMS & GEMOLOGY 
MOST VALUABLE ARTICLE AWARD 


I Alice S. Keller, Editor 


n choosing the Most Valuable Articles of 1994, our readers focused on the “how” side of gemology. By 
“how,” Imean the nuts-and-bolts, hands-on type of practical information that a jeweler or appraiser, for 
example, can put to use immediately after digesting one of these articles, information that teaches gemolo- 
gists “how” to avoid costly mistakes. Not surprisingly, first place went to an article in the Fall 1994 issue 
that deals with how to spot the most talked-about diamond treatment of this or any year: “An Update on 
Filled Diamonds: Identification and Durability,” by Robert C. Kammerling, Shane F. McClure, Mary L. 
Johnson, John I. Koivula, Thomas M. Moses, Emmanuel Fritsch, and James E. Shigley. Second place goes to 
the first comprehensive article to explain how GIA color grades colored diamonds: “Color Grading of Colored 
Diamonds in the GIA Gem Trade Laboratory,” by John M. King, Thomas M. Moses, James E. Shigley, and 
Yan Liu, which appeared in the Winter issue. Reiterating the importance of how to identify synthetics, read- 
ers selected for third place “Synthetic Rubies by Douros: A New Challenge for Gemologists,” by Henry A. 
Hanni, Karl Schmetzer, and Heinz-Jiirgen Bernhardt. The article appeared in the Summer 1994 issue. 


The authors of these three articles will share cash prizes of $1,000, $500, and $300, respectively. Photographs 
and brief biographies of the winning authors appear below. Congratulations also to Janet S. Mayou, of Watsonville, 
California, whose ballot was randomly chosen from all those submitted to win the five-year subscription to 
Gems & Gemology. 
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ROBERT C. KAMMERLING 
SHANE F. McCLURE ¢ MARY L. JOHNSON ¢ JOHN I. 
KOIVULA * THOMAS M. MOSES ¢ EMMANUEL FRITSCH 
JAMES E. SHIGLEY 


Vice president of research and development at the GIA Gem 
Trade Laboratory in Santa Monica, California, Robert C. 
Kammerling is an associate editor of Gems e&) Gemology and 
coeditor of the Gem Trade Lab Notes and Gem News sections, 
the latter along with Mr. Koivula and Dr. Fritsch. A regular con- 
tributor to gemological publications worldwide, Mr. Kammerling 
coauthored—with Dr. Cornelius 
Hurlbut—the book Gemology. He 
has a B.A. from the University of 
Illinois. Shane F, McClure is 


supervisor of identification ser- 
Front from left, Mary L. Johnson, Shane F. McClure; vices in the GIA Cem Trade 
rear from left, Robert C. Kammerling, Emmanuel 
Fritsch, and John I. Koivula 


Laboratory, Santa Monica. Mr. 
McClure has 17 years of experi- 
ence in gemology. He is also an 
accomplished gem and jewelry 
photographer. Mary L. Johnson is a research scientist in the Department of Identification 
and Research at the GIA Gem Trade Laboratory in Santa Monica. She holds a Ph.D. in 
mineralogy and crystallography from Harvard University. John I. Koivula, GIA Gem 
Trade Laboratory’s chief research gemologist, is world renowned for his expertise in 
inclusions and photomicrography. He is coauthor—with Dr. Eduard J. Gtibelin—of the 
Photoatlas of Inchisions in Gemstones. Mr. Koivula holds bachelor’s degrees in chem- 
istry and mineralogy from Eastern Washington State University. Thomas M. Moses, with Thomas M. Moses 
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19 years of trade and laboratory experience, is vice president of identification ser- 
vices at the GIA Gem Trade Laboratory in New York City. He attended Bowling 
Green University, Ohio, and is a contributing editor of Gem Trade Lab Notes. He 
specializes in pearl identification and origin-of-color determination for colored 
diamonds. Manager of GIA Research Emmanuel Fritsch specializes in the applica- 
tion of spectroscopy to gemology, the origin of color in gem materials, and treated 
and synthetic gems. A native of France, he has an advanced degree in geological 
engineering from the Geology School in Nancy, France, and his Ph.D. from the 
Sorbonne in Paris. James E. Shigley, who received his doctorate in geology from 
Stanford University, is director of GIA Research. He has written many articles on 
natural, treated, and synthetic gems, and directs research on all aspects of identi- 
fying and characterizing gem materials. 


2 
\ 


James E. Shigley 
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JOHN M. KING e THOMAS M. MOSES 
JAMES E. SHIGLEY * YAN LIU 


John M. King is laboratory projects officer at the GIA Gem 
Trade Laboratory, New York City. Mr. King holds an M.F.A. 
from Hunter College, City University of New York. With 17 
years of laboratory experience, he frequently lectures on col- 
ored diamonds and various aspects of laboratory grading pro- 
cedures. Yan Liu, a color researcher with GIA Research, has 
an M.S. if color science from the Rochester Institute of 
Technology, New York, and an M.S. in color optics from 
Shandong College of Textile Engineering, Qingdao, China. 
The photographs and biographies for James E. Shigley and 
Thomas M. Moses appear under the first-place section. 


John M. King Yan Liu 
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HENRY A. HANNI ¢ KARL SCHMETZER 
HEINZ-JURGEN BERNHARDT 


Henry A. Hanni, who has a Ph.D. in mineralogy from Basel 
University, Switzerland, has worked at the SSEF Swiss 
Gemmological Institute, now in Basel, since 1980 and became 
al its director in 1990. Also an associate professor of gemology at 
Henry A. Hanni the Mineralogical Institute of Basel University, his specialties 
are applied gemology and modern analytical methods. Karl 
Schmetzer is an independent gemology researcher and consul- 
tant based in Petershausen, Germany, near Munich. He spe- 
cializes in the identification of natural and synthetic gemstones, 
especially corundum and beryl]. He has a Ph.D. in mineralogy 
and crystallography from the University of Heidelberg in 
Germany. Heinz-Jiirgen Bernhardt also has a Ph.D. in mineral- 
ogy and crystallography from the University of Heidelberg. 
The German member of the commission on ore mineralogy of 
the International Mineralogy Association, he is head of the 
Ruhr University Electron Microprobe Laboratory, Bochum, 
Karl Schmetzer Heinz-Jiirgen Bernhardt Germany. 
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Gems & Gemology 


CHALLENGE 


Gems «) Gemology articles over the past year spanned many topics about 
colored gems, from revealing gemological earmarks of a new synthetic ruby 
to dispelling myths about ametrine. Yet, it was diamond—arguably the 
industry staple—that seemed to be the center of attention. In particular, the 
presence of increasing numbers of fracture-filled diamonds in the trade 
prompted GIA to challenge some of the world's top gemologists to update 
ways of identifying this treatment. Now, once again, as part of GIA’s contin- 
uing education program, we challenge you. 

Based on information from the four 1994 issues of Gems &) Gemology, 
the following 25 questions call on you to demonstrate your knowledge 
about developments in gemology. Refer to the feature articles and Notes and 
New Techniques in these issues to find the single best answer for each 
question, then mark your choice with the corresponding letter on the 
response card provided in this issue (sorry, no photocopies or facsimiles will 
be accepted). Mail the card so that we receive it no later than Friday, August 
18, 1995. Be sure to include your name and address. All entries will be 
acknowledged with a letter and an answer key. 

Score 75% or better, and you will receive a GIA Continuing Education 
Certificate. Earn a perfect score of 100%, and your name will also be fea- 
tured in the Fall 1995 issue of Gems e) Gemology. 


Note: Questions are taken from only 
the four 1994 issues. Choose the sin- 
gle best answer for each question. 


3. Ametrine crystallizes as part of: 


A. hydrothermal brecciation. 
B. hydrothermal synthesis. 
C. volcanic activity. 

D. metamorphosis of silica 


1, The bicoloration of ametrine Se dipiaiite: 


crystals from the Anahi mine 


in Bolivia is the result of 4. Noteworthy of the Indaia, Brazil, 


A. natural color zoning. corundum deposits is: 


B. heat treatment of iron-bearing 
amethyst. 

C. irradiation of amethyst to 
produce color centers. 

D. heat treatment of colorless 
quartz. 


A. the high percentage of purple 
to pink sapphire. 

B. the high percentage of color- 
change sapphire. 

C. the sapphire’s excellent 
reponse to heat treatment. 

D. their occurrence in situ in 


. The corundum deposits of 
Indaia, Brazil, have been found 
exclusively as: 


A Precambrian intrusive bodies. 

B. primary megacrysts in basalt. 

C. eluvial deposits associated 
with river gravels. 

D, alluvial or colluvial deposits. 
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basalt, 


. Fingerprint” patterns in 


Verneuil synthetic ruby are: 


A. found in all flame-fusion 
synthetic rubies. 

B. always different from those in 
natural rubies. 
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Gemological Institute of America 


“thes Letter of Corp oars presented to 


Robert T. Jeweler 


for parca spateon ot 
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Canc hig: 


C, induced by a flux-melt pro- 
cess to resemble those in 
natural rubies. 

D. a by-product of flux growth 
that is usually removed in 
cutting. 


. Douros synthetic rubies can be 


identified by: 

A. veil-like flux inclusions. 

B. typical chromium absorption 
features and penetration 
twinning. 

C. chemical analysis and growth 
patterns. 

D. no consistent combination of 
laboratory testing methods. 


. Douros synthetic rubies are 


grown by: 


A. hydrothermal] synthesis. 
B. unseeded flux growth. 
C. the Czochralski method. 
D. flame fusion. 
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8. 


10. 


ll. 


12. 


13. 


Synthetic forsterite can be 
separated from natural peridot: 


A. by Cr features in the former’s 
spectrum. 

B, by the lower R.I. and 
S.G. of peridot. 

C. on the basis of color. 

D. All of the above. 


. The most common solid inclu- 


sion found in emeralds from 
Mananjary, Madagascar, is: 


A. quartz. 
B. mica. 
C. feldspar, 
D. apatite. 


Fluid inclusions in emeralds 
from Mananjary, Madagascar: 


A. resemble those of emeralds 
from Itabira/Nova Era, Brazil, 
and Zambia. 

B. always distinguish 
Mananjary emeralds from 
those of African localities. 

C. occur only very rarely. 

D. Both A and B are correct. 


Commercial mining of 
corundum in Vietnam: 


A. has been accelerated at 
most major mines since 
1992. 

B. dropped off greatly in the 
Luc Yen district in 1994, 

C. is carried out exclusively 
by the Vietnamese government. 

D. is actively discouraged by 
the Vietnamese government. 


The most useful instrument 

for identifying fracture filling in 
diamonds is: 

A. a microprobe. 

B. an infrared spectrometer. 

C. a binocular gemological 
microscope. 
D. an immersion cell. 


The firm that fracture-filled a 
particular diamond can be 
identified conclusively by: 

A. DXRF analysis. 

B. microscopic features. 

C, X-radiography. 

D. None of the above. 
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14. The durability of fracture-filled 


15. 


16. 


17. 


18, 


19, 


diamonds: 


A, is not of concern, because 
fracture filling is permanent. 

B. is a major concern in the 
daily wear of diamond jewelry. 

C. is subject to damage by 
prolonged or repeated 
exposure to typical jewelry 
cleaning methods. 

D. is not affected by ultraviolet 
radiation. 


Careful observation is required 
to distinguish flash effects in 
filled diamonds from: 


A. opalescence. 

B. adularescence. 

C. thin-film iridescence. 
D. color banding. 


Copper inclusions in Paraiba 
tourmaline: 


A. are proof of treatment. 

B. are situated according to the 
trigonal symmetry of the host 
crystal. 

C. are not found in other gems. 

D. result from nucleation before 
growth of the host. 


Gem corundum from the Ural 
Mountains of Russia : 


A. is plentiful on the gem 
market. 

B. is not currently mined 
commercially. 

C. is mined primarily by hand. 

D. is marketed through 
Thai dealers. 


The GIA Gem Trade 
Laboratory has added these 
terms to its color grading termi- 
nology for colored diamonds: 


A. fancy vivid and fancy dark, 
B. fancy deep and fancy intense. 
C. fancy vivid and fancy light. 
D. fancy deep and fancy vivid. 


When the GIA Gem Trade 
Laboratory grades a faceted 
fancy colored diamond, the 
stone is viewed: 


A. face up. 

B. through the pavilion. 

C. edge up. 

D. Both A and B are correct. 
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20. 


21, 


22, 


23. 


24. 


25 


Color description includes the 
three attributes: 


A. hue, density, and intensity. 
B. tone, saturation, and hue. 

C. hue, tone, and spectrum, 

D. saturation, hue, and refraction. 


Gem corundum from the Ural 
Mountains of Russia occurs in 
association with marble, as 
does corundum from: 


A. Myanmar. 
B. Montana, United States. 
C. Thailand. 
D. Australia. 


Color grading of colored diamonds 
requires a controlled 
environment in which: 


A. the ambient light contains no 
blue wavelengths. 

B. ambient humidity is minimized. 

C. reflection of incident light is 
prevented. 

D. lighting is from a standard 
source. 


Most gem corundum today 
comes from: 


A. Mogok, Myanmar. 

B. primarily marble-type 
deposits. 

C. alluvial deposits in Sri Lanka. 

D. secondary deposits in 
Southeast Asia and Australia. 


The term that best describes 
corundum’s relationship to 
alkali basalt magma is: 

A. vug. 

B. hololith. 

C. xenocryst. 

D. metamorph. 


. Anew treated flame-fusion 


synthetic ruby is characterized 

by its: 

A. included silk resembling 
that in natural ruby. 

B. three-dimensional cellular 
network of flux-filled 
fractures. 

C. fingerprint-like inclusions 
unlike those seen in natural 
ruby. 

D. Both B and C are correct. 
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GEMS, THEIR SOURCES, 
DESCRIPTIONS AND 
IDENTIFICATION 

5TH EDITION 

By Robert Webster 


Rev. by Peter Read, 1,026 pp., illus., 
Butterworth-Heinemann, Oxford, 
England, 1994. US$120.00* 


This monumental gemology text, 
first published in 1962, went through 
three editions by the late Robert 
Webster, and then further revision in 
1983 by the renowned Basil 
Anderson. With Mr. Anderson’s 
death, Peter Read was asked to pro- 
duce an updated edition. For this 
daunting task, he wisely called on 
several others whom he considered 
qualified in the various disciplines 
covered by this comprehensive vol- 
ume. Enlisted were Grahame Brown, 
of Australia; C. R. Cavey, Roger Harding, 
Alan Jobbins, I. Mercer, Michael 
O’Donoghue, R. Sanderson, and C. R. 
Woodward, all of Great Britain; C. 
Dominy, of Canada; Ulrich Henn, of 
Germany; Richard Hughes, Robert 
C. Kammerling, John I. Koivula, and 
J. R. Rouse, of the United States; plus 
Kenneth Scarratt, now of Thailand. 
In his original edition, Webster 
divided the publication into two sep- 
arate volumes: The first described all 
the gem materials and their substi- 
tutes, and the second dealt with gem 
identification. Apparently, users 
complained that they wanted all of 
the information in one volume. As a 
result, from the second edition on, 
his work was consolidated into a sin- 
gle huge entity. (The downside to 
this convenience is that it makes for 
an unwieldy whole, and places great 
strain on the binding of a book that 
will undoubtedly be frequently used.) 
This fifth edition maintains the 
“two part” organization of the first. 
As expected, there are relatively few 
changes in the chapters on properties. 
Exceptions are that the “Composite 
and Artificially Coloured Gemstones” 
and “Colour in Gemstones” chapters 
have been reorganized to “Composite 
Gemstones” and “Colour and Colour 
Enhancement.” Throughout, various 
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ka 


SUSAN B. JOHNSON AND 
JANA E. MIYAHIRA, EDITORS 


units of measurement have been 
converted to metric. The major 
changes are in the fields of new syn- 
thetics, substitutes, and enhancements. 

In general, the additions have 
been handled very well, although it 
is easy to find relatively minor 
annoyances in almost any effort of 
this magnitude. For example, the dia- 
mond chapter pays too little atten- 
tion to Russia, and especially 
Botswana, as sources. The map of 
southern Africa, unchanged from the 
fourth edition, shows neither 
Jwaneng, arguably the most impor- 
tant diamond mine in the world, nor 
the new Venetia mine. There are 
more serious problems as well. 
Fracture filling in diamonds is given 
only five lines, plus a before-and-after 
illustration, and the coverage of syn- 
thetic diamonds omits some recent 
developments, such as thin films. An 
illustration also carried over from 
earlier editions is the “correct” cut 
for a round brilliant, with a 39° pavil- 
ion angle and a 41° crown, angles lit- 
tle used for diamonds. Red beryl is 
almost dismissed under coverage of 
pink beryl. 

Part of the problem may be that 
the newest revision has added only 
10 pages to the basic text, plus 10 
more to the appendices, over the 
fourth edition. (The Anderson revi- 
sion added 75 pages.} Most illustra- 
tions are black and white, and there 
is a paucity of color plates. With such 
an important work, it would have 
been nice to see more full color and 
an easing of length restrictions. 

Still, on the whole, this major 
update is a careful and competent revi- 
sion. Webster's Gems: Their Sources, 
Descriptions and Identification 
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remains, in its new fifth edition, an in- 
valuable resource for every gemologist. 

RICHARD T. LIDDICOAT 

Chairman of the Board 

Gemological Institute of America 

Santa Monica, California 


OTHER BOOKS RECEIVED 


Hey’s Mineral Index, 3rd Ed., by A. M. 
Clark, 852 pp., Chapman & Hall, 
London, 1993, US$79.95*, Hey’s An 
Index of Mineral Species first appeared 
in 1950; since the second edition in 
1974, the number of valid mineral 
species has increased to about 3,500 
(with some 600 added in the last decade 
alone}. This volume includes the 
names of valid species, as well as vari- 
eties, synonyms, misspellings, some 
meteorite and rock names {if they 
might be confused with minerals), and 
more—about 15,000 entries total. 

The bulk of the book consists of 
an alphabetical listing of all the names, 
with the following given for valid 
species: chemical composition, original 
reference and type locality (except for 
minerals known in antiquity]; crystal- 
lographic data; mineral group affilia- 
tion, synonyms; and a brief commen- 
tary, if warranted. In a separate part, 
minerals of similar chemical composi- 
tion are grouped together—e.g., ele- 
ments, sulfides, silicates. 

Many gemological and varietal 
trade terms are included {e.g., copal, 
fabulite, maw-sit-sit, sunstone}, 
unlike other excellent compilations 
that are not intended to be as com- 
prehensive (e.g., Fleischer and 
Mandarino, Glossary of Mineral 
Species; and Nickel and Nichols, 
Mineral Reference Manual). 

This book will be a welcome addi- 
tion to the library of any gemologist 
interested in mineral nomenclature 
and chemistry. It contains a wealth of 
information that can be found else- 
where only with great difficulty. 

A. A. LEVINSON 
University of Calgary 
Calgary, Alberta, Canada 


“This book is available for purchase at the 
GIA Bookstore, 1660 Stewart Street, Santa 
Monica, CA 90404. Telephone (800) 421- 
7250, ext. 282. 
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GIA, Santa Monica 

Gary A. Roskin ; 
European Gemological Laboratory 
Los Angeles, California 


Jana E. Miyahira 
GIA, Santa Monica 


James E. Shigley 
GIA, Sania Monica 


Christopher P. Smith 

Gtibelin Gemmological Laboratory 
Lucerne, Switzerland 

Carol M. Stockton 

Los Angeles, California 

Rolf Tatje 

Duisburg University 

Duisburg, Germany 


Robert Weldon 
Radnor, Pennsylvania 


COLORED STONES AND 
ORGANIC MATERIALS 


FM-TGMS-MSA Symposium on topaz. Mineralogical 
Record, Vol. 26, No. 1, 1995, pp. 63-71. 


Held in conjunction with the 41st annual (February 
1995) Tucson Gem and Mineral Show, the Tucson 
Mineralogical Symposium on Topaz was sponsored by 
the Friends of Mineralogy, the Tucson Gem and 
Mineral Society, and the Mineralogical Society of 
America. Mineralogical Record published 13 abstracts 
of talks given at the symposium, all authored by the 
speakers themselves. Topics and authors include: “The 
Occurrence of Topaz in Northern New England 
Pegmatites,” C. A. Francis and L. C. Pitman; “The 
Occurrence of Topaz in the Southeastern United 
States,” R. B. Cook; “Colorado Topaz,” P. J. Modreski 
and T. C.. Michalski; “Notes on the Occurrence of 
Topaz in Idaho,” L. R. Ream; “Topaz from the 
Sawtooth Batholith, Idaho,” M. A. Menzies; 
“Occurrences of Blue Topaz in the Pegmatites of the 
Peninsular Batholith, San Diego County, California,” J. 
Fisher, “Pink Topaz from the Thomas Range, Juab 
County, Utah,” E. E. Foord, W. Chirnside, F. E. Lichte, 
and P, H. Briggs; “Topaz Rhyolites in Arizona and the 
Southwest,” D. M. Burt; “Topaz and Beryl-bearing 
Gem Pegmatites of the Alabashka-Mursinka-Adui dis- 
trict in the Ural Mountains, Russia,” P. Lyckberg; 
“Geology and Occurrence of Well-Crystallized Topaz,” 
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M. A. Menzies; “Where’s the Proton? Symmetry and 
Structure Variations in Topaz,” P. H. Ribbe and S. C. 
Eriksson; “Topaz: Environments of Crystallization, 
Crystal Chemistry, and Infrared Spectra,” E. E. Foord, 
L. L. Jackson, J. E. Taggart, J. G. Crock, and T. V. V. 
King; and “Items of North American Mineralogical 
and Gemological Note During 1994,” M. Gray. Fifty- 
four crystal diagrams accompany the abstracts. LBL 


The mineralogy, geology and occurrence of Topaz. M. 
A. Menzies, Mineralogical Record, Vol. 26, No. 
1, 1995, pp. 5-53. 


This article addresses questions such as: How does 
topaz form? What are the conditions required for good 
crystals? How does the geologic environment influ- 
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ence topaz-crystal features and associations? Dr. 
Menzies tackles these questions by first discussing the 
tectonic regimes or settings that influence the parent 
magma from which topaz crystallizes. The text and 
accompanying diagrams explain orogenic (crustal com- 
pression] and anorogenic (crustal extension} processes, 
easing the lay reader into the complicated subject of 
deposit type and occurrence. 

The deposit types are divided into three sections: 
volcanic (rhyolites), magmatic (granites, ongonites, 
and topazites], and late to post-magmatic (pegmatites)]. 
Each section discusses specific topaz localities. Two 
tables help the reader make quick and easy cross-refer- 
ences: One correlates different deposit types to locali- 
ties, and the other lists locality, geology, and literature 
references. Because about 80% of topaz deposits are in 
pegmatites, and only 10% are in rhyolites, the author 
focuses on pegmatite deposits. 

The section on crystal features covers morpholo- 
gy, color, size, composition, inclusions, and alteration 
and replacement. Table 3 relates geologic environment 
to composition, symmetry, size, habit, color, and qual- 
ity. Table 4 compares geologic environment, locality, 
inclusions in topaz, and inclusion phases, with appro- 
priate references. Numerous crystal diagrams and pho- 
tographs illustrate the many habits of topaz. 

The last section discusses the paragenetic 
sequence for cavity mineralization, mineral associa- 
tions, geochemical environments, and formation 
processes, It also compares environments. 

Topaz is a popular gemstone and is particularly 
intriguing to mineral collectors because it occurs in 
such a wide variety of sizes, colors, and crystal habits. 
Although there are volumes of literature about topaz 
(evidenced by the five pages of references}, many ques- 
tions remain. LBL 


On the morphology of malachite. O. V. Il’in, World of 
Stones (produced in Moscow in English}, No. 4, 
1994, pp. 3-9. 

Malachite’s popularity as a gem and ornamental stone 

results from its combination of rich green colors and 

variable textures and structures. This article illus- 
trates, in 12 striking color plates, some of malachite’s 
many different forms (e.g., radiating spherulite, hollow 
pseudostalactite, reniform]. Seven of the specimens 
shown came from two classic localities in the Ural 

Mountains, the Gumeshevskii mine and_ the 

Mednorudyanskii mine. The author discusses the ori- 

gin of the various forms, and concludes that many nat- 

ural factors control the textural patterns in malachite. 

These factors include whether growth was restricted, 

the accumulation of impurities, and the rock type in 

which the copper-rich solutions precipitated. AAL 


Nanometre scale textures in agate and Beltane opal. T. 
Lu, X. Zhang, I. Sunagawa, and G. W. Groves, 
Mineralogical Magazine, Vol. 59, No. 1, 1995, pp. 
103-109. 
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Optically observable fibers in concentrically banded 
agates of geode origin are composed of much finer 
fibers, in which quartz crystallites 8-100 nm long are 
stacked together parallel to <1120> or <1100>. Brazil- 
twin lamellae structures are frequently seen in grains 
longer than 30 nm. Uniformly spaced systematic stria- 
tions consist of a cyclic alternation in quartz grain 
sizes, the smallest being 6 nm. Coarse quartz or 
amethyst represents the final stage of agate (lining 
type} formation. 

The fine fibrous texture in opal from Beltane, 
California, is the result of cristobalite crystallites 
(8-20 nm) stacked together. They appear as the rims 
surrounding quartz crystals, and grow into regions 
with free space. RAH 


Topaz: A mineralogical review. M. A. Wise, Rocks w 
Minerals, Vol. 70, No. 1, 1995, pp. 16-25. 


Dr, Wise effectively synthesizes the extensive litera- 
ture on topaz into a compact, mineralogically inten- 
sive, review. He covers etymology, crystal structure, 
crystallography, chemistry, physical and optical prop- 
erties, topaz deposits, and noteworthy localities. In the 
section on topaz deposits, he discusses the many geo- 
logic environments in which topaz occurs on almost 
every continent. For the noteworthy localities, he pro- 
vides brief descriptions of deposit type and associated 
minerals. A concise table correlates locality to deposit 
type, and several attractive photographs of specimens 
from the Smithsonian Institution augment the text. 
LBL 


DIAMONDS 


Radiolucency of diamond and its simulants. R. Coates, 
Australian Gemmologist, Vol. 18, No. 11, 1994, 
pp. 348-351. 


This article reports on the author’s investigation into 
the comparative radiolucency (i.e., X-ray transparency] 
of diamond and its imitations when contained within 
the human body. The unusual investigation was 
prompted by an actual case in the Australian courts 
where a thief attempted to switch a diamond with an 
imitation in a jewelry store by swallowing the dia- 
mond. The diamond was subsequently located in the 
thief’s body by means of X-radiography. During the 
trial, questions about the differences in X-ray opacity 
of diamond and its imitations were often raised. 

The author’s experiments used diamond and a 
number of imitations, including colorless quartz, 
topaz, synthetic spinel, synthetic sapphire, lead glass, 
CZ, YAG, synthetic rutile, and strontium titanate. 
Procedures and equipment are described in detail. The 
stones were X-radiographed in the stomach, bowel, and 
bony pelvis of a “Pixy whole-body phantom,” essen- 
tially a medical mannequin with “internal organs” 
manufactured to radiologically simulate those of a 30- 
year-old female. 
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The data showed that the radiopacity of the study 
samples was inversely related to the atomic weight of 
their principal elemental constituents: the lower the 
atomic weight of the principal atoms, the higher the 
radiolucency of the sample. Most of the materials fell 
into two distinct groups: a relatively radiolucent group 
(diamond, topaz, quartz, and synthetic spinel) and a 
radiopaque group (synthetic rutile, CZ, YAG, and 
strontium titanate}. It was especially difficult to locate 
the materials with low atomic weights (such as dia- 
mond] in the radiographs taken within the simulated 
abdomen. Furthermore, when X-ray tube voltage was 
increased above 70 kV, diamonds and simulants with 
low atomic weight became transparent to X-rays, the 
resulting images had no diagnostic value. 

This article is well illustrated with X-radiographs 
and contains tables that present the data succinctly. It 
is a most interesting example of forensic gemology. 

RCK 


Story on the “Cross of Asia” fancy yellow radiant cut 
diamond. A. Szymanski, Archiwiem Mineralogiczne, 
Vol. 50, No. 1, 1994, pp. 8-10, 
This brief article reports on the author’s examination 
of the famous Cross of Asia yellow diamond in 
October 1993. Found in the Jagersfontein mine, South 
Africa, in 1902, the original piece of rough weighed 280 
ct. It was cut first to 142 ct, and was later recut three 
more times. At the time the author examined it, the 
Radiant-cut diamond weighed 79,12 ct and measured 
28.67 x 22.2) x 15.77 mm. The play of colors on the 
table facet create the outline of a Maltese cross. 
RAH 


Zircon from the mantle: A new way to date old dia- 
monds. P. D. Kinny and H. O. A. Meyer, 1994, 
Journal of Geology, Vol. 102, pp. 475-481. 


Age dating of diamonds has been performed in the past 
by measuring the isotopic contents of diamond inclu- 
sions, notably samarium (Sm] and neodymium (Nd} 
isotopes in garnet and clinopyroxene inclusions. 
However, because diamond inclusions are small, and 
rare-earth elements are uncommon in the minerals 
present, inclusions in many diamonds must be mea- 
sured at the same time to get an average age date for a 
diamond region. In this article, the authors use a dif- 
ferent technique, uranium-lead (U-Pb} age dating with 
an ion microprobe, to determine the age of a single zircon 
inclusion in a kimberlitic diamond from Mbuji Mayi, Zaire. 
The analyzed zircon measured 0.14 x 0.10 mm and 
showed a zoned 0.02-mm rim with cathodolumines- 
cence, which suggests that it originated from a melt. 
Three areas in the zircon core were measured twice for 
total uranium, total thorium, total lead, and the iso- 
topes 235U, 238U, 206Pb, and 297Pbh. The zircon had a 
high uranium content (350-650 ppm U}, Six measure- 
ments gave an average age of 628 million years, witha 
2- error (95% confidence level} of + 12 million years. 
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In general, age-dated diamonds have proved to be 
older than the pipes that brought them to the surface. 
Zircons associated with the Mbuji Mayi kimberlite, 
but not included within diamonds, have been age- 
dated at 70 million years old, consistent with other 
measurements of the age of the kimberlite pipe. The 
authors believe that the 628 million years represents 
the age of the host diamond, which makes it the 
youngest diamond age reported to date. Note that the 
use of the ion microprobe for U-Pb age-dating of indi- 
vidual diamonds is limited to diamonds that contain 
included zircon or other uranium-rich phases. ML] 


GEM LOCALITIES 


Almandine garnets from Vietnam. R. C. Kammerling 
and J. I. Koivula, Australian Gemmologist, Vol. 
18, No. 11, 1994, pp. 356-358. 
The far north of Vietnam is a new locality for gem- 
quality almandine garnets. This article provides a 
detailed gemological study of garnets from this new 
deposit, describing microscopic features as well as the 
results of standard physical tests. Since pyrope garnets 
had been discovered in southern Vietnam, the authors 
wanted to determine exactly what type was coming 
from the north. Chemical analysis proved that the 
samples were essentially almandine, with minor 
pyrope, grossular and spessartine components. JEC 


Brazil—a gemstone giant reawakens. R. Weldon, 
Jewelers’ Circular-Keystone, Vol. 166, No. 2, 
February 1995, pp. 108-120. 


Although national inflation, world recession, and local 
governments have conspired to stifle gem mining and 
sales in Brazil, recent market liberalization and politi- 
cal and social changes have opened up new and excit- 
ing opportunities for the country’s mineral riches. A 
commercial-free zone is now being developed in 
Tedfilo Otoni, in the gem-rich state of Minas Gerais, to 
help promote the gem, jewelry, and lapidary industries. 

This informative article also describes the current 
mining and supply status of various gems indigenous 
to Brazil, including emerald, tourmaline, topaz, aqua- 
marine, kunzite, chrysoberyl, and quartz, Copiously 
illustrated with wonderful photographs by the author, 
the article provides current insights that will be 
invaluable to anyone interested in Brazil and its cor- 
nucopia of mineral riches. JEC 


A brief report on Indonesian opal. G. Lambert and G. 
Brown, Australian Gemmologist, Vol. 18, No. 
11, 1994, pp. 359-361. 


According to a fact sheet provided the authors by the 
Directorate of Mineral Resources in Bandung, Java, 
opal is found in at least three regions of Indonesia: The 
Labak District of West Java (including black, white, 
colorless, and brownish “tea” opal}, the Bengkulu 
Province on the northwestern coast of Sumatra (pre- 
dominantly white potch), and in southeast Sulawesi 
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Province (translucent-to-opaque greenish white potch). 
The authors examined three cabochons of materi- 
al from the first deposit, the only one currently being 
mined commercially. Two were of the “tea” type, 
while the third is described as black. Properties deter- 
mined were: spot R.L—1.385 to 1.395; §.G.—1.81 to 
2.09; Chelsea filter reaction—green; long-wave and 
short-wave UV fluorescence reactions—various shades 
of green (except the black opal, which was inert to 
short-wave UV}; and very slight phosphorescence only 
in the blackspecimen.All stones exhibited play-of-color, 
described and illustrated for each. There is also a pho- 
tomicrograph of prominent flow structures seen in one 
of the tea opals. 
RCK 


A contribution to understanding the infrared spectra of 
rubies from Mong Hsu, Myanmar. C. P. Smith, 
Journal of Gemmology, Vol. 24, No. 5, 1994, pp. 
321-335. 

A study of 31 rubies from the new deposit at Mong 

Hsu, Myanmar, revealed infrared features distinctive 

of heat-treated as compared to non-heat-treated stones 

from this locality. Features were found in the mid- 

infrared range between 1900 and 3400 cm’! in some 

(but not all) of the untreated specimens examined. 

These were related to the presence of diaspore and 

boehmite inclusions {including submicroscopic ones}, 

although only the former has been confirmed by X-ray 
diffraction analysis. In some heat-treated specimens, 

strongly pleochroic features between 3100 and 3600 

cm! were found. These were related to structural OH 

groups bonded within the corundum lattice. Other 
heat-treated samples showed no structural OH. The 
author concludes that the structural OH groups found 
in heat-treated Mong Hsu rubies were formed as the 
result of alteration and dehydration of diaspore parti- 
cles in the host rubies during heat treatment. He sug- 
gests that the features observed may be useful to dis- 
tinguish natural from heat-treated material. He warns, 
however, that infrared evidence of diaspore should not 
be used alone to identify locality. CMS 


Gemstone mineralization in southern Kerala, India. R. 
D. Menon, M. Santosh, and M. Toshida, Journal 
of the Geological Society of India, Vol. 44, No. 3, 
1994, pp. 241-252, 
Within a gem field that extends over an area 70 x 35 
km? in south Kerala and the adjacent region of Tamil 
Nadu, many gem minerals occur, including 
chrysoberyl (cat’s-eye and alexandrite), ruby, sapphire, 
emerald, topaz, zircon, and amethyst. The primary 
mineralization is in zoned, complex pegmatites of Pan- 
African age, emplaced in granulite-facies metapelites 
(khondalites}, and variably weathered and laterized, 
secondary gem deposits are found in stream gravels 
and placers. Thermal decrepitation of fluid inclusions 
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indicates the presence of variable amounts of CO, in 
quartz (72.7 ppm], garnet (141.2 ppm}, and chrysoberyl 
(51.6 ppm). Gem localities in Kerala contain vast 
untapped potential. At present, though, most mining is 
done illegally. A map of gem occurrences is included, 
as are photographs and brief details of chrysoberyl, sap- 
phire, ruby, topaz, and zircon. RAH 


Hsa-Taw green tourmaline. U Tin Hlaing, Australian 
Gemmologist, Vol. 18, No. 11, 1994, pp. 
352-353. 

Green tourmaline has been mined for about 25 years at 
two deposits in Myanmar’s southeastern Kayah State. 
One site is located about 10 miles (16.5 km) north— 
and the other about 30 miles (50 km} south—of the 
town of Hsa-Taw. The deposits occur in a belt of 
Paleozoic metamorphic rocks. Crystals average about 
5 ct; after cutting, the best-color stones average 1-2 ct. 
Common crystal forms include triagonal prisms ter- 
minated by rhombohedral and pyramidal faces, with 
and without a pinacoid. Short prismatic crystals are 
more common than long ones, and vertical striations 
on prism faces were absent in about 25% of the crys- 
tals examined by the author. 

Gemological properties are reported to be typical 
for elbaite tourmalines (although specific values are 
not given}. Surface-reaching breaks are typically filled 
with reddish brown iron oxides. Internal features 
noted include color zoning, trichites, mica, and solid 
black inclusions of undetermined identity. 

The report includes color photographs of both 
rough and cut specimens, as well as a sketch map of 
Myanmar that shows the general location of the 
deposits. RCK 


The 1995 ICA World Gemstone Mining Report. [. Z. 
Eliezri and C. Kremkow, ICA Gazette, December 
1994, pp. 1, 12-19. 

This relatively optimistic report begins by stating that 
the greater liberalization of trade in many countries 
expanded the potential market for gemstone sales 
around the world, as well as the potential for gem min- 
ing. It then gives a brief overview of new mines and the 
current production status of the more important col- 
ored gems in selected countries. Highlights are as follows. 
Ruby production—quality and size—is up in India 
and Myanmar; production is doing well in Cambodia 
{despite the sporadic supply caused by turmoil in the 
mining areas}, and large quantities of lower-grade ruby 
are coming from Sierra Leone. Fewer Thai rubies are 
available due to heavy mining over the past few 
decades. Production is down in Vietnam as well, 
because too many buyers have been sold parcels salted 

with synthetics. 
Demand for Australian sapphire rough was 
stronger over the last two years. New sapphire deposits 
have been found in Russia (Siberia), Myanmar, and 
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Laos. A large new deposit of very heat-treatable blue 
sapphire from southern Madagascar is causing excite- 
ment. There was a new find of pastel-colored sapphires 
in Tanzania and a new deposit of “white” sapphires in 
Sri Lanka. 

Production is up for peridot, due to new finds in 
the United States (Arizona), Ethiopia, Pakistan, and 
Vietnam, as well as increased production in China. 

Emerald production is up, with new deposits in 
South Africa, the Ural Mountains in Russia, China 
(first ever], Tanzania, Somalia, and Brazil. Zambia has 
reopened the famous Kamakanga mine (with reduced 
mining elsewhere in that country}. Regular production 
continues in Colombia. Large amounts of greenish yel- 
low beryl are coming from the Ukraine, with small 
amounts from Finland. 

Fire-opal production is up in Canada, with large 
quantities being mined in Mexico. There was less opal 
from the south Australian fields, but Lightning Ridge 
took an upturn. The United States produced various 
types of opal from volcanic deposits in Oregon and 
Arizona. There is a new yellow dendritic opal from 
Zambia. 

New finds of garnet occurred in Namibia, Mali, 
Ethiopia, and China. A new variety was found in the 
Sierra Madre Mountains of Mexico. Massive green 
grossularite is being mined in China. 

As for amethyst, production of high-quality mate- 
rial increased in Zambia. Bolivia held its own in gen- 
eral production. 

Madagascar and Nigeria continue to supply con- 
siderable amounts of aquamarine. Fine blue tourma- 
line is coming from Namibia. There was a major new 
find of tourmaline in Minas Gerais, Brazil (at Morro 
Redondo}, plus a new variety of color-change tourma- 
line from India. 

Tsavorite production continues in Kenya, with a 
new find reported about 1,000 km northwest of the 
previously known localities, in Lokirima.. 

The report also noted new finds of kornerupine, 
sillimanite, and epidote in India; of scapolite in China, 
of alexandrite in Brazil; and of rhodochrosite in the 
United States. CEA 


Pink topaz from the Thomas Range, Juab County, 
Utah. E. E. Foord, W. Chirnside, F. E. Lichte, and 
P. H. Briggs, Mineralogical Record, Vol. 26, No. 
1, 1995, pp. 57-60. 
Pink topaz was first reported in the Thomas Range in 
1934, These gems are found only as float crystals and 
so have been exposed to sunlight. Although the crys- 
tals may be as long as 4 cm, transparent, gem-quality 
crystals with uniform pink to pinkish red color are 
usually less than 2 cm. Crystals from newly opened 
cavities are a yellow-orange “sherry” color and typi- 
cally fade to colorless in a few days to weeks (depend- 
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ing on air temperature, and duration and intensity of 
light), Heating causes the color to fade rapidly. Some 
crystals do not fade completely to colorless, but reveal 
a colorless core and a distinctly pink to pinkish red 
outer rim. The initial yellow-orange “sherry” color 
masks the pinkish red zone, which is stable to light 
and heat. 

Bulk chemical analysis by ICP-AES—-using gem- 
quality, colorless crystals and color-zoned crystals— 
showed that the pink material contains more Mn (20 
ppm] and Fe (0.08%) than the colorless material (<8 
ppm and 0.05%, respectively]; the colorless material 
contains more Cr {17 ppm) than the pink material (11 
ppm}. Cr is not believed to be a chromophore in this 
case. Chemical analysis by laser-ablation ICP-MS of 
individual spots on a color-zoned crystal showed Mn 
to be concentrated in the outer color zone; Cr and 
other possible chromophores were not detected. 
Trivalent Mn and Fe are likely substituting for the Al 
in the topaz crystal structure. This is believed to be the 
first documented occurrence of pink-red topaz that is 
colored by Mn + Fe. LBL 


Remarkable finds pf minerals of beryllium: From the 
Kola Peninsula to Primorie. I. V. Pckov, World of 
Stones, No. 4, 1994, pp. 10-26. 

Beryllium is a relatively rare element in nature, yet 82 

minerals (as of 1991) contain it as an essential compo- 

nent. Forty-five beryllium minerals are found in the 

CIS (Commonwealth of Independent States}. There are 

classic localities for beryl and chrysoberyl {and their 

many gem varieties}, but some of the more unusual 
beryllium species sought by gem collectors, such as 
phenacite and euclase, are also found there. 

This article lists all 82 known beryllium minerals 
(with their chemical compositions}. It also has a table 
containing the type locality (worldwide) and the first 
place each of the beryllium minerals known in the CIS 
was found there. A map shows 72. important locations 
(such as type specimens for new species) ranging from 
the Kola Peninsula (northwest Russia) to Primorie (in 
the Far East}; genetic types of geologic formations [e.g., 
granitic pegmatite, greisen} in which the minerals 
occur are also indicated. Twelve museum-quality spec- 
imens (and one collage of cut beryls} are illustrated in 
color. Of 83 references, 80 are in Russian. Those inter- 
ested in beryllium minerals will find this a worthwhile 
compilation. AAL 


Siberia and Far East: A brief mineralogical guide. A. A. 

Evseev, World of Stones, No. 4, 1994, pp. 42-54. 
This article reports on various aspects of “notable” 
mineralogic occurrences in the vast reaches of Russia 
lying east of the Ural Mountains. As “notable” occur- 
rences, the authors include those famous for museum- 
quality specimens, type localities of new species, and 
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first occurrences of mineral species in Russia, among 
others. The article is divided into four major parts. 

The first part, “Mineral Localities,” lists the 114 
selected occurrences, which include individual mines 
\e.g., the Mir kimberlite pipe}, massifs (e.g., Murun, the 
type locality for charoite}, districts (e.g., Noril’sk, 
famous for metallic ore minerals), and even a volcano 
(Klyuchevskaya Sopka) in Kamchatka, noted for fuma- 
role minerals. A map of the localities is included (note 
that the map key was not bound in the issue but 
appears on a separate sheet of paper). Minerals found at 
each locality are listed (58 for the Noril’sk district 
alone}. 

The second part, “Minerals,” is essentially a cross- 
index that alphabetically lists 89 well-known minerals 
and gives their important localities (from the first part 
of the article, as described above]. For some minerals, 
the author includes interesting bits of history or obser- 
vations from the Russian perspective. 

The third part, “Review of Mineralogical Finds,” 
is a brief history of mineralogic discoveries in Russia 
starting about 11,000-12,000 B.C., when the prehis- 
toric people of Kamchatka used such materials as chal- 
cedony and amber. The final part, “Minerals from 
Siberia in Museums,” lists about two dozen Russian 
museums and briefly describes their Siberian holdings. 
These collections range from a museum at “Tura 
Settlement,” specializing in Iceland spar, to the 
Fersman Mineralogical Museum in Moscow, which 
has more than 20,000 specimens. 

This encyclopedic paper is not specifically gemo- 
logically oriented, but it does contain a wealth of 
gemological information that—to my knowledge—is 
available nowhere else. AAL 


Smoky moonstone: A new moonstone variety. H. 
Harder, Journal of Gemmology, Vol. 24, No. 3, 
1994, pp. 179-182. 

Moonstones with a “smoky” body color have recently 

been coming from two localities in Sri Lanka—near 

Imbulpe in the Central Mountains and in the 

Balangoda region. Chemical composition revealed a 

higher iron content than is typical for colorless moon- 

stone. Much of the material is heavily included, most- 
ly with clay minerals. The blue adularescence shows 
up particularly well when the body color is dark. The 
author proposes the variety name “smoky moonstone” 
for this material. CMS 


Studies on kosmochlor, jadeite and associated miner- 
als in jade of Myanmar. Win Htein and Aye Mye 
Naing, Journal of Gemmology, Vol. 24, No. 5, 
1994, pp. 315-320. 

In proper gemological usage, the term jade applies only 

to nephrite and jadeite. However, it is well known that 

individual specimens are rarely pure. In this discussion 
of jadeite from Myanmar, the authors meticulously 
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use the terms jadeite jade or pure jade versus impure 
jade for polymineralic material. The most common 
admixture is jadeite and kosmochlor, with a continu- 
ous series from essentially pure jadeite to 85% kos- 
mochlor. The latter mineral is well known to gemolo- 
gists as a major constituent in Maw-sit-sit, also from 
Myanmat. The authors present an excellent overview 
of this complex topic, including chemical analyses and 
X-ray diffraction data that emphasize the difficulties 
that gemologists face in identifying jade and jade-like 
green specimens. Minerals found as components in the 
specimens studied include jadeite, kosmochlor (once 
known as ureyite}, edenite, richterite, tremolite, 
chromite, magnesiochromite, and enstatite. This is an 
important paper that should be read carefully by 
gemologists involved in the trade and identification of 
jades. CMS 


INSTRUMENTS AND TECHNIQUES 


ROS/GEM Optics Model RFA 322 Refractometer. A. 
Shields and 8. Neville, Australian Gemmologist, 
Vol. 18, No. 11, 1994, pp. 354-355. 
This Instrument Evaluation Committee report exam- 
ines a U.S—manufactured refractometer that is now 
being offered in Australia. The compact unit (118 x 64 
x 32, mm} has a cast-metal body and removable hinged 
lid. It features a small (3.5 x 11 mm) high-R.I. glass 
prism; a screw mount to hold the eyepiece polarizer 
when not in use; a clip within the lid to hold a small 
bottle of R.I. liquid; a sliding filter holder at the light 
entry port, which is fitted with both diffused white and 
near sodium-equivalent filters, as well as a circular 
mount for a small penlight,; a focusable push-pull eye- 
piece; and a scale calibrated at 0.005 intervals from 
1.30 to 1.84. 

The evaluators tested various gems with the 
instrument and found that it produced clear readings, 
with the high-quality scale in 0.005 intervals being 
particularly helpful in reading R.1.’s of stones with low 
birefringences. The narrow width of the hemicylinder 
was an advantage when testing prong-mounted stones 
{presumably because the prongs would clear the hemi- 
cylinder on either side). 

Although there were some criticisms (for example, 
some light leaked between the plate housing, prism, 
and outer case}, the evaluators felt that the instrument 
would appeal to many in the field. RCK 


JEWELRY RETAILING 


The China market: Poised to take off. G. Holmes, 
Jewelers’ Circular-Keystone, Vol. 166, No. 2, 
February 1995, pp. 124-131. 

Are you an entrepreneur? Do you want to get in on the 

ground floor of an economy that is about to explode? 

Then consider China! The Chinese are not only ready 
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to take back Hong Kong, they are already working 
toward being number one in the world jewelry market 
by the 21st century. 

With nearly 1.2 billion people, almost half 
between the ages of 15 and 39, China is more than just 
another market. One indication of how fast things are 
progressing there is De Beers’s advertising outlay: from 
$100,000 in 1990 to over $3.4 million in 1994. Last 
year, China consumed 220 tons of gold. The World 
Gold Council predicts that if the consumption of gold 
reaches the level of their Taiwanese neighbors, China 
will soon be importing over 10,000 tons annually! 

Mr. Holmes predicts that China will be the leader 
in both jewelry manufacturing and retailing, but the 
two ends of the business will be intertwined. 
Hundreds of new jewelry plants have opened in the 
past three to four years. Sixty diamond cutting firms 
are scattered around the country. Private businesses 
are doing well, with plenty of discretionary income 
being spent. Sales in Shanghai’s leading department 
store were $230 million in 1993, up 45% from the pre- 
ceding year. 

But not all is wonderful. China is still struggling 
to provide decent housing, drinkable water, and work- 
ing sewage systems in many areas. Bicycles remain the 
standard mode of transportation, banks are inefficient, 
and import duties are still as high as 90%. 

However, the Asian Wall Street Journal Weekly 
reported that China is anxious to cut the red tape to 
encourage major retailers to set up shop. And with 
one-fifth of the world’s population in one spot, you can 
bet the retailers will be coming. Today, gold jewelry is 
considered the third most important purchase in a 
Chinese household, after a color TV and a refrigerator. 
This makes the potential for gold sales phenomenal. 
De Beers hopes to convince Chinese consumers that 
diamond, not gold, is forever. GAR 


PRECIOUS METALS 


Platinum apples of the asteroids. J). S. Lewis, Nature, 
Vol. 372, December 8, 1994, pp. 499-500. 
In the Journal of Geophysical Research (Vol. 99, pp. 
21129-21141, 1994}, Jeffrey S. Kargel analyzed the eco- 
nomic potential of asteroids in Earth-crossing orbits. 
The average near-Earth asteroid contains abundant 
iron, nickel, and cobalt, carrying much higher concen- 
trations of (dissolved) platinum metals than the richest 
known ore body on Earth. A kilometer-sized metal- 
bearing asteroid could be worth as much as”US$§5 tril- 
lion (5 x I10!2 US dollars} at present market prices,” 
although its impact on the strategic metals market 
lowers this value to $320 billion. Rather than trying to 
divert metal-rich asteroids from impacts with Earth, 
Kargel suggests, we should go mine them. This short 
article is a good analysis of the policy aspects of 
Kargel’s paper. ML] 
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World gold fabricators stage second half comeback. 
Retail Jeweller, Vol. 32, No. 838, January 12, 
1995, p. 5. 


Worldwide gold jewelry production recovered dramati- 
cally in the second half of 1994, rallying from an 
exceptionally subdued first half to end the year just 
1.3% down from 1993. 

According to a report from Gold Fields Mineral 
Services (GFMS}, the United Kingdom and Switzerland 
were among the strongest performers in Europe; they, 
along with Italy, helped final figures for Europe show 
only a 1% decrease. Italy’s jewelry manufacturing was 
fueled by an increase in exports in the second half 
while, in Switzerland, hallmarking figures for watch 
cases increased 16% over 1993. GFMS reported a 4.6% 
increase in U.K. jewelry consumption, based on hall- 
marking figures, imports faring slightly better than 
domestic fabrication. In comparison, however, France 
and Germany performed poorly. Jewelry production in 
Germany suffered from weak retail sales and increased 
competition from imports. Production in France 
declined by more than 17% in the first 10 months of 
1994, which GFMS attributed to overproduction the 
preceding year. » 

GFMS estimated that jewelry consumption in the 
United States was up at least 5% for the first three 
quarters of the year. In Japan, increased confidence saw 
retailers restocking newer designs after an earlier 
reduction in inventory levels. MD 


SYNTHETICS AND SIMULANTS 


Characteristics of natural and synthetic diamonds 
observed in cathode luminescence photographs 
{in Japanese}. All Japan Gemology Association, 
Four Seasons of Jewelry, No. 116, August/ 
September 1994, p. 37. 
This brief item points to the possibility that synthetic 
diamonds will soon appear more frequently in the mar- 
ket, and it analyzes the usefulness of cathodolumines- 
cence (CL) photographs to separate natural and syn- 
thetic diamonds. The CL photograph of a natural dia- 
mond displays a pattern of numerous concentric 
squares, indicating that it grew slowly. The CL photo- 
graph of a synthetic diamond is characterized by sim- 
ple geometric patterns. The author concludes that this 
technique is one of the most effective ways to separate 
synthetic from natural diamonds. Himiko Naka 


Hydrothermal ruby (in Japanese), M. Shigeoka, Gemmology, 

Vol. 25, No. 300, September 1994, pp. 8-10, 
This is an informative report on the appearance, gemo- 
logical properties, and identifying characteristics of 
five faceted hydrothermal synthetic rubies (0.808- 
2.553 ct} that were purchased in Bangkok and report- 
edly manufactured in Russia. 
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As a whole, the rubies were dark red and had 
rather low transparency due to their wavy growth 
marks, which were very similar to those found in 
hydrothermal synthetic emeralds. The author believes 
that the relatively high R.1. readings were due to the 
stones’ high iron content, which also explains their 
dark appearance. Their specific gravities ranged from 
4.00 to 4.03, and most samples fluoresced a strong red 
to long-wave ultraviolet radiation, with moderate red 
fluorescence to short-wave UV. 

The article is accompanied by three absorption 
spectra. Nine photographs (six photomicrographs and 
two laser tomographs} illustrate the stones’ appear- 
ance, their growth marks, characteristic feather inclu- 
sions observed in one sample, and copper inclusions 
seen in another. Himiko Naka 


A new type of synthetic ruby from Russia. U. Henn, 
Australian Gemmologist, Vol. 18, No. 11, 1994, 
pp. 362-364. 
Beginning with a brief review of gemstone synthesis in 
Russia, the author proceeds to describe his examina- 
tion of a single 138-ct “boule-like” synthetic ruby 
crystal, represented to him as having been grown 
hydrothermally in Novosibirsk, Siberia. The crystal 
had a small area with a metallic coating and displayed 
dark, eye-visible, dendritic inclusions. Other proper- 
ties determined were: R.l— ¢ = 1.762, = 1.770, bire- 
fringence—0,008; S.G.—4.00; long-wave UV fluores- 
cence—-strong red; short-wave UV—weak red. 
Magnification revealed that the dendritic flux was 
polycrystalline. Also noted were clouds of bubble-like 
flux residues in partially healed fractures. 
Spectrophotometry revealed absorption features in 
the visible range due to Cr3+. Chemical analysis 
revealed the expected aluminum and chromium 
oxides, while analysis of the metallic coating showed 
the presence of tungsten and molybdenum these latter 
elements were also detected where dark dendritic 
inclusions in fractures reached the surface. 
The author concludes that the synthetic ruby is a 
new type of flux-grown product. RCK 


TREATMENTS 


Heat treated corundums of Sri Lanka: Their heat treat- 
ment. T. G, Pemadasa and M. V. Danapala, 
Australian Gemmologist, Vol. 18, No. 11, 1994, 
pp. 346-347. 

This report, by two employees of Sri Lanka’s State 

Gem Corporation, begins with a brief history of that 

country’s “gueda” sapphire [spelled geuda by this jour- 

nal and other U-S. publications, such as Kurt Nassau’s 

Gemstone Enhancement). Until the 1970s, Sri Lankan 

miners often discarded this off-color material, unaware 
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that it could be heat treated. Thai buyers obtained 
large quantities at low prices. Today, there are more 
than 200 heat-treatment furnaces operating in Sri 
Lanka. The authors use a Sri Lankan-produced 
“Lakmini” furnace, fueled by a mixture of oxygen and 
butane. 

The main focus of the report is a classification sys- 
tem for heat-treatable Sri Lankan corundums. Group | 
material is treated under reducing conditions to devel- 
op blue coloration. Within this group are two principal 
varieties, “gueda” and ottu. The former is further 
divided into four subvarieties: silky (which has a char- 
acteristic sheen}, milky (slightly bluish in transmitted 
light}, waxy (translucent with a waxy luster}, and dun 
(colorless or slightly bluish and almost transparent). 
Ottu is transparent corundum with various patterns of 
blue-and-colorless zoning. lt is divided into two basic 
types: Ethul ottu (which has patches of blue color 
within the stone and is further divided by the specific 
zoning distribution into dot ottu, iri ottu, and normal 
ottu) and pita ottu (blue color restricted to the stone's 
surface}. 

Group ll corundum can be heat treated under oxi- 
dizing conditions to either eliminate blue or enhance 
yellow. This general category includes bluish raby 
(which appears purple due to the presence of both blue 
and red chromophores}, red “gieda” (pink to red 
corundum with characteristics such as a silky appear- 
ance}, and Kowangu yellow sapphire (corundum that is 
slightly yellow in reflected light). 

For each type of material described, the authors 
provide basic heating conditions, including tempera- 
ture and length of heat treatment. This interesting 
report provides insight into the current state of knowl- 
edge in Sri Lanka about enhancing that country’s 
corundum, RCK 


MISCELLANEOUS 


Microscopic examination of mineral grains in forensic 
soil analysis: Part 2. N. Petraco, American 
Laboratory, Vol. 26, No. 14, September 1994, pp. 
33-36. 

This article discusses further the identification, with a 

polarized-light microscope, of common mineral grains 

found in soil samples (part 1 appeared in the April 1994 

issue of American Laboratory and was abstracted in 

the Winter 1994 issue of Gems @& Gemology). The 
author uses the Michel-Levy interference chart to 
address the topic of interference colors observed 
between crossed polarizers. This short but informative 
article contains a dozen photomicrographs and several 
excellent references. With this information, readers 
can learn to identify microscopic minerals found in 
their own backyard. CEA 
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Authors must use the following guide- 
lines when submitting a manuscript to 
Gems e&) Gemology, or the paper may be 
returned unreviewed. Please contact the 
Editor's office if you have any questions 
about these guidelines or any other 
aspects of your topic. 


APPROPRIATE TOPICS 


Gems & Gemology publishes original 
articles concerning the study of gem- 
stones and research in gemology and 
related fields. Appropriate topics include 
(but are not limited to} colored stones, 
diamonds, gemological instruments and 
identification techniques, gem localities, 
gem enhancements, gem substitutes (sim- 
ulants and synthetics}, gemstones for the 
collector, jewelry manufacturing arts, 
jewelry history, and contemporary trends 
in the trade, Remember that these are 
general guidelines only. Your best source 
of appropriate topics is Gems & 
Gemology itself. Read the journal to 
acquaint yourself with the breadth of 
material covered. 
Manuscripts may be submitted as: 


Feature Articles—full-length articles 
describing previously unpublished studies 
and laboratory or field research. Such arti- 
cles should be no longer than 6,000 words 
(24 double-spaced, typed pages} plus 
tables, illustrations, and references, 


Review Articles—comprehensive reviews 
of topics in the field. Length of text 
should not exceed 8,000 words (32. dou- 
ble-spaced, typed pages}. 


Notes & New Techniques—brief prelimi- 
nary communications of recent discover- 
ies or developments in gemology and 
related fields (e.g., new instruments or 
identification techniques, gem minerals 
for the collector, and lapidary techniques). 
Articles for this section should be approx- 
imately 1,000-3,000 words (4~12. double- 
spaced pages}. 


Gem News—very brief (100-500 words, 
one-half page to two double-spaced pages} 
items on current events in the field or 
unusual gem materials. 


To be considered for publication, all con- 
tributions to Gems &# Gemology must be 
original and not previously published in 


Guidelines for Authors 


English. We will consider articles already 
published in Janguages other than English 
only on a case-by-case basis and only if 
the author(s] inform us at the time of sub- 
mittal when and where the article was 
first published. It is our policy not to pub- 
lish feature articles, review articles, or 
Notes on single stones or research based 
on a single sample (unless of extraordi- 
nary historical importance, such as the 
Hope diamond}. Authors may not publish 
the same material elsewhere for at least 
three months after the mail date of the 
issue in question, without express written 
permission from the Editor's office. 


Gems # Gemology also includes these 
regular sections: Gem Trade Lab Notes— 
reports of interesting or unusual gem- 
stones, inclusions, or jewelry encountered 
in the GIA Gem Trade Laboratory; Book 
Reviews—as solicited by the Book 
Reviews editor (publishers should send 
one copy of each book that they wish to 
have reviewed to the Editor's office}; 
Gemological Abstracts—summaries of 
important articles recently published in 
the gemology literature. 


MANUSCRIPT PREPARATION 


All material (including tables, figure leg- 
ends, and references} MUST be typed, 
double spaced (no exceptions}, one side 
only, on 8.5 by 11 inch (21 by 28 cm} 
white paper (no colors) with 1.5-inch (3.8 
cm] margins. Each page should be consec- 
utively numbered—including the first 
and those containing figure legends, refer- 
ences, ctc. Use a fresh typewriter or print- 
er ribbon; one that prints black, not gray. 
Please avoid sending draft-quality dot- 
matrix printouts. It is strongly recom- 
mended that the article also be submitted 
on a floppy disk in: Microsoft Word 4 
through 6 (DOS}, Wordstar 3 through 5.5, 
Wordperfect 5+, Rich Text Format (RTF), 
Microsoft Word for Windows (2 or 6], 
Windows Write, Microsoft Word 4+ for 
Macintosh, or ASCII (DOS and Macin- 
tosh]. Please indicate which format is 
used. 

Identify the authors on the title page 
only, not in the body of the manuscript or 
figures, so that author anonymity can be 
maintained with reviewers (the title page 
is removed before the manuscript is sent 
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for review). The various components of 
the manuscript should be prepared and 
arranged as follows: 


Title Page. Page 1 should include: (a} the 
article title; (b) the full name of each 
author; (c} each author's affiliation (the 
institution, city, and state or country 
where he/she was working when the arti- 
cle was prepared), and (d} acknowledg- 
ments of persons who helped perform the 
research, prepare the report, or do the 
photography, etc. 


Abstract. Page 2. should repeat the title of 
the article, followed by an abstract. The 
abstract (no more than 150 words for a 
feature or review article, 75 words for a 
Note} should state the purpose of the 
article, what was done, and the main 
conclusions. 


‘Text. Papers should follow a clear outline 
with appropriate headings. For example, 
for a research paper, the headings should 
be: Introduction, Previous Studies, 
Materials and Mcthods, Results, 
Discussion, and Conclusion. Use other 
heads and subheads as the subject matter 
warrants. Also, when writing your article, 
please avoid jargon, spell out the first 
mention of all abbreviations, and present 
your material as clearly and concisely as 
possible. For general style (grammar, ete.], 
see The Chicago Manual of Style 
(University of Chicago Press, Chicago). 
Papers that describe original research 
must include a Materials and Methods 
section that contains, at a minimum, the 
numbers and descriptions of all samples 
examined, and the techniques and instru- 
mentation used to obtain the data. 


References. References should be used for 
any information that is taken directly 
from another publication, to document 
ideas and facts attributed to another writ- 
ex, and to refer the reader to other sources 
for additional information on a particular 
subject. References must be cited in the 
body of the text (in parentheses), with the 
last name of the author(s) and the year of 
publication; add the appropriate page 
number when citing a direct quote or a 
specific illustration or set of numbers or 
data, An example would be: (Kammerling 
et al., 1990, p. 33). The list of references 
at the end of the paper should be typed 
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double spaced in alphabetical order by 
the last name of the senior author; if 
there is more than one paper by that 
author or same group of authors, list 
those papers in chronological order, start- 
ing with the oldest paper first. List only 
those references actually cited in the text 
{or in the tables or figures). A paper that 
lacks a reference scction or is missing 
information in the reference section— 
publishers, dates, authors, etc.—may be 
returned unreviewed. 

Include the following information, 
in the order given here, for each reference: 
(a) all author names (surnames followed 
by initials), (b} the year of publication, in 
parentheses; (c} for a journal, the full title 
of the article or, for a book, the full title of 
the book cited; and (d} for a journal, the 
full title of the journal plus volume num- 
ber, issue number, and inclusive page 
numbers of the article cited or, for a book, 
the publisher of the book and the city of 
publication. Sample references are: 


Kammerling R.C., Koivula J.I., Kane R.E. 
(1990) Gemstone enhancement and 
its detection in the 1980s. Gems & 
Gemology, Vol. 26, No. 1, pp. 32-49. 

Armstrong J.T. (1988) Accurate quantita- 
tive analysis of oxygen and nitrogen 
with a Si/W multilayer crystal. In 
D.E. Newbury, Ed., Microbeam 
Analysis—1988, San Francisco Press, 
San Francisco, CA, pp. 301-304. 

Liddicoat R.T. (1989) Handbook of Gem 
Identification, 12th ed., 2nd rev. 
printing. Gemological Institute of 
America, Santa Monica, CA. 


Personal communications (for infor- 
mation obtained from someone with par- 
ticular expertise} should be cited in the 
body of the text only, as follows—(G. 
Rossman, pers. commi., 1994), Permission 
must be obtained from the people cited to 
use their names for this purpose. Such 
resources should also be listed, with their 
affiliations, in the Acknowledgments sec- 
tion. 


Tables. Tables can present a large amount 
of detail in a relatively small space. Con- 
sider using one whenever the bulk of 
information in a section threatens to over- 
whelm the text. 

Type each table double spaced on a 
separate sheet. If the table must exceed 
one typed page, please duplicate all head- 
ings on the second sheet. Number tables 
in the order in which they are cited in the 
text. Every table should have a title; every 
column (including the left-hand column} 
should have a heading. Please make sure 
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terms and figures uscd in the table arc 
consistent with those used in the text, 


Line Illustrations. We prefer that all line 
art (graphs, charts, etc.) be sent to us on 
computer disk, accompanied by hard 
copy. (Please contact us about acceptable 
formats.| If this is not possible, line art 
should be professionally drawn and the 
original sent to us. 

Submit black-and-white pho- 
tographs and photomicrographs in the 
final desired size if possible. Where appro- 
priate, please usc a bar or other scale 
marker on the photo, not outside it. 

On the back of cach illustration, 
affix a label with the appropriate figure 
number and the article title. Do not trim, 
mount, clip, or staple illustrations. 


Color Photographs. For originals, 35-mm 
slides or 4- by 5-inch transparencics are 
ideal. For review purposes (see bclow} we 
need an additional three complete sets of 
color prints, slide dupes, or high-quality 
color Xeroxes submitted with the copies 
of the paper. We reserve the right to reject 
photographs that are not in keeping with 
the production standards of Gems & 
Gemology. Please contact the Editor's 
office if you need help finding appropriate 
photographers or specimens. 


"Call Outs.” Figurcs and tables must be 
called out at the appropriate placc in the 
text. Figures and tables must be num- 
bered consecutively, starting with the 
first mention in the text. 


Figure Captions. Type figure captions 
double spaced on a separate page(s). Each 
caption should clearly explain, in com- 
plete sentences, the significance of the 
figure and any symbols, arrows, numbers, 
or abbreviations used therein; it should 
be consistent with the text. Where a 
magnification is appropriate, please 
include it in the caption. (For the purpos- 
es of this journal, the magnification for a 
photomicrograph should refer to the 
magnification at which the image was 
photographed.) 


MANUSCRIPT SUBMISSION 


Because your manuscript will be reviewed 
by at least three separate reviewers, we 
must have three complete copies of the 
paper and three complete, properly labeled 
sets of all illustrations. Color Xeroxcs of 
the color illustrations are acceptable as 
long as they are of reasonable quality. We 
cannot consider any submission that does 
not include these three copies of the 
manuscript and figures. 


Send all submissions to: 


Alicc S. Keller, Editor 
Gems e) Gemology 
1660 Stewart Street 
Santa Monica, CA 90404 


Copyright. In vicw of U.S. copyright law, 
we must ask that submittcd manuscripts 
be accompanicd by the following state- 
ment, signed by all of the authors: 

"Upon publication of (title of article) 
in Gems & Gemology, | (we) transfer to 
the Gemological Institute of America all 
elcctronic-use, scrialization, and ancillary 
rights, titles, and intcrest to the work, 
including copyright, together with full 
right and authority to claim worldwide 
copyright for the work as published in 
this journal. As author(s), I (we} retain the 
right to excerpt {up to 250 words} and 
reprint the material on request to the 
Gemological Institute of America, to 
make copies of the work for usc in class- 
room tcaching or for internal distribution 
within my {our} place of cmployment, to 
use—after publication—all or part of this 
material in a book I (we} have authored, 
to present this material orally at any 
function, and to veto or approve permis- 
sion granted by the Gemological Institute 
of America to a third party to republish 
all or a substantial part of the article. I 
(we} also retain all proprietary rights 
other than copyright (such as patent 
rights}. I (we] agrec that all copics of the 
article made within these terms will 
include notice of the copyright of the 
Gemological Institute of America. This 
transfer of rights is made in view of the 
Gemological Institute of America's 
cfforts in revicwing, editing, and publish- 
ing this material. 

As author(s}, 1 (we} also warrant that 
this article is my (our) original work. This 
article has been submitted in English to 
this journal only and has not been pub- 
lished elsewhere." 

No payment is made for articles pub- 
lished in Gems e&) Gemology. However, 
for cach article the author(s} will receive 
50 free copies of that issue. 


REVIEW PROCESS 


Manuscripts are examined by the editor, 
editor-in-chief, technical editor, and at 
least three reviewers. Authors will remain 
anonymous to the reviewers. Decisions of 
the cditor are final. All material accepted 
for publication is subject to copy editing; 
authors will receive galley proofs for 
revicw and are held fully responsible for 
the content of thcir articles. 
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Editorial 


RUSSIA REEMERGES AS A GEMSTONE GIANT 
Richard T. Liddicoat, Editor-in-Chief 


As Russia evolves politically and economically, it is also emerging as a major 
force in the international gem world. Today, the diamond industry is captivated by 
ongoing contract negotiations between the various elements of the Russian dia- 
mond producers and De Beers’s Central Selling Organisation. On another level, the 
gem-quality synthetic diamonds produced in Russia are being treated with 
respect—and concern. Numerous other synthetic gem materials are also manufac- 
tured in Russia and in other republics once part of the former Soviet Union: These 
include several-kilogram pieces of synthetic malachite, huge quantities of synthet- 
ic amethyst, and hundreds of thousands of carats of well-made—and potentially 
deceptive—synthetic emerald. 


One of the most fascinating developments, however, is the renewed interest in 
mining for colored stones. In the Winter 1994 issue, we reported on newly discov- 
ered deposits of ruby in the Ural Mountains; the current issue looks at heightened 
mining activity in the emerald-rich area near Malysheva, farther north in the 
Urals. Recent reports have also pointed to the emergence of large quantities of peg- 
matitic minerals, such as topaz and beryl. And deposits of historic gem minerals, 
such as Russia’s exceptional demantoid garnets, are again being actively explored 
and developed. 


During much of its existence as a political entity, the Soviet Union was lost to the 
outside world as a source of colored stones. In the Ural Mountains, miners dug for 
beryllium (as a strategic ore}, not emeralds, and most other gemstone mining 
almost ceased. The same was not true for diamonds, of course, because they had an 
important role in industry, as well as provided a huge potential for hard currency. 
After the first of many diamondiferous pipes was discovered in 1954, it took sever- 
al years to bring the first of the several fabulously rich Siberian kimberlites into 
production. The West was never informed of the magnitude of the output, but had 
to rely on estimations based on the apparent quantity of polished goods coming 
from the large Soviet cutting plants, plus estimates of the quantity of rough mar- 
keted through the CSO. Since the Soviets limited the maximum size of the goods 
shipped to London to under 14 carats, and no Westerner was known to be privy to 
either the size of the stockpile withheld, or the caratage mined, current informa- 
tion suggests that outsiders’ best estimates were far short of the actual numbers. 
The key questions now are the size of the current stockpile and future reserves. 


For the colored stone industry, however—now that entrepreneurial profit is again 
an acceptable motivating factor in Russia—the possibly enormous potential of the 
Urals and the almost untouched territory to the east also present exciting possibili- 
ties. We look for many new finds over the coming decades, and for Russia and 
other states of the former Soviet Union to become increasingly important players 
in the colored stone supply arena. 
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HISTORY OF PEARLING IN LA PAZ 
Bay, SOUTH BajJA CALIFORNIA 


By Micheline Carifio and Mario Monteforte 


The history of Baja California has been 
closely tied to the exploitation of pearls 
since the 16th century. Using rudimentary 
diving techniques for most of this era, 
European and Mexican entrepreneurs recov- 
ered vast amounts of fine, dark pearls from 
this region. However, years of overfishing 
inevitably led to decades when the oyster 
beds were all but barren. Introduction of the 
diving suit in the 19th century extended the 
depth of the beds that could be fished, but 
overexploitation continued largely 
unchecked. Cultivation of the pearl oyster 
Pinctada mazatlanica by Gastén Vives, 
between 1903 and 1914, greatly slowed 
exhaustion of the natural stock, His compa- 
ny, CCCP, represented the world’s first 
large-scale cultivation of pearl oysters, and 
many of Vives’s discoveries are used today 
in renewed pearl-oyster cultivation and 
pearl-culturing activities in Baja California. 
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For more than 400 years, the exploitation of pearl re- 

sources decisively influenced the history of Baja 
California, Mexico’s northwest peninsula. It represents an 
important chapter in the world history of pearling. From 
the 16th century onward, pearls from the Gulf of California 
have adorned European royalty (figure 1}, and many beauti- 
ful examples can be found in religious treasures such as 
those of the cathedrals of Toledo and Seville in Spain. 
During the 19th and early 20th centuries, mother-of-pearl 
from Baja California comprised an important portion of the 
international market for this ornamental material. Yet, sur- 
prisingly little has been written about these special Baja 
California products, either in contemporary accounts deal- 
ing with pearl fisheries, cultivation, and pearl-oyster trad- 
ing, or in the history of the region itself. 

Natural pearls of the pearl oyster Pinctada mazatlani- 
ca are typically baroque or semi-baroque, with a silver to 
dark gray body color and strong overtones of blue, lavender, 
and green (figure 2}. Sometimes a reddish or purple hue can 
be seen in pearls obtained from oysters established in deep- 
er, colder water, or from older oysters. White or golden 
hues are rare. The other pearl oyster indigenous to the Baja 
California region, Pteria sterna, produces smaller but 
rounder natural pearls, in a wide variety of hues: Purple and 
violet are in general the most common body colors, with 
overtones of green, blue, and lavender, similar to those of 
Pinctada mazatlanica, also seen. Some Pteria sterna will 
yield up to 10 pearls in a single oyster, but most are no 
more than a few millimeters in diameter (called moralla, or 
“coarse sand”). However, we have seen pearls as large as 20 
mm in diameter from Pinctada mazatlanica, with the 
region once known for its production of larger pearls. Fig- 
ure 3 illustrates the broad variety of colors, shapes, and 
sizes in which pearls from Baja California occur. 

The first part of this article concerns the fisheries peri- 
od, from the 15th through the 19th centuries, including the 
transition from traditional diving methods to large-scale 
exploitation through the intensive use of compressed-air 
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Figure 1. Large dark 
pearls, undoubtedly from 
the Spanish empire in the 

Americas, adorn Queen 
Isabel of Valois—wife of 
Spain’s King Philip I]—in 
this 1579 oil painting by 
Juan Pantoja de la Cruz. 
Vast quantities of pearls 
were recovered from the 
Gulf of California and the 
Pacific Coast of what is 
now Central and north- 
ern South America fol- 
lowing Spain’s conquest 
of the region. Photo 
courtesy of the Prado 
Museum, Madrid, Spain. 


diving gear, such as diving suits. The second part 
examines Latin America’s first aquacultural experi- 
ment and the world’s first large-scale pearl-oyster 
cultivation operation (Carifio, 1994), by the 
Compania Criadora de Concha y Perla de Baja 
California (Baja California Archives 1). Founded in 
1903 by Gastén Vives, the Companta Criadora 
successfully revived pearling and the pearl-oyster 
industry in southern Baja California in the early 


Baja California Pearls 


20th century. This second part looks at the techno- 
logical accomplishments of this operation and its 
impact on the local region before it became a casu- 
alty of the Mexican Revolution of 1910-1917. 
Today, following decades of overfishing, pollution 
of the environment, and massive mortalities due to 
as-yet-unknown causes, these early efforts serve as 
the basis for a strong research effort to reinstate a 
pearling industry in La Paz. 
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Figure 2. Natural pearls from Baja California 
occur in a variety of hues. All reportedly from 
Baja California, the pearls in this 1920s-era 
multi-strand necklace are about 2~3 mm in 
diameter; the largest fine loose pearl is about 10 
mm. Necklace courtesy of Caroline Pei, Orinda, 
California; loose pearls courtesy of Pala 
International, Fallbrook, California. Photo 

© GIA and Harold & Erica Van Pelt. 


EARLY PEARL FISHING IN 
SOUTH BAJA CALIFORNIA 


The long, slender Baja California Peninsula occu- 
pies about 1,800 km (1,100 miles}—from 23°N to 
32°N—of northwestern Mexico’s Pacific coast, but 
it has an average width of only 140 km (87 miles}. 
It is separated from the continental coast of 
Mexican states Sonora and Sinaloa by the Gulf of 
California. The city of La Paz is located near the 
southern tip, where the peninsula is farthest from 
the mainland (figure 4]. It is insular in many 
respects. 

Historic La Paz includes the bay and adjacent 
islands. The oceanographic characteristics (such as 
stable water temperature, low turbidity, and high 
quality and concentration of nutrients) of these 
shores favor the development of pearl-oyster popu- 
lations with a high yield of fine natural pearls (4% 
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to 6% at the height of the pearl fisheries—in the 
1920s—according to interviews with old fishermen 
or their families, and as reported in government 
documents issued at the time}. Very few regions 
along the geographic distribution range of the 
mother-of-pearl Pinctada mazatlanica and the 
rainbow mabe Pteria sterna—the two native 
species of pearl oysters in the Gulf of California 
(figure 5}-have comparably favorable conditions. 
This has made pearl fishing more important in La 
Paz than in other regions of the Gulf of California 
and the tropical Pacific coast of Amcrica (again, see 
figure 4; Monteforte and Carifio, 1992). In addition, 
the coastal topography of La Paz Bay and the tran- 
quility of its waters have made the inlet at La Paz a 
calm natural port for all kinds of vessels. The 
Spanish conquerors recognized these attributes of 
the La Paz area and duly exploited them from the 
16th century on, as fishing and other maritime 
activities largely propelled Spanish colonial expan- 
sion in Baja California (Carino, 1990). 


Pre-Hispanic Fishing for Pearl Oysters. Even before 
the Spaniards arrived, the peninsular aborigines 
included pearl oysters in their diet. They collected 
them (along with many other kinds of mollusks} 
by simply diving head-first off boats into the bay 
(figure 6), detaching them from the rocks using a 
wooden pike, and then storing them in crude nets. 
The most impressive aspect of this technique was 
their ability to distinguish mollusks from rocks, 
using only their trained eyes (del Barco, 1973). The 
Pericues, the ethnic group that lived in the south- 
ern part of the peninsula and on the islands, appre- 
ciated the beauty of pearls, using them decorative- 
ly in their hair (Clavijero, 1789). 

When the first Spanish expedition reached the 
peninsular coast in 1533, the explorers noticed 
both the Indians’ beautiful pearls and their diving 
ability. They brought the news of the abundance 
and quality of these pearls both to the colonists of 
New Spain (the name the Spaniards had given to 
what is now mainland Mexico] and to their spon- 
sors in Spain. Their tales awakened the greed of 
many adventurers and sailors, who subsequently 
explored and attempted to conquer the peninsula 
during the 16th and 17th centuries (del Rio, 1985). 
Even the name by which the peninsula was called, 
California, was related to the pearling potential of 
the Gulf. The origin lies in a popular 16th-century 
legend in which it was said that “toward the west 
in the Pacific Ocean [... @ la Diestra Mano de las 
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Figure 3, This collection of natural pearls, all reportedly from Baja California, show more of the interesting 
shapes and colors in which pearls from this area occur. Note that most are baroque, as round pearls from 
this region are very rare. The largest is 16 x 11 mm, the smallest is 4mm. The larger pearls usually are 
recovered from the large pearl oyster Pinctada mazatlanica, with the smaller pearls recovered from the 
smaller Pteria sterna. Courtesy of KCB, Santa Monica, California; photo © GIA and Harold Erica Van Pelt. 


Indias .. .| there is an island named California 
inhabited only by beautiful amazons, governed by 
Queen Calafia, who ride on griffins and wear noth- 
ing but jewels made of gold and pearls... .” 
(Meade, 1984; del Rio, 1985). 


Pearl Oyster Exploitation during the Spanish 
Colonial Era. After the expeditions of Hernan 
Cortés in 1535 and 1539, and those of Viceroy 
Antonio de Mendoza in 1540, the architects of the 
Spanish empire recognized the importance of con- 
quering and colonizing this geo-strategic area. In 
particular, the transpacific route of the Manila 
galleons made it imperative to establish a port in 
California. However, early attempts failed, due to 
the peninsula’s aridity and isolation. 

In the last two decades of the 16th century, the 
colonial government evolved a strategy to encour- 
age the mapping and exploration of the Baja 
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California coast without any cost to the royal trea- 
sury. Aware of the greed for pearls that possessed 
many adventurers, the government granted pearl- 
fishing licenses to those who had the means to 
search for the needed port. If the license holder 
failed to show progress, the royal permission to 
exploit the pearl-oyster grounds was given to some- 
one else. 

Beginning with the issuance of the first license 
in 1586 (Californiana I), pear| fishing was incorpo- 
rated into the Indias (the name given to the 
Spanish colonies in America} legislation that gave 
the Spanish Crown monopoly rights to exploit the 
natural resources of these colonies. These 
resources could only be exploited with specific per- 
mission, which was contingent on payment of the 
quinto de perlas {one-fifth of the pearls found) to 
the colonial administration. During the 17th cen- 
tury, many entrepreneurs acquired pearl fishing 
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licenses and traveled to the Gulf of California in 
the hope of making their fortunes: This period has 
become known in regional history as the “Century 
of the Pearl Explorers” (Mathes, 1973; del Rio, 
1985). Sebastian Vizcaino, who mounted two expe- 
ditions (in 1596 and 1602), Tomas de Cardona {in 
1611), and Pedro Porter y Cassanate {in 1640), were 
some of the better-known entrepreneurs seduced 
by the promise of a bounty of beautiful pearls 
(Mosk, 1927}, 

These adventurers encountered many obsta- 
cles, such as the difficulty of navigating in the 
Gulf, a precarious subsistence in arid Baja 
California, dependence on indigenous labor, and 
even pirate attacks. Because of these obstacles— 
and their reluctance to pay the full tax (the quinto 
de perlas|—it is difficult to estimate the success of 
these ventures and the production from their 
efforts. Nevertheless, although they rarely claimed 
any economic gain from the pearl fisheries, they 
continued to petition for pearl-fishing licenses. 

The contradictory reports that the Spanish 
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Figure 4, Since the 16th 
century, the history of 

| Baja California has been 

| tied to the exploitation of 
| pearls, as oceanographic 
conditions in the Gulf of 

| California support pearl 
oysters with a high yield 

| of fine natural pearls. The 
left inset shows a detail 

| of the La Paz area. In the 
upper right inset, the 
lavendar line along the 
coasts of Mexico, Central, 
and northern South 
America shows the range 
of pearl oysters Pinctada 
mazatlanica and Pteria 
sterna (adapted from 
Keen, 1971). 


Crown received concerning this mysterious penin- 
sula caused King Carlos IJ to launch an official 
expedition in the late 17th century {from 1683 to 
1685] to evaluate California’s economic potential, 
in order to help the colonia! administration decide 
whether it should establish a settlement there. 
After an intensive six-month survey, during which 
the Indians were forced to extract even the 
youngest oysters, Admiral Atondo y Antillén 
recovered only some misshapen pearls of very little 
value. He reported an alarming impoverishment of 
the pearl-oyster grounds (Californiana III), This 
early overexploitation of the pearl-oyster popula- 
tions can be considered Baja California’s first eco- 
logical disaster. 

Given these poor prospects, the Spanish 
Crown decided to divert its limited resources to 
other regions, with greater economic potential, 
leaving administration of the area largely to the 
Catholic church. Since the beginning of Jesuit colo- 
nization in 1697, the missionaries’ domain had 
expanded from the spiritual to the material, thus 
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giving them the power to restrict pearl fishing. As a 
result, between 1697 and 1740, the pearl-oyster 
grounds were largely replenished by natural 
recruitment. 

In 1740, a bizarre natural occurrence resulted 
in the expulsion of thousands of pearl oysters from 
the ocean onto the northern shores of the Gulf. 
This rare occurrence {in fact, this is the only one 
known of such a phenomenon) not only changed 
the Jesuits’ plans to keep California free from all 
kinds of luxury and vain desires, but it altered the 
history of the entire peninsula as well. The Indians 
of the San Ignacio mission told a soldier, Manuel 
de Ocio, of this spectacular event. Ocio then 
resigned his military post, collected these treasures 
from the beaches, and began to sell pearls on the 
mainland. There he bought all the equipment nec- 
essary to exploit the virgin pearl-oyster grounds of 
the northern Gulf of California (del Barco, 1973). 
From recent investigations, we have concluded 
that Manuel de Ocio must have collected the rain- 
bow mabe Pteria sterna in particular, since this is 
the only pearl-oyster species that appears in those 
northern waters (Monteforte and Carino, 1992). 
Although this species produces a pearl that is typi- 
cally smaller and inferior in quality to that of the 
mother-of-pearl oyster Pinctada mazatlanica, it 
has a higher pearl production ratio: Today, approxi- 
mately 2%-4% of the Pteria Sterna recovered con- 
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tain pearls, as compared to less than 0.3% for P. 
mazatlanica, according to interviews with fisher- 
men and personal observations from culturing 
experiments. 

Ocio’s success marked the first time in Baja 
California history that riches obtained by exploit- 
ing area resources significantly improved local 
socioeconomic conditions. After intensively fish- 
ing the rainbow mabe pearl-oyster grounds for 
seven years, in 1748 Ocio used his profits to estab- 
lish mining activities and raise cattle in the south- 
ern peninsula {Amao, 1981}. Ocio also understood 
the importance of controlling navigation in the 
gulf, over which he obtained considerable influ- 
ence when he obtained exclusive pearl-fishing 
licenses in both 1754 and 1759 (Gerhard, 1956). 
The diverse activities he supported contributed to 
the establishment of a permanent secular settle- 
ment and an economic structure that remained 
almost unchanged until the early part of the 20th 
century. 

It has been reported that, for a period, the num- 
ber of pearl oysters Ocio’s divers captured was so 
great, no time was spent opening them, instead, 
they were thrown on the sand to be opened by the 
heat of the sun (Crosby, 1982). By 1756, however, 
production was dwindling, as the overexploited 
pearl-oyster grounds showed signs of severe impov- 
erishment. 


Figure 5. The mother-of- 
pear! Pinctada mazatlani- 
ca (left) is the larger and 
rounder of the two pearl 
oyster species native to 
the Gulf of California. 
The other oyster, Pteria 
sterna, is smaller and has 
dunique “wing” projec- 
tion on the ventral area of 
the shell. All of these 
shells came from culti- 
vated oysters. The base of 
each is about 9.5 cm 
wide; the Pinctada mazat- 
lanica is 16 cm high. 
Photo © Harold & Erica 
Van Pelt. 
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Only ignorance of the true condition of the 
pearl-oyster colonies could explain the enduring 
faith in the revival of the pearl-fishing industry 
during the last decades of the 18th century. The 
Marquis José de Galvez, Visitador General of New 
Spain from 1765 to 1771, tried to create a company 
with the dual purpose of promoting mining in 
Sonora and Sinaloa and reestablishing pearl fish- 
eries in the gulf (Navarro, 1964), but despite the 
involvement of high colonial officialdom, the com- 
pany only existed on paper. During the late 18th 
and early 19th centuries, pearl fishing was spo- 
radic. It had become an essentially worthless enter- 
prise due to the deplorable condition of the pearl- 
oyster grounds that could be reached by the con- 
ventional diving method. 


After the Revolution for Independence: A 
Revolution in the Pearl Industry. When it won 
political independence from Spain in 182.1, Mexico 
also achieved its independence from Spain’s 
monopoly on commercial activities. This coincid- 
ed with the natural replenishment of the wild 
pearl-oyster population that resulted from decades 
of little to no pearl fishing following the 18th-cen- 
tury exhaustion of the resource. 

These were the two main factors that eventu- 
ally led to a revival of the pearl-oyster industry in 
Baja California, as foreign investors were attracted 
by the new Mexican political situation and the 
renewal of the pearl-oyster beds. Baja California 
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= _ Figure 6. Historically, the 
~~. most common method of 
_~ ~~ harvesting the pearl-bear- 
, ——— - ing oysters was to dive 
aie a mar | head-first off a small boat 

—___ and swim down to the 
oyster beds, This photo 
was taken in La Paz Bay 
around 1908. 
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pearls and mother-of-pearl shells again entered the 
world market, this time with more interesting 
prospects. 

In 1836, a French businessman named Jacques 
Combier perceived great opportunities in shell 
exportation (Diguet, 1895], an alternative that the 
Spaniards had neglected. The nacre of Pinctada 
mazatlanica, in particular, with its fine orient and 
iridescence, promptly conquered the European 
markets and led to the establishment of joint ven- 
tures between wealthy local businessmen and 
European companies dedicated to the export of this 
valuable product, which was popular for buttons, 
luxury furniture, fine ornaments and jewelry, 
inlays in wood and metal, and a variety of handi- 
craft (figure 7}. 

From 1840 on, export of pearl-oyster shells 
increased steadily. In fact, the shells became a 
more important income source than the pearls 
themselves. The entrepreneurs were able to cap- 
ture as many oysters as they liked, and use virtual- 
ly all that they captured, income no longer being 
determined by the capricious find of a pearl. Yet 
sales of the pearls that were occasionally found 
inside the oysters resulted in net profits for the 
entrepreneurs. 

It is important to note that in the first half of 
the 19th century, almost all the pearl-fishing fleets 
were owned by entrepreneurs from coastal states 
on mainland Mexico. From 1850 on, however, it 
became more common for these fleets to belong to 
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residents of La Paz, Mulegé, and Loreto—all cities 
of Baja California itself (Baja California Archives 2). 
Most of the divers were Yaqui and Mayo Indians 
who lived in Sonora and Sinaloa, but from 1851 on, 
they began moving to La Paz. This migration was a 
direct result of a proclamation by the Territorial 
Assembly of Deputies of Baja California, which 
imposed higher duties on the armadores (those 
responsible for the administration of the fleets) for 
divers who did not reside in the territory (Baja 
California Archives 3). 

Largely as a result of these developments, La 
Paz began a period of prosperity that lasted from 
the mid-19th century into the 1920s: 75 years that 
are considered the height of pearl fishing in the 
Gulf of California. Numerous pearl-fishing fleets 
explored the waters off La Paz, each employing 
about 50 divers that still used the same naked-div- 
ing method as during Colonial times. Each fleet 
was usually composed of one or two brigantines 
(two-masted sailing ships that served as “mother 
boats”) and several canoes (figure 8}. Diving activi- 
ty was restricted by water temperature and visibili- 
ty, both of which were best between May and 
October. 

Before the mollusks were opened, they were 
divided between the armador and the divers in a 
proportion agreed on at the beginning of the diving 
season. The only payment the divers received were 
the pearls found in their share; the armador kept 
all the shells—and the pearls in his share. The 
divers were free to sell their pearls to anyone, but 
they usually gave them to the armador in payment 
for the food he provided throughout the season 
(Esteva, 1857). 

In 1857, José Maria Esteva, provisional gover- 
nor of Baja California, took one of the first mea- 
sures to conserve pearl resources. He promulgated 
an ordinance that established four fishing zones in 
the Gulf of California, but authorized pearl fishing 
in only one of them annually, thus giving the other 
three time to recover their natural stocks. Local 
judges were to oversee the efficient implementa- 
tion of these measures and designate sites where 
divers were required to plant adult oysters to help 
natural repopulation of the pearl-oyster beds. 
Unfortunately, the lack of funds to enforce these 
ordinances rendered them ineffective, and overex- 
ploitation again ensued. By 1870, the pearl-oyster 
populations established from 2 to 25 m depth— 
that is, those that could be harvested by the tradi- 
tional diving method—were, once again, almost 
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completely exhausted. Only the introduction of 
compressed-air diving suits enabled the pearl fish- 
eries to continue operating, since this equipment 
allowed the exploitation of deeper areas (Mosk, 
1941}. 


NEW TECHNOLOGY BROADENS 
PEARL FISHING: INTRODUCTION 
OF THE DIVING SUIT 


Beginning in the early 19th century, there were 
several failed attempts to introduce modern diving 
techniques in the region. Compressed-air diving 
gear (called “scaphanders” at the time; figure 9} 
was not successfully used in this region until 1874, 
when two divers, an Italian and an American, 
arrived in La Paz with eight sets of gear they had 
previously used for pearl fishing in the Gulf of 
Panama (Diguet, 1895). By exploiting the 
untouched pearl-fishing grounds located below 30 
m, they gained a fortune so great that they retired 
after only six months, having paved the way for 
the modern era of pearl exploitation in Baja 
California. Local pearl entrepreneurs with suffi- 
cient financial resources immediately began 
importing similar equipment from Europe and the 
United States. 


Figure 7. During the 19th and early 20th cen- 

turies, the shells (for their mother-of-pearl)—and 

not just pearls—became an important export for 
Baja California, Earrings such as these (5.5-6.5 

cm long) represent just one of the great many uses 

of mother-of-pearl, Photo © Harold & Erica Van Pelt. 
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Figure 8. Pearl-fishing fleets, like the one in this 1914 photo, were a common sight off La Paz from the mid- 
19th century into the 1920s, the height of Baja California pearl fishing. The fleets usually consisted of one 
or two “mother boat” brigantines and several canoes. 


The use of diving suits not only increased both 
attainable depth and immersion time (divers were 
able to descend as deep as 70-80 m and work there 
for more than two hours at a time, although there 
were many fatal decompression accidents}, but it 
also extended the diving season, since the tempera- 
ture of the water and visibility were no longer 
obstacles. As the equipment became more sophis- 
ticated, however, costs also increased, thus limit- 
ing opportunities for involvement in the industry 
to relatively wealthy businessmen and important 
companies owned by foreign and national in- 
vestors. 

Between 1884 and 1912, President Porfirio 
Diaz endowed virtually exclusive pear]-fishing 
rights to five foreign companies. One of the most 
important was the Compafita Perlifera de Baja 
California (the Pearl Company of Baja California), 
which collected pearl oysters throughout almost 
all the Mexican Pacific coastal region {Mosk, 1941). 
According to observations made in 1889 by natu- 
ralist Charles H. Townsend, the Compafita 
Perlifera employed between 400 and 500 men 
every year and owned about 70 diving units 
(Townsend, 1889}. During the summer, the compa- 
ny worked the pearl-oyster grounds off the Gulf of 
California coast; in the autumn, it worked those 
lying off the continent. Huge quantities of shells 
were kept in its three large La Paz warehouses, 
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ready to be shipped to European markets, where 
they would be used for the manufacture of various 
mother-of-pearl items. In 1889, eight tons were 
exported. Most of the pearls were sold in Paris and 
London. Prices for both products were as much as 
60 times higher on the international market than 
locally, assuring large profits for concessionaires 
(Kunz and Stevenson, 1908). 

In exchange for granting exclusive fishing 
rights, the government imposed various condi- 
tions, such as the employment of Mexican work- 
ers, the nontransferability of concessions without 
specific authorization, a prohibition on fishing 
young oysters, payment of a tax per ton of shell to 
the maritime customs, and an obligation to start 
experiments on cultivation. The first two condi- 
tions were easily accomplished by almost all the 
companies, since local labor was very cheap and no 
company was willing to give up its concession, the 
following two were scarcely practiced; and the last 
condition was observed by only one company, as 
will be discussed later. 

In 1893, the Compania Perlifera sold its entire 
concession to the Mangara Exploration Company, 
which had been originally created with British cap- 
ital (Mosk, 1941). In the Gulf of California, the 
Mangara concession included the eastern coast of 
the peninsula from the mouth of the Colorado 
River to Cabo San Lucas (extending from the shore 
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to 10 km seaward}, and on the continental Pacific 
Coast, from the port of Mazatlan south to the bor- 
der with Guatemala {extending 5.5 km seaward], 
including the territorial waters of the Marias 
Islands (Baja California Archives 4; again, see figure 
4}. However, the concession near La Paz Bay— 
including the islands of San José, Espiritu Santo, 
and Cerralvo—remained under the control of local 
Mexican entrepreneurs. 

Mangara Exploration had considerable success, 
annually collecting between 175 and 200 tons of 
shells. Despite the enormous profits, however, it 
paid low salaries and imposed difficult working 
conditions {Baja California Archives 4}. From an 
ecological perspective, the excessive exploitation 
of all marine resources, pearl oysters in particular, 
had once again depleted the natural oyster popula- 
tion, Mangara routinely used explosives, extracted 
immature oysters, and destroyed the sea grounds 
without fear of reprisal, due to the lack of govern- 
ment vigilance. Moreover, the large concession 
held by this company eliminated many opportuni- 
ties for Mexican fishermen and pearl entrepreneurs 
{at this time, unsanctioned diving was sternly pun- 
ished as an unlawful activity). This situation led 
the people of South Baja California to demand 
revocation of the Mangara contract and liberation 
of the pearl fisheries (Baja California Archives 4}. In 
1912, following the first movement of the 
1910-1921 Mexican Revolution, President 
Francisco Madero rescinded the contract (which 
was supposed to last until 1932) and indemnified 
the company with the then-huge sum of 300,000 
pesos. 


DEVELOPMENT OF PEARL OYSTER 
CULTIVATION IN BAJA CALIFORNIA 


The damage done by Mangara magnified the 
importance of repopulating the pearl grounds 
through artificial breeding. This was accomplished 
on Espiritu Santo Island by Gastén J. Vives in the 
early part of the century. Only these efforts pre- 
vented this resource from being totally depleted by 
that time. 


The Role of Gastén Vives. In 1880, Gaston Vives 
{1859—1939) was sent from Baja California to 
France to study medicine. However, his interests 
turned toward biochemistry, particularly the culti- 
vation of flat oysters. After familiarizing himself 
with artificial breeding procedures, he decided to 
try applying them to pearl oysters. 
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Following his return to Baja California by 
1885, Vives held important positions in the local 
municipal government (he was La Paz’s first town 
councillor from 1894 to 1911; Baja California 
Archives 5}. His political influence worked to his 
advantage, as he was granted the concession for 
pearl-oyster fishing in nine lagoons and along one 
island off the coast of La Paz Bay (Baja California 
Archives 6}. The experience he gained from his 
early pearl-fishing ventures provided knowledge in 
the management of diving fleets, the world market 
for pearls and nacre, and the history of overex- 
ploitation in the local pearl fisheries. All of this 
served to his advantage when, in 1903, he founded 
the Compafifa Criadora de Concha y Perla de Baja 
California (CCCP). 

Meanwhile, in 1893, A. P. Cattet sent a report 
to the governor of South Baja California in which 


Figure 9. With the introduction of compressed-air 
diving gear in the late 19th century, the divers 
were able to go far deeper in the water and stay 
for a much longer period of time, thus greatly 
extending the range of pearl-oyster beds that 
were accessible. Helmet and safety rope in place, 
a diver working for Compania Criadora de 
Concha y Perla goes over the side of a “mother 
boat” off La Paz. Photo circa 1912, 
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Figure 10. Open for inspection in this undated 
photo is one of several hundred “incubators,” or 
spat collection devices, used by Gastén Vives in 
the Compania Criadora de Concha y Perla, The 9- 
m® wooden boxes were covered by 1-cm-mesh 
galvanized wire that permitted proper water circu- 
lation but excluded oyster-hungry predators. 


he described pearl-oyster cultivation techniques in 
“Oceanie” (the lands of the central and South 
Pacific, including Polynesia}. After first warning 
that his specifications might not be valid for differ- 
ent sites or species, Cattct proceeded to explain the 
specific requirements for the successful artificial 
breeding of pearl oysters (Baja California Archives 
7). He stated that the cultivation structures are 
best placed at a depth between 10 and 12 m in loca- 
tions where the water currents do not exceed one 
knot. He also noted the advantage of coraline and 
rocky bottoms, as well as the benefits of shade, for 
the growth and survival of pearl oysters. Cattet’s 
strategy for spat collection involved deploying col- 
lectors near dense pearl oyster beds and stressed 
the need to survey the collectors monthly. He also 
emphasized that the juveniles must remain in the 
collectors until they reached at least 4 or 5 cm in 
diameter (if we assume that Cattet was referring to 
the French Polynesian Pinctada margaritifera, this 
size would correspond to an age of approximately 
2.5 to3 months}, and indicated their proper spacing 
and extension in the nurseries. We believe that this 
document establishes that the world’s first positive 
pearl-oyster cultivation results were obtained in 
the islands of the Tuamotu Archipclago, in French 
Polynesia. 
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Vives {who, because of his position and his 
knowledge of the French language, may have read 
or even translated Cattet’s report) nevertheless 
holds the distinction of having been the first to 
integrate such techniques into the large-scale culti- 
vation of pearl oysters, in this case Pinctada 
mazatlanica (Carino, 1994, Carifo and Caceres, 
1990), which was preferred over Pteria sterna 
because of the larger size of its shell and its superi- 
or mother-of-pearl (again, sec figure 5). The out- 
standing scientific work of Vives was recognized 
by several American and European naturalists, 
including Leon Diguet (1919} and Charles 
Townsend (1911), both of whom visited the CCCP 
when it was active. 


Technological and Commercial Aspects. For the 
CCCP, Vives designed original and cfficient 
devices to function in each of the three phases of 
cultivation: spat collection, nursery cultivation, 
and late cultivation. He also built an impressive 
infrastructure at San Gabriel Inlet on Espiritu 
Santo Island in La Paz Bay, creating the first 
pearling station in the world, of which only a few 
ruins remain today. 

For spat collection, Vives manufactured 9-m$ 
wooden boxes with compartments of 1-cm-mesh 
galvanized wire (figure 10). This permitted proper 
water circulation and prevented the entrance of 
predators. Inside these “incubators,” he placed old 
shells and branches of a local water-resistant bush 
(chivato}, as well as live mother-of-pearl oysters 
that were intended to serve as sources of larvae and 
spat (Vives, 1917-1919}. Several hundred of these 
boxes were submerged in La Paz Bay at sites select- 
ed by Gaston Vives based on their oricntation and 
exposure to water currents. 

The incubators remained under water from 
May to October, the reproductive season of 
Pinctada mazatlanica (Monteforte and Garcia- 
Gasca, 1994; Monteforte and Bervera, 1994}. Vives 
claimed that spawning and fertilization took place 
inside the incubators, and that the spat would set- 
tle on the substrates provided. However, it is high- 
ly unlikely that this is entirely accurate given the 
reproduction process for mollusks (Alagarswami, 
1970; Monteforte and Garcia-Gasca, 1994),! 
Nevertheless, the average spat yield was about 
10,000 individuals per box. 

At the end of the collecting season, the heavy 
incubators were transported from the collection 
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Figure 11. CCCP workers carefully harvest young 
pearl oysters by hand from an “incubator.” 
Average spat yield was about 10,000 per box. 


sites to the pearling station at San Gabriel, where 
they were pulled ashore onto a concrete platform. 
There, under a large shed, the CCCP workers har- 
vested the several million young oysters by hand 
(figure 11}. They then transferred them to wire 
cages that were placed into special channels built 
at San Gabriel Bay, where the oysters remained 
during the nursery cultivation stage. 

The San Gabriel nursery station was the most 
outstanding of Gaston Vives’s inventions. He made 


Trertilization in mollusks takes place in water when male 
and female gametes are released en masse by the individu- 
als, It is a very hazardous process in which only a few ova 
will successfully meet the corresponding spermatozoid. (Of 
the almost 40 million gametes released by these species dur- 
ing spawning, only a few individuals will actually reach full 
size.) After fertilization, the mollusks pass through several 
microscopic larval stages until, at the final stage (called 
Pediveliger), the larvae begin to seek an appropriate sub- 
strate on which to settle. Once settled, the Pediveliger meta- 
morphoses into a tiny spat (about 1 mm or smaller), with 
the shape of an adult, and begins to grow. This process, 
which takes place completely under water, lasts about 25 
days in pear! oysters, during which time the larvae move 
freely with the currents. It is, therefore, not very probable 
that all of the larvae stayed in the incubators—constrained 
only by a 1-cm-diameter mesh—for the 25 to 30 days Vives 
indicated. Because of their concentration of adult mollusks, 
however, incubators do offer a higher probability of contact. 
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good use of the bay’s coastal topography to build a 
dike 500 m long and 10 m wide, which trans- 
formed the inlet into a lagoon. Communication 
between the bay and the lagoon was achieved by 
means of a complex network of 36 channels and 
dams using tidal cycles (figure 12}. The young pearl 
oysters (2-3 months old, 1-2 cm in diameter} har- 
vested from the incubators were placed in these 
channels at a depth of 1.5 to 2.5 m. The oysters 
were installed in individual compartments in wire 
cages (1 x 0.3 m; figure 13) on the bottom of the 
channels, where they remained for six to eight 
months (the nursery cultivation stage} until they 
attained a diameter of about 6 cm. The channels 
were covered by palm sheds which eliminated 
excessive illumination and heat, but allowed suffi- 
cient air circulation to keep the water fresh during 
the hot season. Channel entrances were protected 
by fences that prevented the incursion of predators 
(crabs, lobsters, octopus, borer and carnivorous 
snails, rays and other large fish, etc.); in addition, 
guards armed with harpoons were posted at chan- 
nel entrances and exits to kill any predator that 
succeeded in passing through the gate. 


Figure 12. Palm-frond-covered roofs protect 
young oysters from too much heat and sun ina 
section of Gast6n Vives’s most outstanding 
invention—the San Gabriel Inlet nursery station. 
After harvest from the incubators, young pearl 
oysters were placed here in a complex of 36 chan- 
nels and dams that harnessed tidal cycles. Fences 
and harpoon-wielding guards prevented crabs, 
lobsters, octopus, and other sea-dwelling preda- 
tors from entering the nursery. 
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Figure 13. Gaston Vives (right ) and his associ- 
ate, Antonio Ruffo, examine wire cages filled 
with young pearl oysters ready for the San 
Gabriel Inlet nursery station. 


When the oysters reached around 6 cm, they 
were taken from the nurseries and returned to the 
sea for the third and final cultivation stage. Vives 
used different methods to promote the growth and 
survival of these oysters and the formation of natu- 
ral pearls. One innovation was the creation of sev- 
eral hectares of artificial rocky grounds in inlets 
and creeks chosen for their appropriate ecological 
characteristics and their high incidence of natural 
pearls. For these special grounds, Vives used canoes 
to transport huge boulders from the coastal hills. In 
addition, he further protected potential pearl-bear- 
ing oysters by shielding them with wire mesh and 
encasing them in individual handmade “suits of 
armor” with floating cork rudders (figure 14). 

After three years, the oysters (16-18 cm in 
diameter, sometimes larger} were collected by 
CCCP divers (see, e.g., figure 9) and inspected for 
pearls in the fishing-fleet “mother boat,” under 
strict supervision (figure 15). During the period 
1909 to 1914, there were up to four harvests per 
year, yielding a total annual production of 5 mil- 
lion shells (10 million valves; 900 tons} for export, 
and between 200,000 and 500,000 natural pearls of 
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superior quality (J. Vives Lucero, pers. comm., 
1987). 

To give some idea of the significance of this 
production and the randomness with which natu- 
ral pearls are found in the Gulf of California, we 
should mention that Manuel de Ocio obtained 
about 265 kg of pearls between 1740 and 1747, 
whereas some 55+ years before, Admiral Atondo y 
Antillén had found virtually nothing. It is estimat- 
ed that, because of the sites selected and the tech- 
niques used, on average approximately 8%-10% of 
the CCCP-cultivated oysters produced pearls, one 
of the highest percentages of any known pearling 
area (Vives, 1908). Toulemont (1992, p. iv} states 
that “to find a fine natural pearl, it was necessary 
to open 500 oysters in the Persian Gulf, 5,000 in 
the Philippines Archipelago, and 15,000 Pinctada 
margaritifera were necessary to find a beautiful 
black pearl in French Polynesia. In Ceylon, nearly 
one million oysters were needed to get some 
dozens of pearls... .” 

CCCP shells and pearls entered the world mar- 
ket in a relatively straightforward fashion. The 
mother-of-pearl shells were shipped to European 
and American markets in large wooden boxes. 
Gaston Vives personally traveled once or twice a 
year to New York and Paris to sell his pearls to the 
most important jewelers (J. Vives Lucero, pers. 
comm., 1987). 

Aside from Vives’s business and scientific 
expertise, it was the excellent reputation of Baja 
California pearls and nacre (again, see figures 2, 3, 
and 5} on the international market that was the 
most important element in the CCCP’s rapid 
growth. At that point in history, both products fed 
a vigorous industry in Europe and the United 
States (Coeroli, 1994): The first two decades of the 
20th century were the last years before artificial 
materials, such as plastic and acrylic, replaced nat- 
ural (mother-of-pearl) nacre and before cultured 
pearls appeared on the world market (Taburiaux, 
1983; Levi and Poirot, 1992). 


Other Early Pearl Oyster Cultivation Efforts. In the 
1890s and early 20th century, other pearl-oyster 
cultivation operations were set up, contemporane- 
ous to the CCCP. As we mentioned earlier, these 
efforts started in French Polynesia with cultivation 
of the Pinctada margaritifera cumingi. Although 
these were the most advanced operations of the 
day, the methods involved only rudimentary spat 
collection using stones and tree branches. Also at 
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this time in French Polynesia, laws were enacted 
banning pearl-oyster fishing during the oysters’ 
reproductive season and setting aside a portion of 
the atolls (and also into the atolls) to create reserva- 
tion areas (Bouchon-Brandeley, 1885}, However, 
neither the scientific research nor the conserva- 
tionist measures were enough to avoid the contin- 
ued impoverishment of these resources in the 
Tuamotu atolls (Ranson, 1955) until the 1960s, 
when extensive pearl-oyster cultivation and pearl 
culturing operations were successfully introduced 
(Coeroli, 1994}, 

In Ceylon’s Gulf of Mannar, also at the end of 
the 19th century, several measures were taken to 
facilitate spat settlement and natural repopulation 
of the Pinctada fucata beds (Hornell, 1905), 
However, these early measures, which could be 
considered precursors of pearl-oyster cultivation, 
did not give the expected results. Eventually, the 
ephemeral spawning season of the species and the 
constant overexploitation combined to destroy the 
oyster beds (Jameson, 1912). 

Among the rare successful ventures of the peri- 
od, in addition to that of Gaston Vives, only those 
of Cyril Crossland (from 1905 to 192.3} and Kokishi 
Mikimoto (which began in 1890) are noteworthy. 

Cyril Crossland headed the world’s second 
most successful large-scale pearl-oyster-cultivation 
operation, at Dongonab Bay in the Red Sea 
(Crosslan, 1931, 1956}. Employed by the Sudanese 
government for this purpose, Crossland made sub- 
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Figure 14. Before being 
returned to the sea for the 
third and final cultiva- 
tion stage, each pear! oys- 
ter (like the one at left) 
was individually protect- 
ed to discourage natural 
predators. Some were 
encased in wire mesh; 
others—like the one 
here—were outfitted with 
handmade spiked “suits 
of armor.” The cork rud- 
ders (top right) provided 
orientation for the oysters 
as they were deposited on 
the sea bottom at the cul- 
turiig sites. 


stantial advances in the cultivation of Pinctada 
margaritifera (spat collection, nursery cultivation, 
and late cultivation]. Each stage required the design 
and refinement of several devices and strategies for 


Figure 15. Under the ever-watchful eyes of CCCP 
supervisors (right), workers on a “mother boat” 
search for pearls in just-harvested, three-year-old 
cultivated oysters (about 16-18 cm at their 
longest dimension). 
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their installation. In 1911-1912, he shifted from an 
experimental level to a large-scale commercial 
enterprise, obtaining a harvest of 3 million spats. 
Between 1914 and 1920, World War I disrupted 
production; but in 1920, with more scientific 
knowledge and better technology, Crossland har- 
vested more than 4 million spats, which resulted 
in 1.7 million commercial-size pearl oysters. In 
1921, he collected a record 9 million spats, recover- 
ing 4.5 million oysters at the nursery cultivation 
stage. At the height of activity, Crossland 
employed as many as 300 persons. (Unfortunately, 
we know of no published record of the number of 
pearls produced.) In 1923, however, the Sudanese 
government canceled Crossland’s contract because 
of decreasing prices for mother-of-pearl! shell in the 
international markets. Within a few years, the 
pearl-oyster fisheries in the Red Sea—no longer 
replenished by Crossland’s "breeding center’”— 
were severely impoverished. 

Cyril Crossland’s work, because of its complex 
technology, is the only one comparable to that of 
Gaston Vives. However, large-scale pearl-oyster 
cultivation in Dongonab Bay started 10 years after 
the CCCP. 

Kokishi Mikimoto’s operation could also be 
considered a highly successful experience in the 
cultivation of pearl oysters. Having started in 1890, 
by 1896 Mikimoto had made his first commercial 
harvest of cultured blister pearls in the market 
{Jameson, 1914), Nevertheless, his pearl-oyster cul- 
tivation techniques were as rudimentary as those 
employed at the time in French Polynesia: the sim- 
ple deposition of rocks on the sea bottom of some 
protected areas to provide substrates on which the 
pearl-oyster spat (Pinctada martensii) could settle. 
During this period, he did not have any farms com- 
parable in size to that of the CCCP. Mikimoto’s 
success depended primarily on having the appropri- 
ate environmental conditions and the excellent 
response of Pinctada martensii to aquaculture 
management. The successes at Dongonab and La 
Paz Bays were the result of extensive experimenta- 
tion and the refinement of methods and equipment 
to control the environments in which the pearl 
oysters grew. Although cultured pearls were com- 
petitive with natural pearls by the 1920s, Vives 
never proposed producing the former during his 
attempts to re-establish the San Gabriel pearling 
station; he preferred not to alter the processes of 
natural pearl formation (Vives, 1918]. While 
Mikimoto was clearly the pioneer in pearl cultur- 
ing, Vives led the way in pearl-oyster cultivation. 
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Socioeconomic and Ecological Impact of the 
CCCP. In only 11 years (1903-1914), Vives created 
an internationally recognized pearl-oyster breeding 
empire. The CCCP also had a significant impact 
on the local socioeconomic structure, as well as on 
the regional marine ecology. 

During its most productive years {1909-1914}, 
the CCCP employed between 400 and 500 workers 
(Carino and Caceres, 1990; Carifio, 1994), repre- 
senting almost 6% of the registered population of 
La Paz [which was about 8,647 in 1910; Baja 
California Archives 8). Most of these workers were 
based at the San Gabriel pearling station and were 
involved in the cultivation process itself or in such 
activities as manufacturing cultivation devices, 
piercing and transporting stones, and the like. 
Sailors, divers, and other fleet support personnel 
were also part of the CCCP work force. All 
employees were strictly supervised. Due to the 
magnitude of its operations (direct or indirect), its 
accumulation of capital, and the size of its work 
force, the CCCP was the most important enter- 
prise in the region during the first decades of the 
20th century. 

Species conservation through continuous 
replenishment of the natural mother-of-pearl beds 
was the CCCP’s most important ecological contri- 
bution (Estrada, 1977}. Vives proved that through 
extensive and large-scale aquaculture, it is possible 
to rationally manage a pearling resource despite 
intensive exploitation. 

From 1911 on, Vives’s political fortunes began 
to decline. That year, he was the first local admin- 
istrative official tied to the regime of President 
Porfirio Dfaz who was publicly asked to resign 
{Baja California Archives 9). The June 1914 arrival 
in La Paz of a revolutionary detachment command- 
ed by Colonel Miguel L. Cornejo dealt a mortal 
blow to the CCCP. 

Before becoming a revolutionary, Cornejo had 
also been a pearling entrepreneur, a rival of Vives 
(Baja California Archives 10}, and he did not miss 
this opportunity to ruin his bitter enemy. All the 
equipment, pearl oysters, pearls, shells, and any 
other property of Gastén Vives was confiscated or 
destroyed. Vives was forced to flee aboard an 
American steamboat (Vives, 1914). From 1916 on, 
Vives repeatedly petitioned the federal government 
to reissue his concession and return his unjustifi- 
ably appropriated property so that he might renew 
his aquacultural activities (Baja California Archives 
10}. In 1918, and again in 1930, he tried to interest 
both American and French businessmen in reviv- 
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ing the CCCP (Vives, 1918, J. Vives Lucero, pers. 
comm., 1987), but all his efforts were unsuccessful. 


PEARL OYSTER CULTIVATION TODAY: 
THE LEGACY OF DON GASTON VIVES 


After hundreds of years of arbitrary or poorly man- 
aged exploitation of the pearl oyster Pinctada 
Mazatlanica, the organized farming of these mol- 
lusks was finally accomplished in the early 20th 
century—and destroyed within a few short years. 
As Cattet stated in his 1893 report, and contempo- 
rary scientists and pearl-oyster cultivation techni- 
cians have confirmed (see, e.g., Monteforte, 1990), 
the transfer of aquaculture procedures from one 
species to another does not assure success, as it is 
necessary to adapt many details of each procedure 
to the specific species and to local biotic and abiot- 
ic characteristics. Since Gastén Vives’s delineation 
of these essential conditions for La Paz Bay, there 
have been many failed attempts to reinstate moth- 
er-of-pearl farming and pearl culturing in Baja 
California. However, the recently established Pearl 
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Figure 16, Cultured blis- 
ter pearls, like those 
shown here, have been 
recovered recently from 
26-month-old cultivated 
Pinctada mazatlanica oys- 
ters. The cultured pearl in 
the pendant is about 15 
mum in diameter; the two 
in the earrings are each 
about 9 mm. Note that 
the nacre has an average 
thickness of 2.3 mm. 
Courtesy of the Pearl 
Oysters Research Group, 
CIBNOR; photo © 
Harold & Erica Van Pelt. 


Oyster Research Group of the Northwestern 
Center of Biological Research (Grupo Ostras 
Perleras, Centro de Investigaciones Biolégicas del 
Noroeste—CIBNOR} has succeeded in applying 
extensive cultivation techniques and repopulation 
strategies, to accomplish the production of cul- 
tured pearls, the first positive results in 90 years 
(Monteforte and Aldana, 1994; Monteforte and 
Bervera, 1994, Monteforte and Wright, 1994; 
Monteforte et al., 1994a and b}. We believe that 
this recent success is due to our focus on the bioe- 
cology of the species and their response to different 
cultivation manipulations—the same factors that 
Vives had considered critical (Vives, 1908). 

The Mexican Government now recognizes 
that pearl-oyster cultivation and pearl culture are 
strategic alternatives for regional socioeconomic 
development. Although the current CIBNOR oper- 
ation is limited—five researchers managing several 
experiments with a stock of about 8,000 oysters of 
different generations—we have already produced 
some high-quality 12-15 mm cultured blister pearls 
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(figure 16], and we anticipate a harvest of approxi- 
mately 1,000 cultured blister pearls by February- 
March 1996. From periodic checking of the oysters, 
we believe that at least 70% of these will have the 
rich, distinctive colors of Baja California pearls. 
Results with round pearls have been much more 
modest, because of limited facilities. Although the 
failure of earlier attempts (subsequent to Vives} at 


pearl-oyster cultivation and pearl culturing has pro- 
duced much skepticism in Mexico, recent success- 
es in the production of cultured blister pearls from 
both Pinctada mazatlanica and Pteria sterna have 
generated renewed interest in establishing a 
pearling operation in La Paz. We are confident that, 
once again, Baja California pearls will grace the 
world market. 
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AN UPDATE ON THE URAL EMERALD MINES 


By A. F. Laskovenkov and V. I. Zhernakov 


The emeralds of the Ural Mountains, in what ts now called the Russian 
Federation, have been known for more than 160 years. They were famous 
worldwide during the early part of the 20th century. However, because little 
information was made avatlable about these deposits in recent years, many 
in the gem industry concluded that they had been exhausted. This article 
reveals that mining and processing are ongoing in the region, with signtfi- 
cant reserves of gem-quality emerald still to be exploited. In addition, the 
reopening of four mines promises to increase commercial production. 


The famous emerald mines of Russia’s Ural 
Mountains have been worked almost continu- 
ously since 1831. Over the next century, annual 
production of rough emerald and green beryl 
sometimes reached 2.5 million carats. During 
World War I], mining concentrated on the pro- 
duction of beryllium ore, but today emerald 
recovery has again become the primary focus, 
with Russian emeralds now appearing as center 
stones in fine contemporary jewelry (figure 1). 
Contrary to popular belief, there has never been 
a prolonged interruption in emerald production 
from this area. 
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This article briefly reviews the history and 
geology of the Ural emerald deposits and then 
discusses recent developments in mining and 
processing. For almost three decades, the present 
authors have studied the geology of the deposit 
and the mineralogy and gemology of the emer- 
alds produced there (e.g., Laskovenkov, 1991). 
The information presented in this article is 
based primarily on the authors’ own observa- 
tions and conclusions. It supplements, to some 
extent, previous works (Zemjatchensky, 1900; 
Mikhejev, 1913; Fersman, 1913, 1923, 1925; 
Pyatnitsky, 1929; Vlasov and Kutukova, 1960, 
Sinkankas, 1981; and Schmetzer et al., 1991). 


HISTORY 


The discovery of emeralds in this region (figure 2) 
is attributed to a local peasant, Maxim Kojevnikov, 
who reportedly found emerald crystals in the roots 
of a fallen tree near the Takovaya River in the fall 
of 1830. Organized mining began soon after, in 
January 1831. 

For most of the 19th century, Uralian emeralds 
were not available for commercial exploitation, but 
rather they were considered the property of the 
Russian crown. In 1898, however, the growing cost 
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of operating the mines impelled the Tsar to lease 
them to the English- and French-held New 
Emerald Company. The lease lasted 18 years, 
until 1916, during which time more than 40 mil- 
lion carats of emerald rough were exported 
(Gomilevsky, 1914; Fersman, 1925), 

In 1918, the Soviet government established 
itself as sole owner of the mines. Five years 
later, in 1923, the government leased the mines 
to the Russkiye Samotsvety State Trust, which 
conducted large-scale mining of emeralds and 
sold them worldwide through export organiza- 
tions (Fersman, 1923). 

Until the 1930s, production from the 
Uralian deposits played an important role in the 
world emerald market, exceeding that from 
Colombia in some years, when as many as 2.5 
million carats of gem crystals were recovered. 
The rough was cut and polished in jewelry work- 
shops in Ekaterinburg, Paris, London, Berlin, and 
New York, by such famous jewelers as Cartier, 
Tiffany, Chaumet, and Fabergé. 

Although the search for beryllium ore domi- 
nated mining in the area during the 1940s and 
1950s, significant quantities of emeralds and 
green beryls {as much as 3-4 million carats per 
year in the 1950s) were recovered as a by-product 
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Figure 1. Emeralds from 
the Ural Mountains are 
increasingly appearing in 
contemporary jewelry, like 
this 21.07-ct stone set 
with keshi pearls and 24k 
gold in a pin designed by 
Michael Zobel, Photo by 
Fred Thomas. 


of beryllium production. Since the early 1970s, 
however, with the discovery of new, more prof- 
itable beryllium deposits elsewhere and the 
increase in world demand for gem emerald, min- 
ing attention has gradually shifted back toward 
emeralds, with annual production as high as 
8-10 million carats. 

Although a sophisticated complex was 
developed by Malysheva Mines Management to 
mine and process the emerald rough, good cut- 
ting technology was not equally well developed. 
As a result, only about 20,000 carats of good- 
quality cut emeralds were produced per year. 
Lower-quality translucent to transparent rough 
was sold to various Indian gem companies. In 
1987, cutting stopped completely because of the 
comparatively low yield of higher-quality fin- 
ished stones from the raw material. With the 
establishment of the Russian-Panamanian-Israeli 
joint venture known as Emural, set up in 1991 
by Russian and Israeli companies, Russian emer- 
alds are now being cut on modern equipment 
using the latest technology to serve the world 
market. 

Until 1945, emeralds were mined from 
deposits at Aulsky; Mariinsky, the main deposit, 
Perwomaisky, formerly called Troitzky; Krupsky, 


GEMS & GEMOLOGY Summer 1995 107 


eapeee’ 


Artemovskiy + 


Berezovskiy 


EKATERINBURG 


Racal ee Ete ee 
teats ortenenannencest” 


eloyarskiy 


formerly Lubinsky or Tokovsky; Sverdlovsky, for- 
merly Stretjensky; Tsheremshansky; Chitny; 
Krasnobolotsky; and Ostrowsky (figure 3}. Since 
1945, only the Aulsky, Mariinsky, Chitny, and 
Tsheremshansky deposits have been worked. At 
present, emeralds and other beryllium minerals 
(including alexandrites} are mined only at the 
Mariinsky deposit. 

Although no new emerald deposits have 
been discovered in the Urals since 1945, recent 
geologic work has proved that there are signifi- 
cant reserves at Perwomaisky, Krupsky, 
Sverdlovsky, and Krasnobolotsky, as well as at 
Mariinsky. Preparations are being made to mine 
emeralds at the first three, and to mine both 
emeralds and alexandrites at Krasnobolotsky. 


LOCATION AND GEOLOGY 

The emerald deposits in this region of the Ural 
Mountains are located about 100 km (62 miles) 
by road northeast of Ekaterinburg (formerly 
Sverdlovsk}, in the Russian Federation (again, 
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Figure 2. The emerald de- 
posits are located in the 
southern Ural Mountains 
of Russia, about 100 km 
(62 miles) northeast of 
Ekaterinburg. 


see figure 2}. The area can be reached from that 
city by train or car. 

The numerous deposits are found in schists 
that lie in a zone that extends north-south for a 
distance of 20 km (about 12.5 miles} along the 
eastern contact of the Adui gneiss-migmatite 
complex, the core of which is an Upper 
Paleozoic granite mass (again, see figure 3], 
Concordant igneous bodies of Middle Paleozoic 
age, which are of ultrabasic and intermediate 
(between felsic and mafic] composition, are 
interspersed among amphibolites and other 
schists. All rocks are highly fractured, faulted, 
and folded, and are stretched out into lenses, 
The emerald deposits themselves are located 
within the amphibolite zones. The formation of 
emerald-containing glimmerite (a rock high in 
mica, in this case phlogopite] bodies is related to 
contact-metasomatic phenomena in the fracture 
zones, following the effect of acidic pneuma- 
tolytic-hydrothermal solutions on the ultrabasic 
rocks. These emeraldiferous glimmerite ore bod- 
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ies frequently occur as a complex branching sys- 
tem; when close together, they form ore suites 
that look like columns in the best mining areas. 
The ore bodies average 1 m thick and 25-50 m 
(82-164 feet) long, but ore bodies as long as 100 
m (328 feet} have been found. The strike of the 
emerald-bearing zone and the individual ore bod- 
ies is southerly, with a steep—65° to 80°—dip to 
the east (Vertushkov et al., 1978). 

The glimmerite bodies are zoned, with a 
central, highly micaceous section that consists 
of 95%-99% phlogopite. Smaller pods and lens- 
shaped masses of plagioclase, tourmaline, 
quartz, and actinolite are usually present in this 
high-mica region. A talc or tale-tremolite zone is 
conformable around the central area. As a rule, 


Figure 3. This geologic-structural diagram of the 
region in which emeralds have been mined in Russia 
shows that the emerald deposits lie in a narrow strip 
between the Adui granite mountain-mass to the west 
and the diorite complex to the east. 
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Figure 4, At the Uralian deposits, emeralds typ- 
ically occur as single crystals, like this 8 x 9 x 
12 cm specimen. 


emeralds are found only in the highly micaceous 
zones, although they do occur rarely with plagio- 
clase, quartz, actinolite, or talc. The emeralds 
typically occur as individual crystals (figure 4} or 
as subparallel (figure 5) or—less commonly— 
radiating (figure 6] groups of crystals. Sometimes 
rounded aggregates of emerald crystals, tightly 
enclosed in phlogopite, are recovered. Emeralds 
usually occur in very unevenly distributed con- 
centrations or “pockets.” Associated minerals 
are phenakite, green beryl, chrysoberyl, alexan- 
drite, euclase, bromellite, apatite, and fluorite. 
The morphology of Uralian emerald crystals 
has been studied extensively by Zhernakov 
(1980) and Schmetzer et al. (1991), and depends 
entirely on the conditions of formation. Typical 
emerald or green beryl crystals are 2-3 cm (about 
| inch} long, although specimens 9-12 cm long 
are not uncommon (again, sce figure 4). Rarely, 
they exceed 14 cm (over 5 inches}. Crystal aggre- 
gates usually consist of two to three crystals, but 
aggregates of eight to 10 crystals have been seen. 
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Figure 5. Also found in the Ural Mountains are 
subparallel groups of emerald crystals. The 
longest crystal in this specimen, currently in the 
Fersman Mineralogical Museum, is 7.5 cm. 
Photo by Jeff Scovil. 


PROSPECTING 


In the early days, prospecting and mining were 
often carried out at the same time, since most of 
the emerald deposits outcropped on the surface. 
Systematic prospecting began in the 1950s, 
when sufficient labor and materials were invest- 
ed in the region to exploit both the emeralds and 
beryllium ore. At present, the deposits at 
Mariinsky, Perwomaisky, Krupsky, and Sverd- 
lovsky have been explored to an average depth of 
500 m (1,640 feet) by means of bore holes and 
underground workings. 

To prospect for emeralds, we use both geo- 
physical and mineralogical techniques. Neutron- 
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activation analysis is widely employed, in the 
form of special portable “beryllometers,” to 
locate emerald occurrences on the basis of the 
beryllium content of the surrounding rock. The 
identification of minerals known to be associat- 
ed with emeralds has also proved helpful. To 
determine potential emerald content, bulk sam- 
ples of as much as 200 tons of ore are processed 
in a concentration mill. The bulk samples are 
taken throughout the entire deposit, from layers 
2..5-3 m (8-10 feet) thick at 100-m intervals 
along the ore zone. Experience has shown that 
this is the most efficient and reliable method of 
prospecting under these very complicated geo- 
logic conditions, in which concentrations of 
emeralds are distributed extremely unevenly. 


MINING 


Until 1970, the main emerald deposit, at 
Mariinsky, was worked by open-pit or under- 
ground mining to depths as great as 100 m. 
Along with emerald, beryllium ore—containing 
beryl, beryllium, margarite, chrysoberyl, 
phenakite, bertrandite, and bavenite—was recov- 
ered for industrial uses. 

Today, this deposit is mined only for emer- 
alds and only by tunneling (figure 7}. It is worked 
year-round, at horizons more than 250 m (820 
feet] below the surface. To minimize damage to 
the emerald crystals during extraction from the 
host rock, the miners (figure 8} use specially 
designed blast-hole patterns together with 


Figure 6. Less commonly, the Uralian emeralds 
occur as radiating groups of crystals. This speci- 
menis8 x9 x 14cm. 
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sequential firing by “low-impact” explosives. In 
some instances, explosives are avoided altogeth- 
er, and the host rock is broken by means of 
expanding plastics and hydraulic wedge devices 
inserted into the fractures. 

The emeralds are removed from the mined 
ore in special concentration mills (figure 9}, 
where the ores are disaggregated during slow 
rotation in a drum as they are washed by water. 
This ore material is then separated into five 


Figure 8. In this tunnel at Martinsky, miners 
prepare to remove the emerald-bearing ore. 


Notes and New Techniques 


Figure 7. Today, all min- 
ing at Mariinsky is done 
underground. As evident 
here, the tunnels are quite 
large, well lit, and well 
equipped. 


sizes by a complex screen system, after which 
the gem material is manually sorted out on a 
low-speed (15 cm per second) conveyor belt by 
highly skilled workers (figure 10). Even today, 
the most reliable instrument in sorting is the 
human eye. 


PHYSICAL AND CHEMICAL 
PROPERTIES OF URALIAN EMERALDS 


Uralian emeralds and green beryls are typically 


Figure 9, Disaggregation of the emerald-bearing 
rocks at the Malysheva processing plant is 
accomplished in a rotating drum, or scrubber. 
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Figure 10. Highly trained workers sort out emeralds 
on a slow-moving conveyor belt at the Malysheva 
processing plant. 


bluish green of varying intensity (figure 11], but 
some are slightly yellowish green. The finest 
gems are light to medium green. As reported by 
Zhernakov (1980) and, more recently, Schmetzer 
et al. (1991}—~and confirmed by our own physi- 
cal, chemical, and spectroscopic analyses—the 
green color is due to the presence of chromium. 
We have found typical chromium contents of 
0.15-0.25 wt.% CryO3 with contents as high as 
0.38 wt.% in areas near inclusions of chrome 


Figure 11. Uralian emeralds are typically bluish green 
and of varied saturation, These emeralds, 0.5 to 6 ct, 
Ulustrate the effect of different cuts. 
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spinel. Admixtures of iron, titanium, vanadium, 
cobalt, and nickel can also be responsible for 
variations in the coloration (Zhernakov, 1980}. 
Other elements detected in Uralian emeralds, in 
addition to those intrinsic to the mineral struc- 
ture, include Mg, Ca, Na, Rb, Cs, Sc, and F. 

A detailed study of inclusions observed in 
Uralian emeralds, as well as other gemological, 
spectral, and chemical characteristics of this 
material, was published by Schmetzer et al. 
{1991}, In summary, and confirmed by our own 
observations, the internal features of the emer- 
alds are characterized by zoning, mineral, and 
two-phase (usually liquid-gas) inclusions, and 
cracks caused by crystal-lattice stress. The zon- 
ing is caused by the uneven distribution of color- 
causing trace elements during crystal growth; 
the zoning parallels the basal pinacoid or prism 
faces. The quantity and nature of mineral inclu- 
sions varies widely and usually depends on the 
nature of the enclosing rock: For example, emer- 
alds from phlogopite schist contain phlogopite, 
and those from talc schists contain talc, tremo- 
lite, and chromite. Frequently seen in faceted 
emeralds are phlogopite crystals, actinolite nee- 
dles, liquid-gas inclusions, and minute fractures. 
The liquid-gas inclusions may occur as elongate 
channels; some channels display a symmetric 
“fencing” parallel to the optic axis. 


LARGE SPECIMENS PRODUCED 


The Ural emerald mines have produced some 
remarkable specimens, both historically and recent- 
ly (i.e., since 1978}. Perhaps the most famous is 
Kochubey’s emerald, an 11,000-ct crystal of intense 
“grass” green color that was found in 1831. It is 
now at the Fersman Mineralogical Museum of the 
Russian Academy of Sciences, in Moscow. 

A 3,370-ct emerald of excellent color, named 
Glorious Ural Stone, was mined in 1978. It is now 
in the State Treasury of Valuables of Russia 
(Gokhran}. Also in the State Treasury of Valuables 
is the group of six crystals named Miner’s Glory 
{approximately 10,000 ct and 10 x 12 x 30 cm], 
which was found in 1989. The year 1990 gave us 
two very rare and beautiful emeralds: the unusual- 
ly clean 4,400-ct (6 x 7 x 10 cm} New Year’s Stone 
and the 37.5-ct faceted Vitaly emerald (figure 12). 


SUMMARY AND CONCLUSIONS 
Large quantities of emeralds have been mined 
from deposits in the Ural Mountains, about 100 


GEMS & GEMOLOGY Summer 1995 


km northeast of Ekaterinburg, since 1831. 
Although during and immediately following 
World War II, the mines were worked primarily 
for beryllium ore, today they are exploited exclu- 
sively for the typically bluish green gem emer- 
alds and green beryls. Little information on 
these deposits was released during the last 60 
years, so many believed that they had been 
exhausted. However, geologic information gath- 
ered over the last three decades reveals that only 
about 30%-35% of known reserves have been 
worked to date. 

Currently, only the Mariinsky mine is being 
worked, and production figures are not available. 
However, plans to begin mining at Perwomaisky, 
Krupsky, Sverdlovsky, and Krasnobolotsky pro- 
mise an even greater supply of rough in the near 
future. The apparent success of the Emural joint 
venture in modernizing the cutting of the Urals 
production should further increase the availabili- 
ty of fine cut Russian emeralds and green beryls 
in the world marketplace. 


Figure 12. The 37.5-ct Vitaly emerald is one of the 
largest stones faceted from rough found at the Ural 
emerald mines. , 
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A VISUAL GUIDE TO THE IDENTIFICATION 
Or FILLED DIAMONDS 


By Shane F. McClure and Robert C. Kammerling 


A microscope with various types of lighting 1s the most practical and reli- 
able method to detect fracture filling in diamonds. All of the filled dia- 
monds examined to date have shown flash effects in a vartety of colors. 
Also seen in some stones are evidence of flow structure, trapped bubbles, 
incomplete filling at the surface, crackled texture, an apparent color to 
the filler, cloudy filled areas, and surface residue. This article ts accompa- 
nied by a chart that illustrates the various features seen in filled dia- 
mondas, plus features observed in unfilled fractures with which they might 


be confused. 


Today, the ability to identify fracture-filled dia- 
monds is critical for anyone involved in buying 
and selling diamonds, or in appraising, manufac- 
turing, or repairing diamond-set jewelry. Two 
research projects conducted by staff members of 
the GIA Gem Trade Laboratory and GIA 
Research (Koivula et al., 1989; Kammerling et 
al., 1994) showed that careful examination with 
a binocular microscope is both the most practi- 
cal and the most reliable method of detecting 
this treatment. Nevertheless, we continue to see 
and hear of cases where the treatment was 
detected too late: after a jewelry repair or clean- 
ing procedure had damaged the filling in a stone 
(see, for example, figure 1). 

Although the various reports published to 
date are, collectively, quite comprehensive in 
their presentation of the diagnostic features, we 
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recognized the need to place the key information 
in a visual format that could be readily refer- 
enced by the jeweler/gemologist when actually 
examining diamonds under magnification. The 
accompanying chart has been produced with this 
practical application in mind. The following dis- 
cussion briefly reviews both the important 
microscopic techniques to use and the key iden- 
tifying features of this treatment, as illustrated 
on the chart. Also examined are those features 
seen in some untreated fractures that might be 
mistaken for features typical of filled stones. 


PREPARATION FOR USING THE CHART 


The first step in using the chart to identify frac- 
ture filling in diamonds is to familiarize yourself 
with the suite of diagnostic features. Study the 
illustrations on the chart and, if available, those 
in published articles. If possible, borrow known 
filled diamonds from your suppliers or col- 
leagues, so you can examine them first-hand. It 
is important to recognize that the filling proce- 
dure is effective in disguising a variety of inclu- 
sion features, such as fractures (figures 2 and 3} 
and knots (figure 4}. We also recommend that 
you acquaint yourself with the microscopic fea- 
tures of unfilled diamonds that might be con- 
fused with those in filled stones; the most com- 
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Figure 1. The change in appearance of this filled diamond before (left) and after (right) a prong-retip- 

ping experiment graphically illustrates what a jeweler might face should fracture filling not be detect- 
ed before direct heat is used to perform a simple jewelry repair procedure. Photomicrographs by Shane 
F, McClure; magnified 32x. 


mon of these are illustrated on the chart. The 
misidentification of an unfilled diamond as filled 
can also have serious consequences. 

Next, review the various microscope lighting 
techniques that might be called on to detect one or 
more types of features. The methods we have found 
most useful include—in addition to standard dark- 
field lighting—fiber-optic illumination, polarized 
light, and the shadowing technique {as illustrated at 
the bottom of the chart). For additional information 
on lighting techniques, see Koivula, 1982a and b; 
Koivula et al., 1989; Koivula and Kammerling, 1990, 
Hurlbut and Kammerling, 1991; Scarratt, 1992, 
Kammerling and McClure, 1993; and Kammerling 
et al., 1994. 


TECHNIQUES FOR EXAMINING DIAMONDS 
FOR EVIDENCE OF FRACTURE FILLING 


Begin your examination for potential fracture 
filling essentially the same way you would begin 
examining the diamond for standard diamond 
clarity grading, that is, with the microscope set 
at relatively low magnification (10x) in conjunc- 
tion with standard darkfield illumination. At 
any stage of the examination, you can increase 
the magnification to resolve a particular feature 
further. 

First hold the diamond at the girdle—in a 
stoneholder or tweezers if it is unmounted—in 
its face-up position, so you are looking through 
the table and crown facets. Rock the stone back 
and forth slowly while you look for evidence of 
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filling. The movement is important, as some fea- 
tures—such as flash effects—are seen only at 
certain angles. Next, turn the stone over, so you 
are looking through the pavilion facets, and con- 
tinue the examination. Finally, check the dia- 
mond while you are holding it table-to-culet. 
Remember that a careful, methodical examina- 
tion not only helps you minimize the possibility 
of overlooking evidence of fracture filling, but it 
also helps you document the extent of treatment 
in stones where multiple breaks have been filled. 

Note that although the microscope is set up 
for darkfield illumination, secondary reflections 
from facets can produce localized areas of bright- 
field illumination. It is therefore important to 
look, for example, for those flash-effect colors 
seen in brightfield as well as those seen in dark- 
field. Furthermore, experience has shown that 
filled breaks often may be positioned such that 
some portions of the break show darkfield flash- 
effect colors (the background is dark) while other 
portions show brightfield flash-effect colors (the 
background is light), Additional lighting meth- 
ods, such as fiber-optic illumination, can be 
called on as required. 

Testing mounted diamonds can be especially 
challenging. For example, prongs may cover a 
portion of a stone where a filled fracture breaks 
the surface. Mountings can also restrict the 
angles of observation. This is an important con- 
sideration, as the most reliable diagnostic fea- 
ture of filled diamonds—the flash effect—is seen 
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only within a narrow range of viewing angles. 
When testing mounted stones, it is therefore 
critical to view them carefully and in as many 
directions as possible. With jewelry-set dia- 
monds, the use of supplemental lighting tech- 
niques—fiber-optic illumination in particular— 
can take on added importance (and may allow 
you to see a reflected flash effect; see “Flash 
Effects,” below}. 

An additional test that may be used on both 
mounted and unmounted stones is the applica- 
tion of water. Orient the stone under the micro- 
scope so that the surface exposure of the suspect 
fracture is clearly visible. While looking at the 
fracture, pass a small, wet brush across its entry 
point. If water enters the fracture {seen as a brief 
reduction in the relief of the fracture}, then the 
fracture is probably not filled. Although it is not 
always easy to see the water flow into the frac- 
ture, with a little patience you.can see {in the 
fracture} the movement of the water and gas 
bubbles as the fluid evaporates rather rapidly in 
response to the heat generated by the light 
source. Note that the failure of water to enter 
the break does not necessarily mean that it is 
filled, as some unfilled fractures wil] not receive 
water in this way. 


Figure 3. This reflec- 

tive feather is easily seen 
without magnification be- 
fore filling (left), but only 
small, unfilled areas near 
the surface are visible 
after filling (right). Photo- 
micrographs by Shane P. 
McClure; magnified 40x. 
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Figure 2. All commercial 
filling procedures investi- 
gated by the authors are 
very effective in improving 
the face-up appearance of 
diamonds. This is readily 
apparent in these photos of 
a 0,.20-ct diamond with 
large, highly visible reflec- 
tive fractures before filling 
(left) that are considerably 
less visible after filling 
(right). Photomicrographs 
by Shane PF. McClure. 


DIAGNOSTIC FEATURES: A REVIEW 


Following is a brief review of diagnostic features 
that have been documented to date in fracture- 
filled diamonds from one or more commercial 
treaters. All are illustrated on the accompanying 
chart. As with other gem identification proce- 
dures, always look for more than one feature for 
confirmation before reaching a final conclusion. 


Flash Effects. To date, we have seen flash-effect 
colors in every diamond known to be filled that 
we have examined. This is the most consistently 
encountered diagnostic feature of fracture-filled 
diamonds. 

In darkfield illumination, the most com- 
monly encountered colors are yellowish orange 
and violet to purple to pink. Less commonly, a 
pinkish orange darkfield flash effect may be 
seen. Rarely, yellow, blue, green, and red may be 
visible against a dark background, 

In brightfield illumination, the most fre- 
quently seen flash-effect colors have been blue 
to bluish green, and green to yellow, which cor- 
respond to the complementary colors (opposite 
on the color wheel} of those seen in darkfield. 
Violet has also been seen in some atypical sam- 
ples. 
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In both darkfield and brightfield illumina- 
tion, a filled break may exhibit one color in one 
area and another color in another area—or even 
multiple colors—at a single angle of observation. 
When a single-color flash effect is encountered, 
it is often violet in darkfield. In addition (again, 
in both darkfield and brightfield), the flash color 
may change in all or part of the filled break as 
the stone is rocked back and forth very slightly. 

Recently, in several isolated diamonds, we 
noted a “reversal” of the flash-effect colors nor- 
mally observed in darkfield and brightfield illu- 
mination. In these instances, the colors observed 
in darkfield were blue to green, whereas those 
seen in brightfield were yellow, orange, and/or 
pink. 

Flash-effect colors may also vary in intensi- 
ty. In some treated stones, the flash colors are 
quite intense and easily seen using standard 
darkfield illumination (some may even be noted 
without magnification]. In other stones, though, 
the flash colors may be quite subtle and require 
fiber-optic illumination to detect. In our experi- 
ence, the darkfield flash color is similar in inten- 
sity to the corresponding brightfield flash color 
in any given filled diamond. Another point to 
keep in mind is that flash colors may be seen 
indirectly, that is, as reflections within the dia- 
mond. In fact, the reflection of a flash color is 
often seen before the filled fracture is located. 

The feature of some unfilled breaks that is 
most likely to be confused with a flash effect is 
thin-film iridescence. Although thin-film irides- 
cence usually appears as a multi-colored rain- 
bow-like effect, occasionally only a few colors 
are apparent. These few colors are generally 
restricted to yellow and orange or blue and pur- 
ple. Also, no complementary colors will be seen 
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Figure 4. The interfaces 
around this knot are quite 
apparent before filling 
(left), but the knot is bare- 
ly visible after filling 
(right), Photomicrographs 
by John |. Koivula; magni- 
fied 20x. 


when the fracture is viewed in brightfield. One 
reliable method to distinguish iridescence from 
flash effect is by the viewing angle: Tridescent 
colors in unfilled breaks are generally best seen 
at a viewing angle roughly perpendicular to the 
plane of the break, whereas flash effects are usu- 
ally detected when the stone is viewed almost 
parallel (edge-on) to the break. Polarized light 
may also prove useful in making the distinction: 
Iridescent fracture colors will shift in position as 
the polarizer is rotated, whereas flash-effect col- 
ors will only turn darker and more vivid (i.e., 
they do not shift hue laterally as the polarizer is 
rotated}. 

Occasionally, surface-reaching breaks in 
untreated diamonds contain an orangy brown 
staining of naturally occurring iron compounds 
that might be mistaken for an orange flash 
effect. Such staining, however, should be visible 
through a broad range of viewing angles, whereas 
the similarly hued flash effect can be scen only 
within a very narrow range of viewing angles. 

Although not encountered very frequently, a 
natural radiation stain in a feather might also be 
confused with an orange flash effect. However, 
like iron compound staining, and unlike flash 
effects, radiation stains should also be visible in 
many directions of observation. In addition, you 
should be able to see the radiation stain extend- 
ing from the break into the stone. 


Flow Structure. A filled break may look as if a 
glassy substance has flowed into it. This is an 
appearance unlike anything seen in unfilled 
breaks. 


Trapped Bubbles. These voids in the filling sub- 
stance-—areas of incomplete filling—may be fair- 
ly large and noticeably flat, or they may be small 
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and occur in groups in an overall “fingerprint” 
pattern. Trapped bubbles are highly reflective in 
darkfield illumination, with those that are rela- 
tively large and flat producing mirror-like reflec- 
tions. These bright inclusions are often the first 
indication that a fracture has been filled. 


Incomplete Filling at the Surface. These areas 
are usually extremely shallow and generally look 
like fine, white scratches or “ribbons” in dark- 
field illumination. They may result from a par- 
tial removal of the filling during cleaning of the 
diamond. 


Crackled Texture. Cracks in the filling material, 
producing a web-like texture reminiscent of mud 
cracks in a dry lake bed, are encountered rela- 
tively infrequently in filled diamonds. This fea- 
ture is usually associated with areas of fairly 
thick filler. Such crackled areas have also been 
noted in filler within laser drill holes. 

In some filled breaks, we have detected 
extremely fine, nearly parallel whitish lines that 
may be minute fractures within the filler. This 
is a very subtle feature and one that we have 
only been able to see using intense fiber-optic 
illumination. 


Apparent Color of Filler. In relatively thick areas 
of filler, a light brown to brownish yellow or 
orangy yellow color may be detected. This “body 
color” of the filling substance used by at least 
one treatment firm may also be seen in filled 
cavities and in jaser drill holes. 


Cloudy Filled Areas. These are areas of reduced 
transparency that resemble white clouds in the 
filler. 


Surface Residue, To date we have noted two fea- 
tures that appear to be residue from the filling 
process: (1} cloudy markings around the entry 
points of some filled breaks, and (2) an essential- 
ly colorless substance at the surface. This should 
not be confused with “burn” marks on the sur- 
face of a diamond, which result from excessive 
heat when the diamond was on the polishing 
wheel. Such burn marks usually cover larger 
areas, are not associated with fractures, and can- 
not be removed without repolishing. Note, how- 
ever, that burn marks can be seen on filled as 
well as unfilled diamonds. 
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THE JEWELER’S RESPONSIBILITY 


A point often reinforced in the trade press is that 
it is the responsibility of jewelry professionals to 
disclose gemstone treatments at every step in 
the distribution pipeline (see, e.g., Diamond, 
1994). There is no excuse for avoiding this 
responsibility with fracture-filled diamonds, as 
the treatment can be detected using the basic 
microscopy techniques and looking for the fea- 
tures described and illustrated in this brief report 
and the accompanying chart. It is important to 
remember that, because the treatment is less 
than permanent, the unwary may only discover 
that a diamond is filled by damaging the filler 
while retipping prongs on a ring, or by merely 
leaving a filled stone for an extended period of 
time in an ultrasonic cleaner. 

Equally important is the risk of misidentify- 
ing an untreated diamond as fracture filled. Such 
a mistake may not only hurt your relationship 
with your customer or with your customer’s 
supplier, but it might also expose you to finan- 
cial liability or damage your reputation in the 
community. It is, therefore, critical that you 
know the potentially confusing features of 
unfilled diamonds as well as the characteristics 
of their treated counterparts. 


CONCLUSION 


Magnification is the most valuable and practical 
means of detecting diagnostic features in filled 
diamonds. Keep in mind, however, that there are 
also microscopic features in unfilled diamonds 
with which these can be confused. Flash effects 
are the most diagnostic feature of filled dia- 
monds; yet they can be confused with thin-film 
iridescence, iron compound-based staining, and 
even natural radiation stains in unfilled dia- 
monds. The key to making the distinction is to 
consider such critical subtleties as the angles of 
observation in which the effects are visible. 
Additional clues that a fracture is not filled 
include high relief and a feathery appearance. 
Gas bubbles in the filler, representing areas of 
incomplete filling, are also diagnostic of filling; 
yet minute gas bubbles could conceivably be 
confused with pinpoint inclusions if only the 
inclusions themselves were considered. The key 
to making these distinctions is to become thor- 
oughly familiar with alJ of the features seen in 
filled diamonds, as well as with those features in 
unfilled breaks with which they might be con- 
fused. 
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AZURITE and ANTLERITE Rock 


Many blue and green minerals owe 
their color to copper, including the 
gem minerals turquoise {a phos- 
phate}, chrysocolla {a silicate, 
which may be seen as inclusions in 
chalcedony}, and azurite and mala- 
chite (carbonates). Copper mincrals 
of more unusual compositions 
often cannot be distinguished from 
more common species using stan- 
dard gem-testing methods. For 
example, ajoite, shattuckite, and 
papagoite could be mistaken for 
chrysocolla, and green minerals 
such as brochantite, atacamite, and 
pseudomalachite, among others, 
could be mistaken for malachite. 

In November 1994, the West 
Coast laboratory received a varie- 
gated blue and green oval cabochon 
(see figure 1] for identification. 
Microscopic examination revealed 
at least four different materials in 
the 3.33-ct cabochon: (J and 2) blue 
and green opaque materials, plus (3} 
a gray translucent material, in the 
body of the stone; and (4) a very 
dark blue substance in surface cavi- 
ties. The spot refractive index was 
about 1.7 (poor polish precluded 
more accurate measurement}. A 
specific gravity of 2.87 was deter- 
mined hydrostatically. The stone 
effervesced to a minute amount of 
dilute hydrochloric acid placed on 
its base, and the cavity substance 
melted when approached with the 
thermal reaction tester (“hot 
point”}. This evidence suggested 
that the stone was azur-malachite; 
however, given the many possible 
blue and green minerals (see above 
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Figure 1. Testing revealed that 
this 3.33-ct oval cabochon ts a 
rock consisting primarily of 
blue azurite, green antlerite, 
and quartz. The foreign mate- 
rial seen in surface cavities is 
probably a colored polymer. 


for examples), we conducted 
advanced testing to identify the 
phases present. 

X-ray powder diffraction of the 
blue and gray materials showed them 
to be azurite and quartz, respectively. 
However, the green material was not 
the more usual associate of azurite, 
malachite, but rather was antlerite, a 
copper hydroxysulfate. Azurite and 
antlerite may occur together in oxi- 
dized zones of copper ore deposits. 
The dark blue substance seen in the 
cavities was a colored foreign materi- 
al, probably a polymer of some sort. 
Therefore, we concluded that this 
cabochon was a rock consisting of 
azurite, antlerite, and additional min- 
erals, We further noted that—as is 
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typical for rocks—petrographic test- 
ing would be necessary to fully char- 
acterize this material, and that a col- 
ored foreign material was present in 
surface cavities. 

ML], SEM, and Dino DeGhionno 


DIAMOND 
With Strain Phantom 


In the Fall 1993 Gem Trade Lab 
Notes section (pp. 199-200}, we 
reported on a 3.01-ct, light yellow 
diamond with a phantom inclu- 
sion—a sharp-edged diamond octa- 
hedron that was visible only when 
viewed between crossed polarizers 
(phantoms are usually outlined by 
inclusions of another substance, 
which makes them easy to see in 
ordinary light). 

As crystals grow, the condi- 
tions under which they form can 
change. Phantoms in quartz, for 
instance, often represent periods 
when the quartz crystal stopped 
growing, and particles of chlorite, 
iron-oxide, or other minerals were 
deposited on the surface of the still- 
incomplete crystal; when crystal 
growth resumed, the foreign mate- 
rials (now trapped inside} outlined 
the previously existing crystal 
faces. Those phantoms in diamonds 
that are visible only with polarized 


Editor's note: The initials at the end of each item iden- 
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Figure 2. When viewed between 
crossed polarizers, this 1.42-ct 
Fancy Intense yellow diamond 
revealed a strain phantom with 
unusual internal strain features. 
Magnified 20x. 


light may have been formed by an 
abrupt change in the pressure or 
strain under which the diamond 
crystal was growing, without any 
foreign substance having coated the 
pre-existing crystal faces. 

Last winter, the West Coast lab- 
oratory received a 1.42-ct diamond 
for examination. With crossed polar- 
izers, we saw high-order strain with a 
particularly interesting strain phan- 
tom (figure 2): an octahedron show- 
ing a dark line through one vertex 
and a dark plane perpendicular to it. 
We do not know what might have 
caused these internal strain features. 
Note that because the strain phan- 
tom was only visible through crossed 
polarizers, it did not affect the clarity 
grade (VVS,)} of the {natural color} 
Fancy Intense yellow diamond. 

ML] and Patricia Maddison 


Treated-Color Pink Diamond 


Over the last few months, the East 
Coast laboratory examined three 
treated-color pink diamonds, one of 
which was mixed in with a large par- 
cel of natural-color stones. Unlike 
most treatments, treated (i.e., irradi- 
ated and annealed] pink color in dia- 
mond is rarer than natural pink 
color. The East Coast lab examined 
its first treated-pink diamond about 
1959 (Gems @ Gemology, Spring 
1959, p, 268), when reactor-irradiated 
stones first became commercially 
available. Renowned British gemolo- 
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gist Basil Anderson, to whom we 
subsequently sent the stone for 
examination, reported that this was 
the first reactor-treated pink dia- 
mond he had seen as well. 

Jn diamonds, the pink color 
produced by treatment is usually so 
highly saturated that a natural 
equivalent was extraordinarily rare 
before the discovery of fancy-color 
diamonds at the Argyle mine in 
Australia. Thus, from about 1960 
to 1980, we were suspicious of any 
intensely colored pink diamond 
submitted to the laboratory. Now 
that some diamonds from Argyle 
equal treated-color pink stones in 
saturation, it has become even 
more important to know the identi- 
fying characteristics of this treat- 
ment. 

In our experience, all treated- 
pink diamonds have a characteris- 
tic strong orange fluorescence to 
both long- and short-wave ultravio- 
let radiation. In addition, they con- 
sistently show a diagnostic visible 
spectrum—with sharp lines at 595, 
617, and 658 nm, and an emission 
line at 575 nm—that is readily seen 
with a hand-held type of spectro- 
scope. The first treatcd-color pink 
diamond seen in the laboratory 


Figure 3. Uneven distribution 
of color, as illustrated by the 
pink and yellow zones in this 
0.43-ct round brilliant diamond, 
is characteristic of treatment, 
Magnified 18x. 
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Figure 4. The color distribution 
in this 0.39-ct round brilliant is 
more even than that shown in 
figure 3. However, the diag- 
nostic fluorescence and spec- 
trum proved that the stone had 
been treated by irradiation and 
subsequent annealing. 


clearly showed this characteristic 
spectrum and fluorescence, even 
though it weighed only 0.01 ct. 
Depending on the trcatment proce- 
dure and the distribution of nitro- 
gen, microscopic examination may 
reveal an uneven distribution of the 
color, with distinct zones of yellow 
and pink (Gem Trade Lab Notes, 
Summer 1988, pp. 112-113). The 
0.43-ct round brilliant in figure 3 
displays such color zoning, while 
the 0.39-ct round brilliant in figure 
4 was evenly colored. Both stones, 
as well as a 0.47-ct round brilliant 
(not shown}, were easily identified 
by their fluorescence and spectra. 
Treated-color pink diamonds are 
uncommon because they require a 
rare starting material, type-lb dia- 
mond, which contains small 
amounts of nitrogen dispersed as 
single atoms in the crystal struc- 
ture [see the discussion of diamond 
types by E. Fritsch and K. Scarratt, 
in Gems @ Gemology, Spring 1992, 
pp. 38-39]. Most type-Ib diamonds 
are small (less than | ct}, and their 
natural color is usually a highly 
saturated orangy yellow. Such 
stones are rarely considered candi- 
dates for treatment because of the 
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value in their intrinsic yellow 
color. One diamond treater said 
that all of his treated pinks are pro- 
duced accidentally, when a parcel 
of yellow-to-brown melee just hap- 
pens to contain the needed starting 
material. Interestingly, most yel- 
low synthetic diamonds are type Ib 
{or mixtures including a large type- 
Ib component}, and such diamonds 
will turn pink to red if treated with 
radiation and heat {see T. Moses et 
al., “Two Treated-Color Synthetic 
Red Diamonds Seen in the Trade,” 
Gems & Gemology, Fall 1993, pp. 
182-190}. 

Another category of pink dia- 
mond sometimes shows strong 
orange fluorescence: pale-toned dia- 
monds that are type Ila (containing 
no nitrogen detectable by infrared 
spectroscopy}. Such natural-color 
pink diamonds are distinguished 
from treated pink diamonds by 
their much lower color saturation, 
by their diamond type, and by the 
fact that features in the visible 
spectrum are weak, usually 
detectable only with the extra sen- 


sitivity of a recording spectropho- 
tometer. GRC and IR 


Unusual Diamond Crystal 


Most gem-quality diamond crystals 
are regular or distorted octahedra, 
with rounded and irregular crystal 
forms being less common. On rare 
occasions, we are shown diamonds 
with unusual crystal forms, One 
such example was an aggregate of 
two rounded crystals, reported in 
the Spring 1992 Lab Notes section 
(p. 52). 

Another unusual diamond 
crystal was just seen at the East 
Coast lab: Not only is the 13.24-ct 
crystal irregular in shape, but it 
also has a large “tunnel” etched 
through its center {figure 5}, While 
our first thought was that this was 
another kind of intergrowth, the 
optical properties indicated that it 
was a single crystal. Careful micro- 
scopic examination of the surface 
in and around the tunnel revealed 
grooves and channels, which sug- 
gests that an etching process 
formed this hole. We also noted 


Figure 5, Although this unusual 13.34-ct rough diamond appears to 
be some sort of intergrowth, it is actually a single crystal with what 
appears to be an etched hole through the center. 
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both green and brown radiation 
stains at one end of the tunnel. 
IR 


SYNTHETIC DIAMOND Suite 


Although the trade press has 
warned many times over the past 
two years of the imminent influx of 
Russian gem-quality synthetic dia- 
monds, to date the GIA Gem Trade 
Laboratory has not seen them in 
significant quantities. Nevertheless, 
an occasional diamond submitted to 
the laboratory for determination of 
color origin is unmasked as synthet- 
ic. Three examples were described in 
earlier Lab Notes: “Synthetic Yellow 
Diamond Crystal” (Fall 1993, p. 
200), “Faceted Yellow Synthetic 
Diamond” (Winter 1993, p. 280}, 
“Synthetic Diamond: Treated-Color 
Red” (Spring 1995, pp. 53-54). All 
three had properties consistent with 
synthetic diamonds produced in 
Russia (see J. Shigley et al., “The 
Gemological Properties of Russian 
Gem-Quality Synthetic Diamonds,” 
Gems e) Gemology, Winter 1993, pp. 
228-248). 

A few months ago, a client sub- 
mitted two cut-corner rectangular 
modified brilliants (0.30 and 0.41 ct} 
and one round brilliant (0.30 ct] to 
the East Coast lab for origin-of-color 
reports (figure 6}. All three stones 
had several properties in common: a 
saturated yellow color; a strong-to- 
weak yellow-green long-wave UV 
fluorescence in a cross-shaped pat- 
tern, seen only through the table 
facets (figure 7}; a similarly distribut- 
ed, but generally weaker (moderate- 
to-faint], reaction to short-wave UV; 
and an absorption spectrum— 
observed with a desk-model prism 
spectroscope—consisting of a vague 
absorption generally increasing 
toward 400 nm. Two stones exhibit- 
ed weak green transmission lumi- 
nescence, and two showed weak 
absorption at 527 nm when exam- 
ined at low temperature. All were 
weakly attracted to a magnet. 

In diffused light with magnifi- 
cation, we observed vague color 
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Figure 6. All three of these diamonds (from left, 
0.41, 0.30, and 0.30 ct), which were submitted 
to the laboratory for origin-of-color reports, 
proved to be synthetic. 


zoning of lighter and darker yellow 
in all three stones. Only when the 
samples were immersed in methy- 
lene iodide did we also see a dis- 
tinct colorless cross within a medi- 
um yellow body color in all three, 
All revealed extensive clouds of 
pinpoint inclusions as well, some 
in the form of curved stringers 
(which we have never observed in 
natural diamonds}. One stone con- 
tained what appeared to be large 
globules and droplets of residual 
flux {figure 8). Energy-dispersive X- 
ray fluorescence (EDXRF) analysis 
of one of these inclusions by GIA 
Research revealed Fe and Ni. 
Infrared spectroscopy showed that 
all three stones were a low-nitrogen 
mixture of type Ib and Ia diamond, 
with A aggregates dominating B 
aggregates. 

All these properties were con- 
sistent with those reported by 
Shigley et al. (1993) for as-grown 
Russian synthetic diamonds (that 
is, that had not been irradiated and 
annealed to alter their color]. This 
is the first time the lab received 
more than one synthetic diamond 
from one client at one time. 
Furthermore, two of these were of 
higher quality than other Russian 
synthetic diamonds described to 
date, and many of the diagnostic 
properties were less distinct than 
those previously reported. Con- 
sequently, a thorough microscopic 
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Figure 7. When examined through their tables, 
all of the synthetic diamonds shown in figure 
6 revealed a yellow-green cross-shaped fluores- 


cence to long-wave UV radiation. 


examination is needed to distin- 
guish such stones from natural dia- 
monds. 

RCK, IR, and Emmanuel Fritsch 


JADEITE JADE, with 
Misleading Inclusions 


An entry on page 117 of the 
Summer 1994 Lab Notes section 
described metallic inclusions of 
two types (probably pyrite and 
pyrrhotite} in an unusually translu- 
cent jadeite cabochon. Since then, 
the West Coast laboratory has seen 
two other examples of natural-color 


Figure 8. EDXRF analysis of one 
of these surface-reaching drop- 
lets—which were observed in 
one of the stones shown in fig- 
ures 6 and 7—indicated that it 
contains iron and nickel, ele- 
ments found in the fluxes used 
to synthesize diamond. Magni- 
fied 30x. 
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jadeite with potentially confusing 
inclusions. 

The first piece (which mea- 
sured approximately 49.50 x 27.66 x 
7.87 mm] was an especially clear— 
translucent to semitransparent— 
mottled green-and-white carving of 
a woman, a child, and a fish. All of 
the properties were consistent with 
natural-color jadeite. With magnifi- 
cation, however, we saw small 
white crystals in the white areas 
(figure 9, left}. In a cursory exami- 
nation, these white crystals might 
be mistaken for devitrification fea- 
tures in glass imitations of jadeite. 
(By devitrification features, we 
mean individual crystals and crys- 
tal groups that grew after the glass 
cooled or from residual unmelted 
material [see figure 9, right].} 
However, examination under high- 
er magnification revealed that they 
lacked the dendritic nature typical 
of many devitrification features; 
also, the surrounding aggregate 
material was not optically isotrop- 
ic. Because none of these inclusions 
reached the surface of the sample, 
we could not determine their iden- 
tity. 

The second piece was a 26.70- 
ct translucent green oval double 
cabochon, with unusual darker 
green “inclusions” that looked like 
fuzzy balls of lint at high magnifi- 
cation (figure 10}; with reflected 
light, we were able to see that one 
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Figure 9, White crystals in jadeite (left, at 12x magnification} 
could be mistaken for devitrification features in manufactured 
glass (right.} 


of them broke the surface (figure 
11). The “inclusions” appeared to 
consist of small clusters of jadeite 
grains with a second substance, 
probably another mineral, coating 
the grain boundaries. Again, not 
enough material was present to 
identify the boundary mineral con- 
clusively. 

The “inclusions” in this second 
piece were interesting because, with 
only a cursory examination, they 
could be mistaken for selectively 
impregnated spots caused by some 
unknown (or miscalculated) treat- 
ment. However, magnification 
revealed that most of these spots 
were completely enclosed in the 
cabochon, with no access to its sur- 
face. Also, Fourier-transform infrared 
spectroscopy {FTIR} revealed no evi- 
dence of polymer impregnation. 

ML] and John I. Koivula 


Figure 10. These unusual small, 
dark “inclusions” were found 
throughout a 26.70-ct jadeite 
cabochon. Magnified 10x. 
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OMPHACITE 
Rock Carving 


Nephrite and jadeite, both correctly 
called jade, are members of two 
separate mineral groups that con- 
tain several other distinct minerals, 
However, no other members of 
these groups are properly consid- 
ered jades, as they differ from either 
nephrite or jadeite in chemistry or, 
more importantly, structure. For 
example, chatoyant actinolite, 
which is chemically identical to 
nephrite, is an amphibole-group 


Figure 11. When we examined 
one of the jadeite cabochon’s 
dark green inclusions in reflec- 
ted light at higher (40x) magni- 
fication, we found that a less 
reflective substance was coat- 
ing the boundaries between 
jadeite grains in the “inclu- 
sion” regions. (Because of the 
light scattering, this substance 
appears white in the micro- 
scope.} 


GEMS & GEMOLOGY 


mineral. Although members of the 
trade often incorrectly call it “cat’s- 
eye jade,” it is not jade at all, 
because it has a parallel fibrous 
structure and not the interlocking 
fibrous structure characteristic of 
nephrite jade. Similar examples 
could be cited for the pyroxene 
group, to which jadeite belongs. 

Last fall, the West Coast lab 
received for identification an 
opaque, mottled green-and-white 
carved mask, which measured 
about 22.8 x 22.1 x 7.4 cm (figure 
12). Only limited standard gemo- 
logical tests could be performed. 
Because of the mask’s size, deter- 
mination of specific gravity was 
impractical. The combination of 
curved surfaces and a poor polish 
resulted in our obtaining only a 
vague spot RI. of 1.62. The mask 
was inert to both long- and short- 
wave UV radiation, and magnifica- 
tion revealed an aggregate appear- 
ance, 

Because these data were insuf- 
ficient to identify the material, X- 
ray powder diffraction analyses 
were performed on microscopic 
scrapings from the mask. From 
these analyses, it was determined 
that the mask was composed pri- 
marily of omphacite, plus some 
feldspar and possibly traces of other 
minerals. However, we could not 
characterize the item completely 
{as would be possible with petro- 
graphic analysis}, because our test- 
ing was limited to nondestructive 
methods. 

Omphacite is a pyroxene-group 
mineral, intermediate in composi- 
tion between jadeite and diopside; it 
is fairly common in Mesoamerican 
‘Nades” (see, e.g., G. E. Harlow’s arti- 
cle in Natural History, August 1991, 
pp. 4-10, and W. F, Foshag’s article— 
where he calls omphacite “diopside- 
jadeite”’—in American Mineralogist, 
Vol. 40, No, 11-12, 1955, pp. 
1062-1070). Although omphacite is 
chemically similar to jadeite, it is 
neither jadeite nor a jade. 

ML] and RCK 


Summer 1995 


Figure 12. This mask was identified as a rock consisting primarily 
of omphacite (a pyroxene mineral) plus feldspar and possible addi- 
tional minerals, Consequently, it is not jade. 


CULTURED PEARL, 
With a Damaged Nucleus 


Baroque cultured pearls often have 
thick layers of conchiolin between 
the nacre and the bead nucleus. 
When a gap forms in this layer, the 
nucleus can come loose from the 
nacre. Drilling such a pearl can be 
hazardous, as either the nacre or 
the bead might break. One way to 
work around this hazard was dis- 
cussed in the Summer 1990 Lab 
Notes section (p. 155). In that 
instance, an X-radiograph was 
taken to determine where to drill 
without breaking the nacre. 
Drillers are not always so for- 
tunate. We suspect that a loose 
bead scenario was responsible for 
damage observed in a light gray 
baroque pearl that was part of a cul- 
tured pearl necklace tested at the 
West Coast laboratory last fall. X- 
radiographs (figure 13), taken dur- 
ing routine testing, revealed a large 
void with what appeared to be frag- 
ments of a bead nucleus in one of 
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the pearls. Examination through 
the drill hole confirmed loose 
pieces of shell-like material within 
the cavity. We could even see evi- 
dence of a drill hole in one larger 
fragment. 

Although we can only specu- 
late as to what happened, we 
believe that the bead was probably 


in a void, or loosely surrounded by 
conchiolin, and had detached 
before or during the drilling pro- 
cess. There may even have been 
several drilling attempts, during 
which the bead moved and broke 
into pieces, much of it being 
reduced to powder by the drill bit. 
The remaining fragments were 
then free to tumble within the 
large void. This can be clearly seen 
in figure 13, from the different posi- 
tions of the fragments in the two 
views. 

Although the nacre on this 
pearl has lost the support provided 
by a bead nucleus, its shape and 
thickness give it enough strength 
to be used for a necklace. 

Cheryl Y. Wentzell 


DYED QUARTZITE, 


Imitating Jade 


Because of its grcat abundance and 
its good durability, colorless quartz 
is often dyed various colors to imi- 
tate other gems. In fact, it is one of 
the oldest “impostors” in recorded 
history, with the dyeing of quartz 
to imitate emerald referred to as 
early as the first century A.D. (see, 
e.g., K. Nassau, “The Early History 
of Gemstone Treatments,” Gems 
® Gemology, Spring 1984, pp. 
22-33}. Dyed green quartz is still 
commonly used as a simulant, with 


Figure 13, Readily seen in these X-radiographs of a strand of cul- 
tured pearls is a 10.10 x 9.30 x 8.00 mm cultured pear! with a large 
void that appears to contain several loose fragments (note the differ- 
ent positions in the two views) from a broken bead nucleus. ‘ 
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Figure 14, The approximately 
30.25 x 15.98 x 5.50 mm dyed 
quartzite cabochon in this ring 
makes a convincing imitation 
of jadeite. 


single-crystal material treated to 
imitate emerald and with translu- 
cent-to-nearly opaque quartz, as 
well as quartzite (a metamorphic 
rock composed primarily of quartz 
grains}, dyed to imitate jadeite. 

In November 1994, the West 
Coast lab received for testing a ring 
set with a translucent mottled- 
green oval cabochon, about 30.25 x 
15.98 x 5.50 mm, that resembled 
fine-quality jadeite (figure 14). 
Standard gemological testing, 
including a 1.55 spot R.I. and the 
aggregate structure seen with mag- 
nification, identified the stone as 
quartzite. Microscopic examination 
also revealed dye concentrations in 
fractures and between grains of the 
aggregate structure, with the pres- 
ence of dye further confirmed by 
the characteristic “dye band” cen- 
tered at about 650 nm, which was 
seen with a desk-model prism spec- 
troscope. 

To learn morse about the treat- 
ment used for this stone, we ana- 
lyzed it with infrared spectroscopy. 
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This revealed key absorption fea- 
tures at about 2900 cm’! in the 
mid-infrared, similar to those of the 
synthetic resin Opticon and those 
documented in some bleached and 
impregnated “B jade” (see E. Fritsch 
et al., “Identification of Bleached 
and Polymer-Impregnated Jadeite,” 
Gems @ Gemology, Fall 1992, pp. 
176-187). However, the absorptions 
in the treated quartzite were only 
about one-tenth as strong as those 
that have been documented in 
impregnated jadeite. This is proba- 
bly because a much smaller quanti- 
ty of polymer is used to carry the 
dye into the treated quartzite. (For 
more on the quantitative method 
used to evaluate infrared absorp- 
tions in treated jadeite, see the arti- 
cle “Type-B Jadeite: New Polymers 
and Estimating Amount of Wax,” 
by E. Fritsch, Jewellery News Asia, 
November 1994, pp. 106-108, 110.) 

RCK 


Figure 15, Although this 21.28-ct 
“star ruby” was somewhat in- 
cluded, had a good color, and 
appeared to be native cut, gem- 
ological testing proved that it was 
a synthetic ruby with a diffusion- 
induced star and “fingerprint” in- 
clusions. 
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SYNTHETIC RUBY, 
With Diffusion-Induced 
“Fingerprint” Inclusions 
and Asterism 


The East Coast laboratory received 
for identification what appeared to 
be a star ruby (figure 15]. The some- 
what included 21.28-ct cabochon 
had a moderate star and a color 
reminiscent of rubies from Burma. 
It appeared to be native cut, with 
an extremely thick girdle. The 
desk-model prism spectroscope 
revealed a ruby spectrum. When we 
first examined the piece with a 
microscope, only fingerprint inclu- 
sions were evident, at higher mag- 
nification, however, we saw obvi- 
ous curved striae. The stone was 
really a Verneuil (flame-fusion} syn- 
thetic ruby. Therefore, the finger- 
prints were induced, as was the sur- 
face-diffused star. GRC 


Cat’s-Eye SAPPHIRE 


Although asterism is a fairly com- 
mon phenomenon in corundum 
gems, chatoyancy is encountered 
only rarely (described as “extreme- 
ly rare” in the 5th edition of 
Webster’s Gems [edited by P. Read], 
Butterworth-Heinemann, Oxford, 
1994}. In our experience, a cat’s-eye 
effect in corundum—natural or 
synthetic—is usually produced 
when the cutter orients the axis of 
the star in an asteriated stone off- 
center, so that only one “leg” of the 
star is seen across the dome of the 
cabochon. 

Earlier this year, the West 
Coast lab received for identification 
a 1.91-ct, semitransparent, mottled 
greenish blue oval cabochon that 
displayed distinct chatoyancy (fig- 
ure 16). Standard gemological test- 
ing proved that it was natural sap- 
phire. When we examined the 
stone with magnification, however, 
we were surprised to see that it had 
almost no acicular rutile crystals, 
which are typically the cause of 
asterism in corundum. Instead, we 
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Figure 16. Chatoyant sapphire, 
such as this 1.91-ct (13.99 x 5.19 
x 2.54 mm) stone, is very un- 
usual. 


detected a series of nearly planar, 
parallel, liquid-filled “fingerprints” 
(figure 17). Light scattering from 
these caused the chatoyancy. 
Magnification also revealed diffuse 
color halos around crystal inclu- 
sions, evidence that the stone had 
been heat treated. RCK 


” 


SYNTHETIC SAPPHIRE, 
Color-Change with Twin Lamellae 


Probably the flame-fusion synthetic 
corundum seen most frequently in 
the GIA Gem Trade Laboratory is 
vanadium-doped, color-change syn- 
thetic sapphire (which appears 
greenish blue in fluorescent or nat- 
ural light and pinkish purple in 
incandescent light]. Many of the 
clients who submit such material 
for identification do not even sus- 
pect that it is a form of corundum: 
They believe we will establish 
whether it is natural or synthetic 
alexandrite (chrysoberyl}. Identifi- 
cation of these Verneuil synthetic 
sapphires is generally straightfor- 
ward, as they typically show (1) a 
single vanadium-related absorption 
band at about 474 nm (resolvable 
with a desk-model spectroscope), 
and (2} curved striae (when exam- 
ined with magnification using 
darkfield illumination). 

In November 1994, however, 
the West Coast lab received for 
identification a 1.43-ct transparent 
emerald-cut stone, which measured 
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Figure 17. The cat’s-eye effect 
seen in the sapphire shown in 
figure 16 is caused by the reflec- 
tion of light from these nuimner- 
ous parallel, liquid-filled chan- 
nels. Magnified 20x. 


about 6.85 x 5.73 x 3.80 mm. It 
exhibited a distinct color change, 
appearing bluish green in daylight- 
equivalent fluorescent light and 
pinkish purple in incandescent 
light. Examination with a binocular 
microscope did not reveal any solid 
(mineral) inclusions or any voids 
{i.e., gas bubbles or negative crys- 
tals}. However, readily noted was a 
series of laminated twin planes, 
which were clearly visible through 
the table facet (figure 18). Although 
this feature is not proof of origin, it 


Figure 18, A series of twin lamel- 
lae, an uncommon feature in 
flame-fusion synthetic corun- 
dum, can be clearly seen in 

this color-change synthetic sap- 
phire, which also revealed cur- 
ved striae. Magnified 25x. 
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usually indicates natural corun- 
dui. Further examination with 
magnification—this time looking 
through the pavilion facets— 
revealed curved striae, which 
proved the stone was synthetic. 

Descriptions of twinning in 
Verneuil synthetic corundums 
appear sporadically in the literature 
(see, for example, W. F. Eppler’s 
“Polysynthetic Twinning in 
Synthetic Corundum,” Gems @ 
Gemology, 1964, Vol. 11, No. 6, pp. 
169-174 and 179, as well as J. M. 
Duroc-Danner’s “Polysynthetic 
Twin Lamellae in Synthetic Verneuil 
Sapphire,” Journal of Gemmology, 
1985, Vol. 19, No. 6, pp. 479-483). 
Twinning is not the only confusing 
feature that may be seen. In flame- 
fusion synthetic corundums, the 
gemologist may rarely come across 
inclusions of undissolved alumina (R. 
Webster [edited by P. Read], Gems, 
Sth ed., 1994, Butterworth-Heine- 
mann, Oxford, pp. 405-406), triangu- 
lar cavities containing gas bubbles 
(Spring 1991 Lab Notes, p. 45; 
Webster's Gems, pp. 405-406}; and 
even needle-like inclusions (Winter 
1990 Lab Notes, p. 298). 

All these atypical inclusions 
and growth features should serve as 
a warning to the reader: Do not 
make a gem identification based on 
a superficial microscopic examina- 
tion or on the first inclusion(s} 
seen. ALL internal features in the 
gem should be studied from a vari- 
ety of viewing angles before a deci- 
sion is reached. RCK 
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DIAMONDS 


More firms processing fracture-filled diamonds. Although 
the Fall 1994 article on fracture-filled diamonds 
(Kammerling et al., Gems & Gemology, pp. 142-177] 
only specifically covered products by Yehuda, Koss, and 
Goldman Oved, it cautioned that other firms are also 
treating diamonds to decrease fracture visibility. After 
noticing an ad in Maza! U’Bracha, the editors asked the 
advertisers—David Levy & Max Dahan, of Ramat Gan, 
Isracl—for more information, In May, Mr. Dahan kindly 
provided the details that follow. (We plan to examine 
some of the the stones in question at a later date.} 

The firm’s laboratory opened in August 1991, about 
30,000 carats of diamonds have been treated in the last 30 
months, according to Mr. Dahan. These stones ranged 
from | point (0.01 ct} to 20.50 ct. In a recent 1,500-ct sam- 
ple of diamonds they treated, about 25% (by weight] were 
one-third carat and smaller; about 20% were 40-to-90 
points; about 25% were | ct; and the remaining 30% 
were 1.5 ct and larger. Mr. Dahan states that there is prac- 
tically no limit to the size or shape of diamonds that can 
be treated. He added that the greatest demand in treated 
diamonds now is for those with an apparent clarity of SI, 
after fracture filling. 

Mr. Dahan further noted that the durability of the 
treatment depends not only on the chemical composition 
of the glass, but also on the physical dimensions and posi- 
tion of the fracture. For instance, a filled fracture running 
through the table is less sensitive to damage by ultrasonic 
and steam cleaning, but more sensitive to damage by 
ultraviolet radiation; whereas a filled fracture at the girdle 
of the stone is less sensitive to ultraviolet radiation, but 
more susceptible to damage by cleaning techniques. 


Synthetic diamonds misrepresented as Canadian rough. 
Pacific Gemological Associates (PGA) of Vancouver, 
British Columbia, reported on a new variation on one of 
the trade’s oldest tricks, 

A client with significant interests in mineral explo- 
ration in northern and western Canada brought to PGA’s 
attention a package of diamond microcrystals. These dia- 
monds were being represented as a typical core result for 
a property in Saskatchewan in which the clients had been 
asked to invest. Examination of the stones, however, 
proved that all were synthetic. 


Gem News 


Initial observation of the parcel alerted PGA, as ail 
the crystals were about the same size, color, and shape 
(very atypical for a mine-run sample}. Furthermore, the 
crystals had an elongated, modified octahedral (possibly 
cubo-octahedral] habit. More significantly, stones exam- 
ined in detail showed evidence of metallic flux inclusions 
and “stop-sign” graining. All these features were reminis- 
cent of the synthetic diamonds described by Shigley et al. 
in, for example, “The Gemological Properties of the 
DeBeers Gem-Quality Synthetic Diamonds” (Gems @& 
Gemology, Vol. 23, No. 4, 1987, pp. 187-206). 

This is the first time that PGA is aware of synthetic 
diamonds being misrepresented as natural to mining and 
investment industries. 


COLORED STONES = a 


Large aquamarines from Nigeria. The firm G.R.K. Gems, 
of New York City, had an impressive display of large, 
transparent aquamarines from Nigeria at Tucson this 
past February. The stones, which were fashioned in 
Jaipur, India, ranged from 9.52 ct to 436.15 ct (a 48 x 35 
mm emerald cut}. The 47 stones in the collection had a 
combined weight of 2,500 ct. 


Clinochlore and other rare collector stones from the for- 
mer Soviet Union ... In the Spring 1995 Gem News (pp. 
65-67}, we described some rare gemstones from Canada 
that were seen at the Tucson gem shows this year. Also 
in evidence were a number of rare collector stones from 
various republics of the former Soviet Union. Samir 
Pierre Kanaan, of Paris, France, loaned one of the editors 
(EF} some of these for examination, the results of which 
are detailed here. Although none of these is durable 
enough for use in jewelry, all made for very interesting 
faceted stones. Mr. Kanaan also indicated that a 
number of small colorless crystals of leucophanite, 
(Ca,REE[rare earth element])CaNayBeySi,O)5(F,O],, 
are coming from Russia, and are suitable for faceting. 
Also found recently was color-change clinochilore, 
(Mg,Fe2*)sAl(SizAl]O;q{OH)g, in an unspecified area of 
Russia. Russian geologists call it “corundophilite,” an 
obsolete name for this species. We examined several 
small rough fragments and two faceted gems (a 0.43-ct 
hexagonal rose cut and a 0.25-ct cut-corner rectangular 
modified step cut). Because of clinochlore’s perfect cleav- 
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age, it is very difficult to facet and tends to shatter if not 
handled carefully. The faceted stones were dark green in 
fluorescent illumination or daylight, and changed to a 
dark brownish reddish purple in incandescent light. We 
found that the gemological properties for both, as report- 
ed below, were essentially identical. 

Because of the poor polish, we were able to obtain 
approximate indices of refraction only for @ = 1.585 and 
y= 1.600, and none for B. We determined a specific gravi- 
ty of about 2.73 and observed a weak-to-moderate 
pleochroism of orangy red and purple. Both stones were 
inert to long- and short-wave ultraviolet radiation. Mohs 
hardness, according to the mineralogical literature, is 
2-2%. 

With the hand-held spectroscope (confirmed by spec- 
trophotometry), the stones showed total absorption to 
nearly 470 nm, with a faint line at about 470 nm, intense 
absorption between 550 and 620 nm, and lines at about 
660, 680, and 690 nm. Energy-dispersive X-ray fluores- 
cence (EDXRF) analysis confirmed the presence of mag- 
nesium, aluminum, silicon, and iron as major con- 
stituents. It also detected lesser amounts of chromium, 
nickel, and vanadium. The color change can be attributed 
to absorption caused by chromium (Cr3+). 

Gérgeyite, KyCas(SO,4)¢ * HO, a rare hydrated potas- 
sium calcium sulfate associated with salt deposits, has 
also been found in an undisclosed area of Russia. We 
studied a near-colorless, 0.64-ct rectangular step cut. The 
indices of refraction were o = 1.556 and ¥ = 1.587 (because 
of the crystallographic orientation of the table, we could 
not determine B). The specific gravity was 2.91. The sam- 
ple was inert to both long- and short-wave UV radiation, 
and revealed no spectral absorption features in the hand- 
held spectroscope. With magnification, we saw many 
small healed fractures and feathers, as well as a cleavage 
plane—containing what appeared to be a liquid film— 
running through the stone. EDXRF confirmed the pres- 
ence of the major constituents sulfur, potassium, and cal- 
cium. Gérgeyite has a reported Mohs hardness of 34, 

A number of transparent crystals of kaliborite, 
KHMgB 40) ¢6(OH))9°4H,0, have been found in the salt- 
bearing beds of the Inder uplift near Inder Lake in 
Kazakhstan, north of the Caspian Sea. We examined a 
near-colorless 0.43-ct rectangular step cut. On this biaxial 
stone, we determined indices of refraction of @ = 1.503, 
B = 1.524 to 1.530, and y = 1.549. The specific gravity was 
2.11. The gem was inert to both long- and short-wave 
UV, and produced no spectrum in the hand-held spectro- 
scope. A group of many low-relief, colorless, rounded-to- 
flattened crystals were visible with magnification in one 
area of the stone; we found them to be highly birefrin- 
gent. EDXRF analysis confirmed the presence of magne- 
sium and potassium, the only two major constituents we 
could identify. No impurities were noted. The reported 
Mohs hardness for kaliborite is 4-4. 

Preobrazhenskite, Mg3B,,;OQ,5{OH]9, also comes 
from the Inder deposit in Kazakhstan. We studied a near- 
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colorless, flat, 0.09-ct rectangular stone that was only par- 
tially faceted (the pavilion was a rough crystal surface). 
The indices of refraction were approximately equal for « 
and B, both about 1.570, and y = 1.599. The specific gravi- 
ty was 2.47. Both long- and short-wave UV radiation pro- 
duced a faint yellowish orange fluorescence. No absorp- 
tion lines were visible in the hand-held spectroscope. 
Magnesium was the only major constituent that could be 
detected by EDXRF analysis. The stone was filled with 
small, low-relief, flattened-to-rounded crystals that were 
highly birefringent. Because preobrazhenskite is known 
to enclose kaliborite and boracite crystals during its 
growth in this deposit (see Roberts et al., Encyclopedia of 
Minerals, 2nd ed., Van Nostrand Reinhold, New York, 
1990}, it is possible that the inclusions are one of these 
two species. Preobrazhenskite has a reported hardness of 
4%-5 on the Mohs scale. 


... and other unusual gems seen at Tucson. Among other 
unusual gems that the editors encountered at Tucson 
was a 29.65-ct oval faceted sillimanite, reported by the 
vendor (John Bachman, Boulder, Colorado} to have been 
mined in Orissa, India, at the same deposit that is produc- 
ing many cat’s-eye sillimanites. Although the stone was 
pale yellow under incandescent light, Mr. Bachman said 
that it appeared pale green in daylight. 

Neal Littman, of San Francisco, California, had a 
434-ct faceted “rainbow” calcite that displayed excep- 
tionally strong dispersion. This stone was faceted by Art 
Grant, of Hannibal, New York, who also cut the 1,156-ct 
gem described by Drs. Cornelius Hurlbut and Car] 
Francis in the article “An Extraordinary Calcite 
Gemstone,” Gems @ Gemology, Winter 1984, pp. 
222-225, The twinning that is responsible for the exag- 
gerated dispersion shown by this material was clearly 
seen through the stone’s table facet. Mr. Littman also had 
a 3.35-ct iridescent andradite cabochon that exhibited its 
phenomenon in the form of a distinct eye that was pre- 
dominantly blue with golden yellow seen at one end. 

Mark H. Smith, of Bangkok, showed the editors a 
56.94-ct green sphene from Sri Lanka that was shield-cut 
to showcase the stone’s strong dispersion. He also had a 
21.46-ct, faceted pale-green sillimanite and a 4.02-ct near- 
colorless, transparent faceted chrysoberyl from Sri Lanka. 


Phenomenal feldspars from India. Feldspars that display 
both adularescence and chatoyancy are not new to the 
gem market. In the editors’ experience, many cat’s-eye 
moonstones are of Indian origin. These stones usually 
have a grayish white body color, although we also see 
stones that are medium light greenish gray or light to 
medium light brownish orange. 

At Tucson this year, the editors saw some chatoyant 
moonstones with an atypical darker orange body color, 
According to Manu Nichani of Temple Trading, 
Encinitas, California, this material became available last 
year from deposits near the city of Madras, in the south- 
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Figure 1. These two phenomena! feldspars, a 1.65-ct 
cat’s-eye moonstone (left) and a 2.39-ct sunstone, 

are from the state of Tamil Nadu, in southern India. 
Courtesy of Temple Trading; photo by Shane F. McClure. 


ern Indian state of Tamil Nadu. (These deposits have also 
produced the more common colors previously men- 
tioned.] When one of the editors (RCK) remarked that the 
fairly dark color of this new material (figure 1) was simi- 
lar to that of some sunstone feldspar of Indian origin, Mr. 
Nichani said that the latter material is also mined in 
Tamil Nadu, near the city of Trichy. Furthermore, the 
two mining areas are less than 100 miles (160 km] apart. 
Michael Randall, Gem Reflections of California, San 
Anselmo, had some interesting sunstones that displayed 
weak, four-rayed asterism. Although he did not know the 
exact locality, they were reportedly from southern India. 
Temple Trading was also selling faceted “rainbow 
moonstone” (actually labradorite feldspar}, These 5 x 10 
mm marquise cuts were well oriented to show the phe- 
nomenon across the table when examined face up. 


Parti-colored fluorite from Brazil. Fluorite from China 
has been on the market in great quantities for several 
years. We regularly see this material at gem shows in a 
variety of forms, including mineral specimens, carvings, 
and beads. In our experience, the vast majority of this 
material is banded in green and purple. What caught the 
eye of one of the editors at the booths of some Brazilian 
dealers at the February 1994 and 1995 Tucson shows 
were parti-colored fluorite cabochons, most of which had 
areas of bright yellow as well as green and/or purple (see, 
e.g., figure 2]. According to one dealer, this material came 
from the state of Santa Catarina in southern Brazil, hav- 
ing formed hydrothermally in pockets in a basaltic lava 
flow. 

This material was available from several Brazilian 
firms at the 1995 Tucson show, In addition to the multi- 
colored cabochons seen last year, we also encountered 
faceted stones. Some of these had been fashioned to show 
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three colors. Others were bicolored (purple/yellow, yel- 
low/green, and purple/green). One of the editors also 
encountered a few stones that were only one color, 
including some step-cut medium-toned green stones that 
looked very much like light-toned emeralds. The sources 
of the material seen this year were reported by various 
dealers as being either in the Brazil-Peru or Brazil- 
Argentina border areas. 


Unusual opal carvings. Much opal occurs as thin seams 
in a host rock. To make use of such material, lapidaries 
often fashion it into assembled stones, including doublets 
and triplets. They may also fashion it to include the 
matrix with the opal: For example, so-called boulder opal 
from Australia typically has a thin layer of opal on top of 
the ironstone matrix in which it formed. 

In Tucson this year, we noted two novel types of 
gem carvings that incorporated both opal and its matrix. 
The first (figure 3} were transparent to semitransparent, 
slightly milky opals from Oregon that were “illusion 
carved”—cut from the back to produce a three-dimen- 
sional effect when viewed from the front of the stone— 
into scenes of deer, elephants, and fish. In forest or savan- 
na motifs, the yellowish brown matrix formed the ground 
on which the animals stood; in the aquatic scenes, the 
matrix formed the seabed and seaweed. The material was 
preformed in the United States and then carved in China, 
according to the vendor, Eric Braunwart, of Columbia 
Gem House, Vancouver, Washington. 

The second type was offered by Donald K. Olson and 
Associates of Bonsall, California. This firm has two 
artists in their group who create opal intarsia. Some of 
these carvings have a three-dimensional effect from lay- 
ers of dendritic opal that have been backed with scenic 


Figure 2. These five fashioned fluorites (1,81 to 
30.01 ct) are from Brazil. The largest is from the 
southern state of Santa Catarina. Photo by Maha 
DeMaggio. 
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Figure 3. This carving creatively incorporates Oregon 
opal and matrix into its design. Courtesy of Colum- 
bia Gem House; photo © GIA and Tino Hammid. 


slabs of other gem materials, for example, agate. About 50 
such “pictures” are produced annually. 


Update on opal from Ethiopia. The Spring 1994 Gem 
News noted that there was a new source for opal, 
Ethiopia (pp. 52-53}. In May of this year, Dr. Paul 
Downing of Majestic Opal, Estes Park, Colorado, provid- 
ed an update on opal from this northeast African nation. 
According to Dr. Downing, opal is being recovered 
from an area known as Yita Ridge in the Menz Gishe 
District of Shewa Province, about 240 km (149 miles} 
northeast of Ethiopia’s capital, Addis Ababa. Dr. 
Downing believes that this deposit is different from the 
one we described earlier, which we had been told was in 


Figure 4. These sapphires (from left—0.73, 0.91, and 
1.43 ct) are from southern Madagascar, an increas- 
ingly important source of colored stones. Photo © 
GIA and Tino Hammid. 
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the far south of the country, possibly in Harerge Province, 
not far from the Kenya border. This apparently new 
deposit is being commercially worked by a joint 
Ethiopian-U.S. firm, the Ethio-American Resource 
Development Corporation, which holds a claim through 
Ethiopia’s Department of Mines and Energy. 

The deposit appears to be quite extensive, with the 
opal found in rhyolite nodules. Gem-quality material 
ranges in body color from colorless to yellow to orange to 
dark reddish brown (“caramel”}, and exhibits strong play- 
of-color in many hues and patterns. A small amount of 
transparent-to-translucent material has been fashioned as 
cabochons, and some transparent material has been 
faceted. Although the find is still in the exploration 
phase, some of the fashioned material is now entering the 
U.S. market. 

The deposit also produces porous white hydrophane 
opal; when soaked in water, it exhibits strong play-of- 
color. Dr. Downing is experimenting with this material 
in an effort to produce marketable impregnated opal. 


Sapphires from Madagascar. Commercial quantities of 
fine sapphire are now being produced on the island of 
Madagascar. Recently, we had the opportunity to conduct 
gemological tests on eight Madagascar sapphires, loaned 
to GIA by Bill Marcue, of D.W. Enterprises, Boulder, 
Colorado. (Three of these stones are shown in figure 4. } 
The following properties were determined: color—medi- 
um to medium dark blue to slightly violetish blue; color 
distribution—even in four of the stones and fairly pro- 
nounced banding in the other four; diaphaneity—trans- 
parent; R.I.—o = 1.768 to 1.769, € = 1.759 to 1.760; bire- 
fringence—O.008 to 0.009; pleochroism—distinct dichro- 
ism in slightly greenish blue to green-blue (extraordinary 
ray} and violetish blue to violet-blue (ordinary ray}, vary- 
ing with depth of body color; Chelsea filter reaction— 
inert (appeared the same color as the filter}. All eight 
stones were inert to long-wave UV, and three were inert 
to short-wave; the other five fluoresced a very faint-to- 
weak, uneven, chalky greenish blue to short-wave UV. 
When examined with a desk-model spectroscope, all of 
the stones showed at least a faint absorption line at about 
451 nm; five showed an additional absorption line at 
about 460 nm; and two of these five had a further, weak 
470-nm line. In addition, five of the stones exhibited a 
weak “chromium” line at about 694 nm, which appeared 
to be an emission line. Luminescence spectroscopy con- 
firmed that this line was due to emission. 

Magnification revealed a number of features. In addi- 
tion to the color banding mentioned above, we also noted 
“burst” primary fluid inclusions and discoid fractures 
around negative crystals (both evidence of heat treat- 
ment}, partially healed “fingerprint” inclusions, and crys- 
tal inclusions whose nature could not be determined 
because of the heat treatment. 

Chemical analysis performed on one sample with 
energy-dispersive X-ray fluorescence spectroscopy 
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revealed, as expected, that aluminum was the major con- 
stituent. Iron accounted for about 0.5 wt.% (as FeO} and 
titanium for 0.036 wt.% {as TiO,}. There was also a trace 
amount of gallium, as is common in natural sapphires. 
Chromium was not detected. The weak emission line 
mentioned previously is typically due to minute amounts 
of chromium, well below the detection limits of our 
instrument. The UV-visible absorption spectrum showed 
that the blue color is due to a broad absorption centered 
at around 700 nm, which is typical of the iron-titanium 
charge transfer when measured in a direction perpendicu- 
lar to the optic axis. No other absorptions appeared to 
contribute to the blue color. We observed small peaks at 
about 377, 387, and 451 nm. These are typical of Fe?* and 
have been observed in blue sapphires from many locali- 
ties. We also noted an additional very weak “shoulder” at 
about 460 nm. 

Although we do not know the specific locality for 
these stones, a recent, brief report by C.C. Milisenda in 
the Zeiischrift der Deutschen Gemmologischen 
Gesellschaft (Vol. 44, No. 1, 1995, pp. 3-4) describes sap- 
phires from a new occurrence near Bekily in 
Madagascar’s southwestern Province of Toliara. The 
properties reported for these stones are similar to those 
determined for our eight samples. 

An‘indication of the perceived commercial signifi- 
cance of Madagascar’s sapphire deposits can be found in a 
March/April 1995 [CA Gazette report that 43 Thai gem 
dealers have invested in a new company formed to devel- 
op the deposits in southern Madagascar. This company, 
the Gems Industry Corporation, was negotiating for sev- 
eral mining leases and plans to import heavy mining 
equipment. 


Sapphires and other gems from Tanzania. The Spring 
1995 Gem News section inclided an entry on sapphires 
from a new deposit in the far south of Tanzania (pp. 
64-65}. One of the editors {HAH of the SSEF Swiss 
Gemmological Institute in Basel, Switzerland) has provid- 
ed more information about the gems from this new local- 
ity. He has also learned more about the locality itself 
from dealer Werner Spaltenstein, of Multicolor, Bangkok, 
who has claims in this area. 

The SSEF received its first parcel of mixed faceted 
stones from this source in August 1994, They ranged in 
color from blue to purple to “mauve,” some were very 
bright while others had a dull appearance. Most were no 
larger than | ct. In overall appearance they were reminis- 
cent of darker suites of Umba sapphires and garnets that 
this editor has seen. In January 1995, SSEF received a sec- 
ond, larger parcel {about 1,000 carats} of rough stones, 
reportedly from the same deposit (see, e.g., figure 5), 

The mining areas, said to be in the Songea District, 
are adjacent to the Muhuwesi Forest Reserve, about 200 
km (320 miles} west of the Indian Ocean coast. One area 
village is called Puchapucha. Various mining claims have 
been staked along the riverbeds in the area, where the 
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Muhuwesi and Mtetesi rivers converge. In this savanna 
terrain, the riverbeds show discontinuous outcrops of 
what appear to be igneous and metamorphic rocks. 
Pegmatites, pyroxenites, amphibolites, and gncisses are 
expected to be found. To date, gemstone pebbles are 
being collected from the surface gravels by hand; no 
shafts have been sunk, nor has any machinery been used. 
Some 200 diggers are working the river gravels under 
waterfalls and at rapids when the water is low. Although 
production figures are vague at best, Mr. Spaltenstcin 
estimates that about 20-30 kg (44-66 pounds} of alluvial 
gem rough is recovered each month. 

Most surprisingly, these gemstone gravels strongly 
resemble gem concentrates from Sri Lanka with respect 
to mineral content, colors, and degrce of mechanical 
wear. However, East African “specialties” are also 
encountered in the mineral mix. To date, the editor has 
identified blue sapphire (in good-quality “Burma” to 
“Ceylon” colors, which could produce cut stones up to 5 
ct], fancy sapphires (including pink, purple, brown, gray, 
and green}, and some ruby; spinel in light-to-dark blue, 
purple, violet, and almost black; garnet, including yellow- 
to-brown grossular (and a polycrystalline hessonite-col- 
ored type], tsavorjte, pyrope-almandine (including rhodo- 
lite], spessartine, and malaia; chrysoberyl in yellow to 


Figure 5. Reportedly from a new source In south- 
western Tanzania, these mixed rough gems are part 
of a parcel of about 1,000 carats. The largest piece is 
approximately 10 mim long. Photo courtesy of 

Dr. Henry A. Hanni, SSEF. 


green to brown (some cat’s-eye material and alexandrite 
has also been reported); tourmaline in brown to yellow 
and green; rock crystal quartz, citrine, and amethyst, zir- 
con in yellow, brown, and green; kyanite; and violet 
scapolite. Gold and diamonds have also been found. The 
editor believes that the area will produce additional, rarer 
gem materials in the future. 


Spessartine garnet fron. Namibia, The vivid orange spes- 
sartine garnets that had such an impact at the Tucson 
show when they debuted two years ago (and which were 
subsequently confirmed to be from Namibia; see Spring 
and Winter 1993 Gem News, pp. 61 and 293, respective- 
ly} were again on hand this year. Colgem Ltd., of Ramat 
Gan, Israel, which first introduced the material, again had 
a large selection at the 1994 and 1995 Tucson shows. 
They showed what they purport to be the largest faceted 
Namibian spessartine cut to date, a 29.77-ct cushion 
shape, and the largest “eye-clean” stone cut to date, a 
14.77-ct triangular mixed cut. 

Israel Z. Eliezri of Colgem said that the material was 
initially marketed under the trade name “Hollandine” 
garnet, but now most of the trade—and Colgem—are 
using the term “Mandarin” garnet. 

Chemical analyses show that the material averages 
85 mol.% spessartine (manganese garnet], 12.5 mol.% 
pyrope (magnesium garnet), and 2.5 mol.% grossular (cal- 
cium gamet], according to Mr. Eliezri. This accounts for 
the purity of the stones’ orange color, as manganese is the 
only element present that produces the orange color in 
these garnets. Rough with a small iron content is also 
recovered, but this material has an undesirable brown 
component and so is not being cut. 

At Tucson this year, Nicholas DelRe, of the GIA 
Gem Trade Laboratory in New York, learned of another, 


Figure 6, This 0.66-ct cat’s-eye spessartine garnet is 
from a deposit in Namibia. Photo by Nicholas DelRe. 
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Figure 7. Some inclusions in the stone in figure 6 are 
hollow tubes; others are birefringent acicular crys- 
tals, possibly tremolite. Photomicrograph by 
Nicholas DelRe; magnified 30x. 


relatively new find of spessartine garnet in Namibia from 
Alan Roup of G.E.M. Ltd., Jerusalem, Israel. Because the 
material is found in a schist matrix {unlike the other 
Namibian find), much of the garnet is included. Mr. Roup 
believes that many of the inclusions are tremolite. Mr. 
DelRe acquired one specimen for examination, a 0.66-ct 
cat’s-eye cabochon (figure 6). The gemological properties 
of this gem were: color—orange; optical character—singly 
refractive; R.I.—over-the-limits {greater than 1.81); S.G.— 
4.10; ultraviolet fluorescence—inert to both long- and 
short-wave UV. The absorption spectrum, seen with a 
hand-held prism spectroscope, was consistent with that 
of spessartine garnet—a cutoff at 435 nm, with weak 
bands at 460, 480, and 520 nm. With magnification, two 
types of inclusions were noted (figure 7]. Some were 
apparently hollow tubes, but others, which appeared to 
be doubly refractive when examined between crossed 
polarizers, were probably tremolite, as Mr. Roup suggest- 
ed. 

Production of spessartine from both deposits is esti- 
mated at less than 40 kg per month, aecording to Chris 
Johnston (reported by E. Wright, “Dealers Weigh 
Mandarin’s Fate,” Colored Stone, Vol. 8, No. 4, 
July-August 1995, pp. 1, 20, 22, 24). In the same article, 
Howard Boltz estimates gem yields of 20% from the 
rough garnet. Clean faceted stones weighing more than | 
ct continue to be rare, 


SYNTHETICS & SIMULANTS 


Amber simulant: Natural resin in plastic. One simulant 
seen at every Tucson show since at least 1993 is a form of 
reconstructed amber. Reportedly produced in the former 
Czechoslovakia from Baltic amber (Spring 1993 Gem 
News, p. 63), this material is visually similar—with its 
eye-visible, veil-like grain boundaries—to other pressed 
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Figure 8. This 8.32-ct cabochon (19.13 x 19.23 x 
7.03 mm) consists of plastic with embedded frag- 
ments of natural resin. Photo by Maha DeMaggio. 


amber that the editors have seen. Recently, the editors 
came across another material that was labeled variously 
“pressed,” “reconstructed,” “reconstituted,” and “syn- 
thetic” amber. Two firms from Poland that were market- 
ing the material at the 1995 Tucson show independently 
confirmed that it was produced in Gdansk, a Polish city 
on the Baltic Sea. A promotional flier from one of the 
firms said that the starting material was “small pieces of 
amber taken from the deep ground or from washing up on 
the shore in the Baltic region, ... After being ground they 
are set in fresh tree sap. After drying they are refinished, 
polished, and hand-made into jewelry and other arti- 
facts,” 

This material was available in many forms, includ- 
ing round and oval cabochons in a range of sizes, star 
shapes for hanging on cords, heart-shaped cabochons with 
bails for use as pendants, and flexible bracelets, produced 
by stringing oblong shapes on double strands of elastic 
cord, It is visually distinct from true pressed amber 
because it displays very clearly defined irregular transpar- 
ent-to-semitransparent yellow-brown fragments in a 
lighter-toned transparent yellow groundmass {figure 8}, 
We purchased several samples and tested one 8.32-ct 
round cabochon to document its gemological properties. 

The spot R.I. was 1.56, and hydrostatic weighing 
revealed an S.G. of 1.24. Under crossed polarizers, strong 
anomalous double refraction with strain colors was 
noted. When exposed to long-wave UV radiation, the 
body of the cabochon fluoresced a moderate greenish yel- 
low, and the included fragments fluoresced a moderate 
bluish white. Under short-wave UV, the body fluoresced 
a faint yellowish orange, and the fragments were inert. 
When touched gently with a thermal reaction tester, the 
cabochon produced an acrid odor. However, when a sur- 
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face-reaching fragment was similarly tested, it produced a 
resinous odor. 

Fourier-transform infrared (FTIR) spectroscopy was 
conducted on a second piece of this material. One of the 
amber-like fragments showed strong absorption peaks at 
4057, 4250, 4358 and 4431 cm-!; moderate peaks at 4636, 
4672, and 5876 cm!; and weak absorptions at 5252, 5674, 
and 5807 cm:!. These features are all consistent with 
those of a reference sample of natural amber that we also 
tested. The matrix material showed a strong absorption 
peak at 1725 cm:! and weak absorptions at 1503 and 1673 
cm!, features consistent with those of an unsaturated 
polyester resin. 

We concluded that the cabochon consists of plastic 
in which fragments of a natural resin—probably amber— 
are embedded. Similar materials have been examined pre- 
viously in both the GIA Gem Trade Laboratory and the 
Gem Testing Laboratory of Great Britain (see “Amber in 
Plastic,” Gem Trade Lab Notes, Gems e) Gemology, Fall 
1983, pp. 171-172, and “Amber Imitation,’” Journal of 
Gemmology, January 1989, pp. 296-297}, 

A shortage of raw amber has led many factories in 
the amber centers of Gdansk and Krolewiec to produce a 
simulant developed in Germany called “polybern,” 
according to Dr, Patty C. Rice, in her book Amber, the 
Golden Gem of the Ages {2nd rev. printing, 1987, 
Kosciuszko Foundation, New York}. This consists of 
small amber chips embedded in synthetic resin (the name 
is derived from “poly” for polyester resin and “bern” 
from the German name for amber, “bernstein”}. Dr. Rice 
reports that large amounts of a Polish-produced material, 
which contains less natural amber than “polybern” and 
has a layered appearance, have entered the market. We 
believe that we have seen both types of these materials. 

Interestingly, at an April 1995 gem show in Santa 
Monica, California, one of the editors came across some 
identical-appearing material being offered as “recon- 
structed” amber, with a prominently displayed note 


Figure 9. These synthetic corundums are being 
marketed as “recrystallized sapphire” (left, 0.66 ct) 
and “recrystallized ruby” (0.65 ct). Photo by 
Maha DeMaggio. 
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Figure 10. A trademark, carat weight, and quality 
grade—in characters about 0.15 mm high—are in- 
cluded in this laser inscription on the pavilion of a syn- 
thetic emerald, Courtesy of Kyocera Corporation. 


describing it as amber chips in synthetic resin. This was 
the first time that the editor had seen such material so 
unambiguously identified. Even the gemologically naive 
would know what they were purchasing. 


Update on “recrystallized” corundum. An entry in the 
Spring 1995 Gem News section (p. 71} mentioned syn- 
thetic corundum that was being marketed as “recrystal- 
lized ruby” and (pink) “recrystallized sapphire” by the 
TrueGem Company, of Las Vegas, Nevada. Subsequently, 
we obtained (through third partics) three faceted samples 
for examination. One was a 0,66-ct pink rectangular mod- 


Figure 11. This pipe bowl (59.10 x 59.90 x 40.05 mm) 
from Vietnam, is composed of a parttally devitrified 
glass. Photo by Maha DeMaggio. 
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ified brilliant; the other two were red oval modified bril- 
liants, weighing 0.54 ct and 0.65 ct (see, e.g., figure 9}, All 
three had numbers inscribed on their girdles (see the next 
entry for more on inscribed stones]. 

Gemological examination of these three stones 
revealed the following properties: diaphaneity—transpar- 
ent; color distribution—even; pleochroism—orangy 
pink/purplish pink (the 0.66 ct), orangy red/purplish red 
{the other two); optic character—uniaxial negative; color 
filter reaction: red (all three stones], RI—1.760-1.768 (0.66 
ct}, 1.762-1.770 (other two}; birefringence—0.008, SG— 
3.99 to 4.01; luminescence to long-wave UV—strong, 
even red, with no chalkiness observed; luminescence to 
short-wave UV—moderate to strong, even red, with no 
chalkiness observed (strongest in the 0.66 ct stone]; spec- 
troscopy—typical ruby/pink sapphire spectrum (all three 
stones}. The pink stone appeared “clean,” that is, inclu- 
sion-free, when observed with the microscope; however, 
growth banding was visible in both red samples when 
viewed with immersion and brightfield illumination, and 
in one red stone we saw curved striae. 

To complete our characterization of these stones, we 
obtained “semiquantitative” chemical analyses with X- 
ray fluorescence spectroscopy, using a Tracor-Northern 
(Spectrace} 5000 system and analysis conditions typically 
employed by GIA for corundum samples. The following 
clements were determined quantitatively: aluminum, 
chromium, titanium, vanadium, iron, and gallium. In all 
three stones, the concentrations of these elements were 
consistent with a pulled synthetic product, such as that 
grown by flame fusion or Czochralski pulling. These con- 
centrations are not consistent with those seen by GIA 
Research in natural rubies and pink sapphires, Because 
the manufacturer states that the last step in “recrystal- 
lization” is Czochralski pulling, our results were not sur- 
prising. 


Laser-inscribed synthetic colored stones. One unusual 
feature of the three “recrystallized” synthetic corundums 
described in the previous entry is that all had identifica- 
tion numbers inscribed on their girdles. Lasers have been 
used for many years to inscribe information on diamonds. 
For example, the GIA Gem Trade Laboratory offers laser 
inscription of the appropriate Diamond Grading Report 
number or other message on a stone’s girdle. 

At Tucson this year, representatives of the Kyocera 
Corporation showed us a laser inscription on a pavilion 
facet, just below the girdle, of one of their synthetic emer- 
alds. The inscription characters were about 150 um (0.15 
mm) high and included a trademark {a stylized CV for 
“Crescent Vert”), the stone’s carat weight, and its quality 
grade (figure 10). 

A Kyocera representative explained that, in the past, 
the firm had only marketed their synthetic gem materials 
in Japan in jewelry, never as loose stones. This Kyocera- 
produced jewelry is hallmarked so that it can be easily 
identified. However, the firm has begun marketing some 
loose stones in Japan. The purpose of the laser inscription 
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Figure 12. Magnification reveals gas bubbles and 
fibrous inclusions in the specimen shown in figure 11. 
Photomicrograph by Maha DeMaggio; magnified 40x, 


is to make these loose stones as easily recognized in the 
Japanese market as Kyocera’s gem-set jewelry. 


Partially devitrified glass imitation of jadeite. During a 
visit to ruby and sapphire localities in Vietnam, Gems & 
Gemology Editor Alice S. Keller and one of the Gem 
News editors (RCK} also spent some time in Ho Chi 
Minh City. Of particular note was one area of the city 
where gemstones were offered in shops selling a diverse 
range of goods that also included antiques and handicrafts 
of more recent production. Among the items of ethno- 
graphic interest were opium pipes fashioned from a num- 
ber of materials, including ivory, bone, bamboo inset 
with mother-of-pearl, and a bright green, mottled sub- 
stance that superficially resembled jade. (The use of jade 
in opium pipes is described by B. Rapaport in “The 
Chinese Opium Pipe: The Art and Beauty of an Evil 
Custom,” Arts of Asia, Vol. 25, No. 2, March/April 1995, 
pp. 66-77.) A pipe with bowl {or “damper”; figure 11} and 
end fittings composed of this latter material was pur- 
chased and subsequently examined gemologically at GIA. 
The material was a fairly saturated, slightly yellow- 
ish green, similar to what is known in the trade as “apple 
jade.” It had a mottled appearance, with somewhat circu- 
lar, semitranslucent whitish areas surrounded by areas of 
somewhat higher transparency and slightly more saturat- 
ed color. Magnification revealed numerous spherical gas 
bubbles throughout the piece, as well as hemispherical 
cavities that broke the surface. Also observed were bun- 
dles of fibrous inclusions corresponding to the areas that 
appear white to the unaided eye (figure 12). This internal 
scene is reminiscent of what is seen in the partially devit- 
rified glass imitation of jade known by the trade name 
“Meta Jade.” However, this pipe-bowl material differed 
significantly in its macroscopic appearance: “Meta Jade" 
typically exhibits angular, fibrous patches of lower trans- 
parency within an essentially transparent groundmass. 


2) 
a 


m News 


We determined the following gemological properties 
for the pipe bowl (with those of a sample “Meta Jade” in 
parentheses}: spot R.I.—1.51 (1.48); absorption spec- 
trum—general absorption below 510 nm and above 590 
nm (general absorption below 480 nm and above 560 nm}; 
long-wave UV fluorescence—weak yellowish green (faint 
yellowish green}, short-wave UV fluorescence—moderate 
yellowish green {inert}; Chelsea filter reaction—negative 
(negative). 

X-ray powder diffraction analysis confirmed the pres- 
ence of a crystalline fluorite phase, thereby verifying par- 
tial devitrification of the glass. EDXRF analysis revealed 
more iron in the Vietnamese material as well as the pres- 
ence of rubidium, yttrium, and zirconium (absent in the 
“Meta Jade” sample}. 

On the basis of our investigation, we determined 
that the Vietnamese imitation of jade was a partially 
devitrified glass with properties similar to, yet distinct 
from, those of the Japanese-manufactured product known 
as “Meta Jade.” 


Iridescent hematite simulant. At Tucson this year, we 
came across a hematite-rich rock (most likely a slate or 
shale) from the Prescott, Arizona, area that was being 
marketed as “Iridescent Specularite.” The material had a 
near-metallic luster and black body color. The iridescence 
forms when the surface oxidizes. According to the miner, 
Robert Poley, of Prescott, Arizona, this is accomplished 
in one of two ways: either the material is left exposed to 
weather on the mine dump, or pieces (such as the one in 
figure 13} are placed with an iron nail in a bucket of 
water. Protective surface coatings are not used because 
they interfere with the optical phenomenon. The irides- 
cent layer is very thin and would probably be removed by 
polishing. 


Kyocera plastic-impregnated synthetic opals. One of the 
more unusual manufactured products seen at Tucson this 
year was impregnated synthetic opal in a wide range of 


Figure 13. The iridescent layer on this piece (10.03 
x 6.63 x 1.39 cm) of “Iridescent Specularite,” most 
likely a hematite-rich slate or shale, was produced 
by oxidation. Photo by Maha DeMaggio. 
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Figure 14, These six polished freeforms (ranging 
from 3.59 to 4.30 ct) are typical of the Kyocera poly- 
mer-impregnated synthetic opals. Photo by Maha 
DeMaggio. 


body colors {figure 14). This material was being displayed 
by representatives of Kyoto-based Kyocera Corporation 
and their U.S.-based subsidiary, Kyocera America, San 
Diego, California. The different body colors were report- 
edly produced by impregnating the synthetic opal with 
various colors of polymers. This material is now being 
test marketed in Korea and Japan. 

To characterize this material, we studied 20 samples, 
including 13 freeform polished pieces (3.06 to 4.48 ct} and 
seven cabochons (0.21 to 0.57 ct}. We determined the fol- 
lowing gemological properties: color—a wide range (see 
table 1}; diaphaneity—semitransparent to semitranslu- 
cent; color distribution—even body color, all samples 
showing play-of-color; no pleochroism; singly refractive 
with strong anomalous double refraction; Chelsea filter 
reaction—red; R.I—1.455 to 1.470 for the polished free 
forms, and 1.461 to 1.468 for the (more easily measured] 
cabochons; SG—1.88 to 1.91 (low for natural gem-quality 
opal). Luminescence to ultraviolet radiation, and the 
spectrum seen with the hand-held spectroscope, depend- 
ed on the color of the stone (again, see table 1}. Also, the 
spectra seen with the hand-held spectroscope were highly 
dependent on the orientation of the sample, as is typical 
for opals in general. 

With the microscope, we observed a clearly recogniz- 
able “lizard skin” pattern with a curved, slightly irregular 
columnar structure (giving a more natural appearance). 
Some stones showed growth layers perpendicular to the 
columns. 

Because there had been debate about whether this 
material was a true synthetic opal (that is, composed of 
ordered arrays of silica spheres}, we investigated further 
using a scanning electron microscope with attached ener- 
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gy-dispersive X-ray fluorescence (EDXRF) analysis instru- 
mentation. Two freeforms were chosen for examination, 
washed in isopropyl alcohol, and mounted on aluminum 
stubs without further processing. Both specimens showed 
oriented layers of approximately 100-nm-diameter 
spheroids (figure 15). Only silicon was detected using the 
attached EDXRF system; however, carbon and oxygen are 
not detectable with this instrument, and conditions were 
not optimal for the detection of heavy elements. We 
regard these observations as sufficient proof that the 
material is synthetic opal. 

Next, we examined all 13 freeforms with Fourier- 
transform infrared (FTIR] spectroscopy, concentrating on 
the region between 6000 and 4000 cm:! {samples are 
opaque at longer wavelengths}. All spectra were virtually 
identical, showing a double peak at 5810 and 5725 cm! 
(in the same region, but different in detail, as peaks seen 
in plastic-treated natural opal}, an opal peak at 5262 cm}, 
a low broad peak at 4660 cm:!, and five peaks at 4383, 
4343, 4270, 4166, and 4058 cm/!. (Again, these last five 
peaks were in the same region, but different in detail, 
from peaks seen in plastic-treated natural opals.) The 
“plastic” peaks (5810-5725, 4660, 4383-4058 cm!) were 
similar to those seen in samples of polypropylene and 
polystyrene. However, because the “diagnostic” peaks for 
plastics are found in regions of the infrared where opal is 
opaque, it was impossible to determine precisely which 
plastic is in the Kyocera plastic-impregnated synthetic 
opals. This infrared spectrum has also been seen—with 
slightly different peak assignments—by DuToit et al. 
(“Lab Report,” pp. 58-59, JewelSiam, Vol. 6, No. 3, 
June-July 1995}, 

Jeffery Bergman of Gem Source, Bangkok, Thailand, 
has shared some information about apparently similar 
material he examined. He heated samples to 600 C to 
burn off the plastic and study the base material; according 
to this test, the plastic-impregnated synthetic opals that 
he examined were about 20% plastic by weight (with the 
highly absorbent, chalky residue stil] showing play-of- 
color). 


Platinum alloy as an ornamental material. Opaque orna- 
mental gem materials, such as hematite and marcasite, 
are now enjoying renewed popularity. Another opaque 
“gem,” actually a manufactured material with a high 
platinum content and metallic luster, is marketed as 
“Platigem.” It was developed by researchers at the metal- 
lurgical firm Mintek, in Randburg, South Africa. 
Recently, Dr. Herman Steyn, director of the Physical 
Metallurgy Division, provided GIA with samples for 
examination. 

“Platigem” is an intermetallic compound of plat- 
inum, aluminum, and copper. We examined five faceted 
samples, ranging from 1.09 to 12.63 ct (three are shown in 
figure 16). The “stones” had the following gemological 
properties: color-—light yellow to brownish pink, evenly 
distributed in all; luster—metallic; diaphaneity—opaque; 
R1J.—over-the-limits of the standard gemological refrac- 
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TABLE 1. Color-dependent properties of Kyocera 
palymer-impregnated synthetic opats.4 


Calor UV Fluorescence Absorption spectrum 
- = (nm) 
Long wave Short wave 
White wk. purplish mod. blue wk. 500, wk. 550, wk. 580 bands 
blue 
Purplish pink — str. orangy pink mod. orangy 470-580 band 
pink 
Orangy pink — wk. pink wk. pink general absorption 500-580 
Reddish mod. pink wk. tomod. 470-550 band 
orange orange pink orange 
Orangy yellow wk. yellow mod. tostr. — diffuse band at 500-530 
orangy yellow 580 band, 610 band 
Light blue wk. blue v. wk. blue 545, 580, 630 bands 
Blue v. wk. blue v. wk. blue 540, 580, 630 bands 
Grayish blue inert inert 470 cutoff, 515 band, 
550-650 band 
Gray v. wk. greenish wk. greenish 420-430 band, 445-460 band, 
yellow yellow 545, 580, 630 bands 
Dark gray wk. greenish v. wk, green- 470 cutoff, 545, 580, 
yellow yellow 630 bands 
Dark brown mod. orange  mod.orange 470 cutoff, 490-590 band, 
635 band 
Black inert v. wk. orange 440 cutoff, wk. 470 band, 


530-550 band, 590-620 band 


d 
v. = very, Wh. = weak, mod. = moaerale, str. = strong 


tometer (greater than 1,81); ultraviolet fluorescence— 
none {inert to both long- and short-wave UV radiation], 
absorption spectrum—no features noted with a desk- 
model spectroscope; reaction to magnet—none {not 
attracted). Specific gravities ranged between 8.66 and 
8.77. Mohs hardness, determined on just one sample, was 
about 5%. When examined in reflected polarized light, 
the specimens appeared isotropic, with no obvious 
pleochroism. 


Figure 15. A scanning electron microscope reveals 
the structure of the polymer-impregnated synthetic 
opal: layers of 100-nm spheres. The dark stripes are 
artifacts due to charge build-up on the surface of the 
stone, Magnified 10,000x; photomicrograph by Mary 
L, Johnson. 


Gem News 


Figure 16. “Platigem,” a platinum-aluminum-copper 
intermetallic compound, comes in a subtle range 

of colors, These stones weigh, from left, 12.63, 10.52, 
and 11.63 ct. Photo by Maha DeMaggio. 


Several “Platigem” compounds are used to produce 
these interesting gems. They are made from the brassy 
yellow intermetallic compound PtAl,, mixed with 5 
wt.% to 25% wt.% copper (which provides an orange-to- 
“copper” pink color). Information about these com- 
pounds appeared in the Journal of Materials Science {J. 
Hurley and P. T. Wedepohl, “Optical Properties of 
Coloured Platinum Intermetallic Compounds,” Vol. 28, 
1993, pp. 5648-5653]. PtAl, has the same crystal struc- 
ture as fluorite, and the composition can be approximate- 
ly determined from the unit-cell spacing, according to the 
authors. To further understand our samples, we took an 
X-ray powder diffraction pattern of one brownish pink 
stone. Except for four faint lines, the diffraction pattern 
could be matched with that of a cubic compound with a 
unit-cell edge of 5.958 A (595.8 pm], which implies about 
21% copper in this particular compound. Note that this 
pattern does not at first resemble that of fluorite, since 
some lines that are faint in the fluorite pattern are promi- 
nent in the “Platigem” diffraction pattern. 

“Platigem” is a trademarked name, and the inter- 
metallic compounds themselves have been patented. 
Mintek also developed an 18k gold alloy, “Spangold,” 
which exhibits an interesting surface effect as a result of 
phase transformations. 


INSTRUMENTATION Ds 


New gemological spectrometer at Tucson. Martin Bell, of 
River Gems, Albuquerque, New Mexico, and John 
Allaman, of Sarasota Instruments, Osprey, Florida, 
showed some of the capabilities of a prototype gemologi- 
cal spectrometer at the Tucson show. The goal of this 
instrument is to improve on the hand-held spectroscope, 
which many jewelers find difficult to use. 

A gem to be tested is placed in an integrating sphere 
and illuminated with a flash lamp. The light transmitted 
by the stone is directed through an optical fiber to a 
diffraction grating, which disperses the light on a diode- 
array detector. The resulting spectrum is displayed on the 
screen of an attached laptop computer. Currently, the res- 
olution is about 3 nm. The developers hope to have the 
instrument ready to sell in 1995, for less than US$10,000. 
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THANK You, Donors 


The Treasured Gifts Council, chaired by Jeanne Larson, has been established to encourage 
individual and corporate gifts-in-kind of stones, materials, or other non-cash assets which can 
be used directly in GIA’s educational and research activities. Gifts-in-kind help GIA serve the 


gem and jewelry industry worldwide while offering donors significant philanthropic and tax 
benefits. We would like to extend a most sincere thank you to those who contributed to the 
Treasured Gifts Council in 1994,* 


1994 Treasured Gifts Award 
Recipients * * 

Thomas H. Chatham 

Susan Goldstein 

Lelia L. Larson 

Nancy B & Company 

John Ramsey 

Dean M. Willard 

Yael Importers Inc. 


1994 Treasured Gifts Donors 
A.B.C. Emerald Inc. 
Andreas Becker 

Gerhard Becker 

K. C. Bell 

Anne M. Blumer 

William E. Boyajian 

Allan Caplan 

Andrew Capul 

Michael A. Cheatham 
Peter Chiu 

CISGEM 

Donald Clary 

Colgem Ltd. 

Tom Cushman 

Martin B. De Silva 

Geraldo Magela C. de Souza 
Gene Dente 

David B. Dubinsky 

Robert Dunnigan 


” Partial listing. 


Robert A. Earnest 
John Emmett 
Elaine Ferrari 
Bobbi Flusser 
Susan Fodoris 
John R. Fuhrbach 


George C. Houston Inc. 


Robert I. Gait 
Richard Glatter 
Sam Goldowski 
Intercolor 

Ger Janssen 
Jewelers’ Book Club 
Jewelry Price Report 
J. O. Crystal Co. Inc. 
Mary L. Johnson 
Robert C. Kammerling 
Roy Katsuyama 
Thomas J. Kraft 
Leonard Kramer 
William L. Kuhn Co. 
Kyocera 

Richard Larson 
Gina Latendresse 
David C. LeRose 
Gail B. Levine 

Jack Lowell 

Jurgen Maerz 

Gerry Manning 


Grace Martinez-Zarvalas 


"Gifts valued at $10,000 or more. 


Emily McKibben 

John R. McKim 
Morgan’s Jewelers 

Pascal R. Mouawad 
Keith Olivas 

Park International 

Rafco Internat’l Gem Corp. 
Brenda K. Reichel-Keanu 
Mike Ridding 

Farez Rizk 

Jack Z. Rotlewicz 

John Rowntree 
Scheherazade 

James E. Shigley 

Mark H. Smith 

Iouliia P. Solodova 
Debra Stoller 
Margherita Superchi 

Lin Sutherland 

D. Swarovski & Co. 
Stephen R. Turner 
Fugquan Wang 

Joseph C. Wildhagen 
George A. Williams 
Christina Woolford 
World Gold Council 
Shun-Tien Wu Ten 
Mollie Yasuda-Abramitis 
David H. Yee 

Pragnesh Zaveri 


In its efforts to serve the gem and jewelry industry, GIA can use a wide variety of gifts. These include natural 
and synthetic stones, media resources for the Richard T. Liddicoat Library and Information Center, and equip- 
ment and instruments for ongoing reasearch support. If you are interested in making a donation, and receiving 
tax deduction information, please call Anna Lisa Korobkin, Manager, Treasured Gifts Council, at (800) 421-7250, 
ext. 274, or from outside the U.S. (310) 829-2991, ext. 274. 
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FANCY-COLOR 
DIAMONDS 

By Harvey Harris, 180 pp., illus., 
publ. by Fancoldi Registered Trust, 
Liechtenstein, 1994. US$175.00* 


Harvey Harris’s wide-ranging disser- 
tation on the history, folklore, and 
science of colored diamonds is note- 
worthy in that it is the only book in 
print that is devoted exclusively to 
colored diamonds. The author gra- 
ciously acknowledges Tino Ham- 
mid’s exquisite photographic images 
as the book’s most impressive attri- 
bute. However, readers need to be 
mindful that colored-diamond pho- 
tographs, even superb ones like Mr. 
Hammid’s, cannot always accurately 
depict the subtleties of tone and satu- 
ration actually seen in fine colored 
diamonds. These stunning photo- 
graphs might easily distort a potential 
buyer’s expectations. 

The first two chapters of this 
book, which deal primarily with the 
history of fancy-color diamonds in 
the context of global diamond pro- 
duction and marketing, are good read- 
ing. Mr. Harris points out that the 
remarkable prices we now attribute 
to rare “fancy colors” are a recent 
phenomenon. He underscores this 
observation with an anecdote about 
two almost identical I%-ct fancy 
green diamonds cut from the same 
rough. The first stone sold in 1962 for 
$500 per carat. Now, a little more 
than three decades later, its twin is 
for sale at “a strong six figure price.” 

The chapters immediately fol- 
lowing these two—those that address 
the technical provenance of colored 
diamonds, including the causes of 


Book Reviews 


SUSAN B, JOHNSON, EDITOR 


color, faceting, treatment, and syn- 
thesis—-have problems. The chapter 
explaining causes of color is disap- 
pointing. Augmenting the text are 
absorption spectrograms for several 
fancy colors. However, the author 
does not lay adequate foundation for 
the general reader to understand 
spectral absorption data and the 
attendant terminology. This would 
not be a deficiency in a purely tech- 
nical text written for professionals; 
however, in a book that appears to be 
directed to a more general readership, 
subjects such as spectral analysis 
need greater clarification. 

Mr. Harris’s treatment of labora- 
tory grading reports and their pivotal 
role in today’s colored-diamond mar- 
ket depicts the GIA fancy-color grad- 
ing system as inscrutable and inade- 
quate. However, GIA’s recent publi- 
cation (in this journal) detailing their 
color-grading methodology and 
improved color-grading system ne- 
gates the substance of this criticism. 

Three final chapters focus on the 
romance of colored diamonds in jew- 
elry, at auction, and in the limelight. 
Mr. Harris relates compelling storics 
of the famous, the infamous, and the 
unusual members of this unique sub- 
set of gems. This well-written section 
is highly interesting and entertaining 
reading. To his credit, the author can- 
didly admits that some of his stories 
may be apocryphal. 

Of concern, however, is the fact 
that errors and distortions of techni- 
cal terminology and scientific fact 
appear frequently throughout the 
book, misinforming and misleading 
the general reader. For example, the 
author states that: “Even D-E-F col- 
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orless diamonds contain approxi- 
mately 3 to 14 percent gray (or else 
you couldn’t see them}.” In fact, the 
reason we are able to see a colorless 
diamond in air is because the dia- 
mond’s refractive index (R.I.} is very 
different from that of air. Place a D- 
flawless diamond in a clear liquid 
having the same R.1. as diamond and 
it will disappear. You can see an 
approximation of this refractive phe- 
nomenon by dropping a clear ice 
cube into water. Whether a D-flaw- 
less stone contains the level of gray 
he attributes to it is highly question- 
able; however, he lays no foundation 
for his assertion. Mr. Harris’s state- 
ments regarding the unknown cause 
of color in fancy orange diamonds are 
also questionable in light of current 
information, However, because he 
provides no references or technical 
foundation for this claim, verifica- 
tion is not possible. This illustrates 
another serious weakness: the ab- 
sence of supporting references 
throughout the technical sections. 
Fancy-Color Diamonds is nicely 
written and earns high marks for pre- 
sentation, photography, and histori- 
cal perspective. However, the book 
fails when it attempts to leapfrog 
from gencral-interest information, 
which is quite good, to subjects that 
require technical crudition on the 
part of both the writer and the reader, 


SHARON WAKEFIELD 


Wakefield Gemological Laboratory 
Boise, Idaho 


“This book is available at the GIA Bookstore, 
1660 Stewart Street, Santa Monica, CA 
90404, Telephone (800) 421-7250, ext. 282. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Precious layer opal with a complex sedimentary for- 
mation process as colloid chemical precipitation, 
sedimentation and evaporation. H. Harder, 
Neues Jahrbuch fiir Mineralogie, Monatshefte, 
No. 3, March 1995, pp. 121-126, 

Experimental work leads to the conclusion that the 

formation of layer opal in desert conditions is con- 

trolled not only by evaporation but also by the enrich- 
ment and separation of SiO, from the primary alkaline 
weathering solutions. Neutralization by CO, vapor 
may result in an oversaturation and a slow precipita- 
tion of Al{OH)3, together with a strong colloid chemi- 
cal enrichment of SiO). After deposition as porous jelly 
opal, the primary water-rich layer opal can slowly dry 
out to a solid opal, which may rarely form a layer of 
precious opal. RAH 


Siberian sapropelic coal: A unique type of workable jet. 
S. Glushnev, Journal of Gemmology, Vol. 24, No. 
5, 1995, pp. 349-353. 

True jet is a compact hydrocarbon-impregnated wood 

that enjoyed immense popularity during the late 

Victorian era and again in the 1930s. With renewed 

interest in this relatively soft gem material, old and 

new sources are being sought. One such source in 
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Siberia has been known at least since the late 19th cen- 
tury, although the material found there is actually 
sapropelic coal, which lacks the traces of wood struc- 
ture (from ancient conifers} that characterize true jet. 
Sapropelic coal is unconsolidated mud, composed 
chiefly of algae. However, it has many characteristics 
of true jet, including density, workability, and solid 
black color. This article provides extensive informa- 
tion on the composition and properties of this materi- 
al, which also was exploited for industrial uses. Most 
known deposits have been worked out, but potential 
new sources exist. CMS 
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DIAMONDS 
De Beers to split CDM with the Namibian govern- 
ment. Diamond World Review, No. 84, 1994-5, 
pp. 60, 62, 64. 
Most diamonds in Namibia have been found in 
Diamond Area 1, a 480-km-long stretch of Atlantic 
Ocean coastline that includes the mouth of the Orange 
River. Here, alluvial diamonds are found in onshore 
and offshore sands; they are believed to have come 
from kimberlites in the interior of South Africa, trans- 
ported to the coast by the Orange River. Up to 95% of 
diamonds in this area may be gem quality; reserves 
have been estimated to be between 1.5 and 3 billion 
carats. 

The first diamond was discovered in Namibia in 
1908, by a former De Beers laborer. The country, then 
known as South West Africa, was a German protec- 
torate. What would become Diamond Area 1—named the 
“Sperrgebiet,” or “forbidden territory”—was prospected 
and mined exclusively by the Deutsche Diamant 
Gesellschaft. During World War I, South West Africa 
came under the control of South Africa, which allowed 
nine German companies restricted mining rights to this 
area; in 1920, Ernest Oppenheimer created Consoli- 
dated Diamond Mines of South West Africa (CDM}, 
which bought these holdings and negotiated an exclu- 
sive mining agreement meant to last until 2010, In 
1975, De Beers purchased CDM. 

Namibia’s independence in 1990 caused a reevalu- 
ation of CDM’s exclusive control over Diamond Area 
1. In November 1994, after more than two years of 
negotiations, De Beers Centenary and the Namibian 
government signed a comprehensive agreement govern- 
ing De Beers’s operation in that country. CDM is to be 
reconstituted as the Namdeb Diamond Corporation, 
which will be equally owned by the Namibian govern- 
ment and De Beers. Both parties will also have equal 
representation on the board of directors and in the new 
management committee. Areas formerly held by CDM 
will now be held under 25-year mining licenses, held 
under renewable three-year prospecting licenses, or 
“relinquished immediately.” Namdeb will continue to 
sell all its production through the Central Selling 
Organisation, subject to review of the sales agreement 
every five years. 

Mining techniques in Diamond Area 1 include 
open-pit mining of near-shore areas, which are protect- 
ed by sea walls and pumped dry; mining the more dis- 
tant ocean floor using boats with giant vacuum pumps; 
and conventional open-pit mines at Elizabeth Bay and 
along the Orange River. ML] 


De Beers vs. the bear market: Who will win? R. Shor, 
Jewelers’ Circular-Keystone, Vol. 166, No. 6, 
June 1995, pp. 122-135. 

The turmoil in the rough diamond market since 1992 

has been the subject of many, usually pessimistic, arti- 
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cles in trade and financial journals. This in-depth, fac- 
tual article is essential reading for anyone involved in 
any aspect of the diamond world. Particularly timely, 
it appears as the De Beers-Russia contract nears expi- 
ration {at the end of 1995). 

Although that agreement is apparently in sham- 
bles, De Beers is confident that Russia will sign a new 
one with provisions designed to do basically one 
thing—limit Russia’s non-CSO sales. However, Russia 
wants to sell more diamonds outside the CSO, and 
some officials even want seats on De Beers’s board. 
Some believe that De Beers plans to wait until Russia’s 
diamond stockpiles are depleted and then offer finan- 
cial help to refurbish producing mines as a contract 
incentive. Russian mine production is down signifi- 
cantly from 1986 levels, so they will have little with 
which to rebuild depleted stockpiles without increased 
production. Negotiations are complex. Three Russian 
agencies and one from Sakha, all with different agen- 
das, are involved. 

Meanwhile, Botswana, Namibia, and South Africa 
have stable, realistic governments that have good rela- 
tions with De Beers and share the desire for a healthy 
diamond industry. By contrast, the chaotic political 
situations in Zaire and Angola have had disastrous 
effects on production. There are two “wild cards” in 
contract negotiations. One is the Argyle mine (present 
contract expires in early 1996}, because “the flood of 
smaller, lower-quality diamonds is the industry's 
biggest long-term problem.” Wild card number two is 
the onset of Canadian production, the extent of which 
is not yet fully known; it is expected to begin in about 
three years. 

Notwithstanding all of the factors that could have 
a detrimental effect on the diamond market, the arti- 
cle concludes that “it will take some time for De Beers 
and the CSO to put things back in order. But once they 
do, look for diamond prices to rise, particularly if 
demand revives in Japan.” AAL 


Diamonds go public in India. P. Chanakya, Mazal 

U'’Bracha, Vol. 10, No. 65, March 1995, pp. 41-47. 
Over the last few decades, Bombay's diamond trade has 
gone from a cottage industry to a huge factory-based 
export business. When the Indian government declared 
export earnings tax free in the 1980s, Indian diamond 
manufacturers became wealthier still. Throughout 
this metamorphosis, however, the diamond trade 
remained a privately held industry controlled by a few 
families, without the accountability or open financial 
dealings required of publicly held companies. 

In March 1993, the Indian rupee became fully con- 
vertible against foreign currency. Earnings from the 
rupee’s former high exchange rate disappeared, along 
with the quick profits that could be created with the 
“financial adjustments” possible for private compa- 
nies. Many diamond firms went bankrupt, and manu- 


GEMS & GEMOLOGY Summer 1995 143 


facturers started going public to attract investors. More 
than a dozen diamond manufacturers are now listed on 
Indian stock exchanges. 

The primary stock issues of these companies have 
been generally successful, with investors confident 
that the diamond companies can provide the desired 
investment safety, liquidity, capital appreciation, and 
return. AC 


The glass filling of diamonds. Part 1: An explanation of 
the colour flashes. J. B. Nelson, Journal of 
Gemmology, Vol. 23, No. 8, 1993, pp. 461-472. 

Probably nothing is of more immediate concern to the 
retail diamond industry than the fracture filling of dia- 
monds. Whereas all previous reports and studies have 
been concerned primarily with such matters as recog- 
nition of the treatment and characteristics of the fill- 
ing material, this paper is the seminal scientific expla- 
nation for the flash-effect colors that are diagnostic of 
this treatment. 

The “flash effect” can be explained by means of 
the same scientific concepts used to explain the 
“Brown-McCrone optical dispersion staining” micro- 
scopic technique, used by the author since 1963 to 
identify small transparent substances, such as asbestos 
minerals. After describing the special equipment 
required for this technique (e.g., an objective with both 
annular and central stops}, as well as technical consid- 
erations (e.g., the CIE Chromaticity Diagram), the 
author applies the information presented to an expla- 
nation of the flash effect in filled diamonds. 

The essential point is that diamond and the glass 
fillings have distinctly different dispersion curves in 
the visible region; that is, the indices of refraction of a 
diamond and its filling for a specific wavelength (gen- 
erally) will be different. When these indices do not 
coincide, optical discontinuities manifest themselves 
as the flash effect. The greater the differences between 
the dispersions of diamond and its filling, the more 
intense the flash colors become. The colors observed 
are affected significantly by the type of illumination 
(darkfield versus brightfield] used and by the orienta- 
tion of the filled diamond with respect to the light 
source; the author illustrates these points with several 
examples. The flash colors of filled diamonds are not 
interference colors {as in labradorite} or dispersion col- 
ors {as in the “fire” of diamond}. AAL 


The glass filling of diamonds. Part 2: A possible filling 
process. J. B. Nelson, fournal of Gemmology, Vol. 
24, No. 2, 1994, pp. 94-103. 
This paper continues the study of filled diamonds (see 
preceding abstract} in which the chemical composition 
and some physical properties of the filling material are 
postulated from published information on Yehuda- 
treated stones. The filling material must be a glass 
with a high refractive index, approximating that of dia- 


144 Gemological Abstracts 


mond. It also must have a low melting point (about 
450° C} and low viscosity, so that it can easily enter 
and fill the fissures when it is slightly above its melt- 
ing point. Based on certain published data (a phase dia- 
gram; melting points of certain compounds}, Dr. 
Nelson concludes that the filling material is composed 
of three components: bismuth oxide (Bi,O3), lead oxide 
{PbO}, and bismuth chloride (BiCl,]. Physical and opti- 
cal measurements of glasses containing these compo- 
nents (in proper proportions} are consistent with those 
of the fillings presently found in diamonds. 

The article concludes with the description of an 
imaginative apparatus that could possibly be used for 
commercially filling diamonds {in batches up to 100 
carats]. Many important factors related to the filling 
procedure are considered, including the requirement 
that air be evacuated to the fissure roots so that the 
high-index glass filler may be properly emplaced. 

(Comments on this paper by Dr, K. Nassau, and a 
reply by Dr. Nelson, may be found in Journal of 
Gemmology, Vol. 24, Nos. 3 and 4, 1994, on pp. 
183-184 and pp. 281-285, respectively.] 

AAL 


Subduction diamonds in New South Wales: Implications 
for exploration in eastern Australia. L. M. Barron, 
S. R. Lishmund, G. M. Oakes, and B. J. Barron, 
Quarterly Notes ‘94, Geological Survey of New 
South Wales, January 1994, pp. 1-23. 

New South Wales (eastern Australia} produced perhaps 

500,000 carats of diamond from alluvial deposits 

between 1852 and 1930 (currently, there is no produc- 

tion). The primary source of these diamonds has never 

been located. 

Diamonds from this area have some unusual prop- 
erties. For example, they are predominantly eclogitic 
(E-type) in origin, and they have an unusually “heavy” 
carbon isotopic composition (compared to diamonds 
from the major producing localities in Western 
Australia, Africa, and Siberia). This suggests that the 
two conventional models of diamond genesis do not 
apply in eastern Australia. These models are: (1) the 
South African model (also applicable in Siberia, South 
America, and North America} of kimberlite emplace- 
ment in Archean cratons; and {2) the Argyle (Western 
Australia} model, in which lamproite is emplaced in 
Proterozoic cratons and mobile belts. Both models 
require that diamonds form at depths of at least 150 
km under high temperatures (about 1050°-1200°C) and 
pressures (45-55 kb}, and that they are later carried to 
the surface as xenocrysts in kimberlite or lamproite. In 
eastern Australia, there is no indication that an 
ancient craton of sufficient thickness (at least 150 km) 
to permit diamond formation by either of the conven- 
tional models ever existed. This is supported by the 
lack of kimberlite or lamproite occurrences in the area, 
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Thus, the authors propose the “ES” {Eclogite Subduction]) 
model for the eastern Australian diamond occurrences. 

In their model, diamond formation occurs during 
the active subduction (based on the theory of plate tec- 
tonics} of a thick slab of oceanic crust and associated 
carbon-containing sediments. The subducting slab is 
up to 1000°C cooler than the surrounding mantle. The 
slab goes through several stages of increasing meta- 
morphism (e.g., blue schist, coesite, eclogite} until the 
diamond eclogite stage is reached, and the carbon is 
converted to diamond. Because of the slab’s thickness, 
and the fact that it has remained relatively cool, dia- 
monds can form when the slab reaches 80-90 km (pres- 
sures of 22-25 kb], compared to the 150 km required in 
the other models. At such relatively shallow depths, 
magmas other than kimberlite and lamptroite are avail- 
able to bring the diamonds to the surface. In eastern 
Australia, nephelinites and alkali basalts are common, 
and they are proposed as the transporting magmas. 
(Other transportation mechanisms—such as “tectonic 
excavation”—also are possible.} The ES model may be 
applicable as well to the formation of diamonds in 
other localities where diamond occurrences have no 
apparent connection to ancient cratons (e.g., north- 
ern China, Kamchatka Peninsula in Siberia, and 
Kalimantan [Borneo]. AAL 


Unlocking Indonesia’s diamond past. Diamond Inter- 

national, January-February 1995, pp. 87, 89, 90, 92. 
Diamond mining is believed to have started as early as 
600 AD in Indonesia, on the island of Kalimantan (for- 
merly Borneo}. The oldest known and most important 
diamond-producing region is the South East Kalimantan 
field, near the city of Banjarmasin,; both diamonds and 
gold are found in alluvial deposits that eroded from the 
Meratus Mountains. Artisanal (traditional) mining 
techniques have produced gem diamonds up to 167 ct. 
Recently, mining firms—using modern techniques— 
have started exploring for diamonds in previously 
untapped paleochannels, where diamonds may have 
been deposited in the distant past, and in offshore 
regions along the Sunda Shelf. This article details the 
management structures of companies engaged in dia- 
mond mining in Indonesia. A sketch map of projects in 
the South East Kalimantan Diamond Field is also pro- 
vided. ML] 


U.S. diamonds may go to U.S. jewelers. R. Shor and R. 
Weldon, Jewelers’ Circular-Keystone, Vol. 166, 
No. 6, June 1995, pp. 72, 74. 

Diamonds from the Kelsey Lake kimberlite pipes in 

Colorado will be marketed as “American diamonds,” if 

the Redaurum Company of Toronto, Canada, and its 

junior partner, Diamond Co. of Ft. Collins, Colorado, 

have their way. Although marketing plans are still 
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indefinite, some jewelry retailers and diamond whole- 
salers have expressed interest in selling diamonds that 
are “made in America.” 

The Kelsey Lake kimberlite body consists of eight 
relatively small pipes; two of which contain economical- 
ly feasible quantities of diamonds. Howard Coopersmith, 
president of Diamond Co., expects the mine to produce 
one million carats over its estimated 10-year life span; 
65% of the samples recovered to date are gem quality, 
with 25% larger than one carat. ML] 


GEM LOCALITIES 


An evaporite origin of the parent brines of Colombian 
emeralds: Fluid inclusion and sulphur isotope 
evidence. G. Giuliani, A. Cheilletz, C. Arboleda, 
V. Carrillo, F. Rueda, and J.E. Baker, European 
Journal of Mineralogy, Vol. 7, 1995, pp. 151-165. 

Fluids trapped in emerald, dolomite, and pyrite from 

the Colombian emerald deposits are rich in sodium, 

calcium, and potassium. This chemistry suggests that 
these brines might originate in evaporites, such as salt 
domes, as such structures occur nearby. This hypothe- 
sis was verified using sulfur isotopic data from pyrite 

{iron sulfide} that-co-precipitated with the emeralds. 

These results show that sulfur characteristics are the 

same for all pyrites within the deposit, and different 

from those of the pyrite found in the enclosing black 
shale. It is thought that the sulfate-rich brines were 
reduced to hydrogen sulfide by interaction with strata 
rich in organic matter. EF 


Time-pressure and teinperature constraints on the for- 
mation of Colombian emeralds: An 49Ar/39Ar 
laser microprobe and fluid inclusion study. A. 
Cheilletz, G. Féraud, G. Giuliani, and C.T. 
Rodriguez, Economic Geology, Vol. 89, 1994, pp. 
361-380. 

Two Colombian emerald deposits—Coscuez and 
Quipama-Muzo—have been dated using 40Ar/39Ar 
induction and laser microprobe methods. (Contemp- 
oraneous green muscovite was tested and not the 
emeralds themselves.) The ages found, respectively, 
were 35 to 38 My and 31.5 to 32.6 My. Microthermo- 
metry, Raman spectroscopy, and scanning electron 
microscopy experiments on fluid inclusions in emer- 
alds from the Coscuez deposit show that the trapped 
fluids are complex H,O-NaCl-CaCl,-KC1-CO,-Ny 
brines. Taking into account various geologic con- 
straints, these findings led the authors to estimate 
temperature and pressure during emerald deposition of 
about 1.1 kb and 290° to 360°C. 

The heat required for emerald deposition was gen- 
erated partly by burial, but also partly by the rising of 
evaporites or salt domes. There is no evidence that near- 
by intruded magmatic bodies generatéd the additional 
heat necessary, as was once proposed. This interaction 
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with salt-rich bodies would also explain the complex 
brine chemistry of the fluid in which the emeralds grew. 
The large amount of pyrite created is due to sulfate 
reduction. Isotopic evidence demonstrates that the 
water probably came from within the basin in which the 
host shales were deposited. The chromium, vanadium, 
and beryllium necessary for emerald formation most 
likely came from leaching of the host black shales. 
Tectonic movements led to fracturation and circulation 
of basinal fluids, which in turn led to the growth of 
emerald in veins. Such growth explains the tempera- 
ture, pressure, and chemistry conditions described by 
the authors. Indeed, the formation of emeralds is syn- 
chronous with a shortening episode during which the 
Nazea and South American plates converged at an accel- 
erated rate. 

The authors compare this unusual genetic mecha- 
nism, although at higher temperature, to the matura- 
tion, migration, and trapping of oil. EP 


Flinders Island’s “Bay of Diamonds.” P. O’Brien, 
Australian Gold Gem & Treasure, Vol. 10, No. 3, 
1995, pp. 21, 22, 24-26, 34. 

Some colorless gems are incorrectly called “dia- 

monds.” Perhaps the most famous of these are 

“Herkimer diamonds,” colorless quartz crystals from 

New York State. This nontechnical article discusses 

the mining and collection of “Killiecrankie dia- 

monds,” almost-colorless alluvial topaz crystals found 
around Killiecrankie Bay on Flinders Island, off the 
northeastern coast of Tasmania. 

The topaz crystals occur as “unusually clear, 
glassy, water-worn pebbles,” sometimes blue and 
infrequently light pink in color. Although today few 
crystals can still be found on Killiecrankie Bay beach, 
three groups are successfully mining topaz offshore 
with dredges. Total production was not reported, but 
large stones include one weighing 2,925 ct and a “flaw- 
less” 955-ct piece. 

The topaz probably originated in nearby tin 
deposits. The author found about half-a-dozen topazes, 
and some smoky quartz crystals, in an afternoon of 
“fossicking” (mineral collecting) on the dumps of the 
Mount Tanner tin mine on Flinders Island. ML] 


Gold, iron, copper and jade in the Seminoe Mountains, 
Wyoming. W. D. Hausel, International California 
Mining Journal, Vol. 64, No.4, 1994, pp. 18-21. 

The Seminoe Mountains, in central Wyoming, have 

been known as a source of silver and gold since 1871. 

Malachite, chrysocolla, and cuprite are also found in 

gold-bearing quartz veins around Bradley Peak. 

Nephrite jade occurs as veins along the northern flank 

of the mountain range and as “olive”-green pods in a 

quartz diorite dike (the Sage Creek deposit). Other lap- 

idary materials include a jasperized banded iron for- 
mation, resembling petrified wood, from Deweese 
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Creek north of Bradley Peak, and “Leopard rock,” a 
porphyritic basalt with large white rounded feldspar 
crystals in a fine-grained black matrix. ML] 


A preliminary investigation of peridot from Vietnam. 
R. C. Kammerling and J. I. Koivula, Journal of 
Gemmology, Vol. 24, No. 5, 1995, pp. 355-361. 

Yet another gem material being produced by the fast- 

growing gem industry in Vietnam is peridot from Lam 

Dong Province. The authors provide gemological char- 

acteristics—including refractive indices, pleochroism, 

absorption spectrum, specific gravity, and inclusions— 
for five faceted samples, as well as chemical composi- 
tion for one sample. The properties are consistent with 
those for peridot found in other localities. CMS 


The story of the Sri Lankan pearl. M. M. M. Mahroof, 
Journal of Gemmology, Vol. 24, No. 5, 1995, pp. 
337-348. 

Although Sri Lanka produces few pearls for the gem 

trade, antique and remodeled jewelry containing Sri 

Lankan pearls is still encountered. Thus, knowledge of 

their history and lore should remain part of the gemol- 

ogist’s repertoire. This article reviews the 2,000-year 
history of pearling in Sri Lanka, including the signifi- 
cance of pearls in ancient Ceylon, their reputed mysti- 

cal and medicinal qualities, and their exploitation by a 

series of conquering civilizations. 

The pearl banks were located off the northwest 
shores of the island in what is now the Gulf of Mannar, 
most abundantly along rocky shelves in only five to six 
fathoms of water, where the pearl oysters could flour- 
ish. During the 16th century, under the Portuguese, Sri 
Lankan pearls were traded extensively as far west as 
Venice, Italy, and as far east as Canton, China. 
Citations from various manuscripts paint colorful pic- 
tures of the Sri Lankan pearl trade at various times in 
history. In the early 20th century, political, economic, 
and ecological factors combined to effectively end the 
pearl trade in Sri Lanka. Only since 1955 has there 
been any notable activity, with approximately 2,000 
persons still pearling in Tuticorin, in the Chidambaran 
district of Tamil Nadu. Very interesting and informa- 
tive, this article suffers only from the lack of any pho- 
tographs. CMS 


Studies on kosmochlor, jadeite and associated miner- 
als in jade of Myanmar. W. Htein and A. M. 
Naing, Journal of Gemmology, Vol. 24, No. 5, 
1995, pp. 315-320. 

In proper gemological usage, the term jade applies only 

to nephrite and jadeite. However, it is well known that 

individual specimens are rarely pure. In this discussion 
of jadeite from Myanmar, the authors meticulously 
use the terms jadeite jade or pure jade versus the term 
impure jade for polymineralic material. The most 
common admixture is jadeite and kosmochlor, with a 
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continuous series from essentially pure jadeite to 85% 
kosmochlor. The latter mineral is also well known to 
gemologists as a major constituent in Maw-sit-sit, also 
from Myanmar. 

The authors present an excellent overview of this 
complex topic, including chemical analyses and X-ray 
diffraction data that emphasize the difficulty that faces 
gemologists in the identification of jade and jade-like 
green specimens. Minerals found as components in the 
specimens studied include jadeite, kosmochlor (once 
called ureyite}, edenite, richterite, tremolite, chromite, 
magnesiochromite, and enstatite. This is an important 
paper that should be read carefully by gemologists 
involved in the trade and identification of jades. 

CMS 


JEWELRY HISTORY 


Gold and silver from ancient China—the Pierre Uldry 
collection on show at the Museum Rietberg 
Zurich. F. Louis, Arts of Asia, Vol. 24, No. 5, 
1994, pp. 88-96. 

This article contains much valuable information on 

early Chinese culture and the role that precious-metal 

jewelry and personal ornaments played in it. The 

Pierre Uldry collection (which was on display at the 

Rietberg from October 1994 to March 1995} includes 

over 320 objects of unique historic value, and amply 

depicts many Chinese uses for gold and silver. The 
incredible detail of this metalwork is captured in beau- 
tiful photographs by Brigitte Kammerer and Isabelle 

Wettstein. 

Unlike other areas of Chinese art, precious metal- 
ware and jewelry are only now beginning to be appre- 
ciated for their contribution to the long history of 
Chinese crafts. Until about 15 years ago, gold and sil- 
ver jewelry was included in only a few of the collec- 
tions that focused on Chinese art. Rarely have precious 
metalware and jewelry been collected inside China, 
due to the cultural concept of art being interwoven 
with the Confucian ideals of scholarly learning and 
simplicity: The monetary value of the materials pre- 
vented gold and silver wares from being considered a 
collectable art form. 

The collection features many jewelry-making pro- 
cesses, such as pierced work, granulation, and filigree. In 
more modern periods, various polished, transparent 
gemstones were applied to the ornate gold wares; usual- 
ly they conspicuously protruded from the metal sur- 
face. A catalog of the collection is available from the 
Museum Rietberg Zurich, Gablerstrasse 15, CH-8002 
Zurich, Switzerland. JEC 


JEWELRY RETAILING 


At auctions, record highs. R. Bates, National Jeweler, 
Vol. 39, No. 10, May 16, 1995, p. 2B. 
Spirited bidding, big purchases, and two record sales of 
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fancy-color diamonds highlighted April’s round of 
New York “Magnificent Jewelry Auctions.” At 
Christie’s, a 13.49-ct fancy, deep-blue internally flaw- 
less diamond set in a ring sold for $7.4 million, a record 
price of $550,000 per carat. The buyer was Sam 
Abrahms, who paid $9.9 million for a blue diamond at 
Sotheby’s in October 1994. At the auction, Christie’s 
brought in a total of $34.8 million, with 75% of the 
pieces sold by lot, and 82% sold by dollar value. This 
Magnificent Jewelry sale was up $20.3 million from 
the same sale last year, according to Francois Curiel, 
international director of jewelry at Christie’s. 

Sotheby’s sale brought in $30.2 million, with 78% 
of the pieces sold by lot and 68% by value. This was 
the sixth highest total ever for a Sotheby's auction in 
New York, according to John Block, executive vice 
president of Sotheby’s. 

Other highlights included the purchase by promi- 
nent London diamond-dealer Laurence Graff of a mag- 
nificent 7.78-ct fancy blue diamond set in a ring, for 
$2.5 million at Sotheby’s; at Christie’s, Saudi Arabian 
Sheik Ahmed Fitaihi paid $5.6 million for a 69.79-ct 
rectangular-cut, D-color, internally flawless diamond. 

MD 


PRECIOUS METALS 


Gold sales continue to rise—discount stores post 
biggest gains, WGC says. M. Golay, National 
Jeweler, Vol. 39, No. 3, February 1, 1995, p. 6 

According to the World Gold Council (WGC), gold jew- 

elry sales increased for the 12th consecutive quarter as 

of December 1994, with a third-quarter sales increase 
of 3.2% in dollar volume and 5.4% in units as com- 
pared to 1993 levels. Gold jewelry sales totaled nearly 

$5.7 billion through the third quarter of 1994, a 4% 

increase over 1993. Unit volume exceeded 62 million, 

up 5.9%. These levels were below retail sales overall, 
which were up 6.2% for the comparable period. 

Gold jewelry sales were up across all channels of 
retail distribution for the year to date, according to the 
WGC. Discount stores continue to outpace other retail 
outlets, posting a 14.9% dollar increase over the prior 
year. This follows a 28% increase in 1993 results ver- 
sus 1992. Chain jewelry stores came in slightly below 
the category average, with a 3.2% increase over 1993. 
Independent jewelers, department stores, and catalog 
showrooms—up 3%, 2.6%, and 2.2%, respectively— 
all performed below the category average. 

Compared with 1993, sales of gold chains 
increased 3.4%; earrings and charms were up 5.9% and 
6.4%, respectively; bracelets posted a 5.2% increase in 
dollar volume; and sales of gold rings, excluding wed- 
ding rings, were up 5.5%. Gold wedding rings contin- 
ued to remain virtually flat, up a marginal 1.1% over 
1993. MD 
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SYNTHETICS AND SIMULANTS 


An examination of Swarogreen. E. Fritsch, R. C. 
Kammerling, and J. 1. Koivula, Australian 
Gemmologist, Vol. 19, No. 1, 1995, pp. 15-18. 

Of the three most famous colored gems—ruby, emer- 

ald, and sapphire—emerald is the most expensive to 

synthesize. Because flame-fusion techniques are not 
considered effective for hydrous, beryllium-bearing 

(toxic) materials, flux or hydrothermal techniques 

must be used. Therefore, simulants are used in place of 

synthetics when the look of emerald is desired in an 
inexpensive product. Historically, such simulants have 
included green sapphire (“oriental emerald”) and green 
glass. Swarogreen is a new glass developed as an emer- 
ald simulant by D. Swarowski and Company, of 

Wattens, Tyrol, Austria. 

On the basis of their examination of seven faceted 
stones and one polished block of “rough,” the authors 
determined these properties for Swarogreen: color— 
medium-dark bluish green, diaphaneity—transparent; 
R.L.—1.608-1.612; optic character—singly refractive, 
with very little or no strain; fluorescence—weak to 
faint yellowish green to greenish yellow to long-wave 
UV radiation, weak green to short-wave UV radiation; 
Chelsea filter reaction—none; $.G.—about 2.90, hard- 
ness—about 6% (Mohs); and dispersion—about 0.030 
(the last according to manufacturer’s claims}. The 
absorption spectrum showed a doublet at 442 and 448 
nm, a triplet at 466, 472, and 488 nm; and a broad band 
centered at about 590 nm. Although the rough block 
contained gas bubbles, no inclusions were seen in the 
faceted stones (the manufacturer says that it discards 
all included stones]. 

Energy-dispersive X-ray fluorescence (EDXRF} 
spectroscopy revealed the presence of Al, Si, Ca, Cu, 
and Pr (praseodymium}, the latter two elements are 
responsible for the color. An ultraviolet-visible absorp- 
tion spectrum revealed a large absorption in the near- 
infrared region of the spectrum, centered at about 780 
nm, in addition to the peaks and band seen with a spec- 
troscope. X-ray powder diffraction showed no evidence 
of crystal structure; and none would be expected in a 
glass. (Note that although figure 4 is called out in the 
text in reference to X-ray diffraction, it actually refers 
to the EDXRF spectrum.} 

The authors conclude that, although the color and 
lack of inclusions could cause Swarogreen to be mis- 
taken for emerald from Zambia or Pakistan, the other 
gemological properties are distinctive. ML] 


Some observations on a gem-quality synthetic yellow 
diamond produced in the region of Vladimir 
{Russia}. F. Sosso, Journal of Gemmology, Vol. 
24, No. 5, 1995, pp. 363-368. 

Observations on a single brownish yellow synthetic 

diamond, produced in Russia, are reported in this arti- 
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cle. A simple pattern of two intersecting grain lines, 
which corresponds to the distribution of color zoning 
in this sample, differs from that described in previous 
reports on Russian synthetic diamonds. SEM-EDS 
analysis of included areas revealed iron, nickel, and— 
surprisingly—cesium (possibly a contaminant]. The 
authors report no attraction to a simple magnet (but do 
not describe the exact type used}. The characteristic 
most useful in identification was zoned luminescence 
(both to ultraviolet radiation and to electrons}, which 
has been reported elsewhere for synthetic diamonds. 
Infrared spectroscopy revealed a mixed Ib + IaA nitro- 
gen type, similar to that previously found in Russian 
synthetic diamonds. CMS 


MISCELLANEOUS 


William Earl Hidden, 1853-1918: Mineralogist, geolo- 
gist, and entrepreneur. M. I. Jacobson, Mineral 
News, Vol. 10, No. 11, November 1994, pp. 6-9, 

The emerald-green variety of spodumene, hiddenite, is 

named after W. E. Hidden, an enthusiastic collector at 

the turn of the century. Mr. Hidden became interested 
in minerals during the 1870s building boom in New 

York City, filling his parents’ house with all manner of 

rocks collected from bedrock excavations, he was a 

friend of George F. Kunz, who apparently supported 

himself for a few years by selling mineral collections 
to universities and individuals, including inventor 

Thomas A. Edison. It was a request for platinum for 

light bulb filaments from Mr. Edison that sent Mr. 

Hidden off to explore the southern Appalachian moun- 

tains for five months. During this investigation, Mr. 

Hidden met J. Adlai Stephenson, who was searching 

for gem deposits in North Carolina. 

In April 1879, Mr. Stephenson gave some 
unknown green crystals to Mr. Hidden for investiga- 
tion. Mr. Hidden passed these along to J. L. Smith, of 
Louisville, Kentucky, for identification, In September 
of that year, Mr. Hidden and Mr. Stephenson visited 
the G. W. Warren farm, near Stony Point, North 
Carolina, reportedly the source of these stones, and of 
some emeralds as well. After leasing the farm for six 
months, Hidden bought it (for $1,800} in 1880. In 1881, 
Mr. Smith described the unknown crystals as a variety 
of spodumene, which he named hiddenite (although it 
was actually discovered by Mr. Stephenson, 

Mr. Hidden formed the Emerald and Hiddenite 
Mining Company and moved to North Carolina, He 
personally supervised mining at the Warren farm until 
about 1888, when the mine was sold. 

Hiddenite mining at the Warren farm ended soon 
after Mr. Hidden sold the mine. Despite his many pro- 
jects, he achieved neither prosperity nor utter ruin: 
“Hidden fared about average, neither rich nor truly 
poor (which is probably still true of most geologists 
today).” ML] 
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The Gems & Gemology Challenge has been one of our most popular annual features 
since its introduction nine years ago. This year was no exception. Hundreds of read- 
ers from all over the world took this demanding test, which appeared in the Spring 
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earned a score of 75% or better received a GIA Continuing Education Certificate rec- 
ognizing their achievement. Those listed below received a perfect 100% score. 


USA: Alabama William A. Lavender, Pelham # Arizona Kenyon V. Painter, Scottsdale; Norma 
B. Painter, Scottsdale # California Chris Almquist, Santa Monica; Wendy Beckerson, Santa 
Monica; Rebecca Ann Bell, Joshua Tree; Kathylee Cook-Roberts, San Jacinto; Eddie Decsi, Santa 
Monica; Mary Fitzgerald, Santa Monica; Werner R. Hoehne, San Francisco; Claudia Jacobs, 

Santa Monica; Becka Johnson, Santa Monica; Hui-Ling Kuo, Santa Monica; Sherrie Kysilka, 
Santa Monica; Douglas R. Mays, Carmel; Catherine McIntyre, Santa Monica; Jana E. Miyahira, 
Santa Monica; Sina A. Mozafarian, Beverly Hills; Philip A. Owens, Santa Monica; Michael Pace, 
Elk Grove; Diane H. Saito, Santa Monica; Robert A. Seltzer, San Rafael; Glenn Shaffer, Julian, 
Judy Shechter-Lankford, Santa Monica; Karen B. Stark, Santa Monica; Judy Steinberg-Bricker, 
Santa Monica; Jim Viall, Santa Monica; Teri Von Ende, Santa Monica; Dan Tzu-Tan Wang, Santa 
Monica; Phil Yurkiewicz, Santa Monica # Colorado Dale Winder, Ft. Collins # Connecticut 
William A. Jeffery, Westport # Florida Mathew Mooney, West Palm Beach; Timothy D. Schuler, 
Palm Harbor; John E. Williamson, Mims ® Illinois Anne Blumer, Bloomington; John Jaeger, 
Bloomington # Massachusetts Mary B. Moses, West Newton ® North Carolina Jean A. Marr, 
Kernersville; M. Lewis Nance, Fayetteville; Blair Tredwell, Advance Nevada Terence E. Terras, 
Reno # New Jersey John Morlino, Jackson; Lynn Tully, Fanwood New York Dorothy A. 
Buzzell, Suffern; Clifford H. Stevens, Gansevoort @ Ohio Jean Mate, Mentor; Roy J. Pasini, 
North Olmsted; Jack Schatzley, Toledo Pennsylvania Peter R. Stadelmeier, Yardley ¢ Texas 
George L. Blair, Houston; Connie Bradshaw Copeland, Abilene ® Virginia Dale S. Summers, 
Richmond Washington Stephen H. Hall, Kennewick # Wisconsin Drew Thiet, Milwaukee; 
Thomas G. Wendt, Beaver Dam @ AUSTRALIA: Malcolm B. Druery, Goonellabah; David A. 
Keith, Bethania ® CANADA: Michael J. P. Cavanagh, Vancouver, British Columbia; Folkert H. 
De Jong, Victoria, British Columbia; Michael Hyszka, Cookstown, Ontario; Diane Koke, Calgary, 
Alberta; David R. Lindsay, Bobcaygeon, Ontario; Lina Massé, Montreal, Quebec; Janysz J. Meier, 
Calgary, Alberta; Ron Plessis, Aldergrove, British Columbia; Jon C. Phillips, Vancouver, British 
Columbia FRANCE: Marie-France Chateau, Paris # HONG KONG: Deidre K. Alejo, Central ¢ 
INDONESIA: Warli Latumena, Jakarta # ITALY: Mafalda Pasqui, Genova; Roberto Filippi, 
Lucca; Gianfranco Zamboni, Agrate ¢ SCOTLAND: James W. M. Heatlie, Edinburgh # SPAIN: 
Cristina Knérr, Vitoria ¢ SWITZERLAND: Eva Mettler, Zurich © THAILAND: Johanne Cardin- 
Jack, Khon Kaen 


Answers (see pages 74-75 of the Spring 1995 issue for the questions): (1} a, (2) d, (3} a, (4) b, (5) ¢, 
(6} c, (7) b, (8) a, (9} b, (10) a, (11) b, (12) c, (13) d, (14) c, {15} c, (16) b, (17) b, (18} d, (19) a, (20) b, 
(21} a, (22) d, (23) d, (24) c, (25) b. 

Our thanks to Warli Latumena of Jakarta for suggesting that we list the winners geographically. 
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MORE ON RUSSIAN EMERALDS, 
FANCY-COLOR DIAMONDS 


I was very impressed with the quality and broad coverage of 
the Summer issue of Gems &) Gemology. However, there 
are two items in that issue that I would like to address by 
relating: (1) some recent experiences I have had with emer- 
alds from the Ural mountains (the topic of the Lasko- 
venkov and Zhernakoy article), and (2) some additional 
remarks about the book Fancy-Color Diamonds, which 
was written by Harvey Harris and reviewed by Sharon 
Wakefield. 


Superb Russian Emeralds Seen. In August 1994, I visited 
the emerald-producing region around Malysheva with Dr. 
Adolf Peretti. At that time, gems could be purchased legally 
only through three officially recognized gem suppliers: AO 
Mining Co., the joint venture Emural, and MRU (Mali- 
schewskee Rudouprawlenie Ural). We toured these facili- 
ties and were shown thousands of carats of rough and lesser 
quantities of mostly small faceted samples, including 
alexandrites, yellow to brown andradite garnets, and a few 
demantoid garnets, in addition to emeralds and green 
beryls. One lot consisted of approximately 22 grams (110 ct) 
of top-quality, richly colored rough emeralds, although 
most weighed no more than 1-1.5 ct. 

A few months after this visit, a Swiss businessman 
with close connections in the former Soviet Union brought 
several lots of Uralian emeralds to the Giibelin Gem- 


Figure 1. These emeralds from the Ural 
Mountains (0.50-3.03 ct) are comparable to top- 
quality Colombian stones. Photo courtesy of 
the Giibelin Gemmological Laboratory. 
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mological Laboratory. These lots consisted of several dozen 
faceted samples between 0.50 and 1.50 ct, with some larger 
stones of 2-3 ct (figure 1), as well as some high-quality 
euhedral crystals. As most Gems e@) Gemology readers are 
aware, Uralian emeralds typically are pale, and many 
would be more properly described as green beryls. 
However, these gems were comparable in quality to fine, 
highly saturated Colombian stones. Nevertheless, when 
the Giibelin Laboratory team tested a randomly selected 
sample of 21 stones, they found them to be consistent with 
Uralian emeralds described by other researchers (e.g., 
Schmetzer et al., “Emeralds from the Ural Mountains,” 
Gems & Gemology, Summer 1991, pp. 86-99) as well as 
samples that the laboratory's Dr. Dietmar Schwarz (in 
1991) and I had collected at the mines. Particularly note- 
worthy were the characteristic basal-oriented, thin film, 
“fingerprint” inclusions. 

I had never before seen such a collection of truly fine 
emeralds, with such highly saturated colors, from the Ural 
Mountains. Our client informed us that this region has 
always produced a small quantity of fine emeralds, but they 
usually were smuggled out illegally and subsequently lost 
their Uralian origin on entering the gem market, Our client 
echoed the view of Drs. Laskovenkov and Zhernakov that 
the Urals will once again take their place as one of the 
world’s major emerald-producing localities. 


Comments on the Review of Fancy-Color Diamonds. To 
begin, I do not disagree with some of Mrs. Wakefield's com- 
ments in her review of Fancy-Color Diamonds. Certain 
corrections do need to be made in the text, and clarification 
in other areas would be well advised. However, I do feel 
that appropriate credit has not been given to Mr. Harris for 
the work that this book represents. 

Mr. Harris is not simply a reporter or a researcher. As 
he states in his book, he has 25 years of experience as a dia- 
mond wholesaler, dealing primarily with fancy-color dia- 
monds. He is one of the few diamond dealers I have met 
who has taken the time and effort to study the many tech- 
nical aspects that play such an integral role with fancy- 
color diamonds. He brings this unique knowledge and 
background to a subject that is largely unfamiliar to most 
gemologists, giving the reader the benefit of his personal expe- 
riences and an insight that is not readily found elsewhere. 

In addition, whereas dozens of books have been writ- 
ten on near-colorless diamonds, Fancy-Color Diamonds is 
the first to focus solely on colored diamonds, Nowhere else 
can a reader find so much information on all the colors and 
aspects of each color group in a single source. Although some 
may find certain of his views or opinions controversial, this 
should not diminish the overall contribution of his work and 
its appeal to readers from many different backgrounds. 
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As for the photos, I have seen many of the actual dia- 
monds that are pictured and feel that Tino Hammid 
superbly captured the subtleties in the colors of these 
exceptional stones. These photos give the reader a rare 
opportunity te view some of the finest colored diamonds 
ever found. 

Christopher P. Smith 

Manager of Laboratory Services 
Giibelin Gemmologicai Laboratory, 
Lucerne, Switzerland 


CAUTION NEEDED IN MACHINE 
MEASUREMENT OF COLOR 


In his book, Fancy-Color Diamonds |reviewed on p. 141 of 
the Summer 1995 issue), Harvey Harris creates some 
expectations concerning the issuance of a new type of lab- 
oratory report. Because he mentions me in this context, I 
wish to make some additional comments and warnings 
regarding the use of numerical data based on photometric 
measurements. (For further information on this technique, 
see A. Peretti and W. Boguth, “Color Measurement of 
Fancy Diamonds Applying Computer-Based Multichannel 
Spectroscopy,” in Proceedings of the International 
Gemological Symposium 1991, GIA, Santa Monica, pp. 
160-161.) 


Although “MCS color machine” measurements are 
quite useful in some situations, I have three main concerns 
about their use in laboratory reports for fancy-color dia- 
monds. First, the machine’s readings are influenced by the 
shape, proportion, and size of the stone. This means that all 
the color values Mr. Harris illustrates can only be used to 
compare stones of the same shape, proportions, and size. 
Second, the color values given are not absolute: The geom- 
etry of the MCS machine's measuring head creates a shift 
in the diamonds’ spectra that also shifts the calculated 
color values. As a result, one cannot use these measure- 
ments to discuss the percentage of gray in a stone; only sat- 
uration/tone ratios can be used. Third, the color measure- 
ments do not take into consideration the cclor reflections 
seen in a fancy-color diamond face up. 

Given these limitations, the individual experience of the 
practicing gemologist will ultimately determine the useful- 
ness of such a report for communicating with the buying 
public. Based on my personal experience, the numbers gener- 
ated by the MCS machine for colored diamonds are most 
useful within a laboratory, as internal back-up, or for a 
sophisticated dealer. Further improvements in technology are 
needed before a report using numerical color values is issued. 

A. Peretti, Ph.D. 
Independent Gemological Consultant 
Adligenswil, Switzerland 


IN MEMORIAM 
HENRY O. A. MEYER, Ph.D 


The staff of Gems e&) Gemology were great- 
ly saddened to learn of the June 15 death 
from cancer of Henry O, A. Meyer, a valu- 
able member of the journal’s Editorial 
Review Board for more than 10 years. 
Professor Meyer was an expert in those 
areas of diamond science that relate to how 
diamond formed in the Earth, how it 
reached the surface, the nature of the 
deposits in which it has been found, and 
where such sources might be located in the 
future. Dr. Meyer brought this broad knowl- 
edge and experience to his reviews of papers 
submitted to Gems e) Gemology, combin- 
ing an exceptional ability to render the 
arcane eminently readable with a willing- 
ness to devote great time and energy to ensure that the 
information was accurate. 

Henry Meyer received his Bachelor of Science degree 
from University College London in 1959 and his Ph.D. 
from London University in 1961. After teaching in London 
for some years, in 1966 he moved to Washington, DC, as a 
fellow of the Carnegie Institute of Washington. Later he 
was associated with NASA, at the Goddard Space Center, 
before he joined the Department of Geosciences at Purdue 
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University, West Lafayette, Indiana, in 1971. 
At the time of his death, at 58, he was 
Professor of Mineralogy in the Department 
of Earth and Atmospheric Sciences at 
Purdue. Dr. Meyer served as a consultant for 
many different companies, including gem- 
industry organizations such as Harry 
Winston Inc., Ocean Diamond Mining, 
Cominco American, and Adamas Minerals 
Inc. His resumé and publications list fill sev- 
eral pages. 

Although he often traveled for months at 
a time, all over the world, Henry Meyer was 
a dedicated reviewer for Gems e&) Gemology. 
Once when we had left a message at his 
office asking if he could review a complex 
but important paper on diamond sources in a matter of 
days, he returned the call from his hospital bed: Although 
he had just undergone an emergency surgical procedure, he 
insisted that we send the paper to his home by express mail 
so he could start working on it as soon as he was released. 
The detailed review was back in our hands within a week. 

Henry Meyer is survived by his wife, Helen, five chil- 

dren and two grandchildren. Charming, energetic, and intel- 
ligent, he will be sorely missed. 
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GEM-QOUALITY GROSSULAR- 
ANDRADITE: A NEW GARNET 
FROM MALI 


By Mary L. Johnson, Edward Boehm, Horst Krupp, Joachim W. Zang, and Robert C. Kammerling 


a 
A find of new gem garnets has been made A - arnets have been prized as gems since at least 3200 
in contact metamorphic deposits in the = A B.C. (Andrews, 1991}. Today, gem garnets are found 
Republic of Mali, western Africa. These in almost any color. They exhibit broad chemical vari- 


garnets, primarily yellow-green to brown = ability between the known end-members, the most 
but also (rarely) intense green, have compo- common of which are pyrope, almandine, spessartine, 


sitions between grossular and andradite. 

Although garnets of similar composition 

are relatively well known, this is the first 
documented occurrence of gem-quality 


material in commercial quantities. Because 


this gem variety is not represented by any 
of the gem garnet terms previously in use, 


it is described as grossular-andradite by the 


GIA Gem Trade Laboratory. It can be dis- 


tinguished from grossular by its absorption 


spectrum and (usually) higher refractive 
index; it can be distinguished from andra- 
dite by its lower R.I. The stacked parallel 
planes of growth zoning, always visible 
between crossed polarizers, are diagnostic 
of grossular-andradite. 


ABOUT THE AUTHORS 


Dr. Johnson is a research scientist at the GIA 
Gem Trade Laboratory, Santa Monica, 
California. Mr. Boehm is a geologist and 
Graduate Gemologist with Pala International, 
Fallbrook, California. Dr. Krupp is a physicist and 
president of Firegems, La Costa, California, 

Dr. Zang is vice president of Gustav Zang 
Lapidary in Idar-Oberstein and a researcher at 
the Institute for Gemstone Research, 
Department of Geosciences, University of Mainz, 
Mainz, Germany. Mr. Kammeriing is vice presi- 
dent of Research & Development in the GIA 
Gem Trade Laboratory, Santa Monica, 


See acknowledgments at the end of the article. 
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grossular, and andradite. (A useful overview of gem gar- 
nets was given by Stockton and Manson, 1985; see also 
Manson and Stockton, 1982, and Stockton and Manson, 
1982, 1983, for specific color ranges}. Garnets are also 
used as ornamental gem materials in their massive 
forms: Examples include hydrogrossular and grossular. 

In spring 1994, a new type of gem-quality garnet (fig- 
ure 1] first appeared on the market in Idar-Oberstein (one 
of the authors—Dr. Krupp—was first offered rough mate- 
rial at this time; see also Frazier and Frazier, 1995a and 
b). This was a transparent, facetable material in the yel- 
low-to-green-to-brown range, with properties close, but 
not identical, to those of grossular. One version of the 
discovery was that the material was found by a West 
African who had once lived in Idar-Oberstein (Frazier 
and Frazier, 1995b}. In the gem trade, the material is typ- 
ically called “Mali garnet” or “grandite garnet.” 

Among discussions of Mali garnet in the trade press 
are reports on their appearance at Intergem in Munich in 
September of 1994 (Frazier and Frazier, 1995a and b; 
“Impressions of Intergem '94,” 1994], and mention in 
the 1995 International Colored Gemstone Association 
(ICA) world gemstone mining report (Eliezri and Kremkow, 
1994). Four technical reports have been published in 
German (Zang, 1994; Henn et al., 1994, Lind and Bank, 
1994; Lind et al., 1995}. One stone reportedly from this 
locality was examined in the GIA Gem Trade Laboratory 
in September of 1994 (Hurwit et al., 1994). Since we 
began work on this report in September 1994, a short 
article in English appeared in the Australian Gemmologist 
(Brightman, 1995). 
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Figure 1. One of the most 
recent additions to the gem 
marketplace are gem garnets 
from Mali, These grossular- 
andradites, from the first- 
known commercial gem occur- 
rence of this material, range in 
color from yellow to green to 
brown, Although most of the 
stones faceted to date are 
smaller than 5 ct, some are 
quite large, as indicated by 
this loose 33.29-ct stone. The 
stones in the rings are 4.03, 
4.57, and 5.53 ct. Courtesy of 
M. Fabrikant & Sons, New 
York City; photo © Harold w 
Erica Van Pelt. 


LOCATION AND ACCESS 


The garnets are being recovered from various local- 
ities in the “Zone of Sangafé,” near the village of 
Diakon {about 100 km northeast of Bafoulabé, 110 
km southwest of Nioro, and 130 km east of Kayes; 
air miles in all cases), in the Kayes Region of Mali 
(figure 2). The Zone of Sangafé is in the Sahel 
region (a semiarid area between the Sahara Desert 
to the north and the savannas to the south). 
William Dameron, former U.S. Ambassador to 
Mali, stated that many garnets come from 
Sibinndi, “about 20-30 km south of Sandaré” 
{pers. comm., 1995}, in the vicinity of Diakon. One 
of our contacts in Mali states that the intense 
green Mali garnets come from the village of 
Duvalé. 

Access to the mining area is difficult. The 
closest major town, Kayes, can be reached by train 
from either Bamako, the capital of Mali, which is 
about 400 km to the southeast, or Dakar, the capi- 
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tal of Senegal, which is about 620 km due west, on 
the Atlantic Coast. From Kayes, one must travel 
by jeep, or bashé (the local term for bush wagon or 
taxi}, to cover the remaining 170 km of partially 
paved roads to the town of Sandaré. From there, 
another 20-30 km of unpaved roads lead to the 
mining areas around the villages of Sibinndi and 
Diakon. 

It is possible that some material has been 
transported out of Mali via Dakar because of its 
coastal access. Despite the difficulty in reaching 
the mining areas, there has been such a rush to the 
region that extra railroad cars were added to the 
trains going to Kayes. The rough is carried in flour 
or rice sacks and transported by any available vehi- 
cle to the train station at Sandaré. 


GEOLOGY AND OCCURRENCE 


Western Mali is underlain by the Precambrian 
West African Craton. The craton has been warped 
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into a broad bowl—the Taoudeni Basin—with edges 
at the Western Sahara/Mauritania border and from 
Sierra Leone and Guinea to southeast Mali. 
Cambrian sediments fill the western part of the 
basin and are overlain by Mesozoic deposits to the 
east. In the region of interest, the sediments 
include magnesian limestones and dolomitic lime- 
stones (Furon, 1963). These sediments have been 
intruded in various places by dikes primarily of 
diabase (that is, fine-grained gabbroic rocks mainly 
consisting of plagioclase and pyroxene], which 
extend from the border with Guinea to Mauritania 
{figure 3), these dikes vary from basalt to albite- 
quartz pegmatites (Furon, 1963; Bessoles, 1977). 
Southwest of the town of Nioro, these diabases are 
Jurassic in age (Cahen et al., 1984) and form a mas- 
sif known as the Kaarta, a zone of rugged relief 
ranging up to 300 m in altitude (Furon, 1963). 


Figure 2. The grossular-andradite garnets studied for this 
article were all reportedly from deposits near the village of 
Diakon, in the Kayes Region of the Republic of Mali, 
western Africa. (Adapted from: Institut Géographique 
National—France, 1993.) 
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According to reports on the regional geology of 
Mali, garnets formed in contact metamorphic zones 
along the boundaries where the widely scattered 
diabase dikes intruded into limestones [among 
other rocks}. Besides garnet, the minerals that 
formed in the contact zone between diabase and 
limestone include epidote, (titaniferous) magnetite, 
prehnite, fluorite, and occasionally chrysoberyl 
(Hubert, 1914, as reported in Bessoles, 1977; Furon, 
1963; Ministére des Mines [no date]]. This informa- 
tion is consistent with statements that have been 
made elsewhere concerning the geologic occur- 
rence of gem garnets in Mali. Both Lind and Bank 
(1994) and Henn et al. (1994) state that the garnets 
come from contact metamorphosed deposits, 
which, according to Henn et al. (1994), consist of 
clay and feldspar-bearing sandstones and marbles 
that have been intruded by a diabase. Garnet, epi- 
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Figure 3. This geologic sketch 
map of western Mali, as well as 
parts of Senegal and Mauritania, 
shows the large diabase intru- 
sions, Contact metamorphic 
bodies, including some that con- 
tain gem-quality garnets, are 
found along the boundaries of 
the diabase intrusives. Figure 
adapted from Furon, 1963. 
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dote, prehnite, and vesuvianite mineral specimens 
from Mali were marketed in Tucson, Arizona, in 
spring 1995 by Dave Bunk Minerals of Wheat 
Ridge, Colorado {with the locality given as “San- 
dare, Nioro du Sahel, Mali”); also, “bright green” gar- 
nets as large as 4 cm—some with chalcedony over- 
growths—have been found growing on some vesu- 
vianites mined in Mali {W. Dameron, pers. comm., 
1995}. 

In addition to the garnets mined near Sibinndi 
and Diakon, well-formed opaque brownish red 
crystals have been found in the village of Bindougou, 
a few kilometers north of Diakon. Black garnets 
have been found a few kilometers east of Diakon, 
in the village of Trantimou (W. Dameron, pers. 
comm., 1995]. Thus far, only a few intense green 
stones have been found, including two in this 
study and a recently discovered crystal that pro- 
duced a 2..9-ct cut stone. 

The gamets also occur as waterworn nodules, 
reportedly from alluvial sources near the contact 
metamorphic deposits (Eliezri and Kremkow, 
1994, Hurwit et al., 1994). 


MINING AND PRODUCTION 


Although garnets from this region have been 
known since 1914, the recent discoveries represent 
the first gem-quality stones found in any signifi- 
cant quantities. We have seen crystals larger than 
5.5 kg (Zang, 1994); for the most part, however, the 
facetable areas in each stone are relatively small. 


Mali Garnets 


The largest faceted stone seen to date is a brown 
57.5-ct round brilliant (figure 4). Only gemmy 
cores—generally, nodules—are suitable for faceting 
(figure 5], although cabochons are being cut from 
other parts of the rough. Considerable manual 
labor is required to break up these crystals, and most 
dealers now insist on purchasing only nodules, so 
relatively few euhedral crystals are available for 
mineral collectors and crystallographic study. 

The authors calculate, from personal experi- 
ence, that a parcel of 400-500 crystals, weighing 
about 200 kg, yields 160 grams of nodules, from 
which only 60 grams would be facet grade. Of 
these 60 grams (300 ct} of facet-grade rough, per- 
haps 150 ct of faceted gems result: a total yield of 
0.015%. 

Some dealers are believed to have large stock- 
piles of rough Mali garnets in Idar-Oberstein, with 
substantial quantities also in North America and 
Australia. We estimate that, as of September 1995, 
these stockpiles totaled several dozen kilos of 
facet-grade material and several hundred kilos of 
cabochon-quality rough. According to Joe Freilich 
of M. Fabrikant & Sons in New York, their stock 
of faceted Mali garnets exceeds 5,000 ct, primari- 
ly in sizes up to 5 ct, but with a few larger “col- 
lector pieces” (again, see figure 1). 


MATERIALS AND METHODS 


For our gemological investigation, we examined 23 
faceted stones (some are shown in figure 6), 20 
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Figure 4. This 57.5-ct round brilliant-cut stone is 
the largest faceted grossular-andradite garnet 
from Mali seen by the authors to date. Courtesy 
of Gustav Zang, Lapidary, Idar-Oberstein; photo 
© Harold and Erica Van Pelt. 


rough crystals and crystal sections, and eight rough 
nodules (see, e.g., figure 7}. The faceted stones 
ranged from 0.34 to 15.67 ct, and the rough crys- 
tals weighed from 8 grams to greater than 2.1 kg. 
The gem nodules weighed from 3.11 to 9.32 ct; the 
nodule examined by Hurwit et al. (1994), which 


Figure 5. Although most of the Mali garnet 
crystals seen to date appear to be opaque (right, 
61,02 ct), many have large areas of transparent 
material (left, 106.29 ct). Courtesy of Firegems; 
photo © GIA and Tino Hammid. 
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will sometimes be mentioned for comparison pur- 
poses, weighed 25.35 ct. 

Face-up colors were viewed using both fluores- 
cent and incandescent light sources. Refractive 
indices were measured with a Duplex II refrac- 
tometer and a near-monochromatic, Na-equivalent 
light source. We determined specific gravity hydro- 
statically as an average of three sets of measure- 
ments. Fluorescence to ultraviolet radiation was 
observed in a darkened room using a short- 
wave/long-wave ultraviolet lamp. We noted polar- 
ization behavior using a GIA GEM Illuminator 
polariscope, and observed absorption spectra using 
a Beck prism-type spectroscope. The Chelsea filter 
reaction was determined with illumination from a 
spectroscope base unit. We examined internal fea- 
tures using a standard gemological microscope in 
conjunction with brightfield, darkfield, and oblique 
fiber-optic illumination, as well as polarizing filters. 

Chemical compositions for five stones (a mix 
of faceted and rough) were determined quantita- 
tively using a CAMEBAX electron microprobe at 
the University of Mainz, in Mainz, Germany. 
Three additional faceted stones were studied with 
a Camscan Series II analytical scanning electron 
microscope (SEM} at the California Institute of 
Technology, in Pasadena, California. Back-scat- 
tered electron imaging was also perfomed to look 
for fine compositional details in these garnets. 
Eleven stones of various colors were also examined 
with energy-dispersive X-ray fluorescence (EDXRF) 
spectroscopy, using a Tracor Xray Spectrace 5000 
with a rhodium-target X-ray tube. 

We obtained visible spectra on two stones, one 
yellowish green and one intense green, using a 
Perkin-Elmer Lambda 3 UV/VIS spectrophotome- 
ter, with a 0.2-nm step width and 15 nm/min. 
scanning speed. The two faceted stones were 
embedded in BaSO, and measured in reflection 
mode using an integration sphere. A few additional 
stones were run in absorption mode using a 
Hitachi UV/VIS spectrophotometer. 

X-ray powder diffraction images were taken 
from minute amounts of powder scraped from 
nine stones (representing both faceted and rough], 
with a Debye-Scherrer camera mounted on a 
Siemens Kristalloflex diffractometer. The unit-cell 
edge of an additional stone was measured with the 
more precise Guinier technique (see, for example, 
Taylor, 1961). 

We calculated garnet end-member compo- 
nents as follows: All magnesium was apportioned 
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to the pyrope component, Py; all manganese to the 
spessartine component, Sp; all chromium to the 
uvarovite component, Uv; and all iron (Fe3+) to 
the andradite component, And. Assignment of all 
iron as Fe3+ is supported by our spectra, which 
revealed no evidence of Fe2+ (as in almandine). 
Calcium, aluminum, and silicon were distributed 
according to stoichiometry; remaining aluminum 
was apportioned to the grossular component, Gr. 
Because none of the stones revealed a significant 
titanium content, Ti was ignored in calculating 
end members. Components were normalized to 
100% (e.g., Gr7g AndopPy | Sp)). 


CRYSTAL MORPHOLOGY 


The rough samples we examined (again, see figure 
7) occurred in two forms: as crystals, often nearly 
complete, and as rounded nodules. Most of the 
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Figure 6. These seven 
faceted brown, yellow- 
green, and green grossu- 
lar-andradite garnets 
from Mali (ranging from 
0.85 to 2.39 ct) are part of 
the study sample. Stones 
courtesy of Pala 
Properties International 
and Thomas M. 
Schneider; photo © GIA 
and Tino Hammid. 


crystals showed dodecahedral d {110} faces; some 
also showed minor trapezohedral n {211} faces; 
and, in at least one case, the trapezohedron was 
the major form shown. Most crystals showed regu- 
lar shapes, but a few were distorted; distorted crys- 
tals are flattened in a variety of directions. 

All the crystals appeared to have dodecahedral 
core zones, and some very large crystals showed 
only the dodecahedral habit (that is, not all crystals 
have trapezohedral faces}. In some cases, gemmy 
yellowish green or green cores were found in crys- 
tals with dull, nearly opaque, brown surface “skins” 
(again, see figure 5). The surface regions were less 
transparent than the cores. At least one crystal was 
so dark brown as to appear nearly black, and one 
showed a bright green surface region (figure 8). 

Most crystal faces on the predominantly dodec- 
ahedral crystals were sharply reflective, although 
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Figure 7. Also in the study sample were these seven 
rough crystals and eight nodules of Mali garnet. 
From top left down: approximately 126-gram 
dodecahedron, 24-gram trapezohedron/dodecahe- 
dron, 16-and 8-gram dodecahedra, From top right 
down: approximately 780 gram (94 x71 x 66 cm) 
dodecahedron, and 22- and 13-gram distorted 
dodecahedra/trapezohedra. The eight nodules in 
the center weigh from 3.11 to 9.32 ct. Courtesy of 
Pala Properties International, Firegems, and the 
authors; photo by Shane F. McClure. 


some had rough surfaces (figure 9}, which may be 
due to intergrowth with other minerals. Some 
dodecahedral internal surfaces (and all faces on 
those crystals that were predominantly trapezohe- 
dral) had a rough or stepped appearance. This 
appearance may be due to the dissolution of inter- 
grown minerals, especially calcite, during either 
weathering or processing of the mined material. 

In contrast to these crystals, the “nodules” we 
examined—actually cobbed rough material, rather 
than alluvial nodules—had rounded surfaces and 
no crystal faces. The curved surfaces were proba- 
bly caused by fracturing along curved fluid-filled 
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inclusions (see “Appearance with Magnification 
and in Polarized Light,” below). 


PHYSICAL APPEARANCE AND 
GEMOLOGICAL PROPERTIES 


Gemological properties of the 23 faceted stones 
examined are given in table 1 and described below, 
with additional reference to the results for the 
eight gem nodules examined, as appropriate. 


Color. The 23 faceted stones ranged from slightly 
greenish yellow to dark orangy brown and from 
greenish yellow to yellowish green and intense 
green (again, see figure 6]. The most common col- 
ors appear to be greenish yellow to yellow-green 
(figure 10). The brownish colors include brownish 
greenish yellow, brown-orange, and dark orangy 
brown. The colors of two green samples resembled 
those typically associated with tsavorite garnet. 
Yellow-green Mali garnets typically are of medi- 
um tone, with a stronger yellow component than 
tsavorites from East Africa and transparent green 
chromium-bearing grossulars from Quebec (see, for 


Figure 8. The bright green surface on the top of 
this 28.0 x 26.3 x 25.4 mm bicolored crystal 
from Mali was found to have a composition 
slightly different from the yellowish green 
regions. Courtesy of William Dameron; photo 
by Maha DeMaggio. 
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TABLE 1. Gemological properties of yellowish green, green, and orange-to-brown 
grossular-andradite garnet from Mali. 


Property Yellowish green (18)" Green (2) Orange to brown (3) 
Color Slightly greenish yellow Green Brown-orange to 
to light yellowish green dark orangy brown 
Color distribution Even Even Even to uneven 
Refractive index 1.752--1.769 1.762—1.764 1.773-1.779 
Optic character? SR, often ADR Moderate ADR Moderate to strong ADR 
Color filter reaction Negative (appears green) Red (1), negative (1) Negative (appears green) 
Absorption spectrum Weak 415, 440 band, Weak 415 band or 440 cutoff and/or 
sometimes faint 465, 495 lines 440 cutoff, moderate 445 band, 445 band 
and 600 line 
Fluorescence Inert Inert Inert 
to long- and 
short-wave UV 
Specific gravily 3.64-3.68 3.65-3.67 3.67-3.68 
Growth zoning Dodecahedral Dodecahedral Dodecahedral or 
trapezohedral 
Inclusions Fingerprints, Fingerprints, Fingerprints, 


sometimes small crystals 


sometimes small crystals 


sometimes small crystals 


4 Numbers in parentheses represent number of samples studied. All data are from this study. 


osR= Singly refractive; ADR = anomolously doubly refractive. 


instance, Anderson, 1966, Dunn, 1978; Schmetzer 
and Bank, 1982). Intense green and orangy brown 
stones from Mali cannot be distinguished from other 
types of garnets on the basis of color. 


Refractive Indices. We recorded R.I. ranges of 
1.752-1.769 for the yellowish green and green stones 
we examined; and 1.773-1.779 for the orangy brown 
stones. These are consistent with R.I. values of 
1.755-1.782 reported in the literature for Mali gar- 
nets (Zang, 1994; Henn et al., 1994, Lind and Bank, 
1994, Brightman, 1995). Grossular is usually report- 
ed as having a refractive index between 1.73 and 
1.76, and the RL of andradite is in the 1.880— 1.895 
range (Stockton and Manson, 1985). 


Polariscope Reaction. Seventeen of the 23 faceted 
stones showed moderate-to-strong anomalous 
double refraction (ADR) when viewed in a polar- 
iscope. All showed anomalous birefringent colors 
when examined microscopically between crossed 
polarizing filters. Strong ADR was also observed 
in all of the rough nodules that were sufficiently 
transparent to be so examined. 


Optical Absorption Spectroscopy. All 31 nodules 
and faceted stones that we examined with the 
handheld spectroscope showed a band centered 
about 440 nm (with the center ranging from 435 
to 450 nm}. We also noted a 415-nm line in the 
17 faceted stones and nodules with the lightest 
colors. We saw two faint lines in the 460-470 
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nm and 495-500 nm regions in six of these 17 
stones. In the stone with the most intense green 
color, we also saw a line at 600 nm (which we ten- 
tatively attributed to chromium). The spectra for 
the darkest toned (orangy brown and green] stones 
had a cutoff at about 440 nm. In general, the 
strongest feature—the cutoff or 440-nm band— 
was consistent with the typical spectrum for andra- 
dite (figure 11, see also Payne, 1981). 


Figure 9. This surface on a 13-gram garnet crys- 
tal from Mali shows evidence that additional 
minerals, possibly blades of epidote, had grown 
adjacent to it. Courtesy of Firegems. Photo- 
micrograph by John I. Koivula; magnified 2x. 
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Figure 10. Most of the Mali garnets seen to date 
have been in the greenish yellow to yellow-green 
range. These six faceted yellow-green grossular- 
andradite garnets (1.76 to 2.55 ct) from Mali are 
part of the test sample. Most stones courtesy of 
Pala Properties International; photo © GIA 

and Tino Hammid. 


Specific Gravity. Values determined for our sam- 
ples are consistent with ranges reported by Zang 
(1994), Lind and Bank (1994), and Brightman 
{1995}: 3.63 to 3.70. Henn et al. (1994) report the 
much larger range of 3.58 to 4.19, the highest value 
is anomalous. Our faceted stones showed a general 
increase in specific gravity with increase in refrac- 
tive index, although there was considerable vari- 
ability from one stone to the next. 


Appearance with Magnification and in Polarized 
Light. For the cleanest stones we examined, inclu- 
sions were very rare or nonexistent. However, all 
stones showed pronounced dodecahedral growth 
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zoning (sometimes only visible as parallel layers). 
Although these layers were frequently visible (as 
color zoning) with standard illumination (figure 
12, left], they were especially distinct when the 
stones were examined between crossed polarizers, 
showing up as dull-to-bright-gray birefringent lay- 
ers (anomalous birefringence; figure 12, right). 
Such growth zoning took on an unusual appear- 
ance in the darkest brown stone: It consisted of 
darker orange trapezoids, which we suspect are 
trapezohedral {211} growth zones (figure 13}. 

The most common inclusions were curved, 
partially healed fractures, or “fingerprint” inclu- 
sions (figure 14), seen in nine faceted stones and 
near the surfaces of all the nodules (figure 15). In 
fact, the rounded surfaces of the (cobbed) nodules 
could be seen to be made up of material etched or 
broken along the curved fingerprints. Two-phase 
fluid inclusions were seen in a healed fracture in 
one stone. 

Five of the faceted stones contained tiny 
included crystals, which were too small and too far 
from the surface to identify. Although the stone 
described by Hurwit et al. {1994} showed a very 
fine, wispy, “horsetail” (visible at 50x magnifica- 
tion}, we did not detect this feature in any of the 
sample nodules or faceted stones. 


CHEMICAL COMPOSITION 


Electron Microprobe Analysis. Results of quantita- 
tive chemical analyses for five stones are given in 
table 2. Two yellowish green faceted stones, analy- 
ses MAO1 and MAO2 (previously described by one 
of the authors: Zang, 1994), are typical in color and 
gemological properties of most grossular-andra- 
dites coming from Mali, with compositions of 
approximately GrggAnd) gPy. An 11-point traverse 
{figure 16) was made across a portion of sample 
MAI19, which had a green core (average composi- 


Figure 11. The absorption spectrum seen with a 
handheld spectroscope in most grossular-andra- 
dite garnets from Mali resembles this spectrum 
for typical yellowish green demantoid andradite 
garnet. Figure © GIA. 
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Figure 12. Straight growth zoning parallel to two dodecahedral faces was commonly seen in the test sample 
of grossular-andradite garnet from Mali (left). This feature appears particularly sharp when viewed between 
crossed polarizers (right). Photomicrographs by John I. Koivula; magnified 20x. 


tion Gr73Andy)>5Py,) and a 0.5-mm-thick brown 
rim (average composition Gr33 5,And¢s5Pyj 5s). 
Sample MA93, an intense green stone, contained 
chromium (0.63 wt.% Cr.O3), but no vanadium 
was detected (approximate composition Gr7o 
And ¢Py3U vo}. Sample MA23, a brown rhombohe- 
dral crystal about 1.5 cm in diameter, was found to 
have a relatively homogeneous composition (about 
GrgjAndggPy.) that included 0.04 wt.% V2O3. 


Scanning Electron Microscopy. With the scanning 
electron microscope, analyses can be made of indi- 
vidual submicron spots, and of rectangular areas 
up to the size of the (magnified) field of view. Both 
techniques were used in this study. The results are 
also given in table 2; two faceted stones had com- 
positions similar to those seen in the microprobe 
analyses of Mali garnets. (Unfortunately, we were 
not able to run both electron microprobe and SEM 
analyses on the same stones.} A third faceted 
greenish yellow stone, R-2596, contained signifi- 
cantly more magnesium [about | wt.% MgO; 
pyrope content about 4 mole %}. This stone also 
had a significantly lower RI. (1.752) than the other 
greenish yellow stones in our sample. 

These faceted samples were imaged in back- 
scattered electron (BSE) mode. In two stones, no 
compositional detail was seen using BSE imaging. 
However, R-2596 showed brighter stripes against 
an evenly toned background (figure 17). A bright 
region in BSE imaging corresponds to a higher 
average atomic weight (see, e.g., Newbury, 1975], 
and these stripes represent linear regions of lower 
magnesium content. For this stone, we successful- 
ly obtained analyses from one point on a BSE- 
bright stripe and two spots (plus a regional average) 
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in BSE-darker regions. There was no appreciable 
difference in iron (calculated as andradite) content 
between light and dark regions, but there was sig- 
nificantly more magnesium {pyrope component} in 
the darker regions than in the bright stripe. 

EDXRF analyses of 11 additional samples gave 
results that were consistent with those reported 
above. 


Composition Determined by Indirect Methods. 
Properties such as refractive index, specific gravity, 
and unit-cell-edge length vary linearly between 
end-member compositions in the garnet mineral 
group (Deer et al., 1982|. For some garnets in our 
study with measured compositions, we checked 
whether these properties can be used to predict 
garnet compositions. Our samples fit chemically 


Figure 13. The growth zoning seen here in a 
15.67-ct dark orangy brown garnet from Mali 
appears to parallel trapezohedral growth faces. 
Photomicrograph by John I. Koivula; 
magnified 20x. 
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Figure 14. Partially healed fractures were among 
the most common internal features seen in the 
Mali garnets examined. Photomicrograph by 
John I, Koivula; magnified 30x. 


between the end members grossular and andradite, 
with minor deviations caused by small amounts of 
other end members such as pyrope, spessartine, 
uvarovite and, possibly, hydrogrossular. A good 
estimate of a given stone’s composition can be 
made by measuring its refractive index and inter- 
polating between 1.734 (pure grossular) and 1.887 
(pure andradite}; the other indirect measurements, 
especially specific gravity, have lower certainties 
and are less useful for this determination. 


Spectrophotometry and Causes of Color. The two 
faceted stones for which optical absorption spectra 
were studied in detail—yellowish green sample 
MAO2 and intense green sample MA93—were very 
similar in chemical composition (as determined by 
electron microprobe analysis}, about Grg;And)s s. 
Intense green sample MA93 contained 0.63 wt.% 
CryO3, but no chromium was detected in sample 
MAO?2. 

The spectrum of yellowish green sample 
MAO2 shows a small peak at 408 nm, a broad band 
centered at 432 nm, and a weaker, still broader 
band centered at 585 nm (figure 18). The color- 
inducing element in this sample is trivalent (ferric) 
iron, which has absorption bands with maxima at 
about 432 and 585 nm (see Moore and White, 
1972; Amthauer, 1976; Rossman, 1988; Burns, 
1993). The weak manganese peak at 408 nm has 
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no appreciable influence on the color (Moore and 
White, 1972, Duffy, 1990]. 

The absorption spectrum of intense green sam- 
ple MA93 shows a maximum at 478 nm, followed 
by a minimum near 526 nm (i.e., maximum trans- 
mission in the green part of the spectrum) and a 
strong band in the 550-650 nm range that has a 
maximum intensity at about 608 nm. Two sharp 
lines are evident at at about 696 nm and 700 nm 
(again, see figure 18). In this spectrum, chromium 
is the most important color-inducing element, as 
indicated by the two wide bands with maxima at 
about 478 and 608 nm; the sharp lines are also due 
to chromium (Moore and White, 1972; Amthauer, 
1972; Burns, 1993}. The color is intensified by the 
influence of ferric iron, similar to those bands seen 
in sample MAQ2: The 435-nm band can be easily 
seen in the spectrum, and the Fe?+ peak around 
585 nm—although less prominent—is also 
observed. 

For some orangy brown stones on which spectra 
were also run, the 435-nm band was visible as a 
shoulder on a strong background absorption that 
increased toward the blue and violet region of the 
spectrum. In lighter-toned orangy brown stones, the 
585-nim band could also be seen; however, in general 
the strong absorption edge dominated the spectrum. 


DISCUSSION 


Classification of Garnet Type. For the yellow- 
green, intense green, and orangy brown garnets from 


Figure 15. The curved surfaces of the nodules 
appear to be broken along healed fractures. This 
fracture is barely under the surface of a 3.11-ct 
yellowish green garnet nodule from Mali. 
Photomicrograph by John I. Koivula; 

magnified 15x. 
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TABLE 2. Quantitative chemical analyses of eight Mali garnets.* 


Microprobe analyses, by sarnple number 


Analytic SEM analyses, by sample number 


MAO1 MA02 MA93 MA23 MAIS R-2597 = R-2594 R-2596 
Results Yellowish Yellowish Intense Brown Green Brown Greenish Yellow- Greenish Greenish 
green green green core rim (3} yellow green yellow yellow 
BSE dark (3) BSE light (1)® 

Wt. % oxides 
MgO 0.49 0.47 0.67 0.34 0.48 0.33 0.78 0.70 1.06 0.80 
Alp03 17.26 18.09 17.55 6.29 15.67 6.97 17.70 17.51 18.25 18.47 
Si05 38.80 38.97 39.11 36.43 39.02 36.67 40.23 40.01 38.58 39.15 
CaO 36.29 36.63 36.49 34.42 35.94 34.57 34.05 34.59 36.95 36.94 
TiO, 0.19 0.18 0.65 1.15 0.68 0.87 0.10 0.09 0.13 nd 
Cto03 nd nd 0.63 nd nd nd 0.09 0.07 0.12 nd 
Vo03 nd nd nd 0.04 nd nd _ _ = _— 
MnO 0.11 0.10 0.13 0.10 0.11 0.14 0.09 0.11 0.10 nd 
Feo03 6.88 5.23 5.20 20.91 7.99 20.25 6.96 6.92 4.80 4.64 
Sum 100.02 99.67 100.43 99.68 99.89 99.81 (100) (100) (100) (100) 

Mole % garnet 

end-members 
Py 1.91 1.85 2.65 1.46 1.96 1.40 2.93 2.73 417 3.1 
Sp 0.24 0.22 0.29 0.24 0.26 0.34 0.18 0.23 0.23 nd 
Uv nd nd 1.98 nd nd nd 0.25 0.20 0.37 nd 
And 20.29 15.58 15.59 67.97 24.58 64.95 20.00 20.07 14.37 13.9 
Gr 77.56 82.34 79.48 30.32 73.20 33.31 76.60 76.77 80.87 83.0 

Unit-cell edge 11.8937 11.87 11.88 11.88 

RI. . 1.765 1.765 1.752 

S.G. 3.67 3.66 3.64 


AMicroprobe analyses were run on a CAMEBAX electron microprobe, and analytical SEM analyses were run on a Camscan Series i SEM. Elemental concentrations below the detection fimits of 
the microprobe are listed as “nd” vanadium was not looked for with the SEM (as indicated by a dash). Consult the authors for further experimental details. 


BSE = Backscallered electron imaging. 


Mali, which have more than 50% grossular compo- 
nent, the proper mineralogic name is grossular gar- 
net or, since the iron is in the Fe?* {ferric} oxidation 
state, ferrian grossular garnet. As a gem variety, we 
are referring to this material as grossular-andradite 
garnet, since it lies between the two pure end- 
members. This is analogous to Stockton and Man- 
son’s (1985} use of the terms pyrope-almandine, 
pyrope-spessartine, and almandine-spessartine to 
describe intermediate garnets in the pyralspite sub- 
group. For any (probably orange-to-brown) garnets 
with compositions of 50% (or more} andradite, we 
propose also using the grossular-andradite designa- 
tion, although the mineralogic name for such gar- 
nets would be (aluminian) andradite. Some gem 
garnet names currently in use by the GIA Gem 
Trade Laboratory are given in table 3. 
Intermediate grossular-andradite garnets, 
sometimes called grandite garnets in the petro- 
logic and mineralogic literature, are common as 
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Figure 16, These calculated garnet end-member 
components were derived from a microprobe tra- 
verse across part of a Mali garnet section (speci- 
men MA19; see table 2) that had a green core and 
a brown rim. Manganese (spessartine) values are 
exaggerated by 100x for clarity. Pyrope contents 
do not vary significantly in this stone. 


" GROSSULAR 
* ANDRADITE 
= SPESSARTINE (x100) 
seal . om we 
70.00 2 
60.00 4 a 
x 50.004 : 
a 40.00 -| = ‘ 
= 30.00 , %, es 
20.004 ® re Ae 
10.00 7 GREEN <——______> BROWN 
0.00 5 T T 1 1 Tot T 
60 62 64 66 68 7.0 7.2 74 7.6 
DISTANCE FROM CORE (mm) 
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semi-translucent to opaque dull-colored garnets 
in contact-metamorphic (skarn) deposits, but 
they have not been previously documented as 
facetable gem materials. However, another gem- 
quality intermediate gamet in the uvarovite-grossu- 
lar-andradite series was described by Burns (1973): 
“lime” green crystals from a drill core at Marvel 
Loch, Western Australia, that were found to have 
a composition of Gr,;And)3;Uv3). The largest was 
reportedly about 5 mm in diameter. The Mali 
grossular-andradites are extraordinary among the 
contact-metamorphic ugrandite garnets for their 
combination of size and transparency. 


Possible Causes of Growth Zoning and Anomalous 
Birefringence. The most pronounced visual feature 
of the grossular-andradite garnets from Mali is lin- 
ear growth zoning, which we saw when the stones 
were magnified, sometimes with standard dark- 
field illumination, but always when viewed 
between crossed polarizers. This feature is typical- 
ly found in grandite garnets and has been exten- 
sively studied in the mineralogical literature. The 
possible causes include: variation and ordering 
between Fe?* and Al (Lessing and Standish, 1973; 
Akizuki, 1984, Akizuki et al., 1984; Hirai and 


Figure 17. Compositional variation in a 1.86-ct 
greenish yellow grossular-andradite garnet from 
Mali (R-2596) can be seen as variations in 
brightness in this back-scattered electron image 
taken with a scanning electron microscope. 
Bright bands are lower in pyrope than the dark 
bands, (The dark band to the left is the edge of 
the table facet; the dark spots are dust particles 
on the stone’s surface.) Electronmicrograph by 
Mary L. Johnson; magnified 88x. 
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Figure 18. Ultraviolet-visible absorption spectra 
for yellowish green (MAO2) and intense green 
{MA93) grossular-andradite garnets from Mali 
show peaks associated with trivalent iron (Fe*), 
the principal cause of color in sample MAOQ2, 
and chromium (Cr), another important color- 
inducing element in sample MA93. 


Nakazawa, 1986; Sods et al., 1991; Jamtveit, 1991); 
strain (Foord and Mills, 1978; McAloon and 
Hofmeister, 1993}; orientational variation of OH 
groups (Rossman and Aines, 1986; Allen and 
Buseck, 1988), and twinning within individual lay- 
ers (Hirai and Nakazawa, 1982). Another possible 
cause for the zoning may be immiscibility unmix- 
ing between components in the grandite and pyral- 
spite subgroups (Bosenick et al., 1995}. 


TABLE 3. Chemical compositions and refractive 
index ranges for gem garnets.* 


Gem garnet Chemical composition Refractive indices 
Pyrope MgsAls(Si04)3 1.714 —<1.742 
Pyrope-almandine (Mg,Fe)sAl(Si0,4} 1.742 -<1.785 
Almandine FesAl(Si0,)3 1.785 — 1.830 
Almandine-spessartine (Fe, Mn}sAlo(Si0,)3 1.810-— 1.820 
Spessartine MnzAlo(Si0,)3 1.780 —<1.810 
Pyrope-spessartine (Mg,Mn)3Alo(Si04)3 1.742 —<1.780 
Grossula CagAl(Si0,)3 1.730 - 1.760 
Grossular-andradite  (Ca,Fe),Al,(Si0,), 1.752 - 1.782 
Andradite FesAlo(Si04)3 1.880 — 1.895 


4 Derived from Stockton and Manson (1985) and present study. 


CONCLUSIONS 


Gem Nomenclature and the Distinguishing Features. 
Mali garnets examined to date were greenish yel- 
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low to green or greenish yellow to orangy brown, 
with an RI. range between 1.752. and 1.782, and 
S.G.’s between 3.63 and 3.70 (disregarding the sin- 
gle 4.19 value of Henn et al., 1994}. The absorption 
spectra and chemistry of these garnets agreed with 
those of garnets colored primarily by trivalent iron 
(with the exception of the intense green stones, 
which also contained chromium and possibly 
vanadium). The most common internal features 
seen were parallel growth planes, sometimes 
showing dodecahedral or trapezohedral angular 
boundaries (again, see figures 12 and 13) that are 
related to the anomalous birefringence of the 
material. These growth features are ubiquitous in, 
and may be considered diagnostic for, grossular- 
andradite garnets. “Fingerprint” inclusions, small 
white and dark anhedral crystals, and {one} very 
wispy horsetail inclusion have also been seen in 
stones from Mali. All these properties are consis- 
tent with the material from Mali being an inter- 
mediate garnet in the grossular-andradite series of 
the ugrandite (uvarovite-grossular-andradite) sub- 
group, with less than 10% pyralspite (pyrope plus 
[possibly] almandite plus spessartine) components. 
At the moment, the gem trade seems to be 
calling this material “Mali garnet,” or “Mali 
grossular garnet.” It is also being sold as “grandite 
garnet,” a short-hand term used by petrologists but 
not a name accepted by the International 
Mineralogical Association (IMA). The GIA Gem 
Trade Laboratory calls this material grossular- 
andradite {as opposed to simply grossular} because 
its properties lie between the two gem species. To 
wit: (1) the range of refractive indices extends 
beyond, and barely overlaps, that which is tradi- 
tionally considered to be grossular, and does not 
reach the andradite range; {2} the yellow-green, 
green, and orangy brown colors and absorption 
spectra are consistent with andradite (pure grossu- 
lar is colorless); and (3) the absorption spectrum 
(440 band) is consistent with andradite (pure 
grossular has no absorption spectrum). The com- 
position extends from grossular toward andradite, 
far beyond the most Fe-rich transparent grossulars 
reported by Manson and Stockton (1982). Trans- 
parent stones on both sides of the 50/50 split 
between grossular and andradite should have gem 
properties consistent with this classification. 


Effect on the Gem Market. Most gem-quality 
grossular-andradite garnets from Mali seen thus far 
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are reminiscent of pale greenish yellow to yellow- 
green grossulars from Tanzania, and are similar in 
appearance to faceted chrysoberyl from Sri Lanka 
and Brazil. Some rare stones resemble peridot. 
There are also numerous brown to brownish 
orange stones which can be quite brilliant, due to 
their (andradite-derived) higher R.I.’s and disper- 
sions. These may serve as inexpensive substitutes 
for “cognac” diamonds. Although only a few 
intense green stones have been found so far, Mali 
is a promising source for these garnets. In light of 
the current low supply of tsavorite from Kenya and 
Tanzania, and the extreme rarity of fine deman- 
toids, this potential new source would be a wel- 
come alternative. 

This new gem variety of garnet will undoubted- 
ly reach mass-marketing channels soon. Stockpiles 
of rough, rumored to total several tons, await pro- 
cessing in Idar-Oberstein, Australia, and America. 
Also ready for cutting as of early September 1995 
were several dozen kilograms of facet-grade nodules 
and several hundred kilos of cabochon-grade materi- 
al. Already, thousands of carats of fashioned gems 
are poised to enter the marketplace. 
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SAPPHIRES FROM SOUTHERN 
VIETNAM 


By Christopher P. Smith, Robert C. Kammerling, Alice S. Keller, Adolf Peretti, 
Kenneth V. Scarratt, Nguyen Dang Khoa, and Saverio Repetto 


Gem-quality blue to bluish green sap- 
phires from basaltic terrains in southern 
provinces of Vietnam have been entering 
the gemstone market since the late 1980s. 
Visits to two of the sapphire-producing 
areas—Phan Thiet and Di Linh—con- 
firmed that the sapphires occur in associa- 
tion with alkali basalts. Mining was done 
by hand at the Phan Thiet localities and 
with relatively sophisticated equipment at 
Di Linh. Investigation of 250 faceted sam- 
ples revealed gemological, spectroscopic, 
and chemical properties similar to those of 
other basaltic sapphires. Notable internal 
features are prominent growth structures, 
distinctive color zoning, various cross- 
hatch to lath-like “cloud” patterns, and 
several mineral inclusions. 
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Vietnam Sapphire 


n recent years, considerable attention has been focused 
- on the deposits of ruby and fancy-colored sapphires in 
northern Vietnam (see, e.g., Kane et al., 1991; Kammerling 
et al., 1994). Yet, significant corundum deposits have also 
been found in southern Vietnam. Since the late 1980s, blue 
to bluish green gem-quality sapphires (figure 1) have been 
recovered from secondary deposits in basaltic terrains in 
the provinces of Binh Thuan (formerly Thuanh Hai), Lam 
Dong, Dong Nai, and Dac Lac (figure 2}. With the start of 
both organized and wide-scale independent mining in 
approximately 1990, thousands of carats of these sapphires 
began to enter the gem market through Thailand and else- 
where. To date, mining activity has been erratic, although 
periods of intense activity marked the first half of the 
1990s. In fact, a spring 1995 report stated that more than 
10,000 people had gone to central “Darlac” [Dac Lac] 
Province in search of sapphires (“Sapphire Fever Strikes 
.,” 1995). Because the blue sapphire deposits of southern 
Vietnam appear to cover a fairly wide area, and they are eas- 
ily mined from secondary gravels, future prospects appear 
promising. 
In late 1992 and early 1993, several of the authors (RCK, 
SR, AP, KVS, ASK) visited the deposits at Phan Thiet {Binh 
Thuan Province} and Di Linh (Lam Dong Province} and col- 
lected firsthand information and samples. Additional samples 
were obtained through various marketing channels within 
Vietnam. At the time of our visits, there was no formal min- 
ing in Dong Nai Province, although we were told that sap- 
phire had been found in the area of Gia Kiem, in central 
Dong Nai. Nor was there organized activity at Dac Lac. This 
report focuses on the geologic occurrence of these blue to 
bluish green sapphires, the mining methods used to extract 
them, and their gemological properties (especially their dis- 
tinctive internal structure and other internal features). 
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Figure 1. Commercial 
quantities of blue sap- 
phire have been mined 
from various regions in 
southern Vietnam. These 
Vietnamese sapphires 
range from 0.50 to 1.58 ct. 
Jewelry courtesy of The 
Gold Rush, Northridge, 
California; photo by 
Shane F. McClure. 


GEOLOGY AND OCCURRENCE 


In northern Vietnam, the gem corundums (primarily 
rubies and fancy sapphires, although some blue sap- 
phires have been reported) occur in metamorphic 
rocks, specifically marbles (see, e.g., Kane et al., 
1991}. In contrast, the blue to bluish green gem 
corundums in southern Vietnam are found in alkali 
basalts (volcanic igneous rocks). Like the first gem 
corundums discovered in northern Vietnam, howev- 
er, those in the south are recovered from secondary 
deposits, mainly alluvials (placers). 

The geologic setting of these southern Vietnam 
sapphires is similar to that of alkali basalts else- 
where in Southeast Asia and China, such as Mingxi 
in Fujian Province (Keller and Keller, 1986], Penglai 
on Hainan Island (Wang, 1988), and Changle in 
Shandong Province, China [Guo et al., 1992b); 
Chanthaburi-Trat and Kanchanaburi, Thailand 
{Vichit et al., 1978), Pailin, Cambodia (Jobbins and 
Berrangé, 1981); and Monghkak, Myanmar (Hlaing, 
1993). At these localities, the alluvial and eluvial 
deposits result from concentration of the gem corun- 
dums by weathering and mechanical processes; zir- 
con, spinel, and garnet may also be recovered. 


Vietnam Sapphire 


The volcanic activity in Southeast Asia that 
brought the corundum-bearing alkali basalts to the 
surface began at least 13 million years (My) ago and 
has continued to the present (see, e.g., Barr and 
Macdonald, 1981}. During Middle and Late Ceno- 
zoic time (since about 37 My ago}, Southeast Asia 
experienced block faulting as a result of regional ten- 
sion, with the subsequent formation of grabens 
(long, narrow troughs, such as those in East Africa 
and the Rhine Valley, bounded by normal faults}. 
Thus, topographically, this part of southern Viet- 
nam may be viewed as consisting of numerous part- 
ly eroded plateaus separated by trough-like valleys. 
Volcanic activity along the rifts resulted in a broad 
basalt cover over much of the area. The depressions 
were filled not only with basalts but also with sedi- 
ments, including corundum, derived from the weath- 
ering of rock formations at higher elevations [i.e., the 
upraised fault blocks; Barr and Macdonald, 1981). 

Basalt is a general term for fine-grained, dark- 
colored, mafic (high Fe and Mg} igneous rocks com- 
posed chiefly of calcium-rich plagioclase and calci- 
um-rich clinopyroxene (mainly augite}. There are 
two major types of basalt: tholeiite and alkali. In 
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southern Vietnam have been associated with the alkali basalts of Binh 
Thuan, Lam Dong, Dong Nai, and Dac Lac provinces. The deposits at 
Da Ban and Ma Lam in Binh Thuan Province and Di Linh in Lam Dong 
Province were visited by the authors. 


areas where more than one type of basalt occurs, as 
in southern Vietnam and elsewhere in Southeast 
Asia, usually the older flows are tholeiites and the 
younger flows alkali basalts. Corundum is found 
only in association with alkali basalts, which con- 


Figure 3, At Da Ban, most of the mining is done 
with simple hand tools, like the pick used by 
these miners to remove the potentially gem- 
bearing gravels. Photo by R. C. Kammerling. 


170 Vietnam Sapphire 


stitute a small percentage of all basalts; they are 
characterized by higher alkali (>3-5 wt.% NayO + 
KyO} and lower silica (40-50 wt.% SiO») contents 
compared to the more common tholeiitic basalts 
(see, e.g., Levinson and Cook, 1994). 

Basaltic magmas form within the upper mantle 
(that part of the Earth below the crust} by a process 
known as partial melting [i.e., melting of selective 
components—about 5-10%—of mantle peridotite}. 
Of the two major types of basalts, alkali basalts 
typically form at greater depths (about 60-120 km} 
than tholeiites {about 20-80 km). In addition, alkali 
basalts frequently contain abundant xenoliths and 
xenocrysts (rocks and crystals, respectively, includ- 
ed in a magma but not formed from the magma 
itself], which were picked up from the mantle as 
the magmas rose to the surface. Among these 
xenocrysts are sapphire and other varieties of 
corundum (see, e.g., Levinson and Cook, 1994). 

To date, sapphires have been found in basaltic 
alluvials in four provinces in southern Vietnam: 
Binh Thuan, Lam Dong, Dong Nai, and Dac Lac. 
The authors gained access to mining operations in 
Binh Thuan (the Phan Thiet District] and Lam 
Dong (the Di Linh District). 
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THE PHAN THIET DISTRICT 


The Phan Thiet sapphire-mining district in Binh 
Thuan Province lies near the coastal city of Phan 
Thiet, about 200 km (124 miles} due east of Ho Chi 
Minh City (again, see figure 2}. At the time of our 
visits, travel into the mining areas by non-Vietnamese 
nationals required special permits, which were 
checked at police posts throughout the region. The 
authors were accompanied by local government 
officials when they went into the Phan Thiet min- 
ing district, which included two large areas: Da Ban 
and Ma Lam. 


Da Ban Mining Area. Access. Da Ban is located 
near Hong Son Village, about 28 km (17 miles} 
northeast of Phan Thiet City. We reached the min- 
ing area by driving a combination of paved and 
winding dirt roads and then walking the last 1 km 
northwest through a shallow valley. Unlike the 
lush tropical vegetation we had encountered in the 
ruby-mining areas in northern Vietnam, the vegeta- 
tion in this hot, dry region was mostly scrub. 


Mining. The mining area was a field of small, irreg- 
ularly shaped pits typically about 1-2 m deep; local 
miners told us that the sapphires were found rela- 
tively close to the surface. We could not discern a 
distinct gravel layer in any of the pits. Although 
most were very small and shallow, barely holes in 
the ground, some of the pits were as large as 3 x 4 
m (as shown in Koivula et al., 1992). 

In November 1992, the area was being worked 
by several small groups of local villagers. They used 
agricultural hand tools—hoes and shovels—first to 
remove the vegetation and topsoil, and then to dig 
down to and through the gem-bearing zone (figure 
3). They shoveled the gravels into wood-framed 
sieves and then washed them using water that had 
accumulated in their or another pit. The miners 
examined the gravels and removed any gem materi- 
al by hand on site. 

Local villagers told the authors that at the 
very height of activity only a few weeks earlier, 
2,000-3,000 people had worked about a 7-km2 of 
this mining district. They said that mining activity 
had decreased recently because (1} local govern- 
ment officials had made concerted efforts to curb 
illegal digging, and (2) much of the material was 
relatively low quality and so brought low prices. 

At one house in the area, miners showed us a 
small lot (about 100 ct) of rough stones that ranged 
from light to very dark blue to greenish blue. They 
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Figure 4. This miner throws gravel into a simple 
metal sieve for washing at Ma Lam. As at Da Ban, 
many miners work in the hot sun, shoveling dirt 
and gravels, and then carrying the heavy sieves to 
nearby ponds. Photo by R. C. Kammerling. 


said that this material, much of which did not appear 
to be cuttable, was recovered over four days by seven 
people. This seemed to confirm the assessment 
that generally only poor-quality material was being 
found at that time. 


Ma Lam Mining Area. Access. We reached Ma Lam 
from Phan Thiet City by driving a circuitous route 
north-northwest about 20 km (12 miles], through 
Sara and Ham Chinh villages. The final kilometer 
or so was on a poorly delineated dirt road. 


Mining. This field of mining pits extended over a 
larger area—several square kilometers—than that 
at Da Ban. Here, the pits ranged from about 0.5 to 2 
m deep. Miners used shovels to excavate the sandy 
soil until they reached the gravel-bearing zone. 
They threw the gravels (figure 4) into crude metal 
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Figure 5. Most of the ponds used for washing the 
gravels at Ma Lam appeared to be old pits that 
had been filled with groundwater, Here a young 
boy searches for pieces of gem rough. Photo by 
A. S, Keller. 


sieves that they took to nearby flooded, previously 
excavated pits for washing (figure 5). As at Da Ban, 
there were no distinct boundaries to the gravel layer. 
We encountered several dozen men, women, 
and children mining in the area, singly and in 
groups of up to about 10. We were told that, in 
November 1992, about 400 people were mining in 
the region, compared to about 1,000 only a few 
months previously. The miners reported an average 
total yield for Ma Lam of about 100 stones a day. 


Marketing. Some of the sapphires recovered by 
local miners in Binh Thuan Province were market- 
ed in Phan Thiet City through a government sell- 
ing office, actually a branch of the Vietnam 
National Gold, Silver, and Precious Stones Corpor- 
ation (figure 6]. Here, we saw several lots (about 2,000 
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carats total} of rough sapphires. The best of these 
were nearly euhedral to slightly rounded subhedral 
crystals displaying strong green and blue dichro- 
ism. Most of the stones were small—less than 3 
ct—although a few were over 10 ct. The larger 
pieces were nearly opaque. In many of the stones, 
we noted distinct color banding as well as what 
appeared to be epigenetic iron-based staining. 

Only about 5% of the material we saw was of 
cutting quality. However, Donato Cremaschi, an 
experienced gem cutter working in Ho Chi Minh 
City at the time, told us that about 10% of the sap- 
phires brought into his offices were cuttable. 
Because of the fees charged by the government sell- 
ing office, and the desire to control distribution 
themselves, miners and dealers typically sold as 
much as 95% of their production through channels 
other than the official government market. 


DI LINH DISTRICT 


Location and Access. The Di Linh District, encom- 
passing the Di Linh and Binh Dien mining areas, is 
located in Lam Dong Province, adjacent to and 
north of Binh Thuan Province. Although the min- 
ing areas can be reached by driving from Ho Chi 
Minh City to Phan Thiet and then traveling almost 
due north, a more direct route is to drive northeast 
from Ho Chi Minh City to Da Lat City, which can 
be used as a base from which to visit Di Linh City. 
From Ho Chi Minh City, which is near sea level, to 


Figure 6. Lots of rough sapphire were brought to 
the Phan Thiet branch of the Vietnam National 
Gold, Silver, and Precious Stones Corporation 
by local miners and dealers at the time of the 
authors’ visit. Photo by R. C. Kammerling. 
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Da Lat, the road climbs to an elevation of about 
1,500 m; it passes through rubber tree and eucalyp- 
tus plantations, and then tea and coffee plantations 
closer to Da Lat. The Summer Palace of the former 
imperial families is located in the resort city of Da 
Lat. Locals regularly pan for gold in the river that 
runs through the city. 

Two of the authors (AP, KS} visited the mining 
operation of the Vietnam National Gems Company 
(Vinagemco} at Di Linh in October 1992. 
(Vinagemco had a joint venture with the Thai firm 
BH Mining to mine rubies and sapphires in Luc 
Yen.) They reached the mining area by traveling 
about 40 km (24 miles} southwest from Da Lat, 
then leaving the main road and traveling southeast 
about 2 km through hilly country on a rough, 
winding trail. During the rainy season (approxi- 
mately May through August], only a large four- 
wheel-drive vehicle can negotiate the road. The 
topography of the mine area is typical of that at 
many other basaltic regions: undulating, with 
numerous flat-topped hills. 


Mining. Unlike the rudimentary independent min- 
ing seen in the Phan Thiet district, Vinagemco had 
mechanized much of their sapphire-recovery opera- 
tion at Di Linh (figure 7). A backhoe removed the 
overburden and then the sapphire-bearing gravels. 
A dump truck took the gravels to a processing 
plant about 100 m from the mining site for wash- 
ing. The gravels were sent through a wooden hop- 
per, into a rotating trommel, and then onto a wood- 
en jig. At the time of our visit, however, this 
process had produced a potentially deadly environ- 
ment in and around the washing plant: Large areas 
of quicksand, some 3 m deep, had formed from the 
run-off water. 

There was also considerable independent min- 
ing in the Di Linh area. Miners worked the hills sur- 
rounding the Vinagemco plant, and then brought the 
excavated gravels to nearby streams for washing. 


GEMOLOGICAL CHARACTERISTICS OF 
SOUTHERN VIETNAM SAPPHIRES 


Materials and Methods. The test sample for this 
study consisted of more than 2.50 faceted, non-heat- 
treated gem-quality sapphires ranging from 0.14 to 
3.44 ct, and six rough crystals ranging from 3.54 to 
7.32 ct. All were obtained from various marketing 
channels in Vietnam and represented to be from 
southern Vietnam. This entire collection was exam- 
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Figure 7. At Di Linh, in Lam Dong Province, the 
joint venture Vinagemco uses a backhoe to 
remove the overburden and reach the gem gravels. 
A dump truck then carries the gravels to a nearby 
washing plant. Photo by K. V. Scarratt. 


ined to document the range of color, diaphaneity, 
reaction to ultraviolet luminescence, and micro- 
scopic features. 

For more detailed analyses, a subset of roughly 
100 of the faceted stones was selected to represent 
the full range of colors, including tone and satura- 
tion as well as hue variations, of the complete test 
sample. The gemstones in this group were exam- 
ined by the senior author (CPS) to produce the 
broader scope of data presented in this article. Of 
this subset, 50 samples were also examined to 
record their refractive indices, birefringence, optic 
character, pleochroism, and optical absorption 
spectra (desk-model spectroscope}, all with stan- 
dard gemological instrumentation. Specific gravity 
was determined on 25 faceted stones and five of the 
rough crystals by the hydrostatic weighing method. 

Approximately 50 stones were selected from 
the above 100 samples for spectroscopic and chemi- 
cal analysis, as well as for examination of growth 
structure. A Perkin Elmer Lambda 9 spectrometer 
was used to perform polarized ultraviolet-visible 
through near-infrared spectroscopy (slit opening 0.5 
nm, interval 0.2, response 1.0, and scanning speed 
120 nm/min.] on two groups of stones: 49 in the 
region 200-900 nm, with a beam condenser and 
polarizing filters; and six in the region 300-2000 
nm, with a calcite polarizer and beam condenser. 
We performed infared analyses on 39 samples with 
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a Pye-Unicam FTIR 9624 spectrometer, using a dif- 
fused reflectance unit for sample measurement. 
Semi-quantitative chemical analyses were conduct- 
ed on 53 specimens by means of energy-dispersive 
X-ray fluorescence (EDXRF] analysis. This was per- 
formed on a Tracor Northern Spectrace 5000 sys- 
tem, using a program specially developed by Prof. 
W. B. Stern, Institute of Mineralogy and Petrogra- 
phy, University of Basel. 

The internal growth structures of 80 faceted 
stones were analyzed with the use of a horizontal 
microscope, a specially designed stoneholder, and a 
mini-goniometer attached to one of the oculars on 
the microscope, employing the methods described 
by Schmetzer (1986a and b} and Kiefert and 
Schmetzer (1991a)}. Inclusion analysis was per- 
formed on almost 40 mineral inclusions in 32 
stones. Some were analyzed with a scanning elec- 
tron microscope-energy dispersive spectrometer 
(SEM-EDS], others with X-ray diffraction analysis, 
and some with both techniques. Some of the stones 
were polished to expose specific inclusions. 


Visual Appearance. Most of the crystals studied 
appeared rounded or tumbled, with no indication of 
the original crystal form. Some, however, showed 
less evidence of weathering and revealed overall 
forms {i.e., crystal habits} that were either oblong or 
blocky. Clearly displayed on the surfaces of these 
crystals were severely etched or dissolved features 
typical of rough sapphires from basaltic deposits 
(figure 8}; these result from contact with the highly 


Figure 8. The rough crystal surfaces of the south- 
ern Vietnam sapphires displayed the heavy disso- 
lution effects typical of corundums that have 
been brought to the surface by alkali basalts. 
Overhead illumination. 
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corrosive alkaline basalt magmas (Tombs, 1991, 
Coenraads, 1992a and b]. Consequently, at best 
there was only an approximate indication of the 
original crystal habit. We also noted chipped or bro- 
ken areas, and parting along basal planes. See the 
“Growth Characteristics” section for specific 
details about crystal habit. 

Face up, the faceted samples were predomi- 
nantly blue to greenish blue to bluish green, with 
tones from medium-light to very dark (figure 9). 
Many were so dark that they appeared black in 
standard daylight. A common trait was strong, eye- 
visible color zoning (again, see “Growth Character- 
istics” below}. 

In diaphaneity, the faceted samples ranged from 
transparent to translucent, depending on the nature 
and number of inclusions as well as on color satura- 
tion and tone. Much of the sample material was 
essentially devoid of eye-visible inclusions, although 
most displayed an overall “sleepy” appearance. 


Gemological Properties. The standard gemological 
properties for the sample stones are listed in table 
1. They were found to be consistent with corun- 
dum in general (see, e.g., Webster, 1983; Liddicoat, 
1989) and, in particular, with blue to bluish green 
sapphires from various other basaltic sources (see, 
e.g., Keller, 1982; Coldham, 1985; Wang, 1988; 
Hughes, 1990; Hurlbut and Kammerling, 1991). 


Pleochroism. All samples exhibited a distinct to 
strong dichroism when viewed with a calcite 
dichroscope. Hues ranged from blue to violetish 
blue parallel to the c-axis, and blue-green to yellow- 
green perpendicular to the c-axis. It is important to 
note that all of the blue to bluish green sapphires 
examined for this study displayed pleochroic colors 
in these hue ranges. The variations in face-up 
appearance, with the exception of color zoning, 
were related to differences in the orientation of the 
faceted stones with respect to their optic axis. 


Growth Characteristics. As mentioned previously, 
the external condition of the rough crystals pre- 
vented identification of their growth morphology 
by standard techniques. We were able to accom- 
plish this only by documenting the internal growth 
structures and color zoning, which represent a his- 
tory of the original sapphire crystal as it grew 
below the earth’s surface. Classification of the crys- 
tal habits and growth characteristics can help sepa- 
rate natural corundum from its synthetic counter- 


GEMS & GEMOLOGY Fall 1995 


parts, as well as help distinguish between corun- 
dums from various sources (see, e.g., Peretti et al., 
1995). 


Growth Structures. Prominent growth structures 
were observed in essentially all of the faceted sap- 
phires examined. These structures consisted of 
straight and angular sequences of growth planes 
composed of the basal pinacoid c (0001), positive 
rhombohedral r {1011} faces, and different dipyra- 
midal faces, such as n (2243), z (2241), v (4483), and 
w (14 14 28 3) or v (4481). Limitations of the inter- 
pretation method do not allow for a separation of 
these last two dipyramidal faces, which hereafter 
are called w/v. Most of the faceted stones examined 
contained enough internal crystallographic infor- 
mation for us to extrapolate their original crystal 
habit (figure 10). By far, two dipyramidal crystal 
habits, some of which have been modified to barrel 
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Figure 9. The sapphires 
from southern Vietnam 
typically range in color 
from medium-light to 
very dark blue to bluish 
green. Less frequently 
seen are green to yellow- 
ish green sapphires, or 
stones with a violet 
color. These Vietnamese 
sapphires range from 0.42 
to 3.44 ct. Photo by 
Shane F. McClure. 


shapes, dominated in the southern Vietnam sap- 
phires. These were composed of c, r, z and c, r, n, and 
z faces (as shown in figure 11). In both cases, the basal 
pinacoid c was small and subordinate, while the 
dipyramid z was the largest and most dominant crys- 
tal face. In rare instances, we observed a change 
between these two crystallographic habits during the 
growth of a single sapphire crystal. 

To a much lesser degree, we were able to recon- 
struct other crystal habits, including thick tabular 
habits with c, r, and z faces, or c, r, and w/v, both of 
which possessed dominant c and r crystal faces. In 
addition, in rare instances, we also observed these 
tabular crystal habits with very small and subordi- 
nate n crystal faces present sporadically. A barrel- 
shaped dipyramidal habit of c, r, n, and v faces was 
also observed (again, see figure 11). Some faceted 
stones only displayed growth structures of c, r, and 
n faces; however, such a habit has not been docu- 
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these stones may have been cut from fragments of a 
larger crystal. 


Color Zoning. Obvious color zoning was present in 
most of the stones examined (figure 12], This con- 
sisted of straight and angular color banding that was 
parallel to the previously described crystal planes 


TABLE 1. Gemological characteristics of basaltic 
sapphires from southern Vietnam. 


No. of 
Properties samples Observations 
Color 250 Weak to highly saturated colors ranging from 
blue to bluish green, with tones from light to 
extremely dark 
Clarity 250 Very clean to heavily included, most in the 
range of slightly to moderately included 
Refractive 50 Ne = 1.760-1.764 
index Ng = 1.769-1.772 
Birefringence 50 0.008-0.009 
Optic character 50 Uniaxial negative 
Specific gravity 25 faceted 3.99-4.02 
5 crystals 
Pleochroism 45 Strong dichroism: blue to violetish blue paral- 
lel to the c-axis and mostly green-blue to yel- 
low-green perpependicular to the c-axis 
Fluorescence to 250 Inert to long- and short-wave 
UV radiation 


Optical absorption 45 
spectrum (nm) 


450 (strong, broad) 
460 (moderate to strong, broad} 
469 (weak to moderate, broad) 


Internal features@ 250 Strong color zoning, prominent growth struc- 
tures, laminated twinning, very fine grained 
clouds, several types of cloud patterns, various 
needle-like inclusions, “fingerprints,” and neg- 


alive crystals and crystalline inclusions of : 
Plagioclase feldspar (Na, Al, Si / K, Ca) 
Uranpyrochlore (Nb, U, Ca, Ti, Ta, Na / Fe) 
Columbite (Nb, Fe, Mn / Ta, Ti)> 

Zircon (Zr, Si / Hf) 

Imenite (Fe, Ti / Mn[?]) 

Pyrrhotite (Fe, S) 

Magnetite-hercynite (spinel), 

(Fe, Al / Si, Ti, Mn Zn) 
Chromite-hercynite (spinel) (Fe, Cr, Al) 
Goethite (XRD) 

Kaolinite (IR spectroscopy) 


4 Major/minor elements determined for those crystalline inclusions identified by SEM-EDS 
are given in parentheses aller the inclusions. 
8 Also identified by X-ray diffraction analysis (XRD). 
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mented in sapphires from basaltic sources, and 


Figure 10, The internal growth structures seen in 
many of the sapphires provided enough information 
to enable the senior author to extrapolate the origi- 
nal crystal habit. This 0.44-ct Vietnamese sapphire 
shows a combination of crystal planes, composed 
of: basal pinacoid c (0001), the roughly horizontal 
growth planes; connected to a more subordinate 
series of dipyramid n (2243) crystal planes, creating 
an angle of 118.8° with the basal growth planes; 
and dominant dipyramid z (2241) crystal planes, 
the nearly vertical growth planes, creating an angle 
of 100.4° with the basal growth planes. Rotating 
this stone about the vertical axis through 30°, a 
combination of ¢ (0001) and x (1071) crystal planes 
were visible, creating an angle of 122.4°. This infor- 
mation permits a crystal habit of c, r, n, and z to be 
assumed for the original crystal (also refer to figure 
11b}. Immersion, view perpendicular to the c-axis, 
transmitted illumination, magnified 15x. 


and growth structures. Alternation in color banding 
between consecutive growth layers was common. 
This occurred most frequently in two basic forms: 
(1) strong, sharply bordered blue bands alternating 
with narrow, colorless bands (figure 13); and (2} 
strong blue bands alternating with yellowish to 
brownish bands (figure 14). These two forms of 
color banding typically occurred parallel to r and/or 
z. Parallel to the basal pinacoid c crystal planes, 
zones with very little or no color were observed, or 
in some instances color banding alternated between 
light blue and colorless. 
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Figure 11, The sapphires from 
southern Vietnam revealed several 
different crystal habits. Of these, 
two oblong to barrel-shaped forms 
were statistically abundant, com- 
posed of: (A) dominant dipyramid 
z (2241) faces, with subordinate 
basal pinacoid c (0001) and posi- 
tive rhombohedron r (1011) faces; 
(B) dominant z faces, in addition 
to more subordinate dipyramid 

n (2243), c, and r faces. Addition- 
ally, tabular crystal habits were 
also indicated, composed of: (C) 
dominant c and r faces, with inter- 
mediate to subordinate z faces; (D) 
dominant c and r faces, with inter- 
mediate dipyramid w (14 14 28 3) 
or v (4481) faces. To a lesser extent, 
another barrel-shaped crystal form 
was identified, composed of: {E) 
dominant dipyramid v (4483) 
faces, in addition to subordinate n, 


One of the more intriguing types of color zon- 
ing consisted of a colorless “core” through the cen- 
ter of the original crystal. These “cores” represent 
crystal growth by one of two distinct methods: {1} a 
colorless sapphire crystal {core} formed during ini- 
tial crystal growth and was subsequently over- 
grown by a sapphire with a strong blue color; or (2) 
the sapphire grew with a crystallographically pre- 
ferred color orientation, where the basal planes are 
colorless while the positive rhombohedra and 
dipyramid faces are strong blue. Often these color- 
less “cores” had interesting geometric forms (figure 
15}, with blue outlines created by a combination of 
positive rhombohedra and dipyramid forms. In 
faceted stones, these “cores” commonly looked 
like colorless “holes” in otherwise blue stones, or 
they were merely colorless zones of various shapes 
and sizes (again, see figure 12). 


Twinning. Twinning parallel to the r faces was 
seen in several of the stones examined (figure 16). 
They usually had only one direction of laminated 
twinning, parallel to a single positive rhombohe- 
dron r crystal face; occasionally, however, there 
were two or three twinning systems, parallel to 
additional positive rhombohedral planes. 
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| c, and r faces. 


Inclusions. The most prominent inclusion feature 
consisted of whitish, very fine-grained “clouds” of 
minute inclusions confined to growth planes; at 


Figure 12. Distinct color zoning is readily seen in 
the southern Vietnam sapphires when they are 
immersed in methylene iodide. Also note the 
remainders of the colorless “cores.” Immersion, 
photo by Shane F. McClure. 
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Figure 13. Strong, sharply bordered blue color 
bands alternating with narrow colorless bands 
was one type of distinctive color zoning noted in 
the sapphires from southern Vietnam. 
Photomicrograph by Dr. Eduard ]. Gtibelin; 
magnified 50x. 


lower magnification, they look like whitish zonal 
bands (figure 17}. EDXRF analysis indicated that 
generally the particles in these clouds were not 
related to TiO, {i-e., rutile} content. In a couple of 
instances, however, we recorded a higher level of 
TiO, in areas where these clouds were present (up 
to 0.24 wt.%; also refer to table 2) as compared to 
other, more transparent areas in the stone. 

Less commonly, concentrations of white parti- 
cles were seen to occur in other forms, such as fine, 
narrow, planar clusters grouped together to create 
cross-hatch or Jath-like patterns (figure 18]. The 
individual particles resembled thin blades or very 


Figure 15. Colorless cores were frequently seen in 
the southern Vietnam sapphires, oriented parallel 
to the c-axis of the original rough sapphire crystal. 
This triangular image results from strongly colored 
r planes surrounding colorless c planes. Immersion, 
transmitted illumination, magnified 15x. 
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Figure 14. Additional distinctive color zoning, 
alternating between strong blue and light brown 
to yellow, tended to concentrate parallel to r 
(vertical) and/or z (diagonal) planes. Immersion, 
transmitted illumination, magnified 16x. 


fine, acicular crystals that are crystallographically 
oriented. Also noteworthy were dust-like clusters 
reminiscent of snowflakes (figure 19}. Stringers of 
pinpoint inclusions were often seen in curved 
wisps following no particular crystallographic ori- 
entation, or extending in a straight line perpendicu- 
lar to growth planes. 

Needle-like inclusions were also noted in a 
small number of samples, along the intersection of 
two or three laminated twin planes. Typically 


Figure 16, Laminated twinning (shown here as 
bright vertical planes) was relatively common 
in the sample sapphires, generally following 
only one direction, parallel to a single r (1011) 
face. However, occasionally two or three sys- 
tems were observed, parallel to additional 
rhombohedral faces. Immersion, transmitted 
illumination between crossed Polaroids; pho- 
tomicrograph by Karl Schmetzer. 
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Figure 17. The most commonly observed inclu- 
sion feature in the sapphires from southern 
Vietnam consisted of clouds of fine-grained par- 
ticles following internal growth planes, and thus 
appearing as straight and angular whitish 
bands. Shown here parallel to two dipyramidal 
z planes, Oblique fiber-optic illumination, mag- 
nified 25x. 


these needles extended in only one direction (figure 
20), but they extended in two or three directions in 
a small number of stones. Occasionally, these 
inclusions were orange-brown when penetrated by 
late-forming minerals that have resulted from 
weathering, such as kaolinite (refer to the “Infrared 
Spectrometer” section below}. 

While not generally found in basaltic sapphires, 
very fine needles {presumably of rutile or ilmenite) 
have been documented in corundum from other 
basaltic sources, such as Thailand (Schlussel, 1991). 
We observed similar-appearing inclusions in a 
small number of the sapphires from southern 
Vietnam, but we were not able to analyze them to 
determine their true identity. 


TABLE 2. Semi-quantitative chemical analyses of trace 
elements in the blue to bluish green basaltic sapphires 
from southern Vietnam. 


Oxide Content Measured in 
(wt. %) >80% of samples 
Fep03 0.43 -1.82 0,55-1.60 
TiOo 0.003-0.240 0.01-0.09 
Gaz03 0,021-0.052 0,02-0.04 
Vo05 0.001-0.017 0.00-0,01 
MnO 0,000-0.017 0,00-0.01 
Crp03 0.000-0,009 0,00-0.01 


4Analyses conducted on 53 specimens by EDXRF See “Materials and 
Methods” section for details. 


Relatively few crystalline inclusions were 
observed in the sapphires examined. To date, we 
have identified a total of nine different mineral 
inclusions by SEM-EDS and/or X-ray diffraction 
analysis (again, see table 1). Most common were 
transparent colorléss crystals of plagioclase feldspar 
(figure 21], which appeared in a variety of forms, 
including flat and tabular, oblong and prismatic, as 
well as more equidimensional shapes. Curiously, 
some of these transparent, colorless crystals had 
their own inclusions (again, refer to figure 21). 
Prismatic crystals of zircon were accompanied by 
small stress fractures, and “comet tail” inclusions— 
caused by growth disturbances within the host sap- 
phire—trailed some crystals. In several sapphires, we 
identified octahedral crystals of uranpyrochlore, 
many of which were surrounded by radiation-damage 
“halos” oriented parallel to the basal crystal planes (fig- 


Figure 18. Some of the more distinctive inclusion features consisted of unique cross-hatch (left) 
to lath-like (right) cloud patterns, composed of individual whitish particles which resemble thin 
“blades” or very fine acicular crystals. Left: Darkfield ilhimination, magnified 15x; photomicro- 
graph by Dr. Eduard J. Gtibelin, Right: Oblique fiber-optic illumination, magnified 25x. 
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Figure 19. Snowflake-like inclusions were observed 
in a few of the sapphires from southern Vietnam. 
Oblique fiber-optic illumination, magnified 30x. 


ure 22). Some of these crystals appeared bright orange 
to orange-red, whereas others were essentially black; 
some were well-formed octahedra, whereas others 
were slightly rounded or even broken fragments. 
Opaque, black-appearing, euhedral-to-subhedral 
(massive, nondistinct] crystals were commonly 
observed. These were most frequently identified as 


Figure 20. Needle-like inclusions extend in a 
single direction along the intersection of two 
systems of twin lamellae, Occasionally these 
fine tubules appeared yellow to brown when 
penetrated by kaolinite. Oblique fiber-optic 
Ulumination, magnified 25x. 
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columbite (figure 23) and ilmenite (figure 24], but 
some were pyrrhotite. Severely corroded crystals of 
magnetite-hercynite (spinel) had a “brassy” color 
and strong iridescence when illuminated with an 
intense fiber-optic light source. Smaller opaque, 
black, octahedral crystals were identified as 
chromite-hercynite (spinel). Table 1 gives the major 
and minor elements found in some of the mineral 
inclusions identified by SEM-EDS. 

A wide variety of negative crystals were also 
observed. Some looked like translucent yellowish 
orange to orange-brown solid inclusions, having 
been completely filled—via associated fractures 
reaching the surface—by late-forming minerals 
such as goethite (figure 25). Healed fractures were 
particularly abundant (figure 26); often they, too, 
were yellowish orange to orange-brown as a result 
of epigenetic staining by iron-hydroxides. 


Absorption Spectra. Desk-model Spectroscope. 
Within the visible range, a general absorption to 
approximately 425 nm was apparent, together with 
a series of strong absorption bands centered at 
about 450, 460, and 469 nm. The first two bands 
commonly overlapped and merged to form a single 
broad band. Such strong absorption characteristics 


Figure 21. Transparent colorless crystals of pla- 
gioclase feldspar were the most frequently 
observed sizable mineral inclusion. These crys- 
tals were present in several shapes, including 
flat and tabular to more equidimensional forms. 
Some even had their own inclusions. Oblique 
fiber-optic illumination, magnified 50x. 
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Figure 22, Uranpyrochlore crystals, common in 
sapphires from other basaltic occurrences, were 
identified in several of the sapphires from south- 
ern Vietnam. Typically, they appeared bright 
orange to orange-red and black. They were often 
associated with radiation-damage halos, which 
extended parallel to the basal growth planes. 
Oblique fiber-optic Ulumination, magnified 35x. 


are typical of blue to bluish green sapphires with 
high iron contents. 


UV-Vis-NIR Spectrometer. Because corundum is 
dichroic, the face-up color appearance of these 
faceted sapphires is essentially a consequence of 
the crystallographic orientation during cutting. 
Therefore, we will address all of the samples mea- 


Figure 23, The southern Vietnam sapphires also 
contained groups of black-appearing acicular 
columbite crystals. The thinner “rods” dis- 
played a rich red color along the edges when 
viewed with a pinpoint fiber-optic light source. 
Magnified 42x. 
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sured (blue to bluish green) as a single group when 
comparing their polarized spectra. 

The spectra recorded had features typical of 
those seen in blue sapphire, with variations in the 
relative intensities of the absorption bands associ- 
ated with the color-causing mechanisms (Fe°+, 
Fe2+oTi4*+, Fe2+Fe3+) observed (figure 27 a-—c}; 
however, the spectrum illustrated in figure 2.7c was 
by far the most common {seen in almost 80% of 
the stones examined}. All spectra displayed promi- 
nent peaks in the ultraviolet region at 375 nm and 
387 nm, as well as in the visible region at 450, 460, 
and 469 nm, which are all related to pairs of triva- 
lent iron (Fe3+; see, e.g., Emmett and Douthit, 
1993). Typically, no distinct variation was observed 
in these bands in the spectra parallel and perpendic- 
ular to c, although a weak “shoulder” was occa- 
sionally seen at the base of the 375-nm peak (at 
about 380 nm} perpendicular to c. 

Blue coloration in sapphire is essentially caused 
by intervalence charge-transfer processes (IVCT] of 
the ion pairs Fe2+Ti4+ and Fe2++ Fe3+ (see, e.g., 
Fritsch and Rossman, 1987, 1988a and b; Fritsch 
and Mercer, 1993). Because these absorption bands 
are highly pleochroic, they cause a shift in the posi- 
tion of the absorption maxima perpendicular and 
parallel to the c-axis (see, e.g., Schmetzer and Bank, 
1980; Kiefert, 1987, Schmetzer, 1987]. 


Infrared Spectrometer. In addition to showing the 
dominant absorption characteristics of corundum 


Figure 24. Opaque, black crystals of ilmenite— 
observed in different euhedral to subhedral 
forms—were another addition to the diverse 
mineral inclusions found in the southern 
Vietnam sapphires. Oblique fiber-optic illumi- 
nation, magnified 35x. 
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Figure 25. Staining was commonly observed in 
the fracture systems, as was the filling of nega- 
tive crystals—a result of the epigenetic penetra- 
tion by late-forming minerals such as goethite. 
Oblique fiber-optic illumination, magnified 30x. 


between approximately 300 and 1000 cm:! (peak 
positions at about 760, 642, 602, and 450 cm'!, 
Wefers and Bell, 1972), these (non-heat-treated] sap- 
phires revealed a series of absorption peaks in the 
2500-4000 cm! region. The strongest was centered 
at about 3309 cm-!, typically with a shoulder at 
about 3293 cm7!. Additional peaks were seen at 
about 3232 and 3189 cm:!, with very minor peaks 
at about 3367 and 3269 cm! (figure 28). Generally, 
only the 3309 and 3232 cm’! peaks were present. 
This region of the spectrum identifies structural 
OH groups bound to various trace elements (i.e., 
vanadium, titanium, iron, or magnesium} in the 
corundum structure (Volynets et al., 1972; Beran, 
1991), Additionally, the mineral kaolinite was indi- 
cated in fracture systems (again, see figure 20) by 
the presence of four OH absorption peaks at 
approximately 3697, 3669, 3652, and 3620 cm:! 
(Hager and Greiff, in preparation}. 


Chemical Analysis. EDXRF analysis revealed alu- 
minum (Al} as the sole major element, which is 
consistent with the chemical formula of corundum 
(Al,O3}. Oxygen (O}, with an atomic number of 8 
(too low to be detected by this method], is assumed 
to be stoichiometric. Typical of basaltic sapphires, 
iron (Fe) was the most significant minor element, 
present as an impurity. Necessary to the color- 
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Figure 26, Healed fractures were common in 
the sapphires from southern Vietnam. Oblique 
fiber-optic illumination, magnified 35x. 


causing mechanism in blue sapphires (Fe2*Ti**}, 
titanium was the next most important trace ele- 
ment recorded, followed by measurable concentra- 
tions of gallium (Ga). Other trace elements were 
sometimes present in negligible amounts, includ- 
ing V, Cr, and Mn. The complete chemical data are 
given in table 2. 


DISCUSSION 
In general, the blue to bluish green sapphires from 
southern Vietnam have properties and characteris- 
tics similar to those of sapphires from other alkali 
basalt environments, including Australia (Coldham, 
1985}, Cambodia (Jobbins and Berrangé, 1981], 
China (Keller and Keller, 1986; Wang, 1988; Guo et 
al., 1992b}, Nigeria (Kiefert and Schmetzer, 1987}, 
and Thailand (Vichit et al., 1978; Schliissel, 1991). 
Prominent growth structures and color zon- 
ing—in parallel, straight, or angular to geometric 
patterns—established the crystal morphology. The 
internal growth structures of the southern Vietnam 
sapphires are similar to those of sapphires from 
other basaltic deposits around the world (Kiefert 
and Schmetzer, 1987; Kiefert, 1987; Kiefert and 
Schmetzer, 1991b). Although a “stepped” occur- 
rence of c and r faces, as described by Kiefert and 
Schmetzer (1987) for basaltic sapphires from 
Nigeria, was also occasionally present in the sap- 
phire from Vietnam, it was not as dominant as that 
illustrated for Nigerian material. Color zoning in 
the southern Vietnam sapphires was even more 
distinctive than the growth structures: strong, 


GEMS & GEMOLOGY Fall 1995 


sharply bordered blue color banding that alternated 
with narrow, colorless bands or yellowish to 
brownish bands parallel to the crystal planes r and 
z. In addition, many of the sapphires revealed a col- 
orless “core.” 
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Various types of “clouds” were the most com- 
mon inclusions observed. Although the very fine- 
grained whitish clouds may be seen in sapphires 
from other sources (e.g. Kashmir, Australia, 
Cambodia, or Sri Lanka}, the cross-hatch or lath- 
like patterns have not been seen in other sapphires. 
The dust-like “snowflake” inclusions encountered 
occasionally appeared similar to those documented 
for sapphires from Kashmir (Schwieger, 1990). 

The very fine, whitish needles (presumably 
rutile or ilmenite] seen in our samples lacked the 
well-formed, strongly iridescent appearance of the 
rutile needles and platelets observed in sapphires 
from metamorphic environments such as Sri Lanka 
and Burma (see, e.g., Gibelin and Koivula, 1986). 

All of the mineral inclusions identified—pla- 
gioclase feldspar, zircon, uranpyrochlore, columbite, 
ilmenite, pyrrhotite, chromite-hercynite and mag- 
netite-hercynite (solid-solution-series spinels}, as 
well as goethite—have been observed and identified 
in sapphires from other basaltic sources (see, ¢.g., 
Gttbelin and Koivula, 1986; Kiefert, 1987; Kiefert 
and Schmetzer, 1987; Guo et al., 1992.4; Guo, 1993). 

The UV-Vis-NIR absorption spectra obtained 
for our samples are typical of sapphires in general 
and, more specifically, of basaltic sapphires, partic- 
ularly in relation to the absorption bands toward 
the near-infrared region resulting from Fe2+@Fe3+ 
IVCT. This particular color-causing mechanism is 
absent in sapphires of metamorphic origin {such as 
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Figure 27, These three sets of UV-visible spectra 
are representative for the blue to bluish green 
sapphires from southern Vietnam. Typical of 
sapphires from basaltic sources, they are domi- 
nated by three essential absorption mechanisms 
(Fe3+, Fe®+Ti4+, and Fe®+Fe3+), Sharp bands 
in the ultraviolet at 375 and 387 nm, as well as 
in the visible region at 450 nm, with bands at 
460 and 469 nm, are the result of trivalent tron 
(Fe3+) absorption. Charge-transfer absorption by 
Fe**Ti* is responsible for the absorption 
maximum between 550 and 600 nm in the ordi- 
nary spectrum (vibrational direction perpendic- 
ular to the c-axis) and approximately 680 to 750 
nim in the extraordinary spectrum (parallel to 
the c-axis). (Fe?+Fes+ charge transfers account 
for maxima in the region between approximate- 
ly 870 and 890 nm, seen in these spectra as a 
general trend of increasing absorption toward 
the near-infrared.) 
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Figure 28, The infrared spectra of the (non-heat- 
treated) basaltic Vietnamese sapphires typically 
revealed a series of distinct absorption peaks. 
These absorption features are related to structural 
OH groups within the sapphire. Spectra recorded 
on a Pye-Unicam 9624 FTIR spectrophotometer. 


those from Sri Lanka, Myanmar, or Kashmir}, 
although it can be produced to a minor degree in 
metamorphic sapphires through heat treatment 
(Schmetzer, 1987). It has been suggested that the 
trends of certain spectral curves in the region 
280-880 nm might aid in identifying sapphires 
from specific basaltic deposits around the world 
(see, e.g., Poirot, 1992). The great variability in 
spectra recorded in this sample, however, is in 
agreement with Schmetzer (1987,) and strongly 
suggests the need for care when attempting to use 
these properties to identify a basaltic sapphire’s 
possible country of origin. 

The structural OH groups recorded in the mid- 
infrared region of the spectrum of the southern 
Vietnam sapphires are the same as those common- 
ly recorded in sapphires of basaltic origin (e.g., 
Moon and Philips, 1994}. However, these absorp- 
tion peaks have also been documented in non- 
basaltic corundums as well as in Verneuil and 
hydrothermally grown synthetic corundum (for fur- 
ther reference, see Smith, 1995, pp. 326-328}. 

The EDXRF results are consistent with those 
chemical analyses reported for sapphires from other 
basaltic sources (Pearson, 1982; Tombs, 1991; Guo 
et al., 1992b; Guo, 1993}. 

At present, many researchers believe that sap- 
phires found in association with alkali basalts did 
not form from the basalts themselves (e.g., 
Coenraads et al., 1990; Coenraads, 1992b; Guo et 
al., 1992, 1994, Levinson and Cook, 1994}. A com- 
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parison of the internal growth structures and the 
condition of the external surface features in our 
sample supports this thesis: that is, that the sap- 
phires did not form in those (highly aggressive) 
magmas; rather, the basalts merely acted as the 
transport mechanism by which the sapphires were 
brought to the surface. 

Some blue sapphires are also known to come 
from the predominantly ruby-producing areas of 
Luc Yen and Quy Chau in northern and central 
Vietnam {respectively}. However, both of these 
sources are metamorphic, so the properties of these 
sapphires are undoubtedly more similar to those 
from metamorphic sources. 


CONCLUSION 


Since their initial discovery in the late 1980s, thou- 
sands of carats of blue to bluish green sapphires 
from southern Vietnam have entered the world 
gem market. The secondary deposits from alkali 
basalts in Binh Thuan and Lam Dong provinces 
were at the height of their production in 1991 and 
1992, when virtually thousands of Vietnamese 
flocked to these areas to mine for the corundums. 
Largely because miners were not able to realize the 
same financial returns as in the ruby-producing 
sources in central and northern Vietnam (Quy 
Chau and Luc Yen}, but also because of govern- 
ment efforts to control the gem-producing regions, 
most current efforts are by groups of independent 
miners, usually small scale. The mixing of synthet- 
ic gem materials with natural ones has plagued the 
sapphire-producing regions in Vietnam just as it 
has the ruby-producing localities: Three of the 
authors were offered flame-fusion synthetic blue 
sapphires as natural while at the mining sites. 

The combination of absorption spectrum and 
internal characteristics determined for the south- 
em Vietnam sapphires should provide a clear and 
ready means of separating them from their synthet- 
ic counterparts. This collection includes the vari- 
ous “cloud” patterns and mineral inclusions 
observed, as well as the internal growth structures 
and color zoning. In most cases, these sapphires 
can be readily separated from sapphires of meta- 
morphic (marble-type) sources such as Sri Lanka, 
Kashmir, and Burma, because of the comparatively 
higher iron contents present in basaltic sapphires 
and the properties that high Fe influences (i.c., min- 
eral inclusions, spectra, and chemistry}. Separating 
these sapphires from those of other basaltic sources 
is more difficult. Nevertheless, there were certain 
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inclusion features found in our samples—cross- 
hatch or lath-like “cloud” patterns, the distinctive 
color zoning, and the colorless “core”—that we 
have not seen in sapphires from other basaltic 
sources. These may prove useful for such separa- 
tions in the future. 
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‘“TI-SAPPHIRE ’: 
CZOCHRALSKI- PULLED SYNTHETIC 
PINK SAPPHIRE FROM UNION CARBIDE 


By Mary L. Johnson, Meredith E. Mercer, Emmanuel Fritsch, 
Patricia Maddison, and James E. Shigley 


One of the most interesting of the commercially available Czochralskt- 
pulled synthetic corundums ts pink “Ti-sapphire.” This material owes 
its pleasant, somewhat orangy pink color to trivalent titanium, a com- 
mon trace element in natural sapphires and rubtes that occurs here in 
an unusual oxidation state. Although most of the gemological features 
are typical of Czochralski-pulled corundum (gas bubbles or small 
“pinpoint” inclusions, color zoning), these synthetic sapphires have dis- 
tinctive fluorescence and optical spectra. These properties are also due 


to the chromophore Ti3*. 


Czochralski-pulled synthetic sapphire was origi- 
nally grown for technological applications, which 
require pure crystals with good clarity and even 
color distribution. Consequently, materials origi- 
nally intended for such applications can be excel- 
lent candidates for use as gems. Czochralski- 
pulled synthetic rubies have been known for a 
number of years (see, for instance, Nassau and 
Crowningshield, 1969, and references cited by 


ABOUT THE AUTHORS 


Dr. Johnson is a research scientist, and Ms. Maddison is a 
former senior staff gemologist, in the GIA Gem Trade 
Laboratory, Santa Monica, California; Ms. Mercer is a former 
research associate, Dr. Fritsch is former manager, and 

Dr. Shigley is director of GIA Research, Santa Monica. 

See acknowledgments at end of article. 

Gems & Gemology, Vol. 37, No. 3, pp. 188-195, 

©1995 Gemological institute of America 


188 Notes & New Techniques 


Schmetzer, 1986, pp. 14-15). Major producers of 
Czochralski-pulled corundum for the gem mar- 
ket include Kyocera (see, e.g., Schmetzer, 1986; 
Koivula and Kammerling, 1988, 1989), Union 
Carbide Corporation of Washougal, Washington 
(Koivula et al., 1992; this article); and Russian 
sources (Peretti and Smith, 1994). Recently, Czo- 
chralski-pulled synthetic ruby and pink sapphire 
have been in the center of a controversy regard- 
ing promotional claims about so-called “recrys- 
tallized rubies” (Catalano, 1995a and b; Kammer- 
ling et al., 1995b). 

Union Carbide is currently using the Czo- 
chralski technique to manufacture synthetic sap- 
phires in a variety of colors, specifically for gem 
applications (figure 1}. Although this material 
has been on the market for a few years (see, e.g., 
Koivula et al., 1992), we felt that a complete char- 
acterization of the various colors of Czochralski- 
pulled material was desirable, as none has been 
published to date. We began our study with the 
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relatively new pink synthetic Ti-sapphires (fig- 
ure 2), because—since they are colored by titani- 
um (Ti) rather than chromium (Cr)—identifica- 
tion of this material is more straightforward than 
for many other colors of Czochralski-pulled 
corundum. We have adopted the term (synthetic) 
Ti-sapphire, because that is the name by which 
it is known in the laser field. 

Although the material in this study comes from 
Union Carbide, synthetic Ti-sapphire from other 
sources may be on the market, including material 
from China (“Pink synthetic sapphire,” 1991). 


BACKGROUND 


The Czochralski crystal-growth technique, also 
known as pulling from the melt, consists of 
touching a starting-material “seed” to the sur- 
face of molten crystal constituents within the 
hot zone of a furnace, and then withdrawing the 
seed crystal very slowly, so that only the melt 
that wets the seed crystal solidifies. The newly 
solidified material is still in contact with the 
remaining melt, which continues to solidify as 
the seed-is gradually pulled farther away. This 
results in a single-crystal rod of high-quality mate- 
rial. Czochralski pulling was originally used to 
make samples of pure metals (e.g., bismuth); today, 
it is also used for the production of low-strain, low- 
defect crystals for technical applications, and for 
purposes where the growth direction of the resul- 
tant boule is important (as in the case of synthet- 
ic alexandrite; see, e.g., Kane, 1987). A general 
introduction to Czochralski pulling is given by 
Nassau (1980), and more detail can be found in 
books by Brice {1986}, Sloan and McGhie (1988), 
and Arend and Hulliger (1989); the original publi- 
cation on this process is by Czochralski (1918). 
Morita et al. (1993) describe Czochralski growth 
conditions for synthetic sapphire, especially with 
regard to the formation of included bubbles in 
the growing crystal. 

Pink synthetic Ti-sapphire is especially use- 
ful for laser applications, because its electronic 
and optical properties allow it to produce high- 
energy laser light over a wide range of frequen- 
cies in and near the visible range (Fletcher and 
Bischel, 1990), Although it is grown primarily by 
the Czochralski process, it has also been grown 
by both the flame-fusion and flux methods (see, 
e.g., Moncorgé et al., 1988). The coloring agent is 
trivalent titanium (Ti+), and the quality of this 
material for laser purposes is determined in part 
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Figure 1. Union Carbide Corporation has 
produced many colors of synthetic sapphire by 
the Czochralski-pulling technique. Some exam- 
ples include (from lower left): annealed pink 
(1.44 ct), as-grown pink (0.87 ct), green (2.28 ct), 
yellow (1.66 ct), brown (4.92 ct), violetish blue 
(2.20 ct), red (1,18 ct), near colorless (0.89 ct). 
Photo © GIA and Tino Hammid. 


by oxidized Ti4* (the common oxidation state of 
titanium in terrestrial minerals): the lower the 
Ti*+ concentration, the higher the laser efficien- 
cy. Because of this, synthetic Ti-sapphire is usu- 
ally annealed under reducing conditions (see, e.g., 
Moulton, 1986), which converts residual Ti4+ 
impurity to Ti+. 


MATERIALS AND METHODS 


We examined nine faceted samples and five sam- 
ples of rough material in two general colors: slight- 
ly orangy pink and purplish pink. The more satu- 
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rated, slightly orangy pink samples {including 
material described by Union Carbide as having 
been annealed in a reducing atmosphere subse- 
quent to crystal growth) are labeled “annealed” 
throughout this article. The paler, more purplish 
pink faceted sample resembles in all particulars 
the sample of as-grown rough material provided 
by Union Carbide, and these two samples are labeled 
“as grown” below. 

Gemological examination of the faceted sam- 
ples was performed as follows. Face-up colors 
were described by trained observers using both 
daylight-equivalent fluorescent and incandescent 
light sources; in no case [faceted or “rough”} was 
any significant change in hue observed between 
the two light sources. These colors were described 
in terms of predominant and modifier hues (such 
as “purplish pink”). The refractive index (R.I.} of 
each was measured with a Duplex II refractome- 
ter and a filtered, near-monochromatic, Na-equiv- 
alent light source. Specific gravity was determined 
by the hydrostatic method. Fluorescence was 
observed by trained gemologists in a darkened 
room using a standard short-wave/long-wave 
ultraviolet lamp. Polarization behavior was noted 


using a GIA GEM Iluminator polariscope, and 
absorption spectra were observed using a Beck 
handheld spectroscope on a GIA GEM Instru- 
ments base. To examine the internal features, we 
used a standard gemological microscope with vari- 
ous lighting techniques. For part of this examina- 
tion, the samples were immersed in methylene 
iodide (diiodomethane}. We tested for visible lumi- 
nescence (often called transmission luminescence} 
in two ways: (1) with the loose stone on the spec- 
troscope base; and (2) through the microscope, 
using a fiber-optic illuminator with a halogen light 
bulb as illumination source. 

Trace-clement chemistry was determined by 
energy-dispersive X-ray fluorescence (EDXRF} 
spectroscopy, using a Tracor Xray (now Spectrace 
Instruments} Spectrace 5000 with a rhodium-tar- 
get X-ray tube. We performed quantitative analy- 
ses using the Fundamental Parameters method of 
Criss and Birks (see, e.g., Jenkins, 1980} with two 
sets of operating conditions: first, with an X-ray 
tube voltage of 15 kV, a 15-mA tube current, no 
filter, and a live time of 200 seconds, for determi- 
nation of low-atomic-weight elements; and sec- 
ond, with an X-ray tube voltage of 25 kV, 25 mA 


TABLE 1. Gemological properties of synthetic Ti-sapphires and other natural and synthetic pink sapphires. 


Property 


Color 
Color distribution 
Clarity 
Pleochroism (e} 
Pleachsaism (0) 
Optic character 
Color filter reaction 
Transmission 
luminescence 
Rul. (n.) 
R.I. (Ng) 
Birefringence 
Specitic gravity 
Luminescence 
ta long-wave UV 
Luminescence 
to short-wave UV 
Spectroscope 
spectrum (nm) 
nclusions 
Immersion 


Source of data 


“Annealed” 
synthetic Ti-sapphire 


Pink to orangy pink 

Even to uneven 

Transparent 

Yellow to orangy pink 

Light pink to pinkish red 

Uniaxial negative 

Usually red (1 none, 1 orangy pink) 


None to moderate red 
1.759-1.760 
1.767-1.769 
0.008-0.009 

3.99 - 4.01 

Inert to faint red 


Weak to moderate blue, 

slightly ta very chalky 

410 cutoff, weak 470, 500 band, 
570 band, 670-690 cutoff 


Usually pinpoints; gas bubbles in one case 
Color banding has gradual borders, if visible 


8 faceted samples, this study 


“As-grown" 
synthetic Ti-sapphire 


Light pink 

Even 

Transparent 

Near colorless 
Light purplish pink 
Uniaxial negative 
Greenish yellow 


Slight scattering 
1.760 

1.768 

0.008 

4.00 

inert 


Strong blue, 
slightly chalky 
Noa sharp bands 


Pinpoints 
(Too faint to see) 


| faceted sample, this study 


Natural 
pink sapphire 


Cr-daped Czochralski 
synthetic pink sapphire 


Pink to purple pink 
Variable) 

ransparent to opaque 
Orangy pink to orange-pink 
Purplish pink to purple-pink 
Uniaxial negative 

ioderate pink to dark red 


Usually none, seldom red 
1757-1774 

1.765~1.779 

0.008 

3.95 -4.10 

Strong orange-red to strong red 


Faint to weak orange to red 
468.5, 475, 476.5, 659.2, 
668, 692.8, 694.2 lines 


(Variabie) 
(Variable) 


Webster (1994), GIA (1988) 


Pink 

Even 
Transparent 
Orangy pink 
Purplish pink 
Uniaxial negative 
Red 


None 

1.760 

1.768 

0.008 

3,99-4.01 
Moderate-to-strong red or 
pinkish red, not chatky 
Moderate red, not chalky: 
moderate pink, chalky 
468.5, 475, 476.5, 659.2, 
668, 692.8, 694.2 lines 
None seen 

No features seen 


6 faceted samples, new 
data@ 


@ Testing performed by GIA Gem Trade Laboratory using same methods as for the Union Carbide synthetic Ti-sapphire. Samples loaned by Jerry Manning Opal Co., New York City. 
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tube current, aluminum filter, and live time of 
200 seconds, for determination of intermediate- 
atomic-weight elements. Standards included tsa- 
vorite (for Al, Si], garnet (for Al, Si, Mn, Fe), and 
synthetic corundum (for Al); yields for Ca, Ti, V, 
Cr, and Ga were extrapolated from those for other 
elements. The standards were calibrated against 
microprobe compositions determined by Paul Car- 
penter at the California Institute of Technology. Ti 
is reported as weight percent titanium dioxide 
(TiO,; that is, as Ti*+), although it primarily occurs 
as Ti7O3 (Ti+) in synthetic Ti-sapphire. 

Two polished samples of annealed and as-grown 
“rough” (288B and 297B} were aiso analyzed 
using a five-crystal JEOL Model 733 electron 
microprobe operating at a beam accelerating 
potential of 15 kV, a current of 35 nA, and a spot 
size between 10 and 25 um. Standards include: 
Al,O3 for Al, anorthite for Ca, TiO, for Ti, CryO3 
for Cr, and synthetic fayalite for Fe. Total iron 
was calculated as FeO, and total titanium as TiOs. 
Ga was not detected in these samples. The data 
were corrected using the program CITZAF (Arm- 
strong, T988]. Each specimen was analyzed at 
three randomly selected locations. 


Chatham flux synthetic Kashan flux synthetic Flame-tusion synthetic 


pink sapphire pink sapphire pink sapphire 
Purplish pink Purplish pink Pink to purplish pink 
(Not reported} Even Usually uneven 
(Not reported} Transparent Transparent 
Orangy pink Orangy pink Orangy pink to orange-pink 
Purplish pink Purplish pink Purplish pink to purple-pink 
Uniaxial negative Uniaxial negative Uniaxial negative 
Strong red Moderate red Moderate pink to dark red 
{Not reported) {Not reported} Not reported) 
1.759 1.760 1.762 
1.768 1.769 1.770 
0.009 0.009 0.008 
3.99-4.00 4.00 About 4.00 


Strong orangy red, 
‘weakly to moderately chalky 
Strong orangy red, 
weakly to moderately chalky 
468.5, 475, 476.5, 659.2, 468.5, 475, 476.5, 659.2 468.5, 475, 476.5, 659.2, 
668, 692.8, 694.2 lines 668, 692.8, 694.2 lines 668, 692.8, 694.2 lines 
Flux, platinum metal, fingerprints Wispy veils, rain, stringers Gas bubbles, etc. 
{Not reported) (Not reported} Color banding 

{usually pronounced), etc. 
Henn and Schrader (1985), Webster (1994), GIA (1988) 
Kammerling et al. (1995) 


Moderate to strong red Moderate to strong red 


Moderate red Weak orangy red 


Kammerling et al. (1994) 
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Figure 2, These two annealed synthetic Ti-sap- 
phires (2.97 ct and 1.44 ct) were cut from materi- 
al similar to the 343.33-ct section of a boule on 
which they are seated. Courtesy of Union 
Carbide Corp.; photo by Robert Weldon. 


. 


We recorded UV-visible spectra on a Hitachi 
U-4001 spectrophotometer, using a resolution of 
1 nm. To better understand the causes of color, 
we prepared crystallographically oriented pieces 
of some of our specimens so that we could obtain 
polarized absorption spectra. For this purpose, 
we selected three pieces of “rough” (two annealed, 
and one as-grown]. From each specimen, we cut 
and polished a flat, parallel-windowed section 
containing the optic axis direction, as deter- 
mined by the X-ray precession method. Polarized 
spectra were obtained using calcite polarizers. 


RESULTS 


Physical and Optical Properties. For the nine 
faceted samples, table 1 summarizes the gemologi- 
cal properties and compares them to properties 
of natural pink sapphires, Czochralski-pulled 
synthetic pink sapphires colored by chromium, 
Chatham flux-grown synthetic pink sapphires, 
Kashan flux-grown synthetic sapphires, and com- 
mercially available flame-fusion synthetic pink 
sapphires. 

A number of these properties distinguish 
synthetic Ti-sapphire from natural pink sapphires 
and from synthetic pink sapphires colored by 
chromium. These include its unusual lack of flu- 
orescence to long-wave UV radiation, and espe- 
cially its chalky blue fluorescence to short-wave 
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Figure 3. Extremely small gas bubbles can be 
seen In this 2.97-ct Czochralski-pulled Ti-sap- 
phire at 50x magnification. In the other samples 
we examined, these “pinpoints” were too small 
to be resolved as gas bubbles. Photomicrograph 
by John I. Koivula. 


UV. The spectra of synthetic Ti sapphire as seen 
with a handheld spectroscope also appear unusu- 
ally weak, with no chromium absorption or 
emission bands seen. These properties do not 
distinguish synthetic Ti-sapphires produced by 
Czochralski pulling from Ti-sapphires synthe- 
sized by other means; however, there are no known 
pink natural gem sapphires that owe their color 
to titanium alone. 


Magnification. Inclusions. With the fiber-optic 
light, we observed small “pinpoint” inclusions 
(high-relief bubbles} in all of the faceted annealed 
samples examined. In one sample (figure 3}, these 
“pinpoints” were large enough to be resolved as 
gas bubbles. The as-grown faceted sample also 
contained numerous pinpoint inclusions. 


Features Seen with Immersion. We observed very 
subtle color banding in two annealed samples, 


with the regions of different colors having diffuse 
boundaries (seen with immersion in methylene 
iodide) or color zoning visible only in polarized 
light. We did not discern any color zoning in the 
other annealed samples, or in the as-grown syn- 
thetic Ti-sapphire. Although Nassau as well as 
Crowningshield (1969) and Schmetzer (1986) 
mention finely striated curved color banding in 
Czochralski-pulled synthetic sapphires, no such 
bands were observed in these samples. We looked 
for twinning, but did not see any. 


Trace-Element Chemistry. The quantitative 
measurements made by EDXRF analysis for cal- 
cium (Ca], Ti, vanadium (V), chromium (Cr}, and 
iron (Fe) are reported in table 2. These elements 
are all commonly found in natural and synthetic 
corundums. We looked for gallium in all sam- 
ples, but found no evidence of it. We also exam- 
ined two of the samples (annealed 288B and as- 
grown 297B) with the electron microprobe, 
which yielded the same compositions as did 
EDXRF. Both analytical techniques are precise to 
+0.01 wt.%, based on counting statistics. 

All of the annealed synthetic Ti-sapphires 
were found to contain titanium (ranging from 0.06 
to 0.25 wt.% TiOg} and iron {in one case, as much 
as 0.04 wt.% FeO}. The two as-grown synthetic 
Ti-sapphires revealed less titanium on average 
(0.04 to 0.08 wt.% titanium as TiO») than the 
annealed samples, but they also have less saturat- 
ed colors. 


UV-Visible Spectroscopy. Pairs of polarized 
absorption spectra in the ELc (that is, incident light 
polarized perpendicular to the optic axis} and Ellc 


TABLE 2. Partial chemical analyses of 11 synthetic Ti-sapphires.* 


Annealed (slightly orangy pink) 


As-grown (purplish pink) 


Trace elements? No. 0078 No. 0079 No. 288B° No, 288C No. 288D No, 1530 No. 1531 No. 1532 No. 1637 No.297B° No. 1636 
(1.44 ct) (2.97 ct) (11.41 ct) @40ct) (11.34 ct) (207.30ct) (522.57 ct) (542.34 ct) (1.07 ct) (10.37 ct) (0.87ct) 

CaO tr tr tr tr 0.01 tr tr tr 0.02 tr 0.01 
TiO2 0.18 0.16 0.10 0.12 0.11 0.13 0.06 0.16 0,25 0.08 0.04 
Vo03 nd tr tr nd nd nd nd nd tr nd tr 
Cro03 nd nd tr nd tr nd nd nd tr nd nd 
FeO tr tr tr tr tr 0.01 tr nd 0.04 tr tr 
4 Average of three spot analyses by EDXRE in wt.% oxides. 

Abbreviations for analyses. nd = nol detected in; tr = trace (detected at an amount lower than 0.01 wi. %). 
© Electron microprobe analyses ot three points on these samples gave the sarne average resull as EDXRF analyses. 
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Figure 4, The polarized absorption spectra from 
the UV-visible spectrophotometer for annealed 
(slightly orangy pink) synthetic Ti-sapphire 
reveal important features at 485, 560, and 390 
nm (sample 1532). The peaks at 485 and 560 nm 
provide evidence of the presence of Ti+ and have 
not been found to date in natural sapphires. 


(that is, incident light polarized parallel to the 
optic axis) directions are shown in figures 4 and 5 
for annealed (slightly orangy) and as-grown (pur- 
plish) pink sapphire, respectively. 

Four pieces of slightly orangy pink sapphire 
“rough” and four faceted annealed synthetic Ti- 
sapphires showed very similar (unpolarized) UV- 
visible spectra, with a prominent peak centered at 
approximately 485 nm, a strong shoulder at 
roughly 560 nm, and a smaller peak centered at 
about 390 nm. 

The spectrum of the as-grown piece of syn- 
thetic pink sapphire, which looks purplish rather 
than orangy, superimposes the 485/560 pair on a 
weak but very broad band with its maximum at 
about 840 nm (figure 5). This feature causes the 
560 shoulder to appear to be almost equal in size 
to the 485 peak in the Elc direction. 


DISCUSSION 

Separation from Natural Sapphire. In general, 
Czochralski-pulled corundum may be separated 
from very fine, inclusion-free natural examples 
with great difficulty, or only by advanced testing 
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methods. In many stones, inclusions are not visi- 
ble, or they are so small as to be ambiguous in 
interpretation—and one cannot conclude that a 
stone is synthetic simply because it is “too good.” 
In the case of synthetic Ti-sapphire, however, 
some of the gemological properties are different 
from those of natural pink sapphires because syn- 
thetic Ti-sapphire contains Ti3+, which has not 
been found to date in pink natural sapphires, and 
has little or no Cr3+. These distinctive properties 
include: no luminescence to long-wave UV radia- 
tion; chalky blue luminescence to short-wave UV 
radiation (due to octahedral Ti4*O¢ impurities: see 
below), and a faint but different spectrum as seen 
with a spectroscope (especially with regard to the 
lack of chromium emission lines in the red}. Also, 
the samples in our study contained “pinpoint” 
inclusions, which were sometimes resolvable as 
gas bubbles. In the final analysis, when there are 
not enough gemological clues to identify an un- 
known stone unambiguously, a synthetic Ti-sap- 
phire can be reliably separated from a pink sap- 
phire colored by chromium by means of its chem- 
istry or UV-visible absorption spectrum. 


Causes of the Colors. Natural pink sapphires, like 
rubies, owe their color to chromium (Nassau, 1980; 
Fritsch and Rossman, 1988}. Broad chromium 


Figure 5. The polarized absorption spectra for 
as-grown (purplish pink) synthetic Ti-sapphire 
(a separate slice of sample 297B) superimpose 
the 485/560 pair on a weak but broad band 
with a maximum at about 840 nm. This latter 
peak is consistent with Fe-Ti charge transfer. 


ABSORPTION 


400 500 600 700 809 300 1009 
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peaks in natural pink sapphires and rubies occur 
at roughly 410 nm and 550 nm, whereas the 
peaks in synthetic Ti-sapphires are seen at approx- 
imately 390, 485, and 560 nm. The natural orangy 
pink sapphires that we have seen, and that have 
been reported in the literature (Schmetzer et al., 
1983; Fritsch and Rossman, 1988}, contain chromi- 
um and iron (sometimes determined to be Fe3+] or 
chromium and magnesium (Mg?*}. Therefore, 
they show chromium spectra in addition to other 
features. 


Annealed Pink. The coloration of the slightly 
orangy pink {annealed} synthetic sapphires we 
examined is due to trivalent titanium: The peaks 
seen in the UV-visible spectra at 485 and 560 nm 
are typical in position and polarization for Tis+ in 
corundum (McClure, 1962; Townsend, 1968; 
Eigenmann et al., 1972; Moskvin et al., 1980; 
Moulton, 1986; again, see figures 4 and 5.} The 
small peak at 390 nm is not seen in most materi- 
als colored by Ti+, and has been attributed to 
defects (Bessonova et al., 1976} or included Al, TiO; 
{Winkler et al., 1966). 


As-Grown Pink. An additional broad feature is 
found in the spectrum of as-grown synthetic Ti- 
sapphire at about 840 nm (figure 5); this peak is 
broader at lower wavelengths in the Elc direction. 
The position and polarization behavior of this 
peak is consistent with Fe-Ti charge transfer, as 
seen in Verneuil synthetic sapphires doped with 
both Fe and Ti (see, for instance, Eigenmann et al, 
1972). (However, Moulton [1986] has described this 
peak as due to charge transfer between Ti+ and 
Ti*+.) Only trace amounts of iron—such as those 
present in our samples, according to the EDXRF 
results in table 2—would be necessary to account 
for this broad feature, which would disappear with 
reduction-annealing (as in the Eigenmann et al. 
study, and as seen in our samples). 


Luminescence Behavior. The blue fluorescence 
to short-wave UV radiation observed in our sam- 
ples is virtually identical to that described by 
Blasse and Verweij (1990) for Ti-doped synthetic 
sapphires. These authors showed that this emis- 
sion is due to charge-transfer transitions in a 
titanate group, that is, Ti4*+ in octahedral coordi- 
nation in a site in the corundum structure that is 
normally empty. (This group is usually designat- 
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ed Ti#*Og.} We therefore believe that the fluores- 
cence behavior of our samples, both annealed and 
as-grown, is due to these titanate groups, which 
are present as impurities because of the titanium 
doping. The fluorescence is more pronounced in 
the as-grown samples, which have greater amounts 
of Ti in oxidized species. 

The red transmission luminescence (i.e., lumi- 
nescence excited by transmitted visible light] 
observed in our annealed samples is due to Tis+. 
Although some mbies and pink sapphires colored 
by Cr3+ also luminesce, and can be used for laser 
materials (“ruby” lasers}, details of the emission 
spectra for the two chromophores are quite different. 


SUMMARY AND CONCLUSION 


Czochralski-pulled synthetic corundum is not as 
common in the marketplace as flame-fusion syn- 
thetic corundum, but it can be far more difficult to 
separate from clean natural material. Identification 
is easiest for a Czochralski-pulled material for 
which the cause of color is different from that in 
the corresponding natural stone. In the case of 
{possibly orangy) pink synthetic sapphires col- 
ored by Ti3+, the faint absorption spectrum lack- 
ing “chrome lines” and the unusual fluorescence 
behavior are highly suspicious. Ti3+ is responsi- 
ble for the absorption spectrum (and red trans- 
mission luminescence}, and an oxidized intersti- 
tial titanium impurity causes the short-wave UV 
fluorescence. When an unknown stone is sus- 
pected of being synthetic Ti-sapphire, a cautious 
gemologist may wish to confirm this by using 
high magnification to search for included gas bub- 
bles; failing that, advanced testing may be in order. 
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ALEXANDRITE 
Fracture Filled, with High R.I. Values 


Recently, the West Coast GIA Gem 
Trade Laboratory was asked to identi- 
fy a 0.45-ct semitransparent pear- 
shaped modified brilliant that exhib- 
ited a color change from dark bluish 
green in daylight-equivalent fluores- 
cent lighting to dark reddish purple 
in incandescent light. Although stan- 
dard gemological testing identified 
the stone as natural alexandrite, it 
had atypically high refractive-index 
values: 1.753-1.761. Energy-disper- 
sive X-ray fluorescence (EDXRF] 
chemical analysis, performed by GIA 
Research, revealed unusually high 
concentrations of chromium, titani- 
um, and iron—to one or more of 
which we tentatively attribute the 
high RI. values. 

This stone was also noteworthy 
because of several surface-reaching 
fractures that contained a transpar- 
ent, colorless substance. This filler 
flowed within the fractures when the 
heated tip of a thermal reaction tester 
was brought near the surface. 
Therefore, the stone was identified as 
natural alexandrite, with a note 
accompanying the conclusion of the 
identification report that evidence of 
clarity enhancement was present. 

RCK and SFM 


SYNTHETIC ALEXANDRITE 


Flux Grown, without 
Diagnostic Inclusions 
In almost all cases where classic 
gem-testing methods are sufficient to 
separate natural gems from their syn- 
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thetic counterparts, characteristic 
inclusions provide the key informa- 
tion. In our experience, this is typi- 
cally true for flux-grown synthetic 
alexandrite, which usually contains 
inclusions of residual flux. By con- 
trast, although we can sometimes 
identify Czochralski-pulled synthetic 
alexandrite by its inclusions—curved 
growth features or gas bubbles—we 
typically must rely on infrared spec- 
troscopy to separate this material 
from natural alexandrite. 

In April 1995, the West Coast 
lab received for identification a 1,08- 
ct transparent oval brilliant that 
appeared green under daylight-equiv- 
alent fluorescent lighting and pinkish 
purple under incandescent light. This 
color change—combined with refrac- 
tive indices of 1.746-1.751, a biaxial 
optical interference figure, and the 
diagnostic absorption spectrum— 
identified it as the alexandrite variety 
of chrysoberyl, but not whether it 
was natural or synthetic. The weak 
red fluorescence to both long- and 
short-wave ultraviolet radiation was 
similarly ambiguous, as reactions of 
these strengths are consistent with 
both natural alexandrite and the flux- 
grown synthetic. 

Magnification revealed straight 
and angular growth that we felt was 
indicative, but not proof, of a flux 
synthetic. What did prove the speci- 
men to be synthetic was infrared 
spectroscopy, especially the absence 
of the water-related absorptions 
around 3000 cm’! that are typical of 
natural alexandrite (see, e.g., C. M. 
Stockton and R. E. Kane, “The Dis- 
tinction of Natural from Synthetic 
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Alexandrite by Infrared Spectro- 
scopy,” Gems & Gemology, Spring 
1988, pp. 44-46). RCK 


CORUNDUM 
Diffusion Treated 


Three transparent purplish red oval 
mixed-cut stones (I-1% ct} were 
received in the East Coast lab for an 
identification report. They were simi- 
lar in color to those rubies that are 
commonly mined in Thailand (figure 
1), The gemological properties, pri- 
marily the optical ones, identified 
them as corundum. Although the 
spectra of the two larger stones 
lacked distinct absorption features, 
the spectrum of the smallest one had 
a weak absorption band at 450 nm. 
No other absorption feature typical of 
either ruby or sapphire was seen in 
the spectra of any of the stones. 

With 10x magnification, we 
noted in the smallest stone an 
opaque, light grayish blue silky zone 
with a hexagonal outline that 
appeared to be the core of the stone— 
and thus provided proof of natural ori- 
gin. This feature probably accounted 
for the weak 450-nm absorption band 
in that stone. There was also a small 
“fingerprint” inclusion and a crystal 
that had altered to look like a “cotton 
ball.” The other two stones had inclu- 
sions of fine fingerprints and some 
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Figure 1. These diffusion-treated red stones 
(1-1¥% ct) resemble those rubies that are typically 


seen from Thailand. 


transparent crystals. However, the 
facets on all three stones lacked the 
smooth, flat look of a well-cut gem. 
Instead, the surfaces were uneven, 
with some areas that were slightly 
rippled and had many minute cracks, 
giving the impression of a surface 
coating. 

When we examined the middle- 
sized stone in diffused light, through 
the crown, we noted that all of the 
pavilion facet junctions seemed to be 
more strongly colored. When the 
stones were immersed in methylene 
iodide (figure 2}, this concentration of 
color along the facet junctions was 
easily seen, proving diffusion treat- 
ment. On the basis of these observa- 
tions, we identified the stones simply 
as diffusion-treated corundum. KH 


DIAMOND 


Inclusions Affect Body Color 


Sometimes inclusions are the main 
cause of color in a diamond. In the 
most common example of this phe- 
nomenon, dark inclusions in a near- 
colorless diamond contribute to an 
appearance considerably darker than 
the intrinsic body color and may lead 
to a lower color grade for the stone. 
Mote rarely, a bright colored inclu- 
sion contributes to the color of a col- 
ored diamond, which was the case 
with a 3.36-ct very light green mar- 
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Figure 2. With immersion, the stones in figure 1 
show concentrations of color at the facet junc- 


tions—typical of diffusion-treated stones. 


quise seen in the East Coast laborato- 
ry last fall. The diamond contained a 
row of included crystals, most of 
which appeared to be diamond (figure 


Figure 3, This crystal in a row of 
included crystals is green. It 
imparts a green component to 
the face-up appearance of this 
otherwise near-colorless 3.36-ct 
marquise diamond. 

Magnified 126x. 
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3). However, at least one of the crys- 
tals was prismatic and yellow-green, 
an appearance that suggested either 
pale diopside or enstatite. 

Testing indicates this inclusion 


» is the sole source of green color in the 


diamond. A visible spectrum showed 
no absorption at 74] nm, the primary 
line of the GR1 center, which proved 
that the stone had not been exposed 
to ionizing radiation. Small dark 
spots around some of the diamond- 
like included crystals looked at first 
like radiation stains, but at higher 
magnification we determined that 
they were graphite. 

In other cases, colored inclusions 
do not contribute to the color of a 
diamond. In figure 4, for example, an 
eye-visible brownish orange inclu- 
sion breaks the table surface of a 
5.10-ct Fancy yellow cut-cornered 
rectangular modified brilliant-cut dia- 
mond. Color and morphology suggest 
that the inclusion is garnet. EDXRF 
analysis of the inclusion showed the 
presence of iron and manganese, 
which supports this identification and 
suggests almandine-spessartine. 
Although this eclogitic garnet was 
centered in the table and substantial- 
ly lowered the diamond’s clarity 
grade, it made a striking contrast 
against the yellow body color of the 
host diamond but did not seem to 
contribute to the overall color of the 
stone. TM and IR 
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Figure 4. The garnet inclusion in 
the center of this 5.10-ct Fancy 
yellow diamond has no appar- 
ent effect on the stone’s overall 
color. Magnified 40x. 


With Iridescence in an 
Incompletely Filled Fracture 


Identification of fracture filling con- 
tinues to be a great concern in the 
diamond trade, and the laboratory 
sees both straightforward and chal- 
lenging examples of this treatment. A 
1.19-ct yellow round brilliant (figure 
5}, submitted for a report on origin of 
color, proved to be one of the more 
complicated cases seen in the East 
Coast lab. Because the color of the 
gem may distort or hide flash-effect 
colors, a filled fracture can be more 
difficult to find in a fancy-color dia- 
mond than in a colorless to light-yel- 
low stone. Recognizing the presence 
of a filling in this stone was especially 
challenging because part of this com- 
plex fracture also showed natural iri- 
descence. 

In this situation, identification 
was accomplished by careful atten- 
tion to the details revealed during 
microscopic examination. Of prime 
concern was separating iridescence 
from the flash effect. First, we found 
that iridescence was seen when we 
looked perpendicular to the fracture 
plane (again, see figure 5}, but the 
flash effect was visible only when we 
looked nearly parallel to the plane of 
the fracture. Second, several colors 
were seen simultaneously in the iri- 
descent area (green, greenish blue, 
and purple}, whereas the flash-effect 
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Figure 5, Ordinary iridescence is 
seen when looking down on the 
unfilled portion of the fracture 
in this 1,19-ct yellow round 
brilliant. Magnified 15x. 


colors were only seen one at a time, 
depending on the lighting (bright or 
dark background; figure 6}: green in 
brightfield and, at the right in figure 
6, red where a reflection of the frac- 
ture is seen in darkfield. At high 
magnification, the filled portion of 
the fracture also showed small bub- 


Figure 6. Another part of the 
complex fracture in figure 5 is 
filled; it shows green (bright- 
field) and red (in reflected 
darkfield) flash colors. 
Magnified 20x. 


bles and flow lines, whereas the iri- 
descent, unfilled part of the fracture 
appeared white and feathery, with 
moderate relief. (Note that all of 
these features are described on the 
“Identification of Filled Diamonds” 
chart published with the Summer 
1995 issue of Gems &) Gemoilogy.} 


Figure 7. This imitation emerald necklace consists of 5.10-16.0 mm 
natural beryl] beads that have been coated with a green plastic. 
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In keeping with GIA GTL poli- 
cy, we did not determine either color 
origin or a color grade for this stone. 
Instead, we issued an identification 
report only, with a comment in the 
conclusion that disclosed that the 
diamond had a foreign material in 
surface-reaching fractures. IR 


Imitation EMERALD 
Plastic-Coated Beryl 


When staff members in the East 
Coast lab saw the broken necklace of 
variegated translucent-to-transparent 
green beads shown in figure 7, our 
first impression was that we were 
looking at an emerald necklace with 
unusually symmetrical beads. The 
results of our first test—exposing the 
necklace to long-wave UV radia- 
tion—did not immediately arouse 
suspicion, as the chalky yellow reac- 
tion would be expected of heavily 
oiled emeralds. The dull reddish 
appearance through the Chelsea color 
filter also was not out of the ordinary. 
However, thorough examination of 
the beads with magnification gave 
cause for alarm: Around each of the 
drill holes, we noted a dark green ring 
that contained flattened gas bubbles. 
Figure 8 shows these features in a 
bead that our client kindly allowed 
us to remove from the strand for fur- 
ther testing. Examination of the loose 
bead readily revealed a transparent 


Figure 8. With 10 magni- 
fication, a green coating with 
flattened gas bubbles can be 
seen on one bead that was 
removed from the strand 
shown in figure 7. 


Gem Trade Lab Notes 


green coating. When some of the 
coating was removed and tested sepa- 
rately, it appeared red under the color 
filter and fluoresced chalky yellow 
when exposed to long-wave UV radi- 
ation. Its elastic nature and reaction 
to the “hot point” identified the coat- 
ing as a plastic. With the coating 
completely removed, the bead 
appeared light green in color, and the 
optical and physical properties 
matched those of natural beryl. 
Therefore, the necklace was identi- 
fied as green plastic—coated natural 
beryl. GRC 


JADEITE JADE 


Assemblages 
From time to time, the laboratory 
receives for identification items that 
are later identified as assemblages. 
Among the less-common assembled 
stones we have reported on in this 
section are a spinel-synthetic ruby 
doublet (Winter, 1984, p. 231), a star 
sapphire-sapphire doublet (Fall 1985, 
p. 171), a ruby doublet (Spring 1987, 
pp. 47-48], and assembled cultured 
blister pearls (Summer 1991, p. 111}. 

On rare occasions, we encounter 
assembled stones that have been fab- 
ricated from jadeite (see, e.g., the 
jadeite doublets described in the 
Spring 1958 and Fall 1986 Lab Notes 
sections, pp. 134 and 172, respective- 
ly). We have also seen, in an 
unassembled state, examples of a 
jadeite assemblage that consisted of 
three pieces of translucent, near-col- 
orless jadeite: (1) a cabochon that was 
inserted into (2) a hollow dome and 
cemented to (3} a flat base. The thin 
space between the hollow dome and 
the cabochon is filled with a green, 
jelly-like substance that gives the 
assembled stone the color of fine 
green jadeite. Such stones are diffi- 
cult to identify if they are mounted 
in such a way that the contact zone 
between the hollow cabochon and 
the flat back cannot be examined 
directly. 

In spring 1995, the West Coast 
lab received for identification a 
translucent mottled-green carving 
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Figure 9. A small chip on the 
jadeite portion of this assemblage 
reveals how very thin the jadeite 
shell is. Magnified 25x. 


that measured about 33.33 mm long 
x 22.03 mm wide. The depth could 
not be determined—and the back 
could not be examined—because the 
carving was mounted in a closed- 
back yellow-metal pendant. A spot 
RI. reading gave a value of 1.66, and 
examination with a desk-model 


* prism spectroscope revealed a series 


of “chrome lines” in the red end of 
the spectrum. These properties are 
consistent with natural-color jadeite. 
However, magnification revealed 
that the carving was actually com- 
posed of a thin, hollow shell of 
jadeite that had been filled with a 
transparent, colorless substance. The 
filler contained some small gas bub- 
bles, a few of which could be seen 
through the top of the carving. We 
also noted remnants of the filler on 
the surface of the carving, at various 
points around the circumference, and 
it was exposed at one place—where 
the thin shell had a small chip (figure 
9). When probed with a sharp metal 
pin, the filler was easily indented. 
FTIR spectroscopy of the filler 
revealed strong absorptions similar to 
those of some polymers known to 
have been used in the impregnation 
of jadeite. Using a millimeter gauge, 
we estimated the thickness of the 
jadeite shell at the edge of the carving 
to be only 0.05 to 0.10 mm. On the 
basis of this examination, we identi- 
fied the item as an assemblage con- 
sisting of a thin, hollow, natural- 
color jadeite jade carving filled with 
colorless plastic. 
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Figure 10. This 25.05 x 18.72 mm 
mounted carving proved to be an 
assemblage of jadeite jade and 
plastic. 


Soon after identifying this assem- 
blage, the West Coast lab received a 
similar-appearing mounted carving 
(25.05 x 18.72 mm; see figure 10) from 
another client. Gemological testing 
proved that this was also an assem- 
blage that consisted of a natural-color 
jadeite jade shell filled with colorless 
plastic (figure 11). This jadeite shell 
was estimated to be even thinner, 
with many gas bubbles in the filler. 
Several of these were seen at the con- 
tact of the jadeite and filler when the 
piece was examined from above 
using intense fiber-optic illumination 
(figure 12). Small openings in the 
back of the mounting enabled us to 
see through the plastic filler to the 
back of the hollowed-out carving. We 
were surprised to see that the back of 
the carving conformed exactly to the 
contours of the top. We do not know 
how these assemblages were manu- 
factured. Considering the extremely 
thin shell (so thin that it actually 
fractured at one prong}, it would 
seem to be a very exacting and diffi- 
cult process. 
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Figure 11. The thin edge of the 
hollowed-out carving shown in 
figure 10 was visible between 
the mounting and the bottom of 
the stone. The plastic filler 
(which is actually colorless, but 
appears green in this photo 
because of the jadeite shell) can 
be seen under the edge of the 
jadeite, following the contours 
of the carving. Magnified 13x. 


These were the first such items 
we had encountered in the GIA Gem 
Trade Laboratory (an apparently simi- 
lar item—a carving of Guan Im—was 
recently examined by the AIGS labo- 
ratory in Bangkok, as reported in 
JewelSiam, Vol. 6, No. 4, 1995, p. 
110). However, we have previously 


Figure 12. When examined from 
above using magnification and 
bright fiber-optic illumination, 
gas bubbles can be seen in the 
filler where it contacts the 
jadeite shell. Magnified 16x. 


examined thin, dark-colored jadeite 
mounted in a closed-back setting that 
was highly polished on the inside to 
act like a mirror. This improved the 
apparent transparency and lightened 
the color to a pleasing tone. It is likely 
that the assemblages described in the 
preceding two paragraphs were carved 
from similar—perhaps even darker 
green—pieces of jadeite. The thin 
shell was then filled with plastic for 
added strength. Such dark green 
jadeite is often called Yunan jade. It 


Figure 13, At first glance, this 62,26-ct glass imitation (50.10 x 26.30 x 


10.30 mm) appears to be carved jadeite. 
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may be cut into thin pieces and used, 
for example, in drop earrings, where 
it displays an attractive color in 
transmitted light. RCK and SEM 


Finely Detailed Glass Imitation 

Over the years, both East and West 
Coast labs have examined a number 
of glass imitations of jade. These 
have included hololith bracelets and 
“carved” stones set in jewelry (see, 
e.g., Gem Trade Lab Notes, Fall 1982, 
pp. 171-172; Fall 1983, pp. 173-174). 
In addition to these items, we have 
seen many other glass imitations of 
carved and engraved jadeite at trade 
shows. 

In spring 1995, the West Coast 
lab received for identification what at 
first appeared to be a 62.26-ct piece of 
carved jadeite (figure 13). Gemological 
testing, however, revealed properties 
inconsistent with jadeite, including a 
1.56 spot RI; a weak, mottled green- 
ish blue fluorescence to short-wave 
UV radiation; and a spectrum show- 
ing general absorption from 400 to 
480 nm and from 650 to 700 nm. 
Magnification revealed a number of 
key features, including gas bubbles, 
flow lines, mold marks, fine surface 
cracks resembling crazing, and 
minute conchoidal fractures with a 
vitreous luster. On the basis of this 
examination, we identified the item 
as glass, a manufactured product. 

All the glass imitations of carved 
jadeite that we had encountered in 


Figure 14, At 45x magnification, 
the unusually fine detail of the 
item in figure 13 is evident—as 
is the fact that it was molded, 
not carved, 
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Figure 15. These dyed feldspar 
scarabs, measuring 14.0 x 10.0 x 
5.3 mm each, were misrepre- 
sented in the trade as lapis 
lazuli, 


the past were characterized by fairly 
coarse details in rather low relief. 
This item, however, exhibited very 
fine detail in high relief (figure 14). 
The intricacy of the apparent carving 
contributed greatly to the effective- 
ness of this imitation. RCK 


Imitation LAPIS LAZULI 


The pair of blue scarabs shown in fig- 
ure 15 were submitted to the East 
Coast lab in October 1994, They had 
been offered in the trade as lapis 
lazuli, a gem material that they 
superficially resembled. With 10x 
magnification (figure 16), the material 
looked more like sodalite, except that 
the color distribution was “wrong,” 
with concentrations of blue color in 
the fractures that proved that the 
color was produced by dye. More test- 
ing, including X-ray diffraction analy- 
sis, proved that the material was dyed 
feldspar. It remains to be seen 
whether this represents an attempt to 
develop a commercial product, or it 
was simply a “one-shot” experiment. 

GRC 


OPAL 
Glass Imitation “Mexican” 


So-called “precious” opal—opal dis- 
playing play-of-color—has been imi- 
tated by a number of manufactured 
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Figure 16. Magnification of one 
of the scarabs in figure 15 
reveals dye concentrations in 
the fractures, which are respon- 
sible for the lapis-like color. 
Magnified 10x. 


gem materials. Among the better 
known and more convincing of these 
are the plastic imitation that shows a 
true play-of-color and the glass imita- 
tion known as “Slocum stone.” 
However, phenomenal opal is 
not the only opal used as a gem mate- 
rial. Other types include a translu- 
cent-to-opaque blue material from 
Peru that can closely resemble chal- 
cedony colored by chrysocolla (see, 
for example, the Summer 1991 Gem 
News section, pp. 120-121} and vari- 
ous transparent to semi-transparent 
types. The latter include colorless 
“water” opal and the yellow, red, or 


Figure 17. The 3,.55-ct oval 
orange modified brilliant (about 
12.01 x 9.79 x 6.39 mm) on the 
left is actually glass. The 2.35-ct 
triangular step cut is a natural 
opal from Mexico. 


& 


Fall 1995 201 


orange-to-brown material that is 
known in the trade as “fire,” “cher- 
ry,” or “Mexican” opal. 

In the summer of 1995, the West 
Coast laboratory was asked to exam- 
ine two faceted stones, a 3.55-ct 
transparent orange oval modified bril- 
liant (figure 17) and a 2.21-ct trans- 
parent red emerald cut. These report- 
edly came from a parcel of stones 
that our client had purchased as opal 
in Mexico. However, subsequent 
gemological testing of samples by the 
client revealed properties that were 
outside the reported ranges for opal. 
GIA GTL determined the following 
properties on the two samples we 
tested (those for the red sample are 
given first}: R.I.—1.522, 1.480, S.G. 
(determined hydrostatically|—2.64, 
2.39, polariscope reaction—singly 
refractive, anomalously doubly 
refractive with snake-like bands 
noted; UV fluorescence—both were 
inert to long-wave UV radiation and 
fluoresced a faint, chalky yellow to 
short-wave UV. Magnification 
revealed small gas bubbles in both 
stones. 

While the R.I. and S.G. values of 
the red specimen were well above the 


general values reported in the gemo- 
logical literature for opal, those of the 
orange stone—which had the more 
convincing appearance, with minute 
inclusions that could easily have 
been overlooked without careful 
microscopic examination—were only 
slightly higher than those reported for 
the upper ranges of opal. However, 
the type of opal from Mexico that 
these two stones resembled typically 
has below-average values, that is, an 
R.I. of 1.44 or lower and an S.G. of 
about 2.00-2.10 (see R. T. Liddicoat, 
Handbook of Gem Identification, 
[2th ed., 1987, p. 280}. On the basis of 
the information gathered, we identi- 
fied both stones as glass, a manufac- 
tured product. 

For research purposes, we exam- 
ined these specimens further using 
Fourier-Transform infrared (FTIR) 
spectroscopy and EDXRF analysis. 
For comparison, we also tested a ref- 
erence sample of opal from Mexico 
that had a very similar appearance 
(again, see figure 17}. The natural 
opal revealed many features in its 
FTIR spectrum, including: a sharp 
peak at 5253 cm’!, a broader peak 
centered at 5100 cm}; a less intense 


Figure 18, These approximately 9.4-mm beads make convincing replicas 
of black pearls. 
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pair of peaks at 4515 cm:! (sharp) and 
4415 cm'! (broad), which are not 
found in all opals; a shoulder at about 
3950 cm’!; and strong absorption 
from 3735 cm! to 600 cm'!. In con- 
trast, the spectra of the two glass 
samples were very similar to each 
other, but very different from the nat- 
ural stone: They showed a very 
small, broad absorption peak at 4490 
cny!, a broad plateau with an absorp- 
tion edge at 3558 cm! and an absorp- 
tion peak at 2775 cm:!, and very 
strong absorption from about 2250 
cm:! to 600 cm:!. (Synthetic opals 
have FTIR spectra different from 
either of these.} 

The EDXRF data were also quite 
interesting. The reference natural 
Mexican opal contained Si, K, Ca, 
Mn, and Fe. (It is believed that the 
color of these opals is due to dissemi- 
nated iron oxide/hydroxide particles; 
see, e.g., E. Fritsch and G. R. 
Rossman, “An Update on Color in 
Gems, Part 3,” Gems & Gemology, 
Summer 1988, pp. 81-102), In the 
redder of the two glass samples, we 
found additional elements, notably 
Se. Subsequent examination with 
high-energy X-rays of additional 
orange and red glass samples with 
similar gemological properties 
showed that Cd is present in such 
glasses as well. Many red and orange 
glasses owe their color to the pres- 
ence of cadmium selenide or cadmi- 
um sulfo-selenide; these glasses are 
commonly referred to as “selenium 
glass” (see, for instance, C. A. 
Hampel, Ed., Encyclopedia of the 
Chemical Elements, Reinhold, New 
York, 1968, p. 632}. These glasses can 
mimic the colors and diaphaneity of 
“cherry” and “fire” opals with 
remarkable success. 

ML], RCK, and SFM 


Black PEARL Imitations 


In January 1995, what seemed to be a 
strand of dark, silvery, gray-to-black 
pearls (averaging about 9.4 mm in 
diameter; figure 18} arrived at the 
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West Coast lab for identification. On 
closer examination, however, it 
became clear that the surfaces of 
these beads, unlike natural or cul- 
tured pearls, had a hazy appearance 
and a rubbery texture. 

Examination of the individual 
beads at 10x magnification showed 
that these were actually pearl imita- 
tions: Three distinct components 
were seen around most of the drill 
holes. As these superficially convinc- 
ing imitations differed from those 
that we usually encounter, we decid- 
ed to identify the various compo- 
nents. As illustrated in figure 19, the 
inner core consisted of a colorless 
translucent bead covered by several 
thin, silvery, gray-to-black layers; 
another coating, thicker still and 
transparent, formed the outermost 
layer. 

The bead core had a conchoidal 
fracture, vitreous luster, and an 
amorphous structure, as determined 
by X-ray diffraction. EDXRF analysis 
revealed the presence of lead. On the 
basis of these properties, we conclud- 
ed that the core bead was probably 
fashioned from leaded glass, which 
explains the heft of the strand. 

Determining the composition of 
the thin, silvery layers surrounding 
the core beads was a more interesting 


Figure 19. Three distinct compo- 
nents—including a leaded glass 
bead, thin layers of bismuth 
oxide chloride, and a thicker 
rubber-like coating—are visible 
around the drill hole of this 
imitation black pearl. 
Magnified 10x. 
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challenge. Magnification revealed 
that they were an iridescent platy 
substance. When touched with a 
probe, the silvery layers exhibited 
elastic properties. The X-ray diffrac- 
tion pattern for this substance 
matched that for bismoclite, a bis- 
muth oxide chloride. This material 
has been documented as a coating 
material for imitation pearls {J. P. 
Poirot, “Imitation Pearls and Their 
Coatings,” in Transactions of the 
XXI International Gemmological 
Conference, Brazil, 1987). Its use sep- 
arates these imitations from Majorica 
imitation pearls, which are coated 
with a guanine-based substance (J. 
Hanano et al., “Majorica Imitation 
Pearls,” Gems w@ Gemology, Fall 
1990, pp. 178-188], or those coated 
with a lead carbonate. 

Testing by FTIR spectroscopy 
produced a pattern very similar to 
that of Majorica imitation pearls. 
Although we could not determine 
the precise reason for the similar pat- 
terns, they may reflect the use of 
similar polymers or binding agents in 
the coating materials. 

Last, although we do not know 
the exact composition of the outer 
coating, we did determine that it was 
a slightly hazy—but otherwise essen- 
tially transparent—thick, rubber-like 
substance that contained gas bubbles 
in some areas and was peeling around 
several drill holes. It was probably 
added to protect the silvery bismo- 
clite layers from wear. 

CYW 


Large SYNTHETIC RUBY 


This past summer, a manufacturer of 
synthetic corundum shared the 
Czochralski-pulled synthetic ruby 
shown in figure 20 with staff mem- 
bers of the East Coast lab. The modi- 
fied triangular mixed cut weighed 
115.56 ct and was completely trans- 
parent, with a strong red color that 
had no purple or brown components. 
Although natural ruby may be found 
in large sizes, it usually contains so 
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Figure 20, This 115.56-ct 
synthetic ruby has an unmodi- 
fied red color and high trans- 


parency. 


many inclusions that the diaphaneity 
is translucent rather than transparent. 

One area of the pavilion of this 
large synthetic showed fine curved 
striae, but otherwise it was free of 
inclusions or variations in color. 
Because of the large size and trans- 
parency, a slight doubling of the 
pavilion facet junctions—a rare sight 
in corundum, which has low birefrin- 
gence—was visible through the table. 
The manufacturer of this synthetic 
ruby reports that he is using a new 
process in which growth is controlled 
on a scale of several inches, with the 
goal of producing material that is 
entirely free of inclusions or disrup- 
tions of the crystal structure (such as 
twinning or graining]} up to sizes as 
large as 500+ ct. IR 
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DIAMONDS REGEN Fhe ts Se LL | ee 


Diamond with mobile diamond inclusion. Some of the 
most interesting gemstone inclusions are those that con- 
tain one or more mobile components, Among these natu- 
ral kinetic works of art are inclusions that change appear- 
ance when heat is applied. An example is a two-phase, 
carbon dioxide fluid inclusion in quartz that homogenizes 
to a single phase when a thermal reaction tester is 
brought near. Sometimes, just the heat from a micro- 
scope’s incandescent light is enough to cause this change. 
Other inclusions change their appearance when a stone is 
merely repositioned in the tweezers or stoneholder, as 
with three-phase inclusions in emeralds. 

Inclusions with visibly mobile phases are rare in dia- 
mond. So two of the editors (RCK and JIK) were delighted 
at the opportunity to briefly examine a flat, twinned dia- 
mond crystal (with one polished octahedral face} that con- 
tained a movable diamond inclusion (figure 1). We learned 
from the owner that the diamond was previously exam- 
ined in detail by one of the contributing editors (HAH); 
the results of his investigation follow. 

The slightly brownish gray diamond weighed 1.09 ct 
and measured 7.23 mm long x 3.03 mm deep. It was 
transparent, except in the area of the cavity containing 
the movable inclusion, where it was semi-transparent. 
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The diamond crystal was twinned after the spinel law 
(i.e., it was a macle}, and the large cavity roughly duplicat- 
ed the external contours of the host. The mobile crystal 
inclusion within that cavity was triangular (almost equi- 
lateral] and indented along its horizontal plane of symme- 
try (the twin plane), trigons were observed on its surface, 
and it was less transparent than the host but of a similar 
color. UV-visible absorption spectrometry revealed that 
the crystal inclusion is a diamond with the same type-la 
characteristics as its host {although the inclusion’s 
absorption was about 2.5 times stronger}. 

On the basis of this examination, we feel that the 
mobile diamond inclusion resulted from a growth stage earli- 
er than that of the hollow host. Although we could not iden- 
tify the material that originally filled the cavity, it probably 
was a gas that escaped through a fissure during cutting of the 
octahedral face. The height of the cavity, about 1.7 mm, did 
not permit the diamond inclusion to tumble freely, although 
it did move easily in two dimensions. 


Update on Russian diamond mining. While in Russia 
to attend the Sixth International Kimberlite Conference, 
in Novosibirsk, GIA Directors James E. Shigley and D. 
Vincent Manson visited kimberlite pipes in the Siberian 


Figure 1. Note the move- 
ment of this triangular 
diamond inclusion in a 
large cavity when its host 
1.09-ct macle is turned 
180°. Photos by John I. 
Koivula. 
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Sakha (Yakutia} Republic, the source of 95% of 
Russia’s diamond wealth. They provided the following 
report on the current status of diamond mining in this 
region. 

There was almost no activity at two of the sites. 
Flooding had forced the closure of the International pit. 
The quarry-like Zarnitza prospect (site of the first 
Siberian diamond find in 1954} was also inactive. 

The other pipes visited—the Mir, Udachnaya, 
Aikhal, and Jubilee—were active to some degree. All 
were Open-pit operations. 

The Mir pit, also plagued by flooding, showed lim- 
ited evidence of recent mining. However, ore was 
being trucked from nearby stockpiles, presumably 
headed for processing. 

Udachnaya seemed to be the most productive of the 
sites. The large, six-story processing plant there appeared 
to be in full operation (figure 2). It serviced not only that 
giant pit, but also some ore trucked in from the Ailhal 
and Jubilee sites, about 80 km (50 miles) away. 

No information was provided on production fig- 
ures at any of the sites, nor were visitors given any but 
the vaguest details on day-to-day operations. However, 
Udachnaya officials did show visitors about 20 color- 
less, gem-quality diamonds, which ranged from 
approximately one-half to 20 carats. 

During the GIA team’s visit to this remote region 
near the Arctic Circle, daylight lasted from 3 a.m. 
until midnight; the daytime high temperature was a 
balmy 80°F {26°C}, a far cry from the endless nights 
and harsh weather that miners must endure during 
winter months. It was interesting to learn that winter 
mining at Udachnaya ceases when temperatures drop 
below about —50°F (-45°C), not because miners cannot 
cope with the cold, but because an inversion layer 
forms at that temperature, trapping potentially deadly 
methane gas in the deep pit. 


Spy ship looks for diamonds. Namco, the Namibian 
Minerals Corporation, has chartered a 2,200-ton vessel— 
formerly a Soviet spy ship—for use in its offshore dia- 
mond operations, according to the July 3, 1995, issue of 
Diamond Intelligence Briefs. The ship will be used for 
evaluations and bulk samplings in Hottentots Bay and in 
the mouth of the Olifants River. 


COLORED STONES - EEE 


Cat's-eye apatites from Madagascar. A Spring 1995 Gem 
News entry (p. 60} described large faceted blue-green 
apatites from Madagascar, which are sometimes called 
“neon” or “Paraiba” apatites. This year, we also saw a 
few large cat’s-eye apatites from this same locality. One 
such stone was an 11.45-ct cabochon (figure 3}, loaned to 
GIA by Thomas M. Schneider, of San Diego, California. 
Magnification revealed the cause of the chatoyancy—a 
multitude of tiny, white-appearing, reflecting, short acicu- 
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Figure 2. Visitors are dwarfed by machinery inside 
the Udachnaya diamond-processing plant, in the 
Siberian Sakha (Yakutia) Republic of the Russian 
Federation. Photo by James E. Shigley. 


Figure 3, Note the pronounced eye and unusual 
color of this 11.45-ct blue-green apatite cabochon, 
reportedly from Madagascar. Short, barely visible 
white needles cause the chatoyancy (inset). Photo 
by Shane F. McClure; photomicrograph by John I. 
Koivula, magnified 50x. 
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Figure 4. Often sold as Eilat stone from Israel (left, 
5.40 ct) is this similar-appearing material from 
Peru (right, 5.41 ct). Photo by Maha DeMaggio. 


lar “fibers” (figure 3 [inset]). Many longer, needle-like 
black inclusions (oriented in the same direction) were also 
present, but they seemed too sparse to significantly con- 
tribute to the chatoyancy. Although cat’s-eye apatite is 
not uncommon, stones of this color are very unusual. 


“Eilat stone” from Israel and Peru. The trade name Eilat 
stone is given to a blue-to-green ornamental rock with a 
mottled appearance that contains variable amounts of 
copper minerals. According to Webster’s Gems (5th ed., 
Butterworth-Heinemann, 1994), typical constituents are 
chrysocolla, turquoise, and pseudomalachite (a copper 
phosphate mineral). The material is named for its original 
source, reportedly King Solomon’s copper mines, not far 
from the Israeli Red Sea port of Eilat. 

This gem material has been seen in the trade for 
many years, and was readily available at the February 
Tucson shows for at least the past several years. However, 
one knowledgeable dealer said that much of the material 
being sold as Eilat stone is not from Israel. Instead, simi- 
lar-appearing material, recovered as a by-product of copper 
mining in Peru, is being misrepresented as Eilat stone, 
that is, as coming from the Israeli source. An Israeli gem 
dealer confirmed this, adding that material was being 
exported from South America to Israel and then re-export- 
ed as Eilat stone. Two representative pieces—one from 
Israel and one from Peru—are shown in figure 4. 

Because it is often necessary to characterize the min- 
erals in ornamental gem materials such as these—which 
are essentially inhomogeneous rocks—we frequently need 
advanced testing for their identification. It would be diffi- 
cult, if not impossible, for most gemologists to separate 
the two materials using standard gem-testing methods. 


Six-rayed star emerald. Recently, a 10.03-ct round, cabo- 
chon-cut emerald was submitted by M. P. Steinbach, of 
Gindorf, Germany, to one of the contributing editors (KS) 
for examination. The emerald had a fairly well-defined 
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star (figure 5) and was said to originate from a Brazilian 
emerald mine. 

The stone had strong pleochroism, with an intense 
blue-green color parallel, and a light yellowish green color 
perpendicular, to the c-axis. This pleochroism was due to 
a distinct “aquamarine” {that is, iron-bearing) component, 
which was found in the absorption spectrum of the gem- 
stone in addition to the well-known chromium absorp- 
tion bands of emerald. 

Microscopic examination showed channel-like inclu- 
sions that were oriented parallel to the c-axis. However, 
the star was actually caused by three series of as-yet- 
unidentified small, elongated particles with an orienta- 
tion perpendicular to the c-axis. 

Although cat’s-eye emeralds from different localities 
are occasionally found in the trade, star emeralds are 
exceptionally rare. The Spring 1995 Gem News section 
contains an entry on cat’s-eye and star emeralds (pp. 
60-61), including a 5.93-ct stone reportedly from Brazil’s 
Santa Terezinha de Goids mining area. Because the aqua- 
marine component in the absorption spectrum of the 
10.03-ct stone is typical of emeralds from Santa 
Terezinha, this stone may also come from that locality. 


Faceted genthelvite: A gemological first. The editors were 
recently provided for examination—by C. D. (Dee} 
Parsons, of Santa Paula, California—a small faceted gem- 


Figure 5. This unusual 10.03-ct star emerald 
revealed features consistent with emeralds from 
Santa Terezinha, Brazil. Photo © GIA and 

Tino Hammid. 
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stone that proved to be most unusual. The transparent 
purplish red-brown stone (figure 6} weighed just 0.33 ct 
and measured 4.38 x 3.57 x 2.19 mm. The only internal 
features in this modified rectangular step-cut were a 
series of mirror-like fractures, most of which were con- 
centrated along one edge. It had been sold to Mr. Parsons 
as “danalite” by a Brazilian dealer. 

We first subjected the stone to the standard battery of 
gemological tests, with the following results: R.I. of 1.742, 
singly refractive; $.G. (by the hydrostatic method} of 
3.68-3.70; inert to both long- and short-wave UV radia- 
tion. A most unusual feature was that it showed a typical 
almandine-rhodolite visible-light absorption spectrum 
(see, e.g., R. T. Liddicoat, Handbook of Gem Identifica- 
tion, 12th ed., 1987}. 

A search of the gemological literature uncovered 
nothing on the mineral danalite, and the properties 
attributed to danalite in mineralogical texts did not 
match those that had been obtained from the faceted 
stone. Since danalite, FeyBe3(SiO,4)3S, forms a solid solu- 
tion with helvite, Mn4Bea(SiO4),S, and genthelvite, 
ZngBex(SiO4}38, we decided to compare the properties of 
this stone with those reported for other end-members of 
the helvite mineral group. A virtually perfect match was 
obtained for genthelvite. 

To confirm the identity, we tested the stone with 
both X-ray powder diffraction analysis and energy disper- 
sive X-ray fluorescence (EDXRF) spectrometry. X-ray 
diffraction analysis showed that the stone was in the 
helvite group, while EDXRF revealed a significant 
amount of zinc present, in addition to the expected sili- 
con and sulfur. Lesser amounts of manganese and iron 
were also detected. The greater amount of zinc, coupled 
with the R.L and S.G. values, identified this stone as gen- 


Figure 6. This 0.33-ct genthelvite is the first 
faceted example of this mineral that the editors 
have encountered. Photo by Maha DeMaggio. 
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Figure 7, The 71.02-ct (39.33 x 16.88 x 8.04 mm) 
hausmannite cabochon (right) was cut from 
material similar to the accompanying 37.87-ct 
tetragonal hausmannite crystal. Photo © GIA 
and Tino Hammid.. 


thelvite. (Beryllium [Be] and oxygen [O] cannot be detect- 
ed by EDXRE|] 

Because all the gemological properties shown by this 
stone fell within the range reported for pyrope-almandine 
mixtures, it would be impossible for a gemologist, armed 
with only the traditional series of gem-testing instru- 
ments, to identify this stone as genthelvite. X-ray diffrac- 
tion and chemical analyses would also be needed. 


“Drusy” hausmannite. In recent years, we have noted the 
trade’s increased interest in gems whose surfaces are not 
polished smooth, but are left naturally crystalline. When 
the size of these crystals is measured in hundredths to 
tenths of millimeters, the surface sparkles. This effect is 
seen in the so-called drusy gem materials, including 
uvarovite matrix, cobaltian calcite and dolomite, and 
quartz druses over chrysocolla and psilomelane (see, for 
instance, the Spring 1991 and 1994 Gem News sections, 
pp. 49 and 53, respectively). 

Gary Abbott, of Abbott Gems, Roswell, Georgia, has 
been cutting “drusy” cabochons of larger-grained materi- 
als, including the black opaque manganese oxides haus- 
mannite (figure 7) and manganite. His hausmannite cabo- 
chons can take on an imposing, architectural appearance. 
One editor (ML]] acquired a 71.02-ct drusy cabochon from 
Mr. Abbott for examination. Because of the nature of the 
material, we were able to obtain only a few gemological 
properties, as follows: R.L—over the limits of a standard 
refractometer {greater than 1.81); no absorption features 
noted with a desk-model spectroscope; no magnetism. 
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Specific gravity was not determined due to the roughness 
of the surface (too many air bubbles remained trapped 
between crystals to permit a meaningful determination). 
We saw no pleochroism with polarized reflected light, 
although in reflected light the edges of polished crystal 
faces looked brownish black whereas the rectangular 
cores looked darker and “purer” black. An X-ray powder 
diffraction pattern showed only lines for hausmannite. 

Hausmannite from the Kalahari manganese field in 
South Africa occurs as crusts of tetragonal (pseudo-octa- 
hedral} crystals growing from the matrix in near-parallel 
orientation. Cut one way (as in figure 7}, the crystals 
show square cross-sections, cut another way, they form 
parallel triangles. As was the case with our sample, Mr. 
Abbott usually backs the pieces with a lighter material to 
provide rigidity. 


Costa Rican jade museum. On a trip to Costa Rica late 
last year, one of the editors (RCK] visited the Marco Fidel 
Tristan Castro Jade Museum in the capital, San José. 
Located on the top floor of the Instituto Nacional de 
Seguros {National Insurance Institute], this small, but 
very well-organized, facility displays hundreds of pre- 
Columbian jadeite carvings. A few are back-lit to show 
their translucency and richness of color. 

In pre-Columbian times, the area encompassed by 
what is now the Republic of Costa Rica was home to a 
major lapidary industry, according to displays within the 
museum and the museum guidebook (C. Balser, Ed., Jade 
Precolombiano de Costa Rica, 3rd ed., Instituto Nacional 
de Seguros, San José, Costa Rica, 1993}. Jade first became 
a regional commodity around 800 B.C., when groups of 
Olmecs arrived from the north in search of the prized 
“blue jade,” described in the museum catalog as a blue- 
green diopside jadeite. (However, no source of jadeite has 
been found in Costa Rica; most is believed to have come 
from nearby Guatemala.) Many Olmec lapidary tech- 
niques and motifs—especially anthropomorphic axe-gods 
(typically about 10-12 cm high}~are seen in the carvings 
discovered in Costa Rica. Regional lapidary activity 
peaked in the period from around 100 B.C. to 500 A.D. 

Other jade-like materials were also worked by the 
native lapidaries. Some (including green-gray talc, ste- 
atite, serpentine, and green jasper} are also displayed in 
the museum. 


Green opal from Serbia. In addition to the well-known 
play-of-color and relatively transparent “jelly” opals, we 
occasionally see nonphenomenal opals of lower diaphane- 
ity that are valued for their unusual body colors. Such 
materials include green opal from East Africa (see, e.g., 
the article by J. I. Koivula and C. W. Fryer in Gems 
Gemology, Winter 1984, pp. 226-227) and pink opal from 
Peru (Winter 1991 Gem News, pp. 259-260}, 

At a major gem show earlier this year, the editors came 
across some rough material labeled “crysopal.” According 
to the vendor, it came from southern Serbia, near the 
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Figure 8. This 21.08-ct cabochon and the 64-gram 
piece of rough opal from which it was cut are 
reportedly from Serbia. Photo by Maha DeMaggio. 


Macedonian border, and first entered the market by way 
of Sweden in 1992. By early 1995, however, it was no 
longer coming out of Serbia because of the armed con- 
flicts in that area. 

Anders Karlsson, of Rox Arcana, Carmel, California, 
subsequently donated a rough sample to GIA, from which 
was cut a 21.08-ct pear-shaped cabochon (figure 8}. The 
translucent cabochon was a pale, slightly bluish green 
(Munsell 7.5G 8/5), with a lightly mottled color distribu- 
tion, an aggregate optic character, and a negative color-fil- 
ter reaction (that is, it appeared green through the Chelsea 
filter). The spot R.I. was 1.46; S.G., measured hydrostati- 
cally, was 2.10, but measurement was complicated by the 
fact that the stone was porous, soaking up water as 
weights were taken. The cabochon was inert to short- 
wave UV radiation, and fluoresced an even, faint chalky 
green to long-wave UV. The spectrum seen through a 
handheld spectroscope showed cut-off edges at 450 and 
620 nm. Magnification revealed some healed fractures 
and veining. Qualitative EDXRF spectrometry showed 
major Si and minor Ni (nickel, probably the cause of 
color}, K, Ca, V, and Zn. 

The gemological properties recorded for this Serbian 
material are comparable to those of Tanzanian green opal, 
described in the previously mentioned article by Koivula 
and Fryer. Green nickel-bearing opal has also been found 
in Poland, Australia, and Peru. 


“Deep” quartz from Africa. Just when we thought that we 
had heard every name for quartz, one of the editors saw a 
new one—"deep” quartz. Specimens of some otherwise 
ordinary looking rock crystal quartz were being offered as 
“deep” quartz by one enterprising dealer at the February 
Tucson shows. His explanation for the name: The speci- 
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Figure 9. The Eastern Desert of Egypt was given as 
the source of this 27.94-ct green quartz scarab. 
Photo by Maha DeMaggio. 


mens came from “deep” in the Earth—one to one-and-a- 
half miles below its surface, to be exact, in the Vaal Reefs 
mine at Orkney, South Africa. 


Egyptian green quartz. During a visit to Egypt, one of the 
editors (RCK} purchased in the town of Luxor a number of 
gem materials from Egyptian localities. Although the ven- 
dor, a local jeweler and avid gem and mineral collector, 
could identify most of the materials in question and their 
geographic origins, he had little information about some 
of them. 

One such ornamental gem was an opaque, medium- 
dark green material that the vendor had purchased from 
Bedouin tribespeople. They reportedly collected it some- 


Figure 10. This 18.07-ct tablet (18.25 x 16.35 x 6,25 
mun) is quartz with inclusions of hematite or a 
similar material. Photo by Maha DeMaggio. 
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where in the Eastern Desert. The vendor indicated that, 
while it superficially resembled some feldspars and ser- 
pentines from the same general area, this green stone was 
harder to fashion, requiring more time to cut. A 27.94-ct 
mottled green scarab fashioned from this material was 
purchased for examination (figure 9). 

Standard gemological testing produced: a 1.54 spot 
RL; a faint yellowish green luminescence to long-wave 
UV radiation, and no reaction to short-wave UV; a vague 
absorption band at 670 nm, as noted through a desk- 
model prism spectroscope; and a 2.64 S.G., determined 
hydrostatically. Magnification revealed a pseudo-fibrous 
structure. X-ray powder diffraction analysis produced a 
match with a standard reference pattern for quartz. 

EDXRE analysis revealed, in addition to the expected 
silicon, a number of other elements. Among these was a 
fairly large concentration of chromium, which was the 
most likely cause of the green color. Chromium, howev- 
er, is virtually unknown as a trace-element chromophore 
in quartz. This fact, combined with the abundance of 
other elements, indicated that finely disseminated, 
chromium-colored mineral inclusions produced the over- 
all green color of this gem. 


Quartz with “hematite” inclusions. In the Spring 1995 
Gem News section, we reported on “strawberry” quartz 
colored by inclusions of goethite and lepidocrocite (pp. 
63-64). In July 1995, Michael Randall, of Gem 
Reflections, San Anselmo, California provided two sam- 
ples of a similar material for our examination. This “span- 
gled” quartz (see, e.g., figure 10], reportedly from 
Madagascar, was colored by bright orangy red flakes of an 
iron-bearing material, probably thin plates of hematite 
(figure 11). 

The most obvious features seen with magnification 
were curving transparent orangy red platy inclusions. 
Randomly oriented throughout the cabochon, they were 


Figure 11, The hematite-like features in the quartz 
tablet shown in figure 10 appear as thin, curving 
orangy red plates when viewed with 10x magnifi- 
cation. Photomicrograph by John I. Koivula. 
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Figure 12. This 10-strand necklace (about 100 grams 
total weight) is made up of approximately 3,800 
beads of resin that are said to come from western 
Africa. Although commonly sold as “myrrh,” it 
probably is not the resin of the relatively rare 
Commiphora myrrha. Photo by Maha DeMaggio. 


concentrated in one layer parallel to a rhombohedral face 
in a rough sample that we also examined. The morpholo- 
gy of these plates was unusual. Each grew outward from 
one corner in an elongated fashion (as the host quartz 
crystal grew}, sometimes pinching and re-swelling to form 
an “hourglass” or “cello” shape {one such plate is visible 
in figure 11}. Also seen were radial crystal aggregates that 
appeared white to pale green. 


Aromatic resin necklace: A form of myrrh? Some natural 
plant materials are recognized as gems. The most notable 
example of plant-produced gem materials is the fossil 
resin amber. Modern resins such as copal are also used for 
jewelry purposes. Another resin sometimes used as an 
ornamental material is the yellow-brown material sold as 
“myrth.” 

One of the editors (RCK) recently acquired a multi- 
strand necklace of this material (figure 12] in order to 
characterize its gemological properties. The 100-gram 
necklace was composed of ten 36-inch [90 cm) strands 
with about 380 button-shaped beads, 2.5 to 5 mm in 
diameter, per strand. Gemological testing of a few beads 
separated from one strand revealed the following proper- 
ties: color—yellowish brown to brown; diaphaneity— 
translucent; color distribution—even; aggregate reaction 
in the polariscope ; R.I—1.41 (spot}; §.G.—1.27 (measured 
hydrostatically}, fluorescence—even chalky moderate yel- 
low to long-wave UV, even chalky weak yellow to short- 
wave UV; phosphorescence—none; absorption spec- 
trum—430-nm cutoff (that is, a typical “brown” spec- 
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trum). With magnification, individual beads showed a 
mottled appearance, with brown speckles. This material 
melts easily when approached with a thermal reaction 
tester (“hot point”), scratches with a fingernail (Mohs 
hardness below 2.5}, and has a granular fracture and a 
characteristic sweet, spicy odor. The hardness is so low 
that “myrrh” beads can be polished by rubbing them 
against a sheet of paper. 

Fourier-Transform infrared (FTIR) spectroscopy of 
one bead revealed broad absorption peaks at 5180, 4778, 
and 4000 cm:!, and two sharp peaks at 4339 and 4264 
cm:!; this is distinct from the spectrum of the harder 
resin amber (see, e.g., “Amber Simulant: Natural Resin in 
Plastic,” in the Summer 1995 Gem News, pp. 134-136). 

Myrth has a long and illustrious history. The actual 
substance called myrrh is a gum resin produced by 
Commiphora (Balsamodendron) species, especially 
Commiphora myrrha. In 1770, Dr. John Cook wrote The 
Natural History of Lac, Amber, and Myrrh (etc.), which 
detailed the medicinal properties of this substance (quot- 
ed by H. Fraquet, Amber, Butterworths, London, 1987). 
L. S. Dubin, in The History of Beads, from 30,000 B.C. to 
the Present (Abrams, New York, 1987, pp. 90-91), men- 
tions the late medieval practice of wearing myrrh-filled 
pomanders as rosary beads, in the hopes of warding off the 
plague. Possibly the most famous use of myrrh was, with 
gold and frankincense, as a gift from the three Wisemen 
to the newborn Jesus (Matthew 2:11}. As an aside, the 
“murrhina” or “murrhine” that Pliny mentioned in his 
Natural History was not myrrh, but probably banded flu- 
orite or chalcedony (see, e.g., J. Sinkankas, Gemology: An 
Annoted Bibliography, Scarecrow Press, Matuchen, NJ, 
1993, entries 952, 1461, 5004, 5615, 5747, 6834}. 

Other “organic” materials made into scented beads 
include: sandalwood, cloves, “California Flower Beads” of 
the 1910’s to 1920's (probably dyed and scented plaster}, 
and beads made from a paste of aloe wood, cloves, musk, 
ambergris, flower petals, and aromatic leaves (P. Francis, 
Beads of the World, Schiffer Publishing, Atglen, PA, 1994, 
p. 37}. Francis (op. cit.} notes that the material commonly 
called myrrh—in our opinion, probably including this 
necklace—is the resin of a tree or shrub different from the 
somewhat rare C. myrrha. He adds that it is “shaped into 
beads, colored and given various forms in Western Africa.” 


Update on Mong Hsu ruby. Smaller rubies—under 1 ct— 
from Mong Hsu, Myanmar (Burma, were plentiful at this 
year’s Tucson shows, but there seemed to be fewer stones 
above 1 ct than the previous year. Echoing this observa- 
tion was a dealer with Gemstone International, Seattle, 
Washington. He had difficulty, he said, in locating good 
Mong Hsu stones in the 2-ct range on a trip to Bangkok in 
late 1994, although such stones were fairly easy to find 
the year before. 

However, one feature of heat-treated Mong Hsu 
rubies is threatening their distribution altogether. The 
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Figure 13, These three rubies (0.83-1.18 ct) are from 
the Cowee Valley, North Carolina. Photo by Maha 
DeMaggio, 


rubies are typically packed in a flux, such as boron, for 
heat treatment; some of this flux evidently reacts during 
the high-temperature treatment to form a colorless glassy 
solid that fills some surface-reaching fractures in the 
rubies. (Peretti et al. speculated that this material might 
be an aluminum borate; see “Rubies from Mong Hsu,” 
Gems & Gemology, Spring 1995, pp. 2-26.) Stones with 
such fillings are not acceptable to some ruby customers: 
Buyers in Japan and Europe have returned them to their 
suppliers. Thailand’s gem traders and exporters recently 
agreed to halt sales of treated gems from Chanthaburi, 
which is where the Mong Hsu rubies are heated (see 
“Thailand Halts the Export of All Treated Gemstones,” 
Diamond Intelligence Briefs, March 19, 1995, p. 1227}. 


Rubies and sapphires from North Carolina. GIA 
researchers recently examined a suite of rough and 
faceted rubies and sapphires from the Cowee Valley, 
Macon County, North Carolina (figure 13). These samples 
were loaned to GIA by Robin Dinnes, of Cowee Valley 
Lapidary, Franklin, North Carolina. One of the better- 
known occurrences of gem corundum in the United 
States (for a description, see Gemstones of North 
America, by J. Sinkankas, Van Nostrand Reinhold, 1975, 
pp. 50-53), this locality has been mined on a small scale 
for gem material and mineral specimens for the past 65 
years. The gem corundum occurs as crystals embedded in 
either blue or red clays, along with other alluvial minerals 
such as rhodolite and pyrope garnet, rutile, and sillimanite. 

The suite that we examined consisted of 10 faceted 
stones, 11 cabochons, and some rough material. Two 
thirds were sapphires, and the remainder were rubies. The 
largest faceted sapphire was 2.65 ct, and the largest 
faceted ruby was 1.35 ct. 

Most of the faceted rubies were semi-transparent 
(even cloudy) because of numerous fractures. Most of 
these fractures were partially healed, and appeared as veils 
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Figure 14, Inclusions of brownish red rutile are evi- 
dent in this ruby from the Cowee Valley, North 
Carolina. Photomicrograph by John I. Koivula; 
magnified 25x. 


or “fingerprints.” Rubies found in the red clays were usu- 
ally stained yellow-brown (presumably by iron oxides} on 
their surfaces and along fractures. In addition, the samples 
contained prominent grains of brownish red rutile inclu- 
sions (figure 14), as well as tiny, intersecting needles. All 
of the rubies were color zoned, with irregular-shaped areas 
that appeared either more purplish red or more orangy red 
(possibly due to the previously mentioned staining). The 
gemological properties of this material were consistent 
with those of rubies in general. EDXRF analysis of three 
samples revealed the presence of Cr, Fe, Ti, Ca, and Ga— 
all elements often found in natural rubies. 

The faceted sapphires were similar to the rubies in 
their rutile and needle-like inclusions, and in their semi- 
transparent or translucent appearance. In some cases, 
cabochon-cut sapphires exhibited weak asterism. 

This was one of the first opportunites we have had to 
examine material known to be from this locality. 


Purple scapolite from Tajikistan. The importance of 
Russia and other republics of the former Soviet Union as 
sources of gemstones, both natural and synthetic, contin- 
ues to be reinforced at major gem shows. In addition to 
those materials mentioned in the Spring and Summer 
Gem News columns, we have recently seen faceted pur- 
ple scapolite, which is being marketed by the Russian 
Colored Stone Company, of Galden, Colorado. The scapo- 
lite is reportedly a new find in Tajikistan’s Pamir 
Mountains, at about 5,000 m elevation—so high that 
miners must wear oxygen masks while they work, 
according to company representative Alexey Eremin. 

Mr. Eremin loaned us a 1.79-ct (7.40-7.50 x 6.83 mm} 
round modified brilliant {figure 15} for examination. 
Gemological properties determined were: color—purple; 
diaphaneity—transparent; pleochroism—strong, purple 
and near colorless; optic character—uniaxial,; R.I.—1.539 
and 1.550; birefringence—0.011; specific gravity (deter- 
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Figure 15. Tajikistan’s Pamir Mountains are the 
source of this 1.79-ct scapolite. Photo by Maha 
DeMaggio. 


mined hydrostatically}—2.61, fluorescence—inert to long- 
wave UV and a very weak pinkish orange reaction to 
short-wave UV; absorption spectrum—very faint 
absorption line at 600 nm. With magnification, a few 
needle-like crystals (one broken into a stringer) were 
visible in the stone. 

Gem scapolite is a mineral series between the two 
end-members marialite, Nay(Al,SigOQ.4)Cl, and meionite, 
CaylAl,$igQ4)CO3. Using refractive indices of the speci- 
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men stone, and comparison data in Deer, Howie and 
Zussman’s Introduction to Rock Forming Minerals 
(Longman Group, London, 1974, p. 387], we determined 
its composition—assuming that it contained only these 
two end-members—to be about 81% marialite and 19% 
meionite. 


Large spinel from Tajikistan. Spinel is another gem 
material being recovered from this former Soviet republic 
in Central Asia. We know of one particularly exceptional 
stone, a 532-ct piece of rough spinel, that was fashioned 
into a number of gems. The largest of these gems weighed 
146.43 ct and was named the “Katherina” by the purchas- 
er of the rough, the Netherlands-based AGT International 
(see “Spectacular Spinel,” by P. Bancroft, Lapidary 
Journal, February 1990, p. 25). 

The Katherina was subsequently recut to 123.14 ct (E. 
Caplan, pers. comm., 1995} and the refashioned stone 
loaned to GIA for examination. Although recut, it retained 
its basic step-cut cushion shape (figure 16). The stone 
exhibited properties consistent with natural spinel from 
other localities. Described as “virtually flawless” in the 
Lapidary Journal article, the stone revealed a small plane 
of what appeared to be octahedral negative crystals near 
the culet when examined with magnification. These sub- 
stantiate the stone’s natural origin. EDXRF chemical anal- 
ysis by GIA Research showed only a tiny amount of zinc 
(Zn}, which is consistent with Zn concentrations that 
have been documented in other spinels from this locality. 


Color-change zircons. Many color-change gemstones have 
been described in the gemological literature, but not until 
Scottish gemologist Alan Hodgkinson informed us of a 


Figure 16, This 123.14-ct 
spinel was cut from a 532- 
ct piece of rough that 
came from Tajikistan’s 
Pamir Mountains. 
Courtesy of Evan Caplan, 
Los Angeles; photo by 
Shane FB. McClure. 
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Figure 17. Opticon, or a similar synthetic resin, 
was used to impregnate this 17.19-ct fibrous- 
appearing malachite. Photo by Maha DeMaggio. 


2.25-ct stone that turned blue in day (or fluorescent) light 
and green in incandescent light had we ever heard of a 
color-change zircon. Mr. Hodgkinson forwarded the fol- 
lowing report of his examination of this stone, which was 
Joaned to him by Keith Mitchell . 

The refractive indices were 1.923 and 1.985, with a 
birefringence of 0.062. The specific gravity was 4.68. 
When the stone was examined in incandescent light, the 
color of the ordinary ray was “olive” green and that of 
the extraordinary ray, greenish blue. Through the 
Chelsea filter, a grayish pink color was evident. There 
was no reaction to long- or short-wave UV: A Geiger 
counter detected slight radioactivity (with 1.3 counts per 
second above background}, which is typical for green zir- 
cons. In the handheld spectroscope, the stone displayed 
a strong uranium spectrum. EDXRF analysis showed zir- 
conium and silicon to be the two major components. 
Also present was hafnium—which commonly substi- 
tutes for zirconium in nature—and uranium. The urani- 
um concentration was estimated to be 1.55 wt.% UO. 


ENHANCEMENTS 


Impregnated malachite. Although polymer-impregnated 
jadeite has received the most attention in the trade and 
technical press lately, other gem materials are also simi- 
larly treated. These include porous turquoise and a 
chalky-appearing opal from Piaui, Brazil. 

At a major gem show this year, the editors found 
some unusual-appearing malachite. The vendor main- 
tained that it came from Morenci, Arizona, an area 
known as a source of turquoise and other copper-miner- 
al gems. What first caught our attention was the materi- 
al’s orientation: It had been cut to show its fibrous tex- 
ture along the length of the cabochons (figure 17). The 
material also exhibited both unusually high luster and 
depth of color. 
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A sample cabochon was purchased for gemological 
investigation. R.I. testing on the flat base revealed a 1.58 
reading with no birefringence blink. Spot RI. testing on 
different areas of the top produced either vague readings in 
the high 1.50s or a very weak birefrigence blink in the 
range expected for malachite (about 1.66 to over-the-lim- 
its]. Specific gravity, determined by hydrostatic weighing, 
gave a value of 3.76, although low for compact malachite, 
it was within the range reported in the gemological litera- 
ture for this gem species. The stone was inert to short- 
wave UV. Long-wave UV caused the top of the stone to 
fluoresce a very weak, mottled chalky blue; a similar but 
stronger reaction was seen from the base of the stone. 
With magnification, we noted a transparent, colorless sub- 
stance that formed a layer on the base and partially filled a 
large cavity. This substance was most apparent in the 
areas that reacted to long-wave UV. Infrared spectroscopy 
revealed absorption features similar to those that we have 
documented for the epoxy resin Opticon. 

Another vendor selling similar-appearing materi- 
al—Joe Jehlks, of Horizon Mineral Company, 
Houston, Texas—said that he used Opticon resin to 
treat Morenci malachite and described how he did it. 
The rough material was first heated in a toaster oven 
to roughly 150°-250°F for a few hours. It was then 
removed from the oven, coated with Opticon, and 
returned to the oven for more heating (typically 
overnight}. The material was then slabbed and the pro- 
cess repeated on the individual slabs: heating, coating 
with Opticon, then heating again. This sequence was 
repeated after preforming and through the pre-polish- 
ing stage. By the time the material was ready for its 
final polish, it was thoroughly impregnated, so that 
further Opticon treatment was not necessary. Mr. 
Jehlks maintained that the chemical catalyst—that is, 
the polymerizing agent—provided with Opticon was 
not necessary in this treatment process. The multiple 
low-temperature heatings alone were sufficient to 
harden the synthetic resin. 


SYNTHETICS AND SIMULANTS 


Unusual color-zoned synthetic amethyst. While visit- 
ing the firm of Pinky Trading in Bangkok, one of the 
editors (RCK) saw a synthetic amethyst crystal from 
Russia with exceptionally uneven—”speckled” or 
“leopard spot”—color distribution. Although a dis- 
tinct, patchy color distribution is typical for natural 
amethyst, zoning in synthetic amethyst is usually 
very subtle (see, for example, figure 12 in “A Simple 
Procedure to Separate Natural from Synthetic 
Amethyst on the Basis of Twinning,” by R. 
Crowningshield et al., Gems # Gemology, Fall 1986, 
pp. 130-139}. 

The Russian crystal (figure 18) was obtained for 
examination. The typical crystal morphology of quartz 
explains its unusual appearance. Quartz is a mineral that 
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Figure 18. Color zoning is very apparent in this 
167-gram piece of synthetic amethyst manufac- 
tured in Russia. Photo by Maha DeMaggio. 


appears to have hexagonal {six-sided} symmetry, but it 
really is trigonal, or symmetric to three-fold rotations. 
Crystals typically have six pyramidal faces coming to a 
common apex. These are called rhombohedral faces, 
which appear alike at first glance, but actually occur in 
two alternating sets: positive (r) and negative (z) faces. In 
natural and synthetic quartz, color-causing impurities 
concentrate selectively in different sectors, or regions 
where certain faces grow; in particular, the darker purple 
color in natural amethyst—and the purple zones in 
ametrine—usually develop in sectors under the positive r 
faces (see, e.g., F. Hassan, “Amethyst,” Mineralogical 
Record, Vol. 3, No. 5, 1972, pp. 221-225, P, M. Vascon- 
celos et al., “The Anahi Ametrine Mine, Bolivia,” Gems 
#) Gemology, Spring 1994, pp. 4-23}. 

Because the Russian specimen grew on a seed plane 
cut perpendicular to the c-axis, it looks very different 
from natural crystals in shape. Instead of one set each of r 
and z faces, the Russian synthetic has multiple parallel 
sets of these faces, in three orientations each. Microscopic 
observation of the color zoning in the Russian specimen 
demonstrated that the darker-color regions (r faces) grew 
as expanding rhombic pyramids from points inside the 
crystal (figure 19). 

The editors are not aware of any similar “speckled” 
or “leopard spot” color zoning in natural amethyst from 
any documented locality. Therefore, the presence of such 
zoning should be considered indicative of synthetic origin. 


More on Czochraski “pulled” synthetic sapphires. The 
Spring 1993 and Summer 1994 Gem News sections con- 
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tain entries on Czochralski-pulled synthetic sapphires 
seen at the 1993 and 1994 Tucson shows. All the colors 
mentioned in those entries—including blue—were again 
seen at the 1995 shows. According to one vendor of this 
material, Gerry Manning of Manning International, New 
York, the pulled synthetic blue sapphire crystals are 
unevenly colored. The first-grown portions of the rod- 
shaped crystals are lightest in color; the rods become 
increasingly darker toward the opposite end (the last part 
to crystallize}. The color zoning described by Mr. 
Manning differs from that seen in split boules of flame- 
fusion synthetic blue sapphire. There, the color is typical- 
ly lightest in the center and progressively darker toward 
the periphery. 

Mr. Manning provided two faceted blue specimens 
(figure 20} for gemological characterization. Properties 
determined were: R.I—n, = 1.760; n, = 1.768; birefrin- 
gence—0.008, S.G. (determined hydrostatically)—4.00 to 
4,01. Both specimens were inert to long-wave UV and 
fluoresced a weak, chalky bluish green to short-wave UV. 
All these properties are similar to those of flame-fusion 
synthetic blue sapphires. We also noted weak red fluores- 
cence to intense transmitted light from a fiber-optic light 
source, and the samples appeared faintly pink through the 
Chelsea color filter. These latter two reactions have been 
noted in some violetish blue flame-fusion synthetic sap- 
phires that contain traces of chromium, as well as in 
some natural blue-to-violet sapphires from Sri Lanka that 
also contain traces of chromium. 

Magnification revealed minute gas bubbles in both 
samples. Unlike flame-fusion synthetic sapphires, howev- 
er, although the color of our samples did not appear totally 
uniform we could not resolve curved color banding using 


Figure 19. Magnification reveals that the color of 
the synthetic amethyst in figure 18 formed as 
expanding rhombohedral wedges in the crystal. 
This color zoning is unlike anything we have seen 
in natural amethyst. Photomicrograph by John I. 
Koivula; magnified 4x. 
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Figure 20. The Czochralski method was used to 
produce these two synthetic sapphires (1.64 and 
1.76 ct). Photo by Maha DeMaggio. 


diffused transmitted light and magnification. Only when 
this lighting technique was combined with immersion of 
the samples in methylene iodide could we see wide, slight- 
ly curved blue banding, which is proof of synthesis. 


Tanzanite-colored synthetic sapphire. As tanzanite con- 
tinues to be one of the more commercially important col- 
ored stones, materials that resemble tanzanite are increas- 
ingly in demand. In the Spring 1995 Gem News section 
(p. 62}, we reported on iolite (the mineral cordierite), 
which has been promoted as a less-expensive alternative 
to tanzanite. Another recently promoted alternative is 
violet-blue synthetic sapphire, marketed under such 
trademarked names as “Cortanite” and “Coranite.” 
International Colored Gemstone Association {ICA} Lab 
Alert No. 83, by Mrs. Shyamala Fernandes, stated that 
this material has been sold in India as tanzanite. 

Recently, we examined five samples of this synthetic 
sapphire, ranging from 0.97 to 4.07 ct (see, e.g., figure 2.1). 


Figure 21. These two synthetic sapphires (2.00 ct 
and 4.07 ct) are typical of material being sold as a 
tanzanite simulant, Photo by Maha DeMaggio. 
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Four were obtained from Gemstones International, of 
Sayreville, New Jersey; the fifth was marketed by Lannyte 
Corp., of Houston, Texas. 

Gemological properties were determined as follows: 
color—violetish blue to violet; diaphaneity—transparent; 
pleochroism—moderate, violet (ordinary ray) to light 
blue, light grayish blue, or light greenish blue (extraordi- 
nary ray}; optic character—uniaxial negative; Chelsea fil- 
ter reaction—none to weak red; R.L—n, = 1.760 to 1.761 
and n, = 1.769; birefringence—0.008 to 0.009; S.G.—4.00 
to 4.02; fluorescence—inert to long-wave UV, even, 
chalky weak-to-moderate bluish green to blue-green to 
short-wave UV; very faint to weak red transmission; 
absorption spectrum—none (four samples}, diffuse 
560-620 band and faint 690 line (darkest sample}. All five 
samples had obvious curved color banding (figure 22) and 
pinpoint inclusions that are most likely gas bubbles (typi- 
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Figure 22. Curved color banding is obvious in this 
synthetic sapphire being marketed as a tanzanite 
substitute. The material is also strongly color 
zoned, with darker crowns and lighter pavilions, 
Photomicrograph by John I. Koivula; immersion, 
magnified 3x. 


cal of Verneuil synthetic sapphires}, the curved banding 
was also obvious when viewed with magnification and 
short-wave UV as a radiation source. 

EDXRF spectroscopy revealed, in addition to major 
aluminum, trace amounts of iron, titanium, and—in the 
darkest-colored stone (from Lannyte]—0.003 wt.% Cr as 
CryO3. 

There were at least two possible explanations for the 
atypically violet hues of these synthetics: the orientation 
of the faceted samples with regard to the optic axis of the 
material, and their chromium content. All five samples 
were strongly color zoned, with darker crowns and near- 
colorless culets (again, see figure 22). The optic axes of the 
five were oriented at 45°, 50-60°, 55-60°, 80-85°, and 
90°, respectively, to the table (that is, the optic axis ori- 
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ented at 90° went through the girdle of the stone); the 
smaller the optic-axis angle was, the more violet the 
stone appeared. Because all of the samples preferentially 
emitted red light (i.c., they were “red transmitters”), we 
believe that chromium content (which was below the 
detection limits of our standard EDXRF conditions in four 
of the five samples) was also implicated as a cause of the 
violet color. 


Natural and synthetic quartz “constructs.” The Winter 
1992 Gem News section described an attractive “gem 
construct” (pp. 277-278) composed of rhodolite garnet, 
colorless topaz, and iolite. We used the term construct 
because the item was intentionally produced to show the 
individual components. This differs from most assembled 


Figure 23. This 33.83-ct gem construct contains both 
natural and synthetic quartz components. 
Fashioned by Bashir Beekzad; photo by Maha 
DeMaggio, 


stones, which are produced to imitate other gems or to 
permit the use of thin sections of material, such as opal, 
that would otherwise lack sufficient durability for jewelry 
use, 

At a gem show this year, the editors saw another 
interesting gem construct, this one with both natural and 
synthetic quartz (figure 23). Synthetic quartz was used in 
the construct when the desired color of natural quartz 
(blue and dark green, for example) was unavailable, 
according to Gul Beekzad, of Freedom Valley Gems, 
Fremont, California. Rutilated quartz—which has no syn- 
thetic counterpart—was used for one end of the construct. 
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ANNOUNCEMENTS | 
Dates set for February 1996 Tucson shows. The American 
Gem Trade Association (AGTA) GemFair will min from 
Wednesday, January 31, to Monday, February 5, 1996, at 
the Tucson Convention Center. After that show leaves, 
the Tucson Gem & Mineral Society will take over the 
Convention Center for its show from February 8 to 11. At 
the Holiday Inn City Center (Broadway) from February 2-9 
will be the Gem & Lapidary Dealers Association (GLDA} 
show. Other show venues include the: Best Western 
Executive Inn, Boatner’s Service Station, Day’s Inn 
Convention Center, Desert Inn, Discovery Inn, Holiday 
Inn Holidome, Howard Johnson Midtown, Pueblo Inn, 
Rodeway Inn, Scottish Rite Temple, Southwest Center for 
Music, Tucson East Hilton & Towers, Tucson Exposition 
Center, and Windmill Inn. Times and dates of shows vary 
at each location. Consult the show guide, which will be 
available at the different Tuson venues, for further infor- 
mation. 


Education at the Tucson AGTA GemFair. The AGTA 
Gem Fair (January 31—February 5 at the Tucson Convention 
Center} will feature a comprehensive gem-education pro- 
gram. For information, contact AGTA at (800] 972-1162 or 
(214) 742-4367. 

GIA will also hold classes and seminars from 
Saturday, January 27, through Tuesday, February 6. 
Gemology extension classes include Diamond Grading, 
Gem Identification, Day with Colored Stones, 
Identifying Challenging Synthetics, and Detecting 
Treated Emerald, Ruby, and Sapphire. New for 1996 
are individual seminars on Alternatives for Red, Green 
and Blue Gems. Also available will be Jewelry 
Manufacturing Arts seminars and workshops on topics 
such as mold making, channel setting, wax carving, jew- 
elry repair, forging, finishing, and soldering. For further 
information on GIA classes in Tucson, call (800) 421- 
72.50, extension 269, 


Visit Gems &) Gemology in Tucson. Gems & Gemology 
Editor Alice S. Keller and Assistant Editor Irv Dierdorff 
will be staffing the Gems «# Gemology booth in the 
Galleria section (middle floor} of the Tucson Convention 
Center for the duration of the AGTA show, January 
31-February 5. Drop by to ask questions, share informa- 
tion, or just say hello. Many back issues will be available. 


More GIA Tucson show news, Also in the Galleria sec- 
tion of the Tucson convention center during the AGTA 
show with booths of their own will be the GIA: Bookstore, 
Alumni, Education, Advanced Retail Managements 
Systems, and GEM Instruments. The bookstore, GIA 
Education, and GIA GEM Instruments also will have 
booths in the lobby (numbers 6 and 7} at the GLDA 
show. 
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STANDARD CATALOG OF 
GEM VALUES, 2nd Edition 


By Anna M. Miller and John 
Sinkankas, 271 pp., illus., publ. by 
Geoscience Press, Tucson, AZ, 1994, 
US$24,00* 


This update of Dr. Sinkankas’ 1968 
Van Nostrand’s Standard Catalog of 
Gems carries through most of the 
same basic information in simple 
terms that made the original a classic. 
It is an excellent introduction to the 
characteristics of value in gem rough, 
cut stones, engraved gems, gem carv- 
ings, and pearls. One of the first price 
guides ever published, it still covers 
areas that none of its current competi- 
tors have reached, especially in gem 
rough and uncommon stones. 

Unfortunately, the editing and 
reproduction of the second edition are 
not of the same quality as the first. 
The frequent typographical errors, 
misspellings, partial sentences, and 
misdirected references—not seen in 
the first edition—detract from the 
book’s readability. The same 15 black- 
and-white photos were sharper 25 
years ago, In addition, the 1994 vol- 
ume continues factual errors found in 
the original edition (e.g., De Beers 
rough diamond sales are still called 
“sightings”) as well as some out-of- 
date information and locality names 
(e.g., Rhodesia, Peking). The updated 
section on faceted diamonds is espe- 
cially weak, both in facts and prices. 

Prices quoted are identified as 
“1993 U.S. average retail prices,” but 
the authors do not explain what con- 
stitutes retail markets for gem rough, 
loose stones, and the like. As with any 
price list, the usefulness of this one is 
limited by how broadly the material 
being valued is categorized. Vague 
descriptions with wide price ranges 
are almost never wrong, but they are 
of limited benefit to buyers, sellers, 
and appraisers. On the positive side, 
the price listings do give indications of 
the extremes of the markets for each 
variety, as described. 

In this second edition, the strong 
content outweighs the disappointing 
publication quality. I look forward to 
amore polished third edition. 

CHARLES I, CARMONA 
Guild Laboratories Inc. 
Los Angeles, California 


Book Reviews 


SUSAN B. JOHNSON AND 
JANA E. MIYAHIRA, EDITORS 


OTHER BOOKS RECEIVED 


Diamond Exploration into the 21st 
Century, edited by W. L, Griffin, 367 
pp., illus., publ. as Vol. 53 of the 
Journal of Geochemical Exploration, 
Elsevier Science, Amsterdam, 1995, 
US$250. Diamond exploration is 
being feverishly conducted on all con- 
tinents except Antarctica; currently 
about US$400 million is spent annu- 
ally. This collection of 18 invited 
papers by authors from eight coun- 
tries gives an overview of modern dia- 
mond exploration research, tech- 
niques, and results. Four papers from 
Russia are particularly interesting, 
given the Russians’ success in dia- 
mond exploration and the fact that 
their approaches developed differently 
because of their long isolation. 

The volume is divided into four 
parts: (1) Background (5 papers) covers 
the formation of diamonds and the 
nature, abundance, location, and 
selected economic aspects of primary 
(pipe} deposits; (2) Area Selection (3 
papers} discusses geologic controls 
and prediction of favorable areas for 
primary deposits, (3] Finding the 
Target (6 papers} considers proper 
methods for collecting indicator min- 
eral samples, laboratory processing, 
and geophysical exploration methods, 
as well as the basic principles of allu- 
vial diamond exploration; and (4} 
Prioritisation and Evaluation (4 
papers) includes interpretation of the 
chemical compositions of indicator 
minerals, petrographic studies, and sta- 
tistical evaluation of several parameters 
(e.g., microdiamond counts} used to 
determine those pipes that are likely to 
be economic—recognizing that fewer 
than 1% of all pipes discovered will be 
economic. 
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This book contains much newly 
released information on diamond 
exploration. Knowledgeable gemolo- 
gists will find the Background part 
particularly valuable. 

A. A. LEVINSON 
University of Calgary 
Calgary, Alberta, Canada 


The New Alchemists: Breaking 
Through the Barriers of High Pressure, 
by Robert M. Hazen, xvi, 287 pp., 
ilus., publ. by Smithsonian Press, 
Washington, DC, 1993, US$23.00.* 
Although the title may sound more 
like a chemical treatise than anything 
to do with gems, the “high pressure” 
is actually that needed to convert car- 
bon into diamond. In fact, this book is 
a valuable history of the long search 
for successful diamond synthesis. 

The author provides an interest- 
ing, readable text, mostly written in 
the style of National Geographic 
magazine. It is based on his long expe- 
rience in high-pressure research in the 


Jaboratory of the Carnegie Institute, 


Washington, DC. In the course of his 
work, he learned much about early 
experiments in high-pressure research 
—as by Percy W. Bridgman (1882 
~1961}, Loring Coes Jr. [1915-1978], and 
others—which ultimately led to the 
success of General Electric and ASEA, 
the Swedish equivalent of GE (ASEA 
actually produced synthetic diamond 
before GE, but, for some still unex- 
plained reason, according to Hazen, 
kept this fact secret). Hazen relates 
the official and personal struggles of 
these investigators in a very entertain- 
ing fashion, with the result that much 
anecdote leavens what otherwise 
might have been a dull text. 

This treatise is the best back- 
ground source for the modem history 
of diamond synthesis. It is whole- 
heartedly recommended to all stu- 
dents of diarnond history. 

JOHN SINKANKAS 
Perilithon Books 
San Diego, California 


“This book is available for purchase through 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404. Telephone (800) 
421-7250, ext. 282; outside the U.S. (310) 
829-2991, ext. 282. Fax: (310) 449-1161. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Lapis. Vol. 19, No. 11, 1994, 72. pp. 

This jubilee (200th) issue—entirely in German—will sat- 
isfy all who crave to learn about the lore and adventure 
surrounding gems. W. Nesenzew describes the discovery 
of the Siberian diamond deposits in “Die russischen 
Diamanten,” from his book Im Reich der Steine (In the 
Realm of Stones, Thun/Frankfurt am Main, 1986}. An 
extract from F. Klein’s book Sniaragde unter dem Urwald 
(Emeralds Under the Jungle, Berlin, 1941} explores the 
risks of the Colombian emerald industry early in this cen- 
tury, the rediscovery of the Chivor mine, and the discov- 
ery of the 630-ct Patricia emerald (now in the collection 
of the American Museum of Natural History, New York). 
P. Voillot takes the reader on a “wild trip” to find the 
aquamarines of Hunza Valley (‘Der wilde Weg zu den 
Aquamarinen”}, just in time to see the opening of a rich 
pegmatite pocket. A. Weerth’s “never-ending story” 
{“Lapis-Lazuli, die unendliche Geschichte”) covers the 
entire history of lapis lazuli, surveys deposits worldwide, 
and describes the condition of Afghanistan’s mines today. 
Also included are a comprehensive, up-to-date report on 
diamond mineralogy {“Steckbrief Diamant”) and a 
description of an expedition that retraced part of 
Alexander von Humboldt’s 1829 travels to Siberia. Many 
photos, both historical and contemporary, illustrate the 
issue. RT 
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Microsurfaces, a photo essay dedicated to Bill Hicks. J. I. 
Koivula, Australian Gemmologist, Vol. 18, No. 10, 
May 1994, pp. 323-325. 
A world-renowned photographer of inclusions, John I. 
Koivula offers 12. color photomicrographs as tribute to the 
Jate Bill Hicks, former editor in chief of Australian 
Gemmologist. These photomicrographs show spectacu- 
lar gemstone surface growth and etch features that often 
reflect internal-growth conditions. Mr. Koivula chal- 
lenges the view of those who believe that only mirror-flat 
surfaces on crystal faces represent perfection. Masterful 
lighting emphasizes the geometric three-dimensional 
beauty of these surface features. The photos and accom- 
panying article are a fitting tribute to a dedicated editor. 
JEC 
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tical of the recent literature on gems and gemology. Articles are 
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Mineral industry surveys: Gemstones. U.S. Department 
of the Interior, Bureau of Mines, Annual Review 
1994, 16 pp. 

Updated annually, this survey summarizes world gem 

production and consumption statistics. A two-page sum- 

mary describes the nature of the study, with most of the 

information contained in the tables. These include: a 

four-page guide to the gemological properties and other 

information on selected gem materials, synthetic gem- 
stone production methods, value of domestic gemstone 
production (by gemstone}, diamond prices, colored stone 
prices, diamond exports and re-exports (i.e., of imported 
diamonds faceted in the United States) to various coun- 
tries, U.S. imports for consumption of diamonds (by kind, 
weight, and country}, U.S. imports for consumption of 
colored stones (by kind and country], U.S. imports of syn- 

thetic and imitation gemstones, summary table of U.S. 

imports {by variety}, and world production statistics for 

diamonds {1990-1994}. New this year is the inclusion of 

shell (as nuclei for cultured pearls} in the “Value of U.S. 

gemstone production” statistics. 

Interesting facts gleaned from these tables include: 
1994 U.S. (natural} gemstone production rose to $22.2 
million (M)} from $19.5M in 1993 (excluding $33M in 
shell bead nuclei—about the same as 1993), The most 
important gems in 1994 were corundum ($2.81M in 1994, 
up from $0.313M in 1993), gem feldspar ($2.62M in 1994, 
up from $0.701M in 1993], turquoise ($1.71M in 1994, 
down from $3.04M in 1993}, opal ($1.12M in 1994, up 
from $0.639M in 1993), and garnet ($0.78M in 1994, up 
from $0.233M in 1993}. Production of some materials 
declined, notably tourmaline ($9.53M in 1993, $14,000 in 
1994), peridot ($1.52M in 1993, $0.635M in 1994), and 
agate ($1.41M in 1993, $0.234M in 1994). 

In 1994, the U.S. imported more rough diamonds 
from the United Kingdom (482,000 ct, for $224.8M]} than 
from any other country; more carats of unset faceted dia- 
monds < 0.5 ct each from India than from any other coun- 
try (6.15 Mct, for $1125.7M}, and more carats of unset 
faceted diamonds over 0.5 ct each from Israel (1.35 Mct, 
for $1570.3M). The U.S. imported the most carats of 
emeralds (2.31M) from India, but the greatest value of 
emeralds ($89.1M] from Colombia. The U.S. imported 
the most corundum gems—rubies and sapphires—from 
Thailand. The U.S. imported about $10M of synthetic 
stones each from Germany and Thailand, and $48.1M of 
imitation gemstones from Austria (home of Swarovsky). 
Total imports in 1994 were $5.73 billion in unset (rough 
and cut} diamonds, $227M in emeralds, $197M in corun- 
dum gems, nearly $29M in pearls, $4.63M in coral, 
$143.7M in other natural gemstones, $42.66M in syn- 
thetics, and $60.9M in imitation gems. 

A few warnings: The gemstone guide contains some 
terms that the GIA Gem Trade Laboratory (for instance} 
does not use, including bixbite for red beryl, chrysolite for 
yellow or green or brown chrysoberyl (sometimes peridot 
is also called chrysolite}, cairngorm for smoky quartz, and 
hiddenite for yellow to green spodumene. Also, 
“Gemological Institute of America (GIA) color grades” 


Gemological Abstracts 


are NOT “rare white” for E color, or “traces of color” for 
G, H, or I (as was stated in the footnote to table 4 of this 
monograph}. ML] 


Notes from the Gem and Pearl Testing Laboratory 
Bahrain—4. A. Bubshait and N. B. Sturman, 
Journal of Gemmology, Vol. 24, No. 6, 1995, pp. 
401-404. 

The concentric structure of natural pearls (testing pearls 
is 95% of the lab’s work) seen with X-radiography varies 
considerably, from pronounced to barely visible. The lat- 
ter occurs in pearls that probably formed over long peri- 
ods of time with stable environmental conditions, while 
pearls that grew in less stable conditions variously pro- 
duced more calcium carbonate or more conchiolin (the 
dark rings in X-radiographs}. 

The lab recently encountered an unusual green syn- 
thetic corundum that looked like an emerald and was ini- 
tially purported to be glass; its identification was straight- 
forward. A filled crackled Verneuil synthetic ruby exhib- 
ited white lines on an X-radiograph. The filling material 
contained numerous flattened bubbles and a surface lus- 
ter distinctly different from that of the host synthetic 
ruby. The source of these treated synthetic rubies is still 
unknown. Five “emeralds” offered at a suspiciously low 
price proved to be synthetic on the basis of their low 
R.1’s, low S.G.’s, and characteristic inclusions. On the 
basis of these properties, four appeared to be Biron or 
Russian hydrothermal synthetics and one a Seiko syn- 
thetic emerald. CMS 


Photogenic inclusions in moldavite. A. de Goutiére, Journal 
of Gemmology, Vol. 24, No. 6, 1995, pp. 415-419. 
Tektites, including moldavite, are natural glasses that 
formed when meteorites struck the Earth. The samples 
illustrated here are from Czechoslovakia and Thailand, 
but tektites have been found in many localities around 
the world. Three types of inclusions in moldavite— 
lechatelierite (pure silica glass), gas bubbles, and 
“Schlieren” (elongated, “treacly” inclusions}—are 
superbly illustrated in these photomicrographs. When all 
three are found together, they are indicative (although not 
conclusive} of southern Bohemia or southern Moravia as 
the locality of origin. CMS 


Trace elements as colouring agents in jadeites. H. Harder, 
Journal of Gemmology, Vol. 24, No. 7, 1995, pp. 
508-511. 

The broad range of colors in which jadeite occurs— 

including white, lilac, brown, orange, blue, black, and 

green—is caused by trace elements, the effects of which 
are summarized in this review article. Most common is 
iron. Its oxidation states are responsible for the range 
white-green-black. Chromium is responsible for the 
finest green colors, while nickel also may contribute to 
variations in green. Lilac, mauve, and lavender are due to 
varying proportions of manganese, cobalt, chromium, 
and iron. CMS 
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1995 production keeps pace. National Jeweler, August 1, 
1995, p. 24. 

Despite expected decreases because of the long 1994 win- 
ter, this year’s production of freshwater cultured pearls 
from the Tennessee River was as strong as the year before, 
according to the American Pearl Company. A production 
increase is expected for 1996 because pearl-farming oper- 
ations started early, in February 1995 (instead of late 
March], because of a mild winter. 

The American Pearl Company has been culturing 
fancy-shaped pearls on the Kentucky Lake of the 
Tennessee River for about 20 years, during which demand 
for fancy shapes has steadily increased. Production of 
semi-round-to-round cultured freshwater pearls is limited 
but is expected to increase in the next three to four years. 
Natural pearl production, however, is down. Zebra mus- 
sels, brought from Europe on the hulls of ships, are suffo- 
cating those Tennessee River mussels that produce pearls 
and are used for nuclei production. Although the 
American Pearl Company no longer produces shell 
nuclei, “Not even the Japanese have been able to develop 
an alternative,” according to American Pearl Company 
president Gina Latendresse. The company is working 
with government agencies to reproduce endangered 
species on the Tennessee River. MD 


DIAMONDS 


Argyle diamond output flat. Diamond Industry Week, 
July 31, 1995, p. 6. 

The Argyle (AK1} open-pit diamond mine produced 0.5% 
fewer diamonds in the first half of 1995 than in the first 
half of 1994, despite processing more ore. (The figures are 
19,044 million carats [Mct] from 6.676 million metric 
tons of ore for the first six months of 1995, versus 19.144 
Mct from 6.017 million metric tons of ore for the same 
period in 1994.) Diamonds are recovered from two types 
of ore, hard rock and alluvium, with 1995 yields of 4.15 ct 
per metric ton of hard ore recovered (down from 4.77 ct 
per metric ton in 1994), and 0.575 ct per metric ton of 
alluvial ore recovered (about the same as 1994). 

The figures are “in line,” according to the article, 
with expectations that AK] surface-mine reserves will be 
exhausted by 2004. Mining may continue underground, 
however, and Argyle venture partners, CRA Ltd. and 
Ashton Mining Ltd., are expected to announce their plans 
in this regard by late 1995. ML] 


Diamonds. W. D. Hausel, International California 
Mining Journal, Vol. 64, No. 12, August 1995, pp. 
28-31. 

This article reviews a few properties of natural diamonds, 

especially those from diamond pipes on the Colorado- 

Wyoming border. Natural diamond crystals are typically 

octahedral, dodecahedral, or hexoctahedral in habit. 

Some inclusions in diamond can be used to date the dia- 

mond; “host rocks” are substantially younger than the 

diamonds themselves. Mineral inclusions in diamonds 
are of two petrologic types—peridotitic (P-type) or 
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eclogitic (E-type]. P-types contain inclusions of olivine, 
orthopyroxene, clinopyroxene, pyrope garnet, chromite, 
diamond, graphite, and/or sulfides; E-type diamonds may 
contain sodium-rich clinopyroxene, almandite-pyrope 
garnet, rutile, kyanite, corundum, coesite, graphite, 
and/or diamond. 

Over 100 kimberlite pipes have been found along the 
Colorado-Wyoming border by searching for eclogitic and 
peridotitic garnets. Eclogitic pyropes that occur with dia- 
monds are classified as “Group I” garnets. They typically 
contain high percentages of sodium and calcium but are 
low in chromium. The Sloan | kimberlite in Colorado is 
an eclogitic kimberlite pipe. ML] 


Diamond fever dwindling in Australia. J. Rice, Mazal 

U’Bracha, Vol. 12, No. 67, May 1995, pp. 82-83. 
Australian diamond exploration efforts are suffering eco- 
nomic setbacks as once-optimistic investors pull out of 
start-up mining and exploration companies. The firms 
were darlings of the international stock market a few 
years ago, when inexperienced investors poured in cash, 
hoping for lucrative discoveries. In 1995, even as the first 
promising exploration reports came out, fears of oversup- 
ply and unrestricted Russian production fueled the exo- 
dus from Australian diamond-mining stocks. The market 
also realized that small companies are too undercapital- 
ized to engage in serious diamond exploration. 

Analyst David Russell, of Saw James Capel Ltd. (no 
city or country given), believes that investor fears of over- 
production are largely groundless and that problems of 
oversupply are temporary. AC 


Diamond interest in Argentina. Mining Journal, London, 
July 21, 19985, p. 44. 
One of the earliest recognized pieces of evidence in sup- 
port of plate tectonics (known as “continental drift” in 
early years of the theory's formation} was how the 
Atlantic Ocean coastlines of South America and Africa 
seemed to fit together like gigantic puzzle pieces. Part of 
those once interlocked pieces, now separated by the 
Atlantic, are South Africa and Argentina/Uruguay. 
Perhaps using this reasoning, an Australian company 
(Challenger Mining International Ltd.} and two Canadian 
companies (La Plata Gold and Rome Resources Corp.} 
have separately requested permission to explore for gold 
and diamonds in 50,000-hectare regions of Argentina’s 
Buenos Aires Province. This province is thought to be 
geologically similar to mining regions of South Africa, 
according to provincial officials. ML] 


Diamond sales for DFR. Mining Journal, London, July 21, 
1995, p. 46. 
Diamond Fields Resources (DFR} has sold at tender in 
Antwerp 6,636 carats of diamonds for C$1.1 million. 
These diamonds come from DFR’s holdings in South 
Africa and Namibia. In South Africa, the Loxton Dal 
mine has recently been upgraded, with a new separation 
plant to improve diamond recovery. In Namibia, DFR 
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marine geologists have confirmed a resource of over one 
million carats (with an average price of US$165 per carat}, 
in certain parts of the concession at water depths between 
30 and 80 m. ML] 


Exploration: BHP-DiaMet Update. Mining Journal, 
London, February 24, 1995, p. 144. 
One of the still-promising Canadian diamond areas is the 
Northwest Territories Lac de Gras region. Diamond valua- 
tions have been completed for three pipes controlled by 
BHP-DiaMet. The Fox pipe was given a value of US$126 
per carat (based on 2,060 carats at an ore grade of 0.27 
carats per ton); the Panda pipe was valued at $132 per carat 
(based on 2,778 carats at a grade of 0.93 carats per ton]; and 
the Misery pipe had a value of $44 per carat (based on 438 
carats at a grade of 3.3 carats per ton). Draft environmen- 
tal impact statement guidelines have been published, and 
BHP-DiaMet is preparing a response. ML] 


Exploration in permafrost. J. Chadwick, Mining Magazine, 
Vol. 325, No. 8336, February 1995, pp. 103, 105. 
Although this article is about a lead-zinc mine (the 
Polaris mine, on Little Cornwallis Island, Northwest 
Territories) in the Canadian Arctic, one suspects that pro- 
posed diamond-mining ventures in the region face simi- 
lar problems. Miners must cope with wind-chill factors 
pushing temperatures to -100°C and very little precipita- 
tion (about the same as the Sahara Desert}. Temperatures 
in the mine must be kept below freezing because the 
mine is completely contained in permafrost: Walls would 
“melt” if allowed to warm. Other problems include polar 
bears; the corrosive and costly drilling fluid (CaCl-bearing 
salt water); access to supplies (Europe is closer than 
southern Canada}; and surveying problems, in a place 
where magnetic instrumentation does not work, In deep- 
er permafrost, gas emergencies are also possible. ML] 


In search of Russia’s motherlode. S. Miller, Mazal 

U’Bracha, Vol. 9, No. 64, January 1995, pp. 68-69. 
Archangel Diamond Corporation {ADC} has accomplished 
what other mining companies only dream of: It obtained a 
license to explore the virtually untapped former Soviet 
Union’s emerging Archangel diamond region, believed to 
be the second richest in the world, in a joint venture with 
the Russian Archangel State Geological Enterprise. ADC’s 
25-year license permits the exploration of major properties 
in northwest Russia near the border with Finland. Five 
kimberlite pipes at one site (Lomonosova] are expected to 
yield 250 million carats, with a projected worth of about 
US$37 billion. Another site (Verkhotina} has eight pipes, 
and as many as 10 more may be in the area. All diamonds 
recovered so far have been of “good quality.” Geologists 
have drilled 24 holes in a third property (Windy Ridge} and 
recovered diamonds from all. 

ADC Chief Executive Officer Andrew Malim down- 
played reports that diamond mining in the area is prohib- 
itively costly and difficult, citing comparatively easy site 
access by road, air, and—eventually—a railroad that is 
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now under construction. Because slurry mining is used, 
kimberlite ore can be processed for as little as $7 a ton, 
compared to $15 a ton worldwide. AC 


Limpopo diamond search. Mining Journal, London, 
August 11, 1995, p. 96. 
South Africa has granted a prospecting permit to Duo 
Corp., allowing them to search for alluvial diamonds in 
Limpopo River gravels, in the South Africa/Zimbabwe 
border region. However, this 9,000-hectare area near 
Kruger National Park contains one of the last pristine 
forests of baobab trees, as well as sycamore figs, fever 
trees, and a rich archeological site. Consequently, envi- 
ronmental groups oppose strip mining, ML] 


Majhgawan diamondiferous pipe, Madhya Pradesh, 
India—A review. A. K. Chatterjee and K. S. Rao, 
Journal Geological Society of India, Vol. 45, No. 2, 
1995, pp. 175-189, 

The Majhgawan pipe, which is 15 km from the city of 

Panna in central India, was discovered in 1827, about 40 

years before the South African pipes. Thus, it is the first 

diamond-bearing pipe (primary deposit) ever discovered. 

However, like other diamond deposits in India, it was 

considered alluvial {secondary) until 1930, when its pri- 

mary nature was recognized and it was reclassified as a 

kimberlite. 

Studies since 1988 have reclassified the pipe as a 
lamproite. This paper reviews the history of the 
Majhgawan pipe, primarily from a geologic perspective, 
with the objective of determining parameters useful in 
finding other diamond-bearing pipes in the region. 

After detailed evaluation of the mineralogy, petrolo- 
gy, and chemistry of the rocks that comprise the pipe, the 
authors conclude that it has characteristics intermediate 
between those of kimberlite and lamproite. In addition to 
geophysical surveys, heavy-mineral indicators could be 
used to find this type of pipe, including high-chromium 
garnet (G-9 type}, high-magnesia chromite and spinel, and 
the absence of ilmenite. 

This pipe has been India’s main diamond producer 
in recent years. Current annual production averages about 
18,000 carats; at this rate, reserves are sufficient to the 
middle of the next century. The ore grade is about 0.1 
carat per metric ton, and diamonds average 0.45 ct in 
size. Gem diamonds (42% of production) are typically of 
high quality and presently worth about US$200 per carat. 

AAL 


The origin, formation and emplacement of diamonds. M. 
Strather, Australian Gemmologist, Vol. 18, No. 11, 
1994, pp. 342-345. 
Intended for a nontechnical audience, this short review 
article addresses where diamonds come from, how they 
form, and how they arrive at the surface of the Earth. For 
the most part, it isa good summary of current knowledge 
on these subjects; however, some statements are not 
quite correct. 
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There is a pressure-temperature regime—called the 
“Diamond Stability Zone’”—in the Earth’s upper mantle in 
which diamonds nucleate and form. The carbon in dia- 
monds comes from two sources: homogenized “primor- 
dial” carbon that has been present since Earth’s formation, 
and “recycled” carbon (from limestones, etc.) that has been 
subducted back into the Earth. As indicated by inclusions, 
there are two diamond types: (1} those formed in ultramaf- 
ic rocks (peridotites, i.e., igneous rocks of extremely silica- 
depleted composition, related to oceanic basalts); and (2) 
those formed in high-pressure metamorphic rocks {eclog- 
ites}. Peridotitic {ultramafic} diamonds contain primordial 
carbon; eclogitic diamonds contain recycled carbon. 

Diamonds are brought to the Earth’s surface by 
columns (“plumes”} of magma rising from depths of about 
130-180 km. There are two types of diamond-bearing 
igneous bodies: {1} kimberlites—carbon-dioxide-rich mag- 
mas related to carbonatites, which form “champagne 
flute”—shaped bodies and may contain both peridotitic and 
eclogitic diamonds (as in, e.g., South Africa}; and (2) lam- 
proites—alkali-rich magmas, which form “margarita 
glass’-shaped bodies and contain primarily eclogitic dia- 
monds (as in, e.g., Australia]. Diamonds are generally older 
than their transporting magmas. Kimberlites rise suddenly: 
The most dramatic estimates of their emplacement ascent 
times have them climbing 135 km in four to 15 hours! 

As for “less-than-correct” statements: The Earth is 
most probably about 4.5 billion years old (F. Press and R. 
Siever, Earth, 2nd ed., W. H. Freeman and Co., San 
Francisco, CA, 1978) not 4.70 billion, and the oldest “base- 
ment” rocks known are 3.9-billion-year-old metamorphic 
rocks in Greenland. It is somewhat misleading to say that 
“all the present continents [except Europe) have more 
than one craton.” Cratons under both North America and 
Europe are composites, according to the 1992, Levinson et 
al. Gems @& Gemology article listed as one of Ms. 
Strather’s references. If a craton must be 1.5 billion years 
old before a kimberlite forms, this does not mean that 
most kimberlites are older than 2.5 billion years. In addi- 
tion, magma pipes, as plumes, probably punch their way 
up through weaker regions in the crust and do not require 
pre-existing fractures extending down through the crust. 
The most serious oversight however, is the failure to ref- 
erence statements as they occur in the text. 

The field of high-pressure petrology is large, lively, 
and constantly evolving. New chapters in the life-stories 
of diamonds are likely to surface at any geologic confer- 
ence. Despite the few inaccuracies, Ms. Strather is to be 
lauded for attempting to distill a large amount of raw data 
into such a compact article. ML] 


Russian sales bring down De Beers earnings, /nternational 
California Mining Journal, Vol. 64, No. 10, June 
1995, p. 63. 

De Beers’s 1994 earnings were 7% lower than 1993 ($555 

million versus $595 million). De Beers Chairman Julian 

Ogilvie Thompson said that Russian sales of polished and 

rough diamonds reduced sales by the Central Selling 


222 Gemological Abstracts 


Organisation {CSO} by 3%. De Beers and the CSO were 
trying to persuade Russian authorities to adhere to quotas, 
ML] 


Russian update. Diamond Industry Week, June 12, 1995, 
pp. 5-6. 

Russia produced 19,72, million carats of diamonds in 
1994, and sold 26.36 million carats of rough and cut 
stones, worth US$2.28 billion. (The discrepancy in these 
numbers is not as serious as it first appears; Russia 
exports diamonds to Israel and Belgium for processing, 
which are then imported back into Russia.) The Ydachnyi 
{Udachnaya] mine in Yakutia, operated by Almazy Rossii- 
Sakha {ARS}, accounted for 18 million carats of 1994 
Russian production; ARS was responsible for 98% of all 
diamonds produced in Russia. 

As for sales, Russia wants its current quota of 26% of 
all CSO sales upped to 33%. However, De Beers claims 
that Russia already exported diamonds worth US$700- 
800 million outside of the CSO agreement. Russia seeks 
to improve its market position by increasing domestic 
diamond polishing, but this also requires negotiations 
with the CSO on pricing policies. ML] 


Sibeka anniversary. Mining Journal, London, June 16, 
1995, p. 450. 

For 50 years, the world’s top diamond producer (by vol- 
ume} was Brussels-based Sibeka, which operated the 
mines of Mbujimaya and Lulua in Zaire. This short report 
profiles Sibeka, which celebrated its 75th anniversary in 
1994. Currently, the company is active in four diamond- 
industry sectors: mining in Zaire (partial ownership of 
the Zaire mining company Miba}; diamond research in 
the United States (Exmin) and China (partial ownership 
of Hunan Sibeka}; synthetic diamond production (partial 
ownership of Megapode Holdings}; and the manufacture 
of super-abrasive tools (Diamant Boart). 

Miba’s diamond production (in Zaire} rose from 4.53 
million carats (Mct} in 1993 to 4.88 Mct in 1994. Ten 
years ago, however, diamond exports from Zaire were 
around 20 Mct annually. Ore grades for alluvial deposits 
are falling, to 3.16 ct/m%, however, kimberlite ore grades 
have risen to 2.49 ct/m3. Supply restrictions and “clan- 
destine operators” continue to cause problems. 

The consumption of industrial diamonds has 
increased 13% per year for the last 20 years, and the world 
supply is around 700 Mct per year. Of this, only 60 Mct 
annually comes from “industrial grade” natural dia- 
monds, so more than 90% of industrial diamonds are syn- 
thetic. Consequently, Megapode reached record sales vol- 
umes last year, but prices for industrial diamonds have 
dropped due to excess supply. ML] 


‘Stealth’ bucket excavates diamonds. Mining Magazine, 
Vol. 173, No. 1, July 1995, p. 6. 

Diamond mining is rough on machinery. Extensive 

research into “aggressive” wear conditions at the Orapa 

and Letlhakane open-pit diamond mines in Botswana was 

used to lengthen the lifespan of wheel-loader buckets 
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fivefold. Computer-assisted strain gauges and design led 
to modifications that include single-piece casting and 
relocated welds. ML] 


Striker finds kimberlite evidence. Mining Journal, 
London, July 14, 1995, p. 26. 

Striker Resources NL has found evidence of more kim- 

berlites at its Beta Creek project in the far north of 

Western Australia. Also, Striker is purchasing the adja- 

cent Forrest River tenements, which contain five dia- 

mond-bearing kimberlites. ML] 


United Reef diamond recovery proceeding on schedule. 

Diamond Industry Week, August 7, 1995, pp. 5-6. 
On June 9, 1995, United Reef Ltd. opened a new diamond 
recovery plant on its Bamingui River diamond property in 
the Central African Republic. In June and July, 1,202 dia- 
monds (518.31 carats} were recovered from the river grav- 
els, including three “gem quality” stones of 6.24, 7.32, 
and 9.70 ct. The first sale of diamonds from the property 
is scheduled for September. ML] 


GEM LOCALITIES 


Angola’s minerals. Miner attraction. The Economist, July 
1, 1995, pp. 56, 58. 

After nedrly three decades of civil war, Angola now 
appears to have a fragile peace. This presents great oppor- 
tunities for mineral exploration in general, and for dia- 
mond production in particular. At present, artisanal min- 
ing (in this case, illegal digging and smuggling) of good- 
quality alluvial diamonds is again prevalent; about US$20 
million worth are now “exported” each week (an annual 
rate of approximately $1 billion). 

New laws favorable to foreign investment (the state’s 
monopoly on mineral rights has been abolished) are 
attracting the attention of diamond companies from sev- 
eral countries. These companies are more interested in 
the potential of the 600-odd known kimberlite pipes, as 
production from these is easier to protect and control 
than that from the more spread-out alluvial deposits. 

A Brazilian-Russian-Angolan consortium is particu- 
larly interested in the Catoca pipe in Lunda Norte 
Province. When mining begins there (possibly by the end 
of the century], it is expected to produce 940,000 carats 
annually for the first nine years and up to 5 million carats 
per year for the next 30 years after that. Angola is also rich 
in gold, copper, platinum, phosphates, quartz, man- 
ganese, oil, marble, and industrial minerals. AAL 


Chinese ruby and sapphire—a brief history. O. Balibert 
and R. W, Hughes, Journal of Gemmology, Vol. 24, 
No. 7, 1995, pp. 467-473. 
Information on the history of gem mining in China is vir- 
tually nonexistent, and the few known sources remain 
untranslated from the original Chinese. As a result, this 
article focuses primarily on the development of corun- 
dum mining since the late 1970s, The most important 
localities are Penglai (Hainan Island}, and deposits in 
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Fujian, Shandong, and Yunnan Provinces. Other, less 
well-documented localities are also cited. Material from 
Shandong Province is routinely heat treated, but experi- 
ments on Penglai corundum have met with mixed suc- 
cess. Only Yunnan, to date, is producing significant quan- 
tities of ruby. CMS 


Emerald mine to become nature preserve. International 
California Mining Journal, Vol. 64, No. 11, July 
1995, p. 30. 
Most of the Rist and Ellis Emerald Mines property in 
Hiddenite, North Carolina, has been purchased by a former 
Hiddenite resident, who plans to turn the 190 acres into a 
state park, with a museum and a nature preserve. Eileen 
Sharpe, 87, bought 19 parcels at public auction for 
$648,850. Ms. Sharpe spent her childhood days hunting for 
treasure. And she found it—quartz, emeralds, and aquama- 
rine. She wanted to make sure that future generations of 
children had the same chance. North Carolina would have 
lost one of its most unique natural wonders if the land had 
been broken up, she said. Gemstones were first discovered 
in Hiddenite in 1875, and for many years the Rist family 
operated the property as a public mining site. ML] 


Ontario—Amethyst County. Die Amethystminen an der 
Thunder Bay, Ontario, Kanada (The Amethyst 
Mines of Thunder Bay, Ontario, Canada). J. Zenz, 
Lapis, Vol. 20, No. 2, 1995, pp. 35-40, 58. 

This article (in German] gives comprehensive informa- 

tion on amethyst deposits in the Thunder Bay, Ontario, 

region: Their genesis and occurrence in veins of different 
magmatic and sedimentary formations and basaltic lavas, 
their discovery and exploitation, and a description of five 
major amethyst mines. Some of the amethyst is used in 
jewelry, but the mines are mainly of interest to tourists 
and, of course, mineral collectors. Numerous photos 
show the mines, the range of amethyst found there, and 
other quartz varieties also recovered. RT 


The Roraima. E. B. Heylmun, International California 
Mining Journal, Vol. 64, No. 5, January 1995, pp. 31-33. 
The Roraima Group of Precambrian rocks is at least 1.8 
billion years old and forms highlands throughout 
Venezuela, Guyana, Surinam, and northern Brazil. Rock 
types include conglomerates, sandstones (conglomeritic 
and cross-bedded], quartzite, chert, jasper, and red shales; 
the most important alluvial minerals found in stream 
beds from the Roraima are gold and diamonds. Roraima 
rocks form some of the world’s highest cliffs (up to 2,600 
feet—800 m—tall] and distinctive flat-topped mountains 
called “tepuys,” which have their own isolated ecosys- 
tems. Similar rocks in Sierra Leone and Liberia, in west- 
ern Africa, are probably the same rock formations, but 
they split from the Roraima when the Atlantic Ocean 
opened up, 
Diamonds are found in paleochannels far down- 
stream from the Roraima rocks. Most are colorless or yel- 
low, but some are brown or black. The author labels as 
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“probably a gross exaggeration” tales that prospectors 
climbing isolated outcrops of the Roraima Group have 
scooped up diamonds by the handful from some ledges. 
Even so, diamonds appear to be found throughout the 
group, including atop 9,2.19-foot {2,810-m} Mt. Roraima. 
The Roraima Group is probably the source for allu- 
vial diamonds in the Rio Caroni and other rivers in 
Venezuela. The Amazonas basin in southern Venezuela, 
and adjoining regions in Brazil and Colombia, are good 
prospects for further diamond exploration. The jungle 
environment makes the three-to-four-month dry season 
the best time to explore. ML] 


Trove of Maya jade recovered in Belize shaft. National 
Geographic, Vol. 18, No. 19, May 1995, p. 19. 
In the summer of 1994, archaeologist Pamela Weiss discov- 
ered 900 jade artifacts in a shaft in the ruins of a Maya city 
near the village of Blue Creek in Belize. It is believed that 
the jade pieces—beads, earspools, and pendants, some of 
which bear the likenesses of gods associated with Maya 
kingship—are related to a royal funeral that took place 
about 1,500 years ago. Many of the pieces were ritually 
“killed” before burial. This trove is second in size only to 
the 1984 discovery of Maya jade at Calakmul, Mexico. ML/ 


INSTRUMENTS AND TECHNIQUES 


The declinometer for refractometers: The latest develop- 
ments. A, Moliné i Sala, fournal of Gemmology, 
Vol. 24, No. 6, 1995, pp. 405-409. 
The improved version of this aid to refractometry is 
described in detail and its use discussed. (A declinometer 
enables a gemologist to better manipulate a gemstone on 
the refractometer’s hemicylinder, so that more accurate 
data can be obtained.) For complete information on the 
use and application of this instrument, interested readers 
should also look up the 1985 Journal of Gemmology arti- 
cle by the same author. CMS 


The infrared microscope and rapid identification of gem- 
stones, G. Yan, L. Jingszhi, and Z. Beili, Journal of 
Gemmology, Vol. 24, No. 6, 1995, pp. 411-414. 

The difficulties that are sometimes encountered in 

obtaining good infrared spectra from faceted gemstones 

usually can be overcome by the use of an infrared micro- 
scope like the one described in this article. First use the 
microscope’s visible-light optics to focus on the sample, 
and then use its infrared system to collect the data. 

Samples of cat’s-eye diopside, kornerupine, and silliman- 

ite illustrate the method's effectiveness. Infrared spectra 

(illustrated) in the range of 500 to 1500 cm! clearly sepa- 

rate these gem materials, which can be difficult to distin- 

guish by traditional gemological methods. CMS 


More on the classical chemical testing of minerals, D. M. 
Morong, Mineral News, Vol. 11, No.3, March 1995, 
pp. 8-9. 

Many field collectors and “hands-on” gemologists would 

like to identify unknown mineral samples by themselves. 


224 Gemological Abstracts 


Before the sophisticated modern era of analytical chem- 
istry, with its microprobes and mass spectrometers, 
chemists had successfully identified mineral species with 
little more than a workbench, some glassware, a few chem- 
icals, and a contact goniometer. Modern mineralogical do- 
it-yourselfers can duplicate many of these early determina- 
tive tests, but they probably prefer to do so under less haz- 
ardous conditions than their 19th-century predecessors. 
This article describes some equipment required to build a 
home analytical chemistry laboratory, and recommends 
some simple precautions to safely work there. One main 
concern of the author is that tests should yield useful 
results; to that end, it is suggested that known samples be 
tested at the same time as unknown ones, and that the 
work environment be kept scrupulously clean. 

Chemistry is, in some ways, an innately hazardous 
activity, and many necessary chemicals—acids, ammo- 
nia, even minerals containing arsenic, sulfur, or mer- 
cury—cannot be made harmless. Nevertheless, home 
chemistry experimentation builds self-reliance, and the 
detective work involved can be very enjoyable. This arti- 
cle is a follow-up to a previous article in Mineral News by 
the same author. ML] 


The pulse cathodoluminescence of corundums (in 
Russian with English abstract]. V. I. Solomonoy, S. 
G. Mikhailov, V. V. Osipov, V. N. Avdonin, M. E 
Vasilevskaya, and V. IL. Yakshin, Proceedings of the 
Russian Mineralogical Society, Vol. 123, No. 6, 
1994, pp. 39-51. 
This proposed pulse cathodoluminscence (PCL) method 
uses nanosecond high-current, pulse-repeated electron 
beams as an alternative to the usual continuous low-cur- 
rent electron streams. Measurements are taken in the 
340-800 nm range, and do not involve destruction or pre- 
heating of the sample. Spectra of natural and synthetic 
corundums (except Vietnamese sapphires] have a strong 
red band with dominant chromium lines at 694.3 and 
692.9 nm; the maximum intensity was shown by syn- 
thetic rubies and the minimum intensity, by gray-blue 
natural corundum. There are two new broad bands seen 
in the PCL spectrum of corundums: in the blue (482 nm} 
and green (555 nm). They dominate the PCL spectra of 
Vietnamese sapphires. Some PCL spectra of spinels are 
also presented. RAH 


JEWELRY HISTORY 


Around the mall and beyond. M. Kernan, Smithsonian, 
Vol. 25, No. 11, February 1995, pp. 16-19. 
Over the years, historians with the Smithsonian Archives 
have interviewed several long-time curators of the muse- 
um’s various departments. This article summarizes part 
of one such interview, a fascinating oral history given by 
the late Edward P. Henderson, a former curator in the 
National Museum of Natural History's Department of 
Mineral Sciences. In the interview, Mr. Henderson remi- 
nisced about the circuitous journey of the Hope Diamond 
after the 1947 death of owner Evalyn Walsh McLean until 
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it was donated to the Smithsonian by famed New York 
jeweler Harry Winston (who mailed it there} several years 
later. Mr. Henderson also relates his work with mete- 
orites (having one cut in half at a local Navy yard); the 
task of cleaning and appraising gems recovered from the 
rubble of post-war Japan; and some of the quirky person- 
alities he dealt with during his museum tenure, which 
started in 1929 and extended until 1988 (the last 23 years 
as an honorary research associate, following his formal 
retirement in 1965). AC 


The Cheapside Hoard contusion. J. G. Gosling, Journal of 
Gemmology, Vol. 24, No. 6, 1995, pp. 395-400. 
In 1912, a “treasure” of 16th-century jewelry was 
unearthed near the corner of Friday Street and Cheapside 
in London. Perhaps more fascinating than the jewelry 
itself are the many stories about how the treasure was 
found. Common to all versions is that workmen 
unearthed the jewelry, and a London “antiquary”— 
George Lawrence—purchased it from them. Items from 
the Cheapside Hoard are displayed in various British 
museums {mostly at the Museum of London}, but the 
author makes a plea for the entire collection to be reunit- 
ed and a new catalog published. Four items are pictured 
and described, including a watch set in a Colombian 
emerald crystal and pendants of amethyst and emerald 
fashioned to look like bunches of grapes. CMS 


Materials used in manufacturing cylinder seals. D. 
Liberty, Celator, Vol. 9, No. 4, April 1995, p. 22. 
Ancient Mesopotamia, like modern China, used seals to 
stamp signatures. However, Mesopotamian seals were 
cylinder-shaped, and were rolled across unfired clay “docu- 
ments” to sign them. Ideally, hard, decorative stones— 
such as lapis lazuli—were used for these cylinder seals. 
However, since a// stones were rare in the Tigris-Euphrates 
Valley, less valuable materials (and imitations) were also 
used. Materials included: limestone and rock crystal (4th 
millennium B.C.); lapis, fire-hardened steatite (soapstone), 
bitumen covered with gold foil, and glass and “glassy 
paste” imitations of lapis (3rd millennium B.C.}; lower- 
quality lapis, serpentine, and chlorite (Akkadian period, 
late 3rd millennium B.C.); hematite and magnetite rock 
(2nd millennium B.C.}; and varieties of quartz and chal- 
cedony as well as faience (2nd millennium B.C. and more 
recently). Cylinder-seal production in the Middle East con- 
tinued until the end of the Achaemenid period (330 B.C,). 
This short review ends by recommending D. Collon’s 
book, First Impressions (University of Chicago Press, 
1988), for more information about cylinder seals. ML] 


JEWELRY RETAILING 
Rare Gems Fetch Record Highs in Geneva. National 
Jeweler, July 16, 1995, p. 26. 


The Antiquorium’s May gem and jewelry auction in 
Geneva, Switzerland, took in over US$1 million. Buyers 
focused on colored stones and period pieces, including an 
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Art Deco tutti-frutti necklace set with rubies, sapphires, 
pearls, and a carved 150-ct emerald. It sold for $54,000. 
Rare and Exotic Gemstones, a new auction section, 
debuted with four of six lots selling. A yellow-gold, plat- 
inum, and pearl chain—from which was suspended a 
12.50-ct conch pearl—went for more than $27,000. The 
“world’s largest red emerald” [red beryl], which weighed 
8.03 ct and had been estimated at $150,000 to $160,000, 
did not sell. MD 


Sales down at Myanma emporium. National Jeweler, Vol. 
39, No. 10, May 16, 1995, p. 32. 
According to auction organizer Myanma Gems Enter- 
prise, more than US$7 million was brought in from the 
sale of 380 lots at the 32nd Myanma Gems, Jade & Pearl 
Emporium held in Yangon, Myanmar, in March. Sales 
were down 15% from last year’s $8.5 million. Most lots 
contained jadeite; a few contained low-quality South Sea 
pearls. Jadeite sales at the auction totaled almost $5.4 
million, up 10.5% over the $4.9 million sold in 1994. 
However, the number of lots sold decreased by 17%, from 
280 in 1994 to 232 this year. A total of 277 companies 
from 15 countries attended the sale. MD 


PRECIOUS METALS 


‘Fingerprinting’ gold samples aids theft detection. Mining 
Magazine, Vol. 172, No. 2, February 1995, pp. 
122-123. 

A new technique has been developed for identifying 

gold—and other precious metals—in bullion, artifacts, or 

jewelry samples. Called LA-ICP-MS, for Laser Ablation- 

Inductively Coupled Plasma-Mass Spectrometry, the 

technique measures the element and isotope composi- 

tion and the relative ratio of trace elements in material 
ablated (i.e., removed or vaporized} by laser from a sam- 
ple. Each source (mining district, mine, or historic period} 
may potentially have a unique “fingerprint,” and a library 
of standard sample “fingerprints” from various sources is 
being produced. Unfortunately, this short report does not 
say how much sample is ablated to produce the “finger- 
print”—that is, whether the testing could be considered 
destructive. ML] 


SYNTHETICS AND SIMULANTS 


Russian hydrothermal synthetic emeralds: Character- 
ization of the inclusions. F. Sosso and B. Piacenza, 
Journal of Gemmology, Vol. 24, No. 7, 1995, pp. 
501-507. 

The seven faceted synthetic emeralds and one “rough” 

sample examined for this article came from a single 39- 

gram specimen, which originally had a colorless beryl 

seed plate in its center, as well as a portion of the metal 
wire on which the seed had been suspended during 
growth. SEM-EDS qualitative chemical analyses were 
obtained on the inclusions. The synthetic emerald was 
found to have traces of the same elements—Fe, Cr, and 
Ni—as composed this wire. Inclusions with a metallic 
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luster consisted of Fe, Cr, and Ti oxides; this is the first 
documented occurrence of Ti in inclusions in hydrother- 
mal synthetic emerald. Various other microscopic fea- 
tures are also described and illustrated in this informative 
article, which sheds further light on the complex area of 
emerald identification. CMS 


TREATMENTS 


Identification of bleached wax- and polymer-impregnated 
jadeite by X-ray photoelectron spectroscopy. T. L. Tan, 
T. S. Tay, EC. Loh, K. L. Tan, and S. M. Tang, Journal 
of Gemmology, Vol. 24, No. 7, 1995, pp. 475-483. 


X-ray photoelectron spectroscopy [XPS) has been found 
effective in nondestructively identifying this problematic 
jadeite treatment. The results of XPS tests on 16 samples 
of treated and untreated jadeite agreed with testing by tra- 
ditional gemological and infrared spectroscopic methods. 
The authors describe the technical details of this tech- 
nique (new to gemology] in great depth. Sample XPS spec- 
tra clearly illustrate the differences among natural, wax- 
polished, bleached wax-impregnated, and bleached poly- 
mer-impregnated jadeite. The authors warn that this 
technique may not detect other impregnation materials, 
so a negative test does not necessarily mean that a par- 
ticular sample is untreated. CMS 


MISCELLANEOUS 


Artisanal mining comes of age. Mining Journal, London, 
June 16, 1995, pp. 446-447. 

Artisanal mining is mining without mechanical assis- 
tance. These small-scale operations, which “have a history 
as long as mankind,” have undergone a resurgence over the 
past 25 years, For instance, in sub-Saharan Africa, it is esti- 
mated that 1.5 million workers are involved in artisanal 
mining of gold alone, annually producing over 40 tons. 

Artisanal mining is problematic because it is gener- 
ally “manifestly illegal, environmentally unsound, and 
socially disruptive.” As a result, beginning in the 1970s, 
several conferences have attempted to define and regulate 
“small-scale mining.” A breakthrough occurred at a 1993 
conference in Harare, sponsored by the United Nations, A 
round-table discussion in May 1995, hosted by the World 
Bank, followed up on the Harare precepts. 

Some attendees at these meetings have reeommend- 
ed shifting regulatory focus from enforcing prohibition of 
artisanal mining to transforming it into formal, regulated 
mining: They advocate making artisanal mining main- 
stream rather than marginal. In fact, it was suggested that 
anyone who makes a mineral find should be able to reg- 
ister it in his or her own name as a property right (with- 
out the need for capitalization or working of the claim). 
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-Diawonn PROSPECTING AND 
_ MARKET PRosPECts 


Richard T. Liddicon® Editor-in-Chief 


The search for diamonds has been a preoccupation of wealth-seekers for-count- 
less years. The early discoveries in India, Brazil, and South Africa clearly. were 
fortuitous. More recent discoveries in Africa, as well as on other continents, also 
have had an element of luck, although many have been based on sound scientific 
-principles. These principles have developed {slowly at first} sincé the 1870s, 
when:the significance of the kimbcrlite pipes in South Africa was first recog- 
nized. In the late 1930s, on the basis of these same principles, Professor Vladimir 


- Sobolev discerned the geologic similarities between the diamond-producing areas _ 


of South Africa and those of the Yakutia region—lIcading to the discovery and 
development of the prolific Siberian diamond mines since the 1950s. _ 


In the two-part article by Dr. Bram Janse, an internationally recognized expert in 
diamond exploration, the history of diamond discoveries on the entire African 
continent is discussed. As the “plot” unfolds, one.is able to follow the evolution 
of the discovery and production of diamonds from an increasing number of 
African countries, as well as the fundamental geologic concepts that now form 
the basis of all modern exploration programs, but throughout the world. 


The success of diamond exploration has been phenomenal, and some have 
expressed-concern over the prospect of a gem diamond glut as production from 
new sources has become available. The influx of diamonds from Russia (since — 
1959}, Botswana (since the early 1980s}, and Australia (since the mid-1980s) has 
increased the supply at a dramatic pace—since the mid-1980s alone, from less 
than 50 million to more than 100 million carats annually. Notwithstanding the 
continual increase in the supply of diamonds over more than a century, there 
has been no obvious effect on prices, nor on the appeal of diamonds to the buy- 
ing public {except, possibly, to make them even more appealing!]. Demand for 
diamonds and diamond jewelry, fucled first and foremost by the American mar- 
ket, subsequently by the Japanese market (where present demand has been sti- 
fled by a pervasive recession}, and, most recently, by other Pacific Rim countrieés,. 
‘continues unabated, Thus, the market would be expected to absorb moderate 

' increases in production from 3 new discoveries Ae any significant distortion. 


Keats diamantaires; there seems to es more concern (warranted or not} about 
the potential impact of jewelry-quality synthetic diamonds, should they ever — 
become available at a fraction of the price of natural stones. The second article 
‘in this issue, and the chart that accompanies it, represent how we at GIA feel 
“that this challenge can best be tackled: through research and education.. The 
well-informed jeweler-gemologist can be just as effective in controlling the 
impact of synthetic. diamonds as the market has been. in managing the influx of 
natural ones. O 
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A HISTORY OF DIAMOND SOURCES 
In AFRICA: PART I 


For more than 100 years, Africa has pro- 
duced large commercial quantities of dia- 
monds and important individual stones. 
The earliest official finds were made from 
approximately 1867 onward, in sands and 
gravels of the Orange and Vaal Rivers in 
South Africa. Subsequently, diamonds 
were found in “hard rock” kimberlites 
and, most recently, in off-shore deposits 
along the western coast of South Africa 
and Namibia. Important discoveries have 
been made in many other African coun- 
tries. Angola, Botswana, Central African 
Republic, Ghana, Namibia, and Zaire 
have now joined South Africa as being 
among the top 10 diamond-producing 
countries worldwide, Part I of this two- 
part series examines the fascinating histo- 
ry of these numerous discoveries in south- 
ern and central Africa from the 19th cen- 
tury to the present. Part {f will look at 
eastern and western Africa, as well as the 
history of diamond prospecting, mining, 
and production on the African continent. 
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Diamond Sources in Africa: Part I 


By A. J. A. (Bram) Janse 


3 


\though diamonds have been known for more than 

2,000 years, with the earliest discoveries in India, 

large-scale mining and distribution date only from 
the late 1860s and the first finds in Africa. For almost a centu- 
ry, Africa—and especially South Africa—dominated diamond 
production, representing more than 98% of world output 
from 1889 to 1959. Many of the most famous stones ever to 
enter the gem market originated from these African deposits. 
In addition, much of our current knowledge about diamond 
occurrences, exploration, and mining comes from the African 
diamond fields. And the history of these discoveries is among 
the richest in the archives of gemology. 

The first reliable records of diamond finds in Africa date 
from the late 1860s (“Diamonds are trumps,” April 18, 1867). 
These followed the earlier finds in India several centuries B.C. 
(recorded in Arthasastra and Ratnapariska Sanskrit texts, as 
reported in Legrand, 1984], Borneo in the 10th century A.D. 
(Legrand, 1984); Brazil in the 1720s (Sarmento, 1735; Bruton, 
1978*)},; Russia in the 1830s (Rose, 1837, pp. 352-374; Webster, 
1975); the United States in the 1840s (Shepard, 1846; Kunz, 
1892; Sinkankas, 1976}; and Australia in the 1850s 
(Hargraves, 1851; Atkinson et al., 1990]. In most of these earli- 
er instances, the diamonds were mere mineralogical curiosi- 
ties, found as occasional by-products in the recovery of gold 
from sands and gravels in stream beds. Through the ages, pro- 
duction from India and Borneo reached Europe only as a trick- 
le of large (over one carat} stones that were used mainly as 
adornments for sovereigns and their consorts, with smaller 
stones used for engraving and cutting tools. The Brazilian 
deposits provided a steady supply of small stones after 1730 
(Lenzen, 1970}, but large quantities of stones of significant 
size {including many 15 ct and above} came only with the 
exploitation of the South African diamond fields from 1870 
onwards {figure 1). In general, this sudden increase in supply 
coincided with the new wealth generated by the Industrial 


GEMS & GEMOLOGY Winter 1995 


Figure 1. Africa was the 
dominant source in the 
world diamond market for 
almost a hundred years 
after the first pieces of 
rough were reported in 
South Africa in the 1860s, 
This suite of jewelry, 
designed by Gianmaria 
Buccellati, was fashioned 
from predominantly 
African rough collected 
over many years. The dia- 
monds weigh a total of 
344,11 carats, Courtesy of 
Buccellati of Beverly Hills, 
California; photo © Harold 
e Erica Van Pelt. 


Revolution and the attendant increased demand for 
luxury goods by a broader range of consumers. 

This article reviews the history of the major dis- 
coveries of alluvial diamonds and kimberlite pipes 
throughout the African continent, from the earliest— 
in February 1867—near Kimberley, in South Africa, 
to the most recent discovery—in 1990—in the Sahara 
Desert, in Algeria (figure 2). The stories of the early 
diamond discoveries have been told many times, but 
many have become distorted and bowdlerized in the 
retelling. As much as possible, the information pro- 
vided here has been culled from original sources 
(archival issues of periodicals and photocopies or 


* Wherever two references are quoted with widely different 
years, the first reference indicates the earliest record that I have 
found, whereus the second reference is the more accessible and 
comprehensive. Note that they sometimes differ in detail and 
interpretation. 


Diamond Sources in Africa: Part I 


excerpts of original documents) or recollections of 
people directly involved in the events described. 
Please keep in mind that the quality of reporting in 
19th-century periodicals is often not as high as in 
recent ones, in that there was less opportunity for on- 
the-spot investigation. As a result, much of the evi- 
dence was based on hearsay. Likewise, personal rec- 
ollections often contain incorrect information caused 
by wishful thinking and faulty memory. There are 
several other interesting stories that could have been 
told, but they were omitted because they could not 
be substantiated. 

The following is a country-by-country account 
(basically, from south to north and from east to west) 
of the progression of major diamond discoveries and 
exploitation in Africa. Part I surveys the important 
diamond-producing countries in southern and central 
Africa. Part II, to be published in an upcoming issue 
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Figure 2. This map of Africa shows the countries in which diamonds and/or kimberlite or lamproite 
pipes have been found, highhghting those that are major diamond producers. 


eroon, Congo, Gabon, Kenya, Malawi, Mozambique, 
Nigeria, Uganda, and Zambia). 


of Gems & Gemology, will cover eastern and west- 
em Africa, and will provide a historical perspective 
on the techniques of prospecting and discovery, the 


development of mining methods, the recovery of dia- SOUTH AFRICA 


monds, and the people involved in these activities. 
Part II will also discuss those countries in which only 
sporadic occurrences of diamonds and/or pipes have 
been found, or for which only unsubstantiated 
accounts have been published (Burkina Faso, Cam- 
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South Africa is the most significant diamond-produc- 
ing country on the African continent. The modern 
diamond industry was born here, and within five 
years after the initial discovery of alluvial diamonds, 
large quantities were being recovered from “hard 
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rock” kimberlite sources. In fact, South Africa is con- 
sidered the type locality for the occurrence of dia- 
monds in igneous host rocks, such as kimberlite 
pipes, which were first discovered there in 1869 and 
recognized as such in 1872. The methods and special 
equipment now used worldwide for the recovery of 
diamonds were developed here. 

Diamond production from kimberlite pipes 
around Kimberley exceeded one million carats with- 
in the first year of exploitation by local miners (“dig- 
gers’”|, The largest diamond ever found, the Cullinan 
(3,106 metric carats], and many other very large dia- 
monds were found in South Africa. This country has 
been a steady producer of several millions of carats 
annually up to the present, and important new dis- 
coveries are still being made. 


The First Alluvial Diggings. Although a few dia- 
monds were allegedly found earlier (Balfour, 1992, 
Liddicoat, 1993), the first officially recorded diamond 
on the African continent was found in the southern 
hemisphere’s summer of 1866/1867, either as early 
as December 1866 or as late as February 1867 
(Robertsor, 1974*)}, This stone, which weighed 21.25 
old carats,** was subsequently cut into a 10.73 ct 
brilliant and named the Eureka (figure 3). 

This stone was found on a farm named De Kalk, 
in lime-cemented gravels of a terrace along the south- 
ern banks of the Orange River, which at that time 
formed the boundary between the Cape Colony and 
the Orange Free State (figure 4). However, there are 
several different versions of its discovery. 

The earliest public reports appeared in the 
Colesberg Advertiser (The wonderful South African 
diamond,” April 9, 1867) and two Cape Town news- 
papers, the English Cape Argus (“Diamonds are 
trumps,” April 18, 1867) and the Dutch Het 
Volksblad (“Gerucht over een diamant... ,” April 
18, 1867), which picked up the report from the 
Colesberg Advertiser. Het Volksblad ("Een Kaapsche 
diamant,” April 30, 1867) carried the story that an 
experienced diamond cutter from Holland, Louis 
Hond, on request of Colonial Secretary Richard 
Southey, had identified a pebble “found by a Mr. 
O’Reilly somewhere along the Orange River” as a 


*A photograph of the first diamond in Robertson’s book (oppo- 
site p. 64) shows a label with the date 7th February, 1867, writ- 
ten by Chalmers. I think that this may be the date of Van 
Niekerk’s visit to the Jacobs homestead. 


**The old carat was slightly larger than the metric carat, which 
was officially adopted by De Beers in 1920 (De Beers Annual 
Report for 1988) and by South Africa in 1923 (Williams, 1932). 
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Figure 3. The 10.73 ct yellow diamond known as 
the Eureka was reportedly faceted from the earliest 
recorded diamond in Africa, found in late 1866 or 
early 1867 on De Kalk farm near the Orange River. 
Photo courtesy of De Beers. 


genuine diamond of 21.3 ct. (It remains unexplained 
why an experienced diamond cutter, such as Louis 
Hond, would have moved from Holland to Cape 
Town before it became known that diamonds were 
actually found in South Africa. Perhaps the knowl- 
edge of earlier diamond finds [see Balfour, 1992] was 
more widespread than has been reported, but this 
cannot be substantiated.) The actual location of the 
discovery was first mentioned in the Colesberg 
Advertiser (“Diamond mining,” July 16, 1867} as a 
farm named “De Kalk.” That article stated that Mr. 
Hond and his partner {a Belgian named Mons} were 
prospecting there and had found more diamonds. 

The Colesberg Advertiser (“Nelly Jacobs .. . ,” 
July 30, 1867) and the London Journal of the Society 
of Arts (“Precious stone. . .,” October 4, 1867]—as 
well as a memorandum dated June 23, 1868, from 
Hopetown magistrate William B. Chalmers (cited in 
Weakley, 1869, and Robertson, 1974}—refer to the 
finder as a little girl, daughter of a poor Boer farmer 
named Daniel Jacobs, who lived on De Kalk farm. 
The Colesberg Advertiser even invented a name for 
the girl, “Little Nelly,” but from Robertson (1974) we 
now know that she was called Fredrika (shortened to 
Riekie—pronounced “reekee” in Dutch/Afrikaans}. 
The Cape Argus {”Twenty diamonds found... ,” 
October 31, 1868) published a map showing the loca- 
tion of the De Kalk farm, situated in Hopetown dis- 
trict along the left bank of the Orange River, about 30 
km (18 miles} upstream from where it joined with 
the Vaal River. 

The Chalmers memorandum describes the dia- 
mond as a pretty, white stone, a plaything of the lit- 
tle girl, which attracted the attention of a neighbor, 
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Figure 4. The first diamonds reported—and, subse- 
quently, rnost of the major mines—in South 
Africa were located in the area between the 
Orange and Vaal Rivers. Note that the Kimberley- 
area mines are shown here in relative position, not 
precise to scale, because they were clustered in 
such a small area. 


Schalk Van Niekerk, when he was visiting in 
February 1867.* He offered to buy it, but Mrs. Jacobs 
scoffed at the idea of selling a mere pebble and gave it 
to him (Chalmers’ account does not say what the lit- 
tle girl thought of this}. Chalmers states that “Van 
Niekerk was a very shrewd man with an enquiring 
turn of mind” and credits him with “bringing to light 
the existence of diamonds along the Orange River.” 
Van Niekerk gave the pebble to a local trader/hunter, 
John O'Reilly, to take it to Hopetown to see if it was 
worth anything, as he thought that it was a diamond. 
O’Reilly showed it to several people in Hopetown, 
including Chalmers, who all laughed at the idea that 
the pebble might be a diamond. Nevertheless, 
Chalmers says he advised O'Reilly to send it to Dr. 
Atherstone, a physician and self-taught geologist/ 
mineralogist living in Grahamstown. 


“It is strange that Chalmers and Atherstone described the 
Jacobs/Van Niekerk diamond as a white stone. Hond, in his eval- 
uation in Capetown, mentioned that it had a small yellow spot 
in one corner (“een geel vlekje,” in “Een Kaapsche diamant,” 
April 30, 1867}. Garrara’s certificate said “slightly colored” with- 
out stating which color (most diamonds from South Africa have 
a faint yellow hue), whereas the Eureka is distinctly yellow. 
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Subsequently, Chalmers wrote that O’Reilly 
then went on to Colesberg where the town clerk, 
Lorenzo Boyes, sent the stone to Dr. Atherstone by 
letter, dated March 12, 1867 (see Chalmers’ letter of 
January 20, 1969, cited in Robertson, 1974}. 
Atherstone immediately responded that it was a dia- 
mond of 21.25 ct, worth £500, and that he would like 
to send it to Colonial Secretary Southey in Cape 
Town (Atherstone, 1869}.** On April 16 or 17, 
Southey showed the stone to Ernest Héritte, the 
French consul, and the above-mentioned Louis 
Hond, both of whom confirmed Atherstone’s asser- 
tions (“Diamonds are trumps,” April 18, 1867). On 
April 19, the stone was sent by a steamer named the 
Celt to London for final verification by Garrard and 
Co., the Crown Jewellers. On July 12, 1867, Southey 
received a copy of the certificate that Garrard had 
issued the preceding month (June 8], which stated 
that it was a genuine diamond of good quality, slight- 
ly colored, and weighed 2.1.16 ct; they confirmed Dr. 
Atherstone’s value of £500 (Garrard’s certificate in 
Robertson, 1974). A replica of the stone was exhibit- 
ed at the Paris Exhibition later in 1867. The diamond 
was subsequently purchased for £500 by Sir Philip 
Wodehouse, governor of the Cape Colony. 

Chalmers’ story of the find (little girl Jacobs, chil- 
dren playing with pebbles, Van Niekerk’s interest, 
etc.) was quoted in the influential lecture on the dis- 
covery of diamonds in South Africa given by 
Professor James Tennant at the Society of Arts on 
November 23, 1870 (Tennant, 1870). Most early writ- 
ers and, recently, Bruton (1978] follow Tennant’s 
account. 

In 1872, O'Reilly gave a different version of the 
find to Richard Murray, editor of the Diamond Fields 
Advertiser (published in the tent town then called De 
Beers New Rush, later renamed the city of Kimberley}. 
O'Reilly said that while visiting Van Niekerk in 
March 1867, he saw Van Niekerk’s little girl playing 
with some bright pebbles. He offered to buy a partic- 
ularly shiny one, but Van Niekerk gave it to him on 
the understanding that if it was worth something 
they would share equally (Murray, 1873). The rest of 
the story is as told by Chalmers. 


**The date on the letter from Boyes is reported in Atherstone, 
1869. Atherstone’s reply to Boyes was received in Colesberg on 
April 8. Atherstone determined the specific gravity of the stone, 
its hardness (it did scratch glass and was not scratched by a 
hardened stee!] file), its weight in carats, and its value (probably 
from the book by Jeffries, 1750, which includes a manual for 
establishing the value of a diamond from its weight and dimen- 
sions). It was a remarkable effort for a self-taught mineralogist 
who had never before evaluated a diamond. 
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In a petition to then-governor of the Cape 
Colony Sir Henry Barkly, filed January 10, 1872, at 
De Beers New Rush, O'Reilly claimed to have found 
(or at least recognized) the first diamond identified in 
South Africa. Again, he referred to a March 1867 visit 
to Van Niekerk, but in this account {reproduced in 
Robertson, 1974, pp. 73-74), he claimed to have 
picked out the diamond from among Van Niekerk’s 
collection of stones. He offered to buy it, but Van 
Niekerk gave it to him, saying it belonged to “Daniel 
Jacobs’ little Bushman boy.” In an 1876 account, it 
was in the hands of a little Griqua servant boy who 
was minding the children (Matthews, 1878). In 1894, 
O’Reilly changed the little Griqua boy to a little 
Hottentot boy. In all of these accounts, the rest of the 
story is as told above. 

O’Reilly’s claim that he was the first to recog- 
nize the pebble’s potential was so successful that the 
first book on the diamond fields (Reunert, 1893), and 
the most authoritative textbook on gemstones of 
that era (Bauer, 1896], gave O'Reilly the credit “for 
establishing the occurrence of diamonds in South 
Africa.” Both publications called the first stone the 
“O/Reilly Diamond.” 

An account by a nephew of Van Niekerk given to 
George Beet in Kimberley states that it was Erasmus 
Jacobs (figure 5), second son of Daniel Jacobs of De Kalk 
farm, who found the first diamond (Beet and Terpend, 
1917). John Noble, who visited De Kalk, also describes 
the finder as a young son of Daniel Jacobs, and this ver- 
sion was adopted by Williams {1905}. In a swom affi- 
davit, dated August 9, 1932, Erasmus Jacobs stated that 
he picked up a bright pebble near the dam on his 
father’s farm, De Kalk, in the summer of 1866 when he 
was 15 years old {in Robertson, 1974). A Hottentot was 
standing by but had nothing to do with the discovery. 
Erasmus gave the stone to his little sister {Rickie}. 
When Van Niekerk was visiting a month or two later, 
Erasmus and his brother and two sisters were playing 
games with some pebbles, including the bright one. 
Van Niekerk acquired it and then passed it on to 
O'Reilly, who took it to Hopetown and Colesberg. 

This account ties up everything very neatly—too 
neatly, perhaps. The native servant is there 
(Hottentot, Griqua, or Bushman], but is dismissed as 
irrelevant; the little girl is there, but she got the stone 
from Erasmus; and O’Reilly is just the courier. 
Robertson (1974) commented that the information in 
the affidavit might have been obtained by “leading 
questions,” that is, by putting words into Erasmus’ 
mouth. Nevertheless, Van Niekerk gets the credit for 
thinking that the bright pebble might be a diamond. 
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But how did Van Niekerk get that idea? It may 
have come from a legend among the Boers that dia- 
monds were collected by Bushmen along the Orange 
and Vaal Rivers (Dunn, 1871). There are also indica- 
tions that Van Niekerk had found diamonds even 
before he recognized the Jacobs diamond (“Jacobs’ 
diamond... ,” June 4, 1867; “Nelly Jacobs ... ,” July 
30, 1867). In the mid-1860s, the government land sur- 
veyor, Von. Ludwig, often stayed at Van Niekerk’s 
house and the two discussed minerals. When he fin- 
ished his survey of farms along the Orange River, 
Von Ludwig gave Van Niekerk a book on gemstones 
(Beet and Terpend, 1917). 

Regardless of who actually found the first stone, 
it created a mild stir of interest among the Boers (pas- 
turalists of mainly Dutch ancestry} and the Griquas 
(shepherds of mixed Hottentot/Bushman/Bantu 
ancestry) living in the general area of the Orange and 


Figure 5. Erasmus Jacobs has been credited with 
finding the first officially recorded diamond on the 
Aftican continent, on his family’s farm, De Kalk, 
in 1866. This photo was taken around 1907. 
Courtesy of De Beers. 
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Vaal Rivers. At least 20 other diamonds turned up 
during the next two years, found by Griquas and 
Boers poking around in the gravels of the two rivers 
(see Chalmers’ “list of 20 diamonds” in Weakley, 
1869; Atherstone, 1869). 

Harry Emanuel, a well-known London jeweler 
who had written a textbook on gemstones {1865}, 
sent mineralogist James Gregory to South Africa in 
1868 to check out the discoveries. During his tour 
through the Cape Colony, Gregory did not see any 
rocks resembling the micaceous sandstones and mica 
schists that had been reported to be the source rocks 
for diamonds in Brazil (Claussen, 1841). Consequently, 
he declared that the discovery was “an imposture, a 
bubble scheme to drive up land values” (Gregory, 
1868). He said that if there were any diamonds scat- 
tered about, they must have been brought there in 
the gizzards of ostriches. (Most birds swallow small 
stones to help their digestive system; he probably 
added the ostriches as an afterthought, because a few 
stones as large as several carats were found and 
offered for sale while he was in the area.} 

Gregory’s statements created an uproar in the 
Cape Colony (Atherstone, 1869}. Before the debate 
really took off, though, an 83.5 (old) carat stone (later 
cut into a 47.69 ct pear shape called the Star of South 
Africa; figure 6} was offered for sale by the same Van 
Niekerk who had been associated with the first 
(Eureka) diamond. This was on March 17, 1869, in 
Hopetown (L. Hond letter cited in Weakley, 1869). 
Van Niekerk got the stone from a Griqua shepherd 
named Swartbooi, who said that he had found it on 
the Sandfontein farm, which was also near the con- 
vergence of the Orange and Vaal Rivers. Van Niekerk 
gave Swartbooi all he possessed: 500 sheep, 10 head 
of cattle, and one horse {F. Steytler letter dated March 
18, 1869, cited in Robertson, 1974, pp. 173-174). Van 
Niekerk then sold the stone to Lilienfeld Brothers, 
general merchants in Hopetown, for £11,200. 

This event removed al] doubts in the minds of 
most people in southern Africa, many of whom soon 
took to searching the sands and gravels of the Orange 
and Vaal Rivers. Because these early diggers knew lit- 
tle about alluvial mining, the earliest efforts were 
inefficient, recovering only diamonds of one carat 
and larger. Htibner (1871) wrote that in 1870 the ear- 
liest sieves were made of pieces of corrugated iron 
sheeting that had been pierced by nails to make 
holes, so the smallest sieve size was one fifth of an 
inch (5 mm). Consequently, only rough stones over 
one carat (about 5 mm in longest dimension} were 
retained. A year later, metal screens in wooden 
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frames came into use, and screen sizes went down to 
one-sixteenth of an inch (1.6 mm, about 0.035 ct). 

Most of the early diamonds were found in the 
Vaal River which, in the area near its confluence 
with the Orange River, flows over amygdaloidal 
basalt (in fact, andesite]. The basalt forms good “trap 
sites” for diamonds, with rock bars, potholes, and 
gravel bars. A party of prospectors from Natal, led by 
a Captain Rolleston, was credited as the first to estab- 
lish that diamonds not only occur lying on the sur- 
face, but also can be recovered by actually digging in 
the gravel. Their first successful dig was near the 
German mission station of Pniel on January 4, 1870 
(“Captain Rolleston’s party finds diamonds... . ,”” July 
16, 1870; Noble, 1874}.* 

In the early years, then, the South African dia- 
mond fields did not appear to differ much in charac- 
ter from diamond fields in India, Borneo, or Brazil. 
Diamonds were found in alluvial deposits, that is, 
unconsolidated sands and gravels located in stream 
beds, flats, and banks, as well as the terraces of rivers. 
They were recovered by washing and sieving gravels, 
using picks and shovels and locally made sieves that 
were often ingenuously combined to make primitive 
equipment such as rocking cradles. The energy was 
provided by manual labor; horses and mules were 
only used for transport. 


The First Dry Diggings. In late 1869 and in 1870, 
however, diamonds were also found in places that 
were nowhere near an obvious watercourse. They 
were recovered from reddish loamy surface sand and 
from yellowish friable calcareous dry mud underlying 
the red sand. The yellowground was later found to 
overlie harder, compact, bluish gray rock—blue- 
ground—which eventually was called kimberlite. 
Because they were far removed from any obvious 
streams or rivers and lacked water during the sum- 
mer season, people referred to them as “dry” diggings 
in contrast to the alluvial “niver” or “wet” diggings. 
Most lay accounts of the history of the South 
African diamond fields (see, e.g., Dickinson, 1965] 
state that the Koffiefontein and the Jagersfontein 
were the first kimberlite pipes discovered, but early 
correspondence reveals that diamonds were recov- 


*In-house records of the Pniel Mission note the local find of a 
diamond in 1859, Dunn (1871) mentioned the existence of an 
18th-century missionary’s map that has the words “here be dia- 
monds” covering part of the Orange and Vaal River areas. Maps 
of this kind are not rare. The author has seen replicas of “mis- 
sionary maps” with the words “here be diamonds” in Dutch or 
Spanish for various parts of the world. 
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ered first from the pipes at Dutoitspan and 
Bultfontein. In July 1870, the foreman of the Jagers- 
fontein farm, a man called De Klerk, found a 50 ct 
diamond in a small dry creek on that property 
(Steytler, 1870). I have not found any early records on 
Koffiefontein. However, Beet {1931} states that the 
first diamond was found there by a transport rider 
(the equivalent of today’s long-distance truck driver) 
named Bam, also in July 1870. Both finds were made 
in small tributaries of the Riet (Reed) River and were 
first considered river diggings. Yet, in a paper deliv- 
ered before the Geological Association in London in 
December 1872 (Paterson, 1873}, the statement is 
made that the Jagersfontein and Koffiefontein work- 
ings do not represent alluvial diggings, but rather 
they are similar to the Dutoitspan diggings, which by 
that time were already regarded as being other than 
river diggings. 

In fact, in a letter dated November 4, 1869, Fred 
Steytler wrote that during a visit to Dutoitspan farm 
the preceding month, he saw hundreds of garnets and 
some diamonds in limy soil (Robertson, 1974, p. 219). 
Not only is this several months before the first report 
of diamonds at Jagersfontein and Koffiefontein, but 
Steytler’s association of red garnets and diamonds 
suggests that early prospectors had an inkling that 
the occurrence of garnets was in some way related to 
the occurrence of diamonds. 

Draper (1905) stated that the first diamonds not 
associated with a watercourse were actually found on 
Bultfontein farm sometime before November 1869. 
He claimed that he was present in a small store on 
the Vaal River on November 6, 1869, when 
Corelius Duplooy walked in and showed him a few 
diamonds that he had found in the mud with which 
he built his house at Bultfontein. The mud came 
from the edge of a large pan {i.e., a large shallow 
depression} named Du Toit’s Pan about 25 km (16 
miles} east of the Vaal River diggings. Further excava- 
tions revealed more diamonds in the small quarry 
and also at a spot 500 m further north along the edge 
of the pan, on the neighboring farm owned by 
Adriaan van Wyk (called Dorstfontein, but once part 
of the original Dutoitspan farm). These two mud 
quarries became the two famous diamond pipe 
mines, Bultfontein and Dutoitspan (figure 7). 

Another account states that the diggings on 
Bultfontein started in September 1869 (report by F. S. 
Philipson-Stow, cited in Robertson, 1974, p. 22.1). 
However, J. B. Robinson, a well-known early digger 
and diamond buyer, claimed that on his first trip to 
the Vaal River at the end of 1868, he purchased some 
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Figure 6. The 1869 discovery of the large dia- 
mond from which this 47.69 ct pear shape 
known as the Star of South Africa was cut sent 
many people to the Orange and Vaal Rivers to 
start digging for diamonds. Photo courtesy of the 
Central Selling Organisation. 


pebbles (which he had recognized as diamonds} from 
Mrs, Van Wyk at Dutoitspan (Murray, 1873}. 


Discovery of the De Beers and Kimberley (the Big 
Hole) Pipes. These first two dry diggings (Bultfontein 
and Dutoitspan; Jagersfontein and Koffiefontein were 
still considered wet diggings in 1870} did not generate 
much interest, both because the diamonds were 
small (Higson, 1870} and because living and digging 
conditions were not very pleasant on the hot, dry 
plains. Most would-be miners left for the Vaal River 
in January 1870. Summer was at its height, the water 
had run out (Babe, 1872), and they had heard of the 
Rolleston party’s success in finding diamonds at 
Pniel. In May 1871, Richard Jackson and party left 
the river diggings to check out a rumor and found a 
lone Boer named Corneilsa (probably Cornelissen, a 
common surname in Dutch) digging for diamonds in 
a depression on a farm adjoining Bultfontein and 
Dorstfontein (Dutoitspan) to the west. This farm— 
insightfully named Vooruitzigt (“Foresight,” or 
“Expectation”}—belonged to two brothers, Johannes 
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Nikolaas and Diederik Arnoldus De Beer. Because 
the diamonds at this dry digging were plentiful and 
relatively large, the place was soon overrun by min- 
ers in what came to be known as the De Beers Rush 
(Williams, 1905). 

Two months later, in mid-July 1871, diamonds 
were found at the foot of a low hill formed of porous 
calcareous rock, Gilfillan’s Kop, which was 3.5 km (2. 
miles) west of the De Beers Rush. This marked the 
start of the De Beers New Rush and became the Big 
Hole {later the Kimberley mine}. The credit for this 
discovery is usually given to the Rawstorne party, 
originally from Colesberg, who were digging at the 
original (later “Old”} De Beers Rush. One night when 
the party’s cook Damon was drunk and boisterous, 
the other men sought to get rid of him by telling him 
to go and dig “on that hill over there.” He did, and 
found a diamond. The hill was proclaimed a public 
digging on July 21, 1871. It was subsequently 
renamed Colesberg Kopje (Williams, 1905}. 

However, Sarah Ortlepp, wife of an Orange Free 
State surveyor, claimed to have found the first stone by 
accident while picnicking in the shade of a tree on 


Gilfillan’s Kop a week or two before Damon was told 
to dig there (this story is first told in Beet, 1931). 
Gilfillan’s Kop was probably the only place for miles 
around De Beers Rush to have trees and shade for a pic- 
nic, as depicted in a Mary Barber watercolor that is now 
in the Kimberley mine museum. This diamond stayed 
in the Ortlepp family until recently, when it was placed 
on permanent loan at the Africana Museum in 
Johannesburg (J. Hummel, pers. comm., 1995), 

A large tent settlement grew up between Old De 
Beers and De Beers New Rush. On July 5, 1873, this 
settlement became the town of Kimberley. These 
two dry diggings, together with Bultfontein and 
Dutoitspan, fit within a circle 3.5 km across. They 
developed into the four famous diamond mines locat- 
ed on kimberlite pipes in and around the town of 
Kimberley: the Kimberley (the Big Hole}, De Beers, 
Bultfontein, and Dutoitspan mines (again, see figure 
4). From the earliest days, they produced some spec- 
tacular stones (figures 8 and 9}. 

The dry diggings quickly became far more impor- 
tant than the river diggings. Not only did they con- 
tain more diamonds per volume of ground being dug 


Figure 7. Dutoitspan, one of the earliest “dry” diggings, was also one of the first to be developed into a pipe mine. 
Here, in this late-19th-century woodcut, hundreds of miners’ tents lie among shallow prospecting pits on the orig- 
inal Dutoitspan farm. The Dutoitspan mine can be seen in the distance. From Williams, 1905. 
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Figure 8. The 55 ct Porter Rhodes diamond (named 
for the man on whose Kimberley mine claim it was 
found) was cut from a 154 ct stone considered to be 
the finest African diamond found up to 1880 
({Krashes, 1993). Photo courtesy of Harry Winston Inc. 


up, but the fine-grained dry yellowground was much 
easier to process than the gravels. (Hard “blue- 
ground” had not yet been encountered.) 

Although as many as 20 other kimberlite pipes 
were found around Kimberley over the next 20 years, 
not until September 1890 was another economically 
successful kimberlite found—no more than 8 km (5 
miles) from the Kimberley town center (Williams, 
1905). First called the Premier, the name was 
changed to Wesselton when a larger pipe found in 
Transvaal in 1903 was also called the Premier. 


Consolidation of Claims. In the early days of the dry 
diggings, individual miners were allowed to register 
one claim of 31 x 31 feet square. After 1872, when 
the pits on some claims became deeper than those on 
adjoining claims, and passageways between them 
started to fall in (figure 10], two claims were allowed 
to combine; in 1874, blocks of 10 claims were per- 
mitted. Eventually, the friable yellowground ran out 
and gave way to hard, compact blueground, which 
was more difficult to work. Gradually, syndicates 
and small companies bought out the individual min- 
ers (Reunert, 1893). 

Around 1874, the open pits in the Kimberley 
mine had reached such depths {about 30-40 m)} that 
mechanization was essential to haul the ore to the 
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surface (see, e.g., figure 11), with mules used to pro- 
vide the power. Water caused further problems; to 
pump it out, steam engines made their first appear- 
ance in 1875 (Williams, 1905). By 1878, fallen reef 
(the non-diamond-bearing rock that forms a wall 
around the pipe) became a very serious problem and 
cost much money to remove. To raise the necessary 
capital for mechanization of the mining operation 
and removal of the fallen reef, the smaller claims 
were consolidated into major new companies. By 
1883, all of the diggings at the Kimberley mine were 
controlled by a few companies. The most important 
of these were the Kimberley Central Diamond 
Mining Company (controlled by Barnato Brothers) 
and the “French Company” {actually the Compagnie 
Francaise des Mines de Diamant du Cap de Bonne 
Espérance}, which was run by the Rothschild family 
in Paris. By the end of 1882, the excavations were 120 
m (400 feet) deep and underground mining had start- 


Figure 9, One of the most famous stones found at 
Dutoitspan is this 253.70 ct well-formed crystal 
known as the Oppenheimer diamond, which was 
recovered in 1964. Courtesy of the Smithsonian 
Institution. 
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ed; by 1884, almost all ore at Kimberley came from 
underground workings (Reunert, 1893}. 

The De Beers mine was 100 m deep in 1882 and 
was experiencing the same problems as at Kimberley. 
In 1880, Cecil Rhodes and his partners formed the De 
Beers Mining Company and began to consolidate all 
claims on this pipe into a single entity. De Beers 
Mining’s first technical manager was American min- 
ing engineer Gardner F. Williams, who had been 
manager of an alluvial gold mine near Oroville, 
California, that had also produced a few hundred 
small diamonds (Kunz, 1885}! Williams {1886} wrote 
the first detailed paper on the technical aspects of 
operating the De Beers mine, which by 1884 had 
started underground workings. By 1887, all claim 
blocks in the De Beers pipe had been bought up by 
De Beers Mining. In the Kimberley pipe, Rhodes’s De 
Beers company first purchased the “French 
Company” and then, in 1888, bought out Barnato 
Brothers’ “Kimberley Central” to form De Beers 
Consolidated Mines (Williams, 1905}. By 1889, De 
Beers had completed leasing arrangements for the 
Dutoitspan and Bultfontein pipes. 


Kimberley—the World’s Center for Economic 
Diamond Pipes. As the 19th century drew to a close, 
many other kimberlite pipes were discovered in South 
Africa, but they either were not diamondiferous or 
were low in grade or small in volume. Furthermore, it 
appeared that the closer the pipes were to Kimberley, 
the bigger and better they were. Therefore, Kimberley 


Figure 10. By 1872, as this early photo shows, the 
walls between pits at the Kimberley mine had statrt- 
ed to collapse, so new mining laws allowed two 
claims to combine. By 1874, blocks of 10 claims 
were permitted. Photo from Williams, 1905. 
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was considered the world center for economic kim- 
berlite pipe mines (C. Rhodes, quoted in De Beers 
Annual Report, 1896). The discovery of the first 
Premier {later called Wesselton} pipe in September 
1890, less than 8 km from Kimberley, seemed to con- 
firm this view. Eventually, all five economic pipes 
around Kimberley, plus the Jagersfontein and 
Koffiefontein pipes in the Orange Free State, were 
either owned, leased, or gradually purchased by De 
Beers Consolidated Mines, which controlled the out- 
put of all economic diamond pipes in South Africa by 
the turn of the century. (The purchase of all shares in 
Koftiefontein was completed in 1911.) 


Discovery of the Premier Pipe. The Kimberley area’s 
dominance of diamond production in South Africa 
changed in 1903 when the large Premier pipe was dis- 
covered 30 km east of Pretoria, the capital of the 
Transvaal—500 km northeast of Kimberley. Alluvial 
diamonds and a few small pipes had been found in the 
general area as early as April 1897 (Molengraaff, 1897}, 
but the Boer War (1899-1902) halted prospecting 
activities. By 1898, Thomas Cullinan, a builder and 
local brick manufacturer from Pretoria, had recog- 
nized that alluvial diamonds found on the 
Bijenestpoort (Beehive Pass) farm came from the 
adjoining farm to the east, Elandsfontein. A diamond 
was actually found right beneath the wires of 
Elandsfontein’s western fence (Helme, 1974}. 
Elandsfontein’s owner, Prinsloo, would not sell and 
threatened to shoot any diamond prospectors tres- 
passing on his farm, Nevertheless, in November 1902, 
after Prinsloo’s death and the end of the Boer War, 
Cullinan was able to purchase the farm from 
Prinsloo’s widow and heirs for £52,000 (Helme, 1974). 

In January 1903, Cullinan’s prospecting pits 
revealed diamondiferous kimberlite (Premier... ,” 
1903}, early evidence of a very large, 32 ha (79 acre} 
diamondiferous kimberlite pipe {The Premier mine . 
..,” 1903; Merensky, 1904]. Although a De Beers 
geologist sent to inspect the discovery in January 
1903 reported (to their relief) that it was a “flash in 
the pan” (Helme, 1974, pp. 54-56}, his assessment 
proved very wrong when the largest stone ever 
found—the Cullinan diamond, at over 3,024 {old} 
carats (3,106 metric carats)—was recovered there 
January 25, 1905 (Molengraaff, 1905). Other large 
stones have since been found at the Premier mine, 
which proved to be a strong competitor in overall 
production to the De Beers mines (see “History of 
Diamond Production” in Part II). Thomas Cullinan 
went on to serve as Chairman of the Premier (Trans 
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vaal) Diamond Mining Company (Liddicoat, 1993; 
figure 12). Not until 1920 did the Premier’s board of 
directors reach an understanding with De Beers on 
levels of production. In 1922, De Beers finally 
acquired all shares in the Premier mine (“De Beers 
issuing... ,” 1923, p. 70). The Elandsfontein area 
continued to produce many important alluvial dia- 
monds, including the 726 ct Jonker and 287 ct Pohl 
diamonds, both found in 1934. 


Underground Mining. The Kimberley and De Beers 
mines became the first underground diamond-min- 
ing operations in 1882 and 1884, respectively, when 
workings reached depths of 120 m (400 feet). By the 
time the Kimberley mine was closed in 1914, it had 
been worked down to 1,098 m. The De Beers mine 
was closed in 1908; it was re-opened in 1963 as a 
moder underground mine, and was closed again in 
November 1990, when workings had reached 720 m 
(De Beers Annual Report, 1990). A gradual transition 
from open-pit to underground mining took place in 
the other three diamond pipe mines around 
Kimberley—Bultfontein, Dutoitspan, and Wesselton 
(figure 13} from 1906 to 1910, when depths from 120 
to 150 m were reached. 

The Jagersfontein mine was worked both open 
pit and underground until 1932, and then again as an 
underground mine from 1949 until 1971. The 
Koffiefontein mine remained open pit until its clo- 
sure in 1931. It was re-opened as an open-pit mine in 
1971, converted to an underground mine in 1977, 
closed again in 1982, and re-opened in 1988; it is still 
active today (De Beers Annual Reports, 1971 to pre- 
sent), The Premier mine (figure 14), closed in 1932, 
was re-opened as an underground mine in 1946, and 
is still active. It is the source of many superb stones, 
including the 426.50 carat piece of rough from which 
the 128.25 ct D-flawless Niarchos was cut as well as 
the 599 ct rough that produced the 273.85 ct D-inter- 
nally flawless Centenary diamond (figure 15}. The 
Finsch mine started as an open-pit operation in 1966 
and was converted to underground mining 
September 1990, after the pit reached a depth of 430 
m (De Beers Annual Reports, 1966 and 1990). 

Cutrently, the only operating underground dia- 
mond mines are in South Africa. All other diamond 
pipe mines worldwide are open pit. 


Fissure Mines. As carly as 1895, narrow fissures 
(actually dikes, but called fissures in South Africa}— 
50 cm to a few meters wide and several kilometers 
long—and related small pipes or “blows” (local 


Diamond Sources in Africa: Part I 


Figure 11, As the mining claims in the Kimberley 
area consolidated and pits got deeper, mechaniza- 
tion was needed to bring the miners to the ore and 
transport the ore to the surface. Photo from 
Williams, 1905. 


widenings of a fissure], were known in the Orange 
Free State (Molengraaff, 1895] and in the Cape west 
of Kimberley. From 1905 on, intermittent mining 
took place at Driekoppies (New Thor, Phoenix) and 
Roberts Victor, New Eland, and Monastery (a small 
pipe} in the Orange Free State, as well as at Frank 
Smith-Weltevreden, Sover-Mitjemanskraal, Newlands, 
and Leicester (a small pipe) in the Cape. All these 
mines were closed temporarily during the periods 
1914/15, 1921/22, 1932/34, and 1940/44 (see “History 
of Diamond Production,” in Part Il) and for several 
periods during more recent times when demand for 
new mine production decreased. 

In 1958, high-grade, good-quality fissures were 
found at Bellsbank/Bobbejaan, 80 km northwest of 
Kimberley. These have been successfully mined 
intermittently since then (figure 16}. During the last 
decade, most of the fissure mines and small pipes 
have been re-opened, with a combined (non-De Beers) 
production that the author has calculated to be as 
high as 200,000 carats per year. Most of these are 
underground mines. 


The Lichtenburg Gravels. From the 1880s on, alluvial 
diamonds were found farther and farther upstream 
from the original Vaal River diggings (Coe, 1904). By 
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the turn of the century, diggers had reached Bloemhot 
(again, see figure 4}. During 1907-1911, diamonds were 
discovered in a thin layer of gravels well away from 
the northern bank of the river, on Mooifontein farm 
(Harger, 19JJ}. In 1922, diamonds were found in grav- 
els on Sterkfontein farm in the headwaters of the Mooi 
River, a northern tributary of the Vaal (“The 
Sterkfontein diamond diggings,” 1923). 

Then, in February 1926, the first diamonds were 
found near Lichtenburg, on the high, flat plateau that 
forms the watershed between small, south-flowing 
streams draining to the Vaal River and north-flowing 
streams draining to the Limpopo River {Williams, 
1930). Large concentrations of diamonds (several mil- 
lion carats each) were found at several places in large 
holes in the limestone plateau. Filled with red sandy 
soil and coarse river gravels, the holes had no obvious 
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Figure 12, This necklace, 
which has a 2.60 ct blue 
diamond as its center 
stone, was a present from 
Premier mine Chairman 
Thomas Cullinan to his 
wife, Annie, in celebra- 
tion of the gift of the 
Cullinan diamond to 
King Edward VII of 
England in 1902. 
Courtesy of S. H. Silver. 
Photo © Harold & Erica 
Van Pelt 


watercourses to connect them. Some people believe 
that there is a kimberlite pipe beneath each hole (B. 
Von Gottberg, pers. comm., 1982}, but the consensus 
is that the holes are the remains of an old river sys- 
tem since eroded (see, e.g., Williams, 1930). 

Each diamond deposit on the plateau was 
thrown open to the public by an organized “rush.” A 
Transvaal government official stood on a cart and 
read a proclamation declaring a farm, or part of it, 
open for diamond digging. At the drop of a flag, thou- 
sands of diggers ran forward to put their claim pegs in 
the ground. An estimated 25,000 diggers participated 
in the largest of these rushes, on February 25, 1927, at 
Grasfontein (“Grasfontein diamond rush,” 1927). 

The Lichtenburg gravels were described at length 
by Gardner Williams’s son, A. F. Williams {1930}, 
who was general manager of De Beers Consolidated 
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Mines from 1904 to 1931. At the height of mining, in 
1927, the gravels produced 2, million carats of dia- 
monds, Although activity has dropped off dramatical- 
ly, the field is still worked sporadically. 


Namaqualand Coast. Diamonds were discovered in 
coastal deposits, actually dune valleys, near Liideritz 
in South West Africa (now Namibia] in April 1908 
{figure 17; see below). In August 1925, amateur 
prospector Jack Carstens found the first diamond on 
the coast south of the Orange River, in South Africa, 
near Port Nolloth (Reuning, 1928, Carstens, 1962). 
The area was soon overrun by amateur prospectors as 
well as some professional geologists, such as Hans 
Merensky and Ernst Reuning. 

Merensky was famous for discovering the plat- 
inum-bearing horizon that bears his name 
(“Merensky Reef”) in Transvaal Province (Lehman, 
1955), and Reuning had much experience with the 
coastal diamond deposits in South West Africa. In 
January 1927, Merensky discovered the “oyster line” 
in the Alexander Bay region. He found that the dia- 
monds in this area are associated with a raised beach 
terrace (a terrace formed when sea level was higher 
than at present), which also contained many oyster 
shells (Wagner and Merensky, 1928). He pegged his 
now-famous oyster line and formed the H. M. 
Syndicate. 

The sudden increase in diamond production due 
to the Lichtenburg discoveries, combined with the 
richness of the Namaqualand coastal deposits, 
caused the South African government to pass the 
Precious Stones Bill in November 1927—forbidding 
further prospecting and digging for diamonds on 
state-owned land in Cape Province (Kunz, 1929). 
However, the H. M. Syndicate was awarded its dis- 
covery claims (a prospector who finds a new pipe or 
alluvial deposit is awarded two claims}, and mining 
started in 1928. The remainder of the oyster line was 
taken over by the South African government and pro- 
claimed the Alexander Bay State Alluvial Diggings 
(“Government intends... ,” 1928}. In 1930, the State 
Alluvial Diggings acquired all the discovery claims in 
the area, including those of the H. M. Syndicate. 
They were partly privatized in 1989 into the new 
Alexander Bay Development Corp. (”Alexcor”}, 
which has since been granted three sea concessions. 

Other important diamond deposits were discov- 
ered in 1926 at the mouth of the Buffels River at 
Kleinzee. They were also exempt from the prohibi- 
tions of the Precious Stones Bill, because the area was 
a freehold property. Johannesburg jewelers G. S. 
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Ronaldson and J. van Praagh, who had bought the 
property, invited the Consolidated African Selection 
Trust (CAST), a diamond mining company in the 
Gold Coast (now Ghana} to evaluate the deposit. 
CAST’s prospectors, George and Ronald Dermody, 
two brothers originally from Ireland, submitted a 
favorable report (Selection Trust in-house reports}. To 
develop these deposits, the Cape Coast Exploration 
Company was incorporated in January 1928. CAST 
originally obtained nearly a third of the shares, but 
Anglo American and Barnato Brothers had bought 
out everyone by January 1939 (Greenhalgh, 1985). 
Systematic mining started in 1929, was suspended in 
1932, and resumed in 1937. The Kleinzee deposit was 
mined out in 1958, but adjoining deposits to the 
north at Tweepad and Dreyerspan and to the south at 
Annex Kleinzee are still being worked. 

The Precious Stones Bill was rescinded in 1960. 
By then, De Beers had purchased almost all the farms 
{and their mineral rights) along the Namaqualand 
coast from near Port Nolloth south to the mouth of 
the Olifants River, a distance of 320 km (200 miles}. 
These areas were mapped and prospected in 1958 and 
1959 (the author participated in these surveys as his 
first job), and in the early 1960s several minable 
reserves were outlined along the coast at Koingnaas 
and Hondeklip Bay. Mining started at Koingnaas in 
1978 (“Koingnaas alluvial diamond mine... ,” 1978) 
and is still ongoing. De Beers and Transhex are 


Figure 13. Once depths of 120-150 m were reached, 
mining companies at pipes like the Wesselton (shown 
here) had to go underground. 
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presently mining at Hondeklip Bay. Minable reserves 
were also located at Langhoogte in ancient river ter- 
races along the Buffels River, the largest of the dry river 
beds that are common along the Namaqualand coast. 
Mining started there in 1978 and is still ongoing. 

In 1966, Baxter Brown and Hugh Jenner-Clarke 
were the first to discover alluvial diamond deposits in 
fossilized channels (earlier courses, bends, or mean- 
ders that are now covered by terrace sands and grav- 
els of the present river bed) in the lower course of the 
Orange River’s south bank (Wilson, 1972}. These 
deposits became the Ochta mine and Baken 
Diamante, which produced large, good-quality 
stones. Other fossilized channels have since been 
found on the north bank. 


Off-Shore Deposits. Texas oil man Sam Collins 
formed the Southern Diamond Corporation in 1961 
to prospect for and eventually mine diamonds from 
the sea floor off the coast of Namaqualand. De Beers 
took over management of Southern Diamond in 
1964. Although prospecting and research have con- 
tinued, there has as yet been no systematic mining 
operation. 

The South African government has divided the 
sea concessions into 14 blocks, further subdivided 
into zones A {tidal}, B (shallow), and C {deep seal, as 
illustrated in Gurney et al, {1991}. Several junior min- 
ing companies (notably Benguela Concessions} recov- 


Figure 14, The Premier mine, here shown in an 
early-20th-century photo, was mined open pit until 
it closed in 1936. Reopened in 1946 as an under- 
ground mining operation, it is still being actively 
worked. Photo courtesy of De Beers. 
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er diamonds from submerged beaches in tidal zone A, 
operating from the shore. Divers supported by long air 
hoses guide powerful suction devices that transport 
gravel and sand to the beach where they are washed 
and sorted. In zone B (shallow sea}, small boats are 
also used, but such operations frequently have to be 
suspended because of rough seas (Gurney et al, 1991). 


Discovery of the Finsch pipe. In 1963, De Beers pur- 
chased a large pipe prospect from Alastair Fincham 
and Wilhelm Schwabel, who named their find Finsch 
after the first three letters of their surnames. Because 
of the 1927 Precious Stones Bill, the prospect was 
first pegged as an asbestos claim in 1958. When this 
law was repealed in 1960, the prospectors started to 
work their claim for diamonds and offered it to De 
Beers. The latter declined the offer on the advice of 
one of their geologists, who had gotten uneconomic 
results from a bulk sample collected in one large deep 
pit. The prospectors then dug a long, shallow trench 
right across the pipe and found patches of high-grade 
kimberlite (author’s own files}. De Beers later agreed 
to pay 4.5 million Rand (about US$4 million) to pur- 
chase this 17.9 ha (44 acre) pipe (“Finsch Diamonds 
(PTY) Ltd. acquired by De Beers,” 1963}. Finsch came 
into production in 1966 and was officially opened 
February 27, 1967. It soon produced 3 million carats 
per year. Finsch became an underground mine in 
September 1990, when a depth of 430 m was reached 
(figure 18). 


Discovery of the Venetia Pipe. Although one would 
think that South Africa had been thoroughly 
prospected over the years, a whole new field of dia- 
mondiferous kimberlites was recently discovered in 
the northern Transvaal. In the mid-1970s, while 
prospecting for copper on the Venetia farm, Saturn 
Mining {a subsidiary of the Anglo Vaal group) and 
African Selection Trust intersected a small kimber- 
lite fissure in one drill hole (Selection Trust in-house 
reports). De Beers acquired a lease from Saturn 
Mining to prospect for kimberlites, and in 1979/1980 
De Beers geologists found 12 pipes. The Venetia 
mine, on the largest of the pipes {12.7 ha [31 acre}l, 
started production in 1991 and was officially opened 
August 14, 1999. It reached its planned production of 
5 million carats per year in 1993, and is scheduled to 
produce this amount annually for the next 20 years. 


Future Prospects. The discovery of the Venetia pipe, 
which came more than 100 years after the original 
kimberlite discoveries around Kimberley, showed 
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that new, important, economic pipes can still be 
found in South Africa. Diamondiferous fissures may 
still await discovery in the central part of the Orange 
Free State, the eastern and western Transvaal, and 
the northern Cape areas. It is also possible that a large 
pipe, covered by soil or calcrete, could be found in an 
area that is difficult to prospect. Thus, although the 
country has been prospected for a long time, there is 
still hope for new economic discoveries. 


LESOTHO 
(Formerly Basutoland) 


The first concession to prospect for diamonds in 
Basutoland (now Lesotho} was granted by the Basuto 
paramount chieftainess to Colonel Jack Scott in 1954 
(“Colonel Jack Scott... ,’” 1978}. Several kimberlite 
occurrences were described in the first official report 
on the geology of Basutoland (Stockley, 1947}, but it 
was specifically stated that none had yet been found 
to contain diamonds. 

In 1959, De Beers geologists joined Jack Scott’s 
prospectors and two post-graduate students, Barry 
Dawson and Peter Nixon, from the newly formed 
Research Institute for African Geology at the 
University of Leeds, England, where the first modern 
research on kimberlites was started (Dawson, 1962; 
Nixon et al., 1963}. De Beers withdrew in 1962, and 
the Kao and Letseng-la-Terai pipes (found in 1954 
and 1957, respectively) were declared public diggings. 
A large, pale brown 601.26-ct stone was found in the 
Letseng pipe in May 1967, and in 1968 RTZ took 
over prospecting and evaluation of the Kao and 
Letseng pipes. Notwithstanding the occasional finds 
of large diamonds, RTZ concluded that the pipes 
were not economic and withdrew in 1972. 

De Beers, however, negotiated an agreement in 
1976 to reinvestigate the 15.9 ha Letseng pipe, locat- 
ed at 3,000 m altitude in the Drakensberg 
Mountains. When mining started in 1977 on a 3.7 ha 
(9 acre} section, Letseng became the highest diamond 
mine in the world (“Lengthy wait... ,” 1978). The 
mine closed in October 1982. 


SWAZILAND 


Although a diamond find was reported in 1895 from 
Mahash in the Lebombo Range (“Diamonds found 
near Mahash... ,” 1895), it was not confirmed. After 
De Beers geologists found the alluvial Hlane diamond 
deposit in 1973, they traced the origin of the dia- 
monds to the small, 2.8 ha (6.9 acre} Dokolwayo pipe 
in 1975 (Hawthorne et al., 1979}. De Beers ultimately 
decided that both the diamonds and the pipe were 
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Figure 15. Many superb diamonds have recently 
come from the Premier mine, including the 599 ct 
diamond from which this 273.85 ct D-color (inter- 
nally flawless) Centenary diamond was cut. Photo 
courtesy of De Beers. 


too small to sustain a substantial mining operation. 
However, in 1983 Transhex started a mine that is 
still active, producing about 50,000 carats per year. 


NAMIBIA 
(Formerly South West Africa) 


Namibia has been a steady producer of small but 
good-quality diamonds since the early 20th century. 
In fact, today it ranks first in the world in value per 
carat. Virtually all of the diamonds found are recov- 
ered from raised beach terraces and, in recent years, 
from near-shore and even ocean-floor deposits. 


First Discoveries in 1908. The first alluvial diamonds 
were found in April 1908 by railway worker 
Zacharias Lewala, near Kolmanskop (Merensky, 
1909, Levinson, 1983). Diamonds occurred in loose 
sand in valleys between the dunes along the coast 
from Ltideritz to Bogenfels, 100 km to the south 
(again, see figure 17). The mining settlements of 
Kolmanskop and Elizabeth Bay were founded in 1909. 

Some areas were so rich that the workers had 
only to crawl along the sand to pick up diamonds 
(Kaiser, 1926). Security must have been a nightmare. 
The deposits yielded large quantities of small dia- 
monds of very good quality, and by 1912 South West 
Africa had captured 12% of world production by vol- 
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ume (Wagner, 1914). Surface mining continued until 
World War I intervened. In 1915, the country was 
occupied by South Africa and ownership of the mines 
was transferred to the Custodian of Enemy Property. 


Birth of CDM in 1919, After the war, Consolidated 
Diamond Mines of South West Africa (CDM, created 
specifically for this purpose by Emest Oppenheimer) 
took over, reorganized, and purchased the properties of 
the various German companies. (In 1917, 
Oppenheimer had formed the Anglo American 
Corporation of South Africa [AAC] to raise venture 
capital for investment in the Witwatersrand gold 
mines; AAC took a large shareholder position in CDM 
in 1920.) Mining of the Kolmanskop and Elizabeth Bay 
areas resumed through the 1920s and 1930s, but in 
1928 diamondiferous marine terraces (raised beaches} 
were found in the areas north of the mouth of the 
Orange River (“Another great diamond discovery,” 
1928, Kunz, 1929]. The terrace diamonds were much 
larger (average about 1.5 ct} than the small diamonds 
found at Elizabeth Bay and Kolmanskop (average from 
6 to 7 stones per carat), and they were of equal or better 
quality. Thus, most mining operations had shifted to 
the latter area by 1935, and by 1939 the settlements at 
Kolmanskop and Elizabeth Bay had been abandoned. 


Figure 16. Some small dikes, like this “fissure” at 
Bellsbank (known as the Bobbejaan}, have also 
been mined successfully. 


Oranjemund. CDM headquarters moved from 
Liideritz to the new township of Oranjemund (Orange 
mouth = mouth of the Orange River] in 1943. In this 
area, diamonds are found in sands and gravels of 
ancient marine terraces. These occur up to 35 m 
above present sea level and are covered by an overbur- 
den of dune and beach sand as much as 12-15 m thick 
(Hallam, 1964, Murray et al., 1970). Huge earth-mov- 
ing machinery is used to remove the overburden. 


Offshore and Foreshore Mining. In the early 1960s, 
the idea emerged that diamonds would also be found 
in submerged marine terraces farther out to sea. In 
1961, Sam Collins formed Marine Diamond 
Corporation (“Diamonds mined off the seabed,” 
1962) and obtained a sea-mining concession. Marine 
Diamond worked the sea floor near the coast from 
October 1961 to July 1963, producing 51,000 carats. 
However, unpredictable weather, rough seas, inade- 
quate technology and prospecting, and excessive cap- 
ital expenditures prevented financial success. 

In 1963, CDM purchased 29% of Marine 
Diamond and agreed to incorporate CDM’s diamond- 
mining rights to the tidal zone into a new sea-mining 
joint venture. After initiating a large-scale prospect- 
ing and underwater-mining research program, in 
1967 CDM leased the marine diamond mining rights 
from Collins’s company. In the meantime, in 1965, 
CDM had begun foreshore mining in the shallower 
parts of the tidal areas by building groynes (rigid 
structures built out from the shore} using old metal 
bedsteads and canvas sheeting to keep back the sea 
{Borchers et al., 1970). Although operations were sus- 
pended in April 1971, they resumed in 1973 with 
new, improved methods (still in use today} by which 
huge sand walls are pushed up to 200 m from the 
shore, and once-submerged terraces are mined down 
to about 20 m below sea level (figure 19). 


Submarine Mining. After several years of research 
and prospecting, actual sea-bed mining operations 
started in 1991 in Namibian waters as deep as 100 m. 
Although first-year production was modest—about 
125,000 carats—by 1994 diamond production from 
submarine deposits already accounted for 31% of 
Namibia’s total production (De Beers Annual 
Reports for 1991 to 1994). 

These deposits are believed to extend to the edge 
of the continental shelf (up to 100 km from the shore] 
in water over 100 m deep, so mining costs will be 
high. However, the quality of the diamonds recov- 
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ered is exceptionally good and the deposits are huge 
(Gumey et al., 1991; Meyer, 1991). 


New Mines. CDM has also opened two new mines 
on land in recent years: Elizabeth Bay, on the coast, 
30 km south of Liideritz; and Auchas, on the north 
bank of the Orange River, 45 km inland. Elizabeth 
Bay’s ore reserves have been calculated at 38 million 
tonnes at 6.6 carats per 100 tonnes, that is, more than 
2.5 million carats of good-quality small stones 
{Boting and Russel, 1993}. The mine, started in June 
1991, is projected to produce 250,000 carats annually 
for 10 years. 

Reserves at the Auchas mine are 12.3 million 
tonnes of ore (under 45 million tonnes of sandy over- 
burden}, with 3.6 carats of diamond per 100 tonnes 
{Croll and Cooper, 1993}. Plans are for the mine, 
started in July 1990, to produce 45,000 carats of good- 
quality, larger-than-average diamonds annually for 10 
years. 


CDM Becomes Namdeb. After intense negotiations, 
CDM was restructured in November 1994 as a new 
company, ‘Namdeb Diamond Corporation (Namdeb], 
owned in equal shares by De Beers Centenary and the 
Namibian government (see, e.g., “Namibia: The gov- 
emment is... ,” 1995, and “Namibia: De Beers ... ,” 
1995}. 


Kimberlites. The first kimberlite in Namibia was dis- 
covered at Gibeon Village in 1889. By 1906, several 
other occurrences had been identified as far as 50 km 
east of Gibeon, near Mukorob, and 85 km south of 
Gibeon, near Brukkaros (Scheibe, 1906). The site 
“near Brukkaros” where a 2.75 (old} ct diamond was 
allegedly found in 1893 could not be confirmed, and 
the kimberlites in the Gibeon field proved to be bar- 
ren (Janse, 1975). Namibia has at least four other 
kimberlite fields, but all proved to be barren. 


BOTSWANA 
(Formerly Bechuanaland) 


Botswana is the second largest diamond producer by 
volume on the African continent, and the largest pro- 
ducer by total value in the world. Diamonds are 
recovered from two of the largest-known kimberlite 
pipes—Orapa and Jwaneng—and one small one, 
Letlhakane (figure 20). There is no production from 
alluvial sources. These kimberlite pipes were discov- 
ered only relatively recently, because a large part of 
the country is covered by a thick layer of desert sand. 
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Figure 17. This map shows the key areas where dia- 
monds are being mined in on-shore and off-shore 
deposits along the coasts of Namaqualand (in South 
Africa) and Namibia. The broken line above the 
Orange River in Namibia represents the outer bound- 
ary of the restricted diamond area. The inset shows the 
outline of Namibia. 


Early Discoveries. Although earlier finds of alluvial 
diamonds had been rumored (Wayland, 1949}, the 
first officially recorded discovery—of three small dia- 
monds (0.27, 0.14, and 0.02. ct}—was made in the 
Motloutse River near Foley in 1959, by a prospecting 
party led by Humphrey Willis of CAST/Selection 
Trust (Boocock, 1960, 1965}. The diamonds could not 
be traced to a host kimberlite; rather, they were 
believed to come from an intermediate host, a con- 
glomerate of the Ecca series (Selection Trust in-house 
report), and the company allowed their lease to lapse. 


Discovery of Orapa. Most of central Botswana is cov- 
ered by the Kalahari Desert, a vast expanse of red 
sand dunes that lie in long rows separated by valleys 
covered in grass, bushes, and clumps of thorn trees, 
but no surface water. The De Beers subsidiary 
Kimberlite Searches started prospecting in 1955 in 
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Figure 18. The Finsch mine has been a major South 
African diamond producer since it was opened in 
1967, Mining went underground when the pit— 
shown here in September 1990—had reached a 
depth of 430 m. 


the eastern (less sandy) parts of the country, and in 
1965 they found two nondiamondiferous pipes near 
Mochudi (Boocock, 1965). After 1960, they had also 
moved into the Motloutse River area, farther west 
than CAST had prospected. In April 1967, 12, years 
after they had started, they found a large diamondifer- 
ous kimberlite pipe near a cattle post called Orapa 
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(figure 21). The De Beers prospecting teams (then 
called De Beers Prospecting Botswana) were directed 
by Dr. Gavin Lamont, with Jim Gibson the regional 
team leader. The actual discovery of the Orapa pipe, 
however, was made by Manfred Marx, a junior geolo- 
gist (“Young prospector... ,” 1969; “How the Orapa 
pipe was discovered,” 1971). Marx said to me once 
that “everyone has one great piece of luck during 
their lifetime of prospecting, and I had mine in my 
very first job” (pers. comm., 1994). 

Orapa turned out to be a pipe topped by an oval- 
shaped crater 1,560 m x 950 m and about 80 m deep. 
At 106.6 ha (263 acre}, it was the world’s second 
largest economic kimberlite (after the 146 ha of 
Tanzania’s Mwadui pipe}. 

Bechuanaland became the independent state of 
Botswana in 1966, and in 1969 De Beers Botswana 
Mining Company (Debswana} was registered in 
Gaborone to develop Orapa, originally as an 85/15 
joint venture of De Beers and the Botswana govern- 
ment. The Orapa mine started production in July 
1971 and opened officially on May 26, 1972, with a 
planned production of 2.5 million carats per year 
(“Orapa opening... ,” 1972; Allen, 1981). In 1975, 
the joint venture was reorganized on a 50/50 basis, 
and the principals decided to double the size of the 
Orapa operation. Orapa reached a peak production of 
6 million carats in 1991, and produced 5.4 million 
carats in 1994 (De Beers Centenary Annual Reports 
for 1991-1994], 


Figure 19. By building 
huge walls of sand to 
Keep back the sea, 
CDM has mined vast 
tracts in Namibia 
that were once the 
sea floor. Photo cour- 
tesy of De Beers. 
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Discovery of Letlhakane. The Orapa pipe is part of a 
field that contains 30 known kimberlites. One year 
after Orapa was discovered, De Beers Prospecting 
found two small pipes, Letlhakane 1 and 2 {11.6 and 
3.6 ha, respectively}, about 48 km southeast of Orapa. 
These two pipes came into production in 1976 at a 
projected annual rate of 300,000 carats (Allen, 1981); 
in 1994, they produced 1.1 million carats (De Beers 
Centenary Annual Report for 1994). 


Discovery of Jwaneng. After the successful discover- 
ies of Orapa and Letlhakane, De Beers ventured 
south into the Kalahari Desert and in 1973 discov- 
ered the Jwaneng pipe. Eleven pipes were eventually 
found 25-60 m under a cover of Kalahari sand. 
Jwaneng forms three lobes—south, central, and 
northeast—with a combined area of 54 ha (133 acre] 
under 50 m of sand. Mining started in the central, 27 
ha lobe (figure 22) in February 1982, at a planned 
annual production rate of 5 million carats 
(Chadwick, 1983}; in 1994, Jwaneng produced 9 mil- 
lion carats. 


Prospecting by Falconbridge and Others. In 1974, a 
Falconbridge/Superior Oil joint venture began 
prospecting in Botswana combining indicator-miner- 
al sampling with aeromagnetic surveys (which will 
be described in detail in Part II), Over the next five 
years, they found approximately 60 kimberlites 
under 20-60 m of sand. Although one of these pipes, 
the Gope 25, appeared to have potential, none of 
these kimberlites has yet proved economic. 

In 1982, Superior Oil withdrew and Falconbridge 
formed two joint ventures with De Beers: Gope 
Exploration, to develop Gope 25; and Debridge 
Exploration, to investigate other areas (Jones, 1982). 
No economic discoveries have been announced to 
date. 

Since 1988, smaller companies based in 
Australia, Canada, and South Africa have joined the 
search for diamonds. As of 1994, at least 140 kimber- 
lites in 11 clusters or fields were known. Except for 
Orapa, which outcrops (again, see figure 20}, all other 
kimberlites in Botswana lie under 20-100 m of sand. 
No new major discoveries have been announced thus 
far, but it is highly probable that at least one more 
significant diamond pipe mine will be found. 


ZIMBABWE 
(Formerly Southern Rhodesia) 


Historically, Zimbabwe has been a small producer of 
diamonds from alluvial and minor kimberlite 
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Figure 20. The key mines in Botswana are the 
Orapa, Jwaneng, and Letlhakane. The first of these, 
the Orapa pipe, was discovered only in 1967. The 
Gope 25 pipe is still being evaluated. 


deposits. Today, the River Ranch mine, a single pipe, 
appears to be economic. Because the geologic frame- 
work of Zimbabwe favors kimberlite intrusions, it 
has been the object of considerable prospecting activi- 
ty in recent years. 


Alluvial Deposits. H. R. Moir, who had dug dia- 
monds at Vaal River, was the first to discover alluvial 
diamonds in the Somabula Forest area, in 1903 
(Mennell, 1906; Macgregor, 192.1). By arrangements 
made in 1892 with the British South Africa 
Company {founded by Rhodes}, De Beers had an 
exclusive license to mine all minerals, including dia- 
monds, in Rhodesia. Therefore, Moir contacted 
prominent entrepreneur Sir James Willoughby, who 
formed the South African Options Syndicate and 
used his influence to obtain a diamond-mining con- 
cession from De Beers. Mining operations started in 
1905 but seldom amounted to more than a few bun- 
dred carats annually, they finally ceased in 1938. 


Kimberlite Pipes. The first kimberlite pipe, Colossus, 
was found in 1907, about 80 km southwest of Gwelo 
(Mennell, 1908}, but it was less than colossal—only 
900 by 150 m. Several smaller pipes were later found 
nearby, but all proved to be uneconomic. 

De Beers geologists found more kimberlites in 
the central part of the country in the late 1930s, but 
the results were not encouraging. Kimberlite 
Searches has prospected intermittently since the 
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Figure 21. This aerial view shows the Orapa kimberlite 
pipe shortly after its discovery in 1967, Untike most 
kimberlites, the circular outline of the pipe (lower right 
foreground) can be seen at the surface. Photo courtesy 
of Manfred Marx. 


early 1950s, adding to the number of uneconomic 
kimberlites discovered. 

Since 1992, however, prospecting activities have 
accelerated due to a change in the mining law and 
the promise of continued political stability, com- 
bined with discoveries of diamondiferous pipes in 
Canada’s Archaean shield (an area of ancient granitic 
rocks, i.e., more than 2,500 million years old). Most 
of Zimbabwe is also underlain by an Archaean shield, 
but the overlying platform sediments have been erod- 
ed from much of it. Therefore, large pipes and craters 


Figure 22. Botswana’s enormously successful 
Jwaneng open-pit mine, here as it looked in 1992, 
produced 9 million carats of diamonds in 1994. 
Photo courtesy of De Beers. 
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are less likely to occur here than in Botswana and 
South Africa (where the platform sediments are still 
present, so the upper, wider parts of pipes and craters 
could still be preserved}. Nevertheless, several 
Canadian and Australian companies, as well as 
Kimberlite Searches, are actively prospecting 
throughout the country (“Zimbabwe diamond hunt 
expands,” 1994). 

About 30 kimberlites had been found in 
Zimbabwe as of mid-1995. To date, only the River 
Ranch pipe has proved economic. 


River Ranch Mine. The River Ranch kimberlite pipe 
was found in 1975 by Kimberlite Searches, but was 
reported to be uneconomic (De Beers Annual Report 
for 1977). The mineral rights were returned to the 
state and were then acquired by a joint venture 
between Auridiam (Australia based) and Redaurum 
(Canada based). They started a mining operation in 
1992, with a planned annual production of 300,000 
carats; as of the end of 1994, however, production 
was a little over 150,000 ct (Holloway and 
Associates, 1995}. Evidence for the presence of very 
large diamonds is provided by the finding of large 
fragments from diamonds broken during recovery. 
Fragments of one large stone added up to 326 ct. The 
plant has been modified to recover large stones—up 
to 40 mm in longest dimension—intact (“Further 
evidence... ,” 1994). The mine was officially 
opened November 2, 1995. 


ZAIRE 

(Formerly the Belgian Congo) 

In recent years, Zaire has been the largest diamond 
producer in Africa {and second in the world after 
Australia) by weight, nearly 70 million carats during 
1991-1994. Although most of the diamonds are 
recovered from sands and gravels along watersheds 
and hillsides, the highly productive Mbuji-Mayi area 
derives large quantities of poor-quality stones from 
small kimberlites. However, the outlook for diamond 
mining in Zaire is currently uncertain, because of 
chaotic social and political conditions. 


Earliest Discoveries. The earliest diamond find was 
made in December 1903 in Katanga (now Shaba 
Province] by two tin prospectors, Cookson and Jacks, 
who were working for Tanganyika Concessions, an 
English tin company. They found the first diamond 
in Mutendele Creek, a tributary of the Lualaba River, 
one of the headwaters of the Congo (now Zaire) River 
(Buttgenbach, 192.5}. Further minor discoveries made 
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in the Lualaba River during 1906 to 1909 (Ball, 1912) 
were traced to two groups of diamondiferous, but 
uneconomic, kimberlites along the eastern and west- 
ern rims of the Kundelungu Plateau. Although some 
of the pipes were large (such as Talala, at 50 hal, 
grades were low, less than 0.1 ct per tonne, and the 
diamonds were very small, averaging 15 stones per 
carat (Bardet, 1974), 

Instead, the major diamond deposits in the 
Belgian Congo were found in two areas 350 km apart: 
Tshikapa in Western Kasai, and Mbuji-Mayi in 
Eastern Kasai Province (figure 23). 


Tshikapa. Belgian prospector Narcisse Janot found 
the first diamond—O.1 ct—in the Tshikapa area on 
November 4, 1907, in the Kasai River at Mai 
Munene (Ball, 1912). He was a member of a field 
party led by American geologist M. K. Shaler, which 
was prospecting for the newly formed Société 
Internationale Forestiére et Miniére du Congo 
{Forminiére}, a joint venture between (first King 
Leopold and then) the Société Genérale de Belgique 
and the American Guggenheim-Thomas Ryan group. 

The Tshikapa area was inhabited by the fiercely 
independent Batshioko tribes, which resented the 
intrusion of foreigners, so a detachment of soldiers 
accompanied the prospecting party. One can visual- 
ize the conditions when Janot was panning for gold: 
It was raining hard, the natives were hostile, and he 
had been away from home for nearly half a year, 
When he found some color in his pan (a few specks of 
yellow gold], he quickly put the concentrate, which 
included a bright shiny crystal, in a bag that eventu- 
ally ended up in Brussels with all the other samples. 
P. Lancsweert, who inspected Janot’s samples, recog- 
nized the crystal as diamond, and Shaler’s accurate 
field notes helped them locate the probable discovery 
site (Buttgenbach, 1910; “How diamonds were dis- 
covered... ,” 1925}, The find was confirmed by Janot 
in 1911, when ruffled tribal feelings had settled 
down. Mining started in 1913, and the Tshikapa 
deposits became a steady producer of good-quality 
small stones (Bardet, 1974}. They are still active. 

At Tshikapa, diamonds are found in unconsoli- 
dated sands and gravels in and along the Kasai River 
and its tributaries—Tshikapa, Longatshimo, 
Tsiumbe, and Lubembe—which flow north from the 
Lunda region of Angola into the Kasai region of Zaire 
(Ball and Shaler, 1914}. Early mining was carried out 
in small, scattered, and isolated workings with one or 
two Belgian supervisors and about 50 local workers. 
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Figure 23. Although some uneconomic pipes 
have been found along the eastern and western 
rims of the Kundelungu Plateau, the major dia- 
mond deposits in Zaire are in the region of the 
towns of Tshikapa and Mbuji-May!. 


European-organized mining ended abruptly in 1961, 
after independence was attained, and has never been 
resumed. Virtually all mining is now done by locals, 
who produce several hundred thousand carats a year 
from this area. 

After 1967, the national government tried to con- 
trol the diamond industry in Westem Kasai by allow- 
ing expatriate companies to set up buying offices. 
Nevertheless, even today production and trade still 
are not controlled by the central government. The 
number of carats purchased at the official buying 
offices rose from a few thousand in 1968 to close to 
600,000 annually in the late 1980s and 1990s. 


Mbuji-Mayi. The first diamonds at Bushimaie (now 
called Mbuji-Mayi} were found in December 1918 by 
George Young, a young Scottish geologist working 
for the Compagnie des Chemins de Fer du Bas-Congo 
au Katanga (Bécéka], a railway company that had 
been granted huge tracts of land for mineral explo- 
ration (Polinard, 1929), Young found more than 8,800 
small diamonds in one location in a tributary of the 
Bushimaie River. The Société Miniére du Bécéka was 
formed in 1919, and mining started at once with 
Forminiére managing the operation for Bécéka. 
Diamonds were found in gravelly soil and rock 
debris on low watersheds along the Bushimaie River 
and its tributaries, Kanshi, Mudiba, and Katsha. They 
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came from several small kimberlites, discovered in 
1946 (de Magnée, 1947). Their pipe stems are very 
narrow and are topped by small craters that contain a 
complex mixture of sandstone, kimberlite, clay, cal- 
cite, opal, and chalcedony rock and mineral fragments. 
Diamonds were found in eluvial (directly overlying the 
kimberlite} and colluvial (transported down slope}, as 
well as alluvial deposits in the stream beds. 

The diamonds were generally of poor quality (95% 
bort}, but the grade was high (5 carats per tonne} and 
mining was low cost (Bardet, 1974). Consequently, large 
quantities were produced, reaching a peak of 18 million 
carats in 1961. This enormous production has made a 
significant impact on the world diamond market. 

Bécéka was reorganized after independence into a 
new Belgian company, Sibeka (Société d’Inves- 
tissements de Bécéka, later Société d’Entreprises et 
d’Investissements}, which formed a subsidiary Miba 
(Société Miniére de Bakwanga) to manage the Mbuji- 
Mayi mines. The Congolese (after 1970, the Zairian) 
government took a 50% equity in Miba; this was 
increased to 100% in 1971, and settled back to 80% in 
1973. Miba produced only 4.6 million carats in 1992, 
whereas private licensed contractors and artisanal 
labor produced about 10 million from the same area, 
and illicit production for all of Zaire is estimated at 
another 10 million. After 75 years of large-scale surface 
mining, however, the easily accessible eluvial and col- 
luvial deposits are becoming depleted, and operations 
are gradually moving to the alluvial deposits, which 
are being mined by large dredges. Yet the international 
financing needed to refurbish the Miba plant and 
dredges has not been forthcoming because of Zaire’s 
unstable political climate. 

From 1961 to 1967, almost all production left 
Zaire illegally through various African countries, 
notably the Central African Republic and Congo 
(Congo-Brazzaville). Diamond exports from Congo 
reached 6 million carats in 1967, but almost all of the 
stones exported actually came from the Tshikapa and 
Mbuji-Mayi areas, because there are no diamond 
mines in Congo. Accordingly, Congo is not listed as a 
producer of diamonds in figure 2; diamonds exported 
from this country are assigned to Zaire’s production. 


ANGOLA 


An important African diamond producer, Angola 
exports up to 2 million carats of good-quality dia- 
monds annually, primarily from alluvial deposits. 
Like Zaire, though, an unstable political situation has 
hindered both organized mining operations and 
prospecting. If unrest subsides, and order is restored, 
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Angola will undoubtedly be an even greater player on 
the international market. 


Alluvial Fields. The discovery of diamonds in the 
Tshikapa area of what is now Zaire encouraged the 
Guggenheim-Ryan group to extend prospecting far- 
ther upstream into the Lunda area of Angola. In July 
1912, Donald Steel found the first diamonds in tribu- 
taries of the Luembe River (Legrand, 1984). The 
Companhia de Pesquisa Mineiras em Angola (Pema) 
was founded in Lisbon in 1913 to mine the diamonds 
(Castro, 1929). Production, which started in 1916, 
rose gradually from 100,000 carats in 1921 to nearly 
800,000 carats in 1940, 

In 1917, Pema was reorganized into the new 
Companhia de Diamantes de Angola (Diamang], and 
four years later Diamang acquired prospecting rights to 
virtually all of Angola {except the coastal strip} until 
1971. Barnato Brothers and Anglo American purchased 
large share holdings in Diamang in 1923, and secured a 
contract that all diamonds produced would be sold to 
the Diamond Syndicate (“The Angolan diamond 
deal,” 1923). To date, nearly all Angolan diamonds 
come from alluvial deposits in the Andrada and 
Lucapa areas of northeastern Lunda Norte and the 
Cuango River (figure 24), Diamond production reached 
a peak of 2.4 million carats in 1973. 

In 1971, Diamang was restricted to about 50,000 
km2 in northeastern Lunda Province, and the 
Consorcio Mineiro de Diamantes (Condiama} was 
formed to take over the rights to all other areas. This 
consortium included the Angolan provincial govern- 
ment, De Beers, and Diamang. The newly indepen- 
dent Angolan government took over Diamang in 1976, 
and the following year made it a subsidiary of Empresa 
Nacional de Diamantes de Angola (Endiama), 
Diamang was finally dissolved in 1986. The complex 
history of the Angolan diamond industry up to the 
middle of 1992, is summarized in “The Angolan dia- 
mond experience” (1992), with an update to early 1995 
provided in Gordon (1995). This includes the roles 
played by Endiara, Mining and Technical Services 
(MATS, an affiliate of De Beers that operated from 
1979 to 1985}, Sociedade Portuguesa de Empre- 
endimentos (SPE), Rhodesian Selection Trust (RST), 
De Beers, and the Unita forces (whose invasion of the 
Cuango diamond fields in February 1985 led to the 
withdrawal of most foreign technicians]. 

With the onset of civil war following indepen- 
dence in 1975, official production dropped to a low of 
270,000 carats in 1986. Although official annual pro- 
duction rose to about one million carats recently, 
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Angola has a large illicit production (estimated at an 
additional one million carats in 1992) that is largely 
caused by the recurrent demobilization of soldiers. 
Once released, the soldiers would rather dig for dia- 
monds than retum to their farms. Illicit production 
decreases when military operations take place or 
heavy rains impede digging. 

A law passed in October 1994 gave Endiama the 
exclusive right to all diamond deposits in Angola and 
empowered it to enter into joint ventures with for- 
eign companies (with government approval). 
Licensed artisanal digging (manual diamond mining 
by local residents) is allowed in places where large- 
scale mining would not be lucrative. 

Present alluvial operations are carried out in the 

Lucapa area by ITL Mining {a subsidiary of RST) on 
behalf of the Sociedade Mineira de Lucapa, a joint 
venture of Endiama and SPE. Alluvial operations in 
the Cuango Valley, which stopped when Unita forces 
reinvaded the diamond workings in November 1992, 
are starting up again. It is estimated that about 80% 
of Angolan diamonds produced in 1980-1992, came 
from this area (Gordon, 1995). 
Kimberlites. There is only very limited production 
from eluvial and colluvial gravels overlying pipes such 
as the one at Camafuca-Camazomba, which was 
found in 1952. in the Chicapa River near Calonda 
(Real, 1958]. This sinuous 3 km-long body, up to 550 
m wide, covers an area of 75 ha (185 acres]. Many 
other diamondiferous kimberlites were discovered in 
the Lunda Norte district and elsewhere in Angola in 
the 1970s (Jourdan, 1990, gives a total of 600). 
Prospecting activities by Diamang and Endiama indi- 
cated that at least five pipes in Lunda Norte may be 
economic: Camutue, Caixepa, Camatchia, Camagico, 
and Catoca. However, Angola's internal strife has hin- 
dered evaluation and development of pipes throughout 
the country. The Russia-Sakha Diamond Corporation 
(Almazy Rossii-Sakha], in a joint venture with 
Endiama and Brazil-based Odebrecht, was reportedly 
planning to develop the 66 ha Catoca pipe for open-pit 
mining. Development was delayed, though, as govern- 
ment forces recaptured the Catoca area only in July 
1994 (Gordon, 1995). 

De Beers is currently negotiating rights to 
prospect off-shore for submarine deposits and at sev- 
eral areas on-shore (Gordon, 1995), 


CENTRAL AFRICAN REPUBLIC (C.A.R.) 


The Central African Republic has been a small but 
steady producer of diamonds since the mid-1930s. 
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Figure 24. Most of the diamonds found to date in 
Angola come from alluvial deposits in the Lucapa 
and Cuango areas, in Lunda Norte Province. 


All diamonds produced there to date came from allu- 
vial deposits. The first diamonds were found in 1914 
near Bria in the south central part of the country 
(Middleton, 1932). The major diamond-producing 
regions are Carmnot-Berbérati in C.A.R.’s wet south- 
west and Mouka Ouadda in its dry northeast. 
Diamond production started in 1931. Mining was 
carried out by small French companies until indepen- 
dence was attained in 1961, after which syndicates of 
locals assumed control. 

Since the early 1980s, foreign companies have 
again been allowed to participate in mining ventures. 
Osborne and Chappell Company attempted to dredge 
the Mambéré River (the main trunk river in the 
Carnot-Berbérati region) during 1989-1990, but the 
project was terminated because the results could not 
support a large mechanized mining operation. 

Prospecting programs to evaluate the allegedly 
extensive colluvial deposits in the Bamingui- 
Bangoran area of the northeastern Mouka Ouadda 
region have been proposed since 1984. Canada-based 
United Reef recently raised venture capital to evalu- 
ate this project (Roux, 1994), and they started small- 
scale mining in June 1995. 

Official plus unofficial production in C.A.R. is 
estimated at 500,000 carats annually for the last 33 
years (based on Mining Annual Review reports for 
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Figure 25. The 128 ct fancy yellow Tiffany diamond was 
cut from one of the fabulous diamonds found in southern 
Africa, a 287 ct piece of rough reportedly recovered from a 

claim on the Kimberley mine in 1878. Photo by Josh 
Haskin; courtesy of Tiffany & Co, 


1961-1994), Despite careful prospecting, no kimber- 
lites or other primary host rocks have been found in 
this region, and all of C.A.R.’s diamonds are recov- 
ered from alluvial sources. 


CONCLUSION TO PART I 


The history of diamond and kimberlite discoveries in 
Africa spans nearly 130 years, from children playing 
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A CHART FOR THE SEPARATION 
Or NATURAL AND 
SYNTHETIC DIAMONDS 


By James E. Shigley, Emmanuel Fritsch, Ilene Reinitz, and Thomas M. Moses 


A chart is provided that describes those 
gemological properties that are key to the 
separation of gem-quality yellow, blue, and 
near-colorless (to colorless) natural dia- 
monds from synthetic diamonds. This for- 
mat was designed to give jewelers and 
gemologists a ready reference to identify 
synthetic diamonds as they enter the jewel- 
ry trade. Magnification and luminescence 
are the most important testing techniques 
currently available to jewelers and gemolo- 
gists. The most distinctive features of syn- 
thetic diamonds include color zoning, 
graining, metallic inclusions (often making 
the stone magnetic), and uneven ultraviolet 
fluorescence. 
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/ ow that small numbers of gem-quality synthetic dia- 

monds have begun to appear in the jewelry industry, it 
has become critical that the professional jeweler/gemologist 
have the skills not only to quality grade a diamond, but also 
to identify that it is a natural, untreated stone. This article 
accompanies a chart that describes the distinctive gemologi- 
cal properties of natural as compared to synthetic gem dia- 
monds (figure 1). In particular, the chart was designed to bring 
together in summary form those characteristics of gem-quali- 
ty synthetic diamonds that will enable jewelers and gemolo- 
gists to readily distinguish them from natural diamonds. This 
article describes the information contained in the chart, how 
it is organized, how it can be used in a standard gem identifi- 
cation procedure, and how the diagnostic gemological fea- 
tures can be resolved or recognized using standard gem-test- 
ing equipment. Some additional data, obtained through 
advanced techniques such as energy-dispersive X-ray fluores- 
cence chemical analysis, infrared spectroscopy, and cathodo- 
luminescence, are also cited because they provide useful 
information that the well-equipped gem-testing laboratory 
can use to support a conclusion. With this chart, jewelers and 
gemologists alike have the means to identify the variety of 
gem-quality synthetic diamonds available at this time (see 
Box A). 


BACKGROUND 


Over the past several years, various gemological researchers 
have published information on gem-quality synthetic dia- 
monds and their practical gemological identification. 
Important articles include those by Crowningshield (1971), 
Koivula and Fryer (1984), Shigley et al. (1986, 1987, 1993a, 
1995), Ponahlo (1992), Rooney et al. (1993), Moses et al. (1993a], 
Scarratt et al. (1994), Kanda and Lawson (1995), and Sunagawa 
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Figure 1. Shown here are some of the synthetic diamonds examined by GIA researchers to date (clockwise from 
top photo): (1) three faceted (0.39 ct yellow, 0.31 ct grayish blue, and 0.30 ct near-colorless) synthetic diamonds 
and one crystal (0.73 ct near-colorless) grown experimentally by General Electric; (2) three Sumitomo yellow crys- 
tals (top, 0.63-1.07 ct) and four yellow synthetic faceted stones (0.16-0.24 ct); (3) a 0.14 ct synthetic diamond 
with a dark red color caused by treatment; (4) De Beers experimental yellow synthetic diamonds—0.30 ct (left), 
0.27 ct (right), and a 1.03 ct crystal (top); (5) a 0.42 ct near-colorless crystal produced in Russia; (6) two yellow 
Russian as-grown crystals (left, 0.78 ct; right, 0.88 ct), plus three as-grown (0.18-0.51 ct) and two treated 
(0.14-0,21 ct) faceted synthetic diamonds. Photos are by, again clockwise from top, Tino Hammid (first two), 
Shane F, McClure, Tino Hammid, Shane F. McClure, and Robert Weldon. 
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Box A: A PRACTICAL GUIDE FOR SEPARATING 
NATURAL FROM SYNTHETIC DIAMONDS 


Synthetic diamonds have a number of gemological 
properties by which they can be identified reliably. 
However, this requires that jewelers look at diamonds 
more carefully, and document more properties than 
they traditionally have documented. The following is a 
step-by-step procedure, to be used in conjunction with 
the information and illustrations on the chart, by which 
synthetic diamonds can be identified by any trained 
gemologist using standard gemological equipment. 


MAGNIFICATION 


The first step in grading, appraising, or purchasing a dia- 
mond is to examine the stone with magnification, prefer- 
ably with a gemological microscope. This procedure, in 
which the observer determines such important informa- 
tion as the clarity and other grading parameters, is also 
critical to determining whether the diamond is natural 
or synthetic. 

Careful observation of the inclusions present often 
reveals the identification of the diamond conclusively. 
For example, an included crystal of a transparent guest 
mineral such as garnet, enstatite, or diopside—or of 
another diamond—identifies the diamond as natural. 
Conversely, if you see a dark, opaque inclusion, you 
would want to look at it very carefully using such light- 
ing methods as fiber-optic illumination to determine if 
its luster is reflective and metallic (figure A-1). If so, it 
might be a piece of metallic flux, in which case testing 
for magnetism (see below} would be sufficient to prove 
that it is a synthetic. 

In situations where the diamond is of higher clarity 
and no diagnostic inclusions are present, close examina- 
tion of growth features may aid in identification. 
“Hourglass” graining, which is usually visible through 
the pavilion, is related to the octahedral and cubic inter- 
nal growth sectors of synthetic diamonds. Consequently, 
the presence of hourglass graining is proof that the dia- 
mond is synthetic. Any graining (colorless, colored, 
whitish, green, or even surface graining) following the 
octahedral planes throughout the stone would indicate 
that the diamond is natural. Likewise, phantom graining 
along the octahedral directions would also serve to iden- 
tify a diamond as natural. 

Ina colored diamond, any color zoning observed can 
be useful for making the identification; examination with 
diffused transmitted light is very helpful in this regard. 
Natural diamonds may show planar bands of color or a 
roiled effect, but only synthetic diamonds would show 
pattems related to the internal growth sectors. 


ULTRAVIOLET FLUORESCENCE 
If no diagnostic features are seen with magnification, or 


to confirm a preliminary identification made on the 
basis of internal features, you would look next at the 
reaction to long- and short-wave ultraviolet (UV} radia- 
tion. In most instances, there will be some distinguish- 
ing fluorescence features present. In the past, the fluo- 
rescence reactions of diamonds were not perceived as 
key identifying features by the jeweler or gemologist, 
who was solely concerned with grading concepts such 
as the strength and color of the reaction to long-wave 
UV radiation. For grading purposes, the diamond is 
placed table down under a long-wave UV light source in 
partial darkness. For identification purposes, it is prefer- 
able to view the stone from all directions, under both 
wavelengths of UV light, in total darkness. In the latter 
case, the pattern (or zoning) of the fluorescence is often 
more important than the fluorescence color. 

A natural diamond typically fluoresces blue to 
long-wave UV (LWUYV) radiation, with a weaker and 
usually yellow reaction to short-wave UV (SWUV}. This 
fluorescence is usually evenly distributed, but it may be 
planar. Conversely, synthetic diamonds typically fluo- 
resce yellow to yellowish green to both LWUV and 
SWUV, with the reaction often noticeably stronger to 
short-wave than long-wave. In addition, the internal 
growth sectors of a synthetic diamond generally pro- 
duce a cross-shaped, octagonal (or similar geometric} 
pattern of fluorescence to either or both wavelengths. 

In some cases, fluorescence may be stronger to 
LWUYV than to SWUYV, or the reaction to both wave- 
lengths may be similar in strength, unlike the notice- 
able difference in intensity usually present in natural 
diamonds. Low magnification can be useful to observe 
any zoning of the fluorescence reaction. (An Optivisor is 
well-suited for this purpose; if a microscope is adapted 
for this use, precautions should be taken to shield the 
operator's eyes from the short-wave UV radiation.] 

Ultraviolet fluorescence is a test commonly used by 
jewelers and gemologists, and simple observations such 
as these may identify the diamond conclusively. In addi- 
tion, an entire parcel of stones can be tested at one time. 


SPECTROSCOPY 


To date, most of the gem-quality synthetic diamonds 
encountered in the trade have been yellow to brownish 
yellow in body color; they have been identified as syn- 
thetic during the testing procedure used to determine 
their “origin of color.” Observation of the spectruam— 
with a prism or diffraction-grating (hand-held or desk- 
model) spectroscope—is a routine test for colored dia- 
monds. The spectra of most natural diamonds, whether 
of natural or treated color, differ from those seen in syn- 
thetic diamonds, The most common spcctral features 
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seen in natural diamonds are the “Cape” lines at 415 
nm and at 452, 465, and 478 nm. On the basis of the 
samples we have examined to date, we believe that the 
presence of a 415 nm line in a colorless to light yellow 
diamond can be considered proof that the stone is natural. 

Treated-color natural diamonds may show addi- 
tional absorptions at 496, 503, 595, or 637 nm. Such 
spectral features suggest that the diamond is natural 
{even if the color is treated). Absence of the 415 nm line 
would not prove that the diamond is synthetic, but it 
would make it necessary to test the stone further. 

Some synthetic diamonds show a number of 
absorption lines between 470 and 700 nm (see chart}, 
which are due to the nickel used in the flux. 
Observation of several of these lines would indicate a 
synthetic. However, most colored synthetic diamonds 
are predominantly type Ib, so no sharp absorption fea- 
tures are expected in the visible spectrum. Rarely, natu- 
ral diamonds are type Ib or type Ila, and these are not 
expected to show spectral lines. 


MAGNETISM 


The metal fluxes used to help grow synthetic dia- 
monds often leave metallic inclusions—from submi- 
croscopic particles to eye-visible pieces—in the syn- 
thetic stone. Such inclusions are magnetic and may 
be attracted by a strong magnet. To detect this mag- 
netism, the diamond can be suspended from a string 
and sheltered against air currents, while the magnet is 
placed close to the stone {but not touching it}. Moving 
the magnet from side to side should induce a parallel 
motion in a synthetic diamond, but will cause no 
movement in a natural stone. 

As mentioned above, observation of a dark inclu- 
sion with a metallic luster would lead you to perform 
this test, although finely dispersed flux that is not 
resolvable under magnification may also react to a 
magnet. Thus, a clear response of the diamond to the 
magnet proves that it is synthetic, but lack of a mag- 
netic response only suggests that it is natural. In rare 
instances, a natural diamond may contain inclusions 
that cause the stone to be faintly attracted to a strong 
magnet, but such a diamond will undoubtedly have 
other properties that prove it to be natural. 


STRAIN 


Anomalous double refraction (ADR), commonly called 
“strain,” is a characteristic of diamonds that normally 
goes unnoticed by the jeweler or gemologist, although it 
is well known to diamond manufacturers. It can be 
observed by holding the diamond from table to culet 
under a polariscope or between crossed polarizing filters 
attached to a gemological microscope. Although this is 
not a “stand-alone” test, it is particularly useful when 
the stone is free of inclusions, is of high color, or shows 
no “Cape” series in the spectroscope. Natural diamonds 
generally show banded, cross-hatched, or mottled strain 


Figure A-1. A group of metallic inclusions ts seen 
here under the table facet of a brownish yellow 
synthetic diamond. Although the square shape of 
the inclusions is somewhat unusual, their 
opaque appearance in transmitted light is very 
characteristic. Photomicrograph by John I. 
Koivula; magnified 25x. 


patterns and bright interference colors, whereas the 
strain present in synthetic diamonds shows a cross-like 
pattern in subdued colors, mainly black and gray. 


SUMMARY 


Whether the diamond is ultimately to be examined for 
grading or for its origin of color (procedures that differ 
considerably), you can determine the stone’s natural or 
synthetic origin by using one or more of these basic 
gemological tests: 


1. Examine the stone with magnification, looking 
for inclusions, color zoning, and graining. 


2. Observe the UV fluorescence, especially with the 
stone in the face-up position, looking for both a 
fluorescence pattern and the relative strength of 
fluorescence to LWUV and SWUV. 


3. Look at the spectrum with a hand-held or desk- 
model spectroscope. 


4. Check whether a suspected synthetic reacts to a 
strong magnet. 


5. If necessary, observe the strain patterns/colors 
between crossed polarizers. 
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(1995). Other articles, taken mainly from the gemo- 
logical literature, are provided in the “Additional 
Reading” addendum to the “References” list. The 
purpose of all these articles has been to inform the 
jewelry trade (and, indirectly, the public at large) 
about synthetic gem diamonds from various manu- 
facturers (in particular, experimental samples from 
General Electric and De Beers, and commercial mate- 
rial from Sumitomo and various Russian laboratories 
lagain, see figure 1]). The articles have also demon- 
strated how to identify those gemological characteris- 
tics that trained jewelers and gemologists can use to 
separate synthetic diamonds from their natural coun- 
terparts. 

We believe that, to date, synthetic diamonds of a 
size and quality suitable for faceting have been grown 
only in limited numbers and have had little, if any, 
adverse impact on the jewelry industry. However, as 
the costs of production go down (with improvements 
in the technology of diamond synthesis], it is possible 
that such synthetics will be less rare in the future. 
The only synthetic diamonds encountered in the 
trade by the GIA Gem Trade Laboratory (GIA GTL] 
have been yellow (10 samples seen since 1987 with 
nine of these seen since 1993: see, e.g., Moses et al., 
1993b; Kammerling et al., 1993, 1995b) or red (three 
samples seen, all with the color due to laboratory 
treatment, the first two are described in Moses et al., 
1993a). A faceted 1.23 ct brown-yellow synthetic dia- 
mond was examined by staff members of the Hoge 
Raad voor Diamant (HRD) certificates laboratory in 


Antwerp (van Royen, 1994, p. 44). A 2.32 ct brown- 
yellow brilliant-cut pear-shaped synthetic diamond 
was reported by the Gemmological Association of 
Great Britain Gem Testing Laboratory in London 
(Emms, 1994]. Synthetic yellow diamonds from 
Russia have also been examined by gemologists in 
Germany (Henn and Bank, 1993), Thailand (Scarratt 
et al., 1994), and Italy (Sosso, 1995}. The largest 
faceted synthetic diamond known to date is a 5.47 ct 
brownish yellow stone (cut as a round brilliant] that 
was identified in early 1995 by staff members of GIA 
GTL. Despite the limited numbers of synthetic dia- 
monds seen, the fear that they will enter the market- 
place and will not be readily identifiable continues to 
haunt the trade (see, e.g., Costan, 1993; Nassau, 1993; 
“Chatham to sell ‘created’ diamonds,” 1993; Helmer, 
1994; Howard, 1995). 

Most synthetic diamonds are brownish yellow to 
yellow, but blue and near-colorless crystals have also 
been grown in limited numbers, thus far primarily for 
experimental purposes. In all colors, samples suitable 
in size and quality for jewelry use have been faceted. 

According to the research work published to 
date, those synthetic diamonds available thus far 
have several distinctive gemological properties that 
allow for their identification using readily available 
gem-testing techniques. For both as-grown and labo- 
ratory-treated colored synthetic diamonds {which 
tend to have saturated hues], we have found that the 
most diagnostic gemological properties are certain 
patterns of uneven color; uneven yellow to yellowish 


Figure 2. Natural diamonds, like the 0.69 ct near-colorless stone shown here on the left, typically fluoresce a rela- 
tively even blue to long-wave UV radiation. In contrast, synthetic diamonds, like this 0.13 ct yellow synthetic on 
the right, typically fluoresce yellowish green to short-wave UV radiation, with an uneven (cross-like) pattern (the 
blue color at the lower right is merely a reflection of the UV lamp). Photomicrographs by John I. Koivula; magni- 
fied 5x (left) and 15x (right). 
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green ultraviolet (UV) fluorescence {figure 2}, which is 
often stronger to short-wave (SWUV) than long-wave 
(LWUV] ultraviolet radiation; and certain graining 
patterns, as well as the presence of metallic flux 
inclusions. For near-colorless to colorless synthetic 
diamonds, the diagnostic properties are certain pat- 
terns of uneven UV fluorescence [so far, always 
stronger to SWUV}, persistent phosphorescence, and 
metallic flux inclusions. 

The zonation of color, UV fluorescence, and 
graining that is often so prominent in synthetic dia- 
monds results from their internal structure, which 
contains octahedral, cubic, and sometimes additional 
growth sectors. Chemical impurities trapped from 
the laboratory growth environment are concentrated 
either along the boundaries between internal growth 
sectors, or in one sector and not in adjacent ones, in 
the synthetic diamond crystal (see Kanda and 
Lawson, 1995). The distinctive features of as-grown 
synthetic diamonds result from those conditions of 
diamond formation in the laboratory that differ from 
those in the earth (mostly in that diamonds are 
grown in a silicate solution in nature and a metallic 
solution in a laboratory; see Sunagawa, 1984, 1995}, 

The color of brownish yellow synthetic dia- 
monds can be altered to either pink to red, or yellow 
to greenish yellow, by treatment processes such as 
irradiation followed by heating (Moses et al., 1993a], 
or heating at high pressure (Shigley et al., 1993a}, 
respectively. These treatment processes will also 
alter gemological features such as UV fluorescence 
and absorption bands seen with a hand spectroscope 
(see italicized text on chart}. Nevertheless, a treated 
synthetic diamond is no more difficult to detect than 
its untreated synthetic counterpart. 

Although there are many similarities in gemo- 
logical properties among synthetic diamonds from 
various manufacturers, and among those treated by 
different processes, there are also some differences. It 
is because of this that we decided to bring together in 
chart form those features that we currently know to 
be useful in the identification of synthetic diamonds. 


CONTENTS OF THE CHART 


The chart presents information on synthetic (both as- 
grown and laboratory-treated) diamonds and their 
natural counterparts in a vertical format organized by 
three general color groups: yellow, colorless to near- 
colorless, and blue. For each general color group, we 
have summarized only the most useful gemological 
properties. For the most part, we chose to restrict 
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Figure 3. The Luminoscope, manufactured by 
Premier American Technologies Corp., consists 
of two parts: On the left is the vacuum chamber 
and electron “gun,” and on the right is the power 
supply and contro! unit. Diamonds will emit vis- 
ible cathodohiuminescence when they are bom- 
barded by the electron beam in the vacuum 
chamber. Photo courtesy of Premier American 
Technologies Corp., Bellefonte, Pennsylvania. 


information to properties of faceted natural or syn- 
thetic diamonds that could be documented readily by 
gemologists, although some other features such as 
crystal size and shape are included. Sunagawa (1995) 
provides a comprehensive discussion of the differ- 
ences in morphology, surface features, and internal 
characteristics of rough natural and synthetic dia- 
mond crystals. 

Some information derived from three other iden- 
tification techniques—cathodoluminescence, energy- 
dispersive X-ray fluorescence (EDXRF) chemical anal- 
ysis, and infrared spectroscopy—is also included on 
the chart. We believe that cathodoluminescence 
(luminescence generated by exposure of a material to 
a beam of electrons in an evacuated chamber), in par- 
ticular, will soon become a more standard technique 
for testing diamonds in gemological laboratories (see 
Ponahlo, 1992, and photographs of cathodolumines- 
cence in Shigley et al., 1987, 1993a). A relatively sim- 
ple unit (known as a Luminoscope}, which is capable 
of generating cathodoluminescence in diamonds and 
other gemstones, can be purchased for about 
US$20,000 (figure 3). It consists of a sample chamber 
{from which the air can be evacuated, and which can 
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Figure 4. The natural diamond on the far left shows the relatively even blue cathodoluminescence typical of nat- 
ural diamonds. However, some natural diamonds (center) exhibit a cathodoluminescence pattern that reflects 
their complex growth history. Nevertheless, these patterns are distinctly different from the green-to-yellow, 
cross-shaped cathodoluminescence pattern typically seen in synthetic diamonds (here, a crystal grown experl- 
mentally by De Beers). Photo on the left is by Maha DeMaggio (magnified 5x); center and right photos are by 
Michael Crowder, De Beers Research Centre, Maidenhead, UK (magnified 6x and &x, respectively), 


be mounted on a microscope stage, if desired) with a 
viewing port, a “gun” that emits an electron beam, 
and the associated power supply. Our observations 
indicate that no diamond, natural or synthetic, is 
inert to cathodoluminescence (which is not the case 
with UV fluorescence}. In addition, although the col- 
ors of luminescence generated by UV fluorescence 
and cathodoluminescence may differ, the characteris- 
tic pattern of internal growth sectors in a synthetic 
diamond can often be seen more easily using 
cathodoluminescence (figure 4). In those cases where 
the UV fluorescence is weak or indistinct, in particu- 
lar, we have found that the more intense cathodolu- 
minescence will reveal the presence of different inter- 
nal growth sectors in synthetic diamonds (see Shigley 
et al., 1987, 1993a and b; Ponalho, 1992). 

In this chart, we also cite some EDXRF chemical 
analysis results. This method is routinely used at 
gem-testing laboratories to distinguish natural, treat- 
ed, and synthetic gem materials. Our EDXRF data 
indicate that synthetic diamonds typically contain 
traces of the flux metals (such as iron or nickel) from 
which they are grown (see, e.g., the EDXRF spectrum 
in Moses et al., 1993a, p. 185, and the data in Shigley 
et al., 1993a, p. 234, which indicate the presence of Fe 
and Ni in both as-grown and treated Russian synthet- 
ic diamonds}. They may also contain elements such 
as aluminum or titanium that were added to the 
experimental system to remove nitrogen from the 
growing diamond crystal. Natural diamonds generally 
do not have trace impurities that can be detected by 
EDXREF (which cannot detect any of the low-atomic- 
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number clements—such as carbon, nitrogen, or 
boron—typical of the major- and trace-element chem- 
istry of natural diamond). On rare occasions, natural 
diamonds with mineral inclusions {such as garnet] 
may exhibit evidence of trace amounts of Si, Al, Fe, 
Mg, or Ti, Diamonds polished on an iron scaife may 
exhibit features consistent with Fe contamination. 

Finally, we have included information that refers 
to diamond type (e.g., Ia, Ib, Ia, Ub], a traditional 
scheme used to classify all diamonds on the basis of 
their nitrogen and boron contents by means of 
infrared spectroscopy (for a good, concise discussion 
of diamond type, see Fritsch and Scarratt, 1992, pp. 
38-39}. This classification of diamond is important 
because the type categories can be related to the 
gemological properties that diamonds exhibit. As- 
grown synthetic yellow diamonds are type Ib, a type 
that is very rare in nature, those that are treated at 
high pressure or that are irradiated and heat treated 
can be predominantly type IaA. Blue synthetic dia- 
monds are type Ifb {as are most natural blues), where- 
as the near-colorless to colorless synthetics studied to 
date are usually type Ila. The type categories of corre- 
sponding colors of natural diamonds are also listed on 
the chart. It is important to note, however, that natu- 
ral diamonds referred to as type Ib, unlike synthetics, 
are rarely “pure” and usually contain some type Ia 
nitrogen. 

Details of how these gemological properties were 
documented in both synthetic and natural diamonds 
are briefly presented in the "Key to Information” sec- 
tion at the bottom of the chart. 
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Note that the chart does not present information 
on natural diamonds that might have a synthetic dia- 
mond coating placed on them to change their color or 
possibly their weight. In the course of our research, 
we arranged to have three natural type Ia colorless 
diamonds coated with a layer of blue, type Ib syn- 
thetic diamond (Fritsch, 1991; Fritsch and Phelps, 
1993}. These three stones could be readily recognized 
by the uneven deposition of the synthetic diamond 
coating, resulting in irregularities in blue coloration 
(especially along facet junctions}, as well as by dis- 
tinctive features in their visible and infrared absorp- 
tion spectra. To date, we have neither encountered 
nor heard of any situations where a synthetic dia- 
mond coating has been applied to a natural diamond 
primarily to change its weight or color. 


HOW THE INFORMATION 
IS ORGANIZED 


Within each column, we present in summary form 
only what we believe to be the most commonly seen 
gemological properties. We should emphasize that not 
all of these diagnostic features are likely to be found in 
each synthetic diamond. However, all synthetic dia- 
monds we have examined to date display one or more 
of these features. As stated earlier, the most useful 
diagnostic properties include such features as color 
zoning, graining, metallic inclusions (microscopic and 
submicroscopic], usually causing the synthetic dia- 
mond to be attracted to a strong magnet (e.g., the 
neodymium-iron-boron magnet “wand” developed by 
Alan Hodgkinson, described in Kammerling et al., 
1995a), and uneven luminescence to both UV and 
electron radiation. Synthetic diamonds of a particular 
color have many similar gemological properties, 
although—as noted above—some differences may 
exist between samples from various manufacturers. 
Among natural diamonds, however, the variation in 
gemological properties can be much greater because of 
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differences in both growth history and impurity con- 
tents in crystals from one locality to the next. Thus, 
there is a greater possibility for exceptions to the 
information on natural diamonds presented in the 
chart than to that given for synthetic diamonds. 

The chart also includes a number of photographs 
and photomicrographs, These pictures were selected 
to illustrate visual features of synthetic and natural 
diamonds that have the greatest diagnostic value for 
identification purposes. The photographs are refer- 
enced by number (FIG = figure} in the relevant por- 
tions of the chart. 


HOW THIS INFORMATION 
WAS ACQUIRED 


Most of the information presented in this chart is 
based on data collected by GIA researchers over the 
past eight years on approximately 120 synthetic dia- 
monds. Information on natural diamonds comes 
from our documentation of the gemological proper- 
ties of several thousand diamonds. Information on 
natural and synthetic diamonds reported by other 
researchers was compared with our data to confirm 
the information shown on the chart. 


CONCLUSION 


The accompanying chart summarizes the key charac- 
teristics of synthetic and natural diamonds, empha- 
sizing the information that can be obtained by stan- 
dard gem-testing methods, such as magnification, 
ultraviolet fluorescence, and optical absorption spec- 
tra. Synthetic diamonds currently being marketed 
can be identified positively and reliably on the basis 
of the information presented in this chart. 

The chart also provides information derived from 
more advanced testing methods, such as cathodolu- 
minescence, EDXRF chemical analysis, and infrared 
spectroscopy, where this information can provide 
confirmation of natural or synthetic origin. 
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DIAMOND 


Fancy Black, with Iron 

One technique that we sometimes 
apply to diamonds suspected of being 
synthetic is energy-dispersive X-ray 
fluorescence spectroscopy (EDXRF). 
Because iron [Fe} and nickel (Ni} are 
used in the catalyst for synthetic dia- 
mond formation, these elements are 
found in the metallic flux inclusions 
in many synthetic diamonds and are 
detectable by EDXRF even if no flux 
inclusions can be identified. However, 
the mere presence of Fe and/or Ni is 
not proof of synthetic origin. 

Last summer, the West Coast 
laboratory received a 9.61 ct semi- 
translucent, marquise-cut black dia- 
mond for origin-of-color determina- 
tion. Natural-color black diamonds 
typically owe their color to numer- 
ous black inclusions. Magnification 
revealed that this heavily included 
stone was no exception: The black 
inclusions were arranged in bands, 
with brown and near-colorless bands 
also present. In addition, large frac- 
tures in the stone showed brown 
staining. Although an EDXRF spec- 
trum was not needed to determine 
cause of color, we ran one to see if it 
would show anything about the 
inclusions. It revealed that iron was 
present in the stone, probably as the 
brown iron-oxide stains in the large 
fractures. Another possible source is 
residue from the polishing wheel. 
Such build-up is particularly com- 
mon in black diamonds, because they 
contain so many fractures and cavi- 
ties. The black inclusions that gave 
the stone its color were probably 
graphite, since no additional ele- 
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ments showed up on the EDXRF 
(which cannot detect carbon and 
other Jow-atomic-number elements}. 
Thus, the presence of iron in a 
diamond does not by itself prove that 
the stone is synthetic. However, this 
stone was not attracted to a powerful 
hand-held magnet, despite its detectable 
iron content, the iron-nickel flux 
found in synthetic diamonds is strong- 
ly magnetic. ML] 


Fracture-Filled 
with Unusual Material 


Although we have known of fracture- 
filling as a diamond treatment since 
the mid-1980s, only recently has this 
treatment received widespread pub- 
licity. Consequently, some stones 
that were treated in the 1980s may 
have gone through several owners by 
now. Even if treatment had been dis- 
closed originally, such disclosure 
might not have been passed down to 
subsequent owners. As another com- 
plicating factor, the body color of the 
stone can obscure the diagnostic 
flash colors in fracture-filled dia- 
monds, making recognition of this 
diamond treatment more difficult in 
fancy-color stones (see, e.g., “A Visual 
Guide to the Identification of Filled 
Diamonds,” by S. F. McClure and 
R. C. Kammerling, Gems &) Gemology, 
Summer 1995, pp. 114-119; as well 
as the Summer 1991 [p. 109] and Fall 
1995 [pp. 198-199] Lab Notes}. 

In September 1995, the West 
Coast laboratory received a 1.07 ct 
yellowish orange cut-comered rectan- 
gular modified brilliant (figure 1) for 
an origin of color report. The appar- 
ent clarity of the stone was low (in 
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the I,-I3 range}; one large feather tra- 
versed the table, and others were pre- 
sent. We were surprised to find blue 
and orange flash colors associated 
with the larger feathers (figure 2). 
Even more surprising was that 
EDXRF spectroscopy, which we used 
to confirm the presence of the filling 
substance, showed that the filler con- 
tained thallium (T]} in addition to the 
more typical Pb and Br that we have 
previously documented in filled dia- 
monds, Some early fillers had been 
rumored to contain thallium, a heavy 
element that contributes to high 
refractive indices in glass, but is haz- 
ardous to work with because of its 
extreme toxicity. It is possible that 
this toxicity is why thallium has not 
been found in more recent filling mate- 
rials studied by the GIA Gem Trade 
Laboratory (see R. C. Kammerling et 
al., “An Update on Filled Diamonds: 
Identification and Durability,” Fall 
1994, pp. 142-177, as well as the above- 
mentioned references}, Therefore, we 
suspect that this stone may have 
been one of the earlier filled diamonds. 
ML], SFM, and Dino DeGhionno 


JADEITE JADE 


Extremely Thin Carving 

A Fall 1995 Lab Note (pp. 199-201) 
described two “carvings” that the 
West Coast lab determined were real- 
ly assemblages. They consisted of 
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Figure 1. The presence of thalli- 
um in the substance with 
which this 1.07 ct diamond was 
filled suggests that it was treat- 
ed some time ago, possibly in 
the mid-1980s. 


thin, hollowed-out shells of natural- 
color green jadeite jade that were 
filled with a transparent, colorless 
plastic. In early fall 1995, we received 
for identification what initially appeared 
to be a related item: a translucent, 
mottled green-and-white piece of a 
carving (figure 3}. Standard gem-test- 
ing methods revealed a 1.66 spot RL, 
an aggregate polariscope reaction, and 
a 437 nm absorption line, which con- 
firmed that it was jadeite jade. Fine 
absorption lines in the red portion of 
the spectrum proved that the green 
color was natural. The item was 
unusual not only for its extreme 
thinness, but also because it had been 
carved so that raised areas on one 
side complimented recessed areas on 
the opposite side. We speculated that 
this might have been done to main- 
tain a uniform thickness—and resul- 
tant uniform depth of color—across 
the entire item. During the examina- 
tion, we also saw a colorless foreign 
material on small scattered areas of 
the surface {which we noted in the 
report's conclusion; possibly this 
material was the glue used in the set- 
ting process}. 

At first we thought that the item 
might be the top layer of an assem- 
blage, similar to the assemblages 
described in the previously men- 
tioned Fall 1995 Lab Note (but minus 
the plastic filling}. However, in a sub- 
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Figure 2. The yellowish orange 
body color of the diamond 
shown in figure 1 almost 
masked the orange darkfield 
flash color; even the blue bright- 
field color seems subdued. 
Magnified 25x. 


sequent discussion with the client 
we learned that the carving, which 
had been mounted in a pendant, was 
damaged while being transported in a 
suitcase. Therefore, it is possible that 
the carving originally was just a thin 
shell of jadeite, Without the added 
durability provided by a plastic filler, 
the item would have been quite sus- 
ceptible to breakage when pressure 
was applied to its surface. 

RCK and SFM 


A Testing Precaution 


Submitted to the East Coast laborato- 
ry for examination, the ring-mounted 
cabochon in figure 4 was determined 
to be natural-color jadeite jade by stan- 
dard gem-testing methods, However, 
testing for plastic impregnation by 
infrared spectroscopy—routinely 
done on all jadeite submitted to the 
laboratory—was inconclusive. 

We therefore asked the client to 
have the stone removed from the set- 
ting for further testing. Once the 
stone was out of the setting, we saw 
that it was really a half bead, with 
the remnants of the drill hole clearly 
visible along its base. We also noted 
that the half bead had been cemented 
into the setting; the adhesive fluoresced 
weakly to long-wave UV radiation (fig- 
ure 5}. When the polymer cement 
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was completely removed, further 
infrared spectroscopy testing gave no 
indication of polymer. 

This instance should serve as a 
caution to gemologists: Examine 
jadeite pieces carefully for evidence 
of repairs, setting cements, and the 
like. Otherwise, an “innocent” piece 
of jade might be wrongfully identified 
as “B” (plastic-impregnated) jade. 

GRC 


Impregnated SYNTHETIC OPAL 


The Summer 1995 Gem News col- 
umn contains a preliminary report on 
plastic-impregnated synthetic opal 
being produced by the Kyocera 
Corporation of Kyoto, Japan (pp. 
137-139). When samples were first 
obtained for examination—at the 
Tucson gem shows in February 
1995—the material was reportedly 


only being test marketed in Korea 


and Japan. 

Shortly after the Gem News 
entry appeared, the West Coast lab 
received for identification a 3.42 ct 
piece of partially polished, translu- 
cent, black rough with play-of-color. 


Figure 3. This jadeite carving 
(26.55 x 18.00 mm) is extremely 
thin, only about 0.13 mm in 
some areas, as shown by the 
chip at the bottom left. 
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Figure 4. The material used to 
cement this natural-color jadeite 
“cabochon” (7,55 x 7.63 x 8.45 
mum) to its setting produced 
ambiguous readings in the 
stone’s infrared spectrum. 


Because the piece closely resembled 
{in body color, diaphaneity, and play- 
of-color pattern) some of the treated 
synthetic opals we had recently exam- 
ined, our suspicions were immediate- 
ly aroused. 

An RI. reading taken from the 
side of the piece gave a value of 1.44. 
However, the top gave a reading of 
1.50, unusually high for either natu- 
ral or synthetic opal. We tentatively 
attributed this to surface “overflow” 
of the impregnating substance (see 
below}. Specific gravity, determined 
hydrostatically, was 1.82, too low for 
untreated synthetic opal, but only 
slightly lower than the lowest values 
that we had obtained on the Kyocera 
treated synthetic opal. 

The faint orange fluorescence to 
short-wave ultraviolet radiation, with 
no reaction to long-wave UV, was 
consistent with our observations on 
Kyocera test samples with a similar 
body color. Magnification revealed 
the “lizard-skin” pattern typical of 
synthetic opal and a pronounced 
columnar structure perpendicular to 
this pattern, With magnification, we 
also saw that the surface that gave 
the higher R.I. value had a thin, 
transparent, colorless coating. 

Because of the unusually low 
S.G. and our recent experience with 


268 Gem Trade Lab Notes 


Figure 5. Once the stone in fig- 
ure 4 was taken out of its set- 
ting, we realized that the “cabo- 
chon” was actually half a bead. 
Note the weak fluoresence of the 
adhesive to long-wave UV. 


plastic-impregnated synthetic opals, 
we examined the specimen with 
Fourier Transform infrared {FTIR} 
spectroscopy. Opal is opaque to the 
infrared below 4000 cm:!; however, 
this spectrum showed several absorp- 
tions between 6000 and 4000 emt, 
which are not seen in natural opal 
(but were seen in the Kyocera 
material) and which we attribute to 
an impregnating polymer. 

On the basis of all of these results, 
and following GIA Gem Trade 
Laboratory policy of disclosing any 
treatments detected, the specimen 
was identified as impregnated syn- 
thetic opal. RCK and SFM 


SYNTHETIC QUARTZ, 
Green and Yellow Bicolor 


Green quartz, sometimes known by 
the trade name “prasiolite,” is a chal- 
Jenging material to identify. In the 
past, much of the green quartz on the 
market was heat-treated amethyst, 
the so-called “greened amethyst” 
(see, e.g., Summer 1983 Lab Notes, p. 
116). Natural green quartz occurs in 
at least one area in California where 
amethyst was subjected to natural 
heating {volcanic activity; see T. 
Paradise, “The Natural Formation 
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and Occurrence of Green Quartz,” 
Gems & Gemology, Spring 1982, pp. 
39-42). Citrine is also found at this 
locality. Recently, synthetic quartz 
from Russia has become available in 
many colors, including green; syn- 
thetic green quartz, misrepresented 
as natural material from Brazil, was 
discussed in a Winter 1992 Lab Note 
{p. 265}. 

In May 1995, the West Coast lab 
received for identification a bicol- 
ored—yellowish green and orangy 
yellow—emerald cut (figure 6}. Most 
of the gemological properties were 
typical for quartz, but they were not 
useful in determining whether this 
stone was natural, treated, or syn- 
thetic. Among the properties that 
pointed to synthetic origin were: 
color zoning in planes perpendicular 
to the optic axis {not known to occur 
in natural quartz}, lack of twinning 
(twinning was seen in three natural 
[control] “prasiolites” examined}, and 
scattered “breadcrumb” inclusions 
(much more common in synthetic 
than in natural amethyst, which is 
what we would expect this stone to 
have originated as if it was natural 
quartz}, 

However, EDXRF, UV-visible, 
and infrared spectroscopy also 
demonstrated features unlike those 
typical for natural citrine or green 
quartz, including: significant potassi- 
um (seen with EDXRF); sharp peaks 
in the UV-visible spectra of both 
green and yellow regions at about 
345, 398, 420, 458, and 487 nm (may 
be caused by Co%+), and a “hump” in 
the infrared absorption spectrum at 
about 3000 cm:!. This combination 
of features proved that this material 
was indeed synthetic quartz. 

ML], SFM, RCK, and 
Emmanuel Fritsch 


ROCK Resembling Jadeite 


The opaque variegated green-and-white 
cabochon (15.50 x 7.00 mm] in figure 
7 was cemented to a snuff-bottle 
stopper. According to the client who 
submitted it to the East Coast lab for 
identification, this material closely 
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resembled that of the bottle to which 
it belonged. 

Although a spot reading on the 
refractometer was within the jadeite 
range, there was a noticeable birefrin- 
gence—in fact, a “carbonate blink” 
—from 1.50 to 1.65. However, no 
effervescence occurred when a 
minute drop of dilute HC] acid was 
placed in an inconspicuous spot on 
its surface. Effervescence would be 
expected if the cabochon were either 
of the carbonate minerals calcite or 
aragonite. 

As our testing at this point was 
inconclusive, we performed X-ray 
diffraction analysis. This revealed 
that the cabochon was a rock consist- 
ing principally of dolomite, a little 
quartz, and other, unidentified, min- 
erals. Dolomite is one of the few car- 
bonate minerals that do not effer- 
vesce (unless powdered} to a weak 
HCl acid solution. To determine 
what the unidentified minerals were, 
petrographic testing would have been 
required. We informed the client of 
this in the report’s conclusion. 

GRC 


RUBY 

With Atypically High R.L’s 

The article “Update on Diffusion- 
Treated Corundum: Red and Other 
Colors” {S. F. McClure et al., Gems 
& Gemology, Spring 1993, pp. 16-28} 
focused on treated stones in purplish 
pink, reddish purple to purplish red, 
and orangy red hues. One feature doc- 
umented in many of these sample 
stones, in contrast to documented 
blue diffusion-treated sapphires, was 
the presence of unusually high refrac- 
tive indices. The authors speculated 
that this was due to the high chromi- 
um content in the diffused surface 
layer, and they made reference to a 
report in the literature mentioning 
high RI. readings from high-chromi- 
um-content rubies and orange sap- 
phires from Malawi. 

Recently, the West Coast lab was 
asked to identify a 1,19 ct red oval 
mixed cut. Standard gemological test- 
ing identified the stone as natural 
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Figure 6. Testing revealed that this 8.47 ct green-and-yellow bicolor is a 


synthetic quartz. 


ruby, and internal features were 
indicative of heat treatment. We were 
surprised, however, by the unusually 
high refractometer readings: n, = 


Figure 7. This cabochon, which 
formed the top of a snuff bottle 
stopper, consists of dolomite, 
some quartz, and other, uniden- 
tified, minerals. 
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1.769, ng = 1.778. EDXRF chemical 
analysis by GIA Research revealed an 
unusually high chromium content: 
2.77 wt.% Cr,O3. 

In “Rubies from Mong Hsu” 
(Gems & Gemology, Spring 1995, pp. 
2-26}, authors Peretti et al. note that 
rubies from this relatively new 
Myanmar locality have unusually 
high chromium contents (as high as 
2.86 wt.% Cr,O3 in one stone they 
analyzed) and, furthermore, may 
show high RI. values (n, = 1.760-1.770, 
ny = 1.768~1.780). The 1.19 ct ruby 
we tested had a chromium content 
and R.I. values that fall within the 
upper limits of those reported in that 
article, and its other internal charac- 
teristics were consistent with those 
reported for Mong Hsu stones. The 
above-referenced article by Peretti et 
al. also pointed out that heat-treated 
Mong Hsu rubies may contain glass- 
filled fissures, a feature that has 
resulted in their being misidentified 
as flux-grown synthetics. The high 
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Figure 8. A nearly colorless area 
can be seen at the base of this 
natural ruby cabochon (about 
16.4 x 11.7 x 8.0 mm). 


R.L. values of some Mong Hsu rubies 
may help separate them from flux- 
grown synthetics (which typically 
fall in the range 1.762-1.770). 
This was the first of these high- 
R.I. rubies seen in the West Coast 
laboratory. Given what we know 
about Mong Hsu rubies and the 
quantities that are currently entering 
the marketplace, as well as the occur- 
rence of Malawi rubies with high 
refractive index readings, we suspect 
that we will be seeing more high-R.I. 
stones in the future. 
RCK and SFM 


Two Stones with Unusual Features 
A ring-set cabochon ruby (figure 8} 


Figure 9, This 9.57 ct star ruby 
(about 14.05 x 9 x 7 mm) shows 
no evidence of cavity filling 
when observed face-up. 
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seen recently in the East Coast lab 
had a near-colorless zone at the base. At 
first glance, it looked very much as if it 
was an area where dye had not “taken.” 
Routine examination with a hand spec- 
troscope revealed a typical ruby 
chromium spectrum, with no evi- 
dence of dye. Microscopic examination 
not only confirmed that the stone was 
natural with no dye, but it also showed 
that it had not been heat treated. 

An attractive 9.57 ct natural star 
ruby with another anomaly was also 
seen in the East Coast lab. Not visi- 
ble in the face-up view in figure 9 is 
an area on the bottom and part of one 
side that contained a soft, epoxy-like 
filling (figure 10). If the stone was 
carefully mounted, this area would 
probably not be seen and, in any 
event, it was undoubtedly deemed 
preferable in appearance to the large 
cavity that it filled. Although 
“glass” -filled cavities in ruby are not 
uncommon, this was one of the few 
instances we have encountered of a 
soft, epoxy-like filling in this gem 
material. GRC 


SAPPHIRE, with Zoned 
Transmission Luminescence 


Some gem materials luminesce when 
high-intensity visible light is trans- 
mitted through them, a feature 
gemologists call “transmission lumi- 
nescence.” In practice, we usually see 
this during routine gem testing with 


Figure 10. In this side view of 
the star ruby shown in figure 9, 
a large cavity with an epoxy-like 
filling is evident. 
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a desk-model spectroscope, which 
employs intense transmitted illumi- 
nation, or when we use similar light- 
ing to examine a stone with a 
Chelsea color filter. Gem materials 
that may exhibit this feature include 
natural and synthetic emerald, natu- 
ral and synthetic ruby, synthetic 
alexandrite, synthetic blue spinel, 
and natural “cobalt” blue spinel. In 
all of these examples, the lumines- 
cence is an evenly distributed red. An 


Figure 11, Red luminescence to 
intense transmitted light 1s con- 
fined to distinct bands, such as 
the one shown here, in this 
19.45 ct blue sapphire. 
Magnified 20x. 


exception is the green transmission 
luminescence of some diamonds, 
which normally occurs in fairly dis- 
tinct planes or zones. 

In early 1995, the West Coast lab 
received for identification a 19.45 ct 
transparent blue mixed cushion cut. 
Routine gem testing identified the 
stone as a natural sapphire of natural 
color (that is, not heat treated or oth- 
erwise enhanced}. When we exam- 
ined this stone with a desk-model 
spectroscope, we were surprised to 
see a strong red luminescence that 
appeared to be unevenly distributed. 
When we used magnification in con- 
junction with a fiber-optic light 
source, it became clear that the lumi- 
nescence was confined to distinct 
bands (figure 11). We then performed 
three EDXRF chemical analyses, 
with the stone at different orienta- 
tions to the X-ray beam so we could 
measure different areas. One analysis 
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Figure 12. After only about three minutes’ exposure to short-wave UV radiation during testing, this 4.57 ct 
near-colorless synthetic sapphire (left) turned brownish yellow (right). 


revealed the presence of chromium, 
to which we attribute the visible- 
light luminescence. We surmise that 
the chromium is unevenly distribut- 
ed in the stone, with the greater con- 
centrations in those zones that show 
the unusual himinescence. RCK 


SYNTHETIC SAPPHIRE, 
with Color Changed by 
UV Radiation 


Laboratory irradiation has been used 
to change or develop color in many 
gem materials. Examples include the 
development of yellow in beryl, pink- 
to-red in tourmaline, blue in topaz, 
brown (the “smoky” color} in quartz, 
and various colors in diamond. (For 
more information, see K. Nassau’s 
comprehensive Gemstone Enhance- 
ment, 2nd ed., 1994, Butterworth/ 
Heinemann, Oxford, England, and C. 
E, Ashbaugh’s “Gemstone Irradiation 
and Radioactivity,” Gems #) Gem- 
ology, Winter 1988, pp. 196-213.} 
Radiation also causes yellow in 
corundum, but apparently more than 
one type of color center can be pro- 
duced. Some radiation-induced yel- 
low is stable to light (e.g., natural- 
color yellow sapphires from Sri 
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Lanka and the yellow component of 
“padparadscha” sapphire}. In other 
such sapphires, the color will fade on 
exposure to light. All such yellow 
color is faded by heat. For example, 
experimenting with synthetic sap- 
phire, one of the editors has had a 
deep yellow induced in colorless syn- 
thetic sapphire and a pinkish orange 
produced in synthetic pink sapphire 
by exposure to radiation in a gamma 
cell. In both situations, it was found 
that the yellow color could be removed 
by gentle heating in the flame of an 
alcohol lamp. 

In summer 1995, the West Coast 
lab received for identification a 4.57 
ct transparent, near-colorless emerald 
cut, measuring 10.00 x 7.98 x 5.59 
mm (figure 12, left}, Gemological 
testing revealed refractive indices of 
1,760-1,768, a birefringence of 0.008, 
and a uniaxial negative optic charac- 
ter—properties consistent with both 
natural and synthetic corundum. 
Magnification with various lighting 
techniques, including darkfield and 
brightfield, failed to reveal any inclu- 
sions or growth structures that could 
be used to determine whether the 
stone was natural or synthetic. Because 
we have had some success in resolv- 
ing curved growth striae using mag- 
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nification in conjunction with short- 
wave UV radiation (see, e.g., “Synthetic 
Sapphire, Another Striae-Resolution 
Technique,” Winter 1994 Lab Notes, 
p. 270), we used this method to 
examine the stone. We successfully 
resolved curved striae, proving that it 
was a synthetic sapphire. 

However, we were not prepared 
for the appearance of the sample 
when it was removed from the micro- 
scope’s stage after the approximately 
three-minute examination: It had 
turned a medium brownish yellow 
{figure 12, right}. Approximately six 
hours’ exposure in a solar simulator 
removed most of the induced color, 
but the synthetic sapphire was ulti- 
mately returned to its original, near- 
colorless condition only by a few 
minutes of gentle heating in the 
flame of an alcohol lamp. This is the 
first instance we have encountered in 
which a yellow color was induced in 
corundum by such a relatively weak 
dosage of radiation, 

RCK and SFM 


Magnetic SERPENTINE 


Many fine-grained translucent green 
materials may resemble jade—espe- 
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Figure 13. There were enough 
magnetite inclusions in this ser- 
pentine to attract the material 
to a magnet. Magnified 10x. 


cially nephrite jade—at first glance. 
In August 1995, a semi-translucent, 
partially polished, green-and-black 
piece of rough material was submit- 
ted to the West Coast laboratory for 
identification. Aggregate gem materi- 
als such as rocks often require extra 
identification effort. Some properties 
(such as S.G.] represent averages of 
the components present, whereas 
other properties (such as R.I.) are rep- 
resentative of individual grains and 
not of the material as a whole. In the 
case of this rough material, we quick- 
ly eliminated nephrite as a possibili- 
ty, but more work was required for 
positive identification. 

We determined the following 
gemological properties: R.I—about 
1.57 (spot); S.G.—2.63; optic charac- 
ter—aggregate, fluorescence—mottled, 
with faint chalky blue areas, to long- 
wave UV and inert to short-wave. 
Weak absorption at 500 nm was visi- 
ble through the hand-held spectro- 
scope. With magnification, the mate- 
rial appeared soft, revealing a poor 
polish with many fine scratches and 
rounded edges on small fractures. The 
material also revealed an aggregate 
structure and black, equidimensional 
inclusions, Some brown areas, which 
looked like iron staining, were visi- 
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ble. All these properties were consis- 
tent with those of serpentine. 

Our curiosity was piqued, how- 
ever, by the black inclusions. Polishing 
of the piece had left a hackly (as if cut 
with a dull hacksaw} fracture exposed 
on some of these inclusions (figure 
13). Using low-angle reflected illumi- 
nation, we saw neither a white sur- 
face {as would be the case with a tita- 
nium oxide or ilmenite) nor a brown 
surface {as with hematite or pyrite). 
Attempts to rub the black material 
off on a piece of paper were unsuccess- 
ful, which indicates that it was not 
graphite. However, the fact that the 
piece was attracted to a hand-held 
magnet suggested that the inclusions 
were magnetite, a member of the 
spinel mineral group. This identifica- 
tion was confirmed by X-ray powder 
diffraction analysis of a small scrap- 
ing taken from an exposed inclusion. 

ML] 


SPINEL, with 
Hogbomite(?) Inclusions 


In February 1995, the West Coast lab 
received a 21.38 ct (19.24 x 14.78 x 
9.28 mm} oval mixed-cut stone for 
identification. The stone was singly 
refractive, had a refractive index of 
1.718, and was inert to both long- and 
short-wave UV radiation. Its absorp- 
tion spectrum, as seen with a hand- 
held prism spectroscope, was typical 
for dark blue spinel. 


Figure 14. The reflective “needles” 
factually, thin plates) in this 
21.38 ct color-change spinel may 
be hégbomite, a mineral related 
to spinel, Magnified 15x. 
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Two features of this natural spinel 
were noteworthy: its color, which 
changed from violetish blue {in fluo- 
rescent light} to purple (in incandes- 
cent light), and its needle-like inclu- 
sions (figure 14}. These inclusions— 
actually long, thin flat plates— 
formed in oriented aggregates in at 
least four different directions. On the 
basis of their appearance, GIA GTL’s 
chief research gemologist John I. 
Koivula suggested that these plates 
might be exsolution lamellae {flat 
sheets} of hégbomite, (Mg, Fe2*},- 
(AL TiJ;Oy9, similar to those reported 
by K. Schmetzer and A. Berger 
(“Lamellar Iron-Free Hégbomite-24R 
from Tanzania,” Neues Jahrbuch ftir 
Mineralogie Monatshefte, 1990, No. 9, 
pp. 401-412, and “Lamellar Inclusions 
in Spinels from Morogoro Area, 
Tanzania,” Journal of Gemmology, 
Vol. 23, No. 2, 1992, pp. 93-94). 

Hégbomite comes out of solu- 
tion in spinel as the crystal cools 
from high temperatures. According 
to Schmetzer and Berger, it has only 
been seen in gem spinels from the 
Morogoro area of Tanzania, although 
it is found in rock-forming spinels 
from other areas. Although Tanzanian 
hégbomite is rich in titanium, no 
titanium was detected in this stone 
with EDXRF spectroscopy. We sus- 
pect that these exsolution plates are 
too small to affect the stone’s overall 
chemistry. ML] 


A TOPAZ Assemblage 


The assembly of various materials to 
imitate gems has been with us 
throughout the centuries, dating back 
to Minoan and Roman times. 
Ancient writings such as the fifth 
century A.D. Greek Papyrus 
Holmiensis, and Natural History by 
Roman scholar Pliny (23-79 A.D.], 
have enlightened us on this practice 
(see, for example, the fascinating arti- 
cle by K. Nassau, “An Early History 
of Gemstone Treatments,” in Gems 
# Gemology, Spring 1984, pp. 
22-33}, Doublets and triplets were 
very common imitations of such 
prized gems as ruby and emerald, at 
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Figure 15. This 1.48 ct stone 
resembles some Paraiba tourma- 
line, but it is in fact a topaz 
triplet. 


least until the advent of synthetics. 
The most common assembled stones 
GIA GTL has seen in recent years are 
opal doublets and triplets, as well as 
combinations of natural/synthetic 
corundum and natural/synthetic 
spinel. Much less frequently, we have 
also seen asteriated assemblages (see, 
for example, the Fall 1993 Lab Notes, 
p. 205). 

Recently, however, the East 
Coast lab encountered a new type of 
assemblage, in a 1.48 ct faceted oval 
stone (figure 15]. The color resembled 
that of some Paraiba tourmaline (see, 
e.g., the Fall 1989 issue of Gems @& 
Gemology, p. 182, figure 8, second 
stone from the left}. 

Microscopic examination of the 
stone with immersion revealed that 
it was actually a triplet, composed of 
a near-colorless crown and pavilion 
held together by a greenish blue 
cement (figure 16]. Refractive indices 
read about 1.60 to 1,61 (birefringence 
of 0.01) on both the crown and pavil- 
ion, Biaxial optic figures on both 
pieces confirmed that they were col- 
orless topaz. 

We can only speculate why this 
unusual triplet was created. However, 
Paraiba tourmaline of fine color and 
especially in larger sizes has become 
very scarce in the market and com- 
mands high prices, in addition, no 
synthetic tourmaline has been pro- 
duced commercially as yet. 

Nicholas DelRe 
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Figure 16. Magnification at 20x, 
with immersion in methylene 
iodide, reveals the separation 
plane at the girdle of the assem- 
bled stone in figure 15. 


ZIRCON, 
with Phantom Planes 


Sometimes, identifications are not 
particularly difficult, but a stone may 
contain features that are both photo- 
genic and good teaching examples. 
Such was the case with a 9.24 ct 
green oval mixed cut that arrived in 
the West Coast lab early in 1995. 
Identifying it as zircon was straight- 
forward: Strong doubling of the back 
facets was seen with magnification; 
the R.I. was over-the-limits of the 
standard gemological refractometer; 
the S.G. was 4.04 (measured hydro- 
statically}; the stone was inert to 


Figure 17. The decorated phan- 
torn planes in this 9.24 ct faceted 
zircon reveal much about its for- 
mation. Magnified 20x. 
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long-wave UV and fluoresced faint 
green to short-wave UV, and its absorp- 
tion spectrum (as observed with a 
desk-model prism spectroscope] 
showed “fuzzy” bands at 530, 580, 
and 650 nm (the last being the 
strongest). The stone was also slight- 
ly radioactive. 

Magnification revealed an excel- 
lent illustrative set of inclusions: par- 
allel zoning, V-shaped inclusions, 
skeletal inclusions (typical of low- 
property zircons}, and especially 
angular zoning. The angular growth 
planes in figure 17 are probably the 
first- and second-order prism faces of 
zircon, {100} and {110}. At the time 
these faces were at the surface of the 
stone, they were being exposed to 
one or more episodes of deposition or 
dissolution [possibilities include the 
preferential deposition of solids or 
trace elements, dissolution of the zir- 
con by fluids, or deposition of exotic 
imaterial leading to /ater dissolution 
of the zircon}. They appear as lines 
because the photo was taken looking 
parallel to the planes of these faces, 
that is, down the c-axis. These planes 
are decorated phantom faces. 

An additional feature of these 
planes is that they reveal the relative 
growth rate of the two faces. The 
larger (longer) face ({100}?} grew more 
rapidly than the smaller face ({110}?), 
so the larger face became relatively 
shorter as crystal growth proceeded 
{from the bottom of the photo to the 
top). Although these features can be 
seen in many zircon samples, they 
are particularly well represented in 
this stone. ML] 


Erratum: The 115.56 ct synthetic 
ruby described in the last Lab Notes 
section (Fall 1995, p. 203} was not 
produced by Czochralski pulling, 
but rather by a related proprietary 
technique. 


PHOTO CREDITS 

Figure 1 was taken by Maha DeMaggio. The photomicro- 
graphs in ligures 2, 11, 14, and 17 are by John | Koivula. 
Shane MeClure provided ligures 3, 6, 12 (lett and right), 
and 13. Nicholas DelRe supplied the pictures used in tig- 
ures 4,5, 7-10, 15, and 16. 
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New synthetics and gem localities, gem treatments, impor- 
tant jewelry collections, and advanced gem-testing meth- 
ods were among the topics of over 30 presentations at this 
October’s 25th International Gemmological Conference 
(IGC}, held in Rayong, Thailand. 

Official delegates from Australia, Belgium, Brazil, 
Canada, France, Germany, Hong Kong, India, Israel, Italy, 
Japan, the Netherlands, Singapore, Spain, Sri Lanka, 
Switzerland, Thailand, the United Kingdom, and the 
United States attended the conference, which was orga- 
nized through the Asian Institute of Gemological Sciences, 
in Bangkok, by AIGS Director Kenneth Scarratt. 

Each biennial conference takes place in a different 
country; every other one is held in Europe. The first IGC, 
organized by Professor K. Schlossmacher and Dr. E. J. 
Gibelin, took place in 1952 in Locarno, Switzerland. Since 
its inception, the purpose of this invitation-only event has 
been the exchange of information among laboratory gemol- 
ogists and others engaged in the science of gemology. 

The following entries are synopses of some of the pre- 
sentations given at this year’s IGC. Also included are reports 
on field trips taken in conjunction with the conference. 


DIAMONDS 


Fluid inclusions in diamonds. How some properties of fluid 
inclusions in diamonds are measured—and the types of 
fluid inclusions that have been seen—were explored in a 
talk by Dr. Oded Navon, senior lecturer at The Hebrew 
University, Jerusalem, Israel. 

All the inclusions described were submicron in size 
and were found in regions of the studied diamonds that 
have a fibrous texture, including the outer shells of coated 
diamonds (figure 1}. The internal structures of these inclu- 
sions were magnified by means of a transmission electron 
microscope {TEM}, infrared spectroscopy was used to iden- 
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tify their individual constituents, and electron microprobe 
analysis was conducted to measure the average chemistry 
for each inclusion. 

Thirteen diamonds from Botswana were found to con- 
tain inclusions of carbonates, apatite, a mica mineral, 
quartz, and a low-atomic-number noncrystalline phase (a 
hydrous fluid}. All are probably daughter phases of the 
trapped potassium-rich parent melt. The internal pressures 
of the inclusions could be deduced from the shift in quartz 
{infrared} absorption bands from their positions at room 
temperature and pressure, the diamonds probably equili- 
brated at 40-70 kbar pressure {120-200 km depth) and 
retained pressures of 15-20 kbar in their inclusions. 

Similar inclusions were found by Dr. Navon and his 
student, Marcus Schrauder, in fibrous diamonds from 
Zaire, India, Yakutia, and Sierra Leone. All were associated 
with the eclogitic paragenesis of diamonds. The researchers 
also found fluid inclusions in white cloud-like formations 
in some octahedral peridotitic diamonds from Yakutia. 
These inclusions also contained water and carbonates, but 
the solutes differed in composition. 

Drs, Navon and Schrauder also discovered another 
type of fluid-bearing diamond, which contains solid carbon 
dioxide (CO.; probably derived from carbonates}. This type 
of diamond probably equilibrated at 70-80 kbar pressure 
{200-250 km depth], and still retained a pressure of about 
50 kbar in the inclusions. CO -rich diamonds have been 
found in Yakutia and, recently, in the Sloan kimberlite on 
the Colorado-Wyoming border. 


Some historical trends in the diamond industry. Dr. A. A. 
Levinson, of the University of Calgary, Alberta, Canada, 
reviewed historical trends—and changes in trends—in the 
diamond industry over the last century. Topics included 
changes resulting from major new discoveries {such as 
Russia, Botswana, and Australia}, changes in the percentage 
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Figure 1. The edge of a densely packed cloud of 
tiny fluid inclusions is visible in this diamond at 
high magnification (400x). Photomicrograph 
courtesy of Oded Navon. 


of production directly controlled by De Beers; economic 
and political factors affecting diamond production {includ- 
ing periods in which production virtually ceased in some 
mining areas}; the importance of specific consumer coun- 
tries (such as the United States and Japan); changes in jew- 
elry consumption patterns (for instance, the increasing 
importance of jewelry other than the diamond engagement 
ring}, the effect of low-cost Indian cutting on the retail dia- 
mond jewelry industry; and the move to develop new retail 
markets for gem diamonds, particularly in Asia. 

An important upcoming change can be anticipated as 
a result of the potential development of diamond deposits 
in Canada’s Northwest Territories, In about four years, an 
estimated two-to-three million carats {Mct} of diamonds— 
about 25% of which are gem—annually should be available 
to the rough diamond market, which currently consumes a 
total of about 100 Mct of diamonds per year, of which 
about 50 Mct are cuttable. These Canadian diamonds will 
come from several kimberlite pipes discovered since 199] 
and owned by BHP (Australia) and Dia Met (Canada}. 
Although details about the quality and size distribution of 
the diamonds have not been formally released, it is general- 
ly accepted that the gems “are considered to be of high 
quality, comparable to the best stones in the top ten pipes 
in the world” (Dia Met 1994 Annual Report, p. 5}. The 
question then arises as to what, if any, effect this quantity 
of apparently high-quality gem diamonds will have on the 
diamond industry. 


COLORED STONES AND 
ORGANIC GEM MATERIALS Ae 


New and unusual inclusions in amber and other gems. 
Gem News co-editor John I Koivula described 16 new and 
unusual inclusions that he had recently examined. One 
item described, found in a 6.28 ct amber cabochon from the 
Dominican Republic (figure 2}, was an anther (the pollen- 
bearing part of a flower stamen} from the extinct tree 
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Hymenaea protera of the Leguminoseae family, which pro- 
duced the resin that fossilized to form much of the amber 
from this region. Magnification revealed a small insect 
{Thysanoptera, or thrip}) that was trapped in the anther’s 
pollen slit along with numerous tiny pollen grains (figure 3). 
Also described was a collection of iolite pebbles (from 
Sri Lanka and Madras, India, gathered over 25 years) that 
contained blue-green inclusions of sapphirine. Mr. Koivula 
also illustrated a very rare, transparent blue inclusion in a 
diamond, which he speculated might be kyanite. Also 
shown was an inclusion pattern resembling ink droplets 
against a swirled yellow background. The host was a very 
pale yellow hessonite from a new locality for this gem: 
Tissamaharama, Sri Lanka. The inclusions are actually 
blue-green spinel octahedra that, because their refractive 
index is similar to that of the host, show very low relief. 


Green beryl and emerald from Central Nigeria. Dr. Charles 
Arps and Hanco Zwaan, from the National Museum of 
Natural History and the Netherlands Gemmological 
Laboratory in Leiden, examined 170 pieces of rough and 
about 20 cut stones from two areas of central Nigeria: one 
east of Gwantu (southeastern Kaduna State}, and the other 
northwest of Nassarawa Eggon (Plateau State). They inves- 
tigated these nearly-200 beryls with regard to crystal habit, 
growth features and inclusions, physical constants, color, 
and chemical composition. 

The crystals were recovered by primitive open-cast 
mining techniques from fissure fillings and pegmatitic 
stringers and veins occurring in the strongly weathered 
granitoid basement rock, which consists of migmatites, 
amphibolites, and various gneisses and schists. In many 
places in central Nigeria, these Precambrian rocks are cut 
by Late Precambrian granite intrusions {Older Granite] and 
granites of Cretaceous age (Younger Granite complexes). 
The widespread occurrence of ores (tin) and other minerals 
(such as topaz, aquamarine, and tourmaline) is associated 
with the emplacement of these granite complexes (mainly 
the Younger). 

Green beryl and emerald in the Gwantu and Nassarawa 
Eggon deposits are very likely the crystallization products 
of beryllium-, chromium-, and vanadium-bearing 
hydrothermal or pegmatitic solutions that impregnated the 
basement rocks near the Younger Granites. Evidently, the 
presence of chromium and vanadium ions in the salty 
brines is explained by the fact that the fluids passed 
through Cr- and V-bearing mafic/ultramafic “greenstones” 
present in the basement rock. 

Many of the rough beryls studied were relatively long 
and slender hexagonal prisms with strongly etched crystal 
faces. Some crystals were irregular or broken at both ends, 
but others had well-developed pyramidal and pinacoidal 
terminal faces. The nature of the zoning, together with 
two- and three-phase inclusions, clearly pointed to crystal- 
lization in a hydrothermal or pegmatitic environment. No 
inclusions that would indicate growth of the emeralds in 
the mafic/ultramafic rocks themselves were encountered. 
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Most of the samples ranged from near-colorless and pale 
green to medium-dark bluish green. They displayed marked 
color zoning both parallel and perpendicular to the c-axis. 
Strong zoning parallel to the c-axis, characterized by a rela- 
tively narrow colorless flawed rim and a transparent (yellow- 
or bluish) green core, is typical for the Nigerian beryl crystals. 
Twelve faceted stones (1.84 to 28.66 ct} had specific gravities 
between 2.672 and 2.686, and refractive indices of 1.560 to 
1.567 (extraordinary ray} and 1.565 to 1.572. (ordinary ray}. 
UV-visible absorption spectra of the samples showed two dif- 
ferent patterns: (pale} green beryls displayed a stronger pres- 
ence of iron relative to chromium, whereas chromium was 
more pronounced in the medium-dark stones. These results 
indicated that good-color emeralds also occur in the Gwantu 
and Nassarawa Eggon deposits. Chemical analyses of pale 
green emerald indicated that, besides chromium and iron, 
vanadium is present as a coloring agent. The calcium, sodi- 
um, and potassium contents are very low compared to emer- 
alds from other deposits. 


Red beryls from Utah. Dr. Frederick Pough, of Reno, Nevada, 
gave an overview of red beryls from Utah’s Wah Wah 
Mountains. The red beryls are found just to the south and west 
of the Thomas Mountains in Utah, one of the many north- 
south-trending mountain ranges that comprise the Basin and 
Range geologic province of the westem United States. 

The red beryls in the Wah Wah Mountains are concen- 
trated in seams in white rhyolite. They apparently grew in 
both directions from a central seed plate: Usually crystals 
appear to have a break through the middle of the stone, 
with the two parts not perfectly aligned. Inclusions are 
plentiful in the cut stones, which usually weigh less than 1 
ct; the largest stone faceted to date is about 7 ct. 

Since this is a single-source gemstone (mined only in 
the Wah Wah Mountains} that is a variety of a well-recog- 
nized gem material {unlike tanzanite at its first introdue- 
tion}, Dr. Pough thinks that the marketing economics look 


Figure 2. This 6.28 ct cabochon of Dominican 
amber contains an anther from the extinct tree 
Hymenaea protera. Photo by Maha DeMaggio. 
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good. He thanked Rex Harris, the miner of the material, for 
his generous cooperation. 


Gem localities in China. Professor Akira Chikayama, of 
the A. Chikayama Gem Laboratory in Tokyo, Japan, pre- 
sented an update on gem localities in China, based on his 
extensive travels there. 

Diamonds are found at Wafangdian in Liaoning 
Province, Mengyin in Shandong Province, and Yuanjiang in 
Hunan Province; rubies at Yuanyang and Yuanjiang in 
Yunnan Province; sapphire at Changle in Shandong 
Province and Wenchang on Hainan Dao Island; emeralds at 
Yuanyang and Wenshan, Yunnan Province; and aqua- 
marines also at Yuanyang, Yunnan Province, and at Altay, 
in Xinjiang Uygur Autonomous Region. (Altay also pro- 
duces almandine garnets, topaz, tourmaline, zircon, ama- 
zonite, and rose quartz.} 

Peridot is found at Zhangjiakou, Hebei Province, and 
at Beishishan, Jilin Province. Gem materials found else- 
where in China include: topaz, tourmaline, zircon, garmets 
(pyrope, almandine, and grossular), nephrite, fluorite, 
quartz varieties (rock crystal, amethyst, rose quartz, tiger’s- 
eye, green jasper, and green, white, and blue quartzite}, 
rhodonite, turquoise, malachite, amazonite, serpentine, 
pyrophyllite (some with cinnabar inclusions}, lepidolite, 
dolomite, saussurite, “chrysanthemum stone,” and ore 
minerals {hemimorphite, smithsonite, and cinnabar). 


Colored stones seen by CISGEM Laboratory. Dr. Mar- 
gherita Superchi presented examples of identification prob- 
lems recently seen by herself and co-workers at the CIS- 
GEM Laboratory (Chamber of Commerce, Milan, Italy). 

Certain pink freshwater pearls and red coral were 
shown to have natural (for the pearls} and stain-induced (for 
the coral] colors based on the presence or absence of Raman 
spectral peaks for carotenoids, which cause the pink and 
red colors in some organic materials. 


Figure 3, A closer look at the anther shown in fig- 
ure 2 reveals a tiny insect (Thysanoptera) trapped 
in the pollen slit. Photomicrograph by John f. 
Koivula; magnified 15x. 
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A new rock, promoted as violet jade, does contain 
jadeite. A Russian hydrothermal synthetic emerald {con- 
taining Ni and Cu, but not V} that lacked a flame structure 
was identified on the basis of its FTIR spectrum. Light-yel- 
low glass “grown” on a white ceramic “rock” contained 
high levels of Zn and As (it had an RI. of 1.48 and several 
sizes of included gas bubbles). Last, a hardened epoxy resin 
in a natural emerald could be distinguished from several 
other natural and synthetic resins, including unhardened 
epoxy resin, based on its Raman spectrum. 


New gem deposits in Shan State, Myanmar. Northeastern 
Myanmar is famous for its corundum deposits, including 
both the Mogok Stone Tract and the Mong Hsu area in 
Shan State. While visiting that state’s capital, Taunggyi, 
one of the editors (RCK] learned of another promising 
corundum deposit from U Tin Hlaing, professor of geology 
at Taunggyi University. Professor Hlaing reported that the 
deposit is located about 100 km (62 miles) northeast of 
Taunggyi. It is reached by walking some 9 km (6 miles} 
northwest from the town of Lai Hka, which takes about 
one-and-a-half hours. The corundum—primarily pink sap- 
phires—is found with pink-to-red spinels in a marble hori- 
zon in about the center of a metamorphic belt running 
roughly 130 km north-south by 1.5 km (about one mile} 
wide. Sapphires are also found in associated alluvial 
deposits. Professor Hlaing believes that corundum may 
have been found in the area as early as 1989, but it was not 
recognized as a new deposit because the stones were mixed 
in with Mong Hsu material in the Taunggyi gem market. 

Recently, garnets have been found at Mong Kung, about 
35 km (22, miles} north-northwest of Lai Hka, at the eastem 
edge of the metamorphic belt. Both ruby and spinel have been 
found in an area between the towns of Lang Hko and Mawk 
Mai, approximately 28 km east-southeast of Taunggyi. 


New emeralds from southern India. A 15-km-long belt of 
micaceous rocks “near the Idappadi and Konganapuram vil- 
lage of Sankari Taluka” in the Salem district, Tamil Nandu 
State, India, is the site of a new find of emeralds, according to 
Dr. Jayshree Panjikar, of the Gemmological Institute of India, 
Bombay. She and her colleagues examined 16 samples, rang- 
ing up to 23.05 ct. They found that these Sankari emerald 
crystals occur as hexagonal prisms {figure 4}, with pyramidal 
faces and sometimes second-order prisin faces. 

They determined the following gemological properties: 
color—saturated green to “pale whitish green”; pleochro- 
ism—medium to strong, bright green {parallel to the c-axis) 
and bluish green (perpendicular to the c-axis}; $.G. (hydro- 
static} 2.70 to 2.73; R.L—1.582. to 1.585 (extraordinary ray], 
1.588 to 1.591 (ordinary ray); birefringence—0.006; and spec- 
trum with a hand-held type of spectroscope—strong doublet 
at 680 nm, fine line at 630 nm. With a spectrophotometer, 
they detected Cr3+ peaks at 684, 676.8, 629, and 611 nm; 
Fe3+ peaks at 368.8 and 453 nm; (possibly iron or vanadium) 
peaks at 504, 530, and 568 nm, and, in darker stones, addi- 
tional peaks between 400 and 500 nm. 
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Figure 4. This emerald crystal, approximately 10 
mm wide, is typical of the color and shape of 
emeralds from a new find in southern India. 
Photo by Jayshree Panjikar. 


The dark green stones had slightly different 
chemistries (determined by atomic absorption spec- 
troscopy} and fluorescence behaviors than their pale green 
counterparts. One dark green stone contained 0.92. wt.% 
Cr,O3, 0.46 wt.% Fe {as FeO), and 0.02 wt.% V703. A pale 
green stone contained 0.56, 0.03, and 0.03 wt.% of these 
elements, respectively. 

Among the inclusions seen in Sankari emeralds were 
mica (most common], quartz, apatite (figure 5), feldspar, 
pyrite, included hexagonal beryl crystals {visible in polarized 
light], spinel, black rounded crystals with tension cracks, 
large needle-like inclusions {possibly tourmaline or amphi- 
bole}, and black carbonaceous matter. Two generations of 
fluid inclusions were seen, with some three-phase inclu- 
sions in negative crystals among the first generation. 
Remarking on the resemblance of these stones to emeralds 
from Madagascar, Dr. Panjikar suggested that both deposits 
may have come from the same (Precambrian to early 
Cambrian) metamorphic belt, split in two with the breakup 
of the ancient supercontinent Gondwanaland. Because of 
this, she thinks that there is a possibility of finding large 
deposits of emeralds and other gemstones in the area. 


Natural glass: tektites. Dr. Charles Arps, of the National 
Museum of Natural History in Leiden, presented an 
overview of tektites, their occurrences, morphology, prop- 
erties, identifying characteristics, and uses. 

He described tektites as relatively small shiny black to 
dark brown or green semitransparent natural glass objects, 
with characteristic but variable shapes, symmetry, and sur- 
face morphology. Tektites have been found in four “strewn 
fields,” or regions: Southeast Asia/Australia, Czechia in 
Central Europe, the Ivory Coast of West Africa, and south- 
to-southeastern North America. Although several theories 
have been proposed for the formation of tektites, most geo- 
chemical evidence is consistent with their origin as the 
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Figure 5. Tiny apatite crystals are among the 
mineral inclusions found in the new emeralds 
from southern India, Photomicrograph by 
Jayshree Panjikar; magnified 50x. 


ejected residue of terrestrial rocks that were blasted by 
meteorite impacts. (In fact, two of the strewn fields are 
associated with individual craters: Czechia with the Ries 
impact crater in southern Germany, and Ivory Coast tek- 
tites with the Bosumtwi crater in Ghana.) The Australasian 
tektites are the youngest, 720,000 years old; the Ivory Coast 
tektites are 1.02 million years (My} old; the moldavites 
(tektites from Czechia} are 14.7 My old; and the North 
American tektites are the oldest, at 34.2 My. 

Tektites have varietal names based on their shapes as 
well as on their provenances. For instance, in the north- 
western part of the Australasian strewn field, “splash- 
form” aerodynamic-looking tektites (ovals, dumb-bell 
shapes, teardrops, buttons) are distinguished from the irreg- 
ular, chunky, and sometimes very large Muong Nong tek- 
tites. Other names include: moldavites (tektites from 
Czechia), bediasites and georgiaites (tektites from the U.S.}; 
and indochinites, philippinites (or rizalites}, billitonites, 
javanites, and australites from various parts of the 
Australasian strewn field. 

As cut stones, tektites can be difficult to distinguish 
from manufactured glass. (Moldavites were originally 
believed to be slag from the Bohemian glass-making indus- 
try!} Among the characteristic inclusions of this natural 
glass are: gas-filled bubbles and vesicles, a strongly contort- 
ed swirling internal structure, small grains or curved tails 
of isotropic “lechatelierite” (pure silica glass}, Fe-Ni 
spherules, and shocked mineral inclusions, R.1.’s fall 
between 1.48 and 1.53, and S.G.’s are 2.30-2..52. Tektites 
vary widely in chemistry, with both R.I. and S.G. increas- 
ing as the silica content decreases. 

Tektites have been used since prehistory as ornamen- 
tal materials and gems, as tools, and as cultural and reli- 
gious objects (in Europe, Thailand, and West Africa). In 
some Australian tribes, they were regarded as magical. 
However, miners in Indonesia have considered them bad 
omens in certain alluvial deposits. 
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Jade market in Mandalay. Although jadeite has been found 
in a number of countries, including Guatemala and Russia, 
the major commercial source of this important gem mate- 
rial is Myanmar (Burma]}. The main mining area in Upper 
Burma is situated between Hpakan and Tawmaw, near the 
Uru River. While some jadeite leaves the mining areas via 
China, most of the rough material travels south to the city 
of Mandalay. 

In conjunction with the IGC conference, one of the 
editors (RCK) visited the open-air jade market in Mandalay. 
He found most activity to be centered on 86th Street, 
between 38th and 40th Streets. On what was described to 
the editor as a typical business day, easily 5,000 people, 
buying and selling goods, packed a 500 m stretch of street 
and a large nearby courtyard (close to the 40th Street inter- 
section). At the opposite end, near 38th, in an open area 
adjacent to the Ah Yoe Ooe pagoda, dealers were selling 
almost exclusively “utility jade.” This material, typically 
used for carving ornamental objects such as figurines and 
functional objects like bowls, was sold in such forms as 
small boulders, unpolished slabs, slab fragments (including 
the peripheries of pieces from which hololith bracelets had 
already been cut], and lower-quality hololith bracelets (fig- 
ure 6). Elsewhere along the street, dealers sold low- to high- 
quality “commercial jade”—gem-quality material suitable 
for jewelry items and less-valuable gemstones. 

The fine-quality “imperial jade” was seen in another 
jade market, along 34th Street between 85th and 86th 
Streets. Here, we saw far fewer buyers and sellers, not more 
than 200 total. Unlike the larger market, nothing was 


Figure 6. At one end of the jade market in 
Mandalay, Myanmar, a woman sells fragments 
of jadeite slabs and other lower-quality material. 
Photo by Robert C. Kammerling. 
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Figure 7. In a small lapidary shop in Mandalay, 
Myanmar, a worker saws a double ring blank in 
half to produce ring “preforms.” Photo by Robert 
C. Kammoerling. 


openly displayed. When approached, dealers would take 
small stone papers from pockets or from inside their shirts. 
Almost all the material seen in this market was of very 
good to excellent quality. Although most were cabochons, 
one dealer offered gold rings, each set with a single imperial 
jadeite cabochon. 


Jadeite lapidaries in Myanmar. While Myanmar is the 
major commercial source of jadeite, most is fashioned else- 
where, especially Hong Kong and southern China, as well 
as various cities in Thailand. 

Still, some Myanmar jadeite is cut in the country 
itself. While in Mandalay, one of the editors (RCK} visited 
several small shops in what appeared to be essentially a 
cottage industry. One had a single electric-motor-driven 
saw, which was being used to cut an approximately 1 kg 
boulder. The piece had been purchased “mawed,” that is, 
with a single window ground into its surface. The buyer, a 
master with 30 years of jade buying and cutting experience, 
had used this window to inspect the interior before pur- 
chase. Under the watchful eyes of this master, an assistant 
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cut sections off the boulder. After each cut, the master 
would examine the remaining block and mark it with a 
pencil, indicating where the next cut should be made. The 
cutting revealed that the boulder was about one-third 
imperial jadeite, with the rest commercial jadeite. From the 
better portion, the firm estimated that it would recover 
20%-25% of the weight in fashioned goods. If their esti- 
mate proved accurate, they expected to double their 
$25,000 investment. 

The next shop visited produced blanks for jadeite 
hololith bracelets {the final shaping and polishing was 
apparently done elsewhere}. Jadeite boulders were first cut 
into slabs on an electric saw. After that, the hololith blanks 
were cut out using a drill-press-like machine with two con- 
centric circular blades. 

Another shop produced two types of finished items 
from the central cores remaining after hololith bracelets 
were cut from jadeite slabs: small hololiths for infants’ 
bracelets and for stringing together to make jadeite cur- 
tains, and hololith rings. For the rings, a double-bladed cut- 
ting tool was again used to cut three double blanks from 
each circular blank. Each double blank was then sawn in 
half, producing two ring “preforms” {figure 7). We were told 
that the workers shared 2, kyats {about US$0.02) for each 
preform produced. They produced the ring’s final, rounded 
shape by rotating it on the shaft of a lathe while bringing 
into contact a fist-sized piece of basalt; for this step, a work- 
er is paid 1.5 kyats (about US$0.015) for each ring. Another 
worker polished the ring on the lathe, using the outer sur- 
face of a piece of bamboo; again, the pay was 1.5 kyats. We 
were told that one worker responsible for the last two steps 
could typically produce 50-60 rings a day. 

One of the most interesting shops carved jadeite from 
designs created by an artisan-carver or copied from a previ- 
ously fashioned piece or from an illustration. As an exam- 
ple of the latter, the editor was shown a photo of a bronze 
statue of a deity. From this, an acetate template was made 
with the outlines of the statue. The template was then 
traced on a sawn “face” that had been placed on a small 
jadeite boulder (see, e.g., figure 8). All of the artisans at this 
shop had some art training as well as experience as wood- 
carvers or in carving softer gem materials such as alabaster. 
Even with this experience, they had all traveled to China to 
learn how to work jade. 

Tools used to work the jadeite include electric grind- 
ing wheels and hand-held drills. All the actual cutting tools 
had been made in the shop. The coarsest abrasive for the 
grinding wheels was prepared from Carborundum powder 
that had been mixed with a hard waxy material secreted by 
tree-boring insects. The finer-grit abrasive was made from a 
mixture of this waxy material and ground, petrified wood. 
For the final polish, a commercial dental polishing com- 
pound was used, although the firm was experimenting 
with a diamond powder purchased from China. Using this 
equipment, in five days an artisan can fashion one 25 cm- 
tall image of the Buddha or 10 small! pendants. The firm 
charges from 1,000 to 5,000 kyats (US$10-$50} per cubic 
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Figure 8. A partially-carved image of the Buddha 
(left) awaits final carving and polishing. Black ink 
marks how a sawn jadeite boulder will be carved 

(right). Photo by Robert C. Kammerling. 


inch for carving statues. (The exact amount depends on the 
intricacy of the design} 

We also visited a shop that produces jadeite cabo- 
chons. The cabochons were first rough ground on a vertical 
grinding wheel, then preformed on a finer-grit wheel. The 


Figure 9. One worker polishes a jadeite cabo- 
chon using a wide lathe shaft covered with bam- 
boo (left), while the other worker preforms a 
cabochon on a grinding wheel. Photo by Robert 
C. Kammerling. 
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last step, polishing, was performed with a wide lathe shaft that 
was covered with bamboo (figure 9}. Unlike the other shops 
visited, the equipment here was powered by foot pedals. 

The last stop was at a firm that produced beads. 
Workers formed them by hand on a grinding wheel. The 
beads were then drilled with a bow drill, the cutting tool 
for which was a rod tipped with a small diamond crystal. 
The other end of the rod was manipulated by the driller. 
We were told that it takes about five minutes to complete- 
ly drill a 6-9 mm bead. Workers were paid 2 kyats 
(US$0.02) per drilled bead. 


Freshwater natural pearls from the Lac St. Jean area, 
Québec. Francine Payette, a geologist-gemologist from 
Québec, Canada, examined the structure and composition 
of three pearls from the pearl mollusk Margaritifera mar- 
garitifera, which is found in some Québec waterways and 
in a limited area along the Atlantic Coast. (The natural 
range distribution of this mollusk extends from Labrador to 
Pennsylvania, along the East Coast drainage of North 
America} 

Young M. margaritifera live as parasites on brown and 
spotted trout in Québec rivers. Adults live in the mud and 
sand on the bottoms of small waterways, they grow shells 
up to 4 x 6.5 x 15 cm, with brown-to-black exteriors and 
white (with tints of pink and violet) nacre. There is no 
commercial pear! fishing in the province, and the cold cli- 
mate limits harvesting to about four summer months. 

Ms. Payette, who performed her analyses at the Laval 
University Department of Geology in Québec, used 
cathodoluminescence, X-ray diffraction analysis, scanning 
electron microscopy, and optical microscopy to study thin- 
sectioned samples of these pearls. Aragonite was the main 
mineral component, with minor calcite detected. In the 
interior of the pearl, the aragonite occurs as long, slender 
crystals radiating from a central point; in the thin outer 
layer, the aragonite occurs as tabular crystals (figure 10). 
The contact zone between these two layers is quite sharp; 
in the nacreous layer, the tabular aragonite crystals overlap 
one another, with some disordered layering seen. One non- 
nacreous concretion showed partial dissolution (diagene- 
sis?} of the exposed square cross-sections at the ends of the 
radiating aragonite crystals, with small calcite(?) crystals 
between them. Ms. Payette speculated that the small 
amounts of calcite may have been responsible for the 
cathodoluminescence of these pearls, which was more spo- 
radic in the nacre layers. She cautioned that more work is 
needed, and noted that some Québec pearls were also 
described by Dr. Emmanuel Fritsch in the Spring 1993 
Gem News {p. 58). 


Unusual pearls. Although today’s commercially important 
pearls predominantly come from a small group of nacreous 
salt- and freshwater bivalves, niche markets do exist for 
rare pearls, such as gastropod-derived abalone and conch 
“pearls,” and bivalve-derived wing-shell pearls. However, 
some pearls are rarer still. Dr. Grahame Brown, of ALL- 


GEMS & GEMOLOGY Winter 1995 


GEM Services, Albany Creek, Australia, reported on some 
rare and unusual pearls that he had seen over the last two 
decades. He described: 

e¢ A hammer-oyster (Mallets albus) “pearl”, which 
was brownish, pear shaped, and non-nacreous. It had an 
S.G. of 2.2 and was formed from alternating layers of radi- 
olucent conchiolin and radiopaque calcite. 

e A brownish nacreous button pearl discovered in a 
saltwater {edible} New Zealand Greenshell™ mussel 
(Perna canaliculus). 

¢ A bicolored near-hemispherical button pearl, with 
striking (and characteristic) orient and luster, from the 
black-banded wing shell, Mangavicula macroptera. 

¢ A porcelaneous clam “pearl” from Tridacna gigas of 
Papua New Guinea origin—a distorted pear-shaped opaque 
white concretion with an S.G. of 2.80 and no structural 
characteristics visible with X-radiography. 

¢ "Coconut pearls” (figure 11}, which are manufac- 
tured by Indonesian craftsmen from processed thick shell, 
and which show characteristic striations with “transillu- 
mination.” 

¢ Highly iridescent natural abalone pearls and cultured 
abalone half-pearls, with silvery green to brownish red sub- 
surface colors that continuously shifted as the pearls were 
moved under indirect overhead illumination. 

e An extremely rare trochus “pearl” (from Trochus 
nuloticus), which displayed a porcelaneous luster but had the 
typical concentric lamellar structure of a natural pearl. 

Dr. Brown also described an early cultured pearl neck- 
lace of Australian origin. Evidence suggested that the pearls 
were cultured in the Australian P. maxima during or before 
the first decade of the 20th century, by the Englishman 


Figure 10. This SEM photomicrograph clearly illus- 
irates the long aragonite crystals radiating from the 
core, and the outer layer of tabular aragonite crystals, 
in a natural pear! from the Lac St. Jean area, Québec. 
Photomicrograph courtesy of the Department of 
Geology, Laval University, Québec, Canada. 
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Figure 11. This 13 mm “coconut pearl” was man- 
ufactured in Indonésia from a thick piece of moth- 
er-of-pearl shell, Transillumination (“candling”) 
reveals the shell structure and cutting marks. 
Photo courtesy of Grahame Brown. 


William Saville-Kent. Mr. Saville-Kent operated a pearl-cul- 
turing farm on Albany Island, just to the east of Australia’s 
Cape York, between 1906 and 1908. Dr. Brown proposed 
that Mr. Nishikawa and Mr. Mise, generally accepted as the 
first to culture round bead-nucleated pearls successfully, may 
have learned the technique by observing Mr. Saville-Kent’s 
experiments on or around Thursday Island. 


Rubies from the Barrington volcanic field, East Australia. Dr. 
F, L. Sutherland, of the Australian Museum in Sydney, 
described faceting-quality rubies found in alluvial deposits 
shed from the Tertiary Barrington basalt shield volcano in 
eastern Australia. The rubies accompany sapphire, zircon, 
spinel, and other heavy detrital minerals (figure 12]. Crystals 
show corrosion from transport in a hot fluid; the main min- 
eral inclusions in these crystals are pleonaste (ferroan spinel] 
and chromian pleonaste. The ruby grades into pink sapphire 
with a decrease in chromium and iron contents. 

The parent rock—found as srnall mineral aggregates 
accompanying the gem corundum—contains ruby, sap- 
phire, sapphirine, and spinel, with a reaction-rim of 
pleonaste spinel (from transportation in a hot melt} some- 
times visible. Sapphires that crystallized with the ruby are 
near-colorless, or are found in pastel shades of yellow, blue, 
green, or pink. The sapphirine is usually blue to green, with 
a composition of about 7MgO+9A1,0303SiO, with some 
iron substitution. The spinel is opaque pleonaste and chro- 
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Figure 12. This 3 nnm—long ruby grain with attached 
chromian spinel crystal is from the Barrington vol- 
canic field in eastern Australia. Photo by Gayle 
Webb; © Australian Museum, Sidney. 


mian pleonaste. Sapphirine-spinel thermometry suggests 
that these aggregates crystallized at about 780°-940°C. 
This suite of associated minerals contrasts with the 
more common sapphire suites in eastern Australia, which 
typically contain blue-green growth-zoned sapphire crys- 
tals. Such sapphires contain inclusions of rutile sill} and 
iron-rich spinel, as compared to the pleonaste inclusions in 
the Barrington corundum aggregates. The association with 
sapphirine seen at Barrington also appears in some alluvial 


Figure 13. Two young women sort rough rubies 
from Mong Hsu at the gem market in Taunggyi, 
Myanmar. Photo by Robert C. Kammerling. 
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ruby fields in Thailand (Rubywell mine}. This raises the 
potential of sapphirine as an indicator for ruby sources. 


Ruby market in Taunggyi. For many of the rubies mined in 
Mong Hsu, the first stop after the mines is the ruby market 
in Taunggyi (Myanmar). In early November 1995, in con- 
junction with the IGC conference, one of the editors (RCK] 
visited this important gem-trading center. 

Located near the outskirts of the city, the market is in 
an enclosed compound reminiscent of (but larger than) that 
at Luc Yen in northern Vietnam. For the most part, dealers 
sit at small tables (figure 13}, for which they pay 200 kyats 
(about US$2) a day. Even though business was described as 
“light” on the day we visited (which followed a holiday), 
we conservatively estimated that some 2,000 people were 
in the compound at the height of activity. We were told 
that 10,000 people typically crowd the market on a more 
normal work day, but that this is half the number seen the 
previous year. 

This drop in activity apparently does not relate to 
problems in Mong Hsu: Several people confirmed that 
there has been no decrease in mining activity, and material 
continues to move freely to Taunggyi. Rather, the market 
reportedly has been affected by a drop in the prices paid for 
Mong Hsu material, because of increased difficulties in get- 
ting it out of the country. In the past, material freely 
crossed from Tachileik, Myanmar, into Mae Sai, in the far 
north of Thailand (see “Update on Monghsu ruby,” Winter 
1993 Gem News, pp. 286-287}. However, about six months 
before the editor’s visit, the Myanmar government closed 
this land link. Material now travels a more circuitous, and 
perhaps less-secure, route from Myanmar into Thailand. 
We were told that much of the Mong Hsu material was 
being diverted to the Thai border towns of Mae Hong Song 
and Mae Sot. 

Although mies dominated the Taunggyi market, we 
also noted small parcels of blue sapphire (reportedly from 
Mogok}, some non-gem tourmaline, spinels from both 
Mogok and Mong Hsu, a few pieces of fluorite (both vio- 
letish blue and green} from Mogok, commercial-quality 
jadeite cabochons, and red garnets from the Mong Hsu 
area. We were also told that some of the higher-quality 
Mong Hsu material is sent to Mogok, because material of 
Mogok provenance brings a higher price on the market. 
Conversely, lower-quality Mogok material is brought to 
Taunggyi and mixed in with that from Mong Hsu. 

As many as one-third of the women in the market 
wore gem-set jewelry, primarily earrings and large pendants 
set with many small, faceted rubies {figure 14}. When asked 
the source of their stones, most said that it was Mong Hsu. 


Sapphire mining in Laos. Southeast Asia is famous for its 
corundum deposits: Myanmar has Mogok and Mong Hsu; 
Thailand has Kanchanaburi and Chanthaburi-Trat; and 
Cambodia has Pailin. The newest addition to this group of 
corundum producers is Laos. In a brief report in the 
December 1994 ICA Gazette, a Laotian locality called 
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Figure 14. This woman, like many of those buying 
and selling gems in the Taunggyi market, wears 
ruby-set earrings. Photo by Robert C. Kammerling. 


“Huai Sai” was said to produce good-color blue sapphire. 
More recently, in the August-September 1995 issue of 
JewelSiam, David Squires described a brief visit to a mech- 
anized mining operation near the Laotian border town of 
Ban Houay Xai. 

Also in conjunction with the IGC conference, one of 
the editors (RCK) visited a mining area not far from Ban 
Houay Xai. Starting from the city of Chiang Rai in north- 
ern Thailand, the editor and a few colleagues drove approxi- 
mately one-and-a-half hours on a paved two-lane road to 
reach Chiang Khong, a Thai border town on the Mekong 
River, roughly 70 air miles (112 km} northeast of Chiang 
Rai. After arranging for a one-day entry permit to enter 
Laos, the group crossed the river by long, narrow power 
boat to Ban Houay Xai, where we rented two “samlors” 
(motorcycle taxis) for the drive to the mines. 

The first site visited was Ban Tong Saeng Chan, which 
translates as “field with moonlight,” about 15 km south- 
east of Ban Houay Xai. The mining area was a large field 
that had been pierced by circular shafts about 1.5 m in 
diameter and 2-3 m (6-9 feet} deep. Miners reached the bot- 
tom of the shafts by climbing down bamboo poles. They 
used short-handled shovels to dig the shafts (and some- 
times short tunnels—no more than a meter or so—into the 
gem-bearing layers]. Miners used either the shovels or 
small metal bowls to extract the gem-bearing lateritic soil 
(we saw no distinct gravel layer in any of the pits). The 
extracted material was then placed in a bucket and, in shal- 
low shafts, handed to a co-worker at the surface (figure 15). 


Gem News 


When the shaft was too deep, the miners hauled the buck- 
ets to the surface using a bamboo pole fitted with a hook 
on one end. 

When enough material had been extracted, it was sift- 
ed through a large-mesh basket to remove any large rocks 
and then loaded into a plastic grain sack, which the miner 
then carried to a small stream some 200-300 m away. 
Here, the soils were shoveled into wide, shallow woven 
wicker baskets, like those used in many parts of the world 
for washing gem-bearing material. Because the stream was 
very shallow, the miners used shovels to dig depressions in 
the stream bed deep enough to permit washing. Once the 
soil had been washed away, the miners would examine the 
gravels and remove any sapphires found, often while still 
sitting in the stream (figure 16). 

The editor had an opportunity to briefly examine 
some of the sapphires, both at the washing site and at a 
local dealer's home. These sapphires ranged from light to 
dark blue (figure 17}, with many noticeably color zoned. The 
overall impression was that some fine-quality material was 
coming out of the area. Although most of the rough was 
small (one carat or less}, we saw some stones of several carats. 


The sapphire deposit in southern Madagascar. Sapphires 
from new mining operations near Andranondamtso, 
Madagascar, were described by Contributing Editor Dr. 
Henry Hanni, on the basis of work done with colleagues 
Michael Krzemnicki and Drs. Lore Kiefert, Karl Schmetzer, 
and Heinz-Jtirgen Bernhardt. Andranondamtso is a small 
village north of Tolanaro (Fort Dauphin). 


Freure 15, At a sapphire-mining locality near Ban 
Houay Xai, Laos, a miner passes a bucket of soil 
and gravel to a co-worker. Photo by Robert C. 
Kammerling. 


GEMS & GEMOLOGY Winter 1995 283 


Figure 16. Soil and gravels, recovered from pits 
like that shown in figure 15, are washed for sap- 
phires in a local stream. Photo by Robert C. 
Kammerling. 


The Tranomano Precambrian crystalline schists are 
embedded between the Anosyenne chain and the Androy 
volcanics in southern Madagascar. The Tranomano units 
form the central part of a peneplain,; these crystalline 
schists were subjected to strong (granulite facies} metamor- 
phism, and consist of pyroxenites, garnet gneisses, and 
pyroxene gneisses. These rocks were folded and a granitic 
mass intruded, from which pegmatite dikes emanated fur- 
ther into the pyroxenites. Sapphires formed locally in the 
reaction zones between the pegmatite dikes and the pyrox- 
enite; these deposits take the form of nests and pockets. 
The sapphire crystals are usually small (5-15 mm across} 
and are light-to-dark blue in color (figure 18). Crystal shapes 
observed vary from columnar to pyramidal and distorted 
tabular shapes; crystal faces identified so far include c, a, r, 
n, w, Z, and a rare scalenohedral form. These faces not only 
define the surface morphology of the crystals, but they also 
are frequently encountered within the crystals, where they 
form growth and color bands. Electron microprobe analyses 
revealed significant variations in the concentrations of 
chromophore elements Fe (0.15-0.25 wt.% Fe as FeoO3} 
and Ti (0.05-0.15 wt.% Ti as TiO,). The absorption spec- 
trum is similar to that of Sri Lankan and Burmese sapphires, 
with a weak-to-moderate Fe?+ absorption at 450 nm. 
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Mineral species identified in the {very calcite-rich] 
associated parent rock include: calcite, feldspars, quartz, 
diopside, mica, anatase, spinel, apatite, wollastonite, and a 
mixture of clay minerals. Inclusions found in the sapphires 
are: apatite, calcite, spinel, diaspore, COy, and rutile. These 
were identified by Raman spectroscopy and SEM-EDS. 
Rutile needles were not present or were very small. Turbid 
areas in the crystals may be composed of fine, submicro- 
scopic TiO, precipitates. Because many crystals have sec- 
tored color zoning and/or turbid areas, sapphires from this 
locality will probably need heat treatment to be mar- 
ketable. 


Scapolites from new discoveries in Sri Lanka. The gemolog- 
ical properties of scapolites from Sri Lanka were discussed 
by Pieter C. Zwaan, of Leiden, the Netherlands, and E. 
Gamini Zoysa, of Mount Lavinia, Sri Lanka. These yellow 
to near-colorless stones came from eluvial and alluvial 
deposits near Pohorabawa, a small village in the 
Eheliyagoda area, and in the Embilipitiya area. 

The Eheliyagoda specimens had mean refractive indices 
of 1,542. (extraordinary ray) and 1.560 {ordinary ray], birefrin- 
gence of 0.018, specific gravity of 2.632, and composition of 
Marialiteg7 sMeionitego 5. There are two groups of 
Embilipitiya scapolites: one with gem properties similar to 
those from the Ehilayagoda area, and the other with refrac- 
tive indices of 1.550 {extraordinary ray} and 1.578 (ordinary 
ray], a birefringence of 0.028, a specific gravity of 2.693, anda 
composition of Marialite,g;Meionitesy 5. This second group 
of scapolites also may contain needle-like inclusions of 
pytrhotite. 

Scapolites can be distinguished from other yellow Sri 
Lankan gemstones with similar properties (such as citrine 
and various feldspars) by their strong orange-yellow to 


Figure 17, This handful of sapphire rough, seen at a 
mining site near Ban Houay Xai, appears to be typi- 
cal of the sapphires being produced in the area. Photo 
by Robert C. Kammerling. 
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“canary” yellow fluorescence to long-wave UV radiation 
and their much stronger birefringence. 

With regard to gemological properties, Eheliyagoda 
scapolites have much in common with those from 
Tanzania, whereas most Embilipitiya scapolites are very 
similar to scapolites from Madagascar. Among the scapo- 
lites from other localities that were available for identifica- 
tion was a 2.06 ct violet stone from Pakistan, which had the 
lowest numerical values for physical properties and the low- 
est meionite content [composition Marialitesy 4 Meionitey ¢] 
ever observed in the Netherlands Gemmological Laboratory. 


Tanzanites and other zoisites from Merelani, Tanzania. Why 
do so many colors of zoisite come from such a small area in 
Tanzania? Why does some zoisite exhibit a color change 
after heat treatment, while some does not? To answer these 
questions, Contributing Editor Henry Hanni (aided by 
Daniel Traber and Dr. N. Barot), analyzed 42. zoisite crystals 
and chips both chemically and spectroscopically. 

Chemical investigations were carried out by micro- 
probe, with special attention given to the chromophores Fe, 
Ti, Cr, and V. Quantitative results showed low aluminum 
contents (compared to the ideal zoisite formula). This sug- 
gests substitution of the chromophores for Al, either as a 
simple substitution or coupled with some other substitu- 
tion. Brown and blue samples typically had a V.O3/Cr,O3 
ratio greater than two; this ratio was less than two for green 
samples. Light blue crystals with elevated TiO, contents 
showed only a weak response to heat treatment, despite 
their vanadium content. Manganese and iron were found in 
very low concentrations only; hence, the authors did not 
consider these elements to be relevant with regard to the 
colors of the Merelani zoisites. A green zoisite fram 
Pakistan and a pink zoisite (purchased in India] were tested 
for comparison purposes, and were found to have signifi- 
cant iron contents. 

Violet zoisites owe their color to V3+. The addition of a 
little Cr’+ results in a purer blue. The transition from 
brown to blue is caused by destruction of the 450 nm 
absorption band on heat treatment. (Both the brown 
pleochroic color and the 450 nm absorption band are polar- 
ized parallel to the c-axis.) Samples with elevated Ti con- 
tents (which are usually light blue| showed weak reactions 
to heat and kept the 450 nm feature to a certain extent. 
The authors speculate that the color transition mechanism 
(with heat treatment} is: Ti3+ + V4+ converting to Ti#* + V8+ 
as titanium is oxidized with heating; they hope that further 
investigation will confirm this hypothesis. Finally, they 
noted that infrared spectroscopy revealed no features that 
would be diagnostic for heat treatment in zoisite. 


SYNTHETICS AND SIMULANTS 


Russian flux-grown synthetic alexandrites. One of the con- 
tributing editors, Dr. Karl Schmetzer, examined about 200 
crystals of flux-grown synthetic alexandrite obtained from 
Novosibirsk and Bangkok. About 90% of the crystals 
showed cyclic twinning; the balance were untwinned sin- 
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Figure 18. These sapphire crystals from southern 
Madagascar range from light to dark blue. The 
largest is about 15 mm long. Photo courtesy of 
Henry A, Hédnni, SSEF. 


gle crystals. Dr. Schmetzer identified as external crystal 
faces (dominant faces underlined here for emphasis) pina- 
coids a (100), b (010), and c (001); rhombic prisms s {120}, 
k (021), x (101), and m (110); and one rhombic dipyramid 
o {111}, X-ray fluorescence spectroscopy revealed minor-to- 
trace amounts of Cr, Fe, V (in some samples}, Ge, Bi, and 
Mo. Cr, V, and Fe are chromophores. Bi and Mo were 
already known to be components of the flux material used 
in Russia for the growth of synthetic alexandrites, but the 
presence of germanium, sometimes greater than | wt.% 
GeO, was surprising. 

The crystals showed growth zoning parallel to the four 
dominant a, x, k, and o faces (figure 19}, which was also 
seen as zoning of Cr, Fe, Ge, and V {again, in some samples} 
with the electron microprobe. About 10% of the samples 
revealed an intense red (in incandescent light} core, with a 
lighter red rim, and a rounded, still more intense red bound- 
ary between the two. Chromium content ranged up to 4 
wt.% CryO3 in the boundary area, which indicates a two- 
stage growth process for some of the synthetic alexandrites. 


GGG as a corundum fake. Over the past few years, reports 
have appeared here and elsewhere about the danger of inad- 
vertently purchasing synthetic rubies that have been fash- 
ioned to resemble waterworn natural rubies from Vietnam 
(see, for example, Winter 1991 Gem News, p. 260). We 
have also heard of an imitation Mong Hsu ruby that is pro- 
duced by inserting a blue, wax-like substance into a cavity 
in synthetic ruby; the wax superficially resembles the blue 
central zone typical of material from that locality. 

While in Taunggyi, Editor R. C. Kammerling learned 
of another deception being used on local jewelers: Large 
pieces of purple GGG are fashioned to resemble corundum 
crystals and misrepresented as material from a “new” 
deposit. One such imitation, shown by U. Tin Hlaing (who 
had identified the specimen as GGG}, had a rough-ground 
surface with fairly convincing parallel striations on the 
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Figure 19. This Russian flux-grown synthetic alexan- 
drite shows a characteristic growth pattern consist- 
ing of two a (100) pinacoids (left and right) and two 
o (111) rhombic dipyramids (top). Photomicrograph 
(immersion, incandescent light) courtesy of Karl 
Schmetzer; magnified 40x. 


crystal “faces” (figure 20}. Because of the rough surfaces, it 
was difficult to examine the interior of the piece, even with 
strong transmitted light. However, its deep purple color 
was very evident. Unwary jewelers, secing this transmitted 
purple color, might mistake it for a mixing of colors from 
the red periphery and blue core of a Mong Hsu-like crystal. 


INSTRUMENTATION Es 


The lapidary as a gemological resource. Michael Gray, of 
Graystone Enterprises, Missoula, Montana, pointed out 
that lapidaries—the people who fashion gem rough into cut 
stones—can be an invaluable source of gemological infor- 
mation, especially with regard to new materials, and locali- 
ty and treatment information. For instance, the fact that 
benitoite was too soft to be sapphire provided the first clue 
that it was a new mineral, In Mr. Gray’s experience, heat- 
treated corundums do not respond to cutting and polishing 
in the same way that untreated stones do, and bicolored 
tourmalines from different localities behave differently dur- 
ing faceting. 
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Nuclear microscopy of rubies, Mr. Tay Thye Sun, of the Far 
East Gemological Laboratory, Singapore, described the use 
of a nuclear microscope to determine trace-element con- 
tents in rubies. In this research, carried out in collaboration 
with the National University of Singapore Nuclear 
Microscopy Group, a focused beam of high-energy protons 
is raster-scanned across the sample’s surface; X-rays 
(Particle Induced X-ray Emission, or PIXE] and backscat- 
tered protons (Backscattering Spectrometry, or BS) are col- 
lected from regions as small as 1 micron, Depths of around 
30 microns are probed. The method allows the determina- 
tion of trace-element concentrations at the 1 ppm level 
from homogeneous regions near the stone’s surface, where 
no inclusions or surface contaminations are present. 

In addition to the six rough samples from Mong Hsu 
and four cut stones from Thailand that had been studied in 
detail, Dr. Tay presented preliminary results for 105 rubies 
from various Myanmar localities. The Thai stones had 
higher Fe contents than the Mong Hsu rubies, but the 
Mong Hsu stones had more V and Ti. The dark Mong Hsu 
core regions were high in Cr and Ti. 


Raman spectrometers. Interest in Raman spectroscopy as a 
gemological technique continues to grow because of its 
usefulness as a nondestructive technique to identify inclu- 
sions in gemstones. Dr. Prof. Bernard Lasnier, of the 
Gemmology Laboratory at the University from Nantes, 
France, reported that the technology of gemological Raman 
spectrometers continues to improve; Han A. Talay of the 
University of Nantes has developed a new unit that is 
portable (it weighs 15 kg] and can also be used for colori- 
metric measurements. 


Figure 20. This rough “crystal” of purple GGG was 
nuisrepresented to a jeweler in Taunggyi, Myanmar, 
as a corundum gem from a new locality. Photo by 
Robert C. Kammerling. 
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Dr. Jamie Nelson, of London, England, provided a very 
lucid description of how the Raman effect works, and 
reported that he is developing a catalog of Raman spectra of 
gemstones and their inclusions, which currently contains 
150 entries. (For an existing catalog of 80 Raman spectra of 
gems and their inclusions, see the 1992 special Raman 
spectroscopy issue of Revue de Gemmologie [abstracted by 
E. Fritsch in the Fall 1993 Gems #& Gemology, p. 224]. A 
more extensive catalog—with more than 600 mineralogical 
standards—is currently in press in Nantes.) Garry du Toit, 
of the Asian Institute of Gemological Sciences in Bangkok, 
showed several Raman spectra of inclusions in gems, 
including calcite in a Burma ruby that had been heat treat- 
ed to an extreme degree and the emerald fillers cedarwood 
oil, Opticon, and a “different type of resin” used in 
Bangkok, which is activated by UV radiation. 

In a panel discussion following these presentations, 
some limitations of the Raman technique were pointed 
out. Inclusions must be fairly close to the surface of the 
gem being studied; and, in highly fluorescent stones, lumi- 
nescence can totally swamp the Raman signal (unless mul- 
tiple lasers, or other methodological changes, are used). 


Brewster angle refractometer. Dr. Roger Harding, of the 
Gemmological Association and Gem Testing Laboratory of 
Great Britain, described an instrument that works by mea- 
suring the angle at which the light reflecting off the surface 
of a gemstone is most highly polarized (the Brewster angle}. 
A laser serves as the high-intensity monochromatic light 
source; however, as the lasers employed to date emit light 
in the red end of the spectrum (632.8 or 670 nm], and not at 
the 589 nm sodium D line, the measurements must be 
converted (that is, the dispersion must be known} in order 
to compare results with conventional refractometers. Thus, 
a table of Brewster angles (at 670 nm) is more convenient 
for recording and comparing data. With this instrument, 
the Brewster angles of diamond and CZ can be distin- 
guished, and no optical coupling fluid (such as R.I. liquid) is 
needed, 


MISCELLANEOUS &@® 2 


Gems in ancient jewelry. Jewelry from a 4th century B.C. 
sepulcher was the topic of a talk given by Jean-Paul Poirot, 
of the Service Public du Controle des Diamants, Perles 
Fines et Pierres Précieuses, Paris. The sepulcher was of the 
Achemenid period in Susa (moder Iran). 

The gems in three beaded necklaces, two buttons, two 
ear pendants, one torque, and two bracelets were identified. 
Drilled beads from one single- and one four-strand necklace 
included: quartz {rock crystal, amethyst, smoky quartz]; 
cryptocrystalline quartz {including carnelian, sardonyx, 
onyx, brown banded agate, red and yellow jasper, and other 
chalcedony} and siliceous rocks; hematite and ferruginous 
rock; feldspar porphyries with black body colors; and lime- 
stone, mother-of-pearl, amazonite, turquoise, malachite, 
serpentine, lapis lazuli, gold beads, and “artificial products” 
{sintered glassy frits with bluish white body colors). 
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Figure 21. Gems & Gemology Editor Alice Keller accepts 
the trophy for best scientific/educational feature article 
from ASAE President R. William Taylor. 


The necklace with cloisonné beads, and all the other 
pieces, contained cloisonné inset with lapis lazuli, car- 
nelian, agate, and turquoise. In one piece, amazonite was 
used to imitate turquoise in an inconspicuous place. All 
the pieces showed signs of wear and weathering, such as 
stones missing from the enamel work and the alteration of 
some lapis lazuli caused by pyrite decomposition. They 
also showed that culture’s appreciation of turquoise and 
lapis lazuli, and the influence of neighboring civilizations. 


ANNOUNCEMENTS 


Gems & Gemology wins again. For the fourth consecutive 
year, Gems & Gemology won an award in the prestigious 
American Society of Association Executives [ASAE) Gold 
Circle competition. For 1995, the journal received a first- 
place trophy in the category “Feature Writing, 
Scientific/Educational” for the article “An Update on Filled 
Diamonds: Identification and Durability,” by R. C. 
Kammerling, S. F. McClure, M. L. Johnson, J. I. Koivula, 
T. M. Moses, E. Fritsch, andJ. E. Shigley (which appeared in 
the Fall 1994 issue and was the recipient of Gems &@ 
Gemology’s own “Most Valuable Article” award}. Gems & 
Gemology also placed second overall in the “Journals” cat- 
egory. Editor Alice Keller traveled to Chicago in early 
December to receive the trophy on behalf of the journal 
(figure 21). 
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PHOTO MASTERS FOR 
DIAMOND GRADING 


By Gary A. Roskin, 94 pp., illus., 
publ. by Gemworld International, 
Northbrook, IL, 1994, US$75.00* 


By the title alone, I anticipated Photo 
Masters for Diamond Grading to be a 
practical combination of E. Gtibelin 
and J. l. Koivula’s Photoatlas of 
Inclusions in Gemstones and GIA 
GEM Instrument’s MicroVision 2000. 
After reading Photo Masters, [ realized 
that it is not intended to be a “mas- 
ter” for grading in the same sense that 
“master color” comparison diamonds 
are used for color grading. The value 
of this book is as a reference guide for 
the trade, mainly for retailers and 
rusty diamond graders. I used it with a 
customer in my store to clarify the 
difference between a VVS, feather and 
a VS, feather. It provided the example 
we needed without my actually look- 
ing through dozens of loose diamonds. 
This glossy hardcover book has 
more than 200 color photomicro- 
graphs of diamonds representing all 
clarity grades and other grading char- 
acteristics. It is well organized, with a 
concise table of contents, enjoyable 
introduction, and a good history of the 
evolution of diamond grading. For the 
most part, the caption to each pho- 
tomicrograph gives the diamond’s 
carat weight, clarity grade, level of 
magnification, and the grading labora- 
tory, if any. However, not all captions 
give all of this information, and this 
book should continue to be updated. 
The main grading issue Roskin 
deals with is clarity. Although this 
book will not thrust you into the circle 
of the professional diamond grader, as 
the title and preface might imply, it 
does offer a second opinion to help the 
reader strive for “consistency in an 
evolving grading system.” Neverthe- 
less, more pages should have been 
devoted to the clarity issue. I also felt 
that the chapters on Reflectors, Fancy 
Shapes, Fancy Colors, Large Diamonds, 
and Recutting were far too short. 
Another concern is visual percep- 
tion as it relates to the use of pho- 
tomicrographs. A common magnifica- 
tion level {10x} for all diamonds illus- 
trated would have provided a much 
more realistic comparison within any 
one clarity grade. As presented, one 
can look at a dozen different VS» 
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inclusions, but, because cach is 
shown at a different magnification, it 
is impossible to compare them. 

The last chapter, on Laboratory 
Comparisons, seems to have one aim: 
to show Sl, clarity grades where they 
had not been shown before. Even so, 
the discussion is incomplete and 
leaves the issue of differences between 
laboratories unresolved [e.g., the GIA 
Gem Trade Laboratory does not use 
this grade}. In this reviewer's opinion, 
it is inappropriate as a concluding 
chapter to a book that purports to be 
striving for consistency in diamond 
grading. 

Nevertheless, this book achieves 
its stated purpose of helping to reduce 
inconsistencies in grading, and it is a 
valuable tool for the appraiser, whole- 
saler, and retailer. As a retailer and 
former diamond grader, I would give 
Photo Masters for Diamond Grading 
an SI,... Salable but Incomplete, too. 

STEVEN L. GINSBERG, G.G. 
Ginsberg Jewelers 
Cedar Rapids, lowa 


A SPARKLING AGE, 17Tu- 
CENTURY DIAMOND 
JEWELLERY 


223 pp., ilus., publ. by the 
Diamantmuseum, Antwerp, 
Belgium, 1993, US$65.00* 


This bilingual (Flemish/English} cata- 
log of an exhibition held at the Province 
Diamond Museum in Antwerp June 
11-October 3, 1993, capably demon- 
strates the splendor of diamond jewel- 
ry in the 17th century—aptly called “A 
Sparkling Age.” This soft-cover book 
offers rich insights into both the devel- 
opment of diamond cuts and changing 
tastes in jewelry during this era. 

Four articles provide background 
information for the exhibit. In the 
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mid-1600s, the use of table-cut dia- 
monds and the introduction of rose- 
cut diamonds helped move jewelry 
design away from elaborate precious- 
metal and enamel work, reducing 
their role to that of decorative motif. 
A scant 40 years later, Parisians 
demanded more facets on the sides of 
table-cut diamonds—the first recorded 
attempt at the brilliant cut. Supporting 
this historical footnote, Jan Walgrave's 
article on “Diamond Cuts in the 17th 
Century” definitively states that “The 
brilliant [cut diamond] exists already 
before 1700 but only some decades 
later completely supersedes the table 
diamond.” Jan Walgrave also provides 
articles on “Tendencies in 17th- 
Century Jewellery” and a description 
of the miniature case of King Louis 
XIV of France, given by that monarch 
to a Dutch envoy in 1683. 

Diana Scarisbrick, noted British 
jewelry historian, writes an absorbing 
13-page article, “17th-Century Dia- 
mond Jewellery and the Ornamental 
Print.” She relies on the ornamental 
prints that were published for jewelers 
and their clients to trace the history of 
jewelry from the end of the 16th cen- 
tury to the reign of Louis XIV at 
Versailles. 

In the actual catalog portion of 
the book, a rich narrative accompa- 
nies each of the crisply illustrated 107 
jewelry items. Many of the illustra- 
tions show details of the counter 
engraving or counter enameling 
prevalent at that time. In a number of 
instances, a line drawing of the 
faceted diamond accompanies the 
photo and text. 

Although this book Jacks a table 
of contents, glossary, or index, it is rel- 
atively easy to follow along chrono- 
logically. The reader can visually track 
trends in jewelry design and diamond 
cuts as they emerge and are refined 
during this fascinating era. For those 
interested in specific items or types of 
jewelry, though, browsing would be a 
problem. 

GAIL BRETT LEVINE 
Auction Market Resource 
Rego Park, New York 


“This book is available for purchase through 
the GIA Bookstore, 1660 Stewart Street, 
Santa Monica, CA 90404, Telephone (800) 
421-7250, ext. 282; outside the U.S. (810) 
829-2991, ext, 282. Fax: (310) 449-1161. 
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COLORED STONES AND 
ORGANIC MATERIALS 


Building a new image for Australian pearls. R. Shor, 
Jewelers Circular-Keystone, Vol. 166, No. 10, 
October 1995, pp. 72-74, 76. 


Australia’s 16 pearl farmers have decided to aggressively 
market and advertise their South Seas pearls themselves. 
Going beyond the traditional small group of Japanese buy- 
ers, the farmers want to sell to distributors worldwide, 
reduce trading in the yen, and create a separate, more pres- 
tigious identity for their product. 

This article reviews the history of the over-100-year- 
old Australian pearling industry and its connection with the 
Japanese. Shor reports that in recent years, innovations by 
the Australian farmers have lowered mollusk mortality 
rates and increased production. 

Producers think that the U.S. will be the next big mar- 
ket for their product. Although necklaces of Australian 
pearls have sold at auction for as much as US$500,000, 
farmers hope that simpler jewelry will bring their products 
more into the range of mainstream affordability. At one 
retail store in Sydney, less costly designer jewelry—using 
one or two pearls—starts at $300 (but averages between 
$2,000-$8,000}, the items are produced by local Sydney 
designers, as well as by international design houses such as 
Carrera y Carrera, Buccellati, and Leo de Vroomen of 
London. 

Australian quotas limit the harvest of “wild” pearl oys- 
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ters to 537,000 oysters annually (16,000-100,000 per com- 
pany). Almost all are harvested off 80 Mile Beach, west of 
Broome. However, Australia will allow each company to 
add 20,000 hatchery-grown oysters to its operating stock. 
Hatchery pearls are described as “more uniform and much 
less exciting.” JEC 


The definition of a mineral. E, H. Nickel, Canadian 
Mineralogist, Vol. 33, 1995, pp. 689-690. 
The International Mineralogical Association (IMA) 
Commission on New Minerals and Mineral Names 
(CNMMN) decides whether a newly described substance is 
a mineral (and, if itis, whether a proposed name is accept- 
able}, as well as which existing mineral species designa- 
tions are no longer acceptable and should be discarded. 


This section is designed to provide as complete a record as prac- 
tical of the recent literature on gems and gemology. Articles are 
selected for abstracting solely at the discretion of the section edi- 
tor and his reviewers, and space limitations may require that we 
include only those articles that we feel will be of greatest interest 
to our readership. 


inquiries for reprints of articles abstracted must be adaressed to 
the author or publisher of the original material. 


The reviewer of each article is identified by his or her initials at the 
end of each abstract. Guest reviewers are identified by their full 
names. Opinions expressed in an abstract belong to the abstrac- 
ter and in no way reflect the position of Gems & Gemology or GIA. 
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Their decisions can have implications for gemology, espe- 
cially on the criteria for natural as compared to “man- 
made” materials. In this article, Dr. Nickel, vice-chairman 
of the CNMMN, explains the current definition used to 
determine whether a substance is a mineral. 

“Tn general terms, a mineral is an element or chemical 
compound that is normally crystalline and that has been 
formed as a result of geological processes.” By this defini- 
tion, amorphous substances (such as opal) usually are not 
considered minerals, although there are a few exceptions 
(georgeite, calciouranoite}, Metamict materials (that is, 
materials made amorphous by large amounts of radiation 
damage} may be accepted as minerals if there is evidence 
that the material was crystalline before radiation damage. 
Virtually all liquids are not minerals (the exception is mer- 
cury}. However, when solidified (such as ice], they may be 
minerals, even if they are not stable at room temperature or 
ambient pressure. Extraterrestrial substances {such as the 
lunar mineral tranquillityite) can be minerals. Geologic 
processes are not limited to those on Earth! 

For gemologists, the debatable materials are biogenic 
(formed by living creatures), anthropogenic (formed by 
humans}, or anthropogenic with later geologic modifica- 
tions. As examples in the first category, a natural substance 
(such as a pearl) that forms in or as the body of a living crea- 
ture is typically not a mineral; however, the material that 
results when some natural substances have been affected by 
geologic processes (c.g., struvite in bat guano, anapaite in 
fossil mollusk shells} may be a mineral. 

No anthropogenic substance is accepted as a mineral, 
although it may be a “synthetic equivalent.” In the past, 
some anthropogenic materials that had been modified by 
geologic processes were accepted as minerals. These 
include compounds found in the silver-mining slags of 
Laurium, Greece, which formed as the slag sat in seawater 
for centuries, and some new chemical compounds formed 
in mine fires, The CNMMN will no longer accept such sub- 
stances as new minerals. However, materials formed by 
weathering {or other geologic processes} of rocks may be 
new minerals, even if human activity set the processes in 
motion—provided that said activity was not done expressly 
to create new minerals. Thus, if you made a road cut in 
which a new mineral later formed by weathering, that min- 
eral would probably be acceptable to the commission. 
However, if you piled up 100 miscellaneous meteorites, 
stuck a lightning rod in the pile, and prayed for a thunder 
storm, your mew products would probably not be called 
new minerals, ML] 


Flat pearls from biofabrication of organized composites on 
inorganic substrates. M. Fritz, A. M. Belcher, M. 
Radmacher, D. A. Walters, P. K. Hansma, G. D. 
Stucky, D. E. Morse, and §. Mann, Nature, September 
1, 1994, pp. 49-51. 

Materials scientists have discovered that organic processes 

can be very effective in growing unusual composite materi- 

als, One common example is the growth of organic-tem- 
plated aragonite, also known as the nacreous layers in 
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pearls. In this article, the authors show that “flat pearls”— 
iridescent regions of oriented columns of flat aragonite 
plates—can be grown on disks of glass, mica, and molyb- 
denite (MoS) inserted between the mantle and shell of red 
abalones, Haliotis rufescens. The development of pearly 
layers appears governed by processes in the abalone mantle 
cells that are triggered by the presence of inorganic materi- 
al between the mantle and the shell. 

Abalones were chosen for these experiments because 
they grow nacreous material faster (about 26 times) than 
bivalves, and they lack the complicated bivalve “pear! sac.” 
Eighteen-millimeter-diameter disks of glass, mica, and 
molybdenite were inserted between the mantle and the 
shell in living red abalones, and then removed 14 days later; 
nacreous layers grew on all three types of disks. To better 
understand the depositional process, the authors repeated 
the experiments, withdrawing the disks at shorter intervals. 
They found the following sequence: {1} The first material to 
be deposited was calcite, which grew in 100 u intergrown 
crystalline blocks (day five}; (2) the first aragonite nucleated 
in discrete sites on this calcite surface after seven days; and 
(3) highly ordered columnar aggregates grew from these 
nuclei and covered the disk surface (between days seven and 
14, about 200 aragonite layers formed). 

The authors isolated some of the proteins responsible 
for pearl growth, and concluded that the timing of the 
growth of inorganic materials resembles that of natural 
shell material. ML] 


In Hong Kong, record prices for jade, National Jeweler, July 
16, 1995, p. 26 


Two world-record prices for jade and the appearance of new 
major buyers marked Christie’s early-May auctions in Hong 
Kong. The May 1, jadeite-only auction brought $7.8 mil- 
lion, almost double the previous year’s figure. The sale’s 
highlight was a magnificent jadeite bangle that set a world- 
record price of $1.5 million, far more than the last auction 
record of $900,000. A pair of jadeite saddle rings went for 
double their estimate—$460,000—another world record. 
The May 2 session took in $3.8 million, up 140% over the 
same sale a year earlier. A 7.39 ct emerald fetched $182,000, 
and a 6,12 ct Burmese ruby sold for $174,000. MD 


A note on red beryl. R. R. Harding, Journal of Gemmology, 
Vol. 24, No. 8, pp. 581-583. 


This brief note summarizes the characteristics of an unusu- 
ally large (4.66 ct) faceted specimen of this gem material. 
The characteristics were consistent with those previously 
reported for red beryl from Utah, except that the iron and 
manganese contents for this sample were higher and, thus, 
related absorption features were observed. (Readers should 
note that the absorption spectrum illustrated is from a dif- 
fraction-grating, not prism, spectroscope. } 

Mineral inclusions of bixbyite and columbite were 
identified; other, unidentified, mineral inclusions were also 
observed. The results of SEM-EDS analyses for the beryl and 
its mineral inclusions are provided in a table. CMS 
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Other gemstones. C. R. Cavey, Metals @ Minerals Annual 
Review 1995, 1995, p. 31. 


Although 1994 mining production increased in many areas, 
the worldwide recession lowered demand for gemstones. 
The gem market also became riskier, with the wide distrib- 
ution of synthetic gems, especially Russian and Japanese 
synthetic amethyst and citrine. The gem-cutting market in 
India remained stable, and production activities in Thailand 
increasingly centered on the heat treatment of corundum 
gems. 

General demand for ruby was not strong in 1994, and 
most of the new production was heat treated. Myaninar’s 
ruby production, primarily heat-treated [Mong Hsu] stones, 
remained stable for the year. Sri Lanka’s production bene- 
fitted from a better political climate and from new mining 
and marketing efforts; again, most stones were heat treated. 
Rubies from Vietnam were readily available; however, 
parcels of these stones have been salted with imitation 
rough made from flame-fusion and flux synthetic conn- 
dum. A few natural rubies came from Russia, and low-grade 
material was available from Norway. There was little evi- 
dence of mining in the region around the Tajikistan- 
Afghanistan border. 

Sri Lanka produced “large quantities” of sapphires and 
is adding more gem-cutting and polishing centers; local 
interest in-heat treatment also expanded, in response to a 
growing reluctance to send stones to Thailand for process- 
ing. Thailand continued to produce medium- and low-qual- 
ity (with small amounts of good-quality) sapphires. In addi- 
tion, large amounts of Sri Lankan, Australian, Nigerian, and 
Chinese stones are imported into Thailand for heat treat- 
ment. Nigeria continued to mine dark blue sapphires, and 
many colors of corundum came from the Umba River 
Valley in Tanzania. Sapphire mining continued in Montana, 
a few stones were found in Madagascar, and a dark 
blue/brown sapphire of more than 1,000 carats was 
rumored to have been found in Yemen. 

Emerald production increased in Colombia, with some 
gems weighing more than 50 ct; however, virtually all the 
stones were subjected to “resin in-filling.” Brazil’s emerald 
ouput remained stable. Production from Africa—from 
Sandawana and other sites in Zimbabwe, Zambia, 
Mozambique, Nigeria, and South Africa—was erratic in 
1994. There was an unconfirmed report of a “fine emerald” 
found in Kenya. Recent production was also available from 
Russia, with some cut gems reported in sizes as large as 
50 ct. 

Emerald prices remained low in 1994, prices for aqua- 
marines fell after a quantity of fine material was discovered 
in Madagascar. Other aquamarine-producing countries 
included Brazil, Nigeria, Zambia, Zimbabwe, Pakistan, and 
Sri Lanka, 

Paraiba tourmalines continued to be popular, although 
similarly colored heat-treated apatite proved to be a plenti- 
ful, cheap alternative. Irradiated and heat-treated blue topaz 
was also readily available. Finally, Russia produced one of 
the oddest synthetic gems on the market—synthetic mala- 
chite. ME] 
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Rare natural pink clinozoisite {in Japanese}. Y. Kitawaki, 
Gemmology, Vol. 25, No. 301, October 1994, p. 11. 


The author reports on a transparent pink stone that was 
brought to his laboratory and subsequently identified as cli- 
nozoisite. The article includes a photograph of the stone 
face-up and a description of the stone’s various gemological 
properties. The cause of the unusual color could not be 
determined; however, the author suspects that a minute 
amount of manganese might have been responsible. 

HN 
DIAMONDS 


Ashton joins KWG Resources and Spider Resources in ven- 
ture. Diamond Industry Week, Vol. 2, No. 29, July 
31, 1995, pp. 7-8. 


Most news about diamond exploration in Canada has con- 
cerned the “Corridor of Hope” in the Northwest 
Territories. However, KWG Resources and Spider 
Resources have discovered diamonds in the James Bay 
Lowlands area of Northern Ontario. Ashton Mining of 
Canada has joined them for the testing phase of a new prop- 
erty, Kyle No. 3. As of July 31, 1995, 96 microdiamonds {less 
than 0.5 mm in maximum dimension) and five macrodia- 
monds had been recovered from 454 kg of kimberlite drill 
core. Most garnets from the discovery hole plot “well with- 
in” the G10 range favorable for diamonds, and chromite 
compositions appear favorable, too. 

Ashton is also evaluating diamondiferous properties in 
the Northwest Territories, as well as near Lake Superior in 
the United States. ML] 


Botswana backs renewals with the CSO. A. Katz, Mazal 
U’Bracha, No. 67, May 1995, pp. 96-100. 


Botswana has become Africa’s economic success story 
because of its diamond and other mineral resources. 
Mr. Archibald Mogwe, Botswana’s Minister of Mineral 
Resources and Water Affairs, believes that his country 
is a wealthy, stable democracy because it has maintained 
control over its mineral-rich land. At a recent diamond con- 
ference in Perth, Australia, Mr. Mogwe gave De Beers high 
marks for unearthing the resources by which “Botswana 
lives or dies.” Since the mid-1960s, Botswana and the CSO 
have been equal partners in that country’s diamond mining 
and marketing, as well as resultant revenues, To date, only 
De Beers has found viable diamond deposits in Botswana. 
Botswana’s five-year contract with De Beers expires at 
the end of 1995, but both parties are pleased with the 
arrangement and intend to renew. Mr. Mogwe saw no rea- 
son to follow Russia’s lead in threatening to break with the 
CSO, preferring De Beers’s marketing expertise to experi- 
menting “with unknown marketing structures.” AC 


Crystal forms and surface textures of alluvial diamonds 
from the western region of the Central African 
Republic. C. Censier and J, Toureng, Mineralium 
Deposita, Vol. 30, No. 314, 1995, pp. 314-322. 


Samples of the most common crystal forms of alluvial dia- 


GEMS & GEMOLOGY Winter 1995 291 


monds from the western region of the Central African 
Republic were examined by scanning electron microscope 
to determine their geologic history. The marks observed 
were related to two distinct periods of transport: magmatic 
and hydraulic. 

The diamonds underwent significant magmatic corro- 
sion during their ascent from the upper mantle. Evidence 
for this included the fact that there were more rhombodo- 
decahedral than octahedral forms, the frequent occurrence 
on the crystal faces of pyramidal depressions with triangu- 
lar {111} or square (100) bases, and the presence of V-shaped 
{111} or stepped figures on the faces around the ternary axes. 
Some impact marks probably occurred during the explosive 
episode of kimberlite extrusion. 

Other impact marks, the marks of general wear, and 
the high proportion of gem-quality diamonds indicated that 
these crystals had endured both lengthy transport and a 
long geologic history after erosion from the kimberlite. This 
suggests that the kimberlite is some distance from the sand- 
stone formation. The diamonds were stored in Albian- 
Maastrichtian rocks before they became concentrated in 
recent alluvium. RAH 
Development: De Beers retreats . . . Mining Journal, 
London, June 23, 1995, p. 462. 


In November 1993, De Beers agreed to participate in the 
expansion of gold concessions held by Ghana Consolidated 
Diamonds in Akwatia and the neighboring Birim River. 
Over the next 14 months, these deposits produced 387,000 
carats of industrial and near-gem diamonds. However, bulk 
sampling of the remaining “meander belt” deposits of the 
center channel of the Birim River has revealed lower-than- 
anticipated economic potential. Consequently, De Beers 
decided to withdraw from the project. ML] 


Virtual diamonds by fax and on the Internet. Diamond 
Registry, Vol. 27, No. 9, 1995, p. 2. 
Potential buyers are warned to be very suspicious of unso- 
licited e-mailed or faxed offers for large quantities of rough 
diamonds at discounted prices. When an offer seems too 
good to be true, it probably is: “Virtual diamonds” may be 
a ruse to find out a would-be buyer’s bank account number. 
The offer illustrated here was for one million carats (!) of 
rough diamonds in sizes of one to 20 carats, to be delivered 
at a rate of 8,000 carats per month. When such sellers are 
asked for a sample shipment of a few hundred carats before 
any funds are committed, though, they become “insulted” 
and cut the conversation short. The actual source of these 
offers, which appear to originate in the U.S., South America, 
Europe, or Africa, has not been determined. However, as the 
newsletter warns: “Real diamonds come in small packages 
and real miners show their wares before a deal is consum- 
mated.” ML] 


World rough production holds at 1993 levels, New York 


Diamonds, No. 29, March 1995, pp. 60-61. 
In 1994, the world’s diamond mines produced 57 million 
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carats (Mct) of gem and near-gem diamonds, about the same 
as 1993, according to statistics released by the U.S. Bureau 
of Mines. The only leading producer with any significant 
change was Zaire, where output fell 5.2% (to 9 Mct} because 
of continuing government instability. Australia, the largest 
producer of gem diamonds by weight, yielded 19 Mct; 
Botswana, the largest producer by value, totaled 12, Mct. 

Russia mined 8 Mct, which was equal to its 1993 pro- 
duction but down 11% from 1992—a drop probably caused 
by the maturity of the major Russian mines. Russia is mov- 
ing closer to production, but still in the testing phase, at six 
major kimberlite pipes at Archangelsk. 

South Africa produced 4.3 Mct in 1994. Namibia’s out- 
put was 1.1 Mct; mine ownership there was partially 
nationalized in November 1994, with the new holding 
company, Namdeb, owned equally by the Namibian gov- 
ernment and De Beers. Official production in Angola con- 
tinued at the 0.5 Mct level to which it had fallen the pre- 
ceding year (from 0.8 Mct in 1992), however, these figures 
do not include illegal mining, which is believed to be sig- 
nificant. 

Testing of diamond deposits continued in Arkansas 
(Crater of Diamonds in Murfreesboro} and the Colorado- 
Wyoming border. Prospecting was also ongoing in Alaska, 
Minnesota, and Wisconsin, but the United States—like 
Canada—had no commercial diamond production in 1994. 

World diamond reserves are estimated at 300 Mct 
(mostly in Africa, Russia, and Western Australia). Fifty mil- 
lion carats of industrial diamonds were mined in 1994, with 
23 Mct of these from Australia. 

The U.S. Bureau of Mines extrapolated all current pro- 
duction figures in this report from known production for 
the year’s first three quarters. They reflect only official fig- 
ures released by the governments involved. MI] 


GEM LOCALITIES 


Benitoite and joaquinite in Arkansas, H. Barwood, Mineral 
News, Vol. 11, No. 5, May 1995, pp. 2, 5. 

The rare gem mineral benitoite, BaTiSizO9, is found in 
facet-grade pieces at the Gem Mine in San Benito County, 
California. Recently, it was discovered at the Diamond Jo 
quarry in Magnet Cove, Arkansas. Three specimens have 
been found of clear “sky-blue” anhedral (that is, having no 
external crystal faces) grains embedded in pectolite. X-ray 
powder diffraction analysis confirmed that this strongly flu- 
orescent material was benitoite; the dimensions of the 
grains were not given. There are unconfirmed reports of 
benitoite from Texas /Editor’s note: See related abstract in 
this issue, “The reported benitoite ...”] and Belgium, but 
this is only the second confirmed locality for benitoite. 
Rare-earth-poor joaquinite is also found at the Diamond Jo 
quarry, and is possibly a new species in the joaquinite group. 

ML] 


Burmese sapphire giants. R. W. Hughes and U. H. Win, 
Journal of Gemmology, Vol. 24, No. 8, pp. 551-561. 


Some of the world’s finest blue sapphires have come from 
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the Mogok region of Myanmar. Once denigrated by gem 
enthusiasts as usually being too dark, Mogok sapphires are 
recognized today as representing the full range of blues. 
Some exceed 100 ct when cut. 

For the most part, the blue sapphires occur in associa- 
tion with the rubies for which Mogok is best known, but a 
few localities yield primarily blue sapphires. The authors 
provide a map of the sapphire-producing localities near 
Mogok. 

Famous large blue sapphires from Mogok include the 
958 ct rough “Gem of the Jungle,” which was found in 
1929. It was cut into nine stones, the largest of which 
weighed 66.53 ct. A 502 ct crystal (illustrated in the article} 
of fine blue color and slightly silky clarity was found in 
1994, Two tables list exceptional specimens of gem and 
nongem sapphire from sources worldwide. Among the 
nongem specimens is a 63,000 ct crystal from Mogok that 
was unearthed around 1967, CMS 


Cat’s-eye and asteriated gemstones from East Africa. N. R. 
Barot, G. Grazianai, E. Gtibelin, and M. Rettighieri, 
Journal of Gemmology, Vol. 24, No. 8, pp. 569-580. 

The authors describe the characteristics of 19 assorted cha- 

toyant or asteriated gemstones from East Africa, which has 

become a significant producer of such stones. Their samples 
include alexandrite, various garnets, apatite, aquamarine, 
greenish yellow beryl, kyanite, kornerupine, ruby, sapphire, 
scapolite, tourmaline, and zoisite. Photomicrographs illus- 
trate the various oriented microscopic features that gener- 
ate the phenomena, including rutile needles, tubes, lamel- 
lar structures, healing fissures, and cleavage laths. Tables 
summarize the basic properties of the samples and the 
inclusions that were identified in them. CMS 


Diamond mining in Bingara, part 1. J. Hume, Australian 
Gold Gem & Treasure, Vol. 10, No. 8, August 1995, 
pp. 21-22, 52, 54. 
The first report of diamonds in New South Wales, 
Australia, was by E. H. Hargraves, who found what were 
claimed to be diamonds at Reedy Creek, near Bathurst, in 
July 1851. Three months later, a diamond from the Turon 
River was shown to geologic surveyor S. Stuchbury, and six 
diamonds were found in the tributaries of the Macquarie 
River in 1860, The first commercially important diamond 
find was made in 1867 at Two Mile Flat, near the 
Cudgegong River, west of Gulong. These alluvial diamonds 
were found in Tertiary river gravels. Between 1867 and 
1870, 1,765 diamonds (up to 1.25 ct) were recovered from 
the Cudgegong field by the Australian Diamond Mines 
Company. 

Operations ceased in 1870, when a major flood 
destroyed nearly all the recovery machinery. In 1872, dia- 
monds were discovered at Bingara, again in Tertiary leads, 
Although the finders, miners M’Caw (sometimes spelled 
M’Call, or M’Caul} and Wescott, tried to keep it a secret, 
they finally had to sell some diamonds when their supplies 
and cash ran out. A diamond rush soon followed. 
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Because many of the early diamond miners were gold 
prospectors who just happened on the diamonds, early 
extraction techniques were based on those that were suc- 
cessful for gold. However, the specific gravity of diamond is 
only about 3.5, less than one-fifth that of gold, so panning 
and washing for diamonds was inefficient. A horse-powered 
“puddler” converted diamond-bearing dirt into a mixture of 
mud and boulders; the boulders were removed manually 
and the mud sluiced into boxes, where the panning 
occurred. “Rich ground” yielded about 2 carats of diamonds 
per cubic yard, roughly 4.5 diamonds per carat. Recorded 
production between the rush’s beginning in 1872 and its 
end in 1874 was about 600 carats. In 1883, further explo- 
ration by Charles Rogers led the Australian Diamond 
Mining Company to resume operations. Various | 9th-cen- 
tury “puddling” machines are described in this article, the 
first of a two-part series. ML] 


Diamonds in South Australia. G. Clarkson, Australian 
Gold Gem & Treasure, Vol. 10, No. 5, May 1995, pp. 
27-29, 

Alluvial diamonds have been found in the state of South 

Australia, and the geologic setting promises further dia- 

mond discoveries. Diamonds were first found at Echunga, 

near Adelaide, in 1859, by 1900, a total of 50 “salable” dia- 

monds had been recorded. Another find occurred in 1987. 

Permian conglomerates in the Springfield Basin have yield- 

ed 128 diamonds, accompanied by indicator garnets with 

their fragile kelyphitic rinds intact, which suggests that 
they did not travel very far. At Eurelia, 140 diamonds have 
been found, associated with kimberlites. 

Lamprophyric rocks, including kimberlites, are wide- 
spread in South Australia. The most important are: Eurelia 
(Jurassic kimberlite dikes), Terowie-Manunda (dikes and 
pipes}, the Eyre Peninsula (Jurassic kimberlite pipes and 
dikes, including an altered monticcllite kimberlite com- 
plex), Truro (Ordovician lamproites), Radium Hill 
(Ordovician lamprophyre dikes], Port Augusta (micaceous 
kimberlite sills), and Mulgathing (mica-peridotite plugs and 
sills associated with kimberlite). Exploration of some of 
these regions is under way. 

The article includes a map of South Australia that 
shows these localities and regional geologic structures. 

ML] 


Emeralds from Somondoco, Colombia: Chemical composi- 
tion, fluid inclusions and origin. A. Kozlowski, P. 
Metz, and H. A. Estrada Jaramillo, Neues Jahrbuch 
ftir Mineralogie, Abhandlungen, Vol. 159, No. 1, 
1988, pp. 23-49, 


This description of the geologic setting and mineral associ- 
ations of emerald occurrences at Somondoco, Colombia, 
first summarizes earlier research. It stresses the occurrence 
of emeralds in carbonatic veins and pockets in fractured and 
brecciated zones controlled by faults in the San Fernando 
fault system. 

For their study, the authors used electron microprobe, 
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emission spectroscopy, and infrared absorption, along with 
transmitted-light microscopy and thermogravimetry, to 
analyze the chemical composition and fluid inclusions of 
seven dark green to near-colorless beryls from one mine at 
Achiote, Chivor/Somondoco. This testing was also done to 
explain the growth conditions of the emeralds. 

Backed by their analysis of the inclusions, Kozlowski 
et al. argue that the beryllium-poor host rocks contain 
enough Be and Cr for the rich emerald mineralization at 
Somondoco, and that the origin of the emeralds can be eas- 
ily explained by local migration processes. Thus, they dis- 
pute the hypothesis of an “endogenous deep seated source 
for beryllium” proposed by A. A. Beus and D. A. Mineev in 
1972. RT 


Investment in mining in India. H. Govind, Mining 
Magazine, Vol. 173, No. 1, July 1995, pp. 22-23. 


A new minerals policy announced in March 1993 and leg- 
islated in 1994 selectively opened mining in India to partic- 
ipation by foreign and domestic private investors. Relaxed 
mining laws and tax breaks now make it easier for foreign 
capital and expertise to help mine several nonfuel re- 
sources, including diamonds and gold. 

All new mining leases will be issued for a minimum of 
20 years and a maximum of 30. Existing leases now may be 
renewed for 20 years, twice as long as previously allowed, 
with further extensions possible. Prospecting licenses may 
be granted for periods up to three years, with extensions for 
a total of five years possible; the amount of material that 
may be extracted under prospecting leases has also been 
increased. Other investment-attractive changes to the min- 
ing laws are also described in this article. 

The four principal diamond “belts” in India are listed 
as: the Ramkheria-Hirappur conglomerate belt in Madhya 
Pradesh, the Vajrakarur kimberlite belt in Andhra Pradesh, 
and kimberlites at Panna (Madhya Pradesh) and near 
Raipur. ML] 


Nephrite from Chuncheon, Korea. Won-Sa Kim, Journal of 
Gemmology, Vol. 24, No. 8, pp. 547-550. 

Since 1976, the Chuncheon area northeast of Seoul, Korea, 
has annually produced around 80,000 to 90,000 kg of 
nephrite jade. The material is only rarely deep green; most 
ranges from “greenish white” to pale yellowish green or 
pale green. Chemical analysis of four samples indicated that 
this nephrite is at the tremolite end of the tremolite-actino- 
lite series, with Mg contents appreciably higher than Fe. 
These results are consistent with the pale green color. Other 
properties are in agreement with those for tremolite. 
Impure material {as is common for nephrite] contains minor 
amounts of calcite, diopside, and chlorite. Dyed green 
nephrite from this source is now on the market: It exhibits 
a marked absorption band at 630-650 nm, whereas undyed 
Chuncheon nephrite has no distinctive absorption features. 

CMS 
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The reported benitoite occurrence in Texas—doubtful. A. 

Smith, Mineral News, Vol. 11, No. 5, May 1995, p. 5. 
The first edition of the Encyclopedia of Minerals by Roberts 
et al. (1974) lists the Eocene sands of southwest Texas as a 
source for benitoite. Mr, Smith can find no evidence for ben- 
itoite occurring there, however, and suggests that the 
authors (or an uncited primary reference} may have con- 
fused benitoite with bentonite, an industrially important 
clay mineral known to occur in that area. ML] 


An unusual sapphire-zircon-magnetite xenolith from the 
Chanthaburi gem province, Thailand. R. R. 
Coenraads, P. Vichit, and EL. Sutherland, 
Mineralogical Magazine, Vol 59, No. 3, 1995, pp. 
465-479. 


The geologic origin of Thailand’s renowned gem corundum 
(sapphire and ruby) and other gemstones (e.g., zircon) asso- 
ciated with alkali basalts is problematic. Hence, any clue 
that might shed light on this subject will receive close 
scrutiny. This explains why such a detailed study was con- 
ducted on a small {1.5 cm, 0.6 inch] xenolith found in tail- 
ings from a mine near Khao Wua, about 7 km northwest of 
Chanthaburi. 

The xenolith consists predominantly of aluminum- 
and titanium-rich octahedral magnetite that has exsolved 
(broken down] into hercynite, magnetite, and hematite dur- 
ing cooling from the original magma source, it also contains 
some sapphire and zircon crystals. Minor amounts of 
jarosite-alunite possibly represent an iron sulphide immis- 
cible liquid in the original magma. U-Pb dating of the 2 mm 
zircon crystal in the xenolith yielded an age of 1-2. million 
years, which falls within the range of radiometric ages pre- 
viously obtained for zircons and alkali basalt volcanism in 
this area. Etch pits an the exposed surfaces of the xenolith 
indicate that it was out of equilibrium (i.e., in the process of 
being dissolved) within the (alkali basalt) magma that was 
transporting it to the surface. 

The authors believe that the xenolith—and sapphire 
and associated minerals—crystallized from some magma 
related to, but distinct from, the alkali basalt activity. The 
chemical compositions of the xenolith and its minerals sug- 
gest pegmatite-like crystallization in a silica-poor magma 
formed in the deep crust or upper mantle. Similarities with 
the occurrence of gem corundums in eastern Australia are 
noted. Because of the mineral associations observed in this 
xenolith, it is suggested that the recognition of zircon and 
magnetite in basalt, soil, or in an alluvial drainage system 
would be a positive indicator for sapphire. AAL 


Women in small-scale mining in Zambia. P. Mundia, 
Geoscience and Development, No. 1, November 
1994, pp. 12-13. 


Women are involved in the small-scale mining of many 
Zambian resources, including tin, salt, copper, limestone, 
and gemstones. Women are mine owners, sorters, “knock- 
ers” (people who cob rough}, and cooks. Most are involved 
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in illegal mining, but women control 27 out of 121 
prospecting and mining licenses granted by the Zambian 
government for aquamarines, amethysts, or emeralds. 
Among the constraints on women’s full participation in 
this sector are: lack of technical knowledge, difficulties in 
disciplining male employees, time and mobility constraints 
due to families, and social-cultural attitudes. The author 
recommends that a revolving loan fund be set up to support 
women miners, and that assertiveness training be included 
in the free technical training that the Zambian government 
already provides. ML] 


JEWELRY HISTORY 


Head-dresses of the Tibetan Nyinba in Nepal. H. Gabriel, 

Arts of Asia, Vol. 25, No. 4, 1995, pp. 90-95. 

The intricately designed taikor is a large ceremonial head- 
dress worn by the Nyinba people of Nepal for special occa- 
sions. It is part hat and part jewelry. Reflections of a fami- 
ly’s wealth, these head-dresses are handed down from gen- 
eration to generation. Many of them were brought from 
Tibet several centuries ago, when the ancestors of the 
Nyinba migrated to Nepal. Thus, they are seen as visible 
evidence of the Tibetan roots of their owners. 

Often, the upper side of this boat-shaped head-dress is 
decorated with turquoise, coral, pearls, gold, and silver. 
(Turquoise, however, is the most abundantly used gem 
material here and in all Tibetan jewelry.) Less-opulent head- 
dresses contain brass domes. The tarkor also features a 
fringe of metal and coral beads that falls over the wearer’s- 
forehead. 

This article discusses the use of turquoise and other 
gem materials and precious metals, including their symbol- 
ism to the Nyinba people. Metal techniques observed in 
this ritual headgear include repoussé and chasing in finely 
articulated detail. The relationship of the taikor to the ritu- 
al headgear of other closely related tribes is also examined. 

JEC 


PRECIOUS METALS 


Platinum demand up 11% in 1994, M. K. Golay, National 
Jeweler, July 1, 1995, p. 30. 


Demand for platinum was up 11%—to a record 4.51 mil- 
lion ounces—in 1994 because of substantial growth in 
demand by the jewelry and automobile industries, accord- 
ing to the Johnson Matthey Company. Platinum supplies 
rose 3%, to 4.53 million ounces. Declining shipments from 
South Africa (down 6%, to 3.16 million ounces) were offset 
by a sizable jump in Russian sales (up 49%, to 1.01] million 
ounces}. 

The average price of platinum in 1994 was up 8%, to 
$405.25 per ounce. Worldwide demand for platinum jewel- 
ry rose 7%, to 1.72 million ounces, stimulated by Japan’s 
increased fabrication of pure platinum jewelry. Growth in 
high-technology and environmental applications was 
responsible for increased industrial demand, a 15% jump to 
800,000 ounces. Demand for platinum in physical invest- 
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ment products rose 90,000 ounces in 1994, to 395,000 
ounces. MD 


Sales of gold jewelry up 6.3% in first half. M. K. Golay, 

National Jeweler, October 1, 1995, p. 26. 
Gold jewelry enjoyed its 14th consecutive quarter of sales 
increases in the second quarter of 1995, according to the 
World Gold Council. Total U.S. gold-jewelry retail sales 
topped $3.8 billion in the first half of 1995, up 6.3% over the 
same period in 1994, Unit volume jumped even more— 
9.4%—to more than 43.6 million units. These results 
exceeded the 5.2% rise in U.S. retail sales during the same 
period. Sales of gold jewelry were up across all retail distri- 
bution channels in the first half of 1995, according to the 
report. 

Discount stores continued to outperform all other 
types; dollar sales went up about 19% as compared to the 
first half of 1994. Independent jewelry stores had an increase 
of 6.5% in dollar sales. Chain jewelry stores matched U.S. 
retail sales with a 5.2% increase. Department stores 
increased 3.8% over the first half of last year. However, cat- 
alog showrooms lagged below the category average, with 
dollar sales up just 2.3% over the first half of 1994, 

All merchandise classifications had greater dollar sales 
in the first half of 1995. Sales of earrings were up 13.9%; 
charms, 15.9%; bracelets, 6.2%; and neck chains, 3.2%. 
Gold wedding rings, non-wedding rings, and non-chain 
necklaces increased 5.0%, 9.4%, and 5.6% (respectively) in 
dollar volume over the comparable period in 1994, MD 


Why gold is the noblest of all metals. B. Hammer and J. K. 
Nerskov, Nature, July 20, 1995, pp. 238-240, 

This interesting solid-state physics paper compares surface 
reactivities of four metals—nickel (Ni}, platinum {Pt}, cop- 
per (Cuj, and gold {Au}. Gold is the “most noble” metal 
because it is the least reactive toward atoms or molecules 
in a liquid or gas at the interface with its surface. (Alloy for- 
mation is a separate issue that does not affect “nobility.” 

The authors distinguish between the ability of a metal 
to form and break bonds at the surface, and its ability to 
form new compounds or be dissolved. To look at bonds, 
they examine bonding between a hydrogen molecule, Hp, 
and each metal. 

A second factor in “nobility” is how tightly the d 
orbitals are bound to the nucleus of the metal atom. This 
determines how easily metal-metal bonds break to make 
compounds with other (nonmetallic) elements. 

Au is “noble” in both respects, so it is the “most noble 
metal,” Pt is “noble” with regard to compound formation. 
It is a good metal for jewelry purposes, but acts as a catalyst 
with H, and other gases. Cu is noncatalytic but forms com- 
pounds (e.g., tarnishes} easily. Ni both shows catalytic activ- 
ity and can tarnish. 

This paper nicely introduces surface properties of met- 
als; however, some background in physical chemistry or 
solid-state physics is probably necessary to understand it all. 

ML] 
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World silver demand exceeds supply in 1994. National 
Jeweler, July 1, 1995, p. 30. 

Demand for silver in 1994 exceeded the amount mined for 

the fifth consecutive year, according to World Silver Survey, 

a publication of the Silver Institute. The reported deficit was 

150.2 million ounces. 

Silver has three major use categories—industrial/deco- 
rative, jewelry/silverware, and photography. The institute 
calls coins and medals a fourth category. Demand increased 
in three of the four sectors, but worldwide fabrication 
demand actually declined 1.5%, or about 12 million 
ounces, during 1994. (The article does not say which sectors 
are considered “fabrication” sectors.) This decline resulted 
primarily from lower jewelry and silverware use in 
Thailand and India. Although this market segment saw its 
second highest demand level ever, it still declined 15% over 
the all-time record year of 1993, when India’s use of silver 
for jewelry and silverware jumped over 100%. Total silver 
supply dropped 3.9% in 1994, Mine production was down 
5% from 1993 to 1994 (468.8 million ounces to 444.2, mil- 
lion ounces}. MD 


SYNTHETICS AND SIMULANTS 


AGEE hydrothermal synthetic emeralds. H. A. Hanni and 
L. Kiefert, fewelSiam, Vol. 5, No. 5, 1994, pp. 80-85. 


This article studies a relatively new synthetic emerald that 
appeared on the market in mid-1994, After giving a short 
history of flux- and hydrothermally grown emeralds, the 
authors describe their analysis of six so-called AGEE emer- 
alds. The distributor, A G Japan Ltd [sic], says that its emer- 
alds are actually Colombian rough that has been crushed 
into a fine powder, purified by lasers, and then hydrother- 
mally grown. The authors did not find any mineral inclu- 
sions typical of natural emeralds {mica flakes, chromite 
grains, tremolite needles), but they did find angular, 
chevron-shaped growth patterns, color zoning, and high 
chlorine concentrations (with the last probably the “most 
secure” proof of a synthetic origin). The AGEE samples are 
similar to—but more “impure” than—synthetic emeralds 
produced by Biron International. The authors speculate that 
these synthetic emeralds might be lower-quality Biron syn- 
thetic emeralds that are being resold by A G Japan. [Editor's 
note: See related abstract in this issue—” Synthetic 
Emeralds called AGEE.”] CEA 


Can diamonds be manufactured? Mining Journal, London, 
June 2, 1995, p. 407. 


This historical note from the May 1895 Mining Journal 
deserves to be quoted in its entirety: 

“Can Diamonds be Manufactured: Professor EW. 
Clarke in an interview relative to the probable manufacture 
of diamonds of marketable size stated that he entertained 
no doubt whatever on the matter, and that he firmly 
believed that this will be done soon. Moissan, in Paris, has 
manufactured diamonds by melting wrought iron together 
with carbon, and permitting the mixture to cool very slow- 
ly. Under these conditions the carbon became crystallised. 
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Simultaneously Kroutschoff in St. Petersburg, has got dia- 
mond crystals by a similar process.” 

This abstractor (MLJ} believes that the material pro- 
duced was probably silicon carbide, which was named 
moissanite for “Moissan, in Paris” when it was later dis- 
covered in the Canyon Diablo meteorite (Dana’s System of 
Mineralogy, 7th ed., 1944, Vol. 1, pp. 123-124]. ML] 


Diamonds grown from liquid at 1 atm. Diamond Industry 
Week, Vol. 2, No. 37, September 2.5, 1995, p. 1. 
Scientists at Pennsylvania State University have demon- 
strated that diamonds can be precipitated out of liquid- 
metal alloys containing dissolved carbon (up to 70%) and 
hydrogen. Alloys of iron, nickel, manganese, silver, gold, 
and tin have been examined; diamond progressively precip- 
itates out of the carbon-rich alloys as temperatures decrease 
from about 1,000°C. This opens the possibility of diamond 
growth by the Czochralski process. ML} 


An examination of “serendipitous” synthetic zincite. R. C. 
Kammerling and M. L. Johnson, fournal of 
Genimnology, Vol. 24, No. 8, pp. 563-568. 


Recently, gem-quality synthetic zincite was created by acci- 
dent in a kiln used to produce zinc-based paint in Silesia, 
Poland. Such material has been produced—also accidental- 
ly—in the United States, Crystals and faceted stones of the 
transparent Silesia material are being sold on the gem mar- 
ket. It ranges from medium light yellow through orange to 
dark reddish orange in color. Gemological properties are 
consistent with (or very close to those for) natural zincite, a 
rare material. However, the natural material is usually less 
transparent and more brownish. In addition, chemical 
analyses for natural zincite indicated minor impurities of 
Mn and/or Fe, whereas this synthetic zincite revealed only 
Zn when analyzed with energy-dispersive X-ray fluores- 
cence (EDXRF). Electrical conductivity (observed in the 
darkest-color sample} suggests that the color is due to band- 
gap absorption from defect states, not from Mn (as has been 
previously proposed). CMS 


Kobe single crystal diamond update. Diamond Industry 
Week, September 25 1995, p. 1. 
Kobe Steel, in Japan, has a process for growing single-crystal 
diamond thin films by chemical vapor deposition het- 
eroepitaxially {i.e., on a nondiamond matrix}. However, the 
matrix required is single-crystal platinum, and there is still 
strain caused by the slightly different lattice sizes of plat- 
inum as compared to diamond. Single crystals of an iridi- 
um-platinum alloy might have a lower lattice mismatch, 
creating less strain and allowing the manufacture of larger 
and more perfect synthetic diamond thin films. ML] 


Russians plan to produce diamond via explosive com- 
paction in unused wind tunnel. Diamond 
Depositions: Science & Technology, Vol. 5, No. 6, 
1995, pp. 9-10. 
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In nature, diamonds are produced in both static and dynam- 
ic high-pressure environments, including (in the latter cate- 
gory) meteorite impacts. Russian scientists from the 
Central Scientific Research Institute for Machine Building 
intend to convert an unused wind tunnel at the TsNI[Mash 
ballistic missile complex, in Kalinin, into a chamber for pro- 
ducing diamonds by dynamic means. 

The 200-m-long, 0.5-m-wide chamber will be divided 
into two segments by a steel disk; one side is evacuated, the 
other filled with an explosive mixture of hydrogen and oxy- 
gen gases. lgnition of the gases rams the stainless-steel disk 
into a cast-iron target at speeds reaching 3.3 km per second 
{7,380 miles per hour), which converts trace amounts of car- 
bon in the cast iron into diamond particles. Yields of 15,000 
carats per shot—0,83 wt.% of the cast-iron target—are pre- 
dicted. Future plans call for production of larger diamonds— 
as much as 2,000 carats each—by means of an undefined 
improvement in the process. ML] 


Synthetic emeralds called AGEE (in Japanese). Y. Kitawaki, 

Gemmology, Vol. 25, No. 303, December 1994, pp. 

8-11. 
Several years ago, synthetic emeralds that were commonly 
called AGEE in Japan started to appear in Japanese retail 
markets. They are distributed by A. G. Japan Ltd., who pro- 
motes thé stones as “powdered Colombian emeralds . . . 
hydrothermally recrystallized . . . [with] no color nor chem- 
icals are added... .” This article, which includes six pho- 
tos, reports on the gemological properties of 16 “AGEE” 
stones randomly selected from the stock of a retail store and 
tested. Their color, size, and transparency were diverse. In 
fact, gemological tests revealed that the samples actually 
represented four different types of synthetic emerald: Biron, 
vanadium beryl, Russian hydrothermal, and flux. The 
author explains the characteristics of each type and warns 
readers to keep all types of synthetic emeralds in mind 
when dealing with so-called AGEE stones. /Editor’s note: 
See related abstract in this issue—” AGEE Hydrothermal 
Synthetic Emeralds.” ] HN 


MISCELLANEOUS 


The mimers law. J. L. Neff, Part I—California Geology, Vol. 
47, No. 6, 1994, pp. 152-158; Part I—California 
Geology, Vol. 48, No. 1, 1995, pp. 10-21. 

Most mining in the United States is governed by the Federal 

Act of May 10, 1872, which permits claims to a length of 

“vein, ledge, or lode,” together with a specific area on each 

side of the vein. This act is controversial today for a num- 

ber of reasons. One is that no royalties are paid to the feder- 
al government for claims made on federal Jand. A second is 
that the law has been (abjused as a means to claim land on 
which to build houses rather than mines. 

This long article, originally published in the Idaho Law 
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Review (Summer 1983, Vol. 19, No. 3}, traces the history of 
American mining law from its roots in 9th-century Saxony 
to court decisions in the 1980s. It contains much interest- 
ing information. For example, rules for making mine claims 
were originally lenient; this encouraged trained workers, 
and not serfs, to become—or stay—miners (a dangerous pro- 
fession}. Miners had their own courts in 17th-century 
Cornwall and 1850s California. Mining law in the United 
States was developed largely because of, and to regulate, 
mining in California. Later, laws were added to handle more 
recent developments, such as oil fields (at first, by defining 
them as large “lodes”’) and protection of the wilderness. 
ML] 


1994: The geosciences in review. J. F Gilbert et al., 
Geotimes, Vol. 40, No. 2, February 1995, pp. 14-51. 


This long review article summarizes recent developments 
in many fields of the Earth and planetary sciences. For 
gemologists, potentially relevant fields include metals and 
mining, industrial minerals, exploration geochemistry, 
mineralogy, mineral physics, metamorphic petrology, as 
well as general geoscience information. In the field of met- 
als and mining, the most notable development in 1994 was 
the availability of investment capital in North America, 
which permitted many companies to restructure their 
debts and acquire newly privatized resources in Peru, 
Kazakhstan, and other countries. Diamonds are an indus- 
trial mineral, and the boom (and later lowering of expecta- 
tions) in diamond mining in Canada was noted. 

Most geochemical exploration in 1994 was for gold and 
diamonds. The most extensive was for kimberlite pipes {in 
Africa, Canada, Australia, Brazil, Greenland, Guyana, 
Finland, and the U.S. [Colorado]} and for alluvial diamond 
deposits (Ghana, Guinea, Mali, Namibia, Zaire, Brazil, 
Canada [Alberta], and Indonesia [Kalimantan}}. 

A major focus in mineralogy was the study of minerals 
and rocks at high pressures, including investigation of the 
subcontinental lithosphere through examination of xeno- 
liths and investigation of residual phases from high-pressure 
metamorphic assemblages containing coesite. In mineral 
physics, a symposium at the California Institute of 
Technology discussed the origin and fate of volatiles (espe- 
cially water] in the deep mantle. Recently developed tech- 
niques in metamorphic petrology make it possible to date 
metamorphism directly using Sm-Nd, Rb-Sr, and U-Pb iso- 
topes in garnet-bearing rocks, including eclogites. The tim- 
ing of the growth of porphyroblasts, relative to deformation 
times, may be possible; this line of study could lead to new 
understanding of the origin and emplacement of eclogitic 
diamonds. 

As for information science, the average geoscience 
book published in the United States in 1994 cost $66 (with 
books published in continental Western Europe costing 
nearly $150 per title}. ML] 
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Spring (1-86), Summer (87-148}, Fall (149-226), and Winter (227-304). 


A 


Africa 
“deep” quartz from 
(GN)F95:208-209 
history of diamond sources in 
(Janse}W95:228ff 
Alexandrite 
fracture-filled, with high R.1. 
(GTLN)F95:196 
with pleochroic twinned growth 
zones (GTLN}Sp95:52 
synthetic flux-grown 
{(GTLN]F95:196; from Russia 
(GNJW95:285 
Amazonite 
from Russia (GN]Sp95:63-64 
see also Feldspar 
Amber 
inclusions in (GN)W95:275 
Amber simulant 
natural resin in plastic 
(GN)Su95:134-135 
Amethyst 
synthetic, from Russia, with 
unusual color zoning 
(GNJF95:213-214 
see also Quartz 
Andradite, see Garnet 
Angola 
history of diamond sources in 
(Janse}W95:228ff 
Antlerite, see Rocks 
Apatite 
from Madagascar (GNJSp95:60; 
cat’s-eye (GN}F95:205-206 
Aquamarine 
from Nigeria [GN}Su95:129 
Assembled stones 
“constructs” of natural and syn- 
thetic quartz (GN}F95:216 
jadeite and plastic 
(GTLNJF95: 199-201 
topaz triplet resembling Paraiba 
tourmaline (GTLN}W95:272 
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Asterism 
diffusion-induced, in ruby 
(GTLN)Su95:126; in sapphire 
(GTLN}S$p95:56-57 
Six-rayed star in emerald 
(GNIF95:206 
Australia 
rubies from the Barrington vol- 
canic shield, East Australia 
(GN)W95:28 1-282 
Azurite, see Rocks 


Baja California, see Mexico 
Basalt 
sapphire- and zircon-bearing, in 
central Nigeria (Letters)Sp95:1 
Beryl 
green, from Central Nigeria 
(GN]W95:275-276 
red, from Utah {GN}W95:276 
from the Ukraine (GN)Sp95:68 
see also Emerald 
Book Reviews 
Diamond Exploration into the 
ist Century (Griffin, Ed.} 
F95:217 
Fancy-Color Diamonds {Harris} 
$u95:141; comments on review 
of (Letters) F95:150-151 
Gems, Their Sources, 
Descriptions and 
Identification, 5th ed. 
(Webster, rev. by P. Read} 
$p95:76 
Hey’s Mineral Index, 3rd ed. 
(Clark} Sp95:76 
The New Alchemists: Breaking 
Through the Barriers of High 
Pressure (Hazen} F95:217 
Photo Masters for Diamond 
Grading (Roskin) W95:288 
A Sparkling Age, 17th-century 
Diamond Jewellery 
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(Diamantmuseum Anwerp] 
W95:288 
Standard Gatalog of Gem 
Values, 2nd ed. (Miller and 
Sinkankas} F95:217 
Botswana 
history of diamond sources in 
(Janse}W95:228 ff 
Brazil 
parti-colored fluorite from 
(GN]Su95:131 
Burma, see Myanmar 


c 


Calcareous concretions {non- 
nacreous pearls} unusual speci- 
mens of (GN}]W95:280-28 1 
Calcite 
“rainbow” (GTLN}Su95:130 
Canada 
freshwater natural pearls from 
the Lac St. Jean area, Quebec 
[GN}W95:280 

sphalerite and other gems from 
{GN]Sp95:65-67 

synthetic diamonds misrepre- 
sented as rough from 
(GN}Su95:129 

Carving, see Lapidary Arts 

Cat’s-eye, see Chatoyancy 

Central African Republic 
history of diamond sources in 

(Janse}W95:228ff 

Chatoyancy 

in emerald from Brazil 
(GN)Sp95:60-61 
in sapphire (GTLN]Su95:126-127 

Chemical composition 

of grossular-andradite garnet 
from Mali (Johnson)F95:152ff 

of rubies from Mong Hsu, 
Myanmar (Peretti)Sp95:2ff 

China 
gem localities in (GN|W95:276 
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Citrine, see Quartz, synthetic 
Clinochlore 
color-change, from Russia 
(GN]Su95:129-130 
Coating 
of beryl with plastic to simulate 
emerald (GTLNJF95:199 
Coated glass beads imitating 
black pearls (GTLN)F95: 
202-203 
Color, cause of 
Co3+ in synthetic green star sap- 
phire (GTLN})Sp95:57-58 
in pink freshwater pearls, red 
coral (GN}W95:276-2.77 
in rubies from Mong Hsu, 
Myanmar (Peretti}Sp95:2ff 
in synthetic “Ti-sapphire” from 
Union Carbide 
(Johnson)F95:188ff 
Color change 
clinochlore from Russia 
(GNJSu95:129-130 
sapphire from Tanzania 
(GN]Sp95:64-65 
in synthetic sapphire 
(GTLN]Su95:127 
zircon {GN}F95:212-213 
Color zoning 
in rubies from Mong Hsu, 
Myanmar (Peretti]Sp95:2ff 
in synthetic amethyst from 
Russia (GN}F95:213-2.14 
Cordierite, see Iolite 
Corundum 
diffusion-treated 
GTLN}F95:196-197 
see also Ruby, Sapphire 
Corundum simulant 
crystals simulated by GGG 
GN]W95:285-286 
Corundum, synthetic 
“recrystallized” (GN}Su95: 
135-136; laser inscription of 
GN}Su95:136-137 
see also Ruby, synthetic; 
Sapphire, synthetic 
Cubic Zirconia 
from Russia (GN})Sp95:70 
Cuts and cutting 
see Diamond, cuts and cutting 
of, Lapidary arts 


D 
Diamond 

chart for separation from syn- 
thetic (Shigley}W95:256ff 

crystal with etched hole 
(GTLN}Su95:122, 

historical trends in the industry 
(GNJW95:274-2.75 

history of sources in Africa 
(Janse}W95:228 ff 

machine measurement of color 
({Letters}F95:151 


+ 
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mining, in Russia 
(GN)F95:204-205 
offshore prospecting ship 
(GN]F95:205 
Diamond, colored 
black, with iron (GTLN}W95:266 
green, with color caused by 
inclusions (GTLN}F95:197 
treated pink 
(GTLN)S$u95:121-122 
Diamond, cuts and cutting of 
“Context” and “Spirit Sun” cuts 
(GN)Sp95:59--60 
Diamond, inclusions in 
as cause of green face-up color 
(GTLN)F95:197 
fluid (GN}W95:274 
iridescence in incompletely filled 
fracture (GTLN)F95:198 
“mobile” diamond {GN}F95:204 
natural features resembling char- 
acteristics of fracture filling 
(GTLNJ$p95:52 
strain phantom (GTLNJSu95:120 
triangular growth features 
(GTLNJ$p95:53 
use of, to separate synthetic from 
natural diamond 
(Shigley}W95:2.56ff 
Diamond, synthetic 
chart for separation from natural 
(Shigley)W95:256ff 
magnet for testing of (GN) 
Sp95:69 
misrepresented as Canadian 
rough (GN}Su95:129 
suite (GTLN]Su95: 122-123 
treated-color red 
GTLN)Sp95:53-54 
Diamond, treatment of 
fracture-filled with thallium 
GTLN}W95:266 
fracture filling, chart and identi- 
fication of (McClure) 
Su95:1 14ff; firms processing 
GN}Su95:129 
iridescence in incompletely filled 
fracture (GTLN}F95:198 
irradiated old mine cut 
GTLN)Sp95:53 
natural features resembling char- 
acteristics of fracture filling 
GTLN]Sp95:52 
pink (GTLN}Su95:121-122 
synthetics treated to create red 
color (GTLN)Sp95:53-54 
Diaspore 
from Turkey (GN]Sp95:60 
Diffusion treatment 
of corundum to imitate ruby 
(GTLN}F95:196-197 
of sapphire, to induce asterism 
and purple color (GTLN} 
$p95:56-57; seen at the Tucson 
shows (GN]Sp95:71 
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of synthetic ruby, to induce “fin- 
gerprint” inclusions and aster- 
ism (GTLN]Su95:126 
Dolomite, see Rocks 
Donors 
“Thank you” $u95:140 
Doublets, see Assembled stones 
Dyeing 
of nephrite (GTLN}Sp95:55 
of quartzite to imitate jade 
(GTLEN}Su95:125-126 


Editorials 
1995 Challenge Winners 
{Keller)F95:149 
Russia Reemerges as a Gemstone 
Giant (Liddicoat}Su95:87 
Diamond Prospecting and 
Market Prospects 
(Liddicoat)W95:227 
Egypt 
green quartz from (GN)F95:209 
“Eilat” stone, see Rocks 
Emerald 
from Central Nigeria 
(GN]W95:275-276 
chatoyant, seen at Tucson shows 
(GN]Sp95:60 
fracture filling of (GTLN)Sp95:54 
from India (GN)W95:277 
necklaces of, fashioned in India 
(GN}§p95:61 
with six-rayed star (GN]F95:206 
trapiche, seen at Tucson shows 
(GN}Sp95:60-61 
from the Ural Mountains, Russia 
{Laskovenkov} Su95:106ff, 
({Letters}F95:150 
see also Beryl 
Emerald simulant 
plastic-coated beryl 
(GTLNIF95:199 
Emerald, synthetic 
“recrystallized” (GN)Sp95:71 
Russian (GN}Sp95:71 
laser inscription of 
(GN)Su95:136-137 
Enhancement 
see Coating, Diffusion treatment, 
Filling, Heat treatment, 
Treatment 
Erratum 
to “Gem Corundum in Alkali 
Basalt” (Letters}Sp95:1 
to Gem Trade Lab Notes of Fall 
issue (GTLN}W95:273 
Ethiopia 
opal from (GN)Su95:132 


F 


Faceting 
see Diamond, cuts and cutting 
of; Lapidary arts 
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Fakes 
GGG fashioned to simulate 
corundum crystals 
(GN}W95:285-286 
synthetic diamonds misrepre- 
sented as Canadian rough 
(GN}Su95:129 
Feldspar 
dyed to imitate lapis lazuli 
(GTLN}F95:201 
phenomenal, from India 
(GN)$u95:130-131 
see also Amazonite, Rocks 
Fibrolite, see Sillimanite 
Filling, fracture or cavity 
of alexandrite (GTLN)F95:196 
of diamond, chart for identifica- 
tion of (McClure} $u95:1 14 ff; 
firms processing 
(GN]Su95:129, incomplete, 
with iridescence 
(GTLN}F95:198; natural fea- 
tures resembling (GTLN) 
$p95:52; with thallium 
(GTLN)W95:266 
of emerald (GTLN]Sp95:54 
of star ruby (GTLN]W95:270 
Flash effect 
in diamond (McClure)Su95:1 1 4ff; 
almost masked by body color 
(GTLN]W95:266 
in emerald (GTLN)Sp95:54 
Fluorescence, ultraviolet 
use of, to separate synthetic from 
natural diamond 
(Shigley]W95:2.56ff 
see also Luminescence 
Fluorite 
parti-colored, from Brazil 
(GN)Su95:131 
Fourier-transform infrared spec- 
troscopy (FTIR}, see 
Spectroscopy, infrared 


G 


Gadolinium gallium garnet (GGG) 
fashioned to simulate a corun- 
dum crystal (GN)W95:285-286 
Garnet 
grossular-andradite, from Mali 
(GN}Sp95:61; 
(Johnson}F95:1526f 
spessartine, from Namibia 
(GN}Su95:134 
Gem carving, see Lapidary arts 
Gem collections, see Museums 
Gems & Gemology 
Challenge, Sp95:74-75 
Most Valuable Article Award, 
Sp95:72-73 
wins two ASAE Gold Circle 
awards (GN}W95:287 
Genthelvite 
faceted (GN}F95:206-207 


300 Annual Index 


Glass 
coated beads imitating black 
pearls (GTLN}F95:2.02-2:03 
as green jadeite simulant 
(GTLN}F95:201 
as “Mexican” opal simulant 
(GTLN}JF95:201-202 
natural, seen at the Tucson 
shows (GN]Sp95:61 
partially devitrified, as jadeite 
simulant (GN]Su95:137 
tektites (GN]W95:277-278 
Géorgeyite 
from Russia (GN})Su95:129-130 
Grossular, see Garnet 


Hausmannite 
drusy (GN]F95:207-2.08 
Heat treatment 
of rubies from Mong Hsu, 
Myanmar (Peretti)Sp95:2ff 
Hematite 
“rainbow” (GN}Sp95:61-62, 
simulated by iridescent shale or 
slate (GN}Su95:137 
“Hollandine” (spessartine}, see 
Garnet 


Inclusions 

in amber and other gems 
{GN)W95:275 

causing chatoyancy in sapphire 
(GTLNJSu95: 126-127 

dendrite (with flux-like appear- 
ance} in natural spinel 
(GTLN}Sp95:58 

diffusion-induced “fingerprints” 
in synthetic ruby 
(GTLN}Su95:126 

in fracture-filled diamonds 
(McClure}Su95:1 14 ff 

goethite and lepidocrocite in 
“strawberry” quartz from 
Russia (GN}Sp95:63-64 

growth banding in grossular- 
andradite garnets from Mali 
(Johnson|F95:152¢f 

hematite-like in quartz 
(GN}F95:209-210 

hégbomite in spinel 
(GTLNJW95:272 

magnetite in serpentine 
(GTLNIW95:27 1-272 

phantom planes in zircon 
{(GTLN]W95:273 

in rubies from Mong Hsu, 
Myanmar (Peretti]Sp95:2ff 

in sapphires from southern 
Vietnam (Smith}F95:168ff 

in sapphires from Yogo Gulch, 
Montana (Mychaluk}Sp95:28 ff 

in synthetic diamond 
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{GTLN}Su95: 122-123 
twin lamellae in synthetic sap- 
phire (GTLN}Su95:127 
India 
emeralds from (GN]W95:2.77 
iolite and other gems from Orissa 
(GN)Sp95:62 
phenomenal feldspar from 
(GN)$u95:130-131 
Infrared spectroscopy, see 
Spectroscopy, infrared 
Instrumentation 
Brewster angle refractometer 
[GN}W95:287 
inclusion-viewing system 
(GN)Sp95:69 
machine measurement of dia- 
mond color (Letters)F95:151 
magnet for testing synthetic dia- 
monds (GN}Sp95:69 
new spectrometer (GN}Su95:139 
International Gemmological 
Conference (ICG} 
highlights of the 25th, held in 
Bangkok, Thailand 
(GN)W95:274ff 
Iolite 
from Madagascar (GN]Sp95:62 
from Orissa, India {GN]Sp95:62 
Israel 
“Eilat” stone from {GN})F95:206 


J 


Jade 
market in Mandalay, Myanmar 
{GN)W95:278-279 
museum in Costa Rica 
({GN]F95:208 
“violet jade” containing jadeite 
(GN]W95:276-2.77 
see also Jadeite, Nephrite 
Jade simulants 
dyed quartzite 
(GTLN]Su95:125-126 
glass (GTLN)F95:201 
= partially devitrified glass 
(GN}Su95:137 
rock resembling jadeite 
(GTLNJW95:268-269 
Jadeite 
assemblage with plastic 
{GTLN}F95:199-201 
bleached and impregnated 
(GTLN]Sp95:55 
with misleading inclusions 
(GTLN)Su95:123-124 
with a mounting adhesive that 
falsely suggested polymer 
impregnation (GTLN}]W95:267 
lapidaries in Myanmar 
(GN]W95:279-280 
unusually thin carving 
{(GTLN]W95:266-2.67 
in “violet jade” 
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(GN|W95:276-277 
Jewelry 
gems in ancient jewels 
(GN]W95:287 


K 


Kaliborite 
from Russia (GN)Su95:129-130 
“Katherina” 
123.14 ct spinel from Tajikistan 
(GNJF95:2.12. 
Kyocera 
plastic-impregnated synthetic 
opal manufactured by 
(GN\Su95:137-138 


L 


Labradorite, see Feldspar 
Laos 
sapphire mining in 
GN)W95:282-283 
Lapidary arts 
carving of meerschaum 
(sepiolite) in Turkey 
Sariiz)Sp95:42ff 
carved opal {(GN]Su95:13 1-132 
jadeite lapidaries in Myanmar 
GN]W95:279-280 
machine cutting of calibrated 
gems by Swarovski 
{GN)Sp95:67-68 
as a source of gemological infor- 
mation (GN)W95:2.86 
Lapis lazuli simulant 
dyed feldspar (GTLNJF95:201 
Laser inscription 
of synthetic colored stones 
(GN)Su95:136-137 
Leifite 
from Canada (GN}Sp95:65-67 
Lesotho 
history of diamond sources in 
(Janse}W95:228ff 
Luminescence 
zoned transmission, in sapphire 
(GTLN]W95:270-271 


Madagascar 
apatite from (GN}Sp95:60 
cat’s-eye apatite from 
(GNJF95:205-206 
iolite and other gems from 
(GN]Sp95:62 
sapphire from 
(GN]$u95:132-133; 
(GN]W95:283-284 
Magnet 
for testing synthetic dia- 
monds (GN)Sp95:69 
Malachite 
impregnation with epoxy resin 
(GNJF95:2.13 


Annual Index 


Mali 
grossular-andradite garnet from 
(GN)Sp95:61; 
(Johnson)F95:152f 
“Mandarin” garnet (spessartine}, see 
Garnet 
Manganotychite 
from Canada (GN]Sp95:65-67 
Meerschaum (sepiolite} 
from Eskisehir province, Turkey 
(Sariiz)Sp95:42f 
Meteorites 
seen at the Tucson shows 
(GN}Sp95:62-63 
see also Glass 
Mexico 
history of pearl-oyster culturing 
in South Baja California 
(Carino]Su95:88ff 
natural gray blister pearl from 
Baja California 
(GTLNJSp95:55-56 
Meyer H. O. A. 
obituary (Letters|F95:151 
Microscopy 
nuclear, of rubies (GN}W95:286 
video-monitoring system for 
(GN]Sp95:69 
Mining 
of diamonds in Africa 
(Janse)W95:228 ff 
of emeralds from the Ural 
Mountains, Russia 
{(Laskovenkov}Su95: LOG6ff 
of sapphires from Yogo Gulch, 
Montana (Mychaluk}Sp95:28ff 
of meerschaum (sepiolite}from 
Eskisehir Province, Turkey 
(Sariiz)Sp95:42ff 
see also Diamond 
Montana, see United States 
Museums 
jade, in Costa Rica {(GN})F95:208 
Myanmar 
new gem deposits in Shan State 
(GN]W95:277 
jade market in Mandalay 
(GN}W95:278-279 
jadeite lapidaries in 
(GN}W95:279-280 
rubies from Mong Hsu 
(Peretti}Sp95:2ff 
ruby market in Taunggyi 
(GN]W95:282 
Myrrh, see Resin 


Namibia 
history of diamond sources in 
(Janse)W95:2.28ff 
spessartine from (GN}Su95:134 
Nephrite 
dyed green (GTLN}Sp95:55 
Nigeria 
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green beryl and emerald from 
(GN]W95:275-2.76 
large aquamarines from 
[GN}Su95:129 
North Carolina, see United States 


Oo 


Obituary 
Meyer H. O. A. (Letters)F95:151 
Olivine, see Peridot 
Omphacite, see Rocks 
Opal 
carved (GN}Su95:131-132 
from Ethiopia (GN)Su95:132 
green, from Serbia {GN]F95:208 
Opal simulant 
glass, as “Mexican” 
(GTLN)E95:201-202 
Opal, synthetic 
plastic-impregnated, manufac- 
tured by Kyocera 
(GN]Su95:137—138, 
{GTLN}W95:267-268 
Origin of gems 
sapphires, in basalts 
(Letters)Sp95:1; at Yogo Gulch, 
Montana (Mychaluk)Sp95:28 ff 
Orthoclase, see Feldspar 


P 


Paraiba, see Tourmaline 
Pear] 
freshwater, from the Lac St. Jean 
area, Quebec (GN)W95:280 
history of, in South Baja 
California (Carifio}Su95:88 ff 
natural-color gray blister, from 
Baja California 
(GTLN)]Sp95:55-56 
unusual specimens of 
(GN]W95:280-281 
see also Calcareous Concretions 
Pearl, cultured 
with damaged nucleus 
(GTLN]Su95:125 
Pearl simulant 
imitation black 
(GTLN}F95:202-203 
Peridot 
seen at the Tucson shows 
(GN}Sp95:63 
Peru 
“Eilat” stone from (GN}F95:206 
Pinctada mazatlanica 
pearl and mother-of-pearl oyster 
.-~ from the Gulf of Mexico 
(Carifo}Su95:88 ff 
“Platigem” 
platinum alloy used as gem 
material (GN)Su95:138-139 
Pleochroism 
in twinned alexandrite 
(GTLN]Sp95:52. 
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Poland 
synthetic zincite from 
(GN)Sp98:71 
Preobrazhenskite 
from Russia (GN}Su95:129-130 
Pteria sterna 
pearl and mother-of-pearl oyster 
from the Gulf of Mexico 
(Carifio)Su95:88 ff 


Q 


Quartz 
“constructs” of natural and syn- 
thetic (GN}F95:216 
“deep” from Africa 
(GN)F95:208-209 
green, from Egypt (GN)F95:209 
with hematite-like inclusions 
(GN)F95:2.09-2.10 
“strawberry,” from Russia 
(GN}Sp95:63-64 
see also Amethyst, Rocks 
Quartz, synthetic 
“constructs” of natural and syn- 
thetic (GN}F95:2.16 
green and yellow bicolor 
(GTLN]W95:268 
Quartzite 
dyed to imitate jade 
{(GTLN]Su95:125-126 


Refractive Index 
Alexandrite with high R.I., frac- 
ture filled (GTLN)F95:196 
Ruby with high R.1.‘s 
(GTLN}W95:269-2.70 
Resin 
aromatic, possibly myrrh 
(GNJF95:2.10 
Rocks 
azurite, antlerite, and quartz 
(GTLN]Su95:120 
dolomite and quartz, resembling 
jadeite (GTLN)W95:268-269 
“Bilat” stone from Israel and 
Peru (GNJF95:206 
jadeite-containing “violet jade” 
(GN]W95:2.76-277 
omphacite and feldspar carving 
(GTLN)Su95: 124 
skam from Russia 
(GN]Sp95:63-64 
Ruby 
from East Australia 
(GNJW95:28 1-282 
with high R.L’s 
(GTLN}W95:2.69-270 
imitated by diffusion-treated 
corundum (GTLN}F95:196-197 
market in Taunggyi, Myanmar 
(GN]W95:282 
from Mong Hsu, Myanmar 
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(Peretti)Sp95:2ff, 
(GN)E95:2.10-211 

from North Carolina 
(GNJF95:211 

nuclear microscopy of 
(GN]W95:286 

star, with color zoning 
(GTLN}W95:270, with cavity 
filling (GTLN)W95:270 

see also Corundum 

Ruby, synthetic 

with diffusion-induced “finger- 
print” inclusions and asterism 
(GTLN}Su95:126 

by Kashan {GN]Sp95:70 

“recrystallized” (GN)Sp95:71 

unusually large (GTLN}F95:203 

Russia 

color-change clinochlore from 
(GN)Su95:129-130 

diamond mining in 
(GNJF95:204-205 

emeralds from the Ural 
Mountains 
(Laskovenkov]Su95: 1 06ff 

gorgeyite from 
(GN}Su95:129-130 

kaliborite from 
(GN]Su95:129-130 

preobrazhenskite from 
(GN}Su95:129-130 

significance to gem market 
(Ed}Su95:87 

“strawberry” quartz and other 
gems from (GN]Sp95:63-64 

synthetic alexandrite from 
(GN}W95:285 

synthetic emerald from 
(GN]Sp95:71 

synthetics and simulants from 
(GN]$p95:70 

see also Tajikistan 


Ss 


Sapphire 

cat’s-eye (GTLN]Su95: 126-127 

diffusion-treated (GN)Sp95:71 

with diffusion-induced star and 
purple color 
(GTLN}Sp95:56-57 

from Madagascar 
(GN}8u95:132-133; 
{GN]W95:283-284 

mining in Laos 
(GNJW95:282-283 

miscellaneous notes on 
(GN)Sp95:64 

from North Carolina 
(GN)F95:21 1 

from Tanzania (GN)Sp95:64-65, 
$u95:133-134 

from southern Vietnam 
(Smith]F95:168ff 

from Yogo Gulch, Montana 
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(Mychaluk}Sp95:28 ff 
with zoned transmission lumi- 
nescence (GTLN]W95:2.70-271 
see also Corundum 
Sapphire, synthetic 
with color altered by UV radia- 
tion (GTLNJW95:271 
color-change, with twin lamellae 
(GTLN}Su95:12.7 
Czochralski-pulled blue 
(GN}F95:214-2.15 
green star (GTLN]Sp95:57-58 
pink, by Kashan (GN)Sp95:70; 
“recrystallized” (GN)Sp95:71, 
$u:135-136 
“tanzanite”-colored 
(GNJF95:215-216 
“Ti-sapphire” from Union 
Carbide (Johnson}F95:188ff 
Scapolite 
purple, from Tajikistan 
(GN)B95:211-2.12 
from Sri Lanka 
(GN)W95:284-2.85 
Sepiolite 
see Meerschaum 
Serandite 
from Canada (GN)Sp95:65-67 
Serbia 
green opal from (GN)F95:208 
Serpentine 
magnetic (GTLN]W95:271-272 
Shell 
“coconut pearls” from Indonesia 
(GN]W95:280-28 1 
used for mother-of-pearl in South 
Baja California 
(Carifo}Su95:88ff 
Shortite 
from Canada (GN)Sp95:65-67 
Sillimanite 
from Orissa (GN})Su95:130 
Skarn 
from Russia (GN]|Sp95:63-64 
South Africa 
history of diamond sources and 
mining operations in 
(Janse}W95:2.28ff 
Spectra, visible range 
of grossular-andradite garnet 
from Mali (Johnson)F95:152ff 
of rubies from Mong Hsu, 
Myanmar (Peretti}Sp95:2ff 
of sapphires from southern 
Vietnam (Smith}F95:168ff 
spectrometer to improve resolu- 
tion of (GN}Su95:139 
of synthetic “Ti-sapphire” from 
Union Carbide 
(Johnson)F95:188ff 
Spectroscopy, infrared 
of rubies from Mong Hsu, 
Myanmar (Peretti]Sp95:2ff 
of sapphire from southern 
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Vietnam (Smith)F95:168ff 
Spectroscopy, Raman 
gemological applications of 
(GNJW95:286-287 
of miscellaneous gems at CIS- 
GEM laboratory 
(GN)W95:276-277 
Spessartine, see Garnet 
Sphalerite 
from Canada (GN)Sp95:65-67 
Spinel 
with dendrite inclusion 
(GTLN]Sp95: 58 
with hégbomite inclusions 
(GTLNJW95:2.72. 
from Tajikistan (GN)F95:212 
Sri Lanka 
scapolites from 
(GN]W95:284-285 
Star, see Asterism; Emerald; 
Ruby; Sapphire, synthetic 
Synthetics 
“recrystallized” (GN)Sp95:71 
from Russia {(GN|Sp95:70 
see also specific gem materials 
Sugilite 
from Canada (GN}Sp95:65-67 
Swaziland 
history of diamond sources in 
(Janse) W95:228ff 


T 
Tajikistan 
purple scapolite from 
(GNJF95:211-212 
spinel from (GN}F95:212 
Tanzania 
sapphires from (GN)Sp95:64—65; 
and other gems from 
{(GN)Su95:133-134 
tanzanite and other zoisites from 
Merelani (GN]W95:285 
Tanzanite, see Zoisite 
Tektite, see Glass 
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Topaz 
triplet resembling Paraiba tour- 
maline (GTLNJW95:272-2.73 
from the Ukraine (GN]Sp95:68 
Tourmaline 
seen at the Tucson shows 
[GN)Sp95:68-69 
Tourmaline simulant 
topaz triplet resembling Paraiba 
tourmaline 
(GTLN)W95:2.72-273 
Treatment 
bleaching and impregnation of 
jadeite (GTLN)Sp95:55 
epoxy-resin impregnation of 
malachite (GNJF95:2.13 
plastic impregnation of Kyocera 
synthetic opal 
(GN)Su95:137-138; 
(GTLN]W95:267-268 
see also Coating; Diamond, treat- 
ment of; Diffusion treatment; 
Dyeing; Filling; Heat treatment 
Tucson gem and mineral shows 
announcements for 1996 
(GNJF95:2.16 
highlights of (GN)Sp95:59ff 
unusual gems seen at 
(GN)Su95:130 
Turkey 
meerschaum {sepiolite} from 
Eskisehir Province, Turkey 
(Saritz]Sp95:42ff 
diaspore from (GN}Sp95:60 


U 


Ukraine 
topaz and beryl from 
(GNISp95:68 
Union Carbide 
synthetic “Ti-sapphire” from 
(Johnson|F95:1 88ff 
United States 
Montana, sapphires from Yogo 
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Gulch {Mychaluk}Sp95:28ff 
North Carolina, ruby and sap- 
phire from (GN)F95:211 
Utah, red beryl from 
({GN}W95:2.76 
Utah, see United States 


Vv 


Vietnam 
sapphires from southern part 
(Smith}F95: 168¢f 


» 4 
X-radiography 
of damaged nucleus in cultured 
pearl (GTLN]Su95:125 
of natural blister pearl from Baja 
California (GTLN})Sp95:55-56 


Zz 
Zaire 
history of diamond sources in 
(Janse}W95:228ff 
Zimbabwe 
history of diamond sources in 
(Janse)W95:2.28 ff 
Zincite 
synthetic, from Poland 
(GN]Sp95:71 
Zircon 
color-change (GN}F95:212-213 
with phantom planes 
(GTLN)W95:273 
Zoisite 
from Merelani, Tanzania 
(GN]W95:285 
tanzanite simulated by synthetic 
sapphire (GNF95:215-216 
Zoning 
growth planes in zircon 
(GTLN}W95:273 
growth zoning in grossular- 
andradite garnets from Mali 
(Johnson)F95: 152ff 
growth zoning in Mong Hsu ruby 
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article in which the photo appears (where no photographer is listed). For other copying, reprint, or republication per- 
mission, please contact the editor. 

Gems & Gemology is published quarterly by the Gemological Institute of America, a nonprofit educational organi- 
zation for the jewelry industry, 1660 Stewart Street, Santa Monica, CA 90404, 
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THE QUINTESSENTIAL GEMOLOGIST 
ROBERT C. KAMMERLING 
1947-1996 


Robert C. Kammerling died suddenly and unexpectedly the morning of January 7, 1996. 
Bob had worked at GIA for 15 years, rising through the ranks to become Vice President 
for Research and Development of the GIA Gem Trade Laboratory. He had also poured 
his considerable intellect and prodigious work ethic into Gems e&) Gemology. He most recently served as senior edi- 
tor of both the Gem Trade Lab Notes and Gem News sections, and he was one of the journal’s most important con- 
tributors. Articles that he co-authored won awards in the Gems e) Gemology Most Valuable Article competition 
every year for the last seven, and two of his articles won national awards for scientific writing. The loss to GIA and 
the journal is immeasurable. 


For this editor, Bob was a friend who is deeply missed. Although not always the easiest person to work with, he was 
always brilliant, energetic, and extremely clever. No task was too hard, and no challenge too great. More importantly, 
he was intensely loyal to the G&G staff and, especially, to the vision we shared of what the journal should be: the source 
of accurate and useful information to gemologists in the trenches, the ones buying, selling, and appraising stones. 


A native of the Chicago suburb of Oak Park and a graduate of the University of Illinois, Bob Kammerling worked and 
traveled extensively in Africa and Europe before he arrived at GIA’s Santa Monica campus as a student in 1980. Hired 
as an instructor by now-President Bill Boyajian, Bob worked tirelessly to hone his skills as a gemologist, first in the 
classroom and later in such projects as revising GIA’s A and B charts and writing (with Boyajian} the well-known Gem 
Identification Laboratory Manual. He rapidly distinguished himself as a researcher, showing a keen ability to focus 
on the most pressing issues facing the practicing gemologist. He participated in some of the earliest research on the 
treatment and identification of blue diffusion-treated sapphires, on the fracture filling of emeralds with synthetic 
polymers such as Opticon, and on filled diamonds. His latest contribution on filled diamonds, the identification chart 
and accompanying article that he co-authored with Shane McClure, won first place as the Most Valuable Article 
Gems &) Gemology published in 1995; the chart has just been translated into Chinese and Korean. 


But research to Bob was more than just reading articles and conducting laboratory experiments. He had a passion for 
gem localities that took him to some of the world’s remotest areas—in Vietnam, Myanmar, and Egypt, to name a few. 
He always returned with reams of information and dozens of fine photos for the gemological literature. Sometimes 
his role was behind-the-scenes: When we needed additional shells and pearls for the Summer 1995 piece on pearling 
in Baja California, Bob jumped on a plane to Mexico, found the needed items (plus some new information}, and 
brought them back in the space of a few days. 


While gemology is a unique blend of both art and science, gemologists play a fundamentally moral role in our indus- 
try and in society as a whole. They seek to tell the truth about gems and, thus, preserve the integrity of these pre- 
cious products. Bob Kammerling epitomized this principle. He used his special skills to find creative solutions to 
problems that threatened the industry. While he recognized that complex problems often require complex solutions, 
he felt that his—and GIA’s—primary responsibility was to convert those solutions into tests that could be easily 
learned and applied by the jeweler/gemologist. To this end, he worked closely with both GIA Research and the GIA 
Gem Trade Laboratory, as well as with other laboratories in Europe and Asia. As a result, Bob has left a legacy to 
gemology that is enduring—a body of knowledge in diamonds and colored stones that is used daily in laboratories 
and jewelry stores all over the world. And he has left a team of gemologists and other researchers with the drive and 
skill to continue the research that he pursued so passionately. 


Bob is survived by his daughter Loressa, his parents Dr. and Mrs. Erwin Kammerling, and a brother and a sister. To 
honor his memory and especially his contribution to gemology, Gems &) Gemology is dedicating the Winter 1996 
issue to Bob Kammerling. We hope to fill that issue with the types of articles that he thought most important, short 
papers on topics related to applied gemology: identification techniques, gem treatments, new natural or synthetic 
gem materials, and new localities. If you are interested in contributing to this issue (all papers must go through the 
standard review process), please contact me for further information. Join us in continuing the tradition for excellence 
in information that is Bob’s gift to the field he so loved. 


Alice S. Keller, Editor 
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A HISTORY OF DIAMOND SOURCES 
In AFRICA: PART II 


Following the history of diamond dis- 
coveries in southern Africa presented 
in Part I, this article discusses the his- 
tory of diamond exploration and min- 
ing in East and West Africa. The first 
economic kimberlite outside South 
Africa was discovered in Tanzania 
(East Africa) in 1940, and major quan- 
tities of large, high-quality alluvial 
diamonds have been mined in West 
Africa since the mid-1930s. Early min- 
ers struggled with misconceptions 
about how diamonds formed and con- 
cerns as to the depth to which dia- 
monds could occur in pipes. Mining 
developments and new diamond 
occurrences in Africa led to many of 
the key concepts in modern diamond 
geology. Although Africa’s long domi- 
nance in world diamond production 
has diminished in recent decades, its 
steady output and large reserves 
ensure its continuing role as the most 
important diamond-producing region 
in the world, surpassing in overall 
impact even Australia and Russia. 


Diamond Sources in Africa: Part II 


By A.J. A. (Bram) Janse 


or more than 50 years, diamond mining in Africa 
was restricted almost entirely to southern and central 
Africa (see Part I in Janse, 1995). Beginning in the mid- 
1920s, though, production started in Tanzania and West 
Africa as well. Part II concludes the fascinating history of 
diamond discoveries on the African continent with discus- 
sions of the East African nation of Tanzania and six coun- 
tries in West Africa. Tanzania is the site of the first eco- 
nomic kimberlite pipe found {in 1940) outside South Africa. 
Still the world’s largest known economic kimberlite, it was 
discovered south of Lake Victoria. Since 1925, vast alluvial 
deposits in Ghana and elsewhere in West Africa have yield- 
ed large, good-quality alluvial diamonds (figure 1). Also 
described briefly are several countries in which only spo- 
radic occurrences of diamonds and/or kimberlite pipes have 
been found, or for which only unsubstantiated accounts 
have been published (Algeria, Burkina Faso, Cameroon, 
Congo, Gabon, Kenya, Malawi, Mozambique, Nigeria, 
Uganda, and Zambia). 

Table 1 summarizes diamond discoveries in Africa, 
including—for each diamond-producing country—the year 
diamonds (and kimberlites/lamproites) were first discovered, 
the year of first significant production (100,000 carats}, the 
total production for that country and its percentage of total 
world production through 1994 (the latest year for which 
final figures are now available), and its rank in total world 
production (antiquity through 1994). Note that of the 50-odd 
countries in Africa today, seven are among the top 10 dia- 
mond producers, 25 have recorded diamond occurrences, and 
22 have recorded kimberlite/lamproite occurrences. 

Part II also looks at early misconceptions about the ori- 
gin and distribution of diamonds, as well as misinterpreta- 
tions as to the depth to which diamonds can occur in pipes. 
It briefly discusses the prevailing modern theory of diamond 
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Figure 1. The 89.01 ct 
D-internally flawless 
Guinea Star was cut 
from one of the superb 
large diamonds that 
have been recovered 
from alluvial deposits 
in West Africa. The 
255.6 ct piece of rough 
from which this stone 
was cut was found at 
Guinea’s Aredor mine 
in 1986. Courtesy of 
William Goldberg 
Diamond Corp.; photo 
by Shane F. McClure. 


formation, and then describes both early and current 
methods of diamond mining and recovery. 

This two-part series concludes with a review of 
the history of diamond production in Africa. 
Although reliable figures for annual production by 
carat weight and by value are sometimes difficult 
to obtain, an attempt was made to present a syn- 
thesis of recorded production figures for all of 
Africa’s major diamond-producing countries. Note 
that production figures by weight are often marred 
by inaccurate records and unreliable estimates of 
illicit production, whereas production figures by 
value are difficult to relate to present-day values 
because of monetary inflation; the latter are used in 
this article only to help compare the quality of dia- 
monds from different deposits. For the most part, 
the figures given here are based on official reports. 
Note also that some fluctuations in production 
may be less a result of shifts in available reserves 
than a consequence of the desire to balance produc- 
tion and demand worldwide. 


Diamond Sources in Africa: Part II 


HISTORY OF DIAMOND 
SOURCES IN AFRICA (Continued): 


TANZANIA 


The first country outside South Africa to have an 
economic kimberlite pipe, Tanzania (formerly 
Tanganyika), is also noted for the historically high 
quality of the modest numbers of diamonds pro- 
duced there. The discoverer (and, until his death, 
sole owner) of the Mwadui mine, Canadian geolo- 
gist John Williamson has a unique place in the lore 
of the African diamond digger (Gawaine, 1976). 


Early Discoveries. Alluvial diamonds were first dis- 
covered in 1910 (Kunz, 1911; Gobba, 1989}, in the 
region south of Lake Victoria. In 1925, Tanganyika 
Diamond and Gold Development Company started 
small production from eluvial gravels on a kimber- 
lite found at Mabuki, 60 km south of Lake Victoria 
(Wagner, 1926). Anglo American Corporation eval- 
uated the Mabuki pipe during 1925-1927, but they 
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TABLE 1. Historical aspects of rough diamond production in Africa from antiquity through 1994 based on official figures 


(disregarding illicit production). 
Year first Year first First year Total production Percent (%) Rank of 
Country diamond kimberlite 100,000 antiquity-1994 total worid total world 
found* found# carats produced? {in millions of carats)** __ production? production®® 

Algeria 1953! — — = = = 
Angola 1912° 1952° 1921 66.2 2.5 8 
Botswana 1959° 1965° 1970 214.4 8.2 5 
Burkina Faso 1950s’ 1960s* = = = — 
Cameroon 1960° = — = = — 
Central African Republic  1914'° = 1947 15.6 0.6 15 
Congo 1932" 19512" = = _— — 
Gabon 1939" 1946" = = = = 
Ghana 1919"5 _— 1925 102.8 3.9 6 
Guinea 193218 19527 1950 10.0 0.4 17 
Ivory Coast 1928"8 1960" 1953 5.8 0.2 18 
Kenya = 1968" — = Pe es 
Lesotho 195422 19397 _— 0.4 _ 22 
Liberia 1910" 1950* 1955 18.5 0.7 14 
Malawi —*s 1970s?” = = — = 
Mali 19558 1956” — 2 = >= 
Mozambique 1970s?™ 1970s?" = = = = 
Namibia 1908” 1899* 1909 68.7 2.6 7 
Nigeria 1935 1945? — = os = 
Sierra Leone 1930" 1948” 1935 54.2 21 9 
South Africa 1866" 1869” 1870 485.1 18.5 2 
Swaziland 1973” 1975" =e 0.5 = 21 
Tanzania 1910* 1925* 1945 19.0 0.7 13 
Uganda 1938 = = = — = 
Zaire 1903* 1908 1917 786.6 30.0 1 
Zambia 1960?*" 1961* = = —= = 
Zimbabwe 1903* 1907% = 0.2 = 23 
Total Africa 1848.0 70.4 

Total World 2622.3 100.0 

Southern Africaf 1866 1869 1870 769.3 29.3 

Central and East Africad 1903 1946 1917 887.4 33.8 

West Africa” 1910 1948 1925 191.3 7.3 


* Information from earliest known published ref- 
erences. First kimberlite (or famproite) is not 
necessarily the first economic pipe. 

Data trom Levinson et al. (1992), except for 
Ivory Coast and Liberia (Bardet, 1974). 

“Based on data from Levinson et al. (1992) from 
antiquity through 1990, and data from Metals & 
Minerals Annual Review (1995) for 1991 
through 1994. 

‘Total production, percent of total world pro- 
duction, and rank are based on the total weight 
of rough diamonds produced (without regard to 
the value). 

*Missing rank numbers are outside Africa, as 
follows; Australia—3, Brazii—10, China—16, 
Guyana—19, India—t1, Indonesia—20, 
Russia—4, and Venezuela—12. 

‘Southern Africa encompasses: Botswana, 
Lesotho, Namibia, South Africa, Swaziland, and 
Zimbabwe. 

"Central and East Alrica includes: Angola, 
Central African Republic, Tanzania, and Zaire. 

" West Africa includes: Ghana, Guinea, Ivory 
Coast, Liberia, and Sierra Leone (Mali has had 


' Kaminskiy et al. (1992); the precise location 
of a find in the Hoggar area was uncertain 
(Thebault, 1959). 

° The first reference to the oocurrence of lam- 
proitic rocks in Algeria is by Raoult and Velde 
(1971), but it has not yet been shown that they 
are the primary host for the alluvial diamonds 
found near Reggane in southwestern Algeria 
(Kaminskiy et al., 1992). 

¥ Legrand, (1984, p 137). 

* Real (1958). 

5 Boocock (1960). 

® Boocock (1965). 

” Bardet (1974, p. 21) 

5Bardet (1974); the dunite pipe occurrences 
(Haut et al, 1984) were discredited recently 
(Ministry of Mines, pers. comm., 1995). 

9 Hartwell and Brett (1962). 

1 Middleton (1932), 

" Lebedelf and Choubert (1934). 

"2 Wilson (1982). 

"3 Bardet (1974, p. 215). 

"Possible kimberlites were found near Ikoy in 
1946 and near Mitzic in 1967 (Choubert, 1946; 


15 Bardet (1974, p. 188). 

” Bardet (1974, p.190). 

18 Bardat (1974, p. 206). 

9 Knopf (1970); Bardet (1974, p 206). 

2°There have been many rumors about dia- 
mond finds in Kenya from as early as 1920 
(Kunz, 1920) to the present, but none has been 
confirmed by detailed prospecting. 
2'Rombouts (1985); an earlier citation by 
Rickwood (1969) refers to “central complex kim- 
berlites” (see Mitchell, 1986, p. 24) near Mrima 
in southeastern Kenya which are carbonatitic 
dikes. 

22 “Colonel Jack Scott...” (1978). 

23 Stockley (1947) presented the first descrip- 
tions of Lesotho kimberlites, but it is not known 
when they were first discovered. 

24 Hatch (1912). 

25 Bardet (1974, p. 204). 

26 | have not found any reliable reports on the 
occurrence of diamonds. 

27 Bardet (1974, p 53). 

28 Bardet (1974, p. 198). 

29 Bardet (1974, p. 198). 


% Merensky (1909); an earlier find in 1893 near 
Brukkaros has been discredited (Scheibe, 1906). 
8 Scheibe (1906). 

¥ Junner (1943), 

35 McCurry (1973). 

% Poliett (1937). 

¥ Grantham and Allen (1960); Hall (1970). 

38 Robertson (1974). 

38 The first Dry Digging discovered was 
Bulfontein in 1869 (see Janse, 1995, p. 235), 
but the igneous nature of the pipes was not rec- 
ognized untif 1872 (Cohen, 1872). 

4 Hawthorne et al. (1979) 

47 Hawthorne et al. (1979). 

4 Kunz (1911). 

43 Wagner (1926). 

# Barnes (1961). 

+ Buttgenbach (1925); see Part | (Janse, 1995, 
pp. 248-249) for more on the early discoveries. 
46 Buttgenbach (1909). 

47 | have not found a reference to diamond finds in 
Zambia before the diamonditerous, but noneco- 
nomic, kimberlites were discovered in 1961. 
s8Rickwood et al. (1969); Scott Smith etal, (1989). 


no significant production). Bardet, 1974, pp. 218-219). 30 Bardet (1974, p. 53). 49 Mennell (1906). 
' Kitson (1919), 31 Bardet (1974, p. 53) 50 Mennell (1908) 
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concluded that the results did not warrant a large 
mining operation. Although other pipes were found 
in the general area, production from eluvial gravels 
never amounted to more than 25,000 carats per 
year until the Mwadui pipe was discovered in 1940 
(Edwards and Howkins, 1966). 


Discovery of Mwadui. John Thorburn Williamson, 
a Canadian geologist who came to Africa in 1934, 
is credited with finding the Mwadui kimberlite 
pipe on March 6, 1940. The pipe is located about 
140 km south of Lake Victoria near Shinyanga, a 
town about halfway between Lake Victoria and 
Tabora, the regional capital (figure 2), Williamson 
had worked for Anglo American a short time. and 
then for Tanganyika Diamond and Gold Devel- 
opment Company, before he started on his own to 
look for diamonds in the northwest part of (then) 
Tanganyika. 

After several years of detailed prospecting and 
frugal living, Williamson found the pipe at the end 
of a trail of alluvial diamonds he had been follow- 
ing. According to an article in Indiaqua (“How Dr. 
Williamson... ,” 1974) and recollections by 
Gerryts (1988), Williamson’s chief geologist from 
1951 to 1958, Williamson was gently nudged to the 
area by some Indian traders who had a fair idea of 
the source of the diamonds because they occasion- 
ally bought stones from the local people. An Italian 
geologist, called Bondini, was also following the 
alluvial diamond trail, and the traders preferred 
that Williamson discover the source rather than 


Figure 2, The Mwadui pipe, in northwest Tanzania, 
was the first economic kimberlite discovered outside 
of South Africa; it is still the world’s largest (in area) 
known economic kimberlite. 
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Figure 3. One of the most important diamonds to 
emerge from Mwadui, the 54 ct Williamson Pink 
diamond, was found in 1947 and subsequently 
given to then Princess Elizabeth (now Elizabeth II) 
of England as a wedding gift. It was cut into a 
flawless 23.60 ct light pink round brilliant and 
mounted as the center stone in this brooch. Photo 
courtesy of the CSO. 


the Italian, who would become an enemy alien if 
Italy entered the war on the German side (which it 
did on June 10, 1940). 

Nevertheless, Williamson's discovery was a 
tremendous feat, which defied conventional wis- 
dom of the era: Until then, economic pipes had 
been found only in South Africa. (Although dia- 
monds were found in a pipe near Murfreesboro, 
Arkansas, in 1906, various attempts to mine them 
from 1907 to 1930 always ended in financial loss.) 
The Mwadui occurrence is also the world’s largest 
known economic kimberlite. The pipe is topped by 
a crater up to 1,500 m in diameter, 300 m deep, and 
146 ha (361 acres) in surface area (Edwards and 
Howkins, 1966; Dirlam et al., 1992). Diamonds, 
including some fine pinks (figure 3}, are recovered 
from surface gravels and crater sediments. 

After Williamson died, in 1958, De Beers pur- 
chased the mine. Since 1971, it has shared owner- 
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ship with the government of the newly indepen- 
dent Republic of Tanzania through a Bermuda- 
based company, Willcroft. Although De Beers 
prospectors have added hundreds of kimberlite 
occurrences to those found by Williamson’s geolo- 
gists, the Williamson pipe (pow known as Mwadui) 
is still the only large economic one in Tanzania 
(Edwards and Howkins, 1966; Gobba, 1989). 
However, from an annual production that reached 
more than 500,000 carats in the 1960s (see, e.g., 
table 2), production has declined to less than 
100,000 carats a year currently (table 3). Willcroft’s 
share was recently increased to 75%, and the 
installations at Mwadui are being overhauled to 
extend the life of the mine (Tanzania: De Beers 
group is to...,” 1995). 


WEST AFRICA 

The first {alluvial) diamonds in West Africa (figure 
4) were found in 1910 in the Jiblong River, about 50 
km from Monrovia in Liberia (Hatch, 1912). 
Because of unsettled conditions in that country, 
they did not attract much attention. The next dis- 


covery, in 1919, sparked a large diamond mining 
operation in the Gold Coast (now Ghana). 

Most of the alluvial diamonds found in West 
Africa were traced to Mesozoic (245 to 66 million 
years [My] ago) kimberlite pipes and dikes. Mining 
of the primary host rocks was carried out on a 
small scale in Sierra Leone, Guinea, and the Ivory 
Coast during the 1960s, but it was eventually halt- 
ed because these early ore reserves were depleted or 
proved inadequate. Thus, virtually all production 
from West Africa has been derived from alluvial 
deposits; in all cases except Ghana, these are direct- 
ly downstream from known primary host rocks. 


Ghana (formerly Gold Coast). One of the most 
important diamond-producing countries in West 
Africa, Ghana exported up to 3 million carats annu- 
ally at its peak in the 1960s. Although of good qual- 
ity, most of Ghana’s diamonds are small—less than 
2 mm—so they are used predominantly for indus- 
trial purposes. 

The first alluvial diamonds were found by 
Albert Kitson, director of the Gold Coast Geological 


TABLE 2. Percent of world production by weight for major diamond producing countries and regions in Africa 
and South America, Russia, and Australia for every tenth year since 1869 (and latest data for 1994). Also 
included are similar percentages for pipe, alluvial, and beach deposits worldwide. 


Country 1869 1879 1889 1899 1909 1919 1929 1939 1949 1959 1969 1979 1989 1994 
South Africa 15 94 99 98 89 78 48 9 9 1 20 21 9 10 
Namibia 0 0 0 0 10 13 8 1 2 3 5 4 i 1 
Botswana 0 0 0 0 ) 0 0 0 (@) 0 0 11 16 15 
Angola 0 0 0 0 9) 2 4 6 6 4 5 2 1 1 
Zaire/C.A.R. 0 0 0 0 0 6 25 68 71 56 35 23 21 17 
Tanzania 0 0 0 0 (6) 0 0 0 2 2 2 1 0 @) 
West Africa 0 0 0 0 0 0 13 14 8 22 14 Z 1 2 
Total Africa (%) 15 94 99 98 99 99 98 98 98 98 81 69 49 46 
South America 80 5.5 1 2 1 1 2 2 2 2 1 4 1 3 
Russia 0 0 0 0 0 0 ie) (6) 0 (e) 18 27 13 14 
Australia 5 0.5 0 0 0 0 0 0 0 0 0 0 37 40 
Pipes© 0 93 98 96 88 72 30 9 9 11 35 57 77 80 
Alluvials® 100 7 2 4 2 15 62 90 89 86 60 39 22 18 
Beach® 0 0 0 0 10 13 8 1 2 3 5 4 a 2 


Total World (in millions of carats) 


0.2 22 28 2.5 60 36 74 125 136 268 43.0 48.0 985 108.0 


4Percentages calculated from production data for southern Africa for the years 1869 to 1913 in Wagner (1914); for Australia for the years 1851 to 
1889 in MacNevin (1977); for South America for the years 1869 to 1913 in author's files; for world from 1914 to 1941 in The Mineral Industry 
elf hes from 1942 to 1965 in Minerals Yearbook (1943-1966); for the years 1966 to 1989 in Mining Annual Review (1967-1990). 
Data for 1994 in Metals & Minerals Annual Review, 1995. 

Pipes include diamonds recovered from pipes, craters, and overlying eluvial deposits. Alluvials include diamonds recovered from sands and grav- 
els in river beds, terraces, and colluvial deposits on watersheds and slopes, Beach includes deposits in on-shore beaches, tidal zones, and off- 
shore submarine zones, Percentage distribution for pipes, alluvials, and beach does not correlate with percentages of production from specific 
countries; for example, South Africa and Zaire produce diamonds from three and two categories, respectively (e.g., production from Zaire for 1989 
and 1994 consists of 10% pipe/eluvial material and 90% alluvial). 
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TABLE 3. Rough diarnond production in 1994 by weight and by value®. 


1994 Annual production by weight 


1994 Annual production by value 


Percent (%) Rank 


Country Annual Percent (%) Rank of Average Total value 
production of annual annual value per of annual of annual of annual 
(in millions worid world carat (in production world world 
of carats) production —_ production US dollars) (in millions production production 
of US dollars) 
Angola 1.4 1.3 7 187 261.8 4.3 7 
Botswana 15.6 14.4 3 90 1,404.0 23.2 1 
Central African Republic 0.5 0.5 10/11 175 87.5 1.4 11 
Ghana 0.6 0.5 9 20 12.0 0.2 12 
Guinea 0.5 0.5 10/11 300 150.0 2.5 9 
lvory Coast _— —_ — —_— 
Liberia — — —_ — 
Namibia 1.3 1.2 8 290 377.0 6.2 6 
Sierra Leone 0.4 0.4 12 270 108.0 1.8 10 
South Africa 10.75 9.9 5 113 1,209.1 20.0 3 
Swaziland _— _ _ _ 
Tanzania — — — _— 
Zaire 18.0 16.7 2 30 540.0 8.9 4 
Zimbabwe 0.2 0.2 13 50 10.0 0.2 13 
Total Africa 49.2 45.6 84.5 4,159.4 68.7 
Australia 43.8 40.5 1 9 394.2 6.5 5 
Russia/C.1.S. 11.5 10.6 4 108 1242.0 20.5 2 
South America® 3.0 2.8 6 70 210 3.5 8 
Others 0.5 0.5 100 50.0 0.8 
Total non-Africa 58.8 54.4 32.2 1,896.2 31.3 
Total World 108.0 100.0 56.1 6,055.6 100.0 


4Data for production by weight are from Metals & Minerals Annual Review (1995). Data for production by value are calculated from data for per-carat value 
for diamonds from each country in Even-Zohar (1993), except for Zimbabwe, which is from author's files. The one-decimal figures are approximate only, 
and may generate a false sense of accuracy. Amounts less than 100,000 carats are indicated by dashes. 

‘includes an estimated 500,000 carats produced by several fissure mines, off-shore Namaqualand surf and submarine projects, and production from 
Alexcor (all from author's own files), in addition to the De Beers mines production of 10.2 million carats quoted in Metals & Minerals Annual Review (79985). 


CiIncludes Brazil, Venezuela, and Guyana. 


Survey, while leading a reconnaissance party (on 
bicycle!} in the Akwatia area of southern Ghana. 
On February 4, 1919, he and his assistant Edward 
Teale (later director of the Geological Survey of 
Tanganyika) crossed the small Abomo Stream, in 
the headwaters of the Birim River. Some shiny 
crystals in the stream bank caught Kitson’s eye, 
and they started panning (Kitson, 1919). The few 
small diamonds they found led to a regional pan- 
ning survey and further discoveries. Soon, several 
companies, the most important being Consolidated 
African Selection Trust (CAST), acquired leases 
from the local chiefs. CAST started systematic 
mining in 1925. 

After 70 years of mining, from 1924 to 1972 by 
CAST and thereafter by Ghana Consolidated 
Diamonds {GCD), the minable reserves at Akwatia 
are almost depleted. Current production of about 
600,000 carats per year actually is generated about 
half by GCD and half by syndicates of local miners 
working small, scattered alluvial deposits. 

Although Ghana has always produced more 
diamonds than the other West African countries, 
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for the most part these stones are much smaller 
than those of its neighbors. Thus, their value per 
carat has varied between $10 and $20, compared to 
$270 to $300 per carat for diamonds from Sierra 
Leone and Guinea (again, see table 3). 

Large new reserves have been outlined along 
the Birim River’s middle stretch. These diamonds 
are slightly smaller, but of better quality (a function 
of longer alluvial transport), and values per carat of 
up to $40 have been quoted (“Diamond sales under 
investigation,” 1992). In 1990, Ghana’s government 
invited proposals for the development of these 
deposits, with strict social requirements for new 
houses, schools, roads, and the like. A joint venture 
of Lazare Kaplan International and Inco expressed 
interest in 1990, but in 1992 Inco withdrew. In 
1994, a joint venture of Lazare Kaplan and De Beers 
studied the feasibility of the project (Stephenson, 
1994}, but De Beers recently announced that they 
also have withdrawn. Some companies, including 
Canada-based Caledonia Mining, have applied for 
permits to prospect for diamonds in submarine 
deposits off the Ghana coast. 
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Only very recently has it been reported that the 
primary source rock for Ghanaian diamonds has 
been discovered. It is an altered ultrabasic rock 
which may represent an altered kimberlite or lam- 
proite (Norman et al., 1996). 


Sierra Leone. Since 1935, Sierra Leone has been a pro- 
ducer of large, very good quality, alluvial diamonds 
(figure 5}. It has also become notorious for the illicit 
digging of diamonds, most of which historically have 
been smuggled to neighboring Liberia. 

The first alluvial diamonds were found in 
Gboboro Stream in January 1930 by N. R. Junner, 
director of the Sierra Leone Geological Survey, and 
his assistant, J. D. Pollett (Pollett, 1937). Gboboro is 
a tributary of the Bafi River, which flows into the 
Sewa River, the main trunk river in central Sierra 
Leone. In March 1931, CAST sent the Dermody 
brothers, George and Ronald, to prospect further, 
with encouraging results. From the start, Sierra 
Leone diamonds were noted for their excellent 
quality and relatively large size (for example, the 
770 ct Woyie River diamond, found in 1945). CAST 
formed the wholly owned Sierra Leone Selection 
Trust {SLST) in April 1934, which acquired a dia- 
mond-prospecting lease over the entire country. 
Mining started in 1935, and annual production 
reached one million carats by 1937, a level that was 
resumed after World War II. 

After years of watching SLST prospectors, local 
people began to dig for themselves in the early 
1950s (Laan, 1965). Since 1955, the high incidence 
of illegal diamond digging and buying in Sierra 
Leone, Guinea, and Liberia has caused problems in 
managing the diamond market. Although such 
illicit activities have always plagued the diamond 
industry (in South Africa, laws specifically address- 
ing this problem were promulgated as early as 
1882), their impact is particularly severe in regions 
such as West Africa that have large alluvial occur- 
rences. (Entertaining accounts of diamond smug- 
gling and security counter measures can be found 
in Fleming [1957], Harbottle [1976], and Kamil 
[1979]). Designating areas for licensed digging was 
seen as one way to stop the problem, so the single 
SLST concession for all of Sierra Leone was 
replaced in 1955 by two lease areas: Yengema 
{about 600 km2} and Tongo (about 210 km2). 

Kimberlite dikes and two small pipes were 
found in 1948 near Koidu in what is now the 
Yengema lease, and in 1954 other dikes were found 
in what became the Tongo lease (Grantham and 
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Allen, 1960). The dikes carried large quantities of 
diamonds, but they were too narrow for mecha- 
nized mining (Hall, 1970). 

After 60 years, the once-rich Yengema and 
Tongo areas are now largely depleted, although 
some superb large stones have been recovered rela- 
tively recently. The National Diamond Mining 
Company of Sierra Leone (Diminco), which sup- 
planted SLST in 1970, is currently mining small 
remnants of the previous large terrace deposits and 
small alluvial deposits scattered throughout the 
southeastern part of the country. Diamond produc- 
tion in Sierra Leone, which reached an estimated 2 
million carats in 1960 {according to official and 
unofficial sources), currently amounts to about 
400,000 carats per year {again see table 3). 

Recent prospecting by foreign companies has 
focused on small high-grade alluvial deposits in the 
Sewa River (Danielson and Christie, 1993). Several 
companies, including De Beers, have applied for 
off-shore diamond prospecting and mining rights 
between the mouths of the Sewa and Mano rivers 
(“De Beers returns to Sierra Leone,” 1994). In con- 
trast to Namibia, the ocean off Sierra Leone is 
calm, but the coast and near-shore area is covered 
in deep mud and mangrove swamps. 

Canada-based Diamond Field Resources is 
studying the feasibility of mining the small (0.4 ha), 
high-grade (1 ct per tonne} Koidu pipe. Earlier 
prospecting records indicate that an extraordinary 
60% of the diamonds found are gem quality 
(Danielson and Christie, 1994). 


Guinea. Like most of the other West African dia- 
mond producers, all of the economic deposits found 
to date in Guinea are alluvial. A small-scale diamond 
producer since the mid-1930s, Guinea is particularly 
noted for the number of large {100+ ct) diamonds 
found there in recent years (again, see figure 1). 

After 1931, the Dermody brothers followed 
alluvial diamond trails from Sierra Leone into 
French Guinea (now Guinea). In 1932, they found 
economic concentrations of alluvial diamonds in 
the eastern part of the country near Banankoro. The 
deposits were mined by small Anglo-French joint 
ventures, notably Soguinex (Société Guinéenne de 
Recherches et d’Exploitations Miniéres), in which 
CAST had a majority holding. Initially, annual pro- 
duction was modest, between 100,000 and 200,000 
carats, but illicit mining after World War II pushed 
the annual figure up to 1.2 million carats in 1957. 
Swarms of kimberlite dikes and small pipes, discov- 


GEMS & GEMOLOGY Spring 1996 


2 


ered in 1952, proved uneconomic. In 1961, the gov- 
ernment of the newly independent Republic of 
Guinea confiscated the assets of all foreign compa- 
nies, including £1.5 million of diamonds in the 
mine vault of Soguinex. Soviet geologists invited by 
the Guinean government found a few more kimber- 
lites, but no large diamond reserves. 

By 1981, foreign companies were allowed to 
return to Guinea. That year, the Association pour la 
Recherche et |’Exploitation du Diamant et de l’Or 
(Aredor} was formed—a joint venture with the 
Guinean government of Australian, Swiss, British, 
and World Bank interests. Aredor obtained a conces- 
sion to mine alluvial diamonds downstream from 
the Banankoro kimberlite field. The Aredor mine, 
started in 1984, produced some spectacular large, 
good-quality diamonds. In fact, a diamond over 100 
carats was found each year from 1986 to 1990; the 
largest was 255.6 ct (again, see figure 1). However, 
overall production was modest, averaging 150,000 
carats per year. The mine closed in December 1993 
(“Bridge Oil withdraws from Aredor,” 1994). 
Recently, Canada-based Hymex has been seeking 
venture capital to further develop the mining opera- 
tion on their alluvial diamond-mining concession in 
the Diani River, in southeastern Guinea. 


Liberia. In the diamond industry, Liberia is known 
less as a diamond producer and more as a conduit 
through which diamonds pass from other African 
nations into the international marketplace. 
Although Liberia has been prospected extensively 
since diamonds were first found there in 1910 
(Hatch, 1912), for the most part the deposits identi- 
fied have been too small to entice foreign compa- 
nies. One exception is Liswimco (Liberian Swiss 
Mining Corporation), which operated a small mine 
in the Lofa River area from 1962 to 1968. Australia- 
based Western Mining Corporation started 
prospecting operations in 1987, and was granted a 
mining concession in 1988, but the (still ongoing) 
civil war halted operations in mid-1990 ({Boberg, 
1992). Independent diggers have worked many of 
the small deposits, but it is virtually impossible to 
estimate this production. 

Most of the large quantities of diamonds that 
Liberia exports annually have been brought illegally 
from neighboring countries such as Sierra Leone and 
Guinea historically (Bardet, 1974), and from Zaire 
since the 1970s. In 1989, Antwerp imported 11 mil- 
lion carats of diamonds that were purported to be 
from Liberia (Terraconsult unpublished report, 1990). 
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Figure 4. Numerous diamond deposits have been 
found throughout West Africa. The major deposits, as 
indicated here by stripes, are: A—Akwatia/Birim 
alluvials, Ghana; B—Banankoro alluvials and pipes, 
Guinea; K—Koidu pipes and dikes, Sierra Leone; 
Ke—Kéniéba alluvials and pipes, Mali; S—Séguéla 
alluvials and dikes, Ivory Coast; T—Tortiya allu- 
vials, Ivory Coast. 


Ivory Coast (Céte d'Ivoire), The Ivory Coast has 
historically been a small, intermittent producer of 
diamonds. Nevertheless, some of the alluvial fields 
have yielded as much as one million carats total. 
There has also been limited, but significant, pro- 
duction from dikes in the Séguéla area. 

A prospector named Desmons, working for a 
subsidiary of Forminiére {introduced in the Zaire 
section of Part I, p. 249), found the first alluvial dia- 
monds in 1928, in the Séguéla area. Forminiére 
withdrew because the finds were not encouraging, 
but the deposits were rediscovered in 1948 by 
Sandramines (Compagnie Miniére du Haut- 
Sassandra}, which started small-scale mining there 
in 1952. Sodiamci (Société Diamantifére de la Céte 
d'Ivoire) took over the operation in 1955, and in 
1960 they found the origin of the alluvial dia- 
monds, the Toubabouko dike. Although it has been 
described as a kimberlite (Knopf, 1970), Touba- 
bouko may be a variety of olivine lamproite (Mitch- 
ell and Bergman, 1991). 

To restrain illicit digging, most of the Sodiamei 
concession was taken over in 1962 by state-owned 
Sodemi (Société pour le Développement Miniér de la 
Céte d'Ivoire). In a joint venture with Waston (itself 
a joint venture between Harry Winston Inc. and 
WAST, a subsidiary of CAST), Sodemi further devel- 
oped Séguéla. Mining continued until 1977, with 
annual production of about 10,000-20,000 carats. In 
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